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[BEdwih wpnhwywunipiniup: Skfuuninghwywu gnpdptupwgt wwwhnynn
EiEyunpwpwubtigdwu swpdhsubiph wuwgfuwwnniuwynyeiniup upnn £ juwpwnb
nne  wbjuunnghwlwu  gnpdplpwgp’  wnwywgubin  wumbuwlwu  |nipg
Ynpnwwnutn: Wu fuunhpt wnwyb] Ywpbnpgnd £ hgnp ElEYunpwpwubgdwu
ownpdhsubip  oguwgnpdnn  tubipquwwp  nbfuuninghwlwu  gnpdpupwgubiph
nbwpnwd,  huswhupht £ hwupwpwph  dwupwgdwt  wbluuninghwlwu
gnpdpupwgp: Ubnwnwlwu U ny dnmwnwlywu hwupwpwpbiph dwupwgdwu
wbluuninghwlwu  gnpdpupwgnud  ogunwignpdynn  uhtfupnt  owinpdhsubipu
EiEyunpwtutpghwih hhduwlywu uwwnnnubpu Gu: Cwhwgnpdynn pwubgdwu
uhufupnu 2wpdhsh wulwunt wotuwwnwupp Ywpnn b juwlunt wbuuninghwywu
ghpdpupwgh puwlwunu pupwagpp, npwuny huy Uwwuwnbiny
wbuuhywwnunbuwlwu gnigwuhubiph  thnthnfudwup, huswybiu twl 2wnpdhsh
Juwudwup:

Uhufupnt wpdhsh wulwunt wofuwwnmwupwiht nkdhdubph wnwowgdwu
wwwnbwnubpu ni npwug npuunpnwiutipp pwqiwehy Gu, U wnwudhu nbwpbpnud
wulwunt  wpfuwwnwupwihu nbdhdubiph  wnwowgnwip  wwjdwuwynpywsd k
ElEyunpwpwubtigdwu pwpdhsh 2whwgnpddwup ubpyuwjwgynn wwhwugubipny L
wnwuduwhwwynpniuutipnd: - Wn huy  wywwbwnny £ wnwdlp  dbo
ghunwwnbfuuhywywtu hbwnwppppnipiniu Gu ubipyujwgund wju nbwpbipp, npnup
wnwyb) Utd wanbignipniu niubit wpunwnpuywu wpngtiuh ypw:

Guutind Jbpnuguihg U hwpyh  wnubind, np  hwupwpwph  wnwgh
woluwwmwupt  wwwhnynn  EGYwpwpwubgdwt  pwpdhsh  woluwwnwupwihu
ntidhdh thnthnfunigyniup wwjdwuwynpyws £ npw Jpw wgnnn ubpphu L
wpuwphtu gnpdnuubipny W npnup Ywpnn Gu hwugbkgub) EGYunpwpwubgdwu
uhufupnt 2wndhsh Yuunuwynp wofuwwnwuph fuwpwpdwup, wuhpwdbionniyeniu
E wnwowund wunpwnwnuw| hwupwpwph wnwgh EYunpwpwubgdwu
uhufupnt 2wpdhsh wulwunt wofuwwnmwupwihu nkdhdubiph pwgwhwjndwup b
npw Ypwpwihu npubinpaudutiph Ywfudwup Jtpwptipnn fuunhpubpht:

3




Uhufupnt pwpdhsh wulwunt wofuwwnwupwihu ntidhdubphu U npwughg
wwomnwwuntjwu huwpwynnpnipniuttiphu ugyhpywd hwjinup
wofuwwnipniuubinh Ybpindniegyniup gnyg k£ wwihu, np qquih thnpé £ ynunwlyyby
uhufupntu gwpdhsutiph wofuwwnwupwihtu nkdhdutiph hinwagnundwu nu Ypwpubiph
Ywutuwpgbipdwup ybpwpbpnn wbuwlwu b thnpduwlwu hbnwgnunnigyniuttiph,
L wwounwwunipuu  dbennutiph unbnddwu  ninnnipjudp: <wjnup
wotuwwnieniuubpnud  hwodh 6 wnuynwd  wnbfuuninghwlwu  gnpdnuubiph
wanbgnigyniutipp, npwugny  wwjdwuwynpywsd pupwghl  Ywupgquynpdwu
huwpwynpnipniubipp: Unwgywd wpryniupubipp hhduwywunw Yhpwnbih Gu
Fubpqwhwdwlwnpgnud, W hwyh wnubind, np npwugnd s6u hwoqunynwd
nhuwnplynn  hwdwlwpgh  owhwgnpddwt  wnwuduwhwwnnieniuubpp'
hwupwpwph wnwgh EGEYunpwpwubigdwu upufupnu swpdhsubph hnwwih L
wpryniiwybn - wpluwwmwuph  wwywhndwt  tywwnwyny npwug  Yhpwnnwu
wuwprynitwybn £ Lhwwh nwbuwing, np wnw U hwupwpwph wnwgh
EiEyunpwpwutigdwu uhUfupnu gwndhsh  wulwunt wofuwwnwupwihu ntidhdutiph
wnwowgdwl  wwwbwnubph  pwgwhwjndwu, quwhwwndwu UL npwug
pwgwuwlwu npuunpnwutiph Ywufudwt  qqwih  hhduwfuunhpubp, npnug
(ndwup tywwwwninnusd  dbpnnubph dowynwip L npw hpdwu Ypw
wulwunt  wpjuwwnwupwihu  ntdhdubph  wupnywwpbih  npuunpnwiubph
Ywufudwu dhongh wnwewnpnidt wpnhwywu fuunhp

Wuwwmwuph twywwwyp: Unblwfununipjut twywwwlyp  hwupwpwph
wnuwgh  EEyunpwpwutigdwtu uhtufupnu 2wndhsh  Ywunuwynp  wofuwwnwuph
wwwhnydwup dhindwsd 2wndhsh woluwwnwupwihu ntidhdutiph hGunwgnudwu b
quwhwwndwu dbennubph L wignphpdutph  dywynwit b wnbjuuninghwywu
gnpdnutbiph  hwodwnnwing U npwug wpryniupubph  hpdwu Jpw  2wpdhsh
wulwunt wotuwwnwupwihtu nkdhdubph Ywutudwu dhongh wnwewnnpnudp:

Uptuwwnwupnid wnwownpjwd twywwnmwlu hpwgnpdtiint hwdwp néyb tu
htitnlyw) fuunhpubipp.

- pwubtgdwu uhufupnu 2wpdhgh  nbfuthywlwu  dhéwlh ypw  wgnnn
wbifuuninghwywu wnwuduwhwwyniejniuubpny L Eubpgbunphywywu
gnigwuhubipny wwjdwuwynpywsd hhduwlwu gnpdnuubiph ybpndnie)niu,

- bEywpwpwubgdwu uphUtupnu owpdhsh  wulwunt  woluwwnwupwihu
ntidhdutiph hGunwgnundwu UL npwug Ywuludwu hwjnup  wpfuwnnyeniuubph
ytipnwdnipyniu,

- hwupwpwph  wnwgh LGYwnpwpwubigdwt  owpdhsh  wulwunu
wtuwwnwupwiht nkdhdubipnud hwynuybint bwuwnpjwutph qguwhwwnnw b npw




pwgwuwlwu  hGwbwupubph  Ywujudwu  hphduwlwt  nipnneyniuubph
wnwownpntd,

- hwupwpwph wnwgh pwubigdwu uhUfupnt swndhsh  woluwwnwuph
wuhufupnu ntidhdh hnwgnuind gwugh jwpdwt gkndwu nbwpnd,

- uhufupnu owndhsh wuphtfupnu nbdhdnuWd woluwwbnt htwnbwupny npw
thwpnyeh wnwpwgdwt  hiwnbwupubph  hbnwgnuind'  hwupwpwph  wnwgh
uintindwé nhdwnpnn dndbuwnp thnthnfudwu nbwpnud,

- upufupnu  owpdhsh ubppht wuljwu L unwwnnph  hnuwuph  Ypw
hwupwpwph wnwgh ptnh thnihnfudwt wgnbigniygjwu hGnwgnundwu dbpnnh L
guwhwwndwu wignphedh dowyntd,

- wnwgh pwubkgdwu uhufupnu wndhsh  hwbwfuwiht  punypwagpbiph
nwnwuwuppngntt b npw - wofuwwnwupwiht  nkdhdubph  pwpbwydwu
Yupquiynphgubinh dwynud,

- hwupwpwph wnwgh EGYunpwpwutigdwu upufupnt swpdhsh wulwunu
wofuwwmwupwiht  nbdhdubphg  wwounwwunipywu  Jdhongh  wignphpdh
wnwowrnpntd:

SGhunwlwt unpnypep

1. Uwnwgyb) tu wndhsh thwpenyputipnu stipdwuwnhtwuh  thnthnfudwu
quwhwwndwu  Ywfudwdnipniuutin, npnup  htwpwynpniginiu Gu - wwihu
pwgwhuwjnb)  owndhsh  wuhtfupnu  nbdhdnd  wpfuwwbint  Enywwpbh
wbinnnuegyniup’ hwpenypubph gipunwpwgdwu Ywufudwu hwdwn:

2. Uswyyty bt wuptfupnu nbdhdnd  wpfuwwnnn  uptfupnu  owpdhsh
hGnwgnundwu dbpenn, npp pnyp £ wwhu wwppbp pwubgdwu swndhsubiph L
nhdwnpnn dndbunutiph nbiypnid hbinwgnunb) swpdhsh (wpdwtu thnthnfunieynitup
L npwuny huy npnot owndhsh erwpwihtu ntdhdh hwdwp wupnywwnptip
(wpdwt thnihnfudwt uwhdwup:

3. Uswlyty E pwubigdwt pwpdhsh ubippht wuljwu W unwwnnph hnuwuph
Ypw hwupwpwph wnwgh pbnh thnthnfudwu wgnbignipjwu qguwhwwndwu dnnb) b
unwgyb| Gu wuhufupnu L uhtufupnu ntdhdubipnd wouwwnn thnthnfuynn pbinny
LiEyunpwpwutigdwtu  upufupnu owpdhsubiph hwéwfuwihtu  puniyewagntiph
nwnwuwuppdwt  hwdwp  wuhpwdtion  thnfuwugdwu  $niulghwubpp, npnug
hhdpny Lwjpyhuwinh swihwuhoh ogunwgnpddwdp MATLAB dpwapwjht thwpbiph
Simulink  dhowdwypnud  dowlybtip £ owpdhsh  wpluwwmwupwihu  ntidhdubiph
pwpbjwydwi Yupgwynphs:

4. Unwownpyti bt hwupwpwph wnwgh bEYunpwpwubgdwu swpdhsh
wulwunt wpfuwwnwupwihtu nkidhdubphg wwounwwunyejwu dhongh dowldwu
wignphred:




MNMu)onmywunipjuup uipujwugdnn hhduwlwu npnypubkpp

1. <wupwpwph wnwgh EGYwnpwpwubgdwt uhtufupnu swndhsh wulwunu
wluwwmwupwihu ntidhdubiph pwgwhwjndwt dnintignidutipp:

2. gbywpwpwubgdwu upufupntu owpdhsh wuhufupnt pnnupydwu Yud
uhufupnuhqdhg nnipu quint nbiypnwd owndhsh utdwt jwpdwu wupnywwnpbh
thnihnfudwt uwhdwuubph quwhwndwt deennp:

3. Uwyyt E ElEhunpwowndhsh ubippht wulyjwu b unnwwnph hnuwuph Ypw
hwupwpwnh wnwgh pbinh thnthnfudwu wgnbignigywu htnwgnundwu dbpnnp:

Whiwwnwuph jhpwnwlwi tywtwlnipiniup

®Pnihnfuynn  pbnny, wuphUfupnu L upufupnu  nbdhdubpnd  woluwwnn
EiEyunpwpwutigdwu  uphufupntu  pwpdhsubph  hwdwp unwgywd  hnfuwugdwu
Pniuyghwubpp b hwbwjuwhu  punypwgpbpp  htwpwynpniginiu U wwhu
guwhwwb]  wnwg-owpdhs  hwdwlwpgh  wugnwWwhu  wpngbuubpp L
dwdwuwyhtu Ywufub) wulwunu nkdhdubiph hitnbwuputipp:

Uowyjwsd dwpbtidwunhlwlwu dnnbjubpu nu wignpppdutipp, Ywunwpdwd
htitnwgnunigyniuubint nu gbippndnipyniuutipp huwpwynpnegyniu Gu wwihu
dowlyb)  hwupwpwph wnwgh LGywnpwpwubigdwt  ownpdhsh  Ywunuwynp
woluwwmwuph  wwwhnyiwt  wywnndwunwgyws hwdwlwng, npp Ywpnn k
wwwhnyb uhufupnu 2wndhsh wpnyniiwybn swhwgnpdnid:

Uphufupnu pwpdhsh wupUfupntu nbdhdnud wfuwwnbint hGwmbwupny npw
thwpenyph gbipunwpwgdwu htitnbwupubiph htnwgnudwu U gwndhsh wuhufupnu
ntidhdnud  wpfuwwbint  pnywwptih  wbnnnyejut  quwhwndwt  wignphpdp
thnpdwpuunipjwu k Gupwnyyt «<pwgnwu-gtidtun pnpthnpbjpu» UNC-nud:

Spwwwpwlynudubpp:  Ywunwpdwd  hGnwgnungyniutbph hhduwywu
npnypubipt nu wpryniupubipp  gliynigyt; L putwpyylp Gu  «EEYunpuyut
dbpbuwubp b wwwpwwnubp» wdphnuh ghnwlwu ubdhuwpubpnd W <UML-h
wnwpbwu  ghnwdnnnynud  (2016p.), <wdwpluwphwiht  ghwnnyejniuutiph
wywnbdhwih Yuqdwlbpwwsé «ICECE 2016. 18th International Conference on
Electrical and Communication Engineering» dnnnynul (2016p.):

Uwnbuwfununipjwt  npnypubpu nu wpryniupubpt - wpunwgnws Gu 7
hpwwnwpwlyywsd wotuwwnieniuubipnid:

Unbtwjununipjwt . juwnmgdwépp b Swywyp:  UwnbGuwfununipniup
Juwqguwé £ ubpwdnigyniuhg, snpu  gnifjuubiphg, bgqpwlwgnieyniutbphg L
hwybjwshg: Ugluwwnwupp swpwnpjwd £ 124 toh dpw, wwpniuwynwd b 54
uywn, 6 wnnuwy b 92 wuniu pungpynn gpulywunypju guuly:
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Lbpwénipjniunid  hpduwdnpdwé £ juunph  wpnhwwunygniup,
duwynpdwé bu hbnwgnundwt uwywwnwyp W fuunhpubpp, ubplujwgywsé bGu
ghnwlwu unpnyep b woluwwnwuph Yhpwnwlwi tpwuwynipniup, huswbu twlb
wwomwwunipjwu ubpluyugywsd hhduwwu npnyputpp:

Unwohti  qqunid  hwupwpwph wnwgh EYwpwpwubgdwu  uhufupnu
owndhsh  wulwunt  wofuwwmwupwiht  nkdhdubiph  wnwowgdwu U npwug
wugwulwih hGnbuwuputiph  Ywufudwt  ninnngjut puwnpnigjut hwdwn
Ywwwpytp £ npwug  ybpwpbpnn  hwpwnuh  deennubph W ulygpniupubiph
hwdwynndwuh  Jbppndnieyniu: - Uunpwnwpd £ Juuwwpdbp  hwupwpwph
dwupwgdwt  wnbfutninghwlywu gnpdpupwgh wupunhwwniyEuup  fuwpwPnn
tubpgbwnpluwywu b wbluuninghwlwu  gnpdnuubph  pwqiwquuniEwup:
Eltywnpwpwubgdwu  uhtfupnu  gwpdhsh  Jpwpwihtu ntdhdnwd  hwjnuybnt
huwpwynpnipyniutbph Ywufudwt hwdwp pwgwhwpngtp b yepnisytp Gu npw
wluwwnwupw)hu nidhdubiph ypw wqnnn hhduwywu gnpdnuubipp:

Cwndhsh utdwu wpdwtu b wnwgh nhdwnpnn dndbunh wgnbgnieniuttiph
ophuwswihnipniutnp  nhunwpyybp Gu pwgwhwyn  pubinubpng  uhufupnu
owpdhsh hwdwp: Uwutwynpwwbu nhnwpyytp 5t vudwu jwpdwu L pbnp
dndbuwinh wagnbignigyniuubipp 2wndhsh gpgndwu thwpenyph Epni-h ypw: <wayh
wnubiny, np wnwgh unbndwdé nhdwnpnn dndtunt ninhn hwdbdwwwywu
owpdhsh  uwywndwu wlwhy hgnpnigyuup b hwlwnwpsd  hwdbdwnwywu
owndhsh wunndwy uhUfupnt wuyniuwiht wpwgnpjuup' @, huy dnw Ynndhg

we =const, nwwh nhdwnpnn dndbunh  nthnfunyenut wpnwhwjnyl) k
ownpdhsh P hgnpnigjwdp: Suwhwwnyb) Gu wnwgh unbndwd nhdwnpnn dndbuwnh
L upufupnu gwndhsh ubippht wulywt thnthnfunyeyniuubiph nbwpnuwd wndhsh
uhufupnuhquhg nnipu quint b wnwug  gpgndwl w2fuwntijnt
huwpwynpniejniuubipp:

Cwupwpwph wnuwgh EGYwpwpwubgdwt uhtufupnt gwpdhsh  wulwunu
woluwwmwupwihu  nkdhdubphg  wwowmwwuniygywu  dbennubpht  udphpqwd
wotuwwneniuttiph, huswbu twl swpdhsh Ypwpwiht nbdhdnw hwjnuybint
nbwypnid  npw  Ywufudwt  huwpwynpnignivubph hwdwp  punniudwd
dhongwnnuiubiph ybpnidnigyniup thwuwnnwd £, np hwjinuh wotuwwnnigjniuubpnud
hwouh s6U wnujwd dwupwgdwtu gnpdpupwgh woluwwmwupwihu nkdhdubpp
pUnypwapnn nbifuuninghwywu L Eutipgbinhlywywu gnpdnuubiph
thnfujuwywdnipiniup, ogunwagnpdynn EltYunpwidbjuwupyulwu hwdwlwnpgbiph
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pwquwquunipniup, huswbiu twb wugnwwiht  wypngbuubph  Jupgwynpdwu
dhongny wuywunu wofuwnwupwjht ntidhdubtiph Ywufudwu
huwpwynpnipniutbipp: Uulwunu woluwwnwupwihu nbdhdutiphg
wwownwwunigjwt  hwjnup  dbpnnubpp dhndwé Bu nbinwghu  fjuunhputiph
(nddwup, dwutwynpuwbu, pwubigdwu biEYunpwowpdhsh wwownwwunipjwun,
wnwug wbfuuninghwywu gnpdnutbph hwyqundwu: Wn  wwwéwnny L
hwupwpwnph  wnwgh EbYwpwpwubgdwu  uptufupnt swpdhsh  wuywunu
wluwwmwupwihu nkdhdubiphg wwownwwunyejwu fuunhph (nénwp nhunwpyyb £
hwjinuh  hbwnwgnwuinipniuubph Yhpwndwu b dwupwgdwu  wnbluuninghwlwu
gnpdpupwgh  wnwudUwhwwnynipyniuubpp  hwdh  wnunn  unp  dbpnnutiph
Jowydwu dwuwwwphny:

Fuunph nWddwu hwdwp punpdt)p Gu hbnlyw) ninnnyeniuubipp. gwugnid
(wpdwu 2bndwu nbwpnu hwupwpwph wnwgh pwubgdwu uhufupnu 2wpdhsh
wluwwmwupwiht punywagpbiph, gwpdhsh thwpenyph nwpwgdwu htnlwupubiph
nwnwitwuhpnigintt, wnwg-2wpdhsh hwdwywpgh pwubgdwu owndhsh uhufupnu
L wuhtfupnt  wpluwwwupwiht  nbdhdubpnWd  wugnuWwht  wypngliuubiph
nwnwuwuphpngyntt b Ywpgwynphsh  dowynwd, wlwunt  wofuwwnwupwihu
ntidhdubiphg wwownwwuniypjwu pwpwnbigh duwynpnud b npwug pwgwuwlwu
hGwnluwupubiph Ywufudwt hwdwlwnpgh wnwownpnid:

Gpypnpn qjlund quwhwwnyt| £ hwupwpwph wnwgh bEYunpwpwubgdwu
uhufupnu  swpdhsh  utdwu (wpdwu  thnthnfudwt  wagnbtignieinitup  nkwyunhy
hgnpnyejwt Jpw' gpgndwu  hnuwuph, (wiuwlwu x4 b Gpluwjiuwlwu Xq

wnwugpubpny unwwnph thwenyph hunntynpy nhdwnpnigyniuubph wwpptip
wndtipubph hwdwp:

Uowlyt| t hwupwpwph wnwgh EGYnpwpwubgdwu uhutupnu owndhsh
uhufupnu ntidhdhg nnipu quint Ywd wupufupnu  pnnupydwt  hGnlwupny
wnwowgnn wuhufupnu nkdhdubiph hGwnwgnwdwu dnnb), npp enyp £ wnwihu
pwgwhwjinb) wnpdhsh  Ywunuwynp  wpluwwwuph  wwwhnydwtu  hwdwp
wuhpwdtionn utdwu wpdwt thnthnfudwt htwpwynp dhwowwipp b Ywufub
owndhsh wupnyuwwpbh Yrwnwjhu ntidhdubpnid hwjwnuybint
huwpwynpnipniup: Uowljwd dnnbih hhdpnuw puywsd £ wnwgh ptinh nhdwnpnn
dndbunh U wuhtfupnu ntidhdnud wofuwwnnn pwubigdwt uhUfupnu 2wndhsh
wwpwdbinptiph dholt wnjw Yuwh hwuwnwwnnwp b gwndhsh pwpwihu ntidhdh
hwdwp wupnywunptih jwpdwt hnthnfudwt uwhdwutbph guwhwwnnudp:

Uwnwgyby b jwpdwu thnihnfunigut nbwpnud b wnwg-pwpdhs hwdwlwpgh
puniyewgnphs  wwpwdbwpbph  dholt  Ywfujwdnieniu, npny nhwnwpyyt) Gu

8



wmwpptip hgnpnipjuwdp gwndhsubiph punypwagpbpp utdwu jwpdwu hnthnfudwu
nbwpnut'

UL, :\/mca)A(sf +m2(sy —1F +2m, (s, —1)+1) :
(me (1= Dz (me(sy ~1)+1)
M)
Oquuwgnndyti Bu htinlyw) pwuwynwiubpp.
Mp
Mp  1-s Sk M gx

mc:_:_’ SH:—v Sk——a
M 1-s |2
H H (}/+ V4 —1) 20— Ml'[

Bx
npwntin s - U Yphwnpywywu uwhpu k, s - p uwhph pupwghy wndtpu £, » - u
owpdhsh wnwybjwgnyu dndbunh wwwhyneniuu £, Mgz - U, My - p

-0,05

hwiwwwwwufuwuwpwp  uhtfupnt pwpdhsh  pnnwplydwu L dnunpwjhu
dndbuwnubnu Bu, @, -p' wnwgh pdpniyh ynndwt wulniuwiht wpwgnyeniup,
17 -U' pwpdhsh |hubinhg wnwgh pdpniyht hnfuwugdwu 099 - u:

THhunwpyyt) Bu wuhtfupnu nbdhdnd twppbip hgnpnyejwdp swndhsubiph
punipwgpbpp ubdwu wpdwt  hnthnfjudwtu  nGwpnw:  <Gwnwgnunieniiubpp
Jwwwpdb] B nwunwnpuewg  [C260/44-36  (hgnpnieniup’ 1100 §dep),
[.C213/44-24 (hgnpnipyniup' 900 Ydw), AC213/34-32 (hgnpnipeyniup' 380 Y4dw) L
[C213/24-32 (hgnpnugyniup’ 300 Y4dw) nbuwlh owpdhsubiph hwdwp (nbu uy.
1,2):

U/Uy

me




UYy. 1. Pwpdp hgnpnipywil pwipdhsh ubidwt jwipdwb Yupuduéniyayniip nhdwnpnn
dndbtuphg: 1- 900 Ydin pwndhsh hwdwp, 2 - 1100 Y4 pwpdhsh hwdwn

“hdwnpnn  dndbunp d6d wpdbph nbwpnwd gwpdhsh utdwu jwpdwu
thnppwgnuwit wupnywwnpbh £ wulwiu qwpdhsh wujwuwywu hgnpniegintupg,
huy nw vpwuwynw E, np, Gpbl swpdhsp hwpnudl) £ wuhtufupnu ntidhdnuw
hwupwpwpny ptintwynpyws wnwgh woluwwnwuph pupwgpnul, www jwpdwl
wuynwip Yupnn £ awpdhsh Ywugwnh wywwbwn hwunhuwuwy (uy. 1):

Cwndhsh  Ywunuwynp  wpfuwwwuph  wwwhnydwu U Jpwpwihu
ntdhdutiphg  funwwihbint  uywwwyny  quwhwwnydtp £ spbnuwynpdud
hwupwpwnh wnwgh nbwpnuw npw EEYunpwpwutigdwu swpdhsh uudwt wpdwu
Yphwhyulwu wpdbph Ywiudwdnyeniup npw pbnuwynpdwt k, gnpdwlyghg
(uy-2) b wnwybjwagnyu dndbunh wwwnhynyeiniuhg (uy.3):

Uy
1,2+
2
0,8+ <
1
3
0,4+ /_
0 K

0.2 0,4 06 08 1.0

UYy. 2. Cwpdhsh utidwb jwipdwt Yppiphhuwlwt wpdbph uwpidwénisniap npw
plintiwynpdwt gnpéwlighg. 1- 4C260/44-36 (hqnpnuyeynitip' 1100 4dup), 2- 1C213/44-
24 (hgnpnuynitip' 900 Ydp), 3 - 4C213/34-32 (hgnprieyniap' 380 Ydyn) pwpdhsh
hwdwp



Uk

0,9+

0,8+

041

03 05 07 09

UYy. 3. Swpdhsh ubdwt updwl Yppippplulywl wpdtiph Yupuwénygyniti
wnwybjugnyl dndblipph wwiphlyniypynitihg

Cwhwgnpddwu pupwgpntd uhufupnu pwpdhsh wuhufupnu wluwwnwupwihu
ntdhdutipp  Ywpnn GU  wnwowgub] Uwl w) wulwunu  Gplnypubn,
dwutwynpwwbu, uwwuwnb| swpdhsh thwpenyeh dbynwuwgdwu wudwdwuwy
Stpwgdwup U Swydwup: Un wwwbwnny £ nhunwpydbp Gu  thwpenyph
dbynwhsh Juwudwt wnwyb) punipwgpulwu wwydwutbpp b hGnwgnunyb
wuhufupnt ntdhdnd wfuwwnbint htnbwupny upufupntu 2wndhsh  thwpenyph
nwpwgdw pnyjwwnpbih uwhdwuutipp: Unwgytip Gu Ywjugwdnieyniuttin, npnup
huwpwynpnipniu GU wwihu ptinh dndbunp thnihnfudwu nbwpnud pugwhwjunb
wnwgh pwubgdwu uhbfupnu  wndhsh  wuhUfupnu  nbdhdnwd  wofuwwntipnt
pnywwnnptith  wnunnnipniup, swpdhsh thwpenyputiph pnywnptiih nwpwgdwu
swihp, quwhwunb| pnnupydwu hwpnyph dhontyh nwpwgdwt stipdwuwmnphbwun,
huswbu twl hhduwynpb) uwhnit pRnupydwt uwppwynpdwu wbnwlwjwuph
Yhpwndwt wuhpwdbonnie)niup:

Gppnpn_ qfunid  dowlydlk) b wnwgh pwubtigdwU uhUfupnu  2wndhsh
woluwwnwupwihu  nkdhdubph  pwpbjwddwu  dbpnn: Unwownyyl) L

EiEyunpwownpdhsh ubippht wulwu W unwwnph hnuwuph ypw hwupwpwph
wnwgh pbnh hnihnfudwt wgnbgniejut hGnwgnundwu dnnb) b qguwhwwndwu
wignhphpd: Uwnwgyti Gu wupUfupnu W uhbjupntu nbdhdubpnid  wpfuwwnnn
thnthnfuynn pbinnd  ElGYwpwpwubgdwu  uhtufupnu  pwpdhsubiph  hnfuwugdwu
$niuyghwutbipp: Matlab dpwagpwjhtu thwpebeh Simulink dhowdwjpnid Lwjpyhuwnp
swihwuhoh ogunwgnpddwdp nhnwpyyb) Gu hwéwfuwihu punyewagpbpp W npwug
dhongny quwhwwnyti| £ hwdwlwpgh Yuniunygjwut wnusynn hwpgtipp:
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Pwgwhwjwn pubnubpnd uptfupnt wpdhsh  YEYunnpuwlwu nhwgpwdhg
npngind  owpdhsh 8 ubpphu wulnmup L Ywwwpbny  npnawyh
Suwthnfunigyniuubp  unwgyty £ unwwnnph hnuwph  thninfunygyniup (Al
puntpwagnnn wpunwhwjnniegniup k hwpdnuplh hwdwp.

Uctg[ermk COS(a)kt + B )]
k

Al =

)

[xq COSp — X Si ngotg(ZAﬁmk cos(at + )]}
K

2
fln)mhq Xq - U unwwnph thwenyeh hunniynpy nhdwnpnigniut £ jwjuwlwu
wnwugpny, U.- U unwwnph dwpnypht Jwwunigynn jwpnwu £, cose - U
hgnpniypywu gnpdwlhgp, A6y - U 6 ubpphu wulniup k - pn hwpdnupyp
wdyhwnninwl, @y -U' k- pn hwpdnupyh wulniuwhu hwéwiunyeniup:
Unwgywsd dnnbijh dhongny nwnwitwuppyt] Gu  hwupwdwuphs wnwgh
Ynnuhg untindws nhdwnpnn dndtuwnh b upufupnt gwpdhsh 6 ubipphtu wuljwu L
unwwnph  hnuwuph  thnihnfuneynitiutpp (hwpwpbpwywu  dhwynpubpny) 4
hwpdnuplyubph hwdwp (uy.4):

0, nwury; Mr
12 &

Mr

1 2 3 4

UYy. 4. 2npu hwpdnupluliph nbwpnid w) uptipupnt pupdhsh 6 tbipphtr whlywt b

wnugh nhdwnpnn dndbtiph thnihnfunyaynitip, p) uipwiginph hnuwbpp
thnihnfunygynilip ubidwt jwipdwt pnupptin wpdtiptinh nbupnd

Unwgywsd Yuwludwdnigyniuubiph ybipindnyeniup gnyg b wwihu, np pbinh
dndbunh  pwpdp  hwpdnuplubpnd 6 wuyniup U unwwnph  hnuwupp

Gupwpyynwd GU  wulpwu wnwwwunwiubph: Swugh |wpdwu  pwdpwgnidu
12



wujwuwlwuhg pbpnud £ utnwwnnph hnuwuph tpwtwlwh wnwwnwunwiubph h
hwohy wnweht hwpdnuhyh (uy. 4):

8nyg £ wpwd, np qwpdhsh 6 wuynup b pwpdhsh mwwnwunwiubph
nidtinugdwu gnpdwlyhgp qquih thnthnfunyeyniu Gu Ypnwd wnweht hwpdnuhyh
dwdwuwl, dhugnbtin ufuwd bBpYypnpn hwpdnuhYhg npwug  thnthnfunyeniut
wubpwu £, b hwdwlwpgh Ywunuwynp wofuwmnwuph ypw qquih wagnbignipniu

sh ennunu:
Mtnunnph  pwpddwu nhpbipbughw) hwjwuwpdwu dbe ubpwnbing pbinh
dM
thnihnfunipyniup - punipwgnnn d—tT pwnwnphgp, U Yuwwpbing  npnawih
duwthnfunygyniuuip . wuhtfupnu b upUfupnu nbdhdubpnd  wofuwwnnn
EiEyunpwpwutigdwtu  upUfupnu pwpdhsh hwdwp  hwdwwwwnwufuwbwpwp
unwgyb bu'
2
(o My do - dviy
dt Sk dt dt

’

@)

2p 3U.E
0 Vo iy
dt wXq dt dt

(4)

npintin T; - U nnunnph  hubipghwh hwunwwnivu £, E¢- p' gpgndwu
Elywnpwownd nidp:

(3) L (4) nhdbpbughw| hwywuwpnwiubpp ubpyuwjwgubing  Lwwjwup
duwthnfunieyniuubiph wbupny uwnwgyt tu uhtufupnu swpdhsh pbintwynpdwu
dndtiunh b 6 ubpphtu wulwu Ywwp puntpwgpnn thnfuwugdwu $niulyghwubipp
hwdwwywwnwufuwuwpwp wuhtfupnu W uhufupnu nbdhdubiph hwdwp.

1+p 1+p
Wo(p)=—F——,  Welp)=—5—.
Tp*+Top T p+T3p
2M 3U.E
npntin 73 =-Tj, T2=S—k, T3 = a; f :
k d

MATLAB  Spwgpwjht  thwpbpeh  Simulink  dhowdwjpnid  Lwypyhuwnh

swihwuhoh ogquwgnpddwdp nhunwpyyb) Gu thnthnfuynn pbinny, wupufupnu b
uhufupnu ntidhdubipnd wofuwwnnn Eilwpwpwubkgdwu uphufupnu wndhsutiph

13



hwéwfuwjht  puniewagpbpp W npwug dhongny quwhwwindb)  hwdwlwpgh
Yuwjniunigjwut wnusynn hwpgbipp:

TYhunwpynwubpp Yuwnwpyb Gu 4C213/29-24 dwluhoh upufupnu owpdhsh
ophuwyh Ypuw:

Step Response

Amplitude

Time (seconds)

UYy. 5. Uugniduyhti wypngbup Ynpp, dhwynp pnhspwdl wqnwtipwbh nbupnid, Gpp
hyyppwpwubgdwt pwupdhst wppuwgpnid £ wuptpupnt ntidhdnid
Elywnpwpwubgdwu upufupnt gwnpdhsh wuhufupnt woluwwnwupwihu nkdhdnuwl
ubpywjwgywsd wugnwwihu wpngtiuh Ynphg (uy. 5) hbnbunwd £, np wédwu
dwdwuwyp' t,6=61,74, gbpywpquynpndp’ ¥ = 417%, Yuwjntuwgdwu
dwdwuwyp' ,=669y: Gubiny unwgywd wndjwiubphg wuhpwdbpnnieniu
wnwowun  Uwluwgdt)  Ywpquynphy:  SYjw; nbwpnid  twjuwgddly &

hwdbdwunwlywu-huntigpnn-nhdtiptiugnn (<L) Yupgquwynphs:

<h% Ywpguwynphsh ubpdniddwu wpryniupnd hwdwlwpgp pwpbjugynid k:
Uugnuwwjhtu ypngbuh gpwdhyhg Gpunwd £, np tjwgnud Gu weédwu dwdwuwyp
t,s=43,64, gbipyupquynpnuip’ ¥ =116% U Yuyniiwgdwu dwdwuwyp' t,=199Y
(uy. 6):

Ywwwpdlp £ twb  hwéwfuwhu  punpwgpbph b npwugny
wwjdwuwynpywd hwdwywpgh Yuwjniunypjwt quwhwuwnnudp, Gpp
EiEyunpwpwutigdwu gwpdhst wotuwwnnud £ uhtufupnu ntidhdnid: Suwhwwnnuwu
hpwlywuwgyb) £ owndhsh gwughg utdwu jwpdwu 3 wwppbp wpdbtipubph
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hwdwp' wujwuwlwy, wujwuwlwuhg pwpép b wujwuwlwuhg gudp uudwu
[wpniubiph nGwpnuw: Uudwt jwpdwt wujwuwlwu wpdtiph hwdwp unwgyws
wugnuwwjhtu wpngtiuubph nwunwitwuhpnipjwt wpryniupnid unwgyb Gu. wdwu
dwdwuwlp'  t,=37000y, qgbpywpgwynpnup’' ¥ =0%, Yuniwgdwu
dwdwuwyp' £,=65900y (uy. 7):

Step Response

08

Amplitude

o
@

04

02

200
Time (seconds)

UYy. 6. <hF upquynppsh bbpdnisdwt nbypnid hwdwlwpgh wagnidughti ypngbup
bynpp

Step Response

sterm: F
| Setting time (seconds): 6.592+04
O e e IE B : —

0.8
0.7
08

05

Amplitude

0.4

03

R S, [RPSES [SSRVPPIE ORSUTE | PURBE ISR | O

0.2

0.1

i i i i
o 2 4 <] 8 10 12 14 16
Time (seconds) x10%
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LY. 7. Ubgnidughli ypngbiup Ynpp, ubdwt wpdwt wbduwbwluwb wpdbph nbupnid,
tnp biGppwpwbbgdwt pwndhst wphawpnd £ upbifupnt nbidhdnid

Step Response
T T

o : :
Peak amplituce: 117 : ;

Overshoot (%) 17 .4 :
1.2 attime (seconds) 0.435 : : 1 |

1.4

System: F
Settling time (secondsy 1.71

Amplitude

i 1 1 i L
0.5 1 1.5 2 25 3 3.5
Time {seconds)

LY. 8. <h Gupquynphsubinh ubipdniédwt nbwpmid wugniduyhti wypngbup Ynpp,
ubdwb updwt whdwbwlwl wpdtiph nbwypnid, Gpp Lilppwpwbbgdwt pwpdhst
wipfuwpnid £ uptifupnti nidhdnid

Gutny  unwgwéd  wnjwubphg  twhwgddl L ubpdndytyp &
hwibdwwnmwywu-hunbtigpnn (<P) Yuwpgwynphs: dbpindnieniup gnyg £ wwihu,
np utdwu  Jwpdwt wujwuwlwu wpdbph nbypnid <P Ywpgqwynphsubiph
ubpdnddwu wpryniupnd hwdwlwpgh woluwwwupwihu nbdhdp pwpbwyynud
b, wédwu dwdwuwyp't,=0,1884, gqbipywpgqwynpnuip’ y =17,4% , Juyniuwgdwu
dwdwuwyp' t,=1,714 (uy. 8):

2nppnpn_gqjjumd ubplwywgyti £ hwupwpwph wnwgh pwubigdwu
uhufupnu 2wndhsh wulwunt wofuwwnwupwihu ntidhdubiphg wwonwwuniejwu
dhgngh dwldwt wignphpedp:

Ubpywjwgyt] £ hwupwpwph wnwgh pwubgdwu upufupntu  wndhsh
woluwwmwupwihu  nbdhdubph  huydwt  Gupwhwdwlwpgh Yunnigwdpwhu
ufubidwtu U npw hpwywuwgdwu wignphpdp:

LiEyunpwpwutigdwtu  upufupnu pwpdhsh  huldwu  Gupwhwdwlwngp
pwnyugws £ nduiubph hwjwpwgpdwt hwugnyghg, ndwiutiph pwquihg,
wnyjuiutiph dowlydwu b hpwyhbwyh wgnwpwpdwu hwugnygutiphg (uy. 9):
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| Syjuukph puqu |

K—) Jpwpuyhl nkdhd
3 Sjuikph Sjuiutiph Yphunhlurljwiht Unin
‘ hwjupwugpnid —) Upwlnud j nhdhuh wqnupupnud

®A
— Yutnbunp nkdpu

LY. 9. bhiiyipppwpwbbgdwt uptifupnt pwndhsh huldwt Ghpwhwdwlwnpgh
ywnmgywdpuyhti uputidw

SYjwijubph  hwjwpwgpdwt  hwugnygnd  gqpwugynd Gu  hwupwpwph
wnugh b EGywpwpwubgdwt uhtfupnu 2wndhsh wofuwwnwupwihtu nkidhdubpp
punipwagnnn wbfuuninghwlwt b Eubpgbunphy wwpwdbwpbpp, npnup Bu' wnwgh
lguwl wuwhbwup (K), funup Swdwiwiht funngegnip (8), wnwgh wundw
wulniuwhtt wpwgnipiniup (@, ), unwwnnph hnuwtpp (1), pwpdhsh dndbunp
(Mp), 2wndhsh wuwwndwlu uhtufupnt  wpwgnyenup (a)D) owpdhsh  uudwu
jwpnwp (U), gpgniwt thwpenyph hnuwupp (I . ):

SYjwjubph  dowydwu  hwugnygnd  Ywwwpynd £ wdyuiubiph
hwjwpwgpwywu hwugnyghg U wdjwiubph pwqwihg unwgywsd pYuwihu
wqnuwuowuubph  dowynwd, hwdbdwwnd U wpryniupubph Ghnfuwugnd
hwilwwwwnwufuwt wgnwpwpdwt hwugnyght:

Uowlyt| £ hwupwpwph wnwgh unbindwd nhdwnnpnn dndbunh npnadw
Edwhphy  Ywfudwdnieniu, npp  huwpwynpniginiu £ wwhu  quwhwwnb) L
wqnwpwpb)  pwubigdwtu  owpdhsh  wofuwwnwupwihu Jhbwyh  dwupu
nbnbywwnynyeinit’ wwydwuwdnpywd  ubpwnwguwihu  pbnh  Ginthnfunipjwdp:
Unnbjwynpdwt hwdwp ogunwgnpdyby b ghwwihnpéh ndyuubiph pwquw, npp
unwgyb] £ thnpduwluu  Swuwwwphny pdpniyh yunndwt - wpwgnigjwu
wmwppbip wpdbpubph nbwpnd wnwgh untndwsé nhdwnpnn dndunp  swihdwu
dhongny:
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Ubpyuwjwgyty b hwupwpwph  wnwgh Ebywpwpwubgdwt  uhUtupnu

2wpdhsh  Ypwpwyht  ppwdpdwyh  Yuwufudwu  Gupwhwdwlwpgh
Ywnnigwdpwjhu ufubidwu W npw hpwywuwgdwl wignphpedp:

GRMUYUSNRE3NRL

1. Uhufupnu gwndhsh wuljwunt wofuwwnwupwihtu nkdhdubphu b npwughg
wwounwwuntpjwu huwpwynpnieyniuubipht udphpywd hwjntuh
wofuwwnipniuubiph Ybpindnigjwu wpryniupnd hhduwynpyb) £ hwupwpwph
wnwgh bEYunpwpwubgdwt  uhufupnt owndhsh  wuljwunt - woluwwnwupwiht
ntidhdutiph htitnwgnundwt U npwug Ywufudwtu hhduwywu ninnnigyniuubinp:

2. <Lwupwpwph wnwgh Eywpwpwubgdwu  uhtufupnu  pwpdhsh
owhwagnpddwt wpryniiwybnnyejwu pwpdpwgdwu uygpniupubiph ybpindnyejwu
dhongny UL wllwunu wpluwwwupwihu nbdhdubphg  wwonwwuniejwu
wuhpwdtignnigyniuhg  Glukind  pwgwhwjinyti  Gu  uhtfupnu gwndhsutiph
wbfuthywywu  Jphdwyh Jpw  wgnnn  wbluuninghwlywu L Fubpgbinhy
ghpdnuubipp:

3. Uwnwgyby Gu gwpdhsh thwenypubpnd sbpdwuwhtwuh  thnthnfudwu
guwhwwndwu Ywjudwdnipgniuttp, npnup htwpwynpnigyntu Gu wwhu pbinh
Udndbunh wnwppbp wpdbipubph nbwpnid pwgwhwynb) gwpdhsh  wuhufupnu
woluwwmwupwihu  ntidhdubiph  pnywwnpbh wlbnnneiniup  thwenyRutiph
glipnwpwgdwt Ywufudwt tywwnwlyny:

4. Uswyyby £ hwupwpwph wnwgh Elwnpwpwutigdwu uhtufupnu swpdhsh
uhufupnu ntidhdhg nnipu quint wd  wuputupnt pnnupydwt  hGwnbwupny
wnwowgnn wuhufupnu ntdhdubiph hGwnwgnundwu dnnb|, npnup Eny; U wwhu
pwgwhwjnb] owpdhsh  Ywunuwynp  woluwwwuph wwwhnydwu  hwdwp
wuhpwdtionn utdwu wpdwt thnthnfudwt htwpwynp dhwowwipp b Ywufub
owndhsh wuenywwnpkih Yrwpwjhu ntidhdubpnid hwjinuytint
huwpwynpnipniup

5. Uwlyyb E Elywnpwpwubgdwt swpdhsh ubppht wulywu W unwwnnph
hnuwuph Jpw hwipwpwph wnwgh pbnh  ginhnfudwt  wgnbigniejwu
quwhwwdwtu dnnby snpu hwpdnuplubph W nnninpp hubpghwih hwuwnwwnndp
wwppbp wpdtpubph hwdwp: S8nyg £ wpdwsd, np pbnh dndGunh  pwpép
hwpdnupyubipnd 6 wuyniup b unwnnph hnuwupt Gupwpyynd Gu wutpwu
thnthnfunigyniutibiph: @ wuljwu wupnywwpbh nwwnwunwubpp tunbh Gu
nhdwnpnn dndbunph wnweohu hwpdnupynud:
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6. Uwnwgyt| Gu uhtufjupnt L wuhUfupnu nbdhdubpnd wofuwwnnn wnwg-
owndhs  ElGywpwdbiuwupluwlwt  hwdwlwpgh  wugnwiwiht  wpngbuubiph
quwhwwidwt  hwbwuwwuwiht  punpwgptin bW npwug  hhdwt  Ypw
wnwownydky £ owpdhsh  woluwwmwupwihu  nbdhdubph  pwpbiuydwu
Yupquinphy:

7. Uowlyqwd dbennubiph, dnnbubph W wgnpppedutph  Yhpwndwdp
wnwownpyub) £ hwupwpwph wnwgh EYunpwpwubgdwt uhtfupnu owndhsh
hudwu bBupwhwdwlwpg U wulwunt  woluwwmwupwihu  nkdhdubiphg
wwonwwuniejwu  dhong, npp huwpwynpngnit £ wwihu  swpdhsh
wofuwwnwupwihtu ntidhdubiph pwgwhwjndwu wpryniupnud Ywufub) Jpwpubiph
wnwowgdwl huwpwynpniejniuutipp:

Uwnbuwjununipjut ptdwyny hpwwmwpwlyybt) u hbnlyw
wfuwwnnipyniuutipp

1. Baghdasaryan M., Mnoyan T. Modeling the Moment of Resistance
Generated by an Ore-Grinding Mill // World Academy of Science, Engineering and
Technology Conference Proceeding, august 11-12, 2016.- Barcelona Spain, 2016.-
P.1843-1846.

2. Punnwuwpwu U.L, Uunuu S.L. <wupwpwph wnwgh
EiEyunpwpwubtigdwu upufupnu pwpdhsh wulwunu woluwwnwupwihu nkdhdubiph
dwuhtu // UMLK Lpwpbp. Ghnwywu hnnusdubph dnnnjwént. - 2017, - Uwu 2. -
ko 525-528:

3. barpacapsH M.K., Muosan T.H, Anaeepgan C.C. MWccneposaHue
aCMHXpPOHHOro  pexuma  paboTbl NPMBOAHOIMO  CUHXPOHHOTO  ABUratens
Py£opa3sMonbHOI  MeNbHULbI NPU OTKNOHEHUAX HanpaseHua B cetn // BecTHuk
HIYA: JnektpoTtexHuka, aHepretuka. - 2016. - N22. - C.28-34.

4. MHosan T.H. K uccneposaHuto HarpeBa OOMOTKM CUMHXPOHHOIO [ABUraTens
PYAOpPa3MONbHOM MeNbHULLbI, BO3HUKAOLLLETO B aCMHXPOHHOM pexume // BecTHuk
HIMYA: SnektpoTexHuka, aHepretuka. - 2017. - Nel. - C.49-55.

5. BarpacapaH M.K., Muosn T.H. OueHka BAMAHWA BHYTPUMENbHUYHOM
Harpysku Ha paboune xapakTepucTuku npusogHoro gsuratens // BectHuk HITYA:
OneKkTpoTexHuKa, aHepretuka. - 2017. - N22. - C. 22-33.

6. Uunjuu S.L. <wupwpwnph dwupwgdwt wnbluuninghwywtu gnpdpupwgu
wwwhnynn uptfupnu owpdhsh  wulwunt  wpjuwwnwupwihu ntdhdubph L
npwughg wwounwwunipjwu huwpwynpnigniuubph dwupu // <8U Lpwpbp.-
2017. - wuwn. 14, N=4. - L9 547 - 551:
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PE3IOME

20



Paspywatoruasn CNOCcobHOCTb 3NEKTPONPUBOSHOIO aBurartens,
obecneynBatoLLLErO TEXHOMOTUYECKUIA NPOLLECC, MOMET MOHOCTBIO MOAOPBaTh BECh
npoLecc, Bbi3blBaA Cepbe3Hble 3KOHOMMYecKWe notepu. ITa npobnema ApnAeTcA
Haunbonee BaMHO B Clyyae SHEPrOEMKUX TEXHONOTMYECKMX MPOLLECCOB, TaKMX Kak
U3MenbyeHne pyabl. YuuTblBaA, YTO MPOM3BOACTBA, WCMOMb3YIOLLME MPOLLECC
U3MENbYEHNA PyAbl, BbIAENAIOTCA 3HAUYUTENBHONW SHEProEMKOCTbIO, 4TO, B
OCHOBHOM, OOYCNOBNEHO MPUMEHEHMEM MOLLHBIX CUMHXPOHHbIX ABUraTeneil, a Takxe
MUMEA B BWAY, YTO JAaHHbIi MpOLECC ABNAETCA OCHOBOMOMaraloWMM B fAene
noBbllleHnA  3PPEKTUBHOCTM  MPOU3BOACTBA  METANIMYECKUX  KOHLEHTpPATOB,
BO3HMKaeT HEOOXOAMMOCTb BbIABNEHUA U NPEfOTBPALLEHNA aHOPMalIbHbIX PEXUMOB
paboTbl NCMONb3YEMbIX CUHXPOHHbIX ABUraTeneit.

YunTbiBas, 4TO CyLLECTBYHOT 3HaUYMTENbHbIE NMPOGNEMbI B BOMPOCax BblABNEHUA,
OLEHKM MPUYMH BO3HUKHOBEHWA aHOPMasbHbLIX PEXMUMOB paboTbl MPUBOSHOIO
CWMHXPOHHOTO ABUraTena pyAopasMonbHON MeNbHULbI, @ TaK¥e NPefoTBPaLLEHNA UX
HEeraTUBHbIX NPOABIEHWIA, pa3paboTka METOAOB, HarnpaBNeHHbIX Ha NPeaoTBpaLLEHNE
Hempuemnemblx NPOABNEHWI aHOPMabHBIX PEXUMOB paboTbl, ABNAETCA aKTyanbHOM
npobnemoii.

Lenb pa6otbl. Llenbto pucceprauuu AenAeTca paspaboTka METOAOB W
aropuTMOB /1A U3YYEHWUA W OLEHKU PEMMMOB paboTbl ABUraTend C Y4eTOM
TEXHOMOTUYECKUX  MPU3HAKOB, HaMpaBlieHHbIX Ha obecrieyeHue  HOPMabHOM
3KCMNyaTaLmm NpUBOJHOrO CUHXPOHHOIO ABUraTena pyAopasMONbHON MeNbHULbI, a
Takke paspaboTka Mep MO NPEfOTBPALLEHUNIO AHOPMAsIbHbIX PEMUMOB paboTbl
apurarenei.

HayuHnasa HoBu3Ha

1. MonyyeHa 3aBMCUMOCTb ANIA OLLEHKU U3MEHEHWA TemnepaTtypbl B OOMOTKax
JBUraTena, Mo3BONAIOWAA BbIABUTL [OMYCTUMYIO MPOAOIKUTENBHOCTL paboTbl B

ACMHXPOHHOM PEXMME MPU PasHbIX 3HAYEHWAX MOMEHTa HarpysKu.

2. PaspabotaH meTog, UCCnefoBaHWA CUHXPOHHOMO ABUraTena B aCUHXPOHHOM
peXuMe, KOTOPbI MO3BONAET MPW Pa3HbIX MPUBOSHbLIX ABUrATENAX WM MOMEHTax
COI'IpOTVIBJ'IeHVIﬂ unccnegosatb USBMEHEHue Hal'lpﬂ)KeHl/Iﬂ aABuratena n, Tém CamMblM,
onpepfennTb JOMYCTUMbINA Npefen ero U3MEeHeHUA, He [JOMyCKaloLLWii aBapuiiHoro
pexumMa paboTbl ABUraTena.

3. PaspaboraHa Mogenb 4/iA OUEHKM 3aBUCMMOCTU Konebanua yrna 6 u Toka
cratopa MpPUBOJHOIO CUHXPOHHOTO [BWUraTela OT Harpy3ku pyAopasMosbHON
MEfIbHULbI U MOMy4eHbl MepejaTodHble  (PyHKUMM A  U3YYEHWA 4acTOTHbIX
XapaKTEPUCTUK  CUHXPOHHbIX — ABurateneii, paboTalolMXx B  acCUHXPOHHOM U
CMHXPOHHOM pEXUMax MpPU W3MEHAIOLMXCA Harpyskax, KOTOpble MO3BONAIT C
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npumeHeHnem Kputepua Haiiksucta B cpepe Simulink naketa nporpammbl MATLAB
paspaboTaTb perynatop A ynydwleHua paboumx perumoB JBuratens.

4. TlpepnomeH anroputm ana paspaboTku cnocoba 3almUTbl OT aHOPMasbHbIX
pexumoB  paboTbl  MPUBOAHONO  CUHXPOHHOTO  ABWraTens  pyAopasMosbHON
MeNbHULbI.

OcHoBHble BbIBOAbI

1. B pesynbrate aHanuMsa M3BECTHbIX PaboT, MOCBALLEHHbIX aHOPMalbHbIM

pexumam paboTbl CUHXPOHHbIX JBUraTeneil 1 BO3MOMHOCTAM UX  3aluTbl,
060CHOBaHbI OCHOBHbIE HanpaBleHUA WCCNEeA0BaHUA U MePbl MO NPefoTBpaLLEHNIo
aHOpMaslbHbIX ~ PEMUMOB  paboTbl  MPUBOJHOrO  CUHXPOHHOTO  JABMUraTens
PYAOPa3MONbHON MeNbHULbI.

2. Ha ocHoBe aHanu3a NpuHLMNOB NOBbILLEeHNA 3PEKTUBHOCTU SKCMNyaTaLum
NMPUBOAHOINO CUHXPOHHOrO [ABUraTens pyAOPasMONbHON  MembHULbI U UCXOJA U3
HeobXoaMMOCTU  3allMTbl  OT  aHOPMalbHbIX  PEXUMOB  paboTbl,  BbIABMEHbI
TEXHONOTUYECKME U 3HEpreTMYecKMe roKasaTenu, BAMAIOLLME Ha TeXHWYecKoe
COCTOAAHUE CUHXPOHHOIO ABUraTens.

3. TlonyyeHbl aHanMTUYeCKWe 3aBUCUMOCTU  JJIA  OLEHKU  U3MEHEeHWA
Temnepatypbl 06MOTKM ABUraTens, no3soaAtoLLME NPU Pas3HbIX 3HAYEHUAX MOMEHTa
Harpysku BblABUTb  JOMYCTUMYIO NPOAOIKUTENbHOCTL  paboTbl  pgBuratena B
aCMHXPOHHOM PeXUME C LLeNbIo NPefoTBPaLLEeHNA neperpesa 0OMOTOK.

4. PaspaboTtaHa Mopenb AfA UCCNELOBAHWA aCMHXPOHHOTO pexuma padoTbl
MPUBOAHOTO CUHXPOHHOrO [ABUraTeNa PyAOPasMONbHOW MenbHULbl B Clyyae ero
BbINaleHUA U3 CUHXPOHWU3MA UMK NPU aCUHXPOHHOM MYCKe, YTO MO3BONAET BbIABUTH
JOMYCTUMbII Npefen U3MEHEHNA HanpAKEHNA Ha 3auMax ABuUratena, HeobxoanMbIi
ANA NojAepHaHuA HopMmanbHON paboTbl aBuratens U nNpeoTBpaLLeHna aBapuitHoro
pexuma paboTbl aBuratens.

5. PaspabortaHa Mopenb ANA OLEHKM 3aBUCUMOCTW Konebanua yrna € u Toka
cTatopa MpUBOAHOIO CUHXPOHHOMO ABUraTena OT Harpy3s04HOrO COMPOTUBAEHWUA A/IA
YeTbipex rapMOHWK NPU pasHbIX 3HAYEHUAX WMHEPLMOHHON MOCTOAHHOW poTopa.
lMokasaHo, YTO MPU BbICLUMX FrapMOHMKaXx MOMEHTa COMPOTUBIEHUA TOK CTaTopa u
yron @ nopgepeHbl HebonbLLMM M3MeHeHNAM. Henpuemnemble nsmerenua yrna 6
3amMeTHbl B NepBoii FapMOHNKE MOMEHTa COMPOTUBIIEHUA.

6. lMonyyeHbl YaCTOTHble XapaKTEPUCTUKN ANA OLLEHKU NepPexOAHbIX MPOLLECCOB
CUCTEMbl MebHULA-ABUraTeNb B CUHXPOHHOM M aCMHXPOHHOM peMumax paboTbl
NPUBOAHOTO [BUraTeNA W Ha WX OCHOBE MNPEMJIOMEH PErynaTop ANA YydleHus
pabounx pexumoB.
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7. Ha ocHoBe pa3pa60TaHHb|x METOL0B, Mo,u,eneﬁ M anropuTtMoB MpeanoxeH
cnocob 3alnuTbl OT aHOPMa/ibHbIX PEXMMOB pa6OTbI npuBogHOro pApurartena
py,u,opasmoanoﬁ MeNbHULUbI, KOTOprVi NO3BONAET NMPEROTBPATUTL BO3MOMHOCTU
BO3HUMKHOBEHWUA aBapMﬁHle chy4aeB NOCpPEACTBOM BbIABNEHNA PEXMMOB pa6OTbI
ABurartena.

MNOYAN TIGRAN

DEVELOPING METHODS FOR PROTECTING THE DRIVE SYNCHRONOUS
MOTORS OF THE ORE-GRINDING MILL FROM ABNORMAL OPERATION
MODES

RESUME

The destructive power of the electric drive motor which provides the
technological process, may completely undermine the whole process, causing
serious economic losses. This problem is considered to be most significant in case of
power intensive technological processes, such as ore grinding. Taking into account
the fact, that the productions, using the ore grinding process are significantly power
intensive, mainly due to the usage of powerful synchronous electric motors, as well
as, bearing in mind that this process is fundamental for increasing the metal
concentrate production efficiency, it becomes necessary to detect and prevent the
abnormal operating modes of the synchronous motors used.

A comprehensive analysis of published researches devoted to the study of the
synchronous motor operation modes and the possibilities of their protection shows
that none of the practical methods allows to detect and prevent the abnormal states
of the drive synchronous motor of the ore-grinding mill in absolute precision.

Considering that there are numerous problems in the sphere of identifying,
assessing the causes of arising abnormal operating modes of the drive synchronous
motor of the ore-grinding mill, as well as also preventing their negative
manifestations, the development of methods aimed at preventing the unacceptable
occurrences of irregular operating modes is an urgent problem.

Objective. The goal of the dissertation is to develop methods and algorithms
for investigating and evaluating the operation modes of the motor, taking into
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account the technological features aimed at ensuring the normal operation of the
drive synchronous motor of the ore-grinding mill, as well as to develop measures to
prevent the abnormal modes of the motor operation.

Scientific novelty

1. A dependence is obtained for estimating the change in temperature in the
motor windings, allowing to reveal the permissible duration of operation in the
induction mode at different values of the load moment.

2. A model is developed for evaluating the dependence of the oscillation of
angle @ and the stator current of the drive synchronous motor on the load of the
ore-grinding mill, allowing to detect the possibility of preventing the abnormal
operation modes of the motor caused by the change in the moment of resistance
created by the mill.

3. A model is developed for estimating the dependence of the oscillation of the
angle 6 and the stator current of the drive synchronous motor on the load of the
ore-grinding mill, and transfer functions are obtained for investigating the
frequency characteristics of synchronous motors, operating in induction and
synchronous modes at changing loads, allowing to develop a regulator for improving
the operation modes of the motor in the environment of the MATLAB program
Simulink package by using the Nyqvist criterion.

4. An algorithm is proposed to develop a method for preventing the irregular
operation modes of the drive synchronous motor of the ore-grinding mill.

Main conclusions

1. As a result of investigating the known works devoted to the abnormal
operating modes of synchronous motors and their protection possibilities, the main
directions of the research and the measures to prevent the abnormal operation
modes of the drive synchronous motor of the ore-grinding mill are substantiated.

2. Based on the analysis of the principles of increasing the maintenance
efficiency of the drive synchronous motor of the ore-grinding mill and also based on
the need to prevent from abnormal operation modes, the technological and power
indicators, affecting the technical state of the synchronous motor are revealed.

3. Analytical dependencies are obtained for estimating the change in the
temperature of the motor winding, allowing to reveal the permissible duration of the
motor operation in the induction mode at different values of the load moment to
prevent the overheating of the windings.

4. A model is developed to study the induction operation mode of the drive
synchronous motor of the ore-grinding mill in case of its falling out of synchronism
or at the induction start, which enables to identify the permissible limit of the
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voltage variation at the motor terminals necessary to maintain the normal operation
of the motor and prevent its emergency operation.

5. A model is developed to estimate the dependence of the oscillation angle
(¢)and the stator current of a drive synchronous motor on the load resistance for
four harmonics at different values of the inertial rotor constant. It is shown that, at
higher harmonics of the moment of resistance, the stator current and the angle 6
are subject to small changes. Unacceptable changes in the angle 8 are noticeable in
the first harmonic of the moment of resistance.

6. Frequency characteristics are obtained for estimating the transient
processes of the mill-motor system in synchronous and induction operation modes
of the drive motor, and a regulator is proposed to improve the operation modes
based on those frequency characteristics.

7. Based on the developed methods, models and algorithms, a method for
protection from abnormal operation modes of the ore-grinding mill is proposed,
which makes it possible to prevent the occurrence of emergency situations by
detecting the motor operation modes.
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