


| SSN(Print) 3005-4729
e-| SSN(Online) 3005-4737

NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE
RESEARCH(NACSIR)

SCIENCE AND EDUCATION:
MODERN TIME

Ned(4).2023
Kypnan ocHoBan B 2023 .
ExxeMecsiuHO€ HaydyHOE M3/IaHUE

AJlpec penakiuu:
Pecny6auka Ka3zaxcran, 010000, r. Actana, npocnekt Manrnimk Ea, C4.6
E-mail: nacsir.nauka@gmail.com

Anpec crpanunbl B cetn MIHTepHeT: nacsr.kz

OPEN a ACCESS



mailto:nacsir.nauka@gmail.com

© Astopsl cTateit, 2023
© Penaxuust National Academy of
Scientific and Innovative Research(NACSIR)

I'naBHbIN pegakrTop:
AbGenoB Arinoc Makcarosud, PhD (Kazaxcmarn)

@D 9~

(e =

R ~

Peoakuyuonnan konnezusn

CepuxoB Aiinoc MakcaroBuy,

PhD (Kazaxcran)

C. Aiit0aeBa,

Maructp rymanurapspix Hayk (Kazaxcran)
Ayb6akupoB Makcat OTemioBuy,

KaHTUaaT nexarormdeckunx Hayk (Kazaxcram)
Bypxanos Epmexk HypmakoBuu,

npodeccop (Kazaxcran)

Hckanpnapos MLU.,

1.6.H., mpodeccopa (Keipreizcran)

HuszoBa T.J.,

K.T.H., JoueHT (Y30eKucTaH)

XyxamOepaues A.A.,

PhD (¥Y36exucTan)

Xoaxuena A.b.,

KaHauaaT MeauipHeknx Hayk (TamxukucTtan)
Bopucos Anton BacunbeBuy,

KaHIUIAT MOJIMTOJIOTHYEeCKHX HayK, noueHt (Poccus)
AxmenoBaC.P.,

KaHIWIaT MCUXOJIOTMMEeCKUX HayK, (AzepOaimkaH)
Jocuna Enena BaragumuposHa,

kauauaat dunonormieckrx Hayk (bemopyccus)
Kypmanos Aii6oJ1 BosiatoBuy,

KaHauIaT SKoHOMudecknx HaykK (KeIpre3cTan)
Yemepucos Cepreii AHApeeBHY,

npodeccop, TOKTOp Fopuandeckux Hayk (Kazaxcran)
Kamosbio Kanar Opanosuy,

npoeccop, fokrop MearHCKNX Hayk (Kazaxcram)

= >

S

-~

Editorial team

Aydos M aksatovi ch Serikov,

PhD (Kazakhstan)

S. Aitbaeva,

Master of Humaniti es (Kazakhstan)

Aubakirov Maksat Oteshovich,

Candidate of Pedagogica Sciences (Kazakhstan)
Bur hanov Er mek Nur makovi ch,

professor (Kazakhstan)

Iskandarov M 1.,

PhD, professor (Kyrgyzstan)

Niyazova T.D.,

Ph.D., associate professor (Uzbekistan)
Khuzhamber diev A.A., PhD (Uzbekistan)
Khodzhieva A.B., candidate of medica sciences
(Tgikistan)

Borisov Anton Vasilyevich,

candidate of politica sciences, associae professor
(Russia)

Akhmedova SR.,

candidate of psychologica sciences, (Azerbaijan)
DosinaElenaVladimirovna,

candidate of philologicd sciences(Belarus)

Aybol Bolatovich Kurmanov,

Candidate of Economic Sciences (Kyrgyzstan)
Chemerisov Ser gey Andr eevich,

professor, doctor of legd sciences(Kazakhstan)
Zhambyl ov Kanat Or al ovich,

professor, doctor of medica sciences (Kazakhstan)

Mznarean: National Academy of Scientific and Innovative Research(NACSIR)
TemaTnueckasn HaNpaBJC€HHOCTb: 710 pA3AUYHBIM OMPACIAAM MEXHUYECKUX, eCMmeCmEeHHblX,
Me()uuuHCKux, 06LL;€CI’I16’€HHblx U 2ymMaHumapHsvlx Haykx.

Hepuoauvnoctb: ExxeMecsuno

MexxayHapoIHbIi ~ HAaydHBIM  JKypHal — 3aperucTpUpoBaH B KOMUTeTe HHQOpMaIuu,
MuHucreperBa KynbTypbl U nH(popMmaruu Pecryonuku Kazaxcras.



https://www.gov.kz/memleket/entities/mam

MA3MYHbI/ CONTENT/COAEP/KAHUE

TEXHUYECKHUE HAYKU

T.SH.IMANKUL, W. ZHANG (ALMATY, KAZAKHSTAN) CONTROL ISSUES OF DYNAMIC SYSTEMS

WITH CYLINDRICAL PHASE SPACE........cititiiie it et tities sttt e sests e seas shsaes st nsses sheses ebess sasses steas nsnes st senes 16
TACBOJIATOBA PBICKYJIb, BOJIATYJIbI 3AHFAP (TAJIJIbIKOPFAH, KASAKCTAH) ®YHKLUVA
I'PAGUKTEPIH KAPAIIAMBIM TYPJIEH/IPYJIEP APKBIIBI CAJTLY ........ooooecvvveeseeeesseesssesesssesesseessas s eesanns 23
MAXMYIKAHYJIbI JUJIBHYP, 3YJIIBIXAPOBA MAMPA PAXMATYJIJIAEBHA (KEHTAVY,
KA3AXCTAH) UHOOPMALMOHHBIE TEXHOJIOT MM B OBPA3OBAHUM. ... ..ot e 32
JKAKCBITAJTMUEBA AWTEPUM MAJIMKOBHA (KA3AXCTAH) CHUCTEMA ABTOMATHYECKOW
OBPABOTKU TEPMOIITTACTA. . .. .ot e e e e e e 37

KYTTBIGAEB AMJAP EPMEKKAJIMEBUY, KYAHTAEB HYPKAH AJIMBEKY.JIbI (AJIMATHI,
KA3AXCTAH) WHHOBAILIMOHHBIE IIOAXOAbl K ABTOMATU3ALIMKM W AUCIIETYEPU3ALIMU
I'OPHOI'O TPAHCIIOPTA: TIOBBIIHEHUE OS®PEKTMBHOCIM W BE3OITACHOCTU JOBbIMU

PECYPCOB. ... .o e 41
MOJIIKTARYJIBI MYPATKAH  (TAPA3, KA3AKCTAH) KAHAJI APHACBIHJAFbI  KAP
BYBIPKACBIHBIHBIH TYBIHIAY MEXAHMBMLL..........coovooivveeee s eeeeeseeesseeeesesessssesnssessss ssnssssssssassss sassesssosssesons 47
MEWPMAHOB AMJIAP (I.TAPA3, KA3AXCTAH) IUIOTMHHBIII BOJIO3ABOP C JIOHHBIMH
HATIP ABJTSTEFOLLIAMM TIOPOTAMU..............oocoviereeseseeiesseeeas esesssesesssesssss enesssessnssessss senes sessss sassss snssssessnssosssssannees 53
ACBIJIBEKOB APMAH IHNAMBIKBEKYJIBI (TAPA3, KASAXCTAH) AHAJIM3 OCHOBHBIX ITPUYMH
TTOBPEXJIEHUI 1 PA3PYIIEHUM KOHCTPYKIIAM TJTOTHH..........ooveeereeeeeee e e sesee s ensss nees e 57
TYPJBIBAEBA BAJITBIH OCIHAHOBHA, CYJTAHAEB KEHXEBAW TYJIEHOBUY (TAPA3,
KA3AXCTAH) KOHTPOJIb M OIITEHKA TEXHUYECKOI'O COCTOSHUS TUIOTHH.........coooovevereereeiesee e 63

ACBLIBEK MAMBIP MYXTAPBEKYJIbI, ABJYJIJIAEBA JJIbHAPA CIAHOBHA (TAPA3,
KA3AKCTAH) CY APHAJIAPBIHBIH BYPBUIBICTAPBIHJIAFBI KO3FAJIBICTAP/LI 3EPTTEYJIEPTE
APHAJTFAH EHBEKTEPJII TATIZIAYJIAP.........osooeeeeeeeeeeeeeeeescoeessseeeeeseseeeseeeees oo seeeesseesss s sessesseesss e seseeesesere e 67
DUBININ ALEXANDER ALEXANDROVICH, KUSCHANOVA RENATA DMITRIEVNA (KAZAKHSTAN,
ALMATY) INNOVATIVE METHODS OF DIGITIZATION IN THE CONSTRUCTION INDUSTRY OF THE
REPUBLIC OF KAZAKHSTAN ... oot 78
COPCEMBAEBA CAJITAHAT CEWWTKAHKBI3EI, KYCAMBIH-MYPAT OCEJ TYTEJBAMKBI3EI
(OCKEMEH, KA3AKCTAH) DJIEKTP DHEPIETUKAJIBIK JKYHEJIEPJII TYPAKTAH/BIPY  YIIIH

BEMCBIBBIKTBL BACKAPY .......ooeieeeeeeeeee seeeseeeseseeseseesessseveesseeeeseeesss esses esess sesesssesses sesesssesessseseeseeesesssesses s enssrvene 93
MAPATOBA O.E. (ACTAHA, KA3AKCTAH) ©O3EK BOUBIMEH TEMIIEPATYPAHBIH TAPAJIVBIH
BAFAJIAY YIIIH KAJIMAH OUIIBTPIH KOJIITAHY. ......oioeeeeeieeseeeeeseseeeeeseseesseseeees seeesssesesseseeseseses essesees s senes 98
HBIFBIMUTYJIVIMHA AMJAHA FAPU®YJUIAKBI3BI (KA3BAKCTAH) KAPBEP TACBIMAJI
JKOJITAPBIHIAFbI ITAHMEH KYPECY OJIICTEPIHE LLIOJTY .....oovoveeeeeseeeeeeeseee eseeeeeess s seeeeseneeesesenes e 104

TAPOEB BHUKTOP CEPI'EEBUY, HEJOIIUBKHNHA AJIMHA AJIEKCAHJAPOBHA, EPO®EEBA
EKATEPUHA IIETPOBHA (POCCUS I'. UIPKYTCK) COBPEMEHHBIE TEHAEHIIMW NCIIOJIB30BAHUA

HEMPOCETEM B ABUALIVIL. ..o e e, 111
CVJITAHOB PAMA3AH PYCJAHOBUY (KABAXCTAH, T'OPOJI ACTAHA) IIPMUMEHEHUE OPEN
SOURCE MHCTPYMEHTOB B @OPEHBUKE. ... ..ottt e 121

OCKEHBAEBA TVYJIb/XKAH APUIIBAEBHA, BOXKBAHOBA KAHAP HAYPBI3BAEBHA (AJIMATHI,
KA3AXCTAH) CUCTEMA 5 «S» -IITb IHAI'OB K HMAEAJIBHOMY PABOYEMY MECTY KJIIOY K

MAXHTOBA JAHA MEJETKbI3bI, EPATMEBA MHPA KAHABEPTEHOBHA, JOIUBEKOBA
AMDKAH BATJATOBHA  (AJIMATHI, KA3AKCTAH) APHAMBI KUIMJEPJI OHJIPY/E

KOJIAAHBUIATBIH MATAJIAP........cooioiiii et e TP it s s s s 131
NCAEBA ’KAHAP MYPATBEKOBHA, CAMBETBAEBA AUT'YJIb KYIAUBEPTEHOBHA (AJIMATBI,
KA3AXCTAH) BJIMSIHUE MOAMDUKATOPA HA CBOUCTBA ®AHEPDI.................o 134

’K.T. TEPTEHBAEBA, A K. MYKYIIIAEBA, T.A. AIIINXAHOBA, E.JI. JAYTXAHOBA (OCKEMEH
KAJIACBI, KABAKCTAH) A3bIK KOCBIHbUIAPBIHBIH TUIM/II DHEPTMSI KOMIIOHEHTTEP PETIHJIE
KIKTEMECI MEH MAJT A3BIKTAH/IBIPY TEXHOJIOTHISICBL......ooooveeeeeeeeeeeeesseeesceceesseeeeeseeeeseeeeesseeeeeseeees e 139
CYJITAHFAJIU HYPU3A EPJIAHKBI3bI, BATBIPBAEBA HYPI'VJIb BABWJIOBHA, ATBIXAHOBA
MAKIIAJ BAWTAWBITIOBHA (AJIMATHI KAJIACBI) CTAHJIAPTTAY JKOHE OHBIH AK KAHTTBIH

CATIACBI MEH KAVIICIBAITTHE KOUBUTATBIH TATIATITAPBL .......e oo veeeee e eeeeeeceeeeeeeeees e e e 146
PCAIl ACBIJIXAH CASITYJIBI, ABIYTYJIOBA JKAHAT KAIIAPOBHA (ACTAHA K., KA3AKCTAH)
IIBIHBI LIBIHJIAY ITPOLIECIHIH ABTOMATTAH/IBIPY MOCEJIEIIEPL.......oovvvscoeseeeeseeeesseessssesesseeeeeeeeess e 150
KYPIIIBAM HYPBOJI AJTFABEKYJIBI, BEKCYJITAH EJAMAH MYXTAPYJIBI (AJIMATEL
KA3AKCTAH.) DJIEKTPOH/IBIK CAYJIAHBIH MHTETPALISUTAHY JKYPECL......ooooooooeooooeeseeees e seseee e 157



5

MMUPAJIN CAHXKAP AMJJAPXAHOBUY, KYJIABAEBA AUT'Y.JIb KAJIJIBIBEKOBHA (KABAXCTAH, T.
TAPA3) COBPEMEHHBIE TEHIEHIIUN CTUJIS HEO-®OJIBKJIOP BKA3SAXCTAHE................c.......161
AMAHI'EJIJII OMKEPIM BEK3ATXAHKBI3bI, HYPCEMTOBA APYKAH CABBIPKAHKbI3bI
(AJIMATBI KAJIACBI, KA3SAKCTAH) IIOJINYPETAHHbBIH, ®U3UKAJIbIK KACUETTEPIH 3EPTTEVY/IIH
CAHJIBIK OJTICTEPL......oooooeeeeee oo ceeeee e eeseesssessaseesess esses sesees stsess sesanssessssesss sessss s sessesssssesssn sasssssnses sesesssrenes 164
YTAEB C.A., TYPAEBA. K. (KAPIIIH, Y3BEKUCTAH) MCCJIEJOBAHUE M3MEHEHHSI CBOMCTBA
MACJIA TA30BOI'O JIBUT'ATEJISI U PEXXUMBI HEITPEPBIBHOI'O BBOJA TPMBOMEXAHWYECKHNX
CTABHITTBATOPOB..........ooeeeee oot eeeeeeeveeeeeeeses eesesesssssesess sesss sessen sessss s eesss seess sesenssesses seesssesenssesiesarssnssesse e 168
UZOQOV ABDULLA ABDURAIMOVICH, JALOLOV SAMARIDDIN ERKIN O‘G‘LI (TOSHKENT,
O‘ZBEKISTON)  BIO-SAVAR-LAPLAS  QONUNIDAN  FOYDALANIB  TURLI  SHAKLDAGI

O’TKAZLICHLARNING MAGNIT MAYDONINI HISOBLASH METODIKASI.......cccooi et 173
YCMAHOBA C.C. (I KA3AHb) MOBUJIBHOE ITPMJIOXEHUE JJI51 KOHTPOJIAA U OPI'AHU3 AL
IPABUJIBHOT' O IIMTAHISL. ...t e et e e et e 179

ECTECTBEHHBIE HAYKH

BOJIAT ATEPIM HYPJIAHKBI3BI, AKYBAEBA JAPHSI MAPATTOBHA (AJIMATHI K., KA3SAKCTAH)
KA3AKCTAH PECITYBJIUKACBI ~ AYMAKTAPBIHBIH ATMOC®EPAJIBIK ~ AYACBIHBIH
TIACTAHYDBL. ... 184
XOLMATOVA MANZURA. MAMIRJON QIZI., FAYZIYEV VOXID. BAXROMOVICH, XOLMATOVA
M.M, FAYZIEV VOXID BAXRAMOVICH (TOSHKENT) KARTOSHKA (PLRV) VIRUSINING BIOLOGIK

XARAKTERISTIKASI VA SISTEMATIKASI . ....oooiee e, 191
COBET AM., IINAHBAEBA AK, P. IBUMOBA (KA3BAKCTAH, AKTOBE) MOJ| )XOHE OHbIH
KETICTTEYIIIIITIT L ... oo oo oo s e o s eeeees sossseeeeeseessss seseessesses soes e sssensseessn sesessaeesseessan e 199
O3BEPTEHOBA A.A., ABUTOBA A. K. (KA3BAKCTAH, AKTOBE) HAHJIAFBI KAPTOII AYPVBIHBIH,
KO3/IbIPFBIIITAPBI JKOHE OHBIH ITAV/IA BOJIVBL, JJAMY KAFJAMITAPBL..........ooooeee v csenre s 204
YHT'APBAEBA AMCYJIY CEMJIXAHOBHA, TLIEVBEPJAI EPBOJI (AJIMATBL, KA3AKCTAH)
MYHAMJIbI BACTAIIKBI OHJEY AIH MYHAI KAJIJIBIKTAPBIH BACKAPY .......oooe oo e . 208

MAXMETOBA JIAYPA CEMJIOBHA, JKAPMYKAH JIAPUFA, KOKEHOBA AM3AJIA, JKOJILIMBAEB
O.M. (KA3AKCTAH, CEME K.) OPTA MEKTEINTE MATEMATHUKAJIBIK CTATUCTUKA HEII3/IEPIH
OKBITY EPEKIIEIIIKTEPL .......oveoee et 213
KACBIMOB JIHMYXAMME/Jl HYPJIAHYJIbI, AMJIAPOB OPA3XAH TYPCBHIHKOMKAYJIBI
(KbI3BUIOPJIA, KA3BAKCTAH.)KBI3BIJIOP/IA OBJIBICHIHBIH KHUEJI YKEPJIEPI T'EOI'PA®USICHIHBIH
MYMETHIIIKTEPL ..o eeeee e eeees e esess oo wesees s seeee e eeees s e sesees s sesees esees st seesssserees o 218
JIIOTUKOBA BEPOHHMKA CEPTEEBHA, JIJMTOBUEHKO WPUHA HHKOJIAEBHA (AJIMATHI,
KA3AXCTAH) ®U3NKO-MATEMATUYECKUE [TAPAMETPHI B OYATAX CHJILHBIX 3EMJIETPSICEHUI

TYPLHNU, MAPOKKO, AT AHVCTAHA 2023 TOLA. ..ottt st s s s s s e srenes s 222
HUMAKOBA JISI3AT BAJITAEBHA (PECITYBJIMKA KA3AXCTAH, I'. KOCTAHAIM) UCTOPHS PABBUTUSA
BOTAHUKH KAK HAVKIL. ... e e e, 229

BEPJMEBA BA®A TAUAHN T'bI3bl, BEJIUEBA HAUBA BAXPAM T'bI3bl, MAMEJOBA CAXWJISI
TABWJI I'bI3bl, UCAEB AJI®AIJIMH IT'AHBAP OIJIbI (I'OPOJI I'STHJIXKA) HE®TE3AI'PSI3SHEHHBIE
OYBBI ALTIITEPOHCKOT O TIOJTY OCTPOBA......oeeeeeeeee e e eeeeeseeseeses seeses esesssesessesees seses sessen ssses sesnsssenon 232
TAJIXAHBAEBA 3.A., KAJIKABAEB A.M. KAJIKABAEBA C.A. (TYPKICTAH K. KA3AKCTAH)
YWJIECIMI TAMAKTAHY/Ibl YBIMJIACTBIPY XXYMECIHAE KA3AK YJITTBIK TAFAMJIAPBIHBIH
KOPEKTIK MAHDBIBBL........oooiovveoeeeoeeeeeeesseeeeee oo eeesseeeeee e eesees eneessessss sesssns sesses sessan esesssesess sesenssesssssesansseeees 239
ALISHER A ABDULLAEV, MUHABBAT K TURDIEVA, MARGUBA M REJAPOVA, ABDUSHUKUR |
RAKHMATULLAEV, ABRORJON A ABDURAKHIMOV (TASHKENT, UZBEKISTAN) MOLECULAR
ASSESSMENT OF APPLE VARIETAL DIVERSITY IN UZBEKISTAN FOR GENETIC RESISTANCE TO FIRE
BLIGHT . ... e 245
BAUTYPCBIH HYPAW, BAMKAJIIAMOBA JIAYPA CEPHUKOBHA (AJIMATBHI, KA3AKCTAH)
XAMMSJIBIK ~ DJIEMEHTTEP/IIH, TY3UIYI J)KOHE JIEMEHTAP BOJIIIEKTEP
KITACCUDUKALIASICDL......o.oooeoe oo e e oo s eeeeee e ceseeseeeees o s aaes senssssessnns sesssssesennennee 257
BAUBOJIAT IIAM3AJIA, H.H. IIYIOIBAEBA (KOKIIETAY, KASAKCTAH) UMITYJIBCTIK KbICHIM/IBI
AHBIKTAYFA APHAJIFAH ITbE3OMETPUSIJIBIK KYPHUIFbI MEH CAH/IBIK OCLIUJIJIOI PAQD.............. 262
BAXAJIMPOB YMWJI’KAH IHAKHPJ)KAHOBHY, MATKAPMMOB ®APPYX HJIXOMOBWY,
XOJJIMEB OMBEK ATAMBEPJM YIJIA, BY3YPYKOB CAHXKAP CAMJIASUMOBHY, CAMATOB
AMYP-AM3AM  KAXOP VIJIM, KYJIMAMATOBA JWJA®PY3 SPKHHOBHA, BABOEB
CAHJIMYPOT KAMCAHBAEBUY (PECIIYBJIMKA ~ V3BEKHCTAH) N3MEHUYMBOCTD
KOJIMYECTBEHHBIX ITPU3HAKOB V MECTHOM MSTKOM ITIIEHULIBL. ............ oo s 267



6

KETIIMCBAEBA ACEJIb EPBOJIOBHA, CAIIAPOB KYAT TABBUIABIYJIbI (KA3AKCTAH)

TIABJIOZIAP OBJIbICHI AKTOFAI AV JJAHBIHBIH TOITOHUMJIEPIHIH EPEKIIEJIIT L..........oooooeeeresee. 273
CEMJAXMET JIAHA CYJITAHFATTUKBI3BI, CATIAPOB KYAT TABBLJIBIYJIBI (KA3AKCTAH) EPTIC
AV JJAHBIHBIH TOITOHUM/IEP KYUECIHIH, TAPUXU-TEOT PAOUSIIBIK ACIIEKTICL...........coooe e 279
YKUBAEBA JIA33AT OPA3BAEBHA, IEPHEBEK KAHUSI MAMET/KAHKBI3BI (TAPA3) APAJIAP
APKBLTBI TO3AHIAH/IBIPY IBIH TUIMJIUTITTH APTTBIPY OJICTEPL......oooeeeeeeeeoee oo e seeeee e 284
ZHAMBYL M., ASHIROVA ZH. (ALMATY) STEM TRAINING OF BIOLOGICAL FEATURES OF A PLANT
OF THE ASTERACEAE FAMILY........ooiiiiiiit et 289

HYPMAFAMBET K., ABIYJUIA A, JOYPEHBEKOB KAHAT HAPBEKOBWY, TYPEBEKOBA
I'YJI3AXUPA AHJACOBHA, PBICBIMBETOBA JKAHCASI KAJIJIJAPBEKOBHA, KYJIBAEBA
MOJIUHA CEPIKKBI3BI (LLILIMKEHT K. KA3AKCTAH PECITYBJIMKACBHI) OHTYCTIK KA3AKCTAHA
OCETIH  KOJIMIT  MBIH)KAIBIPAKTBIH ~ (ACHILLEA ~ MILLEFOLIUM L)  CAINAJIbIK
TATIIIAY DL oo seeeeeseeeees eeeees seseee e ees seeeee s et eeeees eseee et oo eeeees e e eeseeee e e seseeeseeees eessees e eereeseeerse e 294
TYXTAEBA J.H., XAMPAEBA JI.T. (TOLIKEHT, Y35EKMCTOH) FERULA TADSHIKORUM PIMENOV
HU WIAU3U BA BAPTJIAPUJAH AXPATUB OJIUHTAH D@®UP MOWWIAPUHU KUMEBUI

AMAHBAEBA 111.0., MAMYTOB B.X. (TAIIKEHT, Y3BEKNCTAH) BBISABJIEHME B ITPUPOJE IEHHBIX
10 BUOJIOTMYECKHUM ¥ MOP®OJIOTMUYECKHUM ITIPM3HAKAM ®OPM OPEXA B TAIIKEHTCKOH
OBJTACTH ...ttt ettt et et ettt sttt sttt et st et ebebe etese etete tates saeate os Sabs sheses shebis seebes senbeb e nes shsbensaan 299
UZOQOV ABDULLA ABDURAIMOVICH, ABDULLAYEV BOBURJON BAXROMBEK O°‘G‘Ul
(TOSHKENT, O°‘ZBEKISTON) TURLI SHAKLDAGI ZARYADLANGAN KONTURDAN IXTIYORIY

MASOFADAGI ELEKTR MAYDON KUCHLANGANLIGINI HISOBLASH
IMETODIKAS...co oo et st e ettt et et oo e sreses eaea £aeses sees e e sheseas £asaee seaeas naes s nes errs sheses seanas sees seeses sraras 308
MYJIJAT'AJIMEBA AUJA MAKCYTOBHA (BATBIC KA3AKCTAH) BY3AVJIAPIBIH,
OTOJIOI'MACBIHBIH ETTUIIK OHIMAEPIHIH CAITACBIHA ©CEPJIEPIH AHBIKTAY .......ccviieiiiiiine 313

MYKAHI'AJIMEBA AJIbBUHA HYP/KAHOBHA (BATBIC KA3AKCTAH) BOUTEPEK
KOXAJIBIKTAPBIHAA YUPEKTEP/II OTBIPFBI3Y TbhIFBI3ABIFBIHBIH O©CY-JAMYBIHA ©OCEPIH

CEPUKOBA AKYPEK CEPUKOBHA (I'. AJIMATbI, PECITYBJIMKA KA3SAXCTAH) CTAHJAPTU3ALM S

N VIIPABJIEHUE KAYECTBOM IIEPEPABOTKM IIMINEBBIX OTXOAOB PACTUTEJIBHOI'O
TTPOMCXOMXKIEHIIS. ..ot e e e e e et e e e 325

MEJULIUHCKUE HAYKU

KEHKEFAPAKBI3bBI ®ATHMA, HCAHOB BEK3AT PAXMETYJUIAEBUY  (AKTOBE)
[ICUXUATPUSIIAFBl MEJMLIMHAJIBIK — OJIEYMETTIK OHAJITYAbl JXY3E[E ACBIPY/IbIFbI
MEMIPTEPIITH POJIL.......oeoeeeeeeeeeeeeeeeeeee e e e eee eseee eeeeeeeee s eeveseseeeeseeeses seeeesesesa essesseseseeeeeseven et seesnssenes ennes s 330
AMAHI'OCOBA JTUJIbHA3 HYPJAHKBI3bl  (AKTOBE, KA3AKCTAH) OUEJIJIEP
KOHCYJIbTALIMSICBIHAA JKYKTI OMENJI BAKBUIAY KE3IHAEIT MEMIPBUKEJIK KYTIMHIH

EPEKIIIETIII ..ottt ettt et e et et b et steae st eae sataae sasats os Sa0s shabes shsbes shsbes sesbns sasbebs nbani s 334
MAPATOBA 9CEJI BEPIKKBI3bI (AKTOBE, KASAKCTAH) T¥PEBIHJIAPJIbIH JXXYKIIAJIBI AYPYMEH
AYPYBIHIAFBI CTATUCKAJIBIK AKITAPATTBIK JKYUECT......ccoiiiieieieiiiieie s e s s s s e 337

KAPIIOBA EKATEPUHA BUKTOPOBHA, AJIBJKAHOBA HA3UPA PYCJIAHOBHA (I'. KAPAI'AHJIA,
KA3AXCTAH) OETAJIBHBIMI  AJIKOI'OJIBHBIM ~ CMHAPOM: MOP®OJIOIHMA  T'OJIOBHOI'O

MO A e 341
EPBOJIKBI3bl  AMIIOJIIIAH, CAKTAI AHOBA  AKJKMBEK  ATAI'ASUEBHA (AKTOBE)
OKCTPOKOPIIOPAJIbABI ¥PHIKTAH/IBIPY IAH KEUIHI'T MEUIPBUKEHIH POJIL.........c.ccco e 349

TACKBIHOBA MASI AJIMJIBBEKOBHA, ABJIMEBA BASIH MYPATOBHA, ABJIWEBA ANKAH
MYPATOBHA (KA3AXCTAH) MHCYJIBT KE3IH/JE OMBUIY JXAPACBHIHBIH IAWJA BOJIY KAYIIH
A3BAWTY  BOWBIHILIA  IC-ILIAPAJIAPJIBI  KAJIAM  JKYPI'BY  KEPEKTIIIT  BOWMBIHILA
CHITTATTAMACDL ... oo e e e e e e e eeeee e eee et eeveeeeeeees eeeees s eees senees et s eeese eeteeseeanesseees serens eeeenneren ernee o 352
OBJIPAXUMOBA JIO33AT HYPBICTAHKBI3bI, KbIJIBIPBAEBA PAMIXAH MYPATBAMKDI3bI
(AKTOBE, KA3AKCTAH) “TIAJUIMATABTI KOMEK KOPCETYJEIT MENIPBMKEJIK KYTIMHIH

MAHDBIBIIBIIBIEDBI”.......ooooeeeeeeooeee e eeeeeeeeses s eeeessessesseeees seeess esees seeeesseesss e seeessseeses et eeeessessseereeseneesseesss o 354
KAPATAEBA A.B., TAJIMIIOBA B.M. (AKTOBE) MHUOKAP]IT MH®APKTICI BAP HAYKACTAPMEH
YKYMBIC KE3IHJIETT MEATPBUKEHTH MAHDBIBBL.........ooveeeeeeeeeesesses oo seseeeseeeeseeesesseseeeseesssseesss e seseee e 358

ERMEK IMANGALIEV, SAULE KUSSANOVA, SERIK DZHANDAEV, DINARA KASSENOVA
(KAZAKHSTAN) XHWPYPTUYECKMU METOJ JIEYEHUS XPOHWYECKMWX CPEJHNX TI'PMBKOBBIX
OTHUTOB: OITMCAHUE CEPUM CITYUAEB...........cciirieiiininte sttt s st st st e s s s s s s 361



7

KAMBICBAI IMAHA PAXATKBI3bI, TEPEKOBA I'.E (AKTOBE) KAHA TYbUIFAH HOPECTEJIEP/{IH,
CAPFAIO XKAF JAMBIHIAFbI MEMIPBUKE KbI3METIHIH EPEKIIEJIIKTEPL..........octievveeeesesee s s 368
IBBACAPOBA AKMEPEN KAMPYJJIAKBI3bI, MYPTASUHA TI.B. (AKTOBE) BAJIAJIAPJIAFBI
[THEBMOHUSI EMJIEY JKOHE JIMATHOCTHUKAJIAY [TPOLIECIHE ME/IBMKEHIH,
KATBICY Bl e eeesee seesesseeees eseessesses sessss eseses seses sesses sess sesenssesses esesssesss s sssseasses seensseesssessssseeessensenes 371
AKBEPTEHOBA 3OYPEII HYPBOJIATKBI3bI (KABAKCTAH, AKTOBE) JXYKTUIIK KE3IHJIEI'T
COKBIPIILIEKIIEH AVBIPATBIH HAVKACTAPFA  MEWIPTEPJIIK KYTIM  EPEKIIEJIIKTEPIH
AHBIKTAY ..o eeeeee e oo oo s e eees s e eeesevees e ss e eeees s 2esessesssn neessessss sesans sensssssesss ns s sesseannns e 374
WARNAKULASURIYA FERNANDO RASHINA SHANANI, OBUHOVICH ANNETA ROMUALDOVNA
(GRODNO — BELARUS) THE DYNAMICS OF HEMATOLOGICAL DATA AT SURGERIES IN PATIENTS

WITH DAMAGES OF LOWER EXTREMITIES DUE TO DIABETES MELLITUS..........uvuvieeeeeeeeeeenn. 377
MEKEMBAI JKAIBIPA OPA3AJIbIKbI3bI, TYKEHOBA .JISIILJII MYPATBEKOBHA (AJIMATBHI,
KA3AKCTAH) TTAPAMETPJII TEHJIEYJIEP MEH TEHCI3AIKTEP AT IIIELTY OICTEPL......... oo 380
MYPATBEK BAJITYJI CEPIKKBI3bI, MYXAMET)KAHOBA 3AYPEII TAHATOBHA (KAPAFAH/IBI,
KA3AKCTAH) BEJEYJIKKE BAIJIAHBICTbI YKATBIP MUOMACBIH EMJIEY. MUODKTOMUSL............ 385
AIZHAN KABIDEN, ZHADYRA ZHAXYGALIYEVA (ALMATY, KAZAKHSTAN) INNOVATING
PHARMACEUTICAL WASTE MANAGEMENT: A COMPREHENSIVE EXPLORATION........................388

MYXAIIEBA HA3BIM EPKEHOBHA, AKYABAEBA OCEM IIBIHAPBEKKBI3bI, CMAIbSIPOBA
APY)KAH CEPMKOBHA (ACTAHA KAJIACBI, KASAKCTAH) AUTB-MH®EKISICHIHBIH AF3AFA EHY
KE3IHJIET'T XEMOKWHI KOPELIETTTOPITAP JIBIH POJIL......oooovoooeeese s coeeeeeeseseeeeeesseeses s seeessseeess e e 391
I.E. KAJJIBITO30BA, AH. OPMAHOB, A.®. KVYJHWEB, KF.KYPAJIBAl, A.CEWTKA3BI,
P.C.TOMIII (IIIBIMKEHT, KA3AKCTAH PECITYBJINKACBI) IIBIMKEHTTE IIPOCTATA OBBIPBI

BOMBIHIIA ChIPKATTAHY IIBIJIBIK TIEH ©OJIIM-XKITIMJIT TAJIJTAY .......ooo e ceeves v s s e 398
OTAPAJIMHA OCEJI JK9JIEJIKBbI3bl (AKTOBE KAJIACBI) «KYHABIT EMJIEY BOJIMIH/JEIT
MEMIPBUKEHIH POJID).....cco vttt et ettt et ettt ettt eteae cataes sees et s ebebs seaa seabs ssns snes srnaes ens 406

HNCAXAHOB MYXAMMAIPACYJ JAJAXAHYJIBI, YMAPBEKOB KAJII'ACBEK A3ATYJIbI,
KAJIJABITO30BAT.E,, KYJIUEB A.®. (TYPKECTAH, KABAKCTAH) OCHOBHBIE 3TUOJIOT'MYECKUE

®AKTOPBI XPOHUYECKOT'OITPOCTATUTA 1 COBPEMEHHBIE METO/BI JIEYEHUSL.................... 409
BAKBITOBA ATTMSIHYP, OMIPOBA HYPT'YJI (AKTOBE) XACOCIIPIM BAJIAJIAP APACBIHJIAFbI
APTBIK CAJIMAKTBIH, AJIJIBIH AJTY JIAFBI MEUIPBUKEHIH POJIL.........cooooeeeeeeeeesesssseseeeeesceeees oo sereee e 412

INEJAT'OI'MYECKHUE HAYKHU

KISMETOVA G.N., ORYNGALI N.S. (URALSK, KAZAKHSTAN) THEORETICAL FOUNDATIONS OF A
PERSONALITY-ORIENTED APPROACH IN EDUCATION. .......ouiuiiiiiiiiiie e 417
KISMETOVA G.N.,, MAKHAMBETOVA AT., M.UTEMISOV (URALSK, KAZAKHSTAN) DEFINITION OF
CATEGORIES “INFORMATION AND COMMUNICATION TECHNOLOGIES”, “MOBILE APP”,

AIGUL OLZHABAYEVNA MUKHAMETZHANOVA, KORLAN RAKHMANOVNA YESTAYEVA
(KARAGANDA, KAZAKHSTAN) THEORETICAL FOUNDATIONS FOR THE DEVELOPMENT OF
EMOTIONAL INTELLIGENCE OF FUTURE PRIMARY SCHOOL TEACHERS.......... .uvveeeieeeieeeeeeeeee. 428
KULSHARIPOVA ZARU KASYMOVNA, SMYKOV AMIR SERIKOVICH, MEKEZHANOVA DINARA
ZHAKSYBAEVNA (PAVLODAR, REPUBLIC OF KAZAKHSTAN) FORMATION OF A TEACHER-TUTOR
IN THE EDUCATIONAL PROCESS OF THE UNIVERSITY.........oeeeeiiiieiieeee oo 434
EPJKAHOBA AJIMAIII EPJKAHOBHA (OPAJI KAJIACBL, KA3AKCTAH) BUIIM AJTYIILUIAP/IBIH
LU®PJIBIK DOTUKETI JKOHE MEJACOITHIH  LIU®PJIBIK MOJEHMETI MOCEJEJIEPH

BEPTTEY coooooooooeeeeeeeeeeeeeees oo e e oot oo et e e e 22444 e et e et e et s ettt s s eee et s eeeeee e 442
MAKCYTOBA HYPI'YJIT MHPMAHOBHA (BKO, OPAJI KAJIACBHI, KA3AKCTAH) ®OU3NKA
CABAKTAPBIHJIA BUIIM AJTVIIBUTAPJIBIH TAHBIM/IBIK BEJICEH/IUTIIH
TKAHTLAHTIIBIPY ... oo oo oo e oo et s e e e e e e s e eee e esees e e 448

TOCMYXAH ASIKAH CEPIKKAHKBI3BI, TIOCEBAEB XAHAT AJIMMIKAHYJIBI (KP, ATMATBI
KAJIACBI) 8-111I CEIHBITT XUMUSIChIHBIH KEMBIP TAKBIPBIIITAPBIHA TECTTIK TAIICHIPMAJIAP MEH
JIECKPUITTOPJIAP JIBI HACAY OJUICTEMECL.......ooooeeeeeeee oo eeeeeseeeesseeeesseesss oo seeessseesss e eess s seseeseeee 452
KYAHBIIIBEKOBA KA3BMPA AXMETOBHA, TAYBAEBA PAYIIAH CEPUXAHOBHA (TAPA3)
APPLICATION OF BLOCK-MODULAR TECHNOLOGY IN TEACHING CHEMISTRY AT

EPOJIJIA TIEPU3AT KOJIFAHATKBI3bI, KAKKHAKIIAPOBA JKAJIBIPA CEPUKOBHA (OPAJL

KA3BAXCTAH) MHO®OPMATUKA TIOHIHEH O3IHJIK XKYMBICTbl YIBIMIACTBIPYJIA BYJITTBIK
TEXHOJIOT USTHBI KOJIJIAHY JIBIHOIICTEMEIK JKYHECIH XKETUIIPY ...oooooee oo seeeee e 463



8

TACAHOB H.A. (IIBIMKEHT, KA3AKCTAH)BOJIEMBOJILLBUIAPIbIH, JANBIHJIBIK [TPOLECIHJIEL]
KOPJJUHALISUTBIK KABUTETTEP L JIAMDBITY ... oooooooeeeeeeeeeeeeees oo seeeeeeeeeeseeeses oo seeeesseeees s sorene e 469
JKYMATAJIUEB  PABWJIb ABWIOBWY, WIMJIAKOBA TVYJIBMHPA WJIbSICOBHA,
BAIIMYXAMBETOBA MHHAPA BEPIKKBI3BI (I.TAPA3, PECITYBJINKA KABAXCTAH) ITIPUMEHEHUE

MHHOBAIIMOHHBIX TEXHOJIOI' M HA YPOKAX PYCCKOT'O A3BIKA. .........coeieeiieiiie 474
KYMAPOBA A.b. (OPAJI KAJTACBI) OPTA MEKTEIITE ®MN3NKA TTOHIHEH 9 CBIHBIIIKA JKUBIHTBIK
BAFAJTAY TAIICBIPMAJTAPBIHBIH KOPBIH KACAY ..ot s e s s s s 479

PAYII AHXEJA HWIOPEBHA, MYXAMETOB EJJIOC MVYXTAPOBHUY (KA3AXCTAH)
UCIIOJIb30BAHME  MHO®OPMALIMOHHBIX  TEXHOJIOTUM  IIPU  OBYYEHMU  MJIAAHIMX

KOJIBHUKOB MATEMATUKE. ...t e et 482
SANAKOVA SK. (KAZAKHSTAN) THEORETICAL BASES OF INTEGRATED SUBJECT-LANGUAGE
TEACHING OF PROFESSIONAL FOREIGN LANGUAGE STUDENTS......ccoiiiiiiiiii e 485

BEPJIIXAH KAHHA FAJBIMXAHKBI3bI, CBIJILIKOB BAKBIT JUKAMBAWYJIbI (AJIMATHI,
KA3AKCTAH) HEI'T3T'T MEKTENTE AJITEBPA KYPCBIHJA DOJIEKTPOHIBIK OKBITY K¥PAJIAAPBIH

ABWISIIIEBA AWHYP MAXATKBI3BI (KA3AKCTAH, AKTOBE) CTYAEHTTEPJIH OKY IC-
OPEKETIHJIET'T TEMITEPAMEHTIHIH, EPEKILIEJIIKTEPL......cooooooeeeeeeeeeeeesseveesseeeesceesesseeeeeseeeeseeesssseeeeeseeees oo 493
ABKAJTIETTIOBA AMJKAH TYBANJYJJIAEBHA (BATHIC KABAKCTAH ) LESSON STUDY TOCLII —
BUIIM CAITACBIH APTTBIPY IBIH TUIMIL KYPATIBL.....ooooeeeoeooeeeeee oo seeeeeeeeeeseeeses e neeessseeses s seseee oo 497
T.E.OPBIHEACAP, T.P.HYPEKEIIOBA (AJIMATBI, KA3AKCTAH) BUIIM AJTYILIBUIAPIbIH MOTIH/IIK
KY3bIPETIH  AFBUILIBIH ~ TUIAI ~ JKAPHAMAJIAP  APKbUIBI  KAJIBIIITACTBIPYIbIH

KBIIBINIBEK ACXAT HYPJAHVJIbBI, ! EPEIIGAEB HYPJIAH KBIJIBIPBEKYJIbI, ECMAXAHOBA
I'YJIBHAP HYPMAXAHOBHA (IIBIMKEHT, KASAKCTAH) MHHOBAIMSJIBIK TEXHOJIOT MAJIAP JIbI
3AMAHAVU OKBITYJA KOJIJAHY IBIH EPEKIIEJIIKTEPL........ocooieiiiiiiee i s 507
CAJIMBIP3A K1, KbBIABIPBAEB B.U., AJIJJABEPTEHOBA K.B. (ILIBIMKEHT, KA3AKCTAH)
BOJIAIIAK TIEAAI'OI' TYJIFACBIH 3AMAHAYU  AKIIAPATIBIK  KYPAJIJIAP KOMEI'TMEH

JAMBITY IbIH ITCUXOJIOT MAJIBIK-TIEJAT'OT MUKAJIBIK MYMKIHIIKTEPL......oooevei e 512
CAJIMBIP3A K1, A3M30B AA, AJIWEB A.A. (IOBIMKEHT, KA3AKCTAH) KA3AKCTAH
PECITYBJIMKACBIHJAA NHKJIFO3UBTI BUIIM BEPY EPEKIIIEJIIKTEPL......ccooviiiiiici i e 516
KAXKHUAKITAPOBA KAJBIPA CEPUKOBHA, KAI'MEBA TYJ/J3AT CEPIKKBI3bI (OPAJI
KAJTACBI,KABAKCTAH) OKY ITPOLECIHJETT TEMMUMUKALIVS..........ooovoveecevees e seesis s ssenss s 524

TULENBAYEVA  DANAGUL IZMAKHANOVNA, ISSIN SAGADAT GABDYGALYMOVICH
(KARAGANDA, KAZAKHSTAN) ACTIVE FORMS OF ORGANIZATION OF FOREIGN LANGUAGE SPEECH

INTERACTION OF STUDENTS.....ooiiiiiiiiiiiiici e e e tu et bt et st e se s bueesersenusnd 530
AJINEBA MHAPA BAJIAJIKBI3bI, 3YJIIIBIXAPOBA MAUPA PAXMATYJIJIAEBHA (KA3AXCTAH)
POJIb MATEMATHUKHU B IIPOI'PAMMUMPOBAHUI...........c.ccoemeiiieieieiiieieieienie i sttt bt srsiss s s s s s 534

OHO®USI MNEPU3AT EPBOJATKBI3BI (YCTb-KAMEHOI'OPCK, KA3AXCTAH) JUHAMUKA
KOMMYHUKALIMOHHBIX ~ MPAKTUK  YUWUTEJIENH  UH®OPMATUKM B COBPEMEHHOM
OBPABOBAHMIL. ...t 537
KOKAH OCEM ACATKbI3bl, MBIP3ABEKOBA APYKAH KOJKABEKKBI3bI (LLILIMKEHT,
KA3AKCTAH) BAJIABAKIIIAJIA BAJIAJIAPJBIH CO3AIK KOPBIH JAMBITY TICUXOJIOTUSIIBIK-
TEJIATOT UKAJIBIK MOCEJIE PETIHJLE. ....oooeeeeeeeeeeeeeeeeeeceeeeeeeeees oo seees s e seeeesseeses e sesessseeees s sesees severeen 542
OJ’KABAEBA HO3UMA YMM/JKAHOBHA, MBIP3ABEKOBA APYJKAH KOKABEKKBI3bI
(IIBIMKEHT, KA3AKCTAH) MEKTEIT JKACBIHA JIEMIHIT BAJIAJIAPJIBIH CO3MIK KOPBIH
JIAMBITY JIBIH, EPEKIIIEJITKTEPL.....oooooouoeeeeeeeeeeeesseeeees oo eeeeeseeeees e eeeess e seseesseeeesseseess oo seeeesseesss e neenee 548
KISMETOVA GALIYA NAGIBUDAEVNA, BAIMUKANOVA ANEL TIMUROVNA (WEST
KAZAKHSTAN) REALISATION AND USE OF PROBLEM-BASED LEARNING IN ENGLISH LANGUAGE

CLASSES AT HIGHER EDUCATION INSTITUTIONS. ... ..\t oeeeee oo 555
CEPIKKBI3BI JKAHCASL (KbI3bUIOP/IA, KASAKCTAH) ®U3UKAHBI OKBITYJIA OKYILIBUIAP/IBIH 63
BETIMEH BUIIM AJTY JIAF JIBICHIH KATTBITTTACTBIPY .o e oot seeess eeeeesesess sesesseeesee s sesees e 559
MYXAMET/KAHOBA A.O., IASTH M. (KAPAFAH/IbI KAJIACBI) YJITTBIK KYH/IbUIBIKTAP — YPIIAK
TOPBUECTHIH, HETTBL....o oo eeeeeseee s eeessseeese eseeseeeees s seees sesessssessss sesesssesses sesesssesssssessessesssssesess s e 562
JKYBAHBIIIEBA AJIMAHYP AJMBICIAEBHA (KA3AKCTAH) YJIbl AFAPTYILUBI WESUIAPBI
APKBUTBI [ITAFBIH XUHAKTBI MEKTEITEPIETT OPTA BUTIM BEPYIIKAHFBIPTY ...........coeeceessessrsn, 567

ABJIMKAIIIAP 3APUHA MYXTAPKbBI3bI, BYJILIEKBAEBA AM. (KASAKCTAH) JUIAKTUKAJIBIK
OUBIHJIAP - MEKTEIIKE JIEUIHIT EPECEK KACTAFbI BAJTAJIAPJIbIH AJITOPUTM/IIK MOAEHUETIH

TUAMBITY KCYPATTBL. ..o oooooooe oo oeeesseeses eseessesees s s e e s e esees e sesessseessssesses s s 573
KAPABAJIMEBA AKTHJIEK AB3AJIOBHA (OPAJI KAJIACHI, KA3SAKCTAH PECITYBJIMKACKI) ®U3UKA
[TOHI MEH TIBIFY TAPTIXBIHA TIOJTY .ooooooo oo e eesesseeees eseesseeees e seeees esessseeees s eeeees e 577



9

COJIYAKACOBA TI.T., ABITYPAXMAHOBA M.M. (AJIMATBI, KABAKCTAH) BACTAVDII CbIHBIII
OKVIIBUIAPBIHBIH,  KYMCAK  JIAFJIBUIAPBIH  JJAMBITYFA  APHAJIFAH  OMBIHJIAPJIbIH
EPEKIITEITIKTEPL oo eeeeeeeeees oo esees e seeeee s e eeeseeeee s eee0tseeees s sesssesseeees seesss e seseesseeees s e 581
3APJIBIKAHOBA OCEJ TYPCBIHKBI3bI, TAKEHOBA AJTbIH BANKAHOBHA, KYBEHOBA
MEWPAMKYJI  JKAKCBLUJIBIKOBHA (KOCTAHAI, KA3AKCTAH) CABAK  BAPBLICBHIHJIA
OKYIIBITAP AbIH YVJIECIM/II TYJIF AJIBIK KACUETTEPTH JTAMBITY ....covovveeeeeeeeeeeees e eeeees oo seneee e 585
BAETOB JYWCEHBEK MBIHJKACAPOBHY, OCLI IHKOP (TYPKICTAH, KA3AKCTAH)
KACOCHIPIMAEPAIH JEHE MYMKIHIIKTEPI MEH KO3FAJIBIC OPEKETIHIH CAITAJIBIK
EPEKIITEITIKTEPL oo oeeeeeeoeeeeooe eeees e e sesessseeees e seseesseeees seeees esees e ees eesess oo seees £ eeeess oo senees eesses s seeees 588
KOMIIMBAEB APMAH BAJTABAEBUY, AJbKAHOB HYPACBLJI ACKAPYJIbI (TYPKICTAH,
KA3AKCTAH) JIEHE TOPBUECI MAMAHJIAPBIH KOCIBM IC-OPEKETKE JAMBIHJIAYJIBIH
OJUCTEMEJIIK HKYTIECL....oooooooeeeeeeeeees oo eeeee e e seeeesseeees ceeseeseseesseeeeseeseee s eeeessesees s seeeesssesses s sesere e 592
KYAHBIIIBAEB BAXBIT)KAH JKAHAJIWJIOBHY, KOJKABAIl CAJITAHAT KEHECKBI3BI
(TYPKICTAH, KA3AKCTAH) KA3AKCTAH PECITYBJIMKACBIHIAFBI KA3IPTI 3AMAHFBI OCKEPU-
TIATPHIOTIIBM. ....oooooeeeeee oo eeeeeseeeeesseeeeeseeeeseeeees oo e esesseeees e seeeesseeseswessesseeeeseeesssseeeeeeeeeseseeees s oo eeeees e 600
HAPBIKBAII POJIIAH TAKEHYJIBI, OPBIHBEK PAMA3AH HYPJIAHYJBI (TYPKICTAH,
KA34KCTAH) MEKTEI OKYIIbIJIAPBIHBIH KUMbLJI-KO3F AJIBIC JIAF JIBLIAPBI KAJIBITTTACTBIPY JIbIH,
DOUINOJIOT VISUTBIK EPEKIIIEIIIKTEPL ...ooooooooeoeeeeeeeeree e oot eeeees s sesesssesses s sesessseeees e seses s ssssnsseeees s 607
HCAKOB MXTHUEP AJTUTAUHOBUY, TYPMAMBEKOB TOPEBAl ABJIPAXMAHOBHY
(TYPKICTAH, KA3AKCTAH) OPTA JKOHE KOFAPbI MEKTEIITEPTE APHAJIFAH KBAHTTBIK ®U3UKA
KOV PCTAPDL ... e eeeee e e seeeee e e seseeee et s seseeseeeees seeees s s eseeeeeeeesseeees oo eeeeesseesss e neneee 613
CAFATBEK T'AYhAP 'KAPKBIHKBI3BI (TTABJIOJIAP) MATEMATHKA TTOHI BOUBIHIIIA MOCEJIEJIK
OKbITY/Ibl KOJIJJAHY APKbLJIbI OKYIIBLIAPJIBIH YKOFAPBI JIEHTEIMII ONMJIAY JAFIbUIAPBIH

KAJTTATL JIAMBITYEA BOJTAJIBI? ...t oo eveeee et eeveseeseess sesees se e s essa ees e sesessrens e snes esss eenee e 617
IIBIMBIPXAHOBA CASI MBIHJKACAPKBI3bI (OPAJI KAJIACBL, KA3AKCTAH) BOJIAIIIAK
NHOOPMATUKA TIOHI MYFAJIIMJIEPIHIH KOCIBM KY3BIPETTUIIITH KAJIBIIITACTBIPY.................. 619
OPBIHFAJIM APYKAH KYCYHNKAJIMKBI3BI (OPAJI KAJIACBHI, KA3AKCTAH) OKBITY]IA
TOJBIKTBIPBITF AH LIBIHIBIKTBI KOJIZIAHY ..o eeeeee e eeveeseeee et seese ceseseseseesseseen eseneserss e 625
JKOHET JIQJIEJ (KABAKCTAH, ATIMATBI OBJIBICHI) OFOJTAP CBIPDBL.........oovoeveeeeeseeereeseseesereesnee e 632
BOJIAT HA3EPKE BOJIATKBI3bI (IIBIMKEHT, KA3AKCTAH) TYBIPJIIK BEKTOPJIAP/IbIH BIP
KACHETL TYPATIBL...ovveee ettt eeeeee et eeeeeseeeeee ceseee eeeseseesess seeseseseesseeesseeeesseseesesesen eees e esess e see eesea esessserenes 636
TOKTAPBEK CAFBIHAM (AJIMATHI K, KASAKCTAH) KbITAI TUITHJEI'T HOTWKE TOJIBIKTBIPFBILI
MYILIEHI CEMAHTHUKAJIBIK BAFBITTA TATIITAY ..o coveeeeeceeeeeceeeee seseseeeeseeses e v ens s sevesensee eesnes s 639

CYITPAJIMHOBA BUBUTYJb AJNBICBAEBHA, TOJIEYKBI3bBI MAIMHA, KYJIAC JWHA
(T TIABJIOJIAP, KA3AXCTAH) IPUMEHEHUE JUOOEPEHIIMPOBAHHOI'O MOJAXO/IA K OBYUEHHIO
MATEMATUKE C UCIIOJIb30BAHUEM CTPYKTYPUPOBAHHBIX 3AIAHUI. ........ooooeeeeeeeees oo 647
CAHCBI3BAEBA TYJIMAPHUSI MAKCHUMOBHA (BKO, OPAJI KAJIACBI) OKYILIBUIAP/BIH
TYPMBICTBIK JKAFJANIA ®U3NKAIBIK 3AHJIBUIBIKTAPIbI KOJIIAHYBIHBIH, ITEJIATOT UKAJIBIK
TLTAPTTAPDL. ..o oo oo eeeesseeees seeees seeees eseses seeeesseeeee e sees s eeseesseeees e seseeseeeeeseesessseseeesees e eeeeeseees 652
SARYMBETOVA ALMAKUL AYDASHOVNA, SHOIBEKOVA ALIMA ZHORABAEVNA (ALMATY,
KAZAKHSTAN) MOBILE APPLICATIONS FOR ENGLISH LANGUAGE LEARNING DURING

INDEPENDENT WORK OF STUDENTS. ... .ttt e e e et et 657
KAHAT J9PHUS (AJIMATBI, KABAKCTAH) «OJIEKTP XXOHE MATHETHU3M» TAPAYBIH OKBITYJIA
OKVYIIBUITAPIBIHTAHBIM/IBIK BEJICEHAUUIIKTEPIH KAJIBITITACTBIPY ..ot 662

ABWIBAKHEBA TAJINWA TYPBICBEKOBHA, OBAIIAJIBIK AMMHWHA CEI?iT)KAHOBHé
(PECIIYBJIMKA KABAXCTAH, I'OPO AJIMATBI) PABBUTUE TTO3HABATEJIBHBIX HABBIKOB JIETEU

JIOIIKOJIbHOTOBO3PACTA C TIOMOILBIO LTUDPOBBIX PECYPCOB..........ooooooeeeeeeeeeeeeeee oo 667
AXMETOBA AJIUSI MYPATOBHA (KA3AKCTAH, KAPAFAHJIbI KAJIACBI) OKY YPIICIH/ETI
KOJIJTAHATBIH TTEJATOT MKAJTBIK TEXHOJIOTTISIITAP........e oo v seveesseeees e seseesseeees oo 672

OKAPOBA TYJBHAPA MAXATAEBHA, AKBAEBA IIOJIMAH ABWJIBIASUEBHA (I.AJIMATSIL,
KA3AXCTAH) MHTETPALMS JUCLIUIUIMH JU3ANHA: HOBBIM DTAII B XYJIOXXECTBEHHOM
OBPABOBAHMIL. ... e, 677
OJIUTJKAHKBI3BI AKHYP, ECEHJKOJIOB EPTAJIM KABJOJIJIAYJBI (CEMElN, KA3AKCTAH)
KOMIIBIOTEPJIIK MOJEIBbJEY APKbUIbI MEKTEN OKYIIBIJIAPBIHBIH KEHICTIKTE EJIECTETY

JIAFJTBITTAPBIH JIAMBITY ........oooivvoeeeoeeeeeeeee oo eeeeee seeeeeeeeeseeeess seseeseevssn s eesaessss sanesssesses sessss saenssesssn seessssesnsarnee 682
CYJTAHOBA H.K. (CEMEN, KABAKCTAH) ABAMJIbIH TABUFAT JIMPUKACHI MEH ©CUETTEPIHIH
EPEKIUEJIKTEPIHE TAPUXU-TTEJATOT MKAJTBIK TATIITAY ... seeesseveanesnssseses seesss sssnesseves 685
SIKOBEHKO JIOJIMMJIA KOHCTAHTHMHOBHA (I'. IIBIMKEHT, PECITYBJIMKA KA3AXCTAH)
BO3MOXHOCTU COYETAEMOCTH CJIOBA «YUMTEIIBY. ... .ooeieiie e 689
JIUKEKEHOB IMAXBIT CYJJEMMAHOBHY, CYJIEMMAHOB OJI’KAC IMAXBITY.JIbI (TAPA3 KAJIACHI,
KA3AKCTAH) OKBITYIIBI-)KATTBIKTHIP VIIIBIHBIH, TOPBUE JK¥YMbBICBIHBIH,
EPEKIIIETIIKTEPL ...t oo eevee e oo eeeeee sesees e eeseesseesseeessa eeses s esessseeses sessns sesssnsnnessesens 693



10

JUKEKEHOB MAXBIT CYJEHMAHOBHY, IIWJIUBAEB BEKBOJIAT AMAHKOJOBUY (TAPA3
KAJIACBI, KA3AKCTAH) JEHE IIbIHBIKTBIPY CABAKTAPBIHJA EPIKTI KACHUETTEP/I
KAJIBIITACTBIPY EPEKILIEJIIKTEPL .....oooooeeeeoeeeeeseeeeescoeses oo coeeeseeees e eeeees e e e seeees s seeess e seeees s 698
JUKEKEHOB TTAXBIT CYJEHMAHOBHMY (TAPA3 KAJIACBHI, KA3SAKCTAH) JIEHE HIBIHBIKTBIPY
CABAKTAPBIHJIA OKYILIBUIAPIBIHMOTUBALISUTBIK CAJTACBIH JTAMBITY ....oovooeee oo sereee e 703
IIUJIUBAEB BEKBOJIAT AMAHJKOJIOBHY (TAPA3 KAJIACBHI, KA3AKCTAH) CITOPTIIIBIHBI
JIAVMBIHIAY IAFBI BAKBIJTAY MEH BACKAPY JIBIH YKAJITTBI YIITTCL....oo oo e oo seeees oo 708
CAJITAPAEBA TVJAWBIM WBPATUMOBHA (AJIMATHI K., KA3AKCTAH) OKYBIHIA
KUBIH/IBIKTAPBI BAP BACTAYBIII ChIHBIIT OKYIIBUIAPBIHBIH OJIEYMETTIK-KOMMYHUKATUBTIK
JIAFJIbUTAPBIH CABAKTAH TbIC IC-OPEKETTE OUBIH APKBITBI JIAMBITY. ... oo 711
BAITHA3APOBA BATJIAH AIIMMBEKOBHA, KAPUBAEB CAPCEBAIl YCKEHOBMY (ILILIMKEHT,
KA3AXCTAH) METOJIUKA IIPEIIOJABAHMS HWCTOPUM B PAMKAX HOBOI'O ®OPMATA

OBYUEHHS.......cooiiiiiiiitts et sttt et et et seese eaes eaeses eseae setate seseas eaeae eueses es sh sasans shbs ebbs shsbs e sena o 716
KYMAJIWIOBA AJINsI CMAJIOBHA (KABAKCTAH PECITYBJIMKACHI, TAPA3 K.) BUIIM BEPYIEIT
SUATKEPJIIK OUBIHIIAP ..ottt st sttt sttt et et et vt eaebes saetes st saes seeee s st s bebsas ebess nbebs sesens sans 722

CABBIPBAIl  BEKBOJIAT EJLUIBAMYJBI  (ACTAHA, KA3AKCTAH)  CTYJEHTTEP/IH
®YHKLUOHAJIJIBIK CAYATTBUIBIFBIH KAJIBIITACTBIPY JAFbI 3AMAHAYU OJIIC-TOCUIJEP......728
PCAJIBI TYJHYP MYXTAPKBI3BI (ACTAHA K) KA3AKCTAHJIAFBI MEKTEIT JKACBIHA JEHAIHIT

BAJIAJIAPJIbIH MEKTENKE JANBIHJIBIFBIH KETUIIIPY c.oooeooooooeooeeeeeeeeeeeeeeeeeeeeseeees e s eeeses oo seeeee e 732
OBJYKAJBIP JIAYPA YCEHKBI3BI (TAPA3, KASAKCTAH) XUMUST CABAFBIHIA MOTUBALIUSIHBI
APTTBIPY ®AKTOPBI — UHTEPAKTUBTI OKBITY TOCUIL.....eoeeeeeeee oo e seeeeeseeeesceesssseseee e e 736

OB/IVKAJIBIP JIAYPA YCEHKBI3bI, TAYBAEBA PAYIIIAH CEPUXAHOBHA (TAPA3, KA3AKCTAH)
3AMAHAVU CABAK - AKT KOJIJIAHY APKbUIBI BUIIMAJTYIUBUIAPBIH ®YHKIIMOHAJJIBIK

CAYATTBUIBIFBIH KAJIBIITTACTBIPY JABIH, HETT3I PETIHJIE. ....occccverscess e et e e e 740
"KAHY3AK AWCY.JTY OPAKKBI3bI (TAPA3, KABAKCTAH) XMMIS CABAKTAPBIHJIA MHTEPAKTUBTI
OKY KYPAJIJIAP HCYMECTH TTAMIIATIAHY oo e eeeee e eeeeeeeeseeeee s eeeesssessssseeesssesess s sesees s 744

JKAHY3AK AMCYJY OPAKKBI3bI, TAYBAEBA PAVIIIAH CEPUXAHOBHA (TAPA3, KA3AKCTAH)
KA3IPTT 3AMAHFBI OKY KYPAJIJAP JKYWECIHIH BUIIM CAJIACBIHJIAFbI OPHbI MEH
IMAHDBIBDBL.....c.oiiie ettt et sttt et ettt ettt eeses eaeses ebeae cataes seseae eeees eaeses es sh Sisaes sE b s ebebs shebet ebeb snns s 748
TAPAHOBA SIHA AHATOJIBEBHA, HAPOJXHASI BAJIEHTUHA JMUTPUEBHA (I'. IIIBIMKEHT,
KA3AXCTAH) OCOBEHHOCTH JUCHUIUIMHAPHOI'O OBVYYEHHS PYCCKOMY S3BIKY U

JIMTEPATYPE B COBPEMEHHOM LIKOJIE. ...ttt 753
KYAHBILIIEBA AJIVA BEHUBITKBI3bI, TYHCEHOBA JKABMPA AHYAPBEKOBHA (AJIMATHI,
KA3AXCTAH) BYJUIMHT: TIOHUMAHME, [IPEJOTBP AIEHUE W TIOCTTEJCTBHAL........ooovorreveeer e 759

BUCEEBA APY)KAH BATBIPKBI3bI, MYCABEKOBA T.T. (I'. LLILIMKEHT, KA3AXCTAH) BJIVSIHUE
COBPEMEHHBIX TEXHOJIOTM1 HA OBYYEHUE U PA3BUTUE SI3bIKOBBIX HABBIKOB: BbI30BbI 1
MIEPCIHEKTUBBI B T'YMAHUTAPHOM OBPA3OBAHUIL. ..........oi oo e 761
BOPOIIIOB CYJITAH )KYMABEKOBHY, YPAUMOB KYBAHBIUBEK MAMA3AKHUPOBUY (XKAJIATI-
ABAJl 1LIAAPBI, KbIPTBI3CTAH) P. ABJIbIKAJIBIPOBJYH UbITAPMAJIAPBIHBIH HETM3UH/E
OKYVYUYJIAPJIbI MY3BbIKAJIBIK-DCTETUKAJIBIK JKAKTAH TAPBIISUTIOO.......... .. eoeeeeeeesssssss e seeeee e 766
TAUTIOBA JIMHAPA MYXTAPKBI3bl, CTAMBEKOBA ACEJIb CEPKEBAEBHA (KA3AKCTAH,
AJIMATBI KAJIACBI) BACTAVBIII CBHIHBII OKYIIBUIAPIBIH ®U3UKAJIBIK YFBIMIAPLIH O3]IIK
YKYMBICTAP APKbUIBI YL TUTJIE KAJIBITITACTDBIPY......ooooeooeeceveceeees e seeeeeseseesceesesseseeeseeeeseeeeeseeeess oo 772
PAXMETYJLJIA T'.1, UBALYJIJIAEBA C. K. (KbI3bLJTOPJIA KAJIACBI, KA3AKCTAH PECITYBJIMKACBI)
BUOJIOTWSUIBIK  YFBIMJIAP/IBI KAJIBIIITACTBIPYIA OKYJIBIKTAPJIAFBI WJUTIOCTP ALIASIITBIK
MATEPUATITIAP JIBIH MAHDBIBDL.....ccooooeeeeeeeee e eeeeeeeeeeeeeeseeeeeeseeeeeseeeeseeesesweseessesses e sesessseeessceessssesseesenees e 775
MHP30XOHOBA MATJIYBA  MHWP3OXAIIMMOBHA  (PECITYBJIMKA  TAJDKUKHCTAH)
®OPMUPOBAHUE KOMMYHUKATUBHOM  KOMIIETEHIIMM  CTYAEHTOB  HES3BIKOBBIX
®AKYJILTETOB HA  3AHITMSIX 110 PYCKOMY  SBBIKY C  MCHOJBL30OBAHUEM

BUITEOMATEPHIATIOB. ... .o e, 785
E3UMOBA LK. (AIMATBI, KA3AKCTAH) JSPUIIK OCIMJIK TYPJIEPIH BUOJIOTUSI CABAFBIHJIA
OKBITYJIA OKBITY IBIH BEJICEHIIOIICTH TTATITATIAHY ..ooooooooeeeeees oo seeesesseeesseeeessssensseeees e 790

CENTIM AKIIOJMNAH EPJIAHKBI3bI, HYPEKEIIOBA TVYJbHA3 PAXMETBEKOBHA
(KA3AKCTAH) AFbUILLIBIH Tl CABAFBIHJIA COIJIEY JAF IbIJIAPBIH JAMBITY YIUIH SMALL TALK
TEXHOJIOTUSICBHIH KOJIITAHY ... seeseesceeeeseeesseeeeeseesss seseesseesessesees s e seneeseseessesses s sesens e 795
KOHBICEAEBA APYJKAH MAPATKBI3BI (AJIMATBI K., KA3AKCTAH) BEUHEJIEY OPEKETI
HEIBIHJE MEKTEINAJIbl TOIl BAJIAJIAPBIHBIH OJIEVMETTIK-DMOLMOHAJIIBIK JIAFJIBbICBIH

HBIFMETOBA AUT'EPIM CKAHJAPBEKKbBI3bI, HYPUJMHOBA CETOPA HU3AMY/JIUH KU3U

(AJIMATBI K., KA3BAKCTAH) ADDIE XOHE SAM MOJIEJIb/IEPI APKbUIBI OKY Y/IEPICIHJIE CAH/IBIK
TEPBAPUMJITKOJIIIAHY ... eeeeeseeees eeeeess oo seeees s oo seeeesseesss e seeesssesses e sessssseeees e seeesceessssenes 805



11
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Abstract. A mathematical model of electric power, robotic, navigation, pendulum and other
systems is a class of ordinary differential equations, the right parts of which contain periodic
functions from a part of phase coordinates calledangular coordinates.

This paper discusses the method of solving the problem of controllability for systems with
angular coordinates in the presence of phase and integral restrictions, taking into account the
given control restrictions. The necessary and sufficient conditions for the solvability of the
problem under consideration using the immersion principles are obtained and a numerical
algorithm isproposed for finding the required controls and trajectories.

Key words. angular coordinates, phase and integral restrictions, immersion principle,
conditions of solvability.

Introduction. The task under consideration has numerous applications in radio engineering,
electric power industry and space research. A mathematical model with angular coordinates is
dynamic system with a phase space. Therefore, the study of the controllability of such dynamic
systems is especially relevant.

This paper discusses the method of solving the problem of controllability for systems with
angular coordinates in the presence of phase and integral restrictions, taking into account the
given control restrictions. The necessary and sufficient conditions for the solvability of the
problem under consideration are obtained using the immersion principles, and a numerical
algorithm isproposed for finding the required controls and trajectories.

1.1. Task setting. Consider the equations of motion of a multidimensional dynamical
system

)ﬂ<= Ax+Bp(o,t), (;:Cx+ Rp(o,t)+Ev(t), tel =[t0,t1], (1)
with boundary conditions
(X(to) =X, X(t,) =%, 0(t) = 05,0 (t,) =0, ) e Sc R*". 2
with phase restrictions
(x(t),o(t)eG(t)={(xo)eR

with integral restrictions:

b

0, (%)= [ 3, (x(t).o () u().v() R <c,  =1p (@

)

o(t)<F(x(t),0(t).t)<s(t)tel}, (3

—
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g, (u,v,x,a)z]% fo; (X(t),o(t),u(t),v(t),t)dt=c,, j=p,+Lp, (5

]

with controls:
u(t)eU (1) ={u(0)e L, (IR ) () <u(t) < A(t),tel},  (6)
v(t)eV (1) ={v(0)e L, (1,R? )|, (t) <V(t) < By (t) el |, (7)
Here A B,C,D,E,R— constant order Mmetrixs (nyxny),(nxm),(nxr,),
(mxn),(mxm),(mxr,) respectively; u(t),v(t)—- management; , (t), 5, (t),

a,(t),5,(t)— continuous functions; S— convex closed set; F(x,o,t)— continuous in set of

arguments s—  vector function; o(t),6(t)— continuous s—  vector function;
foj(x,a,u,v,t),j=],_p2 — function, continuous in set of arguments; m-— vector function
¢(o,t) isperiodicinangular coordinates ¢, ..., gy,;
#(00)=((020). 0 (01) -
=p(o+At)=(p (0, + A1),y (0 + AL ).

We introduce the vector function x(t) :(Z(t)x_pz(t)) where

50 1o (4(6).0(6) (). v7). i =T

Then
x(t)= fo(x(t), o (t),u(t),v(t),t),x(t,) =0, (8

;(tl):aecg:{aem\a:(ag ..... c,).c =¢,~d.i=1p,
Ci=C.j=p+Lp,d >0,j=1p} (9)
Introducing further vectorsand matrixs

X A O O,
c=loA=| C Oy Oy |,

X o, O, O

P2y P2my P2 P2

B Onlpz D Onlrz
Blz R 'Bzz ®) !C1: Ornlr1 )
@)

E

P D, O
W:[:]'H=(|W+m O(n+ml)pz)’ PZ:(Opz(ml+n1) Ipz)’ PS:(Omlnl . Orfhpz)’
where O, —zero(kx j)—matrix, |,—single(mxm)— metrix, let us write the equations of
motion (1),(8), restrictions (2)-(7),(9) in the vector form:
£= A+ Bo(PEL)+ B, (RE W)+ Cw(t) tel (10)
(R&(t).P&(t)) e SRS (L) =0P&(t)=ceQ (1)
[ 7]

m poh Par2
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RE(t)eG(t), w(t)eW=U(t)xV(t),tel. (12)

The task is set: to find the necessary and sufficient conditions for the existence of a solution
to system (10) that satisfies the boundary conditions (11), phase restrictions and restrictions on
control values (12), and also to construct a solution to system (10) under conditions (11), (12) .

1.2 Principle of immersion. We consider a linear control system along with system (10)
and boundary conditions (11),

y=Ay+Bw (t)+Bw,(t)+Cw(t), tel =[t,t], (13)
with boundary conditions

Y(t) = £(t) =& =(X(t) o(ts) X(t,)) =(% o Ons) €$x0p, (14
y(t)=¢(t)=4&=(x(t) o(t) ;((tl))T =(% o E)T €§xQ, (19
where § x§ =S, management

w(-)eL,(ILR™),w, e L, (1,R*),w e L, (1,R*%). (16)

Let the matrix B=(B,B,,C,)of order(n+p,)x(m+p,+r,+r,), where n=n+m;
vector function v_v(t):(vvl(t),wz(t),ws(t))eLZ(I,R“*%”), where r=r,+r,. Then equation
(13) can be written in the form 9: Ay+Bw(t),tel. We define the following matrixs and
vectors based on the initid dam of the problema=eMoVg &
W (to,t,) = tjle’*i(“) BB' ¥ (g,

t
A(6E,&)=B Wty t)a, N, (t)=—B ¥ W (t,t,)e¥ =Y,
2o (6.5, &) = XMW (1,1 W™ (t,1,) & + €W (1, )W (1,1, ) X g,
N, (t) =MW (t, )W (8, ) eMe ™, tel.

Theorem 1. Let the matrixW(t,,t;,) be positive definite. Then the control
w(t) e LZ(I : R”“”Z”) transfersthe trajectory of system(13) fromany initial point & € §,x0, ,
to an arbitraryfinal state £ € §xQ if and only if, when
w(t) eW, = {V_V(.) e L (1L,R™™ " )w(t)=v(t)+ A4 (t,&,5)+ N (t,v) t el } (17)
where v(-)eL,(1,R™™")-arbitrary function, and the function z(t)=z(t,v),tel is a
solutionto the differential equation

2= Az+Bv(t), 2(t,)=0, tel. (18)

The solution of the differential equation (13) corresponding to the control v_v(t) eW, is
defined by the formula

y(t)=2(t)+ A, (1,5, &)+ N, () z(t,v), tel. (19)

It can be shown that;

w (1) =v, (1) +Ble” W (ot )a+ Ny, (1) z(t,v), tel, (20)
w, (1) =V, (t)+ Ble" W (t,,t,)a+ Ny, (1) 2(t,v), tel, (21)

( 1
| 18 )
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W (1) = V5 (1) +CTe" W (1,1, )a+ Ny (1) 2(t,v), tel, (22)

where v(t) = (v, (), v, (), (1)) W(t) = (w (1) W () ws (1)),
Let us consider the following optimal control problem: minimize the functional

b4

J (V1'V2vV31W' P XO’Xl’d) :J.le(t)_(o(%y(t)’t)r *

fo
+w, (8) = o (Ry. W)+ we (6) - w(O)[ +[p(t) - F (Ry.t)] |dt —>inf  (23)
Under conditions:

2= AZ+ By, (t)+ By, (1)+Cyy (1), 2(t;)=0tel, 24 v()eL(1,RY),
v,()eL(LR?), v()eL(l,R), (25)
(X:%)€S, w(t)eUxV, deQ, (26)

p(t)eP(t)={p()eL,(1,R*)|o(t) < p(t) <5 (t),tel |, 27)

Where function w; (t),w,(t),w,(t) are determined by the formulas (20)-(22) respectively,
and the function y=y(t),t e | — according to the formula (19).

The transition from the original problem (1)-(7) [or equivalent to (10)-(12)] to the optimal

control problem (23)-(27) iscalled the immersion principle.
Let usintroduce the following notation:

6 = (Vy,Vy, V3, W, P, X, %, d) € X =
- LZ(I,R“)XLZ(l,sz)xLZ(l,Rr)xU xVxPxSxQcH,

3(6)=int 3(0)}.

OeX

X*:{Q*EX

Theorem 2. Let the matrix W (t,,t,) be positive definite. In order for the boundary value

problem (1)-(7) to have a solution, it is necessary and sufficient that J(H*):O, where

0" = (Vi ,V5,V5, W', p*, %5,%,d") € X — optimal control in the task (23)-(27).
b
1.3. Minimizing sequences. Functional (23) can be represented as J(@)z_[Fo(q(t),t)dt,
to

where
a(t)=(6(t).2(t),2(t,)), Fo=w—o| +[w,— o[ +[ws —wf’ +[p-F[.
de ;
0!

Theorem 3. Let the matrix W (t,,t,) be positive definite, the functions ¢(ot), o
o

of, of,
2, 22
(o, %,w). Then functional (23) under conditions (24)—(26) is continuously differentiable in the
sense of Frechet, its gradient
3(0)=(3,(0),3,(0),3;(6),:(0),5(0),35(0),3,(0),3,(6)) e H at any pointsfe X is
determined by the formula

, F(xt) arecontinuousin the set of arguments and satisfy the Lipschitzconditions in

—
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aR(a(t)t) L aR(a(t)t)

Jl(g): (2\/() )_Bll//7 ‘]2(0): (;V() )_le//.

oy OR(at)t)y o AR (a(t).t) L dRy(a(t)t)
J3(6’)—T3—C11//, L(O) =5 RO == @9
oy BOR(a(t)t) oy BOR(a(t)t) o woR(a(t).t)
Js(a)_t{Tdt’ J7(9)_£Tdt, Js(a)_det.
where y =y (t), tel — solutionof the conjugate system

o oF,(q(t).t Y oF, (q(t),

w:% Ay, vw(t)= I%dt. (29)

In addition, the gradient J (), 6 e X satisfiestheLipschitz condition

|9°(6,)-3(6,)|<[6.-6,. ¥6.6,<X. (30)

Proofs of similar theorems can be found in [4,5], Based on formul as (28)-(30) side sequence
{9”}:{v{‘,v§,v§,vv”, p”,xg,xf,d”} according to the followingalgorithm:

V= —a,,(0"), Vit =v -, 3,(0"), Vit =vi —at,0(0")),

W = PW[Wn ~a,3,(0")], P =R, —anJ;.,(en)], X" =Py [ -, 35(67)],
X" =R ¥ =a,3,(6")], d"=R[d"-a,3(6)"], n=012.., (31)
where 0< a, < 2/(1+2¢),& >0;1 > 0— the Lipschitz constant from (30).
Theorem 4. Let the conditions of Theorem 3 be satisfied. The function F, (g,t) convexin g,

the set A° ={He X ‘J ()< (90)} is limited, the sequence {9“} c X isdetermined by formula
(31). Then:

1) theset A° weakly bicompact, sequence {9”} c A%

2) theset X, ={6" € X|3(6") =inf 3(6) =2};

3) the sequence {49”} cA’c X isminimizng,i.e
limJ(6")=3.=inf 3(0)=3(6"), 6" X.;

4) thefollowing estimateof therate of convergenceisvalid:
0<J(6")-J,<C//n, C,=const>0, n=12,..;

5) the sequence {6’”} c A° weakly convergestoa point 8 € X,;

6) for the existence of a solution to system(1)-(7) it isnecessary and sufficient that J (9) =0.

1.4 Constructing a solution system. To construct a solution to system (1)-(7), it is
necessary to find aweak limit point ¢ € X,, where J(6")=0.

Let’s consider the following optimal control problem: minimize the functional

3.(0)=3(0)+5T _[F t)dt+&T(0)>inf (32

( 1
| © )
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under conditions (24) - (27), where the functional

[’}

T(0) = [ (W (0 o (OF s (O +w(e)] +[p(O)f +

t

+f+ x +dl + 2 (O +[2()] ) et
of the number ¢, >0,k 212’---iLij25k =0.

Let us consider {67 } ={Vi, Vo, Vi, W, P{ X5, X5, O |
Vit =V i (OF), Ve = Vi ndia (60), Vi = Vi - dia (61,
Wt =Ry [ W - s (600) |, B =Py [ 00— s (61) .
Xt =Py [ X~ i (6F) ],
XNt =Ps [ X - di ()], At =R df -y ()], (33
where 0< o, < 2/(l, +2¢,);l, — the Lipschitz constart, k=1,2,...

Theorem 5. Let the conditions of Theorem 3 be satisfied, the function F,(g,t) convexin g,
the sequence {Gk”} isdetermined by theformula (33):

1) the set A° :{6?: X‘Jk(a)s Jk(ef)} weakly bicompact, sequence {6;} < A} for any
& >0

2) the sequence {6?,?} c A} for any &, >0 convergesto asingle point 8 € A? c X, where
0, € X — optimal control for the issue (32), (24)-(27);

3) thefollowing convergencerate estimatesare valid for any &, > 0:
0<J3,(67)-3.(6:)<Cyln, |60 6| <Cyim

4) for system controllability (1) - (7) it is necessary and sufficient that
limJ, (6;) =08, >0,k=12,..;lims, =0,

5) the sequence {9;} c X at k—>ow,g >0, II(imgk =0 convergestoan element 6" € X,;

6)if J(0")=0, then (u"(t),v'(t),%, ) isasolutiontotheregional issue
(D-();
7)if J(H*) > 0, thenthe boundary value issue (1)-(7) has no solution.

Conclusions

Thus, we have obtained necessary and sufficient conditions for the solvability of the
controllability problem for dynamical systems described by ordinary differential equations
whose right-hand sides are periodic in angular coordinates. The immersion principle is proposed,
which reduces the original controllability problem to some optimization problem. Minimizing
sequences are constructed that make it possible to find the desired controls and trajectories. The
results obtained can be used in the study of the dynamics of systems with angular coordinates,
for example, rotor systems in mechanics, navigation systems in radio engineering, synchronous
machines in the el ectric power industry, etc.
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®YHKIIUS TPAOUKTEPIH KAPATIAUBIM TYPJIEHJIPYJIEP APKBLJIBI CAJTY

TacOosnaToBa PbicKy.Ib,
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AHHoOTANUA: MaKanaga GyHKIus rpauKTepiH KapanaibiM TYPIACHIIPYJIEp apKbUIBI caly
JKOJIapblHA Tajjay >Kacajbll, €CeNTepliH HIBbFapbuly JXoJaapbl KenripinreH. Kapamaiibiv
TYpAEHAIpYAEp apKbUIbl QYHKIUATIAPIBIH TpadUKTEPi CANBIT KOPCETIITEH.

Tipexk ce3mep: ¢yakuus, rtpaduk, mapaboma, rtunepdona, ¢GUrypa, TOMOTETHS
K03 pHIMEeHTI, CHMMETPHSL.

AHHOTAIMA: B CTaThe AHAIM3BHPYIOTCS CIIOCOOBI MOCTPOCHUs TpapukoB (QYHKIUH C
MIOMOIIIbIO TPOCTHIX MPEOOPA30BaHMM U PUBOAATCS CIIOCOOBI BbIBOAA 3a1au. [ paduxu GpyHKIuit
M300paXkaroTcs ¢ MOMOILBIO TPOCTHIX IpeoOpa3zoBaHUil.

KitoueBbie cioBa: ¢ynkuus, rpaduk, napabona, runepOoina, (Qurypa, roMOTeTHs
K02 UIMEHT1, CAMMETPHSI.

Annotation: the article analyzes methods for constructing graphs of functions using
simple transformations and provides methods for deriving problems. Graphs of functions are
depi cted using simpl e transformations.

Keywords: function, graph, parabola, hyperbola, figure, homothety coefficients,
Symmetry.

Kasipri ke3ne Oinmim OepymiH *kaHa KYHECiHIH jKacalmybl — OLTIM Ma3MyHBI MEH 9JIiC —
TOCUIepiHiH )kaHa 69ceKeNnecTiKKe KabiieTi MOJ, HIbFapMaIlbUIbIK OaFrbITTa €HOCKTEHETIH, Ol —
KaO1JIeTIMEH epEeKIIeICHETIH a3aMaTThl TOPOUENICYl KO3ICH/I1.

Camanbl O6iniM — en OoNamarblH aWKBIHIANTBIH 0acThl KOpCeTKinL byriH mexremn
MmapTachklHAa OTBIPFAH OKYIIbLUIAp — €PTECH €J1 TaFABIPHIH IICeTiH a3amartap. Onap/slH carmaisl
OL1iM ayblH OYTiH KaMTaMachl3 €Ty — MyFalniMHiH 0acTsl MiHJeTi. OChl MIHJETTI IILIH MOHIH/IC
aTKapy — op YCTa3/bIH MapbI3bl. MeKTen eMipi MEH OKYIIIbI )KETICTIKTEPIH OpICTETYAET] HeTi3Ti
TYIFa ycTa3 OONFaHIBIKTaH, COJl YCTa3 3aMaH TajlaOblHA cail OONybl YIIIH OpKAIlAH 13[eHYI,
OLTIMIEPIH KETUIAIPYl, )KaH — JKAKThI, OLTIKT1 OOJTyBI IIapT.

Ocpl opaiija, MEKTENTIK MaTeMaThKa KypchlHaa (QyHKIUS KOHE OHBIH rpadUriH caryasl
— YiipeHy 03eKTi M ceJesepaiH 6ipi 60bIn TaObUIaABI ACT aliTyFa 60JIa bl

Heri3ri MexTenTiH MaTeMaTHKa KypchlHIa Y = aX+b ChI3BIKTH (YHKIUACHIHBIH Tpaduri

. K .
— TY3Y, y=ax’ +bx+c KBaJpaTThIK (YHKUMSICHIHBIH TIpaduri mapadona, y:; Kepl
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TOYeNIUTKTIH rpaduri rumnepbosia eKeHl KepceTilnin, ¢urypamapisl TYpJIeHIIpY Typiaepi
KapacTelpplianbl. EHAI ochUiapIblH HETI3iHAE KapamaibiM  TYpJIEHIIpYJIepal KOJJaHbII
y=kf (ax+b)+d (mynnarel k,a,b,d - HaKTbI caHAap) QYHKIUACHIHBIH IpauUriH cally >KOJIbIH
KapacTbIpanbIK.

x e D(y) obnbichiHa aHBIKTBUIFAH Y = f(X) (QyHKIUSACBHIHBIH Ipaduri KUCHIK OOJCHIH.
Bbyn rpadukke Temeneriaeit TypaeHaipyaep KoIanyra 0oabl.

1. y=f(X)+ddyakuusceiapi  rpaduri  y= f(X) QYHKUUICHIHBIH Tpadurin
opauHaranap oci 6oiibiver a(0;d) BeKTOpbIHA NapajlieNb Kellipy apKbUIbl calblHaAbL JleMex,

X' =X, 1
y'=y+d @

dopmynacel apkbuibl 9p0ip M (X;y) HykTeci M'(X;y") Hemece M'(X; y+d) HykTeciHe
KeIle1i.

Erep Oepimren y= f(X) ¢yukuusaceibiH rpaduri  (X; f(X)) HyKTenepiHiH
reOMETPUSIIBIK OpHBI Ooisica, oHga Y= f(X)+d HYKTeNnepiHiH TeOMEeTPUSIIBIK OpPHBI OOJbIN
TaOBUTIAIBL.

Conbimven, y= f(X)+d ¢ynkuusacemby rpadurin camy yuin, erep d > 06onca, onna
y = f(X) pynkuuscoinsir rpadurin Oy opauHara ociHiH 6oiibiMeH oH OarbiTTa, an erep d <0
6osca, Tepic 6arpiTTa a(0; d) BekTOphIHA 1-CypeTTerifiei napaaiens Kelupy Kepek.

3= FG)d (d=0)

1-cyper. I'padukTepi nmapamies Kemipy apKbUIbl caimy

1 .
l-moican. a) y=x+329) Y=——2 GyHKIUIAPBIHBIH rpauKTepiH canaibik. [leutyi.
X

a) Y= X+3 (QyHKIUACBIHBIH TrpauriH calxy YILIH >KOFapbLIarbl TYXBIPbIM OOWbIHIIA Y = X
Ty3yiH Oy ociHiH OoiibIMeH OH OaFrbITTa 3 O1pJiKKE Mapajulelb, SFHU 2-CypeTTeriield BEKTOpbhIHA
KelIlleMi3.

2-cypeT. Y= X+3 QyHKUMACHIHBIH rpaduri

( 1
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9 y= 1 2 (YHKUMACHIHBIH rpadurid caiy yHiH Y= 1 (GYHKUMACHIHBIH TpaduriH,
X X

arHM runepOonansl Oy ociHiH OolbIMEeH Tepic OarbITTa 2 Oipiikke Napaujienb, SFHH 3-
cyperrerigeit a(0,—2)BekTopbiHa Kemiipemis [1].

1 .
3-cypeT. Y=——2 QYHKIUACHIHBIH I'padUTiH cay
X

2. y=kx ¢yukiuscebH rpapuri Oy oci OoiibiMen K Oipiikke co3y (CbiFy) apKbUIbI
canbiHabl. by skarnaiina

{X’ o @
y' =ky

dbopmymnace! apkeuTel A'(X; Ky) HyKTenepiHe Komei.

A’ mykrecid cany ymin A nykrecinig OXocingeri A, MpOeKIHsACHIH GEIrijen atambi3.
Eupi uentpi A, Gonarein A-ra romoreTusuibl A HYKTECiH canaMbi3, TOMOTETHS KO DHUIMEHT]

k-ra Ten. Ochl cusktol Y = Kf (X) QyHKIMSCHIHBIH GapIIbIK

(X kf (X)) Hykrenmepi TabObuiagpl. OChl COHFBI HYKTENEPIiH  T€OMETPHSUIBIK OPHBI
y = kf (X) dyHKIUSICHIHBIH rpaduri 00JIaIbl.

Conbmven, Yy =kf(X) ¢yakuusceiHbiH rpaduria camy ymiH Y= f(X) GyHKUMSICHIHBIH

rpadurin Oy oci 60iibIMeH OoFaHIa,

.1
k| ece co3y xkone 0< |k| <1 Gonranma 4-cyperrerigein —

i

€CC KbICY KCPCK.

s y =k (=1

J=Jfx

e

= ==

i —_— 4
e —————— o
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4-cypet. y=kf (X) ¢yaxumsceirbl 0 < |k| <1 apanbiFbiHaFsl Tpaduri

2-muican. a) f(x)=3x;, o) f(X)= % X® (yHKIMSIAPHIHH Ipadurid canaibik.

lewyi. bepinren ¢pynkumsmapasH rpadurid cany yiiH (2) popMynaHsl KoJIgaHaMBI3.
a) f(x)=3x ¢QyakuuscoHbH rpadurin camy yunH (2) ¢opmyna OoifbiHIIA Y =X
¢byHKUMACHHBIH Tpadurin Oy oci G0HBIMEH 5-CypeTTe KepceTUIreH el 3 ece KbIcaMbI3.

Vs
’I
'f
’I
)’=31 %
— }/
,
’,
— e
’I
rd
,I
— ,
3 /,
1/ Syer
I,
e
cd
4/
0 // .
»
T T T T o
/ X

5- cypet. f(X)=3x I(i)YHKI_II/I}ICBIHBIH rpaguri

1
9) f(X)= > X2 PyHKLMACHIHBIH rpauria cany ymin Y = X° (yHKUHSICHIHBIH rpadurin

Oy oci 60lbIMEH 6-CypeTTe KOpCEeTIITeH el 2 ece CO3aMbl3.

¥4

1 .
6-cyper. f(X)= > X* (byHKIHSCHIHBIH rpaduri

3. y=f(x+b) dyaknusacembH rtpaduria camy ymiH Y= f(X) QyHKIUACHHBIH

rpadurin abiuccanap ocinig 6oiibiMen a(—b;0) BEeKTOpBIHA Mapaliesib KO Pe i, SFHHA

{x’:x—b,
y=y

—

(3)
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byn xarmaiina f(X) ¢ynkuuscel rpaduriniy B(X; f (X)) Hykrenepi (3) ¢opmyna
OoiipiHIa B'(X—b; f (X)) HykTenepine kemeni, sikHU (X'; f (X)) HYKTEIEepiHIH T'e€OMETPHSIIBIK
opHbl y = f (x+b) pyHKuMACHIHBIH rpaduri 601aab1.

Convimen, y = f(x+b) @yuxyuacvinviy epaguein y = f (X) pynkyusacoinviy epaghuciven
Oxoci 6ouvimen b>060nzanoa, (b;0) 6ekmopwvina mepic 6aseimma, W<Q 6orzanoa, oy
bazvimma napanieinb Kowipy apkwlivl any2a 6oraowl [2].

Enpmeme, Oepinren y= f(X)(yHKUMIACHIHBIH Tpaduri 7-cyperre KepceTireHaeH
(x; f (X)) HYKTenepiHiH TEeOMETPHUsUIBIK OpHBI Oonca, oHma Y= f(x+b) ¢yHKUUSACHIHBIH
rpaduri (x—b; f (X)) HYKTeIepiHiH reOMEeTPHSIIBIK OPHBI 0OJIaIbL.

= flx+h) y=Jm

7-cypet .y = f(X+b) ¢pyaxuusceHbH rpaduri

3-mvican. f=(x-3)° (YHKLHMSACBIHBIH TpaguriH caJaibIK.

. . 2 ..
Hlewyi. On ymin Y= X" mapabonacein Typrbi3bin, oHbl (3;0) Bekropbina OX ociHin
OolibIMeH mapaiieib komipeMis, srum OX-Tig OolibIMeH OHFa Kapail 3 Oipiikke mapajuieib,
srHU 8-cyperterinedt a(3;0) BEeKTOphIHA KOIIpeMi3.

Fa

2 -

8-cyper. f =(X—3)* Qpynxumscemsn rpaduri

4. y=f(axX)(mynmarer a#0) dynkuusacemb rpaduri Y= f(X) GyHKIMACHIHBIN

rpaduriner OX  oci GoiibiMeH co3y (KbICY) TYPJIECHIIPYiH KOJIaHy apKbUIbl anajibl. by
TYPAEHAIPY Ke31H e

( 1
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{X’ = ax, @
y=y

(bopmynacel naianaHbLIa b

byn xarmaitna f(X) ¢yHkuuaceiHb rpaduridin  (x; f (X)) HykTenepi (ax; f (X))
HYKTeJlepiHe Kemedi. byn HyKTenepaiH TreoMeTpusulblk opHbl Yy = f(X) (QyHKIMACHIHBIH
rpaduri 60T TaObLIAIBI.

Conbiven, 9-cyperre kepcerinrenaeil y= f(ax) ¢yHkuusaceHbH rpadurin y = f(x)

1
a| ece KbIcy Hemece |aj <16oaranma, — ece

d

(GYHKIUSACBIHBIH TpaduriMex |aj >1 Gonranna,

€03y apKbUIbI anajsl [3].

y=7Fix

9-cyper. ¥~ f (ax) (mynna a# 0) ¢pyHKunsICHHBIH rpaduri

2
4-moican. a) y:[; xj :9) y=(2x)? GyHKUUACHIHBIH Tpadurin canaibk. ['padux (4)

o 2 . . ..
dopmyna OoibiHmA Y= X" QYHKOUSACHIHBIH TpaduriH TYPIACHAIPY HETI3iHIE CaJbIHA/IbL.

Angsiver Y = X byHKUMACHHBIH Tpadurin cansm anambi. ComaH KeliH rpaduKTiH opOip

HYKTECIHIH apryMeHTiHiH MoHiH a) >karmaiibmma 10-cyperterimeit OXoci GoiibiMen 2 ece
CO3aMBI3.

Y
4—},:x3 y_[lx]ﬂ
3 2
o
1
T T 1 ID T T T 1 »
S R | 1 2 3 4
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2
10-cyper. y= (; Xj - pyHKIUSACHIHBIH Tpaduri

o) xkarmaisiaga 11-cyperre kepcerinrenaeit OX oci GoitbiMeH 2 ece KbICaMbI3.

Ko

A y=02x"

A

cl y=x"

el
T T T T =:::
-2 -1 1 2

11-cyper. y=(2x)? GYHKIUICHIHBIH rpaduri
S.y=kf(ax+b)+d  ¢yakuusacelHbIH TpaduriH camy VIIH JKOFapblaa
KapacThIPBUIFAaH TYPICHAIPY/IIH TOPTEYIH JIe KONIaHy Kepek.
Mpeicanmap KapacThIpanbIK .

S-mbican. a) Y=-2X" +12x-19; o) y= L::(—f’ (GyHKIMSIIAPBIHBIH rpadUTiH calaibIK.
+
Hlewyi. AnapiMeH OepiareH YIIMYLIEHIH TOJBIK  KBaJpaTblH  aXbIPaTaMbl3:
y=-2x* +12x-19 = —2(x* =6x) -19 = —2(x - 3)* - 1. Enni y =-2x> +12x-19

(YHKUMACBIHBIH TpauriH caly YLIiH y=x? (GYHKUMACBIHBIH Tpadurine TYPJICHAIPY
xKacailMbiz [4].

1) y, =X napaboJIachlH CajlaMbI3;

2) mbIKKaH mapabosansl 3 Oipiikke oH 6arbitka OX ociHiH GOMBIMEH mapasienb, SFHA
a(3,0) BekTOpBIHA Kommipim, Y, = (X— 3)? (YHKIMACHIHBIH TpadUTiH ajJaMbI3;

3) mapaGonamel OyociHiH GoiibiMeH 2 ece co3bi, Y, = 2(X—3)’ QyHKIHACHIHBIH
rpaduriH anamsiz;

4) anpiaraH napabosara Yy =0 Ty3yiHe KaparaHJa CUMMETPHSUIbI TYPJICHAIPY KYpri3ifm,
Y, = —2(X—3)? pyHKUMACHIHBIH rpaduriH aNTaMbI3;

5) conrbl mapabdonansl Oy ociHIH OoMBIMEH Oip OipIIiKKe Tepic OaFrbITTa Mapajviesb, SIFHHA
b(0;-1) BexropbiHa Kewipin Gepinren (yHKUMSHBIH, sFHH 12-cyperre Y = —2X° +12X—19
(YHKIHMSACBIHBIH Tpa(UriH aJamMbl3.

29
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12-cyper. Y = —2X° +12X—19 ¢pyHKumsICHHBE rpadurin
4x+3

9 y= i1 (bYHKIHMSACBIHBIH TpaduriH cagabIk [S].

Hlewyi. AnypiMeH OOJIIIEKTIH OyTiH Oedirin alpIpaMbI3, COHJa
- ;);(:i - (4)(2:)1+1 =2t 2x1+1: 2+m '

Hemek, Y=2+ 1 GYHKUMACHIHBIH — rpadurin Yy = 1 (YHKIHSACHIHBIH

2(x+0,5) X
rpaduriHeH KapamaibsiM TYpISHIIpyJIep )Kacay apKbLUIbl aTyFa 0O0JIaIbl.

1 .
1. AnapiMeH Y = — (YHKUMACHIHBIH IpaduriH alaMbl3.
X

2. Anpbmaran rpadukti OX oci GolibIMeEH 2 ece ChIFaMbI3.

3. IMaiina Gomran rpadukri OXoci Golibimen Tepic Garpirra 0,5 Gipiikke mapaiieib
KeIIpeMis.

4. IIeikkan rtpaduxTi 13- cyperre Oy ociHiH OoWbIMEH OH OarbITTa 2 OIpiiKKe

napasuiesb Kelipemis.
J

4x+3
2x+1

bi3 ¢ynkius rpadukTepin KapanaibiM TYpIACHAIPYAEP apKbUTbI CaTy KOJAapbIH 3epTTeT,
byHKUMS TpaduriH camdyra OOJIAaTBIHBIH KapacThIPIBIK. boiamak maremaTuka MyFaiaiMjepl

( 1
{ 0 J

13-cypet. Y= (GYHKIMACHIHBIH Tpadurin
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KENTIPUITeH TOCUIAEPAIH KOJJAHYy asChlH, albIpMallbUIBFBIH, THIMAUIINT MEH CEHIMAUIIrH
capaiamn, Tajjay apKbUIbl TaKBIPBIITHI TOJBIK MEHrepyre MYMKIHIIK anmanael. EcenTi mentymaix
OapIyIbIK MYMKiH 9icTepiH Ooykail Olyre KoHe KaKeTiH TaHAal ary oJapAblH HIbFapMallbUIbIK
KaOlJeTiH JIaMBITHIN, aHAJTUTHKAIBIK aKbUI-OMBIH KaJIBIITACTBIPAb], TTOHTE KBI3BIFYIIBUIBFBIH
apTThIpaasl. Makanaia KeNTipiareH MaTepuaiapblH JKac MyFalmimaepre, OiimMrepiepre xoHe
MaTeMaTHUKaHbI 63 OETIHIIE OKBIN YHPEHYIIJIEpTre TUTI3ep Mai1ackl MOJI.
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AnnoTtanusa: C pocToM 3HaHUN U TEXHHYECKOTO Mporpecca OOIIecTBa; Halel CTpaHe
HEOOXOJMMBI HABBIKH OOYYEHUS, KOTOPbIE MOTJIA ObI IIOMOYB €i MITH B HOTY CO BPEMEHEM C
pa3BUTHEM Hayku M TexHUKH. OOpa3oBaTeNbHBIE CHCTEMBI B OOIIECTBE M, CIIEIOBATEIBHO,
oOpa3oBaHue He OyAyT CIOCOOHBI OTICIUTHCS OT JPYrHX COIHMAIBHBIX HHCTHUTYTOB,
HAIIMOHAJBHBIX M MEXIYHAPOJHBIX B3aUMOJCHCTBUI, HIMPOKO H3BECTHBIX B TIJI00AJIBHOM
nepeBHe. MHbopMalmOHHBIE TEXHOJIOTHU B OOpa3oBaHHE HYKIaeTcs B KyabType. Cucrema
JOJDKHA OBITH OOYYCHBI MCIIOJIb30BaHUIO MH()OPMAIIMOHHBIX TEXHOJIOTHIA; B IPOTUBHOM CIIy4ae
NOKYIIKa U TIiepe/iadya TEXHOJIOTHI M MHBECTHUIIMI OymayT HE 4eM MHBIM, Kak Tpara pecypcoB. Ho
byHIaMeHTaNbHas MPOOJeMa 3aKIIYAeTCsl B TOM, KaKUe CTPATETHH JOJDKHBI OBbITh MPUHSTHI
TakuM 00pa3oM, 4YTOObI cHUCTEeMBbl 00pa30BaHUs B Pa3BUBAIOLMXCS CTpaHaX HE TOJBKO
CJIEIOBAIA 32 Pa3BUTBIMU CTPaHAMH, HO W POCIH M IPOTPECC OCHOBHIBACTCS Ha COOCTBEHHBIX
NOTPeOHOCTAX Ha IyTH Iporpecca.

KawueBble cjioBa: HWHPOPMAIMOHHBIE TEXHOJIOTUH, WH(POKOMMYHUKAIIMOHHBIC
TEeXHOJIOTHH, 00pa3oBaHue, 00ydeHue, oOpa3zoBaTenbHas UdpoBas cpea.

Abstract: With the growth of knowledge and technological progress of society; our
country needs learning skills that could help it keep up with the times with the devel opment of
science and technology. Educational systems in society and, consequently, education will not be
able to separate from other social institutions, national and international interactions, widely
known in the global village. Information technology in education needs culture. The system must
be trained in the use of information technology; otherwise, the purchase and transfer of
technology and investment will be nothing more than a waste of resources. But the fundamental
problem is what strategies should be adopted so that education systems in devel oping countries
not only follow developed countries, but also grow and progress is based on their own needs on
the path of progress.

Keywords: information technologies, Infocommunications, education, training,
educational digital environment.

1. Beenenne

CeromHs 3HaHUS M HMHQOpPMALMs SBISIOTCS OCHOBHBIMH KIIOYaMHU K TIOBBIIIEHUIO
MIPOU3BOIUTENBHOCTH, KOHKYPEHIINH, 01arococTosiHuio U KoMpopty. Takum oOpa3oM, cTpaHbl
COCPEIOTOUMIIMCH Ha MOAX0/aX K YBEJIMYEHHIO MOJydeHus: 0ojiee KaueCTBEHHOro 00pa30oBaHMUs.
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YroObl pa3BuUBaTh YEJIOBEYECKHI KamuTaa, HEOOXOAMMO B3IMVITHYTh Ha HAIM IIKOJBl H
o0Opa3oBaHHE U MOCMOTPETH, UAET JHM Hallle 00pa3oBaHHE B HOTY C MUPOM, KOTOPBIH OBICTPO
MeHsieTcsl U pasBuBaeTcs. [Ipobrema B TOM, YTO €CiaM MBI CpPaBHUM COBPEMEHHBI MHUpP C
MPOLUIBIM BEKOM, TO CTOJIKHEMCS C OLICJIOMJISIOIIMM pa3BUTHEM HAayKH, OU3HECA, MEIUIIMHCKUX
YCIIyT, KOMMYHHKAIIUH U MHOTHX JIpyrux obnacteil. Ho, mocemas mKosbl, Mbl, K yAUBICHHUIO, HE
BUJMM Pa3HUIIBI MEKJY COBPEMEHHBIMH KJIACCAMM U KJIACCAMU IIPOLUIOrO BEKA; YICHUKH CHIAT
psnamu, Iep’ka B pyKax KapaHjaul U Oymary, TOPOIUTMBO 3aIUCHIBAasi TO, YTO TOBOPUT U MHUIIET
YUUTEIb, YTOOBI OHU 3HAIM 3TO HAU3YCTh U OBICTPO BEpHYNIU BO BpeMs Tecta. M 3To HecMOTps
Ha TO, YTO MHOTHE BOINPOCH M3MEHHIJIUCH Onarojaps pa3BUTHI0 HAyKW M TEXHUKH, HO
oOpa3oBaHue, METOAbl OOYy4eHHUs CTYAEHTOB M IpernojaaBaTesnieil. MeTojabl IpernojaBaHus
ocranuch Hem3MeHHbIMU [1]. MexayHapomHoe oOmecTBo TexHonmoruii B oopasoanuu (ISTE)*
MOTYEPKUBAET, YTO COBPEMEHHBIC YUUTENS JOJKHBI ObITh TOTOBBI MPEIOCTABUThH yJalIMCS
BO3MOXXHOCTH OOyu€HHs, OCHOBaHHble Ha TexHoJorusax. @dakTuyecku, MOArOTOBKA K
IIPUMEHEHUIO TEXHOJOTMH M OCBEJOMJICHHOCTb O TEXHOJIOTMM Ul IOBBILICHUS KauecTBa
0o0yueHHsl ydJammxcsi JODKHBI OBITh OAHUM M3 0a30BBIX HABBIKOB TMpemnojaBatens [2]. B
OOJIBIIIMHCTBE CTpaH Mupa Hambosnee 3PQPEeKTUBHBIM IIATOM BIEpe] cTano npumeHenue UT
(mH(pOpPMALIMOHHBIX TEXHOJIOTHI) B BhICIIEM 0Opa3oBaHuu ¢ 1990 roxa [3].

2. BaxxHocTh ¥ posib HH(OPMAIMOHHBIX TEXHOJIOTHH B 00pa30BaHUHU

VYuuteBas, 4To OOpa3oBaHMEe YyxKe Oojee cTa JeT HCIONb3YeT TEXHOJOTUU IS
pacIMpeHust ¥ Pa3BUTHs PA3TMUYHBIX IMPOILECCOB 00pa30BaTENbHON CHCTEMbI, HEYIUBUTEIBHO,
YTO TIOSBICHHE HOBBIX TEXHOJIOTMH IOBBICHIJIO MHTEPEC K IOIYYCHHIO 3HAHWHA C MTOMOUIBIO
pa3NMYHBIX METOJOB TpeacTaBineHuss 3HaHWil. CeroaHs oOpa3oBaHHWE, OCHOBaHHOE Ha
TEXHOJIOTHSIX, JOCTYITHO B YHHBEPCHUTETAX PAa3BHTHIX CTPAH. YMHBIC IIKOJIBI COBEPIIMINA CKAYOK
B BUPTYyaJIbHOM 00ydeHHH. OHyIalfH-00ydeHHe U AUCTAHIIMOHHOE OO0ydeHHE SIBISIOTCS OJAHUMU
13 HOBBIX (hopM 0Opa3oBaHUsI B HOBOM cTosieTuH. Pa3BuBas cpeny oOydeHus B Haudase 21 Beka,
OTJENIbHBIE JIIOJM W OOIIecTBa BO3JaratoT  OOJIBIIYIO OTBETCTBEHHOCTh Ha  IUICYU
00pa30oBaTeNIbHbIX YUPEXKJIECHUNH W HUX TPAJULUUOHHBIX CTPYKTYp B CBSI3U C pacTylleu
NOTPeOHOCTHIO B 00pa30BaHUU.

Ceronns paznuuHble HHGOPMAIIMOHHBIE U KOMMYHUKAIIUOHHBIE TEXHOJIOTUU CITOCOOHBI
oOerunTh mporecc oOydeHus. Takke HMMEIOTCS JaHHBIE, CBUICTEILCTBYIOIME O TOM, YTO
uH(pOpMaIIMOHHBIE TEXHOJNOTUM olecneynBarOT JGGEeKTUBHBIE U  HETUOKHWE  METOJbI
npodeccruonanpHOrO0 pa3BuTHs yuutenei. Beauchomp & Parkinson [5] B umcciemoBanwu 1o
Ha3BaHWeM «B3rmsng ydanmxcs Ha eCTEeCTBEHHbIE HAayKd IMIpU Tmepexoje u3 Ooraroit
TEXHOJIOTHYECKOH Cpelpl Ha HAa4YaJlbHOM Kypce B CTAapUIYI0 HIKOJY C HU3KOTEXHOJOTHYHBIM
000py/I0BaHMEM» MPUIILIH K BBIBOAY, YTO, XOTS CTAPILEKJIACCHUKOB pa3/ipakajl HeJI0CTaTOYHBIN
JOCTYI K KOMIBIOTEpaM U JPYTUM HH(POPMAIIMOHHBIM TE€XHOJOTHIM, OHH HACIAXIAINCh KypC
pa3paboTaH yCHJIMSMU IperojaBaTeneil ecTecTBeHHbIX HayK. Hanbosiee BaKHBIMU CBOWCTBAMU
CUCTEeMBI 00pa30BaHUs B A1TOXY WH(POpMAaUy 1 KOMMYHUKAIIUN SBISTIOTCS:

B HOBOM 00pa3zoBaHMM NMOOMBAIOT KaMHSMHU TO, YTO JOCTOWHO 3HATh M 4TO HeoOxoaumo. He
H3y4YeHue Bcel nHpOpMaIuy .

B HOBOM 00pa3oBaHMM YYUTEINb IOMOTAET YUCHUKY IOIy4aTh, BEIOMPATh, OLIECHUBATH U XPAaHUTh
uH(}OpMaIIO, UCIIOJIB3YS IIMPOKHUM CTIEKTP UCTOYHUKOB.

[leuaTHbIe XypHAIBl U KHUTHU SIBISIOTCS UCTOYHUKAMU 3HaHMM; YepHOBUKH, TpeHA3HAYCHHBIC
JUTSL HAITUCAHUS ¥ TyOIMKAIIMY, 3aMEHSFOTCS OHJIaiiH-KHUTaMH 1 )KypHaJaMHu.

4- Hekoropeie npeumymiectBa ucnoisib3oBanus texHonoruit 1 UT B oOpa3zoBaHuu:
yJanmecs: yCBaUBalOT YpPOKH, MCIIONIb3Ysl TEXHUUECKHE MHCTPYMEHTHI, 32 MEHblllee BpeMs [2].
brnarongapsi mcnonp3oBaHN0 WH(DOPMAMOHHBIX TEXHOJOTUH W HMX MHCTPYMEHTOB, OCOOCHHO
KOMIIBIOTEPA, U MJIAHUPOBAHUIO COBPEMEHHBIX 00yJarOIMX MPOrpaMM, TAaKUX KaK BUPTyaJlbHas
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oOydarolasi mporpamma, BO3MOXKHOCTH YCKOPEHHMsI Ipoliecca pacpocTpaHeHusl HH(popManuu,
pPa3IMYHBIX Y3HABAEMbIX M IOBTOPSEMBIX HCTOYHHKOB 00yueHUs, Oojiee THOKOH CTPYKTYpHI,
noucka nHGOPMaIINH, a TAKKEe BO3MOKHOCTH METAKOTHUTHBHOTO MoOHUMaHus. [Ipenqycmorpenn
JUIsl CTYACHTOB, M OHM MOTYT HCHOJIB30BAaThb 3TO YCTPOMCTBO KAaK HMHCTPYMEHT B CBOEH
00pa30oBaTeNIbHOW JEATEIBHOCTH, Onarojapst 4emy 3HAYMTEIbHO IOBBICHUIIACH CKOPOCTh M
KayecTBO oOydeHus [4]. Bbicokass THOKOCTh B TOM, KOT/Ia M TJE CTYACHTHI M TperojaBaTeIn
BBINTOJTHSIFOT CcBoM oOsBaHHOCTH [1]. MHDOpManmmoHHOE OOIIECTBO; T/Ie 3KOHOMHYECKAS,
KyIbTypHasT U COIMaJbHas >KU3Hb 3aBUCUT OT HH(DOPMAIMOHHBIX M KOMMYHUKAIIMOHHBIX
texHonorui. [IpenmymecTsa nHHOPMAITMOHHOTO OOIIIECTBA:

1. YBenuueHnue cBOOOJHOTO BPEMEHH.

2. Bo3MOXHOCTb y1aJleHHOU pabOTHI.

3.IlpenocTaBnenue HOBBIX BO3MOXHOCTEH TUIS MOBBIIICHUS HallMOHATBHOU
IIPOU3BOIUTENBHOCTU U KOHKYPEHTHOM aTMOC(epbI.

4. YBenuueHue 3aHATOCTH.

5. HenpepriBHOE 00pa3zoBaHue.

3. Poab UT B 00pazoBaHuU HePa3BUTHIX CTPAH

Ha ocnoBanuu B3ris10B MexayHapoaHoi komuccun FOHECKO no u3zyuenuto npobiem
KOMMYHUKALUH OJIHA U3 poJiel KOMMYHUKALMOHHBIX U MH()OPMALlMOHHBIX TEXHOJIOTUH B Jiene
oOpa3oBaHus, T.€. Mepenada HeoOXoauMoN WH(OPMAIIUU Al pOCTa, CTAHOBICHUS M Pa3BUTHUS
JUYHOCTH M OOydeHHUs HaBbIKaM, IepeJadya HEOOXOTUMBIX pPAa3IMYHBIX M PACHIMPEHHBIE
CO0O0MIeHNS, YTOOBI TOMOYb YYalIIMCsl PACIIO3HABATh, IOHUMATh U IIEHUTD JIPYT IPYyra, a TAKXKe
€IMHCTBO B COLMANBHBIX 0OO0s3aTenbcTBaxX [3]. OOpa3zoBaHME SBIAETCS OJHUM M3 OCHOBHBIX
CPEICTB, C TIOMOIIBIO KOTOPBIX MOXHO OOpECTH TICHXOABHI)KEHUE, UyBCTBO €IMHCTBA,
apryMEHTALMIO U YBEPEHHOCTh B ce0e, U B 3TOM cllyyae HH()OPMALMOHHBIE TEXHOJIOTUU UTPAIOT
Ba)XHYIO poJib. POCT €ro B pa3BUTHIX U HEPA3BHUTHIX CTPAHAX, OCOOCHHO B CIIydae KOJUIEKTHBHOTO
0O0IIeHNs, OTKPHIBAET HOBBIE BO3MOXKHOCTH B 00pa3zoBaHuu. Ho ¢ pyroit cTOpoHbl, MOX0XKe, YTO
MEHeE Ppa3BUThIE U Pa3BUBAIOILMECS CTPaHbl B LEJIOM OOECIOKOEHBI TEM, YTO OTCTAOT OT
«MH(OPMALIMOHHON PEeBOMIOLMM», OCOOEHHO B cdepe oOpa3oBaHHsA. IJTa 03a00YEHHOCTh
OPUBOAUT K TOMY, YTO 3HAUYMUTEIbHAas YacThb TIOCYIapCTBEHHBIX (DMHAHCOBBIX CPEACTB
pacxojayercsi Ha MPUOOPETEHUE HOBEWIIMX TEXHOJOTHI 0€3 ydeTa MOATOTOBKH K OCBOCHHMIO U
UCIIOJIBb30BAHUIO HUX MpeuMyliecTB. Pa3BuBaronmecss CTpaHbl JOJKHBI HMPOBOJUTH TAKYHO
NONMUTHKY,  KOTOpas  3alMI@eT WX  OT  BHEIIHEOKOHOMHYECKHX  OTpaHWYCHHUH,
COIPOBOXKJAIOIIMXCSA MOJIMTUYECKUMU M KYJIbTYPHBIMU IOCIEACTBUSIMHU. TeM BpeMeHeM 3Tu
CTpaHBbl JOJDKHBI TONBITATHCS CJAENaTh IIAr B HANpPaBICHUH CBOCH HE3aBHCHMOCTH ITyTEM
CO03/1aHuUs He0OX0MMON HH(PPACTPYKTYPbI M KOHTPOJISI CYLLIECTBYIOILMX HCTOYHUKOB.

4. UT B o0pazoBanuu Kaszaxcrana

MbI U3MEHUIINCh, U YTOOBI )KHTH JPYr ¢ APYrOM KakK JOCTOWHBIC WICHBI JOKAJIHLHOTO
rJ100aJIbHOTO OOIIECTBA, HAM HY)KHO COCPEIOTOUYUTHCS Ha OOILEHUU U 00Y4eHUH, YTOOBI pelaTh
omacHbele TpoOnemMbl B Oyaymem. B nHameil crpane NT-o0pasoBanue paccMaTpuBajioCch Kak
CHacHUTeNb, HO OJHOBPEMEHHO M KakK yrpokaroumi (axtop. XoTs 3TH TEXHOJOTHMH BOBCE HE
HEUTpasbHbl, Mbl JOJDKHBI IPUHATH MX TaKUMHU, KaKue OHHU €CTh, CPEICTBA, KOTOpPbIe ObUIM
CBS3aHBl C CYHICCTBYIOLIMMHU CTPYKTypaMH OOINECTBA, TMOJIUTUKOW U  TEXHOJOTHSIMH,
BIMSIONMMU Ha U300peTeHus U UX (PYHKIUU, OCOOCHHO pacCMaTPUBAIOTCS KaK U3MEHSIOIIMECS
(dakTopel W MOTYT OBITH 3alMIIEHBI OT WX BO3JCHCTBUA. TeM He MeHee, KOHTPOIb Hal
TEXHOJIOTHSIMM U MPOrPaMMHBIM OOeCIieueHUEM MOXET ObITh 3(PPEKTUBHBIM U B HANPaBIECHUU
00pa3oBaTeNbHBIX IpenMyIIecTB oOmecTsa. [lomuTrKa, 3arnIaHupoBaHHAas ISl YIOBIETBOPEHUS
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3TUX MOTpeOHOCTEH, CKopee Bcero, OyJIeT XOpoulo MPUHATA OONBIIMM KOJMYECTBOM JIIOJIEH B
oO1ecTne.

OueBuaHO, 4YTO IIKOJBI MOXHO paccMaTpuUBaTh Kak HaumOoiee BaKHbIE KaHAaJbI
pacnpoctpanenuss nHpopmanuu 06 UT. Pacnpoctpanenne UT-kynbTypsl Ha pa3HBIX YPOBHSX
00pa30BaHUs COIPOBOXKIAETCS OTPOMHBIMU MOCHEACTBUSAMHU st oOmectBa. CTyneHThl He
TOJIBKO B OyzyIieM nepeiayT K akTUBHOMY IokosieHuto T, HoO 1 cMOTYT ChIrpaTh BaKHYIO POJIb
B nponsuxeHun WT-kynpTypbl B oOmecTBe M ceMelHON cpene. O4eBHIHO, YTO B IEPBYIO
ouepesib yUUTeNs JOJKHBI yMETh TIOHUMATh BUJIbI CYILECTBYIOIIMX CPEICTB U HE HTHOPUPOBATH
UT. nsa sToro HeoOXoAUMa MPOrpaMMa IMOATOTOBKH YUUTENCH, a TaKKe MPorpaMMbl 00ydeHus
B3pOCJBIX JUISI COAEHUCTBUS CO3/aHUIO HOBBIX paboOuMX MECT, BO3HUKAIOIMX B pe3yibTaTe
ucnonp3oBanus UT [5].

5. AT u HeoOXxoauMOCTh H3MeHeHUs 00pa30BaHM S

[osiBnenue IIK (mepcoHanbHBIX KOMIIBIOTEPOB) U IIMPOKOro jaoctyna K MHTepHeTy
CO3/1aeT Cpely, B KOTOpOW IJoOallbHble CHCTEMbl OOpa30BaHMs BBbIHYXKJEHBI CYLIECTBEHHO
U3MEHUTh CTPYKTYpy CBoero oOpaszoBanusi [2]. OOs3aHHOCTH cHCTeM 00pa30BaHHS
IPOTUBOCTOATh W3MEHEHUSM O4YeBUIHA. Ero OCHOBHOHM L€IbI0 JOKHO OBITH MOBBIIICHUE
CIIOCOOHOCTH YEJIOBEKa IPOTUBOCTOSNTh HM3MEHEHHUSIM, TO €CTh KTO-TO MOXET OBICTPO
aJlalTUPOBAThCA K IOCTOSHHBIM U3MEHEHUIM, COOJII0/1asi 5KOHOMUKY. UeM OblcTpee MPOUCXOAST
U3MEHEHHUs, TeM OOJbllle BHUMAHHS CIEAYeT YICNATh PACIO3HABAHHIO 3aKOHOMEpPHOCTEH
Oynyumx coObITuil. UTOOBI OMOYB JIIOJSAM IPEOAONETh Oyaylpe MOTPSACEHHS, Mbl JOJIKHBI
CO03/1aTh METaMHyCTPUAIBHYIO CUCTEMY 0Opa3zoBaHus. [l 3TOr0, BMECTO TIOMCKA B TPOIIUIOM,
HaM cjelyeT HallTH CBOW LeJIH U MeTobl B OyaymeM. OueBuaHo, 4to B XXI Beke B Mmupe OyayT
JOMUHUPOBAaTh COBPEMEHHBIE TEXHOJOTMM, M H3-3a OBICTPHIX HAy4YHBIX, 3KOHOMMUYECKHUX,
KYJAbTYPHBIX U TOJUTHUYECKUX M3MEHEHHUH CHUCTEeMBbl O0pa3oBaHMs HE CMOTYT paccMaTpuBaTh
ce0sl Kak OCTpOBa, OTHEJICHHbIE OT JAPYIMX COLMAJbHBIX M HAI[MOHAJIBHBIX OpraHU3allMi.
MupoBas aepeBHs. [loromy 4To oOpa3oBaHue, Kak ¢ TOUKH 3pEHUSI HCTOPUYECKOTO IMIIMPU3MA,
TaK W C TOYKHA 3PEHUs KOHKpEeTHhIX ycimoBui XXI Beka, HECOMHEHHO, OyJeT IEHTPOM
M3MEHEHUH, »Bomonu U yMHOXeHus XXI Beka. Koneuno, oOmectBo paccmatpuBaer UT He
TOJIBKO KaK dKOHOMMYECKYI) NEPEMEHHYIO M IOJIMTHYECKUH pblYar, HO U KaK BO3MOXKHOCTb
U3MEHUTh oOpa3zoBanue ¢ mnomompio HWT. Takum o0pa3oM, MOXKHO HPEINONI0XKHTb, YTO
npeiaraeMbie Mojenu MT B 0Opa3oBaHMM OCHOBaHBI Ha NMPUPOAE 3HAHUN, GYHKLIMOHAIBHBIX
METOJIaX U KPUTEPUIX KOHTPOJIS B OOIIECTBE.

3akioueHue

B coBpemenHOM Mupe 00pa3oBaHre HYXIAETCS B COBPEMEHHBIX, YMEPEHHBIX U TIPOCTHIX
TEXHOJIOTHUAX, 4TOOBI YAOBJICTBOPHUTH HOTp€6HOCTI/I B HUX TMOABJICHHHU W MPaBHJIIBHOM
ucrnosb3oBanun. OOpa3zoBaHUe JOHKHO MPOBOIUTH MOJIUTHKY, Han0OOJIee BaXXKHBIMH U3 KOTOPHIX
SABIIAOTCA:

1. Pacumpenue uenoBeuecknx pecypcoB UT mocpencTBoM o0pa3oBaTenbHBIX MPOrpaMM
W TPOJBIWIKCHHE HABBIKOB [UIs TMOBBIICHUA J(PexkTuBHOCTH pabdodueit cmibl B cdepe
obOpa3oBaHwUsI.

2. Hcnonp3oBanue WHGOPMAIMOHHBIX TEXHOJOTHH JUIsl MOBBIICHUS 3()(EKTUBHOCTH
00pa30BaTEILHOTO YUPEXKACHHS IS TY4IIeT0 00pa30oBaHus, COPOBOMKIAIOIETO TBOPUECTBO.

3. Monnepxxka UT, Hanmpumep, moanepkKa pacxoJ0B, CBSI3aHHBIX C UCCIICOBAHUSIMH H
pacumpeHreM o0pa3oBaHUsI.

4. Co3manue Hajuiexkameid arMochepsl U MOPAJIBHOTO JIyXa y4acTusi B 0Opa30BaHUM C
M CII0JIb30BAaHUEM HH(POPMALIMOHHBIX TEXHOJIOTUH.
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5. YcraHOBNEHUE COTPYIHMYECTBA M KOOPIMHAILMM MEXIY Pa3IUYHBIMU YacCTAMHU B
00J1aCTH UCIIOJIb30BaHHUSI BHIICYTTOMSIHYTHIX UHCTPYMEHTOB.

6. Pacumpenue KynabTyphl MCIIOJIB30BaHUS HMH(DOPMALMOHHBIX TEXHOJOTHH uepes
MIpeIOCTaBICHHE U MTOOLIPEHNE UX MOTPeOsIeHNs B 00pa30BaHUH.

Ilpu ouenke BUAOB MH(GOPMAIIMOHHBIX TEXHOJOTUH 0Opa30BaHUE JOJKHO YUUTHIBATH
TaKWe BOIPOCHL, KaK MOTPEOHOCTh, CBOMCTBa HaydHOW 3(P(HEKTUBHOCTH, SKOHOMHKY U
HMCIOIIMECCA ITPU 3TOM BO3MOKHOCTH U KaﬂpOBBIﬁ IIOTCHLUAJ.
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AnHotanusi: B coBpemeHHOM Mupe mpoOsema 3arpsS3HEHHUs OKPYXKalolmiel cpeibl U
nepepaboTKH OTXOJIOB SBJISIETCS OJHOW M3 Hambojee aKTyalbHBIX M BaXKHBIX 3a1ad. OaHaxo,
MJIACTUK SIBJSETCS OYEHb LEHHBIM MaTepHalioM, KOTOPBIH MOKHO IMepepadoTaTh U MOBTOPHO
ucrnosnb3oBath. IlepepaboTka TepMoIulacTa SIBASETCS BaXHOW YaCTbIO IPOMBIIUIEHHOTO
MPOU3BOJICTBA, a €€ 3(PPEKTUBHOE U TOYHOE BBHIMOJHEHHWE KPUTUYHO [Uid obecreyeHus
MIPOU3BOJICTBA BBICOKOKAYECTBEHHBIX MPOAYKTOB. C OBICTpBIM pPAa3BUTHUEM TEXHOJOTUMN
BHEJJPEHUE aBTOMATU3UPOBAHHBIX CUCTEM B MEPEPabOTKY TEPMOILIACTA PEBOIIOIMOHU3HPOBAIIO
orpacib. llens  maHHOW  cTaTbM —  HCCIENOBaTh IPEUMYIIECTBA M HEJOCTATKH
aBTOMATU3WPOBAHHOU CUCTEMBI IEpepabOTKH TEPMOILIACTA.

KiiroueBble cJji0Ba: TEpMOIJIACTOABTOMAT, PEAKTOIIACT, TepMUuecKas o0paboTka,
TEPMOILIACT, ABTOMAaTU3UPOBAHHBIE CUCTEMBI

Ha cerogusmmHuii eHb CyIMIECTBYET MHOXKECTBO TEXHOJOTHUM TepepabOTKH IJIacTHKa,
TaKMX KaK MeXaHudeckas InepepadoTka, XuUMHYecKas mepepaboTka, M TepMHUYecKas
nepepaborka. OaHako, OONBIIMHCTBO 3TUX TEXHOJIOTUH TPeOYyIOT pydyHOU pabOThI, UTO MOMKET
IpUBECTH K ommbOKkaM u HeapdekTuBHOCTU. KpoMe TOoro, OONBIIMHCTBO 3TUX TEXHOJOTHHA HE
MOAXOMAAT 7S IepepaboTKU pa3InYHbIX BHIOB IJIACTHKA.

[lepepaboTka TepMOIIaCTHKA BKIIFOYAeT B ceOs IMiaBieHue, HOPMOBAHHUE U OXITAKICHHUE
MJIaCTMACChl Ui MPOU3BOJACTBA PA3IUYHBIX MPOAYKTOB, TAKUX KaK YIIaKOBOYHBIE MaTepHualbl,
aBTOMOOWJIBHBIE ~ JIeTaTd H  TMOTPEOMTEIbCKHE TOBaphl. TpaauuuoHHO TmiepepaboTka
TEPMOIUTACTUKA SBISAETCS PYYHBIM MPOLECCOM, KOTOpBI TpedyeT KBadH(HUIIMPOBaHHBIX
OIEepaToOpoOB JUIsl yIpaBieHUs 00OpydOBaHWEM U O0OeCHedYeHHs! KayecTBa KOHEYHOIO MPOIYKTa.
Onnako, pyuHasi 00paboTKa 4acTo SIBASETCS MEIJICHHON U HETOYHOM, YTO BEeJET K MOBBIIICHUIO
3aTpaT U CHUYKEHUIO KaueCcTBa MPOYKTOB.

ABTOMAaTU3MPOBAaHHBIE CUCTEMBbI ObUIM pa3pabOTaHbl, YTOOBl PEUMTH 3TH MPOOIEMbI
UCIIONIb3YSl KOMIIBIOTEPHO-YIpaBisieMoe 000pynoBaHHE [UIsi 00pabOTKU TEPMOILIACTUYECKUX
MaTepuanoB. OTH CHUCTEMbI IpEUlaraloT HECKOJbKO MPEMMYIIECTB, BKJIKOYasl MOBBILIEHHYIO
TOYHOCTh, CHUKEHHUE BpEMEHH 00pa0OTKH U YITydlIeHHBIA KOHTPOJIb KauyecTBa.

Hcnonp3oBaHne aBTOMAaTU3UPOBAHHBIX CHUCTEM B IepepadOTKe TEepMOILIACTHKA
MPEIOCTABISAECT HECKOJIBKO MPEUMYILECTB Ui TPOU3BOIUTEICH.

Bo-nepBbIX, aBTOMaTHM3MpOBaHHAs CHUCTEMA MOYKET 3HAUUTEIbHO COKPAaTUTh BpEMs
00paboTKH. YCTpaHEeHHE PYYHOTo Tpy/Aa NMPUBOJUT K COKPAIICHHIO BpeMEHHU 00pabOTKH, YTO
BeJIET K Oosiee 9(P(HEeKTUBHOMY U SKOHOMHUYHOMY IPOU3BOICTBEHHOMY ITPOIIECCY.
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Bo-BTOpBIX, aBTOMATH3MpOBaHHAS CHCTEMa MOXKET YIYYIIMTh KauyeCTBO IMPOIYKTa,
obecrieurBasi TOCTOSIHHBIC YCIIOBUSI 0OPaOOTKH.

ABTOMATH3UPOBAHHBIE CHUCTEMBI MOTYT KOHTPOJIUPOBAaThH TEeMIIEpaTypy, HaBlIEeHUE U
CKOpOCTHh 00pabOTKH, YTO TapaHTHPYET OJHOPOIAHOE KA4EeCTBO MPOIYKIIMH U MHHHUMH3UPYET
BO3MOXXHOCTB OIIMOOK, CBSI3aHHBIX C py4HOU 00pabOTKOA.

B-TpeTbnx, aBTOMAaTH3MpPOBAaHHAsS CHCTEMa MOXET 3HAYMTEIHHO CHU3UTH KOJIMYECTBO
OTXO040B U I/I36BITO‘IHOFO MaTrcpuajia, IOCKOJBKY CHCTEMA MOXKCT KOHTPOJUPOBATHL U
ONTHUMH3UPOBATH UCTIOJIB30BAHNE MATEPHAIIOB H PECYPCOB.

HeCMOTpr Ha MOPCHUMYLICCTBA, aBTOMATU3UPOBAHHBLIC CHCTCMBI TaKXKC HUMCIOT U
HenocTaTku. ONMH U3 HUX — BBICOKAsi CTOMMOCTH 000pYIOBaHUS 1 HHPPACTPYKTYphL. Bioxenue
Cp€aACTB B ABTOMATU3UPOBAHHYIO CHUCTEMY MOKCT 6BITB 3HAUYUTCJIIBHBIM, 4YTO HMMECT HEC
MOAXOAUTH JJII MAllbIX U CPeAHHX Mpeanpusatuu. Kpome Toro, aBroMaTU3MpOBaHHAs CHUCTEMa
TpeOyeT BBICOKOW KBalu(HUKAIMU TMEepCcOoHaa, YTOOB 00CCIEYUTh MPABUIBHYIO HACTPONKY U
yIpaBieHre 000pyJ0BaHHEM. JTO MOXKET MOTPeOOBaTh AOMOJHUTENBHBIX 3aTpaT Ha O0y4YeHHE U
oOyuarome mporpaMMel.

' (s m I m m

‘l paHynbl nonuMepa NoNagaloT B UWIMHAP PacnnasneHHbii NNACTUK 3aNONHAET UMAUHAP W
TepMonnacTaBToMara NPOABHraeTCA K NMTbeBow ¢popme

5§ 5§ 5§

lMop paBnexnem WHeKa NNACTUK 3aNONHAET Mocne 3acr rotosoe
NONHOCTBIO NUTbeEBYIO Gopmy 3 npecc-popmbi

Pucynox 1- Ocobennoctu mpoiiecca (OpMOBKH IJIACTUKA HA TEPMOIIIIACTOABTOMATaX

ABTOMATH3MpOBaHHAs CcHCTeMa MepepaboTKH IUIAaCTHKA MPEJCTaBlIseT  coOou
KOMILIEKCHOE peIleHre, BKJIOYarolee B ce0s HECKOJIbKO ITAroB OOpaOOTKH MIACTHKOBBIX
otxo710B. CricTeMa OCHOBaHa Ha MPUHIIUIIE MEXaHUUECKON mepepaboTKU MIIacTHUKA.

[TepBeIii 3Tanm CUCTEMBI - COPTUPOBKA IJIACTUKOBBIX OTXOOB IO TUITY M KauecTBy. s
ATOT0 MCHOJIb3YIOTCS CIIEalIbHbIE COPTUPOBOYHBIE MAIMHBI, OCHAIICHHBIE CEHCOpPAMHU M
KaMepaMH, KOTOpblE aBTOMATHYECKH PACIIO3HAIOT M COPTUPYIOT IUIACTHKOBBIE OTXObl. JTOT
9Tl MO3BOJISIET YAYYIIUTh Ka4yeCTBO MepepaboTKu 1 MUHUMHU3UPOBATH KOJIMYECTBO OTXO/IOB.

Bropoil »Tam - wu3MeNbUYE€HHME IUIACTUKOBBIX OTXOMOB. IS 3TOro MCHONB3YHOTCS
WU3MENIBYUTENH, KOTOPBIE Pa3MaIbIBAIOT TIACTUKOBBIE OTXOJBI 10 Pa3MEpPOB, HEOOXOIUMBIX IS
JaTbHEHIIeH mepepaboTKH.

TpeTunii 3Tan - OYMCTKA IUIACTUKOBBIX OTXOJIOB OT IMOCTOPOHHUX Npumeceit. s atoro
UCIIOJIB3YIOTCS  CHEIUalbHbIE YCTAHOBKH, OCHAILCGHHbIE (UIBTPAMU, KOTOpPbBIE YHAJISIOT
pa3lInyYHbIC IPUMECH U 3arps3HEHUS.

YerBepThlid 9Tam - mnepepadoTKa MJIACTHUKOBBIX OTXOMOB. [l 3TOro MCHoib3yeTcs
AKCTPY/AEP, KOTOPBIM HarpeBaeT IUIACTUKOBBIE OTXOJbI JIO OMPEACIICHHOW TeMmIepaTyphl U
npeccyeT uX, (OpMHpPYS HOBBI MaTepual. DTOT MaTephanl MOXKET HCIOJIb30BaThCS s
MIPOU3BOJICTBA PA3TUYHBIX U3/ICJINI U3 TUTACTUKA.
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OmHUM W3 TIaBHBIX NPEUMYINECTB aBTOMATH3WPOBAHHOW CHCTEMBI MepepadOTKU
IIJIaCTUKA ABJISICTCA €€ BBICOKAS B(i)(l)eKTI/IBHOCTB 158 HpOI/I3BOJII/IT€J'II)HOCTB. CI/ICTeMa IIO3BOJISICT
3HAUUTEILHO COKPATHTh BpEeMs, HEOOXOAMMOE Ui MepepaboTKHU TIACTUKOBBIX OTXOJOB, H
VAYYIIMTh Ka4ecTBO UX 00paboTku. Kpome Toro, aBromaTn3aius mpoiiecca mo3BoJisieT CHU3UTh
3aTpaThl Ha TPYAOBBIE PECYPChI M TMOBBICUTH 0€30MACHOCTh pabOTHL Penmim 3TO Ha OCHOBE
JOAHHOM 3a/1a4H.

Ilycts

. T - Bpems 0OpaboTKH,

. H - ypoBeHb kauecTBa NpPOYKTa,

. W - KoJIm4ecTBO OTXOJI0B U M30BITOYHOTO MaTepuaia.

Torma MoxHO OyIeT MpeACcTaBUTh MPEUMYIIESCTBA B BUJE CICIYIONIeH (PyHKITUU:

[peumymmecra=f (T,H,W)

T ne:

T=f1 (Ycrpanenue pyunoro tpyna, IPQPeKTHBHOCTb, DKOHOMUS MPOU3BOJCTBEHHOTO
mporiecca)

H=f2 (ABTOMaTH3MpPOBaHHBII KOHTPOJIb, MUHUMH3AIHS OMIHOOK)

W=f3 (KoHTpoJb 1 ONITUMH3AIIKS HCITOJIb30BAHKS MATEPUAIIOB U PECYPCOB)

Oro mpeacraBiseT co0oil 0OIIy0 (GYHKIHIO MPEUMYIIECTB, KOTOpas 3aBHCHUT OT
KOHKPETHBIX ITapaMeTPOB, ONPEACISIIONX KaX10€ U3 Tpex npenmymiects. Kaxxaas u3 Gpynkunit
f1, 2, f3 moxer ObITh pa3paboTaHa JOMOJHUTEIBHO, YYHTHIBAas KOHKpPETHBIC (HOPMYIBI U
3aBUCHMOCTH OT COOTBETCTBYIOIIMX MTapaMeTPOB.

BaxxHpIM acniekToM pa3pabOTKH aBTOMATH3UPOBAHHON CHCTEMBI IEpepabOTKH IIIACTHKA
SBISCTCS €€ OSKoiormueckas d¢p¢exTtuBHOCTh. CHcTeMa TO3BOISET NepepadaThBaTh
TUTACTUKOBBIE  OTXOABI 0€3 BbIOpOCa BpENHBIX BEIIECTB M 3arps3HSIONMX BEIIECTB B
OKPYXKAIOIIyI0 Cpeiay, YTO CYIIECTBEHHO CHM)KAe€T HETaTMBHOE BO3/ECHCTBHE HA OKPYKAIOLIYIO
Cpey M 3J0pOBbE YEIIOBEKA.

HpyruM BaxXHbIM (aKTOPOM, KOTOPBIH HYKHO YYUTBHIBATh HpPHU HCIIOJIb30BAaHUH
aBTOMATHU3WPOBAHHBIX CHCTEM, SBISCTCS HKOJIOTHUECKUH acnekT. COBpeMEHHOE MPOU3BOACTBO
CTAJIKMBAETCS C MPOOIEMOI IKOIOTUYECKOW YCTOWYMBOCTH, U aBTOMATU3HPOBAHHbIE CUCTEMBI
nepepaboTKH TEPMOIUIACTHKA MOTYT IOMOYb PEUMThH 3Ty mpodieMy. OHM MOTYT yMCHBIIM Th
KOJIMYECTBO OTXOJIOB, MMOBBICUTH MCIIOJIB30BAaHUE PECYPCOB U CHU3HUTH SHEPTroOnoTpedieHue, 4Yro
B CBOIO OY€pe/lb CHU3UT BPETHOE BO3ACHCTBHE Ha OKPYKAIOIIYIO CPELY.

B menom, ncronb30BaHNE aBTOMATH3MPOBAHHBIX CHCTEM NMEpepabOTKU TepMOILIACTHKA
UMEET MHOTO NPEHMYIIECTB, KOTOPBIE TTOMOTAIOT YAY4YIIUTh MPOU3BOIUTEIHHOCTh U KaueCTBO
npoaykiuu. OmHako, A TOro 4ToObl TOOUTHCS MAKCHMAaJbHOW OTAAa4YM OT HMCIOJIh30BaHUS
TaKUX CHCTEM, HEOOXOIMMO TIIATEIbHO MPOAHATIU3UPOBATH BCE (PaKTOPBI M MPUHSATH PEIIEHUE O
BHE/IPCHHH C YYETOM KOHKPETHBIX YCIOBUI M TOTPEOHOCTEH MPE I PHUSITHS.

3ak/a0ueHHe. ABTOMaTU3UPOBAHHBIE CUCTEMBI ITEPepabOTKU TEPMOIIACTHKA SBIISIOTCS
MEPCIIEKTHBHBIM PEIICHUEM ISl TPOMBIITICHHOTO MPOU3BoACTBA. OHU MOTYT 3HAYHUTEIHHO
yAydImTh 3(PPEKTUBHOCTH MPOU3BOACTBEHHOIO IMPOLECCa, CHU3UTH BpeMsi 0O0pabOTKH U
YIydIIMTh KadecTBO mpoaykuuu. OmHako, Tepel BHEAPEHHEM TaKHUX CHCTeM HE0O0XOANMO
IPOBECTH THIATENFHBIA aHAJIN3 3aTPaT M BBIICHUTH, SBISETCS JIM 3TO HanOosee MOIXOASIIM
peuieHreM Uil KOHKPETHOrO mpennpusTus. Tak jxe HeoOXOAMMO OOECIEeYHTh BBICOKYIO
KBaJM(HUKALUIO T[EpcoHaNa JUIs YOPaBICHHS CHUCTEMOH, dYTOObI JOCTHYh HAWIY4IIHX
pE3yIbTATOB.
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( 1
1 2 )




NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 41SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

2. Wxan, 3. u JIu, X. OnTtumusanus napameTpoB IIpoliecca JIMTbS Ha OCHOBE
UCKycCTBeHHOTO MHTeIUIeKTa. [lomameps, 2021., 832 c.
3. I'onoskun I'.C., Imutpenko B.II. Hayunsle OCHOBBI IPOM3BOACTBA U3ACINNA U3

TEPMOIJIACTUYHBIX KOMIIO3UIITUOHHBIX MaTepualios. - M., 2005.

4, https://pol ymernagrev.ru/nagrev-v-proi zvodstve/ sposoby-pererabotki - polimerov-
chast-2-lite-pod-davl eniemy

5. MunbkoB C.JI., MunbkoB JI.JI. OCHOBBI YHCIIEHHBIX METO0B: YueOHOE Imocodue.
Tomck: U3xa-so HTJI. 2006.- 260c.

6. http://www.garant.ru/products/i po/prime/doc/486910/

40

—
| —


https://polymernagrev.ru/nagrev-v-proizvodstve/sposoby-pererabotki-polimerov-chast-2-lite-pod-davleniem/
https://polymernagrev.ru/nagrev-v-proizvodstve/sposoby-pererabotki-polimerov-chast-2-lite-pod-davleniem/
http://www.garant.ru/products/ipo/prime/doc/486910/

NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

YK 622
NHHOBALMOHHBIE NMOAXO/JAbI K ABTOMATU3ALIMU U JUCIIETYEPU3ALIUN
I'OPHOI'O TPAHCIIOPTA: IMOBBIINEHUE DOPEKTUBHOCTU U
BE3OITACHOCTHU JOBbIYU PECYPCOB

Kyrtrbi0aeB Alinap EpmekkanuneBuy
KasHUTY um K.Catnaea, accoriupoBaHHbII Ipodeccop, KaHUAaT TEXHUIECKUX HAYK
Anmatsel, Kazaxcran
KyanTtaes Hyp:kan AnmbexyJibl
KasHUTY um K.Carmaesa, PhD moxTopanT
Anmatel, Kazaxcran

d. | https://doi.org/10.5281/zenodo.10452198

To Cite: KyrreibaeB Ainap Epmexkanuesuny, & KyanraeB Hypxan AmmOexynsl (2024).
NMHHOBAIIMOHHBIE TIOAXO/Jbl K ABTOMATHU3ALIMM W AUCIIETYEPU3ALIMU
I'OPHOI'O TPAHCIIOPTA: IIOBBIIHEHUE DS®OEKTUBHOCTU U BE3OITACHOCTU
JOBbIUN PECYPCOB. B SCIENCE AND EDUCATION: MODERN TIME (T. 4, Bemyck 4).
Zenodo. https://doi.org/10.5281/zenodo.10452198

AnHoTanus: Texyiee pa3BUTHE MUPOBOY TOPHOI MPOMBIIUICHHOCTH COCPEIOTAYNBACTCS Ha
OTKPBITOM METO/Ie TOOBIYH, KOTOPBI 00eCIeYnBaeT ONTHMAIFHBIE YKOHOMUYECKHUE ITOKA3aTEIH.
bonee 80% ropHoli mpoaykiuu B Mupe, Bkiodas Kazaxcran u ctpanbsl CHI', moGwiBaeTcs
OTKPBITBIM cmoco0oM. OmHAKO, ¢ POCTOM MAacHITa0OB OTKPBITHIX TOPHBIX PabOT BO3HUKAET
HEOOXOUMOCTh B (P (EKTUBHBIX CHUCTEMaX YIPABICHUSA, OCOOEHHO B YCIOBHSX IITyOOKHX
kapbepoB. [IpoGneMbl ¢ curHazamMu CIYTHUKOBOW HaBUTAllMd MOTYT 3aMEUIMTh paboTy
ropaojo0sBatoliero obopynosanus. B nannom kontekcre kommnanus PIKLEMA npencrasmisiet
WHHOBAI[MOHHBIC pEIIeHUS B O0JIACTU aBTOMAaTU3allMd TOPHOTPAHCHOPTHBIX KOMIIJIEKCOB,
npennaras nepenoByro 1uargopmy Piklema.ONE. Dta koMIUIeKCHasi cCUCTeMa YIpaBICHUS
TOPHO-TPAHCHIOPTHBIM ~ KOMIUIEKCOM, IIMXTOMOATOTOBKOM M 0OOralieHHeM HWHTErpupyeT
TEXHOJIOTMHM UCKYCCTBEHHOTO MHTEIIJIEKTA, HAIIPABJIEHHbIE HAa ONITUMU3AIIMIO IPON3BOACTBEHHBIX
MPOLIECCOB U MOBbIIIEHHE 3(H(PEKTUBHOCTH TOPHOTPAHCIIOPTHBIX KOMILIEKCOB.

KaroueBbie ciaoBa: GPS-texHonmormm, rOpHas NPOMBIIUICHHOCTh, HaBHTAI[MOHHBIC
TEXHOJIOTHMHM, CHUCTeMa JUCIeTYepU3allMM, TEXHOJOTMH  OTKPBITBIX TOPHBIX  Pador,
TOPHOTPAHCIOPTHBIE KOMIUIEKCHI, aBTOMAaTH3allUsl YIpaBiIeHUs, MPOrpaMMHoOe oOecrieueHue,
micreryep, OOpTOBblE KOHTpoJulepbl, aucnetuepusanus, ACY [I'TK, ontumusanus
IIPOU3BOJICTBEHHOTO IIpoILecca.

Abstract: The current development of the global mining industry focuses on an open mining
method that provides optimal economic performance. More than 80% of the world's mining
products, including Kazakhstan and the CIS countries, are mined in an open-pit manner.
However, with the increasing scal e of open-pit mining, there is a need for effective management
systems, especially in deep quarries. Problems with satellite navigation signals can slow down
the operation of mining equipment. In this context, PIKLEMA presents innovative solutions in
the field of automation of mining and transport complexes, offering the advanced Piklema.ONE
platform. This integrated management system for mining and transport complex, charge
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preparation and enrichment integrates artificial intelligence technologies aimed at optimizing
production processesand increasing the efficiency of mining and transport compl exes.

Key words: GPS technologies, mining industry, navigation technologies, dispatching system,
open-pit mining technologies, mining transport complexes, control automation, software,
dispatcher, on-board controllers, dispatching, automated control system of the SCC, optimization
of the production process.

Tekymee pa3sBUTHE MHUPOBOM TOPHOW MPOMBINUIEHHOCTH OCTABISIET OTKPBITBIM METO
MOOBIMM KaK MpeoONaJalonpM HampapieHHEM, oOecreurBas ONTHMalbHbIE SKOHOMUYECKHE
nokazarenu. boinee 80% ropuoit mpoaykiuu B mupe, Bkiodas 83% B CIIA u okono 70% B
ctpanax CHI', noObiBaeTcsi OTKpBITHIM criocoboM. B Kazaxcrane 3ToT MeTon npuMeHsieTcst s
nooerau 91% sxenesHbIx pyn, Oomee 70% mBeTHBIX MeTaymioB U 6onee 60% yrmst. C atum
COTPOBOXKIACTCS YBEIMYCHUE TIAYOMHBI M MAacIraboB OTKPBITBIX TOPHBIX pabOT Kak B
Kazaxcrane, Tak u 3a pyoexxom.

Db dexTuBHOE pa3BUTHE OTKPBITHIX TOPHBIX paboOT Temepb 3aBUCUT HE TOJIBKO OT
MCII0JIb30BaHUSI HOBBIX BUJIOB TOPHOTO U TPAHCIIOPTHOTO 000PYIOBaH U, HO TaKKe OT ObICTPOTrO
BHCAPCHUA COBPCMCHHBIX AaBTOMATU3HWPOBAHHBIX CUCTCM YIPABICHUA TOPHOTPAHCIIOPTHBIMU
KOMILJIEKCAMHU C UCIIOIb30BAHUEM CITYTHUKOBOM HaBUTAIUU.

HNudopmManioHHbIe KOMIBIOTEPHbIE TEXHOJOTUU TMOJIYYHJIM IIMPOKOE pPACHpOCTpaHEHHE B
TrOpHOJOOBIBAIOIIE TPOMBIIUIEHHOCTH, OCOOEHHO B TMoOcieAHee necsaTuierne XX Beka.
Cumxenue IO€H Ha MCTAaJllIbl U OGHIPIﬁ DKOHOMHYECKHH criaJ Ctajad CTUMYJIOM JIS Ppa3BUTUSA U
BHEJPEHUsS] HMHQPOPMAIMOHHBIX TEXHOJOTHH B TOPHOAOOBIBAIONMX MpeAnpusatusax. Llenasio
BHE/IPEHHSI 3TUX TEXHOJOTHH OBUIO MOBBIMIEHHE 3()()EKTHBHOCTH pabOTHI 32 CUET YIyqIICHUS
OpraHu3alliy MPOU3BOJACTBA, ONTHUMHU3AIMK TOPHBIX PaOOT M CHIKEHHUS 3aTpaT Ha BCEX dTamax
JIOOBIYHOTO ITUKJIA.

C naganom 90-x ronoB GPS-TexHonoruu, M3Ha4aabHO pa3paboTaHHBIE IS BOCHHBIX HYX]I,
CTaJIX AOCTYIIHBI MJIA I'PaXaHCKOT'O UCIT0JIB30BaHU . FOpHaﬂ IMPOMBIINUICHHOCTE CTaJjia OI[HOfI us3
MEPBLIX OTpaCHCﬁ, rac B(I)q)eKTI/IBHO HUCIIOJIB30BAJINCh HAaBUT'allMOHHBIC TEXHOJIOTHUU HJIA
MOHUTOPUHIa M JHUCHEeTYEepU3alMM MOOWIBHOTO o00opynoBaHus. BHenpenue cuctemsl
JUCTIETYEPU3ALUU [T03BOJIMIIO YBEIUYUTH OOIIYI0 MPOU3BOAUTEIBHOCTh HpeanpusaTus Ha 10—
15%, uyTo OKa3ano CyHECTBEHHOE BO3JCUCTBHE Ha MPEOAOJICHHE SKOHOMUYECKOIo crajaa B
JOOBIBAIOIIMX OTPACTISX.

B Hacrosiee BpeMs 0COOEHHO aKTyallbHBIM CTaHOBHUTCS uctonb3oBanue GPS-texnomnoruii B
Pa3siiMYHbIX TPOU3BOACTBCHHBLIX IpOHCCCaX. C POCTOM NPOMBINUICHHOCTH B PAa3JIMYHBIX
o0jacTsX BO3pacTaeT MOTPEOHOCTh B KOHTPOJIE TMPOHM3BOACTBEHHOTO MpOIEcca B PEXHUME
pPCaIbHOr0 BpEMECHHU, YTO OTKPLIBACT BO3MOXKHOCTHU IJIsI CBOCBPECMCHHOI'O IPUHATHA peHIeHI/Iﬁ C
LEJIBIO YITYUIIeHUs Pe3yJIbTaTOB paboTHI.

OmHako, Kak TIIOKa3bIBACT MPAKTHKA, B HEKOTOPHIX OTPACIAX OTOT BOIMPOC OCTAETCS
aKTyaJTbHBIM H3-32 BBICOKOM MOTPEOHOCTH B KayeCTBEHHBIX HATypHbIX GPS-usmepenmsix,
CchEMKax M HAOIMIOJAEHUSAX BBICOKOW TOYHOCTH. OCOOEHHO OCTpO 3Ta MpobieMa CTOMT B TeX
otpacisix, rae GPS-nabnrofeHuss cuuTanuch HENPUEMIIEMBIMHU, TAKUX KaK OTKPBITHIE TOPHBIE
paboThl MOBBIICHHON TTyOUMHBL. B yciaoBUsX MTyOOKUX KapbepoB IMPUEM CUTHAJIA CIIyTHUKOBON
HaBUTallUX 3a4aCTYKO0 3aTPyAHCH, YTO MOKCT 3aMCAJIUTb WM OCTAaHOBUTH pa60Ty CHUCTEM
yIIPaBJICHHS TOPHOI0OBIBAIOIIMM O000PYIOBAHUEM.

Taxke HEOOXOJMMO OTMETUTh, 4YTO MPOOJIEMOH TIyOOKHX KapbepoB  SBISIOTCS
VXYIIIAIOIIMECS ~ TOPHOTEOJIOTUYECKUE W TOPHOTEXHHUYECKHE  YCJIOBUA  Pa3pabOTKu
MECTOPOXKICHUI (HEOOXOIUMOCTh PAabOTHI BOJIM3M BBICOKMX OTKOCOB YCTYIIOB, CIIOKHOCTH
IOPOBETPUBAHUS U Jp.), UTO YCIOXHSAET TEXHOJOTMYECKHE MPOLECChl BBIEMKH U
TPAHCIIOPTUPOBKH TOPHOW MacChl M OKa3bIBACT HETaTHBHOE BO3JCHCTBHE Ha PAOOTHHKOB.
Bo3zelicTBue BpeHbIX (haKTOPOB IPOM3BOJICTBA HA IEPCOHAN, 0OCTYKUBAIOIIMI 9KCKaBaTOPHO-
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aBTOMOOMJIbHBIA KOMIUIEKC, Ha 52,8 % HeycTpaHUMO B CHJy COYETaHHMsI OCOOEHHOCTEH
TEXHOJIOTMUECKOr0 TMpollecca U KIUMaTa, NP ATOM ONpeaesstonmM (aKTOpoM SBISETCS
BuOpanus. Haubonee wyacTo mnoaBep:keHbl MPO(ecCHOHAIbHBIM 3a00JIeBaHUSAM BOJUTEIH
OoBIIETPY3HBIX camMocBaioB (59,9 %) u ManmHUCTHI SKcKaBaTopoB (15,1 %).

Bo3pacTtanue MHTEHCUBHOCTH MPOU3BOICTBEHHBIX MPOIECCOB, YCIOKHEHHE YCIOBUH paboTHI
TEXHOJIOTHYECKOT0 TPAaHCIIOPTa, YKECTOUeHHE TpeOOBaHUM K OXpaHe TpyAa U MPOMBIIUTICHHON
0e30macHOCTH, a TaKXKe K OXpaHE OKpYXaloIlel cpelbl W OCBOCHHUIO HeAp OOYCIaBIMBACT
HEOOXOJUMOCTh BHEAPEHMs] Ha TOPHBIX HPEINPUATUAX BBICOKOI(P(PEKTUBHBIX TEXHOJIOTUH
JOOBIYM TOJIE3HBIX MCKOMAEMbIX — MAaJIONIOJHBIX, a B MEpCreKkTHBe M Oe3monubiX. [lepexon k
TaKUM TEXHOJIOTUSM SIBIISIETCS NEPCIEKTUBHBIM HE TOJIBKO C TOYKH 3pEHMsI 0€3011acCHOCTH, HO U
JUTSL CHYDKEHUS M3JIEPIKEK, CBA3aHHBIX C CO3/1aHneM KOM(OPTHBIX U O€30IacCHBIX YCIOBUH TpyIIa.
TexXHOIOTUN OTKPBITHIX TOPHBIX pabOT BKIIOYAIOT YEThIPE OCHOBHBIX IIOCJEI0BATEIbHBIX
TEXHOJIOTMYECKHX JTara:

1) moAroTOBKAa MOPOJ K BEIEMKE;

2) BBIEMOYHO-TIOTPY304YHBIC PAOOTHI;

3) nepemertenue (TpaHCIIOPTUPOBAHUE) TOPHON MACCHI;
4) pa3rpy3Ka v CKJIaJUpOBAaHUE TOPHOU MACCHI.

Ha ceromusammuii neHp B KasaxcraHe Ha pbIHKE aBTOMATU3allMU  YIIPABJICHUS
TOPHOTPAHCHOPTHBIMU KOMIUIEKCAMHM pPa0OTalOT KaK OTE4eCTBEHHbIE (UpPMBI (Hampumep,
"Texnokomruiekc", "[IpomaBTOMatuka" u ap.), Tak W 3apyoOexHsle (Hampumep, "Modular”
(CIA), "Wenco" (Kanana), "Micromine" (ABcTpayus) u zp.).

OmauM 3 0COOEHHBIX TpeOOBaHMI K CHCTEMaM YIPABICHUS TOPHOTPAHCIIOPTHBIMH
KomIuiekcamu B KazaxcTaHe siBisieTcsi HEOOXOJUMOCTh aJanTalud K OCOOCHHOCTSIM MECTHBIX
YCIIOBUH, BKJIIOYAst KIMMATHIECKHE 0COOCHHOCTH M TPY/IOBBIE HOPMBI.

B nomonHeHue K BBIICONMCAHHBIM TEXHOJOTMYECKUM TPEHJIAaM B TOPHOI00BIBAIOIICH
oTpaciu, cleayeT oOpaTWTh BHHMMaHUE HA WHHOBAL[MOHHBIE pEILICHUs, IpeasaraeMble
komnanueil PIKLEMA B obnacTu aBromMaTHu3alii CUCTEM YIPaBICHHUS TOPHOTPAHCIOPTHBIMU
komiuiekcamu (ACY I'TK). ®dupma PIKLEMA mnpennaraer mnepeaoByr miathopMy s
pa3paboTKH CHUCTEMBI AMCIIETYEPU3ALUU U MoJepHu3anuu cymectByonmx cucreM ACY I'TK,
oborameHHnyro rotoBeiMu Monyiasmu PIKLEMA opueHTHpoBaHa Ha MpeaocTaBICHUE
KOMIUIEKCHBIX PEIIeHUH, CIIOCOOCTBYIOUMX ONTHMHU3ALMU IPOU3BOACTBEHHBIX IPOIECCOB
MOBBIIEHUIO 3(Q(PEKTUBHOCTH TOPHOTPAHCIOPTHBIX KOMILIekcoB. Mx mmargopma s
pa3paboOTKM CUCTEMBI TUCIIETYEPU3ALIUH IIPEIOCTABISAET YHUKAIbHBIE BO3MOKHOCTH.

Piklema.ONE — koMIulekcHasi cucTeMa YIpapieHUs] TOPHO-TPAHCIIOPTHBIM KOMILICKCOM,
[IMXTONOTOTOBKOM M 00OTaleHUEM C TPUMEHEHHEM TEXHOJIOTHI HCKYCCTBEHHOTO MHTEIJICKTA.
IIpenmyiecTBO alropuTMOB UCKYCCTBEHHOTO MHTEIUIEKTA ISl ONTUMHU3ALMH B OTJIMYHUH OT
TPaJAULIMOHHOTO yepeaHeHus (puc.l).

Puc.1. Ucnons3oBanne MU it onTumusanuu

Mapametp

CTaTUCTUKA ABMMKEHUA MO
MapLipyTam

pad popor

PacyeT nnaH-daKTa U OTKAOHEHUA
paboTbl IKCKaBaTOpa

TpaauuMOHHbIE MeToabl

CpeaHaAs CTAaTUCTMKA ABUKEHWUS
Mo MapLupyTy 3a NocneaHue
CMEHbI U1 HECKO/IBKO YacoB

M3HayanbHas 3arpy3ka ot
MapKLenaepos, Heobxoguma
onepaTMBHasA AOPUCOBKA
Aucnetyepom, 06614HO
ABYXMEPHbIM rpat

CTaTUCTUKa NPOLUNBIA CMeH (MK
py4HO# BBOA), 0BHOBNEHME
CTAaTUCTUKKW NOCNE HECKONbKUX
4acoB paboTbl

MCKYCCTBEHHbIIA MHTENNeKT

MporHo3Hble Modenu ans
TOYHOTO ONPeAeNEHUA BPEMEHU
npubbiTMA camocBana 3a cHet
OTCNEXUBAHUA BakTa
BbINOHEHUA

ABTOMAaTMYECKAA OTPMCOBKA M
06HOBNEHWE TPEXMEPHOro rpada
Aopor

MporHo3Hble Mogenu ansa
(HOpPMUPOBaAHMA OCHOBHbIX KPI B
3aBUCMMOCTM OT BXOAHbIX
YCNOBUIA U aBTOMATU4ECKOE
o6HOBNEHME

BnusaHue Ha ap ekt

60/ee TOYHOE NPOrHO3MPOBaHWE
BPEMEHW NpUBbITUA U
COOTBETCTBEHHO COKpPaLLEeHWe
npocToes

MWUHUMMU33LMA Py4HOTO BBOAA
(owmnboK), bonee TouHan
CTaTUCTMKA NO TPEXMEDPHOMY
rpacy

To4yHOe NPOrHO3MpPOoBaHUe
BPEMEHW NOTPY3KK ANs
anropuvTma pacnpeaeneHua
CamocBanos
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CrannapTHbl 60pTOBON KOMMbIOTEp ¢ 10 IOHMOBBIM CEHCOPHBIM YKPAaHOM U MPOTrPaMMHBIM
obecrieueHUEM TS paOOTHI B COCTaBE CHCTEMBI IMCIIETYCPH3AINH, & TAK)KE HHTETPAIUN CUCTEM
MPEIOTBPALECHUS CTOJKHOBEHMH, KOHTPOJIS YCTAIOCTH, AUATHOCTUKU TEXHUKH U JIP:

Enunblii sproHoMuuHbiil nHTEpdEic a1 BceX CUCTeM, roToBasi OM3HeC-JIoTuKa JUlsl mpoliecca
ynpasienus ' TK

HacrtpanBaemble onoBeleH s (BU3yalbHbIE,I0JIOCOBBIE).

JlononHuTenbHble QYHKIMU — HABUTATOP TOPHBIX padoT, CBA3b C AUCHETYEPOM U TIp.

[TonyueHne naHHBIX OT OOPTOBBIE KOHTPOJUIEPOB MO pa3nuyHbiM mportokoidam (CAN, RS,
Ethernet, USB)

Jucneruepusanus — «uppoBoi MNOMOIIHHUKY» PEKOMEHIaTeNIbHas CUCTEMa [l JUcIeTyepa,
BOJIUTEIISI, MEXaHUKA M IPYTHX MPOU3BOACTBEHHBIX CIY)KO TOPHOTO MPENTPHUSITHS .

["'OpHOTpaHCHIOPTHBIN KOMIUIEKC IMpEACTaBiIseT co0oi cuctemy (puc.2), oObeIUHSIONIYIO B
cebe pasziuyHble TEXHOJIOTUH U 00OpyAoBaHUE i JOOBIYM, TPAHCIIOPTUPOBKU M 00pabOTKU
MOJIE3HBIX MCKoMaeMblX. OObEeAMHUB pa3IMYHbIE TEXHOJIOIMH U obopynoBanue, ACY I'TK
CTPEMHUTCS K ONTHMHU3AIMHA BCETO MPOM3BOJACTBEHHOIO Ipoiiecca — OT J00bUU 10 00paboTKH
MOJIE3HBIX HMCKOMaeMbIX. Mcronb30BaHNe COBPEMEHHBIX TEXHOJOTMH IMO3BOJSET CYLIECTBEHHO
yaydnmTh  3(PQPEeKTUBHOCTh  M0OBIMM, CHHU3UTH 3aTpaThl W  TOBBICUTH OE€30MaCHOCTH
MIPOU3BOJICTBEHHBIX ] IIPOLIECCOB.

Peanusauuna TpagMUMOHHOTO GYHKLMOHA/IA ONTUMU3 LUK
* MNaHWPOBLLMK- pacnpeaeneHMe CaMoCBaioB B Ha4Yale CMeHbI No
MapLpyTam
*  [MHAaMUYECKOe pacrnpeaeneH1e No MapLIpyTam B pexume
PeanbHOrD BpEMEH!. ] *  NMMWHMMM3AUMA NPOCTOEB B[
*  KpuTepuu ontmmsauuui (NPUOPUTET IKCKABATOPOB, KAYECTBA, "_ «  OfecneueHue KauecTea =
NPOU3BOANTENBHOCTH). =
*  ONTMMW33ALMA 3aNPaBKK.
*  OnNTMMMW3aLMA NepecMeHKn (nocnegHui penc).
*  ONTMMW3ALMA NONHOTbI 3arPy3KM.
*  YBenuueHue
PaclumpeHHbIid (HeT B CTaHA,apTHOW ONTUMU3ALMHN): NPOM3BOAUTENbHOCTH B EAUHULY
*  ONTMMW3ALMA CKOPOCTHU ABUMKEHMWA Ha MapLUPyTe, PUTMUYHOCTb BpeMEHU _-7°
* [pOrHo3MpoBaHMWe CTaTUCTUK AR ONTUMU3aLUKU Ha OCHOBE * CoKpaleHue 3aTpaT Ha TON/IMBO U —f
anroputmos MM (MHOrogaKkTOpHbIM aHaIM3 — BOAUTENN, 3NEKTPOIHEPINI0
Ka4ecTBO A0POr, NOroaa, rpaHCcoCcTas M np.) ~+ Jon. ¢pyHKUMOHAN NO
* ABTOMaTU4yeckoe obHoBNeHMe rpad)a AO0POrHa OCHOBe U MWHMMU3AL WK NPOCTOEB
*  KOHTPO/b CKOPOCTU NOTPY3KU
* KoHTpo/bBCcnomoraTesibHbIX paboT (NporHo3 BpemeHun
NpUBLITMA CAMOCBANOB) l111yyyyy Pikiema

Puc.2. ®ynknuu ontumuzanuu I'TK

C yderoM BbIIEYNOMSHYTHIX (AKTOPOB, BHEJIPEHHE BBICOKOI((EKTUBHBIX TEXHOJIOTHH,
TaKMX KaK CHCTEMBl JAMUCIETUEPU3ALUNM U aBTOMATU3UPOBAHHBIE KOMIUIEKCHI, CTAHOBMTCS
HeoOxoaumocThlo. [lpon3BoauTenu, Kak OTEYECTBEHHBIE, TaK U 3apyOeKHbIE, AKTUBHO
paboTal0T Ha phIHKE aBTOMATHU3ALMM YIPABICHHUS TOPHOTPAHCIOPTHBIMH KOMILUIEKCAMU,
Ipejylarasi ”HHOBAaLlMOHHBIE PEIEHUs I aallTallii K MECTHBIM YCIIOBHSIM, BKJIIOUas KIIMMaT U
TPYAOBBbIE HOPMBI.

B nesnom, nepcrnekTUBBI pa3BUTHS OTKPBITHIX TOPHBIX pa0OT 3aBUCAT OT YCHEIIHOIO CIUSHUS
TPaJUIIMOHHBIX METOZOB JOOBMH C COBPEMEHHBIMH TEXHOJIOTHUSIMHU, YTO COJEHCTBYET
ycTOWYMBOMY U 3(h(h)eKTUBHOMY Pa3BUTHIO JAHHOM OTpaciy.

Cnucok Jimreparypsbl:
AbGpocbkun A.C. TlpumeHeHHEe COBPEMEHHBIX CHCTEM aBTOMATHU3allMd HAa OTKPBITHIX TOPHBIX

pabotax. C. 122-130
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YIK 626.1
KAHAJI APHACBIHIATBI KAP BYBIPKACBIHBIHBIH TYBIHAAY MEXAHU3MI

Mo aikTaiiyasl MypaTkan
TexHuKa ®KoHE TEXHOJIOTHSI MATUCTPHI, aFa OKBITYIIIBI,
M.X. Jlynatu ateiHaarsl Tapas eHIpIIiK YHUBEPCUTETI,
Tapa3, Kazakcran

d https://doi.org/10.5281/zenodo.10452219

To Cite: Momikrailyiel Mypamkan. (2024). KAHAJI APHACBIHJIAFBI  KAP
BYBIPKACBIHBIHBIH, TYBIHAAY MEXAHM3MIL. B SCIENCE AND EDUCATION:
MODERN TIME (T. 4, Beimyck 4). Zenodo. https://doi.org/10.5281/zenodo.10452219

AnHoTtanmusa: Makanana Opranelk KazakcTaHHBIH aliMaKTapbIHAAFbl Kap OYBIPKACBHIHBI
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Abstract: the article discusses the mechanisms of snow accumulation in the channels of
canals with alarge number of snowdriftsin the regions of central Kazakhstan.

Key words: canals, snow transport, snow load, amount of snow collected, drainage of
canalsinmargina snow, boundary layer.

HaxTpl KaHan KUMachl YIIiH, Kap TaChbIMaJlbl KeJIEeMi IIEKTEYCi3 eKEHIH eCKepe OThIPHI,
013 KaHaJl apHACBIHBIH Kap OybIPKACHIHBIMEH ILIEKTI TOJY JKaF/IalibIH aHBIKT Al alaMbI3.

Bipak OapibIKk yakpITTa HEpIiK, KaHAJIFa KM TYCETIH Kap KOJIEMiHIH OHBIH IIeKTi
KarJaiFa JIeWiH TOJBIK KOMildyiHe KeTKUTIKTI Ooma Oepmeiimi. Erep, Kbic Mesriiai OOMbI
OOpaHMEH TYCeTIH Kap MOJNIICePiHIH KOCBHIHABI KOJIeMi, KaHaJAbIH IMIeKTI JKHHAY
(akkymymsnusuiay) KabineTiHeH TeMeH OoJica, OHJa KaHal KMMAachl TOJBIK IIEKTIK jKafFaaiira
JICH1H TOJIBICTIAl B, TeK XKapThutaid keMise i, [1lexTi MymMKiH OOJIaThIHHAH JKapThUTAH MOJIIIEp e
KaHaJ Kapfa KeMUJITeH Ke3Jeri Kap YHIHIICIHIH mapamMeTpiepiH Oaranay YIIiH, TachbIMalJaHFaH
Kap KejieMl MEH KaHall KUMAaChIHBIH T€OMETPUSUIBIK IapameTpiiepl Typajibl Oap IepeKTepl
naijanana OTBIPHIN, Kap MaTepHallbl YaKbITKa OailllaHBICTBI TYCyiHE Opail apHaHBIH Kapra
KOMUIyl KE3eKTUITH (KapFa KeMuly AMHAMHUKACBIH) aHbIKTay KaxeT. Kap OybIpKachIHBIHBIH
JUHAMUKACHI OOpaHIap/IbIH HET13T1 3aHABUTBIKTApbIMEH THIFBI3 OaiinanpicTa 60manst [1].

KananneiH mertinge Oerermie (KaBanbep) OOJFaH JKaFdaiifa >Kel aFblHbI €H ajbIMCH
Texeny kymiHe Ttam Oomanel. CoraH opaii, OopaHMeH OOnFaH Kap OybIPKACHIHBI 3aTHIHBIH
KUHAIYbl, OIpiHIIN Ke3eKTe KaBajbep allJbIHAA Xypemi. bipak, Oenrimi OonraHmai, KaBajbep
MaHBIH/A JKMHAIATHIH Kap MOJIIEepiHiH KejieMi IaMaibl FaHa. ANFamkel Oopanmap OojiraH
Ke3/iH e3iHJe-aK KaBalbepAiH BIK >Karbl, )KaKChl alfHAJBII OTYre IeKTI JeHIrelre AeiliH TOoIbIn
Kananel. OnmaH apeina, KaHaiFa TYCETIH Kap, TPAH3UTIICH — KaBalbep AapKbUIbl KaHAJJIBIH
apHaJbIK Oeslirine Kapail Tyce OacTaiiibl.

Aniply alThINT ©TUITEHIEH, JKeJT aFbIHBIHBIH Ka3bIHIBIMEH Ke3/IeCyl Ke31H/Ie O1p/IeH OHBIH
epHEyiHEeH KeWiH TeMeH Kapail OypBbIIeH arblHHBIH KalbUIBII Tapalybl OacTaiaabl, O
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[IeKapanblK KabaTTaFbl aFbIH KBUIIAMJBIFBI TapadybIMEH KanFacaabl. bipiHIn Ke3ekTe,
O0opanHaH 0oJiFaH Kap OYBIPKACHIHBIHBIH HET13T1 Maccachl MOFBIPIAHFAH €H TOMEHT MIEKapaIbiK
KabaTTaFbl JKbUTIAMIBIKTHIH TOMEHICY1 KYpeEi.

bisre Genrini, mamManbl FaHa JKbUIIAMJIBIK TOMEHJCYl aFbIHHAH KAapJbIH TYCYIHE ajIbIIl
keneni. OcelFan opaif, OipJieH KaHAJBIH epHEYiHEH KeliH KapKbIHAbI KapblH KUHAIYbBI KYpe
Oacraiinel. KananaelH apHachl KapMeH TOJYbIHA Opail, aFbIH KbUIAaM/IBIFBIHBIH (TapalybIHbIH )
TOMEHJICY IeKapackl, aJl COFaH OAMIAHBICTHI KAPKBIHIBI Kap KUHAY IIEKapachl ke 9Cep eTeTiH
KaKKa Kapad Kosfaja OacTaifjipl, ©31HIH KeHiH TaOurH jkaktay KodddunuerntiMer (Mp) Teric
KOMIJIreH Kap OCTiH Kaaabipaisl [2-5].

ConbIMeH, Kap Tocma ana0blHaH XKETKUTKTI MeJIepae Kap Tycyl Ke3iHie, KaHalIblH
apHAJBIK 06JIiTi kKaKTay KodhUIHeHTI My Meepe KapMeH kemisieni. ComaH KeiH mamMalisl
Kap OeJiri eKiHII KaBajbep alablH/a )XKuHaa 6actaiiibl. OcbIMEH KaHAbIH apHAIBIK OOMITiHIH
KUHAY KaOUIeTl TONbIFRIMEH askTananasl. ComaH KeWiH KapJbIH JKMHATYbl €KiHII KaBaJIbepIeH
KEH1H 1o OCBIHAN Ke3EKTUIIKIICH KYPEi.

Mpeinanaii 61p caiajaap/sl 1a €CKepreH JKOeH, 0J1 KaBajdbepill KaHaaap YIIH Je, KaBaabepi
JKOK KaHajjap YIIH J¢ KarbicThl. KaHanmapiH canbicThipmanbl eHine B/h sxoHe kakray
koo dunreHTiHe My OalIaHBICTHI, KaHAJT apHACBHIHIAFBl YHIHIIEP KeNl TYpaThiH >KaFbIHJIA
KaHaalga-6ip OWikTe TyHiCcyl MyMKIH HEMece oJiap €Ki jKakTaMara XeTned, My3 KabaThiHIa
asKTadybl BIKTUMaJ. SIFHU, >KOOaNbIK KMEriHEH KaHall KUMAacChIHBIH KapMeH TOJIbICY IeHIeil
KaHaJJIbIH CaJIBICTBIPMAaJIbl €Hi MEH Kap YHIHICIHIH eHiCTiriHe OaillaHBICTBI 00Ta IbI.

XKorappiga alThUTFaHAApJaH, KapFa KeMUTy KaFgailblHaH MaHbI3Abl OHAIPICTIK
KOPBITBIHIIBI — KaHaJl apHAaChIHAAFbl Kap YHWIHAICIHIH Ke3eKTimiriH cumarraiiapl. Kanan
apHACBIHJAAFbl KapJAblH MIeryl HEMece >KMHAIybl aKbIpbIHIAI, KaHal epHEYiHIH JKaKblH Kap
KUHAY ayla0bl KarblHAH OacTaibll, OOpaHHAaH OOJFaH KapIblH KaHaJFa TYCYiHE Opail >Kem
OarbIThIMEH Kap OybIpKAachlHbI YHIHIICIHIH ecyiMeH »airacaiasl. bopaHmap ke3iHae KaHai
apHACBHIHBIH KapMEH KOMUITYiHIH Ke3eKTUIITIHIH MYH/1aii KAPTUHACHI, TOJBIFBIMEH, KOJIIaHBICTAF b
KaHaJiap/a OpbIHAaIFaH OOJMBICTBIK 3epTTeyNep HOTHKeIepiMeH pactaiansl. 2.8-cyperte [1]
TOJNBICY JKaFmalbiHa opail Oykinm Keic Ooiibl Illigepti xone Eptic-Kaparanapl kanaimapsl
apHaJapbIHAAFBl Kap YHIHALIEPiHIH KecKinepi kenTipineni. CypeTTeH Kepil OThIpFaHbIMbI31al,
asiKTaJIMaraH Kap YWIHIC1HIH aJbIHFbI )KaFbl )KOFAPFbI OOJIITIH/IE KETKi KeHINTer] MBFBIHKbI TiK
KbIpaTTaH TYpaabl. ASKTaaMaraH Kap YHiHALIEpl OopaHIap Ke3iHJE >KOFapbIIaH TiK CHI3BIKTHI
arblHMEH, all aJJAbIHFbI KaFbIHJA — [UPKYISIUIBIK aFbIHMEH InekTenreH. Kemki kedinTi kap
YHIHICIHIH TIBIFBIHKEI 06JIiTi OChI €Ki aFbIHHBIH KUBUIBICBIHIA TY3inTeH. KeltiHri ecenreynepue
asiKTaJIMaraH Kap YHIHiCIHIH aJlJIbIHFBI XKaFbIH 17IME JICTT €CenTenMi3.

Kananmapnelq mekTi Kapra KeMulnyiH Oaranmay Ke3iHIe, Kap KaOaTbl OCTiHIH MIEKTi
JKarJlallbIH aHBIKTAy/bIH, 6T€ YJIKEH MPaKTUKAIBIK MaHbI3bl 0ap. Kap yiiHainepi kaHamgap sy
YKOFapFhl KarblHAH 0acKa, OapibIK KAKTapbIHBIH MINNHIH KaObUIAaN, KaHAIABIH KHUMachl JeT
atanazapl. KaHanplH eHi eTe YIKeH OOoJFaH jKarjaiiia, apHajarsl MEKTI Kap YHIHIAICIHIH KUMachl
YIIOYpbILITE  KecKiHje Oomanpl. JKaHbIHaH >KOHE TOMEHIHEH Kap YHIHIIepl THICIHIIE
JKaKTayMeH jKoHe KaHai (My3 Kabarbl) TyOIMeH IuekTenei. Tek )KOFapFbl KaFbIHAaH FaHa IIeKTi
Kap y#inzici atmochepaMer mekreceni. COHbIMEH, Kap JKaKTaybIHBIH YKaF/IaiibIH aH bIKTAIT )KOHE
KaHAJIJIBIH KOJIJICHEH KHUMACBhIHBIH KOHCTPYKTHBTIK TapaMmeTpiepi Typasbl OepeKTepii Oine
OTBIPBIMN, KETKUIIKTI JEHreiie ANAIKIEeH KOJJIeHEeH KUMAChIHBIH aylaHbIH HeMece KaHaJIbIH
Y3BIHIBIFBI OipITiTiHE Kap YWIHIICIHIH KeJIeMiH aHBIKTall allaMbI3 )KoHE MY3 Ka0aTbhlHA TYCETiH
Kap ’KYKTEMECiHiH IaMachIH Oaranayra Oonazapl. bakbuiaynap KkepceTKeHAeH, Kap YHiHALIEepiHIH
SHICTIKTEpl opTypii (akTopiapra OailIaHBICTBl YJIKEH IIEKTEp apajibiFbiHAa Ooyanpl. EH
angpIMeH, Kap YHiHAici OeTiHiH eHICTIrl OopaHAbl aFbIHHBIH JKbULAAMJBIFBIHA >KOHE Kap
TachIMaJIblHA KaTbhICAThIH Kap OemIieKkTepiHiH (U3HKaJIbIK-MEXaHUKAIbIK KacHUeTTepiHe
0aiiTaHbICTHI.
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Kap TaceiManbiabIH Oipei skarnaiinapbiHaa Kap YHIHAICIHIH MIEKT1 XKaFJaiibl MIeKapaibIK
KabaTTarbl  JKBUIAMJIBIK ~ KECKIHIHIH  TapalyblHa  OaitmaneicTel  Oomaapl.  [llaremH
KBUTIaMJIBIKTap/Ia, SFHU OHBIH YHEPTUsICHl Kap OOIIIIEKTEePiH KOIIpyre KeTmnece, Kap TachbiMabl
OaiikanMaiiapl. On Ke3[e JKEePruTiKTIH KapacThIPBUIFAH aliMarblHIAFel aTMOoc(epanaH TYCKeH
HeMmece 0acKa ydacKeJep/eH >KeJIMEeH KelreH Kap, 63 OpHbIHAA Kanaasl. Kap yiiHainepi xka3bik
XKepyiepae A€ OpbIH anybl MyYMKiH. MyHaail KyObUTbICTap >KeNiH Oasyy >KbUIIaMIbIKTapbIH/IA,
xKep 0eTi MaHBIH/IA XKEJIIH YHEPTHACH Kap OeJIEKTepiH KO3FalTa aMaca, OpbIH alybl MYMKIH.

JKasbIK sxepiepae aFblH KbULAAMIBIFBIHBIH IIEKapasblK KadaTTa TOMEHJeYi, kep Oeri
KeIip-OyabIpabiFbl  ecebineH Oomanel. Kenip-OyabIpiiblk MHUKpopenbed OMITbI-KBIPIBIFbIHAH,
JKOHE Jie eciMIiK KabaThl Oomybl ecebiHeH Ty3inyli MyMmkiH. Eki skarnmaiiga ga, 6opan ke3iHe
KEKe OW-IYHKBIPJIAp MCH 6CIMIIK cabaKTaphl apachIHIaFbl KybICTap KapMeH keminedi. XKep Oeti
OMBICTAPBIHBIH aKBIPHIHAAN KAPMEH TETiCTeNylMEH, IIeKapaiblK KabaTTarbl >KbUTIaM/IbIK KECKiH1
e3repe OacTalapl KoHE eneylp Ty3y KeckiH amanbl. OcblmaH KediH skep OeTi KabaTwiHIa
JKBUIIAMJIBIK  aFbIHBIHBIH  ocyl kypeai. CoHpabikTaH, OynaH KeWiH OonraH Oopanmapnaa
KBUIIAMIBIK OCBhUIAH JKOHE OJIlaH Ja JKOFapbl Oolaapl, Kap MYHJAW TENMICPIIH YCTIHEH
TpaH3UTIICH 6Te IibiFab [1-10].

Kanannmapaarel Kap >KMHATYBl Ja OChIFaH YKcac cebentepMeH OailylaHbiCThl. TeMeH
KBUTAMJIBIKTAp alMarblHIa OOpaH aFbIHBIHBIH TachIMaay KaOileTi TOKTaWIbl, Kap *KeJIi-
KapJibl arblHHAH Tyce OacTaiifipl »oHe Kap YHiHaUIepiH Ty3emi. EH annbiMeH Kapra,
adPOAMHAMUKAIIBIK KeJIEHKeJIep aliMarbl Tojia Oacrtaiiipl. Kanam apHacel KaHmaima-0ip Toiy
JIEHreliHe )KETKeH COH, KapJbIH YH1ITyl ToKTanaapl. OmaH KeiiH Kap yHiHAicl OeTiHIH OapJbIK
HYKTEJIEpiH/Ie «apTHIK» Kap/blH YIIYbl KaMTaMachl3 eTinei, Oy meKapaiblk KadaTTarsl OopaH
arbIHBIHBIH TaChIMalAay KaOlJaeTiHiH KOTepiTyiMeH Kype/i.

KapnsiH TackiMansl 6acTanaTblH KayinTi (KPUTHKAIBIK ) )KBUIIAM/IBIK TYCIHITIH €HT13eM13.
bemmex OetiHiH kellyl OGacTanybHbIH >kargaiibl A.K./[JOHUHHHIH TEOPUSIIBIK (OpMYyTachMeH
opuexreneni [1,2]

v, <a So&g5+r—g, (2)
P P

Oy xepne, v,,- Kap OoJIIeKTEPiHIH TachIMaJIbl OacTalFaHFa JCHIHTI KbUIAAMIBIK, & - XKl

KBUTIAMIBIFBI KECKiHI MEH jKep OeTiHer1 KYWbIH/IbI KaOaTThIH CHIaTTaMallapblHa OaiIaHbICTHI
enmeMci3 kKod(pduueHT; S, - Kap KaOaThIHBIH OCTiHIETI Kap OeJIeKTepiHIH KeJIeMIIK
KOHIIEHTPALUACHL, Pg, £ - THiCiHILIE Kap OOJIIeri MEeH ayaHbIH MAcCajblK THIFBI3IBIFLL, O - Kap
OeIeriHiH MOJILEpi; 7, - kep 0eTi MeH Kap OeMIIeKTepi apachbiHaFbl YHKEITiC.

Optypii aBTopaapbiy [ 1-4] OONIMBICTBIK 3€pTTEYNIEPIHIH HOTHKEIEP1 OOMBIHIIA KapAbIH
TachIMaJIbl HIEKapablK Ka0aTTarbl )KeJl KbUIIaMIBIFEI 2-5 M/c O0NiFaH Ke3z1e OacTamnaibl.

Kap taceiMainibl GacTamnkel KbUTIaMIbFel (hopmymnackl (1) Tek KaHa TOPU30HTAb YKa3bIK
YIIH JKapaiabl. AN KaHangapjaa Kap YHiHIIepiHiH OeTi omapAblH OpHAlacy >KaraiblHa
OallJTaHBICTHI, e OarbIThIHA CAJBICTHIPMANIBl OH HEMece Tepic TaHOaiabl 00ybl MYMKiH. Erep
Kap YHiHIiCiHIH OTKi €HICTiTi ’Kel OarbIThl OOMBIHIIA TOMEHTE Kapail OarpITTasica, TOpUu30HTalb
JKePTUTIKIIEH CaJIBICThIPFaH/ a, OOpaH aFbIHBIHBIH Killll JKBUIIAMJIBIKTApbIHAA JKYPETIH, Kap
OeNIeKTEpiHIH KO3Falybl YIIH MEWIIHINE KOJIAWIBl Karmalmap Tysumemi. MyHnai
JKarnaiinapaa, Kap YHiHAICIHIH ®KaKTaybl MIEKT1 jKaFaail Ke31H/e Coll TIKTey O0IaIbl.

KypbUlbIMHBIH Kes KarblHAH Kap YMIHJIICIHIH KajJblITacybl Ke3iHAe Oackaia KapTHUHA
opblH ananapl. KapacTepbUlaThH Karmaiia Kap YHIHZICIHIH OETiHIH EHICTIrl ken OaFbIThl
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OoifbiHIIa KeTepine Oacraiapl. On ke3ne (24) dopmyrnaMeH ecenTenreH Kap TachIMajbIHBIH
OacTanKpl KbUIIAMBIFBI Kap OOJIIEeKTEpiH KOIpy YIIH KeTKUIIKCI3 KbUITaM/IbIKTa O0maabl.
CoHJBIKTaH, KN TYpaThlH JKaKTaH mMaiiga OoJFaH Kap YHIHIICIHIE IIEKTI Kap KaKTayblH
aHBIKTAY, MEHJIIHIIIC KOFapPbI KBUTIAMIBIKTAP bl KAXKET eTe/I.

I'mapoTexHUKanblK KYpBUIBIC MPAKTHKACBIHAA KON >Karnaiiapia >kep KaHalIIapbIHBIH
XKoHe Je 0acka KYpBUIBIMAAP/BIH KakTaMayapbiH 1:1,5-Ten 1:2,5-xe neiiid eTin KaObU1aaiabl.
Kakray kenbeymiri ocChHIAW KYpBUIBIMAApAAFbl OOJIMBICTBHIK OaKbUIayllap KOpPCETKCHJICH,
OJIApJBIH K€ TYpPAaThlH >KarblHAaH Kap YHIHIIJIEPiHIH KeJeMi YJIKeH eMeC JXOHE KaHal
JKaKTaybIHBIH Kep OeTiMeH TYHICKeH »XepiHJe worblpiaanrad. JKenm Typy >KarblHAAFbl Kap
yHiHaiciHIH O€Ti aKChl allHAJIBIN OTYre OeiiM IaMalbl ToHeC MilliHAl, KaHaT )KaKTaybl OeTiHIH
aynaHbeHBIH 1/3-1/4 GeniriH KaMTHIBI KOHE KaBaJIbep ajbIHIAA Tap JKOJarbl (€Hi OHBIH Oip
OuikTirinngei) Oonanel. OgaH KeHiHTl ecemTepae KaBalbep/iH K€l >KaKTaybl MEH KaHaJIbIH
apHacChl aJAbIHA YHIHII )KOK JeT KapacThIPaMbI3.

Enai ka3pHOBIIAFBI MIEKTI Kap JKAKTAybIHBIH TEMEe-TeHJIK IAPTHIH KapacThIpaMbl3.
Kanannarel Kap vyitingici mekti karmaiiel, 10°%ka TeH OypblumeH TypOyleHTTI aKlaHbIH
TapalybIMEH aHBIKTANaJIbl ICT KaTejaecyre Oonmaiiabl. by xepie Kap TachIMaIbIHBIH OacTamKbl
KBUTIAMIBIFBIHBIH OCEPIH €CKepy KaXKeT, OHBIH IaMachl kep OeTiHIH Keaip-OyIbIpIbFbIHA, Kap
OeueTiHiH (PU3MKAIBIK-MEXaHUKAIIBIK KACUETTEPiHE JKOHE TOPH3OHTAJIb XKEPTUTIKTET1 6acka 1a
dakTopnapra GainmaHbICThI, 3-4 M/c, Keiiae 5 M/c-ka aeiin e3repeni [1-7]. Kananra kap yiiny,
OHBIH O€TKi KabaThIHIAa Kap TachIMalbl YIIH JKETKUIKTI KBUITAMIBIKTAp TYBIIAFaHFa JEHiH
xKajraca oepei.

l'opu3oHTanb KepriJiik >karmaibiHAa OOpaH Ke3iHae Kap YJINMacklHa MBIHAJAW KYIITEp
OipMeseTTe ocep eTei

2
P, =Kv°/2¢g 2
JKOHE JKeJIre KapaMma-Kapchl OarbITTarbl YHKENiC Ky

p,, =Gf,, 3)

Oy1 Kepe v - KenmiH xpurmaMaerel; G - Kap Oenmerinin canmarer, f - Tycerin OeTke Kap

mp
OeumieTiHIH YiKeTic KO3 PPUITUESHTI.

P, SPmp JKaraiibl OpBIHIATIFAHIAa Kap YINachl THIHBIN Kyiiae Oomambl. XKen KymnHIH

yiratobiver P, > P, kap Germeri TackiMasniana GacTaii bl

Kenbeyni >xeprnepae (xorapbl HeMece OWBICKA Kapail) Kap YIMaJapbHBIH Tee-TeHIK
KOHE TachIMallay »JKaFailbl TOPH30HTANb JKEPTiTIKIEH CaJbICTHIPFAaHIA EpPEeKITeICHE]I.

Ken6eyni 6erre acep ererin U =U )} COS® eckeprenne, ke Ky TeH 00JIaIbl

2
po)_ Ku*)
= (4)
2gcos’ ¢
MyHIa @ - xep OeTiHiH kenGeymik Oypemmsr; U - kel KBUIIAMIBIFBIHBIH TOPH30HTANb

KYpayIlbICHI.
KenOeyni Mexenzeri xep OeTiHE YphUIATHIH Kap YINAChIHBIH YHKEINIC Kyl TeH 00J1abl
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(0) _ ( - )
P, " =Glcosp- f, tsng (5)
®opmyananarsl (28) oH TaHOa ke acepi OAFBITHIMEH Kep OeTiHIH KeTepiyiH, al Tepic
TaHOa TYCyiH (KyJ1ayblH) KepceTe/i.
Kennin KayinTi (KpUTHKAIBIK) JKbUIIAMIBIFBIHBIH MOH1 THICIHIIE e TYPAThIH JKOHE BIK
KbIpaTTaphl YIIiH, Kap YINAcklHA 9CEp €TETiH TEH KYIITep KaFaaliblHaH TabaMbI3

(¢) _
UKP - UKp (6)
HEMECE KbUTIaMIBIKTHIH TOPU30HTATH KYPayIIbICHI
(0) _
U kp UKP (7)

OyJ1 Kepae v, - Kap TaChIMaJbIHBIH OacTalyblHa COMKEeC KEeIIeTIH KeIiH KayllTi (KPU THKAJIBIK)

(o)

KBUIIAMIBIFBL, 01 3-5 M/C apachIHIa aybITKUIBI, UKP - Kap TaChIMaJIBIHBIH OacTallyblHa COHKeEC

KEJIETiH TOPU30HTAIb JKbUIIAMIBIK KYpayIIibl.

TeMeHn Kapaii OarpITTanFaH Kendeymi O0erre xep OeTiHe TYCETiH Kap YINAChIHBIH YHKETIC
KYII TOPU30HTANb KEPTLTIKIICH CANBICTBIPFaHIa TOMEHICHI1, aJT KOTEePiTy Ke31H e — YIIFasi/Ibl.

Kap TtaceiManbiHblH OacTamKbl KbUIJAMJIBFBIHBIH MOHIH AaHBIKTaFaH COH, JKOHE
meKapasiblK Ka0aTThIH KaJIBIHIBIFBI TY3Y CHI3BIKTHI OCYIHIH 3aHbIH MalJaTaHblll, Kap YHIHAICIHIH
XKakTay K03(QQUIMEHTIHIH [IaMaChIH aHbIKTayFa 00JIa/Ibl.

[lexapanplk  KabaTTarbkl oOpTamia  alblHFAH  TYpPOYJEGHTTI  KO3FaJbIC  TEHJEYI
I".H.AGpamoBuuneH [2] ¢popmyna TypiHae aablHFaH
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Anpiaran (31) ¢dbopmymaHbl maiiianaHeln, Kap YHIHAICIHIH TaOWFH JKaKTaybl MEH Kap
TachIMAJIbIHBIH 0aCTaMKbI XKbUIIAMABIKTAPBIHBIH SPTYPIIl MOHJAEPIH/IE JKeTl KbUTAaMIbIFbIHAH Kap
yHiHAIC1 OeTIHIH KOI0eyIiK OYPHIIBIHBIH OailTaHbic rpaduKTEpl TYPFBI3bUIFaH.

TaObuFaH JepeKTepAeH TYHETIHIMI3, TEeK KaHa JKell JKbUIJAMIBIFBI MEH Kap
TachIMAJIBIHBIH 0aCTaIKbIl KbUIIAMIBIFBIH FAHA €CKEPETIH Kap YHIHICIHIH TaOWUFHU KaKTaybIHBIH
MOHI1, JKEJ/IiH KaHaJl apHacblHA Typa OaFbITTalIFaH jKarnaiibiHaa pactanazpl. JKen jxaHamanai
TYpFaH/1a, Kap YHiHiCl TAOWFH KaKTaybIHBIH MOHJIEP1 €/Ieyip epeKIeIeHE .

CoHbIMEH, Kap YHIHIICI KaJBINTACYBIHBIH 3aHbUIBIKTAPBIH AHBIKTAH OTBIPHIN, HAKTHI
ayqaH VIIH KaHaJIFa TYCETIH IIAMaMEH Kap MOJIIepiH, KbIC ME3TUIIHAE TYpaThiH >Kell
JKBUTAMJIBIKTAPBIH JKOHE Kap KaOaThIHBIH KAJBIHABIFBIH OLTIN, OHIIpIC YIIH JKETKITIKTI
JIEHIeH e Ke3-KeITreH Mep3iM MEH Kap TachIMaJibl K€3€H1 YIIIH Kap YHIHIICIHIH MMapaMeTpiiepiH
JIOJT ecernreyre 0oJapl.

Koananbliran diedunerrep:
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IJIOTUHHBIN BOJO3ABOP C JOHHBIMU HATIPABJISIIOIIIAMHA TTOPOT AMHU
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AHHOTAIMA: B CTaThe PACCMATPUBAIOTCSA IUIOTUHHBIE BOJ03a00pPHBIE COOPYKEHHS C
JIOHHBIMU HAIPaBJISIONIMMU TOpPOTaMu, pa3paboTaHHbBIE I TPEATOPHBIX YYACTKOB PEK.

KioueBble cjI0Ba: TUIPOTEXHUYECKHE COOPYKEHHS, IUIOTUHHBIE BOJ03a00DHI,
nonepeyHasl HUPKYIALUs, TOHHbIE TIOPOTH, PYCIOBbIE 1aMObl, BOAOIIPUEMHUKH, HAPABIISAIOIIE
MIOPOTH.

Abstract: the article discusses dam water intake structures with these guiding thresholds,
designed for foothill sections of rivers.

Keywords: hydraulic structures, dam intakes, transverse circulation, bottom rapids,
channel dams, water intakes, guiding thresholds.

B mnpakTuke NpoeKTUpPOBaHMS, CTPOUTENBCTBA M DKCIUIyaTallUW TUAPOTEXHUYECKUX
COOPY)KEHHI BCE€ IIMpE IPUMEHSETCI METOJ HCKYCCTBEHHOM TNONEPEYHOW UMPKYJISLUU,
npeanoxeHHbd mpog. M.B.IToranoBeiM 1 pa3BuTHIi B Tpyaax uccienoareneid crpan CHI™ [1].

OTOT MeToj TMO3BOJIAET IMYyTeM YCTAaHOBKM B  IOTOKE  Pa3jIM4HOrO  poja
CTPYEHANPABJISIOIMX YCTPOICTB YCIENHO pelaTh Takue 3a7ayd, Kak 3ammTa OeperoB pek u
KaHAJIOB OT Pa3MbIBOB, PEryJMpOBaHUE peXMMa HAHOCOB B Ipollecce Bojao3abopa, 6oprda co
cOOIfHBIM TeueHHeM Ipu compsbkeHun ObedoB U Ap. B mocnemnee Bpemsi ocoOblii MHTEpEC
BBI3bIBAET NMPUMEHEHHE CTPYCHAIPABISIONMX YCTPOWCTB, YCTAHOBIMBAEMBIX B JIOHHBIX CJIOSIX
MOTOKA, - IOHHBIX CTPYCHAMPABISIOIIMX TOPOTOB, JIOTKOB, rajepei [2].

Merton mnomepeyHoON LUPKYIALHUHA MOXKET OBbITh NPUMEHEH JUId pEeUIeHUS MHOTUX
ruaporexnuueckux 3amad. M.B.IloranmoB cuuTan, 4To 3TOT METOA MOXKHO HCIOJIb30BATh,
HaIpuMep, Ui pelieHus TaKuX 3ajad, Kak:

- OoppOa ¢ TOHHBIMU HAaHOCAMU NP BOA03a00pe U BOAOPACIIPE/ICIICHNH;

- 3anmTa OEpEeroB U BHINPABICHUE PYCET;

- 6opnba Co CTPYHHOCTHIO IMOTOKA;

- 3aIMTa MOCTOBBIX OIIOP U JAPYTUX PYCIOBBIX COOPY)KEHHI OT MECTHOTO Pa3MbIBa;

- TOBBIIICHUE  TPAHCIOPTUPYIOLIEH  CIIOCOOHOCTH,  IOBBIIIGHHE  IMPOIYCKHOM
CHOCOOHOCTH TPYyO0 H  JIOTKOB-IIYJBIIONPOBOJOB, PETYIMPOBAHUE OCAKICHHUS HAHOCOB B
OTCTOMHUKAX, CO3/IaHHE HE3aUJISIOLIETO PeXXMMa B KaHAJIaX;

- TIOBBIIICHWE YCTOMYMBOCTH JMHAMHYECKOH OCH IMOTOKa W Ooppda co COOMHBIMH
TEYEHUSIMU 1P PACLIMPEHUH PYCIIa;

- raieHne U30bITOUYHOM SHEPTHUH.

—
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Hamu npennaraemplii IUIOTMHHBIM BOJ03a00p € TOHHBIMM HalpaBISIOLMMU TOPOraMu
OTHOCUTCS K PEYHBIM THJIPOTEXHUYECKHM COOPYXKEHHUSM, B YAaCTHOCTH K IJIOTMHHBIM
B0J103a00pHBIM COOPYXEHHSIM, U MOTYT ObITh IPUMEHEHBI ISl 3alTHl OPOCUTEIHHBIX KaHAJIOB
OT JIOHHBIX HAHOCOB IIPU IJIOTUHHBIX U OECTUIOTUHHBIX PEYHBIX BOZ03a00pax.

W3BecTHBI MJIOTUHHBIE BOAO3a0OPHBIE TUAPOY3JIBI C OOKOBBIMU JOHHBIMU WM
IIPOMBIBHBIMU TajiepesiMU, PACIOJIOKEHHBIMHU 0] TOJIOBHBIM COOPYKEHHEM IO BCEH IMpUHE
ero ¢ponta [3] ¢.336, puc. 11.9 a, Ha ypoBHe noHypa. bokoBbIE BOZ03a00pHBIC THIPOY3IIBI C
JOHHBIMH TPOMBIBHBIMU TajepesiMH IMOJIyYWJIM LIMPOKOE PpacHpOCTpaHEHHE B HauyaJlbHbIA
IIEpHOJT MacoBOI'O CTPOUTENBCTBA HPPUTrallMOHHBIX TUApPOY3l1oB. HexoctakoM Takux
COOPYXEHHH SIBISETCS, YTO HIDKHUErajgepen cOpachlBalOT BOAY NMPAKTUYECKH Oe3 HaHOCOB H,
KpOME TOro, yXy[IIaeT paboTy BEpXHEW Trajepeu, yCUJIMBas B3MYy4YMBaHUE IIOTOKAa IEpes
¢dbpoHTOM BO103a00pAa.

W3BecTeH MIIOTHHHBIA OOKOBOM BOJ03a0O0pHBIN THapoysen ¢ rpaBuenoBkoi [3], ¢.336,
puc. 11.9 6, umeronmii NpAMOIMHEHHBII MOPOr M KPHUBOJIMHEHHBIH IOPOTO B KOHIIE
rpaBHENIOBKU. JIOHHBIE HAHOCHI, 3aJEP)KUBAIOIMECS Yy BXOJHOIO IIOpOra, MEpUOIUYECKH
IIPOMBIBAIOT 4€pe3 OTBEPCTHUS IUIOTHHBI, @ HAHOCHI, IOCTYNAIOIIME B ITPABUEIOBKY, CMbBIBAIOT
yepe3 NpoMbIBHUK. HenocTtaTok Takoll KOMIOHOBKH 3aKJIFOYAeTCs B TOM, YTO BO3MOKEH 3aBajl
aBaHKaMepbl TPaBUEJIOBKH HAHOCHBIMH OTJIOKEHUSIMU, C KOTOPBIMH HE CIIPABIISETCS IPOMBIBHOE
ycTpoiicTBo.  Takke MeToJl MOMEePeYHbIX LMUPKYIAUU UCIOJIB3YIOT B CBOMX paboTax ydeHbIe
A.AGypamanos [4], Ixomnmacos C.K. [S] u ap.

Hamelt 3agaueil sBnseTcss YCOBEpPLICHCTBOBAaHME M YNPOLIEHHWE KOHCTPYKLUHU
YCTPOICTBa, MOBBIIICHHE 3PPEKTUBHOCTH ero padoTsl. [locTaBnenHas 3amada pemaercs 3a cueT
TOro, YyTO Onarojapsi yCTpONCTBY 3aperyJHMpOBAHHOIO MOABOAIIETO pycia U YCTAaHOBKE B HEM
JIOHHBIX HAIPAaBISIOLMX [TOPOTOB U JIOHHBIX HAMPABJISAIONIMX rajiepeil uckiodaercs OmyxaeHue
pycna nepen ppoHTOM Bojo3abopa u obecrieunBaeTcs O6osiee paBHOMEPHBINH MOIXOJ MOTOKA K
BojonpueMHUKaM. TpeOyemblii  pe3yiabTaT JIOCTMTaeTcs IIyTeM YCTPOWCTBA  JOHHBIX
HaIpaBIIAIOIMX IOPOrOB M JOHHBIX HaIIpaBISIONMX Tajepeil, pacroIO)KEHHBIE B BEPXHEM
Obede nepe] IIOTHHHBIME BOJI03a00paMHt B TIIABHOM PYCJI€ M B TIPOJIETAX PETYIATOP OB.

Ha puc.l npuBeseH mniaH IUIOTMHHOTO BOJ03a00pa C JOHHBIMH HalpaBISIONMMU
oporamu.

[TnoTuHHBIA BO103a00p ¢ TOHHBIMHM HANpPaBISIONMMU ITOPOraMU COCTOUT U3 TJIABHOTO
pycina 1, JOHHBIX HaNpaBISIIOIMX MOPOroB 2 MO ONPEAETICHHBIM YIJIOM sl HalpaBiIeHMs
JIOHHBIX HAHOCOB Pa3JIM4HOIO poja B CPEIHUE IMPOJEThl MJIOTHUHBI 3, BOJONPUEMHHUKOB 4, U
JIOHHBIX HANpPaBJIONMX rajepeil 5 Mmpojerax peryiasTopoB 6, 3alMIAIOLIE BOJONIPUEMHUKN
OT JIOHHBIX HAHOCOB TP OTHOCHUTEIBHO MaJbIX PACXOAaX B PEKE, a TAKXKE B Hayaje MPOMBIBOK
BEpxXHEro Obeda.

[InoTuHHBIE BOJI03a00pHBIE COOPYKEHUSI C JOHHBIMH HANpPaBISIOUMMU IOPOraMH,
pa3paboTaHBbl I PEATOPHBIX YYaCTKOB pek. Ileper 60KOBBIMU BOJONPUEMHUKAMHU Y IIMTOBOM
HU3KOHANOPHOM IUIOTHHBI PacHoJIOKEHbI JOHHbIE Hampapistonme noporu. Haznauenue ux —
OTKJIOHUTH OT BOAONPHUEMHHUKOB M HANPABUTh JOHHBIC HAHOCHI B CPEIHUE MPOJICTHI TUIOTHHBIL.
Yros1 Meskly HarpaBaeHHEM OPOroB U ockio moToka 15-200 BelcoTa HOPOroB COCTABISAET OHY
TPEThb HOPMAJIBHOW TJYOWHBI MOTOKA, KOHEI[ IOPOrOB YCTAHOBJIEH HA PACCTOSHUM PaBHOU
HOPMaJIbHOM TJIyOMHE OT IMTOB IJIOTHHBI (B 11eJsX 3G(HEKTUBHOTO CMbIBa U cOpoca HAHOCOB B
HWKHHUH Obe MIOTHUHBI).

JUia ycroilunBocTH pycia mepea (poHTOM BOA03a00pa YCTpPOEH 3aperyjlnpOBaHHBIN
Y4acTOK C HANpaBSIOIMMU PYCIOBBIMU JTamMOaMu. BBuiy Toro, 4to Boa03a0OpHBIH y3enm ¢
JIOHHBIMM HaIpaBIIONLMMH IOPOraMH TPOEKTUPYETCS Ha peKe, KOTopas HMeeT HHOrJa
OTpaHUYEHHBII CTOK (KOraa cOpoc uepe3 MIIOTUHY CTPOro JIUMHUTHPYETCS), Ha BXOJIE€ B OOKOBBIE
BOJIOTIPUEMHUKH JUI IepexBaTa U cOpoca JOHHBIX HAHOCOB B HY)KHUMN Obe() MIIOTHHBI YCTPOEHBI
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OTKpBIThIE JOHHBIE MOIEpeyHble raneper. PacueTHblil cOPOCHOMN pacXoa B HUX MPUHSAT PaBHBIM
10% MakcHMalbHOTO pacxo/ia B OOKOBBIX BOJIOTIPUEMHUKAX.

JlaGopaTopHblE MCHBITAaHUS IMOKA3ajHM, YTO TaKas KOMIIOHOBKAa OOECIeYMBAET 3aLUTY
OOKOBBIX OTBOJIOB OT 3axBaTa B HUX JOHHBIX HAaHOCOB. PycilOBbIE JOHHBIE HANPABISIONME
MOPOTH OTKJIOHAIOT JOHHBIE HAHOCHI OT BXOJa B OOKOBBIC BOJONPHEMHHMKH U CIIOCOOCTBYIOT
cOpocy HAaHOCOB B HWXHUM Obed TMIOTHHBL Jl|OHHBIE TOMEpPEYHBIC Tajeper B TPOJIETax
PEryIATOPOB 3alMINAIOT BOJONPHEMHHKH OT JIOHHBIX HAHOCOB MpPH OTHOCHUTEIHFHO MAJbIX
pacxolax B peKe, a Takke B Hayalle MPOMBIBOK BepxHero Oweda. Omaromapsi yCTpOMCTBY
3aperyNupOBaHHOTO TOBOAAIICTO PYClia M YCTAHOBKE B HEM JOHHBIX HAIPABISIONMX MOPOTOB
UCKIIIOUaeTcs OmyxkaeHue pycna mnepen (poHToM Bomgo3abopa U obecmeunBaercss Oolee
PaBHOMEPHBII MOJX0 TIOTOKA K BOJOTIPUEMHHUKAM.

Lenecoobpa3HocTh NPUMEHEHUS JOHHBIX HANpPABISAIOIMX MOPOTOB IS 3AIMTHI
BOJIOTIPUEMHHUKOB OT JOHHBIX HAHOCOB TMOJTBEpXkJaHA psAIOM uccienoBateneii. beum
MCCJIEJIOBAaHbl M1 PEKOMEH/I0BAHbI K MPUMEHEHHUIO JOHHBIC HANPABIISIOUME TOPOTH IS 3aLUThI
OT JIOHHBIX HAaHOCOB BojoabopHoro coopyxeHuss Ha p.Cype y r.llen3ssl u JgoHHOTO
BOJ103a00pHOT0 OrojoBka Ha p.MpTeim y r.OMmcka.

OcyliecTBieHre TpeiaraeMoro yCTpOCTBa BIOJHE BO3MOXKHO C HCIOJIb30BAHHEM
UMEIONIMXCSI TEXHUUECKUX CPEJICTB Ha OCHOBE COBPEMEHHOTO YPOBHS TEXHUKH W 3HAHUH, Tak
KaK KOHCTPYKILHSI IJIOTHHHOTO BOA03a00pa ¢ JOHHBIMH HaIpaBISIIOIIMMHU TOPOTaMU JOBOJIbHA
pocTa, a peanu3anus MOoJA0OHBIX YCTPOWCTB JaBHO M XOPOILIO OCBOEGHA COOTBETCTBYIOUIMMH
MPEANPUATAMU PA3IUYHBIX YPOBHEH.

Taxum o6pa3omM, HaMHu IpeJyIaraeMasi KOHCTPYKIIHS JIOTUHHOTO BO103a00pa ¢ TOHHBIMHU
HaIMPaBIAIOIMMHI TOPOraMH COCTOSLMN M3 TJIaBHOTO Pycla, JOHHBIX HAMpaBISIIOIIMX MTOPOTOB
O] OTIPENICICHHBIM YIJIOM JUIS HAIllpaBJICHHs TOHHBIX HAaHOCOB Pa3lIMYHOTO pojJia B CpeIHUE
IOpOJIeThl IJIOTHUHBI, BOJONPHUEMHHUKOB, M JOHHBIX HaMpaBisAIONMX Tajepeil mposerax
PETYJIATOPOB, OTIMYACTCSI TEM OT JPYrHX, YTO Ojaromaps YCTPOWCTBY 3aperylupOBaHHOTO
MOJIBOJIAILIETO PYCiIa U YCTAHOBKE B HEM JIOHHBIX HAIPABISIOIIMX [TOPOTOB IMOJ OMpEAeICHHBIM
YIIOM, TI€ Yrol MeXIy HalpaBIeHHEM IOPOroB M ochio motoka 15-20% Beicora moporos
COCTaBJIsIET OJHY TPeTh HOPMAaJbHOM TJIyOMHBI IMOTOKAa, KOHEI[ IOPOrOB YCTAaHOBJEH Ha
PacCTOSIHUM PaBHOM HOpMaJbHOW MIyOMHE OT IMTOB IUIOTHHBI (B 1eNAX 3 (GEKTUBHOIO CMbIBA
1 cOpoca HaHOCOB B HMKHHI Obe() MIIOTUHBI) HCKITIOUAETCs OIYyKJICHHE pyciia mepea GpoHTOM
BOJI03a00pa 1 obecrieurnBaeTcs 0ojiee paBHOMEPHBIN MOAX0/ MOTOKA K BOAOIPHUEMHHUKAM.

IVIOTAHHBIN BOJO3ABOP C JIOHHBIMU HAIIPABJISIIOIIIMMHA TIOPOT' AMM

a =
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Pucynok 1 — IInoTuHHBIA BO103200p C JOHHBIMU HAMIPABISIOUIMMH IOPOraMu
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AHAJIM3 OCHOBHbIX IPHYHMH MOBPEXIEHUI1 U PA3PYIIEHHIA
KOHCTPYKIIMH IUIOTHH
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AHHOTAanusA: B crathbe NMpUBOIATCS TPUUMHBI MOBPEXKIACHUN W pa3pylieHUH MJIOTHH,
NepCIMBbl BOJbI UYCPEC3 IIJIOTHUHY MPU 0OJIBIINX MmaBoAKax MW HEAOCTATOYHBLIX paszMEpax
BOJIONIPONYCKHBIX COOPYKEHMI; HEeOJIaronmpusiTHble BO3ACUCTBUS (UIBTPAMOHHBIX MOTOKOB,
IpH KOTOPBIX MPOUCXOIAT cy(do3noHHBIE TpOIEcChl B Tele IJIOTHH W B MX OCHOBAHHUSAX;
CTapeHHe MaTepHUaloB COOPYKCHHI U OCHOBaHUH, BbI3bIBAIOIIECE HEOIArOMPUITHBIE U3MEHEHUS
UX (U3NYECKHX CBOWCTB, IOTEPIO MPOYHOCTH M HECYIICH CIIOCOOHOCTH, YMEHBIICHUE
BOJIOHENPOHUIIaeMOCTH. OCOOEHHO OIaceH PHUCK IMepenrBa BOAbl Yepe3 rpeOeHb MIOTHH, TEI0
KOTOPBIX C()OPMHUPOBAHO M3 HECBSI3HBIX I'PYHTOB THUIIA NeCKa W IIEOHS, M 3HAYUTEIBHO MEHEe
OmaceH JJis TUIOTHH U3 KaMEHHOU HAaOPOCKH.

KuoueBble cji0Ba: NPUYMHBI TOBPEXKACHUHN U pa3pylieHUH IIOTUH, TaBOJIKH, IIJIOTUHA,
BOJIOIIPONYCKHBIE COOPY)KEHUs, aBapuUM, MPOYHOCTh M YCTOMUYMBOCTH COOPYKEHHH, MPOMYCK
pacxoJI0B, MPOEKTUPOBAHUE U CTPOUTENLCTBO TUIPOY3IIOB, OCAAKH, (PUIBTPALIHS BOIBL

Abstrakt: The article presents the causes of damage and destruction of dams, overflow
of water through the dam during high floods and insufficient size of culverts; adverse effects of
seepage flows in which suffusion processes occur in the body of the dams and in their
foundations; aging of building materials and bases, causing adverse changes in their physical
properties, loss of strength and carrying capacity, reduction of water resistance. Particularly
dangerous is the risk of overflow of water through the crest of dams, the body of whichis formed
from incoherent soils such as sand and crushed stone, and is much less dangerous for dams made
of graft.

Keywords: causes of damage and destruction of dams, floods, dam, culverts, accidents,
strength and stability of structures, cost skipping, design and construction of waterworks,
preci pitation, water filtration.

I'maBHBIMM M HENOCPEICTBEHHBIMM IPUYMHAMM IOBPEKICHHUM U pa3pylICHUN IUIOTHH
OKa3bIBAIOTCA: TEpeMBbl BOJBl 4epe3 IJIOTUHY HpU OOJBIIMX MABOJKAX M HEAOCTaTOYHBIX
pa3Mepax BOJOIPONYCKHBIX COOPYXEHUI; HEOIaronpUsTHbIE BO3IEHCTBUS (UIbTPALMOHHBIX
MOTOKOB, HPHU KOTOPBIX MPOUCXOJAT cy(h(o3nOoHHBIE MpOIEcCh B Tele IUIOTUH U B HUX
OCHOBAaHUAX; CTape€HUE  MAaTEpPHUAIOB  COOPYKEHHHW W  OCHOBAaHMM,  BBI3BIBAOIICE
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HEONIaronpusTHbIE HM3MEHEHHMs HX (PU3NYECKUX CBOMCTB, MOTEPI0 MPOYHOCTH M Hecylel
CIOCOOHOCTH, YMEHbBIIICHHE BOJJOHSTIPOHUIIAEMOCTH U T.11 [ 1-5].

OcobeHHO omaceH pHCK MepeiauBa BOJbl yepe3 TIpeOeHb IUIOTHH, TelO KOTOPBIX
c(hopMHPOBAHO U3 HECBSI3HBIX TPYHTOB THUIIA ME€CKA U IIEOHS, U 3HAUUTEIFHO MEHEe ONaceH AJs
IUIOTUH W3 KaMeHHOM Habpocku. Hamboree BeposATHON MpUUYMHOW TaKOH aBapuul JUIsl MJIOTHUH
ABJISIETCS HEPACUYETHBIN ITaBOIOK WJIN BBIXOJ M3 CTPOSI BOAOCOPOCOB.

Pe3ynbrarhl aHanu3a OCHOBHBIX IIPUUYUH MOBPEKICHUN, TPOUCXOAUBIIMX B MUpe 3a 150
JIET, KOHCTATUPYIOT BBIACIECHUE YETHIPEX XapaKTEPHBIX I'PYII IPUYNH aBApUN MIJIOTHH:

- HEJIOCTaTOYHAsl MMPOYHOCTh WJIM YCTOWYMBOCTH COOPYXCHHH, OCHOBaHUN M OeperoB Ha
CABUT, a Takxke Ooiplme JepopMalMM - OCAIKU, CMEIICHMs, Iy4eHHs, HeoOpaTHMble
nedopManum;

- JUIUTENIbHOE BO3/IEHCTBUE MOBEPXHOCTHOIO M (PHIIBTPALIMOHHOIO MOTOKOB BBI3BIBAIOIIMX
MeXaHU4eCcKylo Ccy(h(do3uI0, 3pO3HI0 MaTepUaANOB COOPYXKEHMH M OCHOBAaHUN; BHYTpEHHEE
JaBjleHHe BOAbI (IIOpoBoe€, (UIBTPALMOHHOE NPOTHBOJABICHHE), MOBEPXHOCTHOE MaBJICHUE
BOJIbl, B TOM YHCJIE€ BOJHOBOE, XUMHUYecKas cypdosus, neiicTBUe arpecCUBHBIX BOJ, CTapeHUe
MaTepuana COOPYKEHHH, YXyAUICHHE €ro CBOWCTB CO BPEMEHEM, BBIBETPUBAHHUE IIOPOL,
3aCOpPEHHUE APECHAKEM;

- HapyLeHUs] HOPMaJIbHOTO (DYHKIIMOHUPOBAHMS COOPYKEHUH TUAPOY3JIOB, HAIPUMED HU3-
3a 3aJIEP’KKH MPOITYCKa pacXo/10B IIPU OTKa3ax 3aTBOPOB, HENIPABUILHOM MaHEBPUPOBAaHUHU UMU,
IIPY 3aCOPEHUH BOAOIPOITYCKHBIX OTBEPCTUH IIJIAaBAlOUMMU TeJIaMH, JOHHBIMH HAaHOCAMM, IIPU
MPEBBIICHUSX YPOBHS BOJBI (IIEPETHBEI Uepe3 rpeOeHb MIOTHHBI);

- JKCTPAaOpIMHAPHBIE BO3ACHCTBUS THUIIA 3€MJIETPSICEHUH, B3PbIBA, PA3JIMUHBIX IPUPOIHBIX
KaTtacTpod, yparaHoB M TOMY IOJOOHBIX SIBICHHH, a TaKK€ NpPHU Ieperpy3Kax, BbI3BaHHBIX
aBapysIMU THIPOY3JIOB, PACIOJIOKEHHBIX BBIIIE 110 TEYEHHUIO.

MHorue aBapuu SBISIIOTCS  CJIEJICTBHEM CEpPhE3HBIX OMMOOK JIOMYIICHHBIX B
MPOEKTUPOBAaHUU M CTPOUTENIBCTBE THJPOY3JIOB, a TAaKKe B MPOIECCe HX HKCILTyaTallUu.
KoHKpeTHBIMU TPUYMHAMY B OOJIBIIMHCTBE CIIy4aeB SIBUIKCH [1-7]:

- HEJ0CTaTOYHas rIIyOuHa IIPEIBAPUTEIBHBIX U3BICKAHUU (reoJIorM4ecKux,
TUAPOJIOTHYECKUX U JIP.);

- HENPaBUIbHBIA BBIOOP CTBOpA, TUIIA KOHCTPYKIIMH COOPYXEHHUS U T.1II.;

- HEey/la4yHbIil BBIOOp BMJIA CTPOUTENIBHBIX MaTEpUaAIOB, HEIOJHOTA MCCIENIOBAHUNA HX
CBOMCTB;

- HEJ0CTAaTOYHbIN 00BEM HCCIIEJOBAHUM M PACUETOB IUIOTHH IIPH UX MPOEKTUPOBAHUH;

- IPUMEHEHNE HECOBEPIICHHOW TEXHOJOTMU CTPOUTEIBCTBA M HEYIOBIETBOPUTEIBHBIX
MEXaHHU3MOB;

- HeIpaBWIbHAsSI DKCILTyaTalus THAPOY3IIa;

- HEJOCTATKH HaJI30pa M KOHTPOJIS 32 COCTOSHUEM COOPYKEHUH U Jpyrue cyObeKTHBHbIC
(bakTopHL

Pesynbrarsl aHanm3a cBeleHUH 00 aBapusaX IUIOTHH, IPOMCXOAMBIIMX IO PAa3IUYHBIM
IpUYUHAM, CBHJETEIBCTBYIOT O TOM, YTO IMpeobiaaaronas yacts aBapuil (77%) mpoucxoauia
Ha IJIOTMHAX M3 TPYHTOBBIX MAarepuasoB. [JIaBHBIMM NpPUYMHAMHU aBapuM SBUIMCH IOTEPS
NPOYHOCTH, YCTOWYMBOCTH, OOJIbIIME OCAIKHU, a TaKXKe BO3JCHCTBUE (UIBTPYIOIICH BOJBI,
cybdozus, konpbmataxxk u T.m. Ha ux pomo nmpuxoautcs 80% 3aperucTpupoBaHHBIX aBapHil
Oompnmx tioTuH. Ilpm »TOM mpeoOmajgaromias dYacTh paspylleHHH W TMOBPEXIACHUIN
poKcxoIuiIa B Teie mioTuH (47 %) u B ux ocHoBauusx (35%) [2-4].

Bonbias yacTe 3TUX aBapuil ©MeIa MECTO Ha OTHOCUTENIbHO HU3KUX IUIOTHHAX BBICOTOM
10 30 M, (70%), a pa3pyleHre TIOTHH BbIcOToi Oonee 100 M B Mupe elrle He MPOUCXOIUII0, YTO
OOBSCHSIETCS JIy4IIUM TPOEKTHHIM OOOCHOBAaHHMEM, BBICOKMM Kade€CTBOM CTPOMTENILCTBA M
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npuMeHseMbIx MaTepranoB. [lomasmsromas yacts (83%) aBapuii ©Mena MECTO Ha MJIOTHHAX C
00beMoM BogoxpaHmwnIa MeHbine 100 MiH. M3,

[I1OTHHBI W3 TPYHTOBBIX MAaTEPHAIOB UMEIOT CaMO€ IMIMPOKOE PaCHpOCTpPaHEHHE B
MPAKTUKE THIPOTEXHUYECKOTO CTPOUTENLCTBA, KaK HamOoJee JOCTYIMHbIE U SKOHOMHUYHBIC. B
TOXKE€ BpeMsl Ha MX JOJI0 MPHUXOAUTCS HamOoibliee 4Yuciao moBpexaeHui (csoime 70%).
HenocpeacTBeHHBIMU TITaBHBIMU MIPUYUHAMM 3THX pa3pylieHUH ObLIN MEepeuB uepe3 rpedeHs U
cyhdosus B TElIe 1 OCHOBAHUY COOPYKECHHH [5].

[Tpu sKcnmyaTanuu rPyHTOBBIX TUIOTHH B YCIOBUSAX C OOMJIBHBIMU OCAJIKAMU XapaKTePHO
o0pa3oBaHUE OMOJI3HEH TOCIIE BBIMAJICHUS JOXKICH, KaK Ha HU30BOM OTKOCE, TaK U Ha BEPXOBOM
- NpU TIOHIKEHHBIX YPOBHSAX BOJbL. OOpa30BaHMUIO OMOJI3HEH CHOCOOCTBYIOT TPEIMHBI Ha
MMOBCPXHOCTH HACHIHA, PACKPBIBAIONMECS TPH TEPEChIXaHWH TPYHTAa W 3aIOJHSICMBIC B
MOCJIEIYIOLIEM J0KIEBOU BOJIOM.

CocTOSIHHE W JIOJITOBEYHOCTh TUIOTHUH B 3HAYUTEIBHOW MEpE ONMpENeIIIeTCs KaueCTBOM
OCHOBaHHU, Ha KOTOPBIX OHHU BO3BOASATCS. Tem Ooiee 3TO OTHOCHUTCS K TUIOTHHAM M3 OE€TOHA U
KaMEHHOW KJIaJIKH, Y KOTOPbIX 04T 30% pa3pylieHnil TPOUCXOIUT B MPOILIECCE CTPOUTENBCTBA
U JKCIUTyaTalliu HM3-3a HEOJIArompusTHOTO MOBEAeHUsS ocHOBaHWi. Ha paboTe 3THX IIIOTHH
CYIIECTBEHHO CKAa3bIBA€TCS THUI OCHOBaHUM, UX OJHOPOJHOCTH, HAJMYHUE U XapaKTep TPEILMH,
bu3nYecKre 1 XUMHUYECKUE CBOMCTBA MOPoI U T.1. bonibinoe 3HaueHne nmeeT u hopma cTBOpa, B
KOTOpBI BIHCaHa MJIOTMHA, HAIMYUE HAa KOHTAKTE PE3KUX BBICTYIIOB, IEPEIIOMOB, PAa3JIOMOB U
T.II.

O06o001IeHe TOBPEXIEHUH OETOHHBIX IUIOTHH, CBSI3aHHBIX CO CTPOECHHEM OCHOBaHMS
MTOKAa3bIBACT, YTO OHU CBSI3BIBAIOTCS C HEOJHOPOIHOCTHIO OCHOBAHWS, MTOBJICKIINE HEOOpATHMBIE
cMeleHua. B 3TuUX choydasx BepTUKalbHbIE JedopMaluy CKadlbHOTO OCHOBaHUS TIOJ
OTJIEIBHBIMA CEKIUSMH IUIOTHHBI TPU HW3MEHEHHUSX YPOBHS BOJIBI HE CICAYIOT 3a
nedopManusiMu caMoi MIIOTHHBL [IpUunHON yKa3aHHBIX SBICHHH SBISETCA PACKPBITUE TPEUMH
B OCHOBaHUH.

Konebanus Temmneparypsl BO3ayXa, pa3orpeB M OCThIBaHHE OCTOHA MPHU €ro TBEPICHUU,
BO3JCICTBIE MOpO3a M HHCOJISIIMS 4YacTO BBI3BIBAIOT OOpa3oBaHHE B OETOHHBIX IIOTHHAX
TPEIMH OMACHBIX Ui UX pabOThl, a TAaKXKE CYIIECTBEHHO CKa3bIBAIOTCS Ha HAIMPSHKCHHO-
neOpPMUPOBAHHOM COCTOSIHUU COOpYXKeHUU. H3BecTHBI NpUMEphl, KOrja IOpu JeHCTBUU
COUeTAaHUs BHEIIHWX HArpy30K U CE30HHBIX KOJEOaHW TeMIepaTypbl BO3JyXa H BOIBI
MIPOUCXOAUIIN TTOBPEXKACHUS, TpeOyIolme MpoBeeHus 6e30TaaraTeIbHOro peMOHTA.

Jpyrum Hambollee 4acTO BCTPECUAIOIMMCS BHJIOM TOBPEKICHHS OETOHA SBISETCS €ro
oTcraMBaHue Ha TiayonHy no 10 cM B 30He KkoneOaHUS YpOBHA BOAbL. MakcuMaibHbBIE
paspymieHuss 0eTOHa OOBIYHO MPOUCXOISIT BOJIM3M CTPOMTEIBHBIX INBOB M OKOJO Pa3IUYHBIX
BBICTYIAIOIMX AJIEMEHTOB, B OOJBIIMHCTBO CIIy4aeB MPUBOASIIMX K OTOJICHHUIO apMaTyphl.

B paboTe OGETOHHBIX IUIOTHH HWTPAET BeChMa CYIIECTBEHHYIO pOJb HalOyxaHue OeTOHa,
KOTOPOE MOKET IMO-Pa3HOMY MPOSBIATHCS B Pa3IMYHBIX YACTSIX COOpYKeHHUs. PaHble sTomy
BaXHOMY BOITPOCY JIOCTATOYHO BHUMAHHS HE YACISUIOCh W JaKe HE MPEIoJiarajiv, 4To dTO
SIBTICHUE MOJKET BPEJHO OTPaXKaThCsl HAa pabOTe TIOTHH.

Ha wopmanpHyr0 paboOTy IUIOTHHBI BIMSIIOT CaMble pa3iuvHbIe (PaKkTOphl, Hambojee
3HAUMMBIC, W3 TMPAKTUKU WX JIKCIUTyaTalldd, 3TO HApyIIeHHWE padOThl APEHAXHOW CHUCTEMBI,
OTKa3bl 3aTBOPOB, KaBUTAI[US HAa BOJIOCIIMBAX U JIp.

BbeIxon W3 cTposi AIEMEHTOB IUIOTHH MOXKET MPHBECTH K CEPbE3HBIM IMOBPEKICHUSM
coopyxenuii. OHU cyry00 MHAMBHAYaJIbHBI U HE MOBTOPSIOTCS Ha APYrux ruapoysnax. OqHako
UMEIOTCST W HambOosee oOnme. Takwe Kak 3acCOpPEHHE JPEHaXHBIX CHCTEM. JTO IIMPOKO
pacupoCTpaHeHHOE TMOBPEKIACHUE, HEOJHOKPATHO BCTpedaroleecss B OCTOHHBIX IUIOTHHAX.
['1aBHasE OMacHOCTH 3aCOpPEHUsS JPEHAXEH — TIOBBINICHWE IMPOTHBOJABICHUS Ha TIOJIOIIBE
IJIOTHH, U CJE0BaTENbHO, CHIKEHHUE YCTOMYMBOCTH, YBEIMUEHUE TPAJAUCHTOB (QUIBTPALINH B
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OCHOBaHMX. J{JIs JIOTHH, TOCTPOEHHBIX ¢ HEOOIBIIMMHU 3ar1acaMiu IPOYHOCTH U YCTOWYUBOCTH,
a Takue Modxydnsid mmmpokoe pacrpoctpanenue B CIIA, Unaaum u apyrux cTpaHax, BBIXOH W3
CTpOsI IpeHaxkeil MOXKET MPUBECTH K 3HAUYUTEIIbHBIM HEOIaronpusATHBIM I1OCIEICTBHIM.

[loBpexxieHnst  3aTBOPOB -  OYEHb  PACHpPOCTPAHEHHBIM  BHUJ  IOBPEXKIACHUU,
IPOUCXOAMBIIMM HAa MHOTMX IUIOTHHaX. OCHOBHas ONACHOCTh JTOTO MOBPEXKACHUS -
HEBO3MOXHOCTb HCIIOJIb30BAHHUS BCEr0 BOJOCIMBHOIO (POHTA THUAPOY3NIa IpU IPOIYyCKe
MABOJKOB, Jake He KaracTpopuueckux. KaBuTamus Ha BOJOCIMBAX BCTPEUACTCS 4YacTO Ha
OETOHHBIX BOJOCIINBAX U BOJOCITYCKaX.

B rpyHTOBBIX IUIOTHHAX CepbE3HbIC MOBPEXKACHUS 00pa3ylOTCs Yallle BCEro BCIEACTBUE
HENPEIBUICHHOTO 3apaHee HeOJaronpusATHOIO IOBEJEHMsS HEOJHOPOJHBIX OCHOBAHMIA,
OcnabJCHHBIX JEWCTBUEM MEXaHMYECKOHW WM XUMHUYecKor cyddosun. B pesymbraTe s3THX
IPOSIBIIGHUN B TOJILE OCHOBAaHUN OOpa3ylOTCs KaBEpHBI, TPELMHBI, COCPEIOTOUYCHHBIE MYTH
buabTpaluU, KOTOPBIE IPUBOJAT K CHUYKEHUIO U JJaKe K OTepe UX HECYIIEH ClOCOOHOCTH.

B ocHoBaHMsSX moj [JEHCTBMEM Beca BO3JBUIAEMOM IUIOTHHBI, T'MIPOCTATUYECKOIO
JIABJICHUS] Ha HEEe M Ha 4Yally BOJOXpPaHWIMIA, a TakKe ICHCTBHUS HANOpHOM (uibTpanuu
IIPOUCXOAST MECTHBIE MPOCAAKH, TPEILMHBI, CMELIEHUS CKaJIbHBIX MACCUBOB, OTPaXKaIOLMeECs Ha
COCTOSIHUH IUIOTUHBL. AHAJIOTUYHBIE MPOLECCH IMPOTEKAOT M B TeJe TI'PYHTOBBIX IUIOTHH.
OOBIYHO OHM BO3HMKAIOT IIPH HEMPABUILHOM BBIOOpE MaTepHalia COOpyKeHHs (B 0COOEHHOCTH -
BOJIOYIIOPHOTO 3JIEMEHTa: fA1pa, SKpaHa M T.I.), IPU HE KA4eCTBEHHOM BBIIOJHEHUHU
CTPOHMTENBHBIX Pa0OT, TJIOXOM YIUIOTHEHHH TPYHTa, KOTOpBIE MPHUBOIAT K HEPAaBHOMEPHBIM
ocaJikaM B TeJle INIOTUHBL. BpeHO cKa3bIBa€TCs M MPOMOPAKUBAHUE OTJIENBHBIX CII0€B HACBIIEN
B IIpOLECCE HUX BO3BEACHHUSI, IEPEChIXaHUE YKJIAJbIBAEMBIX TIPYHTOB, MPEMSATCTBYIOIIEE HX
YILUIOTHEHHUIO [5].

CyliecTBEHHOE BIMSHHE OKa3bIBAIOT pA3IMYHbIE HEYYTEHHBIE IMPOEKTOM BHEIIHUE
BO3JCHCTBUSA: Pa3MbIBbl OTKOCOB BOJIHAMM, ITABOJKOBBIMU BOJAMM, IEPEIMBAIOLMMUCSA YEPE3
rpe0eHb JUBHEBBIMU JOXKISIMH, a TAKXKE IMOBPEXKACHUS MPU CEHCMHUECKUX BO3JAECUCTBUSIX, K
KOTOPBIM TPYHTOBBIC IUIOTMHBI 0oJiee YYBCTBUTEJIBbHBI, 4eM OeToHHble. KoOHKpeTHbIC
IPOSIBIICHUSL Pa3pyIICHUH, BBI3bIBAEMBIX TUMHU U JAPYTUMM IPUYMHAMH, MOTYT OBITh CAMBIMU
pazHoOOpa3HbIMU. DJTO U TOJHOE pa3pylIeHUE COOPYKEHHUS, OIOJ3aHHUE €ro OTKOCOB,
0o0pa3oBaHUE MPOBAJIBHBIX BOPOHOK, MECTHbBIE IOBPEKICHUS OTIENIBHBIX 3IEMEHTOB U MHOTHE
JpyTHE.

TpenmuooOpa3oBaHue - Haubojee PAacIpPOCTPAHEHHBIA BHJ MOBPEXKAECHUS TPYHTOBBIX
IJIOTUH, NPUBOMALMM Jake K HMX paspylieHUI0. Pa3BuTHe TpelUWH, MHOTIA 3HAYUTEIBHON
MPOTSHKEHHOCTH U IIMPUHBI IPOUCXOIAT 110 PA3IMYHBIM NpuunHaM. Cpeln HuX HepaBHOMEpHas
ocajKa SBISIETCS OJAHOM M3 HamboJjiee pacIpOCTPAaHEHHBIX MPUYHH, BHI3BIBAIONMX TOSBICHHUE B
IJIOTUHAX TPEIMH.

Jpyrumy mpUYMHAMH TMOBPEKICHUN TPYHTOBBIX IUIOTHH SIBISIIOTCS (UIbTPALOHHBIE
notokd. OIHAKO pe3yabTaThl U3MEPEHHH MapaMeTpoB (PUIBTPALMOHHOIO IMOTOKA HE BCErna
MO3BOJIAIOT MPABUIBHO CYIUTh O €ro JAedcTBUTENbHON onacHOCTH. CocpenoTOYeHHbIE
(GUIbTpallMOHHBIE TMOTOKH MPEACTABISIOT OMACHOCTH JJIS CYIIECTBOBAHMS TPYHTOBBIX IJIOTHH.
Bo Bcex COMHMTENBHBIX CllydasX JOJDKHBI IIPOBOJUTBECS TIIATEIIBHBIE pEryJSIpHBIE U
BCECTOPOHHUE HAOIIOACHNUS 32 MPOLECCOM (QUITBTPALIHH.

[ToBpexxeHns u3-3a HENPABUIIBHOW OLIEHKM CBOMCTB OCHOBAHHS, YTO IPOUCXOAUT IIPHU
OUYEHb CJIOKHBIX T€O0JIOIMYECKMX M TUAPOTEOJIOTMYECKUX YCIOBUSIX 3alleraHusl TPYHTOB B
OCHOBaHMM IUIOTUHBL. B pesynbrare npeaBapuUTEIbHbIE HU3BICKAHHA 4acTO HE MOTYT JaTh
JI0OCTaTOYHO TOYHBIX JAHHBIX O €r0 CTPOCHUH U XapaKTEPHBIX CBOMCTBaX.

[lpuBeneHHbI 0030p CBHUAETENBCTBYET, YTO TPELMHOOOpa30BaBaHHWE B T'PYHTOBBIX
IUIOTUHAX SIBJISIETCSl Hanbojiee pacHpoCTpaHEHHBIM BHUJIOM MOBPEXKACHHUS, MPUBOIALIMM K HX
paspyiieHuto. Pa3BuTue TpelmH pa3aM4HON NPOTSHKEHHOCTH U IIMPUHBI IPOUCXOAAT IO CAMBbIM
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pa3HooOpa3HbIM puunHaM. Cpean HUX HEpaBHOMEpHas ocajiKa SIBISETCs OJHOM M3 Haubolee
PacIpOCTPAHEHHBIX IPUYMH, BBI3BIBAIONMX IMOSIBIICHHUE B INIOTHHAX TPEIIMH.

Jpyroii mpUYMHON, BBI3BIBAIONMX IOBPEXKACHUS SBISETCS MHTEHCHUBHAs (PUIbTpaLus
yepe3 OCHOBAHWE IUIOTHHBI, IPOUCXOJMBIIYIO BCJIEICTBHE HEIOCTATOYHO IMOJHOIO YIAJICHUS
MOBPEXICHHBIX MIOPOJ MPH OTPBIBKE KOTJIOBaHa. TpelnmHbl B OCHOBaHUHU, 00pa30BaBIIecs PU
B3pBIBaX CKaJbHBIX IIOPOA B KOTJIOBAHE, TAK)KE CTAHOBATCA INPUYMHOM COCPEAOTOUYEHHOH
(buIbTpanuK BOIBI Yepe3 OCHOBAHHUE.

CocpenoTtoueHHble (DUIBTPALIMOHHBIE IOTOKH MPEACTABISAIOT CYIIECTBEHHYIO OIAaCHOCTh
JUIS TPYHTOBBIX IUIOTHH. JlJIi 3TOro TONBKO HEOOJbIIME TPYHTOBBIE IUIOTHMHBI MOTYT
coopyxaTbcs 6e3 MPOTUBOGUIBTPALIMOHHBIX 3JIEMEHTOB, IPUYEM UX APEHAKHbIE KOHCTPYKLIUU
JIOJKHBI OBITh pacCYMTaHbl CO 3HAUUTENbHBIMU 3anacaMu. Ha mioTuHax ¢ 3KpaHOM C KPYTbIM
HaKJIOHOM CJIEyeT OIlacaTbCsi BO3HUKHOBEHHUs TPCIMH OT paCTATMBAIOIIMX HAIPSLKCHUN;
KOHCTPYKLIMSI 3KpaHa, KOTOPbIE JOJKHBI ObITh 3alPOEKTUpPOBAHA TaKMM 00pa3oM, 4yTOOBI 3TH
TpeUMHbl HE BO3HUKaIM. HeoOXxoaumo TakkKe KaueCTBEHHOE BBINOJIHEHUE TEMIIEPaTypHO-
OCAJIOYHBIX IIBOB HA CONPSHKEHUN MaTepHalla IIJIOTUHBI U €70 KOHCTPYKTUBHBIMHU 3JIEMEHTAMM.

[loBpexxkieHMss IJIOTMH BO3HMKAIOT TaKXKe H3-32 HEIPABUIBHOM OLICHKH CBOMCTB
OCHOBaHHs, 4YTO IPOUCXOIUT IIPH OYEHb CIOKHBIX T€OJIOTMYECKMX M THIPOreOJOrMYECKUX
YCIIOBUSIX 3aJIETaHUsl TPYHTOB B OCHOBAaHUH ILUIOTUHBL. B pe3ynbpTaTe HEJ0CTaTOYHBIX U3bICKAHUI
0 €r0 CTPOCHUHU U XapaKTEPHBIX CBOMCTBAX OHU MOTYT CTaTh IPUYMHON pa3pyIICHUS TUIOTUH.

[IpoBanbHBIE BOPOHKM U ONOJ3HM Ha IJIOTMHAX 4YacTo oOpa3yloTcs B pe3ysbTare
cybdo3un rpyHTa BHYTPEHHUX 30H HACBIH, BBI3BIBAEMOI COCPEIOTOUEHHOM (ubTpanuei, Ho
ObIBa€T M pE3yabTaTOM pa3MbIBa HAPY)KHbBIX MOBEPXHOCTEH IUIOTUHBI, KOTOpBIE MPUBOASIT K
IIepepacTaHUIO BOPOHOK U OIIOJI3HEN B IIPOPHIBBI, BBI3BIBAIOIIME pa3pyLICHUE IIOTHH.

OtmMeuaeTcst, YTO IPOBATBFHBIE BOPOHKH BOSHUKAIH M TIPU HEOIAronpusSTHOM COYETaHUH,
CIEIYIOIIMX YCIOBUH: TOHKOE $IpO, 4Yalle BCEro BEPTUKAIbHOE; HH30BOH (QUIBTD U3
KPYITHO3EPHUCTOIO IECKA C IPaBUEM, C HE3HAUYUTEJbHBIM MJIM MOJHBIM OTCYTCTBUEM MEIKHX
necyaHblx (Gppakuuid, KpyThle Oepera Uil OYeHb HEPOBHOE CKAIbHOE OCHOBAaHUE, HEJJOCTATOYHOE
YIJIOTHEHUE HACBIIHU U ObICTPOE 3aII0JHEHHE BOAOXPAHHUIIUIIIA.

AHanu3 pacCMOTPEHHBIX NIPUMEPOB MTOKA3bIBAET, YTO MPOBAJIbHBIE BOPOHKU U OINOJI3HU
Ha IJIOTMHAX 4acTo 00pa3yroTcs B pe3ynbraTe cy((do3uu rpyHTa U BHYTPEHHMX 30H HACBIIH,
BBI3BIBAEMOU COCpEOTOUYCHHON (unbTpamnueii. J[pyroil nmpudmHOW uX 0Opa30BaHHS CITyXKaT
pa3MbIBbl HApY)KHBIX MOBEPXHOCTEH MJIOTHUHBI B pe3yiabTaTe BbINAJAECHUS OOUIIBHBIX OCAJKOB,
MPUBO/IIIME K TIEPEPACTAHUIO BOPOHOK U OTOJI3HEW B TIPOPBIBHI [5-7].

Cyd¢o3un  BbI3BIBAIOTCS HECOAJIaHCUPOBAHHOCTBIO TPAHYJIOMETPHUECKOTO COCTaBa
MOPEHHBIX U AJIIOBUAJIBHBIX TPYHTOB M HENOATOTOBIEHHOCTHIO OCHOBAHUM.

[IpoBanpHBIE BOPOHKM BO3HMKAIOT IpPU HEOJAronpusATHOM COYETAHUH, CIEAYIOIMX
YCIIOBUM: TOHKOE S/IpO, Yallle BCEr0 BEPTHKAJIbHOE; HU30BOM (QMIBTP U3 KPYMHO3EPHHUCTOIO
IeCKa C TPaBUEM, C HE3HAUUTENbHBIM WJIM MOJHBIM OTCYTCTBUEM MEJIKMX IEeCUaHbIX (pakiui,
KpyThble Oepera uin O4eHb HEPOBHOE CKAJIbHOE OCHOBaHUE, HEJJOCTATOYHOE YIUIOTHEHUE HACBIITU
1 ObICTpOE 3aN0JTHEHHE BOIOXPAHHIIUIIIA.

CymieCcTBEHHYIO pOJIb OKa3bIBalOT IIPUMEHEHHBIE IIPH CTPOUTEIBCTBE MATEpUalbl U UX
YKJIaJIKa B COOPYKECHHE.

Cnucok muteparTypbl:
1. «Atnac MNpUPOAHBIX WU TCXHOI'CHHBIX OIIACHOCTEH U PHUCKOB IIpE‘,3BI>I‘L"3.I‘/'IHI>IX CI/ITyaI_II/Iﬁ B
Pecnyonuke Kazaxcran». Anmartsr 2009
2. Dams and development. The Report of the World Commission on Dams. EARTHSCAN.
London and Sterling, VA. November 2000. P. 404.
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YK 626/627.001.25
KOHTPOJIb U ONEHKA TEXHUYECKOI'O COCTOSIHUA IIVIOTUH

Typasio6aeBa baarsin OcnanoBHa
Joxtopanrt 2-kypca OIT 8D07411-«[ ' uapoTeXHNUECKOE CTPOUTEIBCTBO U COOPYKECHHSD)
CyaranaeB Kenxeoaii TyienoBuyu
K.1.H., qo1ieHT
Tapasckuii rocymapcTBeHHbIN yHUBepcUuTeT nMenn M. X. JlynaTu,
Tapa3, Kazaxcran

d https://doi.org/10.5281/zenodo.10452285

To Cite: TypnbeibaeBa banrein OcnanoBHa, & CynranaeB KemxkeOait Tynenosuu. (2024).
KOHTPOJIb 1 OLEHKA TEXHHWYECKOI'O COCTOSHHMA IUUIOTHH. B SCIENCE AND
EDUCATION: MODERN TIME (T. 4, Brimyck 4). Zenodo.
https://doi.org/10.5281/zenodo. 10452285

AHHOTAIMA: B CTaTh€ pACCMATPHUBAIOTCS  BOMPOCHI  KOHTPOJS  COCTOSHUS
ruporexauunueckux coopyxeHuir (I'TC) Ha OpOCHUTENBHBIX CHCTEMaxX W OCHOBHBIE MPOOIEMBI
OpraHU3aIUi KOHTPOJISL COCTOSIHUS TPYHTOBBIX TIJIOTHH.

KuoueBble cj10Ba: KOHTPOIb M OIIEHKA, TUAPOTEXHUUYECKUE COOPYKEHUS, TPYHTOBBIE
IJIOTHUHBI, 3eMJISTHbIC M OCTOHHBIC KOHCTPYKIIMH, BU3yaIbHBIH OCMOTp, Me(eKThl, KOHTPOJIBHO -
U3MEpPUTENBHBIC PUOOPBL

Abstract: the article discusses the issues of monitoring the condition of hydraulic
structures (GTS) on irrigation systems and the main problems of the organization of monitoring
the condition of groundwater dams.

Key words: control and assessment, hydraulic structures, ground dams, earthen and
concrete structures, visual inspection, defects, control and measuring devices.

I'maBHOM 3amauell KOHTpOJSA COCTOSHUS THupoTexHuueckux coopyxenuit (I'TC) nHa
OpPOCHUTENBHBIX cHCTeMax olecredeHue uX paboThl B HOPMAJIBLHOM pEXHME, CBOEBPEMEHHOE
OCYILECTBJICHUE MEPONPHUATHI MO MNPEayNpeKICHUIO M YCTPAHEHHUIO JE(PEKTOB, BBIIBICHHE
OPUYUH HApYIIEHUS HOPMANbHOTO (YHKIIMOHUPOBAHUS COOPYKEHUS M €ro 3JIEMEHTOB.
OCHOBHBIMH MPUYMHAMH HapyIIeHUsI HopMasibHOTO (pyHKIMoHUpoBaHus I TC sBisitoTCs: U3HOC
(¢pusmyeckoe crapeHue, aMOPTH3ALMsA) U MOPAJIbHBI HM3HOC COOPYKEHUH M 0O0OPYIOBAHHUS;
BO3/IEMCTBHE CTUXUIHBIX U YPE3BbIYAWHBIX (PAKTOPOB (KaTacTpopuuecKue MaBoAoK, JIETAOX0A U
Ip.); YeJNOBeUeCKUH (aKTOp - HENpaBUJIIbHBIC ACHCTBUS HKCIUIYaTallHOHHOTO IIepCOHaja
(HEeCBOEBpEMEHHOE OTKPBITHE 3aTBOPOB, MOJBEM BOJIbI CBEPX MPEICIbHBIX YPOBHEH, MEpeIuB
BOJIbl Y€PE3 CTEHKHU U T.IL.).

OnacHple TPOSBICHUS B 3€MJISTHBIX M OeTOHHBIX KOHCTpyKuusax ['TC moryr ObITh
HE3HAYUTEIbHBIMU MJIM MEIKHMH, HE BBI3BIBAIOIMMU CEPbE3HOTI0 pPaccTpoiicTBa B padore,
KOTOpbIE TOMJIEKAaT HEMEVICHHOMY YCTPAaHEHHIO BO H30€KaHME WX CYMMHUPOBAaHUA U
paspacTaHusl.

Ilpn KpymHBIX NOPOSIBICHUSAX, BbI3BIBAIONMMHU 3HAUUTEIbHOE COKpalleHue 3¢dexra
paboThl U Aa)Ke MOJTHOE €€ MpeKpalleHHe, T.€. aBApUHHOE COCTOSTHUE COOPYKEHU S, TUKBU AU
KOTOPOTo TpeOyeT MPOBEIEHUS CEPhE3HBIX PEMOHTHO-BOCCTaHOBUTEIBHBIX PA0OT.
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Ha Bcex I'TC nomkHBI TPOBOAUTHCS KOHTPOJbHBIE HATypHbIE HAOMIOACHUS [UIs
CHUCTEMaTUYECKOr0 HaJa30pa 3a HX COCTOSHHEM, CBOEBPEMEHHOIO BBIBICHHS J1€()EKTOB B
paboTe, Ha3Hau€HUS COOTBETCTBYIOIMX PEMOHTHBIX MEPONPUATUH, TPEAOTBpAILCHUS
BO3MOXKHBIX aBapuil U yIydllleHUsl YCIOBHI MX SKCILTyaTalluu

Kontpons coctostHuss I'TC ocymecTBisieTcst B LENSIX aHajiu3a M OLEHKU IIPOrHO3a
pa3BUTHS CUTyallud C O€30IIaCHOCTBIO COOPYKEHUH U TEXHHYECKHX Mep IO MPEeoJ0JCHUIO
HEraTUBHBIX TEHAEGHUMM U YCTPAaHEHMIO BBISBICHHBIX HEJOCTAaTKOB, 4YTO JOCTUIAETCS
IIOCPE/ICTBOM ~ OPraHM3allMM CHCTEMbl IIOCTOSIHHBIX Ha3eMHO-KOCMHYECKHMX HaOII0eHuH,
o0ecTieunBaloNX MOJyYeHHE KaueCTBEHHON M TocToBepHOW mHpopmanmu coctostauu I TC Ha
BOJIHBIX OOBEKTaX.

Jns  TpyHTOBOM IUJIOTMHBI BaXXHEMIIMM IapaMETPOM  SBIAETCS  PAacXol  BOBI,
¢bunbTpyroIencs yepe3 Teno MIOTUHBL, T.K. BOJOINPOHUIIAEMOCTh TeJa MJIOTHHBI OLIEHUBAET €€
BaKHEHIIME KayecTBa: IPOYHOCTh, TPEIIMHOCTONKOCTD, 1€()OPMATUBHOCTH U JIp.

AHanu3 XMMHYECKOro cocTaBa (UIBTPYIOLIEHCS BOJBI MO3BOJSET OLIEHUTH IMPOLECCHI
U3HOCA, KOPpPO3UMM U (UIBTPALMOHHBIX JepopMaluil OTIENBHBIX 3JIEMEHTOB TI'PYHTOBOU
IUTOTUHBI KOHTPOJIBHO-U3MEpUTENbHOM annaparypoii (KHA).

OneHka TEXHUYECKOT0 COCTOSHUS IPYHTOBOM IJIOTHHBI BKJIIOYAET B ce0s:

- BU3YAJIbHBI OCMOTP TPYHTOBOM IUIOTHHBI;

- aHayn3 Hanuuus u coctosauus KA u npeHaxHOM CUCTEMBI;

- CTaTUCTUYECKHI aHAIN3 U 00pabOTKa TaHHBIX HATYPHBIX HAOIIOIEHUH;
- aHanM3 napaMmeTpos punpTpanmonHoro pexxuma I'TC u ee cocTosHuS;
- aHaJIM3 HATYpHBIX HAaOIIOIEHUH 32 AeopMalusIMU COOPYKEHUI;

- OIIpEEICHUE YCTOWYNBOCTH OTKOCOB TUIOTUHBI

Busyansnsiii ocmotp I'TC mo3BossieT omepaTUBHO OOHAPYKHUTH OTAEIBHBIE IC(PEKTHI
WIM TIPU3HAKU aHOMAJIbHOTO Pa3BUTHS MPOIECCOB AedopManuu U (GUIbTpAllUU B TPYHTOBOM
IJIOTHHE (MECTHBIE MPOCAJIKH TIPYHTA, TPELUWMHBI, BBIXOJbl (DUIBTPYIOIUECHCS BOJBI, HaJlelIu,
pa3MbIBbI OTKOCOB U JIp.)

OcHoBHbIE TPOOIIEMBI OPraHU3aLMH KOHTPOJISI COCTOSIHUSA TPYHTOBBIX IUIOTHH:

- OTCYTCTBHUE pa3pabOTaHHBIX HOPMATUBHO-TEXHUYECKUX JJOKYMEHTOB,

- KpaTKUi CPOK IIPOBEICHHS U HEIOCTATOYHBIN 00beM paboT mo odcieaoBanuio I ' TC;

- HEJOCTaTOYHOCTh 0a3bl JAHHBIX PETYISIPHBIX HATYpPHBIX HAOIIOACHUN ISl YCTaHOBJICHUS
KOHTPOJIMPYEMBIX TTokazarenei oezonacnoctu [ 'TC;

- HU3KUH ypoBeHb obecrieueHus: coBpeMeHHbIMu KA

- HEJI0OCTaTOYHOE (PMHAHCUPOBAHUE;

- cy1abasi MH)KEHEPHO-TEXHUYECKas OArOTOBJIEHHOCTh AKCIUTYaTallMOHHOT O [TIepcoHaa.

Pasmemenne KHMA B Tene 3eMISIHOW IUIOTUHBI SBISETCA BaXKHEHIIMM BOIPOCOM
oOecreueHust 6e30MacHOCTH (PUCYHOK 1).
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Pucynox 1 — Ilman pa3memieHusi KOHTpOJIbHO-U3MepuTensHOl ammapatypsl (KMA) B Teme
3eMJISTHOM MJIOTUHBI

[Tpu »ToM co3maercst HpOpPMAITMOHHAS OCHOBA OIEHKH YCTOWYMBOCTH OTKOCA (PUCYHOK
2) u GUIbTpalMK B TEJIE ¥ OCHOBAHUH 3€MJISTHOM TJIOTHHBI (pucyHok 3) [1].
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BynyT HaGm01eHbI MECTOIOIOKEHHUE BBIX01a (GUIBTPAIIMOHHOTO MOTOKA B IPEHAKHBIE
YCTPOMCTBA; BETMYUHBI (PUIBTPAIIMOHHOTO PAcX0/a B JIPEHAXKHBIX BBITYCKAaX U KOJUIEKTOPaX, a
Takke B MECTaX COCPEJOTOYCHHOTO BBIXOJa (PUIBTPAIIMOHHOTO TMOTOKA; MOPOBOE JABICHHE B
BOJIOYITIOPHBIX DSJIEMEHTAX, OCHOBAHHUSX W B TeJ€ IUIOTHH, BBHIMOJHEHHBIX W3 CYTIHHHUCTBIX
(TIMHUCTBIX) U MOPEHHBIX MAaTEPUAJTIOB.

[leppomnuHOCTh  (QUIBTPAIIMOHHBIX HAONIOACHUN YCTaHABIMBACTCS MPOTPaMMOM
HaTYpHBIX HAOMIOJCHUN B 3aBUCUMOCTHM OT KOHCTPYKIIMM W  MaTepuaja IJIOTHHBI, CBOMCTB
OCHOBaHHSI, OTBETCTBEHHOCTH TUIOTHUHBL

Crnenyer ycTaHaBIMBaTh CIIEIYIOUIYI0 NEPUOAUYHOCTh HAOMIOJEHUN: 3a MOJOKEHUEM
KpPUBOM JIeTIPECCUU - OJUH pa3 B 5-20 nHeil; 3a MOPOBBIM JABJICHUEM B HAYaJIbHBIM MEPUO]I
(CTpOUTENBCTBO IUIOTUHBI, 3a0JHEHUE BOJOXpAaHUIMIIA) - oauH pa3 B 10 - 20 nHeli; mo mepe
CTAOWIIM3AaIlMU  JaBICHUS YacTOTa M3MEPEHUN YMEHBIAETCS U TOocle CTabuIu3anuu
(KoHCONMMAAIMY TPYHTA) HAOJIOICHHS 32 TTOPOBBIM JIABJICHUEM MOTYT OBITh MTPEKpaIICHBI.

W3mepenue GUIbTPalmOHHOTO pacXoAa BOJbI HEOOXOIUMO MPOBOJUTH OJJHOBPEMEHHO
¢ HaONIOACHUSIMHU 3a IOJOXKEHUEM KpUBOM jenpeccuu. l3mepeHHoe 3HaueHHe pacxoja
buabTpauu CleIyeT CPaBHUBATH C MAaKCHUMAIIBHO JOMYCTHMBIMH  3HAYEHUSIMH PacXoa,
yYKa3aHHBIMU B MECTHOM MHCTPYKIIMH, M C TAHHBIMHU TPEIBIIYIIIMX HAOIIOICHUI.

Ilpu u3mepeHnn (UIBTPAIIMOHHOTO pacxXoia BOJBI HEOOXOJMMO MEPHOAUYECKH (He
peke OJHOrO pasza B KBapTasl) oTOMpaTh MpOObI AJS ONpeesieHHs KOJUYEeCTBa B3BEIICHHBIX
gyacTull (MyTHOCTH) M XHUMHYECKOTro coctaBa Bojbl. [Ipu oOHapyxenuu cyddosun marepuana
Tela TUIOTUHBI WJIM €€ OCHOBAaHMS CIEAyeT OpPraHHU30BaTh PEryIspHble HAOMIOACHUS, IO
pe3yabTaTaM KOTOPBIX PEKOMEHIOBATh MHKCHEPHBIC MEPOTIPUSITHSI TIO YCTPAHEHUIO CyPo3un.

Oco0oe BHUMaHHE JOJDKHO YAETSATHCS MECTaM COCPEIOTOUYEHHOTO BbIX0/Aa (PUIBTpAIlMOHHOU
BOJBI Ha OTKOC TUIOTUHBL OOHapyKEeHHBIE BBIXOJBI BOJBI Kantupyrorcs. Cremyer
OpPraHU30BBIBATH HAOIIOACHUS 32 PACXOJA0M BOABI C OTOOPOM MPOO Ik KOHTPOJIS 32 MyTHOCTHIO
U XUMHYECKUM COCTaBOM, a TaK)Xe 3a TeMIEepaTypoil puiibTpyromeit Bojibl. M3mepenus cHavana
HEOOXOAMMO MPOBOJUTH €KEAHEBHO, a 3aT€M YacTOTa M3MEPECHHU Ha3HA4aeTCs, MCXOId U3
PasBUTHS WK CTAOMIM3AI[MH TpoLieccoB GubTpanuu [2,3].

Jlnst  ompeneneHuss TapamMeTpoB (PIIIBTPAIIMOHHOTO TOTOKA, XapaKTEPU3YIOIIMX
COCTOSIHHE Pa3IMYHBIX YYACTKOB IJIOTHHBI UM U3MEHEHHUE UX COCTOSHUS BO BPEMEHH, CIEAYeT
MOJIb30BaThCS METOJIOM HHAMKATOPOB WMJIM CHUCTEMAaTUYECKU H3MEPSTh TeMIepaTypy BOJbI B
nbe3omeTpax (¢ naTepBasioM uepes 10 — 20 gHel) 1 B BOJAOXpaHUIIUIIE TTepe] IITOTHHOM.

JluTepatypa
1. Antynun C.T. Bomo3abopHsbie y3ibl 1 Bogoxpanunuima. — M. «Komoc» 1964, - 43 1c.
2. Metonuka ornpeeneHust KpuTepreB 0€30MacHOCTH THAPOTEXHUYECKUX coopykeHui. PJ 153 -
34.2-21.342-00. M., 2000.
3. TOCT P 22.1.11-2002. MOHUTOPUHT COCTOSIHHUSI BOJOMOIMOPHBIX THUIAPOTEXHUUECKUX
COOPY)KEHHMH (TUIOTMH) M TMPOTHO3MPOBAHHUE BO3MOYKHBIX IMOCIEACTBUNA T'MJIPOJMHAMUYECKUX
aBapuil Ha HUX. be3onacHoCTh B Upe3BbUaliHbIX cuTyauusx. M., 2002.
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90K 627.85
CY APHAJIAPBIHBIH BYPBIJIBICTAPBIHIAT'BI KO3T'AJIBICTAP/bI
3EPTTEYJIEPTE APHAJI'AH EHBEKTEPI TAJIJAYJIAP

AcpL10exk Mambip MyxTap0e KyJibl
8D07411-«I' uapoTeXHUKAIBIK KYPBUIBIC skoHE KypbutbiMaap» bbb 2-kypc mokTopaHThI
AbaynnaeBa JibHapa CnaHoBHa
Maructp, ara OKbITYIIIbI
M.X.dynatu ateiHgarsl Tapas eHipIliK YHUBEPCUTETI,
Tapas, Kazakcrtan

d https.//doi.org/10.5281/zenodo.10452307

To Cite: Acbutoexk Mamblp MyxrtapOekyisl, & AGmymiaesa DnpHapa CnanosHa. (2024). CY
APHAJIAPBIHBIH, B¥YPLUIBICTAPBIHJAFBI KO3FAJIBICTAPAbI 3EPTTEVYJIEPTE
APHAJIFAH EHBEKTEPII TAJIJAVJIAP. B SCIENCE AND EDUCATION: MODERN
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AHHOTAIMA: MaKajaga amblK apHAJIAPJIbIH OYPBUTBICTAPBIHIAFEl KO3FAIBICTAP TYpaJIbI
JKa3BUTFaH FRUTBIMU €HOCKTEpTe TalAay KeNITipiiaeti.

Tyitingi ce3mep: kaHas, Cy aFblHBI TEPCHJIl, TasHY >KBULAAMIIBIFBI, aFbIH KO3FaJIbICHI,
UPKYISIUSIIBIK aFbIC, apHA OYPBUIBICHI, UPEIICH KO3FAJIBIC.

Abstract: the article provides an analysis of scientific works written about movements in
the turns of open channels.

Key words. channel, water flow depth, speed of approach, flow movement, circulation
flow, channel turn, zigzag movement.

H.E.)KykoBckuif TiKOYpBIITH KMMalbl aifHaaMa KaHaJAbIH Oip O6JiriH KapacThIpIBL,
OHJIaFbI Cy aFbIHBIHBIH TEPEH I N jkoHe TasHy KbUTIaMIBIFBI U.

XKeuimamapIKTapIpIH Kocnap/aa )kKoHe KaHall eHi OOWbIHINA TapaitybiH, A.Sl.MUIOBHYTHIH
AKCTIEPUMEHTAIIBJIBIK IEPEKTEeP1 HET131He, aylaHaap 3aHbl OOMbIHINA KaObL1a bl:

ur = const D
CoHbIMEH, OJI, KaHAJABIH 1K1 >KOHE CBHIPTKBI KaObIprajapblHa »aKblH OpHaJacKaH,
JKBUIAM/IBIFBl 3 aFBIHHBIH Ka0aThlH, IIEKapallblK MIAPTTapFa ayan OepMeiial Jer, aFbIHHBIH

MOTEHIIMAJ ©3€TiHIH JWHAMUKAJIBIK aiHamy eceOiH memri [1-3]. AFbIHHBIH TIiTiHEH OOMIIBIK
KBUIIAMIBIKTap TapayblH, OJ1, eKiHIII KaTapaarsl napabona TeHaeyi OOMbIHIIA KaObUIIa Ibl:

Al Z°
u= ?(1— F) (2)
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Cyper 1 — H.E.XykoBckuiimMmeH KaObUIIaHFaH aifHaJIMaJaFrbl aFblH KO3FAJIBICHIHBIH
CXeMachl

On ecenTi arbIHHBIH KO3FAJIBICHIHBIH MIAPTTHI CYI0ACHl TYpiHAE IIemTi, Oipak MbIHAIa
pykcarrap Oepiynmi, Oykin CyHbIK ImmeHOep OOWBIMEH TeK KaHa Tycy (MOCTyMmaTelbHBIN)
KBUIIAMIBIFBIMEH KO3FasIa bl XKoHe KOJIICHEH KUMAachl OOMBIHIIA eIKaHAal KbUIIaMIBIK JKOK:

2
u:él z

e ; v=0; w=0. 3

Ecenri mwenty MplHaHAal TeHeyaepre bl KeJi:

8_}(__ I_ Au

OX Ho 2rh?’ “)
oy

&ZO, (5)
oy Ap z z°

o TR ®

COHFBI TeHJIEYIIH (6) OH OemiriHae, aFblH KO3FaJIbICHIHBIH KaObUTIaHFaH MOJYJIIH OY3yhl KaXeT,
KYWBIHIBI KoTepy Kymn Oap. OcblHBI Ha3zapfa aja OTBHIPHIN, aBTOP MBIHAHIAN KOPBITHIHIBI
YKacalipl, UpeJICHIe aFbIHHBIH Ta3a 0acy >KbUIIAMJBIFHI 1C KY31HIE MYMKIH eMecC, OJ1 KYHBIHIbI
TITiHEH KOTepy KYLIMeH Oy3buiaabl. by Kymn, Tik KO3FalbICTaH TYBIHIANTBIH, TEK TYTKBIPIBIK
KYIITEpiMEH TEHECYy YIIH, KOChIMINA CYMBIK aFbIHBIH TYIBIPAJIbl. AHBIKTAJFaH TIKTEME arbiC,
aFbIHHBIH TYTACTHIK 3aHBI OOWBIHINA, COUKEC TOPU30HTAIb aFBICTAp KaXET €Teli, COMaH eKeyi
KOCBUIBII, KOJIJICHEH [IUPKYJISIHUIBIK aFbICTap KYHECIH TY3€/1Ii.
Kypaymm! xbsurnamasikrap, H.E.JKykoBckuil Teopusicel O0MbIHIIA Keleci Typre Kenei:
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H.E.KykoBckuiifiiH Heri3ri CiHipreH eHOeri, 0JI, aFbIHHBIH OTIM KHMACbIH/AA KOJJACHEH
arbICTHl TYABIPATHIH, UPEJICH aFblHJa TIK KOTepy KYIIHIH 0ap €KeHiH TEeOPUsUTBIK TYpPFbIIa
nmonenneni. bipak, Oy kymrin naiga O6omysiH, 071 5a, ByccHHECKTe, TY3y CBI3BIKTBHI KO3FaJIbIIl
Kelle JKaTKaH aFbIHHBIH TaO0aHBIHIA TOPU30HTANh KYHBIHIAPABIH OOMYBIMEH JKOHE TOPHU30HTAb
Ka3BIKTBHIKTA XKbUTIaMIBIKTAPABIH aydaHaap 3aHbl OOWBIHINA TapadybIMEH TYCIHIIpEIi.

Bbyccuneck meH JXyKOBCKHMIIIH TEOpHsUIApbIHBIH HETi3ri epexenepi Oip-OipiHe eTe
YKaKbIH KOHE OChI MoceJsie OOMBIHIIA 0AacKa KYMBICTApIaH AU TapJIBIKTal ePEKIICIICHET] .

A.SI.MunoBud, TIKOYPBHIIITHl KHUMAaJIbl KHUCHIKCHI3BIKTHI HayaJaFbl IMIBIHAWBI CYWBIKTHIH
KO3FaJIBICBIH 3€PTTEH OTBIPHIN, MbIHAHAN KOPBITHIHBIFA KeJi [3], apHaHbIH OYphLUTY JKEepiHJIe:

a) TOPU3OHTAJh JKA3BIKTHIKTAFbl 0Aachlll TYCY JKBUITAMIBIFBI ayJaHIap 3aHbl OOHBIHIIA
Tapaajbl:

ur = congt (10)

0) arbIHIAFbl KBICBIM IIBIFBIHKBI JKaFaFa JKaKbIHJAFaH CaWbIH THICIHILE >KbUITAMIBIKTAP
©CylMEH TOMEHICH/I1:

V4 2r Zg styym stuem ( )

B) aFbIHHBIH OTIM KUMacChIHA OOMIIBIKIICH KaTap, OSTTIK aFbIChl JOHEC Karara, ajl TYIKi
arbpIChl — OMBIC Xarara Kapail OarbITTalfaH KeJJIEHEH KO3FallblC TybIHAANIbL. byn ke3ne Tymki
arbIHIap ApXUMe]] CIUPAJIbIHBIH MIIIHIHE KeJIeIl:

r =2286¢ (12)

T') aFbIHHBIH UPEJICHIET] KO3FAIBICHI — IIOTEHIIUAIIBI;

1) UpeeHIe MUPKYIIAIUS Taiaa 00yblH (z-Z1) aFbIChl OCI )KaHBIH/A KbICHIM TOMEHJICTCH
cailblH KyTyre 0oiabl.

ASL.MunoBuu ToxipuOelepMeH Karap, uacan CYHBIKTHI J1a KapacTeipanbl. Kemnmeneq
arbICTap/bIH Tai1a 00Ty TEOPUSICHIH, OJ, ayAaHaap 3aHbl OOMBIHIIA TYCIE XKbUIIaMIbIKTAPIbIH
©3repyiHeH KoHE JIOHEC YKara arbl KbICHIM KOTEpiTyiMEH TYCiHipe i, OipaK aFbIHHBIH TEPEHIITI
OOMBIHIIIA O KBUITAMJIBIKTAp ©3repylH eckepMeilai. TaObUFaH  KOPBITBIHABUIAPIBI,  OI,
TJIUIEPUHMEH TOTBIPBUIFaH, MOHTeIeK (GKbUIKBIMANUTHIH) IIBIHBI BIIBICTHIH 1IIHE OCi OOMBIHIIA
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allHaNBIN TYpFaH, TIK IWIMHAPACH TYPATHIH BIABICTA TYTKBIPIBI CYWBIK KO3FAIBICHI apKbLIbI
kepHeki kepcerin Oepai. CoHbiMeH Oipre, IIbIH MOHIHJIE, aFbIHHBIH €H1 OOWBIHIIA TycIe
JKBUTIAM/IBIKTAp ayAaHaap 3aHbl OOMBIHINA Tapalibl, BIIBICTHIH CHIPTKBI KaOBIPFAChIH/IA KBICHIM
KOeTepuIl, )KOHE TYIK1 aFbIHAAp OpTara Kapail yMThUIIbL.

A S.MunoBuy HMiNreH jkarajgarbl KOTEPiHKI KBICHIMFA €peKIle KOH1I Oeufi, oJ ce3cis,
IEHTPre YMTBUIATBIH KYIITEp MEH YISYJAEpAiH Ke31 peTiHAe, KOJJACHEH IUPKYISIUs Taiaa
OomyblHa KaThIcaThiH  (akTopiapiaeiH Oipi  Oosbm  TaObmiambl.  bipak  om,  OOMIBIK
KBUTIAMIBIKTAPIbIH TITTHEH OCWKANBINTBI TapallyblHa Hazap ayaapMmansl. CoHbIMEH Oipre, Oy
KYOBUTBIC OHBIH OapiiblK TokipuOenepinme Oaikanapl. OckiFaH O0alIaHBICTHI, IEHTPACH TEIKIIIT
KYLITEP/IiH IMIaMachl TEpeHIEyMEH e3repeii, ceOeli arbIHHBIH OypbUIFaH KepiHjae, OerceHal
KYIIIeH, KeWIHHEH IONCNACHETIHACH, KONJCHEH arbICTapblH KAJBIITACYhl YIIH, EHTPICH
TENKIlI JKOHE IEHTPre YMTBUIATBHIH KYIITEpPIiH alblpMackl Oombill  TaObutanbl. OHBIH
ToXKipubenepi, ©31HIH KeJJIEHEH arbicTap Maija Ooybl Typasibl TEOPHSUIBIK OOKamaapblH
pacTamaspl.

Erep, A.Sl.MunoBu4, IuIMHIpPMEH OipMe3eTTe, NIbIHBI BIALICTHIH TaO0aHBIH, OHBIH
CBIPTKBI KaOBIpFachlH KO3FanTHail aiHanaplpraH 0ojica, O COHbIMEH Oipre CyHBIKTBIH
JTUHAMUKAJIBIK alfHaITybl MEH CHIPTKBI KaOBIpFaarbl KbICBIMHBIH KOTEpiyiH OaiikaraH Oomap e,
TEpeHIT1 OOBIHIIA OOMIIBIK KBUIAAMIBIKTAp TEHECTIPiyiHEH elKaH /1ail KeJJIeHEH arbIC aMac
ell, HeMece, erep aBTOP TEK BIIBICTHIH CHIPTKBI KAOBIpFAChIH FaHA aWHaIbIpca, OOMIIBIK
JKBUTTAMJIBIKTap/IbIH CTaTUKAIBIK TapalyblH ajap €1i; Ol aifHaIy EeHTpiHe OarbITTalFaH TYIKI
arpIHIAP/IBIH  KOJJACHEH UHMPKYIAIUACHH OalikaraH Oomap emi, cebebi Oy >karmaina,
KBUIIAMIBIKTAPIBIH TiTTHEH OCHKAIBIITHI TAPATybl CAKTAJIJIBL.

ConbiMeH Oipre, HpeneH >eplAe AaFbIHHBIH MOTCHIHANIBIFb CaKTaJFaHbl OEMNTricis.
TyciHikci3, MOTEHIHANT eMeC MIbIHAWBI CYHBIK, HPEJICHTe TYCIiN, MIHICTTI TYpJe MOTCHIIHAIIIBI
0oyl THiC AereH nypbic emec. [loTeHInan aFbIHHBIH OTIM KUMAaChIHAa OapiblK OeIeKTepae
Oipaeil yJiecTiK SHEeprust KOpbl O0Iybl KEPEK, IFHU, TOMEH/IET1 IIapT CaKTaTybl THIC!

u> p
—+5+2z=C 13
29" 7 (13)

Jlon ocel mApTTHIH OpbIHAATYRl A.Sl.MHIOBUUYTHIH ToXipuOenepiHae xoHe ae Oacka
aBTOPJIAPBIH JKYPTi3TeH 3epTTeyiepinae OaiKaiMabl.

Hpenenae arbIHHBIH MOTEHIUAIABI OONYbIH pacTay, KOJJeHEH aFbICThl TYAbIPAThIH IIbIH
(bakTOopyIap/bl aHBIKTAY/bl KAXKET €TTi.

M.A.JlementeeB 1935 okburFa JeliH JKYpri3iireH apHa OypbUIBICBIHAAFBI CYHMBIK
KO3FaJIBICKI TYpajbl KYMBICTAP/BI TajJail OTHIPHIN, CYpakK oJi e, albIIMaraH KYWJIe KaJIbII
otelp nemi [3]. JXKypriziareH MakcaTThl ToXipuOenep HEri3iHAE, 0N MbIHAHAAW MaHbBI3/bI
KOPBITBIHIBFA KEJIJIi:

a) arblH EHIMEH OYpbUIly J>KepJiepiHAe >KbULAAMJBIKTApJbIH Ke3-KEeJIreH TapalyblH
Oaiikayra 00J1a]Ibl, MBICAJIBI, CHIPTKBI KAOBIPFaa KbUTIaMIBIKTAP KOTEPIIYiH;

0) apHa OypbUIBICBIHAAFBl KOJJACHEH arblHIAp TYbIHJIAYBIHBIH Heri3ri ce6ebli TiriHeH
KBbUIIAMIBIKTApIbIH ~ OCHKANbIITHl  Tapainybl. LUpKyISIUSHBIH KAapKbIHABUIBIFBI  TIFIHEH
JKBUTIAMJIBIKTap OCHKAIBIITHUIBIFEI IOPEKECIMEH JKOHE aFbIHHBIH JTUHAMHKAJIBIK OCIHIH KUCHIFBI
paanychl TOMEHACYIMEH OCei;

B) CBIPTKBI KaObIpFa MaHBIHJAFbl KOTEPUITeH TUAPOJAWHAMHKAIBIK KBICBIM, KOJJICHEH
arbIHJIap TybIHAAybIHa ceOen 60a aaManbl;

T') KOJJICHCH arbiC KYWBIHJIBI CHIATTa OO0JIAJBI KOHE HWPEIICHJETI CYWUBIK KO3FaJIbICHI
MOTEHIUAJICHI3 )KYPE/Ii.
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XKorapepiga aliTeuFangapMeH  Koca, M.A.JlemMeHTheB MbIHaAal JAeiai  «afblH
TPAEKTOPUSICHl KUCBIFBI PaInyChl OAFBITHIHIA OOILEKTEP/IIH Tere-TeHAIr TeK MbIHA Karaaiaa
raHa Ooyiypl MYMKiH, dr apakalibIKTBIFBIHAA JXKaTKAaH OChI PaJWyC KbIpbIHA €Ki HOpMaJb
KBICBIMIAp albIPMAacChI, DJIEMEHTKE 9Cep €TETIH IEHTPICH TEMKIII KYIIKe TeH 00IaabD»:

dp %

M.B.ITotanoB — >xacaH/ibl KOJIACHCH MUPKYISIHS OICIHIH HET131H KaJayIibl — aJIbIHFBI
3epTTeyljepAcH OelieK, apHa OYPBUIBICHIHIAFbI KO3FAJIBICTBI 0acka TYPFhIIAH TEOPHSUIBIK
seprreni [3]. HupKymsauusuibK aFbIC TYBIHIAYBI HET131HE OJI, aFbIH TePEHIIT OOMBIHIIA IEHTPICH
TETKIIl KYIITepPIiH Tapaiybl OCWKaNbIICBHI3IBIFBIH KOHABIL, COHBIMEH KaTap, aFbIHHBIH OTIM
KHUMachl OOWBIHINA KBICBIMIAP ©3TepyiMEH TYBIHJAAWTBHIH IEHTPre YMTBUTYBIIBI KYIITEPIl
eckepmeni (cypert 1).

by nenTpre yMTHUTYIIBI KYIITEP, MUPKYISIUASIIBIK aFbICTBI TYABIPATHIH €KIHI HETi3Ti
aBTOP OOJIBIT TaObUIAIBL.

On 3eprreynepMeH MBIHAHBI JOJENJCHl, aylaHaap 3aHblHA HETi3lelreH KOJICHEeH
MUPKYISIUSHBIH TEHJCYl, KaXKETTI JKaNMbUTBIKKA KeIMEH Il KOHE TITiHEH Ke3-KeJreH OOMIIBIK
KBUIAMJIBIK OCHKAIBINCHI3IbIFBI, MIHJCTTI TYP/E aFbIH/IA KOJICHEH XbUIIAMIBIKTAp TYIbIPAIbL.

TeMeHeri TeHACyIep

2u ou
T-—=O (15)

C
u=arinz+br+— (16)
;

TiriHeH OCMKaNBIITHI KBUIJAMIBIKTap Tapaily OoJjFaH Ke3ze, aiiHaaMa TOpPHU30HTalb IeHOep
OOMBIHIIA CYIBIK KO3FAIBICHIH KapacThIPFaHHAH IIBIKKAH, )KOHE MbIHAHBI KOPCETE/Ii:

2u
a) OOMJIBIK arbic (LMPKYIALMACHI3) OpbIH amybl MyMKiH (15) Hemece I = OO( r =

ou
Ke31He, IFHU, TY3Yy HayaJa, HeMece TIrHEeH OOMIIBIK KbUTAAMIBIK TYPAKThl OOJFaHa —_— = 0 ;

oz

0) aymanmap 3anbl U :F Kbl OalaHBICTBUIBIKTBIH TEK jkeke karmaiiel (16), Oyn

Ke3/le¢ TIMHEH TYPaKThl JKbUIAAMJIBIKTAFbl KOHILIEHTPIIK IIeHOep OOMBIHIIA CYHBIKTBIH
JTUHAMUKAIBIK aifHaTybl MYMKiH. CYMBIKTBIH CTaTHKAJIBIK KO3FaIbICHI (16) na, TIKTiK OOMBIHIIA
TYPaKThI KbUIIAMIBIKTAFbl IUPKYISAIUACHI3 aFbICTBHIH KOHIIEHTPIIK MieHOepi OOMBIHINA MYMKIiH
0O0JTaTBIH KO3FAJIBICTHIH JKEKEIIe TYPi.

TiriHeH LEHTpIEH TENKIll KYIITEPIiH Tapaybl OCHKaJIbIICBI3ABIFBIH ECKEPINl KOHE
aFbIHHBIH KO3FAJIBICBIH aylaHAap 3aHbIMeH OainanbicThipMmaii, M.B.IlotanoB MeimiHIIeE sKaImbl
CHUTIATTaFbl TEHICY/II Il
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0z° r oz’ (17)

oy rexaey byccuneck sxone H.E.)KykoBckuii TeHaeynepineH 6ackamanay

@ _ o ou -
0z 0z\ 0z)
Tennpeynin (17) MexaHHKaJbIK MaFbIHACKIH KapacThipa oThIpsi, M.B.IloTanos MbiHagai
2
u

KOPBITBIH/IBI JKaCaNIbl, d T LEHTP/ICH TenKim Kymrin dz

buikTikke eciMIeciH KepceTemi, OJ o COHAall OWIKTIKKE JaMHUTBIH jKaHaMa YIeyMeH

vd %o u? o .
472 =d 7 TEHJICCTIT1 MBIHAHBI KOPCETE/],

TEHECTIpiyl KaxeT mbirap. CoraH opaii, d

uZ

CYHBIKKAa TYCKEH KYIITePIiH T OCHKANBINTBI Tapajdybl CaJlJapblHAH CYWBIKTBIKTA

TYBIHJIAWTHIH KaHaMa KYIITep CYHBIKTaFbl TYTKBIPJIBIK KYIITEPIMEH TEHECE/I.

biznin 3eprreynep Oyl epekeHi Ionenieii jKoHe TOMEHJETinel TyciHikTeme Oepyre
MYMKIHIIK Oepei: HeHTPAEH TeMKIill )KOHE IIEHTPre YMTBUIATHIH KYILITEp TEHCI3/ITr calniapbliHaH
CYMBIKTA TYBIHIAWTHIH JKaHAMa KYIITEP, TYTKBIPJIBIK KYIITEPIMEH TCHECEII.

AFBIH/IaFBI KOJJICHEH aFbICThl TYIBIPAThIH, KYIITEPAIH €H TYCIHIKTI )KOHE aHBIKTaMaChl
B.H.I'onuapos, A.K.Ananwbsn, O.J[.JOmmanoB >xone W.JI.Po3oBckmii [3-10] enOekTepinae
Oepinren. Onap na, aFbIHHBIH €H1 OONBIHIIA OOMIIBIK KBUTIAM/IBIKTap Tapalybl Ke31HE aylaHaap
3aHBIH KOHE OJIAPABIH TEPEHJITT OOMBIHINA O1PKAJBINCHI3ABIFIH KaObUIIA b, O1paK COHBIMEH
Kartap, IeHTP/ICH TENKIIll )KoHEe IIEHTPIe YMTBUIATHIH KYIITEep/i eckepei (2-cyper).

72

—
| —



NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

Cyper 2 — KenneneH »xburnamasikrapabiy smopaiapbl (H.E:XKykosckuii, M.B.Ilotanos xoHe
H.®.[lanenus Toxipudenepi OoibIHIIA)

M.I1.KoxeBaukoB [3] 1940 puibl cayibIcThIpMalibl YIKEH Meepzeri Hayana (eni 80
cM, TepeHairi 15 cm), arbiH TepeHairi 2-10 cM K9HE aFrbICTBIH SPTYPJIl KbUIAaMIbIKTapbIHAA
TOXKIpuOenep xKyprizai. Opoip Toxkipubene cy 6eTi milmHIHIH TYCipiliMi OpBIHAAIB )KOHE OeTK1
KITKBI KOMeETiMeH (muaMeTpi 6 MM IIbIHBI IMAPUK) OCTTIK arblHAap 3epTTenai. [ynki
arbIHJIAP/BI 3€PTTEY, YJIECTIK CalaMarbl OIpACH CON KOFAphl, BOCK MEH KYM MPOMOPIHUSICHIHAH
JAaWbIHAAJIFaH MAPUK KOMETIMEH JKYPri3iil.

3epTTeynep TIKOYPHIITH jKoHE YIIOYPBIIITH KUMallbl Hayajgapaa >kyprizingi. Hayansx
0eTi Temip KOCBUIBIN, IIEMEHTTI KanmTaMaMeH XaObULbl; KehOip ToxipuOenepne apHaHBIH
OYXKBIpNIBIFBL ipimiri 1-2 MM KyM TYHIPIIKTEpiH XaOBICTBIPY KOJBIMEH KAacalbIHABL YIII
OypwUIBICH Oap koHe eHi 40 cM Hayanapja ja ToxipuoOenep Kyprizinai, OYpbUIBICTBIH OpTalia
pamuycbl 80 cm Oommpl. Tymki KadTKbUIap TEric eMec KYMJBI OeT YCTiMEH Hamap >KBUIKBIIT
OTBIP/IBI )KOHE MapraHEeIKbIIKbUIAbI KATHIAIH MaWbUTybIMEH allbIHFaH, TYIKI aFbIHIAP CHI3BIFBIH
CBI3BINT OTHIPYMEH MIEKTETYIMEeH Typa KeJi.

TikOyphILTHl KOIACHEH KUMalbl KOHABIPFbIIapa KYPri3iireH O6apiblk Toxipuodenepae
OOMITBIK JKBUIIAMJIBIKTAp TOHEC JKaFara KaKbIHIAyMEH OCTi, Oipak, ayaaHaap 3aHbl CAKTAIMAa/IbL.
ABTOp ObLIal ecenTeiini, OypbUTy pauyChiH JopeKecinae OipJeH Kill eTin KaObuigaraH JAyphic
O0onmap Ma emi. OpTypil KUMalbl Hayajap/a >KYPri3uUIreH TokipuOenep MbIHAaHBI KOPCETTI:
arbICTBIH CHUIATHI €ACyip JCHIel/Ie KaHal oTiM KUMACHIHBIH IillHIHE 0aiIaHbICTHI )KOHE apHa
KOJIICHeH KUMAChIHBIH MilliHIHEe OaiIaHbICTHI EMeC JIeH, aFbICTBIH YKaJIIIbl 3aHAbUIBIFBIH 13/1€TeH
Kartelik 6oap eni.

Tynki KanTKbUIapAbIH TPACKTOPHSUIAPHI aFBIHHBIH TEPEHIT] ©3repicTepiHe OTe Ce31MTall
JKOHE TEpEeHMIIK OCyiMeH arbIHAbI KYPT Kecim otenmi. ToxipuOenepMeH aHBIKTAIIBL, TYIKI
[MIAPUKTEP aFblH JKbUIIAMJBIFBIHBIH ©3TepyiHe aca MoH Oepmeiai, OHBIH ce0ebi OapiibiK
ToXkipubenepae O1p TEPEHAIKTE ©3repMeNTIH OpbIHAa 00abl. AJl OETTIK aFbIHAApFa KEJICEK, ojlap
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arbIHHBIH TEPEHJIN MEH JKbULIaMJIbIFBl ©3repyiHe OailmaHpIicThl emec. OKiHilke opail,
M.I1.KO€BHUKOB KOJIICHEH KbUTIAM/IBIK KYpaylbUIapIibl ©JIIEreH KOK.

C.Moxmop [3] 1943 sxbutbl, €Ki TYFBIpBIKIEH >kamranrad, 180° eki Gypbuibichl Oap
TIKOYPBIIITHI KOJIJIEHEH KUMaJjbl HayaJla dSKCIEePUMEHTANbBIK 3epTTeyiaep kyprizai. Hayansix
el 45 cwm, Omikrtiri 25 cM, xannel eHictiri — 0,005 Gonabl eki Taxipubenep TomTaMachl
KYpriziimi.

Bipinmi Toxipubenep TomraMachlHIa Cy OTIMiI TYpakThl OOJBIT KaJAbl KOHE OpTalia
KBUIIaM/[IBIK, Haya COHBIH/Ia OPHATHUIFaH KaJIKaH KOMETriMeH Cy JICHIeiliH KeTepy HeMece TYCipy
JKOJIBIMEH ©3TepTUIN OTHIpAbL. EKiHIN TokipubOenep TonmTaMachlHIa OpTalia >KbUAAMJIBIK
TYpPaKThI OOJIBIN KaJIIbl )KoHE MIaMaMeH 17,2 cMm/c Kypaabl, 9pTypiii eTiMIep Oepe OTHIPHII, KOHE
Jle KaJKaH KOMETIMEH aFrbIHHBIH TEPEHJIT ©3TepTUIIN OTBIPAbL. BOMIIBIK >KbUIIaMIBIKTAPIBIH
Tapaybl MUKPO3BIPBUIAAYHIK JKoHE [IUTO TyTiKIeci komeriMeH 3epTTenii. Ko3ranbICThIH KaIbl
KapTUHACHIH aJy YIIiH HayaHbIH Ta0aHbIHA KaJbIIMH IMEpMaHTaHEHT KPHCTAIIAphl ceOlmi, aj
OeTTiK aFbIHap KOHPETTH KOMEeriMeH OalKabl.

Keiibip Toxxipubenepae HayaHbIH TYOiHE ONMUIIKA MEH KYPIII J0HI calbIHIBL Tarbl ga
MBIHANIAP JQJNIEICHi: TYNKI aFbIHIap UIITCH JKaFIaH JOHEeC kKarara, ajl OETTIK aFbIHIAp — IOHEC
KaraJiaH WIITeH >Karara OarbITTanmbl. bipak, cynasiH OeTiHe TacTanFaH KOH(ETTH eKiHIm
OypbUIBICTa IOHEC jKaFara Kapail ®ubUIabsl. ByHbIH ce0ebiH aBTOp, €Ki OyphUIBIC apachbiHIa TY3Y
OemiKkTiH OapbIMEH TYCIHAIpedi, OYJI apaja aFblH ajFaliKbl OYPBUIBICTBIH OCEpiH ol e, OachIn
YJIrepMeii.

AFBIH/Iap CHI3BIFBIHBIH TOJBIK TAOUFH KapTUHACHIH aly YIIH, KOO KbI3bUT TYCKE OOsUIFaH
KOHE YIJIECTIK CaJIMarbl CyMeH Oipaeil, OyTHJI JKOHE TEXHHKAIBIK KCHJIOIHT KOCTAChI
naiJanaHbUIIbLKOCTIA CYFa KAaMWIUIAPIS TYTIKIIE apKbUIbl kKiOepingi. ABTOpP MBbIHAHBI alThII
oTeli, TYNKi arblHIAp KaHAJBIH OpTanblk Oemirin 45%Ta kubem ereni. OKiHiNIKe opaii,
C.Mokmop e3iHIH KeNTereH TIXKipuOenepiHiH CaHABIK JEpPEeKTepiH KeNTipMeiai, TeK KaHa
canaJjblK )KarbIMCH FaHA KaHAFATTAHA/IbL.

AMN.®unman [3] Oypoiry Oypeuust 117°06' ymr 2,25 M Gypbuly paamychl 6ap Hayauarbl
cy OeriniH penbedin 3eprreai. HayaHbIH KHCBIK CBI3BIKTBI OOJIIKTEPl alFallKbUIapbIMEH
y3bIHBIFBL 0,4 MTIK TYFBIPBIKTAPMEH KaJIFaHAbl. AFBICTBIH KbUIIAMJIBIFBI oJeHOe 1. OHbIH
HET13T1 KOPBITBIHABLIAPHI KEeJIeCiAeH:

a) €Ki HWpelieH apachHIAFbl OYpBUIBICTa IIEHTPJEH TEMKIll KYIITepIiH ocepi TimTi
OaifkamMaiapl )KoHEe OYJ1 KHMaJIaFbl aFbIHHBIH €pPKiH OCTIH iC JKY31HAe TOpU30HTAIb JICTI CaHayFa
Oomanel. lleHTpaeH TenKim Kymrep 63 MaKCUMYMbIHA KUCHIKTBIH )KOTACHIH/IA KETE/i;

0) aFbIHHBIH Y3BIHJBIFBI OOWBIHINIA €pKiH OeTTiH KeIlpily IIaMachHBIH ©3Tepyi
CHHYCOHJ TYpPIHJETI KHCBIKIICH KOpCeTeli, COHBIMEGH Karap Cy OTIMiHIH e3repyi ¢asamap
KBUDKYBIH TYIBIPMaIbl;

B) epkiH OeT rpaaueHTiHiH OarbIThl Oenruii Oip JeHreWre AeiiH TYNKI arbIHAAp
OarbITHIMEH Typa KeJell.

A.B.KapaymeB 1950 >xbutbl aFrbIHHBIH OypbUTy KepiHJErl cy O€TiHIH MilliHIH 3epTTey
YIIH >KaH-KaKThl 3KCHEPUMEHTAIbIBIK >KOHE TEOPHSUIBIK JKyMbIcTap Kyprizai [3]. Asrop
aWTKaHJal, cy OeTiHIH mimnHi — Oy, eAeyip JNeHIreie OHBIH CHUMAThIH KOPCETETIH, aFbIHHBIH
1K1 TY3111Mi Typasbl aifTyra MYMKiHJIIK OepeTiH, e3eHHiH Tysirackl. Cy OeTiHiH MiliHIH 3epTTey
GoiibHIma skyMmbicTap, H0ms-Moku eseni Gemirinae opblHAaTAb. ApHAiibl acman IeH HHUBEIUP
KOMETIMEH OOMJIBIK KOHE KOIJCHEH CHICTIKTepIiH eJImeMaepl >KYpri3iiami, HOTHKECIHIE CY
OCTiHIH THICOMETPJIIK JKOCHapbl TYPFBI3BUIALL bipMe3eTTe IKbUITAMIBIKTAP  OJIIICH/I.
JKbumamMabIK TapIbIH TYPFBI3BUIFAH BEKTOPJIAPHI ©3€H aFBIHBIH/IA KOIIMT1 TYPJIET] KOJIJICHEH aFbIC
OapbIH KepceTTi. ABTOpPMEH Cy OETiHIH KeJleCi epeKIIeNTiKTepl aHbIKTaIIbL:

1) neHec xarara Kapail TOMEHACHTIH Cy O€TIHIH JKaJIIbl KUCHIK CHI3BIKTHI KOJI0€yIiri 0ap;
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2) uinreH xara OolibIMeH cy OeTi JeHec mimnHl OoJica, AeHec kara OOHbIMEH MIIreH
MINHI OOJIBIT KeJIedi;

3) Oypbuly OpTachlHaH IAMalbl KOFapbl MIJANEH >Xaraja, OChl allMakKThIH >KOFApPFbI
OesiriHze Kepi eHICTIK O0IybIMEH Cy JeHIeiiHIH MaKCUMYM aiiMarbl OPBIH aJlajibl;

4) neHec jxaraza ImaMaMeH OYpbUTy OpTachlHJa OHBIH TOMEHT OeiriHae Kepi eHiCTIKTi
MHHUMYM aliMaFrbl 6ap;

5) KenJeHEeH KUMAaJarbl Cy JNEHTeHiHIH €H KOFaprbl KOTEPiMyl WINreH jKaraJaH Keue
IIaMalibl apaKalbIKTIKTa OpHAalacabl.

A.B.KapaymeB arbIHHBIH epKiH O€TiHiIH OMIKTIK OCNTLIEPiH TYPFBI3Y 9JIICIH JKacaIbl.

[Ipyc-Uacunckuii [3] eTe KbI3bIK ToxipuOenep >kacanpl. KenneHeH HUPKYASIUS MEH
OHBIH apHaHbl Ty3yzeri ponin Ilpyc-Uacuuckuii, Oip OypbUIBICTBEI Haya/la >KOHE e3apa TY3y
TYFBIPBIKIIEH JKalFaHFaH 6ipHeme Oypouibichl 45° Hayana ja *yprizai. ApHa eHiHiH TepeHliKKe
KarbiHackl 40-tan 80 apacbiHaa esrepin oTbipAbl. Kbuigamasikrap [IuTo TyTikeci kemeriMmeH
emmennai. ToxipuOenep HOTWXKECIHAEC MBbIHANAPD aJbIHABL, OYpPBUIBICTApbl KBICKA TY3Y
O6JIIKTEpMEH JKaJFachlll OTHIPATHIH MPEJICHJICTI aFraThiH KaHaiaapaa, opoip Tak OypwuibicTa O1p
KapanaiipiM crupaib 0ojca, an Kyn OypbUIbICTapia — €Ki CHupaib OoJaabl: TOMEHI1 KoHe
KOFaprbl criupasb. COHFBICHI JKOFaphl TYPFaH OYpPBUIBICTIEH TYbIHANIbI.

KenneneH nupKymsiius KapKbIHIBUIBIFBIHBIH OJIIIEMI PETiHJE, aBTOp, TYIKI aFblH MEH
KaHaJIJIbIH OPTaJbIK ChI3bIFbl aPAChIHAAFbl OYPBIITHI KaObLIaIbL.

[pyc-YacuHCcKuii MBIHAIAP/IHl SKCIEPUMEHTANIBBI TYPJE TAJIEIIEAl, TY3Y ChI3BIKTHI Kipy
OeJTiH/er1 aFbICTBIH IAPTHl OYPBUIBICTAFbl KOJJICHEH IMUPKYJSAIUIFA eylp ocep €Teli, xKoHe
KOJJICHCH MUPKYISAIHS TYpJIEepiH apHa TabaHBIHA JKOHE TY3Y CHI3BIKTBI OOJIKTEri cy OeTiHge
KHMCBHIK Kajakianap, KaJKaHAap >kKoHe T.0. OpHaTy »ojbIMeH e3repryre 0oiajbl. COHFbLIAPHI
1936 xburnbiH 63iH1e [10TarmoBTHIH KeieHeH OaFbITTAFbIII XKYHeIepiH Ie Taii JamaHIbl.

N.JI.Po3oBckuii [3], OypbuibicTapjarbl arblH KMHEMAaTHKAaChlH 3€pTTey YIIH YJIKEH
ayKbIM/Ia TEOPUSUIBIK JKOHE OKCHEPUMEHTANbJBIK >KYMbICTap Kyprisiaai. Toxipubenepai
JKYPTi3y Ke3iHJie apHa MilliHi, OypeuTy OYpHIIIbI XKoHe /e 0acKa mapaMeTrpiiep KeH JAuara3oHaa
©3rePTLIII OTHIPABIL.

XKeu1ThIp XKoHE OYKBIPIbI TaOAHABI TIKOYPHIIITHI KOJIACHEH KUMAJbl HayaJia Kypri3ijareH
HKCIIEPUMEHTTEP HETi3iHze, PO30BCKuil MbIHa#all KOPBITHIH/IbIFA KeJl, OYpbUIBICTaFbl OOMIIBIK
KBUIIAMBIK KYpayIibUIapIblH Tapatybl, Keleci epeKIeTiKTepMEeH CUIaTTalabl: MaKCUMyMy
opramia OOWIBIK JKbUIIAMIBIK Kypaylbliap OypbUIBICTBIH OachblHIa [OHEC jkarara Kapai
aybITKUIBl. MyHBIH cebebi, oHec karara Kapail KeJjieHeH eHICTIKTiH maiina Oomysl. Coman
KeiiH OyphUTy MaHBIHAA KbUIAAMIBIK OPICTEPIHIH aKbIPBIHIAIN KalTa KaJbIITACyhl XKYPEdi, Oy
Ke3/Ie MaKCHMaJIbl KbUIJAMIBIKTap CHI3BIFBI Haya OCiH KECill ©Te/l jKOHEe IOHEC JKara JKarblHa
Kapail Kosranazapl. by ocipece OypbulyaH HIBIKKAH JKOHE KOJJAEHEH EHICTIK JKOFalfaH Ke3Je
OpbIH anajsl. bypbutyasiH yirreH O0ip OesniriHjae FaHa, ayJaHAap 3aHbIHA JKAKbIH JKbUIIAMIBIKTAP
Tapaimybl OalKanIbl.

BYKBIpITBIKTEI  TabaHIBl Hayazla IKbUIIAMABIKTap Tapalybl Te3ipeK JKypedi >KoHe
TycTamanapbH OipiHe A, KbULIAMIBIKTAp TapalybIHbIH TUIIEPOOIANBIK 3aHbl OalKaIMAai Tbl.

TiriHeH OOWMJIBIK >KBUIJAMJIBIKTAP Tapajlybl aBTOPMEH JIorapu@MIaik 3aH OOMbIHIIA
KaObUIIaHa/IbI.

XKeuitelp TabaHIbl Haya YINH KOJAECHEH XXbUIIaMJBIK KypaylbLIapAbIH KbUIIAMJIBIK
SUIOpANapbIHbIH MIIIHI COHJIAH, apHa Tab0aHbl MaHBIHJAA IKbUIJAMIBIKTApAbIH TOMEHJEYl
Oaiikanmaiinpl. TaGaHBIHBIH OYKBIPJIBIFBI JKOFAphl HayanapJa apHa TyOi mMaHbl KabaThl maiija
Oomanel, 01 KepJe apHa TabaHBIH/IA KOJJICHEH JKbULAAMJIBIK KYpaylbUIapAblH KYPT TOMEHEYI
OalKamambl.

PozoBckuiinin  ToxipuOenepiMeH aHBIKTANAbl, AFbIHHBIH TEPEHJIr KeTepliylMeH
KOJIJCHeH  OKbUIaMAbIKTap Oiplnama [amara JeWiH YJFasabl, CcOoJaH KeiiH KeJjieHeH
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KBUIAMJIBIK Kypaylbuiap TeMenaei Oactaiiapl. [lon ockiHmait KyObUTBICTHI A.S.MumoBuu Te
Oaiikaran OoyiaTbiH. OJ JKOHE Jie, aFbIHHBIH OOMIIBIK JKBUIAAMJIBIKTAPBIHBIH ©3Tepyl KOIJICHEH
arbIC [IaMachIHA dcep eTMen/ i IeH/Ii.

Kenec OnarbiHbIH €HOCK CIHIPTEH THIPOJIOTHI, apHAIBIK MPOIeCTEp OOUBIHITA KOTITETeH
eHOektepain aBTopsl M.A.BenmukanoB [3] kenjeHEH LHPKYISLMSIFAa ©3€H apHalIapbIHBIH
UpeeHCYiHIH Heri3ri ¢akTopbl peTiHIAe aca YJIKeH Hazap aymapanasl. On alTeil eTenl,
H.E KykoBckmiiiH axkmamzap aygaHaap 3aHbl OOWBIHIIA aifHAIybl pYKCaThl, ©3€H
OYPBUIBICTAPBIHIA KOJJICHEH aFbICTapAbIH OOJIYBIH TEOPHSUIBIK IOJENIeyre MYMKIHIIK Oepi
neimi, om ocel pykcartel M.A.BelMKaHOB JKETKUTIKTI JCHTEHJe Heri3[eIMeTeH J>KOHE
UUPKYISIUSIIBIK  aFbIHAAPBIH Taiiga OoNybl YINH MIHAETTI IIAPT €MecC el eCenTen/.
H.E.)KyKkoBckHii aFblH MOTCHIHAIABUIBIK pYKcaThiH A.Sl.MuioBuu ToxipuOenepiHeH alFaH,
Oipak MUIIOBIY KalaTKbICHI JAMUHAPIIBI OOTIKTIH TEK OPTaIbIK O6JIiTiH FaHa TYTHIN OTHIPFaH.

Tikenel G6axplIaynap HOTHXKECIHJE MbIHAJIap aHBIKTaJ/Ibl, ©3€HHIH UUITeH OOJIriHae eH
JKOFAPFBI KbUIIaM/IBIKTap JOHEC JKarara KaparaH[a, MUITeH jKaraja opHaiacybl, Oys TyOereii
aymaHjap 3aHbIHAa Kapama-Kapchl kenedi. M.A.BennkaHoB alThI ©TEi: «UIJITEH JKaraJarbl Cy
TEepPEeHIT1 OapIBIK YaKbITTa IOHEC XKaFrara KaparaHjaa YIKEH, COHIBIKTAH aJJbIH alla alTy KUBIH,
ekl (GaKkTOpIBIH — TEPEHAIKTEp 6Cyl HeMece KbUIIaMIBIKTAp 6Cyl — KalChIChl ceOer, KalChIChI
cangap 0onaTeiHbIH. J{yphICBIpaFsl, €Ki pakTop, 6ip-O0ipiH TONBIKTHIPHIT OTHIpaIbD [4-8].

byn >xepae MbIHaHBI aiiTa KTy Kepek, MAWbUTy TepeHMIri — OyphUIbICTapAa HeMece
oNapapl aiHAJBII ©Ty Ke3iHJE AaFblHHBIH NHUPKYISAMMUIBIK TY3UIIMIHIH —cangapbl  OOJIbII
tabbutanel. ConbiMeH Oipre, M.A.Bemmkanop aiitkanmait, H.E.)KykoBckuiinig TeHICyiHIE
CYWBIK TYTKBIPJIBIFBI C€HETIH MYyIIesiep OOJFaH/BIKTAH, OJap JIAMHHAPIBI J1a, TYpPOYJICHTTI Je
arbIHFa Tapaiiapl, cebeli, « [ kodpduiuenTi OyKia arbiHFa Oipaei, TypOYyIeHTTI TYTKBIPIBIKTHI
kepcereni». Oman Oenek, «H.E.JKykOBCKMIIIH KOPBITBIHIBICHIBIHA Camayibl JETeHHEH Oacka
emrreHe Oepyre Oonmmaiiae nen eteni [9-11].

Bypbiny sxepiHzeri aFbIHHBIH €HH OOWbl OOMJIIBIK KbUIIaMIBIKTAPbIH Tapalybl OONBIHIIA
Maocenere kentiH Ooncak, M.A.BenukaHOB aHBIK aWThII OTKEH, OYJI JKepjae KIACCHUKAIBIK

1Y)
JMHAMHUKaHBIH OipiHI 3aHBI 1a E =condt | exinmi 3aner 1a VR = congt _

KenneneHn nupkymnsius OONBICHIHIAFBI ©3 3€PTTEYJEpiHE KOPBITBIHBI KAacail OTHIPHIIL,
M.A.BenukanoB MbiHaHgai TYKbIpeIM  Oepeni: «H.E.JKykoBckuiiiiH Teopuschl camaibl-
reHeTukanslk cunarra. Onm e3iHIH OpuUrHHAN TypiHIe ne, Oi37iH eHAeylepAeH KeliH nae,
KOJIZICHEH ITUPKYISALIHUSHBIH CaH/IbIK IIaMaiapbiH Ta0yFa MYMKIHAIK OepMeiiai. MyHIai caHIbIK
Mocelie Ka3ipri yakbITKa JeHiH CIKIMHEH MICHIJITeH eMeC, COJ 3aMaHFbl FhUIBIMHBIH IIAMaChl
JKeTyl ne ekitamail. bipak, Ta3za camanplk miemiM peTiHAe, KYObUIBICTHIH TaHBIMBIH OLTyIiH
OipiHII CaTBICHl PETiHIC, KYHIBUIBIFBI OTC KOFaphl, OYJI CaHJIBIK IICHIM TaObUTFaHFa ACHIH,
OCBUIal CaKTaNbIN Kalmaabl aemn oimaiimbia» [11]. Byn TakelpeinTa cCOHFBI XKbULAAPHI na Oipas
eHOek apHans [12-13].
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AuHoTanusa. [lpusoosamcs mpebosanus, aHAIU3Y COBPEMEHHO20 COCMOSHUS U
nepcneKkmue paseumus Mu¢p06b1x MexHonA02Ull 8 cmpoumeilbecmee.

AHHoOTANUA.. KYpbiivicmaesl yuppivlk mexHoso2usiiapobly Ka3ipel #cau-Kyui MeH 0amy
nepCcneKxmusalapvlHa KoubliambvlH Mmaianmap, maioayiap Keimipineoi.

Annotation. The requirements for the analysis of the current state and prospects for the
devel opment of digital technologiesin constructionare given

Introduction of BIM technologies in Kazakhstan Features of BIM technologies BIM is a
technology that allows you to create an information model of a building. Represents the design
of building models in digital form. The completed model database contains the exact geometry
of the structure and all the necessary data for the purchase of materials and manufacturing of
structures. The main feature of BIM technologies is that the object is designed as a single whole
and making changes to any parameter entails an automatic change in an interrelated parameter
(drawing, specification, schedule, etc.). This feature reduces design time by 30-40%, which is
significantly noticeable when designing large-scale projects. The next feature is the teamwork of
engineers and designers. The work takes place through a centralized server. If one engineer
makes changes to the project, then the others will also see this. This helps to design a building
model more cohesively and reduces the risks of inconsistencies and collisions in the project.
BIM also allows you to eliminate errors during construction, reduce risks, and calculate the
required amount of building materials for the construction of an object (for example, the required
number of high-voltage cables for one apartment). Advantages for design organizations using
BIM: reduce design time by 20%, reduce construction costs by 30% and reduce financial costs
by 5-10%. It is important that the model undergoes an automatic preliminary analysis, on the
basis of which errors and collisions are identified. Level of qualification and mastery of BIM in
Kazakhstan. The development of this type of modeling has already begun in Kazakhstan. In
2016, a meeting was held in Astana on the problems of development and application of BIM
modeling in our country. According to the head of the Department of Architecture and Urban
Planning of Astana, Vitaly Siletsky, the transition to BIM is inevitable; if domestic design
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organizations do not switch to these technologies, they will be forced out by foreign
organizations. Autodesk Revit specialists and teachers in the field of BIM design say that at the
moment a very small number of organizations have relied on BIM, they will remain in the
market and take leading positions, the rest will simply be eliminated by natural selection. The
main problem with the implementation of BIM is the shortage of qualified personnel, training is
not very widespread, a small number of methods and qualified teachers. Training is mainly
carried out in authorized Autodesk centers located in Nur-Sultan and Almaty. Kazakhstan's
experience in using BIM In Kazakhstan, they have already begun to construct buildings using
BIM. However, these projects were not completely built on the basis of BIM technology, but
were used only at some design stages, using only some 3D modeling technologies. In fact, the
possibilities of BIM are much wider. This allows you to design a building from scratch using al
the capabilities of 3D modeling. Such a project has not yet been implemented in Kazakhstan. But
a start has aready been made; at the moment, buildings are being designed with the full use of
BIM technologies. As a Russian specialist in the field of BIM said, it took Russia 5 years to
master this technology, and he also noted that Kazakhstan will need no less time to master and
implement it. After al, thisis a new step in the construction industry and it must be quickly and
correctly learned; not only the economic development of the country depends on it, but also the
image of construction and design organizations in the domestic market. To summarize the
article, we can highlight the following: 1. Development of training centers in large cities of the
Republic of Kazakhstan 2. Qualified training for beginner BIM specialists And in conclusion, we
can say that big changes are coming in the field of construction, design and modeling in the
Republic of Kazakhstan.

o
- -l

B et

e
-.B- ..-'.-l-

l---"-.' ..... geumrm®
- 360
..n--o—

—

79

C—'




NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 41SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

Modern achievements of mathematical and computer modeling of loads and impacts

An independent problem, common to all construction projects, is the assignment of loads and
impacts on buildings and structures during their life cycle[1; 6; 7].

As is known, loads on building structures are established by standards according to a
predetermined probability of exceeding average values - permanent |oads are taken according to
the design values of geometric parameters, technological loads according to the highest values

provided for normal operation, temporary loads from people - according to the occupancy of
rooms and spaces, etc. d.

For unique buildings and structures, an urgent and not yet fully resolved problem is the modeling
of wind flowsand loads on buildings, structures and complexes.

Analysis of the behavior of the entire building and its individual structural elements in the
wind flow reveals, along with static deformations, a wide variety of aerohydroel astic instability
phenomena caused by the cross-sectional shape, the configuration of the building and its
orientation relative to the direction of flow, elastic and damping properties of structures, terrain
features and interference in conditions dense and changing surrounding development. These
phenomena significantly affect the reliability and durability of structures, as well as the comfort
of people’s stay. Among them, vortex excitation oscillations are known, for example, wind
resonance, galloping, divergence, flutter and buffing. Of particular importance is the assessment
of the maximum and minimum wind pressures on the enclosing surfaces, taking into account
their statistical scatter. The wind and seismic loads used in the calculations have a relatively
short observation history (100-150 years), which makes it difficult to normalize them for longer
periods.
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Rice. 1. Layout of the complex

Computer modeling of aerodynamic impacts on fencing elements of high-rise buildings.

The reduction in available areas for construction in Kyiv and other large cities leads to the need
to build high-rise buildings. In Ukraine there is no experience in the design and long-term
operation of such buildings. The aerodynamic flow regime around a high-rise building is
characterized by increased wind pressure values. If for low-rise buildings wind pressure is
considered to act uniformly on the entire building in height, then for a high-rise building, when
calculating wind loads and heat losses, it is necessary to take into account the increase in wind
speed with height.

The increased height of the building determines the process of wind flowing around it. If a
building falls into a zone of increased pressure from ataller building, then there is the possibility
of backwater near the roof, which produces reverse draft in natural ventilation systems. The air
moves over the roof in the upper part of the building into the windward zone; on the windward
side, the air at the surface of the facade moves with decreasing speed downwards and to the sides
to the side facades into the windward zone; towards the ground, there is an increase in the speed
of air movement towards the side facades into the windward vortex zone. The pressure of the
upper layers of air on the lower layers when the wind flows around the building leads to an
increasein air mobility at the surface of the earth.
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1) Model of the design building and adjacent buildings 2) explication of the microdistrict

The aerodynamics of a high-rise building affects, firstly, its structural strength, and secondly, the
pressure difference on the external and internal surfaces of the building envelope, which in turn
determines the direction and amount of air filtration through the external envelope. In addition,
the outer surface of the building, exposed to solar radiation, heats up quite strongly in the
summer, which leadsto the formation of upward flows of warmair in the near-surface layer.
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Figure 3. Aerodynamics of air flow flowing around a narrow building.

In addition, high-rise buildings with infill development sharply change air flow to adjacent
areas, which causes a number of negative phenomena. Zones of increased wind speeds appear at
the level of pedestrians, excess pressure on the upper floors of buildings, low-frequency
vibrations, etc. High wind speeds around a multi-story building, especially at low temperatures,
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in some cases are dangerous and have an adverse effect on the human body. On the upper floors
of the building, uncomfortable conditions arise due to heat |oss caused by air infiltration through
the building envelope. In areas with low seismicity, wind influences on high-rise buildings are
essentially the main ones, and in general, the aerodynamic influence of the external climate on a
high-rise building is extreme. Therefore, aerodynamics studies occupy a significant part of the
total volume of design work. As a rule, these studies should include physical modeling in awind
tunnel and mathematical modeling using modern computer technology, the latest computer
technol ogies and software systems.

The main difficulties in the design of high-rise buildings are that the Building Codes and
Regulations used so far..(SNiP 2.01.07-85. Loads and impacts. Section 6. Wind loads. Appendix
4. Schemes of wind loads and aerodynamic coefficients ¢) do not contain recommendations on
the assignment of aerodynamic coefficients for complex-shaped and large-sized structures,
including high-rise buildings. For this reason, wind loads on structural elements are included in
projects, often underestimated by 3-4 times, which can and sometimes does lead to negative
consequences.

Modern computational software systems such as ANSY S/ICFX, COSMOS/FloWorks allow, on
the basis of the most modern computing technologies and numerical methods, to carry out direct
numerical modeling of stationary and non-stationary turbulent separated wind flow around high-
rise buildings (both stand-alone on the ground and complexes buildings) and determine
aerodynamic coefficients and wind loads on the wallsof buildings.

Posted Under:




NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 41SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

i

5 &

il alelita LU
¥ al wE ’
~31; -

& T .

RENS L EREE

CPOONNe QORRENNS NI ;&ymue newcmpywuny (el e ooc, aarenun

Nory amasn sempo 0 na neeyuiue sonempywran (J1a). Yoor omerw eemp 0

L
NI
SdlEazZaEas

3 e :-”

i
| ; :

Maxcruaianse dserenin () na racadsne soncmpysmn  Momueaasnse destenus (o) a @eoadune xonempysusn
QA yaar amann sempa 0% AN 3o1T amana aenmpe 0%
Mancuvnnvsnoe Inaenae 972 o, vunuwarsmor <925 Ifa - Maxcioegannoe mavenne 366 ITa, seannseasnoe -2231 ITe

Rice. 3. Multifunctional residential complex. Wind loads on load-bearing and facade structures,
assessment of pedestrian comfort (PC “ANSYS/CFD”)

To determine the design parameters of unstable oscillations, the standards propose using the
results of tests of large-scale mock-ups in specialized wind tunnels, which make it possible to
reproduce the atmospheric boundary layer, but such tests are very

are labor-intensive, and in Russia only a few pipes meet modern requirements, and for the most
large-scale models, tests have to be carried out abroad (in particular, Figure 1 shows the model
of the Moscow International Business Center "Moscow-City" complex (MIBC "Moscow-City"
in the aerodynamic pipe).

The methodology for experimental modeling of wind flows and impacts on unique high-rise
complexes, of course, has its own limitations and errors due to the complexity of creating a
dynamically similar model. We emphasi ze that in recent years a new scientific direction has been
developing at RAASN - computational aerohydrodynamics, that is, determining the distributions
of snow and wind loads, as well as aerodynamic coefficients based on sol utions to fundamental
problems of aerodynamics using digital technologies on computers [1; 7].

The resulting calculated aerodynamic parameters are calculated taking into account the various
shapes of buildings, interference with surrounding buildings, as well as the local terrain. In the
future, the role of mathematical modeling will only increase. In the future, it is advisable to use
the corresponding parameterized models and results of numerical modeling of wind
aerodynamics in the formation and operation of an object monitoring system.

Figure 2 shows, as an example, some results of the distribution of wind loads on the objects of
the Moscow City International Business Center.

Figure 3 shows computer models of a complex of multi-story buildings to determine wind |oads
and impacts. Isolines illustrate the distribution of wind pressure along the facade surfaces of a
building at different wind directions. In Figure 4 in the form of graphs
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Rice. 4. Multifunctional residential complex. Wind loads on load-bearing and fagade structures,
assessment of pedestrian comfort (PC “ANSYS/CFD”)

stadiums for the World Cup with dimensions of 350,000 kE for Y ekaterinburg and 2,500,000 kE
for Samara.

Quite detailed three-dimensional modeling of the most loaded components of structures is often
necessary, the strength and stability of which can determine the safety of the entire system.

The figure located on the third page of the magazine cover shows a trapezoidal mesh shell in
plan

nre

Rice. 9. Finiteelement modeling of structural units




NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 41SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

Rice. 10. Finite element modeling of the most stressed nodes of the frame of an industrial
building

Total displacements u,
Maximum value = 0,05533°10°7 m (Element 7781 at Node 14084)

Minimum value = -0,06060 m (Element 3051 at Node 40479)

Rice. 11. Modeling the interaction of structures with the soil foundation, including taking into
account real properties, phasing of constructionand actual operating history
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SDS models of a high-rise multifunctional complex (“Prof-proekt™) 130,000 nodes, 140,000 KE
Accounting for interaction with the soil foundation using alternative methods

covering the terminal of the Vnukovo airport (Moscow) measuring 140 * 75 meters, supported
by agrid of reinforced concrete colunmns.

The entire coating is modeled by linear elements, and the most stressed nodes in this design
scheme are modeled by shell elements, which makes it possible to obtain a detailed stress
distribution in them (Fig. 9).

Similarly, Figure 10 illustrates the considered calculation of the building frame, in which 17
floors are suspended from |oad-bearing trusses with a span of 36.0 meters. The stress distribution
in ajoint with asupport brace with aforce of 4000 tons is shown.

To model the interaction of structures with the soil foundation, taking into account real
properties, phased construction and the actual history of operation, nonlinear calculation
algorithms have been developed based on “advanced” spatial soil models proposed by domestic
and foreign scientists (Fig. 11).

Progressive collapse is the most dangerous phenomenon of destruction of building structures,
which can lead to a large number of human casualties and enormous material losses. Note that
the processes of deformation, destruction and collapse of building structures are nonlinear
processes, accompanied by large plastic deformations and displacements, as well as dynamic
loading effects at the moment of failure of structural elements. It is advisable to solve such
problems using methods of direct integration of dynamic equations over time.

Currently, it has become mandatory to carry out calculations of unique and critical buildings and
structures in seismically active areas for a maximum design earthquake (RME), specified by
accelerograms, the direct dynamic method and taking into account the possible manifestations of
the effects of physical, geometric and structural nonlinearities [3]. The main criterion for such
calculations is to prevent the collapse (“progressive”) of the entire structure.
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Rice. 12. Calculation studies of SSS, strength of load-bearing structures of the Akhmat tower
(Grozny) under the action of normative and regulated combinations of static, wind and seismic
|oads (software systems “ANSYS”, “SIMULIA Abaqus”)

tion or a significant part of it. To develop this direction, it is necessary to improve and create
adequate mathematical nonlinear models of the behavior of building materials and structures
under dynamic loading.

Figure 12 shows the initial data for calculation studies of stress-strain state and the strength of
|oad-bearing structures of the Akhmat tower (Grozny) under the action of combinations of static,
wind and seismic loads.

Figure 13 shows the destruction patterns of reinforced concrete building structures with two- and
four-percent reinforcement under the influence of an MRP of 9 points, specified by a synthesized
accelerogram. With two percent reinforcement, progressive destruction and collapse of the upper
ten floors occurs. With four percent reinforcement, collapse does not occur.

As is known, the tasks of determining the actual fire resistance limits of building structures are
very relevant at present (Fig. 14). Traditional domestic methods are based on research from the
60s - 70s of the last century and correspond to the computing capabilitiesof those years.
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Rice. 13. Damage after MRP in structures for which a physically nonlinear model was
specified, due to tension (top) and compression (bottom)
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Rice. 14. Determination of non-stationary temperature fields in building structures during
hypothetical fires

The most reliable way to determine the actual fire resistance limit is a fire test of full -scale
models of structures under standard fire conditions. However, this type of test is quite expensive,
and for long-span structures it is generally impossible due to the limited size of the available fire
chambers. A way out of this situation can be to determine fire resistance limits using calculation
methods [1].

Traditionally, related problems of mechanics are relevant for adequate modeling of unique and
critical buildings and structures (that is, nonlinear problems when the impact on a structure is
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associated with its deformations or stress state). In particular, a classic example of related
problems of aerohydroelasticity is the need to ensure the strength and reliability of tanks with oil
products, gases and other environmentally hazardous substances. Figure 15 shows the task of
determining the stress-strain state of oil tanks under seismic influence [1; 7].

Thermoel asticity problems also remain relevant in the field of construction. In the general case,
the problem of determining the temperature field and the stress field is related, and it takes into
account the influence of stress on the temperature distribution and the heat that is released when
the body deforms as a result of the application of external force loads. Figure 16 shows the
process of impact interaction between the aircraft and the containment shell of a nuclear power
plant in anonlinear dynamic setting, when the shell isdestroyed and fuel spreads.

Main flow features
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Rice. 15. Numerical modeling of aerohydroelasticity problemsin construction
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Rice. 16. Numerical modeling of thermoel asticity problems

Conclusions.
To summarize the article, we can highlight the following: 1. Development of training centers in
large cities of the Republic of Kazakhstan 2. Qualified training for beginner BIM specialists And
in conclusion, we can say that big changes are coming in the field of construction, design and
modeling in the Republic of Kazakhstan,Let us note that despite the listed successes, it should be
remembered that thoughtless “digitalization” can lead us to where we started.
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AHHOTANMA: DHEPreTHKANbIK JKyHenepaiH Oy3pulynapra TeTenm Oepe allybl jKOHE
TYpakThl OOJYBl alaM3aTThlH ©MipiHe MaHbI3AbI Macesenepaid Oipi Oonein Keneai. Makamnana
JKYWEHIH TYPaKCBHI3AbIFBIH aJIBIH ayla THIMAI OOJBIN TaOBUIATHIH OCWCHI3BIKTHI OacKapy dici
OOMBIHIIIA aBTOPIAP/IBIH COHFBI KYMBICTApbIHA KBICKAIA IMIONY JKacalaibl. DIEKTP SHEPTHSICHIH
TYpaKTaHJBIPy YIIH OEWCHI3BIKTHI OacKapyasl pPETTITIITep MEH TYPaKTaHIBIPFBINTApAA
KOJIJaHYZIbIH apTHIKIIBUIBIKTaphl €peKIlle aram oTuIl, Oyl KYHeHIH KYMBIC >KafjaiblHa
KapaMacTaH aKChl )KOHE CEHIM/I1 TYPaKThUIBIKKA KOJI )KETKI3yre MyMKiHAIK Oepe/i.

Kinr ce3nep: OelichBBIKTBI OacKapy, AJIEKTP dHEPTreTUKANBIK KYHEHIH TYPAKCHI3IBIFHI,
AJIEKTP JKYHECIHIH TYPaKTaHABIPFBIIIBI, CHI3BIKTHI €MEC PETTETIIITED

DHepreTUKaNbIK JKyhenep ©31HiH TaOUFaThl OOMBIHIIA OCHCHI3BIKTHI JKOHE YIIKEH OY3bLTY
KYWEHIH »YMBIC HYKTECIH Teme-TeHIIK KyHiHeH aWTapiiblKTail aybITKbITYbl MyMKiH [1].
ChI3BIKTHIK TETe-TEHAIK JKaFJaliIapblHa KaKbH JKepJle FaHa KOJAaHbUIAThIHABIKTAH, CHI3BIKTHIK
Oackapy oMiCTepiH KOJJIaHy ©3TepTilreH JKaraaiiapaa THIMCI3 00Jybl MYMKIH KOHE JKYHEHIH
TYPaKTBUIBIFBIHA TEPIC 9Cep €Tyl MYMKIiH.

DNEeKTPOH/BIK KyaT TYPJCHIIprilTepiHe KOChUIFaH, )KaHAPThUIATHIH YHEPTHsI KO3IEPiHIH
JKOFaphl yJieci 0ap TOMEH KOMIPTEKTI KeiJiepre *KoHe TapaThUIFaH YHEPTeTUKAJIBIK pecypcTapFa
aypICyMeH OalJlaHBICTBI OYKIJ QJieMJie JJIEKTP JKEJIEPIHIH TYPaKThUIBIFBIHBIH ©3€KTI
macesnenepi Oap. CoHbIMEH KaTap, OChl Macelesepi IIenly YIIiH jKaHa TEeXHOJOTHsIap MEH
OTIEpAIHSUTBIK CTPATETUSIIAP SHTI31Ty/Ie HEeMece YChIHBLTY/IA.

AYKBIMIIBI 3JIGKTP OSHEPreTHKANbIK JKYHelepiH Kocy Ke3iHae maiijna OosaThiH
TYPaKTBUIBIKTBIH MAaHBI3JbI MoceJeNepiHiH Oipi - e3apa OalJaHBICTHI JKYHEIEpAiH TOMEH
*)uinikTi Tepoenicrepi. XKuinik 1 'm-ten GipHeme ['-ke neiinri O6MKTEpAiH PETiH Kypanbl.
Tepbenicrep GipHelle MUHYTKA CO3bUTYBI MYMKIH JKOHE XKYHEHIH TepOeic )umrinae 6apadap
nemrdep 6oamaca, )KyieHiH Oeninyine okeneni [2].

DNeKTPIHETUsSHBIH TeHEPaTOPhI - OYJI JKOFaphl OCWCHI3BIKTHI IMHAMHKACHI 0ap Kypuesni
XKyWeHi ycbiHaapl. OHBIH TYPaKTBUIBIFBI JIEKTP KYHECIHIH KYKTEME MAPTTapbIHA KOHE OHBIH
TOMOJIOTUAChIHA OalIaHbICThL. TOMEHT1 KUITIKTI TepOenicTep YIKeH 3JIEeKTp KyHhenepinae xui
Ke3ZeceTiH Mocene Oonbin keneni. Ko3yasl Oackapy Hemece aBTOMATTbl KEpHEY peTTeril
AIIEKTP KYHUECIHIH KaJIbl TYPAKTHUIBFBIH apTTHIPY/IbIH THIM/JI KYpasbl peTiHae Oerii.
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Epexe OoliblHIIA, aBTOMATThl KEpPHEY pETTEerill jXyieci KepceTiireH Kezieprijiepre
KapamMacTaH TEHepaTOpIbIH IIBIFBIC KYyaThIH OacKapaipl, OCHUIAiIA WIBIFBIC KEpHEYI MeH
PEaKTUBTI KyaT OepifireH MOHJEpJe cakTaia anaibl. DJIEKTp KYHECIHIH TYpaKTaHAbIPFbIIIbI -
TeHEepaTOP/JbIH JIJEKTPOMEXAaHUKAJIBIK TEepOENICTepiHIH COHYIH JKaKCapTaTblH KYPBUIFBL
TypakTaHABIPFRIITap KOMMYHAJIBIK KbI3METTEpPre TYPAKTBUIBIKKA OailIaHBICTBI ONEPaIUsIIBIK
MIeKTeYyJIep/ll JKaKcapTyFa MYMKIiHIIK Oepe OThIphIN, OipHelme OHJaFaH >Kbuimap OOkl ipi
reHeparopiap/a KOJAaHbUTBII Kenei. TypakTsl pexkuM/ie aBTOMATThI KEPHEY PETTETiIHIH acep
eTyiHe OalIaHBICTBl AJICKTP JKYHENEepiHIerli reHepaTopjapAblH alHaTy JKUUITIHIH aybITKYbI
HONTe TEH HEeMece Heire >KakelH Oomamel. Anaiima, ermem Kyiige portop Tepbenimn,
KJIEMMaJap/larbl KepHEY pOTOP/IbIH KeJioey OYpbILIbIHBIH ©3repylHeH TybIHJaraH TepOenicTepre
YIIBIpaiabl. DIEKTp JKYWECIHIH TYpPaKTaHIBIPFBINbIL, OETTEe, KEpHEYMiH AaybITKYbIH OTEHTIH
KOCBIMIIIA CHTHAJ KOCY apKbUIbl OCBIHAAN TepOemictepal aemidepieyre KeMEKTeCeTiH
aBTOMATTHI KEPHEY peTTerimiMeH Oipre Kochliaabl. POTOpIBIH alfHAITY JKHIJIT 9E€TTE KYHUEHIH
TYPaKTaH/bIPFBILBIHBIH KipiciHe Oepisiefli, ajl OHBIH LIBKFBICHI aBTOMATThl KEpHEY peTTeTilIiHe
CUTHaJ PETIH/JE KOChUIAbI.

Kasipri 3amaHFbl 3J€KTp SHEPTHACHIHBIH JKYHeNepl ecKi jKoHe KaHa TeXHOJIOTUsIapAbH
epeKIne yisecimMi 00JIbIT TaObUTaAbI. DIIEKTP YHEPTETUKAIBIK )KYHEJIepIHIH *Ka0apIKTaphl OyT1HTI
KYHTe JeliH KEHIHCH KOJIJAHBUIATBIH €H KOHE OHEPKOCINTIK KYpPBUIFBUIAPABIH Oipi OOJBIT
TaOBUTIAIBL.

DNeKTp PHEPrHsCHl XKYHeNnepiHiH MakcaThl OapibIK TYTHIHYMIBUIAD YIIH Oenrim Oip
camasiarbl TYPaKThl 3JIEKTPIHEPIHsIHBI KaOJbIKTayAbl KaMTaMachl3 €Ty OoJbIl TaObLIabl.
JerenmeH, ynkeH Oy3puTynap Ke3iH/AE AJIEKTP YHEPTHUACHIHBIH canachlHa KOWBUIATBHIH TajlanTap
ancipeyi MyMKiH. YJIKEH KeJeprijiep eliieri KypbUIbIM/IBIK 63repicTepIeH TYbIHIANAbI, dAeTTe
XKaOmpIKTBIH Oip OeuxiriHiH (TeHepaTop, TapaTy >Kelici) iCTeH MbIFyblHa OaiimaHbIcThL. byn
JKaFJai1a SJIeKTp SHEPTUsACHl Kyhesaepinaeri 6ackapyablH HEri3ri MakcaThl XKyhere xa0 bIKThIH
OJlaH 9pl ICTEH IUIBIFYBIHCHI3, AJIEKTP KyaTbIHBIH Y3LIylHE K0 OepMmeill HeMece >KYKTEMEHI
TOMEHJICTIICH KeieprijepAeH eTyre KeMeKTecy 00JbIn TadbuIas! [3].

DNEKTp SHEPrusAChl JKYWECIHIH TYpPaKTaHABIPFBIITAPHl KOHE Oacka KOHTPOJUIEpIIED
ANIEKTp JKyHenepinzeri TepOenicrepai Oacy yIIiH KOJAaHBUIAAbl, OChUIAMIIA XKenigeri eneysi
Oy3bUTYJIap Ke3iHJIe KaHaFaTTaHAPJIbIK JMHAMUKAJIBIK CHIIaTTaMaapra Kermiik oepeni. Anaia,
OyJ1 KOHTPOJUICPJIEPAiH MapaMeTpiepi koOiHece KYMBIC HYKTECiHIH HeMece KYHeHIH KYHiHiH
(GYHKIHACHI OOJIBIT TAaOBUTATHIH AJIEKTP JKEJICIHIH CBI3BIKTBHIK MOJIEN HeriziHae perrenei. by
KOHTpOJIIepJIep KYHEHIH Kyl e3repreH Ke3iHae OHIMAITIKTiH TOMEHACYiHEeH 3ap/ial Iereii.

BelichI3bIKTBI OacKkapy yJIKeH Oy3bLIylapFa YUIbIparaH 3JIEKTP dHEPTUsChl KyHelepiHiH
TYPaKTBUIBIFBIH apTTHIPY YIIIH KOJIJAHBUIAABL. BYpBIH 3JIeKTp SHEPTHCH XKYHeciH aemrmdepiey
JKOHE IMHAMUKAJIBIK CUIaTTaMasapbl ’KaKcapTy YIIIH KIacCHKaIbIK Oackapy, OHTaljbl 6ackapy
XKoHe UHMQPIBIK Oackapy CHSKTBHI THIMII Oackapy cxemanapsl o3ipienmi [4]. Anaima, Oy
Tocinmep Oenrini Oip *KYMbIC HYKTECiHE >KaKbIH CBI3BIKTBIK MoJenbaepre HerizaenreH. Omap
nmapaMeTpJepaiH OPTYPILIIT], )KYKTEeMEHIH Oy3bUTYBI )KOHE KYMBIC HYKTECIHIH ©3repyl CHSIKTHI
OenricizmikTepre OalIaHBICTHI IIAFBIH ayKbIMJA FaHA NaiAalaHbUIAABL OJETTE, aBTOMATTHI
KEpHEY PEeTTEeTII MEH 3JICKTP JKYHMECIHIH TYpaKTaHABIPFBIILTAPH TYPAKThI MIBIFBIC KEPHEYIH
KaMTaMachl3 €Ty JKOHE AJIEKTp JKyHelepiHAeri TOMEeH KHUTKTI TepOenicTepi COHIpY YIIiH
KoJmanbuiael [S]. [llarbiH MOHI )KOHE TOMEHTI JKHIJIKTET1 3JIEKTPOMEXaHUKAJBIK TepOesicTep
e3apa OalIaHBICTHI JEKTP KyheciHae 0onaabl )KoHEe KoOiHece Y3aK YaKbIT CaKTalajbl. JIEKTp
KyaT JKYMeCiHIH TypaKTaHIbIPFBILTAPbl AICTYPIl TYPAE I'€HEepaToOpblH KO3AbIpY Kyieci yIuiH
KOChIMIIIA 0acKapy CHUTHaJJapblH jkKacay apKbpUIBl TepoOemicTepai 0Oacy YIIH CHHXPOHJBI
reHeparopiapipiH jAeMidepiik MOMEHTIH KaMTaMachl3 €Ty VIIIH KOJIJaHbUladbl. BypbiH
AJEKTPMEH KaOJbIKTay >KYHECIHIH TYpaKTaHAbIPFBIITAPBIH K00anayaplH KONTEreH odicTepl
YCBIHBUIFaH OOJaThIH, O1paK OJapAbIH KOMILIUTIT CHI3BIKTBIK MOJEIb HETi3iHAe CHHTE3/EIreH.
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Makanana [6] cuHepreTukanblk Oackapy TEOpHUsAChIHA HETI3JeNreH OCHCBI3BIKTBI JJIEKTP
DHEPTUACHl KYHWECIHIH TYPaKTaHIBIPFILLI YCHIHBUIFAH. OIJEKTP SHEPIUsichl >KYHEeCiHiH
TYpPaKTaHIBIPFBIIBIHBIH CUHEPTETUKAIBIK CHHTE31 TOJBIFBIMEH JJIEKTP SHEPTUSICHI JKYHECiHIH
KEHUIJIETIITEH OCHCHI3BIK MOJCIIHE HETi3/IeNTeH. ¥ChIHBUIATHIH AJIEKTP YHEPTHSCH )KYHECIHIH
TYPaKTaHIBIPFBIIBIHBIH ~ TUHAMUKAIBIK ~CHMATTAMalapbl THUINTIK IIEKCi3 IMHANBl  Oip
MalMHAaJBIK KyaT JXyHeciHe 3epTTelie[li *oHe KapamailbIM 3JIEKTP TYPaKTaHIbIPFIIILIHBIH
JKOHE TYPaKTaHIBIPFBILNICHI3 AJIEKTP KYWECIHIH KaraalaapbIMEeH CabICTBIPbLUIaAbl. Moenbaey
HOTHIKEJepl YCBHIHBUIFAH JJIEKTP HSHEPTUACHl KYMECIHIH TYpPaKTaHABIPFBINBI CHI3BIKTHI €MEeC
JTUHAMUKAJBIK JKYHE YIIH CEHIMII €KeHiH jKoHe TepOenicTepal aeMiidepiey Ke3iHae d/IeTTerl
AJICKTP SHEPTHUSCHI )KYHECIHIH TYPaKTaHABIPFBIIIbIHA KapaFaH/1a )KaKChl OHIMITIKTI KaMTaMachl3
eTeTiHIH KepceTei [7].

Kymbic [8] kepHeyal perTey MEH OTHeNi TYPAKTBUIBIKTBI >KaKCcapTy YIIIH 3JIEKTP
SHEPTUACHl KYHECIHIH KO3JbIpy KOHTPOJUIEPI MEH TYpPAKTaHJBIPFBIIBIH OacKapy cxeMallapblH
o3ipyieyre apHajiFaH. DJEKTP SHEPruschl )KYHECIHIH TYpPaKTaHIBIPFBILLIH Oackapy Cxemachl
OTIeNl TMPOIECCTIH TYPaKThUIBIFBI MEH KEPHEYAl PETTEy apachIHAarbl e3apa ocepial azanTy
apKbUIBl TepOeNicTepliH KaHaraTTaHapiblK JeMmIdepiHe Keminaik OepeTiH Kepi kyiie
TEOPHUSIChIHA HETI3/IENTEH jKaHa TOCUIre CoiKec kacanraH. KapanmaibIM 3JIEKTp KyaT >KYHECiHIH
TYPaKTaH/BIPFBILITAPBIHBIH ~ OHIMIUNTIH apTThIpy YVIIH OacKapynblH KemnTereH ofjicTepi
O31pJIeH/Il; OlapFa aJanTHBTi, CEHIMII Kepl OaiIaHbIC ChI3BIKTApBIHAH OacTan WHTEIUICKTYaIbl
0ackapy CTpaTerusuiapbiHa JCHiHTI oficTep kataabl. COHBIH HETi31HJIE OChI CTpaTeTUsIIap.IbIH
KOMOHMHaIUsATIapbl HeMece oapiblH MoauduKanusmapsl sxyzere acsipbuiasl. Model reference
adaptive control (3TanoHIBl MOZAETBICP apPKbUIBI aaNTUBTI Oackapy) xone self-tuning control
(e3iH-031 peTTeyai Oackapy) CHSKTHI aJanTUBTI Oackapy cTpaTerusiiapbl HapameTpiaepiH
e3repyiHe OalIaHBICTHI JKYHENepIiH e3repyiHe OallaHBICTBI KOHTPOJUICP MapameTpiiepiH
perTeyre MYMKIHAIK OepeTiH MemiMAep PpeTiHAe YCBIHBULABI - OJap ©3TepeTiH >KYMBIC
KarJaiiapelHa jKayall PETiHIE 3 mapameTpiiepiH kemine perreiiai [8]. JlerenmeH, 3yekTp
OHEPTUACH )KYHUECIHIH alalTUBTI ChI3BIKTHIK TYPAKTAHABIPFBIINIBI OSHCHI3BIKTHI YHEPTETUKAIBIK
XKYHEHIH O0KaMIbl ChI3BIKTHIK PETPECCUSUIBIK MOJIeTIIHE HeTi3aenreHaiKkTeH. OHBIH OHIMITIT]
CBI3BIKTBIK PETPECCHUSUIBIK MOJEIbIIH TOPTIOiHE, HAKTHI yaKbITTarbl OarajlaHFaH apaMmeTpiepai
KOHBEPIeHLIUsI JKbUIAAMJbIFbIHA >KoHE T.0. OailnmanbIicThl Oonafbl. BeHChIBBIKTBHI  3JEKTP
SHEPIHSCH JKYHECIHIH >KYMBIC KaFdalblHa ©3repiC €HIri3y YIIH CBhI3BIKTHIK PETPeCcCHUsUIIbIK
MOJICNIB/IIH TapaMeTpJiepiH JKYHEeHIH e3repyiH Oakpllay YIINIH e3repTy Kepek. baramanraH
napameTpiiep JKaHa MOHJEpre e3repMec OYpBIH, JJICKTP JHEPTUICH KYWECIHIH aJanmTHBTI
CBI3BIKTHIK TYPaKTaHABIPFBINIBIHEIH Oackapy ocepl KYTKeHZeW Xakchbl OonMaybl MYMKiH.
backapy 3aHBIH Kypy Ke3iHIC >XYWCHIH OCHCBHI3BIKTBI CHITATTaMallapbl €CKepijiice, KYHEHIH
JeMrdepiik cumarTaMmaiapsl Kakchlpak Oonaabl aen KyTyre Oomanasl. Hotmxkecinne Oackapy
3aHBI OCHCHI3BIKTHI OOJap €71 JKOHE ©31HIH MOHI OOWBIHINA DJICKTP YHEPTUSCHIHBIH CHI3BIKTHIK
eMec JKYHeciH THICTI HKCIUTyaTalsUIbIK KaFJainap 1uana3oHbHIa TYPAKTaHABIPY MYMKIH/IITIHE
ue 6omap exi [10].

byn wmakamama [11] oamekTp keminepiHIeri akayiapra OaiJIaHBICTBI JHHAMHUKACHI
aHBIKTAJIMaFaH 3JICKTP )KYHECiH )KaHaMma aJJalTUBT1 OEHCHI3BIKTHI 0acKapy CXeMachl KENTIpiITreH.
YCBHIHBUIFAH 9MIC CBI3BIKTHIK KOHTPOJUIEPII aKayiablK OOJFaH Ke3/le aHbIKTAJIMaraH
nmapaMeTpiepai  OaranaiTeiH OeHiMJeny aJropuTMIMEH Kipic-IIBIFBIC Kepl OalJIaHBICHIMEH
Oipiktipeni. Moaenbaey HOTHKECI KyaT OYpBIIIBIH TYpaKTaHIBIPY, COHAAN -aK KePHEYII peTTey
AJIEKTP JKETICIHIH ChI3BIKTHIFBI MEH aHBIKTaJIMayblHA KapaMacTaH KaHaraTTaHApJbIK TYpAe KOJ
JKETKI31JIETIHIH KOPCETEIi.

BelChI3BIKTBI KOHTPOJJIEP HAKTHI XKYHesepAe jKy3ere achblpblIMaraH, TEK MOJIENbICY/IE,
OMTKEH1 011 )XyKTeMe OYpBhIlbl Typasibl aKIapaTThl COJ KOHTPOJUIEP/IH KipiC CUTHAJNIBI PETIHIE
KaObuigaiiapl.  JlereHMeH, KeNTereH 3epTTeyllijiep opTypii oJicTepre colKec KeneTiH
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MOJENBACY/Il KOJIJaHa OTBIPHIN, 63 MaKanalapblHAa OeHChI3BIKTHI PETTEYIIIEP Il aTamn oTTi )KoHe
oJlap bl ©3 MaKaJlaJlapbIH/IA KapHUsITaIbL.

DeKTp KyHelnepiHae TYPaKThUIBIKTBI CaKTay YIIiH CHHXPOH/IBI Te€HepaTopiap YIIH Je,
ACHHXPOHJIBI TEHEepaTOpJIap YIIiH A€ OCHCHI3BIKTHI KO3BIPY PETTETIINH Koagany TuimMai. Cededi
KO3y Ti30eriHjeri SKBUBAJCHTTI TYPaKThUIAP/Abl OCHCHI3BIKTHI KOHTPOJUICp KallaFaH MOHJEpre
e3repte anajpl. [12] yChIHBUTFAaH KOHTpOJUIEp OCHCHI3BIKTHI OacKapy HETi3iHJe KacairaH. by
KOHTpOJUIep OApIBIK )KYMBIC HYKTENepiHe xkapamabl. CaHIBIK MOJIENb/ICY apKbUIbI YCHIHBUTFAH
KO3JbIPYy PETTETIIHIH Mai1adbUIbFbl MEH AYPBICTHIFBIH pACTall OTHIPHII, OCHCHI3BIKTHI KO3IBIPY
PETTETIMIHIH CHHXPOHABI TE€HEPATOPJIAPABIH TYPAKTHUIBIFBIH apTThIpa AaJlaTBIHBIH KOpCeTe
anaJpl.

byn  wmakamama  [13] CHHXpOHIBI ~ TE€HEpAaTOpFa  apHaJFaH  KOHTPOJUIEPIl
(TYpakTaHIBIPFBINTHI) KoOanay Ke3iHJe OeWCHI3BIKTBI OacKapy CTpaTeTusChl CHIATTaJIFaH.
['enepaTop MeH Kyar >XYHECiHIH TEHJICYJICPIHEH alIbIHFaH OCHCBHI3BIKTHI MOJETh AJIEKTPIIK
KyaTTblH IIBIFBICEI MEH KO3YAbl Oackapy Kipici apachlHIAFbl CBI3BIKTHIK €MeC OailllaHbICThI
CUTIATTaWbl, COHJIBIKTAH JKYWEHIH >YMBIC HYKTECiHIH e3repyiHe OaiJIaHBICThI JKYHEHIH
JUHAMUKACBIH OaKbUTaibl. BeHCBhI3BIKTBI MOJENb HETI3IHJAE CBHI3BIKTBIK €MEeC pPEeTTerill
YCHIHBUIQABI. backapy 3aHbIH 931pJey Ke3iHJIe CBhIBBIKTBIK €MEC PETTETINl SJEKTpP KYHEeCIHIH
OCHCBI3BIKTRIFBIH €CKepedi. DNEKTp JKYHEeCiHIH MMHTALUSIIBIK 3€pTTeyIepi OHBIH ChI3BIKTHIK
eMec KOHTPOJIIEP/IiH apKachiH 1A IeMIepIik CUriaTTaMmaiapbl aJallTUBTI CHI3BIKTHIK KYPBUIFBIFa
KaparaH/ia )KaKChl eKeHIH KOPCETEI. .

Kympicta [14] HEHpOHABIK JKETiHI KOJJAaHY apKbUIbl JKarmail OOWBIHIIA Kepi
OaiilaHbICIICH OCHCHIBBIKTHI O0AacKapy 9Jlici YCHIHBUIAIBL backama alTKaHAa, YCBIHBUIFAH OJIiC
HEHPOHJIBIK J>KEJiHI MalJanaHbll OCMCHI3BIKTH KOHTPOJUIEPAL MOJEIbACY apKbUIbl (a3ajbik
OypBIII Typalmbl aKMaparThl KaKeT CTHCHTIH KOHTPOJUIEPHI »KYy3ere achlpa ajajbl JKOHE
TeHepaTop TePMUHAJBIHAH OHAll OJIICHETIH aKmapaTThl FaHAa KOJJaHa OTHIPHIN, OEHCHI3BIKTHI
Oackapyapl YCBIHBUIFAH TYPAE Yy3€re aceipyra Oosanbl. ATanm alTKaHAa, KOHTPOJUIEPIIIH
epeKILeNir - OJ KyaT TeHepaTopiapbl MEH >KYHENiK TYpaKTbUIApIblH e3repyiHe, COHJai-ak
TeHEPATOP/IbIH KYMBIC HYKTECIHIH 63repylHe TO3IM/I1.

byn wmakamama [15] okylieHiH  OCHMCHI3BIKTHI  OY3bUTYJIIApBIHAH,  MOJACIBIIK
colikecci3mikTepaeH, OalnmaHpic 3G deKTiIepiHeH XoHe T.0. TYpPaThIH CHIPTKBI JKOHE 1IIKi
Oy3bUTyNIapsl KOca ajFaHja, MIOFbIpJIaHFaH Oy3bpUTyNapsl 0acy MoceeciH ety YIIH KyaTThl
TYPJICHAIPY JKyHeci YINiH IMacCUBTUIIKKE HETI3ACNTeH >KETULMIPIITeH OCHCHI3BIKTHI 0acKapy
ychiHbUIaAbL. [TacCHBTINIIKKE HETi3/IeNTeH OCHCBhI3BIKTHI 0acKapy, IAIlIbpay raMUIbTOHUAHHBIH
MOPTBIMEH OaCKaphUIATHIH MOJIEJIITe HeTi3/IeNTeH, Kepi OalaHbICThI KbUIIaM OaKblIayFa )KoHE
HOMHMHAIIBI KyaT TYpPJCHIIPY OKYWenepiH TypakraHaplpyra apHaimraH. ComaH KeiliH
IIOFBIPNIAaHFaH OY3bUTYyJapbl CHI3BIKTBIK €MecC Oy3buTynapiabl OaKbUIayllbl Oaranaiiibl KoHe
OJIapJBIH OPHBIH TOJTHIPAIBL. ¥CHIHBUIFAH OJIC apKbUIbI MIOFBIPIIAHFAH OY3BUTyJIapFa KapChl
aliTapnplKTail TO3IMALIIKKE KOJ JKETKi3yre Oonaabl, OMTKEHI MMAaCCHBTLIIKKE HETi3AeNTeH
OEMCHIBBIKTHI OaCKapy 9AIC1 )KYHEHIH JAIIPEK MOJIECTIH KaXKeT €TIeH/Il.

Kyiie ymiH y3aK y3ulic IUKIAEpiHEe TOTEN Oepe alyasl *KoHe KYHeHiH TepOenicTepin
onyeKanga KpICKa Mep3iMJIe COHJIPYIl KaMTaMachl3 €Te€ ajaThlH KOHTPOJUIEpPJEPHAiH OO0ybl
MaHbBAbl. COHBIMEH KaTap, 3JIGKTP DJHEPrHsChl KYHEIEepiHIH KONTereH KOHTPOIIepIepi
KapamnaibIM 1CKe achlpyra KeJIMEWTIH KypJeil KypbulbiMFa ue 0ombi Kenedi. Ocbuiaiiiia, kaH-
JKAKThl J)KOHE JKYHEHIH JKOFaphl JUHAMUKAIBIK CHITATTAMAJIAPhIH KaMTaMachl3 €Ty YIIH OHai
peTTeneTiH, OEHCBHI3BIKTHI KOHTpOIIEp ©OTe KaxkeT. OmOebanm KoHTpouiep [16] kemrereH
OHEPKACINTIK OacKapy KoJTaHOaIaphl YIIiH HAKTHI KOHTPOJUIEpre aifHaiFaH oMOe0art ChI3bl KTHIK
[TN]] perTerimiHiH TaHBIMAJ KYPBUIBIMbIHA HET13/IE/ITEH.
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AHHoTanus: Makanaaa e3ex OOMBIMEH TeMITepaTypaHbIH TapaJlyblH Oarajay KOHTEKCTIHC
Kanman ¢unbsTpin maiinanany KapacTeipbiiansl. Kaaman (uiabTpi TMHaAMUKAIBIK KYHenepaiy
Kyisiepin Oaramay  omici OoyibIl TaObUTAIBI JKOHE OHBI OChl KOHTEKCTE KOJIaHYy OJIey
Oenrici3miri MeH mIyasl THIMJI Oackapyapl KamTamachids ereli. JKbUTy TeHACYiHIH KOMETiMEH
e3eK OOMBIHIAFbl TeMIIepaTypaHblH ©3TepyiH MOJIEIbAEyre epeKile Ha3ap ayaapbuiafbl. HakTsl
KaFJainapaa TeMIepaTypaHblH TapalyblH J1on Oaranay ymiH Kanman GuibTpiH nmaiganaHyabH
TUIMJAUIITIH KOPCeTy YIIH CaHIBIK MOJENbACY HOTHKENEepl YCHIHBUIFAH. ¥CBHIHBUIFAH TOCLI
TEXHOJIOTHSUTBIK ~ MPOIECTepi Oackapy JKoHE KBUIBITY JKYHelepi CHSKTHI JKbUTy Oepy
napaMeTpJIepiH a1 6aranay MaHbI3/Ibl canajgap/a MPaKTUKAIBIK KOJIJaHy bl Taba anabl.

Kint ce3nep: Kanman punbtpi, Kanman koddduimenti, remnepaTypaHbl 0akbuiay

Annotation: This article discusses the utilization of the Kalman filter in estimating the
temperature distribution along the active zone. The Kalman filter, a method for estimating the
states of dynamic systems, proves effective in controlling measurement uncertainty and noise in
this context. Special attention is given to modeling temperature changes along the active zone
using the heat conduction equation. The results of numerical modeling are presented,
demonstrating the Kalman filter's efficacy in accurately estimating temperature distribution in
real conditions. The proposed approach can be practically applied in areas where precise
assessment of heat transfer parameters is crucial, such as in the control of technological
processes and heating systems.

Keywords: Kalman filter, Kalman coefficient, temperature regul ation.

VakpIT OOWBIHIIA TEeMIIEpaTypaHbIH ©3TepyiH CHUMATTaUThIH IuddepeHunanibK TeHIey
KeOiHece SHEPTUSHBIH CaKTaly 3aHbIMEH OaiaHbIcThl. benrim 6ip 0OBEKTTET1 KbLTY aaMacy/Ibl
CUIIATTANTHIH €H KOIl TaparaH TeHACYJepAiH Oipi >KbpUTy TEHICYl Jen aTajajbl. Mbicai peTiHe
Oip exmeM/i skaFaiiapl amyra 601a bl

Temmeparypa Tek 0ip KEHICTIKTIK KOOpJUHATKA OalJIaHBICThI, MbICAJIBI, X. JKbUTy TeHACY1
Kelleciieit KopiHeIi:
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Mynnarsl T-Temneparypa, t-yakbIT, X-KEHICTIKTIK KOOpPAMHAT, O-MaTE€pHaNIbIH >KbUTY

OTKI3TIITIK KO3PPUIIUEHTI.
92T

oT .. o o
byn Tenney temmnepaTypaHbIH 5 YAKbITKA JKOHE —— KEHICTIKTE OaillaHbICTBl Kajait

©3TepeTiHiH eckepei. BipiHi peTTiK TYBIHIBI TEMIEPaTypaHbIH yaKbITKa OailIaHBICTBI ©3repy
KBUTIAMIBIFBIH OLIIIpeIi, all eKiHII KeHICTIKTIK TYBIH/bI MaTePUAJIIBIH KbLTy OTKI3TIIITITIMEH
OaliTaHBICTHI TEMIIEPATYPAHBIH KiHII KeHICTIKTIK TYBIHBICHIH CUITaTTaNIbI.

byn Ttennmeynl KarThl JeHenepieri TeMIEepaTypaHblH TapalyblH MOJENbAey YIUiH
KoJgaHyra Oomansl. MbIcanibl, TPaKTHKaAa TEHICY ©3€KIIenepae, IUIacTHHANapaa KoHe T.0.
KbUTy aJMacylbl Tanjgay KesiHie KosJaHbuiafbl. MyHJIall TeHJeynepil Iuenly YIIH COHFBI
alBIPMANIBUTBIK 9J1iCI HEMECE COHFBI DJIEMEHTTEP 9JiCi CHUSAKTBI CAHJIBIK SICTEP KaXeT OO0IybI
MYMKiH.

Kbuty ©TKI3TIIITIK TEHEYIH KOHE OHBIH >Ka0bIKThI )KOHE TEXHOJIOTUSIIBIK ITapaMeTpIiepal
Oaranayzia KOJIaHBUTYbIH TOJBIFBIPAK KapacThIpaibIK.

Keuty TeHaeyl KaTThl Marepualsl 1IMHIE JKBUIYIBIH KaJlal ©TeTiHIH cumaTtTaiasl. bip
eJIIIIeM /1l JKaFaiiia (e3eKie) TeHaey Keneciei 0omaapl:

aT_ 9
Poo ox

K2+ Q
)

MyHIaFsl p - MaTepPHAIbIH THFBI3IBIFL, C - MEHIIKTI JKbUTY ChIABIMIBUIBIFBI, K - JKBLTY
OTKI3TIITIK Kod(duiuenti, T - Temmeparypa, t - yakpIT, X - KEHICTIKTIK KoopauHaT, Q -
MaTepUalJIaFbl )KbUTY KO31 HeMece KaObUIIaFbIIIL

byn Tenaey yakbIT OOWBIHIIA TeMIepaTypaHblH ©3TepyiH, MaTepuajiarbl >KbUTY
OTKI3TIIITITIH )KOHE BIKTUMAJI )KbUTY KO3JIEpIH HEMeCe CIHIPTIIITEPiH €CKepe/i.

Erep e3exiueHiH opTyp:i HYKTENIEpiHAeri TeMueparypa Typajbsl Aepektep 6ap Oosca xoHe
MaTepUaIbIH IapaMeTpiepin Oarangay KaKeTTiTiri TyblHaaca , (MbIcaibl, K 5KbLTy ©TKI3TiIITiK
Kod(duuenTi) xyieHiy Kyiin Oaranmay ymiH Kanman ¢unbTpin nmaiipananyra Oonaabl (Oyi
Karaiia e3¢k 0OMBIMEH TEMIIEpaTypaHbIH Tapaybl) .

TemeHze ChI3BIKTHIK JUCKPETTI YaKbIT Macelneci karnaiibiaa Kanvan GuiibTpiHig morysl
Oepinren. Kanmvan (uIbTpiHIH JKaJIbl TEOPHSICHIHA COHWKEC OHBIH JKYMBIC 1CTEY aJropuTMi
Keneciieli: Zo Kyid BEKTOPBIHBIH OpTalla MOHIHIH OacTamKkbl MOHJIEpI XOHE OHBIH Pg
KOBapHaHTTBIK MaTPHUIACkl OacTanKbiAa Oenrinenei. Opoip AUCKPETTI yakbIT Kagambiaaa K = 1,
2, ... €Ki Heri3ri oneparys OpbIHIaTaIbl: 00JDKay KOHE PETTEY.

Bacrankel Mmonaepai Oepy yiniH OacTankbl Kyl BEKTOPBIH ally KaXeT:

Zo
Zo=| z,
Po
Po

(3)

Bactankel MoHaep OacTamkbpl Kyd BEKTOpPHI PETIHIAEC YaKBITTBIH OacTamkbl (HOJIIK)
MOMEHTIHJIET1 JAaTYUKTEPJEri JIEPEKTep HETI3IHAE E€CENTeNreH MOHIEPAlI KaObuimay apKbUIbl
OenriieHe i, SFHU

Zy = Yo | 9oy po = (X - VY) [/ gHw.
(4)
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Po KoBapMaHTTBHIK MaTpUIlachlHA KATBICTBI OHBIH OHTAWJIBl TaHIAybl TOMEHJIE
TaJKbIIaHa/bL
1.bomkam Zy-neH Zy - 1 6omxayaaH Typajbl, MYH/Ia OHBIH OpTaIla

Zk =AZk —1
(5)
JKOHC KOPPLCILAIUAIIBIK MaTPpULIACbIHBIH KYTiHeTiH MSH,I[epi KYpPaCTbIpbLUIaAbI
Pl_( = APk_lAT + Q
(6)

byn Oaranaynap HakTel Zx enmemec OypblH anbiHaAbL (5) xkoHe (6) TeHueynepre
JKOFapbllarbl MUHYC TaHOAchl OJIapAblH OacTankKbl CUIATBIH KOPCETeNl. «T» YCTIHI1 Oenrici
MaTpPULIAHbIH TPAaHCHO3ULIMCHIH Oinaipeni. Erep 6i3 Zx koHE pk MOHJIEPIMEH KaTap OJapiblH
AJIIBIHFBI YaKBITTAaFbl MOHICPIH, SIFHU Zk — 1 )KOHE Pk — 1 MOHAEPIH KAMTHTHIH OaraH BEKTOPJIAPBIH
€HT13CeK, eKiHII PeTTi TeHACYACH OipiHII PETTi TeHJEY alaMbI3. :

2 -1 0 0

ZZk (1 0 0 0 ?{—1 N W16—1

k— = —

e | (0 0 2 -1 55 ) Wi

Pk-1 0 0 1 0 Pk-2 0
(7)

2.Ty3zery (8) ¢hopmynanbl naiiianana OThIpbII,
K, =Pr;=HT(HPzHT +R)™!

(8)

«KanMaHIBIK KYIIEHTY» MaTpUIAChIH ecenTeiMi3 , MyHAarbl R eHriziiren ediey
HIyBIHBIH KOPPEISALUSUIIBIK MATPULIACHI

(=05 o %" o)n+()
©

Kk matpunacel Pk apTKpl KOppessiusuIbIK MaTpULIAHBIH 131H a3alTy YIIIH ecemnTemNe.
CopnaH KeifiH Kyi BEeKTOPBIHBIH OpTallla MoHIH Oaranay Xk eJIey/iH KaHa JepeKTepiHe,

Zk =AZE + Kk(Xk—HZE)
(10)

COHMai-aK Py KOppensusuIbIKk MaTpUIIaHbIH OaFrajiayblHa COMKEC )KaHAPThLIAIbI

P, = (1 — K H)Px.
(12)

Onmemzepi Kell ChI3BIKTBIK CTOXaCTHKANBIK JXKyHe >karmaiibiHna Kanman ¢uiubTpimMeH
MPaKTUKANBIK >KYMBICTBl JKEHUIAETY YIIH 013 e3repTyal cunaTTaiTeiH (6), (8) xkoHe (11)
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OeJieKTey JKOHE KapacThIpy apKbUIbl )KEHIJIETIJITEH CXeMaHbl KOBAPUAHTTHIK MAaTPHUIIAHBIH KOHE
Kanman ko3 puuueHTiHIH AUCKPETT] YaKbIThIH/Ia KapacThIpa ajlaMbI3.

Byn ecenrteynep opTama KyiiiH BEKTOPJIBIK MOHJEPIHIH aFbIMIaFbl OaranayiapblHa XKoHE
eNey HoTWXKenepiHe Toyencis. (6), (8) »xone (11) TapmakTapslHa EHTI3IITEH OapiIbIK
MaTPULIAJIBIK 3JIEMEHTTEPAIH MOHICPIH TYPaKTaHIBIPY CaHIBIK MOJENbIACY Ke3iHae OipHerie
’KY3JIereH UTepalusiat KeiiH OpbIH aiajibl.

Kyiinin BeKTOPIIBIK OaranaynapblH TETICTEY XKoHE OJIIIey KaTelliriH aHbIKTay YIIH KaKeTTi
Kk xoHe Py MarpumanapbiabiH MOHAEPIH (6), (8) skoHe (11) KaTbIHACTAPBIH IMaiiaaHa OTHIPHIIT,
Q mporecc UIyBIHBIH JKOHE Iy HIYBIHBIH R KOBapHaHTTHIK MaTpUIlAIapbIHAH ajyFa OoJafbl.
KETKIJIIKTI uTepauusiap caHblHaH KeifiH. Ilpouecc jxoHe esniey HIybIHBIH CHUIIATTaMallapblHA,
COHJai-aK (GUIBTP MapaMeTpiepiHe KaTICTHI O0JDKaMaap Ja KapacThIPbUIa/IbL.

En angpmven (7) TeHaeyiHe Ha3ap aynapaiblk, OJaH Ty BEKTOPBIHBIH €Ki Kypamaac Oemiri
((7) oH >kaFpIHIAFBI CKIHII MYINECi) OpKallaH Heyire TeH OoyiaThiHS Oenrii Gonansl. by con
JKAKTarbl Zx - 1 XOHE px - 1 MOHJEpl OJIapJblH OH >KarblHAa OypbIHHAH Oap MOHIEpIH oI
KalTajaybl Kepek ekeHiHe OainmaHbICThl. byn Q marpunaceiHby enmemziepi 4-4 GoiaraHbIMEH,
OHBIH 1-1111 HeMece 3-1m KoJbIH 1-1m Hemece 3-1m 6araHMeH KUBUTBICHIHA OpHAJacKaH HOJIIK
emec 4 ryeMeHTi FaHa 00JIybl MYMKiH €KeHiHE OKeJe 1.

Q MaTpULACBIHBIH 3JEMEHTTEPIHIH MOHAEP] Typajbl KOChIMIIA UIEsIIap TEXHOJIOTHSIIBIK
MPOIECTIH OapbIChl Typajbl JKajIbl MiKipaepre Herizaenyl MyMKiH. EH anabIMeH, CYHBIKTBIK
MacCachIHBIH ©3TrepyiHe OKEJIETIH TONTBIPY JXKoHE Oocary mporectepi ( Z MOHI Maccara
MPONOPIIMOHAJ €KEeHIH €CKEPiHi3) HEeri3iHeH CYUBIKTBHIKTHIH 63TepyiHe acep €TETiH MmpolecTepre
Toyenci3 Kypeadl aen Oomkayra Oonaibl. OHBIH THIFBBABIFBL. HoTmwxkecinne (7) TeHmeyaeri w
JKOHEe W IIaMaiapbl KOppesLusIChI3 A€l ecenTeneal, ain Q MaTpUIAChIHBIH AWaroHalbJaH ThIC
snementTepi Honre TeH. Tex Qu=o07 xoHe Qs3=07 IMATOHATb JNIEMEHTTEpi Kanabl, MyH/a
OipiHILIC] Z alfHBIMAJIBICBIHBIH ©3re€py KYPCHIHBIH CHI3bIKTBIKTaH aybITKybIHa ayan Oepenl, ai
eKIHIIICI p alfHBIMANBICHI YILIH /1€ COJaii eTei.

TexHosorusbIK NpouecTiH 0apbIChIH CUIATTANTHIH CTOXACTUKAJBIK TEHACYJIEpl Tajaall
Kepeiik. KanbMaH cy3riciH KojaHy 3€pTTEeNETiH MPOLECTi CTOXaCTHKANBIK U depeHInaIbIK
HeMmece albIpbIMIBIK TEHJEYJIEp apKbUIbl cUIaTTayra Oosanbl Aen Ooypkaiael. byn tenneynep
OJIETTE TPOLECTIH «THUNTIK» OapbIChl Typasbl >Kallbl HISSIApAbl KepceTeadl, OJapblH
aybITKYylapbl Ke3JEeHCOK JeN CaHajlaabl >KOHE «Uly» apKbUlbl cumartaiaael. bi3 z xoHe p
[IaMalapblHBIH TUNTIK OpeKeTi Oasy es3repy, HIaMaMeH YaKbIT OOWBIHINA CBI3BIKTBIK JETI
ecenreimiiz. Ommemaep kK TMcKpeTTi yakpIT Oipiirine 0ip peT »KYpri3iIeTiHIIKTeH, TeHISYaepIi
alipipMa (IMCKPETTI) TEHICYNIep TYPIH/IC )Ka3y 3aHIbL.

byn oitnap Mozpenbai MYMKIHJIITIHIIE KapamnalblM eTyre JereH TaOUfu YMTBUIBICTIEH
O1pIKTIP1IIII, KEJIEC] ChI3BIKTHIK CTOXaCTUKAJIBIK TEHIEYJIepre oKene .

Qs3 31eMeHTIH Oaranay YIIH Kelleci o/1icTi KojjaHnyra 6omansl. px yuiH (12) n tenaeyni
KapacTbIpabIK,

Z = 2% 1 — L -2t Wk -1 Pk T 2Pk -1 — Pko- 2t Wiy
(12)

myHIarel K = 2, ..., n + 1. Mynaarel TanOanap yakeiT OOWBIHINA AUCKPETTI HYKTEICPi
KepceTedi; W, W- TEXHONOTHsUIBIK Imy. byn mymap OonmaraH skarmaidja, Z KoHE p
aifHBIMaNbIapel k-Fa KaTaH CBI3BIKTBIK Toyenai Oonamel. TypakTbl p Ke3iHIE Z CHI3BIKTHIK
e3repici yakpIT OipiiriHjueri macca OIpIiKTepIMEH KOpPCETUITeH TYPAKThl KbUIIAMIBIKIICH
BIJIBICTHI TOJITBIPYFa HEMece OocaTyFa ColKec KEeJIETIHIH €CKEPIHi3.

TypakTsl z Ke3iHAE THIFBI3IBIKTBIH p CBI3BIKTHI ©3T€pyiH, MbICAJbl, XUMHUSJIBIK PEAKIIUS
apKpUIbl Herizaeyre 6omaapl. Ockliaiiia, «Ke3AeUCcoK LIy» Z )KOHE p MOHJIEPIHIH ChI3BIKTHIKTAaH

1
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ayBITKYBIH TYIBIPAThIH OapibIK (haKToOpiIapAbl KAMTHIBL: THIFBIHIAP/BIH J1Pii, aJaMHBIH HEMece
aBTOMATThl MallMHAHBIH KJIanmaHJapAsl amlysl (kalybl) koHe T.0. byn mymapabig
CUIaTTaMajiapblH TE€K [IaMaMEH CUIaTTayra 00JaThiHBI aHbIK. bi3 W koHe W HIynapbl HOJJIIK
MaTeMaTHKAJIBIK KYTYJIepl )KoHEe COMKeCIHIIe CTaHAAPTTHI aybITKYJIaphl Gz G, O0NATHIH KAJBIITHI
TapajFaH Ke3JIeHCOK ImamMajap CUSIKTHI opekeT eTeMi3: Kanmman GunbTpin namanany Toxipudeci
OJIApJBIH COTTI KYMBIC ICTEHTIHIH JKOHE KONTEreH >Karjaiyapja KaJbIThIIaH aybITKYJIapbH
kepcereTiH (I"ayccThIK) 3aH.

P2 — P1=P1— Pot+ Wy
P3 — P2 = Pz —P1 tW;
Pn+1 = Pn = Pn — Pn-1 T Wp
(13)

Tuntik OacTanmkbl WAPT peTiHAEC CYWBIKTHIKTBIH OacTanKbl >KOHE KEWIHT1 YaKbIT
MOMEHTTEPIHET] THIFBI3ABIFEl Oip/iell OOJaThIHBIH aNalbIK: po = pi1. OCBIHBI €CKEpE OTHIPHIII,
TeHaeynepal KockaHga (14) rtenmeymi amambiz. Toyenci3 Ke3neicok IamaiapblH YJIKEH
CaHBIHBIH OpTala apu(METHKAIBIK MOHI OOJIBIN TaOBUIATHIH M MOHIH KapacThIpaiblK. OpTabIK
IIEKTIK TeopeMara CoiKec, M— KyTy MEH AUCIIEPCHACH HOImik D(/) = 62 =a§/ N, KaJBIITHI

TapaJFaH Ke3/1eHCOK IamMa, MYH/IAaFbl 0), - Ke3JIeWCOK IaMaHbIH W CTaHJIapPTThI AybITKYBI.
Exinmi sxareiHa, (14) kymn OoiisiHima 6i3ae m = (pn+ 1— pn) / N.

Pr+1 — Pn = Wit... +Wy
(14)

Pn+ 1— Pn THIFBI3ABIKTHIH p ©3repy KbUIIaMAbIFbIHBIH JUCKPETTI aHAIOTbl €KEH1H €CKEePIHI3.
bepisireH TeXHONOTUSIIBIK MPOLECTE P ©3repy CUIMATBHIH Oi€ OTBIPBIN, Pn + 1 — Pn LIAMACHIHBIH
MOHJEPI €H BIKTMMAJ TYCETIH MHTEpBAbI KopceTyre Gonaasl. JleMek, i IaMachiHbIH 62
JMCTIEPCHSCHIH KHE 0, MAPAMETpPiH 6,=d+/n perine Oaranayra 6osaasl. (MyHail Garanay/ibiH
HAKThI MBICAJIBI TOMEH/IE KEJITIPLITEH. )

Z = pAH mamaceHa KaTeicThl Qu1=02 NIy AUCIEpCUSCHIH Kenecineil Oaranayra Gonab.
CroxacTukanblK TeHaeynep (4) colikec maManapiblH YACYIHIH AMCKPETTI aHaJorTapbH
OLIIPeTIHAIKTEeH, KOPCETIIreH AUCIEPCUSHBI TYBIHIBIHBIH €KiHII TYBIHIBICH YIIH JIeHOHUIT
(dbopmynacel apKbeUIbI TaOyFa 00JIa I, OJ1 TUCKPETTI YaKbIT YIIH IIaMaMeH JIyPbIC:

z2 = p' AH + 2 AH' + pA H".
(15)

Annpiven AH miamachIHBIH CHTIATTaMalIbIK YACYIH, aTall alTKaHaa, Oaranay Kepek.
TemeHnae HaKThl MbICaNl YIIIH OapiblK KakeTTi Oaranaynap OepinreH. Omiuey HIybIHBIH
KOBApPHAHTTHIK MaTPULIACHIH TAJJAI KOPEHiK.

(16)

MyHnza 613 0Chl JATYMKTED YIIIH OpTallla KBaJpaT ¢ OeJriii Jern ecenTenMis.
Xorapbina aiiTbUTFaH1a#l, Kyl BEKTOPBIHBIH P KOBAPHAHTTHIK MAaTPUIIACHI K ©CKEH calbiH
T€3 TYpaKTaHaJbl )KOHE OHBIH 0acTankbl MOH1 Po TOYeNAIIriH ToKTaTasl. Jlos ochlHaa xkaraait
102
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Kk Marpunansik Kanman kosddunuentiMen ne Gonansl. Anaiia ojapbH IIEKTI MoHIepi Q
xoHe R wmarpunanapbiHa, JeMeKk, NpPOIECTiH OapbiChlH CUIMATTaWTBIH 4 MaTpullachbiHA
Oaii1aHbICTBL.
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AHaaTna. AnaM eMipiHe KayilTi,api 3USHBI MOI dakTop periHae Tay-KeH
KOCITTOPBIHIAPEI KOMIp IIAXTaChLKOMIp TiIMeci koHE Kapbep xkaTajbpl.Ce0ebi,0y1 Tay-KeH
KOCIMOPBIHIAPBIHIA aJaM eMipiHe Kepi acepiH Turi3eTiH QaxTtopniap kui ke3geceni.EH ken
TapanraH (akTopiapaeiH  Oipi,on-eHAiIpicTiKk maH. Kapbepai eHAey mMpoleciHae IIaH
MIBIFAPYIBIH HEri3ri Ke3aepiHiH Oipi — aBTOMOOWIb >Koibl Oonbim TaObutanpl. lllanmen
KYpECYAiH MPOTPECCUBTI KypallJapblH MaiagaHy Tay-KeH KOCIMOPbIHIAPBbIHAAFEl CAHUTAPIIBIK -
THTUCHAJIBIK  JKaFdaiyiapAbl KajblllKa KENTIpyre, Tay-Ke€H >KYMBICIIBUIAPBIHBIH KOCiOH
aypylapblHbIH JeHreiliH TemeHaeTyre MYMKIHIIK Oepexmi. «lllanger OGacy» - Tay-KeH
KYMBICTApbIH JKYPridy HOTWXKECIHJE maiiga OojaThlH, IIaH AapKbpUIbl aTMOC(EepaHbH
JACTaHYBIHBIH ANJIBIH aIy 9ICTEpl MEH KYpaJlJapbIHbIH KUBIHTHIFGL [1laHabr OacyasplH HeTi3i -
MAHHBIH O6JiHYIH a3aiiTy JKOHE INAHHBIH Maiga OoJiFaH Kepiiepre TiKeJlel Tycyl OoJbIn
canananpl. OckiFaH OaiIaHBICTHI MaKalaJa IIAHMEH KYPECYIiH OpTYpii >KOJAapbl Typaibl
aiiteurFad. Tay maccachlH TackMalay Ke3iHJAE IIAHHBIH Maiiga 00y MOceleciH TONBIFbIPaK
KapacTelpamMbI3. bopimMi3 OineTiHei, Kok JeHIeJIeKTEpiHiH KO0Jl TOCEMIMEH 03apa apeKeTTecyl
KOHE KOJIKTIH KOPIYChIHA THEJITE€H MaTepUalIblH OCTIHEH VIIy HOTHXKECIHIE IIaH
MIBFAPBIIAJIBL.

Tyiiin ce3nep: MMKi3aT, alllbIK KEHIIL, Kapbep, OHIIPICTIK IIaH, MAaH/bl 0acy, SKOJIOTHS,
aIlbIK Tay-KeH KYMBICTapbl, Kaphep KOJAAPhI, aBTOCAMOCBAIT, JKOJI IAHBL.

AnHoTanusa. B kadecTBe omacHoro W BpemHOro (akTopa I KU3HU YeIOBEKa
TOPHOPYZHBIE MPEANPUITHS BKIIOUYAIOT YTOJbHYIO IIAXTY, YIOJbHBIA pa3pe3 U Kapbep.JTo
CBSI3aHO C T€M, YTO Ha 3TUX FOPHOIOOBIBAIOIMX IPEANPHUATHIX YACTO MPUCYTCTBYIOT (PaKTOPBI,
HETaTHBHO BIUSIONME HA XU3Hb 4YesnoBeka.OgHUM U3 Hanboliee pacpoOCTPaHEHHBIX (PaKTOPOB
SBJISICTCS. IPOMBILUIEHHAs TbUIb. OJHUM U3 OCHOBHBIX MCTOYHUKOB IbUIEYIaIEHUs B IIpoliecce
pa3pabOTKH Kapbepa SBISETCS aBTOMOOMIIbHAS Jopora. Mcmonbp3oBaHUE MPOTrPECCUBHBIX
cpenctB OOpbOBI ¢ MBUIBIO MO3BOJSET HOPMAJIM30BaTh CAHUTAPHO-TUTHEHUYECKUE YCIIOBHS HA
TOPHBIX MPEINPUATUAX, CHU3UTH YPOBEHb MPO(PECCHOHANBHBIX 3a00JI€BaHUN TOPHSIKOB.
"[lpienogaBienne" -COBOKYMHOCTh METOJOB U CPEACTB MPENOTBpAIICHUS 3arpsS3HEHHS
aTMOC(epbl MBUIbI0, 00pa3yloINelcss B Pe3ylbTare IMPOBEICHUS TOPHBIX pabor. OCHOBOM
MBUICTIOIABJICHUS CUUTAETCS] YMEHBIICHUE TMbUICTIONABICHNUS] U TMPAMOE MOIMaJaHue MbUIM B
oOpa3oBaBIMecsi MecTa. B cBS3M ¢ 3TUM B CTaTbhe pPacCKa3bIBAECTCS O PaA3IMYHBIX CrOcoOax
O0opp0Obl ¢ TBHUIBIO.  bonee moapoOHO paccMOTpuM TpobieMy o0Opa3oBaHUS MBUTH TMPU
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TPaHCIOPTUPOBKE TOpHOM Maccel. Kak Mbl Bce 3HaeM, IbUIb YAAISETCS B pE3yJbTare
B3aMMOJICHCTBUSL KOJIEC aBTOMOOWJS C JOPOXKHBIM TIOKPBITUEM M TOJE€Ta C MOBEPXHOCTH
MaTepuaa, 3arpy’K€HHOro B Ky30B aBTOMOOHIIS.

KuroueBbie ci1oBa: Celpbe, OTKPBITHIA PYIHHK,Kapbep,IPOMBIIUICHHAS [TbUIb,TBUIETIOIABICHHE,
HKOJIOTHUS,OTKPBITHIE TOPHBIE PabOThI, KapbepPHBIE JOPOTH, ABTOCAMOCBAJI, IOPOKHAS MBUIb.

Annotation.The most dangerous and harmful factors for human life are mining enterprises,coal
mines,coal mines and quarries.This is due to the fact that in these mining enterprises there are
often factors that negatively affect human life.One of the most common factors,it is industrial
dust. One of the main sources of dust emission in the process of quarry processing is the
highway. The use of progressive means of combating dust makes it possible to normalize
sanitary and hygienic conditions at mining enterprises, reduce the level of occupational diseases
of mining workers. "Dust suppression” is a set of methods and means of preventing atmospheric
pollution through dust, which occurs as a result of mining operations. The basis of dust
suppression is considered to be the reduction of dust release and the direct entry of dust into the
formed areas. In this regard, the article tells about various ways to deal with dust. We will
consider in more detail the problem of dust formation during the transportation of mountain
mass. As we all know, as aresult of the interaction of the wheels of the car with the road surface
and the flight from the surface of the material loaded into the body of the car, dust isrel eased.
Keywords: raw material,open-pit mine,quarry,industrial dust,dust suppression,ecology, open-pit
mining,quarry roads,dump truck,road dust.

Kipicne

[Maiimanbr Ka30anapael HTepy Tay- KeH )KYMBICIIBUIAPBIHBIH ACHCAYIBIFbIHA 3USHIIBI 9CEP €TETIH,
naiJaNnaHpUIaThIH KAOIBIKTHIH MEp3iMiHEH OYpBIH TO3YbIHA,0aFaibl MUHEPAAbl MMKI3aTThIH
KOFaJTyblHa KOHE KOpIIaFaH OPTaHBIH JIACTAaHYbIHA OKENETiH (pakTopiapaslH maiina 0orysiMeH
KoHe OesliHyiMeH KaTtap xypexni[ 1].

Tac kapwepiepiHzeri KyMbIC Ke3iHJe, IAHHBIH maiijga OosyblHAa ocepiH OepeTiH Oip
Heri3ri cebedi Oap. On-mmMKi3aTThl KEHXapJaH YCaKTay, CYpBHINTAay KOHJABIPFBICHIHA JIEHiH
KETKI3y[ll achIpaTblH TEXHOJOTUSJIBIK KOJIK OoJibll caHalajbl. ¥CakTay, CYpbIITAy
KOHJIBIPFBUIAPBIHBIH 031, MIMKI3aTThl THEYIe >OHE OHBI TYCipyre apHaJIfaH OpBIH pETiHJE
naiinanansuiazpl. JlereHMeH, manFa Kapesl Kypec Iapajiapbl TYPFBUIBIKTEI 9pi TUSHAKTHI TYpJie
KYPTi3UTin Typmaca, »XYMBIC OpPBIHIAPbIHIAFbl ayaHBIH MIAHJAHYBl OENTIIEHTeH HOpMaJaH
OipHeme ece aybITKUIbl. Cosl ceOenTi, allbIK KepJiepAe OpHAJACKaH Tay-KeH KYMBICTaphbl
Ke3iHJIe, ocipece Koaapaa MaHMEH KYpecy ©3eKTi Macenere aiHaibi oThlp. OChIFaH opaid, Oy
MOceJIeH] ey OaFbIThIHAA, dPTYPJi KOMEKII Kypajlaap MeH >KaOJbIKTap 3epTTeyre ajlbIHbIII,
931pJIEHII )KATBIP.

Tay-keH eHepKacill OpbIHIAphl TAOMFU OpTara KapKbIHbI TYpAE 63 acepiH Turizeni.bym,
opuHe, TaOUFATTBIH ©3TEpPYylIHE OKEININ COKTHIPAThIHBI co3ci3. Kapbeperi maHMeH Kypecy-KeH
OpBIHAAPBIHAA KBI3MET €TETiH JKYMBICIIBUIAPbIHBIH €HOCK jKaFJalapblH jkacayaa, COHJAM-aK
ipreyiec aymakTap YIIiH MaHbI3bl Maceenep i 0ipi 6o cananaasl. Cebeli, MaHHBIH KayIli
ere 30p. byprbuiay  craHOKTapbl,  Oyprbulay-XKapy  KYMBICTapbl,  3KCKaBaTopJjap,
aBTOCamMocBaap, Oynbao3epiep, KOHBeHepiep, yCakTay >KOHE CYpBINTay KOHABIPFbLIAPHL,
aBTOXKOJIJIAP, IIAHHBIH T1aii/1a OOTYbIHBIH HET13T1 KaifHap Ke3epi.
Kapbep xonmapblHAarbl aTMoc(epaHbl CaHUTApJbIK-TUTHEHANBIK Oaranay, 3aMaHayH
IAHCHI3AAHBIPY TEXHOJOTHSUIAPBIH d31pJien eHri3yre, COHbIMEH Oipre, OCBIHIAN KOJIap.bl
»#aOly YIIiH, THIMJI apajgap MEeH OHbIH allbIH-aTy KYpalAapblH KOJIJaHy KaXXeTTUIITH KepCceTin
OTEIp.

Kapbepnepne okypriziieTin OapiblKk OHIIPICTIK —omepauusiap, sFHH  (GKapbUIbIc
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JKYMBICTapbl, OYpFbIIay, SKCKaBallus, Tay-KEH MacCachlH TachbIMaljay, cakTay) IIAHHBIH Maiaa
00JyBIMEH KaTap XKYype/l.

[IlanHbIH Kem Memiepae OeiiHyl Kapbeplieple Tay-Ke€H MaccachlH TachMalayMeH
KaTap JKypemi, ocipece aBTOMOOWIBIAEPAl TMaiijanaHy Ke3iHJe, oTe >KOFaphl JICHTeHTe JKETEeIl.
Sruu, (kemip kapbepinge — 3000-4000 mr/c, Tay — keH kapbepinae-600-1200 mr/c)[2].

byn xarnaiiian IIBIFYIBIH JKOJBIH Tay-KEH OHJIPY JKOHE OHJEY KOCIMOPHBIHAA IIAaH]IbI
OacymelH JKaHA OJICTEpiH o3ipiiey apKbUIBI 137€y Kepek. OWTKeHi, KopIlaraH opTara
MIBIFAPBUIATBIH  3aTTApJIbIH  MOJIIEpl OOMBIHINA INAH KOMIPTEri OKCHUIIMEH Oipre Heri3ri
JacTaymbl OOJIBIT TaObLIIAIbL.

Kapbepaepaeri manasl 0acyabiH Keil0ip soJ11apbl

KemMip TaceIManmaHATBHIH TEXHOJIOTHSUIBIK aBTOXKOJJIAp/a MAHHBIH TMaiiga Ooiybl Tay

JKBIHBICTApbIHAH, KOMIpJEH aTKbUIay, aBTOMOOWIIb IOHTENIEKTepIMEH IIaH eHTI3y, ipreiec
ayMaKTapJaH JKel OKely, XKaOblH MEH IIMHAJApbIH TO3Ybl JKOHE T.0. HOTWIKECIHAE mMaija
6omanel. CoHBIMEH KaTap, KOdiK Typi, JKOJI eJIeMepi KOHE METEOPOIOTHSIIBIK KaFraainap 1a
acep erei.
Kapbepitik xomngap KbICKa Mep3iM/Ii KbI3METIIEH dp1 Y3bIHIBIFBIMEH, KOFaphl )KYKTeMeJIepMeH
YKOHE TpacCaHBIH Ui e3repyiMeH mmekteneni. Onap kapbepiaepaeH 8-10° - ka neiiin xone 15-20°
- Ka JeHiH Tycy ke3inae OeTkeinepi Oap aypicmanbl 00ibIK mpoduiabMeH xoHe 20-25 M-re
NefiH  JeHTreleKTey paauycTapblMEH, COHJAal-aK YJIKeH JKYKTeME MEH KO3FalbIC
KApKBIHABUIBIFBIMEH —cHumaTtTanansl. JKoimmgapAarsl MAHHBIH —MOJIepi OapiblK  Ke31aepeH
KYpaJFaH Kapbeperi skainmbl canbiHbIH 70-90% - Ha xeTtei.

lax- Oy 3aTTHIH (DU3HKANBIK KYWIH CHITIATTaWThIH YFBIM. ATal alTKaH/a, OHBIH YCaK
OenmekTepre OemiHyl Oonbin TaObaabl. Kemip maHbl - Oyl MacCHMB KaOAaTBHIHBIH OY3bUTYBI
HOTWDIKECIHJIE Taiga OoyaThiH KeMip 3aThiHBIH Oenmektepi. IllaH maiina OosFaH 3aTTapabH
TaburaThl OOMBIHIIA OBUIAM KIKTEIET1:

) Opranukansik maH:

- ©CIMJIIK IIaHbI (aralll, MaKTa XoHe T. 0.);

- )ka"yap (5KYH, CYHEK )KoHe T. 0.);

- ’)KacaH/Ipl OpraHUKAJBIK IIaH (TJacTMacca xKoHe T.0.).

I1) GeliopraHMKaJIbIK IIaH:

- MUHEpaIABI (KBapIl, CUIIUKAT JKOHE T. 0.);

- MeTasuI (TeMip, aTFOMUHUH K OHE T.0.).

Byringe onempae ajmaMaapiblH eMipiHE Tepic acep €TEeTiH dpi eTe JKMi Ke3[ECeTiH IaH
Typiepi Oap. Omap: kKemip IaHBI koHE >koJ Im@aHbL YKoy maHbl (KBapUTHIH €H KiIKEHTal
OeJIeKTepi, 6T€ KATTHl MUHEPAT TYpi) OKIETre CHIll, KO3, MYPBIH XOHE TaMaKThIH IIBIPHIIITHI
KabaTTapelHa ocep eTedi. AJ, KON IIAHBIHBIH KypaMblHa MaiJajaHbUIFAH Ta3JapAblH Kol
Meommepi  kipexi. [lluHamapaplH, TEXETil >KAaCTHIKIIAJAPABIH KOHE aBTOMOOWIBACPIIH
KO3FaJIBICBIHAH JKOJI MaTepHalJapbIHBIH ycakK OemmekTtepi Tycenai. Erep xommap 6oc 6ommaca,
OHJIa aBTOMOOMJIBJIEP MEH KYK KOJIKTepi O0ap eKeHi alKbIH. AJI, COJ KOJap/iaH MIbIKKAH IaH
JKeJIMeH Oipre OipHelle MaKbIpbIMFa TapaJiblll, YIIbI Ketemi[3].

Konnmapaarbl maHIel Q3alTy YIIH MBIHA 9AICTEPAl KOJIaHyFa O0abl:

- KeMip KOMOaWHIApbIHBIH KYMBICHI KE3iHJIE MAHHBIH Maiiia OONyblHA OKENETIH KBI3METTI
azaiiTy HeMece TOKTaTy VIIH >KYMBIC PEKHUMIH perrey. MaumHanapAblH KO3FajbIChl, THEY-
TYCipy  JKYMBICTAaphl JK0He T. 0. ayaHblH JIlaCTaHYbIH  apTThIpaabl.  MyHnai
OpEKEeT,KbUIIaMIbIFBIHBIH JKOFaphUIaybIMEH Oipre, jKeNre Kapchl aya arbIHbIHA IIAHHBIH TYCYIHE
OKeyl MYMKiH, dCipece erep IIaH COHFbI alllbIK KeJIeHeH KMMAaHbIH XXaHbIH/1a Naiiia 6oca;

- JKOJI IIAHBIHBIH TY3UIyiH a3aliTy YIIH CyIbl HEMECEe TMTPOCKOMMSIIBIK 3aTTap/bl MaiiagaHy.
[[laxTa wenepi mMAXTATaFbl >KOJJIAPIAFsl MAHHBIH BUIFAIBUTBIFEIH MYKHAT KaJgarajan OTBIPYHI
KepekK, acipece KeH)Kapra KoHe KbIC aiilapbiHa aya Oepy keOelreH Ke3e;

( 1
l1061




NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

- OeTTik OenceHi 3arTapiabl KonjgaHy. berTik Oenceni 3aTTap — caObIHAAP MEH XKYFBILI 3aTTap
0ompm cananaael. Cebedl, omap cy/a >KaKChl Pyl KOHE KOJIIAPAaFsl MAHHBIH bUTFAJIBUTHIFBIH
xKakcapTaisl. berTik - OeinceHai 3arTap cyablH O€TTIK KepulylH a3zaiTansl, OyJi CyIablH a3
MeJIepine KejeM Oipiirine 6ipaei mesmepae OemeKTepal cyjayra MYMKIHAIK Oepeti.

Ko >xaMbUTFBICBIH/A AH TY3UTyiH TOMEHIETY YIIIH KOJAAHbUIATHIH Mapajap:

- acdanpTTanMaraH okoiamapabiH OeTiH eHuey. CoHpaii-ak, KOITapblH OHJAEY VIIiH-
TUTPOCKONUSIIBIK TY3/ap, OCTTiK OeNceH i 3arTap, TONMBIpAK EMEHTi, OUTYM >KoHE MOIUMEpIIi
MJIeHKaMap KOJAAaHbUIaAbl. by THIMIUTIKTI apTThIpabl, COHABIKTAH €MJICYy apasibIFbl OipHeIe
amnTara AeWiH apTybl MYMKiH.

-aBTOCAMOCBAJIJIap apachIHIAFbl apajbIKTapAbl YIFaWTy. 3epTTey *KYMbICTapbl OOMbIHIIA, Tay-
KCH CaMOCBaJIbIHAH ac(abTTaIMaFaH KOJIMEH 6TKCHHECH KeiliH, maH Te3 TemeHacimi. Courim,
on >xonaaH 30 M KaUbIKTHIKTa IIAHFa >keTeAl. Erep kapbepiik caMocBajiapblH KO3fFaly
apasbirbl 20 cekyHATaH Kem 00Jica, OHJA OChI YaKBIT 1MIH/E MAHHBIH €A0ylp O6JIiri Tapaiasl.
byn keneci KOKbIC YHIHAICIHIH OKYPri3ylliCiHE ocep €TeTiH ThIHBIC ajly IIAHBIHBIH
koHIeHTpanusichiH 40 % TemeHmereni. AKBIPHIHIA, IMAHHBIH 0acKa >KYMBICIIbUIApFa 9CEPiH
a3afTy YVIIH S>KOJNIApAbIH HEFYpJbIM SKETUAIPIAreH OpHajacy >Kyiecie XoHe oJapMeH
TachIMaJifiay KeCTeCiH naijananyra 00Jabl.

[anael OacymblH €H KOJDKETIMIL KOHE KEH TapajfaH TOCILi-CTallMOHAPIBIK JKOHE
KBUTKBIMAJIBI KaHOBIPJIATKBINI (Cyapy) KOHIBIPFBUIAPHI MEH THAPOMOHUTOPJIIAPMEH Cy OYpKY.
¥3aK KalbIKTBIKKAa M€ CHPHUHKIEp JKWHAKTAJIFaH MaTepuangapibl MAHIABl Oacy YIIiH
KOJITaHbUIAIbI.

TaceiManmay Ke3iHJE Keleci HEeri3ri jKoHE KOCBIMIIA INAHCH3NAHABIPY JKOHE INAH JKHHAY
Kypasigapbl KOJIIaHbLTa IbL:

-aBTOKOIIIKTIH KO3FaJIBIC apalIbIKTapBIH ©3TePTY;

-)KOJI TOCEeMECiHIH To3y KaOaTbIHIAFbl MIAHJABl BUIFAIJAHABIPDY HeMece OalIaHbICTHIPY
(6aiJTaHBICTHIPYIIBI KOCTIATIAP Ikl KOJIJIAaHY);

-aBTOKOJIIK KO3FaJIBICBIHBIH KbUIJaM/IbIFbIH TOMEH/ICTY;

-O6emmextepal Oenrin Oip Meimmepre AeiiH (9aeTTe — 5 MM-Te JACHiH: KeMip paspesnepinie
JKammad — KONJaHbUIMANABL)KWHAYFa ~ apHAIFaH  aCHUpPAIUsUIBIK  KYPBUIFBUIApBl  Oap
MaIlMHaIap/IbIH KOMETIMEH KaObIHIaPAbIH TO3Y KaOaThIH ME3T1JI-ME3T1JI Ta3apTy;

-aBTOKOJIIK IIAHAFbIHBIH O€TIHEH INIAHHBIH TapajyblH OOJIbIpMay YIUIH apHaibl KOpPFaHBIII
KanTamaMmeH )ka0y Hemece IaH 0acaThIH KYKTIH ayJaHbIH a3ailTy.

aHCchB3aaHABIPY KYpalAapblH KOJIJaHAp aJJbIH/IA aBTOKONIK KOJBIH JalbHAay KaxeT. OChI
MakcaTTa o/IeTT€ >KOJI TeXHHMKAChl KOJIAHBUIAJBL Tpeiiep koHe jkon OeTiH maH OacaThlH
KOCTIachl 0ap CyMEH BUTFaJIaHABIPy YIIiH apHANBI IIUCTEPHACH 0ap aBTOKOIIK.

[Hanaer O6acy »yMbIcTapbl XKaHOBIPCHI3 KYPFaK KYHJE XKypri3ityl kepek. Lllan G6acaTbhlH 3aTThI
KOJITaHap aJIbIHA KOJ TOJBIFBIMEH TAHBIHAATYBl KEPEK:

-IIAHMEH KYpecy KYpalblH KOJAaHyabl OacTamac OypbIH OapiibIK MIYHKBIPIAPIbI )KOMBII, OB
TOJIBIFBIMEH TETiCTEY KaXKeT;

-)KaKChl JKOJI TOCEyre >KapaMchl3 MaTepuaiapAblH OapiblK YIKEH OeJiKTEepiH ajbll TacTay
Kepek;

-Cy TOJITBIPBUIFAH OMBIK aliMaKTapiAblH Maifa OOJdyblH OONABIpMAy JKOHE Cy aFy YLIH  KOJ
KeJoey 00i1ybl Kepek (cedebi, OyJ1 — JKOJI TOCeMiHe XKaFbIMChI3 dCep €Til, MYHKBIPJIAP/IbIH MMaiaa
00JIybl MYMKIiH);

-COHFBI K€3€H — IIAHMEH KYpecy KypaiJapblH KOJAaHY.

KonapH THICTI HaWBIHIBFBIH XYPri3y — MIAHMEH KYpecy KypaiblH MaijalaHyaaH OapblHIIA
TUIMJI1 HOTHIKE allyFa MYMKIHJIIK Oepei.

[[TanmeH Kypecy KypaJibiH KOJIJJaHy YIIH KOJIJIBIH XKOFapFbl 00JIIriH 2,5-5 CM TepeHIIKKe IeHi1H
KOIICBITY KEPEeK, COJlaH KeHiH OyJl KOICHIThUIFAaH KabaTKa YCHIHBUIFAH MeJIIep/ie maH 6acaThlH
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KOCIIa EHT131IEe.
ABTOMOOWJIb JKOJBIH JalbIHIAY Ke3iHJle KOTCHITBUIFAH MAaTepHAIbIH eoyip OeIiri »OJIbIH
OeTiHEeH €Ki ImeTiHe Kapall  BIFBICTHIPBUIBIN, JKOJNJBIH  IIETTEepPiHAE €Ki  KbIpaT
KaJIBINTACATHIH/IBIFBIH €CKepy KaXKeT. byl jkacaH bl KbIpaTTap KOJMAHBUIATHIH IaH OaCKBIIITHIH
KOoJ OeTiHeH arblll KeTyiHe jxon Oepmeiiai. KplpaTTapiplH ImIeTiHe *oHE KON OeTiHe IIaH
OAaCKBIITHIH YCHIHBUIFAH MOJIIEPiHIH YIOTeH Oipl KojmaHbUiansl. KeliH KbIpaTTapibiH
MaTepHaJbIH OpTaFa »WHAI, JKOJIIBIH OeTi OipKeNKi TericTeNe/dl oHe OFaH IMaH OaCKBIITHIH
Tarbl ymrreH Oipi konmanbuianel. CogaH KeWiH mMaTepuaniap apalacThIPbUIBII, CAlbICTHIPMabl
Typae Oiprekti Kocma ty3inemi[5]. OcblmaH KeiliH FaHa J>KOFaprbl KaObIH pETIHIEC IIaH
OaCKBIIITBIH COHFBI YINTEH Oipi jkojFa KoimaHputaabl. [llaH OacKBIITBIH COHFBI OOITiH
KOJIJaHFaH Ke3Jie, JKOJIaH ThIM KONl MaTepualJblH aFbll KeTyiHe ko Oepmey kepek. COHFBI
KE3eKT€ JKOJIJIBIH OC€Ti THIFbI3/Iay MAalIMHACHIHBIH KOMETIMEH ThIFbI3anaabl. ThIFbI3IAY — IIaH
0acaTbIH KOCIIaHbIH KeOyiHE JIel1H asKTalybl KEpeK.
Ko >xaObIHBIH ©HJCY asKTaJFaHFa JCHiH aBTOKOIKTEPAIH XKYPylHE pyKcaT eTiaMeini. Oxuey
Y3aKTBIFbl KOJIJAHBUIATHIH IIAHMEH KYPECY 3aThIHbIH Mellepine OalaHbICThI, 9/ieTTe 24 caraT
JKETKITIKTI.
AMEpUKaHIBIK  Tay-KeH WHXEHEepJepl KOeMip pa3pe3fepiHie KYPri3TeH bUIFaIAaHabIPY
3epPTTEYiHIH HOTHXKeJepi KbI3BIKTHI OOJIBIN MWLIKTHI [4]. 1 maprisl meTp sxepre mamamen 0,6 1utp
Cy Ky#raHma, OipiHIIN >XKapThl carar imnHAe ayafarbl ImaH 95%-ra azasnubl ekeH. Tarbl Oip
0akpUIay KOPCETKEeHIEH, ay/laHbl | mapIisl MeTp skepi 2,1 TUTp cyMeH bUTFallJaHIbIpFrania, 3-4
caraTTaH KeHiH ayajarbl maH 74%-ra a3aiiraH. bipak bUTFaIIaHIBIPYIBIH dCEPi JKOJ JKacaFaH
MaTepuaira, KO3FalbIlC KapKBIHABUIBIFBIHA JXOHE aya-paiiblHa OalaHBICTBI €KEeHIH aTaml eTy
KakeT. MoceneH, 6acka 0ip 3epTTeydiH HOTHKECIH/E, KOJIIbI caFaThlHA | peT bUIFaIIaHabIpCa,
IIAH KOHLEHTPAaUUsCHl (OHBIH OapibIK OemmexTepi) 40%-Fa TOMEHEH i A KOJIIBI Op JKaPTHI
cararTa | per bUTFaNJaHAbIpFaH Ke3/e maH 55%-Fa a3asibl.
Jemek, y3aK yakpIT OOHbBI aBTOMOOUJIb JKOJIIapblHa IAHMEH KYpPEecy YILUIH Cy/bl MaijaiaHy —
MaceseHi TyOereini menmeiTiHi aHbIK. COHBIMEH KaTap, >KHi bUIFJIJAHIBIPY — JKOJ TOCEMiH
Oy3a/1pl )KOHE OHBIH KBI3MET €TY MEP3IMiH KbICKapTa Ibl. Byl — aBTOMOOUIIBAEP 1IH MaTepUAIIIBIK
OeuliriHiH Mep3iMiHEeH OYpBIH TO3YbIHA, TEKEY YKOJBIHBIH YJIFAIObIHA KOHE OJIAPJIbIH KO3FaJIbIC
KBUIIaM/IBIFBIHBIH aliTapibIKTail TeMeHaeyine okenedi. Cailblll KenreHae, >Koaapabl KalrbiHa
KENTipy *KYMBICTapbl MEH TEXHUKAHBI )KOHJIEYTe KOCHIMILIA IIBFBIHAAD 06Tyl KaXKeT eTei.
JKonapl pUFaNIaHABIPy MEP3iMiH YJIFAWTY YIIIH CyFa OETTIK OelCeHAl 3aTTap KOoCcyFa 00Jiajibl.
byn omic jxom TeceMiH BUIFANJaHABIPYFa JKOHE OHBI Cy KOWMACHl peTiHAE MNaigaiaHyra
MYMKIHJIIK Oepeni, sFHU Cy OyaaHFaH Ke3[e O KamuUIspiiap apKbUIbl KOFaphl KOTEpiJiei.
Hotwmxecinze, buFaiIaHabIpy 9CEPiHIH Y3aKThIFBI apTaabI[6].
[aHchBAAHABIPYABIH HAKThl KYpalJapblH TaHIAy — Kapbepll NaijanaHy KaraailinapbiHa
OalTaHPBICTHI JKY3€re achIpbUIybl KepeK. OchUlaiiina, amblK SiCTICH UTepiJeTiH KeH OPBIHAAPhI
YIIH  O3ipJ€HTeH JKOOAlbIK KyKaTrTaMalmaplIel Taljgay HOTHIXKECIHIE Kapbepiepieri
[IAHCHI3aHbIPYy OOWBIHIA HAKTHI KOPBITHIHABUIAD MEH ecenTeyliep MYJJIEM YChIHbUIMaraH
HEMece KbICKa KOJEeMIETl Kajlbl YCHIHBICTAp FaHa OepuIeTiHAIr aHbIKTanAbl. JKoOasbIK
KyKaTTamaja YChIHBUIFAH aKmapaT MEMJIEKETTIK capanTamajaH eTy YIIH XETKiJiKTI, ajaiaa
TOXKIpuOe KepceTKeHJeH, Kapbepli Naiijanany OapbIChIHAA INAHCHI3AHABIPY MAcelelepiH
KOCBIMIIIA IIeIyre Typa kememi[7].
CamocBangapapl TYyCipy Ke3iHAe KONTEereH Vima IaH maiaa Oonaabl, OHBI Oacy YIIiH
OpHATBUIATHIH apHAYJNbI Cyapy KYHeCiH KOJIJaHy YChIHbUIAIbLbynapabH immHAeri eH THiIMiC -
MIAHHBIH ayaFa TYCYyiHE JKOJI OepMeUTiH omicTep 0okl caHanael. OHBIH KaTapbiHa OMIOMUTTI
KOJIIaHY/IbI J)KaTKbI3yFa 0OJabl.

MyHBIH KeNTEereH TOCUIAEPJEH alblpMalllbUIbIFbI-ONIIOPUT ayaJaH bUIFAJIIbl CiHIpeal
JKOHE OHBI Y3aK YaKbIT OOMBI JKOJIIap/ia YCTAMIBI.
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l'urpockonusniblK KacueTke ue (CaJbICThIpMaNbl TYple KYpFaKk ayagaH Ja BUIFaJIJIbI
CIHIpYHiH Kymmi KalineTi), OUmodUT MKOJI KaMBUIFBICBIHBIH MaKCHUMAaJIbl BUIFAJIBUTBIFBIH
KamTamace3 etei. On MaHHBIH KOTepilyiHe KoHe ayaja LTiHyiHe ol OepMeli. by putFan
CIHIpETIH acep, CyMEH CalbICThIpFaHAa WaHIbl Oacynpl KamTamachi3 eteai. COHbIMEH Katap,
OUIO(UT TOMBIPAKTHIH TYPAKTaHYbIH KAMTAaMachl3 €T€ OTBIPHII, JKOJ TOCEMIHIH KbI3MET €Ty
Mep3iMiH y3apTabl.

Hlanpaer Oacy yuiH apHaiibl epiTiHai Konganeuiaabl. On: KpUCTalasl OUIOPUTTIH CyMeH
Kocmackl. EpiTiHAiHIH THFRBABFH - 1,2 T/ cM3. Marauii XJIopuai TY3bIHBIH CyZla €py YaKbIThI
CyIAbIH TeMIieparypachiHa OaimaHbicThl 3-5 wMuHyTr. JaiislHpanraH epiTiHAl  cyapy
MalllMHaJapblHa CAJIBIHBIN, TEXHOJOTHUSUIBIK aBTOXKOJFA MAIBUIAAbL | M2 Kapa >KOJAbl eHJey
yuis mamameH 0,1 Kr KpuCTanabl MarHui XIIOpHIi KaXeT.

Kommnanust mMamaHgapbl TEXHOJOTHUSUIBIK SKOJJIBI MIAHCHI3AAHMABIPY MPOLIECIHE TOJBIK
tangay okyprizmi. [llanmer Gacy HycKamapbl TEK CyMEH jkKoHE OuUmodUT epiTiHAICIMEH
canbICTRIpbUIABL. HoTmxkeciHme, OMIIO(MUTTI KONJAHYIABIH apTHIKIIBUIBIFBI SKOJIOTHUSIIBIK
ocepeH 0acKa, yaKbIT MEH Kap>KbIHbI YHEMICY/l KaMTaMachl3 eTeTiHairia kepcetTi. XKommap 3
ece a3 CyapbUIajipl, Cyapy MallMHANAPBIHBIH caHbl a3. OnapabiH peicTepiHiH caHbI aiibiHa 264
ece KbIcKapassl. bip peiicTeri cyapIH *)aanbl MLIFBIHB 25% — Fa, aitbiHa-99,7% - ra a3. Conpaii -
aK, OMO(UT MAHHBIH MEXaHU3MJIEPi Oy3ybIHA K01 OepMel, xKaObIKThI yCTayFa OalIaHbICTHI
HIBIFBIHAAPABI a3alTYFa KOMEKTECe/Il.

KopbIThIHABI

Kenreren MamaHmap HIAHMEH KYpeCyHdiH OapiblK Kypaeli MocelelepiHiH OipblHFai
[IeTMi TOJIBIFBIMEH KAyilcCi3 JKOHE OHIMII MAHCHI3AAHIBIPY SIiCi JKOK Jem Kemiceni. Opoip
HaKThl JKaFjaiga Oyl Mocenenep jKeke memiieni. Tay-KeH XYMBICIIbUIapbIHA dCep E€TETiH
OHJIIPICTIK opTa (haKTOPJIAPBIH TOMEHICTY JKOHIHJIETI ic-IIapanap KemeHiHe >KeKe KOPFaHBIC
KypaJgapblH naiganany kipyre Tuic.  CoHbIMEH KaTap, ojap MIaHJbl YCTAY KOHE MaHAbI 0acy
CUSIKTHI IMAHMEH KYPECYAiH pPaJuKaJIbl JKOHE KEeIIeHNI TEeXHUKAJBIK MapaiapblH KOJIIAHYIbI
aJIMacThIpa AIMAUTHIH/IBIFBIH TYCIHY KaXKeT.

KopeIThIHABUTAM KeNTeH/e, €1 MEKCHHIH >KaHbIHAH OTETIH JKOJI YYacKECIHJE OCHI
epITIHIIHI KOJIJAHY/bIH ChIHAK K€3€HI OHBIH THUIMALIITH KepceTTi. BumoduTTiH Kymri ciHiprim
ocepi, OHBIH TYPAKTBUIBIFBIMEH Oipre, OChl MaTepuasabl TYPAKThl HETI3/e MaianaHy Typabl
[ennM KaObUIIayablH aHBIKTAYIIbl (haKTOpIapblHA alfHAIIIBL.

Kanmel maH mbFapbIHABUIAPBIH TalAayFa HET13/IereH ko0anay Ke3eHiHIe Kapbepiiepie
Tay-KeH MAacCachlH TachIMajjay Ke3iHJe, MAaHIbl 0acyIbIH Kypalaapbl MEH JJIICTEepiH TaHJay,
Tay-KeH >XYMBICHIBIIAPBIHBIH €HOeK >KaFlaliapblH jKakcapTyFa, coHpaaii-ak Kapbep ueciHig
KOpIIIAFaH OpTaFa TEPiC dcep STKEHI YIH aKIa KYKTEMECIH a3alTyFa MYMKIHJIIK Oepei.
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COBPEMEHHBIE TEHJIEHIIMUA UCMOJIb30BAHUA HEMPOCETEN B ABUALIUU

Tapoes Buxktop CepreeBu4
HepommuBkuHa AnmuHa AJleKCAHIPOBHA
Epo¢eeBa Exatepuna IletpoBHa
(Poccus r. Upkyrck)

d https://doi.org/10.5281/zenodo.10459370

To Cite: TapoeB Buxtop CepreeBnu, HemoumBkuna Anmna AnekcanapoBHa, & Epodeesa
Exarepuna Ilerposna. (2024). COBPEMEHHLBIE TEHAEHIWU WCIIOJIB3OBAHUA
HEUPOCETEM B ABUAIIMU. B SCIENCE AND EDUCATION: MODERN TIME (T. 4,
Brinyck 4). Zenodo. https://doi.org/10.5281/zenodo0.10459370

AHHoOTanusA: B HacToOsIIEW CTaThe aBTOPOM M3YydaeTcCsl MOHATUE HEUPOHHBIX CETEH, UX
CTPYKTypa M Ha3HA4Y€HHUE, a TAK)KE ONPEIEIAIOTCS BO3MOKHOCTH M OIBIT MX HUCIIOIb30BAHMS
TaKUX KPYIMHEWIMX aBUAIIMOHHBIX KOMITAHUAX, Kak Airbus (Ipou3BOUTENs CAMOJIETOB), Assaia
(pa3paboOTUMK MCKYCCTBEHHOIO MHTEJIEKTA JJIS a3pOINOPTOB U aBHALMM), XUTPOY (a3pomnopr).
Kpome Toro aBTopoM 0003Ha4at0OTCsi OCHOBHBIE NIEPCIIEKTUBHBIE HANIPABICHUS U TEHACHIIUU IS
OyIyLIero pa3BUTHS UCIIOJIb30BaHUS HEHPOHHBIX CETEH B aBUALIUY.

KiroueBble cioBa: HEWpOHHBIE CETH, MCKYCCTBEHHBIM HWHTEIEKT, aBUALIMOHHAs
JeSITeIbHOCTD, a3PONOPThI, MAIIMHHOE O0yYeHHE.

Annotation: In this article, the author studies the concept of neural networks, their
structure and purpose, as well as determines the capabilities and experience of their use by such
magjor aviation companies as Airbus (aircraft manufacturer), Assaia (developer of artificial
intelligence for airports and aviation), Heathrow (airport). In addition, the author identifies the
main promising directions and trends for the future development of the use of neural networks in
aviation.

Keywords: neural networks, artificial intelligence, aviation activities, airports, machine
learning.

AKTyalbHOCTh MCCJE0BaHUsA OOyclIOBIeHa TeM (AaKTOM, 4TO pa3paboTKa HEHMPOHHBIX
ceTel - akTUBHAsI 00JACTh MCCIIEJOBAHUM, TOCKOJIbKY YUEHBIE U IIPEIIPUITHS CTPEMATCA HAaWTH
6osiee 3 PeKTUBHBIE CIOCOOBI PELIEHUS CI0KHBIX 3aJ1a4 C TIOMOIIBI0 MAIIMHHOTO 00y4YEHHU .

C 1950-x ronoB uckyccrBeHHbl uHTEeKT (M) Bpems oT BpemeHU NOSIBIsSETCS B
OCHOBHBIX  CpEJICTBaX MaccoBOil MH(OpPMaLMM, YacTO CBS3aHHBIX C HEPEIOBBIMHU
UCCICNOBAHUAMU M MOJCIHMPOBAHMEM. TEXHOJIOTMHM MEHSJIMCh M HBOJIOLHMOHUPOBAIIH,
JOCTUTHYB MHKa C MOSIBICHHEM JITOPUTMOB MAIIMHHOTO 00y4eHUSI B HHPPACTPYKTYP OOIBIIMX
JAHHBIX, KOTOpBIE B IOJHOH Mepe HCIOJb3YIOT OIPOMHBIE NMOTOKHM JAHHBIX 3MOXU LU(POBBIX
TEXHOJIOTHH.

IlepBoHayaJIbHO HEMPOHHBIE CETH MCIOJIB30BAIMCH Ul IPOCTHIX 3a7ad, TAKMX Kak
uaeHTH(UKAIKS cllaMa, HO Telepb OHU PAaCIpPOCTPAHUIIMCH Ha 0Ojiee CIIOKHBIC 3a7aul, TaKue
KaK BH3YyaJIbHbIE IIOMCKOBBIE CHCTEMBbI, CHCTEMbl PEKOMEHJAlMi, 4ar-00Thl M 00JIACTh
MEIUIUHBL. J{efiCTBUTENbHO, HEHPOHHBIE CETH HCIIOJIB3YIOTCS ISl BCETO - OT TEJIEBU3HMOHHBIX
pekomenaanuii Ha Wink mo reneparnuu Tekcra.
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Co BpeMeHEeM HEHpPOHHBIE CETH BBIPOCIIN U3 MPUMHUTHUBHBIX APXUTEKTYpP, KOTOPBIE MOTIIU
00pabaTbhIBaTh OTpaHUYEHHbIE JaHHBIE, B OOJIbIIME APXUTEKTYPhl C MUJJIMOHAMU MAapaMeTpOB,
00y4eHHBIX Ha OTPOMHBIX Ha0OpaX JaHHBIX.

HeiiponHas ceTb - 3TO CTPyKTypa, cocToslas U3 OJOKOB, Ha3bIBAEMbIX «HEHPOHAMN,
PAcCIONOKEHHBIX ClI0sMU. HelpoHBI HCIIONB3YIOT MaTeMaTuyeckue (pyHKIMH, 4TOOBI PEIMTh,
CJeyeT JIM «3aIlyCKaTh» U OTIPaBIATh HH(DOPMAIUIO JPYroMYy CIIOK0 HEHPOHOB. APXUTEKTYypa
CIPOCKTHPOBaHA AaHAJOTMYHO 4YEJIOBEYECKOMY MO3TY, TIZe CpadaTbBalOT HEHPOHBI U
YCTaHaBIUBAIOTCS CBA3M MEX]y pa3HbIMU HelipoHamMu. HelipoHHBIE CETH MOXHO MCIOJIb30BaTh
JUIsL PEIIEHMs] CIOKHBIX 3a/Jay, OT TIEHepaluu H300paXeHUM OO0 IMOHCKA 3JIEMEHTOB Ha
u3zobpaxxkenuu [4].

Heiipocetn wucmone3yloTcss W B aBUaluu. [IpOM3BOACTBO KPYIMHBIX IMAaCCAKHPCKUX
CaMOJIETOB OCBOCHO BCEr0 HECKOJIbKHMHU TOCYAApCTBAMHM — CaMble KpYIHBIE W3 HUX —
a’pobycsl — BbimyckatoT kommaHuu «Airbusy (EC) u «Boeingy (CILHA); camoné€rsl,
paccunTaHHbIE Ha MEHbIIEE KOJIMUYECTBO MACCAKUPOB, Mpou3BoaaTcs B cTpaHax EC (komnanuu
«ATR» n «Saab AB»), B Kanane («Bombardier»), B bpasunuu («Embraer»), B Upane (HESA),
PO.

Bonbmass yacTh OoTpaciu MPUXOAUTCS Ha TpakaaHcKyro aBuanuio (71%), B KoTOpoii
mpeo0yIajaeT CTPOUTENBCTBO MArMCTPAIBHBIX caMoeToB (53%) W3 HHX Y3KO(IO3EIsHKHBIC
COCTaBIISAIOT pUMeEpHO 29%, a nmpokodrozenskabie — 24%.

JImnepamu pbiHKa aBHacTpouTenbHON oTpaciu B 2022 roxy asustorcs EBpomna (Ditpbac)
u CIIIA (bounr) —pmuc. 1.

700 661

600

500 453

400

300

200

100 52 35 26 14

0 - I — —
Diipbac Bounr DMOpaep Comac ATP OAK
(EBpoma) (CIOA)  (opasunmsi) (Kurait) (Ppanums, (Poccust)

Wranus)

Pucynok 1 — IloctaBku camonetoB B 2022 r., . [3]

bonpiass yacth oTpaciu NPUXOJUTCS Ha TIpaxkJaHCKyro aBuauuio (71%), B KOTOpoii
npeodyajaeT CTPOUTENBCTBO MAarucTpabHBIX caMoieToB (53%) u3 HuX y3Ko(]ro3easKHbIE
COCTaBISIIOT TpUMeEpHO 29%, a mmpokodro3ensnkabie — 24% (puc. 2).

Hcxona m3 aHanu3a OTE€YECTBEHHBIX U 3apyOeKHBIX MyONMKAlUil MOKHO BBIAEIUTH
psAl  HampaBiE€HUH HCIOJNB30BaHMS TEXHOJOTMH HMCKycCTBeHHOro wuHTeiekrta (M) B
aBMALlMOHHOMW o0nacTu:

1. Tlogmepxka TNPUHATHS ONEPATUBHBIX PpEHICHWH OSKHUIaXXeM, OCOOEHHO B
KPUTHYECKUX CHUTyallUsX, C Y4eTOM OOJbILOr0 KoJuuecTBa (PaKTOPOB M HAKOIUJICHHOH
uH(pOpMAaINH.

2. NnTennektyanbHblii nHTEpdEiic SKUnaxa.

3. Coop, 0b6paboTka u aHanU3 HH(GOPMALIMH O ABUKEHUH BO3yIHBIX cyn0B (BC) u ee
IIPUMEHEHNE IJIs1 CUCTEM YIIPABICHUS U OPraHU3alMK BO3IYIIIHOTO ABHKEHHUSL.
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4. VYBenuueHue MPOMYCKHOM CHOCOOHOCTM TyTeM ONTHMHU3ALMH CTPYKTYPHI
BO3IyIIHOTO MPOCTPAHCTBA, MAKCUMAJIBHO aJANTUPYIOLIEHCS MO peanbHble ToTOKH BC.

5. Ontumusanus mapupyros nosieroB BC B 30He asponopra.

6. PazpaboTka cpefcTB OOHapyXeHUs U MpPeaylnpexaeHus CTONKHOBeHH Mexay BC
1 0eCIMIIOTHBIMU aBUALIMOHHBIMHU CUCTEMaMH.

7. ABHAIIMOHHBIE KOMITBIOTEPHBIE TPEHAXKEPHBIE KOMIUIEKCHI.

8. JlmarHocTuka OOPTOBBIX Y3JIOB M arperaToB (B TOM YHCIIE, B PSKHME PEaTbHOTO
BPEMCHH ).

9. ABTOoMaTH3aMsg U aBTOHOMU3ALIUsI yIIPABICHHUSL.

10. Pemenne OO€BBIX 3a7a4 U JIp.

Texnomornn Ha ocHOBe TiyOokuX HeWpoHHBIX cereil ('HC) siBnsrorcs omHuMHU U3
Haubolee MHOTOOOCHRIONIMX U TMPOPBIBHBIX CPEACTB CO3/aHUS OOpPTOBBIX CHCTEM JUIs
MEPCHEKTUBHBIX aBUAIMOHHBIX KoMIuiekcoB (AK), dopmupoBanus ux obiuka, onpeneiaeHus
TaKTUKM M CTpaTerMy IPUMEHEHMs, a Tak)K€ ONTUMHU3ALUU IIPOLIECCOB IPOU3BOJACTBA U
sKcIutyatauuu. Ha ocHOBe 3THX Te€XHOJIOrWi B OdM>KaiIlme rojpl MOXKET U JIOJKEH PelaThes
LEJbIA psAll IPaKTHYECKUX 3a/1a4 B TaKUX 00JacTAX, KaK co3aHue OOPTOBOM aBUOHUKH, aHAJIH3
AKCIUTyaTallHOHHOTO COCTOSIHUS, HWHTEIIEKTyanu3amusi Oopra Bo3aymHbIX cynoB (BC),
MMUTAIIMOHHOE MOJIENIMPOBaHUE, OIeHKa 3(PPEeKTUBHOCTH M BHemHee npoekTtupoBanue AK,
nétueie ucnbiranus AK u BC, ux nadopmannonroe obecniedeHue, kKuoepoe30macHOCTb U JIp.

C 2016 — 2017 rr. Ha 6aze 'HC akTMBHO pa3BHUBAIOTCS TEXHOJOTMH TIIyOOKOMH
onTuMu3anuu. J[aHHas Tpynma TEXHOJIOTWH TMpeJHa3HauyeHa MAJs pelieHUs MIMPOKOTo Kpyra
3aa4, TPaJWLMOHHO PEIIABIIMXCS paHee C MHCIOJIb30BAaHUEM pa3IUYHBIX METO/OB
MaTeMaTHUYeCKOr0 MPOrPaMMHPOBAHUS M CTOXAaCTUYECKON omTumuzanuu. DHPeKTUBHOCTH
TITyOOKOM ONITHMU3AINH, Ha HAIll B3TJISI, OTpeAeIsieTCs CIeayIonMMHU IByMsl (pakTamu:

- BCE MaTeMaTHYeCKHe MOJEIM ONHUCHIBAIOTCS rpadaMu, W TIyOOKHe HeHpoceTH
Terepb yMelT 00padaTsiBaTh rpadsl (Tak HazbiBaeMble MeToabl Deep Graph Embedding);

- eCiOM 3aJjauyd ONTHMM3aluu (HOPMYIHMPYIOTCS Kak 3aJadud Ha rpadax, To
coBpemennbie ['HC, ymeromme kinaccudunupoBats rpadbl, MOTYT IOMOYB PEIIATh TAKUE 3aa9H
IOyTeM BBIYYMBAaHHUS PpA3HOTO pojJa H3BPUCTHK. BakHelmeidl cocraBisiomeil rryOOKoi
onTUMHU3aluM sBhseTcss TexHoiorus padoret 'HC nHa rpadax. Ceromns cyiecTByeT
3HAUUTEIHLHOE KOJMYECTBO MOIX0I0B K mocTpoeHuto rpadoseix ['HC [14].

MoxHo yrBepkaath, uro oOydenue ['HC crano ceromus Hanbosnee >3hPpekTruBHON U
MPOPHIBHON TEXHUKOW ONTHMH3AIMHM, OCOOCHHO Ui IJI0X0 (hopMann30BaHHBIX 3axad. [locme
TOT0, KaK IS HEKOTOPOTro OOBEKTa WM CHCTEMBI CO3JaHa JIOCTAaTOYHO TOYHAs JNEHCTBYIOIIAS
MOJIeJb, 3Ta MOJIEITb MOXET ObITh MCIOJIBF30BaHA JUTSI ONTUMHU3ALNH YIIPABICHUS 00BEKTOM 00
camoro oobekTa. 10 B paBHOU crenenu oTHocutcs k BC, AK, uzgenusam BBCT, ux rpynmnawm,
BOMCKOBBIM COEAMHEHHUSM HWIIM >K€ aBUALlMOHHBIM HpeanpusTusM. Takum oOpa3om, 3Tan
CO3/1aHUsl W TIPUMEHEHHUS CpPEICTB «IIYOOKOH ONTHUMHU3ALUMW» SABISIETCS HEOOXOAUMBIM
JIOTUYECKUM TPOJIOJDKEHUEM 3Tama CO3JaHus «UU(pPOBBIX ABOMHUKOB» (BKIIOYAs CPENCTBA
MaTEMaTHYECKOT0, MOJYHATYpHOTO M MMMTALMOHHOTO MOJEIupoBaHus). be3 storo mens
nuQpoBU3aLMK aBUALIMOHHOM OTPACIN HE MOXKET ObITh JOCTUTHYTA.

Hcnonb3oBaHue BO3AYIIHOM HABUTALMM CTAJ0 HEOTHEMJIEMOW YacCThbHO JIBHUKEHHS
JeTaTeNbHOrO ammapata. Ha 5ToM oOCHOBbIBaeTCS NPUHIMI [OJE€Ta, NPAaBUIBHOCTh U
0€30MMacHOCTh JABMKCHHS BO3IYIIHOTO CyIHA. YKe ceiiyac CTajo BO3MOXHBIM KYITUTh YaCTHBIN
camoJsieT, OOCTYXMBaThb M OKCILUIyaTUPOBaTh. OJTO HEYAUBUTEIBHO, TaK Kak Hadalu
00pa30BBIBATHCS YaCTHBIE MIKOJIbI, YACTHBIE KOMITAHUY TOTOBBIE OOYUUTH JIFOOOTO YeTIOBeKa.

Hanpasnenue oueHb OypHO pa3BHBaeTCs Kak Ha 3apy0eKHOM pbIHKE, Tak U B Poccuu.
[TosToMy pa3BUTHE MajloOMl aBHAllMM CTajO TOJYKOM K IOSIBIEHUIO HOBBIX MJI€H U METO/OB,
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MHTEPAaKTUBHON cHCTeMbl OOy4deHHs, a TakkKe MPUMEHEHHE pa3IMYHbIX MOporpaMm U
M CITI0JIb30BaHUE PA3JINYHBIX CUMYJISTOPOB.

OnnuMm u3 Haumbosiee TEPCHEKTUBHBIX HANpaBICHUN SBISETCS MCIIOJIb30BaHHE
HelpoceTel B aBUALlMOHHBIX TPEHAXKEPAX B KA4ECTBE HEHUPOPETYIATOPOB, TaK KaK TPEHAXEPbI
npeaHa3HAuYeHbl MPeX/Ie BCero uisd oOydeHHs mpoliecca yrnpasineHus [2]. JlanHas mporpamma
ocHOBbIBaeTcsi Ha moctpoeHun HeiponHoi cetu (HC) rme cama HC [1] ¢ Touku 3peHus
MaIMHHOTO OOYyYEHUS MPECTABISIET COOOH YaCTHBIN Cydail METOA0B pacIO3HABAHKS 00pa30B,
JUCKPUMUHAHTHOTO aHajiu3a, METOJNOB KjacTtepu3auud M T. 1. C MareMaTUYeCKOW TOYKHU
3peHusi, oOyueHHE HEWPOHHBIX CETeM - 3TO MHOrOMapaMeTpuyYecKas 3ajada HeJIMHEHHOU
ONTHUMU3ALINY.

B 1996 rony ¢upmoii Accurate Automation Corp, Chattanooga, TN mo 3akazy NASA
u Air Force Obul pa3pa0oTaH 3SKCHEpUMEHTAIbHBIA aBTONMMIOTUPYEMBIM THUIIEP3BYKOBOM
camouet-pa3zpequnk LOFLY TE (Low-Observable Flight Test Experiment). Camonet umen aiuny
Bcero 2,5 M u Bec 32 Kr W ObUI NpeAHA3HAYeH JJIsl MCCIEJOBAaHUS HOBBIX IPHHIIMIIOB
nuwiotupoBanus. LoFLYTE wucnonbs3oBasi HEWpPOHHBIE CETH, MO3BOJSIONME aBTOMUIIOTY
00y4aThCsi, KOMUPYs MpUEMbl TIIOTHPOBaHUA IeTYHKa. [lockosbKy camoser ObUT MpeaHa3HaueH
JUISL TIOJIETOB CO CKOPOCTHIO 4-5 MaxoB, TO ObICTPOTa peakIuu MHJIOTa-4eJIoBeKa Moria ObITh
HEJI0OCTaTOYHOM /7151 a[IEKBaTHOTO OTKJIMKA HA U3MEHEHUE PEKUMa I10JIETA.

Taxkum 00pazom ucmonb3yst HeU€TKYyr0 Joruky HC OyneT ckoHCTpynpoBaHA MOJEIb
nyru apwxkeHus BC mo ompeneneHHOMY MapHIpyTy corjacHo oOyueHHOH cetu. B oOyuenue
CETH MOTYT BXOJUTH TaKHe Cllydal Kak MOTOJHBIE YCIOBHS, BBIOOP HAMCKOPEHIIEro Map IpyTa,
ONTUMAaJbHBIN MyTh MapIIpyTa U YCJIOBUS TOILIMBA.

OCHOBHBIM TPEUMYIIECTBOM SIBISIETCS MPOCTOTAa MCIOJIB30BAaHUSA M HaJu4yue B
CHUCTEME MCKYCCTBEHHOI'O MHTEIUIEKTA, KOTOPbIM MO3BOJIUT aHAJIM3UPOBATh CUTYALIHIO MOJIETa U
Ha OCHOBAaHUH MOJYYEHHBIX JaHHBIX MHJIOT CMOKET IPUHUMATh PEILICHUE.

BHenpenne MCKyCCTBEHHOIO MHTEJUIEKTAa HE 3aCTaBUIIO ce0sl kAaTb U B 00JacTH
aBUAIMOHHOW 0€30MacHOCTH, TaK KaK B JJAHHOHW CIIOXKUBIICICS CUTYallUd B MHPE HEOOXOIUMO
o0ecreynTh JOIMOJIHUTENbHbIE CpeACTBa OOeCledYeHHs] aBHAIMOHHOW Oe30MmacHOCTH B
asponoprax. bnaromaps HMCKYyCCTBEHHOMY HHTEIUIEKTY €KErOJHO JIOBAT IPECTYIHUKOB M
00€e3BpeXUBAIOT TEPPOPUCTOB MO BceMy Mupy. Hampumep, HMpOKO HCHONB3YIOT YMHbBIE
BUJICOKAMEPBI, KOTOpBIE YCTAHABIMBAIOT JINYHOCTH 4YeyoBeka. /[l mpenoTBpaiieHus
HECYACTHBIX CJIy4aeB M aBapUUHBIX CUTYaIUl, BBI3BAHHBIX YEJIOBEUYECKUM (haKkTOpamu, Mpexsie
BCETO MOTepeil KOHIEHTpauy BHUMaHusI Obl1a n300peteHa cucrema OKO.

Cucrema pazpaboTaHa Aisi MHJIOTOB, ABUAIMCIETYEPOB M COTPYAHHKOB JHOOBIX
OTBETCTBEHHBIX JOJDKHOCTEH, JESITEIbHOCTh KOTOPBIX OTJIMYAETCd MOHOTOHHOCTBIO U
MOBBIIEHHBIM  YpOoBHEM ycTamocTd. OHa OCHOBaHAa Ha OECKOHTaKTHOW TEXHOJIOTUU
HEIPEPHIBHOIO CJIEKEHUSI U paclo3HaBaHUs JIBMKEHHUH TJ1a3 W rojoBbl paboTHuka. CoyeTaHue
BO3MOYKHOCTEH 00OPYIOBaHUS U aJTOPUTMOB MO3BOJIMIIO MPAKTUYECKHU MOJHOCTHIO UCKITIOUUTh
JIO’)KHBIE CpabaThIBAHUS M 00€CTICYUTH YI0OCTBO IKCILTyaTaIHH.

CoBpeMeHHbIE TEHJACHIUU [2] pa3BUTHUSl ABUALIMOHHBIX CHUCTEM YIpaBieHHs (B T.U.
OOpPTOBBIX) CBSI3aHBI C WX JaJbHEUINEH WHTEIVICKTyaIM3alllieil, OCHOBAaHHON Ha TEXHOJIOTHIX
00pabOTKM 3HAHWI JUIs aBTOMATHU3alMHM (DYHKIUI YNpPaBICHUS W TOJICPKKH JEHCTBHH JUI
6oeBoro pacuera (wiu s’kunaxka JIA) kak B HOpPMaJbHBIX, TaK M B HEIITATHBIX CHUTYaIlUsX,
BO3HHUKAIONMX B mpouecce (QpyHKIuOHHpoBaHUSA. OIHUM W3 MEPCIEKTUBHBIX HANpaBICHUN B
CO3/ITaHUM MHTEIJIEKTYaIbHBIX CUCTEM YIIPABICHUS U IPUHATHUS PEILICHUH SBISETCA IPUMEHEHU €
MHC wu ux nporpaMMHO-anmapaTHOM peanu3anMu Ha 0a3ze HOBOro mnokoyieHus OBM —
HEHPOKOMIIBIOTEPOB. B HacTosIee BpeMsi CTAaHOBUTCS Bce 0ojiee OUeBUAHON HEOOXOIUMOCTh B
TaKOM THIIE CUCTEM YIPaBJICHUS aBUAlLlMel, KOTOpbIe ObLIN Obl CIOCOOHBI 00y4YaThCs B MpOIIECCe
CBOEH DKCIUTyaTalllH, T.€. YEM JIOJIbIIE IKCILIYyaTUPYETCS CUCTEMA, TEM JIydIlle OHAa CTAHOBUTCA.
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[Tytu pemeHus 3Toil mpoOIeMBl JIeKaT B paMKax KOHUENIIUU HHTEUIEKTYyalbHOTO YIPaBICHHUS,
BKJIfOUaroled B ce0f B KauyecTBE BEpPXHEro YPOBHS (YHKUMM TPUHATUS pEIICHUH,
IUTaHupoBaHuss M oOydeHus. OnHO M3 LEHTPAIbHBIX MECT B 3TOM KOHIENIMH IO IpaBy
3aHMMAIOT HEHPOHHBIE CETH, KOTOphIe Ojarojapsi CBOEH YHUBEPCAJIBHOCTH, MapajuiesbHOM
pacupeleieHHOW  apXUTEKType,  CIOCOOHOCTSM K  HENWHEHHOW  (QyHKIMOHATHHOU
anmpoKcUMaluu U 00y4eHUIO0, a TakKe JAPYrHMM IOJOKUTEIbHBIM KaueCTBaM MOTYT C YCIIEXOM
pemiaTh  BO3JOXKEHHBIE HAa HHX 3aJadd  yOpaBJCHHs, WICHTH(QHUKAIUH, aJalTalluH,
pacno3HaBaHus, KJIacCU(PHUKALUU, ONTUMHU3AIINH, C)KATHSI JaHHBIX, TPOTHO3UPOBAHUS U T. 1.

[lomyynna  pa3BuTHE  HEHPONPOMBIIUIEHHOCTb,  BKJIOYAIOU@As  psAJ  HOBBIX
TEXHOJIOTMUECKHX HHUII U CETMEHTOB: HEHPOHAHOYCTPOWCTBA M MEXaHHM3MBbI, THOPHIHBIC
CHUCTEMbl Ha OCHOBE COIpPSDKEHUS OWOJIOTMYECKMX U HAHO-TEXHOJIOIMUYECKHX 3JIEMEHTOB U
MaTepuasioB; 33-ne4aTh U KOMMPOBAHUE MAKpPO-, MUKPO- U HAHOMAaTEpHaJlOB, HAHOYCTPOUCTB U
HAHOYHUIIOB B OOJIBIIMHCTBE OTpaciield MPOMBIIUIEHHOCTH, a TaAKXKE B CTPOUTEIbCTBE, B UIICBOM
U JIeTKOM npoMblnuieHHocTH. Hampumep, B mae 2016 r. Airbus mpeacraBuiia nepBblii B MUpe
Halre4aTaHHbI Ha 3D-ipuHTEpEe MUHKUCaMoJIeT, a B OAD BriepBbie B MUPE HanedaTaan oprucHoe
31aHue Ha 3D-nipuHTepe [S].

Taxoke chepsl npumenerus 3D-nieyatu oueHs oOmmpHBL [IpoaykTsl 3D-meuaTn 9acto
IIPUMEHSIOT B PA3JIMYHBIX IPOU3BOJICTBAX: MAIIMHOCTPOEHNH, CTAHKOCTPOEHHH, dJIEKTPOHUKE, B
MPOU3BOJICTBE JIETAIBHBIX ammaparoB, B cTpouTenbcTBe. OcoOeHHO BocTpeOoBaHa Takas
IPOJYKLIMSI B OTpaciisiX, IJe HeoOXO0AMMO co3/laHue eIMHUYHBIX aetaneil. Hanpumep, NASA,
Boeing, Airbus SpaceX yxe akTUBHO HCHONB3YIOT 3D-TexHomoruu [Uisi IMeyaTd dacTeu
CaMOJIETOB U KOCMUYECKHUX Kopaoei [6].

CriocoOHOCTh HEHPOHHBIX CeTel K MPOTHO3MPOBAHUIO TAKKE aKTUBHO COUYETAETCS C
KOMIIbIOTEPHBIM 3peHueM. B 2010 roay cocTosuiuch nepBble TECThl OECIMIOTHBIX aBTOMOOMIIEH,
u k anpemo 2011 B JOHIOHCKOM a’pomopTy XuTpoy OBUIM 3amyIIeHbl MOJIHOCTBIO
aBTOMAaTHYECKHE MapupyTHble Takcu. OIHAKO 5STH CHCTEMBI JalleKO HE COBEpUICHHBI:
OecHnuIOTHBIE aBTOMOOMJIM IOKa HE B COCTOSHUU (DYHKIMOHUPOBATH B IJIOXUX MOTOJHBIX
YCIIOBUSIX, U HE MOTYT OTJIMYATh NEIIEX0J0B OT MOJUIEHCKUX.

B xome oKcrulyatanuu BO3AYIIHOTO Cy/[HA aBHAKOMIAHUM HECyT OoJjblme
ONEepallMOHHBIE PAcXOJlbl HE TOJILKO Ha TEXHHMYECKOe OOCHy)KHMBaHUE CaMOJETOB, HO M Ha HX
3aIpaBKy, OCOOCHHO C Y4ETOM COBPEMEHHOM TeHIEHIIMH poCcTa IIeH Ha aBUallMOHHOE TOITNBO. B
TEYEHHUE TMOCIETHEr0 ACCITHIIETHUS PACXOAbl HAa TOIUIMBO COCTaBWIM B cpemHeMm 28,2 % or
00X KCIUTYaTallMOHHBIX pacxo/10B. IMEHHO 03TOMY TOUYHAs OLIEHKA PAcXoja aBUAllMOHHOTO
TOIUIMBA UMEET OTPOMHOE 3HaUEHUE JJIsl aBUaKOMIAHUM C TOUKH 3pEeH Usl IPUOBLIH, BEJlb KaXK1as
JIUIIHSAS TOHHA KEPOCHHA YBEJIMYMBAET BEC CaMOJETa U, KaK CJIEJCTBHE, YBEIMUNBAETCS PACX0]l
TOIJIMBA BO BpeMs MOJIETA, U COKPAIIAETCS CPOK CITYXKObI IBUTATENIEH.

Ha nanHbIii MOMEHT OlleHKa pacxoja TOIUIMBA AJIs MOJETa OOBIYHO BBIMOJHSETCS C
IIOMOIIBI0O HMH)KEHEPHBIX IOAXOAOB M Pacy€TOB, YYUTHIBAIOIMX KOJMYECTBO M MOIIHOCTH
JIBUTaTeNIeil, pacCTOSTHUE MOJIETA, MACCy CaMOJIETa, TJITAHUPYEMYIO MOTOAY M XapakKTep MOJETa.
OnHako QakTHYeCKHe XapaKTePUCTUKH TMOJETa OOBIMHO OTKJIOHSIOTCS OT HPOTHO3UPYEMOit
OLICHKU. OTO OOBACHSAETCS CIIOKHOCTbIO TOYHOTO OIpeAeNieHus BCEX HEOOXOIUMBIX
KOA(GUIIUEHTOB Ui TPOBEIEHUS PAacYETOB, OCOOCHHO MJIsi 3TAloB B3JE€Ta W IMOCAJIKU, HA
KOTOpBIX (haKTHYEeCKUEe 3HAYCHHUS B CPEIHEM OTKJIOHSIIOTCS OT MPOTHO3UpPYeMbIX Ha 22,3 %,
npotuB 3 % ans stana Kpeicepckoro noséra. C 1enbro peleHus JaHHOW mpobiembl ObLia
paspaboTtana mojenb HelipoHnHoU ceTu «Cascade principal component least squares» (CPCLS).
Hnst oOydyeHuss HEHPOHHON CETH OBUIM HMCIOJIB30BAaHbI JIAHHBIE OJIHOM W3 aBHAKOMIIAHUM,
BBIIOJIHSIBILEH MEKIyHapOIHBIE PEHUCHI B PA3JIMUHBIX PETMOHAX B TeYeHHUE ABYX JieT. Ha ocHoBe
obyuaromeii  BbiOOpku CPCLS oOyudanmack mpenckaspiBaTh 3HAUEGHHE pacxoja TOIUIMBA,
MaKCHMaJbHO MpHUOIMKEHHOE K (paKTHYECKOMY 3HaueHHIo. B pesynbrare HelpoHHas ceTh
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Hay4ywIach MPOTHO3UPOBATh PACX0]] TOIIMBA HAa BECh MOJET C CPpEeAHEN MOrpemHocThio B 1 %,
YyeM JIoKa3ana coOCTBEHHYIO 3 pexTuBHOCTS [12].

Onna M3 KpymHEHIMX aBHACTPOUTENbHBIX KOMHIaHuii B mupe Airbus SE mpunsia
pelieHye o pa3paboTKe HOBOM aBTOHOMHOM CUCTEMBI YIIPABICHHUS CaMOJIETOM B paMKax IPOEKTa
«Autonomous Taxi, Take-Off and Landing» (ATTOL). /lanHasi cuctemMa mpearnoiaracT moJHyo
aBTOMAaTHU3ALMIO PYJIEHUS 11O a3poapoMy, B3li€Ta U nmocaaku camonéra. B ocnoe ATTOL nexut
TEXHOJIOTHSI MAIMHHOTO 3PEHUsI, OPUEHTHUPYIOL@AACS Ha BUJICOJAHHBIE C PACIOJIOKEHHBIX Ha
Kopmyce caMmoiéra Bujeokamep. B xoxe TecTupoBaHUs cHCTeMBI ObU1o mpoBeneHo Oonee 500
TECTOBBIX MOJIETOB, U3 KOTOPBIX 450 ObLIM MOCBAIICHBI COOPY HEOOPaOOTaHHBIX BUICOJAHHBIX U
TOYHOM HACTpOMKE alrOpUTMOB, a CEpUsl M3 ILECTH HCHBITATENIbHBIX IOJETOB, KaXIbId M3
KOTOPBIX BKJIIOYAJI MATh B3JETOB U IMOCAJ0K, UCIOIb30BAJIACh Ul MPOBEPKH BO3MOKHOCTEH
aBTOHOMHOro muiotuposanus. B 2020 roxy Airbus SE cooOmmi 06 ycrnemHoM 3aBeplieHUU
npoekta ATTOL wu 3asBmwi, 4TO HAa OCHOBE IIOJIYUCHHOTO OIBITa OYAET MOCTEINEHHO
MHTEIPUPOBATH TEXHOJIOTUU UCKYCCTBEHHOIO MHTEJIEKTAa B aBUALIMOHHYIO TeXHUKY [10].

HecomuenHo, aBromaTu3amus ObUla CB3aHa ¢ aBUalMel B mponuvioM. OQHAKO B IIEHTpE
BHUMaHUS Bcerjga ObUIM YeJIOBEYECKHIl KOHTPOJb M BMELIATEIBCTBO B BUJE MHIOTOB M
aBUAJMCIIETYEPOB. XOTSA B APYTUX OTPACIAX MPOMBIIUIEHHOCTH IPOBOIATCS SKCIEPUMEHTHI, B
00J1aCTH MCKYCCTBEHHOTO MHTEJUIEKTa HEe HAOIIOAAeTCsl TAKOTO pOCTa, Kak B chepe Ha3eMHOTO
TpaHcnopta. HekoToprle aBuakOoMIaHuM Yye nepepaboTaiu mpoiecc mpoaaxu OwmneroB. Ha
TOPU30HTE JOCTU)KEHHUS, CBSI3aHHBIE C IPOTHO3UPOBAHMEM 3aJEPKEK M IOBBIILIEHUEM
MoounpHOCTH. OAHAKO OAHO M3 CaMbIX OONBUIMX JOCTHXKEHUU OyIdeT CBs3aHO C KaOWHOM
MUJIO0TA.

He cekper, uTo B kaOuHe MUJIOTOB YK€ €CTh OMpeeieHHas apTomaTu3anus. Hampumep,
MPUIIOKEHUS U1 paclio3HaBaHUs rojoca Obun npeactasieHsl B 2015 roay B kauecTBe PyHKIUU
aynuoraHenel kaOWMHBI MUJIOTOB. B mpomnuiom rogy Takxke ObUIM INPEACTABIECHBI CEHCOPHBIE
Hapurannonubsie cucrembl GTN (['moGanpHas TenekOMMyHHKalMoHHas ceTb). Cucrema
BBIIIOJTHSACT HEKOTOPble (YHKIMHM BHMUMATEIBHOI'O BTOPOTO MHJIOTA, TAKME KaK MEPEKIIOUCHUE
pajvoKaHaJIOB, YTEHUE MPOTHO30B BETpa U MpeoCcTaBIeHuEe HHPOPMAUU O MECTOIOIOKEHUU
110 3a1pocCy.
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Pucynok 2 — CtpykTypa aBualiluoHHOM oTpaciu [3]

CylecTBYIOT «MHTEIUICKTYaIbHbIe» IU(POBBIE ACCUCTEHTHI B KAOWHE MUIIOTOB, KOTOPHIE
MOCTOSIHHO OTCJICKMBAIOT OMYOJIMKOBAHHBIE MPOTHO3bI M CPABHUBAIOT WX C IJIAHOM TIOJIETa
MUJI0Ta-4yesloBeKa. Takue MOMOIIHUKH PAaCCYUTHIBAIOT ONTUMAalIbHbIE MPOGUIN CHUXKEHUS HA
OCHOBE BECa U CKOPOCTH CaMOJIETA WA MPEAOCTABISAIOT PAI AJIbTEPHATUBHBIX HAIIPABICHUN TPU
M3MEHEHUHU BeTpa Wiau noroasl. OJHAKO y 3THUX MOMOIIHHMKOB €CTh HEKOTOPHIE OrPAHUYECHUSI.
Hanpumep, Texymme Bo3MoxxkHOCTH FMS 103BOJISIOT MOMy4aTh HHGOPMAIIHIO O BETpE HE Oomee
YeM Ha 3 ypOBHSX JJIA KaXKJI0M MyTeBOU TOUKHU.

Kpome TOro, CylecTByrOT HEKOTOpBIE NPUIIOKEHHS JUIsi HUCIOJIB30BAHUS B3JIETHO-
MOCAJJOYHOM TMOJIOCHl, TAKWE KakK IMpOrpaMMHas CUCTEMa, KOTOpas COIrJacOBBIBAET 3aXOJl Ha
MOCaJKy, CKOPOCTh W BEC camoJieTa C OMYyOJIMKOBAHHOW JUIMHOM, COCTOSSHHEM M MECTHOMU
MOrOJI0M B3JIETHO-NOCAA0YHOM MOJ0Chl. C MOMOIIBI0 MaTeMaTUYECKOW MOJENH MPOrpaMMHOE
oOecreyeHue BBIYHUCIIAET PacCTOsSHUE, HE0OX0AUMOe Ui MOCAAKH, U, €CJIM €ro HEeJOCTaTOuHO,
BBIJACT COOOILCHHE: «B3JIETHO-MOCAAOYHAS TMI0JIOCAa CIUIIKOM KOpoTkasy. OmHuM u3
KPUTHYECKUX HEAOCTATKOB SIBJISIETCSA TO, YTO 3TU MPUIIOKEHUS OCHOBAaHBI HA HEOOPAOOTaHHBIX
MaTeMaTHYECKUX MOJIETISX, a He Ha aHaJM3€ JaHHBIX. YUUTHIBAS 3TO, TPEOYeTCS HHTEPIIOSIIHS
u3-3a HeJgocTarka MHQOpMAaluu, 4TO MPUBOJUT K OOJBIIMM MCKaXEHUSM B pe3yibTaTax.
[TosTomMy Bce Oosiee MMPOKOE PACIpPOCTPAHEHHE B aBUAIMU TOIYy4alOT HEHPOHHBIE CETH,
JIMIICHHBIE MHO’KECTBA YKA3aHHBIX BbIILIE HEJIOCTATKOB.

CoObITHSI TOCHEAHUX MECSIEB, NPOU3OMICANIME C HEKOTOPHIMU KpYyMHEHIMMU
KOMIAHUSIMU a3POKOCMHMYECKON OTpaciid, a TakXKe C MEePCHEKTUBHBIMU IOCTABIIMKAMHU
MCKYCCTBCHHOTO MHTEJUIEKTA U TUIAT(GOPM MAIIMHHOTO 00y4eHUs, TIOKA3ali, KaK OTpacilb Oy/eT
BHEJPATH HEHPOHHBIE CETHU B OIKaiiieM OyayieM.

Airbus u ee maptHep mo paspaborke Future Combat Air System (FCAS) Dassault
Aviation HalleNneHbI Ha UCIIOJIb30BaHHE Heﬁ}DOHHLIX 1ceTe171 B Ka4€CTBE KJIFOYEBOI'O MHCTPYMEHTA
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IpOrpamMMbl Pa3BUTHs BO3AYLUIHOIO O0s CJEIYIOIIEro MOoKoJeHus ¢ ydactuem PpaHuuu,
['epmanuu u Vcnanuu st pa3paOOTKHA CUCTEMBI IIOJTHOCTHIO aBTOMATH3UPOBAHHBIX YIAICHHBIX
BO3JYIIHBIX TIATGOPM U UCTPEOUTENEH IeCTOro MOoKoJIeHus [7].

B 2019 romy Ha BupTyaqbHOM 3acedaHuu pabodeil rpynmbl mo obcyxkaenuro FCAS
Mexay Airbus M HEMEIKUM HWHCTHUTYTOM CBS3H, OOpaOOTKM HWHGOpPMAIMU U SPrOHOMHKHU
®paynrodepa FKIE obcyxnanochk ucnoiab3oBaHue HEHMpOHHBIX ceTeil. Tomac I'poxc, TimaBHBII
apxutekTop FCAS B Airbus Defense and Space, pacckasain rpymrme, 4To OH 00y4aeT HeHPOHHYIO
CeTh I HCIIOJIb30BaHMS B CHUCTEME BO3IYLIHOIO OO0s CIEOYIOILErO MOKOJEHUS Kak Crocol
ycTpaneHus ommOok ManmH. Grohs Takke paboTaer ¢ Tpynmod Haj pa3pabOTKON ITHUECKUX
IPUHLIUIIOB UCIOJB30BAHUSI HEMPOHHBIX CeTell B MCTPEOUTENAX U OSCIMIOTHBIX JEeTaTeIbHbIX
amrmaparax.

Assaia, OCTaBIWK PELIEHUH Ul HCKYCCTBEHHOT0 MHTEUIeKTa u3 L{topuxa, ucnomnb3yer
aJITOPUTMBbI paclio3HaBaHMs H300pakeHUN Ha Oasze rpaduueckux mnpoueccopos NVIDIA B
TEPMHMHAJIAX a3pONOPTOB U BOKPYr HHUX JUId 3aIUCH M OOydyeHHs HEHPOHHOM ceTH Ha BHJEO
pa3BopoTa camoJeTa, YTOObI IOMOYb aBUAKOMIIAHUSAM U MIOCTaBIMKAM YCIYT 110 OOCIIyKHUBAHHIO
CaMOJICTOB HUCKJIIOYUTH JEHCTBUS HAa IMOBEPXHOCTH a3PONOPTA, KOTOPbIE MOTYT HPHUBECTH K
3aJiepAKKaM.

VX HeilpoHHast ceTh TeHEpUPYEeT BPEMEHHbBIE METKH, CBSI3aHHbBIE C KAXKIBIM OT/AEIbHBIM
BUJOM OOCIIy)XMBaHMs CaMoOJIeTa, 3alledyaTieHHbIM Ha BHJAEO, BKJIOYas Iepeaady Oaraxa,
yOOpKy, MHUTAaHHWE M TOCAAKy Ha OOpT Cpeau JAPYTrHX IMpoleccoB. BpeMeHHBIE METKH 3aTeM
UCIONB3YIOTCS  aJTOPUTMAaMM  MAIIMHHOTO OOyd4eHus M OOBEAMHAIOTCA C  JAPYrUMHU
pENIeBaHTHBIMM HCTOYHUKAMH JAHHBIX JJIsI MPOTHO3WPOBAHUS CPOKOB KITFOUEBBIX COOBITHIA,
TaKMX Kak J03alpaBKa, B Ipolecce pa3Bopora camoiera. B 2020 roxy mexIyHapOaHBIH
asporiopt CumdTi-Takoma moxamucan corjameHne ¢ Assaia 0 Hadale pa3BepThIBAHUS HX
rpauuecKux MpoLECCOPOB I10 BCEMY a3pomnopTy [8].

PacrioznaBanue u300pakeHUN Ha OCHOBE HEMPOHHBIX CETEHl TaKXKe MPOUCXOTUT B
MEXKIyHApPOJAHOM a’pornopTy XuTpoy, rae IIargopMa HCKYCCTBEHHOTO HHTEIUIEKTa |
MaIMHHOTO 00ydeHHsi Aimee KoMmaHuu Searidge HMCMOIB3YeT CETh BBICOKOTOYHBIX KaMmep,
BBIPABHUBAIOLIMX B3JIETHO-TIOCAIOUHYIO TOJOCY, JUIi MOHHTOPUHTa TOJXOJOB M IOCAJOK,
4TOOBI IPEIYIPEUTh JUCIIETYEPOB O TOM, KOI/Ia B3JIETHO-10CAI0YHas Ioj10ca OyieT 6e30macHo
OYHIIEHA JUTS CIEYIOIIETO MPHOBITHS.

B Xwutpoy HelipoHHas ceTb Aimee s CEerMEHTAIlMU HW300paKEeHUHW MCIOJIB3YeT
apXWBHBIC BHJICO3AMKCH C KaMep, KOTOPHIE BKJIIOYAIOT B ce0s1 )KHUBBIE N300paKEHUSI CaMOJIETOB,
IpUOBIBAIOIIMX M EPECEKAIONIMX MTOPOT B3JIETHO-TMIOCAA0UYHOM MOJIOCHI, ITOCIIE YETOo CJeTyOIIHi
camosieT MOXkeT Oe3omacHo mnpuzeMiuThes. NATS, mocTaBUMK a’pOHAaBUTALIMOHHBIX YCIIYT
(ANSP) nmns BenmkoOpuTaHHH, XOYeT MCIOJIB30BaTh HEHPOHHYIO CETh MPUOBITHS BO3AYLIHBIX
CY/IOB JUTS OKa3aHHUs MOMOIIM JHcIieTdyepaM B XUTPOyY, KOTAa OHU (pU3MYecKH HE MOTYT BHJIETh
B3JIETHO-TI0CAI0UHYIO Ttosiocy [13].

[Ipobnema BHenpeHUs] HeWpoceTe B aBUALMOHHYIO OTpacib MPOUCTEKAET HE U3
TEXHOJIOTHYECKUX OrpPaHUYCHHH, a CKopee M3 ONpeAesieHUs NPaBUJIbHBIX BapUaHTOB
obecnieueHus1 0€30MaCHOCTH, KOTOPBIC YOeIIT CePTU(UKAIIMOHHBIC W PETYIUPYIOIIME OPTaHbl, a
TaK)K€ acCOIMalMM BOBJICUEHHBIX MpodeccuoHanoB. boiee Toro, BHeIpeHHWE TEXHOJOTHHA Ha
OCHOBE HelpoceTeil B 0OopToBOoe 00OpyIOBaHME SBIAETCS Oosiee CIOXKHOM 3agauei, 4eM
NPUMEHEHHE TEXHOJOTUH B HA3eMHOM IPOTPAaMMHOM OOECIEYCHHH HJIM WHUIMATHUBAX I10
YIPABICHUIO BO3AYIIHBIM JBUXCHHEM.

IlepBast mpobnema, KOTOPYIHO 3aMHTEPECOBAHHBIE CTOPOHBI MOTYT OOHApYKUTb IIPU
IPUMEHEHUH HelpoceTeill K pealibHbIM MpolieMaM 0e30IacHOCTH IOJIETOB B aBHAIMM, - 3TO
npo0sieMa 4epHOro SIIMKa B MCKYCCTBEHHBIX HEMpOHHBIX ceTsix (ANNS). HeliponHas ceTb - 310
YEepHBI ALK B TOM CMBICIE, YTO, XOTS OHAa MOXXET almIpOKCHMHUPOBATh JIIOOYI0 (YHKILHUIO,
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U3Y4EHUE €€ CTPYKTYpPbhl HE aCT HUKAKOIO MPEACTABIEHUS O CTPYKTYpE alnpOKCUMHPYEMOMN
GbyHKIIMU. DTO O3HAYaeT, YTO MOXKHO IpeJCKa3aTh COObITHE, CBA3aHHOE C 0Ee30MacHOCTHIO
MOJIETOB, C TOYHOCTHIO 99%, HO HET TOYHOro 3HaHMs (HAKTOPOB, CIIOCOOCTBYIOIMX 3TOMYy. B
STOM OTHOUICHUHU HCCJENO0BaHUS CAENaIM HECKOJbKO T'MTaHTCKHUX maroB. OJHO U3 HEAaBHUX
MHOT000€IAI0IMX pelleHui npenacTasieHo B npoekre Google DeepMind. Oto mpeacrasnser
coOOl TEepBYIHO UTEpAllUI0 TEXHOJOTUH CUYUTHIBAHUS COCTOSHUS HEHUPOHHBIX CETEeH,
MIO3BOJIAIOIIEH OJHOBpEMEHHO 00yuyaTh M mporpammupoBaTb ANN, 4YTO YaCTMYHO pelaeT
npobaeMy «4epHoro smmkay [11].

Eme onnoli HemaBHel pa3pabOTKOH SBISIETCS MCIOIB30BAaHUE MHOXKECTBA HEOOJBIIX
crnenuanu3upoBaHHbix  ANN, KOTOpbIE pelaloT YHUKAIbHbIE KOHKPETHBIE 3aJaud  C
HCIIOJIb30BAHUEM MOAXOJa KOHTPOJUPYeMOro oOydeHHs, a He YHUKanbHOU orpomHoil ANN,
KOTOpast 00y4aeTcs Ha OCHOBE OTPOMHOI0 Habopa faHHBIX. Cl0XKHOE MMOBEeIeHUE HE MOIIAeTCs
OpsIMOMY OCBOEHHIO, U yHUKanbHas ANN MoxeT cTaThb ()aKTOpOM HEO0XKHJIAHHOCTH,
IIPOSABIISAIONMMCS B HEXEJIATEIbHOM ITIOBEACHHUH; YTO HEIOIIYCTUMO B aBUanuu [9].

Takum o0Gpa3om, pacrio3HaBaHHe U300paKEHUM, CerMeHTaus U 00paboTKa NaHHBIX IS
BU3YaJbHOTO HaBEJICHUS Ha MOCAJIKY, BEJCHHE BO3AYIIHOTO 005 - 3TO HanboJjee MepCrleKTHBHbIC
BapUaHTHl MCIOJIb30BaHUS HelpoceTeld B aBuanuu. Daktuyeckas QyHKIHS HEWPOHHOH ceTH
OMHMCHIBaeTCs Kak hopMa oOHapyKeHHSI OOBEKTOB, TPU KOTOPOW M300pakeHNUs, aHATTU3UPYEMBbIe
CETBhIO, OMpPENENSAIOTCS KaK YeThIpe yria WM KOHTypa B3JIETHO-NOCAJOYHOW TOJOCHI, Ha
KOTOpYIo Oe3omacHO caauThes. HecMOTps Ha Halu4Me OIpeNeIeHHbIX PUCKOB B TIPUMEHEHUHN
MCKYCCTBEHHOTO MHTEJUIEKTa HEHPOHHBIX CeTel B aBUAIUH, JaHHBIC MHHOBAIIUY MTPEAOCTABISIIOT
ropa3fgo Oojbllle BO3MOXHOCTEH JUIsl pa3BUTHsSL OTpaciud, B ToM uyuciae B Poccun. B
MEXIYHApOJAHOM Maciurade aBUallMOHHAs OoTpacib Poccuu He SIBIsSETCS OTHOM U3 JIUIUPYIOIIX
U Ui ee TpaHchopManuu BO3MOKHO MCIOJB30BAHHUE OIBITA IMEPEIOBBIX AaBHAIMOHHBIX
KOMIAHUH MHUpa C IeIbl0 COBEPIICHCTBOBAHUSA U TOBBIICHUS KOHKYPEHTOCIIOCOOHOCTH
OTEUECTBEHHBIX AaBHUALIMOHHBIX MPEANPUATHS, YTO OCOOCHHO AaKTyaJlbHO B IEPHOJ
HKOHOMUYECKOU «TYpOYICHTHOCTH» M HECTAOMIBHOCTH.
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AHHoOTauMA: B HayuHOIi cTaThe paccMaTpUBAETCs MPOIIecC UccieloBaHne HHpOpMaIIuu
00 WMHCTPYMEHTaX C OTKPBITBIM HCXOJHBIM KOJIOM B cdepe (HOpeH3HKH, KOTOpPhIE OOBIYHO
MPEIOCTABIAIOTCA OHJIAWH M OecriaTHO. PaccMOTpuM BHIBI OOIIEOCTYMHBIX HHCTPYMEHTOB
(GOpeH3uKH M HMX OCOOCHHOCTH. B HeM OIMCBHIBaeTCS OCHOBHOE 3HA4Y€HUE TOr0, 4YTO TaKoe
KPUMHMHAJIMCTHKA, U TO, YTO JAHHBIE HHCTPYMEHTBI C OTKPBITHIM UCXOJHBIM KoJ0M (OSS) moryr
MIOCTIOCOOCTBOBATh B U3BJICUEHUU JJAHHBIX.

KiaroueBbie cioBa: (opeH3WKa, WHCTPYMEHTHI, KPUMHUHAIHCTUYECKAsh COPTHPOBKA,
nporpammHoe obecnieuenue, Open Source, aHTUKPUMHUHAIU3M.

Abstract: The scientific article examines the process of researching information about
open source tools in the field of forensics, which are usually provided online and for free. Let's
look at the types of publicly available predictive tools and their features. It describes the basic
meaning of what criminology is and what these open source tools (OSS) can contribute to data
extraction.

Key words: forensics, tools, forensic sorting, software, Open Source, anti -criminalism.

dopeH3nka — 3TO 007acTh, KOTOpPask UCIOJB3YETCA IIPU PacCiIelOBAHUN MHIUICHTOB.
OcHOBO# (opeH3uKH sBIsIeTCsT 00pabOTKa JaHHBIX, TOJYYCHHBIX B pe3ylbTaTte cbopa ¢
KOHEYHOTO0 YCTPOHCTBa, Ha KOTOPOM IHIPOM30LUIO KOHKpeTHoe cooObitue. Heobxoaumo
CHUCTEMAaTHU3UPOBaTh JAHHBIE M YCTAHOBUTH BCE BO3MOXKHBIE OOCTOSITENHCTBA HA MOMEHT
MHIUJACHTA, MPOU3OIIeIIMe KuOepaTaku M TOCIEICTBHS, K KOTOPBIM 3TO IPHBEIIO.
Paccmotpum, ¢ mOMOIIBIO KaKOTO HHCTPYMEHTA paO0TAOT KOMITHIOTEPHBIE CIICIIUATUCTHI [ 1].

dopensuka u pearupoanue Ha nHUMIEHTH! (Digital Forensics and Incident Response,
DFIR) — cnenmanu3upoBaHHas 0O0JACTh JACATCIBHOCTH, KOTOpas OXBaTHIBACT BBIIBICHHE,
YCTpaHEHHUE U paccliieZloBaHre UHIUAEHTOB knbepOezonacuocT. DFIR ucnonb3yercs Bee yaine,
MMOCKOJIbKY BC€ OOJIbIlie W OOJIbINE JIFOJCH HCIOIB3YIOT KOMIIBIOTEPHI B CBOSH MOBCEIHEBHOMN
JKU3HU, BKIItOYas cMapTdoHbl, UrpoBblie nmpuctaBku U HOyTOyku. DFIR momoraer mpusieds
JH000r0 K OTBETCTBEHHOCTH 3a IPECTYIUICHHS, CBS3aHHbIE C KOMIIbIOTEpaMH, Oyab TO
npecTyrieHus "OenbIX BOPOTHUYKOB', TaKkuMe KakK MPOCTUTYIMS, JETCKass mopHorpadus WU
pacTpara.

Wuctpymentsl, ucnosnb3dyemble B DFIR, sBmsitorcs OecriaTHbIMU IPOIpPHETApPHBIMU
IporpaMMamu, npuMensiemsle cnenuanuctamu DFIR i nmomyuenus pe3ynbTaToB M nepenadu
ux B cynebHyto cuctemy. OHU MO3BOJSIOT HMCCIEIOBATENSAM IPOCMATPUBATh COAEPKUMOE
JKECTKOIO JIMCKa, HE BHOCS HMKAaKUX M3MEHEHUH B XpaHsAIMecs Ha HeM JaHHbIe. [lomydenHas
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uHpopmaruss MoKeT ObITh H3BIEUEHA U3 YIAICHHBIX (aliaoB, 3anm@pOBaHHBIX WU
MOBpeXICHHBIX (aiinoB SearchSecurity [2][5].

dopeH3uka, Kak KiIrodeBas o001acTh KuOepOe3omacHOCTH, TpeOyeT OueHb TOYHBIX
METOJIOB M MHCTPYMEHTOB JUIS YCIICIHOTO paccieIoBaHus KuOeprpecTyuieHuii. B mocnenaue
rOJbl CTaJo SICHO, YTO MHCTPYMEHTHI C OTKPBITHIM HMCXOJHBIM KOJOM WTPAIOT BaXKHYIO POJIb B
ATOM TMpoliecce, odecreunBasi TMOKHi, 3P PEKTUBHBIN 1 OCTUIaTHBIN TOCTYIT K pecypcam.

dopeH3uKa CTAaHOBUTCS HEOTHEMJIEMOW YacThi0 OOpBOBI ¢ KHOEpPIPECTYITHOCTHIO,
NPEJOCTaBNIsAsE METOAbl W TEXHOJOruu s 3(PQPeKTUBHOro pacciefoBaHUs LHHUPPOBBIX
uHOUIeHTOB. OMHUM H3 KIFOYEBBIX ACIEKTOB COBPEMEHHOW HH(PPOBOM KPUMUHATUCTUKH
SBTISICTCSl MCIIOJIb30BAaHUE HHCTPYMEHTOB C OTKPBITBIM HCXOAHBIM KOJOM. B 3Toil crarbe
paccMaTPHUBAIOTCS BAXKHOCTH M IIPUMEHEHNE TAKMX HHCTPYMEHTOB B ITU(poBOH (hopeH3UKE.

Kpumunanuctudeckas coptupoBka (Forensic Triage) — 3To mpoliecc nepBoHavaibHOM
OIICHKH H KJacCH(pUKAIMU [HPPOBBIX JAaHHBIX B paMKax IHU(POBOro paccieaoBaHus
WHIUJIEHTOB Oe3onacHOCTH. OCHOBHAS 11€JIb KPUMUHATUCTUYECKON COPTUPOBKH - OMPEACTUTH,
KaKue JIaHHbIe SBJISIOTCS HauOoJiee BaKHBIMU U PENIEBAaHTHBIMM Ui JajbHEHIIEro aHaliu3a u
paccieIoBaHusl, U COCPEIOTOYNTH HA HUX YCUITHSL.

Kpumunanucrtuueckass coptupoBka (Forensic Triage) 0oOBIMHO HCIOIB3yeTCs, KOTIA
WHIUJIEHT CBs3aH C OOJIIIMM OOBEMOM JAHHBIX U IKCIEPTHI MO MUGPOBOH 0€30MacCHOCTH U
UCCJIeIOBaTeNId  XOTAT OBICTPO HWIACHTU(GUUUPOBATH apTePakKThl, KOTOPHIE MOTYT HMETh
OTHOIIIGHWE K UWHIHWJAGHTY. B pe3ymbrare 3TOro Imporecca JJaHHbIE MOTYT OBITh
KJIacCU(UITMPOBAHBI KaK "BakHBIE", "MOTEHIIMAIIBEHO BaXKHbIE" YIIH ""HE CTOJIb BaXKHBIE".

[IporpamMHOe oOecrieueHUE € OTKPBITBIM HCXOAHBIM KojxoMm (OSS) — 3t0 Habop
METO/IOB, HCIOJBb3yeMbIX [UIsi paboThl C HMCXOJHBIM KOJOM TIIPOrPaMMHOrO oOecreueHus,
CTaBIleTo OECIIaTHBIM B COOTBETCTBHU C 3aKOHOM 00 aBTOPCKOM IpaBe. BOJBIIMHCTBO
OTIepallMOHHBIX CHCTEeM OeCIIaTHBI, HO HE BCe, OOBIMHO Takke u3BecTHhIe kak OSS (becrnaTHoe
MPOrpaMMHOE 00eCIIeueHne C OTKPBITHIM HCXOIHBIM KOJIOM), HO B TOH HCCIIEIOBATEIBCKOM
CTaThe MBI PACCMOTPUM, YTO OOJNBIIMHCTBO ONEPANMOHHBIX CUCTEM — 3TO OecIaTHas Bepcusl.
W3onupoBaHHbIE IO UMEIOT pa3Hble KYJIbTYpPbl, KOPIIOPATUBHBIE MPAHULIBI, SI3BIKH U JIpYTUe
XapaKTEePUCTUKH, TO3BOJIAIONME UM paboTaTh BMECTE HaA CO3JaHHUEM  CII0XKHOTO,
HEHCKJIIOUUTEIFHOT0 MporpaMMHOro obecrnedenus. Ecnu mporpamMmHoe obecrieyeHuE C
OTKPBITBIM HMCXOJHBIM KOJOM M MOXET CBOOOIHO PACIPOCTPAHATHCSA, MCXOAHBIA KO OyaeT
pPacIpoCTPaHATHCS TAKUM e 00pa3oM, Kak U B PeKUMeE KOMIUIAIUU. JINIIEH3Us ¢ OTKPBITHIM
HCXOJHBIM KOJOM ObITa CO3/JaHa ISl TOTO, YTOOBI OOJIETYUTH JOCTYN K HEH I00OMY, KTO
3anpanmBaeT MCXOJHBIA KOJA TporpaMmbl. Jlemas MCXOIHBIA KOJ JOCTYIHBIM JUISL BCEX, BCE
COO0INECTBO MOXKET BHOCHTh W3MCHCHHUS W PACHPOCTPAHSATH CBOK COOCTBEHHYIO BEPCHIO
MPOrpaMMHOT0 00ecTeueHus, MOITOMY CTaOUIIbHOE MPOrPaMMHOE OOECIIEYEHHE C OTKPBITHIM
HCXOJHBIM KOJOM 3allMIIAeT IePBOHAYAIHLHOTO CO3JATelisi MPOrPaMMHOTO OOCCTICUCHHUs, He
ompenenser, Kak €ro MOXHO HCIONb30BaTh, W SBISAETCS YHUKAIBHBIM IS MPOAYKTa WU
MpOrpaMMHOr0 obOecrieueHus. Bbl He MoOXeTe OrpaHWYHMBATh HCIIOJIH30BAHUE JPYroro
MPOrpaMMHOTO OO0ECTeUYeHUs] M JODKHBI OBITh TEXHUYECKH HEUTPaTbHBIMU (C OTKPBITHIM
HCXOJHBIM KOJIOM, O€3 JIaThI).

Onau w3 Hambojee 4YacTO MPUMEHSIOIMX JHIEH3UH C OTKPBITBIM HMCXOJHBIM KOJOM
oxsaTbiBatoT GNU (rpaduueckyro cpeay ¢ HECKOJbKUMH pabouumu cronamu Linux), Mozilla
(Firefox, Thunderbird), MIT, BSD (Unix u T1.1.) u Eclipse (Eclipse IDE). He monarascer Ha
MOCTABIIMKOB TMPOrPaMMHOI0 OOecredeHus, MpPorpaMMHOe OOecreyeHue ¢ OTKPBIThIM
HCXOJIHBIM KOJIOM TTO3BOJIICT BaM MPe0oOpa30BbIBATH Ballle MPOrpaMMHOE 00SCIIEYCHHE BO BCE,
YTO HYXHO TOJB30BATENSAM U pa3paboTyukaM. ITO JAaeT MOJIb30BaTENI0 CBOOOIY HCTIOIB30BaTh
€ro, KOrJla OH W OHA 3aXOYeT, HO IIPH HEOOXOJAUMOCTH HA €T0 WIH €€ COOCTBEHHBIX YCIIOBUSIX

[2][4].
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C »Tolt nenpto ObUT pa3zpaboTaH HMHCTPYMEHT kiacca Forensic triage tool, KoTopbIit
MO3BOJISIET ClIeNaTh TMOJHYI0 KOIMHIO YCTpoHcCTBa HamMHOro Obictpee, oT 5 mo 30 MuHyT, B
3aBUCUMOCTHU OT TUIIA U 00BEMa JAHHBIX, U COACPXKUT TOCTATOYHO JaHHBIX JJISl pacCiieZIOBaHUS
WHLUJIEHTOB.

HMHCTpYMEHTBI C OTKPBITBIM HCXOJHBIM KOJIOM YCTPAHSIOT OIpeJesieHHbIE MpoOeibl B
KPUMUHAJIMCTHYECKUX  BO3MOXHOCTAX  coOcTBeHHBIXx  mHcTpyMeHToB  DFIR.  HaGop
MHCTPYMEHTOB JUIsl aHAJIM3a JaMIIOB TTaMsTH, AUCKOB, CETEBBIX TPACC, MOOMIBHBIX TeIe(OH OB,
n300pakeHU TMaMsITH C UrpoBbIX KoHcojeil. Ilomumo Toro ¢akrta, 4TO HEKOTOPHIE
MHCTPYMEHTHI OPUEHTHUPOBAHBI HA KOHKPETHBIE 001acTH (POPEH3UKHU B CHCTEMaX pearnpoBaHUs
Ha WHIUJCHTHI, K HEKOTOPBIM 3KCIIEPTaM 3TO HE OTHOCUTCH [4].

C ¢(unHaHCOBOWH TOYKHM 3pEHUs KOMITAHWHM W TPABUTENHCTBA BCETNA HIIYT CIIOCOOBI
COKpaTuTh OJpKeTHble pacxonpl, a uccienosarenu DFIR meitatorcs Haiitu  paOorty.
Uccnenosarenu, ucnonbdytonme uHctpymMeHThl DFIR, moryr mpennoxuth kineHtam Oojee
HU3KYIO IIEHY, YeM Te, KOMY HeOOXOIUMO IEpEeuucCliaTh IOPOroCTOSIIME 3aTpaThl Ha CBOHU
MHCTPYMEHTHI. [laxe /uis mpaBoOXpaHUTEIbHBIX OPraHOB, KOTOPBIM Jierye 000CHOBAThH PACXOIbI
B OIO/DKETHBIX OTUYETaX APYTMX BEIOMCTB, TAKUX KaK PETyIMPOBAHUE JOPOKHOTO JIBIXKEHUS U
HE3aKOHHBIH 000POT HAPKOTHKOB. M3-3a BBICOKOW CTOMMOCTH COOCTBEHHOTO TMPHIIOXKEHUS
3aTpaThl Ha TOCJEAyIoIlee OOHOBIIEHHE HWTHOPUPYIOTCS, B pe3ylbTaTe Yero IporpaMMHOE
obecrieueHne ycTapeBaeT U CTAHOBUTCS HEMPUTOIHBIM JUTsI Oy IyIMX HCCIeA0BaHu [5].

Ocnoegnbie 3a0auu Open Source é popen3uke:

- IOCTYIMHOCTh U OECTIATHOCTH;

HNuctpymentsl Open Source ¢ OTKPBITBIM HCXOAHBIM KOJOM CTAHOBATCSA OECLIEHHBIM
peCypcoMm it OpraHu3aIuii ¢ orpaHuYeHHBIMU Oro/pkeTaMu. CBOOOIHBIA M OECTUIATHBINA AOCTYII
K BBICOKO?()()EKTHBHBIM HHCTPYMEHTaM, Kak autopsy u volatility, mpenocrasnsercs Oonee
IMPOKOMY KPYry mpodeccuoHanoB B 001acT (POPEH3UKH.

- TMOKOCTh U HACTPauBaeMOCTh;

I'mbkocts Open Source MHCTPYMEHTOB C OTKPBITHIM HCXOAHBIM KOJIOM IO3BOJISIET
aJlaliTUPOBaTh UX K KOHKPETHBIM HCCIIEA0BATEIbCKUM 3aJadyaM. DKCIIEPThl MOTYT HACTpauBaTh
MHCTPYMEHTBI, CO3/1aBaTh M10JIb30BATEIBCKHUE MOAKIIOUAEMbIE MOIY/IN U aJalTHPOBaTh paboune
IPOLECCHI AJIS1 PearupoBaHUs Ha U3MEHSIONMECS CUTYalluu ¢ KUOepyrpo3amH.

COOOIIECTBO U TOJICPIKKA,;

AKTHBHOE COOOIIECTBO, COCPEAOTOUCHHOE HA MPOCKTAX C OTKPHITBIM HCXOTHBIM KOJIOM,
rapaHTUpYyeT CTaOMIBHOCTh M OOHOBIEeHHS. [locTosHHOE B3aMMOAEWCTBHE M OOMEH OMBITOM
BHYTPU COOOIIECTBA CHOCOOCTBYeT OBICTPOMY pEarupoBaHWIO Ha HOBBIE YIPO3bl U
TEXHOJIOTUYECKHUE U3MEHEHMUS [6].

HuctpymenTsl Open Source ¢ OTKPBITHIM MCXOJHBIM KOJIOM MPEUIaraloT HEOCIIOPUMBbIE
IpeuMyIiecTBa B 0061actu GopeH3uku. Bo-mepBbiX, UX OTKPBITHIN HCXOAHBIM KOJ 0OecreunBaeT
IPO3pPAvyHOCTh U TIO3BOJIIET POBEPATh PYHKIIMU Ha O€30MacHOCTh M HAAECKHOCTh. BO-BTOPBIX,
MHCTPYMEHTBI C OTKPBITBIM HCXOJHBIM KOJOM JOCTYHNHBI O€cCIIaTHO, 4YTO JeNaeT uX
JOCTYIIHBIMM IIMPOKOMY KpYT'y IOJb30BaTElIEH, BKIIOYAas OPraHU3AlMd C OTPaHUYCHHBIM
OromkeToM. ['MOKOCTh M MHIAMBUAYATU3AMS STUX MHCTPYMEHTOB TaK)K€ UTPAIOT BAXKHYIO POJIb
¥ MOTYT OBITh aIalTUPOBAHBI K KOHKPETHBIM IIOTPEOHOCTSIM 00CIIeIOBAaHUSI.

[Monynspusie Open Source MHCTPYMEHTHI B (opeH3uke spisirorcs Autopsy, Volatility,
Wireshark - mumm HekoTopble U3 momynspHbix Open Source MHCTPYMEHTOB, UCIOJB3yeMbIX B
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nugpoBoil (opeHszuke. Autopsy mpenocTapiser Trpaduueckuil uHTepdedc ans aHamM3a
(baiIoBBIX CHCTEM M METaJaHHBIX, YIIPOIL@As Mpoliecc u3BnedeHus Lu@poBbIx ciaenoB. Volatility
CHEIMAM3UpYyeTCsl Ha aHajlu3e JaMIIOB ONEpaTHUBHOM MaMSATH, YTO TIIO3BOJISET BBIABISATH
BpPEIOHOCHBIE TporpaMMbl M aTaku. Wireshark siBisieTcsi MOILHBIM aHAIU3aTOPOM CETEBOTO
Tpaduka, HOMOTras UCCIEeOBATENISIM MOHUTOPUTD M aHAJTM3UPOBATh CETEBYIO aKTUBHOCTS [ 7].

Autopsy: I'nyookuit Ananuz @aitnoevix Cucmem u Memaoanmnwix

Autopsy TpenocTaBiseT BO3MOXHOCTb BBIIOJHUTH JACTaNbHBIA aHanmu3 (¢aiaoBoil
CHUCTEMBI U MeTaJaHHbIX. OH UCMONIB3YeT rpaduveckuii nHTepdeic st o0eryeHus mporecca
U3BIEYEHUS! ITU(POBBIX CJIEIOB U BOCCTAHOBICHMS CTPYKTYP JAHHBIX, MPEAOCTABISIS yAOOHBIE
WHCTPYMEHTHI BU3YaIH3aLIHH.

Volatility: Ananuz /lamnoe Onepamuenon Illamamu

Volatility - BaxHbBIi HMHCTPYMEHT JUIi aHaJW3a JaMIIOB OIEPAaTUBHOW IaMSTH.
Uccnenosarenn MOTyT HMCHONB30BaTh €ro JUisl BBISIBICHHUS ciedoB BpeaoHocHoro [IO u
MOHUMAHHUS IPOLIECCOB M CETEBOI aKTUBHOCTH, KOTOPBIE MPOU30LIUIA BO BpEMs aTakH.

Wireshark: Monumopunz u Ananusz Cemeeozo Tpaghuka

Wireshark mnpenoctaBiasieT BO3MOKHOCTH OTCIEXKHBAaTh W aHAJU3UPOBATH CETEBOM
Tpaduk. MTHCTpYMEHT TIO3BOJISET BBISIBIISATH CETEBBIC aTAaKH, BBISIBISITH YI3BUMOCTH U TIPOBOJIUTH
1 (POBBIE OMPOCHI, HCITOJIB3YS TAHHBIE O CETEBOW aKTUBHOCTH.

OSForensics: Humezpuposannuwtiit Ananus /[luckoe u Peecmpa

OSForensics mpejyiaract MHAPOKUN CIEKTp (QYHKIMA IS aHadM3a JUCKOB, (ailIOBBIX
cucteM M peectpa. Ee KOMIUIEKCHBIM Moaxod oOJerdaer pacciieJOBaHHE CIOXKHBIX CIIydacB
kubepnpectynHoctu [ 7].

Bosmosicnocmu pazeumus

C mnosiBIEHHMEM HOBBIX TEXHOJOTHMH M HW3MEHEHHEM TAaKTHUKU KHOEpIPEeCTYITHUKOB
MHCTPYMEHTBl C OTKPBITBIM HCXOJIHBIM KOJOM IHIPOJOJKAIOT pa3BuBaThes. [Ipoext Oyzmer
aKTUBHO BHEIPSATH HOBBIC aHATUTHYECKHE METOJIbI, YIydlllaTh UHTEepQEic U alanTUpOBaThCs K
HOBBIM BBbI30BaM B 00JIaCTH LIU(PPOBOI OE30MACHOCTH.

[IpakTHyeckoe MpuMEHEHNUE HHCTPYMEHTOB C OTKPBITBIM UCXOAHBIM KOJIOM B (JOPEH3UKE
ObUIO MPOJEMOHCTPHUPOBAHO MHOTOUYMCIIEHHBIMM IPHUMEpaMH YCHEIIHbIX pacciefoBaHuil. OT
aHanM3a JaMIOB MaMSATH 10 BbIIBIEHUS CJIEA0B BPEIOHOCHOIO M0, BU3yalM3allUd CETEBOU
aKTUBHOCTH M WJAEGHTU(QUKALMKU aTaK - OHTH CPEACTBAa MPEAOCTABISAIOT HHXXEHepaM IIo
0€30MMacHOCTH M dKCHepTaM B o0nacTu HUPPOBOM KPUMHUHAIMCTUKU CPEACTBA Ui TOUHOTO U
s exTuBHOTO paccueoBaHusI HHITUACHTOB [ §].

Hcnonp3oBanne Open Source HHCTPYMEHTOB C OTKPBITBIM HCXOIHBIM KOJOM B
(dopeH3uKe CTAaHOBUTCS HEOTHEMJIEMOW YacThl0 YCHEIIHBIX pacciefoBaHuii. braromaps
OTKPBITOCTH, TMOKOCTM M MOMAEpPKKE cooOIIecTBa 3TH HMHCTPYMEHTBI MOIYT IIOMOYb
crernuanuctaM no 6e3ornacHocTd 3PPEeKTUBHO OOPOTHCA C COBPEMEHHBIMH KHOEpyrpo3amMu u
o0OecrieunBaTh  COXPaHHOCTh  LU(POBBIX  Joka3aTesnbcTB.  Cienyer  OTMETHTh,  4YTO
CTPAaTernyecKuil BHIOOP KOHKPETHOTO HWHCTPYMEHTA JOJDKEH 3aBUCETh OT KOHKPETHBIX
TpeOOBaHUN KOHKPETHOTO 00CIIe1I0BAHHUS.

[Ipumenenue Open Source HUHCTPYMEHTOB B (DOPEH3UKE CTAHOBUTCS BCE 0OJIE€ BaXKHBIM
3JIeMEHTOM B cdepe KubepbesomacHOCTH. OTKPBITOCTh M THOKOCTh 3TUX HHCTPYMEHTOB
MIPEIOCTABIISIOT BO3MOKHOCTH JUIsl CO3/1aHHsSI MHHOBALIMOHHBIX METOJOB paccieloBaHUs M
o0ecrneunBaoT AOCTYMHOCTh Ul HIMPOKOM ayauTopuu. CoBpeMeHHblE BBI30OBBI B 00JIACTH
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KHOEpIIPECTYITHOCTH TPeOyIOT BCECTOPOHHETO mojaxoaa, 1 Open Source MHCTPYMEHTHI YCIEIHO
BIIMUCBHIBAIOTCSI B OTOT KOHTEKCT, oOecreunBas 3¢ (EeKTUBHBIE CpeAcTBa i OOphrOBI C
U (ppPOBBIMU yrpO3aMHU.

Hcnonms3yroTcsi MHOKECTBO  JIOCTYITHBIX HHCTPYMEHTOB (DOPEH3UKH C OTKPBITBIM
HCXOJHBIM KOJIOM, KOTOpBIC MO3BOJIIIOT BaM HCIOJB30BaTh Bce, M30eras MpU STOM OILIATHI
KOMMEPYECKUX MPOAYKTOB, HO €CTh TaK)K€ HECKOJIbKO XOPOIIMX KOMMEPUECKIX HHCTPYMEHTOB.
[Tockonbky QopeH3uka - O4YeHb OONMpHAs O00NaCTh WCCICIOBAHWM, BaXHO H3YYUTh U
MPOTECTUPOBATH APYrH€ CHOCOOBI BBISIBICHHS aHTUKPUMUHAIU3MA U MPOTHUBOJCHCTBUS MY, a
HE TI0JIaraThCsi HCKIIOYUTEIBHO Ha OJIMH U3 HA0OPOB HHCTPYMEHTOB.

Cnucox JiuTepaTypbl:
OnexTpoHHBIA pecype: https://www.itsec.ru/articles/obzor - utilit-dl ya-sozdani ya-forensi c-triage-
osobennosti -i-vozmozhnosti
OnexTpoHHbIA pecypc: https://a-erickson.conmyopen-source-software-in-digital -forensics/
[TepeBo3uuk b, (2012). CnyaT Kur. IIpoBepeno 15 anpens 2012 T.
DnexTpoHHbIH pecype:  http://www.sleuthkit.org/sl euthkit/index.php.
Cwmuxait. (okts0pp 2007 r.). Cuctemnoe ammuHucTpupoBanne UNIX: Solaris, AIX, HP-UX,
Tru64, BSD. Ilonydeno 27 anpens 2012 r.
DnexTpoHHbI pecype: http://blog.boreas.ro/2007/10/digital -forensi c-tool s-imagi ng.html
DFF (nd) Cucrema mugpoBbIX paccienoBaHUi ¢ OTKPBITBIM MCXOAHBIM KojoM. [lomydeno 17
anpens 2012 r.
DnexkTpoHHbIH pecype: http://www.digital-forensic.org/
@oppucran k., lumm I'. 8 guBaps 2001 r. Ckanepbl oueHku ysa3BumocTeld. CeTeBble
BBIYUCIICHUSI.
OnexTpoHHbIH pecype: http://www.nwc.com
Hukxenb, b. (utonp 2012 r1.) IlpakTnyeckas KOMIbIOTEpHass KpPUMHUHAIUCTUKA C
M CII0JIb30BAaHUEM HHCTPYMEHTOB C OTKPBITHIM HCXOIHBIM KOJOM, IoaydeHo 23 anpesns 2012 r.
DnexTpoHHbIi pecypc: Www.digital forensi cs.ch/nikkel 08.pdf
OtkpeiThiii ucTounuK. (nd) OnpeneneHre OTKPHITOrO UCXOJHOTO Kojia. MIHUIMaTuBa OTKPBITOrO
HCXOJHOTO KOJa.
DnekTpoHHBIH pecypc: http://www.opensource.org/docs/osd
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CUCTEMA 5 «S» -IISITh IHATI'OB K UIEAJIBHOMY PABOYEMY MECTY
KJIIOY K YCIIEXY.

Ockenobaea I'yiab:xxan ApunoaeBHa
Macrep mpou3BOACTBEHHOTO 00yueHUs, AJIMAaTUHCKHUMA KOJIJIEIK CEPBUCHOTO
obOcmyxuBanus. Anmatsl, Kazaxcran
Boxoanosa ’Kanap Haypri36aeBHa
MacTep npou3BOACTBEHHOTO 00y4eHus,
AJMaTUHCKHI KOJUIEIIK CEPBUCHOTO
oOciyxxuBanus. Anmatsl, Kazaxcran

d https://doi.org/10.5281/zenodo.10459504

To Cite: OckenbaeBa ['ynmexan ApunbacHa, & boxxO6anoBa JKanap Haypreizdaena. (2024).
CUCTEMA 5 «S» -IITh HIAI'OB K UJAEAJIBHOMY PABOYEMY MECTY KIIIOU K
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https://doi.org/10.5281/zenodo.10459504

AHHoOTanuA: XiebonekapHas ¥ KOHAUTEPCKasi IPOMBIIIICHHOCTD SBISIETCS U3 BEIYIIAX
MUIIEBBIX oTpaciell Pecmyonuku Kazaxcran, KoTopoe BhITyCKaeT MHOTHE BHJIBI U COpTa Xiiebda 1
X71€000yIOUHBIX M3JICTUH Pa3IMIHOTO accopTuMeHTa. Hampumep, ¢popmMoBOM, MOIOBEIA Xi1e0,
NIIEHUYHBIX U P>KAaHBIX COPTOB, CIOOHBIE OYIOUHBIE U3JIENNs, TUETUYECKUE U3JIENNs, CyXapHble
1 OapaHOYHBIC W3JIENHS, KOHIUTCPCKHAE M3ACTHS U MPSHUKU Pa3IMYHOTO acCOpTHMEHTa. J{is
3JI0pPOBOTO Pa3BUTHS COBPEMEHHOIO UEJIOBEYECKOTO 0OIIecTBa Oblla MpU3HaHa U 00CYXACHA Ha
MHOTHUX MEXAyHAapoaHbIX KoH(pepeHusax. [loaToMy ocHOBHOE 3HaUeHHE MMEET OE30MaCHOCTh
BBIIIYCKaeMOM MPOLYKIMH.

JI1st 310pOBOrO pa3BUTHUSI COBPEMEHHOT'O YEIOBEYECKOro oOluecTBa Oblia IMpHU3HAHA U
o0CyXJIleHa Ha MHOTHX MEXIyHapOAHbIX KOH(pepeHuusx. [loaToMy OCHOBHOE 3HAUEHHE UMEET
0€301MacCHOCTD BBITYCKaeMOMN PO TYKIIHH.

Cucrema 5 «S» - Obuta pazpaborano B SnoHHH B cepeauHe mpouuioro Beka. Cucrema
OpraHU3alliy U palliOHATU3alN} pab0YiX MECT, HallpaBJeHHas Ha MOBBIIIEHNE 3PPEKTUBHOCTH
U YIPaBISIEMOCTH ONEPAMOHHON 30HBI, YBEIMUCHHE MPOU3BOJUTEIBHOCTH TPYA, SKOHOMHIO
BPEMEHH M COBEpIICHCTBOBAHME KOPIOPATUBHOM KynbTypbl. KoHuenuus OepexiuBoro
MIPOU3BOJICTBA 5S TMOpa3yMeBaeT, YTO BCE COTPYAHHKHU MPEINPHUATHSI — OT YOOPUIMIIBI O TOT-
MEHEKEPOB — COOJIOIAI0T HECKOIBKO MPOCTHIX MpaBuil. [Ipu 3ToM He TpeOyeTcsi pUMEeHEeHus
HOBBIX YIPABJICHUYECKHUX IPOTPAMM U TEXHOJIOTHH.

e 5S:
* co3aHue KOM(OPTHOrO MCUXOJOTHIECKOTO KIIMMAaTa, CTUMYJIMPOBAHKE KEJIaHUs paboTaTh;
MOBBIIICHUE TPOU3BOJUTEIBHOCTH TPY/Aa; * CHIDKEHHE 4YHCIa HECYACTHBIX CIIy4aeB;
MOBBIIICHUE YPOBHS KadecTBa MPOIYKIMH, CHI)KCHHE KOJIMYeCTBa Je(PEKTOB. CO3TaHUE
KOM(OPTHOTO MCUXOIOTUYECKOTO KIMMAaTa, CTUMYIUPOBAHUE KeJlaHUs paboTaTh; * MOBBIIICHUE
MMPOU3BOAUTCIBHOCTU Tpydad, ®* CHHKXCHHC 4YHMCJIa HCCHACTHBIX CJIy4acB, ¢ IMOBBIINICHUC YPOBHA
KauecTBa MPOIYKIINH, CHI)KEHHE KOTHYecTBa e()EKTOB.

—
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HcTopust 1 IpUHLIKIIBI CUCTEMBI 5S

bepexnuBoe mpousBoacTBo SC B KauecTBe ¢uiaocoduu B mepBbie ObUIO BHEIPEHO HA
ANOHCKUX  NpeanpusATuax Imocie Bropon mupoBol BOHHBL —M3HawanpHO cucTreMa
nmpeaycMaTpuBaia Bcero 4 nelcTBus, To3aHee Ao0aBuiochk S-e. CrnoBa, 0003HAYarONMe UX, B
SAIMOHCKOM s3bIKe HauMHalTCs Ha «C», 4TO W JIETJI0 B OCHOBY Ha3BaHUs KOHIenuuu. B
coBpeMeHHOM nuTepnperanuu SC — 3To:
1. CoprupoBka. UeTkoe JieiieHuE BCEX BEILIEH HAa HYXHBIE U HEHY)KHBIC, IPUYEM OT MOCICIHUX
HEeO00X0IUMO N30aBUTHCS.
2. Cobaoaenne nmopsiaka. Kaxapii mpeaMeT HaxoAUTCs HA cBoeM MecTe. Takas opraHuzanus
XpaHEeHUs BeIlel MO3BOJISET HE TPATUTh BPEMS Ha UX TTOUCKHU.
3. Coaep:xxkanue B uncToTe. Pabouee MecTo Bceraa JOHKHO OBITh YHCTHIM M aKKypaTHBIM. 3a
MoAJep)KaHUEeM MOPSAKA JOTHKHBI CIIETUTh BCE COTPYIHUKH.
4. Cranpapruzanus. Baxxnoe ycioBue i COOMIOACHUS HA3BAaHHBIX BBIIIE  TIPABHIIL.
[Ipenmonaraer cozgaHue HEOOXOAMMBIX MHCTPYKIIMI U APYTHX PEriaMeHTOB.
5. CoBepmieHcTBOBaHHe. B OykBaJbHOM TME€peBOJE C SAMOHCKOTO — «BOCHUTAHUE». Y
COTPYIHUKOB JIOJDKHA C(HOPMHPOBATHCS TMPUBBIUKA TOYHOTO COONIOACHHS YCTAaHOBICHHBIX
MpoLeayp, CTAHAAPTOB U MPABUII.

.
04D 5 AR

Kak BHeapuTs cucrtemy 5S

Bueapenne cuctemsl 5SS HEOOXOIUMO MPOU3BOIUTH MOITAITHO. DTO MO3BOJIUT JOOUTHCS
ONTUMATBHOTO Pe3yNbTaTa, MPUIATh U3MEHEHUSIM ILIAHOMEPHYIO (popMy, YCTIEITHO MPEOI0NIETh
BO3MOXXHOE€ COIMPOTHUBIEHUE MepcoHana. [Ipomecc MOXHO pa3OUTh Ha CIEAYIONIME dTAambl WIH
3aJIauH.
O3HaKOMHTBCH ¢ NIPUHUUIIAMH  IPUHATH cucTeMy SC B KOMIIAaHWH.
HaBecT nopsiiok M 1e/1erHpoBaTh 0TBETCTBE HHOCTD.
Onpenenuts CTPYKTYpy TEXHOJIOTUYECKOTO IPOIiecca U MIIAHUPOBKH MOMEILICHUH.
Pa3bscHUTH OCHOBBI KOHIIETIIIUY 5S KOJIJIEKTUBY KOMITAHUH.
[TpoBecTu o01IyI0 YOOpKY MOMEIICHHH U MPUJIETAIONICH TEPPUTOPHH.
Brenputh nporpaMmy Ha BCeX MPOU3BOJICTBEHHBIX YUaCTKaX.
Hcrnonb30BaTh KOHTPOJIBHBIE MPOBEPKH JJIsi OLEHKHU YCHEIHOCTH BHEAPEHUs KOHUEMIUU
OepeKITUBOTO TPOU3BOICTRA.
CHUM3UTD KOJUYECTBO OTXOJIOB (110 BO3MOKHOCTH).
Co3znaTh YUCTYIO ¥ 6€30MacHYIO MPOU3BOJICTBEHHYIO CPETy.
Pa3paborath cucTeMy MOTHBalMH pabOYUX U COTPYIAHHKOB oduca.
ObecnneyuTh PperyJsipHoOCTb JCHCTBHI 1O MNONIEPKAHUI0O YHMCTOThbI, IPOBeJIeHUE
nepuoauYeCcKOro KOHTPOJIA.
CrangapTu3upoBaTh Npoueaypbl U NOCTENEHHO YCHJIMBATH TPeOOBaHM.

( 1
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Pe3ynbpTaThl BHEPEHUS CHCTEMBI 5S

B noBcenHeBHOW AEATENBHOCTHM KOMIIAHUM CcUCTeMa S5S 1ToMoraer MoJAep>KUBaTh
OpPraHHW30BaHHOCTh U MPO3PAYHOCTH MPOU3BOACTBEHHBIX IPOLIECCOB. DTO MO3BOJISAET MOBBICUTH
3(PeKTUBHOCTH pabOTHI MPEANPUATHS B 1IEJIOM. B pe3ynbrare yCcrnemHoro BHeIPEHUS CUCTEMBI
5S Ttakke ymy4ymaroTcs YCIOBHS Tpyda, MO3TOMY IOBBIIAETCS €ro MPOU3BOIUTEIHLHOCTD,
YMEHBIIIAETCS PHUCK IMPOCTOEB, CHUXKAETCS KOJMYECTBO (DMHAHCOBBIX MOTEph. BoT ognu u3
BO3MO>KHBIX ITIOCOB NMPpUMEHEHUsI KoH1enuuu SC:

YMEHBUIEHHE HECUACTHBIX CIIy4aeB Ha MMPOU3BOJCTBE;

yAy4IIeHUE KauecTBa BHITYCKAEMOM MPOIYKIINHU, CHUXKEHHE MPOIIEHTa OpaKa;

CTaHJapTU3alus U yHHPUKAIKsI pabounx MecCT;

COKpAIlIEHHE BPEMEHU Ha BBINIOJIHEHHUE OTJEIbHBIX TEXHOJOTHUYECKUX OMEPALUi.

1 S— ynajieHHe HEHYKHOIO

2 S— pauMoHAaJbHOE pa3MellleHHe MpeIMeTOB

3 S— y0opka, npoBepKa, ycTpaHeHHE HEUCIIPABHOCTH.

4 S—cTaHjaapTHU3anus MPaBUJI

5 S IMCUUNIHHAPHOCTH U OTBETCTBEHHOCTH

1 S- CoprupoBka (coupu) — UETKOE pa3JelieHHE Belle Ha HYKHbIE U HEHYXHBIE H
n30apieHne ot nmociaeaaux. O3HavaeT, 4To BBl BEICBOOOXKIaeTe pabodyee MECTO OT BCETO, UTO HE
MOHATO0UTHCS TPH BBIMOJHEHWH TEKYIIMX IPOWU3BOACTBEHHBIX orepanuii. Paboune u
PYKOBOJIUTENN YacTO HE MMEIOT IMPUBBIYKU M30aBIATHCA OT MPEIMETOB, KOTOphIE OOINbIIE HE
HY)KHBI JJ1s1 paOOThI, COXpaHss WX MOOJU30CTH «HA BCAKHHA MOXKApHBIA ciydaity. OOBMHO 3TO
MPUBOJIUT K HEIOMYCTUMOMY OECIOPSIIKY MM K CO3JIaHUIO MPEMATCTBUN Ui MEepeMeElIcHus B
pabouei 30He. YAalleHHE HEHYXHBIX MPEIMETOB M HaBEJACHHE MOpsAIKa Ha paboueM MecTe
yAydIlaeT KyJIbTypy W Oe3omacHocTh Tpynaa. UToObl Oojiee HArasiiHO MPOAEMOHCTPUPOBATD,
CKOJIBKO JIMIIHETO CKOIMJIOCH Ha paboueM MecTe, MOKHO Ha KaKIbIH NMpenMeT-KaHAuIaT Ha
yaaneHue u3 pabouyeil 30HBI MOBECUTh KpacHBIM sApiblk (¢umaxok). Bee coTpyaHuku
BOBJICKAIOTCS B COPTUPOBKY U BBISIBICHHE MPEIMETOB, KOTOPHIE: * JTOJKHBI OBITH HEMEJIEHHO
BBIHECECHBI, BHIOPOLICHBI, YTHJIM3UPOBAHBL; * JIOJDKHBI ObITH IEpEMEIECHbI B Oosiee MoaXosIee
MECTO JUIsl XpaHEHUs; * JOJKHBI OBITh OCTaBIEHBI U JJIS HUX JOJDKHBI OBITH CO3JaHBI U
o0o3HaueHbl cBOM MecTa. HeoOxomumo YE€TKO O0O0O03HAYUTH «30HY KpPACHBIX SPIBIKOB»
MPEIMETOB ¢ KpacHbIMU (Ia’kKKaMu U THIATEIbHO €€ KOHTPoIupoBaTh. [IpeaMeTsl, ocTatonmecs
HETPOHYTHIMU cBbIlIe 30 ITHEH, moaexaT nepepadoTke, MPoAaKe UIH YIAICHHIO.

2 S — Cobumonenne nopsiaka (coumon) akKKypaTHOCTh, OpTaHU3AIMs XPAaHCHHS HEOOXOIUMBIX
BEIIEH, KOTOpasi MO3BOJISET OBICTPO U MPOCTO MX HANTH M MCIONB30BaTh. O3HAUAET ONPEICIIUTh
U 0003HAYUTh <«JIOM» IS KaXJOro IMpeaMeTa, HeoOXOoJuMoro B pabouell 30He, clienarh
pacroNoXeHne palnuoHaNbHBIM. VHade, eciu, Hampumep, MPOW3BOJICTBO OPTaHW30BAHO IO
cMeHaM, paboune pa3HbIX CMEH OyAyT KJIacThb HWHCTPYMEHTHL, JOKYMEHTallUI0 |
KOMIUICKTYIOIIME B pa3Hble MecTa. B IeNmsX paloHaj u3allii IPOLECCOB M COKPAICHUS
MIPOU3BOJICTBEHHOTO IIUKJIA KpailHE Ba)KHO BCETJIa OCTABIIATH HY)KHBIE MTPEAMETHl B OJHHUX U TeX
K€ OTBEAEHHBIX JUII HUX MeCTaX. JTO KJIIOUEBOE YCIOBME MHUHUMMU3AIMU 3aTpPaT BPEMEHHU Ha
HENPOAYKTHBHBIE TOUCKH.

Pacrnionoxxenue npeyMeToB 0TBe4aeT TPEOOBAHUSIM:

0e301acCHOCTH;

KauecTBa;

s pexTuBHOCTH PAOOTHI.

YeTblpe mpaBuIia pacioioKeHHs BEIIei:

Ha BHJIHOM MECTE;

JIETKO B3SITh;
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JIETKO MCII0JIb30BaTh;

JIETKO BEPHYTHh Ha MECTO.

3 S— Conep:xxkanue B uncrtoTe (couco) - yoopka, coOno/ieHHe paboyero MecTa B YUCTOTE U

ONPATHOCTU. 3HAUYUT O00ECHEeYUTh 00OPYIOBAHHIO U paboueMy MECTy ONpPSTHOCTb, MPOBOJUTH

COBPEMEHHYIO YOOpPKY, JOCTATOYHYIO JJIsl IPOBEJCHUSI KOHTPOJISL, M MOCTOSHHO MOJICPKUBATh

e€. YOopka B Ha4yaJie U/WJIM B KOHIE KXKIOM CMEHBI 00€CTICUHBAET HEMEIJICHHOE OTPeIelICHHE

MOTEHUUAIBHBIX MPOOJEeM, KOTOpPBIE MOTYT NPHOCTAHOBUTH PadOTy WM JaXke NPUBECTH K

OCTAHOBKE BCET0 y4acTKa, I[eXa WM 3aBOja.

Ilopsanok nercTBuid:

pa30UTh JIMHUIO Ha 30HBI, CO3/1aTh CXEMbl M KapThl ¢ 00O3HAYEHHEM pabdOYMX MECT, MECT

pacnosyiokeHust 000pyI0BaHUS;

OIIpENIeIUTh CIIEUAIbHYIO IPYIITY, 32 KOTOPOH OyJeT 3aKperuieHa 30Ha [yl YOOpKH;

OIIPENICITUTH BPEMsI IPOBEICHHS YOOPKHU:

yrpennsisi: 5—10 MuH. 10 Hayana pabodero JIHs;

obenennas: 5—10 MuH. nociie 06e/a;

110 OKOHYAHUU pabOTHI: TOCJIE MPEeKpaIleHus padoThl, BO BPEMsI IIPOCTOEB.

4 S — Cranpaprusanusi (couksyy) — TOJJIEpPKaHUE TMOPSAIKA, HEOOXOIMMOE YCIOBHE JUIS

BBIIIOJTHEHUS TEPBBIX TPEX MpaBUI. DTO METOJ, NMPU MOMOLM KOTOPOTO MOKHO JOOUTHCS

CTaOMJIBHOCTU TPU BBITOJHEHUH MPOLEAyp MEpBBIX TpexX 3TamoB 5S — 3HAYUT pa3paboTaTh

TaKOM KOHTPOJIBHBIN JIUCT, KOTOPBIA BCEM IOHATEH M IPOCT B UCIONb30BaHUU. [Ipomymars

HE0OXOUMBIE CTaHAAPTHl YHUCTOTHI 00OPYIOBAHUS M pabOYUX MECT, U KaXblii B OpraHU3aluu

JIOJDKEH 3HATh, KaK 3TO BaYKHO JUIS OOIIETO ycIexa.

Ortor npuHIUN TpeOyeT ¢GopMaIbHOrO0, MUCBMEHHOTO 3aKpPEIICHUS MPaBHII COJCPIKAHUS

pabouero mecrta, TEXHOJOTUM PAbOTHI M Apyrux mpouenyp. HeoOxoaumo co3mate pabouune

MHCTPYKIIMH, KOTOpBIE BKJIIOYAIOT B ce€0sl OMMCAHME MOLIATOBBIX ACUCTBUH IO MOJIAECPKAHUIO

nopsiika. Takxke clieyeT BeCTH pa3pabOTKM HOBBIX METOJOB KOHTPOJISI M BO3HATPAXICHUS

OTJMYHUBIIMXCS COTPYIHUKOB.

5 S - CosepmieHcTBoBanue (cuyyk’) — ¢opMHUpPOBaHMEe TPUBBIYKH, BOCHUTAHUE

NPUBBIYKY TOYHOTO BBINOJIHEHHUA YCTAHOBJIEHHbIX PAaBHJI, NPOLeAYP H TEXHOJIOIHYeCKUX

onepauuii. O3Ha4yaeT 10, YTOOHI BHINOJHEHUE YCTAHOBJIEHHBIX MpoLleyP NPeBPATUIOCH B

NPUBBIYKY.

BripaboTka MpUBBYMKK yXolla 3a pabOYMM MECTOM B COOTBETCTBHH C YK€ CYIIECTBYIOIIMMHU

MPOIEAyPaMH, a TAKKE HEYKIIOHHOE COBEPIIICHCTBOBAHUE CAMOW CHCTEMBL.

BaxHble MOMEHTBI:

HabGmionenue 3a pabGoroit oOopymoBaHus, 3a paboYMM MECTOM, YTOOBI OOJErduTh HX

o0CITy)KHBaHHUE.

Ucnons3oBanue dororpaduii  «lo»/«Ilocne» mmsa cpaBHEHHs TOro, 4To OBUIO, W KaKOB

KOHEYHBIN pe3ysbTar.

Opranu3zanust ayiuToB, YTOObI OIIEHUTh 3(P(PEKTUBHOCTH BHEAPEHUS TPOTpaMMBbI 5S.
IIpeumymecrBa S S

1) IloBblmeHHEe MPOU3BOAUTEIBHOCTH TPYAA

2) CHuxeHHE KOJInYecTBa Opaka

3) DKOHOMUSI BpEMEHH U JICHET B KOMIIAHUH

4) VYBeauueHHE KU3HECHHOTO IIMKJIA PadOTHI 000PYIOBaHUS

5) VYMeHbleHUE TOBAPHBIX 3aM1aCOB

6) VaydiieHue MpOU3BOJICTBEHHOW CPEIbI

7) ObGecrieyeHue BOBJICYCHHOCTH IIEPCOHAIIA, CO3/IAaHHST KOMaHIbI

—
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Cucrema 5 «S» 1o TeXHHKe 0€30MACHOCTH
1) CrpykTHpOBaHHE — MPOBEPKA YIATUTh HEHY)KHOE, OCTABUTH TOJBKO TO CKOJIBKO HEOOXOAUMO

(>kMHaKTay)
2) CucremaTu3alusa —HajaaIuTh Henoaaaky 3a 30 CeKyH I
(Ty3ery)
3) Canurapus — IEPCOHAILHO OTBEYATH 3aCOOJIOICHIE YHCTOTHI
(TazanbIk) Ha pabodeM mecTe (Ta3albIK)
4) CranmapTU3aIlis — BU3yalnpoBaTh - HAOII0IaTh pa3indaTh, IPOCICKUBATH
Typakranaslpy

5) CamoaucuHIIIMHA — IeNaTh BCE BBIICYKAa3aHHOE TPEOOBaHHMS €XKEAHEBHO
(ToprinTeHaipy).

Jak/aoyeHue

CucreMa 5S mO3BOJISIET CO3/IaTh CBETIBIE M YHCThIE pabo4yre MecTa, Ha KOTOPHIX HET HUYETO
JUIIHET0, HO €CTh BCE HEOOXOauMOoe JUIsi MaKCUMalibHO 3 ekTrBHOI paboThl. MaTepuansl u
WHCTPYMEHTHI PACIOJIaraloTCsi B MOpAIKe, obOecreunBaromeM yno0CTBO M 0€30MacHOCTh MX
WCIIOJB30BaHMs. Paboune omepanuu OCYIIECTBIAIOTCS 03 JUIHUX JBWKeHWH. W Takoe

COCTOAHUEC MMOAACPIKUBACTCA U IICPUOANYICCKU COBCPIHICHCTBYCTCA.

Wnewn cuctemsl 5SS mpocThl U JieTKu AJ1s TOHUMaHuA. TpyaHa ux peanu3anusd. OHa npeamnoiaraet
pas3pylieHHe MHOTHUX CTEPEOTHUIIOB B CO3HAHUHU paOOTHUKOB U (JOPMHUPOBAHUN HOBBIX PUBBIYEK.
A 910 Hemp3s cuenath ObicTpo. [loaTOMy KpuTHYecKMM (DaKTOpOM ycriexa B NMPUMEHEHUU

cucTeMbI 5S sABIsETCS MpoLeaypa €€ pa3BepThIBaHUS.

Ho ecnu pykoBOACTBO MpeanpusiTHs, Ha KOTOPOM pa3BepTHIBAETCA cucTeMa 5S, NMPOSBUT
HaCTONYMBOCTh, TEPIIEHHE M TIIATEIBHOCTh, TO BO3HArpaXkJACHHWE HE 3aCTaBUT ceOs KIaTh.

pabouuit KOHTPOJIb TOPSIIOK

OcBoeHue cucteMmbl 5S, Kak M J000W MacmTabHON cHCTEMbl peoOpa3oBaHUs OpraHU3alNH,
HEBO3MOXKHO 0e3 nuaupyronei poiau e€ pykoBoAcTBa. II0CKOIbKY OHA MOYKET MPUMEHSITHCS HE
TOJIBKO TaM, TJ€ HEMOCPEJICTBEHHO BBIIYCKAETCS MPOAYKIHMS, HO M B HEINPOU3BOJACTBEHHBIX
MO/IPA3JENICHUSIX, YTO JJIsl YIPABISIOLMX BBICIIETO M CPEJHEr0 3BEHA €7Ba JIM HE JIydIMi
croco0 MpPOYyBCTBOBATH BO3MOXKHOCTU 3TOW CHUCTEMBI M TPYAHOCTH Ha MYyTU €€ BHEIAPEHHUS -
UCIIOJIB30BaTh €€ B cBoel pabore. Pazymeercs, pa3BepThiBaHUE CUCTEMBI 5S B 0uCe JTOIHKHO
MIPOU3BOJUTECS MO OIMpEAeNeHHON mponeaype, KoTopas TpeOyeT OT uejgoBeKa MOCTOSIHHOW U

LeJICHANPaBICHHONU pabOTHI HaJl COOOM.

CpaBHI/IB OpeanpusaATrA, pasiIndIHbIX C(bep JCATCIIPHOCTU, MOXXHO CICJIAaTh BBIBOJ, 4YTO HM
yYAaj10Cb I[O6I/ITI)C$I CCPbC3HOT'O YIY4YHICHUA KadCCTBa MPOAYKIMH, CHUKCHUSA BHYTPCHHHUX U

BHEIIIHUX MOTEPh IO Opaxy.

Cnucok ucnoJib30BaHHOM JTUTE PaTypbl

1.JIeBunkuii M.A. Cucrema «5S» - IISTh IIATOB K CO3JAaHHUIO KOMIUIEKCHONW KadeCTBEHHOM

CpcCanl, HaHpaBHCHHOfI Ha MOBBIICHUC TPOU3BOAUTCIIBHOCTH, KAUYCCTBA U 0e30IMacHOCTH.

2.Pactumenmu B.E., KynpusnoBa T.M. Ynopsnodenue / 5S - cuctema HaBeAeHUs MOPAIKA,

YUCTOTHI 1 YKPCINJICHUA JUCHUIIJIMHBI C Y4aCTUEM BCEr0 IE€pCoOHaAIa.

3.MuxeeBa E.H., Cepomrran M.B. Ynpasienue kauectsoM. M3narensctBo: Jlamkos u K, 2011
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90K 687.1
APHAWBI KUIMJEPII OHIIPY IE KOJJIAHBLIATBIH MATAJIAP

Ma:xutoBa Jlana Me e TKbI3bI
Frubimu xetexici — EpanneBa Mupa 7KanabepreHoBHa,
Jlommobexona Aiizxan bariarosHa
AnMatel TeXHOIOTUSIIBIK YHUBEPCUTETIHIH J{U3aifH, TEKCTHIIb )KOHE KHIM
TEXHOJIOTHSIIAPHI (PaKyIbTETIHIH CTYIACHTI
Anmatel, Kazakcran

d https://doi.org/10.5281/zenodo.10459558

To Cite: MaxwuroBa [lana Menetkpi3bl, EpanreBa Mupa JKanabeprenosna, & Jlonmbexkosa
Aikxan Barmarosna. (2024). APHAMBI KHMIMJIEPAI OHIPYJE KOJIJAHBUIATHIH
MATAJIAP. B SCIENCE AND EDUCATION: MODERN TIME (T. 4, Bemyck 4). Zenodo.
https://doi.org/10.5281/zenodo.10459558

AHHoTanus: Kpi3smeTkepiep/i cananbl )&oHe CEHIMJII apHaiibl KHIMMEH KaMTaMachl3 €Ty
OHJIIPICTIK KaKETTiiK OOJBIT TaObUIaAbl. ApHAWbI KHIMHIH HETi3T1 MaKcaThl - TYPJi OaFbITTaFbl
KOCIMOpBIHIAp/Ia, AamaTThIK-KYTKapy OemiMinenepi MeH 13[eCTipy- KYTKapy KbI3MeTTepi
KYpBUTBIMIApPBIHAA, a3aMaTTHIK KOPFAaHbBIC OeliMIinenepinae eHOeK Kayilci3AiriH KemuiaeHaipy
OOJIBIN caHaNIabl.

Kint ce3nep: ApHaiibl KWIM, CHHTETHKAJBIK TaJIIbIK, TaOWFH TaJIIbIK, NOmMeX Mara,
Jronon komnanusicel, pypHUTYpa, hopma, 3CTETHKA, MaTa.

ApHaiibpl KuiM-apHaiibl yHH(]OpMa, MbICalbl, ©HAIPICTIK MaKcaTTapFa apHallFaH XoHe
KOpILIaFaH OPTaHbIH SPTYPIl 3USH]IBI (DaKTOPIAPBIHBIH 9CEPIHEH KbI3METKEpJIepAl KOpFray YIIiH
KBI3MET €TEeTiH KOpFaHbIll KuiM/epi. COHbIMEH KaTap bIHFalJIbI, 9pi KepKkeM O0Jybl THiC.

Apnaiibpl kuiMHIH OipiHmon  yarici Exxenri Pumpae maiina 6onran, sFHU OlpiHIm omOebearr
dopma comaH coH, apHaiipl kuiM. JKepriepai xaymay HOTHXKeciHAe OipiHm OonbIn maiga
OonraH, ockepiepre apHainraH ombeben ¢opma Hemece kayblHTepiepAiH Kuimi. CorTTi
JKYPTi3UITeH OCKepH KMMBULIAP HOTHKECIHJIE JKayial ajiFaH KepliepAeH 0acKa >KYMBICIIBLIAP,
Jonipek alTkaHaa Kyigap Ja maidga  Oonapl. Kyipap ayelp Kapa JKyMBIC — ICTEHTIH
OOJFaH/IBIKTAH OJIapFa apHar, apHabl KHIMIEP MaibiHAanbl. MiHe OCBIIaH apHalbl KUIMHIH
OipiHmi yirici maiina Oosabl. YakbIT ©Till ajamiap e3repce Je, apHaibl KHIMJEp Col KyHiHzae
Kama Oepmi. AliTa KETCEK, €H alfalllKbl IIBIKKaH >KYMBICHIBUIAPFa apHAJIFaH ©Te KapamanlbiM
apHaiibl KMiM OapibIK anamaapra Oipkenki Typae 6onasl. SrHu, sifennepre, epiepre, 6aianapra
apHaiFraH Jnen OemninOereH OomatweiH. bopin Oipkenki Typae mnaigananran. KyMpICHIbUIapra
apHaJFaH apHaibl KMIMII TITiH eHIipicinae Kened amampaap TikTi. Onap TIKKEH KUIMJIEpPiH
JIYKeHzepre OipHele TYpJIepiH anaphbill CaTThI.

byn xuimpep «ApHailbl KWiM,apHalbl asK KUIM JXOHE CaKTaHIBIPFBII KypalaapiblH
TesieMci3 OepiyiHiH TUITIK calalblKk HopMajapbiHa» coiikec 740 Typuni enaipictep, 40 Typai
OHEPKACINTIH cajlajiapbl JKYMBICHIBUIAPBIHA, OHBIH IMIIHAE MallMHa jXacay, MeETaJUIeOHJEY,
ANEKTPIHEPreTUKANbIK,  THIAPOJIM3JIK,  aFallThl-XUMUSJIBIK,  OKEHUI, Tamak,  TayJsl,
METaJUTYpPIUsUIBIK, XUMUSJIBIK, Ta3 XKoHE T.0. OHEPKICINTEP KYMbICIIbUIApbIHA Oepinesl. ApHaiibl
KMIMHIH HETI3rl TypJepiHe Iiaml, KypTka, KOMOMHE30H, MaKTallbl KypTKa, mIaja0dap »kaTaJbl
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KuiMm butFangas, paavoakTUBTI JaCTaHyJaH, KbIIKbUIAAH, MyHail-MaliJaH KOPFalTbIH, >KajIlbl
MakKcaTTarbl, [IaH-TO3aHHAH, OPraHUKaJIBIK €pITKIIITEH, )KbUTyJaH, XUMHSUIBIK YBITTaH, CUITIACH,
AJIEKTPICH KOPFaUTBIH KHiMIepre OoiHei.

ApHaifbl KMIM — Ka3ipri ©HEpKoCciNTeri KepkeM KepceTkill bipiHmn epekmemniri —
ACTETHKA, TIPTiN, TOpOUeE, SIFHU JKYMBIC iCTey OaphICBIHAA KYMbICTa Oip KHIM, ajl KYMBICTAaH
yire KaWTKaHza 0acka KuiMm 00iTybl KakeT. ExiHIImcI — Oy opuHE TOXKIpueOeiri, apHaibl KHIM
YJITiIepiH  kacaraHna, (yHKIMOHAJABIK KaTapbIHBIH EPEKIIeNIKTepl KepceTiiemi: HaKThI
XbIpaTbUIFAH KaJTanap Typiepi, KOPKEeMAIK TYpJiepl HEMece HAKThl bIHFAMJIBUIBIFEL. AliTa
KETCEK, AKYMBIC OapbIChiHIa KOM(OPTTHL, MBDKBUIMANTBIH, KIip KYKTHIPMalThIH,
JKYMBICIHIBUTIAP/bl KOpIIAFAaH OPTaJaFbl KayilTi 3aTTapiaH, MIAHHAH KOpFaiapl. YIIHIILCI - ep
ajmamJap JONipeK alTKaHAa apHaibl KMIMAI KeNreH[i yHatajsl. OMOe0an GopMaHbl KOJIaHy
OapbICbIiHA, (PUPMaHBIH TaHOAChl MBIKTBI IICUXOJOTHSUIBIK KYII Oepe/i KoHe KYMBICKa JereH
©31H/IIK C€31MMEH KayalKepIIUIITi )KOFapiiai ibl.

ApHaiibl kuimzaep — 6epik opi Te3imi 0onysl mapT. OCbIHBIH OAPIIBIFBIH KAMTAMAChI3 €TY
YIIiH XKINTEePIHIH KAKETT1 ailKacmackl )KoHE MaTaJbIK HET13/1H IYPhIC YHICCIMIH JKOHE KaX €TT1
(bypHUTYpaHbl TaHJAay Kepek. OpHuHe, MaiblH OyMBIMHBIH KOJIAHBUTYbl K€3iHJE TIrYy camachl,
OapJbIK TananTapra COMKECTIri, 0allJIaHBICTHIPY TACIJI, TAHJAIFaH (YPHUTYPA OCHIHBIH OapJIBIFbI
TIriH XKinTepine Toyeni. JlerenMeH, Tirictepi y3ijeTin 6o1ca OHbI KaifTa Tiryre 60ajpsl, al erep
MaTepUaJIbIHBIH OyTiHairi OymiHeTiH 0oJjica, OHJAa OHBI TY3€TYy KWBIH, opi TY3€TKEH jKaraaija
OyifbIM OacTamnKbl KaJaIbIH XKOFAITHII KaHa KOWMai, COHBIMEH KaTap KOPFaHBIIITHIK KaCHETiH JIe
YKOFAJITybl MYMKiH.

Kuimpmepni enuipy ymiH maianaHbUIaTBIH MaTtajapAbl KypaMbl OOMBIHIIA KaCaHIpI,
TaOUFU ’KOHE CUHTETHKANBIK JIeN YIII TonKa Oesneni. XKacanapl MaTanap/bH TaIIIbIKTapbl TAOUFH
MaTepuaapIaH *KacaHJIbl JKOJIMEH OHIIpiJie/l, MbICAJbl, aFrallTaH BUCKO3a ajblHaAbL TaOuru
MaTa TaOWFM TaNBIKTBl MaTepuanjapJaH alblHA[bl, MBICANbl, JKYH, 3BIFBIp, MAaKTa.
CuHTeTUKaNbIK MaTajlap aJaM OpKEHHETI MEH >KOFapbl TEXHOJOTHSUIApAbIH ©HIMI OOJIbINI
TaObUIA/bI, ONAPIBIH TAIIBIKTAPhl XUMHSUIBIK OHEPKOCINTIH HOTHXKECI OOJBIT TaObUIaThIH
HOJIUMEPIIEPCH aJIbIHA/IbI.

Heri3ri >xyMmpIc MaMaHJBIKTapBIHBIH KHIMIH TITy YIIH TOJBIK TaOWUFM KQHE apajac
MaTasiap, COHAai-aK OChl MaTajJapblH TYpJl YiJeciMaepl KoianaHblia bl EH anapiMeH, apHaiibl
KMIMJII Tiry YUIiH KOJIJaHBUIATBIH OapibIK MaTajap MiHIETTI cepTH]HKaATTaylaH eTelli JKoHe
COMKecTiK cepTuduKarTapsl 0ap.

CUHTETHKANBIK )KoHE TaOWFU TaIIBIKTAPBIHBIH OH JKOHE Tepic KacueTTepi oap.

MakTa TallmbIKTaphl Tamalla TUTHMEHAJIBbIK KacueTTepre ue, ajaiila MeXaHUKaJbIK
KOPCETKIMTepi 6Te TOMEH, COHBIMEH Karap OJI mipyre OcHiM. Al €H MaHbI3Ibl KEeMIJIIri -
OO0sTyIbIH HAIap TO3IMIIIITI.

CUHTETHUKANBIK TaNIIbIKTAapa JKOFaphlJa aTajfaH KEMILUIIKTEP MKOK, SIFHU OCBI
TaNBIKTapAaH JKacajJfaH MaTajap >KaKChl MeEXaHUKaJbIK CUIMATTamayuapbl Oap (3KOFapbl
OepikTiri MeH ¢opMara TO3IM/ILIITI, WIpyre TO3IMILTIT, YCTaMAbUIbIFbL, O0Sy/AbIH OEpIKTIirt MEH
OepikTiri), 6ipak OyJ1 peTTe TUTHEHAJIBIK KOPCETKILITEPl 6TE HALIAP XKOHE JICKTPICHYI KOFaphl.

Hromon kommanuscel 30 Kbu1 OypbiH HOMEKC TanbIFbIH OMJIAI TaKaH, Ka3ipri TaHaa oy
TAIMBIKTAH MBIHJAFaH OTKa TO3IMJIi KOHE TEPMOTYPAKThl Marajap UIbFapburya. TaimbK
eIlKaH/1all XMMUUIBIK ©HJIeY HeMece OacKa KocIaiapAblH 9CEpiHEH OHIEITeH TaIIbIK eMecC.

Nomex- MeTaapoMUATI, MapaaMHUATI KOHE aHTUCTATTHl TANIIBIKTAPAAH TYPATHIH JKOFaphI
TEXHOJIOTHsUIBI MaTepuan. NomeX MaTa KypaMbIHBIH apKachblHJA >KOFapbl MEXaHUKAJIbIK
OCpiKTUTIK TEeH TEPMUSUIBIK TYPaKTBUIBIKTBI KOpray KacueTrTepine wue. EHOek Kayimcizmiri
MHCTUTYTBIHBIH 3€pTTEY HOTHXKECI OOMBIHINA MaKTa MaTalbl OTKA TO31M/II MaTaJapblH KbI3MET
€Ty YaKbIThI OpTa ecenmeH | XKpiTFa TeH.

Nomex MaTacbhIHbIH apTHIKIIBUIBIKTAPBI:
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TepMUsITBIK KayiNTUTIKTEH eH KaKChl KOPFaHBIC.

XKorapsl xailnbuiblk.Nomex Marachl OTKa Te31MJI MakKTa MaTachlHa KaparaHJa >KOFapbl
TeMIlepaTypa MEH OT >KaJIbIHBIHAH JKAKChl KOpraijpl. JKeHUI MaTa >KOFaphl >KAMIBUTBIKTHI
KaMTaMachl3 eTelli, OyJ1 ocipece BICTHIK aya pailblH/Ia 6Te MaHbI3Ibl. MaTa TaNIbIKTHIH Oiperei
(GbopMachIHBIH apKachlHAAa — TUTPOCKONMHUSIIBIK, THUTHEHAJBIK, aya >kKoHe Oy OTKI3TiITIK
KAacHeTTEepiHE Ue;

Korapel yaemaiik.Nomex tinTi 200-peT xyFaHFa ACHiH KOPFaHBIITHIK KACUETiH, TO3IMIIITIH,
OJIIIIEM TYPAaKTHUTBIFBl MEH CHIPTKBI TYpi MEH (OpMAaChIH CaKTaipl ( all MaKTa MaTallbIK OTKa
Te31M/Ii apHaitel KuimMaep S0- peT KybUIFaHHAH KeHiH-aK ©31H1H MEXaHUKAJIBIK OCPIKTLIITIH KOHE
dopmaceiH  korantansl). CoiikeciHme, Nomex MaTachlHBIH KbBI3MET €TYiHIH y3aKKa
TO3IMIIJIITHIH apKaChIH/Ia MIBIFBIHBI J1a a3 00JIabl;

Korapel ceniMaunik. JJromoH — eHAIpIC KaylnCI3iri cajachlHia KOmOaclibl KOMITAHUS OOJIBII
caHaianpl. Homekc Maramapsl MeH TalmbIKTapsl Kasipri EBpomanbik koHe Peceinmik
CTaHJapTTapFa TOJBIKTal CoKecTeHipiyireH. Nomex MaTalapblHaH TirlJAreH apHaibl KHIMHIH aca
KOFaphl TEPMOTYPAKTBUIBIK KACHETI, >KAWIBUIBIFBI MEH Yy3akka Te3iMuauiiri 40 >Kbul OObI
cajanblK CTaHAApPT OOJIBII KeJe KaThIp.

Nomex MaTachlHaH TITUITEH apHaWbl KUIM — opT OOJFaH jKarjaijga agaMm eMipi MeH
JICHCAYNBIFBIH CaKTai/Ibl. MaTackl — OTKA >KAaHFBII KOHE OaKBIFBII €MEC, KePICIHIIE dKOFaphl
TeMmmepaTypa Ke3iHJe TYTAaCTBIFBIH CaKTall, TOKCUHJI Ta3lap MeH TYTiHAepai Oenmerini. by,
aJlaMra epT aiiMarbplHAH Te3 apaJa KeTil KalyblHa MYMKIHIIK Oepeai. NomeX mMaTachl epeKiie
KACHETIHIH apKachlHIa apHailbl KHIM aJamMasl 2-m JKoHe 3-1m Ky JepekeciHeH Oacka
Marajap/aH JaiblHIaFaH apHANBl KHIMACPACH )KAKCHIPAK KOPFaiiIbl.

KopeiTa kenrenze, apHaiibl KuiMaep OapiblK KYMBICIIBUIAPFA KAXKET OOJFaHIBIKTaH, OHBI
TaHJIAp AIJIbIHIA ICKEePIiK koHEe (YKIMOHAIIBIK KaTapblH €CKe aJiFaH jKoH. ApHalbl KUiMre
OHJIIpicTe  Tamchlpplc  Oepep anjablHAa Kas3ipri 3amaHfa cail CoHII OoJlybIMEH Katap
BIHFAIIBUIBIFBl MEH KOPFaHBIITHIFbIHA KOO1pEK KOH1JI 00I1yiMi3 KEpEeK.
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AHHoOTanusA: B craTthke paccmaTpuBaeTCs M3TOTOBICHHE MHOTOCIOWHOW (anepsl. Llenbio
HUCCJICAOBaAaHUA MABIISICTCA CHUXCEHUEC TOKCUYHOCTU (1)aHepLI C MNPHUMCHCHUCM B Ka4C€CTBC
MoAU(HUKATOpa MECTHOTO CHIPhSl. YCTAaHOBICHO, YTO HCIIOJIb30BAHHME IIEOJIUTA B KauyeCTBE
Moau(HUKaTOpa TMO3BOJSET NPOU3BOAUTH (aHepy, Majaol TOKCHUYHOCTH, IOBBIILIEHHON
BOJIOCTOMKOCTH, TEPMOCTOUKOCTH U TIPOYHOCTH.

KuroueBbie ciioBa: anepa, cMoiia, IeoIHT, HopMabIeTH/I.

Abstract: The article discusses the production of multilayer plywood. The purpose of the
study is to reduce the toxicity of plywood using local raw materials as a modifier. It has been
established that the use of zeolite as a modifier allows the production of plywood with low
toxicity, increased water resistance, heat resistance and strength.

Key words: plywood, resin, zeolite, formal dehyde.

OcHoOBHas 3ajjaua COBPEMEHHBIX CIEIHATUCTOB JAepeBOOOPaOATHIBAIOIMX MPOU3BOJICTB —
3T0 3((HEeKTHUBHOE HCIIOJIb30BaHME, BHITYCK KAaUeCTBEHHON, KOHKYPEHTOCIIOCOOHON MPOIYKITUU
MaJioii TOKCUYHOCTH, MOBBIIEHHON BOJIOCTOMKOCTH, TEPMOCTOUKOCTH U MPOYHOCTH, K KOTOPOI
MOYXHO OTHECTH (haHepy.

PaboTa nepeBooOpabaThIBalONMX MPOU3BOJACTB 3aKIIOUACTCS B MCIOIB30BAHUU JIPEBECUHBI
C IIPUMEHEHUEM CHHTETHUYECKUM CMOJ M KileeB, Onarofapsi KOTOPbIM IIPOU3BOAATCS OCHOBHBIE
BUJIbl JIPEBECHBIX MAaTEepHaAIOB: (aHepa, APEBECHOCTPYKEUHBIC IUIMTHI, IPEBECHOCIOUCTHIN
IUTACTUK, JPEBECHOBOJIOKHUCTBIE IIUTHI U Jpyrue. [loaTomy nenecoodpa3HbIM NpeacTaBiIseTcs
UCIIOJIb30BAaHMUE KJICEBBIX KOMIIO3UIUN, HMMEIOIMX PEAKIMOHHYI0 CIOCOOHOCTh, MAaJylo
TOKCUYHOCTb, OBBIIEHHYIO BOJIOCTOHKOCTb, TEPMOCTOUKOCTb M IPOYHOCTb.

B nmpowussoactee danepsr u JCtll npumeHeHrne HamoJHUTENEH U MOIU(UKATOPOB KIIEeB
SIBISIETCS] OTHUM 13 3 (DEKTUBHBIX MyTel pelieH s IToi mpodaemsr [1].

VY4uTeiBasi MOTPEOHOCTH JPEBECHBIX MATEPHAIIOB C TIPUMEHEHNEM HIU3KOTOKCHYHBIX KJIEEB B
TOW cTaThe MOKa3aHbl METOJbl MO CHIKEHHUIO AMUCCUHU (opManbleruaa Kapoamumo- M
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beHoapopMalbIETHAHBIX CMOJ MU TEXHOJIOTUS CKJICUBaHUS (haHepHl.

B pesynbrare HaydHBIX HMCCleOBaHUNM HaleH 3(PQPEKTUBHBIN HAMOIHUTENb aJICOPOEHT,
00EeCreunBalONMi  CHUKEHHE TOKCHYHOCTH CMOJI. TakuM  HAIOJHUTENEM  SBIAIOTCA
AITFOMOCHJIMKATBI.

ANIOMOCWINKATBI — rpymma IPUPOAHBIX " CUHTETUYECKUX CUJINKATOB,
KOMIUIEKCHBIE aHHOHBI KOTOPBIX COJAEpPX AT KPEMHUU U AIFOMUHUN. [IpuMepbl KOMIUIEKCHBIX
annonoB: [AlSiO4]”, [AlSisOw), [AlSisO)?>. B xauectse karnonos Beictymaror Nat, K,
Mg?*, Ca?*, a unorna Ba?* u Li*.

B wm3ydenun npuponbl M COCTaBa BIMSHUSA IPUPOJHOIO U CUHTETHYECKOTO LEOJIMTA Ha
IIOJINMEPBI JAJI0 BO3MOXHOCTb YCTAHOBUTH XapaKTep HMX B3aUMOJCHCTBUSA Ha KOHKPETHBIE
($U3MKO-XUMHUYECKHE MOoKa3zaTenn KapOaMuaohopManbIeTuAHBIX U (PeHonpopMabIeruHbIX
CMOJL.

B mnacrosiiee Bpems HM3BECTHBI pa3iMyHble (PU3NYECKUE U XUMHUUYECKHE CIIOCOOBI
YCKOpEHUsl IIpollecca CKJIEHWBaHUs JPEBECHBIX MarepuanoB. OnHAaKO HX NPUMEHEHUE Ha
MpPaKTUKE CAEPKUBACTCS B OJHHUX CIydasx M3-3a OOJBIIMX 3aTpaT, B IPYTUX - U3-32 OTCYTCTBHS
[IPaKTUYECKUX PEKOMEHJaLU Ul BHEIPEHUS B IPOU3BOACTBO [14; 17; 20; 21].

YBenuueHrne Npou3BOAUTENLHOCTH MPOIlecca IPOUCXOAUT 3a CUET BHEPEHUSI XOIOAHON
MOJIIIPECCOBKM HAa ydyacTKax CKJenBaHMs. Vcmonb3oBaHUE KiieeB HAa OCHOBE cMoil Barekc-244,
Okctep-An, COXK-3013, COXK-3014 npu X0JI0IHOH TOJI MPECCOBKE I OEpe30BOIO IIMOHA
TpynHOcTeld He BbI3bIBaeT. CKIIEMBAaHWE [PEBECHOCTPYKEUYHBIX IUIMT W (paHEephl U3 IINOHA
XBOMHBIX MOPOJ] STUMH KJIESIMU 3aTPYAHEHO M3-3a OOJIbILEH MOPUCTOCTH APEBECUHBI ATUX MTOPOJ
[3; 4]. Kieii mpoHuKaeT B TIyOb IIITOHA WIM JIPEBECHBIX YACTHII, OOCTHSACTCS KICCBOU CJIOW, B
pe3yapTaTe Yero yXy[aIIaeTcsl KadyecTBO IMOANPECCOBKU U MPOYHOCTH CKIICUBAHUS BCIIEJICTBUE
00pa3oBaHUsl TPEPHIBICTOTO KieeBOro cios. s TmonydeHHs KadyecTBEHHOH (QaHepsl u3
XBOWHOM JIpeBecuHBI Ha (heHOT0(POPMAIIBACTHIHBIX KIIESX HEOOXOJMMO MOBBIIIATH COAEPIKAaHU €
HEpPaCTBOPUMBIX BemiecTB [23]. YBenudueHHWe CKOPOCTH HarpeBa IMOHA BO3MOXKHO 3a CYET
NOBbIIEHUS JaBieHus. Hanpumep, aBropamu yctaHoBieHO [10], 4TO MOBBbILIEHHE JaBIECHHUS C
3,5 no 7,0 MIla no3BossieT yCKOpUTH HarpeB MakeTa Oakenu3upoBaHHOM Ganepsl Ha 5%-10% 3a
c4éT ero OBICTPOro YIUIOTHEHMsS, MOBBILIEHUS TEIUIONPOBOJHOCTH U APYTUX (DU3HUECKUX
npoueccoB. OAHAKO MPUMEHEHUE APEBECUHBI XBOMHBIX MOPOJ B MPOU3BOJCTBE (aHEphl UMEET
cneruduueckne ocobeHHoctu. Ilpu ckinemBaHuM XBOHHBIN 1mOH yrutoTHsercs Ha 30-40%
Oonbie, yem 1moH Oepes3bl. CreoBaTeNbHO, peanu3aliis OMHCAHHOTO crioco0a He SIBIsSETCS
3¢ (eKTUBHBIM HaNpaBIEHUEM HHTCHCH (DUKAITMH ITPOIIecca TPECCOBAHMSL.

OnHuM U3 crnocoOOB YCKOpPEHHUsl Mpollecca CKJIEHBaHUS (aHepbl SABISETCS CIocoO,
OCHOBaHHBIM Ha MCIOJB30BaHUU XMMHUYECKON SHEPIUM NpHU pa3fesIbHOM HAHECEHUU CMOJIBI U
OTBEpAMTENSI HA CKJIEHUBAEMbIE IOBEPXHOCTH. TakoW TEXHOJOTMYECKUN IPUEM IO3BOJISAET
WCIIONB30BaTh 00Jiee CHIIBHBIA OTBEPAUTEh U HAHOCUTH €r0 Ha OAHY U3 moBepxHocTei. [locme
COEMHEHMsI TIOBEPXHOCTEN OTBEP)KICHHE KJIes MPU ATHX YCIOBUAX OyIeT MpoTeKaTh ObICTpee.
Ha mnpaktuke 5TOT crnoco® He Hamea IMPOKOTO NPUMEHEHHUS H3-3a OTPULIATEIBHOTO
BO3JCHCTBUS OTBEPAUTENST Ha JPEBECHHY, €€ JAECTPYKLHIO M CHM)KEHHME JOJIOBEYHOCTHU
KJeeBoro coeaunenus [21; 22; 23].

VYCTaHOBIIEHO, YTO OJHUM M3 CPEJACTB YCKOpPEHHUs IIpoliecca HarpeBa /10 TpeOyeMoi
TEeMIIepaTypbl B LIEHTPE MaKeTa M CHUXEHHUS YIPECCOBKH SIBIISETCS IMOBBIIICHHAS BJIaXKHOCTH
nmoHa HapyXxHbIX cio€B [23]. Tak, npu BraxkHoctu 12-13% ymensimaetrcs Ha 20-30% Bpems
HarpeBa cepeJMHHON 30HbI 10 Temreparypsl 130° C npu mpeccoBanuu (anepbl TOMIMHON 10
MM [17; 20]. OgHako mpeccoBaHME XBOWHOTO IIMOHA IOBBINICHHON BIAXHOCTH BEAET K
MOJTy4E€HHUI0 OOJIBIIOrO KOJMYecTBa Opaka 3a cyeT oOpa3oBaHHs M30BITOYHOI'O Mapora3oBOrO
JTaBJICHUSL.

Pe3ynbraTel uccienoBaHMS HEKOTOPBIX aBTOPOB YyKa3blBa€T Ha OAMH U3 IyTel
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COBEPUICHCTBOBAHMS ITPOLIECCA CKIEUBAHMS — 3TO CHUKEHHE BIaXKHOCTHU HIMOHA 10 6%. OnHako
CylIKa IIMOHA Ha TOTOYHBIX JMHUSAX HENPEephIBHOM JIGHTOM mpu paboTe MO pexumaw,
OPUEHTHPOBAHHBIM Ha CYIIKYy 3a00JIOHHOTO ILINOHA, MPUBOAUT K BBIXOJIY SIPOBOTO MIMOHA C
BJIQXKHOCTBIO 6+2%, a 3a00JI0HHOTO — OJIN3KO K a0COTIOTHO CYXOMY COCTOSIHHIO.

Ilpu u3rotoBnenun ¢anepsl Hanbonee 3(HHEKTUBHBIMH MPEACTABISIOTCS TEXHOJIOTUU
CYIIKH C IpeIBapUTEIbHBIM DPA3/I€JI€HUEM CBIPOTO IMOHA Ha 3a00JIOHHBIM U SIPOBBIN, YTO
BJIEYET 3a cO00ii HE MPOCTO CMEHY TEXHOJIOTHUYECKOM LIETTOYKH, HO U 3aMEHYy 000pyI0BaHUSI.

VYckopeHue mnpolecca CKJIEMBAaHUS BO3MOYKHO U 3a CYET IOBBICHUS PEaKIUOHHOMN
CIOCOOHOCTH KJIesl. DTO JIOCTUTAeTCA MyTeM Pas3iIMYHbIX Moaupukanuidi. MoaupunupoBaHHBIH
KJIeil nocturaer OoJbIEH CTENEHUW OTBEPXkKACHHUS, 32 CUET Yero YIPOUHSIOTCS KOTre3MOHHbIE
CBSI3M M COKpAIAETCsl KOJIMYECTBO Opaka Mo KJIEEBOMY CJIO0. 32 MEHbILEE BPEMsI IIPECCOBAHUS,
HeoOXouMoe it MOAU(DUIIMPOBAHHOTO KJjes, MPOMCXOAUT M MEHbIIAs YIPEeccOoBKa MakeTra
IIOHA.

Taxum 00pa3oM, MOBBIIIEHHE PEAKIIMOHHON CIOCOOHOCTH KiieeB sABIsieTcs 3(h(HEeKTUBHBIM
CIIOCOOOM COBEpILEHCTBOBAHUS MPOLlEcCca CKIEUBAHUS JPEBECHBIX MATEPHANIOB, O3BOJISAIOIME
HE TOJIBKO COKPATUTb BPEMsI IPECCOBAHMS, HO M CHU3HUTh YIIPECCOBKY M KOJIMYECTBO Opaka.

B pabore orMmedanoch, 4YTO C TOBBIIIEHHMEM JUIMHBI MAaKpOMOJEKYNbl MOJIMMepa
MOBBIIAIOTCS A/IT€3MOHHBIE CBOMCTBA KJIEEBOIO PACTBOpA. JTO BECbMa BAaKHO IPU TOpsYEM
CKJICMBAHMM XBOWHOIO IINOHA, HAa IOBEPXHOCTH KOTOPOTO HMMEIOTCS MPUPOAHBIE CMOJIBI,
MPENATCTBYIOIIME B3aUMOJICHCTBUIO aire3MBa ¢ CyOCTPAaTOM.

BBezieHHe BBICOKOIIOJIMMEPOB, MOHIKAIONMX TOBEPXHOCTHOE HATSDKEHUE KIIEeBOM
KOMIIO3UIINH, YIy4IlaeT CMauMBaHUE JPEBECHOM MOANOXKKHU. [|00aBiIeHHBII B KOMIIO3HUIUIO
BBICOKOIIOJIUMEP HE BBIJCHSAETCS B HOBYIO JHUCHEpCHYIO (a3y, a BBICTYNIaeT B pPOJH
PEaKIIMOHHOCITIOCOOHOTO MOBEPXHOCTHOTO aKTUBHOTO BelecTBa [8; 12].

HccnenoBaHusIMM YCTaHOBIIEHO, YTO YE€M MEHbBIIE B CMOJIE COJEp)KaHHEe CBOOOTHOTO
deHosa, TeM HUXKe TpeOyeTrcs Temmeparypa A €€ OTBEpKICHUS, NPU ATOM CKOPOCTh
OTBEPXACHHUS HE3HAUUTENbHO u3MeHsercsd. C  1elbl0 MaKCHUMaJIbHOIO  COKpALIEHHUS
IPOAOIDKUTENIBHOCTH KEJIATUHU3AIMKU OBbUIM HCIIOJIb30BaHbl PE30pLUUH U HapadopMaibIeru,
pesopunHodopmanbaeruaHas cmona P-1, psn ryannnos, BemectB coctaBa NHx-CH-NH», B Tom
YHCJIe TYaHUJUH YIIIEKUCIIbIA, CepHOKHUCIbIA, TU(MEHIITYaHU TUH.

Ilo pesynpTaram wHcciaenoBaHUN BIMSHUS OOJBILION TPYNIBI pa3iMyYHBIX BEIIECTB Ha
CKOPOCTb OTBEp)KICHUs (eHOI(POPMaAIBIETUAHON CMOJIBI BCE BEIECTBA pPa3JeNIMiIM Ha JBE
rpynnsl: 3¢¢GeKTBHO U HEI(P(PEKTHBHO BIUSAIONME HA MPOJODKUTENBHOCTD JKEeJTaTHHHU3AINH
CMOJIBL.

K mepBoii rpynme orHeceHBl pe3opumH, mapadopm, cmona Mapku P-1, Ouxpomat
amMmoHus. 13 ryanunoB Hanbonee 3¢pdekTuBeH JUPEHUITYaHUIUH U CEPHOKHCIIBINA IyaHUIUH.
Coueranue ux ¢ OMXpOMAaTOM aMMOHHS MOBBIIIAET CKOPOCTh >KeIaTHMHH3aUuU Ha 5-7% mo
CPaBHEHUIO CO CKOPOCTBIO Mpolecca ¢ MPUMEHEHUEM OIHOTO OMXpoMaTa aMMOHHUSI.

Ko BTOpoi#i rpynme oTHECHH ypOTpPONUH, OMKapOOHAT HATPHUS, CEPHOKHUCIIBII aMMOHHH,
HEKOTOpPbIE aMUHBI: TUMETHJIAMUH, THAPOKCHIAMUH, aMUHOCAINLIUIIOBAS KUCIIOTA.

B kaudectBe yckopuTenell mporecca OTBEpKICHHs (heHoI(POPMaNbIETUIHOIO Kiles
pexomenyetcs [22] ucnoap3oBats cMoiry Mapku P-1, yporponun u napadopm.

BBeneHue ux B cocTaB KJIEEBBIX KOMIIO3ULUI CIIOCOOCTBYET HE TOJIBKO COKpPAILEH UIO
BPEMEHU OTBEPXKICHUS CMOJ, HO M CHIDKEHHIO TeMIlepatypsl oTBepxkaeHus. [lapadopm u
YPOTPOIIMH IpH HAarpeBaHUU 10 OINpPEAeIEHHON TeMIepaTypbl pa3jiararoTcsi C BbIICIECHUEM
aKTUBHOTO (OPMAaIIBAETH/IA, KOTOPBIA BCTYMAET B PEAKIIMIO CO CBOOOJHBIM (PEHOIOM M TEM
CaMbIM YCKOPSIET OTBEPXkKACHHUE CMOJI. Pe3ynbrarsl nccnenoBanuil [23] nmokasanu, 4To pe3opLUH
U napadopmaibaeru] 00ecneunBaloT MaKCH MaIbHYI0 CKOPOCTh OTBEPK/IEHUS TP BBEIEHUU UX
B KJiel B Oonbimx konudectBax (15-18% macchl cMob).
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OnmHako  HWCHOJBb30BaHUWE  TEPEUUCICHHBIX  MOJIU(HUKATOPOB  OTpaHMUMBAETCS
NeQUIMTHOCTBIO MaTEpUAIOB, BBICOKOW WX CTOMMOCTBIO, TOKCHYHOCTBIO WJIM HU3KOU
3¢ (HEeKTUBHOCTHIO.

Knem Takmx coCTaBOB pPEKOMEHIYIOTCS [UIi TPOMBIINIEHHOTO TPUMEHEHHsS Ha
HOPEINPUATUSAX OTPACIH, OJHAKO HCIOJIb30BAaHUE YKa3aHHBIX MOAW(UKATOPOB CIACPKHBACTCS
OTCYTCTBHEM HMX CEPHITHOTO IPOU3BO/ICTBA.
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A3BbIK KOCBIHABIJIAPBIHBIH TUIMAI SHEPI'SI KOMITIOHEHTTEP PETIHAE
KIKTEMECI MEH MAJI ABBIKTAHJABIPY TEXHOJIOTUSCBHI

K.T.Tepren6aena ’,

C.Amanxono ateiaarsl HIKY, IT xoHe )xapaTbUTBICTaHy FHUIBIMAAPBIHBIH XKOFaphl MEKTEO1,
Ouosorus kadeapacbiHbIH CEHUOP—IEKTOPBIL, ’KapaThUTBICTaHy FHUIBIMIAPBIHBIH MarucTpi,
OckeMeH Kanacsel, KazakcTan
A.K.Mykymmnaesa?,

C.AmanxonoB yauBepcuteTiHiH [T KoHE )KapaTbUIBICTaHy FHUTBIMIAPBIHBIH KOFaphI
MekTe01, brosiorus kadeapacsHbH 4-Kypce 01J1iM aTyIIbIChl,
OckeMeHn Kanacel, Kazakcran
I'.A. AmmxanoBa’,
C.AManxomnoB yHuBepcuTeTiHiH [T oHe )kapaTbUIbICTaHy FBUTBIMIAPBIHBIH JKOFaphl
MekTe01, brosorus kadeapacsHbH 4-Kypce 01J1iM aTyIIbICHI,
OckemeH Kanmachl, KazakcTan
E.JI.layrxanosa*
C.AMmanxomoB yHuBepcuTeTiHiH [T xoHe jkapaThUIbICTaHy FHUTBIMIAPBIHBIH K OFapbl MEKTEO1,
ouonorus xadeapacsHbH 4-Kypc OiTiM aTylbICh,
OckemeH Kanackl, KazakcTan

d https://doi .org/ 10.5281/zenodo.10459611

To Cite: XK.T.Tepren6aesa, A.K.Mykymmaesa, I'.A. AumxanoBa, & E.Jl.Jlayrxanosa. (2024).
A3bIK KOCBIHABUIAPBIHBIH, THUIMII 3HEPTUSA KOMIIOHEHTTEP PETIHAE
XKIKTEMECI MEH MAJI A3BIKTAHJAbBIPY TEXHOJIOT'USCBL. B SCIENCE AND
EDUCATION: MODERN TIME (T. 4, Beimyck 4). Zenodo.
https://doi.org/10.5281/zenodo.10459611

Anparna: Kazipri knaccudukanus xKeMIiK Kocranap/bl xKaHyapiap Typiiepi OOHbIHIIA
Oemenmi (ipi Kapa MaJ, MIOIIKA, Kyc, oM0Oe0ar), (yHKIUOHAIIBIK (TEXHOJOTHSUIBIK, XOIII
MICTEHJIIPTill, TaFaMJbIK, 300TEXHUKANBIK, Kypama), KYpbUIbIMBI (MOHOKOMIIOHEHTTI, €Ki
KOMITOHEHTTI, YIII KOMITOHEHTTI, TOJTUKOMITOHEHTTI ) T.0.

A3BIK KOcCmajapbl SHEpPrus THIMIUIIT OOWBIHINA OJapAbl OHAIpYJAEe KOJAaHBUIAThIH
TEXHOJIOTUsIFA OaMIaHBICTBl JKOFapbl DHEPTUSUIBIK THIMII KOHE TOMEH SHEPTHUSIIBIK THIMII
Oosbit  Gemineni. Omap jkaHyapiapIblH a3blK KYpaMbIH — Ty3eTyre Kei3MmeT eteni. Herisri
TaraMJiapAa opAalibIM JACPJiK KOPEKTIK 3aTTap MEH OWOJOTHUSUIBIK O€JICeHl 3aTTapiblH
KETKITIIKC13 HeMece TeHrepimci3 Memmepinae 6onaapl. Kanyapiapra KaXeTTi HeTi3Ti KOpeKTiK
3aTTap OJIapJbIH ©CYyiH, KOOCIOIH JKOHE JIEHCAYJBIKTHI JKOFaphl JEHIelie ycTay YIIH OoJap/bl
KeMipcynap, akybl3lap, Maiiap joHE MUHEpalgap MEH AOpYMEHIEp KaMmMTHAbl. OcCy MeH
OCJICCHIIIIKKE KaXETTI JHEPrus HETi3iHeH KeMipcylap MEH MailllapaH albIHaJbL
JKanyapmapra opraHu3MIIeTi OMIpIIiK MPOIECTePIil KOHE OYIIMBIKET OCJIICEHIUTITIH caKTay YIiH
SHEPrUs Ke31 KakeT. AKYbI3 COHBIMEH KaTap DHEprus Ke3i Oomajbl, ocipece Kemipcynap MeH
Mainap/ipl TYTBIHY KETKUIIKCI3 00Jica HEMece aKybI3bl TYThIHY JIEHEHIH KaXeTTIIIKTepIHEH
acein ketce. JKanyapnapaplH SHEPTUSHBI TYTHIHYBI OHBIH KQXKETTITIKTEPIHEH aChIl KETCE, APTHIK
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MeJIIepl JIeHe Mailbl peTiHlle caKTanaJbl, OHbl KeiiIHHEeH TaMakK a3 OOJFaH >Karnaija dHeprus
KO3l peTiHje nanananyra 601abl.

XKemienn KocranapbIHBIH MiHAETI — Ke3-KEJITeH KQXKETT1 AJIeMEHTTEP/I1H JKeTicTeyiHe e,
apThIK OOJybIHA J1a KON OepMel, a3bIKTHl YHEMJI Typae TeHecTipy. OmapasiH KOMETiMeH Ci3
MAPYAIBUTBIKTHIH a3bIK-TYJIK 0a3achlH THIMJI TalganaHa ajachkl3. byl HEri3ri a3bIKIeH
KYTUIETIH OHAIPICTIK KOPCETKIIITEPAIH apTYHI.

XKemimen KocmanmapblHBIH HETI3TI MakKcaThl — YU JKaHyapJiapblH >KaJIIbl a3bIKIICH
KYTUIETIH OHIMAUTIK JIeHrediHe COWKEeC KeJIETIH OHTaWIbl (DU3UOJOTHUSIBIK KaKETTUTIKKE
KETKi3y. A3BIK KOCIaJaphl peTiHAe, TAOUFH KeMIITIKTEep/Al ©TeHTIiH KOPEKTIK KOMIOHEHTTEP I
aiy.

Tyiiin ce3gep: ErTi eHiMuep, Ooprakpuiay, SHEPTHSUIBIK THIMJI TEXHOJIOTHSIIAP,
a3bIKTHIK KOCTIANIAp, )KEeMIIK KOCTIaIapAblH KJIACCU(DUKAIUSACHL..

KJIACCUOUKAIUA KOPMOBBIX TOBABOK KAK D®PEKTHUBHBIX
SHEPTETHMYECKHNX KOMIIOHEHTOB U TEXHOJIOI'YMSI KOPMJIEHUA CKOTA

K.T.Tepren6aena ', A.K.Mykymnaepa’, I'.A. Ammxanosa®, E.JI.Jlayrxanosa*
1Amankonos yausepcuTert, I. Yerh-Kamenoropek, Kazaxcran

AnnoTtanus: CoBpeMeHHas KiacCHU(UKAIUs pa3feiiseT KOPMOBBIE CMECH IO BHJAM
KUBOTHBIX (KPYIHBI pOTaThlii CKOT, CBHUHBH, NTHIIBI, YHUBEPCAIbHBIE), (DYHKIMOHAIBHBIM
(TEXHOJIOTUICCKUM, aPOMATH3UPYIONMM, IHUIICBBIM, 300TEXHUYCCKUM, KOMOMHUPOBAHHEIM),
CTPYKTYPHBIM (MOHOKOMITOHEHTHBIE, JIBYXKOMITOHEHTHBIE, TPEXKOMITOHEHTHBIE,
MTOJINKOMIIOHCHTHBIC) U T.I.

KopmoBeie cMecu 1o 3HeprodG(GHeKTUBHOCTH HCIONB3YIOTCS MPU MX MPOU3BOJICTBE B
3aBHCHMOCTH OT TEXHOJIOTHH JEJATCS Ha BBICOKOIHEPTeTHYCCKHE M HHU3KOIHEPIeTHUYSCKHE
sddextuBHbie. OHU CIy)KaT IS KOPPEKTUPOBKM COCTaBa KopMma KUBOTHOTO. OCHOBHBIE
MPOAYKTHI IMOYTH BCEr/a COJEp’KaT HEAOCTATOUYHOE WM HecOaJaHCUPOBAHHOE KOJIMYECTBO
MUTATEIbHBIX BEIIECTB M OWOJOTMYECKH aKTUBHBIX BemecTB. OCHOBHBIE NUTATEIbHBIE
BEIIECTBA, HEOOXOAMMBbIC >KUBOTHBIM, BKIIIOUAIOT YIJIEBOMABL, OCNKH, XUPBL, MHUHEPAIbl U
BUTAaMHUHBI, YTOOBI MOJICP)KUBATh UX POCT, PA3MHOXKEHUE U 3/I0POBhE Ha BBICOKOM YPOBHE.
DOHeprus, HeoOxoauMmas Ui pOCTa MU aKTUBHOCTH, B OCHOBHOM IOCTYMAeT W3 YIJIEBOJOB U
KUPOB. JKUBOTHBIM HY)KCH HCTOYHUK SHEPTHH IS TIOIICPKAHUS )KU3HEHHO BAXKHBIX MTPOIIECCOB
B OpPraHM3Me M MBIIICYHONH aKTHBHOCTU. benok Takxke OyIeT MCTOYHUKOM SHEPIHH, OCOOECHHO
eciau TOTpeOJeHne YIIeBOJAOB U KUPOB HEJOCTATOUYHO WJIM €Clu ToTpelsieHue Oenka
MpeBbIIAeT NoTpeOHOCTH opraHu3mMa. Korma moTpeGiieHHe SHEPTUU KUBOTHBIMU TPEBBIIIAET
€ro TMOTPEOHOCTH, H30BITOK COXPAHSACTCS B BHJE JKHpPA, KOTOPBIA BIOCICICTBHU MOXKET
MCIIOJIb30BAaThCS B KAYECTBE MCTOYHHUKA SHEPTUH, €CITH MHIIH MaJIo.

3amaya KOPMOBBIX CMeCeH — SKOHOMHO COallaHCHPOBaTh KOPM, HE JOIycKas HU
HEJ0CTaTKa, HU H30BITKA KaKUX-THOO HEOoOXOAUMBIX 3JeMeHTOB. C HX MOMOUIBI0 MOXKHO
MaKCUMaJbHO MCIOJb30BaTh IPOJOBOJBCTBEHHYIO 0a3y Xo3siiicTBa. OTO  yBelIHUYEHUE
0KHJIA€MBIX TIPOU3BOJICTBEHHBIX ITOKA3aTEINIeH C OCHOBHBIMU KOPMaMHU.

OcHoBHasi 1LeTb KOPMOBBIX J00ABOK — JIOBECTM NHUTOMIA JO ONTHUMAaJbHOM
(U3HOTOTUYECKON MOTPEOHOCTH, COOTBETCTBYIOIICH 0XUAAEMOMY YPOBHIO TIPOAYKTUBHOCTH C
o0umM kKopMmoM. B kayecTBe KOPMOBBIX /100aBOK, MOJy4YE€HHUE MUTATEIbHBIX KOMIIOHEHTOB,
KOMITCHCHPYIOIIMX €CTECTBCHHBIC HEIOCTATKH.

KuoueBble cjioBa: MscHas TPOAYKLHUS, OTKOPM, 3HEprodd(eKTHBHbIE TEXHOJIOTHH,
KOpPMOBBIE J100aBKH, KIIaCCU(PHUKALINS KOPMOBBIX CMECEH.
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CLASSIFICATION OF FEED ADDITIVES AS EFFECTIVE ENERGY
COMPONENTS AND FEEDING TECHNOLOGY

Zh.T.Tergenbaeva*!, A.K.Mukushpaeva®, G.A.Ashikhanova®, E.D.Dauthanova*
Amanzholov University, Ust-Kamenogorsk, Kazakhstan

Article title: The current classification divides feed additives by animal types (cattle,
pigs, poultry, universal), functional (technological, flavoring, food, zootechnical, composite),
structure (monocomponent, two-component, three-component, polycomponent), etc.

They serve to correct the feed composition of animals. The main meals almost always
contain an insufficient or unbalanced amount of nutrients and biologically active substances. The
main nutrients needed by animals include carbohydrates, proteins, fats, and minerals and
vitamins to maintain their growth, reproduction, and health at a high level. The energy needed
for growth and activity comes mainly from carbohydrates and fats. Animals need a source of
energy to maintain vital processes in the body and muscle activity. Protein will also be a source
of energy, especially if your carbohydrate and fat intake is insufficient or if your protein intake
exceeds the body's needs. When the animal's energy consumption exceeds its needs, the excess is
stored as body fat, which can then be used as an energy source if food isscarce.

The task of feed additives is to economically balance the feed, preventing either a lack or
an excess of any necessary elements. With their help, you can effectively use the food base of the
farm. Thisisanincrease in the expected production indicators with the main feed.

The main purpose of feed additives is to bring the pet to the optimal physiological need,
which corresponds to the expected level of productivity with the total feed. As feed additives,
obtaining nutritional components that compensate for natural deficiencies.

Keywords: meat products, fattening, energy-efficient technologies, feed additives,
classification of feed additives.

KIPICIIE

DHepreTUKaNblK pecypcTapibl THIMJII MaijanaHy MbICANJapblHBIH Oipi — €TTi Main
mapyambUIBFbIH THIMJII Taiganany, OOpAaKbUiay eHIMIEPIH OHIIpY, Maj a3biFblHA apHAJFaH
KocIamnap JalbIHaay. A3BIK KOCTATAPBIHBIH (DYHKIIMOHAJIBIK MaHbI3ABUIBIFEl — OJIAP.IbIH [IAFBIH
Jo3anapAa a3bIKTaHIBIPYAbl KaKcapTyFa BIKHan eTy KaOinmerinnge. JXKaHyaprnapAblH Taram/bl
KopbITy miporieci 15-18 %-ra, >xemHiH ciHipinyi 10-15%-ra apragpl. OpTypmi xyienep MeH
MYILeNnep, HIpiK *oHE BIIbIpAY MPOIECTepiH OOMABIPMAIIBI KOHE a3bIK MEH TaMaKTaHIbIPY,
COHBIMEH KaTap cakray Mep3imin 20%-Fa aeiiiH y3apTaibl.

AybIT mapyanbUIbFbIHA apHAIFaH KEMIIONTIH KypaMbiHa 250 Typii keMIiK KocTanapsl
kipeni. OnmapabslH KypamblHIa MUHEpanIbl Ty3Jap, JOpyMeHIep, (QEepMeHTTep, aMHuH
KBIIIKBUIAAPBL, XUMUSUIBIK MUKPOOHOJOTHSUIBIK CUHTETHUKANBIK 3aTTap, OMOTEXHOJOTHSUIIBIK
OHIMJIEp, aJIcCOPOECHTTEp MEH apomaTu3aTopiap Oomasasl. Kazipri 3aMaHFbI KEMIIK KOCTIaTIapIbl
JKaHyapJap KiIaccuukanusaceiHa (IIOIIKA, 1ipi Kapa Mai, Kyc ecipyre, omOebar),
(YHKIMOHAJIBUIBIK, (TEXHOJIOTHSIIBIK, XOII HICTCHAIPTIII, TaFaMIbIK, 300TEXHUKAJIBIK, apajiac)
JKOHE KYPBUTBIM (MOHOKOMIIOHEHTTI, eKIKOMITOHEHTTI, YIII KOMIOHEHTTI, IOJTMKOMITIOHEHTT1) T.0
xarazasl [1].

ABBIKTBHIK KOCTIAIAP Bl SHEPTHS THIMILTITI MEH KOJIAHBUIATHIH OHIIPiC TEXHOIOTHUSICHIHA
OalJTaHBICTHI KOFAPFBI THIMII SHEPTHS KOHE TOMEHT1 dHeprusra OemiHeni. OHipic mporecinae
SHEPIHs TachMajaylibUIapFa MBIHAJIAP KATaJbl: AJIEKTP YHEPTHSCHI, )KBUTYy SHEPTHUSCHI, KaTThI
HeMece CYMBIK OThIH, TaOMFU Ta3 >koHe T.0. ETTI Man mapyaumbUIbEbIHIA SHEPIus THIMIL
TEXHOJIOTHSUTIAPIbI KAMTHIBIL.
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XKanyaprapabl TEXHOIOTUSIBIK OHAIPICTIK PECYPCTApBIH KOFaNTHal ecipy *KoHe oyapibl
OHTAWJIBl MalanaHy: >KaHyapjapAbl apThIK TaMaKTaHIBIPY KOCBIMINA CalMakK ayFa BIKITAJl
eTMeW i, ajl KETKITIKCI3 a3bIKTaHIbIPy OJIApJbIH OHIMJIIIK MYMKIHIIKTEPiH *KY3€re achlpyra
MYMKIHIIK OepMeiiil, OyJ1 eT eHIMIepiHiH KbIMOaTTayblHa anbin kenesl. Ka3ipri erTi 6arbITTaFbl
MajJl ApyallbUIBFBIHAA  OHIIPICTIK  pecypcTapAbl, TEXHUKAJBIK pecypcTapibl JKOHE
HHEPreTUKAIBIK pecypcTapibl YThIMABI NaiifanaHy - OopJakbliay NpOLECIHJE SHEPrHsHbI
YHEM/JIey ic-Iapajapbl MEH TEXHOJIOTHSUIBIK JKYMBICTApABI XK YHel aKoHe KeIeH 1 TYpIe KYprizy
Oosblll  TaObuTagbl. ©Op TYpAl IKBIHBICTaFbl, JKAaCTarbl »oHE (PU3HOJOTMSUIBIK TONTAFbI
JKaHyaplapabl (TYKBIMIBI ipi-Kapa >KaHyapiap, eTTi-CYTTI TYKbIMIap) TMaiiaiaHy apKbUIbI
SHEPrust TUIMIUITIH apTThIpa OTBHIPBIN, TEXHUKAJBIK, TEXHOJIOTHUSUIBIK, SKOJIOTUSIIBIK JKOHE
QJIEYMETTIK OHIIpIC JKarmailiiappl MEH >KEMIIONl SHEPreTHKANBIK PEeCypcTapbl apKbUIbI €T
eHiMIepiH any [2].

MATEPUAJIJAP )KOHE 3EPTTEY 9AICTEPI

3eprTey omicTepl one0M JEpPEeKTepl Talaayldbl KOHE ©31HIIK 3epTTEeYJIepai KaMThIIbI.
Kemmik KocmanapAblH dHEPTUs TUIMIIIITT Man OopAakbUiay YIIH KOJNJAHBUIaAbL. MEbICAbL:
«MUKOUKCY», CEHCOPIBIK-«YOITHI CyT», TaraMIbIK- «Kamncysura E-25 sxem», 300TeXHUKAIBIK-
a3bIKTHIK allbITKBL. «brocad» Kypama xemiHiH Kocrachl — (heyleH.

®denyreH — KypaMmblHIA JKEHUT THIPOJU3ACHETIH KeMmipcyaap, ac  Ty3bl JKOHE
MakpodJeMeHTTep Oap Kocma. MUKposIeMeHTTepre Kanbluui, ¢pochop, MBIPHIII, MBIC, KOOAIBT
YKOHe MoJ JkaTaabl. byl Koca sHeprus Ke3i Jer Te caHaiapl )koHe «bop» TypiHae eHaipiiemi.

1-cyperte ABBIKTHIK KOCIajap »ac TeJep KOHE epecek ipi Kapa Maiabl OopIaKkbuiayra
apHaJIFaH TYHIpLIKTep peTinae oepineni.

AAEAL @D KOPM

TYAIPLUIKTENATNEH

KYPAMA
PIKEM

= =

CypeT 1 - vBo.p Topi3zaec BAI{ (OHOTOTUSITBIK AKTUBTI KOCTanap)

OKcnepuMeHTTIK 0a3a JKoHE 3epTTey Oapbichl —  MEXaHUKAJIbIK apajacThIpy;
MEXaHUKaJbIK  €ley; MEXaHHKaJbIK  YHTaKTay, KaXeTTl  TeMmIeparypara  JeiiH
AIEKTPOMEXAHUKAIIBIK ~KbI3JbIPY; OMOTEXHOIOTUSAIBIK CHHTE3; OHMOTEXHOJOTHSUIBIK allbITY;
OMOTEXHOJIOTUSUIIBIK KCTPAKIIHS OOMBIHIIA TEKCEepiei.

3EPTTEY HOTHWXEJIEPI

ETTi Manueiy opTYpIIi )KBIHBICTBIK-XKAC TONTAPBIHBIH HETi3/epi, 00pAaKkbuIaylarel Kypama
KEM TYpJIepl *KoHE OHIMAUIIKTIH TOMEHJEY dIicTepi KepceTiiareH. TeXHOIOTHSUIBIK KEMIIK
Kocnanap, mbicansl: Muko Kap6, Can Kap6, Mukodukc Ilntoc, Mukoduke xone Muxkpocop0
JKOHE T.0 y3aK Mep3iM/JIi CaKTayra IMailajlaHbUIaThIH JTalbIH JkeM 0ok Tadbutaabl. Onap IoH/I1
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MEXaHHUKaJIbIK YHTaKTay KoHe 0acka cyOcTpaTIeH apanacThlpy apKbUIbl xkacanaasl. CeHCOPIIbIK
(momaik) a3pik Kocmamap: «Tpomukanbiky, «XKanraky, «Yona cyTin, «LuTpyc» CyHBIK kKoHE
KYpFaK TypiHae mbFaperiaapl. Onap Taramaapra aoM Oepeni JKOHE XOII WiCTi apTThIPAJIbL
OHpipic TIPOIECIHAE ONApAbIH KOIIIJIT YCAKTaJbIl KaHa KOWMaid, KbI3IbIPhLUIAIbL,
OaNMKBITHUTA B, OyTaHAIbI )KOHE KeTTipiJIeTi.

TaramapIK KOcTanapplH KONTEreH Typiepi 0ap: CTaHIapTThI dJIEMEHTTEp (IopyMeHaep -
«Kampimii mantoreHate»), «KamceBut E-25», «UHKTOHWK» koHE T.0, aMHHKBIIKBUIIAPHI:
«AmupJlak», «Acumomukcy, «Dopmur Lalx», «Crabun 65» xoHe T.0. eHAipicTepAec TaOWUFH
OpTaHUKAJIBIK MUHEpaJIIap MEH OeHOpraHuKaIbIK TY3/1ap Mai aaaHboIabl.

KYPAMA KEM/IK KOCITAJIAP

A3BIKTBIK Kocnanap (mbicansl: ®emyneH, Munazens Ilmoc, Cynepmukc MuKCBUTI,
KaHyapiapabl Oopnakeiuiayra apnHanraH, bBMK-konunentpar; ABMK; akybi3-BuTaMuH-
muHepanapl CopOMMHUKC) opTypil JAopulik 3artapael  Oipiktipeai. OmapasiH — eHIipici
TEXHOJIOTHUSUIBIK TIPOLIECT OPTYPIIl KEM TYPJIEPIH KaMTHUIBL Op TYPJIl KEMIION KOCTaIapbIHBIH
HHEPreTUKANIBIK TUIMIUIII Kecrele KenTipuireH. KectemeH Kepim OThIpFaHBIMBI3JAM, aybul
apyalbUIbFbIHA apHANFaH KEMIION KOCMajJapblH OHIPY WBIFRIHIAPHI KEMILION KocHanapblHa
KaparaHaa skorapbl. Ocbulaiillia, MEXaHUKAaJbIK JKOHE  DJIEKTPOMEXAaHUKAJBIK >KOJIMEH
OHJIIPUIITeH KOocnaiap/blH KYHBI KOCIajJapra Kaparanja KbIMOaTThIpak. ATan aifTKaHa, >KoFaphbl
OHJIIPUITeH THiIM/Ii KOCTIAJIapIbIH KYHBI 8,5 ece )KOFaphl €KeH I1T1 aHBIKTaJIJIbI.

buoTexHONmOTUSNBIK ~ oJicTepre  —  OKCTPAKIUSAHBIH,  XAMMSUIBIK  CHHTE3/iH,
MHUKPOOHOJIOTHSUTBIK CHHTE3MIH, OCTTIK AalBITYIbIH XOHE TEpPEH AallbITYAbIH CHHTE3IACPiHIH
JKOFApFhl TUIMJII DHEPTUsCHl OoMbIl TaObuTanbl. OFaH Keleci oAiCTepMEH allblHFaH OHIMIEp
KipeZi: apanacThIpyIblH, OMOTEXHOJOTHSUIBIK AlIBITYIBIH, SKCTPAKIHUSHBIH, CHHTE3IIH >KOHE
SHEPTHSHBI YHEMCY/IIH MEXaHUKAJBIK JKOHE 3JIEKTPOMEXaHUKABIK 9JIICTEPI.

Kecte 1 - Op Typii a3bIk KOCTIATIapbIHBIH YHEPTHS THIMILITIT]

A3LIK
Apainac )xeMHIH Tanan Onney omici KOCTTaJIAPbIHBIH
: (moza) KynbL,Tr/kr L
Typnepi opTala TAYIIKTIK
’KeM, T/KT 0
calMak Kocy, T, %
TeXHONOTHSUTBIK: MexanukainbIk.
o ) 10-40 576 HTaKTa xoHe | +130r
Mikofix yrTaKray
apaiacTeIpy
Cencopiei DIIeKTPOMEXaHUKAIbI
(moMIIK); KypFaK 25 1360 K mici P +113r
YBITTAJFaH CYT Py
BroTeXHOIOrusIbIK:
ABBIK-TYJIIK  COPTHI: IKCTPAKITHS,
Capswvit E-25 sxem — | 10 65-118 XUMUSIIBIK cunres. | 30%
E nopymeni MukpoOHOIOTHSIIBIK
CHHTES.
300TEXHUKAJIBIK
:;Q;ZHaiIagHTapHHK_ 30 18 BHOTEXHOIOTUANBIK; +650
K MukpoOHOJIOTHSIIBIK +750r
a3BIKTBIK
aIIBITKbUIAD

—
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bipikTipinrexn MexaHuKaIbIK
(TeHecTipiyireH) 50 51 apanactelpy, eneyiml, | +25%
Felucen K2-4 YHTaKTay

Ocbunaiiima, HEprus THIMAUIIT JKEMIION IIbIFBIHBIH JKOHE JKeM IIBFBIHBIH a3aiTyra
MYMKIHAIK Oepei, )KeM KOocHalapblHbIH dpTyp:i Typuepin 20%-ra maiiiasaHy MYMKIHIIUTITiH
apTThIpasl. XKemaik Kocmanapabl KOJIaHYIbIH HOTHKECIH IE 3ePTTEITeH TYPIIep €H Kol opTalia
TOYMKTIK caamak Kocy ecebi (650-750 r, 30-25) xereni. By OHOTEXHOIOTHSIIBIK dMiCTEPMEH
aJIbIHFaH KOCTajapipl ailyFa MYMKiHZIK Oepexmi. OpTama TOyNIKTIK MEXaHHKAIBIK HEMece
9JIEKTPOMEXaHUKAJIBIK odficieH anbiHFad ocim  (130-113 1) apamac mnaiimanady aeHreii
OaifKaIbl. XKanyapmapapiH oprypii TypiepiHae 1 Kr skemMre KOJIAAHBUIATBIH —a3bIK
KOCIaJapbIHbIH caHbl Oipaei 6onasl (4050 r).

3epTTey HOTHXKeCl OapBICHIH/IA IETENIE OH/IIPUITeH KEMIIOI OHIMICPIH OTAHABIK OHIMTE
aybICTBIPY, COHMAAN-aK >KEMINOIN HAPBIFbIH KEHEHTY KaXEeTTUIIrH KaHaraTTaHIBIPY, YKOFapbl
YJIECTIK DHEPTHs MBFBIHIAPHIHCHI3 JKOHE JKEMINOI KOCTIAIAPBIH JTalbIHIAY/IbIH KOJIIaHBICTAFbI
JKETIePIH KAHFBIPTYJaFbl SKOHOMUKABIK THIM/IIIITIH KOpCeTe/Ii.

KOPBITBIH/IbI

Kazipri kimaccudukaius )XeMIiK Kocraaapbl xkaHyapiap Typiaepi O6oibHIma 6enesmi (ipi
Kapa Mall, IIoIKa, Kyc, omOeOar), (QyHKIHOHAIABIK (TEXHOJOTHSUIBIK, XOII HiCTCHipTilL,
TaraMJIbIK, 300TCXHHKAJIBIK, KypaMa), KYPbUIBIMBI (MOHOKOMITOHEHTTi, €Ki KOMITOHEHTTI, YIII
KOMITOHEHTTI, TOJIMKOMITOHEHTT1) T.0. TypJepiHe Kapaii 6esryre 60J1a bl

OHIIIpY TEXHOJIOTUAChIHA OalIaHBICTBI SHEPrus THUIMIUIIIH OKOFapFbl JHEPrus
THIMAUTIKTEH TOMEHT1 JHEPTUsUIBIK THIMIUTIITIHE aIMacThIPhUIAIbL. JKOFApFbl SHEPTHSHBIH
TUIMA1 9icTepiH MaiianaHa OTBHIPBIN, OMOTEXHOJOTHSIIBIK AIIBITY MEH SHEPIUsiHbl YHEMJIEY
apKBUIBI )KEM KOCTIAJIAPHI aJTbIHAIHI.

OHeprusiHbl THUIMJI TNaijanaHy KOCHANapAblH  TEHIepiMIHJAET JOpyMEHIEep MeEH
KOMIPCYIap/IbIH OH HOTHIKECIHIH apKachblHAA J>KaKCapThUIFAH METa00IM3MIe KOJI JKeTKi3yre
BIKMANl eTell. ABBIKTBIK Ipi-Kapa >jKaHyapiapra eHAipiiareH eHiMmuep: akybnpabl 40%-ra
kebeliteni, canmak ocimMiH 25-30%-Fa nmeiiH apTThIpaabl JKOHE >KeM MbIFbIHBIH 10-15%-Fa
TOMEH/ICTEI].
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AHHoTauusA: by Makanaja KaHTTHIH canachlHa KOMBUIATBIH TalanTap MEH OHBI KOJIJaHy
MaKcaTTapbl, COHJal-aK, KaHTTBl OHJIpylde »JKOHE CcaKTay Ke3iHAe TpaHyIaMeTpPHUsUIIBIK
KYPaMBIHBIH ©3Tepy MapaMmeTpiepi KapacThIpbUIFaH.

KinT ce3mep: KaHT, KaHT KbI3BUIIACKHL, KPUCTAJAHY, TPAaHYIOMETPHSUIBIK KYPaMBbl, TYC,
HOpPMATHUBTI KY>KaTTap

KaHTTBIH camachlHa KOWBUIATHIH TaJIallTap JICHIeWl OHBI KOJJaHy MakcaTTapblHa
OaiinanpIcThl. Erep KaHnT Tikenel TamMak ©HIMI peTiHJe TYTHIHBUICA, MBICAJIBI, 1Al HeMece Kode,
OHJIa TYTHIHYIIBI OHBIH OpraHOJICNITUKACHIHA €peKIle Ha3zap ayaapansl. by karmaiina
KPUCTAIZBl KAaHT CYyChIMalIbl OOJybl Kepek, Oip-OipiHe jkadbicriaybl KEpeK, SFHH JIbIMKBLI
0oamaybl Kepek. byt jkaFaiiga OHbIH KpUCTalaapbl O1pTEKTI KypaMFa, KbUIThIp OeTKE he 00Iybl
KEepeK, Te3 €puji KOHE OJIapJAbIH epiTiHIUIepiHAe ONap/blH JalJaHybIH TYIBIPATBIH 3aTTap
00IMaybl KEpexK.

KaHTThl Tamak eHIMJepiH OHIIpy YIIH IIMKi3aT peTiHAe MaiifalaHfaH Ke3/Ie OHBIH
camachlHa KOWBUIATBIH Tayantap apraibl. KaHTTBIH camaiblK KOpCETKIITepi KOoCHallap.IbiH
XUMHUSUTBIK KYPaMbIMEH ThIFBI3 OalIaHBICTBL. MoceneH, MBICAbI, CYCBIHAApP OHIIpICIHAC KaHT
epITIHJINEPIHIH KOOIKTEHyiHE epeKIle Ha3ap ayaapbulaibl, OHBIH MHKPOOUOJIOTHSIIBIK
KacueTTepl OaranmaHanbl, OHBIH Oydepiik Meiepi, XpoMachl koHe 0acka Ja KepceTKimmepi
KapacTeIpbiiaabl. COHABIKTAH OPTYPIIi eNep e KaHTThI KOJJJaHyFa epeKIle Hazap ayJapbuiabl.

Xaneikapasblk aKk KanT caymackl Codex Alimentarius FAO/WHO apkbiiel perrene.
Anmumentapuyc Kopekcinig komuccusicelH DAO 1961 xputbl 1962 xpuigan 6acran KYpbULIBI,
on ®AO/JJICY¥ - HbIH A3BIK-TYJIIK CTaHIAPTTApBIHBIH OipJIeCKeH OaraapiiaMachiH JKY3ere
achIpyFa >KayanTbl, OHBIH HETI3T1 OaFbIThl TYTHIHYIIBUIAPBIH JEHCAYIBIFBIH KOPFay KOHE a3bIK-
TYJIK caylachbiHAa 911 TOKIPUOCHI KaMTaMachl3 €Ty O0JIbI Ta0bLIabl. AIMMEHTAPUYC KOJIEKCI
("a3BIK-TYMIK KOAEKCi "HeMece" a3bIK-TYJIK 3aHbl") - Oy OipbIHFall TYpAE YCHIHBUIFAH TaMakK
CTaHIapPTTAPBIHBIH, PAKTHKAIBIK HYCKAYJIBIKTAPIbIH JKOHE 0aCKa YCHIHBICTAP.IbIH KUBIHTHIFBI.
Komuccus OenrinereH cranmapTrTap YITTHIK CTaHJapTTapFa HETi3 OOJBIIN, a3bIK-TYJIKTI CAThII
aNymbUiap YIIH CEeHIMII eTe/l JKOHEe a3bIK-TYJIK OHIIpYIIepiHe ocim Kele )KaTKaH kahaH bk
HapbIKTa 09cekere KadineTTi 00BN Kamyra keMekTecedi[ 1].
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Bapnplk KaHT TYTHIHYIIBUIAphl YIIIH ©T€ MaHbI3Abl KOPCETKIII-OHBIH KYpPaMbIH/AFb
Mukpoopranusmaep. Omnap 3enaepaid oenrini 6ip Typiaepine (Penicillium, Aspergillius, Mucor,
Rhizopus, Cladosporum) >xoHe ammbITKbUIapFa HeMmece OakTepusiiapra sxkarajpl. F. Schneider A.
Emmerlich C. Tichmanis manimeTTepi OofibiHmIa, bUTFaIsUIbEG! 0,15% Oomatei 10 © KaHTTAFbI
Mukpoopranuzmaepai causl 100-1en 10 MbIH Gipiikke 1eiiH e3repyl MYMKiH.

Conpaii-ak, KaHTTBIH aJUIEPTeHIIK KacueTTepi 001ybl MYMKiH eKeHiri oenriii. by kaHnT
KBI3BUTIIACKHL, Oacka Aa OipkaTtap AakbUIAap CHSKTBI, MaHbI3/Ibl TAFAMJIBIK aJJIepreHepre Kapchl
TYpaTbIHAbIFbIHA OaiinaHbicTel. OHBI OHIEY MPOIECiHIE, ocipece TEeXHONOrus Oy3bUIFaH
XKargaiina, Oyn 3arrapaslH Oip Oesiri KaHT KpUCTalAapblHa aybICybl MYMKiH. AJUIepTeHIiK
KacueTrTepi Oap eHiMIep axamaapja THUICTI aypynapAbl Tyablpybl MyMKiH. COHIBIKTaH
KYpaMbIHJIa aJulepreHaepi 0ap MHUKpPOOPTaHU3MIIEp CaHBlI KON KaHT KOHCEPBiJIEp, KOHAUTEPIIK
OHIMJIep, aJKOroJbCi3, CYT, Oajanap TaramJapbl JKOHE TaMaK OHEpKaciOiHIH Keilbip Oacka
cajanapsl YIIH MMKi3aT CamachlH/Ia OTE KaFbIMCHI3.

Kasipri yakpITTa KaHT OHIIpETIH eNJepliH KeNIIJiriHae, CoHbH imiHae Peceline
MHKPOOPTaHU3MACP/IiH KYpaMblHa THICT1 CTaHAAPTTAP OCITiJICHTEH.

MEMCT 31895-2012 memiekeTapanblk CTaHAApTbIHA ColKec OIpiHIN CaHATTaFrbl aK
KaHTThIH KypambiHzaa 100 - 99,8 = 0,2% - maH apThIK KaHT eMec Kocra 0oiMaybl THIC, OHBIH
I HJIE TOTHIKCHI3IaH IBIPFBII KOHE KYJI 3aTTapbiHa xkaimbl comackr 0,04 + 0,036 = 0,076%, an
0acka 1a KaHTChI3Aap/IbIH OapiblK anyaH Typiutirine tek 0,2 - 0,076 = 0,124% xypaiiasi[2].

KaHT - KaHT Kp3BUIMIACKIH HEMECE IMMKI KaMbIC KaHTBIH OHJICYIIH OHIMI eKeHi Oenrii.
Caxapo3aHbl OHBIH KaHBIKKAH EpITIHIIIEpIHEH KpHUCTAlJaHy MpOIEeciHIe KpucTajjapra TeK
IIMKI3aT MEeH KOCAIKBI MaTepHaJapAblH KOHTAMHHAHTTAPHI: YIIbI METAIAAP, TIECTULUATED KIHE
pPaIMOHYKIUATED Kipe anajpl. Anaiifa, COHFbI )KbUIIAPHI KAHT 3ayBITTApbIH/IA SPTYPIl KOMEKIII
Kypajjapabl KOJJaHyFa OOJIaTBIH TEXHOJOTHSUIBIK MPONECTepAl KYIIEWTYy YIIH JKaHa
TexHoJorHusIap eHrizinyne. Omapra, mbicanbl, OeTTIK OesiceHAl 3aTTap, aHTUCENTUKTEp Kipyl
KepeK, oJlap KpUcTajAapFa KOChUIbIN, KAHTTHIH KaylIIC13/IiriHe 9cep €Tyl MyMKiH.

Kopmaran opragan Tamak eHiMJepiHe KU1 TYCETIH XUMUSUIBIK 3aTTapFa MbIHAJIAP KaTabl:
¢GTOp, MBILIBSK, aJTIOMUHHM, COHBIMEH KaTap XpoM, KaJMHI, HUKEJb, MbIC, KOPFACbIH, MBIPBILL,
ceiHan. EH TeMEHI1 KOHIICHTpAIUsJarbl €H AaiKblH TOKCUKOJIOTHSUIBIK KACHETTEp ChIHAI,
KaJIMUM, KOPFAChlH, MBIIIBAK Ooubin TaObuiafbpl. KaHTTa Tek yII yIbl 3J€MEHTTIH JAEHreil
peTTeNeIi: MBIIBSK, MBIC, KOprachiH[ 1, 720].

Konautepnik eHepkacinTe KPUCTANIbl KAaHTTHIH TPaHYJOMETPUSIBIK KYPaMbIHBIH
KOPCETKIMTepi caxapo3aHbIH, a3alTaThIH 3aTTApJbIH JKOHE BUIFANJBIH MAaCCANBIK YJIECiHIH
KypamblHa KOWBUIATHIH TajanTapMeH KaTap Koibutanel. Kpucranabl KaHTTHIH canachklH Oaranay
Ke3iH/e OHBIH €py JKbULIaMJBIFbI €CKepisiei, Oy KpUCTAIAAPABIH TPAHYIOMETPHSUTBIK KYPaMbI
MeH MimiHiHe Tikeneil OainanbicThl. Ipi KpucTammap (pakIusACBIHBIH MaccajblK YJECiHIH
apTYbIMEH OJIapJblH Taia OOJYBIHBIH KadMbl >KbUIAAMIBIFBI TOMEHICHII, €piTy Ke3iHe
menepi 0,2 MM-/IeH a3 KpUCTaJIJapAbIH KeIl MeJIepi yAneKkTep MeH (hIoKynanapaslH naiiaa
O0onysiHa ceben O0o0mybl MyMKiH. KpucrammapnabiH OipKesiki eMec epy >KbUITAMIIbIFbI, OJapablH
reTeporeHIinirine 6aiaanpICThI, CUPONTA )KaHa KPUCTAIaHy OpTaJIbIKTAPbIHBIH Maii1a 60IybIHA
XKoHe yTdenpae 6apmen Oipre oJapablH OJIaH 9pi ecyiHe oKeiryl MyMKiH[ 1, 760].

Kant camacer: ICUMSA TyciH enimey

KaHTThIH camachiH emmeymiH Tarbl Oip omici - "tyc". Tyc TepMuHI KaHTTBIH >KaJIIIbI
KOpiHICiHE ocep ETEeTiH Kyp/elli )KoHE MOJISKYJIAJIbIK KOMIIOHEHTTEPA1H KeH ayKbIMBIH OiIipe .
Op Typial OosFpILTap Ta3apTy MPOLECIHE dp TYpil ocep eTeldi, COHIBIKTaH MYHail eHIey
3aybITTapbl Ta3apThUIFAaH KAHTKA alHAJJIBIPFBICHI KEJIETIH IMKI KaHTTHI CaThII ajFaHaa TYC
MaHBI3/bl aBIPMAIIBUIBIK (aKTOPbI OO TaObLIA IbI.

KaMbICTBl HeMece KbI3bUIIIAHBl OHJEY KE31HJE 9SPTYpJl TYCTI OHIMJIEpP UIbIFapbUIybl
MYMKiH. IIIpIH MoHiHZE, Oyl COHINAJBIKTBI MaHBI3/bl Aen caHanasl, 1897 xbutbl icumsa (IU)
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pecMM Typlle KYpbULABL, OJ COHAAW-aK KaHTTHI TanjayablH OipblHFall ojicTepi >KeHIHJEri
XaJIBIKAPATBIK KOMHCCHSL.

Kyn kxampicTa Hemece KbI3bUIIAJA TaOMFU TYpAe OOnaThiH OapiblK OelopraHMKaIbIK
KoMmoHeHTTep Al Ounmipeni. On KambIC MIBIPBIHBIHIA 0O0JIAIBI )KOHE a3 MOJIIep/Ie MMKI KaHTKa
aitHanmaapl. Ky epuTiH jxoHE epiMEeiTiH KOChUIBICTap/AaH TYPaJibl )KOHE OHBI EPITIHAIHIH 3JIEKTP
OTKI3TIIITITI apKbUIBI aHBIKTayFa 0osiazbl. by eTe Kypaem xumusi, Oipak IIbIH MOHIHJIE JISKTP
OTKI3TIIITIK eJIIerinl KaHTTa OOJaThIH epUTIH OeHOpraHMKaNbIK KOCHUIBICTApAbI ©JIIIey YIIH
Konmanbuianpl. [Iuki KaHTTBIH KypaMbIHIa KyJ Kemnm 0OoJica, Ta3apTy HIBFBIHIAPHI YKOFaphI
Ooazibl, OUTKEHI Ta3apTy KOIT YaKBITTHI aa/ibl )KOHE OHIMIUTIK a3 0ota el 3].

HopmatuBTik  KyKarTapjga OChbl KepceTKimmep OOWBIHINIA cama KpUTepHiiepi
OenriieHOeTeH, Oipak TeTePOTEHIITIK ko3 pummeHTi 25% - JaH a3
OoTFaHKE3IeKPUCTAIIBIKAHTOTEKAKCHI, 25-29%— na — xakcel, 29-34% — na-KaHaraTTaHapIIbIK,
34% - maH >kOFapbI-KaHAFaTTaHAPJIBIKCHI3 OOJIBINT caHaaabl [4].

Konnutepnik eHepkacinTe KpUCTaNIbl KaHTTBIH TI'PaHYJIOMETPHUSUIBIK KYPaMbIHBIH
KOPCETKIITEpl caxapo3aHblH, a3alTaThIH 3aTTAP/bIH, BUIFAJIBIH MACCaJbIK YJIECIHIH MOJIIepi
CUSIKTBI KOPCETKIIITepMeH KaTap KoWbUIaael. Kpucranasl KaHTTBIH caracklH Oaranay KesiHje
OHBIH €py JKbUIIAMJBIFBI €CKepijieni, Oy KpUCTaIIapAblH TPaHYJIOMETPHUSUIBIK KypaMbl MEH
ninnHiHe Tikenel OainanbicThl. Ipi KpucTanaap GpakIHsICHHBIH MacCalblK YIECiHIH apTybIMEH
OJIApJBIH JKaJIbl €py KbUIJAMIBIFBI TOMEHACHTI, epiTy ke3inme emmemi 0,2 mMMm-geH a3
KPUCTAIAAPABIH KOIl MeJIlepi YJNEeKTep MEH KEeCeKTepIiH maiia OoiyblHAa OKelNes.
Kpucranmapapi Oipkenaki pacTBOPCTITIMEH OalJIaHBICTBI OIpKENKI eMeC e€py KbUIIaMIIbIFbI
CHUPONTAFrbl KPUCTAIJAHY OPTAJIBIKTAPBIHBIH CaKTalyblHA »JKOHE OJaH opi  MaccajbIK
KpHUCTaJIaHyFa 9Kelyl MyMKiH [5].

¥3aK Mep3iMJli caKTay Ke3iHJe KaHTThIH IPaHyIOMETPUSIIBIK KYpaMbl CaKTay MPOLEeCciHe
KaHT CalachbiHbIH TYPAKChI3 KOPCETKIIITepiHe, €H alIbIMEH, BUIFAIJbIH aFbIHIbUIBIFBIMEH
MaccajblK yiecine Oenrii Oip acep ereai. KaHT kpucTtannapblHbIH MeJIepi MeH (opMachl OHbIH
TUTPOCKONMSIIBIK KACHETTEpiHe acep eTeTiHi Oenrini: ycak kpuctangapsl 6ap kaut (0,25-ten 0,5
MM-T€ JICHiH) YIKEeHAepiHe Kaparanaa 2-3 ece Te3 purranaanansl (0,5-ten 0,8 Mm-re neiin); ycax
KAHTTBIH TeMe-TeHAIK BbUIFAIIBUIBIFBl YIKEH KaHTKa KaparaHaa >korapbl. Kopinaran opranaH
BUTFAJIJIBIH CIHYIHIH KOFapbUIaybl bUTFAJIBUIBIKTHIH KOFapbhUIaybIHA )KOHE Y3aK YaKbIT CaKTaraH
Ke3/le KaHTTBIH XUHayblHA okejeni. Cakray Toxipubeci KepCceTKeH/AEH, aFbIHHBIH KOFaTybl
KPUCTAIAP/BIH TeTeporeHIiIiriMer OainaneicTel. Kypambiaaa 0,2 MM-JIeH a3 KpUCTaJIIapbIH
3-5% - b1 Gap kaHT 1% - Fa melinHTi ycak Gpaknusuiapra KaparaHaa TYWipIiKTee .

Cakrayra TYCETiH KaHTTBIH CalachlH 3€PTTE€y KPHUCTAIIAPIBIH JUCIEPCUSCHIMEH
OIpKENKUIITIH CHIATTAUTBIH KOPCETKIIITEP KUBIHTHIFB OOHBIHIIA TPAHYIOMETPHSUTBIK KYPaMIbl
aHBIKTAY OHBIH CamlachlH Y3aK YaKbIT CaKTay MYMKIHAITIH OOBEKTHBTI Oaramayra MYMKIHJIK
Oepenmi gereH KopeIThiHABFA okeneni. CoHpaii—ak, KaHTTBl TYPaKThl CakKTay YIIH
IpaHyJIOMETPHUSUIBIK KYPaMHBIH OHTAMIbI mapamMeTpiepl KpucrainapasH opraa memmepi (0,5-
0,9 MM) xoHe rereporeH Tk (Bapuanus) koddduienti 29% - qaH acnalThIHBI aHBIKTAIABI [6].
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907K:0041:378.147
HIBIHBI IBIHAAY ITPOLHECIHIH ABTOMATTAHABIPY MOCEJIEJIEPI

Pcaii Acbliixan Casityibl, A0ayryaosa Kanat Kanaposua
JI. H. T'ymunie ateigarsl EYY 1 Kypc MarucTpaHThI, 3.F.K, JOIEHTI
Actana K., Kazakcran
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To Cite: Pcaii Acbuixan Castyisl, & A0ayrynosa XKanar Kanaposna. (2024). LIbHbI mWbIHAAY
nporecidiy aBromarranaelpy Macenenepi. B SCIENCE AND EDUCATION: MODERN TIME
(T. 4, Bemyck 4). Zenodo. https://doi.org/10.5281/zenodo.10460796

Annotanus. [IsHBI mBIHAAY MPOIECIH aBTOMATTAHIBIPY OHMIPICTIH THIMIIIITT MEH
CamachlH apTThIpYFa OAFbITTAIFaH 3aMaHayd OHEPKOCINTIH MaHBI3IbI K€3€Hi OOJBIN TaObUIAIBL.
JlereHMeH, aBTOMATTaHABIPY/IbI €HTI13Y MPOIECT] COTTI JKY3€Tre achIpy/Ibl KHBIHIATAThIH OipKaTap
MaHB3Abl KHUBIHIBIKTapFa Tam OOyl MYMKiH. Makaia IIBIHBIHBI — [IBIHBIKTHIPY/IBI
aBTOMATTAHJBIPY Ke31HJE TYBIHJAWTBIH, JKETUIMETeH TEXHOJOTHSIBIK IennmMaep, OipKemKi
KBI3JIBIPY MEH CAJIKBIHIATYABI KAMTaMachl3 €TYyAeTl KUBIHIBIKTap, COHBIMEH KaTap IIbIHIAFaH
IIBIHBI CcalachblHA 9cep €TEeTIH OpTYpii (QakTopiaplsl €cemKe any KaKeTTUIIr CHSKTHI
MoceJeNiepal 3epTTeyre JKOHE TajjayFa apHaiFaH. Makama Herisri Keaeprijiepi aHbIKTayFa
JKOHE IIBIHBIHBI MIBIHBIKTHIPY MPOIECIH OHTANIAHIBIPY MAKCATHIH/IA OCHI KUBIHIBIKTAP bl THIM/I1
KEHY YIIH NpPaKTUKAJIBIK LIemiMaepal ycbiHyFa Oarbirtanrad. LLIbIHBI HIbIHAAQYy €HIIpiCl TEK
JKOFaphl camnaljibl MaTepuai KacayMeH IIeKTenMeiai. by mporecc ailMakThIK CTaHIapTTapMEH,
1K1 OW3HEC MaKcaTTapbIMEH HEMeCEe COHFbl MalJaaHyllbl CypayliapbiMeH OeJriJeHTeH
KOITEreH MaHBI3/bl TAANTap/Abl CaKTay/Abl Tajuan eTeai. by tananTap »orapbl OHIMALTIKKE KOJ
KETKi3y MEH OHIMIIIIKTI apTThIpy/IaH MBIFBIHAAP/IBI a3alTyFa JeHiH 00Jybl MYMKIiH.

Kiarri ce3nep: ABTOMarTaHAbIpy, IpolecTi 6ackapy, 6ackapy TEXHOJIOTHSIIAPHI, IIBIHBI
IIBIHIAY TPOIIECC], TEXHUKAJBIK KayIiTCi3/IiK, MPOIeCcCTi OHTalIaHIbIPY.

Abstract. Automation of the glass tempering process is an important stage of modern
industry aimed at increasing the efficiency and quality of production. However, the
implementation of automation can face a number of significant challenges that make it difficult
to successfully implement the process. The article is devoted to the study and analysis of issues
such as imperfect technological solutions, difficulties in ensuring uniform heating and cooling,
as well as the need to take into account various factors affecting the quality of tempered glass,
which arise during the automation of glass tempering. The article aims to identify the main
obstacles and offer practical solutions to effectively overcome these difficulties in order to
optimize the glass tempering process. Glass tempering production is not limited to making only
high-quality material. This process requires compliance with many important requirements set
by regional standards, internal business goals, or end-user requests. These requirements can
range from achieving higher performance and increasing performance to reducing anisotropy and
reducing distortion.

Key words. Automation, process control, control technologies, glass hardening process,
technical safety, process optimization.

150

—
| —


https://doi.org/10.5281/zenodo.10460796
https://doi.org/10.5281/zenodo.10460796

NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

Kipicne. IIpiHganran mbIHEL - Oyl OalKy TeMIepaTypachlHa >KaKblH TeMIlepaTypara
NeWiH KBI3ABIPBUIFAH, COAAaH KEHiH Te3 IIbIHJANAThIH KapamaibiM IIBIHBL, Oy MIBIHBIAA
MEXaHUKAIBIK OCpIKTIK, jKell KbICBIMBIHA TO3IMJILIIIK MeH COKKbIFA TO31MILIIKTI )KaKCapTy YIIiH
xacanajpl. LIIBIHBIKTHIPY Ke31H1e MIBIHEI )KOFAPBl TeMIIepaTypara NeiiH KbI3IbIpbUIFaHHAH KeHiH
KEHET calKbHAAThuIaabl. LIIBIHBI MBIHBIKTBHIPY MPOLECIHIH HETi3ri Ke3eHJepi MbIHAJIAP.IbI
KaMTHUIbL:

1. llIembl gaitpiHAay: AJIBIMEH MIBIHBI KQXETTI MINIH MEH OJIIEM/C KAJIbIITACaIbL.
MyHBbI Ky10, YpJiey, IpecTey HeMmece 6acka 9/iicTepMeH kacayra 0oabl.

2. Keapipy: 1IbmHBI memre >KOFapbl TEMIEPATypajbIK COYNIEICHYre  YIIbIpanbl,
omerre mamameH  600-700 rpagyc Lenbcuit Ooibmma (1112-1292 rpagyc ®apeHreut
OotibiHIA). [ IBIHBIHBIH ~ KaJdbHIBIFEI MCH OJIIIeMiHe OaiJIaHBICTHI KbI3ABIPY OipHEIe MUHYTTAaH
OipHelle caraTKa JIeiiH CO3bUTYbl MYMKIiH.

3. Cankpinaty: benrini 6ip TemnepaTypara )KeTKEHHEH KeiiH olfHeK aya Hemece 0acka
CaAJIKbIHJIATy aFbIHBIH €HT13y apKbUIbI T€3, Keiije OipHele CeKyH/I iIiHae CalKbIHAAThUIAIbL. by
KCHETTEH CAJIKBIHJIATY OWHEKTIH 1IKI KaOaTTapbhIHBIH Kilmpenin, 0eTKl KabaTTaphIHBIH TE€31peK
CaJIKbIH/IAybIHA OKEJIII, IIBIHBI KATAIOBIH TYABIPAIbL.

4. Oupey: LlbmHblaarel KepHEYIEPAl KapbhIKTap BIKTUMAIBIFBIH a3alTy VIIH HIBIHIAY
HeMece XUMUSUIBIK OH/IeY CUAKTHI KOChIMIIIA TEPMUSIIBIK HEMECE XUMUSIIBIK 9/1iCTEPMEH OHJIeyTe
0oJIaabL.

Aya KOMIIPECCOops!
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Kers1py memmi

HIBHBIKTHIPY MPOLECIHIH HET13T1 TEXHOJIOTHSUIBIK MTapaMeTpIiepi:

- IIBIHBI KbI3ABIPY KBUTIAMIBFBI MEH O1pPKEIKIIIT;

-alIIBIH  aJla KBI3JABIPYABIH MAaKCUMAJJIbl TEeMIIepaTypachl, COHBIMEH KaTap COHIIPY
TEMIIEPATypachl JCIl aTajabl;

- aya arpIHAAPBIH MaiAallaHy apKbUTBI )KY3€Te aChIPhUIATBIH CATKBIHIATY KaPKBIHIBUTBIFBI
MeH O1pKeNKiIiri.

JKorapel camanbsl MBIHIAIFAH MIBHBUIAPIL KaMTaMachl3 €TYIIH CpeKIe MaHBI3IbI
(bakTopsl UIBIHBIKTBIPY TeMIlepaTypachl Oombil Tabbuianpl. CankbplHAATY TapaMmeTpiaepi
OpHATBUIFaH Ke3le Oyl TeMmIeparypa €H ajJblMEeH KaTal JOpeKECiH aHBIKTai bl
KymcapTbuiFan KyHJeri HIbIHBI aiiMarblHIa KaTaro TeMIIepaTypachIHBIH >KOFapbulaybl Oemrifi
Oip HYKTere NeHiH KaTar AOPEKECiHIH JKOFapbUlayblHA OKENeNdi, COJaH KeWiH e3repicTep ic
KY3iHzae eneyci3 6omaibl.

KenmeneH poiuKTi KOHBEHEp apKbUIbl IIBIHBI IIBIHBIKTBIPY OHICI - OHHEKTI
HIBIHBIKTHIPYIBIH €H TaHbIMaN ojicTepiHiH Oipi. On aya arbIHBIMEH KbBI3IBIPBUIATHIH JKOHE
IIBIH/IJIaThIH KOJIICHEH POJIMKTI KOHBeHep OOMBIMEH IIBIHBI KO3Falabl, OYJI BICTBIK IIBIHBIHBIH
OCTKi MaTepHANILIHBIH KYPBUIBIMBIH = ©3repTeai. OchUlaiilia alblHFAaH MIBIHAAIFAH —IIBIHBI
carnachlHa IIBIHBI OETIH/IET] CYBIK aya aFbIHBIHBIH O1pKENKiJIiri alTapiablKTaii ocep eTe/i.

.4

I1Is1HaY/IBIH KOFAPFBI KYiiec
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Bbyn onic xapamallbIMIbUIbIFbIHA OaillaHBICTBI KeH TapaifaH. LIIbIHBI HIBIHBIKTHIpYFa
apHaJFaH KYPBUIFBl KBI3JBIPFBINI AJIEMEHTTEPI Oap TemTi OHE IMBIHBIKTHIPY KaMmepachlH
KamTuael. Kamepa canTamanapbl, CajJKbIHAATYy PETTETIIITEpi *OHE KOJICHEH TachMaijiay
ponukTepi Oap ypiey KOHIBIPFbICBIMEH >kaOabIKTaimraH. Opamaapsl KYMbIC KaFJailiapbiHa
0aiiIaHBICTHI OPTYPJII MaTepUAAAPAAH KACAIBIHAABI KENiHIH Kipic *KoHE IIBIFbIC OeIiriHe
MeTaJlJl, aJl )KOFaphbl TEMIIEpaTypa aliMarbIH/1a - KPEMHUH JKIMIHEH HeMece KePCHIIICH jKacaabl.
Kpemumii auokcuai ce3aTTap MEH OWBIKTap CHUSAKTHI OCTiHAErl akaymapabl OOJIbIpPMaiibl.
IIpIHBIKTBIPY aliMaFblHAA OpaMIap Te3 KeTipyre apHajfaH MeXaHU3MMEH XKaOJIbIKTaJFaH.
OMWHEKTIH TeMeHr1 OeTiHAeri akayiaapIpl SKOI0 YIINH >KOFapbl TemIepaTypa alMarblHIa
ACUMMETPUSIIBIK JKbUIBITYAbl KOJJaHyFa Ooja/ibl, OHJIa IIBIHBIHBIH YCTIHI1 »aFbl TOMEHTI]
JKarblHaH KeOipek KbI3anaepl. by oWHEKTIH a3jgan WiidyiHe oKeyeli, OHJa OJI TeK INeTTEepiHJe
POJMKTEp apKbUIbl OeKiTiyieAl. Teric MmbIHAANFaH MbIH a1y YIIH aCHMMETPHSUIBIK CaIKbIHAATY
KOJIZIaHBIIA I, YCTIHIT O€TI aCTHIHFBI JKaFblHAa KaparaHJa KapKbIHIBI TYPJE CaTKbIHIATHUIAIBI,
Oyt exi OeTTiH Oip Me3rijie KaTaloblHA )KOHE IIBIHBI OETiHIH TeTiCTeNyiHEe OKeeIi.

TepMOMETpIEp

KbI3ABIPY
nenmri
\
nmaHenb
JaTYHKTEp
HH(PaKBI3BLT

msIFapy TEPMOMETP
aHMarsl 5000mm

e w—

=

2800mm il
— Ke13ae1py
IIaHEIb Tenti

PLC
orneparop

CankplH ayaHbIH OipKelKi eMec arblHbl MIBIHBUIAY TMPOIECiHAe UIBIHBIAAF 1IKi
KepHEeyJepiH Teme-TeHAIriH Oy3aapl, Oy IIBIHBIHBIH ©3/INHEH JKapbUIyblHA JKOHE
nedopMmanmsiceiHa okelnedi. COHBIMEH KaTap MIBIHBI IIBIHBIKTHIPY KAPKBIHABUIBIFBIH apTTHIPY
YIIH SKEIAETKIIITEpIiH DJHEPrusl UIBIFBIHBIH apPTTHIPAThIH aya AaFbIHBIHBIH O KbUIIAMIBIFbIH

( 1
l1521



NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

apTThlpy KaxeT. COHIBIKTAH OHHEK OETiHJEeri CybIK aya aFbIHBIHBIH OIpKEIKUIIrH >KaKcapTy
’KOHE KEJI YHEPTHSCHIHBIH JKOFATYbIH a3alTy IIBIHBI MIBIHBIKTHIPY TPOIECIH/IE KOFaphl SHEPTUS
TUIMLTITIHE KOJ KEeTKI3yI1H HeTi3T1 (pakTopiaapbl OOIBIT TaObLIA IbL.

[IIbIHBI MIBIHBIKTHIPY MpPOILECIHAE Ypiiey (HeMece CalKbIHAATY) MAaTepUaIbIH KaXeTTl
KACHETTEpIH KaJbIITACThIpyAa MaHbI3ABl penl  arkapanpl. JlereHMeH, oOCbl Ke3eHIl
aBTOMATTaHJIBIPY Ke31HJe KeHOip Mocenenep TybIHAaybl MYMKIH:

Bipkenki eMmec canKplHAATy: aBTOMATTaHIBIPBUIFAH YPJIETIII JKyHenepae aya arbIHBIH
Oipkenki Oeiyne KHBIHIBIKTAP TYbIHAAybl MYMKIH, Oy OWHEKTIH OIpKeJKi CaJIKbIHJaybIHa,
JIeMEeK, KepHeyre oKeyl MyMKiH.

Temneparypanbl Oakbulayqarbl KUBIHABIKTap: aya TEMIEPaTypachlH A9 JKOHE THIMII
peTTey KUbIH 00Iybl MYMKIiH, 9Cipece SpTYpJli IIBIHEI TYPJIEPIMEH KYMBIC iCTEYy Ke3eHICpiHIE.

OMHEKTIH apTypii Typiaepine OeiliMeny KMbIHBFBI: aBTOMATTaHAbIPbUIFaH XKylenepae
OpTYPJIi WIbIHBI JalbIHAaMalaphbl eJ1IIeMIepl MeH HilmHAepiHe OeiliM/ieny KUbIH 00JIybl MYMKIH.

TexHuKalblK KbI3MET KOpCeTy JXKOHE Tas3ajay Macesenepi: aBTOMAaTTaHAbIPbLIFaH
CaHpUIAyJIap MEH YpJIey KyHenepi, ocipece JlaCTaHFaH ayaMeH JKYMBIC ICTETeHJIe HeMece
AJIEMEHTTEpJC IUOTiHiIep OONFaH Ke3le, TYPaKThl TEXHHMKAJIbIK KbI3MET KOPCETyIl >XoHE
Tazanayapl KaXeT €Tyl MyMKiH.

DOHeprus WbFBIHAAPHL: IIBIHBI YPICYAIH SHEPTUsSHBI Maifananybl alTapiablKTail 0oTyb
MYMKIH )KOHE THIMCI13 XKYHenep dHEePTUsl MbFBIHIAPBIHBIH 6CYiHE OKEeTyl MyMKiH.

Onnuipic KargalmapblHOarel  e3repicTepre xKayan O0epy  KHUBIHJIBIKTApBL
aBTOMATTaH/IBIPBUIFAH JXyilenep Keiae KopluaraH OpTaarbl HEMece OHIIpIC JKaFialiIapbiHAaFbl
e3repicrepre OeiliMenyae KHbIHABIKTapFa Tal 00yl MYMKIH.

NkemainikTi cakTaygarbl KMBIHABIKTAP: OHIIPICTI KbUIAaM ©3TepTy HEMeCe IIBIHBIHBIH
0acka TypJiepiHe Kelly KaxeT 0oJica, ypieyaiH aBTOMATTaHIBIPhIIFaH KYHeIepiHiH MKeMIUTIT H
caKTay KUbIH O0JIybl MYMKIiH.

byn mocenenepal menty keOlHece erKeW-TErKEHIl TallgayAbl *OHE aya arbIHBIHBIH
napaMeTpiiepiH peTTeyadl, COHAal-aK >KOFapbl TEXHOJOTUSJIBIK >KaOABIKTHI JKoHE Oackapy
KyHenepiH naijanany/pl Tajuam eTe.

Temmneparypa TpaJIueHTTEpiHIH Tapaiybl IIBIHJAIFaH LIBIHBI OCpIKTIriHE TiKeled acep
€Tyl MyMKiH. bipak eey oficiHiH ImeKTeylepiHe OailaHpICThI MIBIHBI IMIHACTI TEMIIepaTypa
OpICIH HAKTHI YAaKbIT PEeXKUMIHIE 1o ©JIIey KUbIH . MyHBI CaHIBIK MOJIENIb/ICY apKbLIBI JKacayra
Oonagpl. Jlonaik TMeH KeH TeMmIeparypa IMana3oHblH KaMmMTaMachl3 eTell, OFaH AJCTYypii
HKCIIEPUMEHTTIK ChIHAY 9MIICTEPiH KOJJaHa OTHIPhI keTy KUbIH. COoHFbI 30 JKbUIIa FajabIMaap
MIBIHAJFaH IIBIHBI CalachlH JKaKCapTyFa MYMKIHIIK O€peTiH KOHCTPYKTOPJIBIK ITEIIMAepIi
o3ipIiey YIIiH KOITEreH SKCIIEPUMEHTTIK )KOHE CAHIBIK 3ePTTEYIep KYPTi3i.

J.H. Nielsen opranblk caHbutaybl 6ap TOPTOYPBILTH MIBIHEI MJIACTHHAHBIH CAJIKBIHAATY
MPOIECiH MOJETBACY YIIIH COHFBI DJIEMEHTTEp OarmapiiaMachlH KOJAAHIBI JKOHE IIBIHAAIFaH
OMHEKTIH KOHBEKTHBTI KOHCTAaHTaJapbl YILIIH 191 OONaThlH YUI eNIeMAl KepHey KYHiHiH
HBOJIIOIUSACH YIIH OOJKaMIbl MOJENb YCHIHABL MOJAENBIIH IKCIEPUMEHTTIK JepeKTepIeH
aybITKYbl JKOFApbl HEMECE TOMEH CAalKbIHJATy >KbULAAMIBIKTAphl YIIIH ©Te YIKeH, Oipak
MOJICJIBJICT] JKEeKEe IMapaMeTpiiepii, TIMTI ONETTErl CaJKbIHIATy >KbUIIAMJIBIFBIHAH oJIeKaiaa
TOMEH >KbULTAM/IBIKTA PETTEY apKbUIbI SKCIIEPUMEHTTIK HOTHXKENIEPIi AYPhIC KaJIbIHA KEATipyTe
Oosazpl. COHBIMEH KaTap, TeMIepaTypa IpaJueHTIHIH TapalyblH jKOHE op TYPJIl KaJIbIHIABIKTAFbI
OMHEKTET1 COHFBl KaJJBIK KEPHEYIl MOJENbICY YIIIH CHI3BIKTBHIK €MEC aKbIPIbI-3JIEMEHTTIK
Tanayabl KoaaaH sl KanbHIBFBI HIBIHAAY KE3€HIHE, TeMIlepaTypa rpaJUeHTIHe KOHE KepHey
OpICIHIH TapajyblHa YJIKEH ocep eTeTiHi aHbIKTaiabl. KameHABEBI 3 MM-IEH a3 OWHEKTiH
COHJIIPY YaKbIThI dJ1/IeKali1a a3, ajl KeH >KOJAaKThl JKbLTy Oepy KalbIHJBFBI 2 MM-JIeH a3 OWHEKTiH
TeMIepaTypa rpajJueHTine yiakeH ocep etei. [IBIHBIKTHIPY mpolieciH/ie QMHEKTIH KaTalobl bICTBIK
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BoaaywuHun 6anamu

oifHeKTiH OeTiHe COFBUIFAH >KOFapbl >KbUIAAMJBIKTHI aya arblHbIHA OailaHBICTBHI, JWHEKTEH
KBUTYZIbI KOpIIAFaH opTara xKioepei.

M. Akcay aya arbIHBIHBIH AacCTBIHAA KbI3JBIPHUTFAH IIBIHBI CAJKBIHIATY TPOIECiHE
HKCIEPUMEHTTIK TalAay >KYpri3iii, canTtaMa OChTepl apachIHIAFbl calnTaMaHbIH JAUAMETpiHE
(S/D) apakambIKTBHIKTBIH KaThiHACKl 4 <= S/D <= §, mbIHBI OCTiHIH canTaMaHbIH JAaMeTpiHe
(H/D) meiiinri apakalmbIKTBIKTBIH KaTbiHACH 2 <= H / D < = §, an PeiiHonbac caHbl TYpaKThI
6onbim, Re = 20000 60111 HoTrkenep cankblHAATY TEMIEPATYPAChIHBIH XKOFapbuiaybiMeH S/D
skoHe H/D CHSKTBI KYpT CalKbIHIATy YaKbIThl a3alifaHbIH KOPCETTI. Aya MAacCHUBIHIH aFbIHIAPbI
arblH MEH LIbIHBI apachlHJAaFbl KbICKA KAIIBIKTHIKTa COKTHIFBICKAH/IA KOHE calnTaMa MEH LIbIHbI
apacblHIarbl YJIKEH TeMmIeparypa aWbpMallbUIBIFBIHAA  KBUTY — alIMacyldblH  ©THel
CUIaTTaMaliapblH CaHJBIK Typae 3epTTeai. Onmap KbUTy alMacylablH OTIENl CUMaTTaMajapblH
xoHe opTypii H/D »xone S/D moHzaepi YLIH CaJKbIHIAATYy YaKbIThIHA OalIaHBICTHI aFbIH
KBUIIAMJBIFBIH  ©3TepTy epekeciH 3eprremi. H/D aszaiifan cailiblH KaTalo yaKbITBI KYPT
KBICKapaJIbl.

ANIBIHFBI 3epTTeyJepre coilkec, arblHAAp apachlHAAFbl KAIIBIKTHIK IE€H camnTaMaHbIH
TUaMeTpl OWHEKTIH JKbUTy OTKI3TIIITITIHE aWTapiblkTail ocep ereni. KemrereH 3eprreynep
PEaKTHUBTI apaKalIbIKTHIK TIEH carTaMa AUAMETPIHIH e3TepyiHiH OMHEKTIH KbUTY OTKI3TIiIITIriHEe
ocepin monennenmi.. UIbHIBFBIHAA, MBIHIAAY JKYHEIEPIHICTI JKbUTy aliMacy arblHIApPBIHBIH
JKarIaibl eTe KypJemi koHe Oy canana 3eprreynep a3. MakajgaHblH MaKcaThl HIBIHBI HIBIHIAY
MPOLIECCIH aBTOMATTAH/IbIPY MOCEJIECIH KapacThIpy OOJIBIN TaObLIAbL.

[eHBI OankpITy TemnH OacKapyablH aBTOMATTAHABIPBUIFAH KYHECi IIBIHBI OaJKBITY
MpoIiecl Ke31HJIe aHBIKTAJIFaH TEXHOJOTHSIIBIK MapaMeTpiiepi JUMarHOCTUKaIayra, OaKbUIayFa,
OakpUIayFa xoHe Kosjayra apHanraH. eI nennH 0ackapyaplH aBTOMATTaHIBIPBUIFAH Kyiieci
€Ki JeHreiJeH Typanapl. TeMeHri JAeHreiifie ceHcopiap, XETeKTep, >KeTekTep, uKadrap,
KOHTpOJUIepJiep JkoHEe KyaT Oepy mkadTapbl opHanackad. LbmHBI OankpITy TeIiH
aBTOMATTAHMABIPYABIH  JKOFapFbl  JleHreii  gepbec  kommbioTepaeri — «OmnepaTopbiH
ABTOMATTAHJBIPBUIFAH JKYMBIC CTAHIMACHD OarmapiiaMaliblKk KamMTaMachl3 €TYIHGH TYpajpl.
Kaxer Oonran karmaiiga Oackapy OKyileci JKeprunkrti Oackapy OJIOKTappIMEH KoHE
«backapymbFra (TEXHOJIOTKA) apHAJIFAH aBTOMATTaHABIPBUTFAH KYMBIC OPHED Oar JapiiaMaiibik
KaMTaMachl3 €TyMEH >Ka0/IbIKTaIFaH.
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SCADA Oarnmapnamanblk mHakeTi Oackapy KOHTpPOJUIEpIMEH akmapaT —ajlMacajpbl,
TEXHOJIOTUSUIBIK MTapaMeTpiep/IiH aFbIM/IaFbl MOH/IEPIH, aTKAPYIIbl MEXaHU3MIEP/IH KYHIH )KoHE
yaKbIT OOMBIHINA TEXHOJIOTHSUIBIK MTapaMeTpliepliH ©3repicTepiHiH rpad UKTepiH KOpCeTe .

[emHer emrri 6ackapy KyHeciHiH KYpaMBbl:

— OacTanKel JaTYUKTEP: TEMIIEPATYPa, KbICHIM, )KETEKTEP/liH OpHAJIACYBI.

— )KETEKTeP: KIIalaH )XeTeKTepi, teMrdepiep, amopTuzaTopiap.

— Oackapy OJIOTBI, CHWTHAl TYpJACHAIprimTepi, KyaT Ke3iepi, ceHcopiap, Oackapy
OJIOKTapHI, )KeTeKTep Oap Oackapy mKadml.

— KETEKTep/Ii, KOHTAKTIJI KOHE JKaHACIIAWUTBIH )KETCKTEP/Ii aybICTHIPYFa JKOHE KOpFayFa
apHaJlFaH aBTOMATTHI AKbIPATKBIILTAPEI Oap KyaT Tiperi.

— THicTi OarmapiiaMalblK jkKacakTaMachl Oap jgepOec KOMIBIOTEp OONBIN TaOBUIATHIH
MEHEKEP/IiH )KYMBIC OPHBI.

b1 nenrri 6ackapynblH aBTOMATTAaHIBIPBUIFAH KYHECIHIH MYMKIHIT:

— JKYMBICTBIH 9p >Kafbl YIIIH 9pTYpJi MOHJEP/l OpHATy MYMKIHIITIMEH 9p aiiMaK YILIiH
MeHITepieri ra3 arbIHbIH PETTEy

— 9p aiiMaKTa e TeMIepaTypachiH peTTey,

— TEIITer1 KbICKIM/IBI PETTEY;

— IIBIHBI ACHTEHIH PEeTTey,

— aya aFrbIHBIH PETTEy

— ras-aya KaTbIHACBhIH aBTOMATTHI TYPJIE CaKTaY;

— op Tapanka OeJieK Ta3ajay YIIH YakKbIT MEH y3UIcTepai Oarmapiamanay MYMKIHIIT]
Oap aBTOMATTHI XKaJIbIH Oepy Ti30ert,

— )KETEKTEeP/I1H OPHBIH KOPCETY KOHE aKAYJbIK TUAarHOCTUKACHI,

— [BIHBI OaJKBITY TEHIH aBTOMATTAHABIPY JKETEKTEpJl KallbIKTaH OacKapymbl
KaMTaMachl3 €TEI1:

— Ta3 arblHBIH peTTey Kiananjapsl (pexxumaepi: Temnepatypa, ArbiH, [lo3unus, Anbk,
XKaby, Tokray);

— KJIamaH JKEeTEeKl MeITeri KbICBIMIBI perteiial (pexkumaepi: ABromartsl, [lozuius,
Aumnik, XKaby, Tokraty);

— THETII KO3FaNTKbIITap (pekuMmAepi: ABTOMATTBhl JEHIeWre KbI3MET KOpCeTy,
OnimMainik, Tokrary);

— Oackapy mKadbIHBIH KOMETIMEH XKETEeKTePIl KOJIMEH (GKEePriTiKTI) pekumae 6ackapy:

— OipHeme OakpUIay HYKTENEpIHIE TMEIITIH ChIpa KaiHaTy OeIriHJAe OpHATHUIFaH
TeMIiepaTypa;

— OipHeme OakpUIay HYKTENEPiH/ET METiH micipy OeririHaeri TeMnepaTypa;

— OipHenie OakpUIay HYKTEJIEPiH/IEr COJl )KaKTaFbl pereHepaToOpAbIH TEMIIEpaTypachl;

— OipHele 0akbuIay HYKTEJIEPIHET1 OH XKaKTaFbl TEMIIEpaTypa pereHepaTopsl;

— TYTiH apHACBIHAAFbI TEMIIEPATYPA;

— TEIITIiH KaHy KaMepaChIHAAFbl KbICHIM;

— KYOBIp aJIbIH/IaFbl BAKYYM/IbI OaKbLIaY;

— opOip aliMaK YIIiH Ta3 IIbIFBIHEI,

— peTTey KiIanaHAapbIHBIH OpHAIACYbl — MO3UIUSIIBIK CEHCOPIIap;

— IIBIHBI JICHTeH1 — Jta3epuik aeHrei emmerim LUR-4C,
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SJIEKTPOHJIBIK CAYJIAHBIH UHTET PAIIUSIIAHY KYHUECI
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Anpatna. Makanaga dJIEKTPOHIBIK CayldaHbIH JaMYbIHBIH (DaKTOpIapbl JKa3bUIFaH.
AKMapaTThIK TEXHOJOTHSUIAPIBI caylaga KOJJAHYIBIH HETI3ri Macelenepi KapacThIPBUIIBL
Kazakcrannmarbl MHTEpHET OYKCHIHJAE CaThUIATBIH Tayap Typasbl, OHBIH MHaHBI3IBIK ICHICH1
alThUIFaH. AKIApaTTHIK XYWEHI KYPYAbIH HETi3Ti Ke3eHIepl CUITaTTalFaH, HHTEPHET - AYKCHHIH
OJIETTETIMEH CaJBICTBIPMAIIBI Tajay OepiireH. DJIEKTPOHIBIK OUPIKAHBIH JIaMy CaTBIChI JKOHE
OHBIH KYMBIC 1CTEY apXUTEKTYPACHL.

Kintrik ce3nep: DneKTpoHIBIK cayaa, JJIEKTPOHIbI OUPIK, aKIIUS

CoHFbl OHXBUIIBIKTa MHTEPHET aJaMJapiblH eMipiHe kebOipek enyzne. JKemisik
TEXHOJIOTHUSUIAp aJaM 1C-OpEKEeTiHIH OapiblK caialiapblHa, CaHBIH 1IHAE CayJaaHbl KO3FauIbl.
Kazakcran aiiMakTapblH/Ia aKIIapaTThIK KYPBUIBIM OipKelKi JaMbIMaraH. Ipi Kananapia HHTepHET
KEeH TapaJiraH,0yJ1 3JeKTPOHIbl OM3HECTI JaMbITyFa KeOipek MyMKIHIIK Oepeni. Al eHipiepze
Ooyica MYMKIHAIKTEep IIEKTeYNi. byl 'kaGAbIK MEeH >KEeNiJIiK KYpPhUIBICHIHBIH KbIMOAT OOJTyBIHA
0aiiTaHBICTHI.

CaypmaHbIH ayKbIMJIaHY TPOIIECTEPl HAPBIKTHIH ipi OrepaTopiiapblHa aifHAIBIM/IBI YIFAUTY
JKOHE Kalllbl pecypcrapibl 0eny apKbUIbl HIBFBIHIAPABI a3aiiTy MakcaThlHIa Kern OpeHATI
IYKEHJEep MEH THIepMapKeTTep Kypyaa xeTeki 0osbin Tadsuiaabl. XKana Tenaenmusuiap EC-ne
KepiHic Tabanpl. byn Takplpbill OyriHae e3eKTi OOJbIl caHamagbl, ©WTKEH1 OYyriHri KyHi
MUWUTHOHJIAFaH aJlaMJap YHICH MIBIKITAi, SPTYPIIi Tayapiapsl SJICKTPOHIbI TyKEHAEPIE CaThIIT
anazpl. OneMJe, HWHTEpPHET MalJalaHyIIbUIapbIHBIH CaHbl ©CIll  Keleli, HOTHXKECIHJIe
«QIEKTPOH/BI» CaThIl alylbuIap, OJEYEeTTI «3JEKTPOHABDY CAThIl AlylbUIap CaHbl APTHII
keneni. KoMmmaHusiapAplH IIOFBIpJIaHybIHA, WHTEPHET-AYKCHICPAIH Maiina OoJyblHA »KoHE
TUIIEPMAapKETTEep KAPKbIHBIH apTTHIPYFa >KOHE KOINTEreH HHTEpHET-IYKEHJepre Heri3JeNreH
cayla CTpaTerHsIChIH capajayFa MYMKIHIIK Oeperi. DIEeKTPOH/bI cayaa XKYHECIHIH THIMILUTITI
TikeJel OailmaHbICThl OOJIATHIH ipi OM3HEC-TIpOLECTepi aBTOMATTAHJBIPY ipl KOCIMOPBIHIAD
YIIiH €H KUBIH MaceleepIiH Oipi Oombi Kana 6epei.

Ipi MacurraOThl 3JEKTPOHABIK cayaa *KyiHenepiH, aknapaTThIK TEXHOJOTHUIApPMEH THIMI1
KoJ/1ay, aknapaTThIK keninepaid (AX) apxutekTypacbl MeH MyMKIHITiHE OailnanbicTsl. Onap
KENUIIK cayJa HyKTelepiH Kypyra OarbiTTanraH emec. JKaHa MHTepHET-TyKEHAEPiH allbUIybl,
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onerte, | T-uHPPaKypbUIBIMHBIH KailiTalaHybIMEH XYpesi, Oyl Koijay IbFbIHAAPbIHBIH 6CyiHe
okeneni. Cayna accOpTMMEHTI MEH ETKI3UIIM Ti30€TiH KaJbIITaCThIpyAbl aBTOMATTaHIBIPY
YIIH JIOTUCTHKANBIK MpOIeCTEep/l OHTANIAaHIBIPY JKOHE XKYyHeraey MYMKIHIIKTepl XKeTKIJTiKci3
naiinananpuiabl. COHABIKTAH Ka3ip *KbUIAaH JKbUIFA O KYWEHI OJIaH opl TaMBITy T€3 KO3FaJIbII
KeJie KaTblp. OUTKEHI 3JIEKTPOH[BI TYKEHJEP OHIIPYILIHIH MIBIFBIHIAPBIH €IoYyip a3zalTaibl,
TYpPakTbl JIYKEHJAl YCTayFa, caTy HapblKTapblH KEHEWTyre, COHJAN-aK CaThlll aJyHIbIHbIH
KE3KeIreH OHIMII Ke3-KeJITeH YakKbhITTa, Ke3-KeJNTeH elfe, Kajlala, KYHHIH Ke3 KeJreH
YaKbITBIH/IA, JKbUIIBIH Ke3 KEeJIreH yaKbIThIHJA CaThIl ady MYMKIHIITNH KeHedTenai. Kaszakcran
Pecnybnukacel DxoHOMUKAa MUHHUCTPAIri CraTuCcTHKa KOMHTETIHIH MOJiMeTTepi OoibIHIIA,
KazakcTaHHBIH MHTEpHET-cay/lachlHAAFbl €H TaHbIMall Tayap CaHAaTTapbl - AJIEKTPOHHMKA MEH
KuiM. ByJ1 eki CerMeHT OHJIalH CaThIl alyblH >KapTHICBIHAH KOOiH Kypainmel. byriame omap
HHTepHEeTTe KEe3KENreH HOPCEHi, COHBIH iIIHAE KUIM, TYPMBICTBIK 3aTTap, OWBIHUIBIKTAD MEH
Oananap Tayapiapel, TAMakK, OHJal TypMakK KeJIiKKe AeiiH caThi anaasl (1-cyper).

B KypblnbiCc maTepuanaap
B KubIM MK3HE 38K KMbIMm
B 3neKTpOHUKa

W Kitan

B Tamak

® RenikTikTayapnap

| KocmeTuka

U KanfaHbl

1-cypet — MIHTepHETTE caThUIATHIH TayapJiapblH MalbIpAbIK KOPCETKII

HuTepHeTTiK cayla KOMIAHUACH YIIIH aKMIapaTThIK XKYHEHI JaMbITy Ke3iH/e LICIIIeTiH
MaHbBI3IBI MIHJET - 0acThl BUpPYaJIIbl TYKCHIMEH MEH IYKEHJAEp JKeJiCiHIH OarmapiiaMaliap bl
apachlHJIa aKmapaT aaMmacy. AKmapaTThl Oepy KYWEeHIH OChl OOiKTepi apachlHIa 1T KYPEi.
Cayna opTanbIKTapbl Tayapiiapbl caTy Typasibl aKIapaTThl KACCAJIBIK aIllapaTTaH ajiajibl.

WNuTeprerreri xahanapik 0ocekeni 6opi Oinemi. Erep MeMiekeT caiaHbl KOJIay Typasbl
ailTaTeilH  Ooyica, OHJAa OJ KayinTi CUTHaI. bi3diH KbI3METTEep aMmepHuKalblK HeMece
KbITAWJIBIKTapMeH Oacekenece ana ma? JKemine emkaHgal Imekapa KoK, Ke3-KeNTeH TYKEeH TeK
0ip Oacy apkbuibl opHanackaH. biznin untepuer-nykenaep KKC, CCT, xanakpira 0aii1aHBICTHI
canelK Toneiai. TinTi KIMHTOHHBIH Ke3iHAEe aMepUKaHIBIKTap caTyldaH ajbIHATBHIH CaJIBIKThI
anein Tactagpl (KKC 6anmamacer). Jlon oceiHmait kamamael Kateuap, Peceiinep, bemopycrap
KaopuTmanel. An Kazakcranma Oosica, 1 MUIITMOHHAH acTaMm ajgaM OeJICeH Il CaThIN anyfia, SFHU
XaJbIKTBIH 57% Kypansl.

DNEKTPOHIBIK CayAaHbIH KapKbIHIBI JaMYBIMEH XaJIbIKTBIH KAap>KbUIBIK CayaTTBUIBIK ©CIIT
keneni. Oubl ocipece Kazakcranaa conrsl 10 xbuiaa Gaiikayra 6onansl. Kenreren agamuap, met
eNJIIK BaJIOTAJapFa, XaJbIKapajblK KOMITAHHMSUIApFa akKiia KyWbll kaTblp. OmaH KajbIcrai
Kazakcran KoMmaHWsUIapabl — O3JEpiHIH  aKUsIapblH  Oupkanmapra mmbFapyga.  Ocbl
TEeHJICHIIUSHBIH KapKbIHAbI JaMyblHa OaillaHbICThI, 3JEKTPOHBI (OHTTHIK OHpIKanapia ecim
keneni. OHBIH €H 0acThl apTHIKIIBUIBIKTAPBIH Oipi, 01 KapamaibM XalblKKa, KaJdaraH KepJIeH,
KallaFaH YaKbITTBIH, KajdaraH KOMITAHUSHBIH O6JIriH akuus TYPiHIE caThill alxyFa MYMKiHIIK
6epeni. On yiiH OUpKaJIBIK KOHTOparaaa 0apyiblH KaXKeTi )KOK.
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Kazipri yakpiTTa onemzae OupsKalblK cayla-CaTTBIKTBIH allyaH TypJi >KyHernepi Oap.
Jlereamen Oy okydenepaiH OapibiFbl OipAei cxema OoifbiHIIA KypbUtFad. benrini Oip
TePMHMHAJAAP/Abl YCHIHATBIH KEHEUTUIreH kenici Oap opraiblK Komibiorep. Kes-kenren
AJIEKTPOHIBI KOp OMp:Ka xKylect Yl Heri3ri KOMIOHEHTTEH TYPaJibl:

1. bupka MyIIeciHiH JKYMBIC OpHBI — cayna-carThikka KaTteicymbl (Tpeitnep), (Trader
Station), oHbIMeH Opokepiep cayga-caTThIKKa KaTbicaibl. HapbIK Typanbl akmapaTThl ajajibl
JKOHE JKYHere CaThII allyFa HEMECe caTyFa TaIChIpbIC Oepei;

2. Baitnansic xenici (Communications link) — Opokep MeH OpTajiblK OMp)KaHBIH JUATIOT
KYpaJbl,

3. Opranbik 6upxansik xyie (Central Exchange System) — OapiibIKk HapBIKTHIK aKIMapTThI
IIOFBIPJIAHIBIPY JKOHE OPOKEpJICPIIiH TaICHIPHITTAPBIHBIH OPBIHIATYBIH KaMTaMachki3 eremi (2-

CyperT).

6aranapbl
e — £
S

%
t CypaHbICbl
DpouT-0dHCc
CATBIN ATYILEI | ¢ BUPXA
oTyer

KIPICME CEPBEP

WHTEPHET-BPOKEPI

6-—cypeT DIeKTPOHAbI KOp OMpKACBIHBIH KYMBIC ICTEY aIropUTMi

DNEKTPOHIIBIK KYHere KOWBUIATHIH HETI3Tl TEeXHHKAJbIK TalanTap, CEHIMAUIIK TeH
THIMIUTIK Oonbin TaObutazmel. MyHmail >KyHeH1 o3ipiiey Ke3iHJeri MakcaT — ak[aparrneH
KaMTaMachl3 eTYIIH KOJI KETIMILIIT MEH JKbULAaMJBIFBIH KamMTaMachkl3 eTy. byn ic xky3iHzae
OJIapJbIH aJaMap KapbIM-KaTbIHACKIHAH KeM OoiMaiipl. OChl €K1 MacesIeH] MIenly TEXHUKAIBIK
JKarblHaH OHall eMec, IeTeHMEH, TeXHOIOTHSUIIAPAbIH Ka3ipri JeHreliMeH MYMKIH.

Kazipri yakpITTa opTYypii TYXKBIpbIMIAMAJBIK Tocuiaep Oap. Onmapma cypaHbIC TeH Oara
OenrineynepaiH Typiepi, TamnChIPhICTAPABIH Y3aKTHIFBL, CATHIT alylibUulap MEH CcaTyliblIap
apachIHJarbl MoMisienepai Oeily KaruaaTrTapbl, KOJJAHBUIATBHIH Cayla-CaTThIK TEXHUKACHIHBIH
KYPACTUIITT Typaibl OpPTYPJi CypakTap Imemnyieni. Sraum, crupiarepii, apouTpaxmaapabl xKoHE
IIEKTeYl MapTTapaarbl OyHpBIKTapAbl KojAaHy Typaubl. JKyleHiH Heri3ri (QyHKUHsIIapbiH
KYy3ere achIpylbl KaMTaMachl3 €TETiH OPTAIBIK OWPIKAIBIK JKyHere KOCHIMINAIapbl Kacay
COHIIIANBIKTHI KUBIH J1a eMec. KeOiHece o3ipneymiijepre MoMiJielep jkacay epexkelepiHiH
KYPACIUTIK JEeHredi, CEHIMJUNK JKOHE THIMAUIIK CHSKTBI MOCeNeNepl IIelyne YJIKeH
KUBIHIBIKTAP TYbIH AN IBL.

DONEeKTPOHIBIK OHpKaHbIH 0acThl apTHIKUIBUIBIFBI — cay/la olepanuslapblH KYHHIH Ke3
KENTreH YaKbITBIHJIA JKYPrily MYMKiHAiri. bpokeprnepaiH Typakrel aiibipOacTay xkaObLIFaH
yaKbpITTa cayaa »acay MYMKiHIiri Oap. SlrHu, Oy Opokepsik KOMMaHUsJIAp YIIH KOCHIMIIA
naiina. Exinminen, Opokepiep HapbIKTapra OapbIHIIA KO XKeTiMal 0onaapl. bpokep yIiH, OHbIH
Oupka meHOEpiHJAE YHEM1 KaThICyAblH KakeTi JXKOK. Cojali OHBIH OJIEeMHIH Ke3-KeJITreH
HYKTECiHJE€ OpHaJacyblHa MYMKIHAIT Oomajgsl. DIEKTPOHIBIK OHpXKaHBIH  KOCHIMINA
apTHIKUIBUIBIFBL, 9/I€TTE, TPAH3AKIUS IIBIFBIHIAPBIHBIH TOMEH/ICYIH]IE.

Anaiifa, aeTpoHABIK OMp KaHBIH 0acThI KETICIEYIIIiri KYHHIH OipHeIIe caraTblHa CO3Ci3,
oTe TOMEH OCJICEH/IITIK TIEH 3JICKTPOHIBIK HAPBIKTHIH ©TIMILIITT OOJIBIN TaObLTA IbI.
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KoMmmbroTepiik TEXHOIOTUSATIAP CANaChIHAAFBl COHFBI KETICTIKTEP OYJI MOCEJeH] IIelyre
Oaca mHazap aymapael. On TeXHUKAIBIK 1CKE achIpyJaH OacTam, »XYMBIC KaruJaTTapbl MEH
AIEKTPOH/IBI ATMACY KYPBUIBIMBIHA KATBICTHI.

Opranblk KOp OMpP)KACHIHBIH JKYHECIMEH >KMHAIATBIH aKmapaT — Oy maijaibl KbI3MET,
HApBIKTBIK KBI3MET OHE HApBIKTHIK YpAicTep Typanbl akmapaT. Ocbkl HEri3fe >Kypri3ijareH
SKOHOMMKAJIBIK Taljay, Opokepiepre ae, OMp:kaHbIH ©31HE Je Taif1a okenel. AKmapar aiMacy
KYWECIHIH TYTAaCTBIFbl MEH «aJallABIFbD), MEMJIEKETTIK KbI3METKEpJIEP MEH XaJIbIKTBIH 9JIIJIETCI3
cay/a-caTThIK MIPAKTUKACHI TYPAJIbl, OCII KeJie )KaTKaH KOPKBIHBIIIBIH KOSbI.
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YK 745.5
COBPEMEHHBIE TEHAEHIIMN CTUJISA HEO-®OJIBKJIOP B KA3ZAXCTAHE.

Mupasun Canxxap AixapxaHOBUY
CryneHT BTOpOro Kypca MarucTparypbl Tapa3ckoro pernoHajJbHOIO YHUBEPCUTETA
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AHHOTAanuA: B craThe HcCleayeT YHUKAIbHOE MEPEIUIETEHHE TPAAULIMOHHOTO U COBPEMEHHOTO
B MHUpE MOJbl, C AKIEHTOM Ha BIMSHUE HAIMOHAJIBHOIO IMPOUCXOXKACHUS MU KYJIbTYypbl Ha
TBOPYECTBO nu3aiiHepoB. OH MOJIYEPKUBACT, KaK TOHUMAHUE CBOETO KYJIbTYPHOTO HACJIEAUS U
HCTOPUM MOMKET CIYKUTh HEHUCUEPNAEMbIM HCTOYHHKOM BJIOXHOBEHHUSI [UII TBOPUYECKHUX
auyHocTer. Oco0oe BHUMaHUE YIEICHO POJU MCTOPHUYECKUX KOCTIOMOB, PEJIUTHH U YCIOBUH
JKU3HU B POPMUPOBAHUH dTHUUECKUX CTHIICH B COBPEMEHHOU MOJIE.

KaroueBble cioBa: 3THUYECKUH CTWIb, MOJA M KYJIbTypa, TBOPYECKOE BIJOXHOBEHMHE,
HaIlMOHATBHOE TPOUCXOXKICHUE, UCTOPUICCKUN KOCTIOM, COBPEMEHHBIN 13aiiH, HeOo -(POoIbKIop,
Ka3axckas MOJa, TPaJIULIMOHHBIE y30PBL.

Kaxaplil 4enoBek TBOPYECTBA NMUTAECTCSI CBOUM KOJOPUTOM, HET TAKOIO XyIOKHHKA WM JaXe
Iu3aiiHepa KOTOpBI Obl HE TOPAMJICS CBOMM IpOMCXOXAeHHeM. IloTomy 4TO TBOpUYECKHi
YEJIOBEK MOXET I0-HACTOAIEMY TBOPUTH TOIZA, KOIZla OH OCO3HAET CyTh CBOErO
IIPOMCXOKJICHHS, OCO3HAET CBOK HCTOPUI0O M mpuHUMaeT e€. Mcropus NpOUCXOXKICHUS
KYJIBTYpbl, €€ pa3BUTHE OSTO HEHCUEPHAEMbli MCTOYHUK BIOXHOBEHMs. Kaxknaplii uenoBek
BOCIIPUHHMMAET €ro IO0-CBOEMY M KOHEUYHO K€ TpakTyeT Io pasHomy. Ho He uM3MeHEHHBbIM
ocTaéTcsi TOT HACTPOMl IMOKa3aTh BCEM H3IOMHMHKY, OCOOCHHOCTb CBOEIO KOJOpHTa, CBOEH
KyabTyphel. [lpu cozpanue HalMoHanIbHOrO 0Opasa cilefyeT TIIATEIbHO U3Yy4UTh BCE 3JIEMEHTHI
HUCTOPUYECKOIO0 KOCTIOMA, €r0 IOKPOM, TEXHOJOTHIO LIMThS U MCIIOJB30BAHHBIE MaTEpPUAIIbL
Penurus m ycinoBus *KHU3HU BCErAa BIMSUIM Ha (POPMHUpPOBAHME MCTOPUUYECKOM ofexkabl. 3agaya
JM3aiHEPOB COCTOUT B TOM, YTOO CO3/1aTh OJIEXKIY KOTOPYIO MOXXHO HOCHTH KaXKIblii JI€Hb B
THUYECKOM CTHJIE. DTHUYECKUN CTHIIb CErOAHs SBIAECTCA TPEHIOM HE TOJIBKO B MOIHOM
UHAYCTPUH, HO M MOJOW YIMYHOM, Oe3yCIIOBHO, BaKHBIM HaIpaBieHHEM B au3aiiHe. YepTsl
HAallMOHAJIBbHBIX KOCTIOMOB pa3HbIX CTpPaH MHpa C 3aBUAHBIM YIOPCTBOM BCTPEYAIOTCS B
KOJUIEKIIUSAX MHOTMX JOMOB MOABI. ['JIaBHOW XapaKTEPUCTUKOW 3THUYECKOTO CTHUJIS SIBIACTCS
OpHUEHTALM Ha MHAUBUYaIbHbIM HALlMOHAJIBHBIA KOJIOPUT U ACIEKTHI CTUJIS TOTO WIIH IPYrOro
rocyaapcTBa, OJHAKO ITHUYECKUN CTUJIb HE MOATAIKUBAET K U3MEHEHHUIO HCTOPUUECKUX (HOpM
HapOJHOU onaexkIbl. bilaromapss ¢cBoell MHOIOTPaHHOCTH, DTHHUYECKUU CTHIIb CTajl JKEJIaHHBIM

( 1
l1611



https://doi.org/10.5281/zenodo.10460825
https://doi.org/10.5281/zenodo.10460825

NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

rOCTeM B KOJUIGKIUSAX OJEXKAbl Benymmx OpeHmoB. CrenoBaTenbHO, C KaXKIbIM TOJOM
Iu3aiiHepbl Bce Oosbie W OOJblIE YAMUBISIOT CMEJIOCTBIO U JEp3KOH KOMOMHATOPUKOMN
STHUYECKUX DJIEMEHTOB B CBOMX Mojeisix. CoBpeMeHHas MoOJa OCHOBaHA Ha TPaJAUIIUAX
Pa3IUYHBIX KYIbTYP U HAPOJOB. DTHUYECKHUI CTUIIb B OJICXKC OT M3BECTHHIX TU3aHHEPOB BCET 1A
3aHMMaJ MO4YEéTHOe MecTo. BylcTBO nexopa M HEOOBIUHBIX PEUICHUI MPUHTA M BBILKMBKH Ha
JTAHHBIH MOMEHT TPHCYTCTBYeT B Ka)XXJOW HOBOM MOJENIH OT HW3BECTHBIX OpeHmaoB. [Ipu
MPOBEJICHUH aHAIIM3a COBPEMEHHBIX MOJHBIX TEHJCHIINI ObLIO BBISBICHO, YTO Ha COBPEMEHHOMN
MoaHo# cueHe Kaszaxcrana HaOmIOAalOTCsl MHTEPECHBIE TEHICHLIMM CTUJIS, B YACTHOCTH, HEO-
donbKIOp. DTOT CTHIb OOBEAMHSET JJIEMEHTHl TPAJUIIMOHHOM Ka3aXCKOW KyJIbTYyphl C
COBPEMEHHBIM JIM3alHOM, CO3/1aBasi YHUKAJIbHOE U MHHOBALIMOHHOE BhIpakeHUE. BOT HeCKOIbKO
KITIOYEBBIX 4YEPT COBPEMEHHBIX TEHICHIMH Heo-¢oipkinopa B Kaszaxcrane: TpaaunmoHHbIe
y30pbl U OpHaMEHTHL: J[M3ailHEephl aKTUBHO HCMOJB3YIOT TPAJULIMOHHBIE Ka3aXCKHUE Y30pbl U
OpPHAMEHTHI B CBOMX KOJUICKIUSAX. DTO MOXKET BKIIIOYATh B CEOSI M3BECTHBIC T€OMETPUUYCCKUE
y30pbl, @ TakKX€ MOTHUBBI, BIOXHOBJIEHHbIE MPUPOJON U HALMOHAIBHBIMH CHUMBOJAMH.
Hcnonb3oBaHre TpaaUIMOHHBIX TKaHeu: Jlu3alHEphl YAENSIOT BHUMAHHUE HCIOJb30BAHHIO
TPaJAMIIMOHHBIX KAa3aXCKUX TKaHEW, TaKMX Kak arjac, IMeJK, ¥ IIepCTh. JTO A00aBIseT
ayTeHTUYHOCTU U TEKCTypHOCTH K onexzae. CoBpeMeHHble kpou u (opmbl: Hecmorps nHa
WCIIOJIb30BAHUE TPAJUIHUOHHBIX JJIEMEHTOB, MHOTHE KOJUICKIIUU TMPEJICTaBISIOT CO00i
COBpPEMEHHbIE KPOH U (OPMBL. DTO MO3BOJISET COUETATh TPAAUIIMOHHBIE YEPThI C COBPEMEHHBIM
CTUJIEM, JieJias OJICK Ty OoJiee akTyalabHOM U yHUBepcalbHOU. [[BeToBast mamuTpa: CoBpeMeHHbBIE
Iu3aiiHepbl B HEO-(OJIBKIOPHOM CTHUJIE MOTYT HHTEPIPETUPOBATH TPAJAWIIMOHHBIE IIBETa
Ka3aXxCKMX Y30pOB B COBPEMEHHOM KOHTEKCTE. OTO MOXET BKJIIOUaTh B ce0si codyeTaHue
TPaJAUIIMOHHBIX OTTEHKOB C O0oJieeé COBPEMEHHBIMH M SIPKUMH IIBeTaMHU. AKCeccyapbl H
YKpalleHus: YHUKaJIbHBIE aKCecCyapbl M YKpPAIICHUS, BJOXHOBJICHHBIC Ka3aXCKOW KYJIbTYpOH,
TaK)kKe MTPAOT BaXXHYIO POJb B HEO-(POIBKIOPHBIX KOJUJICKIHSX. DTO MOTYT OBITH y30p4YaThle
mosica, Oychl, 3JIEMEHTHI BBIIMBKYU U T.J. COLMOKYIBTYPHBIM KOHTEKCT: Ba)KHBIM acleKTOM HEO-
donbkIIopa SBISETCS YBaKCHHE K COLMOKYIBTYPHOMY KOHTEKCTy. Jlu3aiiHepbl cTpemsTcs
COXPAaHUTh UCTOPHYECKYIO LIEHHOCTh TPAJULIUM, MPEICTABIASL UX B COBPEMEHHOM KIIFOYE. OTH
TEHJICHIIUU OTPa)XalT CTPEMJICHUE Ka3aXCKUX IU3ailHEpOB COXpPaHUTb W IPOJBUTATh CBOIO
HallMOHAJIBHYIO KYJIBTYpPY Y€pe3 MUP MOJIbl, IpUAaBasi € COBPEMEHHbIN U CTUJIbHBIN BU. Benpb
MaKCHUMaJIbHBIA aKIIEHT MPAKTUYECKU Ha BCEX MOKA3aX BEAYIMX JOMOB MOJbl, BHE 3aBUCUMOCTH
OT acCOPTUMEHTA OJICK/Ibl KOJUIEKIINH, ObLT CAENIaH UMEHHO Ha Ka3aXCKUX MPUHTAaX U Ha OOUIIH €
CIIOKHBIX YKpalleHWH, YTO SBJISETCS TJIABHOM YEPTOW HALMOHAJIBHOIO Ka3axckoro ctuii. [loka
MUp 3amaJHON MOJIbI MpUcBauBaeT KynbTypy CpenHeil A3uu M BCEMHPHO W3BECTHBIE OpEHIbI
IIPOJBUTAIOT YY)KHE Y30pbl, Ka3axCKUE OU3alHEpbl CO3AAI0T CBOM KOJUIEKIIMH, U BO3MOXKHO,
OJIHXbl BOCCTAHOBST CIPaBEIMBBIA OanaHc, pacckazaB MUPY O KYJAbTYPHBIX TPaTUIUsAX
Kazaxcrana. Jlom monbl «Ackui-/lu3aiiH» TIIATENBHO MOJOMPAET TKAHU K KaXIOMY H3JIETHIO,
oOpaliaer BHUMaHUE Ha 3HaYCHUE OPHAMEHTOB, BEJlb UCTOPUUECKH OPHAMEHTHI, Y30PhI U JTaXKe
I[BET MMeEEeT CBOE 3HAYeHHE M TOBOPUT 00 oOmanatene onexjpl. E€ Hapsapl 0IHOBPEMEHHO
COBPEMEHHBI U COYETAlOT B ce0e M3BICKAHHOCTh HAIMOHAIBHOTO Ka3aXCKOTO KOCTIOMA.
Komnexkuun noma mosasr "Ackui-/{u3aiiH" ObutM TIpEACTaBICHBI BO BCEX MPECTHMIKHBIX HEICISX
MOJBI, a €€ CO3JaTelb M IJIaBHbIM Ju3aiiHep Ainapxan KamueB umeer MeXIyHapoIHBIN
asroputer B fashion unayctpun. [ToBbIIEHHBIH HHTEpPEC K HAIIMOHAIBHOMN KyJbType: C pocToM
WHTEpeca K COXPAaHEHUIO U MPOABMKEHUIO KYJIBTYPHBIX TPAJAUIUN BO3MOXXHO YBEIMYCHUE
CIpoca Ha OJEXKIy, MHCIUPUPOBAHHYIO HAIIMOHAIBHBIM (oibkiIopoM. KineHTHl cTpemsTcs
MPOSIBIISITH CBOIO YHUKAJIBHOCTH, BKJIOYAsi B CBOM 00pa3 2JIEMEHTHI TPAIUIIMOHHOTO CTHUJS B
COBPEMEHHOW HMHTEpHpeTaluu. OBOJIOLUSA MOAHOM wuHAaycTpuu: llosBieHne HOBBIX
TaJaHTJIMBBIX JIM3allHEPOB M pa3BUTHE MOAHOW cdepbl CMOCOOCTBYIOT —YBEJIUUYEHUIO
pazHooOpa3usi MPEeAToKEeHH, B TOM YHCJI€ U BKIIOYEHHIO KOJUICKIUH, OCHOBAHHBIX HAa HEO-
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donbkiope. Takoil MoaxoJ MPUBIEKAET MOKYyMAaTelel, UIyIMX YHUKAIbHOCTh U KYJIbTYPHYIO
HachIIeHHOCTh. [loamepikka mokanbHBIX OpeH10B: BHuMmanue mokymarenei m3 Kazaxcrana k
OTEYECTBEHHBIM MapKaM U MPOAYKIIMU MOXKET CTUMYIUPOBATH CIPOC HA OACKIY B CTUIIE HEO-
¢bonbKIIOp, CO3/1aBaeMyl0 MeCTHbIMU Au3aiiHepamu. KynbTypHble meponpusitus: [IpoBenenue
KYJIBTYPHBIX COOBITHH, TaKWX KaK (PECTUBAIM, BBICTABKM M IOKa3bl MOJl, MOXET YCHUIIHUTh
HHTEepec K Heo-(onpkiopHON Mojne. MHTepHeT u comuanbHbie Meaua: OHnaiH-maTGopMbl U
COIICETH MOTYT CHIFPaTh KIIOYEBYIO POJIb B MPOJBUKCHUU HEO-(OIBKIOPHON OJEKIBI, TIC
BUPTYaJIbHBIE COOOIIECTBA U OJIOTEpHl BIUSAIOT HAa MOMYISPHOCTh U BOCIPHUSATHE 3TOTO CTHIIA.
DKOHOMUYECKHE aCTEKThl: DKOHOMHYECKAs CTAOMIIBHOCTD U JIOXO/IbI HACEIICHUS TaK Ke BIIHSIFOT
Ha crpoc. [Ipy HanmMymu AOCTATOYHOTO A0X0Ja MOTpeduTenu 0ojiee OXOTHO MHBECTHPYIOT B
YHUKAJIBHYIO W CTUIIBHYIO OJICHKTY.
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90K 538.9
MOJINY PETAHHBIH ®U3UKAJIBIK KACUETTEPIH 3EPTTEYATH CAHIBIK
QJIICTEPI

Amanreani 9iikepim bek3arxankbisbl, HypcentoBa Apy:kan Ca0bIpKaHKbI3bI
Abait aTeiHarel Kazak YITTHIK TTE€IarOrMKaIbIK YHUBEPCUTET1, 2- KYpC MaruCTpaHTTaphl,
Anmarnl Kanacel, Kazakcran

d https://doi .org/10.5281/zenodo.10460941

To Cite: Awmanrenai Oiikepim bek3arxankeibl, & HypcentoBa Apyxan CaObIpKaHKBI3BL.
(2024). TIOJIMYPETAHHBIH ®U3UKAJIBIK KACUETTEPIH 3EPTTEY/IH CAHIBIK
OJICTEPL. B SCIENCE AND EDUCATION: MODERN TIME (T. 4, Bemyck 4). Zenodo.
https://doi.org/10.5281/zenodo.10460941

Anaatna. byn Makanazga ToOJWypeTaHHBIH (U3UKAIBIK KACHETTEpiH 3epTTey YIIH
KOJITAaHBUTATHIH CaHJIBIK 9/IiCTEpre MOy JKacalblHaAbl. MaKanaaa COHFBI QJIEMEHTTED 9/1ici )KOHE
MOJIEKYNANBIK JAWUHAMHKA CHUSKTBI OPTYPJL €cenTey oAicTepi, OoNapAbl MOJIUYpETaHHbBIH
MeXaHUKaJBIK, KBUTY )KOHE 0acKa KacCHeTTEepiH TalAay YIIH KOJIAaHBLUTYbl KapacThIpbUIaAbl. by
3epTTEyHiH MaKCaThl - OPTYPAl CaHIBIK OICTEpAl KOJJaHa OTBIPBII, MOIWYpETaHHBIH
(bU3MKaIBIK KaCHETTEePiHE CAHIBIK TaAay JKYPri3y. 3epTTey MiHACTTEpl MbIHATAPABI KaMTHIbL:
MOJIMYPETAHHBIH OEpIKTIrT MEH CepHiMIUNI CHUSKTbHI MEXaHUKAJIBIK KAaCHETTEPiH MOJCIBACY;
KYPBUIBIMJBIK HapaMeTpJepIiH NOJUYypeTaHHBIH (PU3UKAJIBIK KacCHETTEpIHE OCEpiH 3epTTey;
CaHJBIK MOJCNBJCY HOTIXKEIEPIH HKCIEPUMEHTTIK MONIIMETTEPMEH CaJbICTBIPY. 3epTTey
MOJIMYPETAaHHBIH KACUETTEPIH CAHIBIK SIICTEp apKbUIbI TEPEHIPEK TYCiHyre OarbITTainFaH. by
OHBI OPTYpJl cajanapja, COHBIH IIIHAE 6HEPKACiN MEH MarepHayap FbUIBIMBIHAA KOJJIAHY
YIIiH Tai1aab1 00Tybl MYMKIH.

Tyiiin  ce3gep: mnoauMep, IMOJUYPETaH, MOJEIBACY, JHTPOIHUSA, JUHAMUKA,
TEPMOJIMHAMHUKA.

Abstract: This article provides an overview of the quantitative methods used to study the
physical properties of polyurethane. The article discusses various computational methods, such
as the finite element method and molecular dynamics, and their use for the analysis of
mechanical, thermal and other properties of polyurethane. The purpose of this study is to conduct
a quantitative analysis of the physical properties of polyurethane using various quartitative
methods. The objectives of the study include: modeling of the mechanical properties of
polyurethane, such as strength and elasticity; investigation of the influence of structural
parameters on the physical properties of polyurethane; comparison of numerical simulation
results with experimental data. The research is aimed at a deeper understanding of the properties
of polyurethane using numerical methods. This can be useful for its use in various fields,
including industry and material's science.

Key words: polymer, polyurethane, modeling, entropy, dynamics, thermodynamics.

[Nonumepni maTepuanmapaslH MaHBI3IBl KJIachkl OOJIBIT TaOBUIATBIH IOJHYpPETAaHIAP,
OpTYpIl cananapja KEHIHEH KOJIJaHbUIabl. MBbICANbl: KYpBUIBIC, aBUAIUs, MEAMIIMHA, JKOHE
TYTBIHY TayapiapblH eHalpy. Omnap QU3MKaNbIK KAacHETTep/iH, COHBIH IHIHJE KOFaphl
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OEpiKTIKTIH, MKEMIUNKTIH JKOHE XUMUSUIBIK TYPAaKTBUIBIKTBIH Oipereil yilieciMi apKbUIbl
3epTTeyliep MeH OHepKACINTiH HazaphH aymapysa [1].

3eprTey OapbichiHAa, 013 MOMMYypeTaHAApAbIH (HU3MKAIBIK CUIATTaMalapblH CaHJbIK
MOJIENBJICY, TaJ/Iay )KOHE OHTAUJIaHIBIPY SiCTEMECiHE Ha3ap ayaapaMbI3.

[onuyperannapapiH, (QU3MKANIBIK KAaCHUETTEPiH 3EpTTEYHiH OIiCTeMeci MEH CaHMAbIK
oiCTepiH KapacThIpFaH/Ia, KeJeciiel Typaepine Hazap ayaap/bIK:

1. ITonuypeTaH1bl MOJIEKYIANBIK MOJCIBACY

[MonmypeTaH bl MOJNEKYIAIBIK MOETBICY MOJMMEP KYPBUIBIMBIHIAFBI MOJICKYIaTap IbIH
KO3FallBICBI MEH ©3apa OpeKeTTeCyiH 3epTTey YIIH MOJIEKYJIalblK JAMHAMHUKA OiCTepiH
KojaaHanel. bynm omicteri OemniieKkTepAiH KO3FalbIChIH CHUIATTAMTBIH HETI3T1 3aH-KO3FalbIC
TeHZEYi OOJIBIN TaObUIAIBI.

I-mi  monMypeTraH Oeumieri YIIH MOJEKYJIANbIK IUHAMHUKAIarbl KO3FalbIC TEHIECYI

kenecineit [2]:

dr
_ i
m - dt2 I:I
(1)
MYHJAFBl: M} - i-IbI OONIIEKTIH Maccachl; I, - yaKbpITKa OaiJIaHBICTBI YII ©JIeMi

KEHICTIKTer1 i-11i OeJIIeKTiH OpHBIH Ol1ipeTiH BeKTop; F, - iK1 e3apa opekerTecyai (moaumep
imiHgeri O0alaHBIC pETiHAE) KOHE CHIPTKBI dcepiepii KaMTybl MYMKIH i-Im OeJIIeKKe acep
€TeTIH KYII [2]

2. TepmoarHAMUKAIBIK KACHETTEP 11 MOJICTBACY

[MonuypeTanmapaplH  TEpPMOAMHAMUKAIBIK  KAaCHETTEpiH  MOJAENBACY  OpPTypdi
TEPMOIMHAMUKAJIBIK ITapaMeTpIIep Il aHBIKTAY YIIH CTAaTUCTUKAIBIK MEXaHUKA dJIICTePl MCH KYH
TEHJIEYIEepiH KOJNAAaHyAbl KaMTuIbl. MaHeBabl mapamerpiep - KeickiM (P), xemem (V),
MoJIeKyanap cassl (n), omOeban ra3 Typakroichl (R), sxone Temmeparypa (T) [3] .

WnmrocTpanus yinH HETi3ri Kyd TeHJAeyJIepiHiH Oipl uaean ra3aplH KYH TEeHJEyl OOJIbII
TaObUIA IBL:

PV =nRT
(2)

MYHJAFbl: P- KBICBIM; V-KeJeM; Nn-ra3fbFbl MOJIb CaHbl, R-om0Oeban ra3z typaktsicsl; T-
TeMIeparypa.

[NonuyperannapaplH TEPMOJMHAMHUKAJIBIK KACHETTEPIH MOJAENbICY Kypaedi Ooiysl
MYMKIH OHE €CENTey PEeCypCTapblH KaXeT eremi. Auaiiga, OWI MOJIEKyJajblK JCHrene
MaTepuaIblH KaCHEeTTEPl Typasbl KOCBIMINA TYCIHIK allyAbIH THIMI SiCi.

3. IlonuypeTaHHBIH MEXaHUKAJIBIK KACUETTEPI1H CaHIbIK MOJIEIbIEY:

[NonnypeTaHHBIH MEXaHUKAJBIK KAaCHETTEpiH CaHIBIK MOJENbAey KeOiHece 3epTrey
ayKbIMBl MEH MakcaTTapblHa OaiIaHBICTBI aKbIpibl djeMeHTTep omictepiH (Finite Element
Method, FEM) nemece monekynanblk nuHamukanbl (Molecular Dynamics, MD) kosmaHysi
KaMTu bl [lonnypeTaHHbIH MEXaHUKAJIBIK KACUETTEPIH CAaHABIK MOJENIbACYIIH JKaJIbI TOC1JII:

- TEOMETPHSUIBIK MOJIENB/ICY: MOTUYPETaHIbl TEOMETPHUSHBIH YIII OJIIIEM/II MOJICITIH KYPY.
byn nmonuMepaiH 1KI KYpbUIBIMBIH, MOP(OJIOTHIACHIH XoHE 0acKa epeKIUeTiKTepiH ecKepyi
KaMTybl MYMKIH.
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- MaTepuaJblK KacHeTTepi: MOJMypeTaHHBIH cepmiMainik wmoxyni, Ilyaccon
kodgdunmeHTi, OepikTiri, AehOpMAIUSIBIK CUIIaTTaMaJIaphl )kKoHEe 0acKa mapaMeTpliep CHSIKTHI
MaTepUaIblK KaCUETTePiH aHBIKTAY.

CepniMIinik MOIYINiH MbIHA (pOpMYyJia apKbUIbI aHBIKTayFa 00Ia/Ibl:

E_C
£
3

myHaarel: E - cepmimainik Moaymi, o -KepHey, & -AepopMaliusl.

- coHrbl 2neMentTep oiici (FEM): reoMeTpusinbl akbIpibl 3JIEMEHTTEpre 0oy *XKoHe
KYKTEME OoCepiHEeH MaTepHallIblH opeKeTiH cunarray yunH J[ledhopmanusuiaHaTeiH JeHE
MEXaHUKAChIHBIH TEHJCYJIepiH KoygaHy. bym wMarepuan iminzeri aedopmanusiiap MeH
KepHeyJepi MOEIbAeyre MyMKIHIIK Oepei.

- gedopMauusimap MEH KEpHEYJIepHi €ecemTey: ChIPTKbl KYLITepJiH Hemece
nedopManusuIapIbIH 9CEPIHEH MaTepUuaiaarsl AedopManusiap MEH KepHEyIep/Il ecenTey YIiH
FEM konpnany.

Hedopmanms suepruscein (U) nedopmanms KkepHEyiHIH HHTETPAJIbl PETIHAEC €CenTeyre
Oonazpr:

U= I: odg
(4)

MyH7arel: U- gegopmanus sHeprusicol , o -KepHey, & -AedopMaius

- MoJekynanblKk auHamuka (MD): erep MoJeKymalblK ACHTEWaeri MiHe3-KYJIBIK
KBI3BIKTBIPCA, TOJIMMEpP aToMIapbl MEH MOJEKYJaIaphIHbIH JAUHAMUKACHIH 3€pTTey YIIH
MOJICKYJIAJIBIK JMHAMUKA J/IICIH KOJAaHyFa OOJIaIbl.

- HOTWXeNIepli Tanjay: KepHeylepIiH Tapanysl, AeopManusiap, opTypl Karaaimapaa
MaTepHalJIbIH 9PEKeT1 CUAKTBI HOTHXKEJEeP/Ii 3epTTey.

MATLAB-ta monmypeTaHHBIH MEXaHUKAIBIK KACHETTEPIH CaHABIK MOJEIBJACY YIIiH
aKpIpJbl AJEMEHTTEP OMAICTepiH KoyjgaHyra Oonaapl. TeMeHne >Kalmbl 1C-KUMBLIT >KOCHapbl
KOpPCETITeH:

- TEOMETpHs KOHE TOp: MOJIMypeTaHHAH OOBEKTIHIH T'€OMETPHUSICHIH YKACAaWMBI3 KOHE
COHFBI DJICMEHTTEP/IiH TOPBIH OpHATAMBI3

- MaTepuaiblKk KacHeTTepl: MOJINYPEeTaHHBIH CEepHIMALTIK MOMIYMi, OepiKTIK IIeri,
[Iyaccon koadduuueHTti >xoHe Oacka mapameTpiep CHUSAKTbl MaTepHANIbIK KacHeTTepiH
aHBIKTaMBI3

- TeHueylnepai memy: JlehopManussIaHATBIH KATThl MEXaHWUKA TEHICYJICPIH CaHIIBIK
menty ymiH MATLAB kypanaapbiH maiiagaHaMbi3 [2]

CaHapIK omicTep/al KOJJaHa OTBIPHIN, MOJHYpEeTaHAAPIbIH (U3UKAIBIK KaCHETTEpiH
3epTTey HOTHXKECiHEe 013 Keieci HEeri3ri TYKbIphIMAApFa KeJiK: MOJTHYPETaH bl MOJICKYIAJIbIK
MOJIETIbACY IMOJMYpeTaH KYPbUIBIMBIHIAFbI ~MOJICKYJTalapAblH KO3FajJbiChl MEH e3apa
OpEKEeTTEeCYiH TepeHIpeK TYCiHyre MyMKiHAIK Oepxi. byn omicteme onapasiH OepikTiri MeH
MEeXaHUKaJIbIK KACHETTEP1H Ta1ay >KoHe OoyKay YIIH Hailaansl.

I9aedueTrep Tidimi
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HCCJIEJTOBAHUE U3MEHEHWSI CBOMCTBA MACJIA T'A30BOI'O JIBAT ATEJIA
N PEXKUMbI HEITPEPBIBHOI'O BBOJJA TPUBOMEXAHUYECKHUX
CTABUWIN3ATOPOB

VYraeB C.A. 1.¢.T.H.,JOLICHT.
Typaes A.K. couckarens
Kapumuckuii roc. YHUBEpcUTET

d https://doi.org/10.5281/zenodo.10461647

To Cite: Yraes C.A., & TypaeA.K. (2024). MICCJIEJJOBAHUE N3MEHEHMS CBOVICTBA
MACJIA TA30BOI'O JBUI'ATEJII W PEXKWMbI HEIPEPBIBHOI'O BBOJA
TPUBOMEXAHUYECKUX CTABUIM3ATOPOB. B SCIENCE AND EDUCATION:
MODERN TIME (T. 4, Bemyck 4). Zenodo. https://doi.org/10.5281/zenodo.10461647

AHHOTanusA: B [TaHHONW CTaTbe pPACCMOTPEHO pe3yIbTaTbl HCCICIOBAHUS  BIUSHUS
HEIPEPBIBHOIO BBOJA TPUOOMEXaHMYECKUX CTAaOMIM3aTOPOB B COCTaB Macia U pa3paboTka
KOHCTPYKLIMH JUIsl BBOJA IPUCAIOK B CMa304HYI0 CUTEMY ra30BOI0 JIBUTATEIIs.

KiroueBble ciioBa: BA3KOCTb, JBUTAaTENb, IU3€Ib, KUCIOTHOCTb, Macja,  IpHUCAJKa,
cTabHIN3aTop, TPHOOMEXaHUIECKH, IIETIOYHOCTb.

Abstract: This article discusses the results of a study of the influence of the continuous
introduction of tribomechanical stabilizers into the oil composition and the development of a
design for introducing additivesinto the |ubrication system of a gas engine.

Key words: viscosity, engine, diesel, acidity, oils, additive, stabilizer, tribomechanical,
alkalinity.

BBegenusi: B MupoBoil mpakTHKe BOIpOC oOOecreyeHHs HaJeKHOCTH JBHUraTesei
BHYTPEHHETO CIOpaHHUs SIBIISIETCS AKTyaJbHOM KOMIUIEKCHOW 3aJadeil, pelaeMoil 1o pa3HbIM
HaIpaBJICHUsIM. BaXHBIMH, Cpeli HUX SIBJISIFOTCSL YCIOBHSI DKCIUTyaTallMH, BUJ IPUMEHSIEMOTO
TOIJIMBA, KOHTPOJb COCTOSHHS MOTOPHBIX Maceld, a TakkKe OOOCHOBAaHHE CPOKOB CIYKOBI
MOCJIEAHUX.

[Ipu obecreuynHUN SKCITyaTAlMOHHBIX CBOMCTB MOTOPHBIX Maces ra30BbIX JBUIaTeseil Ha
0a3e qu3elneit, BOPOC MOIEPKaHusl IKCILTyaTallMOHHBIX CBOMCTB Mace SIBISETCS aKTyaJIbHbIM .

OnTuManbHBIM pELIEHUEM CYHUTAeTCsl OOecrnedeHHe HENpPEephIBHOTO BBOAA HEOOXOAMMBIX
IPUCATOK B Macjio U3, KOTOpble 00ECIeunBalOT COXPaHEHUE IKCILTYaTallMOHHBIX CBOHCTB
Maces 40 CPOKa CMEHBIL.

Heab uccaeqoBanus. DKCIUIyaTallUOHHBIE HCCIEIOBAaHUE W3MEHEHHUs KOHILIEHTPaLUU
3arpsi3HEHUS M CHMDKCHMS ILEJIOYHOCTH Macia ra3oBOrO JBUIATENs M JU3EIIs, aHAIU3 BIUSHUA
HENPEPHIBHOTO BBEACHUS TPHOOMEXaHMUYECKUX CTAOMIN3aTOPOB B CMa30YHYI0 CHCTEMY T'a30BbIX
JBUraTeniel Ha 6aze qu3els.

MeToasl  mccaegoBaHusA.  MeToauka — MCCIENOBAaHUE — 3aKIIOYANach  aHAIU3a
JUTEPATypHbIX HUCTOYHUKOB WM IPOBEACHUU DKCIIYaTAllMOHHBIX WMCCIIENOBAaHUM 3arpsA3HEHUs
Macia W CHIDKEHHMS UICJIOYHOCTH TNpPU  HENPEpPhIBHOM  BBOJIE TpUOOMEXaHUYECKUX
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CTaOUIM3aTOPOB B CMa304YHYK CHCTEMY Ia30BOTO JBUTraTess Ha 0aze Qu3ens, MO0 METOJUKeE,
0a3upyeMbIX Ha CTaHJAPThI HCCIIEA0BaHNE U HOPMATHUBHBIX JOKYMEHTOB.

IIpu 00paboTke SKCIEpUMEHTANBHBIX JAHHBIX MPUMEHSUTUCh METOIbl 00paboTKH Ha
npukiaaHbix makerax Microsoft Office Excel.

B ¢dopcupoBaHHBIX IBUTaTENISIX 3HAYUTENBFHO YCUIMBAETCS TEIJIOBAsk Harpy3ka Ha MaclsHbIe
IUICHKU B MWIMHIAPOBOM rpynmne. C MOBBIIIEHHEM HAarpy30K Ha KPHUBOLIMITHO-IIATYHHBII
MEXaHHU3M TOJIIMHA IUIEHKU YMEHbBILIAETCS, OTHOCUTENbHBIN MPOPHIB Ta30B MPU MOBHIILIEHHBIX
oboporax yBenuuuBaeTcsi moutu Ha 60% [1,2,7,8]. B pe3ynbrare ocCyIIEeCTBISIETCS
MEXaHMYeCKOe M TEPMHUYECKOE pas3pyllleHHe IUICHKH, COMPOBOXKAAIOIIEeCS TITyOOKMMHU
XMMHUYECKUMU TMPEBpAlllCHUsIMU. B 3THX TSOKENbIX YCIOBUSX MacisHas IUIEHKa JIOJIKHA
oOecreuynBaTh HEOOXOAMMBIE TPOTUBOU3HOCHBIE U MPOTUBO3aAUPHBIE CBOMCTBA, U HE BbLAEIATH
NPOJIYKTOB paciiajia Ha IOBEPXHOCTSIX JieTajlel mopmHeBoi rpynmsl [1-8].

[Ipu ananu3e ycinoBHI, B KOTOPbIX HaXOJUTCS MacisHas IUIEHKa Ha I[OBEPXHOCTH
LWIMHJPOIOPIIHEBOM TPYNIbI, HEOOXOAUMO HUMETh B BHUJY CHJIBHYIO 33aBUCHMOCTb €€
OKHUCJISIEMOCTH OT TeMmiiepaTypbl. OOpa3oBaHHE YIVIEPOJUCTHIX OTJIOKEHUH Ha MOBEPXHOCTAX
HOPIIHS  3aTPYyIHSET TEIUIOOTBOJ U CHOCOOCTBYeT meperpeBy mnopumHs. OTioxXeHus,
oOpa3yronecs B KaHaBKax IMOPIIHEBBIX KOJIEI, BBI3BIBAIOT HMX 3aKJIWHHUBAHHE, IOTEPIO
IrEepMETUYHOCTH HAJIOPUIHEBOTO IPOCTPAHCTBA U, CJIEJOBAaTEIbHO, IOBBIIEHHBIN MPOpPHIB
ra3oB, 4YTO YCKOpSET TMPOIECChl OCMOJIGHHUS M 3arpsi3HEHUS MAacisIHOM IUIEHKU. JTOMY
CONYTCTBYET YBEJIMYEHUE pacxoja Macjia, I[aJeHUE MOIMHOCTH, IIeperpeBbl JAeTalel,
MOBBIMIEHHBINA M3HOC U 3aJUp, OCOOCHHO B MOpIIHEBOH rpymie [1-8].

B pesymprate cOpachiBaHUS TPOIYKTOB PpA3JIOKEHHUS IUICHKA B KapTep JBUTATENS
3arpsi3HSAETCS MAacio, HaxoJsdlueecss B LUPKYISIUOHHOM KOHTYype, Ha JeTalsiX [BUTATeNs
OTJIATaeTCs JIaK, MPOUCXOJUT 3a0MBKA KaHAIM3AaIMOHHBIX OTBEPCTHH MAaCIOCHEMHBIX KOJIEIL,
OJIOKMPOBKA JIPEHAXHBIX OTBEPCTUH B MOPIIHE, BO3PACTAET 3arpsi3HeHNE GUIBTPOB.

BsskocTHO-TeMnepaTypHasi 3aBUCMMOCTh Macijla OLIEHMBAETCS MHJIEKCOM BS3KOCTH. Yem
MEJUIEHHEE IOBBIIAETCS BA3KOCTH C INOHMKEHUEM TEMIIEPATYypbl, TEM BBIILE HHJEKC BSI3KOCTH.
Kak  mnokaspiBaeT  pe3ynapTaThl  HCCJIENOBAaHUM B~ MAIIMHO-TPAKTOPHOM  IapKe
arpolpoOMBIIUIEHHOIO  KOMIUIEKCA B  YCIOBUSAX OJKCIUIyaTallud  CEJIbCKOXO3SIMCTBEHHBIX
TPaKTOPOB, MAIIMHUCTAMU YacTO HapyllaeTcss COOI0aeHUE npaBwiia  BSI3KOCTHO-
TEMIIEPAaTypHBIX 3aBUCHMOCTEH. B pesynbprare 4ero, WHTEHCHUHUIUPYETCS 3arpsA3HEHUs U
OKHCJICHUS Maclia, 4YTO IPUBOJUTH K CTAPEHUIO Maciia B KpaTKUX CPOKax.

Bce otu oTpunarenbHble siBIeHUE TpeOyeT pa3paboTKU KOHCTPYKIIUN U CPE/ICTB CTAOUIH3AIIuU
paboThI Macia B JBUTATEIIE.

MHorue ydeHble CUMTAIOT YTO, NMEPCHEKTUBHBIM SIBISETCS METOJ BBEACHMS JOIMOJIHUTEIbHOM
NOpIUHU TPHUCAJOK B pabotaromee MacinO. OnHOBpeMEHHOE J00aBiIeHHE MakeT MpPHUCaOK
CIIOCOOCTBYET K MOBBILIEHUIO COAEPKAHUS 30JIbI U JUDJIEKTPUUECKON MPOHUIIAEMOCTH, TaK KakK,
B COCTaBe MIPUCAJ0K MeTajIocoJepkanme Bewecrsa [1,3,6].

[lepcrieKTUBHBIM CUMTAETCSI METOJ HENPEPHIBHOTO BBOJA MPHUCATOK B CMA30UYHYIO CUCTEMY.
Bomnpoc pa3paboTku MepOnpUsATHII U CPEACTB BBOJA IPUCATOK CUUTACTCS aKTyaJIbHBIM.
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Puc.1. XapakTep cTapeHus Maciia B BUTaTEIsIX BHYTPEHHETO CrOpaHus
= KOHIICHTpALUSI MEXAHUUECKUX IPUMECEH,  IIeAQYHOCTH Macia

[Ipu pabGore aABUTaTenss Macio BMECTE C HAXOAALUMMUCS B HEM MPOAYKTaMH 3arpsi3HEHUs
IIOCTYAET B KOJBIEBBIE KAHABKM IOPIIHA. JTa CMECh, HaXOAACh B KaHaBKax IOPIIHS B BHUIE
TOHKOW IUICHKH, IIPH BBICOKMX TeMIIepaTypax, B PE3yJbTaTe IOCIEAYIOUMX OKHCIHUTEIBHBIX
IPOIIECCOB 00pa3yeT BA3KHE ac(anbTO-CMOJIUCTHIE OTJIOKEHHUS, KOTOPIE YMEHBIIAIOT 3a30PbI B
KaHaBKax M, JACUCTBYS MOJOOHO IIEJEeBBIM (MIBTPaM, HAUMHAIOT 33JePKUBATh 3arps3HSIONIE
IIPUMECH.

[Ipu pabore aBuraresnss Macio BMECTE C HAXOJAIIMMUCS B HEM IPOJAYKTaMHU 3arpsA3HEHUs
IIOCTYAE€T B KOJBLEBbIE KAHABKHU IOPIIHA. JTa CMECh, HaXOAACh B KaHABKAX NOPLIHSA B BUIC
TOHKOM IUIEHKH, IIPH BBICOKMX TeMIIepaTypax, B Pe3yJIbTaTe IMOCIEAYIOUMX OKHCIUTEIBHBIX
IPOLIECCOB 00pasyeT BsA3KHE ac(aabTO-CMOJIUCTHIC OTIIOKEHUS, KOTOPbIE YMEHBIIAIOT 3a30PbI B
KaHaBKax M, JAEHCTBYS MOJOOHO ILIEJEBBIM (MIBTPaM, HAUMHAIOT 3a€PKUBATH 3arpsI3HSAIOLIME
npuMecu. B HEKOTOpPBIX ciydasX CMa304HbId MaTepuana CTAHOBUTCS IPUYMHOM aKTUBALIMU
M3HOCA, WM JIaXKe BBIXOJA M3 CTPOs JeTajcil MalllMH, LEJBIX y3JI0B U arperatos. B mponecce
OKCIUIyaTallMM JBHTATENsd B  PE3YJIbTaTe€ E€CTECTBEHHOIO H3HOCA TWIIB3Bl  BO3PACTaeT
HEPaBHOMEPHOCTh pPAa0OThl LWIMHIPOB, CHUXKAETCA HKCIUTyaTallMOHHBIE XapaKTEPUCTUKH,
YXYIAIIAKOTCSA TEXHUKO-DKCILIyaTallHOHHBIE TOKA3aTEIIN.

IIpn aHanu3e ycnoBUH, B KOTOPBIX HAXOIUTCA MacisHas IUICHKAa Ha IIOBEPXHOCTH
[VIMHJIPOTIOPIIHEBOM TPYIIBI, HEOOXOAWMO HUMETh B BHUJAY CHJIBHYIO 3aBUCHUMOCTH €e
OKHUCJIIEMOCTH OT Temreparypbl. OOpa3oBaHHE YIIIEPOAMCTHIX OTJIONKEHMH Ha MOBEPXHOCTSX
MOpUIHS 3aTPYAHSIET TEMJIOOTBOJ M  CIOCOOCTBYeT meperpeBy mnopimHs. OTIoXKeHus,
oOpa3yroniecss B KaHaBKaxX IIOPLIHEBBIX KOJIEILl, BBbI3BIBAIOT HX 3aKJIMHUBaHHE, MOTEPIO
TEPMETUYHOCTH HAJIOPIIHEBOTO IPOCTPAHCTBA M, CJIEIOBATEIbHO, IOBBIIICHHBIM IIPOPHIB
ra3oB, 4TO YCKOpSAET IPOLECCHl OCMOJIEHHS M 3arps3HEHUs MacisHOM IUIEHKH. JTOMY
CONYTCTBYET YBCIMYEHUE pacxoja Macia, IaJeHHE MOIMHOCTH, IIEperpeBbl JAeTalel,
MOBBIICHHBI U3HOC U 33JJp, OCOOCHHO B MOPIIHEBOH rpymIie.

JlocTurayroe B IOCJIEIHUE OBl YBEJIMUEHUE PECYPCa Maces TECHO CBA3AHO C IMIMPOKHUM
IpUMEHEeHneM Inpucajgok. OAHAKO IpH HMCHOJB30BAaHUM Macesl BO BpeMsi pabOThl U IpHU
XpaHEHUHU Macesl MpHcaIku cpabarbiBatoTcsa (puc. 1.), T.e. yMEHbLIAETCS MX KOHLEHTpPALHUs.
Haunbonee nHTEeHCHBHAs YObUI IPUCAJOK TP SKCILTyaTallMy Maces MPOUCXOIUT B y3/1aX TPEHUs
paloTaronmx ABUTaTENEH.
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HccnenoBanusi moOKa3bIBAIOT, YTO NPH JIO3UPOBAHHOM BBOJE MPUCAJOK HE TOJBKO
YBEJIMYMBAETCSI CPOK CMEHBl Macia, HO M CHHUXKAeTCs CKOpPOCTh W3HAIIMBaHUS JAeTajei
JIBUTATETIS.

Jlnst pemieHys MOCTaBICHHOM 3a/laul HaMU pa3zpaboTaHa KOHCTPYKIUS JJIsl HEPEPHIBHOTO
BBEJICHHUS TPUOOMEXaHUYECKUX CTAOMIM3AaTOPOB B CMA30YHYIO CHUCTEMY [IBUTATElNs B IEJSX
VAYYIIEHUS 3KCITyaTallMOHHBIX CBOMCTB pabOTaloIIero Maciaa U MoAepKaHus KOHIEHTpaIuu
IIPUCAJ0K B Macle.

Jlns mpoBeieHUs SKCIIEpUMEHTAIBHBIX UCCIIeIOBaHUI Oblia pa3paboTana mabopatopHas
YCTAHOBKA TIO3BOJIIONIAS  MICCIICAOBAHME BIUSHHUS BHEIHUX (AKTOPOB Ha Tpoliecc
HEIPEPHIBHOTO BBOJA TPUOOMEXaHUYECKUX CTAOMIIN3aTOPOB M YCTAHOBJICHUS PallMOHATIBHBIX UX
3HA4YCHUH.

B xauectBe BHemmHHX (AKTOPOB, BIUSIOIMMX HA TMPOIECC HEMPEPHIBHOTO BBOJA
TpUOOMEXaHUYECKUX CTAOMIN3aTOPOB, SIBISIOTCS MIPOHUIIAEMOCTh (QUIBTPOBAIILHOTO 3JIEMEHTA
YCTPOMCTBa HENPEPHIBHOTO BBOJA, TeMIlepaTypa Maciia, CKOPOCTh IIOTOKa M 3HA4YeHUe
HIEJIOYHOCTH UCIIBITYEMOI0 MacJa.

Jliie  BBIOJIHEHHMS MOCTABJICHHOM 3aJaud B KOHCTPYKUHUHM JKCIIEPUMEHTAJIbHOMU
YCTaHOBKM OBUIM YCTAHOBJIEHBI KOHTPOJIbHO-U3MEPUTENIbHbIE TPUOOpPHI Al OOecredyeHHs
TpeOyeMBbIX pabo4nX peKUMOB YCTAaHOBKH.

KoncTpykius BBeJieHUS CTAaOMIM3aTOPOB COCTOUT M3 CIEAYIONMX COCTABHBIX dacTei: 1-
MaHOMETp, 2- CUETUYHK pacxoiomepa, 3- pacxomomep,4- 6ak st Maca,

5- marpeBarenb, 6- Hacoc HIII-10, 7- snekTpoasuraTens, 8- yCTpOMCTBO HEMpe- PHIBHOTO BBOAA
TPUOOMEXaHUUECKHUX CTA0OMITH3aTOPOB, 9- JIEKTpHUIECKAsl CETh.

Ha okcmepumeHTanbHONM yCTaHOBKE HCCIEIOBAINCh HW3MEHEHHUS KOHLEHTpAIuu
TPpUOOMEXaHUYECKUX CTaOMIN3aTOPOB IPU HEMPEPHIBHOM HMX BBOJE B TeueHue 1-5 4, T.e.
YCTaHOBUBIIIETOCS TIEpHOJIa peKrMa paboThl YCTPOMCTBA, CO CHATHEM MX XapaKTePUCTUK B BHJIC
3apucuMoctu C = f (1, t) Ipu pa3Iu4HbIX peKUMax paboOThI.

Jns onpeneneHust K3MEHEHUsI SKCILTyaTallMOHHBIX MTOKa3aTeIel Maces ra3oBbIX ABUTaTeNeH
Ha Oaze nu3eneld ObUIM MPOBENEHbl HSKCIUIyaTallUOHHBIE MCIBbITAaHUE. DKCIUTyaTallHOHHbIE
UCIIBITAHMS TPOBOIUIIUCH B MAIIMHO-TPAKTOPHBIX MapKax.

[lo nnany HaGmroneHui moa HaOMOJEHHUEM ObUIH TPAKTOPHI BHIMOIHSIIONIME TPAHCIIOPTHO-
yOOpOUHBIE pabOTHI.

[Ipu sKcrTyaTallMOHHBIX WUCIBITAHUSAX MPUMEHSINCh Maciia OTOOpaHHBIE M3 CHUCTEMbl CMa3KH
TpakTopa TT3-80.10, paboraromero Ha Tra3000pa3HOM TOIUIUBE C €CTECTBEHHBIMU
3arpsi3HEHUSAMU.

Henbto »KCITyaTalMOHHBIX MCHBITAHUN OBUIO  ONpPENEICHHE PEKUMOB  pabOThI
YCTPOWCTBA HEMPEPHIBHOTO BBOJA TPUOOMEXaHMUYECKHX CTaOMIM3aTOPOB B  YCIOBUAX
AKCILTyaTalHH.

Ilepen HayanoM WCHBITAHUKA TPOBOAWUIU KpaTKUWA aHamM3 paboTOCTIOCOOHOCTH
TPaKTOpOB. AHaJM3 CBOWCTB padOTArOIMMX MOTOPHBIX Macel, B COOTBETCTBUM C METOAUKOU
UCTIBITAHUM, TPOBOAMIIM MO TAaKUM IOKAa3aTeNiIM KaK IIOTHOCTb, KWHEMATHYECKas BSA3KOCTD,
TeMIlepaTypa 3acThIBaHUS, COJCpPKAHUE MEXaHWYECKHUX IpHUMecel, TemIeparypa BCIbIIIKH,
COJIep>KaHME BOJIb, IIETIOUYHOCTb, 30JIbHOCTD.

[lonyyennsle cBeaeHUsT 00 W3MEHEHHWU CBOWCTB pPAa0OTAIOMMX MOTOPHBIX Macel
CpPaBHUBAJIA C U3BECTHBIMU JAHHBIMU U 3aKOHOMEPHOCTSIMU U3MEHEHMUSI XapaKTEPUCTUK MACEJl.

[Tocne mpoBepku, B paboTaroliee Macio HEMPEPHIBHO J00aBISUIM TpHOOMEXaHUYECKUE
cTabuaM3aTOphl, 00ECIICUNBAIOIIME YAAJICHUE MTPOAYKTOB OKUCICHHS (CTApPEHUs) U YIYdIICHHS
CMa3bIBalOIMX CBOMCTB Macia.

[Iponiecc mpoBeneHUs: UCCIEIOBaHUN OCHOBHBIX XapaKTEPUCTUK MOTOPHBIX Macel TPaKTOpOB
TT3 80.10 cocTostt U3 ABYX 3TAIOB.
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Ha mepBom »sTame momydeHsl mpoObl Macen cojepxkanuem ux 100 mu mpu pabore
TPaKTOPOB, paOOTAOIIMX HAa Ta3000pa3HOM TOTUIHBE.

Ha BrOpoM »Tame moiydeHBl MpOOBI Macel Ta30BOrO JBHraTelisi € YCTPOHCTBOM
TpUOOMEXaHUYECKHUX CTaOMIN3aTOPOB.

AHanum3bpl MOKa3bIBAIOT, YTO B OTPAOOTAHHBIX MAaclax, CIMBAEMbIX M3 IBUTaTENICH MpHU
npoBeeHnn TO-2 mpakTUYECKHW Bce IMoOKazaTelu mpesbimaeT HopMmbl TY. llemoynoe yucio
YMEHBIIIAETCS B 3aBUCHMOCTH OT MPOIOJKCHHSI paOOTHI IBUTATEIIS.

BbiBI€HO, uTO wuccneqyeMas XapaKTepUCTHKa Macjia - MIJIOYHOE YHUCIO IpH
HENPEPHIBHOM BBOJIE TPUOOMEXaHNYECKHX CTA0MIN3aTOPOB MOAIepKuBaeTcs B 1,5 pas3a Bbiie
10 CPaBHEHUIO ¢ MpobaMu Mace, oTpaboTaHHbIX 0e3 BBEIeHUs CTaOUIN3aTOPOB.

BBenenue tpubomexanmueckux crabunmnzatopoB B Maciao M10I', razoBoro jnBurarens
BIMSET Ha YIy4llIeHUE IMOKa3zarejel Kak, ILEeJOYHOro 4KCla, U KUCIOTHOCTH, HE3HAUUTEIbHO
YMEHBILIAETCS COJEPKAHNE MEXaHUUYECKUX TPUMECEH.

Ilo pesympraTaM uCCIEIOBAaHUN MOYKHO OTMETHUT, YTO PECypC Macila YBEJIUYUBAETCA B
cpenneM Ha 15-20 %.
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Annotatsiya: Ushbu maqolada turli xil shakldagi tokli o‘tkazgichlar atrofida hosil
bo’layotgan magnit maydon induksiya vektorini hisoblab topish metodikasi ko‘rsatib o‘tilgan.
Buning uchun Bio-Savar-Laplas qonunidan foydalanilgan va uni integrallash orgali turli
shakldagi tokli o‘tkazgichlar uchun magnit induksiya vektorini hisoblash formulalari keltirilib
chigarilgan.

Tayanch so‘zlar: magnit maydon, magnit maydon induksiyasi, to‘g‘ri tokli o‘tkazgich,
doiraviy tokli o‘tkazgich Bio-Savar-Laplasqgonuni.

AHHOTauusA: B panHOW cTaTbe HM3JIOKEHA METOAMKA pacdyera BEKTOpa WHAYKIUU
MarHUTHOTO TOJIs, (POPMUPYEMOTO BOKPYT MPOBOAHMKOB pa3nu4Hoil ¢opmel. s 3TOrO
UCITIONB30BaH 3akoHa bro-Caapa-Jlamnaca, MHTErpHpys KOTOPYIO BBIBEIEHBI (OPMYIBI IS
pacueTa BeKTOpa MarHUTHON MHIYKIIMH JIJIsl IPOBOTHUKOB Pa3IMUHBIX (JOPM.

KiioueBble €10Ba: MarHUTHOE T10JIE, MHIYKIIUS MAarHUTHOTO MOJIS, TPSMON TPOBOTHUK
C TOKOM, KpPYrOBOW IIPOBOJIHUK C TOKOM, 3akoH bro-Casapa-Jlamnaca.

Abstract: This article describes a method for calculating the induction vector of a
magnetic field formed around conductors of various shapes. For this purpose, the Biot-Savart-
Laplace law was used, integrating which formulas were derived for calculating the magnetic
induction vector for conductors of various shapes.

Key words: magnetic field, magnetic field induction, straight conductor with current,
circular conductor with current, Biot-Savart-Laplace Law.

Oddiy magnit hodisalar bizning eramizdan ilgari ham ma’lum bo‘lgan. Lekin elektr tok
va magnit hodisalar orasida bog‘lanish borligi to‘g‘risidagi faktlar XVIII asrga talluglidir.
Frantsuz fizigi Arago «Momagqaldiroq va yashin» deb nomlangan kitobda yashin urgan kemadagi
magnit kompaslarning ishdan chigganligini, ya’ni bu kompaslardan ikkitasi shimol o‘rniga
janubni, bittasi esa g‘arbni ko‘rsatadigan bo‘lib qolganligini yozadi. Shu kitobda yashin urgan
uydagi pulatdan yasalgan pichoq, vilka kabi buyumlarning magnitlanib qolganligi to‘g‘risida
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ham ahborotlar bor. Hozirgi vaqtda o‘rta maktab fizika kursi hajmida ma’lumoti bo‘lgan har bir
odam Aragoning kitobida bayon etilgan bu hodisalarni oddiygina tushuntira oladi: yashin — gaz
orqali o‘tuvchi elektr tok, yuqorida bayon etilgan hodisalar esa elektr tokning magnit ta’siridir.

Elektr tokning bu xususiyati fagat 1820 yilda daniyalik fizik Ersted tomonidan aniglandi
va o‘rganildi. Erstedning bu kashfiyoti fizika fanining rivojlanishida katta turtkilardan biri bo‘ldi.
Natijada Amper, Bio, Savar, Laplas, Faradey kabi olimlar elektromagnetizm hodisalarini
o‘rganib, muhim kashfiyotlar qildilar.

Oliy o‘quv ta‘lim muassasalarida fizikaning magnetizm bo‘limidan masalalar yechishda
Bio-Savar-Laplas qonunidan foydalanishga to‘g‘ri keladi. Bu esa ko‘pchilik talabalar uchun
giyinchilik tug‘diradi. Suning uchun ushbu maqolada Bio-Savar-Laplas qonunidan [1]
foydalanib ba‘zi bir tokli o‘tkazgichlar uchun magnit induksiya vektorini hisoblash formulalari
keltirilib chigarilgan va ularning hisoblash metodikasi berilgan. Quyida ular bilan tanishib
chigamiz.

1-masala. R radiusli tokli halganing markazidan o‘tuvchi o‘qda joylashgan va undan a
masofada joylashgan nugtadagi magnit maydon induksiya vektori topilsin. Halgada ogayotgan
tok kuchi | gateng.

Berilgan: A nuqgtadagi magnit maydon induksiya
a
I

Ho=4m-10"" H/m

vektorini hisoblash uchun Bio-Savar-Laplas
gonunidan foydalanamiz, ya’ni:

dB=%-J—]I di <7 (1.1)

4 rs

Topish kerak:
B="?

1.1-rasm

(1.1) Bio-Savar-Laplas qonunining vektor ko‘rinishi hisoblanadi.Uning skalyar ko‘rinishi
(1.2) ifodagidek bo‘ladi va unga o ning qiymatini (1.2) formulaga olib borib qo‘ysak u
quyidagicha ko‘rinishga keladi:

Jldlsna
(1.2) formuladagi o o‘rniga 90° ni qo‘ysak quyidagiga ega bo‘lamiz,bu holatda p birgateng.
oldl
dB= Z‘mz , (1.3)

chunki sinus 90° da birga teng. Endi B ning yo‘nalishini aniglaydigan bo‘lsak u parma qoidasiga
ko‘ra | ga perpendikulyar yo‘nalgan. Chizmadan ko‘rinib turibdiki halganing quyi dl gismida
tokning yo‘nalishi dastlabkiga nisbatan teskari yo‘nalganligi uchun a nugtada u hosil gilayotgan
magnit maydon induksiyasi miqdor jihatdan teng bo‘ladi, ammo qarama-qarshi yo‘nalishli B ni
hosil giladi. a nugtadagi natijaviy B quyidagicha topiladi:

dB,=dB+ dB (1.4)
(1.3) ni vektorlarni qo’shish qoidasiga ko‘ra qo‘shsak natija quyidagiga teng bo’ladi:
dB,=2dB(coso1+cosay). (1.5)
1.1-rasmdan ko‘rinib turibdiki o1 burchak bilan a2 burchak bir-biriga teng, ya‘ni:
o=0L1=0l2. (1.6)

(1.6) ni olib borib (1.5) ga qo‘ysak quyidagi tenglikka ega bo‘lamiz:
dB, =/dB? + 2dB? cos20.+ dB? = /2dB?(1+cos20)  [2]
bundan dBn=2dBcosa. .7)

( 1
l1741



NATIONAL ACADEMY OF SCIENTIFIC AND INNOVATIVE RESEARCH
«SCIENCE AND EDUCATION: MODERN TIME»
(VOLUME 4I1SSUE 4,2023)

| SSN 3005-4729/ e-1 SSN 3005-4737

(1.7) formulani integrallash orqali qiymatini topadigan bo‘lsak a nuqtadag natijaviy B ni
topamiz. Integralning chegarasini 0 dan nR gacha olamiz chunki B ni halganing ikkita
nugtasidan olayapmiz.

B nR
— o |cosa
0 0

_KIR

= (1.8)
R
COSOL = ———. (1.9
VvaZ+R?
(1.9)ni (1.8) ga qo‘yamiz:
2
B=— telR (1.10)

2/(a*+R?)?

(1.10) ifoda yakuniy natija bo‘lib a nuqgtadagi magnit maydon induksiyasini hisoblash
formulasi hisoblanadi. Endi a=0 bo’lgan hususiy holni ko‘rib chigamiz. Agar (1.10) formuladagi
aning o‘rniga nol qo‘ysak quyidagi ifodaga ega bo‘lamiz:

2
B__ MolR _ kol (1.12)
2,/(0% +R?)? 2R
(1.11) ifodatokli halga markazidagi magnit maydon kuchlanganligini topish formulasi.
2-masala. Chekli | uzunlikka ega bo’lgan tokli o‘tkazgich bo’ylab | tok ogayapdi.Shu

o‘tkazgichdan a masofada joylashgan nuqtadagi magnit maydon induksiyasi nimaga teng?

Berilgan: F nugtadagi magnit maydon induksiya vektorini
?‘ hisoblash uchun Bio-Savar-Laplas gonunidan foydalanamiz,
a’ni:
wo=4r-107 Him |’
4B _ Bo I[dlxr] 2.1)
. n— 3 .
Topish kerak: 4 v

B=?

[ B - T N L [ N B

Chizmadan ko’rinib turibdiki F nugtadan tokli o‘tkazgichga
o‘tkazilgan perpendikulyar to‘g‘ri chiziq uni 1, va |, gismlarga bo‘ladi. Bu holat uchun Bio-
Savar-Laplasgonunining skalyar ko‘rinishini yozamiz
_ U, Idisina

dB= y— (2.2)
B vektorning ning yo‘nalishini parma qoidasidan foydalanib
topish mumkin.Magnit induksiya vektorining yo‘nalishini parma -
qoidasiga ko‘ra aniqlaydigan bo‘lsak,u rasmda tasvirlangandek @B

bo‘lib unda tok tik yuqoriga yo‘nalganda B ning yo‘nalishi
chizmadagidek yo‘nalgan bo‘ladi.

(2.2) ifodadagi dl o‘tkazgich uzunligi, oizesa dl var radius vektor orasidagi burchak.Endi
dl, r, a1 larni a,bilan bog‘laymiz. 3 AFB burchak
a

2.2-rasm

cosp=alr = r:@, (2.3)
sindo=x/r. (2.9
Juda kichik burchaklarda sinusning qiymati aniqlayotgan burchakning radianiga ya‘ni

sindo~da. (2.5)
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(2.6) dan foydalanib xni topadigan bo‘lsak

x=rdao. (2.6)
o+p=n/2 = o=n/2-f (2.7)
SinoL.=cosp = d_XI = dl sino=rda. (2.8)
(2.8) ni (2.2) ga olib kelib qo‘yamiz shunda
]J-O Irda ]vlo Ido

dB= A r2  4Am (2:9)
ega bo‘lamiz. Chizmadan qaraydigan bo‘lsak
Siho=alr = r=alsina (2.10)
ga teng. (2.10) ni (2.9) ga olib borib qo‘yib hisoblasak,

_ Mo I'sinada
8= (2.11)

ga ega bo‘lamiz. (2.11) ning ikkala tarfini ham integrallab natijaviy B ni topamiz. Integralning
chegarasi o1 dan oz gacha

| Sno,do u Lol
0. 1 0 _ Mo
J.dB I o . I sino,do = 4m(0030c2 cosa, ). (2.12)
(2.12) da minusni ta‘sir ettlrsak ifoda quyidagicha ko‘rinishga keladi
B= ZO .(cosa—cosay)  [3]. (2.13)

Chizmadan o1 vao larni aniglaymiz. a1 deb BCD burchakni belgiladik.
Chizmadan foydalanib burchaklarning kosinuslarini topamiz:

COSOL1=I—1 ,
12 +a?
(2.14
) | I
—_ 2 — 2
CoS(m—at2) DY = CosoL2 m .
(2.15
)
(2.14) va (2.15) larni (2.13) ga olib kelib qo‘yib hisoblaymiz.
_ Mol |y P
5 4na(\/| 1 +a® +\/| 2, +a? )'
(2.16
)
B= Kol 1 1
4ra| 1+ (all,)? \/1+ all,)
(2.17

)

(2.17) oxirgi natija bo‘lib masala shartida berilgan qiymatlarni qo‘yib B ning qiymatini
topishimiz mumkin. (2.17) formulaning ba‘zi hususiy hollarini ko‘rib chiqamiz.Agar o‘tkazgich
cheksiz uzunlikka ega bo‘lgan holni ko‘rib chigamiz.

—
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B= Kol 1 + 1 _ Kol (1+2)
4ma| 11(alw)  (1+(alw) | 4@
_ Kol
B=Lo. (2.18)

Demak, (2.18) ifoda cheksiz uzunlikdagi tokli o‘tkazgichdan a masofada joylashgan
nugtadagi magnit maydon induksiyani topish formulasi.

Xususiy hol. Cheksiz uzun to‘g‘ri tokli o‘tkazgichning uchlaridan biridan a masofada
joylashgan nugtadagi magnit induksiya vektorini toppish.

Berilgan: . ) .
a Otkazgichdan a masofadagi magnit maydon

| induksiya vektorini hisoblash uchun Bio-Savar-Laplas

Ho=47-10"7 H/m gonunidan foydalanamiz, ya‘ni:

JBe H,!  sinodl

Topish kerak: S
B="?

’

Bu holatda (2.13) formuladan foydalanamiz. Burchakning o‘zgarishi
chizmadan ko‘rinib turibdiki 90° dan 180° gacha
B= ZTO; (cosa, —cosa., )= Z;; (cos90° —cos180° )= Z‘TO; :

(2.19)

B ning yo‘nalishi chizma tekisligidan chiqib keluvchi bo‘ladi.

3-masala. Tomonlari a va b ga teng bo‘lgan to‘g‘ri to‘rtburchak shaklidagi
o‘tkazgichdan | tok ogqmoqda.O‘tkazgich markazidan o‘tuvchi o‘qda undan d masofada
joylashgan nugtadagi magnit maydon induksiya vektori (B) nimaga
teng?

Berilgan:

a A nuqgtadagi magnit maydon induksiya

| vektorini hisoblash uchun Bio-Savar-Laplas d v
Lo=4m-10"7 H/m gonunidan foydalanamiz, ya‘ni: ’

_ppel  sinodl
dB_ ) 2 3.1-rasm

Topish kerak: 4 r I
B=?

Bu masalani yechishda ham bevosita Bio-Savar-Laplas qonunidan foydal anamiz.Bunda
o‘tkazgichni ikkita gismga ajratib olamiz. Chizmadagidek a va b tomonlarining bittasi hosil
gilayotgan.Bitta a yoki b tomonining hosil qilayotgan magnit induksiyasini (2.13) formula
yordamida aniglaymiz. B ni topib ikkiga ko‘paytiramiz Chunki ularning yo‘nalishi bir xil va
giymati ham bir-biriga teng shu sababli ularni ikkiga ko‘paytiramiz. Natijaviy B quyidagiga teng
bo‘ladi
dB, =dB,+dB, . (3.1)
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B1 vaB; larning yo‘nalishlari bir hil bo‘lganligi sabablinatijaviy B quyidagiga teng

dB,,=2dB;+2dB. (32)
Endi o‘tkazgichning atomoni hosil giladigan dB; ni topamiz.
_ Ko ldlsina
dBy= 25— (33
x=A[b/2F +d> = x=+b?/4+d? =%\/b2+4d2 . (3.4)

Endi o‘tkazgichdan A nuqtagacha bo‘lgan masofani topamiz.Bizda d masofa tokli
ramkaning markazidan o‘tuvchi o‘qda joylashganammo A nugta ramkaning a uzunlikdagi bitta
tomonidan ganday masofada joylashgani noma‘lum. Noma‘lum r ni d va a, b larga bog‘laymiz.
Bunda r masofa to‘g‘ri burchakli piramidaning yasovchisiga teng bo‘ladi:

r=yx2+(a/2f =vJa2/ 4+b*/ 4+d° . (35)

r masofani topdik. (3.3) ifodani yechadigan bo‘lsak (2.12) ga o‘xshash natija kelib chiqadi

B, = Z—;’CIX (CoSoL1—C0oSaLY). (3.6)

o1 va ao burchaklarning kosinuslari qiymati o‘zaro teng faqatgina ishorasida farq qilganligi
uchun (3.6) ifodada o‘rtadagi ishora plyus bo‘ladi

al2 a a
CoSa, = = = , (3.7)
o 2f(@2r4+b?/4+d?) 2Ja?+b? +4d?
I Kol a Kol a
B, =+ (cosa, +cosa, )= £ . 2. = (3.8)
I SO )= ax 2\/a? +b? + 4d? 4n%\/m Ja? +b? +4d?
I a pola
Bl= Ho = Blz 0 (39)
4n%v/7b2+4d2 Ja? +b? +4d? 2n/b? +4d? Va? +b? + 4d?
Huddi shunday b tomon uchun ham hi soblak chigsak
B, = Hol 2c0sq, = 2ol b - Holb (3.10)
4nx 4nX \Ja? +b%+4d?  2nva?+4d?Va? +b? +4d?
(3.9) bilan (3.10) ifodalarni (3.2) ga olib borib qo‘yamiz:
B=2 Hola +2 #olD
2mb? +4d2a?+b%+4d?  27+/a? + 4d?\a? + b? + 4d?
I a b
B.= Ho n [4]. (3.11)
" Tc\/a2+b2+4d2[\/b2+4d2 \/a2+4d2J

(3.11) natijaviy B ni topish formulasi hisoblanadi. a va b birbiriga teng hamda d nolga teng
bo‘lgan hususiy holni ko‘rib chigamiz:

Bn= Hol ( a , 8 J:ﬁ“O'. (3.12)
mai+a?+4-02 (Va2+4.0° Ja?+4-0? na
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MOBWIBHOE IMPUJIOKXEHHUE IS KOHTPOJIA 1 OPTTAHU3ALIMA
INPABWJIBHOT'O IIMTAHUSA

YCMAHOBA C.C.
Ycemanosa CanosOap Caanuerna/Usmanova Sanovbar Saadievna- crynenTka, kadeapa
yIIpaBJI€HUs] aBTOMATU3AIMN 1 MHPOPMAITMOHHBIX TeXHOIoTui, Ka3zanckuii HarinoHabHbIN
HCCIIEIOBATEBCKUM TEXHOJIIOTUYECKUN YHUBEPCUTET, I. Ka3zaHb
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AHHOTaHI/IﬂZ B ,Z[aHHOfI CTaTbC pacCMaTpHUBaCTCA CO3JaHHC MOOHMIILHOTO MPUIIOKCHUA I
KOHTPOJISL U OpraHu3aluy MPaBUJIBHOTO MUTaHus. B cBeTe Bce Oosee Bo3pacTaromieil BaXXHOCTH
BOIIPOCOB, ONPCACITIAIONMMUX Ka4YCCTBO JKHW3HH YCJIOBCKA Ha COBPEMCHHOM OJOTall€ PpPa3BUTH,
BKJIFOYAsl aCHEeKThl, CBA3aHHBIE C OHKOJOTHEH, 3/IpaBOOXpAaHEHHEM, BCE 0OJiee aKTyaJlbHOU
CTAaHOBHUTCA 3aa4a OpraHHU3allvuu €ro IIpaBUJIbHOTO ITUTAHH .

Abstract: this article discusses the creation of a mobile application for monitoring and
organizing proper nutrition. In light of the ever-increasing importance of issues that determine
the quality of human life at the present stage of development, including aspects related to
ecology and healthcare, the task of organizing proper nutrition isbecoming increasingly urgent.
KuaroueBble cjioBa: IMPaBUJIbHOC MIUTAHUEC, KOHTPOJIb ITUTAHW A, MOOHMIILHO IIPHUIIOKCHUEC
Keywords: proper nutrition, nutrition control, mobile application

CoBpeMeHHBIII 00pa3 >KM3HM XapaKTepU3yeTCs] HEAOCTAaTKOM (PU3MUECKON aKTUBHOCTH,
YBEJIMUEHUEM KOJHMYECTBA MOTpeOsssieMOld BpeJHOW NHUINEH W TOBBIIEHHMEM BpPEMEHHBIX
JIMaIa30HOB CTPECCOM Ha paldoTe, 4TO OTPUIATEIbHO CKA3bIBACTCS HA CAaMOYYBCTBUH JIIO/IEH U,
KaK CJIEJICTBHE, HA KAYeCTBE MX )KU3HHU.

Takum o0pazom moilydaercs, 4YTO JUIsI COXPAaHEHMs] CBOETO 3/10pOBbs, BaXKHO
KOHTPOJIMPOBaTh CBOE IHUTaHHE. B COBpPEMEHHOM MHUpPE CYLIECTBYET MHOKECTBO METOJOB
IIOBBIIIIEHUA Ka4dye€CTBa IIMTaHUS, B TOM YHCJIIE C BOS}ICﬁCTBI/IGM Ha akTUBHOCTb. Hanmume
OO0JIBIIIOTO KOJIMYECTBa MOOWJIBHBIX MPHIIOKEHUS MO3BOJISIOT COCTABUTh MPABUIIBHBIN palioH
MUTaHUSL, KOTOPBII CIIOCOOCTBYET YIYUIIEHUIO COCTOSIHUS 3J0POBbSL.

MoOunbHast pa3paboTka HaleleHa Ha CO3JaHHE NPUIIOKEHHUH, KOTOpbIE MOTYT
IIPEJICKA3bIBATh IOTPEOUTEIBCKUE MIPEIIOYTEHMS; PEIlATh 3aJauH, aJITOPUTM PELICHHS] KOTOPBIX
3apaHee HeW3BecTeH. Temepb NIPUIOKEHHMS MOTYT IPOM3BOAUTH AHAJIUTUYECKHM aHaIu3
uH(pOpMaIH, TOJIy4eHHON U3 HECKOJIbKUX MCTOYHUKOB, U IOMOI'aTh I10Jb30BATEII0 IPUHUMATh
pelICHNA, KOHTPOJUPOBATH IMPOLHECCHI M PCIIATh APYru€ Ba)XHBIC 3aJa4d C HAMMCHBIIMMH
BPEMEHHBIMH M aHAJUTUYECKMMM 3aTpaTaMu [uii Hero camoro. Yro B CBOIO oOuepellb
CIIOCOOCTBYET ~ONTHMHM3AIMK  OM3HEC-TIPOIECCOB, IMOBBILICHUIO IPOU3BOAUTEIBHOCTH |
3¢ (EeKTUBHOCTH TNPUHUMAEMBIX pelleHuH. MoOWIbHOE NPUIOKEHHE — 3TO CBOEr0 poja
ajanrtep, NOMOTaloUMi M0JIb30BaTEII0 B3aUMOEHCTBOBATh C pa3HO00pa3HOM HH(pOopMaIHei.
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LeneBass ayauTopus JaHHOTO MOOMJIBHOTO MPHJIOKEHUST HE MMEeT BO3PACTHBIX
orpannueHuii. M3 storo criemyer, 4To OXBaT pa3pabaThIBAEMOTO MOOHWIBHOTO MPHUIIOKECHUS
OyIeT 10CTaToOuHO OOJIBIIMM, YTO JUIIHUNA pa3 MOATBEPKIAET aKTyalbHOCTh pabOTHI. YUUTHIBas
TO, YTO TOJB30BATEIM MOTYT OBITh KaK B IOHOM, TaK M B IMOKMJIOM BO3pacTe OYECHb BaXKHO
co3zath HanOoee KoM(pOPTHBIN U MPAKTUUHBINA HHTEpdEiic, a TaKkkKe QYHKIIMOHAT PUITI0KCHHUSL.

UtoObI 1eNeBOM ayaIuTOpHH OBUIO TMPOINE HAWTH JaHHOE MPUJIOKEHUE, a 3TO OJUH H3
OCHOBHBIX KPUTEPHEB 110 BHIOOPY Ha3BaHMS, OBUIO PEIICHO MCIOJIb30BaTh cloBO «Ppfity. OHO
00pa30BaHO OT AHITIMHCKHUX CJOB «proper nutrition», YyTo 3HAYUT NPABUIBHOE MHUTAHHUE, U
«fitness» - cropr.

KagyectBo  pa3pabaTbiBaeMOro IpPHJIOKEHUS  ONpeleNseTcss TeM, HAacKOJIbKO OHO
COOTBETCTBYET TEeM TpeOOBaHUSIM, KOTOpBIE OBUIM 3aJ0KECHBI HA CTAaTUHM IMPOSKTHPOBAHUS
cucteMbl. Bce TpeGoBaHMS K OPUIOXKEHUSAM DPA3AesIOT  HAa  (PYHKIMOHAJbHBIE W
He(yHKIIMOHAJIbHBIE.

Beun BBIAEICHBI Cenytonme QyHKIUH:

1. Onpenenenre COCTOSAHUS 3J0POBbSI.
2. @opMyIupOBaHHE PallMOHA TUTAHUSL.
3. [Toxbop du3mYeCKuX Harpy30K.

4. CocTaBieHHe IPOrpaMMBbI.

Bbeiu onpeneneHHbl HEQPYHKIIMOHATIBHBIE TPEOOBaHUS:

1. Ilpunoxxenue OyAeT BHINONHATH CBOM (YHKIIUU O€3 MHTEPHETA, YTO SBISIETCS HEOCTIOPUMBIM
IPEUMYLIECTBOM.

2. Jlokanuzauus MPWIOKEHUS OOECHeYMBAET HE TOJIBKO PYCCKOS3BIYHYIO  BEPCHIO
M0JIb30BATEILCKOTO HHTEpdeiica, HO U aHIIIMHCKYIO, YTO PACILMPUT LEJIEBYIO ayIUTOPHIO.

3. Bepcus nognepxkuBaembix Android ycrpoiicts Boime Android SDK 4.0.

4. MobunbHoe npunoxenue g Android nomkHo peanuszoBbiBaThes B Android Studio.

5. lng nepexojia OT OJHOTO pa3felia K JIpyromy OyzaeT nmpeaycMOoTpeH ObICTPBIN JOCTYII, B BUIE
CBaillla CJeBa-HaIpaBo.

6. B mpuioxxenun OyneT yHHMKanbHas (YHKLIHS «IpAMOM 3(QUp C AMETOIOroM», KOTOpas
MO3BOJIMT MOJI30BATENSAM 33]aTh BCE HHTEPECYIOIME BOIIPOCHL

7. B paznerne npaBUJIbHOTO NUTaHUS HEOOXOIUMBIN palliOH MO>KHO HalTH, BOUB OJJHO Ha3BaHUE
IIPOJIYKTa B IIOUCKOBOM CUCTEME.

Jlnia onpeneneHust CTPYKTypbl 1 0003HAYEHUSI JAHHBIX, KOTOPbIEe HEOOXOIUMBI 7151 3arpy3Ku
B MIPHJIO’KEHHUE, OBUT MMPOaHATN3MPOBaHbl HanboJee MONyIsIpHbIe MPHIIOKEHUs B cepe putHeca
U 37I0POBBSL.

B xozme ananm3a ObUTO pemeHO, YTO B MOOMIIBHOE TIPUJIOKEHH € OYIyT BHEAPEHBI B KAUECTBE
UCXOJHBIX JJAHHBIX CIEIYIOIIME pPa3/eibl:

1. Pazmen «JIeutay.

2. Paznen «ITutanuey.

3. Paznen « TpeHUpOBKM».
4. Paznen «IIporpamman.
5. Paznen «I 1aBHOE).

Cpemoit pa3paboTku MoOHIBHOTO NpuioxkeHus BeiOpaHa Android Studio. OH coctout u3
caeayronmx koMmoHeHToB: Android SDK, koMmoHeHTHI rpaduuuceKkoro au3aiHa, MpuiioKeHue
JUI 3arpy3Kd KOMIIOHEHTOB BcexX Bepcuil Android, sMymsiTop MOOMIJIBHOTO YCTpOWMCTBA JUIS
3aI1ycKa MPUJIOKEHUS, THCTPYMEHTHI 1l TECTOB U OTJIAAKH PaOOThI IPUIOKEHHSL.

Jns pa3paboTku npuiiokeHus ObUla MpOoJyMaHa CXeMa B3aUMHOIO PAaCIOJIOKEHMS €ro
¢bynkuuid. TmartensHO pa3pabaTbiBaeTCs BO3MOXKHBIM IMyTh TOJb30BaTeNEed MO 3IKpaHaM
npuioxeHus. HaBuranus nomkHa ObITH yHOOHOM, OBICTpOl M MOHSATHOW moib3oBarento. Ha
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PUCYHKaAX 1-4 I/1306pa)KeHBI 6J'IOK'CXCMBI, KOTOPBIC OTPAKAKOT OCHOBHYHO KOHLCIIIHUIO pa6OTLI
MMPHUIIOKCHUA.

Pucynok 1 — Co3nanue 6J10K-CXEMBL.

PucyHnok 2 Pucynok 3 Pucynok 4
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TecTupoBaHUE MPHIIOKEHUS BO3MOXHO JBYMs CIIOCOOAMM: C IOMOIIBIO P EIBAPUTEIBLHO
YCTAHOBJICHHOTO BHYTPH CpeIbl pa3pabOTKH 3MYISITOpa WM K€ Ha pPealbHOM YCTPOMCTBE B
pEeKHMeE OTJIAJKHU MOJKII0YEHHOM ¢ momonipio USB-nopra.

[IpousBoauTenbHOCTh MpuiiokeHus. O6paboTka 1000 onepauu Ha CTOPOHE KJIMEHTa He
JIOJDKHA TIPEeBBINATh 2-X cekyHA. [IpenmourturensHoe Bpemsi uis HMpocThiX omepauuid — 0,7
CEKYH/IbI.

[Torpebnenne pecypcoB — mamsTh. J{Jis CIOXKHBIX ACHCTBHI (BRIOOPKA OOJNBIIMX MAaCCHBOB
JAHHBIX WIH CIOXHAas GuiabTpanus no kpurepusm) — a0 1 cexynzasl. [lorpeGnenue pecypcos
— akkymynaTropHas Oatapes. CrneuumanpHbBIX TpeOOBaHHMI K MOTpeONeHUI0 Oartapen He
PEIbSBISIETCS.

[loTpebnenne  akKymyasTOpHOW  OaTaped HE  JODKHO  BBIXOJUTH 332  PaMKH,
PEKOMEHI0BaHHbIE TPOU3BOAUTEISIMH YCTPOUCTB IS IPHIIOXKEHUH.

Bamupauus. Cucrema nomkHa oOpalaThiBaTh HEKOPPEKTHBIN BBOA AaHHBbIX. [Ipu mombiTke
BBECTH HEKOPPEKTHbIE JaHHbIC (B HEMpPaBWIBHOM (opMmaTe, HEMOJHbIE JaHHbIC, IAaHHBIE,
MPOTHUBOpPEUAIE JIOTHKE CHCTEMBI), CUCTeMa OyJIeT pearupoBaTh aJCKBATHBIM CIIOCOOOM:
OTMEYaTh HEMpPaBHIIBHO 3alOJIHEHHBIE IOJIS, BbIIaBaTh COOOLICHUE C mpexynpexaeHueM. [lpu
TOM He OyIeT BO3HUKATh OHMOOK B pabOTe CHCTEMBI, HE MPOMCXOAUT MOpYA JAHHBIX WIIU
HapYIICHHS B JTOTUKE paOOTHI.

OnepanyionHoe okpyxeHue. IlpunoxeHue m0MKHO oOecrednBaTh COBMECTUMOCTb C
ornepanoHHbIMA  cuctemamu  Android Bepcum 4.0+, ITIoBOpOTHI HE MOANCPKUBAIOTCH.
Hcnonb30BaHuE pyroro MporpaMMHOr0 obecredeHus (aHaJoroB) JOMYCTUMO, HO MPH 3TOM
BO3MOYKHBI OTKa3bl CHCTEMBI B 00pa0OTKe TaHHBIX.

B pesynbrate «MoOUIBHOE MPHIIOKEHUE IS KOHTPOJS M OpPraHU3alUU MPaBUIBHOTO
NUTaHUS» TI03BOJISIET HE TOJBKO pEIaTh BOMPOCH MOAOOpa cocTaBa M Tpaduka MUTAHHS
NOTpPeOUTENs, HO MOBBICUTH KOPPEJSLMIO €r0 (PU3NUYECKUX HArpy30K, CIoco0a KU3HU YeIoBeKa
C ONTUMAJIBHBIM HA00OPOM ¥ KaJJIOPHIHOCTHIO €r0 €KETHEBHOTO IMPOyKTOBOTO HAbOpa.

Cnucok JiuTe paTypbl:
1 Caiir  Xabp, W3pmaTenbCcTBO MHTEpPHET-MPOEKTOB Juii | T-cmenuamucToB
[DnexTponusii pecypc]. Pesxkum mocryma https://habr.convru/post/352282
2 Caiir  Xabp, W3pmaTenbCcTBO HMHTEPHET-MPOEKTOB Juisi | T-cmenmanucToB

[DnexTponusii pecypc]. Pesxkum mocryma https://habr.conyru/post/87922
3 Po66unc JI. H. HTMLS, CSS3 u JavaScript. McuepnbiBaroree pykoBoacTso / 1.
H. Po66uHcC - 4-e n3a. — M.: Dkemo, 2014. — 528 c.

4 ®enpke — Moppuc T. bonbimas kaura Be6 — musaiina / T. @enpke — Moppuc ;
nep. c anri. H. A. Paiitmana. — M.: Dkemo, 2012. — 608 c.
5 ®pumen J., Pobcon D. Uzydaem nporpammupoBanue Ha JavaScript/ O. @pumen,

3. Po6con — CIIb.: ITutep, 2018. — 640 c.
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YK 504.3.054
KA3AKCTAH PECIIYBJIMKACBI AYMAKTAPBIHBIH ATMOC®EPAJIBIK
AYACBIHBIH JIACTAHYbBI

Boaar Aiirepim Hypinankbidbl, Akyo0aeBa lapus MapanoBHa
On-Papabu atbiHIarsl Kazak YITTHIK YHUBEPCUTETI, MAaTUCTPAHT, TypaKkThl 1aMy OOMBIHIIA
FOHECKO xadenpacbHbIH TOIEHT M.a.,
Anmmartsl K., Kazakcran

d. ' nips//doi.org/10.5281/7en0d0.10436732

To Cite: bonar Aiirepim Hypnankebl, & AxybaeBa lapus MapanosHa. (2023). KASAKCTAH
PECITYBJIMKACBI AYMAKTAPBIHBIH ATMOC®EPAJIBIK AYACBIHBIH JIACTAHVYBI.
B SCIENCE AND EDUCATION: MODERN TIME (T. 4, Bsmyck 4). Zenodo.
https://doi.org/10.5281/zenodo.10436732

AnHOTanus: ATMocdepanblk ayaHbIH JIACTAHYBIH XOHE OHBIH KOpIIAFaH OpTara dCepiH
tangay Oounbi TaObUIabl. KoppenmsmusuiblK-perpeccust ofici apkbutel KP  aymakTapbIHaarbl
aTMocQepanblK ayara OeJIHTeH 3HSHABI OOJNIHYISPIiH JKOHE ajaMIap eJiMiHe ocep €Ty
JICHTeiIepl apachIHIaFbl KOPPEISAIMSUIBIK TOYSIIUIIK AMachlH )KOHE OHBIH KOpIIaFaH OpTara
JKOHE aJaM ar3achlHa TIKeJNeH TOYeNIUITiH aHbIKTay Oonbim  TaObDIambl.  KazakcTan
PecniyOnukacel ayMarbIiHIaFbl aTMOC(HEPATIbIK ayaHbIH JIACTAHYbIHAH MOMYJISIUSIIBIK TOYCKEIICP
apKBUIBI aHBIKTAY.

Atmocdepaniblk  ayaHbIH okanmbl JkoHe Kaszakcran PecrmyOnukachl aiiMaKTapbIHBIH
aTMoc(hepaliblK ayachIHBIH JIAaCTAHYBIHAH MOMYJISIUSUIBIK TOYECKENJIepi MKOHE KOPPEISIHSIIBIK -
PErpecCUsIIBbIK Talgay SJICIMEH abIHFAaH HOTHIKENEP Il SKOJOTHSUIIBIK kKo0anapa, SKOJOTHSIIBIK
KayITCi3[IIK cajachlH/Ia TOYEKENAepl aHbIKTAay HOTIIKEIEPIHAE, OHEPKICINTIK KAYIICI3 K KOHE
KOpIIIAFaH OPTaHbBI KOPFay CallaChIHAFbl KYKaTTap bl JaibIHIay/Aa KOJIJaHBLIIAIbL.

KinT ce3nep: arMocdepaibk aya, JacTaHy, JIACTAYIIBI 3aTTap, KOPPEISIU-PETPECCHSITBIK
tannay, pexaep KodPpPHUIHEeHTI, THTaH TUOKCH I, HOTOKATATUTHKAIBIK OCTOH.

Abstract: Analysis of atmospheric air pollution and its impact on the environment. The
method of correlation regression is to determine the magnitude of the correlation between the
levels of exposure to harmful emissions into the atmosphere and the mortality of people on the
territory of the Republic of Kazakhstan and its direct dependence on the environment and the
human body. Determination of population risks of atmospheric air pollution on the territory of
the Republic of Kazakhstan.

Population risks of atmospheric air pollution in general and atmospheric air of the regions
of the Republic of Kazakhstan and the results obtained by correlation and regression analysis are
used in environmental projects, the results of determining risks in the field of environmental
safety, in the preparation of documents in the field of industrial safety and environmental
protection.

Key words: atmospheric air, pollution, pollutants, correlation and regression analysis,
Fechner coefficient, titanium dioxide, photocatal ytic concrete.
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ChIPTKBI QJIEMHIH Tipi OOBEKTIJIEpre acepiH aHBIKTAHTBIH MaHBI3IbI (pakTOpIap e Oipi -
KOpIIIaFaH OpPTaHBIH JKardaibl. FBUIBIME - TEXHUKAIBIK TPOTPECC, OHEPKICIN IMEH KOIIKTIH
namybl JKepaiH TaOufu pecypcTapblH HEFYPIIBIM KapKbIHIbl MalgalaHyabl TYyAbIpajabl, Oyl
XaJBbIKTBIH ©CYIMEH JKOHE Y3JIIKCI3 ypOaHHM3aUusMeH Oipre KopllaraH opTara >XYKTEMEHi
apTTHIpYFa XoHE, €H aJlJIbIMEH, aTMoc(epaHbIH JTacTaHybIHA OKEIEIi.

Kopmaran opranbl KOpraymarbl MaHBI3IbI MocenenepAiH Oipi - aTMocdepanblK aHaHBIH
maMagaH ThIC JacTaHyJaH Kopray. Jlemek, jkaHa TEXHOJOTHUSIIBIK MHPOLECTEPAiH aMybl
aTMoc(epara IIbIFapbIHIBUIAPAbI OOJABIPMANTBHIH HEMece OJapAbl PyKcaT €TUIreH JAeHrenre
JICWiH MMEKTEHTIH TEXHOJIOTHSIIAp MEH JKa0IBIKTap/Ibl 931pJIeyMeH TeHAECTipinyi Kepek. [1]

Con cebemnmeH ocbl MocenenepiHiH OipiHe aTMocdepanblK ayaHblH JIaCTaHYybI
xKataTbHIbIKTaH, Kazakcran PecryOnmukachl aiMarblHAAFBl aTMOC(EpaIbIK ayaHbIH JIACTAHYBI
KapacThIPbUIJIBL.

ATMoOcdepanblK aya agaMHBIH HETI3rl TIPUIJIIK €Ty OpTachlHbIH Oipi OOJIbIT TaObLIaabI
MKOHE a/1aM aF3achIHBIH JICHCAYIBIFbI, (PU3UKANBIK 1aMy JEHTeil, penpoIyKTUBTI MYMKIHIIKTEPI,
aypynapra OeiliMILIIT1 )KOHE OMIp CYPY Y3aKTHIFbI OHBIH carachiHa OalIaHBICTHI.

ATMmocdepalblk ayaHbIH JacTaHyblHAaH aJaMJa Kejecisieil aypynap maijga 00Iybl MYMKIiH:
OpOHX JeMiKIeci; OKIeHiH Cco3buIMaabl 0O0CTpykTHBTI aypysl (OCOA); Karepii icCikTep;
KOPOHAPJBIK apTepHsUIapIblH aypybl, Tepl KaOaThIHBIH aypylapbl, acKa3aH aypyJapsl maiina
601ybl MYMKiH. [2]

Kazakcran PecnyOnmkaceiHAarsl aTtMocdepaiblk ayaHbl €H ipi JacTaylibuiapra KbUTy
9HEPreTUKachl (IJEKTPOIHEPreTHKA), TYCTI METaJUTyprus (Tay-KeH MEeTaJLTyprusi CEKTOPBI), Kapa
METaJUTyprus, MyHaii-ra3 KereHi (MyHai eHiipy) KocinmopsiHaapsl xkartaasl (1-cyper).

[cevve ]
I] BB TOHHE
Bl
MG TOMIE
Q 3 H
T SaexTposHepreTHia ( kemi .
ay-KEH METAAAYPIUsl  NKbIAY SAGKTP CTAHLMAAIDSI
cexTophbl My+aii eHalpy

l-cyper. 2019 xpuFpl Tasmay OobibiHIA Kaszakcrangarbl aTMocepaiblK —ayaHbl
JACTANTBIH caJiajiap

Kazakcran PecnyOnukaHbIH  CTpaTerHsuIbIK SKOCHapiiay oHe pedopmanap areHTTiri
YITTBIK CTaTHCTHKA OIOPOCHIHBIH aKMapaTTHIK-TAJaMaNbIK JKyieciHeH op eHipaeri 2019
HKBULIBIH KAHTAP-MayChIM apalbIFbiHIar bl aTMocQepalblK ayara IMIbFapbUIFaH JIaCTayIIbl 3aTTap
HIBIFAPBIHIBUTAPBIHBIH KOJeMi (TOHHA) KoHe KaWThIC OOJFaH ajamMaap CaHbIHA (aJaM), SsFHH OCHI
€Ki CTaTUCTHKAIBIK JEpeKTep apachlHAa KaHjaail OailnaHpic 0ap EKEHIIrH KOppemsius
KO3 (pPUIMEHTI apKbUIbl aHBIKTAJIIBL. [3]
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1-nuarpamma - KP aymarangarel aTMocgepaliblK ayaHbIH JIACTAHYBIHBIH ©JIM CaHbIMEH
TOYeJALIIT]

ATtMocdepanblk ayara O6JIHETIH 3USHIBI 3aTTap MEH KaWThIC OONFaH ajaMaap CaHbIMEH
OaitnanbichiH anbIKTay Excel MS office cTanmapTThl KOCHIMIIIACHIH KOJIJIAaHY apKbUIBI KYPTi31IIi.

1,50

2-muarpamma - KP  0OJbICTaphIHBIH JIacTaylbl 3aTTapablH aTMocdepalblk — ayara
HIBIFApPBUIATBIH KOJIEMi MEH KalUThIC OOJIFaH afamaap CaHbIHBIH KOppesus KodphuueHTTepi

SIram (2-guarpaMMa) eki MOHHIH apachlHAa KYIUTI Tikenel OaimaHbIchl Oap, sSsFHU MOHI 1-
re >xakpiH: [laBmomap, Kaparanapl, Ateipay ob6abicTapbl. OnapsiH 3UsTHABI MIbIFAPBIHIbLIAPEIHA
Toyenautiri xorapel. Kymri kepi Oaiinmanbicka: Typkicran, Kebutopna, OHTycTik KazakcTan
O0JIBICTAPBI JKATATHIHBI AHBIKTAJIIBL.

@exnep Kkod(pdUIMEHTI aybITKy OarbITTapblHBIH COHKECTIK JopekeciH Oaranayra
Herizaenred. Ocbl apkpUibl KP aliMakTapblHBIH aTMOC(epamblK ayaChIHBIH 3HUSHBI 3aTTapAbH
HIBIFApPBUTYbl MEH aJaMIapiblH Ka3a TaOybIHBIH apachbHOAFbl TOYSJNIUTIK aHbIKTamagsl. O
KeJneciaen ecenTeni:

K= Mg-mnp _11-4

4
= = 047
Mg + Np 11 +4

MYH/IAFBL: Na - OpTaIliafad aybITKy OENTiIepiHIH COMKEC Kelly CaHBbl;
Ny-COUMKECCI3MIKTEp CaHBbL. [4]
®dexuep kodrppunmenti -1-aeH +1-re aeitinri monaepai kadbbuinai ananmp (1-kecre). Kf = 1
TiKesel 0alTaHbICTBIH 0OMYBIH KepceTei, an Kf = -1 kepi 6aiiiaHbICTBIH OOTYBIH KOpPCETE/Ii.
1-kecte - ®exnep ko3¢ dUIMEHTIHIH OaiiTaHbIC KYIIHIH CalaiblK CUIIATTaMacChl

®exnep ko3 pPUIIUEHTIHIHMOHI balinanpic KYIIiHIH camalblK CUIIaTTaMachl
[-0,9;-1] Ore Ky Kepi GaimaHbic

[-0,7;-0,9] Kymrri kepi 6aiinanbic

[-0,5;-0,7] Eneyni kepi OGaiinanbic
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[-0,3;-0,5] Oprtaiia kepi OainaHbic
[-0,1;-0,3] OJici3 Kepi OalIaHbIC

0 baiinaHbIC KOK

0,1-0,3 OJICi3 TiKenel OaliylaHbIC
0,3-05 Opramma Tikenei 6aitiaHpIC
05-0,7 AVIKBIH TiKeJel OaiiaHbIC
0,7-0,9 Kymrri Tikenei 6aitnanbic
09-1 Ore xymITi TiKeeu OaitaHbIc

backamia aiitkanga, ®exHep Kod(PPUIMEHTIHIH MOHI arMmocdepanblK ayara 3HSHJbI
3aTTaplblH INBFAphUTYbl MEH aJaMJapiAblH Ka3a TaOybIHBIH apachlHAAFbl OpTamia TiKeleh
OaliaHbICTHIH O0JTybIH KepceTesi. [5]

Aya camacein 6akpuiay (AMT097), kopiaran opTaHbIH mapaMmeTpiiepin emmey (Mastech
MS6300), nmosumerp (Soeks Quantum), OenmeKTepIiH MacCalblK KOHIEHTPAIUSICHIHBIH
MoHuTopbl (CEM DT-9680) enmey kypannapbiMeH AJIMAaThIHBIH alThl HYKTECIHEH eley
AKYMBICTAphI KYPIi3ii.

—— =

2—cypeT. Oniey Ke3iHeri )KYMbIC OapbIChI
Onmmeynep 3-CypeTTe KOpCeTUINeH HYKTeIep/Ie KY3eTe aChIPhUIIBL.

m . e ik

3 — cyper. AnMaThl KaJlaChIH/Ia OJIIey )KYMBICTaphl XKYPri3UIreH HYKTeIep

AnbliHFaH MojdiMeTTep 2-kecreae KenrtipinreH. Ilapamerpnepain eH xorapsbl «Sinooil»
A3C Nel7 nykrecinae, an Kaz¥YV aiimareiHga 6acka HyKTeJepre KaparaHa 3UsH/IbI 3aTTap IbIH
a3 KepCeTKIITep KOPCEeTiIl.

2-kecTe. AIIMaThI KaJTachIH/Ia ayaHbIH CallachlH OJIIey MaJIiMeTTepi

O- Canna- «Anmatsel | Kaz¥Vy | «JIOTTE «Sinooily» | IIPK
Onuey @apabu | Pyckbuiosa | aysIp animarsl | PaxaT» A3C oprama
TAHFBUIBI MalmHa KOMIAHUACKL | Nel7 TOYIIKTIK
HYKTENepi xKacay» 3eHKoBa 2a
OmeHr 3aybIThI,
napaMeTpit Tene Ou
189
PM 1.0, u /M3 | 35 34 9 8 30
PM 2.5, u/m3 | 54 57 16 14 54
PM 10, u/v3 | 72 73 28 18 67

(
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TVOC, mr/m® | 0.182 0.156 0.039 0.006 0.14 2.15 0.146
HCHO, mr/m® | 0.032 0.020 0.011 0.009 0.020 0.043 0.01
Pagmamusuisix | 0.31 0.26 0.24 0.13 0.27 0.33 0.5
don, uSv /car

AQI 81 85 22 21 79 89 50
Eckepry: - JKAKCBI, - KaHaFaTTaHAPJIBIK; - ce3IMTaJI TOITap YIIH 3USH/IBL;
- 3USHJBL.

ATMocdepanblK ayaHbIH JIACTAHYBI, SFHU DKOJOTHSIIBIK KayIICi3MiKTI KaMTaMachl3 €Ty ic-
apachiHa:

Tymianel, ©3iH-031 TazapTaTblH OcTOH. TWTaH NUOKCHIIHIH JKapblKKa YIIbIpaFaH Ke3JIe
MOJICKYJIaJlaFbl KOMIpTeK OaimaHbICTapblH Oy3y KaOijeTiHe Heri3fenreH TeXHOJIOTHs, OHBI
"(horokatanuzarop" aen ataiiibl, OHbl HTaNbIHIBIK XuMHK Jlynmku Kaccap (Luigi Cassar)
xacarad. On yactayibl 3aTTap/bpl OelTapanTaHIbIPAThIH, 3USHIblI €THEHTIH XKoHEe aliHananarbl
aya camachlH JKaKCapTaThlH MHHOBALMSUIBIK IIEMEHT >kacanbl (4-cyper). 3USHIBI 3aTTapiabl
OeiiTapanTaHIbIpFaHHAH KEH1H OJ1ap JKaid )KaHOBIp CYbIMEH KYybUTabl. [7]

4-cypert - TyMIaHbl Ta3apTaThIH [IEMEHTTEH )KaCaIFaH FUMapaT MO/

@oToKaTaMUTUKAIBIK OETOHHBIH TXKIPUOENiK JKarnaiiia KypbUIBICBIH JKacam, SFHU
KOMITOHEHTTEP/l KaHJall MeJIep/ie KaTalan3aTop/bl KOCy KepeK eKeHiriH, (3-kecte) coaiikec,
OJIap/IbIH MOJTIIEPIIEPiH KaHIall MPOMOPIUsIa JKacay eKEeHIIT1H IKYMbICTap KYpTi3iii.

3-kecre. POTOKATAIUTUKAIBIK OETOHHBIH KYPaMbl

KommnoneHT Yari 1 Yari 2 Yuri 3 Yuri 4
Ioprnannuement M-400, xr 3 3 3 3

Kym Mk = 2-2,5 xr 7 7 7 7
Kusbipumbik Tac, kr 2.5 2.5 2.5 2.5

Cy, n 2 2 2 2
TuTtad IUOKCHUII, KT 0 0.3625 0.725 1.45

Konmimri OeTOHHBIH KypamMblHA THTaH JUOKCHUIIH YHTAaK TYpPiHIAE €HTI3Y apKbUIbI
(doTOKATATMTUKAIBIK OCTOHHBIH KYpambl Jkacaiabl. [8] MarepuanabiH SKOJIOTHSUIBIK THIMIUTITI
6eToH OeTiHae (POTOKATATUTUKAIBIK TOTHIFY/IBIH O€TK1 peakUsIapbIHbIH KYpYyiHEe OaillaHbICTHI,
OyJ1 Jacraymbl 3aTTapAbl aTMocdepanblK ayaJaH >KOFa MYMKIHAIK Oeperdi. (5-cypeT) colikec,
0eTOH/IbI JKacay yAepici KOpCEeTIITeH.

5- cyper - beronsl kacay yxaepici

TiO2 menmepine calikec, TOPT TYPJIi OETOH Maccachl )KaCabII, TOPT (OTOKATATUTUKAIIBIK
OCTOH JKacalblHIABL ~ Op OeTOH 3 KYH KeNTi JkoHE Toxipubere xkibepinmi. Op yiri
MuKpodoTorpadusra TyCipisii )koHE OHBIH KeMeriMeH TuTaH Jquokcui TiO2 6eton OeTiH Kanan
KaOaThIHBIH ~ aHbIKTayFa Oomanbl. MUKpPOKYPBUIBIMBIH — Talfay pacTPiblK 3JICKTPOH]IBI
MUKPOCKOIHUS 9IiCIMEH KYpri3ii. [9]

Yari - 1-1eH anblHFaH YATIHIH  MHKpodoTorpaduscel ycak TYHIpIIKTI OeTOH
KYPBUTBIMBIHBIH O1pKEIK1IIT1H, 0eTOH OeTIH/AE eIIKaHIall KaTaanu3aTop )KOK €KeH/IIT1H pacTau JIbl.
Yari - 2 ymiH tuTaH auokcuni TiO2 OeToH O€TiH TONBIK >KaObUIMAaraHbl JKOHE AlllbIK
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aymMakTapJblH Oap ekeHi kepceTinai. Yiuri - 3te TutaH nuokcuiaiHiH TiO2 GeToH GeTiH eH
Oipkenki Tapanmybl Oavikanmael. Aram, TiO2 OeToH MmaccachiHBIH 5% OonFaH Ke3le, TUTaH
ToKcuIl OeToH OeTi OoMbIHIIA OapbIHIA O1PKENKi Tapalybl OaiiKanaThIHbI aHBIKTANIBL YT - 4
yiiH 6eToH OeTiHae TuTaH nuokcual Ti0O2 OemeKTepiHiH apThIK KOHIIEHTPAIHSICHI OailKall JTbI

Op YATiHI MILIHBI BIIBICKA CAJIBIH/IBI )KOHE OJI BIIBICKA TYTIH €HTi3ial. YITiaepaiH TYTiHAl
KaJlail CIHIpETiH1 BU3YaJIJIbI TYPE KapacThIPhULABL. Op (POTOKATATUTUKAIBIK OETOH IIBIHBI BIIBIC
imiHAl, Aanana sFHA TOTBHIFY IPOIECi XKYpY YLIH KYH cayieci Oap Ke3jie MbIFapbUIabl XKoHE 6
carat TYp/IbL

KopeIThapuiaii  kenme, 3eprrey OKyMmbIchiHAa Kaszakctan PecmyOnukachiHBIH — 9p
ayMaKTapblHa 0aillIaHbICTBI aTMOC(hEpaIIbIK ayaHbIH JTACTAHYBIHBIHBIH MOCeIeepl TalJaH Ibl.

EH amngeiMeHn Ka3ipri TaHzma eH OacThl MocelesepiHiH Oipi aTMocepasiblK ayaHbBIH
JaCTaHYBIHBIH XKIKTENYiH, Maiga OolybiHa OaliIaHBICTBI MaTepuaaap, ATMocdepablk ayaHbIH
JacTaHybIHBIH aJlaM aFr3acblHa JKOHE JIe KOpILaFraH opTaFa ocepi 3epTTEeNiH/Il.

Kasakcran PecmyOnukachHBIH Op ayMaKTapbHBIH aTMoc(epasnblK ayachIHBIH JaCTaHYbI
KOPPEISALUSIIBIK-PETPECCUSUIBIK ~ Tajlay apKbulbl ecenteninai. Koppensuusuiblk  DexHep
K03 (ppUIMEHTI apKBUTBI Ja €Ki MOH apachIHIaFbl OAlIaHbIC AHBIKTAJIBIH/IBL.

Aya camacein 6akpiiay (AMT097), kopiiaran opTaHbIH MapaMeTpiiepin eniey (Mastech
MS6300), nmosumerp (Soeks Quantum), OeNIMEKTEPIiH MacCalbIK KOHIICHTPAIMICHIHBIH
MoHutopel (CEM DT-9680) emmey kypaigapbiMeH AJMATBIHBIH aJIThl HYKTECIHEH OJIIey
KYMBICTAphl JKYPri3ifii. OJNIIEHTeH MoJiMeTTep OOWBIHINA  3USHIBI JIACTAFBIITAPIBIH €H
)Koraprbl Kepcerkimi «Sinooil»  A3C Nel7 wnykrecinme, an KazYVY aiimarpiHga Oacka
HYKTeJIepre KaparaH/ia 3usHIbI 3aTTap IbIH a3 KOPCETKIMTepil KOp CeTUII.

Kazakcran PecnyOnukacblHBIH aTMOcC(hepaniblK ayachbHbIH JTaCTAaHFaH KOHE ©JIM CaHbl
JKOFaphl alilMakKTapra arMoc(epaiblk ayaHbl Ta3apTyFa WHHOBAIMSIIBIK YCHIHBICTAp KACAJJIBL.
Omnapra atMocdepalblK ayaHbl TaszapTaThiH OwmiOopATap, (OTOKATAIUTUKANBIK OeTOHAAp
xkatanpl. DOTOKATATUTHUKAIBIK OCTOHHBIH KypaMblHA XOHE OHBI aTMOC(hEpasbK ayaHbIH
JacTaHyblH TOMEHJAETYAE KOJAaHy OOMBIHIIA 3epTTey MKYMBICTApbl XKYprisiimi. 3eprrey
OapbIChiHIa (OTOKATATMTUKAIBIK OCTOHHBIH YJTLIEPl >Kacallblll, OHBIH MHUKPO KYPBUIBIMBIHA
Tanjgaynap Kyprizuigi. EH jkakcbl KepCceTKilTi YUIHIIN Yiri, SsFHU OeTOH MaccachlHbIH 5 %
TUTAH JUOKCUIl KyparaH Kke3ie KkepceTTi. DOTOKaTaJUTUKAIBIK OCTOHMEH FUMaparTap
TYpFbI3ca, XKOJJap cajblHCa HEMece aya Ta3apTaThlH KallKaHJapibl opHanacTeipca Kazakcran
PecnyOnukachiHAaFbl AKOJOTHSUIBIK KAYITICI3[IK MocenenepiHiH 0ipi, aTMocdepaablK ayaHbIH
JacTaHybl TOMEHJICH Il )KOHE aJlaM JICHCAYJIbIFbIHA Kayill KeNTipMeii.
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OnextpoH. Jlan. — Pexxum nocryma: Amtast AMT097 Monutop kadectBa Bo3ayxa 8 B 1

AMTO097: nponaxka, neHa B Acrane. JlaTyuku kadectBa Bo3ayxa oT "MIT "LUXGROUP"" -
86799599 (ecounit.kz)

HYPERLINK "https://www.|ehi ghhanson.conyproducts/cement/tx-active"TX Active Cement -
Lehigh Hanson, Inc. [DnekTponHsblit pecype]. - Pexum goctyna: heidelbergmaterials.us
Gordana T.C., Photocatalytic concrete - environment friendly material, 2017

@paitnt M.A., Pa3paboTka GoToKaTaTUTHIECKOro OETOHA JJISt OYMCTKH aTMOC(EPHOTO BO3/IyXa
U 00OCHOBaHHUE JKOJIOTUYECKON O€30MacCHOCTH CTPOUTENIbHBIX KOHCTPYKIIMH Ha €ro OCHOBE:
muccepranus ... kKanauaara Texandecknx Hayk: 05.23.19 / HanuoHambHBINA UCCIEIOBATEIIBCKUI
MockoBCKHMH TOCYITapCTBEHHbIN CTPOUTENbHBINA YHUBEpCUTET. - MockBa, 2016. -105 c.
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Annotatsiya. Ushbu magolada Qishloq xo‘jaligining asosiy ekinlaridan biri kartoshka
(Solanum tuberosumL) ekini xisoblanib, dunyo bo‘yicha sholi, bug‘doy va makkao‘xori
ekinlaridan keyingi o‘rinda turuvchi ekindir. Keying yillarda kartoshka ekini xosildorligiga
zararkunanda xashoratlar, tabiiy omillar, turli xil kasallik qo‘zg‘atuvchi viruslar katta zarar
keltirmogda.Kartoshkani zararlovchi  viruslarning tasnifi va guruhlari, xo‘jayin o‘simliklari
tomonidan zarari va shiralar tomonidan yugishi,viruslarini Luteoviridae oilasiga kiruvchi
kartoshka L virusining biologik tavsifi vasistematikadagi o°rni haqida so‘z yurutilgan.

Kalit so'zlar: kartoshka, viruslar, targalishi, zarari.

BIOLOGICAL CHARACTERISTICS AND SYSTEMATICS OF THE POTATO VIRUS
(PLRV).

Xolmatova Manzura. Mamirjon qizit., Fayziyev Voxid. Baxromovich?Xolmatova M.M*
Doctoral student (PhD) of the Tashkent branch of the Samarkand State University of Veterinary
Medicine, Animal Husbandry and Biotechnology, Tashkent city, Chilonzor district, 20-
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Fayziev Voxid Baxramovich?

Chirchik State Pedagogical Institute, Department of Biology, Doctor of Biological Sciences,
Professor

Abstract. In this article, one of the main agricultural crops is the potato (Solanum
tuberosum L) crop, which is the second most widely grown crop after rice, wheat and corn in
the world. In recent years, potato crop yields have been severely affected by pests, natura
factors, and various pathogenic viruses. biological description of the virus and its place in the

systematics.
Keywords: potatoes, viruses, spread, damage.
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Kirish. Kartoshka ekini dunyoda to‘rtinchi asosiy oziq — ovgat ekini bo‘lib, dunyo
aholisining katta gismini oziglantiradi. Keyingi yillarda ko‘plab kasallik va zararkunanda
hashoratlar tufayli gishloq xo‘jaligi ekinlari hosildorligiga salbiy ta’sir ko‘rsatmoqda. Qishloq
x0‘jaligi ekinlari orasida kartoshka ekini asosiy ekinlardan biri bo‘lib, bu o‘simlikka ham turli
kasalliklar tufayli hosildorligi pasaymoqda. Qishloqg xo‘jaligida xartoshka o‘simligiga zarar
keltiradigan kasallik qo‘zg‘atuvchilarning eng xavflisi bu -viruslardir. Dunyo bo‘ylab 50 dan
ortiq virus tabiiy ravishda kartoshka o‘simligini zararlaydi [1]. Bu viruslar kartoshka
o‘simligidan olinadigan hosilni 80% gacha kamaytiradi. Bugungi kungacha ma’lum bo‘lgan 400
ta fitoviruslardan [2] 52 tasi kartoshka o‘simligiga zarar keltirib, shulardan 36 tasi keng
targalgan, golganlari esafagat Janubiy Amerika mamlakatlarida uchraydi [3].

ADABIYOTLAR TAHLILI VA METODOLOGIYA

Luteoviridae oilasiga mansub viruslar uchta avloddan iborat bo‘lib ular, Polerovirus,
Luteovirus va Enamoviruslarga bo‘linadi. Polerovirus 2021 yilda Solemoviridae oilasiga
qo‘shilmaguncha Luteoviridae oilasida bo‘lgan [4]. Ularning genomi 5,6 dan 6,2 kb gacha
bo‘lgan musbat, bir zanjirli RNK dan iborat. Ular besh yoki oltita kesishgan holda tashkil etilgan
ochiq o‘qiladigan fragment (ORFS) lardan iborat, ularning ba’zi qatorlari subgenomik RNK dan
tashkil topgan [5; 6]. Polerovirus va Enamovirus avlodlari nukleotidlar ketma-ketligi qarab
farglanadi. Asosly farq - Enamoviruslarda harakat ogsilining yo‘qligi. Poleroviruslar ham,
enamoviruslar ham ORF1 (P1) ning ORF2 (P2) dan translyatsion sintezi bo‘lgan RNKga bog‘liq
RNK polimerazasini (RdRp), ogsil qobig‘i (CP, ORF3) va o‘qish domenini (ORF5) o‘z ichiga
oladi. CP virion hosil bo'lishi uchun zarur bo‘lib, shira bitlari yordamida tarqalishi va virus
yugishida ham ishtirok etadi [7; 8]. ORF3 va ORF5 ning translyatsion sintezi natijasida hosil
bo‘lgan CP-RT oqgsili vektor uzatish va virus harakatida ishtirok etganligi aniglangan [8].
Jarayonda, ORF3 oxirida yakunlashda, ribosomalar bitta aminokislotani o‘z ichiga oladi va
ORF5 ni translyatsiya gilishda davom etadi [9]. ORFS tomonidan kodlangan o‘qish domeni fagat
ogsil CP-RT sifatida ifodalanadi. CP ham, CP-RT ham T =3 ikosaedral 23-25-nm virionga
kiritilgan [9; 10].

NATIJALAR

O‘rganilganlar viruslardan 35 tasi tabiiy sharoitda kartoshkani ko‘p zararlaydi. Viruslar
taksonomiyasi xalqaro qo‘mitasining (ICTV) tasnifiga ko‘ra, bular genomning tuzilishi va
virusning nuklein kislotasi turiga ko‘ra tashkil etilgan oltita asosiy guruhdan uchtasida 13
oilaning vakillari: bitta nuklein kislota - gisga RNK zanjiri, yoki aylana DNK bilan farglangan.
21-asrda ilgari sabzavot, daraxt va manzarali ekinlarning patogenlari sifatida aniglangan viruslar
uchun xo‘jayin doirasi kengayib, endi kartoshka o°‘simligida ham virusli kasalliklari
patogenlarining tarkibi va targalishi sezilarli dargjada ortdi [11]. Keyingi paytlarda virusli
kasalliklarning yangi patogenlari yoki ularning xavfli shtammlari topildi. Bu hodisa, birinchi
navbatda, keng tarqalgan Carlavirus avlodi bilan bog‘liq bo‘lib, ularning vakillari yaqinda
Xitoyda (PVH) yoki Shimoliy Amerikadan (PotLV) kartoshka navida topilgan yangi, ilgari
noma’lum viruslardir. Shuningdek, kartoshkani ko‘p zararlaydigan boshqa viruslar - KXV, KYV
viruslarida nisbatan yaginda yangi virulent shtammlar aniglandi. Kartoshkaning Tospovirus va
Begomovirus avlodi viruslari bilan kasallanishi nafagat issiq iqlimi bo‘lgan mamlakatlarda
kartoshka egallagan maydonning ko‘payishi, balki ushbu viruslar: trips va oq qanotlar
tashuvchilar diapazoni kengayishi bilan ham bog‘liq. Ikki tur, Bemissia tabaci va Frankliniella
occidentalis, so‘ngi 10-20 yil ichida hamma joyda tarqaldi va "super vektorlar” (halgaro termin)
nomi bilan foydalanila bo‘shlandi [12].

KLV VIRUSINING BIOLOGIYASI. Ushbu virus birinchi marta D. Peters tomonidan
shaftoli shirasi (Myzus persicae) gemolinfasida 1967-yilda aniglagan. Keyinchalik 1968 yilda
Physalis floridana o‘simligidan ushbu virusni M. Koxime toza holda gjratib olingan [13; 14].
Viruslarning biologiyasi xo‘jayin o‘simliklar yoki tashuvchi organizmlarning hujayralari bilan
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chanbarchas bog‘liqdir. Noqulay sharoitlarda viruslar asosan tirik o‘simliklarda saqlanib qoladi.
[15; 16] Ushbu virusning HTFY darajasi 80°C ni tashkil qilib, virus 42-43°C da 1-5 kun [17]
20°C da bir oydan ko‘p vaqtda saqlanib qoladi [18]. Kartoshka L-virusi mexanik usulda
yugmaydi, ammo payvandlash va oq ganot, shira bitlari orgali oson yugadi. Tabiiy sharoitda bir
gator o‘simlik bitlari, Myzus persicae Sulz, Myzus ascalonium, Myzus circum flexus Buckt.,
Myzus ornofus, Myzus convolvuli Kalt., Macrosiphum solanifolii Ashm. ka6u turlari yordamida
tarqaladi [19]. Ularning ichida virusning eng yaxshi tashuvchi Myzus persicae Sulz ekanligi bir
qator ilmiy maqolalarda keltirib o‘tilgan [20]. Bu virusning kriptogrammasi R/1:2/28.S5/S:S/Ap;
SAp [21]. Virusning ogsili (mm) 26,3x103 D [22], virion diametri 25-30 nm, har bir
nukl eokapsidda 32 kapsomer mavjud. Virionning tarkibi taxminan 28% ni RNK [23] 78% oqsil
tashkil qiladi. Luteoviruslarning tasnifiga ko‘ra IV guruh virusidir. Har bir virionda (+) RNK
ning bitta zanjiri mavjud. Genomda 5300 dan 5900 nukleotidlar ketma-ketligidan iborat. Shunisi
e’tiborga loyigki, luteovirusda ogsili ustida joylashgan ikkita 5 'ochiq o‘qgish fragmenti (ORFs)
mavjud. Bunday ORFlardan biri RNKga bog‘lig RNK polimerazasini kodlaydi. 3' uchida bir
nechta boshga ORFlar mavjud va ular subgenomik RNKdan ifodalanadi. Virusning replikatsiyasi
sitoplazmada sodir bo‘ladi.Oqgsil sintez qilish va replikatsiya jarayoni uchun virus genomi bilan
zararlangan hujayraning DNK — tobe RNK — polimeraza fermenti molekulalarini sintez giladi va
u asosida virus oqgsillari sintezi amalga oshadi. Virus genomlari yangi sintezlangan virus kapsid
ogsillar bilan o‘ralib-qurilishi va virionlarni hujayradan chigishi bilan infeksion sikl jarayoni
tugaydi [24].

SISTEMATIKASI. Kartoshka barglari buralishi virusi (PLRV), Polerovirus avlodi,
Luteoviridae oilasi butun dunyo bo'ylab kartoshkaning asosiy patogenidir. Virus Janubiy
Amerika mintaqasidan olingan kartoshka urug‘laridan tarqalgan. PLRV ko ‘pincha luteovirus
sifatida tavsiflanadi. Bu uning Luteoviridae oilasidagi tasnifiga xos ekanligidan dalolat beradi
[25], bu asosan uning uzatish xususiyatlariga va virionning molekulyar va strukturaviy
xususiyatlariga asoslanadi. Oilada ikkita asosiy avlod (Luteovirus va Polerovirus) mavjud bo‘lib,
ular RNKga bog‘lig bo‘lgan RNK polimeraza va ma’lum genom xususiyatlari bilan farqlanadi.

PLRV - Polerovirus avlodining turi. Ko‘pgina poleoviruslar antigenlari aktiv, xo‘jayin
spektri bir oila o‘simliklari bilan cheklanadi. Shiralar yordamida sirkulyativ usulda o‘tadi:
floemadan ular gemotselga o‘tadi va gemolimfa orqali so‘lak bezlariga tushadi.
O‘simliklardagi lokalizatsiyasi floemada, to‘qimalarni nekrozlaydi, o‘sishni
susaytiradi, xlorofillni yo‘qotadi va barglarni sarg‘aytiradi.

Kartoshka o‘simligini zararlaydigan asosan viruslarining genomlari bir zanjirli (SSRNK)
zanjiridan iborat bo‘lib, bunday virus oilalariga Secoviridae, Alphaflexiviridae, Betaflexiviridae,
Tymoviridae, Bromoviridae, Closteroviridae, Potyviridae, Luteoviridae, Tombusviridae,
Virgaviridae.

Fitoviruslar oilasining Secoviridae kichik oilasi Comovirus uchta avlod va 56 turni oz
ichiga oladi. Bu viruslar kartoshka va pomidor o‘simliklarida halgasimon gora dog‘lar paydo
giladi. TBRV uch virionda — T, M, B turli o‘chamlarda uchraydi. TBRV idintifikatsiya
gilinganda turli shtamlari xo‘jain o‘simlik turlariga ko‘ra aucuba mozaik virusi, pseudo aucuba
va boshga o‘simlik turlarini zararlaydi. Turning yana bir vakili kartoshka — U virusi Peruda
topilgan.

Aphaflexiviridae oilasiga zamburug‘lar va o‘simliklarda parazitlik giluvchi viruslar
kiradi. Potexvirus avlodi 37 turni ular orasi kartoshka mozaikasi aucuba virusi (KMAV). KAV
(kartoshkaning A virusi) va KYV (kartoshkaning Y virusi) bilan birgalikda infektsiyass KMAV
(kartoshka mozaikasi aucuba virusi) ning shira (Myzus persicae) tomonidan vektor bo‘lib
o‘tishini taminlaydi. Infeksion belgilari virusning shtammi va kartoshka naviga bog‘liq bo‘lib,
pastki barglarda yorgin sariq dog‘lar yoki tizimli nekroz bilan kechadigan nekrotik dog‘lar
shaklida namoyon bo‘ladi. Saglash vagtidaildizlardanekroz paydo bo‘lishi murmkin.
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Betafl exiviridae oilasiga mansub eng ko‘p targalgan Carlavirus 52 turni oz ichiga oladi.
Bu avlodga kartoshkani asosiy zarar keltiradigan 5 tur: PMV, PSV, PXV, PLV va PRV virudlari
kartoshkani zararlaydigan viruslardir. PMV kartoshka ekiladigan hamma joyda uchraydi.
Zararlanish simtomlari navga bog‘lig ravishda yugorigi bargning kuchli buralishiga va o‘sishini
to'xtatib qo‘yadi. PSV virusi ham hamma joyda uchraydi. Bu virus tor doiradigi vektorlar
(xojain o‘simliklar)ga ega asosan 2 ta oila vakili Solanaceae va Chenopodiaceae oila
o‘'simiklarida uchraydi. Kartoshkaning S. phurga turida PSVning yangi o‘zgargan shtami
aniglangan [26]. Ushbu virus Carlavirus avlodi ekanligi va kartoshka *“ virus X ” deb nomlangan.
PXV genomi Carlavirus avlodidan PLV genomi bilan 54% o‘xshashlikka ega ekani aniglandi.
PXV serologik jihatdan PMV, PSV, PotLV viruslardan gjralib turadi. PSV, PXV, PYV, PMV va
PLRV bilan birgalikda kartoshkani zararlashi mumk[27].

Tymoviridae oilasi Tymovirus va Marafivirus yang tashkil etilgan Maculavirus
avlodlarini 0‘z ichiga oladi. Kasallik belgilari - yorgin sariq rangli mozaika yoki dog‘lar
(timoviruslar), xlorotik chiziglar, oq chizilgan chiziglar yoki mitti (marafiviruslar) va barglarning
xiralashishi (makulaviruslar) kabi simtomlarini namoyon giladi. Tymovirus va PMV viruslar
mexanik yo‘llar orqali yugadi va ba’zan qo‘ng‘izlar orgali xam yuqgadi.

Bromoviridae oilasiga kartoshkani zararlovchi uchta avlod: Alfamovirus (beda mozayka
virusi) Bromovirus (yaltirbosh mozayka virusi) va Cucumovirus (bodring mozayka virusi) oz
ichiga oladi. Bu oilani viruslar juda keng tarqalgan ular ko‘pgina ahamiyatli o‘simliklarni
kasallantiradi. Tarqalishi o‘simlik shirasini inokulyasiyasi yordamida, Cucumovirus,
Alfamoviruslar ko‘pgina shiralar yordamida ba’zilari urug® va gul changlari yordamida amalga
oshadi. Kartoshka barglarini sarg‘ayishiga olib keladi.

Closteroviridae oilasi Crinivirus avlod virusari ogq ganotlar, psevdokoksid
chuvalchanglari orgali amalga oshadi va oq ganotlar, psevdokoksid chuvalchanglari yordamida
tarqaladi. Xo‘jayin o‘simliklari tor doirada. Simptomlari — barglarni sarg‘ayishi yoki qizarishi va
bargni buralishi, ichga botib kirishi yoki yog‘och qismini ariqchalashishi, floemasning
nekozlashishi kuzatiladi. Mexanik inokulyasiya yo