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INDUKSION QIZITISH USULI

1.Xususiyatlari va qo‘llanish sohalari
2.Induksion texnologiyaning energiya taxlili.
3.Asosiy fizik va energetik qonuniyatlar
4.Uskunalarni tanlash

}2} Nuriddin M.Markayev




Induksion qizitish tok o‘tkazuvchan jismlarning elektromagnit
maydonida uyurma toklarini induksiyalash hisobiga qizishidir.

indukiaor detal detal
eleklr | magnit mavdom | magnil elektr mavdon ebektr [ssiglikka aylanadi
energiyasi cneTgiyasiga maydon encrgiyasiga maydon
[,U avlanadi EIWT iy asi avlanadi EIWET iy a5
H E

Metallarni induksion qizitish ikki fizik qonunlar:
1.Faradey-Maksvel elektromagnit induksiyasi qonuni
2.Joul-Lens qonunlariga asoslangan.

é Nuriddin M.Markayev




NHAyKIMOH KU3UTUIIHWUHT MPUHIUIIMAT CXEMACU KyWujgaruya.
UHIYKTOP, XaBO OPAJIUFH Ba KU3AUPHUIIAJUTaH JIETAall.

MHayKTOp KU3AMpUJaraH Aerajira TabCUp KWIYBYM BakT Oyinda
y3rapyB4aH MarHuT OKAUM XOCHJI KWUJIQ .

Kusnupunaguran geranga DHOK (E) maiimo 6ymamu, Oy 3ca yropma
TokaapHuHT (l) maimno OynummHN Ba KyBBaTHUHT (P) askpanumuHu
TabMUHJIAUIU.

E°R

E =4,440wf-107°, P = -

bynna, E — kuznupunaguran aerainga xocuia oynaagurad DIOK, B; @ —
HHAYKTOp TOMOHHJAH XOCHJI KWJIMHIaH MarHuT okuMm, BO; W -—
MHIYKTOpJAru ypamiaap coHu, noHa, f — TapbMuHI0BUM MaHOA yacToTacw,
[m; P — xu3gupwiaaguraH Jaetajija axkpajlaguraH KyBBar, BT, R —
KU3AUpUIaguraln Aerain kKapmwianrd, Owm; Z — 3aHKUpHUHT Tyna
KapIimura, OM.




Nuapykmusa OIOK Tabcupupa xkucmiaapiaa yropMaid
(>kpCcM MumMja TyTamaauraH) TOK OKUIIHM HaTHKacHuaa
JKoyn-JIeH1] KOHyHHTa aCOCaH UCCUKJIMK aKpaaaiu.

NHayKOnuoH KU3UTHII OeBocuTa Ba
KOHTAKTCU3AUP. Y XKyaa KHUUH SPUUIUTAH METaJl1ap
Ba KOTHMIIMAJIapHA XaM DpHUTa OJIJIMTaH Xapoparra
SPHUIINII UIMKOHUHHA O€paju.

JKagan nHOYKIHMOH KU3UTHINTra (paKaT I0KOpHU
KYYJIAHMII Ba YaCTOTAIU SICKTPOMArHuT MamIoH1a
MAaxCyC KypaJIMa-HHAYKTOpJIap €paamMua
YPUIINAIAIU



UHAYKUMOH KU3UTULL KaHAaAW uwnangu?

Xoaucajiap KerMa-KeTJIUIu:

1.

Man6a naaykropaa (11) Tok xocwr

KW
NHIyKTOp TOKM (aMIiep-ypam) MarauT MarnwT

o o MangaH
MaiJIOH XOCWJI Kiitaan. MaioH Ky4 e E

YH3UKJIapy Xap J0uM Enuk (Taduat
KOHYHH) Ba TOK HYHAJIUIITNATa
MEPHEHAUKYISAP TEKUCIUKIA YTKa3TUY
arpoduaa KOMIaIlraH.

Xocu1 OYJIraH MarHuT MaigoH
KU3IUPUIAAUTaH JeTaJTHUHT KYHIaJaHT
KECUMMJIA JJIEKTP MAWUIOHUHU
(Ky4JIaHUIITHH) XOCHJI YHKAPaAIH.
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Se e

Kyunanuiin Ku3gupuiaurad 1eTainia ,
WHIYKTOPJIaru TOK OKUMHUTa TECKApH e
nynamumaa oxkagurad | (12) yropma

TOKJIAQPHU XOCHJI KWJIAIH.

YiopMma TOKJIap ACTaJTHU KU3AUPAIU



UHAYKUMOH Kypuamagarm ToKnap Ba okMmaap

e Xap OUp MHIYKIMOH
KyprAJIMaaa yqdra €nuK
3aHKHAp (OEpK KOHTYP)
MaBXYy.

NuaykTOp TOKH
samxkupu (11)

Maraur oKuM 3aHXKUPU
(D)

YiopMa TOKJIap 3aHXKUPU

(12)
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MarHuT 3aHxunp

NHaykTop
ypamnapu



Mertautappu  ypra Ba OKOPU 4YacToTaJa WHAYKIMOH
OeBOCMTA  KU3UTHII KEHI TapKairaH. DByHUHr y4yH Maxcyc
TalépiaHrad UHAyKTOpJapaan goiaananwiaad. MHaykrop y3uaan
JIEKTPOMArHUT TYJIKWH YUKApaad, Yy KU3UTUIIAJUTAH KUCMIa
TymnO, yHAa cyHaau. FOTWiran TYIKWUHIAP SHEPrUsSICH KUCMJA

UCCUKJIMKKa avJiaHaIu.

«MHIYKTOP-AETa» TU3UMHU -
y3akcu3 TpaHcopmarop:
* UHOYKMOp — Oupaamuu uynzam.

* 0emasl — UKKUJIAMYU YYTI2AM

Onauit H”HIYKTOP
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7.1-pacm. UHayKTOpJIAP: 2-CAHOAT YACTOTAJIM; 0-TEKHUC 103aJIaPHH
TOOJIAI YUYH; B-UMJIMHAP MAKJIUAAru; 1-nyaar Tpyoa; 2-u30asauusijiua
UHAYKIUAJIOBYU CHM.
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WHAYKIHOH KH3UTHIN YCKYHACHHMHT NPHHIMITHAI 3JIEKTP
cxeMacum.
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Induction Heating
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UHAYKLUMOH KUSUTULLHMHI KYAAAHHULL cOXaAapHu

* IyAQT MaXCYAOTAApP FO3aCUHU TOOAALL
* INaCTUK Aedopmauusanalipa (LWITamMnAall, npeccAall Ba
X0Ka30;

* TYAQ KU3SUTULL YUYH METaANAPHU 3PUTULL;
° TEPMUK MLLAOB 6epuLl (TobaaLwn, IOMLUATULL,
HOpMAaAAALUTUPULL, MYCTAaXKaMAUTUHU OLLUUPULL);
° MavBaHAAALL;

* 3pUTUO Kynuuu;

* KaBLUApAAaLL.

6unBOCUTA KUSUTULL TEXHOAOTMK YCKYHanapHu (Tpy6a
yTKa3rMuAnap Ba XOKa30) MCUTULL, CYIOK MYXUTAAPHU
KUSUTULL, KONAAMaAapHU, MaTepuannapHU, MacanaH, €éFfOUHM

~ KYPUTHULL YUYH KYAAAHUAAAM.




Ad3anAUKAapU

. YTKa3yBuaH maTtepuanrapHu 6eBocUTa KUSUTHULL.
. FOKopy¥ YHYMAOPAUK Ba ULL LUAPOUTAAPUHU AXLUUAUTH.
. MeTanAnapHUHI KYMMLLU Ba EHULLUU KaMPOK.

. XaBOHU UPAOCAAHTUPMAUAU, UYHKU EHUAFU MAXCYAOTU WYK.

. XUMOSINGHIaH rasau MyXuTAQ, CYIOKAMKAQ, BaKyyMAQ KUSUTULL
MYMKMH.

. XUMOAINGHIaH KamMmepa AeBOpPAApU UYUAA KUSUTULL.

. UHAYKTOpPAQPHUHT Xa>KMH KUUUKAUTH Tydannu
3KCNAyaTaLUACHU KyAa M.

8. UHAYKTOpAQP MaxcyC LWaKAAQ TAaUEPAAHULLU MYMKMUH.

9. AoKan Ba TaHAAO6 KU3UTULL MYMKUHAMUIM.

10. KoHBeuep UWIAAO yuKapull AMHUAAAPU Ba KYPUAMAAAPUHM

aBTOMAaTAALUTUPULL OCOH. KU3UTULL Ba COBYTULI LUKAAAPUHMU

6owkKapus OCOH. XapopaTHM pocCTAall Ba YWAab TypuLl,

KyBBaTHU POCTAALL, A€TaAAAPHU Y3aTULL Ba OAUMLL OCOHAUTMN.
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Kamuniaukiapu

KypuAmaHUHI MypakKkabauru owaam.

UHAYKTOPHUHI KU3UTUAAAUTAH AeTaA OUAaH MocCAaLUTUPULL
MypaKKabauru typamam KUSUTULLra Kynpok KyBeat
capnraHapM.

UHAYKUMOH KU3UTULL TUSUMUHU TabMUHAALL YUYH KYUAU
3NEKTP MaH6au, LWYHUHITAEK UHAYKTOPHU COBYTULU YUYH
Hacoc Ba cyB 6aku Tanab atunaam.

UHAYKTOPHUHI KUYUK YAYAMUra KapamMau YMYMaH OAraHAa
)KyAa KaTTa Ba nacTt XxapakaTtuaH 6yaub, kyuma vwiaapra
KaparaHaa 6MHO MUMAA CTaLMOHAp YPHaATULLIa MOC KeAaAM.



NHAYKIUOH KU3UTHII KypHJIMAaJapu

1) Hnoykuuon naumanap

65 99)

- - Nocyna ¢ peppoMarHMTHbIMK
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MarHuTHble BUXpeBble NOTOKM

CTeKI'IOKepaMVI‘-IeCKaQ NOBEPXHOCTb
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NHayKIMOH IUIMTAHWHT WIILIAIT IPUHIUAIIN



2) HHoyKuuon memann spumunt neuiapu
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NHAYKIMOH KaHAJIIY 1ed (a) Ba TpaHC(POPMATOPHUHT
cxemacu



YCKYHanap KjlaccudpmKaumsacum

1) TexHOJIOTHK MaKcaaura Kypa HHAYKIIMOH KU3UTHIII

KypuIMallapy Kylujgaruda Oyiaaau.

* METAJJIAPHU SPUTUII YUYH SPUTHII TIEUJIapU

* TCPMHUK HIIJIOB OCPHIN YUyH KH3UTHII Meuiapy (CUPTHU
MYCTaxXKaMJIUTHHU OIITHUPHIN, FOMIIATHIII),

* IJIACTHK Je(opManusianigad OJIUH ICTATHNA KU3UTHII (HIILIOB
OepHuIll, IITaMIIOBKA)

* [TaBaH 1Al YUYYH

* KaBIapJiall Y4yH

* JeTaJuIap CUPTUHU KU3UTHUII YUYH

*MaxcysoTinapra KUMEBHHN-TEPMHUK UIIIJIOB OSPHUIIl YUYH.



NHAYKIUOH KU3UTHII KYPHJIMAJIAPH TOK
YACTOTACMHUHI y3rapuuy Oyuu4a

Canoar (macr)
4acTOTaIu

50 Iy

TAPMOKJIAH
TYFPUIAH TYFpPH
CKU
[MaCaAauTUPYBUYHU
TpaHCOOopMaTop
OpKaJIn
TAbMUHJIAHAIU

Ypra yactoraau

500-
10000 Iy,

AJIEKTP MaIlAHAIA
EKU ApUM
YTKA3TUWIN
y3rapTapradiap
OpKaJu
TAbMUHJIAHAIU

\

FOkopu vyacroranu

66 000-440

000 'y, Ba 5

MI 1 raua ,
JJaMOanu
3JIEKTPOH

reHeparopJap
OpKaJIn
TabMHWUHJIAHAIH.
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I/IH)IyKI_II/IOH KaHaJIJIK I1€Y KYPHJIMACHHUHI CXEMacCH.

1 — unpukarop; 2 — metaur, 3 — KaHai, 4 — MarHuT yTkasrud; O — acocuit Maruut okum; @, ) Ba

(sz — COYMJITAH MarHuT OKUM, Ul Ba |1 — UHAYKTOP 3aHXUPHUAATU KYHJIIAHUI Ba TOK, |2 —

MCTAJJIIalr'l TOK Ky4H



NHOyKIWOH ~ KM3WTHIN  yCKyHaJlapd  y3ujaa  Kapa€HHUHT
(KU3UTHUIMHUHAT) Makcaau (MEXaHWK HIIUIOB OSpHUIIl YUyH TYIIa
KU3UTHII, 103aHU TOOJAIl y9yH KH3HTHII Ba XOKa30), KHCMHHUHT
IIIaKJI Ba TEOMETPHK YiIdaMIIapH, Xapopar peKuMHU (TY1a KU3UTHUIII
1200...1300 °C raua, rosamm ToOmam yuyH-750°C raga) kabwu
KYpPCAaTKUYIApHA aKC OJTTUPraH TEXHUK TOIIIMPUK acoCHja
JTOMMXAJIAINTUPWIIAANA BAa TaHIAHAIH.

Tormmpukaa KW3WTUII BaKTH T €KW YCKYHAHHUHT

YHYMJOPJIUTH M, Kypcaruinaau. Arap Oyinap KypcaTuiaMaca, BakT T
XUCOOJIaHa .
YckyHallapHUHT acocuii mapamerpiapu (KyBBaTH, 4YacTOTAacH,
®UK, COS@p) WIIuM OpraHFUHAYKTOPHHUHI HCCHKJIHWK Ba JJICKTP
XHUCOoOIapu acocHuAa aHUKJIaHAAW. XHCOOJaml yCclIyOuéTH Maxcyc
anaOueérnapaa KeATUPWIaAu. OKCIUTyaTalus IIapouTiIapuaa
yCKyHaynap Ba3u(dacH, 4acTOTaCH Ba TCHEPATOPHUHI TEOPAHUIII
KyBBaTH Oyiir4ya TaHJIaHAIU.



Kuluiok xykaauru uiniad 4ukKapuiinga TeXHHUKaap
pPEMOHTHAa TOOJaIll yCKyHajJapH, IIYHUHIZIEK CYBHH,
OMHOJIAPHHU, MAPHUKJIAPHU KM3UTYBUM HACT YaCTOTaIN
MHIYKIIMOH KU3UTTUYIapu KYJIJIaHUIadu.

NHAYKIMOH KM3UTUII YCKYHAJApPUHUHT aCOCHUU
mapaMeTpu - 4YacToTa. Xap OHUp HCUTHUIN >XKapaCHU
yayH (103aHU TOONAII, Tyna KWU3UTHIN) YaCTOTAHWHT
SHT  AXIIHU TEXHOJIOTUK  Ba  WKTHUCOIUU
KYpCaTKUWIApUHU TAbMUHIOBUM MAaKOyNI JHAMa30HU
MaBXy]I.

O3anun TOOIAI Y4yH KWU3WUTHIIIA
KYJIaHUJIaguraHl yacroTara OOFJIUK Oynras
MHAYKIIUOH KHU3UTHUIIHUHT HKKA PEKHUMH MaBXY/I:
qyKyp Ba 103a.



Jlomxanam Ba DSKCILIayTaluMs TaxXpHOanapy acocuja
YaCTOTaHW TaHJIAll YYyH KyWujgard OOFIMKJIMKJIapAaH
(o ganaHuIaIN.

JleTammapHuHr  ro3acvuHU X, 4yKypJIUKKaya
TOOJIAMIIa OIITUMAJ 4acToTa, [ 11

f ~0,06/X

pyxcar dTUITaH OFUIILIAP

0,015/X? <f<0,25/X 2.

FO3aHu ToOnmal yayH ypra dyacTtoTajgapaard 4ykKyp
KWU3WUTHUII MabKYJ XMCOOIaHAIH.



Tynuk Kku3utuniaa:
auameTpu D, TAIMHIP MIAKIUJArd KUCM YUYH

3-10°p, [(1D3) < f <6-10° p, /(1D2);

KAJIWHJIATH 8 OYJIraH TEKUC )KUCM YIyH

10° p, I(ue?) < f <6-10° p, | u6*)

oyHza p OM-M Ja KaOyn KWJIMHAIH.

TynuK Ku3dTHII 3Ca JAETAJTHUHI TE€OMETPUK
y14amjapu Ba OXMpru xapoparra moc pasuiaa 50 I
ngan 200 kI 11 yactoTanap KyJUlaHUIIAIU.



[O3ann ToONam y4yH KanuHiIuru X, OyJIraH METaJul KaBaTh
750°C raua kwmsmiigu. By xomarma MHIYKTOP aKpaTaaurad
NEKTPOMAarHuT  TYJKWHJIAH  MaxCyjaoTra  TylIaguraH
COJIMIITUPMA 03a KyBBaTH KyuWHjaru QopmMmysna Oyhuya
aHUKJIaHAU:
PS:yCXK(tOXI/Ip_tl) / (TnT)’

oyuma y-nymatauar swuaurd (7800 kr/m® arpodmma); c-
NYJAaTHUHT KA3HUII BaKTH MOOAWHHUAAru ypTada COJIMINTHpPMA
nccukank  curumu - (650  JK/(xr°C  mumkmopma  kaOya
KWIMHAK); t,-3ar0TOBKaHUHT OoruianFuy xapoparu, °C; 1-
TEXHOJOIMK Kapra ¢€kM aaabuériaap acocuaa KaOyl
KWIMHAIUTAH KWA3WTUII BAaKTH; T1),-MAaXCYJIOTHUHI HWYKH
KaBaTJIApUHU KU3UTHUII Ba arpod-MyXHTra TapKajaaJIuraH

UCCUKJINK MCPpOPHUHU XHcoOra osaauraH WHIYKTOPHUHT
Tepmuk UK (n.,=0,20...0,60).



IO3ann ToOmamga ku3utuin BakTu rokopu 100...400
OC/c, arpod-myxurra OYymamuran ucpod Kyma Kawm,
IIyHUHT YYyH HWHIAYKTOP MCCHUKJIMK H30JISLUICU3
Tan€pinaHagu. Acocuil HUCpO(] MaxXCyJIOTHHHI HYHUra
MCCHUKJIMK YTUIIHA XUCOOHTa OyiIaau.

P.=(0,4...0,30)107 B1/M? ra TeHT.

Tyna ku3utuiga P, HUHT KuiMaru Oup apaxkaja Kam-
(0,05-0,2)10" Bt1/M?, KM3UTHII BaKTH 3arOTOBKAHMHT
AWaMETPU Ba 4dacToTara OOFJIMK OynuO, YHIAH 10371a0
CeKyHArada y3rapajgud IIyHUHI YYyH MHIYKTOpJIap
UCCUKJIUK H30Jsa0uscd  (IIaMOT, acOecT, MCCHKA
yugaMJIM OETOH Ba X0Ka30) OMIaH KOILJIaHaIH



Tobnamaguran 103a A, ~M? OpKaaid MaxcCylaorIra
KHPUTUJIAIATaH TYja aKTUB KyBBar:
PZZPSAZ:yCXK(toxnp_tl)AZ/ (TnT):P(l)Oﬁ / N
[unuaap maxnuaaru aetan yuyH A,=nD,h,.
ugykTopra y3arunagurald KyBBar
PI/IHJ];:PZ/ n3:P(boﬁ/ (nTna):Pc]poﬁ/ T]I/IHJI’
Oyuna m,-uaaykropHuHr snektp UK (n,=0,90...0,95);

Nun=N.N,-MHIYKTOPHHUHI TYJIa DOUK.



[ eHepaTOpHUHT TCOpaHMII KyBBaTH

PFeH:P(bOﬁ/ (n HHz[n Tp) '

TapMokaH UCTEHMOJI KWIMHAAUTaH KyBBaT,

Pyier=PrewMren =P ol (MusaMip Nrenr)
byHza N, FOKOPH 4acTOoTaIu
TpaHCpopMaTOpIapHUHT OHUK
(n,,=0,75...0,96).  m,,-reneparopuunr OUK
(M,=0,70...0,90).



KyBBaTHM HOTULWI MarHnT MangoHaa Knsgupunrad getanHuHr
xomnawwuwura xam 6ofnukK. Makcmman Tunuw getanHuHr rn3acu MmarHuT
4Ynaukriapra nepneHankynap oynraHga cogup bynagum

H — MarHnT MaraoH KyYynaHraHnuri Ynsmuknapu

KyHOoanaHr Knantumi bynnama kusntuwl

d >> 6 — axwm Knsmngm t < & — EMOH Kn3nnam

32



MHOYKUUOH KU3NTULL

MHOIMOBUTKOBAaA CONeHoOMAaNnbHan Kartyuka

NPAMOYTrONbHAnA
meaHan Tpybka
CO CBapPHbIMM
>~ JaeMbln COeANHEeHUAMMW

-

£ TOKONpPOBOA
[ B s INeKTpU4ecKmne
' KOHTaKTbl

noasoa soab!
e

OXNnaxAaaulan ,
B8O/ad

CrIOWHAR
MelHan
NNactnHa

NPAMO-
4 yronoHas
meaHan Tpybka
aNs
oxnaxnamouen

BOADbI
Npwv NPoOXoXxaeHnn

Yepes KaTyLlKy BepxHAas

BNYCK
4aCTb 3aroTOBOK HarpeBaeTcs

BOAbI

KOHTaKTHas B KaTyLKy BXOAAT
NOBEPXHOCTb XONOAHbLIE 33aroTOBKMU

NPOCTON OAHOBUTKOBbLIN

H Han UWn AK K
WHAYKTOP KaHalbHa A Uienesan KaTtyuwka

WHAYKTOPbI MOIYT ObiTh LWTAMNOBAHHLIMMU C BCTPOEHHbIMW CPeACTBaMU OXNaXOeHWA




H

Huaykrop 3aKajiouHbI

D elec.ru



MHAYKUMOH KU3UTULL




CHHOB caBOJJIAPU BA TONMMIMPUKJIAP

1. MHAYKITMOH TEXHOJIOTHS Kalicu (DU3UK KOHYHJIap1ra acocjaHraH?

2. IHIyKIIMOH TEXHOJIOTHS1a DHEPTUs KUPUTHUII TE3JIUTH KaH4da?

3. UHayKIMOH KU3AUPUIIT yMyMUi poiiganu uin kKodpOUIUEHTH.

4. NHAYKIIMOH KU3UTUIIHUHT acocuaa KaHiaal (U3MK KOHYHJIAp €Taayd Ba
KaHJ1all yacToTajaapaaH ogalaHuiaan, Kalicyu coxaiaap/aa KylaHuaaamu?

5. 20C ga 10 mapkanau NYJIaTHHUHT COJNMIITHPMA DIEKTP KapPIIUJIHIHU
p"=16-10° Om-M, HHCOMIT MArHUT CHHTAMPYBYAHINTH L°=60; MUCHHKH 3Ca
w=2-10% Om-m Ba p¥=1. MHAYKIWOH KHM3WTHIIAA ITyJIaTra Ba MICTa
TOKHUHI KMPHUO OOpHII YyKYypJIMKIapy HUCOATH KaHJal Ba MKKajia XOJjaTraa
Oy CoJIMIITHPMA 034 KyBBaTUIra KaHJail TabCUpP dTaau?

6. HMupykrop-maxcynor cuctemacuHuHr @®HMK Ba COS¢Q XaBO THPKHUIIH
MUKJOPHUTra KaHaail OOFJINK?

7. Jlnamerpn 30 Mm, Oamangmuru 360 MM U mynaT UWIMHAP FO3aCHHHU
TOONAIll y4yH JiaMmajdd aBTOTCHEPATOPHM TaHJIaHT. ToOjaHaauraH o3a
Kaaumura 1 mM, tob6mam xapoparu 750°C, MaxCymoTHHHT OOLIIaHTHAY
xapopatu 20°C, ku3urnm Bakty 5S¢, napykropauar GUK=0,62.
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