I[IpakTnyeckoe 3ansiTue 5-6
HccaenoBanue KaTtylieKk MHAYKTHBHOCTH B COCTaBe YCTPOICTB U CHCTEM

1. deab padoThI:

HccnenoBath ~ OCHOBHBIE — DJIEKTPUYECKHE  XAPAKTEPUCTUKU  KaTylIEK
WHJYKTUBHOCTH, BJIUSIHUE KOHCTPYKTHUBHBIX MapaMeTPOB KATYIIEK WHIYKTUBHOCTH
(InaMeTpoB MPOBOJIa HAMOTKH M KapKaca, TUIla HAMOTKH, pa3MEepOB U KOH(PUTYpaIus
CEep/JICUHMKA U 3KpaHa), a TAKKE€ MaTEepPUaJOB, MUCIOJIb30BAHHBIX JJISi M3TOTOBJICHUS
Kapkaca, MarHUTHOIO CEpJ€YHMKA U DOKpaHa, Ha XapaKTepPUCTUKU KaTyllIeK

HHAYKTHUBHOCTHU.

Karymky WHIYKTUBHOCTH — JJIEKTPUYECKHE KOMIIOHEHTHI, paboTa KOTOPBIX
OCHOBaHAa Ha adQeKkre CaMOMHAYKIMH, T. €. Ha B3aUMOJACHCTBUU 3JIEKTPUUYECKOTO
TOKa MPOBOJHUKA U MAarHUTHOTO MOJIsA, CO3JaBAEMOr0 3TUM TOKOM. OHU OTHOCATCS K
KaTerOpUU TMACCUBHBIX KOMIIOHEHTOB YCTPOMCTB U CHCTEM, K KOTOPBIM TakKXe

OTHOCSAT PE3UCTOPBI, KOHAEHCATOPBI, TPAHCHOPMATOPHI U ApP. KOMIIOHEHTHI.

Jlnst yBenuyeHUsi CTENEeHU B3aUMOJACHCTBUSL (ITOTOKOCUEIICHHUSI) MPOBOIHUK
BBITIOJTHSIIOT B BUJIE BUTKA (KOHTYpa) WM COBOKYITHOCTH BUTKOB. TOK, TPOTEKAIOIIMI
[0 3aMKHYTOMY KOHTYpPY, CO3[1a€T MarHUTHBI MOTOK, MPOHU3BIBAIOIINNA JTaHHBIN
KOHTYp. CoOOCTBEHHasi MHAYKTUBHOCTh L 3aMKHYTOrO BHTKA OMNPEAENACTCS Kak
otHomenue L = o/l, tne o - motokocuemienne, I - Tok BUTKA. VIHBIMU cloBamu,
COOCTBEHHAs] WHAYKTUBHOCTh (B AaJbHEHIIEM MPOCTO WHAYKTUBHOCTH) SIBISETCS
K02 PHUIIMEHTOM TPOMOPIIMOHATFHOCTH MEXAY TOKOM TMPOBOJHUKA U CYMMapHBIM
noTokocuerienieM. Eciu mpoBOJHUK BBITIOJIHEH B BHJIE MHOXKECTBA BUTKOB, YTO
XapakTEepPHO Ui KaTylleK HWHAYKTUBHOCTH, TO B OOIIEM clydae HEOO0XOIuMO
VUYUTBIBATh  TMPOIECCHl  DJIEKTPOMATHUTHOTO  B3aMMOJCHCTBUSI  COBOKYIHOCTH
AJIEMEHTApPHBIX BUTKOB. CTporoe pemieHue AaHHOM 3ajadyd BecbMa CJIOKHO, HO B
KOHKPETHBIX CJIy4asix MOKET ObITb CBEJIEHO K JOCTaTOYHO MPOCThIM (popMyrnam u
MetonukaMm. Enunuiiet uzmepenuss uHAyKTuBHOCTH siBisiercst ['enpu (I'n.). 1 I'a -
Takasi UHIYKTUBHOCTb, NP KOTOPOH TOK B 1 aMriep MoposkaaeT noToKocierieHue B 1

BeOep.

KaTylmku WHIYKTUBHOCTH NpPUMEHSIOTCA B POA B IIMPOKOM CMBICIE IS

repepacnpeeyicHuss TOKOB PA3JIMYHOM 4YacTOThl B JJIEKTPUYECKUX Lensax. B



YaCTHOCTH, OHU UCTIONB3YIOTCS B PUIIbTPaAx, KoJieOaTeIbHBIX KOHTYpaX, TeHepaTopax,
MHTETPATOpAX, B KauecTBe apocceneid BY u B apyrux ycrpoiictBax. [loa karymkamu
WHYKTUBHOCTH OOBIYHO TOHMMAIOT BHICOKOYACTOTHBIE KATYIIIKH, PACCUUTAHHBIC IS
pabotel Ha w4actorax Bblmie npuMepHo 100 kl'm. MMeHHO Takue KaTylIKH

HHAYKTUBHOCTH ABJIAIOTCA IMIPECIAMCTOM U3YUYCHUSA U KUCCIICTOBAHUS B HaHHOﬁ pa60Te.

OCHOBHBIMH ImapamMeTpaMu BY KaTyoICK HHAYKTUBHOCTH SABJIIIOTCA
HHAYKTUBHOCTD, A0ITyCTUMOC pCACIbHOC OTKJIOHCHUC HHAYKTUBHOCTH,

COOCTBEHHAsI EMKOCTh, IOOPOTHOCTH, CTAOMIILHOCTh M HAJICKHOCTD.

NunyktuBHOCT, BY KaTyllek MHIYKTUBHOCTA MOKET OBITh OT HECKOJBKHX
HAHOTEHPU [JI0 HECKOJBKMX JIECATKOB MWUIMICHPU, B 3aBUCUMOCTH OT HX
(YyHKUMOHAIBHOTO  Ha3HaueHus. JlomycTMMOE  OTHOCHUTENIBHOE  OTKJIOHEHUE
MHAYKTUBHOCTH KaTylIeK MOXeT ObITh paznuuHbiM — oT 0,1...0,5 % s xarymek
BBICOKOJIOOPOTHBIX CONPSDKEHHBIX KOHTYpoB A0 20 % wu Oonee ajisg KaTyllek

JpOCCENIeH U IPYTUX SJIEMEHTOB C HU3KUMU TPEOOBAHUSIMU 1O TOUHOCTH.

CoOcTBeHHas eMKOCTh KaTyIIeK WHIYKTUBHOCTU 00YCIIOBIIEHA pacIpeiesIeHHON
E€MKOCTBIO MEXYy BUTKAMU M €MKOCTBIO MEXKy OOMOTKON M KOPITyCOM MPUOOpa WK

9KpPaHOM KaTyIIKH.

JIoOpOTHOCTh XapakTepu3yeT CyMMapHYyI0 BEJIWYMHY NOTEph (B 0OpaTHO -
IPONOPLMOHAIIBHON ~ 3aBHCHUMOCTH)  DHEPIUHM  JJEKTPUYECKOTO  TOKa W
AIIEKTPOMArHUTHOTO TMOJISl B 3JIEMEHTAaX KOHCTPYKUMHU KAaTyHIKU (MPOBOAAX OOMOTKH,
IURJIEKTPUKE KapKaca, cepAeyHuKe U 1p.). JJoOpOTHOCTh KaTyMIKH MHIYKTUBHOCTU
onpezensercs otHomenneM Q = owL/R, rae o - kpyroas yactorta, R - skBUBajgeHTHOE
COINPOTHBIIEHUE TMOTeph. JlOOPOTHOCTH OOJBIIMHCTBA KaTylIEK WHIYKTUBHOCTH

HIMPOKOTO NMpUMEHEeHUs1 HaxoauTcs B auamna3one 30...400.

[Totepu U COOCTBEHHasT €MKOCTh SIBJSIFOTCS TApa3UTHBIMM TlapaMeTpaMu,
CTETICHb BIMSHUS KOTOPBIX CHJIBHO 3aBUCHUT OT paboueill yacToThl. OCOOEHHOCTh MX
NPOSIBJICHUSI M B3aWMOJICHCTBHS C IMAapaMETPOM HMHAYKTHBHOCTH B TICPBOM
MPUOJIMKEHUH TOSCHAET CXeMa 3aMEIICHUs KaTyIIKu WHIYKTUBHOCTU (PUCYHOK 1,a),
KOTOpasi BKJIIOYAET COOCTBEHHO HWHIAYKTUBHOCTH L, coOctBeHHyto emkocTh (o,

CONMPOTHUBJIEHUE TMOTEPh B MHIYKTUBHOW BeTBU Rs (B MpPOBOJAE) M CONMPOTHUBIICHUE



noteppr Rp yuuThIBaomiee yTeukd, MOTEPU B AUDIEKTPUKE, CEPIACUHHKE, SKpaHe.
[Torepu, yBennumBalOTCS C pocToM 4acToThl. [Ipm pacyere m0OpPOTHOCTH MOTEpPHU
MPUBOASTCS K OJHOMY SKBUBAJICHTHOMY comnpoTuBieHUI0 R. CoOCTBEeHHAas €MKOCTh
C0 coBMECTHO ¢ MHAYKTUBHOCTBIO L. 00pa3yeT napasienbHblil pe30HaHCHBIN KOHTYP,
TOOPOTHOCTh KOTOPOIrO OIpeAesieTcs CONmpoTuBlIieHHEeM MoTeph R. Pe3onaHcHas
yacToTa JTOTO KOHTypa paBHaA fo=1/(2n(LCo)1/2) U Ha3bIBaeTCsi COOCTBEHHOM
PE30HAHCHOM YacTOTOW KAaTyIIKW MHAYKTUBHOCTH. [IpuMepHas 3aBUCUMOCTb MOJTYJISI
KOMIUIEKCHOTO COTPOTHUBIICHUS (MMIIEaHCa) JAHHOTO KOHTypa OT YacTOTHI
(pe3oHaHCHasl KpuBas) TMpuBeleHa Ha pucyHok 1,0. MHAyKTHBHBIM Xapaktep
CONPOTHUBIICHUSI peallbHAas KAaTylKa MMEET Ha 4YacToTaX HMKE pe3oHaHcHou. Ha
MPaKTUKe, KaK MPaBUJIO, KATYIIKd WHIYKTUBHOCTU MPUMEHSIOTCS Ha YacTOTax HE
BhIe f0/3.
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Pucynoxk 1 — DxBuBasieHTHas cxema (a) U 3aBUCUMOCTh UMIIEIaHCa peabHbIX
KaTyIIEK UHIYKTUBHOCTH: Rc:1.55(LCo)1/ 2. KPUTUYECKOE COMMPOTUBIICHUE KATYIIKH;

fo - coOcTBeHHAs pe30HAHCHAS YacTOTa

CTaOuIbHOCTD KaTylomi€Kk HWHAYKTHBHOCTH XapaKTCPU3YCTCA HU3IMCHCHHCM C€C

apamMeTpoOB MOJ BO3JAEHCTBUEM TEMIIEPATYPHhI, BJIark, BO BPEMEHU U CHJIBHO 3aBHCHUT
OT KOHCTPYKLHUU.

CTaOMIBHOCTD KaTyomI€K HWHAYKTHBHOCTHU XapaKTCPUIYCTCA HU3MCHCHHCM C€C

IapaMeTpOB MO/ BO3JCUCTBUEM TEMIIEPATYPHI, BIATH, BO BPEMEHU U CUJIIbHO 3aBUCUT
OT KOHCTPYKIIHH.



TemnepaTtypHass CTaOWIBHOCTh BEJIMYMHBI HHJIYKTUBHOCTU KOJHWYECTBEHHO
XapakTepu3yeTcss  TemmneparypHbiM  Kodddunmentom  uHAYKTHBHOCTH  (TKH)
aL=(1/Lo)(dL/dT), rne Lo -HavaibHOE 3HAYEHWE WHAYKTUBHOCTHU IPH TEMIIEPATypPe
To, dT - u3MeHeHWE BEIMYMHBI WHIYKTHBHOCTH, BO3HHUKAIOIICEC NMPU H3MCHCHHU

temriepaTypbl Ha dT otHocuTensHO TO.

TemneparypHass  HeCTaOMJIBHOCTH  [MapaMETPOB  KaTylIeK  MHAYKTHBHOCTH
o0ycIoBJIeHa CJIeIyIOIUMU OCHOBHBIMH (dhakTopamu:
- MU3MEHEHHWEM  JuaMeTpa  Kapkaca INpd  HU3MEHEHUM  TEeMIepaTyphl;
- U3BMEHEHHUEM TOJIILUHBI CKHH-CJIOS], IO KOTOPOMY ITPOTEKAET TOK BBICOKOW YaCTOTHI,
BCJICJCTBUE TEMIIEPATYPHOIO WM3MEHEHHs YJAEJIBHOIO CONPOTUBIEHUS MaTrepuaa
IPOBO/JIA;

- U3MEHEHHEM BITUSTHUS IKpaHa npu ero HAJIMYUY;

- I'3MEHEHUEM MarHUTHBIX CBOMCTB CCPpACYHHKA (I[J]H KaTyHiCK, € CGpI[G‘-IHI/IKOM).

Bnusnue temneparypbl Ha JOOPOTHOCTH 00YCJIOBIIEHa B OCHOBHOM M3MEHEHUEM
COnpoTUBJICHUsT TpoBojaa. [Ipu HCMOABL30BaHMKM MEIHOTO MPOBOAA JTOOPOTHOCTH
KaTylmku mnagaer npumepHo Ha 10 % na kaxzasie 30 rpaaycoB MOBBILICHUS

TEeMIEPATypPHI.

BpeMeHHaH CTAaOMJIBHOCTh  BEJIWYHHBI HHAYKTUBHOCTH  XApPaKTCPHU3YCTCS

ko3 dunuentom craperns PL=(1/Lo)(dL/dt), rae t - Bpems.

Haubonee cunpHOE cTapeHue HAOMIOAAeTCd Yy KaTylIeK C KapKacaMu U3
OpPraHUYECKUX JUAIEKTPUKOB. [lo3TOMY B CTaOMJIBHBIX KaTyIIKaX NPUMEHSIOTCS

KCPaAMHUYICCKHUC KAaPKAChI, ITPAKTUYCCKHU HC ITIOABCPKCHHBIC CTAPCHUIO.

BmaxHOCTH, BBI3BIBACT YBCIIMYCHUC COOCTBEHHOM €MKOCTH U BCJICACTBHUC
BO3paCTaHusd JUIJICKTPUYCCKUX IIOTCPb CHHIKCHHUC I[06p0THOCTI/I. I[J'Iﬂ 34U ThI
KaTymcKk OT ﬂeﬁCTBHH BJIarkd MPHUMCHAIOT TI'CPpMCTHU3ALUMIO HJIM IIPOIUTKY H
00BOJIAKMBAaHHE OOMOTKH KOMIIayHAaMH W JIaKaMH. OT0 XOTI H IIPpUBOOUT K
YBCIIMYCHHUIO COOCTBEHHOM €MKOCTH M CHHMIKEHHUIO )106pOTHOCTI/I, HO 3aTO ITIOBBIIIIACT

BJIArOCTOMKOCTh U MCXaHNYCCKYIO ITIPOYHOCTD.

Hajle)KHOCTB KaTylu€K MHAYKTUBHOCTH KOJUMYCCTBCHHO OLCHUBACTCSA OOAHUM U3

napamMeTpoB - CpeJHUM BpeMeHeM O€30TKa3HOW paboThl WM  CpeaHeH



MHTEHCUBHOCTBIO OTKa30B, KOTOpbIE HAXOIATCS B OOpaTHO - MPOMOPLHUOHATBLHON
3aBUCUMOCTH U Ha TPAKTUKE OIPEIENSIOTCS B PE3yJbTaTe HCIBITAHUN OCTATOYHO
OosbIION BBHIOOPKH OMHOTHUITHBIX M3Aenuil. /i KaTyliek MHIYKTUBHOCTH Hamboee
XapaKTepHbI MEJJICHHBIC OTKa3bl, BBI3BIBACMBIC CTAPEHUEM IUDJICKTPUYCCKHX H
MarHUTHBIX MaTepUAJIOB U OKHCIECHHEM NPOBOTHHUKOB. [IOBbINIEHHAs BIIAYXHOCTh U
TEeMIIepaTypa CHOCOOCTBYIOT YCKOPEHHOMY TPOTEKaHHWIO JITHX  IPOLECCOB.
BHe3amHble OTKa3bl OOBIYHO MPOHMCXOIAT BCIEACTBHE HAPYLICHHS AJIEKTPHUUECKUX

KOHTaKTOB IPOBOJIOB 0OMOTOK C BBIBOJAMHU M MEXAaHUUYECKHUX MOBPEXKICHUI 0OMOTOK.
2.1 KoHCTpYKTHUBHBIE OCOOEHHOCTH KaTyIIEK UHTYKTUBHOCTH

ITo Pa3InYHbIM KOHCTPYKTHUBHBIM IIPpU3HAKAM KAaTYIODKW MHAYKTHUBHOCTH MOI'YT OBITH

pa3aeiacHbl Ha:
- OIHOCJIOMHEIE U MHOTI'OCJIOMHBIE;
- SKpPaHUPOBAHHBIE u HE3KPaHUPOBAHHBIC,

KaTyIIKH 0e3 CCpACYHHKAa U C CCPACHHUKOM (MaFHI/ITHBIM NN HeMaFHI/ITHBIM);

- MUJINHAPHUYICCKUC, IIJIOCKHE n II€YaTHbIC (HJIGHO‘-IHBIC);

HC3aIITUIICHHBIC (OTKpBITBIe), JaCTH4YHO 3allTUINCHHBIC HpOHHTKOﬁ,
00BOJIaKMBaHHUEM 50041 OHpeCOBKOﬁ u 3alIUIIICHHBIC ICpMCTHYHBIM Ui

HCTCPMCTHYHBIM KOKYXOM.

KOHCTPYKI_U/I?I KaTyllICK HMHAYKTHBHOCTH JOJIZKHA oOecreyrBaTh BBINTOJHEHUE
3aJIaHHBIX TCXHUYCCKUX M ISKCILTYaTallMOHHBIX T’pe6OBaHHfl, OBITH TeXHOJIOFPIIIHOfI,

HMMCTb MUHHUMAJIbHYIO CTOMMOCTD.

K OCHOBHBIM »djeMeHTaM KOHCTPYKIIMM KaTyIIeK OTHOCATCA OOMOTKa
(oOMOTKHM), Kapkac W BbIBOJIBI (KOHTakThl). OOMOTKa SBJsSETCS 00S3aTCIIbHBIM
DJIEMEHTOM  KaTYIIKHA, OCTAJIbHBIE MOTYT OTCyTCTBOBaTh. Kpome »dToro, B
HEOOXOJIMMBIX ClIy4dasX KaTyIIKH MOTYT HWMETh OSKpaH W MarHUTHBIA WJIH

HEMarHUTHBIN CCPACYHHK.

DNEeKTpUYECKUE MapaMeTpbl U CTOMMOCTh KaTYIIKM B 3HAUYUTEIBHON CTENEHU
onpenensoTcs ee kapkacoM. Kapkac nomkeH obecrieuyuBaTh YIAOOCTBO HaMOTKHU
MpOBOJIA, pacnaiky BBIBOJIOB OOMOTKHM, HAJEXKHYIO (PUKCALUIO MOACTPOEHYHOIO

CeplIeCYHHWKA TPU €ro UCIOJb30BaHWUU. Marepuan Kapkaca BbIOUpaeTcs U3



COOOpaXeHUI TEXHOJIOTMYHOCTU U TMOJYYEHUS 3aJaHHBIX XapaKTePUCTUK KATYIIKU.
OH noMKeH ObITh JTOCTAaTOYHO MEXAHWYECKH MPOYHBIM, BJIArO- U TEIIOCTOMKUM,
BHOCUTh Majble TMOTepHU, HUMETh HEOOJBIION TeMrepaTypHbld KOd(h UIIMEHT

JMHEHHOTO PACIIUPEHUSI.

KapKaCBI KaTylmCK ¢ HC OYCHb BBICOKMMMU IMapaMCTpaMH MOT'YT U3TOTABJIMBATLCA
N3 ACHICBBLIX OPTraHUYCCKHX MATCPHAJIOB - ITOJHUCTHUPOJIA, (beHOHHaCTOB, Pa3INYHbIX
npecc-MaTcprajioB. KapKaCBI KaTymcKk C IIOBBIICHHBIMU IIOKa3aTciisiMH, B
YaCTHOCTHU, C BBICOKOM CTa6I/IJII>HOCTBIO, HN3T0TaBJIMBAIOTCA M3 paHHOTeXHquCKOﬁ

kepamuku tuna B: na YKB u KB - u3 ynerpadapdopa u BU crearura, Ha /IB u CB -
u3 paguodapdopa.

Pa3mepsl kapkaca ompenensitoT M3 OOIMX KOHCTPYKTHBHBIX COOOpaKeHHH WU

TpeOdyemMoil JOOPOTHOCTH, KOTOpast MPOMOPIIMOHATBHA JUAMETPY.

BBIBOI[I)I B KapKacCax M3 INIACTMACC 3aIIpCCCOBLIBAIOT HCIIOCPCACTBCHHO B TCJIO
KapKkaca. B KCPaAaMHUYCCKUX KapKaCax BbIBOAbI BBIIIOJHAIOT B BH/AC CIICOHWAJIbHBIX
XOMYTHKOB, HITH(I)TOB WK MCTAUIM3UPOBAHHBIX IIOJIOCOK, K KOTOPBIM H

IMPUCOCOAUHACTCA HaAMOTOYHBIN IIPpOBOJ.

HekoTtopsie Tunosble (OpMbI KapKacoB KaTyIIEK WHIYKTUBHOCTH Pa3IMYHOTO
HA3HAYEHUs NMPUBEJEHBI HA PUCYHOK 2. OOMOTKM KaTylIeK UHAYKTUBHOCTH IO BUIY

YKJIQJIKH JACJISITCS Ha OJHOCJIOMHBIE U MHOTOCJIONHBIE (PUCYHOK 3)



Y

Pucynox 2 — Kapkachl HTUIMHAPUYECKUX KATYIICK: a-B - TUIOBbIE KapKaChl IS
MPUEMHUKOB JUTMHHBIX ¥ CPETHUX BOJIH; T - JIJIsl OPOHEBBIX CEPACUHUKOB; T -
peOpUCTHIN KapKac; € - KapKac ¢ KaHaBKOU (Hape3HOil)
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PucyHok 3 — Turel HAMOTOK KaTylIEK MHIYKTUBHOCTH: a - OJTHOCIIOMHAs CIUIONIHAS;
0 - OIHOCIIOMHAS € IIIarOM; B - MHOTOCJIOMHASI PSAAOBast; T - MHOTOCJONHAas "Ky4ei"
("BHaBan"); 1 - yHUBepcaibHas C IByMs repexojamu (eperudamu mpoBojia) Ha
BUTOK (pa3BepTKa) ; € - YHUBEpcaabHas MepeKpecTHas ¢ 4 BUTKAMU Ha ITUKJIT
(pa3BepTKa); K — MUpamMugaIbHas

K omHOCTIOMHBIM OOMOTKAM OTHOCSTCS CIUIOIIHAST OJHOCTONHAsS W OOMOTKa C
marom (pUcyHok 3, a,0).

OpHOCTOMHBIC KATYIIKK C IAaroM OTJIMYAIOTCS BBICOKON 100poTHOCTHIO (150-
400) u crabwibHOCTBIO U mpuMeHstoTcs B KoHTypax KB u YKB. 3nauenus

npeebHOW HHIYKTUBHOCTH JIJIsl OOMOTOK C IIAroM 3aBHCAT OT JMaMeTpa Kapkaca u
npuBesieHbl B Tabuue 1.



Tabmuma 1 — IIpenenpHas HHIYKTUBHOCTh OOMOTKH C IIIarOM

JHaMeTp Kapkaca, MM 6 10 15 20 25
Lpeensras 1.8 4 10 20 30
HHIVKTHEHOCTE, MKl H

JInsi TOBBIIIEHHMS] TOYHOCTM HAMOTKH IMPOBOJIAa TMPUMEHSIIOTCS Hape3HbIE,
KapKachl, Y KOTOPhIX Ha TMOBEPXHOCTH HMMEETCS HErJyOoKas CIupajbHas KaHaBKa,
dbukcupyromas npoBoj Mpu HamoTke. OAHAKO MOTrpyKEHHUE MPOBOJIA B TUAICKTPUK
KapKaca HECKOJIbKO MOHMKAET JOOPOTHOCTh U YBEIUYUBAET COOCTBEHHYIO €MKOCTb.

YT0oOBI 3TOTO HE TMPOUCXOIUIIO, TPUMEHSIOT PEOPUCTHIE KapKACHI.

JInst  BBICOKOCTAOWJIBHBIX ~KATYIIEK MPUMEHSIOTCS CHEIUATIbHBIE CIOCOOBI
HAMOTKH - TyTas, TOpA4as U OCAXKIACHHAS - B COUCTAHUH C KEPAMHYECKUM KapKacoM.
Tyras HamMoOoTKa NIPOU3BOAUTCA CO 3HAUYUTEJIBHBIM HaTsDKeHUEM. [lpu ropsuen
HaMmoTKe mpoBoj HarpeBaercs a0 120-180 °C m He3HauuWTeNnbHO HaTATHBaeTcs. B
KaTyIIKax ¢ OCaXJICHHOW (HAaHECEHHOW) OOMOTKON BUTKU 0Opa3yloTCs HaHECEHHEM
CI0S METaJJla Ha MOBEPXHOCTh KEPAMHYECKOIO KapKaca METOJOM BKUTAHUS H

MMOCJICAYIOIICTO IraJIbBAHNYCCKOI'0 HapalBaHN.

KaTyiiku co CIUIOIIHOW OJHOCIOMHOW OOMOTKOM OTJIMYAIOTCS BBICOKOM
100poTHOCTHIO (150-250) 1 cTaOUIBHOCTBIO TP MHAYKTUBHOCTH He BhIme 200-500

MK['H (Tabnuna 2) u npumeHstoTcs B koutypax KB u CB.

Tabnuna 2 - [IpenenpHas THAYKTUBHOCTH CIUIOIIHOW OJHOCIOMHONW 0OMOTKH

JHaMeTp Kapkaca, MM 10 15 20 30 50
Lpezerpias 30 50 100 200 500
HHIVKTHBHOCTH, MK[ H

Jns  wm3roroBineHus Karymek ¢ WHAYKTUBHOCTHIO Biie 200-500 wMkl'H
MPUMEHSIOTCSI MHOTOCJIOMHBIE OOMOTKH - mpocTas psmaoBas, "BHaBan" ("kyuei"),

yHUBEpcaibHbIe (0OOBIYHAS U TIEPEKPECTHAS), TUpaMUIaIbHAs (PUCYHOK 3,B-K).

B mpocroit psmoBoit 0OMOTKE BUTKH YKJIAIBIBAIOTCS HA KapKac MPaBHJIbHBIMU
psanamu, a B oOMOoTKe "BHaBan" - 6€3 ornpeielIeHHON 3aKOHOMEPHOCTH, XaOTUYHO. DTH
OOMOTKH, HAa3bIBa€MbIE€ TIPOCTHIMH, OTIUYAIOTCS HHU3KOH JOOPOTHOCTBHIO U

CTaOMJIBHOCTBIO, 00JIBIION COOCTBEHHON €MKOCTBIO U MIPUMEHSIOTCS B KaTyIIKaxX AJis



JAB u npoccensx. [ns ynaydiieHus UX mapamMeTpoB HCIHOJIB3YIOT CEKIIMOHUPOBAHME,
KOTOpPO€ MO3BOJIAET A0CTUYL J00poTHOCTH 160-170 M yMeHbIIUTH COOCTBEHHYIO

CMKOCTB.

VYHuBepcanbHble U MUPaAMUAATbHYI0 OOMOTKHA OTHOCSIT K CJIOXHBIM OOMOTKAM.
B yHuMBepcanpHON 0OMOTKE BUTKH HIYT MOMEPEMEHHO OT OAHOTO Kpas KaTYIIKU K
JIpPYyroMy, TNEpPEeceKasicb MOJI HEKOTOPBIM YIVIOM. JTO MPUAAET KaTYyIIKE BBICOKYIO
MEXaHUYECKYI0 TPOYHOCTh 0€3 CHEIUaTbHBIX KapKacoB, JOCTATOYHO BBICOKYIO
TOOPOTHOCTh U HE3HAYUTENIbHYI0O COOCTBEHHYIO €MKOCTh. Y HUBEPCAIbHYI0 HAMOTKY
XapaKTEPHU3YIOT YUCIOM TIEPEeTHnOOB MPOBOAA 3a OJWH BUTOK (2 U 0oJiee) U APyruMH
napameTpamu. Takue KaTyIIKHM OOBIYHO HMEIOT BHYTpEHHUU auametp 5-10 mwm,

nuHy 2-5 MM, 1oopoTtHocTs 80-100.

Jiga  monydeHHs  JUIMHHBIX — KAaTylIeK [PUMEHSIOT TakK  Ha3bIBaeMYIo
YHUBEPCAJIbHYIO TEPEKPECTHYI0O HAMOTKY, XapaKTEpHBIM MapaMeTpoM KOTOPOW
SBJIIETCSL YMCJIO BUTKOB Ha OJMH IEPEXOJ] MPOBOAAa C OAHOM CTOPOHBI KaTYLIKH Ha
Ipyrylo u obpatHo (oguH unuki). KaTymku ¢ Takoll HaMOTKOM OTJIMYAKOTCS
HNOHWKEHHOW JTOOPOTHOCTBIO M CPaBHUTEIBHO OOJBLION COOCTBEHHONW €MKOCTHIO.
[TooToMy OHHM HaxosIT MPHUMEHEHHE B CHEIHUAIBHBIX KaTyIIKaX KOHTYPOB,

HaCTpanBaACMBbIX JJIMHHBIMU MUJIMHAPUYICCKUMHU MAarHUTHBIMH CCPACYHHUKAMMU.

O6HII/IM, HCIOCTATKOM PpPAaCCMOTPCHHBIX THIIOB OOMOTOK SBJISETCS HU3Kas

AIIEKTpHUYECKasi IPOYHOCTh, 0OCOOCHHO y 0OMOTKH "BHaBam'".

[TupamumanbpHass 0OMOTKa 00aJaeT BBICOKOHM D3JIEKTPHUECKON MPOYHOCTHIO U
MaJjoil COOCTBEHHON €MKOCTBIO, T. K. COCEJHUE BUTKH UMEIOT HEOOJbIIYIO pa3HOCTb
noteHuuanoB. OOBIYHO MUpaMHIaIbHASL OOMOTKA COAEPIKUT JBA CJIOS U IPUMEHSETCS

B BU-npoccensx MOIHBIX paauonepeIaTinuKoB.

JInst HaMaTbIBaHUSI OOMOTOK KaTyIIeK MHAYKTUBHOCTH MPUMEHSIOT B OCHOBHOM
MEJIHbIE TPOBOJA KPYIJOro cedeHus ¢ sMmaneBoi wuzossiiuen (110, I19J1, TIOB,
[19TB, I[12110), a nns KaTyIlIeK ¢ MIaroM - TakyKe HeM30JIUPOBaHHBIN poBog MI'M,

MOKPBITHIN ciioeM cepedpa.

2.2. PacyeT mapaMeTpoB KaTyIIEK UHAYKTUBHOCTH



[Ipu pacuere OCHOBHBIX MAapaMETPOB KaTYIIEK UCIOIb3YIOTCS F€OMETPUUECKUE
pa3Mepbl uUX OOMOTOK: JMaMeTp, JIMHA M TOJUMHA (TOCIEOHEE TOJIBKO I

MHOT'OCJIOWHBIX OOMOTOK) (PUCYHOK 3).

B onHocnoitHolt kaTymike jguameTp D mpeacTtaBiser coOod  IuaMeTp
OKPY>KHOCTH, 00pa3yemMoil IIEHTPOM TSKECTH AaKTHBHOTO cedeHusi mpoBojaa. Ha
BBICOKHMX YacCTOTax AuaMeTp D MOXHO NPUHATH paBHBIM BHYTPEHHEMY AUAMETPY

BUTKOB.

I[JII/IHa KaTyHIIKH 1 npcacTaBJrsICT coboi PacCTOAHUC MCKAY OCCBBIMU JIMHUAMU
KpaﬁHHX BUTKOB. PaccrosHue MCKIY OCCBBIMHM JIMHUAMU CMCKHBIX BHTKOB
Ha3bIBACTCs IIaroM HAMOTKHW T. BeanuwmHbl T U 1 cBSI3aHBI MCIKIY coOoi IIPOCTBIM

COOTHOIICHHUCM
I=1(N-1). (1)
rac N - 4KCI0 BUTKOB.

[Ipy CHIOIIHOM HAMOTKE PACCTOSHUE MEXKAY CMEKHBIMA  BUTKAMU

ompeNeaeTcss AMaMETPOM MPOBOJa B M30JAIMU d0 b HEMIOTHOCTHIO TPUIIETAHUS

BUTKOB Jipyr K apyry. IlocnegHee MoxeT OBITh YYTEHO KO3(PUIIMEHTOM

HEIUIOTHOCTH P, KOTOPBIM 3aBUCUT B OCHOBHOM OT JuaMeTpa rpoBoja (tabdnuua 3).

Tabnuna 3 - 3naueHus Ko3h UIMEHTa HETTIOTHOCTH

JuamMeTp mpoeoaa, 0.08 - 0.15 - 0.35 - 0.51 - ~1.0
MM 0,11 0,25 0.41 0,93 ;
K03 }HIHEHT p 1.3 1.25 1,2 1.1 1,05
Takum 006pa3om, I CIUIONTHON 0OOMOTKH
[ =p-d,N-1). (2)

Pa3Mepbl MHOTOCIOMHOM KaTYyILIKK ONPENEIAIOTCA HapyKHbIM D 1 BHyTpeHHUM
Do amamerpamu U JIMHOM HaMOTKU. YacTo B pacyeTax HCHOJIb3YIOTCS TOJIIMHA

HamoTkH t = (D - D0)/2 u cpeaunit muametp Dep = (D + D0)/2=Do+ t



Pacuem unoykmuenocmu. W3 TeopeTUUeCcKOM, 3JIECKTPOTEXHUKH H3BECTHO
CIEAYIOIIEE BBIPAXKEHHE [UI pacyera WHAYKTHUBHOCTH JUIMHHOIO COJIEHOMJA

KpYTJI0ro cedyeHus (0e3 cepAeyHnKa):

4aN°S
L= %m‘i.

3necb MHIYKTUBHOCTH L moisiydaercst BeIpakeHHOM B MKI'H, ecid JUIMHY

HaMOTKH BBIPA3UTH B CM, a IIOIAAb CCUCHUA S-B CM2.

B PCAIBHBIX KAaTyHIKax AJIHWHA O0OBIYHO conusMecpuma ¢ 1TMaMCcTpoM, BCICACTBHC
4Yero CUJIbHCC CKa3bIBACTCA YMCHBIICHUC MAIrHUTHOT'O CHCIIJICHHA KpaﬁHI/IX BUTKOB H
(baKTI/ILIGCKaH HHAYKTHUBHOCTB OKa3bIBACTCA MCHBIIIC pvaeTHOﬁ. TounbIi Y4cCT 3TOIro

ABJICHUA ITPUBOJUT K TPOMO3IAKHUM U HGYI[O6HI)IM (bOpMyjlaM.

Ha mpakTuke UCHOJNB3YIOT NPOCThIE MOJYyIMOUPHUUECKHE (OPMYIbl C
HONPABOYHBIMU  KO3(PPUIIMEHTAMHU, 3aBUCSIIMMU OT OTHOCHUTEIBHBIX Pa3MEPOB

KaTyIIKH.

Jns pacuera HWHAYKTUBHOCTH CIUIOIIHOM OJIHOCIOMHOM OOMOTKH IIIMPOKO

NpUMEHSETCs cleAyromas (Gopmysa, oOecreunBarolias MOrPEIIHOCTh pacuera He
oounee 2-3 %:

L=L,N'D-107,

rae L - wnayktuBHOCTh, MKI'H, D - nuamerp karymku (kKapkaca), cMm; -
HOMpPaBOYHbIN KO3((UIMEHT, BEIUYMHA KOTOPOrO 3aBHCUT OT OTHOIIEHUS , a

3HAYEHUA NMPUBEJICHBI B TabuIe 4.

Ta6nuna 4 - 3nauenus koddduimenTta

(3)

(4)

LiD 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

L, 202 | 158 | 134 | 116 | 104 | 94 3.6 7.9 7.3 6.8

4.0 5.0 6.0 7.0 8.0 9.0 | 10,0

L{iD 1.0 | 2,0 | 3,
3

0
L, | 6.8 | 4.0 9

2,2 1.8 | 1,53 | 1,33 | 1,17 | 1,05 | 0,95

HpI/I HaMOTKC C 1IaroMm IpoucxoauT AOIOJIHUTCIBHOC YMCHBIICHUC

MOTOKOCHEIJICHUsI W WHAYKTUBHOCTH. [losToMy gyt Oojiee TOYHOrO pacdeTa



HHAYKTUBHOCTHU KAaTYIIKH, HAMOTAHHOM C IIaromM IMPOBOJOM KPYIJIOIr0 CCUCHUS, IIPpU

YuCjIe BUTKOB HE MEHee 4-5 clieIyeT UCIOJb30BaTh APYTryto popMymy:
L=L -2aND(4+B)-107,

rne L - ¢akruyeckas wuHAYKTUBHOCTh, MKIH, L' - UHAYKTHBHOCTH,
paccuuTaHHas Kak JUIsl CIUIOMIHOM oOMOTKM 1o ¢opmyne (4), mx['H, D - nuamerp
KaTyIlKH, cM; A 1 B - nonpaBouHble KO3 PUIIMEHTHI, 3aBUCSALINE COOTBETCTBEHHO OT

OTHOLICHWA JUaMCTpa IIpOBOJda oe3 H30JOWU K Iary HaMOTKH d/t 1 yncna BUTKOB.

®opMmyna (4) MOXKET HCIOJB30BATbCS W Ui pacyera HMHIYKTHUBHOCTU
MHOT'OCJIOMHBIX KaTymek. B aTom cinyuyae B ¢opmyny B kauectBe D mojcraBnsercs
cpenuuil nuamerp Dcp, a st Oojee TOYHOTO pacuera HEOOXOAMMO YUMTHIBATh

3aBUCUMOCTb KOd(¢punmenta Lo He Toibko oT oTHOMEHH 1/Dep HO M OT OTHOIIEHHUS

Pacuem  uucna eumxos. 1lpum TPOEKTUPOBAHWMM  KATylI€K  BEJIMYWHA
MHIYKTUBHOCTH, KaK MPaBWJIO, 33/1aHa, T.C. ABJISAETCS MUCXOIHOW BEIMYMHON. MOXkKeT
OBITh 3aJlaH TaKXKe OJWH M3 pa3MEpOB KaTYIIKH, Yalle BCEro - AuaMeTp OOMOTKH.
Heo6xo1uMo HaTH YMCI0 BUTKOB M OCTAJIBHBIE pa3Mephl KaTYIIKH, IPEIBAPUTEIHHO

BBIOpPAB, €CIIM HE 3a7]aHbl, KOHCTPYKIHUIO U TUIT HAMOTKH.

dopMmyiny uisi pacueTa yucia BUTKOB MOXKHO TMOJYYUTh W3 ypaBHEHHS (4),
pELINB €ro OTHOCUTEIBHO N:
p 12
10°L

N= :
L,D

Bcenencteue Ttoro, uto koddduiuueHt L0 CIOXKHBIM 00pa3oM 3aBHUCHUT OT
pa3MepoB KaTylikd, ¢popMmysa IaeT BO3MOKHOCThH OINpEENIeHHs] TpeOyeMoro yucia
BUTKOB, €CJIM U3BECTHBI BCE pa3Mepbl KaTymku. OOBIYHO XOTsI OBbI OJIMH U3 Pa3MEPOB
SBJISIETCS HEWU3BECTHBIM. [l03TOMY pacuer uucia BUTTOB JOJDKEH IMPOU3BOJIUTHCS
METOJIOM TIOCJIeIOBATEILHOTO MPUOIKEHUSI. B HEKOTOpPBIX cllydasXx MOTYT OBITh

HCIIOJIB30BaHbI CIICOHAJIbHBIC MCTO/bI.

(5)

©6)



Pacuem cobcmeennoni emxocmu. BeanunHa cOOCTBEHHON €MKOCTH 3aBHCHT OT
pa3MepoB KaTYIIKH, KOHCTPYKIIMM OOMOTKH, IUAJICKTPUUECKOW MPOHHUIIAEMOCTH
W30JIAIIMM MPOBOJIa M Kapkaca, OJM30CTH dKpaHa WIM JeTalied Kopiyca mpudopa u
psga apyrux ¢daktopoB. Uem Oofbllie auaMeTp KaTyIIkd, ONWXEe Ipyr K APYyry
pPACHOJIOKEHBI BUTKH, BBIIIE TUAJICKTPUUECKAs] POHUIIAEMOCTh U30JIAUU TPOBOJA U

MaTcpuajia KapkKaca, TCM OoJIbIIIe COOCTBEHHAs EMKOCTh KaTyYIIKX HHAYKTHUBHOCTH.

CoOCTBEHHYIO EMKOCTh MOYKHO OMPEIEIUTh, CYMMHPYSI JIEMEHTapHbBIE EMKOCTU

MCKAY OTACIIBHBIMHU Yy4aCTKaMHU BUTKOB, BUTKAMHW U OKpaHaMU U T.I.

JIns OIHOCIOWHONW HEIKPAHUPOBAHHOM KAaTYyIIKW TAaKOW pacdyeT MPUBOIUAT K

BBIPAKEHHIO
al
8.31g[a+ (az — ])1’fz 1

C, =

rae o = 1/d, d - nnameTp npoBoja 6e3 U3OJISIHUH.

Haumenbiieli coOcTBeHHONW eMKOCcThi0 (1-2 md) obnmamaroT OJHOCIOIHBIE

KaTyYIIKKW, HAMOTAHHBIC C IIIAaI'OM.

CoOcTBeHHass €MKOCTh MHOTOCJIOMHBIX KaTyIIeK 3aBUCHUT OT cCIocoda u
IJIOTHOCTH HAMOTKH, TOJILMHBI W JUAJIEKTPUYECKON MNPOHUIAEMOCTH H30JISIIUN
npoBoaa. JlIs TPOCTBIX MHOTOCIIOMHBIX OOMOTOK COOCTBEHHYH) €MKOCTh

MPUOIMKEHHO MOYKHO ONPEACIHUTH 10 (hopMyJie

C, =D (8.45¢+8,23)107°,

Irac Dcp - Cpe,Z[HI/Iﬁ ANaMETp O6MOTKI/I, CM; € - TUBJICKTPUUCCKAas NPOHUIAEMOCTb U30JIAIIUN
nmpoBoaa.

CoOcTBeHHAass €MKOCTh KaTylIeK C YHUBEpPCaJbHOM OOMOTKOW  TakKke
PaCCUMTHIBAECTCS 110 AMIMPUYECKUM COOTHOILIEHUAM, KOTOPbIE MOYKHO HAUTH B
auTepatype, U O00bIYHO cocTtaBisieT 5-10 nd. Jnsg 3HAYMTENHHOTO YMEHBIICHUS

COOCTBEHHOM €MKOCTH MHOTOCJIOMHBIX KaTYyIIEK MPUMEHSIOT CEKIIMOHUPOBAHUE.

2.3 KaTyliky HHIYKTUBHOCTU C MarHUTHBIMU CEepJIEYHUKAMU

(7

(8



BBeneHne MarHMTHOIO CEpIACYHUKA YBEIUYUBACT WHAYKTUBHOCTH KATYIIKH.
OTO paBHOCWIBHO TOMY, YTO KATyIIKM HWHIAYKTUBHOCTHM TMpU  3aJaHHOU
UHAYKTUBHOCTH UMEIOT MEHBILIEE YUCIIO BUTKOB, MAIYIO JUIMHY IIPOBOJIA, HEOOJIbIINE
pa3mepsl.  JlONONMHUTENBHBIM KX  NPEUMYILIECTBOM  SIBIIETCS  BO3MOXHOCTH
NOJICTPOMKM  BEIMYMHBl HMHAYKTMBHOCTM B  HEOOJBIIMX TIpeAesax IyTeM

MNEPCMCIICHUA CIICHUAIIBHOTO ITOACTPOCUYHUKA.

HawubGonee ymorpedurenbabie GOpMBI CEPACYHUKOB MPEACTABICHBI HA PUCYHKE
4.  MarsuuTHble  CepJACYHUKHM  KaTyIIeK  HMHAYKTUBHOCTH  MOTYT  OBITh
OXapaKTEPU30BaHbl CIEAYIONMMH OCHOBHBIMU IapaMeTpaMH: OTHOCHUTEIbLHOMN
(IeWcTByIOMIEH) MAarHUTHOM MPOHUIIAEMOCTHI0, KO3(P(GUIIMEHTOM HCIIOJIb30BAHUS
MarHUTHBIX CBOMCTB MaTepuasga, OTHOCUTEIBLHOM JOOPOTHOCTBIO, TMOTEPSIMH,
CTaOWJIBHOCTBIO, JHManma3oHoM pabouux 4acTtoT. OmnpejeneHre HTHUX TapaMmeTpoB
MPOU3BOJIUTCS] MMPUMEHUTEIBHO K KOHKPETHOM KATyIIKE, B KOTOPOW HCIOJb3YyeTCs

CepICYHHK.

Pucynok 4 — MarauTHbie CepACUHUKH KATYyIIeK HHAYKTUBHOCTH: a -
MAJTUHAPUYECKHUN ¢ pe3b00il; O - KaTyIleuHbIi; B - OpOHEBOM C 3aMKHYTOM



marauTHOM nenbio (Cha); T - OpoHEBOI ¢ pa3oMKHYTOM MarHuTHOU 11enbio (ChO); 1 ~
YalieYHbIM (MArHUTHBIN 3KpaH); €, K - KOJIbLIEBbIE

OtHocuTenbHas (ACMCTBYIOIIAsl) MarHUTHas NPOHULAEMOCTh MPEICTaBISET
cO00M OTHOIIEHNE UHIYKTUBHOCTU KaTYIIKU C CEPJICYHUKOM K MHIYKTUBHOCTH ITON

K€ KAaTylIKH, HO oe3 CCpACYHUKA:
.-'ur - “["c / ‘[' H {9)

Ee BenmumHa 3aBUCHT OT HA4YaJbHOW MAarHUTHOW MPOHUIIAEMOCTH Marepuana,
GbopMBI ¥ pa3MepoB CepJIeYHNKA U KaTYyIIKH, 4aCTOThl. Uem OoJbIlie TPOHUIIAEMOCTh
MarHuTHOTO MaTepHayia, 4eM OJIF)Ke K BUTKaM PACIOJIOKEH CepACYHHUK, U YeM HHKE

qacToTa, TCM BBIIIC 6YIICT €ro IIGfICTBYI-OIH&SI MardvuTHas IIPOHUIOACMOCTh.

MHIyKTUBHOCTD KaTYIIKH C CEPACUYHUKOM B |ir pa3 O0JbIIE UHAYKTUBHOCTH TOU

K€ KAaTyYIIKH, HO oe3 CCpACUYHHKA.

KoadduureHt wucnoib3oBaHus Ma THUTHBIX CBONCTB Marepualia ecTb
OTHOULIEHHUE JACHUCTBYIOLIEM MAarHUTHOM IPOHUIAEMOCTH CEpJCYHHMKA K HadaJlbHOU

MAarduTHOU IMPOHULIACMOCTH MaTCpHalia:
k_j" :.v'ur /a'un: " (1{})

OtHocutenbHas AOOPOTHOCTh Qr - 3TO OTHOWIEHUE JOOPOTHOCTU KATYIIKH C

CEPJIEYHUKOM K TOOPOTHOCTH ITOM K€ KaTyIIKU, HO 0€3 cep/IeyHuKa:

Qr xapakTepu3yeT TMOTEpHU, BHOCHMBIC CEPICYHHUKOM, W CHIBHO 3aBUCHUT OT
CBOMCTB Marepuajia U 4acToTbl. C yBEIMYEHHWEM YacTOThl MOTEPU BO3PACTAIOT,
MPOHUIIAEMOCTh TAJaeT, YTO MPUBOJUT K YMEHbIIEHUIO a00poTHocTH. IloTepw,
BHOCUMBIE CEPIACYHUKOM B KATYIIKY, COCTOST U3 MOTEPh HA TUCTEPE3UC, YACTOTHBIX U

JAUDJICKTPUICCKUX IIOTCPb.

[TpubnmkeHHO MOXHO CYUTaTh, YTO JOOPOTHOCTH KATYIIKH C CEPJIICYHUKOM B

erl 2pa3 OombIie  TOOPOTHOCTH KATYHIKM C TOW K€ WHAYKTUBHOCTHIO, HO 0e€3

ceplleyHuKa (Ha 4acToTax, rie NOTepH, BHOCUMbIE CEPACUHUKOM, MaJIbl).



CraOuiapbHOCTh KaTyIIEK C CepACYHMKAMU XYyKe, YeM Yy KaTyllek 0e3

CCPACYHHUKOB, N3-3d UIBMCHCHUA CI'O MAaI'HUTHBIX CBOMCTB.

Tunbel MarHUTHBIX CEPACYHHUKOB. B KaTylmkax MHIYKTUBHOCTH HaXOJIAT
OPUMEHEHUE CEpPACUYHUKH pPa3IMyHOM (OpMBI: IWIMHAPUYECKUE, OpOHEBBIE,
kosbleBble (TopounansHeie) 111, H, 0-oOpa3nbie nu Hekotopsle apyrue. Kaxnas us
3TUX HMEET psAJ KOHCTPYKTUBHBIX BApUAHTOB, BBI3BAHHBIX pPa3HOOOpa3neM

TEXHUYECKUX TpPeOOBaHUM.

[Munuuapuyeckue  CepACYHUKU  SBJISIIOTCA ~ HauOoyiee  MPOCTBIMU 110
KOHCTPYKITMH, HO XapaKTePU3YIOTCS MaibiM KOI(PPHUIIUEHTOM HCIIOIH30BAHMUS
MAarHuTHbIX CBOMCTB. OHHU 4Yallle BCEro MPUMEHSIOTCSA Il TOYHOW MOJICTPONKH

KaTyliek KoHTypoB. Jlnana3zon nepectpoiiku — 10-15 %.

BpoHeBble cepAeUYHMKM TO3BOJISIIOT TOJy4aTh MajorabapuTHbIE KATyIIKU
UHAYKTUBHOCTH C BBICOKOW JOOPOTHOCTBIO U YJOBJIETBOPUTEIBHON CTAOUIBHOCTBHIO.
OHM OTIMYAIOTCA BBICOKUM KO3(D(PUIIMEHTOM HCIOIb30BaHUS MATHUTHBIX CBOMCTB U
CJIa0bIM TIOJIEM PACCEsIHUS, UTO O0JIeTYaeT SKpaHUpoBaHue. [ yMEHbIIEHUS IOTEPh
Y TOBBIIIEHUS CTA0OMIBHOCTA B OPOHEBBIE CEPJICUHUKN MOKET BBOAMUTHCS 3a30p. Ilpu

9TOM OJHAKO YMCHBIIACTCS KOB(I)(l)I/IHI/ICHT HCITOJIL30BaHUS MATrHUTHBIX CBOMCTB.

KonbueBble  (TOpouzanbHble) CEpACYHMKM  JAlOT  HaumboJiee  MOJIHOE
UCIOJIb30BaHUE MAarHUTHBIX CBOMCTB. [l03TOMY MX HpUMEHSIOT, KOrAa HEOOXOAUMO
NOJIYYUTh  HAWMOOJBIIYI0  MHAYKTUBHOCTH TNPU  MHUHUMAJbHBIX  pa3Mepax.
TopounanbHble CEPISUYHUKHN MO3BOJIAIOT MOIY4YaTh BEICOKOJOOPOTHBIE KaTyHIKU ¢ Q=
400-500. Mx oOCHOBHBIE HEIOCTATKH - CIOXKHOCTh HAMOTKH U HEBO3MOXKHOCTH

MTOACTPOUKHU.

MarsuTHbIe CCPACYHHUKU MOJIA KaTYIICK HHAYKTHBHOCTH M3IOTABJIHMBAIOT H3

MarHATOIUIJICKTPUKOB U (DEPPHUTOB.

MarauToIMIIeKTPUKA TIPEICTABIAIOT CO00M CMeCh 4acTHUI] (eppOMArHUTHOTO
BEIIIECTBA U JUAJIEKTpUKa. B kauecTBe heppoMarHeTKa UCTIOJIb3yeTCs aabcudep wiu
KapOOHHMIJIBHOE JKEJIe30, a B KAYeCTBE IUAJICKTPHUKA - OAKeIUT, aMHUHOIUIACT U Jp.
CeplieyHUKHU TIOJIYy4alOTCSl MPECCOBAHUEM (XOJIOHBIM, TOPSYUM) WM JIMTHEM IO

JaBJICHUEM



OO1IMM TOCTOMHCTBOM MAarHUTOJUANIEKTPUKOB SIBJISIOTCA JOCTATOYHO BBICOKAs
TEeMIEpaTypHas W BpEeMEHHas CTaOMJIbHOCTh, HETUTPOCKOMMYHOCTH, MOCTOSHCTBO
MAarHUTHOW IIPOHUIAEMOCTH B ULIMPOKOM JHala3oHe 4YacToT, Maible mnorepu. Mx

HCSIOCTAaTKOM B p;u:[e CJIy‘—IaeB ABIISICTCA HEBBICOKAS MAarHUTHaAs HpOHI/ILIaCMOCTB (10'
25).

deppuThl MPEACTABISIOT COO0H TBEpbIC PACTBOPHI OKUCIOB METAIJIOB BTOPOM
rpymisl (Ni, Mn, Li, Cu, Pb), nmunka (Zn) u kagmus (Cd) ¢ okuceio xenesa (Fe203).
W3rotoBieHHE CEpACYHUKOB OCYIIECTBISETCS IMPECCOBAHMEM WM JUTHEM IIO]

AaBJICHUCM C ITOCJICAYIOIIHUM CIICKAHUCM U MGXaHOO6pa6OTKOﬁ.

OCHOBHBIM JOCTOMHCTBOM (bCppHTOB SABIIACTCAA BbBICOKaAsA MardauTHasAa
IMPOHNLACMOCTD. HGI[OCTaTKaMI/I ABJIAIOTCA HH3KasA TCMIICpATypHas CTa6I/IJ'IBHOCTB,
CTapCHUC, OOCTATOYHO CHIIBHAA 3aBUCHMOCTDb MarHUTHOM IIPOHHUIACMOCTH OT

YaCTOThI, IIOBBIIICHHAA HGHHHCﬁHOCTB, TUTPOCKOIIMIHOCTD.

B BBICOKOYACTOTHBIX KaTYyIIKaX WHIYKTUBHOCTH MPUMEHSIOTCS MarHUTOMSITKHE
dbepputsbl 11 cinabbix nosied - Hukenb-muHKOBBIe (HLI), Mapraneununkossie (ML),

muTui-1iuHKOBbIE (JIL]), CBUHIIOBO-HUKEJIEBBIE U JIP.
2.4. DKpaHUPOBaHHbBIEC KaTYIIKH NHIYKTUBHOCTH

OKpaHMpPOBAaHUE KATYIIEK HWHAYKTUBHOCTH MCHOJB3YETCA JUIsl YCTPAHEHUS
MApa3UTHBIX CBS3€W - BIMSHUSA DJIEKTPOMAarHUTHOIO ITIOJS KATyIIKA Ha JApyrue
AJIEMEHTHI U BIMSHUS BHELIHUX IIOJIEM HA KAaTyLIKy. DKpPaHUPOBAHHUE 3aKIIIOYAETCS B
NOMEIICHUH KaTyIIKH B 3a3€MJICHHBIM MeTaJTIMYeCKUid dKpaH. DPQPEKTUBHOCTD
DKPAaHUPOBAHUSA XAapPAKTEPU3YETCS OTHOLICHUEM HANPSKEHHOCTH BHEIIHErO IIOJIA
KATYILIKHU [PY HAUIMYHAK DKPaHA K HANPSHKEHHOCTH TOJIS P OTCYTCTBUM dKpaHa. i
HKpPaHOB CpPEJHEro KauecTBa OSTO OTHOIICHHE, Ha3blBaeMoe Ko3(h(UIUEHTOM

skpanupoBanusi, cocrapiser 0,01-0,05.

Hanmnune »kpaHa NPUBOJUT K M3MEHEHUIO OCHOBHBIX CBOWMCTB KATYIIEK
WHIYKTUBHOCTU: YMEHBIIAETCA WHAYKTUBHOCTH, YBEIWYHUBACTCS COMPOTUBIICHUE U
COOCTBEHHAsI EMKOCTh, YMEHBITIAETCS JOOPOTHOCTh. CTETIEHh N3MEHEHHUSI TTapaMETPOB

KaTyIIKH 3aBUCUT OT COOTHOIICHUSA Pa3MCPOB KAaTYIIKU U SKpaHa.



NHAYKTUBHOCTH 3KpAaHUPOBAHHOM KAaTYIIKHU Onpeaensercs GopMynoin
_ _ 12 9
L, =L(1-%*) (12)
rae L - uHAyKTUBHOCTh HEIKPAHWPOBAHHOM KaTYHIKU; K - KO UIIMEHT CBSI3U
MEXKy KaTyIIKOW U SKPAHOM.

Jlis OAHOCTOWHBIX M TOHKUX MHOTOCJIOWHBIX KaTylIeK KO3()QHUIHMEHT CBA3M

MOKET OBITh OTIPECIICH 10 hopMyIIe

k=u53 (13}

rae D - nuamerp karymku; Ds - quaMeTp skpana; A - KodQQUIHMEHT, 3aBUCcAImiA 0T oTHomeHus L/D
KaTYyILKH.

PGKOMGHI[YGTC}I OTHOHICHHUC OIHAMCTpa 3KpaHa K JHAMCTPY KaTYIIIKH BI:I6I/IpaTI> B

JAara3oHe:

- TUTST OOBIYHBIX KaTyIIeK - D»/D 1.6-2.5;

- JUTS CTa0MIIBHBIX Katymek - Ds/D > 2.5

CTaOWJIBHOCTh DKPAaHUPOBAHHBIX KATYHIEK WHAYKTUBHOCTH MEHbIIE, 4YeM
HEIKPAHUPOBAHHBIX, T.K. MMOJ] BIUSHUEM JCCTAOUIU3UPYIONUX (aKTOPOB, HATTPUMED,
TEMIIEPATYPhl, U3MEHSIOTCA T€OMETPUUECKUE pa3MEPBI U CONIPOTUBIIEHUE IKpPAHA, YTO

BJIMSCT HA MapaMETPhbl KATYIIIKH.

3KpaHBI BBIIIOJIHAOT B BHJAC KPYIIIBIX HIHA IIPAMOYI'OJIbHBIX CTAKAHOB H3
AJTIOMUHUA, MCOU HWJIN JIaTYHH. Haumensmue IIOTCPHU BHOCAT MCIHBIC JKpPaHbI, HO

ATFOMUHHUEBBIC JCIICBIIC U MTOATOMY HaXOJAT OOJIbIICE IPUMECHECHHE.
JlaGoparopHoe o0opy1oBaHUE U 0Opa3IIhI

B pabote ucnons3yercs uameputenb 100poTHOCTH (Q-MeTp) U Habop 0OpasioB

HCCIIEYEMBbIX KaTyIIEK NHIYKTUBHOCTH.
[Topsimok paboThl ¢ Q-MEeTpOM AaHBI B JOTIOTHUTEIHHOM HHCTPYKITUH.

Heobxoaumpie ayis pacdeToB mapaMmeTphl (pa3Mephl) HCCIETYyeMBIX 00pa3IioB

MPUBOJSITCS B CIIPABOYHOM TaOIuUIE, MpUIaraeMou K JIJa0OpaTOPHOMY MaKeTy.



3. llopsinoK BHINOJIHEHHS PA0OTHI

1. PaccuntaTh WHAYKTUBHOCTH, OOpa3IlOB, HE HMMCIONIUX CEpPACYHHKA M OSKpaHa,
UCIIOJIB3YsI OINMUCAHHBIE METOAWUKA U CIPAaBOYHBIE MaTepUaibl Ha OOpa3IlhI.
2. C nomompio Q-mMeTpa Ha yKa3aHHBIX 4YacTOTax IOJIYYUTh JaHHBIC IS pacdeTa
WHIYKTUBHOCTH, COOCTBEHHOHW €MKOCTH KATYIIEK, COMPOTUBICHUS IOTEPb.
[TocTpouTh  YacCTOTHBIC  3aBUCHMOCTH  WHIYKTUBHOCTH,  JOOPOTHOCTH U
COTPOTHUBJICHUS TTOTEPh. VICIIONB3ys pacCUMTaHHBIE B IPEABIAYIIEM IyHKTE 3HAUCHHM
apaMeTpOB, OMPEACIUTh OTHOCHUTCIBHYIO TOTPEIIHOCTh pacyeTa WHIYKTUBHOCTH U
cOOCTBEHHOM E€MKOCTH.
3. CpaBHuBas mapamMeTpbl KOHCTPYKTHBHO OJMHAKOBBIX KATYIIEK, OTIMYAIOIIUXCS
TOJIBKO  HAJIMYAEM CEpJCYHUKA, OMNPEACIUTh OTHOCHUTEIBHYI0O MarHUTHYIO
MIPOHUIIAEMOCTh, U OTHOCHUTEIIBHYIO JIOOPOTHOCTh, CEPACYHUKA, a TaK)KE MOCTPOUTH
50,4 3aBUCUMOCTbD OT YaCTOTBHL.
4. HccnemoBarh BIUSHHE ADKpaHa HAa HMHAYKTUBHOCTb, COOCTBEHHYIO €MKOCTh H
TOOPOTHOCTH KATYIIKH, COMTOCTABUB TTapaMeTPhl UICHTUYHBIX KaTyIIeK 0e3 dKpaHa H

c 3kpaHoM. PaccunTtaTh K03(hPUIIMEHT CBSA3M SKpaHa ¢ KATYIIKOM.
4. Conep:xanue oT4eTa

1. dyHkuoHanpHas cxema jJabopaTopHOro uccienoBanus. [Ipubopel, ©X OCHOBHBIE
napaMeTpbl M TOTPEIIHOCTH U3MepeHUN. KOHCTPpYKTHBHBIE M JIIEKTPUYECKHE
napaMeTpbl HCCIIETyEMBIX KaTyIIEeK.
2. Pe3ynbTaThl aHAIUTHYECKUX PACUETOB IMAPaMETPOB HCIIOIb30BAHHBIX KATYIIEK
WHYKTUBHOCTH.

3. Pe3ynbTaThl 3KCHEPUMEHTAIIBHBIX HCCIIEIOBAaHUN NapaMETpOB M XapaKTEPHUCTHK
KaTyIlIeK WHYKTUBHOCTH.

4. BeIBOABI C aHATIM30M PE3YJIBTATOB.
5. KoHTpo/1bHBIEC BONIPOCHI

[TapameTpsbl KaTyIIEK WHYKTUBHOCTH.
Kapxkacel 17} O0OMOTKH KaTyIlIeK VHJYKTUBHOCTH.

Pacuyer VHJIYKTUBHOCTHU KaTylIleK Cc OJIHOCJIOMHOMN OOMOTKOM.

B~ LW D~

Pacyuer = WMHAOYKTMBHOCTM  KaTylmleK C  MHOTOCIOMHOM  OOMOTKOIA.



5. Pacuer qucia BUTKOB KaTyIICK HNHAYKTHUBHOCTH.
6. CepI[e‘IHI/IKI/I KaTyllI€CK HHAYKTHUBHOCTHU: THIIbI, MATCPpHAJIbl, TCXHOJIOTUSA
HN3TOTOBJICHHI.

7. BnusHme — cepaedyHMKAa ~ HA  IapaMeTpbl  KAaTyIIEK  MHAYKTHUBHOCTH.

8. Brusiaue IKpaHa Ha napaMeTpsbl KaTyIIeK WHIYKTUBHOCTH.
9. OcobenHnoctu KOHCTPYHUPOBAHHUS BBICOKOJIOOPOTHBIX KaTyIIEeK.
10. OcobenHoctu KOHCTPYHUPOBAHUS BBICOKOCTAOUITbHBIX KaTyIIeK.

11. 3aBUCUMOCTb MapaMeTPOB KaTYIIEK OT YaCTOTHI.



