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HagBeneno matemaTu4Hy MoJe/Ib Kackaay: oqHo¢a3HUI JBONIBNEPiOAHUI BUNPAMIAY 3
ABOMA BEHTWJISIMM — MOTOP MOCTiHHOIO CTPyMy 3 HapajieibHUM 30yI:KeHHSIM, a TaKOK
3aNMpoNoOHOBAHO METO/I AHAI3Y MepeXiTHHUX Ta YCTaJeHUX PeKNUMIB HOro podorTu.

Kuirouosi ciioBa: onHodasumii ABoniBNepiogHMii BUIPSAMIIAY, MOTOP NOCTIHHOIO CTPyMY 3
napajeJbHUM 30yI:KeHHsIM, TlepeXiiHi mpouecy, ycTajieHi mpouecH, 10AaTKOBI JIOriuHi 3MiHHi.

Mathematical model of the system: the single-phase bisemiperiodic rectifier with two
valves - motor of direct-current with parallel excitation is resulted and method for transient
and steady-state analysis of it operational modes is suggested.

Key words: single-phase bisemiperiodic rectifier, motor of direct-current with parallel
excitation, transient operational modes, steady-state operational modes, additional logic variables.

Beryn

MoTopH MOCTIHHOTO CTPYyMY IIHPOKO 3aCTOCOBYIOTHCSI B PISHOMaHITHHX Tally3sX HMPOMHUCIOBOCTI,
TOMY TIpo0JieMa KepyBaHHS IIBHIKICTIO 00€pTaHHS iX POTOPIB € aKTyaJbHOIO. 3aJICKHO BiJ] CIIONyYCHHS
00MOTOK MOTOpA, iX TOAUISIOTH HA MOTOPH 3 HE3aJIEKHUM, MapajeIbHUM Ta MOCIiIOBHIM 30y IKEHHIMH.
Po3risiHemo cucteMy KepyBaHHS MOTOPOM IIOCTIHHOTO CTpyMy 3 MapajelbHUM 30y/DKEHHSIM, KOJIU Ta
cama MOoCTiliHa Hampyra napajenbHO KUBUTH OOMOTKY 30y/KeHHs 1 sikip. OZHUM 3 METOJIB KepyBaHHS
MIBUIKICTIO 00€pTaHHS SKOPIB MOTOPIB IMOCTIHHOTO CTPYMY € 3MiHa HANPYTH >KUBJICHHS SKIPHOTO Koja i
00MOTKHM 30yMKeHHsI ofHOYacHO. /i1 1bOro MOKHa BHKOPHCTATH MEPETBOPIOBAY 3MiHHOI HAlpyTrd Ha
MOCTiiHY, a came ogHO(a3HUI TBOIIBICPIOAHUMN BUIIPSIMIISY, IO MICTHTH JBa KEPOBaHI BEHTHIII (THpPHC-
TopH). Tofi, 3MIHIOIOUH KYT 3alajiioBaHHs THPUCTOPIB, MOXKHA BIJIMBATH HA PiBEHb BUXIAHOI HANPYTH, i,
BiJIIIOBiTHO, HA MIBUJKICTh O0EPTaHHS SKOPS MOTOpA IMOCTIHOTO CTPYMY 3 TapaieIbHUM 30y IKESHHSIM.

MaremaTtnyHe MOJETIOBaHHS TaKOi CHCTEMH IIOB’si3aHe 3 MEBHUMH TPYIHOLIAMH, SIKi 3yMOBIIECHI
HENiHIMHUMHU XapaKTepUCTHKaMU 11 eneMeHTiB. Lle XapakTepucTHKy HaMarHedeHHs ocepap TpaHcdopma-
TOpa, BOJbTAMIEPHI XapakTCPUCTUKH HAMIBIPOBITHUKOBUX BEHTWJIIB Ta MAarHeTHI XapaKTEPHCTHKH
MoOTOpa HocTiiHOro crpyMy. Came BpaxyBaHHS LMX THIIIB HEJNiHIHHOCTEH POOMTH 3a7adyy MaTeMaTHYHOTO
MO/IEITIOBAHHSI JIOBOJII CKIIQ/THOIO.

3amponoHOBaHO MaTeMaTHYHY MOJENb KacKaxy: oAHO(a3HUH ABOMIBIEPIOAHUI BUNPIMIISLY — MO-
TOp TOCTIMHOTO CTPYyMy 3 MapajielbHUM 30y/KEeHHSIM, B SKid poOOTa THUPHUCTOPIB 3MOJENbOBaHa 3a
CXEMOI0 1IealTbHOTO KIII0Ya, a PO3PaxyHOK YCTaJleHUX PEXKUMIB POOOTH CUCTEMH 3A1MCHIOETHCS EKCTPAIIo-
JSIIHHUM €-aJITOPUTMOM.

AHani3 myOJikanii
Juis gocnimpKeHHs JMHAMIKK poOOTH CHCTEMH KepyBaHHS MOTOPOM MOCTIHHOTO CTpyMy 3 TIapalielib-
HUM 30YyKEHHAM OOMEXHMMOCHh METOJaMM aHali3y HETIHIMHUX eJeKTpOMarHeTHHX Kin. B poOGori [1]
HABEJCHO METOIWKY pO3PaxXyHKY IEpexXiTHUX TPOIECiB 3 BHUKOPHCTAHHSIM pPO3PUBHUX (YHKIN s
THIMHUX EJIEKTPUYHUX KiJl, IO 3HAYHO 3BY>KYy€ 00JacThb ii 3acTocyBaHHs. Bukopucranns andepeHiinoro
TaPMOHIYHOTO METOIY JUIS YHCIIOBOTO PO3PaxyHKY IEPEXiTHUX IPOIECIB Y HENIHIMHUX EICKTPUIHUX



KOJNax BHKJIaneHO y poOoti [2]. Lle mamo 3mMory icTOTHO 3MEHIIMTH KiJIbKICTh KPOKiB iHTErpyBaHHS i,
BIMOBITHO, 30UTBIINTH AOBXHHY KpoKy. B [3] 3ampormoHOBaHO METOAWMKY aHaJli3y MEPeXiTHuX 1 ycraie-
HUX PEXHUMIB POOOTH 01HO(]A3HOTO JBOIIBIEPIOTHOTO BUMIPSMIIAYA 3 TBOMA BEHTUIISIMU, SIKA IPYHTYETHCS
Ha HESBHHX METOJaX YMCIOBOTO IHTETpYBaHHS. AHali3 AWHAMIKH POOOTH CHCTEM KEpyBaHHS MOTOPOM
MOCTIHHOTO CTPYMY 3 BUKOPHCTAHHSM SIBHHX METO/IIB YHCIIOBOTO iHTEIPYBaHHS HaBeJIeHO B poOoTax [4, 5].

Po3rnsiHeMo MeToan po3paxyHKy yCTaleHHX mporeciB. OIHUM 3 TaKUX METOJIB € METOZ Majoro
mapamerpa [6], IpOT€ OCHOBHMUM MOTO HENONIKOM € IoraHa 300KHICTB. s Kia 3MIHHOI CTPYKTypH
HalYacTille BUKOPUCTOBYIOTH JIBa METOIM: MOJIENTb Yy TIIMBOCTEH /IO MOYaTKOBUX YMOB [7] Ta eKCTparnos-
uiiiHui g-anroputM [8, 9], mepesaroro SKOro € KBaapaTHudHa 301KHICTh iTepaliiiHOro mpouecy i Te, o BiH
HE 3JIEKUTH BiJl MPUPOJN CHCTEMHU Ju(epeHIialbHIX PiBHAHB. J{J1s aHAmi3y AMHAMIKK poOOTH JOCIHif-
JKYBaHOI CHCTEMH KEPYBaHHsI CKOPHCTAEMOCS MiIX0A0M, BUKJIaJleHUM Yy poborax [4, 5].

PiBHsiHHS TUHAMIKH 0THO(A3HOTO IBOMIBIEPiOAHOr0 BUNPSIMJISIYA 3 TBOMA BEHTHISIMHA

PosriissHeMo piBHSHHS JUHAMIKH OJHO()A3HOIO ABOIIBIEPIOJHOIO BUIIPSAMIIAYA, MO0 MICTUTh JBa
kepoBani Bentuii ([, />) i C-dinbtp (puc. 1). 3a ojHiei MoasApHOCTI BUXIJHOT HANPYTH BiIKPHBAETHCS
BEHTWIb /[|, a 32 NPOTHJICKHOI — BEHTWIb /. SIKIIO Ile KepOBaHI BEHTWUJI, TO HEOOXIiIHOI YMOBOIO
JIOJTATKOBO TIOBMHHA OYTH HAsBHICTh CUTHANY, SKHH JIa€ JTO3BLT HA BiJKPUBAHHS BEHTWIsA. Takuil cUTHAI
(hOpMY€ETHCSI OKPEMOIO CXEMOK0 KEpPYBaHHS 1 Ja€e
MOJJIUBICTb ~ PEryJIlOBaTH BHUXIAHY Hampyry
A, Bunpsmisda. OTxe, y mik cxemi MOXIHUBI Tpu

KoMOiHamii BiJKPUTHX 1 3aKpUTHX BeHTUIiB: 1) /]
i Cucmema — BIAKpUTHH, /[, — 3aKpUTUH; 2) []; — 3aKpUTHHA, /]
e Kepysanns — Bigkpuraid; 3) /[y, /[, — 3aKpwuTi.

u, — > BuBonsum piBHSHHA TUHAMIKH, ApaMETPH
icE | NEPBUHHOT CTOPOHH TpaHC(OpMaTOpa BBaKATH-

C . .
i MEMO TPHUBEICHUMH 3a KIUIBKICTIO BHTKIB 0
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Puc. 1. [Ipunyunosa cxema xackaoy
080Ni6NePioOHUT GUNPAMIAY — MOMOD
HOCMIIHO20 CIMPYMY
3 nApanenrbHUM 30Y0HCeHHAM

BTOPHHHOI, a poOOTY HamiBIPOBIAHUKOBUX BEH-
THIIIB TIOJAMO 3a CXEMOIO 11€aILHOr0 KIH0Ya.

Jns moOynoBu MaTeMaTWYHOI MO
0HO(A3HOTO JBOIIBIEPIOAHOTO BHIIPSAMIIAYA 3
JIBOMa BEHTUJISIMU CIOYATKy HEOOXiTHO 3’sCyBa-
TH MOJIMBY KUTBKiCTh KOMOIHAIlil BITKPUTHX 1
3aKpUTHUX BEHTHIB. J[JIs1 KOXKHOT 3 HUX 3amucaTu
CBOIO cHCTeMy anre0po-nudepeHmiaJbHuX piB-
HSIHb. BUAIMNTH B HUX CHUIBHI PUCH 1 32 JTOTIOMO-
ol JOJATKOBUX JIOTIYHMX 3MIHHHX 3aIlHCaTH
OJIHY y3arajbHCHY CHCTEMY PiBHSHb.

3anumieMo y3arajabHEHI pIBHSHHS TUHAMI-
ku. JIJ19 boro BBEAEMO JTOJATKOBI JIOTIYHI 3MIHHI
ky, k,, mo HaGyBaroTh 3HaueHHs 0, 1. [Ipuuomy

0 BimmoBimae 3aKPUTOMY CTaHy BEHTHWISA, a 1 —
BIIKPUTOMY.

ay _ 4 + , 1
g &t e 8n (D
a ka kya "
ne g; ZXla & = 1A21 > 8n =~ ZAZZ » A=a +o+kay +ko,.

HeBaxxko moOauuTu, 110, MiACTaBUBIIM 3Ha4YeHHs k| = 1, k, =0, oTpuMaeMo piBHSHHS MEpIIOl

xoMOiHauii, migcrapuBmu k; =0, k, =1 — piBHsAHHA Apyroi komOiHauii, k; =0, k, =0 piBHAHHA TpPeThOI

KOMOiHAaIii.



V3aranbHeHi BUpa3u IJisl CTpyMiB OyIyTh TAKHUMHU:

—=a,—+a +a , 2
o A 137 (2)
—=a,,—+a , 3
1 217 2 3)
—===ay——+a , 4
R T R 4)
pe ay=oy(1-g1), ap=-018y, a3=—18xn, dy=—kay g,
ap =koy (1-81), a3 =kyopngy, a3z =kyay(1+gy).
Y3aranpHeHe piBHSIHHS KOHJICHCATOPA TaKe:
dl/lc —1/(. . . .
ch (121—'—122_1&_1]\)’ (5)
Pipastans (1), (3), (4), (5) 3anumemMo OTHUM MaTPUYHAM BUPa30M
X
—=BZ(1), 6
7 (1) (6)
ne X =y, by, by ue) ;
. . . . . . . T
Z(t):(ul_rlllf —Uc Ty, TUCe T2l 121+122_la_lf) ’ (7
& 81 8
M=lay a 0| ®)
a3 0 a3

OTtpumaHi piBHSHHS HEOOXIJHO JTOTIOBHUTH YMOBaMH 3aKpHBaHHS 1 BiIKPUBAaHHS BEHTWJIIB. SIKIIO

BEHTWJIb /[, BIIKPUTHH, TOAI NEPEBIPSIEMO YMOBY HOT0O 3aKpHUBaHHS

. di
=0, —2<0. Q)
dt
SIKIIO0 BOHA BHKOHYETBCS, NMPUCBOIOEMO k; =0. 3a Binkputoro BeHTwis /[, nepeBipseMO yMOBY HOro
3aKpUBaHHA
. di
i, =0, —22<0, (10)

a 'y pasi Il BUKOHaHHS IPUCBOIOEMO k, =0.

SIKo BeHTHAb /J[; 3aKpUTHH, TOAI HEPEBIPSIEMO YMOBY HOro BiIKpHBaHHS
dy
Uy =————up >0 (11)
ol C ’
dt
a SIKIO0 BOHA BHKOHY€EThCS, IpUCBOOEMO k; =1. Konu 3akputuil BenTUns /J,, nepeBipseMo yMOBY HOTro
BiJIKpUBaHHS
dy
Uyy =—— —up- >0 (12)
02 c-Ys
dt
a 'y pasi ii BAKOHaHHs IIPHUCBOIOEMO k, =1.

PiBHSIHHA TUHAMIKH CHCTEeMH KepyBaHHS
Juis 3amucy piBHSIHB OTUHAMIKW yciei cucteMu Opakye nuQepeHIialbHUX PiBHSHbB, 10 OMUCYIOTh
muHaMiky po6otn MIIC 3 mapanenpHHM 30yKeHHAM. Taki piBHSHHS BiOMi, TOMYy IOJaMo ix 0e3
JOJATKOBUX MaTeMaTHYHUX BuBeneHb. CIIOYaTKy 3alMIIEMO PiBHSAHHA enekTpoMaraerHoro crany MIIC B
HOPMaJIbHOMY BUIJIAIL



di, diy
EzSaua+Tauf+Ea, ?:]}ua‘f—sjfuf‘FEf, (13)

Ea = Sa(Lafrflf /Lﬁf —cax® — Au _raia), Sf = (1 _LfaTa)/Lﬂ‘ .

ne L, — cymapHa IHIYKTUBHICTH IOCIIZOBHOTO KoJa sIKOPsi; L, — IHIYKTUBHICTE OOMOTKH 30y UKCHHS;
L, Ly, — B3a€MHI iHIYKTUBHOCTI KOJIa SIKOPS 1 KoJia 30y/UKCHHS; 7,, Iy — aKTHBHI OIOPH KOJIA SIKOPSL 1
KoJia 30Y/DKCHHSI; @ — KyTOBa IIBHIKICTh obepTaHHs skops MIIC; ® — marHeTHHil TOTIK MOTOpa; ¢ —
KOHCTpyKTHBHA cTana sikopst MIIC; Au — maniHHA HanpyTH B IIITKOBOMY KOHTaKTi. Y pa3i mapaieiabHOro
30yIKEHHS CIIiJ NPUMHATH U, = Up=uc.

YV CKOMIICHCOBaHHUX MOTOpax BpaxyBaHHS HACHUYCHHA MarHeTOHPOBi,Z[HI/IKa MO>XHa BHKOHATH
HaOIMIKEHO 3a KpPHUBOK HaMarHCYCHHs

Y HeHacHYEHOMY MOTOPI
®=kiy, Ly =const. (15)
BpaxyBanHs HacHYCHHS Yy HECKOMIICHCOBAHHX MOTOpaXxX IIOB’S3aHO 3 MOOYOBOIO PO3PaXyHKOBOL
CXEMH MAarHeTONPOBIIHAKA SK KOJIA 3 PO3MOJUICHUMH IapaMeTpaMu, OCKUIBKH TyT @ =P(i,, i,).

BuxpoBi CTpyMH B KOHCTPYKTHBHUX €JIEMEHTaX MOXKHA BPaxyBaTH JIMIIE 32 HAOIMKEHOI METOIMKOIO.

st cTtpororo po3B’si3yBaHHA 3a/adi 3 YpaXyBaHHSM IPOCTOPOBOTO PO3IMOAUTY (i3MYHUX 3MIHHHX CTaHY

HEOOXiTHO BUKOPHUCTATH PIBHSHHS KBa3iCTAIIOHAPHOTO €JIEKTPOMATrHETHOTO TIOJIS B YaCTKOBUX TTOX1THHX.
PiBHSHHS pyXy 3aIUIIEMO 3TiTHO 3 piBHIHHAM J[amamOepa

d
j?z@@%—MbﬂJ, (16)
ne J — MOMEHT iHepuii poropa MoTopa; M, — MOMEHT OIOpY.

Tenep orpumani audepeHianbHI PiBHIHHSA HEOOXiTHO 00 €IHATH B €JMHY CHUCTEMY, BpaxyBaBIIH
B3a€MHUH BIUIMB 3MIHHHX CTaHy. /IS 1bOro HEOOXIiAHO AOJaTh PIBHSHHS KOHJEHCATOpa HAa BUXOJI
Bunpsvisida. OcCKinbkH OOMOTKHM sIKOpss 1 30y/DKEHHsT MOTopa Mia’eqHaHi Oe3mocepesiHbo 110
KOHJICHCATOPHOTO (GiIbTPa, TO B PIBHSHHSX CTaHy MOTOPa (13) HEOOXIAHO NPUHHSTH U, =U s = U .

Pisastans (7), (13), (16) yTBOPIOIOTH IOBHY CHCTEMY PIBHSHB TOCIIKYBAHOI CHCTEMH.
Pe3yabTaTH KOMII'OTEPHOI0 CUMYJIHOBAHHS
Ha puc. 2-4 HaBeneHo pe3yibTaTH KOMII'IOTEPHOIO CHMYJIOBAaHHA AMHAMIKHM POOOTH CHUCTEMH

TUPUCTOPHOTO KEPyBaHHA MOTOPOM IIOCTIHHOTO CTpyMy 3 NapajenbHuM 30ymkeHHsIM (puc. 1).
Po3paxyHKH MpOBOAMINCS 32 TAKUX MTapaMeTpiB:

— Tpanchopmatopa: 1 = 1.62 OM, 75 =7y, =1.58 Om, C =3 M®, oy =50 TH', ay; =y, = 100 TH';
— motopa: J =0.2 H'm¢’/pan, 7, =3.32 Om, ry =173 0Om, L, =Ly =0.03 MI'n, L, =4.67 mI'H,
Ly, =110.8TH, ¢=70.8 H'M/(A'B0), M =4 Hm.

KpuBa HamarnedeHHsI MarHeTHOTO ocep/is TpaHcopMaTopa anpoKCUMOBaHa BUPA30M

ay, lw|> w1,
o) =1S3(w), v <|w|<w,, (17)
QY —ay, |l//|>l//z

3 BUOOPOM PO3paxyHKOBOI (JOPMyJIH, 110 HE BPaXOBYeE SIBUIIA ricrepesucy, ae a; = 0.2 u’; a, =10 u’;
a,=6.8 A; v, =03 B6; v, =09 B0; ¢o(y)=0.06 A; o(y,)= 22 A; S;(y) — kyOiuHMil CrIaiiH.

3ayBaxkumo, mo a"(y))=a;, a"(y,)=a,.
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Puc. 2. Kpusi pozeony momopa nocmiino2o cmpymy

OJ15 PI3HUX 3HAYCHb KYMIE 3aNaANI06AHHS
mupucmopis: 1 — 0°,2— 20°, 3— 40°,
4—60°,5-80°,6-100°,7— 120°

2 3 4 5 6 7 8 9
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0

2
LA DL I DL LA LA B N
0 20 40 60 80 100 120 140 160

Puc. 3. 3anesxcnicmo ycmanenux 3nauens
KYymo8oi ueuoKocmi 06epmanis aKops Momopa
HOCMIIHO20 CMPYMY 6i0 KYma 3anaiio8amHs
mupucmopis

Ha puc. 2 HaBenmeHo po3paxyHKOBI KPHBI IMEPEXiMHOTO IPOIECY MIBUIKOCTI OOCPTaHHS SIKOPS
MOTOpa MOCTIHHOTO CTPyMYy 3 HapalieIbHUM 30y/DKEHHSIM JUIs PI3HUX KYTIB 3alailOBaHHS THPHCTOPIB.
Kpuga 1 Bimnosigae kyty 0°, kpuBa 2 — 20°, kpuBa 3 — 40°, kpuBa 4 — 60°, kpuBa 5 — 80° , kpuBa 6 — 100°,

kpuBa 7 — 120°. Ilpu kyti 140° moTop 3ynuHs-
etees. lle o3Havae, mo pymriHWA MOMEHT MOTOpa
MCHINMUH, HIK MOMEHT omopy. Bci 3amexHocTi
eKCIIOHEHITIabHI, a 9ac MePeXiAHOTO MPOIIeCy 3poc-
Tae 31 30IBIIICHHAM KyTa 3arajloBaHHS.

Ha puc. 3 HaBe#eHO 3aJeXHICTh yCTaJICHHUX
3HAYeHb HIBUIKOCTI OOEpPTaHHS SKOPsS MOTOpa Bij
KyTa 3alallOBaHHS THPUCTOPIB BUMpsmisida. [Ipu
kyTax Big 20° mo 100° ms 3anexHICTh € OJIM3BKOIO
JIO0 JIiHIHHOI, TOMy camMe B IIbOMY fiama3oHi Oyme
e()eKTHBHE KEpyBaHHS IIBUIKICTIO 00EPTaHHS SIKOPS
MoTOpa. be3yMOBHO, IO I XapaKTePUCTHKA 3Mi-
HUTHCS Y pasi 3MiHE MOMEHTY OTIOPY MOTODA.

BukoHaHO TakOX MOCIHIHKEHHS 4YacOBUX 3a-
JIEKHOCTEW MBUAKOCTI 00EPTaHHS SIKOPS MOTOpa Y
pasi 3MiHU KyTa 3allaiOBaHHS TUPHCTOPIB (puc. 4).
Kpusa 1 BigmoBimae pexxumy, KOIH MOTOp HaOpaB
HOMIHAJFHUX OOEpTIB, a KyT 3allalfOBaHHS THPHC-
topiB 0°, a moTiM Te#t KyT JiHIAHO 3pocTtae Big 0°
mo 140° srigao 3 Bupazom ¢=50f. ToOTO KyT
3pocTae Ha 1° 3a OJMH MEpioJl HAPYTH >KUBJICHHS
Bunpssmuistya. TyT MIBUAKICTE MOTOPA IIABHO MAJla€
BiJl HOMIHAJBHOTO 3HAa4YeHHS J0 Hyus 3a 4.2 c.
KpuBa 2 BigmoBimae pexumy, KOJIH MOTOp OyB

®, pao/c
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Puc. 4. Hacosi 3anescnocmi wieuokocmi obepmants
AKOPSI MOMOPA NOCMIUHO20 CIMPYMY Npu 3MIHI Kyma
3anano6aHHs MUpUCMopie

6i0 0° oo 140°



BUMKHEHUH 1 Mic/si HOro BMUKAHHS KYT TUIABHO MMOYHMHAE 3POCTATH 3a TAKOIO XK 3aliexkHicTio. [IBuakicTh
MOTOpa MOYMHAE 3pOCTaTH 3a ManuxX KyTiB. [loTiM mocsrae makcumyMmy nipu KyTi 48° B 4acoBiil TouIli =
~0.95 c. Y pasi mogaipmoro 3poCcTaHHsd KyTa IMIBHAKICTh MOTOpA ILIABHO MAjac i MICasA 2 ¢ MPaKTHIHO
3JIMBAETHCS 3 KPUBOIO 1.

BucHoBok

Po3pobneno Ta AOCHIIKEHO MaTeMaTH4YHYy MOJENb CHUCTeMH KEpPYBaHHS IIBHIKICTIO OOepTaHHA
poTopa MOTOpa MOCTIHHOTO CTPYMY 3 MapalIebHUM 30Y/KeHHsM. J[J1s1 )KUBJIEHHS MOTOpPa BHKOPHCTAHO
onHO(a3HUI ABOMIBIEPIOTHUI BUMIPSIMIIAY 3 ABOMA BEHTHJISIMH, A€ BUXiIHA Halpyra KePYeThCS KyTOM
3anaitoBaHHs THPUCTOPIB. POOOTa THPHCTOPIB MOJETIOETHCS 33 CXEMOIO 11€alIbHOTO KITF04a, 1[0 CIIPOIIYE
QITOPUTM PO3PAaXYHKY 0€3 BTpaTH TOYHOCTI. AHai3 MEPEXiJHUX MPOIECIB 3IHCHIOBABCS SIBHUMH METO-
JAMH YHCJIOBOTO iHTerpyBaHHs. [l po3paxyHKy YCTaJCHUX PEXKHMIB CUCTEMH KepyBaHHsS BUKOPUCTAHO
EKCTPATOJIAMIMHINA €-aTOPUTM, KUK € TMPOCTIIIAM B aITOPUTMIYHOMY aCIIeKTi BiJ] MOJENI YyTINBOCTEH
JI0 TI0YATKOBHUX YMOB, OCKIJIBKH He TOTpeOye 00UMClieHHs MaTpULi MOHOApoMii. Pe3ynbrati komm 1oTep-
HOT CHMyIALIi TMOKA3aIH, IO HA JUISHIN KyTa 3amamroBaHHs Tupucrtopis Bix 20° mo 100° mexamiuma
XapakTepUCTUKa MOTOpa OJIM3bKa 10 JIIHIHHOT.
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