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Anotaunisa. Ilocmanoska npoonemu. T'0JOBHUN HENONIK BHKOPHCTaHHS Ta3y B Halmiid KpaiHi — TMOCTIiiHE
3pOCTaHHS I[IH Ha HBOTO, 1 Oy/b-IKHX 3MiH y OiK 3MEHIIECHHS BapTOCTI B CHUTYyallii, [0 CKJajiacs, He repen0dadaeThesl.
Takoxx M0 00'€KTHBHUX HEIOJIKIB MOXHA BiHECTH BHCOKY BapTiCTh ITIKIIOUEHHS IO Ta30BOi MEPEXi, 3MCHIICHHS
THCKY a3y 3a TeMIepaTyp 4epe3 HOro CTUCHEHHs, HU3bKY HOTo SIKIiCTb i, SIK HACIIJIOK, HU3bKY TEIUIOTBIPHY 31aTHICTS.
AJIBTEpPHATHBOIO Ta3y MOXXE BUCTYIATH CJICKTpUYHE omnaneHHs. Lle onuH 3 HailGimbIl eKoJoriyHuxX i Oe3mevHHx, a
TaKOX 3pyYHHUX CIOCOOIB OMajeHHs mpuMimeHHs. Hapasi icHye 3HauHa pi3HOMAHITHICTh NMPHUCTPOIB i YCTaTKyBaHHS:
CJIeKTPUYHI KOTJIH Pi3HUX THIIIB; IEKTPOKOHBEKTOPH; CICKTPHYHI TEIUIOBCHTWIATOPH; MacisHi paniaTopu. Bei BoHK
MOEHAHI 3arajJbHAM HPWHIMNOM HarpiBaHHi. Ha teruioBumineHui enemeHT, Haitdactime e TEH, Gesmocepentbo
MOJIAETHCS €JICKTPUYHUI CTPYM, B pe3yJsbTaTi 4oro BijOyBaerhes Horo posirpiB. TEH (TpyOuactuii enexrpoHarpiBay)
sBJIsie COOOI0 HArpiBallbHUM €JeMEHT y BHIVISAL CIipaji, sKa MOMIIIAEThCS B 3aKPUTY TPYOKY 3 IKapoCTIHKOTro
Matepiany. Poboua temmnepatypa obosnonku TEH y cepemabomy moxe mocsratu 450...500 °C. IcToTHHMII HEZOMIK
TAKOrO CHOCOOy OTpUMaHHSI Telula — 3Ha4yHi BHUTpaTH ejektpoeHeprii Ha HarpiB TEHa. Inmmii, naGararto
e(eKTUBHIMMK crocid — 1e HIYKLiiHe HarpiBaHHS — NOJIArae B HAarpiBaHHI CTPYMOIPOBITHUX TiNT (TOHKOCTIHHUX
TpyO) 3a paxyHOK 30y/UKCHHS B HUX CJCKTPUYHHAX CTPYMIB 3MIHHUM €JIEKTPOMArHiTHHM moneM. Mera crarTi —
OOTpYHTYBaHHS JOUUTBHOCTI PO3MIMPEHHS c(epr 3aCTOCYBaHHS IHAYKIIHHUX HArpiBadiB JJIS OMAJICHHS JKUTIOBHUX Ta
TPOMAJICHKHUX Oy/iBEIb.
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Annorauus. Ilocmanoska npoonemsl. I TaBHBIM HEJOCTATKOM HCIIONB30BAaHUS Ta3a B HAIICH CTpaHE SBISCTCS
MOCTOSIHHBIA POCT IIEH HAa HEro, M KaKOro-JInOO M3MEHEHHsI B CTOPOHY YMCHBIICHHS CTOMMOCTH B CIIOKHBIICHCS
CUTyallMd HE TMPEeIBUAMTCSA. Tarkke K yke OOBEKTHBHBIM HEIOCTAaTKAM MOXHO OTHECTH BBICOKYI) CTOMMOCTH
MOJIKJTIFOUCHUSI K Ta30BOM CETH, YMCHBIICHUE NABJICHUS Ta3a MPHU OTPHUIATCIBHBIX TEMIIEpPaTypax B CHIIy €ro CXKATHs,
HHU3KOE €ro KauecTBO U, KaK CIICJICTBUE, HU3KYIO TCINIOTBOPHYIO CIIOCOOHOCTh. AJIbTEPHATHBOM ra3y MOXKET BBICTYIATh
aNIeKTpryecKoe oToruicHre. OHO SBISICTCS OJHUM M3 CAMBIX SKOJIOTUYHBIX U 0€30IaCHBIX, a TAKIKE YIO0OHBIX CIIOCOOOB
oborpeBa momenicHus. B Hacrosiiee BpeMs HMEThCS 3HAYUTEIBHOE Pa3HOOOpa3ue YCTPOWCTB W 00OPYIOBaHUS:
ANIEKTPUYECKHE KOTIBI Pa3HBIX THIIOB; JIEKTPOKOHBEKTOPHI, DSJCKTPUYECKHAE TEIUIOBEHTHIIATOPHI; MacisHbIe
pamuaTopel. Bce wmMmeroT oO0muii mpuHIMI HarpeBa. Ha TEIIIOBBINENSAIONINA 3JEMEHT, dYame Bcero 3To TOH,
HETIOCPEICTBEHHO IMONACTCA JJICKTPUUECKUI TOK, B Pe3yibTaTe Yero MpOUCXOAUT ero pasorpeB. TOH (tpyOuatsrit
ANIEKTPOHATPEBATENb) IPEICTAaBIsCT COOOW HarpeBaTCNBHBIA SJIEMEHT B BHUJAE CIHPATH, KOTOpas IOMEMIAeTCs B
3aKpBITYI0 TPYOKY W3 XapOCTOWKOTO Marepuana. Pabouas TemrepaTypa OOOJOYKH B CpPETHEM MOKET OCTHUTATh
450...500 °C. CyuiecTBEHHBIM HEIOCTATKOM TAKOrO CIOCO0a MOJIyYEHUs! TEIUIa SABISIETCS 3HAYMTEIbHBIE 3aTPAThI
9NEeKTpodHepruu Ha HarpeB TOHa, HO mpH ATOM KOHTAaKT C TEIJIOHOCHTENIEM HMEET TOJIBKO Malas IUIOIaab €ro
MOBEepXHOCTH. J[pyruM HaMHOTO Gosiee 3 GEKTHBHBIM CIIOCOOOM SIBISICTCS. MHAYKIHOHHBIN HarpeB. OH 3aKIH04acTCs B
HArpeBe TOKOMPOBOASAIIMX TeJl (TOHKOCTEHHBIX TPYO) 32 CYET BO3OYKICHUS B HUX JIEKTPHUUCCKUX TOKOB IMEPEMEHHBIM
JJIEKTPOMArHUTHBIM TosieM. Ilenb cmamovu — 0OOCHOBaHHE IEIECOOOPA3HOCTH PACIIMPCHUS 00JaCTH TPUMCHEHUS
MHIYKIIMOHHBIX HATPEBATEICH JJIsl OTOIUICHUS JKMIIBIX U OOIICCTBECHBIX 3/IaHHIA.

KoroueBble cinoBa: uHOyKyuouHbll Hacpes, NepeudHas OOMOMKA, KOPOMKO3AMKHYMbIU GUMOK, 3AKOH MPAHCHOpmMayuu;
svioensemMoe menio
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Abstract. Problem statement. When referencing heating, most people immediately imagine bulky boilers, a
significant amount of complex bound pipes, massive radiators and so on, which is typical for a heating system that runs
directly on fossil fuels. The main disadvantage of using gas in our country is the constant price increase for it, and in the
current situation, any changes towards the reduction of cost are not expected. It is also possible to include the high cost
of gas network connection to the objective disadvantages, reducing the gas pressure at negative temperatures due to its
compression, its low quality and, as a consequence, low heating value. Electric heating can be used as an alternative to
gas. It is one of the most environmentally friendly as well as convenient ways to heat the space. Currently, there is a
significant variety of devices and equipment such as electric boilers of various types; electric convector heaters; electric
fan heaters; oil coolers. All of them are combined by the common principle of heating. An electric current is directly
sent to a fuel element, most often it is a tubular electric heater, as a result of which it is heated. TEH (tubular electric
heater) is a heating element in the form of a heating coil, which is placed in a closed tube of a heat-resistant material.
The operating temperature of a tubular electric heater cover on average can reach 450...500 °C. An essential
disadvantage of such a method of obtaining heat is the considerable expenses of the electric power spent for heating the
tubular electric heater, but at the same time only the small surface area of tubular electric heater has contact with the
heat carrier. Another much more effective way of electric heating is induction heating. It consists in heating conductive
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bodies (fine pipes) due to the excitation of electric currents in them by an alternating electromagnetic field. The purpose
of the article is to substantiate the extension of the scope of the application of the inductive heaters for heating

residential and civil buildings.

Keywords: induction heating; primary winding; short-circuited coil; transformation law, released heat

[anykuiine HarpiBaHHS e
OE3KOHTAaKTHE HArpiBaHHS EJIEKTPOIPOBITHUX
MarepiajgiB €HEpri€ld 3MIHHOTO MarHiTHOTO
MOJIsl, IHAYKY€E eIeKTpUYHi cTpymHu. [IpuHimmm
poOoTH  IHOYKIIHHOTO  HarpiBaHHS  Oynu
chopmynboBani B 1831 pormi 3 BiIAKpUTTIM
SJICKTPOMArHITHOT 1HTYKIIii.

TeruoBa Ais iHAYKLIHHOTO cTpymy Oyia
ycmimHo BopoBamkena B 1900 pomi  Ha
T ITPUEMCTBI «Benedicks Bulttabrik»
(IIBemist) B IHAYKIIHHINA Tedi JUIsl BUIUIABKU
crami. Iliy >kuBuiace Bix oaHO(a3HOTO
TpaHchopmaTopa,  BTOPUHHOIO  OOMOTKOIO
SIKOTO € TUTEJb, KU SBJSIE COOOK KOPOTKO-
3aMKHEHEE KUIbIIE.

Taxnit crocio BUIIJIABKHU crani
3aCTOCOBYETHCS JIOHHHI B TESKUX
BUPOOHUIITBAX JIIS IIeYeld BEJIUKOI €MKOCTI
[1-3].

B ocHOBy IHOYKIIHHOTO HarpiBaHHS
MOKJIAJICHO TPUHIIMIT B3aEMHOI 1HIYKIIII, KU
e(pEeKTUBHO  BHKOPHCTOBYETHCSI B  POOOTI
TpaHnchopmaTopa.

Po3rnsiHeMO KOHCTPYKIIIO /ISl HarpiBaHHS
TEIUIOHOCIS, SIKa SBISIE COOOK  KIACUYHUU
tparcopmarop (puc. 1). IlepBunHa oOMOTKa
Mae N; BUTKIB Ta TEIUIOBHI PeakTop (BTOPHHHA
oOMoTKa, sika Mae N, KOPOTKO3aMKHEHHX
BUTKIB), po3TarioBaHui Ha
3aMKHEHOMY ocep/i [5; 6].

2
S

\/

VN

1

N>

Puc. 2. 3acanvuuii npunyun npucmpoio peakmopa, oe : 1 — nepsunna oomomxa,; 2 — mMacHimonposio, 3 — 6mopunHa
obmomka (moukocminnuil memanesuil enemenm / Fig. 2. General principle of reactor device, where: 1 — primary
winding; 2 — magnetron, 3 — secondary winding (thin-walled metallic element)

OCKUIBKM ~ KIHIIl MEpBUHHOI  OOMOTKH
MIJKITIOYCH 70 JDKepesia 3MIHHOI Hampyrd 3
EJC E;, B Hili BuUHHKae 3MiHHUNA cTpyMm I,
SKUI CTBOPIOE B ocepAi TpaHchopMaropa
3MIHHUK  Mar”iTHud motik @), KoTpui
MOBHICTIO TIPOHU3Y€E KOPOTKO3AMKHEHHI BUTOK
peakTopa. 3MiHAa LBOTO MOTOKY Yy KOPOTKO
3amMKkHeHOMY BUTKY Bukimkae EJIC B3aeMHOi
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iHaykmii, a B mnepBuHHIA oOomotui — EJIC
CaMOIHJTYKITIi.

Jlnist mepBUHHOI OOMOTKH 3TiJTHO 3 JPYTUM
npaBwioM  Kipxropa Ta 3akonom Owma
BHUILIMBAC:

d
E, — = (N, @) =L,R,

ne R, — omip mepBUHHOT OOMOTKH.



3umwxkenHs Hanpyru I; - Ry Ha omopi Ry
HE3HAa4YHE, TOMY:
dd
Ldt.

I3 mporo BUIUIMBAE, 110 BHUTPATH EHEPTil
JUISL CTBOPCHHS MArHITHOTO TIOJII JOCHUTh
nezHayHi. EJIC B3aeMHoOi iHIyKIIi1, 6 BUHUKAE

E, ¥ N

B KOPOTKO3aMKHEHOMY BHUTKY pe€aKTopa,
OIUCYEThCS 3aJIEKHICTIO:
_ d(N,9) . dd
2T dt Pt
3Hak MiHyc 1nokasye, mo EJIC vy

MEPBUHHINA OOMOTIII Ta KOPOTKO3aMKHEHOMY
BUTKY HpOTWIEKHI 3a (azoro. Ilpu npomy B
KOPOTKO3aMKHEHOMY BHUTKY iHAyKyeThesi EJIC
E,. 1 BuHUKae cTpyM I,., 3CyHYTUH BiJIHOCHO
E.. Ha xyr @ =0, mo0 BU3HAYAETHCS JOCHUTH
HE3HAYHOIO IHAYKTUBHICTIO BUTKA. CTtpyMm I,
30yIKy€e MarHiTHUN MOTIK @5, SIKUA OXOILTIOE
KOPOTKO3aMKHYTHI BHTOK 1 3CyBa€ B 4aci
BITHOCHO JI0 OCHOBHOI'O MAarHITHOTO MOTOKA,
Opu [bOMY JCI0 3MEHIIYEThCS  BIUIUB
B3a€MOIHAYKIIII B yaci (puc. 2).

P

(DI D:

| ot

KX

Puc. 2. [lpunyun 0ii Kopomro3amKHeH020 UmKa 6
€eKMPOMACHIMHUX CUCTNEMAX 3MIHHO20 cmpymy /
Fig. 2. The principle of work of short-circuited circle in
electromagnetic systems of an alternating current

3a 3aKk0HOM TpaHc(opMaTopa, BiTHOIICHHS
yuciaa BUTKIB N,/N; Mae Ha3By «KOeQillieHT
TpaHchopmarii», MOTYKHICTh CTpyMy B 000X
0OMOTKax MPaKTHYHO OJTHAKOBA:

EE IE e Erl'Erl.

3B1JIKI BUILIUBAC:

E; _ I _ N,
E, I, N,
LN,
= = —=hN
Tomi i3 3aKOHY Jxoyns—Jlenna

Tel'IJ'IOTBOpHiCTb CTPYMY MOXHA pO3rAgaTH SIK:
Q=I*-R-t
b
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ne I — cTpyM KOpOTKO3aMKHEHOTO BHTKa; R —
OITip KOPOTKO 3aMKHEHOTO BUTKA.
KopoTko3aMKHEHMII ~ BUTOK  peakTopa
BUKOHAHUH 3 EJIEKTPOIPOBIHOTO MaTepiany i
Ma€ CcreuiaibHy TeOMETpUYHy (opMy, IO
3a0e3neuye ONTUMAJIbHY BETUUYHUHY OIOpPY.

Posrmapmatoun  okpemuid  BUNAJOK  Ha
OpuKiIaai  Tpancopmaropa  MOTYKHICTIO
1 kBAp (kiyioBap — OJWHUIA BHMIPIOBaHHS

PEaKTUBHOI TOTY)KHOCTI), MOXHAa BHUKOHATH
pPO3paxyHOK OTpUMaHOTO Teruia Q, BUALIEHOTO
3a JIOTIOMOT' OO (dhepoMarHiTHOTO
nepeTBoproBadya crpymy. lloBHa mHOTYXHICTh
nepeTBoproBaya 1 kBAp. AKTHUBHA
MOTYXKHICTh BU3HAYAETHCS 32 (POPMYIIOHO:
P=5-cosp=1-08 =|:|,BI{B'I’

ne P — akTWBHA MOTYXHICTh, KBT; 5 — moBHa

NOTYXHICTh, KBAp; c¢os¢ — KoedilieHT
HOTY>KHOCTI.

I3 3aKOHY Tpanchopmartii Ha
TEIUIO0OMIHHUKY peakTopa MO>KITUBO

orpumat ctpyM 10 800 A, BUXOIAYH 3 TOrO,
0 peXuM poOOTH MEPBUHHOI OOMOTKH Oyne
NIEBHUM, TIOTPIOHO BHUKOHATH PO3pPaxXyHOK
reoMeTpuyHoi  GopMH  KOPOTKO3aMKHEHOTO
BUTKA Ha 25 % MeHIIe, TOOTO CTPYM JIOPiBHIOE
600 A. 3a 3akoHoM J[xoynsa—Jlenua
BUKOHYEMO pO3paxyHOK TeIuia, IO BHIISE
KOPOTKO3aMKHEHU BUTOK:
Q=I1*"K-t=600%:0,02+3600 =26 MIx
3a He3HAUHUX 3aTpaT, y MEPBUHHINA MEpexi
0,8 kBT 3’sMBIS€TbCS MOXJIMBICTD OTPUMATH
OUTbII 3HAYHY KUIBKICTh TeIia, OCOOIMBO
MOPIBHSAHO 13  KJIACHYHUMHU  aKTUBHUMH
HarpiBanbHUMU enemeHTamu (TEH):
Q=U-1-t=2800-3600= 2,88 M[x

BucHoBKkH. 3acTocyBaHHS METOy
IHIYKIIIHHOTO HArpiBaHHS B YCTAHOBKAX JUIS
OTMAJICHHS  MPUMIIIEHb  Habarato  OuIbII

€KOHOMIYHE IOPIBHSIHO 3 IHIIMMH METOJaMHU
€JICKTPUYHOTO OIAJICHHs, a came:

1) 3HAaYHO MEHII 3aTpaTH €JIEKTPOCHEePrii
Ha HarpiBaHHS TEIUIOHOCIS;

2) 3HaYHa  MIBHJKICT  HArpiBaHHsA
TEIUIOHOCIS,  3aleXHO  Big  KoH(iryparii
peakTopa, Yac, BHTpPA4YCHUN Ha HarpiBaHHS
CKJa/ae Big 4 10 8 cCeKyH[;

3) 3Ha4HO OUTHIIMH BUXIJ TeIIa, Pi3HUIIA 3
TpaaUIlIiHUMU MeToAamMu ckianae 88,92 %;
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4)  KOMIAKTHICTh, C€KOJIOTIYHICTh Ta  OE3MEYHICTh BUKOPUCTAHHS PEAKTOPA.
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