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HauyioHansHo20 mexHiYHO20 yHigepcumemy “XapkigCbKull momimexHidHult iHcmumym”, m. Xapkie

IIpoananizosano nepcnexmu-
8U BUKOPUCMAHHA Ma 0c00AUB0CH
3aCMOCYBAHHA  BUXPOCMPYMOBO20
HepyUuHieH020 KOHmMpoaio. 3a dono-
MO2010 CYHACHO20 NPOSPAMHO20 3a-
besneuenns ANSYS Maxwell npo-
8€0eHO KOMN IomepHe M00en08aH-
HA HAKAAOH020 UXPOCMPYMOB020
nepemeoprogaua 041 GUDIUEHHS
noaboBUX 3adau GUXPOCMPYMOBOI
deghexmockonii.

The paper analyzes the prospects of use and
application features of eddy-current non-destructive testing.
The computer simulation of the attachable eddy-current
transducer with modern software ANSYS Maxwell was
conducted in order to solve field problems of eddy-current
flaw detection.

Beryn

Ha cyyacHOMy eTami pO3BUTKY IIPOMUCIIOBOTO
obmagHaHHS HepylHiBHUNM KoHTponb (HK) € ommiero
i3 HAWTOJIOBHIIIMX CKJIAAOBUX YACTUH OIIIHKU SKOCTI
MPOAYKIii, 110 3a0e3neyye MOXJIMBICTb MOAAJIBIIOI 11
MPUIATHOCTI 3a MPU3HAYEHHSIM 0e3 MOpPYIIEHb.

HagBHicTh moBepxHeBUX Ae(EKTiB € BakKJIUBUM
MOKa3HUKOM, 110 BIJIMBAE Ha SIKiCTb MeTalaypriii-
Hoi mpoaykuii. OcobJuBO Hebe3MmeuHi TpilluHU, SKi
HE MalOTh MOXKJIMBOCTI IJI BUKOHAHHS IMOTaJIbIINX
orepalliii TeXHOJIOTIiYHOTO mpoliecy abo eKcIuIyaTallii
METaNIoBUPOOiB. 1T KOHTPOIIO TaKoro poay aedex-
TiB BUKOPUCTOBYIOTH Pi3HI METOAU, cepell IKUX OCO-
0IMBO MOXHA BUIUIMTA BUXPOCTPYMOBUIT KOHTPOJb
(BCK).

Ha meit vac MeTony BUXPOCTPYMOBOTO KOHTPOJIIO
€ ogHuMu 3 mepcrektuBHuXx MetoniB HK i TexHiuHOi
niarHoctuku (TD), ToBIIMHOMETPIl, neheKTOCKOMii Ta
iH. [1-5].

Metonu BCK rpyHTylOThCSI Ha aHami3i B3aemomii
BuxpoctpymoBoro meperBopioBaya (BCII) i3 enexktpo-
MAarHiTHUM TIOJIEM BUXPOBUX CTPYMiB, IO HaBOASTh-
csl 30yIKYBaJIbHOIO KOTYIIKOIO B €JIEKTPOIPOBITHOMY
00’exTi koHTposo (OK). BCK mo3Boisie BUSBISATH SIK
MOBEpXHEBi, Tak i miamoBepxHesi medektn. Moro 3a-
CTOCOBYIOTb TiJIBKM JJISI KOHTPOJTIO 00’ EKTIB i3 eJIeKTpO-

MPOBiTHUX MaTepiaiB. K AxKepesao nmepBUHHOI iH(OP-
Mailii BukopuctoByetbcst BCIT [1].

Ilepesaru MeroniB BCK: BincyTHiCTh KOHTaKTHOL
pinuau Mix BCII i OK (Ha BiaMmiHy Bif yJabTpa3ByKo-
BOTO METOMY); MOXIJIMBICTh BUMIipIOBaHHS Yepe3 3a30p
Bil 4acTOK MiJiMeTpiB A0 IEKiJIbKOX MiliMeTpiB (0e3
koHTakTy BCII i OK); Bucoka 4yTnmBicTb IO MiKpoO-
CKOITIYHUX AedeKTiB, po3TalloBaHUX Oe3rocepeIHbO Ha
MOBepxHi ab0 OJM3bKO 10 MoBepxHi MeTajeBoro OK
(TrimmoBepxHeBi Te(eKTH); BUCOKA TOYHICTh i ITOBTO-
pIOBaHICTh BUSIBJIEHHSI Ne(MEKTiB; BUCOKA INBUIKICTH
KOHTPOJII0; MiHIMaJbHi BUMOTM [0 CTaHy ITOBEpPXHi;
MOXKJIMBICTh KOHTPOJIIO Yepe3 3aXMCHi HEMpOBiaHI MO-
KPUTTSI; MOXJIMBICTh KOHTPOJIIO 00’€KTIB 3i CKJIaTHOIO
TEOMETPI€I0 i MiCllb BaXXKOTrO JOCTYITY; BUXPOCTPYMO-
BUIf METOJ HETOKCUYHUI Ta He € HeOe3NMeuyHuM s
310poB’s oneparopa [1, 4].

Ananiz mitepatypHux mKepea indopmamii
Ta MOCTAHOBKA MpPOOJIeMH

I1poananizyBaBIIM CcydyacHi Iiaxoau MoOyIoBU 3a-
cobiB BuxpocTpymMoBoi aedekrockomii (BCI) [1-9],
MOXHa BUIIIATU JI€KiJibKa OCHOBHUX HAMpPsSIMKiB TTif-
BUILIEHHST €(PEeKTUBHOCTI IXHbOI'O 3aCTOCYBAaHHS: BU-
BUEHHS ¥ TojlimiueHHss MeToauk mpoBeneHHss BCK;
BUSIBJIEHHSI OCOOJIMBOCTEN i 3aKOHOMipHOCTEI BILIMBY
nedekTiB Ha BUXiIHWI CUTrHal; po3poOKa il BHUBYEH-
HSI CITOCOOIB MOPYIIEHHST 1 MPUIAOMY TTOJiB BUXPOBUX
cTpyMiB; po3pobka nepBuHHUX BCII; ynockoHaneHHs
METOJIiB OOpOOKM i1 BUIIJIEHHSI KOPUCHOI iH(opMallii;
30ip i 00poOKa CTAaTUCTUYHUX JaHUX IPO BUSBIECHI
neeKTH.

VYV poborTi [4] moka3aHo, 110 3HAYHY KiJIbKiCTb He-
IoJikiB TpaguniiHnx metoniB BCK MoXIMBO BUKITIO-
YUTH TIPU BUKOPUCTAHHI BUXPOCTPYMOBHUX IIEPETBOPIO-
BauiB TpaHC(HOPMATOPHOIO TUITY 3 JBOMa KOTYIIKAMM
6e3 ocepasi. OcoOMUBICTIO KOHCTPYKIii BUXPOCTPYMO-
BOTO IepeTBOpIOBaYa € B3aEMHA TEPHEeHAUKYISIPHICTh
TUIOLLIMH 30YIKYBaJbHOI Ta PEECTPYIOYOI (BUMipIOBasb-
HO1) KOTYIIIOK, 1110 JO3BOJISIE KOMIIEHCYBaTU CYTTEBUIA
BIUIUB BEJMYMHU 3a30py Ta skocTi moBepxHi OK Ha
TOYHICTh PE3yabTaTiB KOHTPOJIIO.

IlepeBaru Ta Hemoniku Meromy BCK Bxke He pas
BiZ3HavYaIMCch y poborax [2—6], 1110 1a€ mogaiblInii po3-
BUTOK LILOTO HAMpSIMKY OOCJIIXKEHHSI TIpU BUPILIEHHI
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CydyaCHMX Pi3HOIJIAHOBUX MpakTUYHUX 3aBaaHb BC]I
i TJI mpomucioBux 06’ekTiB. Came HEHOJiKM METOIYy
BCJI 3HMKYIOTh HaAiiiHiCTh KOHTPOJIIO, SIKi TOJISIraloTh
y BIUIMBI Ha pe3yJbTaTM KOHTPOJIO 3MiHU €JIEKTPO-
MPOBIAHOCTI, MarHiTHOI MPOHUKHOCTI, CTaHy i CTPyK-
Typu MOBepxHi Ta iH. TakumM YMHOM, Ha CydyacHOMY
KOMIT' FOTEPM30BAHOMY €Tarli HeoOXiTHO 3HAMTU ONTH-
MaJibHE TMOENHAHHS TIepeBar i HelOJiKiB, BUSIBUTH OCO-
ommBocti npoBenenHss BCK i, gk Hacnmigoxk, mpumiauTi
MOCTAaTHIO YBary KOMIT'IoTepHOMY MomenoBaHHI0O BCII
TIpY BUPINIEHHI Cy4acHUX IMpaKTWYHMX 3aBgaHb BCJI.

Hapasi komm’toTepHe MOJEIIOBAaHHS 3HAXOIWUTh
IIMPOKE PO3MOBCIOMKCHHS TP BHPIIIEHHI CyJacHUX
Pi3HOIUIAHOBUX HAYKOBUX 3aBHaHb. OcCOOJMBOI yBaru
3aC/IyTOBY€E TIPOBiIHe mporpaMmHe 3abesnedeHHs1 ANSYS
Maxwell (ANSOFT Maxwell), sike XapakTepu3yeThCsl BU-
TigHUM Ha (bOHI aHAJIOTIB CITOJYYEHHSIM IHUPOTH MOX-
JmBocTell i mpoctotTu ocBoeHHsA. ANSYS Maxwell — 1e
CyJyacHe, BUCOKOITPOAYKTUBHE MPOrpaMHe 3a0e3IeueHHs
JUISI MOJIETIOBAHHS €JIEKTPOMArHiTHUX TIOJIiB, SIKE BUKO-
PUCTOETHCST ISl TIPOSKTYBAHHSI, aHaAI3y U JOCHIIKEHHS
JIBOBUMIPHMX i TPUBUMIPHMX MOAEJIe OBUTYHIB, JaBa-
4iB, TpaHc(oOpMaTopiB Ta 6araTbOX IHIIMX EJIEKTPUUYHUX
i eJIeKTPOMEXaHIYHUX MPUCTPOIB Pi3HOTO 3aCTOCYBAHHS
[10]. MaTtematuuHol0 ocHoBolO Maxwell € meron KiH-
neBux eneMeHTiB (Finite Element Method — FEM), 3a-
BIAHHSI SIKOTO TIOJISITAE y 3HAXOKEHHI €MMHO MOXJIMBOTO
PO3MOiTY €eKTPOMATrHiTHOTO TOJIsl B 3a/1aHiil po3paxyH-
KOBIli 00/1acTi Mpy 3a3HaUYEHUX TPaHUMYHUX YMOBaXx i Mo-
PYILIEHHSX, 110 TOYHO PO3PAXOBYE CTAaTUYHi, TAPMOHIYHI
€JIEKTPOMATHITHI ¥ eJIEKTpUYHI MOJIsI, a TAKOX TMepeximaHi
MpolLIeCH B TIONBOBUX 3aBOaHHsIX. ¥ Maxwell repenbaue-
HO 0i0JIiOTeKY BJIACTUBOCTE MaTepialliB, 3pydHi 3acoOu
JIJIS1 TIapaMeTpu3aliii Mozesli i aBToMaTu3allil po3paxyHKiB
MpU Pi3HUX CIOJYYCHHSX IMapaMmeTpiB, a IS CKIIaTHUX
CUTYaIlili € MOXKJIMBICTh aBTOMATUIHOTO 3aIIiCy i1 penary-
BaHHs ckpunty. ANSYS Maxwell cTpiMKO pO3BUBA€ETHCS
Ta Ma€ TMEPCIeKTUBU PO3TOBCIOMKEHOTO BUKOPWCTAHHS
JUTSI BUPIIIIEHHSI BUCOKOIIPONYKTUBHUX 3aBIaHb i3 BHUCO-
KOIO TOYHICTIO I MaKCHMMAaJIbHOIO IIBUIKICTIO.

MeToo poOOTHM € OOIPYHTYBaHHSI MOXJIMBOCTI
no0OynoBu (i3MUHOI MoOAeNi HaKJIaJHOIO OPTOrOHaJb-
Horo BCII Ha mimcTaBi cydyacHOTO KOMIT IOTEPHOTO
monemtoBaHHs: BCII 3a momomoroio ANSYS Maxwell
11 BUpimmeHHsT nonboBux 3aBmaHb BCJL i TJI momo
MiITBEpIKEHHS 30iTy OTpUMAaHUX KOMIT IOTEPHUX JAHUX
3 pe3yiIbTaTaMU CKCIICPUMEHTY.

OCHOBHMIT TEKCT

Y po6oTi [2] nomaneiuii po3BUTOK oTpuManu i-
3U4YHa Ta MaTeMaTU4YHa MOJAEN]i B3aEMOJil OPTOroHalb-
Horo TpaHcgopMaTtopHoro BCII 3 enexkTpomnpoBinHUM
BUPOOOM 3a HAsIBHOCTI TOBEPXHEBUX Ae(EKTiB, IIO
JaJI0 MOXJIMBICTH OTPUMATHU 3aJIEXKHOCTI KOPHUCHOTO
ne(eKTOCKOIMYHOTO CUTHAIy Bill T€OMETPUYHUX Mapa-
metpiB BCII i gedexrty, a TakoXX BU3HAYaTU Opi€HTa-
mito i popmy gedexrty Thny “TpinmHa”.

Ha puc. | HaBeneHo po3TalnyBaHHSI OOMOTOK Op-
toroHasibHOrO HakiagHoro BCIT Hag OK i3 nedbexrom
TAMY “TpilqyMHa”.

Po0oui giisHKY KOTYIIIOK HAKJIaIHOTO OPTOrOHAJb-
Horo BCII posmiliyioTh Ha TMOBEPXHi METaJOBUPOOY
OK. V 30ymKyBaJibHiii KOTYIILi CTBOPIOETHCS 3MiH-
HUI 4YM IMITYJIbCHUII BMCOKOYACTOTHUI CTPYM TakK, IO
y moBepxHeBoMYy Iapi MetajmoBupody OK dopmyeTbes
BUXpOBUIL cTpyM. B3aemomnist 30y1KyBaabHOTO €JIEKTPO-
MAarHiTHOTO TMOJS Ta MOJS Bil BUXPOBOTO CTPYMY TpH-
BOIOUTH IO BUHUKHEHHS elleKTpopyiriitHoi cumu (EPC)
y peectpytouiii kotymui BCII, amrutityna sKoi 3aJeXXuTh
BiIl OarathboX MapaMeTpiB i XapaKTePUCTUK KOHTPOJIIO.

36ymxyrwoda
0OMOTKa

Bmviproansaa
oGMOTKa

Puc. 1. PosTawyBaHHA OOMOTOK OPTOrOHarbHOro HakmnagHoro
BCIM Hag OK i3 gedpektom Tuny “TpiwmnHa”

Bupas mist curHaniB Ha Buxomdi HakiagHoro BCII
yepe3 MarHiTHUM ToTiK @(f) Mae Takuii Burism [1]:

e(r) = — W -do@)/di= — U(1),

ne @(t) — mardiTHui niotik; U(f) i e(f) — Hampyra Ta
EPC peectpytouoi kotyku BCII; W — KinbKicTb BU-
TKiB peectpyrodoi kotymku BCII.

MarHiTHui MOTiK MOXHA TOJaTU TaKuM YMHOM [1]:

D) = B(1yS= wu, H),

ne W, — TIOCTiiiHa Mar”iTHa MPOHUKHICTh, W, =
47:107 I'm/M; W, — MarHiTHa NPOHMKHICTb MaTepiaty
3paska OK; H(f) — HampyXeHiCTb MarHiTHOTO IIOJIS;
B(f) — iHAyKIIisg Mar"HiTHOTO TMOJisg; S — TUIOIIA Tepe-
tuHy 3paska OK.

BigzHauuMo, 110 BU3HAYEHHS 3aJI€XKHOCTEH CHUT-
HaniB BCII Bim mapametpiB aedexrtiB OK € omHieto
3 BOXJIMBUX 3a1a4 aedekrockortii. s ouiHKKY B3aeMO-
nii BCIT i OK 3 moBepXHeBOIO TPilLIMHOIO 3aCTOCOBYIOTh
Pi3Hi cydacHi po3paxyHKOBi METOIY i MOJENi, sIKi MalOTh
CKJIAIHUI OOYMCIIIOBAJILHUI amapar Mpy aHaTiTUYHUX
i yncenbHUX po3paxyHkax. lle MoxyTb Oyt Moneri,
mo 0a3yloThcsl Ha BUKOPHMCTaHHI aBTOMAaTHUX MEpeX,
rpacoBi Mozen Ta KOMOIHATOPHI METOAM PO3PaXyHKY,
TEH30PHI MOZEi, MOJAEIi Ta METOIU, 110 BUKOPUCTOBY-
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[OTh armapaT KepOoBaHMX BUITAIKOBUX ITPOIIECIB, a TaKOX
MOJIEJTIOBAHHSI TUHAMIYHUX TPOLECIB, 1O MOOYIOBaHi
Ha ocHoBi Fuzzy-logic abo HelipoHHux mepex [9, 10].
Kpim TOro, octaHHiM 4yacoM MEBHOTO PO3BUTKY HaOyIU
3ac00M BUPILIEHHS ONTUMIi3allifHUX 3aBOaHb, 1110 (op-
MaJli3yloThCsl Ha OCHOBI 1Iux Mozenei [8, 9]. Ilepenycim,
1€ aHAJIITUYHI METOIU, METOAM MaTeMaTUYHOIO IIpO-
rpaMmyBaHHSI, €BpUCTUYHI METOAU Ta iH.

VYcebiune nocnimkenHss merony BCK, moGymoa
3aJICKHOCTEl Ta PO3pPaxXyHOK BUXIMHUX ITapaMeTpiB
BCII MoxnuBi uie 3a JOTOMOrolo (i3smyHux i Ma-
TeMaTUYHUX MOHAeleil i3 BUKOPUCTAaHHSIM BHCOKOE-
dextuBHUX cydyacHux ITK nias oTpumaHHS BaXXJIMBUX
3aJIEXKHOCTE KOPUCHOTO CHTHAIY Bil TEOMETPUYHUX
napameTpiB BCII i nedexkty OK.

3HATU TOYHMI PO3MOIiT €JIEKTPOMATrHITHOTO
MoJist B 3afaHili po3paxyHKOBili o0nacTi Mpu 3a3Haye-
HUX TPAaHUYHUX YMOBAX i MOPYIIEHHSX CTaJO0 MOXJIM-
BUM TiJIbKU 32 IOIIOMOTOI0 CYYaCHOTO KOMIT IOTEPHOTO
MOZEJIOBAaHHS, 1110 PO3PaxOBYE TapMOHIUYHI €JeKTpo-
MAaTHITHi TI0/1S1 B MOJLOBUX 3aBHaHHSAX [4].

[Ipy KOMIT'IOTepHOMY MOIEIOBaHHI IJiI 3aBIaHb
i3 BUXPOBMMM CTPYMaMM B 3araJIbHOMY BUTJISII IIPUii-
HSTO TakKi 0OMeXyBajbHi MPUMYIIEHHS:

* KBasicTalliOHApHICTh (CTPYMM 3CYBY HE Bpaxo-
BYIOTBCS);

* po3misga oOMexXeHo1 obsacTi G; BUXPOBI CTPyMU
JokanizoBaHo B migo6aacti S < G (nuB. puc. 2);

e rnaakicte rpanuub 1(S) i 1(G);

* JIiHIMHICTh €JEeKTPOMArHiTHUX BJIACTUBOCTEN Ma-
tepianis: B=u(x)H, J=oc(x)E, xeG.

CunycoinansHi ymosu: B = B exp(iot) i T.m. st
KOMIUIEKCHUX ¢yHKLii B(x), J(x), ..., x€ G .

Takum yuHOM, piBHSIHHS MakcBesia 3anuiliemMo
Yy BUIJISII

divuH = 0 B G; rotH = J B S;
rotH = J, B S;; rotE = —iopH B S,

ne J,(x) — Binoma dyHKuist; X € Sy ; J = oE BXOIUTB B S.

I, (G)

L, (G)

Puc. 2. PospaxyHkoBa obnactb 3agady i3 BUXPOBMMU TOKamu

3agaeMo Taki rpaHUYHiI YMOBW:
H = 0 na I'(G); H = 0 Ha I,(G);
I (G)UT,(G)=I(G),

ne H, : H_— TanrenuianbHi Ta HOpMasbHi KOMIIOHEHTH H.
Ha BHyrpimnix rpanuusx H, E , B, J 06e3nepepBHi.

IlocraBneHi 3agadi 3 BUXPOBUMU CTpyMaMu i3
3a3HaYeHUMU TPaHUYHUMU yMOBaMu OyjI0 BUPILIEHO
y ¢opMyIIIoBaHHiI 7-omega MeTOIOM KiHIIEBUX eJIeMeH-
tiB FEM [10]. ¥V pe3ynbTaTi BUKOPUCTAHHS Cyd4acHO-
T0, BUCOKOIIPOAYKTHUBHOIO IIPOTPAMHOTO 3a0e3IeYeHHS
ANSYS Maxwell mpoBeneHO KOMIT'IOTEPHE MOJIEIO-
BaHHS HakJIanHoro optoroHaiabHoro BCIT [3].

30ymxyBajbHa oOMoTKa HakiagHoro BCII Oyna
BUTOTOBJICHA SK TIPSIMOKYTHA MigHa paMKa 3 TepeTH-
HoM obMoTtku 0,25 x 0,25 MM, a BuMiploBajibHa 00-
MOTKa Oy/ia 3aaHa sIK ilmeaJbHO TOHKAa IUIOLIMHA JO-
BXUHOIO 15 MM i Bucorow 14,5 mm.

BCII 6yB po3TamoBaHuii HaJ IITYYHUM AedeKTOM
OK y BUMISAAI TPIlIMHU TOBXUHOIO 40 MM i TOBIIMHOIO
1 mm. CrpyMm 30ymKyBanbHoi oomoTku BCIT GyB 3a-
maauii 10 A i3 gacrotoro 100 xI1I.

Y pe3yabTari KOMIT'IOTEPHOTO MOJENIOBAHHS 3a
nornomororo ANSYS Maxwell Oyji0 BUCOKONPOAYK-
TUBHO TIPOAaHaJi30BaHO BIUIMB Opi€HTalii AedekTy
OK, oomorok HaknagHoro BCII i ioro rmmOuHM Ha
curHaj BuMiptoBaibHOi oOMoTKM [3, 4]. Ha puc. 3—5
HaBeJCHO pe3yJbTaT MOMAETIOBAHHS y BUIJISAI PO3IMO-
My IIJIBHOCTI BUXPOBUX CTPYMiB IMOOJIU3Y TPIlIUHU
OK Tta BrumB ii po3TtamyBaHHs 1010 oomotok BCII
Ha KOPUCHUI CUTHAJI.

Jla_per_n2]

2.9245e4007
. 2.7417e

2. 550 Te 007
| . ITEIe 00T
2.193%e+007
2.0106e 007
1.8278es007
1. 645004007
1.9622e+007
1.2795es007
1.0967¢4+007
9. 13004006
7. 3112¢4006
5. BN 206
9. 655624008
1.8278e+006
3. 233604000

o 15

Puc. 3. PosTtawyBaHHa BuMiptoBanbHoi obmotku BCI
napanensHo aedekTy

ICa_per_m2]
2, 529904007

2.0143e+007
1. 831 Zee007
1. E%B0e 007
1. 464 Te 00T
1.2818e+007
1. 0987007
9. 155804006
7. 24T e 000

5, 4A¥Se 006
3. 66230+006
. 1. 31 2e 006
2. P 0e 000

Puc. 4. PostawyBaHHA gedekTy nig kytom 45°
00 BuUMiptoBarnbHOi 06moTkm BCI1
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I[a_per_mz]

ERTET
2. ZN%EesRRT

2.0407¢ 4007
1. 8366e+007
1.6326e+007
1.426856+087
1. 22%4es007
1.0204e 4007
8. 162864006

E. 122104806
4. BB e BRE
2,040 76005
6. B522e-014

Puc. 5. PosrtawyBaHHs BuMiptoBanbHoi obmotku BCI1
nepneHanKynspHo aedekty

Ha puc. 6, 7 HaBeieHO 3aJIeXKHOCTI IiliCHOT i ySIB-
HOI CKJIJJOBOI HAMpPYI¥ BiJl KyTa MOBOPOTY TPILLIMHU O
[2, 5]. Ha puc. 8, 9 nokazaHo BIJIMB ITMOUHU AePEKTY
Ha curHaa BuMmipioBajabHoi ooMoTku BCII (3anexxHocTi
Oynu otpuMmani nipu o = 45°) [2, 5]. ExcriepuMeHTaIbHO
BCTaHOBJIEHO, 1110 e(peKTUBHE BUSIBIICHHS Ne(MEKTIB IO~
BepXHi (hepOMarHiTHUX MeTaJIOBUPOOIB 3a0e3IeUyETHCS
MPY YacTOTi KWBJICHHS HAKJIATHOTO OPTOTOHAIBHOIO
BCIT y mianasoni 20...60 xI'1, a HagBHicTb gedeKTiB
y BUPOOI Ta iX po3Mipy BM3HAYAIOTh 32 MAaKCHUMAaJIbHOIO
BEJIMYMHOIO aMIUTITyOId TMPUNHSTOTO CUTHANY [2].
ReU, B

00028

00015

o, Tpaj

i i
10 20 1] 10 50 &0 70 $0 90

Puc. 6. 3anexHictb ReU Big KyTa NOBOPOTY TPIiLLUMHM O
ImlL B

0.0001 4

o, rpajg

0 10 0 a0 10 50 &0 70 50 90

Puc. 7. 3anexHictb ImU Big kyTa noBopoTy TpiMHKM O
Fell.B

00025 o

h, MM

0 0.2 1 1.5 2 15 3 s i 1.3

Puc. 8. 3anexHictb ReU Big rmubuHn gedekty h

ImU, B

b, nmt

0.5 1 1,5 z 2,3 3 35 '] 4.5

Puc. 9. 3anexHicte ImU Big rmmubuHn gedekty h

VYV poboTi [2] eKcliepuMeHTaIbHO JOBEACHO, IO
IUIST 3a0€e3IeUeHHs] MaKCUMAaJIbHOTO BUSIBICHHS IedeK-
TiB TUIly “TpilirHA” poOOYY 30HY HAKJIAAHOTO OPTO-
roHagpHOoro BCII HeoOXimHO Opi€eHTYBAaTW Mil KYTOM
40...50° BiTHOCHO HANpPSMKY HalOUIBIIIOTO PO3BUTKY
TpillIMHU, a caMe KoMIT'toTepHe MoneatoBaHHs BCIT
npu BukopuctaHHi ANSYS Maxwell mokazano Haii-
OinblI ToyHe po3TtainryBaHHs oomorok BCII Hanm ne-
¢dexrom OK tumy “rpimmHa” 3 po3paxyHKOBOIO Opi-
€HTalielo Tig KytoM 45° BimHocHO TpimmHu. Crig
BiI3HAYWUTH, 110 HASIBHICTH Ae(EKTIiB y MeTaJoBUPOOi
OK Ta iX po3Mipy BM3HAYaAIOTh 32 MAKCMMAaJILHOIO Be-
JIMYUHOIO aMIUIITyaIX BUMipioBaiabHOI ooMoTku BCII
TIPUHAHSITOTO CUTHAIY.

BucHoBkn

[InsxoM KOMIT'IOTEPHOTO MOJEIIOBaHHS HaKJIamI-
Horo BCII tpaHchopmaTopHOro TUIly IpoaHaii3oBaHO
BIIMB opieHTauii ooMoTrok BCII BimHOCHO moBepxHe-
Boro nedekTy Ta Horo raMOMHM Ha BUXIZHWI CHUTHaI
y BUMipIOBaJIbHiii OOMOTIII 3a JIOIMOMOTOIO0 CYy4acHOTO,
BUCOKOIIPOAYKTUBHOTO IIPOTPAMHOTO 3a0e3IeueHHS
IIJISI MOJIEJIIOBAHHSI JBOMIpHUX i TPUMIPHUX €JIEKTPO-
MAarHIiTHUX TIOJIB METOAOM KIiHIIEBUX eJleMeHTiB. Pe-
3yJIbTaTH KOMIT FOTEPHOTO MOJIETIOBAaHHS HE CyIlepevarh
3arajbHiil Teopii GizuKu po3noainy eIeKTpOMarHiTHOro
MOJIST Ta TOOPe Y3TOMKYIOThCSI 3 €KCTIEPUMEHTATbHUMHA
JTAHUMH.

Ha HasBHicTh aedekTtiB y pe3yabrati BCK Mme-
TaJIOBUPOOIB i YyTIMBICTh KOHTPOJIO BILJIMBAE BigoMa
BeanunHa opieHTauii oomorok BCII Hanm apedekTom
OK Ta yactota cTpymMy B 30YyIXKYBaJjibHili KOTYIIILi
BCII. TakumM 4YMHOM, YHAETHCS MiABUIIUTU ITOCTO-
BIpHICTh BUpIilIEHHSI KOHKPETHOI'O IPaKTUYHOTO 3a-
BranHsg BCK pi3HOIUIaHOBUX METaJOBUPOOIB Ha Ha-
SIBHICTh Je(eKTiB, MPU IIBOMY MOKJIWBO 3MiHIOBATU
yyTauBicTh BCII y pi3HuX AiamazoHax BUMipIOBaJIbHUX
napaMeTpis.

Komn’totepHe moaentoBaHHsl HakiaagHoro BCII
noJsira€ 'y 3HaxXOIXXEHHi MOXJIMBOTO PO3MOIily
eJIeKTPOMArHiTHOIO TIOJIsSI B 3aJaHiil po3paxyHKO-
Biii o0OnacTi mMpu 3a3HAYeHUX TPAaHUUYHUX YMOBax
i MpUNOylLIeHHSX, 10 Ma€ TepCHeKTUBHI HaIpsSM-
KM TOJaJbIIUX AOCTIIXEHb Y Tanay3i HepyiHiBHOTO
KOHTPOJIO.
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