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V]IK 621.313
B. H. MHJIBIX, JI. B. IIHJTKOBA

YU CEJbHO-EKCINEPUMEHTAJBHUN AHAJII3 MATHITHOI'O ITOJISI THAYKTOPA
MAT'HITHOI'O CEITAPATOPA HA BA3I ACHHXPOHHOT O IBUT'YHA

INopano MPUHIMIM 1 pe3yAbTaTH YHCETbHO-MOIBOBOTO AOCHiIKeHHs MarHiTHOro mois (MII) iHgykTopa MarHiTHOro cemnaparopa Ha 6a3i TpudasHoro
aCHHXpOHHOro aBuryHa cepii AS51/2 B pexxumi Hepobodoro xoma. MII aHamizyeTbcs y TPUBHMIPHOMY PO3IOJI YHCETHHHM METOIOM ILIOCKO-
OPTOTOHANBHUX MopeNel. Pe3ylbTaTn YHCeNbHIX PO3PaxyHKIB IMiATBEp/PKEHHI pe3yabTaTaMH BHMIipiB MarHiTHOI iHmyknii (MI) y xoxi ommcaHoro
eKCIIepUMEHTY. 3a pe3yJabTaTaMi JOCIIDKEHHS TSl eKCIIEPIMEHTAIBHOTO 3pa3ka BHsBIIeHa pobova 30Ha o6eproBoro MII 3 miaBumIeHHM piBHeM MI
JUTSL HAUOLTBII e(pEKTUBHOTO NEPEMILIIyBaHH CYMIllli PEYOBHH.

K1040Bi cj10Ba: MarHiTHHI cenapaTop, iHAYKTOp, MarHiTHE IMOJe, YHCETbHI PO3paXyHKH, MarHiTHa iHAYKIIis, IJIOCKO-OPTOrOHAIbHI MOJEI,
eKCTIepHMEHTAIIbHE JOCIIIKEHHS, TecIaMeTp, pododa 30Ha.

IpencraBieHbl NIPHHIUIBL M PE3yIbTaThl YHCICHHO-TIONIEBOTO HCCIIeOBaHUs MarHuTHOro 1moinst (MII) mHgykTOpa MarHUTHOTO cemaparopa Ha Oase
Tpex(a3HOro aCHHXPOHHOTO ABUrartens cepun AS51/2 B pexxume xonoctoro xozxa. MII anammsupyercss B TpeXMEpHOM pacHpeeIeHUH YHCICHHBIM
METOJIOM ILIOCKO-OPTOrOHANBHBIX MOJEIeH. Pe3yibTaThl YMCIEHHBIX PAcyeTOB MOJATBEPXKICHBI PE3YJIbTATAMU W3MEPEHUH MArHUTHON HMHIYKIHH
(M) B Xxome omMCaHHOTO OSKcmepuMeHTa. [lo pesynpTataM HCCIEOBaHUS Uil SKCHEPUMEHTAJbHOrO oOpaslia BbIsABIeHA paboyas 30Ha
Bpamaromerocst MII ¢ moBenmeHHsIM ypoBHeM MU it HanGosee 3 (heKTHBHOTO ITepeMeIINBaHHs CMECH BEIECTB.

KioueBble cJI0Ba: MarHUTHBIH cerlapaTop, HHAYKTOP, MAarHUTHOE I10JI€, YHCJICHHbIE PacyeThl, MarHUTHAs. HHAYKIH, IIIOCKO-OPTOrOHAJIbHBIE
MOJIENH, SKCIIEPHMEHTAIBHOE HCCIIeI0BaHNE, TeCTaMeTp, pabodast 30Ha.

The principles and results of the numerical and experimental study of the magnetic field of the magnetic separator inductor based on the three-phase
asynchronous motor series A51/2 in no-load condition. A quasi-three-dimensional mathematical model describing the magnetic field of the inductor is
formed, and a method for calculating this field in its volume is set out. To calculate the method of flat-parallel calculation models is used, that is, spent
numerically-field interconnected calculations of the magnetic field in the transverse and longitudinal sections of the inductor. The interrelation of these
fields is carried out with the help of a set of special boundary conditions in these sections. The comparison and confirmation of the calculated magnetic
field with the measured magnetic field during the experiment is carried out. With the magnetic separator inductor, its magnetic field will be created by
an alternating current, that is, when working with alternating voltage. For correct comparison with the calculated magnetic field, measurements were
made when powered from a DC network. This is due to the fact that the magnetic field simulation in the FEMM program is carried out at
instantaneous current values, that is, simulates the instant of time in which the current has constant values. For surges and recessions in magnitude
magnetic induction distributions in a transverse section, a working chamber of an inductor sample is defined. Due to the gradient in the distribution of
magnetic induction in the longitudinal section, the inductor's working zone will contribute to the "retraction™ of the ferromagnetic working elements.

Keywords: magnetic separator, inductor, magnetic field, numerical calculations, magnetic induction, plane-orthogonal models, experimental
study, teslameter, working area.

Beryn. [Iupoki MOXKIMBOCTI B raixy3i TeXHOJOTIH
PO3MiTICHHS IpiOHIX 00’€eKTiB 3 pi3HUMHU
€JIEKTPOMArHITHUMHU BJIACTHBOCTSIMU Ta MIEPEMilIyBaHH:I
pI3HUX CyMimIell 3 TOYKH 30py CYTTEBOTO IIiIBHUINCHHS
IHTCHCUBHOCTI 1 TIPOXYKTHBHOCTI ~ TEXHOJIOTTYHHX
MIPOLIECIB BiAKPUBAIOTHCS 3 BUKOPHUCTAHHSIM MAarHiTHHUX
cenaparopie (MC) Ha 6a3i Tpuha3sHOro aCHHXPOHHOTO
meuryna (TAJD).

B3sarani icHye Gararo BapiaHTiB KOHCTpYKUiit MC,
i cepen Hux € MC, B SKHX NepeMillyBaHHI
3MIHCHIOETHCST 00epTOBMM MarHiTHUM mojem (MII), mo
30yUKY€ETbCS 1HIYKTOPOM, CTBOPEHHMM Ha 0a3i craTtopa
TAJ. Ilig mieto Takoro mons IpiOHI (epomarHiTHI
@JIIEMEHTH PYXalOThCsl B pOOOUil 30HI 1 CTBOPIOIOTH TaKk
3BaHUM «BHXPOBHU IIap» y NesKii pobouiil maci, sxa
3a3Ha€ HEOOXIiHY TeXHOJIOTTYHy 00poOKy [1-3].

Jnst momupennss MC, siki BUKOHYIOTh (YHKITiIO
NepeMillyBaHHs, Yy Pi3HI TEXHOJOTiIYHI TMpolecH
aKTyaJIbHOIO CTa€ OIliHKa po3mnoiiny ooeproBoro MII Ta
BUSIBJICHHSI p0O0Y0i 30HH €()EeKTUBHOTO BUKOPUCTAHHS 3
migBumeHnM  piBHeM MI  ycepemmHi  iHIyKTOpa
peabHOTO 3pa3ka ingykropa MC.

[Ipocrip ycepenuni iHIyKTOpa € HEMarHiTHHM,
ToMy po3noaisn MII cTaHOBUTECS TPUBUMIPHIM.

SkicHo ananmiz mporo MII MOXIHBO TPOBECTH
YHUCENIbHUMHU METOJIaMH Ta BaXJIMBUM € IOPIBHSIHHS
roro 3 BumipsHuM posnoximom MII. Taka 3amaua
moTpedye HETPUBIAIFHUX MiOXOiB, 60 Oe3mocepenHii
pO3paxyHOK Ta BHMipioBaHHS TpuBuMipHoro MII €

Jy)Ke€ CKIIaTHUMHU.

Tomy amami3 wnporo MII HameXuTh OO HU3KH
HAYKOEMHHX CHCTEMHHX 3ajay CJIeKTPOMEXaHIYHOI ray3i,
PO3B’SI3aHHSA K0T JO3BOJIUTH ONTHUMIi3yBaTH MapaMeTpH MPHU
CTBOPCHHI BIANMOBIAHWX METOMUK THpoekTyBaHHI MC
TaKOTO THUILY.

IMocranoBka 3amavi. 3aBAaHHAM JaHOi PoOOTH €
yrcedpbHUN aHanmiz MII MeTomoM ILIOCKO-OpPTOTOHATBHUX
Mojeneil 1 3 YTOYHCHHSM OJCPKYBaHUX JaHUX IO
BAMIPIOBAJIFHAM TPWIaJaM, SKAH HTO3BOJIUTh BHUSBUTH
pobouy 30HY €pEeKTHBHOTO BUKOPHUCTAHHS 3 IiJBUIICHUM
pisaeM MI ycepenuHi iHIYKTOpa EKCIIEPUMEHTAIHHOTO
3pazka iHgykropa MC na 6a3i TAJl. Ha manomy erami
JociipkenHs ingykropa MC 3niiicHroBasest ananiz MIT B
pekuMi  Hepobodoro  xomy, ToOTO 0e3  BIUIMBY
(epoMarHiTHUX eJNeMeHTIiB B pobodildl 30HI, IO Oyne
HACTYIHOIO — 3HAYHO OLITBII CKIIaJHOIO 33aa4elO.

06’exkt pocaimkenns. OO0’€KTOM JOCTIKCHHS €
enekTpoMarHiTHa cuctema iHgykTopa MC Ha 6asi TAJ]
cepii A51/2 3aranpHui BUIIA] SIKOTO TIOJaHO Ha puc. 1.

Ianyxrop MC (puc. 2) mae po3mipu:

— 30BHiIIHIM giameTp ocepas s = 0,245 Mm;

— BHyTpilHi#t giametp ocepas ds= 0,14 wm;

— akTuBHA f0BxuHA |, = 0,09 m.

OcHoBHI napameTpu iHxykTopa MC:

— HoMmiHanbHA Hanpyra Uy = 220 B;

— HOMiHaJIBHUH cTpyM Iy =24 A;

— KUTBKICTb TIOJIIOCIB 2P = 2;

— KUTBKICTh Ta3iB iHayKTOpa Qg = 24;
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— KUIBKICTP Ta3iB iHAyKTOpa Ha moiroc 1 ¢a3y  MWIHApUYHA CHUCTEMa KOOpPAMHAT I, O, Z 3 MOYAaTKOM B

gs=4; reOMeTPUYHOMY IeHTpi iHayKTOpa 0.
— aKTHBHHH omip ¢a3HOi OOMOTKH iHZYKTOpa
Rs0a= 0,575 Om. . }” r g
OOMOTKa iHIYKTOpa J[BOIIAPOBA, PO3MOALICHA 3 s e

HiaMeTpaJ'H)HI/IM KPOKOM, CXEMa 3’€IIHaHH$[ — «3ipKa».

Puc. 3 — KoncrpyktusHa cxema ingykropa MC

MII B momepedHOMY Tepepi3i OMHCYETHCS BiIOMEIM
JBOBUMIPHUM T (epeHIIiHIM PiBHIHHAM

lﬁ[vel‘ A, }+ii{ve v } =-J,, (1)

ror or | r? oo oo,
ne A, J; — akcianbHi CKJIaI0Bi BEKTOPHOTO MAarHiTHOTO
Puc. 1 - 3aranennii Burnsg TAJL cepii A51/2 notenniany (BMII) Ta TycTHHM CTpyMy; Ve — HHTOMHIA

Maruitau# omip (IIMO).
Jdnst pinsiHOK o0yacTi po3paxyHKy B HIMXTOBaHOMY
ocep/ii BUKOPUCTOBYEThCS ekBiBasienTHe [IMO
Ve =Vi /I Kg, (2)

ne vi — IIMO craneBux JnucTiB; Ke — KoedirieHT
3aIIOBHEHHS! HUMH OCEpASL.

Jus  pemrtu  o0macTi Ve BIANOBiNAE MAarHiTHOL
BJIACTHBOCTI HEMAarHiTHUX CEPEIOBHILL.

Posnoscromkennss MIT oOMmexyBaioch 30BHIIIHBOIO
MMOBEPXHEIO OCEp/sl 1HIYKTOpa, jJ¢ Oyna 3ajaHa TpaHUYHA
ymoBa Jlipixie:

A=0. (3)

B ¢a3nux 30Hax TpudazHoi 0OMOTKU cTaTopa 3a1aHa
CHUMETpHYHA cucTeMa (pasHUX CTPYMIB:

I = I necos(gt) ;

Puc. 2 — Ingyxrop MC lg =1 mSCOS((DSt —on/ 3) : 4)
Po3paxyHnkoBa Moneab iHaykropa. PospaxyHkun lg = Imscos(mstJrzn/ 3)’
MII npoBoAMIKCH 3a JOHOMOror mporpamu FEMM [4] ne t —yac; |ps — amImniTyna; s — KyToBa 4acToTa.
METOJIOM ILIOCKO-OpPTOrOHANBHKX Mojeneii [5—7], To6To Awmmuityne 3HAYCHHS CTpyMy  iHmyKTOpa
YHUCEIbHO-TI0JbOBUMU B3a€MOIIOB’ I3aHUMU Ims = ﬁ Ay = \/E .24=3394 A.
PO3paxyHKaMu MII B nonepeuyHoMy Ta MOB3JOBKHbOMY

B mMomeHT wacy cTpyM B (ha3Hili 0OMOTII 4 TOpiBHIOE
AMIUTITYJHOMY 3Ha4e€HHIO isp= ls=33,94A, B B u C —
iSB = iSC =- 0,5|m5 = 16,97A

B mazax craropa Ha puc.4 moKa3aHi BiAMOBITHI
HanpsMKU (a3sHUX CTPYMiB, 3HAKH + Ta — MICIIA iX CUMBOJIIB
MTOBHMHHI OYTH IIIe JI0/IaHi 10 iX MUTTEBHUX 3HAYCHb.

PiBusans (1) 3 ypaxyBaHHSIM cTpyMiB (4) Ta ymoBH (3)
pO3B’SI3yBalloCh  METOJOM  CKIHYCHHX CIICMCHTIB  3a
nporpamoto FEMM. [Ipu upoMy BpaxoByBasuCs HeJiHiHHI
MarHiTHi BJIACTHBOCTI Marepiany ocepas -
eJIEKTPOTEXHIYHOT cTani Mapku 2013.

Otpumana kapTuHa cuiaoBux JiHii MII momepeunomy
nepepisi ingykropa. Lle minii pisroro BMII, sixi mpoBeneHi
3 BH3HAYCHUM KPOKOM BiJl MaKCHMAaJIbHOTO HOTO 3HAYCHHS
Anax=0,007 B6/m. Kapruna MII nogana Ha puc. 4.

nepepizax IHIYKTOpA, B32€MO3B’SI30K SAKHX
3IIMCHIOETHCS 32 JTOTIOMOTOI0 KOMIUIEKCY CIeIialbHUX
I'PaHUYHUX YMOB Y IIUX Hepepizax.

[t 1poro  CTBOpeHa  pO3paxyHKOBa — MOJEIb
CIIEKTPOMArHiTHOI ~ CHCTEeMH IHAyKTOpa B  Horo
MOMepeYyHOMY Ta IIOB3JIOBKHBOMY Iiepepizax, sKa
moiaHa Ha puc.3.

Yuceasnnii pospaxyHoxk MII ingyxropa MC y
nonepeyHomy nepepisi. Ilpuammmm po3paxynky MII B
nonepeyHoMy Tnepepisi iHgyktopa MC y 1inomy
BIAMOBIAIOTh aHajJoOriuHUM po3paxyHkam TAJl [8]
HABITh 31 CHPOILNCHHSIM Yepe3 BiICYTHICTH poropa. Ha
puc. 3 mo3HaueHa 1 J&Ii  BUKOPHCTOBYETHCS

Bicnux Hayionanvnozo mexwniunozo ynieepcumemy «XI1I».
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Puc. 4 — MII po3paxyHkoBoi Mozeni ingykTopa MC
y HOIepevHoMY Tepepisi

3a posmomimom BMIT A,(r,a) uepe3 Bupas

B =rotA Bm3Ha4YarOTHCs KOOPIMHATHI CKIanoBi MI:

zlaAZ; Bq:—%. (5)
r oo or
BaxnuBuM acnmekToM MiATrOTOBYOi pPOOOTH 110
po3paxyaky MII isgykropa MC y TOB3IOBXKHBOMY
nepepizy € BU3HAUYEHHS MaJiHHS MarHiTHOI HAIpyrd Ha

Bizpi3ky 0d mo pasaiycy mo ry (puc. 4):

r

Ty
Umag =J-Hrdr’ (6)
0
ne H, — pagiampHa CckiagoBa HAMpPYKEHOCTI
MAaTHITHOTO TIOJIA, SIKa BU3HAYAETHCSA 32 POpPMyIIaMu:
1 0A,

Hr VeHr Ve r aa . (7)

Jnst po3paxyHKoBoi Mojiesii Ha puc. 4 B mporpami
FEMM Bu3sHaueno Up,yg = 3528,49 A.

YuceabHuii pospaxyHok MII inaykropa MC y
NMOB310B:KHbOMY mepepizi. MII y mnonepeunomy
niepepisi (puc. 4) € CHMETPUYHUM BiTHOCHO 300pa’keHUX
ocell, ToMy HOro, B NPUHIMII, MOXHa pO3IISIATH Y
yBepTi nepepizy 0db.

Tak camo, eJIeKTpOMarHiTHa CHCTeMa iHIyKTopa
CHMETpUYHa 1 y MOB3JOBXHBOMY Iepepi3i BiIHOCHO
300paxkenux oceit Or Ta 0z (puc. 3).

Takum unHOM Ha puc. 3 chOpMOBaHA MTO3JOBXHBO-
MONEpEYHa PO3PaXyHKOBA MOJENb €JIEKTPOMArHiTHOI
cucTeMH iHayKTopa, Ae JiHig 0d € crinbHOI I 060X
nepepiziB. Tomy Ha miei miHii aI9 1WX TepepisiB
MMOBUHHI OyTH OJHAKOBUMH po3noaiid MI Ta mamiHHsS
MarHitHoi Hanpyru. A0o, y KpaiHio Mipy, OIU3bKUMH Y
MeXax JIOIyCTUMOT HOTPilIHOCTI.

B 3yOueBo-ma3zoBiM Imapi ocepAs IHAYKTOpa B
nonepeyHoMy  mepepisi CTPYKTYpa  SIBISETBHCA
JIMCKpPETHOIO  (3yOenp-ma3z), a y HOB3JOBXHBOMY
nepepi3i — CYIUIBHOI0, MO 300paxeHo Ha puc. 5. Jns
BpaxyBaHHS [bOTO M MOB3JOBXHBOTO IEPEpPi3y
BBEICHO  CKBIBAJICHTHIH  KOCQII[iEHT  3alOBHEHHS
CTaJLTIO:

b, -k
Kpots = ——, ®)

sr

TC'rk

I Tg = — 3yOLeBO-TIa30BUH KPOK Ha pajiyci

S
r; b= 15— by — mmpunHa 3y611st Ha ToMy K pagiyci.
B nporpamy FEMM MarHiTHI BIacTHBOCTI 3aJ1al0ThCS
y 4ucioBiid ¢opmi, y ToMy umcii K. ToMy 3yOueBo-

ra3oBa CTPYKTypa Ha puc. 6 y MOB3/JIOBKHBOMY Iepepisi
[OJaHa IIapaMH, UL KOKHOTO 3 SKUX KOSMIieHT K s 1O

(8) BusHauaBcst Ha HOTO cepemHbOMY pamiyci ry. Takum
YHHOM BH3HAYEHO HU3KY 3HAa4€Hb K i Bix 0,505 mo 0,613

(3HHM3Y Bropy).

Puc. 5 — ®parmenT 3yO1eBo-11a30B0i CTPYKTYpH iHIYKTOpa

3a3Hauumo, wio micis po3paxyHky MII y mporpawmi
FEMM, MI Oe3smocepeqHb0 B CTaJIeBHX JIMCTax 3yOIiB
Tpeba BU3HAYATH 32 POPMYIIOF0:

B
_ ek
Bfet - K ! (9)
fets
ne B, — MI, ska BU3HayeHa y €KBiBaJEHTHOMY

CYIIJIBHOMY CePEIOBHUIIlI, OTPUMAHOMY Yepe3 3aCTOCYBaHHS
Krets, IpruoMy hopMyITa YMHHA SIK IJIs CKiIagoBux MI, tax i
JUTSL 11 MOAYJISL.

Buxonana i ATOTOBKA CYIUITLHOTO (To6TO
OJTHOPIZIHOTO) MO KOOPJHMHATI 0 TMOB3/I0BXKHBOTO Iepepizy
IHIyKTOpa B KOOpJAMHATHIN IuiouuHi rz (puc. 6) mo3Bosse
mepediT 10 opmyBaHHA MartemaTmyHOi Momemi MII B
upoMy mnepepisi. Ilpm npoMmy BaxkiauBo Te, MmO Yy
TIoNIepeyHoOMy Tepepisi B poOouiii 30HI iHIyKTOpa OiNst oci
0d cunosi minii MIT mpakTHYHO MapainenbHi ogHa oaHii. I
OCKUTBKM CaMe TYT IIPOXOJHTH IOB3IOBXKHINM mepepi3, TO B
foro miomuHi Moxxaa MIT BBa)aTH II0OCKO-TIapaJIeIbHIM.

YV Ttakomy pa3i TyT moxkHa st MII 3acrocyBatu
BiJINIOBiHE JBOBHMIpHE AM(epeHIianbHe piBHIHH:

ﬁ|:vrz %:|+2|:Vrz %:|:_Jou (10)
or or oz oz

e Ay, J, — ckmagoBi BMII Ta ryctuam ctpymy, sKi €
OpTOTOHANBHUMH IuIomyHi (I, Z); v,, — posmoxin [IMO y
MTOB3/I0BXXKHBOMY TIepepi3i.

Y TOB3IOBXKHBOMY TIepepi3i CIpyM € y J000Bii
yacTHHI 0OMOTKM cratopa. Ha oOpany uBepTh 3arajibHOI
obJylacTi po3paxyHKy TYT NPHXOAMThca Ta k cama MPC
0OMOTKH CTaTopa, K 1 Ha YBEPTh IOIIEPEYHOTO Mepepizy
iHOyKTOpa, a caMe, 3 ypaxyBaHHIM 3aJaHuX CTpymiB (4)
st gacy t = 0:
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Fs = Nglps,
siKa cTaHOBHMIIa 543 A.
Jus po3paxyHKOBOi Mozeni copMOBaHi TpaHIMIHI
YMOBH.
3 ypaxyBaHHSM CHMETpii CTpPyMiB BiTHOCHO JiHi{ Z
ta dg mHa puc. 6 mis BMII BCTaHOBIIOETHCS yMOBa

Heiimana:
[% 01 (%) ~0
Ob dg

(11

12
or or (12)

ipu sikiit cumosi sinii MIT mons € meprneHAnKyIIpHIMHA
Ob ra dg.

3 ypaxyBaHHSM aCHMETpii CTPyMiB BiIHOCHO JiHii I
Ha puc. 6 minii 0d gms BMII BCTaHOBIIOETBCS yMOBa

Hipixe:
(A(x )od =0, (13)
TPH SIKi#l CHJIOBA JIiHisS MarHiTHOTO oA criBnagae 3 0d.
V Toii e yac, Ha JiHii gech 3amana ymosa Jlipixie:

(AOL )dgecb = Cvar ' (14)

ae C,, — Jedka KOHCTaHTa, SiIKa BM3HAyeHa y

nporieci pozpaxyuky MII — pitnenns pisasiaast (10).

Jns Bu3HaueHHs mnodaTkoBoro 3HayeHHS C,r Ha
mingani Bix 0 go | Ha nminii Ob 3agaBanocs 3HaYeHHS MI
By, 3HaliieHe y moOmepeyHOMY Iepepi3i IHIyKTOpa
(puc. 4). MarniTHHH TOTIK Ha 1€l OUIAHOI  Oyio
BU3HAYCHO JIBOMA BUPA3aMH:

Do :(Auo _A(xb)la Ta @5 =Byl l, .(15)

ne |, — nosxuna ninsaku Big 0 1o Touky .

Bpaxosytoun, mo A,=0 i Ay=Cy,, T2
npupiBHIOIOYA 1Ba BHpasu (15), micia mepeTBOpeHb
otpumyemo st (14) koHcTaHTY:

Ciar =Byl - (16)

Hauni, 3 3amaBanusm ymos (12), (13), (14) ta MPC
71000BO1 yacTUHU 0OMOTKH (11), MEeTOJIOM CKiHYCHHX
exleMeHTiB 1o nporpami FEMM po3B’si3yeThest piBHIHHS
(10) 3 ypaxyBaHHSAM HETiHIHHUX MArHITHHX BIACTUBOC—
Teil cTadi ocepis iHAyKTopa. PesynpraT mopiBHIOETHCS
31 3HAQUEHHAM MaJiHHA MAarHiTHOI Hampyru Upgg, sKe
3HaliIeHe paHille y MONepeyHoMy Iepepi3i iHIyKTopa
3a (6). Cepiero pospaxynkis MII 3a nporpamoro FEMM
1 BIAMOBITHUX KOPWUTYBAaHb OYJO 3HalJICHE 3HAYCHHS
Cyar =016. IIpu upomy 6i0 BU3HAUEHO MaKCHUMalbHE

sHadeHHs BMIT A;m.x=0,0085 B6/Mm. OTpumMana kapTuHa
cunoBux JtiHii MII noB3noBxHBOMY TIepepisi iHAyKTOpa
10JlaHa Ha puc.6.

Excnepumenranbhe JOCTIi I3 KeHH S MII
inaykropa MC. Ilpu ommcaHHi CXeMH EKCIEPUMEHTY
CITiT 3ayBaXKWTH, IO TpU podoTi iHmykTopa MC ioro
MII Oyne cTBOpIOBaTHCS 3MIHHHUM CTPYMOM, TOOTO
TMIPAIFOBATH TIPH KUBJICHHI 3MiHHOIO HAPYTOIO.

AJe s KOPEKTHOTO TOPIBHSHHSA 3 PO3PaxOBaHIM
MIT gncensHAM METOJIOM BUMIPIOBAHHS MTPOBENECHO TMPH
JKUBIICHHI Bl MepexXi mocriiHoro cTtpymy. Lle
OB S5I3aHO 3 THM, 110 MozemtoBaHHs MII y mporpami
FEMM npoBoauThcs MU MUTTEBUX 3HAUCHHAX CIPYMY,
TOOTO iMiITye MOMEHT 4Yacy Yy KOTPOMY CTpyM Mae
He3MiHHI (IOCTi}HI) 3HaYEeHHS.

JlocnikeHHsT IPOBOAMIIOCH IO CXeMi, TOAaHIN Ha
puc. 7.

JKuBneHHsT OOMOTKM 1HIYKTOpa MPOBOAMIOCH BiJ
Mepexi 3a Hampyroro U =110B, mo ¢ikcyBamocs Ha
BOJIETMETPI V.

-
[
[¢]
(o]
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Puc. 6 — Kapruna cunosux miniit MIT po3paxyHKoBOi Moeri
IHAYKTOpA Y MIOB3AOBXKHBOMY Iepepisi
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U—U,, Vi—-V,, W;—W, — oyaTku Ta KiHI[i 3aTHCKa4iB
Tpuda3Hoi 0OMOTKH iHAYKTOpa

Puc. 7 — EnextpudHa cxema IpOBEICHHS TOCIiY

Jis mopiBHSAHHA pe3ynbTaTiB BuMiproBaHHI MIT 3
po3paxoBanuM MII dYHCENTPHUM METOIOM 3a JIOTIOMOTOIO
perymoBaHHS ~ omopy R gocsranmock  3HaYeHHS
aMIUTITYIHOTO cTpyMy V asi A Isp= 34 A, mo dikcyBamoch
Ha ammepMeTpi A, TOAI 3TiIHO 31 CXEMOK MPOBEACHHS
nociay B 1BoX iHmuX (azax B ta C qocAraiuch 3HAYCHHS
CTPyMiB  pIBHUX  TIOJIOBHHI  BiJ’€MHOTO  3HAYCHHS
HOMIHANBHOTO cTpyMy Yy da3i A Isg= — lsc= 17 A.

3HaueHHs omopy R s JAOCATHEHHS HOMiHAILHOTO
CTpyMy y (a3i CTAaHOBHIIO

R=- _15R,,

A
ge Ry, — axTuBHuil omip ¢aszHoi 00MOTKHU IHAYKTOPA.

A7)

To6to, mifcrapisioun 3HaueHHs g0 (17), orpumanu
R=2,40m.

BumiproBannast MI, cTBOpeHOI TOCTIHHHUM CTPYMOM,
CJIiJT TPOBOAMTH TECIAMETPOM 3 JATINKOM XOJIIa.

®dotorpadiss  HpoBeneHHS BUMIpIOBaHHS MI
TecJIaMeTpOM HaBeJleHa Ha puc. 8.

BumiproBannss MI mpoBoauiuce y TOB3IOBXHBOMY
nepepisi iHayKTOopa Ta Mo moB3AoRkHIN 0d Ta momepeuHii
0g ocsx momepeyHOro Iepepizy IHAYKTOpa B TOYKaxX 3
marom y 10 mm.
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Puc. 8 — BumiproBanas MII ingykropa

IopiBHSAHHS YHCENBLHUX i eKCIEPUMEHTAJIbLHHX
pospaxynkie MII imgykropa MC. Posmoxinu
pamiampHOI  CKJIAOBOi  MAarHiTHOI  IHAYKOII  Ha
panmianpaux iHisx 0b Ta 0d BU3HAYeHUMHU YHCENBHUM
METOJIOM TTOKa3aHO CYIUIFHUMH JiHisAMH (I' — pamiyc), a
TOYKaMH TIOKa3aHa BHMIpSHI 3HAYeHHS B IMpoIleci
eKCIICpUMEHTY Ha puc. 9.

B, Tn

0.20 .
0,18 |
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006 T T v et
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0 10 20 30, 40 S50 60 70
r - MM

Puc. 9 — Posnonin MI Ha TOB3JI0BKHIH Iyq i HOMEpedHil Ioq
0CSIX y MOTIEpEYHOMY Tiepepisi ingykTopa MC

YV Mexax pobouoi 3ouu iHmyKTopa MC MI nocsrae
3HaueHHst 0,07 T 1 posmoxisieHa JOBOJII PiBHOMIPHO,
110 € O/IHUM i3 OCHOBHUX KPHUTEPIiB eeKTUBHOT poOOTH
MC. I'padixu posnoaixy MI migrBepaunu oxHOPITHICTE
MII B mepneHAUMKYISpHIN IUIONMHI 10 OCi 1HAYKTOpA,
o0 € ONIHIE 13 HaWBWKIMBIINIMX BHUMOT, SKi
npexn’siBisitoTbest 10 MC obeproBoro MII. Crutecku ta
cnagy y posnoainax BennuuHH MI y momepeyHomy
nepepizi 3HaX0AAThCs MOOIU3Y (ha3HHUX 30H Ta iX CTHUKIB
BiamoBiaHO. ToOTO came y Iiiii 30HI CIUIECKIB Ta CHaIiB
MII Oyme edextuBHO oOepraTH  (epoOMarHiTHI
eneMeHTH. Lle m03BosIsIE 3pOOUTH BUCHOBOK, IO 3TiTHO 3
posmoninom MII poboua kamepa IS JaHOTO 3paska
IHAYKTOpa Ma€ MaTH BHYTPIIIHIA Ta 30BHIIIHIN paaiycu
60 MM Ta 70 MM BiIIOBITHO.

AJe mopsiA 3 LM IocTae 3aBAaHHsA JOCIIKSHHS
po3noxainy MII no akcianmpHiii Horo oci, MO 3aBXIU €
aKTyaJbHMM Y BIJHOCHO BCJIMKAX HEMAarHIiTHUX
MPOCTOPAX, OTOYEHUX (pepoMarHiTHUMH €KpaHaMu.

Ha puc. 10 xpuBoiO JiHI€I0 MNOAAHUHA CYUIJIBHOIO
TiHIE0 PO3MOaiN paaianbHOi cknamoBoi MI B3morx minii Ob
BU3HAYCHUMH YHCEIFHHM METOJOM, a TOYKaMH II0Ka3aHa
BUMIpSIHI 3HAUSHHS B Ipoleci ekcrepuMenty. HaouHo, mo
y touli 0, sika € IEHTpOM poOOYOI 30HM IHIYKTOpPA
(puc. 10), BusBunocs, mo B, = 0,07Tn, sk i mmaxyBamocs.
Tobto y pobouiii 30Hi iHAYKTOpa Ha miHii 0d posmomin B,
BHSIBUBCS TAaKUM CaMUM, K 1 y TOIIEPEYHOMY Iepepisi Ha
wiel x minii. OHiel 3 ocobmuBocteit posmoainy Bi(z) € Te,
0 HAa MEXi aKTWBHOI yacTWHH iHmykTopa (Touka | Ha

L . oB
puc. 6) XKpuBa Ma€ TOMITHHHA TpaTi€HT Eh mo Oyne

CTPUSTH «BTSATHEHHIO» (PEPOMATHITHUX POOOUNX €IIEMEHTIB
B pobouy 30HY iHgykTopa MC.

B, Tn
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Puc. 10 — Posmoxin pagianeroi cknagoBoi MI o oci z

[TopiBHSHHA  YHCENBHMX 1  EKCHepUMEHTaIbHUX
pospaxyHkiB  MII  imgykropa MC  miaTBEpIUKYIOTH
JOCTaTHIO TOYHICTh IPOBECHUX JIOCTIIKCHb.

BucHoBku.

1.V pesympTari orjsiay oO0JIacTel 3acTOCYBaHHS Ta
Oy CYy4acHUX JOCHiKeHb aHanmoriB MC miaTBepmxeHa
AKTYaJIbHICTh MPOBEJACHOTO JOCIIIKCHHS.

2. KommiekcHuil  4yucesibHO-1I0NBOBUET  aHamiz  MII
igmykTopa MC mo3Boise mpoaHamnizyBatu posmonim MI y
Horo momepeyHOMy 1 TIO3JOBXKHBOMY Iiepepizax Ta
TIPOSIBUTH CIIJIECKU Ta CIAIHM y PO3MOJUI Yy MONEpeyHOMY
nepepizi s €EeKTUBHOrO IEepeMillyBaHHSA —CyMiIIi
pEUOBHMH Ta 3HA4YHy 3MiHY Ha MEXI aKTHBHOI JIOBKUHH
pobouoi 30Hu MC y NOB310BKHBOMY Iepepisi y JoCTaTHIN
Mipi 7151 «BTATHEHHS» (HEepOMAarHiTHUX poOOYHMX €IEMEHTIB
B po604y 30HY.

3. ExcriepuMeHTanbHUi
OoTpuUMaHHs po3noaiutiBa MI.

4. 3aBnsku  TPOBEICHOMY
TQIFHOMY  JOCHI/DKCHHIO  BH3HAa4YeHa
IHIIyKTOpa JOCIiIKYBaHOTO 3pa3Ka.

agamz MII migTBepauB

YHCETbHO-EKCIIEPUMEH-
poboua  30Ha
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