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UWoluwwnwtuph wpnhwlwunyeyniup: Uwquhuwnbninghwywu (UM hGnniyp
Ywqddws & ninhg (npwuupnpdwnnpuihu Yud upuebuhly) W win jninh dbe jgyws'
«quwhJwd» Jpbwynwd gunuynn  dwquhuwlwu upnyeh dwuthlubphg: Upunwpht
dwqupuwluwu nwauh wnwjnipjwu nbwpnid wyn dwutpyubpu
ElGyunpwdwgupuwywtu  nidh  wgnbgniejudp  dgynud-dhwund B b Yugdnuwd
pwquwphy gnpwubp, huy npwup k) dhwynpdbind Yuqdnud Gu Yudpowly: UM
hbnnwyubipp Yhpwnynud Gu Fubipgbuinhlwynid, wpryniuwpbpniniund,
wywndnphiwiht wkfuuhYuwnd, pdoynpyuu U wyp ninpunubpnud, huwpwynpnigntu
wwiny uwbindt] Jdh owpp wpnhwlwt LEYunpwdwquhuwlwu  uwppbp, npnug
punipwagpbipp dbwynpynud Gu npwig twjuwgddwt  thnynud:  Udunndwnwgnidp
Uwwuwnnud £ uwfuwgddwu gnpdpupwgh wpwg U wpryniuwybn Yuwmwpdwp:

EGynpwldwquhuwywt  hwdwlwpgbph, punhwipwwbu, b UM hennyny
hwdwlwpqgbph, dwutwynpuwbiu, twhiwgddwl wynndwnwgdwt  hwdwlwngh
unbnddwu  fuunhpt wpnhwlwu £ U nuph  Yuplbnp  ghnwnbuuhyulywu
Uowlwnip)niu:

UWuwwnwuph swyuwwwlyp b hhpfuwyw juunhpubpp: Uuwnwuph uwyywnwyp
UMt hbnnwyny  biEYunpwdwquhuwlwy  uwppbiph  twhuwgddwu wynndwwnwgdwu
hwdwlwpgh dowynudu E: Wu uywinwlu hpwgnpdtipne hwdwp nhnwphybp b msdbg
Gu hbwnlyw fuunhpubipp.

1. UM hbnnibh b npw Yppwndwdp  EEYunpwdwgqupuwlwi  uwppbph nt
Uwluwgddwu dhowyduwyp-gnpdhpubinh (COMSOL Multiphysics, FEMM, ANSYS,
MATLAB U  wju) wnwidbwhwwynigniiubph  nwnwduwuhpne)ni,
hbwmwgnunniejw opjlnh b wnwplwih punpnieniu:

2. Ut hbmmynd  uwppbph ElYupwdwqupuwlwt hwdwlwpgbph
dnnbGuynpnud  Jbpowdnp  wmwppbph pwjht dbennny, dwquhuwlwt
onpwubph  thnjuwppudwu  upubdwubph  Ywgdn, dwpbdwunhluwywu
dnnbiutiph dowlynwd L ybipindnieyniu:

3. Ut hemmynd  uwppbph  ElYupwdwqupuwlwt hwdwlwpgbph
dwqupuwlwu onpwubph ninpn L hwlhwnwpd  fuunhpubph  ndnd,
dwqUhuwlwu dwuthyubph Yudpswlh dwlwwnwihtu dwybplinyeht gnpdnn
EiEyunpwdwquhuwlwt nidh b wn dwlhwwnh nbnuowndh  wpwgnigjwu
npnanid:

4. UM htnnyny EEYwpwiwquhuwlwlu uwppbpnud oguwgnpdynn ujnyebph’
Uwluwgddwtu  wynndwwnwgdwt  hwdwlwnpgh  gnpdwplydwt  hwdwp
wuhpwdtion gpwnwpwuubph unbindnud:

5. UM htinnyny EEYunpwdwquhuwlwy uwppbnh owunhdwjwgdwt fuunhpubph
Suwlybpynd L (ndnd, Uwjuwgddwt  wyunndwinwgdwt  hwdwlwpgh
uinbindnud U gnpdwplynid:



Chwmwgnnnyeyuu depnnubpp: UM htnnyny EGywpwdwqupuwlwu uwppbiph
dwqUhuwlwu nwownbnh htunwgnunyejuu hwdwp Yhpwndb) Bu yepswynp wwppbiph
pUwjhu dbpnnp W FEMM Sdpwgpwihtu dhowywjpp: ElGYunpwdwquhuh dwguhuwwu
onpwih thnfuwphtdwt upubdwt Yuqgdbnt, hwdwlhuwpgh dwebdwnhlulywu dnnbip
dawybint hwdwp Yhpwndb| Gu dwqupuwlwt onpwtbph hwodwplh nt bwiuwgddwt
dbpnnutipp:  EEyupwdwqupuwywu  hwdwlwpgh dwpbdwnhluwlwu  dnnbh ng
gowht hwjwuwpnwubph hwdwwpgbpp nddb] Gu Ujnunntuh Bnuitwyny, huy
EiEyunpwdwquhuwlut  hwdwlwpgt owywnhdwjwgyb) £ typphunpy b Ednynighnt
dbpnnutpny: Lwhuwgddwt wynndiwwwgdwt hwdwlwpgp untndyb £ Matlab
Spwanwjhu dhowdwipnud, huy gpubhlulwt hunbipdbjup’ App Designer qnpdhph L
Ul Components $niulyghwjh dhongny:

Uzfuwnwuph ghnwlywi unpnypp.

1. UM htnniyny uwppbiph dwquhuwlwl nuownh dnnbjuwynpndp pywihu dbpnnny,
dnnbjwynpdwt wpryniuputipnh ybipindnieyniup,

2. UM henniyny uwppbipp fGhunpwiwquhuwyuwt hwdwwpgbph fjunpwuwpnwipt,
qunuwjht U hhpphn dwpbdwwnhlwywu dnnGubpp,

3. UM hbennyny uwppbph bEYwnpwdwqupuwlwyu hwdwwpgbph  dwquhuwlwu
onpwubph ninhn b hwlwnwné fuunhpubph (ndnwiubpp,

4. UM htnnyp dwqupuwlwtu dwuuhlubpny Yuqddwsd Judpowlh dwlwunwihu
dwlytipunyphu gnpdnn LiGYwpwdwquhuwlwu ndh b wjn 6wlwwnh nbnwowndh
wpwgnipjwl npnanidp,

5. UM hbnniyny  EGywpwdwquhuwlwi uwppbph owuhdwjwugdwt fuunhpubph
duwlybpwnuiu n ndnuwip,

6. UM hbtnnyny ktyunpwdwgthuwlwi uwppbph twhuwgddwtu wynndwinwgdwi
hwdwlwngp:

Usfjuwwnwuph Yhpwnwlwu Upwwynipyniunp: un hbnnyny
ElGyunpwdwgupuwywt  vwppbiph Uwluwgddwl, Ybpndniejw, owwnhdwjwgdwl
gnpdpupwgubpnd wywnndwinwgnuu niuh uplnp Yhpwnwlwu upwbwynigyniu: Uju
uwnpbph twhiwgddwu  wynndwwwgdwt  hwdwlwpgp Yuywunh wywhwusynn
puntpwagptipny wpnhwlywu uwppbph unbnddwun:

Uwnbtwlununigywtt  wpryniupubipp Yppwndlp G <wywunwtp  wqquiht
wnjhnGuuhyulwt hwdwuwpwuh (CUNC) wlwnbdhlynu <wpnyegniu (3pgjwup
wujwu  «Udunndwwnwgnud b EGywpwdwgtpuwyuwt  hwdwlwpgbp»  pwquhu
ghrnwhbunwgnunuwlwu jwpnpwwnnphuwnd® dbpblwjwlwiu nwungdwu JGpnnubpng
ElGYyunpwdwguhutbph twjuwgddwu Enwuwlubiph dowldwu gnpdpupwgnid:

Usfuwwnwuph wpryniupubph hpwwwpwynwi:  <Gwnwgnwnieniutbiph
wpryniupubipp hpwwnwpwlyb) Bu 14 nywghp woluwwnnggyndiubpnd, wn pynud’ tpbip
hnnwdubp  Scopus  ghwnwwbnblwwnjwlywu  onbdwpwuph  hwunbuubipnu:
Upryntupubipp ubipluwjwgyt) Gu <UMK 2019-2024pe. tnwpblwu ghnwdnnndubpnud,
dhowqquihu ghinwdnnnyubpnd (X1 International conference Stochastic and Analytic
Methods in Mathematical Physics, Third international conference mathematics in
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Armenian advances and perspectives), huUswybu Uwl «Udunndwwnwgnd L
ElEYwnpwdwquhuwyut hwdwlywpgbp» pwqujhu ghwnwhbwnwgnunwlwu
(wpnpwnnphwih ghnwwu ubdhuwnpubpnud:

Unbuwlununipjwt  wuwwmwwunpywup  ubplujwgynn  npnypubpy m
hGunwgnuniyniuubph wpryniupubpp.

1. UM hbtnniynd  EGYwpwdwqupuwlwu  uwppbph dwqUpuwlwu  nuwownp
dnnbjwynpnudp pYwiht tnwuwyndy,

2. UM hbnniyny Eltyuinpwdwgtpuwlwt uwppbph dwpbdwnhlwywu dnnbubpp,

3. UM htnnyny  EiEyunpwdwqupuwywu  Ywiungh b wpgbwyh dwquhuwlwu
onpwjh ninhn W hwlwnwpd uunhpubiph wnwwnpnuit nu ndnudp,

4. UM htnmynd  EEGupwdwguhuwlwu  uwppbph  owwnhdwwgdwl  fulnph
duwlybpwynuip b ndnudp,

5. UM hbnnyny EiEYunpwdwgupuwlwu uwppbiph twhiwgddwu wywnndwnwgdwy
hwdwlwnpgp:

Uwmbuwhununyejwt  Junnguépp b pnjwunwynipyniup:  Upluwwnwupp
Ywqidwd £ 4 gnifuubphg, ubipwdnieiniuhg, Ggpwhwugnuwihg ni gpwlwunyejwu
gwulhg: Wu swpwnpdwsd k114 Eonud, ywpnivwynd £ 64 uljup, 9 wnnwuwl:

Uwnbuwfununipjwt wnwsht gifuntd nwunwduwuhnyby W Ytpindyt) Gu UM hennyny
ElGYyunpwdwguhuwywt uwppbpp, npwig wnwudUwhwnynienuutpp, twuwgddwu
wywnndwwnwgdwu dhowywjp-gnpdhpubipp: Cuwnpyb| Gu hinwgnunigywu opgtljvp b
wnwnlwu, ytpindyt) nputg wnwuduwhwnlynygyniuubpn:

Uwbuwfununipwu Gpypnpn gifund ubpyujwgywd Gu Jbpswynp  wwppbiph
pUwjhu dbpnnnd UM hbnniynd EGYunpwdwquphuwlwt uwppbph  dwquhuwywu
nwownbiph hGnwgnunniywl wpryniupubpp:

Upluwwwuph — Gppnpn - gnifup - udhpywd £ UM hbinndynd uwppbinh
EiEyunpwdwquhuwlwt  hwdwlywpgbph  dwepbdwnplulwu  dnnbubph  dowldw,
dwquhuwlwt onpwutph ninhn W hwwnwnpé fuunhpubiph nddwu hwpgbpht:

Uwbuwfununigywt snppnpne gfund wunpunwnd £ Junwndb UM henndyny
uwppbiph twuwgddwt wynndwwnwgdwt hwdwwpgh unbnddwup. uwpwgpyby
Gu hwdwlwnpgh pwnyugnighs Ywnnigyuwdpwihu dwubipp, oquwgnpdynn ujnyabiph
gpwnwpwuutpp, nwYwsd fuunhpubiph wignphpdutipp, oquwgnpdnnhtu hwuwukih
gpwdhlwlwu punbpdbut nt npw wpluwwnmwuph ulgpniupp, wnwownpdb) £ U
htnniyn  hwdwlwpgh owuwhdwjwgdwt fuunhpp' puwpdb] Bu owwnhdwjwgdwu
Uywwnwlwiht pniuhghwibipp b wwpwdbunpbph thnihnfunyeniutph dJhowlyuwypbipp,
hpwagnpdybi| Gu owwhdwjwgdwt tYphuinpy b kynpnighnt deennubpp, ubpluwjwgyb)
L dtipndyts) Bu uinwgywd wnryniupubipp:

1. vugsthuunsnNLNehuuUulL <6NhuNY ELBUSruUugLhiuyuly vurLsre

UMt htnnyp Yninhnwiht mdnye £, npp unmwunwd Gu opnud, opqutiwlwu
htinnynud ud wyp henny dhowyuypnud gipdhypnuynuwihtu swihbph dwquhuwywu
5



dwuuhyubpph nhuybtipudwu 6wuwwwphny (Jwquhuwwu Jwuthlubpp fuwnuynud Gu
hbnniynwd'  dhdjwiughg  wulwju  Jpbwlynw), wnwlg funonp  Ynunwlynudubpp
duwynpdwt): Wu hbnndyubpnd Yninhnwihu Jwuuhlubph swihbipp Yupnn Gu hubg
Tud-20dyu:

Uwquhuwlwt nwownh wanbgnipjudp dwghuwlwt dwuuhyubpp aqynd U, h
ytipen, hwynuw Gu: Npwbugh wpunwpht dwquhuwlwy nwowmp yepwgubinig hbiunn
duwgnpnujhu hunniyghwih hwayhtu wyn dwuthyubpp sduwt hpwp Yuwsd yhdwynud,
dwuthlyubpp dwybplnyep ywwnnd Gu ng dJwguhuwlwt ujnieny:

UMt htnnyh ybpp pttwpygwsé wnwuduwhwwnynyeiniuubph 2unphhy npwug
Yhpwndwdp  fEYunpwdwgquhuwlwt  uwppbpp  wjunpbit oquiwgnpdynwd KU
wpunwnpnuejwt nwppbp ninpuubpnd’ depGuwohtngeinit, wywndnphpwohunggniu,
nnpnwnwohuniejntu, pdolwlwu uwnpwohuntentl, Uwywohuniejntu,
onwquwgnieniu, pdohnygyiniu: UM hennynd bjGlupwidwquhuwlwu uwppbphg B
Ugnpnhsubpp (clutch), funwpwpubpp (seals), ppenwdbndhsutipp (damping shock
absorber), thwwuutinp (valves), wpgbtjwlyubtpp (brakes), ubjudhl wwwnwunwubph
dwnphsubipp  (seismic  vibration dampers), qnwhwpwbynuubipp (body armor),
(wwwpnuynwhly yhpwpnidnigjuiu hwdwp hwnnpnulutipp (actuators for laparoscopic
surgery):

Un  hbnniyny  fiEYunpwdwqupuwywu  uwppbph donbudnpdwtu L
owwnhdwjwgdwt twwwwyny Yhpwnynd bu pwqdwphy bnuuwyubp' Jepowdnp
wwnpbph dGennp, nhuwdhly, wwpwdbnpwywu, Yptwlwgpwlwi, ns hunwly
dnnbjwynpdwu b wy) Gnwuwlyubipp: dbpohu tnwphubipht upgwd fuunhpubipp (ndbnt
hwdwp Yppwnynwd Gu Gwl UGpnUwihu  guugbpp, dbptiwjwlwt  nwngdwt
dbpnnubpp:

UnN hbnnwyubipnd uwppbiph twjuwgdnuwp ubpwnnd § pwqdwphy $hghyuywu
Gpunypubp, Ubpwnuw]  Ebjupwdwgtpuwlwu,  obpdwjhl,  dhEuwuhlulywu
Bplnypubipp: Lwhuwgdnn hudtubpubpu wju pwpn hwdwlwnpgbpp dnnbwynpbn
owwnhdwjwgubint b Ywnwlwpbint hwdwnp oguwgnpdnul tu  dwutwghwnwgywd
Spwapwihu dhowduwyp-gnpdhpubin, npnughg Gt COMSOL Multiphysics-p,  FEMM-p,
ANSYS-p,  MATLAB-p: Uhwdwdwuwy  wpnhwywt  Gu UM hbnnyng
ElEYyunpwdwgquhuwlwt uwppbiph twhwgddwu wywnndwwnwgdwu dwutwghunwgywd
L aynit hwdwlwngbph unbnddwu ninnnijudp fuwnwnpynn wofuwnwupubpp:

bwwnwpwd Yhpnwdngynitubph hpdwt Jpw, tunp niwbuwing UM hennyny
ElGyunpwdwgupuwwt  uwppbph  wnwuduwhwnynyeniubnp (Jwguhuwywu
nwounny YJwnwywpynn hbnntly, wpwg  wpdwquup Jdwquhuwlwi  nwownp
thniinfuneynitibpht,  Yhpwnnuygpwt wyu nnpi’ - Yuifungubp,  Ygnpnhsubip,
wpgbwlutp,  pdolwlhwu  uwppbp,  Eygnydwiupubp L wyu),  hGwnwqw
htwmwgnunnieniuubiph hwdwp npwbiu opjlyn puwnpdby Gu UN htinniyny uwppbiph,
dwutwynpwwbu, Jwfjungh (ppenwdbndhsh) b wpgbjwyh EYunpwdwuguphuwlui
hwdwlwpgbpp, huy npwbu  hGnwgnunngiwt wnwplw' win  hwdwlywpgbph
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FEMM )

MATLAB
, App Designer Ul
Components
y « »
« »
 .7): , « » ,
( -8 (
, FEMM ,
)
£ MATLAB App [m] X

US Steel Type 2- 0.018 inch thickness T

US Steel Type 2-S0.018 inch thickness

US Steel Type 2-S0.024 inch thickness
Pure Iron

1006 Steel (low carbon steel)

1010 Steel (low carbon steel)

1018 Steel (low carbon steel)

1020 Steel (low carbon steel)

1117 Steel (low carbon steel)

416 Stainless Steel (magnetic stainless steel)
430 Stainless Steel (magnetic stainless steel)

455 Stainless Steel (magnetic stainless steel)
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Ay 1) max (3)

0.034 < d < 0.042,
0.0031 < < 0.0039,
0.007 < < 0.0085,
0.028 < 1 < 0.034,
0.01 <1 < 0.012,

{ = [12,24,48]:
@ O
2432525, ( *, % % * 1% =(0.04199994, 0.0039,0.007, 0.034, 0.010003), *=24,

¥+=82.3225, ( *, %, * * 1% =(0.03901953, 0.0039, 0.007,0.02800003, 0.012), *=48:

. 11-

@
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fuunhpubpny  GpYswihwuphowihu  fuunhpp  nskint bwwwnwyny  punhwupwywu
Uwwwwlwiht $niuyghwt Ywqdyb b pnbwwywu Ynh Gnwuwyh Yhpwndwdp,
ogunuwgnndtiin wnwudhu swthwuhoubph hwdwp ybpp updwd owyinhdw) wpdtpubpp.
PL(dy bg, he, 1, 1, U) = B\2 /v(dy, by, b, 1, 1y, U) — v\
oo (RS (BT -
_(P(dnhshely ), U0) 43252512 v(dphshelyly,U)- 823225\ 2 . ]
_( 43.2525 ) +( 823225 ) dn,hsljgi,rlln,lu,U' ()

Wu uwwwwywiht $niuhghwyin b ds, hs, he, I, 1, U thnthnfuwlwutbpnyg
dhupdwjwgdwu  fuunhpp oyl £ uwhdwuwhwynwubph  (4)  hwdwlwnpgh
hwoqwndwdp, nph wpryniupnid - UM wpgbjwyh  owwnhdw)  Yunnigdwdpwiht
wwpwdbnpbph hwdwp unwgyb) Bu (do*, hs*, he*, 1%, 1,*) = (0.042, 0.0039, 0.007, 0.034,
0.010125) wpdbtpubpp, huly updwu hwdwp' U*=124 wpdbpp: Wu wpdbpubph
nbwpnd' Pi=42.67501 L v=80.5224d/4: Cunhwupwlwu twwwnwlwihu $Sniulghwih
wndbpp Yuadl £ o = 0,0004:

Wuwhuny, MATLAB oSpwgpwihu  dhowdwypnd  dowldbp £ UM hbnnyny
EiEYyunpwdwgupuwywt hwdwYuwnpgbph twuwgddwt wywnndwnwgdwt hwdwlwpg,
nnp

- niuh  gpwdhlwywu pumbnpdbu, npp Vwfuwgdnnubphu  wpwdwnpnd |
hwpdwpwybwn  hwppwy'  wwpwdbnpbpp  dnunpwgnbiny,  gpwnwpwihg
Unebpp punpbnt b twhiwgddwt wpryntupubpp wwwnybpwynp  wbuubnt
hwdwp, husp  dbdwgund £ hwdwlwpgh  punhwunip Yhpwnbihniyejuu
wuwnhbwup,

- nwnd o BEyunpwdwqupuwlwu hwdwlwpgbph ninpn U hwlwnwné
uwfuwgdwiht fuunhpubpp, Ywwwpnd Yunwywpdwy Yndh hwodwpyp,

- pudtnnu b wwpwdbnpuywu ybpndnigjuu b punpgws  thnihnfuwywuubph
dholt Gnwswith Pniuyghniwg Yuiudwdnipyniiubnp unwgdwl
huwpwynpnieyniuubp,

- odunywd L dhwswihwuhpwht b GpYyswihwiuhpwht owywnhdw] Uwiuwgddiwu
huwpwynpnipjwdp:

Uun  htnniyny  fiE4wpwdwqupuwyuu  hwdwlwpgbph  Gwhuwgédwu
wywnndwunwgdwt hwdwYupgp.

- wpryntuwybin -k, 2unphpy dowldwd  dwpbdwwhywlwu  dbennubph
wywnndwwnwgdwl, husp gguihnpbu Ypdwinnud b uwfuwgdwiht hubpwghwubph
U wwpwdbtinpbph owywnhdwjwgdwu hwdwp wwhwugynn dwdwtiwyp,

- wywhnynw £ UM uwppbph dnnGuygnpdwu b owywnhdw| twjuwgddwt pwpép
downnip|nLu,

- hwpdwpwdbwn k£ oqunugnpdnnubiph hwdwp b wwpgbigund £ wjuwgddwt
gnpdpupwgp’ wjiu  Juwwskih nwpdubingd wwppbp  Gnpdwnnyegniu niubignn
hudtiubnpubiphu,

- purqwyudnn £ UM htinnynd wwppbp BElupwdwqupuwlwt hwdwywpgbph
hwdwp huwpwynp £ wybugut] hwdwwwunwufuwl pwdhuubn:
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Nwnuiuwuppdb] o Jwquhuwnbninghwywu (UMY henniynd  EiGYunpwdwqup-
uwlwu uwppbpp, UM hbnniubpp b npwtg  wnwuduwhwunynigyniubpp:
Lutwnlyt b ybpinwdyby bu twhuwgddiwu wynndwnwgdwt hwjinth dhewdwjp-
gnpdhpubpp, dbwlybpwyb| £t UM hbnnyng EGYwpwdwquputbph twhuwgsdwu
wynndwwnwgdwu  Gynit b dwulwghunwgwd  hwdwlwpgh  dowlydwu
Uwwwnwlwhwpdwpnigyniup: Npwbu hGnwgnunnygjwu optiln puwnpyby 5u UM
htinnwyny Yuwfungh b wpgbjuyh bGYunpwdwguhuwluu hwdwywpgbpp:
Luuwpyyby £ dbpgwynp wwppbiph pdwipt - dbennp,  wnwowpldt)  Bu
dwqUhuwywu nwowh whpnypp, wn pynd’ UM henmiynd  hwanhluygnp
dhowdwiph  whpnypep, Gnwulyniu  wwppbpn wwwnbine  wpryniiwybn
Gnwuwlubpp: UM hbnniyny EiGYunpwdwquhuwlwy hwdwlwngh dwquhuwlwu
nwownp dnnbjwynpytp £ FEMM (Finite Element Method Magnetics) dhowwjp-
gnpdhpny. uwmnwgyb| U nwownh ulwpubpp, Ybpnwdb) £ dwgquhuwlywu hnuph
pwptunudp, swihyb) U hwpyunlyby Bu htuswbu nuownp punyewagnnn $hahywlwu
ddnigynitiutiph, wjuwbu b dbnndwqlpuwlwiu  hwwhlubph Jpw  gnpénn
EiEyunpwdwquhuwlwt ndp b hwnpyh owpddwt wpwgnyeniup, Junnigyb) b
ybipndyty Gu punLpwgpwywu dbdnipjnLuutiph gnpwhhlwyuu
Ywhujwdnipyniuubpp [5, 6, 8, 11]:

bwaqdybsp BU hbwnwgnundnn  hwdwlwpgbph  dwquhuwlwiu  onpwubph
thnfuwphtdwu ufubdwubnp, npnug hhdwt Ypw dowlyb B duwpbdwnhlyulywu
dnnbjubpp’  funpwuwpnubpnd  donbp (Jwqubuwlwt  Jwuthlubpt kU
funpwuwnnh L), gunbpny dnnbip (Jwquhuwlwu dwuthlubpt niubu gunh &y L
hhpphn dnnbp (JwuuhYubph dh dwut nh funpwuwpnh, dnw dwup® qunh aly:
Unwgytp Gu ny gdwht  hwlwuwpnudubph  hwdwlwpgbp, mddbp  Gu
dwqUupuwlhwt  onpwjh ninhn UL hwlhwnwpsd  fuunhpubpp, unwgdbp Gu
ElGyunpwdwgupuwlwt  hwdwlwpgbph  punipwgpwlwt  dGdnigyniutph
wpdbpubpp:  Ywwwpdp £ dowldws  dwepbdwnplulwu  dnnbjubph
wwpwdbnpwlywtu Jeppnsngeniu, gnyg £ owpdbp npwtg wnbldwnngggndup’
hwiwwwunwutuwunyegniup hwdwYupgbipnu wnlw $hghlwywt Gpunypubphu
[3,4,7,9,10,12]:

duwybpwytb b ndb| Gu UM hbnndynd EiGYunpwdwquhuwlut hwdwwpgbph
owwnhdwjwgdwu dhwswthwuhowiht W GpYswiwuppwiht fuunhpubpp: Cunpyb
U vwywwwlwiht $niuyghwubtipp b vwhdwuwthwynwiubpp: Owwnhdwjwgdwu
fuunhpbipp  mddtyy.  Gu bdphunhly - dbeanubpnd - (hhwbpudbphly
Ynnpnhtuwwnwht ujpboph) b gbubinhly wignphpdnd, Ybpiméyb) Gu unwgyws
wpryntupubipp [1, 2, 13]:

Uswydwd hppphn dwpbdwnhlwlwt dnnbh, hwodupyh nt bwhiwgddwu
Enwuwlutiph hhdwu Yypw unbindyt £ dwutwghwnwgyws, dyntu, oginwgnpdnnh
hwdwp  hwpdwpwytn' UM hennynd  bGYwnpwdwgUpuwlwu  uwppbiph
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twhwgddwt  wynndwunwgdwt  hwdwlwpgp bpbp  hhduwlwu  2bpwnbpny’
gnwhhywywt hunbpdtu (Uwhiwgddwu Guybwwiht wyjwutph dnunpwgpnud
L  twjpwgddwu  wpryntupubph  wpuwdnd),  oguiwgnpdynn - Uniebiph
(Ptpndwgupuwlwt unypbiph, UM htinntyh jnintiph, UM hbinnyh dwquhuwlwu
dwuthlyubpp wnebph b Ywnwdwpdwt Ynéh hwnnpnwjwuptiph  nbGuwlubip)
gpwnwpwuubp, dhonly (Wwuwwufuwuwwnnt £ hwadupyp nt twjuwgddwu pninp
fuunhpubiph, win pYnud* owinhdwjwgdw fuunhpubiph nédwu hwdwp) [14]:
Snpowpydbp £ UM hbnnynd  EiGGunpwdwquphuwlwi vwppbph Gwuwgddw
wywnndwnwgdwu hwdwywngn, Yuwwnwnpyt) Gu onipng 600000 hwwn twiuwgdtin:
“Hhwug wpryniupubipp ubpdndyby Gu bwiuwgddwu nyjwiubph swnbdwpwu, npp
Uppwndtp £ Cwjwunwuh  wgguiht - wynihunbuuhlwywu - hwdwpuwpwup
wlwnbdpynu  Cwpnyggit (Fbpgquith wujwu  «Udnindwnwgnud b
flGYywpwdwgUpuwlwtu  hwdwlwpgbp»  pwquiht ghnwhbunwgnunwywy
(wpnpwnnphuynud' dbipbuwjwljwu nnigdwu dbipnnubtipny
ElGYyunpwdwquhuubph twhuwgddwt fuunhpubph M$dwu pupwgpnid [13, 14]:
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3AKNKOYEHUE

UccnepoBaHbl  aneKTpoOMarHWTHble yCTpoiicTBa ¢  MarHutopeonoruveckort  (MP)
MUAKOCTbIO, cBolicTBa MP-wupgkoctelt u wx  ocobenHocTn.  ObcyaeHbl v
MpoaHanu3upoBaHbl  U3BECTHble  CPEAbl U MHCTPYMEHTbI  aBTOMATM3aLuu
MpoeKkTMpoBaHusA, o0bocHOBaHa  LenecoobpasHoCTb  pa3paboTkm  rmMbkoi  u
CMeLmanu3MpoBaHHoOM CUCTEMBI aBTOMATU3ALLMK MPOEKTUPOBAHWA 3/1EKTPOMArHUTOB C
MP-xupkocTtbto. B kauectBe obbekta uccnefosaHuA BbIGpaHbl 3NEKTPOMArHUTHbIE
cHUCTeMbI MoaBeca U Topmosa ¢ MP-¥uaKocTblo.

PaccmoTpeH MeTop, KOHEYHbIX 3M1EMEHTOB, NpenioXeHbl 3QEKTVBHBIE CNOCOObI
pasbueHna obnacT MarHMTHOro nonA, BKIYaa obnacTb ¢ rpaHyIMpoOBaHHON cpepoi
MP-x#uaKocTn, ¢ ucnonb3oBaHMEM TpeYrofbHbIX 2/1eMeHToB. MarHuTHoe none
3NEeKTPOMarHUTHON cuctembl ¢ MP-ugkocTeto MogenupoBanock B cpege FEMM
(Finite Element Method Magnetics): nonyyeHbl KapTUHbI NONA, NpPoaHaNM3NPOBAHO
pacnpeneneHue MarHUTHOrO MOTOKA, W3MepeHbl U paccuuTaHbl Kak busnyeckue
BEMMYUHDBI, XapaKTepUsytoLLue Nojie, Tak W aNeKTPOMarHUTHaA cuna, AelcTBytoLwan
Ha (heppOMarHUTHbIE YaCTWLbl, & TaKMe CKOPOCTb ABUMEHMUA YacTuL,. [locTpoeHb! u
NpoaHanu3upoBaHbl rpadMyecKkme 3aBUCKMOCTU XapaKkTepHbIX Benn4uH [5, 6, 8, 11].
CocTaBneHbl cxembl 3aMeLLLeHVWA MarHUTHBIX Leneii nccnepyemblx CUCTEM, Ha OCHOBE
KOTOpbIX pa3paboTaHbl mMaTemMaTUydecKue MOAEnu: Kybuueckas MoAenb (MarHWTHble
vacTuLbl uMetoT chopmy Kyba), cchepryeckas Mogenb (MarHUTHble YacTULLbl UMELOT
chopmy wapa) U rMbpupaHaa Momenb (4acTb 4acTuL, umeeT chopmy Kyba, vacTb —
wapa). MonyyeHbl cUCTEMbI HENMHEHHbIX YPaBHEHWIA, pelleHbl npAMas u obpartHas
330a4M  MarHUTHOM  Lenu, MONyYyeHbl 3HAYEeHWA  XapaKTepHbIX  BENUYWH
3MEeKTPOMarHUTHbIX cucTeM. [lpoBepéH napameTpuyeckuii aHanus paspaboTaHHbIX
MaTemMaTUYeCKUX MOAeNnell, nokasaHa ux afeKBaTHOCTb - COOTBETCTBUE PU3NYECKUM
ABNEHMAM B Uccnepyembix cuctemax [3, 4, 7, 9, 10, 12].

CcbopmynvpoBaHbl U peLleHbl 33fa4i OfHOKPUTEPUATBHOW U ABYXKPUTEPUATBHON
ONTUMU3ALMN 3NEKTPOMArHWTHbIX cuctem ¢ MP-sugkoctbro. BbibpaHbl Lenesbie
chyHKLMM 1 OrpaHnueHna. 3a1aum ONTUMM3ALMU PELLEHBI SBPUCTUHECKUMI METOLAMU
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(rvnepccpepuyecknii M KOOPAWHATHBIA CMYCK) W FEHETUHYECKUM  airOpUTMOM,
npoaHanuauMpoBaHbl NonyyeHHble pesynbTarsl [1, 2, 13].

5. Ha ocHose pa3zpaboTaHHOI rMbpuUAHON MaTeMaTUYeCKOH MOAENH, METOAOB pacyéTa 1
MPOEKTMPOBAHUA CO3JaHa cCneuuanM3npoBaHHas, rmbkas, ynobHaa ana nonb3osarens
CUCTeMa aBTOMATW3auuW MPOEKTUPOBAHMA SNEKTPOMArHUTHBIX YCTPOWCTB ¢ MP-
HMUAKOCTBIO, COCTOALLLAA U3 TPEX OCHOBHBIX CIOEB: rpachuyeckuii uHTepdeiic (BBop,
WCXOAHBIX  JAaHHbIX MPOEKTUPOBAHWA W  BbIBOA  pesynbratos), Ombamotekm
UCMONb3yeMbIX MaTepuanoe (cpeppomarHuTHble martepuanbl, macna MP-xugkocTu,
mMaTepuanbl MarHWTHbIX vacTul, MP-xupoKoct  npoBoja KaTylKuM yrpaBneHus),
AAPO — OTBEYaeT 3a pelleHWe BCeX 3afady pacyéta M MpoeKkTUPOBAHWA, BKMHOYaA
3ajauun ontummsaumnm [14].

6. 3anywera cuctema aBTOMATU3aLUM MPOEKTUPOBAHUA NEKTPOMAarHUTHBIX YCTPONCTB
¢ MP-x#uakocTbto, BoinonHeHo okono 600 000 npoekToB. Mx pesynbTaThl BHECEHBI B
6a3y [faHHbIX MNPOEKTMPOBaHWA, KOTOpaA rMpumeHAnacb B 6a3oBoll  Hay4HO-
uccnefoBarenbckoil nabopatopumn «ABTOMATU3aLMA U NEKTPOMArHUTHbIE CUCTEMbI»
UMeHN akagemuka ApyTioHa Tep3asHa HauuoHanbHOro  MOAMTEXHUYECKOTO
yHuBEpcUTETa ApMEHUU MpU PeLleHWU 33484 MPOEKTUPOBAHWA 3NEKTPOMArHUTOB
METOAaMM MaLLMHHOro obydeHua [13, 14].
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CONCLUSION

1. Electromagnetic devices with magnetorheological (MR) fluids have been investigated,
including the properties and characteristics of MR fluids. Known design automation
environments and tools were discussed and analyzed, and the feasibility of developing
a flexible and specialized automated design system for electromagnets with MR fluid
was justified. The research focused on electromagnetic suspension and brake systems
using MR fluid.

2. The finite element method was considered, and effective methods for meshing the
magnetic field region - including the granulated MR fluid medium - using triangular
elements were proposed. The magnetic field of the electromagnetic system with MR
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fluid was modeled in FEMM (Finite Element Method Magnetics): field patterns were
obtained, magnetic flux distribution was analyzed, and both physical quantities
characterizing the field and the electromagnetic force acting on ferromagnetic
particles, as well as particle velocity, were measured and calculated. Graphical
dependencies of characteristic quantities were constructed and analyzed [5, 6, 8, 11].
Equivalent circuit diagrams of the magnetic circuits of the studied systems were
developed, based on which mathematical models were created: a cubic model
(magnetic particles are cube-shaped), a spherical model (magnetic particles are
spherical), and a hybrid model (some particles are cube-shaped, others are
spherical). Systems of nonlinear equations were obtained, and both direct and inverse
problems of the magnetic circuit were solved, yielding characteristic values for the
electromagnetic systems. A parametric analysis of the developed mathematical
models was conducted, demonstrating their adequacy and correspondence to
physical phenomena in the studied systems [3, 4, 7, 9, 10, 12].

Single-objective and bi-objective optimization problems for electromagnetic systems
with MR fluid were formulated and solved. Objective functions and constraints were
selected. The optimization problems were solved using heuristic methods
(hyperspherical and coordinate descent) and a genetic algorithm, and the results
were analyzed [1, 2, 13].

Based on the developed hybrid mathematical model, calculation and design methods,
a specialized, flexible, user-friendly automated design system for electromagnetic
devices with MR fluid was created. The system consists of three main layers: a
graphical user interface (for inputting design parameters and outputting results), a
materials library (ferromagnetic materials, MR fluid oils, magnetic particle materials,
and coil wire materials), and a core responsible for solving all calculation and design
tasks, including optimization [14].

The automated design system for electromagnetic devices with MR fluid was
launched, and approximately 600,000 projects were completed. Their results were
entered into a design database, which was used in the base research laboratory
“Automation and Electromagnetic Systems” named after Academician Harutyun
Terzyan at the National Polytechnic University of Armenia for designing
electromagnets using machine learning methods [13, 14].
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