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APPLICATION OF THE SYSTEM OF ANALYTICAL COMPUTATIONS FOR THE
DERIVATION OF EQUATIONS OF DYNAMICS OF ROBOTECHNICAL SYSTEMS

Jomartova Sholpan Abdrazakovna, Dr. Sci. Tech, Associated professor of Al-Farabi Kazakh
National University, Almaty, Kazakhstan, jomartova@mail.ru

Karymsakova Nurgul Tletaevna, doctoral student, Al-Farabi Kazakh National University,
Almaty, Kazakhstan, nkarymsakoval@gmail.com

Tursynbay Aisulu Tauasarovna, doctoral student, Al-Farabi Kazakh National University,
Almaty, Kazakhstan, turaiatau@gmail.com

Abstract. The article discusses a system of analytical calculations (SAC), with which you can get
mathematical models of various robotic systems in an automated mode. Various robotic systems are
investigated, the relevance of the task is shown. The application of analytical calculation systems for
deriving the equations of the course of chemical reactions is shown. A mathematical model of robotic
systems using Lagrange equations of the second kind is compiled. The work uses the library functions of
the SAC in the construction of applications. The interpreter is designed for the fastest results. A text file
containing a sequence of interpreter language statements has been created. The result can be displayed
both on the screen and in the specified file. And also in the work used library functions. The user directly
gets much more opportunities for manipulating expressions and for building complete applications. In this
case, he compiles his program in the language of the system. Now you can control the sequence of
calculations using control operators. Iterations are used to model the operators of summation and
multiplication. Procedures and functions over matrices are provided. Ease of implementation is achieved
by the fact that all implementation details are hidden and optional for the user. The written procedure
automatically expands the library of "functionality” of the system. It does not need debugging, as it
directly implements a mathematical formula. The program for obtaining and solving the equations of
dynamics of robots in symbolic form is convenient for mechanics. Further, in the obtained equations and
solution, the user can substitute specific values of the generalized coordinates and other parameters for
calculating the generalized forces. All intermediate matrices, energy equations, etc. are calculated.

Keywords: analytical calculations, robotic systems, equations, dynamics of robots.
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II.A. Txomaprosal?, H.T. KapsimcakoBa?, A.T. Typchinoaii’
"Mucruryr nndopManmoHHEIX U BEIUHCIHTENbHBIX TexHonoruii KH MOH PK, r. Anmatsr, Kasaxcran,
’Ka3axcKuil HAIMOHAIBHBINA YHUBEPCUTET MMeHH anb-Papabu, r. Anmatsl, Kazaxcran

INPUMEHEHHUE CUCTEMbI AHAJIMTUYECKHUX BBIYMCJEHUH U1 BBIBOJA
YPABHEHUU JTUHAMUKHU POBOTOTEXHUYECKUX CUCTEM

AHHoOTanus. B cratee paccMarpuBaercsi cucTeMa aHaJMTHUeCKUX BbruucieHuit (CAB),
C IOMOIIBI0O  KOTOPOM  MOJKHO  IOJNy4aTb  MAaTE€MaTUYeCKHEe  MOJCIH  Pa3Iu4HbIX
pOOOTOTEXHUYECKUX CHCTEM B aBTOMATHU3UPOBaHHOM pexume. lccinenoBaHbl pa3nuyHbIe
pPOOOTOTEXHUYECKHE CUCTEMBI, MI0Ka3aHa aKTyaJbHOCTh 3a/auu. [loka3zaHO MpUMEHEHUEe CUCTEM
AQHAJIMTUYECKUX BBIUMCICHUN IIPU BBIBEJCHUU YPAaBHEHUMN INPOTEKAHUSA XMMHUYECKUX PEaAKIIHUi.
CocraBneHa MaremaThyeckas MOJEIb POOOTOTEXHMUYECKMX CHUCTEM C IMOMOUIbIO YpaBHEHUH
Jlarpanxa Il poma. B pabote ucnonb3oBansl Oubnnoreunsie Gpynkiuun CAB npu nmocrpoeHun
MIPUIIOKEHUHN.

KioueBble cJji0Ba: aHATUTHYECKHE BBIYMCICHUS, POOOTOTEXHHUUECKUE CHCTEMBI,
ypaBHEHHUs, JMHaMUKa poOOTOB.

BBenenue. AKTyaJbHOCTH PadOTBI.  POOOTOTEXHHYECKUX  CHCTEM  Hauboiee
IIpu HCCIIEIOBAHUU pa3aMuYHBIX ~ OTBETCTBEHHOM M TPYAOEMKOH (pyTHHOM)
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paboToit ABJIAETCS COCTaBJICHUE  IPOTEKAHUS XUMHMUYECKUX DPEAKLMM, a TaKke
MaTeMaTU4eCKOW  MOJAENIH, T.€.  BBIBOA  JJIA IIOJy4EHUS] MaTeMaTH4YecKON MoJenu
yYpaBHEHHUH, ONUCHIBAIOIIMX  MEPEXOJHbIE  POOOTOTEXHHMYECKUX CHCTEM C TOMOIIBIO
nporeccel. OT  TOYHOCTHM  cocTaBlieHuWs  ypaBHeHu# Jlarpamxa Il pona.
MaT€MaTH4EeCKOM  MOJEIN  HUCCIENLYEMOIO Hosusna. Ilaker npencrasisier coOoit
mpolecca HamnpsMyl 3aBUCUT KayeCcTBO  COBOKYIHOCTb MOJIYJEH, Kbl U3 KOTOPBIX
KOHEYHBIX  IOJY4aeMbIX  IPAKTUYECKMX  €CTh HAOOp TUIIOB JAaHHBIX, MEPEMEHHBIX U
pexkoMeHIanui (pe3ynbTaToB HccienoBanus) — ¢yHkumid.  Pa3genenme  Bcero  Habopa
[1-6].  TIlosromy  pa3paboTka  CHCTEM  pCaIM30BaHHBIX (YHKIMH Ha HECKOJIBKO
AHATTMTUYECKUX BBIYUCIICHUI (CAB), wmopyneit JUKTYETCs ux

MO3BOJISIFOIIMX aBTOMAaTU3UPOBATh IpOILIECC
COCTaBJICHUSI MOJEJIEH, SBJISAETCS AKTYaJbHOU
3agaueii [7-8].

CAB 1o3BOJSIIOT MOJYy4aTh pelIeHus
3aJlad B CHMBOJIbHOM BHJE, aBTOMAaTHYECKU
MIPOM3BOJIA BCE TPYJOEMKHE OIEpaluu Haj
anreOpandecKuMu o0beKkTaMu
(BBIpaXKEHUSAMH, MaTpHULaMU, pagaMu):
BBIYMCIICHUS, T[OJCTAHOBKH,  YIPOLIEHUE,
muddepeHurpoBaHie, UHTErpupoBaHue. B
OTJIMYUE OT METOJOB YHCIEHHOIO PELICHMS
3ajad, Takol croco0 sBJSETCS MPSMBIM, a HE
3aMEHSeT OJHY MaTeMaTHuYeCKyl0 MOJENb

IpyroW, JaeT TOYHbIE pELIEHUs, a He
NpUOIMKEHHbIE, YTO MO3BOJISET IOIy4aTh
MPUHIUITHATIBEHO HOBBIE pe3yabTaThl.
[Ipumenenne 9BM obecrieunBacT
0€30IMO0YHOCTh MU OBICTPOTY TOJIYYCHHS
pE3yNbTaTOB, HACTPauBaEMOCTh u
pacmupsieMocts cucrem [9-11].

OmHuM U3 BaXHBIX  AaCIIEKTOB

INPpUMCHCHUA AaBTOMATU3HUPOBAHHBIX CHUCTCM
HAaYYHBIX I/ICCJIC,HOBaHI/Iﬁ ABJIAKOTCA CHCTEMBI
AHAJIUTHYCCKUX (CI/IMBOJ'IBHBIX) BBI‘IHCHCHHﬁ,
KOTOPbIC ABTOMATU3UPYIOT npeo6pa303aHHﬂ
aJIFe6paI/IquKI/IX Bpra)KeHPIfIZ OT YIPOIICHUA

BhIpOKEHUH 10 AuddepeHIupoBaHus U
MHTETPUPOBAHUSI. Uccnenosatens
MPAaKTUYeCKH  J1r000i MaTeMaTH4ECKOU
MOJENN  KaXKJIOJHEBHO  CTaJKUBAaeTCs €
TaKUMHU olepanusMu. Cucremsl
KOMITBIOTEPHOU anreOpbl cHa0XaroTCs
CIEMAIBHBIM IIPOLIECCOPOM JUISt

BBITIOJTHEHUSI AHAIMTHYECKUX (CHMBOJIBHBIX)
BBIUHCIICHUH. Ero OCHOBOM $BIIAE€TCSA SAPO,
XpaHsIiee BCIO COBOKYIMHOCTh (opMmyn u
(OpMyIBHBIX TIPEOOpa3OBaHUN, C MOMOIIBIO
KOTOpPBIX  MPOU3BOJATCA  AHAJUTHUYECKHUE
BbIuncienus [12-15].

IlocranoBka 3amaun. CAB Moxer
MPUMEHATHCS. TPU BBIBEACHUU YpaBHEHUH

208

B3aHMMO3aBUCHMOCTBIO U JIOTUYECKOU CBSI3BIO
BBITIOJIHACMBIX HUMHU onepaunﬁ Hag ACPEBOM
BBIpaXeHUs. TakuM 00pa3oM, MakeT COCTOUT
u3 9 wmoxaynei: S_Init, S_Misc, S_Scaner,
S Tree, S_Sort, Intrface, S_Matrix, SAV.

Monyns S_Init

MOJIYJ'H) HCIIOJIB3YCTCA BCEMU
OCTaJIbHBIMH, TaK KakK OIMpCACIIACT BCC
KOHCTaHTbl, MHOXECCTBA, THIIBI JAJaHHBIX U
rjio0ajgbpHBIE NEPEMECHHBIC:

° KOHCTaHTa MAaKCHMAaJIbLHOTO
BCIICCTBCHHOI'O 4YHCJIa, YHCJIa BCTPOCHHBIX
(GYHKIIUNA, MAaKCUMAJIBHOTO YHCJIa CHMBOJIOB B
uaeHTUdUKaTope, quciia pa3In4IHBIX
IEPEMECHHEIX, qucia HO,I[O6HI)IX YJICHOB,
KOJIMYCCTBA ACCATUYHBIX 3HAKOB ITPH BBIBO/JIC,

. MHOXECTBa  OYKB, uudp,
HpO6CJ’IBHBIX CHMBOJIOB, AU THUBHBIX u
MYJIbTUIINIMKATUBHBIX, I/IH(bI/IKCHBIX
OIIEpPaTOpPOB, CHMBOJIOB HJCHTU(HUKATOpA U
BBIPAXCHUA,

KOHCTAHTbI Ha3BaHUU
CHUMBOJIOB OIIEpaTOPOB, 3HAKOB Pa3IMYHBIX
CKOOOK, 3HaKOB, HCIIOJIb3YEMbIX CKaHEPOM
(moamporpaMmoii  JIEKCHYECKOTO — aHalln3a),
I[BETOB.
[ ]
JepeBa;
[ ]
BEPIINHY;
[ ]

TUNl  BEpIIMHA  OWHAPHOTO

TUN yKa3aTenab (ajapec) Ha
THUI 3HAYEHMsI TUIIA BEPILUHBI;
TUT (U yKa3aTellb Ha 9TOT THI)
HOCJIeI0BaTEIbHOCTH qucen npu
JIEKCUYECKOM pa300pe BhIpaKEHHUS;

o MaccuB HepEMEHHBIX,
coJiepXaluii  Bce TMEpEeMEeHHble C  HX
3HAUEHUSMU (BBIPAKECHUSIMU);

. UHUIHATU3aLUs TaOIMILIBI
UMEH 25 BCTPOEHHBIX (DYHKIHIA: aOCOMIOTHOE
3HaYeHHUE, TPUTOHOMETPUUYECKHE (YHKIUH,
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BO3BE/ICHUE B KBaJpar, aorapudm,
AKCMOHEHTA, 3HaKOBast (PyHKIMS, paKTOpUal.

Moayne S_Misc

Bce BcmomorarenbHble  (YHKIMH,
UCTIOJIb3yeMbIe NPaKTUYECKH BCEMH
OCTaJIbHBIMH poIeIypaMu
MaHUITYJIMPOBAHUS MIOMEIICHBI
31€Ch!

JIePEBOM

° HOBOM

CO3/jaHKe
YKa3aHHOT'O THUIIa;

J Hax0XJEHWE KoJa 10 HMEHHU
YKa3aHHOM (yHKIINH;

J HaxX0XJEHWEe HMEHH (YyHKIHH
10 YKa3aHHOMY KOJ1y;

° HAXOXJEHUE KOJIa IEPEMEHHOM
10 ri00abHOM Ta0NHIle NEPEMEHHBIX;

BEPLINHBI

) eyarhb COOO0IIIEHN 00
onuoKe;

° CO3/IaHME HOBOW BEpIIMHBI-
OTICpAITUH 110 YKa3aHHOMY THITY OTIepaIlvH;

o CO3/IaHME HOBOW BEpIIMHBI-
Yuclia C YKa3aHHBIM 3HaYCHHUEM;

. pa3MelieHne HOBOM
MEPEeMEHHON ¢ yKa3aHHbBIM HMEHEM B
ria00aasHOM Ta0HUIIE;

. MPOTYCK MPOOEITLHBIX
CHUMBOJIOB B YKa3aHHOM (paiie.

Monynb S_Scaner

Bxutrouaer Be yacTu ckaHepa:

o JICKCUYECKHIA aHaIn3
ykazaHHO# cTtpoku (Scan) ¢ daarom

MOCTPOCHUS TAOMUIBI MIEPEMEHHBIX U YHUCEIL,
BCTPEUEHHBIX B BBIPAXCHUH U YyKa3aTelsiMU
Ha Hayajga JTUX Talnuil (pealru30BaHHBIX B
BUJIE CIIHICKOB), BO3BpaIaer
3aKOJIMPOBAHHYIO CTPOKY-00pa3 BBIPAKECHUS
Y 3aroJIHEHHbIC TAaONUIIBI IS JajbHEHIIero
IIOCTPOEHHUS IEPEBA;

J CHUHTAaKCUYECKUN
CTpOKH-00pa3za u
COOTBETCTBYIOLLETO JEPEBA.

Monynbs S_Tree

IIpenocrasiser OCHOBHbIE (PYHKIIMU:

o KOITUPOBaHUE JepeBa
BbIpaKeHUs B ykasaHHylo BepumuHy (Copy
Tree);

aHaJIn3
MMOCTPOCHUC

° CKOOOK
BBIPaXKCHUH;

packpeITHe B

MOAU(PHUIMPOBAHUE JepeBa JUIs
JNAIbHEHIIEro €ro YrnpouleHUs C MOMOIIbIO

209

MPOLEAYPHl TPUBEICHUS TMOJOOHBIX WICHOB
(Modify Tree);

o MOJICTAHOBKA TMOBBIPAXKEHUS B
YKa3aHHOE€ BBIPAXKEHUE;

. muddepeHInpoBaHue
YKa3aHHOM NIEPEMEHHOM.

. IIpoLEaypa pacneyaTku JepeBa
BbhIpaXeHUs. JJi1 MPOCTOTHI MEPEKITIOYCHUS
MEXy pa3HbIMH BapuaHTaMU pacrevyaTKy dTa
npouenypa (Print Tree) He cama BBITIOJHSAET
Omepaluio, a B CBOI OYEpelb BBI3BIBACT
HeoOXxoaumMyr  QyHkuioo. MakcumanbHas
JUTMHA TOoJydyaeMod cTpoku - 64 KO wim
65535 cuMBOJIOB.

Monynb S_Sort

[IpuBenenne TOMOOHBIX UJIECHOB |
OKOHYATEJIbHOE  YIPOIIECHHWE  BBIPAKEHUS
peann3oBaHo B JaHHOM Mojayne. Ilponeaypa
Reduce Be3BIBacT mamee mporeaypy Sort,
KOTOpasi MPUBOJIUT BCE YJICHBI BBIPAKEHUS B
KaHOHUYECKHI BHJ, MPHUBOIUT MOJOOHBIE
YJIEHBI U COPTUPYET HX.

Monayns IntrFace

Urpaer poib MPOMEXYTOUHOTO CJOA
MEXIy BHYTPEHHMMH MpoLEaypamMH sjpa
CUCTEMBl M  BO3MOXKHBIMH  MOJIYJISIMU
pacllupeHusi WO  MPOrpaMMHPYIOIIUM
M0JIb30BaTEeM, KOTOpbIE MOTYT HE 3HAaTh
neTaneil BHYTpEeHHEH peaan3aluyd OCHOBHBIX
QITOPUTMOB M THUIIOB JAHHBIX, U TEM HE
MEHEE YCIIEUIHO pEellaTh CBOU MPUKIATHBIC
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3a1a4M. H3menenue (Hampumep,
ONITUMU3AIIHSI) OCHOBHBIX AJITOPUTMOB, TAKHM
obpazom, He mTOTpedyeT U3MEHEHUU B

MOJAYNSAX-PACHIMPEHUSX WIM  MPHUKIATHBIX
nakeTax MoJib30BaTelsl.

Mouayne S_Matri

SABnsiercs pacuMpeHreM
CHUCTEMBHI, KOTOpOE MPEAOCTABIISIET
BO3MOXHOCTh ~ pabOTBl ¢  MaTpullaMu
MIPOU3BOJIBLHOTO pa3Mepa, MacCUBaMU MaTpUIL
pazmepHocty 2 u 3. Peamuzyer wu
NpPEJOCTaBIAET  MPOLEAYPbl  CIOXKEHUS,
BBIUUTAHUS, YMHOXEHHS MaTpHIL,
HAXO0XJICHUE CJe/la MAaTPUIIbI, KOMTUPOBAHUS U
0oOHyNeHUsI.

MeToasbl HCCJIe0OBAHUA.
WuTtepnperatop npenHazHaveH g Haubosee
OBICTPOTO  TIONMYYEHHS PpE3YNbTaTOB, T.K.
MPOU3BOIUT yKa3aHHBIC JeUCTBUS

spa
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HETIOCPEICTBCHHO nocie CUHTHIBAHUS SetNode(Expr) - BO3BpaIacT
KOMaH/bl — MPUCBOCHHUE, TOJCTAaHOBKA. J[s1  yKaszarenb Ha JIepeBO  COOTBETCTBYIOIIEE
€ro MCIOJIb30BAaHUS JJOCTATOYHO MMPOCMOTPETh  JTAHHOMY BBIPAXKEHUIO;
CHHTAaKCUC HECKOJIbKMX KOMaHa M Ccpazy Printlt(X) — Bo3Bpamaer CTpoOKy-
HA4aTh pabory, BBOJA uX  OTOoOpaKeHHE 3HAYECHUS IIEPEMEHHOM X;
MOCJICIOBATEIILHOCTD ¢ 9KpaHa. [lpu sxenanun Difflt(dx, d, E, dEX) -
aBTOMAaTU3UPOBATh u/umm coxpanuTh  auddepeHpoBanne BelpakeHus E 1o
BXOJIHBIE KOMaHBI TIOJIb30BaTeNIb CO3MaeT  mepeMeHHoi dx d pa3 u 3ammch pesynapTara B
TEKCTOBBII daiin, cogepxamuii  nepemeHnyto dEX;
MOCJICIOBATEIbHOCTh ~ ONEPATOPOB  SI3bIKA Substlt(Var, List, Result) -
WHTEpIpETaTopa. PesynbTar MOXXET  TIOJICTAHOBKA TIIEPEMEHHBIX, YKa3aHHBIX B
BBIBOJUTHCA KaKk Ha »JKpaH, TaKk W B  chomcke List B mepeMeHHyr0 Var W 3ammch
yKa3aHHBIN (ai. pe3ynbTaTa B iepeMeHHyo Result;
Pe3yabTaThl HCCJICNOBAHUS. JoinTrees(T1, Sign, T2) — Bo3BpaiaeT
bubanoreynsie GyHKIMH. I[Ipy  nepeBo  BBIpaXEHUs, COCTABICHHOTO W3
WCTIONIb30BAaHUM  OUOIMOTEUHBIX  (PYHKITUH omepanmoB T1 wu T2, coeauHEHHBIX
HATPSMYIO TOJB30BaTENh MOJyYaeT HAMHOTO  MH(HKCHOMN oTieparnmen: CIIO’KEHHUE,
OosbIe BO3MOKHOCTEH " JUIE  BBIYMTAHUE, YMHO)XEHHE, TeTIeHNE,
MaHUITYJIUPOBAaHUS BBIPQKEHUSMH, W JUISI  BO3BEICHHUE B CTEIICHD,

ITOCTPOCHHUsI 3aBEPIICHHBIX NPWJIOKEHUN. B
TakOM  Cllyda€ OH COCTaBJIIET  CBOIO
IIPOrpaMMy Ha SI3bIKE€ PEAIU3ALUUA CHCTEMBI.
[TosBastOTCSA Cnenyromue BO3MOKHOCTH:

J YIIpaBJICHHUE
MIOCJIEOBATEIBLHOCTHIO BBIYHCIICHUI C
IIOMOIIBIO OIIEPATOPOB YIPAaBJICHMS: LUKIIBI,
BBIOOD, YCIIOBUE;

o n30MpaTeNIbHOE  MPUMEHEHHE
OMOIMOTEYHBIX (YHKITUH;
o BBEJICHHE  MOANPOIEAYp U

GbyHKINIH;

o WCIIOJIb30BAHNE HMTEPALUH IS
MOJICIIMPOBAHUS OINEPATOPOB CYMMHUPOBAHUS
Y YMHOKEHUSI,

. WCIIOJIb30BaHUE MIOJTHOTO
HaOopa CpejiCTB TOCTPOCHHS HHTEpdeiica u
BBOJIa/BBIBOJIA SI3bIKA PEATTH3AIIHNH;

o KOMIIHJISITUS HOBBIX
MO ITPOTPaMM TSt JIOCTHOKEHUS
MaKCUMAaJIbHOW CKOPOCTHU MCIIOJTHEHHUS;

o pa3nuuHbli  (opMaT BBIBOJA
YHCIIOBBIX 3HAUYCHUI.

[IpenocraBieHsl
IPOLEAYPHI:

Setlt(x, E) — mpucBoenue nepeMeHHOM
X MPOU3BOJILHOTO BhIpaxkeHus E;

SetTo(X, n) MIPUCBOCHHE

HepeMeHHOﬁ X YHUCJIOBOI'O 3HAYCHUA 1N,

CIIEAYIOIIUE
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FuncTree(Fname, T) — Bo3Bpariaer
JIEPEBO BBIPAKCHUS-YKa3aHHOW (QYHKIIMUA OT
aprymenTa T;

Openlt(E) — packpbiTHe CKOOOK B
BbIpakeHuu E.

Moayiab paboThl ¢ MaTpUIIAMHU

Moayns S Matrix npeaocTaBisieT
crnenyromie QyHKIMHA HaJl MATPULIAMH:

NewMXx(A, m, n) — co3maHue HOBOM
MaTpHilbl A pa3mMepa m X n;

CopyMx(A) — BO3BpaIaeT ykasaTeib
Ha KOTIMIO MAaTPHUIIBI A;

ReadMx(F, A) — cunThIBacT 3JIEMEHTHI
MaTpullbl A U3 ykazanHoro ¢aiina F;

PrintMx(A) — neuaraer marpuily A B
yKa3aHHBIHN (aili;

ZeroMx(A) — obHysieT MaTpHily A;

AddMx(A, B) — BosBpamiaer cymmy
Marpuil A u B;

SubMx(A, B) — Bo3BpaliiaeT pasHOCTh
Matpull A u B;

MultMx(A, B)
npousBecHNe MaTpHIl A u B;

MultBy(S, A) — Bo3BpaIaeT MaTpHILy
A, TOMHOXEHHYIO Ha CKaJIsIp S;

BO3BpamacT

SetEl(A, 1, J, E) — mnpucauBaer
anementy All, j] 3Hauenue E;

DiffMx(dv, A) —  Bo3sBpaimaer
npoaupPepeHIPOBAHHYI0 O TEPEeMEHHON
dv matpuny A;

TranspMx(A) — BO3BpAIIAET

TPAHCIIOHUPOBAHHYIO MATPULLy A;
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DisposeMx(A) — 0CBOOOXK1aeT VYpaBuenue Jlarpamxka Il poma mis
[aMsTh, 3aHATYIO MaTpUIeh A; OMUCaHMs JUHAMHUKU JIBHKCHUS N-3BEHHOTO
Track(A) — Bo3Bpamaer ciel ~ MaHMIYIATOpA 3aMUCHIBACTCS B MAaTPUYHON
MaTpHUIBI A. dopme:

HOJIV“IGHI/IG VDaBHeHHfI JUHAMHUKHU
Jlarpanmxa |l pona

i n

Zztr(uiniUiTk)qk + tr(UiniVi-lk-l)qkql _ZmiGUi}-Ri =Q;, j=Ln,

n
i=j k=1 i=j k=1 I=1 i= (1)

rie
cos(Q) —sin(Q)cos(e;)  sin(Q)sin(e;) & cos(Q)
_|sin(Q)  cos(Q)cos(er)  —cos(Q)sin( ) asin(Q,)
A= 0 sin( &) cos(e;) s,
0 0 0 1
MaTpuiia Mepexoja OT  CHUCTEMBbI OO0Ocy:xnenne pe3yabTaToB. Tenepb
KoopuHaT 3seHa i-1 k i, OJIy4eHHe 3Ha4YeHHi 0006meHHbIX et Q; B
CHUMBOJILHOM BUJIC CBOJTUTCS K
J J Xy Jy,  MiX; WCITOJI30BAaHNIO OMOMMOTEUHBIX (PYHKIIUH U
J J J m: X: 0QOpPMIICHHIO  BCEH  IOCIIEAOBATEILHOCTH
H; = yX Yy yz 1 TIOCTPOEHHUS BBIPAXKEHHS B BUJIE NPOLELYPEL.
I dy  dz MX; [IpocToTa peanusanuu JOCTHTHYTa TEM, YTO
mx my, mz m, BCE JICTAlM peanu3anuu (pacro3HaBaHUE

BBIPAKEHUS, YINPOILIEHUE U T.A.) CKPBITHI U
HeoOs3aTeNbHbl JJISl MOJB30BATENs, a TaKXKe

Martpuua, XdpaKTCPpHU3YyIOIas  tey, 9yro pa3 HaNKWCaHHAs MpoIeaypa
MHEpLUIO 3BeHa |, Xi»Yi»Z; — T1eHTp ABTOMATHYECKH  pacumupsier  OuOIMOTEeKy
«(pyHKUIHMOHANBHOCTEI» CHCTEeMBI M  HE
HYXKJAeTcsi B OTJaJKe, TaK Kak HaIpsMYIO

TAXKCCTU, mi — Macca 3BCHa, J xx — JICMCHTBI

TEH30pa UHEPLUH OTHOCHUTEIIBHO
. . peanu3yeT MaTeMaTHuecKyo ¢opmyiy. boiee
COOCTBEHHBIX OCeif 3BeHa I, 9
TOTO, Oynyuu CKOMIIMIMPOBAHHOM,
du, IpOLEAYypa BBIIOJHAETCA Ha TaKOM IKe
— 1 v
i = dq (3)  MakcuManbHOM CKOPOCTH, Kak H OCHOBHBIE
! (GYHKIIUY sIIpa CUCTEMBI.

]-|- BeiBoabl. IIporpamMma mnoisydeHus u
G :[O 0 -9 Of, me g - pellicHUsI ypaBHEHHH IWHAMHKA POOGOTOB B
YCKOpEHHUE CBOOOJHOTO MaICHHUS. CHUMBOJIbHOM BHJE yI0OHA A7 MEXaHUKOB.
[Tonb3oBarens 3a1aeT TOJBKO T€ MapaMeTpHl,
Ti=A-A.. A KOTOPBIE OH CUMTAeT  OIpPEHCIICHHBIMU,
OCTaJIbHbIE - cucreMa 3aMeHsIeT
Ri = [Xi Vi Z 1]T , rre nepeMeHHbiMU.  Jlaslee B MOJIYYEHHBIX
. YPaBHEHHUAX U PELIECHUU IOJIb30BATENb MOKET

Xi,Yi,Zj — UEHTp TAKECTH B COOCTBEHHOM
MOJICTaBJIATh KOHKPETHBIE 3HAYEHUS
CHCTEMC KOOpAMHAT. 000OIIEHHBIX KOOPIMHAT U Jp. MapaMeTpoB

TS BBIUHUCIIEHUS 0000IIEHHBIX CHIIL.

211



KasKKA Xa6apuibicel Ne 2 (113), 2020 ISSN 1609-1817 The Bulletin of KazATC

BectHuk KasATK Ne 2 (113), 2020 www.kazatk.kz 2020, Vol. 113, No. 2
Beruucnsrores BCE IIpOMEXyTouHble  HccaepoBaHuid Ha 2018-2020 roxel mo
MaTpHUILlbl, YypPaBHEHUS SHEPTUHN U T.1. IPOEKTY AP05131027 «Pa3zpaboTka

PaboTta BBIMOJNIHEHA 32 CUET CPEACTB  OMOMETPHUYECKMX METOJOB U CPEJCTB 3AIIUTHI
IPAaHTOBOTO  ()MHAHCHUPOBAHHWS  HAYYHBIX  HHPOpPMALUN.
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POBOTEXHUKAJIBIK )KYWUEJIEP JMHAMUKACBIHbIH TEHIEYJIEPIH
IIBIFAPY YIIIH AHAJIMTUKAJBIK ECENITEYJIEP )KYHUECIH KOJJIAHY
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Anparna. by KyMpIcTa aHAIMTHKAJIBIK €cenTeyliep Kyheci KapacThIpbUIFaH, OHBIH KOMETiMeH
Ci3 opTYpsi pOOOTTHIK KYHelepaiH MaTeMaTUKaJblK MOJEIbACPiH aBTOMATTAHABIPBUIFAH PEKUM/IE ana
anachi3. Op TYpil POOOTTHI KYHEIEep 3EePTTENIIN, TAIChIPMaHBIH ©3CKTUIIr KOpCeTUIreH. XUMUSIIBIK
peakuusuiap KypCHIHBIH TEHJIEYJIEpiH allyFa aHaJIUTUKAJBIK ecelTey IKYHelepiHiH KOJIJaHBUTYEI
kepceriired. Exinmi  tunteri Jlarpamk  TeHZACYJNEepiH  KOJIJAAHATBIH  POOOTTBIK IKYHEIEPHIiH
MaTeMaTHKaIbIK MOJEN KYpbUIAbl. Makanajia KOChIMIIANAp KYpYy Ke3iHJe aHaJUTHUKAIBIK €CenTey
XKYHenepiHiH KiTanxaHabIK QYHKIUSIIAPE! KOJJaHBUIIBL.

Tyiiin ce3mep: aHANMMTHKANBIK ecenTeyiep, POOOTTHIK JKyienep, TeHueyiep, poOOTTapAbIH
JTMHAMHUKACHI.
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DETERMINATION OF MATHEMATICAL MODELS OF TECHNOLOGICAL PROCESSES
BY EXPERIMENTAL MEANS

Abzhanova Laulasyn, PhD (Eng.), associate Professor, Almaty University of energy and
communications.G. Daukeeva, Almaty, Kazakhstan; laulasyn@mail.ru

Bazil Gulmira, PhD (Eng.), associate Professor, Almaty University of energy and
communications.G. Daukeeva, Almaty, Kazakhstan;

Kalabayeva Aidana, assistant teacher, Kazakh Academy of transport and communications after
named M.Tynyshpaev, Almaty, Kazakhstan; a.kalabaeva@Ilist.ru

Abstract. The article considers the process of constructing a mathematical model based on
experimental data. The gas path of a hot-water boiler is proposed as a control object. A mathematical
model was built for the process of heating water with flue gases. The Matlab package is used as a tool for
building a mathematical model.

There are a number of approaches to solving the problem of identification of self-propelled guns.
When identifying self-propelled guns, model assessments, as a rule, are formed on the basis of theoretical
and experimental studies. Experimental identification methods do not exclude the use of a priori
information on the physical properties of the processes under study, since the experimental and theoretical
ways of determining the dynamic characteristics of an object are interconnected.

In this article, the data of the boiler were used as an example. The main purpose of this object is
to heat the working fluid, i.e. water, for further use in heating and water supply.

The hot water boiler consists of an air-gas path, a fuel and a water path.

Keywords: mathematical model, identification, hot water boiler, functional diagram,
experimental data.

JI. AG:kanoBal, I'. Bazwin!, A. KanaGaeBa?
'AnmaTuncKnit yauBepcuTer sHepreTuky u cBssu um.I.Jlaykeesa,
2Kazaxckast akaieMust TpaHCIOpTa U KOMMYHUKanui umenu M. ToiHbimnaesa, r.Anmarsl, Kazaxcran

ONPEJIEJIEHUE MATEMATHYECKHUX MOJIEJIEM TEXHOJOTMYECKHX
IMPOLHECCOB 3KCIITEPUMEHTAJIBHBIM ITYTEM

AHHOTanms. B craThe paccMOTpeH HpoLEecC MOCTPOCHUS MAaTeMaTH4eCKOW MOJIENTH IO
IKCIIEPUMEHTAILHBIM JIaHHBIM. B KauecTBe 00beKTa yIpaBJiCHUS MpeIIaraeTcs ra3oBbli TPAKT
BOJIOTpEHOTO KOTJa. Maremarudeckass MoJellb Oblla MOCpPOEHA JUIs Mpollecca HarpeBaHUsI
BOJBI TOTOYHBIMH TazaMH. HCTpYMEHTOM sl TOCTPOCHHSI MaTeMaTUYeCKOW MOJEeNN
npuMmeneH naketr Matlab.
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