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AngaTna. FrumapaTThIH Kby LIBIFBIHBIH a3aUTY 2K9HE HOPMATUBTIK KyKaTTapAbIH,
TaJlalTapblH KAHaFaTTaH/bIPy MaKCaTbIH/A COHFBI KbLJIJJapbl KYPbLIbICTA KOIl KabaT-
Thl KOpLIay KYPbLJIbIMJAPh! COHBIH, ilIiHJEe KYPbIIBIMHBIH illliHe Kby OKLIAY/JIAFbILI
KabaTblH OpHa/lacTblpy KeHiHeH KOJAaHbLIaJAbl. JKOHOMHUKAJBIK NadbIMAayaap-
JIbIH, 9cepiHeH FUMapaT KabaTTapblHbIH Heri3ri TypJiepiHiH 6ipi KabaTTap apacbiHjaa
TUIMJIi OKllIayJlayMeH KipmilineH KanTa/iFaH ya/bl 6eToH 6J10K KaJay 6011kl Kopiay
KYPBIIBIMAAPBIHBIH, KOJJAHBICTaFbl TYpJIepiH MOAepHU3aLMaIay/ibl XKoHe KOlTereH
»KaHa KypbLIbIMJIap/blH Nai/ia 60/yblH ecKepe OTBHIPbIIN, MYHJAAal KypbLIbIMAAPAbIH
TepModU3UKaJbIK KacueTTepiH (HeriziHeH TepMUsJIbIK KOPFAaHbIC) AYPbIC aHBIKTAY
TypaJibl MaceJsie TYbIHAA/bI.

TemnepaTypa 6ipkeJiki 6eJiiHesi, eWTKeHI KypbLIBIMHBIH 6eTKi KabaTblHa Tapa-
JIaTBIH XbLIy 06JIMere KapaFaH Ke3/ie 0J1ap/iblH, MaH/lepiH TeHecTipyre KeMeKTece/l.
Anaiija, TeMneparypa epiciHig 6ypMasiaHy allMaFbIHbIH Y3bIHZIFBI apTazbl (Kejep-
ri 6osyblHa GaiyaHbIcThl). KepiciHllle, TeMnepaTypaHblH, TeMeH/eyi (KOpILayAblH,
KbICKA Y3bIHJbIFbIHA JieliH c03bL1a/ibl) KYPBLJIBIMHBIH KblJbl O€TiH/E OpHaJacKaH
KOCBIH/JblJIap MeH KOCBIH/bLIAp apKbl/ibl TiKOYPBILITEI O0JIBII, alTapJ/bIKTal KoHe
KOPHEKTi 60J1a/ibl.

Op TYpJli TUNTETI blJly OTKI3rill KOCbIHAbLIAD aliMaFbIHAFbl TeMIepaTypaHbIH,
TapaJiybIHbIH, OCBIH/JAM epeKIlesiKTepi MaHeJbAiK KabblpFajapFa apHaJfaH THIiCTi
K06a/IbIK, LelliMJepi 6ap FUMapaTTapAbl NaijiajaHy ToxipubeciMeH pacTasiafbl.
Erep maHesnbJep/iH OybIHAAPbIHAAFbl KaObIpFaiap »KbLJIbl KaFbIHAH Kby 6TKi3rim
KOPFaHBIIII KoHe apJiey KabaThIMeH KabblIFaH 60Jica, KAObIpFaHbIH, illiki 6eTiHAeri
TeMIlepaTypaHblH Tapaaybl 6ipkesiki 60J1a/bl; }KeTKIJIIKTI KaJIbIH K9He KblJ1y OTKi3-
rim Kabat 6o/iMaFaH Ke3je OyblH MaHbIHJAFbl TeMIlepaTypaHblH allKblH TOMeH/eyi
faliKaJsabl.
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Kopway KypblabimdapbiHOaFbl JHcblay 6mkizeill KOCbIHObLAAPbI

1. Kipicne

MakaJiaHbIH 63€KTiJIiri: )KeprijiikTi TeMnepaTypa 6eJiMere KapauThbIH OipKeJiKi eMec Kopliay
KYPbLJIbIMBIHBIH O€TiH/e TOMEHAeN i, COJl cebenTi MaTepHaJi/iblH Heri3ri 6eJirine KaparaHia
KbLJIY 6TKI3TILITIT] CaJIbICThIPpMaJibl TYPAE X)KOFapbl MaTepUaapAaH KacaFaH KypblIbIMABIK
KOCBbIH/JbLJIAapbl 0ap KOHJEHCAaLlMAHBIH Manja OoJsiyblHA 9KeJlyi MYMKiH, COHABIKTaH Oy
KUBIH/IbIK, TOJIBIKTAN 3epTTenyZi KakeT eTeai[1]. MyHjal bljiy eTKi3riu Kocnasap 6eTOH,
TeMip6eTOH HeMece 60JIaT KaHKaJapZblH 3JIeMeHTTepi 60Jibll TabblLIaJbl; TeMipOeTOH/bI
KabaTThl NaHeJbJepAe - OKliayJaHOaFaH paMajlap MeH KOHTYpJibl KaTauTKbIITap[2];
OKLIay/JIaHFaH, KybIC )KoHE TOJITbIPbIJIFAH TaC KOHCTPYKLUAJIAPbIH/AA - TAC KaJ1ay KaTapJiapblH
6ipikTipy, 60Cc MaTepuangap/iblH HeMece OKLIayJay/blH KeKeJleTeH y4dacKesiepi apacblHJaFrbl
TBHIFbI3 MaTepHua/AblH KOCBIH/bIJIAPbl, TOMEH XbLJIY OTKI3rill MaTepyaiAapAblH, TacTapblH
HeMece IJIMTaJIapblH Tecey Ke3iHJe KOJIAAaHbLIAThIH ayblp epiTiHAiepAiH Tiricrepi apKblibl
»Ky3ere acajpbi[3].

2KyMBICTBIH >XaHaJIbIFbl MEH NPAKTHUKAJIbIK MaHbI3/blJIBIFbI: YKbLJTY 6TKIi3Till KOCbIH/bLIapbl
6ap KypbLIbBIMHBIH 0ip NpOeKLUUACbIHAAFbl TeMIlepaTypaHblH, TapaayblH JlaniacTbiH
auddepeHUaNAbIK, TeHJEYiHIH CaHAbIK IlelliMiHe Heri3Je/ireH >XofapblJa KbICKallla
cUnaTTa/IfaH Teric TeMIepaTypaJblK epicTi Kypy apKblibl OpHATyFa 60JIaTbIHAbBIFbIHAA[4].
Ananja, eH KapananbIM TYPZeETi )by 6TKI3Til KOCBIHABLIAP YILUiH, KOpLIay KYPbIJIBIMBIHBIH,
OYKiJI KaJbIHABIFBIH HeMeCe OHbIH >KapTbIChIH KecCill OTKeHJe, KYPbLJIbIMHBIH, KbLIYJbI
KOPFAaWUTBbIH KaCHeTTepiHiH JKeTKUJIKTiIiriH OafasayFa MYMKiHJIK OepeTiH LIaMaMeH
VWHXXeHepJiik ecenTeysep 6ap[5]. OcblHAall HHXeHepJiK ecenTey dJicTepiH AaMbITyFa
TEMIpOETOH KAaHKACBIHBIH, 3JIEMEHTTEPIMEH KHUbLIBICKAH KOpIUIay KYpPbIJIbIMAAPbIHBIH,
eki eJsieM/Jli TeMmnepaTypaJblK 6piCTepiHiH KemnTereH KypblIbICTapbl Heri3 60Jiabl. Ochl
KYPbLIbICTAp/IbIH HOTHXKeJIEPIH XKa/lNbllay KeJecifel )kyprizinai[6].

2. 9aicrep

Erep KabObipFa 6eTiHAeri TeMIlepaTypa MaoH/lepiH KapacTbhIpaThIH 00JICAK;: a) KYyPbIJIbIMHBIH
Kby OTKI3Iill KOChLIbIMbIHAH aJIbIC KUMAChl GOUWbIMEH, t . aHe 6) XKblIy OTKI3riul KipMeci
6oibIMeH, t'"* B) by 6TKI3rill KOCa MaTepHa/blHaH TOJILIFbIMEH XacajfaH, t — 6yJ1 aHbIK
60/1aThIHBI 1-CypeTTe KepCeTiireH.

tmt'*‘-ﬁ- t (1)
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1 cypeT. KabbIpFablK KypblIbIM/Ap/bl )K00a/1ay cxeMaJslaphl: a — Kby 6TKI30eHUTiH KocnachIs;
6 — XKbLJIy OTKI3Till 6aiaHbICkl 6ap; B — TOJBIFbIMEH XKblJ1y OTKI3Tilll MaTepuaJjaH >kacaJfaH

f~— O —

TeMmmepaTypaJiblK epicTepAi KeCKiHeyAiH HOTHXKeJlepl KopCceTKeH/eH, t'*% MoH HerisiHeH

KOCbLJIy eHiHiH KaObIpFa KaJ/bIHAbIFbIHA KaTblHACblHA OaW/IaHBICTBI 60J1afbl = oy

6

apaKaThIHAC HeFYpJIbIM a3 60J1ca, t"5 corypJIbIM 3K0Faphl koHe t_, MaHre »)akKplH 60s1a/ibl. a=0

. . . . a
MbIHaziall mekTe t"6 = t_ MblHaJal TeH/Aik 60aAbl.. KepiciHlie, — apakaTbIHAChI HEFYPJIBIM
%.6 . a 6 P

Ker 60Jica, T COFypJIbIM a3 >aHe t MaHiHe KaKbIH 60/1a/{bl. — 2 MeTKIJIIKTi yJIKeH KaTbIHAChI
GoJiraH Kesge t'°= t}K MbIHaad TeH/iK 60J1ajbl.

. R . o _$+'K6 _

Kabnbipra 6UeT1 MeH KipicTipy 6eTi apacblH/aFbl TEMIEPaTypa aHblpMaLIbIILIFbI t -t

oynt  — t albIpMAIIBUIBIKTBIH 6e/risi 6ip 66siri -, ssFHU

K6 —
tK.6 -t =N (tK.G - tm) (2)
MyHzarbpl 1 — KbUIy OTKISTIII KOCBUIBICKA KbLJIy aFbIHbIHBIH, MHTEHCUBTIIITIH CUIAaTTauThIH
!/
tk6—lks

TeMIIepaTypaJiblK aﬁblpMaLLIbIJIbIK,TapﬂbIH, ( -re TeH,) eJIleMCi3 KaTbIHACbIH

tx—txe

6in17ipeTiH kK03dPUIIMEHT )XoHE OHBIH reOMEeTPUSJIBIK MilliHiHe, KAaObIpFaJaFbl OpHaJIacyblHa

a .
XKoH€ — KaTbIHACbIHA 0alJIaHbICTHI.

)

Kby eTKisrill KOCbIHABLIAP/IbIH, €H TUMITIK TypJiepi yiliH KoapPUIMEHTTIH MaHi 1-KecTere
COMKeC aJIbIHAbI.

Kecte 1. XKbliy ©TKi3rill KOCbIHAbLIAPAbIH, €H TUIITIK TypJiepi yiuiH k03¢ PuLUeHTTiH MaHi

KbyeTkisriutiy ¢opMackl MeH a 0 KaTbIHaCblHA 6aKJIaHBICThI V, MOHI
OpHATAcy ! 0,02]002] 01 ] 0204 ]06]08]10]15
TepTOYpHILI apKbLIbI 0,12 0,24 10,38(0,55(/0,74|0,83(0,87| 0,90 | 0,95
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%/§V%

e

X(blﬂyeTKlBI‘lLLlKla6a’}‘TapapK,bIJIbI 0,07 {0,15(0,26| 0,420,621 073|081 | 085 |0,94

»\\\\\\\\ 1
@@

KbL1b1 6eTTEH KOpIIAy/IblH, 0,25 1050|096 1,26 | 1,27 | 1,21 | 1,16 | 1,10 1
KaJIbIHJbIFbIHBIH, )KapThICbIHA JeiiH
TepeHeTiired
@ ]
@ 1
JKbLbl 6€TTEH KOpIIAYAbIH 0,04 0,100,127} 0321]0501| 062|071 | 0,77 | 0,89

KaJIbIH/bIFbIHbIH, KapTbICbIHA AeHiH
TepeHJeTuIreH, 6ipak anje Kaiiaa
CYbIK 6€TTEeH

/3%

t-t
=t- R R epHeriHeH KypblIbIM/Iap/iblH 6eTiHAeri TeMnepaTypa yuiiH 6i3
0

tK.6.

MbIHAHDbI aJIaMbI3:

t t _R ti_ tc ti_ tc
K.6. w0 R R (3)

K 0

MyH/ia R 2koHe R’ - KypbUIBIMHBIH XblJy GepislyiHe KoHe KbLTy 6TKIi3TilITi KoCy KeAeprici.
AnbIHFaH 6pHEKTI (2) TeHAeyre KOUbII, TypJIeHipyieH KeliH MblHaHbl aJlaMbl3:

e R Rt
K6, i R R
(4)

Kopiiay KypbLIbIMBI apKbLIbl OTEeTiH JKbLIy aFblHbl Q, OHJA JKbLIy OTKi30eWUTiH
t-t
1 C
R
U
JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N22(147)/ 2024 11

TexHUKAIbIK FbIALIMOAD HCIHE MEXHO102UANAP CepUsIChl
ISSN: 2616-7263. elSSN: 2663-1261

KOCBIH/ZbLJIAp 60JIMaFaH xafaanaa Q= epHeKIeH, an R Q TyblHABI t -t  TeMmepaTypa




Mycabaes T, Ecenzabynos C., XKapkeHnosa I, KapkeHos E., Temupzaniuesa A.

allbIpMallbl/IbIFBIMEH OPHEKTeEJyi MYMKIH €KeHiH ecKkepe OTBIpPBIII, )KoHe 0Cbl epHeKTepAi (4)
-T'e aybICThIPY apKpblJIbl TOMEH/ler'l pHEKTI aJlaMbl3:

T}R(RO_ R'K) (ti_ tc]

— t'k6. —
Ls~ L i R R (4)
0" " Kk
]
. . tK.6_ K.6 . .
CoHBbIMEH, 6/1111eMCi3 KaTbIHACThI gesriien =0 TOMEH/Jerl epHEKTI aJlaMbl3,
1 J
ti_ t K.0
] I
RO_RK — tK.6_ tK.ﬁ :2

R K ti -t 1<.6T7 L
RK' YI.LIiH HOTHUXe KapaHaﬁbIM TeHJeyMeH GpHEKTe.He,ELi:

PO
K 9+n

rpan* m** car/kkan (5)

BeTkelaiH eH KayinTi aiiMaFblHJA KOHJeHcalus Maija 60JyblHa Kapchl >KobOasaHFaH
KYPBUIBIMHBIH, CEHIMAIJIITiH CUIaTTaUThIH 6JIIeMCi3 CUMILJIEKCTI O eHri3y ecenTey epHeriH
KeHinJeTyre MyMKiHJiK 6epegi [7].

(5) Tengey kxipictipyain imki 6eTiHzeri pykcaT eTireH LIeKTi TeMmmepaTypa t' . HIBIK
HYKTECIHiH TemnepaTypacbiHa t _TeH 60Jica, XblIy OTKI3Iilll KOChLIATBIH JKep/e *#06alaHaTbIH
KOpl1llay KYPbLJIbIMbIHBIH, )KbIJTy O€pilyiHe KaXKeTTi KapChLJIbIKTbI €CENTEyTre MYMKIH/AIK 6epe/i.

(5) ¢opmynara eurisiireH eJimemcis Mesiiep 6 GesMejeri ayaHblH TeMmIepaTypachl t.
MEH bLIFa//IbUIbIFbIHA ¢, COHJAW-aK KYPbUIbIMHBIH, OKLIay/JaHy JspekeciHe Gal/IaHbICThI
[7]. MyHpali [gopexeHi ko06aja KabblLiJJaHFAH Kbl1y Oepy KeJlepriCiHiH OHbIH KaXKeTTi

R
MoHiIHe KaTblHAchl peTiHAe KepceTyre 6oJsiaZbl (SFHU R—H"). backama aWTKaHzga
0

— o -0

O=f(t;b; R ). Op TypJli MaKcaTTaFbl yH-KallalblHAaFbl KOpIllay/lapAblH MaHi 0 2-KecTeze
0

KepCeTiJIreH.

KecTte 2. 9p TypJii MaKcaTTaFbl YH-)KaWAalblHAaFbl KOplllayJiap/blH MoHi O

FumapaTTap HeMece 6esiMesiep KoHe 0JlapAaFhl Ro . )
KaTbIHaCblHA 6AaMJIaHbICTHI a/IbIHTaH 6 MaHi
aya bLIFaJIJIblIbIFbI RZ
10 [ 1,1 ] 12| 13] 1,5 [1,8] 21
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t = 18° 6os1FraH Ke3zeri 55% blIFaIAbLIbIFBI 6ap 040|053 068(082| 1,10 | 1,54 | 1,9
TYPFbIH YHJIEp
t = 18° 6os1raH Ke3zeri 50% blIFaIAbLIbIFBI 6ap 050|064 (081(095| 1,24 | 1,72 | 2,1
KOFaM/IbIK KoHe KbI3MeTTiK YH- kaiiap
t = 15° 6os1raH Ke3zeri 60% blIFaIAbLIbIFBI 6ap 0,03|0131]0,221(0,33| 054 | 0,84 | 1,1
OH/IpIiCTIK OpbIHAAP
t = 15° 6os1raH Ke3zeri 45% blIFaIAbLIbIFBI 6ap 0,311 044 | 0,57 (0,71 | 0,97 1,4 | 1,83
OH/IPICTIK OpbIHAAD

t = 18° 6os1FraH Ke3zeri 75% blIFaIAbLIbIFBI 6ap 0,00 | 0,10 | 0,18 10,29| 0,50 | 0,80 | 1,10
OH/IIPICTIK OpbIHAAP

Kby eTKisriln KoCbIHAbLIAPAbIH, ilIKi OeTiHJeri TeMnepaTypaHbl ecentey epHeriH (5)
dbopMysiaHbl TYpJieHAIpY apKblibl BU3yaJJbl XKoHe KOJIJ@aHyFa bIHFAMJbl Typre KeJTipyre
6o0s1azb1 [8].

R
R_'O = f KepceTy apKbL/bl, TOMEH/leTi MoH/i aJlaMbl3:
K
t -t
K0 K.6
—_
ﬂ_6+n_ti_tk.6 1
oo n

OyH/a t'"“S aHBIKTay apKblJbl, TOMEH/EeTi TeH1ey/li TabaMbl3:

s =t = 1B - 1(t;- t,) (6)

3. TaskbL1ay/1ap MEH HITHUXKeJ1ep

Ochl epHEKTEH KOplIay/AblH KaJbINThl OKUIayJIaHFaH KUMaJslapbl OeTiHJeri TeMiepaTypaMeH
CaJIbICTBIPFAaHJA KbLIYy OTKI3rill KOCBLIBICTBIH, OeTiHJeri TeMmIlepaTypaHblH, TeMeHJeyi
reoMeTpUAJIBbIK eJillieM/Jepre, KOCyJAblH IMilliHI MeH OpHa/JacyblHa Oal/JIaHBICTBI 00JIaJbI
(n MaHi Oo¥bIHLIA cUMaTTaNa/bl), COHAAN-AK, KypPbLIBIMHBIH, OKLIAyJay Jdpexeci 60MbIHILIA
(BxoHe t - t_ ) MaHzep 60WbIHIIA 6aFataHab) [9].

@®opmyna (5) OoHMbIHIIA aJiblHFAaH HOTUXKeJep TOJbIFbIpAaK Kypaeai ¢opmynanbl (6)
KOJIJaHFaH ecenTey MaJliMeTTepiMeH carikec Keseni [10], 6y »kblly ©TKI3rill KOCBIH/bLIapaFhbl
KopLIay/blH iliKi 6eTi TeMnepaTypacbIHbIH 6e/iMeieri aya t TeMnepaTypacblHa ToyeJAIIriH
aHBIKTaU/bl:

. _, R, +n(R-R)
U=t~ R'R, R, (t- tc)
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EH kimi MaHAep M KypbIBIMHBIH OeTTepiHJeri »blL1y OTKi3rill KabaTTapMeH KOCBIH-
JIblJIapFa, acipece KopluayZblH CYbIK CbIPTKbI 06JIIriHJe OpHa/sacKaH KOCBhLIbICTapFa CalKec
KeJIeTiH/[IKTeH, KYPbLIbIMHbBIH 66JiMere KapafaH OeTiHJeri TeMnepaTypaHbIH TOMEH/eyi OChI
TYPJIePAiH KOCbIHAbLIAPbI 60JIFAH Ke3/e eH KilnkeHTau 6oaaabl [11],[12].

Kbty etkisrimi [13,14] Kocyra apHasiFaH b1y 6epiyre KaxeTTi Keaepri R’ KOCy/ibIH
dbopmMachkl MeH opHasiacyblHa 6al1aHbICThI (OyJ1 66JIMEHIH 6J/IIeMIMEH 1) XK9He TeMIlepaTypa-
BLIFAJIIbLIBIFBIMEH MAHiIMeH 0 cunatTtanazbl) [15].

(5) epHekTeH 0=0 >xoHe Ke3 KeJireH MyYMKiH 6osiaTbiH (0-feH 1-re JeHiHri apasbiKTa)
MaHJep M, R',= R; neMekK, blaFa//ibl 66/iMesiep/ii KOPLUIAWTBIH XoHe bly KOpFay KacueTTepi
CTaHZAPTTAapAblH MUHHUMAJIJbl TaJallTapbIMEH LIEKTeJreH KypbLIbIMJAAp YLIiH Ke3-KeJreH
reoMeTPHUSJIbIK MillliH MeH eJillieM/IepAiH KblJ1y 6TKI3Tilll KOCBIHABLIAPbIHBIH, 60JybIHA OJI
6epinmeii. blaran 6enmenep/iig KopliayblH/A *KbLTy 6TKI3Till KOCBIHABLIAPABIH aliia 601y
MYMKIHZAIT Kby OTKI3TIWTICD CTaHAApTTaJFaH MaHJepJAeH efayip acaTblH KypbLIbIMZJAp
YUIiH FaHa nanaa 6osazabl [16].

U 15

|

Cypert 2. TeMip6eTOH KaHKACBIHBIH 3JIEMEHTi 6ap MeHOOEeTOH TacTap/laH KacaJiFaH KaObIpFa
KYpbUIbICHI: 1 - TeMip6eTOH KaHKAChl; 2 — KOOiK 6eTOH/IbI Kasiay

KabbIK yii-kaljalblHAAFbl aya bUIFA/IAbUIbIFbl TOMEHJEreH CalblH YK9HE KYypPbUIbIMAAPAbIH,
OKlIayJIaHy AdpeKeci >KoFapbllaFaH calblH Kby O6TKI3Tilll KOChIH/bLIAPhl 6ap Kopliayiapabl
naujajaHy MyMKIiHZIri apTazbl.

ATtan allTKaH/a, )by 6TKI3TilITIiri TOMeH, 6ipaK cTaHAAPTTHI eJileM/iepi 6ap KeHia 6eToH
OyUbIMJApblH NaljjajiaHy KypFaK 6HJAIpICTiK y#-KaWaapAblH CbIPTKbl KaObIpFasapblHbIH,
»KOFaphbl OKLIAyJayblH KAMTaMachI3 €Te ajia/ibl )KoHe eHi leKTey i paMaJiblK 3JIEMEHTTepi 6ap
KOopllay KypbLIbIM/IapbIH Talia/laHyFa MyMKIH/JIK 6epesi.

Ecenmey 1: OHJiipicTik 66/IMeHiH KaHKaJIbIK, KAObIPFaCblH KYPFaK, PEXKUMMEH TOJIThIPY YIIiH
KasiblHbIFbI 0,25 M K66ik 6eTOH 6J10KTapbl KOJAAHbLIAbI [21].

CrIpTKBI ayaHbIH ecenTik TeMnepaTypacsl -30°, imki aya +15° CasnbICThIpMasIbl bIIFAIAbI-
JbIK 45% ecenTenred. beToH KaHKa asieMeHTiHiH KuMachl 0,25 * 0,15 M.

COHFBICBIHBIH, 3JIEMEHTTEpP] KaObIpFaHbIH, OYKiJI Ka/IbIHJbIFbIH KUbIN 6TETIH €Till paMaMeH Gip
Ka3bIKTbIKTa 0JIOKTApMEH TOJIThIPY/IbI XKY3€Te acbIpyFa 00/IaThbIHABIFbIH aHbIKTAY KXKeET (2-CypeT).

a_0,15

E_E = 0,60; 1 kecTte 60¥bIHIIA ) =0,83.
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[leHOGEeTOHABI GJIOKTApP/AH Kaca/iFaH KaObIpFaHbl TOJITBIPYbIH Kby GepyiHe Te3iMAinik:
0,25 © A A a A a e
Ry, =0,1 — :
0 =0,133 +

MyHa 0,22 ke6iKk 6eTOHBIHBIH, KbLIY O6TKI3rilTiK K03dpduiueHTi — maccacol 800 kr / m?
YKOHE KYypFaK >KYMbIC KaFJjailbIH/a.

Bys b1y 6ep Keaeprici kepceTijireH MoHHeH acbin Tycefi 0,62 rpag* m** caf/KkaJ

1,31 Rg

= —— =2,1). bys1 mamajia MblHa KaTblHac —; O MaHi 1,83 TeH

0
mamameH 2,1 ece (AFHU — -
R§ 0,62 Ry,

(2 kecTe) *KoHe }KbL1y OTKI3Till KOCBIJIBbIM YIIiH KYpPblJIBIMHBIH, KbLJ1y OepyiHe KaXKeTTi KeJepri:

_ Ron_ 1531083
"~ 0+n 1,83+0,83

Ry

BeToH aKTay 3/leMeHTiHiH XbL1y 6episyiHe HaKTbl KeJlepri (KypFak *KyMbIC XXaFJalblHAa
KipHill KUBIPIIBIK TacneH 6eTOH KKaJl / M * caF * rpagyc):

0,25

R!=0,133+>=>
0,80

1IaMaMeH Ka)KeTTire TeH.

OchuLialiiia, Kyprak OesiMesiep/liH, KaOblpFaJapblHbIH, KOFAPhI KbLJy KOPFaHbIII KAacUeT-
TepiMeH, KUMachl IeKTeYJli 6eTOH KaHKAaCbIHbIH 3JIEMEHTTEPI apKbljbl 9pJlalblM KabObIpFa-
HBIH, illIKi 6eTiH/Je KOHAeHCcalus maiga 60IManbl.

TemipbeToHHaH HeMece 60JIaTTaH >KacaJFaH KaKTay[AblH by OTKI3rill 3JieMeHTTepi
KebipeK >KbUIBITBLIATBIH fHUMapaTTapZa MYHJall 3JieMeHTTepi KabblpFasapAblH iliKi
6eTiHe OpHaJIaCThIPY KepekK, oJapAbl TilTi KypFaK O6esiMesiep/ie KypblLJIbIMFa KeMill TacTayfa
6oJIMal/bl.

Kenin Kopiay KypblIbIMJApbIMeH, OJIapJAblH, KaJbIHAbIFbl TUIM/AI OKUIay/1ayAbl KOJILAaHY
apKbLJIbl 3KYy3ere achlpblIajbl, KOpPIIAyJblH CbIPTbIHAA KOpLIAYAblH OpHaJacybl MIiHJETTI
epexxe 60JIbII TabbLIA/bI.

KeHisn 6eToH TacTapblHAaH HEMeCe OJIOKTap/IaH »KacaiFaH KabblpFaiaparbl >KbLTy ©TKi3Till
KOCBLJIbICTAp OYbIHJAAPAbl TOJTHIPY YIIiH KOJIAAHBLIATBIH €PITIHAIHIH XKbLJIYy OTKI3TILITITriHIH,
»KOFapbLIbIFbIHA 6AMJIaHbICTHI MAl/1a 60J1ybl MyMKIiH.

BesiiekTepAi ayblp epiTiHZiMeH TOJITbIpa OTBIPbIN, OJIOKTAp MEH TacTap apacbiHJAFbI
MHTepPU3UKaJbIK ecenTey/i epHeK (5) apKbl/bl )Kyprisyre 60s1a/pbl.

Ecenmey 2:

ChIPTKBI ayaHbIH, €CENTIiK TeMnepaTypackl t = -34 ° 60/1aThIH aylan/jaFbl TYPFbIH YHJIEp YLIiH
ysJIbl 6€TOH GJIOKTapblHaH KaJbIHAbIFbI = 0,25 M KaOblpFaiap/bl Nai/jajaHy *KocrnapJiaHfaH.
Erep Ttyiticnenepaiy kaabiHAbIFbI @ = 0,015 M 6oJica, 1leMeHT-KYM/Abl epiTiHAieH Kajay
YKYMBICTAPbIH KYPTi3yre 60J1aTbIHAbIFbIH aHbIKTAY KaXKeT.

0,015
ad = —— =0,06; 1 kecTe 60¥bIHIIA =0,27.

)
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KabbipFasap/iblH, Kblly 6epinyiHe Kejeprici:

_ 0,02 = 0,25 = 0,02 _ * op T2k
R0_0'133+0,60 + 0.25 + 075 + 0,05 = 1,24 rpag™ mi.. 4 /KKaJl,

myHzarbl 0,60; 0,25; 0,75 - imki TeKCTypaHBIH, blJ1y OTKI3rIITIK K03dPHUIIMEHTTEPI,
KeJieM/iK ThIFbI3bIFbI 800 Kr/M? ra3fjasirad 6€TOH KoHe ChIPTKbI KYPbIJIbIMBI.
KabbipFaHblH, b1y OepisyiHe HOpMaslaHFaH KeJeprici Rg =1,16 rpag* m** caf/KKaJ.
TiricTig 60MbIMeH KaObIpFaHbIH, KbIJ1Y a/IMacyblHa KeJleprici (LieMeHT-KyM/ibl epiTiHAiCiHIH,
A0,80-re TeH):
0,25

R}=0,133+—=>
0,80
OHpa 5 dopmysia 6obIHILIA:

, _ Ron_1,24:0,27
0™ 9+n 0,49+0,27

R 1,24 . o
20— 22— 1,07 yiuiH 2 KecTe 60MbIHILIA UHTEPIOJALUIMEH aHbIK-

Byuaarel =049 =
¥ "UTRE 1,16

TaJIFaH.
Tiric 6o#ibiMeH XblLy Oepy YIIiH KaXeTTi >kKoHe KOJI KeTiMJi KeJeprijiep apacblHJaFrbl
aibipMainblbIK wamassl (0,49-0,44 = 0,05) »xoHe TiricTep/iH, ilki 6eTiH/ie KOHAEHCAUSHbIH,
nain/ia 60J1ybl KebiHece 6eJIMe/ieri aya blIFaJI/IbLIbIFbIHbIH, COHAAN-AK, IeMEHT TaCbIHbIH, TiricTeri
BUIFaJI 19PEKeCi 2koHe OHBIH, XKbLTy 6TKI3riTIK K03$PUIHEeHTiHIH HAKTbl MOHIHIH aybITKyblHa
6ais1aHbICTbl 00s1azAbl. lleMeHT-KyMAbl epiTiH/iHIH b1y OTKI3rilITiK Ko3dPUIMEeHTIHIiH
TeMeH/ieyiMeH, Mbicasibl, 0,65 kkan/M* car* rpaj fAeliH, OyJ ycaK KeyeKTi IeMeHT TaChbIHbIH,
KYpFaK KyWiHe caliKkec KeJsieZi, TinTi OesiMezeri aya bUIFa/JbLIbIFbIHBIH, KbICKA Mep3iMAi
»KOFapblilaybIMeH KOH/eHCallys bIKTUMaJIIbIFbl OYbIH/JAp TOJIbIFbIMEH KOMblIazb! [17].

KochLibicTapAaFbl »KeHiJl 6eTOH TacTapblHAH >KoHe OJIOKTApJaH >KacaJiFaH KaObIpFasiap/blH
imKi 6eTiHAeri bLIFaNbIH KOHAeHCcalusJaHy bIKTUMaJIJbIFbl 9cCipece blIFaaAbl KIUMATThIK
aliMaKTapja »Oofapbl, MYH/Jla OYbIHAbBI TOJTHIPATbIH epiTiHAI aTMocdepasblK bLIFaIMeH
BUIFQIJAHBIPbLIYbl MYMKiH. Bysn »kafmaipa iwmiHzeri 6oc »kepi 6ap KOCBUIBICTAp/bIH,
OpBIHZANYbI KAObIPFaHbIH, OYKiJI KaJbIHABIFbI OOMBIHIIA bLIFAJI/bIH KalWLISAPJbIK KO3FalyblHA
KOJ1 6epMei/ii, MyMKiH Me3TijJ-Me3rijl CyJlaHFaHHAaH KeWiH KaTaWTbLIFaH epiTiHJiHIH Te3
KeOyiH KaMTaMachl3 eTeJji XKoHe COHbIMEH Oipre »KblLayJblH OepijyiHe Tiricteri KypbljibIM
KeJlepTiciH apTThIpabl.

Kab6bipranapabl TypFbI3y Ke3iHJeri MyHJal CbIHAAPJIbI 9/1ic OybIHAAPABIH, KAThIN KaTybIHbIH
aJIIbIH aNaJibl, OYJ1 acipece bUIFAIAbUIBIFbI KOFApbl KAaTa/l KJIMMATTBHIK allMakKTap VIIiH eTe
MaHBbI3/bl.

Tiricrepgeri iwki 60c xepsep epiTiHZiHI XKaFy Ke3iHJe TacTblH 6eTiHe TecesreH 6oJaT
HeMece aFalll apKaJblK 11a0JIOH apKblibl, COHIAW-aK 6HJAIpic Ke3iHJe a/bIHFaH TOMEHTI 6eTi
npoduIb/i xKeHiJ 6eTOH TacTapblH KOJIJAHFaH Ke3/e nanaa 60Jybl MyMKiH (3-cypeT) [18].
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o007

Cyper 3. EpiTinziHiH 6ybIHAApBIHAAFbI 60C )KepJepAi any yiliH TeMeHri 6eTi npoduiabai xkeHisn 6eToH
tactapsbl:1-EpiTinai; 2-aya kenicriri

AnAbIHFBI MbICaJ1/la KAPACThIPbLJIFaH ra3jajiFaH 6eTOH TacTapbIHAH Kaca/IFaH KabbIpFa, erep
O6ybIHJap KybIC 00Jica, 6e/iMe bLIFaNbLIbIFBI 60% -Fa KeTepiJireH Ke3/e Jie TepMoPU3UKaIBbIK,
TaJlanTap/bl TOJIbIK KaHaFaTTaHAbIpaabl [19].

[IbIHBIHAA 13, KybIC KOCBIJIBICTBIH, XKbIJ1Y O6TKI3TILITIr Kegeprici

RI'<=0,133+%+0,20+0,05:0,61 rpag* mi.i%* car/Kkau,

mMyHZafrbl 0,20 - aya caHbl/IaybIHbIH Xbl1y KeJeprici. KybIc KOCBIIBICTBIH b1y 6epinyiHe
KeJlepriciHiy, 6y/1 MoHi bIFaiAblIbIK p=60% O60JIFaH Ke3/je KaKeTTi MoHiHEH aca/lbl

;_024%027 o
K™0,38+0,27

IIbIHABIFBIH/AQ, KybIC TYHICIEHIH, Xbl1y OTKISTILUTIr KYpFaK KyWiHe >KoHe L[eMEHT TaCbIHbIH,
KbLJTY OTKI3TIIITIK KO3 PHUIIMEeHTIHIH TOMeHTT MoHiHe 6alIaHbICThI OJ]aH Jja XKOFapbl 60J1a/bl
[20].

Ecenmey 3. KebGik 6eTOH OJIOKTapblHAH >KacaJifaH KaObIpFaHbIH illKi OeTiHJeri »xoHe
OCbl KaObIpFaHbl Kecill 6TeTiH 6eTOH KaHKACBIHBIH, OeTiHJeri TeMnepaTypaHbl, CBIPTKbI aya
TeMmnepaTypacbi-30 ° 6oJiraH Ke3/eTiHi ecenTeHis [21].

[leHoGeTOHABI 6JIOKTAp/aH acalfaH KaObIpFaHbIH by OTKI3TIIITIK KeJeprici R0:1,50
rpaji-M*-caf/KKaJl, al 6eTOHHBIH KaHKa 3JIeMeHTiHiH Kegeprici R’ =0,49 rpag-m*-4/kKa.

Bi3 KaObIpFaHbIH, illIKi 6eTiHAeri TeMnepaTypaHbl eCENTENMI3:

b=t~ tep =150 2043000155 14000
k06 — Ui RO i— ’ 1,50 ’ = ’
R 1,50 .
f =— === 3,06; koadpPpuuuent Mmauin = 0,83
R, 0,49
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KabbipFaHbl TOJNTBIpyMeH 6TeTiH 0eTOH KaHKACbIHbIH illKi GeTiHAeri TemmnepaTtypa 6
dbopmMyJia 60oMbIHILIA aHbIKTaAaAbI[25]:

th o=t —Nn(B— 1t —teg) = 11,0 — 0,83(3,06 — 1)(15,0 — 11,0) = 4,20"
4. KOpbITBIHAbI

1. Xorapblja KeJTipiJireH b1y OTKI3Till KOCBIHABLIAPAbl TepMOQU3UKAJBIK, ecenTey
d/iicTepi eH KapamnailbIM reOMeTpUSJIbIK, MilliH/Er] Kby 6TKI3rill KOCbIHAbLIAPHI 6ap *KaHe 6ip
yakKpITTa O6ip-6ipiHeH efoyip KalIbIKTBIKTA OpHa/IaCKaH OipTeKTec Kopluay KypblJIbIMapbiHa
»KaTa/ibl, 0yJ1 Keplli KOCbLIbICTAP/bIH dCePiH 601AbIpMai/bl;

2. Kbty 6epy nponecTepi TypaJibl MaKasiaZa KapacThlpblIazbl;

3. Kopiay KypblIbIMAapbIHbIH 6acKa TypJepi »koHe KypzeJsii NpaKTUKaJa HeMece XbLIy
OTKI3Tilll KOCBIJIBICTap/AbIH, »)KaKblH OpHaJ/IaCyhl YIIiH KaXeT KebiHece )k06a/1ay NpaKTUKaCbIHAA
Ke3J/leceTiH KapanaibIM ecenTey GopMyJiajapbl XOK.
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Mycab6aes T., Ecenra6ysios C., ’KapkeHnoBa I,
KapkeHnos E., Temupranuesa A.
Eepa3zuiickuli HayuoHa1bHbIU yHUSepcumem um. J1.H. 'ymunesa, Acmana, Kazaxcman

TenyionpoBoAsiliMe BKIAWYEHUS B OrPaXKIAIIUX KOHCTPYKIMSIX

AHHOTanuA. B 11es19X CHIKEHUS TEIMJIONOTePh 3[JaHUs U YA0BJIETBOPEHHUSI TPe60BAaHUH HOPMATHUB-
HbIX JJOKYMEHTOB B IOCJeJHHEe TOAbl B CTPOUTEJbCTBE IIMPOKO NPUMEHSITCA MHOTO3TaXKHbIE
orpaxzaroliye KOHCTPYKIIUY, B TOM YUCJ/e pa3MellieHHe BHYTPU KOHCTPYKIUU TENJIOU30JISLMOHHOTO
ciost. Ilof BAMSIHMEM 3KOHOMHYECKHX COOOpPaXKEHWM OJHHWM M3 OCHOBHBIX THUIIOB 3Ta)KEH 3JaHUS
6bly1a KJIaJiKa TYeUCcTOro 6eTOHHOro 6JI0Ka, 06JUI0BAHHOI0 KUPIMHUYOM C 3GPeKTUBHON U30asLUeN
MeXAy 3TakaMu. YUHUTbIBash MOJE€PHU3ALUIO CYLeCTBYIOLUIMX TUIOB OrPaKAA0IHUX KOHCTPYKIUN U
nosiBJieHue 60JIbIIOT0 KOJUYeCTBa HOBbIX KOHCTPYKIIUH, BCTa/l BOIPOC O MPaBUJIbHOM OIlpe/ieJIeHUU
TenoprU3n4eCcKUx CBONUCTB (B OCHOBHOM TEPMO3aIIUThI) TAKUX KOHCTPYKI[UH.

TemnepaTypa pacnpejiesiieTcsl paBHOMEpPHO, IOTOMY 4TO TeIJIO0, pacCerBaeMoe MO NMOBEPXHOCTH
KOHCTPYKL MY, TIOMOTaeT c6aJaHCUPOBaTh UX 3HAYeHMUS NpU B3MsZe Ha KoMHaTy. OJHaKo AJMHA
06J1aCTH HCKaXKeHUsl TeMIepaTypHOro MoJis yBeJW4YMBaeTcs (M3-3a Hajluuyusa nomex). Hampotus,
NOHMKeHUE TeMIIepaTyphl (KOTOPOe pacnpoCcTpaHseTcs HA KOPOTKYO JJIMHY OTPaXK/€HUs1 ) CTAHOBUTCS
60Jiee 3aMeTHBIM U 3aMeTHbIM 0J1aroZiapsi BKJIKYEHHUSIM U BKJIIOYEHHSIM, PACIO/I0KEeHHBIM Ha TeIJIoN
MOBEPXHOCTH KOHCTPYKIUH.

Takue oco6eHHOCTH pacnpefiejieHusl TeMIepaTyp B 30He TEIJIONPOBOAAIIMX BKJIOYEHUH Pa3IMYHbIX
TUIOB TNOATBEPKAAIOTCA ONBITOM 3KCIUIyaTallMM 3JaHUHA C COOTBETCTBYHIOIUMH INPOEKTHBIMU
pelleHUsMHU JJIs1 MaHeJbHbIX CTeH. Ec/IM CTeHbl B CTbIKaxX MaHeJsed MOKPBITHI TEMJIOMPOBOASIAM
3aIMTHBIM U OTAEJOYHBIM CJIOEM C TEIJIOW CTOPOHBI, paclpe/ieJieHue TeMIIEPaTyphl 10 BHYTPeHHEH
NIOBEPXHOCTH CTEHBI 6YZleT paBHOMEPHbBIM; IPU OTCYTCTBUH J0CTATOYHO TOJICTOTO U TENJIONPOBOJHOTO
cJ1051 HAbJII0IaeTCsl BbIpQXKEHHOE MIOHMKEeHUE TeMIIepaTypbl BOJIU3U CThIKA.

KioueBble c/10Ba: orpaxzarliie KOHCTPYKIIUY, TEMJIONPOBOAHbIE BKJIOYEHH .

T. Mussabayeyv, S.Yessengabulov, G. Zharkenova, Y. Zharkenov, A. Temirgaliyeva
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Thermal conductive inclusions in building envelopes

Abstract. In order to reduce the heat loss of a building and meet the requirements of regulations, multi-
storey building envelopes have been widely used in construction in recent years, including the placement
of athermal insulation layer inside the structure. Under the influence of economic considerations, one of
the main types of building floors was a masonry cellular concrete block faced with brick with effective
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insulation between floors. Considering the modernization of existing types of building envelopes and
the appearance of a large number of new structures, the question arose about the correct determination
of the thermal properties (mainly thermal protection) of such structures.

Temperatures are evenly distributed because the heat dissipated over the surface of the structure
helps to balance their values when looking at the room. However, the length of the temperature field
distortion region increases (due to the presence of interference). On the contrary, the temperature
decrease (which extends over a short length of the enclosure) becomes more prominent and noticeable
due to inclusions and inclusions located on the warm surface of the structure.

Such peculiarities of temperature distribution in the zone of heat conducting inclusions of different
types are confirmed by the experience of operation of buildings with corresponding design solutions for
panel walls. If the walls at the joints of panels are covered with a thermally conductive protective and
finishing layer on the warm side, the temperature distribution over the inner surface of the wall will
be uniform; if there is not enough thermal conductive inclusions and inclusions located on the warm
surface of the wall, the temperature distribution will be uniform.

Key words: enclosing structures, thermal conductive inclusions
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Anpaarna. Metanmngap 1930 xkbuigapZad 6acTan aBuanus acay YiliH TaHJayJibl
MaTepHas peTiHAe KeHiHeH KOJIJaHbLIaJlbl. A3pOFaphllll 6HEPKICiOiH/e KOJIAaHbI-
JIATbIH Heri3ri MeTasnjap JierupJieHreH KoHe TEPMUSIBIK 6HJleJITeH allOMUHUI/IEH
TUTAHFa, MarHUMre XXoHe CyNepKOpbITIajapFa AeliH, COHFbICHI apHalbl KOJIJaHyFa
apHaJsfaH. Alaijia, YIIaKTblH AW3aWHBIHAAFbI ©3repicTep, acipece KOJAaHbLIATBIH
MaTepuasgapra KaTbicThl, 1970 )bl1gapbl KOMIO3UTTIK MaTepHualjap KOMMepPLHU-
SUIBIK YIIAKTapFa eHrisiireH keszae 6acranabl. KoMno3uTTik MaTepuaajap/ bl nau-
JlaJlaHybIH apTYbIHbIH KO3Faylllbl KYIITEePiHiH 6ipi — o/lapblH cajbICThIPpMasbl TYp-
Jle )KeHiJ KOMIIOHEHTTepP MeH a3pOAWHAMHUKAJIBIK >K006a/aHFaH KOHCTPYKIUSJIAP/ b
»Kacay KabiJjieTi, oyiap »KOFaphbl OepiKTiri MeH eHIMAIIrH caKTall OTBIPHIIN, XKaHapMal
HIBIFBIHAAPBIH a3aTagbl. Kayincisaik aBuanusgarbl MaHbI3Abl GaKTOP OOJIBIN Ta-
ObLIaJbl, COHABIKTAH MaTepuaiAapAbl TaHJAayFa llemnyili acep etefi. COHJBIKTaH,
yIIaK JAu3aiiHbIHA apHaJIFaH MaTepuaaiapAbl TaHJaFaH/1a, caiMak MeH 6epikTik cu-
SIKTbl KYPbLIBIMJbIK IapaMeTpJiepAi, COHAal-aK CoTCi3AiK pexxuMaepi MeH eHIM/iTiK
CUSIKTBI Kayincisaik gakTopsapblH ecKepy KaKeT. A3pofapblll eHepKacibi kepcet-
KeH/Jlel, KOMIIO3UTTIK MaTepUajfapFa Kelly Ke3iHJe cajbICTblpMaJjbl TYpAe >KaHa
MaTepuaJapAblH COTCi3ZIiKTep MeH 3aKbIMJAHYyJapFa KaJlall acep eTeTiHiH TYCiHy
eTe MaHbI3/1bl. bys Makanaga SolidWorks opTachkiH/jla KOMIIO3UTTiK MaTepuanAap/bl
MoJieJibJley MYMKIHZIKTepiH KepceTy YlliH yllaK, KaHAaTbIHbIH, JIU3aiHbIHbIH, MbICAJIbI
KOJIAAHbLIaibl. ¥YIIAKTap/la KOJAaHbLIAThIH KOMIO3UTTIK MaTepuasJlapAblH MeXa-
HUKaJIBIK, KacueTTepi koHe SolidWorks-Te ocblHZail KOHCTPYKIUATIAPABI MOJIEbAEY
npolieci Typasibl ka3blaaabl. bys septreyaiy MakcaTbl - SolidWorks Flow Simulation
GafFapJ/iaMachbiH/a aF bIH/BI eCENTEYAI MO/ie/ib/iey KaHe OepiKTiriH Tanaay. 9p6ip Tas-
JlaHFaH XXYKTeMe TYpi YIIiH 9pTYpJii OpbIH aybICTBIPY, KEPHEY KoHe Kayilci3 ik Ko3d-
dunreHTI MaH/lepi aNbIH/BI.

Tyiinai ce3aep: KomnosuTTik MaTepuaJs, 6epikTik, ymy annapatsl, SolidWorks,
KYPBLIbIM.
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Yuwy annapambuiHblH KOMNO3umMmik Mamepua/vlHblY 6epikmizii kemepy

Kipicne

3aMaHayu UHXKeHepAiH MiHJeTi - eHIMAI Aypbic 6aFaMeH Te3 ob6aJjay KoHe >xacay. by
KOMIIBIOTEPJIIK KYHeJIepAiH JaMybl MEH 3aMaHayd KOMIIO3UTTIK MaTepuaaJapAblH KeH KOJI
KeTiMALTIriHiH apKacbiH1a MyMKiH 6061 [lo/iMMepsii MaTpULla/iblK KOMIIO3UTTEP OHAIPICTIH
TeMeHKYHbIMeHXaKCblMeXaHUKaJIbIKKAaCHeTTepiHe OailJlaHbICThIKa3iprizaMmaHFbloHepKacinTe
KeHiHeH KoJiJlaHbl1a/bl. Oyiap HeriziHeH CUMMETPUSJbI KOHE ACUMMETPHUSIIbIK KabaTThI
MaTepua/Jlap TYpiHJe YCbIHbLIFaH. Y3/iKCi3 Ta/JlIbIKTapMeH HbIFAUTBLIFAH MOJUMepJi
MaTPULAJIbIK KOMIIO3UTTEP KEHiJ caJIMaKIeH, >KOFapbl 6epiKTiKIeH, )KOFapbl KATThLJIbIKIEH,
KOppo3usifa Te3iMAiJiKIeH xaHe JipinAi 6acaTblH KacMeTTepiMeH epekliesieHeai. bepikTiri,
caJiMaFbl MEH KaTThLIbIFbIHBIH MaccaFa »K0Fapbl KATbIHAChIHA 6ANJ/IaHBICThI 0J1ap a3POFaAPHILI
eHepKacCibiHJe )KeHiJ KypblibiMAap/a (JlaHep KOMIIOHEHTTepi peTiHAe) KosiJaHblaazabl [1].

ByriHri TaHa YIIKBIIICHI3 YIIY allllapaTTapbIHbIH IM3aWHbIH KacayJa MaMaH/laH/bIPbLJIFaH
KOMIIaHUSIIAp eJieysi OacekesiecTepre amWHaayaa. bys KoMIbIOTepJsiK TeXHOJOTHsJIAp
MeH 3JIEKTPOHUKAaHbIH, KApKbIH/Jbl JaMyblHbIH apKacblHJAa MYMKiH 00JAbl. 3aMaHayu
aBTOMATTaH/bIPBLIFAH JU3aH Kypasiapbl 0apJbIK Kep/ie Ke3/iece/li )koHe MHXKeHePJTiK 6i1iM
bepy/ie, GHEPKDCINTE Jie, YHUBEPCUTETTep/e Ae Koaaanbuiazabl [2]. CAX KypaJiblH nanaaiaHy
»KaHa eHiIM/lepAiH 6acTankbl 6aFachlH alTapJblKTal TeMeHAeTeai. Kayincizaik MakcaTbiH/a
CaH/bIK TaJilay HOTUXKeJIepiH 3KCIEepPUMEHTTIK MaJliMeTTepMeH caJbIlCThlpy Kepek. CAX
optacbiiza ci3 3D mozenbaepin (CAD) »kacalt anacei3, 6epikTik Tangay (CAE), nunxeHepJiik
famy (CAM) cusaKTBl CaHJBIK ecelnTeyjep CEpPUSCBbIH »dHe COHbIHAA 2D KyKaTTaphbl
»Kacasazbl. Aslaljia, aBTOMATTaHJAbIPbUIFAH [W3alH TEK WHXXeHepJepAiH KOJIbIHAAFbI
Kypa/Jl OOJIFAaHABIKTaH, HAKThl O0O'bEKTiJepAiH BUPTyaaAbl MoOJAeNbJepiH Kypy YIUiH THIiCTi
CcTpaTervsijiap/ibl TaHzay HeMmece a3ipJiey MaHbI3/bl [3]. SolidWorks cusKTbhl kKOMIbIOTEpJIiK
KyWeJsiep KOMIIO3UTTIK MaTepuaapAblH KYpbUIBIMBIH MOZe/b/ieyre aHe OJIapAblH
MeXaHUKaJIbIK KaCUeTTePiH TajlJayFa apHa/iFaH KypasJapAbl YCbiHAAbL. By 6aFgap/iaMasblk,
»KacaKTaMa MaTepuaapAblH KaCHeTTepiH CUIaTTay apKblibl MaTepUaNJapAblH XKaHa
TYpJlepiH aHbIKTayFa MyMKiH/ZiK 6epesi (M30TpoNThl MaTepuanaap).

djicTep

ABuanus eHepKacCibiHJe KOMIO3ULMSJIbIK MaTepuasiZap/blH OapJblK CHEeKTpi KoJija-
HblJIaZbl. ApaMUATI MaTasiap HeridiHeH (rO3eJIsKAbIH, TOMEHTI 06JIiriH KoHe aBUaLUSJIBIK
KO3FaJ/ITKbIII TipeKTepPiH »Kacaya nanjaaaHblaaabl.

KemipTekTi MaTasiap aBUaLlMSAJIbIK KO3FaJTKbIIIThIH PY/bJAiH O6eTTepiH, ecikTepiH xacay
YLUIH KOJIJAHbLIabI.

[IbIHBI TaMLIBIKTApP aya KbICBIMbIH KaObLIJAFbILITApP, KOCAJIKbl 3HEPTUSI KOH/bIPFbICBIHBIH
aya KaObLIJAFbIIITAPbl CUSKTbl a3 MKYKTeJreH KYPbUIBIMABIK OeJillleKTepi eHJipyae
KOJIJlaHbl/1abl.

KoMmmo3uTTik MaTepuajapAbl KeHiHeH KOJIJaHAaTbIH OpbIHJAPAbIH, 06ipi - YIIAKTBIH
KaHaTbl. KaHaT 60MbIMeH OpHa/IaCKaH JIOHXXEePOH/1ap KoHE KYUITIK 3JieMEeHTTepPi UIbIHbI )KoHE
KOMIPTEeKTI Ta/JlIbIK HeridiHJe »KacasifaH. KanTtama mbIHbIaH, KOMIPTEKTI TaJILIBIKTAH oHe
ilIKi kKe6iK TOJNTBHIPFBILIBIHAH TYPAThIH €Ki Ka6aTThl KAObIKTAH >KacaJsfaH.
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Ty6ipsiik HeMece TepMUHAIBIK O6JiKTep/leri KaHAT KallTaMaChIHbIH, >KOFapFbI 2KOHE TOMEHT|
KaObIKIIa/JIaphl )KkoHe MaTpuUliajiap/a noJuMepieHyMeH 6aiJIaHbICThIPYLIbl MaTepUa/ibl KYI0
apKbLJIbI Y)Kacasajbl, 0yJ peTTe KabbIKIlIaJap KAHATThIH, aJ1AbIHFbI 2K9HE apTKbI 2KUeKTepiH/e 6ip-
6ipimMeH »eJliM MJIeHKAaCbIHbIH, KOMeTiMeH aJiFaHFaH OeTTepre TapaTblaafbl. [IIKi KaTThIIBIK
KaObIpFasiapbl 0al/IaHBICTBIPFBIIITHI KYI0 apKblibl Ja »KacaWabl. Bysl afiic ChIPTKbl KaHAT
6eTTepiHiH canachlH XaKcapTa/ibl )koHe KYPbIbIMHBIH 6epiKTiriH KaMmTaMachi3 etefi [4,5].

Erep 6i3 yJiKeH y3apTblIFaH KAaHATTbIH CephiM/li KacueTTepiH Ty3y KaTTbLIbIK OcCi 6ap
coyJieMeH MO/ieJibJIENTIH 60JICaK, OH/la KeTepy K03QPUIUEHTI:

C,=C; (a+Aa) (1)

MYH/Ia 9ye KeMecCiHiH KaHaThbl KaFJalblHJa cephniM/iliKKke 6alJaHbICThI KeHiJAeTiareH
KaHaT KMMaCbIHbIH 1a0yblJ1 OYPBILIBIHbIH 6CYi KeJlecifiell aHbIKTalaAbl [6]:

Aa = Ocosx - w' sinx (2)

MyHpa 6ipiHmi TepMuH OypasiyFa, ajl eKiHLIiCi KaHAT KYpbLIbIMBIHBIH MijJyiHe »Kayan
6epeni. TepMUHHIH apKacblHAA KEHIJJETIIreH KUMaHbIH A6yblJl OypbIlibl a3asi/ibl.
YIIKBINICKI3 YIIY annapaThl YiIiH Keb6iHece TiK KaHAT KOJIJIaHbLIa/lbl, OH/Ia KAaHATTbIH, HiJici
aFbIHHBIH, 11a0ybl/1 OYPBILIbIH 63TepTHen/i )KoHe OyJ1 abybll OYPbIIIBIHbIH, CepHiMIiTiKKe
06aiJIaHBICTBl TOMEHAEMeYyiHe dKeJie/li, CoMKeciHlle, fepopMals Ke3iHAe KaHaT KYKTeMeHi
aJsIblll TacTaMalabl. By MakKasaza KOMINO3UTTIK MaTepUas[blH aHU30TPONThl KaCUeTTepiH
KYKTeMe Ke3iH/ie KaHATThIH, UiYiH KoHe OypasiyblH YThIM/Ibl 0AaWIaHBICTBIPY YUIIH KOJIAAHY
YCBIHBLIAAbI, Oy 1a0ybl OYPHILIBIH a3alTyFa, KbIChIM LEHTPIH KaHAaTKAa Kapad »KbLDKBITY
apKbLJIbl HiJly MOMEHTIH a3aillTy »9He KYpbLIbIMHBbIH CajJMaFblH a3alTy MaKcaTbIHAA
KYKTeMeHi KaHaT 60ibIMeH KalTa 6eJsiyre MYMKiHJiK 6epeji.

SolidWorks Simulation 6argapsiamackl KOMMNO3ULMSJIBIK MaTepuUaapFa Herisje/rex
JM3alH/bl MOJleJibJley *KoHe TaJiay KypaJAapblH yCblHaAbl. bafaapJsiaMasnblK KacaKTama
opTackl 6eTTi Mozesibieyre MyMKiHAIK 6epei (3D CAD MmozyJii) )koHe KypaMa KypbLIbIMAAPAbI
MO/IeJib/IeY YIIiH >KacaJiFaH reoMeTPHUSHbI KoJilaHaabl. TaFbl Oip LIeliM - aaAblH-ala KaTThl
ky#geri mozaenbai (3D CAD mozayni) Kypy, cofaH KeliH 6esrisi 6ip reoMeTpusira Heri3jeareH
SolidWorks Simulation MoayniHzae »abblH 3jieMeHTTepiH Kypy. bys QyHKIMOHaNJBIIBIK
anbiFaH CFD »xykTeMeciHe Heri3zesnreH KeuiHri Tanzgay (Kyll) Ke3iHJe MaHbI3Abl 60Jafbl
(aFbIHABI MOJEbAEN TaNay VIIiH KaTThl Kyiigeri 3D Mmozeni Kaxer).

Korapeia aTanran opta 50 TypJii KabaTKa AeliH KypAeJii KabaTTapAbl TajagayFa MyMKiHAIK
6epeni. SolidWorks KkabaTTap apacblHJaFbl Tamallla 6aiaHbICThI YCbIHA/bl. KOMIO3UTTEpP/IiH,
€H Kell TapaJiFaH TypJepi (cyp. 1):

- CUMMeTpHUSJIbIK JJAMUHAIUSA — KabaT MaTepUasIbIHbIH, CHMMETPHsJIbl OpHaJACybIMEH,
O6aFbITbIMEH, KaJbIHAbIFbIMEH, XIMTiH OPTAHFbI )Ka3bIKThIKTAFbl OaFbITbIMEH aHbIKTAIA/AbI.

- ACUMMeTpUSJIBbIK JJAMUHAT MeJUaHabIK, )Ka3bIKTbIKKA KATbICTbl CAMMETPHSChI, 6aFbIThI
»KOHEe KacueTTepi »KOK KabaTTapMeH CHNaTTalabl.

- Ken KabaTTbl KOMNO3UTTEP — OYJI CUMMETPUSJbI KabaTTap, 0J1ap/iblH OPTaHFbl KaOAThI
6acka KabaTTapra KapaFaH/la KaJbIHAbIFbIMEH X9He 6acKa KabaTTapfa KaparaH/JaFbl TOMEH
MeXaHUKaJ/bIK KacHeTTepiMeH cullaTTaJjajbl. byjsap uiny KesiHze yJKeH >KYK KeTeprilluTiri
Ka)KeT OOJIFaH »KaFJai a KoJIauJibl.
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= foom
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Cypet 1. KoMno3uTTik MaTepuangapApliH Typiepi (OH KaK CHMMETPHUSIbl, aCUMMETPHUSLIIBIK,
COH/BUY)

SolidWorks Composite Property Manager kemeriMeH »o0ajilaHFaH JM3allHFa KaXeTTi
KaJIbIHABIFbIH, OaFfapblH, KabaTTap CaHbIH XoHe KabaTTapAblH MaTepuaJapblH aHbIKTal
asiaMbI3. Bys1 KypasnblH rpaduKasblK Tepe3eciH/ie FajaM/IbIK KOOpAUHATTap KYieci, CoHJal-aK
»Keke KabaTTap/AblH 6aFbITTapbl KepceTijireH. besrisi 6ip KOMIMO3UTTIK KYpblJIbLIMHBIH, OPHBIH
OHBbIH, 0eTTiK KabaTbhlHa KAaTbICTbl OacKapyfa 6o0s1aZbl. KOMNo3uTTik KacueTTep JucneTryepi
»KoOaJlaHFaH KabaTTap YHiH/iJiepiH OpTaHFbI )Ka3bIKTHIKTA, YCTiHTi, aCThIHFbI )KoHEe OepijireH
nponopuusaapsa (opranblk 6eTiHeH 6aKbliay 6eTiHe JjeiiH eJillieHreH KYpblIbIMHbIH, )KaJlIlbl
KaJIbIHAbIFbIHAH BIFbICY MOHIMEH aHBbIKTaJa/lbl) OpHaJacThipyFa MYMKiHZik 6epegi. CypeTt
2 KeMipTeKTi MaTafaH,/ 3MOKCU/TI MaTepUa/laH oHe KaJbIHJbIFbI 0,25 MM 60JIaThIH €Ki
KabaTTaH TypaTblH CUMMeTPHUsJIbl JaMUHAT OeTKi AuCIJIeire Heri3jenreH MaTepuas/blH
KOOp/JMHATTAap XyheciHe KaTbICThbI 45° OYpbIJIFaH.

KoMnosuTTik KypbuUIbIMAApPAbl MoOJesbJeyAeri MaHbI3bl KaJlaM - MaTepuas/iblH,
KacueTTepiH aHbIKTay. OpToroHasjbji MaTepuaafapAbl TOJbIK cunaTTauTbiH SolidWorks
opTackiHAa (Tanzay KesiHAe KOJIJJaHbLIATBIH KOMIO3UTTep) cepnimaiiik moxy.i, Ilyaccon
K03pUIMEHTI, bIFbICY MOAYJI, OePIKTIK Adpeeci bIFbICY Ke3iH/eri, CO3blly OepiKTiri xoHe
6erisii 6ip 6aFbITTa KbICY OEpIKTIri CUAKTBI MapaMeTpJiep 6ap [7].

Ply [Thickness| Angle ' Material

" 2 025 45 | CF/epoxyresin

CypeT 2. KoMno3UuTTiH 6aFbIThl, KQJbIHABIFb], KAOAThI, MaTepHaJibl }KoHe KOOPAUHATTAP KyHeci

KoMnosuTTik MaTepuanajapAblH OepikTiriH Tanjay Ke3iHJe asIblHFaH HOTHXKeJep,
CTaHJApPTThl OepiKTiKTI Tangay rpadukTepiHeH OackKa, KeJsecifei: 6ap/blK KabaTTap/Jarbl
MaKCHMaJl/ibl KepHey, KabaT 6aFbIThIHbIH OaFbIThl OOMBIHILA KEPHEY KoHe KabaT OyphIlIbIHA
KeJiJleHeH, OaFbIT, op KabaTThIH XOFapFbl HeMece TOMEHTI O6eTiH/eri KepHey, eKi TypJi Kabat
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apacblH/laFbl GalJIaHbICTaFbl KabaT apasiblK, bIFbICY KepHeyi. AliTa KeTy Kepek, JedopManusiap
MeH OPBbIH aybICTBIPY 6picTepi KApacTbIPbLIbIN OTbIPFaH KOMIIO3UTTIH KaJIbIHAbIFbI O0MbIHIIA
y3AiKci3, ajJ KepHey epicTepi apTypJii KabaTTapAaFbl MaTepyaJs/iblH 9pTYpJi 6aFgapbl MeH
KacueTTepiHe 6ailJIaHbICThI Y3iK-Y3iK 60J1bIN TaOblIaAbIL.

SolidWorks slaMHMHaTTBIH CbIHY KpUTEpUIJIEPiH ecenTey YIUiH KOJI KeTiM/i YII TeOPUSHBI
KaMTubl: Llan-Xunn ceiHy KpuTepuii, llai-By cbiHy KpuTepuii )koHe MaKCHUMasZbl KbICbIM
Tycipy kpuTepuiti. Ocbl KpuTepuilsiepfiH 6ipiHe cylieHe OTBIpbIN, >X00aJaHFaH JHU3alH
yiliH Kayincisgik koa¢duuuenTiniy (FOS) rpadukrepin »xacaih asambi3. KoMnosuTTik
MaTepHualapAblH 0Y3blaybl OipHele Ke3eH e ypei. bipiHiii kabaTTarbl HeMece KabaTTap
TOOBIH/AFbl KEPHEY KEeTKIMIKTI >KoFapbl 60JIFaH Ke3/e 0J1 icTeH LbIFa/ibl. ByJ1 CbIHY HYKTecCi
6ipiHLIi KabaTTblH, Oy3bLIybl Jlel aTajajbl, OHbIH CbIPTbIHJA KapacCTbIPbLIbII OTbIpFaH
JIAMUHAT dJ1i Jle )KyKTeMere TeTel 6epe anaabl. Kayincizaik MakcaTblH/a JAMAHATTApP ChIHBII
KeTIey YLIiH K0Faphl KbICbIMJApFa YlIblpaMaybl KaxkeT [8].

dye KeMeCiHiH KaHaTbIHbIH JU3alHbIH K00aJiay - 0yJ 9ye KeMeCiHiH MaKCaTblH aHbIKTay/bl,
KaHaTThl TaHJAy/bl, TEOMETPUSAJIBIK ecenTeynepAi, KypblIbIMbl K00aay/ibl, MaTepuasbl
TaHAAy/bl, CAHABIK TaJAay/[bl )KoHe TEXHUKAJBIK 6HJeYy/li KaXKeT eTeTiH KOIl CaTbLIbl MiHJET.
YuwaK, KaHaTbIHbIH KOHCTPYKLUSJIApblH aJ/iblH-aJla 3epTTey >XobasblK Oo/KamMJap MeH
TaHJaJIFaH KaHaTTap¥a Heri3/ieJiIreH Heri3ri reoMeTpUAJIbIK eJleMAepAi ecenTeyi KaMTHU/bI.
[9,10]. XFLR5 opTacbiHAa »Kypri3ijireH ajfalllKbl 3epTTey/iH HOTHXeJsepi KepceTisreH.
’Kobananrad reoMmeTpus (a3poAuHAMUKaJIBIK CbI3bIiFbl 400 MM, KaHaTTapbIHbIH KeHiri 3000
MM) aya xkbL1gamabiFbl 20 M/c xeTeTiH 310 H keTepy KywiMeH cunarrtanazbl (cyp. 3).

soo LTt (%)

Wing Name
Wing Span
XXPro). Span
Root Chord
M.A.C.

X _CcG

Wing Area
XX¥Pro). Area

3000.000 =
3000.000 =mm
400.000 =mm
400.000 ===

12000.000 com*
12000.000 cm’

I EEEEEEEEERENN]

Plane Mass 0.00 kg
Wing Load 0.000 kg/cm*
208 Tip Twist 0.00
S 1-20.0 m/e-vIa-x0 - Alpoc?.yl‘at:o :52
Tapoxr atio 1.0
Apha _ —
&5 %o 30 i RoOOEL~Tip Sweep 0.00

Cyper 3. YiiaK KaHaTbIHbIH, MillliHi

XFLRS5 - 6ys1 nyiaHep/iH, KAaHATTapbl MeH »KaKTayJ1apblH CaH/bIK TajlZayFa MyMKiH/iK 6epe-
TiH aKpICbI3 OaFfapsaMasblK kacaKTama. Mogesbzey Ke3iHje 6arfapJ/aMasblK *KacaKTama
CBI3BIKTBIK, €MeC ChI3bIKTap 9ficiH, KyWbIHAbl Top dficiH (VLM) >xaHe 3D mnaHesb aAiciH
KoJ1ZlaHaAbl. By 6aFaapsiaMablK kacakTama PeliHO/Ib/IC caHbIMeEH KyMbIc icTedai [11].

HGTI/I)KeJ'[ep K9HE TAaJIKblJIdy

Y1aKThIH KaHaTTapblHA 9CEP €TETIiH KYKTeMe TYpJIepiH Oi1y KaHa KOHCTPYKLMSHBI »k0basiay
npoueciHze eTe MaHbI3[bl. ¥IIAK KaHATbIHbIH KOHCTPYKLHMAJIAPH! YIUiH KOJIAAHbIJIATbIH
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KeTepy HOTHXKeCiHJe Maii/ja 60JaTbIH Hily oHe GypaJsy »KykTeMesepi eTe MaHbI3/bl. CFD
MoZeJib/ley HerisiHze oJsiapZblH TypJepi MeH MaHJepiH aHbIKTayFa 60/1a/ibl. 4-11i cypeTTe
KapacThIPbLIbIN OTbIPFAaH KAHATTbIH, alHaJyblH MOJEJbJey TaJaybl >XoHe HOTIXKeCiHze
keTeprim Kyw kepcetisireH. CFD Mogzesbzey HerisiHze »KyKTeMe TypJiepi »KoHe OJiapAblH
MOH/Iepi asbIH/AbL: KAHATKA d9Cep eTeTiH opTaiia KbicbiM 275 Ila, KAaHATThIH, r€OMETPHUSJIBIK,
OpTaJ/IbIFbIH/IA LIOFBbIPJIAHFAH Kylll, MaKCUMaJAbl KeTepy Kylui 327 H, MaHAep apacbiHJAFbI
albIpMallblIbIK 60JIBIIN Ta0ObLIa/bl.

XFLR 5 (315N) xxoHe SW (327N) opTacblHAaFbl KOTepiay/i MoJe/bJey HOTHXKeIepi 3epTTey
cunaTblHa OalIaHbICTbI. AFBIH/bI MO/IeJ/Ib/ley Ke3iH/e eceNnTey YaKbIThlH KbICKAPTY YIUiH 06i3
TaJljay/ibl )KOFaphbl »K9He TOMeH KbIChIM/Ibl aya MaccaJlapblHbIH, apajacyblHa 0al/aHbICTbI
KaHATTbIH YIITapblHJA KOTEPrillTiH >XOFaayblH ecKepMeHWTiH 2D TancelpMacbiHa [JeHiH
KeHI/IJeTiJIreH.

Name Ut Voo  AversgedVee Mremum Ve MoomumVele Pogess UsehComvergence Dela Ctes
GGFceM! N 3756 XMW 202% 27 %6 00 % Yes 136 1%

CypeT 4. CFD-KapacThIpbLIbII OTBIPFaH KaHaT MilliHiH Tangay (2D), HoTike — KeTepy KyLui

’KobasanraH KaHaT reomeTpuscbl (yll eJsieMJi KaTTbhl KyHJeri Mojesb) aFbIH/bl
MoZieJib/ley Ke3iH/Je TalZaH/Abl )KoHe reOMeTpUs TYpPi O/laH dpi 3epTTey YIUiH )KYKTeMeJIepAiH,
MOH/iepi MeH TypJiepiHe KOJI )KeTKi3y YIIiH 6eTTiK MoJeJibre aybICThIPbLI/bI (KOMIO3ULUAIBIK,
JU3alH/bl MoAesbley, 0epikTiKTi Tanzay). KaHaT KypblIbIMBIH KapacTbIpFaH Ke3/ie Herisri
KYPbLJIbIM/bIK 3JIEMEHT - a9POAMHAMUKAJIbIK KYLITEePAl KOJIJJaHy HOTHXKeCiH/ie ai1a 60J1aThIH
MiJly K9He Oypasly )KYKTeMeJiepiH 6epy YIUiH KOJIJaHbLIaThIH YIIAK KaHAThl KYPbLJIbIMbIHbIH,
6euiiri. Ou1 xabbIK )KyKa GopMaZia OpHaJacKaH. Opi Kapail 3epTTeyre apHa/JFaH KOMIIO3UTTIK
KYPbUJIIBIMHBIH, (MMUTAUUAIBIK MOAYJbAIH) AW3alHbl KOMIPTEKTi Ta/IBbIKTbl KAaTTBUIBIK
HmeTTepiMeH TOJTBIPbLIFAH KAaHAT KOpaObIHbIH, O6eTKi MojesiiHe Heri3jesreH. OHAipinreH
KaHaT [M3aliHbl KOMIPTEKTI TaJlIbIK/3MOKCUATI MaTepUaiaH »acaifaH, KaJablHAbIFbI 0,25
MM eKi KabaTTaH TypaTblH CHMMeTpPHUsJIbl KAOATThl MaTepUaJMeH YCbIHbIJIFaH, MaTepUaJ/iblH
KOOpJAMHATTAap XyHeciHe KaTbICThl 45° 6ypbLiFaH (cyp. 2).

’KobasanraH KaHaTThlH OepikTiriH Tangay (SW Simulation) »xykTeMeHiH apTypJi
TypJiepiHeH TYbIHJAUTBIH LIeKapaJblK KaFAaWaapAblH eKi xaffaldblHa apHaifaH. KaHaTka
acep eTeTiH opTala KbicbiM (763 [la) KaHATThIH OpTachlH/a OpHa/laCKaH KeTepriul KylneH
»KoHe KOHLeHTpauus KyuwiMeH (315 H) aHbiKTanazwel, 2,5 r mwamMajaH ThIC XXYKTEMe KYWiH
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MMUTanusaaanael (Kayincisaik Makcatbinga) (cyp. 5). Tanpmay 6ykin Mopenb 6GOWbIHILIA
6ipkeJiki 66J1iIHTeH COHFbI 3JIEMEHTTEDP TOPBbIH KYPYAbl Tajan eTeji (3/1eMeHTTiH, eseMmi 3,9
MM, Te3iMmainik 0,18). llekapasnblk mapTTap 5-cypeTTe cMnaTTa/FaH.

Canppik Tanzaay yiid FFE Plus utepatusTi memyii Kkongaubagel. by afic memimi ecentey
YLIIH XKYBIKTay 9iCTepiH KOJJaHa bl )KoHe eKi J9MeKTi eliM apacblHAaFbl albIpMallbLIbIK
alTapJbIKTal a3 HeMece OGepisireH KaTeJliK LeTiHeH achbll KeTKeHIle NPOoLecTi KaluTasnau/ibl.

Cypert 5. KosiiaHbLIATBIH )XYKTeMeJIep/liH, 2 TYpi YIIiH IeKapasbIK HIapTTap

3epTTey HOTHXKeJIEPIH TYCIHJIPY KO3Fa/bIC AWarpaMMachlH TajjayfaH 6actanazabl (cyp.
6). KongaHbuiaTblH KyUITEP MEH TeOMETPUSJIBIK LIeKTeyJepAiH dcepiHeH TasJaHaTblH
3JIEMEHTTIH HOTHXKeCiH/ie OPbIH aybICThIPYbIH KepceTei (KaXKeTTi OCbTiK OpbIH aybICTbIPYZbl
Tekcepyre 6oJs1azbl). CTaTUKaJbIK CbIHAK LIAPTTAPbI Yy )KaFganaapbid (40 MM) MoJiesibZieyMeH
CaJIbICTBIPFaH/a KAHATThIH aybITKybIHbIH 3 ece (124,2 MM) apTybliHa aKes/i. KypblJIbIMHBIH,
»KOFapbl KaTThLJIbIFbIHA (@3 UiJly) KabaTThIH KaJbIHJABIFbIH apTThIPY, Kebipek KabaTTap Kocy
HeMece KabaTTap/blH OypasiyblH 63repTy apKblibl KOJI )KeTKi3yre 60J1ajbl.
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nm
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Cypet 6. KeMipTeKTi MaTa KabaThIHbIH, OPbIH aybICTBIPYHI (COJI JKaKTa: KOHIlEHTpaIUsiJIaHFaH
KYKTEMe, OH JKaKTa: KbICy XKYKTeMeci)

TemeHzeri cypeTTe KepHeyJepAiH €H >XOFapbl MIHJEpPiHIH Tapasybl >XoHe O0JIap/blH,
3epTTeseTiH KypblLIbIMJAA Maija 6oJsiaThiH TypJiepi kepcetinreH. Keseci cyperrte (cyp. 7)
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3epTTesIeTiH KAHATTbIH KOMIPTEKTi TallbIK KabaTbIHJA Mai/ia 60J1aThIH CO3bLIY KoHEe KbICY
KepHeyJsiepiHiH MaHAepi MeH TapaJybl kepceTiireH. XKeke KabaTTap YILUiH KepHeYy MaH/epiH
Tekcepyre 6oJ1aZibl. KaHaTTbIH OpTachlHa KOJAAHbIIAThHIH WOFbIpJaHFaH Kyl CTaTUKAJBbIK
CbIHAKTap/blH 60/KaM/1bl KaFialilapblH UMUTAL M/ b] )KOHE KePHeY/liH )KOFapbl MOH/epiH
TyablpAbl - 260 MIla co3blny KesiHze »oHe 236 MIla Kpicy Ke3iHze. bacein LibIFapy apKblbl
XKyKTeyai mogenbzey. Co3blly KepHeyi HeridiHeH KypblJIbIMHbBIH, TOMEHT] KaFbIH/A, ajl KbICY
KepHeyi KaHaTThIH >KOFapFbl XKaFbIH/A Maka 60/1bl.

SZ (N/mm*2 (MPa)) SZ (N/mm*2 (MPa))
104997 259,958

l 8.137 . 28621
nm 17.284
57417 135947
41557 94,610
25,69 s3m

R - 11935
6,024 H -29.402
21884 70739
3.4 112076

+53.604 -153.413
l +69.464 -194.750
85,3 -236.087

Cypert. 7. KapacThIpblIbIl OThIpFaH KYPbIJIBIMHBIH KEPHEYi CO3BIIYbI XK9HE KbICHLIYbI

CoHfbl OarasaHfaH Aguarpamma Llaii-ByablH icTeH HIBIFY KpUTepHUilJiepiHe collkeCc KaHAT
JiM3aliHbl O60MbIHIIA Kayincizgik koapduuuenTiniy (FOS) TapanybiH kepceteni (cypert. 8).
Bya kpuTepuil 6y3bLiyAbl GoJpkay YUIiH >Kainbl JedopManus 3HepruscblH (gedpopmanus
KOHEe KeHelo sHepruscel) eckepegni. byn Lai-XusifiH cblHYy KpuTepuiliHe KapafFaHza
KOHCEpPBATUBTI, 6UTKEHI 0J1 KbICYy MeH CO3blJ1y Ke3iH/ie CbIHY OepiKTiriH axkxbipaTazpbl. Llaii-By
COTCI3/IiK KpUTEPHHi TaJIIUBIKTBIH, iCTEH WIBbIFYbl }KOHEe MAaTPHULAHbIH iCTEH WIBIFYbl CUAKTHI
9pTYypJii coTci3fik pexxkumepiH 6onkall anMaibl. bapJblkK KabaTTap yuliH MUHUMAaJbI
FOS maHi 1,6992 cTaTuKaIbIK CbIHAKTapAbl UMUTALMAJIAUTBIH 3epTTeyAe aiablHAabl. 1,0-aeH
acaTblH 0epiKTik k03¢ PULIMEHTI TaMUHATThIH CbIHOAUTbIHABIFbIH KOPCETE/|.

ros 3T

108 * 10002

100001 1 000+ 00)
10080} 0000 000
L0l 10000+ 000
160w 091 1,000+ 000
L)) 120004000
el 65000 000
L L0l DY
(LA § 100e- 000
LU L4000 00

1 0000 000 17000 000
LM ) 1000 (08
. 10000000 2000000
40000 000 1 6000 00

Cypert 8. EKi )XyKTeMe/ieH KeliH KeMipTeKTi Ta/IlIbIK Ka0aThIHbIH Kayinci3aik koadpdurueHTi
(Llai-By cTranzapThi)
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KopBIThIHABI

Kyprisinren Tanpaynap OepinreH reomeTpusi MeH KOJIJaHbLIATblH MaTepuasjapfa
6alIaHbICThI alia 60/1aThIH JM3aliH MEH KepHeY/iH dpeKeTiH aHbIKTayFa MyMKiH/iK 6ep/i.
’KunanraH aknapaT Au3aliHepJiepre »*o006a/ja KepceTiJireH TajJanTapfa colKec KypbliblMJap
»Kacayra keMekTece/i. KomnosuTTepais 6epikTirid Tangay HoTHXKeCiH/e aJiblHFaH HOTHXeJlep
6apJibIK KabaTTap/laFbl, KA6aT 6aFbIThl OOMbIHILA XK9HE KA6aT OYphIlIbl 60MbIMEH MaKCUMaJIIbI
KepHey/i, COHZai-aK, 9p KabaTThIH >KOFAapFbl HeMece TOMeHTi GeviiriHfieri kepHeyzi ofaH api
Garasiayra MyMKiHZik Oepeni. Kayinciszik MakcatbiHza JjiamuHat FPF (GipiHini KabaTTbIH,
Oy3bLIybl) TYAbIpaTbIHAAW KATThl XYKTesqMeyi Kepek. KoMmo3uTTiK KabaTTblH aWHa/yblH
©3repTy apKblibl 3JIEMEHTTIH, 6ipiell MaccacbliH/la KYPbLJIBIMHbIH, Y/IKeH OepiKTiriHe (a3 uiny)
KOJI XKeTKi3yre OoJiafibl. TasjjaHFaH KeMipTeKTi JlaMUHAT HeridiHjeri KaHaT AusaiHbl Llaii-
By cbiHy KpuTepuiljiepiHe calikec KeJie/li *koHe OapJiblK, KabaTTap yuiH 1,6992 MuHUMaAbI
FOS manpepine xeteni. Cax Kypa/ZjapblHbIH, KOMeTriMeH KaHa 6HIMJi WbIFapy LBIFbIHAAPHI
anTapablKTakh TeMeHAenAl. Kayincisgik MakcaTblHa CaH/JbIK Taljay HOTHXeJepiH
3KCIIEpUMEHTTIK MaJliMeTTEepMEH Ca/IbICThIPY KepeK. ¥CbIHbLIFaH TOCIIAI KOJIAAaHA OTHIPHIII,
6i3 KkeMipTeKTi MaTa-3MOKCU/Ti JJAMUHATTApFa HeTi3/jeJireH YlUIaK KaHATbIHbIH, JU3aWHbIH
*)acaplk (cyp. 9, 10).

9b)

Cypert 9. SolidWorks mozesib/iey apKbLIbl YIIIaK KAHATBIHBIH JU3aHHBIH TaAay:
a) AusarlH/ bl Tanaay, 6) KaHaT KaHKachl
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Cyper 10. 3d kaHat mogzeJti Air Challenge 2015
AFbIC ATy, MYAJesiep KaKThIFbIChI

ABTOpJIap OCbl MaKa/jaJa YCbIHbUIFAH 3epTTeyre »oHe OJIap[blH HOTHXKeJepiHe acep
eTyl MYMKIH KapXKbLJIBIK, ’KeKe, aBTOpJIbIK HeMece 6acKa cUNATTaFblIapbl Koca aJfaHja,
OCBbl 3epTTeyre KaTbICTbl MyZJeJiep KaKTBIFbICHI XKOK Ziell MaJliMAeN/l. 3epTTey KapKblJIbIK
KOJIZAyChI3 XYPrisiiail.
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A.E. Kakynosa, /I.M. KaamanogBa, I.A. AHyap
Espasutickuil HayuoHaabHbLl yHUgepcumem umenu JI1.H.I'ymuneea, Acmana, Kazaxcmax

IloBbIIEHH E IMPOYHOCTHU KOMIIO3UTHOIO MaTe€pHaJia JIETATEC/IbHOI0O anmnaparta

AHHOTanusA. MeTa/sibl LIMPOKO MCHOJB3YIOTCS B KadecTBe MNpPeANOYTUTENbHOr0 MaTepuasia
Aass aBuactpoeHus ¢ 1930-x romoB. OCHOBHblE MeTaJsl/ibl, UCHOJIb3yeMble B a3pOKOCMHUYECKOU
MPOMBIIIJIEHHOCTH, BapbUPYIOTCA OT JIETMPOBAHHOTO M TEPMHYECKH 06pabOTAaHHOTO aTIOMHUHUS
Jl0 THUTaHa, MarHus W CyNepclJaBOB, NpUYeM IMOCAeAHUE MpeJHa3HAuYeHbl [ CIELHaJbHOTO
vcrnosib3oBaHus. OJHAaKO HW3MEeHEHUs B KOHCTPYKIIMU CaMOJIETa, OCOGEHHO B OTHOLIEHUU
HCIIOJIb3YEMBIX MaTepHasoB, Hadyaducb B 1970-x romax, Korga KOMIIO3UTHbIe MaTepHasbl ObLIU
BBeJleHbl B KOMMepyeckue camoJieTbl. OJHOU M3 JBWXKYIIUX CHUJ YBEJUYEHUs MCIO0JIb30BaHUSA
KOMITO3UTHBIX MAaTEPUAJIOB SBJSIETCH UX CIIOCOGHOCTD CO3/1aBaTh OTHOCUTEJbHO JIETKHE KOMIIOHEHThI
Y a3poJMHaMHUYeCKU CIPOEKTHPOBAaHHblEe KOHCTPYKIMH, KOTOpPble CHMXKAIOT 3aTpaThl Ha TOIJIUBO,
COXpaHsisl NP 3TOM BBICOKYI0 IPOYHOCTb U MPOU3BOJUTENbHOCTh. be3onacHOCTb sIBJIsieTCsl BaXKHbIM
dbakTOpoM B aBHUAIUH U, CJIeIOBATEJIbHO, UMEET pellaliee BAUSHUE Ha BbI6Op MaTepuasioB. [loaTomy
Ipy BbIGOpEe MaTepHasioB [IJisi KOHCTPYKLHMHM caMoJjieTa HeOOXOJUMO YUYUTHIBATb KOHCTPYKTHUBHBIE
napaMeTphbl, TaKKe, KaK BeC U IPOYHOCTh, a TaKkKe GaKTOpbl 6€30MaCHOCTH, TAKKE, KAK PEXKHUMbI OTKa30B
Y MPOU3BOJAUTEJNBHOCTh. A3pOKOCMUYECKAasT MPOMBIIIJIEHHOCTh MMOKa3bIBaeT, YTO MPHU Iepexojie Ha
KOMIIO3WTHbIE MaTepHa/ibl 04€Hb BA)XHO IOHMMATh, KAK OTHOCUTEJbHO HOBbIE MaTepHaJ/ibl pearupyoT
Ha OTKasbl U MOBpexJeHus. B 3Toll cTaThbe HCNOJIb3yeTCs] IPUMEP KOHCTPYKLMH KpblIa caMoJIETa,
YTOOBI MPOJAEMOHCTPUPOBATH BO3MOXXHOCTU MOJEJHUPOBAHHS KOMIIO3UTHBIX MaTepHaJIOB B cpefie
SolidWorks. O MexaHU4eCKUX CBOMCTBAaX KOMIO3UTHBIX MaTEePHUAJIOB, UCIIOJb3YEMBIX B CAMOJIETAX, U
0 mpoliecce MOAEJUPOBAHUA TaKUX KOHCTPYKUUK nuinyT B SolidWorks. llesibto aToro uccneoBanus
SIBJISIETCS MOJIeJINPOBaHME BbIYMCJIEHHUH OTOKA U aHA/IU3 HaJlexkHOCTH B SolidWorks Flow Simulation.
J1s KaXkJoro aHaJU3UMpPyeMOro THIAa HAarpy3KHU ObLJIM MOJIy4eHbl pa3/JM4yHble 3HAYEHUs] CMeIleHUs],
HanpsiKeHUs U Ko3dduimeHTa 6€30NaCHOCTH.

KiouyeBble €/10Ba: KOMIIO3WTHbIA MaTepuas, NPOYHOCTb, JieTaTeJbHbIM anmapat, SolidWorks,

KOHCTPYKLHUS.

A.Y. Zhakupova, I.M. KasimaHoBa, F.A.9Hyap
L.N. Gumilyov Eurasian national university, Astana, Kazakhstan

Increasing the strength of the composite material of the aircraft

Abstract. Metals have been widely used as the preferred material for aircraft construction since the
1930s. The base metals used in the aerospace industry range from alloyed and heat-treated aluminum
to titanium, magnesium and superalloys, the latter being designed for special use. However, changes
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in the design of the aircraft, especially with regard to the materials used, began in the 1970s, when
composite materials were introduced into commercial aircraft. One of the driving forces behind the
increased use of composite materials is their ability to create relatively lightweight components and
aerodynamically engineered structures that reduce fuel costs while maintaining high strength and
performance. Safety is an mportant factor in aviation and therefore has a decisive influence on the choice
of materials. Therefore, when choosing materials for the aircraft structure, it is necessary to take into
account design parameters such as weight and strength, as well as safety factors such as failure modes
and performance. The aerospace industry shows that when switching to composite materials, it is very
important to understand how relatively new materials react to failures and damage. This article uses an
example of an airplane wing design to demonstrate the capabilities of modeling composite materials in
a SolidWorks environment. The mechanical properties of composite materials used in aircraft and the
process of modeling such structures are written in SolidWorks. The purpose of this study is to simulate
flow calculations and reliability analysis in SolidWorks Flow Simulation. For each analyzed load type,
different values of displacement, voltage and safety factor were obtained for each analyzed load type.
Keywords: composite material, strength, aircraft, SolidWorks, construction.
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Anaatna: KesikTik JiorucTuka - 6yJ JIOTUCTUKAJBIK Ti36eKTe OipblHFal
3KOHOMUKAJIbIK, HOTHXKe aJ/lyFa GaFbITTa/IFaH TayapJ/apbl TapaTy YAepiciHiH
KaTbICYIIbLJIApbl OOJIbIN TAaObLIATBIH KOJIIK KacimopblHAapbl. bys mMakanazaa
KOMIIaHUSI OHIMJIITiHIH ecyiHiH Herisri ¢akTopJiapbl ko9He 6acbIMJbIKTAp-
Jibl 6eJy Kyieci KapacTbipbliaabl. COHAAN-aK, Heri3ri KeJlik TopanTapblH/a,
HeTi3iHeH 00JIbIC OpPTaJbIKTAPbIH/AA KOJIIKTIK-JTOTUCTHKAJIBIK OPTaJbIKTapbl
caJly »K9He XKaHFbIPTY »KOJIbBIMEH KOJIIKTIK-JIOTUCTUKAJBIK, XKYylenep/i KeHeUTy
KapacTbipblLiyaa. KosilaHbl1aThIH K006a/1ap/iblH, OPbIH/bLIBIFbI KJIAaCCUKAJBIK
MoOJeJibJiey 9/jiCiMeH KYypblIFaH perpeccUs/bIK Talay/blH KoeMeriMeH JaJie-
JeHeli. KesliKTiK-JIOTMCTUKaJBIK OPTa/IbIKTap MeHePKMeHTiH OHTal/Ibl bacKa-
py A9CTypJii 6acKapy d/iiciMeH casbICThIpFaH/a 6ipKaTap apThIKUIbLIbIKTapFa
ve, Kd9He Jie Heri3ri TonTapAblH TaJalTapblH TEeHJAECTIPUIreH ecelnke aJy
apKbLIbI 2Ky3€ere acblpblaaabl. KesliKTiK-JIOTUCTUKANBIK OPTaJbIKThI 6acKapy-
JlaFbl MEHEeJP)KMEHT MoJiesli 6ec apHalbl 6acKapy yzepiciHe cyiheHezi. XKasmbl
OyJ1 TasAay bIKTUMaJIJblIIBIKTBIH, KJIaCCUKAJIbIK HETi3ri aicTepi 60/bI1 Tabbl-
Jia/1bl, AFHU KCIMOPBIHHBIH, 3KOHOMUKAJIbIK, KOPCETKIIITEPIH TOJIBIKTAN 3€pT-
Teii. Mozesib 6ec apHalbl 6acKapy yAepicTepiHe Heri3genreH. KeTki3y Ti3-
OeriHiH KbI3MeTiH 3epTTey Ke3iH/Je OipbIHFal kocnap 1eH0epiH/e MUKi3aTThl
YKeTKi3y, eHIMAi JaWbIH/AY, )KETKi3y *KoHe KaWhTapy YAepiCcTepiHiH KUbLIbICHI
KapacTbIpblJIa/ibl, OFAaH COMKeC Ti30eKTiH OapJiblK CepiKTec KOMIAHUsJIaphbl-
HbIH KbI3METI yWJiecTipinesi

KoMnaHusiap »eTki3y Ti36eriHzeri e3 opHbIH >XoHe »KYMbIC THiIMJiJiriH
apTThIPY MYMKIHAIKTEPiH )KaKCbl TYCiHYl KaXXeT.

Ty#iH ce3aep: Kyk TacbiMaay, KeJliKk Topaobl, bIKTUMaJ MOJe/b/ieY, KbI3-
MeT KepcCeTy, KoppeJisilius, )KYK aFbIHbI, )Kab/IbIKTay, TYThIHYIIbLIbIK CYPaHBIC,
AUCIeTYep K NyHKT, IHUKI3aT.
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Kipicne

KasakcTaHza KeJIiKTiK-JIOTUCTUKANbIK HWHOPAKYPbLIbIM/Ibl AAMBITYFa 9HE YThIM/bI
OpHaJ/IacThIpyblHa pecnyOJ/IMKaHbIH TeocasiCu »Kar[ailbl YJIKeH acep eTefi, esimi3 Eypasus
KOHTHUHEHTIiHIH opTa/bIK 6eJiirinje, aFHU «baTbic — [bIFbICY x9HE «CONTYCTiK — OHTYCTiK»
6aFbIThIH/|a KAJIBIITACBII KaTKaH YJITTHIK KoHEe XaJbIKapaJiblK KeJIiK Ja1i3epi 6oibIHIIA ipi
TayapJiblK-MaTepHUaIAbIK aFbIHAAP/AbIH, )KYPY »KOJIbIH/A OPHAJIACKaH.

KasakcTaHHbIH, K6JIiK eJlici TeMip »K0J1 MarucTpajbJapbIMeH, aBTOMOOMJIb K0J1JapbIMEH,
Cy *KoHe dye KaTblHACTapbIMeH, COHJIAl - aK MYHaM KoHe ra3 KyObIpJlapblMeH YCbIHbIJIFaH.
OHipAiH MarucTtpajbAblK, KeJIiK eJIiCi THUNTIK CbI3BIKTBhIK-aFall Topi3Al cuNaTKa ue,
TBIFbI3/IbIFbI )KETKIJIIKCi3 K9He pecnybJIMKaHbIH OYKiJ ayMaFblH KaMThIMai bl [1].

CoHbIMeH KaTap eJsiMi3fjiH TpPaH3UTTIK aFbIMAap/bl 6acKapy COHFbI KbLIJAPbl KaKChI
HOTHUXKe KepceTy/e.

Tanceipeic Gepyluisiepre KbI3MeT KOPCETYAIH TUIMAIIIr, KesiKTiH apTypJsi TypJ/epiHiH,
COHJAl-aK pecnybJiMKaJlaFbl KeNTereH TacbIMasAayllblIap/AblH, ONepaTopJap/blH >KoHe
3KCNeMTOPJIbIK KOMIAHUANAP/AbIH, KYMBICBIH >KeJleJl 0acKapy oHe YHJeCTipy eHipJik
KOJIIKTIK-JIOTUCTUKAJBIK XXyHesepAi KypMan MYMKiH eMec. OJslapAblH Heri3ri )Kyle Kypayllbl
3JIeMeHTTepi OO0JIbIN XaJblKapaJblK, KOJiKTiK-JIOTUCTUKAJBIK OpPTaJbIKTap TaObLIaJbl, KYK
eH/ley TeXHOJIOTUSICbl MEH CEPBUCTIK KbI3MET KepceTyAi OipiKTipy Ke3iH/e KeJliKTiH O6ipHelle
TYpJ/IepiHiH KaTbICybIMEH MYJbTUMO/AJ/b/bl KOJIIK TOpalTapblH/a OPHAJIACThIPbLIa/bI.

AnapiH  ana  6Garajslay OOWbIHIIA pecnyOJIMKaHbIH,  KeJsiK  JKeJiciHiH  cbI36achIH;
MyJIbTUMO/AJIb/JIbl KOJIIK TOPANTapblH, »KYK KaJbIITACTBIPY KoHE YK CiHipy OpTa/bIKTapblH
JlaMbITy MEH OPHAJIACThIPbLIYbIH; pecnyOJIMKaHbIH 6HipJepiHJe eHJipic casia/apbIHbIH
JlaMy TepCleKTUBaJIapblH; TacbIMaJilay MeH Tayap aWHa/IbIMbl KeJieMJepiHiH ©cCyiHIH
Kasipri »kal-KyHiH koHe 60JnKaM/bIK Oarajiay/apblH; COHJaN-aK KeJiKTiK-3KOHOMHUKAJBIK,
GaiJlaHbICTAPAbIH, HeTi3ri O6aFbITTapbIH; Y/ATTBIK >K9HE XaJibIKapaJblK KeJliK J9Ji3AepiHiH
Kasipri oHe NepclneKTUBaJIbIK TpaccaJapblH Heri3re ajsa oTbIpbln, Ka3zakcTaH ayMarbIHZA
10-HaH acTaM MyJIbTUMOJAJb/bl KOJIKTiK-JIOTUCTUKAJBIK OpTaablKTapAbl (6yaaH api - KJ/10)
KYPYy KQXKeTTIJIiri TybIHAAUBIL.

KeJslik-/1orucTHKa OpTasbIFbIHBIH KYPbLIbIChl 60MbIHIIA ipik06aHbIH 6ipiHIIi Ke3eHi AcTaHa
KaJlaCblHJA adKTaJ/bl, eKiHILII KOJIIKTIK-JIOTUCTUKAJBIK OpPTaJIbIK O6TKEeH Xblibl [IIbIMKEeHT
KaJlaCcbIH/a icKe KoCbl1bl. ATa/iMbIl Keslik-JI0rMcTUKa OpTabIKTap MeMJIEKETTIK )KoHe XKeKe
O6M3HeC KaFUJacbIMeH XKy3ere acbIpblIbl.

KasakctaHHblH 6acKa eHipJiepinge KJI0 KanbInTacTbIpyAblH MaKCaTThIJIbIFbIH Taj1/ay YILLIiH
perpeccusbIK TaJaAayAbl KOJJaHy YCbIHbLIA/bI.

daicrepi

Bya Tanmay BIKTHUMaJJbIKTbl MOJEJbJAEYAiH KJIACCUKAJBIK 9/ici 60JIbIN TaObLIabl, OJI
KOCIMOPBIHHBIH 3KOHOMHKAJIBIK KOPCETKIlITepiHiH e3apa Oal/iaHbICBIH 3epTTEHi, erep
oJlap/iblH, apacbIHJAFbl TAYyeJJIJIiK KaTaH OQYHKIMOHaA/AAbLl OoJiMaFaH/la HeMece O0er/je,
Ke3/ielcoK haKTopJiap/ bl 9cepiHeH 6ypMasiaH6aFaH JkaFaai/ia »Kysere aca/ibl. HoTmxecinae
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eKi Ke3/ieicoK besrisiep HeMece paKTOpJiap apacblHAAFbl 0alJIaHbICTbIH, ThIFbI3/bIFbIH i3/1ey
»KoHe OaraJsiay >Ky3ere achlpblia/ibl, COJlaH KeWiH 3epTTeJieTiH napaMeTpJep (perpeccusiablk
TaJJlay) apacblHAAFbl TAYEJI/IKTiH HAKThI TYpi besrieHesi.

TyTBIHYLIBIIBIK CYpaHBICTBIH, 63repyiHe TikesJel HeEMece XxaHaMa dcep eTeTiH gpakTopJiap
peTiH/ie MbIHaJIap/ibl aTal eTyTe 60J1a/bl:

- Geuirisi 6ip allMaKThIH XaJbIK CAHbIHbIH 6CYi;

- TYBIH/1bl KOPCETKILITEPAIH ocyi;

- KOJIIKTiH bipHelle TYpiHiH 60JIybI;

- UHBECTULMAJIBIK KanuTana[2].

Besrini 6ip § - 0GJBICTBIH, XKYKTepAl TacbiMasJjay KeJieMiH .]'}!' 6aranay 2017 »xpLiFa
apHaJIFaH 06JIbIC 6OMBIHIIA XKYKTeP/i TaCbIMaJ/IJay/blH >Ka/lIbl KeseMiHiy ¥ ofiy OHBIH MaHbI3-
JAbLIbIFbIHA Z{ TPOINOPLHOHAJIBI YJIECI peTiHJe ecenTe/i:

2.
Yi=—_"¥ 1
i EEJ b ()
J

MaHBbI3AbIJIBIK, Z[ Ti3iMAeriayiaHapAblH KOPCETKILITEPiHIH Ca/IbICThIPpMaJibl MOHLEPiHiH
opTallla eJIllIeHI'eH MaHI peTiHAe ecenTei:
— XaJIbIK, CAHbI KHHE ;

- eHJipicTiH 60aysI (0/1) K”Pﬂm-;
- TeMip xoJ1ZbiH 60s1ybI (0/1) K.:m_'ﬁ.;

- Cy KeJiriHiH 6oaysl (0/1) Kﬁﬂﬁ_;
- Pecniy6/1mKasiblK MaHbI3bl 6ap aBTOMOOMJIb YK0J1JapPbIHbIH, 60J1ybl K

Z _Hnm_ﬁnm_f+arm_ﬁm_f+ o ﬂ_ﬂ' i TE M_K m&.i—i_ﬂmﬁm_i (2)

®opMynaHblH K03dGUIMEHTTEPIH (casiMaKTapblH) capanTaMaJiblK 6aFrajiay 9iCiH Kos1AaHy
apKbLIbl TabyFa 60J1a/bl.

Anaiipa, TisiMaenreH alMak KepceTKilITepiHiH )KUBIHTBIK MOH/epi 60MbIHIIA TaCbIMaJ1Aay
KeJIEMiHIH, KOppeJsLUsJbIK ToyeJAiJiriH KapacTblpFaH Ke3je, OipHelle KOppessilAsHBIH,
TaHAaMasbl ko3¢duunenTi R=0,58 60s1aThIHABIFBIH ecKepe OThIpbIN, K03bPULUEeHTTEePAl
perpeccusi TeHJleyiH KoJjJaHy apKblabl Tabyfa 60J1a/ibl, aTajJiFaH KOPPeJasALUsIbIK KaTbIHAC
1-KecTe/ e KepcCeTiJIreH.

Kecre 1. KepceTkimTep1iH, MaHbI3bLIBIFbIH OaFaiayJarbl CaJMak

KepceTkii Perpeccust koa¢punmeHTiHIH Moayi Canmak,
K 34,878 1
Hae,
K 96,355 2,76
HPOUZE.
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K 660,006 18,92
Moo,
224,074 6,42
god.
K 541,192 15,52
PE':T-‘H.

Byn Mozenbs nudpablk ¢dopmara He, OCbiFaH OalJiaHbICThl 6i3 HoTHKesepAi O6ipAeH
KapacTbIpaMbl3:

1. bateic KazakcTtanga beliHey cTaHIMsIChl ayZaHbIHAA TeMipKoJi-aBToMo6uab KJIO »xoHe
ATtbipayzaa TeMipxkosi-aBToMo6ub KJIO Kypy yiuiH anfbeiapTTap 6ap.

2. Pecnybsukanbiy, coatycriringe I[laBnaomap, Koctanail KasnanapblHAa [AuclieTyepJiey
NYHKTTEepiMeH >XabJblKTaJfaH TeMip:K0J-aBTOMOOMWJIb K6JIiri TopanTapblHbIH, 6a3acblHJa
KJIO KasbiTacThipy ycbiHbLIaAbl. COHbIMEH KaTap aTaJMblll Kasasapga KJ/I0 KypambiHza
MiHJETTi TYpZie KOHTeHHepJiK TepMUHAI[ap/blH 60JIybIH KAMTaMachl3 €Ty Kepek.

3. KekuleTtay Ka/sacblH/Ja [9HAI JaKblaAap/Abl KailTa eHJey OOUbIHIIA XabAbIKTapbl 6ap
MaMaH/laH/AbIPbLIFaH KyaTThlIbIFbl opTaiia KJ/IO KapacTeipy yCbIHBLIA/ABI.

4. OpranbiK Kasakcranpa Kaparangabl MeH 7Ke3KasfaHJa ©HepKocCill OpTaJbIKTapblHA
KbI3MeT KepceTy Y1IiH KyaTbl 60ibIHIIA WaFbliH KJIO Kypy opbIH/ABI 60J/1bII KepiHeA|.

5. KazakcTaHHbIH OHTYCTIiriHZe ©36ekcTaH >koHe KpIpFbI3cTaH IleKapa/jiapblHa >KaKblH
OpHaJ/IaCKaH »K9He XaJIblKapaJsiblK MaHbI3bl 6ap UCHIeTYEPJIIK OPTaJbIKTaHABIPY IyHKTTEpPiMeH
kababikTasraH I[lIbiMkeHT (2025 »KbLIFa KocbIMIa) »koHe Tapa3 KaJsaCblHAAFbl KeJIiK
TOpanTapbl TeEMip>K0J1-aBToM06uIb KJIO-1apblH OpHa/acThIpy YLIiH K0JIailJibl OpHaJIacyFa He.

6. lpirbic Kazakcranaa JlocThIK cTaHuuAcbiHAA ipi KJIO canyMeH Karap, TpaHKa3aKCTaH/bIK,
TEMIp:KOJI MarvucTpasiHiH KypblibicbiHA 6aknaHbicThl AKToFaiga KJ/IO Kypy »koHe AaMbITY
YlIiH yJKeH mnepcrnekTuBasap 6ap. CoHjaii-ak, OckemeH MeH Cemell Kasanapbeinga KJIO
KaJIbIITAaCThIPY YChIHbLIA/bI.

7. AcTaHa KaJlacblH/ia OHBIH, ipi KeJlik Topabbl >koHe KyaTTbl YK afblHbl 2030 >XblIFa
KOCbIMIIA €eH, )KOFaphbl KyaThl 6ap »kaHa KJIO Kypy yuiH 6apJblK anfpimapTrapra ve. Herisri
KeJliK KYK arbiHAapbl OHTYCTIK *koHe OpTasnblK KasakcTtanHbiH, batbic CibipaiH, Opan meH
EninifiH 3KOHOMHKA/bIK OallJlaHbICTapbIMEH aHbIKTaMaJbl. ACTaHAa apKbljibl O6TETIH KaJIIbI
KYK aFbIHbIHBIH, 96%-/1aH acTaMbl TPaH3UTTIK 00JiblNl TabbLIaAbL. XKYKTEp/i eHJieyre apHaIFaH
TEPMUHAJABIK — KOMMa KellleHiepi 6ap XaJiblKapaJblK KJIaCThbl dyexau *KyMbIc icTenai [3].

HaTmxesiep MeH nikipranac

KJIO KanbInTacThIpYAbIH €KiHIII Ke3eHi - 6u3Hec-yAepicTepai 6ackapy.

OHTalsbl 6ackapy MeHeIKMeHTiHiH 6ipiHuli MiHJeTi - Heri3ri TonTapAblH MyAJesepiH
TEHECTipy, a/ eKiHi MiHAeT - GU3HeC TUIMJIMIriHIH Kap»XblIbIK K9He OHAIpiCcTiK KpuTe-
puiyiepiHiH, ©6TKeH X9He OoJlalllaK KepCeTKITepAiH AypbiC YyisieciMiH Taby. [JactypJi
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IIBbIFbIHJAP/Abl eCEeNKe ajly )KyHeJsiepiHiH 6ipKaTap keMuijikTepi 6ap. Os1ap 6TKeH KbL1JjapAaFbl
HAapbIKTBIK JKaFfaljiapfFa Hasap aygapaZbl. /JlacTypJii >KoHe TeHJZeCTipiireH xyuWeJsep
apacblHJAFbl albIpMallbLIBIKTBI KOPCETY YLIIH 6i3 KOOpAMHATA/bIK OCbTEP MeH lieHbepJsepai

KOJIIaH/bIK, OJIapAbIH MeJILepPi oJ1ap 6e/rijiereH KepceTKilTepAiH 6acbIMAblIbIFbIHA COUKEC
KeJseji.

p S e S
< rd < - rd
KapKbUIBIK KOPCETKIIITEp KapiKbUIbIK KopceTKilTep
OTKeH KOpCeTKiITep Bonamak kepcerkimrep OTKeH KepCeTKilTef Boramak kepceTkimrep
< > < —>
OHIpiCTiK KOpCeTKIITep OHIpiCTIK KOpCceTKiITep
JactypJi xylhe TeHaecTipiiireH xyie

Cypert 1. [lacTypJti 2K9He TeHIeCTipijireH 6acbIMABIKTapAbl 06J1y XKyHeci

3aMaHayHY KyWeHi Kypy Ke3iHJie 6acbIMbIKTapAbl 66y 6apJiblK pakTopJ/apAbl ecKepirl,
oJ1apAbl eCelKe aay/blH TeHeCTipiJireH )KyheciH Kypy KaxeT. by KoMnaHus MeHePDKMeHTIHIH
MaKcCaThl.

TeHrepimMzi KepceTKilTep KyHeci KOMIAHUSA KbISMETIHIH Kap>KbLJIbIK [TepCleKTUBaJIapblH
Jla (eTKeH KepceTKillTepre cyileHe OTBIPBIN, AaMy MaKcaTTapblH OeJrisey), coHpal-ak
OH/IPICTIK TUIMAIIIKTI apTThIPY TACUIZLEPiH [ie eCKepyi THic.

Jpi KapaH, opTaJiblK 6HAIpylli KOMMNAaHUS KATbICyLIblJIApAbIH, 6ipi 60JbIN TAaOBLIATHIH
O6u3HeC - ImpoLecTepAi KapacTbhlpyAbl yCbiHbLIaAbl. KoMnaHusiap keTkily TizberiHgeri e3
OPHBIH K9He KYMBbIC TUIMAJIITIH apTThIPy MYMKIHAIKTEPiH KaKChl TYCiHY1 KaXeT.

KoMnaHusilapFa KaTbICThbl aKNapaTThIH, erKeu-Terxensal TaaZayblH ajly YIIiH ap TypJi
JleHreunieri JIOTUCTUKAJbIK KeHeC »KyheCiHe TypakKTbl Heri3Zie MHTerpalusijlaHybl Kepek.
CoHpali-aK, KbI3MeT TYypJiepi 60UMbIHIIA UIBIFbIHAAPAbI €CENKe ATy KYHWeCiH/e JIOTUCTUKAJIBIK,
yAepicTepai Mogenbaeyae NpouecTepAiH 63i KbI3MeT TypJiepi 6oubiHIIA 6esiHesi [4,5].

Mogenb 6ec apHalibl 6ackapy yAepictepiHe HerisgesreH. XKeTki3y Ti36eriHiH KbI3MeTiH
3epTTey Ke3iHJe OipblHFal »Kocmap lieHOepiHJe WIMKIi3aTThl XKETKi3y, eHiMJi AalbIH/aY,
YKETKI3y XoHe KaWTapy YAepicTepiHiH KUbLIBICHI KapacCTbIpblIaJbl, OFAaH COUKeC Ti30EKTiH
GapJibIK cepikTec KOMIAHUAIAPbIHBIH KbI3METI YilJiecTipineai (2-cyperT).
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Cypert 2. Bec apHaiibl 6ackapy yaepici

2-cypeTTe eHJipylli KOMIAHHUA IlIiHAe 6HAIpiNeTiH yJAepicTepAiH »XeTKi3yluijep MeH
KJMEeHTTIK yUbIMJap illiHzeri npouectepMeH 6aijlaHbIChl KepceTisreH. bec apHalibl 6acKkapy
yAepici - oy

1) »kocmapJiay: cypaHbIC NeH YCBIHBICTBI »KOcCmapJiay MiHJeTi eHJipicTiKk KyaTTap MeH
pecypcTap/ibl y3aK Mep3iM/i xkocnapJiayZarbl ayKbIM/Abl XKy eHiH 66J1iri 60/1bin TabbLI1abI [6];

2) wmuKi3aTneH *KabJAbIKTay: LIMKi3aTIeH abAblKTay MiHAeTi Gesrizi 6ip mapTTapaaH
(enimMai »xeTki3y TeHJepi) ©OTeTiH KeTKi3ylliJiepMeH bIHTBIMAKTACTBIKTbIH, HEFYPJbIM
ayKbIM/bI )KyHecCiHiH 66J1iri 60J1bIN TaObLIA/bI;

3) eHfipic: TayapsiapZbl eHAIpYy MiHJeTi, MbIcasbl, ®HZIPIiCTI »ocnapJsayjbl KaMTUTBIH
ayKbIMZbl 6HAipic KyHeciHiH 6eJiri 60/ibin TabbLIaAbl. ByFaH TYNkisikTi eHIMHIH KYHbIH
apTThIpaTbIH Ke3 KeJIleH onepanusaaap kipeai [7,8];

4) >)keTKi3y: KYH/ZeJIIKTI TancblpblCTap/bl KaObLI/1ay, }KeTKi3y, cCaKTay, OpHaTY, ali/jajlaHyFa
6epy TalcblpMaJaphbl XKeTKi3y/i 6acKapy/iblH, aJlllbl KyHeciHiH 6eJiri 60/1bn TabbLIabl, 01
COHBIMEH KaTap >XeTKi3y epexxesiepiH Oesrisieyzi >kxoHe KeTKi3izeTiH TayapJiap/iblH, CaHbIH
6aKbliay bl KAMTHU/bI;

5) kadTapy: akayJapAbl aybICThIPy HeMece »OI0 VIIiH camachi3 TayapJapAbl KauTapy,
eH/lipicKe kxapaMcbI3 MaTepua/ZapAbl kajere xaparty [8,10].

KopbITBIHABI

KopeITBIHABLIAN KeJle, JaWbIHABIK Ke3eHJepi MeH OHJIPICTIK ocmapJjay >XKYUeHiH,
©3iH/le MaHbI3/Ibl EKeHIiH aTal eTKeH »X6H. MaKcaTbl Ke3-KeJITeH OU3HeC KYPblIbIMbl 60JIbII
Tabbl/1a/ibl: OHTAMJIbl MOHJEPMEH X9He MUHHMaJ/bl WbIFbIHAAPMeH Tabbic Taby. TuiciHiue,
JlepekTep 60MbIHILIA TabbIC TYPAKThl 60J1ybl KEPEK, ajl TYPAKThl TaObIC TiKeJiell KOMIIAaHUSHbIH,
THIMJI MeHePKMeHTiHe 6al/IaHbICThI 60J1a/bl.
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koHpepeHIUM «COBpeMeHHbIE CTYAEHUYECKUE UCCIEe/[OBAHUS: MOWUCKH, CBEPIIEHUS, MEPCIETUUBBI»,
nocesmeHHoW 20-yietuto  Accambsien Hapoga Kazaxcrana. (MHorompoou/IbHBIM Hay4YHO-
NpPOU3BOACTBEHHbIN XypHasJ KocTaHalCKOrOo UHXKEHEPHO-IKOHOMHUYECKOTO YHHUBepcUTeTa UM. M.
Jynatosa) 2015, Ne2. - C. 19-20.
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BusHec-Moje b ONTUMaJIbHOM CTPYKTYPBI MeHeJ)KMEeHTa TPAaHCHOPTHO-/IOTMCTHYEeCKHX
LLEeHTPOB

AnHoTanuA. TpaHcropTHasl JIOTHUCTHUKA - 3TO TPAHCHOPTHbIE MNPEANPUATHS, SBJSIOIIHECT
yY4acTHUKaMHM IIpollecca paclpejieleHUs] TOBAapoOB, HalpaB/eHHble Ha IOJlyueHUue eJUHOTO
3KOHOMHUYECKOr0 pe3yJbTaTa B JIOTHCTUYECKOW Lieno4yke. B JaHHOHW cTaTbe paccMaTpUBAIOTCA
OCHOBHbIe paKTOPbI pocTa NPOXU3BOAUTEIBHOCTH KOMIIAHMY U CUCTEMA pacnpesie/ieHUsl IPUOPUTETOB.
Tak:ke paccMaTpuBaeTCsl pacliMpeHUe TPAHCIOPTHO-JIOTMCTUYECKUX CUCTEM NYyTeM CTPOUTEsbCTBA
M MOJlepHU3alMd TPaHCHOPTHO-JOTUCTUYECKUX LIEHTPOB Ha OCHOBHBIX TPAHCHOPTHBIX y3JaX, B
OCHOBHOM B 06JIacTHbIX LieHTpaX. Llesecoo6pa3HOCTb MpUMEHSIEMbIX NPOEKTOB J0Ka3blBaeTCs C
MIOMOIIIbI0 PErpecCUOHHOr0 aHa/Mu3a, MOCTPOEHHOTO MeTOJ0OM KJIACCUYEeCKOro MOJeJMpOBaHUs.
OnTuMasibHOe yIpaBJieHWe TPaHCHOPTHO-JOTUCTUYECKMMU LieHTpaMHU HMeeT psifi MpeuMyllecTB
0 CpaBHEHUI0 C TPAAULMOHHBIM MeTOJOM yIpaBJeHHUs, a TaKXKe OCYyLeCTB/IsAeTC MyTeM
c6a/laHCHUPOBAaHHOrO y4eTa TpeOGOBAaHUW OCHOBHBIX rpymn. Mojesb MeHe)KMEHTa B yIpaBJIeHUH
TPAHCMOPTHO-JIOTMCTUYECKUM LIeHTPOM ONUPAETCs Ha NATh CHelMalbHbIX IPOLECCOB ynpaBJeHus. B
1[eJIOM JaHHbIM aHaJIM3 SIBJISIETCS KJIaCCUYEeCKUM 6a3MCHBIM METO/IOM BEPOSITHOCTEH, T. €. IOJIHOCThIO
u3y4yaeT 3KOHOMHYECKHe IOKas3aTeJd NpeanpusaTHs. Mojesb OCHOBaHA Ha NATH CHeLUaTbHBIX
npoueccax ynpasjeHus. [Ipy u3ydyeHUU JesTeSbHOCTH LIeNOYKH IOCTABOK B paMKax €JMHOro IjlaHa
npeAycMaTpUBaeTCs NepeceyeHue MPOLECCOB MOCTAaBKHU ChIPbsl, NOAIOTOBKU NPOAYKLHH, AOCTAaBKU
¥ BO3BpPATa, B COOTBETCTBUHU C KOTOPHIM KOOPAUHUPYETCS [esiTEJbHOCTb BCEX KOMIIAHUH-NIAPTHEPOB
LLe[OYKH.

KoMnaHusiIM He0o6X0AMMO XOpPOLIO MOHUMAaTh CBOE MECTO B LieNOYKe MOCTABOK M BO3MOXXHOCTH
noBblieHUs 3PGEKTUBHOCTU PabOTHI.

KiroueBsle c/10Ba: rpy3onepeBOo3KH, TPAaHCIOPTHBIHN y3eJ1, BepOATHOE MO/JieJINpOBaHue, 00CIyKH-
BaHHeE, KOppeJsilius, rpy30N0TOK, CHAaGXKeHHUe, OTPeOUTENbCKUNA CIPOC, MYHKT AUCHeTYepru3aliH,
ChIpbe.
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Business model of optimal structure of management of transport and logistics centers

Abstract. Transport logistics are transport enterprises that are participants in the process of
distributing goods, aimed at obtaining a single economicresultin the logistics chain. This article discusses
the main factors of the company's productivity growth and the priority allocation system. The expansion
of transport and logistics systems through the construction and modernization of transport and logistics
centers at major transport hubs, mainly in regional centers, is also being considered. The expediency of
the applied projects is proved using regression analysis based on the classical modeling method. Optimal
management of the management of transport and logistics centers has a number of advantages over
the traditional management method, and is also carried out by balancing the requirements of the main
groups. The management model in the management of a transport and logistics center is based on five
special management processes. In general, this analysis is a classical basic probability method, i.e. fully
examines the economic indicators of the enterprise. The model is based on five special management
processes. When studying the activities of the supply chain, a single plan provides for the intersection of
the processes of supply of raw materials, product preparation, delivery and return, according to which
the activities of all partner companies of the chain are coordinated

Companies need to have a good understanding of their place in the supply chain and the possibilities
for improving work efficiency.

Keywords: cargo transportation, transport hub, probable modeling, services, correlation, cargo flow,
supply, consumer demand, dispatch point, raw materials.
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AHHOTanMda. B paMkax JaHHOTO McC/le[0BaHMs, OCBALEHHOTO apXUTEK-
Type My3eWHbIX 3/laHUH, aHAJIM3UPYIOTCA MeTo/ibl GOpMUPOBaHUSA pacasioB €
y4€TOM UX perMOHaIbHbIX 0COOEHHOCTeH U reorpadryecKoro pacrnoaoXKeHus.
ABTOpBI NIOJAYEPKUBAIOT, YTO B COBPEMEHHBIX YCJIOBUAX IPOEKTUPOBAHUE MY-
3eMHBIX KOMILJIEKCOB CTAHOBUTCH KJIIOYEBBIM (PAKTOPOM 3KOHOMMKH, BJIUAIO-
IMM Ha NPUBJIeYEHUs TYPUCTOB, YTO, B CBOIO 0Yepe/ib, CIOCOOCTBYET pa3BU-
THI0 perdoHa. B craTbe oco60oe BHUMaHUe yZeJsseTcsl BONPOCYy MHTerpanuu
My3€eMHBIX KOMIIJIEKCOB B UCTOPUYECKYIO 3aCTPOWKY IOPOJACKOr0 INpOCTpaH-
CTBa Ha mpuMepe ropofos: Pum, Batukan, Heio-Hopk, Bunb6ao, Mapcesn,
['n3a. [loApoOHO NepedyucIATCa XapaKTepHble YepThl apXUTEKTYPbl My3€eeB,
BJIMSIIOLIMX HA MX 00'b€MHO-NIPOCTPAaHCTBEHHOE pelleHue. [lyTeM aHanu3a pas-
JINYHBIX My3eWHBbIX KOMIIJIEKCOB BBIABJAIOTCA CXOACTBA U pa3/IM4YvA B apXu-
TEeKTYPHBIX pelleHHUAX, a TaKXKe UCCIeAyeTCs BO3JeMCTBHUe ITUX pellleHUH Ha
noceturesnei. [loguepkrBaeTcs BaXXHOCTb IPOBEIEHHOTO UCCJIe0BaHUA IJIF
IIOHUMAaHMUS POJIU APXUTEKTYPhI B CO3/JaHUM YHUKAJIbHOW Y IPUBJIEKATEJIbHON
cpeJbl My3eHHOr0 NPOCTPAHCTBA U A1 pa3paboTKU cTpaTeruu JajabHenIero
pPa3BUTHUS My3eHHOW MHPACTPYKTYPHI C y4€TOM COBPEMEHHBIX TPEOOBAHUU U
OXXHUAaHUM noceturesien. [loguepkuBaeTcsa BaXXHOCTb UHHOBALLMOHHBIX [1O/X0-
J10B K 0QOpMJIeHHIO pacaioB, YTO He TOJBKO IPUJAeT My3eHHbIM KOMILJIEeKCaM
YHUKaJIbHbIA 00JIMK, HO U aKTUBHO BJIMsIET Ha GOPMUPOBaHME IOSUTUBHOIO
BOCIIpUATHSA 0ObEKTA.

Kiro4deBsble cs10Ba: pacaj, apXUTEKTYpHbI€e 3JIEMEHTHI, K0P, apXUTEKTYP-
Hble pelleHus, My3eHHble KOMIIJIEKCHI.
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ApxumeKmypa My3€l‘1Hle KOMNJ/IEKCOB8 8 UCMOPUYECKOM KOHMEKCmMe epemMeHuU

BBeaeHue

B nmnpoiecce cBoero HCTOPHUYECKOTO pPa3BUTHUS My3ed IMpeTeplesid CylleCTBEHHbIE
u3MeHeHus. OJHako ux QyHJaMeHTa/JbHasl POJib B OO6LIECTBe MPOJOJKAET OCTABAThCS
Ba)KHOM: COXpaHeHMWe, [JEeMOHCTpalMs M IMepejayda OyAyUIMM TMOKOJEHUSIM KJIHYeBbIX
[IEHHOCTEeH U JJOCTIKEHUH, OTpaXKaloIUX IyX BpeMeHH U ONpe/ieJIeHHbIX UCTOPUYECKUX ITIOX.
B coBpeMeHHOM KOHTEKCTE, C Y4€TOM aKTUBHOI'O BHE/[pEHUSI MHHOBAIMOHHBIX TEXHOJOTHH,
MO>KHO JIOTIOJIHUTD 3TO OINpeJiesieHe CaeyIouM 06pa3oM: My3eil 06J/1aZjlaeT CIOCOOHOCTbIO
NpPeAOCTABIATh OCETUTEJISIM IPOTHOCTUUECKOE NMPEJICTAaBIeHNEe O Pa3BUTUH U U3MEHEHUSX
B MaTepHaJIbHOM U JIYXOBHOM MHUPE YeJIOBeKa.

[IpoToMy3eu, rjie XpaHUJIUCh U JEMOHCTPUPOBAIMCh MPOU3BEJ€HHUS UCKYCCTBA HIMPOKOU
ny6JivKe, HAa4YaJIu pa3BUBaThCs B EBpomne B nmepuoj anoxu Bo3poxgeHus U 6apokko. B aToT
epuo/, apxXUTEKTypPHble pelleHUs] He TOJIbKO CAYKUJAKW (PYHKIMUOHAJIbHBIM IeJIIM, HO U
CTAaHOBUWJIMCbh BaXKHOM 4acThI0 KYJIbTYPHOIr'O HacjaeAusl. B JaHHOM cTaTbe paccMaTpUBAIOTCS
0COOEHHOCTH pPa3BUTUS MY3€HWHBbIX KOMIIJIEKCOB C y4eTOM BpPEMEHU M pPeruoHaJbHbIX
0COOEHHOCTEM.

llesb Mccie0BaHUS — BbIIBUTh U PACKPbITh 0COGEHHOCTU POPMUPOBAHUS aPXUTEKTYPhI
My3eeB B pa3/IMyHble UCTOPUYECKUE TIEPHUO/BI.

MeToa010TUA

[l mpoBeJileHUs1 JJAHHOTO MCCJIelOBaHUsl ObLJ MCIOJIb30BaH MeTOJ, aHa/u3a Hay4yHo-
METOJUYECKON JIMTEPATYpbl 3apyOeXHBIX U OTEYECTBEHHBIX HCTOYHUKOB. ITOT METO[,
MO3BOJIMJI CUCTEMAaTU3UPOBAaTh U OLEHWTh HUHPOpMALMIO, IMpeACTaBJeHHYI0 B paboTax
UCC/eioBaTe/Ield, M3y4YalIIUX HCTOPUI0 APXUTEKTYPbl MY3€WHBIX KOMILJIEKCOB. AHaIu3
JINTEpaTypbl MO3BOJIMJ BbISIBUTb 06lIMe TeHJEHLUU B PAa3BUTUU apXUTEKTYpbl MY3e€eB, C
y4EeTOM UX UCTOPUYECKOTO PA3BUTHUs B KOHTEKCTE BpEMEHHBIX U3MEHEHHUH.

PesyabsraTsl 1 O6CyKaeHHue

CoBpeMeHHO€E NIOHUMaHKME MY3eMHOT0 3/IaHMSI BO MHOTOM CJIOXKUJIOCh B 310Xy Bo3poxkaeHuUs.
MyseeM cTa/iv Ha3bIBaTh HE TOJIbKO KOJIJIEKIIUY, HO ¥ TIOMEIlleHUs], B KOTOPOM OHU XpaHUJIKCh
[1].

[MaBHOU 0COGEHHOCTBIO apXUTEKTYPbl My3eeB 3M0XHW Bo3poxkJeHHs CTaslo BOCCO3JAaHUE
AHTUYHbBIX APXUTEKTYPHBIX 3JIEMEHTOB B pelileHUHU $acaJloB U MPUHIUIIOB, BIlepBble MPOsi-
BUBIIKXCA B JlpeBHel ['peniu u Pume. Apxutektopsl U ctpouTenn XIV-XVI BB. cTpeMusiuCh
K CO3/1aHUI0 3JJaHUH, KOTOpbIE€ HE TOJIbKO CJYXXHJHM BaXKHbIMH XPaHWJHWILAMHU HMCKYCCTBA U
3HaHUU, HO U QYHKIMOHHUPOBAJIM KaK apXUTEKTYPHbIE UCKYCCTBEHHBIE aHKJIaBbl, OTChLIAIOLIAE
3pUTesd K KJACCUYeCKOW aHTUYHOCTHU. My3eu ObLIM CO3/JAaHbl C YYETOM apXUTEKTYPHbIX
0COOEHHOCTEN, B KOTOPbIX 3J1eMeHTbl aHTUYHOCTU GOPMUPOBAJIU FOPOJCKOE MPOCTPAHCTBO,
aKTHBHO BbIJeJIA0Ieecsd 3a CUeT CTUJIA, [[BETA, IeKOPa B OKPYKalolller cpejie.

B pemieHuu ¢pacaioB 3TO BbIpaXkaioCh B CJIeAYIOLIUX KAOYEBbIX aClleKTax:

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI. N22(147)/ 2024 49
TexHUKA/IbIK FbIALIMOAP HCIHE MEXHOA02USNAD CEPUSIChI
ISSN: 2616-7263. elSSN: 2663-1261



A.A. MaxaHosa, E.H. XeaH, A.A. Totlwuesa

- MCN0JIb30BaHMeE KOJIOHH U apokK;

- COOJII0/IeHre CHMMETPUU OTHOCHUTEJIbHO BEPTHUKA/JIbHOM OCH U POMOPLUHT;

- IpUMeHeHHe HaTypaJIbHbIX OTAEJ0YHbIX MaTepPHaJOB;

- UCTOJIHEHHE IeKOPAaTUBHbBIX 3JIEMEHTOB: CKY/IbITYDP, pesibedoB, 6apesbedoB, JopUUECKHE,
MOHUYECKHE U KOPUH(CKHE KOJIOHHBI.

[IpuMepoM My3elHOTO KOMILJIEKCA, COCTOSILIEro U3 Tpex 3JaHUM, anoxu BospoxaeHus
cayxat Kanutonuiickue Mmysewu (puc. 1).

Pucynok 1. Kanutosniickas niouiaab, npoeKT Mukesaas/pkesno byonapportu. 'paBropa 3TbeHa
Jromnepaka, 1568 roa

KanuTtosnickue My3ed CUMTAIOTCA CTApeMIIMMU My3edMH MHUPA, pacloJaralliuMucsa Ha
OJIHOM M3 CeMH X0JIMOB PuMa, 4TO npruaaeT UM UCTOPUYECKYIO U aPXUTEKTYPHYI0 BaXKHOCTb,
yBeJIMYMBAsA UX PUBJIEKATEJbHOCTD JJI IOCETUTEJIEN, UTO BJIUAET NO3UTUBHO HAa pa3BUTHE
TYPUCTUUECKOU OTpocH [2].

OHu 661111 OCHOBaHBI B 1471 rofy, oAHaKO 0pULIMATIBbHO OTKPBITHI JJ151 Ny6JIUKHK B 1734 rony.
My3sen, cipoeKTUpOBaHHbIe MUKeJ1aHAKe10 ByoHappOTH, ABJIAIOTCA YACTbIO apXUTEKTYPHOT O
aHcaMO0Jig, KOTOpble CTaJyd 00pa3llOM peHeCCaHCHOM apXUTEeKTypbl. 3[jaHUs KOMILJIeKca
KOMIIO3ULIMOHHO 00'beJUHEHbI MOBTOPSALUMHUCA 3JIeMeHTaMU Ha UX ¢dacazjax, TaKUX, Kak
apky, 6apesbedbl, y3opyaTble OKOHHble IPOEMbl C U3AILIHBIMU OaJsACHHAMM, KalHUTeJH
JlopUyecKre, MOHMYeCKHe U KOpUHPCKHUe. daeMeHThl $acaZjoB BOCCO3JAIOT KJACCUUECKUHN
CTWJIb aHTUYHBIX PUMCKHUX [1OCTPOEK.

YHUKaJIbHbIM IPUMEPOM My3eeB B CTUJIE 6APOKKO ABJATCA BaTukaHckue My3eu (puc. 2).
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Pacrionoxerie BaTHKaHCKux My3ees
Ha TepprTOopHi BaTrrara

p—

PucyHok 2. [lnan BaTukaHCKUX My3eeB
1 - [luHakoTeka, 2 — My3seii [luo-KpuctuaHo, 3 - ITHOJIOrHYECKUNA MUCCUOHEPCKUN My3el,

4 - TpuropuaHcKuil MuccuoHepcKuil Mmy3elt, 5 - Myseii [Tusa-KaumenTa, 6 - ['puropruaHckuit
ITpycckuit MmyseH, 7 - [anepes kaHzaes16pos, 8 - Mysei KpsipamonTy, 9 - UcTopudeckuit Mysei,
10 - l'anepes Apaniy (Fanepesi ro6eseHoB), 11 - lasiepest reorpaduvecKUx Kapr,

12 - AnapramenTbl bopmxua, 13 — Ctanibl Padasng, 14 - Jlomxuu Padasis,

15 - l'anepesi COBpEMEHHOT0O PEJUTHO3HOT0 UCKYCCTBA.

Ha cMmeHy anoxe Bo3poxaeHus Npullio 6apoKKo, UMerolllee CleAyolhe OTJMYUTelbHble
0COGEHHOCTH, KOTOPbIE OTPA3UJIUCh B apXUTEKType 3JJaHui BaTHUKaHCKHUX My3eeB U LIUPOKO
M CII0JIb30BAJIMCH B 3/JaHUSX MOJOGHOT0 THIIA:

- 6oraThId AEKOP U YKUBOTIHMCHBIE IIBETA;

- U30THYThIE JIMHUH, UCN0JIb30BaBIIHeECS B 0pOpMIEHUHU 3JIeMeHTOB $aca/ioB;

- CJIOXKHbIEe YKpallleHUs1 KAPHU30B U QPOHTOHOB;

- IpaMaTHUYHbIe U300pAKEHUS CKYJIBIITYPHBIX KOMITO3UIIUH, PACIIOJIOXKEHHBIX B HUIIIAX.

- MudosIoTHYECKHE CIOXKEThl U300pakeHbl B pesibedax U 6apesibedax, KOTOPble UCKYCHO
JleTaJIM3UPOBaHbI;

- NPSIMOYTOJIbHbIEe OKOHHbIE NMPOEeMbl U 6AJIKOHBI CO3Jjal0T UT'PY CBETA U TEeHH, YCUIUBas
BU3YaJIbHBIN 3 PEKT NPU B3aUMO/IEHCTBUM C U3MEHSIOIUMCS OCBEIlleHUEM;

- MHOXXECTBO CKYJIBIITYp YKpamarT ¢acajbl 3JaHUH, BKIOYasi CTATyHd U KOMIIO3ULIUHU C
60raTou CUMBOJIMKOM.

TakuM o6pa3oM, My3eH B IepHoJi 6APOKKO OTJIUYAJIMCh OT My3eeB 3M0XH Bo3poxkaeHus
CBOEM 3KCTPaBaraHTHOCTbIO U ApPaMaTU3MOM, a TakXXe 6oJiee aKTUBHBIM HCIOJIb30BAHUEM
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ApPXUTEKTYPHBIX U JeKOPATUBHBIX 3JIEMEHTOB [JI CO3JaHUSl BU3yaJIbHOI'O BO3JEWCTBUSA Ha
NOCETUTEJIeH.

BaTrkaHcKre My3eH ObLIM OCHOBaHbl B Havyasie 16 Beka [lanoit F0smeMm II. OHu cocTtaBasitoT
OTPOMHBIM KOMIIJIEKC U3 JBaJALLATH 11EeCTH My3eeB, 00 beIMHEHHBIX NATbIOJECATbIO YeTbIPbMS
rajepessMu. 3JaHUM My3eeB COCTOSIT U3 ThICAUM YeThIPEXCOT KOMHAT Y JiBaZilJaTH BHYTPEHHUX
JIBOPUKOB, BKJIto4ass CUKCTMHCKYIO KaneJy [3]. BHyTpeHHue fBopuku BaTukaHCKUX My3eeB
NpeJiCTaB/SAT CO60M 3HAYMMYI0 YaCTh apXUTEKTYPHOr'0 aHCAaMOJIsl U SIBJISIIOTCS OTKPBITBIMU
LleHTpaMH /11 OOILeHUs NT0CeTUTeJIel, CO3JaHHbIMH JIJIS CO3ePLiaHusA 60raTo JeKOpUpPOBAaHHOU
nJacTuky ¢acaioB 3aHuu (puc. 3).

PucyHok 3. BHyTpeHHUl ABOpUK BaTHkaHCKUX My3€eeB

OfHUMM M3 3HAYUMbIX MPUMEPOB My3eeB B HEOKJIACCHUYECKOM CTHJIE SIBJSETCA My3eu
UcKyccTB MeTponosinTeH, KOTopbld HaxoauTcs B Hbro-Uopke, CIIA (puc. 4 u 5). Myse#i 6b11
ocHoBaH B 1870 rozy v OTKpBIT AJid noceuieHus B 1872 roxy [4].

F 4

PucyHok4. Myseii uckyccTB MeTponoiuTeH
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PucyHok 5. [ln1an 1 sTaxka My3es1 MeTpomnoiuTeH

B koHLe 18 u B Hauyasie 20 BeKa MHOTrUe My3eU IPU IPOEKTUPOBAHUHU NPUJEPKUBAIUCH
HEOKJIaCCUYEeCKOTO CTUJIS,, 0COOEHHOCTSIMU KOTOPOTO ABJSIOTCA:

- IPUMEHEeHUE JOPUUECKUX UM HOHUYECKUX TIOPTUKOB C IPSIMBIMU JIMHUSIMU;

- MCII0JIb30BaHKeE KOJIOHH, apKaJ, U MUJACTD;

- pe/oYTeHHEe CTPOTUX IMHUW U TeOMeTPUYECKON CUMMETPUH;

- MPOEKTUPOBaHHE OKOHHBIX IPOEMOB, 00€eCIeYMBaIIMX PABHOMEPHOE MPOHUKHOBEHHE
eCTeCTBEHHOI'0 OCBeLeHUS;

- dopMUpOBaHUE MPOCTOPHBIX BECTUOIOEMN.

MMeHHO B TOM mnepurojie pOpMUPOBAJUCh IPUHIUIBI IPOEKTUPOBAHUS My3€€eB, KOTOpPHIE
CTa/Id XapaKTepHbIMHU [IJI1 JaHHbIX 3/aHUN, TaKue, KaK OOJiblINe JIECTHHUIbI, OTKPbIThIE
JIBOPUKH, JAJIMHHbIE 3a/bl, CBOAbI M KOJIOHHAJbl, MapajHasi C aKTUBHO [I€KOPHPOBAaHHOM
BXO/IHOM I'pYNIION, HUILH, pesibedbl, 6apesibedbl, CKYJbNTYPbl, MUJISCTPHI, TOPTaJbI.

37aHMe My3es HWCKYcCTB MeTpOMOJIMTEH yKpalleHO KJIACCUYEeCKMMH apXUTEeKTYypPHBIMU
JleTaJIsiMM, TaKMMH, KaK KOJIOHHBI, MUJSACTPbl U OGapesbedbl. OHO mpeAcTaBjsieT COO0H
BHYIIUTEJbHOE COOpPYKEHUE C aKTUBHOM NMOPTAJbHOU YacTblo pacaza, KOTopasi BOIJIOLAET
3CTETUYECKYI0 FApMOHHUIO.

ApXUTEeKTypHble pelleHUs COBpPEMEHHbIX My3eeB COCpeJoTOYeHbl Ha BHeJpeHUU
MHHOBalLWH, QYHKIMOHAJBHOCTA M Ha peaju3aluu Heo6XoAUMbIX 3QPeKTOB BHU3yaJbHOIO
BO3/elCcTBUA Ha 3puTesied [5]. C yyeTOM BhllIeNepevyrcJIeHHOT0 COBpeMeHHble My3elHble
KOMIIJIEKCH], BO3BeJleHHble B nepuoj ¢ 20-ro BeKka U M0 HacTosllee BpeMs, J,eMOHCTPUPYIOT
cleAyollve XapaKTepHble UM 0COOEHHOCTU B apXUTEKTYPE, TaKHE, KaK:

1. HenvHeliHble GOpPMBI, OJIyYEHHbIE TyTEM MCII0J1b30BAHUS T€OMETPUYECKUX KOHIENIUH
WJIM OpPraHWYeCcKUX JMHUM U NpooOpas3oB B KOMIO3ULUU 00beKTa. ITO NpUJAET 3[aHUI0
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My3esi UHUBU/yaJIbHbIM BU/], B COOTBETCTBUHU C apXUTEKTYPHOM 3a[yMKOH, 61arofaps 4eMy
MHOTHE My3€eU CTa/li YHUKAJbHbIMH, SIBJISISICb CAMBOJIOM PeETMOHA WX FOpPOJa.
2.I1po3payHOCTb U CBET: COBPEMEHHbIE My3€eU 0ObIYHO IPUMEHSIOT 0OH/INE eCTeCTBEHHOTO
CBeTa BHYTPU IKCIO3ULIMOHHBIX MOMEIEHUN, IPOEKTUPYS LIUPOKHE CTeKJSAHHble (acajbl
Y OFPpOMHBbIE OKOHHBIE NPOEMBI. JTO CO3JAeT BU3YaJIbHYIO CBS3b MeXJy BHYTPEHHUMHU U
BHEILHHWMH IPOCTPAHCTBAMH, UTO 06OraiaeT 3puTeabHOE BOCIPUSATHE OCETUTEJIEN.

3. UHHOBaL My B OpraHU3aL My IPOCTPAHCTBA: COBPEMEHHbIE My3€eH CTPEMATCA K CO3LaHUIO0
MaKCUMaJIbHO QYHKIIMOHAJIbHBIX U THOKUX MHTEPbEPOB, O3BOJISIOIIUX JIETKO a/lalTUPOBATh
BbICTABKM U MeponpusATUus. [1o3ToMy B npuopuTeTe NpUMeHeHUe TpaHCPOPMUPYyEeMbIX
eperoposioK, 4YTOoObl BapbUpPOBaTh KOHQUIrypaLUeld MNOMelleHMH B 3aBUCUMOCTH OT
NOTpPeOHOCTEM.

4. CoBpeMeHHbIe TEXHOJIOTUU B My3esiX, TAKHe, KaK: UHTepPaKTHBHbIE 3KPaHbl, BUPTyaJibHas
peasibHOCTh U MYJbTUMeJUWHble UHCTANJISALUM, KOTOPblE UCIOJb3YIOTCA /11 06oraujeHus
BU3yaJIbHOTO BOCIIPUSATHS C LieJIbI0 peasii3aluy 06pa3oBaTe/bHbIX 3a/a4.

[IpyuMepoM YHUKaJIbHOTO My3es MOXeT CIyXUTb «['yrrenxaM-My3en», HaXOAAMUCA B
ropoge buabb6ao, Ucnanusa (puc. 6, puc 7). Myseil cipoeKTHUPOBaH apXUTeKTOpoM PpaHKOM
['epu 1 6611 OTKPBIT B 1997 roay [6].

PucyHok 6. «'yrrenxaiim-My3eii» PucyHok 7. Buza Ha Mmy3ei

®acabl My3esl XapaKTepU3yOTCSA OPUTMHATIbHBIMU aPXUTEKTYPHBIMU GOPMaMU U CJI0KHOU
reoMmeTpuelt. [lnockoctu pacaza MHOTOUMCIEHHO U30THYTHI M OOJIMII0OBaHbI MJIUTKAMU U3
TUTAHOBBIX IIJIACTUH, KOTOPble NPUAAIOT TEMJIbIA OTTEHOK 00'bEKTY. DTU NaHEeJIU PaCI0JI0XKEHbI
10/l pa3HbIMM YIJIaMU K €CTECTBEHHOMY CBETY, UYTO CO3/laeT pa3Hble BapHallUd OTTEHKOB U
OTpaXKalOT Ha MOBEPXHOCTHU TOPOJCKOM Men3ax, 3TO Bce npujaeT ¢pacajaM AUHAMUYHOCTb.
Byiarojjapss sToMy BOIJIOLIAETCS WJJIO3Us, OYATO My3el SBJSETCA <«KUBbIM, JbILIALAM
OpPraHM3MOM» B CTPYKType rOpOJCKOM CpeJibl.

CMellleHHe MHHOBALMOHHBIX MaTepUaJioB U CJI0XKHOM reomeTpuu ¢pacaZioB JiesaeT My3ei
['yrrenxaliMa yHUKaJbHbIM apXUTEKTYpPHbIM O0ObEKTOM, CUMBOJIU3UPYIOLIUM KpeaTUBHBIU
MO/1X0/| K BOIJIOLLEHHWIO COBPEMEHHOW apXUTEKTYPHI.

CrenyroumyMnpruMepoM MOXKET ABJAATbCAMy3el iuBUan3anuu EBponbi v CpeJu3eMHOMODBS,
pacmnoJiokeHHbIH B ropojie Mapcesb, @panuus, apxutektop Pyau Puuyortu (puc. 8 u 9).
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L]

PucyHok 9. Buj Ha My3el iuBUIM3anMu EBporbl U PucyHok 8. My3ell IUBUIM3aLUU
CpeanseMHOMOpbS EBponbl u Cpei3eMHOMODbS

Mysel noctpoeH B 2013 roay ¥ OT/IM4YaeTCa YHUKAJbHOW apXUTEKTYPHOM KOHLeENLHen
BHYTPEHHEr0 IpPOCTPAaHCTBA, OQOPMJEHHOTO C Yy4YeTOM COBPEMEHHBbIX TpeboBaHUM
JUI1 BBICTaBOK U MEpOINpPUATHH, B KOTOPOM 3a CYeT OOJIbIIMX IJIOCKOCTEH OCTeKJIeHUs
NOJAYEePKUBAETCA OTKPBITOCTb, CBETONPOHUILAEMOCTb C LeJbI0 YCHUJIEHUS BHYTPEHHUX U
BHELIHWX BU3yaJIbHbIX CBAA3eH [7].

Co cTtopoHbl 6yXThl 4acTb $acafoB My3es 3aKpbITbl NepHOPHUPOBAHHBIMU OGETOHHBIMHU
NaHeJIIMH, Ha KOTOpble HaHeCeHa CTPYKTypHas MMUTALUSA, HANOMUHAKOLIAA KOpaJlJbl,
nepernieTeHUe XXI'yTOB, MOPCKYI0 eHy Npu60s. ITH MaHeJH CO3/4al0T CJI0H, KOTOPBIHN CIIYXKUT
3aLMTOM OT NPAMBIX U OTPAXXEHHBIX OT BOJHOM IJIaZAY COJTHEYHBIX Jy4yeu. KOHCTpyKTHUBHasA
OCHOBa 3JaHus HuMeeT (opMy Kyba M KOMIO3UIMOHHO TapMOHUYHO BIMCBHIBA€TCS B
CJIOKUBILYIOCS UCTOPUYECKYIO Cpe/ly 3a CHeT CTaTUYHOCTHU GOPMBI, B KOTOPOH JeKOp CO3JaeT
OLLyIlleHHE JIETKOCTH.

OfHMM 13 COBpeMEeHHbIX MY3eHHbIX 3JaHUH ABJdeTcda bosabmon Ernnerckui myseu B ['use
(puc. 10 1 11).

Pucynok 10. ®acazg bosabmoro Erunerckoro PucyHok 11. O6mui Buj Ha boJsbion
My3es. Erunetckuii Mmy3ei.

Myseli HaxoAUTCSA B [IByX KUJIOMETpax OT mupamMu/, ['M3bl, ¥ UMEHHO 3Ta OGJU30CTh K
HMCTOPUYECKOMY HaCJeAHI0 MOCAyKHJIa MOTUBOM B odpopmiieHHU ero $acajoB, B pelieHuH
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KOTOPbIX MpOoCMaTpHBaeTcsa obpa3 nupamuj,. bosbiioit EruneTckuil mysei npejacTaBJsieT
coO0M apXUTEKTYpHOe IMpPOU3BeJeHUE, TJle COBpeMeHHasd (QYHKUHUOHAJIbHOCTb COYETAETCS
c o6pa3oM nuUpaMu/i, NOJAYEePKUBAIOLIUM CBSI3b C CUMBOJIOM JIpEBHEETMIIETCKOW 3CTETHKH,
KOTOPBIN MCIOJb30BaJICsA B 0popMaeHUn PpacaioB. 3aaHue ¢ 2023 roga OTKPbITO B TECTOBOM
pexxume paboThl [8].

3ak/iloueHue

B mponecce pa6oTbl Haj CTaTbedl ObLIM H3y4eHbl YHUKAJIbHBIE [JI1 CBOEr0 BpPEMeHHU
00beMHO-NIPOCTPAHCTBEHHbIE pelIeHUsI My3eHHbIX 3JaHui. BcieacTBue ucciesoBaHus
MOXXHO BBISIBUTb CJIeJlylolllie OCOOGEHHOCTH, TeHJeHIMU (GOPMUPOBAHUS aAPXUTEKTYPHI
My3eeB, C Y4eTOM BpeMEeHH UX CTPOUTEJIbCTBA U COLUAJIbHbBIX IOTPEOHOCTENM:

1. dnoxa Bo3spoxaeHus BblJeJisieTcs CBOUMHU My3esMH, KOTOpble ObLIM Npeo6pa3oBaHbI
M3 MYCEHOHOB — I[EHTPOB XpaHEHWS 3KCIOHATOB, PEaJU3YIOLIUX PEJUTHO3HbIE, YieOHbIE,
uccaesioBaTesibckue MNoTpebHocTH. [loaToMy B My3esax Bo3poxkJeHus NpUCYTCTBOBAJIY,
IOMMMO NOMeUIeHUH AJ1 XpaHeHHUs U JIeMOHCTPAaL MU 9KCIIOHATOB, PYHKLMOHA/IbHbIE 30HBI,
XapaKTepHble [iJ1s1 MyceiloHOB. B nyiactuke pacaioB My3eeB Bo3poxkjeHus 6bIIM BOCCO3aHbl
aHTHUYHble KOMIIO3ULMOHHbIE PeLIeHUs C UCII0JIb30BaHUEM XapaKTEePHBIX /IJIs1 TOTO Nepruoja
BpeMeHHU 3/IEMEHTOB.

2. XapaKTepHble 4epTbl GApOKKO C ero 3KCTpaBaraHTHbIMU ¢acajaMu MoJYepKUBaET
IPaHAMO3HOCTb M JipaMaTHU3M, YTO MPOSIBJASETCS BO MHOIHMX COODPY:KEHHUAX MYy3eWHBIX
KoMIiekcoB. PacaZibl My3eeB B 3TOT UCTOPHUYECKUH MeEPHOJ OTJUYAKTCHA BUTHEBATBIMHY,
M30THYTBIMU JIMHUSIMM M OOM/IMEM [JleKopa, a TaKXe HCII0/Jb30BaHHEM NPUPOJHBIX
MaTepHUasioB, TAKUX, KaK IPAHUT WJIM MpPAMOp, YTO NPHUJAeT BHEIIHEMY OOJIMKY POCKOIIb U
SIBJISIETCS 0COOEHHOCTBIO IaHHOTO CTHUJIS.

3. Heokslaccuyeckuit CTUJIb B apXUTEKTYPY My3eeB IPUBHOCUT 60Jiee IPOCTOPHBIE 3aJ1bl,
bopMupyOIIMe CHUMMETpPUYHble OJIOKM KOMILJIEKCAa C KOJIOHHaZdMU U JJOMUHUPYOLUM
NOPTa/IOMBXO/JHOWIPyNIIbIBKOMIIO3U LU pacasa, YTONPHU/aBal03JaHUI0 MOHYMEHTabHOCTb.
[IpugaBasiocsk 60JibllIOe 3HAYEHHWE 30HAM [VIABHOTO X0J1J1a, BECTHUGI0JIS KaK BOXKHOU MapagHOM
4YacTH BXOJJHOM 30HbI My3esi. ITO BbIpaXKaJIOCh B UCMOJIb30BAHUHU JEKOPATUBHBIX 3JIEMEHTOB,
KOTOpble IOMOTaJIM HACTPOUTb 3pHUTeJsI Ha OIpeJieJIeHHYI0 BOJIHY IepeJ, MPOCMOTPOM
BbICTaBKH. /laHHble NPOCTPAHCTBA ObIJIM OTKPBITBIMH, XOPOILO OCBELEeHHBIMU €CTeCTBEHHBIM
CBETOM, C 3JIETAaHTHBIMU KOJIOHHAaMH U J€KOpAaTUBHBIMU 3jJeMeHTaMHu. B 1esom cTuiio
HEOKJ/IAaCCUI[M3Ma ObLJIO XapaKTEpPHO COYETaHHE 3JEMEHTOB CMSATYEHHOTO MOJEpPHA H
KJIaCCUY€eCKOM apXUTEKTYPHI.

4. ApxyTeKTypa COBpeMeHHbIX My3€eeB MOXKeT ObITh OXapaKTepU30BaHa:

- IpYUMEeHEeHHEM HeCTaHAAPTHBIX MaTepUaioB B apXUTEKTYPE;

- cTpeMJ/ieHHeM K GOPMHPOBAHUIO CJ0XKHBIX GOPM U IJIAHOB MO KOHQUrypaluH, CIo-
COOHBIX MOAYEPKHYTh KYJbTYPHBINA MOATEKCT 00pa3a 00'bEKTA, YTO OMOTraeT peaarn30BaTh
HallMOHAJIbHBIN KOJIOPUT;

- UCI0JIb30BAaHMEM HHTEPAKTUBHBIX TEXHOJIOTUH, TOMOTAIUX IOCETUTENSIM YITYOUThCS
B TeMaTHUKy BBICTABKH, TaKHe, KaK: 3KpaHbl, KOMHaTa BUPTYaJbHON pealbHOCTH, 3-D KHUHO-
JIEKLIUOHHbIE 3aJIbL.
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Mys3erd UrparT BaXKHYI pOJib B KyJbTYPHOM TypH3Me M CaMH MO cebGe MOTYT ObIThb
JIOCTONPUMEYATEJbHOCTbI) TYPUCTHYECKOW JWUCTAaHIMU, U B 1LeJIOM OHH OKa3blBAKOT
BJIMSIHME HAa MECTHYI0 3KOHOMHUKY, a TaKKe CIIOCOGCTBYIOT MOBBIIIEHHI0O 060pa30BaTEIbHbIX
noTpebHOCTEMN.

Bxyag aBTOpOB

MaxaHoBa A.A. - cyllleCTBEHHbIA BKJIaJ, B KOHIENLMIO U JU3allH paboThl, c60p, aHAIU3
Y UHTepHpeTalys pe3yJbTaTOB pPabOThl, HallMCaHUE TEKCTa U KPUTHUYECKUU NepecMoTp
ero co/iep>kaHusl, coryiacie HeCTH OTBETCTBEHHOCTb 3a BCe acleKThbl paboThl, Haj iexallee
M3y4YeHHe U pelleHHe BONPOCOB, CBAI3aHHbIX C JOCTOBEPHOCTHIO JAHHBIX WJIM L€JIOCTHOCTBIO
BCeX YaCTeM CTaTbH.

XBaH E.H. - HanvcaHue TeKcTa U KPpUTUYECKU M TEPECMOTP ero Cofiep>KaHus, yTBEPXKAeHUe
OKOHYaTeJIbHOT'0 BApHaHTA CTAThH /1Jisl My6JIUKAILMU, COTJIaCMe HECTHU OTBETCTBEHHOCTH 3a BCE
acneKThl pabOThl, HAIJIeXalllee U3y4YeHHe U pellleHH e BONIPOCOB, CBSI3aHHBIX C J0CTOBEPHOCTbIO
JIAHHBIX HUJIH 11eJI0CTHOCTbIO BCEX YACTEeM CTaThH.

ToinmmueBa A.A. — HanvMcaHWe TEKCTA U KPUTUYECKUM [IePeCMOTP ero CoAep>KaHusl.

CIMCOK JIUuTepaTypsl

1. Bo3HUKHOBeHMe My3esl KaK COLLMOKY/IbTypHOTro yupexaeHus, 06.11.2018 [dekTpoHHbIH pecypc]
- URL: https://iskusstvoed.ru/2018/06/11 /vozniknovenie-muzeja-kak-sociokultu/ (zaTa o6paieHus:
11.10.2023).

2. Cnecapenko /I.B. Paciunpenue pumckux KanuTonnNACKHX My3eeB U NMPOEKTHUPOBAaHHWE HOBOTO
3aJsia Ha MecTe JipeBHero «PomaHckoro caja» // CO0OpHUK J0KJa/l0B HALlMOHAIbHON KOH)epeHIIUU C
MexJyHapoaHbIM yyactueM. Tom YacTsb 2. - Bearopog, 2022. - C. 268-275.

3. loBHap A.M. My3en BaTukaHa Kak IJlJaBHasi COKpOBHIIHHIIA KyJbTypHOro Hacieaus // COOpHUK
craTtei Il Mexk)yHapoHOTO HAY4YHO-UCCIEL0BaTENbCKOI0 KOHKypCa. - [lensa, 2022. - C. 20-24.

4. dunumonoB A.E. HanuoHasnbpHas WAEHTUYHOCTh B IPOCTPAHCTBE My3esi: MeTponoiuTeH-My3el
Y HalMoHa/JbHBIA My3eil CoenuHeHHBbIX lllTaToB B KOoHIe XIX-Hayasne XX BB //Mysei. [laMATHUK.
Hacnenue. - 2017. - Ne. 1. - C. 18-28.

5. ApsiHoB K.K. ApxyuTeKkTypa My3eeB U BbICTABOUHBIX KOMILJIEKCOB ropoaa ActaHbl // BecTHUK
EBpa3uiickoro HanuoHaJbHOro yHuUBepcuTeTa uMeHu JLH. F'ymunesa. - 2019. - Ne4 (129). - C.16.
https://doi.org/10.32523/2616-7263-2019-129-4-16-22

6. [IpoxyzauHa /I.A. CoBpeMeHHBIN My3ell KaK pecypc [iJil pa3BUTHUSA TYPUCTCKOW OTpacJUu peruoHa
// BectHuk PMAT. - 2016. - Ne 12. - C. 122-123.

7. Kout @. OT aTHOTrpadMuecKux My3eeB K My3esM ob1iecTBa: ppaHIiy3ckui onbIT // BectHuk PITY.
Cepus: JlutepaTypoBejeHue. fA3biko3Hanue. KyabTyposorus. - 2008. - Ne 10. - C. 251-256.

8. Bosibmmo#t Erunetckuii My3eH, cCOBpeMeHHbIM XpaM eruntosioruy, 23.06.2021 - [d71eKTpOHHBIN
pecypc] - URL: https://amusementlogic.ru/2021/06/23 /bolshoj-egipetskij-muzej-sovremennyj-hram-
egiptologii/ (maTa o6pammenus: 12.10.2023).

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N22(147)/ 2024 57
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



A.A. MaxaHosa, E.H. XeaH, A.A. Toillwiuesa

A.A. MaxaHoBa*, E.H. XBaH, A.A. ToiimueBa
JLH. 'ymunes ambuindarsl Eypasus yammeolk yHusepcumemi, Acmama, Kasakcman

Tapuxm yakbIT KOHTEKCTiHAEri Mypaxkail KellleHJepiHiH coy/ieTi

AnpaTrna. Mypakall FUMapaTTapbIHbIH apXUTEKTypachlHa apHaJIFaH 3epTTeY asiChbIH/a, KacbeTTepai
KaJIBIIITAaCThIPY 3/licTepi - oJIapAblH aWMaKThIK epeKIIeJiKTepi MeH reorpadUsijiblK, OpHaJacyblH
ecKepe OTBIPBIN TaJJaHa/(bl. ABTOpJIAp Kasipri »karaaija Mypaxall KellleHiepiH xobanay — TypucTepAi
TapTy¥a 9Cep eTeTiH SKOHOMUKAHbBIH, Heri3ri ¢pakTopbIiHA allHA/JIAThIHBIH, OYJ1 63 Ke3eriH/e aiMaKThIH,
JaMyblHa bIKIaJ eTeTiHiH aTan kepcetefi. Makanaga PuMm, BaTukas, Hb}O-PIOpK, Buab6ao, MapceJib,
['M3a KajasapblHBIH MbICaJbIH/AA Mypakall KellleHJepiH KaJjalblK KeHICTIKTeri Tapuxu KypbLIbICKA
GipikTipy MacesieciHe epekiie Hazap ayJapblLiajibl. Mypakailslap apXUTEKTYpPaCbIHbIH, KeJieM/iK-
KeHICTiKTiK LeniMiHe acep eTeTiH cCUIIaTTaMaJiapbl erKel-Terkeiii KeaTipiJireH. 9p TypJi Mypaxkai
KellleHJIePiH TaJlay apKbl/ibl apXUTEKTYPAJIbIK, lelliMAepAeri YKCACTBIKTAp MeH allblpMalllblIbIKTap
aHbIKTa/laAbl, COHbIMEH KaTap OyJ wmewiMAaepAiH Keayuiijiepre acepi 3eptresefi. CoHpal-ak,
Mypaxkall KeHiCTiriHiH 6Gipereil koHe TapTbIMJbl OPTACbIH KYypYAaFbl apXUTEKTYPaHbIH, PeJIiH TYCiHY
YIIiH, cOHJali-aK KeJyllijJiepZiH 3aMaHayd TajJanTapbl MeH YMITTepiH ecKepe OTBIPBIN, Mypakail
MHQPAKYpPbUIbIMBIH OJaH dpi JaMbITy CTpaTervslapblH 93ipJey VILiH Kypris3ijiireH 3epTTeyaiy
MaHbI3/IbLIbIFbI aTal eTinei. KacbeTTepi 6e3eHipyre MHHOBaLUSJIBIK TACIJI/IiH MaHbI3/bLIbIFbI aTall
eTisieni, 6y/1 Myparkal KellleHAepiHe epeKile KopiHic 6epin KaHa KoKMMaii, COHbIMEH KaTap 00beKTiHi
OH, KaObLIIayAbl KaJbIITACThIPYFa OesiceH i acep eTeni.

TyiiH ce3aep: KacOeT, Coy/ieT 3JIEMEHTTepi, AeKOp, COyJieT IIelliM/epi, Mypaxkal KelleHZepi.
KacheT, cayJieT 3JIeMEHTTEPI, IeKOop, CAYJIeT lielliM/iepi, Mypaxai KeleH/epi.

A.A. Makhanova*, Y.N. Khvan, A.A. Toishiyeva
The L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Assessment of the Higher Education System of Kazakhstan and Issues of Its Quality
Management

Abstract. This study, which focuses on the architecture of museum buildings, analyzes the methods
of shaping facades, with consideration of its regional setting and geographic location. The authors
emphasize that in current conditions the design of museum facilities becomes a key economic factor
affecting the tourist attraction, which, in turn, facilitates economic development of the region. The article
puts special emphasis on the integration of museum facilities into historical urban development, by
giving the example of the cities of Rome, Vatican, New York, Bilbao, Marseille, Giza. It covers in detail the
typical features of the architecture of museums that affect their space planning. By analyzing different
museum sites, the authors identify both similarities and differences in architectural solutions and
examine the impact of these solutions on visitors. The study also emphasizes the importance of the
research for understanding the role of architecture in creating a unique and attractive environment of the
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museum space, as well as for developing strategies for further development of museum infrastructure
considering current requirements and visitor expectations. The paper highlights the importance of
innovative approaches to facade design, which not only gives museums a unique appearance, but also
has a strong role in shaping its positive perception.

Keywords: facade, architectural elements, decoration, architectural solutions, museum facilities.
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Abstract. The article explores the potential application of various solutions
that allow monitoring noise and vibration to some extent on construction sites.
Over 20 scientific articles presenting experimental research and experience
with noise and vibration monitoring systems were reviewed. The articles
were collected from leading journals indexed by scientometric databases. The
reviewed articles were categorized into solutions for noise monitoring, vibration
monitoring, and multifunctional solutions. As a result of the review of solutions
in the field of acoustic monitoring, important trends and prospects for further
research were identified. There is a recognized need for the development of
more accurate methods for filtering background noise and accounting for the
characteristics of different construction sites. Regarding solutions for vibration
monitoring, the review revealed a need for a more in-depth investigation into
the identification and classification of vibration sources for accurate assessment
of their indicators. The review of multifunctional solutions and systems showed
that additional research and testing are required for a full assessment of their
effectiveness and applicability in practice. Successful implementation of such
systems requires attention to their flexibility and the ability to install various
types and scales on construction sites. Furthermore, emphasis should be placed
on training personnel for the effective use of equipment or ensuring their
qualifications match the ability to use vibroacoustic complexes.
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Introduction

The modern process of building construction is characterized by numerous noise and
vibration impacts. Sources of noise and vibrations include heavy machinery, equipment, tools,
as well as various processes during construction works. Due to technological progress on
construction sites, the use of various noisy equipment is widespread. Under the guidance of
modern architects, buildings have not only acquired diverse architectural forms but have also
significantly expanded, gaining more complex frameworks and internal equipment, contributing
to an overall increase in noise levels [1]. Depending on the scale of construction, noise and
vibration levels can reach several hundred decibels [2]. Such noise and vibration impacts can
negatively affectthelivesand health of residents near the constructionsite of residential buildings
and visitors to non-residential buildings. Prolonged exposure to high levels of noise can lead
to gradual hearing loss. Persistent noise can cause stress, insomnia, and other psychological
problems. A high level of noise can also lead to increased blood pressure and an increased risk
of cardiovascular diseases [3]. In addition, constant noise and vibration can worsen the overall
quality of life, leading to negative social and psychological consequences. Vibration can also
impact the operation of technical equipment and machinery in adjacent buildings, causing
breakdowns and reduced efficiency of these devices. Intensive construction, especially when
creating large-scale buildings, tends to increase the negative impact on the environment. This is
evident in the growing number of complaints about noise and vibration worldwide. For instance,
in South Korea, complaints related to noise on construction sites represent a significant portion,
accounting for 64.6% of the total complaints about noise and vibration [4]. In light of this trend,
the implementation of noise and vibration monitoring systems on construction sites becomes
extremely important. Effectively controlling these parameters can minimize the negative impact
on the environment and ensure compliance with regulations. Regular monitoring of noise and
vibration can also contribute to prompt response to issues and the implementation of measures
to improve conditions for local residents and the surrounding area.

The purpose of this review is to explore the potential of the solutions currently employed
on construction sites for monitoring noise and vibration, as well as their advantages and
disadvantages.

To initiate the review, over 40 experimental scientific articles on the measurement and
monitoring of noise and vibration on construction sites were collected from reputable scientific
publications. The sorting and categorization of articles were conducted in two stages. In the
first stage, attention was given to the titles, abstracts, and conclusions of the articles, from
which more than 20 most relevant to the review's topic were selected. Depending on the ideas
conveyed in the titles, abstracts, and conclusions, the articles were sorted into three categories:
1) solutions for noise; 2) solutions for vibration; 3) multifunctional solutions.

Thus, this research aims to systematize knowledge in the field of applied tools and systems
for vibroacoustic monitoring of construction sites. It is expected that the results of the study
will not only deepen the theoretical understanding of noise and vibration monitoring but also
have a significant impact on further advancements in this direction.
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1. Solutions for noise monitoring
1.1 Review of existing solutions

The authors [5] conducted noise monitoring at 26 construction sites of various sizes
throughout Kuwait using the Bruel & Kjaer sound level meter. During the study, it was found
that the Equivalent Continuous Sound Pressure Level (LAeq) at a distance of 5 meters from the
noise source varied from 69 to 88 dB. It is worth noting that the LAeq range includes nearly
64% of the measured noise levels at the investigated construction sites. In comparison to other
noise monitoring devices, this option is used solely for measuring the noise level.

[6] invented the SAVE (Surveillance of Acoustics and Vibration in the Environment) noise
monitoring systembased ondisplay boards placed atthe corners ofthe construction site, showing
the current noise level in decibels. This process involves selecting key factors, using sensor
networks for monitoring, applying big data evaluation methods, and developing an intelligent
system for automatic control. The scientific work by the authors [4] examines an automated
system for measuring ambient noise developed by the Korean Environmental Protection
Agency. This system, ensuring high reliability of noise measurement data, is actively applied
on construction sites in South Korea. Features include an outdoor-use microphone with pre-
calibration, a status indicator displaying the current time and the equivalent continuous sound
pressure level (LAeq) over the last 5 minutes, and a data storage system recording LAeq values
for various time intervals and providing storage for noise data and video recordings from the
surveillance camera. The system also offers communication capabilities via telecommunication
networks (LTE, CDMA, etc.) or Ethernet networks (wireless, wired LAN, etc.). A crucial aspect
is continuous monitoring, octave analysis, the presence of two surveillance cameras for each
microphone, built-in GPS, user customization of the permissible noise level, and an alarm for
exceeding it. The study proposes a real-time monitoring method aimed at efficiently measuring
parameters inside the construction site to reduce environmental pollution levels. However,
simply measuring the noise impact level of some machinery and equipment operators used on
construction sites does not fully reveal the extent of the health damage to which workers are
exposed while performing their duties.

The authors [7] conducted noise monitoring at construction sites using the Internet of
Things (IoT). For the corresponding device required for this project, a specific configuration is
needed to activate the device and launch the operating system on the Raspberry Pi 3 B+ model.
The device requires a minimum of 8 GB of RAM with pre-installed New Out Of Box Software
(NOOBS). This helped them process measurement data faster and store the history on the hard
drive. Information from the sensor passes through the Raspberry Pi. The Raspberry Pi analyzes
the noise level in decibels, and then this data is transmitted for storage on a cloud server through
the Favoriot platform.

Researchers [8] have developed Wireless Acoustic Sensor Networks (WASNs) for measuring
noise and recognizing acoustic events in urban environments (Figure 1).
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Figure 1 - Scheme of the system proposed by the researchers [8]

The feature of these networks is that signals are processed by built-in processor boards using
the method of endpoint detection and the Adaptive Differential Pulse Code Modulation (ADPCM)
sound encoding method, which utilizes adaptive differential quantization to compress the audio
signal. Adaptive Differential Pulse Code Modulation (ADPCM) is a digital audio compression
algorithm used to encode and compress audio signals while maintaining reasonable sound quality.
In simple terms, this is a way of representing sound using less data. In the ADPCM process, the
audio signal is analyzed, and the differences between consecutive samples are encoded, rather
than the samples themselves. This reduces the amount of transmitted data while preserving
important aspects of the sound. The adaptability lies in the fact that quantization (encoding of
sound levels) can vary depending on the characteristics of the audio signal. Additionally, it uses
a solar panel with a built-in 5V battery with a capacity of 10,500mAbh, allowing the processor
board to operate continuously for about two days without sunlight. It is claimed that the total
cost of the sensors does not exceed $100. However, additional components such as the processor
board with an extensive audio interface and a high-performance audio encoder to improve sound
quality require additional expenses. Furthermore, the board is equipped with an A33 processor,
which uses a 4-core CPU (CortexTM-A7: Advanced RISC Machines, Cambridge, UK) and a graphics
processor (Mali-400 MP2: ARM Norway, Trondheim, Norway) with a frequency of up to 1.2 GHz.
It also has 1GB of RAM and 8GB of built-in memory, making the solution relatively expensive.

The approaches discussed in the articles and studies on noise monitoring at construction sites
represent a significant step towards the effective control of the impact of construction activities
on the environment and people's health. The development of [oT sensor systems, including the
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use of microcomputers, not only demonstrates a reduction in the cost and size of systems but
also the implementation of autonomous solar-powered systems, improving their mobility and
sustainability. The unique approach proposed by [6], involving displays placed at the corners
of the construction site to show the current noise level, emphasizes the importance of diversity
and innovation in the field of monitoring. While some researchers [7] suggest using the Internet
of Things for noise monitoring, others [8] present wireless networks for noise measurement and
acoustic event recognition, providing adaptability and low cost. However, despite technological
innovations, issues such as cost and effectiveness remain open and require further research to
create more affordable and widely applicable noise monitoring systems.

1.2 Applications

High-precision Bruel & Kjaer sound level meters are capable of determining the level of
impulse noise generated by machinery equipment. They are designed for measuring sound
pressure levels, vibration acceleration, and analyzing sound pressure signals in 1/1 and 1/3
octave frequency bands. The utilization of these sound level meters has been documented
in earlier studies, such as those conducted in the Kuwait Metro [5], the road construction in
Romania [9], and various sound parameters in Denmark[10] .

Surveillance of Acoustics and Vibration in the Environment is widely employed in the United
States for noise management [6]. Its frequent parameter updates (transmitting measurements
to the main data processing station every five minutes) have led to its use in international
locations such as the Mexico City airport [11], The convenience of wireless network operation,
facilitating constant monitoring and reporting to a central dispatcher, has been recognized
during its application in France [11].

Practicing construction industry professionals in Malaysia have acknowledged significant
advantages attributed to the continuous monitoring of construction processes and equipment
offered by the Internet of Things [12], where the system was utilized by hundreds of respondents.
Meanwhile, in Hong Kong, its efficacy in noise monitoring has been underscored, even in
comparison to Building Information Modeling.

While high-precision sound level meters offer accurate measurements, their widespread
use raises concerns about cost and accessibility. The surveillance system provides real-time
updates but may face challenges related to infrastructure costs. While the Internet of Things
offers advantages in continuous monitoring, its efficacy in noise monitoring requires further
evaluation.

2. Solutions for vibration monitoring
2.1 Review of existing solutions

The authors of the study [13] presented an autonomous system for monitoring bridge
vibrations. In addition to an economical sensor system for monitoring structural characteristics,
the authors also developed software for analyzing vibration characteristics using RESNIK AND
GERSTENBERG. The work utilizes a 3-axis accelerometer based on a micro-electromechanical
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system (MEMS) (WILD-PFEIFFER AND SCHAFER) and is equipped with a memory card slot and
a built-in battery. A micro-electromechanical system (MEMS) is a technology that integrates
mechanical and electrical components at a very small scale, typically at the microscale level,
ranging from micrometers to millimeters. The battery allows the device to operate for about 8
hours at maximum power consumption and up to 80 hours under normal conditions, making it
an effective tool for measurement processes. The measurement procedure and subsequent data
analysis are illustrated using the example of the Komtur Bridge in Berlin, Germany. This bridge
was chosen due to its pronounced and clearly perceptible vibrational behavior.

Article [14] describes the development of an affordable and flexible data collection system
for long-term continuous monitoring of structural conditions through vibration. The main
challenges involve a limited budget, the remote location of sensors, and complex ambient
vibration conditions. Multilevel solutions are proposed, including the selection of suitable
accelerometers and their optimal placement, as well as the use of an Ethernet-based DAQ model
to reduce costs. A data synchronization method is suggested using TCP/IP for time coordination
and periodic system resynchronization.

In article [15], the development of an Internet of Things (IoT) sensor system for monitoring
vibration induced by construction and assessing its impact is discussed. The use of a Raspberry
Pi microcomputer and MEMS accelerometer is described to reduce the cost and size of
the system. The system includes remote data transmission and access features, as well as
autonomous power from a solar battery. Successful tests were conducted in the laboratory and
on a construction site, confirming the effectiveness of the system.

In the scientific study [16] , vibration monitoring was carried out on the Qingdao metro in
China, from Lijia Xiazhuang station to Laoshan station. The vibration monitoring system includes
instruments such as the vibrosensor 941 B, shown in Figure 2, and the Universal Dynamic Data
Collector D1000A. Apparently, such vibration sensors are primarily used for measuring ultralow
or low-frequency vibrations, and the cost of just one unit on the market exceeds $1000.

Figure 2 - Vibration sensor 941 B (manufactured in China) [8]
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The authors of article [17] conducted a study on monitoring vibrations resulting from
explosions during the construction of a new tunnel adjacent to an existing railway tunnel.
They employed a wireless sensor network (WSN) to monitor concrete stress and peak particle
velocity (PPV) in the surrounding environment. The authors deployed a WSN consisting of the
UBOX-5016 explosive vibration monitoring system and the SZYC wireless remote data collection
system in the existing tunnel in the Shaanxi province, China. They placed velocity and deformation
sensors on the tunnel walls, transmitting data through a wireless local area network (WLAN) to a
computer for analysis. They also performed preliminary data processing, including DC removal,
noise reduction, and digital filtering. The authors concluded that WSN is an effective tool for
monitoring vibrations during explosions in an existing tunnel, simplifying the data collection and
transmission process and expediting feedback based on monitoring results.

The discussed studies on structural vibration monitoring underscore the importance
of developing innovative and cost-effective systems to ensure the safety and durability of
infrastructure. Moreover, existing solutions are tailored for complex construction projects
such as bridges and metro systems. Autonomous systems, as presented in works [13] and
[14], demonstrate the effective use of modern technologies, including 3-axis accelerometers
and Ethernet-based data collection models. However, despite technical advancements, the
high cost of existing sensors emphasizes the need for more affordable technological solutions.
Further steps in this field may involve the development of budget-friendly sensor options and
the enhancement of data collection and analysis methods, which could be a crucial factor in the
application of monitoring systems for vibration measurement on construction sites.

2.2 Applications

The use of MEMs technology is mentioned in the measurement of vibrations near the Comtur
Bridge in Berlin, Germany. At sites in Diamond Valley Lake in California, USA, an automated
and integrated monitoring system was utilized. This vibration monitoring system has also been
implemented in Armenia [13].

Due to the convenience of data processing, the Data Acquisition System (DAQ) is widely
used in monitoring the condition of structures at the Gardens Point Queensland University of
Technology (QUT) campuses in Brisbane, Australia. This system, with its high precision data
processing, is used not only in construction but also in medicine, for example, in measuring
vibrations of various body rhythms [18].

The use of Wireless Sensor Networks (WSN) in construction is not only widely developing
but also being modified for specific construction applications. In the work [17], five prototype
projects supporting current outdoor and indoor construction practices are presented. The
application of WSN is also actively evolving in conjunction with work in Building Information
Modeling Technologies [19].

The application of MEMs technology, automated monitoring systems, data acquisition
systems, and wireless sensor networks in construction not only enhances monitoring efficiency
and accuracy but also fosters innovation and improves processes in the construction industry
and beyond, such asin medicine. However, itis essential to study the potential costimplications of
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implementing these technologies to ensure their affordability and sustainability in the long run.
These technologies open up new possibilities for creating sustainable and safe environments
for living and working.

3. Multifunctional solutions for monitoring both noise and vibration
3.1 Review of existing solutions

Researchers [20] conducted noise and vibration monitoring using "The Press-in Piling Method".
Measurements were taken at five different sites in Singapore. The Super Crush Piler, employing
its vibratory hammer, was used to drive the piles to the planned depth. Vibration monitoring
was also conducted during the quieter pile driving process. Devices for noise and vibration
measurement, Svantek 917 from the Singaporean company Absolute Instrument Systems (Pte.)
Ltd., were selected for monitoring. This class of sound level meter is designed for measuring noise
in workplaces and building acoustics. The sound level meter utilizes a microphone that enables
linear measurements in the range of 27 to 140 dB. For ease of use, this sound level meter employs
specialized mobile applications that support sound level measurements, as well as measurements
of Reverberation time (RT60) and Speech Transmission Index for Public Address (STIPA). To
evaluate the measured data, researchers created a peak particle velocity (PPV) level graph in
relation to the logarithm of the distance from the source (Figure 3).
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Figure 3 - Peak Particle Velocity (PPV) Level Graph in Relation to the Logarithm of the Distance from
the Source

The authors emphasized the need for filtering recorded raw vibration data to obtain accurate
measurements. Proper interpretation of the data requires relevant training and experience, as
it was evident that the vibro hammer created much higher vibration levels compared to the
silent driving at all five sites. Another equipment for noise and vibration measurement is the
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MONVID system developed by [21]. In addition to noise and vibration, the system measures
dust levels. When developing the MONVID hardware (Figure 4), the following considerations
were taken into account. First and foremost, the positioning of measurement sensors was
considered (noise and dust sensors: above 1.2 m from the ground; vibration sensor: at ground
level). The Central Processing Unit (main device) was designed to be installed on an adjustable-
height construction tripod. According to the noise and vibration measurement standards for
regulation and control set by the Ministry of Environment of South Korea [22], noise and dust
sensors can be installed at a distance of 1.5 m from the soundproof walls of the construction site

and 1.2 m from ground level.
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Figure 4 - MONVID Hardware Device Scheme
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The cable connecting the vibration sensor to the main device was used to position it at ground
level. Additionally, the noise and dust sensors were spaced 60 cm apart to prevent interference
from the motor sound generated by the dust sensor in the operation of the noise sensor. The
vibration sensor was designed as a cube weighing approximately 4.1 kg with a side length of
20 cm to ensure stability and accuracy. Moreover, the MONVID hardware device design was
developed for ease of carrying and storage. In another scientific study [23] the use of the Unity
3D Engine system is proposed for visualizing noise assessment results, aiding site managers in
noise management. A distinctive feature of this system, in addition to using noise measurement
sensors, is the use of unmanned aerial vehicles (UAVs). In [24] research on the development of
a wireless sensor network (WSN) for noise monitoring at construction sites using Bluetooth
Low Energy (BLE) is presented. One of the key advantages of BLE is low energy consumption,
opening possibilities for integrating energy harvesting technologies. The feasibility of using
WSN for the identification and triangulation of noise sources, such as vehicles, is demonstrated.

The authors [25] propose a conceptof a system consisting of multiple noise sensors connected
to a data collector. The data collector transmits real-time data to a server, where it is analyzed
and visualized as heat maps on an interactive map. Researchers employ an inverse problem in
which points with known values of sound pressure are considered equivalent to sound source
points. Formulas are then applied to determine the sound pressure level at any other point,
given its distance from the sound source. The noise sensor concept comprises three main parts:
a housing with electronic components, a microphone sensor attached to the top, and a vertical
rod with a sharp end, to which all components are attached. The sensor should be lightweight,
durable, and easily movable around a construction site.

Thus, the research presented in works on multifunctional noise and vibration monitoring
contributes significantly to the field of monitoring the impact of construction activities on the
environment. The use of innovative devices, such as the Svantek 917 sound level meter and the
MONVID system, provides accurate measurements, considering various factors such as sensor
height and an adjustable tripod. The need for data filtering for precise result interpretation is
emphasized, along with the importance of training and experience in vibration data processing.
An interesting aspect is the diversity of approaches, such as the use of drones in [14] and
wireless sensor networks based on Bluetooth Low Energy (BLE) in [15], reflecting the ongoing
technological advancements in monitoring on construction sites. However, there is a noticeable
need for additional research on the cost and effectiveness of such systems to facilitate their
broader implementation in engineering practice. After all, the main goal of such monitoring is
to reduce the impact on the environment and the health of people on construction sites [26].

3.2 Applications

The Svantek 917 system is widely utilized for multifunctional measurements, particularly
during explosive operations in Poland, where both noise and vibration levels need to be
assessed [27]. Additionally, in Singapore and Japan, this system finds extensive application in
the construction industry [20].
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Researchers [28] emphasize the cost-effectiveness of the MONVID system compared to other
analogous solutions, driving its active utilization not only in Korea but also in various countries
worldwide. Moreover, updated versions of this product, such as MONVID II, have been released,
further enhancing its efficiency.

The widespread application of multifunctional monitoring systems underscores their
significance in diverse global contexts. However, challenges related to cost, compatibility, and
training requirements highlight the need for continuous advancements and adaptations to
meet evolving industry needs. Nonetheless, addressing issues related to infrastructure and data
management is essential to enhance their effectiveness and widespread adoption in various
regions.

Conclusions

Thearticle presentsacomprehensive review of existing solutions for vibroacousticmonitoring
of construction sites. It demonstrates a wide range of devices and methods for measuring
noise and vibration, each with its strengths and weaknesses. The review also highlights that
some solutions can combine noise and vibration monitoring in a single system, potentially
enhancing efficiency and measurement accuracy. However, it acknowledges ongoing challenges
and limitations in the implementation and application of these solutions, such as high costs,
complex data analysis, interference from other sources, and a lack of standardization.

Various approaches to noise and vibration monitoring on construction sites were examined
during the review, with an emphasis on identifying their advantages and disadvantages. Three
main categories of solutions were identified: noise monitoring, vibration monitoring, and
multifunctional monitoring of both parameters.

Noise monitoring solutions involve the use of advanced technologies such as IoT sensor
systems, solar panels, wireless networks, and data visualization. Despite these advancements,
challenges persist in terms of accuracy, cost, and the effectiveness of such systems, as well as in
filtering background noise and considering the unique features of different construction sites.

Vibration monitoring solutions aim to ensure the safety and durability of infrastructure
objects such as bridges and subways. Various types of accelerometers, Ethernet-based data
collection models, and methods for data synchronization and analysis are applied. However, the
high cost of sensors and the complexity of identifying and classifying vibration sources require
further research.

Multifunctional solutions for noise and vibration monitoring integrate various approaches and
devices, including sound level meters, the MONVID system, drones, and Bluetooth Low Energy
(BLE). These solutions offer the opportunity to assess the impact of construction activities on
the environment and people's health from various perspectives. However, additional research
and testing are needed for a complete assessment of their effectiveness and applicability in
practice.

The research results emphasize that vibroacoustic monitoring of construction sites can help
identify regulatory violations of noise and vibration. Monitoring key indices can reduce the
exceedance of noise and vibration levels by up to 61.7% [29].
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To sumup, the review hasidentified a diversity of solutions for noise and vibration monitoring.
However, challenges and issues requiring further research and development persist. Prospects
for futureresearch include developing more affordable, accurate, and flexible systems, improving
methods for data processing and visualization, and considering the specificity of different types
and scales of construction sites.
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KypbLibIC a/laHJapblH BUGPOAKYCTHKAJIBIK, 6aKbljIay GOMbIHIIA KOJIJAHbICTAFbI LIEIIiMAEePAi
KapacTbIpy

E.B. Yrenos!, A.)K. UmanoB'*, A.T. Myxamekanogra’, A.K. Koxkac?, C.b. AxakaHOB?
JLH. T'ymunee amviHdarsl Eypasus yammolK yHugepcumemi, Acmaua, Kazakcman
°E.A. Bekemos amuiHOaFsl KaparaHdwul yHusepcumemi, Kaparandul, Kasakcma

Angarna. Makanaja KypbUIbIC ajlaHJapbiHjAa Naija 6oJaThblH Uly MeH [Aipingi 6akpLiayra
MYMKiHIiK 6epeTiH opTypJii WemiMAep/i KoJJaHy MYMKiHAIri ambiaael. lly MeH gipiagi 6akpliay
KyHhesiepiMeH TaxXipubelik 3epTTeyiep MeH TaxKiprubeHi 6inipeTin 20-1aH acTaM FbIIBIMU MaKaJiaiap
KapacThIpbLIAbL. MaKasanap FblJIbIMU-METPUKAJIBIK JlepeKTep 6a3achl apKbLIbl MH/EKCTe/TeH )KeTEKII|
KypHa/IAap/laH >KuHaJibl. Kapasran Makananap 6ipHellle caHaTKa 6esiHAi: mybl, Aipiagi 6akbliay
memiMaepi koHe 6ipikTipisireH memimaep. AKYCTHKaJIbIK MOHUTOPHUHT cajlachblHAAFbl LIelliMaep/i
1I0JIy MaHbI3[bl TeHJAEHLUSAIAPAbl KOHE OJlaH 9pi 3epTTeyJep/iH MepcleKTUBaJapblH aHBIKTAbl.
@oHABIK WYyAbl CY3YAiH >K9He apTYpJli KypbLIbIC ajJaHJapblHbIH, CUNAaTTaMasJapblH eCKepe OThIPHIII,
JaJlipeKk afictepAi oa3ipJiey KaKeTTiniri aHbIKTanAAbl. JlipiJ MOHUTOPHUHTIIHIH LlenmliMAepiH wiosy
oJIap/blH 6HIMAIJIIrIH A9 6aFaJsay YIIiH Aipia Ke34epiH aHbIKTAY XKoHe KiKTey MaceJieciH TepeHipek
3epTTey KaXeTTUIriH kepceTTi. Kypaeni wemiMaep MeH xKyiesiepAi WoJy oJapAblH THIMALIIT MeH
NpaKTHUKaJa KOJIJAaHbLIYbIH TOJBIK 6afasay YILUiH KOCbIMILIA 3ePTTeyJIEP MeH ChbIHAKTap KAXKeT eKeHiH
KepceTTi. MyHzal yHesiepZii COTTI eHri3y YIUiH oJ1ap/iblH, UKEM/IJIITiHe KoHe 9pTYpJli THUIITET] KoHe
eJiieM/ieri KypblIbIC aJlaHAapblHAA OpHATy MyMKiHJiriHe Haszap aygapy kKepek. CoHbIMeH Kartap,
NepCOHAJIIbI KAOJBIKTbl THIMAI MalijallaHyFa HeMece OJIapAblH BHOPOAKYCTHKAJBIK KelleHJepai
naijjanaHy KabineTiHe colikecTiriHe oKbITyFa Ha3ap ay/lapFaH XeH.

TyiiH ce3aep: my, Aipij, 6aKbliay, Tap Kaja ayJaHaphbl, CEHCOpJIap.

74 Ne22(147)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Review of Existing Solutions for Vibroacoustic Monitoring of Construction Sites

0630p CyleCTBYIOIIMX pellleHUi 0 BUGPOAKYCTUYECKOMY MOHUTOPHHTY CTPOMTE/IbHBIX
IJIOIAA0K

E.B. Yrenogs!?, A.JK. UmanoB'*, AT. MyxamemkanoBa?, A.K. Koxkac?, C.b. Axa;kaHOB?
!Egpasutickuli HayuoHabHbIl yHugepcumem umenu JI.H. ['ymusesa, Acmawa, KazaxcmaH
?Kapazandunckuli ynusepcumem um. E.A. Bykemosa, Kapazanda, Kazaxcmau

AHHOTanusd. B cTaTbe pacKpbIT MOTEHIIMA IPUMEHEHUS PA3/JIMYHbIX pPellleHUH, TO3BOJISIOIUX B
TOW WJIM UHOW Mepe MPOU3BOJUTh MOHUTOPUHT LIIyMa U BUGpAIUK, BOSHUKAIOIUX Ha CTPOUTE/bHBIX
mioniagkax. PaccMoTpeHbl Gosiee 20 Hay4YHBIX CTaTed, NPEACTABJSIOIIMX 3KCIIEPUMEHTaJbHbIE
MCCJIeJOBaHUS M ONBbIT pab0ThI C CUCTEMAaMU MOHUTOPHUHTA LIyMa M BUOpaluuu. CTaTbU ObLJIN COOPAHBI U3
Be/lYIIUX )KYPHAJIOB, MHAEKCUPYEMbIX HAYKOMETPUYEeCKUMU 6a3aMU. PaccmaTpuBaeMble CTaThbU ObLIU
paszesieHbl HA HECKOJIbKO KaTEerOPHH: 110 pellleHUSIM JJIsI MOHUTOPUHTA IIyMa, BUGPAI[UH, KOMIJIEKCHbIE
peutenus. [lo pesynbraTy 00630pa pelieHHH B 006J1aCTH aKyCTHUYECKOr0 MOHUTOPUHTA BbISIBJEHBI
Ba)KHble TEH/IEHIIMU U NMEPCIEeKTUBDI AJIs JaJTbHENIINX UcciejoBaHuNi. OGHapykeHa He06X0UMOCTh
pa3paboTKu 6oJiee TOYHBIX METO/[0B GUIbTPALUU POHOBOTO LIyMa U y4eTa 0COOEHHOCTEN Pa3InIHbIX
CTPOUTENbHBIX IIomafoK. [lo pe3synbTaTy 0630pa pelieHUNA MO BUOPAIMOHHOMY MOHUTOPUHLY
BbISIBJIEHO, YTO CYLLIeCTBYETIOTPeOHOCTH B 60J1ee INTyOOKOM UCCIeJ0BAaHUU TPO6JIeMbl UleHTUDHUKALLUH
Y KJaccu$UKaALMK UCTOYHUKOB BUOPALMH [1JIs1 TOUHOU OLeHKH UX NMoKa3aTesieid. 0630p KOMIJIEKCHBIX
pellleHUH M CUCTEM IMOKasaj, YTO AJis MOJHOW OLeHKU UX 3QPEeKTUBHOCTH M NMPUMEHHUMOCTU B
NpaKTHUKe TPeOYIOTCS IONOJHUTENbHbIE UCCIeJOBAHUSA U TeCTUPOBaHUe. [IJI yCIeuIHoro BHeIPEeHUS
TAaKUX CHUCTEM HEeOOXOJUMO VAeJsITb BHUMaHHe UX TMOKOCTH M BO3MOXXHOCTHU YCTAHABJIMBATBH Ha
CTPOUTEbHBIX MJIOIAIKaX Pa3JIMYHbIX BUJIOB U MacliTaboB. boJsiee TOro, CTOUT 06paTUTh BHUMaHUe
Ha 00y4YeHHUe nepcoHasa A 3G PeKTUBHOTO HUCIOJb30BaHUsA 060PYA0BaHUHN JIM60 COOTBETCTBUE UX
KBa/IMQUKALIMU HA CHOCOGHOCTD UCNOJIb30BAHUSI BUOGPOAKYCTHUUECKUX KOMILJIEKCOB.

KiroueBble c/10Ba: 11yM, BUOPaLMsi, MOHUTOPUHT, CTECHEHHAs TOPO/CKast 3aCTPOMKA, CEHCOPHI.
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AngaTna. Makasaja reoMeTpUSJIbIK 6pHEKTepAi MakjajaHy HcJaM 6HEpiHiH
epekile epeKlieaiKTepiHiH 6ipi peTiHJe KapacTbIpbLIAbl. MciaM MaTeMaTUKTEePiHiH,
aCTPOHOM/IAPbIHbIH K9He Fa/IbIMJapbIHbIH, aUTApJbIKTall UHTeJJIEKTYal bIK, yJieci
ocbl 6iperel xxaHa CTU/bA] *Kacay YLUiH KaxeT 60J1bl. OpTa Facblpza cayJieT eHepiHiH
OHBIH, T'YJIJIEHY Ke3eHi Tene — TeHAiK LtiMi-yiaeciMainik iniMi 601161 COHABIKTAH Te-
OMETPHUSAJIBIK CTaTHKa reOMeTPUSIJIbIK YHIeciMAiNiK 1iMiHiH 6ip 6esirine aiiHaabl.
MiHe ocblJlaH 6acTan KYpblIbIMHBIH COy/ETTIK-KEHICTIKTIK miliMi MeH OHBIH KYPbLIbI-
MBbIH YHJIecTipy aiciHiH 6ipJiri kepiHeni. Ocbl Ke3/eH cayJieT eHepiHiH Herisi gen reo-
METPHUSAJIBIK dJicTep opTaFachIpJibIK IIbIFbIC COy/IETiHIH KaJbIITACybl MEH JJaMybIH/a
Y/IKEH MaHbI3Fa ve OOJIFaH Cay/eT eHEepiHiH KeTeKIli hpessap yheciHe allHal/bl.
MaTeMaTUKabIK FbLIbIMJAPAbIH >KaHa XiKTeJyiHe 6alJlaHbICThl TYKbIPbIMAAJIFaH
TOKIpUOEH] KA/NNbLIAY PETiHJE KaJAbINITACKAH OpTaFachIpJibIK LIBIFbICTBIH CoyJeT-
1IisiepiHiH, 6pHEK I[eH reOMeTpUSJIBIK 6pHEKTepMeH alHa/bICKaH CypeTIlisiepiHiH
eHOeKTepi KeNTereH YpHaKTap/iblH AYHUETAHbIMbIHbIH GaFbIThIHA Iy 9Cep eTTi.
CoHbIMeH KaTap ToKipubeHiH 63iHeH, KypblJIbIC-KOpPKeMOHep eH/ipiCciHiH TaxKipubeci-
HEH TeopHus Heri3/iep TybIHJal OTBIPbIN, FeOMETPUSJIbIK 6PHEKTEP/AI KO/IJaHy ayKbl-
MbI KeHele 60cTa/ibl. COHbIMEH KaTap FUMApPaTThIH KeHiCTIKTIK KypbIJIbIMbI, COyJIET-
TiK KypbUIBIMJApAbIH TeNe-TeHiri, TyTacTal aafan/a KypblLJIbIMHBIH TYPaKThLJIbIFbI
MeH OepiKTiri, reoMeTpHUsIbIK 6pHEK CHUSKTbl T€OMETPUSJIBIK TEOPUSIChl MEH To-
Xpubesik MacesiesepiH KaMThblJbl. OCbIH/|all T€OMETPUSIIBIK 6PHEK IeH CIyJeTTik
KYPBLIBIMAAP/bIH Telle-TeHAiriH cakrtai oTbipbin, OpTaraceipiblK, Koxa Axmat fca-
yu KeceHeci 60J11b1. Byt FuMapat omip Temipaiy MmeMsiekeTiHiH UciaMabl HacuxaTTay
MeH TaparTy, U e0JIOTUJbIK XKoHe casicy cunaThbl 60sbl. Koxka AxMaT flcayu keceHeci
©3iHiH ayKbIM/IbLJIBIFBIMEH, JU3aWHHBIH, YJIbLIBIFBIMEH €peKIle/ieHe OThIPHII, KelleH-
HiH JiereHMeH KeJieM/liK-KeHICTIiKTik TyciHjipMeci KapanaiibiM. CoHbIMeH 6ipre Koxxa
AxmeT flcayn KeceHecCiHiH ChIPTKbI KOpiHiCiH/eri, KacOeTTepiHeri reoMeTPUSIBIK
©pHEKTEeP OChbl TeOpHsl HeTi3iHJe ca/ibIHFAHBIH X9He 06acKa Jja TeOMeTpHUSAJIbIK 3aH-
JbLIBIKTapbIH 3epTTEey MaceJleCi KapacThIPbLJIFaH.

TyiiH ce3gep: Koxa AxmeT flcayu keceHeci, an-®apabu, Omip Temip, meHb6epaepai
TeH GeJlikTepre 66J1y, reOMeTPHUsJIBIK 6pHEKTEp, KacbeTTep.
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Kipicne

FumapaTtTapza, oHbIH, illliH/€e AiHKM KOFaM/IbIK MeLIITTep MeH KeceHeJsep/iH KacbeTepiHze
reoMeTpUSJIbIKOpHeKTepAinaijasnany ApabxanudaTbelH/aucaaM eHepiHiH epeKIleNiKTepiHiH,
6ipi 60s171b1. UcsiaM esifiepiHe eMip cypreH FajbIMAApPbIHbIH AU TapJIbIKTal UHTE/JIEKTYaAbIK
yJ/1eci ochl Giperey »kaHa CTUJIbJI Xkacay yiliH eHoek eTTi. OpTa A3us cay/ieTiHiH KaabITacybl
MeH JaMyblH/a YJIKEH MaHbI3fa he OO0JIFaH CayJieT OHEPiHiH jKeTeKlli ujesaap XKyHeciHe
ariHasnAbl [10]. CoHbIMEH KaTap TaXipuOeHiH ©3iHeH, KYypblJIbIC-KEPKEMOHepP 6HJipiCiHiH
TOXKipubeciHeH Teopusi Herisfep mnaija 6oJsiabl. FUMapaTTbhlH KeHICTIKTIiK KYpbLIbIMbI,
COyJIeTTIK KYpblIBIMJAAp/AbIH Teme-TeHAIri, TyTacTal ajJfaH/Ja KYpPbLJIbIMHBIH TYPaKTbLJIbIFbI
MeH 6epiKTiri, reoMeTpHUSAJIbIK 010-6pPHEK CUSKTbI F€OMETPUSJIBIK TEOPUSChI MEH TKPUOEsiK
MaceJiesiepiH KaMTbIFaH. OpTaracbIpJibIK, FaJbIMAPAbIH FbIJIBIMU KYMbICTapbl MeH 3€pTTeYi,
oJiap 63 3aMaHbIHbIH, COYJIETTIK 6Hepre Heri3 60J1FaH reOMeTPUSIJIbIK TEXHUKAHbIH 00'beKTHUBI
peTiHze KapaHl OTBIPbII, TeOMEeTPUSAJIbIK 6pDHEKTep/i MaTeMaTUKaHbIH KOJIJJaHy ayKbIMbl KEH
6osabl. An 6esrii as-Papabu 6a6aMbI3 KeNTereH TOHKPUOeEiK 6HeP/i KoHe COHbIH, iliHAe
coyJsieT eHepiH 6arasiai 6isai. Ockl opaiijia an-Papabu 6bl1al aen xka3abl: «COHbIMEH KaTap
KeNnTereH uiebepsiep reoMeTPUSJBbIK dAiCTepAi, oJsiapAblH illiHAEe KYpbLIBICTBI 6Gackapy,
»KobaJsiap/bl OpbIH/AAY, CAYJIET KYPbLIbICTAPBIH Kacay eHepi 6ap» [1, 2]. TaFbl 6ip TpakTaTbIH/A
asi-Papabu 1ebepAiH reoMeTpUsANbIK Herisi 6isiM ekeHiH, OHbl MEHTepY/i reOMeTPHUSJIbIK
dicTeplieH bOacray Kepek Jen »xa3azbl. CoHbIMeH Karap aJi-Papabu Taxpubesik eHep/iH,
HeTi3iH OinfipeTiHiH reoMeTpUsIJIBIK J/liCTep/ieH >XoHe oJiap JeHeJsepre, ¢urypanapra,
TOPTINKe, YCTAaHBIMFA )K9HE HUETKe KAaThICThl EKEHIH epeKIle aTall KepceTe/i.

OpTaraceipZia OCbIHJAN Taxpubesep/i koHe TeOopHUsiHbl Heri3re ajza OTbIPbIN, OUJeyLli
oMmip Temipain 6yHpbiFbiMeH OpTa A3usifia cyprsM 6aFbITThIH TapaTyilbl Koxka AxMeT fcayu
KeceHeci »KaHapTy MakKcaTbiHZa XIV Facelp adafbiHAa caablHFaH OpTa FacblpAarbl 39yJ1iM CayJIeT
HbICAHACBIHBIH T€OMEeTPUSJIBIK TYPFbIZa 3epTey. by casiblHFaH FUMapaT Kasipri 3aMaHfa can
caJIbIHFaH CoyJ/IeT OHePiHiH TaHFakalbll Kell PYHKLHOHAJ /bl )koHe OpTa A3usiaFbl KipnilmTeH
CaJIbIHFaH YJIKeH KelleH. FruMapaTThl cajsy KesiHze cOJ1 3aMaHHBbIH aJ/iblHFbl 3aMaHayHu
KYPbLJIbIC TeXHOJIOTHUSIJIapblHAH 66JIeK ThIH COyJeT eHepiHe KaHa 9AiCTepiH maijanaHyFra
y/IKeH yJec KocTbl. OflaH 6eJsiek 0J1 FUMapaTThlH 6acThl eJilieM/iepi MeH Oe3eHAipyiHe aca
Y/IKeH KeHiJ 6eJireH. OylapFa Mbicas peTiHfe apTypJii KylMa MaiiiaMJapbl MeH Ka3aH/apFa,
WbIparfaHAap MeH aJITbIH-KYMIC »KaJlaTblJIFAH afall OIOMeH 9pJIeHreH YJIKeHAi-Kiuiui
ecikTep, COHbIMeH Oipre FUMapaTTblH KacOeTepi MeH ChIPTKbI >KaFbIHAAFbl OlOJIap MeH
»KasyJiap, TypJii TYCThbl 6osiylapMeH 0OOslJIFAH KepaMUKaJIbIK >KallcblpMa KipmimTep6o/aabl.
CoHbIMEH KaTap, FUMapaTThIH KeHbip ecikTepiH MeH cayJsieT GeJlIeKTepiH/e AICTYpJi Kasak
010-6pHEKTEePiHiH 3seMeHTepi Ae ke3zaeceni [3]. OMip Temip 6y/1 FUMapaTThl cajldyja e3iHeH
OypbIHFbl KapaxaHu Tep A9yipiHAeri cayseT KypblLIbIC 6HEpiHiH CcoJl Ke3/ie KaJbINTacKaH
Kenbip epeKilesiKTepiH KoJ1JaHFaH. MaKasiaZia conbiMeH 6ipre Koxa AxmeT fcayy keceHeciHiH,
CBIPTKbI KepiHiciHJeri, KacOeTTepiH/leTi TeoMeTpUsJIbIK OpHEKTep/iH TeOMeTPHUSJIbIK
3aHABLIBIKTAPbIH 3€pTTEy MaceJieci KapacThIPbIJIFaH.

©36ekcTaHHbIH, FaabiMbl M.C. BynaToBTbiH [5] (1907-2004) ecki »xobanapzbl 3epTTey
)KYMBICTApbIHbIH, HOTWXXeCiHJe »KacaFaH TeOpUAJIbIK ecenTepli apacblHAa Heri3ri exi
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epexxesiepiHe TOJIbIK COMKeCTiK 6ap. BipiHiuizeH, 1:V2,1:V3,1:v/5 MppayyoHaJ KaTblHACTap/bl
TEOPUSJIBIK eCelTey KoHe KOOPJUHATTAaPAbIH CayJIesiK TOPbIHA CaJIbIHFaH TIKTOPTOYPhIIITap
apacbIHJAFbI [19J1 COUKeCTiK *ka3b6asapbl. EkiHlIiieH, cbi36a1apabl TAOUFATKA ayAapy 9AiCiHiH,
©3i Oip yaKbITTa 9peKeT eTeTiH MPONOPLHUOHANABIIBIKTBIH dPTYpJii TypJiepiHe HeTri3/e/reH.
Bynan 6acka H. BaksiaHoB [4], . araHoB [6] xoHe JI. Pemnenn [7] xkyprisreH OpTaJbIK
A3UAHBIH CAY/JIeTTIK 6pHEKTepiHe KacaJIFaH Tajjay/iap FbIJIBIMU »KaHa/IbIKKa aHanbl. OJiap
KOJIZJaHOaJ/Ibl MaTeMaTHKaHbIH, *KeTicTiriMeH 6alsaHbIicTbl OpTasiblK A3USHBIH, COY/IETTiK
OpHEKTEPIH ca/ly TeOpHUSCBIHBIH, MaceJieCiH KOWbII, illiHapa wwewTi. 3epTTeyilisepiy 6ip
GeJsiiri or-epHeK IiebepJsiepiHiH MaTeMaTHUKaJbIK OiJiMiH TeMeHAeTce, eKiHIlIijepi, aTan
aiTKaHaa H.banzaHoB, KepiciHllle, oylap/ibIH »KOFapbl 6ijliMiH MOMBIHAA/bI [8].

TeoMeTpPHUAIBIK 6PHEKTEPre reOMEeTPUAJIBIK 9AiCTEPiH Maia/IaHy bl

OpTa facblpyiapAaFbl MaTeMaTHUKaJbIK dJicTepJi FUMapaTThl cajyllbl IiebepJiep MeH
COyJIETILL/IEP CAYJIET OHEPiHiH Heri3i ekeHiH MOUbIHAAI, OpTaFacblp/ia caJbIHFAH K006a/1apAbl
CbI3y Ke3iHJie »dHe KYpbUIBICTHI caly Ke3iHeZe manganaHbl. bearini A6y-Hacp Myxammen
6eH TapuaH 6eH-Aycasar aj-®apabu (870-950) «MaTuMaTHKa/IbIK TpakTaTTbiHAa» [10,
14] uupkKynbp MeH Ty3yAiH KeMeriMeH KapanalbIM reOMeTpUSJIBbIK KOHCTPYKLMSAIAPABI,
napaboJiaHbl CaJyAblH €Ki Taciji, KyGTbhl eki ecesiey ecenTepiH Iielly, COHbIMEH KaTap
OYpBILITBIH TPUCEKLHUACHI OepiireH. O1-Papabu/iiH aJThIHIIBI KiTa0bl TOJBIKTAal KBaJpaTThI
3epTTeyre apHa/ifaH. by/jaH 6eJiek KiTanTafbl KBaJJpaTThl illliH/Ae TeHOYHipJii cerisoypbIlIThI
caJIbIHY K0JIbl KapacThIpbLIFaH (cypert 1).

os-®apabu anapiMmen ABCD kBaJpaTbIH aJjiblll, KBaJ[paTThlH, JHaroHajb CbI3bIKTapbIH
Kyprisres. Ocel AMaroHasbAapAbl 63apa KUbLIBICTBIPLIIN, E HYKTeciH asraH. E HykTecineH AD
JiuaroHaJib 60 blHa KBaAPATThIH OYHipiHiH TEH *KapThIChIH 6JI11el cajibll G HYKTeCiH aHbIKTall
asirad. Ocel G HyKTeciHeH KBaJpaTTblH JHaroHa/bJapblHa NepHeHAUKY/IbADP CbI3bIKTAp
Kyprisemis. by cbi3bikTap ABCD kBagpaTbiHbIH 6yHipJsiepimen Kubliabicbil HE XN, ML xoHe
K] HykTenepin 6epeni. bepinren ABCD kBagpaTbhlH 6ys TabblIFaH HYKTeJiep TeHOyHipJi
ceriszbypsbllika 6esefi (cypet 1).
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Cypert 1. 91-®apabuiH KBaApaTThl TEHOYHipJIi ce3i36yphllliKa 6e.yi
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O/1-Papabujiiy mikipiHlie, reoMeTpusi FbLIBIMbI 6apJbIK FbLIBIMAAP MEH 6Hepre eHepi.
OcblHZ@a MaTeMaTHUKaJIbIK FbIJIBIMAAP/AbIH 9PEKeTiHIH HOTHXKeCiH/je TeOMEeTPUAHBI COyJIeTTIiK
nimimMaep TYPFbI3y VIUIH KOJIJAAHY, COyJIeTTeri reoMeTpUAJBbIK OpHEKTepJiH TexXHUKACHI,
reoMeTpPUSJIbIK YUJIECIMAIIIK Typasibl FbIIBIM/bI TYAbIPa/bl.

AVTBLIFAH dJiCTep/iH, MoHI OYJ T€OMEeTPHUAJBIK XoHe apu(PMeTHUKaJIbIK OPTaK dpeKeT
eTeTiHAiringe. 'pekTepliH eHepaeri JeHe MylleJiepiHiH KaTbIHACBIHBIH, KaJlllaKLIaJdapbl
KaH/al 60Jica, reOMeTPUSJIBIK K6J1eM/li, MacCaHbl, apTUKYJISLUAHBI [19J1 OCblJIall aHbIKTaZbl;
apudMeTHUKaAJbIK - KYPbLJIbIC XYMbICTApbl OapbIChIHAA KaXKETTi KepceTKilTep TiliHe
ayJlapblIFaH MOAYJIBJIK [eOMeTPUAJIBIK MPONOPLUOHAIABIIBIKTHI 2KaJIllbl IPUHLUI peTiHAe
MO/ieJIb/le KepCeTIJINeH XKYMBIC CbI36aapblH KaXKeT eTeTiH KYPbIIBICIIBIHBIH, TiJIiHe ayJapAbl.
By esiieM «rusa» MoZyJii 60J1/1bl, IFHU KipIill, eWTKeHi 6apJibIK apTTapa oJ1 KipmiluTep/iH
OYTiH CaHbIH KAMTYbI KEPEK, 0J1 MOAY/IbEP/IiH POJIiH }KOFAJATThI. MOAYJIb/IK TOP OChI KYPbLIbIM
YIUiH KaOblLIJaHFaH Kipnill cTaHAapThiHA colKec KeaAi. KabaTTap TypaKThl 60/1MaFaHAbIKTaH
apudMeTHUKaJbIK ecell [IeH MOAYJ/IbAIK TOP/bIH OY3bLIybl OPbIH a//bl. JKyMbIc 6apbICbIH/AA OY.I
Oy3yIUbLIBIKTAp apKaHAap, baFaHasiap »K9He CbI3FbILITAP/blH KOMeTiMeH, AFHU FeOMeTPUSIJIBIK,
»KOoJIMeH Ty3eTinai. OcbliaH CoMKeCCi3iKTep, KaTesep )KoHe reOMeTPUSJIbIK HEMece MOAYJIb/IiK
HeMece apuPpMeTHUKaJIbIK KaTbIHACTApAbl OFALL NakAaaHy U/edachl TybIHAANW/bL.

FumapartThiH Kac6eTiHAeri reoMeTpUsI/IBIK 6pHEKTEDP

Bbusieymi OMip TeMip 63 MeMJieKeTiHIH UAE0JOTUAJBIK CasCaThIH apThIPY MaKCaTbIH/A )KoHE
Wcnamabl HacuxaTTayllbl api, TapaTylubl Koxxa Axmat fAcayyably ecKipreH KeCeHiciH xaHapTy
MaKCaTbIH/a ’KaHa KelleH cangbipAbl. Koxka AxMay, flcayu keleHi 63iHiH ayKbIM/bLJIbIFBIMEH,
JIVU3alHHBIH, YJbUIbIFbIMEH epeKlleJjieHe/i, JereHMeH KelleHHIH KeJeM/iK-KeHiCTIKTiK
TyciHZipMeci KapanaiblM 6osabl. COHABIKTAH OyJl FUMapaT y3apTblIFaH NapaJiiesenuief,
NeH OHbIH OOMJIBIK OCi 60MbIMEH €Ki MopTaJ MeH eKi Kymb6e3 keTepisreH [9].

Koxka Axmet flcayum KeceHeciHiH KacbeTi uieHOGepJiepAi, LIaplibLIapAbl »KoHe Kemnoy-
phIITApAbl MaWAaJaHy CUAKTbl KHeJli TeOMeTpUsiFa HeTri3JleJiTeH OMWJIbl TeOMeTPHUSAJBIK,
epHEKTepMeH Oe3eH/ipiireH. OpHeKTep KebiHece OpTaJiblK MOTUBKE HeEri3Je/reH, oJ ofaH
KeMiH ipi koHe KypAeJii epHEKTep »kacay VIIiH KaWhTaJlaHa/bl XoHe KeHeHesi. bys 3aysim
FUMapaTThlH KacObeTTepi reoMeTpUSJIBIK K63 KapaclleH Kapal 3epTen kepeJiik. O yuuiH,
a/JibIMeH FUMapaTTblH a/JJblHaH KapafFaH KepiHici KapacTblpaWblK. FUMapaTTbl OHTYCTIK
LIBIFBICKA Kapall cajiblHFaH. EpTesie Ka3akTap e3/iepi TypFaH KHi3 YiJIepiH ocblalia OHTYCTIK
IIBIFBICKA Kapan TikkeH. FuMapatThiH bac Kac6eT Heri3ri 6ac mopTas MeH eKi MyHapaJapZaH,
Kipebepic ylI eciKTeH >kdHe yJIKeH Kipebepic apkaZiaH TypaZbl. By/1 FUMapaTThIH COJ 3aMaH/ia
39yJIIM 9pi KyZipeTTi eKeHiH KepceTe/i.

FumaparTeiy OyHip KacbeTTepiHJe KeNTereH OWJIbl TeOMETPUSJIBIK KipicTpyjsep MeH
reoMeTpUsJIbIK 6pHEKTep apKblibl Oe3eHjipiireH. KeceHeHiH Oyiip KacOeTiHze kypaesni
reOMeTpHUSAJIbIK OpHEKTep Kacay VIUIH NaijajaHbLUIaTbIH OipKaTap KyJ/Jbl3Jap MeH
KenobypbiuiTap 6ap. bysn epHekTep KebiHece OpTasiblK MOTHBKE Heri3/e/ireH, oJ KewiH
KalTaJlaHa/ibl )XoHe HEeFYpJIbIM ipi epHeKTep kacay yiliH KeHeWezi [11]. FumapaTThiH 6aThic
YK9He IIbIFbIC OYHip KacbeTTepi TypJli-TyCTi KyHipi/ireH alieKkeii KipnilitepMmeH 6e3eH/iprex.
Kerinzip TakTasiapMeH epijireH reoMeTPUsIJIbIK 6pHEKTeD (TUPUX) 6Te alKbIH, 001y bIH, Yilaeci
aliHaJ1a KopllaFaH HA3iK ChI3bIKTAp LIalIbIpaTnai TyTac 6ip KOMIO3ULUAHBI YiJIeCTipesi.
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OH >xkaKTaFbl OYHip Kac6eT CONTYCTIK LIbIFbICKA Kapail GafbITTajfaH. bys 6ydip Kacbet
TOPTOYpbILITAH Typazbl. OCbl reOMeTPHUSAJIBIK, 3JIeMEeHTTep/iH illiHe allbIK KOK KipmilmTeH
«kyda» KapinmiMeH epinin kaspuiFaH «Ausna», «Myxammen», «O, apblikaylibl», «buik
Annapa», «Anna MeHiH amipwiM» aereH ceszep 6ap [13]. Ocel AayipaiH 6acka reoMeTpPUSIIBIK,
6pHEKTepiMeH CaJIbICTbIpa OTBIPBIN, OCbl TEPUXTIH, KYpblLIy 3aHABLIBIKTAPbIH KapacTbIpy
OHBIH KBaJpaT NeH TeHOYWipJ/i YLWOYpPBIUTHIH TyblHJAblJIApbIHA CaJIbIHFAH JiereH 00oJpKaM
»Kacayfa MYMKIHJIK 6epefi, anaia MyH/Ja TeHOYHipJii YILIOYPBIITHIH, )KaFbl KBaJpaT »KafFbl,
aJl KBaJipaTKa a3blJIFaH Ceri30yphIlIThIH, XKaFbl. KBaZpaTThIH, ca/lbIHY 0J1bl 6T€ KapananbIM.
Oz yuwiiH anapiMmeH ABCD 6acTtankbl KBaJpaThbl cajiaMbl3. KBafgpaTTbIH, AFHU TOPTOYPHIILTHIH
AC xaHe BD TebesiepiH KOChIN, KBaJpaTThIH AUaroHa/lapblH xKyprisimn, E HykTeciH aHbIKTan
anambi3. Ocbl E HyKTeci MeH KBajpaTTblH OyHip KabGblpFacbIHbIH apThicbl O HYKTeciHeH
pazrocel R 60s1aThIH j0Fa XKYPri3in, AUaroHaJbMeH KUbLJIbICKAH xepiHeH G HYKTeCiH TabaMbI3.
D HykTeciHeH opTachl G HyKTeci 60J1aThIH 1eH6ep A0FachIH XKYPTi3in, KBapaTThIH *KaKTapblH
H:xaHe F HykTenepinge Kubin eTefi. Ocbl eKi HYKTe apa KalllbIKTbIFbl KBAaJpaTThI Ceri3 6eJikeH
6esin XN, ML oaHe K] HykTesnepiH (Kecinzinepin) Tabambi3 (cypet 1) [2]. Ocbl HYKTesnepai
e3apa KocaTbIH 60J/iCaK, OH/Ia KBaJ|paTThIThIH JUaroHaJ/blHA apaJijie/ib 60J1aThbIH TOPT ChI3BIK
TabambI3. ByJ1 cbI3bIKTap KBaApaTThIH O6yiipJepine 450 rpajyc 60aTbIH TOPT ChI3bIKTAp/bl
TayblI ajlaMbl3. By cbi3bIKTap 6yHip Kac6eTTiH MoAyiH 6epeai (cypeT 2).

N

AV

Cypert 2. FumapaTThiH 6yHip KacbeTiHiH cbi36a

ByJs1 cbI3bLIFaH reoMeTpUsJIbIK MOJeJib/li NMaljasaHblll OYHip KacOeTTeri MO3aWKaHBIH,
Heri3iH casambi3. O yuiiH 6ydip KacOGeTTi KBajJpaTTapfa 6esin asamMbi3. Ocbliaiiia ocChbl
reoMeTpPHSJIbIK MOJieJIbJIer Killli KBa/[paTThl 63apa *KMHAUTBIH 60JICaK, OH/Ia OH, »KaK OyHipaeri
KacbeTTiH Mo3alKa Heri3i maija 6osaabl. CHMMeTpUs HMc/laM 6HEpPiHiH MaHbI3/lbl acleKTici
60J1bIN TabblIa/bl XK9HE AM3aiiHAaFbl TEHrepiM MeH YHJIeciM kacay YLUiH Ui KOJIJaHbLIa/ibl.
KeceneHiH OyHip KacOeTiH/e reoMeTPHUSJIbIK 6PHEKTED CUMMETPUSJBI, OPTAJbIK OCbTIH, €Ki
»KaFbIH/A KalTaJlaHAaTbIH 6PHEKTepi MeH NilliHAepi 6ipaen.

FumapaTTbiH cos KakK 6ydip KacbeTi OHTYCTiK 6aTbhICKa Kapad opHaJsachin Typ. by oH
»KaKTaFbl OyHip KacbeT CUSKThI TOPT OYphIlITaH Typasbl (cypeT 3). Cous xkak 6yHip KabbipFraja
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Kapa KeK KipHillTeH epiJireH KeJ16ey OpHa/laCKaH OH eKi KbIPJIbl KPECT TAPi3/ieC reOMeTPUSIJIBIK,
3JIeMeHTTEH eKi KaTapJbl 6osibinl Keseni. Erep Oy KpecTiH KOHTYypaHbIH ChI3bIK, peTiHAe
KapaWTbIH 60JICaK, OH/1a KPEeCT Tapi3/ii KeNnOyphIIIThIH KbIpJapbl CBACTUKAHbI Oepe/ii. AJ1 OChI
reoMeTpUSJIbIK 3JIEMEHTIHIH illiHe ambIK KeK KipmilTeH Kyda KapiniMeH epinin «Asiax,
«Myxammep», «0O, xkapblLiKayubl», «buiik Ammaga», «Aja MeHiH oMipwiMm»JereH cesziep
»KasblIFaH (cyper 3).

/\
/
N\
<

/

Cypert 3. Cos1 *kaKTaFbl KacbeTTeri Mo3aiika

’KorapbliaFbl KepceTKeH TeOMeTpHUSJIbIK MOJiesb/Jli NMalJiasaHbll, COJ >XKaKTafbl OyHip
KacbeTTiH Ma3aiKacblH cajbln KepeJik. O yiuiH angabiMmed ABCD kBazpaTbiHbiH AC 6yHipiHzae
opHaJsiacKaH G HykTeci MeH kBazpaTbiH DC E HyKTeciH KocaMbI3. Opi Kapau ocbkl E HyKTecCiH Kiwui
kBazapaTThiH FH 6yiipiMen Kocambi3. Kiwi kBagpaTThiH FH 6yitipiniy H Te6eci meH H] 6y#ipin
»KoHe YJIKeH KBaJpaTTblH AB oyiipingeri G HykTeci Kocambi3. TabblIFaH KapThl KBaZpaTThl
AB OyHipiHe cuMeTpus »Kacall eKiHIUI KBaApaTThl ajyfa 60s1aabl. XKapblK neH KeJeHKeHi
naiijanany Koxka Axmer flcayu KeceHeciHiH OyHip KacOGeTiHJeri oiJibl IeOMETPHUSJIBIK
epHEeKTep KyH O0Mbl 63repeTiH »apblK IeH KeJIeHKe OMbIHbIH acaiJbl. Bys acep au3aiiHFa
»Ka/llbl CYJIYJIbIK TEeH KYPAEJUIKTI KocaZbl »K9He CTaTHUKaJblK KacbeTTe KO3FaJbIC IeH
JAVWHAMU3M Ce3iMiH TyAbIpaJbl.

KopBITBIHABI

¥YJ1bl SHUMKJ/IONEAUCT, FyJlaMa FaiblM OJ1-Papabu caysieT eHepiHiH Heri3i Jien xkapusajaraH
mebepsik reoMeTpusblK djicTepi IIbIFbiC coysieT eHepiHiH KasblITacybl MEH AaMybIHJa
Y/IKEH MOH Oepe OTBIDBIIN, CAy/JeT 6HEepiHIH >KeTeKIli HJedAJapbIHbIH KyHeciHe auHasfbl.
FumaparTapasly nponopuusiiapblHblH 0ip HeMece 6acka MOJYJbMeH CdUKecC KeJsyi, OyJ
JLOYIpAiH KeHICTIKTIK Coy/IeTTIK MilliMepiH yHJIecTipy/ie reoMeTPUKAJBIK 9icTepre »xaTabl.
CoHZbIKTaH OyJl Jdyip/ie Coy/eTIliNiep/iH TeOpUACbl MeH TIXKpHUOeCiHAe reoOMeTpPUSJIBIK
TY>KbIpbIM/IaMa XXeHicKe XeTTi iece 60s1a/1bl. Bys1 6ipKaTap cayJieT eCKepTKillTepi MeH J19yip/iH,
3HUMKJIONEAUANBIK, FaJAbIMAAPbIHbIH TEOPUSAJIbIK TPAaKTATTAPbIHbIH, MPONOPLUOHAIALIFbIH
KapacThlpFaH/a KepiHezi.
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ConbiMeH 6Oipre Koxxa AxmeT flcayu KeceHeciH casifaH ycTajap FUMapaTThIH Ke3re TyCeTiH
eJllieM/iep/li TeOMeTpHUAIbIK, GUTypasapFa Herizfesin caaraH. An OyHip KabblprajapblHAa
cerizoypsnllITap MeH OHeKi OyphILITap *KaHe poMOblIap reoMeTPUAJIBIK MoZesb OpTaFacklpza
eMip cypreH MaTeMaTHUKTepAiH KBaApaTTbl dpPTYpJi 9AicTepMeH KelOypallITapra OeJy
KOJIapbl MaWJa/IaHbIll CaJ/IbIHFAHbl AHBIKTAJJAbl KOHEe OJIapAbl CaJly >KOJIbl KepCeTilAl.
[eoMeTpHUANBIK GUTYpaIAbI calyza oTe JdJ/AIKIeH KipIilTepAi rOpU30HTaJb )KoHe BepTUKaJlb
KaJlay apKacbIH/a caJIFaH.
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A.K. Baiiga6ekoB, J.A. Kemesib6eKoBa
Eepasultickuli HayuoHabHblll yHUgepcumem umenu J1.H. ['ymunesa, AcmaHa, KazaxcmaH

lFeomeTpuyeckue y3opsl B MaB3oJiee Xoaku AxmeTta flcaBu

AHHoOTanusA. B crTaTbe paccMOTpPEHO WCNOJIb30BAHHME TEOMETPUYECKUX Y30pPOB KakK OJHOHU
M3 O0COOGEHHOCTeHW MCJAaMCKOro MCKyccTBa. /il CO3JaHUsl 3TOTO YHUKAJbHOIO HOBOTO CTUJA
noTpe60Ba/ICAd 3HAYMTE/bHBIA WHTEJ/JIEKTYaJbHbIM BKJAJ, MCJIaMCKHX MaTeMaTHKOB, aCTPOHOMOB
U y4yeHbIX. PacuBeToM apxuTekTypbl Cpe/lHEBEKOBbSI CTaJ0 YYEHHE O PABHOBECHMHW W TAapPMOHMUH.
[losToMy reoMmeTpuyeckasi CTaTUKa CTAaHOBUTCS 4acTbl) yYyeHUs O TreOMeTpPUYeCKOW TrapMOHMUM.
OTcrofa BUJHO eJUWHCTBO AapXUTEKTYPHO-NPOCTPAHCTBEHHOro ¢opMaTa COOPYXKEeHHUS U crocoba
COIJIaCOBaHUsl ero CTPyKTypbl. C Tex Mop reoMeTpUYecKUe MeTO/bl KaK OCHOBa apXUTEKTYpPhl
CTaJu BeAylled HAeWHON CUCTeMOM apXWTeKTyphl, UMeBlled 60Jblioe 3HAaYeHUe B CTAHOBJIEHUH
M Pa3sBUTHUHU CpPeJHEBEKOBOTO BOCTOYHOIO 3o044ecTBa. PaboThl 30A44MX cpefHeBeKoBoro BocToka,
XyLOKHUKOB, pabOTaBIIMX C y30paMHd U TeOMETPUYECKUMHU y30paMH, cPopMHUpOBaBLIMECS KakK
0060611[eHHe OMbITa, CGOPMYJIUPOBAHHOTO B CBSI3M C HOBOH KJaccuduKalvell MaTeMaTUYeCKHUX HayK,
OKasaJ/I¥ pelllaolllee BJMsHHWE HA HalpaBJeHHe MUPOBO33peHNU MHOTUX NIOKOJIeHHUH. B To e BpeMsa
pacumpuaack chepa HUCIOJb30BaHUSI TEOMETPUYECKUX Y30pPOB, MOCKOJBbKY TEOPETHUYECKHE OCHOBBI
BO3HUKJ/IM U3 CAaMOI'0 ONBITA, U3 ONbITA CTPOUTENLCTBA U XY[0XKeCTBEHHOIO0 NPOU3BOJACTBA. Takke
OCBelllaJlacb reoMeTpHUYyecKass Teopusi U MpaKTUYecKHe NMpoO6JeMbl, Takue, Kak NMPOCTPaHCTBEHHAs
CTPYKTYpa 34aHus, 6aJlaHC apXUTEKTYPHBIX COOPY>KEHUH, YCTOWYUBOCTb U NPOYHOCTb KOHCTPYKLUHU
B I1eJI0M, TeOMeTpHUUecKas Bblpa3uTeabHOCTb. CoxpaHsAsa 6asaHC NOJ40O0HBIX reOMeTPUYECKUX Y30POB
M apXUTEKTYPHBIX COOPYXKEHWH, ObLI MOCTPOEH CpefHEeBEKOBBINM MaB3osed Xomxu AxMera fcaBu.
JTo 3JaHue ObLJIO NpoNaraHjoi U pacnpocTpaHeHHWeM HcCJlaMa, UAe0J0rHYecKUM U MOJUTHYEeCKUM
CUMBOJIOM rocysiapctBa AMupa Temupa. MaB3osieit Xopku AxMeTa fIcaBu OT/IMYAETCS MAaCUITaOHOCTBIO
M BeJMYHMeM 3aMbIc/ia, HO OOBEMHO-IPOCTPAHCTBEHHAs MHTEPHpeTanys KOMILJIEKCa MpoCTa.
OaHOBpeMEHHO paccMaTpUBaeTCsl BOIPOC U3yYeHUs] TeOMeTPUUECKUX Y30poB Ha dacasax MaB3oJies
Xomxu AxMeTa flcaBY Ha OCHOBE 3TOM TEOPHUU U JPYTHUX FeOMeTPHUYECKUX 3aKOHOB.

Kniwo4yeBble c10Ba: MaB3oJien Xomxu AxmeTa fcaBy, asnb-Papabu, Amupa TeMmupa, AesieHUE KPYTroOB
Ha paBHble YacTH, reoMeTpUYecKue y30psl, pacajbl.

A.K. Baidabekov, E.A. Kemelbekova
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Geometric patterns in the mausoleum of Khoja Akhmet Yasawi

Abstract. The article considered the use of geometric patterns as one of the special features of Islamic
art. Considerable intellectual input from Islamic mathematicians, astronomers, and scientists was
required to create this unique new style. The heyday of architecture in the Middle Ages was the teaching of
balance and harmony. Therefore, geometric statics becomes a part of the doctrine of geometric harmony.
From this, the unity of the architectural-spatial format of the structure and the method of coordinating its
structure can be seen. Since then, the geometric methods as the basis of architecture became the leading
idea system of architecture, which had great importance in the formation and development of medieval
Eastern architecture. The works of the architects of the medieval East, artists who worked with patterns
and geometric patterns, formed as a generalization of the experience formulated in connection with the
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new classification of mathematical sciences, had a decisive influence on the direction of the worldview
of many generations. At the same time, the scope of use of geometrical patterns has expanded, as theory
bases have arisen from the experience itself, from the experience of construction and art production.
It also covered geometric theory and practical problems such as the spatial structure of the building,
the balance of architectural structures, stability and strength of the structure as a whole, geometric
expression. Maintaining the balance of such geometric patterns and architectural structures, the
medieval Khoja Akhmat Yasawi mausoleum was built. This building was the propaganda and spread of
Islam, ideological and political character of Amir Temir's state. The mausoleum of Khoja Akhmat Yasawi
is distinguished by its scale and grandeur of design, but the volume-spatial interpretation of the complex
is simple. At the same time, the issue of studying the geometric patterns on the facades of Khoja Ahmet
Yasawi mausoleum based on this theory and other geometric laws is considered.

Keywords: Khoja Ahmet Yasawi, al-Farabi, Amir Temir mausoleum, division of circles into equal
parts, geometric patterns, facades.
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Abstract. Foam concrete is currently enjoying its popularity due to a
number of advantages, such as non-toxicity, reduction of thermal insulation
costs, noise absorption. Nowadays at the state level the issue of utilisation of
waste of different nature and increasing the quality of recycling is constantly
being considered. Also a big task is set in the scientific sphere of the country on
recycling of utilised waste in different sectors and especially in the construction
sector. There are numerous grant programmes in the scientific field, which
are aimed at the use of waste in the industrial and construction sector of the
country. This paper is devoted to the study of the qualitative characteristics of
traditional foam concrete and foam concrete with the addition of mineral fibre.
In the construction sphere the main thermal insulating material in the form
of mineral boards is widely used and there are factories for the production of
basalt boards in the course of production of which there is a lot of basalt waste.
Tests have been carried out according to the standard methodology in order to
determine the strength and density of the finished product. According to the test
results it was determined that the pore structure and strength is uniform over
the whole surface of the blocks. It was also determined that the specimens with
fibre showed a strength of more than 50% compared to conventional foamed
concrete. This work will be a good direction for further in-depth study on the
utilisation of basalt slabs in construction.

Keywords: foam concrete, strength, density, pores, mineral fiber, pore
structure, binder.
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Introduction

Today, the construction industry is saturated with different building materials, from cement-
based materials to organic binders.

The advantages of cement binder are high strength and high density; however, there are
materials with lower density, such as lightweight concrete on lightweight aggregate, as well as
cellular concrete with low density and pore structure.

Due to the high demand for this cellular material, there has been an increased interest in
the research and improvement of this material. Cellular concrete has the purpose as a thermal
insulation, thermal insulation and structural and structural, as well as low thermal conductivity
and density of 200 to 500 kg/m3 with minimum strength properties, thermal insulation and
structural has a density of 600 to 800 kg/m3 low thermal conductivity and strength allowing to
build a structure from 2,5 to 4,5 MPa, structural cellular concrete has a density of 900 to 1200 kg/
m3 has the purpose as a structural material thermal conductivity is lower than that of concrete
and higher than that of heat-insulating-constructive cellular material. The big disadvantage of
aerated concrete is its instability during the preparation process. Cellular concrete is of two
types: foam concrete and aerated concrete. A distinctive feature of foam concrete is the method
of obtaining a cellular structure in foam concrete, it is adding of foam concentrate, which
contributes to the formation of a closed pore structure of the material. Foam concrete, over
time, has occupied its place in the construction industry and it began to be used as a monolithic
thermal insulation material, since the production of structural material was always accompanied
by a large number of low-quality products; foam mortar gave a large shrinkage in the mold and
the material became unserviceable. However, the use of waste from the production of mineral
insulators as a reinforcing component makes it possible to ensure a high-quality structure of
foam concrete and increase the strength characteristics of the material.

Research methods

For the foam concrete production using mineral fiber, based on waste from the production
of basalt insulation, a comparative analysis with the traditional foam concrete product,
manufactured according to the standard method, was conducted. The composition of traditional

foam concrete and foam concrete using mineral fiber is presented in Table 1.

Table 1. The composition of foam concrete D 500

Ne | Type of foam | Cement, kg Sand, kg Foaming Mineral Polymer, | Water, kg
concrete agent, kg fiber, kg %
1 Traditional 300 180 1,5 - - 150
foam concrete
(Type 1)
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2 Foam 230 240 1,5 20 0,1 140
concrete with
the use of
mineral fiber

(Type 2)

In the production of traditional foam concrete, the mixer is loaded with dry components:
sand and cement; then water is poured into the mixer, the water temperature should not be
below 22 C. Next, the mixture is thoroughly blended for 5-7 minutes. Afterwards, the foam is
prepared as follows: 1.5 liters of foam concentrate is mixed with 40 liters of water, then, the
resulting foam is loaded into the mixer and blended with the solution for 3 minutes. And when
it is unloaded into molds, after an hour the excess is removed from the top.

To produce foam concrete using mineral fiber; mineral fiber is loaded into the mixer, after which
sand is loaded and blended for 2 minutes. Then cement is loaded and mixed for 3 minutes, after
which water, previously combined with a water-soluble polymer; is poured into the mixer; the
water temperature should not be lower than 22°C. Next, the mixture is thoroughly blended for 4
minutes. After which the foam is prepared as follows: 1,5 liters of foam concentrate is mixed with
40 liters of water, the resulting foam is loaded into the mixer and blended with the solution for 2
minutes. And when it is unloaded into molds, after an hour the excess is removed from the top.

The production diagram of foam concrete using mineral fiber is presented in Picture 1.

Foam concentrate

Mineral wool 4

Sand Acrylic
lat
Water t—,—— avex
Cement
2 min 5 min
7 3 min 4 min
1 min

o 3 Fivished
= MIXER products

Picture 1. Foam concrete production scheme with mineral fiber
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After 28 days sampling was carried out. Sampling was carried out according to the methods
of GOST 12852-77 "Cellular Concretes. Test methods". Cube samples for the study were sawed
out of prepared samples of type 1 and type 2. The dimensions of the samples of type 1 and type
2 were: length 600 mm, width 400 mm and height 400 mm. The test specimens were sawn from
the upper middle and lower parts of the product, three specimens from each part. When cutting
out cube samples, at least 40 mm were removed from the edge. The room temperature was
19°C at 35% relative humidity. The specimens were Kept in the laboratory for 24 hours before
testing. The age of the specimens was 28 days; 54 specimens (cubes) were made: 27 made of
composite aerated concrete and 27 prepared in the traditional way. A template was used for
sawing even specimens, which allows to obtain specimens with an even geometric surface with
an error of up to 1mm.

To start the tests, the density of samples was determined according to GOST 12730.1-78
Concretes. Methods of density determination. The volume was determined using a caliper
because the sample (cubes) had the correct geometric shapes 100x100x100.

Density was determined by the formula:

po ==+ 1000 ()

Where pw is the density of the material

m - sample mass gr.

V - sample volume cm.

The strength of foam concrete type 1 and type 2 was determined according to GOST 10180-
2012 Concretes. Methods for determining the strength of control samples. Tests were carried out
on 100x100x100 specimens prepared in advance by sawing from a solid block 600x400x400.
The age of specimens is 28 days.

Picture 2. Compressive strength test
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The compression test is presented in Picture 2; the samples were tested on an automatic
CONTROLS(Pilot) 500 kH press. Strength from one series was determined as the arithmetic
mean value of the tested samples. 18 samples were tested, 9 from each series,

Test results

In the studies of foreign scientists there are works on the approval of the effective use
of polymer fibers in the production of cellular concrete, but in these studies the priority
determining the efficiency of cellular concrete is its strength; no work has been carried out on
compression and dynamic effects regarding the uniformity of the cellular structure. The results
of determining the density of foam concrete type 1 in comparison with foam concrete type 2
allowed us to objectively assess the quality of the pore structure of the materials. According to
a study of the pore structure of non-autoclaved foam concrete type 1, its heterogeneity and, as a
consequence, there is a difference in density in various areas of the material. The quality of the
pore structure directly depends on the difference in the density of the material in various areas
of the same block.

Table 2. Density of foam concrete type 1 and type 2

Ne | Sample Actual density
Top samples Average samples Lower samples
1 Type 1 420,5 510,7 580,1
418,5 517,4 582,8
422,7 516,3 587,2
Average density 420,5 514,8 583,3
The average density of all samples 506,2
2 Type 2 508,4 508,9 510,1
507,7 508,5 510,7
505,2 509,8 509
Average density 507,1 509 509,9
The average density of all samples 508,6

Based on Table 2 in foam concrete type 1, we see a density difference between the upper
and lower samples, which indicates an uneven distribution of pore structure, caused by the
shrinkage of foam-expanded solution until it is gripped; heavy particles of sand and cement are
lowered down, thus increasing the density of the bottom of the foam concrete

Type 2 foam concrete, in contrast to type 1, has a more stable density in all areas of the
tested material, which is explained by the composition and technology of its production. We get
a positive effect from the use of mineral fiber, which structures and preserves the frame of the
foam-expanded solution and the uniform distribution of all components of the solution.
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Thus, the use of mineral fiber preserves the structure of foam concrete and provides quality
improvement (Table 3).

Table 3. Compressive strength of foam concrete type 1 and type 2

Ne Sample Average density, The strength of the samples, MPa
Nen/m kg/m? Top samples | Average samples | Lower samples
11 Type 1 506,2 0,9 1,9 2,3
0,5 1,5 2,1
1,1 1,8 2,1

Average strength 506,2
index

The average strength of all samples

22 Type 2 508,6 3,1 3,2 3,3
3,0 3,0 3,3
3,2 3,1 3,0

Average strength 508,6
index

The average strength of all samples

The strength of type 1 foam concrete is 49,52% lower than type 2 foam concrete. This
difference in material strength is a result of the uniformity of pore distribution. One of the
first important factors contributing to a decrease in the strength of type 1 foam concrete is the
delamination of the foam before the foam solution begins to set.

The explanation for the high strength of type 2 foam concrete is the use of mineral fiber,
which provides the structure of the foam concrete frame, thereby facilitating the high- quality
distribution of all components, and reinforcement allows to increase the strength.

Conclusion

1. Density difference studies of type 1 foam concrete at three areas of the material (upper,
middle, lower) showed density differences from the average density of all samples:

— for the upper samples lower by 20,38 %,

- for the middle samples higher by 1,69%,

— for the lower samples higher by 15,23 %.

The results show that the pore structure of type 1 foam concrete has irregular pores with a
certain increase in the density of the material top. The density of type 2 foam concrete samples
showed high stability in all areas of the tested material. Density difference of type 2 foam
concrete from average density of all samples:

— for the upper samples lower by 0,29 %,

- for the middle samples higher by 0,08%,
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- for the lower samples higher by 0,25%.

Thus, having analyzed the results, we can conclude that type 2 foam concrete has a uniform
pore structure, providing stable density in all areas of the tested material. Stability of density of
type 2 foam concrete in contrast to type 1 is higher by 98%.

2. Compressive strength tests on type 2 foam concrete showed a 98,1% increase in strength.
The strength value in three areas (upper, middle, lower) of the tested material showed the
difference in strength from the average strength of all samples:

- for the upper samples lower by 0,97 %,

- for the middle samples higher by 0,97 %,

- for the lower samples higher by 2,24 %.

The strength of type 1 foam concrete showed the difference in strength in the material
sections (upper, middle, lower) of the samples from the average strength of all samples:

— for the upper samples lower by 90,36 %,

- for the middle samples higher by 9,49%,

- for the lower samples higher by 37,34 %.

According to the results obtained, it can be concluded that type 2 foam concrete has almost
uniform strength in all areas of the block, with the exception of an error of + 0,07%.
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A.Ackep6ekoBa, /I./lloceM6uHOB, P.Jlyknanos, JK.lllaxmoB*, A./[>kekceMm6aeBa
JLH. T'ymunee ambiHdarsl Eypasus yammeolK yHugepcumemi, Acmama, Kasakcman

JacTypJii Ke6iK 6e TOHBIHBIH, )KoHEe MUHEPAJIJAbl TA/NIBIKTHI KOGiK 6€ TOHBIHBIH, TEXHUKAJIBIK,
cUNaTTaMaJjlapbiH aHBIKTAY

AnpaaTtna. Kebik 6eToH Ka3ipri yaKbITTa YbITTBIIBIK, Kby OKLIAyJIay WbIFbIHAPbIHbIH TOMEH/IEYI,
myAbl CiHipy CUSKTBI GipKaTap apThIKIIbLIBIKTApFa 6alaHbICThI TaHbIMa Gojibln Keseni. Kasipri
yaKbITTa MEMJIEKETTIK JleHTel/ie 9pTYpJii CUllaTTaFbl KaJAbIKTap/bl K9/Iere XKapaTy XKaHe KaiiTa eHJey
canacblH apTThIpy MaceJieci yHeMi KapacTblpbLiyaa. CoHZlali-aK, esliMi3/iiH FbIJIBIMU CaJlacblHAA dPTYPJIi
cajlajap/ia, acipece KypblbIC cajacblH/la NaijjasaHblIFaH KaJJbIKTap/ibl K9/lere »kapaTy OoubIHILIA
YJIKEH MiHJeT Typ. FblIbIMU casiaja esfiiH, 6HEPKICINTIK KoHe KYPhIJIbIC CEKTOPbIHAA KaJAbIKTapAbl
naii/lanaHyfa 6aFbITTa/JFaH KOIITEreH TPAHTThIK 6aFgapaamMasap 6ap. by :KyMbIc MUHEPAJIAbI TAJIIBIK,
KOCBIJIFAH ITIeHOOETOH MeH JI9CTYPJli MEHO6ETOHHBIH, Cala/iblK CUIIaTTaMaJIapbIH 3ePTTeyTe apHaJIFaH.
KyphbLibic caslacblHAa MUHepaJ/ibl TaKTalap TypiHAeri Heri3ri )by oKlayaaFbIll MaTepUasl KeHiHEH
KOJIAHBLIAAbI JKoHe OHAIpic 6apbIChbIHAA 6a3a/JbT KaJAbIKTapbl K6l 60JIaThbiH 6a3aJibT TaKTalapblH
UIbIFAPAaThIH 3aybITTap 6ap. JlailblH eHIMHIH 6epiKTiri MeH TBIFBI3/|bIFbIH AHBIKTAy MaKcaTbIHJa
CbIHAaKTap CTAaHAAPTTHI d/licTeMe GOWBIHINA XKYprizisgi. CbIHAK HOTHXKeJiepi 6OUBIHIIA KeyeKTepIiH
KYpbLIbIMbl MeH GepikTiri 6J0KTapAblH O6ykia 6eTiHje Gipkesiki ekeHjiri aHbiKTaaabl. CoHJal-ak,
TaJIIIBIKTBl YATIEPAiH GepikTiri koAiMri KeOikTeHIipiireH 6eTOHMEH caybIcThipFaHaa 50% - maH
actaM eKeHJiri aHbIKTaAAbl. Bys )XyMbIC KYpbLIbICTA 6a3aJbT MJIUTAMAPbIH MalJa/aHyAbl 0aH api
TEpEeHAETIN 3ePTTeY YIUiH )KaKChl 6aFbIT 60J1a/1bL.

TyiiH ce3aep: kebik 6eToH, 6EPIKTIK, TIFbI3/ABIK, TePi TECIri, MUHEPA/I/Ibl TAMIIBIK, KEYeK KYPbLIbIMBI,
TYTKBIP.
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OnpejesieHHe TEXHUNYECKUX XapPaKTePUCTHK TPAJUIUOHHOTO IeHO6EeTOHA U MEeHOGETOHA C
MUHepaJIbHOA puopon

AHHoTanus. [leHo6GeTOH B HacTosllee BpeMs MOJIb3YeTCs CBOEW MOMYJISIPHOCTHIO 33 CYeT psAfAa
IperMyL1ecTB, TAKUX, KAK HETOKCUYHOCTb, YMeHbllIeHHe 3aTpaT Ha TepMOU30JIALUIO, NOIVIOLeHHe
myma. Celyac Ha roCyAapCTBEHHOM YpOBHe INOCTOSHHO pAacMaTpPHUBAETCS BOIPOC IO YTU/IM3ALUHU
OTXO/IOB Pa3HOr0 XapakTepa W yBeJMYeHHe KauecTBa NepeppaboTku. Takke 6oJsibllas 3ajaya
1I0CTaBJIeHa B Hay4HOU cdepe CTpaHbl 10 BTOPUYHOMY UCIOJIb30BaHUIO YTUIU3UPYEMBIX OTX0J0B B
pa3HbIX OTPAC/AX U B 0COOEHHOCTH B CTPOUTENbHOU chepe. MHOKeCTBEHHbIE TPAaHTOBbIE IPOrPpaMMbl
HMMeIOTCsl B Hay4yHOU cdepe, KOTOpble HaNpaBJeHbl Ha UCIOJb30BaHHE OTXOJ 0B B MPOMBbIILJIEHHON
U CcTpouTesJbHOW cdepe cTpaHbl. /JlaHHasg CcTaTbs INOCBALIAETCA HCCAeOBAaHUIO KayeCTBEHHBIX
XapaKTePUCTUK TPaJULMOHHOIO NeHOGeTOHA U NeHOOeToHa ¢ Jj06aBJeHHeM MUHepaJbHOU PUODHI.
B cTpouTesbHOU chepe MIMPOKO UCHOJIb3YETCS OCHOBHOW TENJIOM30JISILMOHHBIMN MaTepuasl B BU/E
MUHepaJbHbIX IJIUT U UMEIOTCS 3aBOAbI 10 NPOU3BOACTBY 6a3a/bTOBBIX IIJIUT, B XOZ,e NPOU3BOJCTBA
KOTOPBIX OCTaeTCs MHOXKeCTBO OTXO0/0B 0a3asibTa. [IpoBe/ieHbI HCIIBITAHUSA 110 CTAHAAPTHON METOJHKE
C LleJIbI0 OTpe/iesieHHs NoKa3aTesiel NPOYHOCTH U MJIOTHOCTU TOTOBOH npoaykuuu. [lo pesysbpratam
UCOBITAaHUM ompeJie/ieHo, YTO MOpoBasi CTPYKTypa M IMPOYHOCTb IO BCell MOBEPXHOCTU OJIOKOB
SIBJISIETCSl paBHOMepHOU. Takke ObLJIO ompejesieHo, 4To 06pasibl ¢ $UOPON MoKazaid NPOYHOCTh
6oJiee 50% Mo cpaBHEHHIO C OOBIYHBIM IeHO6eTOHOM. [laHHas paboTa 6y/ieT XOPOIIUM HalpaBJeHUEM
JJ1sl fajibHeN1ero riy60Ko UccieL0BaHUs YTUAU3aL U 6a3a/1bTOBBIX JIUT B CTPOUTEJILCTBE.

Kiarw4yeBble c/10Ba: neHO6eTOH, NPOYHOCTh, MJIOTHOCTb, NOPbl, MUHepasbHasA ¢ubpa, noposas

CTPYKTYpa, BSKYILEE.
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Static load test of unreinforced Franchi (B-4350) soil reinforcement
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Abstract. Micro-pile drilling technology is often used today for the
reconstruction and repair of buildings whose foundations are heavily loaded.
Once installed, the piles take up part of thisload. They can also be used to improve
the load-bearing capacity of building foundations before the upper floors are
built on top of them or before additional underground floors are constructed.
Construction of buildings and structures in areas with complex soils is a special
case. Buildings constructed in such conditions as a result of underground
mining operations, soil movement into the excavated space and formation of a
displacement trough on the ground surface are subjected to uneven settlement
and horizontal deformations during operation. This paper presents the results
of field tests of unreinforced Franki micro-pile (B-4350) unreinforced pile for
soil reinforcement. Based on the obtained data, it can be concluded that the use
of micro-piles to reinforce the foundations of reconstructed buildings provides
a reduction in construction costs, labor costs and construction time, and as a
consequence demonstrates their undeniable effectiveness. Application of micro-
piles at reinforcement of strip foundations, in comparison with the traditional
reinforcement design gives reduction of the estimated cost of construction (by
8 %), mainly due to reduction of the cost of operation of machines (by 46 %)
and reduction of wages (by 24 %), though with some increase in the cost of
materials (by 28 %), which somewhat levels out the general tendencies of cost
reduction.
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

1. Introduction

Static tests of soils for bored piles begin after the concrete strength of the pile reaches more
than 80% of the design strength or after the resting pile for driven piles. The duration of rest is
established by the test program depending on the composition, properties and condition of the
cut soils and soils under the bottom end of the pile, but not less:

- 3 days - for sandy soils, except for water-saturated shallow and dusty soils;

- 6 days - for clayey and heterogeneous soils;

The following engineering method of calculating strip foundations on micro-piles with a low
basement, based on linear solutions of the theory of elasticity, does not allow to determine the
bearing capacity of the foundation with sufficient accuracy for practical purposes at settlements
of more than 20 mm. Therefore, for a more complete description of the settlement and stress-
strain state of the foundation of single micro-piles and foundations on micro-piles, we used a
specialized program for foundation calculation PLAXIS 7.2 Professional.

When investigating the actual performance of micro-piles, strip foundations on micro-piles
and the soil foundation, the selected design model plays an important role. The model of the
soil foundation, which was used to calculate single micro-piles and strip foundations on micro-
piles, was the elastic-plastic Mora-Coulomb model, using the Mnzes-Schleicher-Botkin strength
criterion.

The following parameters are required for calculation using this model:

- specific gravity of dry ydry;

- specific weight of wet soil ywet;

- soil filtration coefficient in horizontal kx and vertical ku directions;

- ground deformation modulus Ege/,

- Poisson's ratio g;

- soil specific cohesion sge/,

- soil internal friction angle <r;

- angle of soil volume increase at moistening (dilatancy angle) y/, for clayey soils =0.

st
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Figure 1. Calculated and experimental load-settlement relationships for single micro-piles
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Figure 1 shows the experimental and calculated plots of soil point displacements along the axis
of the micro-pile at different elevations. The experimental settlement of the micro-pile was 30.02
mm, while the calculated settlement was 37.6 mm. The character of change of displacements
under the heel of the micro-pile in both graphs is the same. However, the attenuation of
displacements with depth on the calculated graph is faster than on the experimental one. At
a distance of 0.75 m below the micro-pile heel, which is approximately equal to 3 diameters
of the micro-pile widening, the experimental displacement is 1.41 mm, while the calculated
displacement is 0.63 mm. When analyzing the displacement of soil points, it is seen that the
experimental displacement at a distance of 0.5 m above the heel of the micro-pile was 2.58 mm,
the calculated displacement was 0.72 mm. In the area of the ground from the heel of the micro-
pile and at 0.25 m above there is a break of the calculated graph, corresponding to the rupture of
the ground. In the area of 0.25 to Y.5 m above the micro-pile heel, the soil works elastically, and
the displacements of soil points with distance from the micro-pile heel are damped.

Table 1. Load on micropipe, kN

Experimental and design bearing capacity, kN 1 2 3 4 5 10 | 20 | 30
Experimental bearing capacity, kN 96 |11,7| 13,5 | 14,3 | 149 | 17,7 | 21,7 | 25,6
Design bearing capacity, kN 98 (11,6 | 13,1 | 13,9 | 151 | 18 |21,9| 24,3
Accuracy, % 25 1-13(-321|-32| 13| 1,7 | 0,7 | -5,2
0,85

L1

1,35

1,6

1,85

2,1

Figure 2. Layer-by-layer displacements of soil points along the axis of the micro-pile at different grades
under a load of 25.6 kN
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

Figure 2 shows the calculated plots of changes in total stresses and displacements in the soil
by depth and width under the heel of the micro-pile. When analyzing the graphs of the stressed
state of the base of single micro-piles, obtained by calculation according to the Mora-Coulomb
model, the following remarks can be made. The total vertical stresses under the heel of the
micro-pile amounted to 382 kPa, and at a distance of 1 m from the heel of the micro-pile - 30
kPa. While the experimental total stresses under the heel were 403 kPa and at a distance of 1 m-
43 kPa. The calculated stresses decay faster with depth than the experimental stresses. This is
explained by the higher distributive capacity of soils in comparison with the calculated elastic-
plastic model of Mohr-Coulomb.

The installation for testing soils with static indentation loads should include the following
equipment: a device for loading the pile (jack), a support structure or platform for reactive
forces, a device for measuring the movement of the pile in the process of testing (reference
system with izmiritichnymi devices). This paper presents the results of static load test for
unreinforced Franki pile (B-4350), which is used under MSE Wall at Gaza Bridge/Baghdad
Province for ground improvement. The load test of the pile was conducted by Al-Yasir for Piles
Testing office, which carried out all the field work for testing the pile and recording the results
as requested by the concerned authority. Details of the tested pile are summarized below:

Table 2. Pile details

Pile No. Pile Type Pile Net Pile Diam. (m) Design Max. Applied
Length (m) Working Load (Tons)
load (Ton)
(B-4350) Unreinforced 13.5 D=0.50 100 200
Franki pile
2. Methods

The Eurocode (EC7-1) definesin clause 7.5 when pile testing should be considered mandatory,
namely:

- When using a pile type or installation method for which there is no comparable experience.

- When piles have not been tested under similar conditions.

- When theory and practice are insufficient to provide confidence in the design and when
observations during installation show behavior that deviates from what is expected.

The objectives of the load test are:

To demonstrate the stiffness and strength of the pile, which is assumed in the design and can be
achieved in reality, and to perform a spot check on the performance of the pile driver, additional
pile driving equipment. Accordingly, pile tests were conducted to observe the behavior of the pile
under settling load up to 200% of the working load, and to analyze the test results.

A pile shall be considered non-compliant with the design requirements if any of the following
conditions occur:

- Maximum settlement exceeds 25 mm at 100% working load
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- Maximum settlement exceeds 37.5 mm at 150% working load

- Maximum settlement under ultimate load is greater than the value of settlement = (10%*pile
diameter).

- Based on New York City Code criteria, at applied load = 50% of design load, net settlement
of the pile is not greater than 5.08 mm.

It is difficult to make a selection of the best axial bearing capacity criterion to use because
the preferred criterion is highly dependent on experience and an idea of what constitutes the
ultimate fracture resistance of the pile, the following several methods are used to analyze the
ultimate resistance of tested piles:-

- Daviss method: it has very wide application and tends to be conservative. It is not suitable
for test methods involving loading and unloading cycles.

- De Peer's Method:Use of log - log scale to determine yield strength

- Fung Kee Method: extrapolation methods extrapolate the last part of the load-displacement
curve beyond the maximum applied load

- Fuller and Huy Method: using the tangent, find the fracture load (Q)ult on the curve where
the tangent to the elastic displacement load of 1.27 mm/ton will have a slope of.

- Mazurkiewicz Method: the ultimate load values are the most conservative results, smaller
than values obtained by other methods. It is simple in design and more reliable, especially for
piles loaded near failure.

- Method 1.5.2911 - Part: safe load = 2/3* (load at which the total settlement reaches 12 mm)
or 2% of the pile diameter.

- Decourt extrapolation: Decourt (1999) proposed this method by dividing each load by the
corresponding displacement and plotting the resulting value against the applied load, a curve
tending to a line intersecting the abscissa.

Compression test procedure per (ASTM-D -1143-2020) Standard Test Methods for Deep
Foundations under Static Axial Compressive Loads, paragraph (10.1.3): Apply the test load in
increments of 10% of the predetermined required test load as determined by the Engineer.
Maintain each increment of load until the rate of axial displacement is less than 0.25 mm per
hour, with a minimum time of 30 min and a maximum time of 2 hr. After the axial displacement
first exceeds 0.25 mm per hour for the specified maximum time of 2 h and after the load step,
reduce the load in decreases of 25% of the maximum test load, keeping the load constant for 10
min, using the same time interval for all load reductions. Considering a longer time interval, not
exceeding 1 h, for the final zero load to evaluate the rebound behavior.

Table 3. ASTM-D-2020 -10.1.3 : Procedure B Maintained Page 12
MSE Wall in Gaza Bridge Franki pile test load / Working load = 100 Tons/ Maximum load = 200 Tons
Percent of Applied Load | Minimum Time Reading Interval Jack perssure Bar
Maximum Load % Tons of (Min.)
Load Holding
(Min.)

0% 0 Jack 26 cm

10% 20 1 Hr. (0, 10,20,30,40,50,60) 38

20% 40 1 Hr. (0, 10,20,30,40,50,60) 75
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

30% 60 1Hr. (0,10,20,30,40,50,60) 113
40% 80 1 Hr. (0,10,20,30,40,50,60) 151
50% 100 1 Hr. (0,10,20,30,40,50,60) 188
60% 120 1Hr. (0,10,20,30,40,50,60) 226
70% 140 1Hr. (0, 10,20,30,40,50,60) 264
80% 160 1 Hr. (0,10,20,30,40,50,60) 302
90% 180 1 Hr. (0,10,20,30,40,50,60) 339
100% 200 2 Hrs. (0, 377
20,40,60,80,100,120)
75% 150 10 Min. (0,2,4,6,8,10) 283
50% 100 10 Min. (0,2,4,6,8,10) 188
25% 50 10 Min. (0,2,4,6,8,10) 94
0% 0 1 Hr. (10,20,30,40,50,60) 0

Total Accumulated Time =750 Min.= 12:30 Hrs.

However, for the compression test, either the Kent ledge, tension piles or soil anchors can be
used as the reactive element. The use of a Kent ledge is preferred because the piles or anchors
may affect the result of the test.

Depending on the type of reaction, the following considerations should be taken into account
when installing test piles:

- Reaction piles should be placed at least 2.0 m deeper than the test pile.

- The centerline distance between the test pile and any reactive pile shall be a minimum of
four pile diameters (largest pile) or 3.0 m, whichever is greater.

- The minimum distance between the test pile and the nearest edge of the support (Kent
ledge) shall be 2.5 m, or three times the pile diameter.

The Pile Testing Contractor has arranged for all necessary equipment and supplies for load
testing of piles such as Kent ledge dead load, load gauges, deflection gauges, hydraulic jacks,
pressure gauges, etc. [see Appendix]. All these instruments have been calibrated for accuracy by
the Central Organization for Standardization and Quality. Calibration sheets are attached to this
report. All fieldwork and records described herein. All field work and records described herein
are the responsibility of the pile contractor and the project owner, who oversees the contractor's
work at the site. Tests were conducted using a hydraulic jack, a 600 bar pressure gauge and two
dial gauges in accordance with the B.S. Standard Test Methods for Testing Deep Foundations
under Static Axial Compressive Loads.” The tests were conducted on April 14 and 15, 2024. A
continuous record was kept of the pile head displacement at each addition or removal of load
during the specified time period, graphs are provided in the Appendix.

3. Results and discussion

The total settlement was (1.64) mm at a load of (100) tons (working load) and the total
settlement was (6.46) mm at a load of (200) tons (equal to 200% of working load) in the second
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cycle, the final residual settlement for the second cycle was (1.62) mm, which is less than 50%
of the total settlement equal to (25.08%), The load vs. load plots of vertical pile head settlement,
time vs. pile vertical settlement and time vs. load are shown in the appendices.

Table 4. Applied load and final measured settlement

Applied Load (Tons)

0 0.00
20 0.37
40 0.62
60 0.90
80 1.28
100 1.64
120 2.25
140 2.87
160 3.70
180 4.94
200 6.46
150 6.28
100 5.29
50 3.88

0 1.62

4. Conclusion

By examining the load-settlement curves for the test pile and adopting criteria to ensure the
safety of the pile under the applied loads, it is found that:

- The test pile did not show any unnatural behavior in all phases of the test up to the
application of load (200) tons with an average total settlement of (6.46) mm, which is within
the allowable settlement limits and is approximately (1.29 %) of the pile diameter, which is less

than 10% of the pile diameter and the behavior of the test pile is shown in the Appendix.
Consequently, this tested unreinforced Franchi pile with a diameter of (0.50) cm is adequate
for the design load of (100) tons with a confident behavior.
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile
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KymeitisimereH Franchi (B4350) Tonbipak apMaTypacbhiHbIH, KaJaCbIHbIH, CTATHKAaJbIK,
)KYKTeMe CBIHAFbI

M.Hyproxuna', A.)Kycyn6ekos’, /I.B. Yaur?, /1.10.YyHok?
JLH. I'ymunes amviHdarsl Eypasus yammeolk yHueepcumemi, Acmawna, Kasakcmau
?TamkaHe yHUsepcumemiHiy «A3amammulK Kypblabicy kagedpacwiHbiH npogdeccopbl, TatlisaHb
*Mackey memaekemmik Kypblivic yHusepcumemi, Mackey, Pecell Pedepayusicol

Angatna. Mukpo KaZajbl OypFblIay TEXHOJIOTHSACHI OYriHJe ipreTachl KAaTThl >XYKTeJreH
FAUMapaTTapZbl KalTa Kypy »kKoHe XeHJey YILUiH Wi KoJAaHbllaAbl. OpHAaTKaHHAaH KeHiH KajaJsap
OCbI XXYKTeMeHiH, 6ip 6eJirid anaasl. Oyap coHAal-aK KypbLIbIC ipreTacblHbIH, KOTEPrillTiK KabileTiH
YKOFapbLIaTYy YILiH 0J1apAblH YCTiHe }KOFapFbl KabaTTap ca/lblHFaHFa JeliH HeMece KOChIMIIA YKep acThl
KabaTTaphbl caJiblHFaHFa JieiiH naigasanbpliybsl MyMKiH. Kypzesi TonbeipakTel alMakTapAa FuMapaTTap
MeH KypbLIbICTap/bl cajly epekKlle xaFfai 601l Tabblaabl. 2KepacThl Tay-KeH *KYMbICTApPbIH XKYPrisy,
TONBIPAKTbIH Ka3blJIFaH KEHICTIKKe XbIXKYbI KoHe Kep OeTiH/e *Kbl/KbIMaJIbl HAyaHbIH Naija 60J1ybl
HOTIKECIH/le OChIH/ Al XKaFaalIap/ia caJblHFaH FUMapaTTap NaijanaHy Ke3iHze 6ipKeJsiKi eMec OThIpyFa
’KOHe KeJlJleHeH, AedopManus/apFa yiblpaibl. By >KyMbIcTa TONBIPAKThl HbIFANTyFa apHaJIFaH
apMaTypaJsian6araH ®paHku MUKpO KajacblHblH (B-4350) manasnblk CblHAaKTapbIHBIH HOTHXKeJepi
GepisreH. AJIbIHFAaH MbaJliMeTTepre cyleHe OTBIPbII, PEKOHCTPYKLHWAJAHFAaH FUMapaTTapAblH,
ipreTachblH HBIFAUTY YIIiH MUKPO KaAa/1apAbl aialaHy Ky pbLIbIC IBIFbIHAAPbBIH, eHOEK I bIFbIHAAPBIH
’KoHe KYpPbUIBIC YaKbITbIH KbICKAPTY/[bl KaMTaMacbl3 eTe/li »KoHe COHbIH, HOTHWXKeCiHJe O0JIapJblH,
Jlaycbl3 THIMALMITiH KepceTe/i Aen KOPbITBIH/ABI »KacayFa 60s1a/bl. ZKoaKThl ipreTactapibl HbIFAUTY
Ke3iHJile MUKpOKaJanapAbl KOJJaHy AICTYPJi apMaTypasblK xo6aMeH CalblCTbIpFaH/a KYPbIJIbICTBIH,
cMeTasbIK KYHbIH (8 %-Fa), HerisiHeH MalIMHa/apApl Nal/jajaHy KyYHbIHbIH TeMeHzeyiHe (46 %-Fa)
’KOHe KbICKapTyFa MYMKIiHJik Gepeni. eHOekakbiHbl (24%-Fa) Kypazbl, JereHMeH MaTepuaJajap
KYHBIHBIH, 6ipuiama ecyimeH (28%-fa), 6y e3iHAiK KyHHbBIH TOMeH/eyiHiH aJbl TeHJeHIUsIapbIH
6ipmama TeHecTipesi.

Ty¥iH ce3aep: )KaJlnbl ecell albIPbICY, ’KYK KOTEPTillITiri, CTaTUKaJbIK )KYKTE€MEHI CbIHAY, )KYKTeMeHi
peTTey
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Static load test of unreinforced Franchi (B-4350) soil reinforcement pile

HcnbiTaHUMe HeapMUPOBAHHOU rPyYHTOYKpenuTeabHOM cBau Franchi (B4350)
Ha CTaTMYECKYI0 Harpy3Ky

M.Hyproxuna!, A.JKycyn6ekos’, /1.B. Yaur?, /1.10.YyHok?
'Espasutickuill HQayuoHabHblli yHugepcumem umenu JIL.H. ['ymuneea, Acmarna, Kazaxcmau
2Tamkaneckuli ynusepcumem, TatieaHo
3Mockoeckuli 2ocydapcmeeHHblll cmpoumensHblll yHusepcumem, Mockea, Poccutickas ®edepayust

AnHoOTanus. TexHos10TMs OypeHHsI MUKPOCBal CeroiHA 4acTo NIPUMeHsSIeTCs [IPYU PeKOHCTPYKLIUHU U
peMoHTe 3JaHui, PyHIaMeHThbl KOTOPbIX CUJIbHO Harpy»eHsol. [locjie ycTaHOBKY CBaW NPUHUMAIOT Ha
ce6s 4yacTb 3TOM Harpysku. Mx Takxe MOXHO MCIOJIb30BaTh /JIsl NOBbILIEHUS Hecyllell ClIoCOOGHOCTH
byHAaMeHTOB 3/laHUM NepeJ] BO3BeJleHHEeM HaJ, HUMU BepXHHUX 3TaKel WM Iepej YCTPOMCTBOM
JIOTIOJIHUTE/IbHBIX MOJ3EMHBIX 3Taxkel. Ocobblil cilyyall — CTPOUTENBbCTBO 3[IaHUNA U COOPYXKeHUH
Ha TEPPUTOPUAX CO CJAOKHBIMU IPYHTAMM. 3[jaHUS, IOCTPOEHHbIE B TaKUX YCJOBUSAX, B pe3y/bTaTe
[0/I3eMHBIX TOPHBIX PAaboT, lepeMelleHusl TPYHTa B BbIpaboTaHHOEe NPOCTPAHCTBO U 06pa30BaHus Ha
IIOBEPXHOCTH IPYHTA CMellalollleli BaJMHbI, BIPOLiecce 3KCIJIyaTallu K [10/BePraloTCsi HepaBHOMEPHOH
0Cajike ¥ TOPU3OHTA/NbHBIM AedopManusM. B faHHOU cTaThe mpezcTaB/IeHbl Pe3y/bTaThl M0JIEBBIX
WCIIbITAaHUM HeapMUpPOBaHHOM MUKpocBau @pauku (B-4350) A apMupoBaHus rpyHTa. Ha ocHoBaHuu
IOJIY4YEeHHBIX [JaHHBIX MOXKHO CJeJaThb BBIBOJ|, YTO NpHMeEHeHHe MHUKpOCBAall [Ji apMHpPOBaHHUA
byH/IaMEHTOB PEKOHCTPYUMpYeMbIX 3JaHUU obecrneduBaeT CHUXKEHHUE 3aTpaT Ha CTPOUTEJILCTBO,
TpPyAO3aTpaT U CPOKOB CTPOUTEJBCTBA U, KaK CJefCTBHe, AEMOHCTPUPYET WX HEeOCIOPUMYIO
a¢dexkTuBHOCTh. [IprMeHeHHe MHUKpOCBal MNpPH aApPMUPOBAHUU JIEHTOYHBIX ¢QYHJAMEHTOB, IO
CpPaBHEHUIO C TPaJAULUOHHON KOHCTPYKLHUEHW apMHUpOBaHMUfA, [aeT CHUXKeHUEe CMeTHOW CTOMMOCTH
cTpouTesibcTBa (Ha 8 %), B OCHOBHOM 3a CYeT CHUXKeHUS 3aTpaT Ha 3KCIJIyaTalMio MallvH (Ha 46 %) u
CHM)KeHUs1 3apaboTHOU nmiaThl (Ha 24 %), XOTS U C HEKOTOPbIM yBeJIMYEHUEM CTOMMOCTHU MaTepUasoB
(Ha 28 %), YTO HECKOJIbKO HUBEJIUPYET 0011i1e TeHJeHLUY CHUKEHHU S U3/IepKeK.

KinroueBble cj10Ba: noJiHas 0cajika, Hecylas COCOGHOCTD, UCIIBITAHUE CTaTUYEeCKOW Harpy3Kow,
pacyeTHasi Harpys3ka.
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PeKOHCTPYKIHA 6/1aroyCTpOMCTBA U 03eJ/IeHeHU S XKUI0M 3aCTPOUKHU
70-80 rr. Ha Wro-BoCTOKE ropoaa Kaparanbi

U.A. Ixomane* ", I0.A. bopuceBu4

Kapazandunckuii mexHu4eckuti yHugepcumem umeHu Abwlakaca CazuHosa, Kapazanda, Kazaxcman

(E-mail: idhomane@mail.ru)

AHHOTanMA. B cTaTbe paccMaTpUBalOTCA BONPOCHI PEKOHCTPYKLUU 3eJie-
HBIX HAaCaXJEeHUH U 6/1arOyCTPOMCTBA THUIIOBBIX JBOPOBBIX POCTPAHCTB, He
OTBeYaKIUX COBPEMEHHbIM 3alpocaM XKUTeJled U KadyeCcTBaM COBPEMEHHOM
KUJ10H cpe/ibl. OCHOBHbIE TPO6JIEMbI UCC/IeJ0BAHUS — CTUXUHMHOCTb NapPKOBOK,
00e3/IM4eHHOCTb TEPPUTOPUH, OTCYTCTBUE AU depeHIMallMy JBOpa Ha 30HbI
pa3HOO06pa3HOM COLMAJbHOW AaKTUBHOCTU. be3 4yeTKOro ¢QyHKIMOHAJbHOIO
30HUPOBAHUA XKUJIOTO JBOpa 00eCLieHWBAITCA MOTeHIMaJlbHble BO3MOXHO-
CTH NMYCTYILUX TPOCTPAHCTB, YTO NPUBOJUT K YXYZLIEHUIO 3KOJOTUYECKUX
U 3CTETUYECKUX KAayeCTB KUJIbIX TEPPUTOPUH, 3allyCTEHUIO U KOTMHUPAHUIO»
3eJieHbIX peKpeauuil. KoMpopT M 6e30nacHOCTh MUKPOKJIMMATA KHUJIbIX Tep-
PUTOPUHN ABJAIOTCA OCHOBOM AJ1 GOPMHUPOBAHUS FAapMOHUYHOU cpejbl B
MHOT03Ta>KHOM XUJION 3aCTporiKe. B xofie vccieioBaHUS NIPOBOAUJIOCH aHKe-
TUpPOBaHUE U OINPOC XKUTeJled MUKpOpaloHa, QyHKLMOHAJIbHBIN aHA/IU3 Cy-
1[eCTBYIOIIUX KUJIbIX TeppUTOpUI. Ha ocHOBe 3TOM MHPOPMALUU U aHAJIOTOB
o3eJleHeHUs U 6J1IaroycTporcTBa XKUJbIX ABopoB l0xHoi Kopeu npuBoasaTcsa
BbIBO/ZIbI O CXOZICTBE U Pa3/JIMYMHU NOJAX0/0B, a TaKXe GOPMHUPYETCA KOHLENTY-
aJibHOe NpeJiokeHHe. KOHIeNT peKOHCTPYKLMHU KUJIOT0 BOpa IPeCTaBJISAET
co60¥ eJJMHYI0 CUCTEMY NPUHLUIOB r'yMaHU3alMU KUJIOK CpeZibl ropojia MU-
HHAMaJIbHbIMU CPeJCTBAMU 0J1ar0yCTPOMCTBA, C UCN0JIb30BaHUEM «pe3ePBHBIX
TEPPUTOPHUI» U pErMOHABbHBIX IPHUPOJHO-KJIUMAaTHYECKHUX 0COOEHHOCTEN.

KiroyeBble c10Ba: ryMaHU3aLus )KUJI0M CpeJibl, pPEKOHCTPYKILMA 03eJleHe-
HUAA U 6JIarOyCTPOMCTBA, MOJePHU3aLUs, TPafOCTPOUTENBCTBO YCTOMYHUBOE
pasBUTHE.
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BBeaeHue

['opog Kaparan/a, kak v 60/1bLLIMHCTBO MHAYCTPHUaIbHbIX LLeHTpoB CHI, 66111 cipoekTUpOBaH
COrJIaCHO IJIAHWUPOBOYHBIM CTaHJapTaM, ONUpAKLUMCA Ha [JAaHOBYI 3KOHOMHUKY H
COLIMA/INCTUYECKHE Peaut JeMCTBUTEJbHOCTH.

C TeueHuEeM BpeMeHU ropo/ickas CcpeJa IpeTepliesa 3HAaUUTEJIbHble U3MEHEHHUS B XO/ie
Pa3BUTHUA PBIHOYHBIX OTHOLIEHHWH M YaCTHOIO IpeANpUHUMaTeNbCTBA. [Ipomibie cTaHAAPTHI
Y YCJIOBUS [TlepecTasiu ObITh aKTya/IbHbIMU U TPEOYIOT BHECEHUS UBMEHEHU N U PEKOHCTPYKIIUU
Ha KOMILJIEKCHOM YPOBHE, BKJII0OUasl ypbaHU3aLUI0 U IPaOCTPOUTECTBO.

CpaBHuTesnnbHOMOOAOMTOpo g Kaparan/ja, BO3HUKIIN Ha6a3eyroJibHOU IPOMBILIJIEHHOCTH
B 1932 ropay, o06/1ajjaeT HECKOJbKMMM BHJAMHU KUJOW 3aCTPOMKH, XapaKTepU3YHIIUMU
UCTOPHYECKHUE NTEPUO/bI.

Hanpumep, yacTb «cTaporo» ropozia BkJaw4daeT «CTaTMHCKY0» apXUTEKTYpPy KBapTaJsioB 40-
50-x roz10B, a Tak:Xe MUKpPOpPANOHBI C TUIIOBBIMU 6€3/1MPTOBBIMHU JOMaMH MEPBbIX MAaCCOBbIX
Cepuil.

«HoBbIl» TOpoJ - TUIIOBbIE MUKPOPAWOHBI 1EBATUITAKHOU 3aCTPOMKU U HOBOCTPOUKH [0
20-25 staxei Ha Oro-BocToke.

Bce 3T xKuble MaccUBBI 06/1a1aI0T PSAJOM MOJI0KUTENbHBIX U OTPULIATEJIbHbIX KAaueCTB,
KOTOpBbIE C/1e/lyeT yYUThIBAaTh NP PEKOHCTPYKIMHU 3eJIeHbIX HACKAEHUH U 6J1aroyCTpOMCTBE.

llenp faHHOTO HcCclefOBaHUS — GOPMUPOBAaHME KOHLENTYaJbHOTO PEelIeHUs] 10 PeKOH-
CTPYKIUH 6JIar0yCTPONCTBA U 03eJIeHEHUS B YCAOBUSX MHOTO3TAXKHOM rOPO/ICKOM 3aCTPOMKHU.

3a/lauaMu UCC/Iel0BaHUSA SBJISETCS:

— BbISIBJIEHHE TPO06JIEM 03€eJIeHEHHUS KUJIbIX IPOCTPAHCTB;

- BbIpab0TKa YETKUX MEXaHU3MOB I10 pellieHHI0 TP06JieM 03e/IeHEeHH S XKUJIbIX TEPPUTOPU;

— IIOCTPOEHUE eJUHOW CUCTEMBbI KpPUTEPHUEB JJI1 PEKOHCTPYKL UM 3eJIeHbIX HaCaXKJeHUH U
6/1aroyCcTpoOMCTBAa.

HayyHblii uHTepec MpejcTaB/isieT BONPOC peopraHu3alu U aJlalTalUd JABOPOBbIX
IPOCTPAHCTB UHAYCTPHUAJIBHOTO IOMOCTpPOeHUs, nepuoga 70-x-80-X IT. MPOILJIOTO CTOJIETHUS,
B COBpPEMEHHBIX YCJI0BUAX COLMAIbHO-IKOHOMHYECKOTO pa3BUTHS TOPOJCKOW cpefbl, C
y4eToM psja [apaMeTpoB, ONpeJesslUX NpaKTUYeCKHue IJIaHWPOBOYHbIe TpebOBaHUA
K cUcTeMe 6J1aroyCTpPOMCTBA »KUJbIX 30H. B JJaHHble mapaMeTpbl BXOJASAT: Y4eT BO3PACTHbBIX
IpyII, yBeJUYEeHUEe COLMa/bHOM aKTHMBHOCTH JIOJeH, obecrieyeHUe KHUTesled 0O0beKTaMHy,
O6epyliMMHu Ha cebsl COLUaNIbHO-ObITOBYIO QYHKIMIO, TOMUMO COLIMaJIbHOW 4YacTH, CUCTEMA
6/1aroyCcTporcTBa J0J’KHA CIOCOOCTBOBATh Y/YYIIEHUID CAHUTAPHO-TUTMEHUYECKOrO H
3KOJIOTUYECKOTO COCTOSIHUSI TEPPUTOPUU HA NPOTSKEHUM BCEr0 BPEMEHU 3KCIIyaTalUu
o6bekTa [1].

B kauecTBe NpaKTHU4YeCKOr0 NOAX0/a 0y/ieT pe/JIOKeHO HOBOE BU/IeHUe [10 peOpraHUu3anu
JIBOPOBBIX NPOCTPAHCTB, KOTOpPOe [aéT BO3MOXXHOCTb aJalTUPOBATh JKWUJIble 3JaHUA U
npuJerarliye 4BOPOBble IPOCTPAHCTBA Ny TEM apXUTEKTYPHO-XyL0>KeCTBEHHBIX COOPYKEHUU
Y 03eJleHeHHs, TapMOHUYHO BIIMCHIBAIOLIMXCA B 001y KapTUHY JABOPOBOU TEPPUTOPHUH, HE
Hapyllas LeJ0CTHOCTU BOCIPUATHA KOMIO3UIMOHHOU OpraHU3alLyi.
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PekoHcmpykyus 6.21a20ycmpolicmea u o3eseHeHust #cusoli sacmpotiku 70-80 2z, Ha 2o-eocmoke 2opoda KapazaHdbl

MeTopaoJiorus

B vcciei0BaHMH pacCMOTPEHBI POCTPAHCTBA KUJIbIX ABOPOB HOro-BocToka ¢ MHOr03TaXkHOM
3aCTPOMKOM M OOIIMPHBIMH [BOpPaMH, He HUMEKLMMU pPalUOHAJIbHOTO (QYHKLIHOHAJIbHOIO
30HHMPOBAHUA U YaCTO JIMIIEHHbIMU 3€JIEHbIX HACAXK/JEHU M.

OcHOBHOM mnpo6JiIeMOM TaKHUX KUJbIX [POCTPAHCTB SIBJASETCA «00E3/IMUEHHOCTbY»
TEPPUTOPHH XKUJIOTO ABOPA, KOTOPbIM He UMeEeT NPUHAAJIEXKHOCTU KAKOMY-TO KOHKPETHOMY
MexcoceCKOoMy coo61ecTBy. O60061L1eCTBJIEHHOCTb XKUJIbIX TEPPUTOPHUM 4YaCTO NPUBOAUT
K 3alyCTEHUI0 B YCJOBUAX OTCYTCTBHUA KA4YeCTBEHHOTO YIpPaBJIEeHWA KOMMYHaJIbHBIMU
cayx6amu u cuctemoit KKX [2], pucyHok 1.

Yn.CaTbibanauHa Mp. Pecnybaukun ¥Yn.MykaHosa

PucyHok 1. AHa/1M3 IBOPOBBIX MPOCTPAHCTB B pailoHe KOro-BocToka r. KaparaHzpbl >xu/ioi 3acTpoiiku
70-x-80-x I'T.

BTopoii mnpob6JsieMol fBJSETCA CTUXMUHOCTb MAapKOBKH aBTOMOOWJIEH, OTCYTCTBUE

JlOCTaTOYHOI'0 KOJIMYeCTBa NapKOBOYHBIX MECT U [Teperpy>KeHHOCTb BHyTPEHHET0 IeprMeTpa
JIBOpa aBTOTPAHCIOPTOM [2], pUCYHOK 2.

PI/ICYHOK 2. O6Luee 3aKJ/IIOYEHHE 10 TEPPHUTOPHAJIbHOMY HCII0JIb30BaAHHUIO IBOPOBLIX IPOCTPAHCTB
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TpeTbs npob6/ieMa — OTCYTCTBUE KauyeCTBEHHOI0 1Mo/1x0/1a K AuddepeHMaliu 03eeHEHUS
M 6J1aroycTpoicTBA. 30HUPOBAHUE KUJIBIX POCTPAHCTB TPeOYET BbISIBJIEHUS 06IIECTBEHHOTO,
00111eIBOPOBOr0 U UHUBU/YaJIbHOTO 30HMPOBaHUA 2], puCyHOK 3.
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I:l - NEeLLEeXOAHbIEe TPAH3UTHbIE NyT - MaPKOBOYHOE MECTO

PucyHok 3. DyHKIMOHA/JBHBIN aHAJIU3 CYLeCTBYIOIIUX BHYTPUABOPOBBIX MPOCTPAHCTB

Ha pucyHke BH/HO, YTO 30HMpPOBaHHE Ha OOLIECTBEHHYO, JIBOPOBYI0 M YAaCTHYI 30HBI
OTCYTCTBYET, He OIlpe/ieJieHbl MeCTa rOCTEBbIX U NOCTOSIHHBIX CTOSIHOK, CYL[eCTBYIOT TOJIBKO 2
30HbI: TPAHCNOPTHAsA U 0011le/JBOPOBAs - MellexoaHasl.

Bce 3T0 0C/10KHSIET CUTYallMI0, ECTh MHOT'O CBOOOJHOT'O MeCTa, HO aKTUBHbIE 30HbI MaJlbl, a
60JiblIIMe MPOCTPAHCTBA He 3a/1eiCTBOBAHBI.

PesyabsraThl 1 O6GCyXaeHHe

Bbln mpoBeseH QYHKLMOHAJbHbIM aHaauM3 KUiblX JBopoB Hro-BocToka, a Takxe
aHKeTHPOBaHUE M ONpPOC >XUTeJed MHUKPOpaWOHa [0 aKTYaJbHOCTH CYyLleCTBYIOLLEro
6/1aroyCTpOMCTBA, PUCYHOK 4.

2. [loBO/IbHbI N1 Bbl KAYECTBOM AETCKMUX M/OLLaf0K B BalleM gsope?

15 oTBeTOB

@ HeT eTCKoM NMOWAAKK B Hallem ABope

@ ycrpavsaer
xoTenoch bl Gonee Ka4ecTBeHHY0 U
OBLUMPHYIO [ETCKYIO NAoLLaaKy

@ abconioTHo He ycTpansaeT

PucyHok 4. AHKeTHpOBaHUe XXUTeJel 110 aKTYaJbHOCTH CYLIeCTBYIOIEro 6/1aroycTpoicTBa
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B xozie ompoca ¥ aHa/IM3a BbIICHUJIOCH, YTO HauboJslee aKTUBHO MCIIOJIb3YIOTCS IeTCKUE U
CIIOPTIJIOA/ZIKY, 3aHUMAIOIIMe YacTO MUHUMAaJIbHbIM MPOLIEHT OT 06Ield TEPPUTOPHUH, T/ie
Haubo0J1ee 60/IbIION MPOLEHT TEPPUTOPHUH 3aHUMAET IIYCTOE HPOCTPAHCTBO HEe YYACTBYIOIEE B
»KU3HU U I0CYTe XKUTeJel, pUCYHOK 5. TaK MPOUCXOJUT B X0/ie HEPAI[MOHATbHOI'0 30HHUPOBAHUS
Y 03eJIEHEHHUS KUJIbIX TPOCTPAHCTB.
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PI/ICYHOK 5. AHaA/IM3 UCII0JIb30BaHHUS 30H ABOPOBOTI'0 IPOCTPAHCTBA 10 C€30HaM

CerosHs caMoi I7106a/71bHOM NP06JIEMOM TOPOZOB ABJISAETCA NepeNoJTHEHUE XKUJIbIX [JBOPOB
aBTOMOOWJISIMH, PELIUTD ee KapJHUHaJIbHO BO3MOXXHO TOJIbKO Ha I'PaZlOCTPOUTETbHOM YPOBHE
C IPpMMEeHEeHUEeM MeTOAWK Pa3BUTHUA YCTOMYMBOU TrOpoACKOM cpefbl. Takxke 3HaUUTeJIbHOE
yJAydllleHMe CUTYallMd BO3MOXHO Ha JIOKAaJIbHOM YpPOBHE, IPUMeHAA CpeJCTBA 'YMaHU3aLUU
TOPOJCKOro NpOCTPaHCTBA.

PaccMoTpuM M mpoaHa/sM3WpyeM NPUJBOPOBble TEPPUTOPUM Ha NMpUMepe HebOoJIbIIOro
NPOMBILIJIEHHOT0 TOPO/a 10 Ha3BaHUeM XBaCOH, OJHOI'0 U3 PaHOHOB CKUJIBIMU KOMILJIEKCAMU
nos Ha3BaHueM Lynn (pucyHok 6). Ha pucyHke 6 B mepByl ouepe/ib MOXXHO Ha0JIl0JaThb
YeTKYyl0 OpraHMU3allMI0 COBPEMEHHOTO >XWJION0 MUKPOpPAMOHA C KOMILJIEKCHBIM IOAXOZ0M
IPpU NPOEKTUPOBAHUHU KHUJIBIX MUKPOPAWOHOB, BKJIIOYAKIIUX He TOJbKO Ha3eMHble, HO U
no/;3eMHble 30Hbl. MUKPOpPaNOH YeTKO pa3/e/ieH Ha CeKL MU, MeXy CEKLIUAMHU pacIoJiararTcs
CpefHssa U MJajlias IIKOJbI, a MO LEeHTPY JAaHHBIX CEKLMU Mbl HaGJ/0JaeM OOGLIMPHYIO
NapKOBYI0 30HY. /[BOpOBBIE TEPPUTOPUHM JAHHBIX MUKPOPAKWOHOB 00643aTe/JIbHO BKJIKYAIOT
NO/3€eMHbIN MapKUHI, TUIATEJbHO NPOAYMAHHYIO JIAaHAWAQPTHYI0 apXUTEKTYpy C 30HAMHU
OTAbIXA, JeTCKUMU UT'POBLIMH IJIOLAZKAMU U CIOPTUBHBIMUA 30HAMM.
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PucyHok 6. 2Kusioil paiioH npoMbllIeHHOTO ropofika XBacoH B l0xHo# Kopee

HecMoTps Ha BbICOKMI YPOBEHb aBTOMOOUIM3AIU K, TAPKOBOYHbIE 30HbI HA/[3EMHOM YaCcTH
BHYTpPHU palioHa YeTKO peryiaMeHTUpOBaHbl. He HabJ0aeTCcss U36bITOUHOTO UCIIOJIb30BaAHUS
Ha/I3eMHOTO TMPOCTPAHCTBA /JJisl CTOSSHKU JIMYHOTO aBTOTPAHCNOPTa, T.K. 3QPEeKTUBHO
OpraHH30BaHbI MM0/I3eMHbIe TAPKUHTH, pacioJiaralinuecs, Kak IpaBWJIo, 0Ji 30HOH ra3oHOB
Y 3eJIEHbIX HAaCAXJAeHUU C 30HaMM OTAbIxa. Takke HaJ, MOJA3€MHBIM MAPKUHIOM UJIH MEXY
JloOMaM{ MOXeT pacnoJjiaraTbcsi He6GoJibllloe 3JlaHue 061ecTBeHHOro neHTpa (Community
Center) [3], BkoTopoM UMeeTcsI QUTHEC-LEHTP AJIs )KUTeJel 6/1M3/1eKallUX JJOMOB, XKeJIal L[UX
NPOBOJUTb AKTUBHbBIN CIIOPTUBHBIN OT/bIX, PUCYHOK 7.

B Kopee B cOBpeMeHHbIX »KHJIbIX 3aCTPOMKAX TAKOr'0 THIA pacCHoJiaraeTcs TO WJM UHOE
0011leCTBEHHO IMOJIE3HOE 3/aHMe HeOOJIbIIMX MacliTaboB, obecrneyuBarollee yA0OCTBO U
Ka4yeCTBO >KU3HU XUTeJiel NMpuJiexauux JoMoB. HanpuMep, oueHb pacnpocTpaHEHbl MUHU
JleTCKHe CaJibl, HECMOTPS Ha TO, YTO UMEIOTCS U KPYTHble pallOHHbIE JIeTCKUE Ca/ibl B IIAaroBOM
JlocTynHoCcTH. Takve MUHHM JeTCKUe caJibl OYeHb 00JIET4YaloT KU3Hb POJUTENSAM, TaK KakK
3/laHMe HAaXOJIUTCS B CAMOM JIBOpe, PUCYHOK 8.

PucyHok 7. Bpe3z B mof3eMHy0 NapKOBKY B »UJIOU 3acTpolke Lynn. Haz Bve3gom pacnosiaraetca
00111eCTBEHHbIN CIOPTUBHBIN LIEHTP
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Pucynok 8. He6oJibli10e cTpoeHHe AJ11 MUHH JAeTCKOT0 caZia Ha IPUJBOPOBON TEPPUTOPUHU

[IpuoMOBbIE TEPPUTOPUU KUJIOW 3acTpouku lOxxkHoKM Kopeu coOTBeTCTBYHOT BceM
COBpeMEHHBIM TPeOOBAaHMUAM 3eJIeHHOTO CTPOUTeNbCTBA. OHM OpPraHU30BaHbI KaK NapKOBbIe
30HbI, BKJKOYaWIKe B cebsl Takhe 3JIeMeHTbl, KaK HebGoJibliMe HCKYCCTBEHHble NpPYZAbI C
MOCTHKAaMHU Ha/l HUMH, 30HbI OT/bIXa C 6eceiKaMU (pUCYHOK 9). TeMaTH4eCKU MU KOMIIO3ULIMOHHO
JIBOPBI HE M30JIMPOBaHbI JIpyT OT Jpyra, OPTaHUYHO 00’ beAUHSIOTCA MeX/1y CO60M cucTeMou
aJlyieek, J0POXKeK, JIECTHUL, U MOCTHUKOB, aKKypPaTHO MO/ CTPUKEHHBIX Ta30HOB C KyCTaMM.

HecoMHeHHO, ec/iyM Obl [ABOPOBBIM TEPPUTOPHUSAM He Y/eJsjoCh TAaKOTO0 BHHUMaHWUS,
IpOMBILJIEHHbIE TOPOJa UMeJU Obl OYeHb YHBUIYIO U JiellpecCUBHYI0 aTMocdepy. UMeHHO
aKTUBHOEe NpPUBHECEHUE NPUPOJbl B TKaHb FOPOACKUX NPOCTPAHCTB MO3BOJIUIO JOOUTHCSA
BBICOKOI'0 KayeCTBa U 3CTETUYECKON 3HAUMMOCTH >KUJI0M 3aCTPOMKH [3].

PucyHok 9. KomnosunnonHoe opopmieHue gaHAmadTa ¢ UC0Jb30BaHHEM NPUPOJHBIX MaTepUaIOB
B IPUJIBOPOBBIX TEPPUTOPHUSIX ropozia XBacoH, Kopes
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KuTenu BICOTHBIX ZJOMOB, CIIYCKasiChb BHU3 Ha IMPTE, Cpasy ke NorpyxarwTcs B aTtMochepy
TEHUCTOr0 NMApKa, I/le MOXKHO OTJOXHYTb IOCJEe CJ0XKHOTO TPY/IOBOTO JHS, MOJI60BATHCS U
3apA/UThCS IHEPTUeH OT KpacoThl NPUPO/bI, 3aHATHCS aKTUBHBIMU BH/laMU ciopTa [3].

Kaxk/iblii BUJ, 3e/IeHbIX HACAXKAEHUW TIIATeJbHO MPOJAyMaH AJs Jy4lled peasd3aldu
KOMIIO3ULIMOHHOW wuJeH, 3PPeKTHO [JomoJiHsAeT ypOAaHU3MPOBAHHYI Cpejfy, CO3/aBas
HEMOBTOPUMYI0 aTMoCdepy KHUJIOr0 MPOCTPAHCTBA.

3aKk/iloueHue

Ha ocHoBe mnpuBeneHHOro mpuMepa OYEBU/JHO, YTO pelleHHe BOMPOCOB O3eJIEHEHUS
M KOMIJIEKCHOTO  06JIarOyCTpPOMCTBA KWJIOW CpeAbl 3aKJaJblBaeTCsli Ha YpOBHe
rpa/loCTPOUTEIbHOI0 IPOEKTUPOBAHUS U MJIaHUpPOBaHUs. CucTeMa 0OCAYyKUBAHUS L0JKHA
VMMeTb He TOJIbKO LleHTPaJU30BaHHbIN XapaKTep, HO U MOXeT ObITb paccpefoTOYeHa B BUJe
HeOOJIbIIMX YAaCTHBIX JeTCKUX CaJloB, COLUAbHBIX YYPEeXJeHUN U CIIOPTUBHBIX KIY6OB IO
BCEW TEPPUTOPUU MUKpPOpaKoHa, opMUPYys ero 6J1aroycTponucTBo.

BBUAYy BBICOKOUW IJIOTHOCTM 3aCTPOWKHM NMPUMEHSETCS BepTHUKaJbHOE 30HUpOBaHUe [4],
KOTJla TEXHUYeCKUe, ObITOBble NOMeEIeHUs U MapKUHIU pacnoJsararwT B MOJ3eMHBIX WJIH
HOJIYyNIOJ3eMHbIX NPOCTPAHCTBAX, pa3Mellasi CBepxy 03eJieHeHHe U JileTCKUe Molaaku. YacTb
30HbI OT/bIXa MPU HEOOXOJUMOCTH MOXET ObITh BbIHECEHA HA KPOBJIO 3JJaHUSI UJIU JlaxKe
Ha 3TaX, eCc/IM MO3BOJISIIOT KJIMMAaTU4YeCKUE YCJI0BUS U JONYCTUMO NMPOEKTHUPOBATb 3TaX C
BbICOKMM IIPOBETPHUBAEMBbIM O3€JIEHEHHBIM IPOCTPAHCTBOM, YTO XapaKTEPHO [JiSl BBICOTHBIX
3/JaHU! B yCJI0BUAX AePULUTA yyacTKa 3aCTPOUKHU.

Takke ciefyeT o6paTUThb BHUMaHME Ha KauyeCTBO yNpaBJeHUS U OpPraHU3alUu CETU
KOMMYHAaJIbHBIX CJIY»0, IPU KOTOPOM 3a 3eJIeHbIMU HACaXJEeHUSMU BeJeTCs TLaTeJlbHbIU
YXO[I.

[IpuMeHUTENIBHO K yCJ0BUAM ropoga KaparaHzabl ¢ ye CyllecTBYIOILEHW 3aCTPOMKOW,
OTPaHUYEHHBIM OI/)KETOM [Jisi PEKOHCTPYKIUM M PE3KO KOHTHHEHTAJbHbIM KJUMAaTOM,
MHOTO€ U3 BbIIIENPUBEIEHHOT0 MaTepUuasia OyeT CJI0XKHO U JJOPOro BOMJIOTUTD B }KU3Hb.

CrenmoBaTesibHO, TpebyeTcd KOMIPOMUCCHOE pellleHHe, OoJiee alalTUPOBAaHHOE K HALIKMM
peanusmM.

[lyTsiMu npeoiosieHUs TPO6JIeM MOTYT CTaTh MPOCThIE PeLIeHU:

- XKunasa cpena goykHa 6bIThH colyaibHO AU depeHIMpOBaHa Ha 00LIYI0 (MU MYOGJIMYHYIO),
JIBOPOBYIO U MPUBATHYIO 30HBI, IpeObIBaHKE B KOTOPBIX PA3JIMYHO N0 NPOJOJDKUTEbHOCTH
Y HaNoOJIHEHUIO COOBITUSIMU.

- B ycJ/i0BUSsIX OTpaHUUEHHOTO OI0/PKEeTa B Ka4yeCTBE 3aMeHbl I0POTUX MOJ3EMHbIX TAPKUHIOB
MCI0J1b30BaTh IPyCHble KOHCTPYKLMHU HABECOB Ha/| HA3eMHbIMU [IaPKOBKaMH.

- [lepecmoTpeTh opraHu3anuo TPaHCIOPTHO-NEMIEX0JHOU CETH B M0J1b3Y GOPMUPOBAHUSA
nelexoAHbIX TPOTYapOB BJI0JIb IPO€3Kel YacTH ABopa.

- OpraHu3oBaTh NapKOBOYHbIE KAPMaHbl B0JIb BHYTPHUABOPOBOI0 MPoe3/1a;

- Ocy1ecTBUTh NOA00P MHOT0JIETHUX PACTEHUU, COOTBETCTBYIOIIMX PE3KO KOHTUHEHTAJIb-
HOMY KJIUMAaTy U I04YBaM Hallero peruoHa.

- Wcnosb30BaTh B 03e/IeHEHUU KUJIOU CpeJibl IPUEeMbl I'e0NJIaCTUKU U MHOTOJIETHUE, HE
TpeOyllre exXeJJHEBHOTO MOJIMBAa U yXoJa TPaBSHUCTble HACaXKJEHUS U3 eCTeCTBEHHOU
dJs10pbI pervoxa.
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- [[puMeHATH pa3/iMuHble BHU/Ibl KOHCTPYKLUHM U3 JlepeBa B KayeCTBe HaBeCOB U 6ece/j0K B
OpraHu3al MM JJeTCKUX MJI0LAJ0K.

- ['ocTeBble MAapKOBKU UJIM MUHHU CTOSSHKU MOTYT UMEeTb HaBEChI OT 0CaJIKOB U COJIHIA, YTO
YJIYYLIUT COXPAaHHOCTb aBTOMOOUJIEN U YIYYIIUT BUJL U3 OKHA.

[lnaHMpOBOYHbIE pelleHUsl THUINOBBIX MHUKpOpaloHOB roposaa KaparaHzael o6JiafaroT
XOpOIIMM IOTEHIMAJIOM «pe3epBHbIX TEPPUTOPHUI», KOTOpble HAXOAATCA 3a IpejeslaMu
YKWJIOTO IBOpA U He YYaCTBYIOT B 0011eCTBEHHOM KU3HH, AABJIASCH peKpealMOHHbIMU 30HaMU.

B 3aBUCHMMOCTM OT IIMPUHBI U NPONOPLUN TAKUX 30H OHM MOTYT OBITb OCHALEHbI
pas/IMYHbIM CIOPTHUBHBIM UT'POBBIM 060pYyl0BaHHEM U1 KOMOUHUPOBAHHOW KOHCTPYKIHEH,
HalpuMep: MapKUHT IJIIOC CIOPTILJIOLIA/IKAa Ha KPOBJIE, IJIFOC MarasuH WJH JIBOPOBOU KJIyoO.
Takue 30HbI 06111eJOCTYNHBI U ABJSIOTCA MyOJIUYHBIMU UK OGLIMMU JJIsI MUKpOpaioHa.

BHyTpuABOpOBOE NPOCTPAHCTBO CO3JAHO AJII MEeXCOCeJCKOro Coo0IecTBa, OHO 6oJee
3aKpbITO, 6€30MaCHO U 3allUIIeHO OT BHeIIHed cpejbl ropoja. PaccMaTpuBasi CTUXMKHYIO
NapKOBKY BO JIBOPE, MOXXKHO YBU/JETb, YTO OCHOBHAs Macca aBTOMOOUJIEN MpUIIapKOBaHA y
NO/'be3/10B BJI0JIb IpOe3Kel yacTu [5] u aBaseTcsa GaKTOPOM pUCKa /s JeTel U Nelexo/0B,
He6J1IaroNpUsTHO BJIUSET Ha 3KOJIOTHI0O U MUKPOKJIMMAT, 3CTETUKY BU/I0OBbIX TAHOPAM.

CnesfoBaTesbHO, HEOOXOAMMO BbIJEJUTh [Ji aBTOMOOWJIE TOCTEBYH MapKOBKY,
3allpOeKTUPOBATh TPOTYyap /s elIeX0/l0B U OTAEUTD ero 3eJIeHbIMU HacaKAeHUAMU. 3/1eCb
HY>KHO U36eraTb CKBO3HBIX 1P0O€3/10B, BBIHOCUTb aBTOCTOSIHKY Ha BHEIIHUN NIEPUMETP JiBOpa
110 BO3MO>KHOCTH.

JIM4uHble WM UHJVBHUJyalbHble 30Hbl - 3TO NAJHUCAaJHUKU U NPUKBAPTUPHBbIE yYACTKU
NepBbIX 3Taxel [6], rae CTaBATCA JeKOpPaTUBHble OrpakJieHWs, pa3bUBalOTCH KJyMOBI,
yCTaHABJIMBAIOTCA CKaMbU U 6J1ar0yCTPanBalOTCSA 30HbI IPU NI0be3/jax, Co3JaBasi OOLIUN YIOT
JIJ1s1 )KUJIOW CpeJibl.

Tem cambIM co3faeTcs TapMOHMYHOE cOYeTaHHe 6J1aroyCTPOWCTBA, NO3BOJIANOILEe
palMoHa/IbHO U KOMGOPTHO MCHOJb30BaTh TEPPUTOPUIO 3aCTPOMKHU KaXJOMYy U3 KUTesel
pa3JIMYHbIX BO3PACTHBIX U COLMA/IbHBIX KaTErOPHUH.
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HU.A. IxomaHe, 10.A. Bopucesu4
déinkac CarblHo8 ambiHAaFbl Kaparandbl mexHUKabIK yHUBepcumemi
Kaparandvel, Kazakcmax

KaparaH/ bl Ka/J1aCbIHBIH, OHTYCTIK INBIFBICBIHAAFbI
70-80 #CK. TYPFBIH YilJIepAi aGaTTaHAbIPY MEH »KaCbUIAAHABIPYAbI KaliTa KYpy

Anparna. Makanaja TYpFbIHJAp/AbIH, 3aMaHayd KaXKeTTLIIKTepi MeH 3aMaHayd eMip cypy
OPTAacCbIHbIH, CallacblHA COMKeC KeJMEWTIH >XKacbll ayMaKTap/Zbl KalTa Kypy »KoHe THUNTIK ay/aJblK
KeHICTIKTepAi )aKcapTy Macesesepi TaJKblJIaHAAbL.

3epTTeyaiH Herisri mnpo6JieMasapbl - aBTOTYPaKTapAblH CTHUXUSJIBLIBIFbl, ayMaKTblH JKeKe
€MECTIri, ayJlaHblH, dPTYPJii 2/IeyMeTTiK besceHAiNIK aliMaKTapbiHa 6eJsiH6eyi. TYpFbIH YH ay/aacbliH
HaKThl QYHKIMOHAJNJABIK alMaKTapfa 6eJiyci3 60C KeHIiCTiKTepZiH oaJeyeTi KyHCbI3JaHafbl, Oy
TYPFBIH ayJaHJapAblH, 3KOJIOTHUAJBIK, >KOHe 3CTeTUKaJbIK KaCcHeTTepiHiH HallapJjayblHa, >XacbLl
peKpeanus/bIK aiMaKTap/blH KaHbIpal 60C KaJyblHa KoHe «eJiyiHe» akeseni. TypFbIH ayiaH ap/blH
MUKPOKJIMMATBIHbBIH, XKalJbLIbIFbl MeH Kayilci3ziri kenkabaTThl TYpPFbIH yiiep/e YieciM/li opTaHbl
KaJIBIIITACThIPYZAbIH Heri3i 60J1bIT TabblIabl.

3epTTey OapbICblHAA LIAFbIH ayJaH TYPFbIHJApbl apacblHJa cayaJlHaMa »Kyprisijim, cayajHaMma
KYPrizingi, coHpai-aK KoJA4aHbICTaFbl TYPFBIH Y ayMaKTapblHAa GYHKIMOHANABIK Tal1Aay »Kacas/ibl.
Ocei maniMeTTep MeH OHTYCTik Kopesarbl TypFbIH YH ay/lasiapblH abaTTaHAbIpy MeH abaTTaHbIPYAbIH,
aHaJIOTTaphbl HeTi3iHJe TacilAepAeri YKCaCcThIKTap MeH albIpMallbLIBIKTap TypaJibl KOPBITBIH/BLIAD
»KacaJiblIl, TYKbIPbIM/JaMaJIbIK, YCbIHBIC KAJIBINTACTBIPbII/bL.

Typ¥FBIH YH ay/1acblH peKOHCTPYKIMA/IAY TYKbIPbIMAAMAChl «KOPBIK ayMaKTapAbl» XKoHe aliMaKThIK,
TaOUFU-KJAMMATThIK, epeKlleJiKkTepAl NaijasaHa OTBIPbIN, eH a3 abaTTaHAblpy KypaJjJapblMeH
KaJIaHbIH, TYPFBIH YW OPTaChIH i3TriJieHipy NPUHIUNTEPiHiH 6ipbIHFaH KyHeci 60JIbIN TaObLIAAbI.

TyiiH ce3aep: emip cypy opTachlH i3rieHfiipy, abaTTaHABIPY MeH abaTTaH/bIPYAbl KalTa Kypy,
KaHFBIPTY, KaJla KYPbUIBICH], TYPaKThI AAMY
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PekoHcmpykyus 6.21a20ycmpolicmea u o3eseHeHust #cusoli sacmpotiku 70-80 2z, Ha 2o-eocmoke 2opoda KapazaHdbl

I.A. Dxomane, Yu.A. Borisevich
Karaganda Technical University named after Abylkas Saginov
Karaganda, Kazakhstan

Reconstruction of landscaping and planting of residential developments
of the 70-80s. in the south-east of Karaganda city

Abstract. The article discusses the issues of reconstruction of green spaces and improvement of
typical courtyard spaces that do not meet the modern needs of residents and the qualities of a modern
living environment.

The main problems of the study are the spontaneity of parking, the impersonality of the territory,
and the lack of differentiation of the yard into zones for diverse social activities. Without clear functional
zoning of a residential yard, the potential of empty spaces is devalued, which leads to a deterioration in
the environmental and aesthetic qualities of residential areas, desolation and the “dying away” of green
recreation areas. The comfort and safety of the microclimate of residential areas are the basis for the
formation of a harmonious environment in multi-storey residential buildings.

During the study, a questionnaires and surveys of neighborhood residents were conducted, as well as
a functional analysis of existing residential areas. Based on aforementioned information and analogues
of landscaping and improvement of residential courtyards in South Korea, conclusions are drawn
regarding the similarities and differences in approaches, and a conceptual proposal is formed.

The concept for the reconstruction of a residential courtyard is a unified system of principles for
humanizing the city’s residential environment with minimal means of improvement, using “reserve
territories” and regional natural and climatic features.

Key words: humanization of the living environment, reconstruction oflandscaping and improvement,
modernization, urban planning, sustainable development.
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ByibIMaapabl )ko0asiay KesiHgeri canaHbl 6acKapy 9jicTepiH Taijay
A.C. Magusposa , A.3.BykaeBa* , H.b. CyiieyoBa , M.M. Ya:kab6aeBa ,
I.C. Buiamosa

«llI. Ecenos ambindarbl Kacnuili mexHo102ust dcaHe uHyicuHUpuHe yHusepcumemi» KeAK, Akmay, Kazakcman

(E-mail:almira.madiyarova@yu.edu.kz)

Anpaarna. Kasipri kezeqie KP skoHOMUKaChIH JJaMbITYa OYHbIM/IapAbIH 69ceKere
KabiJseTTiIiriH KaMTaMachl3 eTy MaKcaTbIH/Ja MalllMHa »Kacay KellleH/i KacimopbIHAa-
pbl OYWBIMAApAbIH TEXHUKAJIBIK CUIAaTTaMaslapblH KaJbIITACThIPYJa KepiHic Taba-
TBIH TaICbIpbIC 6epylIiepAiH TajanTapblH 6apblHLIa KaHaFaTTaHAbIPY MiHAETTEpiH
HienIyre epekiie Hasap ayjapajbl. Makanaza OYUbIMAbI k06asay Ke3diHJe calaHbl
6acKapy/ZblH KOJIJaHbICTaFbl 9/licTepiHe Tasay »acaibl. BybIMHbBIH 6aceKkere Ka-
6ineTTisiri >xo6as1ay mpoleciHiH, camacbiHa: )Kobasay Ke3iHae KOWbLIFAaH MaKcaTTap-
JIbIH, JI9/1/IiriHe JKoHe TYThIHYIIbIHBIH, OCbl OYMbIMFa KOSIThIH TaJalNTapblH KaHafaT-
TaHABIPY TYPFBICbIHA, 0JIapFa KOJI JKEeTKi3y JeHreiliHe 6allaHbICTHI. 3epTTey/epre
colikec, GYHBIMbI OHAIPY *KOHE MakAaIaHy IPoIeCiH/e aHbIKTAJIFaH aKayJiap 6apJibIK,
axKayJsapZblH 70%-bIH Kypaibl, 6y eHAipicTi xocnapJay, }kobajay *KaHe JalblHJay
npollecTepiHiH canacklHbIH AeHreliHiH TeMeH/iriHe 6aiaaHbIicThl. Cana napaMeTp-
Jiepi HeFypJibIM epTepeK aHBbIKTaJICa XoHe TipKeJsice, KQXKeTTI cala CUullaTTaMaJsaphl
6ap TYnKiJiKTi 6yHbIMABI aly YIUiH pecypcTap, yakbITLIa )K9He KapKbLJIbIK pecypcTap
azasaapl. OHIMJI K0b6asay Ke3eHiHJe camaHbl 6acKapy d/iicTepiH Tanjay 6eJiiriHge
JKYPTi3i/ireH 3epTTeysiep KeJieCi apThIKIIbUIBIKTapFa ve cana QyHKIUSACBIH OpHaJa-
ctoipy (CPO) agiciH aHbIKTayFa MYMKIiHAIK 6epAi: akay/blK LIbIFbIHJAPbIH a3aiTy,
TYTBIHYLIbLIAPAbIH KAXKeTTiMiKTepiH 6apblHIla KAHAFATTaHABIPY apKblJbl HAPBIKThI
KaMTaMachI3 eTy HeMece KeHeHTY apKblJ/ibl 03ceKere KabiIeTTi/IIKTi apTThIpy. OiCTiH
KeMILITIKTepiHe apasibIK »9He KOPBIThIHABI capanTaMaJblK MemiMAep/ i KaobLiay-
JIbIH, peTTeJIMEereH TOPTibi :kaTa/ibl.

Ty#iH ce3aep: cana MeHe/PKMEHTI, TeXHUKaJIbIK CUIlaTTaMaJjlaphbl, mapaMeTpJiepi,
OYUBIMHIH 69ceKere KabiseTTimiri, 6yWbIM/IbI 3K06a/1aYy.
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Kipicne

Kasipri yakbITTa XaJblKapaJblK 3KOHOMUKAJIbIK, JIaFIapbIC MeH OaFasiblK eMec 6aceKeseCcTiK
KaFJalblHJa OYMbIMJApAbIH 0acekere KabiJIeTTiJiriH apTThIpy epekile 63eKTi MaceJse
6oJiblN ecenTesiefi. Bacekere KabieTTiNKTI 6acKkapy aicTepi MeH KypaJsiiapblH KOJJaHATbIH
KOCIMOPBIHAAP HApPbIKThIK 3KOHOMMKA CerMeHTTEpiHZe >KeTeKuli OpbIH asazabl. KaHa
OyMbIMAbI 93ipJiey HeMece KoJiJjJa 6apblH MOJepHU3alUsIay Ke3iHJe OHbIH TeXHUKAaJbIK
culaTTaMaJsapblHbIH, KypaMbl MeH MaH/epiHe KOWbLIATbIH TaJjanTap/bl Oesrijiey 6acTbl
b6ackapy MmiemriMi 6o0Jibil TabbLIa/bl. MakcaTThl TEXHUKAJbIK CHUIATTaMajapAbl TaHAAy
TaICbIPbIC OepyILUiHiH Ta/lanTapblHA COMKeC OYHMBIMHBIH THICTI canacblH KaMTaMachI3 eTeTiH
MaHBbI3/ bl K006aJIbIK IIelliM 60JbII TabblIaAbl.

MamunHa »xacayfaFbl TeXHUKaJbIK KypAesi OyWbIMAap/Abl a3ipsey Ke3iHJe MaHbI3/bl
MaceJiesiep/iiH 6ipi - 6yHbIM/Ibl 93ipJieyre apHa/iFaH TEXHUKAJbIK TalcblpMaja KaJbINTaCKaH
YThIM/Ibl TaJlallTapAbl KAJbINTACTbIPY. 60JiblN TabbLIaAbl. by Ke3eH Tybereisii MaHbI3/bI,
eUTKeHi 0FaH OYMbIMHbIH MaHbI3/1bl QYHKLMOHAJI/[bl TEXHHUKAJIBIK CHUIIaTTaMaJ/Iaphbl CaJIbIHA/Ibl,
93ipJsieHeTiH OYWBIMHBIH CbIPTKbl TYpi MeH IlelliMJiepi, OHbIH, KeWiHri TUiMAijairi >xoHe
cadbIn KejareHze 6acekere KabiseTTiniri anbiKTanaabl. Ochbl Ke3eH/le KibepisireH KaTeaikTep
CYpaHBICTbIH, TOMeH/leyiHe dKeJieJli, COHbIMEH KaTap JaMy/JblH KeJjeci Ke3eHJepiHzeri
TY3€eTyJiepre auTapJiblKTal Kap>KbLJbIK K9He YaKbIT LIbIFbIHAAPHI 2KYMCaybl MYMKIiH.

JdJicHamMa
3epTTey CTaTUCTUKAJBIK, IOTUKAJBIK TalJay d/iicTepi xoHe cana QyHKIMSAJIapbIH KOJIJIaHY

dJicTepi CUAKTHI XKaJIlbl FbIJIBIMU 3€pTTeY 9AiCTepiH KOJIAAHA OThIPbII XKYpPTri3iijl.
MaimHa »acay KacinopblHAapblHAa 6ylbIMap/abl xkobasay npoueci (1-cyper).

AnJpIH ana TT
w062 OKy KaJBIITACTBIPY
\ T 3 T Hymbic icTeiizi
©XHUKAJBIK, CKH3 ©XHUKAJBIK, AH3aiE
YCBIHBIC o6a 3Ko06a KyKATTAMA

MobanplK Ky»KaTTaMaHbl ZaHbIHAAY

Cypert 1. BydibiMiapasI *ko6asiay npoiieci

’Kobanay canacblHZaFbl TajJAaHFaH FbIJIbIMU 9/1e0UETTEP HeTi3iH/e ob6aJiay aibIHAaFbl
3epTTey NpOLECiHIH TyCiHiKTeMeci TyXbIpbIMJa/aJbl: OYHWBIMHBIH >K00asay KaKeTTisliri
aHBIKTAJIFAH COTTEH OacTan 6yMbIM/bI )K0OaayFa TEXHUKAJBIK TallCblpMa OeKiTiJireHre aenin
6acbIM TeXHUKAJIbIK CUIIaTTaMaJlapblH COMKeCTeH/ipy *KOHIH/er] ic-11apajiap *KUbIHTHIFHI [1].
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Byiivimdapdel Hcobanaay kesindezi canaHbl 6ackapy adicmepiH maaday

Koba angblHAaFbl 3epTTEy NMPOLEC] 2-CypeTTe KOPCeTI/IreH.

Kipic fepekTepi: Tanceipbic 6epylliHiH 6yHbIMFa KOUBLJIATbIH TaJanTapbl TY>KbIpbIM/a/IFaH
©TiHIMIi; KOFAMHBIH JaMybIHbIH dJ1€yMETTIK, CasiCH, 3KOHOMHUKAJIbIK )KOHE TEXHUKAJIBIK JeHTeli;
3KOJIOTUANBIK PaKTopJsiap 6oJibin Tabblaaabl. lIbIFy fepekTepi: TEXHUKAJBIK TalCblpMaHbl
KaJ/IbIIITACThIPY YLIiH 6HIMHIH TEXHUKaJIbIK CUlIaTTaMaJIapblHbIH MaKCaTThbl MOH/EPI.

Kobanay angbiHjaFbl 3epTTEY NPOLLECiHIH MaKcaThl TANCbIPBIC OepYILiHiH TaJalTapblH icke
acbIpyAbl KAMTAMachl3 €TETiH OYMUbIMHBIH, TeXHUKAJIbIK CUIATTaMaJapblH aHbIKTAy OOJIBII
Tabbll1a/bl. ATa/JFaH MaKcaTKa eHIM/I xo0b6asiay Ke3iHze canaHbl 6acKapy aficTepi HerisiHze
K9CiMOpbIHHBIH 63ceKere KabieTTiIiK TETiKTePiH KOJI/JaHy apKbLJbl KOJI XKETKi3yre 60J1a/bl.

CoHABIKTaH K9CIMOPBIHHBIH aHa OYWBIMAbI K0b6asay HeMece KeTiiJipy Ke3iHze Herisi
60J1aThIH 9AicTepAi aHbIKTAY KaxkeT [2]. By »kaFmaiga afiicTep xko6as1ay MacesiesiepiH OHTaNJIbI
HIelmy/i KaMTaMachI3 eTyl Kepek.

CHIPTKBI 3k9He ilIKi HOpMaTHBTIK Ky:KaTTaMa

TeXHUKANELIK,
OnimMai TaNCEIpMa
}ﬁoﬁaﬂ_ag_r _ YIIiH @HIMHIH
KaKeTTimiri TeXHHKANBIK,
CHIIaTTaMaslapsl

OHIMHIH TeXHHKAJBIK CHIIATTAMATAPBIH
aHBIKTAY
Tiz6eci Typakl HacllibIHBIH LelliMi

BanaManapAbl TaHAaY #eHe aHBIKTAY
YUIiH TeXHHKaNBIK CHIAaTTaManap bz

OnapAblH MaHbI3ABLABIFE] G0HBIHIIA TT

'y TEIHYIIBIIAPABIH, TA1aNTaApPEIH aHBIKTAY
IBHiMHiH crendd HKaLHACBIHBIH peHTHHTI

XobGa angbIHIAFEL 3epTTEY
)

Capamumsliap ToObl. GHIMHIH TeXHHKAMBIK
CHIIAaTTaMa aphIiH TaradbIHAAY aficTeMeci

Cypet 2. XKo6a anapiHJaFbl 3epTTEY NpoLeci

Kyprisinren seprTeysep OyHbIMAbl 3K06asay NpPOLECIH OHTaWJaHZAbIpYFa MYMKIiHJAIK
6epeTiH KeJieci 9fiicTepi 6eJ1in kepceTyre MyMKiHZiK 6epAi: QyHKIMOHANAbI-KYH/bIK Ta14ay;
byHKUUANApAbl KyHesiK Tanzay aficteMeci; pyHKUMOHaNAbI-QU3UKaNbIK Tanzay; FMEA-
TaAay; cana QyHKLUAIAPbIH OPHAJIACTBIPY TEXHOJIOTUSCHI.
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dynkunoHanabl-KyHAbIK Tangay (PKT) opici o6bekTiHi »xyHesni 3epTTey apKblbl
NauJaJbLIBIK II€H 63iH/IK KYHHBIH OHTANJIbl apaKaTblHACbIHA KOJI )KeTKi3y/leH TypaJbl.

®KT makcaTbhl - KOMIAHUSHBIH, HIBIFBIHJAPbIH THIMAI 6acKkapyFa MyMKiHJiK OGepeTiH
TiKeJsiel KoHe KaHaMa IIbIFbIHJAP O0MbIHIIA 00'bEKTIHI OHAIpyTe )KyMcalaTblH KapaXKaTThlH,
JlaJ1 66J1iHyiH KaMTaMachkI3 eTy [3].

TunTik KyMbIC >XOCHapbl YII Ke3eHHEH Typajbl: AAWbIHJABbIK, aHaJMTHUKAJbIK >XoHe
KOPBITbIH/bLIAY Ke3eH/epi.

JlalbIHABIK Ke3eHiH/le TallCblpMaHbIH Heri3ZieMeci TeKkcepisieZi, OHbIH, HAKThI TY>KbIPbIMbI
MeH MakcaTbl, PKT xkyprisy ymiH pecypcrapmeH KaMmTaMmachi3 eTiseni. Congan-ak, ®KT
d/liciH/le 06'bEKTI Typasibl O6apJibIK aKNapaTThl TaJaAay KOXKET eTilen|.

Bysn kKeseHJe 00beKTiHI 6HAipyre KaKeTTi (QYHKLIHUAJAPABIH, PETTiJNiri aHbIKTaJlajbl.
OyHKIMAIapAbIH €H OHTAWJIbl KYPblJIbIMbl 00 bEKTiHIH KYH/IbIJIbIFbIHA KATHICThI €H MaHbI3/1bl
byHKIMAIapAbl aHBIKTAY apKpLibl xKacanaabl. OcbLiaiiia, 6yJ1 kKe3eH/e UWbIFbIHAAP a3asi/ibl.

AHanUTUKaNbIK Ke3eHJe O00beKT QYHKIUANApPbIHbIH, MOJEJIH KaJbIITacThIpy, 3p
bYHKLMAHBI iCKe acblpy YILiH MiHZeTTep/i aHbIKTAY >KdHe 0JiapZbl KO0 KaxkeT. Ocbl/laH KeliH
00beKTIiHI KeTiJipyre GaFbITTa/IFaH YCbIHbICTAP KellleHi a3ipJyieHeji, oapAblH, TUIMAiMIri
aHbIKTaJa/bl ’koHe O60J1alllaKTa 00bEKTIiHIH JaMy lepcneKTUBalapbl O0/KaHa bl

KyprisinreH »KyMbICTbIH HOTHXKeJlepi O0MbIHILA )XOCHapJiaHFaH KipicTi 6aFanay KaxeT. O
YlIiH OipKaTap Macesiesiep/i Llelly KepeK: HAapbIK OaFacbIHbIH JeHreli MeH >KocrnapJiaHFaH
naiijla Typajbl aKnapaT HerisiHJe 00beKTiHiH OHTaWJbl GaFaCblH AHBIKTAY; OObEKTiHIiH,
eH/lipic PyHKIMs/IapblHA 6al/IaHbICThI HIBIFBIHAAPFA XKOCNIAPJIaHFaH YCTeMeaKblHbl aHbIKTAY;
O6yUbIMHBIH COHFBI 6aFacblH KT kepceTkiuiTepiMeH 6aiilaHbICTBIPY.

Ochuiaiiia, QyHKIMOHAIAbI-KYHAIK TaJ11ay 9/1iCiH KOJIJaHa OThIPbIN, 00beKTiHI 6HAIpyAeH
TYCKeH Nai/ia KeJsieMiH 6arasiayra 60J1abl.

DyHKIMAAapAbl XKYWeJliK Taajay 9icTeMeci. 9icTeMeHiH MaKcaTbl QyHKLIMOHAJIIbI TYp/ie
00beKTiHiIH MaHbI3/bl Oe/riepi MeH OesrijiepiH aHbIKTay, 0J1apAbl JIOTUKAJBIK peTTiiKTe
OpHaJIaCThIpy 9He QYHKUUANIAP/bl XKy3€ere acblpyAblH THUIM/i 9AicTepiH aHbIKTAy 6O0JIbIN
Tabbl1aibl. O/IiCTiH MOHI 3epTTey 00'beKTiIep/iiH MOHIH PYHKIIMOHA/ /bl TYpPAe OUIAipy YIIiH
OMJIay/IblH, PETTEJITEH 9AICIH a/ly/laH KepiHeA|.

9jicTi 6ackapy Kypasibl QYHKIMSHBIH, MiHAeTTepi MeH MacesesnepiH kepceTeTiH FAST
JuarpaMMachbl OoJsibll Tabbliafbl. Jluarpamma QyHKLUAJAp apacblHAAFbl 0OalJIaHbICThI
aHBIKTAY >K9He LIbIFbIHAAP/ bl a3aUTY/bIH €H, YJIKeH pe3epBi 6ap GyHKIIMOHAJ bl alMaKTap/bl
aHbIKTayFa MYMKIiH/iK 6epeni.

@yHKUMOHaNAbI-PU3UKaIbIK Tangay (PPT). ®DPT MakcaTbl-KabbliJaHFAaH TEXHUKAJIbIK
menriMaep/iiy, canacblH 6afFasiay MaKcaTblHAA TEXHUKAJbIK OOBbeKTijiepJeri ic-apeKeTTiH,
dusrKaNbIK IPUHLMIITEDPIH TalAay KoHe KaHaJlapbIH a3ipJiey [4].

OyHKUUOHANABIK-KYH/ABIK Tanzay HeMmece FMEA - Tanpay HoTuxKesepi MacesieHi
TYKbIpbIMZIAY Ke3eHiHze KosJaHbliaibl. DOT-HbIH KeJsieci Ke3eHiH/e TYThIHYUIbI TaJanTapblH
TaJl/jlayFa HeTi3/e/iIreH TEXHUKaJIbIK 00 beKTiHIH TaFallbIHAANY QyHKLUUATAPbIH aHbIKTAy KaXKeT.
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TexHuKaNbIK 060bEKTiHIH QYHKLUANAPBIH CUNIATTAy Ke3iH/Je MblHaJap/ibl €CKEPY KaXKeT:
00'bEKT OPbIHAAUTHIH 9pPEKETTED; dPEKET O6aFbITTA/IFAaH 06 bEKT; OMIPJIK LIMKJ Ke3eHJepiHae
00'bEKTIHIH )XYMBbIC iCTey lapTTaphbl.

TexHUKaNbIK OOGBEKTIHIH CBIPTKbl >XKYHeCiH (ChIPTKbl OpPTAacblH) TajJay TeXHHUKaJbIK
00'beKTIHIH, KYpPbLIbIMABIK >K9He aFbIHAbIK MOJeJiHiH KypaaJapbl OOWBbIHIIA Kyprisineni.
Opi KapaM, TYTbIHYIIbIHbIH, TaJalTapblH KOPCETETIH 0O0bEKTire KOWbLJIATbhlH TEXHUKAJbIK
TaJlalTap/blH Ti3iMiH Kacay KaxKeT.

Keneci keseHZe TexXHUKa/bIK OOBEKTiHIH (QYHKIUOHaNAbl MOJENiH KYpy, OHBIH
OYyHKIMAMIApbIHbIH, (U3UKAAbIK NPUHIUITEPIH TajAay, oOJIapAblH TEXHUKAJIbIK >XKoHe
dU3MKaNbIK KAaUUIbLIbIKTAPbIH aHBIKTAY KaXKeT.

OfaH KeliH 0Chl KAWILIbLIBIKTAaP/AbI LIENY TICiIIepi »KoHe TEXHUKAJBbIK 00 beKTiHI XKeTinJipy
OaFbITTapbl aHbIKTaMaAbl. KebiHece Mozesib/li KaJbINTACThIPYy Kypasabl MOPQOJIOTHSIBIK
KecTe, rpapUKTep KoHe 3KBUBAJIEHTTI cxeMaJsiap 60JIbII TabbLIa/bl.

FMEA - tangaysl Kasipri 3aMaHfbl KaCilopbIHAAPAA KeHiHEH KOJIJaHbLIaAbl, COHJAbIKTaH
OHBbI JJaMbITy 6GapbICbIH/A TaJlay HOTHKeJIepiH YChIHYAbIH THUNTIK ¢opMasapbl )KoHE OHbI
KYPri3y airOpuTMAepi aHbIKTaAAbI [5].

By a1icTi KoJ/11aHBICTaFbI IPOLIECTEP MEH OHIMAEP/Ai 93ipJiey Ke3iH/ie [ie, HAKThLIay Ke3iHe
Jle KoJilaHyFa 60J1afibl.

OJIiCTiH MakKcaThbl 3epTTey OOBEKTICiHiH camacblH apTThIPy XoHe akayJapAblH (icTeH
HIBIFyJapAbIH) MalAa 60JyblH 60JiAbIpMAy HeEMece oJiap TYbIHJAFaH >KaFJaha >KaFbIMChI3
cajlapJiapAbl a3alTy *KoJibIMeH 6acekere KabijsieTTi OyibIMJap MeH MpolecTepAiH THiMAi
eH/lipiciH KaMTaMachkI3 eTy 60J1bII TabbLIa/bl [6].

BipiHii Ke3eHJe 6HiIMHIH HeMece MPOLECTIH bIKTUMaJl aKayJapblH >KoHe/HeMece icTeH
HIBIFYbIH, OJIAPABIH CaJJJapbIH TaHy XKoHe 6aFasiay KakeT. by keseH e Taniay 00beKTICiHiH,
MOJieJIiH KaJIbINTaCThIpy »Ky3ere acblpbliabl. CojaH KeWiH maijja 60J1aThblH aKayJap/blH,
BIKTUMAJIAbIFbIH KOI0 HEMecCe a3alTy opeKeTTepi aHbIKTasaAbl. MojesblepAi 3epTTey
Ke3eHiH/Jle TPOoLlecC TaJJlaHa/bl, dp iCTEH WIBbIFYJap/blH bIKTUMaJ CajAapbiHblH (S) Ti3beci
»KacasiaJibl, OyJ1 peTTe capamniibliap apb6ip canjapAbl OHbIH, MaHbI3/IbLJIbIFbIHA Colikec 10
GasAbIK IIKaJa 6odbiHIIA 6aFanaugbl (10 - 6acTel cangapsaap). ComaH KeliH caagap/blH,
naiifja 601y bIKTUMaJIJbIFbl aHbIKTaMa bl (O) koHe COTCi3/lik MeH OHbIH, CaJAapPbIH aHbIKTAY
bIKTUMaAbIFbl (D) 10 6anablK miKasa 6oibiHIIA 6GaFasaHaabl. Keseci keseHZe ap canjap
YIIiH ToyekeJsire 6acbiM/bIK K03 duiueHTi (R) ecenteneni [7].

FMEA TanzayblHbIH KOPBITbIH/bI Ke3eHi-ic-1apanap/pbl »KoHe/HeMece iCTeH LIbIFyJapAbl
Ky»KaTTay npoteci. Tasjay HoTHKeJiepi 60MbIHIIA )KYMbIC iCTeyTre Typa KeJIeTiH iCTEeH LIbIFyJ1ap
COMKeCTeH/ipie/ii )KoHe ToyeKeJsl KopCeTKilli )KOFaphl iCTeH MIBIFYJIap/bl a3aUTy MaKcaTbIHAA
mapaJsap KabbligaHaasl (3-cypeT).
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Cypert 3. FMEA TasayblH Kypri3yre apHaJjfaH yJri Typi:
[TYP-ToyekenaAiiKTiH 6aCbIM CaHbI

[c-mmapasiap yuiiH os1ap/bl €Hri3y »Kocnapbl KaJAbIITACThIPbLIA/IbI, O/ peTTe ic-lapajiapabl
eHTi3y peTTiJIiri )koHe oJlap/blH Y3aKTbIFbI; 9p0Oip ic-11apa YIUiH KayalThl >KoHEe OPbIH/AYIIIbI;
ic-lapasiap/ibl €Hri3y KaKeT KaCiOpPbIHHBIH, KYPbLIBIM/BIK, GeJiMilesiepi; Kap»KblJIaHAbIPY
K631 ahKbIHJa1a/bl.

Cana ¢yHkuusaaapblH opHasacTblpy (CPO) - TYThIHYWBIHbIH, TaJalTapblH XKyHesi Typzae
aHbIKTay a4ici [8].

"OpHaznacTelpy" TepMHHI 6HJipylIiHIH TYTBIHYIIbIHbIH, YMITTepiHe CalKeC KeJeTiH
KaXXeTTi callara KOJI )KeTKi3y/l KaMTaMacbl3 eTeTiH KJCIOpbIH MPOLeCTEPiHiH, J9HUeKTLIiriH
YUBIMAACTBIPYBIH Oiipesi.

CO®O TexHOJIOTUSACBIHBIH, HETIi3ri WAescbl TYTHIHYLIbIHbIH, TajanTapbl MeH OYHbIMHBIH,
NpoLeCcTiH HeMece >abJbIKTbIH NapaMeTpJiepi apacblHJa aWblpMallblIbIK, Oap->KOFbIH
aHbIKTay 60JiblN TabbL1aAbl [9]. Bys azicTiy anroputmi 4-cypeTTe KopCeTiireH.

"Cama y#i" kecresik matpunacbl COO TeXHOJIOTUSACHIHBIH Kypasbl GOJIbIN TaObLIAJbI.
MaTpuina TyThIHYIBIHBIH TajJanTapbl MEH KAPaCThIPbLJIbIN OThIPFaH 00'beKTiHIH TEXHUKAJIBIK,
TaJlalTapbl apacblH/aFbl 6alJIaHbICTbI 6aFajiayFa MYMKIHJIK 6epefi.

Cana ¢yHKIMSACBIH OpHA/JACTBIPY MPOLECiHIH cXeMachl 5-CypeTTe KepCeTiJreH.

MaTpunanblK AuarpaMMaHbIH Kypam/iac 6eJ1ikTepi 6-CypeTTe KepCeTi/IreH.

MaTpunasblK JuarpaMmma 6edriJi 6ip Kyoblabictap (dakTopJiap), oJapAblH cebenTtepi MeH
TYbIHJaFaH cajJapJap/bl »K010 Iapasiapbl apacblHAAFbl COMKECTIK IeH TAye [ iJiK JopexKeCciH
KepceTezi.

CPO ogicTeMeci TeMeHJeri Herisri aneMeHTTepre Herizgenred [9]. BipiHwi Heri3ri
3JIeMeHT TYTBhIHYLIbIAP/bIH, KaHafaTTaHy arfallblHbIH, JeHreisiepiMeH 6ipre KeJseTiH
TYTBIHYIIbLIAP/bIH TaJalTapblH aHbIKTAY 60J1bIN TabblIa/ibl, COAAH KeUiH 0J1ap/iblH 6HIMHIH,
»Ka/Illbl cCUNIaTTaMaJlapblMeH 6alIaHbICBbIH OaFasiayFa 6oJiaZibl. MacesieHi memy/iH COTTITH
eKi acnekTiHi >xo0aJsiay Ke3iHJe TycCiHyre 6alJIaHbICTBI: TYTbIHYLIbl He TaJal eTesi >KoHe
TYTBIHYLIbI KApAaCThIPbLIbIN OThIPFaH 6HIM/I Kaslak nanalaHa/ibl.
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CyperT 4. Cana ¢yHKLHUSACBIH OpHAJACThIPY 94iciHiH aaroputMmi (CPO)

EKiHIII Heri3ri 3J1eMeHT-TYThIHYIbIHbIH, Ha3apbIH TYTHIHYIIBIHbIH TaJIAlITAPbIH €CKepeTiH
6HIM cHnaTTaMaJllapblHa ayAapy.
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YmriHmi Herisri 3/JeMeHT-TYTbIHyWbIHbIH, TaJlalTapbl MEH ©HIMHIH cunaTTaMalaphbl
apacblHJaFbl 6aiJIaHbICThI aHBIKTAY NPOLECi.

TepTiHwIi Heri3ri 3JieMeHT-HAPBIKTbIH THICTI CerMeHTiHAeri aHajJorrap apacbiHAa
TYTBIHYLIbI TaJIal TAPbIHbIH OPbIH/AAYbIH )K9HE OHIMHIH 09ceKere KabisieTTiiriH KaMTaMachi3
eTeTIiH OHIM chuIlaTTaMaJ/lapbIHbIH, MaKCaTThl MOHAEPIH TaHAay.

OHIM canmachIHbIH

TyTbIHymbI- ocnapbl
JIapAbIH
TaJanTapbl
l
OHIM KypamMgac
RpHTHKaIbIK 6eniriniy cana
cama ’Kocnaphbl
napaMeTpJepi
(enimMre -
KOHMBLIATbIH
e [Ipo1jecc canachIHbIH,
Lt oty ’Kocnaphbl
KpHUTHKANBIK
cama
napamMeTpJepi
(KODE[IOHeHTKe - —
R A ThIe cama K0 crap bl
TeXHHKaJIbIK
TazanTap)
OHjipic
MpoLeCiHiH
canacbIHbIH ]
MaHbI3/bI
napaMeTpJepi
XoHe 6aKbLIay

By#HbIMapAbl AafibIHAAY, KYPaCThIPY, TEKCEPY jKoHe ChIHay
npolleciHe apHAJIFaH JKYMbIC HYCKAy/1ap bl

Y
Cypert 5. Cana pyHKIIUSACBIH OpHAJIACTBIPY 9AiciHiH cxemachl (CPO)
BeciH1ui Heri3ri ajieMeHT-TYThIHY1Ibl TaJalTapblHbIH MaHbI3AbLIbIFbl PEUTUHTIH Oesriney

’KOHe OCbl MaJIIMeTTep Heri3iHJe - OHIM cUIaTTaMacblHbIH MaHbI3JAbLIbIFBl PEUTHUHIIH
aHBIKTay.
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Cana QyHKUMSCBIH OPHAIACTBIPY d/iCiHIH, KapacTbIpbUIFaH HETi3ri 37ieMeHTTepi GUrypasblk
MaTpHULLaHbl Kypy Ke3iH/ie HeTi3 060JibIN caHanabl. PurypasiblKk MaTpULL@HbI KAJIBIITACTBIPYAbI
TaJ1/jay HOTHXKeJlepi 60MbIHIIA )K06as1ay TOObI MEH capallibljiap TOObI )K00aiay MaKcaTTapblH
aHbIKTaNbl.

HOTH)KeJIep MEH TaJIKblJ/IAY

dyHKIMOHaAABI-KYHABIK Tanzaay afici (PKT). OaicTiy apThIKIWbLIBIFEI MbIHA/Ia: OHIMHIH
KYH/IbLIBIFbIH KOCIIAWUTBIH ONlepanysaaapAblH KeJieMiH aHbIKTay »KoHe KbICKapTy MYMKIHJ(ITi;
CTpaTervsbIK LIelliMJep KaObLIJayAblH [J9JJICIH apTThIPy, MbICajbl, ©HIMHIH 6GaFacblH
6eJirisiey oHe KocaJlKbl MepAirep ik yibIMAapAbl naiiaaaHy.

OJiCTIH KeMIUiJIiKTepiHe MbIHaJap »aTajAbl: MOJeJbJi KabbliJayibl KUBIHAATATbIH
byHKUUANApAbl CUNATTAYAbIH KaXKeTcCi3 erkeil-Terkeisi mpoueci; aaicTi xy3ere acbipy
YWIiH apHaWbl rpaMMaTHUKAJbIK KypasJapAblH, KaXXeTTIJIiri; KOMIAaHUSHBIH, KYPbIJIbIM/BIK
e3repicTepiH/ie OHbI Mailja/laHyFa MYMKIiH/[iIK 6epMelTiH MoJie/ib/liH UKEMCi3 KYpblJIbIMbI;
eHIMZI »kobasay OOMbIHIIA ic-lIapasap/bl 93ipJeyfiH peTTe/MereH TapTibi; 00beKTiHi
KeTiAipyre 6aFbITTa/IFaH TUIM/Ii YChIHBICTAPAbI TaHJAyAbIH PETTEJIMETeH TIPTIiOi.

KoppenausanbIk, MaTpHIACK

Kanait icrey kepek MakcapTy 6aFeITTaphl

OHIMHIH TeXHHKAbIK, CHIATTaMaJ1aphl

He icTey kepek

[IpuopuTeT
TyThIHyELIApABIH | BackIMABIK, TyTBIHYIIBIHBIH TAaJaNTapPhI YIIIiH KePriliKT] TeXHHUKAJIbIK
Ta/anTaphl GachIM/IBIK, MATPHIIACH]
MakcaTtTap

TexHu KaJIbIK, OPBIHABLIBIFDI

JKOHO MHKAJIBIK ODbIHABL/IbIT bI

Bacekenectepsi BacbiMpk | BaslaManapAblH FaiaMAbIK 6aCbIMABLIBIKTAPbIHbIH, YIECTIPIIreH
Garanay CHHTe3 MaTpPHILACHI

Cypet 6. COO 6a3anblIK KypblIbIMbI-JUarpaMmMasiap

OyHKuUAIapAbl KyHesik Tangay ajicreMeci. OficTiH, apThIKUIBLIBIFBI — OHbl KOJIJIaHFaH
Ke3/ie QYHKIUsIap/Ibl aHBIKTAII, KaJIbITACThIPBIN KAHA KOWMaK, COHbIMEH KaTap JKypri3ijiireH
KiKTeyAiH 6apabapJ/iblFblH Tajjayfa, QYHKIUsJIAp apacblHAa e3apa OaljiaHbIC OpHATyfa
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6osaabl. CoHJaM-aK, 9iCTiH apThIKWIbLIBIKTApbIHA MbIHAJAP KaTaAbl: KbICKa Mep3iMae
meuriM KabbliJay; WbIFbIHAAP/bI a3aUTY/1bl KAMTAaMachl3 eTy; HAKTbI 9pEKET aJIFCOPUTMI; 9ic
JinarpaMmmachbl QYHKIMAIAP/bIH 63apa 6ailJlaHbIChIH HAKThI 6aFajiayFa MyMKiH/iK Oepei.

O/IICTiH KeMILiIiri MbIHa/a: 3epTTeJeTiH CaJlaHblH CaJIbICTbIPpMaJibl LIEKTEYJIIT]; 3epTTeYAiH,
KOMIIAHUSIHBIH, 0acka OW3Hec-MpolecTepiHEH OKUIAYJIbIFbl; COWKecCi3JlikTepAiH, mnaiga
60s1y canjlapblH eMec, ce6ebiH aHBIKTAy[blH KYpZeJijiri *koHe HITHXKeCiHJe TasJaHaTblH
NpOLEeCTiH UIeKTey/iJirine 6alJlaHbICTbl OU3HEC-NPOLECTEePAl KeTiNJipy LlapaJjapblHbIH
MYMKIiH THIMCi3Airi; QyHKIuaIapAbl Taajayharbl CyObeKTUBTLIIK; QYHKIUAIAPAbIH KYH/ABIK
LIeKTepiH aHbIKTAY/blH Heri3ci3iri.

®dyuknyoHanabli-ousrkanblk Tangay (PPT). DT apThIKWbIIBIFL - QU3UKAJIBIK, dCepJIep
KOPBbIH KYpbLIbIMZAY, HOTHKeCiHZe MOJie/ibJli bIHFal/bl KaObLIJlay, OCbIFAaH Opail LIelliM
KaObl/11ay YaKbITbIH KbICKAPTY.

OJicTiH KeMIUiliri MblHaAA: TYNKUIIKTI mewmiM KabbLigayaa KaTelikke aKeayi MyMKiH eH
»KaKCbl HyCKaJlap/bl aly YlIiH }kafAanaap/iblH 60Maybl; 6acKa cana KypaJiiapblH nangaiaHb6an
dAicTi TuiMi KoHe GeJieK KOJIJJaHy MYMKIH eMecTiri; osiap/ibl aHbIKTAy MeH ecelKe aay/blH,
peTTeJIMereH TOpTiOiHe GaiJIaHbICThI TANChIPBIC OepYLIiHiH Ta/anTapblH cCaKTayFa Kemiafik
6epinmeyi.

FMEA Ttanpgay. bys aicTiH apThIKIIBLIBIFBI MbIHAJApAbl aHBIKTAy MYMKIH/ZITMH KaMTHU/BL:
BIKTHMaJl COTCi3/IiKTep, oJ1ap/iblH Maia 60y cebenTepi MeH caiZaphbl; bIKTUMaJ CaJAap/blH,
cebenTepiH KOI0 OOWBbIHLIA dpeKeTTep, OyJ akKayJapAblH Naija 60JiyblH 6oJiAbIpMayfFa,
OHIMHIH Kayilci3/liriH »kd9He TYThIHYUIbIHbIH TaJlalTapblH apTTbIpyFa MYMKIH/iK 6epeji.

ozictiy, KeMmuwiziri: FMEA KosizaHy SKOHOMMKaJIBIK KeOpCeTKIlITepAl Tajjgayra
O6aFbITTAaJIMaM/bl; 9/1iC TYThIHYUIBLIAPAbIH KaJayblH 6HIMHIH TEXHUKAJIbIK CUIIaTTaMaslapblHa
JlaJ1 ayapyfa MyMKiH/[IK 6epMei/ii; 6apJiblK bIKTUMaJ aKayJap ecKepijiMeyi MYMKiH.

Cana ¢ynkyusanapbiH opHasacteipy (CPO). COO nakipasaHyAblH MaHbI3/Ibl Y3aK Mep3iMai
apTBIKIWbLIBIFbl TYTHIHYLIbLIAP/bIH KAXKETTIJIKTepiH 6apblHIIa KaHAaFaTTaH/bIPY »KOJIbIMEH
oJlap/iblH, HapbIFbIH KaMTaMachl3 eTy HeMece KeHeUTy ecebiHeH 6Gacekere KabineTTisiKTi
apTThIPY 60JIbIN TAObLIABI.

O/IiCTiH apTHIKLWbLJIbIKTApbIHA MbIHAJIAP KaTaAbl: aKay/IblH CbIPTKbI IIBIFbIHAAPbIH a3aUTY;
OHIM/Ii HApbIKTa TaHyFfa OalJIaHbICThI TUIMCI3 AaMyZbl a3alTy; yaKbIT peCypCTapblH a3anTy;
JlaMy IpoleciHiH KepHeKiIiri; ;xeke GyHKLUsAIAp/bIH HEMeCe KYPbIIbIM/bIK 3J1eMEeHTTepPAIH/
KOMIIOHEHTTEeP/iH HaKThl TY>KbIpbIMJAaJIFaH MaFblHACbl MEH MaKCaThl, OYJ 6HIM/Ji KaKcapTy
Ke3iH/le a3 eH0eK MeH yaKbIT IIbIFbIHAAPbIHA dKeJe/|.

KopBITBIHABI

OHiMJi k0b6asay Ke3leHiHJe calaHbl 6ackKapy oAicTepiH Tajjaay OeJiriHfe >kyprisiirex
3epTTeysep KeJsecCi apThIKWBLIBIKTApFa He camna QYHKUUACBIH opHaaacTteipy (CPO)
d/liciH aHBIKTayFa MYMKIiHZiK 6epAi: akayJblK WbIFbIHAAPbIH a3alTy, TYThIHYLIbIJIAP/bIH
KaKeTTIiJIKTepiH OapblHIIA KaHaFaTTaHAbIPY apKbljibl HApbIKThl KaMTaMacbl3 eTy HeMece
KeHeNTy apKblibl 63ceKkere KabiJeTTiNIKTI apTThIpy. OAICTiH KeMILUJIKTepiHe apaJiblK, }KoHe
KOPBITBIH/bI CapanTaMasblK llelliMAepi KabbliAay/blH peTTeJMereH TapTibi »kaTa/bl.
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A.C.MagusipoBa, A.3.bykaeBa*, H.b.CyiieyoBa, M.M.Ya:xa6aeBa, I.C.bus1amoBa
HAO "Kacnulickuii yHugepcumem mexHo/102utl U UHHCUHUPUH2A
um. llI.Ecenosa”, Akmay, KasaxcmaH

AHa/IM3 MEeTOA0B yrnpaBJiIeHUA Ka4€CTBOM IIPU IIPOEKTUPOBAHUHU n3aeJun

AnHoTauusa. Ha coBpeMeHHOM 3Tame pa3BUTUS 3KOHOMUKM PK B 1ensax obGecne-yeHUs
KOHKYPEHTOCIIOCOOHOCTU U3Jie/ sl 0cob0e BHHMaHHe  MPeANPUATUS MallU-HOCTPOUTESbHOTO
KOMILJIEKCa 06paljaloT Ha pellleHHe 33/lad  MaKCUMaJIbHOTO oGecrneyeHUsi TpeOGOBaHMM 3aKa34UMKOB,
KOTOPbIe BhIPAXKAKOTCSA B OPMUPOBAHUM TEXHUYECKUX XapPaKTEPHUCTHUK U3ZieJui. B cTaThe nmpoBesieH
QHa/IM3 CyUleCTBYIO-IIMX METO/IOB VIpaBJeHHUS] KayeCTBOM  IPH MNPOEKTUPOBAHUU U3JeJUH.
KoHKypeH-TOCIOCOGHOCTh M3/leJIMsl 3aBUCUT OT KayecTBa IMpoliecca MPOEKTUPOBAHUA: OT TOY-
HOCTU NOCTaBJIEHHBIX LieJiell NpU NMPOEKTUPOBAaHUHW U YPOBHSA HX AOCTHIXKEHHUSI C TOYKH 3pEHUs
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y/IOBJIETBOPEHUSI TPeGOBAaHUHN MOTPEOUTENsA K JaHHOMY  u3Jesuto. [lo JaHHBIM HCC/ieJOBaHUH,
JedeKThl, BhISIBJISIEMbIE B IPOIiecce MPOU3BO/ICTBA U IKCIIyaTalluU U3IeJIMH, cocTaBsaTcs 70% Bcex
JlepEeKTOB, YTO 06YCI0BJIEHO HU3KUM YPOBHEM KauecTBa MPOIeCCOB MJIaHUPOBAHMUSA, TPOEKTUPOBAHUSA
U MOJrOTOBKH MPOM3BOACTBA. YeM paHbllle OyAyT ompenesieHbl M 3apUKCHPOBAHBbI IMapa-MeTpbl
KauyecTBa, TeM MeHbIIIe PECYPCOB, BpeMEeHHbIX U GUHAHCOBBIX, IOTPEOYeTCs JJis MOJIyYeHUsI KOHEYHOT0
NPOAYKTA C HeOGXOJUMbIMH XapaKTEPUCTHKAMH KaudecTBa. BbINOJIHEHHOE HCC/IeJ0BaHHE B YacCTU
aHaJIu3a MeTO/IOB YIIpaBJeHHUs KaueCTBOM Ha 3Tale NPOEeKTUPOBAHUS U3/[eJTUN TO3BOJIUJIO BbIIETUTh
MeTOo/, pa3-BepThiBaHUsA QyHKIMU KadecTBa (PPK), obaazarouiyii cieAy0mMMY IPEUMYIeCTBAMU:
yMeHbIlIEHHe 3aTpaT Ha JedeKT, MOBhIIIEHHEe KOHKYPEHTOCIOCOOHOCTH 3a cYeT obecredyeHUs WU
paciupeHus pbIHKA MOTPeOUTEN e MyTeM MaKCUMaJbHOTO y/[0BJETBOPEHUS UX NOTpebHOCTEH. K
HeJ0CTaTKaM MEeTO/la MO’KHO OTHECTH Hepe-TJIaMeHTUPOBAHHbIN NOPAA0K IPUHATHS TPOMEXKYTOUHBIX
Y UTOTOBOI0 3KCIIEPTHBIX PELIeHHH.

KiroueBble C/I0Ba: yIIpaB/ieHUE KaueCTBOM, TEXHUYECKHE XapaKTePUCTUKY, TapaMeTPhbl, KOHKYPeH-
TOCIOCOGHOCTD U3JEJHH, IPOeKTUPOBaHUE U3/IE/THH.

A.S. Madiyarova, A.Z.Bukaeva*, N.B.Suieuova, M.M.Chazhabaeva, G.S.Bilashova
Sh. Yessenov Caspian University of Technologies and Engineering,
Aktau, Kazakhstan

Analysis of quality management methods in product design

Abstract. At the present stage of the development of the economy of the Repub-lic of Kazakhstan,
enterprises in the machine-building complex are focusing on addressing customer requirements to
ensure product competitiveness. Thisis re-flected in the development of product technical characteristics.
The article analyz-es the existing methods of quality management in the design of products. The
competitiveness of a product depends on the quality of the design process: on the accuracy of the design
goals set and the level of their achievement in terms of meeting consumer requirements for this product.
According to research data, de-fects detected during the production and operation of products account
for 70% of all defects. This is attributed to the suboptimal quality of the planning, design, and production
preparation processes. The earlier the quality parameters are de-termined and fixed, the fewer
resources, time and financial resources will be re-quired to obtain the final product with the necessary
quality characteristics. The research carried out in terms of analyzing quality management methods at
the product design stage allowed us to identify a method for deploying the quality function (QF), which
has the following advantages: reducing the cost of a defect, increasing competitiveness by providing or
expanding the consumer market by maximizing their needs. The disadvantages of the method include
the unregulated procedure for making intermediate and final expert decisions.

Keywords: Quality management, technical characteristics, parameters, product competitiveness,
product design.
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Investigation of snow characteristics in the microwave range
for avalanche forecasting

K.B. Kadyrakunov ', V.E. Nikulin™, A.K. Nurmagambetova* ", A.E. Aizhanova ",
R.T. Nurgalieva

International University of Engineering and Technology, Almaty, Kazakhstan

(E-mail: aiko_nya@mail.ru)

Abstract. It should be noted that avalanches of accumulated snow masses are
typically triggered by climatic factors, including abrupt weather changes (such as
variations in atmospheric pressure and air humidity), precipitation, and heavy snowfall.
The volume of snow in an avalanche can reach several million cubic meters. However,
even avalanches with a volume of about 5 m*® can be life-threatening. To reduce and
prevent these negative factors, it is necessary to predict and prevent the occurrence of
avalanches at an earlier stage. This task is solved by regular monitoring of snow and
weather conditions on the proposed area of mountain slopes.

In order to achieve this objective, a variety of methods and techniques based on
different physical and technical principles are currently used. One of the most promising
directions is the use of radio waves of ultra-high frequency (UHF) range.

The present study is devoted to the examination of the possibility of UHF methods
for the remote measurement of snow parameters.

Two experimental installations for measurement of various snow parameters in
the microwave radio wave range have been constructed for avalanche forecasting.
Predictors of avalanches are chosen based on physical considerations and methods
of mathematical statistics. The objective of our research is to create an installation to
study the characteristics of mountain snow in the avalanche-hazardous areas of the
Shimbulak ski resort. The main parameters of electric snow that influence the process
of transmission, propagation and reflection of radio waves are considered. As a result
of the changes, the dipole moment increases, which causes the separation band of the
alternating influence of water to expand and move to the low-frequency region. The
results of experimental studies of radio-wave attenuation in snow used to calculate
the absorption coefficient of microwave radiation in snow are presented. Dielectric
permeability and tangent of the angle of snow losses have been measured using the
waveguide method.

Keywords: snow,avalanche, distribution of radio waves, horn antenna, the waveguide
detector section, complex permittivity, electromagnetic radiations, absorption of radio
waves.
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Introduction

In general, forecasting of avalanche hazard means detection of place and time of avalanches.
Long-term investigations and analyses of papers devoted to the identification of the main factors
leading to the formation of avalanches allowed us to identify the most significant predictors of
avalanches of different genetic types (Table 1) [1-5].

Tablel. A set of the most significant predictors of avalanches of different genetic types

Types of information Genesis of avalanches

(parameters) Fresh snow Snowdrift Thermal Sublimation
loosening loosening

Air temperature + + + -

Snow depth + (+) + (+)

Water equivalent of snow (+) - (+) (+)

Snow density (+) (+) (+) (+)

Snow humidity - - + -

Snow temperature - - + (+)

Snow humidity (+) - - -

Wind transfer - + - -

Duration of sunshine - - (+) -

Acoustic emission of snow + + (+) (+)

Wind speed (+) + - -

Avalanching time + + + (+)

Power of loose horizons (+) - - (+)

Crystal size - - +) (#)

Atmospheric pressure - + - -

+ the sign is informative
(+) the sign is conventionally informative
- the sign is uninformative

The table shows that snow thickness is one of the informative parameters. It is well identified
and can be used as a universal parameter for predicting avalanches in many mountainous
regions. However, we must bear in mind that each snow layer was formed in different periods
of time and varied under different weather conditions. It should be noted that the snow depth
as an indicator of avalanche hazard must be used in combination with other avalanche factors.

Some authors state that for the purposes of statistical analysis it is not necessary to form
large sets of data with signs for most avalanche situations [3-7]. Larger data arrays do not
usually give more timely and more accurate forecasts.
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Investigation of snow characteristics in the microwave range for avalanche forecasting

Predictors of avalanches are chosen based on physical considerations and methods of
mathematical statistics. Predictors for forecasting techniques mustbe chosen takinginto account
the area for which the forecast is made and the variability of values of predictors within the
area. The objective of our research is to create an installation for investigation of characteristics
of the mountain snow in the avalanche-hazardous areas of the Shimbulak ski resort.

Using radio waves in snow studies

Avalanche-forming factors are first determined when the thickness of the new snow on
the observation site of the avalanche station reaches 7-8 centimeters. Then calculations are
repeated periodically after a certain period of time. At a known rate of growth of the snow
depth, the time preceding the avalanche hazard is defined as the time needed for formation of
the critical snow thickness. It is very important to know the thickness of snow in the area of
avalanche nucleation. As it is dangerous to conduct direct observations of the snow cover in this
zone, its characteristics are determined on the basis of remote observations and measurements
on the experimental ground.

Because of the lack of equipment and techniques for obtaining reliable information on the
state and properties of snow in the avalanche nucleation areas, the methods of local forecasting
are still poorly developed, and the precision of existing methods used to determine strength
characteristics and indicators of the snow cover stability is low.

Therefore, it is very important to study electrical, radio wave, radiation, laser and acoustic
properties of snow, which have not been well studied yet [8-10].

[t is necessary to pay special attention to the radio wave method as the most convenient
method for remote measurements of snow parameters. Let us consider basic electrical
parameters of snow, which affect the process of transmission, absorption and reflection of radio
waves.

Dry snow, first of all, is characterized by small electric conductivity, at the density of
snow ranging from 100 to 500 kg/m?* and temperature from -2 to -16 °C, its specific electric
resistance p is quite high, ranging from 2.8*10° to 2.6¥10” Om*m, and it is close to the specific
resistance of artificial ice. On the contrary, damp snow has small electric resistance reaching
values of 100m*m. Dielectric permeability of the snow cover € depends on the frequency of
electromagnetic waves, their length and snow characteristics (temperature, density, structure,
humidity). Dielectric permeability of snow is lower than that of the ice (€01 =73... 95, e 0 | =3...
8) and increases with increase in its density and humidity [1,2].

Itis also known that fog, rain and snow considerably weaken radio signals with a wave length
less than 5cm. Noncontact radio wave methods enable scientists to control thickness, humidity,
viscosity, kinetics of hardening, geometrical sizes, composition of components, existence of
various defects and other snow parameters. Of special interest is absorption and dispersion of
radio waves in the microwave range caused by the broadband rotary relaxation of polar water
molecules in the microwave region. In this case the precision of measurements depends on the
wavelength: the precision increases as the wavelength decreases. The other obvious advantages
of microwave radio waves are:
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- Non-contact control, which means that the sensor is not loaded and does not disturb the
state of the surface of studied or controlled snow;

- Very low inertia of the reading system;

- Possibility of carrying out continuous measurements;

- Proportionality of the resulting signal to the measured value or its changes;

- Signals at the output of the system do not require additional conversion;

- Simplicity of system calibration and automation.

In most widely used methods of thickness measurements the signal is a function of two
variables: geometrical thickness and dielectric permeability of controlled snow. Therefore, the
precision of measurements depends on the uniformity of snow thickness.

We used the amplitude method based on the principle of attenuation of electromagnetic
waves passing through the material (the “transmission” method) applicable for measurements
in homogeneous isotropic media with constant scattering properties of the surface. When
analyzing the results of such measurements, it is necessary to know the value of the total
attenuation caused by the interaction with the medium. The wave energy will decrease due to
the action of the following factors [8-11]:

- absorption in the medium;

- scattering by microparticles;

- attenuation caused by nonideal transparency of the boundaries of the section;

- attenuation caused by nonideal orientation of transceiver antennas.

A specific feature of water structure is the existence of dipolar moments. Electromagnetic
waves can cause deformation of hydrogen bonds including changes in the O-H length or H-O-H
angles. As a result of such changes the dipolar moment increases, which causes broadening
and shifting to the low-frequency region of absorption bands in the oscillatory water spectra.
Intermolecular bonds are even less stable and easily collapse under the action of short-wave
electromagnetic waves. The hydrogen atom located between two atoms of oxygen can be in one
of two states - either near the first or near the second atom of oxygen, and one of these states
is stable. The energy of transition of the hydrogen atom from the stable state to the unstable
one corresponds to the quantum of energy in the microwave range [1,2]. The absorption of
radiation of the microwave range by water is caused by orientational polarization of molecules.
Intermolecular interaction and thermal motion of molecules act as counteracting effects.
Dielectric losses are caused by shifting of the polarization phase. The range of frequencies
10 GHz + 50 GHz is the range of dispersion of dielectric permeability of free water caused by
relaxation fluctuations of molecular dipoles of free water (macroscopic time of relaxation is
0.9, 10-11 c), which under the influence of a high-frequency alternating field do not have time
to reorient [12-14]. The percentage of absorption of microwave energy by water is 50% at
frequencies of 1 GHz, 90% at 10 GHz and 98% at 30 GHz.

The methodology

To study snow characteristics, we used the experimental setup, the block diagram of which
is shown in Figure 1. The experimental setup consists of a microwave transmitter and receiver
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Investigation of snow characteristics in the microwave range for avalanche forecasting

adjusted to measure snow attenuation at a fixed frequency. At the outlet (in the vicinity of the
cutoff of the horn) the antenna gives a synphased plane field. Measurements are made by the
method of direct conversion - the readings of the oscilloscope screen. As a source of microwave
radiation, we used a special generator.

g 10

r_’"—1

1 [ 2 1B A5
1_1'_] 4 ¥ 4 G

3

s

Figure 1. A block diagram of the microwave experimental setup for measuring snow parameters
[15]

1 is amicrowave generator, 2 is amodulator, 3 is a power supply, 4 are decoupling attenuators,
5 are two microwave antennas, 6 is a measuring attenuator, 7 is a matched load, 8 is a microwave
detector, 9 is a narrow-band amplifier, 10 is a measuring instrument.

In our experiment the function of the microwave source was fulfilled by a special generator
calibrated in frequency, output power and pulse modulation parameters. We used measuring
UHF generator G4-126 in the centimeter range for 2-reflexing klystrons working in the frequency
range from 8.8 to 12 GHz (in the 2.5-3.8cm wavelength range). The device has a built-in resonant
frequency meter (frequency meter) measuring the frequency of the output signal with a precision
of 0.2%. The device has an attenuator to adjust the output power of the microwave radiation
in the range from +10 to -100 dB, or from 4 to 20 mW in absolute values. The H10 microwave
electromagnetic wave with vertical polarization passes through a rectangular waveguide flange
with internal dimension of the waveguide 23 ¢ 10 mm. The generator provides several types of
modulation. The power indicator is an independent unit and allows one to control the output
power of the generator. The built-in power indicator consists of a thermoelectric converter,
a dc amplifier and an indicator with a scale calibrated in dB. The modulator block provides
the operation of the generator in the amplitude, pulse modulation with a frequency of 1 kHz.
The pulse mode of the microwave generator is provided by the voltage modulator by sending
modulating voltage to the klystron reflector circuit. Insulating attenuators reduce the action of
the signal reflected from the measurement object on the generator. Figure 2 shows a pyramidal
horn antenna [16].
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i

L

Figure 2. A schematic representation of a pyramidal horn antenna, LE is the height of the antenna
aperture, LH is the width of the antenna aperture, E is the vector of the electric component of the
microwave showing the vertical plane of polarization [14].

The radiation pattern is shown in Figure 3.

Figure 3. Spatial directivity of the pyramidal horn antenna [17].
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Figure 4. Directivity pattern of the pyramidal horn antenna in the polar coordinate system [18].

Todetectandregister electromagneticwavesinthe microwave range, we used asemiconductor
crystal point diode, which was placed in a high-frequency holder in the waveguide section
of the detector (Figure 5). This section was connected to the microwave measuring circuit.
The microwave diode is used to convert an amplitude-modulated microwave into electrical
oscillations of low frequency. We observe and measure the low-frequency envelope of
amplitude-modulated signals on the oscilloscope. It is part of the microwave signal frequency
of demodulator used in devices measuring power, frequency and controlling signal waveform.
The waveguide detector section with the amplitude microwave detector consists of an element
providing connecting to the microwave path (a matching device), a diode, a low-pass filter (LPF)
and an output to the woofer.

The microwave signal received by the horn antenna passes through the waveguide in the
waveguide detector section.

The detector section is a waveguide segment 1 with a flange connecting the detector section
to the horn pyramidal antenna.

The microwave diode is mounted in the waveguide section 1 of size of 23 ¢« 10 mm (the cross-
section perpendicular to the waveguide axis) parallel to the narrow wall of the waveguide along
the electric field lines of the electromagnetic wave.
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Figure 5. A waveguide microwave detector section, where 1 is a waveguide segment,
2 is a cathode of the microwave diode, 3 is a bronze bushing, 4 is a dielectric sleeve, 5 is a rod,
6 is an output terminal signal, 7 is a coupling nut, 8 is a piston [8]

The cathode of the diode 2 is connected directly to the wide wall of the waveguide. The
bronze bushing 3 is coupled to the waveguide soldered to the wide wall of the waveguide. The
anode of the diode is isolated from the waveguide dielectric sleeve 4 and through the composite
rod 5 is connected to the output signal terminal 6. The dielectric sleeve, the rod and the diode
are fixed with the coupling nut 7. The detector is adjusted by moving the piston 8 at a distance
of the quarter-wave length from the diode to the piston, which serves as the rear wall, the
diode is aligned with the maximum electric field, i.e. it is in the antinode (maximum) of the

electromagnetic field, after which it is fixed.

The snow was poured into the rectangular container with dielectric walls placed in the space

between transmitting and receiving horn pyramidal microwave antennas (Figures 6 and 7).

“& )-“ 4’/

Figure 6. A photograph of the experimental setup for measuring microwave radiation without the

container (the microwave generator connected to the transmitting horn antenna (light green color)

and the receiving horn antenna (yellow))
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Investigation of snow characteristics in the microwave range for avalanche forecasting

Figure 7. An experimental setup for measuring transmitted microwave radiation in case of the
maximum filling of the container with snow (the snow layer thickness between the openings of horn
antennas is 53 cm)

To measure the dielectric permeability € and the tangent of the angle of snow losses tgd
we used the waveguide method based on direct observation of reflected and transmitted
waves (Figure 8), i.e. on the measurement of complex coefficient of reflection or passage of
waveguide section where the snow is placed. In the first case the € value can be determined by
the difference between phases of the wave reflected by a short-circuited wave guide with the
examined dielectric sample and the wave reflected by the same waveguide without a sample.
The error in determination of € and tg 6 was about 10-15% [19].

From methodological and technical points of view it is more reasonable not to measure
characteristics of the reflected wave but to monitor standing waves in the waveguide without
snow formed as a result of interference of the total reflected - E1 and incident running + E1
waves.

The comparison of standing waves in the waveguide without snow and after its placing into
the waveguide allows us to calculate snow parameters. The pattern of standing waves in the
waveguide was studied in the waveguide measuring line P2-28.
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Figure 8. An experimental setup for studying dielectric characteristics of snow using a waveguide
instrument line. In the left part of the figure, you can see the microwave generator connected to the
P1-28 measuring line by the flange connection, then follows the waveguide section with snow and
the short-circuited waveguide load with variable phase NKP-7; the oscilloscope is connected to the
detector section of the measuring line

The scheme ofthe setup for measuring electro-physical snow parameters using the waveguide
method is shown in Figure 9.

O
O

Figure 9. A scheme of the experimental setup for measuring dielectric permeability using snow
waveguide method with a short-circuited line: 1 is a microwave generator, 2 is a measuring line,
3 is a part of the waveguide, 4 is a measuring amplifier, 1 is the distance from the probe to the short
circuitor [14]
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Investigation of snow characteristics in the microwave range for avalanche forecasting

Measurements were made at a frequency of 10 GHz and a wavelength of 3.2 cm.

The perpendicular dimensions of the rectangular waveguide line were 1023 mm. The
radiation intensity was about 20-milliwatt, polarization was vertical. Before placing snow in
the setup, the waveguide was cooled to a temperature of -2° C. The snow tightly adjoined the
short-circuited end of the line.

The measurement process is shown in Figure 10.
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Figure 10. Interference patterns of the field in the waveguide without and with snow in the line [14]

The interference patterns show changes caused by the dielectric in the phase of the reflected
wave (the minimum shifts) and in the amplitude of the reflected wave (the coefficient of the
standing wave changes).

The dielectric permeability was calculated using the formula (1)

2
D,
e=| | +|—+ 1
Z Ap (1),
where ﬁ'Kp =2a=2-23=46 mm.
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To determine tg$ of the dielectric we used the following formula (2),

2

a2h a A
tgs=—0 =00 2,

ﬂzé‘ Age

Where a, is the attenuation due to dielectric losses, € is dielectric permittivity, and

h=2m/ g andﬂzzﬂ/ﬂo

Findings/Discussion

The snow density was measured directly by weighing snow in the container, we obtained
the mass of snow m=52 kg. The volume of the container was V=0.17 m3. The estimated snow
density was d=306 kg/m3. We measured the temperature of the snow, which was -1 °C. The
maximum thickness of snow was 53 cm. The transmitting and receiving antennas with their
aperture sides adjoined the walls of the container from the opposite sides, and their geometrical
axes coincided. Figure 11 shows the diagram of dependence of normalized signal amplitude on
the thickness of the snow layer.
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Figure1ll. Normalized amplitude of the microwave signal transmitted through the snow as a function
of the thickness of the snow layer (* are experimental points, the curve was calculated using MatLab
program)
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Investigation of snow characteristics in the microwave range for avalanche forecasting

The density of the flux of the microwave radiation [ is proportional to the square of the electric
field amplitude. To calculate the coefficient of snow absorption we used Bouguer's formula (3)

Ix =loexp(-kx) (3)

where [ is the maximum intensity of microwave radiation measured in the empty container, Ix
is the intensity of microwave radiation measured for the snow thickness x, k is the absorption
coefficient of snow, x is the thickness of snow (I is proportional to the square of amplitude
in units of voltage). To calculate k we took numerical values from the graph plotted using
the experimental values. The calculations gave us the value of k=5.58. The calculations using
the results of the waveguide method gave the following values of the snow parameters at a
temperature of -1°C:

- Dielectric permeability £ =6.5,

- tangent of the angle of losses tg5 =14- 10_3.

Conclusions

The results of the experiments have shown the possibility of use of the microwave thickness
indicator operatingatafrequency of 10 GHz developed in ourlaboratory for snow measurements,
and the microwave waveguide installation will enable us to measure dielectric properties of
snow at the avalanche sites of ski resort Shymbulak.
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MescdyHapodHblil UHXHCeHepHO-meXHo102uvecKuli yHueepcumem, Aamamsi, Kazaxcman

HUcciepoBanue XAPAKTEPUCTHUK CHEra B MUKPOBOJIHOBOM JAHAIIdA30HE AJIA IPOrHO3a JIABUH

AHHOTanusa. CxoJ, CO CKJIOHA CKOMHUBIIENWCS CHEXHOM MacChl OObIYHO NMPOBOLUPYETCS KJUMa-
THYECKUMU NPUUUHAMU: PE3KOW CMEHOU MOro/ibl (B TOM YHCJIe epenajaMu aTMocHePHOro JaBAeHUs],
BJIQXKHOCTH BO3/yXa), AOX/AsIMH, OOUJIbHBIMU CHeronaJlaMu. 06'b€M cHera B JIABUHE MOXET JI0XOJUTh
Jl10 HECKOJIbKUX MUJIJIMOHOB KyOU4ecKHUX MeTpoB. OJJHAKO OMAaCHBIMU JJiSl KU3HU MOTYT ObIThb JAaKe
JIaBUHBI 06bEMOM OKoso 5 M3, [l19 yMeHbIIeHUsS M NpeJOoTBpallleHMs yKa3aHHbIX HeraTUBHBIX
bakToOpoB HEOGXOJUMO paHHee NPOTHO3UPOBAHUE U MpeAyNpex/ieHHWe BO3HUKHOBEHUS JIaBUH.
JdTa 33Zjaya peulaeTcs NpPoOBeJeHUEM IMOCTOSIHHOIO MOHHUTOPHUHIA COCTOSIHHUSI CHera M NHOroJbl Ha
npejnojiaraeMoM y4yacTKe FOPHbIX CKJIOHOB.
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Investigation of snow characteristics in the microwave range for avalanche forecasting

[ aToro B HacTosililee BpPeMsl HCINOJIb3YeTCs MHOMXECTBO Pa3J/IMYHbIX METON0B U CIOCOGOB,
OCHOBAHHBbIX Ha pa3HbIX (U3UYECKUX M TeXHUYeCKUX NpuHIunax. OJHUM H3 MepCleKTHBHBIX
HalpaBJIeHUH SABJISIETCA UCII0JIb30BaHHE PAZIMOBOJIH CBepXBbIicokodacToTHOTO (CBY) Amnama3oHa.

Pa6oTa nocssilijeHa uccjaejoBaHUI0 Bo3MOKHOCTH CBY MeTO/10B /151 AUCTAHIMOHHOTO U3MEPEHUS
napaMeTpOB CHera.

[locTpoeHbl ABe 3KCIEpUMEHTa/bHble YCTAaHOBKU [AJis1 U3MEpPeHUs pasjM4YHbIX IapaMeTpoOB
CHera B MHUKPOBOJIHOBOM /JHana3oHe paJiMOBOJIH, MpeJiHa3HAauYeHHble /[Jii NPOTHO3UPOBAaHUS
JaBuH. [lpejackasaTesnn JaBUH BbIOMPAIOTCS Ha OCHOBe (GU3UYECKHUX COOOpaXKEHUH U METO/I0B
MaTeMaTH4YeCKONW CTaTUCTUKU. Llesbl0 HalIMX MCCAeJ0BaHUN SBJISIETCS CO3/aHHE YCTaHOBKU
JJIsl WCCJIe[JOBaHUSI XapaKTEPUCTHK TOPHOrO CHera B JIABUHOOMNACHBIX paloHaX TOPHOJIBDKHOIO
kypopta llum6ynak. PaccMOTpeHbl OCHOBHbIE MNapaMeTpbl 3JEKTPUYECKOTO0 CHEra, BJIMUSAIOLIME
Ha Ipolliecc Iepejayd, paclpoCTpPaHEHUS] U OTpaKeHHUs pPaJyuoBOJIH. B pesysbTaTe H3MeHeHUH
JUIOJIbHBIA MOMEHT YBEJWYMBAETCS, YTO MNPUBOJAUT K PaCIIMPEHUIO0 pa3JeJIUTENbHON MOJ0ChI
3HaKOIepeMEeHHOro BO3/IeMCTBHS BOJbI U NepeMellleHUI0 B HU3KOYaCTOTHYI0 006J1acTb. Pe3yibTaThl
3KCNEpUMEHTA/IbHbIX UCCAeJ0BaHWM 3aTyxXaHUS PaJIMOBOJIH B CHETY HMCIOJIb30BaHbI JJs pacyeTa.
[IpencTtaBsieHbl K03 PUITMEHTHI OTJIOIIEHUS MUKPOBOJTHOBOTO U3JIy4eHUs CHEMOM. [[UajieKTprUyecKas
NPOHHUIIAEMOCTb U TAHTE€HC YTJla CHEro3aTpaT u3MepeHbl BOJIHOBOAHBIM METO/I0M.

KiiloueBble CJI0Ba: CHeT, JlaBUHA, paclpoCTpaHEHUE pPaJWOBOJIH, PYyHNOpHAash aHTEHHa, CeKLUs
BOJIHOBOJITHOT'O JIeTEeKTOpa, KOMILJIEKCHAas AW3JeKTpudyecKas NPOHHUIIAeMOCTb, 3JeKTPOMarHuTHOe
W3JIy4YeHUE, MOTJIOLEHUE PAJUOBOJIH.

K.B. KaapipakyHos, B.J.Hukyaus, A.K. Hypmaram6eToBa, A.E.Ai>kaHoBa, P.T. HypraiueBa
XasblKapaablk UHHCEHEPAIK-MEXHO.102UsAbIK YHUsepcumemi, Aamameul, Kazakcman

Kap kewikiHiH 60/nKay YIIiH MUKPOTOJIKBIH/BI JMaNa30HAaFbl KAp/AbIH CUIIATTaMa/IapblH
3epTTey

Anpgarna. XXvHanfaH Kap MaccacblHbIH, GeTKediHeH TyCy 9/ieTTe KJIMMATThIK cebenTepiaeH
TYbIHAAWBI: aya-pallblHbIH, KYPT e3repyi (coHblH illiHje aTMocdepasblK, KbICBIMHbBIH, 63repyi, aya
BUIFAJIABLIBIFDI), KaHObIP, MOJI Kap. Kap kelkiHiHJeri KapAblH KeJseMi OipHellle MUJIJIMOH TeKIle
MeTpre KeTyi MyMKiH. Ayiaiiia, TinTi 5 M3 KeJieMiHieri Kap KellKiHi ge eMipre Kayin TOHAIpyi bIKTUMaJI.
Ochl xaFbIMCBI3 GaKTOpJIap/bl a3alTYy KoHe O60JAbIpMay YIIiH KeIIKiHAep/AiH naii/ja 60JybIH al/IbIH-
aJsia 60/mKay JKoHe aJJIbIH-aly KaKeT. Bys1 MiHZeT Tay 6eTKeisiepiHiH 60JKaM/Ibl yuyacKeciHie Kap/blH
»Kal-KyWi MeH aya-palbIHBIH, TYpaKTbl MOHUTOPHHTIH KYpridy apKpLibl memineni.On ymin Kasipri
yaKbITTa 9pTypJli GU3MKA/BIK KoHE TeXHUKaJblK NPUHLUUNTEPre Heri3Jie/iTeH KONTereH apTypJi
dJicTep MeH Taciijep KojaJaHblaaabl. [lepcneKkTUBasbl 6aFbITTAPABIH, 6ipi yJIbTpa KOFaphbl XKUUIIKTI
(MUKPOTOJIKBIH/bI) MHANa30HAaFbl PaJiu0 TOJKBIHJAAPBIH NMakigaNaHy O6oJibin TabbLiagbl. KyMbic
Kap napaMeTpJepiH KalbIKTBIKTAH eJIlleyre apHa/fFaH MUKPOTOJKbIHAbBI dJiCTepAiH MYMKIHAITIH

3epTTeyre apHaJiraH. K,ap KOIIKiHiH 60]'[)Kay-Fa dpHaJIFaH pagru0 TOJKbIHAAPbIHBIH MUKPOTOJIKbIH/bI
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K.B. Kadyrakunov, V.E. Nikulin, A.K. Nurmagambetova, A.E.Aizhanova, R.T. Nurgalieva

JVala30HbIHAAFbI 9PTYPJIi Kap napaMeTpJiepiH eJiliey yIliH eKi 3KCIIepUMeHTTIK KOHbIPFbI CaJbIH/bI.
KapaaFbl MUKpPOTOJKBIHABI Cay/esieHY/iH YTy Ko3QOUIMeHTIH ecenTey YUIiH NailfjajiaHblIFaH
KapZarbl palMOTOJIKbIHAAP/AbIH 9JICIpEeYiH 3KCIIepUMEHTaJ /bl 3epTTeyJIepiH HOTUXKe1epi YChbIHBLJIFaH.
JuanekTpsiik eTiMAiNIri MEH Kap HIBIFBIHBI 6YPBILIBIHBIH TaHTeHCI TOJKbIH/AY d/liCiMEH 6JIIIIeHTeH.

TyiiH ce3gep: Kap, Kap KellKiHi, pajuo TOJKbIHAAPBIHBIH Tapasybl, PyHOpPJbIK aHTEHHACHI,
TOJIKBIHJBIK JeTEKTOP CEKLMACh], KelleHAl AU3JEKTPJIK OTIMAIIIK, 3JIEKTPOMAarHUTTIK CayJeseny,
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Investigation of snow characteristics in the microwave range for avalanche forecasting

B.3.HukyauH - ¢u3svkKa-MaTeMaTHKa FhUIBIMAAPBIHBIH, KaHAWAATHI, KAybIMAACTBHIPBLIFAH MPO-
deccop, XanblKapasblK WHXXeHepJiK-TeXHOJIOTHUSIbIK yHUBepcUTeT, Oyi-Papabu gaHfbLabl, 89/21,
AnmMatel, KazakcTaH.

A.K. Hypmaramb6emoega - TexHVKa FbUIbIMJAPbIHbIH, MarucTpi, JieKTop, XalablKapaiblK, HHXeHePJIiK-
TEXHOJIOTUSJIBIK YHUBePCUTET, O1-Papabu AaHrbLbl, 89/21, AnMmatsl, KazakcTaH.

A.E. AiixcaHoea - TexHWKa FbLIbIMJApbIHbIH MarvcTpi, JieKTop, XaJblKapasblK HHXXeHepJiK-
TEeXHOJIOTUSJIBIK YHUBepcUTeT, Oy-Papabu gaHrblibl, 89/21, Anmatsel, KazakcraH.

PT. Hypraiueea - TexHUKa FbLIbIMJIAapPbIHbIH MarucTpi, JieKTop, XaJblKapaablK HUHXeHepJliK-
TEXHOJIOTUSLJIBIK YHUBEPCUTET, Oyi-Papabu aaurblibl, 89/21, Anmarsl, KazakcraH.

Copyright: © 2024 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY NC) license (https://
creativecommons.org/licenses/by-nc/4.0/).

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N22(147)/ 2024 153
TexHUKAJIbIK FbLALIMOAP HCIHE MEXHOA02USLAAP CePUSICHI
ISSN: 2616-7263. eISSN: 2663-1261



JLH. T'ymunes amviHdarsl Eypasus yimmeolk yHusepcumeminiy XAGAPIIBICHL
ISSN: 2616-7263. eISSN: 2663-1261
TEXHUKAJIBIK FbUUIBIMJIAP 2KOHE TEXHOJIOTUSJIAP CEPUSCHI /
TECHNICAL SCIENCES AND TECHNOLOGY SERIES/
CEPUA TEXHUYECKHUE HAYKU U TEXHOJIOTUH

XFTAP 55.03.14 https://doi.org/10.32523/2616-7263-2024-147-2-154-167
FeibiMu MaKasia

BeTTiK HbIFAUTBLIFAH O6JILIEeKTePAiH TO3YbI Ke3iHJe 6epPiKTiriH
6araJjiay aaicremeci

0.b. CeiiayiaeBa* , [I.C. Mpip3asiueB |, 3.A. UGparumoBa

M.9ye308 ameindarel OHmycmik Kazaxcmau yHusepcumemi, Kazakcman Pecnybaukacsi, Llvimkenm

(E-mail: saule_momynova@mail.ru)

Angarna. Makasiaga 6eTTiK HbIFAaUTBIJIFaH O6JIIeKTePAiH TO3ybl Ke3iHae 6epik-
TiriH 6afanay ajjicteMeci KapacTblpblLiFaH. TeXHUKaHbIH GEpiKTIiriH apTThIPY, €H, aj-
JIbIMEH, OHbIH HETi3Ti TopanTapbIHbIH, arperaTTapblHbIH, KOCBLIBICTAPbI MEH OOJIIIEK-
TepiHiH CeHIMIJIITiH apTThIpYMeH FaHa eMecC, COHbIMeH KaTap eHAIpIiCTIiK IponecTepai
OpBIH/AY Ke3iH/ie MIbIFbIH/AAP MEH OThIH IIbIFbIHbIH a3aUTyMeH Jie 6aiIaHbICTHI.

MamwnHa GesniekTepiHiH 6eTKi KabaTbhIHbIH, canacbl TeOMETPUSJIBIK, CUIIATTaMa-
Japabl Jla, pu3nKa-MexaHUKAJIbIK KacHeTTepi Ae KaMTubl. KyMmbic GeTTepiHiH
KeJlip-0yAbIPJIBIFbIHBIH, OJIaPAbIH TO3yFa TO3iM/IIiriHe acepiH 3epTTey 6G€TTiH MUHU-
MaJsjbl KeJlip-OyAbIPJIbIFbl 9PKaLllaH OHBIH KOFapbl TO3yFa TO3IM/IJIiriH KaMTaMachi3
eTIEeNTiHIH aHbIKTa/Ibl.

To3yfa Te3iMi/NiK MeH MeXaHUKAJbIK HapaMeTpJiep apacblHAaFbl GalJaHbIC dp-
JlalbIM SKCIEepUMEHTaJAbl TypAe aHblKTasazabl. KajnbulaHFaH napaMeTp peTiHze
p K03bPUIIMEHT] YChIHBLIAIbl, OHbl aHBIKTAY YIIiH MaKasiaJla KepCeTiJireH napame-
TpJiepiiH 6ipaeckeH acepiH KapacThipy KaxeT. lllamacsl, a3ipsieHreH Kap6oHutpa-
U pEXUMIHIH THIMAIITIH 6aFaayiblH KaJNbLJIaHFAaH KPpUTepUHi peTiH/le eHIMHIH
©3€riHiH KaTThLJIbIFbI )KoHe OepiKTiriMeH, COHJal-aK 6eTTiK KaTalUThlJIFAaH KAOATThIH
KaTThLIbIFbI 2K9He 6epiKTiriMeH 6aKblJIaHATBIH ApaMeTp KOJJaHbLIYbI KepeK.

O3 Ke3eTiH/le KepHey KapKbIHIbLJIbIFbIHBIH KPUTHKAIBIK K03GPUIIMEHTIH 6epiKTiK
neH KipicTijik meri apKblibl 6inAipyAiH 6ipkaTtap Taciifepi Ae Makanaja KapacTbl-
pbLIFaH.

3epTTeyaep Kyprizy kesiHje «MexaHHMKa KoHe MalllMHa*kacay» KadeapacbiHAaa
MalllMHa acay CcaJacbIH/IaFbl MEMJIEKETTIK O10/KETTIK X9HE IPAHTThIK TAKbIPBINITAP
OOMBIHIIA OPBIHAIATHIH FBLJIBIMH KYMbICTAPAbIH O€JITiJIi HOTHKeJIepi eCKepifi.

Ty#iH ce3gep: To3yra Te3iMinik, 6epiKTiK, y3aK Mep3iMAiliK, MexaHUKAJIbIK 6H-
Jley, KapboOHUTpaLus.
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bemmik HbiFatimblaraH 6eawekmepdiy mo3ybsl ke3iHde 6epikmizin 6arasaay adicmemeci

Kipicne

Kap6oHuTpanus mnpoueciHiH yaKpITbl MeH TeMIepaTypacblH 63repTe OThbIpbliN, OeTTi
OepinreH TepeHJiKKe >XoHe »Xep OeTiHe »KaKblH KabaTTarbl KapOOHUTPUATEPAIH, THICTI
KypaMblHa KaTalTyfa 6oJsiaabl [1], [4] celikec 6osiaTTapApblH TO3yfa TO3IMJiJIIriH apTThIpy
YLIiH 6HIMHIH TO3yfa Te3IMAJIr MeH lIapliay KacveTTepiHe aHBbIKTAyllbl acep eTeTiH
KapOOHUTpALMsIHbIH, OHTAaWJibl TeMIlepaTypacblH aHbIKTay KakeT. COHbIMEH KaTap,
Kap6oHuTtpanus teMmnepatypacbiHblH 550-650°C-Tan 750°C-ka JeliiH keTepinyi 1-cypeTrTte
KepceTiJireHie Tosyra Te3IMAMIKTIH »KOFapbLIayblHa 9KeJIMel . KepiciHie [4],
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1-cypeT. BosiaTThlH To3yFa Te3iMainiriniH Kap6oHuTpanus TemnepatypacbiHa Tayeaaiairi

JdJicHamMa

MaiuHa 6eJieKkTepiHiH, 6eTKi KabaTbhIHbIH, calachl FeOMETPUSJIBIK CUMIAaTTaMalap/bl /3,
du3nKa-MexaHUKaJbIK KacueTTepAi e KaMTUAbl. JKyMbic 6eTTepiHiH Keip-0y/1bIpJibIFbIHbIH,
oJlapAblH TO3yfa Te3iMJijiriHe acepiH 3epTTey OeTTiH MUHUMa/Jbl KeZip-OyJbIPJbIFbI
dpKallaH OHbIH >XOFapbl TO3yfa TO3IMJAiNIriH KaMTaMachl3 eTHeuTiHIH aHbIKTaAbl [8].
BeTki KabaTThlH KaTaiobl HB KaTTbUIbIFbIH HeMeCe MHUKPOKATTBIIBIKTHI 6JIIIey apKblJbI
aHbIKTa/MaJbl. O/ YIIiH KATTbLIbIK MeTa//blH O€TiHJAe >koHe MeTasI[blH illliHAe eJilleHe/i
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O.b. Ceiidynnaesa, [.C.Mbip3aaues, 3.A. Hbpazumosa

(kabaTThl 010 apKblibl). HoTmkeciHae h KaTaWTblIFaH KaOaTbIHBIH, KaJbIHJbIFbI XoHE §
JedopManusa/IbIK KaTalo A9pexeci, COHAaN-aK eHeyre JeliH )oHe olaH KeliH MUKPOKATThUIbIK
HV nen HV 6eTKi KabaT MeH e3eK OpHaTbLJIaAbI.

LIbIF eHJIey

KaTTeIbIK HeH MHUKpPOKATTbUIBIKTBIH, KaTaWTbLIFAH KabaTTbIH, TepeHJAIri OoMbIHIIA
TapaJjiyblH 3epTTey MUKPOKATTBLIBIKTBIH alTapJblKTall TeMeHJeyiH aHbIKTazbl, aa 0,5-0,6

MM TepeHiKTe MUKPOKATTBLIbIK €Ki ecere »KybIK ToMeHaAeH i [9]

LR
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a — TPOOCTHT >KOJIaFbIHbIH, 60JIybI;
B - TpoOCTHUT K0/1aFbIHBIH, 60JIMayhI;
B - aTa 6HJEY/IeH KeHiH,
h, - TPOOCTHUT KOJIaFbIHBIH, KaJIbIHbIFbI, MM
had - Tuimai KabaTTbhiH TepeHiri, MM
2-cypeT. KyleiiTinreH KabaTThbIH TepeH/iri 60ibIHIIa MUKPOKATTBLIBIKTHIH, 63repyi [9]

OHTal/bl 6HJAEY peXUM/JEpiHiH KaTauTy INpoLecTepiHe dCepiH aHbIKTAy YIUiH LIbIHAAY
npoleciH MoJeb/ey XKyprisinzi. annblianFad napamMeTp QYHKIUACHIH KeJleciJiell kepceTyre
60J1a/bI:

K=f(HB R, hEc,0,2 0,6 KCV), (1)

MyHarbl HB - BpuHesnn KatTelibiebl, Mlla,
R - 6eTTiH Keip-6y/bIPJIbIFbI, MKM;

h - KymeunTi/ireH KabaTTbIH TEPeHAIri,

E - KasbinTel cepnimMaiiik moayuJi, I'lla;

0, - 6epiKTiK wieri,

0,, — aKKbIITHIK 1eri, Mlla,

0 _-JKaHacyra tesimMzaiiik weri, Mlla,

0 - febopMalMsHbIH UIBIHAAIYbI,

KCV - cokkpira Tesimpiuiri, [/ m?.
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To3yra Te3iMAiNiKTIH KapOOHUTTEY NpPOLEeCiHiH TeMIepaTypachl MeH YaKbIThbl, LIbIHbIK-
TBIPbLIFAaH KAa0ATThIH KYPbUIBIM/BIK *XoHe (GU3UKA-XMMHUAJbIK KypaMblHa, COHbBIMEH KaTap
AKKbILITBHIK, KAaTTbLIbIK >X9He COKKbIFa TO3IMJAIJIIK CUAKTbl MeXaHUKaJbIK CUIlaTTaMasap
CUAKTbl TEXHOJIOTHUAJBIK INpOLEeCTiH MapaMeTpJiepiHe Tayesainiri. To3yra Te3iMAiNIKTI
6o/mkay KpuTepuili Herisri mapameTp petTiHae BpuHesn HeMmece PokBess1 KATThLIBIFbIH
naujajsaHy ycblHbLIaZbl. Erep ecenrteysepfie aKKbILITHIK LIeri KOJJaHbLICA, OHJA 3KCIIpecc
9/liC KAaTTbUIBIKTBI aHbIKTAN/bl, ajJl aKKbIIITHIK KYIIiH [6]-7a KepceTireHAen, CbI3bIKThIK
KaTbIHAC TYpiHJe KAaTThLIbIK JeHreli 60ibIHIIA 60/KayFa 601a/bl:

o,,=31647 - HB - 157,08 (MPa) (2)

OcpLiakilia, To3yfa Te3iMJiNIKTI 6GoJpkay YIUiH, Mblcasibl, 1l-cypeTTe KepceTiJreHJew,
ToXipubesik TO3yFa Te3iMAiIIK JepekTepi 6o/iMaFaH »KafFfai/la KaTTbLIbIK INapaMmeTpi
KOJILaHbLJIa/(bl.

BosixayablH eKiHIIi Ke3eHi CTaTUKaJIbIK XK9He Ilapliiay CbI3aTTapbIHbIH 6acTasly XKoHe JaMy
npolLeciH 6aFasiayFa HeTi3/ieJireH KOChLIbIC O06JIiIKTepiHiH OepiKTiriH ecenTeyneH Typa/bl.

To3yra Te3iMiNik NeH MexXaHUKaJbIK [apaMeTpJiep apacblHAaFbl 6alJaHbIC dpAalbIM
JlepJiiK Toxiprbe apKblibl aHbIKTaMa/bl. JKoFaphl/ia KepceTiireH napaMeTpJiepAiH 6ipieckeH
dcepiH ecKepy KaXKeT eKeHiH aHbIKTay YLIiH KaJllblJIaHFaH NapaMeTp peTiHze p kKo3apduiueHTi
ycoiHbLIaAbl (1-TeHzey). KepiHeTiHzael, a3ip/ieHreH KapOOHUTTEY PeXUMiHIH THIMJiIIriH
GafaJsiay/iblH, *Ka/bl KPpUTEpUNi peTiHAe 6HIMHIH e3eriHiH KaTTbLIbIFbI )KoHe OepiKTirimMeH,
COH/lal-aK, 6eTKi KaTaWTblJIFaH KabaTThIH KaTThLIbIFbIMEH K9He OepiKTiriMeH 6aKblJlaHATbIH
napamMeTpAl mnaujjajlaHy KepeK. Y¥3bIH/bIFbI le 60J1aTbIH KAPBIKUIAKTbIH, KPUTHUKAJbIK
Y3bIH/IBIFbIH MbIHA TYp/ie KopCeTeuiK:

KlC — 0-0,2\/%1](]9 (3)

O3 Ke3eriH/ie, COKKbl KYLIi MeH aKKbIIITBIK KYLIi apKbl/bl KPUTUKAJIBIK KEpHEY KapKbIH-
JbLIBIFBI KO3QPUIIMEHTIH KepceTyAiH b6ipkaTap Tacingepi 6ap. Xaunbl 6ya Tayeaginaik [10]
dopmMachkiHa He; 2

Kic\" _ 4 (KCV

09,2 09,2

—B ), (4)

Mynpafbl: K, . - KepHey/iH KpUTUKa/IbIK MHTEHCUBTIIMHIH KO3pGUIMeHTi,

Oy, = 6i3/1iH GeJIlEeKTiH Heri3ri MaTepuaJibl )KaFJalblH/Ia AKKbILITHIK IIET],

KCV - cokkpbifa Te3iMIiliK,

A xoHe B - aMnupukanblK Ko3GpunueHTTEp

Ocbl epHekTeH K, . aHBIKTaWbIK oHEe aKKbIIITHIK LIeriH (2) TeHaeyiHe yKcac epHeKIeH
aybICTBIPBIM, OJ1 KaJIllbl AKKbILITHIK MeH KAaTThLIbIK apacblH/aFbl OalJIaHbICThl 6PHEKTEN ],
TYpJIeHAipyJiepZieH KeliH TeHJeyAl aJlaMbl3;

Kic% = a (KCV) — B (HRC)? + C, (5)
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MYH/aFbl o, 3 x9He C koapduiMeHTTepi LIBIHBIKThIPYFa JeiiH xKaHe 0JjaH KeHiHri yarinepai
CbIHAY apKbl/bl aHBIKTAJAThIH SMIUPUKAJIBIK KO3 PULIUEHTTED.

Bys koadpdupeHTTEp ChI3aT YUIBIHAAFBI AedopMalUsiaHATbIH K6JIEM MeH 3epTTeJeTiH
MaTepHuas/iblH KATThLJIbIFbI, HIITILITITI )KoHEe COKKbIFA TO3iM/iJIiri apacbiHAaFbl 6alJIaHBICTbI
KepceTezl.

AJbIHFaH TeHJey >KoHe OHbIH KypbLIbIMbl 6eTKi KabaTTblH TO3yfa TeO3IMJiNiriH koHe
KATTbLJIbIFbIH apTThIPY YIUiH KapOOHUTTEYJEeH KeHliH OeJilleKTepJiH >KapbIKUIaKKa Te3iM-
JliTiriHig, e3repyiHe KeJsieci TyCiHiKTeMeHi KabbLijayFa MyMKiHJiK Oepeni. (4) TeHJeyiHiH
KYpPbLJIBIMbIHAH KOpiHiN TypfaHJal, KepHey KapKbIHAbLIbIFBIHbIH KO3QQPUIUEHTI COKKBI
KYIUiMeH, a/l aKKbILITBIK LIEeriHiH e3repyi MaTepHasiblH, KAaTTbUIbIFBIMEH KOppessalusIaHabl.
(5) Tenzeyne kepceTisiredH Ko3pGULIMEHTTEP ChI3aT YIIbIHAAFI JledopMalMsiiaHATbIH KeJieM
MEH 3epTTeJIeTiH MaTepUaIblH KATThIJIbIFbI, UIJITIIITIT] )koHE COKKbIFA 6epiKTiri apacblHAaFbl
6alJIaHbICThI KOpceTe/|.

Bys1 MaceJsieHi mienly eHiMZAi »kacay MeH MaijanaHy/JblH apTYpJii Ke3eH/JepiH/le KaObli/JaHFaH
mapasapra 6alsiaHbICThI. BesiliekTep/i AalblHAAy CaTbICbIHAA O6JIIEeKTepAiH KaXKy MeH
TO3yFfa TO3IMAIJIITIH apTThIpy 9pTYpJi dJicTepMeH »Ky3ere acblpbliajbl. lleMeHTTesreH,
HUTpOKap6opu3alusiJaHFaH, 60pJiaHFaH )KoHe XpoM/JjaJIFaH 6eJIeKTepAiH XoFapbl OepiKTiri
MeH TO3y¥a Te3iM/iJIiri, CoHAal-aK 6yJ TEXHOJIOTHUSAJIBIK IPOLECTEPiH TYPAaKThIJIbIFbI 0J1apAbI
eTe TUIM/ eTe/li. AJlaliia, KEMILIJIIT] peTiH/e KeNTereH 3epTTeyulijiep XUMHUAIBIK-TEPMHUSJIBIK
NpoLeCcTep dAeTTe KYPblIbIM/BIK 63repicTepiH TeMIepaTypacblHaH XKOFapbl TeMIlepaTypaza
KYPEeTiHiH aTan etefi [4].

[laiia GosiraH OeTKi KabaTThIH, MUKPOCKOJIAAp akKayJap/blH Ke3i 60Jiblll Tabblaa/bl.
Temipzin asoTmeH »XoHe TeMipAiH KeMipTeriMeH TY3IreH KOCBUIBICTApPbl ayCTEHUT-
beppUT MaTpULACbIHAH eJdyip KWUbIH OOJIFAHJABIKTAH, bIAbIpAay OCHI HETi3ri KeJsemre
6ai1aHbICThI 60J1a/bl. [lebopMalnvsiblK KapTatoFa 6aillaHbICTbl 60J1aTTap/IbIH, OEPIKTIiri MeH
MKeM/IJIiTiHIH cunaTTaMaapblH 3epTTeyAiH 6esriyii HoTuxesepi [6] AedopMalUsAIbIK KaTato
Ko3pduMeHTTepiHe OEpIKTIKTIH ocepiH 6aFasayFa MYMKiHJiK 6epeji.

JedopmarusHbiH KaTato /1l kepceTkillid gedopManusaHbIH 6acTanKbl KeseHiHgeri gedop-
Malusi WHTEpPBaIbIHAA € =0.002 (apTThl aKKbIIITHIK IIEeriHEH) aKKbIIITHIK IIeriHe
CoMKec KeJieTiH gedopManusara JeWiHrl KYIWTIK Tayeafisik O, = A-e" TYpiHZE CO3bLI1Yy
Ke3iHeri fedopMalivs KUCbIFbI apKbLIbl aHbIKTayFa 60J1a/bl. Jlorapudm/ik KoopAuHATTapAa
KepHey-AebopManusa TIyeJJIiriH Ty3y CbhI3bIKTbl ToyeJAiJiK TYpiHJe eJieCcTeTill KepeHik,
coJlaH KeHiH ajlaMbl3:

0 = g5, —1go,, ©)
T — s
Ige, —l1ge;
Akaybl 6ap 60s1aT y/ATiciHiH 6y3bly WIAPTHI TYPiH/eE Ka3blaajbl [6]:
exe,, (7)

-3
(7) TeHAeyAl eckepe OTBIpbI €, = 2-10 aJlaMbI3:
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IgR, =lgo, +1g ], ’ (®)
MYH/IaFbI: RMC— MUKPOCKOJIFA TO3IMAIIIK,
. O-lMax oL .
[lapametp ] = KepHey KyHiHiH KaTThlJIbIF bIHbIH MaFbIHACKI 6ap, 51‘ - KEpHEeY/iH
O-i
KapKbIH/AbLIbIFbI R
YKyMbIcTa [6] cOHbIMEH KaTap BoJaTThIH TYTKBIPJBIK, KOPBIH CHIATTaHTBIH K BC = —e
aFbIMZIaFbl KO3QOUIMEHT YCbIHbLIAABI. .
(3.6.9) Tenpeyi kesecineit e3repefi:
&
— il
lgo, =lgo,, +n; ) 9)
€r
ChIHY OpBIH a/laThlH KPUTHUKAJIBIK AeGOopMalUAHbIH [1aMachl:
S Ky |
£,=210" =2 | . (10)
J

Mukpoakaybl 6ap MaTepuasiblH aKkayFa Te3iM/iJlik napaMmeTpiH [6] kesecifieil )ka3aMbl3:

DZ - ngB _nT (11)

Bys mapameTp akaybl 6ap MaTepHaJs/iblH, ChIHFBIII OY3blIybIHA TO3IMAIMIKTI KepceTeai.
dusukasblK MaFblHaCHI, [6] coliKec, akayFa Te3iM/ilik bosaTTeIH KanablK MKeM/ilirimeH

6alJIaHBICTHI XK9He OepisireH KYIITiH aKaybl (]) YUIiH D2 > lg jk TeHCI3/[iK OpbIHAAYbI
Kepekx.

KenTipinreHn aepexktepai Tanzaay [6] aebopMaiusiHbIH KaTal KOPCETKIllliH MbIcaJibl, 6erii
6ip TepeHJIKTeri >KapbIKIIAKTbl UMHUTALMAJIAUTBIH CaKWHAJIbl KecCiHAici 6ap LUJIUHAPJIK
CblHaMaJiap »KOMbLJIFaH Ke3/je IKCIepUMEHTTIK MaJliMeTTep/ieH aHbIKTayFa 60J1aThIH/bIFbIH
kepceTTi. COHbIMEH KaTap, akay/ZblH MeJiliepi bosaT KypblJIbIMbIHBIH, [J9HIHIH MeJllepiMeH
canbIcThipbLIazbl. KepceTkim 7, 20-6osat yuwin 0,20-0,24 mamacbiHaa MaHep/i Kabbli-
Jlaiibl, 6yJ1 peTTe KPUTHUKAIBIK AedpopManys MoHZepi KaiablK AedopManys Ep = 0,13-0,98
ke3inge 0,16-0,96 kepceTisiefji, 6MiTKEHI CHIHFBILI MUKPOKPEKTEP/IiH 6cyi Kelbip AepeKTep
6ombiHIIa 0,02-0,06% mamaceiHga Aedopmanyaaap Kesinge 6actanajibl, MYHAAW TACI eH,
ceHiM/i 60J1bIIT KepiHeJ|.

TepMoMexaHUKa/NbIK acep eTy »KaFqaublHAa JedopMallMsHbIH KaTal KepCeTKIilliHiH,
MOHI KOpIIaFaH OpTa MeH MexaHUKaJbIK >XYKTeMeHiH OipJeckeH acepiH eckepe OThIPhIII,
TeMIlepaTypaFa [a ToyeJJi >KoHe KPUTHUKaJbIK JAedopMalnus JeHreliH aHbIKTaugbl [7].
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Ananpa, KOppo3UAJIBIK KPEKUHT KoHe KOPPO3UAJIBIK lIapliay Ke3iHze CbIHyFa JeHiHI] YaKbIT
MoaHi MeH AedopMalUsJIbIK KaTalo KepceTKillli e3repyi MyMKiH [7].

KepceTinren ko3pduLMeHT aKKbIIITHIK LIETiHiH 63repyiH Tikesied KepCETEeTiHAIKTEH,
3aKbIM/IaHYABIH O6eTKi KabaTTblH, UKEM/Ii/IIri MeH KaTTbUIbIFbIHA TAyeJiiri KainbLiaHFaH
napaMeTp peTiHJe eHri3inyi Kepek. XUMUSJIBIK-TEPMUSJIBIK OHAEY/iH THICTI pexumi 6ap
9pTYpJii NapTUsiIap/iaH aJIbIHFaH YJITiiep ceprsiCbIHAF bl KO3GPUIUEHTTEP/1i 9KCIIEPUMEHTTIK
aHbIKTay (6) TeHJeyiHiH K03dPULIMEeHTTEPIH aHbIKTayFa MYMKIiH/ik 6epeni, myHaarel: KCV -
COKKbI TYTKbIPJIBIFBI, @, [3 x3He C — SMIUPHUKaIbIK KO3QPULIUEHTTEP.

BesekTepiy, KypbUIBIMABIK epeKILIeJiKTepiHiH, naujajaHy CceHiMZijnirine acepi
HeTi3iHEH CBIPTKbI XYKTeMeJiepAiH acepiHeH imki KepHeysepjiH 6ipkesiki emMec Tapasy
allMaKTapblHbIH NalAa 0oJiyblHA 9KeJseTiH O6eJ/IlIeKTepAiH reoMeTpUSJIbIK epeKuleaiKTepi
6oJIFaH >Kafialiapaa kepinei. KepHey KOHLleHTpaTOpJ/iapbl akMaFbIH/AFbl KEPHEY KafialblH
6afasiay >koHe oJIap/blH MallrHa Kacay eHiM/epiHiH 6epikTiriHe acepiH eckepy ©3eKTi MiHAEeT
6oJsibill TabblLIaAbl. KepHey KoOHLieHTpaToOpJapbl peTiHAe O6eJleKTepAiH KYpblIbIM/bIK
3JIeMEeHTTEPIHIH TeoMeTpUsJIbIK epeKIlesiKkTepi Ae 60Jiybl MYMKiH, MbIcajbl, 6ip 6inik
JluaMeTpiHeH eKiHIliciHe KypT aybICy, COHbIMEH KaTap illiKi akaysap MeH 6GeTTik akaysap,
6eTTiH canacbl3 eHJeyiHe 6alJIaHbICTHI.

CTaTUCTUKAJBIK PaKTOPAbIH 9cepi yJrijiepAiH KeJieMiHiH yJfaloblMeH Llapuiay >KapblK-
TapblHbIH, Naija 060Jly oOlAKTapbl O00JbIN TabblIATBIH MaTepuaJ KypblJIbIMbIHAAFbI
aKay/J1ap/iblH bIKTUMaJIAbIFbIHbIH, KOFapbljayblMeH 6alaHbICThl. CTaTUCTUKAJBIK HeMece
MacuTabThl paKTOpAbIH acepi (a6COMIOTTI eJilieMAep) apHaibl KO3QPHUIIMEHTIIEH ecKepiei

[3]:

O0-1d
Kic = oy’ (12)

MYH/IaFbl: 0, — KE€pPHEY KOHIIEHTPALUACHI K0K d inaMeTpJi y/risiepAis Te3iMALIIK weri;

o, - 6ipzieH Kinli cTaHAapTThl JuaMeTpJIi y/risiepAiy TesimMaiiik weri (d,=7,5 Mm)

B.Il. KoraeBThbIH, KYMbICbIHAA KEpPHeyJepAiH ayKbIMJbl 9Cepi MeH LIOFbIPJIaHYbl erKeu-
TerXeni KapacThlpblLIFaH [8].

TeMeH UMKJiK )KYKTeMe Ke3iH/le KepHeyiepAi aKKbIIIThIK [IeriMeH caJbICThIPyFa 60J1a/1bl,
OyJ1 X)kaFaaiia 20‘a >0, coukec [3]:

O'a=K65H/2, (13)

MYH/JaFbl: Ke - HelibepaiH TayenainiriMmeH aHbIKTalaTbIH cepHiM/ii JIACTUKAJIbIK aliMaK-
TaFbl AlepopMalvsl KOHI[eHTPaLUsCbIHbIH KO3)pPUIHMEHTi:

K_-K,=a, (14)

MYHJaFbl: (, - KepHey KOHLEHTPALHUsACHIHbIH TEOPHUAJIBIK KO3QPHUIMEHTI KecTesep
OOMBbIHILIA TaHAAIaAbl;
Ko - cepniM/i MJIacTUKAJbIK alilMaKTaFbl KEpHEY KOHIIeHTPaLUsICbIHbIH KO3)pUIUEHTI,
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6
K, = G—T (15)
H

- aKKbILITBHIK Op MeH co3bliy OepikTiriHii Op MaH/JepiH KabbliAay Kepek:

- erep cblHay Ke3iH/le »Ko9He MaH/lepi MeMJIEKeTTiK cTaHAapTTap [4] *koHe 60J1aTKa ap-
HaJ/IFaH TeXHUKaJIbIK LapTTap TajJanTapblHa COMKeEC KeJiCe — OChI Ky»KaTTap/a KepceTiireH
eH TOMEHTi MoHTre colKec

- erep cbIHay Ke3iHge Ot xoHe Op MoH/ep MeMJIEKETTIK CTaHAapTTap/Aa HeMece 60J1aTKA
apHaJifaH TeXHUKaJbIK LIapTTapAa Ke3JeJ/reHHeH TeMeH 060Jica, OHJa HaKTbl MIHJeEp
aybICTBIPbLIYbI KEPEK.

TexHosoruaablK, napametpJsiep (6eTTik eHJey camachl, OeTTi IIBIHBIKTBIPY dAicTepi,
reoMeTpUSJIbIK NillliHHIH AaJ1Airi)

BeTTik eHJey camachl OeJlleKTep/iH, Liapliay cUlaTTaMajapblHa alTapJibIKTal acep
eTeTiH aHbIKTaylIbl GaKTOpJapAblH 6ipi 60JbiN TabblaaAbI.

Kenip-6yablp/iblH, ocepiH eckepy yuiiH Te3iMAinik 1ieriH TeMeHAeTy Ko3dduLHEHTI
eHrisineni:

o
Kpo = —2), (16)
0-1

MyHzaFbl: R, - 6eTTiH Keip Oy AbIp/ibIFbl KepceTKii [2].

3epTxaHaJbIK yJ/rijiep »KyMbIC OeTiHIH KeJip-OyAbIpblHA JeliH MYKUAT KbLITbhIpaThLIFaH
R <1 MKM.

[8] coiikec eHAeY KO3dPULIMEHTIHIH KeAip-OyAbIpFa Taye A AiIriHiH KOppeasaUAIbIK KaThl-
HacChl KecTeJiep/e KeJTipiireH.

KosppuuuenT kenip-6yabipra 6aiiIaHbICThI, MbICaJIbl, AIIOMMHUNA KOPbITHA/NAPhI YIIiH O
xoHe R,

JlebopManysaiaHaTbIH aJIlOMMHUN KOpPbITHAJAPHI YILiH 6ETTi 6H/ey canacblHa ToyeaAiliK
K03pUILIMEHTIHIH, UHAUKATUBTI MaHJepi, AsFHU 6eTTiH Kelip-OyAbIpJiblFbl 1 KecTele KeJi-
TipiJires.

Kecre 1. BeTTik eH/iey canacblHbIH K03$PULIMEHTIHIH 6eTTiH KeZip-0yAbIPJbIFbIHA TOYEIAiJiT]

CoHFBI 6HAEY Kenip-6yabIpJibIK mapaMeTp- |\
Jnepi Rz, Mkm

Kbuateipaty 0,5..1,0 1,00
Terictey 1,5...2,0 0,96-0,98
Taza 6ypany 4..10 0,87-0,94
Bypbliy 10...15 0,84-0,88
Opecken 6ypany 20...30 0,78-0,83
OTe epeckes Gypany 50...100 0,70-0,75
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HGTI/I)KeJ'[ep K9HE TaJIKblJIdy

BeTTik KaTaWTyAblH QU3WKA-XUMUSJIbIK HEMece XUMHUSJIbIK-TEPMUSJIBIK 9iCcTepiH
KOJIJJ@aHFaH »Kafjaija, Te3iMJiliK IeriHiH eAadyip apTybl OallKanajbl, Oy O6JiKTiH,
O6eTki KabaTbIHJA KaJAblK KepHeyJepAiH MNaijga O6oJyiybIMeH TYCiHJipisie[i >XKoHe OHBbIH,
KaTTbLIbIFbIHbIH aWTapJ/IbIKTal >KOFapblaybIMeH bipre xKypeji.

YaKpIT KeJlepriciH »koHe ColKeC KaTThIIBbIKTbI apTThIPy apKblibl 6eTTiK O6epiKTiKTiH acep
eTy K03pPUIUEeHTIH TO3IMAIIIK 1IeriHe ToyeAiiK apKbl/Ibl aHbIKTayFa 60J1afbl:

KV _ 0—1(ynp)

o, (17)

MYH/IaFbL: O CbIHAy Ke3iHJeri Te3iM/i/iK 11eri, KaTaloJaH KeuiH.

(ynp)
MyHpa 6eTTik KaTalTy 9/icTepiHiH Heri3ri TypJ/epi KeaTipiireH:
- 0eTTik miacTukaiblK gepopmanusa (BI1/]) dpakyusameH ypJey, poJIMKTEpPMEH WJIEKTEY,
['ayhap yTikTey, cofy, TecikTepAi uaemey xxoHe T. 6.;

- XUMUSJIBIK-TEPMHUSJIBIK d/icTep (LleMeHTTey, a30TTay, liMaHAay (keMipTeri MeH a30TIeH
6ip Mesringe bonaTThiH 6€TKi KabaThIHbIH AU PY3UIbIK KaHbIFY IPOLECi) )KaHE T. 0.);

- KOFapbl XKHUIMIKTI TOKTapMeH KblJIyMeH GeTTiK COHAIpY;

— COyJIeJliK d/jicTep: Jla3epJliK 6H/eY, MOH/bIK UMILJIAHTAL U, 3JIeKTPOH/bI CaYJIeNiK eHAEeY;

— apaJiac aicrep.

BerTik KatauTy aictepi Te3diMAinik wmeridiyg 1,2..3 ece apTyblHa 9KeJsyi MyMKiH. Ocep,
b6acKasiapMeH KaTap, KYpblIbIMJbIK 3JIEMEHTTIH XXYMbIC XKaFialblHa OalJIaHbICThI (P)KYKTEME,
TeMIepaTypa, OpTa dHe T.0.) >KOHe KAaTaWTbLIFaH >XoHe KaTaWThblIMaFaH YJrijiep MeH
OeJilieKTep/ii Tikesel cblHAy apKblLibl opHaTbLIazbl [2]. Kv ko3dduuMeHTIH aHbIKTayFa
apHaJIFaH Kelbip aHbIKTaMaJIbIK, MaJIiMeTTep 2 KkoHe 3 KecTeJsiepiH/e KeJTipijiireH.

2-Kecre. beTTik KaTaw/bIH acepi

Koraps! xuiniKTi TOKTapMeH GeTTi WBIHBIKTBIPY dcepi Yari guameTpi yuin Kv
(aliHa/IyMeH Uiy, IbIHAAAFaH KabaT Tepedairi 0,9-1,5 mm)
Yuiri Typi 7-20 MM 30-40 mm
KepHey KOHIIeHTpaLUACHI KOK, 1,3-1,6 1,2-1,5
KepHey KoHIleHTpaLUsACbIMEH 1,6-2,8 1,5-2,5

3-KecTe. XuMUANBIK-TEPMUSIBIK 6HJEY TYPiHiH acepi

XUMUANBIK-TEepMUSIBIK, 0H4ey | YJri Typi Yari puamertpi ywin Kv
canaTTaMachl 8-15 MM 10 MMM | 30-40 mm
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KabaTTblH TepeHairinge a3ot- | KepHey koHueHTpanuscel xoK, | 1,15-1,25 - 1,10-1,15
Tay (N) 0,1-0,4 MM, KabaTTbIH | Kephey koHueHTpauusiceiMer | 1,90-3,00 | 1,30-2,00
KaTThlabIFbl 730.970 H B (KeJIeHeH, TeCiK, Kecy)

0,2-0,6 MM Kabat TepeHairinzae | KepHey koHueHTpanuscel xok, | 1,20-2,10 | 1,10-1,50
nemeHnTTey (C)

[apmay meri MeH MaTepua/jiAapAblH OepiKTik uieri apacblHAa 6ip MaH/Ji OGaiJiaHbIC
OpHaTbLJIMaFaH, 6ipak 6epiKTik cunaTTaMaJiapbl HEFYpJIbIM »KOFaphl 60J1Ca, COFYpPJIbIM LIapIlay
Hieri Ae COFYpJIbIM KOfaphl 6oJiafbl. Ayalijia, >KoFapbl OepiKTiri 6ap MaTepuanjap KepHey
KOHLIeHTpalMsCbIHA }KOFaphl Ce3iMTaJbIKKA e, OyJ1 0J1apAblH 0epiKTIK apThIKUIbIJIBIKTapbIH
KOKKa LIbIFapybl MYMKiH. COHABIKTaH, MyHJal OeJillieKTep/i >xobasiay Ke3iHJe KepHey
KOHLIeHTpATOpJIapbIHbIH 9CEPiH eCKepill, AU3aluHAbl 6Te MYKUAT OHJey KepeK. MaTepuasblH,
6epiKTiriHiH KoFapbliaybIMeH OHbIH O€TiHiH KyHiHe ce3iMTaAbIFbl apTa/ibl. KOHCTPYKTOPAbIH,
KOJIbIH/ZA OeJIlIeKTePAiH 1apluiay 6epiKTiri MeH ceHiMAiJIiriH apTThIpyFa MYMKiH/ik 6epeTiH
d/licTep/liH, KeH CreKTpi bap.

OpTaHbIH UUKJAIK LIapLIayFa 9CepiH 0J1IapblH dcep eTY XKblJIJaM/AbIFbIHbIH, }KapbIKTaPAbIH,
JlaMy KbUIJAaM/JbIFbIHA COWKeC KapacTbIpFaH XeH. KenTereH »KyMbICTap OpPTaHbIH
arpeccUBTIJIITiHIH KOFapblIaybIMeH XaOThIH, acepi aJ/cipelTiHiH KepceTeli. KepHey aeHreui
HEFYPJIbIM KOFaphbl 60Jica, KEPHEY KOHLIEHTPATOPJIapbIHbIH dCePi OpTaHbIH, CaJIbICThIPMaJIbl
TYpP/le a3 dcepiMeH COFYPJIbIM KYIITi 60135l [7].

KopbIThIHABI

XKyprizinren seprreysep MeH 9/lebU JepeKTepAi Tajijay HOTHXKeCiHJe Kasipri yakbITTa
OyHbIMIAp/bIH, OepisreH JaJ/1/liri MeH oJiapZblH, OeTiHiH >KOFapbl camacblH KaMTaMachl3 eTy
MaKCaTbIH/a 0J1ap/iblH aii/ja/aHy )KYKTEeMeCiH KoHe OeJIlIeKTep/|i MeXaHUKaJIbIK KoHe OeTTik
OHJIEY/iH TeXHOJIOTUSJIBIK MpPOLEeCiH OJaH api AaMbITYAbl eCKepe OTbIPhIMN, OYWbIMAAP/bIH,
OepiKTiriH 6oJnKay afiicTepiH oZjaH api XKeTiNipy KaXKeTTiJiri TyblHJaFaHbl aHbIKTAJIAbI.

Kyk keTeprim 6eTTepAiH TO3ybIHbIH IEKTI MOH/IEPiHIH MalAalaHy XXYKTeMeJiepi Ke3iHze
MalluMHa 6eJilleKTepiHiH »XyMbIC KabiseTTinirine oacepin 3eptTey I[laiiganaHy kesiHze
OesieKkTep/iiH, OepiKTiriH 6oJipkay ecenTeysepiHiH MoJeJsbJepi MeH JJjicTepiH »acayfa
MYMKIHJiK 6epeji.
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0.b CeiiaynnaeBa, 1.C.Mbip3aaues, 3.A. U6parumoBa
HuxcHo-Kazaxcmanckuii yHugepcumem um. M. Ayazoea, Pecnybauka Kazaxcmat, llleimkeHm

METOAPIKa OL€HKH AOJITOBCYHOCTH NP U3HAIIMBAHHUH MNOBEPXHOCTHO YIIPOYHEHHBIX AeTaJ’leﬁ

AHHOTanusA. B cTraThe paccMoTpeHa MeTO/MKa JA0JTOBEYHOCTH TPH M3HALIMBAHUHU TOBEPXHOCTHO
YyIPOYHEHHbIX JeTaseil. [loBbllIeHMe NMPOYHOCTH TEXHUKH CBSI3aHO, MpeXJe BCero, He TOJIbKO C
MOBBIIIEHUEM HA/IeXKHOCTH €€ OCHOBHBIX y3JI0B, arperaToB, COeAUHEHUH U JleTajlel, HO U CO CHIDKEHHEM
3aTpaT U pacxoza TOIJIMBA PU BbIITOJHEHUH TPOU3BOACTBEHHBIX TPOLECCOB.

KauecTBO MOBEpPXHOCTH JleTajiel MAllMH BKJIIOYAeT KaK reoMeTpUiecKre XapaKTEPUCTUKH, TaK U
du3rKO-MexaHUUecKue CBOMCTBa. UcciesioBaHe BJIMSHUSA 11€POXOBATOCTH paboyUX MOBEPXHOCTEN
Ha WX M3HOCOCTOMKOCTbH IOKa3aso, YTO MHHHMMaJbHas LIEPOXOBATOCTh MOBEPXHOCTH He BCerja
obecre4uBaeT ee BbICOKYI0 U3HOCOCTOUKOCTh

CBsA3b MEX/Jy H3HOCOCTOHMKOCTbIO M MeEXaHMYEeCKUMHU IapaMeTpaMH BCerAa OomnpezesseTcs
3KCIlepUMeHTa/lbHO. B kayecTBe 006061leHHOr0 napaMeTpa MpejJaraercs KoapouLUeHT p, A
onpejieJieHUsI KOTOPOro HEO6XO0JMMO pacCMOTPETb COBMECTHBIM 3(Q(}EeKT yKa3aHHbIX B CTaThe
napameTpoB. [lo-BUAMMOMY, B KayecTBe O0OOOGIIEHHOTO KpUTepUs OLEeHKU 3PPeKTUBHOCTH
pa3paboTaHHOro pexxuMa KapOoHHUTpauuu cjefyeT HCIOJIb30BaTb NapaMeTp, KOHTPOJIUpPYyeMbIH
TBEPZ0CTbIO U IPOYHOCTbIO CEPALIEBUHBI U3/1eJ1Hs, @ TAK)Ke TBEPAO0CThIO U TPOYHOCTHIO IOBEPXHOCTHO-
YIPOYHEHHOTIO CJIOSI.

B cBol0 o4yepesp, B cTaTbe PaCCMOTPEH PsAJL CIOCOOOB BBIPAKEHUST KPUTHYECKOTO Ko3pduIeHTa
MHTEHCUBHOCTH HaNpsHKeHUs Yyepes npezies IPOYHOCTH U TEKY4eCTH.

[Ipy mnpoBefeHUM HCCAE[OBAHUN YYUTBIBAJWCh HW3BECTHblE peE3Y/bTAaThl HAY4YHBbIX paboT,
BBIIIOJIHSIEMBIX Ha Kadepe «MexaHMKa U MAallMHOCTPOEHHE» IO rOCyJapCTBEHHBIM OIO/XKeTHBIM U
IPAaHTOBBIM TeMaM B 06J1aCTH MAIMHOCTPOEHHUSL.
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0.B. Seidullayeva, D. S.Myrzaliyev, Z.A.Ibragimova
M. Auezov South Kazakhstan University, Republic of Kazakhstan, Shymkent

Methodology for assessing durability during wear of surface-hardened parts

Abstract. The article considers the method of durability during wear of surface-hardened parts. The
increase in the strength of equipment is primarily due not only to an increase in the reliability of its main
components, aggregates, connections and parts, but also to a reduction in costs and fuel consumption
during production processes.

The surface quality of machine parts includes both geometric characteristics and physical and
mechanical properties. The study of the influence of the roughness of working surfaces on their wear
resistance has shown that the minimum surface roughness does not always ensure its high wear
resistance.

The relationship between wear resistance and mechanical parameters is always determined
experimentally. The coefficient p is proposed as a generalized parameter, to determine which it is
necessary to consider the combined effect of the parameters specified in the article. Apparently, as a
generalized criterion for evaluating the effectiveness of the developed carbonitration regime, a parameter
controlled by the hardness and strength of the core of the product, as well as the hardness and strength
of the surface-hardened layer, should be used.

In turn, the article considers a number of ways to express the critical stress intensity coefficient
through the tensile strength and yield strength.

The research took into account the well-known results of scientific work carried out at the Department
of Mechanics and Mechanical Engineering on state budget and grant topics in the field of mechanical
engineering.

Keywords: wear resistance, strength, durability, machining, carbonitration.
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HU3mepeHHUe pacnpeeseHUsA A03bl FaMMa-U3JaydeHUs C IOMOLIbI0
APOHA JAMCKPETHbIM METOA0M U3MeEpPEHMUS

A. MoutHap

Yuusepcumem 06yda (Obudai Egyetem), H-1034, Bécsi tit 96/b, 2. Bydanewm, Benzpus

(E-mail: molnar@uni-obuda.hu)

AnHoTapusa. C moMollblo leTeKTopa raMMa-Uu3JaydyeHus], YCTaHOBJIEHHOTO Ha Oecnu-
JIOTHOM JIeTaTeJIbHOM allllapaTe, GbLJI0 CO3/JaH0 HECKOJIBKO KapT pacnpeeneHus A03. Ha
OCHOBE pe3yJbTAaTOB U OIbITA, MOJYYEHHOT0 B X0OJie 3KCIIEPUMEHTOB, GbLIN BbISIBJIEHbI
HeJI0CTaTKU CHUCTEMBI, a TaK)Xe BO3MOXXHOCTH JJisl JajbHelllero pa3BuTusa. OCHOBHOU
LeJIbI0 pa3paboTKU ObLIO CO3/jaHHe 60Jiee KOMIAKTHOM, JIErKO IepeHOCMMOUN U pa3Bep-
ThIBA€EMOU CHUCTEMBI, HO IIPU 3TOM, B OTJIMYUE OT MpeAblAYIINX, 60J1ee YYBCTBUTEJNbHOM.
HecMmoTps Ha ¢poHoBOe uznydeHue (06b19HO 0,01 3B/4 B 30HAX TECTHPOBAHHUs), B XO/e
NpOBeEHHBIX [0 CUX MOP 3KCIEPUMEHTOB ObLjIa JOCTOBEPHO OGHApy:KeHa pa3HHULA B
+0,009 3B/4. B naHHOI pa3paboTKe 3TO 3HAUEHUE ObLIO yCHelurHo cHmkeHo a0 +0.005 -
+0.007 C/4. [loBbILIEHHE YYBCTBUTEJNbHOCTH OBLIO JOCTUTHYTO IVIaBHBIM 06pa30oM 3a CYeT
yBeJIMYeHNS] BpEMeHU U3MePeHUs B KaXKJ0M TOYKe, UYTO ObIJIO peasiM30BaHO C IOMOILbIO
CHelHalbHOr0 NPOorpaMMHOr0 obecneyeHus AJs ynpaB/eHUs noJieToM. Takoe yBesnye-
HUe YyBCTBUTEJbHOCTH O3BOJISIET JINGO YBEJIUYUTD BbICOTY CKAHUPOBAHUS (PUGIU3U-
TeJIbHO Ha +1-2 M), 1n60, B cJlydae UCIOJb30BaHUS UIEHTUUYHOTrO JIeTaTeJbHOTO alla-
paTa Ha OZMHAKOBOM BBICOTE, YBEJIMYUTh IJIOLAlb 0630pa 3a OAUH B3JeT. EcTecTBeHHO,
BBICOTA CKAHUPOBAHUS WJIM CKOPOCTb CKAHHPOBAHMS MOTYT 3HAYUTENbHO YBEJIUYNUTHCH,
eC/I1 aKTUBHOCTb MCTOYHMKA NOMCKA BbICOKA. B HallMX skcneprMeHTaxX Mbl UCNOJIb30-
BaJ/IM MPUPOJHbBIN ypaHOBBIM MHHepas (Autunit), akTUBHOCTb KOTOPOTO HAMHOI'0 HUXKE,
YyeM y UCKYCCTBEHHO IOJIyYeHHbIX MU30TONOB. B 9TOH cepur 3KCIepuMeHTOB Mbl TaKXKe
paccMoTpe s ueHTUPUKALUI0 HECKOJIbKUX UCTOYHUKOB, KOTOPasi MOZeJIMpyeT BO3MOXK-
HOCTb COCTABJIEHUS] KapT aKTUBHbBIX UCTOYHUKOB, Pa30POCAHHBIX 10 MECTY BO3MOXKHOM
aBapud. OCHOBHOE NpeUMYyIeCTBO pa3paboTaHHON U BHEJPEHHOW HAaMU CUCTEMBI Nepes
HCII0JIb3yeMbIMHY Ha NpaKTHKe NpoLeAypaMU o6c/ieJoBaHMS 3aKJII04aeTCs B TOM, UTO ee
JIErKOo MOOGUIM30BaTh, MOXKHO 06C/Ie10BaTh GOJIbIIYIO IIJIOIa/b C HUISBKUMU 3aTpaTaMy, He
noJiBeprasi pUucKy ornepaTopa B I10JIeBbIX YCI0BUsX. Llesib cucTeMbl - 06HAPYKUTh IPUCYT-
CTBUE UCTOYHHUKA U JIOKAJIU30BaTh €ro J0 TaKoH CTelneHH, YTOOb! BIIOCAEACTBUU MOXKHO
ObLJIO JIETKO OIPeeJIUTh MECTOTIOJI0KEHHE BPYYHYIO0 UJIH C IOMOIIBIO APYTUX HA3EeMHBIX
nponeayp. [locko/bKy Mbl He CTPEMUMCS K CAHTUMETPOBOM TOYHOCTH ONpejie/leHust Me-
CTONOJIOXKEHUS, /11 U3MePEeHUH A0CTaTOUYHO cTaHAAapTHOU GPS-sokanusanuu. Bo Bpems
H3MepeHUU reorpadryeckre KOOpAMHATBI HHTepHpeTUpytoTca B cucteMe WGS'84. Kpy-
Iy, 0603Havarle KOOpJUHAThI IUPOThI U JOJITOThI, TAK:Ke OKa3aHbl B 3TOU CUCTeMe
Ha Ipe/iCTaBJeHHbIX PUCYHKaX

KiloueBble c/10Ba: IpOH, [IeTEKTOP, raMMa-U3JydeHus, cueT4uk [eiirepa-MroJiepa,
JIaTYUK, OTEHUT.
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H3amepeHue pacnpedeseHust 003bl 2aMMA-U3AYHEHUS] C NOMOWbI0 OPOHA OUCKPEMHbIM MemModoM uamepeHust

BBeaeHue

C moMoubl0 JeTeKTopa raMMa-u3JiyueHUs, YCTAaHOBJEHHOI0 Ha JIpOHe, ObLJIO CO3/1aHO
MHOXECTBO KapT pacnpezesieHus 403 paguauuu. [lo pesysbTaTaM U ONbITY 9KCIEPUMEHTOB
ObLIM BbISIBJIEHbl HEJOCTAaTKH CHUCTEMbl M BO3MOXHOCTH ee [laJibHEHIlero pa3BUTHUSL.
OcHOBHas LieJib pa3paboTKU - cAesiaTb CUCTEMY 6oJiee KOMIAKTHOM, YA00HOU il mepeHoca
¥ MOHTHUPOBaHHUS, HO YyBCTBUTEJIbHEE, YeM paHblle. B npeAblAylIuX 3KCIepUMEHTAaX yAaJ10Ch
JlocTOBEpHO 3aduKcupoBaTh OTKJOHeHHe +0,009 MK3B/4., N0 CpaBHEHHIO C (OHOBBIM
u3jyyeHueM (i1 06J1acTu ucciaegoBaHus oo6berdHo 0,01 Mk3B/4). B HacTosiel paspaboTke
3HaueHue ObLIO cHUxkeHO Ao +0,005 - +0,007 mMk3B/4. YnyuylieHue 4yBCTBHUTEJNbHOCTH
ObIJI0O JJOCTUTHYTO, B MEPBYI0 ouyepe/ib, 32 CYeT YBeJUUYEHHS BpPeMeHU HU3MepeHHs Ha
TOUYKY H3MepeHHUs], YeMy CIOCOOCTBOBAJIO NPUMEHEHHE CIEeLUaJbHOrO0 NPOrpaMMHOrO0
obecrnieyeHuss [iJis yhOpaBjeHUs ToJieToM. Takoe yBeJHWYeHUE UYYBCTBUTEJbHOCTH
N03BOJISIET JINOO YBEJUYUTD BbICOTY CKAHUPOBaHUA (IpUMepHO +1-2 M), 1nb60 06ecneyuThb
60/1bILIYI0 NJIOLAAb MU3MEpPEHUs NMPHU OJAHOM B3JIeTe TOTO XK€ JieTaTeJbHOr0 ammnapaTa Ha
TOM e BbicoTe. KOHe4YHO, BbICOTAa CKAaHUPOBAHUSI WJU CKOPOCTb CKAaHUPOBAHUS MOTYT
3HAYMTEJIbHO BO3pPacTH, €CJM aKTUBHOCTb MCKOMOIO MCTOYHHWKA MU3Jy4eHUs BbICOKA. B
HallMX JKCHepHUMeHTaX Mbl HCHO0JIb30BaJU NPUPOAHBIA ypaHOBbIM MUHepas (OTEHHUT),
aKTHBHOCTb KOTOPOTO HAMHOT'0 HUXeE, YEM Y UCKYCCTBEHHO NOJIY4YeHHbIX U30TONOB. B cepuu
3KCIIEPUMEHTOB Mbl HalLleJIUJIUCh Ha OOHapy»XeHUe HeCKOJbKUX UCTOYHUKOB U3JIy4eHUs,
YTO MOJEJUpPyeT BO3MOXHOCTb KapTHPOBAHUS AKTUBHBIX H3JYYAKUUX HCTOYHUKOB,
paccesiHHbIX Ha MecTe BO3MOXHOM aBapuu. OCHOBHOe NpeHMyleCTBO pa3pabOTaHHOU U
npeACTaBJIeHHOW HAMHU CUCTEMBI, 10 OTHOLIEHUIO K CHCTEMAaM U3MepeHU s, IPUMeHsAeMbIM Ha
NpaKTHKe, 3aKJII0YaeTCs B TOM, UYTO 3aMep MeCTHOCTH MOXeT ObITb IPOBEeJEH ONepaTUBHO,
IpU HEOOJIbIIUX 3aTpaTax U 6e3 0JIeBOr0 pUCKa /1Jis YeJI0BEKA, OCYILeCTBJISIOILEr0 3aMePhI
6osib1I0M TeppuTOopuu. CMcTeMa npeciefyeT Lejib 00HAPYKUTb MPUCYTCTBUE UCTOYHUKA
M3JIy4eHHS U JI0KAJIU30BaTh €r0 B TAKOW CTENEHH, YTOObI MOXKHO OBILJIO CJIETKOCTHIO YTOYHUTh
JIOKAJIM3alUI0 MOCPeACTBOM MaHyasJbHbIX WA NMPOYUX Ha3eMHbIX MeTOAOB. [loCKO/IBKY
Mbl HE CTPEMHUJIUCb K CAaHTUMETPOBOW TOYHOCTH NMO3ULMOHUPOBAHMUS, AJiI U3IMEPEHUU
ObIJIO JOCTAaTOYHO cTaHAapTHOW GPS-ymokanusanuu. B xone maMepeHU# reorpadpuyeckue
KOOpJAMHAThl UHTepnpeTUpoBasuch B cucteMe GWS'84. KoopauHaTbl Kpyra IMPOTHI U
JLOJITOTHI OKa3aHbI B 3TOU CUCTeMe Ha IPUBeJeHHbIX PUCYHKaX.

MeToa0/10TUA

Jnsa TecTupoBaHMs OBLIM BbIOpaHbl JBa JaT4yMKa JeTEeKTOPOB TraMMa-U3JydeHus],
MOHTHUpPYeMbIX Ha JApPOHBI. [l0CKONBKY Mbl He CTPEMHUJIMCh ONpeJe/UTh IHEPTUI0 4acTHL,
YAOOHBIM B 0OpalleHUH U JIETKO IPUCHOCcabinuBaeMbIM K LUPPOBBIM yCTPOUCTBAM OKa3aJics
LUJIMHApUYeCKUH cueTuuK [elirepa-MrwoJuiepa. [I[poBejeHre TeCTUPOBAHUA 3TOTO leTEKTOPA B
X0/ie U3MEePEeHNH U3JTyYeHHUs C IOMOILbIO APOHA O6b110 04eBUAHBIM. O/JHAKO COOTBETCTBYIOILIUE
3KkcrepuMeHThI [1] [2] yka3asu ¥ Ha ero HeJJOCTAaTKH, B MEPBYIO OYepeb Ha OTHOCUTEJIbHO
60J/IbILIYI0 Maccy CO03JaHHON cucTeMbl. COBpeMeHHble CLUMHTUJUISLIMOHHbIE JeTEeKTOpbl Ha
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A. Moanap

6a3e MOJIYIPOBOJHUKOB MOTIJIM Obl CTaTh MEePCHEKTUBHOW a/JibTEPHATHUBOU [JI1 pelleHUs
nocTaBJeHHOM 33/1a4d. OHYU HaALlJIM NpUMeHeHWe BO MHOTUX MoA00HbIX npoekTax [3] [4] [5]
[6]. IMeHHO MO3TOMY Mbl PAacCMOTPEJNU UCHOJIb30BAaHME TAKOI'0 JIETEKTOpPAa B KOHKPETHOM
ornepanuu u3MepeHust. McciefoBaHus SHEPTUH 0OHAPYKEHHOHW YaCTHULbI PH UCII0JIb30BAHUU
CUMHTU/JIILMOHHOTO JleTeKTOpa He NpPOBOAUJIOCH, MO3TOMY JeTeKTOp paccMaTpUBaJICs
TOJIbKO KaK CYeTYMK YACTHII,

CyeTtyuk l'errepa-MroJiepa

Cuetyuk lelirepa-Mrosisiepa npejcraB/isieT cOO0U ra3opaspsiiHy0 TPyOKY, HAlOJTHEHHYIO
ra3oM HHU3KOrO [laBJIEHMS], CIIOCOOHYH OINpejessiTbh HOHU3Upylollee H3aydyeHHe. Kak
paBuJo, cnenuduUYeckoe H3JIy4YeHHe MOXKHO OOHApy>XUTb Yepe3 B3aUMOJEWCTBUE C
MaTepuaJioM U MOKPBITUEM TPYyOKM WJIM NMOCPEACTBOM KOHCTPYKIMU C OKHOM. Bo Bpems
paboTbl YCTPOMCTBO MCIYCKAaeT 3JIeKTPUYECKHMe HMILYJIbCbl Ha KaXKAbld OOHapy>KeHHbIU
doToH. BoT mouemy pgetektop [leiirepa-MroJijiepa 4acTO Ha3blBAlOT CYETYMKOM YaCTHILL
XOoTa BBIXOJJHOM CUTHa/l TPYOKHM aHaJIOTOBBIM, cofepkaHue HMHGQOpMaLMM BbIpaXkaeTcsd B
MMIy/JIbCaX Ha eJUHHUIY BpeMeHH (a He B aMILIUTY/le UMIyJibca!), HO3TOMY CYETYHMK MOXKHO
OTHOCHTEJIbHO JIETKO MOJAKJIYUTH K LUPPOBBIM CUCTeMaM 6e3 MCIOJb30BaHUSA aHAJOro-
nudpoBoro npeobpasoBaTesisi. KOHCTpyKLMSA cueTYHMKa NpPOCTa — MeTaslJiMyeckass TpyOKa,
3aloJIHeHHas ra3oM HU3KOro jAasseHusd. [lo ocu LUIMHApPA NPOXOAUT U30JMPOBAHHBIA OT
HEero TOHKUHM 3/1eKTpoJ. [l paboThl JeTeKTopa Ha TPyOKy (060JI0YKY U LieHTpaJibHbIN
3JIEKTPOA) clefyeT I0JATh IOCTOSIHHOE Hallpsi2keHUe, CO0J1I0/1asd oJIAPHOCTD. B 3aBrcMMOCTH
OT THUIa TPyOKM HampshkeHUe cocTaBjsieT okoJsio 500-800 B. Kax bt UMnyibc GpaKTUUECKU
npeJcTaB/seT COO0M 31eKTPUYECKUH pa3psj, BHYTpU Tpyoku. Bo BpeMsa paspsza Tpyoka He
croco6Ha 06HapyKUTb HOBBbIA GOTOH. Takoe BpeMsl Ha3blBaeTCsl MepTBbIM. MepTBOe BpeMs
Tpy6ok [eiirepa-Mrosisiepa 3aBUCUT OT UX THUIA, HO OObIYHO cocTaBJsgeT nopsgka 10-5x10-
5 cek. [Ipy u3MepeHUU HEOOXOAHMMO YYUTHIBATh €ro BiAWsIHUe. BiusHUe MepTBOr0 BpeMeHU
He3HA4YUTeJIbHO NPH CJ1ab0M U3/y4YEeHUH, OZJHAKO C NOBbIIIEHHEM UHTEHCUBHOCTU U3Jy4YeHUs
BEPOSITHOCTb HEOOHApyKeHHbIX POTOHOB Bo3pacTaeT. TeopeTHU4ecKu Npo6HUBaHKeE JeTEKTOPa
boTOHaMU ABJAETCA CIy4alhHbIM, UMEHHO I03TOMY B CJIyyae cJ1aboro u3JiydeHHs 3a MepTBoe
BpeMsl, FeHEPUPOBAHHOE TOJIbKO YTO 0OHApy>KeHHbIM (GOTOHOM, B JE€TEKTOPEe MOTYT ObITh
IOTIJIOLIEHbl OWMH WJIM HECKOJbKO GOTOHOB, OJHAKO OHHU He BBI3bIBAIOT HOBOTO pa3ps/a,
T.e. 3JeKTPUYeCKOro ummnysnbca. B Tpyb6ke [lelirepa-MroJjiepa 3/eKTPUYECKUN pa3ps/j
MHULHUHUPYETCA WOHU3UPYIOLIMM M3JydYeHHMeM, HO IO paspsAy, T.e. Ha 6a3e BO3HHUKUIETO
3JIEKTPHUYECKOI'0 UMIYJIbCa HeJb3sl ONpese]UTh 3HEPru0 o6HapykeHHoro ¢potoHa. OTcrona
clefyeT, 4YTO IpMMeHeHHe Tpybok ['elirepa-MioJiepa He T03BOJISIET CZeJIaTh BBIBOJ, O KAYeCTBe
U3JlydeHUs (sHepruu raMmma-Q$oTOHOB, a CJie[JoBaTeJbHO, BbI3bIBAIOILEr0 pacna/ u3oromna). B
TO XXe BpeMs Tpy6Oka [eiirepa-MioJsisiepa — 3TO 04YeHb IPOCTOM U XOPOIIO GYHKIIMOHUPYOLUH
JleTEKTOP, KOTOPbIM JIerKo MOAKJIIOYUTbL K OJI0KaM 00paboTkKW (Hampumep, K JAUHAMUKY,
YacTOTOM WIeJYKOB JEeMOHCTPUPYIOLLEMY HWHTEHCUBHOCTb H3JIy4eHHs, WU K CUYETUYHUKY,
IOKa3bIBaIEeMY KOJIMYECTBO YaCTHUL], 0OHAPYKEHHBIX 32 JUHUIY BpEMEHHU ), UTO JieJIaeT ero
BeCbMa pacnpoCTPaHEHHBIM B Ka4eCTBe HECJI0XKHOT0 leTeKTOpa U3JIyYeHHUs.
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CUMHTUIALMOHHBIN IETEKTOP

HekoTopble KpHCTa/JIbl M3JIy4alOT CBeT MNP BO3AEWCTBMM TraMMa-usjaydeHud. Ha
CaMOM JieJie U3JIyYeHUe CBETa He SIBJISIETCS HeNpepbIBHbIM, a IPOU3BOAUT BCIBILIKY CBETA,
IpPONOPLHOHANbHY0 3HEpPruyd raMmMma-QoTOHa, MOIJIOLIEHHOTO KaX/blM KPUCTAJJIOM.
JdTo sBJieHUe MepuaHus. Eciu KpucTail yCTaHOBUTh Ha OYe€Hb UYYBCTBUTEJbHbIN JaTUYUK
CBETa, a JaTYMK U30JIMPOBATh OT BCEX JPYTUX UCTOYHHUKOB CBETA, TO BCIBIIIKU MOTYT ObITh
0OHapy»KeHbI B BU/I€ 3JIEKTPUUYECKUX UMITYJIbCOB. PIY (POTOYMHOXKUTEJIb) SABJISIETCS IEPBLIM
¥ B HalllM JJHU LIMPOKO HCHOJIb3yeMbIM CBETOAATYUKOM. TUNHUYHBIA CUUHTUISALUOHHbBIN
JleTEKTOP COCTOWUT U3 JBYX OCHOBHBIX 3JIEMEHTOB. OJWH HUX HUX — 3TO HENOCPEeACTBEHHO
CUMHTUJIIAMOHHBIA KpUCTaJJ, a fApyrou - @3JY, onTHyecku CBA3aHHBIA C KPUCTAJLJIOM.
BosblIMM MpernMyIlIeCTBOM TaKUX AeTEeKTOPOB fIBJASETCSA TO, YTO IJIOTHOCTb KpUCTasjia
3HAUYMTEJIbHO BbIIE, YeM Y MOHU3AIMOHHbBIX JIeTEKTOPOB, TAKUM 00pa30M, YYBCTBUTEJIbHOE
YCTPOUCTBO MOXKET ObIThb MEHbIIUX pa3MepoB. K ToMy ke CLHUHTUJJISLIMOHHbIE AETEKTOPHI
reHEepUPYIT CUTHAJ, NPOINOPIMOHAJbHBIA BOCIPUHATON 3HEprud ramMmma-poToHa, UYTO
N03BOJISIET ONpeJesifiTb JajJbHelllde XapaKTepPUCTUKU HCCJIefyeMOro HCTOYHHKA.
HenocTaTKOM 0OBIYHBIX CHUHTHUJISIUOHHBIX IE€TEKTOPOB siBJsieTcs nmpuMeHeHue P3IY. ITo
OTHOCUTEJIbHO 0GO0JIbIION MO KOHCTPYKLMU BBICOKOBOJIBTHBIM amnmnapaTt, YyBCTBUTEJbHbIN K
BHEUIHUM 3JIEKTPOMAarHUTHbIM ymMaM. /[liia 3amemennss @Y B cOBpeMeHHBIX YCTPOUCTBAX
NOSIBUJIUCH MOJIYIPOBOJHUKOBBIE AAaTYMKU. OUH U3 TakoBbiX - MPPC (MHOronukcenbHbIN
cyeTYUK GOTOHOB). OHM HMMEIT HECKOJbKO NPerMMylLiecTB MO cpaBHeHUIO ¢ PIY: moryTt
paboTaTb Ha HHU3KOM HaNpsKEeHWH, NMOTPeOJIAT MajJo dHEPrMH, MeHee YYBCTBUTEJbHBI
K 3JIEKTPOMAarHUTHBIM MOJIIM U 3HAaUMTEJbHO MeHbIle N0 pa3MepaM. PazymeeTcs, npu ux
MCIIOJIb30BAaHUM HEOOX0JUMO 00ecneyuTb CTaOUJIU3MPOBAHHOE NMUTAHUE W KOMIIEHCAlMIo
Temnsa. B 3aBUCMMOCTH OT CTeNeHW U3JIyYeHHs, KOJIMYEeCTBA 3HEPTHMM U HUHTEHCHUBHOCTHU
M3JIyYeHUs1 NMPUMEHSIIOT CLUUHTUJ/UISALMOHHbIE KPUCTA/LIbl U3 Pa3JMYHbIX MaTepuasnoB. K
HauboJsiee pacnpoOCTPaHEHHbIM OTHOCUTCH JIETUPOBAaHHBIA Ta/yiveM (aKTUBHUPOBAHHBIN)
nopua Hatpus NaJ (T1). Hapsgy co MHOTMMU 10J1€e3HBIMUY CBOMCTBAMHU 3TOT KPpUCTaJL1 06/1a/jaeT
BeCbMa 3HAYMTEeJIbHOU CIOCOOHOCTDIO CBAA3bIBATh BOAY, B YeM ero 60J/1bII0N HeJocTaToK. M3-3a
CBSI3aHHOM BO/Ibl YXYZIAIOTCS CBOMCTBA KPUCTaJlja (3KeJITeeT, CTAHOBUTCS HEMPO3payHbIM),
YTO B UTOTE MPUBOAUT K 3HAYUTEJSbHOMY CHIXKEHUI0 3P PEKTUBHOCTH AileTeKkTopa. UMeHHO 1o
3TOM NMpUYMHe BO U3bexxaHUe NMOBpPEXJeHUSl B pe3y/bTaTe BJAXXHOCTHU BO3JyXa KPUCTaJJIbl
NaJ (Tl) B meTexkTOope [OJKHBI ObITh repMeTHYECKH HU30JIMPOBAHbl OT BHEILHEW Cpejibl.
Komb6uHanys KpucTasjla M CBeTOJaTYMKa JOJDKHA ObITb rapMoHW4HOW. Heobxogumo
Y4YUATBIBATh JJIMHY CBETOBOW BOJIHBI, U3JIy4aeMOW CUUHTUJIAUOHHBIM KPUCTAJLJIOM, U JIJIAHY
yJ1aBJIMBalOLel BOJIHbI cBeTOoAATYMKa, Hanpumep, Cs] (T1) (nernpoBaHHbIN Ta/ineM HoAU[
uesus) [7] [8] [9] xopoiio noaxoauT ajs aetekTopoB MPPC. OgHako kpuctasn Cs] MATKUH,
XpYNKUKA W BJIaroBONUTHhIBawoUiMil. Kak npaBusio, ero cHa6alT BHEIIHUM IOKDPBITHEM,
CHUXKAIOLLEM, B IEPBYIO 04epe/ib, yA3BUMOCTb MOBEPXHOCTU. ICTOYHMKOM raMma-u3JaydeHus
B DKCIIEPUMEHTA/JIbHOM 30He NMOCaAyKUau Kycouku oteHuta (Ca(U02)2(P04)2x(10~12)H20),
pa3MelleHHble Ha Aucke AuaMeTpoM 30 cM. OTeHUT npeAcTaB/IsieT CO60M IPUPOAHBIA MUHepaJl
IPYIIbI YPAaHOBBIX CJIIOA0K. AKTUBHOCTb MUHEPAJIOB, UCII0JIb30BAHHBIX B 3KCIIEPUMEHTE, ObLIa
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HU>Ke HOPMbI YTPO3bI 3/10p0oBbI0. [[probpeTeHne U XpaHeHH e B HEOOJIbIIMUX KOJIMYECTBAX 3TUX
MUHEpPaJIOB He MOJJIeXUT JiMlleH3upoBaHulo. Ha puc. 1 nokasaH creKTp raMma-u3J/iydyeHus
o6pasua oreHuTa. CeKTp ObLI 3aMKUCaH CUUHTUJISLMOHHBIM AeTeKTopoM. OljeHKa 3anucu
NPOBOAMJIACH C TOMOLIbI0 6ecniaTHO 3arpyxaemoit nporpammel «BecquerelMonitor» [10]. Bo
BpeMsl 3allMCH ClIeKTpa o6pasel, Hax01uJICs B HEOCpeCTBEHHOW 6JIM30CTH OT JleTeKkTopa. [1o
NpUYMHE KOHCTPYKTUBHOI'O UCMIOJIHEHUS [leTEKTOPA PACCTOSIHUE MEX/1Y CTUHTUJLJISILUOHHBIM
KPHUCTaJ/IJIOM M 06pa31oM cocTaBJisiyio 3 MM. BpeMms 3anucu 60 MuHyT. Ha prcyHKe npe/icTaB/ieHO
yBeJIMYeHH e UHTEHCUBHOCTH paJMaliuy 10 CPAaBHEHU IO C3aperuCTPUPOBAHHBIM KOHTPOJIbHBIM
$oHOBBIM U3ydeHUeM. JleTekTopsl [elirepa-MroJiiepa He MOAXOAAT AJisl U3MePEHHUs YPOBHS
3Hepruv oO6Hapy>KEHHbIX raMMa-4acTHl, a TOJAbKO yKa3blBalOT Ha UX NpucyTcTBue. OgHaKO
Ha JuarpamMMe BH/JHO, UTO OOpasel] OTeHWTA BbI3bIBAET ONpe/e/ieHHOe yBeJUYeHre Yyucaa
ramMmma-vyactul,. Ucxoas us atoro paxTa, B Ja/IbHENIIUX IKCIIEPUMEHTAX B KaueCTBe UCTOUYHHKA
V3JIy4eHHS Mbl UCII0JIb30BaJIM MUHEPaJ OTEHUT.
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PucyHok 1. CneKkTp U3/iydeHHUA OAHOTO U3 MUHEPAJIOB OTEHUTA, UCII0Jb30BAaHHOTO B 3KCIIEPUMEHTAX

Jl1s1 3KcniepuMeHTa ObII0 HE06X0MMO ONPeIe/IUTh PACCTOSIHHE 3MepeHHs (BbICOTY MoJieTa),
Ha KOTOPOM IIpeAIoJaraeTcsd OOHApYKHUTb HCTOYHUK H3JIydeHHUs. [Ipu MozaesnpoBaHUU
pacnpocTpaHeHHUs U3JIydeHUsl Mbl IPUMEHSJIA IPOCTY0 reoMeTpHIo (puc. 2) €O caeyoUMMu
OTpaHUYEHUSIMHU:

— C pacCTOSIHUS U3MepeHUs UCTOUHUK U3JIyYeHUs] CYUTAETCS TOYEUYHbIM,

- oc/1abJIeHueM raMMa-M3J1y4eHusl B 3aBUCUMOCTH OT POHIEHHOTO B BO3/[yXe PAaCCTOSIHUS
B /ijMania3oHe U3MepeHHU MOXKHO IIpeHeOpeyb, T.e.

— —Ur ~
[ =Ie ™™ =], 9)
rae
[ - u3y4eHue, pacCAMTAaHHOE HA PACCTOSIHUM I
IO — U3JIy4€HHe, U3BMEPEHHOE B KOHTpOJTbHOﬁ TO4YKe
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1 — Ko3pdUILMeHT 3aTyXaHUs Cpe/ibl

I' - pacCTOsIHUE OT UCTOYHUKA U3Jy4eHUs (TOYKU OTCYeTa)

— UCTOYHMK U3JIyYeHHS C JUCTAaHLIMY U3MEPEHUS SBJISETCS YUCTO raMMa-Hu3JjydyaTesieM
- U3JIy4yeHHUe U30TPOIHO

PucyHok 2. MozevpoBaHUe 3aBUCSILEN OT PAcCTOSIHUS 0OHAPYKUBAEMOCTH U3TYIEHUS

A, - IOBEPXHOCTb IETEKTOPa; A, -~ HOBEPXHOCTb CHepbl, ONpe/eNAIollel eMHUILY PaCCTOAHUS;
A, - IOBEPXHOCTb CdHepbl, ONpeiesAIed pacCTOSHHE 06HAPYKeHUsI UCTOYHUKA U3JIeYeHNUs];
r, - €JMHHUIIA PACCTOAHUSA OT UCTOYHHMKA M3JIy9EeHHS; I, - PACCTOSIHUE O6Hapy eHUS
OT UCTOYHUKA U3JIyYeHUs

KOHTPOMb XapaKTepPUCTUKU JETeKTOPOB
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Pucynok 3. Onpesenenue 3¢ HeKTHUBHOTO PACCTOSHUS /11 U3MEPEHUS

Ha pucyHke 3 mnokasaHbl pe3yJbTaTbl 3KCIEPHMEHTA, B XOZE€ KOTOPOro C pPasHbIX
JUCTAHIUH MPOBOAMJIMCH 3aMepbl Ha o00pa3lax B KOJIMYECTBE, HCIOJb30BAHHOM B
NOC/TEeAYIIIMX 3KcnepuMeHTaX. Llesb cTaTU4eCcKOro M3MepeHHUsl COCTOslla B TOM, UYTOOBI
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A. Moanap

MMeTb BO3MOXXHOCTb CPaBHUTb pe3y/bTaThl U3MePEHUsI C TeOpeTUYECKUMU pacueTaMu U
onpeJieJIMTb MUHMMaJIbHOE U MaKCHMaJlbHOe PacCTOssHWe u3MepeHHUs. [lo pUCYHKY BHU/HO,
YTO U3MepeHHUs LieJ1leco06pa3HoO MPOBOAUTHL Ha BbICOTe He Oosiee 6 METPOB OT 06pa3la, Tak
KakK IIpYU 60/IblIeM PAacCTOAHUM U3MepeHUsl CUTHaJI HCTOYHHMKA YKe P KOPOTKOM BpeMeHHU
M3MepeHUsI HEBO3MOXXHO OTAEJUTb OT GOHOBOr0 U3JiyuyeHUs. U3MepeHUs Ha IIyOMHe HUXKe
3 MeTpOB Jal0T KOHCTAaTUPyeMble pe3yJ/bTaThl, OJJHAKO 1IepBOHAYa/IbHble OTPAaHUYEeHUs O0JIbllle
He BBIIOJIHAIOTCA B OJIHOU Mepe. [I0CKOIbKY UCN0JIb30BaHHbBINA MPU TECTUPOBAHUU UCTOYHUK
W3JIy4eHHUA CKJIaibIBAE€TCA U3 HECKOJIBKUX KPOILIeYHbIX MUHEPAJIOB, UX KOMOMHALMIO Y2Ke HeJlb3s
paccMaTpyBaTh BOJIM3HM KaK TOYE€YHbIM UCTOYHUK, U pe3y/IbTaT U3MepeHUs B UTOre OyZieT ypeBaT
KPYTHBIMH NOI'PELIHOCTSMHY, He NM03BOJIIOILMMH IPOBECTH KOJIMYECTBEHHYIO OL[EHKY.

[eHepupoBaHUe U 06PAbOTKA JAHHBIX U3MEpPEHUN

[Ipouenypy uaMepeHuss MOXKHO pa3/ieJIMTh Ha JiBa 3Tana. Ha nepBoM aTamne ycTpoHCTBO B
TedeHHe 3a/JaHHOT0 BpeMeHU 3aBHCaeT Ha 3alJIlaHMPOBAaHHOM MapllpyTe B 0603HauYeHHbIX
TOYKax HU3MepeHUs (00pasywIUUX pacTPOBYI CeTKy), a 3aTeM JIETUT K CJeAylolien
M3MepsieMou Touyke. 3amyiaHupoBaHHoe BpeMs - 10 cekyH/[,. TakuM 06pa3oM, B COOTBETCTBUHU
C YYBCTBUTEJbHOCTBIO JIETEKTOpPA Mbl MOXXE€M PEerucTpUpOBaThb OOJIBLIMU 00bEM JAaHHBIX
B KaX/|0l TOYKe C NMOCTOSIHHBIMM KOoOpAuHaTaMu. Co6paHHble B OJHOW M TOH >Ke TOYKe
MHOTOYMCJ/IEHHbIe JJaHHble 00eCneYnBaloT Jy4lllee COOTHOLIEHWe CUTHala/myMa (U3/ydyeHue
o6pasna/PpoHOBOE H3JIyYeHUE), YTO yBEeJUYHMBAET BEPOSTHOCTb OOHAPYKEHHSI HCKOMOIO
UCTOYHMKA u3JaydyeHud. Ecin BpeMsa mnosietTa JApoHa He I03BOJIAET INPOBECTH 3aMephl
uccaelyeMOd MEeCTHOCTH, MX MOXHO BBINOJHUTb C HECKOJbKUX B3JieToB. Ha BTOpoM
JTane M3MepeHUs 3aperMCTPUPOBaHHbIE BO BpeMs I0JIETOB JaHHble 06pabaTbIBAlOTC B
aBTOHOMHOM peXHMe C MOMOLIbI0 pa3pab0TaHHOrO HaMM MNPOTPaMMHOI0 ob6ecneyeHus
MATLAB u Bu3yanusupyeTcsd pe3yJbTar.

Ha nepBoM sTane 06pab0oTKU JaHHBIX 06J1aCTh U3MEPEHUS JleJIMM Ha OZJMHAKOBbIE SYENKH,
KaK [10Ka3aHOo Ha PUCYHKe 4:

A
Y

°
p(x, y)
(%I, yi*1) C:)
Q ‘,]
A
. . \\_/‘
oy "1,y

A J

PucyHok 4. /leneHre TeppUTOPUHN Ha SUENKHU
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[IycTh orpaHUYMBAOLMN IPSIMOYTOJBHUK Oy/leT 10 ‘Q‘i,j C RZ Xmin — t6l

Ximax — 19 €S Yoin —tOl Yo 4 — rae

Xmin = rz?elfr’l Px (1)
Xmax = r}gleag( Px (2)
Y, .. = min

min = 07 Py (3)

Yooy = max Dy

pEP (4)

rae p ectb GPS-koopauHaTa TOYKU M3MepeHUs (py, p, € R), a P - BkJ/IIOUamwlLlee BCe TOYKHU
MHOXecTBO. OrpaHUYMBaOLIMU NPAMOYT0JIbHUK B pa3bUBKe n x m GopMHUpPYyeEM CJIeAYIOLUM
o6pa3om:

‘Qij_

([x‘.,xl.+1) % [y].’y]""l) ha L€I[0m,..,n—2]ésj€[0,m,..,m—2] )

[xt,x*] x [y, y/*Y) pg i=n—1ésje[0om,.. m—2]

[xi,x*Y) x [y),y/*] ha i€[0n,..,n-2]ésj=m~—1

[xLx*1] x [y, y7*] ha i=n—-1ésj=m-—-1

TZe,
xt = Xy + i dx (6)
V' = Ymin +1-dy )

Ha ocHOBaHUHU BbIlLIEU3JIOKEHHOTO ompenesseM ¢yHkuuwo f(p), koTopas fjaeT 3HaueHHe
TOYKM p. 3HayeHUe, NpuBsizaHHoe K (i, j)-oil MaTpulle, MOXHO ONpefeJUThb C MOMOIbIO
cJleiyIolero ypaBHeHUS:

X f(p)

— — i J
P ; = 8
I 7 (e )] (8)

OyHKIUA ycpefiHEHUS MOXKeT ObIThb 3aMeHeHa J060W Apyrod QyHKIMeH, HampuMep.
MeguaHOoi. TakuM 06pa3oM, TEPPUTOPHUI0 U3MEPEHHUs Mbl [EeJHMM II0 3apaHee 3aJaHHbIM
napameTpaM. Bce TOuKM u3MepeHMs OyAyT NpHMHAJJIeXaTb OIpejeJeHHON fdyeiike. B
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3aBUCUMOCTH OT HACTPOUMKHU 3HAYEHUE OTAEIbHOU TUENKH ONIPeEAT CPeJHUM, MeJJUaHHBIM
WJIM MaKCUMaJIbHbIM 3Ha4eHHEM U3MEPEHHOI0 raMMa-U3J1y4yeHusl.

4. [IpaKTU4YECKMUM ONBbIT

JnsinpoBepKU MeTO[a HaMPaKTHKE Mbl UCII0JIb30BaJIU [|Ba APOHA C pa3HbIMU e TEKTOPHBIMHU
cucteMaMu. U3MepeHHs TPOBOJUIUCH MOC/A€0BATENbHO B OJJMHAKOBBIX YCJIOBUSAX, UYTOOBI
pe3yabTaThl ObLIA CONOCTaBUMBI. [Ipy NmylaHUPOBAaHUU 3KCIIEPHMEHTA Mbl YYUTHIBAJIM HaLl
OIBIT U3MEPEHUs FraMMa-U3Jy4yeHHs B X0/le HellpepbIBHbBIX M0J1eToB [1][2].

U3MepeHus getektopoM [erirepa-Mrosiepa, yctaHoBJeHHOM Ha ZipoHe JI Inspire JI Inspire

Inspire - pgaBHuUHM npoAykKT komnaHuu DJI. bBaaromapss 6osibmioMy pa3Mepy MU
rpy30N0JAbEMHOCTU JPOH NPUTOJEH JAJis NepeBO3KHU OosblINX rpy3oB BecoM go 1000
rpaMMoB. Ero HajexHasi JieTHasi CHOCOOHOCTb OCOOGEHHO BBITOJHA [Jisl TPAHCIOPTUPOBKU
JleTeKTOpHOU cucTeMbl ['elirepa-MroJsiepa, ycTaHaBJIMBaeMOM C 11eJ1bl0 U3MepeHUs paiualvi.
CaMa JeTeKTOpHasi CUCTEMA COCTOUT U3 YeTbIpeX BbICOKOYYBCTBUTEeJNbHbIX ['M-Tpy6ok
(LND 7808) [11], UCTOYHHMKOB COOTBETCTBYIOILEr0 NUTaHUA HanpsikeHueM, GPS-mopysna u
MUKPOKOMIIbIOTEPA, 3alMChIBAIOILEr0 JaHHble HM3MepeHUU. CucTeMa pa3paboTaHa TaKUM
06pa3oM, YTOOBI pa3pO3HEHHbIE JaHHbIE U3MEPEHUH KaXKJ0r'0 IeTEKTOPA U CBOJHbIE JAHHbIE
M3MEepeHUN 4YeTblpexX JeTEeKTOPOB apXUBUPOBAJIMCh NMEPUOAUYECKH 33 €JUHULY BpPEMEHHU
C UHTepBajJaMHU B eJlMHMILEe BpeMeHU. biarogapsa sToMy BIOC/IELCTBUU MOXKHO NMPOBEPUTH
3G PeKTUBHOCTb U3MepeHUs yOIMPOBaHUSA e TEKTOPHBIMU TPYOKaMHU.

BpeMs mnoJieTa OCHallleHHOTO JAeTeKTopaMU JApoHa cocTtaBisger 10-18 muHyT. Takou
HIPOJOKUTENBHOCTH TOJIETHOTO BpeMeHU OblJI0 HEeAOCTAaTOYHO [JJf 06C/e/0BaHus
TECTUPYEMOU 30HbI IJTMHOM 27 M U uUpUHOU 24 M. TeppuTOpUs O6bl1a pa36MTa HAa KBaJPaTHY0
CeTKY csuerkaMH 1o 3x3 meTpa. B kaXk/101 U3 TOUEK CeTKU 6eCUJIOTHUK 3aBucas Ha 10 cekyHz,.
3aMepbl ObLJIU BbINOJHEHDI LI€CTHIO B3JIeTaMU. Bo BpeMs noca/iok C 1jeJ1bl0 MUHUMU3UPOBATh
HOTPELIHOCTHU U3MePsieEMbIX TOYEK HellpepbIBHO paboTas GPS-Moy/ib e TeKTOPHOM CUCTEMBI.
3a BpeMs 1LIECTHU NOJIETOB TEPPUTOPHUSA CKAaHUPOBaIACh JBaX/bl, YTOObl B KOHEYHOM UTOTE
TOYKH 3aMepsieMO CeTKHU 0Ka3a/IMCb Ha paccTOsIHUMU 1,5 MeTpa Apyr OT JApyra.

B npoiuecce skcriepyMeHTa 6b1J10 BbiNoJHEHO 1620 n3amMepeHU no4YTH B 162 n3MepsieMbIX
TOYKax. /laHHble U3MepeHUH UIJIICTPUPYET JUarpaMma Ha pucyHke 5. Ha Hell xopouio BUAHO,
YTO JAeTeKTOpPbl BO BpeMs U3MepPEeHHU 3aperucTpupoBaiv akTUBHOCTbD (0,015-0,017 Mx3B/4),
JIUIIb HE3HAYMTEJIbHO OT/IMYAKILY0CS OT TUIUYHOTO GOHOBOI'0 U3JIyYeHHs B 3ITOM perMoHe
(0,015-0,017 Mk3B/4). MakcuMaJibHasi BeJMUYMHA CepOM JIMHUM Ha JUarpaMMe O3HayaeT
da3y nosieta, a MMHUMMaJIbHas - BpeMsl Hax0X/JeHHs Ha 3eMJie (3aMeHa 6artapeu). Cpenu
HW>KHUX JIMHUU JUarpaMMbl MaKCMMaJibHOE 3Ha4eHHe TOHKOM CIJIOIIHOW JIMHUY I0Ka3bIBaeT
reHepupyeMble 06pa3LOM MHUKH, a MaKCMMaJlbHOe 3HayeHWe NMYHKTUPHOW JIMHUH, CKOpee
BCero, NoKa3blBaeT NPUBsS3aHHbIE K 00pa3Ly JAaHHbIE.

[IockOJIbKY 3KCHEepUMEHT OblL1 CIJIAaHUPOBAaH TaKUM 06pa3oM, 4TOObl ¢U3UYecKoe
pacnoJsioKeHue OTAeIbHOM U3MepsieMOM TOYKU K 06pa31ia He MMeJIU CBSI31 10 OTHOLIEHHUIO IPYT
K JIpyTy, MU3MepeHue MoBepX 06paslja He rapaHTUPOBAJIOCh, OHAKO YacTOTa PacloJIoKeHUs
TOYEK M3MepeHUs1 IMpeAnoJaraja HajJuyhe HEeCKOJbKUX 3aMepoB, JOCTAaTOYHO OJIM3KUX
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K 00pasily, UTO yKe 00ycJjaB/JvMBaeT MOAUQPUKALMIO H3MEPEHHOTr0 3HAUYEHUs H3Jy4YeHUS.
B pesysnbTaTe NPUCYTCTBOBAJM TOYKHM H3MEPEHHs, XOPOIIO XapaKTepHU3yIollhe BJIUSHHE
06pas1a, HO ObIJIN ¥ TAKHE, KOTOPble HEMHOT'O OTKJIOHSIJIUCh OT GOHOBOTO U3JIyYEHHS, OJJHAKO
IPHUCOBOKYIISIJIUCh 06pasiy. X0Ts JUarpaMma CoJlep>XUT Ha3BaHHbIE TOUKU U3MepPeHUs], UX
HEBO3MOXXHO YeTKO pa3/ie/IuTh 6e3 JONOoJIHUTEeIbHOU HHOpMaLUU.

[aHHbIE HEIMEepPeHHA NpH obcnegoBaHnK JKCNEepPHMEHTANBHOIND y4acTKa
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10| (11 BEIECKH A Ten nocafgkM  ssssss BEPOSTHRIE BCTUIECKH 3HATEHII

PucyHok 5. MeauaHHast puibTpalys JaHHbIX U3MepPeHUs paualiiu HaJ| IIo1a/ibio 650 M2 u
WHTepnpeTalus Kax/10ro MUKa

JlaHHble 0GHAPYKEHHOT'0 U3JIy4eHUs], TOKa3aHHble Ha PUCYHKe 5, 6bIJIM OTGUIBTPOBAHBI
C MOMOUIbI0 5-3JIEMEHTHOr0 MeJHUaHHOTro GUIbTpa. JTO CBA3aHO C TeM, YTO HU3MepeHUs
IPOBOJUJIUCH B JUCKPETHBIX TOUKaX. B Kaxa0#1 Touke cucteMa ¢pukcuponasa 10 usmMmepeHuit
3a 10 cekyHz. MeauaHHbIM QUIBTP OTPUIBTPOBBIBAJ BCIJIECKH, 3apeTMCTPUPOBaHHbIE Ha
BpeMs CyTy00 0AHOT'0 M3MepeHus. 3-3a ecTeCTBEHHOM IPUPOAbI U3/IyYeHHS MOTYT BOSHUKATD
KOPOTKHEe UMIYJIbChl, HO OHU He YKa3bIBAIOT HA NPUCYTCTBUE MOCTOSSHHO BbICOKOTO YPOBHS
u3JydeHus. [IpeinosioxkuTeNbHO, 06pa3el, BMECTO KPaTKOBPEMEHHBIX UMITYJIbCOB B TeYEHHE

MHOTOKPAaTHO OCYIIE€CTBJIEHHBIX I/I3MepEHI/II7I 6y,qu reHeprupoBaTb NOCTOAHHO YBEeJIMYEHHbIE
3Ha4Y€eHHA.
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[aHHble HSME[)eHlﬂ—i npu oBcne,qoaaHuu SKCNepuMMeHTHaNbHOro y4acrka

ramma-usnyyeHme mk3s/y

IRTYYCHIE

PucyHoxk 6. HeduapTpoBaHHbIE JaHHBIE U3JyYeHUs IPU IKCIIEPUMEHTaJIbHOM U3MePEHUH

Ha pucyHke 6 cobGpaHbl HepUIBTPOBAaHHbIE AaHHble HW3MepeHUs. [0 pUCYHKY BU/JHO,
YyTO B HePUJIbTPOBAHHOM Habope [aHHBIX CJOXHO HAaUTH CHMTHaJ obOpasla, K TOMYy 3/ecCb
HaJIMYECTBYET U Ps/J| JIOKHbBIX TUKOB.

Cy4eToM TOTO, YTO NPH KaKJ0M U3MEPEHUH U3JIyYeHUs 3alIMChIBAIOT TAKXXe U KOOPAHUHATY
M3MepEeHUs, 3Ty JONMOJHHUTETbHY0 UHPOPMALUIO0 MOKHO UCII0JIb30BATh IPU aHAJIU3e JAHHbIX
[12], [13], [14]. TecTupyemas TeppUTOpHs Oblja pa3zesieHa Ha y4acTKU pa3MepoM m X m. B
X0/le aHAJIM30B 3HaUYeHHe «m» ObL10 paBHO 1; 2; 661710 3 U 4 MeTpaM. Pa3Mephbl Takoro JiesieHus
aJlallTUPOBAaHbl K PACCTOSIHUIO MEXAY AYMCKPETHBIMY TOYKaMU U3MepeHus, onpeiesisieMbIMU
BO BpeMsl moJsieToB. /laHHble 00 U3JIyUeHUU ObLIM MPUCBOEHBI KaXK/JOMY Y4YaCTKY, Y4aCTKHU
XapaKTepu30BaJja MeJiMaHa IPUCBOEHHbIX UM 3HAaU€HUN U3JIy4YEeHUSs.

JleBoe wu300pakeHHWE HA PUCYHKe 7 WJJIIOCTPUPYET MJIOCKOCTHOE pacnpefesieHue
VHTEHCUBHOCTY raMMa-U3JIydeHUs [/ BblllleyKa3aHHbIX U3MePUTeNbHbIX JaHHbIX. O6pasern,
NOMEIEHHbIN B 9KCIEPUMEHTANIbHYI0 06/1aCTh, YETKO OT/EJIeH OT OCTaJbHOU TEPPUTOPUHU.
[IpuMeyaTesieH 3HaUMMbIH 3P eKT 06pasia Ha U306pakeHUH. IPPeKT 06pasia HA JUarpaMmme
B 3HAUUTEJIbHOU Mepe MeHee BbIPaXKeH.

Jlns npoBepKU NpaBUJIBHOCTU reorpadpuieckor KOOpAUHAThl YKa3aHHOIO NpU 06paboTke
VMCTOYHHUKA M3JlydeHHs1 ObLJI BbINOJHEH KOHTPOJIbHBIA 3amep. Bo BpeMsi KOHTPOJIbHOrO
VM3MepeHUs1 APOH C JeTeKTHUPYIIIUMM anlapaToM 3aBUcaJ HaJ, 00pasnoM TaKUM 06pa3oM,
YTOOBI JIETEKTOP HAXOAMJICS Ha paccTosiHUM 50 cM OT u3Jy4awllero o6bekta. B pesyabrarte
Mbl MOJYYUJIM 3HAYE€HHUS, CUJIbHO OTKJIOHAWIIMeCS OT 3HayeHUH (POHOBOro U3JjydyeHusd. B
CylleCTBEHHOU Mepe 60J1ee BbICOKOE 3HaYeHUE, 10 CPAaBHEHH IO C POHOBBIM U3JIyYEHUEM, MOKHO
ObLJI0 U3BMEPUTD TOJIBKO 110 KOOpAUHATE HaJ 00pa3noM. UHbIX 3Ha4YeHUH, NPUOIMXKEHHBIX K
3HAYEHUI0 U3MEPSIEMOr0 U3/IyYeHUs1 06pa3lia, HAa TEPPUTOPUU 0OHAPYKEHO HE OBLIO, I03TOMY
npu 00paboTKe He BO3HUKAJO MeUAIIMX NMUKOB. 3allMCaHHble 3HAYEHUS KOOPAUHAT MbI
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OlIEHWBAJIM CTAaTUCTHUYECKUMHM METOJaMU, NMPU 3TOM ObLIM HWTCHOPUPOBAHBI IMOKa3aTeJsH
BCILJIECKOB, a Me/JHaHa OCTABIIMXCS 3HAYEeHUH IPUHSTA 3a CTATUYECKYI0 KOOPAUHATY 06pa3La.
YuuThIBasA, YTO JIOKAJIM3aUMA [O/HKHA B IMEPBYH OYepe/b CIOCOGCTBOBATH 00GJIETYeHHUIO
MEepBbIX LIAroB PYYHOTO MOUCKA, OLUIUOKU U3MepeHHUs ObIIM B OXKUAAEeMbIX MTpe/eiax.

47.6418

ST 47.64175

47.6417 47,6417

4784165 -
47.64165
47 6416
47,6416

4764155

476415

4764145

arears— TR 18.7895 18.7896 e PEEaTS 18,7893 18.7894 18,7885 18.7896 18.7887 18.7898 18.7899

PucyHok 7. PacnipesesieHre MHTEHCUBHOCTHU raMMa-U3J/Iy4yeHHsl SKCIIEPUMEHTAJNbHON TeppUTOPUU
€ yyacTKaMu 06paboTku 3 X 3 M (c/ieBa) U KOHTPOJIbHBIM TECTOM MO3ULUU H3MepeHUs (crpaBa)

M300paxeHre cnpaBa Ha PUCYHKe 7 WJJIIOCTPUpPYyeT 06PabOTKY JaHHBIX KOHTPOJbHBIX
M3MepeHUH. 31eCb MOXXHO 3aMeTHUThb, UTO U300pakeHUe JeMOHCTPUPYET HCKJIIUYUTETbHO
MeCTOHaX0X/leHHe UCTOUHHUKA U3JiydeHus. CTpesiKu Ha pUCYHKe 0003HavYaloT reorpadpudeckrie
KOOpPZAMHATHI UCTOYHMKA U3JIyYeHHs, KOTOpPble COOTBETCTBYIOT NIpe/iCTaBJIEHHOMY Ha JIEBOM
CHUMKe pUCYHKA 7 MeCTONOJIOXKEHHI0 M3JIy4alollero UCTOYHHKA, QUKCUPOBAHHOTO MNpH
06paboTKe JAHHBIX.

W3MepeHusa npyv noMouid CUUHTUJJISALUOHHOIO [eTeKTOpa, YCTAaHOBJIEHHOTO Ha JpOHe
Mavic DJI

Jponbsl Mavic oT kommnaHuu DJI — oTHocuTesbHO HOBble pa3paboTku. CaM JApOH
3HAYUTEJbHO MeHblle, yeM cepus Inspire. [Io cTaOUJIBHOCTH M TOYHOCTH IMOJIETA OH
NPEBOCXOAAT NpeAblayliue Mozenu. 3-3a MeHbl1ero pa3Mepa ero jierie TpaHCIOPTUPOBATh,
XpPaHUTb U IKCIJIyaTUPOBATh, YEM €ro cTapble U OoJiee KpynHble aHajsord. Tem He MeHee,
KOMIIaKTHas KOHCTPYKL KA APOHA HECKOJIbKO OCJI0KHSAET YCTaHOBKY »KeJlaeMbIX KOMIIOHEHTOB
Ha YCTPOWCTBO. MeHbllle M Ipy30N0LABEMHOCTb, YeEM y APOHOB Inspire, m0o3TOMy MOHTaX
yKe COOpaHHOU AeTeKTOpHOM cucteMbl [eirepa-Miosisiepa Ha Mavic He mpefcTaBJsieTCs
BO3MOXXHbIM. OJJHAKO Ha YCTPOMCTBO MOXXHO pPa3MeCTUTb MaJloraboOpUTHBbIE, JIETKUE,
NOJIYIIPOBOJHUKOBbIE CEHCOPHbIE JATYUKU CO CLUHTHUJ/UIALMOHHBIM KPUCTAJIOM. TakuM
06pa3oM, Ha MyJIbTUKOINITep Mavic Pro 661711 ycTaHOBJIEHbI HEGO/IBIION CLIMHTUJLISLIMOHHbIN
JleTEKTOp M oOpabaTbiBawIMi 3apUKCHUpPOBaHHble MM JaHHble OAHOIMJIATHUK Raspberry
Pl. B akcrnepruMeHTax Mbl IPOBEPSAJIH, HACKOJBbKO HaJleKHbl JaHHble CLLUHTUJIJIALLMOHHOIO
JleTeKTOpa COOTBETCTBYIOLIeHd 4YyBCTBUTEJbHOCTH, 3allUCaHHble UM IIPU CTATUYECKUX
M3MepeHUsX B noJete. [1o cBoel CTpyKType NpUMeHeHHbIN JeTEKTOP COCTOUT M3 KpUCTaJLIa
hoauaa uesus, serupoBanHoro tasiaueM CsJ (Tl) pasamepamu 13x13x47 MM u ceHcopa MPPC.
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[Ipu uznyyenuu 0,01 Mx3B/4 (poHOBOE U3/IyUeHHE, UBMEPEHHOE B 3KCIIEPUMEHTAJIbHOM 30HE)
JleTeKTop peructpupyet B cpeiHeM 30 BbIOMBaHUM 3JIEKTPO/OB ONaZaHUU YacTUL.

Y4uTbIBas, YTO HallleH LiesIbI0 ObIJI0 peaii30BaTh HEOOJIbUIYIO, YI00HYI0 B TPAaHCIOPTUPOBKE
CHUCTEMY, OLHOW M3 CUCTeM-HocuTesied ctasa ApoH DJI Mavic Pro. B cBs3u ¢ orpaHUYyeHHOMN
rpy30H0beMHOCTBIO POHA OblJ OTIpe/iesieH annapaTHbIA MUHUMYM [1/151 60pTOBOM yCTaHOBKH.
KoneuHo, B ciyvae snokanusauuu B RTK omnpepesneHne Touyek uaMepeHUs1 06ecrieqynsio Obl
TOYHOCTb MeHee CaHTUMeTpa, HO Mbl He CTaBWJ/IM IepeJ cO60M TakoH 3aJjayd M0 TOYHOCTHU
B cucteMe. COrJIacCHO KOHLENLMU HCCAEJOBAaHUM M Ppa3pabOTOK TOYHOCTb HU3MepeHUU
ctaHgapTHbIM GPS (rpakgaHcKoro no/b30BaHUsl) Obl1a JJis HAC JOCTATOYHOM.

[TockosbKy ipoH Mavic ¢ ycTaHOBJIEHHOM Ha HEM JIETEKTOPHOM CUCTEMOM CIIOCOOEH JIeTaTh
10-12 MUHYT, U3MepeHHe TeppUTOPUU MOXKHO OCYLIEeCTBUTH 3a ABa B3JjieTa. [Ipy nepsom
noJieTe MyJIbTUKOIITEP NMPOH3BeJ 3aMepbl B 36 ToOUKax U3MepeHHs, Mpu BTOpoM — B 45, mo 10
CEeKYyH/I Ha KOXX/AYI0 TOUYKY. Pe3ysibTaTbl U3MepeHHs BMeCTe C KOOPAUHATAMHU TOUYEK U3MEpPEHUS
oaHomiaTHUK Raspberry Pl 3anucan Ha SD-kapry.

[aHHbIE HEZMEPEHHA TEPPHTOPHH
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PucyHok 8. [luarpamMmma 4Kc/ia Ha CEKYH/Iy U3MEepPEeHHs U3JIy4eHHsl HaJ| TEpPUTOPHEH MI0N[a/bIo
650m*

XOTS CUMHTU/ISILIMOHHBINA AETEKTOP MPUTO/IeH Jisl ONpeie/IeHUsI SHEPTUH 0OHAPYKEHHOH
raMMa-4acTHUIlbl, B HACTOSIIEM 3KCIIEPUMEHTE 3TO He YYHUTBhIBAJOCh. 3aperucTpUpOBaHHbIE
JlaHHbIe COJepPKAT MUCKJIIUYUTEJbHO YHCJAO AeTeKTUPOBAaHUW raMMa-yacTUI] 32 eJUHUIY
BpeMeHH (puc. 8).

B f[aHHBIX H3MepeHUN, MOKAa3aHHbIX Ha PHUCYHKe 8, 3HAYWTEeJbHbIX BCIJIECKOB He
HabusirofaetTcss. OCHOBBIBasiCh Ha Habope JAaHHBIX, HeJb3sl ONpPeJeJUThb, ObLI JIK B 30HE
M3MepeHUsT MCTOYHUK H3JydYeHHUS] C HWHTEHCUBHOCTbHIO, OTKJOHSWIIENHCcAd OoT ¢$OHOBOro
W3JIyYEeHUSI.
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OfHako MO JAaHHBIM, OTOOpPa)KeHHbIM Ha MJOCKOCTH (pUC. 9), UCTOYHUK U3IYYEHUS
sABCcTBYyeT. Ha puc. 9 mokasaHbl iBa UCTOYHMKA U3/Iy4yeHUs (KpoMe BUAMMBbIX HAa U306parkeHUH
IIyMOB, MOCKOJIbKY WHTEHCUBHOCTb HCTOYHHMKA B MeCTaX HM3MepeHHWM eJjBa MpeBblllasa
MHTEHCUBHOCTb POHOBOrO U3Jy4yeHHsd). /luarpaMMa Ha pUCYHKe 8, JEMOHCTPUPYET TaKKe
u TouyHocTb GPS, 3adukcupoBaHHyl0 BO BpeMs u3MepeHUs. O4yeBHAHO, YTO BO BTOPOM
TPeTH BpeMeHHU U3MepeHHUs] TOYHOCTb MU3MEepeHHs YXyJALIWJachb (3HAa4YEeHHE CTaso BBIIIE).
OZHOBpEMEHHO CHU3WJIOCH C JeCATH 0 JIeBATH (3TO 3HAaYeHHe He NOKa3aHO) KOJHMYeCTBO
3a/1eiCTBOBAHHBIX JIJIsl U3MepeHHUs CITyTHUKOB. KpoMe aToro, u3-3a Bo3poclieil norpeuHocTy
NpPEeLM3MOHHOCTU U3MepeHus 3adpukcupoBaHHble GPS-koopauHaTBl NPOAEMOHCTPUPOBAIU
OTKJIOHEHHE NTapaMeTpOB, 10 CPAaBHEHHUIO C TAKOBBIMU B (pa3e 60Jiee TOUHOT'0 U3MEPEHHS.

TakuM o6pa3oM, nosiBJeHHE JBYX UCTOYHMKOB M3Jy4yeHUs1 Ha puc. 10 MOXXHO 06bACHUTD
yBesiMnyeHueM norpemtHocTd GPS mpu usMmepeHuu. PaccTosHue Mexay [ABYMS TOYKaMH
MCTOYHHMKA U3JIy4YeHUs], OTMeUYeHHbIMU Ha PUCYHKe YePHOM CTPEJIKOH, COCTaBIseT ~ 4 MeTpa.
9TO paccTOsiHME COOTBETCTBYET MNOTPEINHOCTH IMO3UIUH, OOYC/J0BJIEHHOM yBeJIUYeHHEM
HOTPELIHOCTU U3MEPEHHS.

M3MepeHUe IByX HCTOYHUKOB U3Jly4yeHUs npUu noMoiuu DJI Mavic

B xome jasbHellllero TeCTHPOBAaHMA Mbl MCCJeJ0BaJd BO3MOXXHOCTb OOHapyXeHUs
MCTOYHUKOB W3JIydeHHUs, PaCIOJIO)KEHHbIX B TeCTOBOM 30He Ha paccToAHMU. OO6pasibl
HaXOJUJMUCh B 25 MeTpax Apyr OT Jpyra U MMeJu NPUOJU3UTENbHO OJUHAKOBBIA yPOBEHb
aKTUBHOCTU. JKCIIEPUMEHT NIPOXO/1J1 HA HECKOJIBKO 60/IblIIed TEPPUTOPUH, YEM PaHEe, UTOObI
pa3MelaeMble 06pa3Lbl He NMoONaZajv Ha Kpasd u3MepseMoy IJOWEAAKU. belia 0603HayeHa
3KCIlepMMeHTa/bHasA 30Ha pa3MepoM 39 MeTpoB B JJIMHY U 24 MeTpa B LIMPHUHY, 10 CDAaBHEHHUIO
CnpeAbIAYIIMMY NapaMeTpaMiu (27 M x 24 m). Mbl HaMeTH/M 117 ToueK U3MepeHUs B pa3bUBKe
no 13 Toyek B 9-Tu pagax. Hag kaxzaon Toukou ApoH 3aBrcas Ha 10 cekyH/. 3aMepbl MOXXHO
OBIJIO BBINOJIHUTD 3a YeThbIpe B3JseTa. OlleHKa pe3y/bTaTOB U3MepeHUH OCYILeCTBJIANACh 10
onucaHHOMY Bbllle. HeobpaboTaHHble JJaHHble BUJIHBI HA AuarpaMMax Ha pucyHke 10.

PucyHok 9. Pactipeie/ieHre MHTEHCUBHOCTH raMMa-HM3JIyYeHUs Ha 3KCIEPUMEHTATbHOM y4acTKe
C MapaMeTpaMu npeJblaAyleil 06paboTKU JaHHBIX
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PI/ICYHOK 10. 0T06pa)KeHI/Ie H806pa6OTaHHbIX AAaHHbIX U3MEPEHHUA ABYX HCTOYHUKOB U3JIyYE€HUA

Ha pucynke 10 nokasaHo, 4To ¢pOHOBOe U3JiydeHue 06yc10BuI0 3HayeHue CPS B fuanasone
20-40. B6s113u 06pasiia 3TO 3HaUeHHe B 3HAYMTEeIbHOU Mepe yBeJIMUUI0ch. Bo BpeMs BToporo
noJsieta 3aMedyeHbl 2 nuka. 06a NMKa OTHOCATCA K OJHOMY M TOMY >Xe MUCTOYHUKY. /[Ba nMHuKa
BO3HUKJIU IOTOMY, YTO B [IBYX CJIy4asiX yCTPONUCTBO HAXOJUJI0Ch Ha PACCTOSIHUM 0OHapYKEHUS
MCTOYHMKA U3JIyYeHUS B IByX TOUKaX U3MepeHus. Bo BpeMs TpeTbero noJjieta 04epyrMBaeTcs
OTHOCHTEJIbHO 60JIbLION MUK, 06pa30BaBLIMICA IPU U3MEPEHNUU BOJIM3U BTOPOT0 UCTOYHUKA

HU3JIy9€HHUA.
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Pucynok 11. BusyanbHoe 0ToOpaxkeHUE JAaHHBIX U3MepeHHs] ABYX UCTOYHUKOB U3JIy4eHUs
(ceBa - m1ocKasi MPOEKIKs TEPPUTOPUAIBHOTO paclpe/iesieH s, ClipaBa — TPEXMEPHOE U300paKeHHE)
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PesyabsraThl 1 O6CyKaeHHue

Pe3ysbTaTbl HW3MepeHHWH NOKa3aHbl ONHWCAHHbBIM METOZOM Ha JIeBOM H300paKeHUU
pucyHka 11 B BUJe KapTbl TepPUTOPUAJIBLHOTO pacnpefesieHUss Toyek. Ha nzobpakeHuu
MecCTa pacnoJIoXKeHHUs ByX UCTOYHUKOB YETKO 060C00J1eHbl, UX KOOPAUHATbI COOTBETCTBYIOT
peajbHOMY MOJI0KEHU 0. TaKUM 06pa3oM, JaHHbIN METO/, MOXKeT ObITh HaJ|€XKHO UCII0Jb30BaH
JI1 OOHApy>XeHUs] HECKOJIbKMX He3aBUCHMMbIX HCTOYHHMKOB HM3JIydeHUs] Ha HCCaeyeMou
MeCTHOCTHU. B To>xe BpeMs ciielyeT OTMETUTD, YTO IKCIIEPUMEHTAIbHasA CUCTEMa He UCII0JIb3yeT
nosuLoHupyiee ycrpoiictBo RTK, noaToMy MUHMMa/IbHOE 060C06/1IeHME IBYX HE3aBUCHUMbIX
VCTOYHUKOB U3JIydeHUs] COCTaBJsieT 4-5 MeTpoB B 3aBUCUMOCTU OT mnorpemHoctu GPS,
KOTOpasi MOXKeT BOSHUKHYTb B Ipoliecce U3MepeHHs (CM. pUCYHOK 9 U NOsICHEHHE K HEMY ).

[IpaBoe n306paxkeHue Ha pUcyHKe 11 — 3TO penpe3eHTaL s yKe ONMCAaHHOTO TPEXMEPHOTO
M3MepeHUsd [JBYX MCTOYHHUKOB H3JIydeHHUs. BbicoTa OT MOBEpPXHOCTH NPONOPLMOHAJIbHA
M3MEpEeHHOMY TraMMa-U3JIyYeHUI0, TO4YHee KOJIMUECTBY CJIy4YaeB, 3aperucTPUPOBAHHBIX
netektopoM (Count per Seconound, CPS). B xone oTobpakeHUs s 60/bIlIEeN sICHOCTA Mbl
VCKJIIOYWUJIM CAy4Yau B Jiuana3oHe (pOHOBOrO MU3JIy4eHMUs, TaK YTO NMUKU HA MOBEPXHOCTHU
rOBOPAT O BbICOKOM M3Jy4dyeHUU. Clefj0BaTeJbHO, N0 OCH «Z» MPaBOTO M300pakeHUs Ha
pucyHke 11 MoxHO onpeZiesiUTh 3Ha4yeHUs CPS 1191 03HaueHHOM TeppuUTOpUHU. XOTH L|BETOBAsA
ramMMa cousMepuma co 3HayeHueM. CPS, oHa He mogpasyMmeBaeT abGCOJIIOTHOTO 3HAYE€HUS.
i1l Hansy4llero BU3yaJbHOTO BOCIPUSATHSA [BETOBas raMMa Ha KaXXJ0W JuarpammMe Oblia
NOAKOPPEKTUPOBaHA.

3ak/iloueHue

/i1 06bEKTUBHOTO CPAaBHEHUS JIETEKTOPOB B OJJUH U TOT K€ JleHb ObLIM MPOBeJIeHbI iBa
CpPaBHUTEJIbHBIX TECTA [P HEU3MEHHOM N0JIOKEHUU 00pas31ja ¥ C 0AMHAKOBBIMU IapaMeTpaMHU
n3MepeHus. O4eBUJHO, 4YTO UJeHTUPHUKALUSA obpa3lia ObljIa JOCTUTHYTA B 000UX CAyYasX,
OZJHAKO I10 pe3yJibTaTaM U3MepeHU UMeJIMCh KadyeCTBeHHbIe pa3indus. [Ipu ocylecTBieHUU
3aMepoB C JApoHa Mavic, OCHalleHHOT0 CLUUHTWU/IISLUOHHBIM JEeTEKTOPOM, CHUTHaJibl
3allyMJISIIMCh B OOJIbllIeN Mepe, YeEM O0XKUJAJI0Ch, YTO CKOpee BCero 00yc/oBUJIa MEHbLIAS
YyBCTBUTEJbHOCTb CUCTEMBI AeTeKkTopa. O/lHA U3 MPUYMH 3aK/I04YaeTCSa B TOM, UTO IJIOLA/b
NOBEPXHOCTH JIETEKTOPHOMW cUCTeMbl cuieTurKa [eirepa-MrJisiepa ¢ 4 TpybkamMu 6oJiblile,
YyeM IJIOU[AAb CUUHTU/ISIIMOHHOTO KpUCTajia 06beMoM 8 cM3. XOTs CIUHTHUIAIMOHHBIN
KPHUCTaJLJ1 10 IpUYMHE 60Jiee BbICOKOU IJIOTHOCTH MaTepUasia B3auMOAEUCTBYET C 60JIbLINM
KOJIMYEeCTBOM raMMa-4acTHUI] TPU TOM e 00'beMe, UYTO U TpyOKku [eiirepa-MroJsiepa, u3-3a ero
HebO0JIBILIOr0 pa3Mepa BepOSITHOCTb OOHAPYKEHUS U3JyYeHHS] HECKOJIbKO HUXKE.

YTo xKe KacaeTcd anmnapaTra-HOCUTeJId, TO ApOoH Mavic Mor ropaszfo TOYHee HaCTPOUTHCA
Ha 0003HaueHHble TOUKU U3MEPEHHUS U YAep>KaTb CBOe MOJIOXKEHUE Ha NMPOTSKEHUU BCEro
npoiecca usMmepeHus. [IopTaTUBHOCTb U MaJIOTabapHUTHOCTD [pOHA 06Jier4aoT paboTy C HUM,
JleJIal0T ero KOMIaKTHee rpOMO3/KOro ApoHa Inspire.

M3MepeHue B [AUCKPETHBIX TOYKaxX JaBajJi0 pe3y/bTaT TOYHEe, YeM H3MEpPeHHUe B
HelpepbIBHOM I10JIETE, TOCKOJIbKY He TPe60BaI0Ch KOPPEKTUPOBATh KOOPAUHATHI NOJI0KEHUS
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B JBWXeHUHU. Ellle 0lHUM NpeuMylleCTBOM M3MepeHHUs] B JAUCKPETHBbIX TOYKax SIBJSETCS
yBeJIMYyeHHe BpeMeHHU 00HApYyKEHHU s, UYTO M03BOJISIET CTPOXKE OTAEJSTh CUTHAJIbI 06pasna oT
doHOBOTO 1IYyMa.

HccnenoBaHue HECKOJIBKMX HCTOYHUKOB H3JIyYeHUs] yOeJUTeJbHO I[0Ka3aao, 4YTO C
IOMOIIIbI0 U3JIO)KEHHOTO MeTO/a M3MEPEHUsS MOXKHO JIETKO OOHApY>XUTb M JIOKAJIU30BaTh
rpymbl pa36poCaHHBIX MO0 MECTHOCTU PAJJUOAKTUBHBIX OGJIOMKOB HWJIM 06oJiee KpYIHbIe
M30JIMPOBaHHbIE 06JIOMKHU
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Ynusepcumem 06yda (Obudai Egyetem),
H-1034, Bécsi tit 96/b, 2. Bydanewm, BeHzpus

JucKpeTTi eJ11ey 9JiciMeH APOH apKbl/ibl raMMa-CayJie/ieHy A03aChIHbIH, TAPAJIybIH OJI1Iey

Anparna. /I[poH/lapFa OpHaTbIIFAH raMMa-CayJlesliK JleTeKTOP/bIH KeMeriMeH Jjo3a1apAbl 66y,
GipHellle KapTaJapbl XKacajbl. JKCIEPUMEHTTEpP/Ie aJIbIHFaH HOTHXKeJIep MeH TaKipubesiepre cylieHe
OTBIPBII, )KYHeHiH KeMIIJIIKTepi, COHAAl-aK 0faH api JaMy MYMKIH/ITi aHbIKTa/lbl. O3ipJiey/iH Heri3ri
MaKcaTbl HEeFYpJbIM bIKIIaM, OHAal TacbIMa/ZJaHAThIH X9HEe OpPHAJ/IACThIPbLIATBIH, OipaK aaJbIHFbI
Kylesiep/ieH alblpMallblIbIFbl OapblHIIA ce3iMTal KyheHi Kypy 6oJsjbl. QOHABIK cayJeseHyTe
KapamactaH (9AeTTe CcblHAK aiMakTapbiHaa 0,01 c/caF), ocbl yaKbITKa JAeMiH »KyprisijireH
akcnepuMeHTTepAe +0,009 ° c/car allbIpMalIbLIbIK CEHIM/I TypAe aHbIKTa bl Ocbl Ka3ipri gamyna
6ys1 MaH caTTi TeMeHeTinAi +0.005 - +0.007 ce3iMTanAbIKTBIH aKcapyblHa, €H ajJbIMeH, YIIY/bl
Gackapy/[blH apHalbl 6aFgap/jaMalblK »KAacaKTaMacbIHbIH KOMeTiMeH J»Ky3ere achIpbLIaThIH O6ip
HYKTere eJillley YaKbITbIH YJIFAUTy apKblibl KOJ XeTKi3inai. Byn ce3iMTanJbIKThIH, *KOFapbliaybl
CKaHepJiey OUIKTIriHiH >KofapbliayblHa (mamameH +1-2M) HeMmece 6ipzaeit 6uikTikTe 6Gipmed yury
KYpbLIFBICHI OOJIFaH >XKaFfaiia, 6ip yuy Ke3diHJe yJKeHipeK 3epTTey alilMaFblH KaMTyfa MYMKiHAiK
Gepeni. OpuHe, i371ey Ke3iHiH GeJsiceHimiri »KoFaphl 60Jica, CKaHepJiey OUIKTIri HeMece CKaHepJey
KbLJIIAM/IBIFBI aWTapJbIKTall apTybl MyMKiH. TaxipubesepiMmisae 6i3 GesiceHAiIri KacaHApl TypAe
eH/Jipi/ireH u3oTonTap/aH aJjeKai/ja ToOMeH TaOUFH ypaH MUHepaJblH (ABTOHUT) KoJaAaHAbIK. Ochbl
3KCMEepUMEHTTEP CepUsIChbIHAA 6i3 COHJaM-aK bIKTHUMaJ anaT OOJIFaH >Xepre HallblpaHKbl O6esceHl
Ke3/ep/i KapTara TyCipy MYMKiH/IriH Moze/ibJieUTiH 6ipHelle Ko3AepAi aHbIKTay1bl KAPaCThIPABIK,

Bi3 a3ipsiereH »xaHe eHri3reH yileHiH TaxipubeJe KoJAaHbLIATBIH 3epPTTEY NMpoLefypajapblHaH
6acThl apTHIKIIBLIBIFBI-)KYMBLIBIPY OHAM, YJIKEH ayMaKThl OlepaTopfa Kayin TeHZipMeH, ap3aH
GaFraMeH Janaza 3epTTeyre Gosagbl. JKyleHiH MaKcaTbl-Ke3/[iH, 6ap-»KOFbIH aHBbIKTAy >K9HE OHbI
KeWiHHEH JIOKa/IM3alysay apKblIbl HeMece 6acKa jKepjeri nporejypajapMeH OHall aHbIKTayFa
GosaThIHAAN JAapexene okuiaynaay. bi3 caHTHUMeTpJiik opHasacy [AaJi/jiriHe YMTBIIMAaUTBIHABIKTAH,
emmey yuriH CTAHZIAPTTBI GPS sokanusanusicel >KeTKUTIKTI. OJumney KesiHae reorpadusibK
koopauHaTtTap WGS'84 xkyilecinze TyciHgipineni. EHAik mneH OGOWJIBIK KOOpJAWHATaJlapbIHbIH
meH6epJIepi Jie OChl XKyHeie YChIHBIIFAH CypeTTePAe KOPCETiJreH.

TyiiH ce3aep: /IpoH, JeTeKTop, raMMa-cayJiesneny, leiirep-MroJiep ecenrerili, CEHCOp, OTEHUT

[e]
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Measurement of gamma radiation dose distribution by drone using discrete measurement
method

Abstract. Several dose distribution maps have been created using a drone-mounted gamma radiation
detector. Based on the results and the experiences gained in the experiments, the shortcomings of the
system as well as the possibility for further development have also emerged. The primary objective of
the development was to create a more compact, easily portable, and deployable system, but one which,
in contrast with the previous ones, is more sensitive. Despite background radiation (typically 0.01 BSv/h
in the testing areas), a difference of +0.009 ESv/h has reliably been detected in the experiments made
so far. In this present development, this value was successfully reduced to +0.005 - +0.007 @S/h. The
improvement in sensitivity was achieved primarily by increasing the measurement time per point, which
was realized using special flight control software. This sensitivity increases either allows higher scanning
altitude (approximately +1-2m) or, in case of an identical flight device at an identical altitude, a larger
survey area with one take-off. Naturally, scanning height or scanning speed can increase significantly
if the activity of the searched source is high. In our experiments, we used a natural uranium mineral
(Autunit) with activity far below that of artificially produced isotopes. In this series of experiments,
we also covered the identification of several sources, which models the possibility of mapping active
sources scattered around the site of a possible accident.

The main advantage of the system developed and introduced by us over the survey procedures used
in practice is that it is easy to mobilize, a large area can be surveyed at low cost without putting an
operator at risk in the field. The purpose of the system is to detect the presence of the source and to
localize it to such an extent that the localization can subsequently be easily specified by manual or other
ground procedures. Since we do not strive for centimeter positioning accuracy, standard GPS localization
is sufficient for measurements. During the measurements, the geographical coordinates are interpreted
in accordance with the WGS’84 system. Additionally, the system displays the circles of latitude and
longitude coordinates in the figures presented.

Keywords: Drone, detector, gamma radiation, Geiger-Muller counter, sensor, otenit
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Abstract. The paper considers some ways of representing probabilistic
causal models using Bayesian network theory (hereafter referred to as BN).
These models describe well problems with different types of uncertainty. The
theory of BN extended with some additional types of nodes called influence
diagrams or IDs. Influence diagrams make it possible to consider a number of
solution options, to evaluate them quantitatively, and to select the best of the
considered options. However, it is practically impossible to find an optimal
solution in an ID. It is not even possible to create a system of linear constraints
on some variables in an ID, although there is a large class of practical problems
with such constraints.

The paper describes the idea of extending ID to describe linear constraints
on some variables of the BN. In the future, it will help to use the ideas of linear
programming in ID to find an optimal solution in the sense of LP for problems
with different types of uncertainties and causal relationships between some
variables. This work has been done under grant AP19679142 "Search for
optimal solutions in Bayesian networks in models with linear constraints and
linear functionals. Development of algorithms and programs " (2023-2025)
of MES RK. This project will develop the theory for finding optimal solutions
in Bayesian networks. Optimality will be understood in the sense of linear
programming - a system of linear constraints, extremum of a linear functional.
The theory will be implemented in a software product.
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Linear constraints on variables in influence diagrams for causal models

Introduction

Graphical models, in particular Bayesian networks and influence diagrams, can be used to
solve a variety of fairly complex problems with different types of uncertainty. The basics of
Bayesian networks can be found in [1, 2, 3, 4]. Such problems often involve causal relationships
between different elements. These graphical models are usually based on directed acyclic
graphs. The nodes in a BN are variables that are probabilistic in nature. There are different
causal relationships between the variables. Calculations in BN allow us to calculate the values
of some variables based on known variables, causal relationships between variables, evidence
in some variables. Calculations in Bayesian networks are quite extensive. If there are 8-10 nodes
in the network, manual calculations are already extremely difficult. The presence of evidence in
some nodes makes calculations even more difficult. Fortunately, the theory of Bayesian network
computation is well developed and implemented in many software products. In this paper we
will refer to the well-known software product HUGIN EXPERT [5].

Bayesian networks are currently the subject of intense research. Interesting ideas can be
seen in works [6 - 11]. Gradually, however, the capabilities of BNs became insufficient for solving
many practical problems. New types of nodes were added to BNs. This made it possible to solve
new classes of problems, in particular to search for and analyse solutions in problems with
different causal relations and containing different types of uncertainties. It became possible to
quantitatively evaluate different solutions to a problem and to select the best solution according
to certain characteristics. These networks are called influence diagrams.

Then it was necessary to create various additional constraints on individual variables.
Unfortunately, IDs cannot perform such operations efficiently. It is even more difficult to perform
computations in constrained networks than to perform computations in conventional IDs.
The issues of extending the capabilities of IDs for creating additional constraints and finding
solutions to such problems are discussed in this paper.

First, the paper will construct examples to illustrate the current methods for finding the best
solutions in ID. Such solutions are, of course, not generally optimal. However; in some cases the
solutions may coincide with the optimal ones. In the future, the examples that are considered
will be supplemented with linear constraints on some of the variables. Of course, IDs do not have
mechanisms to solve such problems. However, the simplest problems can be solved artificially.
As a consequence, neither the HUGIN EXPERT software package, nor any other software package
that implements the ideas of IDs, allows the use of linear constraints in the problems, as well as
more complex constraints.

The examples are for educational purposes only. Any questions about the suitability of the
graphical model for a considered task are incorrect. The HUGIN EXPERT software is used to
create the training examples.

The methodology

A tutorial example from the BN literature will be considered here. In this example, several
options for solving the given influence diagram are identified and then quantitatively evaluated.
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The best of the considered options is selected. However, it should be noted that the best of the
considered options may not necessarily be the optimal solution for a number of reasons. For
example, we may not be sure that we have considered all the options. Another reason could be
that the mechanisms of influence diagrams do not adequately build the desired model. In the
following, this example will be adapted in such a way that the capabilities of influence diagrams
are not sufficient to build even the necessary set of solution options.

The methods used in this paper are Bayesian networks and their evolution - influence
diagrams. BNs allow the user to construct a set of solutions, compare these solutions by some
criterion, and select the best solution from among them. It should be noted, the chosen solution
will not be optimal. In real-world problems, it is usually necessary to find a solution that is
optimal in some sense. The simplest problems are linear programming problems. On the one
hand, we have a set of variables that are related to each other by probabilistic relationships. On
the other hand, a number of linear constraints on some of the variables form a set in which it is
necessary to find the optimum of some linear functional. The paper considers the necessity of
introducing the system of linear constraints on a set of variables into the method of influence
diagrams.

Let us consider a well-known example from the literature on BN. The leaves of an apple tree
have fallen off. The cause of the leaf drop may be either tree disease or drought, or both. The
owner must decide whether to treat the tree or not. Treatment offers the hope of a certain crop
next year and some profit. However, treatment is quite expensive and if treated, the risks must
be assessed:

e The tree is healthy and the cause is simply insufficient watering. The money for treatment
is wasted.

e The tree is sick. Treatment has helped. Next year's crop will be good and will justify the cost
of treatment.

e The tree is sick. The treatment has not worked. Next year's crop will be poor and the cost of
the treatment has not been justified.

Figure 1 shows the influence diagram for this problem. Let us describe the variables and functions in
this influence diagram.

Figure 1. Influence diagram for finding a treatment strategy for an apple tree
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The apple tree is observed for two years. In the first year, leaves are likely to fall (Loses) for two
reasons: the tree is sick (Sick) or the tree is withered (Dry), poorly watered. Of course, leaves may
fall for a combination of these reasons. In the second year we expect a causal relationship both from
the old Sick node to the new Sick_1 node and from the old Dry node to the new Dry_1 node. This is
because, for example, if we expect a tree to be sick now, it is likely to be sick in the future.

By observing the tree, the owner can treat the tree to get rid of a possible disease. If he thinks
the leaf loss is due to drought, he can save his money and just wait for rain. Treating can help the
tree with some probability. Treatment is quite expensive and the benefits of treatment need to
be assessed. Will the crop justify the cost of treating the apple tree? The tree treatment action is
now added as a decision node in the BN (Treat). This node is no longer a BN node. The Bayesian
Network becomes an Influence Diagram.

In the second year, the apple tree may be leafless for the same reasons (Disease_1 and
Drought_1). But the disease in the second year will depend on two reasons: whether it was sick
in the previous year (Sick) and whether it was treated (Treat). See Figure 1.

The decision node Treat has the states "treat” and "not". We have added a link from Treat
to Sick_1. This is because we expect the treatment to affect the future health of the tree. We
now need to specify a usefulness function that allows us to calculate the expected usefulness
of the solution. This is done by adding auxiliary nodes to the diagram, each contributing to the
overall utility. The Cost usefulness node reflects information about the cost of processing, while
the Harv node represents the usefulness at harvest time. Here the usefulness depends on the
health of the apple tree. To get a quantitative representation, we need to construct Conditional
Probability Tables (CPTs) for all the nodes in this influence diagram.

Table 1 and Table 2 show the marginal probabilities of the variables sick and dry. Table 3
shows the probability dependence of the variable Loses on the variables Sick and Dry.

Table 1. Marginal probabilities of Sick

Sick
Edit Functions W e
sick 0.1
not 0.9

Table 2. Marginal probabilities of SickDry

Dry
Edit Functions  Wiew

oy 0.1
not 0.9
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Table 3. Dependence of Loses on Sick and Dry

Loses

Edit Functions  “iews

Sick
oy not oy not
0.95 0.85 0.84a 0.0z
0.05 015 014 0.98

Table 4 shows the dependence of the variable Sick_1 on the variables Sick and Treat. Disease
in the second year depends on the treatment performed and whether the tree was diseased in
the first year. Table 5 shows the dependence of the variable Dry_1 on the variable Dry. Table 6
shows the dependence of the variable Loses_1 on the variables Sick_1 and Dry_1

Table 4. Dependence of Sick_1 on Sick and Treat

Sick_1

Edit Functiohs  iew

Table 5. Dependence of Dry_1 on the variable Dry

Dry_1
Edit Functions “iew
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Table 6. Dependence of Loses_1 on variables Sick_1 and Dry_1

Loses_1

Edit Functions ]y

Table 7. Willingness to pay for tree treatment

Treat
Edit Functions  “Wiew
treat ]

not 1

Table 7 describes the owner's marginal willingness to pay for treatment of the tree. Table 8 shows
that it would cost $8,000 to treat an apple tree. Table 9 shows the profit from a sick and healthy tree.
Table 8. Treating an apple tree will cost $8,000 dollars

Cost
Edit Functions  “iew
Treat
LIl

Table 9. Willingness to pay for tree treatment
Harv

Edit Funclions  View

Sick_1 Sick ot
LItility 2000 20000
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Let's evaluate several strategies for the behaviour of the apple tree owner.
1. Strategy 1: The owner does not spend money on treating the apple tree, believing that the
cause of the leaf fall is drought. The solution is shown in Figure 2.

1

[ 13011.00

Figure 2. The owner does not spend money on treatment

The expected profit in this case is 18011 dollars.

2. Strategy 2. The owner spends no money on treating the apple tree, believing that the leaves
are falling because of the drought. But it turns out that the tree is sick. The solution is shown in
Figure 3.

v appled I ’.
- @ODry !
= {1 Dry_1 |
» {0 Loses
» (0 Loses_1 @
» {0 Sick
v @@ sSick 1

I 100.00 sick
[ =3000.00

1 - not Trea
T 1 i}

L4

v @ [OHary
[T 1 300000

i >

A

Figure 3. The owner does not spend money on treatment, but the apple tree is sick

The expected profit in this case is $3,000. A sick tree will yield little profit.

194 Ne22(147)/ 2024 JLH. ['ymunes amoindarel Eypaszus yammuoik yHueepcumeminiy XABAPILBICHI.
TexHUKAIbIK FbLALIMOAD JHCaHE MEXHOA02USIAAP CePUsIChl
ISSN: 2616-7263. elSSN: 2663-1261



Linear constraints on variables in influence diagrams for causal models

3. Strategy 3. The owner treats the apple tree, and the tree is sick.

apple3

v apple3
» (OO0
= (ODr_t1
» (0 Loses
» (00 Loses_1
» (0 Sick
v @@ Sick_1
N 100.00 sick
*-5000.00

v 4[] Cost

I ] -=2000.00
v @ [JHarv

[T 1 3200000

Figure 4. The owner treats the apple tree, but the tree is not cured

The expected profit in this case is -5000 dollars. The diseased tree will yield little profit
($3000), and $8000 was spent on treatment. The solution is shown in Figure 4.

4. Strategy 4. The owner treats an apple tree, the tree was sick, but was cured. The expected
profitis $12000 (20000 from the sale - 8000 for the cure). The solution is shown in Figure 5.

apple3

v apple3
> @ODry
» ODry_1
» @0Loses
» @0OLoses_1

v @O Sick
I 100.00 sick
= +12000.00

not

—
{ ==} 0

v @O Sick_1
— - sick [ Treatyg

0
B 100.00 not ]
C—m +12000.00 - @

v IO Treat

I 100.00 treat >
== +2000.00
—1 -

Figure 5. An owner treats a sick apple tree, the tree has been cured
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The examples that have been considered show quite clearly the scope of influence diagrams
in solving practical problems. However, many questions arise about the scope of influence
diagrams. Let us consider just a few of these questions.

[s it possible to specify the cost function for tree treatment in detail? Within reasonable
limits it is. For example, there are several ways to treat a tree, with different costs and different
treatment efficiencies. For example:

o Do not treat the tree, no treatment cost.

o Spend at least $3000 with a probability of curing the tree of about 0.6.

o Spend $5000 with a probability of curing the tree of about 0.8.

o Spend $8000 with a probability of curing the tree greater than 0.9.

The Treat node and its associated Cost and Sick_1 nodes will change. The conditional
probability tables (10, 11, 12) for these changes are given below.

Table 10. Willingness to pay for tree treatment

Treat
Edit Functions

Table 11. Cost of treatment of apple tree

Cost

Edit Functions  View
Treat s000 000 2000
LIility -2000  -5000  -3000

Table 12. Probabilities of apple tree recovery

Edit Functions
a000 3000

sick not sichk not sick
0.3 0.01 0.4 ooz 099
0.7 0.949 0.6 0.9a 0.0
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The user only selects the best option from the options considered. There is no certainty that
the most interesting options will be omitted. It would be nice to have a mechanism to point the
user to more interesting options. Unfortunately, IDs do not have such capabilities.

In practical problems, there are often linear constraints on some (not all) variables in a
ID. For example, a owner may have several trees that are specific and require different costs.
However, resources are finite. The natural question of the most efficient allocation of resources
cannot be solved by a ID. In the simplest cases, such problems can be solved using artificial
methods. However, there is no general approach to solving such problems in IDs. Figure 6 shows

an example of such a problem.
CIIED CRED
CmD <D
Gy o) Comy G
> <) (D)
[ |
Figure 6. Example with two diseased trees

Treata

The owner has two diseased trees: an apple and a pear. The owner can start treating these
trees. However, there is no money to fully treat both trees - only $8000 is available. You can
either refuse to treat the trees or choose one of three treatment modes for each tree. Each
treatment mode costs a certain amount of money. The less a treatment costs, the less likely it
is that the tree will be cured. Figure 6 shows a Bayesian network with two diseased trees. We
leave the basic probabilistic constraints for this example the same as in the example discussed
earlier. Only new relationships between the variables are given below.

Table 13. Treatment options for apple trees

Treata

Edit Functions ey
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Table 13 summarizes the treatment options for apple trees. Table 14 shows the treatment
options for pear tree. Table 15 shows the cost of treating the apple tree depending on the
treatment option. Table 16 shows the cost of treating the pear tree depending on the treatment
option and the funds already spent on treating the apple tree. Since the treatment funds are
only $8000, the excess over this amount is represented by an arbitrary, rather large number. In
our case, the loss is $99,99999. Figure 7 shows the solution to this problem if the tree owner
refuses any treatment, hoping that the leaves will fall only from lack of irrigation. The expected
gain is 18011 + 10080 = 28091 dollars.

Table 14. Pear tree treatment options

Treath

Edit Functions  Wiew

Table 15. Cost of treatment of an apple tree

Edit Functions  View
Treata Taoo 000 3000
[_Hility -7go0  -5000  -3000

Table 16. Cost of treatment of pear tree

Costh

Edit Functions  Wiew
4 Treata 7000 a000 a000 1]

Treath G000 5000 3000 1] EO00 a000 anoo 1] EOO0 a000 3000 0 E000 5000 a000 0
K Utility -99999 999585 -99999 0 -69999  -885899  -3000 1] -98555  -5000 -3000 0 -B000 -5000 -3000 0
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Figure 7. Variant of solving the problem with two diseased trees
Findings/Discussion

Two examples of the use of IDs are considered in this paper. These examples illustrate
the range of problems that can be solved by IDs methods. The second example considers the
simplest variant of a linear constraint on two variables. An artificial way of solving this problem
using IDs is considered. It is concluded that it is impossible to use the IDs mechanism to solve
problems with linear constraints on some variables.

Conclusion

The development of ideas of constructing linear constraints for some variables of influence
diagrams is the first step towards solving practical problems of finding the optimal solution
of linear programming problems in the presence of various types of uncertainties. It is also
assumed that some variables may have probabilistic relationships among themselves.
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A. lllassixmeToBa*!, A. AxmeToBa’, A. A6aguiaaera’, H. IlurBuHeHnko!, A. 3akupoBa®
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Anpgarna. Makanana Baiiec »xesisiepiniy, TeopusicbiH (6yaH api BXK) KosiiaHa OTBIPHII, BIKTUMAJIIBIK
cebemn-canfapblK MOJeabAepAi YCbIHYABIH, Kelbip ajicTepi KapacTeIpbLiaabl. bysn Mopenbjep
apTypJii 6esricizikTepi 6ap TancelpMasapApbl xKakcbl cunattaipl. BXK Teopuscel TyHinaepaiH kelbip
KOCBhIMILIA TypJiepiMeH TOJIBIKTBIPBLJIFAH dCep eTy AuarpaMMasapbl HeMece 9/ femn artanafbl. 9/]
KOIITEeTeH IIelliM/ep/i KapacTbIPyFa, 0JIapAbl CAHABIK 6aFajiayFa KoHe KapacThIpblJIFaH HYCKaapblH
illiHeH eH »KaKCbIChIH TaHAAyFa MYMKiHAik 6epefi. [Jlerenmen, 9/l-Ae oHTalbI WemiM/i Taby MYMKiH
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eMec. 9/l-/1e Kellbip aliHbIMaJIbLIapFa ChI3BIKTHIK IIEKTEY/Iep KYHeciH Kypy MyMKiH eMec, JleTeHMeH
MYH/Ial leKTey/JepMeH MPaKTUKAJIbIK eCeNTePAiH Y/IKeH Kaachl 6ap.

Makanaga kei6ip BXX allHbIMasblIapbIHJAFbl ChI3BIKTHIK IIEKTeyJlepAi cunartay yuiH 9/-Hi
KEHEUTY UZiesChl cUNaTTa faH. bosamakra 6y/1 ap TypJai 6enrici3ziikTep MeH kei6ip altHbIMasbLIAD
apachlHAaFbl cebemn-calAapJblK, 6GalJaHbICTapbl 6ap ecenTep VIIIH ChI3BIKTBIK 6argapsiaMasiay
MaFbIHACbIH/Ia OHTANJIbI lIelliMAi Taby yiiH 9/l-/a chI3BIKTHIK 6aFAap/iaMasay ujaesiapblH KOJAJaHyFa
keMekTecei. Kymbic «AP19679142 ChI3BIKTHIK IIEKTey/ep MEeH ChI3bIKThIK QYHKIIMOHA//bIFbI 6ap
MozesibJiepae baliec xesiziepiHZe OHTaN/IbI MeliMAepai Taby. AITOpUTMAEP MeH GaFJapsiaMasiapibl
KYpy» FPaHTTBIK, KapKbLIaH/bIpy Heridinae opbiHAanAbl (2023-2025x0x.). OHTaNUIbLIBIK ChI3bIKTBIK
GafFmapJsiaMasiay MaFbIHAChIH/IA -ChI3BIKTBIK ILIEKTeyJep KyHeci, ChI3bIKTHIK (QYHKIMOHAIbIH
3KCTpeMyMbI TYCiHinei. Teopus 6aFaap/iaMasibIK 6HIM/Ee )Ky3€ere acbIpblaazbl.

KinTtik ce3gep: baiiec »esici, 6aFbITTanfaH auukiaai rpaduk, rpadukasblK MOAesb, JaJjel,
JaJiesiieMesiepZi TapaTy, apTThl bIKTUMabIKTap KecTeci, acep eTy AuarpaMmMalsiaphbl.

A. IlllasxmeToBa*!, A. AxmeToBa’, A. A6aguinaaera’, H. IlurBunenko!, A. 3akupogna?
19a-Papabu amviHdarsbl Kazak yammulK yHugepcumemi, Aamameol, Kasakcmat
2JL.H. T'ymunee amviHdarsl Eypazus yammubik yHugepcumemi, Acmata, Kazakcmat

JInHelHbIe OrpaHU4Y€eHHUA NepeMEeHHbIX B JUarpaMmMax BJAMSHMA AJ151 IPUYUHHO-CJIeJCTBEeHHBIX
MozeJien

AHHOTanus. B craTbe paccMaTpUBaIOTCA HEKOTOpPBIE CIIOCOOBI MPeACTaBIEHUs] BEPOSATHOCTHBIX
NPUYUHHO-CJIe[ICTBEHHBIX MOJieJIel C HCNOJb30BaHUEM TeOpUHU 0alleCOBCKUX ceTel (B AajibHelleM
BC). /lanHble MOJe/U XOPOIIO OMUCBHIBAIOT 33/ja4d C Pa3/IMUHbIMU BUJAMU HeoNpe/le/leHHOCTEN.
Teopusa BC, fono/iHeHHass HEKOTOPBIMU JOTIOJTHUTENbHBIMU TUTIIAMHU Y3JI0B, Ha3bIBaeTCs AUarpaMMaMu
BUsHUSA, UK /IB. /IB 103BOJISIIOT pacCMOTPETh HEKOTOPOE MHOXKECTBO BAPUAHTOB PELIEHUHN, OLeHUTh
HX KOJIMYECTBEHHO U BbIOPATh Jiydlliee U3 PacCMOTPEHHbIX BapuaHTOB. O/JHAKO MOUCK ONTHMAabHOTO
pewenusa B JIB mpakThyecku HeBo3MoxkeH. B /IB HeBO3MOXKHO Jaxke cO3[4aTh CUCTEMY JIMHEUHBIX
OrpaHUYeHHU Ha HEKOTOpPble NepeMeHHbIe, XOTS CyIIeCTBYeT O0JbLUION KJAacC NpaKTUYEeCKUX 3a/ad
C TaKMMHU OrpaHUYeHUsIMU. B cTaTbe onuceiBaeTcqa ujes pacuimpenus JB ajs onvcaHus JIMHEWHBIX
OrpaHMYeHHU Ha HeKoTopble mepeMeHHble bBC. B ganbHellieM 3TO MOMOXeT HUCHOJb30BaThb UJEU
JIMHEHHOTO NporpaMMupoBaHus B /IB A/ moucka oNTUMaJbHOTO pelieHUss B cMmbicae JIII gus
3a/a4 C pa3/IMYHBIMU BHUJAMH HeOINpeJeIeHHOCTeN UM NMPUYUHHO-CJIEACTBEHHBIMU CBA3SIMU MEXIY
HEKOTOPBIMH NepeMeHHbIMH. PaboTa HalMcaHa B paMKaX I'paHTOBOro ¢puHaHcHpoBaHus AP19679142
«Ilouck onTUMaNbHBIX pellleHU B 6aileCOBCKUX CETSX B MOJEJSIX C JUHEWHBIMU OTPAaHUYEHUSIMU U
JUHEeUHbIMU (YHKIMOHa/MIaMHU. PaspaboTka aaroputmoB u nporpamMm» (2023-2025rr.) MOHB PK. B
paMKax JJaHHOT 0 PoeKTa Gy/ieT pa3paboTaHa Teopus, MO3BOJIAIOLAs HAX0JUThb ONITHMaJIbHbIE pEllIEeHUS B
6aliecoBCKUX ceTsAX. ONTUMaNbHOCTb OyZeT MOHUMAaThCS B CMbIC/IE TUHEHHOT0 MPOrpaMMHUPOBAHUS —
crcTeMa JIMHEWHBIX OTPaHUYEeHUH, 3KCTPEeMYM JIMHeNHOro pyHKIHMOoHaa. Teopust 6yfeT peajnu3oBaHa
B IPOrPaMMHOM NPOAYKTE.

KiroueBsle cioBa: baliecoBckasi ceTh, HallpaBJIeHHbINM allUKJINUYECKU M rpad, rpadpudeckasi MoJieb,
CBUZETEBCTBO, PACIpPOCTPAaHEHUE CBHU/IETEJbCTB, TAabJIMLA YCAOBHBIX BEPOSTHOCTEH, JUarpaMMbl

BJIMAHHA.
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HccneaoBaHve ONITUMAJIbHBIX MNapaMeTpoOB HAIIJ/IABKH
IIPAU BOCCTAHOBJICHUH BAJIOB BJIeKTpOABHFaTeJIeﬁ

0.M. XKapkeBuu*", A.E. MyxuToBa' , 0.A. Hyp:xaHoBa' , A.B. BecconoB? ",
LK. TaiimanoBa3

1 HAO «KapazaHduHckuli mexHuveckull yHugepcumem umeHu A6wvlikaca CazuHogar», Kapazauda, Kazaxcmat
2TO0 «Aemomamuueckue komubsl», Kapazanda, KazaxcmaH
3HAO «Kasaxckuli HayuoHa/ibHbLl yHU8epcumem umeHu Aab-Papabu», Aamamel, KazaxcmaH

(E-mail: nurzhanova_o@mail.ru)

AHHOTanMs. PEMOHT MOBpEX/AEHHbIX UJU U3HOIIEHHBIX BaJOB 3JIEKTPO-
JIBUTaTeJel SIBJISIETCS BAXKHOM YaCThbI0 BOCCTAHOBUTE/IbHBIX PAbOT, C KOTOPbI-
MU CTaJIKUBAIOTCSl MHOTHE NPOMBbIIIJIEHHbIE TPeANPUATHSA. B mpou3BoACTBEH-
HOM CeKTOpe NoAJepKaHue ONTUMaIbHON paboThl 3JIEKTPOABUTATE e UMEET
BaKHOe 3HaYeHHUe J1J1s1 obecriedyeHUs1 becriepe60rHON U 3P PEKTUBHOU pabOThI
npou3BoAcTBa. [/l coKkpallleHHsl 3aTpaT Ha MOKYINKY HOBBIX BaJIOB 3JIEKTPO-
JIBUraTesield B Cydyae UX MOJIOMKU UJIM U3HOCA IPOMBILILJIEHHbIE TPeATPUSITHUS
MCIOJIb3YIOT HalJIaBKy. KayecTBO HamJIaBJIeHHOTO CJI0S1 B TOM YUCJIe ONpe/ie-
JIsleTCsl COCO60M HaIJIaBKU U ero TEXHOJIOTUYEeCKUMHU peXuMaMu. B faHHOM
CTaTbe pacCMaTpUBaeTCcs NpobJieMa MoaydyeHUs Ka4eCTBEHHOT 0 CJ1051 TPH BOC-
CTAHOBJIEHUM BaJIOB 3JIEKTPO/IBUraTe/ el HAIlJIaBKOM TpeMs Cllocob6aMU: pyd-
HOM HaNJIaBKOM, M0JIyaBTOMAaTH4Y€CKON HalJIaBKOU B cpejie 3allUTHBIX ra30B
M aBTOMaTHYEeCKOUW HamIaBKoW noj ¢uirocoM. OnpejiesieHbl NPeuMylecTBa U
HEeJI0CTAaTKU KaXK/10T0 Cl10c06a HalJIaBKU. YCTAaHOBJIEHbI ONITUMaJ/IbHbIE TEXHO-
JIOTUYeCKHe PeXUMbl HallJIaBKU (CHJIa TOKA M HaMpsiXKeHUEe CBApOYHOU AYTH)
pa3/IMYHbIMU CIIOCO6GAMH HAa OCHOBE 3KCIIEPUMEHTA C ONpeJieJIeHueM reoMe-
TPUYECKHX NapaMeTpoB (LIMPHUHA 1IBA, BbICOTA LIBA, IMy6HUHA MPOIMJaBIeHUs
mBa) U GU3UKO-MEXaHUYECKUX CBOMCTB BOCCTAaHABJMBAEMbIX MOBEPXHOCTEN
(TBEpAOCTH).

KiloueBble c/10Ba: HaMJlaBJeHHbIH €101, CUJla TOKA, HANlpsiXKeHUe, TJIyOuHa

[IpoIiaBJI€eHUA, TBEPAOCTb.
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O.M. >Kapkesuu, A.E. Myxumoea, 0.A. Hypxcanosa, A.B. becconos, I'K. TalimaHosa

BBeaeHue

Banbl ABAAIOTCA OTBECTBEHHbIMH [JeTa/lsIMH, NepejallUMU KpPYyTAILIMA MOMEHT W
MOILHOCTb B 3JIeKTpojBuUrareJsx [1]. N3-3a 3HakonepeMeHHbIX Harpy3ok U GyHKI WU BaJjoB,
KOTOPYI0 OHHU BBINOJIHAKT, B pe3yJbTaTe 3KCIJyaTallud BO3HUKAKOT pas3M4yHble BUJbI
iedeKToB, K KOTOPbIM OTHOCATCS: U3HOC, BMATHUHBI, PUCKH, 3aJUpbl, TPEIUHBbI, CMATHE
OBEPXHOCTH [2].

B aToM ciiydae Basibl I0J|JIe3KaT 3aMeHe UM BOCCTaHOBJIeHUI0. O/JHaKO 3aMeHa BaJia Bje4yeT
3a co60M cyulecTBeHHble PUHAHCOBBIE U3JlePXKKU. [/ SKOHOMUM CPEACTB BMECTO MOKYINKHU
HOBOTI'0 BaJsla YaCTO UCIOJIb3YIOT BOCCTAaHOBJIEHHE HaIlJIaBKoOH [3].

B 3aBUCHUMOCTH OT BO3MOXXHOCTU MpeANpUSATHN NPU BOCCTAHOJIEHUU BaJIOB 3JEKTPO-
JIBUraTesield HCIOJIb3YIOT TaKue MeTo/bl HAIJIaBKM, KaK PYYHOMH, NMOJyaBTOMAaTUYECKUHN B
cpejie 3allUTHBIX ra30B U aBTOMaTH4YecKUi [4]. Kaxxablil U3 MeTO0B HAIJIaBKU UMeeT CBOU
IperMyIecTBa U HeJJOCTaTKHU.

[IperMyiecTBa pa3/iMiHbIX METO/I0B HAMJIaBKH [5]:

- IPOCTOTA, He6Oo IbIlIas 30HA HarpeBa o6pabaTbiBaeMOro MaTepuasa (py4yHas HalJaBKa);

- 9KOHOMUYHOCTb, BBICOKOE Ka4eCTBO IIBOB U a/[re3Hsl; yHUBEPCAJbHOCTD B IJIaHe 06pabda-
ThIBaeMbIX MaTePUaJIOB U UX TOJILIMHbBI, HE3aBUCUMOCTb pe3y/ibTaTa OT IPOCTPAHCTBEHHOTO
N0JIOKeHHU (TMoJlyaBTOMaTHYecKas HallJlaBKa B cpe/ie 3alllUTHbIX [a30B);

- BbICOKasi MPOU3BOJWTENbHOCTb, Xopollee $OPMUPOBAHUE BaJUKOB (aBTOMaTHyecKas
HaIJIaBKa MoJ cjioeM ¢Jiroca).

HepocTaTkaMy pa3/iMyHbIX METO/|0B HallJIaBKH [6]:

—3aBMCUMMOCTb OT KBaJIMUKALIUY CBAPLIMKA, HU3KasA IPOU3BOAUTENBHOCTD, 3HAYUTEJIbHOE
HpoIJiaBJieHHe OCHOBHOI'O MeTasljla (py4YHas HalJlaBKa);

- NOBbIIIEHHWe pa36pbI3ruBaHus MeTasia Ha 10-12%, opraHnyeckoe U3MeHeHUe COCTaBa
MeTaJlJla, HU3Kasi CKOpocTb GOpMHUpPOBaHUs LIBa (MoJyaBTOMaTHYeCKas HallJlaBKa B cpefie
3alMTHBIX ra30B);

- KOpoOJieHue U3-3a BBICOKOI'0 HarpeBa; HEMPUTOAHOCTD [JIs1 HAllJIaBKU MeJIKUX U3/ eJUi
c10kHOU GopMbl (aBTOMaTHYeCKasl HallJIaBKa NoJ, cjioeM ¢Jitoca).

[Ipy ucnoJsib30BaHUM JIIO6Or0 M3 yKa3aHHbBIX CIOCOOOB HAIJIAaBKM MOXKHO PeryJupoBaTh
napaMeTpbl TEXHOJIOTMYECKOT0 pexkruMa (CHJIy CBapOYHOI0 TOKA, Hallps>KeHre, KoJiebaTe /IbHble
JIBMDKEHUS CBAPOYHOU YTHU, CKOPOCTb KOJIe6aHUM U T.A,.).

BbI60p ONITUMa/IbHBIX PEXKMMOB HAIJIABKH IBJISIETCS OJJHUM U3 0CHOBHBIX Y TEW JJOCTHKEHUS
TpebyeMOoro KauecTBa BOCCTAaHABJIMBAEMOM [TOBEPXHOCTH BaJIOB 3JieKTpoJBurartesel. Takxke
3TOT BbIGOP MO3BOJISET BJAUATH Ha TaKHe NOKa3aTesH, Kak: AedeKTbl HalJaBJIeHHOIo CJ10s,
Ha/IM4Me OCTAaTOYHbIX U3MeHeHUU GOpMbI U pa3aMepoB, CYMMapHbIM pacxo/, HalJjiaBJseMOro
MaTepuasa, y4o6CTBO BbINOJHEHUS HAMJIAaBKH, 00OLMe 3arpsi3HEHUS TOBEPXHOCTH JeTalu U
OKpY>KaloLlero NpocTpaHCTBa.

llesiblo JAHHOMW CTATbU SABJISIETCH BbIGOP ONTHMAa/IbHBIX PEKMMOB HallJIaBKH Pas/IMUHbIMU
crioco6aMu Ha OCHOBE SKCIIEPUMEHTA /115 0JIy4YeHHUs TPebyeMbIX reOMeTPUYeCKUX U GU3HUKO-
MeXaHU4eCKHX CBOWCTB BOCCTAHABJIMBAaeMbIX I0BEPXHOCTEN BaJIOB 3J1eKTPOABUTraTeIEM.
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MeTopaoJiorus

B kauecTBe INpUMeHseMbIX HAIJIABOYHBIX MaTepUaJIOB [Ji OCYLIeCTBJEHUS PY4YHOU
JIyrOBOM HaIJIaBKU HCIIOJIb30BAJIMCh IITY4YHbIEe 3jieKTpoAnl Mapku YOHHW 13/55 CK @4
MM U 3JIeKTpozabl Mapku S - 7018G (2.6 mMm. B kayecTBe HAIJIAaBOYHOTO MaTepuasa MpU
BBIIIOJIHEHUU I[10JIyaBTOMAaTUYECKOM HAIlJIaBKM B CpeZie 3alllUTHBIX a30B KCI0JIb30BAJIUCH
CBapo4YHbIe MpoBoJioKH Mapku — CB-08I'2C #1.2 mm 1 STOODY-102G @1.6 MM. /[l/1s1 BBITTOJTHEHUS
aBTOMaTHYeCKOU HaIlJIaBKH 10/, CJIOEM 3alIUTHOTO (JIr0ca NpUMeHslJlach CBapOYHasi MPOBOJIOKA
Mapku CB-08I'2C (J2MM u HamIaBOYHas MOPOILKOBAs ra3o3alllTHAsl CBapOYHasi MPOBOJIOKA
STOODY 102-G @#1,2 mM. [Tpu aBTOMaTUY€ECKOH HaIJIaBKe UCI0JIb30BaJIcs ¢uitoc AH-348-A.

XUMHUUYECKUH COCTaB U (PU3UKO-MeXaHUYeCKHe CBOMCTBA NPUMEHseMbIX HalJaBOYHBIX
MaTepHaJioB IpUBeEeHbI B Tabnnax 1 u 2.

Ta6mz1ua 1. XuMHU4YEeCKHH COCTaB U Cl)I/I3I/IKO-MeX3HI/I'-IeCKI/Ie CBOMCTBA HAIlJIABOYHBIX MaTepHuajoB

Mapka C,% Si,% | Mn,% | P% S, % o, o, 8, % KCV,
MIla | MIla Jox/cm?
YOHHM 13/55CK | 0.09 0.42 1.05 | 0.021 | 0.018 | 410 540 29 260
S-7018G 0.06 0.5 1.2 0.017 | 0.011 504 572 29.8 111
CB-08I'2C 0.05 1.8 0.7 0.025 | 0.02 440 900 28 43
-0.08 -1.95 -0.95

Tabnuua 2. XMMHUYeCKHHM COCTaB HAlJIaBOYHOrO MaTepuasa NPU aBTOMAaTUYECKOW HalJaBKe C
dnrocoM AH-348-A

C,%
0.2-0.4

Si, %
0.3-1.3

Mn, %
1-2

Cu,%
5-8

Mo,%
0.8-1,5

W%
0.5-1.5

V% Cr,%
0.2 8

Mapka
STOODY-102G

[ py4HOM AyrOoBOM HalJIaBKM MUCIIOJIb30BAJICS CBApOYHbIN BbimpsaMuTeab BJM 1202C,
OCHallleHHbIN Pery/siTOPOM YacTOThI cBapoyHoro Toka Mmapku UI1P-315 YPAJI (04) (pucyHok 1).

Pucynok 1. CBapo4HbIii annapar A/ py4HOU JyrOBOU HaIlJIaBKH.
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JlJ1g IoJlyaBTOMaTU4Y€eCKOM HalJIaBKU PUMeHsJIcA cBapo4yHbli annapat [1/1-252 (pucyHok
2).

PucyHnok 2. CBapo4HBI{ annapar /15 I0JlyaBTOMaTU4eCKOM HalJIaBKU

B xoze skcnepuMeHTa NpUMEHSAJIACh crenMaabHas nojsmxHas kapetka «KKOWELD CS-100C»
(pucyHok 3), ycTaHOBJIEHHAsI Ha HAMpaBJISIOIEN LIWHE, YTO MO3BOJIMJIO MOJYYHUTh CBAapHbIE
IIBbI HAWJIYYIlIero KayecTBa Ha MPOTSPKEHUU BCEH AJIMHBI CBAPHOTO IIBA.

PucyHok 3. O61uii BUJ, UCIIOIb3yeMOM KapeTKH C YCTAHOBJIEHHON CBapOYHOM ropesKoi

JlJ1s1 aBTOMaTU4eCKOM HalJIaBKHU MoJ, cjioeM ¢Jitoca MpUMEHsJICS CBapO4YHbIX TpakTop A/ldD-
1005 YPAJI c uctounukoM nutanus Mmapku BZIY-1205 YPAJI (pucyHok 4).

PucyHok 4. CBapo4HbI# annapar /il aBTOMaTU4YeCKOW HallJIaBKU
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Pe3ynbTaThl M 06CyXaeHue

PyyHas ayroBas HamJaBKa Ha oOpasel, OCyLeCTBJISJIaCh KaK NPSAMOJMHENHBbIM CBapHbIM
IIBOM, TaK U C IOMOILbIO K0JiebaTe/IbHbIX ABKeHUH. [[p1 3TOM 0TMeuasiach JIaBHOCTb TOPEHUSA
CBApOYHOTO 3JIEKTPO/Ia U TIaTe/IbHOE OKPBITHE 3aCThIBAIOLLEN CBAPOYHON BaHHBI LIJIAKOM.

Pe>kMMbl pydyHOU AyroBOM HaIJIaBKM U TeOMeTpUuYecKHe NapaMeTphl, a TaKKe TBEPAOCTb
M0JIy4eHHOI0 HallJIaBJIEeHHOTO CJI0s1, IPUBe/IeHbI B Tabsule 3.

Tabsinua 3. PexxuMbl py4yHOH yroBOW HaIlJIABKU

Mapxka S-7018.G YOHH 13/55 CK
3JIEKTPO/ 0B @ 2.6 MM @ 4 MM
[TapameTpsl
pexuma
Homep HansiaB/ieHHOr O 1IBa I | Ir | [r 1 | 2 | 3
BxopHble napamMeTpel
Cusia cBApOYHOTO TOKA, A 85 95 105 110 120 130
CBapo4HoOe HanpsikeHuUe, B 21.2 22 22.8 26 26.5 27
BrixozHble TapaMeTphl
[lvpyHa HanJIaBJIEHHOTO CJ105, MM 8.44 9.78 10.46 | 10.24 | 11.12 | 12.06
BricoTa HalJIaBJIeHHOT O €104, MM 2.24 2.12 1.58 1.38 234 | 3.12
[ny6uHa npomnsiaBjaeHus, MM 1.08 1.58 1.74 | 2.02 2.38 | 2.52
TBeppocTh HanaBaeHHOTO cnod, HV 316 407 446 437 472 485

Beixo/Hble MapaMeTphbl HAallJIaBJIEHHBIX IIBOB PYYHO! JyTOBOM HAIJIABKOM OIpesesIsiJInCh Ha
MUKpOILIX$ax, IOKa3aHHbIX HAa pUCYHKe 3 U 4.

a) 6) B)
a) nonepevyHoe ceyeHHUe L1Ba, BbINOJIHEHHOI0 NapaMeTpaMu pexxuma Ne [
6) nonepeyHoe ceyeHUe 11Ba, BLIIIOJHEHHOTO apaMeTpaMu pexuma Ne II';
B) [IOIlepevYHoe ceyeHMe 1IBa, BbIIIOJHEHHOr0 napaMeTpaMu pexxuma Ne [IT’

PucyHok 3. 061111 B/ MoNepeyHoro ceyeHusl HaljlaBJeHHbIX [IBOB
3JIeKTpoJaMu Mapku S-7018.G 31,2 mm

AHany3 MUKpoulIMdOB LIBOB, HalJaBJEHHbIX 3JieKTpodamMu Mapku S-7018.G mokasas,
YTO HCNOJIb30BaHUE NapaMeTpoB pexuMa |’ BciefcTBUe 3aHMIKEHHOTO 3HAUYEHUs CUJIbI
CBapOYHOTr0 TOKa B MpoOllecce HAIlJIaBKU JaeT YMeHblIeHHble TeOMeTpUYeCKre NnapaMeTphl
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miBa. bosiee Toro B 06pasiie, HanJlaBJIeHHOM Ha pexxuMe [, 06Hapy»KeHbl LLJIaKOBbIe BKJIKYEHHUS.
Hasvuyue 11/1akoBOro BKJIIOUYEHHUs 006bsICHSAETCS ObICTPbIM OCThIBAHMEM HEOOJIbIIOT0 06'beMa
HalJaBJ/sSieMOro MeTaJsljla, BCJIeACTBUE 3TOr0 BeChb LIJIAK He yClleBaeT NMOKUHYTb TPaHUILbI
CBAapOYHOW BaHHBI.

[Ipu aHanu3e ULIMPOB yCTAHOBJIEHO, YTO peXUM HamiaBku II' (95A/22B) obecneunBaeT
HauJyylllee HallJlaBJleHHWe CBAapOYHOTO MaTepuasa, IPpU OTHOCUTEJNbHO MeHblLIel IyOuHe
NpOIlJIaBJIeHUSl U, KaK CJe/CTBHE, MEeHbUIMX OCTAaTOYHbIX AepopMalusfX, a TaKKe HUMeeT
HeobOXx0/iMMble reoMeTpUUeckue xapaktepucTuku mwBa 1o 'OCT 5264-80.

Jl/1s1 npoBejeHrs CPABHUTEbHOTO MCCJIeI0BAHUS UCII0JIb30BaIMCh CBAPOYHbIE 3JIEKTPO/ bl
Mapku YOHU 13/55 CK ¢ suameTpoM npyTka 4 MM. B pe3sysibTaTe BU3yasibHOr0 HaGJII0/IEHUS
B Ipoljecce BbINOJIHEHUS HAMJIaBKM 3aMeYeHO 3HAYMTe/JbHOE Hada/lbHOE NpOIlJIaBJeHHUe
UCIIBITYeMOT0 06pasla U JlajsibHelIlass HaljaBKa 06pa3dyeMoro CBapo4HOM Jyroil Kpartepa.
[opeHue 3/1eKTpoAa MOKHO OXapaKTepHU30BaTh KaK IPAKTUYECKU CTAOUJIbHOE, IPUCYTCTBYET
BEPOSAATHOCTb 3aTyXaHUs 3JIEKTPO/Ja U JlaJibHel1llee IPUIUIIaHUe K OCHOBHOMY MeTaJlJly U3-3a
HEpPaBHOMEPHOCTHU BbIJIEP>KKH 3a30pa MEX/Y TOPLIOM 3JIEKTPOJa U OCHOBHBIM MeTaJlJIOM, a
TaK»e CKJIOHHOCTH 3JIEKTPO/0B MOA00HBIX MAapPOK K NPUJIUIAHUI0 HA HU3KUX PeXHUMaX.

Ha pucyHke 4 npejcTaB/ieHbl IoNepeyHble CEUEHUsI HAMJIaBJI€HHbIX [IIBOB, BbIOJHEHHbIX
IITYYHBIMHM 3JieKTpogamMu Mmapku YOHU 13/55 CK @4mm.

a) 6) B)
a) monepeyHoe ceYeHHe IIBa, BLIMOJHEHHOTO TapaMeTpaMu pexxuma Ne 1’;
0) monepeyHoe ceYeHHUE 1IBA, BHINOJHEHHOI0 apaMmeTpaMu pexxuma Ne 2’;
B) moTNepevyHoe cevueHue I1Ba, BLIMOJHEHHOT0 NapaMeTpamMu pexxuma Ne 3’

PucyHok 4. 0611yt B/ oNepevyHoro ceyeHusl HamJiaBJeHHbIX IIBOB 3JieKTpoAaMy Mapku YOHU
13/55 CK @4 mm

CorsiacHO NMpoOBeJEHHOMY aHaJM3y MONEepPeYHOro CeYeHHs HallJIaBJEeHHbIX 3JIEKTPOJaMHU
YOHU 13/55 CK wmBoB, Hab/0JaeTcsd yBeJWYeHUe TeOMeTPUYeCKHUX I[apaMeTpoB
HaIJIaBJIEHHBIX IBOB MO BHICOTE, IIMPUHE U TJIyOWHE PU YBEJIMUEHUU PEXKUMOB HalJIaBKHU.
[Ipy HansaBke aziekTpogamMu YOHU 13/55 onTUManbHbBIM peXHMMOM SIBJSIETCA pexum 2’
(120A/26.5B), obecneuynBawiMii cTabUJIbHOE FOPeHUE CBAPOYHOU Jyrd U GOopMHUpOBaHUE
Ka4eCTBEHHOI'0 HallJIaBJIEHHOTO L1Ba, IPU MEHBIIUX TEINJIOBJI0XKEHUAX B OCHOBHOM MeTaJLll.

B o6umieM, npy MCIOJIb30BaHWM PYyYHOH JYrOBOM HAIlJIAaBKU He HaObJloJaeTcs MPsMOU
3aBUCMMOCTHU MeXJy yBeJMYEeHUEeM CBAPOYHOrO TOKa/HampsiKeHUS W yBeJUYeHUeM WU
yMeHbllIeHMeM reOMeTpUYeCKUX TapaMeTpPOoB IBa. MOXKHO 3aMeTUTh, YTO NIPU UCIIOJIb30BaHUU
asieKTpoZoB S-7018.G npu yBeJIM4EeHUH TEXHOJIOTMYECKUX PEKHMMOB HaIlJIaBKHA LIMPUHA U
rJlyoMHa HaIJIaBJIEeHHOTO LIBa BO3PacTal0T, a BbICOTA HAIJABJEHHOTO CJ0S YMEeHbILAeTCs,
B TO BpeMsl KaK IpPM MCIOJIb30BaHUM 3jiekTpogoB YOHU 13/55 CK npu yBesnudyeHUu
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TEXHOJIOTUYECKHUX PEXHMMOB HaIlJIaBKH, BC€ T€eOMETpHYECKHE IMapaMeTpPbl HAIJIABJIEHHOI'O
CJIoA YBEJIMYHUBAIOTCA.

HpI/I IpUMEHEHNHU HOHyaBTOMaTquCKOﬁ HallJlTaBKH COTCYTCTBI/IGM/HaJII/I‘{I/IeM rnormnepe4vyHoro
nepeMelnieHud CBaquHOﬁ r0JIOBKH ObLIU IMoJIy4€Hbl BbIXOAHbBIE [TApaMeETPbl HAIlJIABJIEHHOT' O
1Ba, IOKa3aHHbIE B Ta6Jmue 4.

Ta6mz1ua 4. PexkriMbl HOHyaBTOMaTquCKOﬁ HaIlJIaBKHU B Cpeie 3allIUTHLIX r'a30B

Mapxka Ce-08I'2C ESAB STOODY 102G
CB. MPOBOJIOKH @3 1.2 MM @ 1.6 MM
[lapameTpsl
pexuma
HoMep HamsaB/eHHOr0 1IBa I | r | [r T | 2 | 3
Bxo/iHble napaMeTphbl
Cusia cBapoO4YHOrO TOKa, A 135 160 170 | 200 | 220 260
CBapouyHoe Hanpsi:keHue, B 20 20 20,5 21 20 23
CkopocTh NepeMellleHus CBAPOYHOU rOpesKH, CM/MUH 30 30 25 15 10 13
KosiebaHus ropenku - 3 4 - 3 4
[llupuHa Kosie6aHUK, MM - 20 35 - 25 20
CkopocTb KoJiebaHU#M, MM /MUH - 20 25 - 25 20
Pacxoj1 3a1MTHOTrO rasa, Ji/MUH 7 10
PaccTosiHMe OT coria /1o TOpeJsiKy, MM 10 12
BbIxo/iHble MapaMeTphl
[[luprHa HAMNJIaBJIEHHOTO CJIOSI, MM 744 | 9.74 | 10.48 | 9.04 | 10.08 | 13.42
BbicoTa Han/1aBJeHHOTO CJ1051, MM 3.02 | 262 | 2.72 |246]| 3.04 | 3.02
[ny6uHa npormJaBaeHus], MM 2.52 | 2.22 2 212 194 | 1.12
TBepaocTb HamaBJieHHOr o ciosi, HV 319 313 364 | 425 | 459 | 415

Ha pucyHke 5 npejicTaB/eHO MolepeyHoe ceueHHe HalJaBJeHHbIX IBOB, BbIIIOJHEHHbBIX
N0JIyaBTOMAaTH4YeCKON HalJlaBKOW B cpege 3amwuTHoro rasa (CO2 100%) c npuMeHeHUEM
CBapOYHOM NMpoBoiokU Mapku CB-08I'2C @31,2 mm.

a) 6) B)
a) HOIlepeYHOe CeueHe HaIlIAB/IeHHOTO 11IBa, BBIIOIHEHHOTO COITIACHO peXXnmy Homep 17
0) IonepevHOe ceyeHe HAIIaB/IEHHOTO 11IBa, BHIIIOJTHEHHOTO COITIACHO peXXuMy Homep 117
B) IIOIIEpeYHOE CeYeHle HAIIAaB/IEHHOTO 1B, BBHIIIOJIHEHHOTO COIVIACHO pexxumMy Homep 1117

Prcynok 4 — O61muii BUJ TONEPEeYHOTO CeYeHN BBIIIOJTHEHHBIX HAIIAB/ICHHBIX LIIBOB C IPUMEHEHeM
cBapoyHoIi mposonokyu Ce-0812C
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Kak BMZHO U3 pUCYHKa 5, IPU UCMOJIb30BAaHUU PEXUMOB, YKa3aHHbIX B TabJIMLe 2, pEXXUM
[” dopmMupyeT LIOB C 3aBbILIEHHON BbICOTOM BaJIMKa, MPU OTHOCUTEJbHO HU3KOW IJyOMHE
nporviaBaeHus. [lJ1aBHBIM NepexoJ; OT OCHOBHOIO MeTa/lla K MeTa/Uly LIBa obGecrnedyuBaeT
CHW)KEHUE BEpOSITHOCTY 06pa30BaHuUs KOHIEHTPATOPOB HanpskeHUsA. ONTUMaJIbHbIM SIBJISETCS
pexum [1”(160A/20B), T.k. riiybuHa NponJiaBJeHus: OAHOPOHA M0 BCeX IUPHUHE 1IBa.

Ha pucyHke 6 npejcTaB/eHO MMONEpeyHOe CeyeHUe HalJIaBJEeHHbIX LIBOB, BbIMOJHEHHBIX
M0JTyaBTOMATHY€eCKOU C TPUMEHEHHEM CBapOYHOM poBoJioku Mapku ESAB STOODY 102G 31.6 mm.

a) 6) B)
a) nonepeyHoe ceyeHHe HalJIaBJeHHOI0 LIBa, BHINOJHEHHOI'0 COIJIACHO PesKuMy HoMep 1”;

0) monepeyHoe CeuyeHNe HAIJIaBJIEHHOTO LIBA, BHIMOJTHEHHOTO COTJIACHO PeXXUMY HoMep 2”;
B) MOIepeyHOoe CeyeHre HAIJIaBJIEHHOTO IIBa, BHIMOJTHEHHOTO COTJIACHO peXXUMy HoMeD 3”

PucyHok 6 - O61uii BU/L IONIepeYHOro ceYyeH sl HalJIaBJIeHHbIX LIBOB C IPUMEHEeHHeM CBapOYHOH
npoBoJsiokd ESAB STOODY 102G @1.6 Mmm

M3 pucyHka 6 BUAHO, UTO Ha pexrMe 2” 0O6pa3oBasics MoJpe3 30Hbl CIJIABJEHHUS OPBI3T
C MeTa//IOM ILBa, T.e. AedeKT B BUJle YIVIyOJEHUS 1O JIMHUM CBAPHOIrO LIBA C OCHOBHBIM
MeTassioM. CiieioBaTe/IbHO, ONTUMAJIBHBIM PEXXMMOM IPU HUCIIOJIb30BaHUM NPOoBOJIOKU ESAB
STOODY 102G pas1s1 mosiyaBTOMaTHU4YeCKOM HalJaBKU siBasieTcs pexxuM 3” (260A/23B), T.k. npu
HEM OTCYTCTBYIOT AieeKThl U I/IyOHHa NPOIJIaB/IeHUs ABJISETCS HAaUMeHbLIEH.

ABTOMaTMyeckass HalJlaBKa TMoj cjoeM Quroca TpebyeT psjA NpeABapUTENbHBIX,
O/ rOTOBUTEbHBIX oniepanuii [7]. [lo o0kOHYaHUI0 NOAOTOBUTENbHBIX PAOOT B 30HY 3a>KUTAHUSA
JlyTH pe/iBApUTELHO BbIChINIAeTCSA CBAaPOUHBIN GJit0C yepes dJiroconuTaTessb [8].

BbiOpaHHbIe peXXHMbl aBTOMAaTH4Y€eCKOM HAIJIaBKU MO/, cjioeM (Jitoca CBeieHbl B TaO/IUILy 5.

Tabsinua 5. [lapamMeTpbl aBTOMaTHYECKON HAIJIABKU O, c/i0eM ¢Jitoca

Mapka Ce-08I'2C ESAB STOODY 102G
CB. IPOBOJIOKH @ 2 MM @ 1.6 MM
[TapameTpsl
pexxuma
Homep HansiaB/ieHHOr O 1IBa 1* | 2% | 3* 1** | 2% | 3k
BxosHble napameTpel

Cusia CBApOYHOTO TOKa, A 200 220 250 230 | 240 | 250
CBapouHoe HanpsikeHue, V 32 33 34 32 33 34
PaccTosgHue OT CBapO4YHOH TOJIOBKHU [0 OCHOBHOTO 40 40
MeTaJljla, MM
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Bbixo/iHble MapaMeTphbl
[lluprHa HaMJIaBJEHHOIO CJ1051, MM 20.58 | 23.08 | 24.82 | 24.15 | 24.65 | 24.90
BbicoTa Ham1aB/JeHHOTO CJ10Sl, MM 3.32 3.02 3.04 3.2 3.03 | 3.06
[ny6uHa npormnJaBieHus], MM 2.56 3.12 3.02 3.1 3.03 | 3.05
TBepoCTh HamIaBJeHHOro caos, HV 555 748 826 752 805 850

[Iponiecc ropeHHUsi CBApOYHOM AYrd XapaKTepU3yeTCs BbICOKUMHU CKOPOCTSAMHU IMOJA4YH
IIPOBOJIOKU U MOKA3aTeJSIMU PEXXUMOB HaIlJIABKH.

HapucyHke 7 npe/icTaBJieHO IoNepevyHoe ceueHre 06pa310B, BbINOJHEHHbIX aBTOMAaTHUUECKON
HaIJIaBKOM 1o/, ciioeM ¢puiroca cBapoyHou npoBosikoi CB-08I'2C.

a) 6) B)
a) nomnepeqyHoe ce4eHre HallJlaBJIEHHOTO 1IBa, BBIITIOJIHEHHOI'O COIVIACHO PEXHUMY HOMED 1*;
6) rnornepevyHoe ce4eHre HallJylaBJIEHHOTI O 1IBa, BbIIOJIHEHHOT O COIVIACHO PEXUMY HOMEP 2*;
B) rnomnepevyHoe ce4eHre HallJylaBJIEHHOTI O IIBa, BBIIIOJIHEHHOTO COIVIACHO PEXUMY HOMEP 3*

PucyHok.7 - O6uiuii BU/I IOMepeyHoro cedeHusi 06pasIioB, HAMJIaBJIeHHbIX aBTOMATHUUEeCKOU HaIJIaBKOU
oJ; cjioeM uiroca ¢ mpuMeHeHus npoBoJioku CB-08I'2C @ 2 MM

Kak u cnefiyeT oXuaTh OT HOBBILIEHHBIX PEXXUMOB, IPU aBTOMATUYeCKOH HallJIaBKe 06pa3Iibl
JIeMOHCTPUPYIOT 3HAUUTEJIbHOE YBeJWYEeHHE TreOMeTPUYECKUX MapaMeTpOB HallJaBJIEHHBIX
IIBOB 110 CPABHEHHIO C IOJIyaBTOMATUYECKON U PYYHOMN HaIlJIaBKOM.

OnTUMaJibHBIM PEXHMOM aBTOMAaTHYECKOM HalIaBKH mpoBosiokod CB-08I'2C @ 2 MM
saBJseTcsd pexxuM 2* (220A/33B), T.K. miybuHa NpoOIJIaBJeHUS SIBJSETCS MHUHUMAJIbHOU U
JOCTaTOYHOM.

Ha pucyHke 8 nokasaHsbl onepeyHble ceueHHsi 06pasIoB, BbIITOJHEHHbBIX aBTOMAaTHUUYEeCKON
HaIJIaBKOM 1o/ ciioeM ¢puiroca cBapoyHou npoBosiokoit ESAB STOODY 102G.

a) 6) B)
a) nomnepeqyHoe ce4eHre HallJlaBJIEHHOT O 1IBA, BBIIIOJIHEHHOI'O COIVIACHO PEXHUMY HOMED 1**;
6) fnornepevyHoe ce4eHre HallJylaBJIEHHOTI O 1IBa, BbIIOJIHEHHOT'O COIVIACHO PEXUMY HOMEP 2**;
B) rnomnepevyHoe ce4eHre HallJlaBJIEHHOTI O IIBa, BBIIIOJIHEHHOTO COIVIACHO PEXUMY HOMEP Rie

PucyHok 8 - O6uiuii BU/| IoNepevyHoro cedeHrsi 06pasiioB, HAalJIaBJIeHHbIX aBTOMATHUEeCKOU HaIJIaBKOU
oJ;, cjioeM ¢uiroca ¢ mpuMeHeHus npososioky ESAB STOODY 102G @31.6 MM
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M3 pucyHka 8 BHU/HO, UTO KapTHMHA paclpejeseHUs HaIJIaBJIEHHOr0 IlBa aHaJOTH4YHa
obpasuam u3 npoBoJiok CB-08-I'2C. Bce reomeTpuyeckre XapaKTePUCTHUKH LIBA yBeJIUYEHbI 10
CPaBHEHHUIO CO IIBAaMM, BbIOJIHEHHBIMHU JAPYTMMHU CIOCO6AaMHU HallJIaBKU. PacnpezenieHue 1mBa
SIBJISIETCS] pABHOMEPHBIM.

OnTHMa/IbHBIM PEXXMMOM aBTOMATHYEeCKOU HamIaBKU npoBosiokoit ESAB STOODY 102G 31.6
MM IBJIsIeTCS pexkuM 2** (240A/33B), T.K. iy6rHa NpoIJiaB/ieHUs ABJISAETCS MUHUMaIbHOM.

YcTaHOBJIEHO, YTO TBEP/JOCTh HallJIaBJIEHHBIX LIBOB [IPU aBTOMAaTUYEeCKOM HallJIaBKe UMeeT
BbicOKHe 3HadyeHus (555 - 850 HV), yTto B jJasbHelIleM TPyJHO MOAJAETCS MeXaHW4YeCKOUH
06paboTKe.

HarnsiiHo pacinipeiesieHre BbIXOAHBIX TapaMeTpoB (reoOMeTPUH HalJIaBJIEeHHOTIO 111Ba U TBep-
JIOCTH) B 3aBUCUMOCTH OT BXO/HBIX TApaMeTPOB (TEXHOJIOrMYECKUX PEeXXUMOB) NMpPeCTaBIEHbI
Ha pUCyHKax 9-12.
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PucyHok 9 - Pacnipe/iesieHre IIMPHUHBI HATLJIABJIEHHOTO CJIOS B 3aBUCHMOCTH OT PEXXHMOB HaIlJIaBKH
Pa3/IMYHBIMH CIIOCOGAMH
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PucyHnok 10 - Pacipe/iesieHre BBICOTHI HAllJIaBJIEHHOTO CJIOSI B 3aBUCUMOCTH OT PEXKUMOB HaIJIaBKH
Pa3/IMYHBIMH CIIOCOGAMH
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PucyHnok 11 - Pacipe/iesieHre rJ1yOUHbBI TPOTIJIABJIEHUS CJIOS B 3aBUCUMOCTH OT PEXKHUMOB HaIlJIABKU
Pa3/IMYHBIMH CIIOCOGAMH
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Pucynoxk 12 - PacnipefiesieHre TBepAOCTH HaIJIaBJIEHHOTO CJ1041 B 3aBUCUMOCTH OT peKUMOB
HaIlJIaBKU Pa3/IMYHbIMU CIIOCO6AMHU

M3 pucynka 9 BHAHO, 4YTO HauOOJbIIEW IWIHWPHUHOW MOJydYeHHbIX IIBOB 00JsaZjaeT
aBTOMaTH4YecKas HalJaBKa Mo cioeM GJiroca, B TO BpeMs Kak pydyHasi U oJlyaBTOMaTH4YecKast
HaIlJIaBKa OTJ/IMYAIOTCS OTHOCUTEJbHO OJWHAKOBbIMU pe3y/bTaTaMU. 3HAuYUTeJbHOE
yBeJIMUeHHEe UIMPHUHBI 1IBA Ha pexkuMme 3” MoJiyaBTOMATUYECKOW HAMJIaBKU O6bSICHSETCS
npUMeHeHHeM KoJsiebaTeIbHbIX BUXKEHUH B IPOLjeCcCce HAIJIaBKH, a TAKXKe YBeJIMUeHUeM TOKa
Y Hanps>KeHUs AyTHU.

U3 pucynka 10 BHAHO, 4TO NPY KWCHOJIb30BAHUU PYYHOW AYTrOBOM HAILJIABKU IUTYYHBIM
3JIEKTPOJIOM JOCTUTHYyTa caMas HavMMeHbllasd BbICOTA BaJIMKa HaIJIABJIEHHOrO IIBa.
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OTHOCHMTENIbHO MeHbIass BBICOTA BaJIMKA HaIJIaBJSIEMOrO IIBAa MOXET CIOCOOCTBOBATH
HEe00X0JMMOCTH BbIMOJIHEHUSI TOBTOPHOM HAaMlJIaBKH, T.K. IPUBECTH K MHOTOCJIOMHOM HallJIaBKe.
[Tog06HbIE TEXHUYECKUE PellleHHs] HeTraTHBHO CKAa3bIBAIOTCS HA KAYeCTBE BOCCTAaHABJIMBAEMOM
JleTa/ly, a TaK)Ke 3Ha4yUTeJIbHO YBEJIMYMBAIOT BpeMs 3aTpaThl Ha PEMOHT JeTasei [9].

Kak BuZHO U3 pucyHka 11, npy HCno/Ib30BaHUM KoJiebaTesbHbIX ABUKEHUH B Mpoliecce
N0JIyaBTOMAaTH4YeCKOM HAIlJIaBKM IJIyOMHA MpOIJaBJeHUsI 3HAUUTEJbHO CHMXKAeTCsd Ha
pexxume III”, 4yTo Mo3BOJIIET YMEHBUIUTh KOJHWYECTBO OCTATOYHBIX Jedopmanuil. B To xe
BpeMs CHMXKeHUe [VyOUHbI MPOIJIaBJeHHs YBeJIMUMBaeT PUCK HeCIJIaBJIEHUS HAllJIaBJIEHHOT O
MeTaJljla C OCHOBHbIM [10].

AHanusupys jaHHble pUCYHKa 12, M0KHO OTMETUTD, YTO IPUMEHEHHE 10JIyaBTOMaTUUECKON
HaIlJIaBKU 00ecrneYyruBaeT OTHOCHUTEJbHO OJIMHAKOBbIE C OCHOBHBIM METAJIJIOM IOKa3aTesu
TBepgoctu HV. TBepaocTb NpHU MCNOJb30BaHUM ABTOMATUYECKOW HAIJIABKU SIBJISIETCSA
MaKCUMaJIbHOM.

3ak/iloueHue

[Ipy1 BoCcCTaHOBJIEHUH BaJIOB 3JIEKTPO/IBUraTe e JJOJXKHO ObITh 0OecrieueH0 COOTHOIIEHHe
XOPOLIEro ClJIaBJIeHUs] HallJIaBJIEHHOTO CJ104 € MIO/JI0KKOM, PU 3TOM I1y6HHa PONJIaBJAeHUs
JOJIKHA 6bITh MUHUMaJ/JbHOM, HO IOCTATOYHO.

OnHako, YTOOBI MOJYYHUTb HE TOJBKO MHUHUMAaJbHYI0 I[VIyOMHY MNpOIJIABJEHHUs, HO U
MeHbLIMe TeMJOBJOXEHNS], pPaBHOMEpPHOe pachnpejie/ieHUs1 HalJaBJeHHOro MeTaJslla,
OTCyTCTBUE JAedeKTOB B HallJIaBJIEHHOM CJI0e, PEKOMEeH/YyeTcsl MCIO0Jb30BaTh Clelyloliue
TEXHOJIOTHUY€eCKHUE PEXKUMBI:

- py4yHas HamiaBka - (95A/22B - S- 7018.G; 120A/26.5B - YOHHU 13 /55 CK);

- NoJlyaBTOMaTHuyecKas HamsaBka - (160A/20B - CB-08I'2C; 260A/23B - ESAB STOODY-
102G);

- aBTOMaTHu4ecKas HamiaBka - (220A/33B - Ce-08I'2C; 240A/33B - ESAB STOODY-102G).

Yka3aHHbIe peXXUMMbl 00eCleYuBaloT CIJIaBJeHHe HallJIaBJIEeHHOTO MeTaJljla C OCHOBHBIM,
a TakXXe CHUXAIT BEPOSITHOCTb BO3SHUKHOBEHUS BHYTPEHHUX JAe(deKTOB M3-3a ObICTPOro
OCTbIBAHMUSI.

TBepZ0CTb HAIJIAaBJIEHHOTO CJ1051 KOJIebJIeTCs B IpeJiesax:

- py4yHas HamiaBka - ((319 + 446) - S- 7018.G; (437 + 485) - YOHU 13/55 CK);

- noJlyaBTOMaTH4ecKkas HamiaBka — ((319 + 364) - CB-08I'2C; (415+459) - ESAB STOODY-
102G);

- aBTOMaTHyeckas HamsaBka - ((555+826) - CB-08I'2C; (752 +850) - ESAB STOODY-102G).

Be/siMuMHBl TBEPJOCTH HAIJIAaBJEHHOTO CJI0S1 COOTBECTBYIOT U IPEBOCXOAST TBEJOCThb
ocHoBHoro MeTtasia (Ct 45).

B nanpHelieM uccieoBaHUs 6yyT pacliMpeHbl B BONPOCaX HAaXO0X/leHUsI B3aUMOCBSA3HU
KauyecTBa HalJIaBJE€HHOTO CJ0Sl B 3aBUCMMOCTHM OT HM3MEHEHHUsI XUMHYECKOro COCTaBa
HaIllJIaBJIIEMOI'0 MaTepHaJa, a TakXKe JJuaMeTpaMu IPOBOJIOK/ 3JIEKTPOJI0OB U PeryJMpoBaHuUs
ra3o/iIMHaMHU4Y€eCcKOro BO3/1eMCTBUSA 3aliUTHOTO rasa.
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JIeKTP KO3FAJATKbIIITAPBIHBIH OUTIKTEpiH Ka/JanbiHa KeITipy Ke3iH/Je 6eTiHiH OHTalIbI
napaMeTpJiepiH 3epTTey

AnpaTna. 3aKbIM/ja/iFaH HEMece TO3FaH 3JIeKTP KO3Fa/ITKbILIbIHbIH, Oi/iKTepiH XeHAey KeNTereH
eHEepKaCINTiK KacinopbIHAAp/a Ke3/ieCeTiH KalNblHA KeJITipy »KYMbICTapbIHbIH MaHbI3/1bI 66J1iri 60.J1bI
TabbL1abl. OHZIPICTIK CEKTOpZAA 3JIEKTP KO3FaJTKbIIITAPbIHBIH, OHTANJbl KYMbICBIH KaMTaMachI3
eTy OHJAIPICTiH Y3JIKCi3 KoHe TUIMJI XYMBICBIH KaMTaMachbl3 €Ty VIUIH eTe MaHbI3Jbl. JJEKTp
KO3FaJITKbIIITAPbIHBIH XaHa OiNiKTepiH caThlll ajly IWIbIFbIHAAPBIH a3alTy YLUiH, erep oJap CbIHFaH
HeMece TO3FaH 00Jica, OHEPKACINTIK KaciopblHAAp 6eTKi KabaTThl NaifajaHajbl. BajkbIThLIFaH
KabaTTbIH calachl, OHbIH illiHJe 6a/JKbITy dJiCiMeH 9He OHBbIH TeXHOJIOTUAJBIK peXUM/JiepiMeH
aHbIKTaJafbl.

Bysn Makasiazia 3J1eKTp KO3FaJTKbIIITApPbIHbIH, OiJIKTepiH ylI »K0JIMeH KaJlllblHAa KeJITipy Ke3iHfe
canaJibl KabaT ajly MaceJieci KapacThIpblaajbl: KOJIMeH 0aJIKbITY, KOPFaHbIC ra3/lapblHbIH, OPTAacbIHAA
»KapTblJlail aBTOMAaTThbl GaJNKbITY KoHe aFbIHHBIH aCTbIH/A aBTOMATThI 0AJIKBITY. Op OaJKbITY d/iCiHiH,
apTHIKUIBLIBIKTAPbl MeH KeMUIiiKTepi aHbIKTaAAbl. [eoMeTpusiiblK mapameTpJiepai (TiricTiyg
eHi, Tirictig OuikKTiri, Tirictiy 6asKy TepeH/iri) >xoHe KaJillblHA KeJTipisneTiH 6eTTepaiH ¢pusnka-
MexaHUKaJblK, KacueTTepiH (KaTTbLIbIK) aHBIKTAal OTBIPBIN, SKCIIEPUMEHT HerisiHfe ap TypJi
Taci/lepMeH O6aKbITY/IbIH, OHTal/Ibl TEXHOJIOTUSIJIBIK pexxuM/epi (JoHeKepJ/iey JOoFacbIHbIH TOK Kylli
MeH KepHeyi) OpHaTbLI/bI.

Ty#iH ce3aep: ba/KpITbIIFaH KabaT, TOK KYIlLi, KepHey, 6a/lKy TepeHAiri, KaTThLIbIK,

Zharkevich 0.M.!, Muchitova A.E.}, Nurzhanova 0.A.}, Bessonov A.V.2, Taimanova G.K.?
!Karaganda Technical University named after Abylkas Saginov", Karaganda, Kazakhstan
2TOO0 "Automatic boilers", Karaganda, Kazakhstan
3Al-Farabi Kazakh National University, Almaty, Kazakhstan

Study of optimal hardfacing parameters when restoring electric motor shafts

Abstract. Repairing damaged or worn motor shafts is an important part of the restoration work
faced by many industrial plants. In the manufacturing sector, keeping electric motors running optimally
is essential to keeping production running smoothly and efficiently. To reduce the cost of purchasing
new electric motor shafts in the event of their breakdown or wear, industrial enterprises use surfacing.
The quality of the deposited layer is determined, among other things, by the surfacing method and its
technological modes.

This article discusses the problem of obtaining a high-quality layer when restoring electric motor
shafts by surfacing in three ways: manual surfacing, semi-automatic surfacing in a protective gas
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environment and automatic submerged surfacing. The advantages and disadvantages of each surfacing
method are determined. Optimal technological modes of surfacing (current strength and welding
arc voltage) were established using various methods based on an experiment with determination of
geometric parameters (weld width, weld height, weld penetration depth) and physical and mechanical
properties of restored surfaces (hardness).

Key words: deposited layer, current strength, voltage, penetration depth, hardness.
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Kipicne

byringe KIIIM-zepi iluTeH )KaHy KO3FaJTKbILITAPbIHAA KeH TapaJsiFaH. byt os1apAbIH )KyMbIC
LUKJIiHIH KOFapbl canacblMeH, YHEMIITIMEH, caJbICThIpMaJibl TYPAE a3 yJieCc caJiMarbIMeEH,
Y/1eCTiK rabapUTTiK KyaTbIHbIH YKOFapbl MoHAepiMeH 6ailsiaHbIcThI [1,2]. Bys1 kepceTkiwTepre
COHJAMU-aK MHJUKATOPJBbIK alHa/lly CoTi MeH WHJAUKATOPJIBIK KyaT »KaTa/Jbl. KpuBowmunTi-
ATYHAbBl KO3FaJITKbILUTAP/AbIH aTa/faH KacUeTTepi oJiapAa y3aK yakbIT cakKranazgbl. Exi
TaKTIiJi KO3FaJTKbIIITAPAbIH JUTPJIIK KyaThl TOPT TaKTiJi KO3FaJTKbIIIKA Kaparanga 1,5-1,7
ece kel ekeHi 6e.riji. bBipkaTap MamMmaHAap/iblH, aTan alTKaHa HeMic nHkeHepJsiepi ofaFbIHbIH,
NiKipiHIle, eKi TaKTiJi KO3FaJTKBIII IlepCclieKTUBaJIbl. bBipKaTap MaMaHAapAblH, aTal auTKaH/1a
Hemic uvHXeHepJsiepi oJaFbIHBbIH, MiKipiHIIe, eKi TaKTiJi KO3FaJTKbII [epClneKTUBaJbI.
bipkaTap aBTOMOOMJ/Ib KOMIAHUSLJIAPbI Ka3ip/iH 63iHAe aBTOMOOUJIb YATiCiHAer] eKi TaKTiji
Ko3FalTKbITapAbl («®uat», «Kpaticiep», «OpouTtasn» xaHe T.6.) 93ipsie/i. COHbIMEH KaTap
6acekere KabiJieTTi eKi TaKTiJli KO3Fa/ITKbILI OChl YaKbITKa JeliH xacajaMaraH.

Eki TakTiJli KO3FaJITKBIIITHI >kacay npob6JieMacbiH Tajjay. KoFapbl canajibl KepceTKilTepi
6ap eKi TaKTiJi KO3FaJTKbIIITHI X)Kacay YILiH KaHZal ajafbliiapTTap 6ap? BipinuiigeH, MyHaan
KO3FaJITKbIII AW3esb/i 60/ybl THiC. EKi TaKTisi KO3FaJTKBILITHIH, canacbl GipiHII Ke3ekTe
ypJieyre 6aiaHbICThl. ByHBbI Typa aFbIH/AbI ypJey KaHaraTTaHAbIpaabl. OJ1 ras ajmacy/iblH
KJIallaHAbI-CaHbLIAy/Ibl KYWeci Ke3iHJe MNoplieHbMeH allblIaTblH LUJAHAPAIH TOMEHTI
Gesirinzeri Tepesesiep apKbLIbl ypJiey ayacblHbIH KibepisyiH 6ackapy oHe LUJUHAD
6acblH/JAFbl KJallaHAap apKbLIbI LIbIFAPY Ke3iH/e icke achlpbliaibl. MyHAal KO3FaATKbIIITAp
XX fFacblpAblH, 6acbiHJla 93ipJIeHreH, er’KeW-TerKeuJli 3epTTe/IreH >KoHe CepusJibl Typ/e
eHJipinren (AA3-204, AA3-206). YKakcbl eHJie/IreH KOl KaKNaKThl XKyieJsiep 1bIFapblIaTbIH
»KOJIJIbIH, TOMEH KeJlepriciHe KoHe KO3FaJITKbILITAp/bl YAeTy GpaKTop/apblHbIH Oipi peTiHze
YKOFaphl allHa/ly »KUijliriHe ve 60JyFa MYMKiHJIK Gepeni, OyJ »KOFapbl allHaAJbIM/AbI [HM3€e/b
KO3FaJITKbILITAPbIHbIH, 6HAIpiCiH Urepyre MyMkiHzik 6epai. Kasipri yakpitta € = 40-50 feniin
KbICY/IbIH, >KOFapbl Japexeci urepisyae. a3 TapaTy *koHe HHXeKIHMs ¢dalasapbiH TY3eTy
Ke3iH/le ChbIFY/bIH KOFaphbl JapexKeci UUIUHAPAETT KabIIThI )KaHY KbICbIMbI K9He TOMEH L1y
Ke3iHJie THiIMAiIIri xKoFapbl U306apJIbIK AU3e/b LIUKJIIH iCKe acblpyFa MYMKIH/iK 6epeji.

Ocblnaiiua, ofapbl TUIMJI €Ki TakKTisli KO3FaJITKBIWITHI Kacay VIUIH CbIHAKTaH OTKeH
FbUIBIMU-TEXHUKAJBIK aJIFbIIIapTTap 6ap. bipak ke3 kesireH KO3FaJTKbIII CUSAKTbI 0J1 6esriji
6ip KOHCTPYKTHUBTI 6a3aja »kacajybl Tuic. Kasipri yakbITTa NopiueHb/i KO3FaJTKbIIITap
TPOHKAJIbl KPUBOLIMITI-IATYHAbI KUHEMATUKaJIbIK MEXaHU3MMeEH OpbIHAAIa/ibl.

MyHzail TeTiKTiH epekulesiri nmopiieHbre OyWipJik KywTi 6epy 60/ibll TabbLIaAbl, Oy
UUJIMHAPJIIK NOpIIEHb/ TOMTA >KOFapbl YHUKeJIiCKe XoHe LIUJIMH/P T'MJb3aCbIHbIH TO3YbIHA,
TeXHUKaJIbIK-9KOHOMHUKAJIBIK KOPCETKIIITEP/iH TOMEH/leyiHe )KoHe KO3FaJITKbILI PeCYPChIHbIH
KbICKapyblHa 9Kel coFa/ibl. Kelibip MamMaHapAbIH MiKipiHIle, K KUCBIK HiH/[i-ChIPFbIMaJIbl TETIK
Heri3iH/e KO3Fa/lTKbIUTAap/Abl XKeTi/IAIpYAiH 3BOJIIOLUAJBIK X0JIbl Ka3ipri yaKbITTa ic XKy3iHAe
TayCbIJIFAH».

Ko3fasnbICTbl ©3repTyZiH KPUBOLIMNTI-KYJAUCTIK TeTiri Gesrini. KpuBomunTi-KynaucTik
MeXaHU3MHiH, Yl KHHeMaTHKaJIbIK TOpa0hbl, eKi cbipFaHay TOpaoObl kaHe 6ip aliHa/y TOpaobI
6ap. Oy mopuieHAi )kaHaMa KyuTepAeH 60caTafibl, YUKeJiC HIbIFbIHBIH TOMEH/IeTe/li KoHe
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Yxcacmolik natidaaaHy wapmoeiHia eki makmini KO3FaAMKbIUMbL HCAcdy caaacbIHOaFbl IKChepuMeHmmik 3epmmey

KO3FaJTKBIIITBHIH, MexaHUKaJbIK [[OK-iH apTThipazbl, nopuieHzi KaTaH CUHYCOWJAJbJbl
KO3FaJblC 3aHblH Oepeni. Kapama-kapcbl LUWIWHApJEpAi KoJJaHy Ke3iHJe KpPUBOIIMIITI-
KYJIUCTIK MeXaHU3M epekKiie TUiMai. MexanusM XX Facblp/iblH, 6acblHAH 6acTamn 6esriji, 6ipak
TeK coHFrbl yakbITTa AKII-Ta Kosiganeiael, an lepmanuana XX FacelpZblH, 90-1ubl Kbl1Japbl
FaHa OCbIH/AW MexaHU3Mi 6ap eKi TaKTiJi ONMO3UTTIK KO3FaJTKbIIITAp 6HAipijie 6acTazpb! [1].
JleMeK, KpUBOLIUNTIK-KYJMCTIK MeEXaHU3M/1 KOJIJaHYAA YJIKEH TIXKipHUOe XKOK.

JdJicHama

Ko3sfanbICcThl TypJieHAIpYAiH KPUBOIIMITI-KYJUCTIK TEeTIriHIH OH KacueTTepiH [2] »koHe
OHbI KO3Fa/ITKbIII YKacayZa NaijajsaHy/blH a3 TOKipubeciH eckepe OTbIPbIIN, OCbIHAAN TETIKTi
3epTTey MiHJeTi KOWbLIJbL. By yilIiH 3epTTey KyprisisireH MexaHU3MHiH, 6ipJii-)KapbIM MOAYJIi
acanjbl (1-cypet) [3].

Cyper. 1. KpuBomunTi-Ky/IMCcTik MexaHU3MHIH Taxipubesik 6ipi-kapbiM Moayi

3epTTey INpoleciHAe MexaHU3MJl ecenTey VIUIH TEOPUAJBIK TayesJUIiKTep a3ipJeHni,
0J1ap CUHYCOWJAJIbIK, 3aHFfa 6arbiHaAbl. CaxHaHbIH KO3FaJIbIC 3aHbIHbIH TEPMOJUHAMUKAJIBIK,
KepceTKilTepre acepi 6afanaH/bl. CUHycOUJaAbAbl 3aH KHUCBIK LIMAMN-IIATYH MexXaHU3MiHe
KaparaHza tepMusaablK [[OK mamamen 1% -fa xofapbuiaTybl KaMTaMachi3 eTesi. CaxHaHbI
OpbIHAAY YVIIiH MaTepyaJs TaHAanzAbl. baranay 60J1aT, aIFlOMUHUHN )XKoHE MarHUui KOpPbITHAChIH
CaJIbICTBIPY Ke3iH/le 6epiKTiK, KaTThIJIBIK K9He Macca mapaMeTpJiepi 60MbIHILIA Kyprisinai [1].
Keulen/ii napaMmeTp 60MbIHILIA 60J1aT apThIKIIbIIBIKKA HE.

Ko3fanaTbhlH 3/ieMeHTTep/iH yJ/FailfaH Maccachbl MOpIIeHbre KYIUTepAi KailTa Oesyre
dKeJieZli, 0J1 )KyMbIC 6apbIChIHbIH, 6ipiHIII }KapThICbIH/A XKIHE KaHY KbICbIMbIHbIH, UMIYJIbCTIK
naijia 60J1y CoTiHJe NOpLIEHbre KUbIHTHIK KYIIiH TeMeHJeTeZ i, 6ipak >XyMbIC 6apbICbIHBIH,
eKIiHIII »KapThICBIH/A a3 KbICBIMBIHAH KYII a3alfaH Ke3Jle MHepPLUAJBbIK KYLI KO3FaJITKbILI
6is1irinZe KocbIMIlla allHaJly COTiH »kacaibl [4]. ByHbIMHBIH 4 KT LUTOKTapbl MEH NOpLIeH/epi
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6ap KyJIMCTIH JKUBIHTBIK Maccachbl Ke3iHJe KO3FaJITKbIll YIIiH ecel >XypicTiH 6ipiHui
KapThICBIHJA NoplieHre KywTiH asatobl 10-15% KypaWTBbIHBIH, ajJ KO3FaJbICThIH, €KiHIUI
dazaceiHza 90 o -TaH 1800 felliH Kyl eki ecesieHeTiHIH KepceTTi. Bys peTTe GyKisa )KyMbIC
GapbICbIHAAFbI KYLITiH *XUbIHTBIK, COTI iC )KY3iHAe e3repMeii.

Toxxipubesik KOHABIPFbIAA MEXaHU3MHIH *KYMbIC KabiseTTisiriHe, oHbIH ceHiM/JijliriHe,
NOpLIEeHb/] IITOKTAPAbIH, KbI/DKbIMaJ/Ibl MOMBIHTIPEKTEPIHIH, )XYMbICbIHA KoHe LITOKTAPAbI
TBIFbI3/ZJAy calacblHa 3epTTey Kyprisingi. ’KeupkbiManbl TipeKTep MbICTajlfaH rpaduT
TeJIKeJlep/e KO3FalaTblH NOpPLIeHbAEPAiH IITOKTaphl 60J1bl (2-cypeT).

CypeT. 2. ColpFaHay/ZblH ChI3bIKTBIK, IOAIIUIIHUTI, COJI 3KaKTa - HOPILIeHb/Al IITOK (60/1aT, LLeMEHTTEY),
OH KaKTa - TeJiKe (MbICThI TpaduT)

300 caraTiwiHje MexaHU3M/i TYPaKThl aHAJIABIPY XKUEJTITiH/le MOKOYPJIen KalbIITaCThIPy
Ke3iHJe TaxipubesiepZe IITOK NIeH TOJIKe eJIIeM/IePiHiH e3repyi 6aiikaiMaraH (3-cyperT).

Cyper. 3. [liciekTi LUTOK MeH KUCHIK, IIUI-KYJUCTIK MEXaHU3MHIH, TOJIKECiHiH TO3ybIH 6aKblIay

ChI3BIKTBIK KO3FaJIaTblH KaWTapbIM/bI-yAeMeJi IWITOKTaFbl KHUCBIK HiHAI-KYJUCTIK
MeXaHU3M LWJMHAPAI KO3FaJTKBIITBHIH, Mall KapTepiHeH oOKliayJayfa MYMKiHJiK Gepefi.
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IITOKTBIH BIKTUMaJ pajHaj/bl aFbIH aybICybIH €CKepe OThIPHII, IITOKTHIH Aipijare Te3iMAl
TBIFbI3JAJ1y bl 93ipJIeHA].

ToiFbI3ay 6ip-6ipiHEH KbIKUTBIH KMMaJlap/iblH, OpHaJiacybl Ke3iH/e IITOKTbIH JuaMeTpi
60MbIHIIA €Ki KUMaJibl CAKWHAHBIH, 6J10Tbl 60J1bI1 TabbLIaAbl. CaKkuHalap aHTUQPUKIHSAIIBIK,
MaTepyas - (ToOpomJacTTaH kacaiafaH. CakuHasap MiJArim mMaTepuasjaH - pe3eHKeJeH
»KacaJIFfaH Kypcayfa CaJIblHFaH >KoHe TapTKbIl CaKWHaJ/Ibl CepinlesepMeH KbICbLIa/bl.
ThIFbI3JAFbILI 3JIEMEHTTEPAIH 6apJibIK 6J10Thl KATThl KOPIMYCTa OPHATHLIFAH (4-cypeT)

Cyper. 4. [lopiieHb/i IITOK ThIFbI3AAFbIIIBIHBIH, CBIPTKBI TYPiHIiH KOpHici

IITOKTBIH pajuaszbl LIAFbIH aybICybl MeH Aipiji TbIFbI3AAY TBIFBI3JbIFbIH Oy30al/bl,
eITKeHi OyJ1 OpbIH aybICTbIPYyJIap pe3eHKeHiH cepniMAiniriMmeH etesnesi. Mail/jbl cblpFaHay/blH
KeJIJIIK MOMBIHTIperiHiH, TopabblHa Gepy >XoHe ThIFbI3AAYZbIH ChIPTKbI KaFbIHAA MaW/bIH
aFyblIH O6araJiay Ke3iH/je repMeTHUKaJIbIFbIH TEKCEPY XKyprisingi (5-cyper).

Cyper. 5. Karazga MaiiblH aFybIH 6aFajiay apKbLIbl LITOKTBIH ThIFbI3[alybIHbIH F€pMeTHKaIbIFbIH
TeKcepy
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Ko3FanbICThl ©3repTy/iH 93ipJieHreH KUCBIK, LUI-KYJIUCTIK TETIrH KOoJJAaHy LUJIMHApPAEri
NOpILIEHHIH, YWKeJIiCIH TeMeHJeTy MaceJseCiH Liemyhi Tajsan etefi. KaprepaeH TaMIubl
MalblH Oepy/iH KoAiIMrIi »KyHesepi He MoOplLIeHb LITOKTapbl OOMBbIHINIA MalAbl MaXOypi
6epy OyJ KafFfaijia Mai/iblH »KOFapbl LIbIFbIHbIHA XOHE KO3FaJTKbIIIThIH NMalAaJlaHblIFaH
rasjlapblHZla aca ybITTbl KOMIIOHEHTTiH - O€eH3NHpeHHiH mnaija 00JiyblHAa OGaWJaHBICTHI
KoJ1JaHblIMaibl. OcblFaH GaW/IaHBICTBl CYMbIK MaWJayCbl3 NOPUIEHBbJ THIFbI3AAFbIIITHIH,
6ipereil KOHCTpPyKLMsAChl 93ipseHin, 3eptrenai [5]. KapTepzeH oxluaynaHfaH LUJIUHAPII
noplIeH/i TONTa NOpIleH Al ThIFbI3[AAY KaTThl Maiay - rpapuT HeTi3iH/e opbIHAAIFaH.

[TopiieHb/i ThIFbI3/AY MOpPILEHb/ET] Oip OMBIKTA eKi caKkrMHa 60J1bIM TabbLIaAbl. CaKkuHaIap
KOJIaJlaH HeMece 60JIaTTaH »acajfaH. 9pbip caKkyMHa caTbl/Ibl TYWICYZiH KeMeriMeH TyHiceTiH
eKi )kapThlJ1ail caKkMHa/AaH »acaJiraH (6-cypet) [6].

a) 6)

Cypert. 6. [loplieHb/i THIFbI3AAYABIH KOMIIPECCUSJIBIK CAKMHAIAPDI, 2 — 6ip TOJIBIK CAKMHAHBIH, eKi
»KapThlIal caKUHAaChI, 6 — )KUBIHTBIK [OPIIEHb/i ThIFbI3[ayFa apHaJ/IFaH KapThlLJai CaKWHAChI

HaTmxesnep MeH Taskpuiay KapThuiald caKMHa/Ibl KyJblnTap Oip-6ipiHe KaTbicTbl 900
KbL/DKBITBLJIFAH, COHJABIKTAaH €Ki CaKMHaHbIH MaKeTi repMeTHUKaJbIK >KaHacyAbl KypaWabl.
CakyvHasapAblH, ChIPTKbl LMJAWHJApPJIK 6eTiHAe rpadUTHEH TOJNTBIPbIFAH CaKUHAaJbI
6eTTiKTepAe OUbIK 6ap [6,7]. AHTUPPUKLMSAIBIK MaTepHabIH KypaMbl - 75% rpadur xxoHe
25% 6alIaHbICTBIPYLIbI CYUbIK 9MHEKTI 2KeJliM TaHAanAbl. OUbIKTap/ bl TOJTHIPYFa apHaJIFaH
MaTepuas rpaduTIeH TOJThIPbLIFAH CaKWHaJap CUSAKTbl OepiKTiKKe, TepMOTO3TilITiKKe
Tekcepingi. 9000C ke3iHje caKkrHaIap KYMbIC KabiJIeTTi/IIriH caKTalpbl.

EcenTeynepre coaiikec a3ipJieHreH CaKUHaJlapAaH >acajiFaH ThIFbI3Jay/ibl KOJJaHyMeH
yHKeJlic IbIFbIHapbl MalllayMeH CTaHapTThl ThIFbI3/ayAaH a3. Taxxipubesepze Toxxipuobeik
CaKWHaJsIap XUBIHTBIFbIHBIH KbI/DKYbIHBIH, KYILII CTAHZAPTTHI ThIFbI3Aay YIIiH KyuiHig 58%
-bIH KYPa/ibl.

Ko3fanTKbIITaFbl ThIFbI3AAY/bl CbIHAY YILUiH Y/I-2M K03Fa/TKbILIbI HETi3iH/e Taxipubetik
KOH/ZbIPFbl OpbIHAANABI [6]. Bysa yuwiH kpeinkond Topabbl OpbIHAAN/bI, OYJ KUCBHIK IIUI-
KYJIUCTIK TeTIKTi KOJIJaHy Ke3iHJe TYbIHAAWTbIH KaFJaljapja ThIFbI3Jaynap/bl CblHayFa
MYMKiH/JiK 6epai (7-cypeT).
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CypeT. 7. )KaHFBIPTBLIFaH KO3Fa/ITKbIII 63a3aCblH/iAa KYPFaK MOpLIeHb/i ThIFbI3ay/bl 3epTTeyre
apHaJ/IfaH Toxipubesnik crenn Y/-2M

Ko3fa/nTKbIIITarbl KOMIIPECCUSHBI TeKCepy d3ipJIeHreH CaKuHa/lap KOMIIPEeCCUSHbI OHBIH
NAacCHOPTThIK MHI ieHreliH/le KaMTaMachl3 €TeTiHiH KOpCeTTi.

ThIFbI3AAFBI CAKMHANAPAbIH TO3Y KAapKbIH/BUIBIFbIH 3epTTey/e Oe/rijieHreH pexumze
300 MoTo-caFaTTaH acTaM MOpIUeHbJAI ThIFbI3JAy TOPAOBIHBIH, pecypchbl ajblHABL by
peTTe CTAaHJAPTTHI THIFbI3/AY >KYMBICBIHAH aWblpMallblJIbIFbl KO3FAJITKBILITBHIH YHEMJAIIIK
KepceTKilTepi e3repMen/ii, 6MTKEHI repMeTUKaJ/IbIFbl CAKWHAIAp/blH, TO3yblHA KapaMacTaH
TYPaKThbI IeHrenie ycTaaajbl.

KHCBIK TICTi-KyJIMCTIK KMHEMATHKaJIbIK MexaHW3M/Je KYJIUCTIK TaCTbIH ilIiHJEri KUCBIK
TICTi MOAMIHUK UMITYJIbCTIK )XYKTEMEHIH ayblIp KafAalapblH/ia )KYMBbIC iICTEU/].

CeipraHay MOMBIHTIpeKTepiH/eri yHKeJIiC K9He TO03y IpOoLeCTepiH 3epTTey anKbIHJAYLIbI
dakTopsapablH 6ipi GQPUKLMSAMIBIK KaHACYy TeMIepaTypacbl OOJIbIN TaObLIATbIHBIH KOPCETTI.
OchbIFaH 6alJIaHbICThI YHKeJIiC TOpaObIHAaFbl MAaTEPUAJI/IbIH, )KblJIY 6TKI3TILUTIriHIH MaHbI3bI 30D.

Kasipri yakbITTa KO3FaJATKbILITAP/bIH CbIpFaHay MOWBIHTIpEeKTEpPiH/e aIIOMUHUM-KaJIaWbl
KOPBITIIACkl 6ap »arcblpMajiap KoJJaHbLaaabl. Ocbl KOPBITIIA MEH MBICTBIH, Kby PU3UKAJIBIK
KaCueTTepiH CaJIbICTbIPY MBICThI KOJIIAHY MOMBIHTIpEKTEPAIH calaJjblK KepCeTKilTepiH
apTThIPHII, TO3Y KAPKbIHBIH TOMEH/IETIII 2koHe peCypCThbl YJIFAaUThII OThIPFAHbIH KOPCETTI.

Bysian api ysJibl 9ficnieH cbIpFy 6eTiHe rpadUTTi eHri3e OThIPbIN, MOUBIHTIPEKTIH KOHCT-
pyKuusAcel a3ipjenzi. Oy yumiH MbIC kKalcblpMaZa 3X3 MM TeciKkTep OYpFbLIAHBIIN, OJap
6al/IaHbICTHIPYIIbI CYHMbIK 9MHEKTI XKeJ1iM rpaduT MaccacblMeH TOJAThIPbLIFaH (8-cypert).
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Cyper. 8. MbIcTaH »acaJifaH KbLIXKbIMaJIbl MOUBIHTIpEKTIH rpaduTTi eHrisyMeH Taxipubesik TeceMe

Yiikesic MallMHACbIHAA CTAaHAAPTTblI MOMUBIHTIpEK TMeH 60J1aTThl OiJiKTeri MbIC
MOWBIHTIPEKTIH, 6ap J>XoHe MbICTbl MOUWBIHTIpeKKe TrpaduUTTi eHrisiireH cbIpFaHay
MOUBIHTIpEKTEPiHIH 9pKalCblHA CaJIbICThIPMaJibl XXeKe TaxKipubesepi xkyprisingi [7]. Mseic
TeceMeci OeJiriJieHTeH peXXUM Ke3iH/le CbIpFaHay MOMBIHTIpEriHiH pecypChIHbIH OipHelle ece
Y3aKThLIbIFbl aHBIKTAJ/bL.

BosiaTThl 6i/1iKTiH MOWBIHABIFBIH aJl/ibIH ajla QPUKLUAJIBIK MbICTaNY/bIH apKacblH/a 601aT
6i/1iKTiH >k9HEe MbIC MOUBIHTIPEKTIH, )KYObIMEH CaJIbICThIPFaH/A TO3y KapKbIHAbLIbIFbIH 40%
-Fa TOMeHAeTe/l.

EcenTey pexuMminfe rpapuTi 6ap XbL/DKbIMaJjbl MOUBIHTIPEKTIH rpaduT KepiHiciHci3
K9JIMIi KaJIbIITA XYMbIC icTenfi. bipak 1LIeKTi yHKeJsic TyblHJAaFaH Ke3Je 3KCTpeMaJsiJbl
pexxuMze rpa@uUTTi TeCEMEHIH TO3y KapKbIHbI Ta3a MbIC TOCeMeCiMEH CaJbICTbIpFaH/a TO3Y
IIaMacChIHbIH KOPJIbIK, TO3iMAiniri 40% >KybIFbIH KYypa/bl.

Ocblnaiiiia, oa/eMJiK Toxipube cblpFaHay MOMBIHTIpeKTepi caJjiacblHAA ChbIpFaHay
MOUBIHTIpEKTEPiHIH peCypChbIH YIFAaUTYAbl KAMTAMaChI3 €TETIH IIITEH )KaHy KO3FaJITKbILUTAPbI
YIUiH canaJblK KepCeTKilITepAiH eAayip apTybl MyMKiH eKeHiH kepceTezi. bipak OyFaH
KasakcTaHza Tek »eke a3ipJjieMesiep HeTi3iH/e FaHa KOJI )KeTKi3yre 60/1a/bl.

KopbIThiHAbL. EKi TakTisi KO3Fa/ATKbILI 6a3acblH/A KypPacTbIPy YIIiH KPUBOLIMUITI-KYJIUCTI
KWHEeMaTHUKaJIbIK MeXaHU3M/1 KOJIJaHy apKblJbl 2KYMbICTAp KelleHi opblHAaAAbL. LlaTyHCBI3
KU CBIK LU Ti-Ky/JIMCa/IbIK MEXaHW3M eKi TaKTiJ1i eKi LIUJIUHAPJ KO3FaJATKbILIThI Kapchl das3aja
YKYMBIC iCTEUTIH eKi KyJIUCTIK-MOopILIeH/iK MOAY/Ib TYPiHJAe KypacTbIpyFa MyMKIiHAIK Gepeai.
Bip Me3risiie AuaroHasjib/ibl OpHaJlacKaH LUJIUHAPJEpAeri 6TeTiH TaKTijiep KO3FaJATKbILIThIH,
TEHTePIMJiJIIriH KaMTaMachI3 eTeli, COHJlal-aK, yul TipeKTi uiHAi OGiMiKTiH COHFbI JOoMaJaTy
MOUBIHTIpEKTEpPIMEH >KoHe Oip opTalia CbhIpFaHAy MOWBIHTIpEKTEpiMeH KOJJaHbIIYbIH
KaMTaMachI3 eTe/.

HopMaTtuBTik Tanantap MeH MeMCT-Ka collkeC LUJIMHAPJIK-MOPUIEHb/IK TONTbIH YKoHE
CbIpFaHayblH MbIC-TPadUTTIK MOMBIHTIpEKTEPiHIH TaHJaJFaH YUKeJIiC )KyITapbIHbIH YUKeJy
»K9He TO3y 3aH/bLIBIKTApPbIH 3epTTey. bipiHiii a/1ic 60¥bIHIIA )KYMbICThI 6aFaiay/blH aJlbIHFaH
HoTWXKeci (casMak OipsikTepiHgeri TO3y) LMJAMHJIPJIK-MOPUIEHBJIK TONTAPbIHBIH, KYMBbIC
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icTey »kaFJalapblH/Aa KAPacThIPbLIIFaH MaTepUaaJap/blH KACUeTTEPiH, OHbIH, illliH/le MalllMHA
»Kacay/la aHTUQPUKLUUSAJIBIK 3JIEMEHTTep/i »Kacay VIIiH KOMMO3UTTIK MaTepHaJAap/iblH
KacveTTepiH 3epTTeyAiH FhIIIBIMU HeTi3iHe KOPbIThIHAbIIaH/IbI.

CakuHasapAblH aHTUPPUKIHUAABIK OeJNiriHiH TaHJa/faH MaTepHaJapbl >KOFAPDI
0epiKTIiKTI )koHe TepMUSAJBIK TO3IMAINIKTI KaMTaMachI3 eTe/li. Toxxipubesik MOTOp CTeHAiHAe
93ipJIeHTeH ThIFbI3/IaFbILITHIH, )KYMbIC Ka0iJIETTiJIir pacTasn/ibl >koHe OHbIH PeCypChIH OaFajiay
YUIiH CaHJIbIK CUIIaTTaMaJiap aJblHAbl. ByJsl peTTe MyHAall 3/ileMeHTTep/Ai »KOFapbl canaJiblkK
KepceTKilTepi 6ap KO3FaITKbIIITApAbI MalijaJaHyAbIH Ka3ipri 3aMaHfbl lIAapTTapbIH/AA XXaHa
KO3Fa/ITKbIILITapAbl 6HAIpPY VIiH KOJIJJaHyFa MYMKIiH/iK 6epe/i.
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M.K. Kyansimer?, A.K. Kaykapogr'*, H.C. Cayxanog!, A.JK. Myp3arasimes’, F.B. BakpbIT?
IAkmro6uHckull pe2uoHabHbull yHugepcumem um. K)Ky6anosa, Akmo6e, Kazaxcma
2Akademus no2ucmuku u mpaichopma, Aamamoi, Kazaxcmat

3KcnepnmeHTaanue HCC/IeJOBaHUA B 006J1aCTH CO34aHHUA ABYXTAKTHOI'O ABUraTeJ/id B
CXOACTBE€HHBIX YC/IOBUAX UCITIOJIb30BAHUA

AHHOTanusA. B cTaThbe NpUMEHUTENBHO K CXO/ICTBEHHBIM YCJOBHUSAM HUCIOJIb30BAaHHUS U O CO3JAAHUHU
KOHKYPEHTHOCIIOCOGHOI0 IBYXTaKTHOTO JIBUTaTe 1. B HacTos11lee BpeMs UMEIOTCS MPeANOChUIKH IS
co3/iaHus 3¢ PEeKTUBHOrO JBYXTAKTHOTO JIBUTATEJIs, KAK NPSMOTOYHAs NPOAYBKa, KJIallaHHO-1[eJieBast
cUCTeMa rasopacrnpejie/leHusi TpU MHOTOKJIaIaHHOM MexaHHW3Me, TUAPaBJUYECKOe YIpaBJieHHe
KJIalaHaMHy, Au3eJbHbIA LMK/ MPU BBICOKOW CTeleHW CKaTud W Ap. JJisd peanusanuu KoMILJIeKca
IepCcneKTUBHBIX TEXHUYECKUX pellleHUH TpebyeTcss KOHCTPYKTHBHAs 6a3a, Ha OCHOBE KOTOPOU MOXKeT
ObITb CKOMIIOHOBAH /IByXTaKTHBIN JIBUraTe/b. B KayecTBe TAKOBOW BbIOPAH KPUBOIIUITHO-KYJAUCHBIN
KMHEMaTH4YeCKUH MeXaHW3M Ipeo6pa3oBaHUs [JBH)KeHUs. MeXaHHW3M pas3rpykaeT MNOpIIEeHb OT
GOKOBBIX CHJI, TO3BOJISIET U30JUPOBATh HUJIUHAP OT MACJASHOTO KapTepa, UCI0J1b3ysl MOANOPIIHEBOX
00beM B KadeCcTBe MPOAYBOYHOTO HAcoca. IJTO MNoTpe6GoBajio pa3pabOTKU U HCCJAe[J0BaHUSA
[UJIMH/POTIOPIIHEBOU TPYNIbI HA OCHOBE TBEPAOH CMa3KU. BhINOJIHEHO TaKKe COBepIllleHCTBOBAaHUE
CKOJIB3SILIET0 MOAIIUITHHKA C YJIyYlIIEHHBIMU KayeCTBEHHBIMH MTOKA3aTeJSIMH Ha OCHOBE MPUMeHEHHUS
TEMJONPOBOAHOI0 U aHTUQPUKIIMOHHOTO MaTepHasa MeJiu U rpadpuTa.

KirioueBble c/10Ba: IBYXTAaKTHbIN IBUTATE b, KDUBOIIMITHO-KYJIMCHBIA MEXaHU3M, TBep/iasi CMa3Ka,
HOJIIUIHUKHN CKOJIbXKEeHUs, aHTUGPUKITMOHHBIN MaTepHuaJ, rpaQuTt.
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IAktobe Regional University K.Zhubanov, Aktobe, Kazakhstan
2Academy of logistics and transport, Almaty, Kazakhstan

Experimental research in the field of creation of a two-stroke engine under similar
conditions of use

Abstract. The article applies to similar conditions of use and the creation of a competitive two-stroke
engine. Currently, there are prerequisites for creating an effective two-stroke engine, such as direct-
flow scavenging, a valve-slotted gas distribution system with a multi-valve mechanism, hydraulic valve
control, a diesel cycle with a high compression ratio, etc. To implement a set of promising technical
solutions, a design basis is required, on the basis of which a two-stroke engine can be configured. As
such, a crank-yoke kinematic mechanism for converting motion was chosen. The mechanism unloads
the piston from lateral forces and allows the cylinder to be isolated from the oil sump, using the sub-
piston volume as a purge pump. This required the development and research of a cylinder-piston group
based on solid lubricant. The sliding bearing has also been improved with improved quality indicators
based on the use of thermally conductive and antifriction materials of copper and graphite..

Key words: two-stroke engine, crankshaft slip mechanism, hard lubrication, sliding bearing, graphite.
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Preparation of AIMgSil (6082) aluminum alloy for the study
of mechanical and physico-chemical properties in the rolling process
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Abstract. The study is devoted to the preparation of the AlMgSil (6082)
aluminum alloy for the study of its mechanical and physico-chemical properties
under rolling conditions. The purpose of the work is to develop a methodology
for preparing an alloy that provides reproducible analysis of its properties. The
main directions include the study of rheological and plastic properties of the
material, as well as thermal effects during deformation

The scientific significance of the work lies in the analysis of the effect of heat
treatment and deformation parameters on the plastic fluidity and corrosion
resistance of the alloy. The practical significance lies in improving the quality
of materials for various industrial applications. The methodology included
experiments with heat treatment and rolling, analysis of the microstructure
and mechanical properties of the alloy. The tests were carried out on samples at
different temperatures and strain rates using the STD 812 torsion plastomer.

The results showed that the plasticizing stress of the alloy increases with
deformation at low temperatures and decreases at high temperatures. The
conclusions confirm the significant influence of temperature and strain rate on
the properties of the alloy.

Keywords: rolling process, aluminum alloy, tension, deformation, emission
capacity, plastic fluidity.

Received 03.06.2024 Revised 21.06.2024 Accepted 22.06.2024 Available online 30.06.2024

* the corresponding author


https://orcid.org/0009-0007-3605-515X
https://orcid.org/0000-0003-4537-9440
https://orcid.org/0000-0002-7986-0083
https://orcid.org/0000-0003-0811-1963
https://doi.org/10.32523/2616-7263-2024-147-2-231-244

Rail Sovetbayev, Yerik Nugman, Yerzhan Shayakhmetov, Anna Kawalek

Introduction

For the correct acceptance of boundary conditions in numerical modeling and the correct
development of new or modification of existing technologies for rolling round rods, itis necessary
to know the relationship between the value of the plasticizing stress and the deformation and
temperature parameters of the alloy under study. The properties of the deformable material
have a significant impact, among other things, on its plastic fluidity in the rolling basin, therefore,
in order to increase the accuracy of the results of computer modeling of the rolling process, it
was necessary to use real curves of plastic fluidity of the material under study. Therefore, the
study of the rheological, plastic properties of the material and the determination of the thermal
effect during the deformation of the AIMgSi1 aluminum alloy allows us to further increase the
reliability of the rolling process simulation [1].

The methodology

Based on the analysis of the technology of rolling bars in a three-roll inclined mill, it was
found that this process is characterized by a wide range of changes in deformation parameters
and temperature. The average deformation rate under rolling conditions can reach 10 s-1, and
the total actual deformation is about 4.

Therefore, it was necessary to develop real plastic yield curves for the material under study
for the entire range of changes in temperature and deformation parameters.

This part of the study also includes the conversion of the results obtained in the form of an
analytical formula into a form that can be entered into the database of materials in the Rheology
program [2].

These tests were carried out at the Institute of Plastic Processing and Safety Engineering
(Czestochowa, Poland) during the doctoral student's scientific internship. The hardening
curves of the AIMgSil aluminum alloy were determined based on torsion tests using the STD
812 - Thermoanalyse GmbH torsion plastomer (Fig. 1), and the main technical parameters of
the device are presented in Table 1.

Figure 1. Torsion plastomer STD 812: a) - general view; b) — working chamber with a fixed sample
1 - Sample, 2 - fixing cartridges, 3 - S- type thermocouples, 4-inductor, 5-cooling system nozzles,
6-pyrometer, 7-laser measurement sensors sample diameter
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Table 1. The main parameters of the STD 812 torsion plastometer

Heating principle: Induction
Maximum test temperature: 1500 °C
Heating and cooling speed: up to 100K / s
Minimum time between successive deformations: | 60 ms

Atmosphere:

clearance 10-4 bar, inert gas, air

Torsion

Rotation speed:

up to 500 rpm

Number of revolutions: up to 30
Torque: up to 50 Nm
Deformation speed: up to 60 s-1

Stretching and compressing

Changing the length:

about 15 mm

Deformation speed:

upto30mm /s

Force during deformation:

up to 25 kN

Deformation speed:

up to 1.0 s-1

Actual deformation:

dependent on sample size

The device allows twisting with simultaneous stretching or compression

Dependence (1) was used to calculate the amount of actual deformation during twisting
in the torsion plastometer control software, whereas the actual deformation rate was
determined by dependence (2). The plasticizing stress is determined by the formula (3):

where:
r — the radius of the sample;
L - the length of the sample;

N - the number of twists (revolutions) of the sample;

N - torsion speed (rotation speed);
M - the torque.

(1)
(2)
(3)

For studies related to the determination of the hardening curves of the AIMgSi1 aluminum
alloy, samples with a cylindrical working part with a diameter of 6 mm and a length of 10 mm

were used (Fig. 2).
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Figure 2. Sample of the plastometric test for the STD 812 torsion Plastomer

The tests were carried out at temperatures of 150, 200, 250, 300 and 350 °C for deformation
rates of 0.1; 1.0 and 10.0 s'. The samples were deformed to failure, whereas approximations
were performed for the actual deformation e=4.

For practical use of plastometric studies and to obtain a mathematical relationship between
the value of the plasticizing stress op [MPa] and the deformation parameters (t, €, €), these
results were approximated by the Hansel-Spittel equation:

0y = my £ (") exp (my - )(1 + )T - gma g ey (my ) (4

where:

€ - the actual deformation, s;

¢- the deformation rate, s;

t — the temperature, °C;

m1+m9 - coefficients depending on the grade of the studied material.

Rheology software was used for statistical processing of the obtained results, where it is
possible to introduce a large number of functions approximating plasticizing stress, depending
on strain, strain rate and temperature. This allows you to determine the coefficients of the
approximating function specified by the user, or automatically search for the most accurate
approximating function in the existing database of functions [3].

Findings/Discussions
The obtained values of the parameters determining the approximating function (Fig.3),

which were used during the numerically simulated rolling mill process in a three-roll inclined
rolling mill, are shown in Table 2.
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Table 2. Parameters of the function (Fig. 3) approximating the results of plastometric tests of AIMgSi1

aluminum alloy

m, m, m, m, m, m, m, m, m, medium
pale

1,36610 | 0,31149 | 0,00018 | 0,06608 | -0,00270 | -0,09845 | 0,00054 | 1,32965 | -0,00908 | 0,80430

The results of the approximation of the reinforcement curves (dotted lines) and experimental
data (solid lines) for the studied aluminum alloy are shown in Figures 3-7.

350

300

-t - ¢ p4
250 W’i “g gg&ﬁ.‘m $TEII g

200 A

150 4

Tension, [MPa]

100

50

0

0.0 0.5 1.0 1.5 2.0 25 3,0 35 4.0
Deformation
- 0.1[1/s] - 1[l/s] - 10[1/s]
—a—0.1 [1/s] —— [1/5] —10[1/5]

Figure 3. Hardening curves of AlMgSi1 aluminum alloy deformed at a temperature of 150 °C with
deformation rates of 0.1; 1.0 and 10.0 s™*
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Figure 4. Hardening curves of AIMgSil aluminum alloy deformed at a temperature of 200 °C with
deformation rates of 0.1; 1.0 and 10.0 s™*
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Figure 5. Hardening curves of AlMgSil aluminum alloy deformed at a temperature of 250 °C with
deformation rates of 0.1; 1.0 and 10.0 s-!
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Figure 6. Hardening curves of AlIMgSil aluminum alloy deformed at a temperature of 300 °C with
deformation rates of 0.1; 1.0 and 10.0 s!
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Figure 7. Hardening curves of AlIMgSil aluminum alloy deformed at a temperature of 350 °C with
deformation rates of 0.1; 1.0 and 10.0 s!

Based on the conducted studies, it can be concluded that there is a great influence of
temperature and deformation parameters on the deformation value of the plasticizing aluminum
alloy AlMgSi1 [4].

Analyzing the effect of the sample temperature on the value of the plasticizing stress, it can
be seen that for the same deformation rates, the plasticizing stress of the alloy under study
reaches the highest values at a temperature of 150 ° C, and with an increase in the sample
temperature, the value of the plasticizing stress for the same deformation rates decreases. For
the corresponding deformation rates, the lowest values of the plasticizing stress of the alloy
under study occurred at a temperature of 350 °C [5,6].

From the analysis of the waveform of the real and approximated hardening curves of the
studied aluminum alloy, it follows that in the studied range of deformation parameters, a large
agreement was obtained between the actual values of the plasticizing stress and the values
obtained as a result of approximation.

Figure 8 shows the dependences of the ultimate deformation of the AIMgSil alloy as a
function of temperature and deformation rate.
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Figure 8. Dependence of the ultimate deformation of the AIMgSi1 aluminum alloy on changes
in temperature and deformation rate

From the data shown in Figure 8, it follows that, with the exception of the case of deformation
of samples at a temperature of 300° C, with an increase in the deformation rate at the same
temperature, the values of the limiting deformation decrease. The highest value of the ultimate
deformation occurs at temperatures of 250 and 300°C and at a deformation rate of 0.1s-1.

On the contrary, at a temperature of 300 °C, the maximum limit deformation (~ 20) occurs at
a deformation rate of 1 s-1. This behavior of the material at this temperature may be the result
of microstructural changes [7]. The results of dilatometric studies show that at temperatures
above 279 °C in this structural state, a change in the shape of the curve is observed, reflecting
differences in the length of the sample, which indicates the course of dissolution of intermetallic
compounds.

Determination of the emission capacity of AIMgSil aluminum alloy

One of the key parameters for the correct determination of the measured temperature of the
test object using a thermal imaging camera is the precise determination of its emissivity, which
was determined experimentally for the AIMgSil aluminum alloy.

A description of the methods for determining the emissivity can be found, among other
things, in [8].

The method presented in the paper was used to determine the emissivity of the tested
aluminum alloy. It consists in determining the emissivity of the object under study based on
a contact temperature measurement. According to this method, it is necessary to set such a
value of the emissivity in the thermal imaging camera so that the temperature of the material
determined by the camera is the same as that determined by the contact method. The value of
the emissivity is then equal to the emissivity of the surface of the material under study.
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For studies related to the determination of the emission capacity of the AIMgSil aluminum
alloy, the STD 812 torsion Plastomer from Thermoanalyse GmbH and the ThermaCAM SC640
thermal imaging camera (Fig. 9) from FLIR Systems were used, which provides:

- excellent image quality saved in JPEG format with complete radiometric data;

- accurate non-contact temperature measurement from -40 °C to +2000°C;

- image in visible and infrared light;

- the ability to enter text and voice notes;

- Bluetooth and IRDA wireless communication;

- autofocus;

- fast image transfer to a computer;

- software for creating professional reports on measurements.

Figure 9. Thermal imaging camera ThermaCAM SC640

Samples with a working part diameter of 6 mm and a length of 10 mm were used for testing.
Holes were made in the side wall of the samples, into which two K-type thermocouples were
placed just below the surface of the samples. The samples were then placed in the chamber of
the STD 812 torsion plastomer and heated to the appropriate temperatures from 150 to 350
°C. After reaching the desired temperature in the entire volume of samples, the emission value
in the thermal imaging camera was adjusted so that it indicated the same temperature as with
thermocouples. Thermacam Researcher Professional software is used to process the results
obtained [9,10].

An example of a thermogram with object parameters is shown in Figure 10.
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Object parameters Value
Emissivity 0,40
Distance 0.3m
Reflected temperature 20,0°C
Air temperature 20,0°C
Relative humidity 50%
Temperature at point Spl | 150°C

Figure 10. Temperature distribution in the sample recorded at a temperature of 150 °C:
a) thermogram, b) object parameters

Figure 11 shows a graph of changes in the emission capacity of the tested aluminum alloy for a
temperature range of 150+350°C.
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Figure 11. Changes in the emission capacity of AIMgSi1 aluminum alloy in the temperature range
150+350 °C
Conclusion

Based on the obtained research results, it can be concluded that the nature of the flow curves
of the AIMgSi1 plastic alloy is similar for the entire range of studies conducted. From the analysis
of the data presented in Figures 3-7, it follows that with increasing deformation, the value of the
plasticizing stress of the studied aluminum alloy increases monotonously for temperatures of
150 and 200 °C and takes a constant value for a temperature of 250 °C. At temperatures of 300
and 350 ° C, with strain values up to 0.5, the value of the plasticizing stress increases, and with
large deformations it monotonously decreases.
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From the conducted plastimetric studies of the AlMgSil alloy, it follows that there is a
significant influence of deformation, temperature and deformation rate on the value of its
plasticizing stress.

With an increase in the deformation rate, a simultaneous increase in the value of the
plasticizing stress occurs, while due to an increase in the temperature of the alloy under study,
a decrease in this stress is observed.

Based on the conducted studies related to the determination of the emission capacity of
the aluminum alloy under study, it was found that in the temperature range of 150-150 °c, its
emission capacity varies in the range of 0.40+0.08. As the temperature increases, the value of
the emission capacity decreases (Fig. 11).
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Coeetr6aeB P.A.Y, Hyrman E.3.}, [llassxmeToB E.f.*?, Kawalek A.3
IK.HU. Cambaes amvindarsl Kazax ¥ammuik TexHukaavik 3epmmey YHusepcumemi, Aamambi, Kazakcmau
2Cemeli kKanacwiHbiH lllakapim ambindaFrsl yHusepcumemi, Cemell, Kazakcmat
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AlMgSil (6082) anioMuHMI KOPBITHACBIH WIEeMJeY KaFJailbIH/ia MeXaHUKAJIBIK *KoHe ¢pu3uKa-
XUMMSUJIBIK KaCUeTTepiH 3epTTeyre JalbIHAAy

Angarna. 3eprtey AlMgSil (6082) afroMUHUM KOPBITIIAChIH UJIEM/IEY KaFlalbIH/|a OHbIH, MEXaHU-
KaJIbIK *KoHe (QU3MKa-XHMHUSJIBIK KAaCHUETTEePiH 3epTTeyre JalblHAAyFa OafbITTajNfaH. JKYMBICTBIH
MaKcCaThbl — OHbIH, KaCUeTTepiH KalTasaHaTbIH TaaAaybl KAMTaMachli3 eTeTiH KOpPbITIaHbI JalblHAAY
dlicTeMeciH a3ipsiey. Heri3ri 6aFbITTapFa MaTepUas/iblH, PEOJIOTHUSJIBIK XoHe MJIaCTUKaAJbIK KaCHeT-
TepiH, COHJAaN-aK JebopMalUsAAaFhl XKbLIY dcepJsepiH 3epTTey Kipeai.

2KyMBICTBIH FBIJIBIMA MaHbI3/IbLIBIFbI TEPMUSJIBIK OHAEY/IiH XoHe JedopMalus napaMeTpJiepiHi,
KOPBITIIAHBIH, IJIACTUKAJIBIK aKKbIIITBHIFBI MeH KOpPpO3UsiFa Te3iM/ijiriHe acepiH Tajjgay 6OJIbII
TabbLIa bl [IpaKTHKAIBIK MaHbI3/bLJIBIFbI — 9PTYPJIi OHEPKICINTIK KOChIMINIAAap YIIiH MaTepuagap-
JbIH CallacblH apTThIpyAa. O/liCTEMe TePMUSAJIBIK 6HAEY KoHE WaeM/ey 3KCIIepUMEHTTEPIH, KOpPbITHA-
HbIH MUKPOKYPbLJIbIMbI MEH MEeXaHUKaJIbIK KaCHeTTepiH Tanjayabl KaMTblibl. CbiHakTap STD 812 6ypany
IJIACTOMEDPiH KoJ1aHa OThIPHII, dPTYPJii TeMnepaTypaiap MeH AepopMaliys Xbl1JaMAbIKTapbIHAAFbI
yJrijiepae *Kyprisiizi.

HaTmxkenep KOpbITHAaHbIH, IIaCTUQUKALMA KepHeyi TeMeH TeMIieparypaja AedpopMarnusMeH
»KOFapbLIaUThIHBIH XKoHE KOFaphl TeMIlepaTypaja ToMeHJelTiHiH KkepceTTi. HoTukesep TeMnepaTtypa
MeH JebopMaliys KblIJaM/bIFbIHbIH KOPbITIIA KACUeTTepiHe alTapJ ibIKTal acepiH pacTai/ibl.

Ty#iH ce3gep: uneMaey npoliieci, aJlOMUHHUUN KOPBITHACKI, CO3bLIY, AedpopMalivs, IMUCCUsI KabieTi,
MJIaCTUKAJIbIK aKKbILIThIK.

CoBetr6aeB P.A.Y, Hyrman £31, [llasgxmeToB E.f1.*2, Kawalek A.2
!Kazaxckull HQYUOHAAbHbIU HAYYHO-UCCALA08AMEAbLCKUT MeXHUYecKUll yHuUgepcumem
umeHu K. U. Camnaesa, Aamamut, Kazaxcmau
2Ynusepcumem umeHu lllakapuma 2. Cemeiti, Cemeii, KazaxcmaH
3Czestochowa University of Technology, Yencmoxosa, lloabwa

IloaroToBKa aalMHHUEBOro ciyiaBa AIMgSil (6082) k ucciie0BaHHI0O MEXaHUYECKHX U
$M3MKO-XMMHUYECKUX CBOICTB B YCJIOBUSX NPOKATKHU

AHHoOTanusa. HcciegoBaHue NOCBSILIEHO MOATOTOBKe alloMUHMeBoro crmuaBa AlMgSil (6082)
K HMCCJIEJIOBAHHI0 €ro MeXaHWYeCKUX U QU3UKO-XMMHYECKHUX CBOUCTB B YCJIOBHSAX HMPOKATKH. llesb
paboThl - pa3paboTka METOJUKH MOATOTOBKHU CIJIaBa, obecneyrBarolleil BOCIPOU3BOAMMbIN aHAIU3
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ero CBONCTB. OCHOBHbIE HaNpaBJIeHUS BKJIIOYAIOT H3yYeHHE PeOJIOTUYECKUX U TJIACTUYHBIX CBOMCTB
MaTepHuasa, a TaKXKe TelIoBbIX 3¢¢deKToB npu JebopMaunu. HayyHast 3HaYUMMOCThb PabOThI 3aKIH0YAETCS
B aHaJIM3€ BJIMUSHUS TEPMUYECKON 06pabOTKHU U MapaMeTpoB AedpopMalivu Ha MJIACTUYECKYI0 TEKYYECTh U
KOPPO3HWOHHYI0 CTOMKOCTB crjiaBa. [IpakTudeckas 3HaUMMOCTbD — B MIOBBIILIEHUH KaueCTBa MaTepUasIoB AJIs
Pa3/IMYHbIX MPOMBILJIEHHBIX IPUMEHEHUN. MeTo[,0/10r Ul BKJIKOYa/Ia SKCIIEPUMEHTHI C TEPMUYECKOU
06pabOTKON U NMPOKATKOW, aHAJIM3 MUKPOCTPYKTYpPbl U MeXaHUYECKUX CBOWCTB CIlJIaBa. McnbITaHUA
NIPOBOJIMJIMCh HA 06pas3Iax MPU Pa3HbIX TeMIEPaATypax U CKOPOCTIX AedopMallH C UCII0Jb30BaHUEM
macroMepa kpydyenusa STD 812.

Pe3ysbTaThl MOKa3aly, 4YTO I[JIACTUQUIMPYIOLee HANpPsSHKEHWE CIJIaBa YBEJUYUBAETCAd C
JebopManyell MpyU HU3KUX TeMIlepaTypaxX M yMeHbIIAaeTcs NPU BBICOKUX TeMIepaTypax. BeiBogbl
NOATBEPXKAAIOT 3HAYUTEJILHOE BJIUSHHE TEMIIEPATYPHI U CKOPOCTH JledopMaly HA CBOMCTRBA CIJIaBa.

KiioueBble cJ10Ba: Mpoliecc NPOKaTKH, aJllOMUHUEBBIN CIIJIaB, pacTsKeHue, AedopMaliys, SMUCCU-
OHHasl CIOCOGHOCTD, MJIACTUYECKAs TEKY4eCTb.
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