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PABPABOTKA CUCTEMBbI IINTAHUSA, AJITOPUTMA YIIPABJIEHUSA U
APXUTEKTYPbBI BEPBAJIBHOT'O POBOTA

Annomayus. B oannoii cmamve paccmompena paspabomra cucmemvl RUMAHUS, Al20PUMMA ynpasie-
HUsL U apxumexmypubl 6epoaivbHo2o poboma. Pobom ocnosan na obweoocmynnom 3D newamnom npunmepe.
B amom uccrneoosanuu 6vina pazpabomana apxumexmypa oowell npoepaAmMMHOL CUCTEMbL 8ePOATbHO20 PO-
boma, a maxoice YCoBEPUEHCMBOBAHA CUCMEMA NUMAHUSL U AT2OpUmM ynpaeierus yeaou cucmemvl. C no-
Mowwio 0bopyoosanus Jetson TxXI u cencoprvim sxpanom 0as e3aumooeticmaust ¢ INMOOV Ol coenan un-
mepdetic ons ynpasnenus éceti cucmemol. JJamuux Kinect uepaem anasnyio poav 6 npoepecce uzyuenus 0am-
nou memol. Tlo cpaguenuio ¢ cyuecmeyowumu 2yMaHouOHbIMU pOOOmMamu 6 6epoaibHOM pobome pazeuma
ABMOMAMUZUPOBAHHASL NAAMPOPMA, HUSKAS CMOUMOCHIL U NOTHOCIBIO (PYHKYUOHATbHA.

Knioueswie cnosa: paspabomka cucmemvl numanust, papabomra areopumm YnpaeieHus, apxumexmy-
pa eepoanvrozo poboma, Jetson Tx1, InMoov

BBenenne

I'ymaHoumHbBIE pOOOTHI HMEIOT MOAOOHBIN YETIOBEKY ITU3aiiH U B COCTOSHHM MOJPa)XKaTh YeIo-
BeueckUM JBIKeHusM [1]. Cpenu ryMaHOMIHBIX pOOOTOB C ABOMHBIMH MaHMIYJISTOPAMU U JIOB-
KHUMHU pyKaMH HMeeT OoJbIIoe 3HaueHue oociayxuBanue. OHM MOTYT IPEIOCTaBUTh KOMIIAHbOHA,
OIEPALIUIO, MAHUITYJISLMIO, TOTPY30UHO-Pa3rpy304yHble padOThl U MHOTO JPYTUX YCIyT oM. Mc-
clieZIoBaHNE TYMaHOUIHBIX POOOTOB BCerzia camasi akTUBHAs 00JIACTh B MHTEIUIEKTYaJIbHOW POOOTO-
TEeXHHUKE M MHOTMX KPYIHBIX YUPEKACHUAX HAYYHOT'O MCCIe0BaHUs. MHOIO ryMaHOUJHBIX POOO-
TOB OBLIO MOCTPOEHO 3a MPOIILIbIE HECKOJbKO JeT, Takux kak ASIMO [2,364], HPR[5], WABI-
ANRV[6], NAQO[7,8,9] u mocnemuuii pooot [10] [11]. Tekyiiue ryMaHOUaHbIE POOOTHI MITH CIIHIII-
KOM DSKCIIAaHCHBHBIE WJIM CIIMIIKOM HEYKIIOXkHe. ECTh KoMIpomuce MeXAy THOKOCThIO poOoTa u
3arparaMi. JTO OIPOMHOE MPENsTCTBHE, OJOKHpYOIee AOPOry T'YMaHOMAHOTO poboTa K Hauien
MTOBCETHEBHOHN XKU3HU. Y HEKOTOPHIX TYMaHOHMIHBIX POOOTOB €CTh YaCTHUYHBIC (YHKIWHU IIOICH,
Oosblasi 4YacTh T'YMAaHOUJHBIX POOOTOB HE MMEIOT MOAOOHBIX YesIOBeKYy MosiBieHui. HekoTopsie
TYMaHOUIHbIE POOOTHI CAENAaHbl U3 METaJlla, CTalM WM aJIOMHHHS, KOTOPBIE CIHIIKOM TSDKEIbI
kak Ha npumepe podbor CALUMA [12]. YToOb! B3aMMOAEHCTBOBATE C YEIOBEKOM T'HMOKO, poOoTaM
HY’KHA JIETKasl CTPYKTypa, 4TOObI MPUCIOCOOUTh UX KOH(QUTYPALIUIO U OBITH 3HEprocOeperaroum
[13]. TsoxenoMy KOMIOHEHTY T'yMaHOMTHOTO pPoOOTa HY>KHO MOIITHOE MOTpedieHHe, U YMEHbIICHHE
MIPOJIOIDKUTENBHOCTH Oatapen. VI kpome TOro, KeCTKHe MaTephalbl TaKKe MPUHOCAT MOTEHITHAI
JOSIM, TaK KaK HEeT HUKAKUX aMOPTHU3HPYIOLINX YCTPOHUCTB. MBI MOXEM TakKe MPOU3BECTU I'yMa-
HOMJHBIE POOOTHI C IMIIACTUYHBIM MAaTEPHUAIOM, HO 3TO 3KOHOMHYHO U Pa3yMHO TOJBKO B MaCCOBOM
npousBojcTBe. 3D meuars - OBICTPO pa3pabaThiBarolIascs TEXHOJOTHs B MOCIeAHUX rogax [14].
bnaromapst 3D-TexHOIOTHYU TIeYaTH BO3MOXKHO MPUHECTH HCI0 OT BHPTYAJIHHOTO JIO PEaTbHOTO
npoTOoTUNIA O4eHb OBICTPO. HekoTopeie rymanonanbie podotel kak Flobi[15] u iCub[16] monb3yroT-
cs npeumymectBamu 3D-neuatn,. Ha ocHoBe ruOkoctu 3D-mieyaTu ryMaHoOUAHBIA poOOT MOKET
OBITh HAa3HAYEH C SAPKUM I10J00HBIM YeNIOBEKY MOsBICHUEM. Takxke OObIYHO MCHOJIb3yeMble MaTe-
puainsl nedaty, Takue kak PLA wmu ABS, He noporn m MOTYT 3HAUHTENIEHO YMEHBIIUTD MOJIHYIO
CTOMMOCTb M3roTOBJIEHUS U BpeMs. Kpome toro, 3D-nedats 3koHOMHUYHA U 3KonornyHa. Hekoro-
peie 3D-matepuansl nedatu kak PLA Ouopasnaraemsl, U cuila MaTepualioB JOCTaTOYHA K T'yMaHO-
uaHomy poboty. Kommnonents! pobota, caenannusie u3 3D-nedaty, nerkue u ynpyrue, T.€. poOoT
MOJKET OBITh JIETKHM U JIETKO JABUTaeTCH.
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J{u3aiiH annapaTHbIX CPeICTB ABTOMATU3UPOBAHHOI0 BepOaJIbLHOIro podoTa

Ha miardopme “Inmoov”

Ha pucynke 1a,6 mokazana cxema paszpaborannoro 3D mewatHoro Hemopororo BepOoagbHOTO
pobota. Bricota poboTta cocrapisier mpuOIM3UTENIbHO 170 ¢M, KOTOPBIN MOX0XK Ha HOPMAJIbHYIO
BBICOTY B3pOcCjoro yesnoBeka. JlaHHBI poOOT cocToMT M3 JBYX yactel: 3D mewarHas nepenHss
4acTh BepOanbHOro podoTta, 3D meuaTHas 3aaHss 4acTh BepOATbHOTO poO0Ta M MOOUITbHASI OCHOBA.
MoOUITBEHYI0 OCHOBY M3TOTOBIISIOT M3 JKeJie3a U CTUMYIUPYIOT Tpu nBuratens o 750 Bt. [{ns Bep-
OanpHOrO po0OTa B HATYPAJIBHYIO BEIMYUHY C CHJIBHON MOJBUKHOCTBIO 3TO OYE€Hb YIKOHOMUYECKHU
3P PEKTHUBHO.

Kaxk moka3ano B Tabnurie 1, BepOanbHbIii poboT umeeT 50 creneHeit cBoOoabl, 27 nBUTaTeNeH,
25 CepBOINPHUBOJIOB C PA3IUYHBIMU HArpy3Kamu U 3 ABUTATENISIMHU LIEHTPA, CIICIIMAIBHO MpeIHa3Ha-
YEHHBIE IS DJEKTPUYECKOro ympasieHus cuctembl 24 B, 16Ah nutueBblii OarapeiiHbiii 00K
YCTaHOBJICH B MOOMIJIBHOM OCHOBE, U 00€CTIeurBaeT BCIO AIIEKTPHUYECKYI0 paboTy poboTa.

Taoauna 1 — Crenenn ¢cBo00abI Bep0aJILHOT0 podoTa

Yacts CreneHnu cBOOOBI Motopst
[paBast u neBast pyka 30 10
3arsicTee 2 2
JlokoTh 2 2
[Tnedo 6 6
lomosa 3 3
Tamus 1 2
[MepenBuxHas 6a3a 6 3

[IpeumymecTBo KojecHOro poborta Oosiee ObICTpoe, Oojiee cTaOUIIBHOE, JIETKO YIPABISIEMOE,
Oomnee >PPEeKTUBHOE U MOMKET MPEJOCTaBUTH OOJbIIE TMOJE3HOTO TPy3a BO BHEAPEHUH, OOJbIIE
CTENEeHU CBOOOJIBI MO3BOJISIET d(PPEKTUBHO JBUTATHCA TUATOHAIBHO, HAMPABO, HAJIEBO U BIIEpE],
Haza.

Puc.1 —a) 3D nevamnasn nepeousisn uacme gepoanvruoeo poboma, 6) 3D neuamnas 3a0uss vacms 6epbanvHo20 poboma

BepO6anbubiii poboT cocTouT 13 1 - rosioBHas 4acTh, 2 - €40, 3 - yCTpOWCTBO JUIs paclio3HaBaHUs JIMLIA,
4 - I0KOTS, 5 - TynoOBUILE, 6 - KUCTh, 7 - pyKH, 8 - Tulardopma 1J1st yrpaBieHus Beeil cUcTeMBbl, 9 - BceHanpaBiieHHAs
MoOuiIbHas 1aTdopma, 10 - ceHCOpHBII SKpaH
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Mo6wipHas matdopMa COISpPIKUT TPU YHHBEPCATBHBIX KOJIECa, KayKI0€ KOJIECO PACIIONIOKEHO
no 120 rpagycoB Mexy coOoi, 4ToOBI caenaTh POOOT CTATHYECKUM M C TPEMsI OTJIMUUTEIbHBIMA
KOJIECAaMH JIBUTATEIIS, YTOOBI 3aCTABUTh POOOTA IMEepPEeMeIIaThCsl.

JJIeKTPUYECKoe coelMHeHne Bep0aJbHOro podora

Ha 6opty o6opynoBaHust mpuBeieHsl B neiictBue Ha 24 B, 16 Ah nutueBsIii OaTapeitHblil 0J10K.
VYnpasienue 6arapeeil U eJUHUIIBI BBIKIIOUATENsI YCTAHOBIECHBI HA MOOMJIBHONU OCHOBE. Y 000py-
JIOBaHUS €CTh pa3jMyHas HOMHHAJIbHAs MOIIHOCTh U TpeOoBaHus. CepBONpUBOABI U ApAYHHO -
NPUBEICHHBIX B JieiicTBUE 6 B, HO OHU TOJDKHBI OBITH U30JMPOBaAHbI IpyT OT apyra. Kinect tpedyer
12-BonbToBOTrO MCTOUYHMKA NUTaHusA. Jetson tX-1 myxxen 19-BonbToBBIN UCTOUHMK MuTaHust. Kpome
TOro, 4TOOBI OOEeCIeunuTh 0€30MacCHOCTh W CTa0MIBHOCTH Jetson tX-1 u ceHcopHoro skpaHna, 24-
BosibTOBBIN DC k mHBepTOpy ycraHoBieH Ha 220 B. brnok-cxema cucTeMbl ynpaBlieHUs TUTAHHEM
MOKa3aHa Ha PUCYHKeE 2.

24V 16AH Lithium battery

Power Power
Switch Switch
DC24V-DCI12V DC24V-DCS5V, 30A DC24V-DC5V, 2A
DCI12V- I = , = i
AC220V relay relay relay relay relay relay
converter ' ] | | ] |
oy = - ” = &
¢ || & S| Let ||| 0] o2 12| A|[lQf L [[[S] 2% [[[|S] &
58| S|l Slneht [[1<] 53 [|[[<| 8 ||||<]| neht |[[| <] & ||||<| &3
# 2|l < ||KINE = | driver Z| 2% Z| a8 Z | driver Z| 9s Z| o
-5 3] v - e wn 2 Z
S22 (% | & i
' - " Coding || Coding Coding Coding || Coding | Coding
AHRS e e, ; o 2 a
, Switch || Switch ||  Switch Switch Switch Switch
Left Hand LeftArm || RightArm | Right Hand head
Mobile Platform module module module module module

Puc. 2 — Bnok-cxema cucmemvl ynpagnenus numaHuem

CTpykTypa nporpaMMHOro odecriedyeHusi Bep0ajabHOro podora

YroObl COTacoBBIBATHCS C aNMapaTHBIMM CPEICTBAMH, JAaHHOE MPOTrpaMMHOE oOecreueHue
pa3paboTaHO B MOAYJIBHOCTHA. MOAYIEHBIM TIPUBOJIOM JIETKO YIPABISTH U TIOAJIEPKUBATh. Y MIECTH
MOJyJiel ecTh LIeCTh MyJbTOB YIPABJICHUS, U BCE ITH IIECTh MOAYJIEH CBA3aHbI M HCIIOJIB3YIOTCS B
RS485 nns cBsi3u ¢ ocHOBHBIM ApaynHo Mera 2560.
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Puc. 3 = Ancopumm ynpaenenus eepbanvrozo poboma

Kak BugHO U3 pucyHka 4, mpu BKIIOYEHUHU POOOTa chcTeMa HAauWHAET MHHUIMAIM3UPOBATHCS.
[Tocite Best cucTema MOAKITIOYAeTCS K MOIYJIsIM poOoTa ¢ 28 cTerneHsMUA CBOOOIbI, HAUMHACT JBU-
raThCsl XaOTHYHBIM 00pa30oM U MapajieNibHO B Iuiatdopme sl yIpaBieHUs BCE cUCTEMBI OyneT
TOJIOCOBOEC COIIPOBOKACHUC, a TAKKC IMapalJICJIIbHO 6YI[GT CUHUTHIBATh JAHHBIC JATUYUKA ABUXCHUS.
Ecnu ects ABMKEHHE, TOTJa YCTPOMCTBO JAJISl PACIIO3HABAHMS JIMIA PACIIO3HACT ABIDKYIIUKCA 00-
JIMK yeroBeka. Jlanee HauMHaeTCsl epcoHaNN3alysl YeJI0BeKa, MPOBOJUTCS AUAJIOT C YEJIOBEKOM, U
co3maercs 0a3a JaHHBIX C KaXIbIM YETOBEKOM, C KOTOphIM obmancs pooot. [locne 3aBepuieHus
Auajiora JaHHbIC OTIIPABIAIOTCA B IBUTATCIILHYIO CUCTEMY. Ecmm JaTYMK HC paCllo3HACT JABUIKCHUC,
TOorJa poOOT MepexoauT B pexuM cHa. [locie pexuma cHa B ompeelieHHOEe BpeMs BCsl CUCTeMa

OTKJIFOYACTCA.
User Touch e Data |  Wireless
layer screen | [KINECT glove joipad
USB :
USB MINI PC
Data Ubuntu + ROS
rocessin HDMI ]
e layer £ UsB Bluetooth
Arduino Mega
2560

L 1

TTL-485

| 485-TTL 485-TTL 4R85-TTL 485-TTL
Communication| [eft Hand Fllzﬁ:]dt Left Arm | | Right Arm Head lﬁ';iﬁi’,lﬁ,
layer module modiile module module module module
. ; : HITEC HITFCEJ | HITEC B
Exccutive [ MG99R = MG9R oo cpp  HssosB S80SBB | _IWo

layer Serve scrvo N g Sniot different
motor motor SETYQ i 2 hub s
A ot Pl ub motors

Puc. 4 — Ilpoepammnas apxumexmypa eepoanvruoeo poooma "INMOOV"
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Pucynok 4 moka3bIBaeT MpEeAOKEHHYIO CTPYKTYpPY IPOTPAaMMHOM apXUTEKTYphl BepOAIbHOTO
pobota. IIporpammHoe oOecrieueHre pa3[eieHO Ha YEThIpe CIIOsl, MOJb30BATEIbCKUIN CIIOW, CIIOM
00pabOTKM NTaHHBIX, KOMMYHUKAIIMOHHBIA CIIOM W WCHOJHUTENBHBIN cioil. [lomb3oBarenbckuit
CJION BKJIIOYAeT (PYHKIIMIO, HEMOCPEACTBEHHO B3aMMOJICHCTBYIOIIYIO C OIEpaTopoM podoTa, CeH-
COpHBIM 3KkpanoM, aatunkom Kinect. Jlanublil ciioit ocymectsieH B Jetson-tx1 na miatpopme ROS.
Robot Operating System (ROS) - rubkas cTpyKTypa IS CTPOMTENBCTBA IPOrPAMMHOI0 obecreye-
HUS poOOTa. DTO KOJUIEKLUS HHCTPYMEHTOB, OMOIMOTEK M COTTIAIICHHH, KOTOPhIE YIPOILAIOT 3aja-
4y CO3JaHMsI CIOKHOTO M MPOYHOTO MOBEIEHUsl poboTa uepe3 OoJbIIoe pa3HooOpa3ue aBToMaTu-
supoBaHHbIX wiaTGopm. B “INMOOV” rymanounnom podote Jetson-tx1 Gerymias Ubuntu u ROS
JEHCTBYIOT KaK IJIaBHBIM qucrieTdep U koopauHaTop. Ha ocHoBe 6oraTeix 6ubmmorexk ROS crano-
BUTCS JIeTYe MOJYyYUTh YEJI0OBEUCCKUI CKEJIeT U APYyryro uHpopmMaimio o aarurke ot Kinect, kame-
pbl 1 MUKpodoHOoB. Croli 00pabOTKH JAaHHBIX COCTOUT U3 Jetson-tx1, KOTOpBIH MOXKET MOTYYHUTh
koman el 0T Kinect. KoMMyHUKaIMOHHBIN CI0H COCTOUTCS M3 ApaynHo Mera 2560 u miectu BIIO-
KEHHBIX MOJyJell aucrierdepa. MIcCnoTHUTENbHBIN CI0M COCTOUT U3 cepBOMOTOPOB U Tpex 120-rpa-
TyCHBIX MOTOpOB. B RS485 mmeer mpocTyro CTpyKTYpYy ¥ MOKET UMETh MHOXKECTBO PaOCKUX MO-
nyneit. B cetu RS485 Apnynno Mera, kak OCHOBHOM KOMIBIOTEP U MYJbT YINPABICHHS KaXI0TO
MOJYJIS CHYXUT KOMIbIOTEpOM. OCHOBHON KOMIIBIOTEP OTBETCTBEHEH 3a KOMaHAy KOHTPOJIS, 3a
npruoOpeTeHne JaHHBIX W BBIMOJHEHUE YMpaBisionlero curHana. Korga mynsTel yrpaBieHHust 00-
IIAIOTCSI ¢ OCHOBHBIM KOMITBIOTEPOM, OH ciieAyeT mpotokoidy Modbus, KkoTopblii HCHONB3YET, Y4TO
MEXaHHM3M YCTpaHseT OUIMOKHU CBs3HU. B 3TOH ceTH KaxAblid MynbT YNPABICHUS CIYKUT Y3JIOM, Y
KoToporo ectb pasnmuysbiii ID. ID Moxer ObITH HACTpOEH, HCHOJIB3Yys OoprtoBoit Dip-
MEePEKITI0YaTENb.

3ak/ro4yeHue

B nanHO# cTaThe OBLT MPENIOKEH MONHOCTHIO (PYHKIMOHANBHBIA Hemoporoit 3D medarHsIit
BepOanbHBIA poOOT ¢ nomotesio“INMooV”. PoboT ocHoBaH Ha oOuienoctynHoM 3D neuatHom Bep-
6anpHOM pobote “INMoov”. Pa3zpaboraH aucrnerdep B MEXaHHYECKHUX JETAISAX M AJNEKTpHUEcKas
CHCTEeMa MMHUTaHUA, KOTOpPbIE JETAl0T BCE YAaCTH B3aUMO3aMeHseMbIMU. JetSon-tX1 uccneayeT HOBBIN
TUI IPOTrPAMMHON TEXHOJIOTHH poOoTa. Y BepOaIbHOro poboTa €cTh NOJ00HAs YETOBEKY CTPYKTY-
pa, a TaK’Ke MHOKECTBO MHTEPAKTUBHBIX 00pa3lioB. YenoBek MOXKET 00IIAaThCSl C CEHCOPHBIM JKpa-
HoM u matunkoM Kinect. [latunk Kinect urpaer riaBHyr poiib B Iporpecce u3ydeHus. Y podora
ecTb JABa MOOMIIBHBIX MaHumyssTopa ¢ DOFS.
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Kyar :xyliecin, 0acKapy aJropuTMiH ’K9He aybI3lIa POOOT APXUTEKTYPACHIH JaMBbITY

Anaarna. bynm wmakamajma Kyatr okydeci, Oackapy anropuTMi JKOHE aybi3la pPOOOTTHIH
apXUTEKTypachl KapacThipbuiabl. PoOoT xanmbira KoypkeTiMai 3D mpunTtepre HerizaenreH. Ochl
3epTTey asChIH/Ia aybI3Ila poOOTTHIH YKaNIIbl OarJapiaaMaliblK KYHECIHIH apXUTEKTypachl *Kacallbl,
COHBIMEH KaTap KyaT jKyieci MeH >Kajmbl jKyileHi Oackapy anroputmi xetiaipinai. Jetson tx1
KaOJpIFpIH koHE InMoov-TieH e3apa opeKeTTecy YIIIH CEHCOPJBIK 3KpaHIbl KOJIJaHA OTBIPHIIL,
Oykin >kyWeHi Oackapyra apHairaH uHTepdeiic ozipnenai. Kinect neTeKTOpsl OCHI TaKbIPBHIITHI
3epTTey IMpOLECIHAE MaHbI3Abl penl arkapaabl. KosjaHbicTarbl T'yMaHOUATHI poOOTTapMeH
CaJIBICTBIPFaH/a, aybI3lla PoOOT >KOFapbl aBTOMATTAaHIBIPbUIFaH IUIaT(opMa, ap3aH >KOHE TOJBIK
AKYMBIC 1CTEH/II.

Tyitinai ce3mep: KyaT »xyieciH mambiTy, Oackapy airOpuTMiH d3ipiey, aybi3iia poOOTTHIH
apxuTeKTypacsl, Jetson Tx1, InMoov
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Development of the supply system, control algorithm and architecture of verbal robot
Abstract. This article reviews the supply system, control algorithm and architecture of verbal
robot. The robot is based on publicly available 3D printer. In this research was developed architec-
ture of general program system of verbal robot, also improved supply system and control algorithm
of overall system. Using Jetson Tx1 equipment and a touch screen for interaction with InMoov, an
interface was made to control the entire system. The Kinect detector plays a major role in the pro-
cess of studying this topic. Compared with the existing humanoid robots, the verbal robot is highly
automated platform, low cost and fully functional.

Key words: power system development, control algorithm development, verbal robot architecture, Jet-
son Tx1, InMoov

Caenenust 00 aBTopax:

Enunsxan Amupranues, 'HC, n.1.H., npodeccop, 3aBenyromuii sadopaTopueil KOMUTETa 10
HayKe MUHHUCTEpCTBa oOpa3zoBanusi U Hayku PecnyOnuku Kazaxcran, aBrop 6omee 300 HaydHBIX
palboT M HECKOJIBKHX MATEHTOB, aBTOPCKUX CBUAETENILCTB Ha porpaMMHoe obecnieuenue. O6mactsb
HAyYHBIX MHTEPECOB: HMCKYCCTBEHHBIH HHTEIJIEKT M POOOTOTEXHMKA, paclio3HaBaHHE O0Opa3oB,
U(POBBIE TEXHOJIOIMHU B 3€JICHON YHEPTeTHKE.

Tanratr CynaneroB, [HC naboparopuu UCKyCCTBEHHOTO MHTEIJIEKTa U poOOTOTEXHUKH MHCTH-
TyTa UHPOPMALMOHHBIX U BBIYMCIUTENbHBIX TexHoJorui Komutera Hayku MOH PK. ABTop Gonee
10 HayuHbIX paboT 1 Oosiee 2 MAaTEeHTOB, aBTOPCKUX CBHIETEIHCTB HA MPOTPAMMHOE OOECTICUCHHE.
OO0nacTh HayYHBIX MHTEPECOB: UCKYCCTBEHHBIH MHTEUIEKT M pOOOTOTEXHMKA, paclio3HaBaHUE 00-
pa3oB, HU(PPOBBIE TEXHOIOTUU B 3€JICHON YHEPTETHKE.

Mypar Kynens6aes, 'HC naGopaTopun HCKyCCTBEHHOI'O MHTEIUIEKTa U PpOOOTOTEXHUKH MH-
CTUTyTa WH(POPMAIIMOHHBIX U BBIYUCIHUTENBHBIX TexHONorui komurera Hayku MOH PK. ABtop
6onee 100 HayuHBIX paboT U Gosee 18 MaTeHTOB, aBTOPCKUX CBUAETENILCTB Ha MPOrpaMMHOe obec-
nedeHue. OOMacTh HAyYHBIX MHTEPECOB: MCKYCCTBEHHBIM MHTEIUIEKT M POOOTOTEXHHKA, 3€JICHas
SHEpreTuKa, Teropu3nKa 1 TEpPMOIMHAMHUKA.

Acenp MOpanmoBa, ctapmmii npenoaasarenb Kazaxckoil akagemMuu cropra ¥ Typu3Mma, Ma-
ructp uHpopmatuku. ABTop Oosiee 10 HaydHBIX cTaTei, aBTOPCKOE CBUIETEILCTBO HA MPOrpamMMm-
Hoe obOecrieueHue. O0acTh HayYHBIX MHTEPECOB: UCKYCCTBEHHBIH MHTEIUIEKT, pacro3HaBaHHe 00-
pa3oB, HUPPOBBIE TEXHOJIOTUH.
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AUTOMATION OF STAFF RECRUITMENT AND ASSESSMENT

Abstract. This article presents a quantitative approach to modeling the process of recruitment and eval-
uation of personnel. In this work, there are theoretical aspects of personnel selection and analysis of foreign
experience. The fundamental models of binary choice, the solution of which was implemented using artificial
neural networks are also considered. There are mathematical models, methods, formulas and equations pre-
sented. Analyzed and researched how to improve recruitment methods by means of their automation.

Key words: HR management; artificial neural networks; employees; binary classification; binary regres-
sion; Probability.

Introduction

In the early 90-ies of the last century, the heads of large companies faced a situation when the
demand for highly skilled workers was clearly greater than the supply. This fact led to the creation of
such activities as "Personnel Management”. In a broad sense, personnel management implies a set of
business processes of the company aimed at finding, attracting, motivating and further development
of human potential. Therefore, the priority task of HR specialists is to increase the efficiency of
candidate evaluation. However, in practice, the companies rely only on the experience and profes-
sionalism of HR-Department employees who are directly involved in the search and selection of
employees. At the same time, there are no mathematical models describing this process, and this is
one of the essential reserves for improving work in this direction. The need to create a theoretical
approach to the quantitative assessment of the recruitment process determines the relevance and rel-
evance of the study. To improve the work in this direction, we will approach the recruitment using
mathematical modeling. Using the methods of binary classification, we will create a model that can
solve the above problems. The solution of binary classification problems will be carried out with the
help of artificial neural networks.

Problem, relevance

The object of the study is the process of search selection and evaluation of personnel in the la-
bor market, carried out by HR specialists. The subject of the research is mathematical and instru-
mental methods for objectification of managerial decision - making in the field of recruitment. HR
management does not stand still and to improve the productivity of employees use more modern
methods of adaptation, training, stimulation and motivation, but do not underestimate the hiring
system, the importance of planning the selection process of candidates. Nevertheless, in any compa-
ny it is important to replace those who have been fired by productive and competitive employees, so
first you need to build methods of selection and selection in the most effective way. I. B. Durakova
argues that hiring is a complex procedure for attracting staff to vacant positions, offering to find
the right candidates, determine their suitability, conclude a contract or make a decision on refusal
[1]. If you classify the methods of recruitment for the target audience, their composition will look
as follows: recruiting (recruiting); Exclusive or direct search; Selection of managers by luring
them from an existing place of work (recruiting); Preliminary. Having considered the above meth-
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