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I'"A.LIMTAHKOBA (Hau. yn-T xap4osux Texsosnoriii, m. Kuis)

MaTtemMaTHuHe MOJETIOBAHHA MACHITHOrO Nond B eNeKTPONMHAMOMETPI g
PO3PAXYHKY CTPYMIB y pOTOpi 1uckononioHol hopmu

Pozesnyno ocodausoCn 6UHUKHEHHA GUXPOGUX Ccmpymie y pomopi enekmpoouHamomempa OuckonodioHol hopyu 3 0CLOBUM NOSIMPAHUM

POGOUILN 3a30p0A pU 3YOLCCO-NAZ06IL KoHgizypauii naznimonposoda  indykmopa. HaeedeHo pesyabmamu  eKCcnepumMeHmaibHozo

docaidncennn 3aiHu posnodiny naenimnol indyKyil 6 3a30pi ni0 6NAUCOM GUXPOBUX cmpymie y uUcKy pomopa 028 pizHozo cnigsiOHOWEHHA

wupuH 3y0us  nasa.

P(I('C.U()lll[)(_'libl 0co0CHHOCIU BO3HUKHOBCHUA GUXPCEHLY 1110K0G 6 pomope OucKono0ooHo20 3/16KI11])0011H(L"110.11(;’171])11 C oceebim 6()30}‘1[{1‘{1)1/11

])(16()‘111,11 3a30pPoM npi .?}‘6'{(1]170—[7(1306’01? KOH(])I(Z_}’[)(II{I[[I ;‘ll(l?HlllﬂU”])OGOO[l 11110}'1\7110])(1. IT]JUBH@CHbl pesyaeinainst IKCREPUMEHMANLHO20

HeCACO0BaHUA USMEHEHUS [)[ICII])(,’()L’/IL’III/}’I MAZHUINHOU llH())‘Kl(llll G 3a30pe 100 GAUAHUEM GUXPEBBLLY 1T1IOKO0B 6 oucke pomopa ons pasHolx

coomHouenul wupuisl 3youa u nasa.

Cepejl  pisHOMaHITHMX TIbMIBHUX [PUCTPOIB
ocofumBe MICIE HOCLIAC JMCKOONIOHE eJIeKTpoMar-
HiTHE TAILMO (EJIEKTPOJIMHAMOMETD), SIKC MAE CIICK-
TPOIPOBIHMIA JUCK, 110 MOXKE 00EPTATHCs] B IHILLIMII-
HUKaxX IHIYKTOpa 3 OCbOBMM 3a30poM [6]. 3asjsiku
3MEHIICHUM PO3MIpaM B OChOBOMY HAIIPSIMKY TAKOI0
raJibMa, BOHO Moyke OyTH 3aKpirieHe 6e31ocepe/iHbo
Ha Bajly JIOCIJpKyBanoro jasuryna. [Ipu 1npoMy JIMCK
By 0BepTaTucst pa3oM i3 POTOPOM JIBUIYHA, A IHIYK-
TOP 3 NPOTUBAAMM — IOBCPTATUCS HA KYT, CMHYC
SIKOPO TIPOTOpIiiinuii MoMeHTy Ha Baiy. L1106 einek-
TPOMarHiTHe TaJibMO CTBOPIOBAIO TajbMIBHUIA MO-
MEHT, iHJIyKTOp IOBMHEH 30y/KyBaTH y pobo4oMy 3a-
30pi HeoAHOPIIHE MaruiTHe ToJie. e jocsaraeTsest 3a-
BSIKM BUKOHAHHIO MAIIMHW 3 HepiBHOMIpHUM poOO-
YMM 3a30pOM, HEPIBHOMIDHUM BHACHIIOK ICHYBAHHS
Ha iHgyKropi 3y0uiB i nasis, 110 4EPrylOTHCs 38 HAUPsi-
MOM PYXY JIUCKA.

Ocra"HiM  4acoM

IPUCTPOSIM  JIUCKONIONIOHOT

© IMurankopa I'A., 2009

dopmu npuIsieThest Bee Outbiue ysaru [3]. Pazom 3
TUM, eJIEKTPOMACHITHI HPOIECH B IIPOBIIHOMY CEPENO-
BUII{, fIKe 00EPTAETLCST B MAarHITHOMY TOJ 3 iHXYK-
Li€10, HANIPABJIEHOIO MApAICIBLHO OCi 0bepTanHsi, 10-
cItijpkeHi HepocTaTHBO. CTaTTs! MPUCBSIEHA po3pooii
MaTeMaTHYHOI MOJENi EeNEKTPOMArHiTHOIrO Iojsi B
eJIeKTPONIPOBIIHOMY CEpE/IOBMILI 3 BpaxXyBaHHSIM He-
OJIHAKOBOT LIBMJIKOCTI PyXy TOYOK CEpPENOBHMINA Bijl-
HOCHO CTAI[IOHaPHOI'0 HEOJHOPITHOTO MarHiTHOIO 110~
as. IcHyroui Mojieti €JIeKTPOMArHiTHOrO I0JIst B PyXO-
MOMY CEpENOBUIL 31eOUIBIIOrO HE BPaxXOBYIOThH 3a-
JIEXKHICTh MIBUAKOCTI PYXy CEpeNOBHUINA Bl IIPOCTO-
pOBMX KOOpAMHAT. MaTeMaTu1Ha MOJIElb, 10 MPOIO-
HYETBCs1, JI03BOJIUTH BUABUTH OCOOJIMUBICTD EIEKTPO-
MArHITHUX TIPOIECIB B €JIEKTPONPOBIHOMY JIUCKY
eJIEKTPOIMHAMOMETPA 3 OCLOBUM POOOYMM 3a30POM.

JIJ1s1 OI[IHKYU aJeKBaTHOCTI MAaTEMaTUYHOT Mojeni
IIPOBENEHO I3UIHMIA eKCIIEPUMEHT 10 BUZHAYCHHIO
rapMOHIYHOTO CKJIa/y PO3IOMUTY Mar#iTHOT iHyKIiil B
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pobouiii 30HI eJ1EKTPOJMHAMOMETPA HPH Pi3HiNA KOH-
(irypanii 3yduaroro 3azopa.

Tist CKCHEPUMMEHTAIILHOTO JIOCHIJDKEHHS eJICK-
TPOMArHITHMX TIPOLECIB Y 1IPOBIIHOMY JIUCKY €JIEK-
TPOAMHAMIYHOIO FajibMa OyJia BUTOTOBJIEHA (hizuiHa
Mogeih [9]. Y xoui tociipKe b 3MiHIoBanacs hopMa ra
IIMPUHA 1a3iB b, Ta 3yOuis b_inaykropa Moziedi. Byio
MPOBEJICHO CKCIILpI/IM(,HlI'I JUIST 9OTUPHOX CIIBBiHO-
1mieHs po3Mipis nasie: 1) b =const=10 mm; 2)b =b;
3) b“=c0nsl= 13,6 MM ; 4) b”z 1,7-bz. st BU3HAUEH-
Hsl TApMOHIYHOI0 CKJIajly MartiTHOI iHAyKIil B po6o-
YoMy 3a30pi Ha IIOBEPXHi AUCKY OYyJIO PO3MINIEHO BU-
MiproBaibHi BUTKM (pHc. 1), aMILTTYM rApMOHIYHUX
CJIQJIOBUX EJIEKTPOPYHTIIAHNX CUJI SIKUX IIPOIOPLIHI
aMILITY/aM FapMOHIYHUX CKIa0OBUX MarHirHol iH-
JYKIT 3 YUCIIAMU Hap HOJIOCIB Vs k=T, 4, xparaumu

IMCITY Tap oJocCin Vo6 poOOYIOT rapMOHITHOT CKIIAT0-

BOT MarHiTHOT IHAYKIIT:

Vl =Vp06 <2[— 1’> ’ V2=

vy=4v <2i— 1,) ,

2v 2i—1),
[)06< > (1)

Jts1 oOYOBM MaTeMaTUIHOI MOJEN €IEKTPO-
MarHiTHMAX IIPOLECIB B €JIEKTPOIIPOBITHOMY JIACKY
EJIEKTPOJIMHAMIYHOIO rajlbMa Ipuii-
MEMO HACTYIHI IpUIyieHsst: 1) 3y6-
garuii 3a30p podOYOI 30HU MONKHA
3aMiHATH eKBIBaJCHTHUM piBHOMIp- A
HMM 3a30POM 3 PO3MIILEHUMU Ha 10~
ro MOBEPXHi ySIBHUMU CcTpyMam¥ [7];

IIyBaHHsI €JIEMEHTIB Ta PO3MIpPU TaKOl MOJEN eJeK-
TPOJMHAMOMETPA 3 (DEPOMATHITHUM JMCKOM ITOKa-
3ani Ha puc. 2. JUCK TOBIIUHOIO d BiJJTAJICHO Bif
HAKETIB IHyKTOpa Ha BEJIIMYMMHY OCBOBOTO 3a30pa d y
nenTparbuii yactvni Mojeni ta d, .y po0ouiii 30HL.
Ysapui crpyMu, po3MillleHl Ha IOBEPXHI iHJ[yKTOpa B
obutacti po6ov0l 30HM, YMOBHO MTOKA3aHO HA BepXHIiA
gactuni puc. 3. Obmorka 30y/mpkeHHs (Ha puc. 2 He
MoOKa3aHa) PO3MILIcHA B KUIbIIEBOMY Ia3i 3 BHYTpIII-
HIM pajilycoM r| i 30BHIIIHIM pajiiycomr,

BubGepeMo IWIHAPUYHY CHUCTEMY KOOPJMHAT,
pPO3MICTUBIIM BiCh z TIO OCi 0BepTaHHS POTOpA EJIEK-
TPOMMHAMOMETPA, d MOYATOK KOOPAMHAT IOCEPE/IMHI
poropa (rouka O Ha puc. 2). MareMaTniny MOJEID
OyAyeEMO, BUKOPUCTOBYIOUM HPUHIMIT HaKJIaJlaHHS.
ByieMo po3IiisiiaTi MarHiTHe I0JIe B 3a30pi eJek-
TPOAMHAMOMETPA IIPU HEPYXOMOMY POTOPI SIK CyMy
XBUJIL PO3IOAUTY MarHiTHOT iHJYKIiT, sSIKa B TOBITpPsI-
HOMY 3a30pi Ma€ JIMIIE CKIIQJIOBY 110 KOOPAMHATI Z
Buxposi crpymMu poTopa, siki BUHHKAIOTh MPHU 0ro
ofeprarini, He OY(yTh 3MIHIOBATH TAPMOHIMHUI CKIIaJ|
PO3MOJITY MarfiTHOT 1HIYKIT, BIDIMBAKOYM JIMILC HA
aMIITyny Ta ¢a3dy KOXKHOT XBUII MarHiTHOT iHYKIT
PE3YIILTYHOHOTO T10JISL.

Jiist BU3HAYEHHS! YSIBHUX CTPYMIB NPUAHSTOL
izuanol Mozt posisiaemMo B o6acti 3a3o0pa pobo-
40l 30HU JOBUILHY XBMJIIO MAarHiTHO1 IHIYKIIT BW 3
YUCIIOM Hap IMOJIKOCIB V Y NWIHJ(PUUHINA CUCTEMI KO-
OPAMHAT Z, I, ¢, HEDYXOMIii BITHOCHO CTaTOPA

B =B _cosup . (2)

AmMrutityia Bmz XBUJI PO3IOJILY MaruiTHOI iH-
JYKIUT B HOBITPSTHOMY 3a30pi B 3araJIbHOMY BUIIQJKY
MOXKE 3aJIEKATY Bijl KOOPIAMHATY 7.

Jlust cTBOpEHHST TAKOT XBUJII MarHiTHOT IHAYKIIT B
3a30pi d... [IOBUHHI IPOTIKATH CTPYMHU, IO BIITOBI-

5-5

z

A w(?)

Padoya
30K

Aoxe

7

SN
N

2) eJIeKTPOIPOBIIHICTE 30BHINIHLOT
MeXi IMCKa JIOPIBHIOE o0 3) IHIYKLiA
Ha O0KOBMX MOBEPXHSIX JINCKA BIANO-
pifae 11 BE&JIMYUHI MDA HEPYXOMOMY
JTUCKY; 4) pPOTOpP Mae€ CTaJIi TOBILUHY
d, mar HiTHY TPOHUKHICTH i, €JIeK-
Tp()I'IpOBlJlHl(,TB O Ta HieNeKTpUIHY
POHUKHICTS €.

Beanmuuiy eKBiBaJICHTHOTIO PiB-
HOMIpHOTO 3asopy d_ . 3HaiJeMOo,
BUXOJSIMM i3 30epekeHHsT 3HAYEHHS
MOCTIAHOT CKJIA0BOT PO3IIOALITY Mar-
HiTHOT iHAYKWIT B, B pobo4ii 30Hi
MarHiTonpoBoja eJIeKTPOANHAMOME-
Tpa MpY 3aJaHuX aMIIEPBUTKAX 00-
MoTku 30ymKenss [9]. Cxema posra-
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JIAIOTE JIHIAHOMY HaBaHTa)KeHHIoZv (puc. 3), 3HaueH-
HST SIKOT'O BU3HAYAECTHCSI 3aKOHOM MTOBHOT'O CTPYMY

d ol
- bd CKB vi = v =
A=A €+A ¢ == —d e,
v vror vp r ()(pc r TekB Jr ¢
(3)
ae H‘,_=‘ualB‘_ — HAIpPYXCHICTh MarHiTHOI'O IOJSI Y

HAIPSIMKY KOOPJIMHATH Z JUISI XBUJIL 3 YACIIOM 1ap I110-
. . .= - .
JOCIB v Y HOBITPSIHOMY 3a30pi; ¢, € — KOOpAMHATH
OJMHUYTHI BEKTOPU.
Micie po3MIIICHHST IMX CTPYMIB CJIJ{ BU3HAYATH
B 3AJISKIOCTI Bijl TOrO, B siKiii ofsacTi pobovoi 30HU
HeOOXiIHO OUIBII TOYHO BUITBOPUTH KaPTUHY PE3YJlb-
TYI090T0 110J1s1. Hanpuxiiaj, Jurst BITBOPECHHS KAPTUHY
1oJist B 3a30pi 6115t Meski 3yOe1b—11a3 i3 ABOX BapiaHTIB
PO3MIIIIEHHST — YV IJTOIIHI Z::dq /2 +a’eKB abo y mwio-
muniz=d . /2, — cJiijt BubpaTu BapiaHT PO3MIIIECHHS B
I
IUIONMHI szu /2, kUil Jla€ OUThIT HAOIMXKCHY 1O

PEAILHOT KapPTUHY PO3IOJILTY MarHiTHOIO HOJIs.
TakuM YMHOM, OTPUMAEMO Y BUOpaHiid cucteMi
KOOPJIMHAT, HEPYXOMI BIITHOCHO CTATOPA,

A = —VdﬂB sinv 4)
vr 'UO I av-z” (pC ?
de](B OBH\' -z
A =—————"—cosvp . (5
v Mg or ¢

[MpuitmeMo, 1o 1upu (=0 cucreMm KoopjauHar
craropa i poropa cuiBraiaTs. Porop obepraerses 3i
HIBUJIKICTIO @ TaK, 1110 KOOPJMHATA ¢ TOYKU B CUCTEM
KOOPJIMHAT POTOpa MOB’sA3aHa 3 KOOPIMHATOI ¢ Y
cvcreMi  KOOpJMHAT — CTATopa  CIIBBIAHOILUCHHSM
p=p —wl Toni craaioBi JTIHIMHOIO HABAHTAXKEHHS B
cucremi Koopiuuar, 3p’s13aHiil 3 poropom, 3anmnIiy-
TBCS

vd
CKB .
A= _TO . B . sinw < <p+wt> , (6)
CKB OB(ZV *Z
A =————¢0s +wt) . 7
v ‘l.to ar v < prw > ( )

AHAJIONTYHO 3aMUIIETHCSI B CUCTEMI KOOPJMHAT

pOTOPA 1 BUPa3 Juist XBUJIL MarHiTHOT IHAYKINT
B =B, _cosv < <p+wt> : (8)

Lle MarsiTHe 110JI€ € NEePIIOIPUIMHOIO BUHUKHE-
HEST BUXPOBUX CTPYMIB Y IMICKOIOIOHOMY pOTOpi 1IpU
ftoro obepraHHi.

Crtijt BpaxyBaTu, IO Ha MeXax pobodol 30HU
=7 ] = =+ 1 -
r=ryTar=ry, z==*(d_ /2+dCKB> (puc. 2) BigbyBaeth
¢st cTpuOOK MArHiTHO1 1HJYKIN1, BEJIMYUHA SIKOIO 3a-
JIEKUTH BIJl KYTOBOI KOOPAMHATY ¢. EXBiBaJEHTHUN

CTPYM, SIKUI 00YMOBIIOE Heil cTpubOK JUIst XBUIi 3
YUCJIOM - 11ap TIOJIIOCIB V, BU3HAYAEThCS SIK iHTErpal
paliaTbHUX CKIAJOBUX CTPYMIB Ha BiIIIIOBIIHIN MexXi 3
BPaxyBaHHSIM HaNPSIMKY HOpMaJli JUIst KOXKHOT MesKi:

vd
€K

Loy | r

B . .
2=—fA‘,r rop=—f— o B, sive_ rap=
“"II‘ZCOSV(PC +C, 9)

vd
=[A _r agozf—L];B B, siveg rip=

i
vy U

.

3
av\,- cosvgp, +C, . (10)
3

[MocTifiHi iHTErpyBaHHS 3HAXOASITLCS i3 YMOBU
[ (vp)=—i (vp, +m), mo nac C=C,=0.

MaremaruyHa MOJIEIb €IEKTPOMArHiTHUX 1IPO-
IECiB IPYHTYCTHCSI HA CUCTEMI piBHSIHL Makcsesa. B
CUCTEMI KOOPJAMHAT, IOB’SI3aHiid 3 IHJYKTOpPOM, Iipu
HCPYXOMOMY POTOPI Ii pIBHAHHSI OyIYTh MaTH BUTTISIT

rot H=8+ oD /ot (11)

rot E=— B /ot (12)
divB=0, 3=cE, (13,14)
D=¢E, B=uH. (15,16)

Tyr H— PE3YNBTYIOUMIA BEKTOP HANPYXEHOCTI
MarHiTHOTO MOJIs BiJl CTPYMIB iHIyKTOpa; B — pe3yib-
TYIOYMIT BEKTOP IHYKIIT MarHiTHOT'O OIS BiJ] CTPYMIiB
iHgyKTOpa; E — pe3yJIbTyIOUNi BEKTOP HAIIPYXEHOCTI
€JIEKTPUIHOrO TOJIs1, 0OYMOBIICHUI 3MiHOIO MarHiT-
HOT'0 IOJIsA 3 INTMHOM Yacy; & — BEKTOP I'YCTHHU CTPYMY
[POBIJIHOCTI; € — JNieJIEKTPUAYIHA IPOHUKHICTE; D — Bek-
TOP CJIEKTPUYHOIO 3MIINEHHS; 4 — MarHITHA MPOHUK-
HICTB; 0 — MUTOMa eJIEKTPONIPOBIHICTS.

B ycraneHOMy pekMMi MPU SKUBJIEHHI 0OMOTOK
MOCTIANNM CTPYMOM

0B /9t=0. (16a)

Y pyXoMOMY CEpEIOBUIL, SIKE pPYXae€Tbhcs 3i
LIBUJIKICTIO 7y Tiif caMiif CUCTEMi KOOPAUHAT, eJIeK-
TPOMAardiTHe I10JIe OIUCYETHCS TIEI0 K CYKYIHICTIO
PIBHSTHB, aJie 11apaMeTpH I0JIST 3MIHIOIOTHCS:

— J0 imtyknii MarmitHOro mosst B fofaeThes
IHJTYKIIiST MArHITHOT'O TOJIST por KA o0yMoOBJIeHa CTpy-
MaMU B pOTOPI | BU3HAYAETHCS CIIBBIIHOIIECHHSIM:

B =u-H

poT ])OT;

(17)

— J10 HanpyxeHocTi MarmitHoro nous H nona-
€ThCSI HAIIPY)KEHICTh MAarHiTHOTO IOJIST por K2 00y-
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MOBJICHA CTPYMaMH4 B POTOPI 1 BU3HATAETHCSI CIIBBIf~
HOITICHHSM:
rotA_ =8 (18)
por T potr
— JIO I'YCTUHU CTPYyMY 3 IOJIA€TLCSI I'YCTUHA CTPY-
My 5'7 o 1K& BU3HAIAETHCST HALPYXKCHICTIO EIIEKTPHY-
HOI'O 10JIs1 E)l o> OOYMOBJICHOIO PyXOM poTopa:

=0
por

. C

por’ (]' ))
— JI0 HANPYXCHOCT] eJICKTPUIHOro 10js E mpu

HEPYXOMOMY POTOpi JIOIACThCSI HAIIPYXKEHICTE €JIeK-

=

TPAYHOTO 101 IEPOT, sika 00yMOBJIEHA PYXOM pOTOpA B

pE3YJILTYIOUOMY MartiTHOMY TMOJi 1 BU3HAIACTHLCS

CIIIBBIJIHOITICHHSIM:

E = [ Px (B+ E’l(r” : (20)

por

TakuM 4MHOM, JUIST PYXOMOI'O CEpEIOBUIIA PiB-
HAHHS (11)—(16) npuiiMaroTh BUIJISII

J (B +B)0T? ‘
+ Py ,  (21)

rot < 17+F7pm_> =5+

por
. 0B
rot{b+ [Vx <§+ B_)PO,I)] }: 0 (22)
5>+ 57)0'1':0 < E + Epm‘) ’ (23)
D+ D’pm:g < E+ E’pm) , (24)
div <§ + ﬁ]m) =0, (25)
<§+ §1)0T> =H <I__7 * ﬁpm‘) : (26)

Curijt 3a3HaYNTH, 1110 YACTMHHA [OXIIHA 34 4aCOM
y HpaBiit yacTuHi piBHsiHHA (22) Oeperbest JuIe Bif
BekTOpa B Tiel YacTMHI MarHirHoi IHJTYKIT, s1Ka icHye
Ipu HepyxoMoMy poropi. [ToxijiHa 3a 4acoM Bij{ Bek-
topis B Ta por K2 00yYMOBJIEHA PYXOM CEpENOBUINA,

HESIBHO 3HAXOMUTLCS B JIBIA YacTUHI ILOTO PIBHSIHHS
SIK CKJIaJI0Ba JIiBOT uacTuim upasy (22) upu E=0 [1].

Y uux pisasunsx: H + ﬁpm, B+ por — PE3YIIb-
TYIOUI BEKTOPY HAIIPY>KCHOCT] Ta IHYKIIT MarHiTHOrO
TIOJIST B TN JIMCKY BiJ{ CTPYMIB iHJI K'r%m 1 BUXpPOBUX
CTPYMIB JIUCKOTIONIOHOTO poTopa; E + por — PE3YIIb-
TYIOUMI BEKTOP HANPYXKEHOCTI €JEKTPUIHOIO IIOJISI B
T UCKY, OOYMOBIIEHUE 3MIHOK MArHITHOTO HOJIS 3
IWIMHOM d4acy; O + 6’1 op — BEKTOp I'YCTUHH CTpyMy
HPOBITHOCTI; € — JICJIEKTpUYIHA TIPOHUKHICTL MaTe-
piany jmcky; D + D + — BEKTOD €JIEKTPUIHOIO 3Mi-

- L .. .
EHHs; V=@ X7 — BeKTop JiHIAHOT IBUIKOCT] MaTe-
piaJIbHOT TOYKY JIMCKA BiJJHOCHO HEPYXOMOI'O PE3YIlb-
TYIOYOTO MArHITHOIO IOJSI; & — BEKTOp KyTOBOI
. - .

HIBUIKOCTI pOTOPA; 7' — PajilyC-BEKTOP TOYKM CIOCTE-
PEXEHHS; O, — EJICKTPOINPOBIAHICTL Ta MarHiTHa
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HPOHMKHICTH MaTepialy JIUCKY BiIIIOBIIO.

[Tpy posp’si3aiui piBHAHL JTAHOT MATEMATHUUIHOT
MOJIEJIE TOTPIOHO BpaxyBaTh 0COOIMBOCTI €JIEKTPOIIPO-
BIJIHOTO CepeloBHUIIA. B MeTaiax nutoma eiiekrporpo-
BIIHICTH Mae BEJIUIUHY HOPSIIAKY 1071 /OM:-M (st
crami OJau3bLKO 5-106, a st Mijgl — 5,7-107), a Ji-
CJICKTPUYHA IIPOHMKHICTB JUISt 3SMIHHUX TIOJIIB HE 11epe-
sumtye 10e . Hagirbs 1pn jyxe penmkiit yacrori 10!
['11 BiINOIIEHHS CTPYMY 3MITIEHHS JIO CTPYMY HPORLI-
HOCTI cKitajic |4]

o 2rfe 2x10"! 1

énp v 107 47-9-10°

=5,6-10"°,

27)
TOOTO CTPYMaMy 3MIIICHHS B €JIEKTPOIIPOBIIHOMY cC-
PEJIOBUII MOXKHA 3HEXTYBATHU, SIK 1 BIUIMBOM cCJICK-
TPUYHOTO 3MIINEHHSI HAa HAIPYKEHICTHL MArHITHOTO
10J151 B pyXOoMoMYy cepenoBuiiti. Kpim toro, juis eiex-
TPOIIPOBIHOIO CEPeoBHINa HEOOX{HO BpaxoByBaTn
PYXJIMBICTD €JIEKTPUIHIX 3aPSIB, L0 00YMOBIIIOE BU-
KJIIOYHO BUXDOBUI XapakTep pPe3yJbTyHUoro ejleK-

TPUYIHOTO HOJIST B JIUCKY:
div <D’ +D > =0. (28)

poT

Posrisinemo poss’sisok cucremu pisusing (21)—
(26) BiHOCHO MaruiTHOT IHAYKIT B. CkopucraemMocst
[NPUHLIUNOM HAKIQIAHISE PE3YJIbTYIOUE 3HAUCHHSI
MaruiTHol imnykiii B jopiBuioe CyMi HOCTIAHOT 1 rap-
MOHIYHUX CKJIQJIOBUX MarHiTHOT IHIYKIUT E?c ,» CTBO-
PEHUX MOCTIHHMMM CTPYMaMHU IHJIYKTOPa IIPU HEPYXO-
MOMY pPOTOpi, 3 IOCTIHOIO Ta BUIOBIIHUMU I'apMO-

HIYHAMY CKJIQIOBUMU MArHITHOT IHIYKIGT El ony CTBO-

PEHMX BIIIOBIIHUMH CKJIQIOBIMU CTPYMIB y Tisi po-
TOpa Ipu 1oro odepranHi:

§: io:gcv - gﬁpow ’ (2())
v=0 v=0

)

ByneMo posrisnartn ycrajneHuit pexkuM podoTu:
w=const.

OCKUIBKY ITOCTIIHA CKJIaJIOBA CTPYMIB y Tijii poTo-
pa eJIEKTPOAMHAMOMETPA BIICYTHSI, TO JUISI BUSHAUCH-
HSI 3yCHJIB | FUIBMIBHUX MOMEHTIB HEOOXIJTHO PO3IIsi-
HYTU JIALIE FapMOHIMHI CKIIaJIOBI MarHiTHOT IHAYKILT i
BIITIOBITHUX CTPYMIB.

s podoyo1 rySrsry,
(=d /2)=z= ,/2) (pmc. 2) BBaKAEMO aMILTITYY

obmnacTi

Bm, (r,z) XBUJ IHAYKIIT MardiTHOTO 1OJIsI l?c , 3 uamc-
JIOM Hap TIOJIIOCIB v, IO CTBOPIOETHCS YSIBHUMU CTPY-
Mamu IHAYKTOpA IIPU HEPYXOMOMY pOTOpI, He3aleK-
HOIO Bifl IIBUAKOCTI OOEPTAHHST 1 3aIaHOI0 Y TAKOMY
BUTJISIJIL:

- -
cv=Bcv o e:=Bav Z(r, z)cosve- e .

(30)

IMpu nbOMY TaHTEHIITHOIO CKIIAJ0BOI0 MATHITHOT
IHTYKIT IIPY HEPYXOMOMY POTOPI HEXTYEMO.




[TpuitycTumo, 1o CKiIagosa El o1y PESYIIBTYIOUIOTO
BEKTOpA MArHITHOT IHYKIIT, SIka 00YMOBJIEHA BUXPO-
BUMM CTPYMaMH B TUI pOTOpa, Ma€ CKIAfOBI 10 KO-
opinHarax ¢,z. OTKe 1 pesyabTyIounii BEKTOp Mar-
HITHOT iu)l)’I\‘ILi'l'l?\, Mac BUTIISIL

B=0-7+F

v poTVy

(. 2)E + (Boy 0,2 +

- p

+ E’[)O,n,,z(ro, 0,2) > e (31)
Po31ysiHEMO reOMETpUTHY IHTEPIPETAIiio pUii-
HATOT MATEMATUIHOT MOfIeNi. Xapakrep O4iKyBaHOIO
PO3II0JIUlY XBMJIL MArHITHOT IHAYKINI B NPOBIIHOMY
CEPENOBHUII TIOKAa3aHO Ha puc. 3. Pe3ylbTyroua XBuis
MAarHITHOT THIYKITT B‘W(go) 3MIIICHa BIJJHOCHO XBWJI

‘0) .
B((; ‘)Z(W) 1IpY HEPYXOMOMY POTOPI Ha KYT @ B HANIPSIMKY
obepranssi poTopa. XBWIsSI HAIPY>KEHOCTI €JeKTpUd-
HOTO 1oJist, 00YMOBJIEHOTO oDepTaHHAM poTopa (Ha
puc. 3 He 110Ka3aHa), CIIBIAJIAE 3 PE3YIILTYIOU0I0 XBH-
JICKO MarfitHol IHyKIil B\W(y)). XBUJISL pajiaibHOT
CKJIQJIOBOT TYCTMHM CTPYyMy O B poropi (Ha puc. 3 ue
MOKaszand, HOKa3aHo YMOBHO JIIHIT cTpyMy &) 3MillcHa
BIIHOCHO XBWIIL HAIIPYKEHOCT] CIICKTPUIHOTO TOJIS HA
KyT i B HaUpsIMKY oOepranusi. XBUIsi Martirtaol ig-
e (V)
s

JIVKITIT Bp(m:
MaMM pPOTOPA, 3MIIICHA BUIHOCHO XBWJI pPajliaibHOT
CKJIQJIOBOT I'YCTHHHN CTPYyMy O B potopi (Ha puc. 3 He
LOKa3aHa) Ha KyT (77/2v) B HAIIPsIMKY 00epTaHHsT pOTO-

(), N0 CTBOPIOETHCSI BUXPOBUMM CTPY-

- . . (0
pa, TOOTO Ha KyT (77/2+a+y) BitHOCHO XBrii B, \3(90)
1pyY HEPYXOMOMY POTOPI.
U100 snaiiTyt po3B’A30K CUCTEMU PIBHSHD (21)—

()
vz (1)
. z
B 2 \50
: @) T
5::/2(}0
A v

(v)
Bomye(r)

g

(V)

§ 1 omyz (f’)
Hgmﬁ.wox r
J0EPMaMH;

;70/770(;70 ! Byz(r)

v/

[
(4.

I
\.
)

™~
AN

T

.
x

e |

Puc. 3

(%)
(59}

(26) BigHOCHO MarHiTHOI IHAYKUii, NpeEcTaBUMO

CKJIQ[IOBY HAIIPY>KEHOCTI €JEKTPUYHOrO IIOJIS o

00yMOBJIEHY 00epTaHHAM JMCKOIOAIGHOro poropa B
MarHiTHOMY IOJI, IK BEKTOPHUIA JJOOYTOK BEKTOpa JIi-
Hil{HOT MIBMIKOCT] TOYOK POTOpA Ha BEKTOP MArHiTHOT
iy Kt [VXE"} (4]

=PxE =wrB e =wr <B +
\4 vz r cvz

=
B > e,
porvz r

(32)

potv

ne
(33)

- - -
V=w'e Xr-e =wr-e .
z r @

Bekrop HanpyxenocTi Fpow EJIEKTPUYIHOTO TI0JIS,
00yMOBIIEHOT PyXOM [JUCKOINOIGHOr0 poTOpa B Mar-
HITHOMY IT0JIi, He Ma€ TaHI'eHIIHHOT CKIIaoBoi. PazoM
3 TUM, B POTOPI ICHy€ TaHTeHIifiHA CKJ1aJ0Ba TYCTUHH
BUXPOBUX CTPYMIB. 17151 3°s1cyBatHst (pi3 MIHUX MiJICTABR
BMHUKHEHHS €T CKIA0BOT 3HAMIEMO 3HAYECHHS JTM-
BEPIEHIII HANPYXEHOCTI €JIEKTPUYHOTO MOJst, 00y-
MOBJIEHOI'0 0OEepTaHHIM TUCKA

div E’l o =div [VxE’v] = <B

¢ +B ~E’>-rot?—
Tz Tvp

V.

.
~Prot <B‘;:-e:+B‘,¢-E; ) . (34)

3HaNLIOBIIN POTOP BEKTOpA JIHIAHOT MBUIKOCTI
JOBUILHOT TOYKY JHUCKA

1 (7( r-w r)
rot ?=7

- -
e.=2w-e.
ar z z

(35)

Ta pOTOP BEKTOpA MAarHiTHOI iIHAYKLIT B 1iii TOYI

1 0B, OB\, B, 190B)
I‘Ol§= — - — € ———e¢ +———¢ |
v {r Jp oz |t ar e r  or

(36)
OTPUMAEMO 3HAYEHHsI AMBEPIeHIiT BEKTOpa HallpyKe-
HOCTI €JIEKTPUYHOTO TOJIsT, OGYMOBJIEHOTO OOEepTaH-
HSIM JIUCKA:

divE

portv

=2w'B_+wroB_/or. (37)
TakuM YMHOM, B CEPEIOBUILL, siKe 00EPTAETLCS B
MarHiTHOMY IO, IIPU HApaJIETTbHOCTI BEKTOpPA KyTO-
BOT IIBUJIKOCTI I BEKTOpAa MarHiTHOT iHAYKIil BUHMKA-
IOTh BUTOKM BEKTOpA HAIPYXEHOCTI €IeKTPUYIHOr0
IIOJISL, @, 3HAYUTD, 1 BEKTOPA €JIEKTPUYHOTO 3MIICHHSL:

divD__=diveE _=2ew-B_+ewrdB_/or.
porv porv vz vz
(38)

OJ1HaK B €JIEKTPOIIPOBIIHOMY CEPEIOBUIL OB H-
Ha BUKOHYBarTucs ymMoBa (29). ToMy BUTOKM BEKTOpa
EJIEKTPAYHOIO 3MIIEHHS (div306) IOBMHHI KOMIIEH-

CYBATUCSI BUIbHIMU 3apsiTaMH1 eJIEKTPOIIPOBITHOTO ce-
penosuma. IlepeMileHHST BUTOKIB BEKTOpa eJeK-
TPUYHOTO 3MIINEHHSI IPUBEAYTH IO BiAIIOBiJHOTO Ie-
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peMilleHHs BUILHUX 3apsyliB y TOMY XK HalpPAMKY (3
TOUHICTIO JIO 3HAKA 3apsijia), 4, 3HAYUTD, 10 BAHMKHEH-
gsi crpymy. OCKIZIbKM BUTOKM BEKTOPA CICKTPUTHOTO
3MilneHHs npy o0epTanui jircKa IepeMillyIoThesl B
TAaHI'€HIIAHOMY HAIPSIMKY, TO LE HPU3BEAE IO YTBO-
pEHHsl TAHICHNIAHOI CKIAAo0BOI BEKTOpa TyCTUHU
EJIIEKTPUTHOTO CTPYMY.

3HaiijeMo poTOp BEKTOpA HAIIPYXKCHOCTI  €JIeK-
TPUYHOTO TOJIsI, OOYMOBJIEHOT OOEpTAaHIAM JIMCKA Y
PE3YJILTYIOUOMY MArHiTHOMY II0JI 3 BpaxXyBaHHsIM SIK
CTATOPHOT, TAaK 1 pPOTOPHOT CKIAJOBUX MArHiTHOIO TIOJISL:

otE = 1 ()Epowz pove| >
porvv. |y O oz €

])()’l‘\' (p)
or

oE oE 1 O(E
e =

0z ar P 7

1 OEp(m- ry > evz ponz)| -
—_——— > e =w R

ro dp

a(B

vz

(39)

- w

[MizcTapuBinmg 1e 3HaveHns B (22) Ta BpaxyBaBIlu
(16a) 1 (20), orpuMaeMo:

rd(B.__+B )
CV Z POTY 2 -3
rot =w ; e =
porty 0z [
é)(BC\'Z + B])OT\‘Z) >
—w ¥ (40)

Bpaxosytoun (21)—(23), MOXEMO 3anucaru

1 1
E =—rtotH __=—rotB___. (41)
n g pory ou poTv
Toni
1
rotE__=—rotrotB__ . (42)
PO g u pon
sk Bigomo [5],
rotrotB_ =draddivB _-AB__=-— .
porv potv potv potv
(43)

Mipcrasusiim B (42) BinnosijgHi 3Havenns i3 (40),
(43), orpuMaemMo

I.O(BC\'Z * Bpow :) —=

—AB moHw - e —
pon 0z "4

Jd(B

vz

Bp(m' z) CT;:' ' (44)

dp

3acrocyBasiuy oreparop Jlamiaca A 10 KOxXHOT i3
CKIQJIOBUX BEKTOPA B, OTPUMAEMO CUCTEMY DiB-
HSIHb, B SIKUX BC‘W

3ajiaHo, a B Ta _Tpeda
porvz potv ¢

ISSN 0204-3599. Texn. enekmpoduranira. 2009. Ne 4

3HANTU:
. 2
l i r ()B])O'I\' (/) + l () B})O'I\‘x/) +
r ()1'< ar > ,.2 0<P2
)2 1)()'1\‘(/) O(BC\'Z + ])O'I‘\'Z) N
ST =—wour — (45)
0z~ 0z
. .2
}_ L) r ()B JOTV Z + _]_ () B DOV 2 +
r <’)1'< or > e (-)903
) i
()_B DOTV 2 ()(B('\ z + DOTV ’7)
+ —~—L7—~=wa/l L (40)
0z” Ip

TaxkuM YMHOM, BUKOHABITU BCI BUILEBKA3aHi 11e-
PETBOPEHHSI, 3 CUCTeMU PiBHsIHE (21)—(20) Mu oTpu-
Manm piBustnust (45)—(406) BIZHOCHO OjtHIET HEBijI0-
MOI MaruiTHOI IHAyKIil. Sk BUIIO i3 ITMX PIBHSIHD,
CKJIQJIOBA BEKTOPA MArHITHOT IHAYKLIT B HAIIPSIMKY KO-
OpIUHATU ¢ SIBHO 3AJICKUThH BII CKJIQJOBOI BEKTOpA
MAarHiTHOT IHAYKIT 110 KOOPJAMHATI 2.

Posp’si3ku cucreMu piBHsiHb (45)—(46) Oyjemo
3HAXOMMTY, HEXTYIOYM TaHTEHIIHHNOIO CKIAJ0BOIO
MarHiTHOI IH(YKILi B 1py HEpYyXOMOMY poropi

B, /9z=0. (47)
I3 (25) Bunnmsae, 1o

porv-z _l 081)0'[‘\"(/) (48)

oz r  O0p

[TijcraBuBINM 1 3HAUYEHHS B (45), oTpUMacMo
piBHSIHHSI BiHOCHO 0B

porv-p

9’B__ 1B | 9B

pomvy poTvg potve

> + — - + - -
2 r or 2 o 2
o1 I} op
2
porve povy .
—wou— =0. 49
LY o2 (49)

Iist 3pY9HOCTI, BPaxOBYIOUM CHUHYCOLJIHMI Xa-
pakrep PO3IOJIUly MArHiTHOI 1HJYKIUI B3JOBX Tai-
reHLiMHOT KOOpAMHATH (2), 3alUIIEMO PIBHSIHHA (49)
ta (46) B cuMmBosivnii ¢popmi. Toal noxijiia 1o ¢ 3a-
MiHUTBCS OIICPATOPOM jV:

27
J B]’)OT\'(/) l (’)B])O'I‘\‘(p l);
ir* rooar /2 POV
5
. porvy
voou Bpmw) 2 =0, (50)

Ly
Lo




2 . 2

B])OT\ z l ! pornvz V B

o 2 ] or ]_2 poTvz

227
. "B oV
—jvoou BPOW . =Vwou B .
z 022 1z
(51)

Takum YMHOM, MaTeMaTUIHY MOJIEIb EJIEKTPO-
MartiTHuX [POIECIB B €JICKTPONPOBIHOMY JIUCKY
CJICKTPOJAMHAMOMETPA NIPUBEJIEHO JI0 BI/II‘JIﬂ}ly (50)—
(51), AAKMIT O3BOJISIC OTPUMATH PO3B’SI30K BiHOCHO
MarsiTuol iiyKuii B. Pipusims (50) € piBusIHHSIM
Becceis i Mae ananmiruanuii poss’ssok. Ipu 3naxoj-
JKCHHI aualliTMIHoTo pimennst pisHsinus (51) B 3a-
TJILHOMY BUIVIs[ BUHUKAIOTD HEBHI TpyAHOII. K110
OPUIHATA TOBIIVHY JMCKAa HACTUILKM Maiolo, IO
MOKHA 3HCXTYBATH BINIMBOM TaHTEHLIAHOT CKIIaJ0BOT
MArmiTHOT imyKiii Ha OChOBY CKJIAJOBY, TO MOXHA
CKOPUCTATUCS PILIEHHSIM JUIsI B _[10]:

2)
—jarcty | 492"
_e - MY .

vz
(52)

Ax BuanHo 13 (52), pesynabTyioua XBUIIS 3 TUCTIOM
HepiojiiB ¥ MArHiTHOT IHIYKIUT 3MIIYEThCS 0 BijiHO-
ICHHIO JI0 BUIIOBIIHOT XBUJI MarHiTHOT iHYKLIT Tpu
HCPYXOMOMY POTOPI B HAPSIMKY 00€pTaH st pOTOpa Ha
KYT, BEJIMIMHA SIKOT'O 3aJICKUTD BIjl 3HAUCHHS V.

[Mposeteni Ha BI3UIHUX MOJIEISIX CKCIIEPUMEHTH
[0 BU3HAYEHHIO (DOPMU KPUBOT PO3IIOJILIY MarHiTHOT
THJLYKIUT B3JIOBK TAHTE€HIINAHOT KOOPJMHATH 3a JIOTO-
MOT0I0 BUMIPIOBIBHIX BUTKIB IOKa3ay, IO Mar-
HiTHa iy Kiist nijensnoersest abo Ha sbirarouomy, ago
1a HallralouoMy Kpai 3y0OIist B 3aIEKHOCT BiJ{ IIMPUHY
rasy. Ilpu mupuni uasy, mMennriii mmpunum 3y6ns,
Maraitie 1oje HijlCUIOEThCsT Ha HabiraioyoMy Kpal
3yOnsti nasuaku. Taka BJIacTuBicTh BUILUIMBAC 13 OTPU-
manoro pimennst (52) (puc. 4). Tpu nassHocTi nap-
HMX TapMOHIMHUX CKIAQJIOBUX B KPUBIKA po3mosiny
MaruiTHOT IHJIyKI{T B po6oIOMY 3a30pi eJICKTpOMIa-
MOMCTpA Ta INUPUIL 11a3d, MCHITIA Bit ITUpUHU 3y61s
(KOs apHa rapMOHIYHa CKIJIa/IoBa 3MilleHa 110 BiiHO-
IICHHIO JI0 OCHOBHOT Ha +7/2), hopMa KpUBOT po3-
HOJLY MartiTHOT IHJIyKIil 3MIHIOETBCS TAK, IO iH-
JLYKITis 30UILITY€ThCs Ha Habiraio1oMy Kpai 3y61is (ma
puc. 4, 6 B;m uigicuiioe B 6utst Habiraiodoro Kpaio
3yonst). Ipn HasiBHOCTI MapHUX rapMOHIMHUX CKJIa-
JIOBUX B KPUBIH PO3HOJILTY MArHiTHOT IHAYKIIT B po6o-
9OMY 3a30pi €JICKTPOAMHAMOMETpA Ta MUPUHI Na3a,
OLTBIIIE BIL IMpUIH 3y0ris (KOJIM apHa rapMOHivHA
CKJIaloBa 3MILICHA 110 BUIHOILIEHHIO JIO OCHOBHOI Ha
—/2), hopMa KpuBo1 PO3NOALLY MarHiTHOT iHLYKILi
3MIHIOETBCS TAK, 1110 1HJ{YKIs 30UIbIIyeThesl Ha 36i-
ratouomy xpal 3youst (uHa puc. 4, 2 BpOT nificuioe B
Oiist 301rar0I0ro Kparo 3y0o1st).

Ha puc. 5 nokasano ocrpuiorpamu ejiekrpopy-
IAHUX  CUJT BUMIPIOBAJALHMX BUTKIiB, TrapMOHIYHI
CKJIQJIOBI SIKMX MTPOHOPIUIiH] BCIM HEAPHUM, HOIBOE-
HUM HCIIAPDHUM, YOTUPUKPATHUM HENAPHUM Ta BOCh-

B\‘sz [Vz + </,¢ ow /'2> 2} 0 ‘B
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0 T T 1 R
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-0z B Sy
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-006

0
285 509 763 107 1271 25 1779 2085 e
oz W

-004 BES
-006
Puc. §
MUKPATHUM HEIIApHUM I‘apMOHi‘IHHM CKJIaJIOBUM

MarHiTHO1 injykuii. 3aBusika oMy (opMa KpuBoi
CIEKTPOPYINIMHAX CHUT BUMIDIOBAJILHUX BUTKIB IIOB-
TOpIOE (hOPMY KPMBOT PO3TIOALTY MarHiTHOT IHKIT B
po6040OMYy 3a30pi ENIEKTPOIMHAMOMETPA 3 TOYHICTIO J10
nepmux 15 rapMOHIYHUX CKIA0BUX.

Takum 4unOM, Hponecu B HpoBigHOMY cepefo-
BUIL, BiCh 0OOEPTaHHA SKOTO IapalesibHa HaNpPSIMKY
MarHITHOTO T0JIsl, BiIPi3HAIOTHCSL Bi IPOIIECB B cepe-
JOBUII, BiCh 06€pPTaHHSI SIKOTO HEPIEHANKYIISIpHA Ha-
HPSIMKY MartiTHoro mosst. Ciij Bifi3HAYUTHU MOTEH-
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IAHO-BUXPOBUIA XapaKTep HABEJICHOT'O CJICKTPUYHOTO
noJisi, sIKUi 00YMOBJIOE IPOTIKAHHSI CTPYMY B TdH-
FEHIITHOMY HalPSIMKY 33 PaXYHOK BIIIIOBYIHOL 3MIHA
PO3MOALTY BUTOKIB HABEJICHOI'O EJIEKTPUYHOIO IIOJI
1IPY BICYTHOCTI TAHTCHIIMHOL CKIIATIOBOT BEKTOpa Ha-
HPYKEHOCT] HABEJCHOT'O CIEKTPUIHOTIO HOJIA.
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P.B.TABPUIJIIOK, kanj.rexu.Hayk (Isano-DpankiscbKiil Hall. TeXH. yH-T HaTh 1 rasy, Isano-@pankiBebk)

CTpykTypHe NpOEKTYBaHHA CHMETPUYHMX TPHU(A3HUX [ABOLIAPOBUX CXEM
00MOTOK 3 MepeMHUKAHHAM KUIbKOCTI Nap MOJII0CIB Yy cHiBBigHOMIEHH] 4:5

P{)fa’c‘][ﬂ)‘[_)'lﬂ() Xapaxkmepucmur BCIX MONCAUBLY SH])iHl'lllliG cumempuyHuy Ii?pll(l7ll3illl.Y 080LUBUOKICHILY CXeM 0OMOIMOK ACUHXPDOHHIUN CHEK-

MpoOsLUYHIG 13 CRIGGIOHOWCHHAM KitbKoci nap noniocis 4:5 ma Kixokicnio nasie 2= 60.

P(I('C.‘l[()IH])(’I'[I;I XApaKmepucmuKu 6Cex GO3MONCHLIY 6APUAHINTOE CUMMEITPUYHDLY 177])&\'(/)[131'/171,\‘ 06’4\',\'CI(()[)()CI7IHI.11,\‘ cxem 00MOMOK ACUHNPOHHBLY

3/1(’]\'/11]7()()()’ll(‘{llﬂ(_’/[(_‘17 C coomuouteHuesM Huces nap noaocos 4:5 u wucaos nazos z= 60.

[Mepima cxemMa 0OMOTKMA 3 TEPEMUKAHHIAM KiJlb-
KOCTI ap ITOJIFOCIB Y CHiBBYIHOIICHH] 1:2 3alIpONOHO-
Baua B rnozamuuyiaomy cronirti Janannepom [9]. Bin-

«TOJi TEOPII0 CUMETPUIHUX CXEM OOMOTOK 3 IIEPEMU-
KaHHSIM KUIBKOCTI I1ap TIOJIFOCIB HEBIIMHHO BJIOCKOHA-
JIFOIOTE Ta IIPONOHYIOTE 1HII CXEMU, 1110 OIEPKYIOTH HA
MJCTaBl PI3HUX TEOPETUMHUX IAXOJIB, HAPUKIIAJ,
[4,5,6,10,11]. HaBHO Ha3piBaia HEOOXIIHICTH CTBOPEH-
HsI €IMHOT TEOPIT MPOEKTYBAHHS BCIX MOXKIIMBUX CXEM,
ocHOBU s1KO1 11oj1ano B [1,2,3]. Hanpuxia, cxemu 00-
MOTOK 3 HEPEMHUKAHHSIM KUILKOCTI map IOJIOCIB y
CIBBIHOIIEHH] 4:5, CTBOPCHI Ha IJICTaBi TEOPiT M10JII0C-
HO-aMIUITY(HOTO MojiestoBanus (ITAM) [10,11], Bu-
KOPHUCTOBYIOTH Y JIBUI'YHAX JUISL TIPUBOJIIB TijpaBiiivy-
HUX TTOMTI [8], 110 pi3ko 30U1bIIYE KOehIiEHT KOpUC-
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HO1 JIiT YCTAHOBOK Ta 3MCHIIIYE MTOTY>KHICTH CIIOMKIBAH -
HsI CJIEKTPOEHEPTil MaiiKe y JIBa pa3u, ajie OCHOBHUM
HEJIOJIKOM CXEM CTAIA BEJUKI aMIULHTYM HIKUIABIX
rapMoHik. ¥ il crarti Boepuiec Ha HiCTaBi €UHOT
Teopil CTBOPEHO Ta MPOAHAII30BAHO BCI TCOPCTUTHO
MOXJIABI BapiaHTH CXeM OOMOTOK 3 HEPECMUKaHHSIM
KUIBKOCTI IIap IMOJIIOCIB Y CIIBBIHOIICHH] 4:5 Ta Killb-
KOCTI ma3iB z =60, 10 YMOXJIUBIIIOE YCYHEHHST OCHOB-
HOT'O HEJIOJIIKY CXEM, 3aIlIPONOHOBAHMUX 32 METOIOM
ITAM, a camMe — BEIUMKUX 3HAYEHL aMIUNTYJ LIKij(-
JIMBUX FAPMOHIK.

Hapani My po3mstHeMoO HMOUIYK BCIX MOMUTMBUX
BapiaHTIB CUMETPUUIHUX CXeM 0OMOTOK 3 PEBCPCYBaH-
HSIM [TOJIOBUHM KOTYIIOK B KOKHII hasi oOMOTKH, TOO-
To 3a Bijjomumu cxemMamu Ne 1 (A/YY), Ne 2 (YY/A),
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