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COCTOAJICA X CAMMUT OPTAHU3ALIUN
TIOPKCKUX I'OCYJAPCTB

B Acrane non npencenarensctBoM Kaceim-XXomapra Tokaesa npormien X cammut Op-
raHU3alMuy TIOPKCKUX TOCYIapCTB.

Kacpim-2Komapt TokaeB ¢ 0co0oii TEMI0TOM BCTPETHI I1aB FOCYIAPCTB, TPUOBIBIINX
B Kazaxctan — pojHO ouar TIOPKCKHMX HapOOB — JJISl YYacTHUA B COBEIIAHHUU BBICOKOTO
ypoBHs. [Ipe3uneHT oOparuin BHUMaHKE Ha TO, YTO CO3JIaHHbIH M0 nHUIMaTuBe Kazaxcrana
CoBeT coTpyIHUUECTBA TIOPKOSA3BIUHBIX FOCYIAPCTB CETOHS CTaJl MOJIHOLIEHHOM MeK/TyHa-
POIHOW OpraHu3aluei.

— bbut 0100pen nokymeHT nox HazBaHueM «llepcrekTuBbI TFOpKCKOTo Mupa — 2040».
Camoe T1aBHOE, MBI YKPEIHIN SAMHCTBO OpPaTCKUX CTpaH. MBI POJEMOHCTPUPOBAIIN BCE-
MY MUPY TIPUBEP)KEHHOCTH HALTMM OOLIMM HEHHOCTSM. MBI HCTIOJHSIEM BOJIIO HAILIUX MPEA-
KOB M YKPEIIJISIeM COTPYIHHUYECTBO TIOPKCKUX HApoaoB. Terneps 1efib COCTOUT B TOM, YTOOBI
COXpaHUTh Halle eIUHCTBO, OCHOBAHHOE Ha B3aMMHOM JIOBEPHU M OpaTcTBe, U Tepenarhb
€ro CJICAYIOIINM MTOKOJICHHUSIM. TIOPKCKUI MUP Ha PaBHBIX B3aUMOACUCTBYET C II00aIbHBI-
MU Jiep’kaBamu. J[pyrue rocyapcTsa Tenepb CUUTAIOTCS ¢ KIIIOYEBBIMU YCTAaHOBKAaMHU Ha-
et Opranuzanuu. [loaToMy pacimpeHnre B3auMoAEHCTBUS MEX/Ty TIOPKCKUMH HapoJlaMu
SIBJISICTCS JUUISl BCEX HAc oO1ieit 3anaueii, — momquepkuyin Kaceim-XKomapt Tokaes.

IIpe3uneHT oTMETHI, YTO Hallla CTpaHa 3alHTepecoBaHa B JanbHeleM pa3sutuu Op-
raHU3alkuy TIOPKCKUX TOCYIapCTB U 3asBUJI, UTO MpescenarenscTBo Kazaxcrana B opranu-
3anuu OyieT npoxoauTh 1o aeBu3oM « Tropkckast sroxaly, i « TURKTIME!.
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JanHast abOpeBHaTypa OTpakaeT BOCEMb IPUOPHUTETOB, KOTOPBIM OyAET yAEJICHO Tep-
BocTeneHHoe BHMMaHue: Tpaauuuu (Traditions), yaudukamuio (Unification), pedopmsr
(Reforms), 3nanus (Knowledge), nosepue (Trust), uaBectuuun (Investments), Mmeguanuio
(Mediation) u snepruto (Energy). B cBoem BricTymiennu [maBa rocyaapcTBa OTIEIBHO
OCTaHOBWJICS Ha KaXKJIOM M3 9THX MPHOPUTETOB.

[To cnosam [Ipe3uaenra, momynsipuzanysi TIOPKCKOTO €IUHCTBA MMEET OOJbLIOE 3Ha-
YeHHe, TaK KaK Hac CBSI3bIBAIOT 00LIast HCTOPUS, KYJIBTypa, sI3bIK 1 MEHTaJIUTET. B cBsi3u ¢
9THM OH 00paThiI BHUMaHUe Ha HeOOXOIMMOCTh MpHUBEICHUS (raroB u sMoOnem OpraHusa-
UM TIOPKCKUX TOCYJIAPCTB U €€ CTPYKTYP K SMHOMY 00pasiy.

— CeronmHsi MBI BMECTE PaCCMOTPHM MPEICTaBICHHBIE YCKU3bI U TIPHMEM COBMECTHOE
peleHre. JTo cTaHeT UCTOPUYECKUM MOMEHTOM. Hamn moir — u3yunTh oOmiye apXuBbl U
JOHECTH MCTOPUUECKYIO TIpaBIy A0 MOTOMKOB. [Ipemnaraem mopy4uTbh COOTBETCTBYIOLIMM
CTPYKTypaMm COBMECTHO HM3YYHTh HEUCCIICOBAHHbBIE HCTOYHUKHU. DTO NEHCTBUTEIBHO OYCHB
Ba)kHasi paboTa, TIOTOMY YTO B HaIlIei OOIIEH HCTOPUM UMEIOTCS OeJIbIe TISITHA, KOTOPBIE TIPE/I-
CTOUT M3y4YHTh. TakKe BaXKHO 3aHSTHCS B3aMMHBIM TIPOJIBUYKEHHEM TEJIECEPHaioB, KOTOPbIE
CHAMAIOT B HamMX cTpaHax. OCOOEHHO Ba)KHO IIMPOKO MOMYJSIPU3UPOBATH AHUMAI[IOHHBIE
¢bunbMbl Ui geTeld. Mbl curTaeM, 4TO JUIs ATOW 1eJM HY)KHO HCIIOJB30BaTh COLMAIbHBIC
CeTH, MIPHUBJICKATh MOMYJISIPHBbIE MEJUIHBIE JIMYHOCTH. TeM caMbIM, HECOMHEHHO, MTOSIBUTCS
BO3MOYKHOCTB ISl TyXOBHOT'O CONMMKEHHS HAIIEH MOIOJEekH, — ckazan [Ipe3naeHt.

[To muenuto [maBel rocygapcTa, clienyeT 00ecrednTh CHHXPOHHOE Pa3BUTHE TIOPK-
cKuX rocyaapcTB. OH IPEIOKUIT CUCTEMAaTU3UPOBATh CTAHAAPTHI 1 TEPMHHOJIOTHIO TOCY-
JnapcTB — wieHoB OpraHuzaiuu.

— B cBs131 ¢ 9THM 5 IPU3BIBAIO Bac B KpaTdailiie CPOKH pacCMOTPETh THIIOBOM 3aKOHO-
MPOEKT U 0J00pUTH €ro. ITa MHUIMATUBA OTKPBHIBACT MyTh K CBOOOIHOMY IKCIIOPTY HAIIMX
TOBAapOB Ha OO phIHOK. ENMHBIE cTaHAapThI O3BOJIST 00ECTIeUTh ekeroqubiii poct BBIT
nipumepHo Ha 1 mpoueHT. Ceifuac BaJioBOW BHYTPEHHUM MPOTYKT HAIIMX CTpaH paBeH rmourtu 1,4
TPUWIMOHA JI0/UTapoB. B 3TOM rosy ToBapoo6opoT Mesk 1y wieHamu OpraHu3aiiuy npeBbIcut 22
MUJUTHapAa A0u1apoB. JlaHHbIN MOKa3aTeslb MOKHO YBETIMUUTH B 1,5 pasa, eciu OyayT yTBEpiK-
JIeHbI oO1He TpedoBanus. Kpome Toro, cunTaro 1einecoo0pasHbiM cosaanue PedepeHc-lieHTpa
Opranu3aiyy TIOPKCKUX TOCYIapcTB. ITOT LEHTP MO3BOJIUT 00ECIIEUNTh B3aUMHOE TPU3HAHKIE
PE3YJIBTaTOB MCIBITAaHUH MTPOIYKLUH, a TAK)KE MPOBECTH HOBBIE MCCIICIOBAHMS B 00IaCTH XU-
MHYECKON 1 MHIIEBON MPOMBIIIUIEHHOCTH, — cka3all Kacsim-XKomapt Tokaes.

Tpersum npuoputeroM llpesnaent 0603HaumnI pedopmbl. OH 03BYUHIT PSJI IPEIIOKE-
HUH [0 ONTUMH3ALWH AesTeIbHOCTH OpraHu3auy 1 MeXyHapOJHON HHTETPALIH.

— IIpu3biBato Kak MOXXHO CKOpEe PELIMTh BOMPOC O Ha3HAUYCHHU HALIMX MOCTOSTHHBIX
npeacraBuTeneil npu OpraHu3ayy TEOPKCKUX TOCyAapcTB. Takxke MPUBETCTBYEM MPeIo-
JKEHUE 00 yBEITMYSHUN YMCIICHHOCTH cOTpyaHUKOB Cekperapuara. HeoOxoauMo yKpenuThb
COTPYAHUYECTBO TIOPKCKHX TOCYAapCcTB B M30MparenbHOH cdepe. Creayer paccMOTpeTh
BO3MOJKHOCTBH YUPEKJCHUSI KOHCYJIBTAaTUBHOTO COBETa IIEHTPAJIbHBIX M30UPaTEIbHBIX Op-
raHoB. B mocnennee Bpems HaOMonaeTcs MOBBILICHHBIA HHTEpeC K Hamed Opranu3anun
CO CTOPOHBI MEXKIyHAPOIHBIX U PETHOHAIBHBIX CTPYKTYP. MBI OAIepKUBAEM HHUIHATH-
By 0 npucBoeHrH OpraHu3anny dJKOHOMUYECKOTO COTPYAHUYECTBA CTaTyca HaOMOIaTes.
Kpome Toro, mbl npeanaraeM HajgaauTh COTpyAHUYECTBO ¢ Mciaamckoil opranuzanueit mo
IPOIOBOJILCTBEHHOM 0€30MacHOCTH, — 3asiBWII [ J1aBa rocyaapcTaa.
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Kacpim-2Komapt TokaeB ykaszal Ha BaKHOCTh YKPEIUICHHUS COTpyAHHYECTBa B oOIa-
ct 00pa3oBaHMs U HAYKW Ha OCHOBE HAy4HOTO MapTHepcTBa. OH MpH3Bai pyKOBOAUTEICH
cTpaH — wieHoB OpraHn3anuu yaeluTh 0c000€ BHUMAHHUE OTKPBITHIO (PHITHAIOB JTYUIIHX
YHUBEPCUTETOB MHPA, IPOBEICHUIO COBMECTHBIX HAyYHBIX MEPOIPHUITUNA U OOMEHY OITBI-
TOM, CO3/IaHUIO S3BIKOBBIX OT/AEIEHMH, @ TAaKKe Pa3BUTHUIO MCKYCCTBEHHOTO MHTEJUIEKTA,
IUQPPOBOI U A3POKOCMHUYECKON MPOMBIIIJICHHOCTH.

[To muenuro [1aBEI TOCynapcTBa, B yCIOBHUAX HECTAOMIBHON MEXITyHAPOIHON CHUTYa-
[IMU OY€HBb BAXKHO YKPETUIATH €IUHCTBO TIOPKCKHUX HAPOJIOB.

— DTo HaJie)KHas TapaHTusl Halei oOmiel 6e3onacHocTr. HapacTaroT BEI30BEI, CBSI3aH-
HBbIE C TOPrOBJEH OpyXKME€M M HAPKOTHUKaMH, TEPPOPU3MOM, SKCTPEMHU3MOM, MUTpaLUEH.
Jlns mpenoTBpaleHus Mo00HBIX YIPo3 HEOOXOAUMO YKPEITUTh COTPYIHUYECTBO B 00IaCTH
Oe3omacHOCTH. B 3T0# CBS3M Mpemyiarar B CIETYIOIIEM TOIy MIPOBECTH B ACTaHE TPETHIO
BCTpedy reHepanbHbIX CeKpeTapel COBETOB 6e30MmacHOCTH. BajkHO 3aKITIOUNTH COTTIAIIEHUE
0 COBMECTHOM 00pb0€ C MPecTYMHOCThIO U OOMeHe WH(pOpMaIMeld MEXy opraHaMu (u-
HAHCOBBIX paccieIOBaHUN TIOPKCKHX TOCYIapcTB, — ckazan Kaceim-XKomapt Tokaes.

I'maBa rocymapcTBa Ha3Bajl WHBECTHIIUH IIECTHIM MPHOPUTETOM H MPHU3BAI JINJEPOB
CTpaH PaclIMPUTh MEKPErHOHAIBHYIO TOPTOBIIO U COCPEIOTOUNTRLCS HAa HHBECTHUPOBAHUHU
B 9KOHOMUKY.

— Oco0yto poib B 3TOM jiene urpaet TIopKCKuil ”HBeCTUIMOHHBIN Gona. s ykperie-
HUS DKOHOMHYECKHX CBSI3€i HEOOXOAMMO pa3BUBATh PHIHOK «3€JIEHOT0» (PMHAHCHPOBAHUSI.
Kax m3Bectno, Kazaxcran mpemmoxkuin co3narh COBET TIOPKCKUX «3€JIEHBIX» (DMHAHCOB.
[lonnep:kana MHUIIMATHBA O IPUCBOEHUHU AcTaHe cTaTtyca OUHAHCOBOIO LIEHTPA TIOPKCKO-
ro Mupa. Mckpenne Onarogapio Bac 3a 3To pelieHue, — orMeTn [ 1aBa rocygapcTaa.

AxrtyansHoi 3amaueit KacsiM-XKomaptr TokaeB Ha3Basl MOBBILICHUE POJIM MEIUALUU.
I'maBa rocynapcTBa mmpuBen B mpuMep KOHGIUKTH Mexky Poccneit u Ykpannoii, M3pannem
u [lanectunoii, mpoOnemMy HeseraabHON MUTpaluy Ha 3anajie, NoAYepKHYB, uTo obecrneye-
HHUe 0e30MacHOCTH SIBIISICTCS TIaBHOU 3a/1aueil.

— B 2T0i1 CBSI3M s IPUHSIT pellIeHue O MPEIOCTABICHUH TYMaHUTAPHON ITOMOIIIN T1ajie-
CTHHCKOMY Hapoay B pa3Mepe | MIIIroHa JotapoB. Pemenne HacynHbIX MpooiieM, KOTo-
pble He peIaInch ACCATUICTHIMH, ITyTEM HACHIIUS 1 TEPPOPUCTUIECKUX aKTOB a0COIMIOTHO
HenpuemieMo. Kazaxcran pemmrTenbHo ocyKaaeT Takue Metoasl. O00CTpeHre CUTyalun
MOYKET MPHUBECTH K CEPhE3HBIM TOCIEACTBUSAM. B 3TO CBS3M MBI NIPU3BIBAEM pa3peliaTh
TM00BIe KOH(IUKTH MCKITIOUYMUTENEHO TTYyTEM MHUPHBIX MEPETOBOPOB W JUILIOMATHYECKOTO
nuanora. J{is Hac coxpaHeHHe TePPUTOPUATILHON IIEJIOCTHOCTH BCEX TOCY/IapCTB U HEBME-
II1aTeNbCTBO B UX BHYTPEHHME JIeNla — KIIFOUEBbIE MPUOPUTETHI. BakHO HEYKOCHUTENBHO
ucnoiHsITh pe3onronuu Cosera bezomacnoctn Opranmsarnmn O0vennHeHHBIX Harmii u co-
OroaTh HOPMBI MEKIYHAPOMHOTO MpaBa. He cekpert, 4uto ceifuac HabmomaeTcs 3acToil B
pabore Cosera besonacnoctn OOH. B Takoii cutyanuu ciefyeT yCuinTh poib [ eHepaib-
Hoit AccamOiien. B To sxe BpeMsi HE00X0IUMO OBbITh 00JIee KOHCTPYKTHBHBIM B jielie pedop-
mupoBanus Cosera be3onacHoctu, — noguepkHya lpe3uneHt.

OtnensHo KacbiM-Komapt TokaeB 0CTaHOBUJICS Ha BOCBMOM MPUOPUTETE — DHEPTUU —
Y 03BYYHJI HHUIMATHBBI HAIIEH CTPaHbI B 3TOH cdepe.

—Kazaxcran ygemnsier 00ibl10e BHUMaHHE Pa3BUTHIO HOBBIX HICTOUHHKOB YHEPTHH, MOJIEP-
HHU3aLUH U AUBEpCU(UKALIUY ITyTeH ee TpaHCTopTupoBKH. OcoObIi MHTEpEC ISl HAC TaKKe
MIPEACTABIISACT BHEPEHHE JIyUIlINX MPAKTHK M TEXHOJIOTHH B T€0JI0ropa3Be/iky ¥ MPOHU3BOJI-
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CTBO DJIEKTPOdHEpruu. B mpropurere Takke pazBuTHe HEYTEXUMHUYECKOW MPOMBIIUICHHO-
CTU U COBMECTHAs paboTa B cepe «3eJeHOW IHEPTreTUKH. Sl MPEAIoKII MPOBECTH B 3TOM
B rony B Kazaxcrane MexxayHaponnslii sHepretuueckuii popym. CunTaro, 4To MpoBeAcHHe
MEPOIIPUSATHSI TAKOTO YPOBHS MO3BOJMT ACTATBLHO OOCYIUTH BCE 0003HAUCHHBIC BOMPOCHL.
Bonpocs! nu3ameHnenust knuMara U yCTOWYMBOIO pa3BUTHsL paccMmarpuBaroTcst B Kazaxcrane
B uncine kiodeBbiX. [1o nauiparuBe Hamel ctpanbl B 2026 rofy MiIaHUPYETCs POBEACHUE
PETHOHAIBHOTO CAMMHUTA, TIOCBSILLIEHHOTO Mpo0ieMe U3MEHEHHs KIIMMaTa. YBepeH, uTo Opar-
CKHE TIOPKCKHE HapOIbl MOAAEPKAT BCE 3T HHUIIMATHUBEIL, — CKa3all [ 1aBa rocynapcTsa.

B 3akimouenue munep Kazaxcrana mpr3Bai 11aB TIOPKCKUX TOCYAapCTB K eMUHCTBY. O0-
paias BHUMaHUE Ha BaKHOCTB CIIJIOYEHHUS B IPOTHBOIECHCTBUY BBI30BaM H yrpo3aM, OKa3a-
HUS B3aMMHOW MOIJICPKKHU U IPUHATHSA COBMECTHBIX 3((PEKTUBHBIX MEP, OH OTMETHII, YTO
BCE ATO CIIOCOOCTBYET MPOIBETAHUIO TIOPKCKOTO MUPA M YKPEIUIEHUIO €INHCTBA CTPaH.

Ha camMMmuTe Takxke BBICTYNWIM JAEUCTBYIONNI nipeacenarens Opranuzanun — [Ipesn-
neHt Y3oexuctana lllaBkat Mupsuées, [Ipesunent Azepbaitmkana Mnexam Anues, [1pe-
suneHT Keipreizckoir PecriyOnmuku Canpip XKamapos, [Ipesunent Typuun Pemxen Taiinn
OpnoraH, IIpencenarens Xank Macnaxatsl TypkMmenuctana ['yp6anrysst bepasimyxame-
noB, [Ipembep-munuctp Benrpun Bukrop Op6an, ['eHepanbHblii cexpeTaps Opranuzanuu
TIOpPKCKUX rocyaapcT Kybansrabex Omypanues.

[lo uroram cammuTa IaBsl TOCYIapcTB MocTaBuIN nepeq Opranuzanueit ps uesnen u
3aja4d. belT moAnMcan psa BaKHBIX TOKyMEHTOB. Hapsiny ¢ 3TuM, 3a 3HaUNTENBHBIN BKIA]T
B YKpEIUIEHHE €IMHCTBA TIOpKckoro mupa llpesunent PecryOonuku Y30Oexucran llaBkar
Mup3uéeB HarpaxaeH «BoIcinM opieHOM TIOPKCKOTO MHpay.

Crucok TOKyMEHTOB, MOAMUCaHHbBIX B X0 X caMMmuTa OpraHu3aliy TIOPKCKHX Tocy-
JapCTB:

1. ActaHUHCKUH AKT;

2. Jexmaparus X cammuta OpraHu3arii TFOPKCKAX TOCYIapCTB;

3. Pemenne 171aB rocymapcTB o HarpakmeHuu llpesmpenta YszOekwmcrana IllaBkara
Mup3zuéeBa «Bbeicuinm opreHoM TIOpKCKOro MUpay;

4. Pemenne 1aB rocygapcTB O MPUCYKIEHUH cTaTyca DUHAHCOBBIX IIEHTPOB TIOPK-
CKOTO MHpa;

5. Pemenne o MpUHATUH HOBBIX ()JIaroB TIOPKCKUX OpTaHU3AIMK COTPYIHUUECTBA;

6. Pemrenue miaB rocy/1apcTB 0 Ha3HAUEHUSX;

7. Pemienue o mpenocTaBieHnu craryca Haomonarenst OpraHu3anuy YJKOHOMHYECKOTO
coTpyaHudectBa B Opranu3anuy TIOPKCKUX TOCY/IapCTB;

8. Pemenne 06 yrBepikaeHnu ans 6 ¢eBpainst JHemM maMsaTH jKepTB KaTacTpoQbl U CO-
munapHoct OpraHn3ann TEOPKCKUX TOCYIapCTB;

9. Pemenue o IlpaBunax ynpasnenus OromxeroM Cekperapuara OpraHusanny TIOPK-
CKHX TOCyAapCTB;

10. Pemenne o pazpabotke «llonoxkenus: o [locrosHHBIX mpencraBuTenssx OpraHu3za-
LU TIOPKCKHX FOCYapCTBY;

IIpoTOKOI O COTPYAHUYECTBE MEKIY COOTBETCTBYIOIIMMHU YUPEXKICHUSIMH TOCyIapCTB
— wieHoB OpraHu3anyy TIOPKCKUX TOCYIapcTB B 00JIaCTH METPOJIOTHH;

CosMmectrbiit [1man neficteuii (JlopokHas kapTa) OpraHH3alAHA TIOPKCKUX TOCYIapCTB
1o peanuzanuu [IporpamMmMer TpancmopTHOH cBs3u Ha 2023-2027 rofpl.

https://www.akorda.kz/ru/sostoyalsya-x-sammit-organizacii-tyurkskih-gosudarstv-3105444
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CUCTEMA ABTOMATHU3AIIMA HATPEBATEJIbHOM NNEYH

B oanmnou cmamve paccmampugaemcs neusb 0 mepmooopadomku, Komopas pabomaem 6 Henpe-
PbIBHOM pedicuMe Noo ynpasieHuem 00pamnotl céa3u no memnepamype. H3-3a oepanuienuil, céA3aHHbIX C
damuuxkamu, memnepamypa oemainei KOHmponupyemcs koceenno. Konmponv pacnpedenenus memnepa-
Mypbl 6 neyu - cxema, KOmopas s8IsAEmcst pakmuyeck OMKPbIMbIM KOHMYPOM 8 OMHOWEHUU KOHMPOJIsL
memnepamypul demaneil. Ileuv pazoenena na uemuipe 30Hbl KOHMPOIAL MEMNEPAYPbL, d MACCOBYIIL pac-
X00 MOnU6A, Kaxk NPUPOOHbIIL 243, KO BCeM COPENKAM 30Hbl PE2YIUPYemcs 0OHOBPEMEHHO OISl YRPAGLeHUs
memnepantypou 9mou KOHKpemHoti 30nul. Paouayuonnoe uznyuenue Ha 06016uoM paccmosnuy om 30Hbl
K 30He 6nusem Ha meMnepamypy opy2ux 30H, K020a MOonaueo pacxodyemcs 6 KonkpemHot 3oue. Ileuw
pabomaem npu memnepamype ceviute 1000 K, a epems npebvisanus oemanell 8 neyu cocmaegiiem no-
pAOKa HeckombKux uacog. IIpoyecc coz0anus 3axmiouaemcs 6 Hazpese npeosapumenbHo H0020MoIeHHbIX
odemanell U3 pasHblx Mamepuanog 00 onpedelenHol MmemMnepantypsl 8 Henpepvléno pabomaioujell neu
aycmenu3ayus ¢ NOCIe0YIoWUM ObICMPbIM OXAAANCOCHUEM 3AKATKU 8 800e, paccole U macie 0 noy-
YeHUsA JiCeNaeMblX MeMaNIypeULeckux cOUCms, Makux Kax meepoocmo, 65A3K0CHb, NPOYHOCMb HA COBUR,
pacmsicenue u Op. B cmamve onucvigaem cucmemy pabomuvl HAZpe6amenbHoll neuu ayCcmeHu3ayuu u
paspabamueieaemcs NOIYIMNUPUYECKAs Mooelb nedu. Paspabamvisaemca moodens 6 o8yxmacuimadbHom
nooxo0e Kk MOOeIUPOSanuto OJisk peulerust 3a0a4u MUHUMUSAYUL IHEP2ONOMPeOLeHUsL Nedl.

Knrwoueswie cnosa: neuv, snepeonompednenue nevu, mepmooopabomxu, memnepamypHuiii npopuis
pexynepamopa, dHepeo3ampamol CUCTEMbL.

BBeneHne. AKTya bHOCTB CTaThH 3aKIIFOYACTCS B TOM, YTO ITPOU3BOJICTBO MaTepHajIoB B
HarpeBaTesIbHBIX [IeYax CYNTACTCS SHEPrOEMKUM U OIHUM U3 KPYIHEHUIINX HCTOYHUKOB BbI-
opocoB CO,. [To mporuosam, k 2050 romy 151 yIOBIETBOPEHHS OTPEOHOCTEN pacTyIero Ha-
CEJICHUSI €€ UCTIONb30BAHUE YBEIUYUTCS B 1,5 paza 1o cpaBHEHHIO C HBIHEIIIHUM YPOBHEM.

OCHOBHOM I1eTIbIO IAHHOTO UCCIIEIOBAHUSI SIBIISIETCS MUHUMHU3AIIHS YHEPTOMOTPEOICHUS
npolecca NPON3BOACTBA MaTEPHAIOB HIIH TEPMOOOPAOOTKH, KOTOPHIH B HACTOSIIIEE BPEMS
paboTaeT Ha OJJHOM W3 MPOMBIIIICHHBIX NPEIIPUITHH, TyTEM MaTeMaTHYeCKOr0 MOJIEIIH-
POBaHMS, ONTUMHU3ALNH, YCOBEPILICHCTBOBAHHOTO YIIPaBICHHS U MHTErpaluy Tera [2].

MeToabl U MaTepuaJibl. B cTarbe HCMONB3YIOTCS METOJIBI, KOTOPbIe ObUIN pa3pabdo-
TaHbl paHee: AByMepHas (2D) ¢usnueckas MoJelb Me4YH Al TEPMOOOPaOOTKH, KOTOpast
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pacCUUTHIBAET DHEPronoTpedIeHne Medrd W pachpeesieHue TeMIepaTrypbl JeTald Kak
(YHKIHIO BpEMEHHU U TOJIOKEHUS B M€Y MIPH YIPaBISHUH ¢ 0OpaTHOM CBS3bIO TIO TEM-
neparype.

Bnusinue nepeMeHHBIX Ipoliecca Ha MUKPOCTPYKTYPHYIO 3BOJIOIHIO AeTaJeH, HCTIONb-
3ysl SMIIUPUYECKOE COOTHOIIEHNE, OMTMCAHHOE B JIUTEpaType, U UX MOCIeayolee BIUsIHNE
Ha MEeTaJUTypru4eckue CBOICTBa 3aKaJIEHHOTO MPOYKTa.

dusuyeckast MOJIeNIb B COYETAaHUU C SMITMPUUYECKONW MOJIENIBbIO NCIIOIB3YETCs IS MO-
JICJIMPOBaHusl pabOThl MEYM I MAPTHH JIeTajeil, 00padaThkiBaeMbIX MOCIIEIOBATEIBHO
IIPU 3BPUCTUYECKUX 33IaHHBIX 3HAYEHUSAX TEMIIEPATyPbl C IPOCTON JIMHEHHOU cTpaTeruen
yIpaBiIeHUs, IPEATIOKEHHOMN onepaTopaMy 3aBoja.

MuHUMU3UpYEM dHepromnoTpedieHne neun 0e3 yxyaeHus KayecTBa TPOAYKIUH C T10-
MOIIIBIO ONTUMU3AKK B peanbHoM BpeMeHu (RTO) u unTerpanuu temia ¢ moMOIIbio JTy-
YHUCTBIX pEeKyIeparopoB. JkoHOMUs dHepruu B 3,7%, 15,93% u 20,88% Obuia momydena
MIPU MCIOJIB30BAaHUN MOJEIBHOTO MPOTHO3UPYIOIIETO YIPABICHUs, MHTErPalluy TeIia M
ONTUMHM3UPOBAHHBIX 33aJJaHHBIX 3HAYEHWH COOTBETCTBEHHO IO CPaBHEHHUIO C ITaIOHHBIM
IBPUCTHYECKUM BapUaHTOM Pa0OThI O€3 MHTETpalluy TeIIa.

Cranp — 3TO Marepual, UCIOIb3yeMblii B MUpe, ¢ 00beMOM MPOU3BOJCTBA OKOJO 1,6
MJIpJI METPUYECKHX TOHH B TOA. B CBSI3u ¢ pocTOM HaceneHHs M YBEIUYCHUEM MHPOBOTO
071arocoCTOSIHUS, TIPOTHO3BI MO MCIIOJIB30BAHHUIO CTANM MOKA3bIBAIOT yBennueHue Ha 50%
10 CPaBHEHMIO C HBIHEIIHUM ypoBHEM K 2050 roxy.

[IpousBeneHHas crajib, KOTOpas OXJIaKAaeTcs ¢ HU3KOM CKOPOCTHIO, TOBOJIBHO MATKas
U He SBISIETCS WICATBHON JJIsl MHOTHUX NpUMeHeHui. [1oaToMy cranbHbie AETanu 4acto
MOABEPTAIOTCSI TEPMHUYECKOM 00pa0OTKe, YTOOBI BBI3BATh JKEJIAEMbIE METaJUTyprHYeCcKHe
CBOMCTBA, TaKU€ KaK TBEPAOCTbH, BSI3KOCTh, MPOYHOCTh HA CABHUT U MPOYHOCTH HA Pa3phIB.
TBepaoCTh M MPOYHOCTH OOBIYHO MOBBILIAIOTCS ITyTEM 3aKaJIKH - IIpoliecca TepMooOpadoT-
KM, KOTOPBI 3aKIIOYaeTCsl B HArpeBe TOTOBBIX WIIM MPEABAPUTENILHO 00pa0OTaHHBIX JIeTa-
JIeH 10 ompeneneHHON TeMIlepaTypbl B HHEPTHOH arMocdepe uist MpeaoTBpalleHHs OKUC-
JICHHS TIOBEPXHOCTH C MOCIENYOMIeH ObICTPO 3aKaKoil B Macye MU BOJE sl TIepexo/ia B
3aKaJeHHYI0 a3y, Ha3bIBaeMylo MapTeHCcUTOM. [Iporecc 3akanku noTpedseT 3HaunTeIb-
HOE€ KOJIMYECTBO SHEPTHH OOBIYHO TIPUPOJHOTO Tasa JUId Harpesa AeTajeld OT TeMIiepary-
PBI OKpy>Karomiei cpesl 1o TeMieparypsl okono 1050K. Temneparypy aerasneid, o0cOOEHHO
CEepALIEBUHBI, HEBO3MOYKHO ONPEICIUTh U U3MEPHTb.

CrenoBarenbHO, HA MPAKTHKE OTEPaTOPbl CKIOHHBI IeperpeBarh JAeTaid TakK, YTOOBI
TemIeparypa, HeooOxonumas i 00paboTKH, TOCTUTaa MUHUMAJIBHBINA TIOPOT, TEM CaMbIM
BbI3bIBAs M30BITOUHBIN pacxo TomuBa. [pyrast mpuunHa meperpeBa 3aKkiouaeTcs B TOM,
YTO JIa)Ke €CJIM TOJIBKO HEKOTOpBIE YaCTH M3TOTaBIMBAEMOM JIeTalli HEe HarpeThl B JJOCTa-
TOYHOM CTENEHH, TO BCS IeTallb HE OyJeT COOTBETCTBOBATH CTAHAPTaM KayecTBa, 4TO MPH-
BezeT K oTxofaM. [109ToMy AeHEeKHBIN BHIMTPBILT OT MUHUMH3ALUU SHEPTHH [TPU HArpeBe
Oy/IeT ypaBHOBEIICH MOTEPSIMH U3-32 OTOPAKOBKHU Je(DEKTHBIX AeTaleH.

OrpaHuyveHusl, CBI3aHHBIE C OTIPEIEIEHUEM TEMIIEPaTyPhl, B COYETaHUH C BBICOKHM I10-
TpeOJICHHEM SHEPTHH, JIENAI0T M1eYb ayCTeHU3alul OCHOBHOM 1ITIbIO ISl yCOBEPILEHCTBO-
BaHHOH peKOH(UTYpalluK, ONITUMHU3ALUH U YIIPABJICHHUS Ha OCHOBE MOJIENICH.

B mpornecce TepMooOpaboTKH TemIepaTypa AeTalid MOBBIIIAETCs, MPOUCXOIUT (azo-
BOE MpEBpaIlleHNE CTAIN B ayCTEHUT, a TAK)KE MUKPOCTPYKTYPHbIE U3MEHEHUS, 3aBUCSILIE
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OT TeMIIepaTypbl U CKOPOCTH HarpeBa. Bce 9TH SIBIEHUS ONMPEeNnsioT MeTallypruiecKue
CBOICTBa 3aKkajeHHou cranu. [Ipouecc TepMooOpabOTKK OBUT U3YUEH KaK Ha MaKPOCKOIIH-
YECKOM ypoOBHE (T.e. B MacmTabax JJIUHBI IEYH U JETalH), TaK U Ha MUKPOCKOITUYECKOM
YpOBHE, paccMarpuBasi MEKPOCTPYKTYPHYIO 3BOMIOLHMIO JeTaneil. Ha MakpockonnyeckoM
YpOBHE OBLIO MPOBEJEHO HECKOJIBKO UCCIIEOBAHUIA, 10 MOJECIUPOBAHUIO TIeYel ObLIH CO-
CPEIOTOUYCHBI Ha OIpeAeTIeHNH NPOdUIIsS TEMIIEPATYPhI ieTallel Kak QyHKIMU BpEMEHH (1
MIOJIOKEHHNS) B TIEUH.

Llenpio TepMOOOPAOOTKH SIBISIETCSl aBTOMATH3aIMs CUCTEMbl HarpeBaTeIbHOW TEYH.
MHorue uccienoBanusi MeTaioo0padaTeBAIOMINX MeYe COCPEOTOUYEHBI Ha TOJIKATEIb-
HBIX CHCTeMax. XOTs HarpeBaTesIbHbIC MEUH TeOMETPUUECKU MTOX0XKH Ha TeUH I TEPMO-
00paboTKH, paccMaTrpuBacMble B JTAaHHOW paboTe nertanu, oOpadaThiBaeMble B Harpena-
TEJIbHBIX Te€YaxX, HArpeBaloOTCsl KOCBEHHO C MOMOLIbIO M3IyYaroIIUX TPyOUuaThix TOPEIOK.
[TosToMy mpu pa3paboTke MaTeMaTH4YEeCKUX MOAEJICH IUIsl HAarpeBaTelbHBIX Meueil mpsMoro
HarpeBa HeoOXOIMMO YUHUTBIBATh PaAHAlMOHHOE B3aMMOJICHICTBHIE T'a3a C TOBEPXHOCTHIO, B
TO BpeMsl KaK B Ievax Jjisi TepMOOOpabOTKH ¢ KOCBEHHBIM HAIPEBOM, KaK Oy/leT 00CyKIaTh-
csl 1ajee, 9TH B3aUMOJACHCTBHS SBJISIFOTCS IPEHEOPEKMMO Majlbl, ¥ MPEOOIaJaroIM CII0-
co0OM Tepeayn Teria SBIsSETCS U3IyYeHHE OT MMOBEPXHOCTH K MOBEPXHOCTH. [TocKkombKy
MOBTOPHBIN HArpeB SIBISETCS STAIloOM MPEABAPUTEILHON 00paOOTKH, KOHTAKT MEKAY JleTa-
JISIMH WK TTATaMU IOy CKaeTCH.

C npyroit cTOpoHbI, TEpMOOOPaOOTKA MPOBOAUTCS JUIsSI YIPOUYHEHHSI TOTOBBIX JIETaJICH.
CrnenoBareibHO, JETaly pacrojaralTcs Ha HEKOTOPOM pacCTOSHUM Apyr oT apyra. Kak
CJICICTBUE, paJMallHOHHOE B3aUMOJICHCTBUE MEKIY MOAOOHBIMU MMOBEPXHOCTSIMH SIBIISICT-
CSl KpUTHYECKUM M JIOJDKHO OBITH YYTEHO B MOAECIISIX HAPSAY C B3aMMOJCHCTBUSIMH MEXKITY
TOPEJIKOHN U MOBEPXHOCTAMH JI€TaJIEH.

B crarbe onuckiBaeM crcteMy paOOThl HarpeBaTeIbHOM NeYr ay CTeHU3aluH U pazpada-
TBIBAETCS MOMYIMIUPHYECKass MoJelb Tieur. [leub paboTaeT B HEMIPEPHIBHOM PEKHUME TIOJT
yrpaBlieHHEeM OOpaTHOH CBA3M MO Temmeparype. Temmeparypa B meun npesbimaer 1000
K. IlosToMy nanbHee W3NMydeHUE SIBISICTCS JOMHHUPYIOIIUM CIIOCOOOM Iepeiadr Teruia.
Bonee Toro, mpu HarpeBe aeTasieil, TOMUMO U3MEHEHHS TEMIIEpaTypbl, U3MEHSETCS 1 MH-
KPOCTPYKTYpa, KOTOpasi BIMSET Ha METaJUTypruYecKre CBOMCTBA 3aKaJICHHOTO MPOIYKTa.
[TosToMy pazpaboTaHHasi MOJENb OTpaKaeT PUIUKY Ha 0OOMX BBILICYITOMSHYTBIX MacIlTa-
0ax JUIMHBL: 1albHee U3YYCHUE U TPaHCPOPMAIHI MUKPOCTPYKTYPBHI.

[Tpobnema onTUMH3ALUHU — ITO ONpeesieHHE YCIOBHI pabOThI MeYH, KOTOpble MUHU-
MU3UPYIOT olliee moTpebieHne YHepruu 0e3 yXyAUIeHUs] KauyecTBa mpoxykiuu. Jlerann
JIOJDKHBI OBITH HATPETHI 32 JKeJlaeMbIi IOpOr ¢ MUHHUMAIBHBIMU HEOJAHOPOAHBIMU KoJieOa-
HUSIMH TeMIeparypbl. Takke CyllecTByeT OrpaHHYeHUE Ha M3MEHEHHSI MUKPOCTPYKTYPBI,
9TOOBI 00ECIIEUUTh JKeIaeMble METAJUTypPrHYeCKHe CBOMHCTBA 3aKaJeHHOTO mpoaykra. s
peLIeHHs 3aJa9H ONTUMHU3AIMN UCTIONB3YIOTCSl CyppOraTHbIE MOJIENH, YTO MTO3BOJISET 3Ha-
YUTEILHO COKPATUTh BEIYMCIUTEIBHBIC 3aTPATHI.

CoxpalnieHue pacxoa TOIUIMBA B CHCTEME 3a CUET TEIJIOBOW MHTETPALlH C UCTIONb30-
BaHHEM PEKyIepaTopoOB-TEIIIOOOMEHHUKOB CIEHUAILHOIO HazHAYeHUs, paboTalomMX Mo
NpuHLMNY "mogaya-Beinyck". MoaenupoBaHue neun 1 HaOMiofeHHs Ha 3aBOoJie NTOKa3bIBa-
IOT, YTO 3HAYUTEIHHOE KOJIMYECTBO YHEPTUH, MOCTYMAIOUICH B CUCTEMY, HEpaOHAIBEHO
cOpachIBaeTCsl B BBIXJIOIHBIC Ta3bl. JTH MOTEPHU TeIJla MUHUMHU3UPYIOTCS MyTEM Mepeaaqn
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YacTH Teljia BBIXJIOMHBIX Ta30B IS [IPEABAPUTEIBHOTO HarpeBa BO3AyXa Ha BXOJIE B TOped-
KM, TEM CaMbIM YMEHbIIasl KOJIMYECTBO TOIUIMBA, HEOOXOAMMOTO AJIsl CoKUranust. Temmepa-
Typa BBIXJIOITHBIX T'a30B 00b1uHO npebiaeT 1000 K, cienoBarenbHo, H3ITyueHHE SIBISETCS
JOMUHHPYIOLIMM CIIOCOOOM Iepefaunl TeIa B peKyneparope. MonenupoBaHue pexynepa-
TOpa C KOHIIEHTPUYECKHUMHU TPYOaMH yUUTHIBAET MECTHYIO KOHBEKIIUIO U 3aBUCHUT OT T€0-
METPHUH U3TYYCHHUS Ha OOJbIINE PACCTOSHHS.

0630p aBYMepHO# (2D) Monenu nieun i TepMooOpabOTKY MpEACTaBIeH Ha PUCYHKE
1. ITockonbky cucrema padotaet npu Temneparypax Boime 1000 K, n3nydyenue sBisiercs
JOMUHHPYIOLIMM CIIOCOOOM Iepeiauy Tera.

Pucyuox 1 - Cxema MMpOTOTHUIIA TE€YU C POJIMKOBBIM ITIOJAOM.
3aH.ITpI/IXOBaHHBIC IPAMOYTOJIBHUKHA — 9TO ACTAJIA, KOTOPBIC HArPEBAIOTCA B IMICYU.

B 5T0it MOJETH, OCHOBAHHOW HAa M3ITYYCHUH, MEUb JUCKPETUIUPYETCS HA TP THUIIA MO-
BEPXHOCTEH B 3aBUCHMOCTH OT €€ F€OMETPUYCCKHUX DJIEMEHTOB, & HIMEHHO TOpeIKa, U30-
TS ¥ HArpy3ka. Cxema JUCKpeTH3UPOBAaHHOH JIByMEpPHOH TeUH MoKa3aHa Ha PUCYHKE 2.
TeomeTpuyeckue AeTany Neur, a TAKxKe AeTanu U pusndeckre CBONCTBA, HCIOIb3yeMbIC B
JTAaHHOH padoTe.

Pucynok 2 — Cxema U-00pa3Hoii TpyOdaToil TOpeIKH, B KOTOPOH TOILIMBO (TIPHPOIHEIH ra3)
CMEILMBAETCS ¢ BO3AYXOM AJIA CKMI'aHHA. TeIIO OT TOPEJIKM KOCBEHHO IIepeaeTcsl JeTAIIM B IIeUH
MIPEUMYLIECTBEHHO ITyTEM U3JIyYEHHUS BHYTPH TICUH.
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[Tpu pazpaboTke MO OBUTH C/IETaHBI CIIEAYIOIIUE JOMYIICHUS:

1. Macca koHBelepHOI JICHTHI HAMHOTO MEHBIIIE MacChl feTajneil. CeaoBaTenbHO, KOH-
BeHepHOI JIeHTOW B Mojesid npeHeOperatoT. TeM He MeHee, JABMKEHUE ACTaleii BHYTPU
MIEYH yIaBIHBACTCS.

2. B IpOMBIIUIEHHOW CHCTEME IIWINHAPUICCKUE JEeTaIl C OBAJIbHOW (POPMOM BepIlu-
HBI 3arpy’KaloTCsl Ha JIOTOK M MOMEIIAIOTCSI Ha KOHBeHepHyto JieHTy. Maeanu3upoBaHHas
NPSMOYTOJIbHAS TE€OMETPHUS C IKBUBAJICHTHOW MacCOW MeTallla paccMaTpUBaeTCs IS aH-
camOIIst JIOTKa ¥ HaXOASIIMXCS B HEM JIeTaleH.

3. [lockonbKy a30T SIBISIETCSI IBYXaTOMHBIM I'a30M, paJAUallHOHHbIA TEIUI00OMEH MEKIY
ra30M M MOBEPXHOCTBIO OTCYTCTBYET. TemI000MeH MEXKAY Ta30M U TIOBEPXHOCTHIO ITPOHC-
XOJIUT TOJIBKO 33 CUET KOHBEKIIHNH, a TEIIoNepeaada OT MOBEPXHOCTH K MOBEPXHOCTH TPO-
HCXOIIUT TOJIBKO Yepe3 u3ayueHue [3].

4. J1nst eneit MOZIeIMPOBaHUS [1eYb JUCKPETH3UPYETCS Ha s YIPABISIONINX 00bEMOB
JUTSL pacdeTa npouiis TeMIlepaTypsl ra3a no JjnuHe neud. [IpocTpancTBeHHas Bapuanus
TEMIIepaTypbl a30Ta OTCYTCTBYET.

[TapameTpsl Haleid MOJETN OCHOBaHBI Ha MPAKTUKE M OLCHEHBI HA OCHOBE CIIEAYIO-
HIMX JaHHBIX: TEMIIEPATYPhI 30H MOTYT OBITh U3MEPEHBI KaK (YHKIIUS BpEMEHH C TIOMOILBIO
TepMoIIap, pa3MELICHHBIX Ha CPEAHUX M3OJSIIMOHHBIX MOBEPXHOCTIX KaXKAOH 30HBI, B TO
BpeMsI KaK TeMIeparypa JeTajll Ha BBIXO/IE U3 [IeUH TaKKe MOXKET ObITh H3MEpeHa OeCKOH-
TaKTHBIM METOJIOM CBEPX3BYKOBBIX U3MEPEHUH.

Aaroputm peumrenusi. [Ipy opranuzanuu TEXHOJIOTHYECKOTO MPOIECca paccMarpu-
BaeM UTEPALMOHHYIO MPOLEAYPY PELICHHS ISl YpPaBHEHUI TEIUIONepeiaul U TEIIOBOTO
OanmaHca meun. J[BHKeHUE JeTaneld B Me4d anmpOKCHMHUPYETCS KaK CepHs TUCKPETHBIX
coObITHii. CKOPOCTH JBMIKEHUS ACTANCH ONMpeelsieTcsi CKOPOCThIO KOHBEHEPHOH JICHTHI.
[lar mo BpeMEeHH U paccTOSIHHE, KOTOPOE MPOXOIUT AeTallb 3a OAMH IIar 10 BpEMEHH IS
MOJIEJIMPOBAHUS Meur (PUKCHPYEeTCsl Ha 3HAaY€HUH, KOTOPOe (PUKCHPYET 3HaUUMBbIe H3Me-
HEHHS B TEMIIEPaTypHOM I10JIe TP MUHUMAJIbHBIX BBIYUCIUTEIBHBIX 3aTpaTax. Berduc-
JIEHHE MaTpHUIbl KOAPPHUIHEHTOB 0030pa, 3aBUCIINX OT T€OMETPHH, TPeOyeT OONbIINX
BBIYHMCIIUTEIBHBIX 3aTpat. JJiss TOro 4To0bl MOBBICUTH CKOPOCTh, KO3 (UIIMEHTHI 0030pa
MEXK]y Pa3IMYHBIMH MapaMu MOBEPXHOCTEH OBLIM MPEIBAPUTEIBHO BBIUYUCICHBI U 3a-
HECEHBI B TAOIUIy U T€OMETpHs AeTaleil Gpukcuposana. [loaToMy npenBapuTenbHO pac-
CUUTAHHYIO MaTpUIly KOd3(pPUIHEHTOB 0030pa MOXKET OBITh MCIOIH30BAHA JJISI MOJIEIIH-
POBaHUs MEYH MPHU PA3TUUYHBIX YCIOBHIX dKCIUTyaTanun. [lociie Toro, Kak BEIYUCIISIOTCS
ko3 unmenTsr 0030pa, ypaBHEHHUS] SHEPIreTHYECKOTO OajlaHCa PEeIaroTcsl ¢ MOMOIIBIO
CIIeqyIOLIEeH MpoLeayphl AJs pacueTa TeMIIEpaTypHOro U TEIUIOBOro npoduiell eun Kaxk
(YHKINN BpEeMEHHU:

® [ HUIMaTU3UpPOBaTh CHCTEMY C TEMIIEpaTypaMH M TEIUIOBBIMH O0S3aHHOCTSIMH BCEX
MOBEPXHOCTEH Meur, BKIOYasi IOBEPXHOCTH JICTAJICH.

® OmnpenenuTh AeTald, KOTOPbIE B HACTOSIIEe BpeMsl 00padaThiBalOTCS B MEYH MyTEM
ydeTa JeTajeid, KoTopble OblIN yAaJeHbl, U JeTajel, KOTOpble ObIIIM BHOBb BBEICHBI.

® PemuTh MOJIENb TOPEJIKU ISl pacdera TeMIepaTyp M TEeIJIOBBIX 3HaueHH BCeX IO-
BEPXHOCTEH TOPENKH JUIsl 3alaHHOTO MacCOBOTO Pacxofa TOILJIMBA, ONPEIEIsieMOT0 KOH-
TPOJIIIEPOM 0OpaTHOMN CBS3H.

® PeminTh BOmpoc 00 M3ITyYSHUSX MTPH 33JaHHBIX TEMIIEPaTypax MOBEPXHOCTEH.
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® Jlcrionb3ys pauaHThl IOBEPXHOCTEN E€TaH U U3OJSAINH, PACCUUTATh OOHOBICHHBIC
TEMIIEPATYPhI U TEIUIOBBIC 00S3aHHOCTH IMOBEPXHOCTEH JIETAaNM U U30JISIIUH.

® [JoBTopsTh maru (3)-(5), moka cucrema He COMETCS K JKEITaeMOMY JIOTYCKY.

® llcrionb3ys TeIoBbIe 00s13aHHOCTH IIOBEPXHOCTEH AeTallel, pacCuuTaTh HEOTHOPOI-
HOE pachpesielicHue TeMIeparypbl BCeX aKTHBHBIX JIeTallel ¢ TIOMOIIbl0 cxeMbl KpaHka-
Huxkosicona.

® licronb3ysi TEIIOBbIE OOSI3aHHOCTH MOBEPXHOCTEH W3OJISIIIMU, PACCUUTATh TIOTEPH
TeIIa B OKPY’KAIOIIYIO Cpey Yepe3 U30ISAINOHHBIC CTEHKH.

® OTperympoBarh TEMIEparypy B 30HaX JIO JKEIAeMbIX 3aJJaHHBIX 3HAYCHUH, MyTeM
peryaupoBaHMs pacxoia TOIUIMBA Ha TOPENKH (YIpaBlieHHue ¢ 00paTHOM CBA3BIO).

® [lepeMecTUTh JIOTOK B CIEIYIONIEE MECTO, YBEJIUYUTh BPEMsi HA OJIMH BPEMEHHOI
ar ¥ moBTOpHTH maru (2)-(9), moka maptus neraneid He OyneT mocaenoBaTeIbHo 00pabo-
TaHa B Me4b (PUCYHOK 3).

Pucynok 3 — ANropuTM pelIeHus ISl pacueTa TeMIIeparyp U TEIUIOBBIX 00s3aHHOCTEH
BCEX ITOBEPXHOCTEH B I1E€YH U MCIOJIB30BAHUE TEIUIOBBIX 00S3aHHOCTEH MOBEPXHOCTEH
JeTaiei uisl pacyera HEOHOPOIHBIX PacTIpeIeIICHUH TeMIepaTyphl JeTaek.
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Jis monydenust 0e31e(PEKTHOTO W CTPYKTYPHO IPOYHOTO MPOAYKTa HEOOXOIUMO
KOHTPOJIMPOBATh HE TOJBKO MAaKpPOCKOIMYECKUE CBOMCTBA, TAaKUE KaK TeMIIEpaTypa, HO U
KOHTPOJIMPOBAaTh MHUKPOCKOIIMYECKHE CBOMCTBA, TAKKE KaK pa3Mep 3epHa aycreHuTa. Mu-
KPOCTPYKTYpPHBIE H3MEHEHUS IPOUCXOST Ha TOPa3o MEHbILIEM MaciuTade JJIMHBI IO CpaB-
HEHUIO C MAaKpOMAacITaOHOW TeMIiepaTypHOU 3BooIuei. [1o3ToMy HMcnosb3yeTcs: IByX-
MacITaOHBIN MOAXO K MOIESIMPOBAHUIO Ul pacyeTa paclpelelieHus pa3Mepa 3epHa B
JIETaJsIX B JJOMOJIHEHHUE K pacTpeiesIeHHIO TEMIIEPaTyphl B MPOLIECCE ayCTEHUTU3ALMH U UX
BIIMSIHMS HA METAJUTyprudeckie CBOMCTBa 3aKajleHHOro npoaykra [4,5].

Pucynox 4 — InnroctpaTuBHas [uarpaMMa TEMIIEPaTyphl JETAIU U PACIPENCICHUS
3€peH I10 pa3Mepam.

WnnroctpatuBHAs JuarpaMma TeMIIEpaTyphl JeTald U PacHpeieseHus 3epeH Mo pas-
MepaM I0Ka3aHo B puUcyHKe 4. Ocak[eHHbIC 3epHa ayCTEHUTA MPEJCTaBICHbI (PUTypaMH,
3aMOJTHEHHBIMH CepbIM LBeToM. O0macTy BOIM3H MOBEPXHOCTH JICTalIM, KOTOPbIC HarpeBa-
IOTCSI U3JIy4E€HHEM, UMEIOT 0oJiee BBICOKYIO TEMIIEpaTypy H, cleI0BaTelIbHO, OoJiee KpyI-
Hble 3epHa [6]. C npyroit cTOpoHBI, BHyTPEHHUE 00JIACTH, KOTOPBIE HArPEBaOTCSI TOJIBKO 32
CUET IIPOBOAMMOCTH, UMEIOT O0JIee HU3KYIO TeMIIeparypy.

IToaxon k pemennto. TepallMOHHBIN aJITOPUTM HCIIONb3YETCS AJISl PELECHUsT ypaBHe-
HUHM COXpaHEHHsI PHEPTUH AJIS MOTy4YeHUs! MpoduiIei TeMiepaTypsl IOBEPXHOCTH U Ta3a.
Koadduurentsr 0630pa Mex1y BceMy MapaMy OBEPXHOCTEH Uil peKyIeparopa paccuu-
TBIBAIOTCSI 3apaHee, TaK KaKk FreOMETPHsI CUCTEMBbl (pUKCcUpoBaHa [7].

[TocnenoBaTeabHOCTD BBIYMCICHUI B aJITOPUTME PEIICHHS IIOKa3aHa Ha OJIOK-CXeMe Ha
pucyHke 5. MI3BecTHBI TeMIIEpaTyphl ABIMOBBIX [a30B M BO3/1yXa Ha BXOJE.

Temneparype nepBoro 3J1€MeHTa B KaHajle JbIMOBBIX ra30B MIPHUCBAMBACTCS 3HAUCHHE
TEMIIepaTypbl JbIMOBBIX Ta30B Ha BXOJIE, & TEMIIEpaType MOCICIHEro IEMEHTa B KaHale
XOJIOZHOTO BO3/yXa M3-33 MPOTHBOTOYHOTO PACIIOJIOKCHUS [TOTOKA IPHCBAUBAETCS 3HaUeE-
HHUE TeMIIepaTypbl BO3AyXa Ha BXO/E. YNPaBISIONINE YPAaBHEHUS pa3/icieHbl Ha Hepaaua-
LUOHHYIO ¥ PaJUalliOHHYIO YaCTH.
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Pucynok 5 — VItepaliiOHHBIN aJTOPUTM PELLICHUS [IJIsl ONPEIETICHUSI TEMIIEPATYPHOTO
MPOQUIIS JIy9UCTOrO PEKyIepaTopa.

Temneparypa mocieiHero 3JeMeHTa B KaHaJIe TOPSUero Bo3ayxa sBIsIeTCsl TeMIlepary-
poii BO31yXa Ha BXOZI€ B TOPEJKY B meuu [§].

[TockonbKy K03 HUIHeHTH 0030pa MEXTy TOBEPXHOCTSAMH 3HAUUTEIBHO OTINYAIOTCS,
Marpuna ko3)(UIMEHTOB JTMHEHHON CUCTEMBbl YpaBHEHUH ISl pacueTa U3Iy4deHHs], KOTo-
past 3aBHCHUT OT 3TUX KOA(PPHULIHUEHTOB 0030pa, MOXKET CTATh IUIOXO 00YCIOBICHHOH.

OO0cy:kaeHue pe3ybTaTOB IKCIepuMeHTa. B paccmaTpuBaeMoil MoJeny eun mpes-
rojaraercsi, 4YTo JACTall JBMKYTCS JUCKPETHO, MpHYEM Kakaas JeTajb MepeMelacTcs
MEX[Iy 3apaHee ONpelesieHHBIMH MECTaMH Ha Ka)XIOM BPEMEHHOM Iare redu (4 MuH).
Ha xaxxom BpeMEHHOM LIare MOAEJb [EUM pEIlaeTcs AJs ONpeieNeHUs pacipeeaeHus
Temrepatypbl aetaneil. Konrpomnep ¢ o0paTHO CBsI3bIO, C IPyrol CTOPOHBI, ONpPEAEsIeT
U PEryIUpYyeT Pacxoj TOIJIMBA HA TOPENIKK Yepe3 Apyrod (PMKCHPOBAHHBIM MHTEpPBAJ Bpe-
MEHH, Ha3bIBAEMbIil BpEMEHHBIM IarOM KOHTPOJIJIEPA, KOTOPBI MOXKET OBITH OOJIbIIE WK
paBeH BpeMeHHOMY miary reud. llar mo BpeMeHH KOHTpOJUIEpa paBeH IIary 1o BpeMEHH
neud. MaccoBbId pacxo ABIMOBBIX Ta30B TOPETIKH MOXKET U3MEHSTHCS KaKIbIH pa3, Korna
KOHTPOJUIEp OOpaTHOM CBS3M aKTUBEH, T.€. IOCJIC KaXKI0TO BPEMEHHOTO 111ara KOHTPOJLIepa.
OnHako Temreparypa JbIMOBBIX Ta30B MOXKET MEHSTHCS MOCIe KaXKI0r0 BpEMEHHOTO I11ara
[eYH, MOCKOJIBbKY OHA 3aBUCHUT OT JIMHAMUKHU Te4H. Tak KaKk ¥ MAacCOBBIA Pacxoi, ¥ TeM-
neparypa JbIMOBBIX I'a30B SBJISIOTCS BXOIHBIMHU JaHHBIMH IJISl peKyIeparopa, ypaBHCHHS
MOJICITIH PEIIAIOTCS C TOMOUIBIO BBIIICYTTOMSIHYTOH HTEPAIMOHHOM MPOLELypOr Ha KaKIOM
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BPEMEHHOM IIare TOTNKH. 3a HCKIFOYCHUEM TIEPBOH U MOCeNHeH yacTel, neub padoTaer B
peXHUMe TTOCTOSTHHOTO BX0/1a-BbIxo/1a. [Ipy 3TOM yCI0BHM MPOUCXOAT JIMIIb HE3HAYNTENb-
HbI€ U3MEHEHUS B TAKUX MEPEMEHHBIX, KaK CKOPOCTh MOTOKA U TEMIEPATyphl BBIXJIOMHBIX
ra3oB ropeiku. [loatoMy ofuHaKoBbIe HadaJIbHOE MPETIONIOKEHHE O TEMIIEpaType MOBepX-
HOCTH peKyIepaTopa ObUIO MPEeNoCTaBICHO IS PacyeToB Ui BCEX TOPENOK BO BCE MO-
MeHTHI BpemeHH. [lorpeOyercs menee 10 urepauuii, 4ToObl TeMIepaTypbl peKyreparopa
COIITACh C COOTBETCTBYIOLIUM Ha4aJbHBIM PELICHUEM.

TemneparypHblii mpouilb peKyrneparopa B yCTAHOBHBIIEMCSI PEKUME MPU MOCTOSH-
HOM pacxo/ie JbIMOBBIX ra30B. Hail mpoMBIIIIeHHBIH apTHEp MpeaocTaBuil HH(popManuio
0 TOM, YTO BO3IYyX HE JAOJDKEeH HarpeBarhbcs Bbime 533,15 K ans orpanuueHust BLIOPOCOB
NOx. Ucxons 3 ypaBHEHUI MOAETU U MHTYULMH, MaKCUMaJIbHBIN HarpeB BO3yXa MpouC-
XOJIUT NMPU MMUHHUMAJIBHOM MacCOBOM pacxojie ra3oB. bblIo mpoBepeHo, YTO MpH HIKHEH
rpaHMlle MacCOBOTO pacxosa AbIMOBBIX ra3oB (0,07 Kr/c) 3To yclnoBHe BBIOIHSIETCS JUIs
CIIeIYIOIUX TapaMeTpOB MOJIENIH, KOTOPbIE OCHOBaHbI HAa TUITMYHBIX 3HAYEHUAX JUId J1aH-
HOW CHCTEeMBI, OATBEPXKAEHHBIX apTHepoM 1o otpaciu: Cp,F G = 1,37 k/[x/kr-K, Cp,air
=1 x/Ix/kr-K, hF G = 150 Bt/m2 -K, hamb = 100 B1/m2 -K, u kins = 0,15 Br/m-K.

s 3T0ro0 yciaoBHs MPOTHO3MPYEMBIX TEMIIEPATyp ra30B B peKyIleparope MokKa3aHbl
Ha rpaduKe B 3aBUCMOCTH OT MHJEKCa dJIeMEHTa Ha pUCyHKe 6. BuiHo, uTo Temiieparypa
ropsiuero BO3/yxa, IpeACcTaBIeHHAs CHHEH TMHUEH MPU WHAEKCe dieMeHTa 6 BBIXOJ U3 pe-
Kymeparopa), O1m3ka, Ho B Ipenenax BepxHero mnpeaena. CoOTBETCTBYIOMINE TEMIIEPaTyphl
MOBEPXHOCTH AJIEMEHTOB peKyIieparopa nokasaHsl Ha pucyHke 7. [lockonbKy BepXHHUI Tpe-
JIeJT TeMIIeparypbl ropsiuero raza cocrariser 533,15 K mist maccoBoro pacxona 0,07 kr/c
(HMKHAS TpaHUILA TOPEJIKK), a TemmnepaTypa JbIMOBBIX Ta3oB Bbime 1000 K, mouru Bech
HarpeB MPOUCXOIUT B KaHAJIE TOPSYETro BO3AyXa H3-3a €r0 OJIM30CTH K TOPSYEMY JILIMOBOMY
rasy Juis JaHHOTO pabovyero COCTOSIHUSI.

Pucynox 6 — TemneparypHbie poGUIH JHIMOBOTO I'a3a, TOPSYEro BO31yXa U XOJI0IHOTO
BO3/lyXa peKyIepaTopa Npu MUHUMAJIBHO JOMYCTUMOM pacxo/ie TOIUIMBA Ha TOPEIIKY.
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CHauaJia Obl1a CMOJISJIMPOBaHA MOJICIIb IIEUH ¢ PEKYTIEPATOPOM Ha KaXKJI0M rOpeIIKe MpH
SBPUCTUYECKHUX 3aJaHHBIX 3HAYEHUSAX TEMIIEPATYPbl 30HbI, MIPEAJIOKEHHBIX OllepaToOpaMu
3aBoga: [1000 K, 1150 K, 1200 K u 1250 K] nns 30u ¢ 1 mo 4 coorBeTcTBeHHO. [leus pac-
CUMTaHa Ha § JIeTajeii, U MOJICIMPOBAHKE MPOBOIMIIOCH JUIsl TIOCIIEIOBATEIBbHON 00padOTKH
naptun u3 40 neraneil. YCIoBus BBIXOIA BCEX AETale U M3BMEHEHNE YHTAIBIINH B CUCTEME
MOKa3aHbl HAa pucyHKe 6. BUaHO, YTO MUHUMANIbHAS U CPEAHSST TEeMIEepaTyphl, IPEICTaB-
JICHHBIE 3€JIEHBIMU U KPACHBIMU JIMHUSIMU COOTBETCTBEHHO, JOCTUTAOT MMOCTOSIHHOIO 3HA-
YeHMs B MpeJieNiax MepBhIX 6 yacTell. B meun MeHble fnerajieil u, ciiegoBareabHo, MEHbIIE
TEIUIOOTBOJIOB BO BpeMsi PabOThI JIO U MOCJE YCTAHOBUBIIETOCS COCTOSHUSI ITOCTOSTHHOTO
BBOJIa/BbIBOJIa YacTeil. ClieJ0BaTelIbHO, TEMIIEPATYPhl U SHTAIBIIUS MEPBBIX HECKOJIBKHUX
YyacTel U MOCJIeHUX JIByX YacTel MOKa3bIBAIOT HEOOJBIIOE OTKIIOHCHHE OT 3HAUCHUH ycTa-
HOBUBLIErocs pexuMa. Ha pucyHke 7 myHKTUPHBIE JTMHUHU NPEICTABIISIIOT CPEHEE 3HAYE-
HHE IUIIOC U MUHYC CTaHJIapTHBIE OTKJIIOHEHHS B TEMIEPATypbl HEOAHOPOAHBIX YaCTEN Ha
BBIXOJIE U3 reun [9,10].

Pucynok 7 — Ycnous Beixona Beex 40 meraeii, mocieqoBaTeIbHO 00paO0TaHHBIX B I1CYH,
OCHAIIICHHOW peKyInepaTopamMu, U 3BPUCTHICCKOM 3aJJaHUN TEMITEPaTyPhl 30HBI
3aJaHHBIX 3HAYECHUH.

3akaouenne. [IpoBepka Mojenn ¢ TIOMOIIBIO0 U3MEPEHUN B PEATbHOM BpeMeHH OynieT
MIEpPBBIM IIaTOM Ha MYTH K JalbHEHIIeMy pa3BUTHIO. [IOBBIIIIEHIE YMCIEHHOW TOYHOCTH
MOJIENIA TIOTPeOyeT OIIEHKH MapaMeTPOB MOJIEIH Ha OCHOBE JaHHBIX W3MEPEHHUU B peallb-
HOM BpeMeHHu. MHoromacmitTabHasi MOJIENb SIBIIIETCS MPOLEAYPHOI, TTOITOMY OIleHKa ee
apaMeTPOB SBJISETCS CIOKHOM 3a/1auei.

Pemmenne mpoOieMbI 3aKITI0O9aeTCs B TOMCKE B MPOCTPAHCTBE TApaMeTPOB, TOUKH HA0O-
pa 3HaYeHH TapaMeTPOB, COOTBETCTBYIOIIHNE TapaMeTPhl MOJIEIH KOTOPOH XOPOIIIO corva-
CYIOTCSI C DKCTIEpUMEHTAITLHBIMU HaOItoIeHnsIMU. Perienne, HaliieHHOe METOIOM IIPSIMOTO
TIOWCKa, He- TAPAaHTHPOBAHHO SIBIISIETCS TIIO0ATHHBIM PEIICHAEM.
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B pekynieparope Teri000MeHHIK OOMEHHBAETCS TSILIOM MEXK]Ty BBIXJIOITHBIMH ra3aMu
TOpEJIKM M BO3JYXOM Ha BXOJIE B Ty )K€ ropejiky. BiausHnue termnooOMeHa ¢ Ipyroi ropei-
KOW Ha SKOHOMHIO SHEPIHH, TEM CaMbIM OINpPEIeNsieTcs ONTHUMAIbHAS CETh TEII00OMEHa.
TGHHOO6MCH C HCIIOJIb30BAHUEM PA3JIMYHBIX UMCIOLIUXCSA B IIPOAAKE TCHHOO6MCHHI/IKOB,
MPUTOIHBIX AJIs1 pabOThl B TEMIIEPATYPHBIX YCIOBUSIX MIEYH.

MopenupoBaHue meyu U HAOJIFOJICHUS TIOKa3bIBaKOT, 4TO Oosiee 40% sHepruu, mo-
CTyHaIOHICI‘/'I B II€4Yb ayCTCHU3AllUU, HEPpAIITMOHAJILHO C6paCI)IBaIOT B BBIXJIOITHBIC I'a3bl.
[ToaToMy ObuIa MpeANpPUHSATA MONBITKA MUHUMH3UPOBATH 3TU MOTEPU MyTEM PEKyIie-
paluu YacTd TeIula B ra3ax rOpesiKH JJIsl IpeJBapUTeIbHOr0 HarpeBa BO3ayXa, Moja-
BaeMOT0 B TOPEJIKH, C TIOMOIIBIO peKyleparopa. PexynepaTop KoKyXoTpyOHOIro THIa
MOJIEJUPYETCS B BUAC LEHTPAILHONW TPYOBl M JIByX KOHIICHTPUYECKHX KOJBIEBBIX Ka-
HajoB. PazpaboranHas paamanMoHHAs MOJENb pPEKyleparopa YYUTHIBAET MECTHYIO
KOHBEKIIMIO U JalibHee paJnalioHHoe B3auMojieiicTBrue. Pabora neun Oblia ONTUMU3H-
pOBaHa ¢ UCIOJb30BAaHUEM CYyppOoraTHbeIX mojeinei. Pesynaprarsl nokazanu 15,93% sxo-
HOMHMH TOIUJTMBA JUIsl TI€YH, OCHAILIEHHOM peKylepaTopaMu, B IBPUCTHUECKOM CiIydae ¢
HE3HAaYUTCIIbHBIMHU U3MCHCHUAMU yCHOBI/Iﬁ BBIXOJa I[eTaJ'ICI\/'I 10 CPaBHCHUIO C 6330BI)IM
BapuaHTOM 0e3 peKkyneparopoB. JJonoaHuTeNbHAsI SKOHOMUS YJHEPTUH B pazmepe 5,87%
61;1na moJryd€Ha, Korja mne4yb, B 4aCTHOCTU, 3HAUYCHHNS MCCTHLIX PETYJIATOPOB TCMIIEpa-
Typbl ObLTa ONTUMHU3HPOBAHA.
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Eypazusa ynmmuix ynusepcumemi. JI. H. ['ymunesa,
Acmana, Kazakcman

JKBLJIBITY MEIITH ABTOMATTAHBIPY )KYWUECI

byn makanaoa memnepamypanviy Kepi 0auaaHwbiCbl OAKbIIAYLIHOA Y30IKCI3 MHCYMbIC [Cmetmin
MmepMUsiIblK, OHoey newuli maikvlianaowl. Jlamuukmepoiy uiekmeynepine Oailanblcmol 60aulekmepoin
memnepamypacel sxcanama mypoe backapuvliadvl. Ilewimeei memnepamypauvly mapanyvin 6axwliay —
Oy WblH MaHIHOE OOIUEKMePOIiH MeMNepamypacin OAKbLIAYEA KAMblCMbl AULbIK KOHMYpP 001bin madvl-
namein misoex. Ilew mopm memnepamypanvl 6aKbiiay aumagbia OONIHeeH HeaHne Maduey 2a3 CusKmvl
atimakmazel OApIbIK Kbi30bIPELIUIMAPA OMbIHHBIH MACCALbIK A8bIHbL COJl AUMAKMbIY MeMNepamypacbli
bakwiiay ywin 0ip yaxeimma 0axblianaovl. AUMaKman atmMakka yaKeH KAublKMbIKMAaebl paouayusibik
cayne Oeneini Oip aumMaKma OmvlH MYMbIHLLIZAH Ke30e 0ACKa auMakmapobly memMnepamypacviHa acep
emeoi. Ilew 1000 K srcozaper memnepamypaoa scymvic icmeuoi, an bonuiekmepoiy newime mypy yaKoimol
OipHewe casammol Kypaiowl. XKacay npoyeci apmypni mamepuandapoan anobih aid OAUbIHOAIAH
bonwexmepoi y30iKCi3 sHcyMbic icmelimin aycmenummey newlinde 6eneini Oip memnepamypaea Oeuiin
Kbi30bIpYOaH Mypaobl, COOAH KeUiH KAmmbliblK, KAMMbLIbIK, KeCy CUSKNbL KANCEMmi MemayiypeUusiiblk
KacuemmepOi any yuin cyoa, my3osl epiminoioe Hemece Marod Hebli0AM CATKbIHOANTY HCIHe COHOIPYOeH
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mypaowl. 6epikmizi, cosvliy 6epikmici ocone m.6. Maxarada 6i3 aycmenummey XHCbLAbINY NEULiHIH
JHCYMBIC JCYUECIH CUNAMMAUMbL3 JHCIHE NeWMIH JHCapmbliall SMRUPUKANLIK YaIciH a3ipneumis. [lewuimin
OHEpeUsl UIbIELIHbIH A3AUMY MICeNeCiH weuly YuiH eKi Macumadbmsl Mooeiboey maciliHoe Mooeilb
KYpacmuipbli2aH.

Tyiiin co30ep: new, newmin Kyam mymulHybl, MepMUSIbIK OHOeY, DeceHepamopObly MeMnepanypaibly
npoghuni, HCylieHiy SHePUsL UIbIRbIHDL.

J. K. ABDUGULOVA, M. N. TLEGEN, G. A. USKENBAYEVA, A. K. SHUKIROVA,
J. M. TASHENOVA, A. K. ZHUMADILLAYEVA

L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan

HEATING FURNACE AUTOMATION SYSTEM

This article discusses a heat treatment furnace that operates continuously under temperature feedback
control. Due to the limitations of the sensors, the temperature of the parts is controlled indirectly. Control
of the temperature distribution in the furnace is a circuit that is actually an open loop in relation to the
control of the temperature of the parts. The furnace is divided into four temperature control zones, and
the mass flow of fuel, like natural gas, to all burners in a zone is controlled simultaneously to control the
temperature of that particular zone. Radiation radiation at a great distance from zone to zone affects
the temperature of other zones when fuel is consumed in a particular zone. The furnace operates at
temperatures above 1000 K, and the residence time of the parts in the furnace is on the order of several
hours. The creation process consists in heating pre-prepared parts from different materials to a certain
temperature in a continuously operating austenitizing furnace, followed by rapid cooling and quenching
in water, brine or oil to obtain the desired metallurgical properties, such as hardness, toughness, shear
strength, tensile strength, etc. In the article, we describe the operation system of the austenitization heating
furnace and develop a semi-empirical model of the furnace. A model is developed in a two-scale modeling
approach to solve the problem of minimizing the energy consumption of a furnace.

Keywords: furnace, energy consumption of the furnace, heat treatment, Temperature profile of the
recuperator, energy consumption of the system.
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COMPARATIVE ANALYSIS OF MACHINE LEARNING ALGORITHMS
USED IN MALWARE ANALYSIS

Despite the achievement of the field of cyber security in the modern world of science and the continuous
development of its methods, malware is still one of the biggest threats to information security. Malware
is evolving every day, and its types and behaviors are increasing day by day. And the importance of using
modern, sophisticated technologies in identifying and combating such complex and diverse malicious
programs is increasing. In this regard, it is possible to mention the advantages of using intelligent systems
in the field of information security. In this article, we will analyze PE (Portable Executable) files on the
Windows operating system, that is, the processes running on the computer and analyzing the malicious
programs using machine learning algorithms. At the same time, we will focus on the operation of different
machine learning algorithms and show which method is most effective to use for our example.

In this article, we will have the following tasks:

1. Providing information about malicious software. Definition of PE files, its structure and nature.

2. Preparation of data for practical work (collection of files with clean and malicious code). An
overview of methods for separating files into clean and malicious files.

3. Sorting the signs necessary for training according to pre-prepared files, that is, getting only those
signs that allow to achieve the most accurate result during training.

4. Implementation of several machine learning algorithms and selection of the most effective among
them.

Keywords: information security, malicious software, PE files, malware analysis, machine learning,
feature.

Introduction. Although the rapid development of information technologies is an
achievement of science, it seems that it is becoming more and more difficult to ensure
the safety of various information in it. The number of attacks aimed at gaining access
to hidden, confidential information is definitely increasing, and each of them is directed
against a different target. Many attacks target individuals or organizations to obtain valuable
information. But sometimes they are associated with cybercrime or criminal gangs. Malware
analysis requires knowledge, skills, and tools to detect, investigate, and defend against such
attacks. Malware analysis is an area of research into the functionality, purpose, origin, and
potential impact of malware. This task is usually done mostly by hand and involves a lot of
labor. To solve it, analysts with an expert level of knowledge about the internal organization
of software and reverse engineering are required. Data science and machine learning hold
promise for automating some of the steps in malware analysis, but their techniques remain
primarily concerned with extracting the most important features from data. This is a very
difficult task, which also requires experts-practitioners with a special set of knowledge and
skills.

* E-mail xoppecionaupytomero apropa: gulbanu.alpysbay@gmail.com
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Literature review and problem statement. Malware is code that performs malicious
actions; it can take the form of an executable file, script, code, or any other piece of software.
Attackers use malware to steal sensitive information in order to spy on an infected system
or take control of a system. Malicious software can be embedded in a variety of binary
file formats that work in completely different ways. For example, PE files in Windows
OS (Portable Executables, with extensions .exe, .dll, .efi, etc.), ELF files in Unix systems
(Executable and Linkable Format) and APK files in OS Android (Android Package Kit
format with .apk extension, etc.) have completely different internal file structures and
require different execution contexts. It is quite natural that for the analysis of each class
of executable files, special additional requirements are also completely different. Also,
be aware that malware can also exist in forms other than individual binary executables.
There are widespread malicious components that infiltrate document files, such as those
with extensions .doc, .pdf, and .rtf, and use macros and dynamically executed elements
in the document structure to perform malicious actions. Malware can also take the form
of extensions and plug-ins for common software platforms, such as web browsers and
complex web environments. Figure 1 shows the types of possible threats in the field of
information security, including the types of malware and their relationship with other
threats [1].

Figure 1 — Types of cyber threats

Method & Materials. Virus-creating programmers have learned to successfully bypass
signature searches by hiding the virus's body. Polymorphic and metamorphic malware were
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able to change their appearance. All this prompted antivirus companies to develop alternative
methods of information security protection. According to 2 main directions of research:

1. Static analysis (analysis of the structure of the binary file, its attributes, logical
structures, execution flow and data).

2. Dynamic analysis (analysis of the actions of the program during execution).

Each of the methods has its own advantages and disadvantages. It is best to use both
of these methods to better detect malware. Each of these methods may fail to detect the
presence of a virus in a file. In such cases, planned processing may corrupt the file and lead
to loss of information.

Dynamic parsing allows you to bypass binary obfuscation. For example, virus authors
make extensive use of packaging systems, code and data encryption, and manipulation
of function and control flow. But the same techniques are used by developers to protect
intellectual property, making applications harder to reverse engineer. This method isolates
several basic operations, such as deleting a file, writing to a file, communicating with
the network, opening a port for listening, sending mails, etc. This profile of the file, its
activity is studied by an expert or machine learning methods to draw conclusions about the
maliciousness of the sample.

However, dynamic analysis is possible only during the execution of the studied
code, which makes the operating system vulnerable, and some viruses can determine the
execution environment, and behave differently in test and production environments. Thus,
the requirement to create environments that are as similar as possible seems to be another
problem that needs to be solved.

Static analysis can complement dynamic analysis by providing information about binary
file attributes. The static method analyzes the program before execution, extracts attributes
from the binary file, calculates statistics, and based on this information makes a judgment
about the risk of the file being examined. This approach is safe - the verdict is issued before
the file is executed, but it does not work well on files with distorted, wrapped partitions.
Also, as the file size increases, the time required for analysis increases. Additionally, to
develop a high-quality static analyzer, you need to understand how the binary loader works.
Viruses can use some fields of the binary file for their own purposes. For example, in the
form of data storage or malicious code execution address [2, 3].

If we focus on the structure of the use of machine learning algorithms in the detection of
malicious programs, it can be divided into three main stages and they are (figure 2):

1. Objective analysis, that is, describes the main purpose of the analysis, for example, to
determine the malicious program, its type, to which group it belongs.

2. Describes the methods for analyzing features and the features needed for training, for
example, the features we need can be obtained by dynamic analysis, static or hybrid analysis.

3. To determine what type of machine learning algorithm is used when creating practical
work [4].

So, in the practical part of this article, we will analyze PE files. First of all, let's look
at the structure of this type of file (Figure 3). Looking at the details, the PE file structure
consists of these components:

—MS-DOS Stub. The PE file starts with this keyword, and this attribute is a dummy.

— PE Signature - 4-byte signature indicating that the file is a PE.
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Figure 2 — Sructure of machine learning techniques for malware analysis

— COFF File Header - general information about the file (number of sections, flags,
attributes, target machine type).

— Optional Header - detailed information about the file (address space, total size of code
sections)

— Section Table - sections, their names, size, address, virtual address.

— Overlay - extract file, end of file [5, 6].

— Among the various attributes and parameters mentioned above, it will be necessary
to sort out the signs necessary for machine learning to determine whether the file contains
malicious code or not.

— In order to train a classifier, we need to have data that is labeled, i.e. it has been
previously determined whether it is harmful or not. For our example, we need to get a set of
clean and malicious PE files. There is no problem in finding clean files, you can continue to
use the normal executable files in the Windows operating system. Malicious files can also be
obtained from open sources these days, for example the following types of data:

— VirusTotal service, the database contains more than a million files with malicious code
in PE format [7].

— MalwareTrafficAnalysis.net website contains comprehensive, fully researched 600
samples of malicious code [8].

— VirusShare.com site 30 million provides an integrated database of malicious code
patterns [9];

— VX Heaven team collected 270,000 malicious code samples for scientific use [10];

—In 2015, Kaggle and Microsoft managed to collect more than 10,000 malicious code samples
into a single database by organizing the Malware Classification Challenge project [11].
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Figure 3 — Structure of PE file

Next, we determined how and what type of attributes we would use for machine learning
from the PE file. We extract the maximum number of features from the file, and then select
from them using a greedy algorithm. That is, at each step we will highlight the attribute that
can maximize the accuracy of the model/classifier. We repeat this process until we get the
highest classifier quality result. We make selections on the training set using 3-fold cross-
validation. We use a random forest algorithm to select features.

In addition to the attributes, we calculate the entropy of the partitions. Entropy is
calculated as follows (Shannon entropy) [12]:

H=-Y" plogp, (1)

We take the base of the logarithm as 256, which is equal to the number of possible byte
values. Thus, the entropy H will take values from 0 to 1.

High entropy can indicate compression of sections in a file, packages to hide malicious
code, and the use of encryptors.

Attributes collected from files:

1. Numeric attribute values taken directly from PE file fields;

2. API participation flags, sections and their descriptions {0, 1}

3. Entropy of sections [13].

Using the methods and algorithms mentioned above, we got a set of exactly 50 features
(Table 1) that we need, and with their help we can detect malware.
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We will use these sets of extracted features to classify files into malicious or benign
types. For this, we use several types of supervised machine learning algorithms.

Supervised learning is a branch of machine learning that combines algorithms and tech-
niques for building models based on a set of pre-given examples containing input-output pairs.

In order for an algorithm to belong to the type of supervised learning, it must work with
examples that contain not only a vector of independent variables (attributes, features), but
also a value that comes out after model training (such a value is called a target value). The
difference between the target and actual results of the model is reduced to a minimum dur-
ing the learning process and is called the learning error (residual, residual), which acts as a
"teacher". The output error value is then used to calculate model parameter corrections at
each training iteration.

Table 1 — Features

No Feature name Ne Feature name
1 sha256 26 minor_operating_system_version name
2 appeared 27 major_subsystem_version
3 label 28 minor_subsystem_version
4 file size 29 sizeof code
5 vsize 30 sizeof headers
6 has_debug 31 sizeof heap commit
7 exports 32 imports
8 imports 33 exports
9 has_relocations 34 entry

10 has_resources 35 name of section

11 has_signature 36 size of section

12 has_tls 37 vsize of section

13 symbols 38 entropy

14 header 39 props

15 timestamp 40 histogram

16 machine 41 byte entropy

17 characteristics 42 strings

18 subsystem 43 num_strings

19 dll_characteristics 44 avlength

20 magic 45 printabledist

21 major_image version 46 printables

22 minor_image version 47 paths

23 major_linker version 48 urls

24 minor_linker version 49 registry

25 major_operating_system_version 50 MZ
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Currently, many supervised learning algorithms have been developed, each of which
has advantages and disadvantages depending on the setting of different problems. There is
no single most efficient algorithm for solving all problems, each type of task has its own
efficient algorithm.

— Supervised learning algorithms for classification tasks:

— decision tree;

— support vector machines;

— native Bayes classifier;

— linear discriminant analysis;

— k-nearest neighbor method;

— Supervised learning algorithms for regression tasks:

— linear regression;

— logistic regression;

— neural networks [14].

Results. The results of the experimental work, that is, the classification results, can be
seen in the table 2.

Let's focus on the meaning of the terms whose values are given in the table.

Before describing the indicators obtained as a result of the machine learning algorithm,
let us give information about the classification errors of these indicators, the confusion
matrix.

We have two classes and an algorithm that predicts that each object belongs to one of
the classes, where the classification error matrix is:

Table 2 — Confusion matrix

y=1 y=2
9 =1 True Positive (TP) False Positive (FP)
9 =0 False Negative (FN) True Negative (TN)

Here Y is the algorithm's response on the object, y is the true class label on that ob-
ject.
Classification errors are of two types: False Negative (FN) and False Positive (FP).

Table 3 — Classification report

Ne Algorithm Accuracy Precision Recall Fl-score | Support
1 2 3 4 5 6 7 8
1 Logistic 0.83567 0 0.72 0.78 0.83 9778
Regression 1 0.84 0.92 0.81 11968
avg/total 0.78 0.85 0.82 21746
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2 3 4 5 6 7 8

2 | Decision Tree | 0.91258 0 0.90 0.89 0.94 9778
1 0.91 0.94 0.87 11968
avg/total | 0.91 0.92 091 21746
3 Forests of 0.76874 0 0.78 0.76 0.83 9778
Decision Trees 1 0.84 0.67 0.71 11968
avg/total 0.81 0.72 0.77 21746
4 Support 0.79621 0 0.74 0.78 0.76 9778
Vector Machine 1 0.65 0.73 0.71 11968
avg/total | 0.70 0.76 0.74 21746
5 Naive 0.69862 0 0.61 0.59 0.67 9778
Bayes Classifier 1 0.73 0.54 0.65 11968
avg/total 0.67 0.57 0.66 21746
6 k-nearest 0.86668 0 0.90 0.78 0.83 9778
neighbors 1 0.84 0.94 0.89 11968
avg/total |  0.87 0.87 0.86 21746

Accuracy is our most common evaluation metric and is easy to understand, i.e. the
number of samples to be matched divided by the number of all samples.
TP +TN

A =
Y TP ¥ IN +FP+ FN @

In general, the higher the accuracy, the better the classifier. The degree of accuracy is
indeed a very good and intuitive measure of the estimate, but sometimes a high degree of
accuracy does not reflect the algorithm.

Precision is for the results of our predictions and shows how many samples whose
predictions are positive are correct. Then there are two possibilities to predict the positive
class, one is to predict the positive class as class positive (TP) and the other is to predict the
negative class as class positive (FP).

Precision = TP
TP+ FP )

Recall is for our original sample and indicates how many positive examples in the
sample are predicted correctly. There are also two possibilities, one is to predict the original
positive class as class positive (TP) and the other is to predict the original positive class as
class negative (FN). The recall rate is a measure of coverage.

Recall = L 4
TP +FN )
F1-score. Indicators Precision and Recall sometimes have contradictions, so they need
to be considered comprehensively. The most common method is F-Measure (also known as
F-Score). F-Measure is the weighted harmonic mean of precision and recall.
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Support is the number of instances of each class[15].

From the experimental results presented in table 3, we will see that the most effective
machine learning algorithm for our situation is the decision tree. But the results obtained
through this practical work may not be suitable for all cases. As the number, value, and
training data of various conditions and parameters change, the results of different algorithms
may be different.

Conclusion:

A number of results were achieved during the work:

1. An overview of malicious software. Detailed information about PE files, its structure
and nature has been provided.

2. Prepared data for analysis (more than 50,000 files). A method of separating files into
clean and malicious files has been developed.

3. The most important features are selected. A complete list of obtained features can be
seen in Table 1.

4. The use of modern machine learning algorithms and their comparative analysis were
carried out within the framework of this task under the conditions of real resources and
time. The most optimal, that is, the algorithm that showed the best result for the given task
was selected.

A valuable practical result of the work is the creation of an efficient machine learning
engine in terms of speed and quality.

REFERENCES

1 Michael Sikorski, Andrew Honig (2018). Practical Malware Analysis. The Hands-On Guide to
Dissecting Malicious Sofiware. San Francisco, DC: No Starch Press.

2 Clarence Chio, David Freeman (2018). Machine Learning and Security.: Protecting Systems
with Data and Algorithms. Sebastopol, DC: O’Reilly.

3 Ucci D., Aniello L., Baldoni R. (2017). Survey on the Usage of Machine Learning Techniques
for Malware Analysis. ACM Transactions on the Web, 1, 3-58.

4 B.A.S. Dilhara (2021). Classification of Malware using Machine learning and Deep Learning
Techniques. International Journal of Computer Applications, (0975 — 8887) 183 — 32.

5 Damin Moon, JaeKoo Lee, MyungKeun Yoon (2021). Compact feature hashing for machine
learning based malware detection. Information & Communications Technology Express, DOI:
10.1016/j.icte.2021.08.005.

6 Microsoft. (2022, June 23). PE Format. Microsoft website: https://learn.microsoft.com/en-us/
windows/win32/debug/pe-format

7 Virus Total malware samples dataset (2022). Virus Total website: https://www.virustotal.com/
gui/home/upload

8 Malware Traffic Analysis (2022). A source for packet capture (pcap) files and malware sam-
ples. Malware Traffic Analysis website: https://www.malware-traffic-analysis.net/

9 VirusShare (2022). VirusShare website: https://virusshare.com/

10 VX Heaven (2010). VX Heaven Virus Collection. VX Heaven website: https://web.archive.
org/web/20170611163424/http://vxheaven.org/



Alpysbay G. e. a. Comparative analysis of machine learning algorithms ... 31

11 Kaggle and Microsoft (2018). Microsoft Malware Prediction. Kaggle website: https://www.
kaggle.com/c/microsoft-malware-prediction

12 Shannon C. E. (1948) A Mathematical Theory of Communication. Bell System Technical
Journal. 27, 379-423.

13 Hyrum S. Anderson, Phil Roth (2018). Research Gate. An Open Dataset for Training Stat-
ic PE MalwareMachine Learning Models. Research Gate website: https://www.researchgate.net/
publication/324492745 EMBER An Open Dataset for Training Static PE Malware Machine
Learning Models

14 Henrik Brink, Joseph W. Ricuards, Mark Fetherolf (2017). Real-World Machine Learning.
Shelter, Island. DC: Manning

15 Alexey Michurin (2022). Metrics in machine learning: precision, recall and more. Michurin
website: http://www.michurin.net/computer-science/ml-precision-recall.html

I AJIITBICKAH, A. BEJJE/IBBAEB, A. YCMAHOBA,
JK. IYHCEHBFEKKBI3bI

on-Dapadbu amvindasel Kazax yimmolx yHugepcumemi,
Aamamul ., Kazaxcman

3USTH/IbI BAFJAPTAMAJIBIK )KABJIBIKTAPIBI TAJIIAYIA
KOJIJAHBLIATBIH MAIIMHAJIBIK OKBITY AJITOPUTMIEPIHE
CAJIBICTBIPMAJIBI TAJTIJAY

3amanayu evinvim anemindeei KuGepKAyincizOiK CandcblHbIY JCemiCmI2ine JHCIHEe OHblY 20iCmepPIHIK
Y30IKCi3 0aMyblHA KAPAMACMAH, 3UAHObL bagdapiamanap ani 0e aknapammosix Kayincizoikke moHemin
eH yaxen Kamepiepdiy 6ipi 6onvin madwvliaowvl. 3usHobl 6a20apiama KyH cailblh Oambin Keiedi JHcoHe
OHbIY Mypepi MeH apekemmepi KyHHeH-KyHee apmuln, 0amuin Keneoi. An MyHOail Kypoeni dcane anryau
Mypai 3uAnObl 6a20apramanapobl aHbIKMAy Jicone onapmen Kypecy YidiH 3amanayu, Kypoeui mexmo-
N02UANAPObL KONOAHYObIY MAaHbI30bLIbIELL opacan. Ocbl opailda aknapammaolk Kayincizoik canacbi-
0a uHmennekmyanovl JHcyuenepoi nandailanyovly apmulKUbLILIKMApsIL aman emyee 6onadwvl. Byn
maxanaoa 6i3 Windows onepayusnvik scyiiecinoeei PE (Portable Executable) ¢atindapein, senu kom-
nviomepoe OpblHOANAMbIH NPoYyecmepol JHCIHe MAWUHATBIK OKbIMY AICOPUMMOEPIH Naudaianvln 3u-
AHObL bagoapramanaposl manoayost Kapacmvipamoi3. Convimer bipee 6i3 apmypni MAWUHATBIK OKbIINY
An2OPUMMOEPIHIY HCYMBICLIHA HA3AP AYO0apamvl3 dicane 0i30iH MblCalblMbl30d Katl 20icmi KOIOaHy
MuimMoipex eKeHiH Kopcememis.

bByn makanaoa 6i3 keneci mancolpmanapobi OpbIHOAUMbL3:

1. 3Buanovr 6azdapramanviy Kammamacwvls emy mypanvl aknapam 6epy. PE  gaiinoapeinsiy
AHBIKMAMACYL, OHBIH KEPBIILIMbL MEH CUNATNDL.

2. Toorcipubenik scymvicka manimemmepoi 0aublHOAy (Maza sHeare 3usaHobl Koomapwvl oap ¢atindap-
Obl dicunay). Daindapovl masa sHeaue 3usAHObL atinioapea 6oy adicmepine woiny.

3. Anovin ana dativinoanzan ¢harindap OoulbIHWA OKbIMyea Kaxcemmi Oeneinepdi cypvinmay, sHu
Jrcammuley Kesinoe ey 0]l Hamudiceee KoJl Hcemrizyee MyMKIHOIK bepemin 6enzinepoi 2ana any.

4. BipHewle MAWUHANLIK OKbIMY aI2OPUMMOEPIH eH2i3y JCaHe 0napobly iwliHeH ey MuiMOIiCiH
manoay.

Tyitin ce30ep: aknapammsik Kayincizoix, 3usHovl 6az0apiamansiy xcabovlk, PE gatindapoel, 3usnovl
bazoapramanapovl manoay, MAawuHAILIK OKbImYy, benziiep.
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I AJIITBICKAH, A. BEJEJIBFAEB, A. YCMAHOBA, JK. IVHCEHFEKKBI3bI

Kaszaxcxuii nayuonanvholil ynugepcumem um. ano-Dapadu,
2. Animamur, Kazaxcman

CPABHUTEJIBHBIV AHAJIN3 AJITOPUTMOB MAIIIMHHOT O
OBYYEHUS, UCHTOJIB3YEMBIX /IS AHAJIM3A BPEJJOHOCHOTI'O 110

Hecmomps na docmudicenust obnacmu kubepoe3onacHocmu @ COBPEMeHHOM MUpe HayKu U NOCHOsIH-
Hoe pazsumue ee Memooos, pedornocrnoe 110 no-npesicnemy ocmaemcsi 0OHOU U3 CAMbIX OOTLUUX Y2PO3
ungopmayuonnou 6ezonacrnocmu. Bpedonocnoe 110 paszeusaemcs Kaxicobvlil OeHb, a KOIUYecmeo e2o mu-
108 U Mooenell N0Ge0eHUsl YEenuyusaemcs 0enb omo Ous. M eadcHocmv uUCnONb306aHUs COBPEMEHHDIX,
COBEPULEHHBIX MEXHONO02ULL 8 BbIAGIEHUU U OOPbOEe ¢ MAKUMU CTIONCHLIMU U PAZHOOOPAZHBIMU 8PEOOHOC-
HbLMU NPOSPAMMAMU 803pacmaenm. B cea3u ¢ amum MoxicHo ommemums npeumyu,ecmed ucnonb3068aHusl
UHMENTEeKMYAIbHbIX cucmem 6 cghepe ungopmayuonnoll 6ezonacnocmu. B amoil cmamve mbl npoana-
auzupyem PE (Portable Executable) ghaiinet 6 onepayuornuou cucmeme Windows, mo ecmov npoyeccel,
3anyuennvle Ha Komnviomepe, U NPOAHAIUIUPYEM 8PEOOHOCHBLE NPOSPAMMbL C NOMOWLIO ANCOPUMMO8
Mawunnoz2o odyuenus. Ilpu 2mom Mvl cOCpeOOmMouUMcs Ha pabome pasmviX al2OPUMMO8 MAUUHHO2O
00YUCHUSL U NOKANCEM, KAKOU Memoo Hauboee 3¢hherxmuno ucnonb308ams 0Jis HAue20 npumepa.

B smoii cmamuve y nac 6yoym credyoujue 3a0auu:

1. Ilpedocmasnenue ungopmayuu o gpedonoctom 110. Onpedenenue PE-gpaiinos, ux cmpykmypa u
npupooa.

2. IToocomoska Oannwix 015t NpAKmuyeckol pabomol (co60p Gailios ¢ YUCmvim u PEOOHOCHbIM KO-
dom). O630p mMemo0dos pazdeneHus: (haiiios Ha Yucmoie U 8peOOHOCHbIE.

3. Copmuposka HeobXxo0umvix 0151 00yYeHusi RPU3HAKOS NO 3apanee NoO20MOGLEeHHbIM Qaliam, mo
ecmy noryueHue moabko mex Npu3HaKos, Komopbvle no3eoaAm 000UMbCsa Haubolee MoUHO20 pe3ynbma-
ma npu 00yueHuu.

4. Peanuszayus HeCKOIbKUX AICOPUMMOB MAUUHHO20 00YUeHUs U 8blO0p cpedu HuX Haubonee dQpex-
MUBHO2O.

Knwueswle cnosa: ungopmayuonnas bezonacrocms, epedonoctoe 110, PE-gaiinbi, anaius epedo-
HOCHBIX NPOSPAMM, MAUWUHHOE 00YYeHUe, NPUSHAKU.
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KEKE YHUBEPCUTETTIK BYJITTBIH BUPTYAJIN3ALIUS
KJIACTEPIHAEI'T TYWUIHJIEPIHIH MUHUMAJIbI CAHBIH MOJIEJILJIEY

Bynmmul mexunonocusnap men ecenmeyiep dcemekuti yHugepcumemmepoiy maxcipubeciuiy 6enii
6010061, [lecenmen, upmyaru3ayuambly Kaxcemmi Kiacmep MyuiHOepiHiy OHmMauivl Camvin 6aganiay
Maceneci ani Oe 63eKkmi eKeHin aman ememis. YHusepcumemmin diceke OYImMvlHbIY SUPMYALOblL HCYMbIC
yemeni un@pagypeineimein (nemece VDI) oicobanay kesinde azipneywiinep kenmezen mexHUKATbIK
KublHObIKmapaa man 601aosi. Onapoviy 6ipi-naioanraHyusliapobiy eupmyaniovl mawunaiapsiy (BM)
OpHANIACMBIPAMBIH GUPNTYATU3AYUS KAACMepiniy myuiHOepiniy MUuHUMAanobl canvin daganay. Muica-
avl, oyn BM-0i cmyoenmmep men oxbimywivliap 0Ky manculpManapvli opelHoay yulin nanoaiana-
ovl. VDI xongueypayuscein azipneyoe myslHoaumvii magvl 0Ip MinOem YHugepcumemmiy ecenmey
acenicinoe (EXK) BM opnanacmuipyost areopummoey minoemi 6onvin madwvliadsl. Byn scazoatioa BM
oymaiinel oprnanacyvl E2K mytiinoepiniy canvin azaiimyea mymkinoik 6epedi. byn EXK ocytiecinoeai VDI
DYHKYUOHANOBLIbIZbIHA 2Cep emneliol. Byn macin sicexe yrusepcumemmiy OYimmul UHQPaAKYpolIbiMObIK
wewimi KyHolH momenoemyze komekmecedi. COHblcvl yHUgepcumemmep yuin manui3oel. Maxanaoa
supmyanuzayus Kiacmepi myuiHOepiniy Kasxcemmi caHvlH 0a2anday mMooeii YCblHbLIAH. YCbIHbLIZAH
MOOeNb OHMAUAbl KANMAaMa HCoHe JHceKe YHugepcumem OYNmblHblY cepeeplik niamg@opmaiapbiHbly
KOHQUSYPAYUSACBIHBIY — 2CHEMUKANbIK — AlIOPUMM  MICeLeCiH  KammumbslH —Oipikmipiieen macinee
Hezi30e2eH.

Tyuin co30ep: b6ynmxa neeizoencen yugpivlx OiNiMm 6epy opmacsl, yHueepcumem, GUPMyaIu3ayus,
BUPMYANObl MAUWUHALAD, OHMALLILl OPHALACIBIPY, MOOETb.

1. Kipicme. Kenrteren xpuimap OOMBI KETEKIII oNEMIIK YHUBEPCHUTETTEPIiH
ToxipuOecinae OimiM Oepy >KoHE FBUIBIMHM JKYMBICTapAbIH THIMIUTTIH apTThIpy YIIiH
OyrTThl KockiMnanap MeH Texnonorusuapsl (byKT) kongansuisim keneni [1], [2].

ByKT -re cypansic acipece CoVID-19 nannemusicel ke3inze ecti. Atam eTkeHae| 1],
[2], [3] mMamangapnabl maspiay camachlH KaKCapTyAbIH, ONapAblH KoCiOM KY3BIPETTIIK
JEHTeliH apTTHIPYAbIH, WHHOBAIMSIIBIK TEXHOJOTHSIApAbl KEHiHEH KOJIAHYIbIH HEris3ri
HIapTTapblHbIH Oipi yHHBEpCHTETTEpAiH OynTka OarnmapianraH HUQPIBIK OumiM Gepy
optacel (BLIBO) 6onapl. BIIBO kypanaapbH KongaHy OyJITKa HETi3/1ENIeH allblK FHUIBIM
JKYHesepi apKbUIbl CTYIEHTTEPAIH JKOFaphl canajibl OKybl MEH KOCiOHM JaMybIH icC Ky3iHae
JKY3€re achIpyFa bIKIas eTei.

* E-mail xoppecnionnupyromero aBropa:mdbereke@gmail.com
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2. AJabIHFBI 3epTTeyiaepre moay. JXymeictapma kepcerinrenmei [4], [5] oxy
MpOIeciHe TOH TarchIpManapabl OYITTHIK TEXHOJOTHsJIApFa aynapy Ke3iHAe, MBICabl,
YHHBEPCUTETAPANIBIK JKeKe OYITTHI Kypy Ke3inne yHuBepcuTeTTiH AT MHQpaKypbUIBIMBI
OPTAJIBIKTAHABIPBUIFAH JKOHE BUPTyaJlJaHIbIphUIFaH. by TocimmeH OapnbIK ecenrey pe-
cypcrapeia (EP) Oip ecentey kiacrepiHe kuHayra 0oiapl. Opi Kapai, OHbI JIOTMKAJIBIK
Oestimuepre Oenyre 0ojabl, SFHU BUPTYasabl MamuHanapra (BM). Oceiian KeitiH, KakeT
OoraH xarnaiina, myaaaii BM nmaiinananymsuiapra 6epiieni.

[6-10] aBropmap OKy mporieci MeH FBUIBIMH 3epTTeyiepai yibimaactepy yurid byKT
KOJIJIaHy KOHTEKCTiHAE YHHUBEPCHUTETTEP/IIH MYMKIHJIKTEepiHE erKeW-Ter e Moy ka-
cazibl. byl )KYMBICTBIH HOTHIKENepl YHUBEpCHTETTEple OYITTHI ecenTeyiepii eHri3ymiH
yakaemeci MeH keaeprinepi TyproicbiHad byKT enrisy nmpomecin KapacTeIpabl.

Kywmricta [11] aBropmap cepBepnepai OipikTipy MocenenepiH Ko3ranasl. CoHbIMEH
Karap, HaKThI HIEKTEyJepAl eCKepe OTBIPHIM, (PU3UKAIBIK MAaKCATThl CepBepiep apachlHIa
OacTanKel cepBepiep i OHTAMIBI OOyl MOofeNIbIeyTe Oaca Ha3ap ayaapbuiaabl. ABTOpIap
03 3epTTEeyNIepiHAe BUPTyaIH3aIusl KIACTEPIHIH KAKETTI TYWIHAEPIHIH OHTANIBI CaHBIH
Oaramayra 6aca Hazap aygapasl. bys peTrte 0a3zanbIKk KpUTEPHH peTiHIe THIMIUTIK KpUTEPHiti
KaObUITaH/IbL.

Kywmsictapaa [13], [14] OynTTHI AepekTepl OHAEY OPTAIBIKTApPbIHAAa BUPTYaabl Ma-
mIMHANAp/ bl GU3UKAIBIK MAlIMHATIAPFA OPHATACTBIPY/IBI OHTAMIAHIBIPY CHSIKTHI YHBIMHBIH
OyITTB MH(PaKYPHUTBIMBIH KYPYZIBIH MaHBI3IBI aCMEKTIClI KapacThIphIIaAbl. ABTOpIAp
OyITTHI MH(PAKYPBUIBIMHBIH THIMIUTITIH apTTBIPYFa BIKIAT €TETiH IHEPTHUs TYTHIHYIBI
a3alTy JKOHE €CeITey PeCypCTaphIH OHTANIIBI TAliAaIaHy MoceIeNepiH 3epTTEeH/I.

[15], [16] >xymbICTapblHIa KIMEHTTIK XYMBIC OPBIHAAPBIH KYpY YIIIH armapaTThIK
KypaJgapabl TaHJay MiHJETI KapacThIpbUIFaH. ABTopap OepinreH BM memmiepin opHana-
CTBIPY YIIIIH KOJ XKETIM/1 )KOHE KAKETTI JKeIel KaJl KoJeMiHe HeTi3IeITeH CEPBEPITIK TIaT-
(hopmamapnpl TaHIAy MOAETIH YChIHAAbI. MoceneHi menly YIIiH TeHeTHKAIBIK aJTOPUTM
YCBIHBUIAIBI.

JlerenmeH, aBTOpIApAbIH KOMIILUTIT THIMIUTIK KPUTEPHill peTiHae KaXeTTI BHPTyall-
TMAHIBIPY KIACTEPITIK TYHIHACPIHIH OHTAMIIBI CAHBIH Oaraiay OapbICBIHIA MYHIAH aCTICKTIHI
KO3FaMalThIHBIH eckepeMis3. ATam aiWTkania, yHuBepcuTeTTiH BIIBO apxurekrypachina
WHBECTHUIMSIIAY CTPATETHACHIH TaHayMeH Oipre. byt ocel 6arpITTa KOChIMINIA 3epTTEYIEp
JKYPTi3yTe KbI3bIFYIIBUIBIK TYABIPIBI.

3. 3eprTeynin MaKcaTbl MeH MiHAeTTepi. 3epTTeyIiH MaKcaThl YHUBEPCUTETTEPIIH
OyiiTka OarpITTanFaH OKY OpPTachIHIAA KOJIJAHBUIATHIH JKEKe OYJITTHI BHPTYaIIAHABIPY
KJIACTEPiHIH TYHIHIEPIHIH KaXKETTi CAaHBIH Oarajiay MOJCIIH TaMbITy OOJIBIT TaOBIIaIbI.

OchI MaKcaTKa JKeTy YIIiH KeJleci MIHASTTep Al MenTy KaKeT:

1) ynusepcurertiH bBILIBO yHUBepcuTeTiHIAETT OKy KOHE FBUIBIMH IKYMBICTHIH
epeKIeNirine CyHeHe OTBIPHIN, YHHUBEPCUTET OYITHIHIAFBI BHUPTYAIIbl KYMBIC
OPBIHJIAPBIHBIH JK€/IeT JKaABIHBIH OHTANIIBI KOJIEMiH aHBIKTAY;

2) KM naiiganaHy THIMIUTTIH OHTAMIBl KpUTEpH peTiHAe KaObUIaid OTBHIPHII,
yauBepcuteTTiH bLIBO BupTyannanappy Kiactepi TYHIHAEPIHIH KaKeTTi CaHBIH Oaranay
MOJIETIH KEeTUIIIpY.

4. Onicrep MeH Moaebaep. JKymbicTa: JKeKe YHUBEPCHUTETTIK OYJITTBIH BHPTyall-
JIbl JKYMBICHIBUIAPBIHBIH MHQPAKYPBUIBIMBIH KAJIBINITACTBIPY YIIH CEPBEPIIIK YKaOBIKTHI
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TaH/1ay MACeJeCiH menry 0apbIChlHAa TEHETUKANBIK allTOPUTM, COHJIai-aK YHUBEPCUTETTIH
BIUBO BupTryanmanaslpy KJIacTepiHiH KaKeTTi CaHBbIH Oarajay MOJENiH JaMBITYIbIH
AHAIMTUKAJIBIK dICTEP] KOJIIaHbLIIBI.

4.1. YuuBepcurter OYJITBIHAAFbI BHUPTYAJABI KYMBIC OPBIHAAPBIHBIH JKelelI
JKaJbIHBIH KOJIeMiH aHBIKTAyFa apHAJIFaAH TeHeTHKAJIBIK AJrOPUTM. YHUBEPCUTETTIH
BLBO BupTyanuzanust KIacTepiHiH TYHiHIEpiHe KQKETTIIKTI Oaranamac OYpbIH, YHUBEP-
CUTET OYJITHIHAFbI BUPTYAJIJIbI dKYMBIC OPBIHIAPBIHBIH KE/IEJ KaJIbl KOJIEMIHE KaXKEeTTUIIrH
aHbIKTalbIK.b . YHuBepcuteTTiH BIIBO ymin ecentey cepBepiepinin Oenriii Oip caHbIH
JKocnapiay kesinge BM oneTte menriMHiH COHFBI KYHBIH eckepei. by sxarnaiina Oy tan-
ChIpMaHbl OEpiIreH IIEKTeyJAepMEH IIBIFBIHAAPIBI a3alTy (YHKIMSACHI PETiHIIE KOPCETyre
Oomapl.

BLBO cepsepingeri BM pesepsi-cTarukanslk napamerp. BM cypaybl-AHHAMHUKAIBIK
TYpZe e3repeTiH napamerp. byn yHuBepcuTeTTiH xKeke OynT cepsepingeri BM pecypcra-
pBIHA HAKTHI KAXKETTITIKTI aHBIKTAUTBIH Cypay.

Mpicansl, w tunti BM kommanbuiazpl. BM Typi aTThl TUCKIHIH €JIIIEMIMEH, JKeIem
JKaJlbl KOJEMIMEH, MpOoIeccopiap MEH IMPOLEeccop SApOJapbIHBIH CAaHBIMEH KOHE T .0.
anbIKTanaabel. VM Typrepi Ty, ..., T, peTiHje OeNriIeHTeH.

OpOip maijanaHylmbiFa KaKETTUIIriHE Kapad, sSFHU CcypaHblc OoWbIHINA T; THIKEe
)aTKp3bUFaH JKM aHanapeIHbIH X; pecypcTapbl OesiHeI

BM-nap opnanacteipeiiFaH  cepBepiik  miatgopmanbi  (Cepll)  maHbI3IBI
cUmaTTaManapbIiHbH Oipi — xenen skanpl (Oynan opi - XKXKK). BM canbiH kebeilTynin
kapamaiibiM HyckachiH JXOKK monmynbaepin cepsepre nemece BIIBO cepsepiepine kocy
apKBLIbI JKy3ere achipyra Oomajel. bipak cepepae ko xeriMai KKK crorrapeinbiy ca-
HbIHA mekTey 6ap. Conapikran BM kemeriMeH cTyaeHTTep MEeH MyFaliMIep OpbIHIANTHIH
TarncepMaiapAblH MOHI MEH KaKETTUIIKTEpI Typajbl OipJeH TYCiHIKKe ne OOJFaH JyphIC.

[15] XKympbicka colikec cepBepilik HHPPaKYPBUIBIMIIBI OHTAMIAHIBIPY MOCEJIECiH Iie-
nryre MyMKiHIIK OepeTiH MakcaTThl (DYHKIUS KeJIeCiaei:

S = Z?zlzizl(coi + Z}tzl ni]- . COZ]') . Ciril, (1)

Mynna ¢; — Cepsepiik nnardopma (Cepll) | — kyHsl; co,; — KKK cepsepi ymin j — mi
KOCBIMIIIA MOIYJIbJIiH KYHBI; % — CEpBEp KeAeJ JKaJblHa apHallFaH jkajJ TYPJEpiHiH caHbl
(MbICambl, KUK, YPIAK HOMIpI jkoHE T. 0.); i — YHUBEPCUTETTIH jkeke OyITThl Ceprmiin
canbl; ¢ — KKK cepsep O10KTapbIH TOATHIPY ONIMSIIAPBIHBIH caHbl; ciry — i-1i Cepll yrin
J — tunTi KKK Monynbaepiniy canbl; n,;—xeke Oynrrarsl Cepll cansl.

by perre

q=X14 =
CJIOTTap/bIH CaHBbI.

Opi Kapaii oHTailnanasIpyas! (1) epHEKTe OONATBIH C,; JKOHE Ciry aHBIMAIIBLIAPHI YIIIH
Kacayra 0oJasbl.

[15], [16] -re coiikec HakThI cepBepiik miardopma yiria XIKK kesemi OoiibiHIIA TTIEK-
Tey:

n (utdy)!
=1 g

. myHza d; — i-mi Ceplltin XOKK sxonakrapsiHa apHaiIFaH

YY_ysram;-n; <h, i=1..cir. ()

Koceutarea KKK MomynbiepiHiH caHbl OOHBIHIIA ICKTEY:
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o =d;, i=1l.cir 3)

BM kaxerti MenmepiHiH kyMmbic icteyiH Kamramachki3 ereriHn Cepll ymin KKK
JKETKUTIKTUTIT] OolibIHINa 1iektey [80]:

Z’.‘= Mg
Zihzl (M) > Ny, 4)

Vvm
Viar — 6ip BM-re 6eminetin KKK kenewmi; N,, — BM kaxeTTi caHbl.

AFBIMIaFbl TAICHIPMAHBIH OYTiH CHIIATHIH CUIATTANTHIH MIEKTEY:
ciry,n;j =0, ciry,nyj Gyrin. (5)

[79, 80] XKymbicTapaaH ailbIpMaIlIbLUIBIFGI ¢; — apameTpi - miardopmanbiy | — mi Cepll
KYHBI %Keke yHuBepcuteT OyiThiHbIH (Hemece BIIBO) cepBeprik nHppakypbUIbIMbIHA WH-
BECTHILIHMS Cally/IbIH aHaJIOThl PETiHAE KapacThIPbLUIa/IbI.

MyHpaii nHQpaKypbUIBIMFA TiKeleH cepBep/cepBepiep KoHe cepBepiik ruardopma-
Japna opHajacTepbuFal THicTi BM canbl kipeai. ¥ ThIMIbl HHBECTUIMSIIBIK CTPATeTr UsSHbI
YKOHE THICTI WHBECTULMIIAPABIH MOJILEPiH TaHAady OWBbIH TEOPHSICHIH KOJAaHy HeTi3iHae
JKY3ere achIpblUTybl MYMKIH [ 17] ekeHiH aiiTa KeTeHik.

ConbimeH, [17]-re colikec, KyHbIH anbikTay yuriH (BLIBO cepsepnik miardopmacsl-
Ha/tutatopMasiapblHa WHBECTUIMS Kesemi), [15], [16]-HaH albIpMAalIbUIBIFGL, MISIIIM
KaObU1aay MpOLECiHae MYAJeNi TapanTapiblH CTpaTerusulapbl ajlbIMEH OWBIH TEOPHUSICHI
HeTi31HJe aHbIKTa apl. MyH/ai TapanTap peTiHje, MbICabl, MbIHATAP/IbI KapacThIpyFa 60-
nanel: 1) cepBepiik HHPPAKYPHUIBIM OKIMILIEP] HEMece KalIbIKTBIKTaH OKBITY KYHECiHiH
(KOX) okimminepi; 2) yHUBEPCUTETTIH Kap Kbl OKIMIIIJIITI.

bi3 renerukansik anropur™ai (I'A) Kongana oteipbin (1-5) epHEKTEpMEH CHUIIATTAIFaH
OHTaMNIaHIBIPY MACEJIECiH ey i Ky3ere acblpablK. [laiinanansuran [A-qa momynsms-
Oy sxexe yHuBepcuteT OynToiHbIH Cepll Tannay kesinge kentereH memrimiaep. Bupryan-
Ibl )KYMBIC OPBIHIAPBIHBIH CaHbIH KOOEHTY Ke3iHJe Keaes KalIThlH KOChIMIIA KeJIeMiHiH
KQKETTUIITT MaHbI3/IbI OOJBIN caHAJIbI. EKUIIK KOITAy KOJIaHBUIATHIH KIaCCUKAIBIK ['A-
JlaH aibIPMAIIBUIBIFL, OCHI 3€PTTEYC KOATAY Ti31Mi KOJIAaHBLIIBL.

Tizim osnementi ynuBepcuterTiH BBOO cepsepiHin/cepBepiepinin 1iaTdopma-
ChIHA KATBICThI OCHIHJAN aKmaparThl KaMTusl [79 0. 27, 80, 6. 47]: Cepll tuni; BIIBO
BUPTYyaIH3aLUsIFa MHBECTULMSIIAYAbIH TAHAAJIFAH CTPaTerusAChIHA )KOHE K0J1/1a Oap IeKTey-
Jiepre colKec JKe/IeN Kalka apHaiFan Moaybaep KUbIHTIFbL; KKK skanmer kepceTkimTepi
(kminiri, xaj kesneMi sxkoHe T. 0.); Cepll ymin XXOKK KUBIHTBIFBIHBIH KYHBI.

Xpomocomaaarsl renziep cansbl (ch) macmradbranarsia Cepll ymin XOKK nnankanapsl-
HBIH JKUBIHTBIFbI HYCKaJIApBIHBIH Ti31Mi 3JIEMEHTTEPiHIH CaHbIHA TEH.

OpHek - puTHEC QYHKUUSCH PETiHAC TalijanaHbUIaIbl.

Kexe Cepll xenen skabl >)KUBIHTHIFBIHBIH MYMKiIH KOMOMHAIMSICBI IOMYISILUSIHEL (DOp)
Kypaiabl. by perre sxan xenemi MeH KKK MonynbaepiHiH KHUBIHTHIK KYHBI OOWBIHIIIA
CEepBepiH eH a3 KaXeTTi napaMeTpJIepiHiH caHbl OOMBIHILA HIEKTeYJIep KaObUIAaH b

Bacrankpl momynsuus ocbutail KypbsuLabl. JKeke yHHMBEpPCHUTET OYITHIHBIH cepBepi/
cepsepiepi (memece Cepll) yurin sxenen »aj KUBIHTHIFBIHBIH Ti3iMiHZAEr jka30a HeMipi
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Ke3[eWCOK TaHmanasl. MbIcaibl, pyJeTka 9ICiH KoljaHyra Oomaibl. Opi Kapald, OChl
JKUBIHTBIKKA ColKec KeneTid reare "1" Kochuiaabl.

Conman xkeitin xpomocoma (ch) (3) xoHe (4) wmiekTeyiepre CoHkec KeJleTiHiH
TEeKCcepeMis.

[pouenypa CP kaxeTTi cumarramMayiapbl OOWBIHINA KaKETTI KOPCETKIIITEpre Ko
JKETKI31ITeHTe AeliiH KalTanana/sl, baraapnama apHaiibl KypFaH MOTIMETTep KYPBUIbIMBIHA
XpoMocoManapablH (ch) yprmakrapeiHblH HemipiepiH NG-re enrizemi3. [lomymsiius
MeJIIIepi XpoMOoCcoMasapblH caHblHA OaiyiaHbICThl. [lomynsiusigarsl opOip XpoMocoma
(ch) yurin xapaMabUIbIFBIH Oaranay opblHIanaasl. byn npouenypa duTHec QyHKIHMICHIH
ecenTey apKbUIbl )KY3ere achlpbliabl. XpOMOCOMAIap/IbIH Caachkl HEFYPIIBIM JKOFapbl 00JI-
ca, utHec QyHKIUSACHIHBIH MOHI COFYPJIBIM a3 00Jiajibl. XpOMOCOMAaHBIH OOIIiHy HYKTeCl
KE3/1eMCOK TaHJanabl.

Op YpHaKKa KaTbICTHI TaHAayIbl OPBIHIANMBI3.

bi3 "emipier" Oipiikrepii miekTey Herizinae tanmaimbeiz (4). Coman keilin GuTHeC
(YHKIMSICBIHBIH MOHI OOHMBIHIIIA pEUTHHT jkacanansl (1).

EH >xakchl OipitikTep Keneci yprakrapra e3repiccis Oepiiei.

Ecenteynep ypnakrapieiH Oenriiii Oip caHbIHA S>KETKeHJE askraiaabl. Ecenrey
IKCIIEPUMEHTTEPI KOPCETKEeHACH, alrTOPUTMHIH KOHBEPTeHLUSICHI KEMiHe ey yprakK YIIiH
KOJI JKeTKI311e/].

4.2. Buptyanuszanus Kiaactepi TyliHaepiHiH KaxeTTi caHbIH OaFasay mojaei. Mbica-
JIbl, KAIIBIKTBIKTaH OKBITY KYHECIH YHBIMAACTBIPY YIIiH Mai1alaHbuIaThiH YHUBEPCUTETTIH
JKeKe OYITBIH Kypy YIIIH KaXeTTi pecypcTapibl Oaramay YIIiH MaTeMaTHKalbIK MO-
nenb Kypaitbik, Heri3 peringe [11] ®yMbIcTa KOPCETUITCH MOJIENb allbIH/bL. Anaiina 013
OyJ1 MOzenbal KiacTep TYHIHACPIHIH OHTaWIbl CaHbl OOWMBIHINA €CeNTey JIePeKTepIMEeH
TOJBIKTHIpaMbI3. OHTAMIBUIBIK KPUTEPUIIEP] peTiHae - THIMALIIK KpuTepuii xone [17]
JKYMBICTa alTBUIFAH YHUBEPCUTETTIK OWITTHI JaMbITYFa WHBECTULMSAJIAYIbIH TaHJAJIFaH
ctpareruscel KaObumanabl. CoHbiMeH Karap, yHuBepcuTeTTiH BIBO KyMbICHIHBIH
epeKLIeNirine cylieHe oThIpbI, BM opHanmacTeIpy »oHE KOIO0 COTiH anjblH-aja Ooykay
KHBIH eKkeHiH eckepeMis. [lIbIHbIHIA 18, OYTIHTI TaHa OKY MPOIECIHAE OKYIIbLIAPABIH OKY
TarnchlpMaiapblH ACHHXPOHBI TYPIE YHBIMAACTBIPYBI ©3€KTi 00MbIN Tadbutaabl. OaapabiH
OpKaNCBICHI KYMBICTBI OPBIHJIAY YIIIH OOJIHICH YaKbIT apallblFblHa 63 OeTIHIIe MIemIiMm
KaObUIIall anaThlH Ke3z1e. 0j1 BM-HbI OpHAIACTBIPHIN, COJAaH KEWiH OHBI JKOKOFa BIHFANIIBI
Oonran ke3ne. OnapIbiH SpKachIChl dKYMBICTBI OpPbIH/AY YIIiH OOTIHI'€H YaKbIT apaibIFbIHI
03 OCTIHIIE MIeIIiM KaObUIIall ajaThlH Ke3/Ie %oHe 071 BM-HbI OpHAIACTHIPHII, COJIaH KeHiH
OHBI KOIOFa bIHFaAIITBI OonFaH Ke3e. COHBIMEH Karap, OyJ1 opeKeTTepAiH OapibIFbl pTYpIi
— t yakpITTa 0O0JIaJIBI.

JKorapbina KepceTireHned, Keke YHUBEPCHTETTIK OYITTHIH  amnmaparThbIK-
Oarnapiamanslk kemeHi (AOK) ecentey cepBepiepiH KaMTuabl (cepBepllik miardopma-
nap — KK mapametpnepi ra verizinne Oypoin ecenrenren Cepll, 4.1-tapmak). Op Cepll
napameTpMeH cumarrayra Oonanel . Byn mapamerp cepBepiiH Heri3ri cumarramaiapbiH
(Cepll) kamTHaBl. MBICATBI, MYHAW TTApaMeTpIiepre MbIHAJIAP JKaTabl - )KeIeN KaJbIHbIH
KeJIeMi, MPOLECCOPABIH TAKTUIIK KHIJIITi, TPOLECCOp SAPOJapbIHbIH caHbl koHe T.0. Co-
HbIMEH Katap, ] € {1..N} cepBepnepinin opKkaichichl THicTi k € {1..P,} pecypcsl yuriH Cy
CBHIHBIMBUIBIFBIHA HE.
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Yuusepcutettid BIIBO oky nporiecinie, FhUILIMU HEMECE OKIMIIIIIK TallChIPMAChIH 1A
KOJIIaHbLIaThIH 9pOip | BUpTyanasl MamuHara (BM — vm,) pecypcrappiy 7; €H MUHHMAJI-
161 MeJepi kaxeT. COHbIMEH Karap, pecypc k mapamerpiepeH epekuienenei. Mpicabl,
k =1 6y mpoueccop nmapameTpi, k = 2 — jxezen xaja napamerpi xxone T. b. Byi pecyperap
pe3epBi gen aranazpl. Erep cepBep & mapamerpiiepre coiikec pecypcTapblH MUHHUMAIIIbI
MeJiiepiH Oesie anMaca, oHaa BM opHanacThIpbLIMAaiIbL.

¢t yakpiThiHAa Oesncenai BM Ac(f) maprrel Typae opHanacteipeliran VM — Pl(f)-
re GosTiHyi MYMKIH jKoHE ONapasl opHamacTeipy Kaxer — Rd(f). Conpaii-ak, Re(#()) BM-
emipyni. MyHbl keliecijieit xxaszyra Ooapl:

Ac() = PO o tU R, (6)

BM xeke yHHBEpCUTET OYJITHIHBIH OpHATACYbIH €Ki aifHbIMAJIBIMEH cUlaTTayFra Oona-
nel. Bipinmrici 6enrini 6ip T, Typingeri BM TaraiibiHaraH BUPTYaJi bl TPOIIECCOPIApPIbIH
caHbIH cumnartaiinel. Exinmn aliHbIManel cepBep MeH BM apacbiHgarsl OailiaHBICTBI CH-
narraiiasl. Conan keiin vmi(f) = 1 altHpIMansIChl, erep t BM i yaKbIThIHAA OHBIH T; TypiHe
TaralbIHIaJIFAH | CepBEPIHe OpHATIACA B

Maprrer yauBepcutetTiH BLIBO BupTyanu3anusi KeHIeHiHIH XETKUTIKTI Keyiemi Oap
nen ecenteiimiz. CoHla TEHIIK SAUIETTi:

Y vmy;(t) =1, Vi € Ac(t). (7)

KM pecypcrapbIHBIH 9p TYpiHE OJIapbl CEpBEpre OpPHAIACTHIPY MYMKIHJIITIHE KeMiJIiK
Oepinyi kepek. PesepBrenren BM pecypcTapblHBIH JKHBIHTHIK MOHI Oenriii Oip pecypc
OOMBIHIIIA CEPBEPAIH CHIABIMIBLIBIFBIHAH aclaybl THIC. MbIcajibl, KaTThl JUCKUICPIIH
CBIMBIMJIBUIBIFbI HEMece OapiiblK TUnTeri BM sxenen xafpl Cj, cepBep iz ChIHBIMIBUIBIFBIHAH
acmaysl Kepek . MyHbI keseciiei ska3yra 001asl.

ZiEAC(t) vmij(t) *Tik < Cjk =1, V] € 1N,k = 1..Pa. (8)

MyHpaait )keKe YHHBEPCUTETTIK OVJITTHI )oOanay Ke3iHae Mamanmap Oomarmakta BM
JKYKTEMeCiH Ookail amamel. bactankel mepekTep peTiHae OVJITTHI MaimanaHyIIbUIapabiH
caHbIH anmyFa 0omanbl. CTyIeHTTepIiH, OKBITYIIBUIAP/IBIH CAHBIH KoHE OeNTiii 0ip KypCThIH
€pKiH THIHJIayIBUTAPBIHBIH CTATUCTUKACHIH O1JIe OTBIPHIT, MYHBI iCTEy KUBIH €MeC.

bizmin 3eprTeyiMize )keke YHUBEPCHUTET OYJITTHIK CepBEpIICPiHiH MUHUMAIIIBI CAHBIHBIH
TOMEHT' IIeTiH aHbIKTay YIIiH [ 18] ychiHbICTapbIH Konnanambl3. ColaH KeiiH BUpTyain3a-
LMSHBI YHUBEPCUTETTIH JKeKe OYIITHIHAAFBI €CenTey cepBepiepi Oipieli cumarramanapra
He JIeT ecenTeliMi3. YHUBEPCUTET KeUICHIHIH CHIHBIMIBUIBIFBIH JHHAMHKAIBIK Oarajay
YIIIiH yaKbIT TapaMeTpiH KocaMbI3. byt eTe Tabnuru, OUTKEHI MyHIal KiTacTarsl )KaOapIKTap
OPTaJBIKTAHIBIPHUIFAH TYPJIE CATHIN ATBIHAJBI. SIFHU

Cjk=Ck,VjEI..N,k=1..Pa. (9)

bip Hemece 6acka HYCKaHbl TaHAAy/bl aHBIKTAHTHIH YTHIM/Ibl HHBECTULIUSUIBIK CTpaTe-
THSIHBL, MBICAJIBI, €CENTEYNIEP/i KOJIaHy apKbUIbI JKy3ere acsipyra 6omnazsl [17]. XKorapbina
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alTbUIFaHAapra cyiieHe oThIpbin, yHuBepcuTeTTiH BLIBO-ma BM pecypcTtapblH TYTHIHY
YakbIT ©Te Kelie e3repyl MyMKiH jaen kKaObuimaimbr3. LlbiHbHAa fa, cananel OutiM amy
YILIiH OapFaH callblH peCypCThl KKET eTeTiH OarJapiaMablK KacaKTaMaHbl Me3T1I-Me3ri
JKaAHAPTHII OTHIPY KaKET. ¢ YaKbIThIHA 013 OpHAJIacThIpyFa KocnapiiaHFaH kenrereH BM-
HBI 11K )KUBIHAApFa OeseMis, onapas al(f), a2(f), a3(#), aen Oenrineiimiz. byn al(z), a2(¢),
a3(#) — colikeciHie, yJIKeH, opTalia koHe TOMeH xykremeci 0ap BM xkubiaTBIKTapHL. CO-
JlaH Keiin, Mbicaisl, Oencenni BM yiuiH keseci TeHaeyaep xyiieci skapaMabl 001abl:

al(t) = {i € Ac(t)|a;(t) > Ccpy — uk;
a2(t) = {i € Ac(t)|Ccpy — p = a;(t) > 0,5 Cepy}; (10)
a3(t) = {i € Ac()[0,5 - Ccpy = a;(t) > u},

Cepy — TIpOIIECCOp TapaMeTpiiepi OOMBIHINA JKEKe YHUBEPCUTET OYITHIHBIH CepBEp
PECYPCTapBIHBIH JKajMbl CaHbl, U — TPOLECCOPABIH MakcuMmanasl xykremecin (CPU)
xkoHe Cepll — 0 < u < 0,5 sxemen xaablH CUTIATTAUTHIH mapaMeTp. COHFBICH BHPTyalu3a-
sl Ke31HJIe MPOoIeccop MEH cepBepiH kezen aabiHbH 50%-1an actambia BM-ra 6oy
YCHIHBUIMANTHIH/IBIFBIHA OAHITaHBICTHI TYPHIC.

JKeke yHuBepcHTeT OVITHI VIINIH CepBEPJIEPAiH OHTAWMIbI CAHBIHBIH TOMEHII IICTiH
Kemecineit 6epyre 6omas:

0 [Ziea3(t)ai(t)-(0k~Iaz(t)I—Zieaz(t)ai(ﬂ)])

N, ©) = e (O] + lay ()] + max (0, - (n

JKeke yHHMBEpCHUTETTiH OYITTBIK CEpBEpIICPIHIH OHTAWIIbI CaHBIHBIH OpTalla TOMEHTI
mIeri kenecigen 0omapr:

N(t) = max{N;(u,t), N,(u,t),0 < u < 0,5}. (12)

5. Buptyanasl ecentey JKCIMEPHMEHTi. Y CBHIHBUIFAH MOJICNBIIH COHKECTITiH TEK-
cepy YIUiH BUPTYaJAbl €CenTey SKCHEPUMEHTI JKYPTri3iiai. DKCHEPUMEHT >KeKe OYJITTHI
YHHMBEPCUTETTIK KYPBUIBIMIAD — YKpauHaHbIH YJITTHIK OHOpecypcTap *oHE TaOHuFar
naiinanany ynusepcuretri (KueB k., Ykpauna) sxone "AOail arbiHmarbl Kaszak yiaTTHIK
NeIarOTUKaJIbIK YHUBEPCUTETI" KOMMEPLHSIBIK EMeC aKIMOHEPIiK KoraMbl (AJIMAThI K.,
Kazakcran) HeriziHue »Kypriziii.

Mopnenbaey HoTHXKeNepi 1-cypeTTe KepceTireH.

Hormxenepai Tankeuiay. Heris perinzge 6i3 IBM Softlayer OynTbiHbIH KyHBI Typa-
Jbl AaHAJUTUKAIBIK JepeKTepai annublk. Erep okimiui MeH OarpapiaMaiblK jKacaKTama
KYpaMBbIHBIH OYJITKa KbI3MET KopceTy KyHbI amMame 12600 notapas! Kypaca, OHJ1a KaJlIlbl
KBULABIK MbIFRIHAAP 16500 nomiapaan acaasl. O3 anaHIapbiHIa OPHAIACTHIPY YIIiH THICTI
nH}ppaKypbUIbIMFa (cepBep — 2 Oipitik, JepeKTep KolMachl — 2 OipiiiK, XemliK >KaOabIK
— sanmsl KyHbl mamamen 100008$), onapra Kei3MeT KepceTyre (9KIMIIIHIH, HHKEHEPIIK
KypaMHbIH Jkanakpickl — miamMamer 130008) jxoHe KOMMYHANIBIK MIBIFBIHAAPFA (DIEKTP
SHEPIHACH], MHTepHEeT-apHa — mamameH 20003 ) 6i3 25000 nomtap kexeMiHIe COMaHbI aa-
MbI3. ¥Kcac ecenTeynepi 3-5 xKbuIFa y3apra OThIphII, 013 ""akaqeMusuIbIK OyITTh" OpHaja-
CTBIPY YILiH O0ara MaFbIHACBIH/AA €H TapThIMIBI MOZENb1 Oaranail anamel3 (cyper 1). PaaS
MozemiH e GapIblK pecypcTapabl (OarjapiaMaliblk KAMTaMachl3 €Ty, )KYHeH1H KYPbUTbIMIBIK
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I-cypem — Ecenrtey 5KCIIEPUMEHTTEPIHIH HOTHIKEIEP]

AIIEMEHTTEPiH 0oy) *KeTKizymri Oenrineiiai, sFau 0i3 [T-kommanus 0i3re He YCHIHATHIHBIH
TaHAayMeH mmekreneMi3. COHABIKTaH 013 OYJT MOAEIBIi 911 KapacThIpMaliMBbI3.

KopbITbIHABI.

VDI yHUBepCUTETTIK HEMECe YHUBEPCUTETAPAIIBIK OYJITTHI k00aay Ke3iHe KeNnTereH
KYpIlelmi TeXHUKAaJbIK MoceleNepl IIemy KakeT eKeHiri kepcerinreH. OcbiHmai
MIHJETTepIiH OipiHe MaiaTaHyIIbUIApIbIH BUPTYalapl MamuHanaps! (VM) opHamacTsI-
PBUIATBIH BUPTYyalU3aIisl KIACTePiHiH TYWIHIEPiHIH KQXKETTi CaHbIH Oarayiay MiHJETi kKa-
tagsl. VDI sxo0anay mporiecinie TysIHAAWTHIH Tarkl O0ip MiHAeT-ecenTey kemicinae (EXK)
BM opranacteipyasl anroputMzey MiHzaeTi. by sxkarmaiina BM-ni oHTaiine opHAIACTBIPY
EX tyitinnepinid caHbIH a3aliTyFa MYMKIiHJIK Oeperti.

Mopgens OipiKTipinreH Tocinre Heri3jenreH. byl Tocin yHUBEpCHTET OYIJITHIHIAFBI
BUPTYaJIbl JKYMBIC OpBIHAAPBIHBIH JKEIEN JKaJAbIHBIH KeJIeMiH aHbIKTay YIIiH
OHTaMIaHIBIPY MACEJIECiH LIenry OapbIChIHAA OHTAMIIBI KalTaMa MOCEJIECiH, TeHETHKAIIBIK
aNToOpUTMII OipJiecin mielryae CHHEePTeTHKANBIK ocepiai KamTamachid ereri. CoHmai-axk
yausepcuterrepAin bILIbO-ka MHBeCTHIMSIAYABIH YTHIMIIBI CTPATETHSCHIH TaHJay YLIIH
OWBIH TAC1JII KOJITAHBLIIEL.

3eprrey UPH AP19678846 «Undpneix Tpanchopmarus xargailblHIa KOFaphl OKY
OPBIHAAPBIHBIH MHQPAKYPBIIBIMBIH J1aMBITY HETi3iHIE OKY NPOLECiH YHBIMIACTHIPYIBbIH
THOPH/ITI JKOHE KAIIBIKTHIKTaH HBICAHAAPBIHBIH THIMIUIITIH apTTRIPY» Ko0ackl OOMBIHIIA
I'PAHTTBIK KAPKbIJIAHBIPY LICHOEPIH/E KY3€Tre aChIPbUIAbI.
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I Kazaxckuii Hayuonanohwlii nedazocuueckutl ynueepcumem umenu Aoas,
2. Anmameul, Kazaxcmau
? Hayuonanvhwiil yHusepcumem 6uopecypcos u npupooononvszosanusi, 2. Kues, Ykpauna
SKacnutickuil ynueepcumem mexnono2utl u unscunupunea umenu Il Ecenosa,
2. Axkmay, Kazaxcman

MOJEJIMPOBAHUE MUHUMAJIBHOI'O KOJIMYECTBA Y3J10B
KJIACTEPA BUPTYAJIM3ALIUU YACTHOI'O
YHUBEPCUTETCKOI'O OBJIAKA

Obnaunvle mexHono2uy U BLIYUCTEHUL Yoice OAGHO 6OULIU 6 NPAKMUKY 8edywux yHusepcumemog. Oo-
HAKO 3aMemuM, Ymo 00 CUX nop OCMaemcs akmyaibHoll npooIemMamuxa OYeHKy OnmuUMaIbHO20 YUCId
HeobX00UMbIX V3108 Kaacmepa supmyanusayuu. I[Ipoexmupys ungpacmpykmypy upnyanbhvix pabouux
cmonog (unu VDI) ynugepcumemckozo 4acmmuo2o 001aKa, paspabomuuxu Cmaikugaiomcs co MHodice-
cmeom mexnuyeckux 3aoad. OOHa u3 HUX — OYEHUBAHUE MUHUMATLHO20 MPeOyemMo20 YUCId Y3108 Kid-
cmepa gupmyanu3ayuu, Ha KOMOpbIX pasmewjarom eupmyansviusvie mawunsl (BM) nonvzosamenei. Dmu
BM, nanpumep, ucnonv3yromes yuawumucs u npenooasamensimu 0as GblnoaHenus yueonvix saoanutl. Ewe
00HOIl 3a0auell, Komopas o3HuKaem 6 paspadbomku kongueypayuu VDI, aenaemcs 3a0ava no aneopum-
muzayuu pazmewenusi BM 6 svruuciumenvhotl cemu (BC) ynusepcumema. B makom ciyuae onmumaibHoe
pasmewjenue BM, nosseonsiem munumusuposams xoauuecmeo y3noe BC. H smo ne enusem na gpynxyuo-
Hanvrocms VDI ¢ BC. Taxoii nooxoo 6yoem cnocob6cmeosanv COKpAueHUio CnmoumMoCcmu peuleHust no uc-
NONb306AHUIO UHDPACMPYKMYPBL YACMHO20 YHUGEPCUMEMCKo20 00naxa. A nociednee Hemanoadicto OJis
YVHU8epcumemos. B cmamuve npednodicena mooens oyenku mpeoyemozo Komuyecmed Y3106 Kiacmepa eup-
myanuzayuu. Ilpeonazaemas mooenb 0CHOBAHA HA KOMOUHUPOBAHHOM NOOX00e, KOMOpblll npeonoiazaen
coemecmuoe peuteHue 3a0a4iu 06 ONMUMATLHOU YNAKOGKE U HAXOJNCOEHUE ¢ NOMOUWbIO 2eHeMUYecKo20
aneopumma Konghueypayuu cepeepHulx niamgopm 4acmHmo20 YHUgepCUmemcKo2o oonaxa.

Knrwouegvie cnosa: oonrauno-opuenmuposannas yugposas oopazoeamenvHas cpeod, YHUSEPCUmen,
BUPMYANU3AYUS, GUPITYATIbHBIE MAWUHDL, ONMUMATbHOE Pa3meujerue, Mooens.
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MODELING OF THE MINIMUM NUMBER OF NODES
OF A PRIVATE UNIVERSITY CLOUD VIRTUALIZATION CLUSTER

Cloud technologies and computing have long been part of the practice of leading universities.
However, we note that the problem of estimating the optimal number of necessary nodes of a virtualization
cluster still remains relevant. When designing the virtual desktop infrastructure (or VDI) of a university
private cloud, developers face many technical challenges. One of them is to estimate the minimum required
number of virtualization cluster nodes on which users' virtual machines (VMs) are hosted. These VMs,
for example, are used by students and teachers to complete training tasks. Another task that arises in
the development of the VDI configuration is the task of algorithmizing the placement of the VM in the
computer network (CN) of the university. In this case, the optimal placement of the VM allows you to mini-
mize the number of nodes of the aircraft. And this does not affect the functionality of VDI in the sun. This
approach will help reduce the cost of a solution for using the infrastructure of a private university cloud.
And the latter is important for universities. The article offers a model for estimating the required number
of virtualization cluster nodes. The proposed model is based on a combined approach, which involves
Jointly solving the problem of optimal packaging and finding the configuration of server platforms of a
private university cloud using a genetic algorithm.

Keywords: cloud-oriented digital educational environment, university; virtualization, virtual
machines, optimal placement, model.
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MATHEMATICAL SUPPORT FOR DOSING SYSTEMS OF DRY BULK
MATERIALS OF MEDICINES USED IN CLINICAL AND HEMATOLOGICAL
SYNDROMES

The quality of medicines required in modern conditions determines the high requirements for the
composition of each component of bulk materials and the strict implementation of the recipe of the final
product with the required accuracy. A prerequisite for the products is the operational reliability of the
equipment with an increase in the level of automation and ensuring the safety of production and comfortable
working conditions of personnel. The preparation of medicines poses the task of organizing the production
process with fewer pieces of equipment, a shorter length of transport lines and, accordingly, a reduction
in energy consumption. The article presents the relevance of the study and classification of medicines. The
principle of operation of a screw weighing dispenser for the pharmaceutical industry as a control object
is described. A mathematical model of a screw device for dosing bulk materials of the pharmaceutical
industry has been developed.

Keywords: pharmaceutical industry, medicines, tablets, screw feeder, dosing process, control object,
supply bin, flow meter, strain gauge, clinical-hematological syndrome.

Introduction. Pharmacology literally means "the doctrine of medicines" Pharmakon
(Greek) — "medicine, poison"; logos (Latin) — "teaching". Currently, pharmacology is a
complex science that studies the effect of drugs on healthy and diseased organisms, the
science of purposeful search for new medicines and their rational use. From the point of
view of legislation now, a drug is a drug listed in the state register of medicines. A medicine
is a pharmacological agent in a certain dosage form, approved for use for the purpose of
treatment, prevention, and diagnosis of diseases.[1]

The production of approved medicines must comply with the international requirements
ofthe GMP standard, however, the introduction of this requirement on the territory of several
CIS countries is carried out in stages, as the equipment of the main operating enterprises is
updated. The sale of medicines (unlike biologically active additives) is carried out only by
specialized stores (pharmacies, pharmacy kiosks) with the appropriate license.

The circulation of medicines is regulated by law and regulations, including regularly
updating the list of vital and essential medicines (VED). Hematological studies are a complex
of studies, because of which information is obtained on the quantitative and qualitative
composition of the cellular elements of the blood system. Iron deficiency anemia (IDA)
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is a polyetiological disease, the development of which is associated with iron deficiency
in the body due to impaired intake, assimilation or increased losses of this trace element,
characterized by microcytosis and hypochromic anemia - a polyetiological disease, the
development of which is associated with iron deficiency in the body due to impaired intake,
assimilation or increased losses of this trace element, characterized by microcytosis and
hypochromic anemia.

With iron deficiency anemia, lesions of the gastrointestinal tract are observed, manifested in
the form of chronic gastritis and malabsorption syndromes in the intestine. At the same time, a
decrease in secretion and acid formation in chronic gastritis is considered therefore, not a cause,
of iron deficiency and is explained by dysregenerative processes in the gastric mucosa.

The goal of treatment for IDA is to administer iron in the amount necessary to normalize
hemoglobin levels (women 120-140 g/1, men 130-160 g/1) and replenish tissue iron reserves
(serum ferritin > 40-60 pg/l). For treatment and prevention, oral preparations of ferrous
iron (code BO3AA according to the ATC classification) or oral preparations of ferric iron
(code BO3AB according to the ATC classification) are used, most often iron sulfate. The
quantitative and qualitative composition of iron medicinal preparations varies greatly: high-
and low-dose, single-component and combined. According to WHO recommendations, the
optimal dose of iron for the treatment of IDA is 120 mg per day, and for the prevention
of iron deficiency - 60 g per day. In children, the dose of iron salt preparations depends
on age and is 3 mg/kg per day in children under three years of age, in children over three
years of age - 45-60 mg per day, in adolescents - up to 120 mg per day. Approximately 20%
of patients develop diarrhea or constipation during treatment, which can be relieved with
symptomatic therapy. Signs of gastric irritation, such as nausea and epigastric discomfort,
can be minimized by taking iron supplements with meals or reducing their dose. The use of
high-dose iron supplements is accompanied by an increase in the frequency of side effects
from the gastrointestinal tract.

Currently, many automated complexes for the preparation of multicomponent mixtures
have been developed. The requirements for such complexes are determined by such criteria
as system autonomy, dosing accuracy, and energy efficiency. Based on these requirements,
it is possible to analyze existing developments in this area.

The pharmaceutical industry is one of the largest industries of any state; it is designed to
provide the population of countries with drugs for the treatment, prevention, and diagnosis
of diseases. The pharmaceutical industry produces more than 620 types of tablets. About
3 billion packages annually. In tablets it is possible to dispense incompatible medicinal
substances, masking, localization of action, compact form, ease of administration and
transportation are possible. Therefore, it seems relevant to study the technology of preparing
tablets [1].

There are several requirements for drugs:

— appearance and ratio of geometric dimensions.

— dosing accuracy.

— mechanical strength.

— disintegration.

As the production of tablets grows, their technology and quality control methods
are improved. Much attention is paid to biopharmaceutical research - the influence of
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pharmaceutical factors (physicochemical properties of the drug, the degree of its grinding,
the nature and number of excipients, granulation method, compression pressure, coatings
used, etc.) on the effectiveness of tablets and the development of their rational production.
To meet the requirements for tablets, knowledge of the physicochemical and technological
properties of powdered medicinal substances and granules is necessary.

As the production of tablets grows, their technology and quality control methods
are improved. Much attention is paid to biopharmaceutical research - the influence of
pharmaceutical factors (physicochemical properties of the drug, the degree of its grinding,
the nature and number of excipients, granulation method, compression pressure, coatings
used, etc.) on the effectiveness of tablets and the development of their rational production.
To meet the requirements for tablets, knowledge of the physicochemical and technological
properties of powdered medicinal substances and granules is necessary. [1]

Literature review. The technological scheme for preparing tablets consists of the
following steps. Preparation of raw materials, dosing of raw materials. The technological
scheme to produce tablets is presented in Figure 1 and consists of the following stages.

— powder preparation stage: grinding, sifting, mixing.

— stage of obtaining the mass for the dosage form: moistening, granulation, drying.

—stage of production of the finished dosage form: pressing, encapsulation, dust removal,
coating.

— stage of packaging and packing: packing, packing.

Figure 1 — Technological scheme of the drug production
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The modern development of equipment in the pharmaceutical field poses the challenge
of organizing the production process with fewer pieces of equipment, a shorter length of
transport lines and, accordingly, reducing energy consumption. Also, a prerequisite is the
high quality of products, the operational reliability of equipment with an increase in the
level of automation and ensuring production safety and comfortable working conditions for
personnel.

Let's consider automatic screw dispensers. Screw dispensers are designed for dispensing
fine powders, granules, pastes, hard-flowing products, and dispensing a given quantity,
mass, or volume of a substance in the form of a portion or a constant flow rate with a
specified error.

KauyecTBo KOHEUHOTO MMpOoAYKTa 3aBUCUT OT TOYHOCTH AO3UPOBAHNA KOMIIOHCHTOB ChI-
my4Yux MaTepuaioB. Hetounoe A03MPOBAHUEC MOXKET NPUBECTHU K CHUIKCHUIO ICHHOCTU BbI-
MyCKaeMoro NpoayKTa, epepacxony Ae(UIUTHBIX U IEHHBIX KOMIIOHEHTOB U YBEJTHUYCHUIO
CTOMMOCTH TOTOBOM MpoaAYKIHH. Tak kak ChIIIYUYHUEC MaTepuraibl O4CHb TPYAHO TOYHO A03U-
pOBaTh BpPy4YHYI0, Ha IPOU3BOJICTBAX MPUMEHSIOTCS pa3indHble TUIIBI 103aTopoB [10]. To
date, many designs of dosing devices have been developed. This is since the material flow
has a wide range of physical, mechanical, and technological characteristics; In addition,
equipment often has specific requirements depending on the characteristics of the process.
Thus, dosing represents the main technological operation carried out at enterprises for
processing pharmaceutical products [11].

Currently, there are no universal and at the same time effective methods for research
and development of dosing systems for bulk materials. For each technological process,
due to the specifics of the mathematical model and the technical means used, the problem
arises of the correct choice of an effective method of research and synthesis, as well as the
development of these methods in relation to new problems to be solved. Complex control
algorithms make it possible to consider the dynamic properties of an object more accurately
and can potentially provide higher control accuracy, material savings and product quality
[12-18,20].

Ofparticular importance is the task of increasing the efficiency of control of an automated
electrical complex for dispensing bulk materials, since its solution will significantly increase
its productivity and reduce the incorrect dosage of especially critical, small volume, but
expensive components [19].

Materials and research methods. Screw feeders (auger) dispensers are an excellent
solution for transporting, unloading and dosing dry bulk materials of various types, from
powdery to finely lumpy.

Screw feeders, dispensers for bulk and powdery materials, consist of the following
main components: a transport mechanism with an electric motor, which allows you to
change the speed of rotation of the screw, ensuring the movement of material through the
working cavity, as well as a limiter, which allows you to change the flow of material. Screw
dispensers for bulk and powdery substances are designed for dispensing bulk components
such as flour, granulated sugar, powdered sugar, tea, coffee, cocoa powder, milk powder,
polymer materials, building materials, granulated products, medicines, metals weighing up
to 500 kg depending on the bulk weight of the component with a particle size of up to 5 mm,
moisture content of up to 1.5% and bulk density of up to 1800 kg/m3 [2, 19,20].
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The purpose of the research in this work is to develop a mathematical model of a screw
dozer. The object of study is the feed hopper and the screw feeder.

To ensure high reliability, the hardware and software complex must consist of at least
three levels. The lower level contains sensors and actuators. The middle level includes the
control controller. The upper level is an automated operator workstation based on a personal
computer. Raw materials are sequentially supplied from the supply bins through screw
feeders into the dosing hopper in accordance with the recipe.

Screw dispensers are stationary horizontal pipes or trays, inside of which a horizontal
mixer rotates, which has the shape of an auger (screw) and is the working element. The
mixed bulk solid material takes on some liquid properties; even if the mixer doe s does not
have helical surfaces, the material is transported along the axis of the horizontal device by
leveling the height of the material layer over all zones of the device (like the spreading of
liquid). The stirrer shaft is mounted using bearings at the ends of the pipe. If the pipe is
long, the mixer is equipped with intermediate bearings inside the pipe to avoid sagging and
jamming. Openings for supplying and discharging solid material, as well as for supplying
and discharging gases, can be made in any part of the reactor, in the body itself and at the
ends.

The productivity of screw feeders is on average 20 - 40 m3 / h. Due to such qualities as
ease of design and maintenance, screw dispensers are used at enterprises in the chemical,
construction, and food industries. Augers can be either with a flexible or rigid shaft. The
presence of a flexible shaft allows you to transport material along the most optimal trajectory,
obtaining high productivity and energy savings. Operating principle of a screw weigher

(Fig. 2).

Figure 2 — Schematic diagram of a screw weigher

Four-screw feeder 1 takes bulk material from the supply hopper and directs it to the flow
meter 2. The rotation speed of the screws can be smoothly changed using a controlled drive,
which consists of an asynchronous gear motor 3 and a frequency converter 4. The material
flow enters the flow meter and slides down the tray 5 attached to the strain gauge 6. The
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electrical signal from the strain gauge, proportional to the weight of the material on the tray,
is sent to the microcontroller 7, which calculates the flow performance [2].

At the first stage, a block diagram of the linearized control object was drawn up, shown
in Figure 3.

Figure 3 — Block diagram of the linearized contour of the control object

The open loop of the control object, tuned to the modular optimum, must have the
following transfer function (1) [2]:

Wop = Wyp (S) - Wi (S) - Wer (S) (D)

where W ,(S) — transfer function of an asynchronous motor (4M), W(S) — transfer function
of frequency converter (FC), Wg:(S) — screw transmission transfer function.

Let us present the transfer function of the AM in the form of an aperiodic link of the 1st
order (2), since the AM is an inertial link.

W (S) = —AM )

TamS+1

where K, — asynchronous motor transmission ratio, T,;, — asynchronous motor time
constant.
The numerical model has the following form:

0,9

Wam(S) = 50777

where K ,,,= 0,9, T, = 0,07sec
The transfer function of the FC is represented as an aperiodic link of the 1st order (3)

since the FC is an inertial link.
WFC (S) = Kre (3)

TrcS+1

where K. — is the transmission coefficient of the frequency converter, T — the time constant
of the frequency converter,
Numerically, it can be represented as follows:

WreS) =555 +1

where K= 1, Tp-=0,5. The transfer function of the auger is equal to the transfer coefficient
of the auger (4) since the auger is a non-inertia link.

WST(S) = Kgr “
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The productivity of the screw feeder is directly proportional to the speed of rotation
of the screw, and the coefficient of the screw feeder is the coefficient of proportionality
between the speed and the accumulation of mass in the hopper, which can be calculated by
the formula (5):

s

KST=5'R3'<Pn'V0 %)
where § = 32 mm — screw pitch; d = 22 mm — shaft diameter; D = 38 mm — the outer
diameter of the screw; R = 1,9 — screw radius; n = 149 r/min — rotational speed; ¢, —

productivity factor; y, — bulk volumetric mass of the material [2].
The direction of the screw is horizontal, as shown in Figure 4.

Figure 4 — Screw feeder parameters

The mathematical model has the form (6):

_ 3.2 1072+ (1.9-1072)3-0.724 - 550

Ker = = 0.002
ST 3.8-1072 0.0023
Now we get the transfer function of the object in the form (6):
w,, = Kam Krc KamKrc _ KamKrc (6)

- TamS+1 TpcS+1 - (TamS+1)(TamS+1) - (T aMTFCS%?+T amS+TEcS+1)

where m,, — component weight, m — actual measured mass of bulk material.
A simulation model of the linearized contour of the control object, developed in the
Vissim 5.0 environment, is presented in Figure 5.

Figure 5 — Simulation model of the control object

By entering the obtained data into the program, we obtained the acceleration curve of
the screw dozer as a control object (Figure 6).
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Figure 6 — Transient dosing process of the linearized contour of the control object

Results and discussions. An analysis of the quality of medicines for the treatment,
prevention and diagnosis of diseases was carried out. An automatic screw device for dosing
bulk materials, the principle of its operation is considered, and a mathematical model is
developed. A block diagram of the dosing device as a control object has been drawn up. The
control object is described by transfer functions in general and numerical form. A simulation
model of the dosing device was developed in the Vissim 5.0 program. The acceleration
curve of the object controlling the bulk materials dosing process was obtained.

Conclusion. As aresult of the research, the following scientific and practical results were
obtained. The main laws of the dosing process have been identified, which make it possible
to draw up a physical and mathematical description of the object. The most progressive
solutions aimed at increasing dosing efficiency are considered. The need for automatic flow
control is substantiated.

The functional diagram of the automatic control system for the dosing process of bulk
materials is formalized, a mathematical model of the screw dozer as a control object is obtained,
and a structural diagram of the screw dozer is formed considering the real elements.

Acknowledgment The work was carried out with the support of grant funding for
scientific and (or) scientific and technical projects for 2023-2025 of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (grant NeAP19679525).
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KJIUHUKAJIBIK-TEMATOJOT USIIBIK CUHAPOMJIAPIA
KOJIJJAHBLIATBIH JOPLIIK 3ATTAPIBIH KYPFAK CYCBIMAJIBI
MATEPHUAJIJIAPBIH MOJIIIEPTIEY KYHECIHIH MATEMATUKAJIBIK
KAMTAMACHI3 ETY

Kaszipei orcazoaiioa Kasicemmi 0apiniK 3ammapovly CAnacbl CYCbIMALbl MAmepuaioapobly ap
KOMNOHEHMIHIY KYPAMbIHA JHCIHe MYNKILIKMI 6HIM peyenmin Kaxcemmi 02710IiKneH Kamay opblHOay2d
KOUbLIAMbIH Jco2apvl mananmapmen anvikmanaovl. Llvieapviiamoin onivMHiy canacvliblyy MiHOemmi
wapmol peminoe asmMoOMAmmanoblpy OeHeelin apmmulpy, OHOIpic Kayincizdiei MeH nepcoHanovly
KOnaiibl eybex dHca20atilapbli KaMmamdacols emy apKblibl, HCaOObIKMbIY NAUOALAHY CEHIMOLLIIH
Kammamacelz emyoi Kapacmlpamuls. J{api-Oapmexmepoi 0aublHOayObiy OHOIpicmiKk npoyecinoe a3
24CaOOLIKMApObl KOLOAHY HCIHE MACBIMATIOAY JHCENNEPIH KbLCKAPMY APKbLIbL SHEPSUSHbL MYMbIHYObL A3A1-
my miHOemin Kosiovl. Maxanada 0apinix sammaposl 3epmmeyoiy 63eKminici MeH HCIKmenyi KelmipineeH.
Dapmaye6muKaIblK OHEPKICINKE APHANAH WHEKMI CalMaK OUCNeHCcepiniy backapy obvekmici peminde
Jicymuic icmey npunyuni cunammanean. Papmayesmura OHepKICIOIHIY CYCLIMAbl Mamepuandapuii
Monwepaey yulin O¥panoansl KEpblagblHbll MAMEMAMUKAIbIK MOOETI JHCACANLAH.

Tyiin co30ep: ¢hapmayesmurka eHepkaciOi, Oapi-Oapmexkmep, mabremkaiap, OYpaHOabl
KopekmenOipeiu, menuiepiey npoyeci, 0ackapy 00bekmici, ubleblH OYHKepl, Wbl2blH OJUELI, HCYKIMeme
YAWDBIbL, KIUHUKATLIK-2eMATNOA0UANBIK, CUHOPOM.
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MATEMATHUYECKOE OBECIIEYHEHHUE CUCTEMBI 1O3UPOBAHUS CYXUX
ChIITYUYUX MATEPUAJIOB JIEKAPCTBEHHBIX CPEJICTB,
HNPUMEHSAEMBIX ITPU KIIMHUKO-'EMATOJIOTUYECKUX CUHAPOMAX

Heobxooumoe 6 cospemeHHbIx YCI08UAX KAUECME0 NeKAPCMEEHHbIX CPeOCE Onpedeisiem GblCOKUe
mpebo6aHs K COCMAY KA#CO020 KOMNOHEHMA CINYYUX MAMEPUATO8 U HEYKOCHUMETbHOMY 6bINOTHEHUIO
peyenma KOHeuHo2o npooykma ¢ mpebyemot mounocmoio. OO3ameibHbIM YCL08UEM KAYeCmBd Gbliny-
CKaemoul npoOYKYUl A6Aemcs SKCNIYAMAYUOHHAS HAOEHCHOCMb 000PYO08AHUS C NOBbIULEHUEM YPOBHS
asmomamuzayuu u obecneyeruem 6e30naCHOCMU NPOU3B00CMEA U KOMGOPMHbBIX YCI08UTL MPYOad nepco-
nana. Ipueomosnenue n1eKapcmeeHHbiX cpedcme CImasum 3a0aiy OpeaHu306ans npoyecc NPoU3B00Cmsed
€ MEHbUUM KOIUYECTEOM eOUHUY 000PYOOBAHUs, MEHbLUET NPOMSNCEHHOCMbIO MPAHCNOPMHbIX TUHUL
U, COOMBEMCMEEHHO, CHUNCEHUe SHepeonompebdnenus. B cmamve npusedena akmyaibnocms usyuenus u
KAaccuurayus 1ekapcmeennulx cpeocms. Onucan npuHyun Oeticmeus WHeKo8o2o 8eCo8020 003amopa
07151 hapmayesmuueckoil nPOMbIUIEHHOCIU KaK obvekma ynpagienus. Paspabomana mamemamuueckas
MOOEIb UIHEKO8020 YCMPOTCMEA OJisl O03UPOBAHUSL CHLIYYUX MAMEPUALOE (DaPMALYesmuyecKol npoMblili-
JIeHHOCTU.

Knroueswie cnosa: ghapmayesmuueckas npomMbluLieHHOCHb, 1eKAPCMEEHHbIE CPeOCmEd, MabiemKu,
WIHEKOBbIUL Numamens, npoyecc 003UpOBAHUs, 00beKm YNpaeieHus, PAcXOOHbll OVHKep, pacxodomep,
MEH300aMYUK, KIUHUKO-2EMAMOLOZUYECKUT CUHOPOM.
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KOMITBIOTEPHOE MOJIEJIMPOBAHUE CBOPMUHTIA C ATPETALIAEN
YACTHUI B AUCIHHEPCHBIX CUCTEMAX

B npeovioywux pabomax npoeeden CUCMEMAMUYECKUUl AHAIU3 NPOYECCO8 CEOPMUHEd, CONPOGO-
AHCOAIOWUXCA azpecayuell Yacmuy ¢ 06pa3o8aHuem Kidcmepos 6blCOKO20 NOPAOKA 8 OUCNEPCHBIX NOMO-
Kax. B pesynomame ananuza 6vi10 npeonodiceHo paccmampueams mpu 0CHOSHbIX MEXAHUZMA CBOPMUHEA.
Panee noopobno paccmampusancs monvko UHepyuoHHblll Mexanusm. B npeocmasnennou pabome smom
n00X00 8nepsvle A0anmupoBan 0Ji MOOEIUPOBAHUS CEOPMUHEA NO MEXAHUIMY NPUMSINCEHUS 8 OUCNEPC-
HOU cucmeme ¢ yyemom npoyecca azpezayuu. Hosusna ucciedosanusl, ceoeobpasue u opueuHaIbHOCHb
O0anHOU pabomsl 3aKOUAIOMCA 68 MOM, YMO (PeHOMEH C80pMUH2d, CONPOBOICOAIOU|e20Cs azpe2ayuel,
803HUKaIOW el NOO BIUAHUEM YEHMPOS NPUMAHCEHUS, MOOETUPYEMCsl C UCNONb308AHUEM CNeYUATbHOU 6e-
POAMHOCMHOU CXeMbl paciemad, 4mo no3eoaem npeoiodtCuimns YHUBEPCAIbHbLIL HOOX00 K MOOEIUPOBAHUIO
NPUBIEKAMETbHO20 C60PMUH2A NPU PA3TUYHOU (PusuyecKoll npupooe g3aumooeticmsus. B cmamve npeo-
CcMagnenbl aneopumm, pe3ynbmambl YUCIeHHbIX IKCHEPUMEHINOE U OAHA UX KPAMKAA UHMEePnpemayusl.

Knrouegvie cnosa: acpezayus, ammpakyuOHHbII CEOPMUHS, KAACMEPbL, MOOETUpOsaHue, OUCnepc-
Hble CUCmeMbl, CINOXACMUYecKas petemxa.

1. BBenenue. Xapakrep NpHUBIEKATEIILHOTO CBOPMUHTA MOXKET OBITh CaMbIM Pa3HO00pas-
HbIM [1]. DTO CBSI3aHO CO CIIOKHOCTBIO caMOi KoHIenmy cBopmunral2]. I1o cyTtu, cBOpMUHT
BO3HUKAET KaK MPOSBIICHHE SBICHUI CAMOOPTaHU3AIINH B CIIO)KHBIX HEPABHOBECHBIX CHCTEMax
[3,4]. B peasbHBIX (pU3MUECKUX CHCTEMAax MPUBIICKATEIbHBIA CBOPMUHI MOXKET BO3HUKATH 3a
CUeT NPUTHKEHNS YacTHIl B IUCTIEPCHOM CHCTEME K OTpe/eTIeHHBIM LIEHTpaM [S] Wi JIoKau-
30BaHHBIM B 00BeMe 00IacTsIM TpUTsDKeHUS [6]. [TpuBiekaTeIbHbI CBOPMUHT TaK)KE MOXKET
OBITH BBI3BaH IPaliEHTOM KOHLCHTPALMN KaKOTO-THO0 BEIECTBA B 00IACTH IBHYKEHHS CHUCTE-
MBI gacTwil [7]. B Ononorndeckux cuctemax [ 8] mpuBieKaTeTbHbIA CBOPMHUHT MOXKET OBITh BhI-
3BaH JBIKEHHEM B HAIIPABJICHUH CKOTIICHHS YaCTHIL HIT MHKPOOPTaHU3MOB [9].

B nocnennee Bpemst KOHIENIMA CBOPMHUHIA TaKXKe HMCIIONB3YETCs JUIsl ONUCAHUS SB-
JICHUH (hopMHUPOBaHUS COOOIIECTB B COLMAIbHBIX Haykax U dkoHOMHuKe [10]. B aToM koH-
TEKCTe KOHIICTIIIUS TIPUBJIEKATEIIFHOTO CBOPMHUHTA TIPEJICTABIIAETCS HanOOIee MOIXOIIeH
JUIs iesiel (popMabHOTO MaTeMaTHYECKOTO onucanus siBineHust [11].

2. KomnbloTepHOe MOAeTUPOBaHHE. AJTOPUTM, UCIIONB3YEMBIA B dTOW paboTe st
YHUCIIEHHOTO MCCIIEIOBAHMS IIPUBIIEKATEILHOTO CBOPMUHTA, SIBISETCS MoaH(UKanuen ai-
ropuTMa, paHee NPEJIOKCHHOTO B padore [12], U KOTOPBIN paHblle UCIIOIB30BAJICS JIJIs
OTMCaHUsl CBOPMHUHTA, BBI3BAHHOTO HEPABHOMEPHBIM IT0JIEM CKOPOCTEH CIIIONTHOW Cpelibl
B ammapare. [Iporecc ABMKEHUS W arperamnuy 4acTHIl OMUCHIBAETCS C MMOMOIIBIO METOIOB
CIIy4aifHOTO OJTYK/TaHWs Ha CTOXacTUYeCcKol perrerke [13].

* E-mail xoppecionaupytomero apropa: mleyla@bk.ru
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2.1. Onucanue KOHUENIUN MOJAETUPOBAHNS U ajaropuTma. [IpuHIKTIHANTEHOI OCO-
OCHHOCTBIO MOZ[I/I(bI/IHI/IpOBaHHOI‘O ajropurMa sBJIACTCA TO, YTO BJIMAHHUE aTTpaKTOpa Ha
JpeiQ YacThIl OMUCHIBACTCS TIPeodIalaHieM BEPOSITHOCTH Mepexo/ia U3 JTaHHOW STYCHKU B
COCEIHIOIO C HeH SYEWKy PelIeTKH, pacToNoKeHHYI0 ONrKke K arTpakropy. Maes anropurt-
Ma WUIIOCTPUPYETCs Ha pUCYHKeE 1.

Pucynok 1 — Vinmoctpanusi K ONMCaHUIO aJlTOPUTMA CIIy9aifHOTO Oy>KAaHUsI IPU HATWYNAN
aTTpaKkToOpa Ha BEpXHEH CTEHKE.

Jnst peanuzanuu npocTerIneil Moieau YCKOPEHHSI YaCTHUIIBI B HAIIPABJICHUH aTTPaKTopa
M0 Mepe MPHOKEHUsI K HeMy Oblila Tpe/IokeHa CIIeIyIoIas cxeMa BEI0Opa BEpOsITHOCTEH
npeiia. Beroop maenTuduKaropa st pacuyeTa CABUTa MPH YCKOPSHUH, YBEITMINBAIOIICMCS
TIpY TIPUOMIDKEHNN K aTTPaKTOPy, OCYIIECTBISIETCS MyTeM CIy4aiiHOTO BhIOOpa W3 TOCIe-
JIOBaTeIbHOCTH MJCHTU(PHUKATOPOB HarpasiieHus apeida (1 — BBepx, 2 — BHU3, 3 — BIPaBo,
4 — B1eBO, 5 — ocTaBaThCA Ha MecTe). DTa MOCIENI0BATENLHOCTD (POPMUPYETCS CIIEAYIOIM
o0pazoM: 1yis JF000T0 BIIEMEHTa, PACIIONOKEHHOTO B CTPOKE M, 3/1€Ch 711 paccMaTpUBaeTCs
CBEpXY BHHU3 — OT arTpakTopa OObIMHO CYMTACTCS HOMEP CTPOKH MaTpuibl. [lostomy mis 1
oepeM (M —m + py) pas; wist 2, 3,4 u 5 — p, pas wist kaxnoi iudpsl. Hampumep, eciiu M = 20,
m = &, p0 = 2, To mocnenoBaTeIbHOCTE T BeIOOpa umeet Bua: 1111111111111122334455.
[apamerp p, urpaer ponb ynpasisitoniero napamerpa. K BeiOpaHHOMY citydaiiHOMY apeidy
n00aBIsIeTcsl, Kak U MPEekK/ie, CABUT BIPABO HAa W KIETKH (W — CKOPOCTh moToka). [Ipu oOpa-
0OTKe KCIEPUMEHTANBHBIX JTAHHBIX 0 CIy4allHOMY Jpeiidy Mo-mpeHeMy HCIONb3yeTcs
cxema yKpyrnHeHust cetku [14]. Jlist mpoliecca arperaiy 4acTuI] B HacTosIIeH padoTe ObLI
MPUHAT MexaHu3M au¢dy3norHo-orpanmueHHoH arperamuu (JIOA) [12].

2.2. Pe3yabrarsl MoaeaupoBanus. [Ipu MoaenpoBanuu ucnoiab3oBaiach 2D cxema.
Pacuersr Obutn cienanbl uist po = 1, 2, 3 mw w = 0, 2, 4. HoMuHanbHas muypuHa peakropa
(KOTMYECTBO CTPOK B PacueTHOI Marpuie) npuHsaTa paBHoi M = 20. HomuHanbHas aiauHa
peaxTopa (KOJIM4ecTBO CTOJIOLOB B pacueTHOI Marpuie) npunsata pasaoi L = 200. [Tpuse-
JIEHBbI HEKOTOPbIE WIITIOCTPATUBHBIE PE3yIbTaThl MOJIEIMPOBAHNS Ha pUCYyHKaxX 2—7. PucyH-
ki 2, 3,4 1 5 COOTBETCTBYIOT CUTYaIllH, KOT/Ia B HAYATHHBI MOMEHT PEaKTOP TOTHOCTHIO
3aIlOJTHEH, U KaXK/1as sueika COACPKUT POBHO OJIHY ITEPBUYHYIO YACTHILY.

Ha pucynkax 2-7 rmoka3aHa 3BOIIOIHS pactpeeieHIs KIACTepoB Mo 00beMy armapara
Yyepe3 pa3InuHOe KOTMUECTBO pacyeTHBIX BPEMEHHBIX HHTEpBaioB dt. BuaHo, uto Hann4ue
aTTpaKTopa MPHUBOIUT K OBICTPOMY IMepepacipeiesieHnIo, B pe3ylbTare KOTOPOro OCHOB-
HOE€ KOJTMYECTBO KJIACTEPOB KOHIIEHTPUPYETCA B OKPECTHOCTH aTTpakTopa. B To e Bpems,
pe3ynbTaThl pacyeToB HAVISAHO JEMOHCTPUPYIOT BIUSHUE aTTPAKTOpa, PacIpeaesIeHHOTO
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0 BepXHeH CTeHke, Ha (OPMUPOBAHNE CBOPMHHIA M YCKOPEHHE arperaiu 4acTHIl ¢ 00-
pa30BaHUEM KJIaCTEPOB BBICOKOIO HOPSIIKA.

a) IpOLEHT 3anoiaHeHust oobema 100 % b) npouent 3anomHenust oosema 100 %

B) IIPOIIEHT 3amoyiHeHus1 oobema 92%

Pucynok 2 — KonndecTBo KJIacTepoB pa3HOro mopsinka B Omokax. Pasmep marpuist 200 x 20,
CKOpPOCTh TIoTOKa W = 2, mapameTp p0 = 1, HauaabHOE KOJIMYECTBO KIACTEPOB B KAKIOW sUCHKe
paBHo ogHOMYy. I1lar o Bpemenu: a) dt = 3, 6) dt =15, B) dt = 100. KonmuecTBo kiacTepoB B OJOKe:

0-20 20 - 400 40 - 60 60 - ojl 30 - 100 100 - 120 120 - 140
140 - 160 160 - 130 130 - 200

a) mpoueHT 3arnonHenust oobema 100 % b) npouenr 3anonuenust oosema 100 %

C) IPOLIEHT 3aroiHeHust oobema 92 %

Pucynok 3 — CymMma nopsiIKOB KitacTepoB B 010kax. Pasmep marpuis 200 x 20, yCIIOBHBIN pacxon w
= 2, napametp p0 = 1, HadaIpHOE KONUYECTBO KIACTEPOB B KaXKAOH siuelike paBHO ogHoMmy. Lllar mo

Bpemenu: a) dt=5,6) dt= 15, B) dt=100. Cymma mopsiikoB kiractepos B 0510k: 0 - 40 40-80
80 - 1200000 120 - 160 160 - 200 200 - 240 240 - 230l 230 - 320
320 - 360l 360 - 400l 400 - 44of I 440 - 4soll M 450 - 520 520 - scofll

> 560
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[Tpy MEHBIINX CKOPOCTSX MOTOKA B peakTope 00pa3oBaHHe CBOPMHUHTA MO JCHCTBHEM
aTTpaKkTopa MPOMCXOJUT ObICTpee Ha HAYaJIbHOM y4yacTKe peakTopa. B u3HaganpHO mycToM
peaxkTope BIUSHHUE aTTpaKkTopa MpOosBIsieTcs B Ooyiee MEJICHHOM 3allOJIHEHHH PEeaKkTopa.
CBOpPMHUHT MOA ACHCTBHEM aTTPAKTOpa MPUBOJHUT K 3aMETHOMY YCKOpeHHIO AU Py3nOHHO-
OTpaHMYEHHOM arperanuu B peaktope. AHaJIU3 pPe3yJbTaTOB PacyeTOB MO3BOJISET BHIIBUTH
HEKOTOpBIE 00IIHE 3aKOHOMEPHOCTH.

a) mpoLeHT 3arnoaHeHust oobema 100 % b) npouenr 3anonauenus oosema 100 %

¢) npoteHT 3arnonHeHus oobema 100 %

Pucynok 4 — KonndecTBO KiIacTepoB paszHOro mopsiika B Omokax. Pasmep marpumpsr 200 x 20,
CKOpOCTh ToTOoKa W = 4, mapametp p0 = |, HauaIbHOE KOJIMYECTBO KIACTEPOB B KAXKIOH
sayeiike paBHO onHOMYy. I1lar mo Bpemenu: a) dt = 3, 6) dt = 8§, B) dt = 50

a) mpoLeHT 3aroiHeHust oobema 100 % b) npouenr 3anonHenust oobema 100 %

¢) npoteHT 3anoiHeHus oobema 100 %

Pucynok 5 — Cymma nopsiakoB KinacTepoB B 6mokax. Pasmep marpuist 200 x 20, CKOPOCTH TOTOKA
w =4, p0 = 1, HagampHOE KOJINYECTBO KJIACTEPOB B KAXKON STUEHKE paBHO OTHOMY.
[ar mo Bpemenu: a) dt =3, 0) dt = 8, B) dt =50
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PI/IcyHKI/I 6u’7 COOTBETCTBYIOT CUTYyalluu, KOIr/ia B HavaIbHBIIT MOMEHT PEaKTOp IMyCT,
T.€. B SlUCHKaX HET NEPBUYHBIX YaCTHUII.

a) IPOLICHT HaroHeHus 1o 00bemy 20 % b) npoueHT HanoiHeHus 1o oosemy 56 %

C) IpoLEHT 3aroiHeHust oobema 80 %

Pucynok 6 — KonndecTBo KJIacTepoB pa3HOro mopsijika B 6jokax. Pasmep marpuiibt
200 x 20, ckopocth moToka w = 2, p0 = 3, HaualbHOE KOJIMYECTBO KJIACTEPOB B KaXKIOH
sueiike paBHo Hynro. Lllar mo Bpemenu: a) dt =5, 6) dt =50, B) dt =100

a) MPOLIEHT HaroMHeHus o 00bemy 20 % b) npouent HanonHeHns no oosemy 60 %

C) MPOIIEHT 3anorHeHus oovema 80 %

Pucynox 7 — Cymma opsiKoB KinacTepoB B 6mokax. Pasmep marpuisr 200x20, ckopocTs OTOKa
w =2, p0 = 3, HauanbHOE KOJMUYECTBO KJIACTEPOB B KaKJOH siueiike paBHO Hy:mto. llar mo BpemeHu:
a)dt=35,0)dt=50,8)dt=100

1. B cnyuae, korna HadaJlbHOE KOJIMYECTBO KIACTEPOB B KAXKAOHM sSUeliKe paBHO eIUHU-
re. Ob1iee KOJIMUECTBO KJIACTEPOB B pacyeTHOM 001acTu cHauasla yBeJIMUUBAETCS 3a CUET
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MOCTYIUICHUS B allliapar HOBBIX YaCTHII, a 3aT€M HAYMHACT YMEHBIIATHCS 3a CYET mpoliecca
arperarmu. [locne qoctarouro 0osbIIOro KouyecTBa maros pacuera (dt = 100) ycranasnu-
BaeTCs JMHAMHUUECKOE PABHOBECHE, T. €. KOJIMYECTBO KJIACTEPOB CTAHOBUTCS IPUMEPHO CTa-
ounbHBIM. [IpH 5TOM yacTh 0ObeMa ammapara ocTaeTcsi c1ado 3anonHeHHol. JlaHHbIe 0 Tpo-
LIEHTAaX 3aIoJIHEHMs 00beMa amrmapara Ipy pa3InyHbIX PAcX0jax MPUBEICHBI HA PUCYHKAX.

2. B menom takas ke KapTHHA HaOJNIOAAeTCs U IS Cydasi, KOrja HadyaJlbHOE KOJIHYe-
CTBO KJIACTEPOB B KaK10W AYEHKE paBHO HYJIIO. TOJBKO B 3TOM Cllyudae HayalbHbIN NEPHUOJ,
KorJia 00beM armapara 3anojHseTcs, 0oyiee MPOIOKUTEITbHBIH.

PesynbraThl pacueToB HaISAHO MOKA3BIBAIOT, YTO HAJIMYKE aTTPAKTOPa OBICTPO MPHUBO-
JIUT K JIOKQJIM3AIIMH [TPOIECca B MaJIoi 00sacTu pabouero oobema. [Ipu 3ToM 3HaunTE IbHAS
4acTh paboyero 00beMa peakTopa 0CTaeTCsl HE3ANOIHEHHOM. JTO SBJICHUE MOXHO OXapak-
TEpPHU30BaTh KaK YMEHBIIICHHUE MOJIE3HOr0 o0beMa anmapara. [lo-sunumomy, 31eck He00X0-
JHUMBbI 60.]166 JACTaJIbHbIC UCCJICAOBAaHUA, ‘ITO6I)I JaTh KOJIMYECTBCHHBIC OLICHKHU 3TOI'O ABJIC-
Husl. [ToCKOJIbKY aJIrOpuT™M OCHOBaH Ha CTOXACTHUYECKOM MPOLIECCE, TOBTOPEHUE PACUETOB C
OJTHHM U TEM k€ HaOOpPOM MapaMeTpOB MPHBOIUT K HEKOTOPHIM KOJIEOaHUSIM PE3yIbTaToB,
KOTOPBIC HE MEHSIOT KaueCTBO pacueTa.

BoiBoabl. OCHOBHOW BKJIAJ] IaHHOW PaOOThI 3aKJIFOYACTCS B TOM, YTO MPEJIOKEH YHHU-
BEpCaJIbHBIN TOAXO0J K MOACIUPOBAHHIO ITPUBIICKATEILHOTO CBOPMUHTA, COITPOBOXKIAOIIIC-
roCs arperaiyeil 4acTHIl B IUCIIEPCHOM CHUCTEME, HA OCHOBE arlapara CTaTUCTUKH CITy4dai-
HBIX OJTy)KJIaHUN HAa MAaTEeMaTHUECKHX pellieTKaxX. Takxke pa3padoTaH aJropuT™ YHCICHHOTO
OKCIICPUMCHTA U COOTBCTCTBYIOHIHﬁ Ko IMporpaMmal. PCSYJII)TaTI)I pacye€TOB HAITIAAHO I10-
Ka3bIBAIOT, YTO HAJIMYKME aTTPAKTOpa OBICTPO MPHUBOIMT K JIOKAIU3AI[UK TIpoliecca B Ma-
Jioii obnacTtu paboyero oobema. [Ipu 3TOM 3HaUKMTEIBHAS YaCTh pabovero oobemMa peakropa
OCTaeTCsl HEe3amoJHEHHOU (B HEKOTOPHIX pacueTax oT 4 no 50 %). D10 sBICHUE MOXKHO
OXapaKTepU30BaTh KaK YMEHBIICHHUE MOJIE3HOro oObeMa ammnapara. [lo-BuauMomy, 31ech
HEOOXOMMBI 00JIee JISTAIbHBIC HCCIICIOBAHUS, YTOOBI JaTh KOJIMYECTBEHHBIC OIEHKH ATOT0O
SIBIICHUS. XOTs pa60Ta TCOPETHUYCCKasd, NPOBEACHHBIC YHNCJIICHHBIC SKCIICPUMEHTLI ITOKa3ain
XOPOIIYI0 HHTEPIPETHPYEMOCTh PE3YJILTATOB C TOUKH 3peHHMsl (pu3uKH mporecca. Paspado-
TaHHBIN TOAXOJ MOCce NOpadOTKH U HEOOXOIMMOMN aJanTalud MOXKET OBbITh MOJIC3CH TPU
MMPOCKTUPOBAHUU alllIapaTOB U PCUHICHUU PA3JIMYHBIX MHKCHCPHBIX 3a1a4.
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JUCHEPCITTIK )KYHEJIEPIETT ATPETAIIUSICHI BAP BOJIIIEKTEPIIH
KNHAYBIH CBOPMHUHI'TI KOMIIBIOTEPJIIK MOJAEJIBAEY

Anoviyevl dcymvicmapoa OUCnepemi  agblHoapoa J#co2apbl pemmi Kiacmepiep myse Ombvlpbin,
bomuexmepdiy acpecayusacvimer Oipee yuiny npoyecmepine xcyieni manoay scypeizinoi. Tan-
oay Hamudicecinoe YULIyOly ywl Heli3el MEeXamusMiH Kapacmulpy YCulHbliObl. Anatioa, OYypviH mex
UHEPYUATLIK MEXAHUIM e20iceli-me2dicelili Kapacmulpblieat. YColHvlizan Jcymvicma Oyn macin anzau
pem aepecayusi npoyecin eckepe omuipuin, OUCHEpcmi Jcyiiede mapmy mexanuzmi OotiviHwa yuinyoi
Moodenvoeyee bellimoenzen. 3epmmeyoiy dHcananvlesl, Oyn 0amyosly O3IHOIK epeKwienici Men mapmoliy
OPMATBIKMAPLIHGIY dCePinel nanoa 6onamuin azpeeayuamen oipee Jcypemin yiinoi KyObliblCblibly ap-
Hallbl LIKMUMANOLIK ecenmey CXemacvl apKbulivl Mooenvoenyinoe. byn ozapa apexemmecydiy apmypni
QusuKanblk mabuzamvimMen ammpakyuoHObIK YUiHOL Mooenboeyee ambeban macindi YColHy2a MyMKIHOIK
bepedi. Makanaoa ancopumm, camovly maxcipubenepliy Hamudicenepi KeamipiieeH dHcoHe onapobly
KblcKauia mycinoipmeci bepineeH.
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COMPUTER SIMULATION OF SWARMING WITH AGGREGATION
OF PARTICLES IN DISPERSIVE SYSTEMS

In the previous works a systematic analysis of swarming processes, accompanied by particles
aggregation with the formation of high-order clusters in dispersed flows, has been carried out. As a result
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of the analysis, it was proposed to consider three main swarming mechanisms. However, only the inertial
mechanism was previously considered in detail. In the submitted work, this approach has been firstly
adapted to simulating swarming according to the attractive mechanism in a dispersed system with allowance
for the aggregation process. The research novelty, peculiarity, and originality of this development lie in
that the phenomenon of swarming, accompanied by aggregation, arising under the influence of attraction
centers, is modeled using a special probabilistic calculation scheme that is allowing to offer a universal
approach to modeling attractive swarming under different physical nature of the interaction. The paper
presents the algorithm, results of numerical experiments and gives their brief interpretation.

Keywords: aggregation, attraction swarming, clusters, modeling, dispersed systems, stochastic
lattice.



VJIK 655.15.006
https://doi.org/10.47533/2023.1606-146X.35

G. Z. ZIYATBEKOVA"**, B. D. AMANTAY?, S. M. NARBAYEVA?,
S. K. ZAMANOVA?, K. T. AZANBAY?, R. S. MAGAZOV*

'RSE Institute of Information and Computational Technologies CS MSHE RK,
Almaty, Kazakhstan,
’Al-Farabi Kazakh National University, Almaty, Kazakhstan

ANALYSIS OF BUSINESS PROCESSES OF A PRINTING ENTERPRISE
AND MODELING THE MANAGEMENT SYSTEM

Currently, information technology intensively covers all spheres of society and makes significant
changes in society. Of course, there are many different views of information technology in the world.
However, there are many benefits that information systems can bring to both individuals and businesses.

The goal of any company is to get ahead of its competitors and take a leading position in the market.
He has many ways. One of them is digitalization, the introduction of information management system
in the enterprise using computer technology. The article analyzes management information systems for
the printing company. In addition, structural models of business processes of the printing company were
demonstrated based on IDEF( notation. Analyzing business processes, using a unified modeling language
UML described the work of business processes printing company in an information management system.

Keywords: management information system, printing company, UML, IDEF0, business process,
ERP.

Introduction. One of the professions that has contributed greatly to the field of global
production in general is printing. Mankind is in close contact with printing products on a
daily basis. Printing is not a product, it is an industry that produces that product. A print
shop is a printing company. That is, printing is an industry, a printing house is an enterprise
of an industry, and printed products are the products made at this enterprise. Products made
in the printing house:

® books;

® albums;

® journals;

® newspapers;

® visiting cards;

® booklets;

® flyers;

® posters, etc.

Accordingly, one of the important problems is to automate the business process at the
printing company with information technology, because the work of this industry brings a
huge benefit to humanity and the great demand for printed products.

Management information systems is an information system used to analyze, monitor,
visualize information in an enterprise, organization, or institution, and to make effective
decisions from the information obtained. Management information systems include people,
processes, and technology. In addition, management information systems are focused on a
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specific business or organization and are characterized by the use of information technology
to improve efficiency and business value. The achievement of good results by the enterprise
lies in the close interaction of man and the information system. Enterprise management
information system allows the head of the organization to obtain important and reliable
information about the work of the company.

Using modern software products is a way to effectively manage an enterprise and
increase its competitiveness [1].

Various studies show that the financial performance of the enterprise is directly related
to the use of digital technology and management methods:

1. Enterprises that actively use information technology and new management methods
are on average 26% more efficient than their competitors;

2. The financial performance of organizations that actively invest in digital
technology, but3. Other businesses that are constantly improving management methods
and processes make up to 9% of profits, but can increase profits by using modern digital
technology;

4. Given the conditions of digital transformation, the financial performance of enterprises
that are not focused on the development strategy is poor [2].

Experimental. Information systems for business management is a modular, hard-
ware-software complex. A large number of different modules in the information man-
agement system opens the way to the effective functioning of the processes of the
printing company. Modules can be called elements that perform a specific function in
the system.

Competition in the printing market is increasing every year, so increasing efficiency
through the introduction of production management systems is becoming one of the most
important issues. The creation and implementation of such systems allows to solve the fol-
lowing tasks:

1. Registration and Order Calculation;

2. Preparation of production documentation;

3. Production planning;

4. Production accounting;

5. Calculation of planned and actual costs;

6. Material consumption planning;

7. Accounting for papers and materials;

8. Calculation of finished products;

9. Analysis of results achieved;

10. Online control of the order progress [3].

For example, it is much more effective to implement an information management
system and automatically get access to the financial statistics of the enterprise at once,
than to calculate financial statistics separately. So we see that the function alone saves a
lot of time. And now an information management system that includes several of these
features can make a business more efficient and save time. Table 1 presents the function
of the information management system of the printing enterprise and its characteris-
tics.
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Table 1 — Functions and their description

Function Description

Management of production processes | Management information systems can manage all phases
of production, from planning to shipment of finished
products. This will increase production efficiency and
reduce turnaround time.

Financial management Systems simplify the accounting of financial transactions,
automatically generate invoices and reports, and control
the costs and income of the company.

Management of production statistics | Systems can track production statistics

Human Resources Management Systems can control employees' working hours, create
work schedules. This improves performance.

Management of material resources Systems can monitor the availability of necessary materials
and automatically display missing materials and allows
you to control their use. In turn, this avoids unnecessary
delays and loss of time.

Currently, each management system for a printing company includes various functions.
The more useful functions in the system, the greater the benefit the system can bring to the
company.

Today, since the beginning of the period of the 3rd industrial revolution, the importance
of computerization of business sectors has increased, many solutions have been formed to
optimize and improve the efficiency of business processes by using digital technology. For ex-
ample: enterprise resource planning (ERP), customer relationship management (CRM), etc.

Enterprise Resource Planning (ERP) is defined as follows: «a set of business applica-
tions or modules that link various business units of an organization, such as financial, ac-
counting, manufacturing, and human resources, into a single system tightly integrated with
a common information sharing platform across the business» [4].

To modity the business processes of any enterprise by implementing management infor-
mation systems, you must first model the business process.

Result and discussion. The execution of services in the company is carried out by
operators. The task of operators is the quality of the order and the correct calculation of the
cost of services performed. The cost is calculated according to the internal document of
the organization with the name «Price List». Wages for the operators of the copy center are
based on the amount of completed orders.

In the copying and printing department there is also a manager, who appoints the per-
son responsible for taking the order and its implementation, as well as the manager issues
the necessary products on the memo, if the service is performed for the needs of the enter-
prise.

The department provides the following range of services:

— Color and black and white photocopying;

— Scanning;

— Emailing files;

— Typesetting and printing of texts, drawings, diagrams;
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— Color large-format printing of photos, posters, posters;

—Binding of documents, abstracts, thesis projects, etc. (traditional method and MetalBind
equipment);

— Lamination;

— Foiling;

— Receiving and sending faxes for customers;

— Development of embroidery schemes on A3, A4 formats;

— Web searching;

— Stapling;

— Recording of information on data carriers;

— Cutting;

— Framing an image;

— Eyelet insertion.

Consider the model of the main business process of the department (Figure 1). Inputs to
the process are order and cash, outputs are: completed order, proceeds and proceeds report.
The mechanisms of the process are: the copy center operator, the cashier and the calculator,
which calculates the cost of the order. The process is managed by the manager, the cost of
orders is calculated according to the price list.

Figure 1 — Business process model for a printing company

To gain a deeper understanding of how a printing company works, we can divide the
structural model shown in Figure 1 into several processes by decomposition and see the
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input and output information of each process, as well as the controls and mechanisms. The
order is accepted by the operator of the copy center. Depending on the required services,
the operator calculates the cost of the order using a calculator according to the price list for
the services of the department and gives the customer a receipt for payment. The client pays
for the receipt at the cashier, and the receipt is marked for payment, and gives the receipt
to the operator. The operator fulfills the order and gives it to the customer. At the end of
each shift, operators generate a revenue report based on paid receipts. Figure 2 shows the
business process model for calculating the cost of the order. It is this business process that
is the bottleneck of the department.

Figure 2 — Management model for the order fulfillment process

When calculating the cost of the order the operator, according to the price list, calculates
the cost of. The cost of the order is fixed only in the receipt, the parameters (printing format,
type of paper, etc.).

During the analysis of business processes in the subject area the following shortcomings
were identified:

1. No control over the cost of the order.

2. Lack of control over consumables.

3. The possibility of errors in the calculation of the cost of the order.

4. Inaccurate data in the revenue report.

Due to the identified deficiencies, the business process has low efficiency [5].
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By studying the business processes of a printing company and analyzing the processes
in IDEFO notation, you can develop an effective system for the company process. Figure
3 shows user access at various levels to functions in the information management system
for the printing company based on the use case diagram in the UML environment and the
operations they can perform in the system. The model has 5 users: manager, production
manager, warechouse manager, personnel and director. There are also 9 operations that can
be performed in the system: order processing and calculation, access to the customer data-
base, view stages of production, view financial statistics, view and edit personnel data, view
statistics on material costs, planning equipment and personnel load, materials management,
confirmation of work performed.

Figure 3 — Use case diagram

If we consider the manager as a bridge between the client and the company, then one of the
functions of this employee in the management system is access to the client base. The client
base is a part of the ERP-system, which contains information about the company's clients.
It contains customer name, contact information, history of interaction with the company,
information about orders, payments and much more. The manager can also calculate the
customer's order simultaneously in the system. Another function of the manager is to follow
the stages of production in an online format to inform the customer.

The warehouse manager has access to statistics on material management and material
costs. Similarly, the production manager can see statistics related to materials. It also
controls the stages of production, distributing the work of production planning and ordering
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among employees in the system. Workers view their allotted work from the system and its
conditions, deadlines, and press the confirmation button in the system when the work is
done.

The head of the company has access to many functions in the system. For example,
viewing financial statistics. In this case, the head of the company will know exactly the
financial condition of the organization. Also has access to the client base. The head of the
organization can view employee data and view statistics on the cost of materials in the
enterprise [6].

In addition, any user registered in the system can view a list of completed orders in the
company after authorization.

Conclusions. As a result of this work, the theoretical foundations of information
systems, their nature and necessity.

Today, all companies, regardless of their field of activity, use information systems in their
work, this also applies to printing companies. Information systems for printing enterprises
must have certain properties that are inherent to printing enterprises or be able to adapt to
them. Today there is a large list of information systems used by printers, each of which has
its own advantages and disadvantages.

The article analyzes the structure and business processes of a printing company. In
BPWIN, based on IDEF0 notation, the overall business process of the company was modeled.
Also in the IDEF0 notation was decomposed structural model, and the work of the printing
facility was analyzed from receipt of an order from the customer to the implementation of
the order. Based on the analyzed information, users and functions of the information system
of the printing enterprise were modeled on the use case diagram in the environment of
the unified modeling language UML. On the basis of this model, the main function of the
information management system has been demonstrated.
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MOJIUT PA®USLIBIK KOCITTOPBIHHBIH BU3HEC-TPOLECTEPIH
TAJJAY )KOHE BACKAPY )KYWECIH MOJEJIBAEY

Kaszipei manoa axnapammuli mexHonoUsAIAp KOQAMHBIY OaPIbIK CEKMOPIAPbIH KAPKbIHObL Mypoe
KAMMblN, Ko2am omipine eneyii o3zepicmep anvin Keiyoe. Opune, aiemoe aKknapammoly mexHon02UsaIap
mypanvl can-mypai Ko3Kapacmap Kaivinmacmul. /lecenmen, aknapammoix jcynenepoin jxceke aoamoapad
da, busHecke Oe aKellemin KOnme2eH apmulKUbLIbIKMAapsl Oap.

Ke3 xeneen xacinopuvinnwiy maxcamol b6acexenecmix Kabiniemine ue 0601a OMulpbln, HAPLIKMA 030 WAY-
Il JHCO2APbL OeHeetize dceny 60bin madwiiadsl. OHvly KenmezeH xcondapsl 6ap. Onapoviy 6ipi yugpran-
ObIPY, AHU KOMILIOMEPIK MEXHON0UANAPObl NAUOAIAHA OMBIPLIN KICINOPLIHOA AKNApammuly backapy
Jicytlecin eHeizy bonvin mabwiiadsl. Makanada 6acna KacinopHul yulin aknapammeix backapy sxcyienepi
manoanaovt. Convimen kamap, IDEF0 nomayusicol ne2izinde noaucpa@usnbli KoCinopvliuwly Ousnec-
npoyecmepiniy KypuLiblMOblK Mooenbdepi Kopceminemin 6onaovl. busnec-npoyecmepoi manoaii omuol-
poin, UML ynuguyupneneen mooenvoey mininde axnapammsix 0ackapy scyiecinoei noauepagpuanbly
KaCINopuIHHblY OUHEC-NPOYECEPIHiK ICYMbICHLL CUNAMMANOLL.

Tyitin co30ep: aknapammuly 6ackapy xcyieci, nonuepagusiavlk kacinopoi, UML, IDEF0, 6usnec-
npoyecc, ERP.
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AHAJIN3 BU3HEC-ITPOLHECCOB INOJIUT PAOUYECKOI'O IPEAIIPUATUSA
N MOJAEJIUPOBAHUE CUCTEMBI YIIPABJIEHUS

B nacmoswee apems ungpopmayuonnvie mexnHoiocuu UHMEHCUBHO 0XEAMbBIBAION 6Ce Chepbl HCUSHU
00wecmea u 6HOCAM Cywecmeennvle usMeHeHus 8 xcusnb obujecmsa. Koneuno, ¢ mupe cywecmeyem
MHOICECMBO PA3TUYHBIX 6327151006 HA ungopmayuonnvie mexuonoeuu. OOHAKO cywecmayen u MHOdICe-
CMBO NpeuMywecmas, Komopule UHGOpMayUoOHHble CUCEMb] MOV NPUHECU KAK OMOeNbHbIM JUYAM,
Max u nPeonpusimusim.

Lenv 1106020 npednpusmus — onepeounms C60UX KOHKYPEHMO8 U 3aHAMb AUOUpyoujue no3uyul Ha
puinke. Y neco mHo2o cnoco6og. OOnum u3 Hux a61aemcs yugposusayusl, 6HeopeHue cucmemvl uH@op-
MAYUOHHO20 YNpasienus na npeOnpusmuy ¢ UCNOIb308AHUEM KOMNbIOMEPHbIX MexHono2ull. B cmamoe
NPOAHANUUPOBAHbI UHDOPMAYUOHHBIE CUCMEMbl YNpasienus Olid NOIUSPAPUUEcKoeo Npeonpusimusl.
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Kpome mozo, 6vinu npodemoncmpupogaivl cmpyKkmyphvle MoOenu OU3Hec-npoyeccos noIuepapuieckoeo
npeonpuamus Ha ocHose Homayuu IDEF(0. Ananuzupys 6usHec-npoyeccol, Ha YHUDUYUPOBAHHOM A3bIKE
mooenuposanus UML bvina onucana paboma 6usHec-npoyeccos noauepapuiueckoco npeonpusimust 6 u-
@dopmayuonnoll cucmeme YnpasieHus.

Knrwoueswie cnosa: ungopmayuonnas cucmema ynpasienus, noruepaguyeckoe npeonpusmue, UML,
IDEF0, 6usnec-npoyecc, ERP.



YIK 5.51.519.2.519.254
https://doi.org/10.47533/2023.1606-146X.36

A. ZH. SAYAZHANOVA*, ZH. SAILAUKYZY, M. M. KOKKOZ,
T. YA. KATSAGA, G. DANENOVA

Abylkas Saginov Karaganda Technical University,
Karagandy, Kazakhstan
sayazhanova@gmail.com, s_k_zhuldiz@mail.ru, makhabbat k@bk.ru,
tkatsaga@itasca.ca, guldan72@mail.ru

RESEARCH FOR A WEB SERVICE TO ANALYZE WAYS AND MEANS
OF FORECASTING AND PREVENTING SUDDEN EMISSIONS OF COAL
AND GAS IN COAL MINES

The mining industry plays an important role in the economic development of many countries. However,
it is also associated with high risks to human life and the environment. One of the most significant dangers
in coal mines is the sudden emissions of coal and gas, which can result in accidents and loss of life. In this
article, we present the results of our research on a web service to analyze ways and means of forecasting
and preventing sudden emissions of coal and gas in coal mines. The web service provides an efficient and
reliable tool for mine operators to manage the risks associated with coal and gas emissions and ensure
the safety of their employees.

Keywords: mining, machine learning, python, analysis, forecast.

Introduction. The mining industry has always been associated with high risks to human
life and the environment. Coal mining is one of the most significant contributors to the
global energy sector, providing fuel for power generation and industrial processes. However,
coal mining is also associated with high levels of risk, including accidents, injuries, and
fatalities. One of the most significant dangers in coal mining is the sudden emissions of coal
and gas, which can result in accidents and loss of life. Therefore, there is a pressing need for
an efficient and reliable tool for mine operators to manage the risks associated with coal and
gas emissions and ensure the safety of their employees.

The relevance of research methods for predicting areas of coal seams that are dangerous
due to sudden emissions of coal, rock and gas consists in a relatively high probability of
incidents and accidents associated with gas-dynamic manifestations of rock pressure. In the
history of independent Kazakhstan, there have been 12 accidents at domestic mines. They
claimed the lives of 160 people.

It is believed that one of the most important factors in the occurrence of a sudden release
of coal and gas is a change in the structure of the formation and the structure of coal in the
formation. Analyzing the data on coal and gas emissions that occurred in the mines of the
Karaganda basin, it can be noted that in 91% of cases coal seams with a capacity of 3.5 m
and above were exposed to emissions. Such emission-hazardous formations as k,,, k;, and
ds have an average capacity of 5.2 to 8.3 m at the emission sites.

Underground geophysical monitoring at the sites of ongoing mining is carried out
according to the schemes of longitudinal electro-profiling and dipole electromagnetic

* E-mail xoppeconaupyromiero aBropa: sayazhanova@gmail.com
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sounding. Monitoring is carried out on hazardous formations and formations exposed to
the threat of sudden emissions, with the frequency prescribed by the instructions on sudden
release of coal and gas. [1].

Data analysis using the Python programming language. The information system
makes it possible to forecast coal production for a given period, and also allows you to
prospectively evaluate working and newly commissioned mines according to the level
of manufacturability of coal mining, including in typical conditions according to the
characteristics of the destructible and the features of the geological structure of the layers.
The full list of forward-looking estimates is as follows:

— forecast for coal production in general and broken down by brand across the industry
and individual regions for the specified year;

— forecast on the level of technological efficiency of mines throughout the industry and
in individual regions;

— forecast of mine layers by typical operating conditions;

— forecast of closure of existing mines due to mining of coal reserves.

The developed database functions under the management of a DBMS, so storing and
making changes to the database will be much easier. In addition, by storing data in a DBMS,
we can connect it to any application programs. In our case, the Python programming
language was used for the DBMS client shell and the service for predicting results.

Together, the database and the application software package that implements the
interface to the database and performs forecasting function according to the scheme shown
in Figure 1.

Figure 1 — The scheme of interaction between the database and the application package

The scheme consists of two main blocks: a database and an application package.
There is a two-way communication between these blocks that implements the process of
reading data from the database and transferring this information to an application package
for further processing. In addition, the link implements the processes of editing records in
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the database, deleting records and creating new ones. This communication is implemented
using the ODBC interface.

Neural networks are very powerful for performing predictive analysis and solving
analytical problems. They are widely used to classify data to detect patterns and make
predictions. Business cases range from classifying and protecting customer data to classifying
text, consumer behavior, and many other tasks. To train a neural network model, we need to
go through the process of loading data, determining the parameters of the model, the model
and the loss function, training the model on the training set and verifying the model using
the validation set. To do this, facilitate the conversion of model input data into tensors using
PyTorch [2], using the torch package.Tensor PyTorch (Figure 2).

Figure 2 — Converting model input and output data into tensor format

The Pytorch nn.Module neural network class provides an easy way to build a neural
network. To do this, we only need to define the forward function, since the inverse function
will be determined automatically (Figure 3).

Figure 3 — Learning process neural networks for predicting sudden emissions

Database queries are fragments of program code in a structured query language (SQL)
and are necessary for performing intermediate queries to the database, such as searching in a
reference table or searching for a related record. Such queries are not stored separately in the
database in the form of saved code, but are stored together with service or work tables. The
use of service requests and their storage separately from the program code implementing
the interface to the database provides simplification of the source code, facilitates its
understanding and support. In addition, if there is a need to adjust database tables in the
future, the use of service queries stored together with database objects eliminates the need
for appropriate editing of the program code of the program interface to the database, which
facilitates the support of the entire system as a whole and reduces the possibility of mistakes
by the programmer.

The forecasting module allows us to get a report on coal production, on the level of
manufacturability of mines and on typical conditions for a period specified by the user.
In addition, this module edits the list of existing and prospective mines. Editing consists
in excluding mines from the list of existing ones and simulating the commissioning of
promising mines. At the same time, in the database, the mine is marked as operational or
decommissioned. [3]
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The web service uses machine learning algorithms to analyze this data and provide
accurate and reliable forecasts of coal and gas emissions. The web service also provides
a dashboard that displays real-time data and alerts mine operators to any potential
risks. Additionally, the web service provides tools for mine operators to implement
preventative measures, such as ventilation systems, gas detectors, and other safety
measures. The web service provides an efficient and reliable tool for mine operators to
manage the risks associated with coal and gas emissions and ensure the safety of their
employees.

Processing raw data into charts. The dynamics of sudden emissions of coal and gas
in the Karaganda basin is shown in Table 1. Especially a lot of emissions (on average,
almost 3 emissions per year) occurred in 1959-1968 [4]. This is explained by the fact
that in the first years of emissions in the basin, hazardous formations were developed
without an outlier forecast and often without the use of methods to prevent coal and
gas emissions. In the future, with the accumulation of experience in emissions control,
the development and implementation of methods for predicting emissions and ways to
control emissions, their number decreased. However, the volume of coal discarded has
increased.

Table 1 — Dynamics of sudden emissions
in the Karaganda basin

The number of sudden
A

The number de:]petrl? %? emissions of coal and The angf:g;gtftecgal and
Period of the of.exploswe workings gas

mine layers

yeat being on per
hazardous coal/rock gas,
developed formations absolute | hazardous mass. ¢ | thousand m*
formation ?

1959-1968 10 360 27 2,7 1998 105,36
1969-1978 18 470 16 0,89 1997 158,1
1979-1988 24 503 5 0,21 885 47
1989-1998 24 560 5 0,21 3980 21132
1999-2008 10 553 1 0,1 1087 414,09
2009-2018 16 587 5 0,31 3114 301,41

Visualization in the form of diagrams is an important part of the data analysis process
because it allows data to be presented in a way that is easier to understand and interpret.
Diagrams, such as charts, graphs, and maps, provide visual representations of complex
data sets that allow viewers to quickly grasp trends, patterns, and relationships. This can
be particularly useful when working with large datasets or when trying to communicate
complex information to others.

In addition to making data easier to understand, data visualization can also be used
to identify outliers and anomalies in data that might be missed through other forms of
analysis.
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The dynamics of sudden emissions in the Karaganda basin from Table 1 can be
transformed into Diagram 1. Thus, we have a visual representation of how the statistical
data changed from 1959 to 2018. The amount of coal and gas ejected and the average
depth of workings in hazardous formations have increased significantly, thereby harming
the environment. The number of developed explosive mine layers increased sharply in the
period 1979-1998, then slowly but evenly this value began to fall. The absolute number
of sudden emissions of coal and gas began to decrease from 27 to 5, and also reached a
minimum extreme in the period 1999-2008.

Figure 4 — Dynamics of sudden emissions
in the Karaganda basin

The reasons for all emissions that occurred at the mines of the Karaganda basin, in
accordance with the accepted classification, are given in Table 2. According to these
data, it is possible to make an analysis of individual layers during the opening of field
workings [4].

As can be seen from table 2, the majority of emissions (38 out of 59, or 64.4%)
occurred in workings in which anti-emission measures were not applied. These are 18
emissions that occurred for the first time on formations or mine layers that were considered
non-hazardous, and 20 emissions occurred on hazardous formations mainly until 1967,
when emission control methods were practically not used, and in subsequent years anti-
emission measures were not applied due to various weak organizational, mining and other
reasons.
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Table 2 — Causes of coal and gas emissions during reservoir opening

Cause of emissions Number of % of total

emissions emissions
For the first time on a seam, a mine layer 5 35,7
Without measures 3 21,4
Violation of parameters 2 14,3
Provoked by blasting 2 14,3
In the process of implementing measures 1 7,1
No events were required 1 7,1
TOTAL: 14 100

Taking table 2 as a basis, we can present a diagram that clearly clarifies the main causes
of coal and gas emissions. To do this, we first need to analytically sort the data specified in
these 2 tables. That is, the "raw data" must be processed before the "ready data".

Diagram 2 perfectly characterizes these "ready data" obtained from table 2. Here below
we see the main causes of sudden emissions, as well as the amounts of these emissions are
indicated vertically on the left, and percentage data on the right, which very clearly shows
the growth of the emission hazard.

Figure 5 — Causes of coal and gas emissions during reservoir opening

All further forecasts are based on the lists of mines operated in a given year. When
calculating, all mines closed before the specified year and promising ones put into operation
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after the year for which the forecast is being built are excluded from the list. The forecast is
given to the user in tabular form or in the form of a graph.

Conclusion. Our research demonstrates the effectiveness of a web service to analyze
ways and means of forecasting and preventing sudden emissions of coal and gas in coal
mines. The web service provides an efficient and reliable tool for mine operators to manage
the risks associated with coal and gas emissions and ensure the safety of their employees.
The web service is a valuable addition to the toolkit of mining operators and will help to
reduce the incidence of accidents and loss of life in coal mines. With further development
and improvement, the web service has the potential to become a vital tool in the global
efforts to improve the safety and sustainability of the mining industry.
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ooinkac Cazvinos amvindaevl Kapazanovl mexnuxanvix ynugepcumeni,
Kapasanowl x., Kazaxcman

KOMIP IIAXTAJIAPBIHJIA KEHETTEH KOMIP MEH I'A3
I bIFAPBIHABIJIAPBIH BOJIZKAY 7KOHE AJIIBIH AJTY KOJIJAPBI MEH
KYPAJIJAPBIH TAJIJAYTA APHAJIFAH BEB-CEPBUCKE APHAJIFAH
3EPTTEY

Tay-keH onepkacioi kenmezeH endepoiy IKOHOMUKANBIK OAMYbIHOA MAHbI30bI POI AMKAPaosl. Anaiioa,
oyn aoam emipi Men Kopuiazan opmagza yiKkeH Kayin-kamepmen oainanvicmul. Komip waxmanapolnoazsl
eH yaKeH Kayinmepoiy 0Oipi — KeHemmeHn KOMIp MeH 2a30bly WbIeapbliybl, O JHCA3amatibiM OKUAIap
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MeH adam enimine akenyi MymKiH. Byn makanaoa 6i3 Komip waxmanapblioa KeHemmen KOMIp MeH 2a3
UbIRAPBIHOBLIAPBIH OONINHCAY HCIHE ANObIH ALY HCONOAPbl MeH KYPanioapblH manoayea apHaiaH eeo-
cepgucmiy 3epmmey Hamudicenepin Yeolnamuls. BeO-cepsuc wiaxma onepamopiapvbina KoMIp MeH 2a3
UBLRAPBLIHOBLIAPIMEH OAUIAHBICIbL MAYeKen0epOi 6acKapyObiy HCaHe 63 KblaMemKepaepiHiy Kayincizoicin
Kammamacwiz emyoiy muimMoi Hcane ceHiMOI KYPaiblH YCbIHAObL.

Tyitin co30ep.: may-ken 6HOIpici, MAWUHATLIK OKbINY, python, manday, 6oixcay.

A. JK. CASIZKAHOBA, K. CAHJIAYKBI3bI, M. M. KOKKO3,
T. 4. KAIIATA, I. T. JAHEHOBA

Kapaeanouncxuii mexnuueckuii ynugepcumem umenu Abviikaca Cazumnosa,
2. Kapazanoa, Kazaxcman

W CCJIEJIOBAHUE JIJISI BEB-CEPBUCA JIJISI AHAJIM3A IIYTEW U CPEJICTB
INPOI'HO3UPOBAHMUSA U NTPEJOTBPAIIEHW S BHE3AITHBIX BBIBPOCOB
YIUISI UTA3A B YI'OJIBHBIX ITAXTAX

Toprooobwieaiowas NPOMbIULIEHHOCb USPAC 8ANCHYIO POILb 8 HIKOHOMULECKOM PA3EUMUL MHOSUX
cmpan. OOHAKO MO MAKHCE CEA3AHO C BLICOKUMU PUCKAMU OJIs HCUSHU YeN08eKa U OKpyxcarowell cpe-
0b1. O0HOU U3 Haubolee Cepbe3HbIX ONACHOCMEU 8 Y2OIbHbIX WAXMAX SAGNAIOMC HE3anHble 8blOPOCHL
Velsi U 2dsa, Komopbvie MO2Ym NPUSecmi K HeCUACmHbIM Cayuasm u eubenu nooet. B smoii cmamve mol
npeocmasisieM pe3yibmamsl Haule2o UCCied08anus — eed-cepauca OJisk AHAIU3a nymeil u cpeocme npo-
CHO3UPOBAHUSL U NPEOOMBPALYEHUS BHE3ANHBIX 8bIOPOCOG Yallsl U 2A3a 8 Y2ONbHbIX waxmax. Beb-cepsuc
npedoCcmasisiem onepamopam uaxm POeKmusHslil U HAOEHCHBLIL UHCIPYMEHM Ol YRPAGIEeHUs. PUCKA-
MU, CEA3AHHBIMU C 8bIOPOCAMU Vs U 2A3d, U 0OecneyeHUs Oe30NACHOCMU C80UX COMPYOHUKOS.

Knrouesnle cnosa: 000biua noie3Hvix UCKONAeMbLX, MAUUHHOE 0OyueHue, python, aHanus, npocHo3.
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PABPABOTKA HCKYCCTBEHHOI'O UHTEJUIEKTA OBOPOHHOI'O
3HAYEHUSA: B3I C MO3UIMIA KOHIEIIUHA IU®POBOI'O
BECCMEPTUA

Jloxaszvieaemcs 803MOACHOCMb CO30AHUA CUCTEM KBA3U-UCKYCCINBEHHO20 UHMENIEKINA HA OCHOGe
YACMUYHO20 NepeHoca UHopmayul, cCOCmasiawell IUYHOCMb UHOUBUOO08, HA HeOUONOSUYeCKULl HOCU-
menb, umo omeeuaem Konyenyuu yugposozo deccmepmus. Cyujecmeenno, 4mo UHMENLeKm AGIAemcs
MOILKO YACMbI0 CIPYKIMYPbl JTUYHOCU, NpUYemM mou, KOmopas 0Onyckaem Hauboniee npocmylo dneo-
PUMMU3AYUIO, 8 MOM YUCTe 3d CYEm Nepexood K MHO203HAYHOU Jo2uKe. DMom 6bi600 N0360J4en Kap-
OUHAILHO MPAHCHOPMUPOBAMb CYUeCmEYouue N00X00bl K CO30AHUI0 UCKYCCIMBEHHO20 UHMELIEKmd, 8
Mmom uucie 0OOPOHHO20 3HAUEHUs, MAK KAK HEeUPOHHble Cemu UlU UX aHaIo2U, ledcayie 8 e2o 0CHose,
Mo2ym Oblmb 00yueHbl Ha OCHOBe 0elicmEUll KOHKPEMHbIX N00ell, 8 MOM ducie, 0eHHocayxcawux. Hau-
bosee cyuecmeeHHbIM 0151 peanu3ayuy Mmaxkoeo nooxooa AGIAEmcs YCmMaHos1eHue peaibHblX 3aKOHOMeD-
HOCmel, Ompaxcawux nogeoerue ecmecmeenno2o unmeniekma. Coomeemcmeyowas Memooono2us
npeonodcena 6 oannol pabome. Ee ocnosoil aensemcs MoOepHU3UPOBAHHBIN annapam OUALEeKIMUYecKux
Kamez2opuil, NO360NAI0WUL YCMAHOBUMb CEA3U MEHCOY NOHAMUAMU, UCHOTb3YEMbIMU eCMEeCMEeHHbIM UH-
menneKmom, u 0onycKarowutl popmanuzayuio Mmemooamu abcmpakmmuou aneedpvl. B kauecmee npumepa,
0EeMOHCMPUPYIOU €20 PearucmuiHoOCmb npeodazaemozo nooxood, UCHONb3Yemcs NOCMPOeHUe CUCMeMbl
0a308bIX NOHAMULL, TEAHCAWUX 8 OCHOBE ecmecmEeHHbIX HayK. Tlokazano, 4umo y0oOHOU 0OmnpagHoll moy-
KOU A81A€MCA AHANU3 UCTOPUU CIMAHOBIEHUS MAKUX NOHAULL.

Knioueewie cnosa: uckyccmeennuiii unmeinnexkm, yughposoe beccmepmue, HeUpOHHAs Cemb, NePCnex-
MUBHAS B0EHHASL MEXHUKA, OUATEeKMUYeCcKUe Kame2opuu, MHO2O3HAYHAS 102UKA.

BBenenue. KonnenmusiM TpaHCTyMaHu3Ma M IMOCTYEIOBEYECTBA, aKTUBHO 00Cy»k1ae-
MBIM B COBPEMEHHOU nurteparype [1-3], mpucymn BecbMa MIUPOKUN pa3dpoC CyKICHHIA.
BHuMaHue MHOTMX aBTOPOB KOHIICHTPUPYETCS Ha IIEJCHAINPABICHHOW TpaHC(OpMaluu
YEJIOBeKa C TIOMOIIBI0 TEXHUYECKUX CPEJICTB, BKIIOYAs METOJbl TCHHON WHXKEHEepUU (MX
nepedeHb ObLI JiaH ere B [4]). Jlist ueneit nanHOW paboThl HanOoJIee BayKHA Ta TPaHb KOH-
LS TpaHCTYMaHU3Ma, KOTOpasi TaK WM WHAYE CBsA3aHa C Ujieed MHIUBUIYaILHOTO Oec-
CMEpTHsl, 03ByYCHHOM erie Xakciu [5], KoTOphIi MEPBBIM U UCIIOJIB30BaT TEPMHUH «TPaHC-
TYMaHHU3M.

O/IMH U3 BapUaHTOB KOHIICTIIIUY UHIMBUIYAILHOTO OECCMEPTHS CBSA3aH C KIIEPSHOCOM
JIMYHOCTH Ha HEOMOJIOTUYECKUI HOCUTENh HH(popMaruu (KOHIIEIUs uppoBOro beccmep-
Tus [6]).

BaxxHO TOAYEPKHYTH, YTO KOHIICMIIMS TPAHCTYMaHU3Ma (TOYHEE, KOMILICKC KOHIICTI-
Ui, 00bETUHIEMBIX 3TUM TEPMUHOM ), CTAIKMBAETCS U CO BCE O0JIee KECTKOM KPUTHKOM. B
YaCTHOCTH, U3BECTHBI MHOTOYHCIICHHBIE PA0OTHI, B KOTOPHIX TPAHCTYMaHU3M KPUTHKYETCS
C PEJIMTUO3HBIX WIH ATHYECKUX MO3ULnH [7,8].

* E-mail xoppecionaupytomero apropa: Lizavita@list.ru
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Oco0OeHHO KECTKHE KPUTUUECKUE CY)KACHHS BBICKAa3bIBAIOTCS B PYCCKOSI3BIYHON JIUTEPA-
Type [9,10]. bonee Toro, B poccuiickoii uTeparype KpUTHKa KOHIETIUIM TpaHCTyMaHU3Ma
1, B YaCTHOCTH, WU LHUPPOBOro OeccMepTHsi PUOOPETAIOT BHIPAKEHHYIO TIOJIUTU3UPOBAH-
HyH0 okpacky [10]. UacTo uaen TpaHCryMaHH3Ma PacCMaTpUBAOTCS B KOHTEKCTE UH(pOpMa-
LIMOHHOM BOMHBI KAK HHCTPYMEHT JI€CTPYKTUBHOIO BO3ICHCTBUS HA YMBbI IPaX/IaH.

B nanHoit paboTe moka3aHo, YTO, HEB3Upask Ha CIPABEJIMBOCTh MHOTUX TOJIOKCHUH,
OTCTaMBaeMbIX aBTOpPaMu Takux padot, kak [9,10], orynapHas KpUTHKa TpaHCTyMaHU3Ma,
TpaHCIUpyeMasi Ha MOCTCOBETCKUE CTPaHbI, B YACTHOCTH, B Ka3axCTaHCKOe MH(pOpMaIu-
OHHOE MTPOCTPAHCTBO, CTAHOBUTCS HE TOJIBKO BPEHOM, HO U KpaliHEe ONaCHOM, TaK KaK OHa
croco0OHa BBI3BAaTh TOPMOKEHHE Pa3BUTHS B KPUTUYECKU BaXKHBIX OONACTAX HAyKH M TEX-
HUKH, B TOM YHCJI€ UMCIOIINX BBIPAKEHHOE 00OPOHHOE 3HAUYCHHE.

Kak mokasbiBaeT BCsi HCTOPHUS pa3BUTHsI HAyKu M TexHHUKH [11], mobas obnactk 3Ha-
HUH pa3BUBAETCs ONEPEKAIOLIMMH TEMIIaMH TOT/Ia, KOT/Ia OHA CO3/Ia€T OCHOBY JUISl CHCTEM
BOOPYXEHUI HOBOI'O THUIIA.

OO6nacTy ucciiefoBaHu, CBI3aHHbBIE C KOHIETIIUEH TPaHCTyMaHN3Ma, HE MOTYT COCTaB-
TATh UekmoueHus. CrieoBaTebHO, OTHOIICHUE K HCCIIEA0BAHUSAM B IaHHOH 00J1acTH, CII0-
JKUBIIIEECs Ha TOCTCOBETCKOM IMPOCTPAHCTBE, TOJHKHO OBITh IepecMoTpeHo. B Hux, npexne
BCET0, HY)KHO YCMOTPETh HE MPOCTO PALlMOHAIBHOE 3€PHO, HO TEOPETUKO-PHUI0COPCKHI
(byHIaMeHT U1 pa3padOTOK MEePCIIEKTUBHBIX CUCTEM 00€BOM TeXHUKHU. B mepByto ouepens,
9TO CBSI3aHO C TE€M, YTO MCCIIEIOBaHMsI, HalleJIEHHbIE Ha «IIEPEHOC) YeIOBEeYECKON MHIUBU-
JIyalbHOCTH Ha HeOMOJIOTWYEeCKHI HOCUTEIbh WH(POPMAIMH, CTAHOBATCS Bce Ooliee TeCHO
CBSI3aHHBIMH C pa3padOTKaMu B 00NAaCTH MCKycCTBEHHOTo mHTeiuiekTa [12]. ObopoHHOE
3HAUCHHE TAKUX CUCTEM, OUEBHUIHO, HE TPEOYyeT JI0Ka3aTeIbCTB.

[ToguepkHeM, YTO pedb UAET UMEHHO O TEOPETHKO-(PUIOCOPCKOM (QyHIAMEHTE, Y4TO
TaKXKe JI0Ka3bIBaeTCS B JIAHHOW pabore. Bmpouem, COOTBETCTBYIOIIME TECHICHLUH YXKE
BITOJIHE OTYETJIMBO MPOCIIEKHUBAIOTCS B JINTEPATYPE.

Tak, onyH 13 HanOoJee KPYIMHBIX CIICIUAMCTOB B 001acTH (HIOCO(UH JIOTHKU U Marte-
maruueckoi jioruku A.C. Kaprienko B crarbe [13] ormeuaer: «['a0b0aii peicka3biBaeT, 4To He-
JIaNieK TOT JIeHb, KOT/Ia YUeHbIH B 0071aCTH KOMIIBIOTEPHBIX HAYK TPOCHETCS C OCO3HAHUEM TOTO,
YTO €ro nMpodeccuoHaNbHbIA PO ASTEIFHOCTH NPHHAICKHUT (HOPMaTIbHON (HHIOCOPUI».

[TpumepomM siBisieTcst paccmarpuBaemas npoliiema: Tpedyercsi o0ecreunTb KOHBEpTa-
o GuIoco(CKoro MOHUMAHUS MBILIUIEHHS B (pOpMY, KOTOPYIO CIIEIMAIHCTBHI B 00JIaCTH
WH(POPMAIIMOHHBIX TEXHOJIOTHI MOTYT HMCIIOJNB30BaTh B HEMOCPEACTBEHHOM MPaKTHYECKON
JEeSITeIbHOCTH, B YACTHOCTH, ISl pa3pabOTOK CHCTEM MCKyccTBeHHoro mHTeiuiekra (M)
KaK MPUOJIIKAIOIIETOCS [0 CBOMM BO3MOYKHOCTSIM K MHTEIUICKTY YeJOBeKa, TaK U MOCTPO-
€HHOTO Ha €ro OCHOBE.

MeTononorudeckue npeanocblIku. OCHOBOH /I BBIBOJIOB, C/IEJaHHBIX B JaHHOM pa-
0oTe, ABIsieTCsl HElpoceTeBasi TEOpuUsl COLMYyMa/HOOC(Ephl, CUCTEMAaTHUECKU U3I0KEHHAs
B MoHOTpaduu [14], nonyuyuBiias 000CHOBAaHHUE HA YPOBHE MareMaTU4YeCKUX MOJIENICH, B
YacTHOCTH, B [15].

B cooTBercTBUM ¢ JaHHOI TeopHeH, HapsLy ¢ OOBIICHHBIM (JINYHOCTHBIM) YPOBHEM
nepepadoTKH HHPOPMAIMHU, CYIIECTBYET M HaJTMYHOCTHBIMH.

B ocHoBe 10Ka3aTensCTBa CyIIeCTBOBAHHS HAATHYHOCTHOTO YPOBHS NepepaOdoTKy WH-
(dopmarmu exut npocras uiaes [ 14]. Jlroboe oOieHne MeX Ty JTHOIBMU B ICHCTBUTEIHHO-
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CTH TIPEJCTaBIsIeT COOOH OOMEH CHUTHAIaMHU MEKAY HEeMpOHAMHM, BXOJSIIUMH B COCTaB MX
ronoBHOro Mo3ra. CrieoBarensHO, GopMUpyeTcs oomas HeipoHHas cetb. [loguepkuBaem
TOT (haKT, YTO paccMaTpUBACMbIii OOMEH CUTHAJIAMH SIBISETCS CIIOPAIMYECKUM, HUKAK HEe
BJIMSCT Ha CIICJIaHHBIN BBIBOJ. B TOM, uTO HelpoHHast ceTh MOXKeET (DYHKIIMOHUPOBATH KaK
CHCTEMHasl 1IeJIOCTHOCTH JayKe TOI/a, Korja nepenada HHPOpMaIMK OCyLIecTBIsIeTcs: Oe3
MOCTOSIHHO CYNIECTBYIOIIMX KaHAIIOB TepeJadn JaHHbBIX, yOekKAaeT, B YACTHOCTH, IIPUMED
ONTHYECKUX HEUPOHHBIX ceTeil [16].

[anee, 0OMeH CUTHaIaMU MEKy HEHpOHAMU, COCTABIISIFOIIIMMHI KOHKPETHBIN TOJIOBHOM
MO3T, IPUBOJUT K MOSIBIICHUIO CO3HAHUS MHAMBHIA. CXOMHBIM 00pa3oM 0OMEH CHTHallaMH
B mpejenax o0uield HeHPOHHOW CETH MPUBOIUT K MOSBICHUIO WHBIX HETPUBHAIBHBIX 00b-
€KTOB aHAJIOTHYHOM npuposl [14]. x moBeneHne ocTaeTcss MaIOU3y4YeHHBIM, OTHAKO CaM
BBIBOJI O CYIIECTBOBAHHH TAKMX OOBEKTOB 3aCTaBIISIET TIOCMOTPETH Ha BONIPOC O CTPYKTYpe
JIUYHOCTH (M, CIEI0BATENIbHO, HA BOIIPOC O €€ Mepe3antcy Ha HeOHOIOrnYeCKUii HOCUTEIb
WHPOPMAIMH) HECKOJILKO ITOJ] APYTHM YIIIoM 3peHus. [TokaxkeM, 4To JaHHBIN BOMIPOC Mpe/-
CTaBJIICT HETMOCPECTBCHHBIN UHTEPEC ¢ TOYKHU 3peHus co3nanus WU, mpubmnimkaronierocs
K OMOJIOrMUECKOMY ITPOTOTHILY.

Ilepe3anuch MHTEJUIEKTA YeJI0BeKa HA HeOUOIOTHYeCKHIT HOCHTe b HH(pOpMALHHI
€ TOYKHU 3peHHusl NMpeacTaBIeHuii 0 CTPYKType JuuHocTH. B padore [12] momuepkuBa-
JIOCh, YTO KOHLENIHIO I(PoBOro GeccMepTusi BOBCE HE 00s3aTEeNbHO Cpa3y peasn30Bbl-
BaTh B MOJIHOM Mepe, T.. TOBOPUTH O 3aBEPIICHHOM MEPEHOCE JIMYHOCTH Ha HeOHOIorrye-
ckuil Hocutenb nH(GopMannu. OCHOBaHMEM JUIS TAKOTO MOAXOJA SBISICTCS BBIBOJ O TOM,
YTO JIMYHOCTH (MHAWBUAYaIBbHOCTH) 00NagaeT BechbMa CIIOKHON CTPYKTYPOH, KOTOPBIH
MpU3HAeTCs MPAKTUYECKH BCEMH ITCHXOJIOTHYECKUMU 1IKoinaMu. OnHoM 13 Hambosee u3-
BECTHBIX siBiIsieTCsl cxema FOHra, KoTopast B yripomieHHoH Gopme mpuBeaeHa Ha puc. 1.

Hecxkonbko 3a0erast Biepes, OTMETHM, YTO MEPE3anich 0mOe1bHbIX KOMIIOHCHT UH -
BUJIYaJIBHOCTH U IIO3BOJISIET CO3/aTh TO, YTO MOXKHO HA3BAThb KEA3UUCKYCCHIGEHHbIM VH-
TEJIEKTOM, MAaKCUMaJIbHO MPHOIMKEHHBIM K OHMOJIOTHYECKOMY HPOTOTHITY, YTO U AeJaeT
BaYXHBIM PaCCMOTPEHHE CTPYKTYPHI INYHOCTH.

Pucynox 1 — YnpomeénHas cxema CTpyKTypsl Tu4HOCTH 110 FOHry [12]
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Hanomuuwm, uro no FOHry neHTpoM TMYHOCTH, BOKPYT KOTOPOT'0 I'PYNITUPYIOTCS BCE €€
OCTaJIbHbIE KOMIIOHEHTHI SBJISETCS T.H. «CaMOCTb», JIeJIaolasl JUYHOCTh CUCTEMHBIM Lie-
abiM. Ilo FOHry, nMeeT MeCTo IpoLEeCcC AIUTEIBHOIO IICUXOI0OIMYECKOTO CO3PEBaHUs IUY-
HOCTH, Ha3bIBAEMOT'0 UM MHMBUIYyaIU3alHEH.

BbIBOT O CITOKHOM CTPOEHHUM JINYHOCTH OTYETIMBO KOPPETUPYET C BBIBOJOM O TOM,
YTO CO3HAHHE, pa3yM U WHTEIJIEKT YeJIOBeKa He SBJSIOTCS CHHOHUMUYHBIMU MOHATUSAMH,
JUISL 4ETO CYIIECTBYIOT BEChMa BECKUE apIyMEHTBI, B TOM 4uCie, PUI0CO(CKOro Xapakrepa
[17].

Bonee Toro, cxemy CTpOeHHsI TMYHOCTH, C YIETOM BbIBOJIA O (POPMUPOBAHUN HAJTHY-
HOCTHOT'O YPOBHSI NiepepaboTKu HH(OpMalLuK, OTpakeHHbIM B [14,15], cinexyer MogepHH-
3MpoBarh. B yacTHOCTH, HapsIy C KOJUIGKTUBHBIM O€CCO3HATENbHBIM, CIeAyeT pacCMaTpH-
BaTb U KOJUIEKTHBHOE CO3HATEIbHOE (KOTOPOE, CTPOrO FOBOPsI HE OTHOCUTCS K OTAEIBbHON
JMYHOCTH, TOCKOJIBKY SIBIISIETCS CYTyOO KOJUICKTHBHBIM SIBICHUEM, PHUC.2).

Pucynok 2 — JIA4HOCTH KaK OTHOCHTEIILHO CaMOCTOSITEIIBbHBIN (hparMeHT Hoochepsl

B cootBercTBUM ¢ nOBOIAaMu, MPEACTABICHHBIMU, B 4acTHOCTH, B [14,18], cucrema,
00/1a7ar0111as1 UHTEIIJICKTOM, BOBCE HE 0053aTeIbLHO JOJDKHA 001aaaTh CO3HAHHEM. DTO OT-
paxaeT, B TOM 4HUCJe, CXeMa, MPEACTaBICHHAs Ha puC. 2. MHTEMIEKT YenoBeKa eCTh Ta
4acTh CTPYKTYPbI JUYHOCTH, KOTOpasi HAUOOJIee TECHO MPUMBIKAET K KOJUICKTUBHOMY CO-
3HATEIBHOMY.

VYmpoiasi, MOXKHO CKa3aTh, YTO MHTEIUIEKT €CTh «BEPXHUU CIIOI» CTPYKTYPhI IMUYHOCTH,
KOTOPBIN TIPOIIE BCEro MepEeHECTH Ha HeOuonornyeckuii Hocutelnb [12]. B aTom nmeercs
Y BIIOJIHE OMpE/C/ICHHAas MpaKTUIecKas 1enecoo0pa3HocTb. JeicTBUTEIIBHO, €CITU TOsB-
JISICTCS] BO3MOXKHOCTD IIEPENUCaTh Ha HEOMOIIOTUYECKUI HOCUTEIh MHTEIUICKT KOHKPETHOU
JIUYHOCTH (HAIpUMeEp, BOCHHOCITYKAIIEeTo, TPUOOPETIIET0 COOTBETCTBYIOIIUN OIIBIT HEIO-
CPEICTBEHHO 3a CYET y4acTusi B 0OEBBIX JICHCTBUSX), TO OTIAJaeT HEOOXOJMMOCTH CO3/1a-



86 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 4 (90)

Batb M, 060poHHOTO Ha3HAaYeHUsI CYyTy0O HCKYCCTBEHHBIM ITyTeM. Bo BesikoM cityyae, 3To
OTHOCHUTCSI, HAIIpUMep, K O0CBBIM HEHPOHHBIM CETSIM TaKTHUECKOro ypoBHs [19].

Paszymeercs, Takol nmoaxon He peniaet npooneMy mudpoBoro 0eccMepTus OITHOCTHIO,
HO TO3BOJISIET CYIIECTBEHHO MPOABUHYTHCS B JAaHHOM HAIPAaBICHHUH, IIPUUYEM UMEHHO B
MPAKTUYECKON TUIOCKOCTH, YTO M MPEJCTABISIET OCHOBHOM MHTEPEC ¢ paccMaTpuBaeMOu
TOYKH 3PEHHUS.

Jlasiee, He BBI3BIBACT COMHEHHMIA, UTO JIJISl IEPEHOCA MHTEIJICKTa WHAMBHJIA HA HEOHUOJIO-
TUYECKHI HOCUTEIh HH(POPMAIINH, B IEPBYIO O4EPE/lb, HEOOXOAMMO PACKPHIThH aJTOPUTMBI,
Ha OCHOBE KOTOPBIX OH ()YHKIIMOHHUPYET. Mo eo3epauwiaem K 60npocy o (punocogpckux
OCHOBAHUAX JI0ZUKU.

Hamomanm, 4T0, B COOTBETCTBUU C TPATUIIUEH, BOCXOIAIICH K APUCTOTENIO, JIOTHKA
M3HAYaIBHO pacCMaTpUBaiaCh MMEHHO KaK HayKa, YCTAaHABIUBAIOIIAS 3aKOHBI MBITILICHUS.
HNmenno B TakoM kitrode ee TpakroBai u k. byns [20].

C METOIOJIOTMUECKON TOUKH 3PEHUS, JIOTHKY, MOHUMAeMYyI0 B ITOM KJIIOYE, BIIOJHE
MOYKHO TPAKTOBaTh KaK «IIEPEHOC» OMPEIICIICHHON COCTABJISIONIEH UHTEIUICKTa Ha HEOHO-
JIOTUYECKUI HOCHUTEh UH(pOpPMAIIUU (TAaKOBOM, OYEBHUIHO, BOBCE HE 00sI3aTEIbHO JIOJIKCH
MPEJICTABIIATH COOOM KOMIIBIOTED).

MpelnieHre 4eaoBeKa, OHaKo, 3aBEIOMO HE CBOJAUTCS K JBOMYHOU joruke [17], Ha-
MIpUMEP, YeTOBEK MOXKET MPUXOAUTh K AJOTHYHBIM (C TOYKH 3PEHUS JTOTUKH APHUCTOTEIS)
cyxJieHusiM. boJiee Toro, B COOTBETCTBUH C JA0BOJAaMH [ 17], OTIIMYUTENLHOM CIIOCOOHOCTHIO
WHTEJUICKTA YeJIOBEeKa SIBJISICTCSl CHOCOOHOCTh OCO3HAHHO U IEICHANPaBICHHO arath. Jlan-
Hasi CIOCOOHOCTh HEOT/IEJIMMA OT CIIOCOOHOCTH K TBOPUCCTBY.

CrnenoBarebHO, 3aKOHBI MBIIIUICHUS, IOHUMAaEeMbIe KaK OCHOBA aJITOPUTMOB (DYHKIIHO-
HUPOBAHUS MHTEJUICKTA YEJIOBEKA, BPS/] JIU MOTYT ObITh YCTAaHOBJICHBI UCKIIFOYMTEIHHO Ha
OCHOBE YMO3aK/IIOUEHUH.

HeoOxoaum HeKUit MHCTPYMEHT, KOTOPBIN [TO3BOJIUII Obl YCTAHOBUTH UX SMITUPUYCCKUM
IyTeM, B 0COOEHHOCTH €CJIM Pedb HJICT O MePe3altcy WHTEIICKTa KOHKPETHOTO YeI0OBeKa
Ha HEOMOJIOTUYECKHI HOCUTEh MH(DOPMAITUH.

[MomuepkHeM, YTO 3TOT UHCTPYMEHT 3aBEIOMO HE JIOJDKEH OBbITh CBSI3aH C M3YYCHUEM
(bM3UOIOTNYECKUX HITH UHBIX MTPOIECCOB, IMPOTEKAIOIIUX HETIOCPEICTBEHHO B Mpejiesax ro-
JIOBHOTO MO3Ta.

B nuteparype (yTypHCTHUECKOTO XapakTepa 00CYkIaeTcs BOIPOC O CKAHUPOBAHUU T0O-
JIOBHOTO MO3ra C IIEJIbI0 MOJYYCHHUS TaHHBIX, KOTOPBIE Jlajiee MOIIK OBbITh MIEPEHECEHBI Ha
HEOUOJIOTHYECKHI HOCUTENb HH(OopMaluu. Takoi MOIX0]1, OIHAKO, HE BBINISUT PEaTHCTHY-
HBIM, BO BCSKOM CIIy4yae, Ha COBPEMEHHOM dTare ucciaenoBanuid. Kak MUHUMYM, TIPOLIECCHI,
MIPOTEKAIOIIKE B MO3TY, CBSI3aHbI, B TOM YHUCIIE, C o0ecreueHrueM (usuosioruu. JIroObie HeTou-
HOCTH TIPY KOITMPOBAHUH MPHUBEAYT K MOSBICHHIO (PaHTOMHBIX Oosiel u T.1. Bripouewm, naxe
9TO HE SIBISETCS IIaBHBIM. [Ipy TOTaTbHOM KOMMPOBAHUU OKA3HIBACTCS HEBO3MOXKHBIM Pa3-
JICJIATH OT/ICNIbHBIE CTPYKTYPHBIE KOMIOHEHTHI IMYHOCTH (HAIIPUMED, BBIICIUTH UHTEIUICKT),
TaK KaK OHH BCE€ CBSI3aHBI C MPOIIECCAMU, MPOTEKAIOUTUMH B MO3TE B IIEJIOM.

AJIBTEpHATUBHBIA BapUaHT — aHAJIU3UPOBATh pabOTy MO3ra, paccMarpuBasi €ro Kak
«YEPHBIN AMUK.

OtTonkHéMCS OT cienyromiei ananoruu. JINHEHHYIO AIEKTPOHHYIO CXEMY MOXHO pe-
KOHCTPYHUPOBAaTh, €CITU U3BECTHA €€ aMIUIUTYAHO-4acTOTHAs XapaKTepucTuka. Tounee, Ta-
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KO MOJXO/ TIO3BOJISIET TIOCTPOHTH NEKTPOHHYIO CXeMY, IKBUBAJIIEHTHYIO McxonHou. [Tpn
3TOM PETHCTPHUPYETCS TOJIBKO OTKJIMK CHCTEMbl Ha CUTHAIBI 3a1aHHON ()OPMBI (Ha TIPAKTH-
Ke MCIOJIb3YIOTCS TAPMOHHYECKUE CUTHAIIBI).

AHaJIOTUYHBIN TIOXO]] YK€ Ha JaHHOM JTare UCCIIeIOBaHUI MPUMEHHUM U 110 OTHOILIE-
HUIO K CBEPTOYHBIM HEMPOHHBIM CETSIM, ITUPOKO MCIIOIb3YEMBIM Ha PAKTHKE B HACTOSLIEE
Bpems [21]. B yacTHOCTH, 7151 yCTaHOBIIEHUS! CTPOEHUS JIFOOO0N CHCTEMBI, BBIMOIHAIOMIEH
IU(POBYIO ONEpaIMI0 CBEPTKH CIIPaBEIUB IU(POBOH aHAIOT TeopeMbl O cBepTke [23],
KOTOPBIM MPUMEHHUM JJIs CITy4asi, KOTJ]a CUTHAJ ONHUCHIBACTCS (PyHKIMSIMU, TPUHUMAIOLIH-
MU 3HadeHHs B nosisix ['anya. IloquepkHeM, YTO UMEHHO KJIACCUYECKas TEOpEMa O CBEPT-
KE M JIOKHUT B OCHOBE HCIOJIb30BaHUS aMIUTUTYHO-YaCTOTHBIX XapaKTePUCTUK JTHHEHHBIX
AJIEKTPOHHBIX LIETIEH.

CrnenoBarenbHO, €CIM OTTAIKUBATHCS OT UAEH, JeKalluX B OCHOBE CO3/1aHUs JIOTHYe-
cku nipo3paunoro M, To pekoHCTpyHUpOBaTh MHTEIJIEKT KOHKPETHOTO YelI0BEKa BO3MOXKHO,
NpY YCJIOBUH, YTO W3BECTEH JAOCTATOYHO OOJBIIONW MAaCCHB JaHHBIX, KOTOPBIH CBS3BIBAET
COCTOSTHUE «BBIXO/Ia» C COCTOSIHUEM «BXOA».

BosHukaer, oqHako, BONpOC 0 TOM, B KaKol HMEHHO (hopMe JOJIKHBI OBITh TIpe/ICTaBIIe-
HBI OTU JaHHble. VIHTEIIEeKT YenoBeKa olepupyeT CIOBaMH €CTECTBEHHOTO SI3bIKa, COCTAB-
JISIFOIMMH OTIPENICIEHHYI0 CHCTEMY MOHSTHIH. JTO BO3BpAIlIaeT K BOMPOCY o (opmanuzanuu
9TOHM CHUCTEMBI M MOCTPOSHHIO (HOPMATIBHBIX MPOLEAYP, B KOTOPBIX CIIOBa €CTECTBEHHOTO
SI3bIKa MOTIIM OBl (PUTypHpOBaTh B (POPME HEKHX «IIEPEMEHHBIXY.

AJITOpUTMH3ALHUS B3aMMOCBSI3H MeEKAY MOHSATHSAMH € TOYKH 3peHUsl MCTOPUH
ecTecTBO3HAHMSA. JIt0ObIe TIOHATHS (CI0Ba) JIFOOOTO U3 €CTECTBEHHBIX SI3BIKOB CTAHOBSITCS
OCMBICIICHHBIMHU TOJILKO TIOCTOJIBKY, TOCKOJIbKY OHH SIBIISIIOTCS YaCThIO BIIOJIHE CUCTEMHON
OTIPE/ICTICHHOM 1EJI0CTHOCTH, KOTOPOU U sIBIIsieTCs caM si3bIK. C 00IEeMEeTOI0JIOTnYeCKON
TOYKH 3PEHHsI 3TO 03HAYAET, YTO CMBICH MOHITUSAM NPUAAIOT UMEHHO CBSI3H MEXK]y HUMH.
B ompenenenHoii crenenu 3TOT (pakT HCMONB3YeTCsl B TOM HAyYHOM HalpaBIIEHHH, KOTOPOE
HCIOJIB3YET TEPMUH KOHMIOI02UA» B MEXHUYECKOM CMBICIIE 3TOoro TepMuHa [24]. OnHako
paboThl B IaHHOM HaIpaBJICHUH, KaK MPaBHUIIO, OTTAIKUBAIOTCS OT ABOMYHOH JIOTUKH, 00-
Jiee TOro, B paMKax 3TOTO HalpaBJICHHs BBISABICHUE CBSA3EH MEXKIY TOHATHSIMHU OCYIIECT-
BIIsIeTCs cyryoo opmansHbIM 00pa3om, 6e3 ydera Toro akra, 4To cucTeMa NOHSITHH, pea-
JM30BaHHAs B JIIOOOM M3 €CTECTBEHHBIX SI3BIKOB, Ie-(PaKTo MPeICTaBIseT cO00i OTpakeHHE
MPOLIECCOB MBILIICHHUSI.

SI3BIK, BO-TIEPBBIX, MPEICTABISET COOOH CHCTEMHYIO IENIOCTHOCTD, a, BO-BTOPBIX, OH
SBJISIETCS OTPAYKEHUEM TIpoliecca MBIIUICHUs. Haue ToBOpsl, SI3bIK TAK)KE TPEICTAaBISET
co0oli cucteMy nepepadoTKu MHPOPMAIMK, TECHO CBSI3aHHYIO C TaKOW CHCTEMOH mepe-
paboTku mH(pOpMaMHK, KaK HHTEIUIEKT [25]. Jloka3aTh 3TO yTBEpKAECHUE HETPYAHO: JIIO-
0ast TeopHsl, B TOM YHCJIe, €CTECTBCHHOHAYYHAs, B KOHEYHOM CUETe, PEACTAaBIsET COOOM
HEKYyI0 TOACHCTEMY €CTECTBEHHOIO s3bIKa. B TO e Bpems, Takas Teopus obecreunBaeT
MMEHHO TiepepaboTKy HHPOPMAIHHU, HAPUMEp, TI03BOJISIET CTPOUTH HOBBIE TEOPETUUYECKHE
BBIBOJIBI HA OCHOBE y>K€ U3BECTHBIX PE3yNIbLTaToB [206].

[Tpu TakoM moAXo[e KOHKPETHBIE MEXaHU3MBbI pealIM3allii HHTEIUIEKTa (B YaCTHOCTH,
¢du3nonornuyeckre) AeUCTBUTENBHO CTAHOBITCSI BTOPHYHBIME. YIIPOILAs, HHTEJUIEKT AOIY-
CTHMO PacCMaTPUBATh KaK «UEPHBIN SIIUK», YCTPOMCTBO KOTOPOTO OCTAETCSI HEU3BECTHBIM,
HO aJITOPUTMBI (PYHKIIHOHHUPOBAHHSI KOTOPOTO MOTYT OBITh PACKPBITHI HA OCHOBE COTIOCTAaB-
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JICHUSI CUTHAJIOB Ha BXOJIE U Ha BBIXOJIE, HO TAKUE «CHTHAJIBI» MPEJCTABIIIOT CO00H COBO-
KYITHOCTHU CJIOB, OOBEIMHECHHBIX cMbicaiom. OH, B CBOIO OUEPE/lb, OMPEICIISCTCS MOIbKO
CBSI3BIO MEXKIY MOHITHSIMHU.

3/1ech YMECTHO OTMETHTb, YTO CYIIECTBYET TE3UC, Ha3BaHHbIN B [26] Te3ncoMm Maib-
neBa — Tapckoro. OH IJIACHT, YTO BCSAKOE OMHCAHUE CUTYaIlMH, KOTOPOE, C TOUKU 3PEHUs
YeJIOBEKa, SIBJISICTCS MOJIHBIM, TOYHBIM B (DOpPMaIbHBIM, MOXKET OBITh ITPEJICTABICHO B BHJIC
anreOpanuecKoil CUCTEMBI.

DTOT TE3UC, KaK CIPaBEIAIMBO OTMEUACTCS B IIATHPOBAHHOM paboTe, HUKTO HE JI0Ka3all,
HO U He ompoBepr. Mcxoast 3 Hero, MOXKHO YTBEPKIATh, UTO CIEAYET MOMBITATHCS MPUBE-
CTH CBSI3U MEXK/Iy CJI0BaMU (TMIOHSTHSIMHK) €CTECTBEHHOTO sI3bIKa K ajnredpanueckoii Gopme,
YTO, B COOTBETCTBHUH C BhIBoAamH [17] 3aBemomMo mpenrnonaraeT MCIOIb30BaHUE MHOTO-
3HAUYHOM JIOTHUKHU.

CrexTp omeparuii, UCTIONb3yeMbIX B MHOTO3HAYHBIX JIOTHKAX, BecbMa mupok. Coot-
BETCTBEHHO, MEPBLIM IIIATOM 3/I€Ch SIBJSICTCS BBISBICHUE TEX M3 HUX, KOTOPHIE NEWCTBU-
TEJIHHO OTBEUAIOT CBSA3SM MEXIY MOHITUSIMHU €CTECTBEHHOTO SI3BIKA.

Jliist perieHns: TaHHOW 3aJ1a4M 1EJIECOOOPa3HO OTTAJIKMBATHCS OT MOJXO07a, KOTOPhIA UC-
TIOJTBb3YETCS KaK TUATICKTHKA JUTsl YCTAHOBJICHHS CBSI3U MEK/TY ITPECIbHBIME MOHSATUSIMHU ((DrIT0-
cockuMu KareropusiMu). VM Henb3s Aath orpesiesieHHe (B «IIKOJIBHOMY» CMBICIIE 3TOTO CJIOBA)
HMMEHHO B CWJIY UX (DYHJIAMEHTAJIBHOCTH, TIO3TOMY B paMKaX JMAJICKTUKA OHU OIPE/ISIISFOTCS
yepe3 npotuBonocrasneHne «Komuectso — KauectBoy; «Conepixanue — @opmay U T.1I.

Omnepartiisi TPOTUBOTIOCTABIICHUS SIBISIETCS] HE €IMHCTBEHHON ormepaluei, mo3BoJIsIo-
e pacKPBIBATh CBS3H MEXKAY MOHATUAMU. C 9TUX MO3ULIUN, B YACTHOCTH, MOXKHO paccMa-
TPUBATh BO3MOKHOCTH, TIPEIOCTABISIEMBIE 3aKOHOM OTpUIIaHUA. A UMEHHO, Tpuaja [ eremns
«Te3uc — Anrutesuc — CHHTE3» MOXKET ObITh IPUMEHEHA, B TOM YHCJIC K YCTAHOBJICHHIO
CBsI3€el MEXKIy MOHSTHSIMH, UCIIOJIB3YEMBIMH KOHKPETHBIMU Teopusmu (puc.3). B gactHo-
CTH, 9TO OTHOCHUTCS K Kateropuu «Mepay.

Kak Oymer sicHO M3 JaibHEWIero, mepeueHb OINepalui, MO3BOJISIONIUNX BhISIBISATHCS
CBSI3U MEXK]Ty MOHSITHSIMH, MOXET OBITh CYIIICCTBEHHO pacIIUpeH. BIsSBICHHE TaKOTO pojia
CBsI3€H, B CBOIO Ouepe/ib, OTBEUACT MOCTABICHHON 3a/aue, TaK KaK IMEHHO MOHSTHS, KO-
TOPBIC HEJIb3s ONPENEIUTh UHBIM 00pa30M, COCTABIISIFOT HEKUH «KapKacy si3bIKa (MU ero
SIPO). YCTaHOBUB TO, Kak ()OPMHUPYETCS SAPO sI3bIKA, MOXKHO JIajiee MEPEUTH K pacCMOTpe-
HUIO MIPOU3BOIHBIX MTOHSITHUH.

Pucynox 3 - TpI/IaHa Terenst kak croco0 BEISIBICHUS CBSI3U MCKAY NOHATUIMHA

I[anee, AJId pCHICHUA IIOCTaBIICHHOM 3aJa4un (B KOHCYHOM CUCTC — UCIOJIB30BaHUA PC-
AJIbHOT'O OIbITa BOCHHOCITYXKAIIUX IJId CO3JaHUA nn 060p0HHOFO 3Ha‘{eHI/I}I) HET CMbICJIa
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OTTAJIKUBAThCsl OT (hOpPMaIM3alMU €CTECTBEHHOTO SI3bIKa B LEJIOM. /l0CTaTOYHO peluTh
JAHHYIO 3a[ja4y 110 OTHOILICHHIO K TOH MMOJCHCTEME SI3bIKa, KOTOpast U OyIeT NCTI0JIb30BATh-
sl Ha MpaKTHKe.

[lepBbIM 1aromM Ha JaHHOM IyTH MOXET OBITh pPEeLICHHWEe CXOMHOH 3amauu st Oojee
MPOCTHIX CUTyalui. B yacTHOCTH, 115 9TOM Liesn ynoOHO BOCTIONB30BaThCs MOCTPOSHUEM
MOHATUHHOTO amnmnapara, MpUMEHseMOro B ecTecTBO3HaHUK. Ha nmepBblil B3MIAA, STOT Npu-
Mep BecbMa Jajiek OT MpUMeHeHus Auisi co3aanust MW 000poHHOT0 3HAYeHHMs1, HO Ha JAHHOM
JTare MCCIE0BaHUN BaKHO MPOJEMOHCTPUPOBAThH NMPAaBOMOYHOCThH U 11€1€CO00Pa3HOCTh
WCIOJIB30BAHUS MPEIaraeMoro 1mojxo/a Kak TakoBOToO.

JIt000ONBITHO OTMETUTH, YTO XOPOIIO M3BECTHBIN «QIXMMHUYSCKUN KBajapar» (puc.4),
CBITPABIIMI OOJBIIYIO POJIb, TAKKE MOKET PACCMATPUBATHCS C TOYKH 3PCHUSI YCTaHOBJIE-
HUS CBsI3€ MEXKAY MOHATUSIMHU.

OTO MOCTPOEHHE C OYEBHIHOCTHIO MOYKHO MHTEPIPETHUPOBATh B TEPMUHAX OINEpaLUH,
OTBEYAIOIMX JTUATIEKTHKE — OHO LIEJIMKOM M MOJIHOCTHIO IIOCTPOEHO Ha MPOTHBOIIOCTAaBIIE-
HUsAX. B HeM, ofiHaKo, y’e MpOCIeKUBAETCs €Ile OJjHa olepalys, OTBeyarolas yCTaHOB-
JICHUIO CBs3ed MEXIy MOHATHAMU. DTO — Olepalus BBIABICHHS TOTO KauecTBa, KOTOpPOE
CBS3BIBACT Mapbl NOHATHH («BnaxHocTh», «Xomoa» U T.11.).

DakTHUECKH, pedb HJET O TOM, YTO ONepalus JUAJIeKTHYeCKOro MpOTHBOIIOCTAaBIIE-
HUS TIOHATHUH MO3BOJIAET KOHCTPYHPOBATh JOMOIHUTEIBHBIE ONEPALUN PacCCMaTpUBAEMOT0
Tuna. PaccMoTpuM ele ofHy U3 HUX Ha NpUMepe auasekTndeckoi mapsl «KomnuecTBo —
KagectBow, puc. 5.

Pucynox 4 — « AnXuMu4ecKkuil KBaJpar»

JIro0oi MaTCpI/IaJIBHLIﬁ 00BEKT o6na}1aeT U Ka4YCCTBCHHBIMH, U KOJIMYCCTBCHHBIMHU Xa-
PAKTCPUCTUKAMU, U 3TO OMPCACIIAACT JUIIICKTPUUCCKOC CANMHCTBO paCCMAaTPHUBACMbIX KaTC-
FOprI. O,I[HaKO CyHIE€CTBYCT IMMOHATUC, KOTOPOC 3aBCAOMO JIMIICHO KAaUYC€CTBA B YKA3aHHOM
BBIIIIE CMEBICIIC. DTO — IIOHSITHUC qunciia, KOTOpPOC ABJISACTCSA a6CTpaK]_II/ICI71, HE CYIJ_IGCTBYIOH_[eﬁ
BHC YCJIOBCUYCCKOI'O CO3HAaHMA. HOHYCTI/IMO YTBCpKAaThb, 4YTO IIPpU MOCTPOCHUN 9TOi ab-
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CTPaKLUU JTUAJIEKTUYECKAs CBSA3b MEXKIY PacCMaTPUBAEMOM Napoi MOHATUNA OKa3bIBACTCS
pa3pyLIEHHOM.

CrnenoBarenbHO, MOKHO BBECTH B PACCMOTPEHHE ONEpaIfio OTPULIAHUS («Pa3phIBay»)
JUATEKTUYECKON CBA3U MEXK]ly KaTerOpUsIMHU, COCTABJISIFOLIMMU THAJIEKTUYECKYO 11apy.

Pucynox 5- I/IJ'IJ'IIOCTpaHI/ISI K UCIIOJIb30BAHUIO OTPpHULAHU HHaJ’ICKTH‘ICCKOﬁ CBA3U MCIKIY
TIapHBIMHA KAaTCTOpUAMHU 1T (1)OpMI/IpOBaHI/I$[ HOBOI'O ITIOHATHA

I[anee, CBA3b MCIKAY HNOHATHUAMH HC 00s13aTCILHO JOJIDKHaA OBITh HapHOﬁ. B uactHo-
CTH, CBA3U MCIKAY 0a30BBIMH JUIA XUMHUYECKON HAYKH NOHATBIMU (pHC.3), CKOpEC, OTBCHAKOT
TpOH‘IHOﬁ JIOTHUKE.

Pucynok 6 — CBs3b MexX Ty 0a30BEIMH MOHATHAMH: CITydait
COOTBETCTBHS TPOMYHOM JIOTHKE

Ha cxeme puc. 6 ¢purypupyeT NMOHATHE «dIIEMEHT». PaccmoTpuM ero hopMmupoBaHue
Oosee mompoOHO. DTOT MPUMEP ACHCTBUTEIHLHO MPEACTABISICT CYIICCTBEHHBIN WHTEpEC,
TaK KakK TMOHATHE «XUMHYECKHHA dJIEMEHT» YK€ 3aBEeIOMO OTHOCHUTCS He K oOmactu (uio-
COPCKUX KaTeropuii (7151 KOTOPOH JUATEKTHKA TIPUMEHSETCS TPAIUIIMOHHO), HO K 00JIaCTH
BITOJTHE KOHKPETHOHN HAYKH.

IToxaxkeMm, 4TO TIpeJIaraeMblil MOJAX0J] IEHCTBUTEIBHO MO3BOJISIET ONPEAEIUTD pac-
CMaTpUBaeMoO€ MOHSATHE MPEIJIOKEHHBIM CTIOCO00M, T.e. Yepe3 yCTaHOBJICHHUE CBS3El
MEXIy MOHATHUSIMH, JOIYCKAIOMUMHA (HOPMAIHU3ANNI0 CPEJICTBAMUA MHOTO3HAYHOU JIO-
TUKH.

DTO MOXHO clenarh npu oMoty onepanun «llorstuitnoe Uy», Puc.7. Dot *e pucy-
HOK ITOTYEPKHBAET, YTO CYIIECTBYET BOBMOKHOCTh YCTAHOBHUTH CBS3h MEXIy TapOi Kare-
ropuii «KonnuectBo — KauectBo» u napoit «EquHnunoe — MHOXKECTBEHHOE)» 4epe3 KaTe-
TOPHIO YHUCTIA.
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Pucynox 7 — Ilpumenenue onepauuu «Ilonstuitnoe N» k noctpoenuto noustus «4ucno 1»

ITonstue yucna 1 31ech BRICTyNaeT Kak pe3ylibTaT nNpuMeHeHus onepanuu «llouaruii-
Hoe N» k kareropusim «Egunnynoe» u «Hucno».

JlaHHas ornepanusi MOXKET IOKa3aTbCs YEM-TO TPUBHAJIBHBIM, OJIHAKO UMEHHO OHa I10-
3BOJISIET MCTOJIKOBATh TEPMHUH «XMMHUYECKHH SJIEMEHT» B TEPMHHAX PaccMaTpUBaeMOro
MOJIX0/a, T.€. CACNATh €ro 3JIeMEHTOM (POPMaIM30BaHHOM CHCTEMBbI MOHSTHH, CMBICI KaK-
JIOTO U3 KOTOPBIX YCTaHABIUBACTCS YePe3 UX B3aUMOCBSI3U JIPYT € APYroM (puc.8).

Pucynok 8 — K onpeneneHuto MOHATHS «XUMHUUECKUH 3JIEMEHT)» KaK COCTABIIAIONIECH CHCTEMBI
B3aMMO3aBHCHUMBIX TIOHSTHH, OMPEIENIAEMbIX YEPE3 CBA3H APYT C APYTOM

CymecTByeT BaKHEHIINN HIOAHC, KOTOPBIA, COOCTBEHHO, W 3aCTaBIIsIeT 00paTUThC K
HMCTOPUH XMMHH, PACCMAaTPUBasT METOIBI TOCTPOCHUS CUCTEM TOHSITHHA, OTTATKHBATOIITIXCS
OT arapara IuajJeKTHIeCKUX KaTeTOpUH.

A IMEHHO, nocmpoenue cucmemvpl ROHAMUI HEOTACIUMO OT BOIIPOCa O MOCTPOCHUH
AKCUOMAMUKU.

B 06oux cirydasx peus ueT 00 OTBICKAHWW WITH TIOCTPOSHUH HEKOEeTO Habopa «UCTHH»
(TouHee — 0a30BBIX MOJIOKEHNUHN, YTBEPIKICHUH, TIOHATHH U T.]I.), KOTOPBIE TTO3BOJISIOT TOTY-
4aTh CJENCTBUS, YaCTO COCTABIISIONINE 3/1aHue KOHKPETHOH Hayku. [[i1st reomeTprun Takum
Ha0OPOM CYKIIEHUH CITy’KaT akcHOMbI EBKIHMma, A KIACCHUECKOW MEXaHWKH — 3aKOHBI
Hsrotona u T.71.

HcTopust HayKu MOKa3bIBAaET, YTO MPUMEHHUTEIHHO K BOMPOCY O MOCTPOSHHUH aKCHO-
MaTHKH Hay4Hasl MBICIIb BCET/Ia CTPEMIIIACh OTHICKaTh HEKHe MEPBOOCHOBHL. Tak, Qu3uka
MIPOIILIA ITyTh MPEACTABICHUIX 00 aTOMaxX KaK HeJIEIMMbIX YaCTHIIAX K IPEACTABICHUIM 00
2JIEMEHTAPHBIX YaCTHIaX U KBapKax, OMMCHIBAEMBIX B TEPMHHAX TCOPUH TIOJIS.

AJTeropu4ecky TakoW TOAXOI MOXKHO YIOMOOWTH IOTBITKAM HAWTH (yHIaMEHT, Ha
KOTOPOM CTPOUTCS 3/1aHUE HAYKH, IPHYEM CYTyOO0 JIOTHYECKUM TyTeM, T.€. TIO0 TOM e cXe-
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Me, TI0 KOTOpoi#i Oblia BeicTpoeHa reoMeTpusi EBknmna. Ecnu npomoskark moib30BaThCs,
QIJICTOPUIO HEJIb3S HE 3aMETUTh, YTO HayKy, CKOpee, clielyeT ynonoouts aepesy. [1o mepe
€ Pa3BUTHsI Pa3pacTacTCs HE TOJIBLKO «KPOHa», T.e. CICICTBUS W3 0a30BBIX IMOJOXKCHUH,
MPAKTHYECKUE MIPUIIOKESHHUSI U T.JI., HO U KKOPHUY, T.€. TO, YTO COCTABIISACT (PYHIAMEHT B TOM
IMOHUMaHUMU 3TOrO0 TEPMHUHA, KOTOPBIM BBITEKAET U3 aHAJIOTUU C OCTPOCHUEM T'€OMETPUH
EBkinna.

PaccmarpuBaemast 3aza4ya 3aB€0OMO IIPEAIIONIATAET, YTO METOAUKA IIOCTPOECHUS CUCTE-
MBI TIOHSTHH (M €€ MOTHOH opMann3anyn) JOKHA OBITh B TOW WIIM MHOW CTENeHU OJIn3Ka
€CTECTBCHHOMY sI3bIKYy. B MpOTUBHOM ciy4ae He OyleT BO3MOXHOCTH JUISl €€ HCIOJIb30-
BaHUSI B IIEJIAX MOCTPOCHUS KBA3U-UCKYCCTBEHHBIX cucteM MU, 0 KOTOPBIX TOBOPHIOCH
BBIIIIE.

CrnenoBarennbHO, «(PyHIaMEHT» TAKOW CUCTEMbI TIOHSATHH JOJDKEH OBITh 3aBEJIOMO OJTH3-
KO K TOMY YPOBHIO OpraHM3allMd MaTepUH, Ha KOTOPOM OMEPUPYET OOBIJICHHOE CO3HAHHE.
Wuave opueHTHUPOBATHCS 37ECh CIEAYET HE HA «KOPHEBYIO CHCTEMY» (CKa)xXeM, Ha TEOPHUIO
0JIs, B paMKax KOTOPOU (hOPMYJIUPYETCs IOHATUE «KBapK»), HO Ha «CTBOJD» JiepeBa Hay-
KH.

HMeHHO B 3TOM KJIFOYE MBI U TIpe/yIaraéM CTPOUTh (POPMAaTU3AI[UI0 CHCTEMbI TOHSITUH,
COZIEpIKALLYI0 KATETOPUIO «XUMUYECKUI 3JIEMEHT), YTO BO3BPAILIAET K HICTOPUU XUMHUH.

A UMEHHO MOHATHE XUMUUYECKHUI AIIEMEHT BOSHUKIIO B PE3yJbTaTe UCCICIOBAHMIM, KO-
JINYECTBEHHO XapaKTEPU3YIOUINX XUMHUECKUE PEAKIINH. JTH UCCIEAOBAHUS MTOKA3aIH, YTO
JIOTTYCTUMO OIEPUPOBATH MOHATUEM «TPAMM-IKBHBAJICHT». DTOrO MOHSTHS, B CYIIHOCTH,
JIOCTATOYHO JUISl TOTO, YTOOBI 3aIUCBIBaTh (DOPMYJIbl XUMHUUECKHX COCJUHEHUIN U ypaBHE-
HUS XUMUYECKUX PEaKIINil, Jake He UMesl IPEICTABIICHUS O CyIIeCTBOBaHUM aToMOB. OT-
METHUM, YTO UMEHHO B TAKOM KIFOUYE U 3aMHCHIBATUCH YPABHEHHUS XUMHUYECKUX PEaKIuin
emte Ha pyoeske XIX u XX Bekos.

[ToHsTHE «TpaMM-3KBHUBAJIEHT» IO3BOJISIET YMO3PUTEIBHO CYAUTh O CYIIECTBOBAHUHU
aToOMOB Jlake 0e3 MPHUBJICUCHUS CPEACTB, MPEIOCTABIsIeMbIX (pu3ukoi. [{ist sToro mocra-
TOYHO MTPOCTO MOCTABUTh B COOTBETCTBUE I'PAMM-3KBUBAJIEHT ONPEAEIEHHOMY KOJIMYECTBY
aToMOB. OTMETUM, YTO B COBPEMEHHBIX XUMHUKO-TEXHOJOTUYECKUX pacUyeTaxX TaKOro poja
MOHSITUS MCIIOJIL3YIOTCS 10 CUX TOpP. EnuHuIa u3MepeHusi «MOJIb)» SBJISICTCS OOINEIIPHUHS-
Toit. i ienei JaHHOW CTaTbu HauOoJee CYIECTBEHHO, YTO, 3Hasl MOJISIPHBIC MAcCChl (KO-
TOpBIE MOTYT OBITh YCTAHOBJICHBI HA CHCTEME B3IVISIOB, OTBevaroux koHIy XIX Beka),
MOXKHO PacCuMTaTh MHOTHE XapaKTEPUCTUKH XUMUYECKUX PEAKIINii, He UMes MPeCTaBIIe-
HUU HU O YUCJie ABOTaApO, HU O HICTUHHBIX BECAX aTOMOB XUMHUYECKUX DJICMEHTOB.

CrnenoBarenbHO, MOHATUE AIIEMEHT (MOTYEPKUBAEM — UMEHHO TMOHSATHE, a HE €ro Je-
TaJbHasl MHTEPIIPETALMs, OCHOBAHHAS HA TOCTIKEHUSIX U3k XX BeKa) JCHCTBUTEIBHO
MOJKET OBITh BKJIFOUYCHA B PACCMATPUBACMYIO CUCTEMY B COOTBETCTBHH C PHUC. 8.

[ToHsATHE «XUMHUYECKHI JIEMEHT) 3/1€Ch BBICTYNAET B CBA3KE C MOHATHEM «MOJb», KO-
TOpOE Jie-(haKTO SIBJIICTCS MPOU3BOIHBIM OT COBOKYITHOCTH 3KCIIEPUMEHTAIBHBIX Pe3y/IbTa-
TOB U, CJICZIOBATEIIbHO, OTHOCUTCS K OOBIICHHOMY YPOBHIO TIepepadoTKu HHPOPMAIIUH.

3akawuenne. Takum 00pa3oM, IEHCTBUTEILHO MOXKHO HAMETHUTh ITyTh MOJICPHU3ALIUU
amnmapara JAHAIeKTUUECKUX KaTerOpHid, KOTOPBIM MO3BOJISET BBISIBUTH CBSI3U MEXKIy MOHS-
TUSMH, UCTIOJIB3yEMBIMU, 110 KpalHEeW Mepe, OTACIbHBIMU MOABSI3bIKAMU (HAIIPUMED, TEM,
YTO UCIIOJIb3YETCSI B BOCHHOM JIEJIe, B XUMUYECKUX HayKaxX U T.1.).
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Bce aTu oneparuu MoryT paccMaTpUBaThCs IO AHAJIOTHH C JIOTHYeCKUMU. OCHOBaHUS
JUJIS1 TOTO COCTOSIT B ciaenyromeM. [Ipenmnonokum, 4To KaxaoMy HOHSITHIO MTOIBSI3bIKAa MOXK-
HO TIOCTaBUTh B COOTBETCTBUU OMNPEICICHHOE 3HAYCHUE JTMHTBUCTUUECKON MEPEMEHHOM,
KOTOpPOE, B CBOIO OU€PE/ib, CTABUTCS B COOTBETCTBUE OIPEICICHHOMY 3HAUCHUIO TIEPEMEH-
HOM MHOTO3Ha4yHOM JIOTUKH. TOorga MOKHO BOCIIOJIB30BaThCs, B YACTHOCTH, PE3yJbTaTaMU
pabotsl [27], TA€ 0Ka3bIBAETCS, UTO JHOOBIC ONEpaluy Hajl IEPEMEHHBIME MHOTO3HAYHON
JIOTUKH (€CJIH TOJBKO YUCIIO 3HAYCHUH MMEPEMEHHBIX MPEJICTABISIECT COO0H CTENEHb ITPOCTO-
TO YKCJIa) IPUBOMATCS K anreOpandeckoit popme. JlaHHBINM pe3ynbTar OCHOBAaH Ha MCIIOJb-
30BaHuM mnojiei ['anya, HO 3TO HE SBISETCA €IMHCTBEHHOW BO3MOXKHOCTBIO. [ TOM ke
L[EJI MOYKHO HUCIIONIb30BAThCS U APYTHE aIreOpandeckue CTPYKTypbl, HAlpuMep, KOHCUHbBIS
ajreOpandeckue Kojbla [28] u ..

Takum 00pa3oM, MOXKHO BHJIETh, YTO NPEAJIOKCHHAS MOJCPHHU3AIUS arliapara Jua-
JISKTUYECKHX KaTeropui, oOeclieunBarolias BBISIBICHUE CBS3€H MEXKIy MOHITUSIMU
€CTeCTBEHHOTO $3bIKA, ACUCTBUTEIBHO SIBISICTCS PEIIAIONINM IIaroM Ha MYyTH CO3JaHUs
KBa3U-UCKYCCTBEHHOTO MHTEJUICKTA. DTOT IIar MO3BOJISIET MOJyYUTh HEOOXOAUMBIH 00b-
€M CBEJICHHI O XapakTepe (yHKIMOHUPOBAHUSI €CTECTBEHHOI'O MHTEIICKTa 0€3 N3yueHUs
(PU3NOIOTUYECKUX MTPOIIECCOB.

[lepBUYHBIM HHCTPYMEHTOM ISl pEaTU3alMK JaHHOTO MOAX0/1a MOXET CIY>KUTh IO0-
CTPOCHHUE CUCTEMBI MOHITHI, IOMYCKAKOMMX (OpPMAaTU3aIMi0 HA OCHOBE MHOTO3HAYHOMN
JIOTUKH, B JIF000# 00acTH 3HaHui. B aHHO# paboTe moka3aHo, 4To JJisl 3TOU 1IeJU yA00HO
HCIIOJIb30BaTh, B TOM YHCJIC U MOHATUMUHBIN anmapaT XUMUYeCKOW HAayKH, Hepa3pbIBHO CBSI-
3aHHBIN C UICTOPUEHN €€ CTAHOBJICHMUS.

HccnenoBanue BBITIOIHEHO MPU (PUHAHCOBOW Noiep:kke Komurera Hayku Munuctep-
CTBa HayKH U BbIcIIero oOpazoBanus Pecryonuku Kazaxcran (rpant Ne AP14870281).
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KOPFAHBIC MAKCATBIHJIA KACAHAbI UHTEJUIEKTTI JAMBITY:
HUDPIBbIK OJIMECTIK TYXXbBIPBIMAAMACHI TYPFBICBIHAH KO3KAPAC
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KYPY MYMKIHOI2l 0anenoendi. Humennexm dcexe myn2a KypulLibLMblHbLY Oip 661i2i 2aHaA, COHbIMEH Kamap
Kapanauviym aneopummoeyee MyMKiHOIK 6epemin, CoHvly iuinoe Kon MAagblHanbl 102UKARA KOULY APKbLIbL.
Byn myorcvipvim scacanovl unmennekm Kypyobll KOLOAHbICMAbl MaCIOepiH, COMbIY WiHOe KOP2aHbIC
ManbI30bLIbIZbIH mybe2elii 632epnyee MyMKIHOIK 6epedi, olimKeHi HeUpOHObIK Jicelliiep Hemece OHbIH
ananoemapul Heneini 6ip adamoapovly, COHblY IUIHOE ICKEPU KbI3Memuiniepoiy ic-apekemmepi He2i3inoe
OKLIMBLIYbL MYMKIH. By macindi scyzeze aceipyouiy ey Manbl30biCbl-maduy UHmMe1eKmmiy Mine3-KyaKbiH
Kopcememin HAKMuvl 3aHObLLILIKMApPOLl opuamy. byn scymvicma muicmi a0icmeme ycvinvligan. OHbiy
He2i3i-mabueu UHMeNeKm KOIOAHAMbIH YeblMOap apacblHOA OAUIAHbIC OPHAMYea MYMKIHOIK OepemiH
Jicone depeKcis aneebpa adicmepimen pecimoeyee MyMKIHOIK Gepemin OUaieKmuKaiblK Kame2opusiapoblly
orcemindipineen annapamol. ¥CblHbLI2AH MACINOIH UBIHALLILIZBIH KOPCememin Mblcall peminde dcapa-
MbLILICIANY ELLILIMOAPLIHLIY He2I3IHOe JHCAmKAN He2i3el YeblMOap JICyiecin Kypy Konoanvlnadwl. Mynoaii
YRbIMOApOblY KALbINMACY MAPUXslH Maiody blH2ailivl bacmama 6oisin maodwvliaobi.

Tyitin co30ep: scacanovi unmesniekm, yu@dpivlk OIMecmix, HeUPOHObIK JHCEl, HCeMiNOIpileeH acKkepu
MEXHUKA, OUATIeKMUKATLIK KAMEe2OPUANAp, KON MIHOI 102UKA.
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DEVELOPMENT OF ARTIFICIAL INTELLIGENCE FOR DEFENSE
PURPOSES: A VIEW FROM THE STANDPOINT OF THE CONCEPT OF
DIGITAL IMMORTALITY

The possibility of creating quasi-artificial intelligence systems based on the partial transfer of
information constituting the personality of individuals to a non-biological carrier is proved, which
corresponds to the concept of digital immortality. It is essential that the intellect is only a part of the
personality structure, and the one that allows the simplest algorithmization, including through the transition
to multi-valued logic. This conclusion makes it possible to radically transform existing approaches to the
creation of artificial intelligence, including for defense purposes, since neural networks or their analogues
underlying it can be trained based on the actions of specific people, including military personnel. The
most essential for the implementation of this approach is the establishment of real patterns that reflect
the behavior of natural intelligence. The corresponding methodology is proposed in this paper. Its basis
is the modernized apparatus of dialectical categories, which allows establishing connections between the
concepts used by the natural intellect and allowing formalization by methods of abstract algebra. As an
example, demonstrating the realism of the proposed approach, we use the construction of a system of basic
concepts underlying the natural sciences. It is shown that a convenient starting point is the analysis of the
history of the formation of such concepts.

Keywords: artificial intelligence, digital immortality, neural network, advanced military technology,
dialectical categories, multivalued logic.
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COMPARATIVE ANALYSIS OF DATA CLASSIFICATION METHODS
FOR PREDICTION OF TRADE-IN AUTO PRICES

In the presented article, machine learning algorithms are used to predict the price of cars. Forecasting
the price of cars is one of the most important issues in modern times, because the number of car users
is increasing year by year worldwide. Therefore, it may be interesting for many car owners to know the
approximate price of cars in advance. The vehicle's build date, mileage, size and other parameters are
essential data for the machine learning process. Based on these parameters, the data needed to predict
the price of any car was classified and a training dataset was created. Based on this data set, some
interesting predictions were made. The purpose of the article is to consider the pre-processing of data, to
determine and analyze what achievements the direction of artificial intelligence has achieved on the basis
of predicting the price of cars. Hybrid forecasting methods using statistical analysis and machine learning
methods were used in the research.

Keywords: machine learning, classification problems, logistic regression, random forest, decision
tree, k-nearest neighbor, REST API.

Introduction. Machine learning (ML) has become one of the most exciting and
breakthrough technologies of our time [1, 2]. Such large companies as Google, Apple,
Microsoft, Amazon, and others invest significant capital in the development of methods and
applications in this field of research, opening the way to new opportunities, becoming an
integral part of life every day. For example, the Kaspi bank application makes a decision on
loan approval or when Netflix recommends a movie that you might like, conversations with
speech assistants on a smartphone are done using machine learning algorithms.

Working in the field of sales of new passenger cars and light commercial vehicles, we
are faced with a global problem as a decline in production and new problems in logistics
related to the disruption of supply chains. The key problem for the automotive industry
since the summer of 2020 remains the shortage of electronic components, which is why
car factories are forced to reduce the production of cars and go into downtime. This led to
a shortage of cars and an increase in prices for new passenger cars. Compared to October
2020, sales fell by 18.1% in 2021. Analysts say that the automotive industry still has a long
way to go to overcome the current crisis. Therefore, the management of R-Motors LADA
LLC decided to compensate for the decline in sales of new cars by buying out a secondary
car for further resale.

If the pricing in the primary car market includes logistics, taxes, the desired profit of the
dealer, and the salary of the chain of its employees, then the factors of price formation for
trade-in cars are much more extensive. Therefore, it is important to assess the condition of

* E-mail xoppeconaupyromero apropa: temyrbekovazhanerke2(@gmail.com
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the machine as objectively as possible and, in accordance with this, set the cost, taking into
account the indicators as: year of manufacture of the car; technical condition and condition
of the body; mileage; features of the configuration; the time of sale (even the season in
which the car is put up for sale has an impact on demand and, accordingly, the cost); the
demand for the model in the market; service history.

The traditional approach to pricing is based entirely on the word of an expert who makes
a decision based only on his experience.

Machine learning uses complex algorithms to take into account many factors and set the
right prices for thousands of products in almost seconds [4]. Pricing models based on machine
learning determine the patterns of the data obtained, which makes it possible to determine
prices taking into account factors that the buyout manager might not even have guessed.

In practice, it is always recommended to compare the quality of at least several different
learning algorithms in order to choose the best model for a particular task, since the most
experienced data processing and analysis specialists will not be able to tell which algorithm
is more efficient [3]. Algorithms may differ in the number of features or samples, the noise
level in the data set, and whether classes are linearly separable or not. Within the framework
of this article, classification methods such as logistic regression, random forest, decision
tree, k nearest neighbors for predicting prices for supported cars using machine learning
technology will be considered [4].

Materials and methods of research. The classification task is a subcategory of ma-
chine learning methods with a teacher, the purpose of which is to determine categorical
class labels for the following instances based on historical observations [5]. Here, the defi-
nition of "with a teacher" refers to a collection of samples in which the necessary class
membership labels are already known. When teaching with a teacher, a model is extracted,
based on classification algorithms and from labeled training data, which allows making
predictions about previously unknown or future data [6]. Another subcategory of teaching
methods with a teacher is regression, where the result is a continuous value. Labels in the
classification can have a binary nature, for example, filtering mail for spam and not spam. A
typical example of multiclass classification is handwritten character recognition. There are
many classification methods with different approaches to implementation. Each algorithm
has its own characteristics and is based on certain assumptions. Ultimately, the quality of
the classifier, the percentage of prediction accuracy depends on the training of the algorithm.
During algorithm training, steps such as feature selection, selection of qualitative metrics,
selection of classifier and optimization algorithms, evaluation of model quality, fine-tuning
of the algorithm are involved. Classifiers based on the Decision Trees algorithm (DT) [7]
are a hierarchical tree-like structure (subsets) that were formed by making decisions based
on the formulation of a number of questions [8].

Step one: exclusion of features that do not carry a semantic load for incoming analysis.
In this dataset, this is the id, vin code, links to the site where you can see the car in detail,
coordinates.

Step two: imputation and deletion of data [9]. This is the process of replacing missing,
incorrect values with other values.

Step three: Correlation analysis. It is the basis of statistical data analysis, the purpose of
which is to determine the presence of any significant relationships, patterns or trends. The
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result of this analysis is the correlation coefficient, which shows how strong the relationship
between two variables in the data set is [10].

Figure 1 — Visualization of correlation analysis

In Figure 1 the correlation coefficient with the objective function is low, which may
lead to a less accurate prediction. A heat map will be more effective in presenting data
if redundant data is removed, which acts as distracting noise to data analysis. Step four:
Get rid of emissions. Outliers are very different from other data sets, due to variability in
measurements or during a data entry error [11-17]. If possible, outliers should be excluded
from the dataset. However, detecting these abnormal instances can be difficult and not
always possible.

Step five: Processing categorical data. The prediction result of algorithms such as
decision tree can be obtained directly from categorical data without data transformation,
when algorithms like KNN cannot work with categorical data directly. They require all input
and output variables to be numeric. Therefore, to encode class labels, the LabelEncoder
method of the scikit-learn library was used, which encodes dummy variables for categorical
data once. Then you can apply a dictionary of correspondences to convert class labels to
integers (Table 1).
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Table 1 — Dictionary of correspondence after assigning labels

Ne Drive Fuel Color Sign
1 FWD Gas Red 0
2 RWD Diesel White 1
3 AWD Petrol Black 0
4 4WD Electric Gray 1

Results and discussions. The training data was taken from the Haraba service [18].
This is a database of ads for supported cars from all over Russia since 2017. Data exchange
with the Haraba service is carried out using the REST API architecture [19]. For this pur-
pose, the Windows Service [20] has been written, the task of which is to send a request to
Haraba every 10 minutes to receive new ads.

By requesting all historical data from the service, we get a dataset that has passed 5
stages of data processing, as described above. During the experiment, the proportion of
80:20 was used, thus dividing the set into training and test data. The task is to train the
model to analyze each factor that affects pricing, and choose the most optimal among the 4
algorithms under consideration. Let's use the error matrix to visually represent the result of
predicting the classifier of k nearest neighbors [6]. The values of the matrix give a summary
of correct and incorrect forecasts, broken down by each category. The matrix shows 0 +
2175 = 2175 correct forecasts and 257 + 5 = 262 incorrect forecasts (Figure 2).

Figure 2 — Evaluation of the classifier of k nearest neighbors using the error matrix

Classifying data using the k nearest neighbors algorithm shows the accuracy of the
model was 0.86 at k = 5. During the experiment, the following questions were considered 2,
3,4, 5,6, 7 neighbors in the KNN model. With five or more neighbors, the boundaries of the
solution showed smoother boundaries, assuming an optimal balance between over-training
and under-training. Since the number of votes in the implementation of the KNN algorithm
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between 5 and 6 neighbors is the same, it is preferable to choose the neighbors with the
smallest distance to the sample. The average time to train the classifier took 1115.65 ms. In
logistic regression, we use the default value C = 1 (inversion force of regularization). This
provides good performance with 0.89 accuracy for both training and test suite. The result
given using the error matrix shows 1188 + 51 = 1249 correct predictions and 38 + 0 = 38
incorrect predictions (Figure 3). We will also give the result using a probability histogram
(Figure 4). Among the classifiers under consideration, logistic regression turned out to be
the fastest, showing a result of 215.15 msec.

Figure 3 — a) Comparison of predictions with actual data using a logistic regression algorithm;
Figure 4 —b) Histogram of the probability of determining the price by logistic regression

In Figure 6, the histogram has a positive bias. The second column tells us that there are
approximately 1600 observations with a probability from 0 to 0.2. There are a small number
of observations with a probability greater than 0.5.

The result of forecasting using the decision tree method, with default parameters, also
shows an excellent result with an accuracy of 0.93. 412.07 msec was spent on training,
second in speed only to the model based on the logistic regression algorithm. The prediction
result is presented using the error matrix (Figure 5).

Figure 5 — Classifier evaluation decision tree using error matrix
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And the last model considered in this article is a random forest. The model revealed
more patterns in the data, showing the accuracy of the forecast at 94%, spending 541.03
msec on training. The result is presented as a ROC curve (Figure 6):

Figure 6 — ROC curve for a random forest

Since the classifier based on the random forest algorithm showed high results in
predicting prices, it was decided to use the model to buy a secondary car.

Conclusion. This article describes how the current realities of the shortage of electronic
components have led dealerships to resell supported cars, and how machine learning methods
help to identify whether the price is too high and allows you to find the optimal solution in
this segment. As a result, we got a system that requests new ads from the Haraba service
every 10 minutes, analyzes the data received and, finding patterns, predicts the price and
future demand for cars. Thanks to the introduction of machine learning in pricing issues, the
company has optimized operational efficiency, using algorithms for price recommendations
and sales forecasts, allowing managers to focus on strategic tasks.
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K. E. TEMHPBEKOBA, 3. M. AB/ITUAXMETOBA,
b. UMAHBEK, I: TYPKEH

on-Dapabu ameindaesl Kazax ynmmeix ynusepcumemi, Aimamol 5., Kazaxcman

TRADE-IN ABTO BAFAJIAPBIH BOJIZKAY KE3IHJAE KIKTEY 9IICTEPIH
CAJIBICTBIPMAJIBI TAJIIAY

¥Yevinvinein omvipean maxanada asmoxenikmepoiy 6a2acbln OONACAY MAKCAMBIHOA MAULUHATBIK
oKbImy aneopummoepi Kondanvliaovl. Kenixkmepdiy 0Oazacvln 0Oondcay — Kasipel 3amManod 63ekmi
Mmacenenepliy Oipi, oHbll cebebi a8MOKONKMEP KOLAHYULLLIAPObIY CAHbL JHCLLIOAH JiCblizd OYHUE JiCY3i
botbIHWa ceomempusiivlK npoepeccusimer apmyoa. CoHObIKmar Oyn macenede KoaAikmepoiy 6agacwit wa-
MaMeH anoblH ana OLLin omulpy KOnme2en agmoKoiK ueiepi yulin Kol3blKkmol 00nybl MymKiH. Kenixmin
KYpacmulpbiizan mep3imi, scyeipici, konemi xane backa 0a napamempiepi MauuHaibly oxblmy ypoici
yuin Kadcemmi manimem 6onvin maowviiadwvl. Ocvl napamempiep He2izinoe Ke3-KeleeH A8MOKoIIK 6a2acblHa
bondcayza Kaxcemmi oepekmepOi HCIKmen, oKvlmyaa Kasxcemmi oamacemmi Kypoligan donamuit. Ocbl
ManimMemmep JICUbIHLL He2izinde Oipuama Kul3blKkmuvl Oonxcamoap ocacanovl. Maxananwly maxcamol
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— Oepexmepoi andblH-and OHOeyOi Kapacmulpbli, HCACAHObL UHMELIeKm 0azblmbl A6MOKONIKmepoiy
bazacvin bondcay HeliziHOe KAHOAU dcemicmikmepae HCemKeHiH auKblHOay HcaHe manoay. 3epmmeyoe
CMamucmukaIblK, maaoayiap MeH MawuHAIblK OKblmy 20iCmepin Ko10ana omulpbln cubpuomi ooaicay
20icmepi natl0anNamblI2aH.

Tyiiin co30ep: mawunHanvblK OKbINY, Jcikmey Macenenepi, 102UCIUKANBIK Pecpeccusi, Ke30elicoK op-
Man, wewim azawsl, k-orcaxvin kepuiinep, REST API.

/K. E. TEMHPBEKOBA*, 3. M. AB/THAXMETOBA,
b. UMAHBEK , I TYPKEH

Kazaxckuii nayuonanvnuiil ynusepcumem um.ano-Dapabu, 2. Armamel, Kazaxcman

CPABHUTEJIBHBIN AHAJIN3 METOJI0OB KJIACCU®UKAIIMNA JAHHBIX
IIPU NIPOI'HO3UPOBAHUU IIEH TRADE-IN ABTO

B npeocmasnennoii cmamoe aneopummsl MAWUHHOZO 0OYYeHUs. UCNONb3VIOMCSL Ol NPOSHO3UPO8A-
HUs yen asmomoobunetl. IIpoeHo3uposanue yen Ha asmomoouny A6isemcs OOHUM U3 HAUOONee BANCHBIX
60NPOCOG 6 HaLUE 8PEMSL, 6e0b KOIUUECME0 NOb3068amelell A8MOMOOUISL YEEIUHUBACCL C KANCOLIM 2000M
60 6cem mupe. I103momy MHO2UM A8MOBIAOENbYAM UHMEPECHO 3aPAHee YIHAMb NPUOTUSUMETbHYIO YeHY
asmomobunet. Jlama coopku agmomoduns, npobee, pasmep u opyaue napamempbl SIsIOmMcs ANCHbIMU
OAHHBIMU OJI51 NPOYecca MAUUHHO20 00yueHus. Ha ocrnose smux napamempos 0vliu Kiaccu@uyuposarbvl
oannvle, Heobxooumble OJisi NPOSHOZUPOBAHUSL YeHbl 1100020 A8MOMOOWISL, U CO30aH 00yUawull Habop
oannvix. Ha ocnoge 3mozo Habopa Oanubix Obliu COENaHbl HEKOMopble UHMepecHble npo2Hosbl. Llens
cmameu — paccmompens npedsapumensHyio 0opadomky OaHHbIX, ONPedeiuns U NPOAHAIUIUPOBAMD,
KAKUX 00CMuUdCeHutl 000UL0Ch HANPAGLEHUe UCKYCCMBEHHO20 UHMELEKMA HA OCHOBE NPOCHOZUPOBAHUS
yenol asmomobuiel. B ucciedosanuu ucnonb306aUcy 2UOPUOHBLE MEMOObl NPOSHOZUPOBAHUSL C UCNOLb-
308aAHUEM CIMAMUCIUYECKO20 AHANU3A U MEMOO08 MAUUHHOZ0 0OYYEeHUSL.

Kniouesvie cnosa: mawiunnoe obyuenue, 3a0a4a KiaccuQurkayuu, 102UCMUYEcKds. peepeccus, Cy-
yatiHwlil ec, depeso npuHamus pewtenull, k-onuscatiuux coceoetl, REST API.
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CTPYKTYPHO-IAPAMETPUYECKHI CUHTE3 HAPAJLIEJIBHOI'O
MAHHUIIYJIIATOPA C ABYMSI IIOJI3YHAMU

B oannoti pabome u3znodicensl Memoobl CMpyKmypHO-NApamMempuiecko20 cunmesd napanleibHo20
manunynamopa (IIM) ¢ 0eymsa nonsynamu, KOmopulti Modcem Oblnb UCHONb306AH 6 MEXHON02UYECKOU
JUHUY XOTIOOHOU WMAMNOSKU Ol nO0AYU 3a20M060K U ux wmamnosxku. IIM ¢ 08yma noasynamu cgop-
MUpogam coeouneHnuem 08yxX NON3VHOE (6XOOHO20 U GLIXOOHO20 0ObLEKMO8) Npu nomMowiu 0OHOU nac-
CUBHOU U 0OHOU He2amueHol 3amvikaouux kunemamuueckux yeneu (3KL]). Ilaccusnas 3K ne na-
K1a0blaem 2eoMempuieckylo cesa3b Ha OBUICCHUS NOA3YHOE U 2e0MemPUiecKue napamempul eé 36eHbes
8apbUPYIOMCA.

Kniouesvie cnosa: napannenvbuviii MaHUnyIsimop CmpyKmypHo — napamempuuexuti cunmes, eoui-
wescKoe U Keaopamuieckoe npuonuUICeHUsl.

BBeaenue. 3agaun MpOeKTUPOBAHUS MaHWUITYISAIIMOHHBIX POOOTOB KaK C CEpUIHBIMH,
TaK " MapauIeTbHBIMA MaHHUITYJIATOPAMHA B OCHOBHOM CBOJISITCS K PEIISHHIO 00paTHOH 3a-
JTa9¥ KHHEMATHKH 1 Pa3padO0TKe CUCTEM YIIPABICHHS U TEXHUIECKUX CPEICTB COTIIACHO TI0-
JTY9eHHBIM 3aKOHAM JIBIDKEHUH mpuBoaoB [1-4]. [Ipu pemrennn oOpaTHOM 3a1a9u KHHEMa-
THUKW BO3MOYKHBI HEPAaBHOMEPHOCThH U PEBEPCUMOCTD JABIIKEHHS TMTPUBOIOB, YTO yXY/IIAET
TUHAMUKY MaHUITYJISITHOHHBIX poO0TOB [5,6].

C uenpio yaydIieHus] THHAMHYECKNX XapaKTePUCTHUK W YIPOIICHH CHCTEM YIIpaB-
JIEHUs TPOEKTHPYEMBIX MaHHUITYJISTOPOB II€IeCO00pa3HO 3aaBaTh 3aKOHBI JIBIKCHUS
MIPUBOIOB HAPSIY C 3aJaHHBIMU 3aKOHAMH JBMKCHUN pabodnx opraHoB (cxBaTtoB). Bos-
MOXKHOCTB 3aJaHHs 3aKOHOB JIBIKEHUI MPUBOJOB MOHOTOHHO M PABHOMEPHO YITyYIIIaeT
TUHAMUYECKHE TTapaMeTphl, a caMO 3a/laHe 3aKOHOB JBIKEHUI MPUBOIOB CYIIECTBEH-
HO YIPOIIAeT CUCTEMY YNpaBIeHUs (B HEKOTOPBIX CIyYasX UCKIIOYAET CUCTEMY YIIpaB-
JIEHUs), CIIe0BATEIHHO, TAK)KE MOBBIIIAETCS HAJE)KHOCTh M CHIDKAeTCA ce0eCTONMOCTD
poeKkTupyeMoro Manumynsaropa. Takue [IM, oGramaromniie CBOMCTBOM MaHHUITYJISIIHOH-
HBIX poOOTOB, KaK BOCIIPOM3BEACHIE 3aJJaHHBIX 3aKOHOB ABM)KCHHUI pabOYNX OpPTaHOB, U
CBOMCTBOM MEXaHU3MOB, KaK 3aJlaHle 3aKOHOB JIBM)KEHUU MPUBOIOB, Ha3BaHbl [IM kiac-
ca RoboMech [7-8].

CTpyKTypa TeXHOJOTHYeCKOH JUHHUHU X0J0AHO# mrammoBku. Ha puc. 1 mokazana
cXeMa TPOCTON OMHOTIOTOYHOW POOOTH3MPOBAHHOW TEXHOJOTHUYCCKOW JIMHWUU XOJIOMHOMH
mrammoBku [14], tne TO — ocHOBHOE TexHONOTHYECKoe obopynoBanue, [IP — mpomebrti-
JIEHHBIN po60T, M — Mara3uH MOMITYYHOW BBIJaUX 3arOTOBOK.

* E-mail xoppecionaupytomero apropa: tolenov.serik@mail.ru
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Pucynok 1 — Cxema 0OfHOIIOTOUHOH POOOTH3UPOBAHHOHN TEXHOJIOTHIECKON JIMHUHT
XOJIOZHOM IITaMIIOBKH

JlanHas cxema XapakTepHa IJIsl TEXHOJIOTHYECKUX MPOLIECCOB ¢ MaJIBIM LIUKJIIOM 00pa-
OOTKH MPEAMETOB MPOU3BOJICTBA HA TEXHOJIOTUYECKOM 000PYI0BaHNH, UTO CBOICTBEHHO, B
YaCTHOCTH, MPOLECCaM XOJIOJHO-JIMCTOBOM IITAaMIIOBKH. B 3TO# cxeMe OTCYTCTBYET MEXK-
OTepalMOHHAas TPAHCIIOPTHAS CUCTEMa, a N3AeHs (IPpeaMeThl IPOU3BOACTBA) IePEeIatoTCs
OT OIHOTO TEXHOJIOTHYECKOTO 00OPYIOBaHMs K APYIOMY HEMOCPEICTBEHHO MPOMBIIIICH-
HBIMH POOOTaMH.

CornacHo paszpaboranHoMmy npuHIuiy gopmuposanus [IM kimacca RoboMech [19],
00beaANHAEM OCHOBHBIE TEXHOJIOrHYEeCKHe 000pynoBanus (ruapasindeckue npeccol) I u 11
¢ ycrpoiictBamu nogaun 3arotoBku 111 u orBona 3aroroBok IV, a Takke oObenuHsIeM JBa
MpOMBIIUIEHHBIX podota V u VI B oqun [IM ¢ nBymMs cxBaTamu.

Obbenunenue ruapasnndyeckux npeccoB I u II ¢ ycrpoiicTBamm mopadm 3aroTOBKH
III u orBoma 3arotoBok IV B omun IIM I' u II' ¢ aByMs mon3yHamu OCYLIECTBISIETCS
coeauHeHreM myaHcoHoB Q' u Q" ruapormnunapos [ u Il ¢ nonzynamu P’ u P ycTpoicTB
nonaun 3arotoBok III m orBoga uzpenuit [V mpu moMouu HacCUBHBIX 3aMBIKAIOIIMX
knHeMarnueckux neneit (3KL) 4'B'C' u A"B"C" , a Taxxe HeratuBHbIX 3KI[ D'E'u D"E",
cooTBeTcTBeHHO (PucyHoxk 2).

OObenuHeHNe ABYX MPOMBIIIICHHBIX POOOTOB (CepHiHBIX MaHMITYnATOpoB) V u VI B
onun [IM III' ¢ mByMs cxBatamMu OCYIIECTBISETCS coeuHeHreM 3BeHbeB BYC u BCT
cepuiiHbIX MaHumystopos ABYC y A B C" ipu momoru nerarusHoi 3KL[ DEF™,

B pesynbrare moixydnMm CTPYKTYPHYIO cXxeMy TexHosnormueckoi junuu ¢ IIM kmacca
RoboMech ¢ tpemst cTeneHsiMu cBOOOABI, TA€ JBE CTENEHU cBOOOIBI UMeeT mpecchl ' n
I, omny crenens cBoOoOaBl MeeT [IM ¢ aByms cxBaramu III'. ['mapaBamueckue mpecchl
I wnI' c yctpolicTBaMu moja4du M OTBOjA 3aroToBok /I u [I' paborarotr B miockoctd OXY,
MaHHMITYJIATOP ¢ AByMsi cxBaramu //I' pabotaet B miuockoctu OXZ.

Ha pucynke 2 Ttaxke mokazaHa crpykrypHas cxema [V’ IIM, paGoratomero B
UUIMHApUYECKOor cucteMe koopauHat. Jlanueiii [IM ucnonb3yeTcst ais CKIaAUpOBaHUS
TOTOBBIX U3ACIUN B SUCHKH.
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Pucynok 2 — CtpykrypHas cxema TexHosioruaeckoi imann ¢ [IM kinacca RoboMech

PaccmarpuBaemast Texnonornueckas juHus ¢ [IM kmacca RoboMech paboraer cre-
nyromum oopasom. [1pu nogade 3arotoBku it 00padoTku peccom /' mos3yH P’ 3aHrUMaeT
IpaBoe KpaifHee MOJOXKEHHUs, a MmyaHcoH (' TMAPOIIMHApPA 3aHUMAaeT BepXHee KpalHee
nonoxxenue. [Ipu oOpaboTke 3aroroBku myancoH () JaHHOTO Npecca 3aHUMaeT HIDKHEe
KpaiiHee TMOJIOKEHUE, a TMOM3YH P’ BO3BpalllaeTCs B JIEBOE KpaliHee MOJOKEHUE s
JIOCTaBKH CJEIYIONIeH 3aroToBKH. B MOMEHT BO3BpalieHus myancoHa (' TUAPOIMINHAPA
I' B BepxHee nosnoxxenue nepselif 3axBar C"' [IM ¢ nByMs 3axBaTamMM 3aHMMaeT KpalHee
JIeBOE TOJIOKEHHE, 3aXBaThiBacT 00pabOTaHHYIO 3arOTOBKY M JOCTABISIET €€ B Mara3uH.
B atoT MomeHT Bropo# 3axBar C'” mocTaBisieT HpeabIAyny0 00paboTaHHYH0 3aroTOBKY
B mpecc I’ as mocnenytomeiit 0o0paboTku, T.e. 3aHUMAET KpaliHee BepXHee MOJIOKEHHE.
[Mocne BropruHOl 00paOOTKK 3ar0OTOBKH TOTOBOE W3JCIHE MOJI3yHOM P’ ocTaBiseTcs: B
KOHTelHep. Jlanee HuKII MOBTOPSIETCA.

[Tocne nHakomneHus nzaenuit B kouteitHepe oH npu nomouu [IM VI' cknagupyercs B
syerikax. OcobeHHocThi0 ganHoro I[IM sBnsercs To, uTo ero 3axBar C” BOCHPOW3BOAUT
CepUU TOPU30HTAIBHBIX U BEPTUKAIBHBIX TpaekTopuil. [Ipn 3ToM cepru ropu30HTAIBHBIX
TPAeKTOPHIA BOCIIPOM3BO/ISTCS IPUBOIOM (BXOIHBIM 3BeHOM) D'E”, a cepun BepTUKAIBHBIX
Tpaekropuii — mnpuBogoMm ["H”. Bpamenue Bcero IIM BOKpYr BepTHKaJIbHOW OCH
obecrieyrBaeT MPOCTPAHCTBEHHOE NBIDKeHUE cxBara C’ B HWIMHIPUYECKOW CUCTEME
koopauHat. CTpyKTypHO-TlapaMeTprudecKkuii cuates nqanHoro IIM paccmotpen B [8].

PaccmoTpum cTpykTypHO-niapamerpuyeckuid cunre3 [IM ¢ 1Byms non3yHamu.

CrpykrypHo-napamerpuyeckuii cuntes IIM ¢ aBymsa mnoasyHamu. 3ajaueit
CTPYKTYypHO-TIapaMeTpuieckoro cuuresa [IM ¢ 1ByMs Mon3yHamu SBISETCS ONpeseeHne
CTPYKTYPHOH CXeMbI U T€OMETPUUECKHUX MTapaMeTPOB TaHHOTO MaHMITYJISATOPA, Y KOTOPOTO,
Korya nepsblil mon3yH O (IyaHCOH THAPABIMYECKOTO Mpecca) 3aHMMaeT HUKHee KpalHee
HOJIOKEHUE C XOIOM Sq , TO BTOPOW MON3YH P 3aHUMAeT JICBOE KpaiHee MOJOKEHUE C
xonoM s, (Pucynok 3a), a TakKe, KOTa MepBbIi MOM3YH () 3aHUMAeT BEpPXHEe KpaiHee
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TIOJIOXKEHHE C XOJOM Sp , TO BTOPOH MON3YH P 3aHMMaeT mpaBoe KpaliHee TMOJIOKEHHE C
xomoM S, (Pucynok 36). Jlna ymoOcTBa oTdeTa XOZOB MOI3yHOB abCONIOTHAs CHCTEMA
koopauHat OXY pacroyniokeHa B TOUKE UX TepeceueHusl.

Pucynox 3 — Kpaiinue monoxeHus momsyHoB P u O

Kak 0pu10 oT™MedeHo BbItie, s opmupoBanus [IM ¢ nBymst moi3yHamu, obecriedn-
BAIOIIET0 3a/JlaHHbIC MX MOJOKEHMS, COCAMHSEM IyaHCOH () THMIPABIMYECKOTO Ipecca U
noy3yH P npu nomoru auaasl ABC ¢ BpaliareabHbIMA KUHEMATUYECKUMU napamu. Jnana
ABC umeer HyneByro crereHb cBoOOABI U sBisieTcs maccuBHoM 3K, koTopas He Hakia-
IBIBACT TEOMETPUUECKUE CBSA3M Ha JIBIKEHUs IyaHcoHa () u monsyHa P. CienoBaTesbHO,
naccuBHast 3K ABC no3BossieT BOCIPOU3BENCHNUE 3aJaHHbIX ABMKECHUM MOA3yHOB O U
P. 3arem coenunsiem 3BeHO BC nuansl ABC co CTOMKON IpH MOMOIIHA OMHAPHOTO 3BEHA
DE c BpamarenbHbIMH KHHEMAaTHYECKUMHU I1apaMu, KOTOPOEe UMEET OAHY OTPULIATENIbHYIO
crenieHb cBoOObI U sBisiercs HeratuBHOM 3K1I. Herarusnas 3Kl DE HakmagpiBaeT OAHY
reOMETPUYECKYIO CBS3b Ha JBIKCHUS MOJI3YHOB O M P U B pe3ynbTare MOdyYuM CTPYKTYp-
Hyto cxemy [IM co crpykrypHoii popmymnoii [(0,1)—111(3,4,2,5), rae kunemarndeckas 1enb
3-4-2-5 mpencrasisier coboif rpymmy Accypa TpeThero kiacca [15].

ITapamerpamMu cuHTe3a (T€OMETPHUUECKMMH HapaMeTpaMu 3BEHbEB) IACCHBHON

3KII ABC siBasiercst BEKTOp P; = @(j),yﬁ\l),xéz),yéz),l J O %, e X9, yQ u x@, y?
KoopauHaThl mapHupoB 4 u C B MOABIKHBIX chcTeMax KoopauHar QX Y, u PX,y, ,

COOTBETCTBEHHO, |,; u |,. — nmHbl 3BeHbeB 4B u BC. Ilockonbky naccusHas 3KI[ ABC
HE HaKJIa/IbIBaET T€OMETPUUECKUE CBSI3U Ha IBMOXKEHUS MON3yHOB O U P, TO ee mapameTpsl
cunte3a 3anatorcs. Herarusnas 3KL[ DE HakiagpIBaeT OfHY F€OMETPUUECKYIO CBS3b Ha
neuxeHus: 3BeHbeB AB u BC maccuHoi 3KI[ ABC, mo3toMy €ro mapameTpbl CUHTE3a
OnpenenstoTcs. 3a1aBaeMble napaMeTpsl cuHTe3a naccuBHoil 3K ABC BappupyroTcs npu
oMoy LP nocienoBareabHoCTH [16].

Paccmotpum mapamerpudeckuii cuate3 HeraruBHOM 3K DE. Jlns aToro HeoOXxoammo
MPEIBAPUTENBHO ONPEACIUTh YION (o, ONPEHCISIIONIMM  mosokeHue 3BeHa BC,
BBIPKCHUEM
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Pucynok 4 — Ilpomexyrouanoe monoxenue [IM ¢ aByms mon3yHaMu

12.+17 1%
Q4 = Pcpy, +COS ™ ——— | (1)
BC cmi
Tae Y, -,
a A T
Peay =19 P, ()
CcA X, Xe
1
I(CA)i =[(X,- Xci )2 + (Y/\ _Yc)z]z . (3)

Koopaunarer X A ’YA u X.,Y. mapaupos 4 u C B aOCONIOTHON CUCTEME KOOPAUHAT
OXY B ypaBHeHusix (2) u (3) onpenessitoTcsl BRIpaKSHUSIMH

1 1
X=X Y, =gy X = sy o Yo =y, 4)

C 3Benom CB guanel ABC coenunsem cucremy koopaunar CEyy, , oce CE, kortopoit
HanpasieHa Baosb 38eHa CB. Torna napamerpamu cunresa HeratuBHoi 3KL DE sBnsercs
BeKTOp P, = @“’,yé“), X, Yo lpoe g, e X(E4), (54) u X,,Yp — KoopAMHATHI IapHUpOB E
u D B cucremax koopaunar CX,Y, u OXY cOOTBETCTBEHHO.

Paccmorpum nBuxenne ninockoctu Cx,y, B abcomoTHOM cucteme koopaunar OXY.

(4)
E

D(XD,YD) u paguycoM |, . CrneoBarenibHO, ypaBHEHHE F€OMETPUUECKOH CBS3M, HaKIIa-

HpI/I 9TOM LIapHUP E (X(E4) VY ) ABUIKCTCA 1O AYI'€ OKPY’KHOCTHU C HECHTPOM B IIApHUPEC

apiBaeMoii HeraruBHoW 3KI DE Buna BB Ha npmxkenue noaswxHou miockocru CX,Y, ,
BBIPAKAETCs B BUJIE B3BEIICHHOM Pa3HOCTH
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AQiz(XEi_XD)2+(YEi_YD)2_IéE > (5)

rae Xg u Yy — KoopauHaThl mapHupa E B aGCOMOTHOI cucteme koopauuar OXY, koto-
1
PBIC ONPEEIAIOTCS BBIPAKEHUEM

XEI — XCI + COS(p4l _Sln(p4l . XI(({)) . (6)
Ye, Ye, sing,;  COSQ,; Ye

[Tocne moacTanoBKH BbIpaxkeHus (6) B ypaBHeHue (5) U IpH 3aMeHE NMapaMeTpOB CHH-

TE€3a BUJa
X p X(4) 1 2 2
|:El:|=|:YD:| ’[p4]=[yf‘” ’p3:E(X§+YI§+XI(E4) +y® -IéD) (7)
2 D 5 E

¢byHKmws (5) BeIpaskaeTcst IMHEHHO TI0 ABYM TPYTIIaM ITapaMeTpoB CHHTE3a py = [ Pir Py pg]T

u p(22) :[p4’ Ps; ps]T B BUJIC

) (LK) ) = yK)" {K) ) o —
Ag; (pz )_gi Py’ — Qs K=12, ®)
(k) k) (k) _
med;’ u g, -—KodpPUIHEHTEI BEKTOPOB P, ¥ CBOOOIHBIE YIEHBI, 3ABUCSIIME OT OCTAB
IHXCS TAPAMETPOB CHHTE3a, KOTOPIE MMEKOT BU/T

i 1" A 4
Y‘ _ ((p4|) : 0 ] p , (9)

Xe i C : p

i 1" i | ! F . | 1
g?=-|Y, |- __E(?“_')__:r_() Ye __(_(?‘1:)_:_0 1P| 10)

1 0 0 11f|4 0 0 '1f|o
o lrys ) P, (11)

Joi __E[Xci +YCi:|+|:XCi’YCi:|'r((p4i) p ’
5
@__Lryz yv2 1 [x. v 1| P 12
goi = 2[ C|+ CI] [ C? cl:l- p B ( )
2

rie (o) — Marpuma moBopoTa Buza
I'(o)= [

Jlanee napameTpsl cuHTe3a paccMarprubaemoro [IM ¢ 1Byms moja3yHaMu ONpeIesioTCs
Ha OCHOBE aImIPOKCHMAITMOHHBIX 33/1ad YeOBIIEeBCKOTO 1 KBaIPATHIECKOTO TPUOIMIKEHHUH,
M3IIOKEHHBIX B [17].

(13)

coso. —sino
sino.  cosa |-
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3akarouenne. Pazpaborana cxema TEXHOJIOTMYECKON JIMHUU XOJIOIHOM MITAMIIOBKH C
npumenenuem [IM knacca RoboMech. B nanHO# TexHOIOrHUECKOM TUHUH UCIIOIB30BA-
Hel Tpu [IM kmacca RoboMech [IM ¢ aBymst monsynamu, [IM ¢ nymst cxBartamu u [1IM,
paboTaromnii B MWIMHAPUIECKOH cucrteme koopauHaT. [IM ¢ aByms momsyHamu cdop-
MHpPOBAaH COEIUHEHUEM JBYX IOJ3YHOB (BXOJHOTO U BBIXOJHOIO OOBEKTOB) MPHU MOMO-
1M oHOM maccuBHOM U onHO# HeratuBHOM 3KII. 'eomeTpruueckue napaMmeTpsl 3BEHbEB
HeraruHoi 3KI] onpenenensl Ha 0OCHOBE MeTO0B UeOBIIIEBCKOTO U KBaAPATHUYECKOTO
TIPUOTMKESHUH.

Bbaaronapuocts: /lannoe uccinenoBanue ¢gunancupoBano Komuterom Hayku Mu-
HUCTEPCTBA HAYKH U BbICIIero oOpa3osanus PecryOnuku Kazaxcran (I'pant NeAP08857522).
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C. 0. TOJIEHOB, b. M. CATHT’KAHOB, E. H. 2KO/I/TACOB, A. M. TOJIEYIIIOBA,
H. K. JIOCMAFAMBET, 3. A. PAXMATYIVIA, A. T. HCKAKOBA

On-@apabdbu amvinoaswl Kazax ynmmuolk yHugepcumeli,
Aamamul ., Kazaxcman

EKI CBIPFBITHHACBI BAP ITAPAJIJIEJIBAI
K¥PBUIBIMABIK-ITAPAMETPJIIK CUHTE3

Byn oicymvicma OativiHOoamanapovl Oepy dHcaHe WmamMnmay Yulin CYblK Wmamnmay 6HOIPICiHOe
KONOaHy2a OONAMbIH €Ki ColpbIMAIbL NAPALensoi Manunyiamopowviy (IIM) KypblisiMObIK-napamempiix
cunmesininy a0icmepi cunammainean. Exi coipeoimnacet 6ap IIM 6ip naccuemi sicane 6ip mepic scaboliamolh
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Kkunemamukanwvlk mizoexmepoi (CLC) navidananvin, exi colpblmnaisl (Kipic scane ubleblc 00beKkminepi)
KoCy apxulibl Kanvinmacaowl. Ilaccusemi ZKZ coipeimnanapobiy K03anblcmapbiHa 2eoMempusiblk oaii-
JIGHBIC OPHAMNALIObL JHCIHE OHBIH OYLIHOAPLIHBIY 2COMEMPUSLIBIK NApamMempepi 032epeoi.

Tyitin co30ep: napannens Manunyiamoposly KypulibiMOblK-napamempiix cunmesi, Yebviues dcone
K6a0pammulx JHcyblKmaynap.

S. A. TOLENOYV, B. M. SAGITZHANOV, E. N. ZHOLDASOV,; A. M. TOLEUSHOVA,
N. K. DOSMAGAMBET, Z. A. RAHMATULLA, A. T. ISKAKOVA

Al-Farabi Kazakh National University,
Almaty, Kazakhstan

STRUCTURAL- PARAMETRIC SYNTHESIS OF A PARALLEL
MANIPULATOR WITH TWO SLIDERS

In this paper, the methods of structural — parametric synthesis of a parallel manipulator PM with two
sliders, which can be used in a cold-stamping processing technological line for feeding and stamping the
wakpieces, are described. A PM with two sliders is reinforced tirined by connecting two sliders (input and
output objects) using one passive and one negative closing kinematic chaine circuits (CKC). The passive
CKC does not impose a geometric constraint connection on the movement of the sliders and the geometric
parameters of its links are varied vary.

Keywords: parallel manipulator structural-parametric  synthesis, Chebyshev and quadratic
approximations.
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CLASSIFICATION OF CYBER THREATS FOR INTERNET OF THINGS

Smart home consists of various Internet of things (IoT) devices. These IoT devices are designed to
help and simplify people's lives. The technical progress of the 10T field is aimed at simplifying human life,
thereby creating new cyber threats. Different scientific papers are mentioned that number of IoT devices is
growing constantly by 15% per year. As a result, around 1.6 billion loT devices will be used globally over
the internet. It means that loT devices will be accessed over internet by consumers. Nowadays, Internet
is accessible easily by everyone, so they can afford freely the ecosystem of IoT devices at home. Within
this development of loT ecosystem, consumers can face serious problems of transmission and storage of
information by IoT devices. These problems might be data theft from IoT devices, using such IoT devices
for Denial of Service (DoS) attacks, user tracking and so on. Local cyber threats provide an opportunity
for an attacker to gain access to a home network and take advantages of it. Global cyber threats are
dangerous because IoT devices can be controlled remotely from anywhere in the world without the
knowledge of the user. One of the risks is that the user's home network of IoT devices could be controlled
by botnets to carry out cyber-attacks. The article describes and analyzes current threats to IoT smart home
devices and provides examples of data collected and processed by smart devices. Collecting information
about users through 1oT devices is a novelty of this work.

Keywords: 10T devices, smart home, IoT cyber threats, security of loT devices, data security,
classification of cyberthreats, security of smart devices.

Introduction. The Internet of Things (I10T) is a unified network of devices that interact
with each other and with the outside world to transmit and process data. IoT devices can have
installed software and built-in sensors for transmitting information to the global network or
for interacting with devices in a local network [1]. The Internet of Things system helps to
simplify everyday life tasks, thereby providing dynamism and convenience for people's
lives. For example, IoT devices as part of a smart home help turn off the lights in the
absence of a person in the room, the temperature in the house may vary depending on the
parameters set by the owner of the house. Additionally, home Internet of Things devices can
interact with each other and provide various services to users. For example, a smart assistant
can play a song from the owner's audio library or help launch certain actions on other IoT
devices based on everyday tasks stored in the smart assistant's memory.

Research methodology. Infocommunication between loT devices can be defined as an
ecosystem that consists of several important components. These IoT devices interact with
each other and create an ecosystem to provide certain services to users.

Description of parts of the IoT ecosystem:

* An IoT thing is a physical object that can be detected and combined into a local
network. [oT things necessarily function to transfer information over a local network among
themselves. Additionally, they can transfer data to cloud services to process this data. More

* E-mail xoppecmonnupytomero apropa: sakentleuberdin@gmail.com



116 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 4 (90)

multifunctional things perform additional tasks, such as collecting information, computing
based on installed software, interacting with cloud services to perform various functions,
visualizing the map and storing it in memory to solve problems, etc. [2].

* Decision—making is a decision-making process based on data that is transmitted from
10T devices. Multifunctional IoT devices are capable of storing big data, can also process
and analyze it. The most necessary thing for this process is the availability of the necessary
information, since decisions will be made on the basis of the information provided [3]. This
process is very important for the IoT ecosystem, because the results of the decisions made
contribute to the creation of new actions for [oT devices. It is important to note that infor-
mation analysis for decision-making can function locally or through interaction with cloud
applications.

* A sensor is an important object of the [oT ecosystem that helps to function in the envi-
ronment. Sensors are easily installed in physical objects as they are very flexible and small
in size [4]. Sensors can be divided into levels such as physical and digital. At the physical
level, sensors can detect various indicators and diagnose changes in the environment. At the
digital level, sensors collect all the necessary data in a local network. Thus, sensors create
data obtained from the environment for subsequent tasks of the [oT ecosystem. Such as sen-
sors for measuring temperature and pressure, accelerometers and acoustic sensors. Sensors
are extremely necessary in the [oT ecosystem of a smart home for collecting and processing
information [5].

* Actuators are objects that perform the function of signal conversion to control the
mechanism. Thus, the mechanism operates in the reverse direction from the sensor [6]. As
an example, we can take the mechanism of operation of smart lamps, where the signal com-
ing from the sensor is used to adjust the brightness level of the lamp.

* One part of the IoT ecosystem is embedded systems. This means that [oT devices are
designed with installed sensors and operating mechanisms that provide the ability to con-
nect to a local network, run software and may have a memory capacity for data storage.
Also, such IoT systems are created on certain processors, which will provide the opportu-
nity to function and store data independently. For example, smart watches, vacuum clean-
ers, virtual assistants, refrigerators, etc. They belong to embedded systems because they can
work both independently and interact with other IoT devices [3].

» Communication is an integral part of the [oT ecosystem for data transmission and
for interaction in a local network. The types of communication in IoT devices vary
greatly depending on the functions and resource requirements [7]. Thus, the choice
of a communication protocol for the [oT ecosystem depends on the goals and objec-
tives of use. In practice, loT ecosystems use different communication protocols using
a common router to provide IoT device compatibility. Communication between loT
devices relies on the ability to transmit and receive data in an orderly manner. In [oT
ecosystems, communication can be wireless and wired. In practice, wireless commu-
nication is often used in IoT ecosystems due to the flexibility and cost-effectiveness of
this technology. Wireless communication has different properties such as signal range,
bandwidth, security, quality of service, etc. Also, wireless technologies can be classi-
fied as short-range contactless communication, personal network, local area network,
regional network and global network [8].
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Practical results. The concept of a smart home includes a stack of technologies that help
to save human time and resources lost on household chores. The complex of technologies
used facilitates the interaction of home IoT devices and helps to perform various actions
without human intervention. For example, automatic switching on and off of lights in a room
in the absence of a person, automatic regulation of room temperature, smart notification
when theft attempt is detected, automatic water shutdown in case of leakage and so on.
Considering the constant development of smart home concepts, new software solutions and
IoT devices for home use are being actively developed [8].

With the active growth of IoT devices in the smart home concept, it is necessary to pay
special attention to cyber threats to the [oT ecosystem. Smart devices can transmit, process
and store confidential information about their owners. Smart [oT devices may be vulnerable
to various attack vectors. Thus, the confidential information of the owner of these devices
may end up in the hands of cybercriminals [9].

It is necessary to visualize the topology of the local network used to analyze IoT cyber
threats. In practice, wireless communication is very often used to transmit data in a local
network [10]. Such wireless technologies are most often Wi-Fi, Bluetooth and infrared channel
(IR). Also, devices are often used to control signals within the network, such as a smartphone,
router and cloud server. In a typical topology, a smartphone is used to manage IoT devices
and to change device settings, a router to automate the process of managing devices on a local
network, and a cloud server in cases of remote control of device settings. It is necessary to
consider the levels for studying loT threats. Cyber threats can be at the level of a cloud service,
the operating system of a smartphone and router, and at the level of wireless communication.

Table 1 shows the components of the smart home It ecosystem with a description of the
data that [oT devices transmit on the local network. Also, information is provided about the
communication methods of these smart devices and describes how to identify the user and
get information about the user.

Table 1 — Smart home components

IoT devices

Transmitted data

Communication method
for data transmission

User recognition
and user information

- firmware version

- Name of the item

- location by house

- power consumption
- current voltage in the
network

- the script for starting
the device

- device operation
schedule

remotely. Accordingly,
Wi—F1i connection is
supported in many
manufacturers. Data
from these devices is
transmitted throughout
the local network.

acquisition
1 2 3 4
Smart light bulbs | - Manufacturer Commands for device | With the help of
and table lamps | - device model management can be data, it is possible to
- device ID executed locally or determine the presence

or absence of tenants in
the apartment, the time
zone at which the device
operates [11].
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1 2 3 4
Smart Floor - Manufacturer Smart scales work on Information about the
Scales - device model wireless technologies user's health status [11].
- device ID like Wi-Fi and
- user profile Bluetooth. User data
- health and weight is transmitted to the
tracking with data controlling smartphone.
recording function
Smart Sockets - Manufacturer Smart sockets accept When finding the power
- device model commands over a consumption status, it
- device ID Wi-Fi network from is possible to determine

- firmware version

- Name of the item

- location by house

- power consumption- -
current voltage in the
network

- the script for starting
the device

- status of the current
state

a router (a single
managed gateway) or a
smartphone.

Data from these
devices is transmitted
throughout the local
network.

the type of charger

that is connected to

the network, as well as
when analyzing groups
of outlets to determine
the number of connected
devices in the apartment

[11].

Climate control
items

- Manufacturer

- device model

- device ID

- location by house

- power consumption
- the script for starting
the device

- status of the current
state

- room temperature

Such items receive
commands over a
Wi-Fi network from

a router (a single
managed gateway) or a
controlling smartphone.
Data from these
devices is transmitted
throughout the local
network.

Information is
transmitted about the
locations of devices, the
level of pollution inside
and outside the room. It
is possible to determine
the user's climatic
preferences and detect
the area of residence
[12].

- humidity level

Teapot - Manufacturer The smart kettle When processing
- device model receives commands information, you can
- device ID over the Wi-Fi network | find out the frequency
- power consumption from the gateway or the | of the kettle and thereby
- status of the current controlling smartphone. | determine the presence
state The initial settings are | of a person in the
- water temperature synchronized in the apartment [13].

smartphone.

Iron - Manufacturer A smart iron can When processing
- device model transmit information information, you can
- device ID over a Wi-Fi network find out the location of

- power consumption

- location

- temperature indicator
- status of the current
state

and receive commands
from a gateway or a
controlling smartphone.

the device and remotely
control the modes of the
iron for the purpose of
arson [13].
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1 2 3 4
Vacuum cleaner | - Manufacturer The vacuum cleaner can | A smart vacuum
- device model be controlled remotely | cleaner uses lidars
- device ID via a smartphone or via | to avoid colliding

- power consumption
- location

- status of the current
state

- a map showing the
items located in the
apartment

- working OS and
software used

- recording of the
apartment plan

a control gateway. The
Wi-Fi network is used
to receive commands
from the user and to
update the software
from the manufacturer.

with objects inside

the house and store

this data in memory.
Accordingly, a person's
conversation may be
stored in the vacuum
cleaner's memory due

to the vibration of

the voice[14]. Also,

the vacuum cleaner

uses built-in sensors
indicating the distance
from objects to draw up
a plan of the room and
the objects located. Thus,
with remote control of
the vacuum cleaner, you
can find out the presence
or absence of people in
the apartment [13].

Washing - Manufacturer The washing machine | Modern smart wash-
machine - device model can be controlled ing machines have the
- device ID remotely via a function of recording the
- power consumption smartphone or via a owner's voice to control
- status of the current control gateway. The the washing modes.
state Wi-Fi network is used | Thus, it is possible to
- audio recording of the | to receive commands identify the owner's
owner's voice from the owner. voice when hacking the
- used software device [12].
Smart TV - Manufacturer A smart TV can be When hacking a smart
- device model controlled remotely via | TV, you can get stored
- device ID a smartphone or via a audio information, as

- power consumption
- location and IP address
- status of the current
state

- working OS and
software used

- User data,
subscriptions and
payment information
- Access to social
accounts

- User speech
recognition for
management

control gateway. The
Wi-Fi network is used
to receive commands
from the user and to
update the software
from the manufacturer.

well as perform remote
surveillance. Also, you
can get a personalized
user content [12].
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- location and IP address
- status of the current
state

- working OS and
software used

- User data, subscriptions
and payment information
- Access to social
accounts

- User speech
recognition for
management

- centralized
management of It
devices

Fi network is used to
receive commands from
the user and to update
the software from the
manufacturer.

The voice assistant
controls other IoT
devices via Wi-Fi and
Bluetooth and acts as
a gateway for device
management.

1 2 3 4
Fridge - Manufacturer A smart refrigerator can | When processing
- device model be controlled remotely | information, it is possible
- device ID via a smartphone or via | to obtain information about
- power consumption a control gateway. The | stored human products,
- status of the current Wi-Fi network is used | thereby finding out the
state to receive commands material status of the user
- Used software from the user and to and with a detailed analysis,
- information about update the software it is possible to determine
stored products in the from the manufacturer. | the state of human health.
refrigerator Also, with certain
refrigerator functions
enabled, you can find
out the absence of the
owner[13].
Voice Assistant | - Manufacturer The voice assistant When you get access
- device model can be controlled to the voice assistant,
- device ID remotely via the user's | you can fully control
- power consumption smartphone. The Wi- IoT devices of the smart

home. Accordingly,
we get the location

of all devices in the
local network, a map
of the premises, access
to personal data and
subscriptions, an
archive of user requests
and commands[12].
Also, you can perform
surveillance on the
user and record audio
conversations.

Classification of IoT device threats. To describe the threats associated with the
IoT ecosystem of a smart home, it is necessary to understand the main assets that need
protection[8]. The assets that need to be protected are listed in table 2.

Table 2 — Assets requiring protection from cyber threats

Group

Assets

Description

1

2

3

ToT devices

Sensors

Sensors are used to detect
and measure parameters in
the environment. The actua-
tors perform the function of
transferring data to other IoT
devices
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2

3

Software and operating system

Ensures the operation of the
application on an IoT device.

Embedded systems

Multifunctional devices that
can process data and run ap-
plications locally, write data to
memory.

Infrastructure

Gateway

A component of the IoT
ecosystem for managing and
interacting with all connected
devices on a local network.

Power supply

Provides electricity for IoT
devices on the network.

Smartphone

The user's device for managing
and configuring all IoT smart
home devices

Link

Network

There are different types

of networks with different
characteristics. The most used
type of network for a smart
home is a local area network
(LAN).

Protocols

They are used to create

a common language of
communication between
devices. Depending on IoT
devices, there are different
types of communication
protocols that can be wired and
wireless.

Information

Data

User data can be stored locally
on devices or in a cloud
server. Also, there is data that
is transmitted in the local
network between 10T devices.

After determining the assets that need to be protected, it is necessary to identify cyber
threats to the [oT devices of the smart home. Thus, cyber threats can be divided by the type
of impact and by the type of network topology on IoT devices. According to the type of to-
pology, it can be divided into types such as local, global and vulnerable software [3]. Local
cyber threats are described as the actions of a hacker who needs to be near a smart home
to intercept data that is transmitted wirelessly. Thus, an attacker can hack the user's Wi-Fi
network or the Bluetooth protocol to gain access to [oT devices. Global cyber threats target
cloud servers of the manufacturer of loT devices that store and process user data. Manu-
facturers of smart IoT devices are the main target of attackers because it makes it possible
to obtain customer data from around the world and hackers can also influence IoT devices
globally. For example, they will be able to disable the update database for smart devices or
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introduce malicious code through the update function. The latter type of cyber threats is as-
sociated with vulnerabilities in the software and OS of smart devices, smartphones, routers,
etc. Vulnerabilities allow an attacker to gain remote or local access to [oT devices, read data
records and control these smart devices.

Practical experiment. I would like to discuss an experiment that have been deployed
to show practical IoT attacks to IoT devices. I decided to use a software to simulate loT
home devices. Simulated [oT devices connected to internet in order to collect various type
of attacks.

Technically, the host is connected to Internet and it has a public IP address. I open
21 and 22 ports for Telnet and SSH services. In this case, it is allowed to login with a
default password such as “root:root” for both services. I created a device and named it
as “home-bedroom”. This is simulated IoT device that is a part of the simulated home
network. Once attacker will obtain session on the system, it gets root privileges in order to
download malicious software and to expand network scanning. [ propose that attackers gain
accesses to the simulated IoT device, finding vulnerabilities by scanning the home network
and executing malicious files. It is a common thread for [oT home devices.

I present the typical model of [oT home environment that is connected to Internet in
figure 1. It is very simple and common way to have loT home network. Commonly, all IoT
devices are connected to the internet in order to communicate with an owner.

Figure 1 — typical model of IoT home network

I described tools and programs that simulates loT environment in table 3.

Table 3 — Components of simulated IoT environment

Components Description
BevyWise software Simulation of IoT devices
Cowrie Virtual environment for python
Oracle VM Virtual Box It is used to deploy virtual machines and config-
ure connections between them.
Lenovo Thinkpad laptop It is used to run and manage operations

I collected attack data from various hosts that are connected to my simulated [oT device.
I figure out that there are main four phases that can be observed from the attacked data. It is
obviously that attackers scan public IP addresses every 15 minutes for open ports, executing
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brute force attacks to find valid accounts and then gaining access to the system. The main
observable phases for this experiment are described in table 4.

Table 4 — Four main observable attack phases

Attack phase Description
Reconnaissance Scanning massively public IP addresses to find out open ports
Intrusion Executing brute force attack based on dictionary to find valid
accounts
Persistence Using a valid account to have access for loT device. Installing

executable files to deploy various services on the system

Command and Control Using tools to control IoT device remotely. Using this system
and its resources to attack other systems.

Conclusion: There are cyber threats associated with smart home [oT devices that can
affect human security based on the above information. Thus, smart home IoT devices can
carry cyber threats as they collect and process sensitive user data. When collecting and
analyzing data transmitted between loT devices, it is possible to create a profile of a smart
home user, thereby creating a cyber threat to the user. Also, it should be noted that the more
IoT devices in the network, the greater the risk of identifying a smart home user and the
greater the chances of successful hacking of the home network. To minimize the risks of
hacking and leakage of sensitive data, components, smart home assets and types of cyber
threats for [oT devices were provided. Additionally, examples of scenario attacks on IoT
devices with a degree of risk of attacks are presented. All this information shows the current
threats of smart home IoT devices that exist and require special attention for further study.
I provided the experiment results that showed that [oT device that is connected to Internet
will be scanned within 15 minutes by attackers. I described four main phases that I figure
out during this experiment that is related to [oT home security. From this experiment, I
obtained information that is related to attacker’s geolocation, behavior and tools that are
used to attack the simulated IoT device.
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C. T. T/IEYBEPTHH, E. H. CEUTKY/IOB

JLH. ['ymunes amoinoaewt E6pazusivlk YimmolK yHugepcumeni,
Acmana x., Kazaxcman

3ATTAP UHTEPHETIHE APHAJIFAH KUBEPKAYIIITEPIIH
KIIACCUDOUKALUACHI

Axbinool  yuoeei 10T Kypvlieviiapbl adamoapobly OMIPIiH JiceHiidenyee JHCIHe KOMeKmecyae
apnanzan. IoT canacvinoagsl mexnukanwlx npozpecc adam OMiIpiH dicenindemyze OAUNAHbICIGL JCand
Kubepxayinmepoi myovipbin omwip. JKepeinikmi Kubepkayinmepiep wabybliOayuvblea Heepeiiikmi yii
Jrcennicine Ko dcemkizyoi dcaHe 3iHe nanoa any MyMKiHOIZIH myzvi3advl. JKananovik kubepxayinmep
ome Kayinmi, cebedi navioananywvinviy 10T Kypuiigeliapvli XabapeiHcbl3 a1eMHil Ke3 KeleeH HyKmecinen
Kawbikman backapyea 6onaovl. Toyekenoiy 6ipi, oyn nauoanranyuvineiy loT KypbligvliapblHan mypamsliH
yil oicenici bomuemmepmen 6ACKAPBLIbIL JCaHe OACKaA KUubepuladyvlioapaa Koroanyvl MymkiH. Ocbl
Makanaoa auliovl yuoezi loT Kypblagbliapeina KamuiCmul 03eKmi Kayinmep cunammangam Jicone cmapm
KYPbLISbLIAD AHCUHAUTNBIH JiCoHe OHOelmin depekmep muicardapuvl Oepineen. loT Kypviigviiapvl apKulLivl
navuoananywbLIap mypaisl aknapam JCutay — 0¥ JHCYMblCmbly ACAHATbIEYL.

Tyitin ce30ep: 10T kypviieviiapel, akoiiowl yi, loT xubepkayinmepi, loT Kypviigvliapbiiblh
Kayincisoiei, depekmep Kayincizoiei, Kubepkayinmepoiy Kiaccupurayusicol.
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C. T. TTIEYFEPIHH, E. H. CEUTKY/IOB

Eepasuiickuil nayuonanvuwiii ynusepcumem umenu JI.H.I ymunesa,
2. Acmana, Kazaxcman

KJIACCUDPUKAIIUS KUBEPYTPO3 )11 UHTEPHETA BEIIEN

1oT ycmpoticmea ymHno2o ooma co30amnvl nOMO2ame U YNpowams Jcushb a00im. Texnuueckuii npo-
epecc loT obnacmu nayenen Ha ynpowjenue Jcu3Hu 4eio8exa, mem camvim co30a6as HO8ble KUOepy2po3bl.
Jloxanwbnvie kubepyepo3vl npedoCmasaion 603MONICHOCHb JOYMBIULEHHUKY NOLYYUUMb OOCTYN 8 00MAUL-
HIOK cemb U U361eKamy 0 cebs ableody. Iobanvuvie kubepyeposvl onacuvt mem, ymo loT ycmpoticmea
MO2Ym YNpaeasmscsl YOaienHo U3 100U mouku mupa 6ez eedoma nonvzosamens. OOHUM U3 PUCKOS A6~
emcesi mo, umo OOMAuiHAA cemyv noav3ogamens, cocmoawas uz loT ycmpoiicms, modicem Obims 3axeauena
bomnemamu 0nsi npogedenust Kubepamax. B dannotl cmamve onucanvl u NPOAHAIUZUPOBAHbI AKIMYATb-
Huvle yeposvl 045 [oT ycmpoticmea ymHnoeo doma u npusedenvl npumepsvl 0 OAHHbIX, KOMopble codupaom
u obpabamuigaiom ymuwie ycmpoticmea. Coop unpopmayuu o nonvzosamensx uepes loT ycmpoticmea
ABJIACMCS HOBUZHOU OAHHOU Pabombl.

Knroueswte cnosa: 1oT yempoiicmea, ymuwiii 0om, kubepyeposul loT; 6ezonacnocmo loT yempoiicms;
b6e30nacHocms OaHHbIX, Klaccupurayus Kubepyepos.
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TEPEH OKBITY MOJIEJILAEPI HET'T3IHAE KA3AK-OPBIC TLIIHJIETT
ODPJIANH KOJKA3ZEA MOTIHJEPIH TAHY

Konorcazoa srcazbanapvinwiy yudpranean Momini KonmeeeH KOMRAHUALAPOLIY OU3Hec-npoyecmepin
aBMOMAMmMaHObIPY2a MYMKIHOIK  Oepedi  ocaHe aA0AMHbIY HCYMBICHIH  dHceHindemeodi. Makanaoa
mepenOeminieen OKblmy MOOenbOepiH KONOAHA OMbIPbIN, OPbIC JHCIHe Kazax mindepinoeci dcazdauid
KOIICa3danbl mamy Kapacmulpbliadsl. Op a0amMHbly KOIHCA30ACl epeKule Jcane Kouicazoa MomiHiniy
JHCannvl YaSINepin wcacay MyMKIHOIZT HCOK OONAHOBIKMAH MIMIHOI OQIaliH Many ecebi OHAAUH MAHY
ecebine Kapasanoa Kypoeni 6oavin cananaovl. Kymvicma Kupuniiuya epapuracsbina Kamvlcmul Ka3ax-
opbic mindepinoezi KOnucazodamnvl many MooenbOepin jcacayoa mepey oKblnyobly apmypii maciioepi
KONOaHbIbIIAObL. Teper 0KbimyObiH commi Manbi30bl J1eMeHmi— Oy HeUPOHObIK HCelli MOOenbOepit KYpyObl
JiCoHE 0N1apPObL WBIRAPY YUIH OPLIHOAYObL JiceHi0ememin depekmepoiy, ecenmeyiepoiy, 6a20apiamanbly
naam@opmManapobiy HeaHe JHCYMbIC YaAKbIMbIHGIY KO dicemimoiniei. OKblmyobly apmypii macinoepi men
a0icmepin manday MeH CanrblCmulpyOblH JHCbIIOAM, CAHObIK JHCIHE 0L KYPALOAPbIH YCbIHAMBIH, OaceKeze
Kabinemmi, KapKblHObl OAMbIN Kele HCAMKAH Cala mepey OKbimy ybimMoapbl mankslianovl. Abdallah,
Bluche, Flor sicone PUIGCERVER cuskmbl manblMan mepey oKblny MoOenbOepine WOy HCACAnObl HCIHE
9KCnepumMeHmmep Hamucenepi eucmozpamma neeizinoe manoanovl. Ixcnepumenmmep Kazakh Offfine
Handwritten Text Dataset (KOHTD) den amanamvin Kazax mininoezi oguaiin Konicazoa Mmominoepiniy
Y7IKeH Oepekmep Kopul He2izinOe dcacanovl. Kazax mininoe konxcazoa oepexmepoi HCUHAy yuin apHaiivl
Kypbliean menezpam 6om Kypuiiovl. Ocel menecpam-60m apKulivl eHeizineen aknapamoli mexcepin, jca-
yanmapowl my3senty Kypaivl HetpoHObIK Jiceli He2i3iHOe Hcacanobl.

Tyitin ce30ep: Konxcazoa, mepen okviny, Heuporowl dceni, KOHTD, depexmep dicubihbl.

Kipicne. Komven sxa3purrad MoTiHIi TaHy (arsutm. Handwriting recognition, HWR ne-
mece Handwritten Text Recognition, HTR) — Oyt kara3 KykaTTap, CypeTTep xKoHE CEHCOPITBIK
dKpaHIap KoHEe 0acka Kypanmap KesIepIeH TYCIHIKTI Koypkaz0a akmaparhlH aixy >KOHe
TaHy KaOinmeti. KonMen ska3putrad MOTiHAI odduraiiH TaHy — Kipici €Ki emeM/Ii KeCKiH,
IIBIFBICHI TaHOAJIAp Ti30eri OOJBIT TAOBLIATHIH KECKIHIAETI OpIiNTepai HeMece Ce3mepii
CaHIBIK MOTIHTE TYPJICHIIpY omici. Kazipri yakeITTa KON >KeTiMIi KOJKa30aHBl TaHY
OarmapiaMaibIK MENTiMACPiH OHJIAlH skoHe o (dIaifH TaHy Il €Ki Heri3ri Oemikke 6emyre
Oonanpl: OHJAWH TaHy OPTYPIl KYPBUIFBUIAPIBIH DKPaHBIHAA apHAbl KYpPhUIFbIIAPMEH
(cTruTycTapMeH) JKa3bUTFaH MOTIHII TaHymbl KamMTuabl. OHIIaliH TaHy Macesneci Microsoft,
Evernote, Google »xoHe T.0. CHAKTBI KOIITETCH OHIMIEPAE COTTI mrentiinmi xoue Windows
Vista, Windows 7 »xore Windows Mobile onepanmsuibIK sKylenepiHe eHTi3ureH. 3ama-
HayW KOMITOHEHTTEp MEH HKeMi KYPBUIBIMMEH yitnecTipimren Google-miH Komka3z0aHbl
TaHy Xxy#eci 97 Tinmi Kommaimpl xoHe Android KYpBUIFBUIApBIHA €HTI3Y OfICi peTiHme

* E-mail xoppecionaupytomero apropa: bodinaz@mail.ru
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Ko sketimai [1]. Oddnaitn Komka30aHbl TaHy CypeTTeri MOTIHII KOMIBIOTEPIIK YKOHE
MOTIH/II OHJIEY KOChIMITIAJIAPBIH/IA KOJIZIAHyFa OOJIaThIH OPIMTIK KOATAPFa aBTOMATTHI TYPJIE
TYPACHIIPYAl KaMTHIbl. O3 Ke3eriHje, Koybkazda MoTiHIH odduaiiH TaHy Maceseci o
TOJNBIK Hiemiiared oK. Corrbl 10 XbUIa OPBIH aJiFaH 0acra jKoHEe Koka30a MOTiHJIEpiH
TaHy cajachlHIarbl inrepiney Oaiikananpl. Ecenrteynepnin KyprenmiiiriHe KapamacTa,
KelOip eTe KypHeni ecenTeyiepli MallMHAIBIK OKBITY JKOHE TEePeH HEHPOHMABIK KeJiep
YILIH )KacajaFaH KypbUIbIMAap apKbUIbI menryre 6onaabl. Kupumia Herizaeri Ka3ak-opbic
TUTIHJETI KoJhKa30anap/ sl TaHy Macesieci a1l Ae ToJdbIK 3eprrenmereH. COHABIKTaH, Ka3ak
timiageri opduaiin Komka3da MOTIHAEPIH TaHy aITOPUTMIIEPIH jKacay ©Te MaHbI3/Ibl JKOHE
OCBI caiajia 3epTTeyiep KYPrizy KaKeT, SIFHU MaKayia TaKbIPbIObI ©3€KTi.

JKyMBICTBIH MakcaThbl OpBIC JKOHE Ka3zakK TULIEpiHAeri Koihka3Oanapibl TaHy >KOHE
OHJICY MIHJICTIH IICIly YIIiH TEPEeH OKBITYIbIH 3aMaHayH OJICTEpPiH MaiijjanaHa OThIPHII
OafrapiiaMaliblKk KaMTaMachl3 €Tyl 93ipiey Ooubin TaObuiaabl. TepeH ®oHEe MallMHAIBIK
OKBITY apKbUIbI KOJKa30a MOTiIHIH TaHYMEH aifHaJIbICAThIH 3€PTTEYILLIePIiH IKCTIEPUMEHT-
TepiHe HeTi3 peTiHJie KorKa3zoa JepeKTep KUbIHBI (JlaTaceT) KaxeT. AFbUIIIBIH TiTiHIe [AM,
EMNIST [2,3], kbrrait Tininge HIT-MW [4], ucnian tininge RODRIGO [5], opsic TiniHae
HKR [6] xomxka30a nepekrep kublHbl 0ap. XKakbiHaa Ka3ak TutiHaeri oddiaiin Komkazoa
MaTiHAepiHiH aepekrep Kopbl Kazakh Offline Handwritten Text Dataset (KOHTD) kypbiibt
[7], xypambiaga mamamer 922010 tanoOa xone 140335 cermeHTTenreH keckin 6ap. Ocbl
KOHTD komxkas0a aepeKTep KHUbIHBI HETi3iHAe HEeHPOHIBIK KETICIHIH apXUTEKTYPaChlH
naianaHsl, Ka3ak TUTIHJE KOJDKa30aHbl TaHY KapacThIPbUIAIbI.

3eprrey amicTepi. TepeH KOHBOMIOUMSUIBIK HEHPOHIBIK KETIEpAiH OpKeHIeYyiIMEeH
KOJKa30aHbl TaHY MOCEJIECiHIH JKaHa emiMIepi YChIHBULABL. TepeH HeHpOHIBIK Keminep
TUIIIK TaHOanapAbIH/opinTepAiH Oenrini Oip epeKIIeNiKTepiH aBTOMATThl TYPAE 3epTTel
anajipl, OChUTalIIIa KOJbKa30anapAbl TaHy ASJIITIH )KOFaphl ACHIeire KoTepyre O0Iaabl.

TepeH OKbITY — OYJ1 «TepeH» HEHPOHIBIK KeJiIep/Ii KOJIJJaHAThIH MAIIUHAIBIK OKBITY
O/IICTEPIHIH KaJllbl TepMUHI. BYriHri TaHma TepeH OKBITY MAIIMHAJBIK OKBITYIBIH €H
KOPHEKT1 OaFbITTApbIHBIH Oipi OONBIN TaObUTybIHA KOMITBIOTEPIIIK KOpY, TUII OHAeY, OWbIH
oifHay, IIeNIM KaOblUIAay jKoHE MOJEIbCY CHAKTHI calajaplarbl KeTicTikTepi Aamen 0o-
najipl. XKacaHibl MHTEIUICKTIH OIp canachl — MalIMHAIBIK OKbITY [T canachiHmaa MaHbBI3IbI
OpBIH anajibl. bi3 KyHIEIIKTI eMip/ie naiiaaHaThlH CaH IbIK JISPEKTEP/IiH KeJieMi KyH cai-
BIH apThIN KeJel, OChIFaH OaiIaHbICThI TEXHOJIOTHSUIBIK TPOTPECTi OAAaH 9pi NaMBITY YIIiH
CMapT-JIEPEKTEeP/li aBTOMATThI Tajjlay KaXKETTUTIr TybIHIAAbl. MaIIHHAIBIK OKBITYIBIH
OeJICeH Il IaMybl JKacaH/Ibl HEHPOH/IBIK JKEIUICP/IiH KeH KOJ/IaHbICKAa Ue OOJTybIHA OKEJII.
AnlaM MUBIHBIH OHMOJOTHSUIBIK KYpBUIBIMBbIHA HETi3AENreH HEHpOHABI JKeniep ©3iHiH
JKOFapFbl JICHIelIe ecenTey MyMKIHJITIMeH 0acka OKbITY aJlfOpUTMCpiHEH OipHele ece
THIMJI OombIn ecenrenesi [8].

Heiiponap! sxemninepi KonaaHyIblH 0acThl apTHIKIIBUIBIFBI KOJIEM/II HeMece aliKbIH eMec
MOJIIMETTEPJICH aKnaparTapbl TEPEeH OKBITY dJicTepi apKbUIbl amy. OKBITBUIFaH HEHPOHIBI
JKeJli TalbIHJaJIFad JIGPEKTep CaHaThl YIIIH «Capallibly peliiH aTkapa anajabl. JKacaHsl
HEHPOHIBIK JKENIEPIiH eH JKapKbIH )KOHE MaHBI3bl TYPJIEPiHiH Oipi — YHIpTKiN (cBepTOY-
Has) Heripou bl kel (Convolution Neural Networks CNN). YiiipTkini HeHpoHIbI sKeIiIepIi
KOJIJTAaHAThIH aJITOPUTMIIEP OPTYpIIi OypmarayFra, atan alTcak, kaMmepaHbl Oypy, CypeTTeri
JKapBIKTBIH OIpKeNIKi 0ONMaybl, KOJIEHeH HEMECe TiK BIFBICYNap KoHE T.0. MHBApUAHTTHI
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OoubIn KeJiemi. Y HipTKUTI HEHPOHIBI JKeITiIep Ka Ibl1a KO OPbIHJIbI KAXKET eTIeH I, COHbI-
MeH KaTap, KOJIaHbUIAThIH KOPCETKIIITEPAIH CaHbIH a3aliTy apKbLIbl OKY JKbUIIaMIbIFbIH
apTThIpyFa Oonapl. YHIPTKUII HEWPOH/IBI XKETIEPiH TaHy ecenTepine KoiJanranaa 6acka
HEHPOH/IBIK XKeJJIepAiH OHIMIUIINHeH OipHelle ece apTajibl. Y HIPTKiJII HSWPOH/IBI KeJliiep
ontukanslk TaHOamapabl Tany (OCR — Optical Character Recognition) sxyitenepinmne
KONTEreH JKEeTICTIKTepre Ko XKeTKizyre MyMKiHik 6epai. Cyperreri TaHOaHbI TaHy — Kipic
KeCKiHIHJIerl op TaHOara aJiJiblH-aJla aHBIKTaJIFaH KJIACThl COMKec KOAThIH yaepic. Kazipri
TaHJa OpPTYpPJl TaHy KOCBIMIIAJapblHA CYpPaHBIC apTKaHbIHA OalIaHBICTBI KOMIIBIOTEP/I
«OKyFa» YHPeTyIiH IIYFbUT KQKETTIIr TyBIHAAIbI.

TepeH OKBITY — OYJ1 OKBITY VIIiH HEWPOHMBIK >KENiIepli KOJAaHAThIH MalluHaJIbIK
OKBITYIBIH Oip Typi. XKacanabl HeWpoHABIK *emi (Hemece kail HeWpOHABIK XkKewi) - Oy
013/1iH MUBIMBI3 KYMBIC 1CTEHTIH MPUHIMIITEP OOMBIHINA KYMBIC iICTEHTIH OarIapiaMalibiK
acakTama. bi3/iH OMOJIOTUSIIBIK KYWKe KyHeciH 0ackapy CHUHAICTap el aTajaThiH ap-
HaJap apKbUIbI Oip-0ipiMEH ©3apa opeKeTTECETIH HeUPOHIap apKbUIbI KY3EeTe aChIPhLIA/IbL.
Hetiponabik xeinifie ©3apa OailyIaHBICTBI JKacaHAbl HEHPOHAAP KEJiHI OKBITY YIIIH ajam
MUBIHBIH HEHPOHIAPBIHBIH KYMBICBIH MOjieibaeial. OKy MpOLECiHe KaKETTI HOTHIKETe
KeTy yuIiH Oenrini Oip HelipoHaap apacblHIarbl OainaHbic Kymeinrineni. Keneci nua-
rpaMMaja yi JeHrewm HelpoHablK ke kepceerinred (Cypet 1). Op meHOep HeHpOoHIbI
OlIIipe/Ii, am oJapIbIH apachIHIaFbl ChI3BIKTAP CUHAIICTAP bl MOJICIIbICH 1.

Cypem 1 — Y1 neHreini HeUpOHIBIK JKeIi

Ocpl cyperTe TONBIK OalIaHBICKAaH JKeJli KOpCEeTUIreH — OepiireH aeHreiaeri apoip
HEHpoH Kejeci aeHredl HelpoHaapbIMeH Oaitnanbicansl. HeHpoHIBIK >Keminepiai OKBITY
WUTEpaTUBTI NMPUHLUI OOWBIHIIA XKypedl. OpOip urepaums adyip (epoch) nen aranansl.
OKy >KUBIHTBIFBIHIAFBI YT Olp peT eHJENeAl jKoHE «IYpbhIC» Jayipiep caHbl KOK. by
THIIEPKOPCETKIMITI OKY JEpPEKTEpiHE kKOHE MOAEiHe OalijaHbICThl OanTay KakeT OOJIJIBI.
XKeninin Kipic MaiMeTTepi peTiHAe OKy yiariiepiniH Oenrinepi anbiHansl. bip aeHreitnep
QJJIBIHFBI JICHTSHIIeP/IiH IBIFBICHI OOMBIHINA XaHa Oenrinepai 3eprrece, OacKkaiapbl OChI
Oenrinepai 6omkam skacay YiIiH KoinaHaasl. Keneci cyperre 6apiblk Helipponaapra (He-
Mece onapablH OernikTepiHe) OepisieTiH Y KipicTeH, Oip WIBIFbICTAH TYpaThblH HEMpOH Oeii-
uenenred (Cyper 2):
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Kipic Heiipon [erFeIc

Cypem 2 — Y1 xipicTeH, Oip IIBIFBICTAH TYPATHIH HEWPOH

Mynna w;, w, )KoHe w3 MOHZEpPi canMak Jien atanaabl. JKaHagaH OKbUIATBIH MOJEIb-
nepae Oy1 MoHJIEp MOJIeb apKbUIbl Ke3AelcoK Kocbutanpl. OKbITY OapbIChIHA kel 0071-
JKamJIpl MOZIeIb Oelriiepi MeH HaKThl YJri Oendrinepi apachblHOarbl KaTEIIKTEPIiH YJIeCiH
azaiiTyra TeIpeicaabl. KaremikrephiH yieci WBIFBIHAAp €N aTajajabl, ajl IIbIFbIHIAD
MOJIILEpPiH aHbIKTay (OpMyNachkl WBIFEIHAAP GYHKUMICH Jen arananpl. OKy npoueciHae
JKeJi 9p HEHPOHHBIH JKaJIbl IIBIFbIHAAPFA OKEJETIH MOJIIIEePiH aHbIKTalabl, COAaH KeHiH
OJ1 ICHTeHIepeH Kepi OarbITTa ©Te/ll KOHE WIBIFBIHAAP/Abl a3aiTyFa THIPBICHII, CATMAKThI
perreiini. byn omic kepi Tapany nen atanazapl. CanMakrapAbl OHTaWIaHIBIPY TPAAUEHTTI
TYCy Jell arajaThlH yaepicre Oiprinaen icke acaisl [9].

Heifiponaplk sxenizep Komwka3zda MEH cellyieyai TaHyla 3aMaHayd >KyHelepiHiH Heri3ri
Kypampac Oeniri Oonbin oTelp. JepOec skarnaiina, Komnka3da MeH ceijieyai TaHyda €H
THIM/Ii OOJIBIN TAHBUIFAH PEKYPEHTTI HEHPOHIBI JKeinep.

Komxkasba amampapra akmapar Tapary YIIiH KOJAaHbLIa[bl. Opi Kapail Tannay YIIiH
OCBI aKIapaTKa KoJl KeTKi3y YIIiH OeTTi ONTHKAJIBIK CKaHEepIIel, MallliHa TAHUTHIH MiIIiHTe
TypaeHaipy kepek. Ochl opaiijia, 3epTTeyIiiep TepeH OKbITyFa HEri3/IelreH 00beKTuIep i
AHBIKTAy apPXUTEKTYPAChIH KOJJIaHa OTBIPBII, aFbIIIIBIH TITIHACTI KOJKa30a ce3aepid Tany
mozenin ycbiaran [10]. By Mozpens aBropiapbly a3y CTUIIIHE TIyenai 0oaMai jKaKChl
JKYMBIC iCTEH .

Kazak Ttimingeri xomkaz0anapasl tany yuiH Theodore Bluche and Ronaldo Messina
yeoirad [11] exi ©arpirtel LSTM (long short-term memory) aexonepiHe HerisnenreH
MoOZEeTbII Kosganambl3. Mozenb aBropiapsl IAM sxone Rimes nepexkopnapbIHIarhl KO-
Jap MeH a03aurap JeHreHiHeri eH 3aMaHayy TaHy HOTHKeNepiH ajnraH. KOHBOMIOHSIIBIK
HEHPOHBIK JKEJIiIep KOMIBIOTEPIIIK Kopyae KeHIHEH KOJIaHbUIaTBIHBIH KOHE €Ki OaFbITThI
LSTM rinaik KonpanOanap yiIiH eTe TaHbIMall €KeHIH €CKepe OTBIPBII, Kipic KeCKiHiHiH
Koziepi, uHTepQeiic KoHe IeKaoAep e aTanaTbiH YII HEeTi3r1 OeiKTeH TypaThiH TePeH He-
POHIBI kel Kypbuta el Kipic keckiHiHIH KOJepi KOHBOJTIOIUSIIBIK KabaTTapaH KacaliFaH.
Omn exi emmemai KepiHicTepAl eHAeHAl KoHe 00beKTiiepAin 2D KapTanapblH YCHIHAJIBI.
Bbyn Genixre monenpain mamamen 20% 06oc nmapamerpiepi Oap, Oipak apXUTEKTYpaHbIH
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eH Oasy xommnoneHTi (ecenrey 80% ). Makcar — ocbl OeJikTi KalTa maijanaHy yuIiH
MYMKIHJITiHIIEe aMOeOart ety (MbIcabl OapibIK TULAEp HEMEce SpTYpIIi TanchipManap yIliH
enzey). Murepdetic 2D keckinine ykcac kepiHicTi KyTiietin 1D kepiniciHe TypneHaipesi
(013 TanOanap Tizoerin OomkaiiMbI3). Jlexonep — TanOanap Tiz0erin Oosmkay yiniH oenriiep
Tiz0erin exyenTiH eki OarbITThl LSTM RNN(Recurrent Neural Network). On xeniHig
CBIWBIMJIBUIBIFBIHBIH KOTI 06JIITiH anab! (Mojeib emeMiHiH 80%), Oipak ®bligaM eHaey/l
KaMmTaMach3 etei (ecentey yakbIThIHBIH 20%). ¥ CBIHBUIFAH MOJIENbJE Kail KOHTEKCTE
ecenrey Oenrici peneBaHTTHl eKeHiH xkyie Tanu anaisl (Cyper 3).

Cypem 3 — KOHBOIIOIUSITBIK AIEMEHT (KbI3BUT TYCIICH OCITiJICHICH)

Byn xepme komepae KOJNJAHBUIATHIH KOHBOJIIOLMSUIBIK BJIEMEHTTED CHIATTaJFaH.
Backapy snemeHTi 0ObeKTiHIH Keseci KabaTKa TapaiyblH Oackapaibl. Herizinme, mumo3
OepinreH mo3unuAgarbl OOBEKTIHIH MOHIH JKOHE ipresiec MOHICPAl KapacThIpalbl KOHE
COJI HBICAaHJBI COJ KYHJe cakTay HeMece ofaH 0ac TapTy Typauibl IICIIiM KaObUIgaibl.
Byt Oykin cyperTeri »aimsl Oedriiepli ecenteyre )oHe KOHTEKCTKe calikec Oy Oenrinep
MaHbI3]IbI OOJIFaH Ke3/e Cy3yre MyMKIHIIK Oepe/.

Op TYpii TanceipManapAp! (J9JAIK, KbULIAMIBIK JKOHE OJIIIeM) OHTaMIaHABIPY YLIIH
HEHPOHBIK JKeNiJepaiH apXuTeKrypachl Kypasuiasl (Cyper 4).

Cypem 4 — Y CBIHBITFaH HEHPOH/IBIK JKENIIEPIiH apXUTEKTYPACHI
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Theodore Bluche and Ronaldo Messina ycbiHFaH Mojieb KOJKa30aHbl TAHYJIBIH €H 3a-
MaHayd HOTIKETIEpiH OepeTiH HeHPOHIBIK JKeJli apXUTEKTypachiHaH Typabsl. O Komkazoa
MOTIHIHIH JKaimbl OeNTiIepiH MIbFapaThlH KOHBOJIOIMUIBIK KOJAEPIEH JKOHE TaHOamap
Ti30eriH OoypKalThIH op Tifre Oedimaenren LSTM nexoxepineH Typajsl. KoarayiibiHbIH
MaHBI3IBI aCMEKTiCi — THICTI (PYHKIMsIIApAbl TaHIAyFa >KOHE KalFaHMaphIH OJIOKTayFa
KaO1JIeTTI KOHBOMIOUMSUIBIK KaOaTrTap TYpiHIE KY3ere achIpbliaThiH OacKapy 3JeMEHTTEpI.

Oddunaiin korpka3z0aHbl TaHY IbIH 3aMaHayu Taciiaepi LSTM y3ak Kbicka Mep3iMTi KaIThIH
ken emmemi xeminepine Herizaenaredn. LSTM (arpimm. Long short-term memory) — y3ax
KbICKaMep3iMIIi JKajbl KeJici, Oy peKypeHTTI HeHpOHABI JKeIiIepaiH apXUTEeKTypachIHbIH
0ip Typi. Anaiina, Oyll apXHTEKTypajap eTe KOFapbl ecemnTey HIbIFbIHAaphiHa ue. Joan
Puigcerver ocbl apxuTekTypara Oaiama peTiHae alTapIIbIKTal KbUTTAMBIPAK )KYMBIC iCTEUTIH
TEK KOHBOJIIOLIMSUIBIK JKOHE Oip eJmieMil KalHTallaHaThlH KabarTapra CYHCHETIH MOJICIbi
yChIHBI [ 12]. ¥ ChIHIFaH MOZICIB/IIH apXUTEKTYpaCchl YIII OJIOKTaH Typa/ibl: KOHBOIFOLHUSITBIK
ONokTap peKypeHTTi OJIOKTap *oHE ChI3BIKTHI O10KkTap (Cyper 5).

Cypem 5 — 1D-LSTM exi GarbITThI KOJIIaHATHIH HEHPOH/IBIK, XKEi apXUTEKTYPAChI

Joan Puigcerver 3eprreynepiHae KOJDKa3aHbl TaHy TONJIITiIHE KOJ KETKi3y YIIiH Kem
eIIeM/Ii KalTalaHaThlH KabaTTap KakeT OoJMaybl MYMKIH €KEHJIrl Typasibl KeNTereH
nonenjep kenripreH. COHbIMEH Karap, 3KCIEPUMEHTTIK HOTHIKEIEPIiH CTATHCTHKAIBIK
HeTi3/IeJTeH TaIaybl KeHiHeH KoinaHeareiH [IAM, Rimes exi 1epeKTep KUBIHTBIFBI YIITH
OyJ1 MoTiMIEeMeH1 pacTaiiibl.

Komka30a MoTiHIH TaHy KOHBOJIONMSUIBIK KalTalaHaTbIH HEHPOHJBIK IKeNiiepre
(arpumr. Convolutional Recurrent Neural Networks, CRNNs) Heriznenren. Tany ypaiciaie
KOHBOJTIOLMSUIBIK KalTallaHATBIH HEHPOHIBIK JKEJIep, PEeKypEeHTTIK HEHPOHIBIK >KeIiIepai
nailaJlaHFal/a Ky»KaTTap]ibl CKAaHEpJIereH Ke3/ie TPaJIMEHTTIH JKOFAITYbI, YIIKEH KelleMJIer Jie-
PEKTep MEH ecenTey pecypCcTapblH KaKeT eTeTiH MUJUIHOHIAFaH MapamMeTpIep ecenTeylepii
Oastatybl MyMKiH. JKakbiaaa seprreyiisiep CRNN oicTepiH TONBIKTHIPATHIH jKaHa KJIAChIHBIH
ApXHUTEKTYPACHIHBIH MOJIEIB/IET, JKaOBIK KOHBOJFOIMSUIBIK, KaTaIaHATBIH HEHPOHABIK KEeTiHl
(arpumn. Gated Convolutional Neural Networks,Gated-CNN) ycwaner [13]. Gated-CRNN
JKaHa apXUTEKTYpachl MaIlIMHANBIK OKBITYABIH COHFBI Tociigepi Dauphin ycweiaran Gated
MexaHmMi[ 14] MeH eki OaFbITTBI OacKapbUIATHIH KalTaaHaThiH MOMYITiH (arpumn. Bidirectional
Gated Recurrent Units,BGRU) [15] 6ipikripeni. ¥cembuiran Gated-CRNN moneni 6ipHere
napamerpiepi (MbIHIaFaH) KAaMTHABI )KOHE MOTIHI TaHy TpoleciHze (Ko JeHreliHe KoHe
CErMEHTAITHACHI3) KaTenep/i a3alitaabl. COHBIMEH KaTap, OKBITHUIATHIH ITapaMeTPIICPIIiH CAHBIH
(MBIHZIaFaH) a3aiiTa OTHIPBII, €CENTey WIBIFBIHAAPBIH a KEMITYTe O0Japbl.



132 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 4 (90)

KakplHna KApWIUTMIA HEri3leri Ka3akK j>KOHE OpbIC TULAEpIHAE KOKa30aHbl TaHy
MOJETBICPIH OHICY OOMBIHIIA alFaImKel peT [16] 3epTTey KYMBITAPBIHBIH HOTHXEC] JkKa-
pusutaHabl. Y CHIHBUIFAH MOJIENh KOJDKa30a MOTIHHIH JKalIbl CHUINIATTaMalapblH O
IIBIFAPATBIH TOJIBIFBIMEH JKa0bIK KOHBOJIOIMUIBIK KozepaeH, BGRU nekonepneH xoHe
tanOamap Tiz0eridig Oomkay ymiH CTC (Connectionist temporal classification,CTC)
MOJICTIIHEH Typanbl. byl omicTiH THIMALNIrT yII TifAe: aFbUIIbIH, OPBIC JKOHE Ka3ak
TiIAepiHAe KobKaz0a MOTIHJCPIHIH ACPEKKOpIAphIH NaianaHa oTeIpbil Oarananabl. O
0acka TaHBIMaJI MOJIETBICPTe KaparaHma Korka3oa Kasak sxone opsic Timaepinae HKR [6]
JepEeKTEP KUBIHBIH/IA V31K HOTHKEJIePAl KOPCETTi.

Haruxenep :koHe osapabl Tankbliay. bapneik monensaep Python opracein-
nma Tensorflow, Keras, Matplotlib kiTamxaHaapeIHBIH KOMETIMEH KY3€Tre acBIPBUIIBL.
TensorFlow — Google Brain xomanaackl jkacaraH CaHABIK €CEITeyJIep MEH ayKbIMIbl
MAaIllMHAJBIK OKBITYFa apHaiFaH AmbIK Oacrankel KitarnxaHa. TensorFlow MamiHanbik
OKBITY MEH TE€PEH OKBITY/IBIH KOIITET€H MOJIENb/IEPi MEH alTOPUTMIEPIH OiIpiKTipei xKoHe
oJiapzbl skanmel Metadopa perinie mangansl ereni. Keras — TensorFlow Mamminansik
OKBITY TUTaTQOPMACHIHBIH YCTiH/IE )KYMBIC icTeiTiH Python TiniHze ka3buTFaH TepeH OKBITY
API. Keras-ToiH Herisri aBTopbl-Google nmkenepi Francois Chollet [17]. Keras iOS xone
Android cmaprdonmapbiHia TepeH OKBITY YJTUIepiH €Hriyre HHETTI NaijanaHyIibl-
Jap yurH MoOwinsai Tardopmanapabl o3ipieymi yebrHaabl. Matplotlib-Oyim mepexrepmi
BH3yalIM3anysyiayra apHanraH makeT. On rpaduKTep/IiH KeH ayKbIMBIH KYpyFa apHajFaH
KypasIapabl YChIHAIBI )KOHE JKOFaphl IeHreieri 6anTaynap/pl KaMTaMachl3 eTe/i.

Kaszak Tinminge komka3oa IepeKTepai )KiHHAy YIIiH apHaitel Temerpam 60T sxacanasr. Te-
nerpam 00TKa cTyiaeHTTepAiH Ka3ak Timiaae 6000-Fa xxybik A4 ¢opmarTa eMTUXaH MapaFsl
CKaHepJIeH/Ii. byt aJlbIHFaH CypeTTep FeHeTUKAJIBIK AJITOPUTM HETI31HIe CO3/Iepre CErMeHT-
tenreH. OCBl CETMEHTTENTEH Co3Iep epikTi maiinanmanymeiiapra Tererpam OOTTHIH ciTemMect
xi0epinai. Epikri nalinananymsinap Tenerpam 00T yChIHFaH co3/1i €HIi3e1i. AHHOTauusIap-
JIbl YKMHAY TIPOLIECIH KEHUIIETY YIIiH Oip CypeTTi eKi Ke3JelicoK NaiananyIblFa xioepy
Typaiel MM KaOBUITaHABl. Erep eki maiimamaHymibigaH skiOepiareH aHHOTaIusIap
abcamrorTi Oipzel 6osica, 613 OyJ1 HOTHIKEHI ceHiMI fien ecenTeli. Jlepekrep KUBIHTHIFbIH
TOJIBIK Tekcepiii. Colikec KeJIMEHUTIH co3/1ep YIIiH HEHPOH/IBIK JKeJIiIep Heri3iHie Kayar-
Tap/Ibl TY3eTy Kypaisl 1a sxacamasl (Cyper 7).

Cypem 7 — HelipoHIBIK JKeijep HeTi3iH/e jKayanTap/ sl TY3eTy KypajIbl
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Kanmbl Komwkazba JepeKTepiH KUHAy OapbIChIHIA epiKTi MaijajaHylbliap aHHOTA-
USUTIApABl ©TE YKBITICHI3 TONTHIPFaHbl, KEHAe TINTi AYphIC eMeC aHHOTALUSUIADP JKa3raHbl
Oenrini 6onmel. Ockl Karnaitnapasl OonaplpMay yIniH 013 HEWPOHABIK JKeNiHi OypbIHHAH
0ap TOJIBIK eMeC JIEPEKTep KUBIHTBIFbIHIA KOJDKa30aHbl TaHyFa yiperinai. Hotnxkecinne,
JepeKTep KUBIHTHIFBIH/A HEHPOHIBIK JKelli CyOBEKTUBTI TYplle TaMallla HOTHKeNep Oepi.

Bbapneixk mopensiaep KOHTD komka30a JiepeKkTep JKUBIHBIHIA OKBITHUIABL. OKBITY,
BAMALUS KOHE TECTUIEY YIUiH JAEpPEeKTep >KUBIHTHIFBIH JaibIHIaFaHHAH KeHiH MOJeb-
Jep OKBITBUIABI JKOHE CalbICThIpMaibl Oarajay OoibIHIIA OipKarap SKCIIEPUMEHTTED
)kyprizunai. Mopensaepain tanoanapnarel (CER) xone cesnepaeri (WER) karenep sxuiniri
KepceTKilTepi OolbiHIIa Oarananbl (CypeT 6).

Cypem 6 — Monensaepaid Tanoanapaars! (CER) sxone cesnepueri (WER) karenep xwuisiri

By 3eprrey xymbicbinaa Abdallah, Bluche, Flor sxone PUIGCERVER cusikTbl TaHbI-
MaJjl TepeH OKBITY MOJAETBACP] Maiigaiana OTHIPHII, Ka3aK TUTIHICT KopKa30a MOTIHAepiH
TaHy MOCEJICCIH IMIETTyTe OPEKET JKACAIIBI.

KopbiThinabl. byn Makamama >kacaHObl HEHPOHIBIK JKEJMI HETI3IHIAE KUPUUIHIIA
HETI31HIer1 Ka3aK TUTIHIE KOJMEH Ka3bUIFaH MOTIHAI TaHy MOZCNIEPi KapacTHIPBUIFaH.
byn Monenbiiep HEHPOHIBIK KENHIH apXUTEKTYpachl KOHBONIOIUSIIBIK HEHPOHIBIK SKeIl
KabaTTapblHAH TYPAJIbI )KOHE PEKYPPEHTTIK HEMPOHIBIK KEJi, COHMal-aK KOHHEKITUSITBIK
YakpIT JKIKTEMECiHeH Typanbl. TepeH OKBITYAbIH SiCTepHE MIONY >KaCajblll, JKCIIEPH-
MEHTTEp KYPri3ijai. DKCIepUMEHTTEepre HOTHKeCiHe calikec, Floor Moneni Ka3ak TiiHge
KOJIMEH JKa3bIIFaH MOTIH/II TaHya €H KOFaphl KBIULIAM/IBIFBIH KOPCETT.

OJIEBUET

1 Keysers D, Deselaers T, Rowley H. A., Wang L. -L., Carbune V. Multi-Language Online
Handwriting Recognition. (2017). IEEE Transactions on Pattern Analysis and Machine Intelligence.
https://doi.org/10.1007/s11042-018-6764-0



134 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 4 (90)

2 Marti U.-V., Bunke H. (2002). The IAM-database: an English sentence database for offline
handwriting recognition. International Journal on Document Analysis and Recognition. https://doi.
org/10.1007/s100320200071

3 Cohen G, Afshar S, Tapson J, van Schaik A. (2017). EMNIST: Extending MNIST to handwrit-
ten letters. 2017 International Joint Conference on Neural Networks (IJCNN). https://doi.org/10.1109/
jenn.2017.7966217

4 Su T., Zhang T., Guan D. (2007). Corpus. based HIT-MW database for offline recognition of
general-purpose Chinese handwritten text. https://doi.org/10.1007/s10032-006-0037-6

5 Serrano N, Castro F, Juan A.(2010). The Rodrigo database. Proceedings of the Seventh Inter-
national Conference on Language Resources and Evaluation. Valletta, Malta

6 Nurseitov D, Bostanbekov K, Alimova A, Abdallah A, Kurmankhojayev D. Tolegenov R.
(2021). Handwritten Kazakh and Russian (HKR) database for text recognition. Multimedia Tools
and Applications. https://doi.org/10.1007/s11042-021-11399-6

7 Toiganbayeva N., Kasem M, Abdimanap G., Bostanbekov K., Abdallah A., Alimova A.,
Nurseitov D. (2022). KOHTD: Kazakh Offline Handwritten Text Dataset. Signal Processing: Image
Communication. Elsevier. doi: https://doi.org/10.1016/j.image.2022.116827

8 Shrivastava V., Sharma N. (2012). Artificial Neural Networks Based Optical Character Rec-
ognition. Signal & Image Processing: An International Journal (SIPLJ). https://doi.org/10.48550/
arXiv.1211.4385

9 Heitren Ilom, Hdetitenr Xapeu. (2020). Python: MckyccTBeHHBIN MHTEIIICKT, OOIBIINE TaHHBIC
n obmaunsie Beraucaenus. CI10.: [Tutep

10 Mondal R., Malakar S., Barney Smith, E.H. et al. (2022). Handwritten English word recog-
nition using a deep learning based object detection architecture. Multimed Tools Appl. vol. 81, pp.
975-1000 (2022). https://doi.org/10.1007/s11042-021-11425-7

11 Bluche T., Messina R. (2017). Gated Convolutional Recurrent Neural Networks for Multi-
lingual Handwriting Recognition. 14th IAPR International Conference on Document Analysis and
Recognition (ICDAR). Kyoto, Japan. https://doi.org/10.1109/icdar.2017.111

12 Puigcerver J. (2017). Are Multidimensional Recurrent Layers Really Necessary for Hand-
written Text Recognition? 14th IAPR International Conference on Document Analysis and Recogni-
tion (ICDAR), Kyoto, Japan. https://doi.org/10.1109/ICDAR.2017.20

13 A. F. de Sousa Neto, B. L. D. Bezerra, A. H. Toselli and E. B. Lima. (2020). HTR-Flor: A
Deep Learning System for Offline Handwritten Text Recognition .33rd SIBGRAPI Conference on
Graphics, Patterns and Images (SIBGRAPI), Porto de Galinhas, Brazil. pp. 54-61, doi: https://doi.
org/10.1109/SIBGRAPI51738.2020.00016

14 Dauphin Y. N., Fan A., Auli M., Grangier D. (2017) Language modeling with gated convolu-
tional networks. Proceedings of the 34th International Conference on Machine Learning. Vol. 70, ser.
ICML’17. IMLR.org, 2017, p. 933-941

15 Cho K, van Merrienboer B., Bahdanau D., Bougares, Fethi S., Bengio Y. (2020). Learning
phrase representations using RNN encoder—decoder for statistical machine translation. 2014 Confer-
ence on Empirical Methods in Natural Language Processing (EMNLP). Association for Computa-
tional Linguistics, Doha, Qatar. https://doi.org/10.3115/v1/D14-1179

16 Abdallah Abdelrahman, Mohamed Hamada, Daniyar B. Nurseitov. (2020). Attention-Based
Fully Gated CNN-BGRU for Russian Handwritten Text. Journal of Imaging. https://api.semantic-
scholar.org/CorpusID:221150485

17 Chollet F.(2017) Deep Learning with Python. United States of America



Totieanbaesa H. A. scone m.6. Tepen oxpiny mooenvoepi neaizinoe Kazak-opvic minrinoeei ... 135

REFERECES

1 Keysers D, Deselaers T, Rowley H. A., Wang L. -L., Carbune V. Multi-Language Online
Handwriting Recognition. (2017). IEEE Transactions on Pattern Analysis and Machine Intelligence.
https://doi.org/10.1007/s11042-018-6764-0

2 Marti U.-V., Bunke H. (2002). The IAM-database: an English sentence database for offline
handwriting recognition. International Journal on Document Analysis and Recognition. https://doi.
org/10.1007/s100320200071

3 Cohen G, Afshar S, Tapson J, van Schaik A. (2017). EMNIST: Extending MNIST to handwritten
letters. 2017 International Joint Conference on Neural Networks (IJCNN). https://doi.org/10.1109/
1jcnn.2017.7966217

4 Su T., Zhang T., Guan D. (2007). Corpus. based HIT-MW database for offline recognition of
general-purpose Chinese handwritten text. https://doi.org/10.1007/s10032-006-0037-6

5 Serrano N, Castro F, Juan A.(2010). The Rodrigo database. Proceedings of the Seventh
International Conference on Language Resources and Evaluation. Valletta, Malta.

6 Nurseitov D, Bostanbekov K, Alimova A, Abdallah A, Kurmankhojayev D. Tolegenov R.
(2021). Handwritten Kazakh and Russian (HKR) database for text recognition. Multimedia Tools
and Applications. https://doi.org/10.1007/s11042-021-11399-6

7 Toiganbayeva N., Kasem M, Abdimanap G., Bostanbekov K., Abdallah A., Alimova A.,
Nurseitov D. (2022). KOHTD: Kazakh Offline Handwritten Text Dataset. Signal Processing: Image
Communication. Elsevier. doi: https://doi.org/10.1016/j.image.2022.116827

8 Shrivastava V., Sharma N. (2012). Artificial Neural Networks Based Optical Character Recognition.
Signal & Image Processing: An International Journal (SIPLJ). https://doi.org/10.48550/arXiv.1211.4385

9 Dejtel Pol, Dejtel Harvi. (2020). Python: Iskusstvennyj intellekt, bol'shie dannye i oblachnye
vychisleniya. SPb.: Piter

10 Mondal R., Malakar S., Barney Smith, E.H. et al. (2022).Handwritten English word
recognition using a deep learning based object detection architecture. Multimed Tools Appl. vol. 81,
pp- 975-1000 (2022). https://doi.org/10.1007/s11042-021-11425-7

11 Bluche T., Messina R. (2017). Gated Convolutional Recurrent Neural Networks for
Multilingual Handwriting Recognition. 14th IAPR International Conference on Document Analysis
and Recognition (ICDAR). Kyoto, Japan. https://doi.org/10.1109/icdar.2017.111

12 Puigcerver J. (2017). Are Multidimensional Recurrent Layers Really Necessary for
Handwritten Text Recognition? 14th IAPR International Conference on Document Analysis and
Recognition (ICDAR), Kyoto, Japan. https://doi.org/10.1109/ICDAR.2017.20

13 A. F. de Sousa Neto, B. L. D. Bezerra, A. H. Toselli and E. B. Lima. (2020). HTR-Flor: A
Deep Learning System for Offline Handwritten Text Recognition .33rd SIBGRAPI Conference on
Graphics, Patterns and Images (SIBGRAPI), Porto de Galinhas, Brazil. pp. 54-61, doi: https://doi.
org/10.1109/SIBGRAPI51738.2020.00016

14 Dauphin Y. N., Fan A., Auli M., Grangier D. (2017) Language modeling with gated
convolutional networks. Proceedings of the 34th International Conference on Machine Learning.
Vol. 70, ser. ICML’17. JIMLR.org, 2017, p. 933-941

15 Cho K, van Merrienboer B., Bahdanau D., Bougares, Fethi S., Bengio Y. (2020). Learning
phrase representations using RNN encoder—decoder for statistical machine translation. 2014
Conference on Empirical Methods in Natural Language Processing (EMNLP). Association for
Computational Linguistics, Doha, Qatar. https://doi.org/10.3115/v1/D14-1179

16 Abdallah Abdelrahman, Mohamed Hamada, Daniyar B. Nurseitov. (2020). Attention-
Based Fully Gated CNN-BGRU for Russian Handwritten Text. Journal of Imaging. https://api.
semanticscholar.org/CorpusID:221150485

17 Chollet F.(2017) Deep Learning with Python. United States of America



136 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 4 (90)

H. A. TOUTAHBAEBA', K. X JKYHYCOBA', A. IPOBATA?,
I A. TIOJIETIFEPJHHOBA"

'Kazaxcruit nayuonanoholil ynugepcumem umenu ano-QPapabu, 2. Aimamol, Kazaxcman
Hnemumym nanonayku u nanomextonoautl, 2. A¢punol, I peyus

PACTIO3HABAHUE O®JIAMH-PYKOIIMCHBIX TEKCTOB HA
KA3AXCKO-PYCCKOM SI3BIKE HA OCHOBE MOJIEJIEH I'TYBOKOI'O
OBYYEHMA

Oyugposannulii mekcm PyKONUCHBIX 3AMEMOK NO36OISEMm A8MOMAMUUPOSAMb OUSHEC-NPOYECChl
MHORUX KOMNAHUU u ynpowjaem pabomy yenrosexka. B cmamve paccmampusaemcs pacnosiasanue nuch-
MEHHOU PYKORUCU HA PYCCKOM U KA3AXCKOM S3bIKAX ¢ UCHONb308AHUEM MOOeell YenyOieHH020 00yYeH s
IlockonbKy nouepk Kaxcooeo 4enogexa YHUKAIEH U Hem 03MOICHOCU CO30A8amb 00wue 00pasybl pyko-
NUCHO2O MEKCmA, omuem 0 PAcno3HAGAHUL MEKCIMA 8 AGMOHOMHOM pedcumMe cuumaemcs bonee crodic-
HbIM, YeM omyem o pacnosuasanuu ¢ Mumepneme. B pabome ucnonv3ylomces pasnuunsie nooxoosl K 2y-
boxomy 0byuenuro npu pazpabomre mooenell pacno3HA6anus. PYKORUCHO20 86004 HA KA3AXCKO-PYCCKOM
A3bIKE, KACAIOWUXCA KUPULTUYECKOU epadpuku. BasdicHvim snemenmom ycneuino2o 2ny6okoco odyuenus
A6718emesi O0CHYNHOCMb OAHHBIX, GLIYUCTEHUL, NPOSPAMMHBIX NIAMBOPM U 8PEMEHU BbINOTHEHUS, YMO
ynpowjaem co30aHue U 8bINOIHEeHUe MOOeell HeUPOHHbIX cemell 05 ux co30anus. OOCyHcOanucs KoHyen-
yuu 21y60Kk020 00yUeHUsl, KOHKYPEHMOCROCOOHOU, OUHAMUYHO PA3GUSAIOWCUCS. OMPACTU, NPEONda2arouyel
Ovicmpbie, KOTUuecmaeHble U Cnpaseoniugble UHCMpPYMeHmbl 0151 AHAIU3A U CPAGHEHUS PA3TUYHBIX NOO-
X0008 U Memodos obyuenus. Bvlau npoananuzuposanvl NonyaapHvle MoOenu 2iydoKko2o 00yueHus, maxkue
xax Abdallah, Bluche, Flor u PUIGCERVER, a pesyibmamsi 5KCNEpUMEHmMO8 Obliu NPOAHAIUUPOBaA-
Hbl HA OCHOGE 2UCNOSPAMMbL. DKCHEPUMEHTbI RPOBOOUTUCH HA OCHOBE DOMLULOU 0A3bl OAHHBIX ODAATIH-
PYKONUCHBIX MEKCMO8 HA Ka3axckom Asvike noo naszeanuem Kazakh Offline Handwritten Text Dataset
(KOHTD). Cozdan menespam-60m, co30annbvlil CReYUanbHo 0si coopa pyKORUCHBIX OAHHBIX HA KA3AXCKOM
azvike. Uncmpymenm 015 nposepKu UHPOpMayull U UCHPAGIeHUs OMEeno8, 66e0eHHbLIL JMUM menezpam-
6omom, ObLIL CO30aH HA OCHOBE HEUPOHHOU Cemil.

Knwuesvle cnosa: nouepx, enybokoe obyuernue, Hetiportas cemov, KOHTD, nabopbl OaHHbIX.

N. A TOIGANBAYEVA', ZH. ZHUNUSSOVA',
A. PROVATA? G. A. TYULEPBERDINOVA*

'Al-Farabi Kazakh National University, Almaty, Kazakhstan
’Institute of Nanoscience & Nanotechnology, Athens, Greece

RECOGNITION OF OFFLINE HANDWRITTEN TEXTS IN KAZAKH-RUSSIAN
BASED ON DEEP LEARNING MODELS

The digitized text of handwritten notes allows you to automate the business processes of many companies
and facilitates the work of a person. The article discusses the recognition of written handwriting in Russian
and Kazakh languages using in-depth learning models. Due to the fact that each person's handwriting is
unique and there is no way to create general samples of handwritten text, the offline text recognition report
is considered more complex than the online recognition report. The work uses various approaches to
deep learning in the development of models of handwriting recognition in the Kazakh-Russian languages
related to Cyrillic graphics. An important element of deep learning success is the availability of data,
calculations, software platforms, and runtime, which makes it easier to build neural network models
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and execute them for production. The concepts of deep learning, a competitive, dynamically developing
industry that provides fast, quantitative and fair means of analyzing and comparing different approaches
and methods of learning, were discussed. Popular deep learning models such as Abdallah, Bluche, Flor
and PUIGCERVER were reviewed and the results of the experiments were analyzed based on histograms.
The experiments were based on a large database of offline handwritten texts in the Kazakh language
called the Kazakh Offline Handwritten Text Dataset (KOHTD). A Telegram bot was created specifically for
collecting handwritten data in the Kazakh language. A tool for checking the information entered through
this Telegram bot and correcting responses was developed on the basis of a neural network.
Keywords: handwriting, deep learning, neural network, KOHTD, data set.
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HPAMASA MOZUIIUOHHASA 3AJJAYA KUHEMATHUKH RRRRT
MAHHUIIYJISITOPA B IPOTPAMMHOM CPEJIE MAPLE

B cmamve npedcmasnena npsamasn nozuyuonnas 3aoaua RRRRT manunynamopa, co30anHo2o agmo-
pamu 3D modenu, u e2o 0sudicenus ¢ UCHONb30BAHUEM NPOPAMMHOU cpedvl Maple. B 0annoii pabome
NOOPOOHO U3YYeHa NO3UYUOHHAS 3A0a4d KUHEMAMUKYU OAHHO20 Manunyiamopa. [ns HaxodcoeHus
KUHeMaMUu4ecKux Xapaxkmepucmux MAaHunyisimopd payuoHAIbHO UCHONb306AHbL Memoovl JleHasuma-
Xapmenbepea u Hvtomona-Oiinepa. Pesynomamul nonyuenvt 6 npoepammuoil cpede Maple, xomopas
n0360sIeM NOMYUUMb PE3VIbMAMbl KUHEMAMUYecKux xapaxmepucmux 6 eude 3D-epaghuxos. Taxue
epaghuxu no38ONAOM BU3YATLHO YEUOENb, KAK USMEHSAIOMCA 8 NPOCMPAHCIEe MOOYAU U HANPAGIEHUs
NpUBEOECHHBIX NAPAMEMPO8 MAHUNYAAMOPA 8 SPAPUKAX, 8 3A8UCUMOCIIU OM NONOHCEHUS MAHUNYIAMOPA
6 npocmpancmae.

Knrouesvie cnosa: Osudicenue MAnunyisimopd, KUHeMamuka, NO3UYUOHHAA 3adaya, 3D moodenb
manunynamopa, Maple.

BBenenue. VcromHUTETFHBIMI MEXaHU3MaMH POOOTOB SIBIITIOTCS MAaHUTTYISATOPEL. Ma-
HUTYJISTOPHI MOYKHO PacCMaTpUBaTh KaK PAa30OMKHYTYIO IIeTIb, KOTOPast COCTOUT M3 HECKOIIb-
KHX 3BEHBEB, MMOCIEOBATEFHO COCTUHEHHBIX BpAIIaTeIbHBIMU HIIH MOCTYMATeIhHBIMHU
rapaMu, TPUBOANMBIMHA B JIBIDKEHHE CHIIOBBIMH NMpUBoAaMu. OIMH KOHEIl STOW e coe-
JIWHEH C OCHOBAHHEM, a IPYTOH KOHEI] CBOOOIEH U CHaOKEeH pab0IrM HHCTPYMEHTOM, T10-
3BOJISIFOIIIAM BO3JIEHICTBOBATh HA OOBEKTHI MAHHUITYJTUPOBAHHS WIIH BBITTOTHATH Pa3INIHBIC
TeXHOJIOTHYecKHe onepanni. OTHOCUTENbHOE IBIKEHHE KHHEMaTHIECKUX TIap MepeaaeT-
Csl 3BEHBSIM, B PE3YJIbTaTe CXBAT MAaHWUIYIATOPA 3aHUMAET B MIPOCTPAHCTBE OIPEJICIIEHHOE
TToJIOKEeHHE. B OONBITMHCTBE ciTydaeB poOOTOTEXHUKHN TPEOYETCs OMUCATh TPOCTPAHCTBEH-
HOE TIOJIOKEHUE CXBaTa M0 OTHOIIECHUIO 3aTaHHOM a0COFOTHOM cucTemMe KoopauHar [1-2].

Kunemarnuecknii aHamm3 SBISETCS BAKHBIM (DaKTOPOM, BIUSIONIIM HAa TOYHOCTH JIBH-
KEHHUST MAHMITYJATOPa, a TAaK)Ke OCHOBOM MOCIEAYIONINX aHajH3a OMIMOOK, YIIPaBIECHUS
poOOTOM, TUTAHWPOBAHUS TPAEKTOPHH, TUHAMUYECKOTO aHaimu3a U T.J. CyIIecTByeT MHO-
JKECTBO METO/IOB MTOCTPOCHHS KHHEMaTHKN MaHHITYJsATOpa. B HacTosmee Bpemst Hanboee
IIMPOKO HMCTIONB3YEMBIM METOJIOM CO3JaHMsI KHHEMATHKH MaHUIYIIATOpA SIBISETCS METOM
JlenaBura-XaprernOepra, OCHOBaHHBIN Ha OJHOPOTHON MaTpHIle MpeodpazoBanus [3-6].

Jig  HaxOoXOeHWS KWHEMAaTHYeCKHX XapaKTePUCTUK MaHWIYNIATOpa parroHalb-
HO WCIIONB30BaHBl MeTonsl JleHaBuTa-XaprenOepra m Hrrorona-Diinepa. [lo Hmke-
MIPUBEIEHHOMY QJITOPUTMYy NpPSIMON TO3WIIMOHHOW 3a/Ja4d KWHEMAaTHKW pa3paboTaHa
mporpaMma B TIPOTpaMMHOM cpeme Maple, koTopasi mo3Boinia MOMYYUTh PE3yIBTATHI
KHHEMATHIECKUX XapakTepucTuk B Bume 3D-rpadmxoB. Takue rpaduKd IMMO3BOJISIOT
BH3YaJIbHO YBHU/IETh, KAK I3MEHSFOTCS B TPOCTPAHCTBE MOTYJIN M HATIPABJICHHS IPUBEACHHBIX

* E-mail xoppeconaupyromero apropa: umuS3@mail.ru
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napamMeTpoB MaHUIYJSTOpa B TpaduKax, B 3aBUCUMOCTH OT TOJIOKEHUSI MAaHHITYJIATOPa B
IIPOCTPAHCTBE.

Mertoasl ucciiegosanus. s npoBeeHUs KWHEMATUYECKOIO aHAJIM3a MAaHUITYJIITOPOB
HE00XOMMO, BO-TIEPBBIX, CPOPMHUPOBATH CIIEHUANILHBIN BEIOOP CUCTEM KOOPAWHAT 3BEHHEB
MaHUITYJISATOPA.

Jns npoBeieHns] KWHEMAaTUEUCKOro aHalin3a ucnoiab3yeM maHunyasarop RRRRT, cmo-
JYJIMPOBaHHBIN aBTOpaMy B MPOrpaMMHOI cpezie Maple.

CdopmupoBannble cucteMbl KoopauHaT 3BeHbeB RRRRT manumynstopa mpuBeaeHs!
Ha pucyHke 1.

Bo-BTOpBIX, HEOOXOANMO MMOCTPOUTH MAPAMETPHI KHHEMAaTHUECKUX Map MCCIIEAYEMOTro
MaHumynstopa. Ot napamerpsl st RRRRT manumynsitopa npuseneHs! B Tadnuie 1.

[To Tabmuie 1 MOkeM 3aMeTUTh, 4TO 00001eHHBIMU KoopauHaTaMu RRRRT manumy-
JISITOpA SIBJISIIOTCS CIIeAyIomue napameTpsl 0, 0,, 6;, 0,,ds.

CrieniaIbHBIA BBIOOP CUCTEM KOOPJHMHAT 3BEHHEB MAHMITYJIATOPA MO3BOJISIET C MIOMO-
HIBIO JIIIb YETHIPEX MapaMeTpoB (HE MIECTH, KaK B OOIIEM Cilydae) OMUCaTh MEPEXo U3
OJIHOH CUCTEMBI B JPYTYIO.

Pucynox 1 — 3D mognens manunynsatopa RRRRT
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Tabnuya 1 — ITapamerps! kuHeMarndeckux nap st RRRRT manunynsaropa

Kunemaruue- 3BeHbS, Bunbt 3HadeHHe napamMmeTpoB
CKHE Mapbl oOpa3syrorue KHHEMATHIECKHUX o d a o
KMHEMaTU4ECKHE nap ' ' ' '
napsl
1 0,1 BpalareibHas 0, 0,85 0 T
2
2 1,2 BpalareibHas 0, -0,09 0,85 0
2,3 BpalareibHas 0, -0,09 0 T
2
3,4 BpamareiabHas 0, 0,85 0
5 4.5 MOCTYyIaTeNbHas 0 ds 0 0

Cucremy O,;_ X;_,Y,_\Z;_, moxxHO TIpeoOpa3oBath B cucreMmy O.X;Y,Z; c moMOIIbI0 TIOBO-
poTa, BYX MEPEHOCOB U €II[e OJJHOTO MOBOPOTA, BHIMOIHACMBIX B CJACIYIONIEM TOPSIIKE:

1) R (Z;_,, 6)) — moBopot cuctemsr O;_ X;_,Y,_,Z;_, Bokpyr ocu Z;_, Ha yron 6; 10 Tex
mop, MOKa 0Ch X;_| HE CTaHeT MmapayieabHoi ocH X;. DTO IBHKEHHE MOKET OBITH OMTMCAHO
OTHOPOTHOM MaTpHIIeii 27IEMEHTAPHOTO BPAIICHHUS

cos(8;) —sin(6;)

0
R(Z;_1,0)) = singei) cosé@i) (1)
0 0 0

_ o O O

2) T (Z;_,, d;) — nepeHoc MOBEPHYTO# CUCTEMBI BIOJIb OCH Z; | HA BEJIMIUHY S; IO TEX
nop, noka ocu X; | u Xj He OKaXyTcCsl Ha OHOM npsimMoi. Torna ogHOpoAHAs MaTpULa AJie-
MEHTapHOTO CIIBUTA UMEET BHU]I

1 0 0 O

01 0 o
T(Zi—l: dl) = 0 0 1 di .

0 0 0 1

3) T (X;_,, &) — mepeHoc BAOJIb OCH X; Ha BEIUYMHY &; 10 TEX MOp, MOKa HE COBIAIYT
Hayasa koopauHat. OHOPOAHAS MaTpUIla JIEMEHTapHOTO CJIBUra B 9TOM Cilydae, paBHa

a

=

0
T(Xi-1,0) = ?
0

1 0
0 1
0 0
0 0

4) R (X;, o;) — TOBOPOT BOKPYT OCH X; Ha yroJl ¢ IO COBMEIICHHS OCU Z; | C OChIO Z;.
OT0 neiicTBUE ONMUCHIBAECTCS OJHOPOAHOM MaTpULIEH BpalleHUS
1 0 0 0
0 cos(a;) —sin(a;) O
R(X;, a;) = ! :
S 0 sin(a;) cos(e;)) O
0 0 0 1
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[Mapametp d; npencrasisier codoit paccrosiHue ot Hadana O, X;_,Y,_,Z,_| cuctemsl
KOOPJIMHAT JI0 TIEPECEUCHUsI OCH Z;_ | C OCBIO X;, OTCUUTHIBAEMOEC BJIOJIb OCH Z;_ |, €CIIU KH-
Hematuueckast mapa (i — 1, i) mocrymarensHas, TO d; ABIETCSI 0000IIEHHONH KOOPINHATOM;
a; — paccTosiHUE MEXAY TMepeceueHueM ocu Z; | ¢ ockio X; u HawanoMm O.X;Y, Z; cucteMbl
KOOPJIMHAT, OTCUYUTHIBAEMOE BJIOJIb OCH Xj; 6,— yroJ, Ha KOTOPBIH HYKHO MOBEPHYTh OCh
X;_| BOKpYT ocu Z,_;, 4TOOBI OHA CTaJia CO HAMPABJICHA C OCHIO X;, €CIIM KHHEMAaTh4IeCcKas
napa (i — 1, i) BpamiaresnbHasi, To 6, siBisieTcs 0000IICHHON KOOPIUHATOM; o paBeH YTy T0-
BOPOTa OCH Z;_ | BOKPYT OCH X; IO €€ COBIAACHHUS C OCHIO Z;.

PesynbTupyroias marpuiia nepexoaa, cBsasbiBaromias cucteMsl O, X, Y, | Z;,_ u OX;Y,Z;
SIBJISICTCS TIPOM3BE/ICHUEM BBIIIC TPUBEICHHBIX MATPUIL:

Aﬁ_l = R(Z;_1,0.)T(Z;i_1,s)T(X;_1,a;)R(X;, a;), vim

cos(6;) —sin(6;)cos(a;) sin(6;)sin(a;) a;cos(6;)
sin(6;) cos(6;)cos(a;) —cos(8;)sin(a;) aisin(Bi)‘

ATt = . (1)
0 sin(a;) cos(a;) S;
0 0 0 1
Marpuna Ai™! 3anmimem B CIemyOINM BUjE
A~ = [Rii_l 51'1'_1]
L 0 1 )
e
cos(8;) —sin(6;)cos(a;) sin(6;)sin(«a;)
RI™Y = [sin(B;) cos(8;)cos(a;)  —cos(8;)sin(a;) |. ()

0 sin(a;) cos(a;)

Marpuua Rl-i'1 — ONpeAeNSIIOT OpPHEHTAalMI0 ocel cucTembl koopauHar OX;YZ;
OTHOCUTENBHO cucTeMbl koopaunar O; X, Y, \Z; |

N a;cos(6;)
07! = |—a;sin(6)) |, 3)
Si

Bekrop 0}~! — xapakrepusyer nonokeHue TOUKH Hauasa cucteMsl Koopaunar O.X;Y;Z;
B cucteme orcuera O;_ . X;_,Y,_\Z,_,

i1 . .
C noMoIbio MaTpuibl A+ MOKHO CBA3aTh PaJUYChI - BEKTOPHI OJHOM U TOH %Ke TOUKH
B cucremax O, X, Y, Z,_\u OXY.Z;:

o= AT, “)

o0 _ T
e 7 =[x yi Z 1]" — marpuma-cronGen, onpenensiomas mOT0KEHHE TPOU3BOITE-

HOM ToukM 3BeHa | B cucreme orcuera O, X; Y, Z;, *KeCTKO CBA3aHHOM C 3THM 3BEHOM; a

pi-1

171 = —[x;-1 Yi-1 Zi-1 1]7 — marpuua-cronGew, onpeaesAomas moJI0KeHHe TOH

e Touku B cucreme O, X;_,Y;_,Z;_,, ’KECTKO CBA3aHHON €O 3B€HOM | — 1.
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TTono)keHre ¥ OpHEHTAIHS I-TOTO 3BE€HA MaHHUIyJsSTopa B cucteme orcueta OuX,YZ,,
CBSI3aHHOM CO CTONKOM, OTpeIeNsieTcs CleAyomumM oopazom [7]:

. 0 "0
A0 = A%ALAZ . At = [1% 011] (5)

rae

AV(1,1) AY(1,2) A?(1,3)
RY = [A}(21) A}(22) AD(23)| (6)
A?(3,1) A%(3,2) AY3.3)

AV(1,4)
0° = [4%(2,4)|- @)
AY(3,4)

JleBas mogmaTpuiia R? MaTpHIIBI A? MIPEJICTABIIICT COOON HANpPaBJISIONIUE KOCHHYCHI

COOTBETCTBEHHO oceil X;Y,Z; B cucreme orcuera OuX,YoZ,. Bexrop 5? OIpeneIseT MOJIoXKE-
HUE TOYKH Havyasa cucteMbl koopauHat OX;Y, Z; B cucteme otcueta OgX,YZ,.

Takum 00pazom, penieHre OnpeIeICHHS MOJI0KEHUS 3BeHbEB MAHUITYJISITOPA CBOJIUTCS
K TOMY, YTO, 33/IaBITUCh 3HAYCHUSIMH O00OIICHHBIX KOOPIMHAT, BEIYUCIISIOTCS C TIOMOIIBIO

(1) 3HAUEHUS 2TICMEHTOB MaTPHUIIHI A?, a, CJIeMoBaTeNIbHO, COTIIACHO (5), OTIPEIeIIOTCS T10-
JIO)KEHWE W OPUEHTAINS 1 - TOTO 3BeHa B cucTeMe KoopauHat OyX,Y,Z,, )KeCTKO CBI3aHHOU
CO CTOMKOW MaHUMYJISTOPA.

O6osnaunm uepes ¢ =[x} ¥y} 2zl 1]7 Bektop 0MHOPOHBIX KOOpAMHAT TOUKH
TBEPJIOTO TeNa B CBA3AHHON cucteMe koopauuat O.X Y, Z; n AY - marpuiy nepexona K He-
ronBrkHOM cucteme OyX,Y,Z,. Torma uMeeT MecTo Caemyromiee COOTHOMICHHUE:

7 = A7, (®)

20 _ 1,0 0 0 41T . o _roi i i 41T
met; =[x vy z 1] — OJTHOPOJTHBIN BEKTOP ITOJIOKESHHSI, TOUKU i = [xi v z 1]

TBEPJIOTO TeJa B CBA3aHHOU cucteMe koopauHar O.X;Y; Z;, B HETIOABIIKHOW CHCTEME KOOp-
nuHaT O X, Y, Z,. )

VIoBas CKOPOCTh @; i~TOTO 3BE€HA OTHOCHTEIHLHO 0a30BOM CHCTEMBI KOOPIMHAT IPE/I-
CTaBJICHO CJEIYIOIIUM 00pa3oMm [7]:

o @Wi_1 + RY 1 Z,q;, ecnu i — Tasg KWHeMaTUYecKas Napa BpalljaTeJabHasd,
@W;_1, €CJIH | — Tasi KWHEMATHYeCKasi [1apa MoCTyIaTe/JbHasl,

e i=1,2,...m, Z, = (0,0,1)T.
Torna yrioBoe yckopeHHe £; i-Toro 38eHa OTHOCUTENBHO 6a30B0i CHCTEMBI KOOPIHHAT
OIIpe/IeNAeTCs BHIPAKEHUEM:

2> 2 0 = e — 0 - .
& = &1+ R, ZpG; + @i-1 X (RiZ1Z0Gs),
& =1 ecsu i — Tasg KHHeMaTHYecKasnapa BpaujaTe/bHas, (10)

&;_1,eC/IM | — Tasg KHHeMaTHYecKas rapa nocrynare/ibHasi.
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Jnsi TMHEHHBIX CKOPOCTEeH M YCKOPEHHH I-TOrO 3B€Ha MAHHUIYJSITOPa OTHOCHUTEIBHO
0a30B0ii CHCTEMBI KOOPANHAT UMEEM CIIEAYIOLIHE COOTHOLICHUS:

U;_q + @; X pi 1, ecn i — Tas kuHeMaTHYecKas apa BpallaTesbHas,

v: =< = — i1 0 = -
i Viq + 0 Xp; "+ Ri_1Z0q;, )
ec/M [ — Tasg KWHeMaTH4ecKas I1apa NoCcTynaTe/bHas,

= — — >i—1 - >i—1
iy + & x (& x piY) + & x B
N ) ecJI i — Tasl KWHeMaTu4decKasi Iapa BpalaTeJsibHad, (12)
a; = .
>j— >

- — — 1 — 0 = . - >7—1 0 .
a1+ w; X (wi X p; ) + 2w; X (RiZ120q;) + & X p; ~ + Ri_17¢G;,
ecJIy [ — Tas KHHeMaTHh4YecKasi Iapa nocrynaTejibHad.

P! nonoxeHnue Havama i-Toif CHCTEMBI KOODJAMHAT OTHOCHTEIHHO Hauana i — 1-oi

CHUCTCMbI KOOPAUHAT ONPCACIIUM 110 CICAYIONIEMY BBIPAKCHUIO!:

>i—1 __ =0 =0
bi  =Pi —Pi-1

e
A1) AL (LD
ﬁ? = A?(ZA) ,519—1 = A?_1(2,4) .
A} (34) A (B4

JIvHeiHble CKOPOCTH U YCKOPEHHE TOUKHU Pii =[% Yi %]T i-Toro 3BeHa cooTBeT-
CTBEHHO OTHOCHUTEJIFHO 0a30BOM CHCTEMBI KOOPIUHAT OMPEISIISTIOTCS BRIPAKSHUSIMHA:

Uip = @; X P + By, (13)
&ip = Fii + 51- X (51 X ﬁl) + gi X ﬁi- (14)

Pesyabrarel kuHemaTukn RRRRT manunyasitopa B Buge 3D rpaduxos. Huxe Ha
pucyHkax 6-12 nmpuBeseHbI MoyueHHbIe pe3yinsTaTel B Maple 2021 kuHeMaTHuecKkoro ana-
nu3a B BUjie 3d rpaiKoB HEKOTOPHIX KMHEMaTndecknx xapakrepucTuk RRRRT manumyms-
Topa 11 36 TOJI0KEHUI OTHOCUTENFHO HETIOABIKHON cucTeMbl KoopauHat OyX,Y,Z, , mpu

CIICMYIONTNX 3aTaHHBIX 3HAYCHUIX 0000IEHHBIX KOOPIUHAT:

T T 2T T T 2T T 2T
0, = 2nsin(—x1i), 8, = ——+ —sin(—=x*1i), 03 = ——+ —sin(—=*i) 0, =—=*1
1 (2k ), 6, T3 (Zk ), 03 >t (Zk )’ a =1

B

ds = 0.35 = sin(% *1), rne k = 36, i = 0..36. Touxka P RRRRT manumynsropa cBs3aHa
¢ cuctemoit koopauHat OsXsYsZs , © OTHOCHUTEIBHO JTOW CHCTEMBI UMEET KOOPIUHATHI
Ps =[00 0.35]". Cunss (color = blue) nuHUs Ha PUCYHKAX — TPAEKTOPHS TOUKH MJIM IO~
Jorpadsl YIIOBBIX U JIMHEMHBIX YCKOPEHUH OTHOCHTENBHO 0a30BOH cucTeMe KOOpAMHAT
0X,YoZ,. PozoBbie (color = magenta) mpsiMbIe CO CTPEIKOH — 3TO BEKTOPBI, COSTUHSIOIINE
TOYKH TPAEKTOPHUHU HIIH rojorpada ¢ HadajaoM 0a30BOi CUCTEMBI KOOPIUHAT.
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Pucynok 2 — Tpaekropust Touku P st 36 mono- Pucynox 3 — YrioBoe yCKOpeHHE 3BeHa €, — yIIIOo-
xeanii RRRRT MaHumynsaTopa OTHOCHTEIBHO BOE€ yCKOpeHue 3BeHa 2 ais 36 nonoxenuit RRRRT
6a3oBoii cucteme koopauHat OyX,YoZ,. MaHUIIYJIATOpA

Pucynox 4 — VYrnoBoe yckopeHue 3BeHa & — Pucynok 5 — JIuHeitHoe yCKOpeHHE — 8y, Hadaia
YIJIOBOE YCKOpeHHE 3BeHa 3 uist 36 mojokeHuit O, MOABMKHOW cucTembl koopmuHat O,X,Y,Z,
RRRRT manumynsropa. quis 36 nonoxenuit RRRRT manunynsropa
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Pucynok 6 — JIluneitHoe yCKOpeHUe — ag; Pucynox 7 — JIuneitHoe yCKOpEHUE — 8y, Hadasa
Hauana O; NOABMXKHOM CHCTEMBbI KOOPAMHAT O, onBMXHO#M cucteMbl koopauHat O,X,Y,Z,
0:X;Y3Z5 nns 36 nonoxenuit RRRRT qust 36 monoskernit RRRRT MaHwumysitopa.
MaHUITYJISATOPA.

Pucynox 8 — JluneitHoe yckopeHuUe — s
Havdana Os TOABIKHOM CHCTEMbBI KOOpPAWHAT
OsXsYsZs nns 36 nonoxkenuit RRRRT
MaHHITYJISATOPA.

3akaouenne. B 5ToM mccreoBaHUY MPENJIOKEeH alTOPUTM PEIIeHUs MPSIMOU MO3H-
IIMOHHOW 3a7auyd MaHWITYJIATOPOB C HWCIOJIB30BaHHEM MeTonoB JleHaBuTa-XapreHOepra
n Herotona-Diinepa. [lo mpuBeIeHHOMY aJTOPUTMY TPSIMON TMO3UIIMOHHOW 3amdadul KH-
HeMaTukn pazpadortana mporpamma miasi RRRRT manumynmsrtopa B mporpaMMHON cpe-
ne Maple, xoTopasi TO3BONHIIA TIOMYYHTh PE3YyNBTaThl KHHEMATHYECKUX XapaKTEePUCTHK
B Bujae 3D-rpaduroB. Takue rpaduku MO3BONIIOT BU3YyaJIbHO YBUACTH, KaK M3MEHSIOTCS
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B NPOCTPAHCTBE MOAYJIM M HANpaBICHUS MPUBEICHHBIX NapaMeTpOB MaHMUIYJISATOpPa B
rpadukax, B 3aBUCUMOCTH OT IOJIOKCHUS MAHUITYJISITOPA B TPOCTPAHCTBE.
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M. Y. VTEHOB, JI. K. FAJITABAH

an-Dapadbu amvindazvl Kazax ynmmuix ynueepcumemi, Aimamul x., Kazaxcman

MAPLE BATTAPTAMAJIAY OPTACBIHJA RRRRT MAHUITYJIATOP
KNHEMATHUKACBIHBIH TYPA NO3UIUAJIBIK ECEBI

byn makanaoa Maple 6azdapramanviy opmacein Kondawa omsipuin, asmopiap scacazan RRRRT
Manunynismopwinvly 3D mooeni men OHblY KO32ANbICHIHBIY Mypa NO3UyusIblK ecebi kenmipineen. byn
JHCYMBICNA  OCbL MAHUNYAAMOPObIY KUHEMAMUKACHIHbIY NO3UYUATBIK ecebi  e2oiceli-mezdicelini 3epm-
meneen. Manunyiamopovly KUHeMamuKanblK CURAmmamaniapbln maby yulin Oenagum-Xapmenoepe
gicone Horomon-Oinep adicmepi ymuimovl natioanansviiovl. Homuoicenep 3D epaguxkmep mypinde
KUHEeMAMUKAbIK CUNAMMAMAIAPObIY HIMUNCELEPIH any2a MyMKIHOIK 6epemin Maple baz0apnamanviy
opmaceinoa anviHovl. MyHnoail epaguxkmep Keyicmikmezi MAHUNYIAMOPObIY JHCA20AbIHA OAlLIAHBICTb
MOOYIbOepOiy KeHicmikmezi Kanau ©32epemiHin dHcoHe zpagukmezi MAHURYIAMOPObIY KOpCemineeH
napamempiepiniy 6a2blmmapvii K630eH Kopyee MyMKIHOIK Oepeoi.

Tyiiin co30ep: maHunynamopowly K03&anblChl, KUHEMAMUKA, NOSUYUALBIK eCen, MaHunyisamopoviy 3D
mooeni, Maple.

M. U. UTENOYV, D. K. BALTABAY
al-Faraby Kazakh national univercity, Almaty, Kazakhstan

DIRECT POSITIONAL KINEMATICS PROBLEM OF THE RRRRT
MANIPULATOR IN THE MAPLE SOFTWARE ENVIRONMENT
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This article presents the direct positional problem of the RRRRT manipulator created by the authors
of the 3D model and its movement using the Maple software environment. In this paper, the positional
kinematics problem of this manipulator is studied in detail. To find the kinematic characteristics of the
manipulator, the Denavit-Hartenberg and Newton-Euler methods were rationally used. The results
were obtained in the Maple sofiware environment, which allows you to obtain the results of kinematic
characteristics in the form of 3D graphs. Such graphs allow you to visually see how the modules and
directions of the given parameters of the manipulator in the graphs change in space, depending on the
position of the manipulator in space.

Keywords: manipulator movement, kinematics, positional problem, 3D model of manipulator,
Maple.
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B. B. IIIOJITIAHBFAEBY, JK. O. OPAJIFEKOBA**, A. JI. KAPYEBCKHUWP,
H. T. ABHEBA?

'Abaii amvinoasel Kazax yimmuix nedazo2ukanblk yHugepcumenti,
Anmamul K., Kazaxcman
2JLH. I'ymunes amvinoazel Eypaszus ynmmulx ynueepcumemi, Acmana K., Kazaxcman
SHoesocioip memnexemmix ynueepcumemi, Hosocibip k., Peceil

JKACBIPBIH OKILIAYJIAHFAH HBICAH/IAPIBI I3IEY BOMBIHIIA
TEOPAJIAP IEPEKTEPIH UHTEPIIPETALIUSLIAY

Byn maxanaoa apxeonoeus caracvinoa eeopadap acnabvii Konoany MymMKiHOIKmepi Kapacmulpbliobl.
Kazba oicymvicmapuinceiz gicep acmul apxeonioSusiibl HblCAHOAPbIH  Maby2a MYMKIHOIK Oepemin
2eousuranvlk 20ic mayoansbin aibinobl. I eopadapnap cueHanidapsvl paoapocspamma mypinoe Haswvlidobi.
Paoapozpammanapovt unmepnpemayusiay ’Heepoiy dHeaue Heep acnivl HblCAHOAPObIH OONHCAMObL OeliHeCiH
Jrcacayea MymMKIiHOIK Oepeoi. [leceHmeH, padapocpammanapobl UHMepnpemayusiay 2eopaoap camyublia-
pblMeH akwlivl mypoe sxcypeizinedi. COHObIKMAaH padapoepammanaposl UHMepnpemayuaidayobly 63iH0IK
a0icmepin dscacay mindemi ozexmi 6onvin mabwvliaovl. Ieopadap 2eouzukaivlk acnabbiHblly KOMe2iMeH
Kwvizviiopoa obnviceinoa endi MekeHOepOeH anvic diceple OPHALACKAH Oellimmep MeH KeceHenepoeH
Kan2au Kopeanoap sepmmendi. 3epmmey Yulin yid Holcat MayOanbin anbliobl. eKi KOpean MeH KOpeanoap
apacweinoazel seep sHconagvl. EY conevlevl Oy eKi Kopeanoap apacblHOa Oauiausic Oap-iHcobiH AHbIKMAy
YWwin 3epmmendi. 3epmmenemin atMaxmovly ayMakmolk 2e0QU3UKATLIK CYa0acyl scacanovl. 3epmmenemin
Macene OY3vIIMamull 20icmi Kondanyovl manan emeoi. Byn HvicanOapobl KeuiHHeH apXeono2Usiblk
Kazoamen 6u3yanovl 6aKbLIAYObIY KOI0A 6ap adicmepimen CaniblCMulpanod YaKblm neH Kapadlcammol
aumapneikmail ynemoey yuin y3oihovievt 0,15 m. anmennanapul 6ap eeogpusuxanvix acnan kemezimen 0,2
M. KAOAMMEH 3KCHePUMEHMMIK 3epmmeynep Hcypaizindi Y30iKciz ayMakmoli mycipy apKulibl yul uaputsl
mycipindi. ColHax, 6aKbliay HcaHe blibiMu e1uemoep Hcypeizinoi. Kacvipvin okuayianzan oovekminepoi
bondxcay 6otibiHwa 2eopadap depekmepi apHailbl KipicmipineeH npocpamMmanbly KamMmamacsvl30aHoblpy
apkwlivl OH0eni. Apxeonoe mamanoapvlHa ycolHbicmap 6epinoi.

Tyitin co30ep: ceopadap, ceodepexmep, padapocpamma, UHmMepnpemayus, SKCHePUMeHmmix 3epn-
meynep, mexHon02Us.

Kipicme. T'eopamap kemeriMeH OKCIEpUMEHTIK 3epTTEylep IKYprizy - Kaz0a
KYMBICTapBIHCBI3 KEP acTbl apXCOJOTUSUIBIK HbICAHAAPBIH TaOyFa MYMKIHAIK OepeTiH
reo(hM3HUKaIBIK oicTepIiH Oipi. ['eopamgapmap eTe skoFapbl KeH KOJIAKTHI AIEKTPOMArHUTTIK
HMITYJILCTAP/IbI IIBIFAPaIbl )KOHE UMITYJIbCTap/AbIH KadaTTap HeMece HblcaHJapAbIH OemiHai
LIeKapajapblHaH IIAFbUIBICYBIH TipKEH, pajaporpaMma TypiHzae kas3aisl. PamaporpaMma-
JIapAbl MHTEPIpETALusIay KEPIiH *KOHE JKep acThl HbICAHAAPIABIH OobKamabl OelHeciH
xKacayra MyMKiHaik Oepeni [1]. Jlerenmen, panaporpammanapapl HHTEPIPETALUsIIAy Ieo-
pazap caTylbUIapeIMEH aKbUIbl TypAe >kypriziieni. COHIOBIKTAH pagaporpammaiapibl
WHTEPIIpeTausIay/IblH O31H/IIK 9IICTepiH acay MIiHJETI ©3eKTi OONbIm TadbLIambl [2].
EH anram pet reopagapabl apXeoJdorusuiblK 3eprreynepre 1975 KbUibl KONIaHBUIABL |3,
4]. OmaH KeWiHTi XKbUIIapsl OYIT canaga 3epTTeyiep Kyprizy Taxipudenepi 6ap, omapasiH
itmiHeH [5-7] »KyYMBICTaphIH aTar eTyre Oonaabl. Kazakcranaa a reopagap/abiH KOMeTiMeH
Oipkarap 3epTTeyiep OpbiH aysl [8, 9].

* E-mail xoppecnonaupytomiero apropa:: oralbekova@bk.ru
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3eprrey HbicaHbl: KpI3buiopia oOnbICIHIA €11/l MEKEHIEp/ICH aJlbIC JKep/ie OPHAIACKAH
OeiliTTep MEH KeceHeNepieH KaJlFaH KopraHaap. 3epTTey YIIiH 3 HbICaH TaHAaJbII aJbIH/IbL:

1) ynkeH kopraH, enmemi 41 M. X 48 m.; 2) ki KopraH, enmemi 22 M. x 29,3 m.; 3)
KOpFaH/Iap apachIHAaFbl Kep JKOJIaFkl, omeMi 6 M. X 14 m.

3epTTey MakcaThl: KOPFaHAap KYPbUIBIMBIHBIH iIIKI KYPBUIBICBIH aHBIKTAY JKOHE JKEp
acThIHAH KOHE KOPBIMIAp MEH FUOanaT OpbIHIApbIH Taly YIIH TONBIPAK KYPBUIBIMBIH
reo(hU3UKaJIBbIK 3ePTTEY.

Marepuaaaap meH daicrep. Exi KopraHHBIH 1a TeOeciHAe oWmarel 0ap, JOHreleK
Tebe Topizzec OoJbIn KelreH Kopranmap. Kiinl KOpFaHHBIH JKOFapFbl JKaFbIHIA TIK KOJ
Oap. Koprangap apacblHIaFbl JKep jKOJIaFbl KOpFaHAapFa KaparaHa CaJIbICTIPMAIbl TYpAe
Teric. YIIeyiHiH Je TombIparsl Oiplieil, KYMHBIH XKYKa ykep 0eTi KaOarhl, Tac MeH KYMHBIH
KOCTIaChl OOJIBII KEJITeH.

3eprrey a1ici: xeke npoduibaep OolbIHIIA TPOPUIBIIK TYCIPY, OCNITIICHIeH ayMaKTh
Y31KCi3 TeO(PU3UKAIBIK TYCIPY KOHE TOp OOWBIHIIA aiiMaKThIK 30HaTay [ 10] KOJIaHBUIIBL.

3epTTey 9MiCTEpiH HETI3ey: 3ePTTEICTIH HbICAHJIAp €JIJII MEKEHJCPICH ajbIC Kep-
Jie OpHaJlacybIMEH Karap, KeHiHHEH apXeoJIOTHSUIBIK Ka30aMeH BU3yasJbl OaKblIayIbIH
KoJijia 0ap 9/1icTEpiMEH CaJbICThIPFAaHIa YaKbIT MEH KapaKaTThl alTapiIbIKTall YHEMICHTIH
OY3BUIMANTBIH 9J/IICTI KOJIZIAHY KaXKEeTTIT1.

BaprbIFbl yIII T€ONOTHSUIIBIK KeCKiH KacalIbl:

— Y3AIKCi3 ayMaKThIK TYCipy apKbLIbl 3 MapLIbl TYCIpiii;

— CBIHAaK, 0aKplIay YKOHE FBUTBIMU OJIIIEMEP KYPTi3Ui.

1-cypeTTe ayMaKThIK reo(hU3UKAIBIK 3ePTTEYIIH CYJI0aChl KEJITIPUITeH.

Cypem 1 — AyMaxTBIK re0(M3HUKAIBIK 3ePTTEYAIH CYJI0aChI

0,15 M. anreHHanaps! 6ap reopaaapiblk acnanneH 0,2 M. KaZaMMEH KCIIEPUMEHTTIK
3eprreyiaep xyprizinai. XKypy 6areiTel OapiblK HbIcaHaap YILIiH Oipueit xoHe 1-cyperreri
OarbITTAyIIbl OaFbIThIHA COMKEC KENe.
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I-cyperte yakeH KopraH npoduibaepi 0-geH 41-re neifin, Kimi KopraH npoduibaepi
0-nen 21-re geiiiH, ajg KOpraHIap apachIHIAFbl XKEP JKOJAFbIHBIH poduibaepi 0-1eH 5-ke
neiiin OenrinenreH. bapaeik npodunsaep LlwirpicTan batbicka kapail OarmapiaHfraH.
Koprannap apaceinia Oaiinanbic Oap->KOFbIH aHBIKTAY YILiH KOpPFaHIap apachblHIArbl jKep
YKOJIAFbl 3€PTTEIIL.

Haru:xesep »oHe TaaKbLIay. 3epTTENreH aiiMaKThIH KaJllbl KopiHici 2-cyperTte Oeii-
HEJICHTEH.

Cypem 2 — OHTYCTIKTE€H aiMaKTBIH >KaJIIBI KOPiHiCl

LIbIFbIcTaH Killli KOPFaH MEH KOPFaH/Iap apaChIHIAFbI )KeP KOJIAFBIHBIH KAJIITbI KOPIHIC1
3-cypeTTe KeNTipiireH.

Cypem 3 — Kiuii KopFaH MEH KOpFaHap apachIHIAFbl KeP JKOJIaFbIHBIH KaJIIIbl KOPIiHiC

YKkeH KOpraH ayMarbIHBIH MPOQIIBICPIHIH KOIICHEH KuManapel 4-cyperre Oeline-
JIEHTEH, 0OJKaMIbl apXEOJOTHSIIBIK OOBEKTTEp A HYCKAyIIBICEIMEH KOPCETITEH.
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Cypem 4 — YJIKCH KOPFaH aliMarbIHBIH MPO(UIBICPiHIH KOIICHCH KHMaIaphl:
a) 28 He (1,68 Mm.) neHreriinae; o) 44 ue (2,64 M.) neHreiinme

YrnKeH KOpFaH aliMarbIHBIH OpTajblK Oemiriame 1,6-1,7 M. MeH 2,64 M. TepeHIIKTe
emmemi 10-12 M. GoiaThIH Killll MapIIBl TYPIHJIET] apXeOoTOTHSITBIK HbICaH Oaikan sl Hol-
CaH COYNETTIK KYPBUIBIMHBIH TaCTAPBIHBIH KYJIaybIH OL1/1ipyl MYMKiH.

S5-cyperre 0,7 M. MeH 1,2 M. IeHTeliH/e YJIKeH KOpFaH aliMarbIHBIH MPO(UIIbIACPIHIH
KeJIJICHeH KUMaJIaphl KeNTipiireH. YJIKeH KOPFaHHBIH OHTYCTIK Oediringe 0,7 M. TepeHIiKTe
Ka3bUIFaH IIYHKBIP/BIH i37epi Tipkenred. 0,12 M. TepeHaiKTe Ka3bUIFaH IIYHKBIPIBIH 13/1epi

Cypem 5 — YJIKCH KOpFaH aiiMarbIHBIH MPO(UIBICPiHIH KOJIICHCH KHMaIaphl:
a) 11 uc (0,7 M.) neHretiinmae; 9) 19 ue (1,2 M.) neHreinmae
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JKaJIFachlll XKa3bulasl. HblcaH pyKcaT eTimMmereH Ka30aiapiblH i3[epi 0omybsl MYMKIH Je-
reH Oospkam skacanasl. KasburaH OIYHKBIPIBIH 131€pi OPTaNIBIK apXEOJOTHsIIBIK aJaHHBIH
OHTYCTIK-0aThIC OOJIITiHIH YCTiH/Ie OpHAJIACKaH.

6-CcypeTTe Killli KOpFaH aliMarbl Tpo(UIIbACPIHIH KOJIICHEH KUMalapbl OciiHEeICHTeH.

Cypem 6 — Kinni KopraH aiitMarbIHBIH TPO(MIBAEPIHIH KOIJCHEH KUMaJlaphbl:
a) 27 ue (1,62 Mm.) neHretingae; 9) 39 ue (2,34 M.) AeHreiinme

Cypem 7—KopraHaap apacblHIarbl J)KEP KOJIAFbl aliMaFbIHBIH MPO(UIIbACPIHIH KOJIACHCH KUMaIaphbl:
a) 10 ue (0,6 m.) nenretiinae; o) 28 ue (1,68 M.) neHreiinge
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Kimri kopran aiimarbiaaa 1,6 M.-nieH 2,64 M.-re IeHiHT1 TePeHIIIKTEe YIKEH KOpFaH IaFbl
oObekTiMeH Oipaeil OarmapiaHfaH Killi MIapiibl MINNHII KYpaHTbIH ©HAEIMEreH TacTaH
JKacaliFaH KYpbUIBIMHBIH OOJiKTepi TipKemi.

Kopranmap apachlHIarbl >Kep JKOJAarbl alMarbIHBIH NPOQUIBAEPIHIH KOJIJIECHEH
KUMaJIapbl 7-CypeTTe KeATipiireH.

YuriHII HeICAHHBIH aliMarbIH/IA YJIKCH YKOHE Killli KOPFaHIap/IblH HbICAHAAPbIH Oaiina-
HBICTBIPATBIH CHI3BIKTHIK KYpbUIbIM Tipkenai. [Ilamamen 1,6 M. TepeHIiKTe YIIKEH jKoHE Killli
KOpFaHIapbIH 00bEKTUIepiH OaiIaHbICTHIPATHIH CHI3BIKTHIK KYPBUIBIMIBI TIPKEY KaJFaCThI.

KopbIThinabl. 3D aymMakThl TYCipy HOTHKECIH/E YIKEH KOPFaH MacCUBIHEH eJIeMaepi
10 x 12 M. OonaTblH AypbhIC TEOMETPUSUIBIK MIIIIHAI HbIcaH TaObuLAbl. Hbican yHiHmi
MAacCHBIHIH TOriIreH TOMBIPAFBIHBIH I'€OJOTHSUIBIK KYPBUIBIMBIHBIH KachIHIa alKbIH TYPAE
epekueneHeni. TaObUTFaH HbICAH KYpPBUIBIMBI MEH OJIILIeMi JKaFbIHAH OCHI aiiMaKTaH OYpbIH
TaOBUFaHapFa YKCAWIbl, OPTAJIbIK KOPhIM KEIIEHIHIH KypaMblHa KipETiH ©HJICIIMEIeH Ta-
CTaH KacaJFraH COYJETTIK KypbUIbIC Jieyre Heri3 0ap. [ eopanapibik 3epTTey HOTHXKenepi O0¥i-
BIHIIIA TAOBIIFaH HBICAH ayMaFbIH/Ia apXEOJIOTHSUTBIK Ka30aap sKypri3yre YChIHBICTap Oepyre
Heri3 6ap. OHTYCTIK OCTKEHICH YIIKEH KOPFAaHHBIH OPTAJIBIK OOJIIT1HIEC KOMIUITEeH HIYHKBIP/IBIH
1371epi TIpKEJIreHiH aran Ty KepeK, OyJI KOpbIMFa PYKCaTChI3 Kipy MYMKIHITiH KOpCeTeIi.

Y enmeMAal ayMakTBIK TYCIpLTIM HOTHIXKECIHAE Killli KOpFaH MaccUBiHIE YJIKEH
KOpFaHJarbl HBICAHFA YKCAc MIapIIbl TOPi3AeC YJIKEH MIMIiHII KYpalThiH OHAEIMEreH Ta-
CTaH JKacaJlFaH KYPBUIBIMHBIH CHIHBIKTapbl TaObUIABI. HbICaH KYpBUIBIMBI KOHE OJIIEeMi
OoifbIHIIIA NIMKI TacTaH >KacallFaH >Kepyiey KopllayblHa YKcahapl. Aymanaplk 3D Tycipy
HOTHKECIHIE YIIKCH JKOHE Killli KOpFaHAapIblH HbICAHAAPbIH OIpIKTIpETiH YIIiHII aiiMaKTa
CBI3BIKTBIK KYPBUIBIM TipKEIi.
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HUHTEPIIPETALIUA JTAHHBIX 'EOPAJAPA JIJIS ITIOUCKA
CKPBITBIX U30/IMPOBAHHBIX OBBEKTOB

B Oannoil cmamve ObLiu paccmMompeHrsl 603MOICHOCHIU UCNONb308AHUsL 2e0PA0APHO20 Npubopa 6
apxeonoauu. Bvibpan eeousuueckuti memoo, no3eonawull Haxooums NOO3EMHblE aApXeolocuyecKue
obvexmel 6e3 packonok. CueHael 2eopadapa 3anuceléaromesi 8 guoe padapoepammvl. Mnmepnpemayus
PAOApoSpamm no3eojisem cOeiams npocHO3IHOe U300paxceHue noo3emMHbvlx 00bekmos. OOHako uHmep-
npemayusi padapoepamm Hecem Kommepueckuil xapakmep. Ilosmomy 3adaua evipabomxi coOCmEeHHbIX
MeMOOUK uHmepnpemayuu paoapoepamm saeiiemcs akmyanvrol. C nomowvio 2eoghuzuieckozo npubopa
2e0padapa uccied08aHsl KypeaHsl, KOMOPble PACHOLONCEHbL 80AJIU OM HACELEHHbIX NYHKMOE6 6 Kvizvliop-
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Ourckou obracmu. /s ucciedosanust ObLIu 8blOPAHbL MPU 00BEKMA. 084 KyP2aAHA U NOIOCA 3eMIU MENCOY
Kypearamu. Tlocneonutl vl ucciedo8an, unmoodsbl Onpedenums, ecmsy i C53b MeHcOy 08YMs KYPeaHAMU.
Coz0ana cxema pazmemxu uzyuaemot meppumopuu. Mcciedyemas 3adaua mpedyem npumeHenus Hepas-
pywarowjeco memooa. B yenax cyujecmeennotl dKoOHOMUY PEMEHU U CPEOCME NO CPAGHEHUIO C cyuje-
CMBYIOWUMU MeMOOaMU 6U3VATLHO20 OCMOMPA IMUX 00bEKMO8 ¢ NOCIEOVIOWUMU APXEONOSUYECKUMU
packonkamu, ObiU NPosedeHvl IKChepUMeHmanvivle ucciedosanus ¢ wazom 0,2 m. ¢ novowwio 2eoqhu-
3uuecxoeo npubopa c 0,15 m. anmennamu. Coenanvl HenpepwviéHbie NIOWAOHBIE CHEMKU MPeX Keaopd-
mos. Bulnu nposedenvl mecmogvie, MOHUMOPUHSOBbIE U HAYYHblE UsMepeHus. JJannvle 2eopaouonokayuu
0151 NPOCHOZUPOBAHUSL CKPLIMBIX U30TUPOBAHHBIX 00BLEKMO8 00pabaAMbIEAIUCH C NOMOWBIO CHEYUATLHOO
BCTPOCHHO020 NPOSPAMMHO20 0becneuenus. [anvl pekomMeHoayuu apxeonoeam.

Knrwouesvie cnosa: ceopadap, ceodannvie, padapoepamma, unmepnpemayus, KCNePUMeHmaibHole
uCcne008anUs, MexHoN02UsL.
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INTERPRETATION OF GEORADAR DATA TO SEARCH FOR
HIDDEN ISOLATED OBJECTS

This article considered the possibilities of using a radar device in archeology. A geophysical method
has been chosen that makes it possible to find underground archaeological sites without excavations.
GPR signals are recorded as a radargram. Interpretation of radargrams makes it possible to make a
predictive image of underground objects. However, the interpretation of radargrams is of a commercial
nature. Therefore, the task of developing its own methods for interpreting radargrams is relevant. With
the help of a geophysical GPR instrument, mounds, located far from settlements in the Kyzylorda region,
were investigated. Three objects were chosen for the study: two barrows and a strip of land between the
barrows. The latter has been investigated to determine if there is a connection between the two burial
mounds. A marking scheme for the study area has been created. The problem under study requires the use
of a non-destructive method. In order to significantly save time and money compared to existing methods
of visual inspection of these objects with subsequent archaeological excavations, experimental studies
were carried out with a step of 0.2 m using a geophysical instrument with 0.15 m antennas. Continuous
areal surveys of three squares were made. Tests, monitoring, and scientific measurements were carried
out. GPR data for predicting hidden isolated objects were processed using special built-in software.
Recommendations to archaeologists are given.

Keywords: georadar, geodata, radarogram, interpretation, experimental research, technology.



NMPUKJIAOHAY MATEMATUKA

YK 517.958:536.2, 539.4
https://doi.org/10.47533/2023.1606-146X.43

JI. A. AITEKCEEBAY, /. A. IIPHKA3YHKOB?, A. H. /TA/TAEBA?,
H. K. AHHAKEEBA*>5*

TUnemumym mamemamuxu u Mamemamuyecko20 MoOeIuposanus,
2. Anmamul, Kazaxcman
’Keele University, Staffordshire, United Kingdom
SKazaxckutl HayuonanbHbill UCCIe008AMENbCKULL MEXHUYECKULL YHUBEeDCUMEem
um. K. .Camnaesa, 2. Anmamel, Kazaxcman
*Kazaxckutl nayuonanvbusitl yrusepcumem um. ano-Papabu, Anmamol, Kazaxcman
SUncmumym mexanuxu u Mawunosedenus um. akaoemuxa Y. A. [oconoacbexosa,
2. Animamul, Kazaxcman
*Yuueepcumem Hapxos, . Anmamol, Kazaxcman,

KPAEBBIE 3AJTAUM IMHAMUKHA TEPMOYIIPYTUX CTEPKHEN
N NX PEHIEHUA

Paccmampusaromes npocmpancmeenno-ooHoMepHble Kpaesble 3a0aii HeC8A3AHHOU MepMOynpyeo-
cmu, KOMopbie MOJICHO UCHONb308amb OJisl UCCLEO0BAHUSL PAZIUYHBIX CINEPICHEBIX KOHCIMPYKYULL 8 YC0-
8UAX Meniogo2o Hazpesa. Kax useecmuo, cmepircresvle KOHCIMPYKYUU ABIAIOMCA COCOUHUMETbHBIMU U
nepeoamouHbIMU 36EHbAMU PANUYHBIX 0emallell MAuUH U MeXaHusMos. 30eco npediazaemcs eOuHas me-
MOOUKA peuteHus pa3TUYHbIX KPAegblX 3a0a, MUNUYHbIX 051 NPaKmu4eckux npunodxcenuu. Paccwampu-
8aKOMCs 3a0a4U ONPeOeeHUs. MEPMOHANPANCEHHO20 COCMOSHUSL MEPMOYRPY2020 CIMEPIICHS NPU PA3IUY-
HbIX KPAEBbIX YCA08UAX HA €20 KOHYAX U OetiCMEYIOWUX CUTIOBbIX U MeN108blX UCIOYHUKOS NO 6Cell ONIUHe
cmepoicHa. Ha ochose memoda 0606uenublx (hynKyuil nocmpoenvl 0000 eHHble peuleHus HeCMayuoHap-
HbIX U CIMAYUOHAPHBIX NPAMbBIX U NOTYOOPAMHBIX KPAEBbIX 3a0ad Npu Oeucmsull CUIOBbIX U Meniogblx
UCMOYHUKO8 PA3IUYHO20 MUNA, 8 MOM YUCIe CIMAYUOHAPHBIX UCTOYHUKOS NEPUOOUUECKUX KOLeOAHUIL.
Jleticmsyrouue uCMoYHUKY MO2Yym OblmMb 3A0AHbL U CUHRYIIAPHBIMU 0000UeHHBIMU DYHKYUAMU NPU Pa3-
JIUYHBIX KPAEBbIX YCIL0BUSX HA KOHYAX cmepoicHs. Paccmompenvl yoaphble ynpyeue 60iHbl, KOmopsle 603-
HUKAIOM 8 MaKuxX KOHCMPYKYUAX npu oelicmeuu yoapHwlx Hazpy3ok. Ilonyuensl pecyisipuvle unmezpaib-
Hble npeocmaesienusi 000OUeHHbIX PeuleHUll, KOmopble 0arm AHATUMUYECKOe PeUeHUe NOCMAaseHHbIX
Kpaeswvix 3a0ay. OcobeHHOCmb NOCMPOEHHbIX peuleHull denaem ux YOOOHbIMU OJis UCCTIe008AHUSL CEMEBbIX
MEPMOYnPY2UX CUCTEM, KOMOPbLE MONCHO MOOCIUPOBAMb MEPMOYIPY2UMU 2PaAdamu.
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@yHryuil, npeobpasosanue Qypve, SPAHUYHBLE YPAGHEHIUS, CIMEPIICEHb.

* E-mail xoppecmonaupyromero apropa:nursaule math@mail.ru



Anexceesa JI. A. u dp. Kpaesvle 3a0auu OuHamuxu mepmoynpyux CmepicHetl U Ux peueHus 157

Beenenue. VccnenoBanus Mo TepMOynpyrocTd BOSHUKIIN NP PELISHUH 3ajad O Tep-
MOYTIPYTUX HalPsDKEHUSIX B 2JIEMEHTAX PazIMYHBbIX KOHCTPYKLMH HAa OCHOBE TEOPHH, pa3-
paborannoii Duhamel J. [1] u Neumann F. [2]. B patorax Biot M.A. [3] Obu10 BriepBbIC
JIAHO MTOJTHOE 000CHOBaHNE OCHOBHBIX COOTHOLICHUH 1 YpaBHEHHH CBS3aHHOW TEPMOYIIPY-
TOCTH C HCIOJIb30BaHUEM TEPMOIUHAMUKN HEOOPATUMBIX MPOLECCOB U C(HOPMYTHUPOBAHBI
BapHallMOHHbIE TEOPEMBI.

B kuure Novacki W. [4] moapoOHO H3JI0KEHBI MATEMATHYCCKUE MOJICIIH JJIsl OTTUCAHUS
TEPMOHANPSHKEHHOTO COCTOSHUS Ae()OpMHUPYEMBIX TBEPIABIX TNl U CPEJl, IBUKEHHS KOTO-
PBIX, TEMIIEpaTypa W HaNpsbKeHHO-AC(OPMUPOBAHHOE COCTOSIHUE 3aBHCAT OT ACHUCTBYIO-
HIMX CUJIOBBIX U TETJIOBBIX HCTOYHHUKOB.

[MoapoGHEIit 0030p paboT A pa3HBIX MOJENIEH TEPMOYIIPYTUX CPE U COCTOSHUI MPo-
BeJeH B dHIMKIoneauu Hetnarski R. [5].

B pa6orax Kymnpanze B./1., ['erenuna T.I' [6] panee ObL1 pa3paboTaH METOJ] TPAHHYHBIX
UHTerpanbHbIX ypaBHeHuN (MI'MY) nns pemieHus TpeXMEpHBIX M JABYMEPHBIX KpPaeBBIX
3a]a4 CBSI3aHHOM W HECBS3aHHOW TEPMOYNPYTOCTH C HCIOJIB30BaHUEM IpeoOpa3oBaHUs
Jlanmaca unu dypbe mo BpeMeHH Ui MOCTPOSHUS pa3pellatoiuX T'PaHUYHBIX HHTETpalb-
HBIX YpaBHEHUH KpaeBbIX 3a7a4. [locTpouTh Takre ypaBHEHHS B UCXOJHOM MIPOCTPAHCTBE-
BPEMEHHU [yl YpaBHEHUI CBSI3aHHON TEpMOYNPYIOCTH HE yJaeTcs H3-3a 0COOEHHOCTEH
(dyHIaMEHTaIbHBIX PEIICHHI, aHATUTHYECKUE POPMYIIBI ISl KOTOPBIX YAAaeTCs IIOCTPOUTH
TOJIBKO JUIsl MX TpaHc(OopMaHT.

OpnHa u3 ocHOBHBIX npobniem merona 'Y B mpocTpancTBe npeobpazoBanus Dypwe-
Jlamnaca — HEYCTOWYMBOCTD YHCIICHHBIX POLIEAYP OOpalieH s TpaHC(HOPMAaHT PEIIeHUH ¢
POCTOM BPEMEHH, UTO HE IO3BOJIET B pacueTax CTPOUTH PEIIEHUs B IPOCTPAHCTBE OPUTH-
HaJIOB IIPHU Jja’ke HeOOJBIINX BpeMeHax JJisl KojeOaTeabHbIX nporeccoB. [loaTomy ocraer-
Csl aKTyaJIbHOH mpofIieMa TOCTPOCHHUSI OPUTHHAIIOB PEIICHH KPaeBbIX 3a/1ad TepPMOYIIpY-
TOCTH.

31eck paccMOTPEHBI TPOCTPAHCTBEHHO-OJHOMEPHbIE HECTAllMOHAPHBIE KpaeBbIe 3a/1a-
Y1 HECBSI3aHHON TEPMOYIIPYTOCTH, KOTOPhIE MOYKHO MCIIOIb30BATh JIJIS HCCIIEI0BaHMS pa3-
JIMYHBIX CTEP’KHEBBIX KOHCTPYKIMN. DTa MOJIEIb XOPOIIO OMUCHIBAET TEPMOIUHAMUYECKHE
MPOIIECChl TIPU MAJbIX CKOPOCTSIX AedopMaluii, 1 37ech NpeaaracTcsl euHas METOANKa
pelIeHus pa3IUYHbIX KpaeBbIX 3a/1ad, THIIMYHBIX I MPAKTUYECKUX MPUIIOKESHUH.

1. ITocTaHOBKa HecTalIMOHAPHBIX KPaeBbIX 3a/1a4 TepMoynpyroctu. Paccmarpusa-
€TCsl TEPMOYTIPYTUH CTepXKEeHb JITUHBI 2L, KOTOPBIN XapaKTepu3yeTcst INIOTHOCTBIO p, )KeCT-
KOCTBIO EJ ¥ TEpMOYIIPYTMMHU KOHCTAHTAMU Y U K.

Ilepemertienns cedeHUit CTEpKHS M TEMIIEpaTypHOE MOJe CTEpKHS ONMChIBAEeTCS CHU-
CTEMOM THIIEepOOIO-TIapadoNInYecKuX ypaBHeHUH Bua [4]:

pCZU,XX —PU,y _Ye’x+pF1 =0, (1)
0, —k 0, +F, = 0. )

3mech U(X,t) - KOMIIOHEHTBI MPOAOJIBHBIX cMelneHuit, O(X,t) - oTHOcHTENnbHAs TeM-
neparypa, F, - npojonbHas KOMIIOHEHTa 00BLEMHOM CHJIBI, ¢ - CKOPOCTh PAcpPOCTPAHCHHUS

TepMOYTIPYTUX BOJH B cTepkHe. IIpeanonaraercs, uto pynkuun F (X,t), F, (X,t) npunan-
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JISKAT Ki1accy 0000MICHHBIX (DYHKIMI MEIJICHHOTO POCTa, YTO IMO3BOJIIET MOJCIUPOBATh
TCPMOANMHAMUYCCKUC MPOLICCChI B CTCPIKHAX IIPU ILCI\/'ICTBI/II/I COCPEAOTOYCHHBIX KaK CHUJIO-
BbIX, TaK U TCIJIOBBIX UCTOYHUKOB Pa3JIMYHOI'O TUIIA.

37ech M Janee HCIONb3yeM JUIsl KPaTKOCTH 3alHucH 00O03HA4YCHUs MPOU3BOIAHOM:

Uj,; = 0U; /0X; =0,u; .

Tepmoynpyroe HampsbKeHUE B CTEpIKHE ONpeenisieTcs cooTHouleHueM J[{roamens-
Heiimana:

o(x,t) =pc’u,, (x,t) —y0(x,t) . (3)

PaccMoTpuM psii IPSMBIX, XapaKTEPHBIX /IS HHKEHEPHON MPAaKTHKH, KPAaeBbIX 3a/1ad

TEPMOYIIPYTOCTH, PEHICHUA KOTOPBIX YAOBJIIETBOPAIOT CJICAYIONINM Ha4YaJIbHbIM U KPaC€BbIM
YCIOBHUSIM.

Hauanvnvie ycrosus (ycnosust Komwm): npu =0 cMelneHus, CKOPOCTH U TeMIleparypa
N3BCCTHBLI:

u(x,0)=u,(x),6(x,0)=6,(x),|x|<L, d,u(x,0)=u,(x),|x <L. 4)

Ha xoHnax crepxHs (X =x=-L,x=X%,= L) 3a/laHbl Kpaesvie YClo8usl, KOTOpbIe pas-
JIMYHBI B 3aBUCUMOCTH OT pacCMaTpPUBAEMbIX KPAaeBBIX 3a/1ad. 37€Ch MOCTPOUM pEIICHUs
CIIEYIOIUX KPaeBbIX 3a/1ad.

Kpaesas 3adaua 1 (K3 1). 3BecTHBI mepeMelieHsI KOHIIOB CTEPXKHS M TeMIleparypa
Ha HUX:

u(x.t)=w(t), 8(x.n=0,1), j=12. (5)
Kpaesas 3a0aua 2 (K3 2). I3BecTHBI HaNpPsKEHUS HA KOHIIAX CTEPKHS U TEILJIOBBIC
[TOTOKHU Ha HUX:

o(x;t)=p;(t), 6, (x,)=q;(t), j=12 (6)
[Ipenmonaraercs, 9To rpaHUYHBIE (YHKIIUH YIOBICTBOPSIOT CICTYIONINM YCIOBHSIM
ITIAIKOCTH:

U;(t) € C(0,), 8;(t) € C(0,), q;(t) € Ly(0,%2) , P;(t) € Ly(0,0). (™)

2. VYnapuble BojgHbl. Cucrema ypaBHeHuit (1), (2) cmemanHOTO THUIEPOOIIO-
napaboIM4eckoro Tuna. B cuily runepOOTMIHOCTH, BO3MOXXHO BOSHUKHOBEHHE YIapHBIX
BOJTH ITPH YIAPHBIX BO3ICHCTBHUAX HA KOHIIAX CTEPIKHSI.

Jlnst BBIBOJA YCIIOBHH Ha (PPOHTAX YNAPHBIX BOJH PACCMOTPUM PEIICHHS CHUCTEMBI
ypaBrenwuii (1), (2) B xitacce 0600meHHbIX (yHKmii. CormacHo npaBwiaM nauddepeHin-
pPOBaHHUSA PETYISIPHBIX 0000MIeHHBIX GyHKIni [9,10] M1t yoapHBIX BOJH, 9TH YpaBHEHUS
MPUMYT B

(pCZU,XX —PUy _Ye’x ) + pFl + ([pCZU,X _’Ye:lvx - p[u’t]vt )6F (th) +
+pc?d, [U]8. (x,t) —pa, [U]8, (x,t) =0, (®)

(0. —K 70, )+ F, -0, ([0]V,8¢ )+ [0, ]V, 8 —x7[0] V5 =0.
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3nech KBaipaTHbIe CKOOKH 0003HAYaIOT CKaY0K YKa3aHHBIX B HUX (DYHKUIMH Ha ppoHTaX

YIapHBIX BOJH, O (X,t) - cuHTyIsipHast 00001eHHasT QYHKIHS, TPOCTOM CII0H Ha BOTHOBOM

o A%
dponTe - xapakTepucTHueckoii mopepxuoctH F € R? : ¢’v: —v2 =0 = A=—-1
v

X

3nech v=(v,,v,) -HopMans k F B D™, ¢ - ckopocTs pacnpocTpanenus yAapHoil Bosi-
HBI, Ha KOTOPOH HampspKeHHUsI MOTYT UMeTh ckadok. V3 ypaBuenwuit (13), ¢ yuetom (1), cie-
IyeT:

([pCZU,X _Ye],: Vy _p[u’t]p Vt)SF +pczax ([U]F 8F)_pat ([U]F 8F ) = 0!

9, ([6]. VXSF)+(VX [6.,]. —x7[6], vt)SF =0.

ITockomnbKY, B CHITy CIIJIOIIHOCTH CPEJIbl, [u(x,t)]F =0, u B obnactu auddepeHunpye-
t

)

MOCTH yIapHBIE BOJTHBI SIBISTFOTCST 0000IIeHHBIMU perieHus mMu (1), u3 (8), B crity He3aBHUCH-
MOCTH CJIaraeMbIX CHHTYJISIPHBIX (YHKIHH, TOJYYHM YCJIOBHE HEMPEPHIBHOCTH TEMIIEpa-

Typbl Ha PpOHTE yIapHOU BOIHEI: [e(x,t)]F =0 . 31ech GpOHT BOJHBI UMEET IIPOCTOM BHI:

R={(xt):xzct)=x} .

DTO TOYKA pa3pbiBa MPOM3BOAHBIX Ha mHTepBase X € (—L,L) , koropas aBuxkercs co
CKOPOCTBIO ¢ OT TOuKH X', rie oHa (JOPMUPYETCs B Ty MM APYTYIO CTOPOHY. B pesynsrare
u3 (9) cienyer, 4To Ha (HPOHTAX YAAPHBIX BOJH JOJDKHBI BBITIONHATHCS CIIEAYIOIIHE YCIIO-
BHS HA CKAYKHU:

[u], =0-[o], =-pc[ul,. [6]. =0, [6,]. =o0.

IlepBoe yciioBHe HENPEPHIBHOCTH MEPEMEILEHUH — HEOOXOAMMOE YCIIOBHE Ul COXpa-
HEHHMS CIUIOIIHOCTH Cpezibl. BTopoe yciioBre onuchIBaeT CKau0K HaNpsDKEHUH (yoap), KOTo-
PBII IPUBOIUT K CKaYKy CKOPOCTEH Ha hpOHTE BOJIHEL. 3 TPEThero u 4eTBEpTOro Cieayer,
4TO TeMIeparypa M TEIUIOBOM MOTOK HEMpEphIBHBI Ha (PPOHTE yAapHOH BOJHBEL. DTO OT-
JIMYaeT MOJEINb CBSI3aHHOM TEPMOYIPYTOCTH OT HECBSI3aHHOW, B KOTOPOM TEIUIOBOW MOTOK
uMeeT Ha (PPOHTE CKAYOK, IPONOPLUOHATBHBINA CKaYKy CKOPOCTH CMEIIEHHH cTepkHs. T.e.
B OTJINYHE CBA3aHHOW TEPMOYNPYTOCTH, TEPMOYAAPHBIX BOJIH B 3TOW MOZEIN HET. YIapHbIE
BOJIHBI YHCTO YIPYyTHE.

EnvMHCTBEHHOCTh pellleHUs] HayaJbHO-KPAeBBbIX 33Jad C y4eTOM YAAapHBIX BOJH IS
MOJIEJI CBS3aHHOM TEPMOYIIPYroCcTH MokazaHa Hamu B [8,9]. Ilockonbky Momens HecBs-
3aHHOM TEPMOYIIPYTOCTH SIBJIETCS YaCTHBIM CIy4yaeM 3TOM MOAEIH, TO OTCIOZa CIELyeT
€IMHCTBEHHOCTh PACCMOTPEHHBIX 3/I€Ch KPAEBBIX 3a/au.

3. O60o0menHoe pelieHne HAYAIbHO-KPaeBoii 3a1a4n. Metox 06001eHHBIX (PyHK-
nmi. [ onpeneneHus peleHns 3a1a4y MOCTaBUM KPaeBylo 3a/1a4y B IPOCTPAHCTBE JIBYX-
MEPHBIX 0000IIEHHBIX BEKTOP-PYHKIMIH MEJIEHHOTO POCTa:

D(R?) ={f = (f,(x.1), f,(x1), (xt)eR%}.

Jis 5TOTO BBEIEM 00OOIIEHHYIO BEKTOP-(DYHKIIHIO (TOMEYaeM UX IIAITOYKOM ):
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(0,,0,) - (0,6} = {u(x,t)H (L= [x|)H(®).6(x,H (L= [x)H (t)} :

rae U (X,t),e(X,t) - KJIACCHYECKOE PEIeHHe paccMaTpuBaeMoi kpaesoii sagaqn, H(..) -
dynxums Xesucaiina. Bexrop-dynxims (U,,U,) B D’(R?) ynoBieTBopsieT cucteMe ypas-
HEHU BUA:

¢, 0, —p0,, + F1 = —{u, (X)8(t) +u, (x)8'(t)} H (L —|x)) +

+e?H O (P, (1) = 70,(0)8(x+ L) = (p, (1) = 70, (1)) 3(x - L)} +
+¢2 H(O){w, (t)8'(x+ L) —w, (t)8'(x - L)},

n

G,XX —xt é’t + |/:\2 =
=H(t)d(L+x)a,(t) - H (t)d(L —x)q,(t)+

+6,(D)H (1)8'(L+x) =0, (t)H (1)8'(L — x) = k0, (x)8(t)H (L —|x]).

3nech §(t) - obobmenHas jenbra-QyHKiwms, ¥ =# . Ucnonb3yst cBoicTBO (yHa-

MEHTAJIbHBIX PELICHUH ypaBHeHuid 9Toli cuctembl U (X,t) , ee pelierne MOXHO mpezcTa-
BHTh B BUJIE CIIEIYIONIEH CBEPTKU:

u(x ) H (t)H (L -[x]) = U, *F:- U, [A(x,t) +

+c? Zl (-D* {( P (£) =78, (1) [ (x = (=1)" L, ) + wi (t) [T, (x - (=D)" L,t)} + 00
* E0OH (L~ L +0,00H (L~ 01, 5

(Xt H ()H (L= |x|) = F2(x,t)*U, (x,t) +

HH()Y (D' {6, 07U, (= (D LY +0, OH (U, (= (D' L)| =)

k=1

—x"0,()H (L —|x|)’:U2(x,t).

3neck U, (x,t) (j =1,2) — o710 dyHIaMEHTATbHBIC PEIICHHS BOTHOBOTO ypaBHeHus (1)
npu F, =38(x)d(t) u ypaBHenus TemonpoBoxHocty npu F, = 6(X)d(t), xotopsie Xoporo

W3BECTHHI [9].

®opmynst (10), (11) onpenenstor nepemMenieHue U TeMIeparypy BHYTPU CTEPIKHS I10
M3BECTHBIM IE€PEMELICHHUSIM, HAIPsDKEHUSM, TEMIepaType M TEIUIOBBIM MOTOKAM Ha €ro
koHIax. OJJHAKO JJIsi KOPPEKTHO MOCTABICHHBIX KPACBhIX 33/1a4 U3 8 TPAaHUYHBIX (PYHKIHH
M3BECTHBI TONBKO 4. JIst ornpenenennss HeM3BECTHBIX YETHIPEX CIIEAYET OCTPOUTH pa3pe-
[IaroIIye rpaHUYHbIe YPaBHEHHS Ha JIEBOM U IIPaBOM KOHIIE CTepHs. [ aTOro paccmo-
TpuMm pemenus (10), (11) B mpocTpancTBe npeoOpazoBanus Oypbe M0 BpEMEHH.
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4. Tpauncdopmanta Dypbe mo Bpemenu pyHkuuu ['puHa BOJHOBOI0 ypaBHEHMSI.
Oynkuust ['puna BosHOBOTO YypaBHeHus U, (X,t) YIOBJCTBOPsIET ypaBHeHHO J{amambepa:
’U, 2°U,
P —————+38(x)8(t)=0
ox’ ot (e =0,

U YCA0BUAM U3NLYYEHUS: Ol(x,t) =0 mput<0, Lj (X,t) =0 npu ”X” >ct.
Ee tparcdopmanTta Oypre saBusieTcs pemeHrneM 00bIKHOBEHHOTO M (hepeHnaIbHOro
ypaBHEHHUSI:

d’U.

X2

Ly K2, + A23(X) = 0, kz‘*’Z'O,

OHa U e¢ MPON3BOIHASI UMCIOT BHI:

_ sin (k|x]) _ 1
U, (X,0) = ———————, U,,, = ———cos(k|x|)sgn(x). (12
(% 0) 2¢(m +i0) Y2c? (k[)san(). (12)
Jlerxo BUAETH, YTO
U,(0,0)=0, U, (+0,w)=70,5A% (13)

OTO CBOMCTBO UCHOJIB3yEM JIJIsl TOCTPOEHHS Pa3pelaoIinX ypaBHEHUHM KpaeBbIX 3a/1au.
5. Tpancpopmanta ®@ypbe mo BpeMenu (pyHkuum I'puHa ypaBHeHHMS TeIUIO-

npoBogHocTH. Tpanchopmanta @Dypee ¢yHkumu [puHa ypaBHEHHs TEIJIONPOBOAHO-
fpu

2

X2

U, (x, ) =U, (=X, ), U_Z(x,co)‘ \_> 0.

CTH YIOBIETBOPSACT YPaBHEHHUIO: +i0K'U, +8(x)=0 ¥ yCIOBHSM CHMMETpHH:

sink ||
2k

O603naunm K = \/iox™ . Herpyano Buznets, uto ¢pynkuus U, (X, 0) = —
BJIETBOPSIET JaHHOMY Au((HepeHIMaIbHOMY YPaBHEHHUIO U

U,(0,w)=0, U,, (+0,0)=70,5. (14)

[ perieHus MOCTaBICHHBIX KPAeBhIX 3a/1ad PACCMOTPHUM OT/IEIBHO 0000IIEHHBIE pe-
[ICHHUS ypaBHEHUS TEIUIOMPOBOJHOCTH M BOJTHOBOTO YPaBHEHHS.

6. PemieHne TeMmeparypHbIX KpaeBbIX 32/1a4 B NPOCTPAHCTBE NPeodpa3oBaHUsA
®Dypne no BpemeHu. Onpenennm Tpanchopmanty Oypbe TemMreparypbl CTEPIKHS, HCITOIb-
3yst ee mpexacrasienne (21) m cBoiicTBa mpeobpa3zoBanus Pyphe CBEPTOK OOOOIIEHHBIX
¢byHkumid. B pesynbsrare momyanm:

» YIO-

8(x,m)H (L-|x)=F,(x,)*U, (x,0) +1%6,(x)H (L - |x|)*U, (x, ) +
: " * (15)
+§7‘4(—1)k {60, (x- (D" L0)+8, (@0, ,, (x- ()L 0)}.

[Mepexonst k npeaeny npu X — +L, X e (—L,L) B dopmyne (15) u nucnonb3ys cBOWCTBO
npeoOpazoBanusi Pypbe nponsBogHON QyHIaMeHTanbHOro pertenus (14), u3 atux Gopmyn
HOJIyYHM TPaHUYHbIC YPABHEHUS [UIS OTIPEICTICHHUSI HCKOMBIX TPAHMYHBIX (DyHKITHIA:
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0,56 (-L, ) = F, (x,0)*U, (x,0)

K 0,00H (L=[x)*U (x0)|

x=—L

+0, (0)U, (-2L, ®) + 6, (0)U,,, (-2L,»)

0,50(L, ) = F,(x,0)*U,, (x, )

— K" 0,(x)H (L —|x|)’:02(x,(o)‘ -
x=L X=

—G,(w)U, (2L,0)-6,(0)U,,, (2L, ») .

Orcrona, ¢ yaetom (14), cienyer Teopema.
Teopema. Tpancghopmanmor @ypve no pemenu epanudnvlx QyHKYULl Kpaeswvlx 3a0au
0715 YpasHeHusi menjionposoOHOCMU YO08I1emEOpsaION CUCmeMe TUHEHbIX aleeOpauieckux

VPasHeHull 8U0A:
05 0 |[8)],
U, (2L0) U, (2L,0)f|g, ()

, {—UZ,X(—ZL,(D) —Uz(—ZL,m)} {62(0))}_ {(jl(—L,m)},

0.5 0 G| | QL o)

(16)

TAC IpaBbIC YaCTH OIPEACIICHbI HAaYaJIbHBIMU YCIIOBUSIMU U ,Z[eﬁCTByIOH.IHMPI TCIIJIOBBIMHA
HCTOYHHUKaAMM:

Q (x,®) = F,(x0) U, (x,0)

0, 00H (L= 0,000

x=-L

Q,(x,@) = F, (x,0) U, (x,0)

—x*0,()H (L—|x|)*Uz(x,0))‘ .
x=L X x=L
HOJIy‘{eHHaSI CUcreMma ypaBHeHI/Iﬁ MO3BOJISCT PCHIUTDH J'IIO6LIC KpacBbIC 3a/]auu MpHU
3a/IaHHBIX JBYX FPaHUYHbIX (DYHKIHUI TeMIeparypsl (MM TEIUIOBOTO MOTOKA) Ha KOHIAX
CTCPIKHA. HBC APYTHUe ONpCACIAIOTCA PCIHICHUEM 3TON CUCTEMBI ypaBHeHI/II‘/'I.
HJIH pelICHU BCCX MOCTABJICHHBIX TEMIICPATYPHBIX KPACBBIX 3aJa4 y,I[OGHO paccMmo-
TPETh PACIIHPEHHYIO CUCTEMY YPaBHEHHI BU/IA:

0,5 0 U, (-2Lo) -U,(-2L0)] [8(e)] [Q-Lw)
UZ’X(ZL’('O) UZ(ZL’O‘)) 0’5 O X _ql(w) — Qz_(Lv(’)) , (17)

8y Az Az Ay 0, (m) b, (w)

ay Ay, A3 Ay a; (0)) 64 (0))

TAC MOCJICAHNE IBa YPABHCHUS — 3TO KPAaCBbIC YCJIIOBUA HAa KOHIAX CTCPIKHA:

{aSl asz}{él ((’))} " {aas Ay }{62 (0))} _ b3 (o) (18)
A 8,) |f(o) A 3y, |0,(0) b4 ()|

IIpw 3a1anHBIX KOO(QUIKMEHTAX &; | MPaBOX 4acTh Bl(o)) 9TOM JIMHEHHOH anredpan-
YECKOM CHCTEMBI YPABHEHHI €€ PELICHUE UMEET BUJ:
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A _ _
Dj(m):ﬁ, D;(@)={6,(0) G(0) 6,(0) T,(w)}, (19)

e A(®) - OcHOBHO# ompesenuTeNs MaTpuIlb cuctemsl (17), A (®) BCHOMOTaTENbHbIH
OMpeIeTUTENb MATPHUIIBI, KOTOpasi ONPEIENseTCsl MPOCThIM mpaBmioM Kpamepa amist kax-
aoro Dj(m).

B kauecTBa nmpuMepa moCTPOUM PEILICHHS TSl TEMIIEPATyPHOTO TIOJIsl HEKOTOPBIX Kpae-
BBIX 3a/1a4.

6.1. TemneparypHoe pemenue 1ist K31. B atom ciyuae u3BecTHBI TeMIeparypa Ha
KOHI[AX CTePsKHs: (X W)= 0 (@), j=1,2 . Torna kpaesbie yciosus (18) numeror Bu:

{1 0} {61<w>}+ {o 0} {éz <m>} @] _ {9«»)
0 of|g)] 11 of|a@] |b | |8,

[Moacrarisist 5TH KOX(POHUIMEHTHI U JIEBYIO YacTh ypaBHeHul (17), moay4uuMm perieHue
(19) nns onpenenenus TemI0BOro notoka. OHO UMEET BU:

_ 1 = - ~ —
%(0)= Gy Qe (L0~ U (2L )8, (0) ~0.50, (@)
- 1 = - _ _
%(0) =~ gLy (AL 0+ e (2L, 0)8,(w) - 058, ().

B 6.2. Pemenune K3 2. 3mech HW3BECTHBI TEIUIOBBIC IMOTOKM Ha KOHIIAX CTEPKHS:
0, (X;,®)=0;(w),j =12 . Kpaesbie ycinopus (18) umeror cieyromuii B

B ool fo ool el sl

Torjga MOXKHO BBIYMCIUTH HEM3BECTHYIO TEMIIEPATYPY:
AZ

_ A — .
el(w):Xl, 0, (w) = A ,re j=12,
0,5 -U,, (-2L, _ _
_| 2 (2L, ) =0,25+U,,, (-2L,@)J,,, (2L, ®)
U,. (2L,o) 0.5 ;
_Q+U (2L, U, (-2Le)|
' 1Q,-U, (2L 0)g, 0,5

= 015(61 +Uz (_ZL’m)q2>+Uz’x (_ZL’UJ) (Qz _UZ(ZLY(D)ql)a

0,5 Q +U,(-2L, ),
UZ’X (2L,0)) (52 —JZ(ZL,O))ql

= 015((52 _JZ(ZL!m)ql)_JZ’x (2L1(’))((51 +Jz (_2Lv(‘))qz)-

. =
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7. Pemienue ynpyroii kpaeBoii 3a1a4u B IpocTpaHcTBe NpeodpasoBanus Oypbe no
BpeMeHH

Onpenenum Tpanchopmanty Oypre epeMeneHuil CTepKHs, UCIIONb3Yys UX MPeICTaB-
nenne (10), (11) u cBoticTBa mpeodpazoBanmst Dypbe cBepTOK 00001eHHBIX pyHKIHA. [10-
CKOJIBKY TEeMITepaTypa CTep KHsI ONpeNeIeHa, TO €€ MOXKHO pacCMaTpHUBaTh KaK BHEIIHIONO
3a/IaHHYIO CHITY, KOTOPYIO BMECTE C JEHCTBYIOMICH HA CTEPKEHB CHIION 0003HAYNM H3BECT-
HbBIMH HaYaJIbHBIMU YCJIOBUSIMU:

P(x,m)=F, *U, +{(U00-ioou (X)) H (L = |x) }+U, —
o , - ' (20)
YU, +B(x,0) = c* (-1)" 76, (@)U, (x - (-1)" L, ») .

k=1
U3 dpopmyasl (10) cienyer npencTapieHne mepeMelIeH!i B IPOCTPAHCTBE peodpaso-
BaHMs Dypbe 110 BPEMEHU:

T(x,0)H(L-|x)=P(x,0)+
+czz(-1)j {(@. (@)U, (x - (- L, o) + W, (@)J,. (x - (-1’ L,m)},

C yuerom Buna ¢ynkumu I'puHa BoiaHOBOTO ypaBHeHus (12), momydum 000O0IIeHHOE
pelienne KpaeBhIxX 3a1a4d B BUJIE:

T(x,0)H (L=|x)={P(x,®)—0,5k™*p,(w)sin (k|x+ L|)+0,5p,(w)k *sin(k|x - L|)+ Q1
—0,5W, (w) cos (K|x+ L|)sgn (x + L) + 0,5, (w) cos (k |x - L|)sgn (x - L)}.

)

Ecnu nepeiiTu B 3T0l opMysie K Tpeneny K KOHIIAM MHTEpBaja, C y4eTOM CBOWCTBA
npousBoaHoi pynkuuu ['puna (12), momyuum ypaBHEHHS IS ONpeIeIeHHs] HEU3BECTHBIX
IPaHUYHBIX (QYHKIHIH:

0,5W, () = P(x,0) _ —0,5k™p,(w)sin(2Lk)+0,5®, (w)cos(2Lk),

X=

0,5W, () = P(x,0)| _ +0,5k™p,(w)sin(2Lk)—0,5®,(w)cos(2Lk).
OTy cUCTEMY MEpenuIleM B MATPUYHOM BUJE:

[1 05 0 (w) ]
%Scos(ZLk) —0,5k'1sin(2Lk)ED91(w)%,

1[=0,5cos(2Lk) 0,5k *sin(2Lk (w) [ [PL-L,w) C
JEpson(zt) 05 sn(zUI BRI E-L o)L
13 05 0 roP (@) 3 [H(Lw)

B 3aBuCMMOCTH OT pemiaeMoi KpaeBOW 3a/1a4u U3 3TOW CUCTEMbI ABYX JIMHEHHBIX all-

reOpandecKrux ypaBHEHHUH MOTYYHM pa3peliaroniie rpaHiYHbIe ypaBHEHUS I OTpeesie-
HUS TpaHC(HOPMAHT HEN3BECTHBIX TPAHUYHBIX (YHKIIHH.

(22)
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Pewenue K3 1. 3BecTHBI U(X j,u)) =W, (co), =12 . Torna u3 (22) nony4um ypasHe-
HUS JIJTSI OTIPE/ICIICHHS] TPAHHYHBIX HAIPSHKSHHH:
2P(L, ) - W, () cos(2Lk) - W, ()
k~*sin(2Lk)

2P(-L, ) + W, (o) cos(2Lk ) — W, ()
k~*sin(2Lk)

ﬁ1(0)) == P, (0)) =

Pewenue K3 2. Wzsectrsl 6(X;,®) = P;(®), j=1,2. Torma u3 (46) nomy4um ypasHe-
HHS JUIS ONIPEIETIEH s TPAHUYHBIX ITEPEMENIEHH:

{ 1 —cos(ZLK)HV_\/l(m)} _ {213(4_,03) - klﬁz(co)sin(ZLk)} _ { f‘l(m)}
COos

(2Lk) 1 W, () 2P(L, ) + kP, (w)sin(2Lk) f, (o)
— _ AJ((D) _ 2
W, (m)—m, A(®) =1+ cos®(2Lk),

A, = f(w)+ f,(®)cos(2Lk), A, = f,(w)- f,(w)cos(2Lk)

AHaJOTHYHO TETIOBOH 3aa4€ yIOOHO BBECTH PACITUPEHHYIO MAaTPHUITy KPaeBBIX 3a/1ad
1 peliaTh CUCTEMY YpaBHEHUH BHUA:

1 0 —cos(2Lk) k7'sin(2Lk)| | W, (o) 2P(-L,0)
cos(2Lk) —k~*sin(2Lk) 1 0 g p(w) | | 2P(L,o)
Ba B Bas B w, (0)) d,(w)
Ba Ba Bus Ba (A () d,(w)

TJIe TIOCJICTHHE JIBA YPABHEHUS — 3TO KPAeBbIe YCIOBHS HA TIEPEMEIIICHUS U HANPSDKEHHS Ha
KOHITaX CTEPKHS (C yIETOM M3BECTHOU TeMITepaTyphl):

{BM [332}{\’_\/1 (m)}+ {333 [334}{V_\/2 (C‘))} _ b3 () .
B41 B42 51(0)) B43 B44 [ (CO) b4 (0))

IIpu 3agaHHBIX KOAPHHUITHEHTAX [3“. Y TIPaBO¥ YacTH bi () oroii muHElHON anrebpa-
WYECKOW CUCTEMBI YpaBHEHUN €€ pellleHue OompeeseTcss NpocThiM npasuioM Kpamepa,
anajorngso (19).

3akarouenne. Tereps B Gopmyse (21) Bce rpanmunbie (GyHKIIUN ONpeaesieHbl. BoI-
nmonHsAs oOparHoe mpeoOpazoBanne Dypbe, MONyYNM OpPUTHHAN PENICHUS B HCXOIHOM
MpocTpaHcTBe-BpeMeHu. [locTpoenne opurnHana 3aBUCUT OT BHA TpeoOpa3oBanus Dy-
pbe TpaHUYHBIX (DYHKIMHA U TIOIHKHO PACCMATPHUBATHCS OTAEIHHO JIJIs1 KOHKPETHOW KpaeBon
3amaun. [loacTaBisist U3BECTHBIC 3HAUCHUS TEMIIepaTyp U nepemerieHnid B Gopmyny (3),
MOJTyYUM T€PMOYIIPYTHE HAMPSKESHHUSI.

Kaxk mokasano B craTbe, METOI 0000IICHHBIX (DYHKITHI TTO3BOJISET CTPOUTD IO OJHOMY
AJTOPUTMY PEIIeHHs KaK KIAaCCHYECKUX KPaeBbIX 3aJ/lad TEPMOYIPYTOCTH, TaK U IPYTHUX C

Pa3IMYHBIMU JTMHEHHO CBS3aHHBIMH KPAeBBIMH YCIOBHSIMH, YTO OY€HB YIOOHO IMPH TPO-
TpaMMHUPOBaHUH U TIPOBECHUH YHCIECHHBIX HKCTIEPUMEHTOB. DTO 0COOEHHOCTH TIOCTPOCH-
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HBIX PEUICHUH JenaeT uX YAOOHBIMU JUIS UCCICIOBAHHS CETEBBIX TEPMOYIIPYTUX CHCTEM,
KOTOpPBIE MOYXXHO MOJICJIMPOBATH TEPMOYIIPYTUMH CTEPKHEBBIMHU rpadami.

OTMeTHM, YTO M3Y4YEHHEM TEPMOHAINPSDKEHHOTO COCTOSHHS CTEPIKHEH C pa3indHbI-
MU (DU3UKO-MEXaHUYECKUMH CBOWCTBAMHU 3aHUMAETCS HEMHOTO aBTOPOB, U B OCHOBHOM
Ha OCHOBE YHMCIICHHBIX KOHEYHO-’JIEMEHTHBIX M Pa3HOCTHBIX METOMIOB Ul HCCIICIOBAHMS
CTaTUYECKOTO M KBa3MCTATHUYECKOTO HAMpsIKeHHO-IehopMupoBaHHoro cocrostaus [9,10].
Panee B pabotax [11] ObuTH pellIeHBI U UCCIICIOBAHbI JUHAMUYECKUE KPACBbIC 3a]1a4M JIMHA-
MHUKH TEPMOYIIPYTUX CTEp>KHEH (CBs3aHHAsi TEPMOYIPYTOCTh) MPH JACHCTBHH NCTOYHHUKOB
HU3KO- M BBICOKOYACTOTHBIX CTALIMOHAPHBIX KOJICOaHHH.

Pabota BeimonHeHa npu puHaHCOBOM noaaepkku Komurera Hayku MuHHCTEpCTBaA 00-
pasoBaHus U Hayku pecnyonuku Kazaxcran (rpant Ne AP19674789).
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TEPMOCEPHIM/AI ©3EKTEP IMHAMUWKACBIHBIH IHNEKAPAJIBIK
ECEIITEPI )KOHE OJIAPABI IHELTY KOJIJAPBI

bi3 mepmusinblk, Kbl30b1py H#ca20AiblHOA JPMYPIL CIMEPHCEHOIK KYPbLILIMOAPObL 3epmmey Yulin naii-
OANAHBLLY bl MYMKIH KOCLIMARAH MEPMOCEPNIMOLIIKMIK KeHiCmIKmIK 0ip e1uemol WeKkapaivlk ecenmepit
Kapacmuipamvls. Bencini 6oneanoail, wimaneanvly KYpulLibiMOap apmypai mawuna Oonuiekmepi meH
MEXAHUBMOEPIHIH HCANLACMbIPYULDL HCIHE bepinic 6YbIHOapbl 60abIN MadbLIadbl. MyHOa 613 NpAKMUKALbIK,
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Konoanbanapea mau apmypni wekapaivlx ecenmepoi weulyoiy Oipvineail 20icmemecin YCblHAMbL3.
Tepmocepnimodi cmepoiceHbHiy YumapblHoa apmypii WeKapanuly icaz0auiapoa OHblY MePpMUAILIK
Kepheyl Kyuin Jicone ©3eKueHiy OYKin Y3blHOblebl OOUbIHUA acep emyuli Kyam NeH JHCbLLY KO30epiH
aHvlKmay macenenepi Kapacmoipuvliaovl. Kamnviianzan Qynkyusiap 20ici Heeizinde apmypii munmezi
KYam JcoHe JHCblLy KO30ePIiHiK, COHblY WiHOe nepuoomolk mepoenicmepoily CmayuoHapivlK KO30epiHiK
acepinen cmayuoHapibl emec Jcane CrmayuoHapivl mikeaell JicoHe JHcapmuliail Kepi ueKapanvlk ecenmepoiy
HCANNBLIAHRAN WEUIMOEP] MYPEbIZLLIObL. Opexem enyui Ko30epoi CMepiCeHbHIY YUmapblHOa apmypii
WeKapanvlK WapmmapmeH epexuie JCarnblianean QYHKYUANap apkslisl oa kepcemyze 6onaovl. Mynoaii
KYPOLIBIMOAPOd COKKbL JICYKMeMenepiniy acepinen nauoa 0O0namvlH COKKbl CEpniMOi  MOIKbIHOAD
Kapacmuipbinadvl. Kotiviiean wexapanvix ecenmepoiy anaiumuKansli Wewimin Kammamacsls ememin
HCANNBLIAHRAH UWLeWIMOEPOTl MYPAKmol unmezpanovl Oelinenepi anwinaowl. Kypvlizan epimindinepoiy
epexuieniai 01apobl mepmocepnimoi epaguxmep apKvlivl Moderboeyee OONAMbIH HCeNIIK MepMocepnimoi
Jicytienepoi 3epmmeyee blHAbl emeoi.

Tyitin ce30ep: mepmocepnimOinix, bl2biCy, KepHEY, MeMNepamypd, HCAInbliaHear QYHKyus a20icmepi,
Dypve myprenoipyi, wekapaivix, meyoeyiep, CmepiuceHs.
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BOUNDARY VALUE PROBLEMS OF THE DYNAMICS
OF THERMOELASTIC RODS AND THEIR SOLUTIONS

We consider spatially one-dimensional boundary value problems of uncoupled thermoelasticity,
which can be used to study various rod structures under thermal heating conditions. As is known, rod
structures are connecting and transmission links of various parts of the machines and mechanisms.
Here we propose a unified technique for solving various boundary value problems typical for practical
applications. The problems of determining the thermally stressed state of a thermoelastic rod under
various boundary conditions at its ends and acting power and heat sources along the entire length
of the rod are considered. Based on the method of generalized functions, generalized solutions of
non-stationary and stationary direct and semi-inverse boundary value problems under the action of
power and heat sources of various types, including stationary sources of periodic oscillations, are
constructed. Acting sources can also be specified by singular generalized functions, under various
boundary conditions at the ends of the rod. Shock elastic waves that arise in such structures under the
action of shock loads are considered. Regular integral representations of generalized solutions are
obtained, which provide an analytical solution to the posed boundary value problems. The peculiarity
of the constructed solutions makes them convenient for studying network thermoelastic systems that can
be modeled by thermoelastic graphs.

Keywords: thermoelasticity, shift, stress, temperature, generalized function methods, Fourier
transform, boundary equations, rod.
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MAJIBIE YIIOPSIJOYEHHBIE TEOPUU U CBOMCTBA
KBA3U-CJIEJOBAHUS HA 1-THUIIE

Cmamus noceswena ceolicmeam 1-munog 6 ynopsaooueHHbIX Maablx meopusx, a UMeHHO HeKOmopo-
My 0600uenuIo nousmus yHYUU C1e008aHlUs HA YeblX YUCIAX, K8A3Uu-ciedosanulo. B cmamve npugo-
oamces npumepul 1-munog xax Ha OUCKPEmHbIX, Max U Ha NIOMHBIX NOPAOKAX, HA KOMOPbIX Oelicmayen
2-chopmyna @(x, y) komopas senaemca Keasu-ciedosanuem. Bnepevie nousimue K6azu-cie008anus Oblio
66e0eH0 agmopamit 8 npedvloyuwux pabomax. Ilpobnemsl ceoticme u noocyéma yucia C4émHvix Mooe-
Jell meoputi ¢ ONPedentUMblM JUHEUHbIM NOPAOKOM U3YUanu MHocue yuéHvle, cpeou nux JI. Maiiep, C.B.
Cyooniamos, B.IL. Kyinewos, b.C. baiiscanos, A. Anubex, T.C. 3ambapnas, C. Moxous u I1. Tanosuu.
Dopmynel co ceolicmeamu ced08aAHUS UZPAION BAXACHYIO POTb 8 USYHEHUU CLyYas MAKCUMYMA CUEMHBIX
mooeneti. Mcnonv3ys meopemy KOMRAKMHOCTU OJis HEU3OIUPOBAHHO20 1-muna, y0aémces nocmpoums mo-
oelb 6 KOMopou ecnb OECKOHEU bl OUCKPEeMHbIl NOPA0OK muna o* + . Ha amom ouckpemnom nopsoke
MOJICHO 8bI0ENUMb NOHIN [-mun co coticmeom Keasu-ciedosanus. Ilonnoe onucanue nooxkiacca meo-
Ppuil, UMeWUX MAKCUMATbHBII CYEMHBIL CREKMpP, OMKPbISAen 803MOMCHOCHb ONUCLIBAINb 803MONCHbLLL
CYémuulil cnekmp OJi Meopuil ¢ ONpedeTUMbIM JUHEHLIM NOPAOKOM.

Knrouesnle cnoea: manas meopusi, OUCKpemHblll NOPAOOK, TUHEUHbI NOPAOOK, 1-munbi.

Beenenue. Teopust T mepBoro mopsiika Ha3bIBacTCs MaJIOii, eciiu | U Sn(T)| = Xp.
n<w
st Teopmii T, koTopsie He siBstrorest Majibivu, (T, Rg) = 2% Tornueckumu OykBamMu

(M, N, ...), MBI 0003HAYAEM CTPYKTYPBI, a OyKBaMHU JIATUHCKOTO anaBUTa — HOCHTEIU CO-
OTBETCTBYIOLIHNX CTPYKTYp (M, N, ...).

Onpenenenne 1. [Tycts M — nuHeiHO ynopsaoueHHast CTpyKTypa. MHoxecTBO A sB-
JISISTCS BBIMYKJIBIM B MHOXeCTBe B D A, ecym uist Bcex @, b € AuBcex c €B,ecima<c<b,
Toraa ¢ € A. MHOXeCTBO A BBIITYKJIO, €CJIM OHO BBIITYKIIO B MHOXKECTBE M.

Omnpenesenne 2. [1,2] ITycte MM — nauneliHO ynopsimoueHHas cTpykTypa. Popmyna

@(x,y,a) (@ € M) asnsercs BBITYKJIOMN, Ci ISl BceX h € M MHOXECTBO (p(M, b, d) BbI-
MyKJIO B KaX10it Mofemu Teopun Th(IN), conepxameii b u a.
ITycth P (x) — A — onpenenumast 1-popmyna. OG03HaINM

Ey(x,y) :zlp(x)/\z,b(y)A(x <y-Vvz(x<x Sy—>¢(z)))/\(y§x—>‘v’z(y§z£x—>
¥(@)).

* E-mail xoppecrniornupyrormero aBropa: umbetbayev@math.kz
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E,(x, ) 3a1aéT oTHOIIEHNE S5KBHBAIICHTHOCTH C BBITYKIBIMH Kiaccamu Ha y(M). [12,13]

Omnpenenenue 3. [3 - 5] Ilycts I — nuHeliHO ynopsgoueHHas crpykrypa, A < M, M
— |A|* — macwimenHas u HeanreGpanyecKuii.

1) A-ompenenumast popmyna @(x, v) sSBISETCS P-COXPAHSIOUICH, €CIIH CYIECTBYIOT !,
7, Y2 € p(M) Takue, uro p(W) N (@M, a)\{a}) # D uy; < o(M,a) <y,.

2) p-coxpansiornias Gopmyiaa @(x, y) SBASETCSA BBIMYKIONH BIpaBo (BJACBO) HA p, €CIH
cytiectBytoT o € p(IM) Taxue, uro p(M)N (M, o) BeIyKII0 BO MHOKECTBE p(N) (TO €CTh,
npe (P NeM, ), §€p(M) u y1 <8<y, srewér § € p(M,a)), o — ecTh
neBas (TpaBasi) KOHIeBas Touka MuoxkectBa @(M, a), n a € (M, a).

3) p-coxpaHsiolias BbIMyKJIas BOpaBo (BieBo) dopmyna ¢(x, y) sBISETCS KBa3u-

CIIeIOBaHMEM Ha p, eclu Juisl Beskoro a € p(IM) u Beskoro B € (p(M, a)\{a}) N p(M)
p() N [eM,B)\ (M, a)] # @.

0O030p smTeparypsl. B crarbe [6] JI. Maliep nokaszana runore3dy Boora s kiacca
O-MUHHUMaJIbHBIX Teopuil. [ unore3a Boora 115t mouTH 0-MHHUMAJIBHBIX ObLIa TOATBEPIKAC-
Ha C.B. CynomnaroBsiM coBmecTHO ¢ b.111. KynmemoBbim [7]. [y cnabo o-MUHUMAITBHBIX
Teopuil paHra BhITyKIOCTH | rumore3a Boora Obuta mokazana A. Amubek, b.C. baiibka-
HOBBIM, b.I1I. KynnemoBeim u T.C. 3ambapHoii [§]. [l OMHApHBIX CTallMOHAPHO YIIOPS-
JoueHHbIX Teopuil runore3y Boora noarsepaunu C. Mokouns u I1. TanoBuu [9]. A nns
11200 0-MUHUMAJIbHBIX TEOPHH KOHEYHOTO paHra BBITYKIOCTH runore3a Boora Oblia moa-
tBepxacHa b.11I. Kyanemosbim [10]. BaxkHbIM sIBISIeTCS pacCMOTPEHUE Cy4asi MaKCH-
MaJIbHOCTH CUYETHOTO CIEKTPa YHMOPSIOYEHHBIX TEOPUH, TaK KaK OH yNPOLIAET MEPEeXon K
M3YyYEHUIO CUETHOTO criekTpa B oomem. [11 - 14].

Metoabl 1 MaTepuasbl. B 1aHHON cTaThe MCIONIB3YETCs] OMUH U3 TVIABHBIX METOJOB
TEOPHUHU MOJIeJIeH — 3yUeHHE CBOMCTB MOJIEIIEH MOIHBIX TEOPHH IPH TOMOILLH THIIOB, & IS
OTIpeeNICHNs JIOKAJIbHOW COBMECTHOCTH MHOXKECTBa (POpMysl HEOOXOOMMa TeopeMa KOM-
MAKTHOCTH.

Pe3ynbTarhl ucciaenoBanus U ux odcyxiaenue. Teopema 4. [Tycme M — cuémmuan na-
CblWYeHHAsL MOOeb MALOU TUHEUHO Ynopsao0oueHHot meopuu T, u nycms 015 Kaxcoo2o n <
cywecmeyem m,, > n maxou, umo ¢ M umeemcs ouckpemnas yenv Oaunsl m,. Toeda cyuje-
cmsyrom 2-A-popmyna ¢(x,y), 20e A — koneunoe noomHoscecmseo M, u I-mun p € S\(4),
maxkue, umo @(x, y) Aeisiemcs keazu-ciedosanuem Ha p(x).

JokaszareabeTBo TeopeMbl 4. [Tyctb (X1, x5) 1 = {x; < x < %} U {0, (x4, %) |n < w},

e 0, (xqy,x3) 1= 3y;3y,... Ay, (xl SV <Yy <o < Y1 <V <X, AVZ (x1 <z< x>
E|Z1§|ZZ(XS21 <z<Z; S AVU( Sv<z-ov<z)AVW(iEZz<w<x, > 27 Sw)))).

MHOXECTBO # COBMECTHO H, CIICJIOBATEIIBHO, CYIIECTBYET KOPTEX ab pean3yromuii r,
U TakoH, 9To MHTEPBaI (8, b) SBISIETCS TUCKPETHO YIOPSI0YCHHBIM MHOKECTBOM, COZIEp-
xarm xorwn (Z, <)- Tlyers I'(x, a,b) : = {;(x, a,b)|i < a} — MHOXKeCTBO Beex hopMyin

Y;(x, a, b) Takux, 4To I KaxI0r0 N < W €CTh Ewi(x, y) — Kjacc ¢ 0onee 4eM 7 SIeMEH-
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tamu v E Vx(;(x,a,b) - a < x < b). 3nech o — 3T0 MO0 KOHSUHBIN KapAUHAI, THO0 M.

Juist i < a obosuaunm 1;(Xq, %y, a,b) i={a <x; <x <x, <bAY;(x)) ANP;i(x)} U

U {0,i (1, X2)In < 0}, 118 Oy (30, X2) 1 = VE(x; <t < xy —”Pi(t)) A3y13y;... 3y, (x1 =
SV <Y <o < V1 <V <Xy /\Vz(x1 <z<xp; > ElzlElzz(x <z;<z<2z; <

SXAVV( Sv<zoVvSzZ)AVW(EZ<Ww<x, o2, < W)))).

Mycers [j:={i <« | Im() < w, Vx((a <x<bA —u,bl-(x)) —>|E_,¢i(M, x)| < m(i)}.
3aMeTHM, 4TO IS BCAKOIO | € @, i & I, CylEeCTBYeT j < a, i & I, TaKoM, 4To i (x) = ;.

Bagazum nocnegoBarensrocts uaTepBanos (@i bi) |1 < @) rakux, uro (ay,b;) €
C (ai+1,biv1) u mna 1-popmynsr Yi(x) BepHO 0n1HO M3 crieyroNIETO:

a) cymiecTByIoT HaTypanbHble uncia m(i), k(i) < w rtakue, uto M E Vx (ai <x<b-
(1B, (M,0] < kD) A B, (M, 0] < mD):

b) M = Vx(al- <x<b;- l,bi(x));

c) Mk Vx(ai <x<b;- —ﬂ/)i(x)).

Tak kak st moosIx J > 1, (a;, by) (aj: bj) BBITIOJTHSETCS

2) M= Vx (g < x < by = (|By, (M0 < kD) A By, (M, 0] < (D).
b) M = Vx (aj <x<b - wi(x)).

c) M E Vx (a]- <x<b;— —npi(x)).

Ilar 0. PaccmorpuM coBmecTHOE MHOXKECTBO (opmyn To(¥1, X2, @, b). Tlycts agh, —
peanusanus tana r,. M3 onpeneneHus 4aCTUYHOIO THIIA 7y cleayet, uyro I E Vx(ao <
< x < by > Po(0)).

Iari+ 1. Cnyyvait 1.i+ 1 € I,

Cnyuait 1.1. CymectByer k(i + 1) < ® Takoi, uto M E Vx (ai <x<b -
- |E¢,i+1(M, x)| < k(i + 1)), O6o3HauMM a4 : = a;, bj1q 1= b;.

Cnywait 1.2. Jlna 1-popmynst P;41(x, a,b) Bemonusercs cuemyromee: s IH060ro
n < o cymectByer Ey,  (x,y)-K1acc, umerommii Gonee eM 7 5IEMEHTOB U JIeXKalluid
Mexay & u bi. Paccmorpum 144 (x4, X5, a;, b;). JlaHHOE MHOXKECTBO 1-pOpMYII COBMECTHO
U, CJIEI0BATENBHO, CYIIECTBYET KOPTEX ;. b; |, PEATU3YIOLIUI THII 7, |, U BEPHO CIEAYIO-

mee: I = Vx(ai“ <x<bjy - ¢i+1(x))-
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Cnyuait 2. {1 +1 € Iy. B srom ciyuae, i1 = P; mis mexkoroporo j < a. Ipexaro-
ouM, uto | +1 < j.
Cuyuaii 2.1. CymecrByror nsa HarypaibHbix uucia m(i +1),k(i +1) < w rtaxue,

4TO E]RI:Vx(ai<x<bl-—> |E¢,H1(M,x)|<k(i+1)) u iml=\7’x(ai<x<bi—>

> | By, (M,20] < mi+ 1),

Coy4aii 2.2. Jlns onHoit n3 mByx dopmyn, Yi+1(X), =¥ir1 BepHO cnemyromee: s
K&XK/I0T0 71 < @ CYLIECTBYeT Ey, (X, y)-Kiacc, IMEroLuii 0osee 4eM 71 S1IeMEHTOB U JIeskKa-
wmii MeXy @ 1 by, 1100 1St Kax/10ro n < @ cymecTByeT E_y,  (x,y)-Kinacc, uMerommit
Oosiee YeM 7 BJIEMEHTOB W JICKAIIUN Mexay & u b;. Torma MHOXKECTBO 7, (X, X», &, b;)
COBMECTHO, 7j (X;, X, &, b;) COBMECTHO, JIMOO COBMECTHBI 00a 3TH MHOXecTBa. IlycTh
a4 1bi. | — peanm3anys THIA 7, (X, X,, &, b;), 1100 TUMA 7 (X, X, &, b;). VI3 onpeneneHus da-
CTHYHOIO THIIA 7 crieayeT, urto M F Vx(aiﬂ <x< b, —>1/Jl-+1(x)) 6o M E Vx(al-+1 <

<X < by = Wi ().
PaccMoTpHM clieIyroliee COBMECTHOE MHOKeCTBO 2-hopmyn Haxt {a; | i < a} U {b; | i < a}:

{a; <x; <x, < by |i<a}VU{Qy;Ty,... 3y, (0 <y <Yy <oV < X3)|n < w}

[lycts a,b, — peanu3zanys JaHHOTO MHOKeCTBa. Torna ymnopsiioueHue nHTepsaia (a,,
b,) TOIKHO OBITH TUCKPETHBIM M €CIH W(X) — 3TO MMEIoNIasi epecedeHre ¢ HHTEPBaIOM
(8, b,) popmyna, TO: MO0 BCE DIEMEHTBI TOTO HHTEPBAJIA SBISIOTCS PeaTH3aHIMU (Op-
MYITBI Y(X), THOO MOIIHOCTH Ka)K/JI0TO BBIITYKIIOTO Kiacca GpopMyisl w(x) MEeHbIIE HEKOTO-
poro k < ®, 1 TaKke MOIIHOCTh Ka)KAOTO BBITYKIIOTO KJacca OTPHLAHUS 3TOH (HopMyIisl
MEHBIIIE HEKOTOpOro m < .

BoseméM w(x, a, b) Takyro, 9To (8,, b,) N W(x, a, b) OeCKOHEUHO U HE COBMAIACT C(8,, b,).
Torga cymectBytoT M, k£ < @ Takue, YTO MOIIHOCTh Ka)KJOTO BBITYKJIOTO Kiacca (GopMyJIbl

w(x) MeHblIIe, 4eM k, 1 MOLLHOCTB KayI0T0 BBIITYKIIOro Kiacca —Y(x) menbure, uem m. Torma
MbI MokeM ompeneiuTs (k—1) 1-popmym: Pl(x) :=yP(x) A Ely(y <xAyYy)AVr(v <
<x-v<y), P2 =) ATy(y < x AP AVY(W <x > v < Y)),, P (R) 1=
=1(x) Ay (y <xAYPTEMAVV(w<x->v < y)).
Paccmorpum cienyroniee MHOXeCTBO 1-opmyn Hax {8, b,}:
Po(x,an, by) :={3y13y,... AV, 371...32, (A < Y1 <. . < Y < x < 77 <.
<z, <by) | n< w}

[lyctes G — mHOXecTBO 1-hopmyn Han {a,, b,}, IMEIOMIMX HEMYCTOE IEepPECEUCHHUE C
Po(M), u Besakmii BRIMyKIBIA Ki1ace 9ToH 1-QOpPMyIIbl COIEPHKUT TOIBKO OMH DIEMEHT.
MoskeM cuuTaTh, 4To AMs Beskoi 1-opmynsl y(x) € G cymecTByeT M, < o Takoi, uTo
MEXIy ABYMS DJIEMEHTaMU yHOBIETBOPSIOIIUMH (x), IEXKUT POBHO M, — 2 37IE€MEHTOB,
He ynoBieTBopsiomux Y(x). B mporusHoM ciyuae, 1-popmyne —p(x) ymoBIeTBOPSIOT
BCE DIIEMEHTHI HHTEpBana (8,, b,), COMIaCHO YCIOBHUIM IMOCTPOCHUS MOCIIE0BATEIbHOCTH
(@i, b;)icq. IlycTh — npousBonbHbIi sement u3 Po(IM) up :=tp(c | ag, by).
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Jlemma 5. Mnoowcecmso G, := {(x) € G | Y(x) € p} xoneuno.
JlokazaresiberBo Jemmbl 5. [Tycts Sy 1= {(¥;(x),m;) | Yi(x) € G, m; < w}, 37mech
m; — 1 — 3TO YKCIIO FIMEMEHTOB MEK/LY COCEHUMH DJIEMEHTAMHU ; TAKUMH, YTO JUISl JTIFOOBIX

] <j <, Mm; <m;. Bo3MoxxHBI crieyronme 1sa ciayydasi:
1) CymecTByeT OECKOHETHOE YMCIIO B3AMMHO MTPOCTHIX YHCET.

2) CyiuecTByeT MOAMHOXeCTBO Sy C S, Takoe, uto Y;(x),¥;(x) € Sy, ecnm i < j, Torna
CyILECTBYET M; Aensiieecs: Ha M;. MblI MoKa3bIBaeM, 4TO MHOXKECTBO S, 6eckoHeuHo. [TycTs
Y (%), Y i x) € Gp ¢ COOTBETCTBYIOIIMMHE M; K M), © IyCTb 7 < (0 OyeT HAHOOIBIINM OOIIIM
JENUTENEM YUCe M; 1 M; (m; =r=*m/, m; =T * mj,)- Torma T * m;' * mj' €CTh HanbOoJIb-
IIE€e YHMCIIO TAKOE, YTO MENKAY JBYMs SIEMEHTaMH, YAOBIETBOpstommMA P;(x) A P;(x),
JIEKUT POBHO T * m;" * M;" — 1 onemenToB u3z M\ (IIJi(M) NY; (M)). 3TO O3HAYAEeT, YTO
Yi(x) AP;(x) € G, c 7 *m;’ *m;’. PaccMOTpUM HOBYIO HYMEPALUIO MHOKECTBA S, C 110~
MOIIbI0 MHOXECTBA BCEX HATYPAIbHBIX YUCEI, TOT/A /IS BCSIKOTO | < @ eCTh k; < @ TaKoM,
yto M, =m; * k.

1) ITycts MHOXeCTBO K C @ Takoe, 4To UL JIFOOBIX | #j € K, M; 1 M; He IMEIOT 00X
nenurened. [lycts B K — npousBosibHOE MOAMHOXKECTBO cuéTHOrOo MHOXecTBa K. Pac-
CMOTpUM (g : = {AIEI l/J (x) AN jEJ _ﬂ/}j (x) | | Cfmlte B, ] Cflmte (K\B)} J—IHH mo6oro
B c K, ¢z sABIsieTCSI COBMECTHBIM MHOXKECTBOM 1-popmyi. JleHCTBUTENHHO, TSI TIPOU3BOIH-
HOTO KOHEYHOTO MHOXecTBa / — N pacCMOTPUM 31eMeHT ¢, (¢ < ¢|) Tako#, 94TO MEXIY C U
¢, naxonutcs posHoO [ [ie;M; snementos. U3 onpenenenus m; cnenyer uto M EA;; ¥;(cp)

n s moosix j € K\I, M E - (c7). Tak kak cuéTHOE MHOXkECTBO K MMEET KOHTHHYYM
MTOIMHOKECTB, H, CICIOBATEIILHO, CYIIECTBYEeT KOHTUHYYM |-THUIIOB HaJl KOHEYHBIM MHOMKE-
ctBoM. J[j1s1 Masioil Teoprun 3TO HEBO3MOMKHO.

2) s mo6oro d € po(M) n moboro i < o onpexenum (0 < I < k): nycts d}, d?
takue, 9t0 M E P;(dD) AP (D) A(d} < d < dP) Avx (d} <x<d}- ﬂlpi(x)).
WUntepsan [di,,,d?1) conmepxut k uHTepBagoB aiuHB M, IIpoHyMepyeM Bce HHTEp-
BaJIbl JUTMHBI M;, ¥ comocTtaBuM |; HOMepy mHTepBana cojxepxaiiero d. JleicTBUTEIBHO,
[diyy, d7yy) = [d} i0s 0) u [dm' i2,1) U . [dllj’dzj) u...u [dlk 1 iz,k—1)> diy, = d10=
dfo=d};, .., di_y = dfy. Takkaxde [diyy, dfyq)s,cymectnyerj (0 <j < (G —1))
Takou, uro d € [dllj,dzj) Torna [d} ij ]) =[d},d?) wu o06o3HaunM li(d) = j. Takum
o6paszom, s npoussonbHoro d € po(M) cymecTByer cuéTHas MOCIENOBATENHLHOCTD
Tg 1= (lo(d), l1(d), (), ..., li(d), ... }icw> THE 0 < I;(d) < k; — 1.. 3ameTM, uTO e~
MeHT ompezenser nocnenopareabHocts Te = (lo(c),l;1(c),...,1;(c),... )icw Takyro, uTO
Juist moboro § umeeM [;(¢) = 0. So, 7. = (0,0,...).

Iyctes T = (lo(7),11(7),...,1i(7),... )icw — NPOU3BOIBHAS MMOCIIENOBATENBHOCTD HATY-
panpHbIX ymcen Takas, uto 0 < [;(t) < k; — 1. Toraa paccMOTpUM MHOXECTBO 1-(hopmyi
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e (%) : = po(x) U {67 (0)]i < w}, rxe 67 (x) : = Ty, Iy;... yy, (yo <Y1 <o <Y A1 (0) A

Vi () A V2 (Y0 <2 < i, > Wi41(2)) Mosjaic, 0i(3) AV S % < Vi )- s
1-popmysiet OF (x) €€ Kiacc BBITYKIOCTH COAEPKUT POBHO M; — 1 anemenTtoB. [liis Jiro6oii
IIOCJIEZIOBATEILHOCTH HATYPAJILHBIX YHCEN T C YCIOBUEM UTO JuIsl Jitoboro i < m, 0 < |; < k;
MHOXeCTBO 1-(popmyi ¢, coBMecTHO. [TycTh 7, # 7,— JBE IOCIEI0BATEILHOCTH HATYPaJlb-
HbIX uncen Takue, 9to (7)) # 1i(7,). Tak KaKk BBIMTYKIIbIE KIACCHI ATUX (POPMYI HE UMEIOT
OOIIUX 37IEMEHTOB, TO I E —Ix (@ifl (x) A O;? (x)). . Takum 00pa3oM, CyIecTByeT KOH-
TUHYYM 1-TUIOB Hafx {a,, b,}, YTO IPOTUBOPEUUT YCIOBHUIO MAJIOCTU TEOPUH |.
m JIlemma 5
U3 nemmbl 5 crienyer, 4To MHOKECTBO Gy = {1(x),P1(x),...,¥s(x)} KoHeuHo.
ITycte M; — COOTBETCTBYIOMLIEE HATypaibHOEe yrcio st 1-popmynst P;(x) (1 < i <s)
TaKoOe, YTO MEXIy JABYMSI COCEIHHMH peaim3aiusiMu i(x) jgexutr m; — 1 asmemeH-
TOB, He yhoBierBopstoumx wi(x). Ilycts r < ® — HauOombLIMA OOIIMH [IETUTEIb

{my,m,,...,mg} (m; =r*m;’, 1 <i<s). Tornam,= 7 * [l1cicsm; " Tlycts @(x,y) 1 =

:Elzlazz...flzmp (y<z1 <z <...<Zmp/\}/SXSZmp/\Vv(y<USZmp _>v15j5mpv:

_.)

W3 onpenenenusi 3 ciemyet, 9to ¢(x, y) SIBISETCS KBa3U-CIICIOBAHUEM Ha THIIE p.
 Teopema 4

Ipenaoxenne 6. CyiecTByeT MJI0THAs, TMHEWHO YIIOPSAJOUEHHAs CTPYKTypa, Ha KOTO-
poit onpexneneHa 2-popmyina @(x, y) CO CBOMCTBOM KBa3H-ClICIOBaHUS Ha 1-THIle.
Joka3zaTeabcTBO mpeaokeHuss 6. PaccMoTpuM  yHOpSIOUEHHYIO CTPYKTYpY

(Q,=,<,+), Teopus KOTOPOH SIBISETCS o-MHHUMAIBHOH [15]. PaccmoTpum oOoramienne
nanHO# ctpykTypsl QT = (Q,=, <, +,U1), Taroe, uto UL (Q*) = {h € Q |(R, =, <) E 0 <
< b < +/2}. Jlannas Teopus cnabo o-munnManbHa [1, 16-18]. dua dopmynsr @(x,y) =
=(y <xAU(x—7y)) u moboro snementa o n3 MuokectBa Q*, bopmyna ¢(x, o) sB-
JSIETCsI BBIMYKJION (DOPMYIIOii CO CIEAYIOIUM CBOMCTBOM: st Jit00oro B BepHo ¢S, &) n
cnenyer R E B < a + V2 .. Orpannuenue crpykrypst Q1 10 Q' = (Q, =, <, ¢(x,¥)) npu
oMot popmyisl @(x, y) Oyaer c1abo o-MHUHUMAIBHBIM, TaK Kak cucTeMa (pOpMYyIbHBIX
muoxkects Q' sBrserTcs moxcucteMoit popMymbHBIX MHOKeCTB OF. Tak kak Jo0ble 1Ba

anemenTa o, § € Q' nepesousarcs aBromophuzmom, mosromy tp(a/@) = tp(B/0). Takum
00pa3oMm, 3TO KCKOMBI 1-THII ¢ KBa3H-CJIEJOBAHUEM.

m [Ipennoxxenue 6
3akiiroueHre. OCHOBHBIM PE3YJbTaTOM SIBJISIETCS CYLIECTBOBAHUE |-TUIIOB CO CBOM-
CTBOM KBa3HU-CJIEOBaHUS KaK C IJIOTHBIM YHOPSIIOYCHUEM, TaK U ¢ JUCKpeTHBHIM. [Ipumene-

HUE METOAA N3YUCHUA MOJIEJICH ITOJTHBIX TeOpHﬁ, HCIIOJIb3Ys 1-Tums ¢ KBa3u-CJICIOBAaHNECM,
Ia€T BO3MOXHOCTB BBIICIIATh TCOPHUU C MAaKCUMAaJIbHBIM CUYETHBIM CIICKTPOM. Yto B cBOIO
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ouepesb MO3BOJSAET MEPEXOJUTh K M3YUEHHUIO YHOPSAOYEHHBIX TEOpUH C OTCYTCTBUEM
l-Tuna c KBa3u-cieJ0OBaHHEM. JTO B KOHEYHOM HTOTe JIaeT BO3MOKHOCTh M3yUEHUS CUET-
HOTO CHEKTpa yNopsI04eHHBIX TEOPHI.

HNudopmanus o ¢punancupoBanuu. lccnenoanue Quuancupyercs Komuretom
Hayk MHHUCTEpCTBa HayKH U Bbicuiero odpasoBanus Pecryonmuku Kazaxcran (I'pant Ne
AP09058169).
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INAFBIH PETTEJII'EH TEOPUSAJIAP MEH 1-TUIITEI'T
KBA3U-MYPAT'EPIIH KACUETTEPI

Maxana pemmencen wagvin meopusnapoasvl 1-munmepoiy Kacuemmepine apHaniau, aman
aumkanoa, Oymin canoapoagvl, mizbekmeny QYHKYUACHL YbIMbIH KeUDIp HCAINbLIAYbL - K8A3U-MYpazep
yevimbina. Maxanada ouckpem dcane mulevls pemme 1- munmep mvlcanoapsl Keimipineet, onoa o(x, y)
2-popmynacer acep emeai, byn keazu-mwypazep. Keasu-mypaeep yevimvin aneaw pem agmopiap anoblysl
enbexmepinoe eneizeen. AHbIKMANLAMbIH CHIZLIKMbIK, pemi 0ap meopusanapovly CaHaxmovl MOOeIbOepiHiy
Kacuemmepi MeH Camubli ecenmey Macelenepin konmezen eanbimoap sepmmeoi, onapouiy iwinde JI. Maii-
ep, C.B. Cyoonnamos, b.11I. Kyinewos, b.C. baiiscanos, A. Anubex, T.C. 3ambapnas, C. Mokons scone
I1. Tanosuu. Mypazep kacuemmepi 6ap ghopmynanap canaxmol MoOenbOepiniy MakCUMyMblH 3epmmeyoe
Manwiz0vl pon amkapaovl. Oxwayianéazan 1-mun yulin KOMNaKmmulx meopemansl Koi0ana omuipuvin, o*
+ @ munmi wekciz ouckpemmi pemi 6ap modens Kypya 601a0sl. Ocbl OUCKpemmi pemme K8asu-mypazep
Kacuemi 6ap moavlk 1-munmi axcolpanyza 601advl. Makcumanovl canakmol Cnekmpi 6ap meopusiiapobly
WK KNACHIHbIY TONbIK CUNAMMAMACHL AHLIKMANZAH CHI3LIKMBIK pemi Oap meopusiap yulin MyMKiH
60amvlH CaHaKmvl CNEeKMpPIH CUNAMmayea MyMKiHOIK 6epeoi.

Tyiiin co30ep: wiaein meopus, OUCKpenm pem, cbl3blKmulK pem, 1-munmep.
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SMALL ORDERED THEORIES AND QUASI-SUCCESSOR
PROPERTIES ON 1-TYPE

The article is dedicated to the properties of 1-types in small ordered theories, specifically focusing on
a particular generalization of the concept of a successor function on integers known as a quasi-successor.
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The article includes examples of 1-types, present in both discrete and dense orders, on which the 2-formula
o(x, y) acts, which is a quasi-successor. For the first time, the concept of quasi- successor was introduced
by the authors in their previous works. The problems of properties and counting the number of countable
models of theories with a definable linear order have been studied by many scientists, among them L.
Mayer, S.V. Sudoplatov, B.Sh. Kulpeshov, B.S. Baizhanov, A. Alibek, T.S. Zambarnaya, S. Moconja and
P. Tanovic. Formulas with properties of succession play an important role in the study of the case of
maximal countable models. Using the compactness theorem for a non-isolated 1-type, it is possible to
construct a model in which there is an infinite discrete order of the type o* + ®. On this discrete order,
a complete 1-type with the quasi-successor property can be distinguished. A complete description of the
subclass of theories having the maximal countable spectrum opens up the possibility of describing a
possible countable spectrum for theories with a definable linear order.
Keywords: small theory, discrete order, linear order, 1-types.
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THE RANK OF THE NUMBERS OF THE A-FUNCTION

The famous Indian mathematician D. Kaprekar came up with a method for obtaining new numbers
K(n) = n + S(n) where S(n) is the sum of the digits of a number n in decimal notation. Following D.
Kaprekar, the paper presents a new way to obtain numbers

A(n) = %(n - S(n)).

1t is proved that the function A(n) is non-decreasing. Similarly to the function K(n), the concepts
of a-generated and a-self-generated numbers are defined. The rank of numbers is investigated and it is
proved that the rank function is non-decreasing. The rank formula for the numbers n = 10°

Keywords: D.K.Kaprekar, self-corrected numbers, A — function.

1. Introduction. The Indian mathematician D.R.Kaprekar discovered several remark-
able classes of natural numbers, such as the Kaprekar constant[1], Kaprekar numbers[2],
Harshad numbers, Demlo numbers[3].

Another outstanding discovery of D.Kaprekar is the class of self-generated numbers.
It is described by the famous popularizer of science Martin Gardner in his book “Time
Travel”[4]. Let’s choose any natural number n and add to it the sum of its digits S(n). The
resulting number K(n) = n + S(n) is called the generated number, and the original number is
called its generator. For example, if we choose the number 65, then the number generated
by itis 65+ 6 + 5 = 76.

A generated number can have more than one generator. The smallest number with two
generators is 101, and its generators are the numbers 91 and 100. A self-generated num-
ber is a number that does not have a generator. A 1974 article in American Mathematical
Monthly[5] argued that there are infinitely many self-generated numbers, but they are much
rarer than generated numbers. Within the first hundred, there are only 13 self-generated
numbers: 1, 3,5, 7,9, 20, 31, 42, 53, 64, 75, 86, 97. Among the powers of the number 10
million, i.e. 10 is a self-generated number. The next power of a million to the power of ten,
which is a self-generated number, is 10'6.

These discoveries of D.Kaprekar interested many mathematicians, and in different
countries of the world there were many scientific articles, scientific projects in mathemat-
ics, software products in which various new properties of the «Kaprekar constant» and sets
of self-generated numbers and generated numbers were investigated. These works were
carried out not only by scientists, but also by many high school students. There are also
many Olympiad problems in mathematics related to n, S(n). Therefore, I believe that these
discoveries of D.Kaprekar greatly raised the interest of young people in mathematics.

In this paper, a new method of obtaining integers is introduced. The difference between
a number and the sum of its numbers n — S(n) is always divisible by 9. Therefore, the new
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function for obtaining integers is defined as follows: A(n) = % (n ) (n)). It is proved that

the function A(n) is non-decreasing. Similar to Kaprekar, for the case of a function A(n),
classes of a—generated and a—self-generated numbers are defined. The rank of the numbers
of the function A(n) is investigated and it is shown that the rank function is a non-decreasing
function. The smallest and largest number of a given rank s are found, where 1 <5 < 15. We
derived the rank formula for the numbers n = 10° where s € N.

2. Formula A(n). Let and N = {1,2.3,...} be a set of natural numbers. Let us denote
N, =N U{0} through - the set of non-negative integers. Throughout this work, the number
system is decimal. Let » € N and

k
n=ay+a; 10+ -+ ay - 10* =Zai~10i, where a; # 0.
i=1
Let’s denote the sum of the digits of the number 7 by

k

Sm)=ap+a,+-+ay =zai.
i=0

The difference between the number and the sum of its digits » — S(n) is a multiple of 9.
Therefore, in this paper, a new function for obtaining integers is introduced.

A(n) = g(n — S(n)), where n €N, A(n) €N, (1)
Definition. Let A(n) =m, where m, n € N,. The number is called a — generated number,
and the number # is called its a — generator. A-Generated number can have multiple genera-

tors. If a number p does not have a-generators, then it is called a-self number. Examples of
a are self-generated numbers: 10, 20, 32, 109, 110, 1108, 1109, 1110 and others.

Definition. Let m,n €N, m<n,

k k
m=2ﬁj~101, n=Zai~10i, ay # 0.
j=0 i=0

Letoy— Bi=0ifi=1+1,1+2,.., k but o, — > 1. Then the number | is called the
«difference» of the powers of the numbers » and m and is denoted by

I(n, m)=1
Theorem 1. A(n) — A(m) > I(n, m).

Proof. A(n) — A(m) = 3 (n = S()) =3 (m = S(m)) = 3 (n—m = (S() - S(m))) =

l 1 !
1 ) ' 1 .
=5 2 @= 6010~ 3 (&~ ) 10 =§<Z(ai—ﬂi)-(1ol_1))z
=1 Jj=1 i=1
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1
>5(a0t-n -9 2(101—1) (101—1—9 (1+10 + -+ 101 — l)):
Lot —1-9 10 -1 ! —1(1ol 1-10'+1+9) =1

"9 10 — 1 "9 o

So,

A(n) —A(m) = L.

Theorem 1 is proved.

From the condition that m < 1 of theorem 1 it follows that A0 +1 < A(n),
1> 0. Therefore A(m) < A(n). This shows that the following are true

Corollary 1. The function A(n) is non-decreasing.

3. The rank of the numbers. Let’s denote through A® (n) = A(4 ... (A (n)) ...).

, Where

N

Definition. The smallest natural number s such that is called A®(n) = 0 the rank of the
number n: r(n) = s, n € N,. Let’s note that

n 2 n n
An) < 5 AP ) < 9z A®(n) < o

Therefore, for a natural number s such that 9° > n, we get 4 (n) = 0.. This shows that
any number n, n € N, has a positive finite rank.
Theorem 2. The rank function 7(n) — is non-decreasing.
Proof. Let n,, n, € NO and n, < n,.
Next, let #(n,) = s, i.e. A®(n,) = 0. Using corollary 1, the function A(n) — is a non-de-
creasing function and using this property we repeatedly obtain
A(ny) < A(ny)

A(A(n) < A(A(ny)

A®(ny) < A®(n,) = 0.

Therefore A (n,) = 0.

Therefore r(n,) < r(n,). So, from the condition that n, < n, it follows that
r(ny) < r(ny).

This shows that the rank function of the number r(n) — is non-decreasing.

Theorem 3. Let #(10™) =5, where m &€ N. Then r(10™*1 —1) > s + 1.
Proof. From the condition of theorem 3 it follows that

A®(10™) =0 and AG-D(0™) > 0.
If m =1, then the statement of the theorem is obvious.
Further, let m > 2.
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ALO™ —1) = A (

m+1 m+1

1
99 ...9) =5(929..9-9m+1) | =

1..1—-(m+1)>10™
——
m+1

Then, by virtue of the non-decreasing function A(n) (corollary 1), we obtain that

So

Therefore

A@D(10m*1 — 1) > A(10™),
A®(10™1 — 1) > AD(10™m),

A® Q0™ — 1) > AG-D(10™) > 0

AW (10m*1 — 1) > 0,

r(10™*t1 — 1) > s + 1.

Theorem 3 is proved.

Corollary 3. If n — +oo, then rank r(n) — +o.

Definition. The smallest number of a given rank s is denoted by. m,. Accordingly, the
largest number of a given rank s is denoted by M.,.

It follows from the definition that M, + 1 =m,. ,, where s = 1,2,...

Using a Java program, I made a table of numbers m, and M, where 1 <s < 15:

Table 1.
s M,
1 0 9
2 10 99
3 100 909
4 910 8199
5 8200 73 819
6 73 820 664 399
7 664 400 5979 639
8 5979 640 53 816 799
9 53 816 800 484 351 229
10 484 351 230 4359161099
11 4359 161 100 39 232 449 949
12 39232 449 950 353 092 049 599
13 353 092 049 600 3177 828 446 459
14 3177 828 446 460 28 600 456 018 189
15 28 600 456 018 190

For example, numbers 10, 909, 73819, from this table, are a-self numbers.
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This fact makes it difficult to find a general formula for m, and M,. So, I propose the
following problem:
Problem. Find a formula that expresses the values for m; and A, where

s=1,2,..

Let n =10 and r(n) be its rank. With the help of a program in Java, I got the following
results.

s r(n) s r(n)
1<s<22 s+1 128 <5 <148 s+7
23<5<43 s+2 149 <s5<168 s+8
44<s5<64 s+3 169 <s5<189 s+9
65< 5 <85 s+4 190 <s <210 s+ 10
86 <5 <106 s+5 211 <5 <231 s+ 11

107 <s <127 s+6

On the table, the pattern of the rank of numbers 10%, s € N, is clearly visible. Therefore,
we formulate the following

Hypothesis. Let n=10%, where s € N. Let2 + 21t <5 <22 + 21¢, where t € N.

Then the rank of the number #:

rn)y=s+t+1.

In conclusion, I express my gratitude to the scientific supervisor Vice-President of the
National Academy of Sciences under the President of the Republic of Kazakhstan, Acade-
mician of the National Academy of Sciences of the Republic of Kazakhstan, A.S. Dzhu-
madildayev for setting the task and for constant attention during the writing of this work.
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A-OYHKIUS CAHIAPIBIH PAHTICI

beneini unousnvix mamemamux /. Kanpexap scana candapowt anyowiy adicin manmul: K(n) = n + S(n)
mynoa S(n) — n canvinviy oHOBIK dcyiiede2i yugprapolinvly KocbiHObicsl. J{. Kanpexapea cyiiene omvipoin
oyn enbexme Oymin canoapovl aryOblH HCAya 20iCi KOPCEeMiNeeH:
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A(n) = %(n — S(n)).

A(n) @ynryusiceinovly kemimenminoiei danendenzen. K(n) gynrxyusceina catikec O6yn scymvicma
a-MmyblHOA2AH JCOHe a-O3IHOIK MYblHOA2aH canoap Yyevimoapvl aubikmanzan. Canoapovly paneici
3epmmenin, pame QYHKYUACLIHbIY Kemimetminodiel 0anendenoi. n = 10° candapwinvly paueiciniy gopmy-
acvl mabwlIaH.

Tyitin ce30ep: /1. P. Kanpexap, 63iHOIK myviHOa2an canoap, penvioHummep, A-@hyHxyus.
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PAHT YU CEJI A-®YHKIIUI

Hszeecmupiii unoutickuti mamemamux J]. Kanpexap npuoyman cnoco6 noayueHus HOGbIX Hucel
K(n) = n + S(n), 20e S(n) — cymma yuehp wucia n 6 decsmuunoti 3anucu. Cnedys J{. Kanpexapy, ¢ pabome
npeocmasien Hogulil Cnocod NOIYYeHUs YUCeL:

1
A(n) = g(n - S(n)).

Joxaszano, umo ¢pynxyus A(n) neyovieaiowasn. Ananocuuno @ynxyuu K(n) onpedenenvt nonsamus
A-NOPOACOEHHBIX U A-CAMONOPOACOeHHBIX yucen. Hccnedosan pane yucen u 00Ka3aHo, ymo GyHKyus pam-
ea — Heyowvlearowas. Haiioena gpopmyna panea onst wucen n = 1(0¥.

Knrwueswie cnosa: /[. K. Kanpexap, camonoposicoenuvie yucia, A — QyHkyusi.
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TECHASA UHTETPALIUSA THCC/MHC

B cmamve uccnedyemces nosuwiii aneopumm mecuou unmeepayuu I'HCC/UHHC. OcuosHnas uoes 3a-
KII0Yaemcst 8 mom, Ymo0vl NOAYUUMb NOLONHCEHUE NONb308AMENSL KAK peuleHue 02PaHUYeHHOU 8epcuul 3d-
oauu onmumuzayuu I'HCC, 20e knaccuueckas mpexcmopoHHocms oepanuydena usmepenuamu MHC. Smo
NPUBOOUM K JUHEUHO 02PAHUYEHHOU 3a0a4e HAUMEHbUIUX K8A0pamos, Komopas modicem Ovlms peulena
6 Hauxyouiem ciyyae 3d NOIUHOMUATbHOE 8peMst. Dhdekmuernocmns ancopumma Ovlia noOmMeepIcoeHa
nymem MOOeNUPOBAHUS 8 CIOHCHBIX CYEHAPUAX (A UMEHHO, 8 YCIIOBUAX MHO20IYYe80CMIU U C1aD020 CUHA-
J14) U NOKA3ANA YIYHUEHHYIO NPOU3B0OUMENIbHOCHb no cpasHeruto ¢ asmoromuou THCC U THCC/HHC
Kanmana e mex e ycrosusix.

Kniouesvie cnosa: mecnas unmezpayus, uHepyuaIbHO-CHYMHUKOBAA HABULAYUOHHAS CUCEMA, 3d-
oaua HaumeHnvuux k6aopamos, punemp Kanmana.

Brenenue. [mob6anpHble HaBUTaMOHHBIE CryTHHKOBBIEC cucTeMbl ([THCC) — 310 001118
MOHSTHE, UCTIOJIB3YeMOe TSI 0003HAYCHHUSI CUCTEM, TIO3BOJISIOMINX MOJI30BATEII0 BBIUHC-
JISITh CBOE MECTOIOJIOKEHNE Ha OCHOBE CO3BE3/IMA CITyTHUKOB. KOHKpETHBIMU CUCTEMaMU
I'HCC saBnsrores xopoio u3zBectHas aMmepukanckas GPS unu rotossmasicst eBpomneickas
lannneo. O0e cucTeMbl OCHOBaHBI HA OJJHOM M TOM K€ MPHHIMIIE: TOJb30BaTeb BHIUHMC-
JIIeT CBO€ MECTONOJIOKEHHE Ha OCHOBE M3MEPEHHBIX PACCTOSHUM MEX1y NMPUEMHHUKOM U
Ha0OpOM BHJIUMBIX CITyTHUKOB. DTH PACCTOSHUS PACCUUTBHIBAIOTCS C YY€TOM BPEMEHH pac-
MPOCTpPAHEHHUsI CUTHAJIA OT Ka)KJ0To cryTHHUKA 10 nmpueMHuka [1]. Ilpuemunku 'HCC 3a-
MHTEPECOBAaHbI TOJILKO B OIIEHKE 3aJI€P’KEK CUTHAJIOB MPSIMOIo MyTH, Jajiee Ha3bIBAEMBIX
curHanamu npsmor Bugumoctd (LOSS), mockoiabKy UMEHHO OHHM HECYT WH(POPMAIIHUIO O
BpPEMEHHU MPSMOT0o pacnpocTpaneHuss. OHaKo OTpaKeHUsI UCKa)KatoT MPUHUMAEMBIN CHT-
HaJI TAKUM 00Pa30M, YTO 3TO MOXKET MMPUBECTH K CMEILICHHUIO OLIEHOK 3aJIeP>KKH U HeCyllen
¢azer [2].

YroOBl CpaBUTHCS C 3TOW MpoOIEeMoOl, B IUTeparype IUPOKO M3ydaeTcs HUCIONb30-
BaHHE MHEpUHUAIbHBIX HaBUTaUMOHHBIX cucteM (MHC) mns ymydineHus: pemieHust o me-
CTONOJIOKEHNH, TpenocTasisieMoro oobruHbIME TpuemHukamu [THCC [3]. MHC — sto
ABTOHOMHBIM HaBUTATOP, KOTOPBII T€HEpUPYET pelIeHHue 00 OpUEHTAIMH, MOJIOKEHUU U
ckopoctu. [larunku, ucnonszyemsie B MHC, npencrasisitor co0oii Tpray THpOCKOIIOB JUIs
M3MEpEeHHs BPALIEHHs U CKOPOCTH BPALIEHMS, U TPHUAY aKCEIEepPOMETPOB I U3MEPEHUS
yckopenuid unu ynensHoi cunel. MHC npencrasnser co0oii KOMOMHALIMIO STHX TAaTYHKOB,
HaBUTAIIMOHHBIX aJITOPUTMOB M KOMIIbIOTEpPA, Ha KOTOPOM KOMITBIOTEpP, Ha KOTOpPOM pabo-
TaloT 3TH ANTOPUTMBI.

Anroputmsl MHC nnst reHepauuy OpHEHTAIMM, MOJIOKEHHS M CKOPOCTH YacTUYHO
BKIIIOYAIOT B CceOsl BBIMOJIHEHHE MaTeMaTH4YecKOW ONepalud MHTEIPHUPOBAaHUS BBIXOJOB
3THUX JIATYUKOB. TakuM 0o0pa3oMm, jro0asi ommOKa Ha BBIXOJE JATYUKOB IPUBOAUT K KOP-

* E-mail xoppecnonaupytoiero apropa: madina_tassova@mail.ru
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PEUPOBAHHBIM OIIMOKAM OPHUEHTALWH, TIOJOKEHUSI H CKOPOCTH, KOTOPBIE MOTEHIUAIBLHO
sBrsitorcst HeorpanndeHHbIMU. [Ipuemunk I'HCC, ¢ apyroit CTOpOHBI, TeHEpUPYET OLIEHKU
MOJIOKEHHSI M CKOPOCTH C OTPaHMUEHHBIMH OMIMOKaMu. VX XapaKTepUCTHKH OMIMOOK J10-
MOJHSIOT APYT ApYTa, 4TO SIBJISIETCS OCHOBHOW Npu4nHON At uHTerpauun cucrem [HCC/
MNHC Bo MHOTHX NPUIIOKEHUSX.

Apxutektypbl uaterpaunn ' HCC/MHC MoKHO pa3nenuTh Ha CBEpXIUIOTHBIE, TUIOTHBIC
U CBOOOJIHBIC, B 3aBUCUMOCTH OT CTENCHM MHTerpaiuu odeux cucrteM [3]. CBepXIUIOTHAs
apxutekrypa [HCC/MHC na ocHoBe (hunbrpaiyu yactull Obuia uccienosana B [4]. Crnox-
HOCTb 3TOTO TOAXOJa K MHTETPallii OYeHb BBICOKA, MTOITOMY MBI CKOpEe COCPEIOTOUMMCS
Ha aByx anbrepHaruBax. [lpu Tecnoit unterpamuu [[HCC/MHCTHCC u MHC cBopsitcs
OCHOBHBIM (DYHKLMSIM AaTYMKOB, TO €CTh ICEBAOJAILHOCTh, YCKOPEHHUSI W THPOCKOIHYE-
CKHE M3MEpPEHMsI MCTOJIb3YIOTCS /ISl CO3/IaHMs €IMHOTO CMEIIaHHOTO HaBUTallMOHHOTO pe-
menus. B otmuuue ot atoro, npu cBoboanoi naterpauun [ HCC/MHC npuemunk 'HCC u
HHC paboraroT kaKk He3aBUCHMbIC HABUTAIIMOHHBIE CUCTEMBI, OIICHKH TOJIOKEHUST KOTOPBIX
CMEMIMBAIOTCS AJs1 (POPMUPOBAHHUST MHTETPUPOBAHHOTO PEILCHHUS] O TPEThEM MOJIOKEHNH. B
LEJIOM, KJIACCUYECKHUE JKECTKUE apXUTEKTYPbl 00eCeYrBaloT 00Jiee TOUHBIE PELICHHS, YeM
cBoOOHBIE MoX0sb! [3]. KpoMe Toro, TecHas MHTerpalusi CriocoOHa PoI0JKaTh N3BJICKATh
nosne3nyto uHpopmanuio u3 npuemauka 'HCC B cuTyanusix, Korga BUIHO MEHEE YeThIpex
CIyTHUKOB. L{esib TaHHOH paboThl — MPEITIOKUTD APXUTEKTYPY C TIOHWKEHHOW CII0KHOCTEIO,
KOTOpast, XOTSI M UIMEET MPOU3BOJUTENBHOCT, CPABHUMYIO C YIBTPa-IUIOTHBIMU TOIXOJaMHU,
HO TIPH 3TOM Y00HA C TOUKH 3peHUsl peanu3annu. [1o 5TUM npruyrHaM MBI COCPEIOTOUMITUC
Ha TECHOU MHTErpaluy BO BCEH OCTAJIbHOM YaCTU CTATHU.

JanHast paboTa opraHu30BaHa CleAyOIUM o0pazoM. B pasaene 2 npencraBieHa mMo-
JIeJIb CUCTEeMEI, ucnonb3yemMas st onucanus aunamuku 'HCC u UHC. B pazaene 3 npen-
CTaBJieH 0030p aJropuTMOB MO3MIMOHUPOBAHUS C HCIoNb3oBaHKeM mpueMuukoB ['HCC
u m3mepennii MTHC, coorBercTBeHHO. [Ipennaraemplii MoaXoa K MHTETPALlUU MPEACTABICH
B pazzene 4, rie aHanu3upyeTcs U 00CykaaeTcs orpaHMYeHHast 3a7a4a HAaMMEHbIIINX KBa-
npatoB. Pa3zaen 5 mocdieH pe3ynsTaraM MoJeTMPOBaHus, KOTOpbIe OATBEP:KIAI0T MpeJi-
JIOKEHHYIO apXUTEKTYpy, 1, HAKOHEI, B pa3jeiie 6 3aBepIiuaeT padoTy.

Mopgeans cuctembl. baliecoBckas olleHKa MpeylaraeT MpHUBIEKaTeIbHYI0 OCHOBY JJIS
coBMmecTHOTO pacemoTrpenus usmepenuit MUHC u usmepenuit ncesnonansuoctu ['HCC. Oto
€CTECTBEHHBIH CIOco0 yueTa mpeaBapuTelbHON nHpopManuu, npegocrasisemoin MHC,
KOTOpasi OMUPAeTCsi Ha (YHKIHIO IUIOTHOCTU BEPOSTHOCTH, YTOOBI OLIEHUTH BEKTOP O,
YUUTBIBasE HA0OP JOCTYITHBIX M3MEPEHUH 10 MOMEHTa BpeMeHH K, yo,. Kpome Toro, 3To
OINITUMAaJIbHAsl OCHOBA 715l pa0OTHI ¢ AMHAMHUYECKUMH CUCTEMaMH, HCIIOIb3YSl MTOIXOM JHC-
KPETHOTO MPOCTPAHCTBA COCTOSHMIT, OLEHKH COCTOAHUS Oy € R peKypCHBHO BBIUMCIIS-
I0TCSL C y4eTOM U3Mepenuii yi, € C"Y B MoMeHT BpeMeHH K, T/e ng 1 n, — pa3Mepbl BEKTOPOB
COCTOSIHUS ¥ U3MEPEHU COOTBETCTBEHHO. JJIs1 TOTO DBOJIOLNS COCTOSIHUHN 1IeNH (OT KOTO-
PBIX 3aBUCST U3MEPEHNS) MOJIEIMPYETCS C IOMOIIBIO CTOXaCTHYECKONH MOETH TUCKPETHO-
r'0 BPEMEHHU — YPaBHEHHSI COCTOSHUSI, KOTOPOE B OOIIEM cTydae UMEET BH/]

8 = ¢k—1(6k—1;Wk—1); (1)

rae d,_, — M3BeCTHAS U, BO3MOYKHO, HeJIMHEHHAs (DYHKIUS COCTOSIHUS Oy, @ W)_; Ha3bIBaCTCs
IIYMOM ITpPOILIECCa, KOTOPBIH coOupaeT Jito0oi 3(h(heKT paccoriacoBaHus WM BO3MYIIECHUS
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B XapaKTEPUCTUKE COCTOSHUA. CBSI3b MEXKIY U3MEPEHUSMHU U COCTOSHUSIMH MOACTUPYETCS
YPaBHEHUEM HU3MEPEHUS

yk = Hy(8y, ny), (2)

riae Hy — u3BecTHas U, BO3MOXKHO, HeJIMHEHHAst (DYHKIIMSI, @ N, Ha3bIBACTCSI ITyMOM H3Mepe-
Hus. [Ipeamonaraercs, 94To nIyM mporiecca u u3MepeHus Oemblid, B3aMMHO HE3aBUCUMBIN 1
C U3BECTHOM CTATUCTUKOM.

1. Jannbie MHC: YpaBHeHue cocTosiHUSI. /{7151 TUTOTHON MHTETpAIMy paccMaTpuBa-
ercs 16 BekTOpoB cocTostHUM O. TpH COCTOSHMSI WHEPITUATBHON ONTHOKU 3aaf0TCs IS
OpHMEHTAINH, CKOPOCTH, CMEIIEHHUS aKCeIePOMETPa, CMEIIEHHUS THPOCKOTIA, TUTIOC OHO CO-
CTOSTHHE ISl CMETIIEHUS YaCOB MPUEMHHUKA, COOTBETCTBEHHO:

5=[su" sve" BT BB speT st . 3)

B TeueHne 10CTaTOMHO KOPOTKOTO TMEproa HAONIOACHUH MPEIONIOKEHUs O HeBpalla-
FOLICHCST ¥ TUIOCKOH 3emMiie 0e3 rpaBUTALUU SBISIOTCS 000CHOBaHHBIMU. YCTpaHEHHUE Ipa-
BHUTAIMH DKBUBAJIEHTHO YTBEPKIACHUIO, UTO TPABUTAIIMOHHAS MOJIEThL coBepiieHHa. [Ipen-
TonaraeTcs, 4To CMeIIeHHs aKkcelepoMeTpa u rupockona, bl u b2, u cmemenne wacos
MPUEMHHUKA, Ot, HE UMEIOT U3BECTHOI'O M3MEHEHHUS BO BPEMEHH.

VYuurteiBas 3TH npeanonoxeHus, ypasaenue cocrostuus (1) MHC B MomeHT BpemeHu ¢
MHJEKCOM K JIOTyCKaeT JIMHEHHYO alpOKCUMAIIUIO B BUJIC

8t = q)k—l 6k—1 + Wk, (4)

rne @, , — TUHeapu30BaHHAS MaTpHIla Tepexona. B 1r000if MOMEHT BpEMEHH yaeiabHas
CHJIa, U3MEPEHHas akceaepoMeTpoM, f°, 1 MaTpuIa KOOPAWHATHOTO PeoOpa30BaHUS TEa K
3eMHOMY Kazapy Cf HCIonb3yrorcs /it GOpMHUPOBAHHS MaTPHIBI IEPEX0OA B CIICAYIOIIEM
BUIC

[ Izx3 O3x3  O3xs Osxz Cfts Oix3 ]
CDZITS I3><3 03X3 CgTS 03><3 01X3
0343 O3x3  Izxz I 0 O1x3
CI) — 3x3 3x3 5
O3x3 O03x3  O3x3 0343 0343 Oixs )
Osxz  I3xaTs Ozxz 033 Izxz Oixs
[ O1x3 O01x3  O1x3 0553 053 lixi |

roe ®,, = —[(Cgfb) x], [x x], [x X] 0603HaYaeT KOCOCHMMETPHUHYIO MAaTPHUILY X, @ Tg-
WHTEPBAJI PaCIPOCTPAHEHUS COCTOSHUS [5].

IToxBoxas wror, MoXXHO yTBEpKaaTh, uTo MHC maror Ham mHpOpMAITHUIO 0 BpEeMEHHOM
IBOJIIOIIUHM HHTEPECYIOMINX HAC IEPEMEHHBIX.

OCHOBHBIMH WCTOYHHKAMH IITyMOB COCTOSIHUS B PEIICHWN HMHEPIHAIHLHONW HaBUTAIIUU
SIBIISIOTCS CITydaiiHble OTy>KIaHMs OMMOKH CKOPOCTH M3-3a IIyMOB M3MEPEHUH yAeTbHON
CHJTBI aKCEJIEPOMETPa U CIydaiHble Oy KIaHUS OIMOKH OPUEHTANNN M3-32 IITyMOB U3Me-
peHU yrioBo# ckopocTu rupockona. Kpome Toro, eciiv OT/ie/bHbIE COCTOSHUS JIMHAMU-
YECKOTO CMEMICHHUS aKCceJIepoMeTpa U THPOCKOIa He OIICHUBAIOTCS, N3MEHEHHE BO BpeMe-
HU CMEIIEHHs aKceJIepoOMeTpa W THPOCKONa MOXKET OBITh anmlpOKCHMHPOBAHO Kak OembIit
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mrym. KoBapuarimoHHas MaTpuiia mymMa COCTOSTHHUS, X w, Ipe/rnosaramias 16 cocTosHuii,
ompezeneHa B [5].

2. Nannbie THCC: YpaBHeHue n3mepenuii. [Ipu BerarcieHny NO3UIMOHHOTO peltie-
HUS U3MEPEHUSMU SBJISTIOTCS BBIYMCIIEHHBIE IICEBA0IaIbHOCTH KaX/10T0 BUANMOTO CITyTHH-
Ka. i-i 1ceBaoIaIbHOMED MOJTy4YaeTcst MOCye OLECHKH BPEMEHH MPOXOXkKACHHUS (T'), KOTOpOe
TpeOyeTCst CUTHAITY OT i-TO CITyTHHKA JUTs JOCTHKCHUSI TPUEMHHUKA, T.e. p' = CT', [J1e C — CKO-
pocTh cBeTa. Mojienb NCeBA0AAIBHOCTH NTapaMeTPU3yeTCsl HEM3BECTHBIMU KOOPIMHATAMHU
MOJIOXKEHHS TIoNib30Barelis (p = [X, y, z]™) U cMellleHneM 4acoB pueMHuKa (Ot) Kak

pl = o!(p) + (8t — 8t!) + €, (6)

[J€ CITyTHUKH WHACKCUPYIOTCS 1 = 1, ..., M U IPUMEHSIOTCS CIIeTyIOIINe ONpeIeIeHuUs:

e 0i(p) =/ (x' —x)2 + (yi — y)2 + (z' — 2)%- 570 reOMETPHUYECKOE PACCTOSHIE MEK-
. . . .aT
Iy IPUEMHHUKOM U 1-M CITyTHUKOM. p' = [Xl, yh Zl] )) - KOOPMHATBI i-TO CIIyTHUKA B CHCTE-

Me koopauHat 3emisi-LlenTp-3emmsa-Dukcarus (3L[3D), koTopsie MOTYT OBITH BHIYHCICHBI
13 HU3KOCKOPOCTHOTO HABUTAIIMOHHOTO coo0tmeHus [1];

® Ot — cMelIeHrne YacoB MPUEeMHHUKA OTHOCHUTENBbHO BpemeHn GPS, kotopoe HensBecT-
HO;

e Jt' — cMeleHre YacoB CIyTHHKA 1 OTHOCHTENbHO BpeMeHn GPS, m3BecTHOe u3 Ha-
BUTALIMOHHOTO COOOLICHHUS;

e €' — 5T0 TepMUH, BKIIOYAIONIMI ONIMOKA U3 PA3TMYHBIX HCTOYHHKOB, TAKUX KaK aT-
MocC(epHbIe 3aAEp>KKU, HENPABUIbHOE MOACIUPOBaHMUE dheMepHl, PEIITUBUCTCKUE (-
(hexTsI U f1p.

Pemenne nmst ogHOM TOUKH, HcTTonb3yeMoe B 00br9HbIX TprueMHuKax [ HCC, ocHoBaHO
Ha JIMHEapU3alui T€OMETPUUECKON 3a/1auH, COCTOSIIEH B BEIYMCICHUH P U Ot U3 Habopa M
OIICHCHHBIX TICEBIOAAbHOCTEH (Tie M > 4).

Kak u B cnyuyae ¢ UHC, ypaBnenue usmepenus mis usmepenuit ['HCC takxe mo-
XKeT ObITb JMHEapu30BaHO, HO TENEpb OTHOCUTENIHHO HAYajdbHOM OLIEHKU IOJIOKEHUS
Po = [Xo0, Y0, Z0]" xax

Yk = Hidx + nye. (7)

Eciu mist mpocToThl yopars BpeMenHoit nuekc k, To nsmepenns THCC GyyT paBHbI
pl + c8t — el — g}

B M M: M M| (®)
p+cdt” —e” — g
B cBoto ouepenb, cTpykTypa Marpulibl u3mepenuii H sisnsercs
H=TM £ T[O4x12 laxal, ©)
rie
rXi_XO ¥ =¥o z' -z, ]
| o5 Q5 e 1]
T=| : : Pt 10)
IXM_XO WMoyo M-z 1 I
l oM oM oM J
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3aMeTuM, 4To CTpPYyKTypa MaTpulibl u3mepenuiit H TakoBa, 4To M3 MOJHOTO BEKTOpa CO-
CTOSIHUS O, TOJBKO YMEHBIIEHHOE IMOJJMHOKECTBO MTEPEMEHHBIX

£ =M8 = [6p°T &t]T (11)

BozaeiicTBue Ha m3meperus I HCC.

KoBapualiOHHas MaTpPUI[d IIyMa H3MEPEHMH Xn YYUTBHIBACT ONIMOKM CIICHKEHHUS
I'HCC, mHOTOMTYyYEBbIC BapUaIldU, IITyM CITyTHHKOBBIX 9acOB M OCTATOYHBIC ONTHOKU CHH-
xpoum3ariuun THCC/MHC. B uaease oHa j1o/pkHa ObITH cMoJiesinpoBaHa kak GyHkius C/N,
¥ YCKOPEHHSI, XOTS 4acTO IPMHUMAETCS OCTOSHHOE 3HAYeHHe. MaTpuia Xin SBISETCA Ha-
TOHAJIBHOM, TIPH yCIIOBHH, YTO U3MEPEHHS TICEBI0IaILHOCTH HE CIITaKEHBI Hecymie [5].

3. CoBpeMeHHbIe AJTOPUTMBI MO3UIIHOHUPOBaHMSA. B 3TOM pa3zaerne nmpencTaBieHbl
JIBA aJITOpUTMA MO3UIMOHUPOBaHuUA. B pasnene 3.1 mpencTaBieHO aBTOHOMHOE pEIIeHHe
I'HCC, B xotopom nannsie MTHC ve ncnomnn3ytorces. B pazaene 3.2, HanpoTuB, ONKCHIBAET-
Csl TPAIUIIMOHHBIN TIOAXO0/, UCIIONIb3yeMbli Jijis TecHoi unterparuun [ HCC/UHC.

3.1 Aronomuass 'HCC: MeToa HaMMeHbIINX KBAAPATOB. YUUTHIBAS TOJIBKO W3-
mepennss ' HCC, oreHka mojoKeHnss MOXKeT OBITh MMOJTlydeHa ¢ TOMOIIBI0 KPUTEPHs Hau-
MeHbImX kBajaparoB (HK)

2y = argminy, |l — Tiéxll3, (12)

pelieHre KOToporo Jgaercst ncesupouHBepcoM Mypa-Ilenpoy3a iMHeapu30BaHHON MaTpu-
wst: P = T

CyIecTByIoT U JIpyrue BapuaHThl ontumuzaun B (12), 6omnee crioxkubie. Hammpumep,
€CJH KaXkJ1oe HaOMro/ieHre B3BEIIMBACTCS MIPOITOPIIMOHATIFHO Ka9eCTBY MPE0CTaBICHHON
nH(popMamu (HampuMep, CBA3BIBAS ATY MEPY C TOIYYEHHOH MOITHOCTHIO), 3a7a9a MOXKET
ObITH chopMynupoBaHa Kak B3BerreHHas HK.

3.2 Tecunlii moaxon 'HCC/UHC: ¢uastp Kaamana. JluckperHas Momenb Ipo-
CTpPaHCTBAa COCTOSIHUM, IPECTaBICHHAas B pas3zeiie 2, siBisiercs JuHeHou. 1loaTromy oHa
MOJKET OBITh ONITHMAaIBHO 00padoTana ¢puiasrpoMm Kanmana. Takum 06pa3oM, arocTepruop-
Hasl XapaKTepHCTHKA 00ECIIEYNBACTCS €TO OIIEHEHHBIMH CPETHIM 1 KOBapHaIiei, KOTOpbie
MOJTy4YalOTCsl PEKyPCUBHO B KaXK/IbIii MOMEHT BPEMEHHU

Sik-1 = Pr10k-1jk—1
a1 = Z wik + Pree1Peoa i1 Py

(13)
Skk = Skjk—1 + Ki(yk — HiSpk-1)
Pik = Pigk-1 — Kic(HkPige—1 Hy + Zn1) Kie
e .
Kk = Pak—1Hp (HiPok-1Hyg + Znx) (14)

Marpuna ycuirenus Kanvana.
DTOT aJNrOPUTM SIBJISIETCS ATAIOHHBIM TOJIX0A0M B TeCHOM uHTerpaiuu JaHHbix [HCC
n MHC.
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4. TecHast HHTerpanys HCC/MHC KaK OrpaHMYeHHAs 3a1a4a HAaMMEHbIINX KBaJApa-
ToB. B nipeiaraemom anropurme tecHoit uarerpanuu 'HCC/MHC pemenne THCC (12)
YAYYIIAaeTCs 3a CUET ydeTa HBOJIOINHN WHEPIUAIBHBIX H3MEPEHH, HO JPYTUM CITIOCOOOM,
yem Qunbtp Kanmvana. Dddext MHC 3akmrouaercsi B COKpAIIeHUH POCTPAHCTBA BBIITOJ-
HUMBIX TlepeMeHHBIX. To ecTh, onenKa £} Temnephb 3a1aeTcs CIeIy oM 00pa3oM

P = argminy, [lyx — Tidxll3, (15)

B 3aBUCUMOCTH OT H)k' < |Mq’k5k—1|- (16)

HeCMOTpﬂ Ha TO, YTO HaKOIIJICHHBIC OIIHOKHU MOJIOKEHUSA, TPEAOCTABISICMBIC I/IHC,
PacTyT SKCIIOHCHIIMAJIBHO BO BPEMCHHU, O].LII/I6KI/I, BO3HUKAOIIXMEC MIHOBCHHO, B TCUCHHC
Ka)KI[OP’I JAJIATCIIBHOCTHU HWHTCIPUPOBAHUS, ,Z[CfICTBHTeJIBHO OrpaHUYCHBI U MaJlbl. Takum

00pa3oM, 3TO CYIIECTBEHHO OrpaHUYMBACT UCTHHHYIO OImMOKy nonokenuss ['HCC 5pf§T
B MOMEHT BPEMEHH C HHJICKCOM K MPOCTPAaHCTBEHHBIM TPEXMEPHBIM KyOOM. AHAJIOTUYHO,
JUCTIEPCHS CMEIIICHUS YacOB Ot TAKIKE MOXKET OBITh OTPaHHUYCHA CBEPXY. DTO MPEICTABICHO
B (16).

3anaua (15) - (16) MoxkeT OBITH TIEpeUCaHa B CieayroIIel Ooee mpocToit popme

s . 5

tx = argming, [lyx — Tixllz, (17)
B 3aBUCUMOCTH OT | < £} < uy, (18)
e |y ¥ uy - BEKTOPBI HIDKHEH M BEPXHEHN IpaHull, onpeaesseMsie Kak l = —|M®ySy_q| u

ug = |[M®ySy—1l.. OueBmamo, 4T0 MPOMCXOIUT MHTErPUPOBAHNE, TIOCKOIBKY H3MEPCHHS
yi 6epyrcs w3 THCC, a orpanmduenus I, u uy momydatorcst u3 MHC.

3amaga (17)-(18) mpencrasnser co0oit THHEHHO OTpaHUYCHHYIO 3a7a9y HaWMEHBITHX
KBaJIpaToB M, CIIEIOBATEIbHO, SABJISAETCS BBIMTYKIOH [6]. Tenepb MBI MOIyYMM HEKOTOpOE
IPECTABICHHE O CTPYKTYpe £y, paccMoTpeB ero ycinopus Kapyma-Kyna-Takkepa (KKT).

4.1 Untepnperamusi. /71 m1000# BRITYKIION 3amaun onTUMH3auu ¢ auddepeHim-
pyeMbiMH (DYHKIIMSAMH TIENTH ¥ OTPAHWYEHIH TOYKA SBISETCS ONTHMAaJIHHON TOT/Ia ¥ TOJIBKO
Tor/a, Korna oHa yjaosieTBopsieT ycioBusMm KKT. B wactHocTu, /uis paccmaTpuBaeMon 3a-
nmaan (17)-(18) 3T yciaoBHsI CBOASATCS K

AL(fR)
Tkk =0, (19)
A (P, —u) =0, A, 20 i={1,..,dim{AJ), (20)
Vig(l, =) =0, v, =0 i={1, ..., dim{w}} (21)

rae L(#y) — dyukiums Jlarpamka
L(&) = llyx = Titill3 + A% (£ — wi) + vt (e — ) (22)
Takum 06pa3oM, onTHMasbHAask OLEHKA YIOBICTBOPSACT

~ 1 -1
2= Ty +5 (TRT) - (= A, (23)
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M (B, — ) =0 A, =0 i={1,..,4}, (24)

Vki(lki - Ski) =0 Vki > 0 i= {1, ,4} (25)

Hcxons us yenosuit KKT, MbI MOeM NOJIyYUTh HEKOTOPOE IIPEICTABICHUE O MOBEE-
Huu npeiaraemoro Meroaa unrerpanuu [HCC/MHC. B 0cHOBHOM, MOYKHO BBIJICJIUTE TPU
pexuMa paboThI.

Bo-1iepBbIX, €ciii ONTUMAaIbHOE HEOTPAaHHMYCHHOE PEIICHHUE i-TO IeMEHTa B £y JICHKHUT
ME3KTy €ro HIKHEH ¥ BepXHel rpanunamu, 1o Ay, = 0 1 vy, = 0, uTo6bI 06ecnednTs ycio-
BusA B (24) u (25). B 3701 cuTyanuu onTUMaabHOE PEIICHNE BBIYUCIISAETCS ¢ YIETOM TOIBKO
ncesnopanbrocteid HCC, npenebperas n3mepenusimu MHC.

Bo-BTOpBIX, €ciH ONTHMalbHOE HEOIPAHWYCHHOE PEIICHHE i-TO IEeMEHTa HaXOJUTCs
BBIIIIC OTPAHUYCHNUH, Vi, = 0. OfHAKO B 3TOH CUTyalllH Ay, WIPaeT pojib, IPHHAMAs 3HA-
yenue ctporo 6ompire 0. CrnemoBarenbHO, PEIICHUEM BBIMYKIION 3aa4u SIBISIETCS pellie-
nue 'HCC ¢ nonpaBounbsIM usieHOM u3-3a u3mepenuit MHC. Ananoruuno B ciy4ae, korja
ONTHMAIBHOC PELICHUE HAXOAUTCS HIKE HHKHETO OrpaHuyueHus], Ay, = 0 u Vi, = 0. Cie-
JIyeT o0paTUTh BHUMaHHE, YTO 3TO HE IKBUBAJCHTHO MPOCTOMY PELICHUIO HEOTPaHUYCH-
HOU 33/1a4¥ HAMMEHBIINX KBapaToB (12) M OrpaHUYCHUIO PEIICHHS C TIOMOILBIO |y 1 uy.

ITockosbKy Hallla 3a/1a4a sIBJISETCS BBITYKIION, CUIbHASL JBOMCTBEHHOCTh UMEET MECTO,
¥ ONTHMAJIBHOE PEIICHUE MOXKET ObITh SKBHBAJCHTHO HAWCHO KaK

'?k = maX)Lkzo mingk L('gk, )\k, Vk) (26)
V=0

Wcnonb3yst 1BOMCTBEHHOE pa3iiokeHue [7], MBI MOXEM PemuTh (26) UuTepalOHHBIM
crioco0oM. [lonmydeHHBIN anropuT™ OMUCaH Aajee.

Anroput™m 1 OrpannueHHbIE HAUMEHBIIINE KBaPATh

Initialize:

Ao = [11><4]T
Vo = [11x4]T
for j = 1 to Njter do

Initialize:
_1+4+m
= ]-I——m

Compute:

_ 1 _
2 = Tlye + E(Tka) 1(Vi - )

A= Dyor + BB —w)l”

vj = [Viog + Bk — &)1

end for
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[Mapamerp B = :—:: — pa3Mep 1mmara, a m — HeOTPHUIIATEIHHOE IEJI0e YHCII0, 3HAYCHHE
KOTOPOTO 3aBHCHT OT 3aa4H.

Hcrnonp3yst anroput™ 1, IBHOE OMECaHUE TPOIEAYPHI BBHITIOTHEHUS TIpeaiaraeMon nH-
terpanmn HCC/MHC B TeueHne OMpeneeHHoro mnepuoaa BpeMeHu Ty, BBIIISIUT Clie-
IYIOIIIM 00pa3oM

Anroputm 2 HoBas tecnas unterpauus [ HCC/MHC
Initialize:

S0 = [01><16]T

for k = 1 to [Tpun/Ts] do

Initialize:
S = Pdy-1
Uk = |M(Dk8k_1|

I = —|M®y8y_ |

Solve ) using Algorithm 1.

end for

5. Pe3yabrarsl MogeaupoBanus. XoTs GOpMYITUPOBKA SBISETCs OOMIeH 1ist JTF000i
cucremsl 'HCC, monenupoBanue 0bu10 cocpenotoueHo Ha curHanax GPS. Dkcnepument
3aKJIIOYaJICsl B CpaBHEHMHM pelueHus, nonydyeHHoro GPS (t.e. ypasuenus (12), pemenus,
MOJy4eHHOro npu unTerpanuu kommepdeckoit MTHC ¢ ucnonszoBanuem ¢unsrpa Kanma-
Ha, U pelleHus, NOIyYeHHOro pu HHTerpanuu kommepueckoit UHC, ¢ yuerom permienus,
MIPUBEJICHHOTO B paszene 4. 31ech U aalee nepBbli anroputM Ha3biBaeTcs GPS stand-alone,
Bropoii - GPS/MHC Kanwman, a nocnenuuii - GPS/MHC orpannuennoi HK.

[Tpon3BOANTENBFHOCT ATUX AJTOPUTMOB ObLIA ycpenHeHa 1o 50 peanusanusiM cleHa-
pusi, COCTOSIIETO U3 7 CIIyTHUKOB B PEATMCTUYHON T'€OMETPUH C OTHOLIEHHEM HecylleH K
mymy 45 nb-I'u. [IppeMHUKOM CiTy>Kni aBTOMOOMIIb C TIOCTOSIHHOM cKopocThio 20 M/c, onu-
CBIBAIOIIUI HEOIHOPOJHYIO TpaeKTopHio. [IceB1oqanbHOCTH pacCUUTHIBAINCH IS KaXKI0-
IO CITyTHHKA B COOTBETCTBHUH ¢ (6), IJIe COOTBETCTBYIONIHIT IIyMOBOI1 UleH € ObLI B3ST U3

N(O0, c?)i, JqucTepcusi Kotoporo obecrieunBaeTcs rpanuneii Kpamepa-Pao (I'KP), xotopas

SIBJISICTCSI CAMOM HU3KOHM T'paHUIICH OIMTHOKHU, KOTOPYIO MOXKET TOCTUYh JTI000N HECMEIICH-
c3.4410™%

b

(C/NO)iW‘[S

rne W - mojoca mpomnyckaHusi QUIbTpa U Tg - WHTEPBAI PACIPOCTPAHEHHUS COCTOSHUS.

Cwmbica ucnons3zoBanus ['KP nis renepanuu Bapuanuil MceBaoJalbHOCTH 3aKI0YaNICS B

Hp1i oneHmuk. Ipubnmkennoe snauenure I'KP 66110 nosmy4eno B [3] kak Opi =
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TOM, 4TOOBI U30€KaTh 3aBUCUMOCTH OT KaKOTO-TM00 OIICHIMKA BPEMEHHOH 3a/iepKKu. B
gactHocTH, W = 1,1 MI'i u 15 = 1 Mc. Takum o6pazom, usmepenuss [ HCC u MHC Obutn
JIOCTYIHBI Kaxkbie 1 Mc. Bpemst BeimonHenus cumyssiiuu T, Obuto ycTanoBieHo Ha 50 ce-
kyHq. [Tapamerpst Ni,, 1 m anroputma | ObuIH ycTaHOBIIEHBI HA 25 U 5, COOTBETCTBEHHO.

Pucynox 1 — MHoromy4eas cpeza.

Bblnm paccMoTpeHs! [1Ba CIOXKHBIX clieHapus. B nepBoM n3 HUX MOJIENHPOBATIOCH BIIHA-
HUE MHOTOJIyYEBOCTH, KOTOPas SIBJISIETCS OJHUM U3 JOMHHHUPYIOIIMX UCTOYHUKOB OIIUOOK
B 'HCC [2]. Ha pucynke 1 mokazana npou3BOAUTENBHOCTh CPEIHEKBAPATUIHON OIINMOKK
mozaenu (RMSE) Tpex aiaroputmoB no3uunoHupoBanusi. OOpaTure BHUMaHHE, 4TO, B TO
BpeMsi Kak aBToHOMHoe pemieHne GPS cuibHO yxyamaercs, 00e MHTEIPUPOBAHHBIE CH-
CTEMbI MOT'YT CIIPaBUTBCS C ATOM cUTyanuel Onarogapsi MH(GOPMAaLUH, PEIOCTABIIEMON
HNHC. Hurtepecno, uto orpannuyenHoe pemenne HK crnocoOHO ynmy4muTs ¢unsrpannio
Kanmana kak 1o cpeiHeMy 3HaU€HUIO, TaK U MO JUCIIEPCHUH.

Pucynok 2 — BriokupoBKa CITyTHUKOBOTO curHasa B Tedenue 10 c.
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Bropoii criienapuii Mmopenupyet OMOKHpOBKY crryTHHKOBoro curnana (C/N, = 15 ab-
I'tr). D10 MOXKET OBITH MOJICIIL ABTOMOOMIIS, TIPOE3KAFOIIETO ITOJT MOCTOM, KOTJIa CITy THUKH
MOJTHOCTBIO 3a00KupoBanbl. Ha pucyHke 2 mokazaHa Jerpajiaius aBTOHOMHOTO PEIICHHs
Hapsily ¢ YCTOWYMBOCTBIO 00X MHTETPUPOBAHHBIX cucTeM. OMATh Ke, MPOU3BOIUTEIIb-
HOCTh orpanuueHHoro pemenus HK myudmie, yem pemenust Kanmana, ymeHsInasi cpennee
3HaueHue RMSE B nepuog ucuesnosenus u3 Buay ¢ 70 mo 30 MeTpoB.

BeiBoasl. [Ipencrasnena apxurextypa aias uarerpaun npuemankoB 'HCC ¢ nzme-
peansimu MHC. TlpennoskenHbIid moaxon copMyIMnpoBaH Kak OrpaHMYCHHAs 3a7a4a Hau-
MEHBIIINX KBaaparoB. JlaHa kauecTBEHHAs MHTEPIPETALUs alrOpUTMa U MPEIIOKEeH s
pealn3auuyd ajiropuT™M, OCHOBAHHBIA HA JIBOMHOM JEKOMIIO3UpOBaHUU. [IpeaioxeHHbIi
MOJIX0J] OB IOATBEPIKICH KOMITBIOTEPHBIM MOJICIIMPOBAHUEM, B XOJIe KOTOPOTO UHTErPH-
pOBaHHAsl CHCTEMa CpaBHUBANACh ¢ pabOTON aBTOHOMHOTrO npuemHuka GPS u o0ObruHOM
unterpanueri GPS/MHC ¢ ucnonp3oBanuem ¢uibrpa Kanmana. beitn paccMOTpeHbI J1Ba
CIIOXKHBIX CIIGHApUS: YCIIOBHS MHOTOJYYEBOCTH U cJ1a00TO CHT'HAJIA.

[Tpu UCMOIb30BaHUH TEX e BXOIHBIX JaHHBIX, 4T0 U punbrp Kanmana, orpaHnueHHbBIN
METOJl HAUMEHBIIIUX KBAIPaTOB UCIONB3YeT UX MO-ApyroMy. IIpenBaputenbHbie pe3yabra-
ThI MOJICJIMPOBAHUS MTOKA3JIA MPUPOCT MPOU3BOIUTEIILHOCTH, KOTOPBIM Kak TeMa Jyist Oy-
Jy1Ieit paboThl TOJIKEH OBITh MPOBEPEH sl 00JIee IMPOKOro Habopa ClieHAPUEB.
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On-@apabu amvinoaser Kazax yimmolx ynusepcumemi, Aimameol K., Kazaxcman

ThIFbI3 THCC/MHC UHTEI'PALIUSICBI

byn maxanaoa FTHCC/MHC mul2bi3 unmespayusicbiHbly dcana areopummi sepmmendi. Heeizei udes
nauioananywvinwly nosuyuicvin I'HCC oymaiinanovipy maceneciniy wekmeyiui HYCKACbIHbIY wewimi
peminde any 60a6in MadwbLIAdbl, MYHOA Kiaccukavlx yuicakmoiivlk MHC onwemoepiven wekmeneoi.
Byn nonunomowix yakeimma ey nawap jcaz0auoa wewlinemin col3plKmbvlK weKmenzen ey Kiui keaopam-
map macenecine akenedi. Aneopummmiy OHIMOLIIZT KypOeni cyeHaputiiepoesi (aman aumkanod, KOnicoiobl
JHCOHE IICI3 CUSHATL HCAROALLIAPDL) MOOETbOEY APKbLIbL PACMANObL HCIHE Dipoeti umapmmapoa ademoHOMObL
THCC scone THCC/Kaaman MHC canvicmulp2anoa sHcakcapmoli2a OHIMOLIKMI Kopcemmi.

Tyiiin co30ep: mvievl3 unmezpayus, UHEPYUILIK CHYMHUKMIK HABU2AYUs JICyiiec, ey Kiui keaopam-
map ecebi, Kanvman cyseici.

M. T. TASOVA, A. S. IBRAEV
Al-Farabi Kazakh National University, Almaty, Kazaxcman

TIGHT GNSS/INS INTEGRATION

GNSS/INS tight integration algorithm has been studied in this paper. The main idea is to get the user’s
position by considering the solution of a restricted version of the GNSS optimization problem, in which the
classical tripartite is limited to INS measurements. It leads to a linearly bounded least squares problem,
which may be solved in the worst case in polynomial time. The efficiency of the algorithm is confirmed by
simulations in complex scenarios (multipath and weak signal conditions) and shows improved performance
compared to autonomous GNSS AND GNSS/INS Kalman in the same conditions.

Keywords: tight integration, inertial satellite navigation system, least squares problem, Kalman

filter.
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HNCCIIEJOBAHUE MEXAHUKHU CXEM CXBATOB
POBOTOB-MAHUIIVIATOPOB JJIsA AJAIITUBHOTI'O
PABHOMEPHOT'O 3AXBATA OBBEKTOB

Cywecmeyem MHOIICECMEO KOHCMPYKYULL CX8AIMO8 POOOMOS-MAHUNYIAMOPOS. B smotl pabome npeo-
CcMasnenvl pesyibmansl UCC1e008aHUl CXem a0anmusHbIX cxeamos 0 00beKmog co cghepuueckoll Gop-
Mol [{a oyenKu 3aX6ama Ucnonb3yiomces 0amuyuki 0asieHis, yCmanoeienHble Ha Qananeax «navleey
cXeama, 3HAUEHUsl @ KOMOPLIX NpedsapumenvHo YCmaHoe1eHsvl 6 Hekomopom ouanasone. OOHaKo Hem
VHUBEPCATILHO20 OAMYUKA, KOMOPbIL ONMUMATILHO pedzupyen Ha 8ect OUanda3on OasleHull om O4YeHb
OonbUWUX 00 MUHUMATLHBIX 3Havenul. Tloomomy Kadxcovlti maxkou 0amuux 0asieHus umeen ceol ouand-
30H 3HAUEHUIl, OHU COOMBEMCMEYION HOMUHAILHOMY pedcuMy pabombr oamyuka. B Eepocotose ycmanos-
JleHbl cmanoapmul 01 hpykmos u ogoweit. Popma 3mux npooyKmos npudnusumenbHo chepuyeckas ¢ He-
KOMOPbIMU HEOONbUUMU USMEHEHUAMU POPMbL 8 TUMOHAX U NPOO0N208amblx nomuoopax. Mexanuueckue
ceolicmea A0610K, epyul U momMamog u op. Ovliu makoice usmepenvl. To ecmv 015 KadlcO020 6U0a MAKOL
npoOyKYUU Q0NAHCEH ObIMb ONPEOesieHHbINl OAMYUK C KOHKPEMHbIM HeDOIbUUM OUANA30HOM USMEHEHUs.
yeunuu. K momy oice, cxeam 0ondicen npu KOHmMakme ¢ 00eKmom 6cemMu C60UMU «NATbYAMU» cO30a6amb
00uHakogvle ycunus Ojia pA6HOMEPHO20 CX8AMbIBAHUA. J[Na UCCIe008aHUA 020 30€Ch AHATUSUPYIONCS
cX6amvl ¢ 2UOKUMU MA0GLIMU DNIEMEHMAMU, UMeIoWue HeCKOIbKO (hanane Ha nanvyax u umeroujue no
ceoell cmpyKmype aoanmayuio K N08epxXHOCiL niooa.

Knrouegvie cnosa: cxeamoi, pobomul-Manunyisimopel, 0amuux, aiane, OuanasoH,a0anmayus.

Bgenenue. [Ipu BeIOOpe cXxeM 1 moaOOpe METPUUECKHUX U JUHAMHUYECKUX MapaMeTpoB
aIaNTHBHBIX CXBATOB JUIsl HA/IGKHOTO yIEpKaHUsl OObEKTa UMM, HEOOXOAMMO YUUTHIBATH
UX KOH(UTYpaIHIo, TapaMeTPhl CXBaTa M 3aXBaThIBAEMOT0 UM OOBEKTA; CUIIBI © MOMEHTHI,
JEHCTBYIOIINE B CXBAaTe U OOBEKTE; yNpyrue 1 GpUKIMOHHBIC XapaKTEPUCTUKH MaTepraa
9NIEMEHTOB CXBaTa M 00beKTa. byaeMm cunTarh 3aBUCHMMOCTD YCHJIMH W YIPYTUX Mepeme-
LICHUI B dIIeMEHTax cXBaTa JUHEHHOH. OueBUIHO, YeM OONblIe TOYEK KOHTAKTa CXBaTa C
00BEKTOM, TeM JyYllle YACPKUBACTCS OOBEKT B CXBaTe MPH MPOYMX PABHBIX YCIOBHSIX, 9TO
Moka3zano B pabote [ 1] 115t 00bEKTOB ¢ KPYIVIBIM cedeHneM. M3 Hee BUIHO, 4TO 4eM OoJiblIe
TOYEK 3aXBaTa, TEM MEHbLIC MUHUMAJbHAs CUJIa 3aXBaTa B K&KJOH TOYKE KOHTAKTa CXBara
1 00beKTa CXBaThIBaHMsI, HEOOXOAUMAsI JUIsl €ro cTabuiIbHOTO yaepkanus. [Ipu sTom B pa-
6ote [1] npeanonaranock, 4To BCe CHIIBI B TOUYKaX KOHTAKTa MMEIOT OJMHAKOBOE 3HAYCHHE.
OpHako Ha MPAKTUKE ITO YCIOBUE BBIMOJIHAETCS TOJBKO JUIS CXBATOB C JBYMSI TOYKaMH
KOHTaKTa ¢ 00beKTOM cxBaThIBaHUs. [lJis1 CXBAaTOB ¢ TpeMs U OoJiee TOUKaMH KOHTaKTa 3TO
ycIoBUE B 001IEM ciTydae He BBIIOIHSETCS. 31eCh ATOT BOIPOC pacCMaTpUBaeTCs IS a/iar-
TUBHBIX CXBAaTOB, UMEIOLIHNX 0o0Jiee ABYyX TOYEK KOHTAKTa ¢ 0OBEKTOM CXBaTHIBAHUSI.

Taxoke mpu mepeHoce CXBaY€HHOTO 0OBEKTa BCIAESACTBHE ACHCTBHS CHIJI HHEPLUU MO-
T'YT BO3HUKATh €r0 MPOCKaJIb3bIBAHHE U CMEIEHNE B caMOM cxBare. UToObI 3TOT0 HE Mpo-

* E-mail xoppecionaupyromero apropa: temirbekove@mail.ru
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WCXONIUJIO, HY’KHO YBEJIMYMBATh YCWJIME 3axBaThlBaHUA. Eciau ke ycuiaue cXBaTbIBaHUS
OKaXXETCsl OOJIbIIIE HEKOTOPOrO 3HAYCHMSI, TO MPOU30MICT JAehopMarliysi, PEBHIIIAONas
JIOITyCTUMYIO, A eci ycuire OyAeT CIMIIKOM MallbiM, TO TPH MepeHoce 00beKTa cXBa-
THIBAHUSI MOXKET MPOU3OUTH €r0 MPOCKAIb3bIBAHUE HIIA BBIMAECHUE MO JECHCTBUEM CHII
TSOKECTH U uHepiuu. M3 yCIIoBUIl Halle)HOTO YIEpKUBaHUS 00BEKTa KPyIJIOl (OpPMBI B
cxBare 0e3 MPOCKaJb3bIBAHUS BBHITCKAIOT OTPAHWYCHUS CHHU3Y HAa YCHJIME 3aXBaThIBAHUS.
[Ipennomnaraercs, 4To Cujia UHEPIUU ¢) HAMpaBJICHA MO OCH OOBEKTa B BUJC IWIMHJPA,
KOTOpPBIN BepTuKajeH. Torma mpu OOJIBIIMX CKOPOCTSAX MEPEMELICHHS CXBaTa BO3MOXKHOE
MPOCKaJIb3bIBaHUE 00BEKTA B CXBaTe OYJIET 110 3TOM OCH. YCIIOBUE HENMPOCKaIb3biBaHuUs [ 1]
i le T

min min

TPEHHSI MEXKy TOYKaMU KOHTaKTa U 00bekToM, GG - Bec 00BeKTa, ¢ - Cuiia HHepuuu; 4, 6,

— 3TO MUHUMAJIPHOE 3HAYCHUE CHUJIBI; , 1me f - xoapumment

min

8 — 4nCII0 TOYEK KOHTAKTa CXBaTra ¢ 00BbEKTOM.

B cxBarax, nmpuMeHseMbIX A cOopa U COPTHPOBKH OBOIIEH M IJIOAOB, aalTHBHAS
KOHCTPYKIIMSI CXBaTa UMEET MEPBOCTENEHHOE 3HaYeHne. DTO HY>KHO JUIsI TOTO, YTOOBI Ta-
PaHTUPOBATH PAaBHOMEPHOE paclpelesieHNe KOHTAKTHOIO YCHJIUS 10 X nosepxHocTH. C
TOYKH 3pEHMSI KHHEMATHKH «IAJIbLBD) C ABYMS, a TeM Oosiee TpeMs dajlaHraMu ¢ IBYX WIH
TPEX CTOPOH 00bEKTa 00ECIIEUNBAIOT 3aXBaT MIMHIPUIESCKON WK chepruieckor MoBepX-
HOCTH C yY€TOM HE3HAUHTEJIbHBIX €€ BO3MOKHBIX BapHalli 3a CUET TOTO, YTO KAXKIBIN
MHOTO(aJIaHTOBBIN «I1aJIEeID UMEET 10 HECKOJIBKO CTENIEHEH CBOOOBI (BpaLleHUIl OTHOCH-
TEJIBHO ILAPHUPOB MEXIY (ajlaHraMy Majblia) U MO3TOMY aJalTHUPYETCs] K HEPOBHOCTAM
NpUOIU3UTENBHO KPYIVIOH OBEPXHOCTH CXBaThIBAEMOT0 npeaMeTa. Ha ogHy U3 Takux cxem
cxBara nonyueH nareHT PK Ha monesnyro mozens [2]. 3aech perraercs mpobieMa noadopa
TaKMX yCHJIUI B THOKUX TATOBBIX JIEMEHTax (B MPUBOJAxX), KOTOPbIE 00ECIeunBaIOT MPH-
OJMKEHHO paBHOMEPHOE C)KaTHE B TOUKaX KOHTaKTa OOBEKTa C IBYX- U Tpex(aIaHrOBBIM
aJaNTUBHBIMU CXBaTaMH.

Mogeab aByx¢aJaHroBoro aganTuBHOro cxpara. OH Ha3BaH aJIalITUBHBIM NTOTOMY,
YTO Ka)KJIbIi 13 MaJbIIeB NMEET ABe (aslaHTH, COSTUHEHHbIE MapHUPAMA U COOTBETCTBEH-
HO II0 JIB€ cTeneHu cBoOoabl. M eciam mOBEpXHOCTh 3aXBaThIBAEMOIO TeJIa HE CHJIBHO OT-
JIMYaeTCs OT OKPYKHOCTH MIIH Cephl, TO 3a CUET UMEIOLINXCS CTeeHeH cBOOOAb! (hanaHru
aanTHPYIOTCS K 9TOM MOBEpXHOCTH. Mbl Opaiu Qajanry najibleB cXBaTa, HIMEIOLINE TPEY-
TOJIGHBIN B Tipoduiie BUJI, M TIO JBa Majiblla CAMMETPUYHBIC OTHOCHTEIBHO paJnaibHON
muann (Puc.la). Ha oxpyxxHocTn paguyca R, pacnonoxkens! mapHupsl A, B, A’, B’ 1 Toukn
M u M’ cxBara. Paanyc okpy>KHOCTH cedeHHsI CXBaThIBaeMOro o0bekTa R, mpuyem BbINOIN-
HseTcs cooTHotenne R,>R . ['ubkuit Tsrossrit anement 1 (I'T3-1) 3akperien B Toukax E u
E’, ot Toukn E on mpoxonut yepe3 Touku F u K 1 ganee uaer k mpuBony-1; ot Touku E’ on
npoxoaut depe3 Touku F’ u K’ u manee uaer raxoke K mpuBoay- 1. [MOKuil TATOBBIN SII€MEHT
2 (I'T>-2) 3akpemnen B Toukax F u F’, ot Touku F on npoxoaut uepes Touky K u nanee naer
K IpUBOJy-2; OT Touku F’ oH mpoxonuT yepe3 Touky K’ u nanee et Takxe K npuBoay-2. B
toukax D,,D,,D;, D/, D;, D;, pacnionoxensl 3yobs cxsara. Jluanu I'TI-1 u ['TI-2 nomkmb
OBITh MAaKCUMaJIbHO MPUOIMIKEHBI K OKPY>KHOCTH paguyca R, 11 coznanus 60nblLiero ycu-
nust B 3yObsx. M3 ycnosus Hekacanust auHuil ['TO-1 u ['TD-2 K 9T0# OKpYKHOCTH CEUCHHUS
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oObekTa mumHApuYeckoi Gopmbel umeem (R +a)cos(a/2)>R; wim a>R,/cos(a/2)-R,, tae
a=ED =ED’=FD,=FD’, u a — uearpanpusiii yron (puc.la). Ilycts o = 60°, Torma
OXBaT 3aXBaThIBAEMOT0 00BEKTA «IATbLAMI» BMeCTe ¢ (hParMEeHTOM PYKOSATKH (3aKpaiieH
3eJICHBIM [[BETOM Ha pHc.la) OyaeT paBHBIM OKPY>KHOCTH.

Haiinem BHyTpeHHee ycumue N,, KOTopoe BO3HHUKAET B «3y0e» 1 (Touka D). U3 ycnoBus

S,

hlA
MOMEHTA YCHIIUS N, ; h! =R, - (R, +a) cos(gJ - TIIEY0 MOMEHTA YCHJIUS O; - BHEIIHEe
ycumme ot ['TD-1. 2

paBHOBECHSI MOMEHTOB CHJT z M, =0 (puc.la) N, = ,tae h* =R, sin %E - TJIe40

a) 0)

Pucynok 1 —Ilnockas cxema u 3D-mMoznens 1Byx¢anaHroBOro cxpara

Haiinem BuyTpennee yeunue N, | kotopoe Bo3HuKaeT B 3y0e 2 (Touka D,). Paccmorpum
YCJIOBHE PaBHOBECHS MOMEHTOB CHII Z M, =0 (puc.la). Ot I'TD-2 Bo3HuKaeT BHeLIHEE
yeunue S,. Ot ['TD-1, 3akpenneHHoro B Touke E, B Touke F Bo3HMKaeT jBe peakiuu, paB-

HbI€ 110 BenruKHe S, . OHM HanpaBleHbl: oHa — 0T ToukH F k E, Bropas — ot F x K. VX cym-
(o
Ma 10 MOZyJIIO paBHa S = 25, -sin ) Y OHa HarmpasJieHa oT Touku F k Touke O — neHTpy

OKPYXHOCTH, IMUTHPYIOLIEH OOBEKT. DTH CHIIBI CO3/IAI0T MOMEHT OTHOCUTENIFHO TOUKH B,
MPWKUMAIONINHK (ananry 2 K 00beKTy cXBaThiBaHHS. V3 yCIIOBHS paBHOBECHS IMEEM:

N,h? - S,h? +S,he + Nh2 -S.h? =0,

h? = h?, h? = hf; h? = R,sin %%E ~ mwrewo Mowmerrra ot yewnst N, . Haiizem hy' — mreso mo-



Temupoexos E. C. u 0p. Hccnedosarnue mexanurku cxem cxeamog pooomos-uaHunyJisimopos ... 199

MEHTA OT YCHIIHIS S, OTHOCHTENBHO TOUKH B. Jitst aTOTO CHAYasa HalieM KOOpAMHATHI ToUeK E,

F, C: X = (R, +a)cos (R, +a)sin Xe=0,Y: =R, — (R, +a)sin| 3—|,
GE R ’

X —y . Xsy _ Ye Xe
C C 1 C
Y, X — XgYe + X,Y,

ZOCE =180° - 90° — 2% = 30°, Jlnuna BC= Yo~
— R,, Torma hB BCsin(£OCE) . Torna cuna N2 paBHa:

N, = hiB(Szhf -S,hy = N,h + SFh3B)
3

Yeunue N, T0MKHO OBITH MO BETMYUHE PaBHO YCWIIMIO B 3yOe | Juisi paBHOMEpPHOTO
oOxatusi 00beKTa, To ecTh N, = N,. VIX HampaBieHns] HOPMaJIbHBI K TIOBEPXHOCTH OOBEK-
Ta B TOYKAaX WX MPHUIOKeHHs. B 3y0e Ds, exalieM Ha pyKOsTKe, CBSI3aHHOW MIaApHUPHO C
OnkaiIei (pajiaHroi, U3 YCIOBUS PAaBHOBECHS YCHIIMN IS BCETO OOBEKTa CXBaThIBAHUS
¥ CHMMETPUH OTHOCHUTENIbHO Touku O, mmeeM: N; = N,. Bce 3Tu peaknnu HarpaBiIeHBI 110
HOpMaJISIM K COOTBETCTBYIOIIUM TOYKAM OOBEKTa CXBaThIBaHUS (K OKPYKHOCTH pajmyca
R,). Torga 13 BEKTOPHOTO yCJIOBHSI paBHOBECHS YCUIINHM U CUMMETPUH CXBaTa OTHOCHUTENb-
HO TpomosibHOM ocu mmeeM: N,”=N,, N,’=N, , N;’ = N;.

Takum 00pa3oM, MOIYYHM COOTHOIICHUS JIJISi CTaTHYECKUX YCWIMK B IUIOCKOM Mojie-
JIY JIByXIIAJIbLIEBOTO JIByX(hasiaHroBoro cxsara. Bo3bMeM B KaueCTBE MOJICIBHOIO IpUMeEpa
mapamMeTphl IIOCKOH ¢xeMbl R, = 60 MM, R, = 120 MM, o = 60°, a = 15 mM. B Tabmutie 1 u
Ha pHUC.2 MOKa3aHbl 3aBUCUMOCTH PACUETHBIX peakuuid Ny,N,,N;,N,’.N,’,N; 0T 3a1aBacMbIX
3HaueHul S| u S, Ha mpuBonax, nepenasaembix ['TO-1 u ['TD-2. U3 Tabnuibl 1 u pucyHka
2 BUAHO, YTO €CIIA CXBAThIBAEMBI OOBEKT TpeOyeT B MIECTH TOYKaX KOHTAKTa CO CXBATOM
npubausuTensHoe yeunust B 50 H, To ycuwiue B npuBoge-1 gommkHo ObiTh S;= 55 H, a B
MPUBOJIE-2 OHO JOJDKHO OBITH S, = 69 H. DT 3HaueHus S, u S, HaUIM METOJIOM TTOI00pa
3HaueHni. M3 Tabmurpl 1 Takke BUIHA MPHONM3UTEIHHO JTMHEIHAS 3aBHCHMOCTH MEXIY
3HAYEHUSIMU CTPOK 3TOM Tabnuibl. OTCIOna CIeayeT, YTO €CIM HYXKHO JIpyroe, Oosee Hitu
MeHee, ciadoe Wik CHIIbHOE 00XKaTue, TO HAWTU ero He COCTAaBJISACT Tpylda YMHOKEHUEM
HaJICHHOM CTPOKM 3HAYCHU Ha HOPMUPYIOIINI MHOXKUTEIb, KOTOPBIM PaBEH OTHOIICHHUIO
HCKOMOTIO CKaTUs K HAJIEHHOMY.

Tabnuya 1 —3nadenus cun S, S, u peaxuit N;,N,,N;,N;° N,”, N3’

S, S, N,=N/ N,=Ny’ N;=Ny’
55 69 50.4 50.2 50.4
110 138 100.9 100.5 100.9
165 207 151.3 150.8 151.3
220 276 201.8 201.1 201.8
275 346 252.3 252.3 252.3
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Pucynox 2 — lnarpammel cui Sy, S, u peakuuit Ny, N,, N3, N,’, Ny, Ny’

[Inockast Moaenb MOKa3bIBaeT OOIINE 3aKOHOMEPHOCTH B3aMMOCBSI3EH YCUIINN «IIajlb-
LIEB» CXBAaTa C KPYIJIBIM 00bEKTOM cXBaTbiBaHus. PaccMoTpuM 3D-Moenb JaHHOTO CXBaTa,
pacueTHble mapameTpsl 3D MOAEIN: METpUUECKHUE MapaMeTphl IUIOCKOW CXEMBI; TOJIIMHA
(ananr Opanach OJMHAKOBOM AJIs Bcex (asaHr u paBHoi 20MM. B pacuetHoli monenu Opa-
JM KOHTAKT 3yObeB U UJIMHPA B BUJE TOHKOH MOJIOCHI ¢ pasMepamu 20X2 MM.

Ha puc.3-6 nanbl (Ha nHAMKATOpax) 3HAYSHUS HAPSDKEHUH M YIPYTHX [IEpEMEICHNH B
TOYKaX JJMHUH KOHTAKTOB 3yObeB 3D Mopesell cxBara 1 CXBaTbIBAEMOI0 OOBEKTA.

Kaprtuna ycunuii B miuockoil cxeme U 3HaueHuil HanpsbkeHuid mo Musecy 3D mopneneit
[I0Ka3bIBAIOT OIIPENEICHHOE CXOACTBO B PABHOMEPHOCTH PACIPEACIICHUS 3TUX [1aPaAMETPOB.
CneBa Ha puc. 3-6 pacnos0KeHbl [BETOBBIE LIKAJIbI CO 3HAYEHUSIMH COOTBETCTBYIOIIMX Ma-
paMETPOB, pacyeT MPOBOIMIICS KOHEYHO-2JIEMEHTHBIM MojieTupoBaHieM Ha Inventor’e.

Pucynox 3 — Hanpsbxenus no Muzecy B Toukax  Pucynok 4 — Hanpsixenus no Musecy B To4-
KOHTAKTa CXBaTa KaxX KOHTaKTa CXBaThIBAEMOT0 OOBEKTa

Mopgean Tpex(gaJaHroBoro axanTuBHOro cxpara. OH Ha3BaH a/JalITUBHBIM I1OTOMY,
YTO KaKIbIi M3 NalbleB UMEET 0 Tpu cTerneHu cBodosl (Puc.7). Ecnu moBepxHOCTS 3a-
XBaTBIBAEMOTO TE€JIa HE CHJIBHO OTIMYAETCS OT OKPYKHOCTH WJIN c(hepbl, TO CXBAT 33 CUET
HUMEIOIUXCS 3THX TPEX CTENEHeH cBOOOAbI B KaXI0H (pajaHre ajganTupyercs K 3TOH Io-
BepxHOCTH. Mozens Tpex¢araHroBoro cxpara Oblia npeioxkena B padore [3,4]. [Tomryuen
PSI COOTHOLICHHH, CBA3BIBAIOLINX TH MapaMeTpPhl U paclpeieieHue YCUIINI Ipu paBHO-
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Pucynox 5 — Ypyrue nepeMelleHus ToUkax B To4- Pucynok 6 — Yupyrue nepeMenieHus: B T04-
Kax KOHTaKTa cxBara KaxX KOHTaKTa CXBaThIBAEMOTO 00bEKTa

MEpPHOM 3aXBaT€ KPYIVIOIO0 LMIMHAPHUYECKOTO Npeamera.3hech paccMOTpeHa MOIENb, B
KOTOPOH (haaHIrn «HajbleB» MPEACTABICHBl TAKXKE B BHIE TPEYTOJbHHUKOB (pHC.7). Ha
OKPYXHOCTH pag/nycaj?z HaxozaTcs mapuupsl G, B, A, G°, B’, A’u touku M,M’, nyru GB,
BA, AM, GB’, BA’, AM’ 3T0#1 OKpYKHOCTH OMTUPAIOTCS Ha IIEHTPAILHBIC YIITbI, PABHEIE 0.

Pammyc okpyKHOCTH CEYEHHS CXBAaThIBAEMOTO 00BekTa R, mpudeM R, > R,. ['TD-1 3a-
KperuteH B Toukax £ u E°, oT Touku £ oH mpoxomuT depe3 Touku F, K, L u manee unmer
K TpuBOmy-1; oT Toukn £’ oH mpoxoauT udepe3 Touku F’, K°, L’ m mamee maer taxke K
npuBoay-1. 'TD-2 3akperuten B Toukax F u F’, ot Toukn F o nmpoxomut yepes Toukn K,
L u gamee maer x mpuBOAY-2; OT TOUkH F’ oH mpoxomuT yepe3 Touku K, L’ u manee uaer
Takke K nmpuBoAy-2. [ mokuit Tsroserit anement 3 (I'T3-3) 3akperuien B Toukax K u K, ot
ToukH K OH IPOXOAMT uepe3 TOouKy L u masee nuaer kK npuBony-3; oT Touku K OH IPOXOJUT
yepes Touky L’ m manee naer takke k mpusoay-3. B Toukax D,,D,,D;,D,, D’}, D5, D’3,D’,
pacIoaokeHsl 3yObsl CXBaTa, CUMMETPUYHO PACIIOIOKEHHbIE OTHOCHTENILHO MPOJOIBHON
nuHuKM cxBara. M3 ycnoBusa Hekacanus ['TO-1, I'TO-2 u I'TD-3 k OKpyKHOCTH CeueHUs
CXBaThIBAEMOTO 00BEKTa MMIHHAPHYECKOH (opMBI UMeeM, TonyduM (R, + a)cos(o/2) > R,
w a > R, /cos(a/2) — R, , Tne o — neHTpanbueiii yroa (puc.7). I'TO-1, I'T3-2 u I'TD-3
JOJKHBI OBITh MAaKCUMAJIbHO MPHUOIMKEHBI K 3TOH OKPY>KHOCTH UIsl CO3AaHus OOJIbIIETO
YCHUITUS B 3yOBsiX.

a) 0)

Pucynok 7 — Inockast cxema u 3D-Mozens TpexdanaHroBoro cxsara
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[Tycte o = 45°, Torma oxBaT OKPYKHOCTH OOBEKTa CXBAaThIBAaHUs BCEMH (allaHTaMH
«manbes» Oyner nonaeiM. Haiinem Baytpennee ycuane N; koTOpoe Bo3HHKaeT B «3y0e»
A

Sth

h'
et

e h? =R, sin %E miedo Momenta yuammms Ny; hy' = R, — (R, + @) COS( 2) IJIEY0 MOMEH-

1 (Touka D,). I3 ycnoBust paBHOBECHS MOMEHTOB CHJI Z M, =0 momyuum N, =

Ta Sl.
Haiinem BHyTpeHHee ycunue N,, KOTopoe BO3HHKAeT B 3y0e 2 (Touka D). PaccmoTpum

yCIIOBHE PABHOBECUS MOMEHTOB CHII Z Mg =0 (puc.7a). Ot 3akpemienHoi B Touke E

HOKOH CBSI3U B TOUKE F BOSHMKAET IBE PeaKlru, paBHbIE IO BEJIMYUHE S|, OHH HAIIPABJICHBI
_ . LA
onHa ot F k E, Bropas ot F x K. Ix cymma paBHa S = 2S5, Sin gg, Y OHA HarmpasjeHa OT

Touku F k Touke O 1 co3maeT MOMEHT, IPKUMAIOITHH (paanTy 2 K 00bEKTy CXBaTBHIBAHUS.
N3 ycioBusi paBHOBECHS:

N,h? -S,h/ +S,h? + N,h’ =S_h? =0
3necy S, — Buemmnee yomme or ['T-2; h® =h?, h? =h”; h® — mewo momenra ycu-
Yl . a o 3
me Ny 5 h? =R, sin %EE . Haiinem Ny — rutedo momenTa ycunus S; OTHOCHTENBHO B,

ISt 3TOTO onpexenseM Touku E, F, C: X = (R1 + a) cos %% Ye = (R1 + a)sin %E,

o] . JarC Xe(Ye =Yo)
X_. =(R + %— Y. =(R + %— > = = - _EVF E/.
F ( 9 a)cos S Ye ( 9 a)sm = Xe=0, Y. =Y XX,
Z0CE :180°—90°—2—Z =45° . Jumna BC = Y. — R,, torna hy = BCsin(£LOCE) .

NI 1
ITpu sToM cuna Ny 1o moayito paBua N, = h_s(szhf -S,he = N,h> + SFh3B) . Yewnue N,
2

JIOJDKHO OBITH PaBHO TI0 MOZYJIIO yCHIIMIO B 3y0e 1, To ecTb N, = N,.

Haiinem BHyTpeHHE ycuine N_3 , KOTOpoe BO3HHKAaET B 3y0e 3, Touka D; (puc.7a). Pac-
CMOTpPHM YCJIOBHE PABHOBECUS MOMEHTOB CHJI z M, =0 . B touke F Bosnukaror ase pe-
aKuuu, paBHble o Benuuune S;. OHU HampasieHbl: oqHa — oT F k E, Bropas — ot F k K.

A
Ux cymma pasHa Sg = 25, 8in gg, 1 OHa HampasiieHa oT ToukH F k Touke O. B Touke K
Tak)Ke BO3HHMKAIOT JIBE PEaKIIMH, PaBHbIE MO BenuuuHe S;. OHM HallpaBJeHbl: oAHa — OT K K
_ . LaC
F, Bropas — ot K k L. Ix cymma paBHa S; = 25, Sin g—E , 1 OHa HarmpasJeHa OT TOUKH K K
touke O. B Touke K BO3HUKAIOT [IBE peaKklyy, paBHbIE IO BEIUYMHE S, U HAIIPaBICHHbBIC —

onna — ot K k F, Bropas — ot K k L. Ix cymma paBha Sy, = 2S, sin %E , ¥ OHA HarpaBJieHa
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ot Touku K x Touke O. OHU CO3/1aI0T MOMEHT, MprKuMaromumi (ananry B Touke K Kk 00b-
eKTy cXBaThIBaHU. V3 yCIIOBUS paBHOBECHS TIOTYUHM:

N?>h7G - Sshsf + SlhI% + Nlhf + Szhl(; + NZhlel - SK1h7G - S|<2h7G =0,
G B A LG B G B A LG G B . oLl
e h® = h8 =hA, hS = he, he = h® = h4, he = h = h¢ =R, sin %5533 _ mHemmee you-

9 G -~ 9
nme ot I'TD-3. Haiinem hy, - kparuaiiiiee paccrosiaue ot To4ku G 10 JIMHUHU, TIPOXOASIIEH

X [B,Ys|C
uyepe3 Touku £ u F B cucreme koopauaar XOY: he = %
+
0

(ULKEHTHl ypaBHEHU IPSIMOH, poxosiiiei uepes Touku E u F. Toraa ycunue mo moayito

N, Oyner paBHO:

, TJC A(),B(),C() Koaq)'

| =

N, = (Sshse = S,h5 = N;hg = S,h3 = Nyhi +S,,h7 + Sth7G)

h

~ o

Yeunmue N; JOIDKHO OBITH TaK)Ke PaBHO yCHIIHIO B 3y0e 1, To ectb N; = N,.

B 3y0e u3 ycroBHsi BEKTOPHOTO PAaBHOBECHS YCHIIHI U CHMMETPHUH 00BEKTa CXBaThIBa-
HUA HaxomuM N, = N,.

Bce aTr peakiiu HarpaBIeHbI [T0 HOPMAIISIM K COOTBETCTBYIOIIIUM TOYKaM 00BEKTa CXBa-
ThIBaHHA (K OKPYKHOCTH pajuyca R,), Torga u3 BEKTOPHOTO yCIOBHS PAaBHOBECHS YCHIIAN
Y CUMMETPHUH CXBaTa OTHOCUTENBHO MPOAOAbHOM ocu, umeeM: N,” = N, N,’=N, , N;’=N;,
N, =N, (puc.7a). BozbMeM napaMeTpsbl 15l MOZIEIBHOTO rpuMepa: R, =190 mm, R, =230 MM,
o =45° a=10mm. B Tabnuie 2 u Ha pucyHKe 8 TIOKa3aHbl 3aBUCUMOCTH peakuuit N, N,
N;, Ny N, Ny, N5°, N,° oT 3aiaBaeMblx 3HaueHud Sy, S,, S; Ha NpuBOJax, neperaBaeMbIX
I'To-1, I'T-2 u I'TD-3:

Taﬁﬂ”l{a 2- SlsSZaS3I/I Nla NZ: NS: N4> Nl’a N2’9 N}’aN4’

S S5 S; N, =Ny N, =N, N; =Ny’ N,=N/
55 133 500 28.2 28.4 28.5 28.2
110 266 1001 56.5 56.7 56.6 56.5
165 398 1501 84.7 84.6 84.4 84.7
220 532 2001 113.03 113.48 113.75 113.03
275 665 2502 141.2 141.8 141.8 141.2

W3 Tabnuiet 2 v pucyHKa 8 BUIHO, UTO €CJIM CXBAaThIBAEMbIN 00BEKT TPEOYET B BOCHMU
TOYKaX KOHTAKTa CO CXBAaTOM MPHUOIU3HUTEILHOE yCHWINE B 28 H, TO yCHIIUE B IpHUBOe- 1
JIOJIKHO OBITH S| = 55 H, B npuBojie-2 OHO JIOMKHO ObITh S, = 133 H, B ipuBoOje 3 OHO
noikHO ObITh 500 H. DTH 3HAueHus S, S,, S; HAXOIAT METOOM UX mojadopa. M3 Tabmu-
bl 2 TaKXKe BHUJIHA NMPUOIUZUTEIBHO JIMHCHHASI 3aBUCUMOCTh MKy 3HAYCHUSIMU CTPOK
3TOM TabmuIel. OTCIOA CICAYET, UTO €CII HYXKHO Jpyroe, 0ojiee WK MEHee, Cliaboe Uiu
CUJIbHOE O00KaThe, TO HAHUTHU €ro He COCTaBIIACT TPyJda YMHOKCHUEM HalJICHHON CTPOKHU
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3HAYEHU HA HOPMUPYIOUIUN MHOXKHUTEJIb, KOTOPBIM PaBEH OTHOILIEHUIO HCKOMOTO CKaTHUs
K HailJIEeHHOMY.

Pucynox 8 — Inarpammel cun Sy, S,, S;u Ny, N, N3, Ny, N°, Ny, Ny’ ,N°

[Inockast Mofenb MOKa3bIBaeT OOIIME 3aKOHOMEPHOCTH B3aUMOJCHCTBHS «IIAJIBLEBY
cXBaTa C KPyIJIbIM 00bEKTOM cXBaTbiBaHMs. PaccmoTpum 3D-Mozens JaHHOTO cxXBara, pac-
YyeTHbIe TapameTpbl 3D-Moaenu: MeTpuyecKie napaMeTpbl IIOCKOH CXeMBbl; TONLIMHA (a-
JaHr Opajach OJMHAKOBOW ISl BceX (asanr 1 paBHOH 20 MM, B pacdyeTHOW MOAEH Opaiu
KOHTAKT 3yObeB M NUJIMH/pPA B BHE TOHKON MOJIOCHI ¢ pazMepamu 20X2 MM.

Ha puc.9-12 nanel (Ha MHAMKATOpPaX) 3HAYCHUSI HANPSDKCHUH U YIIPYTUX ITepEeMeIICHUH
B TOYKaX CXBaTa M CXBaThIBaeMOro oobekTa. KapTuHa ycnnuii B IioCcKol cxeme U Harpsbke-
Hult no Musecy 3D-Monenn 31ech TakKe MOKa3bIBaIOT ONPEAEIEHHOE CXOJCTBO B PaBHO-
MEPHOCTH pacIpeesieHus 3TUX napameTpoB. CieBa Ha puc.9-12 pacnonokeHsl IBETOBbIE
LIKaJIbl CO 3HAYEHHMSIMM COOTBETCTBYIOLIUX I[apaMETPOB, PacdeT MPOBOAWICA KOHEYHO-
3JIEMEHTHBIM MOZIeTIMpoBaHueM Ha Inventor’e.

Pucynok 9 — Hanpsbxenus o Musecy B TOUKaxX KOHTAKTa CXBara
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Pucynok 10 — HanipspxeHns 1o Mu3ecy B TOUKaxX KOHTAKTa CXBAaTEIBAEMOTO 0OBEKTa

Pucynox 11 — Yupyrue nepeMelleHus: B TOUKax KOHTaKTa CXBara

Pucynox 12 — Yupyrre mepeMelieHns B TO9Kkax KOHTaKTa CXBaTHIBAEMOTO 00BEKTa
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3akiouenne. B GonmbIIMHCTBE HAayYHBIX MTyONMKAIMiA, MOCBSILEHHBIX MCCIIEIOBAHHIO
CXBATOB, B OCHOBHOM 3aTparuBatoTCs BOMPOCHI UX CTPYKTYPbl, KOHCTPYKIMU U yTIPABICHHUSI.
31ech paccMaTpHBAIOTCSl CXBAThI C TOYKH 3PEHHSI KPUTEPUEB aIallTABHOCTH U PABHOMEPHOTO
pacrpeneneHus yCUIIMi B TOUKax KOHTAKTa CXBaTa M 00beKTa. PaccMOTpEHBI TIIOCKHE CXEMBI
u 3D-mozenu nByX(aaaHroBoro u Tpex(asaHroBOro ABYXNaNbLEBbIX cXBaroB. [lokazaHa ux
aIaTUBHOCTH K (hopme, OIM3KoH K KpyroBoMy IinHApy U cdepe. [lokazansl ycnoBusi, npu
KOTOPBIX TIPOUCXOANUT NPUOIIMIKEHHOE PABHOMEPHOE CyKaTHe 00bEKTa B IIECTH U BOCBMH TOY-
KaxX KOHTaKTa JByX(alaHrOBOTO M TpeX(alaHroBOro ABYXIAIbIEBBIX CXBATOB.

W3 TabnuuHbIX 3HAYCHUH BUAHO, YTO MPHOIMKEHHO PABHOMEPHOE 3aXBaT O0BEKTA 1aH
ISl TISITH MOJieNupyeMbIx 3HadeHud ycwnid B ['TD. Tlpuuem yennus B I'TD-1 Opanuch
OZIMHAKOBBIMH JUIs 000MX CXBaTOB. BHAHO, UTO yCHIIMSI TIOCIEAOBATENbHO BO3PACTAIOT OT
nepsoro ['TD k nocnexyromum ['TD, y TpexdananroBoro cxsara OHM BO3pacTarOT 3aMETHO
ObICTpee, YeM y JIByX(ajaHroBoro, HO yCWJIHs B TOYKaX KOHTAKTa 3yObeB CXBATOB U I10-
BEPXHOCTH 00bEKTa B HEM 3HAYUTEIILHO MEHBIIIE.

HecomHeHHa mpakTuieckasi 3HaYMMOCTh JaHHOTO IMOJX0/a, TaK KaK arpompomyKIHsI
(moMuI0PBI, aOPUKOCHI U JIP.) MOXKET OBITh OYEHBb YYBCTBUTEIbHA JIJAKe K HE3HAYUTEIILHBIM
neopManysaM, a paBHOMEPHOE HOMUHAIILHOE CKaTHe MO3BOJISIET YMEHBIIUTH UX. B kaue-
CTBE IIPOTHO3a Pa3BUTHS DTOTO MOAX0Aa MOXKHO, HallpUMep, ObIJIO OBl PACIIUPUTH €T0 IS
TEX YK€ CXBAaTOB, MMEIOIINX B Ka)KJIOM IaJblLie CBOM CTENICHNU CBOOOBI, TO €CTh B JIAHHBIX
MpUMeEpax ATO YETHIPE U IIECTh CTETIeHEH CBOOOMBI.
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AJIAIITUBTI BIPKEJIKI YCTAY YHIIH POBOT-MAHUITYJIATOPJIAPABI
¥CTAY CXEMAJIAPBIHBIH MEXAHUKACBIH 3EPTTEY

Pobom-manunynamopnapeinvly Konmeeen KoHcmpykyusnapvl oOap. byn owcymvicma cghepanvik
HbICAHOApea ApHANaH A0anmMuemi Yycmay cXemaiapuli 3epmmey Hamuoicenepi xenmipinieen. ¥cmayowi
bazanay yuwin «caycakmapoviyy Qaranemapelnd OPHAMBLIZAH KbICLIM Oamyukmepi KOoIOAHbLIAObL,
01apovly Manoepi benzini 6ip OuanazoHoa aldbiH-ala OPHAMbBLIZAH. Alalida, eme YiKeH HcaHe MUHUMAT-
Obl MaHOEpOer bacman 6apivlK KbLCbIM OUANA30HbIHA ORMALLIbL JHeayan epemin ambedan cencop Hcok.
CoHOvIKMar apoip 0CbIHOAL KbICHIM CEHCOPBIHbIY 63IHOIK MaHOep OUAnasoHvl Oap, onap ceHCoOpObIH Mu-
HUMAObL HCYMbIC pedcumine catikec kenedi. Eyponanvix Ooaxma scemicmep MeH KOKOHICIepee apHaneaH
cmanoapmmap oeneineneet. Byn oHiMOepOin nilini wamamer chepanvlk, TUMOH MeH Y3blH Kbl3AHAKMbLY
niwininoe yaKen emec o3eepicmep oap. Aima, aimypm Jdcane Kbl3aHaKmvly MeXanuKanbli Kacuemmepi 0e
enuendi. AeHu, MyHOail 6HIMHIY ap Mypi Yuwin Kyu-dicieepOiy Oeneini 6ip wagvln ouanazousl bap Oenini
0ip cencop oonyvl kepex. Convimen kamap, yemay oOveKkmimen Oapivlk «CaycakmapvlMeny 0ailianbl-
cma bonzan kezoe bipkenki yemay yuin 0ipoeil Kyut canyvl Kepek. MyHvl 3epmmey yuiin caycakmapbiHoa
bipHewte (pananemapul 6ap xHcane Kypuliblmbl OOUbIHULA YPbIKMbLY Oemine Oeuimoenremin ukemoi mapmy
anemermmepi 6ap HCUbIPLLIYIAP MATOAHAOB.

Tyitin co30ep: ycmazviumap, pooom-maHunyissmopiap, ceHcop, ganane, Ouanazon, oeuimoeny.
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INVESTIGATION OF THE MECHANICS OF THE GRAPPLING CIRCUITS
OF ROBOTIC MANIPULATORS FOR ADAPTIVE UNIFORM GRIPPING OBJECTS

There are many designs of robotic manipulator grippers. In this work, a study of adaptive gripping
schemes for objects with a spherical shape was carried out. To evaluate the grip, pressure sensors are used,
installed on the phalanges of the “fingers” of the grip, the values of which are preset in a certain range.
However, there is no universal sensor that responds optimally to the entire range of pressures from very
high to minimal values. Therefore, each such pressure sensor has its own range of values, they correspond
to the nominal operating mode of the sensor. The European Union has established standards for fruits and
vegetables. The shape of these products is approximately spherical, with some slight variations in shape
in lemons and oblong tomatoes. The mechanical properties of apples, pears and tomatoes, etc. were also
measured. That is, for each type of such product there must be a specific sensor with a specific small range
of force changes. In addition, the gripper must, when in contact with the object with all its “fingers,”
create equal forces for uniform grasping. To investigate this, grips with flexible traction elements, having
several phalanges on the fingers and having an adaptation to the surface of the fetus in their structure,
are analyzed here.

Keywords: grips, robotic manipulators, sensor, phalanx, range,adaptation.
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EXACT SOLUTIONS OF THE TWO-DIMENSIONAL
NONLINEAR SCHRODINGER EQUATION

The nonlinear Schrodinger equation as a classical model in physics is gradually becoming an urgent
problem that needs to be studied. Obtaining an exact solution of the corresponding model can not only
provide theoretical support for the experiment but also provide a basis for solving practical problems.

In this work, we study the propagation of waves of the two-dimensional nonlinear Schrédinger equa-
tion in nonlinear media with dispersion processes. The tan-cot function method is applied. This method is
effective in solving nonlinear equations of mathematical physics. Various solutions in the form of periodic
waves are obtained. Graphs of the solutions arepresented.

Keywords:exact solutions, tan-cot function method, two-dimensional, nonlinear Schrédingerequa-
tion, ordinary differential equation, partial differential equation

1.Introduction. Nonlinear partial differential equations (NPDEs) can transform
nonlinear problems in the real world into mathematical models [1-2]. Thus the method for
deriving exact solutions for the governing equating has developed, namely the Darboux
transformation [3], the Hirota method [4-5], the tanh method [5], the sine-cosine method
[6-7], and others.

In this work, we investigate the two-dimensional nonlinear Schrédinger equation [8],
which is

iqe + a1Qxx + ArQqxy T a3qyy + i(b1|Q|ZQ)x + ibz(l‘]lqu) =0, (1)

where g(x, y, t) is complex function of the spatial coordinates x, y and the time ¢, &, (k= 1,
2,3)and b;, (j =1, 2) are real constants.

The two-dimensional NLS equation (1) is presented in [8] where optical soliton solutions
are obtained by the ansatz method. However, it is noted that the tan-cotfunction method
[9-10] for the NLS equation (1) was not applied. So, in this research, we find new kinds of
solutions for Eq. (1) by applying the tan-cotfunction method.

2. Description of the tan-cotfunction method. The below describes the tan-cot function
method [9-10] for the NPDEs in the three independent variables:

E(ut,ux, Uy, Uyy, Uy Usey) Ugxxs ) =0, 2)

where the function u(x, y, f) is unknown. E is polynomial in u(x, y, ) as well as its sev-
eral partial derivatives including nonlinear terms and the highest order derivative. To deter-
mine the exact solutions of Eq. (1), introduce the traveling wave transformation given as

u(x,y' t) = u(f); S; = (x +y - Ct)' (3)

* E-mail xoppeconaupyromero apropa: g.shaikhova@gmail.com
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Inserting the above transformation into Eq. (2), yields the ordinary differentialequation
(ODE) given in the following way:

E(u,u',u",u'"",...) =0. 4)

If required, one integrates Eq. (4) asnumerous times as possible, for simplicity, keeping
the constant of integration at zero. The solutions of ODE (4) take the following form

u(x,y,t) = Atan® (uf), )
or
u(x,y,t) = Acot? (ug), (6)

where § = x +y — ct, the parameters u, A and 8 will be defined. The derivatives of (5)have
forms

u' = AButanf~1(ug) + APu tanP+ (uf), (7)

u" = BB — 1) tanP~2(ué) + 2au*B* tan® (ué) + A B(B + 1) tanf**(ug), (8)

andthederivativesof(6) become
u' = —2APucotP~1(u) — ABu cotP+1(ué), )
u" = 2B (B — 1) cotF~2(ug) + 22u*B? cot? (ug) + A B(B + 1) cotP*2(uf), (10)

and others. Using (5)-(10) into the ODE(4) we get a trigonometric equation of tan” (ué) or
cot” (1) terms. Then, we define the parameters by first balancing the exponents of each
pair of functions tangent or cotangent to determine f5. After, wecollect all coefficients of the
same power in tan” (ué) or cot” (ué), where these coefficients mustvanish. The system
of algebraic equations among the unknown A and u will be given and from that, we can
definecoefficients.

3. Application of the tan-cot method. We assume the solutions to Eq. (1) in the form

q(x,y,t) = ell@x+by+dy (&Y and &=x+y—ct, (11)

where the quantities a, b, d, ¢ are non-zero constants. Inserting (11) intoEq. (1), separating
the real and imaginary parts, we get:

(—=d — a;a? — azab — azb®)u + (a; + a, + az)u’ — (bya + aby)u® =0, (12)

(—c +2a,a + ayb + aya + 2azb)u’ + (by + ) ()’ = 0. (13)
From Eq.(13) we can found
c=2ay +ay)a+ (2a; + ay)b, b, = -y (14)

3

And then in next subsection,we study Eq. (12) by the tan-cot function method
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(—d — a,a® — ayab — azb®)u + (a, + a, + az)u” — (bya + aby)u®> = 0. (15)

3.1 The tangent solution. According to method the solution of the (15) can be found
by transformation

ul(x'yl t) = Atanﬁ(,uf) (16)

To find the tangentfunction solution we use (16) and it’s derivative (8). Inserting(16)
and (8) into (15)we obtain

(=d — a;0* — ayab — azb*) A tan® (u€) + (a; + a + az) (AP (B — 1) tanf 2 (ué) +
+20u2 % tanf (ué) + MPB(B + 1) tanf*2 (u€)) — (bra + aby)A® tan®# (ug) = 0. 7

Applying the balance method, by equating the exponents of tan, from (17) we define S:
36=+2,> p=1. (18)
Substitute (18) in (17) we getthe next equation

(—=d — a;a? — ayab — azb?)A tan(ué) + (a, + a, + a3)(2Au? tan(ué) + (19)
+2Au? tan3(ué)) — (bya + ab,)A3 tan3(ué) = 0.

Equating the coefficients of each pair of the tangent function, we find the next system
of algebraic equations:

tan(ué): A(—d — aya® — ayab — azh?) + 2Au?(a, + a, + az) =0,

tan3(ué): 2Au?(ay + ay + az) — (bya + aby)A3 = 0. (20)
The system (20) give us
_ d+aia?+azab+azb? _ d+aja?+ajab+azb?
A= i\/ (b1+by)a » U= i\/ 2(aj;+az+az) @0

Substituting the parameters (21) into Eq. (16) and then in (11) we have the tanget
function solution of the two-dimensional NLS equation (1) in the following form

ql(xl y, t) = i ei(ax+by+dt)\/

d+aia?+ayab+azb? ¢ d+aia?+ayab+azb?
(b1+by)a 2(ai+az+az)

(x+y- ct)>, (22)

where ¢ = (2a; + ay)a + (2as; +a,)b, b, = —%. The dynamics of the solution
¢ (x, y, 1) is presented in Fig. 1.
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Figure I — Dynamics of thesolutions of ¢,(x, y, )
with the parameters: a = 1,b =1,d =1,¢ =6,b; = 1,b, = —é..

3.2 The cotangent solution. According to method the solution of the (15) can be found
by transformation

Uy (x,y,) = Acoth (u). (23)

To find the cotangent function solution we use (23) and it’s derivative (10). Inserting
(23) and (10) into (15) we obtain

(—d — a,a® — azab — azh?)A coth (ué) + (ay + a, + az) (Ap?B (B — 1) cotP=2(ué) +
+222 B2 coth (u) + 2 p(B + 1) cotP*2(ug)) — (b + ab,) 2 cotF (ug) = 0. (24)

Applying the balance method, by equating the exponents of cot!, from (24) we define f3:
38=F+2,= B=1 (25)

Substitute (25) in (24) we get the next equation

(—d — a;a? — ayab — azb?) A cot(ué) + (a; + a, + az)(2Au? cot(ué) +

+22p2 cot® (ué)) — (bya + aby) A3 cot (ué) = 0. (26)

Equating the coefficients of each pair of the cotangent function, we find the next system
of algebraic equations:
cot(ué): A(—d — aa® — ayab — azh?) + 2Au?*(a, + a, + az) =0,
cot3(ué): 2Au?(ay + ay + az) — (bya + aby) A3 = 0. 27

The system (27) give us
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d+a;a?+a,ab+azb? d+ajaZ2+ajab+azb?
A=+ u= = . 28)
- (b1+by)a ’ - 2(ag+az+az) (

Substituting the parameters (28) into Eq. (23) and then in (11) we have the cotanget
function solution of the two-dimensional NLS equation (1) in the following form

(b1+b2)a 2(a1+a2+a3)

. 2 2 2 2
q,(x,y,6) = + el(ax+by+dt)\/d+a1a +azab+azb cot (\/d+a1a +azab+azb Gty ct)), 29

where ¢ = (2a; + ay)a + (2as; + ay)b, by = —b3—2. The dynamics of the solution

¢>(x, y, ) is presented in Fig. 2.

Figure 2 — Dynamics of thesolutions of ¢,(x, y, £)
with the parameters: a =1,b=1,d =1,c=6,b; = 1,b, = —%.

4. Conclusion. The tan-cot function methods are applied to obtain the exact solutions
of the two-dimensional NLS equation. The obtained solutions can have an application
to some practical physical problems. The used method is applicable to a large variety of
nonlinear partial differential equations. Furthermore, some graphs of the propagation waves
are presented by choosing the specific values of the parameters.

This research was funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No AP09057947).
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EKI OJIIHEMJI CBI3bIKTbI EMEC IIPEJUHI'EP TEHAEYIHIH
HAKTDBI INEINIMJIEPI

Coisbigmulk emec Llpeounzep menoeyi @uzukadaevl KAACCUKATBIK MOOenb peminde 3epmmeyoi
Kaoicem ememin e3exmi macene 6onvin madwviiaowsl. Tuicmi MoOenbOiy HAKmMvl WewimMin any 3Kcnepu-
MeHmKe meopusblK Koa0ay Kepcemin Kana KouMai, nNpaKmuKaiblk mMacenenepoi ueutyee Heeiz 6ona
anaowl.

Byn sicymvicma oucnepcuscyl 6ap cbi3blkmul emec opmaoa exi oauemoi coizbikmul emec Llpeounzep
meHOeyIHiy MONKbIHOAPLIHbIY MApaiyblin 3epmmenioi. Haxmol wewimoepoi maby yuliH maHeeHc HeaHe
KOMAaH2eHc yHKYUAIapsl 20ici Konoanvlnaovl. byn adic mamemamuxanvly usukanviy col3bIKmolK emec
menOeynepin weuyde muimoi. Ilepuoomosl morkeiHoap mypinoe apmypii wewinoep anvinovl. [llewin
epaguxmepi YCbiHbINRAH.

Tyitin co30ep.: Haxmol wewimoep, maHeHec-KomaneHec 20ici, eKi emuemoi, CbI3bIKMblK emec
LIpedunzep menoeyi, Kapanaiivim Ougghepenyuanovix menoey, oepoec myviHovl Ou@ddepeHyuanovy
meHoey.
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TOYHBIE PEHIEHUS IBYMEPHOI'O HEJIMHEMHOI'O YPABHEHUSI
IIPEANHI'EPA

Henunetinoe ypasnenue Illpeouncepa xax xiaccuueckas mooensb 8 Quauke A6s1emcs akmyanbHou
npobaemoti, mpedyrowel usyuenus. Ilonyuenue mouHo2o peuienus coomaemcmayowel Mooenu Modxicem
He MONbKO 06ecneuums meopemuyecKkyio no00epICcKy IKCNEPUMEHMd, HO U 0amb OCHOBY OJisl PeuleHUs.
Npakmu4eckux 3a0au.

B oannoti pabome uccinedyemes pacnpocmpanenue o1 08yMepHo2o Heaunelino2o ypasuenus Lllpe-
OuHeepa 8 HeluHeliHol cpede ¢ ducnepcueil. /s NOUCKa MOUHbIX PeuleHull npUMeHeH Memoo QyHKyull
maneenca u Komaneenca. dmom memoo A8IAemcst IPHexmusHbiM NPy peuteHuy HeTUHeUHbIX YPAGHEeHUlL
Mamemamuueckoul pusuxu. Ilonyuenvt pasnuunvle pewienus @ guoe nepuooudeckux goan. Ilpedcmasgnenvi
epapuru pewtenuil.

Kniouesvie cnosa: mounvie pewienus, memoo maneenca-Komanzenca, 08ymepHoe, Henunelinoe ypag-
nenue Illpéouncepa, obvikHOGeHHOE Judhepenyuanvhoe ypagnenue, oup@epenyuaivioe ypasHerue 6
YACMHBIX NPOUIBOOHDIX.
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