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PACYHETHAA MOAEJIb MHOAYKUMOHHOIO HATPEBATENA
ANA HE®TAHbIX CKBAXUH

PaccmatpuBatoTcs Bonpock! pacyeTa MHAYKLUMOHHOTO HarpeBaTensl, npeaHa3HavyeHHoro Ansi npo-
rpeBa nNpv3abonHOro NPOCTPaHCTBa HeTSAHbIX CkBaXWH. MporpeB 3abos CKBaXWHbI SBNSIETCA OAHUM U3
3hhEKTUBHBIX CMOCOBOB YyCUNEHNA HedhTeoTAauM NNacTa v NOBbILLEHWS NPON3BOANTENbHOCTU CKBXKUHDI.
MporpeB 3ab0si CKBaXMHbI MOXET OCYLLECTBMATLCA pasnuyHbIMK crnocobamu. Jlydwve pesynbTaTbl no
3hPEKTUBHOCTU M HAJEXHOCTU obecneymBaloT HU3KOTeMMnepaTypHble HarpeBaTenn MHAYKLUMOHHOMO Tvna.
Y Takux HarpeBaTenei BblgeneHve Tenna npovMCcXOAUT He BHYTPW HarpesaTtensi, a B obcagHoun Tpybe,
KoTOpasi HenocpeaCTBEHHO conpukacaeTcs ¢ Npr3aboiHbIM NPOCTPAHCTBOM CKBaXMHBI.

PaccmaTpuBaeTcs MHAYKUMOHHBLIN HarpeBaTenb CONEHOWAHOro TWna, KOTOPLIN MPOCT B WU3ro-
TOBMEHUK 1 obecnevmBaeT MakCUManbHy0 aHepreTMyeckyto apeKkTMBHOCTbL B YCMOBKSAX CTECHEHHOIO
NpOCTpaHCcTBa CKBaXMWHbl. OCHOBHBIMW 3fIeMEHTaMn paccMaTpuMBaeMOoro MHAYKLUMOHHOTO HarpesaTens
SABNSIOTCS KaTyllka M3 MEAHOro M30SIMPOBAHHOrO NMPOBOAA W BHYTPEHHWI MarHuTonposogd. KaTylika
[OIKHa co3gaBaTb HEOOXOAMMYIO MarHUTOABWXYLLYIO cuny. Ans ynobcTBa U3roTOBNEHNS U MOHTaxa
KaTyLIKy criedyeT pa3fenuTb Ha HECKOMNbKO CEKLMI, KOTOpble BKIIOYATCA nocnegosartenebHo. Harpe-
BaTeNb COCTOWUT U3 TPeX KaTyLLeK, KOTopble BKMIOYAIOTCS Ha NMHENHoe HanpsixeHne TpexdasHoi cetu.
Bo BHyTpeHHeM NpoCcTpaHCTBE KaTyLUKM pasmellaeTca MarHUTONpoBOA M3 NUCTOBOW 3MNeKTPoTexHuYe-
CKOW CTanu, 4To Nno3BOnsieT yMEHbLUNTbL BEMUYMHY HaMarHM4YMBatoLLero Toka.

[Ina oueHKW 3HepreTnyeckux CBOMCTB HarpeBaTensi Heo6XxoAMMO BbIMOMHWUTL pacyeT pacnpe-
AeneHns aNeKTPOMarHUTHOrO NONsA BHYTPU U BHe HarpeBaTens. Takve 3ajaun pelualoTcsi C UCnonb3o-
BaHMEeM pacyeTHbIX MoZernen, No3BOoMsALWMX NONYyYnTb NpakTUYeckme pesynbTaTtbl C MAUHUMANbHBIMU
3aTpaTtamu cun u cpeacTs. PacyeTHas Mofenb HarpeBaTenst COCTOMT M3 HECKOSbKUX CNOEB C MOCTOSH-
HbIMU 3HAYEHVSIMU JNEKTPOMNPOBOAHOCTU M MarHUTHOW MPOHULAEMOCTH. BnnsHne HacbIleHus y4uThbl-
BaeTCs UTepaumoHHbIM nyTem. PacyeTHasi Mofernb NOCTPOEHa B NPSIMOYTONbHOW CUCTEME KOOPAMHAT,
YTO MO3BOMAET PE3KO YNPOCTUTL PacyHeT 3NEeKTPOMAarHUTHOrO MOMs U SHEPreTUYECKUX XapakTepucTuk
HarpeBaTtens.

KnioueBble crnoBa: MHAYKLUMOHHBIA HarpeBaTenb, HeTsiHas CkBaxuHa, 3aboi CKBaXUHbI, 06-
cafgHas Tpy0ba, LUMXTOBAHHbIAN MarHMTOMNPOBO/, KaTyllka U3 MeOHOro U3oNMpOBaHHOrO NpoBoAa, anek-
TPUYECKWI TOK, NMHENHas TOKOBasi Harpyska, pacyeTHasi MoAenb, BEKTOPHbIA NOTeHUuan, anekrpomMar-
HWUTHas MOLLIHOCTb.
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COMPUTED MODEL OF AN INDUCTION HEATER
FOR OIL-WELLS

It is dealt with calculations of inductor heater which is destined for warmup of oil-well's bottom-hole
area. Warmup of bottom hole is one of the most effective ways to step out a reservoir recovery and to in-
crease oil-well production rate. Warmup of bottom hole is realized in different ways. But only low usable
temperature inductor heater meets the most effective and the most dependable results. This type of induc-
tor heater provides heat evolution in casing pipe, which has contacts with bottom-hole area.

It is dealt with a solenoid type of induction heater which is easy to manufacture and one of its
advantages is maximizing of energy efficiency in conditions of cramped oil-well space. Basic elements
of this type of inductor heater are spool of cooper wire and inner core. The spool is necessary to pro-
duce a magnetomotive force. It is necessary to divide the spool in several parts which come into opera-
tion consecutively for the easiest way to make and assemble the spool. The heater consists of three
spools that come on three-phase network line voltage. There is a core, made of electric grade sheet in
spool’s interior space, and it provides decrease of excitation current index.

Computed model of induction heater consists of several parts which include constant values of
electric conductance and inductivity. Saturation effect is counted towards to iterative way. Computed
model is built in rectangular coordinate system to provide an opportunity to simplify calculations of elec-
tromagnetic field and calculations of an inductive heater energy characteristic. To evaluate energetic
properties of the heater it is necessary to calculate the assignment of the electromagnetic field inside
and outside of the heater. It is achieved by means of computed models that afford to receive application
results with minimum expenses and efforts. It is dealt with calculations of inductor heater which is des-
tined for warmup of oil-well's hole-bottom region. Warmup of bottom hole is one of the most effective
ways to step out a reservoir recovery and to increase oil-well production rate. It is dealt with a solenoid
type of induction heater which is easy to manufacture and one of its advantages is maximizing of energy
efficiency in conditions of crampedoil-well space. Computed model of induction heater consists of sev-
eral parts which include constant values of electric conductance and inductivity. Saturation effect is
counted towards to iterative way. Computed model is built in rectangular coordinate system to provide
an opportunity to simplify calculations of electromagnetic field and calculations of an inductive heater
energy characteristic.

Keywords: inductor heater, oil-well, bottom hole, casing pipe, laminated magnetic conductor,
coil from copper isolated wire, electric current, linear current load, Computed model, vector potential,
electromagnetic power.

PaccmarpuBaeMblii MHIYKIIMOHHBIN HarpeBaTelb MpeaHa3HA4YeH s
nporpesa 3a00s1 ¥ MpU3ab0HHOTO MPOCTPAHCTBA HEPTIHBIX CKBAXUH. Takoit
MPOTPEB SABJISAETCS OJHUM M3 dPPEKTHBHBIX CIIOCOOOB yCHIIEHUSI HEPTEOT-
Jla4Y¥ TIacTa W MOBBIIICHUS TIPOU3BOUTEIBHOCTH CKBaXkuHBI [1, 2, 3]. Me-
KLy KOPITyCOM HarpeBatelsi U o0caHoi TpyOoil HaxomuTcs cioi HedTeco-
JepKaliel CKBaXWHHOW MKUJKOCTH. JTO 3aTpyAHSET Nepefadyy Teria OT
KOpITyca HarpeBaressi K 00caHoN TpyOe U mpru3a00itHOMY TPOCTPAHCTBY.

DneKTpoHarpeBaTe C BBICOKOTEMIEPATYpPHBIMU HarpeBaTelbHBIMU
3JIEeMEHTaMHU BC€ TEIJIO OTAAIOT CKBAXKMHHOM >KUIKOCTH. Bonbiias vacth
TEeIJIa YHOCUTCSI CKBAXMHHOW YKHJIKOCTBIO, a 10 00caaHoi TpyObl U mpu3a-
OOHHOTO MPOCTPAHCTBA JOXOAUT Mallas 4acTh TEIUIa, CO3IaHHOTO HarpeBa-
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tenem. Takue HarpeBarenu Manod(OPEKTUBHBI IPU HArpeBe 3a00s U MpU3a-
OOHHOI0 MPOCTPAHCTBA CKBaKUHBI [4, 5].

WMHAyKIMOHHBIE HarpeBaTeNy JIydile MOIXOAST JJIs HarpeBa 3a0os
CKBaXXHMHBI, TaK KaK JJICKTPUUYECKAsl SHEPTUsl OT KATYIIKA HArpeBaress Ie-
penaercs K 00caaHoi TpyOe ¢ MOMOIIbI0 MarHuTHOTO moss [6]. Hemaruut-
HBIM 3230p MEXIy KOPITYCOM HarpeBareis u o0camHoi TpyOol IocTuraet
10 MM, moaTOMY 37€Ch CienyeT MPUMEHSITh WHAYKIIMOHHBIA HarpeBaTeib
COJICHOHMJIHOTO THIIa, MOKa3aHHbIH Ha puc. 1 [7, 8].

Puc. 1. UnayKnMOHHBINA HarpeBaTeNb sl CKBaXuH: 1 — obcamHast
Tpy0a, 2 — KaTyIlIKa HarpeBaTels, 3 — IMUXTOBAHHBIA MarHUTOIPOBO/]

Pacuetnas mopnens (puc. 2) moiyueHa M3 CXEMbl HarpeBaTels
(cm. puc. 1).

V4

Y]
[

X

Puc. 2.Pacuernas monenp HarpeBarens: 1 —obOcaanas TpyOa,
2 —kaTylka HarpeBaTessi, 3 — IIMXTOBAaHHbI MarHUTOIIPOBOJ

[IpoTsKEHHOCTH CIIOEB PACUYETHOM MOJEIU IO OCH Y IPUHUMAaEM

paBHOM JUIMHE OKPYXHOCTH 0OCaIHOW TpYyObl, TAK KaK OCHOBHOMW IpOIECC
npeoOpa3oBaHMs YHEPTUU TPOUCXOINUT B CTEHKE TPYOBI.
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3oHa 1 cOOTBETCTBYET BHYTPEHHEMY MarHUTOIIPOBOAY HarpeBaTels,
BBIINIOJITHEHHOMY W3 JINCTOBOM 3JEKTPOTEXHUYECKOM cTayii. MarHutHas
HpOHI/II_IaeMOCTI: BTOﬁ 30HBI II0 OCH X paBHa MaFHHTHOﬁ HpOHI/II_[aeMOCTI/I

crama (M, =H,). MaruuTHas NPOHHUIIAEMOCTh 10 OCH Z NPHHSATA PaBHOU

OECKOHEYHOCTH, T.€. MATHUTHOE MOJIE MO0 CEYEHUI0 MAarHUTOIPOBOJA pac-
MpeesseTcss PABHOMEPHO. JTO JOMYIIEHHE YIPOIIaeT pacuyeTsl 6e3 yiepoa

JUIS X TOYHOCTH. DIEKTPOIPOBOIHOCTH 30HKI 1 pasHa Hymio (Y, =0).
30Ha 2 — HEMarHWUTHOE MPOCTPAHCTBO MEXKIY BHYTPEHHHM MAarHHTO-
npoBoIoM U obcaaHol Tpy6oi (M, =Hg, Y, =0). Ona yuntsiBaet 3a30p Me-

Ky HarpeBaresneM u o0cagHoi TpyOoid, a TakXKe IMPOCTPAHCTBO KAaTYIIKH.
30Ha 3 COOTBETCTBYET CTeHKE 00cajHOi TpyOBl. MarHuTHas MpOHU-

[[aeMOCTh MaTepuasia oocagHol TpyOsl s M 3IEKTPOIPOBOIHOCTD Ys.
3ona 4 —3arpy6Hoe npoctpancTso (K, =H,, Y, =0).

Jluueiinas TokoBas Harpy3ka J, 3aBHCHT oT Toka |;, uncna BUTKOB

KaTymKkd W ¥ JUTHHBI KaTymky L .

I, O
J =21 (1)
L

Jlunelinas TOKOBasi Harpy3Ka HaXOJHUTCA Ha rpaHule 30H 1 u 2, pas-
HOMEPHO PACHPENENsAeTCs 0 OCH X M HU3MEHSETCS BO BPEMEHHM IO CHHY-
COUJAIbHOMY 3aKOHY. B KOMIUIEKCHOM BUJE

1 — jot

JJ‘I - JnTe| '
rmue JIIT — aMIUTUTYAHOE 3HAY€HHE TOKOBOW Harpysku, w=2m1f , f —yac-
TOTa TOKa, I —Bpems.

MarnuTHOE moJie MO JUIMHE HarpeBareisl paclpenenseTcs HEpaBHO-
MEpHO. B LIeHTpanbHOM 4acTH HarpeBaTells I10JIe MAKCUMAJIbHOE U MaJlo
MU3MEHSETCS 1O JJIMHE. Y KOHIIOB HarpeBareliss MarHUTHOE 0JI€ CHUXKAETCS
no Hyns. IlepBas mpocTpaHCTBEHHasi rapMOHMKA BEKTOPHOI'O ITOTEHLIMANA
MarHUTHOTO TIOJIsI HAarpeBaresst umeet Bu [9]

- o
A=A_e" sin(@Xx), (2)

roe o =n/L.

MaruuTHOE 1OJIE MO OKPYKHOCTH HarpeBaTelsi HE MU3MEHSETCs, MO-
3TOMY BEKTOPHBIM NOTEHIIMAI UMEET OJAHY COCTABIIAIOIIYIO, HAIIPABICHHYIO
o ocu Y, KoTopas OT Y HE 3aBUCHUT.
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HuddepennmanbHoe ypaBHEHHE BEKTOPHOTO TIOTEHIIMANIA BO BCEX 30-
Hax mojenu (cM. puc. 2) umeet Buj [10]

0°A  u, 9°A 0°A
2 +— _“xy
0z u, 0¥ at

rae Y —3JIEKTPOIPOBOJAHOCTh 30HBI MO OCH ).

= 0. 3)

OT10 ypaBHeHHe nociie auddepeHnrpoBanus mo X u t mpuHUIMaeT Bu

dZ

Xapakrepuctuueckue ypaBHeHus quddepernnanbHoro ypasaenus (4):

©
d A-[az%+iuwij/\=0- (4)

z

p2 —[0( %+ jpxyooj =0. (5)

z

KopHu xapakTepucTH4ecKoro ypaBHEHHUS:

P=¢\/a2%+ TRV (6)

z
Pemenne nuddepennmansHoro ypasuenus (4):

A=Vei+\e™ 7)
rie Vl u V2 — [IOCTOSIHHBIC HHTETPHPOBAHUS, 3aBUCSIINE OT BPEMEHHU H KO-
OpaMHATHI X, Kak 3TO 3amucaHo B hopmye (2).

B 3one 1 mpunsro My, =%, W, =H,, Y;=0. Ipu stux ycnosusx
nuddepeHimraabHoe ypaBHeHnue (4) B 30He 1 npuHUMAaeT BUI

d°A, _

dzZ

Pemienne 3TOro ypaBHEHUs C y4eTOM TpaHUYHOro ycioBus A; = 0
npu z=0

0. 8)

A, =V.z ©)

B some 2 pacuetnsie monenu (cm. puc. 2): Y, =0, H,, =H,, =H,.

HuddepeHnunanbHoe ypaBHEHHE BEKTOPHOI'O MOTEHIMANA 30HBI 2 TMOJy-
gum u3 (4):

d’A

dZ

Kopnu s1oro ypaBHenus: P, = +a .

2 -a’A, =0. (10)
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Perrenue 1y1st BEKTOPHOTO MOTEHIMANIA 30HbI 2 moydaem u3 (7):
A —\/ Sz ‘s 502
A, =V,&% +\ e (11)
B 3one 3 pacuernoit mogenmu Hj, = Mg, = H3 1 amekTponpoBogHOCTD
Y, #0. luddepennmansnoe ypaBHEHHE BEKTOPHOTO TOTEHIMAIA dTOH 30-
HBI IOTy4YuM U3 (4):
iy
dA,
dz
Kopnu aToro ypaBHeHus

R =02 + jUyo. (13)

Perienne BEKTOPHOTO MOTEHIIMANA 30HBI 3 otydaem u3 (7):

A, =V, +\ e?? (14)

~(a® + juzyw)A, = 0. (12)

B sonme 4 My =My, =Hg, Y, =0 u BextopHbIl moTenmuan npu
Z = papHseTcs HyM0. [loaToMy pelieHrne BEKTOPHOTO MOTEHIMaNa 3TOM
30HBbI UMECT BHU ]
A —\/ ~0Z
A,=V,e™. (15)
HanpsikeHHOCTh 3JE€KTPUYECKOrO MOJs MPU MPUHATHIX B paCUETHOU

MOJCIN MOONMYIICHUAX HMEET OAHY COCTABJIAIOINYIO, HAIIPaBJICHHYIO II0
OCH y U JICTKO HAaXOAUTCA UCPC3 BGKTOpHHﬁ IMOTCHIHAJI.

E=-9A oA (16)
ot
MarnuTtHast ’HIKIUST HAXOAUTCS Yepe3 BEKTOPHBIH noTeHuuan [3].
B obmiem ciiydae

_ - - _(0A
B=rotA =1 0A, _9A, +j(6AX—aAZj+k y—aix. a7)
oy oy 0z 0X ox 0y

B paccmarpuBaemoii 3aaue BEKTOPHBIN MOTEHIMAT UMEET OJHY CO-
crapsomyto A . lpu stom u3 (17) cnenyer:

B =——2X, 18
X 0z (18)
HaprDKeHHOCTB MATrHUTHOTO ITOJIA
B
H,=—. (19)
Ly

1C
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MarauTHass UHIYKIUS B MIEHTPAJIbHON YacTH WHIYKIIMOHHOTO Harpe-
BaTessl UMEET OJIHY COCTaBJISIONIYIO, HANpaBICHHYIO MO OCH X. MO3TOMY

ungeke X y B, u H, moxno ne nmucars. ITo ¢popmysam (18) u (19) nomny-

YUM HMHIYKIUIO U HAMpsODKEHHOCTh MAarHUTHOTO TIOJSE BO BCEX 30HAX pac-
4eTHOM Monenu (CM. puc. 2).

I'parnunbie yeaoBus mpu Z=0 u zZ = oo yurensl B pemennsix (10)u (16).

Ha rpanuiax 30H pac4eTHOi Mojaenu (CM. puc. 2) J0JKHBI ObITh PaB-
HbI KacaTeJbHbIC COCTABJISIFONINE HAMPSHKCHHOCTEH 3JICKTPHUECKOrO U Mar-
HuTHOrO Tojek [3]. B paccmarpuBaemoii 3amade BO BCEX 30HAX MOJIEIH
(cM. puc. 2) HaMPsSKEHHOCTh dIMEKTpHueckoro mmons E = —iwA . TTosromy
PaBEHCTBO HAPSKEHHOCTEH 3JEKTPUYECKOTO MO Ha TPaHUIAX 30H MOXK-
HO 3aMEHHUTH PABEHCTBOM BEKTOPHBIX ITOTEHIIHAIIOB.

3amnuiieM rpaHUYHbIE YCIOBHS [T rpaHuil 30H (1-2), (2-3), (3-4).

I'panurna 308 (1-2) uMeer KOOpAMHATY Z W TpaHUYHBIC YCIOBHUS

UMEIOT BHI;
Al 71 :AZ‘H’ jﬂ+H1 21: HZ‘ZL’
V,z, =\, &% + \[ &2, (20)
. 1 . o /.- -
3, ==V = -— (V€% - et (21)
(5 Ho
I'panuna 308 (2—3) umeer KoopAMHATY Z, W TPaHUYHBIC YCIIOBHUS
UMEIOT BHI;
A2z2=A3z2’ 2z2=H3zz’
V62 +\,e°% = \| 8% + | &2, (22)
a g < P N/ Bz \/ =Rz
T (Ve - een) = o 8- Y &hn). (23)
Ho Hs
['panura 300 (3—4) umeer KOOpAWHATY Z; W TPaHUYHBIC YCIOBHSI
UMEIOT BUJI
A3 z3 :A4 23’ H3‘z3 = H4 23’
v4eP323 + \/5 gz = \é g2 (24)
Pyl o v o a .
-2V, -\ er) == e (25)
Hs Ho
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Cucremy ypaBHenuit (20—25)3anumiem B 6oj1ee y1o0HOM BUJIE:

zZV, - €2\, - &% V=0, (26)
V —atLgay + gt goaiy=y
1 2 M=, (27)
Mo 0
e(xzz\'/z + e—(xzz\'é_ §322 y_ ‘eFézz 'y: O, (28)
azo\" —02 \ HOP3 27, u0p3 Y
g2\, — €92 \[-T02 872 Y+ 703 ghz y=( (29)
’ MO M
e'%Zs\'/4 + e—'%zz\'é_ a3 y: 0, (30)
“op?, Rz\ Uops s Rzmy A0 B \/—
—=e¥\, -——=e"%\[+ e % Yy=0. (31)
MO ) M

Cuctema ypaBHeHuil (26—31)umeer mects HemsBecTHbIX V;, V,, V;,

V., Vs, V. KooppuuuenTsr mpy HEM3BECTHBIX PACCUMTBHIBAIOTCS MO HC-

XOJIHBIM JIaHHBIM HarpeBaTesi (FeOMETPUYECKHE pa3Mepbl, 3JIEKTPOIPO-
BOJHOCTh W MarHUTHas MPOHHIIAEMOCTh 30H pacyeTHON Mozenu). Pemms

cucremy ypaBHeHnii (26—31),HaiizeM 3HaUYeHUs Vl, Vz, V3, V4, \/5 u \/6,

yepe3 KOTOPBIE JIETKO HAXOIATCS BCE TapaMeTPhl 3JIEKTPOMArHUTHOTO TIOJIS
Mojenu (cM. puc. 2).
B 3onax 1 u 3 pacuerHoii mogeau (cM. puc. 2) HCHOIB3YIOTCSA (heppo-

MarHuTHble MaTepuaibl. IloaToMy MarHuTHble npoHHLIaeMocTd [y u M
YTOYHSIIOTCS UTEPAlMOHHBIM ITyTeM. MarnuTHas UHIYKIMS 30HBI 1 He 3a-

BHUCHUT OT KOOPAWHATHI Z 1 HAXOAUTCS 4Y€PE3 BBIYMCICHHOC 3HAUYCHUC Vl 1o

dopmymnam (9) u (18).
B =-V; B =\[ReBF +m B° (32)

MarautHas MHAYKUIUS Ha HUKHEH MOBEPXHOCTH 30HBI 3 Mpu Z=1Z,

Haxoautcs 1o (14)u (18).
B
Mopaynp MarHUTHOM MHAYKIWU Npu Z=Z,

B, = \/[Re|33]2 +[Im 33]2 . (34)

= R(Ve™ -\, &%), (33)

z
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Io 3nauenusm B (32)u B,(34) yrounstorcs snavenus [ u [y. Pac-

YeT TIPOI0IKAETCs 10 TeX MOp, HOKa MoNydeHHbIe 3Hadenus B u B; 6ynyr

MaJIO OTJIMYATHCS OT MPEAIIECTBYIOMNX 3HAUECHUH.

Mo1HoCTh, TepefaBaeMasi OT KaTyIIKM HarpeBarenss K o0caaHoi
TpyOe, Ha3bIBAETCS HJIEKTPOMArHUTHOM. DTy MOIIIHOCTh IIPOIIIE BCErO Onpe-
JEJIATH Yepe3 JIMHEHHYI0 TOKOBYIO Harpy3Ky M HaIllpsSDKEHHOCTB JJIEKTpUYe-
CKOTO IOJIs Ha rpaHuile 30H 1 u 2 pacuetHo#t Mojaenu (M. puc. 2):

S, =-H EJ dx (35)

rne El — HaNpPsHKEHHOCTH DJICKTPUYECKOTo 1MOJIsl Ha TpaHuie 30H 1u 2, b —
JUITMHA OKPYKHOCTH 00CaHOM TPYOBI.
3nauenne E, momyumm u3 (2), (9), (16):

E, = - jwV,z Bin@ x) . (36)

[Toncrasus 510 3HaueHue E; B (35) M BBINONHKUB WHTErpUPOBAHHUE,

MOJIYYHUM JIEKTPOMAarHUTHYIO MOITHOCTh HarpeBaTess pU HEPABHOMEPHOM
pacnpenesieHud MarHuTHOTO TIOJIS IO OCH X !

S, = Vg bl. 37)
Tt

AKTHBHasi peaKTUBHAs W IIOJIHAS MOIIHOCTh HarpeBaTessl BBIYHCIIS-
I0TCSI IO (hopMyTIam:

F§M :RegM’ Q3M = Im S.’ SSM = V F3)M2 + QMZ' (38)

COHpOTI/IBJIeHI/IH, COOTBCTCTBYIOIIUEC BHGKTpOMaFHHTHOﬁ MOIITHOCTH,

R, =00 X, = 5. (39)

PaccmoTpenHast pacuerHas MOJENb M COOTBETCTBYIOLUMUA €l METO.
pacdera TO3BOJISIOT OMPEACIUTh YHEPTeTUUECKYIO d(PPEKTUBHOCTH Harpe-
BaTeNs MPU 3aJaHHBIX MMapaMmeTpax HarpeBareis ¥ oOcamHoil TpyOsl. Ilo-
IPEUIHOCTh pacueTa B MEPBYIO ouepeb OYIeT 3aBUCETh OT TOYHOCTH 3aaH-
HBIX 3HAQYEHUN MAarHUTHOW MPOHMIIAEMOCTH U 3JIEKTPONPOBOJHOCTH MaTe-
puana obcaaHoi TpyOsl. IlorpermHocTH, 00YCIOBICHHBIC JOMYIICHUSIMU
pacyeTHOM MOJENIH, UMEIOT BTOPOCTEIIEHHOE 3HAYEHUE.
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