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Hageneno cucremy JAB0O30HHOTO KepyBaHHsI (0e3peyKTOPHUM €eJeKTPONPHBOAOM Ha 0a3i
0araTono/IlOCHOI CHHXPOHHOI MamMHH 3 mnocTiiiamvu Marditamun (CMIIM) aist HU3BKO-
NiI0roBoro TpaMeao. Ocod/IMBICTIO CHCTEMH € 3aCTOCYBAHHSA TiOPUIHOTO CIIOCTepiraya KyroBo-
0 T0JIO’KEHHSI POTOPA, sIKUIi BIITBOPIOE 1€l KYT, a TAKOK KYTOBY IIBUAKICTH MAIIMHM 32 CUTHA-
JIAMH TPbOX JUCKpeTHHX AaBaviB Xo/uia. Y makeri MATLAB/Simulink ctBopeno komm’ ioTepHy
MoOJeJIb CHCTEMH Ta I0CJTIIZKeHO ii po0oTy B IIMPOKOMY Tiana30Hi peryJr0BaHHs IIBUAKOCTI.

Knrouosi cnoea. nuszvkonionozosuit mpameaii, 6e3pedykmopuuii enexkmponpueio, CMIIM,
2iOpuoHUIl cnocmepizay Kymoeozo NON0IHCEHHA pOMopd, 08030HHE KePYBAHH WEUOKICHIO.

The paper presents two-zone control system of gearless eectric drive based on a
multipolar synchronous motor with permanent magnets (PMSM) for low-floor tram. The
feature of the system is the use of hybrid observer of angular position of the rotor, which
displays this angle and the angular velocity of the machine using the signals of three discrete
Hall sensors. In the MATLAB/Simulink a computer model of the system was created and
resear ch its operation in a wide range of speed control.

Key words: low-floor tram, gearless electric drive, PMSM, hybrid observer of rotor angular
position, dual-zone speed control.

IMocTanoBka 3agaui

VY cydacHOMY CBIT1 JUIs IIBHJIKOI Ta 3pYyYHOI MOCAJKH Y BUCAJIKH MACAXKHUPIB MICHKHN TPaHCIIOPT
MPOEKTYIOTh Ta BHUIOTOBJISIOTH HU3BKOINUIOTOBUM. 3aCTOCYBaHHS 0E3pENyKTOPHOTO EIEKTPOIPUBOIY
(BEII) anst MichKOro €NeKTpOTPaHCHOPTY 30UIbIIye HOro HaJiMHICTD Ta 3MEHIIYE BapTiCTh, OCKLIBKH 3
CNIEKTPONPHUBOAY BUIY4alOTh MeXaHIuHWH pemykTop [1,2]. 3 pospaxyHkiB 3po3ymino, mo s BEIT
HU3BKOITIJJIOTOBOTO TPaMBald Ha OJJHOMY TATOBOMY Bi3Ky JOCTATHHO YOTHPHOX JBUTYHIB IOTYXKHICTIO
30 kBt koxen. OCHOBHUM 3aBJaHHSIM IPH I[bOMY OyJia HEOOX1IHICTh BKJIACTUCS B PO3MIPH PO3POOJIECHOr0
Bi3ka Ta rabaputu TpamBaro. Y CKb enektpomexaHiyHHX cucTeM HaiioHanbHOTO YHIBEpCHTETY
«JIbBIBChKA TMOJIITEXHIKA» JJIs TACOBOI'O EIEKTPONPHUBOLY HHU3BKOIIIJIOrOBOI0 TPaMBalO pPO3POOICHO
CTelialIbHUI IBUTYH — CHHXPOHHY MalmmHy 3 34 noctiinumu Marditamu (CMIIM) notyxHnictio 32 kBt
Ta HOMIHAJIBHOIO 4YacToTor0 oOepranHHs 260 00/xB. Taka CMIIM 3 BOASHMM OXOJIOJUKCHHSM Ta
MTOBEPXHEBO PO3MIIICHMMH Ha POTOPI MarHiTaMH Ma€ JOBOJIi BHCOKHH IMOKa3HUK MOMEHTY Ha OJMHMIIEO
Baru Ta 00’eMy. EnekTpoHHa komyrtailisi oOMOTOK sikopss CMIIM 3aificHIOBAaTMMEThCS 3a IOJI0XKCHHSIM
poropa, ske ¢ikcye maBau KyroBoro mnonokeHus poropa (IKIIP) [3]. 3acrocyBamns sk IKIIP
0araToTOYKOBOI'0 ONTUYHOTO €HKOJIepa 3abe3rneuye MPakTUYHO TJIaJKHHA MOMEHT Ha Bally IBUTYHA, ITPOTE
SHKOJIep 3aiiMa€e JJOAaTKOBE MICIIE, OCKITBKH KPIMHUTHCS HA OJHOMY By 3 EIEKTPUYHOI0 MAIIMHO0, 1 Ma€e
BHCOKY BapTicTh [4]. OCHOBHMMH ITPUYMHAMU HEMOXKJIMBOCTI 3aCTOCYBaHHS €HKOAEpA B €ICKTPONPUBOII
TpPaMBalo € XKOPCTKa OOMEXKEHICTh MPOCTOPY, HECIPUATIMBICT YMOB eKcIutyatallii (Bojia, mui, BiOparii
TOIIO), a TAKOX OCOOJIMBA KOHCTPYKIliS MOPOKHHUCTOTO Bajia BEIUKOro JiaMerpa (y HbOMY MOMIIIEHO
My(dTYy, 1110 3B’s13y€ ABUTYH 3 KojecoM) y iboMy BEIT. Tomy 3ampornoHOBaHO BUKOPUCTaHHS TPhOX JaBadiB
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Xora 31 CBOEI0 T0JATKOBO BMOHTOBAHOIO iH(OPMAaIifHOI MarHiTHOW cuctemoro. [pore, sk BimoMo, mpu
JMCKPETHIN KoMyTallii 0OMOTOK SIKOpSI BUHHKAIOTh IMyJIbCAllii eeKTPOMAarHiTHOro MOMeHTY, ki B BEIT
Oe3rocepeIHbO NepeIaloThCSl Ha Ball MEXaHI3MY, OCKUIBKH HEMA€E MPOMDKHUX MPYKHUX JIAHOK, SKI MOTIIH
Ou memndysaty I11i Mysbcalii. B elekTponpuBoi TpaMBaro 1i¢ MPUBOAUTHME JIO IIBUIKOrO 3HOIITYBAHHS
OannaxiB komic. Tomy icHye mpoOiemMa TIO€JHAHHS 3aBAaHHS (GOpMyBaHHS TJIAaIKOTO MOMEHTY Ta
KOMYTallii 0OMOTOK sTKOpsi 32 curHaiaMu auckperaux JKIIP.

AHAaJI3 0CTAHHIX TOCTiIKeHD

OnHuM 13 BHpilIeHb i€l MPOOJIEMHU € 3aCTOCYBaHHS KBa3iCHHYCOITHOTO MPHUHIMIY KEpyBaHHS
CMIIM 3 BuKOpHCTaHHSAM 6 nmaBauiB XoJula, SKUM po3poOiieHO Ha Kadenpi eIeKTPONpUBOLY Ta
KoMmIT toTepu3oBanux enekrpomexaHiuanx cucteM (EIIK) HamionaneHoro yHiBepcutery «JIbBiBChbKa
nojitexHika» [5,6]. OmHak mpoBeneHi JOCTIKEHHS MOKa3alid, 10 B CHUCTEMI MOJSAPHOTO KEepyBaHHS 3
KBa3ICHHYCOITHIM MPHHIMIIOM KomyTalii o0MoTok sikops CMIIM icHyloTh mpobiemMu peaizaii
PEKyIepaTHBHOTO TalIbMyBaHHSI, @ TAKOX HEOOXiJJHE 3aCTOCYBAHHS CIELIATBHOTO ECTUMATOPa MOMEHTY.

Bigomuit iHmwmiA cnociO, sIKMi MOJSrae B PO3paxyHKy MOTOYHOIO 3HAYEHHS KyTa TOJOXKEHHS 3a
MOTOYHUM 3HAYEHHSIM KYyTOBOi INBHAKOCTI Ta KOPEryBaHHS 3HAYCHHS IIbOTO KyTa 3a CHTHallaMH
muckpernux JIKIIP, Tak 3Banwmit ridopuanuii cnocrepirad (Hybrid Observer) [7]. AHaui3 mokasye, 1o ioro
3aCTOCYBaHHs € HaimnepcrnektuBHimM Uit BEIT 3 BenukuM MOMEHTOM iHEpINii, 1110 SIKpa3 BJIaCTUBO JJIS
ENIEKTPONIPUBOLY TPAMBAIO.

Mine crarTi
Meroro poboTH € po3poOICHHS Ta JTOCHTIPKEHHS CHCTEMH KEpyBaHHS TSATOBHM EIEKTPOIPHUBOJIOM
HU3BKOITIJJIOTOBOTO TPaMBaIO 3 BUKOPUCTAHHSM TiIOPHIHOTO CHOCTepiraya y pasi JBO30OHHOT'O KEepyBaHHS
KYTOBOI IIBUJIKOCT.

Buxian ocHOBHOTO MaTepianny
Tiopuonuit cnocmepizau
IopuanHuii crocrepiray, onucaHuii y il poOOTi, TPYHTYETbCsS Ha on-line po3B’s3yBaHHI TaKOTo
TPHUBIAJILHOTO MAaTPUYHOTO AU (epeHIIIaTbHOr0 PiBHIHHSA [7]:

d @Osqrh@_éo - er)émsqrhliJ
ar & U= ¢ e . U
dt smngy, (g SNr 0 ussInge (g
1€ By — KyT TONOKEHHSI pOTOpa B CJIEKTPHYHUX TPaaycax; Wy — KyToBa IIBHIKICTh POTOPA B €IEKTPUIHHX

rpamycax.
e nudepennianbHe piBHAHHS pa3oM 3 iH(GOpPMAI€0 Bil TPHOX AWCKPETHUX JaBadyiB XoJjia,

(1

posMimenux Ha cratopi CMIIM uepe3 60 eleKTpUYHHX TpajayciB, MOKIAJIIEHO B OCHOBY CTPYKTYpHOI
CXeMH TiOpHUIHOrO CIOoCTepirada, sKy IMoka3aHo Ha puc. 1. OCHOBHMMH 3aBIaHHSIMH TiOpHIHOIO
criocTepirada € BU3HAUYCHHS KyTOBOi IIBHJKOCTI Ta TOJNIOKEHHS POTOpa CUHXPOHHOI MamuHd. OfHIE0 3
BIZIMIHHOCTEH MK €HKOJIEPOM 1 TOpUIHHM cIiocTepirayeM € Te, o TiOpuIHM crocTepirady BU3HAYae He
KyT TIOBOPOTY POTOpa, a CHHYC 1 KOCHHYC I[LOTO KyTa. Y TaKuii croci0 BiOYBaeThCsl CIIPOINEHHS 3ajadi,
OCKUTBKH JJISI CHCTEMH BEKTOPHOTO KEpYBaHHS JIOCTATHHO 3HATH MOTOYHI 3HAYEHHS KOCHHYCA 1 CHHYca
KyTa TIOBOPOTY POTOpa B ENEKTPUYHUX Tpaycax.

KyroBa mBHAKICTh pOTOpPa BU3HAYATUMETHCS JUCKPETHO 33 TAKUM CITIBBIIHOLICHHSIM:

w, =2 )
Dt

ne AG = 60° en. — kyr MK po3mimieHHsM gaBadiB Xomwia; Al — gac moBopoTy poropa Mix CycCiaHiME
JTaBadyaMu XoJJIa.

broku (ikcoBaHMX 3HAauYCHBb COS Oy, Ta sin Oy, CTBOpeHO Ha minacTaBi puc. 2. MikcoBaHI 3HAYCHHS

¢yukuiii cunyca (£1/2, 1) ta kocunyca (* NG} / 2, 0), siKi BU3HAYECHO B MOMEHT 3MiHU CTaHy OYIb-KOTO

3 naBayiB XoJuia 3 JIOTIYHOTO HYIIS JIO JIOTTYHOT OJMHUIN YA HABIAKH, BHKOPUCTOBYIOTHCS JUIsl YCYHEHHS

82



086

|

wn

3Hauens ynKyii cosbm 3a
cuenanamu dasaie Xonna

Bcmanoenenns nouamxosux

brok
(ikcoBaHUX

3HAYEHb COS@rh

biok
00YKCIICHHS
MIBUIKOCTI

Cuenanu
oasauie Xouna
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BH3HAYEHHS CHHyca Ta KOCHHYyca KyTa TIOJNOKEHHS pOTOpa JBHIYHA TIepel] MOro 3amycKoM
BUKOPUCTOBYIOThCS TOYATKOBI 3HA4YCHHs LWX (YHKIIHA BigmOBiAHO (i\/g/Z, 0) Ta (£1/2, 1), sxi

BHM3HAUCHO SIK CEPEIHI 3HAYEHHS MDK CYCITHIMM KyTaMH 3MIiHHM CTaHy JaBaviB Xojuia (puc. 2).
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Puc. 1. Cmpyxmypua cxema 2ibpudnozo cnocmepieaia

Puc. 2. 3uauenns ¢pynxyiit Sin ma
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Cucrema xkepyBanHd taropuMm BEII TpamBato

Ha puc. 3 300pakeHO CTPYKTYpHY CXeMy CHUCTeMHU KepyBaHHsS TsAaroBuM BEIT HM3bKOMimIOroBOro
TpaMmBaio, MOOYJOBaHY 3a NPUHIMIIOM CHCTEMH miAmopsakoBanoro perymoBanus (CIIP) 3 nBoma
KOHTYypaMH PEryJIOBaHHS: 30BHIIIHIM 3a KyTOBOI IIBHJKOCTI, pealli3oBaHUM B 00EpTOBid 3 pPOTOpOM
cuctemi koopauHat dg, Ta BHYTPILIHIM 332 CTpyMaMH SIKOpSI, peasli30BaHUM B CHCTeMi (a3HUX KOOPIHMHAT
abc. OckilbKH 115 CHCTeMa KepyBaHHS PO3pOOIISETHCS IS €IEKTPOIPUBOLY HU3BKOIIITIOrOBOTO TPAMBA0,
TO JocTaTHbO BuKopucraTu [I-perymstop mBuakocti PII, Tomy 1o Bomiii TpamBaio 4acTo 3MiHIOE
3aBJIaHHS IIBHJIKOCTI, MATPUMYIOUH 11 Ha TOTPIOHOMY pPiBHI. ABTOMAaTHYHO PETYIIOBATH CTPYMHU SIKOPS
MPOTIOHYETHCSL 332 JIOMOMOTOI0 pelelHuX (TICTePEe3MCHUX) PEryyisiaTopiB CTpyMy, IO TOPIBHIOKOTH
obuucneni ¢asHi 3HAYCHHS CTPYMIB 3aBIaHHS 3 PEUTHbHUMH CTPYMaMH MalllHHH, SKi BHUMIPIOIOTh
BIJIOBi/IHI J]aBayi, 1 MEPEMHUKAIOTh TPAH3UCTOPH THBEPTOpA TaK, MOOM MOXHOKa PEerymoBaHHs nepedyBaia
y 3amaHoMy ricrepesucom kopuaopi. IleperBopenns xoopauHat 3 dq B ABC Ta HaBIAKH 3IIHCHIOETHCS 3a
MOTOYHHMH 3HAaYCHHSIMH CHUHYCa Ta KOCHHYca, CQOpMOBaHUMH TiOpHIHUM crocTepiradeM. CurHam
3BOPOTHOI'O 3B’s3KY 3a IIBHJKICTIO OPMY€E TIOPUAHMUN CIOCTEpIray 3a JUCKPETHUMHU CHTHAJIAMH JlaBaviB
Xomnma. Komyrariss oOMOTOK SIKOpsL JBUTYHA 3/IHCHIOETHCSI BEKTOPHUM KEPYBaHHSIM MOCTOBHM
TPaH3UCTOPHUM iHBEPTOPOM HAMPYTH, SIKMH OTPUMYE XHMBICHHS BiJl KOHTAKTHOI MEPEXi 3 TMOCTiHHOIO
Hampyroro 550 B.

550B
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Puc. 3. Cmpyxmypua cxema cucmemu xepygants mseosum BEIT nuzbkoniono2o6o2o mpamearo

Pobora CMIIM y npyriii 30HI KepyBaHHs IIBUIKICTIO 4Yepe3 OCIaOaCHHS MO 3IIHCHIOETHCS
3aBIKKA BBEIEHHIO CKIAm0BOI cTpymy mo oci d. CtpykrypHa cxema Gnoka (GopMyBaHHS 3aBIAaHHS Ha
npoekuii ctpymy sikopst g, /g 300paxena na puc. 4 [8]. TIpuHumn Aii 1poro GJI0Ka IOJIArae och y 4oMy.
SIKIIO MOSIBISIETBCS TOAATHA PI3HULS |qerr MDK 3HAYCHHAM CTPYMY I*, npornopiiitauM 1o 3amaHoro PIII
MOMEHTY JBHI'YHA, Ta BUMIPSIHUM 1 IEPETBOPEHUM [0 OCi ( 3HAYCHHAM CTpyMy sKops lq, TO hopmyeTbes
Bi’€MHE 3ajafoue 3HA4YEHHS CKIaJ0BOi CTpymMy mo oci d — Id*, ske (GopMye B3IOBXK IIi€l OCi
MAarHITOPYIIiiiHYy CHJy, CHpPSMOBAaHY MPOTH TOTOKY MOCTiHHMX MarHiTiB. Lls MarmitopymiiiHa cuia
samwkye EPC nBuryna, 1o mpvBOAMTH J0 30UTBIICHHS CTPYMY IO OCi (] 1 TUM caMuM 3a0e3leUYeHHS
3aJ]aHOTO EJIEKTPOMArHITHOO MOMEHTY JBUTYHA. [losiBa HEMOMEHTHOI CKJIaIOBOi CTpyMmy sKopsi Ig
HPU3BOUTE, OUYCBH/IHO, 10 3MEHIICHHSI OOMEXEHHS 32 MOMEHTO(OPMYIOUOI0 CKIIa0BOIO CTPpyMY lq — lg.im
3a 3aJaHOr0 YMOBaMH OXOJIO/KCHHsS JIBUTYHA MAaKCHMAaJbHOIO 3HAYCHHS CTPYMY SKOPS Imax. Lle
3YMOBIIIOE 3HMKCHHS 3HAYeHb eleKTpoMarHiTHoro momeHTy CMIIM 3i 30inbmieHHsM i1 KyTOBOi
IIBHJIKOCT.
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Puc. 4. Cmpyxkmypna cxema 610ka
popmysanns sasoanns na lq, Iy ( max)2 . (|;)2 -

JocaiTKkeHHs] CTATHYHUX XapaKTEPHCTUK CHCTEMH
3a I0NOMOT 00 KOMII' IOTEPHOI0 MOJEJI0BAHHS

Jlyis OLIiHIOBaHHS MPALE3JaTHOCTI i€l CUCTEMU KepyBaHHS Ta JOCIIIPKEHHS POOOTH B CEPEAOBHUII
MATLAB/Simulink crBopeno komm totepHy Moaensb BEIT miist Hu3bKoMmiAIoroBoro Tpameai. HominanbHi
napamerpu jpociimkyBaHoi CMIIM Oynu takumu: P, = 32 kBr, My = 1175 H™m, .y = 27,2 pan./c,
p.= 17, Upc = 550 B, R= 0,278 Om, L4 = Ly = 3,06 MmI'H, y,, = 0,518 B6. Mozaens nuryHa nodymoBaHa
0e3 BpaxyBaHHsS MarHiTHOrO HacH4eHHs. MOMEHT iHepIlii Ha BaJly OJHOI'0 JBUTYHa PO3PaxoBaHO IS
PeaNIbHOTO IT’ATUCEKIITHOrO TpaMBalo 3i CHOPSKEHO Macoro M = 55500 xr Ta 3 TppOMa TATOBUMH
Bi3KaMHM, KOXXEH 3 SKUX MICTUTh YOTHpPH IBUTYyHH. [liamerp Koieca TpamBas ctaHoButh I = 0,71 m.

PeanbpHMIt MOMEHT iHEpIliT IPUBOY, IO IIPHUITAJAE HA OJWH IBUT'YH, CTAHOBHTD:

2 .2
X 29,71
=7 39500 B9 T10 _ g3 i 3)
3 12 &2 g

JocmipkeHHsT MOXKITMBOCTEH pOOOTH B JPYTi 30HI KepyBaHHS WIBHAKOCTI MOJSTAN0 B OTPUMAaHHI

MaKCHUMaJIbHOTO MOMCHTY, SIKUH MOJKe 3a0€3MeUnTH JABUTYH JJIs 33J]aHUX 3HaYeHb KyTOBOI MBUAKOCTI. 3a
pe3yibTaTaMu JIOCHiKeHb 1mo0ynoBaHo 3anekHocti Momenty CMIIM Bix ctpymy |y Ans 9oTupbox
3HAaYeHb KyTOBOI IMBUAKOCTI: 1,3wy, 1,50y, 1,75wy, 2,0y (puc. 5).

M, Hm

1900 /e
1700 /’
1500 7

/ —8—35paa.fc
1300 /7 A —l—A0pan./c
1100 —&—A48 paa.fc
// —&—54.5pan./c
00 Z /./
. y A
Puc. 5. 3aneacnocmi momenmy CMIIM / /
810 cmpymy lg 500 e/
40 50 60 70 80 90 100 110

Id A
Sk BUIHO 3 puC. 5, TP KYTOBIH IIBUIKOCTI, KA B JBa pa3H BHILA BiJl HOMIHAJIBHOI 1 BiAMOBIgA€E

TMHIAHIA mBHAKocTi TpamBato 70 xm/ron, ABUTYH po3BuBae MoMmeHT 1000 H-m, mo maiike mopiBHIOE
HOMIHAJILHOMY 3HAYEHHIO.
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PesynbraTu komn' roTepHoro cumyawoBanus poootu BEII y tunaMiuaux pe:xkumax
Ha puc. 6 HaBeneHO ocIuiorpaMu KyTOBOI IMIBUAKOCTi, MOMEHTY Ha BaJy JIBUTYHA Ta CTPYMIB IO
ocsix d i q mix 9ac pyxy CIOPSIDKEHOTO TpaMBaro Ha c(OpMOBaHil TECTOBIi Taxorpami: pymiaHHs i po3rin
10 MBUAKOCTI 10 KM/TOJI, MOJANBIIMK PO3TiH, TOYHHAKOYM 3 MOMEHTY Yacy 1 ¢ 1o mBHIKOCTi 47 KM/To1 3
nepexonoM poborn CMIIM y npyry 30HYy B MOMEHT Hacy 1,25 ¢, 3pocTaHHS MOMEHTY JABHTYHa JIO
HOMIHAJILHOTO 3HAYEHHS B MOMEHT 4Yacy 2 ¢, TaIbMYBaHHS, MOYMHAIOYM 3 MOMEHTY dYacy 2,5 ¢ o
mBuakocti 10 kMm/ron.

a)

2000 T T T

2800

snnn

1500

Lq

Ia

6)

Puc. 6. Pesyromamu Komn' i0mepHo20 Cumyio8anns.
a — kymosa weuokicms pomopa CMIIM [ padlc]; 6 — enexkmpomacnimmnuti momenm [ H.m];
6 —cmpymu no ocsx di q[A]

Ha puc. 7 300paskeHO ocIUIorpaMu peajbHUX Ta 00YMCICHUX TIOPHIHUM CIIOCTEpIradyeM MOTOYHHX
3Ha4YeHb CHHYCa Ta KOCHHYca KyTa IMOBOPOTY pOTOpa B ENEKTPUYHUX Tpajycax y MOYaTKOBHH MOMEHT
tpuBamictio 0,5 ¢ mix yac pymanHs i pyXy TpamBaro. SIK BUAHO 3 OCIMIIOTpaM, OXHOKa B OOYMCIICHHI
BKa3aHUX TPUTOHOMETPHYHMX (YHKIIH Mae BiIMyTHE 3HAYCHHS JIMIIE TPOTATOM IEPLIOro Mepiogy Kyrta
MOBOPOTY pOTOpa B EIEKTPUYHUX rpaaycax, skuidi tpuBae 0,12c. lle mnopomkye mynbcaiito
CJIEKTPOMAarHiTHOr0 MOMEHTY Ha piBHI 15 %, mpoTe Takuil HETpUBaJIMiA Yac il Jii He MOBUHEH HETaTUBHO
BIUITMHYTH Ha CTaH O0aH/IaXiB KOJIIC TPaMBalo.
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il

0)
Puc. 7. Ocyunoepamu cunyca (a) ma xocuryca (6) Kyma nosopomy pomopa 6 eleKmpuiHux epaoycax

BuchHoeku

3acrocyBaBiy TiOpUIHHHN criOCTepirad, OAepKyIOTh JOCTATHRO XOPOII PEe3yJIbTaTH ISl TOTO, 100
foro MoxHa Oyno 3acrocoByBaTtd y Tsroomy BEIl Hu3bKoOmimmoroBoro tpamparo. BiH mae 3mory
chopMyBaTH IIaJKUI MOMEHT JABUT'YHA 3a CUTHajaMH Bij auckpernux JIKIIP.

VY npyriii 30HI KepyBaHHS Ha IIBHIKOCTI OOEpTaHHS, sIKa B J[BA Pa3H IEPEBHUIINYE HOMIHAIBHY,
nBUryH 3a0e3neuye MmomeHnT 1000 H-m, o craHoBUTH 85 % Bijg HOMiHATEHOTO MOMEHTY JBHUTYHA.

Y nomanbmioMy HEOOXITHO IOCTIAWTH CUCTEMY KepyBaHHs TsaroBoro BEIl HH3bKOMimIOroBoro
TpaMBalo 3 yrouHeHUMH napamerpamMu CMIIM 3 BpaxyBaHHSIM MarHiTHOrO HaCHYCHHS.
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