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*M. M. Mycaee’, K. T. Lllepoe?, A. K. Pakuweg?,

H. XK. Kapcakoea*, X. A. KyaHbiwea®

1345KaparaHIpl TEXHUKAIBIK YHUBEPCUTETI,

Kazakcran PecrryOnmkacel, Kaparaumsr K.;

2C. Ceiidymnaun ateiaaarsl Kasak arpoTeXHUKAIBIK YHHBEPCUTETI,
Kazakcran Pecrryommkacer, Hyp-CyuiraH k.

®PE3AJIAI XKOHYFA APHAJIFAH S MBEBAI K¥PblIIFbIHbIH
MY®TACbIHbIH CEPIIMAI SJIEMEHTIHIH KEPHEYIIIK-
HAE®OPMAUMNSINIAHFAH KYUIH 3EPTTEY

Dpesanan AHcoHYy JHCOHE MEPMOPDPUKYUANBIK @pe3anan dcoHY2d apHAN2aH
ombeban KypolagblHbly KUHEMAMUKAALIK KO32ANbICbIH 3epMMmey  KYpblleblHblH
Memann eHOey NpoyeciHoe ome IHCO2apbl HCbLIOAMOLIKIA HCOHe Kypoeri Kecy
peoicuminde dcymvic icmetminin kepcemmi. COHbIMEH Kamap, OHbIH eH Kon
JICyKmenieer myuini cepnimoi pesenke d1emeHmmep HcoHe cepnimoi snemeHmmepoi
acapmoliail - mMygmanapmern  OauiaHblcmulpameiy  OYpanoaivl  KOCHLIbICIMAD
bonvin madwviiaosl. byn maxanadoa ANSYS baz0apramanviy xewieHiniy KemezimeH
My@manvly cepnimoi 31eMeHminiy KepHeyii-Oedhopmayusianaan Kyuin 3epmmey
Homuocenepi KeamipiiceH.

3epmmeynep KP binim owcone 2viivim MuHucmpniciniy Foinolm xomumemi
Kaporcviianovipzan  AP08956387 «Dpesepren #coHy MeXHONO2UACHIH dicy3ece
acelpyea apHanzan mMoKapivlk 0Oil0exk 6azacvinoazvl ombedan KOHObIP2bIHbIH
modcipubenix ya2icin sHcacayy epaHmmaolk MmaxblpblObl AACHIHOA OPLIHOAIOb.

Mypmanviy Kyam cunammamanapvin Kypy ywin 0ip cepnimoi siemenmmin
opeKemi 3epmmendi JHCOHe OHbIH 2eoMempusiblK Mooeii dcacanovl. Cepnimoi
neMeHmmiy OOUbIHOA2bl KepHey MeH deopmayusHbl cCunammaimoli epaguxkmep,
COHOQU-AK, AUHATMANbL JHCYKIMEME CXEMACHL ANBIHObL.

3epmmey nomuoicecinoe 4,98 MIla men snemenmmesi kepHeyOiy MaKCUMandvl
MOHI ANbIHObL, 0J1 NANOAIAHBLIAMBIH MAMeEPUanobly Oepikmix uiezine colikec Keneoi
JHCOHe KaHnazammanovipaosl. Makcumanovl xcykmemenepoe myQmaHvly HCYMbiCol
Kezinoe depopmayuanvly MaKcumManovl MoHi 5,1 mm scememini Oe aHbIKMAIObI.

3epmmey Homudicenepi Mmygmawuviy cepnimOi  dneMeHmIHIY  MAaHOAN2aAH
Mamepuanvl MeH 2eOMEmpPUANbIK  Napamempiaepi  OHblY — Oepineen  JHCYyMbicC
JHCYKmMeMeepiHoe HCYMbIC ICMEYIH KAMMaMAacsl3 ememinoiin Kopcemmi.

Kinmmi ce3dep: pppeszanan sdcoHy KypwlLizbiCbl, mepmoPpUKYULIbIK pesaran
JHCOHY, Cepnimoi dneMeHm, KepHey, Oedpopmayusi, Mmyghma.
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Kipicne

®pe3anamn XOHY apKbUIbl allHANy JIeHeJepl TUITeC OeIeKTep/l eHACYiH
OHIM/II 9/TICIH KEHIHEH €HT13y YILIiH KaXXeTTI CTAHOKTHIK >Ka0IbIKTHIH 0OJIMaybl XKOHE
OCBI TEXHOJIOTHSIHBIH a3 3epTTenyi keaepri kentipai [1, 2]. Conpaii-ak, HeriziHeH
omOeban cTaHOK ka0 IpIFbI MaiiananpuIaThiH Kasakcran PeciyOnukachiHBIH MaltnHa
xKacay KoCIOpBIHIAPHI XKaFJaibiHaa Oy mpobiemMa OfaH CailblH YIIBIFBII Oapajbl.
XKorapsl OepikTiri 6ap MmaTepuaiaapapl OHICY Ke31H/1e OHACYAIH IJIIIr1 MEH canachlH
KaMTaMachl3 €Ty opJailbIM MYMKIH e€Mec, COHbIMEH Oipre eHJey THIMIUIIriHE KO
JKETKI3Y KHBIH JKOHE KOIl YaKbITThI KaXXET €TeTiH MPOoIecC OOJIbIN TaObLIaIbl.

Ocpriran OaitmanbicTel KP BinmiM oHEe FBUIBIM MUHUCTPIITIHIH FhUTBIM KOMHTETI
Kapxblianapiprad AP08956387 «®Dpesepien xKOHY TEXHOJIOTUACHIH JKY3€re achblpyFa
apHAJIFaH TOKapJIbIK OlTek 6a3achiHAaFel 9MOeOar KOHABIPFBIHBIH TOXIPUOESTIK YATICIH
’Kacay» IPaHTTHIK TaKbIPHIObI asChIH/IA (Ppe3aiar )KOHY TeXHOJIOTUSCHIH XKY3€re achIpyFa
apHaJIFaH apHalibl KOHABIPFBIHBIH KYPBUIBIMBI 931pJICH/ .

KypBUIFBIHBIH KOHCTPYKIMACHIHA [ 3] skoHe (pesanan sxoHy Tociiine [4] KP natenTi
QJIBIH]IBL.

Cyper 1 — ®pe3anan xoHyFa apHaJIFaH aM0Oe0an KypbUIFbI

TokapenblK Oingex ymin emb6ebam KOHABIPFHI (l-cypeT) MOUBIHTIpEKTED
OpHaJIaCKaH 2 KPOHIITEHH/E OPHATBUIFaH | apayblK OUTIKTIH Oip yIIbIHA OEKiTiareH
XKapThuUlail MypTaa 3 koHe IEKTPKOFAITKBIIIBIHBIH OUTIriHE 7 OpHATHUTFAH €KIHIIT1
x)apTbutaii my(dragaH 6 jxoHe oylapra OypaHgamap 5 apKbUIbl OCKITUIETIH cepriMIi
pe3eHKe IeMEHTTep/IeH 4 Typabl.

KypbuiFbsl MeTaI eHJIey MPOLECIHAE OTe KOFAphl KbULAAM/BIKTA JKOHE KYpAEi
KECY PeKUMIHJIE )KYMBIC ICTEHTIHIIKTEH, OHBIH €H MaHBI3/IbI OOJIIr1 — cepriM/Ii pe3eHKe
3IIEMEHTTEP MEH CEePIIM/Ii SIEMEHTTEPI )KapThliail My pTagapMeH OaiiaHbICTBIPATHIH
Oypanpansl KocelnbicTap. OckiFan OailaHbIcThl 9MOeban ¢pe3epiik KypBUIFbI
My(TachIHBIH CepHiM/l 3JeMEHTIHIH KepHeyik-aegopmanusuianrad kyiin (KAK)
3epTTey ©3eKTi Macele OOIBI TaObLIATbI.
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MaTtepuajiap MeH ajtictep

l-cyperTen xapThutaii MmydTanap apajblK OiMIKTIH YIIBIHA JKOHE JJIEKTP
KO3FaJTKBIIIBIHBIH O1TiriHE OpHATBUIFAHBIH KOpyTe 00Jaabl. AWHAIMaIbl KO3FAJIBIC
AJIEKTP KO3FANTKBIIIBIHAH My (Taliap apKbUIBI apaibiK OuTiKke Oepiieni. MypTaHbIH
cepmimai amemenTrepi MBC-C mapkanbl TeXHUKAIBIK IUIACTUHAJAH JKacalFaH
(MECT 7338-90).

PeseHke TeskesepIiH KaJIBIHIBIFBIHBIH JKYKa OOybIHA OaiJIaHBICTHI OUTIKTEPIiH
IaMaJtbl JKbUDKYBIHA MYMKIHIIK OepeTiH My(TaHbIH TOMEH HuIrimTiri 6ap. MydTra
IIAFBIH JKOHE OpTa aifHaJy MOMEHTTEpiH Oepy Ke3iHJe MalluHalapJbl JIEKTP
KO3FaJITKBIIITAPBIMEH KOCY YIIiH KeHiHeH Koimanbutaasl [S]. OHBI malibiHAay OHAWl.
2-cypeTTe JIoFa TOpi3/i cepmiMIi dyeMeHTTepi 6ap My(pTaHBIH MO KOHE OHBIH
TeOMETPHUSUIBIK CHITaTTaMajlapbl KOPCETUITeH.

a — JIOFa Topi3Ail cepriMai aneMeHTTepi 0ap mydra;
0 — My TaHBIH T€OMETPHUSUIBIK ITapaMeTpIiepi:
1 — pe3eHke 31eMeHT; 2, 3 — kapTbuiail MydTanap;
4 — Oypangansl Kocbutbic; B — 115 mm; h — 12 Mmm; D — 90 mm;
D, - 114 mm; D, — 64 mm; d — 38 Mm; d_ — 60 mm; 1 — 170 mm.
Cypert 2 — Jlora Topi3ai ceprimMai aineMeHTTepi 0ap MypTaHbIH
MO/IEITi )KOHE OHBIH I'€OMETPHUSIIBIK TapaMeTpIiepi

Jlora Tepizai cepmimi aieMeHTTepl 6ap ceprimai Mydra yi ceprimii 3JIeMeHTTeH
1 Typanbl xxoHe xapTbutail Mydranap 2 xeHe 3, onapra OypaHIaibl KOCBUIBICTAPMEH
4 GekiTineni (2-cypeTTi KapaHbI3).

My TaHbIH )KYMBICbIHA OFaH aifHAIIMaJIbI KO3FAJIbIC OEpEeTiH MaIINHA )KYMbICHIHBIH
CUMAaThIHA OANIAaHBICTHI TMHAMUKAJIBIK XKYKTEMeNepAiH (COKKbUIAPIBIH, TEPOSITICTEP/IIH)
[1aMachl, KAPKBIH/IBUTBIFEI MEH CUTIAThI alTapIIBIKTal acep eTei [6].

HoaTu:kesiep #aHe TaaKbLIayJdap

Topo Tepizni cepmimi 3aeMeHTTepi 0ap MydTanap yJIKeH KO3FalbICTAPMEH )KoHe
YJIKeH JeopManusuiapMeH cunaTTaiajbl, Oyl Olapiabl ecenTey Ke3iHIe CBhI3BIKTHIK
eMec CepIiMIUTK TEOPHICHIHBIH KYPJAEIl MaTeMaTUKAJIBIK anmapaThiH KOJAAaHYIbl
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HEMece 9p KaJama ChI3BIKTHIK (DM3MKAIBIK KaThIHACTAP/bI KOJIaHYFa MYMKIHJIIK
OepeTiH ecenTi ey IiH KagaM IbIK IpolielypachiH Tanarn etei. Kypaeni reometpusira
JKOHE KOFaphl cepmimMal MyramapaslH cepriMIl dIEMEHTTepIH KYKTEYIiH Kypaemi
CHIIaThIHA, MaTEPUAIIBIH ePEKIIeIIriHe OailJIaHbICThI, KAPACTHIPBLIBI OTHIPFAH THIITET]
My ranapIeiH KepHeyIi-nehopManusUIbIK KYHIH ecentey aehopMalusiiaHaThIH KaTThl
JNEHEeHIH MEeXaHUKACBIHJIAFbl €H KYpZeli dJicTepiH Oipi Jen caHayFa 0onajabl KoHE
OJIapAbIH O31HIIK 9JiCTepl KO KaFjaiiia, MeTaml OyHbIMIapblH ecenTey Ke3iHae
KOJIJIaHBUIATHIH SICTepeH o3relie 00maapl. OpuHe, OyI Macenenep/i TUIMII HIenry
MyQTanapIbH pe3eHKe cepIiM/l STIEMEHTTEPiH 3epTTey Kypasbl peTiH/Ie Y3AIKCi3 opTa
MeXaHUKAChIHBIH 3aMaHayH 9iCTEPiH KOJJaHFaH Ke37ie FaHa MyMKiH O0onaabl. OckIHai
aicTepiiH 0ipi — COHFBI NeMeHTTep d1ici (COO).

Cepmimi BTIEMEHTTIH JEHECIH/IET] aifHAIMAJTbI BIFBICY KEPHEYIIEPIHIH MOH/IEPIH aHBIKTAY
*xoHe ecentey yiiH 613 ANSY'S 6argapiamManbIK KellleHiH KoiaHambl3. My TaHbIH KyaT
CHIaTTaMaJiapbIH KYpPY YIIiH Oip ceprimIIi SIEeMEHTTIH OPEKETIH KapacThIPy )KETKUTIKTI.

3-cyperTte My(hTaHBIH CEpPITIM/I1 YIEMEHTIHIH T€OMETPHUIBIK MOJIETl KOPCETUITEH.

Cypet 3 — My(dTanbiH ceprimMIi 2JIEMEHTIHIH T€OMETPHUSIIBIK MOJIEII

ANSYS 6arnapnamanblK KeIIeHIH KOJJaHa OTBIPHIN, TEric CepriM/l 3JIeMEHTI
Oap »xoFapsl cepriM/Ii MypTaHBIH TUIITIK eceOi [5, 6] sxkymbicTapaa kentipiiaren. Onna
PE3EHKE Y3/l KOMIIO3UTTIH PEOJIOTHSUIBIK KACUETTEPIH MATEMATUKAIBIK CUTIATTAY AbIH
KYpAEJIITiHEe OaiJIaHBICTBI TOPJTBI KAOBIKTAPABIH MOMEHTCI3 TEOPHUSIChIHA HET13/1e/ITeH
MOJIEJIBJICYTE KEHIICTUITCH TOCLT KY3€ere aChIPBUIIBI, OJ1 Pe3CHKE Y3/ TIacCTHHAJIAP
MEH KaOBIKTap IbIH €H TOJBIK JaMbIFaH MaTEeMATHKAJIBIK MOJIEII OOJIBIT TaObLIa Ibl.

Mydranpig KepHeyi-gepopManusiaHFaH KYWiH aHBIKTAy CTAaTUKaJbBIK
KYpPBUIBIMHBIH €CeNTIK IabI0HbI HET131H/e JKy3ere acblpbuiaabl. by ecenreyne ecenrey
00BEKTICIH OEKITYy JKoHE JKYKTey IIapTTapblH Oelnriiey KaxeT. 4-cypeTre 0ObeKTiHi
OEKiTy CXeMacChl )KOHE OFaH KOJIJaHbUIATHIH MOMEHT KOPCETUITEH.
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Cypet 4 — AifHaiy MOMEHTIMEH XKYKTeIy CyJI0achl:
A, B — 6ekity nykrenepi; C, D — ailiHaiy MOMEHTIMEH JXYKTeNy HYKTelepi

Ansys Static Structural ma6aoHbIHIaFEI My(DTaHBIH CEPHIMAI 3JIEMEHTIHIH
KepHeyi-aedopManusiIaHFaH KYHiH ecenTey HoTHKeNepi 6, 7-CypeTTep/ie KeNTipUIreH.

Cypet 6 — MydTanbIH cepmiM/i AIeMEeHTIHIH OOWBIHIAFbl KEPHEY MOJIIIepi

Cypet 7 — MydTaHbIH cepriM/Ii dJIEMEHTIHIH OOMBIHIAFEI JehOopMaITus IIIaMachl

AJBIHFaH JIepeKTepi TaJ1ay HOTHKECIH/IC AJIEMEHTTET1 KEPHEYIIH MaKCUMaJIIbl
MoH1 4,98 MIla TeH eKeHAIr aHBIKTAIIbI, Oy MaiJamaHbUIaTEIH MaTepHUaJIIbIH
OCpIKTIK IIEeT1HE COMKEC KeJe Il )KoHe KaHaFaTTaHAbIpaibl. MaKCHUMaIbl )KYKTeMeTepae
My TaHbIH )KYMBICBIHIAFbI 1e(OopMaUsHBIH MaKCUMaJIBl MOH1 5,1 MM KeTei.

3eprTey HOTHXKENIepi My hTaHBIH CEPITIM/II AIIEMEHTIHIH TaHIaJIFaH MaTepUabl MEH
TEOMETPHUSIIBIK ITapaMeTpIIepl OHBIH OEPIJITeH JKYMBIC KYKTEMEIEPIHIE )KYMBIC iICTEYiH
KaMTaMachl3 €TETIHITTH KOPCETT.

13
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KopsIThIHABLIAD

1 ©mbebarn ¢pesanan )KOHY KypbUIFBICBIHBIH MY(TaChIHBIH CEpIIMI JIEMEHTIHIH
KIK 3eprrey HoTHKECIH e CEPITIMII AJIEMEHTTIH JICHECIHIET] KepHEY MEH J1e()OpMaIHsTHbI
CHUIIATTANTHIH TpauKTep, COHAAN-AK, aHAIIBIPY KYKTEMECIHIH CXeMachl aJIbIH/IbL.

2 DneMeHTTeri KepHeyIiH MakcuManasl MoHi 4,98 MIla TeH, o1 malijanaHbUIaThIH
MaTepHalAbIH OEpIKTIK MIETiHAE COUKEC KeleIl.

3 MakcuMansl XyKTemenepae My(pTaHblH XKYMBICH Ke3iHzae JedopMalusHbIH
MaKCHUMaJIABI MOHI 5,1 MM JKeTeTiHl aHBIKTaIAbI.

4 3eptTey HOTIKENEpi My(PTaHBIH CepIiM/Il SJEMEHTIHIH TaHJAIFaH MaTePHAIIbI
MEH IeOMETPHUSUIBIK IapaMeTpliepl OHbIH OepiireH >KYMbIC KYKTEMeEJEpiHIe KYMBbIC
ICTEYiH KaMTaMachI3 €TeTIH/IITH KOPCETTI.
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NCCIEJOBAHUME HAC YIIPYT'OI'O QJIEMEHTA MY®ThbI
YHUBEPCAJIBHOI'O YCTPOMCTBA JIJISI ®PE3OTOUYEHUS

Hccenedosanue KuHeMamuuecko20 08UNCEHUSI VHUBEPCATLHO20 YCMPOUCmea 015
@pezomouenus u mepmMoPPUKYUOHHO20 Ppe30moueruss ROKA3AIU, YMO YCMPOUCEO
pabomaem 8 mnpoyecce Memauilo00pabOmKy HA O4eHb BbICOKUX CKOPOCHAX U
6 CHOJICHbIX pedicumax pesanus. Ilpu d3mom e2o0 camviM HASPYHCEHHbIM V3IOM
AGNAIOMCSL YApY2Ue Pe3UHO8ble dNeMeHmbl U OOAMOoble COeOUHEHUS, COeOUHAIOuUe
yhnpyaue demeHmsl ¢ norymygmamu. B oannoii cmamve npugooames pe3yibmamol
UCCe008aANUS HANPAICEHHO-0eDOPMUPOBAHHO2O COCTNOSIHUSL YIPY2020 dNeMeHmAa
MY@mbl ¢ NHOMOUBIO KOHEUHO-DTIEMEHMHO20 NPOSPAMMHO20 Komniekca ANSYS.

Hccreoosanus Oviiu evinoanenvl 8 pamkax epaumosoi memvi AP08956387
«Co30aHue onvimHo2o 00pa3ya YHUBEPCATbHO2O YCMPOUCMEA HA 6a3ze MOKAPHO20
cmanka  OAs  peanu3ayuu  MexXHOAo2UU  (Ppe3omoyeHusy,  QUHAHCUPYeMOU
Komumemom nayxu Munucmepcmea oopazosanus u nayku PK.

s nocmpoenus cunogulx Xapakmepucmux my@mol OblI0 UCCAIE008AHO
nogeoetue 00H020 YNpy2020 deMeHma U NOCMPOEHA €20 2eOMEeMPULecKas MOOeb.
Boinu nonyuenvt epaghuxu, xapaxmepusyroujue 8eiudunbl HANPANCeHUsL U 0eopmayuu
6 mejie ynpy2020 dNeMeHma, a maKdice cxema HaspylCeHus Kpymsauum MOMeHmMOoM.

B pesynemame uccredosanusn nonyueno maxcumanbHoe 3Ha4eHue HanpaiceHul
6 onemenme pasnoe 4,98 Mlla, umo yoosremgopsem u COOMEEMCmMaEyem
Xapakxmepucmukam 6 npedenax HNpoYHOCMU  UCHONb3YeMO20  Mamepuand.
Yemanosneno, umo maxcumanvroe snauenue depopmayuu npu pabome mypmol Ha
MAKCUMATLHBIX HASPY3KAX d0CTueaem geaudunsl 5,1 mum.

Peszynsmamoi nposedennvix uccie0o8anuti LOKA3aiu, Ymo GblOPaHHbILMAMepUan
U ceomempuyieckue nNapamempuvl ynpyeoz2o nemMenma mygmuvl obecneuugarom ee
pabomocnocobHoCmb Npu 3a0AHHBIX IKCHIYAMAYUOHHBIX HASPY3KAX.

Kniouesvie cnosa: ycmpoiicmeo 0as ¢ppezomouenus, mepmoppuxyuonmoe
(peszomouenus, ynpyeutl saeMeHm, HanpsiceHus, depopmayus, mygma.
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RESEARCH OF THE STRESS-STRAIN STATE OF THE COUPLING
ELASTIC ELEMENT OF THE MILLING UNIVERSAL DEVICE

The study of the kinematic movement of a universal device for turn-milling
and thermal friction turn-milling showed that the device works in the process of
metalworking at very high speeds and in difficult cutting conditions. At the same
time, its most loaded unit is elastic rubber elements and bolted joints connecting
elastic elements with half couplings. This article presents the results of the study of

the stress-strain state of the elastic element of the coupling using the finite element
software package ANSYS.

The researches were carried out under the grant theme which are funded by
the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (Grant No. AP08956387 «Creating a prototype universal device based
on a lathe for the implementation of turn-milling technology»).

To construct the power characteristics of the coupling, the behavior of one elastic
element was investigated and its geometric model was built. Were obtained graphs
characterizing the values of stress and strain in the body of the elastic element, as
well as the scheme of loading by a torque.

As a result of the study, the maximum value of the stress in the element was
obtained, equal to 4.98 MPa, which satisfies and corresponds to the characteristics
within the strength limits of the material used. It was found that the maximum value of
deformation during the operation of the coupling at maximum loads reaches 5.1 mm.

The results of the studies have shown that the selected material and geometric
parameters of the elastic element of the coupling ensure its operability at the given
operational loads.

Keywords: turn-milling device, thermal friction turn-milling, elastic element,
stress, deformation, coupling.
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PA3BUTUE TPEGOBAHWN K CEOPKE 3BEHbEB
BbICOKOTOYHbIX U3LEITNA

B oaunou cmamve paccmampueaemcsi  ONPOC  COGEPULEHCINEOBANUSA
MAMeMAMU4ecKo20 U Memoouyecko20 0OecnedeHuss peanu3ayuu YKpynHeHHo2o
ananuza mpeOogaHuli K cOOpKe GblCOKOMOUHBIX U30EULl NPU NPOEKMUPOBAHUU
MEXHONIO2UUECKUX — Npoyecco8  Mexanuueckou  obpabomxu. Ilpeonoosicennvie
VAYUUWEHUA NO360AAI0M IPPeKmusHee bINOIHAMb KOHCMPYKMOPCKUU pa3smepHblil
AHANU3 BbICOKOMOYHBIX COOPOUHLIX eOUHUY 8 ABMOMAMUSUPOBAHHOM pedcume.
A maxkoce daiom 603MOI’CHOCMb GblOUpAMb 6 cucmeme dA8MoOMAMUIUPOBAHHO20
NIGHUPOBAHUS MEXHON0SUYECKUX NPOUEeCcCO8 pPayUOHANbHbIE MEXHOJI02UYEeCKUe
npoyeccovl U320mosieHus 0emanetl npu npo8eodeHUY MexHOI02ULeCKOl HOO20MOBKY
npoU3B00CmMBEa MHO2OHOMEHKIAMYPHBIX MEXAHOOOPAOAMBIBAIOWUX KOMNIIEKCOS.

Kniouesvie cnosa: evicokomounoe uzoenue, mpeboganue xk cOOpKe, KOMNIEKC
NPOEKMHBIX Npoyedyp, KOHCMPYKMOPCKUU PASMEPHLII  aHANU3, CMPYKIYPHOLU
9NeMEHmM.

Beenenne

CHikeHne ce6eCTOMMOCTH U BpEMEHH H3TOTOBJICHUS €IMHUIBI TOTOBOM MPOTYKLIUH
IPU COXPAaHEHUHU TpeOyeMoro KayecTBa U TOYHOCTU B COBPEMEHHBIX SKOHOMUYECKHUX
YCIIOBHSX SIBJISIFOTCSI OCHOBHBIMH (haKTOpaMHM ycrexa Jr00ro MallinHOCTPOUTEIHLHOTO
npou3BoJicTBa. OCOOEHHO 3TO KacaeTcs BBICOKOTOUHBIX MPUOOPOB U MALIHH, K YUCITY
KOTOPBIX OTHOCUTCS OOJBIIMHCTBO M3/IEIMNA PAaKETHO-KOCMUYECKON M aBUAIIMOHHOMN
IIPOMBIIIJIEHHOCTH, IPELU3UOHHOIO CTAHKOCTPOEHUS U npouee. IMEHHO mosTomy
1enaecoobpa3Ho pa3pabaTbeiBaTh MOAXOJbI, MO3BOJSIONINE KOMIIJIEKCHO pelaTh
IIOCTaBJIEHHBIE NIEPE]] IPOU3BOACTBOM 3a1auu [ 1-3].

Jlns pemieHust NaHHOW mMpoOJeMbl OBLT MPEAT0KEH KOMIUIEKCHBIM MOAXO0]
(xommieke hopManH30BaHHBIX MPOEKTHBIX MPOIEYp CUCTEMBI yueTa TpeOoBaHUM K
cOOpKe BHICOKOTOYHBIX M3AETUH MPHU MPOSKTUPOBAHUN TEXHOJIOTMUECKUX MPOLIECCOB
mexanndyeckoit oopaborku (CTCTIIM)) [4]. CTpykTypa JaHHOTO KOMILIEKCa
npecTaBieHa Ha pucyHke 1. [IpeayioskeHHas cucteMa mo3BoJsieT BHIOMPATh B paMKax
CHCTEMBl aBTOMAaTHU3UPOBAHHOIO IJIAHUPOBAHUS TEXHOJOTMYECKUX IPOLECCOB
(CAIIATII) [5—7] paunoHalbHBIE TEXHOJOTUU M3TOTOBIICHUs AeTaneil. UTo, B CBOIO
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ouepe]ib, 00ecrieunBacT yMEHbIICHHE BPEMEHU U TPYA0EMKOCTH COOPKH BEICOKOTOUYHBIX
U3JEIUN, CHUKEHUE BPEMEHU IIPU TEXHOJIOTMYECKOW IIOATOTOBKE IPOU3BOJICTBA,
a TaK)Ke MOBBIIICHUE Ka4eCTBA U HAJIC)KHOCTHU BBIITYCKa€MOU IIPOYKLIUH.

| Konerpysropera |
PAMEPHRIH ARATH3
€00pOTHOMO H3MeTHS - o . EE EE o EE Ew Ee o Ee o
(cocTammenne Tpahos
conpauKeHHE clopoTHokH III
©IHHHIEI) ]
VCXDIHBIE TAHHBIE |

KDHCTPYKTOPCEOTO
Pa3MepHOTO ZHATH3A

CocraBIeHHe BapHaHTOB
0G06meRHEX Tpad 0B (Tpadsr
KoHcTpyKTOpeKHil ConpsTxeHHH cO0POTHOH

Onpenenerre
TEXHOTOTHISCKHX

PA3ZMEpHHIH AHATH3 JeTATeH.

YUACTBYIONIHX B c6OpKe
cOCTaBIeHHe OOIHX rpadoB
Ip:
Pa3MepOB)

©IHEHIIBI T 00mHe Tpadel
DPa3MePOB + BAPHAHTE!
TPahoB TEXHOIOTHIECKOTO
Pa3MEPHOTO AHATH3A KAXK10H
HOeTanH, 3aIcHCTBOBAHHON B

1
1
1
1
I i S —
1
1
1
1

TIPOIIeCCOR OGPt oTRH
neTate. 0feCreTHRATMIX
BEIIOIHeHHe TpeGoBaHkH
cOOopKH

cBopke) 7

Vcxonuble TAHHBIE
na

TeXHOJIOTH4YeCKOro
PasMEPHOIO aHATH3A
(CATITTIT)

TeXHOTOTHIeCKHI

PA3MePHBII AHATH3 Br1Gop PaLHOHATEHEIX
‘BaDHAHTOB TEXHOTOTHIECKHX TeXHO TOTHUECKIX

TIpONeccoB TIPOIeCCOB O0PabOTKH
II 31eMEHT0B H3/IeMHA

Pucynok 1 — Ctpykrypa CTCTIIM B o06miem Bue

IMocTanoBka 3axaun

B nmanHO# cTaThe MBI pAaCCMOTPUM BOIIPOC COBEPIICHCTBOBAHHS YKPYITHEHHOTO
0J10Ka MPOEKTHBIX MPOIENyp aHaIu3a TPeOOBaHU K COOPKE BBICOKOTOUHBIX U3IEIUI
CTCTIIM (na pucyske 1, naHHbIi 010k oTMedeH 1udpoi I).

Hean

enpro MccineOBaHUS SIBISETCS COBEPIICHCTBOBAHUE METOAMYECKOTO H
MaTEeMaTHIECKOTo 00eCTIeYeHUsI YKPYITHEHHOTO OJI0OKa POEKTHBIX MPOLEAYD aHaTH3a
TpeboBanuil k coopke BbicOKOTOUHBIX m3aenuit CTCTIIM nns sddekTuBHOTO
BBITIOJTHEHHSI KOHCTPYKTOPCKOTO pazmepHoro aHaimn3a (KPA) BbicokoTouHO# cOOpOouHOi
€/IMHUIIBI B ABTOMAaTH3UPOBAHHOM PEKMUME U BEIOOPA PAlMOHAIBHBIX TEXHOJIOTMYECKUX
MPOIIECCOB M3TOTOBJICHUS JETalel TpU MPOBEICHUH TEXHOJIOTUYECKOH IMOATOTOBKU
MPOM3BOJICTBA MHOTOHOMEHKJIATYPHBIX MAIIMHOCTPOUTEIHHBIX KOMIIEKCOB.

MeToasbl uccae10BAHUA

KPA 3akmrovaercss B mocTpoeHuH rpadoB pasMepHOro aHaiauza cOOPOUYHBIX
enauaHAIl (rpadoB conpspkeHnil) Ge = (Be,Co) v TpadoB pa3MEPHOTO aHAIH3a JeTalleH,
BXOJSIIIMX B JIaHHBIE cOOpOYHBIE eIUHUIIBI (Tpad)oB pa3MepoB)
o0o3HauaeT HOMeEp JAeTaid B cOopke). Jisi COBEpIICHCTBOBAHUS MAaTEMaTUYECKOTrO
amnmapara peaau3aui IpeI0KEHHOTO YKPYITHEHHOTO 0JI0Ka BRIOPAHBI M IOPA0OTaHBI
MaTeMaTU4eCcKue MOJIeIN — MpoToTutsl [4, 8—10].

[Iponenypa BKiIIOUAET B c€0S CIETYIONINE TAIIbI:

1 Omnpenenenne Bcex BO3MOXKHBIX BBIXOIHBIX T€OMETPUUYECKUX IapaMEeTPOB —
3aMBIKAIOIINX 3BEHBEB, a TAKXKE HEOOXOIUMBIX IS pacyeTa pa3MepoB KOMILIEKTYFOIIIX
JleTane — COCTaBJIAIOIINX 3BEHBEB.
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2 Pa3buenue BBICOKOTOUHOTO U3/1eIHs UK COOPOYHON €MHHUIIBI HA CTPYKTYPHBIE
JJIEMEHTHI.

3 OmpeneneHre BO3MOKHBIX IIIOCKOCTEH, K KOTOPBIM MPHHAICKAT 3aMbIKAIOIIUE
U COCTABJISIOIINE 3BEHBSI.

4 ®opmHUpOBaHKE pa3MEPHBIX IIeTel I pacueTa 3aMbIKAIOIINX 3BEHbEB.

5 BeisBnenue tpeboBaHU K cOOpPKE, KOTOpbIE HE MOTYT OBITh 0OeCIeUYeHbI
METO/IOM ITOJIHOW B3aUMO3aMEHsIEeMOCTH U OIPeIeNICHHE INIOCKOCTE!, B KOTOPBIX OyieT
BBITIOJIHATBCS pacyer.

J11s1 KOpPEKTHOT O aHAIM3a UCXOIHBIX JAHHBIX U (JOPMUPOBAHUS KOHCTPYKTOPCKHUX
pa3mepHbIX Leneii i nposeneHns KPA neo6xonumo co3aTth 0a3y TaHHBIX HA OCHOBE
KOHCTPYKTOPCKO# JoKyMeHTauuu 1 (nin) 3D mozeneil, B KOTopoii OyneT y4uThIBaThCs
oIpeieIeHHasi MHJEKCallUs Pa3MepoB, JOIMYCKOB ()OPM U PaCHOIO0KECHHUS:

— rae: b — tpeboBanHus k cOOopke (3aMbIKalOIIME 3BEHbS); UHIEKC
[ — TIOPAKOBBIA HOMEP TpeOoBanus (i = 1...7,); MHIEKC j — HOMEP IUIOCKOCTH, K KOTOPO#
NPUHAIEKUT JaHHOE TpeboBanue (j = 1...7n,); HHAEKC k — MOPSAKOBBIA HOMED U3IENHS
(k=1...n,); uHAEKC [ — NOPSAKOBBIA HOMEP COOPOYHOMN €IMHHUIIBI HIIK CTPYKTYPHOTO
snemenTa (1=0...n,).

— rae: A — COCTaBIAIOLIME 3BEHbS KOHCTPYKTOPCKOM pa3MEpHOMN LIENu;

MHJIEKC i, — TIOPAIKOBBIA HOMEP COCTABIISIONIETO 3BeHA (i, = 1...n,), MHIEKC k, — HOMED
neramu (k, = 1...n,), MHAEKC m — MOPSIKOBBIA HOMEP pasMepa B aetanu (m=1...n ).

Pe3yabTarsl

Peanu3anuio JaHHOTO YKpYMHEHHOTO OJioKa IeJeco00pa3Ho HAauYMHAThH C
BBISIBJICHHSI BBIXOJIHBIX T€OMETPUUECKUX MapaMeTPOB BBICOKOTOYHOTO M3JAETHUS WIH
COOPOYHBIX €IMHUIL — 3aMBIKAIOIINX 3BEHBEB (TPEOOBaHMIA K COOPKE), JOITYCK KOTOPBIX
OoJee KECTKUU MO CPaBHEHHUIO C TOYHOCTHIO Pa3MepOB KOMIUIEKTYIOUINX JeTajei
(CocTaBIISIFOIITUX 3BEHBEB).

WcxoauapiMu JaHHBIMU AJ1S1 peaTu3allii JaHHOTO 3Tarla CIIyXKar:

1 Pa3mepsl, gomycku GOpMBI U pacoIOKeHHs, 3aJI0’KEHHbIE B COOPOYHOM YepTeKe
Ha U3JeIne;

2 Pasmepsl, nomycku GOpMbI U PaCMONOKEHUS, 3aJI0KEHHBIE B COOPOYHBIX
yepTrexax Ha COOpPOUHBIE €IMHUIIBI, BXOSIINE B KOHEYHOE U3/IEIINE;

3 Pa3mepsl, nomycku (OpMBbI U PACIONOKEHHS, 3a7I0)KEHHBIE B YepTeKax Ha JeTalH,
KOTOPBIMU KOMIUIEKTYETCSl U3/JeNIie U COOPOYHbIE €IUHUIIBI.

TpeboBaHus K TOYHOCTH, KOTOPBIM JIOJKHO YIOBJIETBOPATH COOPOYHOE COSTUHEHHE,
MIpEeJICTaBJICHBI HAa pUCYHKE 2 [3].
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TpeGoBaHIA K TOUHOCTI,
KOTOPBIM JIOIAKHO
VIOBIETBOPATE CHOp OUHOE
cOeHHEHHE

[T OYHOCTD B3AHMHOTO P acTION 0K EHHA
OT/IETBHBIX JeTanell HH c50p OUHBIX
€[JHHILL, 00ecTIeTHBAK Y
HaZTeKaIy 10 padoTy I3enHd rpH
€r0 SKCTUTY aTaLHIH

T OMHOCTE B3alIMHOTO P acTIONOK eHI A
OT/IETbHBIX AETANEN HIH ¢G0P 0UHBIX
€THHHLI, 00eCTIEYHBAI LK
COOHPAEMOCTE IT3IEHA

Pucynok 2 — TpeGoBaHUs K TOYHOCTH, KOTOPBIM
JOJIKHO YJIOBJIETBOPSITH COOPOUHOE COEAMHECHUE

Ha BTOpoM sTame BhIIOJHsSETCS pa30HeHHEe BBHICOKOTOUHOTO M3JEIus Ha
CTPYKTYpHBIE 37ieMeHThl. CTPYKTYpHBIH 3JIEMEHT — 3JIEMEHT COOPOYHOM € TUHUIIBI KT
cOopoyHas eIMHUIIA B LIEJIOM C ONpEeACICHHBIM (PYHKIIMOHAIBHBIM Ha3HaueHueM. [1o
KOMITOHOBOYHOMY PEILICHUIO CTPYKTYPHBIE 3JIEMEHTBI MOTYT OBITh YCIIOBHO pa3/Ie/ICHbI
Ha Tpu rpynnsl (Pucynok 3).

Pucynok 3 — Knaccugukaius cTpyKTypHBIX 3JIEMEHTOB
10 KOMIIOHOBOYHOMY PELICHUIO

CTp}/'KTypHBIC OJICMCHTEI C 0611_161‘/’1 OCBhIO Bpalll€HHA COCTABJICHBI U3 3BCHLCB — TCJI
BpallCHUs, OCU BpPAlICHUA, KOTOPBIX COBIAAAKOT C OCBIO BpallCHUA CTPYKTYPHOI'O
9JICMCHTA WJIH MapaJUICIIbHbI eil.

YV IJ10CKOCTHBIX CTPYKTYPHBIX 3JICMCHTOB BCC 3BCHbS HOI[O6HBIX 9JICMCHTOB UMCIOT
06H_Iy10 IIJIOCKOCTH B TPOAOJIbEHOM MJIX IMONICPECYHOM HAIIpABJICHUH.
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B KOMOMHUPOBAaHHBIX CTPYKTYPHBIX 3JIEMEHTaX MOTYT COJEP’KAaThCS 3BEHBS —
TeJIa BPaIIEHUs! COBMECTHO C TUIOCKOCTHBIMU 3BEHbSIMU HJTU 3BEHbS — T€J1a BPALLCHHUS,
PAacIIoNIOKEHHBIE 10/ PA3IMYHBIMU YIIIAMUA OTHOCUTENIBHO APYT ApyTa.

JUist mocaeayoIero aHanu3a coOopodHas eIMHMIA JOJDKHA pa30uBaThCsa Ha
CTPYKTYpPHBIE 3JeMeHTHI. [Ipu 3TOM y4HTBhIBaIOTCA Kak CTaHAApTHBIE TpeOOBaHUS K
cOopke (Imocaaku, BEICTYaHUS 3JIEMEHTOB U T.J.), TaK U cienuduueckue TpeOOBaHUS
cOOpKH, 3aI0)KEHHBIE TIPU TPOCKTUPOBAHUH.

Paz0uenne BHICOKOTOYHOTO U3/IEIINS HA CTPYKTYPHBIE SJIEMEHTHI, OTIIMYAIOIINECs
10 COCTaBY OT COOPOUYHBIX €AMHUI] LIEJIECO00Pa3HO OCYILIECTBIATH B TOM CIIydae, eClid
HEOOXOMMO paccuuTaTh TpeOOBaHUS K COOpPKE, COCTABIISIOIINE 3BEHbS, KOTOPBIX
NPUHAIEKAT K pa3HbIM COOPOYHBIM €AMHUIIAM I U3/IEIUSIM.

Pa3Ouenue cOOpOYHON €NMHUIBI MpeJiaraeTcs OCYIIEeCTBIATh HA MPHUHIIUIIAX
CHUCTEMHOI'0 aHaJN3a, 4TO MO3BOJHUT YHHU(PULIHUPOBATH PEIICHUS MO Pa3MEPHOMY
aHaJM3y JIEMEHTOB COOPOYHBIX U3AEIHI U pa3paboTaTh MaTeMAaTUUIECKUE MOJIEITH ISt
dopmanu3ay NPOEKTHHIX MPOIETyp CTPYKTYPHOTO aHAIN3A.

Jlanee nmepexoauM K 3TaIly OIpeaesIeHUs: BO3MOKHBIX INIOCKOCTEH.

I'maBHbIH BUA IpeaMeTa (TIIaBHBIN BUJT) — OCHOBHOM BH/I IIpeiMeTa Ha (PPOHTATLHON
IUIOCKOCTH MPOEKIINHU, KOTOPBINA JaeT HauboJjiee MoJIHOE MpeAcTaBiIeHre o Gpopme U
pasmepax MpeaMeTa, OTHOCUTEIBHO KOTOPOro paclojaraloTcsi OCTalbHble OCHOBHBIE
Buzbl. [Ipu ompeneneHun riaBHOrO BHJA OOBEKTa UCXOISAT U3 FEOMETPHUUECKUX U
KOMITOHOBOYHBIX XapaKTEPUCTHUK COOPOYHOM €IMHHUIBI (CTPYKTYpHOIO 3JIEMEHTA), a
TaKXKe UCXO/s U3 €ro CIyXeOHOro Ha3HAYEHUS.

JU1st CTPYKTYPHBIX 3JIEMEHTOB C O0ILEi OChIO BpaIllCHUS:

— €CJIU CTPYKTYPHBIH 3JIEMEHT C 00I1Iei OChIO BpaIllEHHS SIBJISETCS CHMMETPHYHBIM
WIN YCIIOBHO CUMMETPHYHBIM BO BCEX CEKYLIHMX IIOCKOCTSIX, MPOXOISIIUX Yepe3 OCh
BpaLLEHUs, TO Ul MOCTpoeHust HeoOxoaumbIx rpagoB KPA BeiOupaetcs mobast u3
3THUX TJIOCKOCTEH;

— €CJU CTPYKTYPHBIH 3JIEeMEHT ¢ 0OIIeil OChI0 BpalleHUS SABISETCS HE
CUMMETPHUYHBIM, TO JUJI1 MOCTpoeHus HeoOxonumbix rpadgos KPA BriOupaercs
CeKyIIast MJI0CKOCTb, MPOXOAIIAsl Yepe3 OCh BPAIIEHUS CTPYKTYPHOI'O 3JIEMEHTA HITU
napaiesibHasi IJI0CKOCTH TJIAaBHOTO BU/IAa CTPYKTYPHOTO JI€MEHTA.

JUJ1sl TITIOCKOCTHBIX CTPYKTYPHBIX 3JIEMEHTOB!

— JUIst TocTpoeHust Heo0xoauMbIx rpadoB KPA BeIOMpaeTcs miIocKoCTh IIIaBHOTO
BUJIA M3JIENIMS WIM MApajuIeIbHOM MJIOCKOCTH IJIABHOTO BHJA (B ciy4ae, KOrja Jajs
HOCTPOCHUS Pa3MEPHOH IIeTIH HEOOXOIUM pa3pes).

Ji11 KOMOMHHPOBAHHBIX Y3JIOB:

— JuIst mocTpoeHust HeoOxoauMbix rpadoB KPA BbIOMparOTCS MIOCKOCTH IS
KaXJI0T'0 U3 3JIEMEHTOB KOMOMHUPOBAHHON COOPOUHOM €IMHHUIIBI (3JIEMEHTOB C 001
OCBIO BPAILICHHS U TNIOCKOCTHBIX JIEMEHTOB).

Omnpenenenne BO3MOXKHBIX IJIOCKOCTEH JIsi MPOBENEHUS Pa3MEPHOTO aHAIMU3a
OTJENBHBIX CTPYKTYpPHBIX 3JIEMEHTOB M COOPKHM B LIEJIOM O0ECIIEUMBAET T'€HEPALIUIO
UCXOHOM MH(OPMAIIH [T HOCJIEAYIOIEro (popMUpoBaHust pa3MepHbIX eneil. Kpome
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TOT'0, OIPE/ICJICHNE IIIOCKOCTEW IO3BOJISIET BBIACIUTH KOMILIEKT JIeTaJIeH, KOTOpBIi OyaeT
y4acTBOBATH B MOCIIEAYIOIEM Pa3MEPHOM aHAIN3E, U YUeCTh TpeOOBaHUs K COOpKe.

Crenyromum 3TaroM peajin3aluyl Ipoueaypsl mpeanoiaraercs GpopMupoBaHue
pa3mepHbIxX nemneil g nposeaeHuss KPA. Beibop pazMepHOil Lenu mo xapaxkrtepy
3BEHBEB OCYILECTBIACTCA UCXOs U3 TEOMETPUYECKOTO PACIIONOKEHHS] COCTABIIIOIIMX
CTPYKTYPHOTI'O 2JIEMEHTA U XapaKTepy 3aMbIKAIOIIKUX U COCTABJISIOLINX 3BEHBEB.

Jlist pacdera 3aMBIKAIOIUX U COCTABIIAIOIINX 3BEHBEB C YYETOM IIPEIJIOKEHHON
UHJIeKcalK B 0011eM Buze GopMyiibl OyAeT BRIVIAACTD CIEAYIOUMM 00pa3oM:

(1)

rjae —— — 3HaKu 0003Ha4YeHbl YBEIUYMBAIOUINE U YMEHbBIIAIONINE COCTABIISIONINE
3BEHbsI pa3MEPHON LIEMTU COOTBETCTBEHHO;

n, M 1, — YUCIIO YBEINYMBAIOIIMX 3BEHBEB NPH pacyeTe TpeOOBaHUH COOPKHU U
COCTaBJISIOLIUX 3BEHBEB COOTBETCTBEHHO;

ng M 1, — YUCIO YMEHBIIAIINX 3BEHBEB NPU pacyeTe TpeOoBaHuN COOPKH U
COCTaBJISIOLIUX 3BEHBEB COOTBETCTBEHHO;

T — nomyck Ha COOTBETCTBYIOLIHI pazMep.

TpeboBanust cOOpKH, KOTOPBIE MOJIHOCTHIO COOTBETCTBYIOT YCIOBHIO:

TBy), = ) T4, @)
i=1

o0ecIIeunBarOTCI METOIOM IIOJHOH B3aMMO3aMEHSIEMOCTH U B JajIbHEHUIIEM
paccMaTpuBaThCs HE OyAyT.
Hac e nHTepecytoT TpedoBaHus, KOTOPBIE OYAyT OTBEYATh CIEAYIONIEMY YCIOBHIO:

TBy), < ) TA, G

Tak kak »Tu TpeOOBaHUSI HE MOTYT ObITh 0O€cHedYeHbl METOJOM MOJHOMN
B3aMMO3aMEHSAEMOCTH.

Takum oOpa3om, copMHUpOBaHbI U Pa3BUTHI TpeOOBaHUSA K COOpKE 3BEHHEB
BBICOKOTOYHBIX W3/ENUN, KOTOPble HE MOTYT ObITh 00ECIEUYEeHbl METOAOM MOJHOM
B3aMMO3aMeHsAeMOCTU. VI3 HUX, C TOMOILIBIO MPEAIOKEHHOM MHIEKCALlUU, MOXKET OBbITh
nojryyeHa HH(pOpMaIus 0 TNIOCKOCTAX, KOMIUIEKTE JleTallel 1 He0OXOAUMBIX pa3mepax,
OTKJIOHEHUSIX (DOPMBI M paclofio’KeHus, 3a7eiictBoBaHHbIX pu KPA.
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BoiBoabI

CoBepuIeHCTBOBAHME YKPYIHEHHOTO OJIOKa MPOEKTHBIX MPOLEAYp aHAIH3a
TpeboBanuii k coopke BbicOkOTOUHbIX M3nenuid CTCTIIM no3Boaut 3¢ dexruBHee
BBINOJHATE KPA BBICOKOTOUHOM COOPOYHOM €MHUIIBI B ABTOMATH3HPOBAHHOM PEKUME
u B panbHelneM Boioupats B CAIINTII paunonanbHbIe TEXHOIOTHYECKHE MTPOLECCH
M3TOTOBIICHUS JETAJICH IIPU IIPOBEIECHUU TEXHOJIOTNYECKOM IIOArOTOBKH IIPOU3BOICTBA
JUI. MHOIOHOMEHKJIATYPHBIX MalIMHOCTPOUTENIbHBIX KoMIUIekcoB. Kpome Toro,
MOJICpHU3ALUs JAaHHOT'O Talla [I03BOJISAET yCTAHOBUTH CBA3b MEKIYy KOHCTPYKTOPCKOM
Y TEXHOJIOTUYECKOHU ITOATOTOBKOM IIPOU3BOJICTBA.
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JOJIIITT 5KOFAPBI BYIBIMJIAP BYBIHJIAPBIH
KYPACTBIPYFA KOWBLIATBIH TAJIATITAPJIbI JIAMBITY

byn makanaoa mexanuxanvlk 640ey0iy MeXHOI02UATBIK NPOYeCmepiH Jcobanay
Ke3iHOe dcozapvl 0o10IKkmi OYUbIMOapObl Kypacmulpyad KOUbLIAmbli maianmapobsl
ipinendipineen mandayovl dcyseze acvlpyObl MAMEMAMUKALBIK JHCOHe ddicmemeniKk
Kammamaceiz  emyoi Jcemindipy moceneci Kapacmuipulialdvl. ¥ CblHbLI2AH
AHCAKCApmMynap asmomammaHnOblpblI2an pexcumoe Hcoaapsl 0910iKmi Kypacmulpy
Oipaikmepiniy KypolibIMObIK OMUeMOIK Marl0ayblh Muimoi opbiHoayea MYMKIHOIK
bepedi. Convimen Kamap, MexHOA02USIbIK Npoyecmepoi asmomMammanoblpbii2an
arcocnapnay grcyliecinoe KONHOMEHKIAMYPAIbIK MEXAHUKALBIK OH0e) KeuleHOepIiHiy
OHOIPICIH MEeXHON02UANBIK 0AUbIHOAY Ke3iHOe boueKkmepoi 0alblHOayObll YMbIMObL
MEeXHON02UANBIK NPOYecmepin manoay He2iziHn Kypauobl.

Kinmmi coe30ep: oicozapvl  0ondikmi OyuviM, Kypacmelpyad KOUbLIAMbIH
mananmap, #obanvlk pocimoep Kewleni, KypblIbIMObIK OauleMOiK manioay,
KYPbLIbIMObIK, 27IeMEHM.
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DEVELOPING THE REQUIREMENTS FOR ASSEMBLING
HIGH-PRECISION PRODUCTS

This article discusses the issue of improving the mathematical and methodical
implementation of the consolidated analysis of the requirements for the assembly of
high-precision products in the design of mechanical processing processes. The proposed
improvements allow more efficient design size analysis of high-precision assembly units
in an automated mode. They also make it possible to choose rational technological
processes for manufacturing parts in the automated process planning system during the
technological preparation of production of multi-product machining complexes.

Keywords: high-precision product; build requirement; complex design
procedures; design size analysis; structural element.
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DESIGN OF SHAPED CUTTERS

The article proposes an algorithm for designing round shaped cutters by
graphical and analytical methods. Depending on the shaped profile of the part, this
algorithm systematizes the calculation and allows you to apply a unified approach
and easily automate it.

The purpose of the design is the possibility of automating and reducing the
calculation time of shaped cutters and is based on determining the radii of the nodal
points of the shaped cutter through projections between the nodal points on the
horizontal plane.

A feature of the proposed algorithm for calculating shaped cutters is the
consistency and the possibility of automating calculations that are simple and visual.

Keywords: round shaped cutter, graphics, profiling, analytics, design, calculation
algorithm.

Introduction

The existing methods of designing flat form tools [1-5] are not characterized by
universality, and for each cutter profile there is needed a separate diagram of designing.

The purpose of developing a new method of design is the possibility to automate
and to reduce the time of designing flat form tools with a baseline.

The tasks of the new method of design are: developing a methodology of graphical
and analytical design of a flat form tool with a baseline, using it in practice and publishing
articles for the methodology dissemination in the practice of tools manufacturing.

In spite of the wide introducing of CNC machine tools machining complicated part
shapes, the practical use of form tools is widely spread, therefore the new method of
analytical and graphical shaping of form tools with a baseline for more accurate parts
machining is expedient and will be used in future.

Substantiation of the Study Line

There is no graphical shaping of form tools with a baseline in the literature on
cutting tools, namely, on form cutters [2, 4, 6]. In [5, 7] there is presented the design
of a flat form tool based on determining the tool junction points radiuses through the
projections between the junction points on a horizontal plane.

At this the design diagram is not unified but strictly individual for each part profile.
This does not permit to build a unified design algorithm and to automate the design. There
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has been developed a method of graphical and correction analytical design of form tools
with a baseline. A characteristic feature of the suggested method is its system and possibility
to automate designing. Graphical shaping is simple, visual and easy to understand [8—12].

Methodological Approach

In the new method of graphical shaping there are considered three projections of a
flat form tool in the working position and one view by the arrow K, directed at the angle
y (frontal angle) to the horizontal plane perpendicular to the workpiece axis, along the
front surface (Figure 1).

Figure 1 — Graphical shaping of flat form tool

Results and Discussion

For graphical shaping it is necessary at the beginning to draw the baseline on the
frontal projection of the shaping diagram (Figure 1, line 3—6 lying in the horizontal plane
passing through the workpiece axis and coinciding with the generatrix of the workpiece
cone). After this there is begun graphical shaping of a form tool.

First step. There are found points 3’ and 6’ limiting the baseline on the view K. To
do this from points 3 and 6 on the frontal projection at the angle y (by arrow K) there
are drawn lines with arrows marked by figures 1 in a circle for obtaining points 3’ and
6" on the view K at the crossing of the lines with arrows 1 with the boundaries of the
part stepping points.

Second step. Line space 3'-6" stretches to both sides (to the right and to the left on
the view K) for obtaining the extremities of the form tool blade /" and 5'. The obtained
line space /'-35’ (straight line) is a projection of the complicated blade of the form tool on
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the view K coinciding with the trace of the tool frontal surface on the perpendicular to
the plane frontal surface. Points /', 2’, 3', 4', 5', 6" are the points obtained at the crossing
of the frontal surface of the corresponding boundaries of the form tool shape stepping
points. They are the junction points on the view K. The lines of the graphical shaping
second step are marked by arrows with figures 2 in a circle on the view K. Points 3’
and 6’ position is defined by the angle ¢ , i.e. the angle of the frontal surface inclination
along the form tool with a baseline axis. Angle ¢ = ¢ _is determined graphically and is
verified analytically in the correction design of the tool profile.

Figure 2 — Analytical shaping of flat form tool

Third step. From points /" and 5’ there are drawn the lines parallel to the lines with
arrows /, in the opposite direction, till crossing with the circles drawn through the
corresponding junction points for obtaining points / and 5 on the frontal surface of the
design diagram. The third step is marked by lines and arrows with number 3 in a circle.

Fourth step. Through points 3 and 6 on the frontal projection there are draw the
lines parallel to the lines marked by numbers / and 3 (at the angle y) till crossing with
circles of 7, , and r, ; radiuses for obtaining points 2 and 4. These two lines and arrows
are marked by number 4 in a circle.

Fifth step. Points / and 2, 4 and 5 are connected by the segments of circles with
radiuses 7, ,and r, , respectively. Radiuses r,, and r, ; are projections of the cutting
edges of a flat form tool inclined relative to the axis and generatrix due to the frontal
surface grinding at the angle ¢ . To do this the back surfaces finishing when making
a form tool, is to be performed using a grinding wheel-disc shaped by radiuses 7,
and r, ;. After the fifth step there is obtained a projection of the complicated cutting
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edge 1-2-3-6-4-5 — of the form tool on the frontal plane. The fifth step is marked by
number 5 in a circle.

Sixth step — defining the profile depth at various stepping points of the form tool.
This step is marked by number 6 in a circle. The remaining steps have the purpose of
building the other projections of the form tool cutting edges. The profile depth for each
point is a distance from a point to the most extruding section of the back surface (at point
) on the frontal plane. From each point there are drawn the lines parallel to the back
surface at the angle a, , and between them there are measured distances 4, b, h,, h, b,
h,which are the result of graphical determining the profile dimensions of the form tool.

On format A4 the diagram in Figure 1 is small, therefore it is recommended to look
at the diagram element (frontal projection, Figure 2) in Figures 2 and 3 where there are
clearly seen all the relations between the diagram elements and the needed dimensions.

Seventh step. From points /7, 2, 4, 5 of the frontal projection (figure 1) there are
drawn horizontal lines for determining points /", 2", 4", 5" on the profile projection by
means of crossing the lines with arrows 7 in a circle with the boundaries of corresponding
stepping points of the form tool (see also figure 3 with the view K).

Eighth step. Point /" is connected with point 2", point 4" is connected with point 5"
— there are obtained blades /"-2" and 4"-5" of the edge stepping points of the form tool
on the profile projection. The eighth step is marked by arrows with number § in a circle.

Ninth step. From points 3 and 6 on the frontal projection there are drawn horizontal
lines (they are combined in one line) for obtaining line space 3"-6"" (baseline projection
on the profile plane). The line of the ninth step due to combining two lines is marked
by a figure with two arrows and marked by number 9 in a circle.

Tenth step. There are connected points 4" and 6", 2" and 3". There is obtained a
projection of the complicated cutting edge of the form tool on the profile projection:
1"-2"-3"-6"-4"-5". The tenth step (drawing lines 4"-6" and 2"'-3"") is marked by number
10 in a circle.

Eleventh step. From points /, 2, 3, 4, 5, 6 on the frontal projection there are drawn
vertical lines marked by number /7 in a circle till crossing with the junction points of
the tool projection on the horizontal plane, there are found points /'”, 2", 3", 4", 5",
6"" of the complicated cutting edge of the form tool on its horizontal projection.

Twelfth step. There are connected points /" and 2", 2" and 3"’, 3" and 6", 4"
and 5" by the lines with arrows marked by number /2 in a circle. There is obtained
the projection of the cutting edge of the form tool on its horizontal projection: /"'-2""'-
3"-6""-4""-5".

The form tool cutting edge in the plane of the frontal surface with inclination ¢
relative to the workpiece cylinder generatrix (horizontal plane) corresponds to the
elliptical line (cylinder section by the inclined plane). The form tool cutting edge is
to be elliptical, concave in this section. To ensure these conditions in the cutting zone
and obtaining the preset cylinder on the workpiece, the form tool final shaping is to be
performed by a finishing wheel-disc with the profile radius equal to the radius of the
workpiece cylindrical segment, with placing the finishing disc axis relative to the form
tool frontal surface at the angle ¢ , or by a wheel — disc specially charged, with another
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diagram of shaping. In this case there is easily ensured theoretical of machining and
there is not introduced any error.

This stage of the form tool designing can be performed, as a rule, only after graphical
shaping and determining the form tool junction points position. Therefore an obligatory
requirement is the form tool graphical shaping. Of course, a design diagram can be built,
if there is enough experience, without graphical shaping but this is for trained specialists.
For the design visualization and simplification of its automation it is divided into five
steps (stages) — Figure 2 and 3.

First step. Determining the distances from the form tool profile junction points
on the frontal surface to the workpiece axial plane parallel to the frontal surface, and
projections of the distances between junction points on the plane parallel to the lateral
sides of the form tool and perpendicular to the workpiece axis, parallel to the frontal
surface (Figure 2).

Projection 1-2=1"-2"=1"-3"=L,- 3’ = {"1ge ;

Projection 2°-4’ = 3’-4>=2’-6"=3’-6’ =L, - 6' = {,"tge ;

Projection 4°-5°=6"-5" =L, — 5 = { “ige ;

Distance D, —2 = r.sinf ;

Distance D,—-3=D,-2=0,-3"=0, -2’ =rsiny,

Distance D —1=0,-1"=(0,/-2")-(1"-2")=(0,'~3") - (1'-3*) =rsiny — L "ige

Distance D,.—5=0/-5=(1"-5)+(O/-1")=(L ,-3)+(L,-4)+([L,-5)+
(rsiny — £ tge )= (L + L)+ L )ige + rsiny — L lige = (L"+ L) ige +rsiny;

Distance D,-4=D,-6=(0-1")+(1’-4")=(0 - 1")+ (1’ 6) = r,siny - "ige,
+ (0,1 + €,)ge, = rosiny + L 'ige, =r,sinf, = r siny,

€, €, £, —are axial dimensions of the form tool profile; at the end stepping points
there should be taken into account additional cutting edges.

Second step. Determining intermediate angular parameters fi for designing auxiliary
dimensions Ai (figure 2).

Sing, = (D, - D/r, = (0, = 1")/r = (rssiny — £," tge )/r ;

Sing, = (D, - 2)/r, = (0, - 2")/r,= (r;siny)/r,;

Angular parameters for the baseline points: =y, B, = 7;

Sinf, =[(D,—-4)=(D,-6)=(0,"-4))/r, = (r;siny + £ "tge )/r,;

Sinf, = [(D;—5) = (0, = 5"]r, = (rysiny + (£," + £,")tge )r;

Third step. Determining auxiliary linear parameters Ai (figure 3).

A =rcosf; A =rcosf,; A =r.cosy,

A, =rcosf; A =rcosp; A, = rcosy.

Fourth step. Determining auxiliary linear parameters Ci

C,=A,— A =rycosf,—rcosfi, =r, (cosf,—cosp);

C,=A,—A =rccos(B,=y)—rcosp,;

C,=A,— A =rcosp,—rcosp;
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C,=A,— A =rcosp.—rcosp;

C,=A,—A =rcos(B,=y)—rcosp,

Fifth step. Determining the tall dimensions of the flat form tool in the direction
perpendicular to the back surface (Figure 3).

Figure 3 — Analytical shaping of flat form tool

Due to a large drop between points / and 2 in figure 2 and scale distortions that
always have place with an abstract workpiece profile, dimension C,, obtained in Figure
2, turned out to be on the left of point /. With reducing line space 2—3 to the left there
will be point /, then the location of Ci and Ai will correspond to each other and Ci sign
will be positive. However, with negative value of the calculated dimension Ci, the Ai
dimension will be correct, as in the Figure it takes a corresponding position and there
are actual ratios between £, and C,.

h, =C cosc; h, =C cosc; h, =C,cosoc;

h,=C.cosc; h, =C cosc, 6 =a, +y,.

All the tool parameters have been designed.

Thus, there has been obtained graphical shaping and calculated parameters — twelve
steps; correction analytical shaping of a flat form tool — five steps.

Conclusions

1 There is suggested a simple and visual method of graphical and correction
analytical design of flat form tools with a baseline.

2 Graphical shaping of a flat form tool consists of twelve stages.

3 Correction analytical shaping of a flat form tool includes five steps.
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4 The characteristic feature of the suggested method of designing circular form tool
with a baseline consists in the system and unified approach.

5 The method permits to reduce labor intensity of designing flat form tools with
a baseline.

6 The developed method of graphical and correction analytical design of flat form
tools with a baseline permits to automate the design easily.
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HIIMITHAI KECKIIOTEPAI 5)KOBAJIAY

Maxanaoa epaguranvi HcoHe AHATUMUKATBIK 90ICMEPMER 0OH2eNeK NIUIHOI
Keckiumepoi scobanay aneopummi ycovlHvlizan. bonuexmiy niwindencen npoghunine
batinanvicmol Oyn  aneopumm ecenmeyoi dcyueneidi dcone Oipvinzail mocinoi
KOJLOAHY2a JCOHE OHbL OHAU ABTMOMAMMAHObIPY2a MYMKIHOIK 6epedi.

XKobaray maxcamvl — RiwWiHOI  KeckiwmepOi — ecenmey  YAKbIMbIH
ABMOMAMMAHOBIPY JHCOHE KbICKAPIMY MYMKIHOIST JHCoHe KONOEHEH JHCa3bIKmMbIKmaabl
MYUiH HyKmenepi apacviHOazvl NPOEKYUSIAP APKbLIbL NIUIHOI KeCKImiy myuiHoix
HYKmeaepiniy paouycmapuii aHbIKmayaa He2iz0eneen.

Iiwinoi keckiwmepoi ecenmeyOiy YCbIHbLIZAH AICOPUMMIHIY epeKueniei — Oy
JICYUeNiNIK NeH KapanauvlM JcoHe MYCIHIKmi ecenmeynepoi asmomammanoblpy
MYMKIHOIEI.

Kinmmi co30ep: 0oneenex niwindi keckiw, epaguxa, npogunvoey, aHaiumuxa,
acobanay, ecenmey anr2opummi.

‘A. K. Kacenoé', A. C. Anwowkun’, A. B. Maszoyoair’,

/. A. Hckakosa’, T. JI. Eeémywenko’

1343TopalirbIpOB YHUBEPCUTET,

Pecny6nuka Kazaxcran, r. [laBnonap;

“YyBamnickuii Tocy1apCTBeHHBIN yHIBepcuTeT uMenu V. H. YibsHoBa,
Uysamickas Pecrryonuka, r. YeOokcapsl.

Marepuan noctynui B pegakuuio 20.09.21.
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IMPOEKTUPOBAHUE ®ACOHHBIX PE3L1OB

B cmamve npeonacaemcs aneopumm npoeKmuposanusi Kpyeavlx HacoHHbIX
Pe3y08 epaguyeckum u AHATUMUYeckum cnocobamu. B 3agucumocmu om paconnozo
npoduns Oemanu, OAHHBIL AN2OPUMM, CUCMEMAMUIUPYEM DACHEém, HO360A5Aem
NpUMEHUMb YHUDUYUPOBAHHBIE NOOX00 U 1E2KO €20 A8MOMAMUIUPOBAND.

Llenv npoekxmupoganus — 3mo 603MOHCHOCMb ABMOMAMUAYUU U COKPAUEHUS
8peMeHl pacuéma @HAcoOHHBIX pe3yo8 U OCHOBAHA HA ONpedeneHuUU paouycos
V3108bIX MOYEK PACOHHO20 pe3ya yepe3 NPOeKYun Mexncoy Y3n08blMu MOUKAMU HA
20pU3OHMANLHOU NIIOCKOCTU.

Ocobennocms npednazaemo2o aiopumma pacyéma QacoHuvix pes3yos — dmo
CUCTEMHOCMb U BOZMONCHOCHIb ABMOMAMU3AYUL PACYEMO8, KOMOpble ABNAIOMCA
NPOCMBIMU U HALTSAOHBIMUL.

Kniouesvie crosa: xpyenvii gpaconmwitl pesey, epaguka, npo@uiuposatue,
AHAUMUKA, NPOEKMUPOBanUe, Aleopumm paciéma.
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'A. K. LLlepoe’, M. T. Ycepbaeeg? b. Mbip3axmem?®,

K. N. Umaweesa*, b. K. Cmalinosa®

123K azaxckuit arporexHnueckuii ynusepcuret umenu C. Ceiidyinna,
Pecny6nuka Kaszaxcran, r. Hyp-Cynran;

+SKaparaHJMHCKHI TEXHUYECKUH YHUBEPCHUTET,

PecrryOnuka Kazaxcran, r. Kaparanna

NCCIIE4OBAHUE JE®OPMUPOBAHHOI'O COCTOSAHUA
YIrpPYroro PA34BUXXHOIO SJIEMEHTA HACOCA
LUECTEPEHHOIO C ABYXOCHbIM COE4AUHEHUEM

H3zeecmno, umo cenbCcKoxo3sucmeenuvie Mauwiunbl pabomaiom 6 CAMbIX
MANCENBIX, IHCECMKUX U HEONA2ONPUAMHBIX VCAOBUAX IKCNIYAMAYUY, KOmMopble
Xapaxmepusyomcs: WupoKum OUanazoHoM KIUMamuiueckux ¢axmopos, 6016uiol
3aNbIIEHHOCTNBIO 8030YXA U OONBUIUM KOIUYECBOM abpa3uéa 6 nouge, 60bulol
OUHAMUYECKOU HASPY3KOU Ha azpezamvl 6Cle0cmeue OONbUX U HeCmadUuibHbIX
conpomueieHue nouevbl U CAYHaAUHo20 Xxapaxkmepa uacpyosicenus. Cnedcmeuem
6030elicmeuss IMuUX Qaxmopos AGIAEMCs pe3Koe YeaudeHue UHocos oemanel
2UOPABIUYECKUX YCMPOUCME, Acpe2amos U Y3108 CelbCKOX03AUCBEHHbIX MAUIUH,
so3pacmanue nOMoKa NOAOMOK U OMKA308, NOGbIUEHUE pacxo0a monauea. B smux
CNLOJCHBIX  YCIOBUAX NOGbIUUEHUE PADOMOCNOCOOHOCU  CeNbCKOXO3SAUCMBEHHbIX
Mawiun U IPGekmusHoe uUx UCHONL308AHUE BGOZMOICHO THOILKO C HOMOWDLIO
COBEPUIEHCMBOBAHUSL KOHCIMPYKYUU U TNEXHOJIO2UU U320MOGNCHUSA SUOPAGTULECKUX
ycmpoticms,  azpeeamosd U y3108. Aemopamu  paspabomano - KOHCMPYKyus
HACOCO8 WeCMEPEeHHbIX ¢ 08VXOCHbIM coedunenuem. C  yenvlo NnogvlueHus
NpoU3BOOUMENbHOCIMU — HACOCO8  WECMEPEHHbIX ¢ 08YXOCHBIM — COeOUHEHUEM
pazpabomana Ho8dAsl KOHCMPYKYUsL ONOPHBIX BMYAOK U NPEONONCEHA HOBBIIL YRPY2Ull
PAa308UdCHOU demenm. B dannoii cmamove npugoosamcesi pesyabmamyl UCCIe008aHUs.
0ehopMUpOBAHHO20 COCMOSAHUSL  YNPY2020  PA30GUIHCHO20 dIeMeHmd Hacoca
WecmepenHo2o ¢ 08YXOCHbIM coeduneHuem ¢ nomouvio npoepammel «I11C JIMPA».
Hccenedosanue gpinonneno 8 pamxax epanmoeozo npoexma AP09562459 «Cozoanue
ONBIMHO20 0OPA3YA HACOCA WECNEPEHHO20 0TI CeNbCKOXO3AUCEEHHBIX MAWUH HA
OCHOBE 08YXOCHO20 COCOUHEHUSLY.

Knrouegule crosa: depopmayus, Hacoc wecmepennbdiil, 08yXOCHOE COeOUHeHUe,
NpoU3BOOUMENbHOCYb,  YAPYeUll  PA308UICHOU  DJIeMeHMm, NPOOObHAA  CUd,
nonepeunasn cuuq.

BBenenne

B ocymecTBienun 3agau, noctaBieHHbIX B nporpamme «Kazaxcran-2050»
B JieJi€ JAJIbHEWIIETO Pa3BUTHUSA IPOU3BOJAUTEIBHBIX CHJ CTPaHBbl, MOBBILICHUS
MPOU3BOJUTEILHOCTH U KBAIM(PUKAINHU TPYJa, BHIAAIOMIASCA POIb MPUHAIICKHUT
MallUHOCTPOEHHUI. [IpuMeHeHrne ruapaBIMyeCcKUX MAIlWH IOJYYHJIO IIUPOKOE
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pacrpoCTpaHEHHUE BO BCEX OTPACIAX MaIIMHOCTpoeHMs. ['0f] 3a roJJoM yBEINYMBAETCS
YKCJIO PA3HOBUJIHOCTEN TMAPABIMYECKUX MalMH. [lo ucTteyeHun BpeMeHH, cTajo
COBEPILEHHO OYEBUHO, YTO YCTapeBIIas OTEYECTBEHHAs 0a3a KOMIUJICKTYIOLIUX
U3/IeIUI YK€ He TIPUTOIHA JUIs CO3/1aHMsI COBPEMEHHBIX MHIPO(PUIIMPOBAHHBIX MAIIIHH,
a BBIXOJI HA MUPOBOI PHIHOK HEBO3MOXEH 0€3 MPUMEHEHHs HOBBIX TexHonoruu.llepen
MAaIlIMHOCTPOUTEISIMA CTOUT 33J1aya MOBBILIEHUS CTEIIEHU aBTOMAaTHU3aLUU HE TOJIBKO
paboynx MpOIECCOB B MAalllMHAX, HO U IMPOLIECCOB MPOU3BOJCTBA CAMHX MAIUH.
CoBepIIeHCTBOBAaHNE M aBTOMAaTHU3allMsl MAIIWH, TEXHOJIOTMYECKOro 000py10BaHUS,
MEXAHU3MOB M arperaTtoB CONPOBOKAAECTCS HENPEPHIBHBIM YBEIOMIIEHUEM CTEIEHU
UCIIOJIb30BAaHUs B HUX TUAPABINYECKUX YCTPOUCTB [ 1, 2]. OCHOBHBIMU y371aMH KaX 101
00BbEMHOI THpPOIIEPEaaUH ABIISIOTCS HACOC, KOHTPOJIBHO-PETyIUpYIolas anmnapaTypa,
anmnaparypa ynpaBJIEHUs U CHJIOBBIE UCIIOJIHUTENbHbIE arperarbl. Ilo cpaBHeHHo
JPYTHMU y3JIaMH B HAJIEKHOCTH U JJOJITOBEYHOCTH PAOOTHI THAPOCUCTEMBI HA/IEKHOCTh
U JJOJITOBEYHOCTh PabOTHI HACOCa UMEET pellaroliee 3HauyeHue. B pa3nnuHbIx oTpacisx
MalIMHOCTPOEHHUS HapsAy C APYTMMHU TUIIAMHU THAPABIMYECKUX HACOCOB LIMPOKO
npUMeHsTIoTCes ectepernblie Hacockl (HILD). B 3naunTensHOI Mepe 3 ToMy CriocOOCTBYET
JKCIUTyaTalmoHHasi HajexHocTh HILI, HeBbIcOkash TpeOOBATENbHOCTh B OTHOLICHUU
yX0Jla 32 HUMH, [IPOCTOTA PEBEPCUPOBAHUS, KOMIIAKTHOCTh, MaJIblii BEC U HEOOJIbILAs
CTOMMOCTbB, YTO BBITOJTHO OTJIMYAET UX OT JIPYIHX THIIOB OOBEMHBIX THIPOHACOCOB
[1,2,3]. Onnaxo B psfe ciryyaeB JajbHeiIee pacumpenue oonactu ucronab3zoanus HIL
BCTPEYAET CEPhE3HBIE 3aTpyAHEHMsL. He HaliieHsl e11ie 10CTaTOuHO y10BJIETBOPUTEIbHbIE
KOHCTPYKTUBHBIEC PEIICHHUS, OTBEYAIOIINE KOHKPETHBIM TPEOOBaHHUAM U yCIOBHIM
AKCIUTyaTallii B IPUBOJIAX CEIbCKOXO3AWCTBEHHBIX MalIMH. CenbCKOX031CTBEHHbIE
MaIIMHBl pabOTaIOT B CAMBIX TSKEJNbIX, )KECTKUX M HEOJIArOMPUATHBIX YCIOBUAX
AKCILTyaTalUH, KOTOPbIE XapaKTepu3ytoTcs [4,5,6]: LIMPOKUM IMana30HOM KITMMATHYECKIX
daxTopoB: Temmeparypa Bo3ayxa ot Munyc 40 1o miroc 40 rpaycoB; BIaKHOCTD OT 54 J10
81 mporieHTa; O0JIBINION 3aMbUICHHOCTHIO Bo3ayxa (o1 0,05 1o 1 mMI" Ha 1 M?) 1 GosbIM
KOJINYECTBOM a0pa3uBa B MOYBE; OOJBIION TUHAMUYECKON HArpy3Koi Ha arperatbl
BCJIE/ICTBHE OOJIBIIUX U HECTAOMIIBHBIX COTPOTHUBJICHHUE MTOYBHI M CITy4aifHOTO XapakTepa
Harpy>xeHus. CiecTBUEM BO3JCUCTBUSA STHX (DAKTOPOB SBJISETCS PE3KOE YBEIHMUCHUE
W3HOCOB JIETAJIEU TMPABINYECKUX YCTPOUCTB, arperaToB U Y3J10B CEJIbCKOXO3AHCTBEHHBIX
MallliH, BO3pacTaHKeE II0TOKA [T0JIOMOK M OTKa30B, IIOBBIILIEHUE PACX0/a TOIUIMBA. B aTnx
CJIOYKHBIX YCJIOBUSIX MTOBBIIIIEHUE PA00OTOCIIOCOOHOCTH CENTLCKOXO3SIMCTBEHHBIX MAIIIMH U
3¢ PeKTUBHOE UX HCIIOIH30BAHHE BO3MOXKHO TOJBKO C IIOMOILBIO COBEPIIEHCTBOBAHUS
KOHCTPYKLUHU U TEXHOJIOIMH MU3IOTOBJIEHUS T'MIPABIMUYECKUX YCTPOMICTB, arperaroB U
y3I710B.B CBsI3U ¢ 3TUM HcclieioBaHue, HAIIPaBIEHHOE Ha MOBBIIICHHE KaueCTBa PabOThI
u npoussoaurensHocty HII sBisiercs akTyallbHOM 3a1a4eil.

MarepuaJibl 1 METOABI

JIByXOCHOE COEIMHEHNE COCTOUT U3 IBYX JI€TAJIEH C 10CAA0UHBIMU IOBEPXHOCTIIMH,
y OJIHOHM U3 KOTOPBIX MOBEPXHOCTb COCTOUT W3 ABYX LIUIMHAPOB COOTBETCTBEHHO
¢ nByms ocsimu [7, 8]. Pazpaborana konctpykiust HILI ¢ 1ByXOCHBIM COeTUHEHUEM
[9, 10]. B pamkax BwimoJiHEHHUs rpaHToBOro npoekra AP09562459 «Co3znanue
OMBITHOTO 00pa3lia Hacoca LIECTEPEHHOTo Ui CEeIbCKOXO3SHCTBEHHBIX MAIIUH Ha
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OCHOBE JIByXOCHOT'0 COeIMHEHHUsD» pa3paboTaHa HOBAsk KOHCTPYKIUS OITOPHBIX BTYJIOK.
Ha pucynke | nokasana KOHCTpYKLUsI OIIOPHBIX BTYJIOK.

a — OTIOPHBIE BTYJIKU C BHIMIOJTHEHHBIM Ma30M; 0 — ynpyrue
pa3aBUKHBIE DJIEMEHTHI; B — OMOPHBIE BTYJIKH B cOOpe.
Pucynoxk 1 — KoHCTpyKIIMsi ONOPHBIX BTYJIOK

Ha pucyHnke 2 noka3zana KOHCTpYKITUs onmopHbIX BTyJI0K HIII B cOope ¢ ynpyrumu
pa3aBUKHBIMU 3JIEMEHTaMHU.

Pucynok 2 — Konctpykuus onopusix Brysnok HII B coope
C YIPYTMMH Pa3ABUKHBIMH 3JIEMEHTaMH

Pe3yabTarsl 1 00CyKACHHE

Jlig onpesienieHust BAMSIHUSL CUJT IEHCTBYIOIIMX HA OMIOPHBIE BTYJIKHU HEOOXOUMO
ucciuenoBath Ae(OpMUPOBAHHOE COCTOSIHUE YNPYTHUX Pa3/IBHKHBIX 3JIEMEHTOB U
ypOBeHb JiehopMaIiy B 3aBUCIMOCTH OT MX FeOMETpUIECKUX apameTpos. Ha pucynke
3 moka3aHa cxeMa JEHCTBYIOIINX CHJI Ha ONOPHBIE BTYJIKU IPH YCTAHOBKE YIPYTHX
Pa3JIBHKHBIX 3JIEMEHTOB.

Pucynok 3 — Cxema IeiCTBYIOIIMX CHJI Ha OTIOPHBIE
BTYJIKW TIPH YCTAHOBKE YIPYTUX PA3ABUKHBIX SJIEMEHTOB
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Jnist BBITIOJIHEHHSI pacueTa CUJ HEOOXOJUMO OIpENeIUTh ypaBHEHHE MapadoIibl
npoduIIs YIPyroro pa3BIKHOTO HJIEMEHTa

y=ax*+bx+c
Dx=0; ya=
2) x =
3)c=0.

ypaBHeHI/IC 6y,HeT B BUAC CUCTCMBI:

OmnpenensieM CUIbI peaKIUU NEHCTBYIONMX HA OJUH YIPYTUH pa3IBUKHOU
anemeHT. Ha pucynke 4 mokaszaHna cxema JeiCTBYIOIIUX CHJI peaKIIUY Ha OJIMH yIIPYTUi
pa3JIBI>KHOMW AJIEMEHT.

Pucynok 4 — Cxema IelCTBYIOIIMX CUJI PEAKIIUU
Ha OJIUH YIIPYTHI pa3IBUKHOU IIEMEHT

CornacHo IOJy4YE€HHON CHUCTEMBI YPaBHEHHS C UCIIOJIb30BAaHUEM IIPOrPaMMBbI
«I1C JIMPA» npoBoIUM pacueTsl 1 onpeielisieM 1e(hopMaLMIo B 3aBUCUMOCTH OT CHJIBI,
npoduiis 1 cBoicTBa yIpYTrUxX pa3/iBUKHBIX 31eMeHTOB. Ha prucyHke 5 nokazaHa MoJienb
npoduIIst ynpyroro pa3ABHAKHOIO 3j1eMeHTa pazpadboTtanHas B mporpamme «I1C JIMPA».

/

/—-/—

Pucynok 5 — Mogenb npodusist ynpyroro pasJiBH>KHOTO
aneMeHTa paspadoranHas B mporpamme «I1C JINPA»

Ha pucynke 6 nokaszana gegopmanusi BO3HUKaIOLIas Ipy Moj1ade YCHUIIHH.
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Pucynok 6 — Jledopmarius BO3HUKAIOMIAS TPU T01a4e YCUITUN

PaccMoTpuM BIIUSTHUE CHITBI CIBUTA BO3HUKAIOIIEH ITPH COOPKE MEXIY YIPYTUMHU
pa3ABIKHBIMY 3JIEMEHTaMH YCTAHOBJICHHBIE B [1a3aX OIIOPHBIX BTYJIOK HEIIOCPEACTBEHHO
Ha yIpyrue pa3IBUKHbIC 2JIEMEHTHI U Ha 00beM Jedopmanuu. Ha pucynke 7 nokaszan
00BEeM IPOAONIBbHOM cHitbl N ICHCTBYIONIAs HA YIIPYTHE Pa3IBUKHBIC SJIEMEHTHI.

Pucynok 7 — O6beM mpoonsHOM criibl N 1elicTBYIOIIast
Ha yIpyrue pa3aBHKHbIEC 3JIEMEHThI

BrisiBiaeno, uro npogosibHas cuina N JAEMCTBYET IO BCEW UIMHE YIPYroro
Pa3IBMIKHOTO 3JIEMEHTa IpH ero Jedopmarun. M3 pucyHka 7 BUIHO, YTO MUHUMAJIbHAS
IIPOJOJIbHAS CUJIa JEUCTBYIOIIAsl Ha YIPYTHM pa3JBUXKHOU 3JIEMEHT COCTABIIAET
N = 493H. Ha pucynke 8 nokazan o0beM nomnepeqyHoil cmibl Q aelcTByromas Ha
YIPYTUe pa3gBUKHBIE JIEMEHTHI.

Pucynok 8 — O6bemM nonepedyHoit cuiibl Q 1eiCTBYOIAs
Ha YIIPYTUE pa3/IBUKHBIE JIEMEHTBI

BrisiBiieHO, uTO B mporecce nedopmManuu yrnpyroro pasaBHKHOTO AJIEMEHTa
nonepeuHas cuia Q neiictByer mo Bceil e€ miuHe. M3 pucyHka 8 BHUIHO, 4TO
MHHUMAJIbHAsA MONEpPEYHasl CHiIa JECUCTBYIOIIAs HA YIPYTUU pa3aBUKHON 3JIEMEHT
coctanisieT Q = 204H. Ha pucynke 9 nokazan MOMeHT M CUJTbI BOZHUKAIOIIUMA TTPH
neGopManny ynpyroro pa3aBiKHOTO SJIEMEHTA.
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Pucynok 9 — MomeHT M cHIIbI BO3HUKAIOIIHIA
pu AepopMaIiH YIIPYTOTO PA3ABUKHOTO JIEMEHTA

W3 pucynka 9 BUIHO, 4TO MOMEHT CHJIBI TPU A€POpPMAIHH YIIPYTOro pa3aBHUKHOTIO
2JIEMEHTA PACIPEENIEH PABHOMEPHO U MUHUMAJIBHOE 3HAYEHHE MOMEHTA COCTAaBIIAET
0,307H*Mm.

Ha pucynke 10 nmokazaHo Harpy»>X€HHO€ COCTOSIHHE YNIPYTOro pa3JBHKHOTO
JJIEMEHTA.

Pucynok 10 — Harpy»xeHHO€ COCTOSTHHE yIIPYIroro pa3aBUKHOIO JIEMEHTa

N3 pucynka 10 BUIHO, YTO camMbIM Harpy>kK€HHbIM YYaCTKOM SIBIISIETCS MECTO
KOHTAKTa YIPYTUX pa3/IBUXKHBIX 2JIEMEHTOB. /J[aHHbIN yyacTok Ha pucyHke 10 nmokasan
KPaCHBIM IIBETOM.

B pesynbrare uccienoBaHus ObUIO YCTAHOBJIEHO, UYTO YHPYTHil pa3aBHUIKHOM
3JIEMEHT BBLIEP’KUBACT CBOU MPOMIb U MEXaHUYECKHE CBOMCTBA NpU JeQOpMaLInu.
JleficTBUE MPOJOJIBHBIX M MONEPEYHBIX CHJI MpHU paboTe YNpyrux paszIBHUKHBIX
3JIEMEHTOB PaCIPOCTPAHSIETCS PABHOMEPHO 110 KOHTYPY UX MPO(UIIs, 4TO MOATBEPKIAET
NPaBWIBHOCTh BBIOOpA UX MPOQuUis U MapaMeTPUYECKUX pa3MepoB. A Takxke
MOXHO HaOmoaTh (cM. puc. 10) coxpanenue npoduis npu aedopManiy Ha caMoM
HAIPSHKEHHOM y4YacTKe, JaHHOE MOATBEPKIAACT IPUTOJHOCTh KOHCTPYKILUU YIIPYTUX
pa3IBMKHBIX DJIEMEHTOB.

BriBoabI

1 Pe3ynbrathl HccneaoBaHus OKa3all paboTaclioCOOHOCTD YIPYTHX Pa3IBIKHBIX
JJIEMEHTOB B Pa3JIMYHBIX HAIPSKCHHBIX YCIOBUSIX CO3JAaHHBIX INOJ ACHCTBUIMHU
npoAoaHbIX N U nonepedHbix Q CUIl IPU UX pa3InYHbIX 3HAYECHUSX.

2 Y CTaHOBJICHO, UTO YIIPYTU pa3ABMKHON FIEMEHT BBIJICPKHUBAET CBOM MPOPHIIh
U MEXaHWYeCKHe CBOMCTBA MpH J1eOopMaIHH.

3 BbIABIIEHO, YTO IPOJIOJIBHBIE U ITOIEPEYHBIE CUIIBI PACIIPOCTPAHSAIOTCS] PABHOMEPHO
0 KOHTYpY Hpoduis ynpyrux pasfaBHKHBIX 3JIEMEHTOB. JlaHHOE MOATBEpKIacT
NpaBUWIBHOCTH BEIOOpA MX MPO(UIIST U TapaMEeTPUUECKUX Pa3MepOB.
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EKI OCBTI KOCBIJIBICKA UE TICTET'EPILITI
COPFBIHBIH CEPINIM/I CBIPFBIMAJIBI JIEMEHTIHIH
JE®OPMAILUSAJIAHFAH KYWIH 3EPTTEY

beneini 6oneanoau,  ayvluwapyawsblivly  MAWUHATAPLL  KIUMAMMBIK
gaxkmoprapOviy Key ayKblMbIMeH, ayadasbl WAHHBIY JCOHe MONbIpaKma aopasuemi
3ammapovly Kon OOMVbIMEH, H02apbl OUHAMUKATLIK JHCYKMEMEHi CUNammanimuli
azpezammap yiKeH HCoHe MypaKcvl3 MONbIPAKKA MO3iMOINIK neH Ke30elicox muey
acepiHeHel Kama HeoHe KONAUCHI3 HCYMbIC HCA2OAULIHOA HCYMbIC ICMeEtioi.

Byn gaxmopnapowiy ocepiniy candapuvinan cuopagiuxaivl KOHObIPebliapouly
Oonuiexmepiniy  MO3YbIHbIY  KYPM — OCYI,  ayblIWapyauiblivly,  MAWUHAIapovly
azpecammap MeH MYUIHOEPIHiY, OY3bLIYIAp MeH aKayaap a2blHbIHblY, OMbIH
WbI2LIHBIH Yl2aiobina anvin Keaedi. OcbiHiall KUublH #caz0atioa aybliuapyauiblibik,
MAWUHATIAPBIHLIY, MUIMOLIIZIH apMMbIPY HCOHE O0AapObl MUIMOI NAUOAIaHy MeK
2UOPABTUKANBIK KOHOBIP2BLIAPObIY, azpe2ammap MeH mopanmapobly KOHCIMPYKYUSLCh
MeH OaubIHOAY MEXHOLOLUACHIH JHCEMINOIPY APKbLIbL MYMKIH O0AObL.

Aemopnapmer exi 0Cbmi KOCbLIbICKA Ue MICme2epiuimi copabliapoblly KypbliblMbl
o3ipnendi. EKi ocbmi KOCHLIbICKA ue micmezepiuimi copebliapobly OHIMOLIIH
apmmuipy yuwiin mipex mMeaKeiepoiy Hcana KOHCMPYKYUACHL IHCACANObL  HCOHE
JHCaHa cepnimoi culpebiManbl daemenm YcbiHbliobl. byn maxanada «IIC JIUPAy
baz0apramacvlibly KOMe2IMeH eKi 0Cbimi KOCbUIbICKA Ue MICme2epiuimi copabLiapObly
cepnimoi ColpebiMaibl JIeMEHMIHIK 0eQhOPMAYUSIAH2AH KYUIH 3epmme)y Homuicenepi
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bepineen. 3epmmey AP09562459 «Ayvin wapyauibiivizbl MAWUHALAPLL YULIH €Ki
ecmi Oipixne HeeiziHOe micmezepeiuimi COpablHblY MONCIPUOENIK YALICIH OaAPAaAY»
2PAHMMUbIK, 2Hc00ACHL ASICLIHOA HCYPII3INOL.

Kinmmi ce3zoep. [epopmayus, micmeeepiuumi copevl, eKi O0Cbmi KOCbLLIbIC,
OHIMOINIK, CEPRIMOT CHIPSbIMATIbL HIEMEHM, OOUNLIK Ky, KOIOEHEH KyUl.
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STUDY OF DEFORMED STATE OF ELASTIC SLIDING
ELEMENT OF A GEAR PUMP WITH TWO-SHAFT CONNECTION

1t is known that agricultural machines operate in the most severe, harsh and
unfavorable operating conditions, which are characterized by: a wide range of
climatic factors, high dustiness of the air and a large amount of abrasive in the soil,
high dynamic load on the units due to large and unstable soil resistance and random
nature of loading. The consequence of the impact of these factors is a sharp increase
in wear of parts of hydraulic devices, aggregates and units of agricultural machines,
an increase in the flow of breakdowns and failures, an increase in fuel consumption. In
these difficult conditions, increasing the efficiency of agricultural machines and their
effective use is possible only by improving the design and manufacturing technology
of hydraulic devices, units and assemblies. The authors have developed the design
of gear pumps with a biaxial connection. In order to increase the productivity of
gear pumps with a biaxial connection, a new design of support bushings has been
developed and a new elastic sliding element has been proposed. This article presents
the results of a study of the deformed state of an elastic sliding element of a gear
pump with a biaxial connection using the « PS LIRA» program. The study was carried
out within the framework of the grant project AP09562459 «Creation of a prototype
gear pump for agricultural machines based on a biaxial connection.

Keywords: deformation, gear pump, biaxial connection, performance, elastic
sliding element, longitudinal force, transverse force.
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NON-DESTRUCTIVE METHOD FOR DETERMINING
THE MECHANICAL PROPERTIES OF ROLLED STEEL

This article describes the developed methodology for the prompt and reliable
determination the mechanical properties quantitative indicators of the heat-treated
steel products by a non-destructive method. For these cases, the non-destructive
method of testing steel products is the most optimal option, due to the fact that it
does not require destruction of the controlled sample and provides for the possibility
of the product further operation. The use of non-destructive testing methods also
contributes to significant savings in material and time resources.

The essence of the method described in this work lies in the initial study of
steel samples, measuring their coercive force, maximum magnetic permeability
and residual magnetic induction for subsequent statistical analysis to determine
the relationship between mechanical and electromagnetic properties. As a result of
finding this correlation and checking its reliability, it becomes possible to determine
the ultimate strength, yield strength and relative elongation on finished products,
which are normalized indicators of the steel structural products strength properties.

The proposed non-destructive method for determining the mechanical properties
will allow its use in the production flow, while having the reliability of determining
the quality indicators above 96 %.

Keywords: non-destructive testing, mechanical properties, rolled steel, coercive
force.

Introduction

At metallurgical and machine-building enterprises, serial and mass production of
steel products is carried out, the given structure and mechanical properties of which
are achieved by certain heat treatment modes. Possible inconsistencies in the chemical
composition of the products material and the modes of their heat treatment lead to
unacceptable deviations in the properties of the products and require control of each
product unit. Direct methods for determining mechanical properties and structure are
destructive and cannot be used to determine the quality of products intended for use.

In addition, quality control with destruction, as a rule, requires taking templates
and making samples for subsequent testing, which is a laborious and expensive
operation [1-8].
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The feasibility of introducing a non-destructive magnetic control method into
production is justified by numerous advantages, of which these are:

—saving control time, due to the absence of the need to select templates and prepare
samples for testing;

— cost savings due to the rejection of low-quality metal, blanks before expensive
machining;

— replacement of bulky test equipment used for destructive testing methods with
small-sized instruments, which also saves production space;

— the possibility of further use of the controlled product.

Materials and research methods

The objects of research were samples of 09Mn2Si steel pipes.

Previously, the samples were heated to 900 °C, quenched in water and tempered
at various temperatures from 500 to 700 °C. Then, coercive force H , maximum
permeability p_and residual magnetic induction B, were measured. After measuring
the magnetic indicators, the tensile strength o+, yield strength o, and elongation &
were determined by the tensile method of a steel sample [9].

The laboratory equipment was used for the study: a tensile electromechanical
machine for measuring mechanical properties in accordance with GOST 1497-84 —
«Metals. Tensile test methods», coercimeter KRM-Ts-K2M for measuring the coercive
force in accordance with GOST 30415-96 — «Steel». Teslameter EM4305 for measuring
residual magnetic induction in accordance with GOST 12119.1-98 — «Electrical steel.
Methods for determining magnetic and electrical properties».

Results and discussion

After heat treatment of the samples, using a coercimeter and a teslameter, the
maximum values of magnetization and strength were measured, and, accordingly, the
coercive force and residual magnetic induction, the values of which are indicated in
the diagrams in Figure 1.

Having determined the maximum values of the tension and magnetization of the
samples, the maximum magnetic permeability of each sample was calculated according
to formula 1, the values of which are summarized in Table 1.

(1)

where B — maximum magnetic field strength of the sample, T;
H - maximum value of sample magnetization, A/m.
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Figure 1 — Magnetic properties of a 09Mn2Si steel specimen
The values of the coercive force corresponded to the values of the magnetization at
zero magnetic field strength, and the values of the magnetic induction, on the contrary,

to the value of the intensity at zero magnetization.

Table 1 — Values of the maximum magnetic permeability of steel samples

Steel Tempering temperature, °C
° 500 550 600 650 700
09Mn2Si 73,7 72,2 73,5 81,6 108,0

After the measurements of the magnetic characteristics were carried out measurements
of the actual mechanical characteristics, the results of which are summarized in
Table 2. In this case, the variable parameter of heat treatment was the tempering
temperature in the range from 500 to 700 °C.

Table 2 — Values of mechanical properties of test specimens

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2021

To determine the relative elongation:

4

To confirm the reliability of the proposed method for determining the mechanical
properties, tests were carried out with measurements according to the proposed method.
For this, three items of steel 09Mn2Si were taken and thermally treated according to the
selected mode, for example, a tempering temperature of 620 °C was taken [10]. Then,
the magnetic parameters were measured on each tempering product. Substituting the
average of three values for each of the parameters into the equations of dependencies
available for a given steel, determined the calculated values o;g, 0ys and e. After
that, standard samples for tensile testing were made from each product and the actual
values of mechanical properties were obtained. Table 3 shows the calculated values
determined by the equations of dependencies and the actual values of the mechanical
properties determined by tension the standard samples, which confirm the reliability and
accuracy of the proposed method for quality control of steel products heat treatment.
The measurement error was less than 4 %.

Table 3 — Convergence of results

Steel Tempering Tensile strength, Yield strength, RelaFive
temperature, °C MPa MPa elongation, %
500 755 645 9
550 684 583 10
09Mn2Si 600 617 539 11
650 602 518 13
700 586 505 14

Applying regression analysis in Excel program, a mathematical model was derived
for the control of mechanical properties by a non-destructive method for steel 09Mn2Si.

To determine the tensile strength:

To determine the yield strength:
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2)

3)

Mechanical properties of steel 09Mn2Si products at a tempering temperature of 620 °C
Calculated The actual
(by regression equations) (by tensile tests)
075, MPa 715 OT5,MPa 731
Oys, MPa 668 Oys, MPa 693
& % 16,2 & % 16,5
Conclusions

The use of three magnetic parameters in the complex during the inspection of steel
products contributes to an increase in the reliability and accuracy of measurements, in
comparison with one-parameter control, which is confirmed by an error of no more than 4 %.

In addition, improving the technology for determining the mechanical properties
of steel products heat treatment will reduce the time for testing, due to the absence of
the need to select templates and prepare samples for testing, eliminate the use of bulky
test equipment used for destructive testing methods with small-sized devices, and will
also enable further use controlled item.
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BOJIAT HJIEMHIH MEXAHUKAJIBIK KACUETTEPIH
AHBIKTAY/JIbIH BY3BAUTHIH TOCLII

byn makanadoa 6oram omimoepin Oy36aiimein  80icmepmer  MEPMUSIbIK
OHOEYOIH MeXaHUKANbIK KACUCMMEPIHIY CAHObIK KOPCeMKIWMEPIH Jcedenl HCOHE
CeHIMOI aHbIKMAy YuliH o3IpileHeen 90ICMeMeHiy CUNAmmamacsl Keamipineen. byn
arcazoaiinapoa bonam OHIMOepiH 6axvLiayovly Oy30atimvin 90ici 6AKbLIAYObIH eH
JHCAKCBHL HYCKACHL D0IbIN MAOBLIAOL, OUMKEHT 01 OAKbIIAHAMbIH YI2IHT OY3Y0bl Kadicem
emnetioi Jicone OHIMOT 00aH opi NAUOAIAHY MYMKIHOI2iH Kapacmulpaodvl. Bysoatimuin
mecminey 80icmepin KOA0aHy MAMepudioblK JHCoOHe YaKblmuia pecypcmapost e0oyip
yHemdeyee biknan emeoi.
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Ocvt  ocymvicma  cunammanzan — 90icmiy — MOMI  MEXAHUKATBIK — JHCOHE
NEKMPOMASHUTNIMIK Kacuemmep apacvlHoaabl OauianblCmvl aHLIKMAY YWiH Kellinel
CMAamuCmMuKaIblK manday yuin 601ammoly op MAPKACLIHGIY YA2iiepin 6acmankyl
3epmmey, 0AapObIH KOIPYUMUBTT KYULTH, MAKCUMALObL MASHUM OMKI32TUMIZIH JCOHE
KanoblK MAZHUMMIK UHOYKYusHbl enuey 6onvin madwviiadvl. Ocvl KOppensyusitbl
maby JicoHe OHbIH CEeHIMOINICIH meKcepy Homuxcecinoe OaublH OHiMOepoe
bonam KypulIbIMObIK OYULIMOApOblY  OepikmiK  Kacuemmepiniy HOPMAiaHaaH
Kepcemkiwmepi 601bln MAOLIIAMbIH YAKLIMUUA KAPCHLILIKMbL, KIPICMINIK Wesin
JHCOHE CATLICIBIPMATbL Y3APYObl AHBIKMAY2a MYMKIHOIK Oap.

Mexanuxanvix, Kacuemmepoi aHblKmMayowvly YCbIHbLIAMbIH OY30aumull 90ici
cana kepcemxiwmepin 96 %-2a Oetlin aHblKMAayObly CeHIMOLNIcIHE Ue O0a OMbIPbIN,
OHbl GHOIPIC A2bIHLIHOA NAUOANAHY2A MYMKIHOIK Oepedi.

Kinmmi ce30ep: 0Oy30atmvln 6axvliay, MeXaHuKaivlk Kacuemmep, UleM,
KOIPYUMUBTI KYIU.
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HEPA3PYIIAIOIIWI CIIOCOB ONPEJIEJIEHUA
MEXAHUYECKHX CBOUCTB CTAJIBHOI'O ITIPOKATA

B Oannoii cmamve npusodumcs onucaumue pazpaboOmMaHHOU MemOOUKU
npoGedeHuss ONnepamugHo20 U O0CMOBEPHO20 ONpedeneHUst KOAUYECTNBEHHbIX
nokazamenell MeXAHU4ecKux Cceoucme MmepMudeckol obpabomKy CMaibHbIX
u30enUll HepaspYUaowumu Mmemooamu. s 9mux ciyyaes Hepaspyuarouull Memoo
KOHMPOJIL CMANbHBbIX U30eUll AAAeMCs HaAuboee ONMUMATLHBIM BAPUAHIMOM
KOHMPOJIA, 6 C6A3U C meM, Ymo He mpebyem paspyuieHus KOHMPOIUPYeMo2o
006paszya u npedycCmMampusaem 03MONICHOCMb OanbHeuulell IKCRIYAMmayuy u30eaus.
Ilpumenenue memooos muepazpyuwiarwezo KOHMPOIs MaK e CHocodOcmayem
SHAYUMENLHOU IKOHOMUU MAMEPUATLHBIX U BDEMEHHBIX PECYPCO8.

Cywnocme onucanno2o 8 0anHol pabome cnocoba 3aKmo4aemcs 8 HaAUaIbHOM
uccnedosanul 06pazyO8 KANCOOU MAPKU CIAU, USMEPEHUU UX KOIPYUMUGHOU CUTbL,
MAKCUMATLHOU MASHUMHOU NPOHUYAEMOCIU U OCMAMOYHOU MACHUMHOU UHOYKYUU
07151 NOCNEeOYIOWe20 CMAMUCIMUYECKO20 AHAIU3A C YeTblo ONpedeneHust 83aUMOCE3U
MedHCOY MeXAHUHeCKUMU U INEKMPOMASHUMHLIMU ceolicmeamu. B pesynvmame
Haxoxcoenus OaHHOU KOppersyuu U npogepxu ee 00CMOSEPHOCIU NOAGIAEMCS
B03MOJCHOCMb HA 20MOBLIX U30ETUAX ONpedeisimsb GPeMeHHoe CONpomugieHue,
npeoen mexKyyecmu U OMHOCUMENbHOe YOTUHeHue, AGIAIOWUECs HOPMUPYeMblmu
NOKA3aMensMU NPOYHOCIMHBIX CBOUCME CIATbHBIX KOHCIMPYKYUOHHBIX U30ETULL.

Ilpeonacaemvlii  Hepazpywiarowuti  Memoo  OnpedeneHuss  MexaHuyecKux
CBOUCME NO360IUM UCNOTIB308AHUE €20 8 NOMOKEe NPOU3BOOCMEd, UMes. Npu IMOM
docmogepHoCcmb onpeodeieHus noxazameel kavecmea 00 96%.

Kniouesvie cnosa: nepaspywarowuti KOHMpoOab, MeXaHuyeckue ceolcmaea,
npoxam, KOIPYUMueHas cud.
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FEATURES OF ALUMINUM DISC PRODUCTION TECHNOLOGY

The technology features of cast aluminum discs production in the conditions of
«Vector» LLP are presented. Aluminum alloy AK-12 smelting process in induction
crucible furnaces is described in detail. Results of industrial experiments conducted
to reduce the melting time are presented. Initially, the task was set to find the optimal
permissible metal residue (swamp) in the furnace after the melting was drained. Based
on the results obtained, the optimal mass of the swamp was revealed to be 100 kg.

A series of experimental melting was also carried out in order to identify the
difference in the melting duration of the heated billet and the billet at room temperature.
In the conditions of production of the enterprise «Vector» LLP, a reduction in the
duration of melting by 25 minutes was achieved by using the melting method «in the
swampy. Also, the preheating of charge materials in the space of the heating furnace
contributed to the reduction of the melting time by 10—15 minutes. Before making
changes to the technology, a maximum of 12 melts were carried out per day, taking
into account the time for cleaning the furnace crucible and the process of draining
metal from the furnace space. After the changes were made, the melts number and
volume being metal smelted increased almost twice. This allowed the company to
simultaneously put into operation four casting machines, which are supplied with
metal by only one induction furnace with a capacity of 700 kg.

Keywords: aluminum alloys, alloy wheels, melting, induction furnace, productivity.

Introduction

Foundry production has been actively developing recently, new enterprises are
emerging. For example, in Krasnoyarsk there are three well-known enterprises engaged
in the production of cast car wheels.

K&K is one of the most famous and popular Russian brands engaged in the
wheels alloy manufacture based on aluminum alloys. Scad is so popular in Russia that
its products are regularly used on many cars. The production is fully equipped with
high-tech devices and devices for the manufacture of high-quality products. Japanese
and European production lines operate at the plant. Ifri is a fairly young company for
creating high-quality discs. The brand has received high reviews from motorists thanks
to unique design solutions and high durability of finished models.

Not so long ago, the owners and investors of K&K decided to open a production
branch in the territory of the Republic of Kazakhstan to establish a sales market and
increase production capacity [1-4].

The enterprise «Vector» LLP was founded in 2017 in the city of Pavlodar. The
territory of this production is the rented premises and the adjacent territory of the
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enterprise «Gissen Haus». The lessors were also suppliers of liquid aluminum, namely
AK-12 alloy. In 2021, two induction furnaces with a volume of 600 kilograms were
installed and launched on the territory of Vector LLP. The company has started
processing its own waste in the form of chips and defective discs.

The technology of production of cast aluminum alloy wheels is simple and has six
main stages [5-7].

Preparation of molds. In the workshop there is a site where molds are stored, processed
and repaired. In case of premature receipt of an order for the production of a certain model
of alloy wheels, the working staff of this site prepares the mold, its complete cleaning with
the help of a sandblasting unit. Next, the mold is transported to the heating furnace by
means of a loader. Within 2 hours, the mold is heated. After heating the mold to a certain
temperature, it returns to the mold repair site for further painting.

Installation of the mold on the casting machine. After reheating the mold in the
furnace, the loader driver pre-installs the so-called «cart» in close proximity to the casting
machine. The «cart» is a rack with rail tracks fixed on top and a cart mounted on them
with a horizontal plane for the molds to be installed. The casting machine also has grooves
for installing rail tracks that are closed with the tracks of the «cart». After fixing the rail
tracks, the mold is installed on the cart. Next, the working staff rolls the cart along the
rail tracks and begins the installation. First of all, the mold is attached to the upper part
of the casting machine equipped with hydraulic drives. After successful fixation, the cart
returns to its original place, the rails are dismantled. The mold is lowered hydraulically
to the lower part of the casting machine, after which wedges are clogged, eliminating the
possibility of the mold displacement. After fixing the mold on the casting machine, the
air cooling of the mold is connected by sectors. Then, after the successful installation of
the mold on the casting machine, namely, the casting machine is put into operation, and
the mold is heated to operating temperatures due to the liquid metal entering it [8].

Materials and methods

Metal melting is carried out in induction crucible furnaces. Before the furnace is
put into operation, the operability of the main and auxiliary equipment is checked. then
the furnace lining is heated by placing steel/cast iron products in the furnace space and
gradually heating them. After the end of holding a certain temperature in the furnace,
metal products are removed and the furnace is loaded with charge materials [9—10].

After melting the metal and filling the furnace by 85-90 %, a sample of liquid metal
is taken to determine the chemical analysis. The analysis of the sample of the prepared
alloy is carried out on a spectrometer. In case of unsatisfactory analysis, the smelter
brings the alloy to the desired chemical composition (Table 1) by adding alloying
elements or diluting with primary aluminum.
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Table 1 — Chemical composition of AK-12 alloy

Mass fraction of the main components, %

The norm : :
Si Mg Ti Sr Fe
Melting furnaces | 11.0-11.8 <0.14 0.1-0.15 - <0.18
Foundry machines |, o 1, ¢ 0.05-0.14 0.1-0.15 0.025-0.035 <0.18
furnaces
The norm Other impurities

Mn Cu Zn Sn Ca Na Li
Melting furnaces <0.02 <0.07 <0,02 <0,0015 | <0.001 <0.001 <0.02

Foundry machines
furnaces

<0.1 <0.02 <0.07 <0,02 | <0,0015 | <0.001 <0.001

In case of full compliance with the required chemical composition, the metal is
heated to the required temperature. Then the smelter uses hydraulic cylinders using
the control panel and releases metal from the furnace space into the casting ladle for
further processing of the alloy at the metal degassing plant. The filler, driving the loader,
transports and installs the filling bucket with metal on the scales to fix the mass of the
metal merged from the furnace. A graphite rotor for mixing metal with a built-in Argon
inert gas supply route is installed above the scales. During the mixing process, alloying
elements such as strontium and titanium are added in the form of cut wire.

After the end of the degassing process, the filler uses a loader with a rotary mechanism
to transport the filling bucket with metal to the foundry site. Foundry workers suspend
casting machines to carry out metal pouring and filling the furnace capacity of the casting
machine. Having alternately filled all the casting machines in operation with metal, the
filler re-weighs the filling bucket. After casting the discs, they are cooled and transported
to the machining site using a conveyor belt. First of all, each disk passes through an X-ray,
which helps to identify visually invisible defects (shells and pores). After passing the
X-ray, the disk enters the drilling rig, where the gate is drilled. Next, the disk is sent to
the first operation performed on an automated machine. After the first operation, the disk
is sent to the workplace to the sawdust, where the burrs and obloy are removed from the
front side. After successful completion of all these operations, the disk is sent to the second
operation, where the final groove of the disk rim is made to the required parameters. After
the grinding is completed, the operator cleans the front side of the disc with a grinding
machine and performs measurements with a measuring tool in order to prevent the
appearance of inconsistencies with the requirements of the certificate of this disc model.

In case of successful completion of all stages of mechanical processing, the disk is checked
by the controller for visual and technological inconsistencies. The control is carried out with
the help of measuring instruments. If not one of the types of defects has been identified, then
the disc is marked with its own QR code and packed in a cardboard box. Next, documents are
drawn up for all packaged car wheels, after which they are sent to the paint shop, where the
products are brought to marketable appearance and sent to warehouses and stores.

Results and discussion

At the moment, the main problem of production is the lack of mass of the metal being
smelted. The reason for the shortage are two main parameters of furnaces used for the
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preparation of the melt, namely their volume and duration of melting. The volume of the
furnaces is 600—700 kg and in order to safely carry out work on the furnace, it cannot be
increased. The duration of melting varies between 80-90 minutes. The beginning is the
moment of starting the furnace, and the end is the discharge of metal from the furnace
space. The task of reducing the melting time of metal is an urgent and quite feasible task.

The task was set to find the optimal permissible metal residue (swamp) in the furnace
after the melting was drained. By conducting experimental melting, the optimal mass
of the swamp was determined, presented in Table 2.

Based on the results obtained, the optimal mass of the swamp was identified, which
is 100 kg. But this duration of melting still does not allow to significantly increase
production volumes. During the period of using primary aluminum in the form of ingots
as the main charge material, it was decided to conduct a repeat series of experimental
smelting. the purpose is to identify the difference in the duration of melting of heated
ingots and ingots at room temperature.

Table 2 — Experimental melting data (Stage 1)

Melting | Furnace |Merged metal Swamp mass Swamp mass left for Duration of
volume, kg| mass, kg remaining from the | the next melting, kg | melting, minutes
previous melting, kg

1 700 610 0 90 110
700 590 90 110 90
3 700 600 110 100 85

A number of measures were carried out to obtain the most accurate values.
Measurements were made of the temperature of the pig that had been in the room for more
than two days. Measurements of the temperature of the pig imported from the street were
made. The temperature in the space of the heating furnace was measured. The staff of the
smelting site was tasked with special control of the parameters of experimental melts.

At the moment of the beginning of metal melting in the normal mode, a muld filled
with a pig of primary aluminum in the amount of 16 pieces (320 kg) was installed in the
heating furnace. Prior to the start of this experiment, the heating furnace was idle due to
the lack of the need to use all four heating chambers. As a rule, no more than two or three
cameras were used at the same time. The experimental data are presented in Table 3.

Table 3 — Experimental melting data (Stage 2)

. Piece Heating time of Initial temperature, °C Temperature Duratlp n
Melting weight, k the piece, min after heating, °C of melting,
gnt, kg piece, workshop street g, minutes
1 320 85 15 - 356 68
2 319 70 - 8 349 70
3 398 72 16 - 335 70
Conclusions

According to the experimental melting data, the result was achieved by reducing
the duration of melting the alloy in an induction furnace with a volume of 700 kg.
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In the production conditions of the enterprise «Vector» LLP, by making changes
to the technology of metal smelting in induction furnaces, a reduction in the melting
time by 25 minutes was achieved by using the «in the swamp» melting method Also,
the preheating of the charge materials in the space of the heating furnace contributed
to the reduction of the melting time by 10—15 minutes. Before making changes to the
technology, a maximum of 12 melts were carried out per day, taking into account the
time for cleaning the furnace crucible and the process of draining metal from the furnace
space. After the changes were made, the number of melts and the volume of the metal
being smelted increased almost twice. This allowed the company to simultaneously put
into operation four casting machines, which are supplied with metal by one induction
furnace with a capacity of 700 kg.
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AJIOMWHUN JUCKIJIEPIH OHIIPY
TEXHOJIOTI'UACBIHBIH EPEKIINEJIIKTEPI

«Bexmopy KIUIC ocazoativinoa Kyuvliead aioOMUHUL OUCKILIEPIH OHOIpY
MEeXHONO2USACHINbIY  epeKwenikmepi  kopcemineen. Kyima Ouckinepdi eHOipyee
apHanean UHOYKYUAILlK mueenvdi newmepoe AK-12 amomunuii Kopulmnacwin
banxvimy npoyeci moavlk CUNAmman2ax.

bangwimy  yaxvimein  KbicKapmy — OOUbIHWA — JICYPRi3iieeH  OHEePKOCINMIK
9KCnepumenmmepoiy Homudicenepi KeamipineeH. bankvimyoan Keiin newmezi
KYUblI2an Memanobly OHMAlIbl pyKcam emineed Kaaovl2blH (bamnakmoei) maby
MiHOemi KOUbLiObl. ANblH2aH HOMUMCenep He2iziHoe 6amnaxKmoly OHMAllibl MACCachl
anvikmanowl, oa 100 ke Kypaiiowl.

Conoati-ax, Kbl30ulpbliead O0aublHOAMA MeH O6fime MeMNepamypacblHOazbl
0aUbIHOAMAaHBIY OANKY Y3AKMbI2bIHbIY AUbIPMAWDBLIbISHIH AHBIKMAY MAKCaAmMbIHOA
IKCNEPpUMEHmMmMIK — OAIKblmynap  cepusacvl  Jcypeizindi.  «Bexmopy  JKIUIC
KOCINOPHBIHLIY, OHOIPIC JcaA20aliblHOA UHOYKYUATLIK neumepoe Memaiovl OaIKblmy
MEXHONO2USChIHA 632epicmep eHei3y apKblibl «bamnakmay OaiKbimy MmoCiliH
natioanany apKulLivl OAIKbIMY Y3aKmblablH 25 MUHYMKA KblCKAPMY2a KOJ HCeMKI3in0L.
Conoati-ax, oanxvimy yzaxmoizvin 10—15 munymxa Kvickapmy Kul30blpy Neuliniy
KenicmizinOe Mamepuanoapvin aioblH-aaa Kbizobipyea viknan emmi. Texnonozusiea
e3eepicmep encizoec OYpulH, newimiy Mueeiin masaniay YaKblmblH JCOHe Neuimiy
KenicmicineH Memanovl az2vl3y NPOYeciH ecKkepe Ombvipvbin, moyiiciHe eH Kobi
12 6anxpimy sicypeizindi. Ozeepicmep eHeizineeHHeH Kellin OanKbiMalapObll CaHbl MEH
OanKpIMuLIAMbIH MEMAI0bIY KOJIeMi ic JCy3IHOe eKi eceze Yaeaiiovl, Oy KoCinopviHaa
0ip meseinde Oip eana 700 ke collibIMObLIBIZLI OAP UHOVKYUSILIK Nell MEemaiMeH
KaMmMamacwl3 ememin mepm Ky MAwUHACbIH ICKe Kocyed MyMKIHOIK OepOi.

Kinmmi ce30ep: antomunuil xopvimnanapul, Kyuvliean Ouckiiep, 0anxvimy,
UHOYKYUATILIK, nelt, OHIMOLTIK.
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OCOBEHHOCTHU TEXHOJIOI'MHU ITPOU3BO/ICTBA
AJIIOMUWHUEBBIX TUCKOB

Ilpeocmagnenvl  ocobenHOCmMU — MEXHOLO2UU — NPOU3BOOCMBA  JUMBIX
anromunuesvlx ouckos 8 ycrogusx TOO «Bexkmopy. Iloopobuo onucan npoyecc
BHINIABKYU ATIOMUHUEB020 cnaaga AK-12 6 uHOYKYUOHHBIX MuU2eIbHbIX neuax 0/
npOU3800CMBA TUMBIX OUCKOS.

Ilpugedenvi pezyrbmamul NPOBEOEHHHIX NPOMbIULIEHHBIX IKCNEPUMEHNOE NO
coxpawenuro epemenu niasku. bviia nocmasnena 3adauwa noucka onmumanrbHo
donycmumoco ocmamrka memania (boroma) 6 neyu nocie ciuga niasku. Ha
OCHOGe NONYUEHHLIX Pe3yIbmamos Oblia 6biA61eHa ONMUMATbHAS Macca 6oioma,
xomopas cocmasnsiem 100 xe.

Ilposedena maxoice cepusi IKCNEPUMEHMATLHBIX NIABOK C YEabl0 BblAGLeHUs
PA3HUYbl  ONUMETbHOCMU NIAGNEeHUSI HASPEeMOU YYWKU U YYUKU KOMHAMHOU
memnepamypul. B ycnosusx mnpouzeoocmea npeonpusmus TOO «Bexmopy c
NOMOWBIO BHECEHUSI USMEHEHUsL 8 TNEXHOTIO2UIO GbINLABKU METNANIA 8 UHOVKYUOHHBIX
nevax OvlI0 OOCMUSHYMO COKpaujeHue OTUMeTbHOCMU NIA8KU Ha 25 Munym, npu
NOMOWU UCNONBL308AHUSL Cnocoba naasku «Ha 6oaomey. Takoce cokpaweHuio
onumenvHocmu naaeku Ha 10-15 mumym cnocobcmeosan npedsapumenvHulil
Hazpes WUXOBLIX MAMEPUdNns 6 Npocmpaucmee Hazpesamenvhou neyu. o
6HECEHUs. UBMEHEHULl 8 MEeXHON02UIo, 3d CYMKU NPOU3BOOUIOCH MAKCUMYM
12 nnaeox, ¢ yuémom epemenu Ha YUCMKY Mucens neyu u npoyecc Ciuea Memauia
u3 npocmpancmea neuu. Ilocne gnecenus usmeHeHUll KOaU4ecmeo niagox u 006veém
BHINIAGAAECMO20 MEMALIA YEETUYULUCL NPAKIMUYECKU 8 08d PA3d, 4MO NO380AULO
npeonpusmuio 0OHOBPEMEHHO 3anyCmums @ pabomy uemvlipe JumetHvle MAuuHbl,
KOmopbwle CHAbcaem Memaniom ub 00HA UHOYKYUOHHAS nedb émkocmbio 700 Kke.

Kniouegvie cnosa: antomunuessie cniagul, iumuvle OUCKU, NIABKA, UHOYKYUOHHAS
neys, NPOU3E0OUMENLHOCD.
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TACT1AJIbl KOHBEWEPJIEPLIH XX¥MbICTbIH
CEHIMAINIIH TAJIOAY XXOHE APTTbIPY

Byn maxanaoa macnaner xouseiiep mvicanvinoa may-keH iadObIKmMapulHulY
CeHIMOINi2iH apmmulpyObly, MeoPpUsIvblK Moodeni kenmipineen. Maxarada macnaisl
KOHgellepepdi naudanany mocenenepi, mexHoL0SUSIbLIK HCAOObIKMAapObly MOKMan
Kany cebenmepi dicone o1apovl wieuly 90icmepi keamipineen. Tacnanvi konsetepoin
icmen wblayblHa Manday Hcacaudvl, OHblY He2iziHOe HcabOblKmbly iCMeH ublaybl
ecenmendi. Tanoay xepcemkenOel, Mmoxman Kanyobly ey KON Camvl KOHGeUepuiK
macnanapoviy y3inyine OAUIAHbICIbL ICMeH wbleyMeH Oauaaubicmel (Macnambsl
Oyndipy, macnanvly Y3iAVi, MACNAHBIY YIKeH KecekmepmeH 3aKbLMOAHYbl,
Mmacnawvly Mycyi, COHOQU-aK MACHAHbl MA3alay Kadcemminiei), 0aapobl
ABAPUATBIK JHCOHOEY JcoHe mYUicy Kocblivicmapuln dcondey. Toxman xamyoviy
eooyip yreci (20 %-2a Oeilin) MexaHuKanvlK HcAOObIKMbIY ICMEH Wbl2ybIHAH
bonaodvl. Konsetiepnepoin snekmp scabOblKMAapulHblE ICMEH wbl2ybl ey a3 yjec
caimaxkka ue. Kowgeiiep mytiinOepiniy oicymvic Kabiremminiein Oipminden
JHC02AIMY  CURAMbL  MAY-KeH MAWUHALAPLl MeH KeuwleHOepiHiy ceHimoiniel
MeopusiCblHbLIH 90icmepi MeH Kypanidapbli KOA0aHy He2izinoe bencinenedi. Tacnanvt
KOH@eliepepliy ceHiMOLiciH apmmblpyObly Heeizel Oasblmmapbl mymacmatl
aneanda KOHCMPYKYUAHbL JHCOHE OAapObly Hezizei myuiHOepin cemindipy 60vin
maodwvlIadsl, oaap Koueelepaepoiy CeHIMOLNIK OeHeeliH aublKmauovl, aman
aumyanoa: KoHeellep macnaiapsl, 01apovly mylicnenepi, KoHgelepiepoiy Kayincis
oHcymuic icmey Oeyeeliin KamMmamacvl3 ememin macnaiap meu dcabovikmapaa
apnanzan mipex anemenmmepi. JKypeizineen 3epmmeynep co3vliy CHAaHYUsCLIHbIY
aKaycol3 JHCYMbIC YAKbLIMbIH, iCMeH WbIKKAHHAH KeliH KOHeeuep MACHACLIHbIY
JHCYMBICHIH KAINbIHA KeAMIpy VAKbIMblH, COHOAU-AK JicemeK 0apadanoapviHodzaul
macnausiy mauvin Kemyi apacvblHoazsl yakblimmuyl 601y0iy unouxamuemi 3aqvbimen
001 CUNAMMANAMBIHObIZbIH AHLIKMAObI.

Kinmmi ce30ep: cenimoinix, koneetiep, macnaivi KOHgelep, may-KeH MauuHacsl,
KoK 2cabOblKmapeol.

Kipicne

Ennin tay-keH oHEpKOCiOIHAET! TEXHOJIOTHSUIBIK JKOHE KONIK KaOIbIKTapbIHBIH
CEHIMJUIITIH apTThIpy MpoOjaemMackl MaHBI3bl O0JBI XKoHe OOJbIN Kana Oepei.
[laxTamap MeH KEHIMITEepJeri Tay-KeH-Ie€OJIOTHIIBIK KOHE Tay-KeH-TEeXHHUKAJIBIK
XKaFJaimappIH KypaelieHyl, Tay-KeH dKYMBICTApbIHbIH IIOFbIPIaHyBIHBIH apPTYhI dKOHE
OCBIHBIH CaJIapbIHAaH JKYK aFbIHIAPbIHBIH YJIFAIObl KOJIK KYHelepiHiH CeHIMILTIriHe

57



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2021

XKOFaphl Tajantap Kosabl. Tay-KeH KeJliK KaOJbIKTapblHBIH KyaTTBUIBIFBI MEH
KYPBUIBIMIBIK KYPCNIiIIri apThin kenei [1].

Kasipri yakpITTa Tacmnaiabl KOHBeHepsepli KOHBEHEPIIiK KOJIKTiH eH THIMAL XKoHe
YKOFaphI canaibl TYpi 001bIn Ta0bU1aAbL. Tek Kapa MeTauTyprus KocinopbslHAapbIHaa 25
MBIHHAH acTaM TacHaJibl KOHBeiepiep maigananbuiagbl. AIIBIK Tay-KeH )KYMbBICTAphl
YIIiH Tacnayibl KOHBEiepiep Kol jKaF/iaiiia Tay-KeH MaIIMHAIAPBIHBIH TEXHHUKAIIBIK
KOHE SKOHOMMKAJIBIK MapaMeTpiiepiHe TOJBIK COMKEC KeJel jKoHe aFbIH/bI )KoHE
IIUKJITIK-aF bIH]IBIK TEXHOJIOTUSHBI KOJAAHYFa MYMKIHIK Oepeni. KonBeiepimik KemiKTi
naiilanaHaThlH aFbIH/IBI TEXHOJIOTHUS CcalaaFbl eHOEK OHIMIIUIITIH e19yip apTThIpyFa
KOHE OH/IIpIC KYHBIH TOMEHAETYre MYMKIHAIK OepeTiHi nanenaenHnui [2].

KomnseiiepnepiH TeXHUKANIBIK XKali-KyHiH OaFaay oJlap/ibl allaTChl3, CEHIM/I )KoHe
Kayirci3 naiaanany >keHiHJET1 ic-1apanapabl 93ipiiey YIIiH KaxXeT.

Marepuajiap :koHe 9icTep: 3epTTEIETIH TacTallbl KOHBEHEpIIep CyChIMaIIbl JKOHE
KECeK MaTepHajiap/ibl TaChIMalJayFa apHaJFaH.

Bapnbik Tacmanbsl KOHBeHepyiep/IiH )KYMBIC OpPTraHbI-TaChIMaJJJaHAThIH KYKTI
TaChIMAJIJIANTHIH ’KOHE COHBIMEH Oipre TapTy OpraHbIHBIH (PYHKIMSIAPBIH OPbIHAAWTHIH
pe3eHke MaTa Tacmachbl. Tacma exi meTki 6apaGaHabl alHAIABIPAAbI, all TAPTy KYLIi
Oapabannan GapabaHFa YHKeNic KYIITEepl apKbUIbl Tacnara Oepiieai. TacmaHsl xeTek
6apalaHbIHa KQXKETT1 0acy Kepy KYpbUIFBICBIMEH KaMTaMachl3 eTine/i. TacimaHsl )keTek
OapabanbiHa KaXeTTi 0acy Kepy KypbUIFBICBIMEH KamTaMachl3 erineni. Tacma Oykin
Y3BIH/IBIFBI OOMBIHINA YIII POJIMKTI TipEeKTepre CyHeHe i, ojlap OFaH KeH/1 TachIMaJliayFa
Ka)XeTTi oWbIK mimiuai 6epeni (1-cypet). Tacnanbl KOHBeHepIiH xKaKTaybl-0yJ1 KOHBeHep
#aOJBIKTapbl OPHATHIIATHIH JOHEKEPJICHIeH METaIJI KYpPBUIbIMBI [3—5].

Konetiep xeniiepiHiH >KyMBIChIHA IIEHIYII 9Cep €TETiH OJIapAbIH CEHIMILIIT:
KOHBeWepep ICTeH MIBIKKAaH Ke3/le HEMECe KYK THEY MyHKTTepi KOHBeHepepaiH
MalllMHa YaKbITHIHBIH a3aI0bIHA OAIIaHBICTHI KOJIK KYHECIHIH O0TKI3y KaOIeTTUIIriH
temenzeTeal. Konseiiep xeminepin xxobanay Ke3iH e )KeKe KOHBEeHepAiH TalbIHABIK
ko3¢ puumenti k. = 0,95-0,96 ten xabbuinanansl, Oipak o0y KOHBEHepiepain
(GbU3UKaATBIK TO3ybIHA OailIaHBICTHI a3asabpl. HoTwmkeciHae, KOHBeHep KeliCiHIH
opTaiia TOYIIKTIK MallMHAa YaKbIThl 12 caraTka JeiiH a3asijsl, )ko0anay Ke3iHje
canblFaH 16—18 carar [6—7].

Kongeiiepik xeniiepAiH OHIMALTITT MEH CEHIMALTITIH OaFraiayapl KeIIeH Il TAIIay
Ke31H/1e )KYHEeHIH TOKTal KaJTybIHbIH OapJIbIK BIKTUMAJI KO3/1€PiH )KOHE OJIap/IbIH XKeTiHIH
KYMBIC KaOUIETTUIIriHE JKOHE KOCMApibl KOPCETKIIITEPAiH OpbIHAATYbIHA THICTI
BIKTUMAIIBIK dcepiH Oenriney MaHbi3abl (1-kecte) [8].
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1 — TapTnansl OypaMa KYpbUIFbI; 2 — )KOFapFbI POJIMKTI TIpEKTep; 3 — Tacma;
4 — aypITKUTHIH OapabaH; 5 — )KeTek; 6 — xeTekTi 0apaban; 7 — meTki 6apabaH;
8 — TacnaHsl 11IK1 Tazanay; 9 — TOMEHI1 POJIUKTI TIpEKTep;

10 — Tacmanbl CHIPTKBI Ta3amay.

Cyper 1 — Tacnansl KOHBeHep1iH XKaJIlbl KOpiHici

Kecre 1 — xoHBeiiepiik »ka0bIKTBIH 1CTEH MIBIFYBIHBIH Yiiec caMarhbl (%) *oHe ICTeH
IIBIFYBIHAH TOKTAM KaJy (Car)

Icren meiFy TYPI % car
Tacmanapapy y3inyi 28,3 624
Ty#icTipy KOCBIIBICTapBl MEH TACIIANEI KaiiMaHBIH ICTEH IIBIFYHI 39,0 814
KonBetiepiepaia 6apiablK MEXaHUKAIBIK JKa0abIKTaPhIHBIH 1CTEH IIBIFYBI 20.9 461
(>xerek GapabaHmapsl, peyKTopiap koHe T. 0.) ’

DNEKTP Ka0IBIKTAPBIHBIH ICTEH IIBIFYHI 11,5 255
Bapbirst 99,7 200,4

ConbIMeH Katap, KeiOip ke3aep Heri3ri 0oJbIl TaObIIaabl )XoHE KYHCHIH
TUIMILTIriHE aiTapIbIKTail ocep eTeni. backamapsl a3 ocep erei xoHe a3 MaHbI3b! [9].

Hoaru:kenep MeH Tajakbliay. l-kecreneri AepekTepi Tannay KOHBEHepIik
TacmaJap/blH Y3UTyiHe OalJIaHBICTBI ICTEH IIBIFYJIApIbIH €H KOIl CaHbIH KepceTe.l
(Tacmanbl OYIAipy, TacMaHBIH Y3UTyl, TACTIAHBIH YJIKEH KECEKTEPMEH 3aKbIMIAHYHI,
TacCIllaHbIH TYCYl, COHAAi-aK TacmaHbl Ta3ajay Ka)KeTTUIIr), oJapbl aBapUsIIbIK
KOHJICY JKOHE TYHICTIeNl KOChUTBICTapabl )koHey. TokTamn KaimyisiH enadyip yieci (20 %
JIeiiH) MeXaHUKAJIBIK Ka0IbIKTHIH ICTEH MIBIFYbIHAH Ooazsl. KonBeliepiepain 31ekTp
a0 IBIKTAPBIHBIH ICTEH MIBIFYBI €H a3 YJIeC callMaKKa He.

Konseiiep TylinaepiHiH KyMbIC KaOUIETTUIINH OipTiHIAE JKOFAITY CUIATHI
l-xectene xoHe 2 XKoHE 3-CypeTTepiAe KEeNTIpiiAreH Tay-KeH MallhHAJIapbl MEH
KEIICHIePiHIH CeHIMAIIT TEOPUACHIHBIH diCTEpl MEH KYpaJIapbIH KOJIJIaHy HeTi31H/1e
aHbIKTaae! [10].
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Cyper 2 — I'ucrorpaMmma >koHe KOHBEEp TacnagapbIHbIH
aKayChI3 )KYMbIC YaKbITBIHBIH YKCIIOHEHLIUAJIbI YIECTIPLITY KHCHIFBI

Cypert 3 — KonBeilep:ik Tacnajiap/iblH aKayChl3 )KYMbIC YaKbIThIHbIH
P(t) piIkTUManAbIFbIH 061y 1H AuddepeHnnanibl GyHKIHUICH

MyHnait 3aKbIMAApAbIH aJ/IbIH ajly YLIIH TeXHUKAJIBIK JKaFdai/ibl YHEM1 OaKbLIay,
OJIapibl YaKThUIbI KYTII YCTAY KOHE aybICTBIPY KaXKeT.

Kopsiteinasl. Tacnanbl KOHBeWepJIepAlH CEHIMAUIITIH apTThIPY/IbIH HEri3ri
OarpITTapbl TYTAac ajFaH/la KOHCTPYKIUSHBI JKOHE OJIAPJIbIH HET13r1 TOpamnTapblH
KETUIaipy OonbIm TaOBLIAABI, OJlap KOHBEHEPIEPAlH CEHIMIUIIK JEHTeHiH
HEFYpJIbIM aHBIKTAM/IbI, aTal alTKaHIa: KOHBEUEPIIK Tacmaiap, oJlapAblH TyHicmeni
KOCBUIBICTAPBbl, KOHBEHEPIEPAIH Kayllci3 XYMBIC 1CT€Y JACHIEHiH KaMTaMachi3
€TEeTIH Tacmajap MEH XaOIbIKTapFa apHalFaH Tipek ayneMeHTTepi. JXyprizuiren
3epTTeyJiep CO3bUIYy CTAaHUUSACHIHBIH aKayCbhl3 )KYMBIC YaKbITbIH, ICT€H IIBIKKaHHAH
KEillH KOHBeWep TacmachblHbIH JKYMBICBIH KaJIblHA KEJITIPY YaKbIThIH, COHAA-aK
xKeTek OapalOaHJapbIHAAFbl TaCIAHbIH TAWbIN KETYl apachlHIAFbl YaKbITThl OeiydiH
UHAMKATUBTI 3aHBIMEH J19J1 CUIIATTAIaThIHABIFbIH aHBIKTA/IbI.
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AHAJIN3 U ITOBBIINEHUE HAZIEZKHOCTHU
PABOTHI JEHTOYHBIX KOHBEMEPOB

B 0Oannoii cmamve npeocmasnena meopemuueckas MooOeib NOGbIULEHUS.
HAOENHCHOCMU  20PHOMPAHCNOPMHO20 000pYO08AHUs, HA NpumMepe JIeHMOYHO20
Kougellepa. B cmamve npusodsmcs npobiemvl  dKCnayamayuu - JeHMOYHbIX
KOHGelepos, NPUYUHbL NPOCMOS MEXHOIOSUYECKO20 000pYO0SaHUsi U Menmoobl
ux pewenus. Ilpeocmasnen ananusz omxaso8 JNEHMOYHO20 KOHEeuepd, HA OCHOBe
KOmopwix 0bil1 npou3gedeH paciem 0e30mKasHou pabomul 0060pyoosanus. AHamu3s
noxasvieaem, ymo HaudoIbUee KOIUYeCmao NpoCmoes Cés3aH0 ¢ OMKA3AMU U3-3d
00pbI806 KOHBEULEPHBIX JIeHm (3a0Upbl IeHMbL, 00PbIE ICHMbL, NOBPEAHCOCHUE ICHM bl
OONBUUMU KYCKAMU, CXOO JIeHMbl, A MAKHCe HeoOX0OUMOCMb OYUCMKU JIeHMbL),
UX A8APULIHO20 PEMOHMA U PEMOHMA CMBIKOBbIX COCOUHEHU. 3HAYUMENbHA 005
npocmoes (00 20 %) ciayuaemcst u3-3a OMKA308 MEXAHUYECKO20 000pYO08aAHUS.
Haumenvuiuil yoenvhulii 6ec umerom omxaszvl 31eKmpoo6opy008anus KOHEeUepos.
Xapaxkmep nocmenennoii nomepu pabomocnocooHocmu  y3namu  KoHeelepa
YCMAHOBNEH HA OCHOBE NPUMEHEHUs. Memo0o8 U CpeoCme meopuu HA0eHCHOCMU
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2OPHBIX MAWIUH U KOMHAeKcos. OnpedeieHo 4mo, OCHOBHLIMU HANPAGIEHUIMU
NOBBIUUEHUST HAOEHCHOCHU JTEHMOYHBIX KOHBEUEPO8 ABISACHIC COBEPUICHCTNBOBAHUE
KOHCIMPYKYUU 8 YELOM U UX OCHOBHBIX V37108, 8 HAUOOIbULET CIENeHU ONPeQensiouux
VPOBEHb HAOEHCHOCHU KOHBEUEPO8, 8 HACHHOCTU. KOHGEUEPHBIX JICHN, UX CIMbIKOGLIX
COCOUHEHUTl, ONOPHBIX IIEMEHMO8 OJisl AeHM U 000pYO08aHUs, 0DeCneyusaoueco
VPOBeHb Oe30nACHOU IKCHAyamayuu Kouselepos. [Iposedennbimu uccied08anusmu
VCMAHOGIEHO, YMO Haubolee MOYHO ONUCHIGAIOMC NOKA3AMENbHLIM 3AKOHOM
pacnpeoenenust epems 0e30MKA3HOU pabomvl HAMANCHOU CMAHYUU, BDEMS
80CCMAHOGIEHUS PAOOMOCNOCOOHOCIU KOHBEUEPHOU JIeHMbl NOCIe OMKA308, a
makaice pemsi MexHcOy NPOOYKCOBKAMU TeHMbL HA NPUBOOHBIX O6aApabanax.

Knrouesvie cnosa: Hadesicnocmv, KoHGellep, KOHGeliep NeHMOYHbIL, 20pHAs
MAWUHA, MpaHcnopmuoe 060pyo0osanue.
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1-234Toraighyrov University,

Republic of Kazakhstan, Pavlodar.
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ANALYSIS AND IMPROVEMENT OF OPERATIONAL
RELIABILITY OF BELT CONVEYORS

This article presents a theoretical model for improving the reliability of mining
equipment, using the example of a belt conveyor. The article presents the problems of
operation of belt conveyors, the reasons for the downtime of technological equipment
and methods of their solution. The analysis of belt conveyor failures is presented,
giving the basis for the equipment downtime calculation. The analysis shows that the
greatest number of downtimes is associated with failures due to conveyor belt breaks
(belt bullying, belt breakage, damage to the belt in large chunks, the descent of the tape,
as well as the need to clean the tape), their emergency repair and repair of butt joints.
A significant proportion of downtime (up to 20 %) occurs due to mechanical equipment
failures. Failures of electrical equipment of conveyors have the least specific weight.
The nature of the gradual loss of operability by the conveyor nodes is established
on the basis of the application of methods and means of the theory of reliability of
mining machines and complexes. It is determined that the main directions of increasing
the reliability of belt conveyors are to improve the design as a whole and their main
components, which determine the level of reliability of conveyors the most, in particular:
conveyor belts, their butt joints, support elements for belts and equipment that ensures
the level of safe operation of conveyors. The conducted research has established that
the time of trouble-free operation of the tensioning station, the recovery time of the
conveyor belt after failures, as well as the time between belt slips on the drive drums
are most accurately described by the indicative distribution law.

Keywords: reliability, conveyor, belt conveyor, mining machine, transport equipment.
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NCCJIE4OBAHUE MNEPBUYHbIX LUITAKOB
QJIEKTPOCTAJIEIMITABUIIBHOIO ITPON3BO/LCTBA

B pabome uccredosana 603mM0oHCHOCb 806IeHeHUsT 8 NEPEPAOOMKY NePEUYHBIX
CMANENIABUNLHBIX WINAKO8 C 00U3BNCUEHUEM HCele3d U WaKa OJis npou3so0Ccmed
cmpoumenbHuLX U30enull.

B Ilasnooapckoii obracmu Pecnyonuxu Kazaxcman npu npouzgoocmee cmanu
Ha anexmpocmaneniasuivibix npeonpusmuix TOO «Castingy u TOO «KSP
Steely obpazyiowuecs d1eKkmpocmaneniasuibivle WIAKU U NblLIU CKIAOUPYIOMCsL
6 WLIAKOBBIX OMBANAX U NPAKMUUECKU HEe UCNOAb3YIOMCS, HECMOMPsL HA BbICOKOE
cooepoicanue 6 HUX OKCUOO8 Jicelle3ad U KOPOIbKO8 MEMAIUYecK020 MHCeaesd
(00 40 % om maccel 6 OMOENbHBIX BUOAX ULLAKOS).

DKCnepumMenmanrbHo onpeoesen XUMUHEeCKUN U MUHEPAIOSUHeCKUll COCmas
NePEUUH020 DNIeKMPOCMANENJIASUILHO20 ULIAKA C COOEPAHCAHUeM 00uje2o xceresa
6 konuywecmeae 6onee 20 %, xomopwlii éKOHAem CACOYIOUUE MUHEPATIbL. GIOCTIUM
(FeQ), macnemum (Fe,0 ), enenum (Ca,Al(ALSi),0,), mepsunum (Ca,Mg(SiO,),).

B xo00e nposedennvix 2KCHePUMEHMANbHBIX UCCAEO08AHUL N0 nepepabomie
NEePEUUHBIX IIEKMPOCNANENAABUTILHBIX UUILAKOE 60CCIMAHOSUMENbHOU UHOYKYUOHHOU
NIABKOU  ULIAKOU3BECMKOBOKOKCOBbIX OKAMbBIUUEN YCMAHOBIEHA B03MOICHOCHDb
UBBNEUEHUSL HCENE30Y2NEPOOUCTIBIX CIIABOS U ULIAKA 051 NPOU3800CMEa HEmMOoHaA.

Knioueswvie cnosa: Memanypus, cmain, WIax, PeyurIune,
PEHM2EeHOCNEKMPANbHBLU AHATIUS.

Beenenune

IIpon3BOACTBO EKTPOCTAIN U TPOKATA Pa3IMUHOIO COPTaAMEHTA SIBJISIETCS OTHUM
U3 OCHOBHBIX JpaiiBepoB pocTa B UepHON MeTayuTyprun Mupa u PecrryOnnku Kazaxcran
B yacTHoCTH [1, 2].

CoBpeMEHHOE 3JIEKTPOCTAJIENIaBUIBHOE POU3BOJACTBO XapaKTepHU3yeTCs
MOJTyYE€HUEM 3HAYUTEIHFHOTO KOJMYeCTBa MOOOYHBIX MPOAYKTOB [3]:

— NEPBUYHOTO CcTallerIaBuiibHOrO 1uiaka (10—-12 % ot maccol maBku);

— BTOPUYHOTO IIIJIaKa U3 arperara KoBuI-meys (10 2,5 % OT Macchl MIIaBKH);

— btk (10 1,5 % OoT Macchl 1m1aBkm).

[ToGouHBII MPOAYKT CTaJEIJIaBHIBHBIX MPOLECCOB MPEACTABISET cOO0M
pacIiaB OKCHIOB, 00Pa3yIOUIMXCS MPU B3aUMOJICHCTBUU C KUCIOPOAOM IpUMECEH,
COJIepXKAIIUXCS B UyTYHE M METAJUTyPrUYECKOM JIOME, KOMIIOHEHTOB (heppOCILIaBOB,
UIaK000pa3yIOIINX, BHOCUMBIX B CTaJeIJIaBHIBHYIO BaHHY JUISI KOPPEKTUPOBKH
COCTaBa, MUKCEPHOIO M JAOMEHHOIO IIIJIaKa, MOCTYNAIOUIMX C YyTYHOM, a TaKKe OT
(byTepoBKH IUIAaBUIIBHBIX arperaTtos [4].
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[To nanupiM Accommanuu «EBpommmak» [5], B 2010, B ctpanax EBpormbl 06110
oOpaszoBano 21,8 MJIH. TOHH CTaJleIUIaBWIbHBIX HUIAKOB. IIpu 3TOM, 00mMK 00BEM
MCIIOJIb30BAHHOT'O IIUIAKA COCTaBMI 22,3 MJIH. TOHH (PUCYHOK 1).

Pucynok 1 — Ucnonp3oBanue craneriaBuiIbHbIX HUTAKOB B cTpaHax EBpomsr [5]

3a pyOexoM cTrajenjgaBUIbHbIE LIIJIAKU NPUMEHSIOTCA B TPEX OCHOBHBIX
HaNpaBJICHUAX: B CEIbCKOM XO3SHCTBE — Il U3BECTKOBAHHMS TI0YB, B CTPOUTEIILCTBE
— B CTPOHUTEIBCTBE AOPOT U B KAUECTBE 3aIlIOJTHUTENCH B OETOHAX, a TAKXKE B KAYECTBE
JKEJIE€30COoIepKAIIero MaTepurara Jijisi BTOpUYHOM NeperuiaBKy B IOMEHHBIX nevax [S].

B IlaBnogapckoii o6nactu PecnyOnnkn Kazaxctan mpu mpou3BOJCTBE CTaIH
Ha sNeKTpocTanemaBmwibibix npeanpusatusx TOO «Castingy u TOO «KSP Steel»
00pasyromuecs 3JIeKTPOCTANICIIaBIIIbHBIE IIIJTAKH U BTN CKJIQJAUPYIOTCS B IIUTAKOBBIX
OTBaJaxX M NPAKTUYECKU HE UCTIONB3YIOTCS, HECMOTPS Ha BHICOKOE COJIEPYKAHHUE B HUX
OKCHJIOB eJie3a U KOPOJIbKOB MeTauindeckoro skesesa (110 40 % oT Macchbl B OT/IEIBHBIX
BH/IaX IIJIAaKoB) [6].

B Kazaxcrane yxe peann3yroTcsi ”HHOBAlIMOHHBIE NMPOEKTHI 0 BOBJICYCHHUIO B
nepepaboTKy BTOPUYHBIX CTAJICTUIaBUIBHBIX IIIaKkoB [7—10]. OqHako B mepepaboTKy
HE BOBJICUEHBI IEPBUYHBIE CTAJICTUIABHIIBHBIC ITAKH, 00pa3yIOIINecs B JyTOBBIX Ieyax.

B nannoii pabote mcciegoBaHa BO3MOXXHOCTh BOBJICUEHHS B IepepaboTKy
NEPBUYHBIX CTAJCIUIABUIIBHBIX IIJIAKOB C JOU3BICYCHUEM JKelie3a M IIIaKa s
IPOM3BOJICTBA CTPOUTEIBHBIX U3/ICTHUI.

MaTtepuajbl H MeTOAbI

OOBEKTOM HCCIIEAOBAHUS SIBIISIICS IEPBUYHBIN 3JIEKTPOCTAJICIIAaBIIIbHBIN IIJIAK,
00pa3yromuiics B AyroBbIX Meyax.

B xadecTBe MaTepuanoB A8 M3TOTOBJIEHHUSA O(IIOCOBAHHBIX OKATHIIIEH
HCTOJIb30BAJIMCH: MEPBUYHBIN CTAJEIUIABUIIbHBIN IUIAK, METAJUIyPTHYECKUA KOKC,
CBEXE000KKEHHAs! U3BECTh, OEHTOHMT.

Jlist onpeneneHus XMMHYECKOr0 COCTaBa CTaJCIUIaBUJIBHOTO IJIaka, ObLIH
otoOpanbl 00pasubl Gppakuuu auamerpom ot 10 1o 50 MM, ganee oHM APOOHIIUCH 10
dpakmuu 3—5 mm Ha miexoBoit apobwuike I 80-150, uamenpuanucek 10 Gpakmuu
0,01 mm Ha BUOpoucTupatene Herzog u 3anmpecoBbIBAIMCH 00pa3Iibl Ha JIA0OPATOPHOM
npecce Herzog (Pucynoxk 2).
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Pucynoxk 2 — I'oToBbIe 00pa3iipl I1aKa

OOpas3upl I1aKa UCCIIeI0BAIMCh METOJIOM PEHTTEHOCIIEKTPAIBHOIO aHAJIn3a Ha
cnekrpomerpe CPM-35. XuMudeckuii coCcTaB CTAICILIABHIILHOIO IIIaKa MPUBEJCH B
Ta0mre 1.

Ta6muma 1 — XuMu4ecKkuid cocTaB IEPBUYHOTO IIIaka, %
Fe Si0 ALO, Ca0 MgO MnO S PO,

o0y 2

23,4445 | 154259 | 3,8932 | 27,7137 | 49844 58785 | 0,0340 | 0,3972

Jlanee na mudpakromerpe Empyrean ompenensiii MUHEpaJIOTrHYeCKU COCTaB
nuiaka. Pe3ynbratel aHanu3a npuBeieHbl B Ta0uuie 2 U pUCyHKe 3.

Tabymia 2 — MUHEpaJOTHYECKHA COCTaB CTaJICIUIABUIILHOTO IIIJIaKa
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Pe3yabTarsl H 00CyKIeHNE
HccnenoBanus MpoOBOAUIUCH CIENYIOIIUM 00pa3oM. BbIIu MpUTrOTOBIEHBI
OKaThIIIIN U3 HepBI/I‘-IHOFO CTAJICIIIIaBUJIBHOI'O IIJIaKa, MeTaJIJIprI/I‘-IeCKOFO KOKCa,
CBEXEO000NKEHHON U3BECTH U OEHTOHUTA.
Ka)KZ[aH CepI/I}I 3KCH€pI/IMeHTOB ocymecmnsmaCL n3 OKaTBIIHefI C paBHI/I‘-IHBIM
COOTHOIICHUEM KOMIIOHCHTOB. COCTaBbI KOMIIOHCHTOB I10 pa3HI/I‘-IHBIM CepI/IHM
HKCIIEPUMEHTOB MIPHBEICHBI B Ta0OIHUIIE 3.

Taomnuua 3 — Cocras oKaThILIEH

HaunmenoBanue koMInoHeHTa Ne 1 No2 No3
[lepBuuHEIl nUTAK 60 65 70
Kokc Meramnypruueckuii 20 15 10
H3BecTh 10 10 10
bentonut 10 10 10
Boga (cBepx 100%) 15 15 15

OxaTbIIIH Ka)I([[Ofl CCPHUHU SKCIICPUMCHTOB BOCCTAHABIIMBAJIUCH B HHIIyKLIHOHHOﬁ
neuu npu temnepatype 1500 °C. OOuiast Mmacca 3aBaJIki cocTaBiisiia 5,5 Kr, B IpoLecce
IUIABKU IJId YJAYHUYIOCHUA MCETAJUTYPIrUUCCKHUX MPOUECCOB B NICYb HOIOJIHUTCIIBHO

BBOJIMJIACH CTasbHas cTpyxka (0,25 kr) u minaBukoBslit mmart (0,3 kr).

[Mocne mpoBeneHus MIABKY, MOJYYSHHBIH METAII M NUIAK OBLUT MCCIEIOBAH
Ha peHTreHodIoypeciHeHTHOM cnekTpomeTpe Niton. Pe3ynbTaTel ncciegoBaHuii

IIPUBENIEHBI B TabnuLe 4.

Tabnuna 4 — CoctaB moily4eHHOro Marepuaina, %

HasBanwue coenuueHus Xumuaeckas popmyiia %
Broctur FeO 29
Maruetur Fe O, 3
I'enenut Ca,Al(ALSi),0, 29
MepBUHUT Ca,Mg(Si O,), 19
géc;?fOMMaer U MapraHiia B KOHTaKTE C (Mg0)0.43 (Mn0)0.57 20

Pucynok 3 — JludpakrorpamMma cTajlelIaBUIIBHOTO IIIJIaKa
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Merannuyeckas 4acThb [nak

Kommonent % KommnoneHt %
Keneso 82,08 | XKemeso sakuce+oxkucs (Fe,0,) 30,1
Mapranern 4,07 Oxkcun kanpius (CaO) 273
Kpemuuit 2,79 HByokucek kpemuus (SiO,) 26,2
VYraepon 2,56 Tpexoxuce amomunus (Al,O,) 5,31
Xpom 0,7 Oxcun maraust (MgO) 6,2
dochop 0,223 | Okcun maprania (MnO) 3,9
Menn 0,05 Cepa (S) 0,247
Cepa 0,034 | Tlatnokucw pocopa (P,0,) 0,150
Huxkenn 0,02

HOHy‘lCHHBIﬁ IIJaK OBLT HCCJICO0OBAH Ha MI/IHepaHOFH‘ICCKHﬁ COCTaB. Pe3y.]'IBTaTBI

MIPUBEJICHBI B TAOIHUIIE 5.
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Tabnuna 5 — MuHepanoru4eckuii CocTaB Ijlaka MHAYKIMOHHON TUIaBKU

Ha3zBanue coequHeHus Xumudeckas popmyia Becosas ¢paxims
Benur 2Ca0*Si0O, 44%
OKCHIIBI KQTBIIUS U MapraHia CaO*MnO, 10%
Maruerut FeO*Fe O, 14%
Mymnut 2A1,0,*8i0, 32%

BriBoabl

1 DKcnepuMeHTaIbHO OINpEACICH MUHEPAJIOTHYSCKUNH COCTAB MEPBUYHOTO
ANIEKTPOCTANIETUIABIIILHOTO [IUIAKA C COJIEPKAHUEM OOIIIETO jKee3a B KOJIMYECTBe OoJiee
20 %, KoTOpBIi BKIIOYAET cheayroiue Munepansl: BlocTuT (FeO), maruerut (Fe304),
renenut (Ca,Al(AlS1)20,), mepsunut (Ca,Mg(Si0,),).

2 B xoze MpoBEIeHHBIX IKCIEPUMEHTAIBHBIX HCCIEAOBaHUN MO TepepadoTke
NEPBUYHBIX JICKTPOCTAICILIABIIBHBIX IIIJIAKOB BOCCTAHOBUTEIILHOW MHYKIITHOHHOMN
NJIaBKOM IIJIaKOM3BECTKOBOKOKCOBBIX OKATHINIEH yCTaHOBIIEHA BO3MOXXHOCTH
U3BJICUCHHSI JKEJIE30YTIIEPOAUCTHIX CIUTABOB M IIUIAKa JJIsl IIPOU3BOJICTBA OETOHA.

3 Pe3ynbTaThl MCCIEAOBAHUNM TMO3BOJAIOT YTBEPXIaTh O BO3MOXHOCTH
NPaKTHYECKON peann3aluu TEeXHOJOTHUYECKON CXeMbl MmepepabOoTKH MEePBHYHBIX
ANEKTPOCTANCTUIABIIIBHBIX MUIAKOB C MOJYYEHUEM JIOMOJHUTEIBHBIX MIUXTOBBIX
MaTepHaJioOB B BHJIE JKEJIE30yIIIEPOUCTOTO CIIaBa, a TaKKe IIIaKa WHIYKIIMOHHON
TUTaBKH MTPUTOJTHOTO B KQYECTBE HAMIOJIHHUTEISI ITPH MTPOU3BOJICTBE OETOHA.
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JIEKTP BOJIAT BAJIKBITY OHAIPICIHIH
BACTAIIKBI KOXIAPBIH 3EPTTEY

JKymvlcma Kypolivic OYUbiMOapbii OHOIPY YUliH memip MeH KOHCObl MOIbIK
mapma omvipbin, bacmanxvl bonam OanKeImKbiul WAAKMAposbl Katma enoeyee
mapmy MyMKiHOI2i 3epmmenzeH.

Kaszaxcman Pecnybnukacvinoiy Ilasnooap obnviceinoa «Casting» XKIUIC scone
«KSP Steely JKIIC snexmp Oonam Oanxwimy KoCinopwblHOapviHOa 60iam 6HOIpy
Ke3iHOe my3inemin 91ekmp 6onam KOpolMamvlH WIAKMApP MeH Waoap uLiax
YUinOinepinOe HCUHAKMAAObL HCOHE 01apOazbl MeMIp OKCUOmMepi MEeH Memail memip
RAMWANApbIHBIY HCO2apbl OONYLIHA KAPAMACMAH IC JHCY3iHOe NAtOaIaHbLIMAObL
(wnakmapowviy Jncexenezen mypaepinoezi maccanviy 40 %-vina Oetlin).

Kypamvinoa 20 %-0an  acmam  oicainvl  memip  bap  bacmankvl
SNIEKMPOCMANENNABUNLOL  KONCObIY XUMUSILIK JHCOHE MUHEPATOSUANILIK KYpaMbl
IKCNEPUMEHMATIObL MYyPOe AHLIKMAN2AH, 02aH Keleci MUHepandap Kipeoi. giocmum
(FeQ), macnemum (Fe,0,), cenenum (Ca,Al(Al, Si),0,), mepsunum (Ca ,Mg(SiO,),).

bacmanxbl anekmpocmanennasunvlix Koxcoapovl Kauma eHoey OoublHuA
JHCypeizineer IKCnepuMeHmmix 3epmmeynep OapblCblHOA ULIAKEECMKOBOKOKCHIb
wexemmacmapowbl UHOYKYUSIBIK, KAINbIHA KeAmipy apKblibl MeMIpKOMIPMeKmi
Kopulmnanap mex 6emor 6HOIpy YuliH K0AHCObl ALy MyMKIHOI2I AHbIKMALObL.

Kinmmi ce30ep: memannypeus, 6onram, K¢, peYyukiuHe, peHmeeHOIK CHeKmpiiKx
manoay.

*V. V. Larichkin

Novosibirsk State Technical University,
Russian Federation, Novosibirsk.
Material received on 20.09.21.
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RESEARCH OF PRIMARY SLAGS OF
ELECTRIC STEELMAKING PRODUCTION

The article investigates the possibility of involving in the processing of primary
steelmaking slags with additional extraction of iron and slag for the production of
construction products.

In the Paviodar region of the Republic of Kazakhstan, in the production of
steel at the electric steelmaking enterprises «Casting» LLP and «KSP Steely LLP,
the resulting electric steelmaking slags and dust are stored in slag heaps and are
practically not used, despite the high content of iron oxides and metallic iron kings in
them (up to 40 % by weight in certain types of slags).

The chemical and mineralogical composition of primary electric steelmaking
slag with a total iron content of more than 20 % has been experimentally determined,
which includes the following minerals: wustite (FeO), magnetite (Fe,0,), helenite
(Ca,Al(ALSi) 0,), mervinite (Ca,Mg(SiO,) ).

In the course of the conducted experimental studies on the processing of primary
electric steelmaking slags by reducing induction melting of slag-lime-coke pellets, the
possibility of extracting iron-carbon alloys and slag for the production of concrete
has been established.

Keywords: metallurgy, steel, slag, recycling, X-ray spectral analysis.
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CTPOUTEIIbCTBO

MPHTH 30.19.15

https://doi.org/10.48081/ZPES7020

*C. P. lupHuc', B. H. YkpauHeu? E. M. U6paeea’ |A. B. YkpauHeu®
123 TopallTbIpOB YHHBEPCHUTET,
Pecny6nmka KazaxcraH, r. [laBnomap

BJTIMAAHUE TEOMETPUYECKUX TAPAMETPOB OBAEJIKW TOHHEJIA
HA HATPS)XXEHHO-QE®OPMUPOBAHHOE COCTOSIHUE NMOPO4HOIO
MACCUBA NP JEACTBUN MNOABUXHOU HAIPY3KU

B nacmosweii pabome pewena 3adaua o Oelicmeuu HeoCeCUMMEMPUYHOU
NOOBUIICHOU HAZPY3KU HA MOHKOCMEHHYIO KPY2O8YI0 WUIUHOPUHECKYIO 000N0UKY
6 ynpy2om npocmpancmee (maccuge). Hannas 3adaua aensiemcs MoOenvHOU npu
uccne0o8anuy OUHAMUKY THOHHENel 21yO0K020 3an0JCeHusi nood 8030eucmeuem
MPAHCNOPMHOU  HaA2py3Ku. [ onucamus OBUNCEHUs MACCUBA UCHONb3VIOMCA
OuHamMuvecKue ypasHeHus meopuu ynpyeocmu 6 nomenyuanax Jlame. Konebanue
0007104KU ONUCHIBAIOMCA NPUOIUNCCHHBIMU VYPABHEHUAMU KIACCUYECKOU meopuu
moHKux obonoyex. Koumaxm mesncdy 000n0uKkou u maccugom noiazaemcs aubo
AHCECMKUM, AUOO CcKONb3AWUM. Pewenue, nonyuennoe agmopamu 0nsi 0036yK08020
cnyuas (ko2o0a CKOpoCmb 0BUIICEHUST HAZPY3KU MeHble CKOPOCMU BOIH cO8U2a 6
maccuse), HOCMPOEHO 8 NOOBUICHOU cUCTneMe KOOPOUHAM, CEA3AHHOU C PAGHOMEPHO
08UdCYWelicsl NO GHYMPEHHEeU NOBEPXHOCMU 000N0UKU HASPY3KU.

Ha ocnoge nonyuennoeo pewenus u YuCieHubix dKCNEpUMEHMOo8 UCCIe008aAHO
BNUAHUE 2€0MEMPUYECKUX NApaAMempos 000eNKU MOHHENs 21Y00K020 3AN0HCEHUs
HA HANPANCEHHO-0ePOPMUPOBANHOE COCMOAHUE NOPOOHO20 MACCUBA NPU OeliCmEUY
08UdICYUENICSL  OCeCUMMEMPUYHOU HOPMANbHOU Hazpy3ku. B uacmuocmu, 0na
PA3IUYHBIX 3HAYEHUL MOMWUHBL 000eIKU U paouyca ee CpeOUHHOU NOBEPXHOCHU,
npeocmasnenvl U - AHATUSUPYIOMCS  Pe3yIbmamyvl  pacuémos  HANPS’CEHHO-
0eghopmMupo8anHo20 COCMOANUA KOHMYPA NONEPEYHO20 CEYEeHUs MOHHENS 8 NPOXOOKE
npu OOKPUMUUECKOU CKOPOCHU OBUNCEHUS HASPY3KU.

Kniouesvie cnosa: ynpyzoe npocmpancmeo, yuaunopuueckas o000104Ka,
NOPOOHDBIIL MACCUB, MOHHENb 2TYDOK020 3AN0HCEeHUs, 000eKa MOHHE, NOOBUNCHASL
Hazpy3ka, 0036YKo8as U OOKPUMUYECKAs CKOPOCMb  OBUJICEHUs HASPY3KU,
HANPSACEHHO-0ehOPMUPOBAHHOE COCOAHUE.

BBenenune

MupoBasi IpaKkTHKa 3KCILTyaTaluy [OJI3EMHBIX COOPY>KEHHUI B BUJIE MAIHCTPAIbHBIX
He(dTe- U ra3onpoOBOJIOB, TPAHCIIOPTHBIX TOHHEJEH M T.N. CBUIACTEIBCTBYET O
MHOT'OYMCIIEHHBIX MOBPEKICHUSAX U PA3PYLICHUSIX, KOTOPBIM IOJIBEPTatOTCS JAHHbBIE
COOPYXEHMS BCJIECACTBUE JUHAMUYECKOTO BO3JIEMCTBUS TPAHCIOPTHBIX HArpy3ok,
BBI3BIBAIONINX B HUX BUOparuu. C yBeTUUeHHEM CKOPOCTH Harpy30K YPOBEHb BUOpaIIHii
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BO3PAacTaeT U MOXKET IPEBBICUTH JOIIyCTUMBIE HOPMBI, YCTAHOBJICHHBIE I 3TUX
coopysxenuil. [Tpu 60IbIIMX CKOPOCTSX HArPy30K B HUX MOTYT BOZHUKHYTh PE30HAHCHBIE
aBieHus. [Io3Tomy, B CBS3U € pOCTOM B IIOCIIEIHHUE TOJBI CKOPOCTEN NEHCTBYIOIINX Ha
TIO/I3€MHBIE COOPY>KEHNS TPAHCTIOPTHBIX HArPY30K (B UaCTHOCTH, AEHCTBYIOILIMX HA TOHHEIIN
Harpy30K OT IBUKYIIEr0Csl BHy TPUTOHHEIBHOIO TPAHCIIOPTA), UCCIIEIOBAHNUS UX AVHAMUKH
0] BO3JCHCTBUEM JAHHBIX HAarpy30K CTAHOBUTCS aKTyallbHbIM. BaxkHOE 3HaYCHHE NPU
MPOBEJICHUH UCCIICIOBAaHUI UMEET ITyOrHA 3aJI0KEHUS M KOHCTPYKIIHS coopyskeHus [ 1].

IIpn nuHaMU4YeCcKOM pacueTe TOHHENS Ha JEUCTBHUE TPAHCIOPTHOM HArpy3KH
O0OBIYHO paccMaTpPUBAIOTCS MOJAEIBHBIC 3a/1a4 O JICHCTBUHM Ha PACIOIOKEHHYIO B
yrnpyroi cpezae (ynpyrom IpoCTpaHCTBE WIH MOIYIPOCTPAHCTBE) LMINHAPUIECKYIO
000JI0UKY Harpy3KH, paBHOMEPHO JABIKYIIEHCS 10 €€ BHYTPEHHEH MOBEPXHOCTH BIOJb
oOpasyrouieil. 3ajaua o0 JeMCTBUM ABIXKYIIEHCS HAarpy3Kd Ha 000JIOUKY B YIIPYroM
IPOCTPAHCTBE MOJEIUPYET JUHAMHYECKOE MOBEICHHE COOPYXKEHHs IIyOOKOro
3aJI0)keHUs. bosee ciioKHOM sABIIIETCA 3ajadya O JEHUCTBUM JBHKYLIEHCS HArpy3Ku
Ha 000JIOYKY B YHPYTrOM HOJYIPOCTPAHCTBE, KOTOPas MOACITUPYET AUHAMHUYECKOE
MOBEJICHUE COOPY>KEHHSI MEJIKOT0 3a10)keHus1. KoanyecTBo omyOIMKOBaHHBIX HAYYHBIX
paboT B 3TOM HanpaBJIeHUH HEMHOTOUYHCIIEHHO U OXBATHIBAET, B OCHOBHOM, ITOCJIE/THUE
rofibl, B YacTHOCTH [2—8]. B aTHX paboTax, Kak U B HACTOSIILIEH cTaThe, IPU MOCTPOCHUHU
MaTeMaTU4eCKON MO/IEH 00/1eJIKa TOHHEIS pacCMaTpUBalIach KakK OTHOPOAHAS yIpyTast
KPYroBasi IUJIMHAPHUECKask 0007I0UKa.

MarepuaJjbl 1 METOABI

[Ipu pemienny 3a1a4m UCIOIB3YETCA METO MATEMAaTUYECKOIO MOACIIMPOBAHUS C
IIPUBJICYECHUEM MOJIEIIEN TEOPUU YIIPYTOCTH.

1 ITocTaHOBKa M aHATTUTHYECKOE pelieHue 3a1a4u. PaccMOTpUM B OTHECEHHOM K
IMJTMHPUYECKON CUCTEME KOOPAMHAT 7, O, z HEOrpaHMUEHHO! yIIpyroi cpeze (ynpyrom
IPOCTPAHCTBE) MPOTHKEHHYIO IIMHAPHUUECKYIO 000JI0UKY BpaIlleHUs BEChbMa MaJIoH,
10 CPABHEHUIO C PAJUyCOM KPUBU3HBI €€ CPEIUHHON NOBEPXHOCTH 7 = R, TOIIIMHON
h, (pucynok 1) Konrakr Mexay 0060J0YKOM M OKPYXKAIOIMM €€ MacCUBOM Oynem
nojiarath JU00 XKECTKUM, JINOO CKOJB3ALIUM IPU JBYXCTOPOHHEH cBs3u. Tak Kak
000JI0YKa UMEET Mallyl0 TOJIIIUHY, IPUHUMAEM, YTO OHA KOHTAKTUPYET C MaCCUBOM
10 CBOEM CPEIMHHOM IIOBEPXHOCTH.

Pucynoxk 1 — TonkocTeHHass 000709Ka B yIIPYyTrOM MIPOCTPAHCTBE
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s 0603HaueHui (PU3NKO-MEXaHUYECKUX XapaKTePUCTUK MaTepuana ynpyrou
cpenbl OyJeM MCIOIb30BaTh OOIICTIPUHATHIE B TEOPUH YNPYTOCTH 0OO3HAUYECHHUS:
v —koadduuuent [lyaccona, )L — MOaYIIb CABUTA, P — INIOTHOCTh. DTH e 0003HAYECHUS
¢ ungexcom 0 Oy1eM UCIIONIB30BaTh [T XapaKTEPUCTUK MaTeEpUata 000IOUKH: V,, Ly, P,

Ha 00605104Ky AeiicTByeT cTallMOHApHAs HArpy3ka MHTEHCHBHOCTBIO P, KOTOpas
PaBHOMEPHO JIBMXKETCS CO CKOPOCTBIO ¢ T10 €€ BHYTPEHHEN NOBEPXHOCTH B HAIIPABJIEHUU
OCH z, COBIAJIAIOICH C OChIO0 000JI0UKH.

Onpenenym yCTaHOBUBIIYIOCS PEaKIMI0 MacCHUBa Ha JaHHYIO Harpysky. s
IIOJIyYEHUs CTAL[MOHAPHOIO PEIICHHUS 3a/1aui IEPEeNIeM K HUIMHIPUUECKON CUCTEME
KOOPJIMHAT, IEpPEMEILA0IEHC BMECTE C HArpy3KOH (IT0IBHIKHOM CUCTEME KOOPIMHAT)

r,On=z—ct.

Jlia onvcaHus JBUXKEHMsI YIPYIOM Cpelbl BOCIIOIb3YyEMCS MPEACTABIEHHBIMU B
IOJIBUYKHOM CUCTEME KOOpAMHAT JUHAMUYECKMMU YPAaBHEHUSMU TEOPUM YNPYTOCTH
B BeKTOpHOU dopme [9].

(M;z—M;2)graddivu+M;2V2u=a2ll/an2s (1)

rIe u — BEKTOP CMEIEHHUs yupyroi cpeasl, V> — omeparop Jlamiaca,

M,=clc,,M =c/c, —uncna Maxa; c, = J(h+2u )/p , C, :M — CKOPOCTH
pacIpOCTpaHEHUS BOJIH PACILIUPEHUSA-CKATUSA U CIBUTA B cpelie, ~ =2uv /(1—-2v).

J11s onrcaHust ABUYKEHHSI 000JI0UKH HCTIONB3YeM KIIACCHUECKUE YPAaBHEHHUS TEOPHU
000J109eK B TIOJIBI)KHON CUCTEME KOOpAUHAT [4]

2)

3nece npu r = R g, = 6,; P, q, — COOTBETCTBEHHO COCTABIISIONIHME P U peakiuy
MAaCcCHBa; U, G, — COOTBETCTBCHHO KOMIOHCHTBI MEPEMEIICHHIT TOYCK CPEAMHHOI
MOBEPXHOCTH 000JI0UKH U TEH30pa HANIPsLKEHUH B MaccuBe; j =r, 0, 1. [Ipu ckomnb3siem
KOHTAKTE 000JIOYKHU C MACCHBOM ¢, = ¢, =0.

Takum o0pazom, perieHue 3aayd CBOJUTCS K COBMECTHOMY HHTEIPHUPOBAHHIO
ypaBHEHMI ABMKEHUS yrpyro# cpensl (1) u 06004k (2) mpy BEINOJIHEHUH YCIOBUH
KOHTaKTOB MEX/1y HUMHU.

B citydae sx€cTKOro KOHTakTa 000JI0YKU C MACCUBOM, IPH 7 = R

)
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B citydae ckomb3111ero KOHTakTa 000JI0YKH C MACCHBOM, IIPH 7 = R

GU:O, j:n.‘lea

4
U, =u,,. @
3nech u,,u,, u, — KOMIIOHEHTBI BEKTOPA U .
Bripazum u yepes noreHimans Jlame ?, G=1,2,3)[10, 11]:
u=grado, + rot((pze11 )+ rot rot((p3en ), (5)

rje e — OpT OCH 1.
N3 (1) u (5) cnenyert, uto @, YIOBJIETBOPAIOT BUJIOU3MEHEHHBIM BOJHOBBIM
YpaBHEHUSAM

¢,
®i=1,2,3. (6)

VZ(pj :M12 anZ ’]:

3nech M, =M, M,=M,=M,.
PaccMoTpum zieiicTBrE Ha 000JI0YKY CHHYCOMIATIBHOM O 1) ABHKYIIEHCS HArpy3Ku
C MIPOU3BOJIBHOM 3aBHCUMOCTBIO OT YIJIOBOW KOOPAUHATHI

(7)

rae koncranta & omnpenenser nepuo T =2n/§ neicTBYIONIEH HAPY3KH.

B ycranoBHBIIEMCST COCTOSITHUM 3aBUCUMOCTH BCEX BeMWYWH oT N umeeT Bux (7),
IIO3TOMY

(8)

9
[Toacranss (8) B (6), momydum

(10)

rae m; =1-M:, my =m,, m,=ms=m,, V; — ockuii oneparop Jaraca.
BrIpasuB KOMIOHEHTHI HaNpskeHHO-aedopmupoBannoro cocrosuus (HJIC)

CpCAanl 4CPE3 IMOTCHIIUAIIBL Jlame MOKHO IMOJIYYHUTD BBIPAXKCHUSA JJIA HCpGMCHICHI/Iﬁ MI*

U HaIIPSOKECHUN OT CUHYCOU/IAJIbHOM HArpy3KH KaK QyHKIUH OT @ .
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Ecnn marpy3ska IBHKETCs CO CKOPOCTBIO, MEHBLIEH CKOPOCTEN PaCIIpPOCTPaHEHUS
BOJIH C/IBUTa B yIIPYTo# cpezie (103ByKOBasi CKOPOCTb JBM)KEHMSI HArpy3Ku), To M, <1
(m, > 0) u perenus ypaBaenuii (10), ¢ yaeToM ycIoBHS IIPH 7 — 00, MOKHO MTPEJICTABUTH
B CJIEJIyIOIIEM BHJIE:

(11)

3nech K, (kjr) — (pynxkuun Maknonanba, k; = |m j§| ; a,, — HOJJIEXKAIIKME ONPEIETIEHUIO
ko3 urmentsr, j = 1, 2, 3.

* &
IMoncrasnss (11) B BeIpaxKeHus A1 u;, U G,,, IOJIy4YUM HOBBIE BBIPDAXKEHUS, T€

HEU3BECTHBIMH OyIyT TOJNBKO KOA((DUIIMEHTHI a, -
[Moxacrasnss (7) u (9) B ypaBHeHus (2), HOTy4UM

npu — B CJlIy4dac XCCTKOI'0O KOHTAaKTa,

— B CIIy4ae CKOJIB3SIIEr0 KOHTAKTA.
W3 ypaBuennii (12) Haxoaum

(13)

e 8, = (g,8,85)" —(£,§)" —(£,8,)" +2&,&,&,,
8y =(8,8,)" —&,8,, =§&, —&:e3,8,, =i(838, —§,&,)
81 = 8,25 89y = (8185)" — &3, 8 = i(&§, — &,65)
8,1 ==08,3,8,, =—845,8,5 = (£,€,)" —&3, & =2nm,&, =2v,E), & =V, &g

nns B, u 4,; WHAEKC j = 1 COOTBETCTBYET HHAEKCY M,/ =2—0,j=3 —r.
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Jnst onpenenenus kosdppunmentos 4, (j = 1, 2, 3), B 3aBUCUMOCTH OT YCJIOBUsI
COIPSDKEHUS] 000JIOUKH CO CPEIOi, BOCIIONB3YEMCS TPAHUYHBIME YCIOBHSIMH (3) WITH

" *
(4), nepenucanHpIMK i 2#; U0, .

[oacraBJisist B rpaHUYHBIE YCIIOBUS COOTBETCTBYIOIIHE BRIPAKEHUS M TPUPABHUBAS
K03 pHIHEHTHI pAA0B Tpu e, s Kaxxaoro 3HaueHust n (n =0, 1, £2,...) monrydum
CUCTEMY JMHEHHBIX anreOpanyecKuX YpaBHEHHH, KOTOpas MMEET €JUHCTBEHHOE
pemienue, ecu €€ onpenenutens A (&, ¢) He paBeH Hy 0. M3 5THX cucTeM ypaBHEHHUI

HaXO0JIUM UCKOMBIE KO3 PUIIMEHTHI I, . G=1,2,3).
3Has penieHHe 3aJa4u IS CHHYCOMJIATbHON HArpy3KH, pEaklhi0 MacCHBa Ha
JBYOKYIIYIOCS C TIOCTOSIHHON CKOPOCTBIO alepHOAMUYECKYIO (JIOKAIBHYIO) HArpy3Ky

Buna P(0,m)= p(0)p(n) (XxapakTepHOTo ISl TPAHCIIOPTHBIX CPEJCTB) MOKHO HAUTH
MPUA TTOMOIIM CYNEPIIO3ULINU, UCIOJb3Ysl MPEACTABICHUE HATPY3KU U KOMIIOHEHT
HaMpPsHKEHHO-e(hOPMHUPOBAHHOTO COCTOSIHUSI MACCHBA M 000JIOUKH B BUJIE UHTETPAJIOB
®dypeoe [4]:

(14)

w0 = [u](,0.5)p" (M

1 % * *
S, (0. =—— [, (0.0 (€}, (15)
Tc —00
[=r,0,m, m=r,0,n.
3mech

st Beraucienus: uaterpaioB (15) MOXKXHO HCIOIB30BATh JTHO00N YUCICHHBIH
METOJ, eCIU ¢ < €., TAC C, . KPUTHYCCKHE CKOPOCTH HATPY3KH, MPH TOCTHKCHHH
KOTOPBIX B 000JI0OYKE BO3HUKAIOT PE3OHAHCHBIE ABJIEHUS. 3HAYCHMS C ., 3aBUCAT OT
4UCNIa 71 M ONPENIETIAIOTCSA U3 MCIIEPCHOHHBIX ypaBHeHui A (€, ¢) = 0. Kak ciexyer
U3 OCHOBAHHBIX HA YMCJIEHHBIX pacdyeTax HMCCIIEJOBAaHUSAX, HAUMEHbIIas (HU3IIas)
KPUTHUECKAst CKOPOCTh HAarpy3KH COOTBETCTBYeET yncity # = 0 (min Copr = c(O)*) U SIBIISIETCS
€AMHCTBEHHOW MpHU JNEeWCTBUM Ha 000JIOYKY B YIPYTO#l Cpelleé 0CeCHMMMETPHIHOMN
MOABUKHOM JIOKAJIBHOM HArpy3ku [4].
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2 YucsieHHbIE YKCNIEPUMEHThI. Vcrnomnb3ys nonyueHHoe pelieHre, ucciiefyeM Ha
OCHOBE PE3YJIbTATOB IIPOBEAEHHBIX YUCICHHBIX 3KCIEPUMEHTOB BIIMSHUE TOJILUHBI
h,cTanbHOK 001ETTKY TOHHEJIS U pajiyca
R TonHens rimy6okoro 3anoxenus Ha H/IC mopojHbIX MacCHBOB pa3UuHOM )KECTKOCTH,
IIPY BO3JEMCTBUU HA HETO JBIXKYLIEHCSA C JOKPUTHUYECKOM CKOPOCTBIO ¢ =200 M/c
OCECHUMMETPUYHON HOPMAJIbHOW HAarpy3KW MHTEHCUBHOCTBHIO P’, paBHOMEpPHO
pacrpeaenéHHOl MO0 BHYTPEHHEH MOBEPXHOCTH TOHHEIS B HHTepBane |n|<0,2m.
DU3UKO-MEXAaHUYECKNE XaPAKTEPUCTUKHU MOPOJHBIX MACCUBOB NPEACTABICHBI B
Tabmune 1.

Tabmuna 1 — Pu3uKo-MeXaHUIECKHE XapaKTEPUCTUKU TTOPOAHBIX MacCHBOB

[ToponHsiit MaccuB v W, Ta 0, kT
HM3BECTHSIK 0,25 2,80-10° 2,65-10°
aJIEBPOJHT 0,28 4,69-10° 2,70-103
MECYaHUK 0,28 7,80-10° 2,50-10°

Pe3yabTarsl 1 00CyKaeHHE

B Tabnuiiax 2—4 115t pa3HbIX 3HAYCHHUH TOJIIIMHBI /i, 00CTIKH U pajuyca R TOHHEsI
npuBeneHbl pe3yabTaTsl pacuéroB H/IC KoHTypa p = R €ro monepeuyHoro ce4eHus
N =0.06038a4enus B TAOIULIAX: , Gap =100,/ P".

W3 aHanm3a TaHHBIX TAOJIUIBI 2 CIIEIYET, UTO MPH CKOJIB3SIIEM KOHTAKTE 00 IEJIKU C
Jr0OBIM TOPOJHBIM MaCCUBOM MPOTHOBI U, (pasnalibHbIE IEPEMELIECHUS TOUEK KOHTYpa
r = R nonepeuHoro ceueHus m =0 TOHHE1) TOHHENS OOJIbIIIE, YEM IIPU )KECTKOM. Bo
BCEX paccMaTpUBaeMbIX MOPOAAX yBeJIWYeHHE R BeIET K BO3PACTAHUIO IPOTUOOB U,
TOHHEJIS NpH JII000H TONIMHE /1, 00JENIKM HE3aBUCUMO OT €€ KOHTAKTHBIX YCIOBUI
C MacCHBOM.

ITpu yMeHbBIIEHUH KECTKOCTU MaccHBa (KaK U MPH YMEHBIIEHUU /i) MPOTrUObI
TOHHEJISI YBEJIMUHBAIOTCS. DTO XOPOIIO BUJIHO U3 MOCTPOEHHBIX HA PUCYHKE 2 KPUBBIX
M3MEHEHUH (B 3aBUCUMOCTH OT U3MEHEHMs paauyca R (M) TOHHENs) paJuasbHbBIX
nepeMeIeHui — MOAYJb C/ABHIa ajJeBpOJIUTA) KOHTypa 7 = R
nonepedHoro cedeHuss 1 =0 TonHens. Kpuseie 1, 2, 3 mocTpoeHbl COOTBETCTBEHHO
ISl TOHHEJIEH NPOXOIAIINX B U3BECTHSIKE, aJIEBPOJIUTE U necuanuke npu s, = 0,01 m

1 J)KECTKOM KOHTAKTe€ 00JI€JKH C MaCCHBOM.
W3 ananu3a HampsKEHHOTO COCTOSIHHE pAacCMaTpPUBAEMOT0 KOHTYpPA CEUEHHs
TOHHENS (cM. Tabmuipsl 3, 4) cieyeT, 4TO XapaKTepHble OCOOCHHOCTH M3MEHEHUH

HaIpsKEHUN ‘G m‘ H ‘Gee‘ C U3MEHEHUEM R , T0100HBI OCOOEHHOCTSIM U3MEHEHHUS U, .
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Tabmuna 2 — Ilepememienust u, TO4eK KOHTypa » = R momnepeyHoro ceueHus 1 =0
TOHHEJS

Topomsbiit Rorrarct 10 | 15 [ 20 : ’31\(4) | 40 | 60 | 80
MACCHE 00JIETIKH C > J > J > J >
MacCCHBOM h, = 0,01
ABECTHAK KECTKHI 1,69 2,12 2,42 2,83 | 3,17 3,61 3,82
CKOJIB3SIITUN 1,75 2,20 2,52 2,95 3,31 3,76 3,99
B— KECTKHI 1,77 2,17 2,45 2,83 | 3,15 3,56 3,76
CKOJIB3SIITUN 1,82 2,23 2,52 291 3,24 3,66 3,86
S KECTKHI 1,85 2,23 2,50 2,86 | 3,18 3,58 3,76
CKOJIB3SIITUN 1,89 2,28 2,55 2,92 3,24 3,65 3,85
hy=0,02 M
S KECTKUI 1,46 1,92 2,25 2,70 | 3,04 3,50 3,73
CKOJIB3SITHAN 1,52 2,01 2,36 2,84 3,21 3,69 3,93
B— KECTKUI 1,61 2,03 2,33 2,74 | 3,06 3,48 3,70
CKOJIB3SITHAN 1,66 2,10 2,41 2,84 3,18 3,61 3,83
KECTKUI 1,73 2,13 2,41 2,80 | 3,11 3,52 3,73
frecanmK CKONB3ATIHIA 178 | 2,19 | 248 | 2.88 | 321 | 3.62 | 3.83

Tabnuua 3 — Hanpsbkenus o, B TOYKax KOHTypa 7 = R monepedHoro cedenus 1 =0
TOHHEJIS

R, wm
Toponwbiii Rorrrarcr 1,0 15 | 20 | 30 | 40 | 60 | 80
MACCHB O6ZICJ'IKI/I C 2 2 2 2 2 2 2

MaCCUBOM hg _ 0’01 M
T KECTRHI 4,13 | -459 | 491 | -490 | -565 | -6,08 | -5,68
CKOJTB3STIIHIA 6,77 | 7,79 | 854 | -832 | -10,26 | -11,32 |-10,29
aneaponmt KECTRHI 5,02 | -550 | -588 | -580 | -6,70 | -7,21 | -6,72
CKOTB3SIIIIHA 7,13 | 7,96 | 868 | -830 | -10,21 | -11,22 |-10,19
N KECTRHI 5,61 | 607 | 649 | -638 | -735 | -791 | -7,36
CKOTB3IIIIHA 732 | 8,00 | -872 | -825 | -10,14 | -11,14 |-10,11

hy,=0,02 M
T KECTRHI 337 | <387 | 415 | 432 | -487 | -522 | -4,88
CKOJTB3STIHIA 6,23 | 752 | -826 | -8,71 | -10,19 | -11,16 |-10,21
aneapoit KECTRHI 422 | -474 | 503 | -515 | -585 | -6,29 | -5,86
CKOJIB3SIIIUN -6,70 -7,77 -8,40 -8,58 -10,17 | -11,13 |-10,14
N KECTRHI 4,79 | 528 | 559 | -564 | -644 | -691 | -644
CKOJTB3STIHIA 6,98 | -7,89 | -847 | -844 | -10,13 | -11,08 |-10,08
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Tabnuua 4 — HanpsbkeHus G,, B TOUKax KOHTypa » = R monepedyHoro ceueHus 1 =0
TOHHEJIA

R
Topo . KonTakt » M
PORHEIT 061IEeNKH ¢ 1,0 1,5 ‘ 2,0 ‘ 3,0 ‘ 4,0 6,0 8,0
Maceus MAaccUBOM
h, =0,01m
momecTaK | CCTKHA 096 | 003 | -066 | -1,17 | 2,15 | -293 | -2.85
3BEC croMb3 i 048 | -0,61 | -142 | -191 | 321 | -417 | -395
anespomur |2 CCTKAA 052 | -053 | -131 | -1,80 | 2,92 | 3,77 | 3,62
p CKOJIB3SIU I 0,07 -1,10 -1,99 -2,42 -3,83 -4,84 -4,55
HECYaHUK KECTKHU 0,46 -0,63 -1,45 -1,93 -3,09 -3,96 | -3,79
cKoMb3 s 0,09 | -1,08 | 2,00 | -240 | -3,82 | -482 | -454
hy, =0,02 M
U3BECTHSK ECTIcHit 0,79 -0,02 -0,59 -1,22 -2,01 2,72 | -2,66
CKOJIB3SIIIHUH 0,26 -0,75 -1,45 -2,18 -3,23 4,11 -3,92
anespomur e A 049 | 048 | -1,14 | -1,76 | -2,72 | -3,51 | -3,39
p CKOJIB3SIIIUN -0,05 -1,19 -1,95 -2,63 -3,85 -4,80 -4,54
necuanme  |RCCTRHA 051 | -053 | -124 | -1,83 | 2,86 | -3,69 | -3,55
CKOJIB3SIUH 0,04 -1,14 -1,94 -2,54 -3,83 -480 | -4,53
u
8
6 //
4
2 L ———
2 L—"]
L
/’_—’T'
3
R
1 2 4 6 8

Pucynok 2 — MI3MeHeHUs epeMeneHui #, TOYeK KOHTypa 7 = R

MOMCPCUHOTO CCUCHUSA M = 0 ToHHENA

CrnenyeT OTMETUTD CIIEIYIOIINE UCKIOYEHUS: HAIPSKEHUS ‘Gm‘ (mpu 2, = 0,01 m
U B ClTydae CKOJB3ALIEr0 KOHTaKTa 00JeIKH ¢ MaCCUBOM IiecuaHuka npu /1, = 0,02 m)

B HHTepBAJIE R OT 2 M 10 3 M M HanpsHKEHUs ‘grm

G, B MHTEpBaJEe R 0T 6 M JI0

bl

8 M ¢ yBenuueHueM R yMEHbLIAKOTCS; B MHTEpBase R ot 1 M 10 1,5 M 6, yObIBaIoOT,

MMPEUMYIIECCTBCHHO MCHSIA 3HAK.
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[Tpu mo60om panuyce R G, < 0; ipu R = 1 M HaNpPsKEHUsA Gy UMEIOT, B OCHOBHOM,
II0JIO’KUTENbHBIE 3HAYEHMSL, TP 1,5 M < R < 8 M — OTpHULIaTEIbHBIE.

B ciydae ckonp3siero KOHTakTa 00JeNKd ¢ MacCUBOM U R >3 M HanpspKeHUs
|Gm| YBEJIUYMBAIOTCS ¢ YMEHBIICHUEM >KECTKOCTH MaccuBa. B OCTalBbHBIX Ciiydasx
IPOUCXOAUT 00paTHBIA 3YPEKT. HaCcTHUHO 3TO NPOUCXOIUT M € HANPSHKEHUAMH |G |.

[Ipyn yBeNnMYEeHNH TONMMHBI /1) OOIEIKM HAPSKEHUS |0m] YMEHBILIAKOTCSA (3TO Ke
IPEUMYIECTBEHHO TIPOUCXOUT € HAPSHKEHUAMM |G |), KPOME CITyydast CKOJIB3SILETO
KOHTaKTa 00/IEJIKH C MaCCUBOM IpH R = 3 M.

Ha pucynke 3 nokasansl rpaduku usmeHnenuii kommnonent H/IC maccuBa aneBposmta
BJIOJIb TMOBEPXHOCTH TOHHENS » = R = 2 M IpH ero *ECTKOM KOHTAKTEe C 00JeNIKOI

TosmuHO# /i, = 0,01 M. U3 rpadukoB crieyer, 4To THHAMIYECKOe BO3/ICHCTBIE HAaTrPy3KU
Ha MAacCHB B KOHTAKTHPYIOIIMX C 00JENKON TOYKaxX MPaKTUYECKH OLLyTHMO JIUIIb B
OKPECTHOCTH ydacTKa HarpyxeHus: ToHHens. [Ipu ynaneHun oT mecta HarpyKeHUs
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Pucynok 3 — Msmenenune nepemMenienui u, (a) ¥ HaNpsHKeHUd o, (6) Ogs (6)
B MacCCHBE aJIEBPOJIMTA BAOJIb IOBEPXHOCTH TOHHEISA
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BoiBoabI

YMEHBILIEHHE KECTKOCTH OKPYKAIOLIETO TOHHENB IOPOJHOT0 MACCUBA, TOJIIIUHBI
00JICJIKM TOHHEJIS, a TAKXKE YBEIMUEHUE €T0 pajnyca BeIET K BO3paCcTaHUIO MPOTUOOB
TOHHEJIS U CYILLIECTBEHHO BIIMSET HA HAIIPSYKEHHOE COCTOSIHUE MaccuBa. JJuHaMHu4ecKoe
BO3/ICHCTBHE HATPY3KH HA MACCUB B KOHTAKTUPYIOIIUX C 00ICITKOM TOUKaX MPAKTUIECKH
OLIYTHMO JIMIIb B OKPECTHOCTH YYaCTKa HArpyKEHUSI TOHHEIIA.
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KaObL10anadbl. CYOCOHUKATLIKHCAZOA YUWEH ABMOPIAP KAObLIOA2AH WUEWIM (JCYKmeme
AHCHLLIOAMObIZHL MACCUBMER] bI2bICY MOTKLIHOAPBIHLIY JHCHIIOAMObIZLIHAH A3 60A2aH
Ke3z0e) ocykmeme KabvleblHbly WKl Oeminoe OIPKeIKi KO32alambvlH JHCLINCHIMAbL
KoopOunammap Jicylecine canviiean. Aemopnap 0bibbicmulK Jcazoaviza Oetin al2an
wewtiv OOUbIHUA (AHCYKMeEME IHCHLIOAMObI2bI MACCUBMER] bl2blCy MONKbIHOAPLIHbIY
AHCLLIOAMOBIZLIHAK a3 DON2aH Ke30e) dicykmeme KaOvleblHblY ki Oeminde Oipxenxi
KO32a1amblH HCLIHNCHIMATbL KOOPOUHAMMAP HCYUECiHe CATbIHEAH.

AnviH2an wewim MeH CcanOblK mooicipubenep HeeizinOe mepeH MYHHeNbOl
KANnMamauvly 2eoMempusivl Napamemprepiniy Ko32aiManbl OCUMMEMPUSIbIK
KAIbINMbl  JICyKmeme oCepiHern MYKblM MACCACHIHbIY KepHeYli-0epopMayusiblk
Kyline acepi 3epmmenedi. Aman aumxanod, acmap KaiblHObIZbIHbIH JICOHE OHbIH
opmanavl 6eminiy paouyCcoblHbIE OPMYPIL MOHOEPI YUIH CYOKPUMUKAILIK, JHCYyKmeme
HcvLIOAMObIZLIMEH 6ambin  O6apa JHcamKaH MYHHeTb KUMACHIHGIY KOHMYPDbIHbIY
KepHeyli-0eopMayusiiblK KyUiin ecenmey HomuxNceaepi YColHbLIObL HCOHE MATOAHObL.

Kinmmi ce30ep: cepnimoi xenicmix, yuiuHOpuiK KaOblK, may MAccuei, mepey
MYHHENb, MYHHEb MOCEeM, KO32AIMAIbL HCYKMeMe, HCYKMIH KO32ANbICHIHbIY OblObICHIbIK
JHCOHE CYOKPUMUKATBIK, HCLIOAMObI2bL, WUUETCHICKEH-0eOPMAYUsTIAHEAH KYIL.
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INFLUENCE OF THE GEOMETRICAL PARAMETERS
OF THE TUNNEL LINING ON THE STRESS-STRAIN STATE
OF THE ROCK MASS UNDER THE ACTION OF A MOVING LOAD

In this paper, we solve the problem of the action of a non-axisymmetric moving
load on a thin-walled circular cylindrical shell in an elastic space (array). This
problem is a model for studying the dynamics of deep-laid tunnels under the influence
of transport load. The dynamic equations of the theory of elasticity in Lame potentials
are used to describe the motion of the array. The shell oscillation is described by the
approximate equations of the classical theory of thin shells. The contact between the
shell and the array is assumed to be either rigid or sliding. The solution obtained
by the authors for the subsonic case (when the velocity of the load is less than the
velocity of the shear waves in the array) is constructed in a mobile coordinate system
associated with the load uniformly moving along the inner surface of the shell.

On the basis of the obtained solution and numerical experiments, the influence
of the geometric parameters of the lining of a deep-laid tunnel on the stress-strain
state of the rock mass under the action of a moving axisymmetric normal load is
investigated. In particular, for different values of the thickness of the lining and the
radius of its median surface, the calculations’ results of the stress-strain state of the
contour of the tunnel’s cross-section in the passage at the subcritical speed of the
load movement are presented and analyzed.

Keywords: elastic space, cylindrical shell, rock mass, deep-laid tunnel, tunnel
lining, moving load, subsonic and subcritical load speed, stress-strain state.
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COMPARATIVE ANALYSIS OF REGULATORY DOCUMENTS
IN THE DESIGN AND OPERATION OF DAMS

The design parameters and characteristics of dams were estimated during the
design of dams in the 40—60th of the last century, and require updating, as well
as changing the existing methodological approach to their determination. In the
article the data of the current state, regulatory, technical and literary sources used
at designing, construction and operation of hydraulic structures (HS) are collected,
the comparative analysis of normative and technical documentation of the Republic
of Kazakhstan, European countries, the USA, China, etc. used at designing and
operation of dams is carried out. Examples of world practices in the application of
legislation and regulating in terms of dam safety have been considered. A number of
normative documents of the Republic of Kazakhstan on the main directions of activity
of hydraulic structures, applied at all stages of their existence, from design and
construction to operation and liquidation, are determined. The state regulations in the
field of architecture, town planning and construction are reviewed, the main purpose
of which is to ensure the legally protected needs of citizens and society in creating a
favorable and environmentally safe living environment and life, in implementation of
architectural, town planning and construction activities, protection of consumer rights
of design and construction products, ensuring reliability and safety of construction,
sustainable operation of the constructed facilities during operation and maintenance
of hydraulic structures. Names and brief contents of standards for dam design in a
number of developed countries are given.

Keywords: design of dams, safety of hydraulic structures, regulating the
operation of hydraulic structures.

Introduction

The issue of safety of hydraulic structures, including dam safety, is one of the
socially, economically and environmentally significant in terms of both design and
operation. According to the Water Code of the RK, a dam is a supporting hydraulic
structure on a watercourse for raising the water level and (or) creating a water reservoir;
dam safety is a state of protection of a dam against catastrophic failure.

To date, the issue of research on «The Regulatory Framework for Dam Safety» has
been a hot topic for many developed countries, since everyone understands that dam
failures and their negative consequences will result in great loss of life and financial
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resources. For countries with a large number of dams, the issue of dam safety becomes
particularly acute.

According to the International Commission on Large Dams [ 1], there are more than
800,000 dams of various types all over the world, of which about 50,000 are more than
15 meters high. The accumulated information testifies to more than a thousand cases of
damage and a hundred cases of destruction of dams of similar size. It is also necessary
to take into account that the probability of dam failures starts to increase steadily when
the structures are more than 30—40 years old [2]. These circumstances have led to the
recent intensive development of regulatory and legal regulation of dam safety issues in
many countries of the world with developed hydropower and water sectors.

In June 1977, the World Bank published the Operational Guidelines (OG) [3], which
stipulated that not only the operators, but also the designers of hydraulic structures are
responsible for the consequences of dam failures as a result of manmade disasters or
natural hazards. The OG contains an analysis of the regulatory and legal framework for
dam safety in 22 countries, considers similarities and differences in the approaches of
different countries to the problem of dam safety, and offers recommendations on the
content of normative and legal acts in this area. In October 2001, the OG was updated
to include two documents: the Operational Policy (OP 4.37) and the Bank Procedures
(BP 4.37). These documents apply not only to reservoir dams, but also to the dams of
various spoil complexes.

Below is an example of global practices in the application of dam safety legislation
and regulation.

In China, for example, dam safety is regulated by a number of laws and regulations
[4]. The Law on the Prevention of Floods (August 29, 1997) obliges all units and all
professionals to take measures to prevent floods. The Water Act (January 21, 1997)
provides for surveys. The same law also has provisions on administrative rules for water
management. On July 2, 1991, the State Council of the People’s Republic of China
approved the Regulation on Reservoir Safety and the Regulation on Flood Control. In its
turn, the Ministry of Water Resources enacted the Regulation on Declaration of Safety of
Hydraulic Structures (March 20, 1995), and the Ministry of Energy Enterprises enacted
the Regulation on Ensuring Safety of Hydropower Plants (January 1997). Along with
this, in August 1998, the Ministry of Energy published detailed Rules for Inspection of
Hydroelectric Power Plants for Safety [5]. There are also a number of other regulatory
documents and acts.

Materials and methods

In the field of Kazakhstan regulations to date, a number of regulatory documents
on the main activities in the implementation of the dam projects, have been identified
(Table 1).
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Table 1 — List of legal acts and regulatory-technical documentations

Field of activity

Name of the regulatory document

Land Use

ST RK GOST R ISO 14042-2007. Environmental management. Life cycle assessment.
Life cycle impact assessment.

ST RK GOST RISO 14041-2007. Environmental management. Life cycle assessment.
Definition of a research objective and inventory analysis.

ST RK 2725-2015. Sustainable community development indicators of urban services
and quality of life.

ST RCBSIPD 8101-2016. Smart Cities. Guidelines for assessing the role of planning
and development.

ST RK ISO 37101-2016. Sustainable development of administrative and territorial
units. Management systems. General principles and requirements.

Catchment

GOST 25855-83. Level and flow of surface waters. General requirements for
measurement.

GOST 17.1.1.02-77. Nature Protection. Hydrosphere. Classification of water objects.

ST. RK ISO/TS 14048-2010. Environmental management. Life cycle assessment.
Data Documentation Format.

SN RK 2.03-02-2012. Engineering protection in zones of flooding and waterlogging.

Climate

GOST 25870-83. Microclimatic regions of the globe with cold and temperate climate.
Zoning and statistical parameters of climatic factors for technical purposes.

GOST 24482-80. Macroclimatic regions of the globe with tropical climate. Zoning
and statistical parameters of climatic factors for technical purposes.

Soil

ST RK ISO 15800-2014. Soil quality. Determination of soil characteristics in relation
to human exposure.

GOST 17.4.2.03-86. Nature Conservation. Soils. Passport of soils.

GOST 28168-89. Soils. Sampling.

GOST 17.4.2.01-81. Nature Conservation. Soils. Nomenclature of sanitary condition
indicators.

Dams

SN RK 3.04-01-2013. Hydrotechnical structures.

SN RK 3.04-02-2014. Design of concrete and reinforced concrete structures of
hydraulic facilities.

SN RK 3.04-03-2014. Foundations of hydraulic structures.

SN RK 3.04-04-2014. Concrete and reinforced concrete dams.

SN RK 3.04-06-2014. Hydrotechnical tunnels.

SN RK 3.04-08-2014. Design, construction and operation of hydraulic structures in
the areas undermined by mining operations.

SN RK 3.04-09-2012 Hydrotechnical structures of the river.

SN RK 3.04-10-2014. Hydrotechnical marine and river transport structures.

SN RK 3.04-11-2013. Land reclamation systems and structures.
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In Kazakhstan’s legislation, one of the regulatory documents with current
construction standards, developed as part of the reform of the system of technical
regulation of the construction industry of the Republic of Kazakhstan in accordance
with the parametric method of normalization, is SN RK 3.04-04-2014 «Concrete and
reinforced concrete damsy. It is one of the normative documents of the evidence base
of the technical regulations of the Republic of Kazakhstan «Requirements for the
Safety of Buildings and Structures, Building Materials and Products» to ensure the
safety of construction and operation facilities. It contains basic provisions on design of
newly constructed and reconstructed concrete and reinforced concrete dams, which are
part of power, water transport, reclamation systems, water supply and runoff transfer
systems, as well as structures for flood control [6]. The norms give general construction
requirements to working characteristics of deformation joints of dams, catchment, outlet
and discharge structures, interfaces of dams with the foundation; describe all kinds of
loads, their impact and combination on concrete and reinforced concrete dams, give
basic provisions on dam design, namely: dam strength and stability calculation, filtration
calculation of dams, hydraulic calculation of dams. In addition, the construction standards
describe the calculation and design of dams on non-rock foundation, gravity and buttress
dams on rock foundation, arch dams, and measures for environmental protection during
design and operation of structures. Despite all this, SN RK 3.04-04-2014 «Concrete and
reinforced concrete dams» does not apply to dams, damage to which can cause dangerous
ecological and social consequences during earthquakes, due to excessive deformation of
subsidence, swelling or karst foundations, or due to extraordinary natural phenomena.

One can consider the State norms in the field of architecture, urban planning and
construction, Construction norms of the Republic of Kazakhstan «Hydro-technical
structures». The main focus of the state regulations is to ensure the legally protected
needs of citizens and society in creating a favorable and environmentally safe living
environment and life in the implementation of architectural, urban planning and
construction activities, protection of consumer rights of design and construction
products, ensuring the reliability and safety of construction, sustainable operation of the
constructed facilities in operation. For this purpose, the construction standards apply to
the design of newly constructed and reconstructed river and sea hydraulic structures of
all types and classes. The standards take into account: the general requirements for the
safety of hydraulic structures, the designation of the class of hydraulic structures, the
requirements to ensure safety of hydraulic structures at the design stage, the requirements
to ensure safety of hydraulic structures at the construction stage, the requirements to
ensure safety of hydraulic structures during operation, the requirements to ensure safety
of hydraulic structures during reconstruction and liquidation (Figure 1).
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Figure 1 — Requirements for ensuring the safety of of hydraulic structures

Below are the names and summaries of standards for dam design in a number of
developed countries:

— In the U.S., requirements for embankment dams are governed by the 21 chapter
Design Standard #13 developed by the Bureau of Reclamation, Department of the
Interior, specifically in: Chapter 1 — General Design Standards, Chapter 2 — Dam
Design, Chapter 4 — Static Stability Analysis, Chapter 5 — Protective Filters, Chapter
10 — Embankment Construction, and Chapter 13 — Seismic Analysis and Design [7].
Also, American standard ASTM D-4767 allows to determine parameters (saturated soil
strength, internal friction angle, cohesion) for shear by full and effective stress using
triaxial instrument to assess stability at the most critical stages of dam life [8]. In the
Kazakhstan normative document, these parameters are described in the construction
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standards [9] (paragraph 8. Basic requirements for dam design, paragraph 8.1 Calculation
of dams for strength and stability).

— In China, there are two categories of dams: dams regulating the use of water
resources, which are administered by the Ministry of Water Resources, and dams
for power generation, which are administered by the State Power Corporation. With
regard to regulatory documentation, standards are divided into national, professional
(specialized), and local standards. The standards are also divided into mandatory and
recommendatory standards. China’s construction engineering standards system is
divided into 24 areas, which in turn are divided into 58 groups of industrial standards
in different areas, including water resources (SL) and energy (DL). Water resources
and hydropower standards include 40 volumes, national standards include 8 volumes.
Certain features of hydropower projects are themselves the subject of standardization.
For example, world-class construction projects have been developed on the basis of
the standards, including: a 292-meter high double curvature arch dam across the Little
Bay, a 233-meter high concrete-clad rock dam, and a 216.5-meter high concrete gravity
dam on Dragon Beach [10]. The design of dams in China is regulated by the standard
«Design standard of concrete gravity dams» of the Ministry of Water Resources of the
People’s Republic of China [11]. The standard gives a description of dam structures
and configurations, hydraulic design of dewatering works, design of dam cross-section,
design of dam foundations, structural arrangement of dams, temperature control and
prevention of cracking, and design of operational safety monitoring.

— In Austria, dam safety issues are regulated by the Federal Water Act. According
to this law, dams higher than 30 meters or with a reservoir volume of more than 500
thousand cubic meters, dams on the Danube River, as well as dams that regulate water
supply of other countries are under the jurisdiction of the Main Water Department of
the Federal Ministry of Agriculture and Forestry (FMSF). In order to obtain a building
permit for a dam, the design must undergo a public hearing and, if the dam is under the
jurisdiction of the FMSF, also the approval procedure of the Austrian Commission on
Dams. Because such projects must be based on the most recent developments in this
area, there are virtually no regulatory indicators in the current legislation.

Results and discussion

Analysis of normative documentation of developed countries on the principles and
methods of dam design [3,5,7,8] has shown that the initial stage of design of hydraulic
structures plays an important role in further economic development of the proposed
site of a hydraulic structure and affects GDP growth [12,13]. Normalization includes
taking into account not only standard requirements for structural design features, but also
assumes the influence on the construction site of such factors as, for example, changes
in the density of the population before 2050 living in the area of the dam construction
and being potential consumers of water resources and energy products; suitable terrain
conditions for construction of large dams, climatic impact on the operation of structures,
etc. [12,13,14,15].
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Conclusions

Having studied the principles and methods of design of hydraulic structures
in Kazakhstan, it can be concluded that they take into account the general design
requirements, loads, impacts and their combinations, requirements for the calculation
of dams (calculation of dam strength and stability, seepage calculations of dams,
hydraulic calculations of dams), safety requirements for works on river hydraulic
structures, requirements for quality control and acceptance of works, requirements
for environmental protection, requirements for monitoring of hydraulic structures
[9,17,18,19,20]. However, at the same time, they do not have data on accounting of
many factors of urbanization, such as changes in land use and soil-vegetation layer,
climatic impact, etc. in the design, which significantly affects the term of safe operation
of hydraulic structures.
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*A. K. Anoyneaposa’, T. Mkunuma?, E. b. Ymenoe"’,

A. C. Tynebekosa™, I1I. JK. Kapacoe’

L3HKIIIC CSI Research&Lab,

Kazaxcran Peciybnukacsl, Hyp-Cyunras K.;

2ApIXu YHHBEPCHUTETI,

Tanzanus, [lap-3c-Canam;

343]1. H. 'ymuneB ateiaaarsl Eypasust yITTBIK YHUBEPCHTETI,
Kazakcran Peciybnukacsl, Hyp-Cynras K.

Marepuan 20.09.21 Gacnara TycTi.

BOT'ETTEP/II ’KKOBAJIAY )KOHE MMAVJAJAHY KE3IHJIETT
HOPMATUBTIK KY)KATTAMAHBI CAJIBICTBIPMAJIBI TAJIIAY

Bocemmepoiy  ecenmix — napamemprepi MeH — CURAMMAMALAPLL  OMKEH
2acvipoviy 40—-60 ocvinoapvl becemmepdi dxncobanay Ke3iHOe ecenmeneeH JCoHe
JHrcanapmyObl, COHOAU-AK, 01APObL AHLIKMAY2A KOAOAHLICMAZbL 90ICHAMATbIK, MOCLIOI
eseepmyoi manan emeodi. Maxanada [uopomexuuxanwvix Kypwlivicmapowvt (I°C)
arcobanay, cany dcone naudaraHy KeziHoe NnaudalaHbLIAMbIH A2blMOA2bl HCAU-KYll
OepexmepiH, pemmeyuli, MEeXHUKANLIK HCOHe 90ebu K630epli HCUHAY OPbIHOALObL,
boeemmepdi dicobanray dxncoune naudarauy Kesinde natioanawviiamvin Kazaxcman
Pecnybauxaceinwiy scone Eypona, AKIILI, Kvimaii sicone m.6. enoepoiy HOpmMamuemix-
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MEXHUKATBIK KYAHCAMMAMACBIHA CATLICIMbIPMATBL MA0Ay Jcypeizindi. becemmepdiy
Kayincizoiei 6onicinoe 3aHHAMAHbL KOJLOAHY JHCOHE HOPMAAAy OOUbIHWA OAeMOIK
NPAKMuKanapobly — Mulcandapvl  Kapanovl. [ UOpomexuukanvlx — Kypulivlcmap
KblsMeminiy Hezizei bazvimmapel OOULIHWA HODANAY MeH Kypbliblcmar bacman
nanoanany Men x#coraa Oelinei 01apObly JHCYMbIC ICMeYiHiy 0apavlK Ke3eHoepinoe
Konoanvinamein  Kazaxcman — PecnyOnuxacvinvly — Oipkamap — HOpMAmMuemix
Kyorcammapel anbikmanosl. Coynem, Kaia KypolablCbl HCOHE KYPbLIbIC CAIACbIHOA2b]
MeMaeKemmiK HOpMamugmep Kapaiovl, 01apobly bAcmyl 6a2vlmvl a3aMammap MeH
KO2aMHbIY 3aHMEH KOp2alamvlH KAdXCemmMmIiliKmepin KaMmamacwvl3 emy, coyiem,
Kaa KYPulablChbl HCOHE KYPbLIbIC Kbl3MEemiH Jcy3ece acvlpy Ke3iHoe KOAalllbl HCoHe
IKONOSUANBIK, KAVINCI3 OMID CYPY JHCOHE OMID CYPY OPMACHIH KYPY, HCODANAY HCOHE
KYPbLIbIC OHIMOEpPIH MYMbIHYWBLIAPObIY KYKbIKMAPLIH  KOpaay, KYPblIblCHbIY
ceHimoiniei men Kayincizoiein kammamacwolz emy, llatioarany kesinoe canvineaH
00veKkminepoiy mypakmol Jcymulc icmeyi boavin mabwiiadwl. bipkamap damviean
endepoezi bocemmepoi HcOOANAY CMAHOAPMMAPLIHGIY AMAYIAPbl MeH KblCKAula
MAa3MYHbl KeAMIPII2EH.

Kinmmi cesdep: 6ocemmepoi scobanay, 2udpomexHuKaibly Kypuliblcmapobly
Kayincizoiei, [ uopomexHukanvlk, KypolibiCmapobl RauOaIaHyO0bl HOPMAaiay.

‘A. K. Anoyneaposa’, T. Mkunuma?, E. b. Ymenos'>,

A. C. Tynebekosa™, III. JK. Kapacoe’

L34TOO CSI Research&Lab,

Pecny6nuka Kazaxcran, r. Hyp-Cynran;

*VHHUBEpCUTET ApJXH,

Tanzanus, Jlap-ac-Canawm;

34SEBpasuiickuii HanMoHaAIBHBIN yHHBepcuTeT nMenn JI. H. I'ymurnesa,
Pecny6nuka Kazaxcran, r. Hyp-Cynran.

Marepuan noctynui B pegakuuio 20.09.21.

CPABHUTEJIbHBIA AHAJIN3 HOPMATUBHON JOKYMEHTAIIAU

ITPU ITPOEKTUPOBAHUU U DKCIVIYATAIIUM IIVIOTUH

Pacuemnvie napamempevr u xapaxmepucmuxu HIOMUH PACCYUMAHBL NPU
npoexmuposanuy niomur 6 40-60 200vl npowrnoco cmoremus, u mpeoyom
00OHOBNEHUsL, A MAKHCE USMEHEHUSI CYUeCmBYIoe20 Memoooi02Uuecko20 nooxooda
K ux ompeoenenuro. B cmamve @vinoinen cOOp OAHHBIX MEKYWe20 COCMOSIHUAL,
PecyIsIMOPHLIX, MEXHUYEeCKUX U JUMEPAYPHBIX UCHOYHUKOS, UCNOIb3YeMbIX
npu  NPOEKMUPOBAHUU, CMPOUMENbCMEe U  IKCNAYAMAYUYU  SUOPOMEXHUYECKUX
coopyacenuti  (I'C),  nposeden  cpasHuUmMenbHuIL  AHAAU3 — HOPMAMUBHO-
mexHuueckou odoxymenmayuu Pecnyonuxu Kasaxcman u cmpan Eeponwvi, CIIIA,
Kumaii u Op., ucnonvzyemoil npu npoexmuposanuu u IKCHAYAMAYUU HIOUH.
Paccmompenvr npumepsvt Mupoguix npaxmux no NPUMEHEeHUI0 3aKOHOOAMeIbCmaa
U HOpMUpPOBaHUs 6 yacmu 6ezonactocmu niomut. Onpedenen psao HOPMAMUBHBIX
ookymenmog  Pecnybonuxu  Kazaxcman 1O  OCHOBHbIM — HANPAGIEHUAM
OesmenbHOCmU 2UOPOMEXHUYECKUX COOPYICEHUL, NPUMEHSAEMbIX HA 6ce dmanax
UX Cyuecmeosanus, HauuHas ¢ NPOEeKMUPOBaHUsl U CIMPOUTNENbCTNEA, 3AKAHYUBAS
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akenayamayuen u auxeudayueli. Paccmompenvt 'ocyoapcmeennvie HOpMamuesl
6 obracmu apxumexkmypvl, 2padoCmMpoOUmMenbCcmed U CmpoumenlbCmed, 2lagHou
HANPAGIEHHOCMbIO  KOMOPBIX — SGIAEMCs  0DeCneyeHue OXPAHAeMbIX 3AKOHOM
nompebrHocmell epaxcoan u 0ouecmsa, 6 co30anuu O1A2ONPUAMHOU U IKOJLOSULECKU
Oe3onacHoll cpedvl O0OUMAHUS U IHCUZHEOEeSSMENbHOCMU, NPU  OCYUeCmBIeHUU
apxXumekmypHotl, 2padocmpoumensHou U CIMpoOUmenbHol 0essmelbHOCMU, 3auume
npas nompebumeneii. NPOEKMHOU U CMPOUMENbHOU NPOOYKyuu, obecneyeruu
HAOeHCHOCMU U 6E30NACHOCIU CMPOUMENbCMEA, YCMOUYUE020 (IYHKYUOHUPOBAHUS
nOCMpOoeHHbIX 00beKkmoe6 npu sxkcniyamayuu. [Ipueedenvt HaUMEHOBAHUSL U KPAMKOe
cooeparcanue CmaHoapmos no NPOEKMUPOBAHUIO NIOMUH 8 PSOe PA3GUMbIX CHIPAH.
Knrouesvie crosa: npoexmupoganue niomut, 6e30nacHoCms 2UOPOMEXHUUEeCKUX
COOPYIHCEHUT, HOPMUPOBAHUE IKCNILYAMAYUU SUOPOMEXHUYECKUX COOPYICEHUIL.
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JI. M. Ymen6epzerHoea', T. A. TonkbiH6aes? I. M. A60ykanukoea®,
A. E. EneycuHoga’, *A. K. Abuweea’®

12345]1. H. l'ymuneB atbiHaarsl Eypasust yITTBIK YHUBEPCHTETI,

Kazakcran Peciy6nukacel, Hyp-CyuiraH K.

BUIK FUMAPATTAPLbIH EKI KYBbIPJIbl XXbI/IbITY XXYUECI

byn maxanaoa xen kabammul yiinepoi Jicvbiiblmy mypaivl aumvliadsi. bip
KYObIPbl HCOLLY JAHCYUeci MeH eKi KYObipbl JCbLLy JiCylecin manoay scypeizindi. Exi
KyObIpavl JcytieHin 6ip KyOvlpivl Jicyliece Kapazanoa OipKkamap apmulKUbLIbIKMApbl
Kepcemineen. Ken kabammuvl mypevl yiiepoeei Kypuli2bliapObly HCbLLy Oepinyin
AHbIKMAY HOMuUMICeNepi KOPCemineeH.

Conoati-ax, HCuLIbIMy MAaycbiMbl Ke3iHOe JICbLIbIMY JiCyUelepiniy ocepiHeH
Oipviyeaii exi KyOvlpibl Komepeiumepoiny miK HCoblLy MypaKmoliblabl 3epmmendi. Op
MYpai CLIPMKbL MEeMNEPamypaoa JHeoHe Komepeiumepee Kelemin cyObly 032epemin
2UOPO AHCHLTY PEAHCUMI KAPACBIPBLIODL.

Conviven kamap, Oipvigeaii exi KyOulpabl JICYUEHIH JICbLLY CEeHIMOLNICIH
apmmulpy ywin (beamedeei oLy Oepinicmepiniy 01apobiy JHCbLLY WUbl2bIHOAPbIHA
coliKec Kely bIKMUMAIObI2blH eCKepe Omblpbln) canaivbi pemmeyoiy KaOvlioaHaaH
JHCHLLY Kecmecine my3emyep eneizy Kepek ekeHoiei aHbIKmMaiobl.

Maxanaoa 3epmmeynep Homudicecinoe eki KyOwvlpavl oicyleniy Oipiyeai
Jcytiecimer Kypuoliabliapobly JiCblly Oepyi MeH YUu-dcatiiapobly JHCbLLY JHCO2AYbl
apacviHOaebl  coukecmix  Ouikmiei 0OipOell  yu-dcaiiapoazvl  CaiblCMblPMAibl
mypoe JHCAKbIH KypblicbliapObll JHCbLLY JdcyKmemenepi Oap aumapammapoa Kol
arcemimoi 601amvIHObI2bl AHBIKMATLIN, COHOAU-AK, Oyl opoauiblM mypakmsel 601a
bepmeminioiei HaKMbLIAH2AH.

MyHoaii srcazoaiinapoa 2umapammoly YU-JiCatlapvlH  Kadjcemmi moauiepoe
JHCOLIYMEH KAMMAMACHL3 emy YWIH JHCHLTY MAYCLIMbIHbIY OpMYpIi Ke3eHOepinoezi
COpabIHblY KbICLIMbIH 04 ©32epmy KepeKkeKkeHOiei, Oyn cananvl pemmeyoi CaHObIK
pemmeymeH MmobIKMblPAMuIHObI2bl AUMbLI2AH.

Kinmmi ce30ep: sicviuy sicytieci, scolny bepy Kodg@uyuenmi, JHcoly ubleblHbl.

Kipicne

Kasipri yakpITTa Kot KabaTThl FUMapaTTap/bl )KbUIBITY YIIIH HET131HEH O1p KyOBIPIIbI
KeTeprimTepi 6ap Cy KbUIBITY COPFbI XKYienepi Koinaanbuiaabl. byt onapapiH 6ipKyObIpIIbI
KeTeprimrepi 0ap K yierepMeH calbICThIpFaHJa OeNrii apTHIKIIBUIBIKTapbIHA
0aiiJTaHBICTHI: CATHII ATy — KOTEPrilITepAiH O6IIKTepl MEH TYHIHIAEPiH OIpIKTIpY KoHE
UECi3/IeHIIpY, KYObIpIiap MIBIFBIHBIH a3aiTy; MOHTaXK/1ay — KYPAaCThIPYAbIH KYPACTUTIriHIH
TOMEH/IeY1; aiiianany — >KyHesnep/iH KbUTy TYPaKThUIBIFIHBIH )KOFapbLIaybl. COHbIMEH
KaTap, )KbUTy bIHFAIIBUIBIFBIH O/IaH 9P1 aPTTHIPY YLIIH KYPbUIFbUIAPBIH JKbLTY OepUTyiH
TOYeJCi3 PEeTTEUTIH KbUTy JKyienepiHe Hazap aynapy Kepek. bonamakra myHpait cy
KBUIBITY KYHemepiH ka3aa OenmMenep/i CaIKbIHAATy YIIiH KOJIIaHyFa Oomapl.
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Marepuannap MeH Tacinaep

KypbUTFbuTap apKbUTBl CYIBIH TOHEKTI KO3FAIBICH O6ap Oip KYOBIpIbBI Kyiienepmi
naiiianany Ke3iHje JKeKe PeTTey/ Il *Ky3ere ackblpy MyMKiH eMec.

KypbUTFbuTapABIH KBUTY OCpLTYiH TOYENCI3 peTTeyre, acipece, KYPhUIFBIHBI JKOHE
CYBIK CyZbI MaiifiaiaHy apKbUIbI 06JIMEHI CAJIKBIHAATYFa €Ki KYOBIPIIBI )KBUTY KYHeCciH
naiianany apKbUIbl KOJI )KETKi3yre 00Ia bl

Erep onmapapsIH TEXHUKAIBIK-YKOHOMUKAJIBIK JKOHE Mai1aaany KepceTkimTepi 0ip
KYOBIPJIBI JKYHEIepIiH KOPCETKIMTepiHeH KeM Ooamaca, ekl KyOBIpIbl Kyhenepi
KEHiHEeH KOJJIaHy MYMKiH 0OJabl.

CoHppIKTaH €Ki KyOBbIp KOTEpTillTiH ASCTYpIIi AU3aHHBIH OChUIai ©3repTy Kepek,
OChUIaiiIa KyObIpiapra METalT IIBIFBIHBI a3asi/1bl, KOTEPrilITep/IiH KeKe MIEMEHTTEPIiH
OipikTipyre Oonapl, Kyienep/i icke KOCy ajbIHBII TacTalaibl )KoHE COHBIMEH Oipre
KBUTBITY MAYCBIMBI K€31H/Ie KOIT KaOaTThl FIMapaTTap/IbIH YH-KaliIapbIHBIH CEHIMII1 ’KbLTY
Oepiryi KaMTaMachl 3etiniesi. by MocesneHi menkeH Ke3ze, OHbl KyphUIFbUIAP JKbUIBITY
MayChIMBIHBIH JKEKeJIeTeH Ke3eHIepiHIe O0JIMEHIH KbLTy OepLITyiH €CEeNTIK ITaMaHbIH TLTFOC
10 % >xone MUHYC 5 % ©3repTKeH Ke3/Ie )KYHeH1 JKETKUTIKTI TYPAKThI JICTI CAaHayFa 00JaIbl.

Exi >x0IIpIH TOMEHT1 OpHasacysl 0ap €Ki KYOBIpJIBI XKyle 3epTTenli, oNTKeH1
OHBIH YKOFAapFbI CBIMIAphI 0ap €Ki KyOBIPJIbl )KYHeMeH CalbICTBIPFaH/a YJIKEH JKbLTY
TYPaKTBUIBIFBI Oenrini. By Gipinmi xkyiene KypbUIFbUIap MeH KYObIpiIapAarsl CyIbIH
CaAJIKBIH/IaybIHA OANTaHBICTHI TAOUFU allHAJIBIM KBICHIMBIHBIH KOFapblIaybl aifHaIbIM
CaKMHAJIapBIHBIH Y3BIHABIFBIHBIH YJIFalObIHA colikec keneni. Kereprimrepaeri cy
KO3FaJIBICBIHBIH )KbULIaMIBIFBIH 11,5 M/ 1eiiiH, SFHU a3aMaTThIK FUMapaTTapaa pykcaT
eTUIreH MOHTeIeHiH apTThIpyFa xoi oepinmi [1,6].

Exi KyOBIpIIBI Cy XKBUIBITY XKYHEIEpiHiH THAPABINKAJIBIK )KOHE JKbITY pEXKUMICPIH
ecenrey xoHe Tannay 5,10 sxoHe 20 KaOaTThI TYPFBIH YiUIEp YILIH KYPri3iii.

En angpsiMeH, sxyiieH1 OipikTipy Jopexeci aHBIKTaIbI.

KeTeprimrepai ToeMeHHEH KOFapbIFaieiiiH O1p MUHIMAJIIbI IMAaMETPMEH jKacayFa
Oomnasl.

Byn pette Gip keTeprinike KOChUTFaH 0apiIbIK acmanTapra KeNTipuIreH Ko3IepaiH
KOCBIMIIIAa THIPABIMKAIBIK Kenepriiepi 6ipaei 6oixysiM MyMkiH (cyp. 1) 10 kabaTThI
FUMapaTTa KYpPBUIFBUIAPIBIH XKBUTy OEpilyiH aHBIKTay HOTHIKEJEpl KeNTipiJireH.
IMunpaBnukaibIK Keaepri Menmiepi KeH ayKsiMia e3repi. KypbutFbuiapra ke3aepiaiy
TOMEH THJIPAaBIMKAJIBIK KEAEPTiCi Ke31H e OJIapIbIH JKbLTY OepiayiHiH OMIKTIri OOHBIHIIA
aiftapipiKTail Oip Keiki eMecTirid aram etyre 0onaabl. KapchUTblK ©CKEeH cailbiH Oy
0ip KeJKi eMec TericTenei.

FumapatTeiH OuikTiri O0HBIHIIA TOMEHHEH KOFaphl CAaHAl OTBIPHII, acTIal TapbIH
yii-xaiinapra >kputy O6epiryin OipKenki a3alTyIpl KaMTaMachl3 eTy YIIiH (ykcac yiri
TYPFBIH Yl )koHe OacKa J1a FuMapaTTap Yi->KailapbIHBIH JKbLTY bl KOKETTUTITiHE COHKec
KeJell) Ke3JAepAiH THAPABINKAIIBIK KeJleprici )KOoFapFbl KabaT acranTapblHAa CYIbIH
CAJIKBIH/Iaybl CAJIJApbIHAH TYBIHIANTHIH €H JKOFapbl TAOUFHU HUPKYJISAIHSIIBIK KBICHIM
nramMacbiHaH KeM 6osmaysr TricTi (1):

APnons > A Pe,makc. (1)
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buikriri GolipiHIIa 6ip TUNOTI YH-)Kaimapaa OpHATBUIFAH XoHE Olp KeTeprimike
KOCBUIFAH aclanTapAblH KbI3AbIPY O€TiHIH ayAaHbl OipJeil 6071ybl MyMKiH.

Aiita Kety Kepek, KyObIpiapablH JuaMeTpi OOoMbIHIIA OIpiKTIPUIreH eKi KyObIpibl
KYiie, KKETTI KOChIMILIA KAPChUTBIKTBIH MOJIILIEP] XKoOHE KYPhUFbUIAP/IBIH XKbUIBITY OCTIHIH
ay/1aHbl OOMbIHIIA, OHBIH KepCeTKiIITepi O0ibIHIIa Oip KyOBIpIIbI XKyiiere colikec Keme/i.

Opi Kapaii, 6ipbIHFaii eKi KyObIpIIbl KOTeprilITepAiH HET131HAET1 COPFbI KbICHIMBIHBIH
XKbLTYy OepistyiHe acepi 3epTTei.

3eprrey Oapcwichinna 5, 10 xene 20 KkabaTThl FUMapaTTapaFrbl KOTEPrimTep
COPFBI KbICHIMBIHBIH 9PTYPJII MOHJAEPIH/IE KOHE KYPbUIFBUIAPABIH JKbUIBITY OETiHIH
Oipaeit aliMarbpIHA KapacThIpbUIAl (KOTeprimTiH OuikTiri 6oieHma «Komdopr»
KOHBEKTOPJIaphl).

Acnanrtap 00#bIHIIA CyIBIH TapATybIHBIH 63repyiHe HEeT13e/INeH KOTePTilTepIiH
OMiKTIri OOMBIHIIA COJ ayJJaHaFbl acTlalTapAbIH JKbUTy OCpyiHiH €3repy 3aH/bUIBIFbI
AHBIKTAIBI (Cyp. 2).

KeteprimTin TyOiHIETi KBICBIMABI ©3repTy apKbUIbl KOTEPTIIUTIH JKaJIIbl )KbULY
OepiTyiH FaHa eMec, COHBIMEH KaTap iprenec KabaTrap/a opHaiackaH Oipzeit ailMaKTaFbl
KYPBUIFbUTAP/IBIH KbUTy OEplliCi apachlHIaFbl KaThIHACTBI ©3repTy MYMKIH 00mibl. byn
JIereHiMi3, OipbIHFaii eKi KyObIpIIb JKYiienep i naianany Ke3iH/e COPFbI KbICHIMBIHBIH MOH1
KOTEepriluTep/IiH OMIKTIri O0MbIHIIA KYPhUIFbUIAPIBIH JKbLTY )KYKTEMENEPiHIH eCeNTeNreH
OesinyiHe colikec TaHnarybl kepek. COHbIMEH KaTap, MyH/ail xyhenepai naiganany
Ke31H/Ie COPFBI KbICBIMBIH PETTEH OTBIPBIIL, Ci3 OApIIbIK KYPBUIFbUIAPIBIH XKbLUTY OeplTyiH
KOHE 9pTYpIIi KabaTTapaarsl KYphUIFbUIAPABIH JKbLTY O€py KaTbIHACHIH OacKapa anachl3.

Cyper 1 — KonBekTopapapiH kbuty Oepimici. 10 KadaTTbl FUMapatThiH «KaiIbUTbIK)
(«KomdopT») exi KyObIpiIbl KeTeprilliHe KOChUIFaH *blTy xkKyiecinin t =95°, t =70 °C,
Ap,=18,7 xIla x0He THAPABIMKAIBIK KEAEPTiCi Oap: 1 — KoChIMIlA KeIeprici %KoK,
2—1klla; 3 -2 klla; 4 —3 klla; 5 —4 xIla; 6 — 5 xIla; 77,5 xIla; 8 — 10 klla
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Cypet 2 — KonBektopmapasiH )buty Oepitici.» Kanmsuibiky («Kombopty»)

an=5 9KkM, Ke3iHzae 10 KabaTThl FUMapaTThIH KbUTY )KYHECIHIH €Ki KYOBIPITbI

KeTeprimine Kockltran t =95°, t =70 °C, sxoHe KoTeprill HEri3iHEeri COPFbI
KBICBIMBIHA KOcbITFaH 1-5; 2-11; 3-15; 4-23; 5-29 klIla

Conpaii-ak, KbUTBITY MayChIMBI KE31HIE JKBIIBITY KYHEJIEPIHIH dCepiHeH OlpbIHFal
€Ki KYOBIPJIbI KOTEPTIIITEP/IIH TiK KbUTYy TYPAKTBUIBIFBI 3€PTTEI1.Op TYPJi CHIPTKBI
TEMIIepaTypajia )KkoHe KOTEPrillTepre KEJIETIH CyIbIH 63repeTiH (3KaIbl KaObUITaHFaH
carainblK peTTey KecTeCiHe colikec) 0ec Tuapo KbUTY PEXKUMI KapacThIPBUIIbI.

bipeiaraiinanrad eki KyOBIpJIbI JKyHeaep OYKUT JKbIIBITY MAayCHIMBI iITIHIE KOIl
Ka0aTThl FUMapaTTap yi-KaljgapblHIa TYPaKThI JXKbUTy Oepyai KaMTaMachl3 eTei.
CoHBIMEH KaTap, KYPBUIFBIJIAPABIH THAPABIMKAIBIK PEXKUMIHIH XKYHEHIH KBLTY
TYPaKTBUIBIFbIHA IIEKTEYIi acepi Oaiikamabl. — Cyp. 3 >KOFapbla alThUIFaHIapIabI
cyperrey yunH 10 KabaTrTel FumMaparTa guaMmeTpi 15 MM ekl KyObIpiIbl KOTEPrilTiH
KYPBUIFBUIApBl OOWBIHINA CY MEH JKBUIYJIBIH €CENTIK JKOHE HAKThI TapalybIHBIH
JIyarpaMmaliapel keatipiires [2, 4, 8].
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Cypet 3 — XXbUTBITY MayCBIMBI IIIIHJIE CHIPTKBI aya TeMIepaTypPachIHbIH 03repyi
ke3inae 10-kabaTThl FUMapATThIH XKBUIBITY KYHECIHIH €Ki KyOBIPJIBI TipeTiHe
KocbUTFaH F Hp=5 kM, «KoMdopT» KOHBEKTOPIIapBIHBIH Cy (A) )oHe XbLTy 0epy (B)
IIBIFBIHBL: | -CY/TBIH JKOHE acHanTap/IbIH )XbUTy OCpyiHIH €CENTIK IIBIFBICTAPHI;
2-t=-25°C; KE31H/IE CYyJIbIH JKOHE KbUTy OCpyAiH IIBIH MOHIHET1 IIBIFBICHI;
3,4,5-tc=-18; - 9; -3,2 °C; Ke3iHze THICIHIIE HAKTHI XKbLTY Oepy; 6-t = +5 °C
KE31HJIE CY/IbIH KOHE JKbLTY OepY/IiH HAKThI IIBIFBICHI

Hoaru:xesiep MeH nikipraJac

ConbimeH Katap, bipbelHFall ki KyOBIPIIbI )KYHEHIH JKbUTY CEHIMILTITIH apTThIpY
yuriH (6eaMeneri Kbty OeplTiCTepiHIH OJIapAbIH JKbUTY IIBIFBIHIAPBIHA COUKEC KEITy
BIKTUMAJIJIBIFBIH €CKepe OTBIPHIN) camayibl peTTey/iH KaObUIIaHFaH JKbUTy KECTEeCiHe
TY3€TyJIep €HT13y KepeK eKEH/IIT1 aHBIKTaJIIbI.

KbLIbITY MayChIMBIHBIH JKbUTbI K€3EHIHE KYiiere OepuIeTiH CyIbIH TeMIepaTypachl
Oipmama ketepityi Tvic,an 5-, 10- xone 20-KabaTThl FUMapaTTapIbIH KbUTBITY JKYHeIepiH/Ie
BICTBIK CY TEMIIEPaTyPaChIHBIH ©3repyiHiH dPTYPIIl KECTENIEPiH CaKTay KaxeT.

3eprTeynep HOTHIXKECIHIE €Ki KYOBIpJbl XYyHeHiH OipiHFall xyileciMeH
KYPBUIFBITIAPABIH KbUTYy Oepyl MeH YH-kKaWaapAblH JKbUTY KOFAIYybl apachblHIaFbl
COMKeCTIK OMIKTITI Oipaedl yi-xkanWmapaarbl CalbICTBIPMAJbl TYpAE XaKblH
KYPBUIFBUIAPBIH JKbLUTY JKYKTEMeJepi Oap FUMapaTTapaa KOJI *KeTiMa1l 00IaThIHBIFbI
aHBIKTAIBL. AJlaiiaa, Oy opaaibiM 0oma 6epmeiini. Ms, 4-cypeTTe )KbUIbITy MayChIMbI
Ke3iHJe €Ki KYOBIPJIbI KOTepTilTepAiH KYPbUIFBUIAPBIHBIH HAKTHI KbUTY OepuTyiHIH
e3repyl yH-xalaapAblH JKbUTy KOFAJYbIHBIH ©3repyiHe colikec KelMeyl MYMKiH,
aJ FUMapaTThIH OWIKTIrl OOWBIHINA YH-KaWIapAbIH KbUTY IIBIFBIHBI aWTapJIbIKTal
e3relie OOJIFaH Ke3le, JKbUTY JKYHeCiH TepMUSUIBIK peTTey peTiHae KaObuilaHaThIH
KYPBUIFBUTAPIBIH JKbUTY OEpiTici MEH KbLTY KOFAITYbhl apachlHIa COMKECCI3 K 00Tybl
MYMKiH. MyHIa# >kargaiapja FUMapaTThlH YH-)KalJIapblH KaKETTI MeJIIepae
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KBUIyMEH KaMTaMachl3 €Ty YIIIH >KepriuliKTi camaHbl peTTey KeCTeCiH FaHa eMec,
COHBIMEH KaTap >KbLIy MayCBIMBIHBIH SPTYPJIl Ke3€HJIEPIHET] COPFBIHBIH KbICHIMBIH
Jla ©3repTy Kepek, OyJ1 canaiibl peTTeyl CaHAbIK PEeTTEYMEH TOJBIKTBIpaas! [3,5,9].

KopbIThIHABI

Xorapsina aifTbuTFaHAapaH Kejleci KOPBITHIHABI )KacayFa 00abl:

— €Kl JKOJIJIBIH TOMEHI1 OpHAJIacCybIMEH COPFBI CYy JKBUIBITY KYHeNepiHiH eKi
KYOBIpJibl KeTeprimrepi 1-1,5 M/c MakcuManbl XKbUIJaMABIFBIHA HETi37enreH Oip
IUaMeTpi TaHJay apKbUIbl O1pIKTIpUTy1 MYMKIH;

— KeIl KabaTThl FUMapaTTapAarbl OipiHFAMIaHABIPBIIFAH KYHeIepaiH KbLTy
TYPaKTBUIBIFBl KOFApFhl KaOATThIH KYPBUIFBIJIAPBIHAA CYJbIH CAJIKBIHIAYbI
HOTIKECIH/E Hakaa 00JaThIH MAKCUMAaIIAbI TAOUFHU aiHAJIBIM KBICBIMBIMEH OJIIIIEHETIH
acmanTapra TEeXHUKAJBIK KbI3MET KOpCEeTyIiH OipAeil ruapaBiuKajblK Kelepricin
€HI'13y apKbUIbl KAMTaMachl3 eTiIe/l;

— eKl KYOBIpJIbI KOTeprilTepAiH KYpPBUIFBIIApbl FUMapaTTapAblH OMIKTIT1
OoiibIHIIa Oip TUNTI O6IMeENep Il XKbUIBITY YLIiH Oip/iel )KbUTBITY O€TiH TaHIay apKbLIbI
O1pIKTIpiTyl MYMKIiH;

— OIpIKTipiAreH €Ki KyOBIPJBI Cy KBUIBITY KYHECIHAETrT COPFbI KbICHIMBIH
KOTEeprimTepain OMiKTiri OOWBIHIIA KYPBUIFBUIAPABIH JXBIIY JKYKTeMEIepiHiH
KaTbIHACBhIHA OAMIaHBICTHI TaHAY KEpeK;

Cyper 4 — 10 kabaTThl FUMapATTHIH KbUIBITY XyieciHiH «KomdopT» F =5 oxm,
eKl KyObIpibIKeTeprimtiHe KocsulFaH dy=15 MM KOHBEKTOPJIAPbIHBIH JKbLTY Oepyi
(kanbiH ch3bIKTap), Ap =29 Klla, Ap, =5 xlla, CEIPTKBI aya TeMIEpaTypachl
1 —(-25°C), 2 — +5 °C (kiHIIIKE ChI3BIKTap — YH-XKalIapIbIH KbUTY KOFaTybl MYMKiH)
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— OipbIHFail eki KYOBIpJIBI KOTEPTIMTEPIiH Kby PEXUMi Kol KadaTTsl
FUMapaTTap/IbIH OMIKTIr OOMbIHINIA Oip/ieil TUNTEr Yil-Kalnap IbIH )KbLUTY dKOFaTybIHBIH
e3repy CHUIaThiHA Colikec KenTipiayi MyMKiH [3,7,10].
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1980. TWO-PIPE HEATING SYSTEM FOR TALL BUILDINGS
Marepuan 20.09.21 Gacrara TycTi. This article is about heating multi-storey buildings. The analysis of one-pipe

heating system and two-pipe heating system was carried out. There are a number of
advantages of a two-pipe system over a single-pipe system. The results of determining
the heat transfer of devices in multi-storey residential buildings are presented.

The vertical thermal stability of unified two-pipe risers under the action of
heating systems during the heating season is also studied. Five hydrothermal modes
were considered at different outdoor temperatures and changing (according to the
generally accepted schedule of qualitative regulation) the temperature of water
entering the risers.

At the same time, it is established that in order to increase the thermal reliability
of a unified two-pipe system (meaning by this the probability that the heat transfer
in the room corresponds to their heat losses), adjustments should be made to the
adopted heating schedule of qualitative regulation.

JI. M. Ymenoepzenosa', T. A. Toakeinoaee’, I M. A6oykanuxosea’,

A. E. Eneycunosa’, *A. K. Abuwesa’

1-2345Eppasuiickuil HaMoHaNbHbIH yHuBepcuteT umenu JI. H. ['ymunesa,
Pecny6iinka Kazaxcran, r. Hyp-Cyntan.

Marepuan noctynun B pegakuuio 20.09.21.

JBYXTPYBHASI CHCTEMA OTOILIEHUA BLICOTHBIX 3JAHUI

B nacmosiwyeii cmamoe paccmampueaemcs OmonyieHue MHO20IMANCHbIX 30aHUIL.
Ilpouseeden ananuz 0OHOMpPYOHOU cucmeMbl OMONIEHUS U 08YXMPYOHOU cucmembl

omonnenus. OO03HaueHvl psd npeumywecme O08YXmpyOHOU cucmemvl nepeo
oonompybnou. Tlokazausl pesyrvmamsl onpedenerust menionepeoayu npubopos 8
BbICOMMBIX HCUTBIX OOMAX.

Hccneoosana — makoce — 6epmuKanbHas menniogas — YCmouyusocns
VHUQDUYUPOBAHHBIX OBYXMPYOHLIX CMOAKO8 NpU Oeucmeul Cucmem OmonieHus
6 meyeHue OMONUMENbHO20 ce30na. Paccmampueanuce nsamv 2uOpOmMenioguix
PeACUMO8 NPU PA3TULHOU MEMNEPAMYPe HAPYIHCHOLO 8030YXA U USMEHAOWULCS (O
00WENPUHAMOMY 2PAUKY KAueCmBeHHO20 pecyiuposanus) memnepamype 600bl,
nocmynaroweti 6 Cmosiku.

Bmecme ¢ mem ycmanosneno, umo 015 nOGvluleHUs. MenI080l HAOEHCHOCIU
VHUDUYUPOBAHHOU 08YXMPYOHOU cucmembvl (HOHUMASL NOO SMUM BEPOSMHOCb
coomeemcmesue menionepeoayeli 8 ROMeweHUY Ux menjionomepsim) ciedyem 6Hecmu
KOPPEKMuUGbl 8 NPUHsMble OMONUMENbHBII 2PAPUK KAYECMBEHHO20 Pe2yIUPOSAHUSL.

B pesynbmame npoeedeHHbIX UCCIE008AHUL  YCMAHOBLEHO, YMO  Npu
VHUDUYUPOBAHHOU 08YXMPYOHOU cucmeMe COOMEEemMCmaue Medxicoy menionooadell
npubopos u MenionomepsamMu NoMewjeHull ckopee OOCMUNCUMO 6 30AHUSX CO
CcpasHumenvbHo bonee OIUKUMU MENIOBbIMU HASPY3KAMU NPUOOPOE 8 OOHOMUNHBIX
no evicome nomewerusx. OOHaKo 3mo umeem mecmo He 8ce2od.

B makux ycrosusix ons obecneyenus nomeweHull 30aHust HyHCHbIM KOIUYECmEom
menna HeoOX00UMO USMEHAMb He MOAbKO 2PAPUK MECMHO20 KAYeCmEEeHHO20
Pe2yIupoB8anus, HO U OdeleHue HACOCAd 8 PA3IUYHble Nepuodbl OMONUMENbHOO
CEe30HA, OONONHSAS KAYECMBEHHOE Pe2yIUpOBAHUE KOIULECHIBEHHBIM.

Kntouesvie cnosa: cucmema omonnenus, Kodpguyuenm mennonepeoauu,
menyionomepu.
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As a result of the conducted studies, it was found that with a unified two-pipe system,
the correspondence between the heat supply of devices and the heat loss of premises is
more likely to be achievable in buildings with relatively closer thermal loads of devices in
rooms of the same type in height. However, this is not always the case.

In such conditions, in order to provide the premises of the building with the
necessary amount of heat, it is necessary to change not only the schedule of local
qualitative regulation, but also the pump pressure during various periods of the
heating season, supplementing qualitative regulation with quantitative one.

Keywords: heating system, heat transfer coefficient, heat loss.
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TE3 TY¥PFbI3bIJIATbIH FUMAPATTAP MEH K¥PbIJIbICTAPLbI
CAJ1Y TEXHOJIOIN5iICbIHbIH EPEKLUEJIIKTEPI

Maxanaoa mes canviHamovin KypulLibicmap MeH 2uMapammapobly eeizei mypaepi
Kapacmuipviizan. Onapovl cany mMexHOIOSUsCbl, COHOAU-aK He2i3el KeMulintikmep
MeH apmubIKWbLIBIKMAap Manioanaobl.

Kypacmuipmanst — Mooynv0ix yu KypbliblcblHa mikeell Kypbliblc alaH0apbliHOd
YU canyovly «apxauxanviky oodicmepi. A3 xabammoeli KYpbiiblcKad UHHOBAYUSIBIK
macindep muimoi mamepuanidapobl KOL0aHy0bl YCbIHAObL, 0AAPObL KOIOAHY «KYP2aK»
KYPbLIbIC MEXHOAOSUANAPBIH eH2I3yee MYMKIHOIK Oepemin ic cy3iHOe RiuiHOi
oyubLMOap dcacayaa MyMKiHOIK bepeoi.

Typevin yu cekmopwviHOa 0a, 6HOIPICMIK 2uMapammap KypolibiCblHOa 0a a3
Kabammul me3 mypabl3vliamuli KYpblIblCIAp MEH HCANNai cepusiivl 2umMapammap
KYDbLIbICHIH  KeH ayKbiMobl Keneumyciz Kazaxcmannvly xenmeeen oHipaepin
KAPKbIHObL 0amMblmy JicoHe ueepy MyMKiH emec. Te3 canvlHamvin eumapammap
Kazipei 3amaHabl Kypulivbicmbly He2i3i 6oavin cananaovi. Onapovly Komecimen Ci3
Ke3-KelleeH MAcumadmazuvl coyaemmik HblCaHOapobl HCAcall anacyl3.

Kypbinvic srcolioamoviebl Kypoliblc MEXHOIOSUACIHBIH OCbL IYPIHe CYPAHbICHIb
apmmulpy2a MyMKiHOIK 6epemin Hezizei pakmop 60avIn cananaovl, acipece mesipex
JHCy3e2e acbIPbLLYbl KANCem Uly2blil H00aNapaa KamolCmoi.

Kinmmi ce30ep. kankanvl-Kaikanowvl 90ic, Kaykaivl-mewmmi 80ic, OIOKMbl-
MOOYIbOI Mme3 Mmypbl3bLIamblH 2UMAPAMMAap aiblHOAUMbIH KAlIblNMbLH 90iCL.

Kipicne

Kasipri xaraaiaa vHAyCTpHAIbl KYPBUIBICTHIH AaMybl PeceliiH Killli koHe YIKeH
KaJIaTaphIHBIH KaJla MaHBIHAFbl aiiMaKTapbIH/Ia KOJ KeTiM/I1 OaciiaHa KaKeTTUIIriHe,
KbICKa Mep3iMJIe dpTYpIIi MaKCaTTaFbl FUMapaTTap MEH FUMapaTTap caly KaXeTTUIiriHe
OaiimaHbIcThl. Byl eTe ©3eKTi Macelie KYpbhUIbIC KOMIIAHUSJIAPBIH )XKYMBICTa KalTa
OarapiaHyFa bIHTaJaHJBIPAJbl, JEMEK, OJlap ’KaHa KYpBUIbIC MaTepHalijapbl MEH
TEXHOJIOTUSUIAPBIH OHIPY Ke3iHJIe Maiiia’gaHa OTBIPHIIN, ap3aH KOHE Te3 CaJbIHATHIH
00BEKTUIEPIiH KYPBUIBICHIH JKy3ere acbipast [1, 151 6.]

Marepunangap MeH aaicrep

[erennaik *)0HE OTAHABIK KYPBUIbIC TOXipubeciH Tangay OYriHri KyHi Te3
TYPFBI3BUIATBIH FUMApPATTapIbIH KYPBUIBICHI YUIIH MBIHAIAP KOJJAaHBUIATBHIHIABIFBIH
aHBIKTAyFa MYMKIHJIK Oepmi: kakray-kankaH oaici; JICTK-gan xacanraH xakray
KyHeci; anblHOAWTBIH KaJblITAy OICi; KaKTay-IIaThIp 9/icCi; TE3 CaJbIHATBHIH OJOK-
MOJYJIB/IIK FUMapaTTap.
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JICTK: xen KabaTThl KyphUIbICTa KOPIIAY KOHCTPYKLUSUIAPHI PETIH/IE; IAThIPJIbI,
OesMeapalblK KoHE KabaTapalblK >KaObIHAAP/Ibl caly MPOLECiHAe; MaHcapaaIapabl
PEKOHCTPYKIMSIIAY JKOHE caly MpOILEeciHe; a3 KaOaTThl TYPFbIH Y KYpBUIBICBIH/IA
(TayHxaycrap, KOTTeDKAED, 3 KabaTKa JeiiHr a3 KabaTTbl FUMapaTTap); KOMMEPIMSIIBIK
KYPBUIBIC TIpOIECiHe (OHAIPICTIK KOoMManmapasl, Tapaxkaapasl, Oazamapibl, aybul
IIapyallbUIBIFbl AaBTOTYPAKTAPbIH, FUMapaTTapibl, IYKSHIECPAl, Cayla OPTAJIBbIKTAPbIH,
KOJIK TypakTapeiH, T. 0. cally Ke3iHJe) maiialaHbuIajibl.; a3aMaTThIK MaKCcaTTaFbl
KYPBUIbICTap/IbI cally Mpolecine (MeKTenTep, aypyxasauap, oanadaxianap, mipkeyep
*oHe 1.0.) [5, 182 6.].

JICTK-nbIH aiippikina epexuiesnikTepi 6ap: skonorusuibuibirsl (JICTK-nan Fumapat
caly Ke3iHJe KopiiaraH jJaHamadrtka (6acka rumaparrap, Oyranap, aramrap) €H
a3 acep ereli; KypbUIBICTBIH KbUTAaMIbIFbl (2—3 ait — JICTK-gan rumapar camy
Mep3iMi); MOHTaXJAyAbIH KapanalbIMABUIBIFGl XKoHE XKeHIIAIr (3—4 >KyMBICIIBI
FUMapaT TYPFbI3YMEH alHAIIBICA/Ib] ); MTAii1aiaHy XKoHE KYPBUIBIC KE3EHIHIE ipreTacThIH
11eryiniy 00JIMaybl; KYPbUIBIC KE31H/IE aybIp TEXHUKAHBIH 00JIMaybl; 0apIIbIK MayChIMIbI
MoHTaxay; ceicMoTypakThUIbIFbl (JICTK TexHomoruscer 0oibIHIIA YHISPAIH YIITIr]
YKOFaphl CEHCMUKAIBIK OeJICeHILTIr Oap enep/e KeH TaHbIMAbIIBIKKA e 00J11b1); 1
IIapILBI METP/IH KOFapbl ©31H/IIK KYHbI; Y3aK KbI3MET €Ty MEep3iMi; KbIITy YHEMIEYIIH
©Te J)KOFaphl CHITaTTaMaJaphl.

XKorappina aranran apreikiblibikTap JICTK-Fa Fana emec, COHbBIMEH KaTap
paMa’sblK KYpbUIBIMIAPFa J1a KaTHICTHI.

Kasipri 3aMaHfbl KypbUIBICTA pPaMaJIbIK AHEIb 9/11CIMEH FUMAPATTap IbIH KYPbLUIBICHI
eTe TaHbIMaJl. FuMapatTap/sl cairy ibIH OyJ1 9/1iC1 ©31H YHEM/I1, XKbUIIaM, TPAKTHKAIIBIK
KOHE eH 0aCTBICHI carabl e KepceTTi. Pamanblk naHesb 9/1iCiMEeH cajblHFaH YH-0yi
arail TalIIBIKTapblHA HET13/1€reH COHABHY MaHENbJEPIH KOJIJaHa OTBHIPBIIN, METAJI
HEMece aFalll XKaKTaybIHbIH HET131H/Ie CaJbIHFaH KypaMa KYpBLIbIM.

Byn KypbUIBIMABI caly Ke3iHJe KBUIBITKBIII MHHEPAIbl )koHEe 0a3anbT >KYHI,
«JKoBaTa», MOIUypeTaHabl KOOIK HeMece MOJUCTUPON KOOIK, COHIal-aK ecKi,
HKOJIOTHSUIBIK Ta3a KBUIBITKBIILITAP, MBICANIBI, YTIHALIEp, KaMbIC. [IKi Hemece ChIPTKbI
JKaFbIHAH JKbUIBITKBIII IIEMEHT-YUIITI TaKTajJapMeH, ¢paHepaMeH KamlTallFaH, oJap
KacOeTTIK ChUIAKIIEH HEMECe ChIPAMHITICH KalTalFaH.

Byn axicTi Te3 KypacTelpbliaThiH Kypbuislc sxyienepiniy (TCKX) Texnomorusicol
nen ataraH xeH. TCKXX canbiHaThiH 00BEKTIICPiH OMIPIIK HUKIIIHIH Ke3eHAEPiH,
00BEKTUIEPAIH )KYHEeNIK-KOHCTPYKTHBTIK, KYPBUIBIC-YHBIMIACTHIPYILIBUIBIK TEXHUKAIBIK
nporecTepin KaMTuabl. KypbUlblc HapbIFbIH TajaFaHHAH KeWiH, OyJl KYPBUIBICTBIH
MOJIYJIBJIIK KYPBUTBIMIAPABIH JKIKTEY HeTi3/1epl )KOK JeTeH mikip Kamsimracaasl [10].

KapkacTbI-MOHONUTTI, KapKaCThI-IaHEeb/1 (KaTKaHIbl), MOAYIbAIK, MOIYJIb/IIK-
OJIOKTBIK, KAPKACTHI-KOJICHKETIK (MeMOpaHabIK) [2, 160 6.] CHSKTBI T€3 TYPFHI3bLIATHIH
XKyHenepain aaictepi Oap.

HaTu:kesiep #xaHe TaAKbLIAY

BbrokTeI-Moaynbai FUMapaTTap Oenriiai 6ip KOH(Urypauusiibl MOAYIbACPIACH
TYPAThIH dPTYPIl KeJeMAeri KypacThpMalbl — KHHAIMAaJbl METaJJI KYpPhUIbICTAp
0ombI TaObLIaABl. MOYIBAIK FUMAPATTHIH HET131 00JIaT KAaHKACKI OOJIBIN CaHAa/IbI,
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OHBIH YJIEMEHTTEP1 ADHEKEPIICY )KYMbICTapbIMEH OaiiTaHbICThL. Y aKbITIIIA FUMapaTTapFa
ipretaccei3 (yi KabaTka JieifiH) opHaTyFa OOJaThIH MOAYJbBIIK FUMapaTTap Kipemi,
oJap/ibl Ke3-KereH 0acka skepre OesleKkTey apKblIbl OHall TackIMaiiayFa 00aabl.

BroK-MOybiK FUMapaTTapIblH apTHIKIIBUIBIKTAPBL: KOHCTPYKIMSHBIH TYPFBI3BLTY
KBUTIAMIBIFEl (FUMapaTThl €Ki Ka0aTKa KUHAY YIIiH — 2—3 KYH); MOHTa)KJayIbIH
KapanaibIMIbIIBIFBl MEH BIHFAMIBLIBIFBI (OJI0KTap Oip-OipiMeH KOChUTY YLIIH OeKiTy
TYHiHAEpIMEH *XaOJbIKTalIFaH, MOHTAXJay Te3 >KOHE JXYMBIC KYIIIHIH epeKuie
IIBIFBIHJIAPBIHCHI3); KA0IBIKTHI, KOPI3/1 )KOHE XKBUIBITY JKYyHeJIepiH KOChIMIIIAa OpHATY
MYMKIH/IIT, 1IKI 9pJey/AiH 63repMeiIiri; 0JIOKTap/ia eTe bIHFAWIbI )KaFnaiiapaa Typy
MYMKIHIT1; YTKBIPIABIK [3, 125 6.].

Te3 KypbUIaThIH KEIIeH 1Pl JAMBITYIbIH FhUTBIMU-TEXHUKAIIBIK HET13A€p1, OJIapIbIH
KypaMbIHa TYpJIEpi, KYpbUIBIM/BIK €PEKILETIKTEpl KoHE KYPbUIBIC TEXHOJIOTHSIIAPHI
OoiibIHIIIA B TYPJIL, )KYMBICTA 3€PTTEIreH T€3 KYPhUIAThIH KYPBUIBIC JKYHenepi oapabiH
OMIpJIIK LUKJIIHIH 9pTYPJIi Ke3eHAepiHae )KyHeneHaipiryl Kepek eKeHIH KepceTei:

— FBUIBIMU-3€PTTEY, TOXKIPUOCTIK-KOHCTPYKTOPIBIK, XK0b0ajlay-3epTTey >KoHe
9KCHEPUMEHTTIK KYMBICTap;

— CbIHAY, LIBIFApY KOHE CEPHSUIBIK Urepy;

— TackIMaiJlay, MOHTaX/ay JKoHE Naiianany;

— OeumiekTey, KOHCEpBAIHsIAY;

— JKaHFBIPTY HEMECE XKOIO.

Taceimangay OJOKTapAbl MOHTaXJay KYpJeNi JIOTHCTUKAIBIK MIeIIiMaepal
Tanamn etneiai. Moaynpaik FUMapaTTapIblH KeMINUIIKTepiHe MBIHAJIAD KaTaJbl:
MOHOTOH/IBUTBIK; OPHATY/IbIH KYPAEIUIIri.

Toxipube kepceTKeHel, KypbUIbIC KYHECIH OHIIpye KoHe KYpbhUIbIMIapaa
©31HIK epeKIIeTiKTepi 6ap Te3 CaNbIHATHIH KYPBUIBIMAAPIBIH OMIPIIiK IUKIIHIH JaMy
Ke3eHzepi 6ap, MpICabL:

— 3epTTey, )Kobayay-3epTTey, KOHCTPYKTUBTI KOHE SIKCIEPUMEHTTIK KYMBIC;

— TEeKCepy, LIBbIFapy, CePUSIIBIK OHIIPIC;

— TackIMaiJiay, MOHTaX/ay JKoHe Naiianany;

— OemIeKTey, KAHFBIPTY JK9HE XKOIo [9].

Te3 canbIHATBIH KYPBUIBIC TEXHOJIOTHSACHIHBIH OTAHIBIK >KOHE IIETEN/IIK aHAJIOT TAPbIH
TaJIjay MOJAYJIBJIK KYPBUIBICTBIH CYPaHBICKA Ue OOJIaThIHABIFBIH KepceTei. Kypbuibic
IpOIIECiHe ajaHaapaa KYpbUIbIC TEXHUKAChl MEH KaOAbIFbIH MaiigaaHyabl a3aiTy
apKbUIBI KOPIIIaFaH OPTaHbIH SKOJIOTUSACHIHA dcepi azasabl [4, 41 6.].

Te3 canplHAaTBIH KYPBUIBIC JKYyiesepi KypblUIbIC Mep3iMIepl MeH Naiijaianyra
OepinyiHe, 3ayBITTBIH JKOFAphl )KOHE TOJIBIK JalbIHIBIFbIHA )KOHE HKOJOTHSIIBIK
Ta3aJIbIFbIHA OAMIaHBICTHI TAHBIMAJL.

Ic xy3iHge a3 KabaTThl MOAYJBAIK KYphUIBIMIAp Oap, Oipak COHFBI yaKbITTa
MOJTIYJIBJIIK TEXHOJOTHUSHBIH OHIK, €peKIlie FUMapaTTaphl Ja JaMbIN KeJeTi.

bacTel apTHIKIIBUTBIFBI-CEHIMIUTIKKE, THIMALIIKKE, YHEPTUsS TUIMILIITIHE,
KaMITBUIBIKKA, SKOJIOTHSUIBIK Ta3a )KoHe YHEM/II TalalTapra xayan OepeTiH Tanamntap.

Tangay Herizinme 0i3 KOPBITHIHIBI KacalMbI3: OYTIHTI TaHAa KYpPBUIBIMIAP
MEH FUMapaTTapAbl CallyJblH KONTEreH TEXHOJOTHUsIaphl *Kacalabl, OJdapblH
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OPKalCHICHIHBIH ©31H/1IK KEMIIUTIKTEPl MEH apTHIKIIBUIBIKTaphl 6ap [6]. Te3 canbiHaThIH
FUMapaTTap Ka3ipri 3aMaHFbl KYpPBUIBICTBIH Heri3l 0oiein canamaabl. Onaplbiy
apKachIH/Ia Ci3 Ke3-KeNT'eH MacIITabTarbl COYJICTTIK HbICAaHIap Ikl JKacaii anacki3. Komga
0ap apTHIKIIBUIBIKTAP/IBIH apKAChIH/IA T€3 CaJbIHATHIH FUMApATTap YIIIH HaphIKTHIH
YJIKEH YJIECiH allyFa MYMKIHJIK TYZbI.

KyppUIbIC KBUIAAMABIFEl OCHl KYPBUIBIC TEXHOJIOTHSIapbIHA, 9Cipece LIYFbUI
xKo0baJapra KaTbICThI CYpaHBICTHI apTTHIPyFa MYMKIHJIIK O€peTiH HeTi3ri pakTop O0JIbII
TaObLIABI.

KopbIThIHABI

Tangay Herizinme 0i3 KOPBITHIHIBI KacaMbI3: OYTIHTI TaHAa KypPBUIBIMIAP
MEH FUMapaTTapAbl CalyJblH KONTEreH TEXHOJOTHsIIaphl Kacalabl, OJapIblH
OPKANCBICHIHBIH ©31H/I1K KEMIIUTIKTepi MEH apThIKIIBUIBIKTapsl Oap [7, 217 6.]. Te3
CaJIBIHATBIH FUMapaTTap Ka3ipri 3aMaHfbl KYPBUIBICTBIH HET131 OOJIBIN CaHaJabl.
OmnapabIH apKachlHJa Ci3 Ke3-KeJIr'eH MAacHITa0TaFbl COYJIETTIK HBICAHIAp/Ibl JKacaii
anacbe13. Komnya 6ap apThIKIIBUIBIKTAP/IBIH ApPKACHIH/IA TE€3 CAIBIHATHIH FUMaparTap YIUiH
HApBIKTHIH YJIKEH YJIECIH allyFa MYMKIHJIIK TY/IBL.

KyppUIbIC KBUIAAMABIFEl OCHI KYPBUIBIC TEXHOJIOTHSIapbIHA, 9Cipece LIYFbUI
xo0baJapra KaTbICThI CYpaHBICTHI apTTHIPYyFa MYMKIHJIIK O€peTiH HeTi3ri pakTop O0JIbIIn
TaObLIABI.
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OCOBEHHOCTH TEXHOJIOTMU CTPOUTEJLCTBA
BBICTPOBO3BOJUMBIX 3JJAHUM 1 COOPYKEHUM

B cmamve paccmompenvl ocHogHble 8UObL GLICMPOBO3BOOUMBIX CMPOCHULL
U coopyaceruil. AHATUUPYEMCsT MEeXHON02UsL UX B036C0eHUsl, d MAKICE OCHOBHbIE
HeO0oCmamxku U npeuMyuecmsd.

«Apxauunvley cnocobvl 6036edenusi 0OMO8 HA CHPOUMENbHBIX NAOUAOKAX
HEenocpeoCmeeHHO noo CMpOUmMenbCmeo COOPHO-MOOYILHO20 ooma.
Hunosayuonnvle nooxoovl K MALOIMANCHOMY CHPOUMENbCMEY NPEeOnoaeaiom
UCNONBL308aAHUE IPHEKMUBHBIX MAMEPUANO8, NPUMEHEHUE KOMOPbIX HO380JI51em
€030a6amb NPAKMUYECKU (DACOHHbIE UZ0ENUS, YMO NO360AAEN GHEOPMb «CYXUE)
cmpoumenbHvle MexHOI02UlL.

Humencusnoe pazsumue u ocoenue mHozux peeuonos Kazaxcmana
HeB03MONCHO 63 MACUMABHO20 PACUUPEHUS MATLOIMANCHO20 ObLCIMPOBO3600UMO20
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FEATURES OF THE TECHNOLOGY OF PREFABRICATED
BUILDINGS AND STRUCTURES CONSTRUCTION

The article discusses the main types of prefabricated buildings and structures.
The technology of their construction is analyzed, as well as the main disadvantages
and advantages.

«Archaicy ways of erecting houses on construction sites directly for the
construction of a prefabricated modular house. Innovative approaches to low-rise
construction involve the use of effective materials, the use of which allows you to
create practically shaped products, which allows you to introduce «dry» construction
technologies.

Intensive development and development of many regions of Kazakhstan is
impossible without a large-scale expansion of low-rise prefabricated construction
and mass serial construction both in the residential sector and in the construction of
industrial buildings.

Keywords: frame-panel method, frame-tent method, block-modular prefabricated
buildings, fixed formwork method.
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TPAHCIIOPT BBenenue

B nocnennue roapl BETOCUIIEAHBIH TPAHCIIOPT B TOpOJIaX NepekuBaeT OypHBIH,
MHHOBAIIMOHHBIN 3Tall CBOETO Pa3BUTHUA. YCIEX KPOETCS B IMOJIOKHTEIbHBIX
MPHTMU 73.49.23 cuHepreTruueckux 3PQexrax st cpeibl OOUTaHUs: OT OOPHOBI C TPAHCTIOPTHBIMU H
HKOJIOTUYECKUMH TPOOIEeMaMH 10 yIyUYIIeHHUs 3A0POBbs JIFOJEH, IKOHOMHYECKOTO

Pa3BUTHS U 03/I0POBIICHUS COIIMATIBHO-KYJIBTYPHOTO COCTOSIHHS O0IIECTBA.
YBenuueHue yrcia BenoiroouTeneit B ropoaax Kazaxcrana nocrerneHHo BO3pacTaer,
*P. 0. 3apunoe’, H. C. Cembaee?, I1. [aepunoe’, BBOJIATCS] IPOTPAMMBI 110 COBEPIIEHCTBOBAHHUIO TPAHCIIOPTHONH MH(PACTPYKTYpHI, B
A. b. XexeHoe’, []. b. UmaH2a3uHoea’ quciie KOTOPOH W BeJIOWH(PACTPYKTypa; OCOOEHHO MEraroJiucoB Kak AJMaThl U
">*TOpaiirbIpOB YHUBEPCHTET, Hyp-CynTan y npon3BOACTBEHHBIX U KyJIbTYpHBIX IIEHTPOB, YU€OHBIX 3aBEACHUH, TIe

PecryGmuka Kasaxcran, r. [Tasnozap; OpPraHM3yIOT BEJIONPOKAT, CTPOSIT BETOIOPOXKKH [1].

PrrKCKuii TEXHUYECKUH YHUBEPCHTET, eJib10 JTaHHOT0 M CCJIEI0OBAHMS SIBJISIETCSA aHAIN3 COCTOSIHUS Pa3BUTHS 3HAUEHUS

https://doi.org/10.4808 1/NQFW2081

JlaTBus, r. Pura; BEJIOCUIIEIOB B TPAHCIIOPTHOM CHCTEME F'OPOJIOB, a TAKKE MPAKTUYECKHE PEKOMEHJAIUN
4 %) >
Bbicinii KOJUIeK 3IEKTPOHUKH U KOMMYHHKAIHH, 10 OpraHU3aluy BeolepuHra B ropoae [lasnonap.
Pecriyonuka Kasaxcraw, r. [TaBnomap 3agaum ucciaeoBaHuUs:

— IIpoBecTn aHaNU3 HMCIOJB30BAHUS BEIOCHUIIENA B KPYMHHBIX TOpoJax CTpaH
K BOIIPOCY NOBbILLUEHUA NMPUBJIEKATEJIBHOCTHU Eporsr; Poccun u Kazaxcrana

BEJIOTPAHCIIOPTA B YCJIOBUSIX TOPOLA ABJIOJAP

— O003HAYUTH pax HpO6HeM, CBsI3aHHBIX C HU3KUM TEMIIOM BCJIOCHUIICAN3AallUU
TOpOJIOB;

1] poee()eH aHaau3  COCMOSIHUsA  pd3eumus  6elompaHcnopma Kaxk dacmu o
- HpeIIJIO)KI/ITB PAA HOBOBBCICHWHU 11O ITOBBIIICHUTO JOJINM BEJIOCUTICIOB B TOPOACKOM

mpancnopmuoli  cucmemvl 6 Pecnyonuxe Kasaxcman. Onpedenenvi nepcnekmugoi

UCNONBL3068AHUSL DNEKMPOBENOCUNECOO0B.

Paboma ocnosana na amanuze cmamucmudeckux OAHHBIX HO UCHONLI0OBAHUIO
genocunedog 6 cmparax Eeponvl, ¢ Poccuu u Kasaxcmare, 0anmvix no npoexmy paseumus
u nonynsapuzayuu erompancnopma Presto, na mpyoax omeuecmeeHHbIX U 3apy0edlCcHbIX
VUYEHDIX, NPABULAX OOPOACHO20 OBUICEHUSL, CODCMBEHHBIX UCCTe008anusx. B kauecmee
obvexma ucciedosanus eviopan 2opoo llasiooap. Jlanvl 0cHo8HbIE KOMNOHEHMbL O
peanu3ayuu npoeKma no 8enOUEUPUHSY ¢ UCNONb30BAHUCM 2PY308bIX U NACCANCUPCKUX
INEKMPOBENOCUNEVOB.

0630p  uccnedoéanuii  HOKA3AA — YENeCOOOPA3HOCMb — NOGLIUEHUSL  YPOGHS
NPUMEHEHUs1 8eNIOCUNEO08 KAaK HACMU MPAHCNOPMHOU CUCMEMbL, ANbMEPHANUBHO2O
asmomobunio. Llenecoobpasnocms ceéazana, 6 nepgyio ouepedv, € IKONOSUYECKOU
besonacrocmuio genocunedos. Aemopamu paspabomana KOHYenyus UCNOoNb3068aHUs
INEKMPOBENOCUNED08 6 cucmeme senouietipunaa 6 20pooe llasnoodap. Ha ocrnoge ananusa
naccal)cuponomoxa OonpeoeneHvl MoK OISl pA3MeWeHsl GellOCMAaHYUll, ONPeoeseHo
KOAUYECmE0 6e10CUNe006 Ha Kaxicoou. Onucana Mooensb 2py308020 NeKMpPOosenocuneoa
C BO3MOJNCHOCMBIO NOO3APAOKU AKKYMYIAMOPA OM COMHEUHbIX nauenetll, KOMmopds
Dpaspabomana u UCnbimana asmopamu.

Asmopbl npuwiny K 8bl600Yy, UMO NPpU Pacuperuu oonacmu  npuUMeHeHusl
8enocunedo8 BO3MOINCHO NOBLICUMb UX NPUBTEKAMENTbHOCIb KAK MPAHCNOPMHO20
cpedcmea. Ilpu  803MONCHOCHU  NEPeBO3KU  2PY308, HAMUYUA  NEKMPONPULoOd,
B03MOIACHOCTU UCHONBIOBAHUS UHBATUOAMU, HATUYUL Tb2OM HA UCNONIL308AHUE MOICHO
nogwvicums poias eenomparcnopma na 20 %.

Kniouesvie cnosa: eenocuneo, senowiepune, unghpacmpykmypa, d1eKmponpueoo,
BEOCMAaHYUsL, BETOMPAHCNOPMHAS CEMb, 2PY3060U INEKMPOBENOCUNE0, IKONOSULECKAs
bezonacnocme.

110

TPAHCIIOPTHOM IIOTOKE Ha Ipumepe ropoa Ilasnonap.

BrionHe 04eBHHO, YTO B KPYITHBIX FOPOAAX M METAIIOIMCaX BEJIOCUIIE MOXKET CTaTh
KOM(OPTHOM, 6€30IacHON M YKOHOMHUYECKH OTNPABAAHHON aIbTePHATHBON JTHYHOMY
ABTOMOOWITIO TIPU PETYJISIPHBIX NMEpEeMEIIEHUsIX KaK CaMOCTOSTENIbHOE TPAHCIIOPTHOE
CPEeACTBO, HO, MPEXK/E BCEro, 3a CUET KOMOMHAIMM OOLIECTBEHHOTO TPAHCIOPTa U
BEJIOCHIIETHOTO JBMKEHUS (PUCYHOK 1), KOTOpbIe TpeOyIOT MEHBIIETO 3eMJICOTBO/I,
YeM aBTOMOOMIIBHBIE TOPOTH, U POITYCKHYIO CIOCOOHOCTH KOTOPBIX CIIOKHO U JOPOTO
oOecrneunBaTh B JABHO CJIO’KUBILEHCS 3aCTPOMKE.

Pucynok 1 — KomOnHMpOBaHNE BUIOB TPAHCIIOPTA JUTS €KETHEBHBIX MOE3I0K
HE peXe OJHOTO pa3a B HEAECIIO
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bonbpmias yacte 1OE310K HAa BEJOCHUIIENE COBEpPLIAIOTCS HA PAacCTOSIHUS, HE
npessimatomue 5 kM [2]. Okono 30 % aBTOMOOUIBHBIX MOE3M0K B ['epMaHum
COBepIlaeTcs Ha paccTosiHue He Oojee 15 KM, UTO BIOJHE MO CHUJIAM CpPEJHEMY
BEJIONOJIH30BATENIO HA 3JIEKTPOBEIOCUIIENIE, a TP UHTEPMOJIAIbHOM KOMOWHAIIMHU C
JPYTMMH BUZIAMH TPAHCIIOPTa U O0JIee JUIMHHBIE AUCTAHIIMU MOKHO Oy IeT IPEOo10JIeBaTh
C MCIIOJIb30BAaHUEM BEJIOCHUIIE/A.

B cBs3u ¢ TeM, 4TO NOMYJSIPHOCTH BEJIOCUIIEAHOIO IBHUKEHUS CPEIU MOJIOABIX
eBpomneiines (15-24 roga) mourtu B 2 pasa BbIIIE, YEM CPEIU IPEACTABUTENEH CTAPIINX
BO3pacToB (55+) — 64 % npotuB 37 % COOTBETCTBEHHO, BIIOJHE OOBSICHUM POCT
HOMYJIIPHOCTH 3JIEKTPOBEIOCUIIEIOB, 0COOEHHO CPE/IN CTAPIINX BO3PACTHBIX KATErOpHil
HaceneHus. [Ipu oTHOCUTENBHOM cTabMIEHOCTH 00BEMOB Mpo1ax Benocune0B B EC
JI0JIs1 peain3alluy 3JIEKTPOBEIOCUIIEI0B pacTET Ha 15 % exeroano. B 2018 r. B Mupe
OBUIO TIPOJIaHO 52 MITH 3JIEKTPOBEJIOCHIIEOB; U3 HUX B EBpone — 30 MMUIMOHOB, Ha
Bocroke — 4 musuinona, B CeBepHoii AMepuke — 7 MUJUIMOHOB, B JIaTHHCKON AMepuke
— 6 MWIIHOHOB, B A(dpHke — 2 MUJUTMOHA, B A3HaTCKO-TUXOOKEAHCKOM PErroHe —
44 mwinuona. Ho 3TOT pocT cOIPOBOXKAAETCS U POCTOM JIOPOKHO-TPAHCIIOPTHBIX
npouctrectBuii (JTII) ¢ paransabiM ucxogom [3, c. 15-16].

XKenaemble n3mMeHeHnus (Ha pUCyHKE 2 IOKa3aHbl CTPEJIKaMU) B MOJAJIbHOM
pacnpesnelleHun N0E€3/10K pa3jJnyHON IPOTSKEHHOCTU BO3MOXKHBI, B YACTHOCTH,
OpU CTUMYJIMPOBAaHUM PA3BUTHUS CPEACTB MHAMBHAyaNbHONH MoOuinbHOCTH M BTC
COOTBETCTBYIOIINX «HULIEBBIX» IPYIII.

Pucynok 2 — MonanbHoe pa3aesneHue moe3a0K B 3aBUCUMOCTH OT UX
npoTsokEHHOCTH B ['epmannmn

Tak, mist keraeMbIX U3MEHEHU B HUIIE MOE3A0K MPOTHKEHHOCTHIO 10 3 KM
CJIeIyeT pa3BUBATh MCIIOIH30BAHUE MAJIBIX CPEJCTB MHAUBUIYATbHON MOOUILHOCTH
(camMOKaTOB, THPOCKYTEPOB, CETBEEB U T.11.). [|J1s1 s)KemaeMbIX U3MEHEHUH B HUIIIE TIOE3/I0K
MPOTSHKEHHOCTHIO OT 3 110 7 KM CIIeyeT pa3BUBATh UCIIOJIB30BAHUE BEIIOCUIICIOB U
aJIeKTpoBeocuIie1oB. s Humm 0oiee IpoTHKEHHBIX MOE310K MPEIMOYTHTEIbHBIMU
CJeMyeT MPU3HATD JIEKTPOMOIIEIBI, SJIEKTPOBEIOMOOMIH H T.II.
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Pucynok 3 — OpueHTUpOBOYHBIE 3HAYEHUS UCIIOJIb30BAHUS
TOPOACKOM TEPPUTOPUH PAZTIMYHBIMHU BUIAMU TPAHCIIOPTA

Hccnenosanusa HunepiaHaCcKOro MHCTUTYTa aHaIW3a TPAHCIIOPTHOM IOJUTUKU
IIOKa3bIBAIOT, YTO HCIIOJI30BAHME BEJIOCUIIENA JUIS €XKEIHEBHBIX MOE3]I0K CHUXKAET
PHUCK pa3lIUYHBIX 3a00JeBaHUI (PU3NYECKOr0o M MCHXOJIOTUYECKOro Xapakrepa [4].
YcTaHoBIIeHa 10BOJIBHO TECHAS OTPULIATENbHASI KOPPEISILINS BEJIOCUIIETHOTO ABHKEHHSI
U ypoBHs 3a0os1eBaeMoctu auaderom (R? =0,7), oxxupenurem (R* = 0,55), runepronueit
(R? = 0,54). PerynsipHble BEJIONOE3AKH CHIKAIOT BO3MOXXHOCTH MPEXICBPEMEHHON
KOHUMHBI Ha 41 %, pUCK CMEPTH OT CepACYHO-COCYTUCTHIX 3a0oneBanmii — Ha 52 %,
PUCK CMEpPTHU OT OHKOJOTrM4ecKux 3aboneBanuit — Ha 40 % ¥ MPOIJICBAIOT KU3HD
npuMepHo Ha 3—14 mecsues.

Haubonee moiHpl KOHIENIHS O Pa3BUTUIO BETOMH(PPACTPYKTYPHI OMUCAHO B
obmiem pykoBojactse PRESTO. B cBoge pykoBoacts u pekomenganuiit PRESTO
[5] npuBeneHsl HanbosIee 3HaYMMBbIE NMPOEKTHI B 00JACTU Pa3BUTHUS HUCIOJIB30BAHUS
BEJIOCHUIIEIOB U MH(YPACTPYKTYpPhI K HUM. DTH HOPMAaTUBHO-TEXHHUUECKUE TOKYMEHTHI
CO3/1aBaJIUCh HE TOJIBKO HA MEraIlOJIMChl, Y4aCTBYIOUIME B JaHHOM IMPOEKTE, HO
npeHa3HaYeHbI s 0OIIEero MoJb30BaHMs Kak oOIIeeBpoIieiicie peKOMEeH 1aliH.

DKcnepThl U3 MATH TOPOIOB OOBEIUHUINCH Ul CO3/IaHUS CTPATETHH Pa3BUTHS
IOTEHLIMAJa BEJIOCUIIETHOTO IBUKEHUS B YCIOBHSIX TOPOJOB.

I'opona 6buTM BBIOpPAaHBI IO PACHOJIOKEHUIO, PA3BUTHIO KYJIBTYpHl M TYpPH3Ma,
YHUCICHHOCTU HaceleHus. Bo Bcex ropogax ObUIM 3aIyIlaHUPOBAHBI HECKOJIBKO aKLUH
B TPEX HAIIPABICHUSIX: pa3BUTHE BEJIOMH(PPACTPYKTYPBI, peKjiama U Iponaraiaa e3abl
Ha BEJIOCUIIE/IE, BKIIOUEHUE B TOPOJICKYIO KU3HB JIEKTpoBenocurieoB. Takxke OblLTu
oTpeieNIeHbl yueOHbIe MEPOIPUATHS U aHAJIN3 CO CTOPOHBI 3KCIIEPTOB.

OTHolIEHNE 110JIb3bI BEJIONEMIEXOJHOTO ABMKEHMS Ul YKPEIIJIEHUS 310pOBbs K
yiepOy, cBsizanHOMY ¢ pruckoM I TIT u HaxoKaeHnEM B 30HaX C MOBBIIICHHBIM YPOBHEM
IIyMa U 3arpsi3HEHUs BO3yXa, cocTaBisieT 77:1.

B crarbe [3] moka3aH moTeHIam TeXHUYECKOM 3aMeHbI oT 19 % 1o 48 % npobera,
BBINIOJTHAEMOT0 aBTOMOOMIISIMY C JIBUTATENIIMU BHYTPEHHET'O CTOPaHus, B 3aBUCUMOCTH
oT 00BEMOB T'py30B U paccTOsHMM goctaBku. OOliee oXHUAaHHE MOJIb30BaTEICH
OTHOCHTEJIBHO 3TOU peai3aliy KaKeTcs 0J1aronpusTHBIM. DJIEKTPHYECKUE TPY30BbIe
BEJIOCHIIEIbI KQXKYTCsl COBMECTUMBIMU C OpraHu3anueil paboTsl Kypbepa.

HccnenoBanue BO3AEHCTBUS THOPUIHBIX 3JIEKTPUYECKUX BEJIOCHUIIETIOB Ha
OKPYKAIOIIYI0 CPeAy U IpyTUX BUIOB TPAHCIIOPTA, OTPasKeHHOE B paboTe [4], mokasalo,

113



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.  Ne 3, 2021

4TO HJIEKTPOHHBIE BEJIOCHUIIEIBI — 3TO MPUMEPHO B 18 pa3 6onee sneprospheKTUBHBIH,
4yeM BHEJIOPOXKHHK, B 13 pa3 Oosee sHeprorpQpekTHBHBIN, 4eM ceaaH, B 6 pa3 Oonee
3Heprod3g(HeKTUBHBIN, YeM JKEIEe3HOAOPOXKHBIM TPaH3UT U MPUMEPHO TaKOe XKe
BO3/ICHCTBHE HA OKPYKAIOIIYIO CPEely, KaK U OOBIYHBII BEJTOCUTIEI.

Cy1ecTByeT HECKOJIBKO TPY/JHOCTEH, 33/1ep>KMBAIOIIMX PA3BUTHE BEIOMH(PPACTPYKTYPBI
B Kazaxcrane. Onna u3 mpo0GiieM 3T0 OTCYTCTBHE B 3aKOHOAATEIBCTBE 110 CTPOUTEIIHCTBY
HOHATHS BEJIOMH(PPACTPYKTYPbI B YIMYHO-IOPOXKHOM CETH U Ha aBTOAOporax. Takxe HEeT
HOPS/IKA B Pa3MEIIEHUH U XpaHEHUH BEIIOTPAHCIIOPTHBIX CPEJICTB B MECTAX UX CKOTLJICHHS.
Kpome 3toro, TpedyroTcst U3MEHEHHsT HOPM MPOEKTUPOBAHUS, B KOTOPBIX OIPEACIIUTCS
BO3MO)KHOCTb, TPeOOBaHUsI M HEOOXOAMMOCTH K BeltonHppacTpykType. Heobxomimo Taroke
OTMETHTh TPOOEIBI B IPAaBUIIAX JOPOKHOTO JIBIKEHUS, KaCAIOIIMECs BEJIOCHIIEIUCTOB,
TaKUe KaK HOBBIE pa3MeTKa U 3HaKH [6].

MarepuaJjbl 1 METOABI

[Ipu npoBeneHUH UCCIETOBAHUN MO OLEHKE APPEKTUBHOCTH MEPONPHUITHH IO
Pa3BUTHIO BEJIOCHUIIETHOTO JBMXKEHUS CIIEAyeT YETKO OMPEACTUTh CYOBEKThl TaKHX
UCCJIE0BAHUM, TO €CTh KTO HECET 3aTPaThl, a KTO I0Jy4aeT IOJIE3HbIN pe3yibTar. B
JanpHeimeM OyeT paccMaTpuBaThes 001ecTBeHHAs YPPEKTUBHOCTh KaK Hanboee
o0muit ciyyait (pucyHok 4).

KonuyecTBeHHBIN aHAIN3 YKOJOTHYECKON M SKOHOMHYECKOH 3((PeKTUBHOCTH
pa3BUTHS BEJIOJIBUKEHHUS B OOJIBILIOM FOPOJIE MOKET ACHCTBOBATH JBYMS crioco0amu:
oleHKa 3 PEKTUBHOCTH KaX/I0T0 BEIOCUIIEHOTO MapIIPyTa B YACTHOCTH JTMOO CeTH
B IICJIOM.

Pucynox 4 — D¢ dexTs OT pa3BUTHSA BEJIOJBHKCHHUS

PacuéTt sKk07I0rn4ecKoi u KOHOMHUYECKOH 3(P(HEKTUBHOCTH OT KaXJOrO
BEJIOMApIIPyTa JIerye ¥ MO3BOJISIET IPOBECTH OLIEHKY TaKOT0 KpUTEepHs 3PPEKTUBHOCTH,
KaK BpeMeHHBbIe 3aTpaThl. OIHAKO M3-32 OONBLION Pa3BETBIEHHOCTH TPAHCIIOPTHBIX
CHCTEM METaroJINCOB OLEHUTH 3()P(HEKTUBHOCTH OTAEIBHBIX MapIIPYTOB CTAHOBUTCS
3aTPyAHUTEIbHBIM.
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[TosTomy Gosee panmoHaIbHO OLEHUBATH 3()(EKT OT BEIOTPAHCIOPTHOU CETH
B 1enoM. [TockoabKy peub MIET O TPAHCIOPTHON MH(pPACTPyKType, HeoOX0IUMO
CHayajla OLEHUTh BEJIMYMHY BEJIIOTPAHCIIOPTHOM pabOTHI - KIKOYEBOI0 MOKa3aTes,
OTIpeIeIAIONIET0 OOIECTBEHHO MOJIE3HbIH pe3yJIbTaT OT CO3/JaHHs BEIOTPAHCIIOPTHOM
uHppacTpykTypsl. [lepcieKTUBHBIM HampaBJIEHUEM Pa3BUTHUS BEJIOTPAaHCIOPTA
SIBIISICTCS BEJIOIIEPHHT .

BernoreiipiHr —3T0 TpaHCTIOPTHAS CUCTEMA, TTO3BOJISIONIAs apEH/I0BATh BETIOCUIIEIbI
Ha JII0OO0H CTaHIMM caMOOOCITYy>)KMBaHMS BEJIOCHIIEZOB U BEPHYTh €ro Ha JOOyI0 U3
UMEIOLINXCS BEJIOCTAHLIUIO, PACTIOIOKEHHYIO B IMANa30He OOCITYKUBaHUS CHUCTEMBI.

Cucrema BesomiepyHra B Ka4eCTBE CUCTEM yIpaBiieHUs ucnonb3yeT GPS Tpekepsl,
MOOMJIbHBIE TIPUIIOKEHUS U CUCTEMbI O€3HAJIMYHOM OTIATHI.

ABTOpamu pa3pabaTbiBaeTcsi NPOEKT MO OPTraHU3alUHU BEJIOIIEPUHTOBOM
UHPPACTPYKTYpHl € IPUMEHEHHEM 3JIEKTpOBeNIocUIeIoB B ropose I1aBmoaap.

Lenb npoexTa — MpeJoCTaBUTh KUTEISAM U TypucTam ropoa [laBnonap OecritaTHbI,
a100 OYeHb JIEHIEBBIM JOCTYN K 3JIEKTPOBENIOCUIIEAY Ui MOE3/10K M0 TOpoay, Kak
IbTEPHATUBY MOTOPH30BAaHHOMY OOIIIECTBEHHOMY TPAHCIIOPTY M aBTOMOOMIIIO, TEM
CaMbIM YIIYYILIUTh TPAHCHIOPTHYIO M SKOJIOTHYECKYI0 0OCTaHOBKY

B KazaxcTane Bcero Tpu KpyHHBIX BEJIOLIEPUHTOBBIX NMPOEKTa, U BCE OHU
peanu3oBanbl obmecTBeHHBIM (oHoM Velocity.kz B Hyp-Cynrane (Astana bike),
Anmartsl (Almaty bike) u llleimkenTe (Shymkent bike).

Ilo manabIM obmecTBeHHOro (hoHna «MomonexxHas HHPOPMALIMOHHAS CITyK0a
Kaszaxcrana» npumepno 40 % xuteneit KpynHbIx ropooB Kazaxcrana uMeeT JMYHBIN
Bestocurnen, 10 % mone3yrotes BenonpokaroM, 10 % cobuparorcs HOKynaTh BEIOCUIIE],
1 40 % B Hux He Hyxnatotcs. Cpenu onpoiieHHbIX 31 % KuTenei e3auT Ha BeocuIe1ax
KaXX/1b1i IEHB, pa3 B ABa 1HA e314T 14 %, nBa pa3a B Heneno — 17 %, ouH pa3 B HEJEIIO
— 11 %, Heckonbko pa3 B mecsl — 17 % u oaun pa3 B Mecsi — 10 % [7].

JUi1s pactmpenwst cepbl MCIOb30BaHHs HIEKTPOBEIOCUIIEIOB HEOOXOMMO PaCILIMPUTh
MOJICJIBHBIN P U pa3paboTaTh CEPUI0 IPYy30MACCAKUPCKUX HIIEKTPOBEIOCUIIEIOB,
CHOCOOHBIX MEPeBO3UTH Ipy3bl A0 50 Kr nmmubo oxHOro maccaxkupa. He uckitoueHo,
YTO TaKUM HACCAKUPOM MOXKET MBITh YEJIOBEK C OrPAaHHMYCHHBIMHU BO3MOXHOCTSMHU.
ABTOpaMu MOJICpHU3MPOBAH CEPHIHBIN CKOpOCcTHOM Benocunen Viva Garick 1.0 , uto
MO3BOJIMJIO MEPEBO3UTH HA HEM TIPy3bl WM MAaCCaXUpa. DIEKTPONPUBOJ 00IerdaeTt
yIpaBiieHrue ¥ MoBbIIaeT 3pdeKkTHBHOCTE nepeBo3ku. OMbITHBIN 00pasell npeacTaBieH
Ha PUCYHKe 5. DnekTpoHabop nMeeT MoutHocTh 350 BT, akkymynsaTop éMkocThiO 15 Au.
DNeKTPOBEJIOCHIIE]] PA3BUBACT CKOPOCTH 25 KM/U IpH MOTHOM 3arpy3ke. CoHeuHas aHesb
MorHocThI0 30 BT o0ecrieurBaeT moCTOSHHYIO 3apsIKy aKKyMYyJISITopa.
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PucyHok 5 — IIpoToTuil rpy30BOro 3j1€KTpOBENIOCUIIE 1A

PesyabTaTsl

[Ipu npoeKTHpOBaHUH BEIOUH(PPACTPYKTYPHI B TOPO/IE IPOUCXOAUT CTOTKHOBEHHUE
JIBYX MPOTUBOIIOCTABIICHHBIX JAPYT IPYry (GakTopa.

Bo-nepBbIX, paccMaTpuBasi BEJOCUIIEAUCTOB KaK OTIAEJIBbHBIX YYaCTHHUKOB
TOPOCKOT0 MOTOKA HEOOXOAUMO BBIJICIIATH AJIsl HUX OT/AEIbHbIE TI0JIO0CHI, TEPPUTOPUHU
Y KOMMYHUKAIIUH;

Bo-BTOpEBIX, BBIIEIEHNE NPOCTPAHCTBA [JISI BEJIOCUIIEAUCTOB OTPULATEIBHO
CKa)KETCS Ha OCTAJIbHBIX YYaCTHUKAX JIBM)KECHUS, KOTOPBIE TAKXKE HMEIOT MOTPEOHOCTH
B PACILIMPEHNUH, HO TOPOJCKUE YCIOBHUS HE BCETAA 3TO IO3BOJISIIOT.

Ecnu ucnonp30BaTh 3JIEKTPOBEJIOCUIIEABl KAK TPAHCIIOPTHOE CPEACTBO A
MOCTOSIHHBIX MOE37I0K, HE00X0IMMO CKOHIICHPHPOBATHCS Ha pa3pabOTKe yTUIUTAPHOH
BEJIOTPaHCIIOPTHOH ceTu. Llenp yTunurapHoi CeTH — COEIMHATD ITYHKThI Ha3HAYEHUS,
COBEPLIAEMBIX C OIPEAEICHHBIMU LEISIMU. MapipyThl JUIsl JAHHBIX TIO€3/10K JT0JIKHBI
OBITHh KOPOTKMUMH M NpsiMbIMU. CO37aHNE YTHIUTAPHOU BEJIOTPAHCIIOPTHOW CETH B
YCIIOBUSX TOpOJia AOHKHO IMPOMCXOANUTD B TPU dTara.

IlepBrlii aTan — onpeneaceHe TOUEK EPECEUEHUS MapLIPYTOB BEJIOTPAHCIIOPTA.

T'opox IaBnogap npezacrapisieT coOoi OBICTPO Pa3BUBAIOLIMIACS MTPOMBIIUICHHBIN
LIEHTP SKOHOMHWYECKOM U KyJIbTypHOM »k13HU KazaxcraHa. B cBsI31 ¢ 3THM ropojickue Bi1acTH
NPHUIAIOT PA3BUTHIO CUCTEMBI TOPOJICKOTO MACCAXKUPCKOT0 TPAHCIIOPTA OO0JIBIIIOE 3HAUCHHE.

B 2015 roxy nmpoBenieHa padboTa o ONTHUMH3ALMH [TACCAKUPOIIOTOKOB O0IIECTBEHHOTO
TpaHCIIOpTa ropojia. B cooTBeTCTBUM € KaneH1apHbIM INTaHOM paloT Obla pa3paboTaHa,
COrJIacoBaHa M MPEJCTaBIeHa METOANKA 00CIIeIOBaHUS TACCAKUPOIIOTOKOB B CUCTEME
TOpPOJICKOTO TpaHCIoOpTa oOILIero nojap3oBaHus. s npoBeneHus oOciaegoBaHUsS
naccaxuponotokoB TOO «HUM TK» npusnek cyOmoapsaHy0 OpraHU3aIHIo B
muue [laBnogapckoro rocy1apcTBEHHOTO YHUBEPCUTETa, (aKyJIbTeTa METaJUTypriH,
MAaIlIMHOCTPOEHUS ¥ TPAHCIIOPTA, PENOAABATENN, MATUCTPAHTHI U CTYIEHTHI.

Ha ocHOBaHMM NOJTYYEHHBIX JaHHBIX aBTOPAMU OMpPEeNIeHbl MeCTa HauOOJbIeH
KOHIIEHTpALH 1aCCAXXUPOIOTOKOB, YTO MO3BOJIMIIO ONIPENETUTD ITYHKThI pa3MELECHUS
BEJIOCTaHIUH.

Bropoii sTan — 00beIMHEHNE MTOJyYEHHBIX TOYEK M JIMHUN B MapLIpyThl. 3/1eCh
pPacCUMTHIBAIOT MHTEHCHUBHOCTH ABM)KEHUsSI, CKOILUICHUS TPAHCIOPTAa, rpaduku
JIBIDKEHUS, HauboJiee 1 HauMEHee HaIpsDKEHHBIE YYaCTKH.
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Tpetuii aTan — nocTpoeHne nepapxuu cetu. BenorpancnopTHas ceThb J0JKHA OBITH
000cobieHa, 3aMKHYTa, JIOTHYHA, TOCTYIHA U Oe301acHa.

Ha pucynke 9 a noka3aHbl OCHOBHBIE TOUKU PACIIOJIOKEHMS BEJIOCTAHLUN U
Han0oJiee BBHITOIHbIE MApUIPYThI TOE3/I0K.

a 0
a — IUIaH BEJIOTPaHCHOPTHOM ceTu ropoja IlaBnonap,
0 — coHeuHas 3apsaHasi CTaHIuS.
Pucynok 9 — ITapameTpsl BenoceTu

Ha nmavanpHOM 5Tame mapaMeTpbl BEJOTPAHCIOPTHOW CETH MPEJACTABIICHBI
CJICAYIOIHUM 00pa3oM:

— B ropoae IlaBnogap ycranasnuaem 10 cranimii;

— BMmecTrMOCTE OJTHOM cTaHIMK 12 BENOCHIIEIOB;

— Oomee uncio anekTpopenocureoB — 120;

— MakcumalibHOE pacCTOSIHUE MEX]Ty COCETHUMHU CTAHIMSMH — 3 KM;

— Bpewms paboTsl ipokara: 15 anpens — 15 oktsa0Opst

Cranmmu OyayT cHaOYKEHBI COJTHEYHBIMU TTAHEIISIMU ITUTAHUS, YTO TIO3BOJIUT 3apsHKaTh
3JIEKTPOBEIOCUTIEIBI Ha cTOosTHKaX (PucyHok 9,0).

BriBoanl

Ha ocHoBaHMM pOBEACHHBIX UCCIIEAOBAHUN MOXKHO CIIEIATh CIICAYIOIINE BHIBOIBI:

— B HacTosmee BpeMst BBICOKUMHU TEMITAMU HJIET IMTOBBIIICHUE JTOJIA UCIIOJIb30BAHUS
BEJIOCHIIEZIOB KaK TPAHCTIOPTHOT'O CPEJICTBA 110 BCEMY MHUPY;

— B crpanax CHI', B Tom uncie u Kazaxcrane Benocurie 1 SBJseTCs aTbTEPHATUBHBIM
JIOCTYITHBIM TPAHCIIOPTHBIM CPEJICTBOM TOJIBKO B Merarnomcax. Ho v Tam ects mpobsiempl
C BEJIOMHPPACTPYKTYPOH.

— DIJIEKTPOBEIIOCHUTICIBI B KAYECTBE TPAHCIIOPTHBIX CPEACTB JIs BEJIOIIEPUHTA TIOKA
OOIIMPHO HE HCIONB3YIOTCA. Takke HeoOXOAUMO pachpoCTpaHeHUE MOAUBUKAIII
3JICKTPOBEIOCUTIEIOB IS IEPEBO3KH IPY30B U MACCAKUPOB;
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— IlpennosxeHHble CXE€Mbl MapLUIPYTOB BesoliepuHra B ropoae IlaBmomap u
3aIyCK BEJIOIIEPHHIa MO3BOJISIT CHU3UTh HArpy3Ky Ha JOPOXKHYIO CETh, YaCTUYHO
COKpaTUTh BBIOpOCHI oTpaboTaBmmx razoB JIBC aBToMoOwuIel 3a cueT CHIKCHUS
UX y4acTHUs B TPAHCIOTPHOM IOTOKE, a TAKXKe MPEJOCTaBUTh MOpPOXKAHAM JICHIeBBII
win OecIulaTHBIN Croco0 MepeBIKEHUS 10 ropoay. BeiOpaHHbIe YIHIIbI SBISIOTCS
HanboJIee ONTUMATIBHBIMHU JJIS IPOKJIAIKH BeJogopoxkek. [IlupuHa JoposKHOro MoJIoTHA
HO3BOJISIET OTJCIIUTH BEJIOJOPOKKH.

Pacnionoxenue craHuuii OyeT OTpakeHO B MPUIOKEHUU Ha KapTax, a TakkKe Ha
UH(pOpMAIMOHHBIX Ta0JIO.

BHenpeHue BenoIBKeHYs KaK TPAHCIIOPTHOM CUCTEMBI IOJDKHO IIPOMCXOUTH [IOJTAIIHO.
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MABJIOJIAP KAJIACBI JKAFIANBIHIA BEJOKOJIIKTIH
TAPTBIM/IBLIBIFBIH APTTBIPY MOCEJECIHE

Kaszaxcman  PecnybnuxacweinOazvl Kok oicylieciniy  0ip  Oeniei  peminoe
BENOKONIKMIY 0amy Hca20aublHA MAN0Ay HCypeisindi. Dnekmpogenocuneomepoi
natioanany nepcnekmusaIapbl AHbIKMauobl.

Kymvic  Eypona endepinde, Peceii men Kazaxcmanoa eenocunedmepoi
natioanrany OOUbLIHWA CIAMUCIMUKATBLIK OepekmepOi, Presto eenoxenicin damvimy
JiCOHE NONAPUZAYUATAY JHcobacbl DOUbIHWA depeKkmepoi, OMAHOBIK JHCOHe uemenoik
2aIMOAPObIY  eHOEKMEPIH, JHCONl KO32AbICbl  epedicellepi, iceke 3epmmeyaepoi
mandayea HeeizoenzeH. 3epmmey Hvicauvl peminde llasnodap kanacel manoanowl.
JKyK srcome orconayuwinap snekmposenocuneomepin nauoaiany apKblibl 6el10UEPUHS
OOUBIHUA HCOOAHDL ICKe ACbIPY YWIH He2i3ei KOMROHeHmmep OepiieeH.

3epmmeynepee wiony genocunedmepoi asmomoduiIbee OAIAMA KOIIK HCYyUeCiHiy
bonici peminde naitoanany OeHeelin apmmulpyObly OPbIHOBLIbIZbIH KOPCEeMML.
OpobiHObLIbIK, ey alObIMEH, 8eloCUnedmepoiy IKOIOLUAILIK  KAYincizoieiMeH
oatinanvicmol.  Asmopnap  Ilasnooap  KanacelHOa — eenouiepune — Jcylecinoe
aneKmposenocuneomepoi NAUOAIAHY MYyHICbIPLIMOAMACLIH 93ipnedi. JKoraywvliap
A2bIHBIH  MAN0ay  Heeizinle — GeloOCMAHYUANApObl  OPHALACMbIPY — HyKmenepi
AHBIKMAIObL, SPKAUCHICHIHOA BELOCUNEOMED CAHbI AHLIKMAObL. Aemopaap o3ipiieceH
JICOHE CLIHAKMAH OMKi32eH KyH NaHelbOepineH bamapesuvl 3apsaomay MyMKIHOi2l
bap JHcyK 21eKmpix 6en0cunediniy Mooei CUNAmmanzan.

Aemopnap genrocuneomepoi KOAOAHy AACbIH Keneumy KesiHoe 0aapobly KoK
Kypaivbl peminoezi mapmulMObLibleblh apmmuipyea 001a0bl 0e2el KOpblmblHOblad
xendi. JKykmepoi macoimanoay MymKinOiei, IAeKmpicemexkmin 601ybl, MyeedeKmepoin
natdanrany MymKinoiel, navudaianyaa JdceHindikmepoiy 601ybl Ke3iHoe 8elOKONIKMIH
ponin 20 %-2a apmmuwipyaa 601a0bi.

Kinmmi ce3dep: eenocuneod, eenowiepune, UHGpaKypuliviym, 371eKmp wcemeei,
8EIOCAHYUS, BENIOKOIIK HCEICT, HCYK INEKMPOBELOCUNED, IKONOSUAIBIK, KAYINCI30IK.
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K NPOBJIEMAM INOTEPU U COXPAHEHMWA TETIJIA B BC

TO THE ISSUE OF INCREASING THE ATTRACTIVENESS OF BIKE
TRANSPORT IN THE CONDITIONS OF THE CITY OF PAVLODAR Paccmompenvl npobnemuble 80npochl KCHAyaAmMayuu aemompaHcnopma, 6

YACMHOCIY, YMUAU3AYUS, YMEHbUIEHUe NOMepU U COXPAHEHUsl MEeNnl1060U SHepauu
6 Ogueamensx eHympennezo ceopanus ([ABC). B umoce 6ce smu meponpusmus
npusedym x nogviuwenuio KIIJ[ oeucamens 6 yenom. Tennonepeoaua nepedaemcs
mpems cnocobamu: menionposoOHOCMbI0, KOHeeKkyuell u usryyenuem. Hatidenw
camvle npaKmu4ecku 00CMynuvie cnocoobl Ymuiu3ayuu menio8ol SHepeuy u nymu ee

The analysis of the development of cycling as a part of the transport system in the
Republic of Kazakhstan. The prospects for the use of electric bicycles are determined.
Materials and methods: The work is based on the analysis of statistical data on the

use of bicycles in European countries, in Russia and Kazakhstan, data on the project for
the development and popularization of bicycle transport Presto, the works of domestic coxpanenusi. Bvinonnen ananusz Hayunvix pabom. Jlanel meopemuueckue pacuemubvie

and foreign scientists, traffic rules, and own research. The city of Pavlodar was chosen Gopmyavl  nomepu  meniogol suepeuu. lanvl ouazpammuvl 018 NPAKMUYECKO20
as the object of research. The main components for the implementation of a bicycle UCNOL3O6AHUA  NpU  NPOCKMUPOSAHUI  MAKUX  AKKYMYNAMOPOS  menia 01
sharing project using freight and passenger electric bicycles are given. mpancnopmuwix cpedcms. Ilokazanvl nymu nogvluleHust pecypcog IKCniyamayuu

A review of studies has shown the feasibility of increasing the use of bicycles as JABC asmompancnopma. Yxkaszanvl 0CHOSHble UCNOIb3YeMble MENIOU30IAYUOHHbLE
an alternative vehicle. The expediency is associated, first of all, with the environmental Mamepuanbt Kax, acoecm, npooKa, cio0a, WiaKoeas, MUHEPANbHAs Ul CMEKTAHHAA
safety of bicycles. The authors have developed the concept of using electric bicycles in éamd, wepeno U Op. VKasanvl 0cho6Hble SKCNIYAMAyUonHnble p CHCUMDL P abomei
the bicycle sharing system in the city of Pavlodar. Based on the analysis of passenger Osueameneil 61ymp CHHECO CeopanUA, onp e()EﬂflIO yue 6 SHAYUMeENIbHOU CMenen eco
traffic, points for placing bicycle stations have been determined, the number of bicycles 0011206€4HOCIb, OCHOGHOL USHOC O6U2aAMENell NPOUCXOOUM 60 6P EMA Ux sanyckos
on each has been determined. The article describes a model of an electric cargo bike u nmpoepese us-sa memnepamyphozo paxkmopa. Ilpednazaemviii 6axyymoiii
with the possibility of recharging the battery from solar panels, which was developed CNOCOG COXpaHeHUs Menna OMKpbl6Aem CaMble HOGbIE HANPAGIEHUS OCHO6AHUS
and tested by the authors. 0151 NOBbIULEHUs aqbqbekmvuemocmu MENIOU30AYUY  KOHCMPYKYUU  KOPNYCO8

The authors concluded that by expanding the scope of use of bicycles, it is possible akkymyasimopos mena. HailOenvl sKcnepumenmanbHule 3a8UCUMOCHU COXPAHEHUS.

to increase their attractiveness as a vehicle. If it is possible to transport goods, the menna 6 T4 om ux obvema.

availability of an electric drive, the possibility of using by the disabled, the availability Knioueseie cnosa: deuzameny eHymp erneco ccopanuz (ABC), axxymynzmopul
of benefits for use, the role of cycling can be increased by 20 %. Infrastructure in menna (AT), koogpuyuenm nonesnozo deiicmeus (KIIJ), mpancnopmnas mexnuxa,

cities such as Pavlodar is not yet fully prepared for the increased use of bicycles as a npOYECC MENTONEPeOaty, MOTUUHA USOTAYUOHHOZO CROR, SehexmusHoCHb

means of transportation. An integrated approach to this issue, attracting investments, MeniousorAYUL.
promoting a healthy lifestyle and protecting the environment will make it possible to
intensify cycling in the country. Beenenue
Keywords: bicycle, bicycle sharing, infrastructure, electric drive, bicycle station, B Hacrosimiee Bpemst CyIiecTByeT psii MCCIICIOBAHUM, MOCBSMICHHBIX BOIPOCaM
bicycle transport network, electric cargo bicycle, environmental safety. MOTEpU U COXpaHeHUus: TeroBoil sHepruu B JABC u npumeHeHHne akKKyMyJsiTOPOB

teria (AT) B TpaHCIOPTHOM TEXHUKE KaK HCTOYHHUK COXPAHEHUS TEIIOBOM SHEPIUH.
[IpeobpazoBanue BeipabaThIBaEMON TEIJIOBOM SHEPTUU W3 JIBUTATENICH BHYTPEHHETO
CropaHus Ha MOJIE3HYI0 padOoTy HCIIOJIb3YETCS TOJIBKO YaCTh SHEPIUH, ONIPEIEIIIEMY IO
ero KIIJI. bonbmias »e 4acTb 3TOM 3HEPIUH, MOJIy4aeMON IIPU CrOPAHUU TOILIUBA,
pacxoyeTcsl Ha HarpeB OKpY KaroIeil cpeibl, Kak BMeCTe ¢ 0Tpab0TaBIIMMHU I'a3aMH,
TaK ¥ 4epe3 pauaTop CUCTEMbI OXJIaXKICHU ABUraTess. Temno 3To, BeIOpackiBaeMoe
BO BpeMsi paOOThI IBUTATEIIS B IPSIMOM CMBICTIE BHIOPACBHIBACTCSI HA «BETEPY B IIYCTYIO,
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KOTOpPOE 11e7Ieco00pa3zHo ObUIO OBl MPH IYCKE CAMOT0 ATOT0 K€ MOTOPa, 0COOECHHO MPHU
HU3KHUX TEMIIEpaTypax OKpY Karollei cpeasl B 3UuMHUN niepuon [1].

[Ipu 5TOM TEXHHYECKH BO3MOKHBIE PAa3JIMYHbIE METOJIbI COXPAHEHUS TEIIOBOM
SHEPTruH, U UCHOJb30BAHUSA B Ka4eCTBE MCTOUYHHKA Telja OOBIYHOW CHCTEMBI
OXJIAKACHUSA NpEACTaBisieTcs Haubojee palnoHaIbHBIM. OCYIIECTBIEHUE JIETKOTO
3aIycka T.€. 3allyCK NP BPaLIeHWU KOJIEHYaToro Bana a0 1/2 obopora aBuratens,
IpU HU3KUX TeMIlepaTypax OKpY>Kalollel cpebl, sBisieTcs nmpobdiaemoil Hanbosee
aKTyaJbHOH, OCOOCHHO B TE€X CTpaHaXx, IJIe TEMIEPATYPHBIH PEKUM UMEET BBICOKYIO
aMIUTUTYy KoJjeOaHus, u3-3a PEe3KOW KOHTUHEHTAIbHOCTH KJIMMaTa. B Ha3BaHHBIX
YCIOBHUSX 3aIlyCK JABUTATENsI OCYLIECTBIISATh NPAKTUYECKU HE BO3MOXKHO 0e3
porpesa U3 APyrux BHEIIHUX MCTOYHUKOB. Jlayke MpU yAayHOM 3aIlyCKe JBHUraTess
B YKa3aHHBIX yCIIOBUAX, 3HAUUTEIbHAS pa3HUIIA [IEPEraga TEMIEpaTyp B IBUTATEIAX
MOYKET BbI3BaTh MTOBBIIIEHHOE BHYTPEHHEE HANIPSHKEHHE B €r0 JeTalsIX, YTO MOBJIEYET
3a co00il MPEKIEBPEMEHHOTO BBIXO/Ia U3 CTPOsS M3 32 U3HOCA UX JeTaynel. [[is Toro
4TOOBI MPEIOTBPATHTD IMOSIBIICHUE TAKUX HEXKEJIATENIbHBIX SIBICHUI pPEKOMEHIYyeTCs
OPUMEHSTH YCTPOICTBA, KOTOPHIE HapsIy ¢ 00JErYeHUEM 3aIlycKa ABUraTeseH, TakxKe
MMEIOLINE BO3MOXXHOCTU IIPOrPeTh UX U3HYTpH [2].

MarepuaJjbl 1 METOABI

ObecneueHre 1OCTATOYHBIM KOJIMYECTBOM TEIJIOTHI B aKKyMYJISITOpax TeIuia
JUISL 3allycKa JBUTaTelNs 3aBHCUT OT pasHbIX (PaKTOpOB, U OJHUM U3 KOTOPBIX
SBIISICTCS. COXPAHEHUs TEIUIOBOI PHEPrHUM B caMoM akkymyJsitope. IlosTromy BbIOOp
BBICOKO?((EKTUBHYIO U3OJILHIO, YTOOBI YMEHBUIUTh IOTEPH TEILIA SIBJIIETCS BaKHBIM
pemenueM. B paccmarpuBaemom akkymyssitope Teria (AT) npeiaraem HConb30BaTh
Ha Hall B3MJIAJ HambOosee >(PEeKTUBHYIO BaKyyMHYIO M30JSLUI0 Kopiyca. YToObl
ONpeeNUTh BBICOKYIO 3()(PEKTUBHOCTH JAaHHOTO YCTPOICTBa CleNyeT U3y4YUTh H
UCCIIEZ0BATh MPOLIECC TEIUIONEPEAAUn U BO3MOXXHOCTH YMEHBILIEHHS €r0 B IIPOLECCE
JKCITyaTalluu aBTOTpaHcnoprta. Temnonepenaya mpeacTaBisier coboil Becbma
CJIOKHBIN TIpoliece, Te TEIJIo MepelaeTcss OJHOBPEMEHHO BCEMH TPEMs CIIOCOOaMu:
TEIUIONPOBOJHOCTHIO, KOHBEKIIMEN U u3nydyeHueM [3]. Buauane uccienyem oauH
(axTop, KOTOPBIN MPUHUMAET HETTOCPEICTBEHHOE yYacTHE B POLIECCE TEILUIONEPEaaUH B
00JIaCTSX C MOHWKEHHBIM JaBJICHUEM (BaKyyMa), KOTOPBIM SIBIISICTCS JaBJICHUE — JUIMHA
npobGera Mosiekyi1. TouHee, cpeHsis AirHa cBOOOTHOTO Ipolera, KoTopast onpeienseTcs
JUITMHOM MEXy CTOJIKHOBEHHUSIMH JIBYX YacTHIl (TO €CTh, aTOMBI, MOJIEKYJIbI BO3/lyXa).
CHmwxeHHe JaBlIeHUsS YMEHBIIAET KOJIMYECTBO YACTHUI], HO MPH 3TOM YBEIMYHBAETCS
JutnHa rpodera yactui. CokpallieHHe COOTBETCTBYIOIINX Pa3MEPOB CUCTEMBI HE BIIUSIET
Ha 3TOT MaclITad JJIMHBI, 32 UCKIIOYCHUEM CIIy4aeB, KOT/Ia OHM CTAHOBSTCS MEHbILE
JUTUHBI CBOOOIHOTO TipoOera. OHaKO U3MEHEHHUE JIaBJICHHE BO3/IyXa MEX/ly CTCHOUHOM
IPOCTPAHCTBE OKa3bIBACT CYIIECTBEHHOE BIMSIHHE Ha TEIUIONPOBOAHOCTH. UTOOBI
paccuuTarh TEIUIONOTEpU B akkymyjsTope Temia (AT), Heo6X0IuMO OnpenesnTh
TOJILIUHY H30JUUOHHOTO ciosi. [TocTpouB aumarpaMmy, JOCTaTOYHO € OOJBIION
TOYHOCTBIO MOXHO OYyJIET OIPEeTUTh HEOOXOAMMYIO TOIIIUHY U30JIALMOHHOTO CIIOS.
Ha pucynke 1. mpegocrasiena 1uarpaMMa 3aBUCMMOCTH OTEPh Teria oT Kodddurimenta
TEIUIONPOBOTHOCTH OTHOCUTENILHO TOJIIIMHBI H30JISIMOHHOTO ClIos (Bakyyma) |3, 4].
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1 — ToamMHa U30JIALMOHHOTO cjtogd — 10 MM; 2 — ToJIIIIMHA
HM30JISLIMOHHOTO CJI0s — 15 MM; 3 — TOIIMMHA U30JISIIIMOHHOTO cI0s — 20 MM.
Pucynok 1 — [lotepu xonngecTBa Teria B 3aBUCUMOCTH OT KodduiimeHTa

TETJIONPOBOJHOCTH OTHOCUTEIHHO TOJIIHUHBI U30JISIITUOHHOTO CIIOS

Ha ocHoBe amarpaMMbl MOXXHO HMPHUTH K BBIBOAY, YTO IOCJIE MPEOJIOJICHHS
OTIPE/IEIECHHOI0 KPUTHUECKOTO 3HAYEHHUs MapaMeTpa JaBJICHUS, CPEIHSS JINHA
cBO0OOIHOTO TpobOera 4acTUll yBEJIUYUBAETCs, a KO3 UIUEHT TEeIIONPOBOIHOCTH
PE3KO MOHMKAETCS, OTKPhIBAas TEM CaMbIM HOBBIE HANpPaBJICHUS OCHOBAHHS JJIS
NOBBIIIEHUS 2P PEKTUBHOCTH TETIION3OIISIIMU KOHCTPYKIIMU KOPITYCOB aKKyMYJISITOPOB
teria (AT) [S]. Ilpu npoexkTupoBaHUM aKKyMYJISITOPOB TEIIa CTaBUTCS 3a/aya, Kak
ObUIO CKa3aHO paHee HEOOXOJUMO HE TOJBKO OOECIeueHHE COXpaHEHHUs TeIula, a
TaKke 00ecredeHne Ipy 3TOM JIOIYCKAaeMBIX Pa3HOCTH TeMIIEpaTyp BHYTPH JETaNIX
koHcTpykuuu JIBC. B ycraHoBHBLIEMCS peXUME MIOTHOCTh MOTOKA TEIJIOBOU
HEPTHH, Mepelaloleiicss MoCpeICTBOM TEIJIONPOBOAHOCTH, MPONOPLHOHAIBHA
IpaJueHTy TeMIepaTypsl (3akoH Dypbe):

g = —ngrad(T), (1)

rne ff — BEKTOp IJIOTHOCTH TEIJIOBOT'O ITOTOKA — KOJIMYECTBO YHEPTUH, IPOXOISALIEH B
€IMHUIY BpEMEHH uepe3 eAMHUILY TUIOIIAAH, TepHIeHIUKYIAPHON KaKI0Hi OcH;

K — KO3 (UIMEHT TETIONPOBOIHOCTH;

T — TemnepaTtypa. 3HaKk — MUHYC B IpaBOil 4acTH MOKa3bIBA€T, YTO TEILUIOBOM
MOTOK HAaIPaBJIEH MPOTUBOIIOIOKHO BeKTOpY grad 7' (TO ecTh B CTOPOHY CKOpeHIIero
yObIBaHUs TeMIiepatypsl) [6, 7].

PesynabTaTsl 1 00cy:KIeHHE

CymiecTBOBaHUE I'paJiUEHTa TEMIIEPATyPhl U ABISAETCS HEOOXOIUMBIM YCIOBUEM
JUIsL BOSHUKHOBEHHSI TEIUIONPOBOJIHOCTH, KaK HaJIM4Yue I'paJUeHTa KOHLEHTPALUH,
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Heo0Xx01uMo, YT00BI Ipoucxoaui rmpouece auddy3uun. M3 auarpaMmbl MO’KHO 3aMETHTH,
4T0 KOA(PPHUIMEHT TEIUIONPOBOAHOCTH U3MEHSETCS ¢ U3MEHEHUEM JaBJICHUS BO3yXa
U npubImKaeTcs K Hymo. HazBaHHOe CBOMCTBO CBSI3aHO C HU3KOW KOHIIGHTpauuei
MaTepHabHBIX YaCTULl B BAKyyMe, CIIOCOOHBIE IIEPEHOCUTH TeIuIo. Terio B Bakyyme
MOJKET IIEpeAaBaThCs EUIe C IOMOLIBIO N3yueHus. [loaTomy, Ui yMEHbIIEHUS IOTEPU
TEIJIa Yepe3 CTEeHKH aKKyMYJSTOpa JAeNaloT JBOMHBIMU U CepeOpAT BHYTPU CTEHKH,
T.€.IIOKPBIBAIOT CEpeOPOM (Takast IOBEPXHOCTD JIyUIlE OTPaXaeT U3TyueHHE), a BO3LYX
MEXJly HUMH OTKauMBaIOT. 3a CYET CKA3aHHOT'O U JOCTUTAI0TCSI MUHUMAJIbHBIE IIOTEPH
Teria. Tak Kak TeII000OMEeH MEXAy CTeHKaMM, HalpuMep, TEPMOCa ¢ OKPYKAIOIUM
BO3yXOM MUHUMAJIEH, [I0ATOMY B HEM XOPOILO COXPAHIOTCS TEIJIO0 XKUAKOCTH. Takum
00pa3oM, TEMI0O0OMEHHUK MOXET 00ecreyrBaTh Hy>KHOE KOJIMYECTBO TEIJIOTHI /IS
MCIIOJIb30BaHUS B HY>K/Ibl TPAHCIIOPTAa HE3aBUCUMO OT CMeHBI 1toroAs! [8]. KonnuecTBo
TEILIOTHI, IIEPEAABAEMON TOpsiYel CpeloM K BHYTPEHHEH CTEHKE LIWIMHAPA IIyTEM
KOHBEKTHBHOTO TETUI0OOMEHA, MOKHO OIPEIEIUTH 10 ypaBHeHHI0 HptoToHa — Puxmana:

Q = alndsﬁe(rl - rr;m): (2)

e, o, — KO3 (GUIMEHT TEMIO OTAa4YM OT FOPAYEH CPEJIbI € TIOCTOSHHOM TEMIIEPATyPOi
t K BHYTPEHHEN MOBEPXHOCTH CTEHKH, YIUTBIBAIOIMI BCE BUJIBI TEINIOOOMEHA,
1td,,e — pacueTHas BHyTPEHHS TOBEPXHOCTb.

TernnoBol MOTOK, MEpeaaBaeMoOi TEIIONPOBOIHOCTBIO Yepe3 HUIUHIPUIECKYIO
CTEHKY, OIPEJIEIIAETCS 10 YPABHEHUIO:

Q = alﬂ.d(me(tl - trr.‘m)r (3)

TemnoBol MOTOK, MepegaBaeMOl OT HApY)KHOM CTEHKHM K XOJIONHOHU Cpene,
orpeenseTcs o Toi ke (hopMysie KOHBEKTHBHOTO TeriooomMeHa HetoTrona — Puxmana:

Q =a; ndﬁap{(r;‘n - tZ): (4)

rae o, — KOOQOHUIHUEHT TEMIO0TAa4YU OT BTOPOH Hapy»KHOM IIOBEPXHOCTU CTEHKHU K
XOJIOJIHOW CPeJIe C MOCTOSTHHOM TEMITEpaTypoi t,;
7d,,p€ — PACYETHAS HAPYKHASA TOBEPXHOCTH CTEHKH, M.

Bennuuner Q B ypaBHeHUsx (2), (3) u (4) onuHakoBbl. CKOJIBKO TEIJIOTHI
BOCIIPHHUMAET CTEHKA MPH CTAIHOHAPHOM PEXKHME, CTOJIBKO K€ OHA M OTIACT.

Penrast 3T Tpu ypaBHEHHsSI COBMECTHO OTHOCHTEIBLHO Pa3HOCTH TEMIIEpaTyp, a
3aTeM, CKJIaJIbIBast UX MOWICHHO, TIOY4HM:

_ Te(t1—t7)
Q -1 1, dua_n. 1 em, (5)

a1dgy 21 dey Iazdmr;;
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1
duap , 1

1 1 = Ky, Bme rpan, (6)

+—In T
aiden 2L dgu ﬂZdHap

rae KLl — MTMHEHHBIA KO3 PUIIUEHT TeIIonepeadn.

Takxe B KauecTBE TEIUIOBOUM W30JISAIIMU BHEUIHEH MOBEPXHOCTH MOTYT OBITh
MCIOJb30BaHbI JTI0OOBIE MaTepHalibl CPABHUTEIBHOC HU3KUM KOdP(PULUEHTOM
TETUIONPOBOIHOCTH — acOecT, MpoOKa, CIII0/1a, IITAKOBasi, MUHEpaJIbHAas WIIA CTEKIITHHAS
BaTa, mepcTh u Ap. 8, 9].

Jl1s u3ydeHus u CpaBHEHUSI XapaKTEPUCTUK 3aBOJCKUX TEPMOCOB MPOBOIUIHCH
WCIIBITaHUs TTpu KoMHaTHOM Temneparype 20 °C. Ha nmpoTsskeHun 6 4acoB ¢ MHTEPBAJIOM
B | yac mpou3BeeHO U3MEPEHUS TeMIIepaTyphl BOAbI B TEPMOCAX.

Tabnuna 1 — Pe3ynpTaTsl noTeps Terjia B 3aBUCUMOCTUOT 00bEMa U BpEeMEHU

Ne | Marepuas u 00bEM EMKOCTH Bpewms, gac

/1 0 1 2 3 4 5 6
1 |Meran.V=1n 100°C | 96°C | 93°C | 91°C | 89°C | 87°C | 85°C
2  |Meran.V=2n 100°C | 98°C | 95°C | 93°C | 90°C | 88°C | 87°C

Ha ocHoBanum uccrnenoBaHuii mpuBeJeHHBIX B Ta0nuue 1 cTpoutcs rpaduk
M3MEHEHHUS TeMIIepaTyphl BOJBI B TEPMOCE METAJJIMYECKOM Pa3sHOro odbema C
UCTEUYCHHUEM BPEMEHH.

100

T 98
: 100 .
n 26 93
e o0
b 93 = as
? B9
y &7
p
a

BpeMAY

V = 11 — awxuuii rpaduk; V = 21 — BepXHUii rpaduk.
Pucynoxk 2 — I'paduk n3meHeHus TeMIiepaTypbl BOJIbI B TEPMOCE
METAJTTNYECKOM Pa3HOro 00beMa C TeUEHUEM BPEMEHHU

PeByanaTH HCCJIICA0BaHUA TEPMOCA ITOKA3BIBAIOT, YTO B TCUCHUC 6 JacoB TEPMOCEI

COXpaHAIOT TeMIIEpaTypy Boabl Oosiee 85 °C, kK THM KauecTBaM MOKHO T0OaBUTh, YeEM
Oosbiie 00BEM TEpMOCa, TEM JIydllle OH coxpanseT Terio [10].
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*H. B. Kocmiwouenkoé', A. b. Aoopaxmanoé’, b. T. Opazanueé’, energy are given. Diagrams for practical use in designing such heat accumulators for
A. H. Konkvioaesa’, A. P. Mykawesa’ vehicles are given. The ways of increasing the exploitation resources of motor transport
12345C. Ceiiymmun ateiHaarsl Kazak arpoTeXHUKAIBIK YHHBEPCHUTET, internal combustion engines are shown. The main heat insulation materials used as

asbestos, cork, mica, slag, mineral or glass wool, wool, etc. are indicated. The main
operating modes of internal combustion engines, which determine to a large extent its
durability, are indicated. The main wear and tear occur during starting and warming
up of the engines due to the temperature factor. The proposed vacuum method of heat
preservation opens the newest directions of the basis for increasing the efficiency of
thermal insulation of the design of heat accumulator shells. Experimental dependences
of heat preservation in TA on their volume were found.

Kazakcran Pecniy6nmkacer, Hyp-CyuniraH K.
Marepuan 20.09.21 Gacmara TycTi.

IIITEH )KAHY KO3FAJTKBIIIBIHBIH KbIJTYBIH
KOFAJTY /KOHE CAKTAY MOCEJIEJIEPI

Asmoxenikmi naiidananyobly npoOIEMAnbIK Mocenenepl, aman aumKaHod, Keywords: internal combustion engines (ICE), heat accumulators (HA),
iwmen dicany Kosearmgpuumapbinoa (IKK) ooy onepeuscoln ymunusayuanay, coefficient of efficiency, transport equipment, heat transfer process, insulation layer
aHco2anmyosl azaumy dcone cakmay mocenenepi Kapanovl. Homuoicecinoe, bapvlk thickness, thermal insulation efficiency.

ochl ic-uwapanap mymacmai aneaHod KO3ealmKbIUmMbly MuiMOiicin apmmoipyed
oxenedi. Koy bepy yur scoamen dOepinedi: Kby omKi3eiumix, KOHBEKYUS HCOHE
coyneneny. XKvlny SHepeUsACHIM HCOIObIH eH KOA HCemiMoi 90icmepi dicoHe OHbL CAKmay
arcon0apvl madwLIobl. Foiavimu scymvicmapaa manoay sxeacandvl. HKoly sHepeusCoii
HCO2AMY bl MEOPUSLTLIK ecenmey popmynarapuvl kenmipineen. Koenix Kyparoapuvina
apHan2an OCLIHOAU JHCbLLY AKKYMYJIAMOPIAPbIH HcOOANay KesiHoe NpaKmuKaniblk
KooaHy2a apHanzan ouazpammanap renmipineen. Aemoxenix DKK natioanamny
PECYDCMAPLIH apmmulpy HCOA0Apbl KepceminzeH. Acbecm, muleblH, c00d, WIAK,
MUHEPANObL HeMece WbIHBL JCYH, HCYH HCOHE M. 0. CUSKIMbL He2i32i HCLTY OKUAYIasbil
Mamepuanoap KepcemiieeH, iuKi HCany Ko32aimKblUmAapblHbIH HCYMbLCHIHbIH He2i3el
JHCYMBIC pedtcuMoepi KepcemineeH, OHbly Oepikmizin aumapivlKmai aHbIKmAauobl,
KO32AIMKbIUMApObIY He2izel mo3ybl oaapobl icke KOCy JcoHe Kbl30blpy Ke3iHoe
natioa 601a0vl. memnepamypanvix paxmopea dbavranvicmol. JKolyobl cakmayouly
YCUIHbLI2AH BAKYYMOBIK 90ICI JHCblTY bamapesnapvl KOPHYCHIHbIH JCHLTY OKUWAYAAY
muimoiniein apmmulpy Ywin 0Oazamvly dicaya bazeimmapeld  awaovl. Kolwy
cakmayowvly o1apobiy KeJeMine IKCNePUMEHMMIK moyenodiniei maouliobl.

Kinmmi cezoep: iwmen ocany xozeanmxwviuwl (IDKK), srcoiny axkymynsmopoi
(FKA), naiioanet oceprosppuyuenmi (I1OK), konikmix mexnuxa, sicwviiy bepy ypoici,
UBOTAYUATBIK KAOAMMbIY KATLIHObI2bL, HCHLTY UBOTAYUACHIHbIY MUIMOLTIZE.

*N. V. Kostyuchenkov', A. B. Abdrakhmanov’, B. T. Orazaliev’,
A. N. Kongkybayeva®, A. R. Mukasheva’

123455 Seifullin Kazakh AgroTechnical University,

Republic of Kazakhstan, Nur-Sultan.

Material received on 20.09.21.

PROBLEMS OF HEAT LOSS AND PRESERVATION IN ICE

The problematic issues of motor transport operation are considered the loss and
conservation of thermal energy in internal combustion engines (ICE). As a result, all
these measures will lead to an increase in the efficiency of the engine generally. Heat
transfer is transmitted in three ways: conduction, convection and radiation. The most
practically available ways of heat energy utilization and ways of its preservation are
found. The analysis of scientific papers. Theoretical formulas for the loss of thermal
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VIBRATION AND CAVITATION EFFECTS ON THE COOLING
SYSTEM IN ICE DUE TO PISTON-CYLINDER DESIGN

The problem of possible pitting and cavitation in internal combustion engines is
receiving considerable attention. Both theoretical and simulation studies are carried
out in order to understand the noise and vibration sources, using a force equation.
A foundation is also laid to study cavitation and find possible ways of increasing
the life of the engine components. Some important results have been shown with
negative pressures leading to the fact that the developed models predict the presence
of cavitation in the cylinder liner surface, stressing the importance of improving the
piston and cylinder liner design.

Keywords: cavitations, vibrations, cooling system, cooling fluid, internal
combustion engine.

Introduction

Periodic loads on structures may results in severe vibratory motion. Letting the
structure interact with a fluid affects the characteristics of the system behaviour. This
coupled problem is of interest when designing for example cylinder liners in combustion
engines. Neglecting this effect may result in unexpected occurrence of severe pitting
and failure due to cavitation. This presentation explores modeling and simulation of
the occurrence of cavitation on a liquid cooled cylinder liner surface.

In the world today, there are more vehicles as compared to other machines. Of
the two internal combustion engines, IC Diesel Engines are now replacing the more
expensive petrol engines. They are mostly being used as commercial vehicles due to its
fuel economy. Diesel Engines do not always have the good news, for beneath its fuel
economy, comes the noise factor. They are known to generate a lot of noise as a result of
piston slap. They operate at high peak pressure giving rise to greater noise and vibration.

The noise generates a lot of vibration in the cylinder chamber which causes cylinder
liners to vibrate, there is also the effect of the piston slap which is the result of the piston
side thrust on the cylinder liner as it moves to and fro from TDC to BDC, the net effect
of which makes the cooling fluid in the cooling chamber to undergo vibration and then
the production of the unwanted cavitation in the cooling chamber. The forces causing the
cavities to form and collapse are due to a continuous series of high frequency pressure
pulsation in the liquid.

It has been a fact that the effects of cavitation are very worrying. Some of these
effects are so damaging that they can even destroy the whole cylinder liner and thus a
new one needs to be purchased. Theoretical aspect of this work deals with various types
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of cavitation, how they affect the cylinder liner, the dynamics of the piston-crankshaft
assembly, the piston slap and the vibration forces that comes with it [1-4].

The purpose of this work is to model a coupled fluid-structure interaction featuring
cavitation at the interfacing domain boundary, applied on the cylinder liner and cooling
liquid in an internal combustion diesel engine. Focus is put on representing the varying
pressure distribution along the cylinder liner, assuming negative pressure values imply
presence of cavitation.

Materials and methods

An overview of the cavitation phenomenon and its physics based on a literature
survey is given here as a support to the modelling approach in the present work.

It is difficult to give a precise definition of cavitation. Cavitation is the formation and
activity of bubbles or cavities in a liquid. Formation of bubbles refers to creation and change
in existing cavities. These bubbles may be suspended in a liquid or may be trapped in tiny
cracks either in the liquid’s boundary surface or in solid particles suspended in the liquid.

The expansion of the minute bubbles may be affected by reducing the ambient pressure
by static or dynamic means. The bubbles then become large enough to be visible to naked
eye. These bubbles may contain a gas or vapour or a mixture of both. If these bubbles contain
gas, then the expansion may be due to diffusion of dissolved gases from the liquid to the
bubble, or by pressure reduction, or by temperature rise. However the bubbles chiefly contain
vapour, reducing the ambient pressure sufficiently at essentially at constant temperature
causes an explosive vapourization into the cavities which is the phenomenon that is called
cavitation, where as rising the temperature sufficiently causes mainly the vapour bubbles to
grow continuously producing boiling. This gives an interesting observation that explosive
vapourization or boiling does not occur until a threshold is reached. F. Ronald Young [1].

The start of cavitation is observed with the formation of a bubble. The growth and
collapse of a bubble play an important role in the determining the type of cavitation to
follow. Following are the ways in which a bubble may grow.

1 For a gas filled bubble, it could be by pressure reduction or increase in temperature.
This is called gaseous cavitation.

2 For vapour filled bubble, by pressure reduction. This is called vapourous cavitation.

3 For a gas filled bubble, by diffusion. This is called degassing as gas comes out the liquid.

4 For a vapour filled bubble, by sufficient temperature rise. This is called boiling.

A critical examination of cavitation reveals the following facts.

1 Cavitation is a liquid phenomenon and does not occur in solid and gases.

2 Cavitation is the result of pressure reduction in the liquid and thus presumably,
controlling the amount of the minimum absolute pressure can control it. If the pressure is
reduced and maintained for sufficiently long duration of time, it will produce cavitation.

3 Cavitation is a dynamic phenomenon and it is concerned with the growth and
collapse of cavities.

Some significant observations from previous experiments show some interesting
characteristics of cavitation, which are listed below.

1 Cavitation occurs in a liquid, which is moving, or at rest.
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2 There is no indication that the occurrence of cavitation is either restricted to or
excluded from solid boundaries. This goes to show that cavitation may occur either in
the body of the liquid or on a solid boundary.

3 The description is concerned with dynamics of cavity behaviour. A distinction
is implied between the hydrodynamic phenomenon of cavity behaviour and its effects
such a cavitation erosion.

Cavitation can be classified in to two types based on its occurrence.

Due to tension in the liquid. The engine, in generating mechanical power also
generates waste heat energy because they are not perfectly efficient. Cooling is therefore
prevalent in order to prevent the engine from cooking in its own heat.

Even though some waste heat goes out with the exhaust in most IC engines, further
cooling is required to prevent the engine from material and lubricant failure. For this
work we concentrate on liquid coolants.

Most liquid coolants contain a greater amount of water and approximately 30 percent
of ethylene glycol. The cooling process starts at the radiator where there is a store of
the liquid. The liquid is pumped into the cooling chamber going round the wet side of
the cylinder liners. The heat transfer is such that the liner gets cooled and the liquid gets
hot. The hot liquid is then returned to the radiator where a fan blows around it to cool it
for the process to begin again. For an effective running of the engine the cooling liquid
is kept at a temperature between 70° and 75° Centigrade. A low temperature cooling
liquid also slows down the efficiency of the engine.

The above diagram shows the cold liquid in the lower hose the hot liquid in the
upper hose. The rest of the parts are labeled in the diagram in figure.1 above.

Figure 1 — Layout of a typical cooling system of IC Diesel Engine
The geometry of the parts in the studied system was created using the Autodesk

Inventor CAD software. The figures 2 and 3 below show the piston cylinder liner
geometry and assembly. Shigley and Uicker [5, 6].
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Figure 2 — The parts in the studied system

Figure 3 — Total Assembly

Results and discussion

The presence of cavitation in IC Diesel engines is real and cannot be overlooked.
Its damaging effect leads to economic and material constrain on its owners.

In this study much was done on the literature review of cavitation, force equations
on the piston cylinder/assembly of an IC diesel engine and geometrical model of the
piston and the cylinder.

The data gathered were used as boundary conditions to generate a model using the
software ANSYS.

A steady state analysis and a harmonic analysis were considered for both a 2D and
a 3D model. Use was also made of a thermal and acoustic properties pertaining to grey
cast iron and fluid, the materials in question. The effect of thermal properties led to
results of higher values of pressure variations in magnitude.

From the results gathered it was shown that there were areas along the fluid/solid
boundary that experienced negative pressures, the purpose of the work, negative pressure
predicts that cavitation can occur.

This work was done using ANSYS. In furtherance to this work can be done using
other software like IDEAS to get the mode shapes and other quantise that were not
done here.
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An effort has been made to analyse the sources and types of cavitation. Piston slap
is a source of Vibratory cavitation and Acoustic cavitation as well.

So to reduce the cavitation the piston motion has to be studied and the following are
some of the ways of reducing the vibrations and noise coming from the piston-slap [7-11].

1 Reducing the clearance between piston and cylinder liner, this is based on the
assumption that the impacting energy increases with increasing the lateral travel distance
of the piston. Although this technique is simple and easy to understand, there are a few
drawbacks, it is difficult to achieve such a small clearance on the production line and
maintain it during the whole operating life of the engine. If the clearance is too small
then it’s a source of a wear and tear in the engine.

2 Wrapping the piston skirt with leather, this is an attempt to add a cushioning or a
compliant material on the piston side. This method is not directly applicable due to its
durability. But a similar technique has been developed with Teflon pad on the thrust side.

Conclusions

Following are some of the modern developments in the piston design in reducing
the vibrations and noise:

1 Thermal strut piston.

2 Articulated piston.

3 Piston pin offset.

Thermal strut piston contains a steel strut inside the piston skirt. This strut controls
the clearance between the piston and the cylinder wall during all operating conditions
by controlling thermal expansion.

Articulated piston is a combination of two pistons which perform the two main
functions of a piston separately, that of a slider and vertical load carrier. The piston is
divided into two parts connected to each other by a piston pin. The upper part (mainly
ring land) carries the combustion force and can rock back and forth. The lower part
(skirt) slides up and down in the cylinder. With this design it is easier to control the oil
film thickness than when using a solid piston.

Piston pin offset is commonly used and the idea is to shift the impact timing by
setting the piston off the centre line of the piston and thus centre in the cylinder. The
amount of offset might differ from cylinder to cylinder.

Studies of the performance of the above mentioned and other designs are left as
suggestions for future work.
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HOPIIEHB-IIAJINHJIP KYPBLIBICBIHA BAHJIAHBICTHI IDKM-JAFbI
CAJIKBIHIATY KYWECIHE JIPLJ1 MEH KABUTAILIUSAHBIH OCEPI

Twuki orcany momopaapuinoa KOpposus MeH KASUmayusiHely nauoa 607y
npobnemacuvina ken koyin 6oninedi. Teopusnblk Hcone UMUMAYUSIBLIK, 3epmmeynep
Kyw menoeyin KoI0aua Omulpuin, wty MeH Oipil Ko30epin myciHy YuiH scypeizineoi.
Conoaii-aK, KaguMAayusiHbl 3epPMMmMey HCOHE KO32ANMKbIUL KOMNOHEHMMEPIHiY
KbizMen emy Mep3iMin Y3apmyobily MYMKIH JCON0APbIH [30ey YWiH He2i3 KANAHObL.
Ketibip manvi3061 Homudicenep mepic KbiCblM Ke3iHOe KOpceminoi, HOmudicecinoe
Jrcacanzan Mooeiboep YUIUHOP 2UNb3AChIHbIY Oeminde Kagumayusuviy O0JYbIH
bondicaiiovl, OY1 nopuieHb MeH YUIUHOD 2Ub3ACBIHBIY KPbLILICHIH HCAKCAPIYObIH
MAaHbI30bLIbIZBIH KOPCemeOl.

Kinmmi ce3dep: xasumayus, Oipin, carkblHOAmy KHCyleci, CANKbIHOAMKbIUL,
DKM.
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BUBPAIIMOHHOE Y KABUTAIIMOHHOE BO3JIEHCTBHUE
HA CUCTEMY OXJVIA’KAEHUS B IBC U3-3A KOHCTPYKIIMHN
HNOPHIEHb-IMJIMH/IP

Ilpobneme 603M0UCHO20 0OPA308AHUSL MOUEUHBIX KOPPO3UU U KAGUMAYUU
ogueamensx GHYMPEHHe20 C2OpaHus YOensemcs 3unawumenvHoe eHumauue. Kax
meopemuyeckue, maxk U UMUMAYUOHHbIE UCCLE008AHUS NPOBOOSIMCsL OJisl MO20,
UMoObL NOHAMb UCMOYHUKU WYMA U UOPAYUL, UCROIbL3YS YpasHeHue cuibl. Takoce
3AN100ICeH (YYHOAMEHm Ol U3Y4eHust KAGUMAayuu U NOUCKA B03MOJCHBIX Nymel
VBeNUUeHUsl CPOKA CaydcObl KOMNOHenmos oOeueamens. Hexomopwvie eajicHble
pe3yibmamul OblIU HOKA3AHbL NPU OMPUYAMETbHBIX OAGACHUSX, YMO NPUBENO K
momy, Ymo paspabomanHvle MOOeIU NPeOCKA3vbleaiom HAIuYue KAGUmayuu Ha
NOBEPXHOCMU 2Ub3bl YUTUHOPA, NOOYEPKUBASL BANCHOCTb YIYUUEHUS KOHCMPYKYUU
NOPWIHSL U 2UTb3bL YUTUHOPA.

Knouesvle cnosa: kasumayust, gudpayus, Cucmema OXaancoeHust, OXaaxrcoaouas
arcuoxocmo, J{BC.
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AHAJIN3 PABOTbI TPOMBILUJIEHHOI O XKEJIE3HOOPOXXHOIO
TPAHCIIOPTA B YCJIOBUS5IX AO «LWLIYBAPKOJIb KOMUP»

B cmamve npedcmasnenvi pezynvmamosl HAYYHO-UCCIE008AMENLCKUX PAOOM,
BbINOTHEHHBIX 8 001aACMU NPOMBIULEHHO20 JHCENe3HOOOPONCHO2O MPAHCHOPMA.
Hccnedosana paboma npoMbIUIEHHO20 JHCENE3HOOOPOICHO20 MPAHCHOPMA 8
yenosusax AO «LLlybapkons komupy. IIposedennviil anaiuz OCHOBHbIX nOKA3amelel
(6ckpviuia, 0o0bvblva Yo, 6A20HO0OOPOM, NPOCMOU B6A2OHA NOO 2PY308bIMU
onepayuamu) pabomei AO «LLLybaprons Komup». AHanu3 npogeoeH c UCnonIb308aHUeM
HAYYHOU MemOOUKU NO NPOSHOZUPOBAHUIO USMEHEHULl OCHOBHLIX NOKa3amelel
NPOMbBIUIEHHBIX npeonpusmuli Ha nepcnekmugy. IIpocHo3z ocywecmenen nymem
annpoKcuMayul OCHOBHLIX noxasamenei 6 Qyukyuu epemenu. Ilo pesyrbmamam
pacuema noayueHvl annpoKCUMUpyrowue QYHKYuU u 2paguxy usMeHeHutl OCHOBHbIX
nokazameneu pabomoi AO «ILllybaprons komup» Ha nepcnekmusy. Paccmompenvi
OCHOGHble MEPONPUsMUs N0  COBEPULCHCMBOBAHUID PAOOMbL  NPOMBIULIEHHO20
arcene3nodopodcnozo mpancnopma AO «LLybaprons komupy.

Knrouesvie cnosa: npomvlunieHnblii MpaHcnopm, KapbepHwlil MpPAHCHOpPM,
NPOMBIUIEHHBI  JHCENIe3HOOOPONCHBILL  MPAHCROPM, — 8A20HO0OOPOM, NPOCMOU
8a20H08, ANNPOKCUMAYUSL, NPOSHOZUPOBAHUE.

Beeaenne

AO «Illybapkosb KOMUP» — BBICOKOMEXaHHU3UPOBAHHOE MpPEANpPHUSATHE,
BBIITYCKAIOIIIEE YTOIbHYIO IPOIYKIMIO, HAUUHAS OT PSIOBOTO YIUIS U1 DJIEKTPOCTAHIMH
U KPYIIHBIX KOTEJIbHBIX U J0 COPTOBBIX YIVIEW PA3IMUYHBIX KJIACCOB, TAKXKE SIBISIETCS
npou3BoauTeNeM nojykokca. [Ipeanpustue oxBaTbiBaeT nmepepadboTKy yris,
IKCIUIyaTallui0 MOABE3IHBIX IyTEH, JKEJIE3HONOPOKHbIE IIEPEBO3KU, MAHEBPOBBIE
paboThl, a Takxke qo0buy U npoaaxy yriusi. AO «lllybapkons KoMHp» pa3BUBAET
COOCTBEHHYO KEJIE3HOJOPOKHYIO CETh: 3a MOCIEeIHUE BpeMsi ObL10 mocTpoeHo 12 887
METPOB IITEH; C 10ra K NPEANPUATUIO IOIAXOIUT JKEJIE€3HAs 10pora NpOTKEHHOCTHIO
121 xunomerp ot craHuuu «KeI3punkap» — paHee IPUXOAMIOCH I'PY3UTh yIoJib
OKpYXHbIM ITyTéM; B 2014 romy Ha ceBepe npo1oDKeHa xxenesHas fopora «Llyb6apkoas—
ApKanblk» npoTskEHHOCThIO 214 kunomeTpoB. OO01iee pyKOBOJICTBO MOE3AHON U
MaHEBpOBOH paboToii Ha morbe31HOM Iy TH AO «11lybapkosb KOMHpP» OCYIIECTBISIETCS
HavalbHUKOM paiioHa JXX/II[ uepe3 HauanbHuka cranuuu «llopognas» n JACII.
Ha noabe3aHpIX myTsAX NPEeANpUATHs AONYyCTUMAas CKOPOCTh MOJAuYU MOPOKHUX U
I'PY’KEHBIX BarOHOB Ha JaHHBII MOMEHT COCTABJISIET: YKEJIE3HOJOPOKHBIM MEPETOH —
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cranius «ITopogHasy - cranims «Kei3punkap» —40 KM/gac; 1o CTpeIouHbIM IIepeBoiaM
[0 TJIABHOMY IyTH — 15 KM/4ac; o CTpeJIoYHbIM IepeBoJaM 1o OOKOBOMY IyTH —
15 xkM/gyac; morpy3ouHble TynHKH — He Oonee 15 KM/yac; Ha BCKPBIIIHBIX MyTSIX —
He Oonee 15 kM/yac; Ha Becax — 3 km/gac [1, 2].

Ha nytax crannuii AO «llly6apkoib KOMHP» OCYIIECTBISIOTCS MOTPY30-
pasrpy3ouHbie paboThl, oJa4ya U yOOpKa BaroHOB, €KEroHO PacTeT KOJIUYECTBO
c(OpPMHUPOBAHHBIX [10E3/10B K OTIIPABIICHUIO, B CBSI3U C YeM pa3pabdOoTKa MEPOIIPUATUI
10 COBEPUICHCTBOBAHUIO PAOOTHI MPOMBILIIIEHHOTO KEJIE3HOI0OPOKHOIO TPAHCIIOpTa
B ycioBusix AO «lllybapkoias KOMUpP» SIBIISIETCS aKTyaJIbHOU 3aaueil.

MarepuaJjbl 1 METOABI

JUis pa3paboTKH HampaBJIeHUI COBEPIICHCTBOBAHUS OCHOBHBIX IOKa3aTeei
paboThI MPOMBIIUIEHHOTO KEJIE3HOJOPOKHOTO TPAHCIIOPTa HEOOXOMMO IPOU3BECTH
IPOTHO3MPOBAHKE OCHOBHBIX NOKa3zarenel pabotel AO «IllyGapkonb KOMHUPY.

[IporuosupoBanue nokaszarenen pabotsl AO «1llybapkois KOMUpP» IPOBOANIOCH
JUIS CIIeYIOIIMX OCHOBHBIX IOKa3aTesel: BCKpBINIA, J0ObIYa YIJis, BaroHOOOOpOT;
IPOCTON BaroHa IoJ IPy30BbIMH OIlE€palusIMU. ANIPOKCUMUPYS 3aBUCUMOCTH
OCHOBHBIX ITOKa3aTesel paboTsl IPEANPUATHS OT BpEMEHH, IIPEATOJIAraeT, YTo UMEETCs
9KCIIOHEHIIMAJIbHAS 3aBUCHMOCTb BHJ1a

_ bx
y =ae (1)
J1u1st onipeieNieHs ampOKCUMHUPYIOIIHX (PYHKITHH, paCCUYMTHIBAIOIIHMX ITOKA3aTeNIN
paboThl (BCKpHIIA, 100BIYA YTIJIsA, BArOHOOOOPOT, MPOCTOW BaroHa Mo T'Py30BBIMU
onepanusamu ) AO «I1ly6apkonbs KoMupy» MpeaBapUTEIbHO COOpaHbI HICXOAHBIC TAHHBIC

[2], koTopsIe IpuBeeHbI B TabauIe 1.

Ta6muma 1 — McxoaHble JaHHBIC 711 TPOTHO3a
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Bcekpeimia // lo6wraa yriis // Baronoo6opot //

ITokazareneit paboThI N
[Ipocroii BaroHa moJi rpy30BbIMH OIIEPaIHIMH

I'opa 2017 2018 2019 2020

Ycnosuele roaa, x 0 1 2 3

12//10,5// 13,9//11// 15,1//14,6// 16,7//14,9//

3HaueHue nokaszaTenen, y

72177//18,3

73729//19,5

77791//19,8

78120//21,5

3HayeHHEe HATYpPaJIbHOTO
jorapu¢ma moxaszaTens ¥

2,485//2,351//
11,187//2,907

2,632//2,398//
11,208//2,970

2,715/12,681//
11,262//2,986

2,815//2,701//
11,266//3,068

3HaueHus KO3(pPUIIMEHTOB CUCTEMBbl YpaBHEHUHN A pacueTra mapaMeTpoB

ANMpPOKCUMUPYIOMIEH (GYHKITUHN OMPEICICHBI TI0 ciieayrommM Gopmynam [3—5]:

12X = 6;2;9(52 = 14;

Y xPey? = 16,508/ Y xVy? = 15,864 //%, xPy? = 67,5301/% xy? =
18,146;
Yy =10,647/Yy" =10,132// L yP = 44,923 /¥y = 11,931.
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Jliis penieHns cucTeMbl IMHEMHBIX YpaBHEHUH Ucliosib3yeM MeTol Kpamepa [3—6]:
— IIpY KOJINYECTBE ABYX HEU3BECTHBIX {1: b; 2:a}, cucTeMa IMHEHHBIX ypaBHEHUIT
IIPUMET BUJ

{14-b+6-a1=16,508 /{14-b+6-a1=15,864//
6-b+4-a, =10,647 "1 6-b+4-a; = 10,132

14-b+6-a; = 67,530 , (14-b +6-a; = 18,146
{6-b+4-al=44,923 {6-b+4-a1=11,931’

— INIaBHBIN ONPCACIIMTCIIb MATPHUILIBI

14 6| _

A=|6 4l = 20

— BCTIOMOT'aTCJIbHBIC OIIPEACIINTEIIA MATPHUILILI

16,508 6 15,864 6

A= |10,647 ol = 2149/ 8,= |10’132 | = 2666/
NS TR 1 T
A= |164 1106"652? — 50,012/ A,= 24 ig'ggg — 46,659 //
A2:|164 fﬂzggg = 223,741/ A2=|164 113’91;ﬂ:58,159;

— KO3 PUITMEHTHI alMPOKCUMUPYIOLIEH QYHKIIMH

b="2=0107//b="72=0133/

b=1=0,029//b="5=0050;
a; =% =2501//a,=%=2333/
a; =2=11,187//a; = % = 2,908;

a=eM1=12//a=e*1 =10//
a=e% =72190//a =e™ =18.

[loacraBnss pacueTHsle naHHble B popmyty (1) momyyum anmnpoKCUMHUPYIOIIHE
(GYHKIUH JUIs OIpeieIeHHs] IPOTHO3UPYEMBIX 3HAUCHUN:

— «Bckppima»
V, =12 - ¢%107:(T-2017), 2)
— «JloObIua yriis»
Qyr. = 10 e0/133-(T-2017). 3)
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— «BaroHoobopoT»

Ugor. = 72190 - 0029-(T-2017), "
— «IIpocToii BaroHa 1oz rpy30BbIMU OLEPALUSIMID)

LR ep. = 18 - 0050 ) “

Pe3ysabTarsl M 00CyKIeHUE

Ucnonsiys popmynsl (2)—(5) moctpouMm rpaduku GakTHUUECKUX 3HAYCHUU
MoKasaresien (BCKphIIa, 100bI4a yIiist, BATOHOOOOPOT, MPOCTON BaroHa rmo;ji rpy30BbIMH
onepanusimu) paborer AO «IllyGapkonab KOMHUP» W MPOTHO3UPYEMbIE 3HAYCHUS
ANIpPOKCUMUPYIOMUX (PYHKIIMIA, KOTOpPbIE TOKa3aHbl Ha PUCYHKE 1.

[TpoBeneHHbBII aHa3 OCHOBHBIX MTOKa3aTesel (BCKPHIIIIa, T00bIYa YIJIsi, BATOHOOOOPOT,
MPOCTOI BaroHa o1 rpy30BbIMH onieparisiMi ) padotel AO «11lybapkois komupy. AHamI3
IPOBE/EH C UCMOJIb30BAHUEM HAYYHOH METOAMKHU 10 MPOTHO3MPOBAHUIO M3MEHEHHI
OCHOBHBIX IOKa3aTesel paboThl MPEANpUATHS Ha MEPCIEKTUBY, IPOTHO3 OCYIIECTBIICH
IyTeM anlpOKCHUMAllMd OCHOBHBIX MOKa3arened B QyHKUMU BpeMeHHu. [ KaxIoro
IPOTHO3UPYEMOTO IOKa3aTess onpeiesieHbl (hopMyJibl anmpokcuMupyieit ¢pynkimy. [1o
pe3ysbTaTraM pacyera MOyYeHbl allpoKCUMHpYIoye GYHKIUH U TpauKky U3MEHEeHUH
OCHOBHBIX 1okazatesieit paboTel AO «I1lybapkoss KoMUpY Ha IEPCIICKTUBY: AIIITPOKCUMAITAS
BCKpBIIH (popmyia 2, puCyHOK 1, a); anmpokcumariys 100bau yriis (popmyiia 3, puCyHOK
1, 6); armpokcumariyst BAroHoooopota (hopmyiia 4, puCyHOK 1, B); anmpoKcHMAIysi BpEMEHH
MPOCTOS BaroHa I0J1 TPY30BBIMU orieparsiMu (popmysia 5, pucyHok 1, ).

CeroaHsi Ha MPOMBILIJIEHHOM €JI€3HOJIOPOKHOM TPAHCIOPTE Bce OoJblie
BHUMaHUs ynensercs 3QPeKTUBHOCTU yIpaBJieHHS ABM)KEHHEM moe3aoB. Jlis
JOCTUKEHUSI ONTHUMAJIbHBIX MapaMeTpoB pabOThl IPy30BbIX (PPOHTOB U CTAHLUM
HE0OXO0/IMMO OJIHOBPEMEHHOE IPOBEIEHUE COTJIACOBAHHBIX MEPOINPUATUN 110 BCEM
CTOpPOHaM, BXOASIIUM B paCCMaTPUBAEMBbIN TPaHCIIOPTHBIN KoMIuieke [7—10].

Ha cerogHsimiHuii 1eHb COBEPLIEHCTBOBAHUE PaOOTHI MPOMBILIJIEHHOTO
JKEIJIE3HOJ0POXKHOTO TpaHcmopTa B ycioBusix AO «IllyGapkonab KOMUP» MOXKHO
OCYIIECTBIATh CICAYIOUUMHU Iy Tsmu [11]:

— COKpallleHHE BPEeMEHU — [IPH IIEPECTaHOBKE COCTABOB U3 MMapKa B [apK Ha CTaHINH
«IToponHasy;

— KOHTPOJIb PEKMUMa pabOThI U IBUKEHUS JKEJI€3HOI0POKHOIO TPAHCIIOPTA;

— obecrieueHre BBIMOJIHEHHS] CMEHHBIX 3aJaHHuil 0 MOrpy3Ke yris U 000poTy
BaroHOB;

- MAaKCHMAJIbHOE UCI0Ib30BaHUE TEXHUYECKHUX CPE/ICTB Ha CTAaHIIUAX U IIOTPY304HO-
BBITPY304YHBIX YYacTKax;

- KOHTPOJIMPOBaHUE X0/1a paboT MO MOrpy3Ke U BHITPY3KE BarOHOB.
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a) 6)

a) anmpoKCUMalMs BCKPBIIIN; 0) anmpoKcuManus J00bIUU YIJIsl; B) allllpOKCUMALINS
BaroHO00OPOTAa; T) aNMpPOKCUMAIHSI POCTOSI BaroHa MoJI TPY30BBIMHU OTIEPALIUSMH.
Pucynok 1 — [Iporao3upyemblie 3HaYCHHUS alIIPOKCUMUPYIOUINX (PYHKIUH

BrIBOaBI

Takum o0pa3om, BHEApeHHUE BhllIeyKa3aHHbIX MeporpusaTiil B AO «l1lybGapkoinb
KOMHP» MO3BOJIUT 3HAYUTEIBHO MOBBICUTH TEXHUKO-IKOHOMHUUYECKHE MOKA3aTeNH
paboThl MPOMBILIJIEHHOIO KEJIE€3HOA0POXKHOIr0 TpaHcnopra. IIpencraBienHbie
pe3ynbTaThl TEOPETUUYECKUX MCCIEA0BAHUN, UMEIOT MPHUKIAHOE 3HaUYEHUE, U OyayT
MHTEPECHBI JUIsl HAYUYHBIX U UHKEHEPHO-TEXHUYECKUX PaOOTHUKOB, 3aHUMAIOLUXCS
HCCJIEIOBaHMsI B 00JIACTU MPOMBILIUIEHHOTO JKEJI€3HOI0POKHOI0 TPAHCIIOPTA.
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«IITYBAPKOJ KOMIP» AK JKAFJIAWBIHIA OHEPKOCINTIK
TEMIP 7KOJI KOJITTHIH ’KYMBICBIH TAJIJAY

Maxkanaoa enepxocinmix memipicon Koizi CaiacblHOd OpbIHOAN2AH 2blibIMU-
3epmmey HCyMblCmapbinbly Homudicenepi keamipineen. «Lllybapxen Komipy AK
AHCA20AUBIHOA OHEPKICINMIK MEMIP HCO KOMICIHIY dicyMbichl 3epmmendi. «LLlybapren
Komipy AK osicymvicbinbly Heeizel KopcemKiwmepine (apuiy, Komip oHOIpY, 6a20H
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QUHABIMbL, JHCYK ONepayusIapbl GOUbIHWGA KAPAnaiblM 6a20H) JCyp2isineen manoay. XUMUNYECKAS, HE®TErA30OBASI MHXXKEHEPUSA
Tanoay Oonawaxma 6HepKOCINMIK KoCINOPbIHOAPOLIY He2izel KOpCemKiumepiHiy
o32epicmepin 60IAHCAY HCOHIHOEZT 2bLTLIMU HOICEMEHT NAOANAHA OMBIPLIN HCY PEIZINOL.

Bomcam yaxeim ¢hynxyusceinoaebl ne2izei Kopcemxiumepoi HCYbIKMay apKblibl MPHTU 73.01.77, 73.39.31; 50.05.09

arcyzeze acvipvliovl. Ecenmey nomuoicenepi ootvinwia «Llybapxen Kemipy AK-Hviy

bonawaxmasavl HCYMbiCbIHbIH He2i3el KOpCemKiumepitiy 00oaxncamobl QYHKYUSLIAPbL https://doi.org/10.48081/PSVU1308
MeH o32epicmep kecmenepi anvinovl. «LLlybapron Koemip» AK enepxocinmix memip

JHCOI KONICIHIH HCYMBICHIH HCEMINOIPY JHCOHIHOe2T He2i3el iC-uuapanap Kapauoul. *B. B. PbIHOUH', A. H. LLlaxaee? P. M. LLlokaH?,
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ANALYSIS OF THE WORK OF INDUSTRIAL RAILWAY TRANSPORT NCCNENOBAHUE PEXUMOB PABOTBI MATUCTPANIBHOIO
HE®TEIPOBOLA B CUCTEME MATHCAD

IN THE CONDITIONS OF JSC «SHUBARKOL KOMIR»

B cmamwe npusedena npocpamma pacuéma masucmpanvbho2o Hegmenposooa

The article presents the results of research carried out in the field of industrial 6 cucmeme Mathcad, noseorsiowas ucciedosamp eiusHUEe YUCTA HACOCOS HA
railway transport. The work of industrial railway transport in the conditions of JSC paBomocnocobrocmy cucmemvl, @ mardice uOPAMb PAYUOHATLHBIE DPeINCUMbL
«Shubarkol Komiry is studied. The analysis of the main indicators (stripping, coal NpU YUKIUYECKOil nepeKauke Ons NOAyueHus niaHoeoll nPORyCKHoil cnocobHoCHuU
mining, car turnover, idle time of the car under cargo operations) of the work of JSC mpy6onposoda. Ipoepamma  noseonsem  asmomamuvecku —cmpoums QH-
«Shubarkol Komiry. The analysis was carried out using a scientific methodology Xapaxmepucmuxku  mpy6onpoeodos U nepeKauuAIowuX Cmanyuti, onpedersimo
for predicting changes in the main indicators of industrial enterprises for the future. no0dICeHIE CIMAHYUT 6 MOYKAX nepecevenus TunU HANopos om Kaxcdoii HacoCHO
The forecast is made by approximating the main indicators in a function of time. cmanyuu ¢ aunued cxeamozo npoduas. JJaémcs KoMnaxmuas 3anuc (00na cmpoxa)
According to the calculation results, approximating functions and graphs of changes pacuéma paboueti MouKy 015 NPOUSEONBHOZ0 WUCIA PABOMAIOUUX HACOCOE NYMEM
in the main performance indicators of JSC «Shubarkol Komiry for the future are UCRONB306aHUA NPO2pamMMI020 Groka Given-Find. Beé smo, Hapady ¢ Haznadnocmpio
obtained. The main measures to improve the work of industrial railway transport of 3QnUCU  MAMeMAmueckux Gblpadcenuti U npocmMomoii NOCMpoeHus 2paguxos,
JSC «Shubarkol Komir» are considered. 0aém ocnosanue peKomenooeamsv OAHHYIO NPOPaAMMY Ol UCHONb306AHUS KAK 6

Keywords: industrial transport, quarry transport, industrial railway transport, YuebHOM npoyecce npu Hanucanuy OUNIOMOS U MAUCTEPCKUX OUCCepmayud, max
car turnover, idle cars, approximation, forecasting. U 6 NPOEKMHBIX OP2AHU3AYUAX NPU NPOEKMUPOSAHUL U UCCICO06AHUL DENCUMOB

pabomol Heghmenpoeo0os. Jlannas npocpamma moxcem Oblms MAKHCe UCHOTbI0BAHA
07151 OMAAOKU 60see CLONCHBIX NPOSPAMM, BLINOTHAEMBIX C UCHOIb308AHUEM MeHee
HA2NIAAOHBIX A3bIKO NPOSPAMMUPOBAHUSL.

Kurouegvle cnosa: pacuém negpmenpogodos, cucmema Mathcad, uccredosanue
PAYUOHANBHBIX PENHCUMOB, IKOHOMUUHOCTG NEPEKAYUKU.

BBenenune

Pacuér pexuMoB paboThl MarucTpalibHbiX HedrenpooaoB (MH) npeacrasiser
CJIOKHYI0 MaTEeMaTUYECKYI0 3a7ady ¢ OOJIbIIMM O00BbEMOM BBIYUCIICHUH (B JaHHOM
paboTte ObUIO paccunTaHo 62 pexxuma). [103ToMy 1715l TAKUX BEIYMCIICHUH UCTIONIB3YOTCS
CIelMajJbHbIe MPOTPAaMMBbl, HAlTMCAHHBIC MyTEM MPOTPAMMHPOBAHHS B cpejaax
Fortran, Excel, Turbo Pascal, Delphi u apyrue. XoTsa cTylneHTaM 4uTaeTcs Kypc
«[IporpaMmmMupOBaHuey», COCTABUTh TAKHE MPOTPAMMbI CIIOCOOHBI JIUIIb CIICIHATBHO
00Y4EeHHBIE JIFO]IH IPOrPaMMHUCTBL. Kpome Toro, Takue nmporpaMMbl JIUIICHBI HATJISTHOCTH.
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B HAO «TopaiirelpoB yHHBEpCUTET» Ha Kadeape MEXaHUKH M He(TerasoBoro
Jienia MUPOKO MPUMEHSETCS pacuéT KypPCOBBIX M JUINIOMHBIX paOOT, BBIMOIHAEMBIX
B cucreme Mathcad [1-4]. B nanHoii paboTe npuBeeHa mporpamma HUCCIIe0BaHUS
paboTOCIOCOOHOCTH MarucCTpalbHOTO HEPTENPOBOJA NPU OTKIIOUYEHUU HACOCOB U
BBIOOpE PAllMOHANBHBIX PEKUMOB IPH LIUKINYECKOH mepekauke B cucreme Mathcad.
[Iporpamma pa3paboTaHa B pamMKax BBIIOJHEHHUS MarucTepCKON TUCCEPTALUU 10
cnernmansHoct 7M07203—HedTerasoBoe aeno.

B otauume oT Apyrux sA3bIKOB IPOrpaMMHUPOBAHUS aJITOPUTM IIPOrPaMMBI M cama
nporpamma Mathcad 3amuchIBaloTCS B OJJHUX U T€X K€ CUMBOJIAX, YTO COKpAIIAET KaK
00BEM 3aIucH IPOrpaMMBI, TaK U JieJlaeT €€ HarJIsTHOM M TOTOBOI K HEMOCPEICTBEHHOMY
PEaKTUPOBAHHUIO.

JIureparypa o ucnonb3oBanuto cucteMbl MathCAD o6mupHa (COTHU U31aHMiH).
B kauecTBe mprMepa MOXKHO OTMETHThH PabOTHI [5—7].

Pacuér MarucTpanbHOro He()TeIpPOBO/Ia BBIMOJIHAECTCS 10 METOIUKE, N3JI0KEHHOM B
[8] ¢ ucnonp3oBaHUEM JOMOTHUTEIBHBIX CBEICHUI, HEOOXOAUMBIX TSt pacuéra [9, 10].

MarepuaJjbl 1 METOABI

[Iporpamma pacuéra MH B cucreme Mathcad. B kadecTBe MeTo1a MccieJOBaHUS
pexxumoB paborsl MH BeiOpaHa mporpamma, pazpaboTaHHas B cucTeme (Iakere)
Mathcad. Bcé Huxke HamucaHHOe, BKIIFOYAash © KOMMEHTApPUHU, MOXKET COCTAaBIATH
coJIep>KaHHEe MPOTrpaMMBbl pacyéTa — CHCTEMa cama OIpeelser, Iie TeKCT, a Ie
MaTeMaTH4YeCKHe BhIpasKeHHsI (1J1s1 HATJIAJHOCTH B TEKCTOBOM YaCTH CUMBOJIBI BEJTHYUH
OyzaeM nucath KypcuBoM, a B (hopmynax Mathcad — BepTukaibHbIM mpudTOoMm).

Hcxonnble qaHHbIe Ui pacyéTa MarucTpaibHOro HedTenposoaa. Beoa cumsoia
IPUCBAaUBAHUS JABOETOYHUS C PABHO «:=» OCYLIECTBISETCS HA)KaTHEM KJIABUIIN C
CHUMBOJIOM JIBOCTOUHS <:».

['omoBas maccosas npomycknas criocoonocts MH G := 21 mun t/ro.

I1nanoBas 00bEMHAs IPOIyCKHas criocoOHoCTh Hedrenposoaa Q, :=3042.601 m*/u
WM CeKyHIHbIN pacxon Q := 0.845 m’/c.

[IpoTsxénHOCTh HeTenpoBoa (IepeBaIbHbIE TOUKH OTCYTCTBYIOT) LTp =475 km
um L:=L, - 10°=475000 m. Hapy>xHblit tuametp Tpyborposoaa D:= 0.820 m; TonmmunHa
crenku 0:= 0.011 m; BHyTpennuii nuamerp d:= D — 28 = 0.798 m. Ilepenan BbicOT
B Havalie ¥ B KOHIIEe TpyOompoBoaa AZ := 123 m. YckopeHue cBOOOAHOTO MaJACHUS
g :=9.81 m/c?.

[TnoTHOCTE HedTH p:= 853 KIr/M’; KMHEMaTUYecKas BSI3KOCTh HEPTU MIPH
Temreparype rpyHra v:= 68.10-6 m%/c.

Br160op Mapku MarucTpanbHOro (paboyero) M MoAMNOPHOTO HACOCOB.

Hna Q, = 3042.601 m*/4 no tabauuam 3.4 u 3.8 [8] BEIOMpaeM MarucTpajibHbIH
Hacoc HM 3600-230 u noanopuseiii Hacoc HIIB 3600-90 ¢ cooTBeTCTBYIOMUMHU
K03 punreHTamu:

H:=246.3 m; b:= 6.92.10° w’/m’; H := 127 m; b :=2.9.107° w’/m’.

3HaueHust HarOPOB HacOCOB 1yt Q:= Q, ONPEENAOTCS U3 YPABHEHU I HATOPHBIX
xapakrepuctuk st MH u ITH:

H :=H —-bQ*=182.239m; H :=H, —b .Q*>=100.153 m.
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I'mapasnuueckuii pacuét TpyOonpoBoa. st onpeeneHns 30HbI THAPABINIECKOTO
TPEHUs IIPEABAPUTEIILHO HAX0IUM yucio PeliHonbaca
4.
Re=—+ Q¢ _19830.8 (Q =0.845; d=0.798; v:=68.10).
m-d-v
3HayeHUEe PKBUBAJICHTHOHN HIEPOXOBATOCTH IS CTAJbHBIX CBAapHBIX TPYO C
HE3HAYUTENBHON KOppo3uer nocne ounctku Kk := 0.0002 m.

IIepBoe u BTOpOE nepexoaHble uncna Peinoinbaca:

Re,:= li'd =39900; ReH:=5(LLd =1995000 .

3 e}

Hockonexy Re, := 2300 < Re, =39900, To TypOyIEHTHOE TEYEHHUE TPOUCXOJUT
B 30HE TUIaJIKOoro TpeHus. B aToMm ciydyae koadduimeHTsl, Bxoasauie B GopMyry
Jleitbensona (5.18) [8], umerot cneayromue 3HaueHus: m:=0.25; B:=0.0246, a Takxe
o:=0.297.

Pacuét runpaBnuyeckoro ykioHa (oTepu Haropa Ha TPeHHE Ha €MHUILY JUTUHBI )
o popmyre Jleitbensona (Qc = 0.845; v:= 68.10—6) gaér

2-m
i=p- chﬁi‘“v =0.00486 — 1151 oAMHAPHOTO TPyOOIIPOBOAA U

iHyH = .1 = 0.00145 — ruapaBIUYECKUN YKJIOH JUISI CABOCHHOTO yYacTKa
TpyOOIpOBO/JA C TYTIUHIOM.

Pacuér yucna cranmuit u3 6amanca HarmopoB. [loTpeOHBIN HAMOp Ha MEPEKAYKY
He(TH NpH OCTATOYHOM Harnope Ha xkoneunoM mynkre (KII) h  := 35 M u uwucne

SKCIUTyaTallMOHHBIX y4acTKoB N := 1

H =1.021-L+AZ+N_-h =2513.0m.
notped 3 ocT
Hanop oxHOW cTaHuuu NpW YUCIIE MaruCTPajibHBIX HACOCOB M = 3 H
BHYTPUCTAHUMOHHBIX moTepsax h = 15m (H = 182.239)
H =m_ -H —h =531.716m
CT MH MH BH
B tpyGomnpoBoje ycraHaBiauBaeTcsl Takoi pacxon (J, Mpu KOTOPOM CyMMAapHBIH
pa3BUBAaEMbIli OCHOBHBIMH U ITOAIIOPHBIMM HACOCAMM HAIIOpP PaBEH IOJHBIM ITOTEPSIM

Haropa B Tpybonposoae n,-H_+N -N_ =H. 13 3T0ro 6ananca HarmopoB ONpeaenseTcs
pacuétHoe unciio n0 craHuui

H —N.H
0 3 nH
n,:=——1>rc =4.538.
Hcr
Ecnn OKPYTJIUTb YUCJIO CTaHI_II/Iﬁ B MCHBIIIYIO CTOPOHY, l’lHI: 4, TO THAPABINYCCKOC
COIMIPOTUBJICHUC ’I’p}I6OHpOBOI[a MOKHO CHU3UTH HpOKJ'IaI[KOI\/’I JAONOJIHUTCIIBHOI'O YHaCTKa
TpyOOnpoBoJa (JIyHHra), BKJIYEHHOTO NapajljIeIbHO OCHOBHOMY.

Jlmana mynunra naxoautes o gopmyie (H = 531.716; 1= 0.00486)
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= Ha "0 714) _ 65088 201y,
v 0240 (1- o)

JlynuHr He noymkeH npessimath 1/5 (20 %) AnuHbl Beceld MarucTpaiu:
L

(%) 100 = 17.3 % < 20 %. CnenoBarenbHO, YMEHBIIIEHNE YHCIIa CTAHIIMKA 10
YETBIPEX JIOMYCTUMO.
CyMMapHBbIe TTIOTEpH HAIoOpa B CJI0KHOM TPYOOINPOBOIE OYIyT CKIAIbIBATHCS U3

IIOTEPb Ha y4acTKax 0e3 JIyHUHIa U C TyITUHIOM
H = 1.02.1-[L— Lﬂyn(l ~0)]+AZ+N_-h =2227.017.
Pacrnionaraemslii Hamop npu paboTe YeThIPEX CTaHIUN

H :=n-H +H_=2227017wm.

pacm.a’
Kak BuanMm, Haniop Ha TpEHHUE U paciojiaraéMblii HaIop COBIA/IA0T, YTO YKa3bIBAET
Ha NPaBUIBHOCTb pacuéTa JJIMHBI JIyIIUHTa.
3anaHue BeIMYMH B (DYHKIIMU OT pacxoja (IoAavyl HaCOCOB):

H (Q=H,-b-Q> H _(Q:=H, -b -Q.

Qf-m . vm
di-m
[TotpeOubIit Harop B pyHKIMHU 0T pacxona Q (OH-xapakTepuCTUKU HEPTETPOBOIOB
C JIYTTHHTOM | 0€3 JIyITHHTa)

I'uapaBiarueckuit yKiIoH B pyHKIUU OT pacxoga QO: i(Q)=p-

H, (Q:=102-i(Q) [L-L .(1-®]+AZ+N -h_.-
H(Q):=1.02-i-L+AZ+N, -h_.

CyMMapHbIe XapaKTePUCTHKHU MEPEKAUYNBAIOIINX CTAHIIMHA C PA3IMYHBIM YHCIIOM
HacocoBnH (n=15; n =4; h _=35;h =15):
I oCcT BH

=15 H(Q:=H _(Q+n -H (Q-n-h_
S 14 H(Q=H (Q+n -H (Q-n-h_;
n:=13; H(Q:=H_(Q+n -H (Q-n-h_
n:=12; H(Q:=H_(Q+n -H (Q-n-h_;
n:=12; HQ):=H (Q+n -H (Q-n_ -h_ .

AmnanornyHo mis yncna Hacocos 11,10,9,8,7,6,5,4,3,2, 1.
CoBMenIéHHbIE XapaKTEPUCTUKH HEe(TEIPOBOJOB ¢ JYNMUHIOM U 0€3 JIymuHra u
HedTenepekaunBaoIIuX CTAaHIIUI MPUBECHBI HA PUCYHKE 1.
PaGoune Touku onpeaensoTcs MyTéM pellieHus ypaBHEHUH IS paciojaraeMoro
1 TOTPeOHOTO HAIMOPOB C ToMoIIkI0 6710Ka Given-Find mo HauyansHOMY MPUOIMKEHHUIO
Q := 2000 (3HaK «KHPHOE PaBHO» = BBOJHUTCS NPH OJHOBPEMEHHOM HAXKaTHIIO
kiaum Ctrl u =):
Given HHYH(Q) =H (Q) Q= Find(Q) = 3042.601;
Given H(Q)=H (Q) Q= Find(Q) = 3163.243,;
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Given H(Q)=H,(Q) Q,,:= Find(Q) = 3074.825;
Given H(Q)=H,(Q) Q,,:= Find(Q) ='2980.212;
Given H(Q)=H, (Q) Q,,:= Find(Q) = 2878.655;

AHaJOTUYHBIM 00pa30M OMPEICNAIOTCS PacXoAbl B pa00OUMX TOYKAX MPHU YUCIE
Hacocos 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1. Takue KOMNAKTHbIE PELICHUS JJI pacuéra
pabourx TOYEK MPUBOSATCS BIEPBEIE.

Pucynox 1 — K pacuéry pabounx ToUeK CUCTEMBI JTsI Pa3IMYHBIX
PEXHUMOB C PA3JIMYHBIM YHCIIOM HaCOCOB

Kak u cnegoBano oxunate, pacxo] B padboueii Touke TpyOOnpoBoia ¢ JIYMHUHIOM
(aetpipe cranuuu) Q = 3042.601 M’/4 COOTBETCTBYET IJIAHOBON MPOILYCKHOMH
criocobHoct Q, = 3042.601 m’/4. Pacxon B TpyOGonposoje 6e3 JiynvHra npu 5-Tu
CTaHIUAX, COOTBETCTBYIOUIUIA paboyell TOUKE, UMEET MaKCHMalbHOE 3HAYEHUE
Q,; = 3163.248 M’/4 u nns Hero OyAYT PACCUMTBHIBATHCS KOOPAMHATHI MOJIOKEHHS
CTaHIIM Ha Tpacce.

Pacuér monmokeHus 5 cTaHIUMNA MpH MaKCUMaJbHOW MPOMYCKHOW CIIOCOOHOCTH
(mpu ymcie HacocoB 15). [[st aBTOMaTHYECKOTO ONPEACIICHHsI TTOJI0KEHUS CTaHIIUMA
3aHOCHM 3HAYEHHUS KOOPIUHAT X (KM) TOUEK TPAcChl U COOTBETCTBYIOIUE UM 3HAUCHUS
z (M) reoIe3NYECKUX BBICOT B MaTpuily (Tabmuity) M (pucyHok 2). 3aganue mabioHa
MaTpPHIbl MPOU3BOJAUTCA OJHOBPEMEHHBIM HaxkaTueMm knaBuin [Ctrl+M]. Hauamo
HyMepaluy B MaTpUIlEe ¢ AUHUIIBI (IT0 YMOITYAHUIO — C HyJIs) 3a0aéM IMyTEM 3amucH
ORIGIN := 1. Beigesnstem 1-ii u 2-if cTosn6isl MaTpuibl (1rabion s crenenu (1)
BBOJIUTCS HaxkaTueM kiapwui [Ctrl+6]).

Jluneiinas mHTepnperanus npoduas tpaccel B cucreme Mathcad:
z(x):= linterp(X,Y,x). [IpoBepka HavalbHBIX U KOHEYHBIX BBICOT: Z = 106.62 M;
2(0) = 106.62 m; z_ = 229.62 m; z(475) = 229.62 m.
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Hanopsl Hacocos ipu Q = Q = 3163.248 m’/u.
H =H —-b-Q*=177.058; H _:=H, —b -Q*=97.982 m.
Hamop oano¥# cranmum (m ;= 3; h _=15; h = 35)

H =m ‘H - hBrI =516.173 m.

Pucynok 2 — K pacuéry koopAauHaT npodust Tpaccel

Jluauu nageHus Harmopa oT 1-# ctaHuu (THAPABINYECKOTO YKIOHA):
— 6e3 yuéra Hamopa OT MOJAMOPHOTO Hacoca

H\(x) :=z,+ H.,— 1.01-1-x-1000;

— ¢ y4€TOM Haropa OT MOAMOPHOTo Hacoca
Hin(x) :=H, + Z, + He; — 1.01-i-x-1000.

H>(x) :=z, + 2-H,, — 1.01-1-x-1000, H,,(x) := H, + Hy(x).

AHaJIOTMYHBIM 00pa30M 3alUCBIBAIOTCS JIMHUU TAJ€HUs HAIMOPOB OT 3-X, 4-X U
5-TH CTaHIIUN.

Koopaunara 1-i1 cTaHIuM Mo 3aJaHUIO X, = 0 xM; Teoge3myeckas BBICOTA
z i =7:= 106.62 M. KoopiuHaThl IOJIOKEHUST OCTaJIbHBIX CTAHIIUN ONPEICIAIOTCS B
TOYKAX NEPECEUCHNs JTUHUM MaaeHus Hanopos H.(X) ¢ kpuBoi mpoduis Tpaccel z(X) ¢
nomorslo 61oka Given-Find ([lano-Haiiti) mo HauansHOMY npuOnmxenuto X := 100 km:
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Given H(x) := z(x); Xcr2 := Find(X) = 84.36 kM; Z. := 2(Xe2) = 175.10 M.
Given Hy(X) := z(X); X¢3 = Find(x) = 171.61 kM; Z.3:= z2(X3) = 228.21 m.
Given H;(x) :=z(X); Xeqi=Find(x)=271.16 kM; Z.4:= Z(Xera) = 216.06 M.
Given Hy(x) := z(X); Xes:= Find(x) =370.19 kM; Zers:= Z(Xers) = 206.72 M.

H, (x) if 0<x<x_, 3a{laHI/Ie JIOMaHOH JIMHUU TIOJTHBIX HAITOPOB

(c yu€rom moamopHbeix Hacocos) H_ (x)

OCYIIECTBISETCS C MOMOIIBI0 TTPOTPAMMHOTO

Hnon x)= H3n(x) if Xer3 <x < Xerq  MOJIYIISL.

H, (x) if x_, <X<x_s Jns co3gaHus IpOTPaMMHOTO MOIYJIS

He (x) if x.c<x<L ucToib3yercs: BcrpoeHHast ¢pyHkuus Add line,
S c15 =77 I koTopast co3aéT BEPTHKAIBHYIO THHHIO CIICBA.

H, (x) if x_, <x<x 4

[IpensapurensHo 3a1aém Maccus uncen X : = 0..500 kM (CUMBOJI IOCIIE10BATENBHOCTH
YHUCeN «..» 3aAa€TCsl HAXKaTHEM KJIABHUIIHU, COJIEPIKAIIIEH «;» TOUKY C 3aIiaToi).

Ha pucynke 3 npuBeneHbl MpsAMBbIE IMHAY MHAPaBanIeckux ykionos H (x), H,(x),
H,(x), H,(x), naromme toukn nepecevenus (nosnoxenne HIIC) ¢ munueii npoduis
TPacchl z(X), ¥ 3ur3arooOpasHas JMHUS M3MEHEHHS NOJIHBIX Harmopos H  (X) Bmomb
Tpacchl, IMHUS CHU3Y — IPOQMIIb TPACCHI.

Pucynok 3 — I'paduueckas wuttoctpauus pacuéra nonoxenus HIIC

IIpoBepka npaBHIBHOCTH pacu€ra. B KOHEYHOM IIyHKTE pPa3HOCTb HAIopa U
IEO0JIE3UYECKOM BBICOTHI JIOJDKHA PABHATHCS OCTATOYHOMY Haropy h _ =35 M (LTp =475 xwm;
H (L )=264.62m; z_=229.62 m)

TI0JI P KIT

H (LTp) —z =35 M. Pacuér cxonutcs.

T10J1
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Br160op paboToCOCOOHBIX PEeKUMOB padOTHI CTaHIMA. PaccTosHUS U pa3HOCTH
Te0JIE3UYECKUX OTMETOK MEXKAY CMEKHBIMU CTAHIIUSIMU:

[posepka: L + L, + L, + L, +L,=475000 m (L = 475000 m),
AZ1 +AZ, +AZ, +AZ, +AZ,= 123 m (AZ =123 m).
Honycrumoe pasienue B tpybonposoge p, = 6.8 Mlla.
MaxkcuManbHbIH 10MyCTUMBINM Hanop ctaHuuu (p = 853; g =9.81
. Paoa’l0

CcT.max* —

peg

H =812.6 M.

Munnmanbabii noanop npuaumaeM AH =35 m.

Pacuér pexumMoB paboOThl MATH CTAHLUMUKM C PA3JIMUHBIM YHUCIOM BKIIFOUEHHBIX
HAaCOCOB.

KomOunanus Biitouenus Hacocos 2-3-3-3-3.

OO0wmee umncno Hacocos n = 14. Yncno HACOCOB Ha CTaHUMAX: N = 2; n .= 3;
n :=3; n =3;n =3 Q=Q,=3074.825 M’/u.

Q

2-m 'vm
Q:=——=0854M/c;i=p - ———— =0.004951.
3600

dS r

Hanopsr Hacocos

H,:= Ho — b-Q* = 180.875Mm; Hy:= Hoy — by-Q” = 99.582 m.

AH,:=H,, =99.582 m; H;:-=AH, + n,;;-H,, — h,, =446.331 m.

AH,:=H; — AZ1 - 1.02-i-L; =-48.168 m.
JlaHHbBIN pexuM He paboTocrnoco0eH, Tak KaK MoAnop MeHbIe 35 M.
Komb6unanusa BKatoueHus Hacocos 3-3-3-2-3.
OO6miee umncnno Hacocos n = 14. Yucno MaruCTpaibHBIX HACOCOB HA CTAHIUAX:

n =3, n:=3;n =3 n =2;n =3

AH,:= H,, = 99.582 m; H;:-=AH, + n,;-H,, — h,, = 627.205 m.AH,:=
=H, — AZ1 - 1.02-i-L, =132.706 m. Hy:= AH; + n,»-Hy — hyy = 660.33 M.
AHs:= H; — AZz — 1.02-i-L, = 166.575 m.H3:= AH; + ny-H, — hy, =
=694.198 Mm.AHs:= H3 — AZ3 — 1.02-i-L3 =203.602 M.

Hy:= AHy4 + nyg-H,, — hyy = 550.351 m.AHs:= Hy — AZs — 1.02-1-Ly =
=59.62 m.Hs:= AH5 + n,s-H,,— h,,, = 587.243 m.
AH_:=H,-AZ,—-1.02 -i-L,= 35 m. Cxema paborocnocobHa.
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B Tabnuue 1 u3-3a manoro o0bémMa CTaThU NMPUBEIEHBI PE3yNbTaThl pacdyéTa
OTrPaHMUYEHHOT0 YUCJIa PEKUMOB U3 62-X IPOCUUTAHHBIX.

Tabmuua 1 — IMoxnmops! U HanmoOps! HeTENEePEeKAYNBAIOIINX CTAHIMNA MPH Pa3THYHBIX
qrciax paboTaroNMX HACOCOB M KOMOWHAINI MX BKIIOYCHUS

Yucno | Kombunauus | Pacxon, | AH, H, AH,, H, AH,, H,, AH,, H, AH,, H,, AH_,
HACOCOB | BKIIKOUCHHSA M3/'-I M M M M M M M M M M M
115 3-3-3-3-3 31633 | 98.0 | 6142 | 98.0 | 6142 | 98.0 | 6142 98.0 | 6142 | 98.0 | 614.2 35
2 2-3-3-3-3 99.6 | 4463 | -482
3] 3-2-3-3-3 99.6 | 6272 | 132.7 | 479.5 | -143
14 |14 g;i;; 30748 | 99.6 | 6272 | 132.7 | 6603 | 166.6 | 5133 | 227
5 33-3.322 99.6 | 6272 | 132.7 | 660.3 | 166.6 | 6942 | 203.6 |550.4 | 59.6 | 587.2 35
6 | 99.6 | 6272 | 132.7 | 660.3 | 166.6 | 6942 | 203.6 | 731.2 | 240.5 | 587.2 35

OmnpeneneHue palroHAIBHBIX PEKUMOB Nepekaduku. Heo0xoauMo HCIonb30BaTh
T€ PEXHUMBI, IPH KOTOPBIX yJIEJIbHBIE 3aTPAThl 3JEKTPOIHEPTHH HA MEPEKAYKY OHON
TOHHBI He(TH OYyT HAUMEHBIIUMHU.

B xadecTBe npuBoa MarucTpaIbHBIX HACOCOB HCIIOJIB3YIOTCS AJIEKTPOABUTaTEN
tuna CTIT 2500-2 VXJT4 N = 2500 kBT n noanopusix Hacocos BAOB710L-

oMMH*

4V1 momnocteto N = 1250 kBr [8].
Pexum 3-3-3-3-3 n ;= 15; Q:= Q = 3163.248 m*/4; Q_:= 0.879 m’/c.
H =H -b-Q*=177.058 m; H_:=H, —b -Q*=97.982 m.
KIIJI HacocoB onpenensercs rmo ¢popmyde (3.3) [8], rae
Co= 34.3-10_2; ci;= 3.32.10_4qu3; Cy=— 5.16-10° v’ .m° s MH n
Con:= 3.64-10‘2; Cloi= 4.5.]0‘4@{;’1\43; Comi=— 6.4.107% v .m°® s ITH,
Nam=Co+ CI'Q + CE'Qz = 08??5 Mo =Cou™ Clrl'Q + CZH-Q2 =0.819.
MotHOCTh Ha Baty HacocoB onpenensiercs mo Gopmyse (5.53) [8] 6e3 yuéra kna
aneKkTpoaBHUraresis (n, : = 1); KII MEXaHUYECKOH Iepeiadu B CIy4ae MEXaHHIECKOH
My 1ol npuHAMaem 1 ;= 0,99:

el 0.-10=3 o Hoo0 o103
NMH — M = 1499.6KBT, Nl‘lH = M = 888.0kBr.

M Man Mmex N na Man Mmex

KoaddumumeHT 3arpy3ku 351eKTpoABUTaTeNe HACOCOB:

Ny N g
Ky = 28 = 0,605k, = = 0.71.

3M N
noMMH HomITH

KIIJI snexrpoasurateneit npu n .= 0.97 naxomum no popmynam:

1- Nuom 1
=1+ —"" (14K ] = 0.966
Nam [ + 2. Neon * k3M ( + BM)
1- Nuom -t
=14+4—" - (1+Kk? ] = 0.968
]]3" [ + 2 . TlHOM . k3n ( + 3I'I)
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MOIIHOCTB 3JEKTPOABUTATENEHT

Niorpa = : = 155221KBT; Nporp =~ = 917.12 kBr.

M Nan

V nenbHbBIC 3HEPro3arpaThl Ha MEPEKavYKy mpu nH = 15
1
EymS = p-_Q. (NHOTP_H +n, - Nl‘[DTp.M) = 8.969 xBt-u/r.

JlJist ocTanbHBIX PEKUMOB PACUETHl aHATOTHYHBI (Tabmuna 2). M3-3a HeXBaTKU
MecTa B TaOJIHIly HEe BOIUIN pacué€Tsl 1 9, 8, 7, 6 — 1) cTaHImii.

Tabmuua 2 — Pe3ynbraThl pacuéra MEXaHHYECKUX XapaKTEPUCTUK MarucTpajbHbBIX U
HOJTIOPHBIX HACOCOB U UX AJIEKTPOJBUTaTENEH

Yuco Kombunarust Pacxon, N , | N

HaCcOCOB BKJTFOUCHUS M/ M Maw Ko ke T R IEEI:FM I:gr%n KBTY.?I/T
15 3-3-3-3-3 3163.2 | 0.877 | 0.819 0.60 0.71 0.966 | 0.968 | 1551.7 | 916.8 8.969
14 3-3-3-2-3 3074.8 | 0.876 | 0.815 | 0.583 | 0.694 | 0.966 | 0.968 | 1510.5 | 896.3 8.407
11 3-2-2-2-2 2769.3 | 0.867 | 0.792 | 0.531 0.643 | 0964 | 0967 | 1377.4 | 831.7 6.769
10 2-2-2-2-2 2650.9 | 0.860 | 0.780 | 0.512 | 0.626 | 0.963 | 0.967 | 1329.0 | 808.9 6.237

PesyabTaTsl 1 00cyK1eHHe

bmxaliMy K IUIaHOBOMY pacxoAy SIBISIOTCS pexumsl 14-it u 11-i (13 u 12
HepaboToCcocoOHkl) ¢ pacxogamu: Q,,:=3074.8 M’/4; Q,:=2769.25 M’/u; E ., =6.769
kBr.u/T; E ., =8407 KBT.9/T. Q= 3042.601 M*/u.

[TmarOoBOE BpeMst paOOTHI N:= 356 et wu N = Np-24 = 8544 4.

Haxoaim npo10mKUTenbHOCTh PabOThl Ha 3TUX PEKUMAX:

Q14—Qp Qp—0Q11
7, =N -(—):901q; T, =N -(—):7643q.
1 ™ \Qua-Qu1 2 M \Qua—Qu1
[posepka: t, +1,= 8544 u.
VY aenpHbBIE 3aTpaThl AIEKTPOIHEPTUU B ITOM CIydae Ha HUKIMUYECKYIO MEPeKadyKy
COCTaBAT

e _ Epmi o7 Qup + Eypis 720 Quy
ynl4é—11 — B
Q[] Nn}l

= 8.25 kBT - u/T.

Jlna cpaBHEHMS Eyﬂm_10 =8.26 kBru/T 1 Eyﬂls_11 =8.36 kBr.u.

Takum 00pazoM, OMKaWIIMK K IITAHOBOMY pacxoay pekum 14-11 sBusercs u
CaMbIM ONTUMAJIbHBIM I10 3aTPaTe 3JIEKTPOIHEPTHH.

BrIBOALI

1 Pazpaborana nporpamma pacuéra ¥ MpPOBEICHO MCCIICOBAHUE BIMSHUS YMCIIa
HACOCOB Ha pabOTOCIIOCOOHOCTh HedTenpoBoa B cucreMe Mathcad, a Takoke 1aH aHam3
SKOHOMHYHOCTHU pabOTHI BCEX PEKHUMOB.

2 Ilporpamma mo3BOJIsIET aBTOMaTU4ecku cTpouTh QH-xapakrepuctuku
TpyOONPOBOJIOB U MEPEKAYMBAIOLINX CTAHILIUN, a TAK)KE PACCUUTHIBATH IMOJIOKECHHE
CTaHLIMI Ha Tpacce.

3 [Ipenmy1iecTBO JaHHOI IPOrpaMMBI Iiepe 1 APYTUMH IPOrpaMMaMU 3aKITI0YaeTCs B
e€ I0OCTYITHOCTH ¥ BO3MOYKHOCTH JIF0OOMY MOJIb30BATEII0 U3MEHSITh €€ OT/IEIbHbIE OJIOKH

0€e3 M3y4eHus JIOTUKU TPAIUIIHOHHOTO MPOrpaMMHUPOBAHHUS.
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4 ]JlanHas mporpaMma MOXeET ObITh MCIOJb30BaHa MPH HAIUCAHUU JUIUIOMOB U
MaruCTepCKUX JTUCCEPTALIU, a TAKIKE B IPOEKTHBIX OPraHU3ALMAX IIPU IPOSTUPOBAHUU U
OTZA/IKE CIIO’KHBIX ITPOrPaMM, UCIIONB3YOLIMX MEHEE HATTIAIHBIC SI3bIKU IIPOT PAMMUPOBAHMS.
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Peceit ®eneparnusicel, OMOBI K. for use both in the educational process when performing term papers and diploma
Marepuan 20.09.21 6acnara TycTi. projects, and in design organizations when designing and researching the operating
modes of oil pipelines. This program can also be used to debug more complex
MATHCAD KYMECIH JIETT MATUCTPAJIBJBIK MYH AW programs executed using less visual programming languages.

KYBbIPBIHbIH JKYMBbIC PEXKUMIEPIH 3EPTTEY Keywords: calculation of oil pipelines, Mathcad system, study of rational modes,

efficiency of pumping.

Maxanaoa Mathcad srcytiecinoeei mazucmpanbOvlk MyHall KyObipblH ecenmey
bazoapramacel Kenmipineet, Oy cOpabliap CAHbIHBIY JHCYUEHIH HCYMBICLIHA dCEPIH
3epmmeyee, COHbIMEH Kamap KyOwblpObIH JHCOCNApIaHeaH OmKi3y KaOilemin any
YWin yuxnoixk auoday xezinoe ymuviMObl pexcumoepli manoayaa MymMKiHOIK Oepedi.
bazoaprama xybwiprap men auioay cmanyusiapvinbly QH cunammamanapvin
asmomammul mypoe Kypyed, 9p cOpebl CMAHYUACHIHAH KbICbIM CbI3bIKMAPbIHbIY
Culebiiean npoguib  cbl3vbleblMeH KUbLIbICY HYKmeaepinoeei CmaHyusnapobly
ODHBIH  aubiKmayea MYMKIHOIK Oepedi. Given-Find 6azoapramanviy  6102biH
natioanany apKblLibl HCYMbIC ICIetumin copabliapobly epikmi Caubl YULH HCYMbIC
Hykmecin ecenmeyOiy wiKwam oicazdacvl (0ip oicon) Oepinedi. Mymnoiy 6opi
MAMeMamuraiwlk opHekmepOi #ca3yobly KOPHEKINIZIMeH JicoHe epagurkmepoi
KYpYyOblH KapanaublMObLIblablMeH Kamap, 0y1 6a20apiamarnvl KypCmvlK JHCYMblCmap
MeH OUnIoMObIK 2HCO0ANapoObl OpblHOAY Ke3iHOe OKy npoyecinoe Oe, MYyHAU
KYObIDAAPBIHbIY HCYMBIC PEACUMOEPIH HCOOANAY JHCoHe 3epmmey Ke3iHoe Jcobaniay
yubimoapuinoa 0a Koidawyea KeHec bOepedi. Byn 6azoapramanvl a3z 6u3yandvl
baz0apramanay mindepin KoiO0aHa OMuIPbIn Jicacalean Kypoeni bazoapramanaposl
JHCOHOEY YUliH Oe Kordanyaa 60aaobi.
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NMPABUIIA AJ151 ABTOPOB
HAYYHbIA XXYPHAJ1 TOPAUIrbIPOB YHUBEPCUTETA
«HAYKA U TEXHUKA KA3AXCTAHA»

PenakiuonHas KoOJulerusi MPOCUT aBTOPOB PYKOBOJCTBOBATHCS CIEAYIOIIUMU
npaBWJIaMU MPH NOATOTOBKE cTaTel Jyisi OMyOJIMKOBAHUS B XKypHAJIE.

Hayunsie cTaThy, peicTaBisieMble B peIAKIHIO KypHaa JOJKHbI ObITh 0OPMIICHBI
coryiacHo 0a30BBIM M3/IATEIBCKUM CTaHIapTaM MO O(hOPMIICHHIO CTaTei B COOTBETCTBUH
¢ 'OCT 7.5-98 «XKypnansl, cOopHHKH, HHPOPMAIIMOHHBIE M3aHus. M3aarensckoe
oopmIieHHE MyOINKYEMBbIX MaTEPHAIOBY, MPUCTATEHHBIX OUOTHOrpadUIecKuX CIIMCKOB
B cootrBercTBHM ¢ ['OCT 7.1-2003 «bubnmorpaduueckas 3amvcek. bubmmorpadudeckoe
ornucanue. O6mue TpeOOBaHUs U MPABUIIA COCTABIICHUS.

*B Homep aomyckaeTcsi He 00Jiee OIHOI PYKONUCH OT OIHOT'0 aBTOPA JIU00 TOro
’Ke aBTOPa B COCTaBe KOJIJIEKTHBA COABTOPOB.

*Kosmm4ecTBO COABTOPOB OHOI CTAaTHU He OoJiee S.

*CTeneHb OPUTHHAJIBHOCTH CTATHH JI0JLKHA COCTABJIATHL He MeHee 60 %.

*HanpasiisieMble CTATbH He 10/KHBI ObITh PaHee OIy0JIMKOBAHBI, He 10Ty CKAeTCS
nocjenaymiiee onmyoJMKOBaHHE B APYTHX KyPHAJIAX, B TOM YHCJIe IlePeBo/IbI HA APyrue
SI3BIKH.

*PemieHne 0 NPUHATHH PYKONHCH K ONMYOJMKOBAHMIO MPUHUMAaETCH MOCje
NpoBe/IeHHs] MPOoLeAYPhI pelleH3UPOBAHMS.

*PeneH3upoBaHue MPOBOAUTCS KOH(PHIEHIHAIBHO («IBYCTOPOHHee Cjernoe
pelleH3UPOBaHNe)»), aBTOPY He co001IaeTcs UMsI PelieH3eHTA, a PelleH3eHTy — UM
aBTOPA CTATHMU.

*CTaThby OTHPABJATH BMeCTe ¢ KBUTaHIUeH 00 oriaTe. CTOMMOCTb Iy OJIMKAIIAA
B ’)KypHaJie 3a ctpanuiry 1000 (oqHa Thicsiua) TeHre, BKJIIOYAs CTATHH MAarUCTPAHTOB
U IOKTOPAHTOB B COABTOPCTBE C JIULIAMH C Y4€HOil cTeneHbIo.

* Omiara 3a cTaTbl0 He BO3BpallaeTcs B cJydae, eC/iM CTAThSI OTKJIOHEHA
AHTHUILJIATHATOM WJIM PelleH3eHTOM. ABTOP MOKeT NOBTOPHO OTHPABUTH CTATHIO HA
AHTHUILIATHAT WIN peleH3eH3upoBanue 1 pas.

Crarbu 10/12KHBI ObITH 0OPMJIEHBI B CTPOTOM COOTBETCTBHM
€O CJIeAYIOIIMMH NPABUJIAMU:

— B KypHaJIbl IPUHUMAIOTCS CTaThH 110 BCEM HAyYHBIM HAlpaBJeHUsIM, HAOpaHHbIE
Ha KOMITBIOTEPE, HAIleYaTaHHbBIE HA OJIHOM CTOPOHE JIUCTA € MoJIsIMU 30 MM CO BCEX CTOPOH
JIMCTA, AJIEKTPOHHBII HOCUTENH CO BCEMU MaTepUallaMH B TEKCTOBOM pefakrope «Microsoft
Office Word (97, 2000, 2007, 2010) it WINDOWSy.

— OOmmit 00beM cTaThu, BKIIIOYAs aHHOTAIMH, JIUTEPATYPY, TaOIHIIbI, PUCYHKH U
MaremMaThieckue (popMyIibl He I0JDKEeH MPEBBIIATh 12 cTpaHUIl 1eYaTHOT 0 TeKeTa. Texcm
cmamui: ke2nb — 14 nynkmos, capuumypa — Times New Roman (015 pycckozo, aHenuticko2o
u Hemeyxoeo s3vikos), KZ Times New Roman (07151 Kazaxckozo sA3vika).

CrpykTypa Hay4yHOI CTaTbM BKJIIOYAET Ha3BaHWE, aHHOTALIUU, KIIFOUEBHIE CJIOBA,
OCHOBHBIE TOJIOXKEHUS], BBEJICHHE, MaTepHalibl U METOJIbl, Pe3yJbTaThl U OOCYKICHHUE,
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3aKJIIOUEHUE, BBIBOBI, HHPOpPMAIMIO 0 (UHAHCUPOBAHUU (IIPU HAJIUYUHU), CIIHCOK
JIMTEpaTypbl (MCTIONB3YEMBIX HICTOUHHUKOB) K K&XKII0H CTaThe, BKIII0Yasi POMaHNU3UPOBAHHBIH
(TpaHCIUTEPUPOBAHHBIN JTATUHCKUAM aj()aBUTOM) BapHaHT HANMCAHUS WCTOYHHUKOB HA
KUPHILTHLE (HA Ka3aXCKOM U pyccKoM si3bikax) cM. [ OCT 7.79-2000 (MCO 9-95) Ilpasuna
MPanCcIumepayuu KUpUII08CK020 NUCbMA JIAMUHCKUM ANPaABUMOM.

Cratps 107KHA COAEpIKaTh:

1 MPHTH (MexrocynapCTBEHHBIH pyOpHUKaTOp HAYYHOH TEXHHYECKOU
uH(pOopMaImn);

2 DOI — nocie MPHTU B BepxHEM npaBoM yrity (IPHCBAaMBAETCS U 3aTOJIHSETCS
pelaKuueit xKypHaia);

3  ®@amuiusi, UMs, 0T4eCTBO (TIOTHOCTHIO) aBTOPA (-OB) — HA Ka3aXCKOM, PYCCKOM
Y QHTJIMHACKOM SI3BIKAX (HCUPHBIM UPUDMOM, NO YeHmpy),

4 YueHasi cTeneHb, y4eHOE 3BaHHE;

5 Addnamanus (haxynbTeT WM HHOE CTPYKTYpPHOE NOAPA3/ieeHHE, OpraHu3aus
(MecTo paboThI (YueOsl)), FOpO, MOYTOBBINA MHIEKC, CTPaHa) — Ha Ka3aXCKOM, PyCCKOM U
AHTJIUHACKOM SI3BIKAX;

6 E-mail;

7 Ha3paHme cTATBHU JI0JDKHO OTPAXKaTh COJICPIKAHNUE CTATb, TEMATUKY U PE3yJIbTaThl
NPOBEJICHHOTO HAYYHOT'O MCClIeIoBaHMsA. B Ha3zBaHue cTaTbu HEOOXOAWMO BIIOXKHTH
UH()OPMATUBHOCTB, IPUBJIEKATETIBHOCTD U YHUKAJIBHOCTD (He bosiee 12 cnos, nponucHvimu
OYK6aMU, HCUPHBIM WUPUDMOM, NO YEHMPY, HA MPexX A3bIKAX: PYCCKUU, KA3aXCKUI,
auenuticKutl 1ubo Hemeykuil),

8 AHHOTaIUs — KpaTKas XapaKTepUCTHKA HA3HAUEHNUS, COJICPKaHusl, BUIa, popMbI
U pYrux ocoOeHHOCTEN cTaThd. JloimkHA OTpakaTh OCHOBHBIE M IIEHHBIE, [0 MHEHHUIO
aBTOpA, TaIbl, 00BEKTHI, MX MPU3HAKU U BBIBOBI POBEICHHOTO HccienoBanus. [Jaercs
Ha Ka3aXxCKOM, PyCCKOM U aHIJIMICKOM JIMOO HEMEILIKOM SI3bIKaX (pexomeHOyemblil 00bem
anHomayuu — ve meree 150, ne 6onee 300 cnos, Kypcus, HeHCUPHBLIM WUPUDMOM, Ke2lb —
12 nynkmos, absaymwiii omcmyn ciesa u cnpasa 1 cm, cm. obpazeuy);

9 KiroueBble ¢J10Ba — HAOOP CIIOB, OTPAXKAIOIIUX COJEPYKAHUE TEKCTa B TEPMHHAX
00BEKTa, HAYYHOH OTPACIM U METO/IOB UCCIIEAOBAHUS (0OPMAAIOMCI HA MPeX A3bIKAX:
PYCCKUl, KA3AXCKUU, aHTUNICKULL TUO0 HemeyKull, ke2ib — 12 nyHkmos, Kypcus, omcmyn
cnesa-cnpasa — 1 cm.). PekoMeHryeMoe KOJIMYECTBO KITFOUEBBIX CIIOB — 5-8, KOJIMUECTBO
CJIOB BHYTPH KJIF0UeBOi (hpasel — He Oosee 3. 3agatorcs B MOPAAKE UX 3HAYMMOCTH, T.€.
caMoe BaKHOE KITIOYEBOE CJIOBO CTAThU JIOJDKHO OBITh TMEPBBIM B CITUCKE (CM. 0Opaszely);

10 OcHOBHO¥ TEKCT CTATHH U3J1aracTcsl B ONPEAECIIEHHON MOCIIEA0BATEILHOCTH €0
yacTel, BKIIOYAET B ceOs:

- Beenenne / Kipicne / Introduction (a63ay 1 cm no nesomy kpatro, scuprvimu Gykeamu,
keanb — 14 nynkmog). OG0CHOBaHHE BBIOOPA TEMBI; AKTYAJIBHOCTh TEMBI HITH MPOOJIEMBI.
AKTyaJIbHOCTb TEMBI OIIPEAEIISAETCS OOIIMM HHTEPECOM K H3yUSHHOCTH IaHHOTO OOBEKTa,
HO OTCYTCTBHEM HCYEPITBIBAIOIINX OTBETOB HA MMEIOIIMECS BOIIPOCHI, OHA JJOKa3bIBACTCS
TEOPETUYECKOMN UM IIPAKTUYECKON 3HAYMMOCTBIO TEMBI.
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- Martepuassl 1 MeTOABI (ab3ay I cvm no iesomy Kparo, HCupHuimu Oykeamu, keeib — 14
NYHKMOo8). JJOIKHBI COCTOSTH U3 ONMCAHUS MaTEPUAIOB U X0J1a pabOThI, @ TAKXKE ITOJTHOTO
OITMCAHHUS UCTIONb30BAHHBIX METO/IOB.

- Pe3yabTatsl M o0cy:kaAeHue (ab3ay 1 cm no 1esomy Kparo, HcupHvimu OyKeamu,
Keanb — 14 nynkmos). IIpuBoIUTCS aHATIM3 U 00CYKICHUE MTOTyYSHHBIX BAMU PE3YJIHTaTOB
uccieioBanus. [IpHBOISTCS BEIBOBI 11O MOTYYEHHBIM B XOZI€ HCCIIEIOBAHUS PE3yIbTaTaM,
PaCKpBIBACTCSI OCHOBHAS CyTh. M 3TO OJMH M3 caMbIX Ba)KHBIX Pa3ZeioB cTaTbi. B HeM
HE00XO0/IMMO IIPOBECTH aHATU3 Pe3yJIbTaTOB CBOEH paOOThI M 00CY X IEHUE COOTBETCTBYIOIIMX
Pe3yJIbTaTOB B CPAaBHEHHH C MPEIBLIYIIIMMH paboTaMu, aHATN3aMH U BBIBOJIAMH.

- Andopmanmio o puHaAHCHPOBAHUY (npu Hanuyuu) (ab3ay 1 cm no aesomy Kpaio,
JHCUPHBIMU OYK8aAMU, Ke2llb — 14 nyHKmos).

- BoiBoabl / KopwiTeiaabl / Conclusion (a63ay 1 cm no nesomy kpaio, sHcupHuimu
oykeamu, keeib — 14 nynkmos).

Br1B0161 — 000011IEHIE 1 [TO/IBEICHHUE UTOTOB paOOTHI Ha JAHHOM 3Tarle; OATBEPIKIICHHE
UCTHHHOCTH BBIJJBUTa€MOTO YTBEPKICHUSI, BHICKa3aHHOT'O aBTOPOM, 1 3aKJII0YEHHE aBTOpa
00 N3MEHEHNN HAYYHOT'0 3HAHHS C yYETOM MOTYyYEHHBIX PE3YyJIbTaTOB. BBIBOIBI HE JOKHBI
OBITh aOCTPaKTHBIMHU, OHU JOJDKHBI OBITh MCIOJB30BAHBI Il OOOOICHUS Pe3yIbTaTOB
UCCIIeIOBaHUS B TOM WJIM MHOM Hay4yHOH 00JacTH, C ONMHMCAHHEM MPEIIOKEHUN WU
BO3MOXHOCTEH JabHenIIeil paboThl.

- CnHuCcoK MCNoIb30BaHHBIX HCTOYHNKOB / Ilajinananran gepekrep Tisimi /
References (orcupnvimu 6ykeamu, keeiv — 14 nynkmos, 6 yenmpe) BKIIIOYAET B CEOSL:

CraThsl U CHUCOK HCIIOJIB30BAHHBIX MCTOUYHUKOB JIOJDKHBI OBITH O(OpPMIICHBI B
cootBerctBH ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cm. obpasey,).

OuyepelHOCTh UCTOYHUKOB ONpeaeNseTcs CIeAyIOmUM 00pa3oM: cHavala
HOCTIeJOBAaTEIbHbIE CCHUTKH, T.€. ICTOUHUKU Ha KOTOPBIE BBI CChIIIAETECH IT0 0UEPETHOCTH
B CaMoOil cTaThe. 3aTeM JIOTOIHHUTEIbHBIE UCTOYHUKHM, Ha KOTOPHIX HET CCBHUIOK, T.C.
UCTOYHHUKH, KOTOPBIE HE MMEI MECTO B CTaThe, HO PEKOMEH/I0BaHbI BAMH YHMTATEISIM
JUTS1 O3HAKOMJICHUS, KaK CMEXKHBIE pabOTBhI, IPOBOIMMBIE MapauienbHo. O0beM He MeHee
10 ne 6onee yem 20 HaMMEHOBAHUH (CCHUIKM U NPUMEYAHHS B CTaThe 0003HAYAIOTCS
CKBO3HOUM HyMepaluel M 3aKII0YaroTcs B KBaJpaTHBIE CKOOKH). B ciiyuae Hamuuws B
CITHCKE HCTIONIb30BaHHBIX HICTOYHHKOB padoT, PE/ICTaBICHHBIX Ha KUPUILTHLIE, HEOOXOAUMO
NPEJICTaBUTh CIIHCOK JIMTEPATYphl B JBYX BapHaHTaX: MEPBbIi — B OpUTHUHAJIE, BTOPOM
— POMaHU3UPOBAHHBIN (TpaHCIUTEpALUs JJATUHCKUM al(haBUTOM) BapUaHT HAIUCAHHS
MCTOYHHMKOB Ha KUPWJUTHILIE (Ha Ka3aXCKOM M PyCcCKoM si3bikax) cv. [ OCT 7.79-2000 (MCO
9-95) IIpasuna mpanciumepayuu KUpUIo8CKO20 NUCLMA TAMUHCKUM Al agUMOM.

PoMaHu3MpOBaHHBII CITUCOK JINTEPATYPHI JOJHKEH BBITTIACTH CACAYIONIM 00pa3oM:

aBTOp(-bl) (TpaHCIUTEPALIMS) — Ha3BaHUE CTATbU B TPAHCIUTEPUPOBAHHOM BapUaHTE
— [mepeBo/1 Ha3BaHUS CTAaThH HA aHTJIMMCKUIA SI3bIK B KBA/IPaTHBIX CKOOKaX | — Ha3BaHUE
Ka3aXO0s3bIYHOT0 JINOO PYCCKOA3BIYHOTO UCTOYHUKA (TPaHCIUTEPALHs, TUO0 aHTTTHHCKOE
Ha3BaHME — €CJIU €CTh) — BBIXO/IHBIEC JaHHbIE ¢ 0003HAUCHUSIMHU HA aHTJIUICKOM SI3bIKE.

11 AnmocTpanun, nepevyeHb PUCYHKOB U IOJPUCYHOYHBIE HAANMCU K HUM
NPE/ICTABISAIOT 10 TEKCTY CTaThU. B 3JeKTPOHHOM BepCUU PUCYHKH M WIUTIOCTPALUU
npencrasisitorcs B popmare TIF unu JPG ¢ pasperennem He menee 300 dpi.
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12 MartemaTudeckue (popmy.ibl 100KHBI ObITH HAOpaHb! B Microsoft Equation Editor
(kaxxnast popmyiia — OUH OOBEKT).

Ha oresbHOM cTpanuue (ocje craTbu)
B 3/1eKTpOHHOM BapuaHTe NMPUBOAATCH NMOJIHbIE IOYTOBbIE a/ipeca, HOMepa
cJ1yke0HOI0 U IoMalHero Tejaed)oHoB. e-mail (Homep TesiehoHA 1151 CBA3U
pPeJaKIMY ¢ ABTOPAMM, He MYOJMKYIOTCS);

CeBeenus 00 aBTopax

Ha ka3axckoM si3bIke Ha pycckom si3bike Ha anrymiickoMm si3bIke
Damuiist Umst OtuecTBO (MMOJTHOCTHIO)
JIOIKHOCTD, Y4€Has CTEIeHb, 3BaHUE
Opranusanus
T'opon
Nupexc
Crpana
E-mail
Tenedon
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HNndopmauns 1151 aBTOPOB

Penakums He 3aHMMAETCS JIUTEPATYPHOI U CTHIIMCTHYECKOH 00pa00TKOM CTATHH.

Ecnu crathst OTKIOHEHA aHTUIUIArMAaTOM WM PELEH3EHTOM CTaThs BO3BPAIAETCS
aBTOpY Ha J0pabOTKy. ABTOp MOKET MTOBTOPHO OTIPABUTH CTaThIO HA AHTHUILIArUaT WK
peuen3en3upoBanue 1 pas. 3a conepikaHue CTaTbu HECET OTBETCTBEHHOCTH ABTOP.

Cratbu, 0OpMJICHHBIC ¢ HADYIICHHEM TPeOOBaHMM, K NYOJUKALMH HE
NPUHUMAIOTCS ¥ BO3BPAIAIOTCSH ABTOPaM.

JlaToil mocTymIeHHs CTaTbU CUUTAETCS IaTa MOTYYESHUs peIaKIMEN €€ OKOHYATEITbHOTO
BapUaHTa.

Cratbu my0IMKYIOTCS [0 MEepe NOCTYTICHHUSI.

Iepuoan4HOCTH U3IAHMS )KYPHAJIOB — YeThIPe pPa3a B rojl (e;keKBapTAJIbHO)

Cpoku nojauu CTaThu:

- iepBbIi kBapTai 110 10 deppais;

- BTopo# kBaptai 110 10 mas;

- Tpetuid kBapTai a0 10 aBrycra;

- 4YeTBepThI KBapTai 70 10 HOSOpsI.

CraTbu OTHPABJISITH BMECTe ¢ KBUTaHIUeH 00 omiaTte. CTOMMOCTHITY OJTMKAIAN
B KypHase 3a crpanuiyy 1000 (omHa ThICsS4a) TEHTe, BKIIOYAs CTAaTbU MaruCTPaHTOB U
JOKTOPAHTOB B COABTOPCTBE C JIUL[AMU C YYEHOU CTEEHBIO.

CraTb10 (3J1eKTPOHHYIO BEPCHIO, H KBUTAHIMU 00 O1J1aTe) cJiedyeT HANPaBJIATh
Ha noyurty: nitk.tou.edu.kz. /I nonayu cratbu HA MyOJMKALMIO HEOOXOIMMO IPOHTH
perucTpanuio Ha caire.

140008, Pecnny6smnka Kazaxcran, r. IlaBionap, yi. Jlomosa, 64,
HAO «TopaiirblpoB YHUBEPCUTETY,

MznarenscrBo «Toraighyrov University», kao. 137.

Ten. 8 (7182) 67-36-69, (BHyTp. 1147).

E-mail: nitk.tou.edu.kz.

Hamm pekBU3UTHI:

[punoxenue kaspi.kz Ilnarexu —

HAO «TopaiirblpoB YHUBEPCUTET» HAO «TopaiirblpoB YHUBEPCHTET»

PHH 45180003007 PHH 45180003007 OGpasosanue —Onyata 3a BY3pl —

BUH 990140004654 BUH 990140004654 3anomnsere see rpadui (8 rpagpe Parynprer
yKkaxure «3a nyO0iIuKauMi0 B HAYYHOM

AO «Jysan Bank» AO «Hapopanslii bank Ka3axcrana» KYPHAIC, HASBAHHE KyPHATA H CCPHHY)

WK KZ57998FTB00 00003310 NHK KZ156010241000003308

BUK TSESKZK A BMK HSBKKZKX

Koe 16 Koée 16

Kon 16 Kon 16

KHIT 861 KHIT 861
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OBPA3EL] O®OPMJIEHUA CTA TEU
MPHTU 14.37.27
DOI XxXXXXXXXXXXXXXXX

C. K. Aumukeesa
TopaiireipoB yauBepcuteT, Pecrryonuka Kazaxcran, r. [laBmomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUS KOMITETEHLNA
COLNAJIbHBbIX PABOTHUKOB YEPE3 KYPCbI NOBbILLIEHWUA
KBAJINOUKALUNN

B Oannout cmamve npedcmasnena meopemuveckas mooenb HOpMUpPoBaHus
JUYHOCMHBIX U NPOPECCUOHATLHBIX KOMNEMEHYUL COYUATbHBIX PAOOMHUKOG Yepes
KYPCbl NOBbIUUEHUS K8ATUDUKAYUU, KOMOPAsi pa3pabomana 6 pamxax 0OKmMopcKou
ouccepmayuu « Dopmuposanue TUUHOCMHBIX U NPOPECCUOHATLHBIX KOMNEeMeHYUl
COYUANBHBIX PAOOMHUKOS Hepe3 Kypcbl Noeblulenusi Keanugurxayuuy. B cmamve
npueoodsmcs.  nedazosuyeckue  ACnekmvl  Camo20 Npoyecca  MOOeIUpO8aHusl,
nepeyucienvl  omanvl  nedazozuieckozo  mooenuposanus.  IIpedcmagnenvi
MEMOOON02UHECKUL, NPOYECCYATbHBII (MEXHOI02UYEeCKUT) U UHCIPYMEHMANbHbLI
VPOGHU — MOOenu, ee yelb, MOHUMOPUHZ  CHOPMUPOBAHHOCTIU — UCKOMBIX
KoMnemenyuil, a maxoice pe3yiomam. B moodenru nokasanvl KomnemeHmHocmuwiil,
JIUYHOCMHO-OPUESHMUPOBAHNBIN U NPAKMUKO-OPUEHMUPOBAHHbII NedazocuiecKue
n00X00bl, 3AKOHOMEPHOCHMU, NPUHYUNBL, VCI08US QOPMUPOSAHUS GbIOPAHHBIX
KOMNnemenyutl, OnUCAHbl dMANbl Peanu3ayuu npoyecca GopmMuposanus, ypoeHu
chopmuposanHocmu IUYHOCIMHBIX U NPOPECCUOHATBHBIX KoMnemenyull. B pazoene
NPAKMUYECKol NoO2OMOBKU NPeddeaemcs. UHMepaKmusHas paboma 6 cucmeme
cryuiamenb-npenooasamenb-epynna, noopasymMesaiouds IUHHoe yuacmue Kaxicoo2o
CHeyuanucma, a makdice OMKpvlmue nepeo2o 6 Haueli cmpamne Pecnybnuxanckozo
o0bwecmeenno2o  0bwvedunenus «Hayuonanrbnvlli  anvsiHc  npogheccuoHanrbHbIX
coyuanvublx  pabomuuxos». Jannas mooenvb noopasymesaem noo  coboul
oanvHeliuee COBEPUIEHCMBOBAHUE U CAMOCMOSIMENbHOE DA3GUMUE TUYHOCHIHBIX
U NpopecCUOHANbHBIX KOMREMEHYU COYUATbHLIX PADOMHUK08. Dmo no380isem
y8udems 8 MOOenU IPHEeKMUSHOCMb pedru3ayuu Kypcos nosblueHUs Keatugurayuu,
Ghopmol, MemoObl u cpedcmsea pabomoi.

Kniouesvie cnosa: meopemuueckas mooenb, KOMHEMEHYUY, HNOBbIUEHUE
Keanuguxayuu, coyuanbivie pabomHuKuy.

BBenenue
CormmanbsHast paboTa — 0OTHOCHUTEIIEHO HOBAsI JTs Hatlel cTpanbl mpodeccust. [Toatomy
00yueHre COIMAIbHBIX PAOOTHUKOB Ha COBPEMEHHOW CTAJIMHM HE XapaKTepU3yeTCs
HaJIMYMEeM JOCTATOYHO pa3paboTaHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB, KOTOPHIE
HaxXOJIUIU Obl BEIPAKCHHE B (POPMYITHPOBKE MEJArOTHICCKUX 1IEIeH, B COJIepKaHUH,
TEXHOJIOTHSIX YYeOHOTO mporiecca.
Ipooonicenue mekcma nyoauKyemo20 mamepuand
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MaTepua.m,l " ME€TOoAbI

Teopernueckuil aHaau3 HAYYHOUW IMCUXOJIOTO-IIEIarOrnyeCKOrd U ClelHaIbHON
JUTEpaTyphl O IpobiieMe HCCe0BaHNs; aHAJIN3 3aKOHOAATEIbHBIX U HOPMATHUBHBIX
JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O0BEJUHEHUN; aHAIU3 COAEP KaHUS
IporpaMM KypCOB IMOBBIIIEHUS KBadU(UKALUU COLMAIbHBIX paOOTHUKOB;
MOJIEJIMPOBAHUE; aHAINU3 U 00001eHNE EAArOTUYECKOTO OIbITA; OMPOCHBIE METO/IbI
(6ecena, aHKeTUpOBaHUE, UHTEPBBIOUPOBAHKE); HAOIIOIEHUE; aHAJIU3 MPOIYKTOB
JeSTEIIbHOCTH CHEIHAIMCTOB; HKCIIEPUMEHT, METO/Abl MaTEMAaTUUYECKONH CTaTUCTHUKU
1o 00paboTKe IKCIEPUMEHTAIBHBIX JTAHHBIX.

IIpodonsicenue mexcma nybauKyemo2o mamepuana
Pe3y.]'leaT])I H 06cy>lc21e}me
UT00B! MOHATH OOBEKTUBHBIC 3aKOHOMEPHOCTH, JIE)KAIlUEe B OCHOBE Ipollecca

GbOopMUPOBAHUSA U PA3BUTHUSA JTUIHOCTHBIX M MPO(ECCUOHATBHBIX KOMIETEHIUN
COIIMAJIbHBIX PA0OTHUKOB Y€pe3 KypChl MOBBIMICHHUS KBAIU(PUKAIIUN, HEOOXOIUMO
YETKO MPEICTABIATH ce0€ X MOJIETb.

IIpodonsicenue mexcma nybauKyemo2o mamepuana

BoiBoabI

Takum oOpa3oM, Ha OCHOBAHMHM BBIIIEU3IOKEHHOTO MOXHO CJEJIaTh BBIBOJ O
TOM, YTO TEOpPETHUYECKast MO/I€Tb (POPMUPOBAHHUS JTMUYHOCTHBIX U MPOPECCUOHATBHBIX
KOMIIETEHIIUN COLMAIbHBIX PAaOOTHUKOB Uepe3 KypChl NOBBIILIEHUS KBaTU(UKALIUU
COAEPIKUT TPU YPOBHS €€ pealu3aruu.

IIpooondcenue mexcma nyoauKyemo20 mamepuana

CnucoK UCI0JIb30BAHHBIX HCTOYHUKOB

1 Maxun, A. H. [lengarornueckoe MoieTupOBaHue : CyIIHOCTb, 3PPEKTUBHOCTH U
HeonpeneneHHocTh [ Texct] // Ilemaroruka. — 2003. — Ne 4. — C. 22.

2 Ky3HnenoBa, A. I'. PazButne METO0710TMH CHCTEMHOTO TTOAX0/1a B OTEUECTBEHHOM
nenarorvke : MoHorpagus [ Tekcer]. — Xabaposck : M3n-so XK UITIK 1K, 2001. - 152 c.

2 Kapomna, I'. H. CuctemMHBIH MOAXO0J K PKOJIOTHYECKOMY O00Opa30BaHUIO U
Bocnutanuio (Ha matepuane cenbckux mkoin) [Tekct]. — Munck, 1994. — 212 c.

4 ITodd, B. A. Poss moneneit B mosnanuu [Texer] — JI. : JIT'Y, 1963. — 128 c.

5 Tay6aeBa, LlI. Meronosnoruss u MeToAuKa TUJAKTUYECKOTO UCCIEAOBAHUS :
yuebnoe nocodue [Tekcr]. — Anmartel : Kazak yauBepcureti, 2015. — 246 c.

6 daxun, A. H. MoaenupoBaHue KOMIETEHTHOCTH YYaCTHUKOB OTKPBITOTO
obpazoBanus [Tekct]. — M. : HUU mkonpHBIX TeXHOMOTHH 2009. — 290 C.

7 daxun, A. H. MonenupoBanue B negaroruke [ Texkct] // Unen u uneanst. —2010.
—Ne 1(3). - T.2-C. 11-20.

8 Haxun, A. H. Ilegarornyeckoe monenupoBanue : MmoHorpadus [Texkcr]. —
Hosocubupck : M3a-s0 HUIIKuIIPO, 2005. — 230 c.

9 Aybakuposa, C. JI. DopMupoBaHue JEOHTOIOTUYECKONW TOTOBHOCTH OYIyIINX
[Ie1aroroB K paboTe B YCIOBUIX MHKIIO3UBHOIO 00pa30BaHUs : TUCC. HA COUCK. CTE.
n-pa ¢unoc. (PhD) mo 6D010300 — Ilexaroruka u ncuxomnorus [ Tekcer] — [laBnoaap,
2017.—- 162 c.

178

HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770. Ne 3, 2021

10 Apsin, E. M., IIgeiipep, H. ., Bypauna, E. U. Teopernueckue acnexTsl
npodeccrnoHaNbHON MoAroToBkM nexarora XXI Beka : yue6. mocobue [Tekcrt]. —
[MTaBnoxap : III'Y um. C. Topaiireiposa; CII6. : TA®KuC nm. I1. ®. Jlecradra, 2005.
-270c.

References

1 Dahin, A. N. Pedagogicheskoe modelirovanie : suschnost, effectivnost i
neopredelennost [Pedagogical modeling : essence, effectiveness, and uncertainty] [ Text].
In Pedagogy. —2003. — Ne 4. — P. 22.

2 Kuznetsova, A. G. Razvitie metodologii sistemnogo podhoda v otechestvennoi
pedagogike [Development of the system approach methodology in Russian pedagogy
: monograph] [Text]. — Khabarovsk : 1zd-vo KhK IPPK PK, 2001. — 152 p.

3 Karopa, G. N. Sistemnyi podhod x ecologicheskomu obrazovaniu i vospitaniu
(Na materiale selskih shkol) [The systematic approach to environmental education and
upbringing (Based on the material of rural schools)] [Text] — Minsk, 1994. — 212 p.

4 Shtoff, V. A. Rol modelei v poznanii [ The role of models in cognition] [Text] —
L.:LGU, 1963. - 128 p.

5 Taubayeva, Sh. Metodologiya i metodika didakticheskogo issledovaniya :
uchebnoe posobie [Methodology and methods of educational research : a tutorial]
[Text] — Almaty : Kazak University, 2015. — 246 p.

6 Dahin, A. N. Modelirovanie kompetentnosti uchastnikov otkrytogo obrazovaniya
[Modeling the competence of open education participants] [Text] — Moscow : NII
shkolnyh tehnologii, 2009. — 290 p.

7 Dahin, A. N. Modelirovanie v pedagogike [Modeling in pedagogy] [Text]. In
Idei i idealy. —2010. — Ne 1(3). —= T. 2 — P. 11-20.

8 Dahin, A. N. Pedagogicheskoe modelirovanie : monographia [Pedagogical
modeling : monograph] [Text]. — Novosibirsk : 1zd-vo NIPKuPRO, 2005. — 230 p.

9 Aubakirova, S. D. Formirovaniye deontologicheskoi gotovnosti buduschih
pedagogov k rabote v usloviyah inklusivnogo obrazovaniya : dissertaciya na soiskanie
stepeni doctora filosofii (PhD) po specialnosti 6D010300 — Pedagogika i1 psihologiya.
[Formation of deontological readiness of future teachers to work in inclusive education
: dissertation for the degree of doctor of philosophy (PhD) in the specialty 6D010300-
Pedagogy and psychology] [Text] — Pavlodar, 2017. — 162 p.

10 Aryn, E. M., Pfeifer, N. E., Burdina, E. L. Teoreticheskie aspekty professionalnoi
podgotovki pedagoga XXI veka : ucheb. posobie [Theoretical aspects of professional
training of a teacher of the XXI century : textbook] [Text] — Pavlodar : PGU im. S.
Toraigyrov PSU; St.Petersburg. : GAFKIS im. P. F. Lesgafta, 2005. — 270 p.

179



KA3AKCTAH FbllbIMbl MEH TEXHUKACHI. ISSN 2788-8770.

Ne 3, 2021 HAYKA U TEXHUKA KASAXCTAHA. ISSN 2788-8770.

C. K. AHTHKeEeBa
TopaiirsipoB yHuBepcuteT, Kazakcran Pecriyonukacel, [1aBnonap K.

BLIIKTLTIKTI APTTBIPY KYPCTAPBI APKBLIBI OJIEYMETTIK
KBbI3BMETKEPJIEPAIH KY3IPETTIIIKTEPIH KAJIBIIITACTBIPY JIBIH
TEOPUSLIILIK MOJIEJI

byn makanaoa «Oneymemmix KbizmemrepaepOiy OLIKmMiniein  apmmuolpy
Kypcmapul apKblibl Mylediblk JHCOHEe KOCIOU Ky3ipemmiiikmepin Kaibinmacmoipy»
00KMOpIbIK, — ouccepmayust  wenbepinde o3ipieHeen  OLIKmIinlikmi  apmmolpy
KYpCmapvl  apKblibl  oleyMemmiK Kbi3MemKepaepoiy Mmyasanvlk JicoHe Kociou
KY3vlpemminiein Kaielnmacmulpyovly meopusnvly, mooeni ycvinviiean. Maxarada
MoOenboey npoyeciniy neda2ocuKanblk ACneKminepi, nedazocsukaiblk Mo0eib0eyoiy
Kezeyoepi keamipineeH. MooenvOiy 90iCHaMAIbIK, NPOYECCyanloblk (MEXHOI0SUTbIK)
JHCOHe  acnanmoelk OeHeellepi, OHblH MaKcamvl, Kaxcemmi Ky3vipemmepoin

pedagogical approaches, patterns, principles, conditions for the formation of selected
competencies; describes the stages of the formation process, the levels of formation
of personal and professional competencies. The practical training section offers
interactive work in the listener-teacher-group system, which implies the personal
participation of each specialist, as well as the opening of the first Republican public
Association in our country, the national Alliance of professional social workers. This
model implies further improvement and independent development of personal and
professional competencies of social workers. This allows you to see in the model the
effectiveness of the implementation of advanced training courses, forms, methods
and means of work.

Keywords: theoretical model, competencies, professional development, social
workers.
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S. K. Antikeyeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES OF
SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal and
professional competencies of social workers through advanced training courses,
which was developed in the framework of the doctoral dissertation «Formation of
personal and professional competencies of social workers through advanced training
courses». The article presents the pedagogical aspects of the modeling process
itself, and lists the stages of pedagogical modeling. The methodological, procedural
(technological) and instrumental levels of the model, its purpose, monitoring
the formation of the required competencies, as well as the result are presented.
The model shows competence-based, personality-oriented and practice-oriented
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ITy0nukanuoHHas ITHKA HAYYHBIX )KYPHAJIOB
«BecTtHuk TopaiirbIpoB yHUBEpPCUTETAY,
«KpaeBenenne», «Hayka u Trexuuka Kazaxcrana»

PenaknnonHas kosurerus XKypHalloB «BecTHuK ToOpalrslpoB YHUBEPCUTET»,
«Kpaesenenue» u «Hayka u Texauka Kazaxcrana» B cBoelt paboTe mpuaepKuBacTcs
MEXIYHApPOJHBIX CTaHIAPTOB IO 3THUKE HAaYUYHBIX MyOJMKAIMH U YyUYUTHIBAET
UH(QOPMALMOHHBIE CAITHI BETyINX MEKIYHAPOIHBIX JKypPHAIIOB.

Penaknunonnas koyierus )KypHaia, a TaKKe JIMLA, yYaCTBYIOIIHUE B U3aTEILCKOM
IpOIIeCcCe B LIEIISIX 00ECTICUeHHsI BRICOKOTO Ka4eCTBA HAYYHBIX ITyOJIMKAIINiA, BO M30eKaHNe
HE0OPOCOBECTHON NMPAKTHKHU B IyOJMKAIMOHHON JIEATEIHHOCTH (MCIIOIh30BaHHUE
HEJIOCTOBEPHBIX CBEJIEHUN, U3rOTOBJICHUE JAHHBIX, IJaruaTr u Jp.), o0ecrneueHus
OOIIECTBEHHOTO MPU3HAHMS HAayYHBIX JTOCTM)KEHUH 00s3aHBI COONIOATh ITUYECKUE
HOPMBI U CTAHAAPTBHI, IPUHSITHIE MEKTyHAPOIHBIM COOOIIIECTBOM U IPEIIPUHUMATD BCE
pa3yMHbIE€ MEpBI IS IPEJOTBPAILECHUS TAKUX HAPYILLIEHUIA.

PenakirionHas Kouierust HU B KOEM CIIydae He OOLIPSET HEIIPaBOMEPHOE IIOBEJICHHE
(TTaruaT, MaHUIY AL, (haTbCH(UKAINS) M IPUIIOKUT BCE CHITBI [T IPEIOTBPALLICHUS
HACTYIUIEHUS MOJOOHBIX ciay4aeB. B ciydae, ecnu peaakiMOHHOW KOJUIETMM CTAHET
U3BECTHO O JIFOOBIX HEMPaBOMEPHBIX JEHCTBHUAX B OTHOIICHHH OITyOJIMKOBAaHHOW CTAThU
B JKypHaJI€ WIH B CJIy4ae OTPULIATEIBHOIO PE3yJIbTaTa SKCIIEPTU3bI PEAKOIUIETUH CTaThs
OTKJIOHSIETCSI OT Iy OJIMKALUK.

PenakunoHHasi KOJUIETHsI HE JOJDKHA PAacKpbIBaTh MH(OpPMAIMIO O MPHUHITHIX
K OIyOJIMKOBAHHMIO PYKOIHCEH TPETHUM JIUIAM, HE SBIISIOIMIMMCS PEIECH3EHTaMH,
HNOTEHIMAJIbHBIMU PELIEH3EHTaMH, WIEHaMU PEJAaKLMOHHON KOJUIETHH, paOOTHUKaMU
tunorpaduu. HeonmyOmukoBaHHbIe TaHHBIE, TIOyYEHHBIE U3 PYKONHUCEH, HE JOJDKHBI
UCTIONIb30BaThCS B JIMYHBIX HCCIIEIOBATENLCKHUX HENsX 0e3 MMCHbMEHHOTO Pa3peuieHus
aBTopa.

OTBeTCTBEHHOCTH IKCIEPTOB (pPeleH3eHTOB)

PeneH3eHTHl MOJKHBI AaBaTh OOBEKTHBHBIE CYXJEHHUS M yKa3blBaTh Ha
COOTBETCTBYIOLINE ONMyOIMKOBaHHBIE PabOTHI, KOTOpPHIE emie He MUTUpYrTcsa. K
peleH3HpYyEMBIM CTaThsIM clieyeT oOpamarbcsi KoH(HuIeHnInansHo. Pernen3eHTs
OyIyT BEIOpaHBI TAKMM 00pa30M, YTOOBI HE OBLII0 KOH(DIMKTA MHTEPECOB B OTHOIIICHUH
UCCIIEIOBAaHMS, aBTOPOB U / WJIM CIIOHCOPOB MCCIICOBAHMS.

OTBeTCTBEHHOCTH ABTOPOB

OTBETCTBEHHOCTB 3a COZIepKaHue pabOThHI HECET aBTOP. ABTOPHI 00s13aHBI BHOCUTD
UCIIPABJICHUS, IOSICHEHUS, OIIPOBEP)KEHUS U U3BUHEHUS, €CJIN TaKUE UMEIOTCSI.

ABTOp HE JTOJIKEH MPENCTABIATh CTAThIO, UIEHTUYHYIO paHEE OIyOJIMKOBAaHHOM
B IpyroM XypHasie.B 4acTHOCTH, HE MPUHUMAIOTCS NIEPEBOJIbI HA aHVIMHCKUM 1100
HEMEIKUH S3bIK CTaTe|, y’Ke OIyOJMKOBAaHHBIX Ha IPYTOM SI3BIKE.

B citydae oOHapyskeHHs B pYKOIIMCH CTaThU CYIIECTBEHHBIX OIIMOOK aBTOP JOJKEH
COOOIIUTH 00 ITOM PeaKTOPy pasziesia 40 MOMEHTA MOJIITUCH B TIeUaTh OPUTMHAI-MaKeTa
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HOMeEpa XypHasa. B NpoTHBHOM ciyuyae aBTOp JIOJIKEH 3a CBOM CUET MCIIPAaBUTH BCE
KPUTHYECKHE 3aMEUaHUsl.

Hampasiisis cTaThlo B )KypHal, aBTOp OCO3HAET YKa3aHHYIO CTENIEHb IIEPCOHAILHON
OTBETCTBEHHOCTH, YTO OTPA)KAETCs B NMUCbMEHHOM OOpAIllEeHUU B PEIAKLHOHHYIO
kosuteruto JKypHana.
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