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BBenenue

DNEKTPOTEXHOJIOTUSl pacCMaTPUBAETCA KaK HayKa M OOJACTh TEXHUKH. DJIEK-
TpoTepMus (OT JEKTPO... U Tped. therme - xap, TEIJ10) — NPEKIE BCEro, ITO:

— MPUKJIATHAS HAayKa O Mpoleccax MpeoOpa3oBaHusl JIEKTPUIECKON SHEPTUH B
TEIUIOBYIO YHEPTHIO;

— pa3zen ANEeKTPOTEXHUKHU, PACCMATPUBAIOIINI BOPOCH! TPOESKTUPOBAHUS, U3-
TOTOBJICHUS U IKCIUTyaTalluM JIEKTPOTEPMUUYECKUX YCTAHOBOK;

— OTpacib PHEPreTHUKU, OXBAThIBAIOIIAs BOMPOCHI MOTPEOJICHUS BJIEKTpUYE-
CKOM 2HEpruM JJisi Harpesa, ¢pa3oBOro mpeoOpa3oBaHus MaTepuaia Ui Chipbs, 000-
rpeBa B MPOMBIIIJIEHHOCTH, HA TPAHCIIOPTE, B CEIBCKOM XO34iCTBE, MEAUIIMHE U ObI-
Ty,

— COBOKYITHOCTH JJIEKTPOTEXHOJOTHYECKHX TMPOIIECCOB C HCIIOIb30BAHUEM
TEIUIOBOTO JEHCTBUS ANEKTPUUYECKON PHEPTHH B PA3IUYHBIX OTPACIAX HAPOIHOTO
XO3SIMCTBA.

DNEKTPOTEXHOJIOTUS U3y4YaeT MPOIIECChI, CBI3aHHBIC CO CIAEAYIOIMUMHU SIBJICHU-
MU U TEXHUYECKUMHU CPEICTBAMH: JIEKTPOHATPEBOM M AJIEKTPOHArPEBATEIbHBIMU
YCTPOMCTBAMH; CHUCTEMaMH MUKPOKIUMATA; DSJIEKTPOHHO-MOHHON TEXHOJIOTHEH;
ANEKTPOPU3NYECKON U IIEKTPOXUMHUECKOW 00pabOTKOW MaTepHaIOB; UMITYJIbCHBI-
MU TEHEpaTOpaMy Pa3IUYHBIX HA3HAYCHMIA; AJIEKTPOTUAPABIUYECCKUM 3P HEKTOM;
UCTIONIb30BaHUEM YIBTPa3ByKa; MAarHUTHON 0OpabOTKOM MaTepuasioB; HCIOJIb30Ba-
HUEM DJIEKTPOJIN3a U BCE, YTO C HUM CBS3aHO; MCIOJIb30BAHNEM TEIUIOBBIX HACOCOB U
TEIJIOBBIX aKKYyMYJISITOPOB.

DNEKTPOTEPMHUUECKUE YCTAHOBKH MPUMEHSIOT B TEX CIy4asX, €CJIU:

— TEXHOJIOTMYECKUH MPOLIECC HENb3s OCYLIECTBUTh 0€3 3JIeKTpOTEepMHUU (B
ATOM Cllydae IeJeco00pa3HOCTh OMPEENACeTC TEXHOIOTUISCKUMHU TPeOOBaHUSIMU U
Ka4yeCTBOM IOTyYaeMOMN MPOIYKINH, KaK B IPOMBIIUICHHOCTH, TaK M B CEIHCKOM XO-
3SIUCTBE);

— MOYKHO TIOJTyYUTh TPOAYKIIHIO 060Jiee BEICOKOTO KaueCcTBa,;

— YJIYYIIIAIOTCS YCIOBHS TPY/Ia, MOBBIIIAETCS O€30MaCHOCTH 00CTYKUBAIOIIETO
MepPCOHANa;

— JIOCTUTAETCSl CHUKEHUE cebecTonMocTu (bsaromapsi 6ojee BHICOKOW MpOu3-
BOJUTEIBHOCTU TPYJa) WM YMEHBIIICHHE KaTUTAIBHBIX 3aTpaT, BKJIIOYas 3aTpaThl B
CMEXKHBIX OTPACIISIX TMPOU3BOCTBA.

Ha 06a3e »snexTpuuecKkoro HarpeBa CO3JaHbl M Pa3BUBAIOTCS IMPOU3BOJICTBA
CHCIMANLHBIX CTalel, (PeppoCIuIaBoB, MBETHBIX M JIETKUX METAIJIOB W CIUIABOB,
TBEPJBIX CIJIABOB, PEAKUX METAJIOB, KapOuaa Kanbius, pocdopa u apyrux npomayk-
TOB; OCYIIECTBIISIETCS 00paboTKa METaJUIOB JaBJICHUEM M UX TepMUYEcKas 00padoT-
Ka; peaqu3yloTCs BOMPOCHI ANEKTpUUKaIHs ObITa.



1. TexHoJioru4eckoe aeiicTBHe TOKA

[IpeBpalieHue 3HEPruu AMEKTPOMATHUTHOTO NIOJI B APYTHE BUIBI IPOUCXOIUT
IIPY €€ MOIVIOUICHUH Pa3IMYHbIMHU CpelaMH. IHTEHCUBHOCTD MOTJIOLIEHUS 3aBUCHUT
OT 3JEKTPO(U3NUECKUX CBOMCTB cpeibl U yacToThl nojs. Heobxoaumoe ycioBue no-
[JIOUIEHUS] — 3TO HAJMYHUE B BEIIECTBE TEJIa CBOOOIHBIX WU CBSI3aHHBIX 3JIEMEHTap-
HBIX JJIEKTPUYECKHUX 3apsA0B, UMEIOIIHUX COOCTBEHHYIO YacCTOTy KoJieOaHHM, Majo
OTJIMYAIOUIYIOCS OT 4acTOThl KosieOaHui nons. llornomenne sHeprum moas Oyner
TeM OoJiblle, yeM OJMke COOCTBEHHAsl 4acToTa KoJeOaHMI 4acTUll Tejaa K 4acToTe
KOJIeOaHM 1moJIsl.

PaccMOTpuM TEXHOJIOTHYECKUE IEUCTBUS TOKA HECKOJIBKO OApOOHEE.

Tennogoe, unu mepmuueckoe, oeiicmsue moxka. OHO MPOSBIISAETCS B DJIEKTPO-
HarpeBe Tea (cpef). DNEKTPOHArpeB MPOUCXOAUT B PE3yNbTaTe MOTJIOLIECHUS BeElle-
CTBOM DJIEKTPOMArHUTHOW 3Hepruu. [lox BO3AEHCTBHUEM DIEKTPOMATHUTHOTO MOJIA
CBOOOJHBIE MJIM CBSI3aHHBIE 3apsi/ibl BEIIECTBA COBEPIIAIOT PA3IMYHOrO pojia mepe-
MereHus. [Ipu 3ToM 3apsabpl CTaNKUBAIOTCS C HEUTPAIbHBIMU ATOMaMH, MOJIEKYJIAMU
WIM 3aps/laMd [POTUBOMNOJIOXKHOTO 3HaKa M OTAAIOT UM 4YacThb CBOEro Mpuoo-
PETEHHOI0 B MArHUTHOM I10JI€ 3al1aca KUHETUYECKOU dHepruu. B pesynbrare Temio-
BO€ JBIJKCHME BELIECTBA YCUIIMBACTCS, YTO IIPOSIBISAETCS B IOBBIIICHUN TEMIIEPATY-
PBI BELIECTBA.

Opnako 3TO0 camasi 0o0IIas KapTUHA 3JIEKTpPOHAarpeBa. BCOMHHMM, 4TO 3JeK-
TPOMArHUTHOE IOJIE BKIIIOYAET B c€0s JIBE COCTaBISIIONIME. B 0HUX ciyyasx OCHOB-
HBIM MOKET OBITh 3JIEKTPUYECKOE MOJIe, & MAarHUTHOE BBIPAKEHO HE3HAYUTENbHO. B
JIpyTrux ciay4asx — Hao0opoT. B Tperbux — 00e 4yacTu 31€KTPOMarHUTHOTO TOJIS
IIPEACTABICHBI BECbMa 3aMETHO.

ITo xapakTepy IpOBOAMMOCTH HAarpeBaeMble BEIIECTBA MMOAPA3AEIISIOT Ha MPO-
BOJIHUKH, MOJYIIPOBOIHUKH, AUAIEKTpUKU. HocuTensimu 3aps10B B BEIIECTBE MOTYT
OBITH AMEKTPOHBI, HOHBI. CIIOCO0 MOABOAA 3JIEKTPOMArHUTHOM HEPTUU K BEIIECTBY
MOKET OBbITh Pa3JIMYHBIM.

Macnumnoe oeticmseue moka. OHO OTpakaeT HEPA3pPBIBHYIO CBS3b dJIEKTpUYE-
CKMX M MarHUTHBIX SIBJICHUN — IPOTEKAHHWE TOKA BCETJA CONPOBOXKIACTCS BO3HUK-
HOBEHMEM MarHuTHOrO noJjis. Ha ncrnosib30BaHMM B3aMMOJEUCTBUS MAarHUTHBIX I10-
JIEW M DJIEKTPUYECKOI0 TOKA U UX B3aMMONIPEBPALIEHUN OCHOBAH JJIEKTPOMEXaHUYe-
CKUH MEeTOJl MpeoOpa3oBaHUsl IEKTPUUECKON SHEPTUU B DJEKTPOJBUTATENSAX, TATO-
BBIX JJIEKTPOMATrHUTAX, JINHEMHBIX ABUTATENAX U T.J. MarHuTHbBIE MOJIA UCTIOIb3YIOT
Y HEMOCPEICTBEHHO B TEXHOJIOTMYECKUX MpoLeccax s U3MEHEHUS CTPYKTYpPbI U
CBOWCTB HEXHBOM U KUBOW MaTepuH, BO3ACUCTBYs Ha HEE Ha MOJIEKYJSIPHOM
YpOBHE.

Mexanuueckoe Oeticmeue moxka. B oTnudue oT 3J€KTPOABMKYIIUX CHJI, JACH-
CTBYIOIIMX HA JJIEMEHTApHBIE 3apsAAbl BHYTPH TE€Jl, MEXaHUYECKOE JEUCTBUE TOKA HA
3apsUKEHHBIE MAaTEPUAIIbI, IIPOBOAHUKHA C TOKOM, JIEKTPO M MAarHUTOCTPUKI[MOHHBIE

5



TeJa MPOoSBIIAETCS B BUJIE paOOTHI IO MEPEMEILEHUIO TeJl UJIM U3MEHEHHUIO UX 00beMa
Y TJIOTHOCTH.

Xumuueckoe Oeticmeue moka. OHO COCTOUT B TOM, YTO €r0 MPOTEKAaHUE B MPO-
BOJHUKAaX BTOPOTO poJa C HOHHOUN MPOBOAUMOCTBIO COITPOBOXKAAETCS AJIEKTPOIH3OM
— OKHCJIMTEJIbHO-BOCCTAHOBUTENIbHBIMU PEAKLUUAMH Ha 3JIEKTPOAAX, B PE3ysbTaTe
KOTOPBIX MOTYT OBITh MOJYyYEHBI BEIIECTBA C HOBBIMH XUMHUYECKIMH CBOWCTBAMHU.

buonocuueckoe deticmeue moxka. ITo NEUCTBUE, KAK YK€ TOBOPUIIOCH, 3aKIIO-
YyaeTcsl B TOM, 4TO TOK (WJIU TOJie) BIMSIET Ha MPOTEKaHUE JKU3HEHHBIX MPOIIECCOB B
OMOJOTUYECKUX 00BEKTaX, MPUYEM ATO BIMSIHUE MOXKET ObITh KaAK CTUMYJIUPYIOIINUM,
TaK U YTHETAIOLINM.

buonornueckoe QeHCTBUE ANEKTPUUECKOTO MOJIA 3aBUCUT OT €ro NapameTpoB,
B YaCTHOCTH HANpPsDKEHHOCTH 1osist E, dactothl f, tutotHOCTH TOKA J, hopmbl 00pa3sy-
€MOr0 MarHUTHOTO MOTOKAa @, BpeMeHU Bo3aeucTBus t. /[ kaxaoro o0bekTa HyX-
HbI CBOM [TapaMeETPhI MOJISI U PEKUMBI BO3AECHCTBUS.

2. Cnoco0bl dJ1eKTpOHArpeBa U KJiacCu(pPUKALUA
3JIEKTPOHATPEBATEIbHbBIX YCTAHOBOK

Ecnu B kauecTBe MPOBOJIHUKA HUCIIOJIB3YIOT HEMOCPEACTBEHHO CAMO HarpeBae-
MO€ BEILIECTBO, TO OCYILIECTBIIAECTCS MPSAMOM 3JIEKTPOHATPEB CONMPOTUBICHUEM, KOTO-
pBI Ha3BIBAIOT 2ekmpoxoumaxmusvim (puc.2.l, a) mpu HarpeBe TOKOMPOBOISIIIUX
TBEPJBIX BEIIESCTB (ITPOBOJHUKOB TIEPBOTO poja) U rekmpoonsvim (puc. 2.1, 6) npu
HarpeBe TOKOIPOBOJAILIMX BEUIECTB, COAEPKAIIKUX BOAY (IPOBOAHUKOB BTOPOrO poO-
na). CymecTByeT crnoco0 31eKTpOHArpeBa B 3JEKTPOIUTE — KOMOMHALIMS 3JIEKTPO/I-
HOT'O HarpeBa M Harpesa ra30KUJIKOCTHOTO CIJIOS, OKPY>KArOLIEr0 pa3orpeBacMyro Je-
Tajb, B KOTOPOM BBIIEISETCS OCHOBHAS J0JIS TEIUIOTHI.

2.1 HarpeB cnoco6om conporuBjieHus. OH MOXeT ObITh peann30BaH Mpsi-
MBIM MJIM KOCBEHHBIM IYTEM HE3aBHUCHUMO OT €0 arperaTHOr0 COCTOSIHHS U 3JIEKTPO-
(bu3MYECKUX CBOMCTB.

Cxema, WLTIOCTPUPYIOIIAs TaKoW crocod HarpeBa, MOKazaHa Ha pucyHke 2.1,
6. BemecTBo B HarpeBaeTcst 3a c4eT TerioThl Q), mogyyaeMoi B OT/IEJILHOM Harpe-
BaTeIbHOM dJIeMeHTe HD comportuBieHneM R npu mporekanuu Toka. Crocod moiy-
YW1 HA3BAHUE KOCBEHHO20 WU 27IeMEHMHO20 dIEKTPOHATPEBA CONPOTUBIICHUEM.



&

Pucynok 2.1 Cxembl OCHOBHBIX CITIOCOOOB ITPe0Opa30BaHuUs IIEKTPUIECKOM
SHEPIUHU B TEIUIOBYIO:
@ — COTIPOTUBJICHUEM DJIEKTPOKOHTAKTHBIM; O — COIPOTUBIICHUEM SJIEKTPOIHBIM,

6 — COIPOTUBJIEHUEM KOCBEHHOI'O HAarpeBa; 2, 0 — UHIAYKTUBHOIO MIPSIMOTO U KOCBEHHOTO
HarpeBa; e, o — 3JIEKTPOYrOBOM KOCBEHHOI'O U MPSMOro HarpeBa; 3 — AUIJIEKTpUye-
CKMI; U — TEPMODJIEKTPUUECKUI; B — HarpeBaeMoe BelecTBo; KV — KOHTakTHOe
YCTPOMCTBO; D — 31eKTpoa; I/] — anekTpuueckas nyra; HO — HarpeBaTe/IbHbIN 3JIEMEHT;
U — uanyktop; EK — METAIITMYECKUI COCY T

DNEeKTpOHArpeBaTelIbHbIE YCTPOMUCTBA MPSAMOTO U KOCBEHHOTO 3JIEKTPOHArpeBa
COMPOTHUBJICHUEM HITUPOKO UCTIOIB3YIOT JIJIS LIeTIEH IEKTPOOOOrpeBa U AIEKTPOOTO-
JICHUSI Pa3IUYHBIX MPOU3BOJCTBEHHBIX M OBITOBBIX MOMEIIICHHUM, HArPeBa TEXHOJIOTH-
YeCKOW M MUTHEBON BOJIbI, TEPMOOOPAOOTKH KOPMOB M CYIIKH PA3IUUYHOU CEITbCKO-
XO34MCTBEHHOU NMPOAYKUMHU. [IpUMEHSIOT B BUIE Pa3JIMYHBIX JIEKTPOBOJIOHATPEBA-
TeJel, 3IeKTpoKasopudepoB, IEKTPUUECKUX O0OrpeBaeMbIX MaHEJEH, KOBPHUKOB,
IPEJNIOK, MAHEKEU, DIIEKTPOIICUEH CONPOTUBIICHUS U JIP.

2.2 JIyroBoii 3jekTpoHarpeB. Ero ocymecTBisioT mpu npeoOpa3oBaHUU dJIEK-
TPUYECKOU DHEPTUM B TEIUIOBYIO ITOCPEACTBOM DJIEKTPUYECKOM IyTH, HPEACTABIAIO-
el co0oi BBICOKOTEMIEPATYPHYIO AJIEKTPOIPOBOMASIIYIO IIA3My. DJIEKTpHUUecKas
Jyra TOPUT MEXKAY JBYMS JJIEKTPOJAMHU, K KOTOPBIM MOJBOAAT HAIpsKEHUE OT HC-
ToyHuka nuTanus (puc. 2.1, ¢). [Ipu mpsiMOM 3JIEKTPOIYrOBOM HArpeBe OJHMH W3
AJIEKTPOJIOB TPEACTABISIET COOON HarpeBaeMoe BEIIECTBO, HAPUMEpP IJIaBSALIUNCS
metamt (puc.2.1, orc). JlyroBoit paspsii — 3TO YCTOWYHMBBIA CaMOCTOSTEIbHBIA 3JICK-
TPUYECKUN pa3psii B Ta3ax WM MMapax MeTajula, XapaKTepU3YIOIMIMICS OO0JbIIOi
IUIOTHOCTBIO TOKA, HU3KUM MaJICHHEM HalpsHKEHHs Ha KaTOA€ M BBICOKOM Temmepary-
poil kanana paspana. B OTY Bo30OyxaeHue 1yru NpoOUCXOJUT MpU MEePBOHAYAIBHOM
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KaCaHHWH JJICKTPOJ0B, K KOTOPBIM IMOABCACHO HAIIPAXKCHUC. B momeHT KOPOTKOT'O 3a-
MBIKaHHUA 3JICKTPOAbI pPa3orpeBarOTCs. HpI/I OTBOJC JJICKTPOJOB 34 CUeT TECPMOIJICK-
TpOHHOﬁ HOHU3AIUU I'a3d BO3HHUKACT JJICKTPHUUCCKAA Oyra, IPCACTABJIAIOIIAA coboi
CUJIbHO HOHU3HUPOBAHHYIO CMCCh I'a30B U IIAPOB MATCpHajId aHOIa U KAaTOodA4.

+ 2 -

Pucynok 2.2 CtpoeHue I1eKTpuIecKoi Jyru
1— aHOAHBIN KpaTep; 2— OCHOBHOM CTONO AyTH; 3 — cBeTsmascs 000iouka; 4 — ka-
TOJHOE MSITHO.

JITHHA PUKATOHOTO y4acTka okoo 107 ™ HAPsHKEHHOCT IEKTPHIECKOTO MO-
75 paBHA E,; 0. =10"...10° B/M, karoauoe najenue Harnpspkenus 10...20 B (B 3aBu-
CUMOCTH OT poOJia TOKa, MaTrepuasa 3JIeKTpoja, COCTOsTHUS rasa). Temmneparypa npu-
KaTOAHOTO YYaCTKAa COCTABIACT 1,400, =2500...2800 K. [InuHa aHOgHOrO ydacTka
6omee 10°m, anoxnoe manenne Hampsokermst U, =2...6 B, a Temmepatypa Ha y4acTke
nocturaet 1,,,,,=2700...4500 K.

DIIEKTPOAYTOBOM HATPEB HUCHOJIB3YIOT B OCHOBHOM JIJIA IUIABKH CTAJIBHOTO JIOMA,
TJIaBJICHUE MEIH, BOCCTAHOBJIEHHUE METAUIOB U3 pya, paduHupoBanue (eppocmiia-
BOB, BAKyyMHO-IYTOBOM MEpEIUiaB METaIOB, IyTOBOMl CBapKe, IUIaBKHM M BBICOKO-
TEMIEPATYPHOU PE3KU METAIIJIOB, UX CBAPKH.

DJeKTpUYecKasl 1yra npeacTaBisieT coOOM OJIUH U3 BUJIOB AJIEKTPUUYECKUX pa3-
PSAIOB B Ta3ax, MPU KOTOPOM HAOIIOAETCS MPOXOXKACHUE JIEKTPUUECKOrO TOKa 4Ye-
pe3 Tra3oBBbIM MPOMEXKYTOK IOJI BO3JACHUCTBUEM 3JIEKTPUYECKOIO MOJs. DJIEKTpUYe-
CKYIO IyTy, MCIHOJIb3yeMYIO IJisi CBapKH METAJIOB, HA3bIBAIOT CBAPOYHOM IYTrOM.
[TpoMexxyTOK MEXIy SIEKTPOJaMH Ha3bIBAIOT 00JACTHIO JYTrOBOTO paspsaa WIHA Y-
TOBBIM MPOMEXKYTKOM. [[JIMHY IyrOoBOTO MPOMEXKYTKA HA3bIBAXOT JUIMHOW ayru. [lyra
ABJISICTCS. YACTHIO DJICKTPUUYECKOM CBAPOYHOMW LENH, U HA HEU MPOUCXOAUT MAJCHUE
HaIpsKEHUS.

DJIeKTpUYECKas Ayra BOZHUKAET MPU MPOTEKAHUU DJICKTPUYECKOTO TOKA B Ta3e
WK Tlapax MeTauia. [ITIOTHOCTh TOKa JOCTHraeT HECKOJIBKO ThICSY A\cM2 Tipu 3TOM
BbIICJISIETCS] OOJIBIIOE KOJIMYECTBO Teruia. Temneparypa B KaHaje Jyrd 30Ha a U € JI0
Heckoabkux Thicsia C°(2500 - 4500), a B 30ne B (12000C°). IIpu Takoi Temmepatype
MPOUCXOJIUT IJIABJICHUE METajula U MEPEHOC €ro YacTHUll BIUIOTh 10 ucnapeHus. s
TOpPEHUs T HEOOXOAUMBIM YCIOBUEM SIBJISICTCSI MOHU3AINS Ta3a UK MMapOB METAaJI-
J1a, TEPMORJIEKTPOHHASI U aBTORAJIEKTPOHHAs SMUCCcUsl. ['OpeHHre Ayru conpoBOKAAETCS
cneayromumMu 3 dekramu 00yCcaaBIUBaIOIIUMHU 00J1aCTh €€ MPUMEHEHUS:



— 00JBIIOE BBIJEICHHUE TEIIa Ha AJEKTPoJax (3JIEKTPOAYyroBas CBapKa, HJIeK-
TPOJIyTOBbIE TIEYH MPSMOT0 ACHCTBUS);

— MOUIHBIM JIYYHCTBHIM MOTOKOM B ONTHYECKOM JHAara3oHe CIEKTpa dEKTpruye-
CKUX MarHUTHBIX KoJieOaHUM (3TO CBOWCTBO UCIOJIB3YETCS B AJEKTPOIYTOBBIX MeYax
KOCBEHHOI'O HarpeBa MW B Ta30pa3psAIHbIX HCTOYHHUKAX ONTHYECKOTO H3IYUYEHUs).
MOIIHBII TOTOK BUAMMOTO CBETA (3JEKTPOLYTOBbIE OCBETUTEIBHBIE IPUOOPHI);

— 0OJIBITIOE BBIIETICHUE YIBTPA(HUOIETOBOTO CBETa (OaKTepUITUAHBIC MPUOOPHI
I 00€33apasKuBaHUs).

B cBapouHOl TEXHHMKE JIEKTPUUYECKYIO OYTy KIACCU(PUIUPYIOT MO POIY CPEBbI,
B KOTOPOM IIPOUCXOIUT pa3psi:

- OTKpBITas 1yra, ropsias B BO3ayXe, apax MeTala;

- 3aKpbITas Jyra, ropsimas moj GIrocoM B mapax Metajuia u (iroca;

- 3alIMIIEHHAs Ayra, ropsias B 3allMTHBIX ra3zax (apros, reiui, IByOKHCh YT-
nepona), BAX oTKpbITO# yru UMEET MaJaroniuil BU, a 3aKPhITON U 3alUIIEHHON —
BO3pacTaromuid. B kauecTBe MCTOYHMKOB MHUTAHMS AYTd MPUMEHSIOT: CBApOYHBIE
TpaHcHOPMATOPBI; TEHEPATOPHI TOCTOSHHOTO TOKa (IIPeoOpa30BaTENM); MOIYIPOBOI-
HUKOBBIE BBIITPSIMUTEIN.

W cTouyHNKY NUTaHUS BBIOMPAIOT O CIEAYIOLIUM IMapaMeTpaM:

- poay TOKa;

- HaNPSDKEHUIO XOJIOCTOr0 X0/4;

- BHEIIHEH XapaKTEPUCTHUKE;

- c1oco0aM peryaupoBaHusi CBAPOYHOTO TOKaA.

McTOYHMKM MHUTAaHMUS CBAPOYHOM AYTW MOAPA3ACISIOT MO CIEAYIOIIUM OCHOB-
HBIM [IPU3HAKaM:

— pOAy CBapOYHOIO TOKa — HAa MCTOYHMKH MEPEMEHHOro (CBapOYHbIE TpaHC-
(dbopmMaTopsl) U NOCTOSSHHOTO (IIPe0Opa3z0BaTENM, arperarhl, BBIIPSIMUTEINHN) TOKA;

— YHUCIIy OJJHOBPEMEHHO MOJKJIIOYAEMbIX CBAPOUHBIX MOCTOB — HA OJHO- U MHO-
rONOCTOBBIE;

— Coco0y YCTaHOBKU — Ha CTAI[MOHAPHBIE U MEPEABUKHBIE.

JUid muTaHus yry MOCTOSIHHOTO TOKAa HCIOJIb3YIOT MpeoOpa3oBaTelid, arpe-
raThl U BBIIPSIMUTEIH.

[IpeoOpa3oBarenb — yCTaHOBKA, COCTOSIIAS M3 ACHHXPOHHOTO 3JIEKTPOIBUTa-
TeJsI U TeHepaTopa MOCTOSHHOro Toka. [Ipu OTCyTCTBUM 35IeKTpOCHAOKEHHS ISt
AIIEKTPOCBAPKHU MPUMEHSIIOT CBAPOUYHBIE arperarbl, BKIIOYAIONIKe B ceOsl IBUraTeib
BHYTPEHHETO CrOpaHusl U TEHEPATOp MOCTOSHHOIO ToKa. [IpenMyliecTBa cBapOUHbIX
BBINIPSIMUTENEN Mepe]l reHepaTopamMu 3akitoyatorcs B 6osiee BoicokoM KIII u 6omee
BBICOKMX JUHAMUYECKUX MOKa3aTeasiXx. OHU HE UMEIOT BPAIAOIIMXCA YacTeH, Ipo-
CThl B W3IFOTOBJIICHWM W HAJEKHBl B 3KCIUTyaTalWW. BBIIPSIMUTENN COCTOAT U3
TpaHchopmaTopa U 0JIOKa HEYNPaBIsIEMbIX (CEICHOBBIX, KPEMHHUEBBIX) WJIH YIPaB-
JSIEMBIX (TUPUCTOPOB) BEHTHUJIEH.



DneKkTpruyecKasi Ayra MOXET ObITh KaK Ha IMOCTOSTHHOM, TaK M Ha MEPEMEHHOM
HaIpsHKEHUU. Y CTOMYMBOCTD AYTH MEPEMEHHOTO TOKA CHUXKAETCS M3-3a yracaHus €€
IIpU KaXJOM IIEpEX0JIe TOKa yepe3 Houb. [10aToMy ropeHne nyru sBisieTcs IpepbIBU-
CTBIM M HEYCTOMYMBBIM. HampskeHne 3aKuraHusi Ayru NOCTOSTHHOTO TOKa COCTaBJIsI-
et 30...40B; a nepemennoro — 50...55B. HanpsikeHue X0JOCTOTO XOJa UCTOYHUKA
JOJKHO OBITH OOJblle HampspkeHus 3axkuranus Ha 10...50B. PerynmupoBanue cBa-
POYHOTO TOKA HEOOXOUMO TIPH CBAPUBAHUY JCTANICH Pa3INIHON TOJIIUHEI.

HcToyHMK MUTAHUSI CBAPOYHOM JIyTH JAOJKEH 0OecreunBaTh HAJIEHKHOE 3aKUTra-
HUE yTH, €€ YCTOMYMBOE TOPEHHE U PETYIHPOBAHUE TOKA.

OHY nyroBoro HarpeBa BBINOJHSIOT B BUAE PA3IUYHBIX 3JIEKTPOIYTOBBIX ILIaA-
BUJILHBIX T€YEH, CBApOUYHBIX TpaHC(HOpMATOpPOB U MpeodpazoBartelied, OJIOKOB CUIIO-
BBIX BBIIPSIMUTEIEH U TAPUCTOPOB, YCTAHOBOK IIJIA3MEHHOI'O HATPEBa U JIp., KOTOPHIE
IIUPOKO UCIOIB3YIOT HA PEMOHTHBIX MPEANPUSATUIX U B MACTEPCKUX MPU MOHTAXKE
BCEBO3MOXHBIX METAUNIOKOHCTPYKIIMA U PEMOHTE CEIIbCKOXO35IMCTBEHHON TEXHUKHU.

2.3 UHAYKUMOHHBIIH 3J1eKTPOHATPEB.

NHayKIMOHHBIN HArpeB METANIOB OCHOBAH Ha JBYX 3aKOHaX (DU3UKH: 3aKOHE
aNeKTpoMarHuTHOW mHaykuuu Papanes — Makcseiuia u 3akoHe J[xoyis — JleHua.
Mertannuyeckue Tejaa MoMeIaT B IEPEMEHHOE MarHUTHOE T0JIe, KOTOPOE BO30YXK-
JIaeT B HUX BUXPEBOE 3eKTpuyeckoe noje. I/C MHAYKINU ONpenessieTcss CKOpo-
CThIO M3MEHEHUSI MarHUTHOT'O TIOTOKAa, & cama 3aBUCUMOCTh MPEACTaBIsAE€T COOOMH

do&
HHTETPAIbLHYI0 (OPMY 3aKOHA DIIEKTPOMArHUTHON MHAyKIMU: € = — dz ITon
neiicterueM J/]C MHAYKIHMM B TE€JIaX MPOTEKAIOT BUXPEBBIE TOKHU, BBIACISIONIUE TEII-
70Ty 1o 3akony Jlenua - J[>xoyns.

NHAYKUMOHHBIN HAarpeB OCYILIECTBISIOT HEPEeMEHHbIM MASHUMHBIM NOAeM
MyTEM TMOMENICHHUS TOKOIMPOBOJISIIETO BEMIECTBA, HAITPUMEP METAJUIMYECKOM 3aro-
TOBKH (puc. 2.1, T), BHYTph Karymku M, Ha3bIBAEMOU UHOYKMOPOM, TIO KOTOPOM
MPOTEKAET MEPEMEHHBIM TOK. DTOT TOK CO3/Ia€T MEPEMEHHBIM MarHUTHBINA MTOTOK @,
KOTOPBI B COOTBETCTBUU C 3aKOHOM DJIEKTPOMArHUTHOW WHIYKIIMM HABOJAUT (WH-
IyILUPYET) B TOKOMPOBO/AIIEM BelecTBe B (B meTamnueckoi 3arotoBke) I/C e =
— da@/dt. Tlon nevictBueM uHayiupyemoir 3/1C B 3aroTOBKE BO3HHUKAIOT BUXPEBBIC
ToKU (Toku DyKO), HarpeBarolie ee Ha OCHOBaHUM 3akoHa [xoyns—IJlenna. Cxe-
Ma (cM. puc. 2.1, 2) WUIFOCTPUPYET MPSIMON MHIYKIIMOHHBINA HArpeB, IPU KOTOPOM
WHIYKTOp 00pa3zyeT Kak Obl IEPBUYHYIO OOMOTKY TpaHchopMaTopa ¢ 3aKOpOYCHHOU
BTOPUYHON OOMOTKOH B BUJIE HATPEBAEMOI 3aTOTOBKH.

JlaHHOE€ TMpeBpalIEHUE DHEPIUU SIJIEKTPUUECKOrO IO MO3BOJSET IEpelaTh
AIEKTPUUECKYIO YHEPTUIO WHYKTOpPA B HArpEeBaeMblii MaTepuall 0ECKOHTAKTHO H TIO-
JY4YUTh TEIUIOTY HEMOCPEICTBEHHO B HAarpeBaeMoM IMpeameTe. DJICKTPOMArHUTHAs
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BOJIHA HECET SHEPIUI0 ONMPEAEISIEMYI0 BEKTOPOM IUIOTHOCTH MOTOKAa MOUTHOCTH WJIH
BekTOpoM [lonTHHra.
B xomrmekcHoit hopme BekTop [loWTHHTA MpeicTaBICH BhIPAKCHUEM

S _ [é B :IBT/MZ wm Jx/(cm?) (2.1)

rac é - KOMIIJICKC aMILIUTYJ HAIIPSOKCHUSA DJICKTPOMATHUTHOI'O I10JIA;
|_X| - COHp}I)KeHHLII\/'I KOMIIJICKC aMIINTUTYIbl MAIrHUTHOI'O I1OJIA.

[Ipu MpOHMKHOBEHUH B TIPOBOSIIYIO CPEy AJIEKTPOMArHUTHAsE BOJIHA Ocial-
JISIETCS TIO SKCIOHEHIIMAIbBHOMY 3aKOHY:

-z

E=FE;-e 72, (2.2)
-z

H=H,-e %2 (2.3)

E v H — aMmmuTy bl HalIpsHKEHHOCTH AJIEKTPUYECKOTO M MATHUTHOTO TOJIEW B
[IyOMHE IPOBOSAIIEr0 MaTepHalia.

Eo n Hy — aMIIUTy 16l HAIPSPKEHHOCTH 3JIEKTPUYECKOIO0 M MAarHUTHOIO TOJIEH
Ha OBEPXHOCTH MPOBOAMMOr0 MaTeprala.

Z — paccTOsiHUE OT IIOBEPXHOCTH MPOBOJHUKA J]O MaTepuaia (M).

Zy — SKBUBAJICHTHAs ITyOMHA MPOHUKHOBEHHUS 3JIEKTPOMArHUTHOTO MoJs (M),
ONIPENENSIETCS U3 HIEKTPOKOHTAKTHOTO HATPEBA.

Z, =503 (2.4)

Ha paccrosinuu Z OT MOBEPXHOCTU aMIUIUTYAbI £ 1 H yMEHBIIAIOTCS 10 Clie-
JIYIOIIAX 3HAYEHUM:

E=E,-¢*=037E,
H=H, -¢'=037H,

To ecTb amMmIMTyna BOJIHBI YMEHbIIAETCS B e =2,718 pa3za wim 3aTyxaer 1o

(2.5)

37% cBoero HauanbHOTO 3HaueHUA. [ITOTHOCTH S MOTOKA MOUTHOCTH MEPEHOCUMAs
AJIEKTPOMArHUTHOM BOJIHOM YOBIBa€T MO Mepe MPOHUKHOBEHHWS BOJHBI B TIyOb
HarpeBaeMoro Marepuaia o 3aKOoHy

V4
S=S,-e % @5)

Sy — IOTHOCTH MOTOKA MOIITHOCTH HAa TIOBEPXHOCTH IMPOBOIHUKA

[IprurHOM 3aTyXaHus SJICKTPOMArHUTHOM BOJIHBI SBJISIETCS IPEBPALICHUE
AJIEKTPOMArHUTHOTO B TEIUIOTY MO 3akoHy J[xoyns — JleHua, BCIEACTBUE 4YEro u
MPOUCXOAUT WHAYKIIMOHHBIA HarpeB Mmertaia. [[IOTHOCTH mMOTOKa MOIIHOCTH Ha
rIIyOWHE S, YMEHBIIIAeTCS JI0 3HAYCHUS

S=5,-e2=0.14S, @7
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T.e. cmoem TONUMHON S moryioniaeTcss U BbIACNISIETCS B BHUJE TEIIOTHl 86%
BCEU YHEPrUH MPOLIECIIECH Yepe3 MOBEPXHOCTHBIN CJIIOW ITPOBOIHUKA.

JleficTBUTEIbHAS YacTh BEKTOpa S OmpenessieT MIOTHOCTh MOTOKA aKTUBHOM
MOITHOCTH BBIAEJSIONICHCS B BUJI€ TETUIOTHI.

R.S=P=2.10"(lw)*/pu, f (2.8)

rac | — cnna Toxa B HHAYKTOPC; (v — YMUCJIO BUTKOB IMPUXOIANICCCS HaA Im JJIWHBI MH-
AYKTOpa, p U Y — YACJIBbHOC JJICKTPHUYCCKOC COIIPOTHUBIICHUC WU OTHOCUTCIIbHAS Mar-
HUTHAaA IIPOHUITACMOCTb MCTAJLJIA, f —gacrtora TOKa, FH.

pre, T - K03 PUIMEHT MOTrIoMEeHUs] MOIITHOCTH.

Ha mpakTuke uMeroTcs Tena pa3indHoi (GOpMbI MOSTOMY MOTOKH MOITHOCTH
yepe3 OOKOBYIO MOBEPXHOCTh METAJUIMUECKOro IMIMHApa AuameTpoM D, BeicOTOI

IM u mepumerpom 11 = 7D, onpenensres:
P, =2-10°(lw)* - I1\/ ps, K,
Q =2-1O_3(|a))2 A pu, T - KQ

rae K, u Ko — nonpaBouHble KOA((QHULIUEHTHl aKTUBHOM U pEaKTUBHOM MOLTHOCTU

(2.9)

YUYUTBIBAIOIIHUC KPUBU3HY OT €I'0O OTHOCHUTCIIBHOI'O JUaMCTpa %0 .

[Ipy HarpeBe HE MarHUTHBIX METAJIOB, JJISi KOTOPBIX =1 W3MEHsETCS UX
yACJIbHOE CONMPOTUBIICHUE, a MPU HArpeBe (PEeppOMArHUTHBIX METAJJIOB (CTajieil) u3-
MEHSIETCSI U OTHOCUTEIbHASI MATHUTHAS MPOHUIIAEMOCTb.

B nocnennem ciydae yaeiabHOE CONMPOTUBIEHUE BO3PACTAET MPHU MOBBILICHUN
TEMIIEpATypPhI [0 TOYKH MarHUTHBIX pespamenuii (730-760°C) — Touxu Kropw, a 3a-
TEM €ro pocT 3aMeJisieTcs. B IeCTBUTENBbHOCTH YIEIbHOE COMPOTUBIICEHUE U Mar-
HUTHAsI MMPOHUIIAEMOCTh BO BpPEMsI HarpeBa 3aBUCSAT OT TEMIIEpaTypbl, & MarHUTHAs
MPOHUIIAEMOCTH €111 U OT HANPSHXKEHHOCTH MAarHUTHOTO TTOJISI.

CrnenoBaTenbHO, MPU HArpeBe U3MEHSIOTCA KOA((PUIIMEHT W MOIIHOCTh IO-
IJIOMIAEMAasi METAJUIOM.

JIns MHOYKUMOHHOTO HarpeBa HERJIEKTPONPOBOJHBIX WIIM KUJIKUX BEUIECTB
WCITOJIB3YIOT KOCBEHHBIW WHIYKITMOHHBIA HarpeB (puc.2.1 0). B atom ciyuae Bete-
CTBO HAarpeBarOT B METAUIMYECKOM LUJIMHAPUYECKOM cocyae EK, KOTOpbIM B CBOIO
ouepeqlb Pa3orpeBaeTCs MHIYLUUPYEMBIMUA B HEM TOKAMH, BbI3bIBAEMBIMH IE€PEMEH-
HBIM MIOTOKOM OT Pa3MEIIEHHOT0 Ha COCYe UHAYKTOpa /.

B 3aBucuMoOCTH OT LI€JIEN HArpeBa, pa3mMepa TeJl U CBOKWCTB BEILIECTBA JJIA UH-
TYKIMOHHOTO HarpeBa MPUMEHSIIOT YCTaHOBKHM ¢ TokaMu HU3kou (1o 50 I'm), mpo-
mbinuieHHO# (50 I'm), cpeaneit (mo 10 k['1) u Beicoko# (cBhimie 10 k') 4acTOTHI.
NHAyKUMOHHBIN HArpeBaTellb MOXKET COCTOSITh U3 MOIIIHOIO UCTOYHUKA BBICOKOM 4a-
CTOTHI M KOJIEOATEILHOTO KOHTYPA, BKIFOUAIOIIETO B CE0St MHIYKTOP (PUCYHOK).
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Pucynok 2.3 Cucrema HHIyKIIMOHHOTO Harpena

Kak yka3bpIBajioCh, MHIYKIIMOHHBIA HArpeB, 3TO HarpeB TOKOMPOBOASIIUX Tl
B DJICKTPOMArHUTHOM II0JI€ 3a CYET MHAYKTHUPOBAHUS B HUX BHUXPEBBIX TOKOB. [Ipu
ATOM DJJICKTPUYECKasl SHEPrus npeoodpasyercs Tpuxkabl. CHavama Mmpu MOMOIIU HH-
JTYKTOpa OHA MPpeoOpa3yeTcsi B SHEPTUIO0 MEPEMEHHOTO MAarHUTHOIO TOJIsI, KOTOpasi B
TeJle, MOMENIEHHOM B MHIYKTOpP, MPEBPAIIACTCS B YHEPTUIO JICKTPUUECKOrO TOJIS.
3aTeM MoJ ACMCTBUEM SJICKTPUUYECKOIO MOJIA €r0 3HEPTUS NMPEBPAIIACTCA B TEIIO-
By10. [lepenaua sHepruu npoucxoauT OECKOHTAKTHO. MIHAYKIIMOHHBIN HarpeB sSBIIsi-
eTCs MPSIMBIM U 0€CKOHTAaKTHBIM. OH TO3BOJISICT IOCTUTATh TEMIIEpaTyphl, T0CTATOY-
HOW JIJIS TUTIABJICHUS CaMbIX TYTOIUIABKUX METAJUIOB U CIIABOB.

DJIEKTPOMAarHUTHAsI SHEPTHUs, MOJABOAMMAS K MHAYKTOPY, PacXoayeTcs Ha Io-
JIE3HBIN HArpeB JETalu, KOMIICHCALIUIO TEIIOBBIX MOTEPH C €€ MOBEPXHOCTH, a TAKKE
Ha HarpeB MpPOBOJIA UHAYKTOpPA TOKOM, MPOTEKAKOIMMUM 10 HEMY. OTHOILICHUE >HEP-
run Q1 3aTpauyeHHOW Ha HArpeB JCTaJId, KO BCEHW DHEPTUH, MTOABEACHHOW K MHIYKTO-
py, Ha3biBaeTcs ero noaHbsiM KII/I:

Q
Q+Q+Q, (240)

77” :nm.UQ -

TI€ Ny Ny N, — TONHBIN, TepMuyeckuid U anektpuueckuit KITJ[ unaykropa; Q; — mo-
JIE3HO pacxojyemass Ha HarpeB Jaetanu Teruiota, JIxk; Q, — TermioBble MOTEpPH,
JIx; Q3 — TerI0Ta, BRIIETSIONMASCS B MPOBOAC HHAYKTOPa, [[X.

Tepmuueckuit KIIJI, Xxapakrepu3yromui TEIUIOBBIE MOTEPU C MOBEPXHOCTHU -
Tajiv, PaBEH:

__Q
“0.+0, (2.12)

Onextpuueckuit KIIJI, xapakTepu3yromuii COBEpIICHCTBO MEPEAAYN IHEPIUU
W3 UHIYKTOpa Ha JeTallb, IPEACTABIIsAECT COOOM OTHOIIEHUE AJICKTPOMArHUTHON SHEP-

T

TYH, IOCTYNAIOIIEH B IETANb, KO BCEX SHEPTUH, NOJABOAUMON K UHIIYKTOPY:
13



n. = Q+Q, > 19
"7 Q+Q, +Q, (212)

Ecau snepruto Q;, Q2, Q3 OTHECTH K eIMHHUIIE BPEMEHHU, TO MOYKHO 3aIiCcaTh:

n,=—= (2.13)

rae P, - MOIIHOCTh, nepeaaBaeMasi B JeTallb, BT; P - MOIIHOCTb, MOJABEICHHASA K WH-

JIIyKTOpY, BT.

Cucrema MHIYKTOp — A€Tallb MPEJCTaBIsAeT cOO0M BO3AYIIHBIM TpaHchopma-
TOp, Y KOTOPOrO MEPBUYHON OOMOTKOU SBIISIETCSI MHIYKTOP, & BTOPUYHON OOMOTKOM
Y OJTHOBPEMEHHO Harpy3Koi — HarpeBaeMblid MeTaiul. HanpskeHnue Ha uHAyKTOpe, B:

Uy =1, -y(R R, 2+ (X, + X, ) (2.14)

rae |; - Tok B uHaykrope, A; Ry m X; - akTUBHOE€ M WMHIYKTUBHOE CONPOTUBIIECHUE

nepBUYHON 1ienu (MHAYKTOpa), OM; Ry’ n X5’ - akTMBHOE M MHIYKTHUBHOE COINPOTHB-
JIeHHWE BTOpUYHOM 11enu, OM, MpUBEJECHHBIE K TOKY HHIYKTOpA.
Comnpotusnenne R,' u X"

R, =R, W, (2.15)
Xlz =X, W, (2.16)
rae R, u X, — akTUBHOE M MHIYKTUBHOE CONPOTUBIIEHUsI BTOpUUHOU nenu, Om; W, —

YUCIIO BUTKOB UHIAYKTOPA.
MowHocTh, IepeiaBacMasi B 1€Talb:

Y
Pz - |1 | Rz (2.17)
AKTHBHOE conpoTtuBieHre, OM, METAIUTUYESCKOTO MUIMHIpa auaMmeTpoM Dy, M,
u JuiHOoM |, M:
_ P D,

R
2 - 2,,

(2.18)
TIE pp - YICJIBHOE DJIEKTPUYECKOE COINPOTUBIIEHUE HArpeBaeMoro MeTalia,
Om-'Mm; D, - quamerp munuuapa, m; | - qivHa nuianagpa, M; Z,, - SKBUBaJICHTHAS TIIy-
OMHA TPOHUKHOBEHUS AJICKTPOMArHUTHOTO IOJIS B HATPEBacMOM MeETaJlIe, M.

AKTHUBHOE conpoTuBieHne, OM; HarpeBaeMoro Metajia, IPUBEICHHOE K TOKY
HWHYKTOpa B COOTBETCTBUU C (DOPMYJION:

2
: p, D, W
R, =R, W =% | : (2.19)
Loy
MommHocTts, BT, nogaBaemas Ha HUHIYKTOP,
P=17-(R+R,) (2.20)
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Honaraﬂ, 4YTO BUTKH MHAYKTOPA HAMOTAHBbI oe3 3a30pa, ¢ HCKOTOPbIM HpI/I6JII/I-
KECHHUEM MOXHO CUMTATh, UTO

R =101'7Z-'D1'W2
1 -2 (2.21)
01
TAc p1 - YACJIBHOC JBJICKTPUYCCKOC  COIIPOTHBJICHHC IIPOBOAHWKA HWHAYKTOPA,
Owm-wm; D; -nuamerp unaykTopa, M; | -1uimHa UHIYKTOpA, M; Zo; - SKBHUBAJICHTHAS TIIy-
6I/IHa IMPOHHUKHOBCHMS JICKTPHUYICCKOI'O TOKA B IIPOBOJJHUKE MHAYKTOPA, M.
HDCI/IMVHICCTBa HHIAYKIIMOHHOI'O HAarpena.
BBICOKOCKOPOCTHOﬁ HarpcB UJIN IINIaBJICHUC,
Bos3MmoxHO IMPOBOAUTDL HAI'PCB € CPCAC 3alIUTHOI'O I'a3a U B BAKYYMC,
WHIYyKTOp MOXKHO U3rOTOBUTH 000 (YOPMEI;

B03MOXXHO TpPOBOAUTH TJIYOMHHBIA, MOBEPXHOCTHBIM WM M30UpaTEIbHBIN
Harpes;
B03MOXHOCTB Kak MPSAMOTO TaK 1 KOCBEHHOT'O HArpeBa.
HenocraTku MHAYKIIMOHHOIO HArpesa:
B crienmanbHbBIX TEXHONIOTHX MOBBILIEHHAS CII0KHOCTh 000PYOBaHMS;
HeoOxoaum kBanuuImupoBaHHbINA IEPCOHAI JUIsl HACTPOMKU U PEMOHTA;
[Tpu rI0X0OM corjacoBaHUH WHAYKTOpA C 3arOTOBKOM TpeOyeTcst 0OIbIIast MOIIY

HOCTh Ha HarpeB, YeM B ClTydae MIPUMEHEHUS JTSI TOU Ke 3aa4u TPYTUX
HarpeBaTeseu;

MorHbIe HHAYKIIMOHHBIE YCTAHOBKH CHJIBHO YXYIIAIOT TTOKA3aTeNId KauyecTBa
AIIEKTPOIHEPTUH, TTIOITOMY TPEOYIOT OTIETBHBIX HCTOYHUKOB AJIEKTPOCHAOKECHHUSI.

B mpoMBIIIIEHHBIX TEXHOJIOTHSIX UCIOIB3YIOT TaK)Ke WHAYKIIMOHHBIC YCTPOU-
CTBa MPOMBIIUICHHOW YaCTOThl ¢ MHOTOBHUTKOBBIM HMHIYKTOPOM B (PeppOMarHUTHON
TpyOe W BOJOHArpeBarelb-TpaHchOpMaTOp, BTOPUYHAS OOMOTKAa KOTOPOTO BBI-
MOJTHEHA U3 CTAIBHBIX TPYO, 3aMKHYTBIX HAKOPOTKO JUTsl HArPEBa MIPOTOYHOM BOJIBI.

YCcTaHOBKM WHAYKIIMOHHOTO HAarpeBa IMUPOKO HMCTONB3YIOT IS WHIYKITHOH-
HOM TUTABKM M HarpeBa METAJJIOB, KOCBEHHOTO AJIEKTPOHATpEeBa JKUIKUX, ra3000pas-
HBIX M CBIITYYHX BEIIECTB, @ TAK)KE IMOYBKI, TI0JIa U CTCH PA3IMYHBIX CTPOSCHUH, B TOM
YHCJIE CeTbCKOXO035MCTBEHHOTO Ha3HAYCHHUSI.

2.4 Dy1IeKTPOAHbIIi HATPEB

OnexkTpoaHblii criocob HarpeBa (puc.2.10) OoTHOCHUTCA K MPSIMOMY HarpeBy U
MPUMEHSIETCS AJI1 MPOBOJIHUKOB BTOPOTO poja, T.€. 00JIaJaloluX HOHHONW TTPOBOIU-
MOCTBIO: BOJIbI, MOJIOKA, (DPYKTOBBIX U SATOJHBIX COKOB, COYHBIX KOPMOB, IMOYBHI, Oe-
TOHA U T. II.

[IpeoOpa3oBaHue ANEKTPUUYECKOW SHEPrUU B TEIUIO MPOUCXOAMUT HENocpe-
CTBEHHO B HarpeBaeMoOW Cpeje - AEKTPOJIUTE, B KOTOPOM MO ACHCTBUEM AJIEKTPH-
YECKOI'0 I0JIsI HAYMHAETCS YIMOPSAOYEHHOE JIBM)KEHHUE MOJIOKHUTEIBHBIX M OTpHIIA-
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TENbHBIX MOHOB BELIECTBA K JJEKTPOAAM, HAXOMALIMMCS IO JJIEKTPUUECKUM I10-
TEHIUAJIOM. JIBUTasCh C yCKOPEHUEM, HOHBI CTAJIKUBAIOTCS C HEUTPAJIbHBIMU aTOMa-
MU U MOJIEKYJIAMH BEIIECTB 3JEKTPOIUTOB U OTAAIOT MPU 3TOM 3aIaCEHHYIO KUHETH-
YEeCKYI0 DHEPrHI0, KOTOpas MpEeBpallaeTcsi B TEIUIOBOE ABM)KEHUE 3TUX AJIEMEHTap-
HBIX YaCTHI], TEIJIOCOAEPKAHHNE BEIIECTBA MOBBIIIAETCSI.

B oTnnume OT 3MEKTPOHHON MPOBOAMMOCTH B MeETalljie, MPOTEKaHHE TOKa B
AIEKTPOJIUTE COMPOBOXKAAECTCS PACXOJOM 3JIEKTPUUYECKONM SHEPrurh HE TOJBKO Ha
Harpes, HO U Ha IIEPEHOC BEUIeCTBa U Ha XUMUYECKHUE TIpeBpalieHus. B 6onpmmHcTBE
CllydaeB TaKOW HarpeBarTeilb MCHOJB3YIOT JUIsl HarpeBa Bojbl. IlosTomy Bce nanb-
HEeHIIMe paccyXIeHUsl Mbl OyleM BECTU NPUMEHUTENIBHO K 3JEKTPOJHOMY BOJIO-
HarpeBaTenio.

DNEeKTPOAHBIA HArpeB SBISETCS HAauOOJee MPOCTHIM M AKOHOMHUYHBIM CIIOCO-
OOM HarpeBa, a caM 3JIEKTPOJHBIN HarpeBaTeslb HE TPeOyeT JHS CBOEr0 M3rOTOBIIE-
HUS JOPOTOCTOSIINX MaTepPHAIOB U OUYEHb HAJEKEH B paboTe. DIEKTPUIECKUI TOK B
TaKOM Harpesarese npeodpasyercs B Termio ¢ BbicokuM KIIJI, mockonabky 310 nmpeoo-
pa3oBaHUE MPOUCXOTUT HEMOCPEACTBEHHO B HAarpeBaeMoM Marepualie. Brikunanue
BOJIbI HE OMNAaCHO JUIsl IIEJIOCTHOCTH 3JEKTpoAoB. OJHAKO TaKOW HarpeBareib IpU
OIPE/IENICHHBIX YCIIOBUSAX SABIISETCS JIEKTPUUECKH OMACHBIM JUISl dKUBOTHBIX U JIIO-
nei. Ero MOIIHOCTB B MpOIIECCE HarpeBa HE OCTAETCs MOCTOSIHHOM, a 10 Mepe pocTa
TEMIIEPATYphl yBeInunBaercsa B 3-4 paza. Kpome TOro, cpenHssi MOIHOCTh HarpeBa-
TEJs 3aBUCUT OT YAEIBbHOTO CONMPOTUBIICHHS BOJbI. U, HaKOHeI, Takol HarpeBaTelb
MOJKET HarpeBaTh TOJIHKO TOKOMPOBOIAIINE KUIKOCTH.

DneKTpoaHas cucTeMa BoJOHAarpeBaTess 1o gopme ObIBAaeT IMIIOCKOW WM LIU-
JUHIPUYECKON. DJIEKTPOAbl MPHU 3TOM BBINOJHAIOT JUIIb (PYHKIMIO BBOJAA TOKa B
HarpeBaeMblil MaTepuas, HO CaMd TOKOM MPaKTUYEeCKH He HarpeBatoTcs. st ux us-
TOTOBJICHHSI MOKHO TPUMEHITh OOBIYHYIO WJIM HEP)KABEIOIIYIO CTaTh, DJIEKTPOTEX-
HUYECKUM rpadur.

Bo u3bexxanue smeKkTposin3a BOAbl U 00pa30BaHUU IPEMYYEro rasa B TaKHX
HarpeBaTeNsIX MCIOIb3yeTCs TOIBKO MEPEMEHHBINA TOK, T.K. MOCTOSIHHBIM TOK TOTYAC
BbI3bIBAeT AeKTposin3. OnHako U paboTas Ha MEPEMEHHOM TOKe, JaHHBIA TUH Ha-
rpeBatressi MOXKET TaKKe BBI3BATH AJIEKTPOJIU3, T.€. Pa3sIoKeHUE HEUTpanibHON MoJe-
kynbl Boasl H0 Ha ABa aToma BoJopoia U KUCIOpoJa ¢ 0Opa3oBaHUE MPH ITOM ra-
3000pa3HOI CMECH.

Takast cmechb, cocTosas U3 AByX yacteu (mo o0beMy) BoJOpoAa U OAHOM ya-
CTH KUCIIOpOJa, OYEHb B3pPHIBOOMACHA, OJJHAKO €€ 00pa30BaHUs MOXHO H30eXKaTh,
€CIId OTPAaHUYUTH IMJIOTHOCTh TOKA HA DJEKTPOJaX M0 MPEACNbHO JOMYCTUMBIX 3Ha-
YeHHH, KOTOPBIE COOTBETCTBYIOT ISl TUIOCKHX 3IEKTPOIOB joommax = 0,5 AlcM?, mst
DIIEKTPOIOB HUIUHAPUUCCKON POPMBL  Jyonmax = 2,0 A/em?. B obmmem ciy4ae IJIoT-
HOCTb TOKa OMPEIENIAETCS 0 MAaKCUMAIbHOMY TOKY |nax, CTEKaIOLIEMY C 3JIEKTPOJa,
¥ €r0 aKTUBHOM MOBEPXHOCTH S 1 pasHa j = I/S, A/cm’.
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JlommycTuMas HalpsiKEHHOCTh 3JIEKTPUUYECKOTO TOJI B MEKAJIEKTPOJIHOM IPO-
CTPAHCTBE HE JOJDKHA IPEBBIIATH NPOOMBHOM MPOYHOCTU F, BOJBI BO M30€KaHUE
HapyUIeHUs] HOpMaJIbHOI paboThl BoJOHArpeBares: Eq o =Fy,/(1,5...2,0), B/cm.

dnexmpuuecKkas npo8ooOUMOCIb 800bl U MEMOObL €€ ONPeOeeHUs]

Boga 6e3 mpumecel mpakTUYeCKHd HE MPOBOAMUT 3JeKTpuueckuil Tok. IIpoBo-
JUMOCTDH BOZBI 00YCJIOBJICHA HAJIMYHEM PACTBOPUMBIX B HEW COJEH, KHCIIOT, ILIENO-
4eil, MOJIEKYJIbI KOTOPBIX 00pa3yloT MOHBL. Tak, Hampumep, conaepxkanue 0,5 Mr/kr
coJIeil MOBBIMACT YASTbHYIO IIpoBoauMocTh Bogsl Ha 110 ® Om™-em™,

Benuuuna, o6paTtHas mpoOBOJUMOCTH HA3bIBACTCS YACIbHBIM CONMPOTUBICHUEM
BOJBI p,. OM'CM, TIpU 3aJJaHHOM Temmeparype i, yIpoileHHOe BhIPa)KEHUE KOTOPOIro
MOKET OBITh 3aIMCAHO TaK:

_ 40,020
P 04t

IJIC Poo - YACIBHOE COMPOTHBIICHUE BOABI Ipu  TemmepaTtype 20°C; t - TeMmeparypa
BojbI, °C.

N3 dopmyibl BUIHO, YTO yAEIBHOE CONMPOTUBJICHHUE BOJIbI 3aBUCUT OT €€ TEM-
nepatypbl. C BO3pacTaHHEM TEMIIEPATYPhl YBEIMYHMBACTCS CTENEHb JIHUCCOLMAIIMN

(2.22)

MOJIEKYJ COJIeH U KHUCIIOT Ha MOHBI U UX MOJIBUKHOCTH, BCIEACTBUE YErOo COMPOTHUB-
JICHUE BOJIbl YMEHBIIIAETCS.

BennuuHa TOKa, IpPOTEKAIOLIEr0 Yyepe3 BOAY, a CIEN0BATEIbHO, U MOIIHOCTh
BOJIOHArpeBaTENs 3aBUCHUT OT CONPOTUBIICHHS BOABI. [[03TOMY 3TH mapaMeTpbl TakxKe
MEPEMEHHBI B MPOILIECCE HArpeBa. IJTO SBISIETCA OJHUM M3 HEJOCTATKOB AJIEKTPO/I-
HBIX BOJIOHArpeBaTeseu.

2.5 JImdaeKTpUUYeCcKuii 3J1eKTPOHATPEB.

Brnepsbie 3dekt HarpeBa AUAIEKTPUKA B NMEPEMEHHOM 3JIEKTPOMArHUTHOM
nosie 3adukcupoBan B 1864 r. 3. B. Cumenc (I'epmanus), 3arem B 1886 r. N.U.
boprman (Poccus) - uccienoBasics HarpeB CTEKJISHHOW CTEHKH KOHJIeHcaTopa (JeH-
JICHCKOM OaHKM) Mpu 3apsaie u paspsae. Mcnonb3oBaHue 31€KTPUUYECKOro TOKa, Ipo-
XOJAILEro 4epe3 AUDJIEKTPUKH U IOJYIPOBOJHUKH B IMEPEMEHHOM 3JIEKTPUUYECKOM
10JIE, SIBJIAETCS OCHOBOM JIHMAJEKTPUYECKOTO HArpeBa, KOTOPBIA MMEET MpEeUuMyIlle-
CTBa Mepe IpYyruMu croco0aMu HarpeBa. ITo ObICTPOTa, PABHOMEPHOCTD U BBICOKAs
MPOU3BOAUTEILHOCTb. C HHEPreTUYECKON TOYKH
3peHHUs TakOW HarpeB sBJAETCS HamOoJiee d3(PPEKTUBHBIM, MOCKOJbKY MPU €ro OCY-
IIECTBJICHUH BCSl PHEPTUSI BHOCUTCS B MAacCy HarpeBaeMoro Marepuarna.

IIo TeXHOJIOTHYECKUM IMPU3HAKaM YCTAHOBKH BBICOKOYACTOTHOI'O JHM3JIEKTPHU-
YECKOI'0 HarpeBa MoApa3JeisoT Ha TP BUA:

1. YcraHoBKU MEpBOro BHJIa UCIOJB3YIOTCS B IMpoLieccax MPOMBIIUIEHHOW 00pa-
OOTKM KPYMHBIX W3JETuH, TpeOyIOIUX OBICTPOTrO HAarpeBa B OJHOPOIHOM JJIEKTPH-
YECKOM IT0JIE: CYHIKAa BOJIOKOH IIEPCTH MJIM XJIOMKA, HEJUTK0JI03bl U JIECOMATEPUATIOB,
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OOXUT KPYIHBIX 3JIEKTPOU30IATOPOB U (haphOopoBBIX U3AEIHM, MPOU3BOJCTBO 3BYKO-
U TETUIOM30JISIIMOHHBIX MAaTEPHAIIOB, CBAPKA MJIACTMACC U MOJIMMEPHBIX IJICHOK.

2. YCTaHOBKHM BTOPOTO BUJIa MIPUMEHSIOTCS JIJIsl HArpeBa MPOTSKEHHBIX MIIOCKUX
U3JIeTUI: CyIIKa TEKCTUJIBHOTO BOJIOKHA, PUCYHKOB Ha TKaHsX, Oymaru, (pororuieH-
KM, XUMUYECKUX U (apMaIleBTUICCKUX NPEmapaToB, MOJIUMEPU3AINH KJICEB, HAarpeB
KayudyKa, macTepu3anus u T. 1.

3. B ycTraHOBKax TpeThero BHIa MPOBOASTCS MPOIIECCHI, HE TpeOyronme ObICTPO-
ro U OJTHOPOJHOTO HArpeBa: pa3MOpakUBaHUE MPOYKTOB, Pa30rpeB U OBICTPOE MPU-
TOTOBJICHUE OJIIO/, O0KUT MPOCTHIX KEPAMUUECKUX U3IEIHH, CyIlIKa TPUOOB, Yast U T.
.

[Tox nusnEeKTpUYEeCKUM HarpeBOM MOHMMAETCS HarpeB AUAJIEKTPUKOB U MOJTY-
MPOBOJAHUKOB B TIEPEMEHHOM »JJEKTPUUECKOM TI0JIe, MOJ| ACHCTBHEM KOTOPOTO
HarpeBaeMblii Matepuan noJsgpusyetcs. [lonspuzanus — 5TO MpPOIECC CMEIICHUS
CBSI3aHHBIX 3apsJI0B, IPUBOASAIIUN K MOSBICHUIO JIEKTPUUECKOTO MOMEHTA Y JIF000-
ro MaKpOCKOIMYECKOIo 3JIeMeHTa oO0beMa. YacThllbl TUAJIEKTPUKA, TTOMEIIEHHOTO B
AIEKTPUUYECKOE TOJIE, UCIBITHIBAIOT MEXAHUYECKOE BO3JCHCTBHE, CMEIIAIONICE I10-
JI0KUTENBHO 3apsKEHHBIEC YACTHUILIBI B OJJHY CTOPOHY, 4 OTPULIATENIBHO — B APYTYIO.

Ero ocymiecTBisioT nepemenHviM 31eKmpuyeckum nojiem M UCTOIb3YIOT s
HarpeBa BeIIeCTB, 00J1aJal0IINX CBOMCTBAMU AUAJICKTPUKOB U MOJYIPOBOIHUKOB.

Pabouast kamepa yCcTaHOBKH JUAJICKTpUYECKOro Harpesa (puc.2.1 3) mpeacras-
JseT coboil cBOeOOpasHbIM KOHAEHCATOP, MOJKIIOYAEMbId K BBICOKOYACTOTHOMY
(500 — 200000kI') ucToyHMKY TIepeMEHHOTO HamnpspkeHus G, MeXIy OOKIaIKaMu
KOTOpOr0 MOMEIIAI0T HarpeBaeMoe BewecTBo B. I1ox nercTBueM BbICOKOYACTOTHOTO
MEePEMEHHOT0 AJIEKTpUUecKoro modisi E, oOpasyromerocss Mexay OOKIagKaMu KOH-
JIEHCATOpa, MPOUCXOJUT MEPUOANYECKasl 3HAKOMEPEMEHHAs IMOJiApU3alvs UOHOB U
MOJISIPHBIX MOJIEKYJI BellecTBa. B pesynbTaTe mepuoauyecKkoro MpeoiosieHUs UMU
MEXMOJIEKYJIIPHOTO TPEHHUS W CUJI UHEPLUMHU B BEIIECTBE B BBIJCISAETCA TEIIOBas
SHEPrusl.

MomuHocTh, BhIACNSEMas B €IUHUIIE O0ObEMa HArpeBaeMoOro JIUAJIEKTPUKA
ONPENIEIIAECTCS MO BBIPAKEHUIO:

P, =5.55-10 " fE°E,tgS (2.23)
N3 ypaBHEHHUs crenyer, 4To IUAJICKTPUYECKas MPOHUIIAEMOCTh E, W TaHTEHC

yIia 0 - OCHOBHBIE XapaKTEPUCTHKU TUAIEKTPHUKA, ONPEIEISIOIINE €ro HarpeB B Ie-
pemenHoM ToJie. OHHM 3aBUCST OT 4acTOTHI TOKa MHAyKTOpa f , ero HampspkeHHOCTH
E, Temneparypbl JUAJIEKTPUKA U HEKOTOPBIX APYTUX (PaKTOPOB.
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Puc 2.4 3aBucUMOCTD TUAIIEKTPUIECKON TPOHUIIAEMOCTH OT YaCTOTHI

[Ipy HM3KHMX YacTOTaX CMEIIEHUE 3apsfoB B JUAJICKTpUKE (MTOJISIpU3AIUS)
YCIIEBAET CJIEAOBATh 32 U3MEHEHUSMH SJIEKTPUYECKOTO IMOJIsl, TOATOMY IMOTJIOMICHHE
SHEPruM He3HAYUTENbHO. C MOBBIIMIEHMEM YaCTOThI CKOPOCTh CMEIIECHUS 3apsiioB
BO3pacTaer, mo3Tomy tgd Ha Hekoropoit yacrtore f mocturaer max . Ilpu naabHE#-
IIEM TOBBIIICHUU YaCTOTHI 3apsibl HE YCIEBAIOT CMEIIAThCs, OTCIEKHUBAsT U3MEHE-
HUS DJIEKTPUYECKOTO MOJIsA, TO3TOMY E, YMEHBIIAETCA U CJICI0OBATEIbHO YMEHBIIIAET-
cs tgo.

B 3aBUCMMOCTH OT CTPYKTYpbI JUAIEKTPUKA U XapaKTepa MOJIIpU3aLU KprUBast
tgo MOXXEeT UMETh HECKOJIbKO MaX, a KpuBasi E, - HECKOJBKO CTYNEHEW CHMXECHUSI.

YToOBl yBEAUYUTh 0OBEMHYIO INIOTHOCTh MOIITHOCTH, BBIACIISIOMIECHCS B TUAIEKTPU-
K€, T.€ Il UHTeHCU(PUKAIMH MPOIlecca HarpeBa UCIONb3YIOT BICOKHUE U CBEPXBBICO-
KM€ YacCTOTHI, a TaK K€ BBICOKHE HANPSKEHHOCTH.

OpHako ¢ TOBBILIEHHMEM 4YacTOThl YMEHbBIIAETCA TINIyOMHAa MPOHUKHOBEHUS
AJIIEKTPOMATrHUTHOM BOJHBI B PEANBHBIN JTUANEKTPUK. [TyOMHY HPOHHUKHOBEHUS
AIIEKTPOMATrHUTHOM 3HEPrun Z, ONPEAessaoT Mo cienyroumei hopmyre:

7 = A
° /fA\/ZEr(lﬂgz&—l)] (2.24)

rjie A — JJIMHA BOJIHBI COOTBETCTBYIOIIAsl paboyeil yacTore, T.K B OOJBIIMHCTBE CITY-
yaes g0 < 1, To

Ly = %A\/E_rtgé‘) (2.25)

HauGonpiee pacmpoctpaneHue MoMydwin ajis Tepmoobpaborku B CBYU —
JIMana3oHe HCIONb3YIOUIME 3JIEKTPOMArHUTHBIE KojeOaHus Ha yactorax 433, 915,
2375 MTI'n.

OcHOBHBIE 0COOCHHOCTHU AUDJIEKTPUUECKOI'O HarpeBa COCTOST B CIEAYIOIEM

1. TernyoTa BBIAENSETCS B CAMOM HAarpeBaeéMOM MaTepHalie, YyTO IO3BOJSET B

JIECATKU U COTHH pa3 YCKOPUTH HArpeB (MO CPAaBHEHUIO C KOHBEKTUBHBIM). DTO

O0COOEHHO 3aMETHO Ul MAaTepHaJIOB C MaJION TEIUIONPOBOJHOCTHIO (IepeBa,

3epHa, IacTMacc u Jp.).
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2. TUANEKTPUYECKUN HArpeB CEJIEKTHBEH: ylelibHas 00beMHas MOUIHOCTb, a
CJIEIOBATENBHO, U TEMIIEpATypa KaKIOr0 KOMIIOHEHTa HEOJAHOPOAHOTO MaTepualia
pasznuyHa. OTy OCOOEHHOCTh B CEIBLCKOM XO34WCTBE HMCHOJB3YIOT, HapUMEp, MpH
JIE3UHCEKIMY 36€pHA U 3aMapUBaHUU WIEIKOMPAIA.

3. TIpU TUAJIEKTPUICCKON CYIITKE TEIIOTa BBIJAEISETCS BHYTPH Marepuana, a
CJIeIOBaTEILHO, TEMIIepaTypa B IIEHTPE BbIIIE, yeM Ha nepudepun. Biara BHyTpH
MaTepHuaa MepeMenIaeTcsl OT BJIAYXKHOTO CJIOSL K CYXOMY M OT FOPSYEro K XOJIOAHOMY.

4. mpu HarpeBe M CYIIKE B AJIEKTPUUECKOM MOJI€ BHICOKON YaCTOThl YMEHbIIIA-
eTcst (aKkTop MOTEPh, a CIIETOBATEIBHO, U MOIIIHOCTh TEIIOBOIO MMOTOKA.

[Ipeumy1iiiecTBO AMAIEKTPUUECKOIO HArpeBa B TOM, U4TO NMpeoOpa3oBaHUe MO/I-
BOJMMOM 3JIEKTPUYECKON SHEPTUU B TEIJIOBYIO MPOUCXOAUT HEMOCPEACTBEHHO BHYT-
pHU HarpeBaeMoro Tejaa U OJHOBPEMEHHO IO BCEMY €ro o0beMy. DTO ONpeAesieT He-
3aBUCUMOCTb CKOPOCTH HarpeBa OT pa3MepoOB U TEIUIONPOBOJHOCTH HArpeBaeMoro
tena. [locnennee 0cOOEHHO BaXKHO ISl MAaT€PUAIOB C HU3KOM TEIJIONMPOBOJAHOCTHIO.
Kpome Toro, mpu cyiike rpagueHTbl TeMIEpaTypbl, BIAKHOCTH W JaBJICHUS JEH-
CTBYIOT U3 BHYTPEHHHUX YaCTEW K TMOBEPXHOCTH TeJa, YTO OJIArOMPUSTHO CKa3bIBACT-
Csl Ha yQJICHUU BJIary.

IIpeumywecmea

UucTelil 06CKOHTAKTHBIA METO/, TO3BOJISIIOIIUN IPOBOJIUTH PA30IPEB B BaKyy-
Me, 3alUTHOM rase u T. II.

Bricokas ckopocTh pazorpesa.

Boinenenue Teruia et BO BceM 00bEME 3arOTOBKH, YTO BAXKHO AJI JTUDJIEK-
TPUKOB, 00JIAAAIONTUX TUIOXON TETIOMPOBOIHOCTHIO.

Heoocmamxku

CnoxHOCTh 000py10BaHUsI 00BIYHO O0JIee BBHICOKA 110 CPABHEHUIO C 000PY/I10-
BaHUEM JIJIs APYTUX METOJ0B HarpeBa. PEeMOHT 1 HacTpoiika TpeOyeT KBaIU(pHUIIUPO-
BAaHHOTI'O MIEPCOHAIA.

HeobOxoanma 351eKTposHeprus, OTCYTCTBYIOIAS B MOJEBBIX YCIOBHSIX.

llpumenenue

Cyuika kepaMuKH, JPEBECUHBI (B TOM YHCIIE JJISI TPOU3BOJICTBA MY3bIKaIbHBIX
UHCTPYMEHTOB).

Caapka miactmacc.

Cy1ika KJIeeBbIX IIBOB.

PazorpeB noussl niepes 3eMIEPOHBIMU PA0OTaAMH.

PazorpeB u npUroToBICHUE MMUIIIH.

2.6 TepmodneKkTprUYeCKUil HArpeB.
Tepmosnekmpuueckue 3¢hghexmot (3¢hgpexm 3eebexa)

TepMOdIeKTpUUYECKHE T€HEPATOPhI ABJISIIOTCS YCTPONUCTBAMU HEMOCPEICTBEH-
HOT'O MPEBPAILCHUS TEIJIOBOM PHEPTUH B AneKTpuueckyto. [Ipunuun neiicteus TOI'

20



OCHOBaH Ha mpuMeHeHnu ¢ dekra 3eedeka, oTkpbiToro B 1821 r. OH 3akirovaeTcs B
MOSIBJICHUU DJIEKTPOABUKYILECH CUJIBI B 3aMKHYTOM IIENU U3 JBYX PAa3HOPOJHBIX Ma-
TEpPHUAJIOB MPU YCIOBUH, YTO HA MECTaX KOHTAKTOB MOJIJIEPKUBAIOTCS pa3HbIe TeMIIe-
paTyphl.

DnexTpuyecKas 1enb COCTOUT U3 P- U N-BETBEH TepModeMeHTa (001a1ar0mmux
pa3HBIMHU 3HAKaMHu Kod(uImeHTa TepMOIICKTPOABHUKYIIEH CHIIBI), KOMMYTAIIHOH-
HBIX JIACTUH TOPSYETrO U XOJIOJHOTO CIIAeB U aKTUBHOM Harpy3ku R.

Q
Yeyy by
L ATy
n P

—

PucyHok 2.5 TepMO3JIEKTPUYECKHN IIEMEHT
[Ipu HarpeBe ropsiuux craeB TEPMOIIEMEHTa A0 Temneparypsl T U paccenBa-
HUU TEIIa C XOJOJHBIX CHAaeB, MOAEPKUBAEMBIX IIpH TeMiiepaType Ty, Mexay crna-
MM IIPY PA30MKHYTOM LIeNH R CTallMOHApHO yCTaHABIMBAETCS Pa3HOCTh TEMIIEPATYP

T-Tx. TemnnoBoii MOTOK Yepe3 TEPMODIEMEHT B 5TOM CIIydae MOCIIE HEKOTOPHIX
YIIPOIIEHHH MOYKHO 3aIIUCaTh KaK Q=x(2S/1)(T,-Ty),
rjie X — CpeJHEMHTErpaabHble 3HAYeHHs TeIIONPOBOAHOCTEl BeTseil, a S u | — co-

OTBETCTBEHHO IJIOIIAU MMOMEPEYHOr0 CEYEHUs U JUIMHBI pP- U N-BETBEW B MHTEpBAJIEC
temnepatyp (T,-Tyx). PasHOCTB Temrepatyp Ha Criasx TEpPMOXJIEMEHTa BBI3BIBACT TEp-
Moau(p Y310 HOCUTENIEH, B Pe3yJIbTaTe Yero ropsiuve crau BeTBel 0OMEHHMBAIOTCSA
COOTBETCTBEHHO AJIEKTPOHAMHU U JIBIPKaMH, KOTOPbIE KOHLIEHTPUPYIOTCS HA XOJOA-
HBIX criassx. Hapylienue 37meKTpuyeckord HEMTPAIbHOCTH CO3JAET I0JIE, HApPaBJICH-
HOE OT XOJIOJHBIX YYaCTKOB K TOPSYMM, KOTOPOE MPEISTCTBYET AAIBHEUIIENH TEpMO-
b dy3un HocUuTenen.

B MOMEHT 3aMbIKaHUsl TEPMORJIEMEHTA Ha BHEIIHIOIO Harpy3ky R B uenu mo-
TEYEeT MOCTOSIHHBIA TOK, 00ycCiOBJIeHHbIN 3(]dexkrom 3eedeka, onpeaesseMblii Kak
I=E/(R+r), Tie r — BHYTpPEHHEE COMPOTHBIICHUE TEPMOIJICMEHTA.

TepmoanexkTpoaBrkymas cuiia E, Bo3HHKaromas Ha KOHIIAX pa3OMKHYTOM Iie-
U TEPMO3JIEMEHTA MPOIMOPLUOHANIbHAS PA3HOCTU TeMIIepaTyp U pa3HOCTH Ko3hdu-
menToB Tepmo D/IC kaxnoii Betu: E=(ay-a,)(T.-T,).

Ippexm Ilervmoe.

B ocHOBe paboThl TEPMOIIEKTPUUYECKOTO OXJIAXKIAIOUIETO MOIYJISL JEKUT (-
(dekT, OTKpbITHIN (paHiry3ckuM yacoBmMkoM JKanom Ilenbtbe, koTOpHI B 1834 T.
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OOHApYKWJI, YTO TPHU MPOTEKAHUH JICKTPUICCKOTO TOKA B IICTH, COCTOSIIEH U3 pa3-
HOPOJIHBIX MPOBOJHUKOB, B MECTaX KOHTAKTOB MPOBOHUKOB MOIJIOINACTCS WUJIA BbI-
JICTIACTCSI, B 3aBUCUMOCTH OT HAIPaBJICHUSA TOKa, TEIUIoTa. [Ipyu 3TOM KOJIMYECTBO I0-
TJIOMIAEMOT0 TEIUIa POTOPIIMOHATIBHO TOKY, MPOXOASIIEMY Yepe3 KOHTAKT MPOBO/I-
HUKOB.

HaunbGonee cunpho 3¢ ekt [lenbThe mposBiaseTcss Ha KOHTAKTaX MOJYIPOBO/I-
HUKOB C Pa3IMYHbIM THIIOM ITPOBOIMMOCTH (- WK N-) WU, IPYTUMHU CIIOBaMH, B P-
N mepexo/ie.

Oo6mpsacuenue dddexra [lenbThe 3aKT09acTCs BO B3aUMOCHCTBHH 3JIEKTPOHOB
IPOBOJUMOCTH, 3aME/TUBIIMXCS WJIM YCKOPHUBIIUXCS B KOHTAKTHOM TOTEHITHAJE P-N
nepexo/1a, ¢ TEIUIOBBIMU KOJICOAHUSMH aTOMOB B MAacCHBE TOJYIPOBOJIHKMKA. B pe-
3yJIbTaTe, B 3aBUCHMOCTH OT HAITPABJICHUS JBM)KCHUS JICKTPOHOB (M, COOTBETCTBCH-
HO, TOKA) MPOMCXOJUT HArpeB WM OXJAXKJICHHE y4JacTKa IOJYNPOBOJHUKA, HEIO-
CPEICTBEHHO MPUMBIKAOIIETO K P-N MePexoy.

Xonona

Tenno

Pucynox 2.6 JleiictBue 3¢ dekra [lenbTbe npu mpoTeKaHUHM TOKA Yepe3 MOITy-

IPOBOJAHUKHU P- ¥ N-THUIIOB IPOBOJAUMOCTH.

Dddexrt Ienbrbe (puc. 2.1 u). 1KAT B OCHOBE PaObOTHI TEPMOIIICKTPUICCKOTO
moayist (TOM). Enunnunbim snementom TOM siBnisieTcs Tepmomnapa, CoCTosIas U3
OJIHOTO MPOBOJIHUKA P-THUIIA U OAHOTO MPOBOJIHUKA N-THUIIA.

[Ipu mociienoBaTeIbHOM JIEKTPUUECKOM COCIMHEHUU HECKOJIBKUX TaKUX TEp-
MOIIap TEIUIOTA, MOTJIOaeMasl Ha KOHTAKTE Thra N-P BBIACISAECTCS HA KOHTAKTE TUIIA
p-n. TepMosnekTpuuecKuil MOJIyJb MPECTABISIET COOOM COBOKYITHOCTh TaKUX Tep-
Monap, 0ObIYHO COEOUHSEMBIX MEXIy CcO0O0il MocieAoBaTeNIbHO MO TOKY W Mapal-
JIETBHO IO MOTOKY TEIUIOTHI.
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NOMmMEPoB0AHHK

p-THNa iy
QIMTIPOEQOHWE  f =

TN s onaTop

(REpaMKE) ropAqas
CTOROHE

(meap)

=

Pucynok 2.7 Tepmonapbl MOMENIAIOTCS MEXKIY ABYX IUIOCKUX KEPAMUYECKUX

IUTACTHH

KomnuecTBo TepMomap MOXKET MU3MEHSATHCS B IIMPOKUX Mpenesax - OT He-
CKOJIBKMX €IMHHI] JO THICAY Iap, 4YTO MO3BOJLIET co3laBaTb 1OM ¢ XOJIOAWJIBHON
MOIIIHOCTBIO OT AECATBIX JA0JEH BaTT 10 COTEH BaTT.

[Tpu mpoxoxaennu yepe3 TOM MOCTOSHHOTO 3JIEKTPUUYECKOTO TOKAa 00pa3yeT-
Ccsl mepenaj TeMIepaTyp MeXIy ero CTOpOHaMHU: OJIHA IUIACTHHA (XOJIOJHAas) oXJia-
XKaaercs, a npyras (ropsiuasi) HarpeBaercs. [Ipu ucnonbzoBanuun TOM HeoOXoaMMO
oOecrieunTh 3(PPEKTUBHBIA OTBOJ TEIJIa C €ro TOpsYed CTOPOHBI, HAIPUMEDP, C TO-
MOIIIbIO BO3YIIHOIO PaANaTopa Wi BOJASHOTO TEIIOOOMEHHUKA.

Ecnu noaznepKuBaTh TEMIEPATYPY TOPSAYEN CTOPOHBI MOIYJI HA YPOBHE TEM-
nepaTypbl OKpPYKarolle cpebl, TO Ha XOJIOJHOM CTOPOHE MOKHO ITOJIyYUTh TEMIIE-
paTypy, KoTopasi OyJeT Ha JEeCATKU IpaaycoB Huxke. CTelneHb OXJaxXIeHus Oyaer
MPOMOPUMOHANIBHA BEJIMUMHE TOKA, MpoxoAsauero yepe3 TOM. Buemnuil Bua tumo-
Boro TOM mpencraBiieH Ha pUCyHKE. Te€pMOANEKTPUUECKUN HATPEB U OXJIAKIICHHE
UCIIOJIB3YIOT B TEPMOAJIEKTPUUECKUX XOJOJUIBHUKAX, B KOTOPBIX XOJOJHBIE CIau
Oarapen pacrloioKeHbl B XOJOAUIIbHON KaMepe, a ropsiune — CHAPYKH.

TepmonnekTpuueckre Oaraper 00Jalal0T CIEAYIOIUMU TMPEUMYLIECTBAMU
nepea IpyruMu UCTOYHUKAMU JIEKTPOITUTAHNUS:

— OHM XapaKTepU3YIOTCS IIUTEIbHBIM CPOKOM CIIYy>KObl M IMPAKTHUYECKH He-
OTpaHUYECHHBIM CPOKOM XpaHEHUs MPHU MOJIHOM TOTOBHOCTH K paboTe B Jt000€ Bpe-
M;

— He TpeOyIOT CenuaibHOro 0OCTyKUBAHMUS,

— YCTOMYUBEI B padoTe;

— Jar0T cTaOMIIBHOE HANPSKCHUE,

— He 0OSITCSI KOPOTKOT'O 3aMBIKaHUS U PEKUMa XOJIOCTOTO XOJa.

Kpome Toro, BBHIy OTCYTCTBHS JBHKYIIMXCS YacT€l TEPMOIIEKTPUUYECKUE
reHepaTophl MOJHOCTHIO OECIIyMHBI B pa0doTe, UTO JAeT UM MPEUMYILECTBO IMepes
MaIIMHHBIMU UCTOYHUKAMHU IOCTOSTHHOTO HAPSKEHHUS.

bnaronapsi 3TuM CcBOWCTBaM TEPMOAJIEKTPUUECKUE T€HEPATOPHI HAXOASAT MpPU-
MEHEHHE B 00JIacTAX, TJie TPEOYIOTCS CBEPXHAJEHKHbIE UCTOYHUKHU AJIEKTPOIHEPIHH,
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oOnafaronIre JUIMTEIbHBIM CPOKOM SKCIUTyaTalluu U He TpeOyrolue o0CTy>KUBaHUS:
aBTOMATHYECKNE METEOCTAHLUHA, MOPCKUE MAasiki, aBTOHOMHbBIE KOCMUYECKHE arlma-
patbl. B xauecTBe UCTOUYHHUKOB TEIJIa B HUX MOTYT UCHOJb30BaThCS PAIUOAKTUBHBIE
M30TOIBI WIH SAECPHBIE PEAaKTOphI. [ KaTOOHOM 3alUMThl MaruCTPAJIbHBIX ra3o- U
He(TENPOBOAOB OT KOppo3uu ucrnoinbdytorcsa TOI, paboraromue Ha ra3000pa3HOM
ToruuBe. {151 paboThl aBTOMATHKH Ta30BbIX OYPOBBIX CKBaKWMH mpuMeHstorcs TOI,
UCITOJIB3YIOIINE MEPETaJl TEMIIEPATYp OKPYkKAIOLIEH CPeIbl U Ia3a U3 CKBAXKHUHBI.

Henocrarkom TOI' sBnsercs cpaBuutensHo Hu3kuii KIIJ[ mpeoOGpazoBanus
sHeprud (3-5%).

2.7 UndpakpacHblii HarpeB.

NudpakpacHoe uziydeHue MO3BOJISAET IMepeaaBaTh YHEPTUIO MPU OTCYTCTBUU
HETMOCPEJCTBEHHOI0 KOHTAKTa MEXK]y UICTOYHUKOM U IpueMHuKoM. MH(pakpacHoe
U3JIydeHUe 3aHUMAaeT 00JacTh crekTpa ot 0,76 1o 420 MkM, 00JaaeT 3HAaUUTEIbHBIM
TEIUIOBBIM JICICTBUEM, U IIMPOKO MPUMEHSIETCS B CEIHCKOXO3SMCTBEHHOM ITPOU3-
BOJICTBE JIJI1 000TpeBa >KMBOTHBIX, CYIIKH TPOTYKTOB, TETJIOBOM JI€3UHCEKIIHH.

NcrounrikoM MHGpaKpacHOTO HU3MyUYEHHUS SIBISETCS JHO00€ TEIo, MUMEIoIIee
TEMIIEPATypy Bblie abcoaroTHoro Hymns. Ot Ten Harpersl 10 600°C, mepeHoc Tema
IIPOMCXOJNT 3a CUET KOHBEHIIMU. A NPU TEMIIEpaType 1500°C na U3JIy4YECHUE IPUXO-
nurcst 80% sHeprum usiydeHus. Temreparypa U3Iyqarollero Teiaa ONpeaesaeT Kak
BEJIMUMHY TTOTOKA U3JIYYEHUs, TaK U €r0 CHEKTpalibHbIA cocTaB. Bce peanbHble Tena
U3JTy4alolIfe 3HEPrui0 0ObeIMHEHbl OOIIMM Ha3BaHHMEM cepble Tena (T.e. He yep-
HbI€). [{7151 cephIX Tes, UMEIOIINX HETPEPHIBHBINA CIIEKTP U3TyUYEHUs, IPUMEHUMBI BCE
3aKOHBI U3ITy4YEeHHS a0COTIOTHO YEPHBIX TE.

DddexTuBHOCTL TemoBoro BosaecTBus MK m3nmyueHnit oObSICHAETCS TeM,
YTO HaMOOJIbIIIas OTJIONIATENIbHASL CIIOCOOHOCTh OOJIBIIMHCTRA BellecTB JekuT B UK
00JIacTH CTIEKTPa, U MPOCTOTOM CO3/IaHUsI MOIIHBIX TOTOKOB UK myuei.

UK cniekTp nensart Ha 3 yacTu:

1. KopotkoBosiHoBbI€ 0,76 + 2,5 MKM

2. CpenHeBoJHOBBIE 2,5 + 25 MKM

3. JINMHHOBOJIHOBBIC > 25 MKM

OCHOBHBIM 3aKOHOM H3Ty4YEHHS! Tell sIBJigeTcsl 3akoH [ljaHka — ycTaHaBluU-
BaIOBAIUI 3aBUCUMOCTh CTIIEKTPAIbHOW MHTCHCUBHOCTH M3inydeHus: E;r abCcoMOTHO
YEepHOro TeJia OT JUIMHBI BOJHBI A U Temmnepatrypsl T, e — u3aydaresibHasi Croco0-
HOCTb.

C A
1

p— C2 T
e M1

EAT
(2.26)
rae - C1=3,74-10° (Br-mxm*)M?, Gy = 1,44-10"Mxm K
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Puc 2.8 I'paduik 3aBUCUMOCTH HHTCHCUBHOCTH U3JIYYCHUS OT JJTMHBI BOJTHBI U
TEMIIEpaTyphl

[Tmomanes orpaHnyeHHasl Ka)KI0M M3 KPUBOM M OChIO aOCIIHMCC TMPEICTaBISET
co0OO0M MOJIHBIN MOTOK U3MEHEHHUs aOCOIOTHO YEPHOTO Tejla IIPH JaHHOM TeMreparTy-
pe. C NOBBIIIIEHUEM TEMIIEPATYphl TeJIa MPOUCXOAUT HE TOJIBKO pocT moToka UK my-
Yyel, HO 1 U3MEHEHHE €ro COCTaBa, YeM BhILIE TemIieparypa tena 7, TeM Kopode JJIu-
Ha BOJIHBI COOTBETCTBYIOIIAS MaX M3JIYYEHHIO. JTO MOJIOKEHUE COCTABIIAET OCHOB-
HOE COJIepKaHue 3akoHa BuHa.

b

ﬂ‘max
T (2.27)

rae b =2896 mxm- K — nocrosinHa Buna

Takum 0OpazoM, Mpy MOBBIMIEHUU TEMIIEPATYPHl YEPHOTO TeJa MOTOK M3Tyde-
HUS pe3ko yBenuuuBaeTcs, a MAX uznydeHus nepeMmerniaeTcs B CTOPOHY KOPOTKHUX
JUTHH BOJTH.

3akoH Kupxroda ycraHaBawBaeT CBSI3b MEXIY H3JIy4aTeIbHOW M TIOTJIONIA-

TEJIbHON CIIOCOOHOCTHIO TEJ, M 3aBUCHUT TOJIBKO OT JUIMHBI BOJHBI U TEMIEPATYPHI.

C — f(aT)
24 (2.29)

YepHoe Teno uMeeT TpH JIIOOOW TeMmriepaType HauOOJBIIYI0 BO3MOXKHYIO
U3Ty4YaTelIbHYyI0 CIOCOOHOCTh. BpICOKON H3mydaromeld crnocoOHOCThIO 001aaloT:
crekio, hapdop, HU3KoM mosmpoBanHas craib, Al u np. DpdexturHocTs MK Harpe-
Ba TEM BBIIIE YeM BBIIIE TOTJIONIATEeIbHAs CIIOCOOHOCTh TE.

Tena, o0Gnagaronre BHICOKOM HM3TydaTeIbHOM CIOCOOHOCTHIO, UMEIOT M XO-
POLIYIO MOTJIOMATENbHYIO CITOCOOHOCTh. Kax1oe BelecTBo nMeeT CBOM SIpKO BbIpa-
KCHHBI MaxX TOTJIONICHUS W TPOIYCKAaHUS B OIPENSICHHOM JHANa30He JITMHHEI
BOJTHBI.
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[Tpu momomm UMK mydelt MOKHO OCYIIECTBJISATH M30MpATENIbHBIM HarpeB (ce-
JIEKTUBHBIA) HE OAHOPOJHOM MO COCTaBy 00JydaeMOW MOBEPXHOCTH. Te yacTtu co-
CTaBJISIONIEH Cpelibl, KOTOPhle B HAaMOOJBIIEH CTENEHH MOIJIONIAIOT MaJalolue Ha
HUX JIydd, OyJlyT W HarpeBaThCs B OoJibliel cTeneHu. Torna Kak Apyrue mnpu 3ToM
MOTYT OCTaBaTbhCs XOJIOJHBIMH.

3akon Credana - bonbiiMana

7
E,=c, - T*"=57 —
T o 100 (2.30)
Jnsa peanbHbIx Ten 3akoH Ctedana — boibpiiMana MOXKeT OBITh 3allMCaH:
4
T
E, =g, - T =57 —

rae £ - 6e3pa3MepHbll KO3(PPUIMEHT CTENEHH YEPHOTHI TeJla, 3aBUCSIIUNA OT €ro
temneparypsl. Ero 3HaueHue Bcerjja MeHbIIE €IUNHULIBI.

B tabnuue 2.1 npuBegeHsl HEKOTOphIE 3HaU€HUs Kod(dduureHta &£ s pas-
JMYHBIX MaTEpUasIoOB B 33JJaHHOM UaNa30HE TEMIIEPATYP.

Tabnuma 2.1  Hekotopsie 3HaueHus ko3P purpenra &

Marepuan Temneparypa © C E
AJTIOMUHUN OKACIEHHBIN 200....600 0,11...0,19
Crab OKHCIIEHHas 200....600 0,73...0,79
Cranp numdoBaHHas 940....1100 0,52....,0,61
Bonbsppam 230....2230 0,053....0,31
XPpOMOHHKETH 52....1035 0,64....0,76
VYromns 125....625 0,81....0,79
Bona 0....100 0,95....0,96

[InmotHOCTE MOTOKA MK nyueil nmponopiuoHanbHa 4YETBEPTOM CTENEHU TEMITEPA-
Typhl u3ay4aTens. Ilocrosunas Crepana-bonsumana o =5,7-107° Bm /(M2 K 4)
Oco6ennoctu UK — narpesa

1. IIpu HarpeBe OHOPOAHBIX MAaTEPUAIOB JIOCTATOYHO BBICOKAs UH-
TEHCUBHOCTb Harpesa ¢ BbicokuM KII/I.

2. N36upartenbHOCTh TETIIOBOTO BO3ICHCTBUS.

3. HarmpaBnenHoe BO3AEHWCTBHE JIyde€dl CO3JAET BBICOKYK) KOHIIEH-

TPAIMIO TETJIOBOTO MOTOKA HA HEOOJIBIION TIIOIA/IH.

4.  HarpeB maTepuana OCYIIECTBISICTCS Ha OOJBIIYIO TIyOHHY.

['myOuHa nmpoHuKHOBeHUs: B Teno »kuBoTHOTrO — 2...8 MM, B 3epHO — 1...2 MM,
B KapTodens — 6 - 10mm, B x1€06 — 7 MM, B KBapIIEBhIN TIECOK — 5 MM.

[IpakTHyecku Bce CyIIECTBYIOLIUE Tella 00a1at0T, HapsiAy C U3Ty4aTeIbHON U
MOTJIOUIATENIbHOM CHOCOOHOCTBIO, €HI€ M OTpaXKaTeNbHOM crocoOHOCThI0. OHAKO
OTpa)kaTeJbHasi CIIOCOOHOCTh B BHJAMMOM YacTH CIIEKTpa, OTIMYAETCS OT OTpaka-
tenpHOU criocoOHocTd B UK nuanasone.
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Benuuuna nornouieHust onpeAensercss CBOMCTBaMU Marepuasia U XapaKTepu-
3yeTcsl oKa3aTesieM MoryioneHus: R, 3aBUCSIIMM OT JJIMHHBI BOJIHBI.

Ecnu @y — magaromumii IOTOK M3JIydeHHs, TO IPH ToJmuHe ciosi(d Marepuaa),
MOJIHOE U3NTyuyeHue @ OnpeieNTuTCs U3 BhIpAKEHUS

L —Rd
D = @Oe (2.32)
TJIe € — OCHOBAaHHE HATypaJIbHBIX JIOTapu(MOB; MMOKa3aTeIh MOTJIONIEHUS R — n3me-

1
PACTCA B CAMHHUIIAX, 06paTHBIM CAMHUIaAM U3MCPCHUS TOJIIIUHEI CJIOA T.C. — .
M

DTO BBIpaXKEHHE SIBISIETCS 3aKOHOM ocnabnenus byrepa - JlambGepra, oTHO-

IICHUE % - Ha3bIBAETCS KOO(P(UIIMEHTOM MTPOITYCKaHUSI.
0

BcenenctBue oTpaxarenbHOW CHOCOOHOCTH pealibHBbIX Tell, UX M3IydaTelbHas
CHOCOOHOCTB BCETJ]a MEHBIIIE, YeM Y aOCOIIOTHO YEPHOTO TEa.

Onexmpuueckue usnyyamenu UK usnyvenus (mexuuueckue)

TexHHUeCcKre U3TyYaTeNnu JeIAT Ha TEMHBIEC U CBETIIBIE.

Témuple n3nyuarenu. TEMHBIMH U3ITydaTeIu HA3bIBAIOTCS MOTOMY, YTO JAXe
npu goctwkernn temrepaTypsl 1000 — 1600°K mwmis 1-2% u3mydeHus mpuxoIuTest
Ha BUAMMYIO KPACHYIO YacTh CHEKTpa, BCE K€ OCTAJIbHOE U3IyYEHHUE HE BUAUMOE,
uH(ppaKpacHOe U3ITy4YCHHUE.

[IpenmymiecTBa TEMHBIX U3Ty4yaTeNel: OOJIBLION CPOK CIYKOBbI, YCTOWYMBOCTD
K MEXaHHYECKUM BO3JCHCTBUSAM, BO3MOXKHOCTh M3TOTOBJICHUS MPAKTUYECKU JIIOOON
(bopMBL.

Henocratku: HHEPUMOHHOCTb, HE PETYJIUPYETCA CHEKTPAIbHBIA COCTaB, y OT-
KPBITBIX OKUCJIEHHE MIOBEPXHOCTU U3IIYUCHHUS.

Ceetibie u3nyuyarenu. McmnyckaroT OOJBIIYIO 100 KOPOTKOBOJIHOBBIX JIy4eH,
K HAM OTHOCSTCS JIaMIIbl HaKaJIMBaHus, 3epKaibHble Jamnbl Tuna MK3 u UK3K ¢
BOJIb()PaMOBOI HUTHIO, FAJIOT€HOBBIC JIAMIIbI, KBAapLEBbIE JAMIIbI. KBapuesble
JamIbl 00J1aJal0T BBICOKOW TEPMOCTOMKOCTBIO U HE YyBCTBUTEIbHBI K PE3KUM Iepe-
najaM TemIepaTypbl U aTMOC(hEpHBIM ocajikaM. MIX MOIIHOCTh MOKET B JIECATKU pa3
MPEBBIIIATH MOITHOCTD JIAMIT HAKAJIMBAHUS U 3€PKaJIbHBIX JaMIl.

[IpeumyiniecTBa CBETIIBIX U3TyUYEHHUM (JIamIl): Majiasgs MHEPTHOCTh (BpeMs paso-
rpeBa), XOpOLIMi COEKTp u3ayyeHus. (OJU3KUN K COJIHEYHOMY), MpocTaTa B 00CIy-
KUBAHUM U 3aMEHE, BO3MOXKHOCTb PETYIUPOBAHUSI CIIEKTPAIIBHOI'O COCTABA.

HenocraTku: mMainslif cpok ciy»0bl, HEOOXOIUMOCTbh IPUMEHSTh MOBBIILICHHBIE
MepBbI IPEAOCTOPOHKHOCTH.

Teno nakana (Boib(hpamMoBasi CMpaib) paCCYUTAHO HA HOPMAJIBHYIO padoUuyto
Temmepatypy okomo 2200°K., cpok ciayx6st 2500 wac, KITJI 1-3%.

2.8 CnenuaJjibHbIe BHABI HATPEBa

Onexmponnulil Hacpes. OH OCHOBAH Ha BBIJEIEHUM TEIUIOTHI Ipu OoMOapau-
POBKE HarpeBaeMoro Tejia B BAKyyMe MOTOKOM 3JIEKTPOHOB, BBIACISIEMBIX KATOJOM U
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YCKOPSEMBIX JOCTATOYHO OOJBbIIMM HanpspkeHHeM. OCHOBHBIE TEXHOJOTMYECKHE
OCOOEHHOCTH 3JIEKTPOHHOI'O HarpeBa — BBICOKAsl KOHIIEHTPALUsl MOILHOCTH, BO3-
MO’KHOCTb €€ IJIABHOT'O peryaupoBanus. HegoctaTku — HEOOXOAMMOCTh B BBICOKOM
BaKyyMe, OIIACHOCTb M3-3a PEHTTEHOBCKOIO U3JIy4CHHUS.

Honnviii nacpes. OH OCHOBaH Ha BBIICIICHUU TEILIOTHI B HATPEBAEMOM TEJIE
MOTOKOM HOHOB, OOpa30BaHHBIX JJIEKTPUUYECKUM 3apsAoM B Bakyyme. WOHHBIN
HarpeB UCMOJIB3YIOT B MPOIECCaX XUMUKO-TEPMHUYECKON 00pabOTKH METaJIOB.

Jlazepnwiti Hacpes. 1lpu na3epHOM HarpeBe MCIOJB3YIOT 3HEPTHUI0 MOIIHOIO
KOHIIEHTPUPOBAHHOTO CBETOBOT'O JIy4a. TEXHOIOrMYecKre OCOOEHHOCTH M CBOMCTBA
JIA3€pHOT0 HarpeBa BO MHOI'OM COBIIQJAIOT CO CBOMCTBAaMHU 3JIEKTPOHHOI'O Harpesa.
[IpeumyiecTBa — Ja3epHBI HArpeB HE CONPOBOXKJIACTCS PEHTTEHOBCKUM H3JIyde-
HUEM, CTOMMOCTb YCTAHOBOK MEHBIIE U OHU MPOILLIE B 00CTyKHUBaHUU.

Tpu ykazaHHBIX BbIIE crloco0a MpeoOpa3oBaHUs JIEKTPUUYECKOM HHEPIrUu B
TEIJIOTY HE MOJYYMJIM MOKa IIMPOKOro MPUMEHEHHS B CEJIbCKOM XO35HCTBE B OTJIU-
Yhe OT OIMMCAHHOTO BhIIIE HH(PPAKPACHOTO OOTyUEHHUS.

3. CneunajbHble BUIbI 3J1eKTPOTEXHOJIOT Ui

Hcnone3yioT pa3nudHble 3JIeKTPOOU3HUECKUE U AICKTPOXUMHYECKAE METOIBI,
OCHOBaHHbBIC Ha DJIEKTPUUECKUX M MAarHUTHBIX SBICHUSX. DTO MO3BOJSET UCIIONIB30-
BaTh HE TOJIbKO TEIJIOBOE JEUCTBUE JIEKTPUUYECKOIO TOKA, HO M JIPYyTU€ €ro TEXHO-
JIOTUYECKHE CBOMCTBA: MexaHW4eckoe (0e3 HCIOIb30BaHUsl AJIEKTPOBUTATENECH);
XUMHUYECKOe (TOyYeHHE XMMHUYECKUX PEareHTOB U YCKOPEHHME XMMHUYECKHX peak-
Ui pu 06paboTKe MPOAYKTOB U KOPMOB); Ouosorudeckoe (yrnpaplieHUE MOBEICHU-
€M JKUBOTHBIX, TIOJIABJICHUE WM CTUMYJIHPOBAHUE KUZHEEATEILHOCTH" MUKPOQIIO-
pbl U MUKpodayHbl). MOXKHO TakKe TOBOPUTH TAKXKE 00 ANEKTPOJUTUUYECKUX IMPO-
1ieccax, UCToIb3yeMbIX B PEMOHTHOM MPOU3BOICTBE U APYTUX 00JIACTSX.

bnaronaps Merogam 3JIEKTPOTEXHOJOTUH B CEIbCKOXO3SHMCTBEHHOM NMPOU3BO/I-
CTBE CTaJIl BO3MOXKHBIMA MHOTHE COBPEMEHHBIE TEXHOJIOTHUECKHE TIPOIECCHI.

Tax, B >KMBOTHOBOJICTBE, PACTEHUEBO/ICTBE M NTHUIIEBOJCTBE UCIIOJIb3YIOT HOHU-
3aTOPbl U AJNEKTPOPMIBTPHl BO3AyXa, YCTAHOBKH I 3JEKTpooOe33apakKuBaHuUs
HABO3a U MOYBBI, AIEKTPUUECKUE CEMapaTopbl U 3JIEKTPOCTUMYIIATOPHI CEMSH 3€pHA.
[TpuMeHSIOT pa3iudHble UMITYJIBCHBIE TEHEPATOPHI B YCTAHOBKAX SJICKTPOIPO3UOH-
HOW M DJICKTPOXUMUYECKON 0O0pabOTKH METauIOB, B AJIEKTPUUYECKUX H3TOPOMISX, B
YCTAaHOBKAX C MCMOJb30BAHUEM AJIEKTPOTHAPABINYECKOrO yaapa. Mcnonb3yroT ycTa-
HOBKH JJI YJIBTPa3BYKOBOM M MarHUTHOW 0OpaOOTKH MaTepHaJIOB, CIICIIHALHBIC TMa-
pOreHepaTophl U MIa3MOTPOHBI U T.I1.

3.1 Ucnoab3oBaHne (PU3NKO-XUMHUYECKOTO IeCTBHUS TOKA

TexHonornueckoe npuMeHeHUe (PU3UKO-XUMUYECKOTO JIEUCTBUS TOKA B CEllb-
CKOXO3SIUCTBEHHOM NPOM3BOJICTBE 0a3UpPyeTCss B OCHOBHOM Ha CIEAYIOIIMX MpoLec-

28



cax U METojax, U3y4aeMbIX (PU3NYECKON XUMHUEHN: AIEKTPOIN3E, ANEKTPOKOATYIISALINH,
ANEKTPOOCMOCE, HJIEKTPOINAIIN3E.

Inexkmpoau3 - COBOKYINHOCTb OKHCIHMTEIbHO-BOCCTAHOBUTEIIBHBIX IPOLIECCOB,
KOTOPBIE MPOUCXOAAT Ha ANEKTPOAAX, MOTPYKEHHBIX B JIEKTPOJIUT, YEPE3 KOTOPHII
MIPOXOJIUT TIOCTOSIHHBIN JIEKTpUYecKuii TOK. OCHOBHBIE 00JIaCTH MPUMEHEHHUS DJICK-
TPOJIN3A - NOJYYEHUE PA3TUYHBIX BeUjeCME U HAHECeHUe NOKPbIMUU.

Anexmporoazynrayus - METOJ, OUUCTKU BOJHON CHUCTEMbl OT MEIbYaNIINX B3BE-
HICHHBIX YaCTUIl NTpUMECEd MyTeM BBEJCHHUS B HEE€ KOATyJSHTOB (XMMHUYECKUX Be-
HIeCTB, 00€CIEUNBAIONINX MEPEBOJ] B3BEUICHHBIX YACTHUI[ B OCAJ0K). DJIEKTPOKOAary-
JSIUUIO TIPUMEHSIOT JISL OYUCHKU NPUPOOHBIX U CHIOUHBIX 800.

Anekmpoocmoc - NTBUKEHUE KUJIKOCTH Ye€pe3 KaNWUISAp WU MOPUCTYIO Aua-
dbparmy npu HaAJIOKEHUU BHEITHETO SJIEKTPUUECKOTO OIS,

Anexmpoouanu3s - NIEPEHOC UOHOB MOJ JEUCTBUEM AJIEKTPUUECKOTO TOJIS Yepe3
MOHOCEJIEKTUBHBIE MeMOpaHbl. OCHOBHAs 00JIaCTh MPUMEHEHHMS 3JICKTpOJuanu3a -
onpecHenue 800bl.

Pacconenue nousocpynmos. 10 0J1Ha U3 BO3MOKHOCTEH HCIOIB30BaHUS (HU3H-
KO-XHUMHUYECKOTO JIEMCTBUSL JJIEKTPUUECKOro Toka. [Ipm paccoseHum u3 BEPXHETO
CJIOSI TIOYBBI yIAJSIOT U30BITOK BPEIHBIX COJIEH, KOTOPhIE YTHETAIOT Pa3BUTHE pacTe-
HUWA U CHIDKAIOT UX YPOKaMHOCTH JIMOO JenaeT mpou3pacTaHue BOOOIIE HEBO3MOXK-
HBIM.

PacnipocTpaHeHHBIN METO PACCOJIEHHUS TTOYB - UX MPOMBIBKA ITPECHOU BOJIOM. B
3aBUCUMOCTH OT COAEPMAHHUS TOKCHUYHBIX COJIEd MPOMBIBKH MOTYT MPOAOJLKATHCA
1...3 roza u Tpebyror Ha 1 ra 5...30 TbIC. M° IPECHOIT BOMBL.

NHTEHCUBHOCTBL PacCOJICHUSI TIOYBbI MOKHO ITOBBICUTH, MPOITYCKasl Yepe3 Hee
IIOCTOSIHHBIN JJIEKTPUYECKUM TOK OINPENEIICHHOM IUIOTHOCTU. lIpm 3TOM 3a cuer
AIIEKTPOOCMOCa TOBBIIAETCS (PUILTPAIMOHHASI CTIOCOOHOCTh 3aCOJICHHOM MOYBHI, a B
pe3yJIbTaTe AIEKTPOJIN3a U3MEHSETCS pH Cpepl, 4TO YBEIWYHUBAET PACTBOPUMOCTD
cojiel. OTu u Apyrue ¢(akTopbl YCUIMBAIOT BHITECHEHUE PACTBOPUMBIX TOKCHYHBIX
COJIEM M3 BEPXHETO MOYBEHHOTO CJIOSA B HUXKEJICKAIIUE CIIOU, OTKYJA 3TH COJIA OTBO-
JISITCA IPEHAXKHOW CUCTEMOM.

3.2 N'anbBaHMYeCKHE MPOIECCHI.

JIns HaHeceHuUsl TalbBAHUUECKUX MOKPBITUI B PEMOHTHOM MPOU3BOJICTBE, IS
BOCCTAHOBJICHUSI M3HOIIICHHBIX JETajleH, a TaKKe 3alllUThl OT KOPPO3UU BHOBBH M3r0-
TOBJIIEMBIX U3JICJIUA UCTIOJIb3YIOT TraIbBAHUYECKUE MPOLIECCHI.

[Iponiecc HaHeceHUsI TaJIbBAHMYECKUX MOKPBITUH OCHOBAH Ha DJICKTPOJIU3E U
OCYILECTBIISIETCS B BAHHE, 3alI0JTHEHHOM 3J€KTPOIUTOM. OCHOBHOW KOMITOHEHT 3JICK-
TPOJIUTA - 3TO COCAMHEHHE TOTO METalljla, KOTOPBIM JOJIKEH OBITh OCAXKICH Ha Je-
Talb. B BaHHY MOTpy>XaroT 3JIEKTPO bl (AaHOJbI) U BOCCTaHABIMBAaeMbIe AeTanu (Ka-
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tonbl). [Ipu nogaue Ha 37€KTPOBI NOCTOSIHHOTO HanpspkeHus 2...48 B nonoxurens-
HO 3apsDKEHHBIC HOHBI METAJLIA OCAXKAAKOTCS HA IOBEPXHOCTH JIE€TAIIN.

B peMoHTHOM ITpOM3BOACTBE HAaMOOJIEE PACIPOCTPAHEHO XPOMUPOBAHUE U JKE-
ne3HeHne. 1IOTHOCTE TOKa IpH ATUX IPOLIECCAX MOXKET JTOXOIUThH 10 HECKOJIBKUX
TBICSY amIiep Ha 1 M.

IIpeumywecmea BOCCTAHOBIICHUS W3HOLLICHHBIX JETAJICH TaJIbBaHUYECKUMHU
IIOKPBITUSMM II€pPE]] HAIUIABKOM - BO3MOYKHOCTH IOJYy4EHHUS MOKPBITHS 3aJaHHOU
TOJILIMHBI U OJIHOBPEMEHHOE BOCCTAHOBJIEHHE OOJBIIOr0 KOJMYECTBA JAETalel; OT-
CYTCTBHE TEPMHUYECKOTO WJIA MEXaHUYECKOTO BO3ACHCTBUSA HA BOCCTAHABIIMBACMBIC
JETaJN; XOpoLIas yIpaBJIIeMOCTb ITPOLIECCOM.

3.3 Aspounonuzanus. [Ipupoaa aspouoHos.

OnHoM M3 COCTaBIIAIONIUX MUKPOKJIUMATA JIIOOOTO TTOMEIIEHUS SBIISIETCSA YPO-
BEHb MOHU3AIIMU BO3ayXa.JIEeTKUM a’pOMOHOM Ha3bIBACTCSl aTOM WJIM MOJIEKYJia rasa,
BXOJSIIIETO B COCTAaB BO3/AyXa, MPUCOCIWHUBIINE WM MOTEPSABIINE OAWUH WA HE-
CKOJIBKO 3JIEKTPOHOB. B mepBoM citydae Takoil a’poOuMOH OYyJeT UMETh OTPUIIATEIb-
HBII 3aps/l, BO BTOPOM - MIOJIOKUTEIbHBIN.

DHeprus u, cie10BaTeIbHO, OMOJIOTHYECKas AKTUBHOCTh, KOTOPYIO HECET B Ce-
0€ MOH TOr0 MJIM MHOTO 3HaKa, ONPEEsAeTCs CTENEHbIO €ro MOJIBUKHOCTH, T.€. 3aria-
COM KHMHETHMYECKOW sHepruu. Tak, Hampumep, MOJABMKHOCTh OTPHUIATENIBHO 3apsi-
YKEHHOTO MoHa kucimopoaa K = 1.84- 107 MZ/(B‘C), a MOJABMKHOCTD ITOJIOKHUTEIIHHOT'O
MOHa yrke MeHblue u papaa K = 1,36-10™ M%/(B-c).

WNuaue roBopsi, UMEHHO JIETKHI OTPUIIATENIbHBIN HOH KHCIOpOJia BO3ayXa, 00-
nanasi OoJbIIed MOABMIKHOCTBIO, OyAeT OMOJOTHYECKH aKTHBEH. llookuTenbHbIe
MOHBI HE aKTUBHBI U TTIOATOMY O€CTIOJIE3HBI.

buonocuueckoe 6o30eiicmsue aspouonusayuu

Bo3snelicTBue ierkux adporMOHOB HA KUBOW OpTraHU3M BO3MOYKHO JBYMS ITyTSI-
MU: Yepe3 KOXKY U uepe3 OpraHbl IbIXaHUs.

B nepBom cnydae nelicTBHE MPOUCXOIUT 3a CUET OTJA4M MOHAMU CBOUX 3apsi-
JIOB TIOBEPXHOCTH TeJla, 4YTO BO30YK/1a€T HEPBHBIE OKOHYAHUS KOKHOTO TIOKPOBA, T.€.
ABJISIETCA Pa3APAKUTENIEM KCTEPOPELENTOPOB KOKHU. DTO BHI3BIBAET B CBOIO OUEPEID
PS IOJIOKUTENBHBIX (DU3UOJIOTHUECKUX PEAKIMi OpraHu3Ma.

Ho rnaBHOE BO3NIEHiCTBUE MPOSABISIETCS MPU MPOHUKHOBEHUU a3POMOHOB Uepes
JIbIXaTeJIbHBIE MYTH B JIETOYHYIO TKaHb, 4 Y€PE3 HEEC B KPOBSIHOE PYCJIO; OHU BBI3BI-
BaIOT 3HAYMUTEJIbHbIE OMOXUMHYECKUE CABUTH B OpPraHU3ME - YCHJICHHE T'eéMOI033a
(reHeparusi KpOBSIHBIX TE), Ta309HEPTETUUECKOTO OOMEHa, B MEPBYIO OYEpeah Yepes
MOBBIIICHUE COJCPIKAHUS TEMOTJIO0MHA B KPOBHU; MTPOUCXOJUT MEPECTPOKA UMMYH-
HOM PEaKTUBHOCTU OpraHu3Ma U Jip.

Bce 310 B KOMILIEKCe C XOpOIIMM MUTAHUEM CKa3bIBAETCS HA YBEIMYCHUH
MPOAYKTUBHOCTH KMBOTHBIX 32 CUET Jy4llled YCBOSIEMOCTH KOpMa MpH OJHOBPEMEH-
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HOM CHIDKEHHUHU ero moTpebsieHus. JKUBOTHBIE MEHBIIE MOJIBEPTatOTCs MPOCTYAHBIM
1, B HEKOTOPBIX CiIy4yasx, MHOEKIIMOHHBIM 3a00JI€BaHUAM; JyUllle PACTET, a TaKXKe
COXpaHSETCS] MOJIOJTHSIK.

Cy11iecTBYIOT OHOJIOTHYECKH HEO0OXOJMMbIe HOPMBI KOHIICHTpAIlMd OTpHIla-
TEJbHBIX a3POMOHOB B 3aBHCUMOCTH OT BHJa KMBOTHBIX W BO3pacTHbhIX Tpymil. B
tabnuie 3.1 npuBeaeHBI PEKOMEHTyeMbIe KOHIICHTPAIIUHA a3POWOHOB JJISI Pa3IMIHbBIX
YKUBOTHBIX U NITULIBI B 30HE UX MOCTOSIHHOTO MPEeObIBaHUSI.

Ta6numa 3.1 PekomeHiyemMble KOHIICHTPAIIUU a3POMOHOB ISl Pa3IMYHBIX KUBOTHBIX

U IITULBI
1
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Konuenrpauus
10*mon/cm®

HopmupyeTtcst 1 mpoAoJDKUTEILHOCTh CEAHCOB a3pOMOHU3AIUM - OT 1-2 10 10
4acoB B CYTKH.

3.4 KopoHHblii pa3ps.

OgHuM U3 cnoco0OB HMCKYCCTBEHHOI'O T€HEPUPOBAHUSI a’dPOMOHOB SIBISIETCS
KOPOHHBIN pas3psia B Bo3ayxe. OH XapakTepeH Uil CWIIBHO HEOJIHOPOIHBIX JJIEKTPU-
yeckux nosier. st coznanust koponHoro pazpsiaa (KP) neobxoaumo, 4ToObI OJIMH U3
AJIEKTPOIOB UMeE HEOOIbIION paanyc KpuBu3HbL. [Ipy qocTaTouHOM HaNpsHKEHUH HA
TaKOM DJIEKTPOJIE IO OTHOLIEHUIO K IPYTOMY BO3HUKAET TUXUU JJEKTPUUECKUN pas3-
pSA, KOTOPBIM COMPOBOXKIAETCS CIAa0bIM IIUIIEHUEM U CYXMM NOTpecKHUBaHuUEM. B
TEMHOTE MOHO HaOJI01aTh TaKKe cl1ad0e CBEYEHUE ¢ CHHE-(PHOJIETOBBIM OTTEHKOM
Bo3Jsie ocTpust; DTO uaer UHTEHCUBHASI MOHU3ALIMS Ta30B.

[Ton nelicTBHEM BBICOKOM KOHUEHTPALMU SJIECKTPUUYECKUX CHIIOBBIX JIMHUU
OKOJIO 3JIeKTpoja 1 ¢ MajbIM parycoM KPUBU3HBI MPOUCXOJUT BBUIET CBOOOTHBIX
3JIEKTPOHOB B BO3YIIIHOE MPOCTPAHCTBO (cM. puc. 3.1).

OpnHako nanee m3-3a PE3KOTO CHaja HaAIMPSIKEHHOCTH MOJISI OHU TEPSIOT CBOKO
CKOPOCTb, UX MPOOET HEBEIUK, U OHU IPUITUTAIOT» K OJIM3JIeKAIUM MOJIEKYJIaM U
aToMaM ra3oB BO3/yXa, B Pe3yJIbTaTe 4ero o0pa3yercst 0O0JIbIIOE YUCIO OTPULIATENb-
HO 3apsDKEHHBIX a’pOMOHOB. BMecTe ¢ Tem 3a cyeT MHTEHCUBHOW YJIAapHOU MOHU3a-
IIUU Ta30BBIX aTOMOB (3a CUET UX pacllerIeHHs) 00pa3yeTcsi HEKOTOPOE KOJIHMYECTBO
MTOJIOKUTEIIbHBIX HOHOB.
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Kaxxnp1ii MOH CBOEro 3HaKa HaYMHAET JIBUTAThCS K TOMY WM UHOMY DJIEKTPO-
Jy: IOCTUTasi €ero, OH BOCCTAHABJIMBAETCS J0 HEUTpaJbHOM YacTUIlbl. JTa 00JacTb
HA3bIBAECTCSI BHYTPEHHEH 30HOM, WM 4Y€XJIOM KOPOHBI. OTpHUIATENBHO 3apsSKEHHBIC
MOHBI JBUXKYTCS K OCAIUTEILHOMY 3JIEKTPOYy 2 U JAOCTUTAIOT BHICOKUX KOHIIEHTpA-
MA B T.H. BHEIIHEW 30HE KOPOHHOTO pa3psijia, KoTopas JAOJKHA pacCloiaraThCsl MakK-
CUMaJIbHO OJIM3KO K 30HE JBIXaHUS KXUBOTHBIX WU NTHUIl. Hy)KHO Takke OTMETHTb,
YTO BpPEMs KU3HU MOHA COCTABIIAET OT eauHuiIl 110 60 c.

Yexon
KOPOHBI

BremHsa

- L_\
smma‘ O & # C& %

V/////} ////////

Puc 3.1 Bo3HukHOBEHHE KOPOHHOTO pa3psjia
1 — KOpOHUPYIOWIUN INEKTPO, 2 — OCATUTEIBHBIN JIEKTPO]I, ® — MOJOKUTEIHHBIN
WOH rasa, © — OTpHIIaTeJIbHBIN HOH rasza

3.5 Dy1eKTPOUMITYJILCHASI TEXHOJIOTHSI M €€ 0COOEHHOCTH

[Ipu “cnoNAb30BaHUU JIEKTPOUMITYJIBCHOW TEXHOJIOTUHU U CHEIUAIBHOIO K-
TPOOOOPYNOBAHUS B PsJI€ CIYyYAaE€B MOMXHO CYIIECTBEHHO MOBBICUTH 3(PPEKTUBHOCTD
AIIEKTPUYECKOr0 BO3ACHCTBUS HA NPEIMETHI TPyAd, & TaKKe OCYLIECTBUTH TaKHE
TEXHOJIOTHYECKHE MPOLIECCHI, KOTOPHIE HEBO3MOKHBI MPU HENPEPBIBHOM 3JIEKTPO-
BO3/ICCTBHM.

I'enepamopvl umnynrvbcog. TEXHUUYECKYI0 OCHOBY 3JIEKTPOMMITYJIBCHOM TEXHO-
JIOTUU COCTaBJISIIOT TFE€HEpaTopbl MMITyIbcoB. Haubosnee pacnpocTpaHeHbl U3 HUX -
ynpasnsiembie RC-Tenepatopsl.

Yemanosxku anexkmposapo3uonnou u snekmpoxumuueckol oopabomku memai-
J108.

DneKkmpoIpo3uoHHas obpabomka  Memannog. 3aKIOYaeTcsi B U3MEHEHUU
(dbopMbI, pa3MepoB M KadyecTBa MOBEPXHOCTH 3arOTOBKHU IMOJ JEHCTBUEM JJIEKTpUUE-
CKHX Pa3psiOB B pE3yJIbTATE JIEKTPUUECKON IPO3HH.

CymHOCTh OAHOW M3 OCHOBHBIX Pa3HOBUIHOCTEH 3JEKTPOIPO3UOHHOI 0Opa-
OOTKHU — DJIEKTPOUCKPOBOI 00PaOOTKU MOSCHSIETCS Ha CXEME.
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Pucynoxk 3.2 Cxema 3JIeKTpOIPO3MOHHON 00pabOTKH
1 — 51eKTpOA-UHCTPYMEHT; 2 — KUJKHUUN TUIIEKTPUK;
3 — DJIEKTPO-3arOTOBKA

HaxonurenpHbil kKoHAeHCATOp C 3apsXaercs OT UCTOYHUKA IMOCTOSHHOTO TO-
Ka 4epe3 TOKOOTpaHUuuTeNbHbIN pe3uctop R. [Ipy HEKOTOpOM 3HAYEHUU HaIpsiKe-
HUSL MEXAJICKTPOIHBIA MTPOMEXKYTOK IPOOMBAETCA U MEXKIY JIEKTpoAaMu 00pa3yeT-
CA KaHaJ CKBO3HOM NPOBOJMMOCTH C IUIA3MOM BBICOKOW TEMIIEPATYPHI (1010°K).
JIMMTENPHOCTD UMITYJIBCA OUYEHb Maja (10°+107C), [I03TOMY TEIUIOTA YCIIEBAET BbI-
JEIUTHCS B OCHOBHOM JIMIIb B IMOBEPXHOCTHOM CJO€ 3JeKTpona. M3-3a BbICOKOU
KOHLIEHTPAI[MU SHEPTUU B 3TOM CJIO€ MPEJIEIbI JIEKTPOIOB, 3aCTHIBAIOT B BUJE MENb-
YalIIMX MIApUKOB B paboyeil )KUKOCTH.

[To Mepe pa3psAKd HAKOMUTEIBHOTO KOHJIEHCATOPA HANPSKEHUE HA HEM Iajia-
€T U B HEKOTOPbI MOMEHT BPEMEHU CTAHOBUTCS HEJOCTATOYHBIM JJISl TIOJIJIEPKUBA-
HUS pa3psna, MO3TOMY MOCIEAHUN MPEeKpaIaeTcsl 1 HAYMHAETCS CIEIYIOIIUN UKII
npouecca. C KaxabIM pa3psiioM € 3JIEKTPOJAOB CHUMAIOTCSI BCE HOBBIE M HOBbIE MUK-
pockonuueckue nopuuu metamia. [IoBepXHOCTh 3MEKTPOJa 3ar0OTOBKH MOCTENEHHO
npuodperaeT (GpopMy MOBEPXHOCTH IJIEKTPOAa — HMHCTpyMeHTa. UTOOBI COXpaHUTh
HEU3MEHHBIM MEK3JIEKTPOJHBIA MPOMEXYTOK 10 MEpPE CheMa MeTajlia, SJIEKTPOIbI
HENPEPBIBHO COMMKAIOT IyTEM MoJa4yu UHCTpyMeHTa. OO0uiee npeuMyniecTBa dJieK-
TPOUCKPOBOK 00pabOTKH 1O CpaBHEHHUIO ¢ 00pabOTKOM pe3aHbheM 3aKI0UeHa B BO3-
MOXHOCTH OCYIIECTBUTh TEXHOJOTUYECKUE ONEpaliy, HE BBINOJHUMBIC IPYTUMHU
criocodaMu (HampuMep, MPOIIUBAHUE OTBEPCTHH CIIOKHOMN dopmbl i d<0.3MMm), a Tak
e 00pabdaThIBaTh MPOBOASAIINE METAJUIbI C JIIOOBIMH MEXaHUYECKUMHU CBOMCTBAMU U
W3rOTaBIMBATh MHCTPYMEHT U3 ACLIEBBIX, JETKO 00pabaThiBa€MbIX METALIOB, OTCYT-
CTBHE€ MEXaHMYECKOTO BO3JICUCTBUSA HA 3arOTOBKY M MHCTPYMEHT, CHUKEHHE OTXO-
JIOB.

DIIEKTPOXUMHYECKUM CIIOCOOOM MOXKHO 00pabaThIBaTh METANIMUCCKUES H37C-
JUS U HAHOCUTH PA3JIMYHbIE METAJUIMYECKUE MOKPBITHUS, UCIOIb3YsS BMECTO MOCTO-
SHHOTO TOKa Ooisiee 3(pPEeKTUBHO UMITYIbCHBIM TOK OINpeAesIeHHON (OpPMBI U YacTO-
THI.

Inexmpozudpasnuveckutl 3¢hgexm.

Oddekt >MeKTpOruIpaBINIECKOTO yaapa BO3HUKAET MPU KPATKOBPEMEHHOM
AIIEKTPUYECKOM pa3psiie B KUIKOCTH. DPGPEKT COMPOBOKAACTCA yIApHON BOJHOM,
00pa30BaHMEM T'a30BOTO MY3bIPs U3 MPOAYKTOB Pa3NIOKEHUS KUIKOCTH, KaBUTaLIUEH
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U BBICOKOM TeMIlepaTypoil B 30HE AJeKTpuuecKkoro paspsiga. Kpome Toro, neicTBy-
IOIMMU (PaKTOpaMH MOTYT TaKKe ObITh: CKOPOCTHBIE TTOTOKH >KHMJIKOCTH, aKyCTHYe-
CKOE€ U JIEKTPOMArHUTHOE U3JIy4YCHHUS.

DneKTporuipaBIndeckuM 3PEGEeKToM Ha3bIBAIOT BO3HUKHOBEHUE BBICOKOTO
TABJICHUS B KHJIKOCTH TIPU BO3OYXICHUHM B HEW UMITYJIbCHOTO AJIEKTPUIECKOTO pa3-

psana.

T~

Puc 3.3 Cxema anexrporuapasindeckoro 3dgdekra 1, 2 - 35ekTpoasl

[Ipocreiimas cxema nonydeHust I1'D Bkiouaer B ceOs 3apsAIHyIO 1enb (Io-
BhIaron il Tpancopmarop TV u Beipsmurens VD), Hakonutens sHepruu (KOH-
JIEHCATOP), pa3psAaHyIo 1enb u3 (popmupytoiiero mpomexyrka F (Bo3ayiiHbi uc-
KpPOBOM pa3psiIHUK) U OCHOBHOTO POMEXKyTKa A B paboyel )KUIAKOCTH.

JlaHHasi cxeMa MpeACTaBlIsIeT CO0O0Ml TeHepaTop SJIEKTPUUECKUX HMITYJIbCOB.
Ero muki paboThl COCTOUT B CIEAYIONMIEM. 3apsiiHas 1IETh 3apshKaeT KOHJEHCATOP B
TEUEHHE BPEMEHU 1, 10 HANpsHKEHHs IPU KOTOPOM MPOOMBAETCS (POPMUPYIOILUIA
nmpoMexxkyTok F. B 3TOT MOMEHT BpeMeHU HaKOMUTEIbHBIM KOHEHCATOP MOAKIIOYa-
€TCSl K OCHOBHOMY NMPOMEXYTKY A B )XHIAKOCTH M HAYUHAETCS MPOOON IMOCIEIHETO.
[Tocne nmpo0os )KUAKOCTH MEXKIY 3JIEKTPOJIaMHU BO3SHUKAET TOKOMPOBOAAIIMI KaHAa,
Ha KOTOPBIM U Pa3psKaeTCd HAKOIMUTENLHBIA KOHJIEHCATOP B TEYEHUN BPEMEHH B {4
TOK pa3psjia, JOCTUTAIOIINMA IECSITKOB U COTEH KA, pa3orpeBaer miasMy B Hadaje 10
TEMIIEpaTypbl NOPAAKa 10°K. brnaromaps Majion CXKMMaeMOCTH KUAKOCTH Pa3orpeB
MJ1a3Mbl IPUBOAMT K MOBBIIICHHUIO JTABJIICHHS B KaHAJE pa3psia 10 3HAUEHUHN MOpsaKa
10°Ta. D10 maBiICHME MEPENACTCS BO BCE CTOPOHBI, CO3NABAS YHAPHYIO BOJIHY B
*KuakocTu. KpoMe ynmapHO#l BOJHBI ACHCTBYrOImMMEU (akrtopamu mpu O[O moryt
OBITh CKOPOCTHBIE TTOTOKH >KUJIKOCTH, aKYCTHUECKUE U3TyUYCHUS, TEPMUUECKUHN yaap,
Pa3psAIHBIN TOK Yepe3 Cpeay, SJIEKTPOMAarHUTHbIE U3TyYEHUSI.

[Ipu paccTostHun MexXay daeKTpojaaMu L,,,, SHEPTUIO BBIACISIONIYI0 B MEXK-
DJISKTPOJHOM MPOMEXKYTKE B TCUEHHUHU MEPBOr0 Ioaynepuona T ~ 3.8JLC xonebannii

2
Pa3psIIHOTO TOKA, ONpenensatoT W, = CU% , [orc .

Ha paccrosinue ot ocu kanana x < 2,5L naBnenue, Ha ppOHTE BOJIHBI:
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_ 61 W T %
P, =6,1x "2W T, 74, [T -

[Tpu yBenuuenun X ot 2,5L no SL naBnenue ymenbinaercs: npumepHo Ha 30%
3Ha4YeHus1, cooTBeTcTBYIOMIEero X = 2.5L. Ilpu X > 5L naBnenue nagaet oOpaTHO Mpo-
MOPILIMOHATILHO PACCTOSHUIO B cTernenu 1,1.

CpenHsisi MOIIHOCTB, BT, pa3psaHoi 1enu:

2
P, =~ CU% f

f —gacTora cirefoBaHUS UMITYJTECOB, [ 11

(3.2)

MorttHOCTb, IOTpEOIsieMas 3apsAHOM 1ETIbIO OT BBIMPSMUTEIS:

p=Py
s (3.3)

N, — K.ILJ 3apsiaHoii nenu ( as cxeMbl Ha pucynke n < 0,5)

[Tpumenenue I1'9:

1. Pa3pymienue, npoOiaeHue U U3MeJIbYeHNE MAaTEPUAIIOB JJIsl THIPABINYECKOM
BBIOMBKH CTEPKHEHN U3 OTJIMBOK M OTYUCTKH, OCIETHUX OT (POPMOBOYHBIX CMECEH.

2. Ilnactuueckas nedopmanus marepuanoB. [Ipumensiercss ans oOpaboTku
METaJUIOB JaBJieHUEM (IITaMIIOBKA, pa3BaIbIIOBKA) M BOCCTAHOBIICHUE M3HOIIIEHHBIX
JeTanei (MopIIHeBble KOIbIA).

3. I'mppoauHamuueckoe BO3ACHCTBIE TEXHOJIOTHYECKOT0 HA3HAUEHUSI CO3/1aeT
BOJIHY U CKOPOCTHBIE MOTOKH JKUJIKOCTH, U IPUMEHSIETCS JJIsl OTYUCTKU MaTepuaioB
U ipeaMeToB. [IpuMepoM MOXKET CIy>KUTh TUAPABIMYECKAS] YCTAHOBKA JJI1 OTYUCTKU
mepcTd. ['eHepaTop MMITYJIbCOB TOKa B 3TOM YCTaHOBKE CMOHTHUPOBaH Ha 0aze
TpaHchopmaropa BbeipsamieHuss BTM — 15/50 u uMIynabCHBIX KOHAEHCATOPOB
KBOMS50-1. Ilpomecc OTYMCTKA MPOUCXOIUT MpHU CAEAYHOIMX mapametrpax: U =
5-10"B, C = (1....4)'10°®, 3amacennas sueprus (1,25..3,75) -10°Ix, L=(4.5..6) 10’
M, 00 < 5-10° T'm, f = 1T, TIpu IpOM3BOANTEIBHOCTH YCTAHOBKHU 250 Kr/d, mOTpeGsi-
eMas MOILIHOCTb cocTaBisieT 15kBT.

4. O06e33apaxuBaHUe XUIKUX Cpell. YaapHas BOJHA U Jpyrue (HakTopbl, BO3-
HUKatone npu D19, BBI3BIBAIOT TMOEIb MUKPOOPTaHU3MOB. DTO SIBJIEHUE MOXKET
OBITh UCIIOJIB30BAHO JIJIsl 00€33apaKMBaHUS PA3TUYHBIX )KUAKUX CPE/I.

5. JlpobGienue co crepunuzaiueid MmaTepuana, MOKET ObITh UCIIOIB30BAHO IS
00paOOTKHU MUILEBBIX OTXOJI0B COJIEPKALINX TBEP/IbIe IPUMECH.

B 0CHOBHOM JI€HICTBUS 3JIEKTPOTUIPABINUECKUX YCTAHOBOK JIGKUT METOJ MIPSMO-
ro mpeo0pa3oBaHus ANEKTpUUECKo sHeprun B Mexanudeckyro ¢ KIII, mocturaro-
mumM 50 %.

Onexkmpuueckue uzeopoou (OH). VIX ucnonb3yroT AJjisl 3arOHHOW MacThOBI U
OTpaXKJeHUs JIETHUX Jlarepeil KOpOB, TENAT, OBEll, CBUHEH W JPYTrUX KUBOTHBIX.
Kpome Toro, ¢ momouisio 91 MOXKHO OrpakJaTh MOCEBbI, CTOra C€Ha, TPAHCIIOPTHBIE
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MarvucTpaiy, OBparu U JIpyrue MecTa, OXpaHsAeMbl€ OT )KUBOTHBIX WJIA ONACHBIE JJIS
Hux. [To cnocoOy npumenenust DU noapa3aengioT Ha CTAllMOHAPHBIE M TIEpPecTaB-
Hele. llepectaBHple DU 1O CpaBHEHUIO CO CTalMOHAPHBIMHU UMEHOT B 1,8...5 pa3
HIDKE 3aTpaThl MATEPHAJIOB, BPEMSI HA COOPYKEHHUE U PEMOHT 3HAYUTEJIbHO MEHBIIIE.

DU cocTouT U3 reHeparopa 3JIEKTPUUECKUX UMITYJIBCOB BBICOKOTO HaIIpskKe-
HUS U U3rOPOJIH, B COCTaB KOTOPOW BXOASAT ONOPHBIE CTOMKHU € U30JATOPAMHU U TOKO-
Benymas auaus (TBJI). Oqun momtoc reHepatopa UMIYJIbCOB 3a3€MIISIIOT Yepe3 3a-
3eMJIMTENb, a APYrou coenunstot ¢ TBJI uzropoau.

[IpukocnyBmmce k TBJI, %MBOTHOE 3aMBIKAE€T LIENb TOKA. DJIEKTPUUYECKUI
TOK, MPOXO/ISl YepE3 OPraHu3M KUBOTHOTO B 3EMIJIIO, JIEMCTBYET HA KJIETKH, pa3apa-
’Kasi HEPBBI ¥ MBIIIIIbI, BbI3bIBAasi HEMPUATHOE OUIYIICHHUE AJIEKTPUUYECKOro ynapa. B
pe3ynbTare )KUBOTHOE UCIBITHIBAET UCIyT. Ha ocHOBE 3TOTr0 G€3ycinoBHOro pediekca
IIOCJIE HECKOJIBKMX 4acoB MacTbObl 32 DM y dUBOTHBIX BbIpA0ATHIBAETCS YCIOBHBIM
pediiekc 6os3uu TBJI, mociie yero oHu nepecTaroT OJIM3KO K HEH MOAXOIUTh.

3.6 IlpuMeHeHNe CHJIBHBIX IEKTPUYECKHX MOJeid. DJIeKTPOHHO-UOHHAS
TEXHOJIOTHS.

OnexkTpoHHO-UOHHAs TexHosorus (QUT) cBsizana ¢ UCMONB30BAHUEM CHIIBHBIX
ANEKTPUYECKUX MOJIEW A CO3AAHUS LIEJCHANPABICHHOTO U YIOPAIOYECHHOTO JBU-
JKEHUSI DJICKTPUYECKU 3apsHKCHHBIX 4YacTUIl BemlecTBa. J(eHMCTBYIOIIUN 3JIEKTpUYE-
ckuid (pakTop B ycraHoBkax OUT - CHIIBHOE AJIEKTPUUECKOE IOJIE HAMPSKEHHOCTHIO
oosee 100 kB/M (asekTpocTaTUHYECKOE MJIM B BUJE KOPOHHOTO pa3psiga), OOBEKT 00-
paboTKH - 3apsHKEHHBIE YaCTHIIBI BEHIECTBA (TBEPIIOTO, KUKOT0, Ta3000pa3Horo). B
CEIBCKOXO03SIICTBEHHOM Mpou3BoAcTBEe DU T HCHoNb3yrOT AJIsi OYUCTKH, COPTUPOBKH
U TIPEANOCEBHOW OOpaOOTKM CEeMSIH, OYMCTKM BO3AyXa M OCAKICHHUS Pa3IMYHBIX
a’po30JIEH U SIAOXUMHUKATOB, OKPACKU U3AECTUH T.I.

DIIEKTpUUECKHE cenapaTtopsl. X MCMONB3YIOT 111 OYUCTKU U COPTUPOBKH CE-
MSIH 3€pHOBBIX KyJIbTYp. [0 cpaBHEHHIO ¢ MEXAaHMYECKUMH CEMapaTtopaMu OHU IO3-
BOJIAIOT MOBBICUTh Ka4€CTBO OYMCTKH, MOJYYUTh CEMEHA C JIYYIIUMHU MOCEBHBIMU
MOKa3aTeIsIMH B 00Jiee BEICOKON YPOKAMHOCTBIO.

Ilo cnocoby 3apsioa wacmuy >IEKTPUUECKHUE CEMapaTopbl MOAPA3ICISIIOT Ha
AIEKTPOCTATUYECKUE, DIEKTPOKOPOHHBIE, TUAICKTPUUECKUE U TIP.; HO KOHCMPYK-
MUBHOMY UCNOIHEeHUIO - Ha KaMepHbIe, 0apabaHHbIe, TPAHCTIOPTEPHBIC U JP.

DneKTpoa’po30ibHbIE anmaparbl U ycTaHOBKU. VX mpuMeHstoT 1is 3ddex-
TUBHOTO W LEJICHAIIPABICHHOIO OCAXKICHUS B AJIEKTPUYECKOM I0JIE€ B3BEUICHHBIX B
ra3zo00pa3Hoi cpelie MEJKUX JJCKTPUUECKHU 3apsHKEHHBIX YaCTHI] BEIIECTBA pa3Me-
POM J10 J0JIE MAJJIUMETPA.

B cenbCKOX03MCTBEHHOM MPOU3BOJCTBE a3PO30JbHYI) TEXHOJIOTHIO MCIIOJIb-
3YIOT JUIsi 00pabOTKH pa3IuYHBIMA XUMUKATAMHU PACTCHUN W CEMSH, TPO(HIaKTHKA
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U JIEYEHUS )KMUBOTHBIX U NTHLL, JE3UH(EKINN U JE3MHCEKLUU OMELIEHUM, OKpacKu
U3JIeJIMI B PEMOHTHOM IIPOU3BOJCTBE U T.1.

IIpu mepeBoje BELIECTB B a3pO30JIBHOE COCTOSIHUE MX IUIOIIAJb Ha €IUHUILY
Macchl 3HAUUTEIBHO yBenuuuBaeTcs. [loaTomy aspo3onu 006saar0T MOBBIILIEHHON
(U3UKO-XMMHUYECKOW aKTHBHOCTHIO. B 9acTHOCTH, TMOCIE 3JIEKTPOa’pPO30JIbHON 00-
pabOTKH CEMSIH YPOKAaWHOCTh CEIbCKOXO03SMCTBEHHBIX KYJIbTYp MOBBIIIAETCA Ha 12...
18 %, npu a3p0307IHHOM ANEKTPOOKPACKE pacXo] Kpacku ymeHblnaercs B 3...4 pasa.

Onekmpuueckue guibmpuvl. VIX UCHONB3YIOT 15 OYUCTKU BO3AyXa U JIPYrHX
ra3o00pa3HbIX BEILECTB B AJIEKTPUUYECKOM II0JIE€ KOPOHHOIO paspsaa. 3apsyKEHHbIE
II0JIEM KOPOHHOTO pa3psia 4acCTHULbl BEIIECTBA IIOJ JAEUCTBUEM CHJI ITOTO XK€ IOJIA
OCAKJAIOTCS Ha DJIEKTPOJE-YJIOBHUTEINE, a OTTyAAd NMEPUOJNYECKH YIAJSAI0TCS. DJIeK-
TpUYECKUE (PUIBTPHI CIIOCOOHBI YJIaBIMBAaTh OUYEHb MEJKHWE YACTHIIBI BEUIECTB pas-
MepoM 10 0,01 MKM M MMEIOT KpallHE MaJloe a’pOAMHAMUYECKOE CONPOTHBIICHUE,
YTO MO3BOJIAET UX 3(PPEKTUBHO COBMEIIATH C CUCTEMaMH IPUHYIUTEIbHON BEHTUIIS-
1007078

bnarogaps nmpuMeHeHHIO TakuX (QUIBTPOB B MajJOOOBEMHBIX MOMEUICHHSIX
CEJIbCKOXO3SIIICTBEHHOI'O U JIPYroro Ha3HauY€HUs 00ECIEUUBAIOT CHUKEHHE KOHIICH-
TpalUy NbUIN 10 IPEAEIBHO AOIYCTUMBIX 3HaYEHUM. A Tak )K€ NOAJepKaHUE 3aaH-
HOI YHUCTOTHI BO3/1yXa Ha TpeOyEeMOM YPOBHE.

Onekmpudeckue UOHU3AMOpbl U 030Hamopsl. VX HCHONB3YIOT ISl UCKYC-
CTBEHHON MOHM3allMM U O30HUPOBAHMS BO3yXa B )KUBOTHOBOAYECKUX WM NMTHIIEBO-
YECKHUX MOMEIIEHUAX, XPAHWINIIAX CEIbCKOXO035MCTBEHHON NpoayKiuu. MoHuzanus
Y 030HUPOBAHME BO3AYyXa OCYLIECTBISAIOTCS IEKTPUUYECKUM I0JIEM KOPOHHOIO pas-
psAaa pa3HOM HANpPSHKEHHOCTH, CO3/1aBAEMOT0 MIOJIbYATBIMU 3JIEKTPOJAMH, KOTOPBIE
3a CUET BBICOKOI HAIPSHKEHHOCTH AJIEKTPUYECKOro IMOJI Ha UX OCTpUe oldecredrBa-
I0T YCTOMYMBBIM KOPOHHBIA SJIEKTPUYECKUN pa3psii U CTaOWIbHYIO MOHU3ALMIO U
030HMPOBAHUE BO3yXa MIOMEIICHHUS.

3.7 YabTpa3ByKoBasi TEXHOJIOTHS.

VY bTpa3ByKOBbIE YCTAHOBKH JIJIsi 0OpaOOTKH MaTepuajoB BKIIOYAIOT B ce0s B
KayeCTBE OCHOBHOIO Yy3JIa VIbMpPa38yKo8ol 2eHepamop, KOTOPBIM CO37aeT MepHoIu-
YECKHE MEXaHUYECKHE KOJIEOaHUs B COOTBETCTBYIOIIMX YIPYTUX CPEIaX C 4aCTOTOM
BBIIIIE BEPXHETO MOPOTa CIBIIIMMOCTU YEJIOBEUECKOTO yXa.

HUcnonvzosanue ynompazeyka. B cebCKOM X03SIICTBE YIBTPa3BYK MPUMEHSIIOT
JUUISE MOMKH JieTajiel ¥ y3JI0B pa3IMuHON TEXHUKH, JOWJIHHOM ammapatrypsl, 00padboT-
KM su1 Ha nTunedadpukax u T.7. Ero ucnons3yroT Takke JjIs IpearnoceBHON oOpa-
OOTKH CeMsIH, TTaCTEepH3aIllii MOJIOKA, MPOTUBOHAKUITHONW OOpabOTKH BOIBI, CBAPKHU
Pa3TUYHBIX MATEPUAIIOB.

[Ipumenenue ynabTpa3Byka MpPU BOCCTAHOBJICHUM W3HOIICHHBIX JI€TajeH
YMEHBIIAET MOPHUCTOCTh HAIUIABISIEMOTO METajUla M YBEIUYHBAET €r0 MPOYHOCTH.
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Kpome Toro, cHmkaetcst KopoOJieHHe HallJIaBIEHHbIX Y/UIMHEHHBIX JAeTallei. Y IpTpa-
3BYK MPUMEHSIOT JJI1 TOMOT€HHU3AIMU MOJIOKA - Pa3Ipo0JIeHUS KUPOBBIX IAPUKOB B
MOJIOKE C LIEJIbIO TOBBILICHHUS €r0 COXPAHHOCTU U YCBOSIEMOCTH; CTEPHIIM3ALUUA U
JIPYTUX KUJKUX TMUIIEBBIX MPOAYKTOB; MPO(HIAKTUKA U Tepanuu OoJie3HEH Tiias,
CYCTaBOB, KOCTEH, paHEHBIX HHPEKIUH, PypyHKYJI€3a, MACTUTOB U IPYTUX OOJIE3HEH.

Ilpupooa u ceoticmea ynompazgykosvix koaebanuu. Eciu B CIUIOMIHON cpene —
ra3ax, >KHJKOCTSAX WJIH TBEPJbIX TElIaX YaCTHUIIbI CPEIbl OKAXYTCsS BBIBEIICHHBIMU U3
MOJIO’KEHUS] PABHOBECHUSI, TO YIIPYTHE CHIIbI, IEUCTBYIOIINE HA HUX CO CTOPOHBI JIpY-
rux 4Yactuil, OyAyT BO3BpalaTh UX B IMOJIOXKEHUE paBHOBecus. [Ipu 3ToM yacTHIlbI
OyzeT coBepiath KojiebaTeabHOE ABMKEeHHE. PacipocTpaneHue ynpyrux kojiebaHui
B CIUJIOIIHOM CpeJie MPeACTaBIIsIeT cO00M BOTHOOOPa3HbI Mpolecc.

Konebanust ¢ wactoroit ot equnui I'epiy (I'm) no 20 I'epir Ha3pIBatoTCS UHPpa-
3BYKOBBIMH, ITpH yacTote oT 20 I'y 1o 16...20 xI'1; kosiebanust co3Aat0T CABIIIUMBIE
3BYKH. YIbTPa3ByKOBbIC KOJICOAHMS COOTBETCTBYIOT YacToTaM ot 16...20 kI g0 10°
I'11, a konebanus ¢ gactoroit 6omee 10° ' moTydnIn Ha3BaHHE THIICP3BYKOB

I[To cBoell pusnueckol IpUpoJie 3BYKOBBIE U YIbTPA3BYKOBbIE KOJIEOAHUS HU-
4eM Jpyr OT Apyra He OTIMYaloTca. JTO ynpyrue KoneOaHus B MaTepHaJIbHBIX Cpe-
nax. PaccMoTpuM, KakuMM [apaMeTpaMd MOYKHO OXapaKTepU30BaTh BOJHY:

JlnvHa BOJIHBI A — 3TO PACCTOSHKME, KOTOPOE MPOXOAUT BOJIHA, TIOKA YACTHUIIA CPEIbI
COBEpIIIACT OJIHO KojebaTelbHOE JBUXKEHUE. PaccTossHE MEXAy COCETHUMHU MaKCH-
MyMaMl ~ WJIM ~ MHHUMyMamHM  BO3MYILIEHHS ~ CUMTAIOT  JJIMHOW  BOJIHBI.
AMmuinTyna kojiebanuii A - npencTaBisieT co00 MaKCUMalbHOE CMEIIEHUE YaCTH-
bl U3 TIOJIOKEHUSI PABHOBECHSI BO BpEMs €€ K0JIeOaTEIHbHOTO JIBHIKEHHUSI, BBI3BAHHOTO
BO30YXKJIEHUEM YaCTHI] CPEJIBI.

Yacrora konebanuii f — 310 unca0 KoebaHuii, COBEpIIaeMbIX YaCTHUIICH cpe-
JIbl 32 OJIHY ceKyHny. Enununneit yactorsl sBisercs [epi (I'm).

OTaunuuTeabHble 0COOCHHOCTH YIbTPa3BYKOBBIX KOJICOAHMIA:

1. ynbTpa3ByKOBbIe KOjeOaHMs, uMesi OOJbIIy0 YacTory f, B cpaBHEHUU CO
3BYKOBBIMU KOJICOAHUSIMU MPU OJIMHAKOBOM CKOPOCTH PACIpPOCTPAHEHUsI, XapaKTep -
3YIOTCSI 3HAYUTENIBHO 00JIee KOPOTKUMU JJIMHAMH BOJIH. Y IbTPa3BYKOBbIE KOJIeOaHUS
B Pa3JMYHBIX Cpelax C JJIMHOW BOJHBI, HE mpeBbimaronieit 1...10 MM, mo cBoum
CBOMCTBaM aHAJIOTHYHBI CBETOBBIM JIydaM. DTO TO3BOJISIET HE TOIBKO (POKYCHPOBATH
KoJiebaHusi, HO U (OPMUPOBATH HAIPABICHHOE H3JIy4eHHE, TO €CTh HaIpaBJATh
HHEPI'UI0 B HY’)KHOM HAIPABJIICHUU U COCPEI0TAUYMBATh €€ B HY’)KHOM 00bEME.
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JlocTOMHCTBa YNbTpas3ByKa

BO2MOXHOCTE: HANpaENATe  POKYCHMPOEAaTh

Puc.3.4 ®oxycupoBKa yabTpa3BYKOBBIX KOJICOaHUN

2. Y3 KonebaHusi MOTYT paclpOCTPaHIThCS B JTIOOBIX MaTepUANIbHBIX cpenax (B
MPO3PAYHBIX U HEMPO3PAUHBIX CpeAax, MPOBOJHUKAX U AUIIEKTPUKAX U T.II.), YTO
II03BOJIAET UCIIOJIB30BATh UX JUIA MCCIIENOBAHNS U BO3IEUCTBUS HA IIOJIUMEPBI, Me-

TaJUIbL, )KUJIKOCTH, ra3sl U JIp.

TBepAbIe TeNa - XUAKOCTH - rasbl

Merannel | | Nonuwepel | | Mposoghmn Mpo3spadkbie | | HenpoapayHbie

Puc. 3.5 [Ipumenenue ynpTpa3Byka

3. MOIITHOCTh YJIBTPA3BYKOBBIX KOJICOaHUH, pacIIpOCTPaHICMBIX B Cpe/iax,
MPONOPIIMOHANIbHA KBaIPATy YaCTOThI, U IOATOMY, B OTJIMYHUE OT MOITHOCTH 3BYKO-
BBIX KOJI€OaHUM - OUeHb BeJIUKa. MOIIHOCTD YIbTPa3ByKOBBIX KOJIEOAHUN MOXKET J10-
CTUTaTh COTEH KWJIOBATT, @ MHHTEHCUBHOCThH (SHEPTHUSI, pacIipocTpaHsieMas uyepe3 eau-
HUILY TUIOIIAAN B eAMHUIlY BpeMenH) - 1...1000 Br/cM?. [Ipu TaknX THTEHCUBHOCTSX
YJIBTPa3BYKOBOTO BO3JICHCTBUS BHYTPU MaTEPUAIBHBIX TEJI MOKET PACIIPOCTPAHSATh-
Csl OUYCHb OOJIbIIIAsk SHEPTUS MEXaHWYECKUX Konebanuii. B xoie pacnpoctpaneHus
BOJIHBI (B KOJI€0aTEILHOM MPOIIECCe) BOBHUKAIOT TIepPernajibl 3BYKOBOTO JaBJICHHUS,
npeBbllaronme necarku mlla.

P=5-50atm
=20000 Iy,

.-,01 BTt/cmZ

100 BTtfcmZ

Puc 3.6 IIpumepsl nonayyeHus yabTpa3ByKOBBIX KOJEOaHUM
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Kpome Toro, He cienyeT 3a0bIBaTh, UTO 3TO JAaBJICHUE MEHSIET CBOM 3HAK, IMe-
pexolss B paspsikeHue ¢ 4actoTo Oonbmieit 20 ThICAY pa3 B CEKYHIY.
B03MOXXHOCTh BBOJ]Ja OTFPOMHBIX SHEPIHil IMO3BOJIAET MOBBIIATH 3PHEKTUBHOCTD
MHOECTBA Pa3JIMYHBIX TEXHOJIOTMYECKUX MPOIIECCOB, CO3/1aBaTh HOBBIE MaTepHUallbl,
MOJIy4yaTh HOBBIE BEIIECTBA, PEIlIaTh MHOTHE BOMPOCHI TEXHOJIOTUYECKOTO KOHTPOJIS
Y U3MEpPEHUN. DTU CBONCTBA MOJIOKEHBI B OCHOBY MPUMEHEHHUS Y 3.

Hcnonvzosanue yrompasgykoswix kojaedoanuti. B HacTosiee BpemMsi aKTUBHO
pa3BUBaeTCsa HOBasi 00JIaCTh 3HAHUM - OMOAKyCTHKa, U3ydaronias (popmbl, CIOCOOBI U
CUCTEMBI 3BYKOBOT0 001IeHrs. OKa3bIBaeTCsl, MHOTHE >KUBbIE CYIIIECTBA B MPOIECCE
HBOJIIOIMU HAYYUIIMCh UCTIOIb30BATh YIbTPA3BYKOBBIE KOJICOAHUS AJI1 OPUEHTALIUU B
MPOCTPAHCTBE.

VYyeHble BBISBUIM MHOKECTBO Pa3JIMUHBIX IPUMEPOB UCIIOIL30BaHUS YIbTpa-
3ByKa JKUBOTHBIMH. Yalle BCEro 3TO CUTHAJIBI MPEIYyIPEXACHUSI 00 OMaCHOCTH, BbI-
paXXEHUsl yTrpo3bl, YIOBIECTBOPEHUSI, TOOEbI U T. 1.

Pa3BuTHe OMOAKyCTHKHM MOJAOTPEBAETCS HE MPA3IHBIM JIOOOMBITCTBOM, a Tpe-
OOBaHMSMU TPAKTUKU. 3HAHUS, JOOBIBaeMble OMOAKYCTHKaMH, UCIIOJB3YIOTCS MPHU
MIPOCKTUPOBAHUH HOBBIX MPUOOPOB.

[IpuMephl UCTIOIB30BaHUA MOJTYYEHHBIX 3HAHUI: OXpaHa OT MTHUI] a3POJAPOMOB,
3alIUuTa TMOJEW OT BPEAUTEINICH, YINPABICHUE TNOBEICHUEM CTAIAHBIX >KUBOTHBIX.
Hanbonee mupoko yJIbTpa3ByK HCHOJIB3YETCS OOUTATENIIMH MOpEHl. YCTaHOBIIEHO,
4yTO B Bojie Y3 pacnpocTpansiercs co ckopoctbio 5300 km/4. Huuto He MOXKET ABU-
rathbcsl B Bojie ObicTpee, ueM Y3 kosiebanus. Eciiu B BO3ayxe HCTOYHUK MOIIIHOCTBIO
B 100 kBT cibllieH Ha paccTossHUM 15 KM, TO B BOJAE MCTOYHHUK MOIIMHOCTHIO 1 kBT
pactipoctpansiercs 10 100 km. Bona npo3pauna st yabTpa3ByKa, Kak BO3IyX IS
ceera. Konebanusi, uznyyaemble pblOaMu, KPeBETKAaMU U JAPYTMMU MOPCKUMHU KU-
BOTHBIMU TO3BOJISIIOT OOHAPY>KUBATh UX pblOakaM. DTH K€ U3ITYUYEHHUS MO3BOJISIOT
OMPENIEeNIATh MECTOHAX 0K ICHHE KOCSAKA PbIO U €ro pa3Mephl.

MHorue npencTaBuTe Iy JKUBOTHOTO MUPA UMEIOT BO3MOKHOCTh TPUHUMATH U
Bocrpou3BoauTh Y 3. Tak, Hampumep, MOpcKasi CBUHKA, COBAa, ce€pasi MbIIllb, OapCyK,
BOJISTHBIC JKYKH, HEKOTOPBhIE HOYHBIE 0a00YKM BOCIPHUHHMAIOT 3BYKH C YaCTOTOH 10
100 kI'tr. Cobaku u nomaau ciapimat Y 3. Jletyune mbiimm, Aenb(QUHBI, KUTHI HE MO-
T'YT CYIIIECTBOBATh 0€3 MCIOIB30BaHMs YIAbTPa3ByKa - OH 3aMEHSIET UM 3PCHHE.

(7( £

\

h

Puc. 3.7 YabpTpasByk B ipupoie
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[TpuHIMN OpUEHTAIMK JIETYYUX MBIIIEH U 1enbOUHOB - HX0oJoKanus. Jlerydas
MBIIIIb CIOCOOHA OOHAPYUBATh B MOJIETE MPEMSATCTBUSA B BUIE IPOBOJIOYEK AUAMET-
poMm 0,08 MM (B 24 pasza MEHbIIIE 110 pa3MepaM, YeM JOMYCKAIOT TCOPETUUECKUE pac-
yeThl). Jlenbpun Ha paccTosHuu 20 METpOB OE30ITMOOYHO MOJIIIBLIBAET K OpOIICH-
HOI B BOAY APOOMHKE.

MexaHu3Mbl 3X0JIOKAallUH, CO3JAaHHbIE MPUPOJON OYEHb CIIOKHBI U IO KOHILIA
He uccaenaoBanbl. CeroAHsAIIHUN YPOBEHb TEXHUKHU MO3BOJIAET CMOJIEIUPOBAThH 3XO-
jokatop nenbpuna. Ho ecimu y nenwsduna o Becut 200 r., TO CO3/1aHHBIN YEIOBEKOM
anmapat Becut 6osee 100 kr.

[Tony4yeHue ynbTpa3Byka Y€JIOBEKOM OCHOBAHO Ha HCIOIb30BAHUU MHE303(-
dekra. [IpakTHyeckoe MCIONB30BAHUE YEIOBEKOM YIbTPa3ByKa HAyaTo IMOCIE OT-
kpbiTusa B 1880 rogy Opatesamu XKakom u Ilbepom Kropu nbe3oanekTpudeckoro 3¢-
¢dekra («IIbe30» - mo rpeuvecku «gaputh»). Bnepseie 3TOT 3PdeKT 0OHapyKEH Y
TOPHOTO XpycTaiis (Pa3HOBHUIHOCTH KBapLa).

CymHocTh nbe3o3ddexta 3akaoyaeTes B CAeAyoeM: eciu AehopMUupoBaTh
IJIACTUHY KBapliia, TO Ha €€ TPaHsX MOSBIAIOTCS MPOTUBOIOJIOKHBIC MO 3HAKY DJICK-
TPUYECKUE 3apsijibl, OTO SBJIEHHWE HA3bIBAETCA MNPAMBIM  MHe303(HEKTOM.
MexanusM npsmoro mnbe303¢ddexra oObACHIETCS BOZHUKHOBEHUEM W M3MEHEHUEM
JIATIOJIBHOTO MOMEHTA 3JIEMEHTAPHOW STYEMKU KPUCTAIIMYECKOM PEIICTKU B PE3YJb-
TaTe CMEIIECHUS 3apsA0B MO ACHCTBUEM MEXaHUYECKOro HanpspkeHus. Takum oOpa-
30M, Ha rpaHsAX NbE303JEKTPUUYECKOr0 Marepuaia BO3ZHHUKAIOT JIEKTPUUYECKUE 3apsi-
JTBI.

Ho oxazanock, 4To cymiectByeT u oOpaTHbIN mbhe303¢ddexT. Ecnu npukiaabl-
BaTh K IUIACTUHE MEPEMEHHOE DJIEKTPUUYECKOE HAIPSIKEHUE, TO KPUCTAUT HAUMHAET
COKMMATBCSL M PACHIUPSITHCS (U3MEHSATh TEOMETPUUYECKUE Pa3Mephl), C YACTOTON MpH-
KJIaJIbIBAEMOT0 HampspKeHUs. MexaHu3sM oOpaTHOro nbe3odd@exra 3akiaoyaeTcs B
cinenytomieM. [Ipu nelcTBHM 3JIEKTPUYECKOrO TOJII HAa 3JIEMEHTApPHBIE 3apsibl B
s4YeiKe, MPOUCXOJUT UX MEepPEMEUIEHUE U KaK CIIEICTBUE U3MEHEHHE CpPeIHHUX pac-
CTOSIHUI MEXly HUMH, TO €CTh JedopMaliysi BCEro KpucTasia.

N3roroBiieHHas U3 MbE303JIEKTPUUECKOr0 MaTepraia AeTalb MPOCTON reoMeT-
pudeckoit popmel (CTEpKeHb, TUTACTUHA, AUCK, IWJIMHIP U T. T.) C HAHECEHHBIMH Ha
€€ OIpEACIICHHbIE TOBEPXHOCTH 3JIEKTPOJAMHM HA3bIBACTCS MbE303JIEMEHTOM.
[Tre30351eMEHTHI BXOJSIT B COCTAaB MbE303JIEKTpUUeckoro npeodpaszosarens. [Ipeoo-
pazoBaTeb 00eCIleurnBaceT MPeoOpa3oBaHUE HPHEPIHM AJICKTPUUECKUX KOJieOaHUN B
DPHEPIUI0 MEXaHUYECKHX KOJeOaHuW M BBOJUT €€ B 0O0padaTHIBAIOIIMECS CPEIIbI.
EcTecTBeHHBIN KBapI] AOPOT U MOITOMY OBUIM CO3/1aHbl UCKYCCTBEHHBIC IMhE30MaTe-
pHuabl Ha OCHOBE TUTAaHATa Oapus W IIMPKOHATA TUTAHATA CBUHIA. Y ITHX MaTepHa-
708 mbe303¢ddexT B 100 pa3 Oosbiie, 4em y KBapiia.

AHanoruyHble MaTepuaibl ObUTM 0OHAPYKEHBI CPEIM MAaTHUTHBIX MaTEPUAJIOB
U TIOJYYIJIM Ha3BaHWE MArHUTOCTPUKIIMOHHBIX MaTepuaioB. Oka3aaoch, 4TO MOMe-
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IIEHUE MArHUTOCTPUKIIMOHHOTO CTEP’KHSI B HAIPABJIEHHOE BJIOJIb HETO MAarHUTHOE
10JI€ TPUBOAUT K U3MEHEHUIO T€OMETPUUECKUX PA3MEPOB CTEPKHS.

Ha ocHOBe MarHUTOCTPUKIIMOHHBIX U MHE30KEPAMUYECKUX MAaTEpUAJIOB pa3pa-
0aThIBAIOTCSl YJIBTPA3BYKOBBIE MpeoOpa3zoBaTenu IMpeoOpa3oBaTresin — YCTPOUCTBA,
o0ecrnieunBaoIIye npeoOpa3zoBaHUe YHEPTHU IEKTPUUECKUX KOoJeOaHWW B MEXaHU-
YecKHUe ynpyrue KojieOaHus.

JI1s 4ero e MOKHO MCHOJIb30BaTh Y3 KojedaHuss? OQHO W3 OCHOBHBIX IPH-
MEHEHHUH YJIbTPa3ByKa CBA3aHO C BO3MOXKHOCTBIO TIEPEHOCA B MAaTEPUAIBHBIX Cpeaax
OTPOMHBIX SHEPTUid, HAIIPABJICHHBIX HAa PAa3BUTHE M COBEPIICHCTBOBAHUE MPOMBIIII-
JICHHBIX TEXHOJIOTHUH.

[lepcnieKTUBHBIM HaIpaBICHUEM UHTEHCU(PUKALUU TEXHOJIOTUYECKUX MPOIEC-
COB SIBJISIETCSI MCIOJb30BAHUE SHEPTUH MEXAHUYECKUX KOJIEOAHUM YIbTPa3ByKOBOM
YaCTOThI BLICOKOW MHTEHCUBHOCTH.

D¢ dexTuBHOCTh Y3 BO3ICUCTBUN HA pa3IMYHBIC TEXHOJIOTHYECKUE MPOIIECCHI
MOATBEPAKACHA MHOTOYMCICHHBIMU HCCJICAOBAHUSIMH U ONBITOM, IMO3BOJIUBIINMU
YCTaHOBUTH CJIETYIOLIEE:

1. [IpuMeHeHue yIbTPa3BYKOBBIX KOJIEOAHWN BBICOKOM MHTEHCUBHOCTU 00EC-
neyuBaeT 10....1000 kpaTHOE yCKOpEHHE MPOLECCOB, MPOTEKAIOIINE MEXIY IBYMS
WJIM HECKOJIBKUMHU HEOJHOPOJHBIMH cpelaMu (pacTBOPEHUE, OUUCTKY, 00€3KUpUBa-
HUe, Jera3aluio, KpalleHue, u3MeIb4eHue, MPOINUTKY, SMYIbIUPOBaHUE, IKCTparu-
pOBaHMUE, KPUCTAILIM3ALINIO, TOJUMEPHU3ALUIO, MTPEAOTBpAIEHUE 00pa30BaHUsl HAKU-
M, TOMOTEHU3AIINIO, SPO3UI0, XUMUYECKUE U DJIEKTPOXUMUUECKUE PEaKIMh U MHO-
roe apyroe). [Ipu 3ToM yBenMumBaeTCs BBIXOJ MOJE3HBIX MPOIYKTOB (Hampumep,
HKCTPAKTOB) U UM MPUAABAIUCH JOMOJHUTEIbHBIE CBOMCTBA (HAampumep, OuoIoruye-
CKasi aKTUBHOCTh U CTEPUIIBHOCTH), & TAKXKE YJACTCS MOJYyYUTh BEIIECTBA C HOBBIMU
CBOMCTBaMU (HarpuMep, TOHKOUCIIEPCHBIC SMYJILCUU U CYCIICH3HUN).

2. Wcnonb3oBaHue ynbTpa3BYKOBBIX KOJEOAHWN TO3BOJSIET OCYIIECTBISTH
TEXHOJIOTUYECKHE TMPOLIECChl, HE pealn3yeMble, WIH CIO0KHO peau3yeMble, Tpaau-
IMOHHBIMU METOJIaMU - 00€CIeYMBaTh pa3MEpHYI0 00padOTKy (CBepJeHUE, CHATHUE
dacok, BHIMIOJHEHNE MA30B) XPYNKUX U TBEP/ABIX MATEPUAJIOB, TAKMX KaK KEPAMUKH,
MOJIYITPOBOJTHUKOBBIE MaTepHajbl, CTEKJIO, CaMOIIBETHI, (EPPUTHI, CBEPXTBEPIbIC
CIUIaBbI U CTaJu.

3. YnpTpa3ByKoBbIe KOJI€OaHUS TO3BOJSIOT HMHTCHCU(PUIIMPOBATH MHOTHE
MPOLIECCHI, MPOUCXOSAIINE HA TPAHUIIE KOHTAKTa MAaTepUasoB (CBAPKY MOJMMEPHBIX
MaTepuaioB, CKICMBAHUE, MPOMUTKY PA3JIMUYHBIX MAaTEPUATIOB), YCKOPSS TEXHOJIOTH-
YecKhe  NIpolecchl M TMOBBIMIAs ~ KayecTBO  MOJY4aeMbIX  M3JEIHM.
K coxaneHuto, OTMEUEHHBIE BBIIIEC JOCTHXKEHUS YJIbTPa3BYKOBBIX TEXHOJOTHM 10
HACTOSIIETO BPEMEHH MaJI0 M3BECTHHI IIMPOKOMY COOOIIECTBY MPOMBIIIEHHUKOB U
JOCTAaTOYHO PEAKO HCIOIB3YIOTCA B MPAKTUUECKOW MPOU3BOJCTBEHHOW M OBITOBOM
JEATEIIbHOCTH.
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4, IlpuMeHeHre BBICOKOIHEPIETHYECKUX KOJeOaHUW - BOJIH BBICOKOW WHTEH-
CHUBHOCTHU JIJIsI aKTUBHOTO BO3JICMCTBHS HA BEILIECTBA M MU3MEHEHUS UX CTPYKTYPHI U
CBOWCTB.

KonebaHMsa HU3KOM Kone6aHMA BbICOKOM

YneTpasByKOBbIe ] [ YneTpaszByKOBbIe

MHTEHCHMBHOCTH MHTEHCHMBHOCTM
r . r B
M3meHenne AKTUBHOE
TEXHONOrMYECKHX BO3AEeNCTBME Ha
napameTpoeB BElLecTEa
r F
“ 3
MNzmeHeHKe
Pacxoaomepsl CTPYKTYPbI
) F
r " 1
AHanwusaTopobl M3meHeHune cBOWCTB
" J - ¥
r % '1
Hepa3spywarLwmii
KOHTPONb XUMHUyeckue peakumm
- > - »

Puc 3.8 OGnactu npuMeHeHust yinbTpa3ByKa

3.8 IlpumMeHeHHe MATHUTHBIX TOJIE.

YcTaHOBKM MarHUTHOM OOpaOOTKM MaTepuajoB OCHAIICHBI IMOCTOSHHBIMH
MarHuTaMu WiId 3JeKTpoMarauTaMu. OHM HaILId OCHOBHOE NPHMEHEHHUE 0751 Mde-
HUMHOU cenapayuu (OYUcmKu) KOpmMos u 3epHa OT METaJNINYECKUX BKIIIOUEHUH, a
TaKXKE O/ MACHUMHOU 00pabomku 600vbl C NENbIO MPUIAHUS € MPOTUBOHAKUITHBIX
CBOWCTB.

Cemapaliiviss B MarHUTHOM TIOJI€ OCHOBAaHA Ha Pa3IMYMM MATrHUTHBIX CBOWCTB
pasnenseMbIX (hpakKIHii, KOTOPBIE ONMPEACIISIOT CHUITy, ICHCTBYIOIIYIO Ha HUX CO CTO-
POHBI MAarHUTHOTO TOJISl. JTa CHja OCOOCHHO 3HAYMTENbHA I (PeppOMarHUTHBIX
MaTepUasoB.

Maenumnasn cenapayus cemsan. Ilpu MarHuTHON cemapany CEMsH UX IpeBa-
PUTENHHO YBIAXHSIOT, CMEIIMBAIOT ¢ (hePPOMArHUTHBIMH MOPOIIKOM M TIOJIAIOT Ha
BpaIIaIONIUiiCcs HEMarHUTHBIM OapabaH, BHYTPH KOTOPOTO HEMOJBI)XHO YCTaHOBJICH
MAarHUTHBIN y3eil. [ 1agKue ceMeHa KyJlbTypPHbIX PACTEHUN NMPAKTUYECKU HE YIACPKU-
BalOT Ha CBOCH MOBEPXHOCTH (hepPOMArHUTHBIN TOPOIIOK, U OHU OTPBIBAFOTCS OT He-
ro MepBbBIMU W MONAAAIOT B CBOM CemapuUpyrOIIMil OTCEK, a IIepOXOBaThie CEMEHa
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COPHSIKOB YJEP>KUBAIOT (DEPPOMATrHUTHBIN MOPOIIOK, U OHU OTPBIBAIOTCA OT Bpalia-
folerocst 0apabaHa moxe B ApyroM cemnapupyromuid otcek. [locne yHUYTOXEHUA
CEMSIH COPHSKOB (heppOMarHUTHBIN MOPOIIOK UCIIOIB3YIOT CHOBA.

Maenumnas ouucmka Kopmog. ITO BaXKHAsI 4aCTh TEXHOJIOTHUECKOTO MPOIieC-
ca KOPMOIPHUIOTOBJICHHSI, TAK KaK METAJUIMYECKUE BKIIOYEHUS B KOpMax (KyCOUYKHU
IIPOBOJIOKH, TBO3/IM, TAaKH, OOJITHI U T.II.) BBI3bIBAIOT MOJOMKH MU3MEIbYAIOIIUX Ma-
IIMH, a TakXe, MPOHHUKAas B OPraHU3M >KMBOTHBIX, CHHYKAIOT MPOAYKTUBHOCTb IIO-
CJIEIHUX U MOTYT OBbITh MPUYMUHOMN X TPaBM U JaKe THOEIH.

Ha npennpustusix KOMOMKOPMOBOW MPOMBIILIEHHOCTH HIMPOKO MCIOIL3YIOT Mar-
HUTHBIEC CEMapaTophbl, BBIICISIONINE PeppOMarHUTHbIE IPUMECH W3 3€pHA U MPOAYK-
TOB €0 U3MEJIbUYCHUS.

Obpabomka 600b1 macHumusvim nonem. Boma, oOpaboTaHHass MarHUTHBIM T10-
JeM, He 00pa3yeT Mpu KUIAYEeHUW Hakunu. [IpoTuBoHaKMIHON 3 (HEKT MarHUTHOU
00pabOTKH CBSI3aH C HAJIMYKUEM B BOJie (PeppOMArHUTHBIX NMpUMecer (OKCHIOB JKelle-
32 U MX THJIPATOB), YACTHYKH KOTOPBIX B MAarHUTHOM II0JI€ CIUMNAIOTCSA U CIIy>KaT 3a-
TPaBOYHBIMU LIEHTPAaMU KPUCTAJUIM3ALUU COJIEH JKECTKOCTU HEIOCPEICTBEHHO B
o0beMe BOJIbI, @ HE HAa TEINIOOOMEHHBIX MOBEpXHOCTAX. OCHOBHON HAaKUIEOOpa3oBa-
TeJNb - KapOOHAT KaJbLiKs, KOTOPBIA 00pa3yeT KpUCTaILIbL.

OG6paboTaHHasi MarHUTHBIM TOJIEM BOJia O0JIaaeT TaKXKe U JIPYTUMH TOJIE3-
HbIMU CBOMcTBamMu. Hampumep, npu nmonvBe TakoM BOAOW YBEIMYUBAECTCS YpOKau-
HOCTh CEJIbCKOXO3SIICTBEHHBIX KyJbTyp. Ee mcnonb3zoBanue nomblmaer 3pQpexTuBs-
HOCTh paccosieHud nouB B 1,5...2 pa3za u T.4. OgHako no ucreuenuu 1...4 4 Boja,
npouienuiasl 4epe3 MarHUTHOE IoJie, TepseT MPUOOPETEHHbIE €10 IMOJIE3HbIE CBOIi-
ctBa. [IoaTOMy MarHuTHy0 00pabOTKY BOJIbI MPOBOJAT MEPE]] HETIOCPEACTBEHHBIM €€
VCITOJIb30BAHUEM.

4. Buabl pacyera 3JIeKTPOHATrPeBaTeJbHbIX YCTAHOBOK

B 3aBucumocTtu ot uenn pacuera DHY paznnyaroT: KOHCTPYKTUBHBIN, MPOBE-
POUHBIIN U pacyeT Mo BEIOOPY 000pyAOBaHMUS.

Koncempykmuenolii pacuem BBIIOTHSAIOT MPU MPOEKTUPOBAHUM HOBOMl DOHY,
KOT/Ia OTPECISIIOT TEIJIOBBIC, DJIEKTPUUECKUE W MAcCOTa0apUTHBIC MOKa3aTeIH, 10
KOTOPBIM B JAJIbHEHUIIIEM MOXET OBITh U3TOTOBJIICHO 000PYOBaHUE.

IIposepounvlil pacuem BBITIOTHSIOT MPU MTPOBEPKE TOTOBOTO M3JIEININS, BBITYC-
KaeMOTO MPOMBINIJIEHHOCTHIO. [lenbio pacuera MoxkeT ObITh TPOBEPKA BO3MOKHOCTH
MCMOJIb30BaHUs JAHHOTO MU3JENMsI B KOHKPETHBIX YCJIOBUAX IKCIUTyaTalluH; B yCIO-
BUSIX, OTJIMYAKOLIUXCS OT MACHOPTHBIX JAHHBIX; MPU OTCYTCTBUM ITUX JIAHHBIX Y
OHY; npu miianHupyemoil MoJIepHU3alUA YCTAHOBKH U T.II.

Pacuem no sewibopy o6opyoosanus npoBonut nois3oBarens JHY. Tlo pesynb-
TaTaM pacuera Mmokymnareib Beioupaer DHY mo macnopTHBIM JaHHBIM, TPUBOAUMBIM
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B KaTajorax. BeIOOp MOXKET OCYIIECTBISATHCS MEXIY OTEUECTBEHHBIMU U UMIIOPT-
HBIMHM M3JICJIUSIMUA; MEXIY TEXHOJIOTHMYECKH PA3HBIMU YCTPOWCTBAMH, MMEIOIIMMU
pa3IuYHbIC BO3MOKHOCTH PETYJIMPOBAHUS U T. 1.

KOHCTpYKTUBHBIN M MPOBEPOUHBIN PacUeThl BHIIIOJIHAKOT MO OAHON U TOH K€
METOJIMKE U MO OJTHUM U TEM K€ PACUECTHBIM COOTHOIIECHHUSIM.

Conepxkanue ykazaHHbIX pacueToB DHY uMeeT TEmaoBy0 U 3JIEKTPUUECKYIO
gactu. Takoe moppasneneHue ompexaensiercss teM, yto DHY coBmemaer B cebe
byHKIIUU moTpeduTens (WM TPUEMHUKA) SJICKTPUYECKON SHEPrud M HCTOYHUKA
TETJIOBOM SHEPTHUHU.

Tennosas yacth pacuera DHY HyxHa 1151 OnpeAeseHUs €€ TeIIOBOM MOIIHO-
CTH, TEMIIEPATypbl OTACIBHBIX 3JIEMEHTOB KOHCTpYyKIMH, TerioBoro KII/I, pacuera
TEIJIOBOM U30JISIIUA U JIP.

Anexmpuyeckas 4acThb MpeIHA3HAYCHA JJI BHIOOpA MUTAIOIIETO HAMPSHKEHUS
Y 4acTOTHI TOKa, onpeneneHus snexkrpudeckoro KIIJ[ u xoapdunrenta MomHocTH,
pPa3pabOTKH AIEKTPUUYECKON CXEMBI U CIIOCO0a PETyIMpPOBaHUS MOIIHOCTH, OMNpejie-
JICHUS BJIEKTPUYECKUX TTapaMETPOB U FreOMETpUIECKUX pazMepoB DHY.

OcHoBHBIC MapameTpsl 1000 IHY — TemioBas MOITHOCTh YCTaHOBKH, PO/
Toka W Hamnpspkenue nutanus, KIIJ[ u amekTpudeckas MOITHOCTh YCTaHOBKH, KO (-
(ULIMEHT MOIIHOCTH U MaccorabapuTHbIC MTOKA3ATEIH.

4.1 DaemeHTHbIE BogoHarpeBareau. KocBeHHbIN HAarpeB aKTUBHBIM
CONMPOTHUBJICHUEM

Haub6onee mupoko ncnonb3ytor DHY KocBEeHHOro HarpeBa, B KOTOPBIX peaiu-
30BaH CHOCOO HarpeBa CONPOTUBJIEHHEM C MOMOIIBIO HarpeBaTeIbHBIX 3JIEMEHTOB
(cMm. puc. 2.1, 8).

OnementHbie DHY noapasnenstor no xapakrepy paOOThl: Ha HEMIPEPHIBHOTO U
NEPUOIMYECKOTO IEUCTBUS (IPOTOYHBIE U HEMPOTOUHBIE); 0 KOHCTPYKTUBHBIM OCO-
OCHHOCTAM —Ha IMEpPEHOCHBIE, HAMNOJbHbIE, HACTEHHbIC; MO uuciay (a3 — Ha OA-
Ho(a3Hble U Tpex(da3Hble; MO HCIOIb3YEMOMY HANPSKEHUIO—C HaAIPsHKEHUEM 10
1000 B (kak npasuio, 220 u 380 B) u cBeimie 1000B; no ucnosib3yeMbIM HarpeBa-
TEJIBbHBIM AJIEMEHTaM — C TPYOUaThIMH 3JIEKTPUUECKUMH HarpeBaTeIbHBIMU 3JIEMEH-
tamu (TOHaMu) U ¢ repMeTHYHBIMU YTOJIbHO-TPA(UTOBBIMU MPOBOJHUKAMH U TIO-
KPBITUSAMU (IPUMEHEHUE IPYTUX AJIEMEHTOB, HAIIPUMEP OTKPBITBHIX CIUpaiei conpo-
TUBJICHUS, B BOJOHATPEBATENSAX 3AMPEILEHO).

DNEeMEHTHBIE AIEKTPUUECKHE BOJAOHAIPEBATENN HCHOB3YIOT Jisi HarpeBa BO-
JIbl HAa TEXHOJIOTUYECKHE U CAaHUTAPHO-TUTHEHWYECKUE HYXKbI (pepM M KOMILJIEKCOB,
JUISl IOJOTPEBA BOJBI B aBTOTPAKTOPHBIX MAaCTEPCKUX, B TEIUIMYHO-TAPHUKOBOM XO-
34iiCTBE, B KOHCEPBHOM ITPOM3BOJCTBE W MpPH BhINEUKe Xje0a, /Ui H3rOTOBJICHUS
pPa3IMYHON MUTHEBOW BOJBI U MMBA, & TAKXKE HA APYTHX TEXHOJOTMYECKUX LIETAX.
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OcHoBHbIE IpeUMyILIECTBA 31eMEHTHbIX DOHY — MolHoCTh, noTpedisemas u3
CETH HarpeBaresieM, HE 3aBUCHUT OT YJEIbHOTO JIEKTPUYECKOrO COIPOTUBIICHUS BO-
IIbl P20 M MPAKTUYECKHU HE 3aBUCUT OT TemrepaTypsl Boabl; DHY moxer ObITh cpasy
K€ HCIOJIb30BaHa JUJIsl HAarpeBa MUThEBOW BOJIbI (0€3 MCIOJB30BaHUs MPOMEKYTOU-
HBIX TEMI0O0OMEHHUKOB); Y HarpeBatelieii UMeeTCcsl BOBMOXKHOCTh OBICTPON 3aMEHBI
BhIeAIUX U3 crpos TOHOB; mpu mponaxke oaHoW U3 (a3 co CTOPOHBI MUTAHUS
ACMMMETPHS HAIIPSHKEHUM MEHEE OIacHa.

Opnnaxo pabota 31nemeHTHbIX DHY npu HenosmHopa3zHOM peXUMeE 3alpellieHa,
a B CEThb BOJIOCHA0KEHUS UX JOJDKHBI BKIIIOYATh YEPE3 U30JIMPYIOLIUE BCTABKH.

Henocratku snementHeix DHY — Bbixoa u3 ctpos TOHoB (neperopanue) us-
3a MPEKpaIleHus TOAAYN UM YITyCKa BOJBI U3 CUCTEMBI; MEHbILIEE 3HAYCHUE MOIIHO-
CTH Ha €IMHUIlYy MacCchl U 00BbeMa MO CpaBHEHMIO ¢ 3ekTpoaHbiMu DHY, a Taxxke
Oonee cioxHas KOHCTpYKIUs ¢ 6onee Hu3kuM KIIJ[; MeHbIIne BO3MOKHOCTH pEry-
JUPOBAHMS MOIIHOCTH (CTYNEHYaTOE pEryJupoBaHUE IMpPHU OrPAHUYEHHOM KO-
JIMYECTBE CTYIICHEM ).

Buibop TOHos. Vx BwiOupatoT mo pacyetHoit moimHoctd DHY. B cootBer-
cTBUU C (2.28) U1 HenpomoyHbiX IEMEHTHBIX Harpeparelieil MomHocTs P, onpene-
JISIOT 110 BBIPAYKEHHUIO, BT,

Pp: ®n /Utnaep = mC(TZ _Tl)/nti-mep (41)

rge m — macca HanCBaGMOﬁ BOJBI, KT, tuazp — IIPOOJOJLDKHUTCIBbHOCTD HAI'pCBa, C.

Ecnu nan o6bem HarpeBaemoit Bojbl V, 1, To m = Vp,
rjie P — IVIOTHOCTh BOJIbI, paBHast 1 Kr/1I.
st npomounwvix SHY ananoruuno (4.1)
P,=@,n=mC(T,-T)/n, (4.2)
rje M; — MaccoBas, KI/c, ujiu 00beMHas, Ji/C, TPOU3BOIUTEILHOCTh YCTAHOBKH,
m¢ = Vip, pu p =1 Kr/n1 M, YUCIEHHO paBHO V,

[Tpu koHcTpynpoBanuu smeMeHTHbIX DHY TOHbI BbIOMpaOT 0 pacueTHON
MOIIIHOCTH, HEOOXOAMMOM JIJIsi HarpeBa Cpellbl WK BemecTBa. Jlanee mo karamoram
BbIOMpaOT TOHBI, COOTBETCTBYIOIIME YCIOBUSM SKCIUTyaTallid, HAMNPSKEHUIO,
MOIITHOCTH, TeMIIepaType 000J0UYKH U HarpeBaeMo cpene, a Takke hopme, BO3MOXK-
HOCTH pa3MeleHus1 HarpeBaTens B pabodem mpoctpanctse. Uucino TOHos ompene-
JAIOT B 3aBUCUMOCTH OT P, u Py, T0 ectb n — P,/P1. Uncno TOHoB 1 0mKHO OBITH
KpPaTHO TPEM JIsl BOBMOKHOCTH MUTaHUs OT TpeX(pa3HOU CETH.

TOHBI MOTyT GBITH BBIGPAHBI TAKKE MO PACYETHON ILIOMALH, M°, 0OIIeil mo-
BEPXHOCTH HarpeBa B pacueTre Ha oJiHy (a3y:
F. =P,/ P, (4.3)

2
rjae Pg — nomyctumast yaenbHast moBepxHocTHast MomiHocTh TOHa, BT/M”.
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3nauenue Pg 3aBUCHT OT MaTepuainia TpyOKH, IIeTTU U YCIOBUI Harpesa. Tak, s
TOHoB co crampbHON 000704YKOM mpu HarpeBe W kumsueHun Boabl Pp= (7...10)
10*B1/M%; ipu HarpeBe Mooka ¥ TemmepaType Ha obomnouke TOHa, pasroii 150 °C,
Pg= 3 10* Br/m°. Cneunuansubie ogHokoH1eBbie TOHII nmatpoHHOro thmna oTiauya-
FOTCSI BBICOKOH YIE/TBHOI ITOBEPXHOCTHOM MOIHOCTBIO 10 38-10" Br/M”. HeoGxomu-
Moe uncio TOHoB

n=F,/F, (4.4)

rie F,; — miomans moepxuoct oxroro TOHa, M2,

Yenosus sxennyamayuu. Ecnu yciaoBust skcrutyaTanuy Beiopanasix TOHoB oT-
JMYAOTCA OT YCTAHOBJIEHHBIX 3aBOJOM-H3TOTOBUTEIEM, TO JENAKOT IMPOBEPOYHBII
pacuert, onpeaensist (pakTHUECKyI0 TeMIepaTypy MOBEPXHOCTU TPYOKH T .y, U yI€Ib-
HYIO IOBEPXHOCTHYIO MOIIIHOCTH Pp.

C yMeHbIIEHUEM TeMIEpaTypbl HA MOBEPXHOCTH TPYOKH MOBBIIIACTCS HAIEK-
HOCTb 1 AoJiroBedyHocTh TOHa. Eciin TOHBI B 1aHHBIX YCIOBUAX 3KCIUTyaTalluy HpH
HOMHUHAJIBHOM HANpsDKEHUU TMEPErpyKEeHbl, UX MOXHO HCHOJIb30BaTh, BKJIIOYMB Ha
MOHWKEHHOE HanpshkeHue. OJTHAKO 3TO NPUBOAUT K Heloucnoas30BaHuio TOHOB no
MOIIIHOCTH M JOJIKHO OBITh 0OOCHOBAHO (CHM)KEHHE HAIPSKEHUS B JIBa pa3a YMEHb-
1aeT MOITHOCTh, pa3BuBaeMyto TOHowM, B ueThipe pasza).

TOHbI 10 UCTIOTHEHUIO CYUTAIOT TEPMETUYHBIMU B OTJIMYHUE OT MIPUMEHSIEMBIX
OTKPBITBIX HAarpeBaTesiel B BUJI€ U30THYTHIX JICHT U MPOBOJIOYHBIX COUpPAJIEH U3 pa3-
JIMYHBIX CIUIABOB, a TAK)KE 3aKPBITHIX, [JI€ HATPEBATEIN Pa3MELIAIOT B KOKYXax WIH
paJMallMOHHBIX TpyOaxX. 3aBOJII-U3TOTOBUTENN YACTO HE TapaHTUPYIOT TepMeTHdY-
HocTh TOHoB, paboTatonux B Bo3ayiHOM cpene. [loaToMy npuMeHeHne ux B Ipy-
r'UX cpeaax (B TOM YUCIE B BOJIE) HE PEKOMEHAYETCH.

Teriora OT OTKPBITEIX HAarpeBaTelie NepeaacTcsl KOHBEKIMEN U U3TyYCHUEM,
OT 3aKpBITBIX — IJIaBHbIM 00pa3oM KoHBekuue. TOHBI paboTaroT B ycTaHOBKax
KOHJIYKTUBHOT'O, KOHBEKTUBHOI'O U JIYYCTOTO HAarpeBa.

Cpennsist HapaboTka TOHOB 10 0TKa3a npu paboTe B KUJIKOCTHBIX CPelax Co-
ctaisieT He MeHee 5000 4, mpu padoTe B BozaymHOM cpeae — g0 12 000 4. O60-
3HaueHUs HanboJiee PacIpOCTPAHEHHBIX CPEJl, HarpeBaeMbIx ¢ momoibio TOHoB: P
—BOJIa WJIK BOAHBIC PacTBOPHI, | —KupBI, MUIIeBbIe Macia; Z — TEXHUYECKUE Mac-
na; L — HarpeB nuTeHbIX U npecc-hopM; S — CIMOKOMHBIN BO3ayX; T — BO3IYX,
JIBUTAIOITUNCS CO CKOPOCThIO 0 1,5 m/c mpu Temmneparype Ha obosouke TOHa ot
450 no 650 °C; O — BO31yX, IBIXKYIIUNUCS CO CKOPOCTBIO HE MEHee 6 M/C MpU TeM-
nepatype 1o 450 °C.

YVempoiicmeo. Ha pucynke 4.1 nokazano ycrpoiictBo TOHa. On cocTout u3
tonkocteHHow (0,8...1,2 Mm) Metamummueckor TpyOku (o0onoukn) 1, B KoTopou pas-
MeElIeHa HarpeBaTeNbHas CUpalib 2 U3 MPOBOJIOKH BBICOKOTO YAEJIBHOIO 3JIEKTpUYe-
CKOTO COIpOTHUBJICHUs. B KauecTBe MarepuasnoB JUisi IPOBOJOKU HCIONB3YIOT HH-
xpoMmbl U pexpanu. B OHY ¢ paboueii remnepatypoii Boiiie 1250 °C npuMeHsIIoT Ty-
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rOTUTaBKME METaJUTBI — BOJIb(ppaM, TaHTaJl, HHOOUH, MJIM UCIIOJB3YIOT HEeMETauIhye-
CKHME MaTepHuaibl — KapOopyH, MonubaeH uiu rpadut (tadn. 6.1). Tpyoky Harpe-
BaTeJIsl YACTO BBITIONHSIOT U3 YTIEPOANCTOMN CTAll WA U3 HEepKaBeromien cramu. s
MIOJIOTPEBA BOJBI TPyOKa MOXKET OBITh BBIMIOJIHEHA M3 MEM WU JIATYHH, MOKPBITHIX
OJIOBOM, HUKeNleM i XpomoM. Cripans W30JUPYIOT OT TPYOKH HAMOJHUTEIEM 4,
UMEIOIUM BBICOKHE JICKTPOU3O0JIUPYIOMINE CBOMCTBA W XOPOIIO MPOBOMASIIAM TETI-
J0Ty. B KadecTBe HAMOJHUTENS Yalle BCEro HCIOJIBb3YIOT MEepUKIa3 (KpUcTainye-
ckasi okuch Maruus). [locie 3anomHenus nepukiaazom TOH ompeccoBBIBAIOT U CTIH-

pajb )KEeCTKO (PUKCUPYIOT MO OCH TPYOKH.
L

I ra

g=1

il Tl - sl s P ) y

S L e~ ,".Iﬁ-.: ol :///.__- -

E_ ) __-'..-yz_-'._-'f/ -'-‘V!"':“J;f;‘-:"-'-;://:j' . “;F‘_ —_Hr‘ﬂ

%

Puc. 4.1 TpyOuarsiii anekTpuueckuii HarpeBarens (TOH):
a — KOHCTPYKTUBHAs CXeMa; 6 — pacu€THble mapaMmeTpsl ciimpanu TOHa;

1 — o6osouka; 2 — HarpeBaTeIbHas CIIUPaNIb; 3 — KOHTaKTHAs IIMUIbKA; 4 — HAITOJTHU-
Tenb (MepuKia3); 5 — TePMETUK; 6 — U30JIATOP; 7 — KOHTAKTHasl railka; KOHTAKTHBIC
MIMAJIBGKA (MU CTPEXKHU) 3, COCTUHEHHBIE ¢ KOHIIAMH CIHUPATH 2, UMEIOT CHApPYKH
KOHTaKTHbIE TalKW 7 N7 MOAKIIOYEHUS BJIEKTPUUYECKUX MPOBOJOB MIIM PA3bEMOB.
[muneku 3 U30IUPYIOT OT TPYOKH M30JATOpaMH 6, TOPIIBI TE€PMETUZUPYIOT BJIaro3a-
UIUIIEHHBIM KPEMHUHOPTraHUYECKUM JIAKOM (T€pPMETHKOM) 5.

[TpeumymectBo TOHOB - yHUBEpCATbHOCTD, HAJIEKHOCTh U O€30MMACHOCTH 00-
ciykuBaHus. MX MOKHO MCIIOIB30BATh MPU KOHTAKTE C Ta3000pa3HBIMH U KUIAKAMU
cpenamu. TOHBI HE OOSITCS BUOpAIMi U yJIapOB, HO HE SIBJISIFOTCS B3PHIBOOE30MaCHBI-
Mmu. Pabouas temneparypa TOHoB moxer gocturats 800 rp. C, 4TO yIOBIETBOPSET
UCIIOJIb30BaTh MX HE TOJBKO B YCTAaHOBKaX KOHJIYKTMBHOIO M KOHBEKI[MOHHOIO
HarpeBa, HO U B Ka4eCTBE M3JIydaTesie B YCTAaHOBKAaxX Jy4yuCTOro (MHMpaKpacHOro)
HarpeBa. BeneactBue repMerusanuu cnupanieid cpok cimyk0e1 TOHoB mocturaer 10
ThICSAY YacoB. VX MOXKHO HCIIONB30BATh B YCTPOHCTBAX ¢ JaBienueM 109,8+10° IMa.
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K menocrarkam TOHOB cieayer OTHECTH BBICOKYHO METAJUIOEMKOCTb U CTOU-
MOCTb H3-32 HUCIOJIb30BaHUS JOPOTOCTOSIIUX MATEpUATIOB (HUXPOM, HEpIKaBEIOIIast
CTaJlb), HE OUYEHb BBICOKUHN CPOK CIIY>KOBI (110 CPAaBHEHUIO C DJIEKTPOAHBIMU HarpeBa-
TEJISIMHU ), HEBO3MOKHOCTh PEMOHTA MPU MEPEropaHuu CIUpaIn, HEOOXOAUMOCTh IO~
CTOSTHHOTO KOHTPOJISI TEMIIEPATYPhI IOBEPXHOCTH.

Ilpumenenue. TOHBI IUPOKO UCHOJIB3YIOT B BOJIOHATPEBATEIIAX, AJIEKTPOKH-
MATUILHUKAX, YaWHUKaX ¥ Ko(peBapkax, TEIUIOAKKyMYJIUPYIOIINX YCTAHOBKAX, JICK-
TPOIUTUTAX M DJIEKTpONeYax, B AeKTpokantopudepax u T. 1. [[pOMBIIIIEHHOCT BbI-
nyckaetr TOH#BI Ha Hanpsbxkenue ot 6 7o 380 B momntHocThIO OT 15 BT 110 25¢10° Br ¢
pazBepHyTOM AymrHOM oT 10 10 630 ¢cM M TUAMETPOM HUCTOJIb3yeMOH TIaIKON TPyOKHu
ot 6 10 20 mm. [Ipu HarpeBe razo00pa3HBIX Cpell JUIsl YBEJIWYEHUS TEIJIOOTBOAA OT
TOHa npumensitor ero opedpenue. [ns paumonanbHoro pasmenieHus TOHoB B
HarpeBarejie UM MPUJIAI0T pa3andyHyro (opMy. YCTaHABIMBAIOT UX IMPU MOMOIIH
KPEMEeXHBIX IITYLEPOB, XOMYTOB, IUIAHOK, XBOCTOBUKOB, YIUIOTHSIOIIUX BTYJIOK,
pPa3bEMOB U T. 1I.

Mapxupoexa. B cenbCKOX03UCTBEHHOM MPOU3BOJICTBE UCIOJIB3YIOT TpyOUa-
Thie AnekTpoHarpeBatenu cepuit TOH, TOHII, 3T, HB, HBXX, HBC, HBCX, HMM,
HMMX u np. Pactmndposka OykBeHHBIX 0003HaueHui: DT — anekTpoHarpeBaTelb
TpyOuatsiit; I1 —mnatponnoro tuna; H — narpeBarens; B —Boasi; BC —Bo3nyxa;
MM — macna; K — ¢ )xaponpo4Hoil 000JI0YKOH.

IIpumep pacumdpoBku obo3HaueHusi HarpeBatenss TOH-100A13/4,0 P220:
TOH — TpyOuarslii anekTpuueckuii HarpeBaTenb, 100 — mosiHas (pa3BepHyTast)
nuHa obomoukn TOHa L, cM; A — jqyiHa KOHTaKTHOM IIMMIIBKU (CTEP)KHS) B 3a-
nenke |, = 40 mm; 13 — napyxubiii auametp TOHa dzp, Mm; 4,0 — moTpebisiemast
MOIIHOCTh, KBT; P — HarpeBaemas cpena (B JaHHOM ciydae Boja); 220 — Hamps-
JKECHME nuTaHus, B.

Benwuuna |, MoxxeT OBITH pa3aMyYHONW B 3aBHUCHMOCTH OT YCJIOBUH pPaOOTHI
TOHa A = 40 mm; B= 65 mm; C= 100 mm u T. a.). [lonno#t gnmuuoit L TOHa cuuraror
JUTMHY OT Kpasi 10 kpast TpyOku (cm. puc. 4.1): L =i, + 2/, rne Z, — nyivHa aKTHBHOM
yactu Tpyoku TOHa. OtnenbHbie PupMBl B KOHIIE MPUHSATOTO 0003HAYEHHUS YKa3bl-
BAaIOT MHOTJA BUJ Kinmatuyeckoro ucnoiHenus (YXJI3, YXJI4) unu paguyc 3a-
KpYIJICHUS, CM, U HaJTM4ue MTylepa.
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Tabmumna 4.2 YcioBHoe 0003HaUY€HHE HArpeBaeMoOM Cpelibl, MaKCHMaJlbHas

BaTTHas Harpy3ka M Marepuan OO0OJOUYKHM [JIsi TpyOuaThIX AIIEKTpOHArpeBaTesen

(T9Hog)
MaxkcumanbHast
YcaoBHoe
Harpesaemas BAaTTHASA Marepuai
o6o3Haye- XapakTep HarpeBa
cpena Harpy3ska, 000/104KH
HHUe
Br/em2
Bopna, cna0wiit Harpesanue, kunsueHue ¢ Mak-
. . Hepxagetro-
J PacTBOp KUCIIOT CUMAJIBHOM TEMIIEpaTypor Ha 15
o nias cTajib
(pH ot 5 10 7) o6omnouke 100°C
Bona, cna0writ Harpesanue, kunsueHue ¢ Mak-
. . . VYoeponucras
P pacTBOp LIENOYEH | CHMaJIbHOM TEMIIEPaTypor Ha 15
o cTajb
(pH ot 7 10 9) o6omouke 100°C
Harpes B criokoiiHOl ra30Boi
Bosnyx, rassl u Yreponucras
S cpeze 10 TeMIieparypsl Ha 000- 2,2
CMECH razoB o cTajb
nouke TOH 450°C
Harpes B criokoiiHoOl ra30Boi
Bosnyx, rassl u . Hepxageto-
T cpezie ¢ TeMmeparypoii Ha 000- 50
CMECH ra3oB R mas CTaiab
nouke TOH cbime 450°C
Harpes B aBuxyieiics co cko-
0 Boznyx, razel 1 | pocThio 6M/C BO3AYLTHOU Cpefe 55 VYrnepoaucras
CMECH razoB JI0 TEeMIEpaTyphl HA 000IOUYKE ’ cTajb
TOH 450°C
Harpes B nBmxymieics co cko-
K Boznyx, raszsl u pPOCTBIO HE MeHee 6M/c BO3- 6.5 Hepxageto-
CMECH razoB IYIIHOM CpeJie ¢ TeMIeparypou ' nias cTaib
Ha o6omouke TOH cB. 450°C
TOH BcTasieH B na3, UMEETCS
. rapaHTHPOBAHHBIN KOHTAKT C
Jluteitunie op- P P VYoeponucras
L HarpeBaeMbIM METAJJIOM, TEM- 5,0
MBI, IIpecc-QpopMbl cTajb
neparypa Ha obonouke TOH 1o
450 °C
Harpes B BaHHax u Jip. EMKO- VYoeponucras
Z Kupsr, macna P P o 3,0 p
cTax, Temieparypa 1o 250 °C CTaJIb
Harpes u miiaBneHre B BAHHaX
JlerxonaBkue
U Jp. EMKOCTSIX C TeMIIEpary- VYrnepoaucras
W METAJLILI U CILIa- . 35
poii Ha o6omouke TOH no CTaJb
BBI
450°C
C (1moii Hepxagero-
enuTpa (IBou-
D P Harpes no Temneparypst 600°C 3,5 11as/yepHas
Hast 000JI0UKa)
cTajb
o Hepaxasero-
H Cemutpa Harpes 10 Temneparypsr 600°C 3,5
mast CTajib
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Tabnuna 4.3 CrangaptHas 3aaenka |, kontaktHoro crepskus TOH

O0o3HaYeHHe
JUIMHBI

A B C D E F G H

JliuHa B MM 40 65 100 125 160 250 400 630

Kaxk eviopame TOH

Breimyckatorcst TOHBI MontHOCTRIO OT 15 BT 110 15 ¥BT B egunutie, pa3sepHy-
tor 1yHOM OoT 250 10 6300 MM, HApYKHBIM JUaMeTPoM OT 7 10 19 MM U HOMUHAT b-
HbIM HanpsbkeHueM oT 12 10 380 B B 01HO WM TpEeX3JIEMEHTHOM MCIIOJTHEHUH.

[Tpu BeiOOpe TOHOB HEOOXOaMMO yUHUTHIBAaTh: Ha3HaueHue TOHa, ero mo-
HOCTb, MMUTAIOIIEE HANPsHDKEHUE, YCIOBUS dKCIUTyaTalluy (HarpeBaemas cpeia, Xapak-
TEp HarpeBa, yCJIOBHS TEIJI000MEHa, HEOOXOAUMYIO TEMIIEPATYPY ).

MOoOUIHOCTh, KOTOPYIO MOKHO CHSTH C €QUHUIIBI MOBEepXHOCTH TpyOkn TOHa
(ynenbHast Harpy3Ka), 3aBUCUT OT YCJIOBHM pabOThI, MaTepHalia TPyOKH U MaTepHalia
HanosiautesNss. TOHBI BRIOUpAIOT U3 pacueTHONW MOLTHOCTH HEOOXOIUMOM JIJIsl Harpe-
Ba cpensl: Ppacu = (K3 x Pnon) / xup, tae K3 - koaddumument 3amaca (1,1 - 1,3), kg
- KII/I, yuuTsIBaromuii moTepyu MOUTHOCTH.

N3 karanmora Haxogar TOH, cOOTBETCTBYIOLIMI YCIOBUSAM 3KCIUTyaTalluy IO
HaIpPsHDKEHUIO, MOITHOCTH. TeMIlepaType O0O0JIOUKM M HarpeBaeMoil cpene, a Takxke
dbopme, Bo3MokHOCTH pasMerieHnus: TOHa B pabodem mpocTpaHcTBe. 3aTeM orpeje-
10T uncsio TOHoB B 3aBucumocTH ot Ppacu n ennandHON MomHOocTH TOHOB.

Vkazanue no sxcniyamayuu

ITepen skcrutyaranueit TOH npoBepsitot:

1) conporuBnenue uzomnsaiuu (mpu ero majgenuu Hwke 0,5 MOM win yBenude-
HUU ToKa yTeuku Oonee 0,75 MA/kBT TOH cneayeT npocymumTs IpH TEMIIepaType
120 - 150°C B TeucHue 4 — 6 yacon);

2) HaJIeXXHOCTh 3a3€MJICHUS;

3) 3alMTy TOKOBEAYIIUX YacTel OT CIIy4alHOTO K HUM NMPUKOCHOBEHUS U T10-
najiaHust OpbI3T (BCE MOHTAXKHBIC M PEMOHTHBIE Pa0OTHI CJIETYEeT MPOBOJAUTH MPHU
CHSITOM HANpPSHKEHUN).

ITpu sxcrnyaraunu TOH:

1) HEOOXOIUMO CIIEJIUTH 32 COCTOSTHUEM KOHTAKTHBIX CTEPKHEH W TOKOTIOIBO-
JSIIAX TTPOBOJIOB, HE JIOMyCKasi 0CJIa0JIEHUsI COCTMHEHUS;

2) pu MOATATUBAHUM KOHTAKTHBIX Ta€K HE JOIMYCKAeTCs MPOBEPTHIBAHUS KOH-
TaKTHBIX cTepkHeW B kopnyce TOH;

3) axtuBHas yacth TOH nomkHa OBITH MOJHOCTHIO PAcHojiokeHa B paboyeit
cpene;
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4) npu HarpeBaHUU TBEPABIX Tell (JeTajel MTaMmoB, npecc-hopM, TUTEHHBIX
dbopm) n0JKEeH ObITh 00ECTIEUeH HAJEKHBIN TEIJIOBON KOHTAKT 000JIOYKH C HarpeBa-
€MOU CpEJION.

Pacuem TOHa. [Ins onpenesieHns: OJHOTO U3 IJ1aBHbIX napamerpoB TOHa —
nuametpa d, M (MM),— HCIIOJIB3YIOT JIBa METOJIa pacyera: 1Mo JOIMyCTHMOMN yIeIbHON
MOBEPXHOCTHOM MOIIHOCTH P T/LC WM ¢ MOMOIIBIO TAOIHIBI TOKOBBIX HArpy30K
(Tabm. 4.3).

Jlonmyctumast yaenbHas moBepxHOcTHas moutHocTh Pr= P/F, rme P— wmor-
HOCTB IIPOBOJIOYHOTO HarpeBatels, Br; F=zdl — momane moBepxHocTn HarpeBate-
51, M | — mumHa mpoBoza, M. COracHo IEPBOMY METOLLY

(4.5)

I'ne p; — yAenpHOE IEKTPUUYECKOE CONPOTUBICHUE METaJlIa MPOBOAA MPU ACH-
CTBUTEIBHOM Temrepatype, OM-M; U — HanpsikeHrne IpoBOJOYHOTO Harpesaress, B;
Pr — ponyctumele 3HaYeHUs YAENBHOW IOBEPXHOCTH MOIIHOCTH I Pa3JIMYHBIX

HarpeBaTeJIeu:
Harpesareinb Pe - 10°, Br/m®?

OTKpBITHI:

B CIIOKOITHOM BO3/1yXe 2..6

B BOJIE 8...10
B rnanxom TOHe:

B CIIOKOMHOM BO3/1yX€ 12...14

B IIOTOKE BO3/yXa 20...22

B BOJIE 36...38

B opecOperHom TOHe, B moToke Bo3myxa 26...30

Bo BTOpoM MeTOe MCHOIB3YIOT TaOIUIly TOKOBBIX HArpy3ok (cM. taoi. 4.2),
COCTaBJICHHYIO 10 SKCIIEPUMEHTAJIbHBIM JaHHBIM. J[71s1 TOro 4TO0BI BOCIOIB30BATHCA
yKa3aHHOU TabJuIle, HEOOXOAUMO OMPENICIUTh PACUCTHYIO TEMIIEpaTypy Harpena
T, CBA3aHHYIO C IEMCTBUTEIBHOM (MM JOIYCTHMOW) TEMIIEPATYpOH mpoBoaa T, co-
OTHOILIEHUEM:

Tp=KuKT, (4.6)
rae K, — k03(p(pUIeHT MOHTaXa, YYUTBIBAIOIINI YXyIIEHUE YCIOBUI OXIaKACHUS
HarpeBartesisa U3-3a €ro KOHCTPYKTUBHOTO MCTOJHeHUS; K, — Kod(PpPUIIMEeHT cpepl,
YUUTBIBAIOIIMKI YIYUIICHUE YCI08Ull OXJIAXKICHUS HarpeBartelis o CPaBHEHUIO C He-
MOJIBMYKHOM BO3IYILIHOM CPENIOM.

Jlns HarpeBaTeNbHOrO JJIEMEHTa W3 MPOBOJA, CBUTOrO B ciupaib, K,
0,8...0,9; To *xe, ¢ kepamuyeckum ocHoBanueM K, = 0,6...0,7; mig nmpoBoga Harpepa-
TEJIbHBIX TUIMTOK U HeKoTOphiX TOHoB K, = 0,5...0,6; 11t mpoBoja 3JIeKTpoOHArpeBa-
tenei nona, noussl 1 TOHoB K, = 0,3...0,4. Menbuiee 3HaueHue K, COOTBETCTBYET

Harpe€BaTcjirO MCHBIICIO AMaMETpa, OoubIiee — OOJIBIIIETO AuaMeTpa.
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[Ipu paGoTe B yCIOBUSX, OTIUMYAOMIMXCA OT CBOOOIHOM KOHBEKIIMH, JJIS
HarpeBaTebHBIX 3JIEMEHTOB B BO3AYIIHOM NOTOKE npuHumMaroT K, = 1,3...2,0; nis
7JIEMEHTOB B HeNOABIKHOU Bone K .= 2,5; B moToke Boasl— K =3,0...3,5.

Ecnu 3anans! Hanpsbkenue Uy 1 MomHOCTh Py Oymyiuero (IIpoekTHpyemMoro)
HarpeBaTelis, TO €ro TOK (Ha oaHy (azy)

Iqb:qu/Uqb (4-7)

ITo pacueTHOMY 3HaueHMIO TOKa HarpeBates (4.7) mist TpedyeMoi pacueTHOM
TeMrepaTrypbl ero HarpeBa (4.6) mo tabnuie 4.2 HaxoAsIT HEOOXOIUMBIN TUAMETP
HUXPOMOBOTO MpoBoaa d ¥ pacCYMTHIBAIOT HEOOXOAMMYIO JUIMHY TPOBOJA, M, JUIS
W3TOTOBJICHHSI HarpeBaTeJIs:

l,=(U2/P,)(xd?14)] p,, (4.8)

rae d — BBIOpaHHBINA TUAMETpP MPOBOJIA, M; Py — YACITBHOE IEKTPUIECKOE CONPOTUB-
JIEHWE MPOBOJA NIPU IEWCTBUTEIIBHON TeMIepaType Harpesa, Om - M

Pr= ,020[1+ a, (Tg - 20)] ) (4.9)
e o, — TeMrepaTypHsbiil ko3 dunment conporusienus, 1/°C
JIJiss TOro 4ToOBI ONPEACITUTh MapaMeTphbl CIHPATH U3 HUXPOMA, MPHHHUMAIOT
cpenuuii tuametp BUTKOB D=(6...10)d, mrar cnimpanm h=(2...4) d, 4nciao BUTKOB
n=1,/(#D)*+h*, nmumy ciupamn lc;=hn.
[Tpu pacuere TOHOB ciieyeT NOMHHTD, 9TO CONMPOTHUBIICHHUE IMMPOBOJIA CIIMPAITH

nocne onpeccoBke TOHa. R, =U*/k P,

Tabnuna 4.2 TokoBbIE HArPy3KH HUXPOMOBOW IMPOBOJIOKU

Huametp | IInomans | Jlomycrumble TOKOBbIE HATPY3KH, A, Ipy pacueTHoii Temnepatype, °C

mposoza, | ceucriis, | 200 | 400 | 600 | 700 | 800 | 900 | 1000
MM MM
0,1 0,008 0,1 0,5 0,6 0,7 0,8 0,9 1,0
0,2 0,031 0,6 1,0 14 1,6 1,8 2,0 2,3
0,3 0,085 1,0 1,6 2,3 2,7 3,0 3,4 3,8
0,4 0,126 15 2,3 3 3,8 4.4 50 5,7
0,5 0,195 2,0 3,1 45 5,2 59 6,75 1,7
0,6 0,342 2,5 4,0 57 6,5 7,5 8,5 9,7
0,7 0,385 3,1 4,8 6,9 7,8 9,1 10,3 11,8
0,8 0,503 3,7 5,7 8,1 9,1 10,8 12,3 14,0
0,9 0,636 4,2 6,7 9,3 10,4 12,3 14,5 16,5
1,0 0,785 4,8 1,7 10,8 12,1 14,3 16,8 19,2
1,1 0,950 54 8,7 12,4 13,9 16,5 19,1 215
1,2 1,130 6,0 9,8 14,0 15,8 18,7 21,6 24,3
1,3 1,330 6,6 10,9 15,6 17,8 21,0 24,4 27,0
1,4 1,540 7,2 12,0 17,4 20,0 23,0 27,0 30,

B npaktunueckux pacuerax TOHa cHauana onpenensioT TemmepaTypy Ha €ro
MTOBEPXHOCTH
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Iq= TO+PRT1' (4.10)
rae 1T, — temneparypa okpyxkaromiei cpeasl, °C; P — momuocts TOHa, Bt; Ry —
TEpPMUUYECKOE COMPOTHUBIICHUE Ha TpaHuIle TpyOka — cpena, °C/BT.

3aTeM OnpeAeISIIOT TeMIEpaTypy CIupaIu:

Ten =T, + PRy + Ry + R) (4.11)
rae Ry, — Tepmuueckoe conpoTuBienne creHku Tpyoku, °C/Bt; Rrs — Tepmuueckoe
conpoTuBieHue Hanomuutens, °C/Bt; Ry, = 1/aF , tne a — xoadduruenT TemmooT-
JIa4u, BT/(M2 - °C); F — muiomanas MOBEpPXHOCTH HarpeBaTess, MZ; Rp=0/AF, o—
TOJIIIMHA CTEHKH, M; 4 — TETUIONPOBOIHOCTh CTeHKH, BT/(M - °C).

4.2 JNeKTPOKOHTAKTHBIN HArpeB

DNEeKTPOKOHTAKTHBI HAarpeB CBsI3aH C NPeoOpa3oBaHUEM BJIEKTPUUECKOU
SHEPrUU B TEIJIOTY HEMOCPEACTBEHHO B METAJUNIMYECKOM HArpeBaeMoM M3eNHH (Jie-
TaJau) U MPUMEHSETCA NMPU HArpeBe 3arOTOBOK WJIM JI€Tajeil U3 YEPHBIX M IBETHBIX
METaJIJIOB, JUJIsl TEPMUUYECKON 00pabOTKH (3akajka, OTIYCK, OT)KHT), a TaK K€ C Iie-
JIbI0O KOHTAKTHOM JIEKTPUYECKON CBApKU JABICHUEM.

P P
rr—}b >/ 2
S -

2

Pucynok 4.2 [IpocTteiimas cxema yCTaHOBKH s 9JIEKTPOKOHTAKTHOTO HarpeBa
netanb 1, moHmkaronuii TpaHchopMaTop 2, MEIHbIC WIH
OpOH30BBIE 3KUMBI (KOHTAKThI) 3 U 4,

Tak Kak CONPOTUBIIEHUE METAUIMYECKHUX TEJI C XOPOUIE MPOBOJAUMOCTBIO HE-
OombIIIOE, I IPSIMOTO MX HarpeBa TpeOyIOTCS 3HAUUTETbHbIE TOKUA (COTHU U THICS-
yy amrep) npu Hanpsbkenud Bcero U = 5...25 B. [losTomy miig 3TUX Lenel npume-
HSIOT MEPEMEHHBIN TOK OJlarojaps OTHOCHUTEIBHOW MPOCTOTE MOIYYEHHs] HU3KOTO
HarnpspkeHus. Ho mpu mpoTekaHuu MEepeMEHHOTo TOKAa Y METATMYECKUX JeTanen
MPOSIBIISIETCS] IOBEPXHOCTHBIN 3(PPEKT, 3aKII0UAIOIINIICS B HEPABHOMEPHOM pacIpe-
JIEJICHUH TUJIOTHOCTU TOKa MO CEYEHHUIO IMPOBOJIHMKA, KOTOpas 3KCIOHEHIUATbHO
YMEHBIIAETCS IO HAMPABIECHUIO K €r0 OCH.

[Tpu rmyOuHe MPOHUKHOBEHUS TOKA X = Zj , CYUTACTCS, UTO B 3TOM CJIO€ BBIICIISA-
ercs 0ko0 90% o011ero KoaudecTa TeIIOTh. JJIT KaXka0ro MeTaia SKBUBAJICHT-
Has [IyOMHA MPOHUKHOBEHMS TOKA Zg UMEET CBOE 3HaYeHue. J{1s1 CKBO3HOIO HarpeBa
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MNPUHOUIINAIIBHO MOXKET OBITH MCIIOJIb30BAH TaK K€ M ITOCTOSHHBIM TOK. DKBUBAJICHT-
Has FJIY61/IH8. IMPOHHUKHOBCHMA TOKA - PaCCTOAHUC OT IMOBCPXHOCTHU IMPOBOJHHKA, HA
KOTOPOM INIOTHOCTbL TOKa B € = 2, 71 pa3a MCHbBIIC, YCM Ha ITOBCPXHOCTH. Ecau

Harpes ocyiecTBisercs Ha yactore f =50 ', To Zg = 71.2.

[IpeumytiecTBa 3J€KTPOKOHTAKTHOTO HArpeBa:

1) BBICOKAsI TPOU3BOAUTEIIHHOCTD MTPH MAJIBIX Ta0apuTax yCTAHOBKH;

2) MpaKTUYECKH OTCYTCTBYIOT MOTEPH METaJIa HA OKAINHY;

3) yBenM4YeHHE CpoKa CIY)Obl 000pym0BaHUs i 0OpaOOTKH METaJJIOB J1aB-
JICHHEM, Ha U3HOC KOTOPOTO CEPhE3HO BIMSCT HATMYNE OKAIUHBI,

4) TemriepaTypa HarpeBa, BBUy OTCYTCTBHsI HarpeBaTesiel, HHW4eM He OTpaHU-
YeHa;

5) TerIoBbIe MOTEPH OKA3BIBAIOTCS MAJIBIMA U CTAHOBHTCSI BO3MOYKHBIM 000¥-
TUCH 0e3 PyTepoBKY;

6) TIOBBINIACTCS PABHOMEPHOCTh HarpeRBa.

HenocTatku 351eKTpOKOHTAKTHOTO HAarpeBa:

1) TpyAHOCTH B CO3JJaHUU KOHTAKTOB, YJOBJICTBOPUTEIHLHO PAOOTAIOMIUX TPU
BBICOKHX TOKAaX;

2) TPYyITHOCTh U3MEPEHUS U aBTOMATUYECKOTO PETYIUPOBAHUS TEMIIEPATYPHI.

Cmanvuvie snekmponazpesamenu. B mporeccax celnbCKOX035HCTBEHHOTO MPO-
M3BOJICTBA IIMPOKO WCIOJIB3YIOT TaK)Ke SJIEKTPUUCCKHE HArpeBaTelu W3 cTaim Oja-
rojapsi UX JTOCTYITHOCTH W HU3KOW CTOMMOCTH. MM 9acTo MCIOMB3YIOT Tl 000TpeBa
0JIOC T10JIa U TIaHeJIel B )KWBOTHOBOIUYECKHX MOMEIIECHUSIX, 000TpeBa MOYBHI M BO3-
JyXa B MapHUKAX U TETUIMIIAX U T.1I.

Henocratok cranpHbIX HarpeBaTesel - HECTAOMIBHOCTh UX OCHOBHBIX JJICK-
TPUYECKUX TAPaMETPOB: ICKTPUUECKOTO COMPOTHBIICHUS, TEMIIEPATYPHOTO KOI(-
buIMeHTa COPOTUBIICHUS U MAarHUTHOU MTPOHHUITIAEMOCTH.

OTMeTHM, 9TO MOJTHOE COMPOTUBIICHUE CTAILHOTO HArpeBaTelis IePeMEHHOMY
TOKY C YY4€TOM ITOBEPXHOCTHOTO 3(deKTa W BHYTPEHHEH WHIYKTHBHOCTH MOXKET
OBITH OTIPE/ICTICHO TT0 BHIPAYKESHUTO

Z = RKylcosgp, (4.12)

rne Kp - xoaddunmerT noBepxHOCTHOTO 3¢ deKTa, MpeaCTaBISIONUNA cO00i OTHO-
IIICHUE aKTHBHOTO COMPOTHUBIICHHUS B IIETH TICPEMEHHOTO TOKAa K OMUYECKOMY COTIPO-
TUBJICHHIO JIJIs1 TIOCTOSIHHOTO ToKa, TO ecTh K;; = RIRy; cosp — xoaddunment mor-
HOCTH.

CrereHb BIUSHUS TOBEPXHOCTHOTO 3(PQeKTa 3aBUCUT OT T€OMETPHYCCKHUX
pa3MepoB, YAEIBHOTO JJEKTPUYECKOTO CONMPOTUBIICHUS TPOBOAHUKA p,, MAaTHUTHOU
TIPOHUIIAEMOCTH CTAJH (i ¥ 9aCTOTHI TOKa f.
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JIJiss TuaMeTpoB CTaJIbHBIX MPOBOAOB 0 = 1...6MM U yIeIbHON JTUHSHHON MOIII-
Hoctu P; = 20...100 B1/m, koapdunuent K, = 1 +0,0176 d’> B cOOTBETCTBHH CO CKa-
3aHHBIM TOK 4epe3 HarpeBarens | = U/Z.

JuameTtp, M, CTaJILHOT'O MPOBOJIA

2
d =32l T 413
U % cos® Py (4.13)
I[JII/IHa, M, CTAJIBHOTO IIPOBOAA
_ |PU?%cos’ ¢
= (4.14)

) 12
Arp K, Pe

B nipuBeIeHHBIX BBIPAKEHUAX YJEIbHYIO MOBEPXHOCTHYIO MOIIHOCTb Pr Mpu-
HUMAIOT MEHbIIEH B 2...2,8 pa3a TaONMYHBIX 3HAUEHUI JUIsl HarpeBaTeseil U3 CIjIaBoB
XpoMa ¥ HUKEJIS.

5. 3JI€KTpOHHbIe BOoJOHArpeBaTre/im 1 KOTJIbI

DNEeKTPOAHBIM CIIOCOOOM HArpeBalOT MPOBOJAHUKKA BTOPOrO poOJa, UMEIOIINE
HMOHHYIO MPOBOAUMOCTh. K HUM OTHOCST BOJy, MOJIOKO, (PPYKTOBBIC U STOJHBIE COKH,
COYHBIE KOpMa, MOouYBy, 0eToH u Ap. [lo3TOMy B CenbCKOX03HCTBEHHOM MPOU3BOJ-
CTBE DJICKTPOJIHBIN CITOCO0 MCTOIB3YIOT JIJIsi HArpeBa BO/IbI, TIOJYyUYEHUsI TTapa, CTepH-
JU3allMd U TIACTEepH3allid MOJIOKA, 00€33apaKMBaHUs TOYBHI B TMAapHUKAX U TeM-
aunax, oborpeBa u 00e33apaXMBaHUS HABO3a, AJIEKTPOXUMUUYECKONH 00pabOTKH CO-
JIOMBI C LEJIbI0 CKAPMJIMBAHUA CKOTY U TIP.

B 31eKkTpoAHBIX HarpeBaTesisix HarpeBaeMoe€ BEIIECTBO Pa3MEIIAIOT MEXAY
anekTpogamu (cMm. puc. 2.1 6). B pesynapTaTe mpOTEKaHHUS JJIEKTPUUECKOTO TOKa
HEITOCPEJICTBEHHO B HAIrpPEBAEMOM KUJAKOCTH WM BELIECTBE COIVIACHO 3aKOHY JIKoy-
ns—JleHna BelaensieTcs TEIUIOTa. TeMiepaTypy HarpeBa PEryJHUpyrOT CHIOW TOKA
WJIU TIPOJOJIKUTEIBbHOCTBIO HarpeBa. JiektpoaHsie DHY mpsiMoro HarpeBa BbINOJI-
HAIOT B BUJIE PA3JIMUHBIX BOJIOHArpeBaTelieid, MapOBBIX U BOJSHBIX KOTJIOB, CTEPUIU-
3aTOPOB, MACTEPU3ATOPOB, KOPMO3AMAPHUKOB U T. TI.

B cenbckoMm xo3siicTBe Hanbosee pacpoCcTpaHEeHbl JIEKTPOBOJOHATPEBATEIH.
[TpyHIMNIHATBLHO OHU MaJIO OTJIMYAIOTCS IPYT OT Jpyra. X oCHOBHBIE YacTu: KOpIYC
(pe3epByap), pa3MelieHHbIE B HEM DJICKTPOAbI, YCTPOWUCTBO [JIsi PETYJIUPOBAHUS
MOIIIHOCTH U ATPYOKHU TSI IOJIBOA XOJIOAHOM U OTBOJIA TOPSUEH KUIKOCTH.

OcCHOBHBIE TIPEUMYILIECTBA SJEKTPOJHBIX BOJIOHArpeBaTeliel — BBICOKAs
HAJIE)KHOCTh B paboTe; MPOCTOTAa KOHCTPYKIIMU U CXEMBbI YIIPaBIICHUS; y100CTBO 00-
CIIy’KMBaHUS, MCIOJb30BAHUE HEMEPETrOpPaeMbIX AJIEMEHTOB-3JIEKTPOJIOB CO CPOKOM
ciyk0sb1 7...9 net; 6onee Boicokuii KII/] mo cpaBHEHHIO ¢ 3JIEMEHTHBIMH HarpeBate-
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asimu, padortaromuMu Ha TOHax; Gosbliee 3HaueHHE MOILHOCTU HA €IMHHULYY MaccChl
1 00beMa M0 CPAaBHEHUIO C APYTMMHU HArpeBaTesiMU; MEHBIIUI 3aHUMAEeMbIil 00beM
10 CPAaBHEHUIO C YCTAHOBKAMHU Ha TBEPJIOM WJIM >KMJIKOM TOILIUBE. Y CTAHOBKU HE 00-
ATCS YIIyCKa BOJBI, SKOJIOTMYECKH YUCTHI, UMEIOT IIUPOKOE U IUIABHOE PEryJMpOBa-
HUE MOIIIHOCTH, 00Jaat0T OAKTEPULIMIHBIMUA CBOMCTBAMH, PEMOHTOIIPUTOTHBI.

OCHOBHBIE HEJIOCTATKA — 3HAYUTENIbHASI 3aBUCUMOCTh HAJI€KHOCTH U JIOJITO-
BEYHOCTH YCTAaHOBOK OT TIapaMeTPOB BOJbI; 3HAYMTENIbHAs 3aBHCUMOCTb UX
MOIIIHOCTH OT TEMIIepaTypbl HArpeBaeMoOM BOABI, YIEIbHOE JJIEKTPUUYECKOE COIpPO-
TUBJICHUE KOTOPOU p,, IaNaeT U3-3a PE3KOr0 YBEJIWYEHUS B HEW KOJIMYECTBA
MOHOB; IEKTPOXUMHUYECKAss KOPPO3Us JJIEKTPOJOB M DJEKTPOJIM3 BOABI MU pac-
TBOPUMBIX B HEW COJIeM (HECMOTpsI HA UCIIOJIb30BAHUE MIEPEMEHHOTO TOKa), HATMYHUE
B BOJIE MPOAYKTOB «PACTBOPEHHMS» Keje3a U MPOLYKTOB JIEKTPOIN3a; 00pa3oBaHUe
IrPEMYYEro raza npu OOJbIION MUIOTHOCTH TOKa Ha 3JEKTPOJaX M BO3MOYKHOCTb
B3pPbIBA YCTAHOBKH.

OcHoBHast 00JaCTh NPUMEHEHHMSI SJIEKTPOJIHBIX BOJOHArpeBaTeae — ropsuee
BO/IOCHA0KEHUE TEXHUYECKOM BOJOM; 000OTrpeB MOMELIECHUH IH000ro THma, B TOM
YHCJIE CEIBCKOXO035MCTBEHHOIO Ha3HAYECHMS; TIOJIyYEHHE ITOJOTPETON MUTHEBOU BOJIBI
yepe3 TeII00OMEHHUK WIH OOMIep-TeII0aKKyMYJISATOP.

Henocratku 351€eKTpOAHOTO HArpesa:

1. He anekTpobe3onaceH Tak Kak HarpeBaemasl cpefa siBJIsSeTCsS IPOBOJHUKOM
U MPOBOJMT AIEKTPUUECKUI TOK Ha KOPITyCE€ HarpeBaTessi UMEETCs ONpeeiEHHbIN
MOTEHIMAJ, IPU HE CUMMETPUYHON paboTe TaHHBIN MOTEHIMA 3HAYUTEIBHO YBEJIH-
YUBAETCS.

2. Ilpu moBbILIEHUU TeMIepaTypbl 3HAYUTEIBHO BO3pPacTaeT MoTpedisiemast
MOIIIHOCTh — CKOPOCTh JUCCOLMALMM MOJIEKYJI BO3pacTaeT, 4TO NMPUBOJUT K POCTY
BEJIMYMHBI TOKA.

3. Ilpu onpenen€HHbIX pekuMax padoThl (TOK MaKCUMAaJIbHBIM MPEBBILIAET J0-
MyCTHUMbIE€ 3HAUYEHHUSI) BO3MOXKHO Pa3jlOKEHHE BOJbI, BBIIEIEHUE TPEMYUYEro raza u
B3pbIB KOTJIA.

4. HarpeBaemyro BOJYy MOKHO IPUMEHATH TOJBKO JUJISl TEXHOJIOTMYECKHUX Iie-
JIeH, TaK KaK BOJla 3arpsi3HsETCsS YacTULAaMU MeTajula 3JeKTpooB. VckitoueHue co-
CTaBJISIIOT CIIEHUAIIBHBIE BUABI AJIEKTPOIOB.

5. Heo0OXoMMO KOHTPOJIMPOBATH MapaMeTphl HAarpeBaeMou CpeIbl, KOIHde-
CTBO PAaCTBOPUMBIX COJIEH U yJIETbHYIO MOIIHOCTb.

6. 3HauMTeNbHAs 3aBUCUMOCTb HAJE€KHOCTH U JIOJITOBEYHOCTH YCTAHOBOK OT
napamMeTpOB BO/IbI.

7. DNEKTpOXUMUYECKAsE KOPPO3Us 3JIEKTPOJIOB U 3JEKTPOJIU3 BOJBI U PACTBO-
PUMBIX B HEU COJICH.

8. Hasinume B BoJie MPOAYKTOB «PACTBOPEHUSD) JKEJI€3a U MPOAYKTOB AJIEKTPO-
au3a.
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B kayecTtBe MaTepuana 3JIEKTPOIOB MOXKHO HCIIOJIb30BaTh PA3IMYHbIE IPOBOIHHU-
KH, OHHM JTOJKHBI IPOTUBOCTOSITH KOPPO3UHU U HE JaBaTh TOKCHYHBIX OKCHIOB. Ilo-
ATOMY B YCTAaHOBKaxX JUIsl TEXHUYECKUX LIEJIEH UCIOJB3YIOT KOHCTPYKIIMOHHYIO CTaJlb
Y JIaTyHb, a JJIs NUIIEBBIX LT - rpaduT, HEPHKABEIOILYIO CTaJIb U TUTAH.

[Tpu 3akunanuu BoAbI U 00Opa30BaHUM Tapa, MOIIHOCTh HAarpeBaTessl CHUXKACTCS
Ha 25%, Tak KaK yMEHBIIAETCs ylelbHas 3JEKTpUYecKasi IPOBOJUMOCTb 3a CUET 00-
pa30BaHUs ITy3bIPHKOB.

Tak Kak 3J€KTPONPOBOJHOCTh OOJIBIIMHCTBA MATEPHAIIOB, MOAJICKAILIUX DJIEK-
TPOJHOMY HAarpeBy, OOBSICHSETCS HAIWYUEM B HUX BOJBI, TO MaKCHUMaJlbHas IUIOT-
HOCTb TOKa Ha 3JIEKTPOJAX U B CONPUKACAIOIIMXCS ¢ HUMHU 00BbEMAxX HarpeBacMoro
MaTepuanga OrpaHUYMBAETCA YCIOBUSIMH HEJOIYCTUMOCTH MPOILECCa AIIEKTPOJIN3A.
[IpenenbHas MIOTHOCTH TOKA jaomn (A/cM2) He mpuBOAALIAs K JIEKTPOJIN3Y, 3aBUCHT
OT KOHCTPYKIUU ANEKTPOIHBIX cucTeM. i miuockux 3nektpoaos jaon = 0,5 A/cm?2

[Ipumensiercs 1 HarpeBa NPOBOAHUKOB BTOPOTO PO, BOJIbI, MOJIOKA, COKOB,
O0eToHa, mouBbl, KOPpMOB U T.1. [IpoBogHuku |l poga Ha3bIBAIOT 3MEKTPOIUTAMH.

JucTHIIIMpOBaHHas: BOJa UMEET YIENBbHOE IEKTPUYECKOE CONPOTUBIICHUE =
10* OM'M ¥ IPAKTHYECKH He IIPOBOIHT SIEKTPUUECKHIT TOK.

ATMocdepHasi Boa CONEPKUT PaCTBOPEHHBIX cosiel He Oosee 50 Mr/m, Boabl
pek — 500-600 mr/mn, moazemubie Boasl — 100 MiI/T 10 HECKOJIBKUX TPaMMOB Ha JIUTP.

3HaueHus! yIeIBHOTO AJIEKTPUUECKOTO COMPOTUBICHUS Py ANt Boasl = 10-30
OM'M.

DNEKTPOJHBIE CUCTEMBI U UX MapaMeTphI

Onekmpoonas cucmema. IAEKTPOJIHAST CUCTEMA — COBOKYITHOCTB 3JIEKTPO/IOB,
OIpe/ieNICHHBIM 00pa30M CBS3aHHBIX MEXIy cOOOH M MHUTAaoIIEeN CeThio, MpeHa3Ha-
YEHHBIX JJIS [TOJBOJIa TOKA K HarpeBaeMoil cpefe.

[TapameTpbl JIEKTPOAHBIX CUCTEM: Yucio (a3, popMma, pa3Mepsl, YUCIO U Ma-

Tepuall AIEKTPOJOB, PACCTOSIHUE MEXKIYy HUMH, DJIECKTPUYECKAs cXeMa COCIAMHEHUs
(«3BE31a», «TPEYTOJIBHUKY, CMEIIAHHOE COCIMHEHUE U T.I1.).

B anekTpoaHbIX HarpeBatessiX 3JEKTPOAbl, MOABOASIIME TOK K HarpeBaeMou
cpene, UMEIOT pa3InyHyio GopMy: TUIOCKYIO IUIacTHHYATYIO (puc. 5.1, ) miacTuHya-
Ty!0, U30THYTYIO0 oz yriom 120° (puc. 5.2, a); mIacTHHYATYIO TyTOBYIO M paMoOy-
HYIO; CTEP)KHEBYIO; CTEP)KHEBYIO MHOTO3JIEMEHTHYIO; IWJIMHApUYEecKyto (puc. 5.3, 6)
u J1p.

[110CKyI0 2JIEKTPOJHYIO CHUCTEMY M3 JBYX IIJIOCKUX DJEKTPOJOB MOXHO HC-
M0JIb30BaTh B OJJHO(A3HBIX HArpeBaTessax He0obIoi MolHocTH (10 10 kBT).

B MONIHBIX 3JIEKTPOIHBIX HAarpeBaTessaX, KOTOPhIE UMEIOT MPEUMYIIIECTBEHHOE
pacnpocTpaHeHHUE, UCTIOJIB3YIOT CUMMETPUYHBIE TpeX (Pa3HbIE IIEKTPOIHBIC CUCTEMBI
(cm. puc. 5.1 a u g), ob6pa3yronire Tpex(azHyo HArpy3Ky MO CXEME «TPEYTOJIbHUK.
Cucrema, mokazaHHas Ha puc. 5.1 6 coelMHEeHA 10 CXeMe «3Be3/1ay.

58



[Tnockue amexTpobl (cM. puc. 5.1 a, ) IPUMEHSIOT MPU YIAETLHOM dJIEKTPH-
YECKOM COIMPOTUBIIEHUU XOJOJTHON BOIBI pyg, KaK MPABUIIO, MPEBBIIAOIIEM 3HaYe-
Hue 10 Om M. Ilpu Gonee HU3KOM YIEIHLHOM COMPOTUBIECHUH, a TAKXKE MPHU BBICOKO-
BOJIbTHOM nuTaHuu 6 unu 10 kB ucnonb3yoT KoakCHanbHbIe HUIUHAPUYECKHUE DIICK-
Tponsl (cM. puc. 5.1 6).

Jnst 6onpmmuacTBa DHY pyg nexkut B mipeaenax ot 6 1o 120 Om M nipu 20 °C.
C 1menpi0 CHKEHUS TPoIlecca dJIEKTPOJIN3a MPH MOBBIIEHHON TUIOTHOCTH TOKA, Be-
JyIIeH K YCKOPECHHOMY pa3pyIICHUIO 3JICKTPOJIOB, JOMYCTHUMAs TUIOTHOCTh TOKA | o
IIpY HarpeBe BOJIbI INIOCKUMHU 3JIEKTPOaMU HE JOJDKHA MpeBbimaTh 1,0 10*A/NM, npu
Harpese mmEIprdeckuMu— 2 10°A/M%. Jlydime Matepraist JUIs SIEKTPOIOB  —
TUTaH, HEPXKABEIOIAsl CTajlb U AJIEKTPOTeXHUYEeCKU rpadgut. BeaeactBue Oombleit
JOCTYITHOCTH, TEXHOJIOTHYHOCTH M TMPOYHOCTH YaCTO MPUMEHSIOT HEPKABEIOIIYIO

CTajb.
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Pucynox 5.1 Tpexdaszubie cxeMbl 3JIEKTPOIOB:
@ — U3 TIIOCKUX U30THYTHIX AJIEKTPOJIOB; O — U3 KOAKCUATBHBIX IIUIMHApUYE-
CKHUX; 8 — U3 IUTOCKUX DJIEKTPOJIOB C PaCHICTUICHHOH (ha30ii; & — yCTPONCTBO DJIeK-
TpoaHoro BogoHarpesarens KOB: 1 — kopmyc, 2 — guuiie, 3 — TOKOBBOJ, C U30JISITO-
pamu, 4 — 3JIEKTPOA, S - 3aUTHBIN AUINEKTPUUIECKUI SKpaH, 6 — MOJIBUKHBIN JTH-
AIEKTPUYECKUM dKpaH Jyisl peryinpoBanus moutHoctu JHY, 7 - onopa
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Inexkmpoonvie oodoHacpesamenu KIB. B Poccum Haubombiee pac-
MPOCTPAHEHUE TOIYUYUIIU NPOMOYHbIE 2IeKMPOOHble 8000Hazpesamenu KOB (koten
AIEKTPOAHBIM BOJIOTPEHHBIN).

BoponarpeBarenn BbIITYyCKalOT HAa HOMUHaIbHOE HamnpsbkeHue 0,4; 6 u 10 kB u
MakcuMalibHOe padbouee nasienue 0,6 Mlla nns HuzkoBonbTHEIX U 1... 1,2 MIIa qis
BBICOKOBOJIBTHBIX aIlllapaToB.

BononarpeBarenu paboTaroT, Kak MNpaBUiIO, B 3aMKHYTBIX CHUCTEMax OTOILIE-
HUSL WU TOPSYEro BOAOCHAOXeHus. sl momydeHus moJorpeToil MMTheBOM BOJBI B
3aMKHYTBIA KOHTYp TemiocHa0xenuss DHY BkI04YaloT NepBUYHBIA 3aMKHYTHIN KOH-
Typ TEIJI0O0OMEHHUKA UM OOMJIepa TEeIUI0aKKYMYJISTOpa, @ U3 BTOPUYHOIO «OTKPbI-
TOTO» KOHTYpa OTOMPAIOT TOPSYYI0 BOIY.

OGBIYHO TemITepaTypa BOIBI Ha BBIXOJIE dJIEKTpoaHOro Harpesarens T, = 95 °C.
PacuetHyto Temriepatypy BOJbI Ha BXOJI€ B RJICKTPOJHBIA BOJOHATpPEBATEIh MIPUHU-
matot 7= 70 °C.

Turbl 1 OCHOBHBIE TEXHUYECKHUE JIaHHBbIE HauOOoJIee pacpOCTPAaHEHHBIX BOJO-
HarpeBatesiel npuBeneHsl B Tabnuie 5.1. Ha pucynke 5.1 2 mokazaHo ycTpoicTBO
ANeKTpoAHOro BogoHarpeBatenss KOB ¢ miacTMHYaTBIMHM 3JIEKTPOJAMH, COCIMHEH-
HBIMH 110 CXeMe Ha pucyHke 5.1 6.

Boponarpesarens nMeeT HMIMHAPHUYECKHA kopryc 1 ¢ omopamu 7. B qautie 2
Ha MITAJIFKAaX TOKOBBOJIOB 3 YCTAHOBJICHA AJICKTPOIHAS CHCTEMa B BUJIE ITAKETA TJIa-
ctuH 4. Jlyist o0ecriedeHusi TOKOBOW CUMMETPUU MPU pabOTE NEKTPOJAOB UCIIOIb3YIOT
3aIUTHBIE JAUAJICKTPUUYECKUE DKpaHbl 5. PerynupoBaHue MOITHOCTH HarpeBaTes
OCYILIECTBIISIIOT U3BMEHEHUEM aKTHUBHOM BBICOTHI 3JIEKTPOAOB, ISl YETO MCHOJIB3YIOT
MOJBW)XKHBIC JUAJIEKTPUYECKUE HDKpPaHbl 6, BIBUTaeMbleé B MEXKDIJIEKTPOJHOE TPO-
CTPAHCTBO C MTOMOIIbIO PYyYHOTO TPUBOAA.

Yucio pabodux 3JIEKTPOAOB 3aBUCUT OT MOIIHOCTH HarpeBaTelis U paBHO 3n +
1, rtne n — nenoe uuciao. O0BEM BOJIbI, 3aKIIOYEHHBIA MEXKAY JIBYMSI COCEIHUMU
IJIaCTUHAMH, CO3[aeT pabouee COMPOTUBJICHUE, HAXOIAIEecs O] JIMHEHUHBIM
HanpspkeHueM. [Ipu geTeipex riactuHax (n = 1) TaKuX CONMPOTUBJICHHA TPU M OHH
00pa3yloT cXeMy BKJIIOYEHUSI «TPEYTOJbHUKY, MIPU 1 = 2 — CXEMY «IBOWHOU Tpe-
YTOJILHUKY.

[Ipu OTCYTCTBUM SJIEKTPUUECKON U30JSLMU HA BHYTPEHHEW NTOBEPXHOCTU KOP-
Myca HarpeBarelsl 3a CYeT CONMPOTHUBJIEHUSI YTEUKH TOKOB Ha KOPIIYC CO3AA€TCs J10-
MOJIHUTEIbHAS CXEeMa BKIIIOUEHUS «3Be37a», KOTOpas MOXXET Pa3BUTh MOIIHOCT,
pasnyto 0,15...0,2 HOMUHATBHOW MOLIIHOCTH HArpeEBATEII.

Ilpumep. PaccunTtars 2J1€KTPOHBIA POTOYHBIN BoJOHarpeBaresib KOB.

Venosue. Dnekrponubiii TpexdaszHelii BojgoHarpeBareibr KOB momkeH OBITH
YCTaHOBJICH B CHCTEME 00OTpeBa MOMEIIEHUN W Pa3BUBATh MOIIHOCTh P= 25 xBm.
Hanpsixenune cetun (U=380 B. Cucrema 31€KTpOJI0B — IUIOCKas IUIaCTUHYATAs (CM.
puc. 5.1, 6). lllupuna mwiactua b = 20 cM. ynenapHOE IEKTPHUUECKOE CONPOTHBIICHHE
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BOJIBI poo = 30 OM M. Temneparypa Ha BXojie ¥ Bbixojie HarpeBaress 13 = 70 °C u 15
=95°C.

OnpenenuTs MEXKIJIEKTPOJHOE PACCTOSIHUE W BBICOTY IUTAaCTHH A, (akTuye-
CKYIO HANpsDKEHHOCTh MOJII MEXAY DJIEKTPOAaMHU Py, U GAKTHUECKYIO MIIOTHOCTh
TOKA Ha AIEKTPOJAX Jpar-

Pewenue. Tak xak MOImHOCTH BomoHarpesarenss P>10xkBt, To BogoHarpesa-
TeJb TOJDKEH ObITh Tpexda3HbIM. MOIIHOCTL OTHOH (ha3bl

R

—R3¢—25/3—833 B
T3 = 0,39 Kbm (5.1)

JInst yKa3aHHOM CHCTEMBI TUIOCKHMX IUIACTUHYATHIX SJIEKTPOJIOB HAMPSIKCHUE
MEKAY IeKTpoAaMu B onHol ¢asze Uy = U= 380 B.

Heo6xomumoe 3eKTpuyeckoe CONPOTHUBICHHUE BOJBI B OJHON ¢haze BOJO-
HarpeBartess

R=U2/P, =380?/8330=17,3 Om. (5.2)

Cpennee (10 BBICOTE 3JIEKTPOJIOB) yIEIBHOE JIEKTPUUECKOE CONMPOTHUBIICHHE
BOJIbI B BOJIOHArpeBaresie

_ 40p,,  40-30

2047, 20+825
rae T, = (Ty+ T5)I2 = (70 + 95)/2 = 82,5 °C.

YnensHOE QJIICKTPUICCKOC COIMPOTUBJIICHUEC BOABI HAa BBIXOAC BOJOHAIPEBATCIIA

_ 40p,,  40-30

: 20+95 20+95

Pey =115 Om- m. (5.3)

Pr =10,4 Om- m. (5.4)

Haxoaum I0MyCTHMYIO HApsKEHHOCTD 3JEKTPUYECKOro MOJIs B BOJE IO Ipa-
buxy Eqon = f(pr). lpu Pr. =10,4 Om- M umeem E,,, = 51 - 10° B/m.
MUHHUMAIBHO JOIMYCTUMOE PACCTOSIHUE MEKIY dJICKTPOIaMU

lin =U,, / E o =380/51000 =0,00745 a1 (5.5)

daKTHUYECKOE pacCCTOAHNC MCIKAY IJICKTPOJaMU

| =3, =3-0.00745=0,0224 3= 2,24 cm. (5.6)

Koaddumment reomerpraeckoii popMbI SJIEKTPOIOB

K, =1/b=0.0224/0.2=0112. (5.7)

OmnpenensieM BBICOTY AJIEKTPOI0B

- Pk, _117-0112
R 173

=0,0757 =75 cu. (5.8)
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dakTruyeckass HANPSXKEHHOCTh AJIEKTPUUECKOrO TMOJS B MEXKAJIEKTPOIHBIX
MPOMEKYTKAX

A K

T0 ectb £, <E,,, (51000 B/ m).

HawnGonbmas pakTudeckas miIOTHOCTh TOKA Y TTOBEPXHOCTH AJICKTPOIOB

E,pm=U, /1=380/0,0224 =16964 B/ m (5.9)

J o = E pan | Py, =16964/10,4=16314/ m* =0163-10* 4/ m*. (5.10)

H 4 2
TO €CTh BBIIIOJIHSCTCS BTOPOE YCIOBUE ], <0,5-10" A/ 1.

[ToaTOMY pacuer 3IeKTPOJHON CUCTEMBI MOKHO CUUTATh 3aKOHYEHHBIM.

BricokoBonbTHBIE 31€KTpoIHbIE HarpeBarenu KOB Ha nanpsokenue 6 u 10 kB,
MoutHOCTEIO 2500, 6000 1 10 000 kBT, ¢ MmakcumanbHOU Temmeparypoit Boasl 130 u
150 °C u naBnenuem 10 1,2 Mlla 00bIYHO UMEIOT IUIMHIAPUYCCKUE DJICKTPOIHBIC
CUCTEMBI, COCTOSIIIIME U3 TPEX WU IIEeCTH OAHO(pA3HBIX Ipymnil. ['pynmnbl oOpa3oBaHbl
KOAKCHaJIbHO PACHOJIOKEHHBIMH (Da3HBIMU U HYJEBBIMH 3JIEKTPOAAMHU, MEXKIY KOTO-
PBIMH HaXOJATCS MOJBWKHBIE IUJIUHAPHI U3 AUDJIEKTPUKA IS PETYJINPOBAHUS MOIII-
HOCTH.

6. MeToabl u3MepeHHs1 TeMIIePaTyp

TemnepaTypoil Ha3bIBaIOT BEJIMYUHY, XapAKTEPU3YIOLIYIO CTENIEHb HAIPETOCTH
BelecTsa. TemnepaTypHas 1IKaja 3TO Psii TOUEK, paclpeeICHHbIX BHYTPH TEMIIE-
paTypHOTO MHTEPBAJIA, OTPAHUYEHHOT'O IByMsI OCHOBHBIMHU TOYKAaMHM ITOCTOSTHHOM
TeMIiepaTypbl. EnuHuia usmMepenus teMneparypsl — rpaayc.

I'paodyc — onpesiesieHHas 0Ji1 UHTEpBaja MEXIy ABYMsI OCHOBHBIMU TOUKaMH
temneparypHol mkainsl. CymecTByroT mkana Peomropa, Llenscust, @apenrerita. Onn
o0pa3yroTcs JeJIeHUEM Ha paBHbIC YACTH UHTEPBAJIOB LIKAJIbl TEPMOMETPA MEKIY
TEMIIEPaTypOil IIaBJIEHU JIbJla U TEMIEPATYpOil KuneHus BoJbl. PeoMropa — Ha 80
yactei oT 0 1o +80 °R. Lenscus — na 100 yacteii ot 0 1o 100 °C. ®apenreiita — Ha
180 gacreit, or +32 qo +212 °F.

TemnepaTypa B TEpMOJIMHAMHUYECKON IIKAJIE OTCYUTHIBAETCS OT TEMIIEPATYpPbl
abcomorHoro HyJs (-273 °C) u obo3nauaercsa yepe3 « T». Hucnossie 3HaueHus adbco-
JIOTHOM TeMmepaTypbl 0003Ha4ar0TCs yepe3 adComoTHRIN rpaayc win °K u onpene-
nsroTes Kak T° = t° +273.

JU1st onipeiesieHrst TeMITepaTypbl UCHOJb3YIOT KOCBEHHBIE METO/[bl, OCHOBAaH-
HbIE HAa U3MEPEHUU TaKUX (PU3NYECKUX BEITMYUH, KOTOPbIE OJJHO3HAUYHO CBSI3aHBI C
TEMIEPATYPOil U MOTYT OBITH JIETKO U3MEPEHBI.

OO6usacTb U3MEPEHUS TEMIIEPATYPBI JEIUTCS HA JIBE:
1. Tepmomerpus — no 500-600 °.
2. [lupometpust — 11t Oosiee BHICOKUX TEMIIEPATyp.
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B cooTBeTcTBUU € ATUM NPUMEHSIEMbIE MPUOOPHI HA3bIBAIOTCSI TEPMOMETPHI U

MUPOMETPHI.

JI1st u3MepeHust TeMIepaTypbl HCTIOIb3YIOT:

1. O6beMHOE TMO0 JTMHEHHOE pacIIuPEHUE IPU HArpeBaHUU (IUJIATOMETPUUECKUMN U
OMMETAINTNYECKU TEPMOMETPHI).

2. 3aBUCUMOCTb OT TEMIIEPATYPhI COMPOTUBIICHUS POBOTHUKOB U MOITYIPOBOIHHU-
KOB — TEPMOMETPBI COTPOTUBIICHHUS.

3. 3aBUCHUMOCTB OT TeMIlepaTypbl BeIM4uHbl TepM0I[C — TepMOaIeKTpUIECKHe
TEPMOMETPHI U TUPOMETPHI.

4. 3aBUCUMOCTb OT TEMIEPATYPbl BETUYMHBI U CIIEKTPA U3IIYyYECHHs] HArPETOro Tela —
MUPOMETPHI U3TYyUCHUS.

Pa3nnuaroT KOHTaKTHBIE U OECKOHTAKTHBIE IPUOOPHI I U3MEPEHUS TEMITEpa-
Typbl. UyBCTBUTEIBHBIN 3JIEMEHT KOHTAKTHOTO MPUOOpa BXOIUT B HEMOCPE/ICTBEH-
HOE CONPUKOCHOBEHHUE CO cpeaoil. beckoHTakTHBIE MPUOOPHI OCHOBAHBI Ha U3MEpe-
HUU TEMIIEPATYPHI 110 TEIUIOBOMY H3TYyYEHUIO TEIl.

Tepmomempul pacuiuperus

Kuoxocmuuvle cmekaanHvle npubopbl

[IpuHun ASCTBUS OCHOBAH Ha CBOMCTBE T MU3MEHATHh CBOM 00BHEM B 3aBU-
CUMOCTH OT TEMIEPATYPBHI.

Tepmometp (puc. 6.1) coctout u3 6aminoHa 1, kKamwuIIpHOW TPyOKH 2, 3amac-
HOTO pe3epByapa 3, 0000uku 4 1 mKainsl 5. bamion 1 1 4acTh KanWUIIpHON TPYOKHU
2 3amojHEeHbl TEPMOMETPUUECKON KUAKOCThI0. CBOOOJHOE MPOCTPAHCTBO B KaIlWJI-
JSpHON TpyOKe 2 W 3almacHOM pe3epByape 3 BaKyyMMHUPYETCS WM 3aIOJIHACTCS
WHEPTHBIM ra3om.

4357

Pucynok 6.1 JKunkoctHbele TEpMOMETPBI

[To KOHCTPYKIIMU >KUIKOCTHBIE CTEKJISTHHBIC TPUOOPHI OBIBAIOT MPSMbBIC U YT-
nosseie (90°C u 135°C).

[To cocoOy HaHeCEeHUs Kbl Pa3IMYalOT:
— TaJioyHble (IIIKaja HAHOCUTCS Ha TOJICTOCTEHHOM KaIlWJLIIpe);
— C BJIOKECHHOM LIKAJIOM;

63



— C NPUKJIATHON IIKAIOM.

B kadecTBe TEpMOMETPUYECKOM >KUIKOCTH Yallle BCEro MPUMEHSIIOT PTYTh,
CIIUPT, MEHTaH, TONyo. Jlnamna3zoH u3MepeHui sKUAKOCTHBIX CTEKJISTHHBIX TTPHOOPOB:
oT -190°C no + 600'C B 3aBUCUMOCTH OT NMPUMEHIEMOMN KUJIKOCTU. TOYHOCTH U3MeE-
penuii 006b14HO He npesbimaet + 0,01 "C.

JIOCTOMHCTBA: MPOCTOTA MPUMEHEHHUS, JOCTATOYHO BBICOKAsI TOUHOCTb.

Henocratku: XpynkocTh, HEPEMOHTONPUTOJAHOCTh, HEBO3MOKHOCTh JAUCTAH-
IMOHHOM Nepeladyd U aBTOMATUYECKOM 3alMCH MOKa3aHUM, THEPIIMOHHOCT.

bumemannuueckue mepmomempuol

[TpuHIIMNT AEHCTBUA OCHOBAH HA CBOMCTBE TEIJIOBOI'O PACIIMPEHUS Pa3IMYHbIX
TBEPABIX TEJI.

Pucynok 6.2 bumeramindeckue TEpMOMETPHI

[TpubGops! ganHOTrO THNA (PHUC. 6.2) HE MOTYUUITU IIUPOKOTO PACTIPOCTPAHEHUS
KaK CaMOCTOSITEIIbHBIC U3MEPUTEIbHBIE MPUOOPHI. VX dale UCIoIb3yI0T B Ka4eCTBE
YYBCTBUTEIBHBIX JJICMEHTOB B YCTPOWCTBAxX JJICKTPUUYECKOW CUTHAIM3AIMN TEMIIe-
paTyphl U Il KOPPEKTUPOBKU TOKA3aHUHA M3MEPUTEIBHBIX MPUOOPOB MPHU HM3MEHE-
HUW TEMITepaTyphbl OKpyXaromeid cpeapl. MOoTyT IpUMEHATHCS I U3MEPEHUS TeM-
nepatypsl arMmochepHoro Bo3ayxa (kiacc Tounoctu 2,0 wiu 2,5).
Jlunamomempuueckue mepmomempol

[IpuHIMI AEHCTBUSA OCHOBAH HA CBOMCTBE TEIJIOBOIO PACLIUPEHUS PA3IUYHBIX
TBEPIBIX TEI.

Pucynok 6.3 Jlunaromerpruieckue TepMOMETPHI
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[Tpubop nmeeT 3aKphITyIO ¢ OAHOIO KOHILIA TpyOKy 1, momelaemyto B usmepsi-
EMYIO CpeAly U U3TOTOBJIEHHYIO U3 MaTepuaia ¢ 00JapIIUM K03(pPUIIMEHTOM TEII0BO-
ro pacmupenus (Melb, JaTyHb, altoMuHuil). B TpyOKy BcTaBieH CTepkKeHb 2, IpH-
XKUMAEMBbII K €€ JHY pbluaroM 3, CKpeIyIeHHbIM C NMpyxuHou 4. CTep:KeHb U3rOTOB-
JIeH U3 MaTepuana ¢ MajibiM KoadduimenToM pacumpenus (papdop, kBapil, HHBap).
[Tpu u3mepenun TemmepaTypsl TpyOKa W3MEHSIET CBOIO JUIMHY, YTO NMPUBOJUT K Iie-
PEMEILIEHUIO B HEW CTEPKHS, COXPAHSAIOIIETO MPAKTUYECKH MMOCTOSIHHBIE pa3Mephl U
CBSI3aHHOT'O MIOCPENICTBOM pbluara 3 co CTpEeIKoil mpubdopa.

JlnaToMeTpuuecKie TEPMOMETPhl KaK yKa3aTelu TeMIIepaTypbl OOBIYHO HE
OpUMEHAIOT. VX MCMONb3yl0T B KauecTBE JAaTYMKOB B CHCTEMaX aBTOMATHYECKOIO
pEryJIUpOBaHMUSL.

Mamnomempuyeckue mepmomempol

[TpuHIMN NEHCTBUS OCHOBAH HA 3aBUCHMOCTH JIaBIICHUS BEIIECTBA OT TEMIIE-
paTypsl (IIpy TOCTOSTHHOM 00BEME).

3aMKHYyTas U3MepuTenbHas cuctema mnpubdopa (puc. 6.4) cOCTOUT U3 YyBCTBH-
TEJIBHOIO AJIEMEHTA, BOCIPUHUMAIOIIETO TEMIIEPATYPY CPEbl METAIIIMYECKOTO Tep-
MoOamioHa 1, MaHOMeTpa 2, U3MEPAIOIIETO AABJIEHUE B CUCTEME, U JJIMHHOIO CO-
€IMHUTEIBHOI0 METAJIIMYECKOI0 Kanusuispa 3.

Pa3znuyaroT Tpu OCHOBHBIEC PAa3HOBHIHOCTH MAaHOMETPUIECKUX TEPMOMETPOB:

— KHUJKOCTHBIE, B KOTOPBIX BCSI M3MEpPHUTENIbHASA CHCTEMa 3allO0HEeHA >KUIKO-
CTBIO (PTYTh, KCUJION, TOIYO);

— KOHJIEHCAIIMOHHBIC, B KOTOPBIX TEPMOOAIJIOH 3alOJHEH YaCTUYHO >KUIKO-
CTbIO C HU3KOW TeMIepaTypoll KUIIEHUS M YaCTHYHO €€ HACHIIICHHBIMHU Mapamu, a
KaIluJuIisp 1 MAaHOMETP - HACHIIICHHBIMH MTapaMH KUIKOCTH (alleToH, OeH30I1 U Ap.);

— Ta30Bble, B KOTOPHIX BCS M3MEPUTENIbHAS CUCTEMA 3all0JIHEHA HHEPTHBIM Ia-
30M (a30T).

Jlnanaszon u3aMepeHuii JaHHOro ThIa mpuodopos: ot -160°C no +600°C, kmacc
tounoctH 1,0...4,0.

v
-
o

Pucynok 6.4 ManomeTpuueckiue TepMOMETPHI
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JlocTOMHCTBA: CpaBHHUTENbHASI MPOCTOTAa KOHCTPYKIIMM W TIPUMEHEHHS, BO3-
MO>KHOCTh JWCTAaHIIMOHHOTO M3MepeHus TemmepaTtypsl (1o 60°C) u aBToMaTH4ecKon
3aMmucy MoKa3aHui, O0JIbIas MEXaHUIeCKasi IPOYHOCTb.

HenocraTku: OTHOCHUTENBHO HEBBICOKAST TOYHOCTh M3MEPCHHA, OOJbINasi HHEPIIUOH-
HOCTB, TPYTHOCTh PEMOHTA.

Tepmomempul conpomueneHus

[TpuHIIMTT NEHCTBUS OCHOBAH HAa M3MEHEHUU AJICKTPHYECKOTO COTPOTHUBIICHUS
MIPOBOTHUKOB WJIH TOTYITPOBOAHUKOB B 3aBUCUMOCTHU OT TEMITEPaTypHhl.

[IpOBOAHHMKOBBIA  YYBCTBUTEIBHBIM DJIEMEHT TEPMOMETPa COMPOTHBICHHUS
(puc. 6.5,a) COCTOUT W3 CIIOASHON TUTACTUHKU 2 C HABUTOW Ha HEE MPOBOJOYKOH 1
(rutatTuHa, Menb) W 3anuTHOrO 4Yexja 3. B kauectBe BTOpuuHBIX mnpudopor (BII)
MPUMEHSIOT H3MEPHUTEIBHBIE MOCTHI, TOTCHIIHOMETPBI, JOTOMEPHI.

Huanazon uzmepennii: ot -200°C po +650°C (mnsa mnatussl), ot -50°C no
+180°C (mns meau). ToduHOCTs M3MepeHus Temmepatyp - 10 0,0005°C.

JlocTonHCTBA: BBICOKAsI TOYHOCTh M3MEPECHUMA, BO3MOKHOCTh JUCTAHITMOHHBIX
M3MEpPEeHU U aBTOMATUYECKOW 3aliCH MOKa3aHWM, MPAKTUYECKU JIMHEHHAs 3aBUCH-
MOCTb COTIPOTHUBJICHHS OT TeMIlepaTyphl (yA00CTBO IpaayrupoBkH mikanbl BIT).

d)

o)

Pucynox 6.5 TepMoMeTpbI CONTPOTUBIICHUS

HenocraTku:  1oporoBu3Ha  MJIATUHBL, JOBOJBHO  BBICOKAsl HHEPIUOH-
HOCTb, CpaBHHUTENIbHO OOJbIINE pa3Mephl, NOTPeOHOCTh B MOCTOPOHHEM HC-
TOYHHUKE TOKa.

[ToynpoBOJIHUKOBBIE TEPMOMETPBI COMPOTHUBIEHUS (puC.6.5,6) cocrosT u3
MOJTYTIPOBOTHUKOBOTO 3JIEMEHTA |, KOHTAKTHBIX KOJIMAYKOB 2 M COCIUHHUTEIHHBIX
npoBoJOoB 3. OTIMUUTENHHON OCOOEHHOCTBIO SABJISIETCSl OTPUIIATENILHBIA TemIepa-
TYpHBIH KO3 ULUEHT, T.€. YMEHBIIEHUE COMPOTUBIEHUS C POCTOM TEMIEPATYypPHI.
Huamnazon uzmepenuii: ot -90°C no + 180°C.

JIoCTOMHCTBAa: MHHHMATIOPHOCTb, CPaBHUTEIbHO HEBBICOKAs HWHEPIHMOHHOCTD,
BUOPOYCTONYHMBOCTb.
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Henocrarku: HenuHelHasi 3aBUCUMOCTb CONPOTUBJIEHUSI OT TEMIEPATyphl, He-
JIOCTaTOYHAs! CTENEeHb BOCIIPOU3BEICHUS BEIMYUHBI COPOTUBIECHUS MIPU U3TOTOBIIE-
HUU (OTKJIOHEHHE OT HOMHUHaNa 10+20%) BhI3bIBAET HEOOXOAUMOCTh MHIUBUYAIb-
HOU rpaydpoOBKU U HE 00€CTIeunBaeT HEOOXOAMMOM B3aUMO3aMEHIEMOCTH.

Tepmosnekmpuueckue npubopul (mepmonapot)

[IpuHIMI 1EMCTBUS OCHOBAH HA CBOKMCTBE PAa3HOPOJHBIX METAIOB U CIIJIABOB
oOpazoBbsiBath B crae JJC, BenMuunHa, KOTOPOH 3aBUCUT OT MaTepUajoB MPOBOJAHU-
KOB U TEMIIepaTyphl criasl.

Cnaii 1, (puc.6.6) norpyxaeMblii B ©3MEPSEMYIO CpE/y, Ha3bIBacTCs Pabouum
KOHIIOM TEpMOIIaphl (TOpsiuMiA craii), a craid 2 - CBOOOJHBIM KOHIIOM (XOJIOIHBIN
cnait). [Ipu conpukocCHOBEHUHU BYX MPOBOJHUKOB A U B U3 pa3HOpOIHBIX MaTepua-
JIOB, B TIEPBOM M3 KOTOPBIX KOJMYECTBO CBOOOTHBIX JEKTPOHOB B €IUHUIIE 00beMa
OoJplIe, YeM BO BTOPOM, OyAeT HAaOmoaThCs sBiIeHHE TU(DPY3UU 3JIEKTPOHOB U3
IIEPBOTrO BO BTOPOM.
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Pucynok 6.6. TepMmodnekTpruueckne TepMOMETPHI

Benuuuna nuddysuu (31C) Oyaer pactu ¢ pocToM TeMIiepaTypbl MecTa KOH-
takTa (cnad ). OJC cnasd 1 Eapey 1 DJC cnas 2 Exp o) HAIpaBIeHbI HA BCTpedy, OT-
CI0J1a IeHcTBYIOIIas B Lienu pe3ynbtupyromas IJC coctaBur:

Expt10)= Eap Eapo).

IIpu paBenctBe Temmnepatyp t u ty o0boux cnaeB pedynbrupytomas J/]C paBHa
Hymto. [na peructpanuu pesynaptupyromein IC OpuUMEHSIOT 4YyBCTBUTEIbHBIC
AIEKTPOU3MEPUTEIIbHBIE TPUOOPHI - TaibBaHOMETphl. CyllecTBYyeT JABa crocoda
BKJIIOUeHUs] BropuuHoro npuodopa (BII) B koHTyp Tepmonapbl: B CBOOOIHBIN KOHEII
(puc.6.6,0) niam B oAMH U3 TEPMOIIIEKTPoAOB (puc. 6.6,B). M3aMepenue Temmneparypsl
IpU MOMOILUM TEPMOIAPhl BO3MOXHO JIMIIb IPU MOCTOSIHHOM M TOYHO W3BECTHOMU
Temriepatype ty ee cBoOOHOIO KOHIIA.

Juanazon uzmepenuii: ot - 50°C go + 2000°C.

JlocToMHCTBA: OOJIBIION JMANa30H U3MEPEHUM, BBICOKAs YYBCTBUTEIIBHOCT,
HE3HAUUTEIbHAs MHEPIIMOHHOCTh, BOBMOXXHOCTh J{MCTaHIIMOHHON mepenayu U aBToO-
MAaTHYECKOM 3aIIMCH IOKa3aHUM.
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Ilupomempuor uznyuenus

Hcnonp3yioT 3aBUCUMOCTh BEJIMYUHBI U CIIEKTPa U3ITYyYEHUS! OT TEMIIEPaTyphI
naHHOTO Tena. [I[pUMeHSIOT B TeX clydasx, KOTr/ia HeMmoCpeACTBCHHBIN KOHTAKT J1aT-
KA TEMIIepaTyphl U 00BEKTa H3MEPEHUS HEXKEIIATeIICH WM HEeBO3MOXKEH. Takue
Cllydad BCTPEUAIOTCs IIPH OYCHD BEICOKOW TeMIIepaType 00BheKTa H3MEPEHHUS, TIPH
pa3MernieHnn 00beKTa B arpeCCUBHOM CpeJie WK MPU U3MEPEHUHU TeMIIepaTyphl Mo-
JBUKHBIX 00BEKTOB. DHEPTHUs, U3TydaeMas TaHHBIM TEJIOM XapaKTepu3yeTcs Kod (-
dunuenToM ydencmnyckanus. J[aHHubIi ko3 PUIIMEHT XapaKTepu3yeT ONTUYECKUE
cBoiicTBa Tena. Hanbonpiel n3mydaroniei criocoOHOCThIO 001a/1aeT aOCOIIOTHO
yepHoe Tejao (A=1).

PeanbpHbIE O0BEKTHI UMEIOT PA3TUYHBIC KOAPDUITUEHTHI JTyICUCITYCKAHUSI.
VY4ecTb Bce MHOTOOOpa3ue TaHHBIX KO3(PPHUIIMEHTOB IPU MTPOU3BOJCTBE MUPOMETPOB
HE TMPEACTABIACTCS BO3MOKHBIM. [103TOMY BCe MUPOMETPHI U3TYUEHUS TPALYUPYIOT-
Cs1 IO U3TMYYEHHUIO a0COIIOTHO YEPHOTO Tea.

[Tpu u3mepennu TemMmepaTypsl peaibHOTO TeJla MUPOMETPHI JAIOT MOTPeTl-
HOCTb U3MEPEHUS, 00YCIOBICHHYIO OTIMYHEM KO3(PPHUIHEHTA TyIeHCITyCKaHUs ATHX
ten oT 1. Takast morpenHoCTh Ha3bIBa€TCs MOTPEIIHOCTHIO Ha HETIONHOTY U3JTyue-
HUSL.
[TupoMeTpbl UMEIOT TPU PA3HOBUIHOCTH:
1) Paguanuonusie.
2) SIpkocTHbIE (ONTUYECKUE).
3) LiBeToBHBIC.
Paouayuonnvie nupomempul uznyuenus
Hcnonb3yroT A u3MEpeHus TeMIepaTyp, IA€ MOJIHbIN CIEKTP U3TyYeHUs
HarpeToro tena. JlaHHoe u3inydeHue poKycupyeTcs ¢ MOMOLIbI0 ONTHUYECKOM cucTe-
MBI — TeJIECKOIa Ha pabounii KoHell TepMornapbl. KaxioMy 3HaUE€HUIO TeEMIIEpaTyphl
COOTBETCTBYET CBOI MOTOK U3JIy4YEHHs, OMAJAOUINI B TEJIECKOI U CBOE 3HAUCHUE
Temnepartypsbl. s yBenmnueHUs: 9yBCTBUTEIILHOCTH B PAJAMALIMOHHBIX TUPOMETPax
U3JIyYEHUS UCTIOJIB3YIOT TepMOOaTapen.

ABTOMATHYECKHH /

IIOTCHUOHOMETP

Teneckom. batapes
IpoBoJa TepMomap

Pucynok 6.7 Cxema nupomeTpa
['pamyrpoBKa pagualimOHHBIX TUPOMETPOB COOTBETCTBYET MU3MyUEHUIO a0CO-
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JIIOTHO YEpHOTO Tena. PanannoHHble MUPOMETPHI UCIIOJIB3YIOT B arana3oHe ot 100
10 4000 °C.

Onmuueckue u ueenoesble nupomenipol

OnTryeckre MUPOMETPBI UCTIOIB3YIOT JISl ONPEAEIICHHS TEMIIEPATYPBI I10-
CPEICTBOM y3KOI'0 Y4acTKa U3MEPSEMOro Teja, BBIIECIEHHOTO C IIOMOLIBIO LIBETO-
¢unbTpa. BennunHy Temnepatypbl ONpeaesioT 10 IPKOCTU CBEYEHUS TIOBEPXHOCTH
Tena.

W3mepenust npou3BOJAT HA JJIMHE CBETOBOM BOJIHBI 0K0JI0 0,65 MuKpoMeTpa (Kpac-
Has BOJTHA). BRIOOp 3TOM MITMHBI 00YCIIOBIICH:

1) Ha 37011 BOJIHE SIpKOE CBEUEHUE MOBEPXHOCTH YBEITUUMBAETCS 3HAUUTEIb-
HO OBICTpee, YeM TeMIlepaTypa MOBEPXHOCTU. ITO MO3BOJISIET MOIYYUTH OOJIBIITYIO
4yBCTBUTEIBHOCTH IPUOOpA.

2) NznyyeHue noBepXHOCTH OOJIBIIMHCTBA PEAJIbHBIX TEJ OJIM3KU Ha 3TOM
BOJIHE K a0COJIIOTHO YEPHBIM. DTO MO3BOJISIET CYHIECTBEHHO CHU3UTh OTPEIIHOCTD
Ha HETIOJIHOTY U31y4CHHUS.

PaccmoTpum npocTterimmi ONTUYECKU MUPOMETP, B KOTOPOM SIPKOCTh CBE-
YEHUsI HUTH JIAMIIbl HAKAJINBAHUS CPABHUBAETCS C ATAIOHHOU JIAMITON.

/7< Jlamma
HAME =

Kpacuemi
CBETOHIBTY

O0BexTHB o
O0nexTHB

Ocnenagromui
CBETO(QHIBTP

Pucynok 6.8 Onrtuueckasi cuctema mupoMeTpa
OnTuyeckas cuctema nmpudopa COBMEIIAET MoJIe 3peHus HabroaTes,

M300paKEHNE U3ITYJaroIel TOBEPXHOCTH U HUTH HaKayia dTaJIOHHOM Jammbl. J{iis
oTpeIesIeHHs TeMIIepaTypbl HaOII01aTeIb I0KEH BEIPOBHSTH SIPKOCTH CBEUCHUSI
HUTH JIAMIIbl U U3JTy4arolleil MOBEPXHOCTH, MEHSISI HAIPSKEHUE HUTH JIaMITbI.

3HayeHne TeMnepaTypbl MOKET ObITh CYUTAHO B MOMEHT PaBEHCTBA SIPKOCTU
JIAMTIBI ¥ U3JTYYaroIel TOBEPXHOCTH TIO ITKajie MpruOopa, KOHTPOJIUPYIOMIEH peKuM
JIAMITBL.

OnTtuyeckne NnupoMeTpsl NpuMeHstoTesa B quamnas3one ot 800 1o 6000 °C u
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oOecrieunBaloT norpemHocTs ot 0,7 10 3%. JlanbHeilliee MoBbIIeHHE TOYHOCTH U3-
MEpEHUS JOCTUTAETCS B IIBETOBBIX MUPOMETPAX. B HUX oNpeAensoT TeMneparypy
TeJa Mo pe3ysbTaTaM U3MEPEHUs MHTEHCUBHOCTH U3ITyUYEHHUS B JIBYX Y3KUX JHana3o-
Hax CIEKTpa. ITO KPACHbIN U CHHE-3eJeHbIN. [[BeTOBbIC MTUPOMETPHI MPUHIIUTIA AT b-
HO HE JTAI0T MOIPEIIHOCTh NPU U3MEPEHHH TEMIIEpaTypbl cepbix Tell. [lox cepbiM Te-
JIOM OHUMAETCA TE0, KOADPUIMEHT JIy4eHCITyCKaHUsI KOTOPOTO HE 3aBUCHUT OT
JUTMHBI BOJTHBI u3ny4yeHus. K Takum tenam OIu3Ku peanbHble 00bEKTHl U3MEPEHHS.
KOHCTpYKTHUBHO, IIBETOBOM MUPOMETP MOKHO BBIIOJTHHUTH TAKXKE, KAK ONTHYECKUH,
JIOCTAaTOYHO MPEAYCMOTPETh BO3MOXKHOCTDh 3aMeHbI (priibTpa. HepocratkoM 3Toro
BapUaHTa IPKOCTHOTO U IIBETOBOTO MUPOMETPA SIBIISIETCS 00s13aTENIbHOE yUacThe
HaOJIIoAaTeNs B MPOIIECCE U3MEPEHUS TEMITEpaTyphbl. DTOT HEJJOCTATOK YCTpaHEH B
ABTOMATUYECKUX (POTOANEKTPUUECKUX MUPOMETPAX.

7. DJaeKTpUUYeCcKas CBapKa

CBapkoil Ha3bIBae€TCS IPOLECC HEPAZBEMHOIO COCAMHEHMUS JETaau ITyTeEM
COJIMKEHUsI CBAapUBAEMBbIX MOBEPXHOCTEM Ha PACCTOSHHE JACHCTBUS MEKAaTOMHBIX
cui. [Ipn HOpManbHBIX YCIIOBUSAX TaKO€ CONMKEHHE HEBO3MOXKHO AK€ MPU BEChbMa
CUJIBHOM COKaTHH CBapUBaEMbIX JeTanei.

Cpapke MemaroT: Majas IJIaCTUYHOCTh MATEepUajoB JETalied, MOKpbIBAIOLIAs
MNOBEPXHOCTh JETAlU IUICHKA OKHUCIIOB, 3arps3HEHHE, IJIEHKAa U aJcOpOMpPOBAHHBIX
MoOJIeKyN raza u T.4. st 60pbObl ¢ moMexamMH HCNOJIb3yEeTCsS HarpeB MECTa CBApKU
JI0 BBICOKOUM Temrmeparypbl. Pe3ynbTaToM HarpeBa MOXKET ObITh TUIABJICHHE CBapHUBa-
eMBIX JeTajeil W NpHUCcaJoYHOro MaTepuajia ¢ 00pa30BaHMEM CBAPOYHOW BaHHBI.
CBapouHasi BaHHa, 3acCThIBas, 0oOpa3yeT cBapHOW 1IOB. B 3TOM ciyyae TroBoOpsT O
CBapke IiaBjieHueM. Bo3moskHa cBapka JaBieHueM. B 3ToM ciydae cBapuBaeMsbl Mo-
BEPXHOCTH HarpeBaroT 0 TEMIIEPaTyphl, PU KOTOPOM PE3KO MOBBIIIAIOTCS TIIACTH-
YECKHE CBOMCTBA MaTEPHUAJIOB, a 3aTE€M JAECTAJIM CAABIMBAIOT OCAJ0YHBIM JaBICHUEM.

B mpouecce 371. cBapkHM OCYLIECTBISIETCSI HarpeB 3a cueT NpeoOpa3oBaHUs B
TEIUIO 3JeKTpodHepruu. Yaiie Bcero Takoe npeodpazoBaHue UAET B 1. Iyre, I100 B
00TE€KaeMOM TOKOM aKTHMBHOM COINPOTHUBICHUH. OOBIYHO PA3NHYAIOT JIEKTPOAYIO-
BOM, DJIEKTPOIIAKOBBIA U AJEKTPOKOHTAKTHBIM CIIOCOOBI 3JI. CBAPKU. DIIEKTPOIYro-
Bas M AJIEKTPOLUIAKOBAs CBApKU OTHOCSATCS K CBapKaM IUIABJICHUEM, 3JIEKTPOKOH-
TaKTHasi — JaBJICHUEM.

Capka MeTaIoB KJIacCU(DUIIUPYETCS IO TEXHUIECKUM U (U3UUECKUM Tapa-
METpaM:

— Tepmuueckmii: cBapka (yrosasi, 3J€KTPOIIJIAKOBAs, 3JIEKTPOHHO-Ty4YeBas, IJ1a3-
MEHHas, MIOHHO-TTy4€eBasi, TIACIOUM pa3psaoM, CBETOBAsI, UHIYKIIMOHHO-Ta30Bas,
TEPMUTHAs U JIUTEHHAS)

— TepMo-MexaHU4eCKUi: KOBKa. JTO TOT K€ HarpeB, HO C COOTBETCTBYIOIIUM JIaBJIe-
HUEM. DTO IJIAKO-TIPECCOBasi, Iyro-IpeccoBasi, TEpPMUTHO-TIPECCOBAsI, IEYHAS.
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— MexaHW4YecKHii: XOJIOIHAsI CBApPKa B3PHIBOM (HO ATO TO e B KaKOH - TO Mepe J1aB-
JICHUE) U YJIBTPa3BYKOBas (TPEHUEM).

Dnekmpoody206as ceapKa

Jliig HarpeBa MecTa CBapKHU U IIJIaBJICHHS METalla MOXKET OBITh HCIIOJIb30Ba-
Ha Jyra MOCTOSHHOTO U MepeMeHHOro Toka. OOBIYHO HMCMONB3YyeTCsl Ayra MpsiMOTO
JNEUCTBUSA, KOTOpask TOPUT MEXKIY DJIEKTPOJOM M CBAPUBAEMBIMHU JETAIsAMU. BaxHoe
3HAYECHUE UMEET MaTepHuall 3JIEKTpoA0B. OH MOXKET UMETh OYEHb BBICOKYIO TEMIIEpa-
Typy IUIaBieHUs (YroJjibHbIE, BOJb(PAMOBBIE AIEKTPO/Ibl) 1 OHU HE IPUHUMAIOT y4da-
cTUsI B QOPMHUPOBAHUHU CBAPHOIO IIIJIaKa. 3JI€Ch FOBOPSAT O CBApPKE HEIUIABALIMMCS
nekTpooM. 1Ipu Takoil cBapke B 30HY CBAPKH 4aCTO BBOJAT JOIIOJHUTEIBHBIE IIPU-
cazouHble MaTtepuanbl. Hambosee MMPOKO HCMONB3YeTCs CBapKa IUIABSIIUMUCS
JIeKTpoaMu. MeTal 3JeKTpoJoB 00pa3yeT CBapOYHYIO BaHHY BMECTE C METAJNIOM
KPOMOK CBApUBAEMBIX W3IEIHM.
dnekmpuueckas 0y208as c6apKda.

Haubonee mmpoko KUCosib3yeTcsi MpH U3TOTOBJIEHUH BCEBO3MOXHBIX CBap-
HBIX KOHCTPYKIUH. B 3aBUCHMOCTH OT MaTepuana cBapHOW KOHCTPYKLMH, €€ rabapu-
TOB, TOJILIMHBI CBAPUBAEMOI'0 METaJIa U IPYTHUX OCOOEHHOCTEN CBAPUBAEMOTr0 U3/e-
TS IPEAIIOYTUTENBHOE IPUMEHEHNE HAXOIAT ONPENCIIEHHBIE PA3HOBUIHOCTH DJIEK-
TPUYECKOU TyTOBOU CBapKH.

Tak, mpy U3rOTOBJIIEHNY KOHCTPYKLIHM U3 YTIIEPOAUCTHIX U HU3KOJIETUPOBAH-

HBIX KOHCTPYKIIMOHHBIX CTaJIeil HanOoJIblllee MPUMEHEHNUE HaXOIAT KaK pyyHas 1y-
roBasl CBapKa KaueCTBEHHBIMHU DJIEKTPOJAAMHU C TOJICTHIM IIOKPBITUEM, TAaK U aBTOMA-
TUYECKasi ¥ MoJIyaBTOMAaTUYEeCKasi CBapKa Mol (JIF0COM, a TaK K€ CBapKa B YIJIEKHUC-
JIOM Ta3e; MPU CBapKe KOHCTPYKIIUU U3 BBICOKOJIETUPOBAHHBIX CTaJIEH, IBETHBIX Me-
TaJUUIOB M CIJIABOB HA UX OCHOBE MPEANIOYTUTEIBHOE UCITOIb30BAHME HAXOINUT APTOH-
HO-YrOBas CBapKa, XOTs IIPH ONPEIEIEHHBIX YCIOBUIX PUMEHSIOTCS U HEKOTOPBIE
JIpYTre pa3HOBUIHOCTH AIEKTPUYECKON TyTOBOU CBAPKH

TumoBas cxema: /—4— O

)

CBapHBacMBbIC ICTa/TIH >

Pucynok 7.1 Pyunas nyroBast cBapka
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Py'iHa}Z Oyeoeaﬂ ceapKa NOKPobIMbIMU NAABAUWUMUCA aﬂekmpodamu

[Ipu py4HOl CBapke olepanuu 3aKUraHusl U EPEMEICHUS TyTH BBITOJIHS-
er cBapmuk. OH BBOJUT B 30HY CBapKH SJEKTPOAHBIA METaul M MOJIJIEPKUBAET
HEU3MEHHOW [JJIMHY CBApO4YHOW Iyru. HempepblBHOE ropeHue OyTu U €€ YCTOMYH-
BOCTh 00ECHEUYMBACTCS CBOMCTBAMHM MCTOYHMKA MUTAHUSA IYT'HM U HCIOJIb30BaHUEM
CHEHIUAIIBHBIX 3JIEKTPOJAHBIX MOKPBHITHMI. VMCTOYHUKM MUTaHUSI AOJIKHBI MOAACPKU-
BaTh FOPEHUE TYTH MPHU BO3MOKHBIX U3MEHEHHSIX €€ JJIMHBI, T.K. TOUHOCTh MOJEpKa-
HUS JJIMHBI AYTH CBAapLIMKa HeBenuka. [103TOMy MCTOYHUKH AOJKHBI UMETH KPYTO
CTa/IaollyI0 BHEIIHIOI XapaKTEPUCTUKY, OJM3KYI0 B oOjactu pabodeld TOUKH Xa-
PAKTEPUCTUKE UCTOYHUKA TOKA. TOrna N3MEHEHUS IJIMHBI TyTH HE IPUBOJUT K CUJIb-
HBIM U3MEHEHUSIM ee TOKA.

A ,r‘f BHemuAa Xap-KEa

I
/ I
T L25<— <2
m_.___“ Ip
Usax Ug=A{I) \ Ig - TOK K.3.
Nl \ L, Ip — padounil TOK
— T}
T 1Y L, I
— 2
-
/ |\'~. >
! Y
Ipy Ip: Ig
Pucynox 7.2 Bonbr aMnepHas JuarpaMmma JTyTOBOT'O paspsana

Kpome Toro, B MCTOUHHMKAaX MEPEMEHHOr0 TOKA JOJKHA ObITH oOecreyeHa J10-
CTaTOYHAsi MHIAYKTUBHOCTb 1I€NH Ayru. BaxkHyto posb B 00ecredyeHuu yCTOMUYUBOCTH
JyTU TPAET 3JIEKTPOJIHOE MOKPHITHE, HAHECEHHOE HA MOBEPXHOCTh CBAPOYHOIO JJICK-
Tpoja. Takoe MOKPBITHE COAEPKUT IEMEHTHI C HU3KMM IMOTEHUUAIOM HMOHU3aLWU
(K, Ca). OTu sneMeHThI MOBBIMIAIOT MPOU3BOJAUTEILHOCTh CTON0A AYTH. DIEKTPOI-
HOE MOKpPBITHE, QYHKIUS KOTOPOrO TOJIBKO CTaOMIIM3UPOBATh TOPEHUE TyTH, Ha3blBa-
eTcsl TOHKUM WiH ci1a0biM. COBpeMEHHbIE 3JIEKTPOJIbl UMEIOT TOJICTOE MOKPBITHUE.

[TomuMo crabunu3upyromux A00ABOK TaKOe MOKPBITUE MOMKET COJepKaTh
KOMITOHEHTHI, 3alllUIIAIONIME AYyTy U BaHHY OT JACHCTBHUS OKpY>KAIOUIEro BO3AyXa U
MOAU(PUIMPYIOIINE HAMJIABICHHBI MeTal IIBa JJi1 MOJYyYEeHHs] €ro BHICOKUX MeXa-
HUYECKUX XapaKTEPUCTHUK.

KauecTBO py4yHOI ITyroBOM CBApKHM COBPEMEHHBIMHU JIEKTPOJAMH HE 3aBUCUT
OT poJia TOKAa, €CIW TOJIIMHA CBAPUBAEMBIX JETAJEC MPEBBIIAET TOJIIMHY 2 MM.
[ToaTomy pyuHasi 1yroBasi CBapKa BeJETCsl OOBIYHO Ha MEPEMEHHOM TOKE, MTOCKOJIbKY
MCTOYHUK NIEPEMEHHOr0 TOKa (TpaHchopmaTop) AeleBie U IKOHOMUYHEE UCTOYHU-
KOB IOCTOSTHHOT'O TOKA.
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CBapka Ha IOCTOSSHHOM TOKE HCIOJIB3YETCSl TJIaBHBIM 00pa3oM B «IIOJEBBIX
ycloBUsAX». VICTOUHMKOM IUTaHMs B 3TOM CIlIydae CIYXKHUT CBapOYHbIN arperar (re-
HEpaTop IOCTOSHHOIO TOKA, NPUBOJUMBIM B JACHCTBUE IBUTrAaTEIEM BHYTPEHHEIO
cropanus). B cranoHapHbIX YCIOBUAX py4Hasl cBapKa Ha MIOCTOSHHOM TOKE UCIIOJIb-
3yeTcsl JUIsl CBapKH TOHKMX JieTajell mpu oOpaTHOW MOJSPHOCTU TYTH, ISl MAaCCHB-
HBIX neranen pU PSAMON MOJIAPHOCTH IyTH.

Pyuynas nyroBast cBapka TpyJ0€MKa, BpeIHa JUIsl 30pOBbs U TpeOyeT 00Jib-
II0r0 KOJMYECTBA KBAIU(PUIIMPOBAHHOTO NepcoHana. [1oaTomy B yCI0BHIX MaccoBO-
ro IPOU3BOICTBA UCIIOJIb3YIOT MEXAHU3UPOBAHHBIE CIIOCOOBI JyTOBOW CBAPKHU.

Aemomamuueckas 0y2e06as ceapka noo cioem gioca

[Ipon3BOUTENBHOCTh PYYHOU JYrOBOM CBapKU OIpaHUYEHA C OJHOU CTO-
POHBI HEKOTOPOW MPEAEIbHON MOIIHOCTBIO AYTH, MPEBBIIIEHUE KOTOPOM BEAET K
pa3OpBI3TUBAHUI0 METAJIa U YXYAIICHUIO KauecTBa CBAaTKH, U C JAPYTOH CTOPOHBI
3HAUUTEIBHBIM BpPEMEHEM, KOTOpPOE CBApIIMK TPATHT Ha 3aMeHy 3JieKTpoaoB. Oba
ATU OTpaHUYEHHUS TO3BOJIIET CHSITh TaKOW CMOCOO TakoM crocoO, Kak aBTOMaTHUYe-
cKast CBapka TUIaBAIUMCS ANEKTPOJIOM (it CII0EM ¢uroca.
DI. 1yra TOPUT MEXKIY CBApUBAEMbIMU JACTAISIMU M KOHIIOM TOJIOM 3JeK-
TPOJHOM MPOBOJIOKW, UMEIOIIEH 3HAUYUTENIbHYIO JJIMHY M HaMOTAHHOW Ha KaccCery.
[Io Mepe pacruiaBiaeHUs MPOBOJIOKA MOAAETCS B 30HY CBAPKH MEXAHHW3MOM I10JayHu.
[IpuMeHeHne JUIMHHOM MPOBOJIOKHU B IAHHOM CJIy4ae MO3BOJISET UCKIIOYUTH
nepepsiBa B CBAapKe I 3aMEHbI 3JIeKTpoja. [[ns 3aluThl Iyrd CBapKW, BaHHBI U
CBApHOTIO IIBA OT JIEUCTBUSA aTMOC(EPHOTO UCIOIB3YETCs TOPOIIKOOOpa3HbIi (hITtoC.
Jyra roput nox cioem uiroca B Ta30BOM ITy3bIpe, HAMIOJHEHHOM MapaMu MeTalljia U
bmroca. Ctabunusupytoiye 100aBKU, UMEIoIIecs: BO (uiroce o0ecrneunBaroT yCTou-
YUBOCTh NYyTd. BBICOKOE JaBJieHHME B Ta30BOM ITY3bIPE MO3BOJISIET UCKIIOYUTH Pas-
OpbI3rUBaHUe MeTaia, Jlaxe npu BBICOKHX MOITHOCTSIX JTyTH.
PacrinaBnenHsbIil ¢uiroc MOKpBHIBAET CBApHOM IIOB M, 3aCThIBasi, 00pa3yeT muia-
KOBYIO KOpKY. B3ammopeiicTBue pacruiaBieHHOTo (iiroca ¢ METalJIoOM TMO3BOJISIET
o0ecrneunTh ero BEICOKUE MEXaHUYeCKHe CBOMCTBa. DIIOC MOaeTCsl B 30HY CBAPKU U
OTCaChIBAETCS U3 3TOM 30HBI C TTIOMOIIIBIO CHEIUATBLHBIX THEBMATHYECKUX YCTPONCTB.
[ToaBo CBapOYHOrO TOKA K AJIEKTPOIAHOW MPOBOJIOKE OCYLIECTBISIETCS 4Yepe3 KOH-
TaKTHBIN MYHIIITYK.
INIeKMpOKOHMAKMHAsL C8ApPKA

[Ipr DHEKTPOKOHTAKTHOW WJIM DIJIEKTPUUECKOW CBApPKE COMPOTUBICHUEM

HarpeB NPOU3BOJST MPOMYCKAHUEM YEPE3 MECTO CBAPKU TOKA JOCTATOYHOM BEIINYU-

Hbl. Pa3orperbie JeTanyM MEXaHWUYECKH CHABIMBAIOT (CBapKa JIaBICHHUEM).

HarpeB 30HBI CBapku OCyLIECTBISETCS BJIEKTPUUECKUM TOKOM, MPOXOASIIUM

4epe3 MECTO CBAPKHU NBYX netaiied. OcagovyHOe JaBJIEHUE CO3HAETCS DIJIEKTPOJIAMH,

npoBosAMMU TOK. KOHTakTHasi cBapka OOBIYHO OCYLIECTBISIETCS HA MEPEMEHHOM
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TOKE. DTO OOBSICHAETCS TEM, UTO TOK B THICSYM U JACCATKHU THICSY aMmriep, HeOOXO I H-
MBIW I TAKOW CBAapKH, MPOIIE BCETO MOIYUYUTh C TOMOIIBIO MOHWKAIOIIETO TPaHC-
dbopmaropa. [TorydeHrne MOCTOSHHOTO TOKA TaKOW BEIMYHMHBI TPeOyeT CO3/aHus CIie-
IIHATBHBIX TE€HEePaTOPOB.

CBapounslii TpaHchHOpMATOp, CHA0KEHHBIM HEOOX0ANMON (DYHKIIMOHHOH artl-
MapaTypou, yCTPOMCTBO TOKOIIOJIBOJA, MEXAHU3M JJIsI CO3/IaHUS OCAJ0YHOrO JaBJIe-
HUSI OOBIYHO COOMPAIOT B BUJIE €AMHON KOHCTPYKIIMHU, KOTOPYIO Ha3bIBAIOT MAIIIMHOM
JUTE KOHTAKTHOM CBAapKU. Pa3inyaroT MalvHbl U1 CTBIKOBOM, POJIMKOBOM, TOUEYHOM
CBApKHU.

1. CTeiKOBaA cBapKa 2. Toueunan 3. Pomiropan

F F

—[ Tk

Pucynok 7.3 CxeMmbl 3J€KTPOKOHTAKTHON CBapKu
Cmuikosas ceapka

Moxer ObITh 2 BHAOB, C OIUIAaBJIEHMEM U 0€3  OIUIaBJICHHUS.
[Ipu cBapke 0e3 ormiaBieHus: AeTad ¢ 0OpaOOTaHHBIMU KOHIIAMHU MPUBOJAT B
COIIPUKOCHOBEHUE M CKMUMAIOT 3HAYMTEIbHBIMU YCHIMsAMH. [locne aToro uepes gera-
JIY TIPOMYCKAIOT TOK. 32 CUET KOHTAKTHOTO COMIPOTUBJICHUSI B MECTE CThIKA BO3HUKAET
KOHILICHTPUPOBAHHOE BbIAEeHUE Teria. [Ipu NOCTHXKEHUN ONpeesICeHHOW TemIepa-
TYpbl IUIACTUYECKHE CBOMCTBA METAJIJIA CTAHOBATCA JOCTATOYHBIMU JJ1 CBapKu. [Tpu
OKOHYaHMU LMKJIA CBAPKM CHayajga CHUMAIOT TOK, MOTOM OCAJOYHOE JABIICHHE
IIpu CTBIKOBOW CBapKe OIUIABJIICHUEM HArpPeB JIETAJIEN MPOU3BOAUTCA IO IMOJHO-
ro OIUIABJIEHMsI M3 MOBEepXHOCTeH (cThikOB). IIpouecc mmeer 3 craguu: npeaBapu-
TeJIbHBIN MOJIOTPEB, OTUIABJICHNE, OKOHYATENIbHAs 0cajika (JTMO0 TOJBbKO 2 MOCIeaHUE
CTaun).
B HayaabHBIE MOMEHT J€Tau C)KUMAKOT JIJs1 00ECTICUeHHsT HaIe)KHOTO KOHTaK-
Ta U MPOMYCKAIOT 3J1. TOK. Takum o6pa3zom 00ecreunBarOT OBICTPBINA pa3orpeB 10 He-
obxonumoint Temneparypsl (aiis cramu 600-800 °C). Ilocne 3Toro maBIeHUE HEKOTO-
pbIM 00pazoM cHukaroT. COOTBETCTBEHHO YBEIMUMUBACTCS COMPOTUBIICHUE KOHTAKTa
M CBApHOM TOK MajaeT. YXYAIIEHHWE KOHTAKTa MPUBOIAUT K TOMY, YTO JIMHUU TOKA
KOHIICHTPHUPYIOTCSI B TOT MEPHOJI BPEMEHHU B HEMHOTHX TOUYKaX COMPUKOCHOBEHHSI.
B 3Tux Toukax KOHIEHTPUPYIOTCS OOJIBIINE MOIIHOCTH M HAYMHAETCS OIUIABJICHUE.
KonTakTupytomue BBICTYIBI pa3pyliarTcs. BecbMa Ckopo OIUIaBisieTcsl MoJie CBa-
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puBaeMoi moBepxHocTH. [locie 3Toro yBenuuuBaOT 0CaA0YHOE JIaBJICHUE U JIeTalu
MOXHO CBapuTh. [Ipu 3TOM HM30BITOK PACIIIaBIIEHHOTO METaslla BbIAABIMBACTCS W3
KOHTaKTa.

['pat (BeHUHK) COAEPKUT OOIBIIOE KOJTUYECTBO OKUCIOB. OH MEXaHUYECKHU He-
IIPOYEH U JIETKO YIAJSIETCS CO CBApPEHHOIO CThiKa. CBapKa IJIaBICHUEM HMEET Psij
IPEUMYIIECTB IO CPaBHEHHUIO CO CBapkoi Oe3 omnaBieHus. OHa gaeT ropa3no 00Jib-
IIYI0 IPOYHOCTH 1IBA, HE TPeOyeT MpeABaAPUTEILHON 3aUUCTKU TOPLIOB JETalu, M03-
BOJISIET CBAPUBATh CEUCHUS CIIOAKHOU POPMBI, IeTaIl U3 PA3HOPOIHBIX METAIIIOB.

Henocratok — noTepu MeTaia C rparom.

CTbhIKOBasi CBapKa NMPUMEHSIETCS ISl CBapKU MPOBOJIOKH, apMaTyphl, BCEBO3-
MOKHBIX KOJell, 000/0B, Ienei, TpyO, peiabcoB. bonbllioe 3HaueHHE NaHHBIA BH]L
CBApKH UMEET B MPOU3BOCTBE TBEPAOCILIABIICHHOTO HHCTPYMEHTA.

Toueunas ceapka

Haubonee pacnpocTpaHeHHbIN c10cO0 KOHTaKTHOW cBapku. Ipumensiercs amns
CBapK{ Pa3iu4HbIX MOJIOC, JUCTOB HEOOIBIIONW BelInuuHbl (5-6 MM). Hanbosee pac-
IPOCTPAHEH IMKJ, KOTrJa B TEUYEHUE BCEW CBAapKH JaBieHuEe He MeHseTcs. OJIHaKo
JAy4IIAE Pe3ybTaThl MOJIY4YarOT B TOM Ciy4ae, €CIM B KOHIIE CBAPKU IOBBIIIAECTCS
0CaJI04HOE JIaBJICHHUE.

[ToBbileHNE AaBieHUs (IIE€pe]l MOBBIIICHUEM JaBICHUS TOK CHUMAIOT) Ha3bl-
BaeTcs npakoBkoi. OHa npeaynpekaacT HempoBap U 00pa30BaHKUE PAKOBUH B TOUKaX
CBapKd. MallMHbl TOYEYHOM CBAapKH MMEIOT BBICOKYIO MPOU3BOAUTEIBHOCTh. OHU
MoryT nmaBaTh 10 600 Touek B mMuHyTy. lIpu Takoi mpoW3BOAUTEIBHOCTH TPYAHO
KOMMYTHPOBaTh CBAPOYHBIA TOK M BBIJAEPKMUBATH HEOOXOAUMYIO JJIUTEIBHOCTh €ro
nporekaHus. JIumb B caMbIX MPOCTEUIIMX MAIMHAX UCHOJIb3YIOT MEXaHUYECKHUE Te-
peKJroyaTenn WIH KOHTaKTOPbI C 3¢ (HEeKTUBHBIM JYyTOTAIIEHUEM.

[TpumeHeHne OECKOHTAKTHBIX CUJIOBBIX BBIKJIIOUATENIEH, TOCTPOCHHBIX Ha ra-
30pa3psIHBIX MpUOOpax WM Ha KpeMHHUEBBIX TUpUCTOpaX. COBOKYMHOCTh OECKOH-
TAKTHOTO BBIKJIFOYATENS] M 3JIEKTPOHHOTO pejieé BPEMEHHM Ha3bIBAIOT O€CKOHTAKTHBIM
pepbIBaTEIIEM.

Ponuxosas (woenas) ceapra

Paznuyarot 3 pexxuma 3Toil CBapKH:

1) C HenpepbIBHBIM JBUKEHUEM POJIMKOB U HEMIPEPHIBHOM MoAaveil Toka (He
IMPUMEHSIETCS, TaK KaK JaeT CBapKy HU3KOro kadectna). [I[pumenenue crocoda Bo3-
MOYHO JIUIIIb MIPU OYEHBb OOJIBIIINX CKOPOCTSAX CBApKH, KOT/Ia B KaXKJIBIN MOTYTIEPUO]T
MATAIOIIETO TOKA CBAPUBAETCS OJIHA TOYKA.

2) C HenpephIBHBIM JBHKEHUEM POJIMKOB U UMITYJIbCHOM MOJIaueld TOKA.
Hawnbonee pacnpocTpaHeH.

3) C npepbIBUCTHIM IBHKEHUEM POIUKOB. TOK MOIAETCA TOJBKO B MOMEHTHI
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OCTaHOBKH. MallvHbI JJ11 POJMKOBOM CBapKH OTJIMYAKOTCS OT TOUEUHBIX MAIIuH
HaJIMYUEM TOJIBUKHBIX AJIEKTPOIOB (POJIMKOB), CHA0KEHHBIX MEXaHU3MOM JJIEKTPO-
MPUBOJIa U 00JIee HAMPSHKEHHBIM PEXKUMOM PabOoThl. MaluHbl CHA0karT 0€CKOH-
TAKTHBIMU TIPEPHIBATEIISIMH.

[IToBHas cBapka MO3BOJSAECT COEAUHUTH TIJIOTHBIM IIBOM HENPOHUIIAEMBIE JIJIS
JKHUIKOCTEN U Ta30B JIUCTHI METAJUIAa HEOOIBIION TOIIIUHEL.

Apeono-oyeosas ceapka

Hawnboinee pacmpocTpaHeHa aproHO-IyroBas CBapKa HEIIABAIIMMCS JIEK-
TposmoM (Boib(pamom). Ilpu aproHo-myroBoi cBapke ayra TOPUT B CTpye aproHa.
ApProH He TOJIBKO 3aIIMINAET AYTY U MECTO CBapKd, HO M HCKIIIOYAET OKHUCIICHHE
BoJIb(ppaMoBoro anekrpona. i popmupoBaHus mBa B 30HY CBapKU BBOJAUTCS MPO-
BOJIOKA W3 NPUCATOYHBIX MarepuayoB. [IprMeHEHHE HEIUIABSIIErocs 3JEKTPoJaa U
aproHOBOM 3alUTHl MPUIAET TEXHOJIOTMYECKOMY MPOIECCY CIEAYIOLUIUE OCOOEHHO-
CTH:

1) IIpu npsiMOil OJIIPHOCTH IYTH HA 3JIEKTPOJE UMEET MECTO MOLIHAS TEPMO-
ANEKTPOAHAs dMHCCHUSA. [[yra MMeeT BBICOKYIO IPOBOJAMMOCTh U YCTOMYMBOCTH. 11o-
TOMY B OOJIBIIMHCTBE CIy4yaeB aproHO-yTroBasi CBapKa BEAETCS HA MEPEMEHHOM TO-
K€ PSAMON IIOJIAPHOCTH.

2) Ilpu oOpaTHOI MOJIAPHOCTH Iyrd TemIiepaTypa Karoja NajaeT, COOTBET-
CTBEHHO MaJlaéT HMHTEHCUBHOCTb 3MHCCHM. Jlyra oOpaTHON MNOJSIPHOCTH HMEET
MEHBIITYI0 TTPOBOJUMOCTh M YCTOMUMBOCTh. [Ipu 00paTHOM MOJSPHOCTH TyTd UMEET
MECTO MHTEHCHUBHasg OOMOapIMpOBKa CBAPUBAEMBIX JETANECH TSHKEIBIMU TOJIOXKH-
TEJIbHBIMU MOHAMU aproHa. Takas OoMOapIupoBKa pa3pyllaeT OKUCHBIC TJICHKU Ja-
K€ H  TakMxX  aKTUBHBIX  MeTaulax, Kak MeAb W aJIIOMUHUMH.

3) Iluranue nepeMeHHbIM TOKOM MO3BOJISIET COYETAaTh YCTOMYMBOCTH AYTH
IPSMON TIOJISIPHOCTH € OYMINAIONICH CITOCOOHOCTBIO JYyTH OOPATHOM IOJSPHOCTH.
[TooToMy cBapka MeAu M aJIOMMHMS BEAETCS HAa IIEPEMEHHOM  TOKe.
Ocnognble mpebo8anus K UCHMOYHUKAM NUMAHUS

B 3aBucHMOCTH OT Xapakrepa Npou3BOJICTBA, CIIOCO0A CBAPKU U YCIIOBHUS
paboThl CBAPOYHOTO 0O0OPYIOBAHUS, UICTOUHUKHU MTUTAHUS PA3THYALOT :

1) ITo poxy Toka (OCTOSIHHBIN, IEpeMEeHHbIN 100 3X (ha3HbIN)

2) I1o xonruecTBy NUTAEMBIX MOCTOB (OJJHO UJIM MHOTOIIOCTOBBIE)

3) Ilo Ha3HaueHuIo (py4yHas UM aBTOMAaTUYECKasl)

4) Tlo koHCcTpyKTUBHOMY HcnioaHeHuo (Tpancdopmatopsl, mpeodpa3oBaTenn, TeHe-
paTophbl, BHITPSIMUTEIN)

5) Ilo BHemHe#t BAX (kpyTo/mosoro majaromas, xECTKasl, BO3pacTaroIasi)

6) I1o criocoOy ycTaHOBKH (TTepeMeIaeMblii/CTalliOHAPHBIN)

7) Ilo xapakrepy npuBoja (DnexkrpuuectBo/[IBC)
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Bce anexkTpomaniHHble KCTOYHUKY MTUTAHUS KIIACCUPUIIMPYIOTCS 1O CIeay-
IOIIMM [apameTpam:

[To Tuny nmpuBoza:

1. CBapounslii mpeoOpazoBaresb (TeHEpaTop € ANEKTPOIIPUBOIOM)
2. CBapouHnblii arperar (reHepaTop ¢ 31eKTponpuBoom) 3. CBapOoUHbINA FreHEPaATOP
(mpocTo reHepaTop, ¢ MPUBOJAOM OT TPAHCIIOPTHOT'O CPEJCTBA)
[To npuHLHITY paOOTHI:
1. KosuteKkTOpHBIE - TEHEPATOPHI OCTOSIHHOTO TOKA
2. BeHTWIbHBIE - TEHEPATOPHI TOCTOSTHHOTO TOKA
3. Bricoko4acTOTHBIE - TEeHEPATOPHI IEPEMEHHOTO TOKA BHICOKOM YaCTOTHI.
ITo hopme BHemHEH BAX:
1. [Tamgaromas - 1u1st py4HOM AYTOBOM CBAPKHU
2. JKécTkas - s MEXaHU3UPOBAHHOW CBapKU
3. KomObunnpoBanHoro tuna (yHUBEpCaIbHBIA T€HEPATOP)

HcTouHnK nUTaHus JOJKEH 00eCIIeYnBaTh HAJIEAKHOE 3aKUTaHUE YT, €€
YCTOMYMBOE TOPEHHUE U UMETh BO3MOYKHOCTh HACTPOHKU TpeOyeMOro pexuma cBap-
ku. UTOOBI yIOBIETBOPUTH 3TH TPEOOBaHUS, HEOOXOIUMO:

1) Umetrp UXX ucTounuka Oosibliie HAMpsKEHUs 3akuranus ayru. Hanpumep,
IIPU CBAPKE MOCTOSIHHBIM TOKOM MeTaiummyeckuM anekrpoaom U3AX = 30- 40 B, na
nepeMeHHoM Toke U3AXK = 50-60 B. Ilo ycnoBusim 6e3onacHoctu UXX o6mienpo-
MBIIIJICHHBIX KICTOYHUKOB MTOCTOSHHOTO TOKa He npeBbimaet 90 B, nepeMenHoro to-
ka — 80 B.

2) OGecrieueHne COOTBETCTBUS CIIOCO0A CBAPKU U BHEIIIHEH XapaKTEPUCTUKHU
MCTOYHUKA. BHEITHSS XapakTepucTuKa J0DKHA ObITh KPYTO MaaroIei A1 pydHOM
JIyTOBOM WJIA ApTOHOAYTOBOM CBapKH, MOJIOrONAAaroIIen — JJIs1 aBTOMaTHYECKOU
CBapKH MO/ clI0eM (Iroca M KECTKOM JIJIsl CBAPKU B YTJIEKHUCIIOM Tas3e.

3) O6ecneynTh 1O0CTATOUYHYIO BBIXOJHYIO HHAYKTUBHOCTh UCTOYHHUKA Mepe-
MEHHOTO TOKa

4) ImeTh BO3MOKHOCTH peryiaupoBatb UXX Wil BBIXOJHOE CONMPOTUBIICHHUE
MCTOYHUKA MUTAHUA.

HcTounuku nutaHus paboTaloT B OTHOM U3 CIEAYIOLUX PEKUMOB:

1) Ilepemexaroiemcst
2) IToBTOpHO-KpAaTKOBPEMEHHOM
3) dnutensHoM
1. B nepemexaroieMcs pexxume padoThl MO/ HArpy3K0il B TEUEHHE BPEMEHU

ty pabota nponokaercsa ¢ padboToil Ha xosocToM xoay tx. Takoil pexum xapakTepeH
JUISl PYYHOM JyroBOM CBapku. MICTOYHMK NMUTaHuA 171 PyYHOU CBAPKU BBIITYCKAIOT HA
HOMHUHAJIBHYIO NPOAOKUTENBHOCTD Harpy3ku 60%.

2. B noBTOpHO-KpAaTKOBPEMEHHOM PEXKHMMeE padoTa Mo/ Harpy3Koi B TeUEeHUE
BpeMeHU ty uepenyeTcs ¢ IEpUOJANIECKUMHU OTKIIOUYEHUSIMHA HCTOYHUKA OT CETH Ha
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BpeMs ty. Takoil pexxuM xapakTepeH Juisi aBTOMaTHUYE€CKOM UITH TI0JIyaBTOMATUYECKON
CBapKHU.

3. B ciiydae npoaomKUTENIbHOTO BKIIIOYEHUST UMEEM JITUTENIbHBIN PEeKUM pa-
00THI (XapakTepeH /It MHOTOMOCTOBBIX UICTOYHUKOB IMUTAHMUS).

[IpuMeHsieMble CBapOYHBIE MAaTEPHUAIIBI.

MeTtamyeckue 3IeKTPOAbl Uil CBAPKH MPEACTABISIIOT COOOM MPYTOK M3
CHEeUaIbHOM NPOBOJOKH, HA3bIBAEMOW CTEP)KHEM 3JIEKTpoAa (B IMOAABISIOLIEM
OOJBIIMHCTBE CIIy4aeB U3 HU3KOYTJIEPOIAUCTOM CTaju), Ha KOTOPbIA HAHECEH CION
MOKPBITUSA. DIIEKTPOIbI AUAMETPOM 4, 5 1 6MM UMEIOT CTaHJIAPTHYIO JIUHY 450MM.

DNEKTPOAHOE MOKPHITUE CIYXKUT: a) JAJIA 3alUThl METajljla CBAPOYHON BaHHBI
OT BO31lyXa, 0) JUIsl PACKUCIICHUS W JITUPOBAHMUS HAIUIABICHHOIO METajuia, B) JJIs
CTaOMJIM3aIU TOPEHUS] TyTH.

B cooTBeTcTBHM C 3THUM B COCTaB JIOOOT0 3JEKTPOJHOTO MOKPBITHUS BXO-
JST MaTepuasbl, BBIMOIHSIIONME COOTBETCTBYIONIME (PYHKIMU : IUIAKOOOPA3YIOIIHE
(HampuMmep, MapraHieBasl pyjaa, reMaTuT, TPaHUT, Mpamop, pyTUiI U 1p.); diarocyro-
e, T.€. MpHUAaBaTh NUIAKY KUAKOTEKYy4eCTh (TUIABUKOBBIN IIMAT); PaCKUCIISIO-
me(peppocIuiaBbl AJIEMEHTOB, 00JaJAONIMX OOJIBIIUM CPOJCTBOM K KHCIOPOIY);
aerupyrouue(gpeppociaBsl pa3IYHbIX 3JIEMEHTOB); CTaOUIN3UPYIO-
ne(MaTepuanbl, COJEp)Kalllhe 3JIEMEHTHI, O00JIaJaolue HHU3KUM IMOTEHIMAIOM
WOHU3aLMU, HAITPUMEP, MpaMop, NOTalll, yTIIEKUCIbIN Oapuil u 11p.).

8. MarepuaJibl IpuMeHsieMble B 3JIEKTPOTEPMUYECKUX YCTAHOBKAX

[TpuMeHSIOT psA cCrieluaIbHBIX MAaTEPHAIIOB JIsl pa0OTHI TPU BBICOKHX
TeMIepaTypax:
1. OrueynopHsie.
2. Tenmouzonupyronue.
3. KapoynopHsie.
4. Marepuasl 1J1s1 HAarpeBaTEIbHBIX JIEMEHTOB.

Ocneynopruvle mamepuansl CIyKaT JJIsl ©3TOTOBJICHUS! BHYTPEHHHUX [TOBEPXHO-
cTell pabounx Kamep B CBOAOB medeit. JlomkHbI 001a1aTh CBOWCTBAMU:

1. JocraroyHoil orHeynopHOCThI0. [10/1 OTHEYTOPHOCTHIO HOHUMAETCS CBOM-
CTBO MaTepualia He pacIIaBIAThLCS oA aeictBueM temmepatyp (1580 — 1770 °C).
bonpie 1770 °C — BBICOKOOTHEYNIOPHBIE MaTepuaisl. P maTepuanoB, UMEIOIINX
BBICOKYIO OTHEYIIOPHOCTh, TEPSIOT MEXAHUYECKYIO MPOYHOCTD 33JI0JIT0 JI0 pa3Msrye-
HUSI, IOATOMY JOJIKHBI 00J1a71aTh

2. MexaHn4ecKou MPOYHOCTHI0. DTOT MOKA3aTElb XapaKTePHU3YETCs TeMIepa-
TypOH, IPU KOTOPOW HAYMHAIOTCA JiehopMaITiH OT CKUMAIOIIEH HArpy3Ku 2 Kr/cm2.

3. CTOMKOCTBIO K TEpMOYyAapam, T.€. CHOCOOHOCTHIO BBIIEPKUBATH HE pac-
TPECKUBASICh IEPEMEHBI TEMIIEPATYPHI.
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4. ConpoTUBIISIEMOCTBIO K XUM. BO3JACHCTBHSIM MPU HOPMAITBHBIX U BHICOKHX
TEeMIIEpaTypax.

5. JlocTaTOYHO Majol TETUIOMPOBOIHOCTHIO TIPH BHICOKHX M HU3KUX TEMITepa-
Typax.

6. MaJjoii TermI0eMKOCThIO.

7. JlemieBU3HON U HENe(DUIIUTHOCTHIO.
ChIpb€M /1JIs1 OTHEYTIOPHBIX MAaTEPHUAIOB CITYKaT 3 OKUCA:
1. Kpemuesem (S102), oraeynopaocts 1715 °C.
2. I'munozem (A1203), 2070 °C.
3. Okuce maraus (Mg0O), 2800 °C.

Tabmuua 8.1 OrueynopHble MaTEpHabI
MakcHEMaTE- 7S 3
Orneynop- _ CTOHKOCTE K i
Matepuan R Hag pabouag O0macTs IPEMEEEHHA
HOCTE, °C TepMoyIapam
TEeMIIEPATYPA
uHac 1700 1650 Henocrt. ApDKH H CBOIEI I€YH
" 8 e — a—
TaxoT 1730 1450 Vaosa. TR R e
nevy
Margesat 2000 T B - R [ e
meyei
XpoMOMaree3HT 2000 1600 HegocT. -
i CBoaBI IYTOBBIX MeYeH,
3 2 V0B  HEIVE
R 28000 1850 Vaoea byt HH;? ::;onnmx

[IlaMOTHBIE OTHEYHOPHBIE M3/IETHS U3TOTOBIISIOTCS M3 OTHEYIIOPHBIX TIIHH
WM QJTFOMOCHITUKATOB C Pa3JIMUYHBIMU XUM. CBOMCTBAMH U OTHEYTIOPHOCTHIO.
HawuOosbIiee npuMeHEHNE HAIIUTA IIIAMOTHBIC U3JIENUS C COICPIKaHUEM TIIMHO3EeMa
30-40%. [dunacoBble U3AENNs U3TOTABINBAIOT U3 KPEMHE3EMHOTO ChIPhs, KpUCTaJI-
Jardeckux kBapiuToB (96-98% Si02).

13 nepevrcieHHbIX MaTepUaliOB U3rOTABIMBAIOT KHPIMYU ¥ (DACOHHBIC JeTa-
mu. Ha Ga3e quHaca v maMoTa U3roTaBIMBaIOT JISTKOBECH! (MEHBIIIE MEX. IPOYHOCTH
¥ TEIUIONPOBOTHOCTE), J0OABIISISL B KUPIIUYH YTOIBHYIO KPOIIKY WM OIHIIKH, KOTO-
phI€ MpU 00KUTE BHITOPAOT.

Tabnuna 8.2 OraeynopHble MaTepUalIbl
) MakcuMaab- s .
' Orueynop- £ CTOHKOCTS K -
MaTepuan 2 Hag padouag Ob6macTs NpHEMEHeHHA
HOCTE, °C . TepMoyaapaM
TeMIePATyPa
Kopysa 1900 1700 ezxap: BEICOKOTeMIIepaTVpHEIS
= eqH
MyMHT 1800 1650 O. xop. BECOxXg M CPaTYPHREE
neqH
Fpader 2000 2800 Xop. BEICOKOTeMIIepaTVpHEIe
neuH
KapGopyHIa 2000 1500 Vaoozsma. CHSIRE. W RHCOKO-
TeMIOePAaTYPHEIE IeYH
Aepoxncs 2700 2000 Vaoza. JIabopaTopHEIE IEYH
IHPKOHHA
OKHCE OepHITHA 2600 2000 Henoct. JIadopaTopHEIE IeYH
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TernnonpoBoIHOCTh MAaTEPUATIOB OKA3bIBAETCS] HEIOCTATOUYHOM, YTOOBI CHU-
3UTh OTEPH MEUH, [IOFTOMY 32 CIIOEM OTHEYTIOPA CIAEAYIOT CIOU MenaouU30IUpPYIouux
Mamepuanos.

TpeOGoBaHus npeabsIBIsEMbIE K TEIUIOU30JSIMOHHBIM MaTepralam:
1. Masnast TeronpoBogHOCTh
2. Manas TenjaoeMKOCTb
3. HexoTropast orHeyIIOpHOCTh
4. HekoTopasi MEXaHHYECKas IPOYHOCTh
5. JlemeBusHa

OnHrMH U3 caMbIX PaCIPOCTPAHEHHBIX TEINIOM30JIUPYIOIIUX MAaTEPUAJIOB SIB-
JISIFOTCSL JEOTOMUT M Tpenen. J[e0TOMUT — CKOIIIEHUS CKETIETOB BOJIOPOCIIEH, COCTO-
AKX U3 KpeMHHEeBOUM KUCIOTHI (90% S102) u npoHU3aHHBIX METbYaUITUMU MOPAMH.
Tpemnen uMeer TOT e COCTaB, HO MOPbI MEHBIIE (MIOYTH YUCTHII KpemHe3eMm). 13-3a
MEJIKOIOPUCTOM CTPYKTYPbI UMEIOT MaJIblii OOBEMHBIN BEC U HU3KYIO TEILIOMPOBO/I-
HOCTb. VX UCTIOIB3YIOT B BUJIE€ MOPOIIKA (3aChINKHK). M3 HUX U3rOTaBIMBAIOT KUPIIH-
YM C pa3IU4HON cpenHeil npoyHocThIo. [Ipumenstores npu temneparype 1000 °C.

Psn TerioeMkux MaTepuanoB U3roTaBiIMBaIOTCA U3 acoecta. OH UCIIONB3YETCS B
Bujie 3acbinku npu 600 °C. Takxke ucnonap3yercsl CTEKJIOBATa, MUHBATA U CTEKIIOBO-
sokHo. CtekioBaTa u cTeky1oBoI0okHO 10 600 °C, munBaTa u makosata 10 650 °C.
Xopomuii TEMIOU30JISIITMOHHBIN MaTepral — 3aHOJIUT (000X KEHHas CIIoAa) — 110
1100 °C.

KapoynopHnvie mamepuansi.

N3 HUX BBIMOJIHSIOTCS 3JIEMEHTBI, HECYLIIME MEXAHUYECKYIO HATPY3KY B yCIIO-
BUSIX BBICOKUX TemIiepatyp. K xxapoynopHbsIM MaTepuaiaM NpeabsaBISAIOTCA Cleny-
I0IKe TPeOOBaHMS:
1. JocTatouyHas x«apoCTOUKOCTh. MaTepuasbl 10HKHBI IOCTATOYHO JI0JITO pa-
00TaTh NPU BHICOKUX TEMIIEpaTypaxX HE OKUCIISSACH, TUOO OKUCISASACH OUYEHb MaJlo.

2. JloctatouyHas »kaponpoyHOCTh. B mpenenax padbouux Temrepatyp MaTepual
JIOJKEH COXPaHATh IOCTATOYHYI0 MEXaHUUECKYIO MPOYHOCTh.

3. loctatoyHasi KpUMIOYCTONYMBOCTD (SIBJICHHE MOJI3Yy4ECTH, T.€. SIBJICHUE HE-
oOpaTumoit edopmariuu IposBISIONICECs MPU BRICOKUX TeMIIepaTypax 1 Harpy3Kax
MHOT'0 MEHBIIIE Mpeesia YIPyTroCTH.

4. Xoporast 00padaThIBAEMOCTb.

5. emeBu3Ha u HENEPUIIUTHOCTD.

JI71s1 HeHarpy>KeHHBIX KOHCTPYKIIUH OOBIYHO TPUMEHSIOT XPOMUCTBIE CTAIH (110
1100 °C). lns nHarpyx’eHHbIX — XpoMoHukeeBbie ctaiu (10 1100 °C). B naubonee
OTBETCTBEHHBIX KOHCTPYKITUSAX MPUMEHSIOT 00Jiee JOPOTHE CTAIH, IETHPOBAHHbIE
ATIOMUHUEM WJTH BoJib(ppamoM. B psizie ciryqaeB MokHO 000HTHCH OoJiee IemeBbIMU
CTaIsIMU (QJUTMTUPOBAHHAS KOHCTPYKIIMOHHAS CTaJIb JIs1 3JIEMEHTOB, HE HECYIIIUX
Mex. Harpy3ku pu t° 1o 800 °C, nerupoBaHHbIE YyTyHbI, XPOMOHUKEJIEBBIE UYT'YHbI
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nipu t° 1o 800 °C, xpomuctseie a0 100 °c, xpomoantomunuenbie 10 900 °C. B Bbico-
KOTEMIIepaTypPHBIX BAKYYMHBIX MeUax MPUMEHSIOTCS B KAUECTBE KapOYyMOPHBIX Ma-
TepUaioB MOJIUOACH U Tpadur.

Mamepuanwsi 015 HazpesamenbHbIX I1EeMEHMO8.

HarpeBaTenbHbI€ 371EMEHTBI, KaK U )KapOyIOpHbIE, padOTaIOT B 30HE MOBBIIIEH-
HBIX TeMIIepaTyp. B anekTporneyecTpoeHn KpoMe BhIIENEPEUUCICHHBIX, NPEIbsIB-
JISIIOT K HUM €l1ie psiJl TpeOOBaHMi, CBA3aHHBIX WX 3JIEKTPUUECKUMHU CBOMCTBamMU. Ta-
KUM 00pa3oM, JJaHHbIE MaTepUallbl IOJKHBI 00J1a/1aTh:

1. KapocToHKOCTb, T.€. OHU HE AOJKHBI OKUCTSATHCA MO IEHCTBUEM KUCIIO-
POIHOTO BO3/1yXa, BBICOKUX TEMIEPATYD.

2. locTaTouyHas xKaponpoOYHOCTh MOKET OBITh HEBEJIUKA, IOCTATOYHO, YTOObI
HarpeBaTely MOAIEPKUBATIU caMu CeOsl.

3. bonboe yaenbsHOE CONPOTHUBIICHUE.

4. Mansiii TKC. 910 He00X0AUMO Il TOTO, YTOOBI COKPATUTh ITyCKOBBIE
TOJIYKH TOKA. TOJIYKH MOTYT JOCTUraTh 4-5 KpaTHOTO 3HaYEHUS U JUIUTHCS ITTUTENb-
HOE BpeMsl U3-3a 00JIbIION MHEPIIUOHHOCTH MEYH.

5. DaexTpuyecKkre CBOMCTBA HarpeBaTesei JOKHbI ObITh TOCTOSTHHBI.

6. HarpeBaTenn TOJDKHBI MMETh IIOCTOSIHHBIN pa3mep.

7. Marepuaibl JOHKHBI XOPOIIO 00pabaThIBaThCS.

OCHOBHBIMHU MaTepHaJIaMU ISl HArPEBATEIbHBIX AIIEMEHTOB ABJISIFOTCS CILIa-
BBl HUKEJS, XpoMa, xese3a (HUXpomsel). OHM MoryT ucrnoib3oBathest 10 1100 °C.
I[Tpu t° no 600 °C ucnonb3yrorcs dpexpaiib U KoHcTanTaH. [Tpu Beicokux t° no 1400
°C UCTOJB3YIOTCS KapOOPYHIOBbIE HArpeBaTeN U HArpeBaTeNu U3 MIaTUHBL. B BbI-
COKOTEMIIEpaTypHbIX BakyyMHbIX nedax mnpu t° ot 2200 go 3000 °C npumeHstoTCs
HarpeBaTelld U3 TaHTala, MoJnOieHa, BoJb(pama, yroiabHbIe WU TpadUuTOBHIE

HarpeBaTcCiin.
Tabnuna 8.3 Martepuarnsl AJis1 HarpeBaTeIbHBIX 2JIEMEHTOB COMPOTUBIICHUS
5 -6 Tyax, °C
Marepuainst p- 10%, kr/m® 2p 500 C{%JPI;I/I “ | /ig ' Tz °C | (mpu poBOJT
d=1wmm)
CnnaBsl:
X20H80-H 8,4 1,06...1,17 16...35 1400 1100
X15H60K03A 8,2 1,25 16 1600 1200
X23105T 7,27 1,35 17 1700 1100
Cranb 7,8 0,14...0,16 2250 1400 500
Cnercranu 7,6...7,9 0,4...0,5 [Tepemennsrit | 1600 700
Hemeramnmmyeckue MaTepuaibl:
KapOoOpyHI 2,3 800...1900 » - 2630
rpadut 1,6 8...15 » - 2300
YTOJIb 1,6 40...60 » - 2300...280

CnucoK HCOJb3yEMOM JTUTEPATyPhI
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