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Abstract. The basic idea of the use of electric and magnetic fields for the active magnetic suspension exist for
many years. It may be noted that the development of instrument making and mechanical engineering major progress
of the active magnetic suspension.

As a model of active magnetic suspension can be considered a device that allows you to stabilize the steel ball
in a magnetic suspension. This device is part of a complete magnetic bearing.

The purpose of management is the task of stabilizing the object in a certain position. Such an object can be a
steel ball or a certain shaft assembly. It may also be considered the problem of tracking certain command signal that
sets the desired position of an object in a magnetic suspension as a known function of time. The substantiation of the
traditional mathematical model of single-axis active magnetic suspension.

The article have been developed and investigated nonlinear control algorithms for active magnetic suspension
in solving the problem of stabilization given command signal. The analyses of non-linear model of the control object.

A procedure for the synthesis of the control loop on the basis of linerizatsi feedback. The stability of the
selected control algorithms. A comparative analysis of the three management methods, as well as an analysis of the
robustness of the developed algorithms based on computer simulation.
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AHHOTaHI/Iﬂ. OcHoBHAA HACA UCTIOJB30BAHUC SJICKTPHICCKUX U MATHUTHBIX MOJICH JJI1 QAKTHBHOT'O MATHHTHOTO
noaBeca CymCCTBYET B TCUCHHC MHOTHX T'OJOB. MosxHo OTMCTHUT, YUTO PA3BUTHUC l'IpI/I60p0CTp06HI/I}I H MAIIuHO-
CTPOCHHA OCHOBHOH IMPOTPECC PA3BUTHA AKTHBHOIO MATHUTHOTO MOABECA.

B kauecTBe MOJENM aKTHBHOTO MAarHHTHOTO ITOJBECA MOKHO PACCMOTPETh YCTPOMCTBO, KOTOPOE TMO3BOJLIET
CTa0WIM3MPOBATh CTAJbHOW INAPHK B MATrHHTHOM TIojBece. JIaHHOE YCTPOHCTBO SIBISICTCSI YAaCTBIO ITOJHOTO
MATHHUTHOI'O IIOAIITHITHHKA.

Lenpto ympaBieHHA SBIICTCA 3a7ada CTaOWIM3aOMHM HEKOTO OOBCKTA B 33JAHHOM IOJOXKCHHH. TakuM
00BCKTOM MOKST OBITH CTATHHOW IMAPHK HITH BAJI HCKOTO arperara. Taxke MOsKeT OBITh PACCMOTPCHA 3a7a4a CIICHKS-
HUS 32 HCKMM KOMAHJHBIM CHTHAJIOM, KOTOPBIH 337a€T TpeOyeMoe MO0 KEHHE IIPEIMETA B MATHUTHOM IIOJIBECE, KaK
HW3BECTHYIO (yHKIMI0O BpeMmeHH. JlaeTtcs 0OOCHOBAHHE TPATMIHOHHOM MATEMATHYCCKOH MOJACIH OJHOOCHOTO
AKTHBHOI'O MATHUTHOI'O IIOABECA.

B crathe ObLH Pa3paboOTaHBI M WCCICIOBAHBI ANTOPUTMBI HEIMHCHHOTO YIPABICHUS AKTHBHBIM MATHHUTHBIM
TOJBECOM TIPH PEINCHUH 33/1a4M CTAOMIM3AUNH 33JaHHOTO KOMAHIHOTO CHTHANA. [IpoBeAcH aHAIM3 HEIMHEHHOH
MOJICITH OOBEKTA YIPABICHUSL.




Becmnux HayuonanvHoii akademuu Hayk Pecnybnuxu Kasaxcman

PazpaboTana mpoueaypa CHHTE3a KOHTYPa YIPABICHHA Ha OCHOBE METOJA JMHEAPH3ALMU OOPATHOH CBA3BIO.
JlokazaHa yCTOWYMBOCTD BBHIOPAHHBIX ANTOPHTMOB YIIPaBJICHUS. [IpOBEACH CPaBHHTEIIBHBIH AHAIN3 TPEX METOIOB
VIpaBICHHA, a TAKKE IPOBEIACH aHAIU3 POOACTHOCTH Pa3pabOTaHHBIX AJTOPHTMOB HA OCHOBE KOMIIBIOTEPHOIO
MOJCTHPOBAHHA.

Beenenne. AKTUBHBIH MAarHUTHBIH HOALIMITHUK — 3TO VIPAaBISIEMOE B3ICKTPOMATHUTHOE VCTPOU-
CTBO, KOTOPOC MONACPIKHMBACT BBIPAINAIOINYIOCS YacTh MAalIWHBL (POTOpP) B 3aXaHHOM MO3HLHH
OTHOCHTCJIFHO HETIOABHIKHOM yacTH (CTaTopa).

B xauectBe MOmEIM aKTUBHOTO MAarHHUTHOTO ITOJBECA MOJKHO PAaCCMOTPETH YCTPOHCTBO, KOTOPOE
MO3BOJACT CTAOWUIM3UPOBATh CTANBHOW INAPUK B MArHUTHOM moxasece. JlaHHOEe ycTpoOHCTBO fABIACTCA
YaCTHIO ITOJIHOTO MarHUTHOTO noxmunHuKa [ 1]. ITpuaimmn neficTeus nokasaH Ha PUCYHKE:
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TTpyHIin geficTBHUS aKTUBHOTO MATHUTHOTO TI0/IBECa

Jndg mapuka B MATHUTHOM TIOABECE B [2] momydcHA MOICTR BHUAA:
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2C

L(xl) = L1 +—.
X1
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1. 3agaya crafunu3zanuy WAPHKA B MArHHTHOM mnoaBece. [IyvcTe TpeOyeTtcs cTaOumizuposatb
LIAPUK B MOJOKCHUH X ;4. Toraa Touka paBHoBecus cuctemsl (1) Oyaet (x;4, 0, Xx3,), Tae

— [gm
X34 = /T X1d-

IMpuseaem cucremy (1) k HopmanpHoi dopwme [3]. st storo BBeaeM HOBBIC (PAa30BBIC KOOPAUHATEHI:
Z1 =X~ X4
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3aM€TI/IM, UTO Z3 — YCKOPCHUC NCPCMCIICHUA IHAapUKa. B HOBBIX KOoOpAWHaTax CUCTCMaA NMPUMCT BUA!
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72y =12
2, = Zg (3)
Z3 = f1(x) + g1(u
Tac
2C 2C  \x,x2 R «x2
i) =20 (1 _L(xl)x1> 2 L) aZ
2C x5
9:1(x) = _—L(xl)mg

Hns yopasiaeHust 00beKTOM (3) MOXKHO HCIO/Ib30BATh METO/ IMHCAPU3ALIUH 00PATHOM CBSI3bIO [3].
J1st 3TOr0 BO3BMEM VITPABICHHE B BU/C!

1

w=—= (=) +V), @
rac V HOBOC VIIPABICHHC.
IMoacrasasiem (4) B (3), mony4aem:
Zl = Zz
22 = Z3 (5)
23 = V

Takum 00pa3oM, MbI HOJIYYHIN JHHCHHYKO CHCTEMY, /IS KOTOPOH HY>KHO OMPEACIHUTH YIpPaBic-
uue V. Beipaxkenus (4) MOXKHO NMPUMEHSTh K CUCTEME (3) MOCKONBKY TOK X3 B BhIpaKCHUH 1t gq(X)
HUKOTJa HC PAaBCH HYJK M BCErA MOJOXKHUTCICH. AHAIOTHYHO IS Xq - TO BCETAA MOJONKHTCIbHAS
BCJIMYMHA HE PaBHAS HYITIO.

2. CuHTe3 NUHEHHOro ajroputMa ynpasjeHusi. [IpeamnoaokuM, 4to HaM JOCTYICH IS H3ME-
peHust Bech (hazoBbii BEKTOP cucTemsbl (1) 1, COOTBETCTBEHHO, CHCTEMBI (3).

BozbpmeMm crieayromuii 3akoH ynpasiacaus V ais cucremst (2.5)

t
V=-MNMz3— A2 —A3zy — Ay fo z1 (D)dt (6)
Breaem HOBYIO HEPEMCHHY IO

t
Zo = f zq (D)dt
2]

Toraa cuctema (5), (6) MOKET OBITH IPEACTABICHA B BUJC!

Zyg =71
Zl = Zz (7)
Zy =273

Z3 = —Az3 — Az, — A3z — Ay2

Cucrema (7) Oyaer ycToiuuBoOH, eciu Oy ST yCTOHYHB MOJUHOM [3]:
p4 + /11p3 + /12292 + /13p + /14, = 0

BribopoM pacnpeneneHus KOpHEH 3TOro MOIHMHOMA MOXKHO OOCCICUHTDH JKENACMYIO JUHAMUKY
cuctemsl (5), (6).
3. CuHTe3 HenHHeHHOr0 3aKOHA ympaeJjeHHsi. BBeaeM cineayromyr KOMOWHALIMIO BBIXOAOB
cuctemsl (3)
S(x) = z3 + kyz,+k, 7 ®)
Hpyroe npeacrapicHuc:
Sx) =2 + kiz1+ky2q

Koadduumentr k; u k, Beibuparorcs, Tak, urodst k; > 0 u k, > 0.
OT1crona cneyeT, 4To MOJTHHOM
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p% + kyp + k, = 0 — ycToitausbiit
CaenaeM 3aMCHY NICPEMEHHOM Z3 Ha S B cucreme (5). Uz (8) MOkHO mOmy4duTh
Z3 =S —kiz, — kyz4 )
[Toncrasus (9) Bo BrOopoe ypaBHEHHA (5), MOTYIHM
Zy = —kqzy —kyzy + S (10)
[Mpoauddepenuuposas (8), moayuacm

S = 23 + k121+k221

Orcroga
23 =8 —kiz, —ky2; (11)
IMoxcrasmsst (10), (11) B (5), moxyuaem
Z1 =2
Zy = —kizy —kyz1 + S (12)

S‘ = k123 - kzZz + V
Bosemem ynpasaenue V B (2.12) B Buge
V =—kiz3 — kyz, — a sign(5), (13)

rae a > 0 — mapametp
Toraa cucrema (12) mpumer Bua
21 =2,
Zy=—kiz, —kyz; + S (14)
S =—asign(S)
[Iposepum ycroitunBocte cucteMbl (14). Tperse ypaBHeHme obecmeumBacT paBeHCTBO S = 0 3a
HEKOTOPOE KOHETHOE BpeMA L, , TOCKOIBKY TaM BOZHHKACT CKOMB3SAIIMN pexxuM [4, 5].
[lepBric aa ypasHeHus B (14) - 370 NMUHEHHAS cCUCTEMA ¢ BO3MYLICHUCM B BUIC S.
Jta TUHCHHAS CUCTeMA YCTOMUYNBA B cuity BeiOopa koddduiueHroB kq u k,. Orcroga ciaeayer, 4ro
npu S = 0, HaYuHAg C MOMCHTA BPEMEHH t,, Z1 U Z, OYAYT aCHMITOTHICCKH CTPEMUTHCS K HYITIO.
3akoH ympaeneHus (13) maeT paspeIBHON CHTHAN YIPABICHHSA, YTO HE BCETAA MPHEMICMO Ha
MPAKTUKE U NPUBOJUT HexKenaTeapHOMY 3¢Qidekty mox Ha3saHueM chattering (apebear) [3-5].
Jroro 3dpdekra MokHO H30EKATh, €CITK B3aTh ynpasieHus (13) B cneayromemM Buae [3]:
S
a |S|_+£ R

(15)

V = —k123 - kzZz -

rae € > 0 — 10CTaTOYHO MATBIH mapaMeTp.

S .
[MonoGHas ¢yHKUHA T5|ve HA3IBACTCS CHIMOMAHOM [3], mosTomy 3akoH vopasieHus (15) mbl manee

OyAeM Ha3bIBATh 3AKOHOM VIIPABJICHHUS ¢ CHTMOHIHON (YHKLIUCH.

PesyabTar wuccnegosanusa. /[lamee and  npoBepkH  paboOTOCHOCOOHOCTH — CHHTE3HPOBAHHBIX
anaroput™MoB Obi10 mposeacHO MmoaenupoBanne B cuctemMe MATLAB/SIMULINK. [Jlas atoro Bo3pMEM
HOMUHAIBHBIH pexkuM. B 3TOM pexnme cpaBHHMBaizack pabOTOCIOCOOHOCTH TPEX CHHTEC3HPOBAHHBIX
3aKOHOB VIIPABJICHUS B 33424€¢ CTAOMITH3ALNH.

[NapameTpsl 0OBeKTa YIIPABICHHS OBLIN CIICTYFOLUMH:

Ry=27.8 Om

Lo=0,65 H

C,=0,000141 N m* A”

my=0,01187 xr

2=9,81 m/c’

— §4 ——
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Hauaneneie yenaosus 1uis $a3oBbIX HEPEMEHHBIX:
%1(0)=0,015 m
x,(0)=0

x3(0)=x,(0)

TpebyemMoe monoeHue MapuKka B MArHATHOM MOJBECE:
X14 = 0,018 m
B pesynprate nmpoBeAcHHBIX pacueToOB OB BHIOpPAHBI CICAVIOMNE MAPaMETPhI A 3aKOHOB VIIPAaB-
JICHUSL
1. JInHeHHBIN 3aK0H yrpaBacHUsI(6)
A, =900 A; =950 000
A, =80000 A, = 3000000
JTH 3HAYCHHUS COOTBETCTBYIOT CICAVIOIINM KOPHAM XapaKTCPUCTHYCCKOTO YPABHEHHS CUCTEMBI (7)
-5,8623
-7.5151
- 84,9404
- 801,6822
2. 3aKoH yHpaBICHHS HA CKOJB3sIIeM peskume (13)
k; =150
k, =12500
A =1000
3. 3aKkoH ynpaBieHus ¢ CUrMouaHON dyHKimeH (15)
k, =150
k, =12500
A =1000
€ =10,005

*m
g 0 A
Co

0.0185.
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0016
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B)

a) I'padux M3MEHEHUSI TIOIOKEHMS ITIAPUKa B HOMUHAIBHOM PEKUME IIPH JIMHEHHOM 3aKOHE YIIpaBiIeHus (6)
6) ['paduk m3veHeHNS TOT0KeHIS ITTApUKa B HOMUHAILHOM PeskuMe TIPH 3aKOHE YIIPaBIeHs Ha CKOIB3sIeM pexume (13)
B) 'paduk n3MeHeHUs IIONOKEHHUS IIapyuKa B HOMUHAIBHOM PeXXUMe IIPH 3aKOHE YIIPABIICHHUS ¢ CUTMOMTHOH dyHKIme# (15)
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— 045
0.4

035

1
timefsec]

a)

[+

07

T
timefsec]

6)

1
timesec]

B)

a) I'padux M3MEHEHUSI TIOTOKEHMS ITIAPUKa B HOMUHATIBHOM PEKUME IIPH JIMHEHHOM 3aKOHE YIIpaBiIeHus (6)

6) I'paduk m3MeHEeHNS TOTOKEHISI TTIApUKa B HOMUHAILHOM peskuMe TIPH 3aKOHE YIIPaBIeHI Ha CKOIh3sIeM pexume (13)
B) 'padmk n3MeHeHUs IIOTOKEHUS IIapyuKa B HOMUHAIFHOM PeXXUME IIPH 3aKOHE YIIPABIICHHUS ¢ CUTMOM/THO GyHKIme# (15)
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15 30 20
[# —u
10

05 15 2 0 05 1 15 2

1
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a) 6) B)
a) Fpa(l)mc YIIPaBJIAIOIMIEr0 CUT'HaJIa B HOMHUHAIIBHOM PEXUME IIPU JIMHEIHOM 3aKOHE YIIpaBJICHUA (6)

6) I'paduk ympapisIoITiero curuana B HOMAHATHHOM PeXXUMe TIPH 3aKOHEe YIIPaBICHT Ha CKOMb3sIIeM peskrme (13)
B)'pad¥ik yIIpaBISIONIEro CUTHATAa B HOMUHATHFHOM PEKUME TIPU 3aKOHE YIIPABIICHUS ¢ CUTMOUAHOM (yHKImei (15)

1
timefsec]

BriBoabl. ANropyuT™M HOMUHATIBHBIA PEXKHM C THHCHHBIM 3aKOHOM VIIPABICHHS MOKA3al HEBBICOKOC
obicTpoacticTere. HennHelHBIC alropuT™MBl B HOMHHAITBHOM PEKUME IPHU 3aKOHE YIIPABICHUSA HA CKOITb-
3IIEM PEKUME U B HOMHHATIBHOM PEXKHUME TIPH 3aKOHE VIIPABICHH ¢ CUTMOMIHOHN (PyHKUMEH mokaszamu
BBICOKOC OBICTPOACHUCTBHC, HO AITOPUTM HOMHHATBHOM PEXKHME TPH 3aKOHE YIIPABICHUS HA CKOIb3SIIEM
peXKUME AACT CYIIECTBEHHO PA3PhIBHOC YIIPABICHUE.
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BEJCEHJAI MATHUTTI LIMECIHIH BACKAPY AJITOPUTIMIHIH
POBACTBLIBIK KACUTETEPIH 3EPTTEY
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Tipek ce3mep:OciceHi MATHUTTI 1IME, CBI3BIKTHI €MeC 0AacKapy, bUDKBIMAIbBI PEKUM, CHTMOHUJANBIK (yHK-
IUSL, CBI3BIKTHI OacKapy *KyHeci, anropurM, 6ackapy 00BEKTICL, TYPAaKTaHABIPY .
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AnHoTanmmsi. Makanazna OeJceHIl MAaTHUTTI 1IMEHIH CBHI3BIKTHI €MeC 0acKapy aixropuTMiHAc OepiireH KOMaH-
JAIBIK CHUTHAIZIA TYPAKTAHABIPY SMICTEPl 3epTTENl skoHE sKacambiHABL. CBI3BIKTHI eMec 0ackapy >KyHeci MoJerniHe
3epTTEY JKACAIBIHIBL.

ChI3BIKTHI Kepi OaiimaHbIC o7ici HEriziHAe Oackapy KOHTYP KYOBUIBICBIHA TANNAy >KacajbIHABL. TaHIATBIHBII
anplHFaH 0acKapy aJTOPWUTMICPIHIH TYPAKTBUIBIFBI JANCIACHAI. TaHAAIBIHBIN anbIHFAH 3 0ackapy omiCTepiHe
CaJNBICTHIPY JKYPTi3inmi, COHBIMCH KaTap TATAAHFAH AJITOPUTMICPAI KOJAAHBIN KOMIBIOTCPIIK MOJCITH HETi3iHAC
PpOOACTBUIBIK TANAY YKACATBIH/IBL.
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Abstract. Authors of the article submitted the analytical overview of the past and present state of the brown
bear population, in the Republic of Kazakhstan inhabiting. The purpose of this article is to analyze the literature data
on the research of the spread of brown bears, their areals and population abundance in Kazakhstan. Earlier, there
were significant areals of brown bears distribution in Kazakhstan. An analysis of the current situation showed a
decrease in both the geography of their distribution and abundance. Fixed total number of the brown bears in
Kazakhstan varies between from 500 to 1,000 bears as on the 70s XX™ century. The latest scientific publications by
the study of this type on the territory of Kazakhstan is for 80s XX™ century. At present research on the state of the
brown bear population is not conducted, and there is no new data on its ecology. Based on the data of analytical
review, the authors substantiate the actuality and novelty of the problem, and assume to undertake the necessary field
studies on population structure of the Tien Shan subspecies of brown bear, habituating in the mountains of the Tien
Shan Kazakh part.
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PACIHHPOCTPAHEHUE U YNCJIEHHOCTD HHOITYJISILINN
BYPOI'O MEJBE/IA B KABAXCTAHE: AHAJIMTUYECKNUN OB30P

C.C. KaHTapﬁaeBI, b. H. Mein6aesa’, A. A. FpaquZ, H. B. B0p0H03a3

! Kasaxckuii HALMOHAIBHBIN 116 AATOTHHCCKHUIA yHEBepcuTeT UM. Abag, Anmmarsl, Ka3axcran,
2I/IHCTI/ITyT 3oomorum KH MOH PK, Amvarel, Kanzaxcram,
’Kasaxckuii HAMOHATBHBIH YHUBEPCHTET MM, amb-Dapabu, Amvarsr, Kazaxcran

Kmouennie ciioBa; Oypsiif MeIBEAb, MOMY LM, apean, Kazaxcran.

AHHOTAIA, ABTOPBI CTATHH NMPCACTABHIN AHATHTHICCKUH 0030p MO MPOMIIOMY H COBPCMCHHOMY COCTOSHHEOQ
momyanun Oyporo Measems, oduraromero B PecnyOmmke Kasaxcran. Llenpro manuO# paOoTHI ABIACTCS AHATIHN3
JUTEPATYPHBIX JAHHBIX TI0 H3YUCHHIO PACIPOCTPAHCHHUS OyPBIX MCABCACH, HX apeasioB H YHCICHHOCTH TOITY JLALUH B




