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NPEOIHC/OBHE

IlnaHel 3KOHOMHYECKOI'O W COUMAJBLHOIO PA3BHTHA HApPOAHOTO XO-
374CTBA CTpaHBRl IIPeAyCMaTpHBAIOT KAaYeCTBEHHO HOBOE pa3BHTHE
oTpacjel HApOAHOIO X03AMCTBA Ha OCHOBE IpHMEHeHHs HoRefnrax
JIOCTHXKEHHA HayKH, TEXHHKH H NepeAOBHIX (OpM YNpABJIEHHA.

[Moewinenne adpexTHBHOCTH 0GOraTHTEJBUOTO IPOH3BOACTEA
Tpefyer paspaboTKH H BHEIDEHHS] HOBBIX TEXHOJOTHYECKHX ILPO-
neccoB H 0fopyAoBaHusd, ofecleynBalOLUIUX MOayYeHHe BHICOKHX TeX-
HHKO-2KOHOMHUYECKHX INOoKa3aTejeil B yCJA0BHAX NOCTEMNEHHOrO CHH-
XeHHH] KAYeCcTBA HCX0JHOI0 MHHEpaJBHOIO CHPbA. TeXHOJOTHYe-
CKHE Npolecchl JOJMKHBI COBEDUIEHCTBOBATBCS B HANpPABJeHHH CO-
KPALleHHs 3HEPro3aTrpaT H MaTepHAJOBR Ha NpPOH3BOACTRO KOHUEHT-
partoB, ofecrnedeHns Haubojee NOJHOIC HCNOJbB30BAHHSA B HAPOAOM
X03AHCTBE BCeX KOMIOHEHTOB CHIpbH, YCTPAHEHHS BPENHOrO BJIHSA-
HHA OGOraTHTENBHOIO TMPOH3BOACTBA HA OKpymaomylo cpeay. Bal-
COKONIPOH3BOAHTE/LHEIE 1 3KOJOTHYECKI YHCTHIE NPOLUECCH MAarlHT-
HOTO H 3JeXTPHUECKOTO 0HOralleHHs RMOOJHE COOTBETCTBYIOT 3THM
TpefoBaHuAM,

B 06s1acTH MarHdTHOTO M 3JeKTPHUeckoro oforauienus H cena-
patopoctpocHas CCCP zanumaer Beayuee wmecto B mupe. Llupo-
KOe NDOMHIUIIEHHOS BHEAPEHHE MATHUTHOLO H 3JEKTPHUECKOro 060-
ramesns NOJI'CTOBJIEHO HCCAeIOBATENbCKHUMH W NPOSKTHHIMH paGo-
TAaMH, BHIIOJIHEHHRIMH MexanoGpom, MexanoGpuepmerom, ¥Ypa.se-
xauobpom, [unpomawoGoramenneM, [nnopomailyrieoforaierneM
# np. Hakongen 6oapuioff TeXHOJIOrHYECKHHd ONBIT, Ha OCHOBAHHHU
KoTOporo paspaforaHsl aas00Mel TEXHOJOTHYecKoR naMate JBM,
HCNOAb3YEMHEE NPH NPOEKTHPOBAHHE MaIUAHE ¥ NpeAnpusTHi, Co-
3JaHBl HaydYHBlE OCHOBHl MArHHTHOTO H 3JeKTpHYeckoro oboranle-
HHS W YTBEPIKJIEHH NPHHUHNH IPOH3ROICTBA COBPEMENHOro obopy-
JOBaHKA.

OcymecTBaseMulii 8 Hacrosdulee BPEMs NEPEBO] OPOH3BOJCTBR
Ha KAYeCTBEHHO HOBYW TEXHHUYECKYID OCHOBY TpefyeT KOPCHHOrO
yIyulleHua npodeccHoHaabHOH NOATOTOBKH CHENHd. IHCTOB.

HazHayenue nacrosiiero yue§HHKa — AaTh cTyieHTaM rayfokune
3HAHHA TEOPeTHUECKHX OCHOB MArHHUTHOTC H aJjeKTpHuYeckoro o6o-
raluleHHs NQJe3HBIX HCKONAEMBIX, O3HAKOMHThL AETaJbHG ¢ KOHCT-
PYKLUHAMY, TEXHHUECKHMH XapaKTePHCTHKAMH, 3IKCIyaTalHOHHH-
MH JAaHHBIMH NPUMEHHEeMOro Ha oforaTHTeqbpHuX dhabpukax obopy-
JOBaHHA, METOAAMH TEXUOJNOIMUECKOro pacyeTa u (e30macHoil H
6esaRapHARON IKCOAYATAHE CENAPaTOpOB NpH MaKCHMAJbHOH ad-
deKTHBHOCTH HX paloTH.

Hacroamuil yuebHUK, npeJHa3HaueHHH AJA CTYISHTOB BY3O0B,
obyyawmuxcs o cnenpaaphocta «Q0orauleHHe noye3vblX HCKOMae-
‘MALIX», HAMUCAH B COOTBETCTBHH ¢ NporpaMMoi kypca «<MarsuTHue H
JIEKTPHYECKHE METOIR 060ranmieHHs».



[VIABA 1

®HU3HYECKHE OCHOBbI CENTAPAILLHH
B MATHHTHBIX H 3JEKTPHYECKHX MOJIAX

§ 1.1, KNIACCHPHKALLHA MACHHTHBIX H 3NEKTPHYECKHX
METOJIOB OBOTAULEHHA

Cymuocte M3MO — pasneseHHe MexaHUUECKHX CMECed YACTHI, MO~
JIE3HHX HCKOHAE€MHX € PasJHUHBIMH 3JeKTPOMATHHTHHIMH CBOBCT-
BaMH IOA BJHAHHEM CHJ 2J€KTPOMATHHUTHEIX TOJEH, CO3fABAEMHX
B palouyHX NpocTpaHCTBaX CenapaTopOB.

DneKTPOMATHHTHHE TNMOJA CNOCOGHE CO37aBaTh AKTHBHHE CHJE
Fau, H3BJCKAKOMHKE YACTHUM COOTBETCTBYIOIHEX MUHEpasoB us of-
LWEro MaccomoTOKa HJH YJIepKHBAICUIHe HX Ha ONpejeneHHOH mo-
BEPXHOCTH, ¢ KOTOPOH KOHKYDADYIOIIAMHA cHIaAMH [k yzanawoTtes
OCTAJbHHE YACTHLE, HJAH CNOCODHEI «y3HABAaTh» 5TH YAaCTHIH B
npoOeccax aBTOMATHYECKOH COPTHPOBKH.

Cpenn Muoroofpasns MpONECCOB cendapalkH MOXHO BLIIEAHTH
ceMb NpPHHLUHNHAJIBHO DA3HHX CNOCOBOBR pa3fiefieHHs]  MHHEpaJoB
MATrHHTHBIM M 3JICKTPHUECKHM noaeM (puc. 1.1):

1) copTHpOBxa 3ePHHCTHX MATEPHAJNOB C MOMOIIBIC 3JA€KTPO-
MATHHTHHIX HHIYKOHOHHBIX ZATUHKOB H 3JeKTPOHHHX aBTOMAaTHYe-
CKHX yCTpofcTB, cpafaTHBAIONIHX OT cOGCTBEHHOrO HJH HaBeIeHHO-
ro MAarHUTHOTO NOJs MUHepanbHEIX 3epeH (cM. puc. 1.1, a);

2) cemapalles nmyTeM YACpPMHBAHMA YacTH Ha TPAHCHOPTHPYIO-
el nosepxHocTH (cM. pHc. 1.1, 6, k) ;

3} cemapauus OyTeM H3BJeUeHHA HJAH OTKJIQHEHHA 3epeH U3
Macconotoka gactull (cMm. pHe. L1, 4, 4);

4) cenapanys nyTeM MAarHUTHOTO OCAMAEHHS YACTHL Ha Mo-
BEPXHOCTH HocuTesed (cM. prc. 1.1,2—3yfuaras mnoBepxHOLTh,
puc. 1.1, 0 — cheprueckas TPAaHCIOPTHPYIOUIAsS MOBEPXHOCTR)

5) MAarHNTOTHApOCTATHUYECKAs M JAU3IJNCKTpHYeCKas cenapanus
OyTeM BHTAJKWBAHHA HEMATHUTHHIX 3epeH u3 XHAKOH ¢eppomar-
HHTHOR HJH AM3JEKTPHYECKOR cpell, cKaToH MarHHTHHM (3JIeKT-
pPOMarHuTHHM) noxeM (cM. puc. 1.1, e);

6) MArEHTO- H 3JeKTPOTHApOAHHAMHAYECKAH Cenapauns (u3Bje-
YeHHe, OTKJIOHEHHe H T. [1.) HeMarHHTHRIX YACTHI B NOCTOAHHOM
MArEHTHOM §OJie 3a CUET TOKA, Nporekaniuere B paloueM mpocTt-
paHcTee {cM. pue. 1.1, 0¢);

7) 3JeKTPHYECKAA Cenapauns NMyTeM OTKJOHEHHS H YAepXHBa-
HHA 3aPAXMEHHHX YACTHL HA 5JeKTPOAAX pasHOH MOJApDHOCTH (CM.
puc. 1.1, 3).

Tlepshift U BTOpO# CHOCOOH, OCYIUECTBAAEMHE B BOIAVIMHOR cpe-
Ie, HCIOAB3YIOT Ha PYACCOPTHPOBOYHEIX (rafipHKax AnA nmpeiBapH-
TeNLHOro 00raleHHs KyCKOBATHIX MaTepHasoB,
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Pue, LI Cxemu EZBHXeRHS 9acTHL NPH PasqHYEHX crnocofaX OGOrallemis:

a — copTupopxa; &, ¢ — Cenapauns; &, & = pa3leflenHe HA ROCHTENNX; & — MATHATOTMAPOCTa-
THYECKAR CENapaliia; o — WMATAWTOTHIPOAHAAMHYECKAs CENapAuUA; 9 — 3AeXKTDOCTATHIECKAA
CCHAPALHA; &, K== PadNeNcHANE COOTBETCTBERHO H3BJIEHeHHEM M YICPMHEBAHHEM (0, =~ CKO-

POCTE NBHMKEHHA NOTOKA BIOAR ANOADATA; Uv—CKG]JGCTb nepeMeOIcHKA 3¢peH B BePTHEKaNL-

HOM HAMODABJEHHM; o — paaMep KYCKA; [} = paccToSRHe MEMAY KycKaMH; [-— IJMAA 30bLE
B3jleTa MACTHN; A =— MHADHHA pafodero npocTpamcTea, £, — aAKTHERAS ckJA)

HanGoapwee pacnpocrpaHense Ha ofOraTHTeAbHHX ¢abpHKaXx,
nepepabarhBalOMNX PYAR HepHRIX METAJJIOR, HMEIOT TPeTHH H der-
BEPTHH CMOCOGH — NPOUECCH MAarHHTHEOrO O0OralleHHs CHJbBHOMAT-
HHTHHIX MAaTepPHAaJOB H BHCOKOTPAJHCHTHOH cemapaluu ciafomar-
HATHHX TOHKOHSMEJbYEHHHX MaTepuanoB. OGHYHO OHH NPOBOAST-
cA B BOJHOH cpexe.

IaTaf u wectofi cnoco6bl NPHMEHAIOT NPH pasjieseHHH KyCKo-
BATHX CAR0GOMATHHTHHX HeMarHuTHhX MatepHanoB. Cebecron-
MOCTb HX BEHICOKa$, UTO CBA3aHO ¢ HeOOXOOHMOCTBID perenepauun
(eppPOMAarHUTHHX XHAKOCTEH H 3JIEKTPOJHTOB,
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CenpMolt ciiocob (34€KTpPo- W NHEBMO3JEKTPOCENapalHe)  IlIHK-
POKO NIPHMEHAIOT 7IpU JOBOJIKE TIIATEJbHO BHCYHIEHHHX KOJJEK-
THBHLIX KOHOENTpaToB Ha (pabpukax, nepepalaThBAaIOIHX PYAB
UBETHBEIX MEeTaJ 0B,

HcroyHnkaMu 3aekTpHYecKoro noasa MoryT OHTb Merajjaude-
CKHe 3JeKTPOABl (MOMI0ca) ¢ BBICOKHM HANPSIXKEHHEM, a MarHHTHO-
ro — aufo NOCTOAHHbIE MAriHTH, JAHGO heppOMarHHTHHE [OJI0CA
BJEKTPOMATHHTHOR CHCTEMB, B OOMOTKaX KOTODOH IIpOTEKaeT
3 eKTPHIEeCKAH Tok. PopMad 3THX NOJIOCCR ONpejesaeT pacnpeie-
JieHHe TIoNf B MeXNONOCHOM (pafoueM) [pOCTPAHCTBE CeMapaTo-
pon. Kak npaBuao, 3TH noJs SEBalOT HEORHOPOAHBLIMH, UTO YBEJH-
YHBAET CHABl HX BO3REACTBYUH HA YacTHOH. MomHocTH Ha noapep-
AKauue nonaefi NOCTOAHHBIX MArHHTOB K 3JNEKTPHYECKHX noJel He-
3HAYHTEbHB], YeTO Hesb3A CKA3aTh OO 3JeKTPOMAarHHUTHBLIX, ecqad
pedh HIET O CHABLHBEIX NOJSX, HO BHeApeHHe BEICCKOTEMOepaTypHOH
CBEDXIPOBOAHMOCTH ofecrneynT NosABASHHE JelUieBhlX HCTOUHHKOB
CHABHEX MATHHTHHX NoJefi.

Pazpeaenue cMecH 4acTHL MHHEpDAaJCB B MArHHTHBIX, 3JeKTpH-
YeCKHX WM KOMOGHHUPOBAHHHX IOJAX CENapaTtepoB NMPOHCXOAUT 34
cyerT OOBEMIBIX  CHJ 3JNEKTPOMArHHTHOR TOpHDPOAB, JeHCTBYILIAX
TO/IBKO WA UaCTHiBI MHHEDAJOB, 00JafalomKX COOTBETCTEYOLIUMH
JCKTPOMATHHTHRIMH cBOHCTRaMH. bBaaropaps 2THM  cpoficTBaw,
YaCTUIL Jy4lIe MPONYyCKalT ([IpOBOAAT) 3NEeXTPOMAarHaTioe NoJe,
HeM OKPYMKAIasg cpela, H TOrla OHH B Hero BTACMBAKTCH, IIPH-
TACHBAACH K MOJIOCEM WA K pabounm sazopam. CoafomarHuTHHE,
MaTHATHBIE HJAH IH2JIEKTPHYECKHe YacTULB, [DOBOAAILUE NONEe Xy-
e OKpykKamollell ¢peAbl, W3 Hero BHTAaJKHUBAIOTCH. [I3BreueHue
IIEKTPOMATHUTHEIX! YACTHI DYTEM TNPHTSAXKEHHA K DOJCaM HAshl-
BAIOT RPAMOL, 2 myTeM OTTAJKUBAHHA OT HHUX — obparHoi cenapa-
fued.

IMpsaMywo cenapauuio neaecoofpasHo NPAMEHATh B TEX caydasx,
Korja oforallieHHI0 NoABepraior Oe/lHble N0 COAEPKAHUI 3IJAEKTPO- .
MaTUHTHBIX YacTHL TPOAYKTH, 4 06paTHYX — NPH NepevyHcTKe npo-
AYKTOB, B0raTelx 34eKTPOMarHATHHIM MaTtepuaaoM. [loctynamooT Tak
nOTOMY, UTO He(onpIYI0 [J0J10 He3JeKTPOMArHHTHHRX 3epeH Jerue
BLITOJIKHYTh H3 MaCCHl 2J€KTPOMarHMTHHIX, 4eM NBITaTbcH H3ba-
BHTbCA OT HAX TyTeM NEPeyHCTOK MOBTOPHBIM MHOFOKPATHHM INpH-
TAKEHHEM 3JeKTPOMArHUTHBIX 3epeH, HeusfexKHO yBJCKAIOIIHX 3a
cof0H 1 He3MEKTPOMAarHHTHHE.

IMpamas MarHutHas celapallis OOBUHEO OCYIILECTBIAETCS B BO3-
AYUWIHOH HJIH B BOAHOH cpefie H HasmBaercH cyxofi uau MOkpoH, 0b-
paTHasd — B (GePPOMATHHTHHX CYCHeH3HAX HJH KHAKOCTAX H IO3TO-
My BCerna SBJAETCS MOKPHM npotleccoM. (JfpaTHas 3JEKTpH4E-

! ZIeRTPOMATHHTHBIE YACTHNH ~— HACTHUL ¢ TOIOMMUTENLHON YAenwluo# mMar-
HHTHOl BOCTDHHMUNBOCTBIO B (MAH) NHIJAERTPHUECKOR NPOHALAEMOCTLIO; HESJICK-
TPOMATHUTHEE — Y3CTHON C OTPHUOATENBLHWIMH B3HAYEHHAMH STHX BeJHYHH,
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CKas CcenapalHsA TakiKe MPOBOAHTCA B HIKHX JAHIJTEKTPHKAaX, HO
NpAMAas CyXasd — B ra3oBoH HJAH BO3JYIUHOH cpesne IIpH BHCYILEH-
HOM MaTtepHuane,

B pafGouem mpocTpaHeTBe cemapaTOPOB HHOFIA COBMELIAIOT W
MATHHTHBHIE H 2JIEKTPHUECKHe NoJfA. Taxkce HajoXKeHHe [OoJAeH npH-
MEHIOT TIPH CYXOH 3JEeKTPOJMHAMHYECKOHA H MOKDPOH MATHHTOHI-
poaHHAMHYECKON cenapaluH.

[lo yenoBHAM PacKPEITHS MUHEPAJOB Iepel 00OraileHHeM pyAy
4acTO HIMeJabHawT A0 —50 MKM H HH3Ke, YTO BHS3BIBAET 2ATE3HIO
YACTHIL M OU€Hb OCHOXKHAET YCJIOBHA HX PA3fenclusa B MacCOlOTO-
Kdax.

Kpome paccMoTpenHHX OCHOBHEIX mnpoleccos K M3MO orthocsat
NOATOTOBHTEIBHEI® H BCIIOMOIraTe bHEE [NPOLECCH.

[loarotoBka MaTepuasia pepeld cenapaliHeii NpeaycMaTpUBaeT
HAMardHYHBaHHE, CEJEKTHBHYK QUIOKYJALHIO, pasMarlHYnBaHHe,
3apANKY MHUHepaJbHBIX 3¢peH, o6paboTKY MX TOBEPXHOCTH DEAareH-
TAMH ¥ ADPYTHe cNocolH VIPaBACHWA WX MardHWTHBIMH H 2IeKTpo-
DH3UYECKHUMH CBOHCTBAMY H arpEraTHHIM COCTOSHHEM,

K penoMoraTtelbHHM TpoNeccaM OTIIOCAT MarHHTHoe ofecuriaM-
JAHBaHKe M ofecHEliHBANMe, MATEHTIOE H JEKTPHUECKOE [BLIEYAaB-
JHBAHKE, 3JIEKTPHYECKYW Kraaccrpuxranuw 1o Kpyneoctu. HMEorpa K
HHM OTHOCAT W MATHHTHO@ yiaBAHBaHHe METaNIQJA0Ma, XOoTH, 1o
CYLIECTBY, 3TO MarHHTHasa cenapaums. Ha puc. 1.2 npurenena knac-
cutrrauus M3IMO.

§ 1.2. DEACTBHE CHJIL, PASAEAAIQOIIHX YACTHIIBI NPH MAMO

Puaaneseliie HCXoAHOH cMecH B paGoyeM NpocTpalCcTBe CenapaTo-
poB Ha (pakluyd, pasuyalmuiuecs 110 MalHHTHEM M 3JeKTpHYe-
CKHM CBOHCTBaM, NPCHCXOJHT NPH YCJAOBHH, 4YTQ C4Ja NPHTHENKEHHA
HJH OTTAJKUBAHUA 3epeH MPEeBHIUdeT CyMMY ADYTHX AeHCTEYIOMMX
114 HHX KOHKYPHPYICLIHX CHJL.

Ha puc. 1.1, ¢, & 3To yenoBue Buipaxeno BeIHYHHON H Ranpas-
nedqueM cun 'y, F7ay, COOTBETCTBYIONIHX 3JEKTPOMAarHHTHBIM CH-
JaaM, JefiCTBYIOILHM Ha pasjefseMble YacTHOB B LAHHOM TOJe,
w cun F'x u F”y, BHIDAXaIOIIHX BEeNHUHHY M HaupaBJeHHe pPaBHO-
AeficTBYIONINX CcuJ, He CBA3AaHHHIX ¢ BO3fefcTBHEM 3/1eKTpoMar-
HHTHBIX TOJeHl # KOHKYDHPYIOUIHX C 3JeKTPDOMArHUTHHIMHE CHJA&MH.
Ha pue. 1.1, # noKa3aHo u3BJeUeHHE SJIEKTPOMATHATHHX 49acTUL, CH-
AaMu 75w, BeJHUHHA KOTOPHIX GOJbIIE KOHKYPHPYIOIIHX CHA Fy
(cBerabie wacTHUBl). BuaHo, uto F”y 3HaukTesnHO GoJblie F/s,
A8 TEMHBIX JACTHI M HOITOMY NOcaeinHe He OyAyT H3BJeyeHH
3JeKTPOMATrHATHHM POTODOM.

Ha puc. 1.1, ¥ nokasaHo pasiejleHHe STHX YacTHH B PeXHME
viepxusauua. BuAHO, 4TO TeMHBIE WaCTHUN He YAEPKHBAKTCE PO-
TODOM W CPa3y K€ OTJETAT OT Hero, notoMy uto F”,, Meusie
F. CeerJble yacTHUH, H2000POT, ABHKYTCHS BMECTE C DOTODOM,
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Puc. 1.2, Knacchpuranug MAr#HHTHEX H 3JeKTPHYECKHEX METQIOBR 0GOTaINEHHA

MOTOMY YTO MX 3JIeKTPOMarHHTHbIE CBOHCTBA GoJsblle, YeM y TeM-
HHX, T. €. f'3y Goablle F”.y A PAaBHOAEHACTBYIOLIEH KOHKYPHPYIOIIHX
¢4, AEACTBYIOLUIHX Ha CBeT/yl0 gactuny F'x. B sToM caydae Tpaex-
TOPHH YacTHll 06pa3ylOT BeeD WX pasfefieHHda, NO BEPXHed TpaHH-
e KOTOPOro NOMAYT MeHee 3JeKTPOMATHUTHHE TeMHHE YacTHIH,
a Mo HIXKHEH I'paHd — cBeTane, GoJee JeKTPOMAarHHTHHE,

[ToraTHO, YTO B 3TOM peXHMe YAEDKHBAHHA KOHIEeHTPaTH Oyr
IyT CHJIbHEE 3arPA3HEHbE TEMHBIMH YAacTHUAMH, IOCKOJBKY BEpoAT-
HOCTh HX 3aUIEMJIEHHS MeXAy CBeTIHMHA Gogplie. OXHAKO cTelleHb
H3BJIEUEHHS CBETJRIX YACTHL, B 3JEKTPOMAarHHTHyO bhpakunio fyner
6oJplied, UeM AJa caydasi, H3obpakenHoro Ha puc. 1.1, i, noromy
YTO CHJIZ TAXECTH B NEPBOM CJy4Yae COBMNAfaeT ¢ HanpaBieHHeM
37IeKTPOMArHHTHOH CHJIH, 8 BO BTGPOM He cOBIajaer, & HaoBOpoT,
NpOTHBOEHCTBYET 51€KTPOMATHUTHOR cHte F/oy.

Ycaosue pasgenenus mupaxero B. M. KapMasanHuM B BHOe He-
paBeHCTBa

F!x < F’am = F”SM<<F”K, (I-l)

4 BJAWAHHE 3THX CHJ Ha 3)(eKTHBHOCTL 7 PasjeNGHHA 3epeH —
B BHAZ QOPMYJIE
n={(e —y}/(100 —a,)=1—exp X
X L= (F s/ F ) (F" s/ F'¢) 1, (1.2

rie g, Y — COOTBETCTBEHHO H3BJeYeHHEe W BHIXOJ MATHATHOTO MHHe-
pana; oy — COAepPXMaHHe 3/JeKTPOMAarHHTHOTO MHHEPAaJaa B HCXOAHOM
Mmatepuane; F’,,— paBHONEHCTBYIOIaA 3JIEKTPOMATHUTHEIX CHJ,
BO3HHKAIOMHNX B 9acTHUAaX, TPHTAIHBAEMHX K MAaTHMTHHM HJH
3JEKTPHUECKHM TOJIOCAM Cenapatopa; £ aw — TO Me AJA YACTHIL,
HeNpHETATHBAEMHEIX K IIOJIOCAM, T. €. NepexQAflIHX B HeMarHUTHYIO
HJAH OTTaJKHBaeMyl dpakuuio; F’'x 0 F”yx— paBHOgeficTBYIOIIHE
CHJI, KOHKYDHPYIOLIHX € 3JIeKTPOMATHHTHRMH CHJIaMH, KOTOpHe Aeft-
CTBYIOT Ha YacTHLLl NPHTRTHBAEMOH H HENpHUTAruBaeMof bpaxmui.

JleBaa mosopHHa HepageHerea (l.1) omuchBaer ycaoBHA, HeoH-
XOAHMHE AJA MOJHOro H3BJIEYEHHA, NpaBas — CHAH, HeoGXOAHMEe
QN OUHCTKHM H3BJAeKaeMOd ¢pakluw o©T 3acopAumux ee caabo-
5JIEKTPOMACHHTHHX HAH He3apSIKEHHHX JACTHL,.

Tlepsmii COMHOXKHTENL CTEHEeHH 3KcHoOHeHTH B dopmyae (1.2)
XapakTepusyeT KOHTPacTHOCTH cBoieTB (K}, T. €. 3aBHCHT OT xaue-
CTBa CHLIPbA H €ro NOATOTOBKH (PACKPBITHA CPOCTKOB); BTOpPOH —
nsGupatenpEocts (M), T. e. KauecTBo paBoTH CAMUX CE€NapaToOpoB

n=1-—exp{— KH).

[ToraTHo, uTo npu ofparkoii cenapaunuw (B ¢eppoOMATHHTHHIX
CYCTeR3HsAX) HaGupaTenbhocTh Gosblie, U€M NpPH NpsaMO#i, TaK Kak
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cHaH F7y yBeauuHBaKTCA GJArolapA BHTAJNKHBAHHIO HEIJIEKTDPO-
MATHHTHBIX YACTHIL He TOJBKO CHIOH ApxXumena, HO H MOJem.

PaccMorpuM noApofHee OCHOBHLIE BEJIHYHHBI, OT KOTOPHIX 33BH-
CAT MOKA3aTeJH MarH{THOTO H 3JeKTPHYeckoro oforaueHus.

§ 1.3, 3IEKTPOMATHHTHOE NOJIE H El'O CTATHYECKHE
COCTABJIAKUIHE, HCMOJb3YEMbBIE IPH MATHUTHOM
‘H MIEKTPHYECKOM OBOT'AHIEHHH

SaexrTpomaznuTroe noae — ocofas popma marepud. ITocpescrtsoM
3MEKTPOMArEHTHOIO NOJS OCYIIecTBASETCA B3AHMOACHCTBHE MEeXAY
3apsAKeHHBIME YAcTHLIAMH., XapaKTepusyetcd HANPAKeHOCTAMI
{RJM HHAYKUHAMH) 2J€KTPDHUCCKHX H MATHHTHHX TNoJael. DieKTpo-
MargMTHOE [I0Je CTMOCOBHO HEeNPEPHBHO pPACIpPOCTPAHATHCA B MPO-
CTpaHCTBe (BOJIHEI), XOTHA O6HADPYKHBAET H AUCKDPETHOCTb CTPYKTY-
pu (doToHu). BHe CHNBHREIX FpAaBHTAUHOHHBEIX MOJNEH CKOPOCTL pac-
TPOCTPAHEHHS] 3MEKTPOMATHUTHOrO Mojsi GJH3Ka K CKOPOCTH CBera
{c=3-10% m/c). Ono cKkasmnBaer cBJOBCe Bo3feficTRHe Ha 3aps-
JKeHHEE YacTHIM, 3aBHCALINE OT HX CKOPOCTH.

JaexTpuseckoe nose —qacrtiiag GopMa OpOABJIEHHS 3JEKTPO-
MAarHUTHOTO II0JS; CO3AA€TCH JNEKTPUYECKHMH 3apsAfaMH HJH Iepe-
MEHHHIM MArHHETHHM IOJIeM H XapakTepHU3yercsl HaNpAXKeHHo-
CTbIO 3JEKTPHYSCKOTO 105, BHABAAETCs OHO IO CHJIOBOMY BO3-
JelCTBHIO HA HENOJBHKHHIE OTHOCHTEJBHO HEro 3apsiKeHHBEe Teaa
M YaCTHILH.

Saexrpudeckud 3apad — BeNHYKHA, ONDEAENAIONIa HHTEHCHB-
HOCTL 3JIEKTPOMATHHTHOIC B3aUMOACHCTBUS 3apsIKEHHBIX YacTHlIL.
HocrTtensiMu HauMEHBIINX 3apsO0B ABJAKIOTCA 3IJICMEHTAPHEIE yac-
THIE (3JIeKTPOE — OTPHIATEILHOrO, MNPATOH, NOIHTPOH — NOJI0KH-
renapHore). KosmuecTBeHHO 3apsij ONpenensioT IO CHJIOBOMY B3aH-
MOJAeHCTBHIO Test, 06JafaloMHX 3apaiaMH, T. e. o 3akoHy KyJaona,

Mazrurroe nose —opHa H3 GOpM  INEKTPOMaCHHTHOTQ  TOJA.
Coanaercs ABHKYIIHMHCH 3JIEKTPHUECKHMH 3apAiaMH H COHHOBH-
MM MarHATHHIMH MOMEHTaMH ATOMHBIX HOCHTEJel MarHeTusMa
{371eKTpoHOB, NPOTOHOB M Ap.). MarnurhHoe mone BHIABJAAETCA MO
CHJIOBOMY BO30eHCTBHIO HA JBHXKYIIHeCS OTHOCHTENBHO HEro saps-
XKepHue yacThue (TokH). [Tocneanee wanpapieHO HOPMaJbHO K
TPACKTOPHH UYACTHI U IPONOPIHOHANBHO HX cKopocTH (cuna Jlo-
pexua).

TeopeTnueckas OCHOBa MR aHAJAH3a H PacyeéTa MArHHTHHX MO-
Jell — TeOpHM moas ¥ NoTenuuanos. B taba. 1.1 npuBenenw ¢op-
MYABI, BEpaXKAWIIUe BajKHEHIIHe 3aKOHH MArHeTHsMa H CBS3HIBA-
IO HE OCHOBHHIE NMAapaMerpH MarHWTHOro mnoas B cucteMax CH u
CI'CM, a raxxke 0f03HaUeHHA OCHOBHBIX BeJHYMH H HX pasmep-
HOCTH.

Bee 3neKTpoOMAarHATHEE IPONEcCH B MAUIHHAX H annaparax s
MarugTHOro ofioraileHdsi Moryt OHITh ONHCAUL CHCTEMOR ypaBsle-
Huft Makcaenaa.
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YpapHeHus 3JEKTPOMaCHUTHOTO NOJA npeicTasaens B Tabu. 1.2.

Taxim oOpasoM, IJeKTPOMATHATHOE N0J€ KaK O0BCKTHBHO Cy-
IIECTBYICLIAS BO BPEMEHH H NPOCTPAHCTEE (topMAa MAaTepHH SBIALT-
ef eIHHO COBOKYNHOCTBI) B3aHMOCBSA3AHHHX 3JIEKTPHUECKOrO H
MaTHHTHOTO nosqed. JlioGoe H3MeHeHue ONHOrC H3 3TUX ToJell BO
BpeMEHH H NPOCTPAHCTBE BHIZHIBAET COOTBETCTBYIOILSE H3IMEHCHHE
BTOporo. CraThueckude 3JeKTPHUECKHE H MACHUTHEE MOJS MQXKHO
paccMaTpHBATh KAK YacTHHA (mpeneipWblil) cayyal 3J€KTpoMar:
HETHOTO AOJH, KOTCDOE U3MEeHSeTCHA BC BPEMEHH HacTONbKO Mel-
JEHHO, YTO € QAICH H3 XApAKTEPHCTHK €ro MOMKHO He CYHTATBCH.
B sroMm ciayuae MOXHO NPHHATh, YTO ejAHHad CHCTeMa yPABHEHHH
31eKTPOMArHUTHOTO NIOAR Pacla/aeTcsa Ha JBE HE3aBHCHMHE CH-
CTeMbl YpaBHeHHH:

afekTpHuecKoro noias npu dH/di=0

ot E=0; divD=diveE=p;
MarHuTHoro noas npy dE/dt=0
rot H=j; divB=divpH=0.

Kosddnunentel &, p H ¢ B pacCMOTPEHHBIX YDaBHEHHHAX Y4YH-
THIRAKOT YCJIOBHA PaclpOCTpaHeHds 3JTeKTPOMArHATHOTO MOJAA B Cpe-
Je B CPABHEHHH ¢ YCJOBHAMHU B BaKyyMe:

D=¢eoE; B=up; j=oE,

rie € H jL— COOTBETCTBEHHO OTHOCHTEJbHEIE AHIIEKTPHYECKAS W
MarHUTHAS NPOHHNAEMOCTH MAaTePUANbHBIX CPEA; Eg U Mo — COOT-
BETCTBEHHO AMIJIEKTPHUECKA® W MATHHTHAA - NDOHHUAEMOCTH BaKy-
yMa; 0 — yAeabHas 3JeKTPONPOBOLHOCTE. '

B pakyyMe g=0. ¢ H | NOKA3HBAKT, HACKOALKO INOJE YCHJIH-
Baercd HJM ocJabisercs NpH Nepexoje W3 BakyyMa B MaTepHaJb-
Hylo cpeny (ras, )KPIllKOCTh 'TBEPJOE TEJIO WJH NIa3Ma).

B cucreme CH 30—4—— .9.10° ©fm, a po=4n-10-7 T'e/m. B cu-

creme [aycca (CI‘CM i CI'CE) 80—u0=1 MO3TOMY HX HaCTO OMy-
cKaloT. DespasMepHOCTs 4 B 3TOR CHCTEME FOBOPHT 00 OAMHAKOBOHK
pasMepHoctd H W B, pasnudynbie HX Ha3Bauug (3PCTER W rayce)
BBEJEHBI AJsl TOrO, YTO6H PasTpaHMYMTbL TOJIE B BAKYYyMe M Belle-
CTBE.

Camo najuune B $opMyJaax KOMIEHCHDYIOIEX pasauuua H u B
koapdrunentos tiuna 4nfc; 1/ 1 4n roBOPHT O TOM, UTO GHH 3ATH-
canel B cHcTeMe Iaycca. Cucrema CI'CE elle YacTo NPUMeHSeTCs &
HCeaeA0BaTeNbCHUX padoTax.

FlpH nepexone CHJOBHX JHHHH 3JEKTPOMATHATHOTO NOJNA H3 OG-
HOA cpejbl B APYTyK TAHTEHCH YIN0B NajaeHHA Ha IOBEPXHOCTH
‘paziena 3ITHX ¢as OTHOCATCHA KaK NPOHHIAEMOCTH 3THX CDEfl, Ha-
npuMep:

tg o /tg ae=pi/ 2.



Tatauua 1.1, OcroBHME SACKTPOMATHHTHBE BEAWYHHB, YPABHEHHA MATHETAIMR

OCHOBHEI® YDA3EHEHHA B CHCTEMax

12

Bemmunna Obostia-
Heme cu crem
Daexrpuueckul sapax q g=it —
HanpamessocTs smekrpuyec-| £ E=F/q —
Eoro MOAS
neKTpUTecKan MNOCTOAHKAA ey gy I
Tlotox snexTpuueckoro cme-| N — —
HEEHHSA
S/ieKTPATECEOE CMEUleHHe D D=g,E4-P D=E+44nP
Pasuocts noteanuanos, Ham-| U U=Alq —
paxense, sac
Emkocts c C=g8/d C=eSf4nd
CHaa TORa £ i=UR —_
DnaexTputeckoe compormBiae-| R R=Uji —
HAe
HanpameHHocTs THoro| H 1 H=B—4nl
ng;lg MATrHH He -—B8_J
Ha

MargaTHas HEAYKDEHES B B=upu,H B=pH
Cpaab Mexkay B 1 H B Ba-| — B=pH B=H
KyyMe
MargaTRaf 00TOK 1] o= f BAS 0= g sBdS
Marrrroasrkymas (mamar-| UUm Un=in Un=4nin
HETABAIONIAA) CRJAA
MaruutHuft MoMenT M M=iS Me=is
HaumaraHuennocTs J J=MJV I=Mfv
Cansn mexay / 8 H — J=xH J=xH
OfbeNnas MAarEHTHAR BOC-| X% nw=J/H ww JIH
[OpAAMYABOCTD BETIECTBA
AfcomorHag MarHHTHAA KPO~| Iasc MRase=B{H Rasc=B/H
HHL AEMOCTL

- MargaTRea  NPOHHIEEMOCTH| [ — p=144ny
{oTHOCHTRABHAR)
MaruaTnas mocTogHEad | 1y Po=[hasc/jt Ho=ase/ b
{cBA3b Kasc B W)

" MarautHas npoBOARMOCTE G G=0/U G= QiU




H EAHHHUB HIMCDEHHA

EnuBHna dastepedss

COQTHUMIGHHA MeXIYy elAHAnAME
pazIHNENK CHCTEM

CH CIrcM
Kynou, Kn CIca, 1 Ka=3-10° CT'C3,
BoaeT Ha Metp, CICog 1 B/mM=1/3-10* CTC2¢
B/
CD?pana na merp, | CIC3,, 1 &/u=1/8,85-10—12 CI‘CSao
Dim
Kynon, Ku CIrCoy 1 Kn=4n.3.10° CI'Ca«
Kynou Ha ksaapar-jCIC3»p 1 Kajm?=4x-3-10° CT'C3»
BHi merp, Ka/m?
Boaer, B CrC3v 1 B=1/300 CI'C3¢

I

dapana, B CanThMerp, cM 1 ©=9.10" cm
Aumep, A Crcay 1 A=3-10° CTCH
Om, Ou CIC2x 1 Ou=1/9-10" CI'C34
Ammep ra merp, |[3pcren, 3 1 Afm=4n-10-2 3
Alu
Tecaz, Ta TCayee, Te I Tn=1 B6/m2, 1 TI'e=1-10-¢ Ta
Befep, B6 Maxceena, Mxe [ Mge=10-% B6
BeGep, B6 Maxkcpenn, Mke —r—
Amnep, A Cuantepr, T'o 1 A=04 n T6=120T6; 1 T6=08A

Aunep-ksaapaTHHl
meTp, A-M?

AMIep Ha MeTp,
Aln

—_—

BespaawepHas

Tenpn Ha MeTp,
CHiM

| Bespa3smepran

Befiep Ha aMmep,
B6/A Hnn reups,
Tn

3.cm?
Speren, 3

—

Bespasmepras

Beapasmepnas

Beapaamepuas
1

MaxkeBenna naragb-
Gepr, MiefT'6

1 Am2=10% 2.cu?
1 AfM=4gn-10-? 3

®op = crom

Batc oy =481- 10-7 T'fm

Mase crom =M

Hocy=4m-10-7 Tu/M; porpey =13

I Mge/T6=1 cm=4n-10-* B6/A
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Tlpononxenre Tabm [.1

OcHOBHRIE YpaBHeHud 8 cCHCTEMaX

Benuuana Om.
cH iCTCM
OfbeMuad DAOTHOCTL 3Hep-| w=BH[2 w=BH{(8r)
THH MArHHTHOTO NOJA
Omepretaueckoe mnpouasede-| BH — —
HHe
3axon Bro-Casapa — I !
H= ds H=
AnR® [RdS] R [RdS]
3akon Aumnepa — F=I[Bd35} 1
F= — I{BdS)
C J — F=¢[vH
maa Jlopemua [vH] e e (0H]
¢
Teopema Taycca Rna B — 353,.d8=0 @ B.dS=0
KT H —_ 4m
Llppxynsnus BeKTOpa SEHst-—-D (g)Hst=—c ol
Oueprus MarauTHOrO nmowIs| W W=Li2 W=1L1%}{2c2)
TOK2
CKOpocTh 3MCKTPOMArHATHHX| © v 1 v=c/ Vep
BoH V eqbitpt
CooTHOWERHE MEXAY ZMOAR- | — E 8, — E e —H u
TyZaMA BerTopoE E H H B mV/e5 - YV mV
3NEKTPOMArHUTHOR BOMHE = Hp Vg

B cayuae nepexofa cuaoBofi AMHHHM (JTUHHH TOKa) H3 MeTaJna
{(pez oc) B Bo3ayx (i~ l) ay—0, 7. €. cuI0Baf JHHAS MepneH-
AHMXYJADPHA X NOBEDPXHOCTH NOJIOCA.

§ 14. ONPEAEJNEHHE CWJ, BOZHUKAKOW KX NTPH PAITENEHHH
YACTHL B NOJAX ANOAPATOB

CHaBl, u3Bnexawllide YacTHUL H3 IPOCTPAHCTBA BOKDYT NOJIIOCOB,
MOryT OHITh onpeneaeHsl no GopMyaam

Fu=polya— g )cH?; (1.3)

Furn=8Bjg; (1.4)

| Sa& op dE (1.5)
£q 4 28, dx

Fo=¢

&3



EIMHEUA HIMEPEHHS
CoOTHOWEHAR MEMAY eAHNBIEMA
cR Crem PA3HGHBX CHCTEM
Jdxoyne ua KyGHE-|Ipr Ha kySrueckmi| 1 Mwfu?=10 sprien;
qecKHt MeTp, cantaMmeTp, sprfem®| 1 aprfemd=0,1 dx/m®
Jx/u?
Tecna-aungp Ha Tayco-aperet, 1 Ta-A/M=40x Tc-3=125 Tc-3
merp, Ta-Afm [e.D 1
P / ! Te-®=——Ta A/u=8-10-3 Tn-Aln
405
{ Amxoyan, Jdx Spr 1 Ox=107 spr
N}e'rp B CEKYHIY, |cmfc 1 Mfc=100 cMfe
Mic

rae Fy-— MarduTHAA CHNA; Fipp — MATHHTOTHAPOAMHAMHYECKAS CH-
na; F,—3aeKTpUYecKass cHaa; po=4s- 1077 — MarHuTHa#A NpOHH-
naeMocTh BakyyMa, I'H/M; yu, 3{c — YA€JNbHhIe MAarHHTHHE BOCIpPH-
MMYHBOCTH COOTBETCTBEHHO YaCTHIH M Cpeibl, M?/Kr; c=d—b;’;£ —
‘OTHOCHTEAbHBIH TpalHeHT MarHHTHOTO NOJA, 34BHCHLIMA OT GOpME
H TOJ0XKEHHA MOJI0COB, MY, H — HanpamKeHHOCTb MArHETHOrO mo-
ad, Afm; B-—wusnykuua, Ta; j—mjotHocTs TOKa, Afcm?; g—
yckopeHnHe cBOGOAHOTO NANEHHS; &c, &«— AHIIEKTPHUECKHE INPOHH-
1aeMOCTH COOTBETCTBEHHO CPEAM H YACTHHH; F— PAJHYC HACTHIK
MuHEpana, M; E-- HanpameHHOCTb JJEKTpHUecKoro mwoas, B/M;
dE/dx —rpajueHT HaNpAXKEHHOCTH 3JEKTPHYECKOro noas, B/m2.
Oopmyan (1.3) B (1.4) onmucrBaloT yIenbHHE MOHAEPOMOTOp-
HMble MATHHTHYI) H MarHETOCMAPONHHAMHUTECKYIO CHJB, NpPHXOOA-
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Ta6auna 1.2, ¥pasueHHd 3ACKTPOMATHHTHOTO

nond

B aaddepeuransroft
dopue

B nuterpainHol Qopue

@u3RTECKHN ¢MBICA ypapHeRHH

rot Hesj-LedE/dt,

rae j=gE, ¢ — ydens-
Rasd  SVeRTpONpOBOA-
HOCTh

56Hd:=1+dwdr.
rie N — noTox anexrT-

3akon nordore Toka. llepemeH-
HO¢ 3JeKTpHUecHoe Ione, T. €.
TOKH CMEeWENHA SNeKTPHIeCKITO
/4, HapAAy ¢ TOKAMB I[pOBO-

%—Iqecxoi RHOYKIHH,
= [ DdS ZuMoctd, ofpa3ylorT BHXPEROE
MATHHTHOE TOME U  ABANIOTCR
eI BHXPAMH. 33KDH HIMEHEHH A
SJEKTPHYECKOTD NOAA BO BpeMe'
HH OnpefeideT 3axK0OH pacnpo-
CTpadHeHNA MATHITHOTO ToNA P
npocTpaHCTBe

O6o0meHnt  3aKOH  3IeKTpo-
maranTiof  mHAyEmuH.  [lepe-
MEHHOE MarHHTHoe Rone obpa-
3yeT BUXpEBOS  3JIEKTPHUECKOE,
BEXPSAMH KOTOPOTO  ABJSETCH
CKOPOCTH  H3MEHEHHMS  TOTOKS
MAaTHHTHOR MHIOYKHMH, B39TaAC
ofpaTiEM SHAKOM. 3aKOH H3Me-
HeHuA MardATHOrO T0oOAs  BO
BpeMeHH  onpellenseT  34KOH
pacnpelie/leEHsT  37eKTpUYecKOTo-
nofd B NpOCTpaHCTBE

Saxkou Taycea. DaekTpuuecKoe
NOJIE MOXKET HMETh RCTOKH, KO-
TOPHIMH ABASIOTCH  3MEKTPHYEC-
KHe 3apain

MarHuTHoR NONEe HE HMeeT MC-
Tokoe. B npupoie noka we o6-
Hapy#eHn cBOGOAHEE MATHHT-
Hele 3apAis {Maccew)

rot E=pdH/dt=

rot Eend ¢ Bdt=—doyar,
rae O — moTok
HHTHOfl HHIYKLHH,

0= [ BdS
§

Mar-

div D=diveE=p ,{ Dds= ésEdSqu

div B=div pF=0 [ BiS= [ pHdS=0

IDHecA HA eIHHHIY MAcCH H BHpPAaXKaiol[Hecs B HBIOTOHAX HA Rr
(H/kr, 1. e. B M/c?}. PopMyna (1.5) onuceBaeT NOHAEPOMOTOPHYKY
3JIEKTPHUECKYIO CHJY, NPHXOASIIYIOCA Ha BCIO MAacCy 4YaCTHOH H
BHpaxXaiomywea B Hplotorax (H).

B cayuae, ecqn 4acTHIH J€XAT HENOCPEACTBEHHO HA TMOBEpXHO-
CTH noJiocos (cM. pHC. 1.1, K), SJIEKTPOMATEHTHHE CH/BL, VIepMH-
Bawltye HX TaM, Goabine, 4eM B OKpYXKAaloUleM NpOCTpaHCTBe, §aa-
Tolaps CUSMNCHHIO CHJOBHIX JIHHHH IONIOCA M HAacTHHH., B sTom
cayuae BO3HHKAIOT TAK HA3EIBAEMHE CHJR «0JHKEEro HefiCTBHA®

Fu=B2S/p; Fs=QE,

rne S——HﬂOmaﬂb NMOBEPXHOCTH CONMPHKOCHOBEHHA YacTHIEK C Mar-
HATOM, M?; Q — sneRrTpHueckuii sapan, Ki.
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ITo mepe ypaneHHs OT MOJNIOCOR CHJAM, € KOTOPHMH TOJIOCH
JeHCTBYIOT Ha 9YacTHIH, Pe3K0 YMEHBIIAIOTCH BCNEACTBHE Hapylle-
HMS CUENJeHHSA MOTOKOB, CHHIKCHHA HATNPSMEHHOCTEH U TPajHeHTOR
noAeH A YMeHLIUSHHS 3NEKTPHICCKUX 3apALOE.

MarnuTtHaa cHaa B 3TOM chydae Moxer GHTb ONpeneseHa, ecan
TPHEATL, YTO OTHOCHTEJBHBIA FPAfHEHT MAarTHHTHOTO MOJH INOCTOA-
Hed B qi000H TouKe pafouero npocTpaHcTBa. PaszfenuM IepeMeH-
HEIe B BHPAXKEHHH OTHOCHTeJBLHOrO IPAZUEHTA MATHUTHOTO NOJAA B
NPOHHTEIPHPYEM 3TO BHIDAKEHHE:

dH/H=—cdx; InH=—cxta,

ITocne NOTEHUHPOBAHHA TMOAYIUM
«=0ap exp (-— ¢x),

rie @p— NOCTOSIHHAS HHTCIPHPOBAHHA; X — PACCTOSIHHE OT MOBEPX-
HOCTH MarCHHTAa, M,

HanpsxeHEocTs NOJA Ha TOBEPXHOCTH MACHHTHOTO I0JI0CA,
npu x=0, H,=H,, toraa

ay=H./e-¢*=H,/e® unu H.=Hyexp{—cx).

pouspognas 3Tof GVHKUMH A4CT rpajHeHT IoJA IO HAmpaB-
JeHHio x, T. €, dH/dx=—cHyexp (—cx).

Orclona ylensHasa MarHHTHAaa cHia, JeHCTByIOWlas B 3TOM Ha-
IpaBaeHuH,

fu=H d H/d x=cH?% exp {— 2¢cx). (1.6

Maruurnas cuana HdH/dx na nosepxrocTH noasoca npH x=0
pasHa cHy?, uto cornacyercs ¢ dopMyaon (1.3).

B cayuae pacnoaoxenuss TOJIOCCB NMOA UHJIHHADAYECKOft mo-
BEPXHOCTBI0 ¢ paiuycoM R KoshdHuHEeHT HEOAHOPOAHOCTH NOJSH
c=a/{S-+1/R.

MarsnTHas ¢usa Ha PACCTOSHHR X OT NMOJIOCOB ONpelenseTcs o
dopmyae

HdH/dx={(n/S)H? exp (— 2rK),

rae K — paccrosiuHe OT IHOBEPXHOCTH TOJIOCOB, BHIpaXeHHOE Yepes
ux war {K=x/S).

Pacuer no atoff ¢opMyne nmokaseiraer, 4to npy K=1, T. e, .npu
VIaJeHHH YAaCTHUB HAa paccTofHHe, paBHOe IIary S TMOJIOCOE, Be-
auurEa HdH/dx ymenbmaerca Gonee uem B 500 pas, notomy urto.
e—27- 1==0,0019 unu 1/0,0019=526.

Ecau npuraxeHHe Y2CTHIL OCYIIECTBAATE CONEHOHAOM, HO KOTO-
pOMY NPOTEKAET TOK, @ HE NMOCTOSTHHHM MATHHTOM, TO YMEHbIIEeHHe
CHABI TOJIA NPH yAAJeHHH OT HEro 4acTHll mposfeutces pesue. Ha-
NpsiKEHHOCTE NMOJsSl B LEeHTpe OOMOTKH NPSIMO NPONOPIHOHANLHE:
MAarHUTOABUKYIIEH cHie (MPOM3BEIEHHK CHJR TOKA HA UHCAO BHT-
KOB ¥ 00pAaTHO HPOHNCPUHOHANBHA PARRYCY G:
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Ho=in/(2a).

Has paxeHepHEIX PacueTOB HeOGXOAMMO YUHTHBATh NapaMeTpHl
OOMOTKH:

H=KY Wi/ (pay),

Tae K — kospduument (K=0,1—0,17); W — momuocts, noTpet-
JseMasi COJNCHOHAOM; A -— KO3(hGHINeHT, YUATHBAKIUKA CTENeHs
‘3aN0JIHeHHS KATYLUKH MAarTepHa/j0M NPOBOIOB; p— YASJBHOE HX CO-
[IPOTHBJEHHE; &, — BHYTPEHHUR pajuyC COJNEHORNA.

HanpsixennocTe mosis B TOUKe YA2JEHHS OT TOPUEBON ILJIOCKO-
~CTH KATYIIKH BAOJML €€ OCH Ha PACCTOSHMH X

H=ina?/[2(a?+4 x2)%/2], (1.7

B cooTeercteuu ¢ dopmysioft (1.6), Bass mpouseoxuyo or H u
YMHOXKHB Ha BhIpaxende (1.7), mosyuyuM MAarEHTHYIO CHaIYy, OPHTH-
THBaKWUyo obpasern;:

df 3 a3 xja
dx 4 & (14 x3/aP)s

YseiHyeHHe X HPHUBOAHT K yMEHBLICHHIO CHJ/IHl B CTENEHHOH 3a-
BHCUMOCTH. EcntM paccTofiHHEe BEIP23HTh B AGAAX pafuyca o6MOT-
KH, TO MOXKHO HAaHTH DaccTOSHHE, NPH KOTOPOM CcHJAa HauSosblras

HdH/dx=3H%A/a, (1.8)

rne
A—__ *a
(14 (x/a)?]t

ITpr ToM xe 3HAYEHHH MarHHTOABHXKYLIEH CHJH ¥ paiuyca Hau-
Oojiblliasi cuAa OyLeT AOCTHraTh NpH MakcHEMyMe A, BripazuM x/a
uepes § H HeeaelyeM ypasHedHe (1.8) ma MakcHMyM:

dA/d g=(1—78%) /(1 +£2)5=0;
Emax = 1/]/?_= 0,378

Taxum ofpascM, CHJIA MarEATHOIG MOJA COJNEHOHAA MaKCHMaJb-
#Ha npu x=0,378 a,.

Eute cuibHee yMeHbIIAETCS NPHTAXKEHHE IPH yXAJE€HHH 4YaCTHI
OT BEPIIHH 330CTPEHHBIX NMOJKCOB, NPEMEHSAEMBIX MPH cenapalHd
<nafoMarHATHHX MHHEPAJOB C L@NbH) YReJHUEHHS HeCAHOPOAHO-
cTH noqag B pabodeM npocTpaHcTee cenapatopa. B raba. 1.3 mpu-
Befeltl (OpMyAR AJA pacyera HanpAXeHHOCTH, CHABl MACHHTHOrO
704 B CBOBOAHOH MACEHTOEZBHKYUIEH CHJB OpH DA3NHYHEX {op-
MaxX [OJKCOB, NPHMEHsEeMBIX B MAarHHTHHX H BLCOKOTDaNHeHTHBIX
cenaparopax.

HearGonbumiy®w MarHHTHYK CHIy Ha ODOBEPXHOCTH MOJKOCDE TO-
JiyuaeM IIpH HX 320CTPEHUH H PACHOJIOKEHHH OCTPHUSAMH APYT IpO-
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Tat6awuwa 1.3 Hanpamenxocts (f1.), cuna marnutioro nona (H grad H), w ceoGognan MarHHTOABHKYIAN cHal (upc)
NPH PAINTHIHEX COMETAHUAX NOMOCOB

CoueTanne TONGCOS Hampsmennocrs H, Cuna MarHTaOro noxs (M grad H), | CBoGoaHaz “"E}""M“xma” cHaa
uae
CodorycHre noaoca 1ol sin as kHL2 sin ap(f cos ag — kx) Hyl (@, — @) sin a,
' [2— ({ cos az — kx)2]05 [#— (! cos gy — Ex)?]2 k

ric #=cos 8y — O3S a4

KaunooGpasuui 1 nao- 0,58 /,{1 — )05 0,258% H%c (0,58, — %) {1 —¢) (1 —e)S5H [I — 8 X
P [ in ¢
cKui nosoc* . [0,2552, — (0,55, — £)?]%5 [0,2652 — ¢ (0,55, — x)7]2 X {1—0,5¢)%% arcsin ¢*-5}
S¢ .

. an JaMEHe OIAOCKOID MQAKCA 3ePKafbibim oroﬁpa)xcnueu KﬂHRDOﬁpBaRDTCI £HAA MAFHHETHOrMO NOAA ONPEARJAHETCA IO BRIDAMEHHN

o (e B

2
Bresin —l—+l] 205 — .__] [4£2 —x2 ]

Hgrad H = fHpt =

L N
27




Luc. 1.3, MarautornapocraTaueckull cenapatop sapylexuofl KOHCTPYKUHE:
f — MarERTONPOEON; 2w KaTymxa; 3 — nomocEbe HAKOBSTHHRH

THB jpyra. B stoM cayuae xo3dgruHenT ¢ Bo3pacTaeT Ha HECKOJb-
®0 nopaxkos. TakHe moaca NMPHMEHSIOT B cenapatopax AJs pas-
JAeNieHHS cnaBOMATHATHHX LIJIaMOB B 30He [PHTAXEHHS H 3aXBaTd
TOHKMX cJa60MarHHTHHX YacTHI,

Ilpumensa ocofyic ¢GopMy M pacuoJoxKeHHe [OJIOCOB, MOXKHO
B paoueM NPOCTPAHCTBE CENApaToOpa cO3LATh NMOJAE, B KOTOPOM H3-
McHeHHe HaNpHMKEeHHOCTH M TpajHeHTa He MeHAeT HX HPOH3Bele-
HHA. Takoe mose EasuBaercsl u300uUMAMUYECKILM, TIOTOMY YTO B JIO-
G0H TOUKE MEXTOJNIOCHOIO 3a30pa CHMIA H HANPABJICHHE He H3Me-
uaorcd. [lodwcamMu Takod ¢opMH cHaGXKAOTCA MACHRTOTHAPO-
cTaTHUecKHe cenapaTopel (pHe. 1.3) A pasjeseHHA CHJABOB H
ADYTHX HEMAarHUTHHX MaTepHasoB NyTeM RHTAJIKHBAHHA HX H3
«peppoMAarHHTHOR XU IKOCTH.

B M30ZHHAMHYECKOM NOJIE AOJIKHO COBIONATHCS PaBeHCTRO

' HdH/dx=C unu d H2/d x=2C.
3amenum 2C=C; ¥ pa3pesHM UepeMeHHNe:
dH2=C dx.
Heterpupys 310 ypaBHEHHE, NOJAYYUM
H%=Cix+Cy; H.=YCix+Cs

TIpy x=0 H,=H,=YC..
O1ciona Co=H2,
ITpu x=1

H,=H,=YCi+H%; Ci=H?—HY%;
H=-V (H21-'—H20)x+H20=
— Hy U T H —Dx+ L,
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Tlockoasxky H.2/Hy?2 <1, 10
He=HY 1—(1 — H% /H?)x=HY | —kx,
e h=1—H2[H?=1/i,

NO9TOMY
Hy=Ho(l — x /105, (1.9)
Judpeperusipys ypasuenne (1.9), nonyunm
1 — Hyk
dH/dx == - ﬁ .
OTCi00a cHAa MarHUTHOTO H30AMHAMHYECKOro 105
Fy=HdH/dx=-— H%k/2=H%/(2]). (1.109)

MarHuToaBUKYILYIO CHIY HPH H30IHHaMHUecKoM paboyeM Npo-
CTPAHCTRE MOXHO HaliTH aHAJOTHYHO NMPEABIIYIIEMY

Uunc = 2£H0/3.

Ha ocHOBaHHHM 3KCHEepHMEHTaJbHBIX HCCJEAOBAHHE pPasyiHYHREIX
MAarHHTHHX noJeil OblyiE paspaboTaHH NapaMeTpH ADYTHX cOdYeTa-
HHA (OPMBEI NOAIOCOB, OGECNeUHBAIOILUX NOJyYeHHe H3OAHHaMHYe-
CKOTO MarHHTHOTO ITOJIA.

Haopamep, HIOAHHAMHYECKOe IIGJE CO3N3ETCA Ha VY4acTKe 3a30pa MeRLY
HAKIOHHEMH IIOBEPXHOCTAMH NOJKCOB IDH yrie, paBeoM 120° u npe paccTOAHRH
MeXdy HHEmH, papHoM 2--3 oM. Koadggnumenr £ B ypasmepum (1.10) mas Aan-
Hofl (opMH moMiocoR paBeR 0,4,

Takyto opay nouiocoa MOXHO HCHOALIOBAT: IPH KOHCTPYRPOBaHHE Cenapa-
TOPOD B aHAAH3ATOPOB ¢ PyZeRKOBNM IHTAHHEM.

§ 1.5, PABHONPHTATHBAEMOCTD YACTHLE PA3SHBIX PASMEPOB
H CBOHCTE, CHOCOEBL EE YCTPAHEHHA

YacTHUE, MPHTATHBAEMEE K MO0JI0CAM, OpPH HEH30JAKHAMKYECKOM
oJié MOTYT HMEeTHb CAMEIE PA3JIMUHHE MATHHTHHE CBOHCTBA, €CJH
WX pasMephl HeoAHHAKOBHE. KpynHule npuTAHYTHe wacTHUW (pas-
mepoM D) MOryT HMeTh MeHbILIHE BOCIDHHMUYHBOCTH IO CPABHEHHIO
¢ MeaKHMH (d}, MOCKOJBKY HEeHTPH KPYNHHX YaCTHL, PacHOf0XeHH
Ha MeHbUIEM PAacCTOAHHUM OT [OJICA U CONPOTHBIAEHHe Cpedn AAs
HExX MeHbIE. YCAOBHE H30AHHAMHUHOCTH HJH «paBRONPHUTATHBAE-
MOCTH® Pa3HOpPA3MepHHX YacTHI:

(Flawdo/(F'g)o={(F"su)a/(F'"x)a

B cnyuae mpuTAXKeHHMA K MATHHTHHIM [OJIOCAM, NOACTABHB 3Ha-
GEHHS CHJ MATHHTHOLO NpuTAXeHus, u3z dopMyin (1.6) noayunm
(WpeHlexp ( —2eD) _ (x)acH?, exp ( — 2cd)

(F'x)p (F'x)d
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Ecnu nmpeneSpeus conpoTHB/IeHHEM cpendl H MPHHATH, 4T0 F/y=
=F", 10, no A. 1. Ksackosy (1956 r.}, noayuum

De—d— lg{X)DHg(X)d-——O,?sSlg (0o . (1.11)
clge (X)a

Hrak, A48 BHPaGOTKH GOJee MHCTHX 3JEKTPOMATHHTHHX (pak-
LHH B NpeiylpeX eHHs 3arpA3HEHH? HX 3€PHAMU ¢ [OHHXKEHHOR
MAardHTHOH MJH JAH3JCKTPHUYECKOE BOCHIPHHMYHBOCTBIO MATEpHan
nepes cenapaudeil cjieiyer IIOABEPraTb IPOXOYEHHID HJH KJacCH-
pukanun. Pasrnla B pasMepax OTBepCTHH B CHTAX AGJKHA OHTh.
He Gognuied, 4eM 3To caeayet B3 dopmyasl (1.11).

B snexTpuueckoM moje NpH yAaseHHH MHHEDAJbLHBIX YACTHL OT
3aPSIKAIONIEr0 HX 3IJeKTPOAA CHJIA NPUTAXEHHUA YMEHBUIASTCH B.
eure SoJblledl CTENEHH, NOTOMY 4TO IIPH 3TOM CHHMKAETCH HE TO.b-
KO HalpsKeHHCCTb, HO H HAKONJNeHHHH 3apsaj, 6narogapsa OwlcTpo-
My ero paccensandio. Cusa B J1aHHOM CaydYae YMeHBIIAETCS Mpo-
NOPUKOHAALHO YMEHBIIEHHIO KBAJpPATA BeJHUHHB 3apsaja M pac-
CTOAHHIO YAacTHUBR OT NOBEPXHOCTH Mojloca {3akoH Kymoda):

Fa=q1q2/(Kr?) =Q2/(Kr?), (1.12¥

Te ¢ U g2 — TOUECYHBIE 3apAAW COOTBETCTBEHHO, OCTAaKILHECA B
HACTHIE H HHAYKTHPYeMBle €K B 3a3eMJeHNOM 3Jdextpole; K — Ko-
3¢pdunuenT, 3aBHCALUME OT TWINEKTPHYECKOH TNPOHHIIAEMOCTH Yac-
THUH (K=4me); r— paguyc YacTHUH; {; — OCTATOYHHA 3apal K
MOMEHTY BpEMEHH f,

Qt: Qmax exp [— Qf/(Rqu} 1.

3aeck Qmax — MAKCHMAJbHEIA 3apsi; R M Cq— COOTRETCTBEHHO
NepexonHOe CONPOTHBRJAEEHE MeEXAy YacTHUeH ©H  3a3eMJAeHHBIM
3JEeKTPOLOM H €MKOCTh KOHTAKTA.

[Tpu GnuxueMm geficteud I, B dopmyae (1.12) HnHasmuBawor cu-
JIOH 3ePKaJbLHOTO 0TOBpaxeHHH,

FS: {Qmaxexp[—Qtf(Rqu]]}2 . (113)

4ner?

§ 1.6. CHJIbl, KOHKYPHUPYIOWHE C 3NEKTPOMATHHTHLIMH
AKTHBHBIMHW CHNIAMA W ONPEAENAOIMKAE HATIPABJIEHHE
H CKOPOCTb ABH)XEHHSA YACTHI NNPH CENAPALLHH

PaccMOTpHM CcHAW, NpOTHBOAEHCTBYIOUIRE 3JIEKTPOMATHUTHHM CH-
naM (KCHKYDHDYIOT C HHMH B [poLlecce cenapauuu):

Fi=g(6 —A)/A; Fy=mv?/R=a?Rm;
Faa=06A8/(nd?8); F.=v0%d?A,;

Fc=—i-ud2UA(UdAu—1)—"’; (1.14)
Fe=18up/(d2), C(L15)
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roe F;-—yjenpHasi cuNa TAXKeCTH B 3aJ1aHHON cpeie ¢ yYeToM BHI-
TanikuBawoulefi cujbl; Fp — neHTpobexuas cuna; Fa,— cHna adre-
auK; Fo— CHJa QUHAMHYCCKOTO CONpPOTHBJAEHMA cpeldbl; & — MiaoT-
HOCTb 4YacTHUB; A — IJOTHOCTH CPeldH; U, ® — COOTBETCTBEHHO JIH-
HefiHad ¥ yraoBas CKOPOCTH dacTull; R — pafHyc HX BPallleHUd;
O — NoBepXHOCTHOE HAaTAXeHHe, A — ko3pdroueHT; d-— AHaMerp
YaCTHUM; f — KO3(Q()HLUHEHT COIDOTHBIEHHS CpPeibl; | — BASKOCTh
CpenH.

IlpupasHuBasl DaBHOJAEHCTBYIOILYIQ AKTHBHHIX CHJI K paBHOIeH-
CTBy®OLLER KOHKYPHPYIOUIMX, MONyYaeM YypaBHEeHHE, H3 KOTOporo
MOKHO OTpeneHTh HalpaB/eHue ABHKEHIHS YACTHL ¥ CKOPOCTh HX
nepeMellleHHs] X NOJOCY € YiIeTOM CONPOTHBJICHHs CPe/H.

[Tpumeps pacuera AAA MOKPOH H CYXDH CenapaumH:
1. PasgeacHue B ROAe HacTHIU, NOJ BAHSHHEM IDPHTHMEHHS K MATHHTHOMY
fOAKCY W, TakuM 0o6pasoM, H3BIedeHwe HX B MarHuTHylo Qpaxikio,

Haxo: HaupaXeHROCTh MaTHETHOrO noaR =100 xAfw, rpanuet nOJH
AH{dx=2000 kA/M?; MariaTHag OPOHULAEMOCTL CPefH Ro=4-10-7 I'hfM; yaennb-
Hasd MarHHTHas BOCODHHMIHBOCTL YACTHUH %y=05-10—* wm¥fkr, Bogu %o=0; naor-
#I0CTL 4acTHUH O=5000 kr/w? ee zuamerp d=10-* M; pAOTHOCTE BOAW A=
=1000 gr/m3; BaskocTs Bodm [i=10-% MMa-c,

Onpegenuts, ¢ Kakolt cHnof 572 HacTHIA OYHET M3IBMAEKaThCHd H ¢ KAKOH CRO-
POCTLIO OHa Oyjer mepelBHTATBCH K MATHATY,

Pewenue; onpefenseM pasjensiomylo cuny F'p, T, e, PasHOCTb MEXAY CHIOH
NPHTAKERHA F'u ¥ CHAOR TAMKECTH HACTHLH B BoAe F'y:

Flo=g@—A8) /8 Fo=Fu—Fuy
Flu=popH grad 4.
TlogcraensieM SHadeHHS BEAHYHH;
F'p=4m-10-7-5-10-%.100.2000-10° —
—9,8(5000—1000) /5000=125,6—7,8=117,8 m/c%

BuAHo, yTo Cpjga NPATANKEHHA YACTHUH MarHATOM BO MHOro pad GoJkLie
CHJIE €€ TH¥ECTH B Bofe F'u/F:=125,6/78=16 1 nosromMy MATHHTHA{ 4YacTHIA
YCTPEMETCA BBepX K Mardety (cM. pec. l.1).

,DJISI OI'I])CH.EJICHHH CEKCQDOCTH ¥CTAaHOBHBLUIEMOCHA PABHOMEDHOrQ ABHKEHER qyac-
THUN COCTABHM PHBEHCTBO pasjensiolieil CHAb H CHIW CONPOTHBICHHR BOLU.
l'locxo.nbxy YacTHUd MaJa, TO CONPOTHBRIEEHE CpPenn Gy.uem onpegeaaTs o 3a-
gouy Crokea [cm. dopmyny (1.15)]:

Fro=F¢; 117,8=18-10—%/(10-%.5000).

Peutag 310 ypagHeHye, ONPeIeNHM CKOPOCTh paifencHEs v=0,33 M/c.

Bosspamjadch X PaccMOTpeRni0 HepaBeHcTBa (1.1), MOXHO caenaTe BHEDA,
YTO Ipd CenapalKE o PeiKKMe YAepXKHBAHHA YacTHH NOMIOCEMH PABHOASACTRYR-
Masx aKTUBHHIX CUA MOXer CHTh MeHbile, UeM B CIyiae IDHTHIKEHHR 9acTHI,
y,IlaJleHthX OT NOJAKCOB, ]'IOTOMY UTO Ha HOBEDXHOCTK noaiocos Raﬂpﬁ)KEHHOC‘l‘b
uonelt Goasure, OfHARO YCJAOBHR, HEOOXOANMHE XAf OUHCTEH H3BJeKaeMmof ¢pak-
IIWE, B 3TOM CAydYae XYXKe, NOCKOJABbKY B Npasofl 4acTH HepaBeNcTBa F7my GOMb-
me (Soablile HaNpAIKEHHOCTH M TPafHEHT NOAA}, a cHAa F”y Menwme (AAA Tex
GACTHI, YTO 32MEMAAKRTCA MEKAY YAepKuBaeMbMH CHaoR F'wu). B maunoM ciy-
93de cpeds OKasnBaeT MeHblIee BJIHAHME Ha OUHCTKY NpHTAHYBRUlefica ¢pakumw.
To sTeM Dpuuudam PeMHM YJEPKHBARHA 94CTHL HCMOAB3YETCA ANA CeNapalin
EDYOHHX H 3epPHHCTHX YACTHI, 4 DPEMHM H3BJICUCHHA — I MENEQ- H TOHEO3ep-
HHCTHIX, OGLIUHO PA3AENAEMEX MOKPHM CHOCOGOM.
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Brmwe GHIOC DOKA3aHO, ¥TO AR Pa3feneHHR TaCTHR NO MarHATHEM CBO#cT-
BaM MarHHTHEA cHJIAa NOJXKHA HPEBHICHTH CHJH CONPOTHBReHus cpeddl, Ilprass.
9T0 NOCAEAHAS PABHa CHAE TRMKECTH, ONpefiefseM CHAY NOAA Ads oforameHus:
MaTepPHaN0n ¢ PA3AHYHHNMH MATHHTHHRIMH CBORCTBAMH,

HanprMep, A4 CHABHOMATRMTHHX MAaTepHanos (MarHeTHTOBHX R JADYTHX-
PYL)} MATHMTHZA BOCHPHMMYABOCTL Gosee 3-10-% mifkr, tTorda mpu Fu=2g, no-
JAYIHM

Hgrad H=-2-9,81/(4x-10-7-3.10—5} =5,2- 10" A%/umd

CoOTBeTCTBEHHG AAR CAAfOMATHHTHHX MATEPHAZOE ¢ MATHHATHOR BOCHPHHM-
UHBOCTRID  Yo=1,2-10-7 cyna mons AonxkHa OwmTh B 250 paz Goabiue, NOCKCIBKY:

H grad H=2-981/(4n-10-7-1,2-10-7) =13-108 A%/m%,

Tax kax HdH[dx=cH? a xosddmuuent HeoOHOPOAHOCTH NOAS ¢ B NEDBOM TNpR-
G/REHHH MOXHO TPUHATH NOCTOSAHHHIM, TO HANPsXEeHHOCTh noas atxsg oboramie-
HHA cAalOMarEATHNX pYA HAOAXHA npuMepro 8 10—20 pas npeBwMIaTh Hanpd-
FeHHOCTh NOJNA AAA CHAPHOMATHHTHHX pyd. Eciw nanpsaxeRdocTs COCTaBJIfeT
80—120 kA/W u obecneunsaeTcs Aaxe CHCTEMaMH K3 NOCTORHHHX MarHHTOB, 1O-
A0C2 KOTOPHX PACTIONOXKEHH RO OAHY CTOPOHY OT CA0A DYAH (OTKpHTAA CuHCTE-
Ma), TO B cenaparopax Aad cAa0OMATHHTHHIX DPYZ HANPAKEHHOCTh HOJA ROAMKHEA
npesltate 800—1600 xA/M u moTOMY MOMeT OHTBH COZRAHA TOABKO MONIHBIMBY
BIEKTPOMATHHTZMH, [OJOCA KOTOPWX PACHONONMEHH RO of¢ CTOPOHK OT oJI0f
pPyAu (3amimyras cucrema}. HrxeHR npefen H B 9TOM caydae OTHOCHTCH K ce-
RapalAH 3ePHACTHX MAaTepHa/0B, A BepXHHN — 4JIA TOHKO3ePHRCTHX caalfoMariar-
HLIX DACTHL, B KOTOPHX AHCCHNATHBHHE CHAN 3HAYATEALHO Oonslle cua TAMXe-
CTH.

HOag ypeaudenus k0>3QhuunenTa HEOOHOPOAHOCTH OIS OJHH IOJIC IEKTRO-
MArHATA {TOT, K KOTOPOMY NPHTATHBASTCH MATEPHAA) MenanT OOGWYHG 320CTpeH-
HHM, 4 BTOPOH — IVIOCKHM HNH ZaXe ROTHYTHIM.

[Tpu oboramerns BecbMa TOHKHX cHabOMATHMTHNX 3epeR (RAOB), AHcCHIa-
THBHBlE CHAH AJA KOTOPHYX O9eHb BEJHKH, OPHMEHAITCH HE TOJALKO BECHMA CHJh-
Hue (Gonee 10 A?fM?), Ho ¥ BechMa HEOLHOPOAHHE B TpeX MIMODEHHAX LDAN,
HasunBaAeMNe Tpexmeprsimn noauepaduentroirg (qrad A=VH suaurtenes s Tpex
usmepennax). ORH CO3RAWTCA MeXAY NOJIOCIMH 3ReKTPOMATHHTOB TIYTEM TNOMe-
HIEHHA TYHA HHAYKNHOHHEIX MATHHTOB (HAUPHMep, KeJAe3WHX 1IapOB, [IJACTHE
¢ BHICTYIaMd, UHAHHAPOBR H Ap.), KOTOpble Kak Onl OKPYKamT pasleisieMbie Tac-
THUL €O BCEX CTOPOH.

B nocaeanse speMs HRUHHAIT NPHMEHATh HOBHE CNOCOOH MarHETHOTO 06O-
PALIEHHS MATePpHAJOB, NPH KOTOPHX HCXOIHbIE MHHEepPadh MOTYT MaAo OTIHAATH-
€A N0 MATHATHHM BOCNPHHMUHBOCTAM B OOBIUHLIX YCJOBHAX, HO XOPOINO pas-
JAEAAI0TCA B MATHHTHOM nosie B OCOOHX YCAOBHAX: TePMOMArHATHHA, O6HHIrMar-
HATHHA, MardNTOTHIPOCTATHYECKH, MATHUTOIMAPOAMHAMHYECKHH, MATHKTONHEA-
MHUECKHN 8 3MeKTPOANHAMHYIECKHA crnocoBhl.

2. Pacuer cyxof cemapallip B 3/€KTPHYECKOM Toje NG BARAHEEM YAEPKH-
aamml Isap}mxenuux HACTHIL Ha BPAMRAKIDEMCA 333EMNEAHOM  BJASKTPORE  (CM.
puc. 1.1, x).

JGna; HaNpAMEHHOCTL SMEKTPHTIECKOTO NOMA B 3330De MEXKIY CTANHOHADHBIM
SIEKTPOLOM H BpPAaIIACMRMCA 3a3eMIeBHWM SqekTpodoM E=6.10° Bfw: zapazka
TACTHI NPOHCIOAMT TPY YINOBOM HX TOJOXEHER Ha nOMioce, pasHoM 45° a paa-
psAxa — npu Ranpuefimmes ABRxkenwr. Orciofa ppeMa paspsukn f= (180°—45%/w,
TAe © — YrA0Bag CKOPOCTh AEKTPOAa, pai/c.

Pasmep wacTHun d=14.10~% u; ZHS;eKTPHTECKAT INPORANZEMOCTE WX
e=0; wmakcAMaaeHER 3apan @=36-10-1 Ka: noaotHoCTE wacTHn 8=
=25-10® kr/w®; nepexofHOe COMPOTREMGHHE TOA YacTamleft re=10'% Opn: em-
Koery Cu=10-12 @; pammyc snexTpola R=0,15 u; AudJdexTpuuecKas TPOHHIAE-
MOCTE OKpyXawmefi cpead g,=8,85-10=12 O/y,

HafiTR AOUYCTHEMYIO CKOPOCTh BDAIIEHHN SJIEKTPOAiA, 0pH KOTOPON wacTHOL
OTPBIBAXOTCA OT Hero B caMoft HuxHeR Touge (o=180°).
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Puc. 14, Cxema cHn, JeficTBYIOIIHX Ha 4YacTHIY PyAs B CYXHX CeRapaTopax
« HMXHefl nofadefl Marepraha:

¢—pYda H MATRETHHI DpoL¥Kt XPHMYTCH npsMoaEnefiHo: f — MarAdrTHas cHeTema; 2 —
nenTa; 3 -- JOTOK; § — DY8 ABEKETCE MDPAMONAHeiNG, 8 MATHETANA NPOAYKT — KPHBOJIHHEA-
MO § — JABACHMOCTE YASABHGH MaCHHTHOH CHAR OT paIMepos 20HB CenmapanEx

Peuterue: aKTHEBHOR cHAGH, YISPKHBAOIMeX TacTHUN Ha BPAINAIIIEMCH SAEK-
“rpefe A0 YIVIOBOTO Noaomeuusn o=180% ABRAETCS CUAA 3€PXANBHOTO OTPaXeHHS
[cu. dopmyay (1.13}], a KOHKYPHpPYIOIIHMH CHI2MH, OTPHBAIOWHMA JaCTHIE OT
‘BAEKTPOA2, ABIAINTCA Bec WACTHUW H LeHTpobexcHan cufa [cM. dopuyam (1.14)
# (1.15)). Crnamu Apxumela ¥ CONPOTHBJIEHHA CPefEl MOKHO npereSpeqb mcaeld-
<TBHE MAJb!X MAOTHOCTH M BA3KOCTH BOSAYIIHOR cpeasl

Takum ofpasoM, npunEmaeM, 9TG¢ Fy=~Fr+Fy=gm+moiR=m(g+o1R).

Pemns 210 YpaBEeHHe OTHOCHTE/BHQ ®, HafiieM XONYCTAMYI0 CKOPOCThL Bpa-
AUeHHA pOTOPA, NPH KOTOPOA NPOHCXOIHT padfeNeHne.

Moncrapnna sHawenns penwuun B Gopmyny (1.13), monymum ©=2,1 paafe,
A BpeMmA paspaikm =112 ¢,

§ 1.7. THHAMHKA ABHXXEHHS YACTHL NPH M3MO

o ypaBHeHHAM AHHAMHKH ABH)XeHHS OTAEJbHHX YACTHI MOXKHO
Ha#iTH HEOOXOAUMHIH yPOBEHb AaKTHBHBIX CHJ H [1apaMeTphl Tpaek-
TOPHH ITHX Y4CTHIL AJsl ONpejeseHHs pa3MepoB pafouero mpocT-
‘PAHCTBA CENapaToOpoOB.

PaccMOTPHM ABEMKEHHH 4HacTHI M JeficTBYIOMHe Ha HHUX CHAH OpH cyxod
VIQRMOTOYHON MO2HUTHOG Cenapatuy B DeXHMe HIBJASYeRHA, T. €. NPH HHXHed
fioflade MaTepHana ¢ maTawoitere agrka {pre. 1.4, a).

Tyere f; — BpeMs, 3a KOTOpOe YacTHUA NPOXORHT EJRHY 30HH cenmapanmn L;
#; — ppeMd, 3a_KOTODOE WACTRUA NOJHUMAETCH HA BHCOTY M.

Ho B. I, Heprauy u H. C. Jamoxy

L=0056g# sina; h=05(Fu— gi%cosa}.
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Ecmu =1, T0O, pewas 9TH ypaBHeHHs COBMECTHO OTHOCHTENRHO MarHATHON

cHAH F'u, moayunum
Fu=gcosath(v?+Lgsina+
+o,)/0*r2Lgsina) /L2 (1.16y

Ananuz nonyueHnofi GOPMYNE TOKA3HEAET, GTO C YBe/HUCHHEM YIAa YBeJH-
UHBAeTCA CKOPOCTE [POXOXKAGHRA 9T4cTHUI 9epe pafouyio 30HY CenapaTopos
{IpOH3BOAONTENBHOCTL CENApaTOpa), HO AMAA NONJEPXKIHHA YCIOBHR HIBJEUSHHS
MAHHTHHNX 9acTHAL ¢ YBeJHUEHReM CKOPOCTH U HAH ¥YIia o HeoOX0AHMO YREIHIH~
8aTh Fu.

B gacTHoM cayuae, npH TOPU3OHTaALHOM ABHXKeHHW (a=0)

Flu=g+2hvo /L% vo=LV(Fx— g)/ 2k} (1.17

Orcroaa Takxe BHAHO, YTO A YBEMHYEHHA CKODOCTH NOJAUH HeOOXOIRMO
YBENWYHBATE MATHHTHYIO CHAY £’y H AJAHEY cemapaiuu L.
[Tpu mepruraasrom aeHxednn (=90

Fly=h(v%+Lg+udV/ vi+Lg}/L2

Tpr cXopocTH NORAuH Upy=0 MArHATHA® CHAA MeEHBLIE CHAH TAXKECTH, Tak
Kax

Fry=hg/L.

Jnsa TNoBHIUICHHS NPOH3BOAHTEILHOCTH YBEJHUHBAIOT CKODOCTEH
HoAadH MaTepHasa THTATENEM Up H TONUHHY CA0A YacTul, NOCTy-
naomero 5 paBouyio 30HY pas3AeHTe ]bHOrO anmapara, 0aHako npu
3ToM Heo8XOAHMO COOTBETCTBEHHO VBEJUUHBATE H3BJICKAKUIYIO
MarHHTHYIO cHAy. B xpuBoquRefiEEIX palouyuX npocTpalcTBax Ga-
paGaHHBIX CEMApaTOPOB NPH AOCTATOYHO OOJBLIMX CKOPOCTAX Mac-
COMOTOKOB UaCTHU HeoOX0IHUMO TakXe YUHTHIBATE H LEeHTpOOex-
Hble CHJHl, AeflcTBYyKOLIKE Ha YACTHIAI B HAanpDAaBIeHHH, IPOTHBOTO-
AO¥HOM HAMpaBJeHHI0 U3BAEKAWIUHX Marautemx coun. Ilestpo-
GeKHble CHAB CHOCOOCTBYIOT YLRAJNEHHIO B XBOCTH HE3JCKTpOMAr-
HHTHHX YacTHll, HO Tpelyl0T pPaBHCTO VBeNHUYEHHS AKTHBHBIX CHJI
A8 yAepXaHus 3JeKTPOMArHHTHRIX YaCTHIIL.

CxopocTte nojauH Mmartepuana B palbouylo 30Hy cenapatopa pe-
ryauapyercs aubo BHICOTOH nuTartesf, Jaubo AJNHHOA H yrJIoM Ha-
KJI0HA THTAWOUIETO JIOTKA, '

Tipusmep, PacemorpuM chnyuall, korfla RHTAaHHe NOJAaerTcd CAMOTEEOM (CM.
puc. 1.4,8). Ho HakMORHCG NAOCKOCTE 9YacTHila ABUKETCA ¢ YCKOPEHHEM

e=gsing—gcosatgyop=
=g sin (0 —¢)/cosp,
rae ﬁ— YLOA TPeHHA.

¥CTh B Ha%aJLHHEA MOMEHT BpPEMEHH CKOPOCTR YACTHIL pABHA HYAK, TOTA3
ANEHA ORTA0OWEre YeTpoicTBa {motka) So=0,5ge1%, orciona

= QSngo: U=gof.
Tloncrannns MMEOMEBECT JRAUEHUA Fo H {, NOAYIEM
v=1/ 25,2 sin (& — @) /cos . (1.18)

Tlo dopmyne (1.18) vo Momer OmTe Goaswe, weM no dopumyne {1.17), Tak
E3K B NOcaeAHeM Chiydae ABHMKeHHe KDHBOJAHHERHOe M MOABAAETCH OTPHIBAMIIAA
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Puc. 1.5, PemuMu pasRelnTeabEOro MacCONepeHoca H COOTBCTCTBYIOLIHE HM IPHA-
unne yeTpoitcrea cenapatopor THna IIBM ¢ opamoTounoil {@), ¢ OpoTHROTOMHON
{6} u ¢ noaynpoTuBOTOYHOR {@) Baniamu

YacTHUH HeHTpoSekHas cand. CKOPOCTh CaMOTEYHOH [MoNAvH 3aBHCHT OT yria O
{c ypemmueHmeM @ Uy NOBHEIAeTcA), AIMHH DATaOlero ycTpoiicTea So, yrIa
TPEHHA @ {(C YBEJHUYEHHEM ( Uo YMENBIIAETCR) ¥ pajayca 3aKpyrNeHHy TEYKH
(c pocToM ero vo YBENHUHBAETCA), :

MOXHO CDPEAENHTL JHAUEGHWH MATHUTHEIX CHJ, AeiCTBYIOIIHX Ha MarHHTHYIO
YacTHUY (HABMEHHT) B cemapaTtopaXx Thna JBC (o/eKTpOMAarEMTHHE, BaJKOBhIf,
cyxoft}, B Hauane 30HWM NPHTAXKeHHs OPH CYX0f CENapanHH B pexHMe H3BIe-
TeHHS.

Hcxopsa ¥3 HeoOXOIHMOCTH ofecnedeHns CecnpelsTCTBEHHOIQ IepeMelleHHA
3epeR, NpHEMMAEM YroJ HARJAOHA NHTAKNlEro JAOTKA paBHEM  45° 3Hatedus
OCTalbHLIX TapaMeTpos cienyioume: L=0,05 u, 2=0004 M, S¢=02 u (cm.
puc. 1.4}, yroa TpeHna g=238°

CKOpPOCTh HACTHUN B Havale 30HHE HPHTSIKEHHS

vo="V 2S¢ sin (& — @) fcos p=
=1/2.02-9,8sin (45°—38°) jcos 38° ~ 0,78 m/c.

¥aensHas MaTHHTHAA CHAa, JAefCTBYIDINAR Ha B3€PHO HAbMEHHTA, AONKHA
6uTh paBHz (WIH B0ablIe) CYMMe OCHOBHLIX MEXaHEUECKHX CHA: PaAHaIbHOR
COCTanAsoOMiel CRB TRXECTH 3epHa

geos =98 cos 45" = 6,9 M/c?
M CHAH YHEPIHH ABHMYIUErocA 3epHa
h{v%+Lg sina+v,)/ vh+2Lg sina} /L? =
=0,004(0,782+ 0,05-9,8 sin 45°4-
+0,78v0,782+2-0.05-9,8 sin 45°) /0,05 = 2,9 m/c?;
F/e=6,9+2,9=98 u/ct

QcoleHHoCTh JMHAMHKH H3BJeUeHHS] YACTHI Rpu Huxued noda-
4e u moxpom obozaujenuu (puc. 1.5) — B BA3KOH cpeje, Kakofl sB-
JAWOTCA BORHHE CYCHEHSHH HJIH MUIKHE JH3JEKTPHEKH, Kpome paa-
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JenSIOKX CHJ H CHJ TAMECTH, Ha YacTHLy AeACTBYIOT HampsKe-
HHsl COBHMCA W CHJTQ COTNPOTHBJEHHS JIBHXKEHHIO (IJA MeJKHX 3e-
peH — 310 cusa Aaaera, Aas TouxkHx — Ctokca). [JoGaBHB 3Haue-
HHS 3THX BEJHYHH K NpaBof vacTy ypaswenud (1.16), moayaum sa-
BHCHMOCTh aKTHBHOH CHJIEL OT PasMepOB 30HHW CeNapaldu H Kpyo-
HocTH yacTHL (cM. pHe. 1.4, 8). ToHKHe yacTHUH H GelHEIE CPOCTKH
MOMKHO H3BJ€KAaTh TOJIbKO OOJBIIHMH AKTHBHEIMH CHJIAMH, B JIECAT-
KH pa3 NpeBHIIAIONMMHA CHNY TsxKecTH. Jiia ux m3siaeuennss neob-
XOOHMO- Y8eAUULUTY GAURY B0HbL cenapayuu L u ymenswiurs 86100~
ry h. Ha puc. 1.4,6 cxemaTnuHo H306paxeHa TPaeKTOPHA JABHXKe-
HHS H3BIEKAEMON HACTHIE B 30He cemapaudH. MoXHO 3amucate
L=uvy: t=Ljv,.

IIpumen, 4TO0 ¥ paBHOMepNO ycKopeHa, tTorda A=05at? v v=
=gf. Ha ocHoBanuu 3toro a=2h{{?; v=2hf, no {=Lfiv B roram
U=2'Uo,!‘t.

Cula conpoTHRAeHHS cpensl 10 CTOKCY

Fe= 180/ (d2p) =36phv2/L?,
rage pu, @ — COOTBETCTBEHHO BHA3KOCTH H IOTHOCTH cpennt,

Cuna, reoGxoanuMas AJ1s NMPUAAHHA HACTHLE CKOPOCTH U, paBHa
YCKOPEHHIO, TIOCKO,/IbKY MBI ONEPHPYEM YIeNbHHMH CHJAaMH

Fo=a=9%/1=2hv%/L2.

YneapHas CHJIA TAXKECTH B XHIKOCTH JoJXHa OHTh

Fo=glp—A)/p
HJHU
' p—Aa 2ho?, Yo 181
Fiu>g 2254 =0 (L"’Tsp)‘ (1.19)

[Tpu 3agaHHOH, HAIPHMEp, NPENeJSbHONOCTHXKHMON MarHuTHOR
CHJIe MOXHO HalTH W ApyrHe BaXKHLIE MapaMeTpsl pouecca cema-
pauun (pasMeps yacTHL H padouero NMPOCTPaHCTRA).

Pewas ypaenerne (1.19) oTHOocHTeAbHO d, MOJYIHM

d= ]/ 36y
pL [F'y— g (p— 4} /p]

rae d — MHEHUMAJBHLIA DasMep K3BJEKAeMOH YacTHUR (Hau Jro-
KYJIHI) .

Heo6xonrMyo OANHHY 30HH pasieferis HalleM aHAJOTHYHBIM
nyTeM

L= 18uhuy = v, |20 (16p2h 1 d48?) [F'w— g (p— A) /p] _
dp[F'u—g{p—A)/p]
Ha ocHoeaHHH 3THX $OPMYJA pAacCYHTAHH KpPHBHE (CM. PHC.

1.4,8) naa npocTPaHCTBAE, 33TOMJAEHHOTO BOAOH, NPH Up, PABHONA
0,5 M/c.
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3HauYHTe/bHAA YaCTh AKTHBHON CHJIBI 3aTPAYHBAETCA HA NPEOio-
JeHHe TPeHHS YACTHL 06 OKpyXAWILYIO cpedy. Jas yMeHbILeHHD
AHCCHHATHBHHIX CHJ CJOEJIyeT YMEHbIIHTh CKOPOCTb, & CJeaoBa-
TeNbHO, B 00BeM NyJablH, NpoXoAsiled depes pabodee MpocTpaH-
CTBO. 3TO Jlerde JOCTRTaeTca IpPH IPOTHBOTOYHOM H INOJYIPOTHEO-
TOUHOM peXHMAaX pasjenenus 6Jaropaps BHBOLY B Hauase Opo-
Lecca Goapmieil 4acTH MAarHHTHOrO MaTepHalia B COOTBETCTBHH €
PaBeHCTBOM

P2=(l_0:8THaM)Plr

roe P; —o6beM mysaene HAa 1 M WMHpPHHE [HTAHHA, NPOXOAsuER:

yepes pafouee NPOCTPAHCTBG HPH HpOTHBOTOKE; T. — cojepKaHHe

TBEPAOrO B H3BJEKAEMOM MOTCKE; Gy - COHEPIKAHHE H3BJIEKAEMOIC

MACHHTHOTO Martepuana; P;— ofbeM nyasndd Ha [ M IMUPHAHB NH-

TaHHA, NPOXoAsmed depes pabGouee MPOCTPAHCTBO NpPH MPSMOTOKE.
Ha ruapomMexaHuEkH H3BECTHO, UTO

Q=068 2gH,

rae Q@ —obveMm BHITEKawOmel OyJabnbl B 1 ¢, M?; S;— ceyeHue BH-
MyCKAIILErQ OTBepeTus, M?; g-— YCKOpeHHe cBoBoaHoOrQ MajieHBd,.
M/fc?; A — nanop nyJenbl B BaHHE.

[ToaToMy npE pasrpyske NpOAYKTOB C NYJIBIOH Uepe3 OTBEPCTHSE
(Hacazkn) caepyer moAaraTe N00aBOYHHA 00BEM BOARL, KOTOpas
OyZeT 3amOAHATH CEUeHHe H NMO3BOJHT COOTBETCTBEHHO YMEHBIIHTh
ofbeM NyJBIH, NepeMelraemoll uepes pafouee NPOCTPAHCTBO.

Ecau pabouee npocTpancT8o He NOAHOCTLIO 3ANOAHEHO 6000,
T0 CAeQyeT yxuTHLIeATs BAUARUE NOBEPXHOCTHOZ0 HATANKEHUS NpLE
nepexofe wacruy depes eparuyy aoda — 803dyx, T. e. npu nooveMe
HACTULLL 8 HE3UTONACHHOM HPOCTPARCTAE!

Fu=glp—A)/p+kcos8/d*=a+k cos 0/d?, (1.20)

rae k— Ko3Qouilnedr; § — Kpaesoll yros cMa4HBaHHS.

Jna vactr Measue 0,2 MM poJb CHAR CORPOTHBJAEHHA TJCHKH
sHAauuTeJ bHA. Bropoft unen B dopuyne (1.20) cranopurcsa Ha mo-
padoK Gonbile nepsoro. Yrofu He 3aBHIIIATH NOTEPL NPH cemapa-
IEH TOHKOH3MeJbUeHHOro C1a0OMATHHTHOIO MarepHaJa, pasiene-
HWe cieiyer NPOBOJHTL B 3aTOMJIEHHOM MPOCTPAHCTBE, a NMPOAYKTER
cemapalliH BHIPYXaTh 3JeBaTOpaMu, T. €. §e3 NporoKa NYJAbMEL
9710 NOATBEpXKIACTCHA ONEITAMH MOKPOH CeNapaluH MapraHleBHX
LWLIaMOB TIPH pa3JHYHEX peXHMAaXx.

Ilpu yZzepxkuBaHHH 4acTHIL Ha OapafaHe HAH pOJHKE TIPH CYy-
X0fl M MOKpOH cenmapanwH akTHRHAA CHJAa ONPEeNsercs 3JAeKTpo-
MarHATHHIMH CBOHCTBAMH DYAH H CKOPOCTHIO BpallueHAd GapabaHar
NpH MeJJeHHOM BPALIEHHH OHA MEeHblle HeHTPOOEKHON CHALI, a npH
OHICTPOXORHOM — OHA AOMKHA OLITH §OJblle CHJB THAECTH.

ITo . C. Hauoky, uytofb n3fexKatb CKOJbKEHHS YACTHLUB OT-
HOCHTEJBHO HOBEPXHOCTH pPOTOpPA NPH THXOXOJHOM pexHMe, HeoO-
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XOJHMO YPABHOBECHTB COCTABJMSIOLUYIO g Sin o CHNOA TpeHus, pas-
HO 3TOH cocTaBasiomed:

fatgp=gsina, (1.21)

TAe f, —n06aBoyHAA aKTHBRAA Paslensiolas CHa; ¢— Yros Tpe-
HHs; o — yroa nosopora fapafaga cenaparopa.
Us popmyan (1.21) noayunm

fa=gsinaftg e,
“TOT1a
Fuz Ffmex=Uz/R — (gCOSCI.“i'fa) =
=v2/R —gcosa+gsina/tge=
=v?/R 4 g sin (@ — ¢)/sin .

Cenapanys TOHKOK3Me/bUSNHOA DYAB I[IPOBOAATCH B LEHTPO-
GeKHOM pexuMe, T. €. NPH CKOpPOCTH, KorAa UeHTpoGeKHas cuJja
v2/R Go.blle yekOpeHHs ¢BOSOAHOrO mnajenus g (o6muno v=2+
+6 m/c). B 3TOM cayuae 4aCTHLE KATATCA AW JIETAT HAf MOBEPX-
HOCTBIO pOTOpa, Bpallasch BOKPYT CBOeH oCH.

HononHuTensHasa HeHTpobeKHAasA cHJIa

Fryu=v%/R; vi=2nRv;, v=uv/(28);
Fu=4n?R¥W? /R =n?Ruv?/S2.
pa,ﬂlla.ﬂbHaH cocTasadiouan
niRe: .
Faun= B2 (2.1},
§* S

TAae R — pazdyc poTopa; v — 4acTOTA MArEUTHOTO [OJA B TOUxE HA
‘TIGBEDXHOCTH Bpalllalnierocs HapabaHa; S — miar mnoJocoB  Mar-
‘HHTHOW CHCTeMHl; { — MepHC/, BpeMEHH OT Hauadaa MOBOPOTA NpAiH.

B stom caydae cHna ApHTAMEHHA NOMKHA OHTbH COOTBETCTBEH-
HO YBEJHYEHA H 30HA NPUTHMXKEHHS [OMKHA ObITh BHIIE BHRICOTHI
'CKa4YKoB hn YACTHI, HAJ TIOBEPXHOCTHIO POTOPA, KOTGPAaA MO AAHHBIM
patotel B. I'. Ilepkaua onpeneasercs Mo $opMyae

o e B UL = (F — %) [ (k%) ]
" 2nlg /S

rae {, b—- cOOTBeTCTBEHHO JNHHA H UTHPHHA YaCTHL, M.

Jdnuka ¢aoxya [ cBgsaua ¢ wacTorcit apalleHds v MarHHTHOTO
noas u HJoKyJ o6paTHO NPONOPUHOHANBHON 3aBHCEMOCTHIO, a 3¢-
+PEKTHEHOCTL CenapaiRi NPAMO MPONOPLHCHANBEA CTEeNeHH paspy-
mennsa ¢aokya (T. e. o6paTHO NpoNCpUHOHAaJAbHA ), mo3TOMY

n="1no+ k'}/ '\’/'\’max,

rie n ¥ mo— 2P(PEKTUBHOCTE CeNapaiHK COOTBETCTBEHHC NpH dac-
TOTe¢ v U B NOCTOAHHOM Tonte (v=0); b — ko3d¢uLKenT, yuRTHIBA-
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OHHA NpoYHe YCJAOBHA CemapalmHH {onpemenseTcd 3SKCIepHMEH-
TaMBHO) ; Ymax — YACTOT3, NIPH KOTOPOH (WIOKyJH pacnagaiorcs Ha-
OTAEABHEE YacTHIH, ¢~ L

[Mpu yBennyeHnn pa3MepoB M BHITRHYTOCTH YAaCTHI, YMeHblIle-
HRH cOoaep:KaHHA pynHof a3kl B HHX IOBHLIAETCH BEPOSATHOCTH HX
BLIOPOCOB M3 30HH MDUTHAXKEHHE B BHAE OTTaJKHBaromeica ¢pak-
1. [To aToft mpuuKHe cenapaTopu ¢ GeryliHM NROJeM [OBEUIEHHON:
49acTOTH (oNie MepeMeHHOCO TOKA) MOTYT HCNOJb30BAThCA JIHILEB
NPH TOHKOH3MeJbuUeHHOM MaTepuase. Hanpumep, OHH NPHMEHRIOTCH-
Ha WBeACKHX O00raTHTeNbHHX (palpHKax NpH AOBOAKE KOHIEHTpAa-
TOB, H3AMEJbYCHHEIX A0 KPYITHOCTH MéHee 10 MEM,

Jna 3epHHECTHX H KYCKOBATHX PYK OOHYHO NPHMEHSIOT Cellapa--
TOPH ¢ OeryilnM nojaeM HH3KOH 4acTOTH  (co3JdaBaeMoil mepeme-
WeHHeM DYAH HaJ CHCTEMaMH C NOCTOAHHBIMH MarHuramiu), B stom.
cayuae y¥e Hedar3si mpeHebpeub BMHAHHEM PasMepPOB NONEPEUHHKS:
JacTRL d Ha CKOPOCTL ABHMKEHWS Ug, KOTOpas COCTABJSLST

va=0v{R+0,5d}/R.
Tak kak
vta=w(R+0,5d}); w=v/R; Fu=0?/R,
TO
Fiu > Fluex=02R+0,5d)/R*+ g sin (& — ¢} /sin g,

rie ®-— yraoBas CKOpocTh, panfc (o =2xv).

Otrclofa MOMHO CHEJATh BHBOA, 4YTO HeM KPYynHee 4acruyq,.
Tem Goavtie OOANNHQ G6iTo AQKTUBHOR CUAQ ee yoepyusawus. Yuu-
THBaf, YTO CKOJIBXKEHHE YACTUL, OTHOCHTEJbHO 3TOH NOBEPXHOCTH
HCKJIOYAEeTcs] BCNENCTBHE NDHTHAMKEHHsT MarHHTHHX YAacTHI, Mar-
HHTRYIO CHNY MOXKHO yMeHbLIATh ¢ POCTOM oy Ha Bednuuny 1/{1+4
+ i) .

MakcaMadakEO JONYCTHMYIO CKOpocTh 6apaGaHoB, NMPH KOTOPO:
BRIAEJSKOT HE3JEKTPOMATHHTHEE (ppaxkumu, © yroa p ordpoca dac-
THL (CPOCTKCB) OT NOBEPXHOCTH DPOTOpP&, ONPEAENAIT H3 BRIpAXe-
HHSA

» v 2 0,5d2 1
FM<FM;(—0—(B;;—)—gcosﬁ)m, (1.22)-

rae F”,—cuia MarHuTHOTO NpPHTSXKEHHs XBOCTOB (CpPOCTKOB), CO-
AepXKauux HeKOTOPYIO 10/ MAarHHTHOrO MHHepana (owi); Fu-——
CHJIA MAarHUTHOTO NPHTsKEHHS YACTHLU DYAH € COAEPIKAHHEM Mar-
HHTHOTO MHHEPANA Q.

OTcrona

B=arccos [v2(R+0,5d) /(R3g) —
Pyl —aw/gl. - (1.22a):
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BrigeneHHe gacTHLl XBOCTOB NPOHCXOAHT INpK Goubllefi cKopo-
<TH BpalleHus, UTOGH OHH NpOJETaAH Had JEeJIHTEJNbHOA mepero-
ponxod upu P=s90°. IMozcraBue ato 3HaueHue B dopmyay (1.22),
TIOAYYHM '

R
0= osa V RUF o) wxH aHGx

Tlpn nmepeuncTke mpHTSIHYBIlUeHCcH (pakUHH CKOpocTh Gapabana
'YMEHbIIAIOT, & YroJ OTpHBa o0HYHO yBesHuuBaT A0 180°, moatomy

v=V Rl (1+auwpexH grad H+gl.

AHanH3Hpys 3TH (OPMYJH, MOXKHO 3aMETHTb, UTO YIOJ OTPHIBA
TeM MeHblle, 4eM GoJblle cKOpocTh GapafaHa, J4eM KpyIHee vac-
“THUREl CPOCTKOB H YeM MEHbIUe COJep:KaHHe MATHHTHOH (hpaKIHH.

B sToM cayuae 3/eKTPOMarHMTHAs CHia JO0JXKHA OWThH YBeJH-
"eHa N0 CPDABHEHHIO C JIBHMKEHHEM CJ0f 0e3 BpalleHHs YACTHIL

Ha ocHoBaHHH NpHBEAEHHOrO CJeAYyeT, YTO AJA [OBHLIEHHS H3-
‘BJACUEHHS HYXKHO yBeJHYIHBaTh 'y, T. €. CHJIy MATHHTOB, a AJSf TO-
BHIIEHHA KayecTBa KOHLUEHTPATOB — YBeJHYHBATH MeXaHHUECKHe
«CHJAHL, T. €. B 00lIeM cKOPOCTb, CHJAW CONPOTHBJEHHS, Yo pac-
KDHITHS Beepa H AJHHY 30HH CelapauHy.

Junamuka 4actuy npu cenapayun 8 IAEKTPUHECKOM  noAe,
.a) PexuMm yaepxuBanusi W3 cxeMmu, npuseieHHOH Ha
‘puc. 1.6 BHAHO, QTO NpH KPUBOJAHHEHAHOM ABHXKEHHH YaCTHI, HaXO-
JAIAXCR Ha MOBEPXHOCTH 3a3eMJEHHOI0 pOTOpa, TOC/AEAHHE NpH-
“TACMBAIOTCA AKTHBRHOM CHJOR 3epKanapHOro otolpaskeHns F, ® oT-
'PHIBAIOTCHA [ACCHBHHIME CHJIAMH TAXecTH (¢ u UeHTpOGemHHMHA Fy.
Tloncrannsas aHa4eHds CHJ B ypaBHeHHe Fy=G-Fy, HafineM yciao-
‘BHe OTpHBa uacThL oT (apafiada NMoA 3afaHHHM yIJIOM g=wnl:
HQmaxz exp [ —/(RL,) ] , (1 .23)

16me, (a4 b)2

mg-+mo’R =

4
TAE m— Macca YacTHOH, Kr {(m= re nacd); o —yraoepas  CcKo-

pocts GapabaHa, paafe; R — paauyc Gapabana; { — BpeMs paapad-
KH YacTHIH; R; — KOHTAKTHO€ CONPOTHBJCHHE MeXAYy 4YacTHUEH H
saektponoM; C, —eMKOCTb MeXKAY 4YacTHLe#l H 3JeKTpoaoM; § —
NJOTHOCTb YACTHIEK, KI/M3,

Wz Bupaxenufi (1.13) m (1.23) MOXHO OnpelesHTE pa3MepH
(@, ¢) u ceofictBa uactul, (R, €|, &2, N), pasfensaMeEIXx B NaHHHX
yeaosuax (£, o, a). JeAcTBHTENbHO:

-%- na?cd (g -+ o?R)=

o 9
HP163a B2 {a_s T3 le— ) £ N (401

16ng4a?

}%xp [ — 2/(RC2)]
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4 c® 2

— a%b ©?R)= H% n?E? {-—— X

3 (g+e'R) L P +3[(e—1)‘1+N(4n)'1]

xexp [—2H/(R,C,)]. (1.24)

Hpumep, PaccuaTaem MaxcAMaaniHf pasMep sepen keapua (e=5; Sw
=2,5-10% krfm?; R=10"* Om; C,=10-"* Q; H=s1), umeomux dopMmy SIARI-
COWAR BpAMIRHES £f@=2 B cemapHpyeMBIX Ha 3a3eMJCHHOM SapaGane ¢ R=0,15 m;
Eg=6-10° Bfm u w=21 pazafc; £,=8,85-10-17 {O/w; N=0,7x. Ina AKaHHOTO
SANHNCORNA BpameHHdA ypaBrerte (1.24) npumer Bum

4 2 *
2 6 " — ] 2 —
s a*2ad (g - w*R) HEWESK{‘* : 3[(8_1)-1+N(4n)‘1]} ~

exp [ — 2/(R.LCHT:

2
HPe E% 14 -+ = o (e [ —2/(RL;) ]
a— { 3{(e—- 1)1+ N (4m) 11} . (1.25)

8
=3 8 (g + o*R)

ByAes cunTaTth, 4TO paspAZKa YACTHIH KBapla TPOHCXOAHT NPH ee YIVIOBOM
nooxeund xHa Gapabane, paBHoM 45°. Tonaa

f=(180"—45°) fo =135°/(2,1-57°17)=1,125 .

Toncrasre 3uavende speMenw B GHopuyay (1.25), moayunm makcuManeHHD pa-
:jul:;m6 AMSAEKTPUSECKEX wacTl (KBapia), YAepKHBaeMHX 33L4HHOE BpeMs Ra
apabare:

2
. .1 '1’-35-10“{4
!-8,85-10 A1) F0,7udn) ]
= 2,66-2,5-109 (9,81 + 4,41.0,15)
=1,42.107% m,

2
}exp[—2- 1,125/(10%- 10-1%)]

IIpu KOpOHHO-3JICKTPOCTATHHECKOH cemapallHH H JOCTaTOYHO
6HICTpOM BpalleHHH POTOpa pasjelieHHe YACTHI N0 MX 3JeKTpHue-
CKHM cBofcTBaM OYAeT NPOHCXOAHTL He
TONBLKO BO BTOPOM KBAApaHTe, HO H B
BEpXHeM HOepBOM KBajpaHTe. B atoM cay-
‘yge arTHBHOH cHJOf OyAer KyJIOHOB-
cKast, AefiCTBYIONIas B HalpaB/JeHHH RO-
JiA HOpMAaJbHO K moBepXHocTH Hapabaia
K NPHXKMMaIOWAas YacTHIH K 3TOH mHo-
sepxuocTH. KpoMe Toro, OyIyT meiicTeo-
BATH TaKXe CHJIa 3epKaapHOro ortobpa-
MKeHHA, HMEWINAsd TO Ke HanpaBJieHHe,
UTO H KYJOHOBCKAA,H MOHAEPOMOTOpHaA
CHJIa, HANIPABJEHHAS K KOPOHHPYIOLLEMY
H OTKJOHFIOUWEMY 3MeKTpPOxam, T. €, B
HampaBJeHu#H, o6paTHOM HelicTBHIO Ky- Puc 1.6. Cuay, neficteyomae
MOHOBCKOjT H 3epkanbHOl cma. [lomge- N2 HaCTHOY, HaXOAAMYyOCH

Ha TDORSPXHOCTH 333CMNLH-
pPOMOTOpHAST CHJ2 ¥ HOBEPXHOCTH POTO-  poro 58;,%5“&
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pa HesHayuTelbHa H B pacuerax ew MoxHO npeHefpeusn. Has ynpo-
IEHHsT TpPHMEM, 49T0 YacTHUH chepHuHH H JeAcTBYIOLIHE CHIH
GyneMm Beipaxare B cHcreMe CI'CM (onmyckaem MHOXHTeNb 4msg).
Ilpu compuKoCHOBeHHH ¢ HmoBepXHocThio GapabaHa sapaKeHHzasm ga-
CTHlNA pa3pgiKaeTcs yepe3 NepPexoiHCE CONPOTHBJACHHe R, onpeae-
JifgeMoe cyMMOH COGCTBEHHOTO H KOHTAKTHOTO COMPOTHBJAEHHH MeXK-
Ay vactHued H Gapabanom. Ilpu sToM Ha "yacTHIe uepes HEKOTOPOE
BpeMs YCTaHAB/HBAETCH CCTATOUYHEI 3apaji

Qr,=[1+2(e — 1)/(e+2) 1Ea?n(R,),

rae p{R;) — GYHRUMUA COMPOTHBNEHHS YACTHIE, paBHAg HYJKQ OpPH
R; oueHb MaJoM M eguHuue npu R,—0.

OcratcuHHit 3apsan Qr, HMeeT TOT e 3HAK, YTO M IEPBOHA-
YANbHHA 3apAf HACTHIIH, M BCETrAa MEHbLIE TOC/I8JHErQ HJH paBeH
eMy. Takum o6pasoM, cHJIa BO3RelicTBHA 3JeKTPHURCKOTD NOJH Ha
34pAKEHHYIO YaCTHLY

F=QrE=[1+2{e — D}/{e+2) 1 E2a2pn(R,).

ITpakTHueckH 3Ta cuJa AeHCTBYeT TOJBKCG B 30He KOPOHROIO
paspsza. B ocradbHHX Toukax OapabaHa BBHAY ciaboro aJeKTpH-
JeCKOro monsd cHaa F odeRb MaJsa, HO HaCTHUBI NPHTATHBAIOTCA K
poTopy CHJOH 3€PKaJbHOrO OTOOpaXKeHHs:

Fy=Q2%,/a?=[142(e — 1) /(e+2) 2E20(R,).
Pasmephl 4acTHUH 1O CpaBHEHHN0 ¢ pajuycoM GapafaHa OUEHb

MaJlbl, NO3TOMY HEHTPOf)e)KHYIO CHJIY MOXHC BHPDA3HTb YpaBHe-
HHEM

Fu=2mv?/R;, v=mRn/60; m=4na%s/3,

rle #—YyacToTa BpapleHrA GapafaHa, MHH™'; § - HJOTHOCTH uac-
THIIHL.
TMogcTasaAs 3TH 3HAUSKHUS, NONYIUM

F =23.103%x%a®Rn2j.
HopMasbHas coOCTABASIOLIAS CHJAH TAXKeCTH (Mg), U3MeHserca

B Tipejenax oT {mg)n,=F (BepxHsa Touka Gapabana) a0 (Mg)n=
=-—P (uuxHEAA TOUuKa GapabaHa):

(mgl,=4na*dg/3=1,3-10°na?s.

Ecan npenefpeur BechMa Madofi B 30He JefcTBHA KOPOHHOTO
paspsla CHAOH mg, TO PE3YAbTHPYIILAA CHJ4, [IPHXKHMAIOUas
YacTHIY K NOBEPXKEOCTH Gapafana,

Fpe3=F+Fa-'-'.Fn
HJ/IA
Fpes=[ 1+2(B— 1)/(B+2} ]E2GQU(R2)+
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[ 142(e — 1}/(e+2) 12E2u2(R,)—
—2,3-103n%a®Rn?3. (1.26}
ITpeoBpaszys popmyay (1.26), nonyyrm

Fpea=[142(e — 1) /(e + 2} 1E2a?u(R;) X

XK1+ [142(e — )/ (e+2) I2u(R,) } —
—2,3-103n3a*Rnd. (1.27)
IIpn Fpes >0 wacTria OyaeT yAepKHBATHCA Ha MOBEPXHOCTH Ga-
pabana. Pewas ypapHenne (1.27) oTHOcHTeNBNHO @ NpH Fpe,=0,

NONYUUM YPABHEHUEe MAKCUMAAbHOZO pa3mepa wacrut, ylepwusde-
Melx HQ Bapabane s 30ne KOPOHBL!

f1+2(—1}/(e+2)] E?u (R} {1 4-[1--2 (3—1);’(84*2}]!1(9:}}
2,3-1073138Rnt

aax

YUKTEIBadA, UTC CHJA 3epKaJgbHOre orobpameHHs F,—=Q3%fa? u

Q=Qpexp [—2{/(R:C;)], moayunm
=[1+42(e — 1)/(e+2) 2E2a2p2(R.} X
X exp [ — 2t/(RzCz} ]

3necy @ —3apsag 4acTHUH 110 HCTEUEHHH BpeMeHH { mocie co-
TIPUKOCHOBEHUSI €e ¢ OCAIHTENBHBIM 3JeKTpoaoM; {p-— nepsoHa-
YaJbHRA 3apAl YACTHIE, R;— KOHT2KTHOe COUPOTHBJIEHHE MEXAy
gactulefl u anektpoaoM; C; — eMKOCTh MeXIy UAacCTHIeH H 3JeKT-
POAOM.

PeayanTupyloulag cHJA, yAEPKHBAWOWAN uacTHLy Ha Gapabane
B 30He JefCTBHA CHABI 3epKaJBHOr0 0ToOpaXKeHHA,

Fpe3=Fs“Fu—{mg)n.

[MoactaBasisi 3HaueHHd JAACTBYIOIUHX CHJ H pellas MoJyueH-
HOe YpaBHEHHE OTHOCHTENBHO @ HPH Fpes=0, TOJAYIUM MEKCUMBAL-
Holf] pasmep €actTuiel, yoepicusaemoil 8 3oxe OelicTeua cuAet 3ep-
KaapHozo oTobpaKceHun
[14+2(e—1)/(e+2)]® B (R,) exp [ —2t/(R.C;) ]

2 3.1073:38Rn? + 1,3- 1013

Q3 5=

Ha nonyuenswix ¢opMys BHAHO, 4TO pasMep YACTHL, YACDKH-
BaeMHX Ha NOBEPXHOCTH GapalaHa KOPOHHOIO 3JEKTPOCTATHIECKO-
ro cenaparopa, IpH MPOoYUX PABEHX YCJIOBHAX 3aBHCHT OT YaCTGTH
Bpautenusi Gapabana M ero nnamerpa, T. €. a=K/(Dn?), rue K —
K03()pHIIHEHT.

6) Pexum HaBaedeHHSA DB atoMm cayuae na vactuuy, na-
JaUIyo B 3JEKTPHUECKOM IIOJ€ KODOHHOIO pa3psia, takke nefi-
CTBYIOT auempocramqecxaﬂ CHJ4, CHJIA 3JEeKTPHYECKOro 3apsia U
CHJ3 TSIKECTH,
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CxeMa pasjesieHHs 4acTRI [OKasaHa Ha pHC. 1.1, HeoGxopn-
MO HaHTH YCJOBHA, NPH KOTOPHIX YaCTHUB, MONYYHBIHE HAHOOJMB-
muii 3apaa, GyAyT U3BJeUEHH Ha Pa3leJHTEAbHYIO Neperopoiky —
CETKY KOPOHHPYIOUIHX IPOBO/OB.

[Tpu BHBOZE ypaBHEHHS TPACKTOPHH mnajamef dYacTHUH 32
OChb 2 IIPUHATO HANpPaBJAEHHE KOPORHPYIOLIEro TMPOBOAA, & 33 OCh
X — HalpasJenye, NePUEHJHKY/IAPHOE K KODOHHPYIOUIEMY HPOBORY.
Hauano xoopauHaT NOMENIEHO B BepPXHEM KOHLE KaMepH:,

Jns HayanpHBIX  yeaoBui npu £=0, 2=0 u dz/d{=0. ¥pasue-
HHe ABHXEHHS YacTHUH BAOJL OCH 2 Gyaer

2=gr/2=498,
JlBHXKeHHe YacTHUH N0 OCH X NOA JEHACTBHEM ICKTPOCTATHYE-
CKOH CHAHN onpefensieTcs o popMyJe
mdix/di2=F=[14+2(e—1)/(e+2)} X
X E2a?pt/(1+ i),
rie p=mnkne (k— NOABHKHOCTb HOHOB; 7 — KOHIEHTpPAlHs HOHOB
BOJIM3Y YACTRUH; € — 3JCMEHTAPHBIA 32pan).
Ipn t=0, x=>b u dx/di=0, . e. npuHEUMaeTCH, YTO B HAYaah-

HHl MOMEHT YaCTHIIA HAXOAHTCH Ha pPacCTOAHHH b OT ocH Z H ee
CKOPOCTh PaRH& HYJIO:

U2 —D)/e+DIE@[ . ¢ [t £\ :
x=b4 o [P—]—ﬂ (ﬁ ﬁz)ln(l-g-ﬁ:)].
(1.28)

s wapoo6pasHofi  yacTHIH m=6V=%~na36. IToacrasaasa

3gHaueHHe MaccH B ypaBHenue (1.28), noayumum

32—V DIE [, ¢ [t t
x=b+ §rab [H‘ﬁ (ﬁ B’)IH(HW'

rae § — nAOTHOCTE YACTHIIH,
prTHSHa JBHKeHHA YacTHIR ONpeae€NACTCA Kak yrnoaoﬁ KO-

3¢ Punuent
[+2@E=0/(e+IE (1.28a)
4nad

x_ 3
tgo=—-=-

MpruMep. Onpenennte KOOPAHHATY Z BCTPeUR YACTENM C COTHATHM SAeK-
rponoM. ITomepemmuk gvacTHum a=0,0001 M, 8=2600 xr/w®, E=]15.10" Bju;
g=o0; x=0,09 ». Ilofcrasnas sxHaveHHs BeABYMH s GopMyny (1.28a) nonywmm

tg w=0,7.
Torna
2=tg & -x=0,7-0,09=0,063 m.
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Puc. 1.7. TpagkTopnH NSEMEHHR YacTHIl B KODOHHHX KaMEDHHX Celaparopax:

4 — 8 TpyGRaTOM cemapaTope; O -- BAHAHHE pamfuyca r 9acTHn {f—J3 COOTBETCTBEHNO NPE F,
paguom 0,17 006 7 0,01 MM} ke TpaexTOpHID NpE £=8; §=4.5 T/m% 8 — BIEAAHEe ARSAEKTPH-
QECKOR MPOHMOEEMOCTH (f—4 — COOTEETCTBERAO NPH €, PaBHOM 2; 4; §; w) Ha TDAeKTOpHID
npE r={,1 uM; 8«26 T/M% 2=—EBAHZHAE NACTAOCTH (f—3 — COOTRETCTEREHHO nNpa 0§, paREOM
2,6; 4,5 H 6 T/W') HA TPAEKTOPHIO NDH r=0,] UM 1 Em=co

TpaeKTOpHM HABHKeHMS WACTHL B Tpy§UaTOM KOPOHHOM KaMep-
HOM cenapaTope AHaMerpoM D=2R u BuCOTON ! npHBegeHH Ha
pue. 1.7.

Bripasxerne, cBssbiBaoliee (QH3WUYecKHe CBOACTBAa YacTHI, TO-
JIYUHJIO HasBadHe axropa cenapayuy (pasieneHns)

fo— 1+2(—1)/{s+2)
¢ ab

Pazgenenne B KaMCpHOM (enapaTope ABYX YaCTHL HAET Jaydlle,
eCNK Beep HX pacXoxiacHHA fonbme, T.€. 4eM HoJbllle OTHOIHEHHE
fcl{fc?-

HOJ’IbSYHCb YpasHEHHAMH AJ4dA 2 H X, MOXHO ONDEASNHTE pac-
CTOAHHE @; OT OCH X J0 TOUKH KACaHHA YACTHUEH OCAOHTEALEOTO
SJCKTpoaa

a;=8490n(R — b)/(3Ef.).

Hdna paspeieHHs 4acTHIL XapakTepHOR BeJqWUHHOR ABJsAETCA
pa3HOCTh a; — &;, NOKASHBAKIIAA PACCTOAHHE MeXKAY TOUKaMH Ka-
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CAHUA HACTHL, OCAAHTEJNBHOTO 3JEKTPOAA

—a,=1,302.100 LEZ2 (- L),
ah P )

rie a), &;— DACCTOAHMA OT TOYKH BBOJAA Y4CTHI, B CENAPaTop RO
TOYEK KOHTAKTA COOTBETCTBEHHO MEePBOW K BTOPOH YACTHLH C OCa-
JHTEABHEIM 3NEKTPOAOM.

Junamuxa wacruy npy o6paTHO MO2HUTHOE, MOEHUTHOSUCPO-
JQunamudeckoli, srexrpodunamuqecrkoli U duaaexrTpureckol cenapa-
yuw. fpu aTux cnocobax cemapaluy 3JeKTPOMATHHTHEIE YaCTHIH
anbo BTATEBRKTCA, JHGO BHTARKHBAIOTCH Cpeloil, nepeMelnascs Mo
BEPTHK&JIH.

¥caoBHe DABHOBECHS HENOABHMKHOR YaCTHIBR B MArHHTHOH XHI-
KOCcTH (ecqan BekTop AM HanpasJeH BBepX)

(6 — Adg =0,5p0lxo— %) VH?,

Tie A H %p-— COOTBETCTBEHHO HJCTHOCTE K O0BeMHAas MarHUTHas
BOCNPHHMYHBOCTD KHIKOCTH.

Ortkyaa s>ddekTHBHas IJOTHOCTb pasjeqeEdsi B KHIKOCTH,
IIIOTHOCTE KOTOPOH NOCTOAHHA,

bp=A+ polng — xIVH2/(2g).

¥norpe6naeMblii B Kypce rpaBHTAIHOHAOrO OGOrallleHHs TEPMHH
«MarHHTHOE yTsAXeNeHHe» B CBETe 3THX NPEeNCTaBJEHHHA HeKOppeK-
TeH, TAK KaK HANpABJEHHE MATHATHOTO BHITAJKHBAHHS HE 3aBHCHT
OT rPaBHTALHOHHOTO NMOJA K ero norteHuxana. [IpoucxoauTt obhu-
Hasi MarHUTHas cemapauMsl B cJaydae, KOTJa MAarHdTHble cBOHCTRA
YaCTHUH HHXKE YPOBHS MarHHTHEIX CBOHCTE CpeAH, HX DPasHOCTb
CTAHOBHTCR oTpHUATe bHO! (MeHAer 3HaK), a2 MarHMTHas CHJa,
JeficTBYIOLA% HA YacTHLY, MEHAeT HanpaBJeHHe, T4K KaK XHI-
KOCTh MPHTSTHBAETCH CHJIBHEE, UeM YaCTHIA,

AHANOTHUHEl YCJOBUS AMHAMHKH YacTHL, ADH CeNapalHH B XHZA-
KAX AH¥IEKTPHKAX ¢ TOH JHIIE pa3HHOed, YTO BMECTO MATHHTHOH
BOCIIPHHMYHBOCTH HCIOJB3YIOTCH LH3INCKTPHUECKHE MPOHHIZEMOCTH
MHHepata H MBIKOIO IHITEKTPHKA, a BMeCTD HANPSKEHROCTH H
rpajgveHTa MaruHTHOIC HOJIA HCHOJB3YIOTCA HANPAXKEHHOCTH H Tpa-
JHEHT 3JEeKTPHYECKOTO MOJIA.

[Ipu 3sekrpoavHAMHUECKO}H CeNApalld¥ AAHAMHKA YACTHI Ofpe-
Jengercs  3JaekTpoguHamudeckol  cusofi. [lo uccsnegoBanuaM
I'. 4. Cepmonca, B. H. Jlannukoro ® Apyrux, AJs ONpexejieHHs
3T0H CHJB HEOOXOAMMO MATHHTHBE BOCIHPHHMUHBOCTH B (hopMy.ie
TOHLEPOMOTOPHOR MATHHTHOH CHJBL 3aMeHATh KO3GpHIHEHTAMH
TIOJAPH3YEMOCTH o'

Fan.Mar=0,25H0&! Vv H?,
Has chepuueckof npoBOAANIEH YACTHIE
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o' =1,6{1—3(shy—siny)/[y(chy-—cosy}}},

rie {— OTHOIIEHHE pa3Mepa IPOBOANHKA M TayOHHH NPOHHKHOBE-
AHS B HEr0 3JEKTPOMArHHTHOTO ToJs. B HameM cayuae y=

=VR?0u¢0. 3mech ¢— yAe/NbHAS TPOBOMUMOCTb MATEPHANa YACTH-
Obl;  ©=2xf — UMKAMYeCKAds 4acToTa NepeMeHHOrQ MAarHuTHOrO
noas.

any, JeACTBYIOIIYI0 HAa eAMHHLY ofbeMa JKHIKOCTH, NBHXY-
ueHCA B 3J€KTPHYECKOM M MATHUTHOM NOJSAX NPH MACHHTOTHAPO-
JUHAMHAYECKOfl cerapanui, MOXKHO ONMHCATh BHIpaMKeHHeM

Fon=polE-H1+05e0E2V e+
+ 0,58y V (E283e/36) +
F 0,507V u+ 0,510V (H2601,/00) +
+08g-+6a—ab,

rie p H € — COOTBETCTBEHHO OTHOCUTENBHEIE MATHHTHAA K AH3JEKT-
pHYECcKa® NPOHHIAEMOCTh MKHAKOCTH; O — VjenbHas 3JeKTPONpPOBO-
IHMOCTb 3KWUAKOCTH; FE — HanpsKEHHOCTb 3JEKTPHUECKOTO TOJS;
§ — ITOTHOCTE XKHUJKOCTH; @ — KO9(p(QHUHeHAT CONPOTHBAEHHS NBH-
HKEHHIO; ¥ — CKOPOCTh KHAKOCTH.

B peanpHBIX, H30TEDMHUECKHX VCJIOBHAX, KOTJA XHUAKOCLTE OA+
HOPOJHA 110 KOHLEHTpalUHH H NOJSpH30BAHA pABHOMEpPHO Mo 06b-
ey,

fya=nalE-Hl+«HV H+
+0,0e4le — DEV H+8g+68a —av.

B mHanomeHHBX Apyr Ha Apyra CraTHCTUYeCKHX MATHHTHHEX R’
ACKTPOMATHHTHEX DIOJIAX, HPH HANHUHH ¥ ,H,BH)KYH.I,EfiCﬂ XKHUILKOCTH
COOTBETCTBYIMNIHX 3JEKTPHUECKHX H MATHHTHRIX CBOHCTE, HeobXo-
AHMO YUUTHIBATE BCE UJCHBL ypaBHEHHﬁ. anpesoﬁ XapaxgTep Mmar-
HHTHOTO TMOJAA CYHIECTBEHHO YCJIOWHAST IMNpPaKTHYLCKYWY peaJH3a-
HHKED MarHHTOFH,ﬂpOﬂHHEMH‘IECKOﬁ {enapapHH H3-3a Heycmﬁtmao-
CTH TEeYeHHA KHIKOCTH, «YTH}KG.IIGHIIOI?{» CHAOH JIopeHua.

§ 1.8. KO3®PHULUHEHT CENAPALIHR H EFO ONPEJEJNEHKE
HA OCHOBE 3AKOHA AEHCTBYIOLIHX MACC

HanoMHuM BaxHYIO AJH YCBOEHHSA CIEUKYPCd 3JeMEHTapHYIO cxe-
MY pacdeTa TEXHOJOFHUYECKHX TOKasaredeft cemapanus, ecjH H3Be-
CTHH CBOMCTBA PYIB, pasMepbl pafouero mpocrpancTBa H H3bupa-
TeNbHOCTE HNeHCTBHSA CenaparopoB, a TaKKe UHCJA0 TNIpHEMOB Mepe-
YHCTKM TIPOAYKTOE B cxeMe oforaleHus.

ITo 3akoHy AEHCTRYIOUIHX Macce, Macca H3BJEKAaeMHX K 3ajaH-
HOMY MOMEHTY YacTHI ¢y (pnc. 1.8), pacnojoeRHHX HOMA MarHHT-
TOM HJH 3JEKTPHUECKHM MNOJIOCOM, IPAMC I[pPONOPHHOHAJbHA CO-
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Puc, 1.8. Banauve Bpesmedd f (a) R naGupateaphocTR M pasfenenns (6) ®a no-
KazaTefli OGOTALNEHHN MHHEDAJNOB C PA3JMHYHOA KOHTPACTROCTY K MATHHTHHX
CBOACTB

JepPIKAHAIO HX B STOT TEKYLIHW# MOMEHT B TNOTOKE ¢;" M CKOPOCTH
uaBieuerHs K, 3aBHcANIER OT OTHOLIEHHS] paBHOAEHCTBYIOLIHX pas-
JeNAMUX cHA F/o/F

dea;/dt=Ka';.
Pasnemm ne'pemeHHue
de/a’1=— K d ¢
U, IPOHHTErPHPOBAB, OJYYHM
lnoy=—Ki{+C,.
CaenoBaTeqbHO
ar=C; exp (— Kib).

3Hayende MOCTOAHHOH HHTerpHpoBanAs C), HAXOAHM NpH Ha-
YaNbHHX YCHAOBHAX: NpH {=0 H TeKkymlefi KOHUEHTpAlHH, paBHOH
HaYaAbHOH ¢tg, MOITOMY

Cy=a'/exp (— Kt} =0y,
Or1cona
o =ay exp (— Kyf).

OGCutee u3BseYeHne JIEKTPOMATHHUTHHX YACTHI[ 32 BPEMH OT Ha-
yaja cenapauuu ({=0) 1o mMoMeHTa !

g1= (L‘Il _ a.'l)/a.l= 1— exp (— Klt),

rae {— BpeMs, 3aTpaueHHOE Ha Cemapaudi©) (BpeMs pasieJeHHR);
OHO JOJXKHO GHTEL MeHblle BpeMeHH NpeSHEBaHWs YacTHH B pabo-
YeM OpoCTpaHCTBe ceflapatopa, H6O B IPOTHBHOM CJydae MaTepH-
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4J1 He ycneer IONHOCTBID Da3ne/tuThCA. I70 ycl0BHe MOXHO 3a0H-
CaTh TakK:

t=tp=t1=h/vp=L/UT,

rie f,-—BpeMs pasdeseHHs; {r— BpeMs TpaHCIoOpra, T. €. npedu-
BaHHA YacTHll B pafoueM IDOCTPAaHCTBE cenaparopa, ¢; X — BHCOTA
30HH pa3jeneHHs, M; L — nauHa 30HH pazjeneHus B paGoyeM mpo-
CTPAHCTBE Cenaparopa; Up H Up— CKOPOCTH COOTBETCTECHHO pas-
HeJ¢HHA HACTHL, B NPOXOKAEHHA HX uepes pafouyee NpOCTPAHCTBO,
M/fc.

Ecn¥ 4acTHOH pasfenseMEIX MHHEPAaJioB CpOILIEHH MeXAy co-
6o, TO K moJqocy OyAyT NPHTATHBATHCHA He TOJBKO QHCTHE 3JEKT-
POMAarHATHHE MHHEpa/bl, HO H €¢DABRONPHTAIMBAEMEE» HX CPOCTKH
¢ HE3JEeKTPOMATHATHEIMH,

AHanoruuHo HaXOAUM BHpaxeHHe AN H3BJICUCHUH K MOJIOCAM
YACTHL APYrHX MHHEpaJoB H CPOCTKOB oz, TAKXKe o0aajaiollux He-
KOTOPHIMHE 3JIEKTPOMArHHTHHMH cBoiictBaMn. B atoM cayuae

82=(a2— sz)/d.g= 1 — exp (— Kgf),

Tie oz H @'y — coflepraHue B NPOTEKAOIIEM I[I0TOKE PyAH CPOCT-
KOB HJH CcnaC03/J¢KTPDOMATHHTHEIX MHHEpPAJIOB COOTBETCTBEHHO B
HauaJabHHH W 3aJaHHBIA MOMEHTH BpeMeHd, HAOJH ed.; K — cko-
POCTH M3BJCUEHHA YKasaHHHX uacThu, Mfc (K, nponopusoHasinHA
F”KIF”];)-

s 0oAMHAKOBOTO MOMEHTa BpEMEHMH, pasfesids g, Ha gz, [O-
JY9HM

I1—g ) =(1—e)¥,
rpe

Kl F’&M F’K
K.—= =1L e 1.29
K, F'y F'y (1.29)

Otnotnenue cxopocreft pasfieNeHnsi SACKTPOMATHUTHHIX YACTHIE
H ¢naBo3/4eKTPOMArHHTHEIX CPOCTKOB H MHHepaqoB K. HasHBalOT
ko3P duunenToM cenapanud. OH NO3BOJAET IPOTHO3UPOBATH IOKa-
saresin oforatieHHs, eCJH H3BECTHH CBOHCTBA HCXOAHOI'O MAaTrepHa-
Ja ¥ H3bHpaTeNpHOCTh ApobieH#s ero nepei cenapannedt. B ¢op-
Myae (1.29) mepBHil COMHOXKHTEJNb YUHTHBAET HKMEHHO 3TH BaX-
HBHI€ XapDAKTePHCTHKH MOATOTOBKH CHIpbfi K O0OraieHHlo, BTOPOR
COMHOXHTENb 3ARHCHT OT Ae#icTBHR COGCTREHHO OOGOraTHTEALHOTO
annapaTta — ero u30HpaTeNqpHOCTH H YHCJIa [PHEMOB CENapalH B
cxeMe oborameHns,

Ilo onertam B. M. Kapmaauna (1955 r.} addeKTHBHOCTL 3JeKT-
POMATHHTHOM cenapaluH, T. €. Da3HHLA MeXAYy £ H 8; 3KCIOHEH-
muanpHo cafsaHa ¢ K. [loacraBnds 3HaveHHs g; M ez U BHIPA3HB
BBIXOJl KOHLUEHTPATOB Uepe3 COAEPKAHHA H3BJAEKAEMHX MHHEpaJoB
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B MHTAHHKE H B OTXC0Jdax CenapalHH, NOJy4YHM YpaBHeHHe AJdA pac-
Y£Ta KauecTsa KOHICHTpAaTa:

Br=o+ 11~ u{l —exp [— HIK— DI}p'x—ap), (1.30)

rie y'a H y)— BHIXOJ KOHIEHTPATA COOTBETCTBEHHO B HALAJLHOM H
peanbpHOM npoueccax (T. €. IpPH NOJHOCTHIO HJH He NOJHOCTBIQ pac-
KPHTHX CPOCTK2x); P’y H Py — KauyeCTBO KOHUEHTPAaTOB, T. € CO-
JepxaHHe MOHOMHUHEpaJbHEIX YaCTHI, B MACHHTHON (paKUHH COOT-
BeTCTBEHHO TNPH HJeajJbHOM H peaJbHOM pasfenenus; K u H—
COOTBETCTBEHHO KOHTPACTHOCTh CBOHCTB (F'ou/F7su} B uabupartenns-
HOocTh cenaparopa (F"«/F’y).

Mz npuseneHHOro SICHO, MTO €CJIH Mepe] cenapanyued CPOCTKU lie
packpHTb (7'«/¥1=0), TO Aaxe npH KOUTPACTHOCTH CBOUCTB, HaH-
Jyditefl U3 BO3MOXKHEIX, H NPH HAeaJbHCH cesekTHERHOCTH (M =1)
oforaiieHye HeBO3IMOKHO H ero 3¢ pexTHBHOCTE pabBHa (), Tak Kak
KAayecTBO KOHUEHTpaTa He OyneT OTIHYATBCH OT KAYECTBA HCXOA-
HOH pynIbL

JleficTBHTeNbHO, NOACTABAAA 3HAUGHHS HTHX BEJHUNH, HOJYYHM

BI=C€,1+0(1 —e‘“)(ﬁ’uw—a1)=rx1.

3HaueHUs IoKazarTejell cenapaluH, OJH3KHE K HIEaJbHEIM,
MOKHC MOJYUHTh JHIIb NPH MOJHOCTHI NOATOTOBJCHHOH pyle, Kor-
Ja Bce cpoctkH packpHTh (F7e/F'«=1), cesekTHBHOCTE pasjiee-
Hug MakcuMansHa (F"x/F’x=1) W XKoHTpacTHOCThL CcBOHCTB BesH-
kKa. B stoMm cayuae uz Qopmyam (1.30) caeayer, uro Pp=7ju

CesleRTHBHOCTh pa3feneHHsA OCTAeTCs BHICOKCH JMIL NPH ONTH-
MaJbHO# ITPOHU3BOAMTENLHOCTH CEmapaTopoB, KoOrAa He JONYCKAaer-
€A Teperpyaka anmapaToB H NOTPEeUIHOCTh pa3jesJeHHd MHHH-
MaJabHa:

Ke=Flou F"ca/(F" o F'y),

Tie g — NOMpaBKa, YYMTHBAWUlad YMeHBIIeHHAe IOTPELIHOCTH pas-
JeneHua (norpeiiHocts pasfenerus J ompegenserca mno dopmye
J=EyfHp, Ep=0,640=0,5 (H;s5—H3s). 3necy Hy, Hys, Hys— Ha-
OPSAKEeHHOCTH Pa3JedsioIero Mods, NPpH KOTOPEIX H3BJIEKAITCH C€O-
orperctBenno 50, 75 u 25Y% ¢pakuuil; o — cpepHss KmajpaTHue-
CKAR MOTPellHocTs, %.

3ra pounpaBka yMeHBLIZETCS NPH YMEHLUIEHHH OTHOCUTEJBHORN
neperpysku cenaparopa (Q—Qp)/Q, T. e. oT cooTHOlleHua peanu-
syeMolf @ W onTHManabHOH Qy NMPOH3BOLHTEJILHOCTH.

KoHTpacTHOCTE ¥ CE€JeKTHBHOCTh MOKHO ONDEAeJATh, NPOH3EE-
A MArHUTHBIE HNH 3JeKTpHYecKHH (paKUHOHHEIR aHAJH3 DYAH,
H3MenbUeHHOH 10 pa3HoH KPyMHOCTH.

Ha puc. 1.9 npuBe/ieHR XapaKrepHCTHKH 0GOTATHMOCTH XOPOILIO
H ILI0X0 MOATOTOBJGHHOH K cemapauud pyas, B mepsoM cayuae mo-
Ka3zaTequ MAarHHTHOH cenapaunMn MoryT OHTh GJH3KHUMH K HAeAJIb-
HEIM GJaarojapf peskoft KOHTPAacTHOCTH MATrHHTHRIX CBOHCTE 4acTH-

42



a J

-5 L.
108 ' T TB107 1
Lx=fip) \ A (7) 83
- 3
3 8 |A=f1T) i Eg:

. 2 B=f(y) 3
¥ soRRaRiS fe
5 % R & :g
2 o I ¥3
3 %8 %, (o] ¥ |7 180-y S3
3 - ﬁ;{
. D 126407 ©

25 sg Y75 g 25 5 75

Borzod, Vo

Puc. 1.9, Kpuaee ofOraTHMOCTH:

# — XOpoWo HOAroTOBAeqHof PYAl, § — NACXS NOLrOTORISHHOH DYIH ¢ HEPACK|BITBIME CpocT-
XaMA

ubl Fu/F u=y"fx"=3,8-10%/(1,26-107) =300. B.aronpuariue
CBOHCTBA BHAHH H3 X0Ja KpHBOR 2={(y), KoTopas HMeeT KpyToH
uaru6 npu y=50%. Pyay ¢ HepacKpHTHIMH CDOCTKaMH, HEMOATO-
TOBJEHHYIO K MarHHTHOH cenapallid, pas3fesnTh HE yIaeTca, IOTo-
My UTO B MArHHTHYIO (PpaklHI0 TpHarpaHHUHOM 3HAYEHHH pAasieqH-
Te/IbHOH MarEHTHOH BOCHPHHMYHBOCTH REPEXOAST CPOCTKA, JHIIb
B HeBoNpLICH CTeNeHH OTNHYAIOLIHECH OT CPOCTKOB, NON2JalIUHX B
HeMarHUTHYK (paknuio, a Kpueaa y=f(y)} MOHOTOIIHO Bo3pacTaer
RO Mepe oforallleHus KBaPLeBHX CPOCTKOB MAarHeTHTOM H He HMe-
et H3rufa Ha rpasuue pasjesenuf. [laomane noJs ¢ OCHOBAHHEM
100 # BHCOTO{ o COCTABJAST AOJI0 NOJE3HOTO 3JeKTPOMAarHATHOrO
MHHepaJa, noctynuBitero B cemaparop. Ilone ¢ ocHoBanHem v n
BHICOTOH P XapakTepusyeT CBOel MJIOUIANBIO AOJK H3BJACUEHHOTO B
KOHUEHTpaT 3TOrC MHHepaJa, a noJae ¢ ocHopaHHem 100—vy, H BH-
coToil ) — J0J10 MOJe3HOre MHHEPANA, HOTEPAHHOTO B OTXOAAX,
YpasHeHEe 6anaHca 3JeKTPOMATHHTHOIO MHHEpaJsa

lOOGﬂi:Tlﬁl‘{'(lDO*—Y]}’ﬂ’j. (1.31>

SIcHO, 9TO cTEeneHb H3BJEUEHHR TOJE3HOTO MHHepasia B KOHLEHT-
part mpexcTaBaser cofofi oTHomienne Iaowanei e,=1v;Bi/ (100a:).

Pewns ypasuenme (1.31) oTHocHTeNBHO BHIXO4d4 KOHHEHTpaTa
Y1 H NMOACTaBHB €ro 3HaueHHEe B OTHOIIEHHe Mol alell, XapakTepu-
3ylouee cTefeHb M3BJEUEHHH TIOJE3HONO MHHEpaJa B KOHLEHTpAT,
OJyYHM

81:(&] —_— ‘ﬂ‘\)ﬁy/[ 1000!.1(?’] —'ﬂ'l) ] =
=1—exp (— Ki?). (1.32)

Ecnu naomans ¥ {f,-—oi) npu pasneleHdd J0X0 WOATOTOR-
Jenuo# pyas {cM. puc. 1.9,0) pasienrTh Ha TaKyw ke NJIOWANL
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Opu paszeneHUH HACAJbHO TMOArOTOBJACHHOH (cM. pue. 1.9,a), 1o
3T0 OTHOLIeHMe, no JIyfAkeHy ~— XaHKOKY, HasuBaerca 3pdeKTHB-
HOCTBIO oforallleHus:

n= (81 _ Tl)/( [00 — G!Mnﬂ),

TAe o wun — BHIXOJ, KOHIEHTpATa NpPH HAeaJLHOM 0OOTalleHud, KO-
TOpHE paBeH COAEPKAHHIO MHHePasa o'wsn B UTAHHK Cenaparopa,
NoTOMY 49TO NPH 3TOM MoJe3HBIE MHHepaJ §yjeT NOJHOCTBIO mepe-
XOIHTb B KOHNEHTpaT Ge3 3arpAsHeHus H 6e3 noTeps.

Jas onpejenenud 4ucig RPuEMOs Cenapaldy, NOPH KOTOpOM
obecrneunpaercs 3afaHHoe KayecTBo koHumeHtparta, Jurpe (Hopse-
rud, 1960 r.) noayuusa nocie HecaOXHHX npeobpaszopaHuit ypanne-
Hua (1.32), cssisn Mexay K: M nokasaTedsMd 06Orallle¢HHA CMecH,
cocTosILel H3 JIBYX MHHepPAJIOR:

K.= lg{l —ep) .
g [l —eyoy (I —a) ™ (1 —B) Byt

By= E1Qy
U= (=) K]l ) + ey

gy {1 — (1 —e)tXe)
g (1—pB)+[I—{(1 "‘31)1‘”(‘:1 B1

IIpuusB, 4To npH NepevyHCTKe MATHHTHOH (pakiuuH (KOHIEHTpa-
Ta) BHAENAETCA NPOMNPOAYKT, B KOTODOM CONEPKHTCH CTONBKO XKe
0OJIe3HOO MEeTajsa, 4To H B HCXQAHOM MPOAYKTE, Nocjde AajabHed-
mux npeofpasosaHuil 6ajaHCOBHIX YpaBHeHHE NOJYIHM 3aBHCH-
MOCTE Ka4eCTBa KOHIEHTPAT4 OT YMCAA MEePEYHCTOK !

[/ (1 — ) 17 {eyay [1 — (A —e)Ke] ™ (1 —ay) ™)™

By = .

T4 fo /(1 4+ o)™ fega 1 — (-8} 5]t (1 — o)1)

Mpruepu 1. CojepxanHe MAarHHTHOrO MHHepana B cupbe o, =0,5; nspae-
qeHne ero B KowdenTpar &,=08; xosdduumenr nabapaTencHOCTH pallefedns
FoofFigm]; OTHOUIEHNE MATHHTHHX CHJ, 3aBECAMEX OT CBOACTE PASAeNfEMEHX
HacTHIL FlulFu=5.

OnpeaennTs cOZEPXAHAE MATHHTHOTO MHHeDala B KOHIEHTPETE.

Haxopum wosdpuument cemapaitun K.=0,0. ColepXaHHe MATHETHOTO MHEHe-
pana B KORHeATpare

0,8-0.5

b= [1—(1—0,8)]¥5.( —0,5) 4 0,8-0,5

2, Nanm peayabraTH onpoSopamvAd palOTH MarARTHHX CenapaTopoB Ha
rOPHO-OHOraTHTEARHOM KOMOHHATE:

Y=

=0,745.

Tlprem . . e e e e 1 I1 I11
Copepwanae uameru’ra. %
B HCXOAHOM MaTepEaie . . . . . . . b0 72 62
B MarsmTHOR dpaktrd . . . . . . . . 712 82 66
E HeMarHATHOR dparumu . . 6,5 6,8 29,2
HM2pnedenne wMarierura s uamn-my;o tbpammm % 98 a8 98
OTHouIeHHe MATHHTHHX BOCHpPHHMTHBOCTER %'f¢” . 25 16 29
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OnpegenuM HIGAPATEABHYIO CHOCOOHOCTL CenapaTtopoB no mpaemad. Hafzem
K. nns xampore npeema.

Haa I nprema
lg{1—0,98
Ko 8 )

g {1—0,98-0,6-(1 —0,72)/[(1 —0,6) 0,72}]

Pasfenans K. Ha oTHOWIEHAe MATHUTHLIX BOCOpHHMAuBOCTefdl, MONTYIHAM H30R-
paTedbHyI0 cnocoGHOCTE cenapaTopa B [ mprewe:

F/'o/Fa=10/25=0,4.

Auvanornuno mas I npaesa nonyueMm Ke=5 u F"p/F'n=05 n mna III npme-
sMa — cooreercrserno 2,56 u 0,8,

10.

anBeﬂeHHaH IpocTasa cxeéMa pacuera MmoKasareJael H 9ucia me-
PeYHCTOK NPELyCMATPHBACT, UTO NOrpCHIHOCTHL pa3jeqneHHda H CTe-
IeHE DACKDHITHA HCXOLHOH PYAR OCTAKTCA HEH3IMEHHBIMH H HO3TO-
My K. He MeHgercd, HpPI peaJbHHX pacuerax HeoOXORHMO YUHTR-
BaTb H H3MEHeHHe erg 3HayeHHUH B PA3;THYHHX OnepanugX CXeMH!.

§ 1.9. MPOTHO3 NOKA3ATEJIER CENAPALHH NO HHTECPANY
BEPOSATHOCTH. AHATPAMMA OBOCATHMOCTH

PaccMoTpuM TP ¥ Me P pacuera ROKasaTenell BHCOKorpaAueaTHoft marraTEofi Ce-
napauBH OKACJACHHOR Kede3HOR pyiH ¢ MOMOMbIC TAKOA Momead. JIns noaydeHud
HCXOJIHBX AaHHHX npola Geia NOABeprEYTAa pasfeNeHAN (MarHHTHOMY AHANH3Y)
Ha H3OAMHAMHYecKOM aHaamzarTope (CHM).

PesyabTaTH MarHuTHOTO (paKiHOHHOTO aKaan3a DDHBefenH B Taba, 1.4.

3arem Ha BHCOKOTDANMEHTHOM CemapaTope Gmo npoHaBeAeno oborameHne
3TON pYAH ¢ pasfefeHMeM OO0 rpaHUYHOR YAJBHOR MArHATHOR BOCHPEAMYEBOCTH
%p="80-10-% m3/gr, Ilpr sTOM BHXOJ KOHEEHTpaTa cocrapia 61,5% c cofepxa-
HHeM Keqe3z B HeM 57.4% (onmitm nposemenw JI. ®. CyGSorofi).

QopMyna Anm oOnpejeseHEA PA3JENHTENBHHX 9HCEN Ha OCHOBRE HSBECTHOrO
AHTerpana sepoatHocTH [aycca (HOpMaNBHHF 3aKOH pacupedeNemus CyMmaphofi
BePOATRHOCTH caydafinel seauumnu), no O. H. TuxXoHOBY, WmeerT CAGAYOMAA BHA:

Eg=0,5+050[V byl —yp) 1,

] x
rie 0= EI e=*¥%dy; x-—cnyvafidas BeamuuHa (morpemwrHocts); £ — rosdipi-

B hHAH jdx
iHeAT 3PGHeKTHRHOCTH pPasdencHHd (k=—-dD—=l,2-105): h — BHCOTA

NONBEMA OPH H3BJeUeHHR yacTHL nofem; D — wkosdbdunnent naddysem; yr — Bu-
xox {-R Qpakums; Y — yAeABHAA MarEMTHa¥ BOCNDHAMWHBOCTL [-ff  parmuu;
¥p — FPAHAYHOE 3HA4YeHHE YHeNbHOR MATHHTHOM BOCUPHHMYHBOCTH (NPH ONKTE
%p=80-10-% m¥/xr).

Pasgenuteanine 4HCNa AN PAasARUAWX MAalHATHHX BOCHPHEMYHBOCTeR, pac-
cuuradHHe no Gopuyne O. H, Trxouopa, npusesenu mr®e:

L-- . - .20 52 60 70,6 120 180 240 817 239
E; . .. . 002 023 0,3 053 072 0,8 0932 0,9 i

PacdeTHHE BHXOA KOHIGHTpAaTa Yx H CONEPXRAHHe B HeM Xeaesa f. onpe-
Zensor us dopuyn Ganauca

1

n "
Ve =Z TiEis  Px= >} vibiE;,

i=1 Ve =1
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TaGanuna 1.4 PeaynbTaThi MATHHTHOTO anafMaa HCXoAHOA PyAM

Hone: aK- ¥AenAewaa MACHHTHEAA Conep.xanue Brixom BK- Home aK~ ¥[oennAaA MATHETHAH Conepxa -
R BoCHpRLUTROCTEy weneonm | P ine ot ” socaphonsnocrs, - | xenesa g B,
I 2396 65,1 3,2 6 70 52,3 17,7
p 817 63.2 % 7 60 41,9 5.4
3 240 61.5 12,5 8 52 9.7 8.3
4 180 60,4 147 9 20 2.1 15.7
5 120 58,8 12,8

TaGnuuwa 1.5, PeayJAbTaTR MarHHTHOrO aMa/IH3a HCXOAHOH PYAM W KOHULEHTPATA MATHHTHOA cemapauuH

Briion dpaxunit, %
¥ s - C H A

Homep dpakiun e Ha:oﬁ;:mlgﬁxugi?mmmw xfﬁﬁg-ﬁ?"oze Hc;;ﬁ;:aa Konuenrpar memzs:.l’lfo%" enl? KommeRt:

I 2936 63,2 4,2 6,9 1

2 817 A3 10 15,6 0,96

3 240 62 11,1 17,7 0,98

4 180 61 15,9 23,2 0,9

5 120 59 13,1 15,3 0,718

6 70 52 18,5 13,4 0,445

7 60 41,8 6,7 3,8 0,35

8 52 9,8 7,8 3,6 0,288

9 20 2 12,7 0,5 0,024
Hexomuniti 825 46,8 100 100 -
mMaTtepnaj




rie D; — conepKaHHe XeJie3a B Y3KHX (PPAKUMAX; [ — NOPAAKOBLH Homep Qpak-
HH; #— Uucao dpakuuit,

“ ’Honc‘ranus ﬁg}mme n3 Tabn, 1.4, umeem: Ys=3,2-1+9,7-0,96+12,5-0,984+
+...+15,7-0,024="59,8%; Px=(3,2-65,1-1+9,7-63,2:0,96+...+15,7-2,1.0,024) X
X59,8=57%.

QakTHuecKHe 3HAYCHHA PasfelUTeNbHNX yacen £, mosiyyeHHHe B Pe3yaaTaTe
$PaKUMOHHOTG AHANM3a §a MACHATHOM AHAJM3aTOpe, NpHBefeHH B Taba, 1.5.

M3 3THX HaHHHX BHIHO, YTO DACYETHHE 3HAYCHEA PIACNPEAEARTEABHHEX WHCEN
S1H3KH K ONBITHHM, UTO CBHAETEALCTBYET O CNpapeL/MBOCTA DPHHATOH npH pac-
QeTe MareMaTd4eCkOH MojenH. B CBA3W ¢ TeM, 9T0 COJEPIHailHe Heje3a B HOH-
[eETpaTe I[OHUIKEHO BCJACHCTBRe INpHMeceff Menee MAaCHHTHRX CPOCTKOB, erd
nojBeprand NepedHcTKe Ha TOM 3Ke Cenapatope ¢ Tem, Yro0H BHAEIHTL MAarkHT-
Hhe (QpaKuHH, NPelCTaBleHHHE CPOCTKAMH, B NPOMEXYTOUHHE  NPOAYKT
{raba. 1.6).

TloayyeHHBH NepevHLIEHARH KOHIEHTPAT H DPOMIPOAYKT TakKXKe [OABEpra-
JH PpaxiuHOEHOMY MATHETHOMY AaHANH3Y Ha RIONHHAMHWECKOM aHaaM3aTope.
DKCIepHMEHTANbHEE De3yAbTaThl OhOpMieHH B BuAe o6mdH0f AnarpaMuu o0o-
ratuMocts, no AHpy (pue. 1.10,2). Ha Helt cnpaBa NOXa3aHul HanpAMKEHHOCTH
noAsA, npH KOTOPHX NPOM3BOIMACCE pa3leteHHe (paxUuf Ha aHaIH3aTope (OHH
fpUBEAEHE TOTOMY, 9T0 3HAYEHHA HANPAMEHHOCTH OMHHAKOBH ANsA (GpakUHOHHOrS
AHAMN3A KaK HCXOJHOR PYAH, TaK K DPOJAYKTOB, A YZeJbHHe MaTHHTHBE BOC-
MPAAMYHBOCTH (PPAKUEE, BbUIGAEHHRIX [IPH S5TOM H3 pPYAHBX NPOAYKTOB, He-
CKOALKO OTJAHYANNTCA APYr OT Jpyra NpH ofHOA R TOMl e HANDPAMEHHOCTH Dal-
NensoInero o).

PaccMoTpeHEe 9THX HAHHHX NOKASHBAET, UTO B 3TOR pyle COJEPKHTCA MHO-
TO CPOCTROB H ODITOMY MOTPeSyOTeA ACTOTHHTEILHOE JOH3Melbielne H AopaboT-
K4 NPOMIPOLYKTA.

puMep. Onpenenuts 3bh¢geRTHBHOCTD pa3ieferds DO KOHTPAacTHOCTH
CBOHCTB KOHUEETPATA M XBOCTOB U No dapmyae Jlyiikena.

Ha puc. 1.10,6 npuBefeHH KpHBHe pAa3OeIeHHsT JAAd OCHOBHOTO NPHEMA
Cenapaniy v CHCPAUHH MEPeTHCTHH KOHUEHTDRATOR M NPOMIPONYKTOB (AHACPAMMDL
pacnpelenuTe bHMX Yxcen no Tpomny). DBojee Kpyram Kpumas [ oTHocHTCH
K Onepaluy [ePeYHCTKH KOHUEHTpaTa, OoJjee NOJOTHE — COOTRETCTBEHHO K OC-
HOBHOH B KOHTPOABHOI cenmzpauuad, KpHBAA pasfesemus INA ONepallHE mepe-
SECTKH KOHDEHTPATA BMeeT HATDIKEHHOCTh paileleBHA 144 xAfM, norpetmiecTh
pasnenenun Epm cocTapnger 28 wkAfM, a mapaMeTp HecoBepleHCTBA mpouecca J,
BlpameHERE B JOAAX CAHHHUL M pABHBH HacTHOMY OT JedAeHHa Fpm Ha rpa-
HRYHYK} HanpamekHocts ffp, noayaunca papaum 0,19, Jnd ocHoBHOA onepanux
(kpuBas 2) 3TH BeJAMUMHK COOTBETCTBeHHO paBHH 280; 166 m 0,56; ana onepalmu
nepedHeTKH XBocToB — 688; 168 a 0,24,

J{pdeKTHBHOCTE CenAPAUNH Ha OCHOBAHHE 3THX AAHHMX MONHO OIPeleNHTh
no popmyae n=I—exp(—KH).

KonTpacTHocTe CBOMCTB 1pPH  DepeUHCTKe KOHNEHTPATZ NOJAYURAACE paB-
Ho® 3,12,

CeaCKTHBHOCTL pasfieaenus pabHa 1-—0,24=0,76.

Ogl'llonpaaoqﬂblﬁ kosppumaent a=0,1. Torma n=I1—e"31207601=1_070=

3ddexrrpiocts mo dopmyne Jlylikena npaMepHo Ta e

n=(&—1}/ (100 — 22} = {56,9—51,13) / (100-—56,68-160/112) =0,23,

§ 1.10. ONTHMH3IALHA NOKASATEJEH M3IMO

PeaynbTaTel ONMBITOB, OMHCAIHBIX B OpefelIymleM maparpade, Ha-
rAAI00 NOKasajH, 4TO HPOLEeCe MOKDOH MAarHHTHOR cemapaldH He-
JOCTATOUHO CeJeKTHBell. B KOHUeHTPAT K3BJAEKAKTCA HEe TOJbKO
CHABHOMATHHTHBIE pyJHHIE 3epHAa, HO H B HECKOJbKO pas MeHee
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TaG6auna 1.6, PeayaeraTel MATHHTAOrO 3aHAAM3A KOHIEATPATA OCHOBHOR

HMcxogaan pyha {(KORNEHTPAT OcHOBHOA OIEDAIMH)
Hanpameanocrs v
MATHATHOTO 0OAA, BHXOA OT HCXONHOLO JeABHAR MATHAT-
C Fe, d
KA/M TPOAYKTa, % onepxante Fe, % Bx;gbe;::r;%ggr«;?”
64 4.8 63,8 81,39
80 18,2 62,8 18,59
108 15,7 62,0 6,29
148 32,7 61,5 1,78
196 11,6 56,0 1,10
272 7.8 48,6 1,005
392 5,5 40,3 0,075
820 2,2 19.8 0,064
10250 1,5 4.0 1,024
Hexonneit 130 56,68 9,07
MaTepHan

MarHATHHE CPOCTKH H Jaxe YacTHIH nyctoff HemarHATHOR mopond,
3allieM/ieHHHE B HEMATHHTHRIX NpAAAX,

Jaa docrixkenns sddexTHBHHX NOKazaTejaedl HeoGXoZuMO A0-
6uBaThECA, 4TOOH OCTaBLIHECH HEPACKDHTHMH CPOCTKOBHIE 3€pHA
OHJAH MO BO3MOXHEOCTH OefHee Ho COAePXKAHHIO MATHETHOrQ MHHe-
paia. Ilaa yAaneHHs HEMAarHWTHHX 3€PeH claeiyeT NPHMEHATb BH-
TaJKHBAHHE HX MOJieM Ha MaCHHTHOTHAPOCTATHUECKHX anmaparax
(B. A. Uymaxkos, 1980 r.).

Tloaydelne onTHEMaJbHHX NoKasarededl JA0MKHCO ofeCneuynBaTh
MAaKCHMAaABHO UpHOHJABAYI0 pabory ¢abpuku. Huas storc Hamno,
¢ OAHOH CTOPOHH, MONYYATh KOHIEHTPATH BHICUIETO KAYECTBA ¢ MakK-
CHMaJLHKM H3BJECUEHHEM B HUX MOJE3HEIX MHHEpasoB, a ¢ Jpy-
rof — BCEMEPHO YMEeHbIIATL CefecTONMOCTh NepepalboTKH CHPBA.

Ha pnc. 1.11 noxazana sxoHOoMHYecKas 35¢pdexTHBHOCT: olbora-
LIEHAA B BHAE KYMOJ000pasHOH IOBEPXHOCTH, XapaKTepHIyIOmeh
NpHGHJAL B 3aBHCHMOCTH OT CefecTOMMOCTH IiepepaloTKH CHpbs H
LIEHHOCTH MOJYYeHHHX NpoAykToB. [lepeas onpejensiercs cyMMolk
ceSecTOMMOCTH OTN€paldil no cxeMe oforauleHHsA, BTOpas — CYMMO#
peajH3anuH KOHNEHTPATOB B 3aBHCHMOCTH OT YAEJABHOTO pacxoAa
CHIpbE Ha 1 T KOHUGHTPATA H COAEDIKAEHS MOJESHOTO MHHepatia B
CEIphE W KOHLEHTPATaX.

ITH BeJHUHHE MOXKHO ONPeRessiTh MO GopMyaaM

C=Ec/'f=3300/{'\{al);

rae Z.— cefecToHMOCTh NnepepaboTkd 1 T CHIppA 1O cxeMe Lers
annapaTtos, py6/T; ¥ — BHXOA KOHNEHTDATA, AOJH el.; Jy — yAeib-
HHf pacxoi 3JEKTPOSHEPIMH Ha H3MeJbueHHe 1 T HCXOAHOH pyAwM,
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Cenapaldd B NPOAYKTOR €ro OepeqyacTEHn

KosoeuTpaT IpounpopykT
| .
B | S | e | Bmerorte ) G | et
o¥KTa., % Fe, % “‘j‘gfe"-",f;jir"' nyeta, % Fe, % nn;ggm;{{ﬁrx.
3,9 63,3 76,94 0,9 63,0 73,76
- 16,68 63,0 21,75 1,52 62,1 15,45
13,0 63,3 8,16 2.7 61,9 4,40
16,0 62,6 2,65 16,7 57,5 1,41
0,70 57,7 1,46 10,9 85,1 0,092
0,30 43,6 1,196 7.5 48,2 0,079
0,35 40,0 0,075 5,15 40,0 0,072
0,10 20,6 0,065 2,11 19,6 (,0597
0,10 5,4 0,029 1,4 3,0 0,013}
n‘mv e
51,13 62 4 14,48 48 87 50,89 2,73

kBT1-u; ap— nena 1 kBrt-u sjexrposnepru, py0.; 4y — NoAA CTOH-
MOCTH 3JI€KTPOSHEPIHH B Ce0ECTOHMOCTH O0OTaINeHHd CHpba (a;~
20,2); bo B b — cooTBeTCTBEHHO (a30Bas HEHAa W AOMJATH 3a [O-
BHIlIEHHE €€ NPH YBEeJHYeHHH KadecTBa KOHLeHTparta, py6/T (aam
e e30pyAHHX KOHHEHTPAaTOB OEH PABHEl cooTBercTBeHHO 11,2 w
0,54); Bs H P — conepiKanHe MOJE3HOTN0 MHHEpPAJa COOTBETCTBEHHO

T
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3 392,
g g
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Puc. 1,10, NnarpamMa oforaTEMOCTH 1o AHpR {4) B KpuBHE pa3sfededys no
Tpomny (6):

J — omepatia nepeddcTKH KOHLEHTPATa; 2 — OCHOBHAR <e1apad¥A; J — nepedHcTka XEOCCTOB)
, A, O — cofepXaHHe Xele3a COOTBETCTBEHHO B KOHUEKTPaTe, DTAeAbHOR dpaxmme, XBOCTAX
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6azoBoe u daxruueckoe, % (Aas XKene-
30pYALHHX KQHUEHTpaTtoB Ps=65%}.

Hanbonbluag pasHoCcTh MeXAy HeHOH
H ceGeCTOHMOCTRIO XAapaKTEPH3YeT ONTH-
MaJbHOE 3HavYeHHe NoKasaTeded (Ha
puc. 1.11 oHa cooTBETCTBYeT KOOPAHHA-
TaM, YKa3aHHBIM MYHKTHDHBIMHE JHHHSIMH
na ocax C u ).

Ha pue. 1.12 npupeneHn 3aBHCHMO-
_ CTH COJEePXKaHHA JKeae3a OT KDPYIHOCTH
Duc. 111, 3ABHCAMOCTS MPH-  yaoryy g crocofa M3MeabUeHHs Ha 3d-
Guan I1 ot cebectoumocrd C
MepepaboTKn Cupba K Uemuo.  PYOERHBIX I'OKax, nepepafaThiBalUIHX
.cta I nosyuenmnx npoayk- TaKoIHWTHEL Ha puc. [.13 mpuBemeunt gaH-
TOB Hule, nmeayuerasle Ha [OKax Kpusopox-
cKoro faccefiHa H MeCTHOrO MeTalayp-

TFHYECKOrO 3dBOJA.

Brauno, uto npHOBIbL BO3pacTaeT NMPH YBEJAHYEHHH COAEp:KaHHA
JKejesa B KOHIEHTpATE [0 TECPeTHUYECKOTO B MareHeTHTe, HO ApH
YCJOBHHE, YTO cOjepiKaHHE B XBOCTAX IIPH 3TOM NOAJepKHBAeTCH
NOCTOSHHEIM, Ecsin xe cojepixaHue xeje3a B XBOCTAX YBEJIHYHBA-
-etcq Ha ¢=AO/AR (B mpouenrax kHa 1% mnpEpocrta KayecTBa KOH-
MeHTpaTa), T0 foJiee BRTOAHEIM CTAHOBHTCA MOJyuYeHHe KOHIEHTpa-
TOB HE CTCJb BEHICOKOTO KauecrtBa,

Ilpy HecoOTEeTCTBHH IEH HA KOHUEHTPATH HHTEpecaM OTpac/H
HapOAHOrO X03AHCTBa (B ZAHHOM CJyuae — 49epHOH MeTaJJIyprHH)
TpAGEIAL HEOGXOJHMO BHUHCHATH He No oboraturenbHoit dpabpuke,
4 IO KOHEYHOMY DE3yJIbTATY CTOHMMOCTH MeTa/Jja Ha MeTaJdJypru-
HeCKOM 3aBOJE, NepeNJaBasiomeM KoHUeHTpaT. B aTom cayuae
CTOMMOCTh YA&JeHAA NMOPONH B BHAE HAKOrO [IJaKa, BHIIyCKae-
MOrOQ M3 JOMEHNHIX I€4ell, B JeciTKH pa3 NpeBHIIAeT CTOHMOCTh

aﬁreqa/" 0_
/] Sy l o
oo * ) .2
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&0 A = Ag
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Puc. 1.12. 3aBucumMocTs cOMEpKAHNE Bre B KOHIEHTPATE OT KPYOHOCTH YacTHI &
H crocofa HIMeapueHHs HeRHUIEACYSHHHX {Z) W BHUIENCYeHHHX (0) TAKOHHTOB:
{, 4 — GecmapoBoe HaMeabdepHe: 2, 3 — mwWapOROE HIMEARHEHE
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Pug, 1.13. Pe3ynbTaTH TeXHHKC-3KOHOMHYECKHX DACYETOB, IPHBSACHHHX AR y&—
nosHf Kpapopoxcexux I'OKOB W MeTannypridecKere 3agona:

@ «— 3KCOAYATADMORABE 34TPaTH; & — KANHTAJbELE BAOMEHWS; & -— TPYLOBLE 3ZaTpaTe: K-
0, 3 — cOOTBETCTEEHHD ceBeCTOMMOCTD NOGLIYA, MarHHTHOTO OBOTAILEHHA M SKOHOMHN, DYO/T
CHipLH; A — TPYROBHE 32TPaThl, YeJ-9/T; ¢ — npHpauleHHe eae3a B XBOCTAX IIPH YBedHYe-
HHH KAMECTBA KOHNEHTpaTa Aa %

yAaqaeHus Tycroll mopoAbl Ha (raGpuxax merogxamu MIMO. TTosto-
MY BBITOAHO NPOH3BECTH AONOJHHTEJNbHHE 3aTtpaThl npH oforale-
HUH, €CJIH 3KOHOMHSI B METAJJIYPTHYECKHX lieXaX ¢ H3GLITKOM mepe-
KpBIBaeT HX.

PeayapTathl pacuetos mokasmBawT (cM. puc. 1.13), uTo npu-
pOCT copepxaHHs JKeneia B XBOCTaX NPH YBeJHUYEHHH KauecTBa
KOHUEHTPATA BLI3BIRAET DE3Koe CHHXEHHE NPOU3BOAHTENBEOCTH
TPpyAa B YepHOR MeTanayprud u jpaxe npu ¢=0,1 moseedne kKa-
uecTBa KOHUeHTpaToB Gonee 60—65% cTanoBHTCA HepauHOHAJB-
HBIM.

JJis1 noayuyeHHs HaUAYYUIHX 1TOKa3artedell MarHMTHOro oforauie-
HHs1 HeoOXOAHMO 3HATh TOTEHUHAJABHBE XapaKTEPHCTHKH ¢60raTH-
MOCTH PYA MaTHATHHIM cnocofoM. Takue XapakTepHCTHKH NOKHE
ONpeAeNATECA TOYHO H MO CTAHIAPTHHIM METOAWKAM (HOTPeIlHOCT:
ONEITOB He AOJ2KHA [PEBBIIATH AOMYCTHMBIX 3Hauenuil, uToOhl He-
JOCHEHKA BO3MOMKHOCTRI CBIPhS HCKJOYaNach).

B 3aBHCHMOCTH OT NPHMEHfAieMBIX CcIoco0oB pasjiyaloT cieny-
I0[lHe BHAR XapakTepHCTHK o0O60raTHMOCTH, XOTOpHE MOTYT OHITE
noayyeHbl TNPH MArHHTHOM anaJdH3e H OBOralleHHH HCXOZHOTO
ChipbA:

NOTeHUHAaJ bHHE, KOrja B MarHHTHYI (ppaxnuio B naboparopnux.
YCJAOBHAX NMOJHOCTBIO H3BAEKAIOTCA BCEe MAariHTHHE MHHEPAAH H HX
CPOCTKH C HEMACHHTHLIMH, a pasjeneHHe HX N0 COAepPKAHHIO Mar-
HHTHBIX MHHEDAN0B HPOBOAHTCA COPTHPOBKOA (MOACYETOM HOA.
MHKPOCKONOM) H KOHTPOJHPYETCH TPAaBHTAUMOHHBIM aHaJH30M;

peasblbe [OKa3aTeH, NOAYYAeMBle IPH pa3[eesHH MarHuT-
Heix ¢pakuufl Ha 1abopaTOpHEIX MArHHTHEIX aHalM3aTOpax ¢ HC-
NOIb30BAHHEM (HIHKO-XUMHYECKHX H XMMHUECKHX CNocofoR mod-
TOTOBKH NpPo6 K pasiefennio;
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peasH3yeMble XapaKTepHCTHKH, YCTAHABJHBAeMHe Ha MATHHT-
#bX CENapaTOPax B NPAKTHYECKHX YCJOBHAX, NPH KOTOPHIX YUHTH-
BaeTca CHHXKeHHe 3(heKTHBHOCTH BCAEACTBHE HENOJHOrO pacKpH-
THA, HETOUHOT'O pasie/eHHs M KoJaebaHHS [NPOH3BOJAHTEIBHOCTH.

Ilo nepBoli XxapakTepHCTHKE OLIEHHBAIOTCH Pe3yJbTaThl, KOTOPHE
MOTYT OhITh MOJYYeHH HA [PaKTHKe JHIIL B OTAEJNBHOH NepClHeKTH-
Be. PeanbHble xapakTepHCTHKH Ilesiecoo0pasHO HCIOJAB30BATb NPH
KoHTpose paboTh ¢(abpHK H TeXHOJOTHYECKOH OLRHKE IEPCIeKTHB
NIPHMEHEHHSI MATHHTHOTO ofoTalleRHs AJ8 HCCASAYEeMOro CHpBS.
Peanusyembie noxasarenn HeoGXONHMH AN NPOSKTHPOBAHUA, JKC-
qIyaTanHH H OLEHKH KadecTBa obcayXupaHusg o6opynosaHHA Ha
MAarBETHO-060TaTHTENBHHX QabpHKaX.



I'JTABA 2

BJAEKTPOMATHHTHLIE CBOHCTBA PYA,
UX KJIIACCH®HKALLUA H CBA3b

CO CTPOEHHEM H NIOATOTOBKOH

K CEMAPALIUH

§ 2.1. KIACCH®HKALHA MHHEPAJIOB H PY MO MATHHTHbIM
W AJIEKTPHUYECKHM CBOACTBAM

MuHepanu H pyaH NOAPA3ASIAT HA CJAEAVIOUIHE TPYIIIIHI:

1. CunpHOMarHuTHEIE HJAH  (eppoMarHHTHHE, 00Janalie
YAeNBHON MAarHMTHOH BOCIPHHMYHBOCTBIO  BelecTBa % >3,8-
-10-% m3*/kr (#manpuMep, ©eEppHTEH, MArHETHT, THTAHOMATCHETHT,
$paHKIHHHT, NHPPOTHH H Ap.}.

2. CnaboMarHHTHHE HJIH NapaMarHHTHEE MHHepashl ¢ YaAeJb-
HOM MAarHUTHOH BOCIPHHMYHBOCTBO y%=7,5-10° po x=1,26.
-10-7 M%fkr, 7. e. ¢ BOCIPUHUMUYHBOCTEI) B COTHH H THCHYH pa3s
MeHblllelf, yeM CHJbHOMAarauTHHE. K sT0fi rpynne oTHOCAT OKCHJIH,
THAPDOKCHAR M KapOoHATH JKejesa H MapraHia, HJIbBMEHHT, BOJb{-
PaMHT.

3. HemaruuTtaee W AMAMArHHTHHE MHHEpaJH, ofJajgalomye
MAarEATHOH BOCUPHAMYHBOCTBRIO << 1,26-10-7 M3/rr uan mna ampa-
MAarHUTHEIX MHHepaJos i< 0.

CunsHOMaruuTHNE pyiam ob6pafaTHBalT Ha cemaparopax co
caafeM MAPHHTHBIM MOJEM HanpsxedsocTolo no 120 KA/M (npaMas
cenapauus); ¢/JAa60MAarHUTHHIE — CHJBHBIM ROJEM HAaIpsXeHHO-
croio 1000 kA/M u GoJjee, 2 HeMATHHTHBIE — B CHJbHOM IOJIE, 34-
RONHEHHOM (EeppOMArHATHON KHAKOCTBIO HJH CYCIEH3HEH, T. e. H3-
BJAeUYEHHEe BHITANKHBAHHEM (o6paTHas MAarEHTHAs CeNapanus).

4, MuHepain-TPOBOAHHKH, 00J1aAaIOLIHe BHCOKOH 3JeKTpHYe-
ckoil nporoaumocteio (ot 10~ mo 10% Cm/M} (Hanpumep, rajessr,
MATHETHT, THTAHOMATHEeTHT, DHPHT H jp.}.

5. INoaynpoBOAHHKH C yAeJbHOH 3JCKTPHUYECKOH MPOBOAMMO-
cTpi0 ot 107! g0 10-% CM/M (HanpuMep, CHOEPHT, KAJbIHT, aaMas,
Hepuan ¥ 1p.).

6. HenposonHukn (AH3NMEKTpUKH), obJjagamoiiie HUUTOXKHOA
YIeJbHOH 3AEKTPHUECKOH  TNPOBOAMMOCThIO MeHee 10-% Cwum/m
{KBapL, KaxbUHT ¥ AP.).

H3 saementos [leproautueckofd cCHCTEMBl HDKO BHpaMeHHHR
¢eppoMarHeTH3M HMMEKT TOJbKO TPH METasja: Xejeso, HHKeldb H
K0BanbT, a NPOBOAHHKAMH ABJAAKTCS BCe METANIH. 55 3/1eMEHTOB
MMEIOT MapaMarHHTHee CBOMAcTRA, npuueM 16 3JeMEHTOR ABJASIOTCA
TapaMATHETHKAMH B YHCTOM BHAe, HO B COGAHHEHHHX — RHAMAr-
HETHK4MH (KHCAOPOA, HATpH#t, MarHuf, aNIOMHHKHA, UHPKOHHH, 0J0-
EO H Ap.); 7 SJAEMEHTOB INpOABJAIT CBOACTEQ TNAapaMAarHETHKOB,
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Tadanoa 2.1. ¥YoensHas MATHHTHAS BOCOPHHMYHBOCTh HEKOTOPHIX MHHEDRAOR

YJEHBHEH MATHHTRAR
Munepan Xumuueckas dopmyna AUCHPHEMTIBOCTE,
10—7 M3kr
CusbrOMI2HUTHYIE
Maruzernt FeyQy; (FeO-Fel03) 6300— 12000
Marremut y-Feg(y 50006000
TuranoMarseTar Fe(Fe®+, Ti),0, 3000—4000
Tlappotun Fe,_:8 {x=0+02) 63—570
Maptur FesO; 70—90
CaabomgzHUTHELE
Temarur Fe;04 2030
JIHMOHHAT Fes0,-nHO 2—3
CaaepuT FeCOs 6—7
HabmernT {Mg, Fe)TiO, 14-—34
Manraunt MnO,-Mn({OH); Ho 6.3
TTapostio3nt MnQ, o 4
Boandpamur (Fe, Mn) W0, 8—12
JonoMuT CaMg (COq)2 Ho 3,4
Hemazuurnsie

KBapu SiC, —0,025
Tloaepoii wnat (Na, K, Ca) [AlSi,04] 0,630
Anarut Cas (PO4}s{F, OH, Cl) 0,126
Nuput FeS; 0,126
Pyraa TiQy 0,250

KOTZa OAMH HJA BoJee aTOMOB HAXOJWUTCA B COSAHHEHusx {asor,
Kannf, Meldb, pyOUINE, 30]10TO, THTAH).

B Tta6a. 2.1 npHBeleHH YieqabHble MAaTHHTHHE BOCHPHUMYHBOCTH
HEKOTOPHIX MHHEPAJIO0B.

3navedusa aorapudma yieabHOH 3JEKTpHUECKOH NPOBOAUMOCTH
Jg ¥ HekOTOpHIX HauboJee PACNpOCTPAaHEHHHX MHHEpPA/oB NpHBene-
HH B raba. 2.2.

Mazrurnoie u saextpuxeckue ceolicTaa ne BARIOTCE  NOCTOAH-
HOIMU (PUBUYECKUMY GEAUYUHAMY H HU3MEHAIOTCS B 3aBHCHMOCTH OT
HallpsKeHHOCTell MarHHTHOTC H 3JeKTPHYECKOTO MOJeH, co3faBae-
MHIX J€KTPOTOKAMH HJH CTATHUECKHM 3JEKTPHUYECTBOM, TeMnepa-
Typhl, AABJIEHHSA, NIPHXOJALIErocs Ha ofpasel, YaCTOTH TOKA, Kpyn-
HOCTH M3MeJ/bueHHA, (OPMBI YACTHL, BpEMERH HAMATHHUMBAHHA WJIH
3JEKTPH3ALHH, BJAXHOCTH, KPMCTAJJHYECKOH pEUIeTKH, HAJRYHSA
dederros # npuMeced B Hell. OcoferHo GoJsbLIOH H3MEHUYHBOCTHIO
OTJNYAETCA 3JIEKTPHUYECKHH 3apsAj, NOAyYaeMBHl HacTHUAMH OpH
pPa3JHYHHX crnocobax TpeHHs, (akTop AENOJsPH3ALMH H AD.

Ha pue. 2.1 noxasare cnocolu coofUleHH# 3apAia YacTHIAM.

HameHenne MarguTHBIX H 3JIGKTPHUYECKHX CBOHCTR TNOKAa3aHO Ha
pHc. 2.2 1 2.3,
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Ta6nuuwa 22, Csofictha HeKOTOPHX MHREDANOB, HCMONLIYEMBE B fipoliecce SAEKTPHUECKO Cenapalny

[IpoRo/iBHKE ‘ HonynposoneiKyE ' HenponoAHEKH

MHHEP@J‘I &m:‘g‘:’i 1g " CM;’M

HEQAEMOCTS 2 0 —2 -4 -8 —8 —10  —2 —14 —16 ~18
I"anenut 81 —
Marnetur 33,781
ITapur 33,7—81
Cohagepur 5—6
Cagepur 5,2
Anmas 5,7
Bepuan 3,9-—7.7
Kaneuut 7,5—8,7
CHasBHH 6
Tanur 5,6—6,4
Keapn, 4,5—6
MyckosrT 6,2—-8 —_——




-gi-l \f! 0y

Pyc. 2.1. CoocoBul cooflesna 3apaia YacTIaM:

4= OyTeM KOKT&XTA ¢ SAPHACHHBIM 3JEKTPOLOM; & — NYTEM KOHTAKTA MPEABADHTEILHO 3a-~
PEKSHERX 4HacTHO SAPAMLEH bIM BJIEKT]JDJIOM‘ 4 — 0Ca¥IeaHeM MOHCE B LOJAE KDPDHHO‘.I'O
PAIPAAE C NOCAENYIWER paspankof, 2 =— TpHOOSACKIDHIZORER O DROANGHKY; J = yacTHDA-
NPOROZBHK; J - JaCTHUR-IH3NCKTPHK; J, 4 — daCTHUB-AHIASKTPHKR ¢ JX3AEKTpHYECKOR [pO-
HEOASMOCTEI0 By B & 5 —23paaHHil sASKTpoa, 6 — KODOHAPYHIKHA AeKTPOA; 7 — OcaaH-—
TeAbAf sMeKTpoA; & — paipAARHY SAEKTPON; § =— NOLNO0KKA ¢ IHINEKTPHYEcKON DpoHHmae—
MOCTRH) 2a->Bu»8y (Mo B. H. Kpaemy)

DnekTpHUYeCKUe H MAarHHUTHHE CBOHCTBA MOryT GHTH onpegeae-
HW KaK PacyeTRHM, TaK H SKCNepHMEHTaJbHMM nyTem. OnHaKo,
B CBA3H C M3MEHYHBOCTEIO CBOHCTB PYA Pa3JIHYHEIX MECTOPOXAEHHH,.
JKCIIEPHMEHTAJbHEIe METOAH AaloT GoJlee IeHHHE AJA MPaKTHKE
pe3yabTATHL. :

§ 2.2, METOJLHKA ONIPENEJEHHA 3J EKTPHYECKHX
H MATHHTHBIX CBOHACTB P¥J H NPCGIAYKTOB OBOrAMIEHHA

Paspaborano MHOrO 3KCIEePHMEHTAJBHHX METOJHK, H3 KOTOPHX
HarboJee NMPOCTHIMH H AOCTATOYHO TOYHHMH ABASAKTCA ONHCAHHHE
HHXE,

Jna onpeneneHns Ou3AeKTPUYECKOLE NPORUYAEMOCTE TIOCTYNAIOT
caenyiollaM ofpasoM. MHEepa/sel moMemamwT B JKHIKOCTH C H3BE-
CTHOH AM3JIEKTPHUECKOH NpoHHLIAeMOcThlo, YacTHOH, Yy KOTOpHX
IH3NeKTpHuecKasd NpOHHIAeMOCTh HOJbIIe JHAJEKTPHYECKOH npo-
HUUAEMOCTH MHAKOCTH, OyAyT NpH HAJOKCHHH 3JeKTPHUECKOTO No-
Al BTATHRATBCA B HANPABJEHHH BO3PACTAHUS €ro HampAXKeHHO-
CTH, 2 YACTHUH C NPOHALAEMOCTBIO MeHble#t — GYRYyT BHTAJKH-
BaThCH XKHAKOH cpenofl B HanpaB/ieHHH yMeHBINEHHA HaTpAMXKeHHO-
CTH JIEKTPHUECKOTO MO,

Ha puc. 2.4, g npuBesena NpHHUuIHAAbHAS cxeMa npubopa i
ONpeneseHHs] AUSNEKTPHYECKOR NpoHHLaeMocTH. [IpH paBeHCTBe
NH3MeKTPHUECKHEX MPOHHEAeMocTell YacTHUM M CpPeinl NOHAEPOMO~
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Pyc. 2.2, BannHiue pasMepOB YACTHI HA KOSPUETHBHYI® CRAY M RaYaNbHYi0 Mar-
HHTEYW BOCDDHUMYHBOCTL CPOCTKOB YaCTHL, (3), MArHHTHYIO sHepruwo (6), manps-
MEHHOCT (8) W BAHAHHE KOHUEHTpAURA (deppoMardHeTHra € Ha OTHOCHTENBHYK
MATHHTHYK BOCHPHHMUHBOCTB Xp cMecH (2) RDH NPoZOMbHHX (1}, wapooOpasHex
{2) r nonepeyRwx (&)} NAACTHHYIATHX BKEYEHHAX deppoMarHuTHON Gasd
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Puc. 2.5. 3aBHCHMOCTD JHS/EKTPHYECKOR MPOHHUAGMOCTH MMHEDAADB £ OT TEMMe-
paTypel T (a), Eanpaxentoctd £ (6), 4acTOTH MOAR v (8) H BHelEAETo ZABJAEHHA
F (2)
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Puc. 24. K sonpocy onpeleqeHHs 5NEKTPHUECKHX CBOMCTB PYI K NPOIYKTOB 060~
ramieHHs:

& — DpHBOD AAA CNPeReeHHA IHIMCKTPHYeckOA NROHHIASMOCTH: J — CTEKRHMHBIA COCYI; 2 —
ApoBOAs; J— PeryMupOBROIHEA BHAT; 4, 5 — COOTASTCTECHHO BEPXHHMH H HHMEHE IHCKOBLIS
BAEKTPOIL; 6 — SASKTPOL-HrAa; & — YCTAHOBKE NS USMEDEHHH 38PHIA B IIONE KOPOHHOTO Pa3-
pPADA: ] — HOPUHMDYIOIWRA 37MeKTpon; 2 — MHAEPANLHBE 3epAa; §-— OTKHABBAICILEICA JIOLLAL-
Ka; 4 — nmHARHAD <Papanen; 5 — MHEDPOAMISDPMETD; # — YCTAROBKA IR ONpeJeneNHs 3apana
MHHEpANA NpH TPAGOIREKTPA3ALKH: f =— KoMnpeccop; 2 — pecuBep; J-— peoMerTp; 4 — GVHEEp-
OETaTeAb;, § — MeTaaANKRYecKas TPyOKa; 6 — sKpaH; 7 — BOJALTMETD; & — MIMEDHTENb ©MKOCTH;
% — cOOpHHK

TOpHas CHJaa, onpepenaseMasn no ¢opmyne (1.5), craHoBHTCs pag-
HOH HyJI0 K IBHMEHAE 4aCTHI MHHepajia npexpalllaetcA. Lofas-
JiSIA EHOKHH AUINEKTPHK ¢ Goabluiell AW MeHbHnIeH AH3AEKTpPHYe-
CKOJ{ MPOHMLIAEMOCTLIO, YCTAHABJHBAIOT 3HAYCHHA IH3JIEKTPHUSCKON
NPOHHIAEMOCTH, NIPH KOTOPOfl 3¢pHA OCTAlOTEA HENOABHKHBIMH,
H MPHHHMAIOT, YTO AUIJTEKTPHYECKad NPOHHIAEMOCTh HacTHIl pABHa
JH3JIeKTPUYECKOH NPOHUIEAEMOCTH JAHHOTO MAaTepHAaJa.

Tipumep. B HeSonplnof cocys BaAHBAIOT K3 GIOPeTKE 5 MA HeTHPEXXIO-
prcroro yraepoga (CCly) M BHOCAT HeCKO/BKO WacTHI MAHepana. B pacTsop
NMOTPYXKAKT TOHKHE CTAJbEHE MHIJn 3JEeKTPOAOB, OTNONHPOBEHHHE J0 3¢PKANb-
HOTO 6necka W BMOHTHDOBaHHBE B 3060HMTOBH maTpod. [locne norpyxeHus
SNEKTPONOE BKAKUANT 2JMEKTPHYCCKUR TOK Hanpamednem 500 B ot BTOpHUHOR
obiMoTku TpaHchOPMATOPa.

Tlpn noaHeceHHM SJEKTPOAOB K MHHEPadbHEM ©aCTHUAM NOchelIHHe, ECId
HX JAHIJMEKTpHYecKad NPOHHIAEMOCTh BHIOIE, HeM ¥ HHIKOCTH, NPHTEHYTCH
K 3NeKTPOLaM.

3aTeM €cci, [OCTENEHHO YBEJHUHBAKT NPUIMBAHEEM MCTHJIOBOTO CHHPTA,

NnpoeepAss RoCAe DeREMEIOHBAHHA HHIKOCTE TNOBefeHHe MHBHEDAABHHX UacTHIf
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gorfa GyJerT 3aMeyeHO OTTANKHMBAHNWE YACTHI, OT 3JeKTPoda, OnpeleleHHe THWICK-
TPUUECKOR NPOHALAEMOCTR MOBTOPAKT. Has st0TO, BanpuMmep, Gepyr cMmecs ue-
THPEXXJOPHCTOTY YrAepOia H MeTHIOBOrD CIHPTE, B KOTOPOR OBJIO 3aMedeHO
OTTANKHBAHRE, W HATHHAKT AKOGARJAATE METHJIOBHE CIAPT RO KAWARM 10O TOTD
MOMeHTA, TIPH KOTOPOM HaudeT HAGAIaThCH NPUTKEHHE 3ePeH,
JB3JIeKTPHYECKA s NPOHHLAEMOCTL onpelendercs ko QgopMyne

£=[2,24-5+33,7(0,12+0,0151,) ] /[5— (0,12 +0,0152,) ],

Tae 2,24 ¥ 33,7 — OIHATEKTPHUECKAs NPOHHANMAEMOCTh COOTBETCTBEHHO dYeThipex-
XTOPUCTOTC YTAEPOAa W METHIOBOTO CIHPTa; 5 — 00beM YeThPeXXJIOpUCTOro YIe-
poda, M, n-— 9HCAD NpHAuBaHHEE mo 0,1 wma; m — uHCNO Kaneabr MeTHIOBOTO
COHPTA.

3apad Murepaaos NpW KOPOHHOM DAa3phAle OTDPEASTANT HA CAelyiollefi ycra-
HoBRe (puc. 24, 06),

Inexrpod [/ DORKMIOYEH K KPeMHHEBOMY BHIPHMMTeNI0 (HanpuMep, THMA
CH-8 ¢ nanpsxennem 24 xB w norpe6ngeMoit MomuocTso 200 Br), [lon saek-
TPOZOM DAcnoNiOdeHa mIoWwaaka 3 u uunaHaap Papages 4, 3apAl KOTOPOTO OTHO-
CHTEJIBHO 3CMJIH H3MepseTcA 3JAeKTpoMeTpoM (MuxpoamnepmerpoMm C3-1). Tlpoby
33CHNAIOT ¢10eM TOMMIMHOA B OAHO 2epHo Ha Iolmaiaxy. [locae 3Toro BRIIO-
qaeTcs TOK HanpakendneM 15 kB npu cane TokKa kopouw 10 mxA. Tlnomankz ot-
KAAHBAETCA, PETUCTPHPYETCH MOKA3aHHe WJCKTPOMETPA W ORDeJefddeTcs Macca
oT6poiternofi npoSu. IlproSperennwit 3apag @ (Kn) onpesensior no dopmyte

Q=el. (2.1}
Yaeasubldl 3apan Gy, (Ka/kr) onpegeasiior mo ¢opmy.e
qyz=el/m.

3Aech € — eMKOCTh U3MEPHTEALHOH CHCTEMsl H TPYSKH OTHOCH-
TeTbHO 3€MJIH (K3Mepsercss LubposuM HaMeputenem), ®; U — mo-
Ka3aHHA BOJBTMeTpa {3aexrtpomerpa), B; m-—wmacca vageckw, «r.

3apaael, npuobperaeMble OpH TPEHHH O METAJNJKYECKYI0 TpyOKY
H3 HepxKaBeWlleH CcTanu, ONpenedsloOT HAa ycTaHOBKe {puc. 2.4,8),
CcOCTOsIIeH M3 KOMIpeccopa M pecuBepa, CO3fdmoiluMX 3agaHHYI
CKOPOCTh NGTOKA BO3AYyXa, PEOMeTpa A KOHTPOJAA CKOPOCTH Mpo-
TeKaHHs BO31yxa, GyHKepa-MHTAaTe/ I, 3MEeeBHKA, NPeACTABJSAIIIETO
colol TpyOxy auamerpoM 6 MM H Iauno#t 2 M, 3KpAHEPOBAHHOTO
KOXYXOM, BOJBTMETpa, H3MEPHTEJS eMKOCTH K COODHHKA,

BrlcylleERYI0 HaBeCKy TIpOGH PyAH 3acHNaloT B OyHrep. Bwao-
YamT KOMIPECCop H CO3AAI0T BO3AYIIHBIA moTok. CKOPOCThL BO3NyXA
PeryaHpyeTca ¢ MOMOIIBI0O KPaHa H OTCUHTHIBAETCH HO NMOKA3ZAHUAM
peoMerpa. [locie 3TOro OTKPHIBAKT KpaH MHTATENs — H MHHEpatb-
Hele YAcTHIH NONalaloT B BO3AYIUHHE nmoTok. IIpH TpeHEH 0 CTeH-
ki TPYOKH uacTHUEl moaydawt Tpubosaexktpuueckuil sapal. INorter-
uuan TpyOKH H3MEpAeTcd BOJBTMETPOM, a 3apsada, NpHOOpeTeHHHIH
TpyOKOH, CJIel0BaTedbHO, # HaBecKofl ompengeasior no  dopmy-
Je (2.1,

EMKOCTE U3MEPHTENBHOA CHCTEME M TPYDOKH OTHOCHTEJRHO 3€M-
JH, BEHIpaMeHHas B (papaiax, oupenenseTcs UHQPOBEIM H3IMepHTe-
Je€M eMKOCTH, a HampsiKeHHe (B BOJBTAX) — MO TMOKa32HHAM BOJbLT-
merpa. McnbiTaHuaM moABepralT TPH HABRCKH NMPH Pa3JHYHBIX CKO-
POCTAX, U CHpeIeNAeTcs 3aBHCHMOCTE TpHOO3apsAga OT CKOPOCTH.
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6 ¥ Puc, 2.5, YcTaHoBKM AAd olpe-
DeJeHHd MarHMTHHX cBOHCTR:
. g 2 — CHABHOMATHHTHEX MUHEDAJNAB;
A v ! — pecul; 2-—cTeKangnaa TPYOKa;
B 3 — coMeNOBAHAEA KATYWIKa, 4 — auM-

i

) OEpMEeTp; & = PEOCTAT, § — NepEeKI-

f YaTens: 7 — HCTOUHHK RNOCTOSHHOTO
TOKS; & — COCY¥A ¢ AMAKGCThIO 33JaH-

} HOR  MATHHTHOA  BOCIPHHMYHBOCTH;

| § — c1aSOMATHHTHLIX MKHEDANOB: [ ==

|
|
|
Beck; 2 — 3KpaH; J— HMTE: 4 — Do-
F H. 37 Hy Ay H aockue HAKCHEYHHKH, 5 — 3JeKTDO-

MATHHT, & — 3ABHCHMOCTE HETEHCHB-
HGCTH HAMATHHTHBEHHA J OT Hanpa-
HEHAOLTH noas H («ngrnas
A. T. Cronetopz)

N

Ilpn onpenenenun 3/MeKTPHYECKEX CBOHCTB HEOOXOMHMO CTPOro

cofaI0AaTh CTAHZAPTHHE TPaBHJA TEXHHKH G€300acHOCTH NDH pa-
H0Te ¢ BHICOKHM HanpAMEeHHeM.

Onpedeserue MAZRUTHOE BOCAPUUMYLBOCTY 1L KOIPYUTUSHOL Cll-
AL HPHHHHHHaJIbeI_e CXEeMBl YCTAHOROK AJA OIIpeAeneHHs] MarHEuT-
HHX CBOHCTB NMOKa3zaHH Ha puc. 2.5 u 2.6.

Ecau ofpasen, uMemufi OMHAKOBOE CEUeHHE [I0 BCEH OJUHE,
MNOMeCTHTh B MATHHTHOE II0JI€ TAakK, YTO OJHH KOHEN ero 6y;le1' Ha-
XoAuThea B 06JsacTH GOALIIOH HANPAXKEHHOCTH IIOJA, a APYrof —
MEHLHIEI':I, TQ Ha Hero GYJIEET ,ELEﬁCTBOBaTh CHJd, HallpaBJieHHas IO
ero AJHHe

F=0,50; — %) (H2) — H%)S, (2.2)

rae %, %p— 00bEMHHE MATHHTHHE BOCTPHHMUHBOCTH COOTBETCT-
BeHHO ofpasna M oKpyxaioweHd cpeaw; f,, ;- coOTBeTCTBRHHO
MAKCHMaJbHasl 1 MUHHMAaJbHAS HANPSMEHHOCTH MATHHTHOTO MOJIS;
S — nJiomanas OONepeuHoro ceueHns oGpasua.

ITpu pocrarouno Goaswwof AJHHe 06pa3lia H HPH % > X BHpa-
xenune (2.2) ynpouraeres:

f = 0,5x1H218.
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Pyc, 2.6, YeraHoBRH A OUpeAeneHHT OGOTATEMOCTH M MATHHTHHX CBOHCTB py&
H ODpCAYKTOB OfOTAlleHHA:

o — MArHATHHA ana H3aTop CHM: [ = KaTYHIKH SNEKTPOMATHHTHOR CHCTEME; J — MHTAKIGAR:
POpORKA; J -~ MATRHTHAA CHCTEMA; § = DOBOPOTROE YoTpoficTRO, 5 -- ammepMeTD; § — Raka0H-
HOE cenapanHoHECE YCTpORCTEBO: ! — cGOPHHK NPOLYKTOB; 2 — LEpiATRNB; § — XKelol; 4, §=—
BHGpORGIBYRHTENR

Tak kak f=gAP, uMeem gAP=0,6%x2f,2F, rae g— yckoperne
crofopHOrO mafenusd; AP — xaxylieecs yBeiHdeHHe Beca o6pas-
Oa B MATHHTHOM OOJIE.

Tak xag x=y8, §=P/(S),
10 ®y=7"P/(1S), (2.3»

rie Y — yAeJbEas MarHuTHas BOCIPHHMYHBOCTE BellecTBa; 6 —
nAoTHOCTh Ofpasna; P — sec ofipasna; [ — aanHa ofpasna.

[MoactaBum B Bhpaxenue {2.2) x; u3 BHpaxenuns (2.3) u, pe~
mad OTHOCHTENBHO Y, MOAYUHM (ODMYyay AJS ONPEAENeHHS VAS/br
HOR MarHUTHOH BOCIpPMHMUYHBOCTH

5/ =2gAPl/(H2,P),

3azaua aKCIEPMMeHTa CBOAMTCA K OnpeaenaeHHIo AP,
SToT MeToH NO3BOJINET ONPENENUTH He TONBKO YASNBHYIO Mar-
HHTHYIO BOCNPHHMYHBOCTb, HO H YAGIbHYI0O HaMarHHYeHHOCTH:

J=yH=2gAPl/(HP).

Hamenss cuay TOKa W ero HanpabJjieHHe, TOJAYYAIOT 3HAYeHHe
BeJIMYHH, HeOOXOIHMMX JHJs MOCTPOSHHS] KPHBHX HAMAaTHHUHBAHHS
(«netaa» A. I'. Cronerosa, puc. 2.5,8). OTpe3KH Ha OCAX DABHED
COOTBETCTBEHHO OCTATOYHON MHAYKUMM (OPAHHATA) H KOIPLHTHB-
HOf cuae {abcuucca).

Toukn kpuBofl mepBHYHON HaMmarHHueHnoctd 0, A, B, C noayua-
IOT IpH YBeJHUEHHH HANDAMEHHOCTH MAar#HHTHOro noas or 0 jo
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4, — H;. 3ateM nose yMeHRLIAKT M OupefensAwT toukH B, A" D.
Kpusas CB’A nofiger Bnimie Kpupoit ABC, Tak Kak rpajueHT ROJst
OCTATOYHON HHAVKUHA o6pasua GyleT aHTHNApasjefeR TpPaguedTy
-OCHOBHOTO HAMATHKYMBAIOLIErO NoL H oTpesku BB, A’A nmoxaxyr
JOMONHATENbHYH HHAYKIIHIO.

$IBneHHe OTCTARAHHA MATHATHON HHAVKIUHKE B ofpasle OpH H3Me-
HeHHH HANPIMKEHHOCTH BHEIIHEr0 MATHHTHOIO NMOJS Ha3hBACTCA 2i-
crepesucos. B MOMeHT, Korga HAanpsXeHHOCTb MATHHTHOIO TOJAR
PaBHa HYJI0, HHAYKUHS B 00paslle HMeeT CNpejeeHHOe 3HAUEHME,
3aBHCHALIEe OT €r0 MarHHTHHIX CBOHCTB, (OPMH H pa3Mepa YacTHIL
3ty uHAyKuHio (Bexktop D0) HA3WBAIOT OCTATOMHON HAMAZHUHYEN-
HOcTH0 R o6o3nauamnT J,. [locie 3Toro H3MeEHSIOT HANPABJCHHE
TOCTOSIHAOTO TOKA B KaTYIUKe C NMOMOUIBI0 MePCKAYAaTeIs, H OCHOB-
‘BOE TIoJe MeHseT HamnpasjeHHe. JIpH yBelHUeHHH HANPIXKEHHOCTH
BHellIHero noas Ao toukd £ oHo pasMmarsuuupaeT ofipaseli, H N0O3TO-
My AP, a cieqoBarTensHo, H HHTEHCHBHOCTD HAMarHRUKBaHHA CTaHO-
BATCH paBHbiMH HyJAw0. [IpH 3T10ft BesuuHHe noas Bektop OF Gyner
COOTBETCTBORATH KO3PUUTHBHOH cufe o6pasna H obo3aHauaetca H..
Iocneayonee ypenruueHrne HANPSIXKEHHOCTH NOJS TO3BOJMT OMpe/e-
JHTR TOYKH F, G, N.

Huxasa yacTh IeTJH NOAYYAETCH AHAJNOTHYHO, NYTEM YMeEHbIle-
HHsi HANPAXXEHHOCTH NOJA 0 HYJs, NepeKJioyeHus Hanpas/ieHHs
TOKA4 W BHOBBL MOBBLIUISHHA HATNPAMKECHHOCTH TOJAR A0 3HaveHust H, —
fl;. B panpHefitueM 1o HaMarHKHYeHHOCTH ONpeleNsOT HHOYK-
auw B (Tx)

B=H+ NI,

rae N — Ko3pHUHEHT pa3MATHHYMBAHHMA (AJA AAHHAOCO ITHIHHI-
pa N=0,5, roria B=H+/J); H—nanpsxeHHOCTb BHEIIHEro Mo+
g, AfM.

Koapduuuent pasmarHHuHBaHHs Ang OGeCKOHeYHO  AJIHHHO-
IO CTEpPXH#, OCb KOTOPOTQ COBIAaeT ¢ HampaBaeHHeM f  noas,
paser (), a ANg TOHKQUQ JHCKA, PACHOIONKEHHOTO mnepneHIHKYMAsp-
Ho H nonas, Kos3hHUHEHT pasMarHHuuBaHud B cucreme CH mocru-
TaeT CBOETO MAKCHMANLHOTO 3HAUeHHs, paBHOTO .

Takum oGpa3zomM, npelesabl H3MeHeHHs KOpbHLUHMENTa PAIMATHH-
UEBaHHA cocTaB AT O<N <] (B cucreme CI'CM 0<IN<I4nm}.

IoHsiTHO, uTG deppoMarAMTHEIE Tejaa BHITSHYTOH (HOpMH pas-
‘MarHiHY¥BalTCH B Medblileil cTeneny, ueM mapoofpasHuie M IJOC-
KHe YacTHIH, MOTOMY 4TO HX COOCTREHHBIE MOJOCA, PACTIONOKEHHBe
NepnedIHKYASPHO K HANPABAEHHIO MOJS, YIAJeHHl APYT OT ApYra.
st yactun, uMeolHXx GOPMY INAUNOCOHIOB BPAUIEHHS, HPH pac-
HOJMIOKEeHHH AJuHHON ocH (2a) BAOAL noAss H KOPOTKOR ocu (26)
NepneHAHKYAAPHO K NMONI Ko3(p(HIHeHTH PasMarHyudBaKKd B 3a-
BHCHMOCTH OT oTHOienust g/b, pasuoro 0,5; I; 2: 5; 10, cooTBeTCT-
BeHHo paewul 0,56; 0,33; 0,18; 0,06; 0,02. Tarum oGpasoMm, AJsA
inapoo6pasuux wactun N=0,33, a aa1 pyAHHX 3eped, OOHYHO
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AMenux Gopmy 3epeH, NpUONHKAOLIYIOCH K 3JUIHICOHIY, NPHHH-
Maior obHuHo N =10,16.

B c¢Ba3M ¢ pa3aiHuyHBIM 3HaueHKeM KosdduuneHTa pasMarfHuvu-
BaHHA, onpeldedsioT OOBEMHEYI0O MATHHTHYIO BOCIDHHMYHBOCTH Te-
71a wo M BelwecrBa x. [lepBas yuuthiBaeT GopMy HaCTHLH, BTOpas.
€€ HE YUHTHIBAET:

wo=wn/{14+ Nu).

YIeNbHYI0 MarHUTHYIO BOCIPHHMYHBOCTH BeleCTBA H Teqaa
(M3/Kr) onpedensioT, pasfenie oOBREMHYH) BOCIPHEMYHBOCTL Ha:
IJIOTHOCTL BellecTBa — § (Kr/M?):

g =x0/8=2/[6(14+Nx) 1=y/(1+Néy).

BHyTpeHHEE noJje, HaMarHguyuBalwuiee YaCcTHIHB, MeHbIIe BHEI-
HEro BCAenCTBHE pasMardHYHBawIIero JedCTBHA MOAKCOB YaCTHIL

HB=H—NH%0=H(1 —N%o).

Mpumep, das wacten Mardetuta x=4; N=0,16; §=5000 =xr/v? H=,'

=100 KAfM. 1
HaliTh MaronTHYIG BOCIPHUMUMBOCTE BellecTBA B Tena: y=4/(14-0,16-4)=
=244; %=2,44/5000=0,49-10-? wmi/kr; H.=100{1—0,16-2,44)=61 xA/m,

Onpedesenue MaeHUTHBLX CBOLCTE CcAQBOMAZHUTHOIY 8e4ecTa.
OpHcaBERIA MeToR {c ANHHHHM OGPA3NMOM) NpH HIMEPEHHH CBOHCTE.
B CHABHEIX MAFHUTHEIX NOJAX TIPUMEHATh HeyAoOHO, MNOTOMY 4TO-
OPH MafefilieM NePexKoce CTEKAsSHHAaA TPySKa NPHTATHBAETCA XK Of-
HOMY H3 TNONIOCOR. B sTOM ciydae H3aMepenue cBoficTeB cnafomar-
HHTHHIX BellecTB yA00Hee NPOBOAHTE HA VYCOBEPIICHCTBOBAHHOR
ycraHoske Papages (cm. puc. 2.5,6), Ha KoTopoii OOHWYHLIe Mar-
HHUTHHIE NOJAOCA 3aMeHeBH TOAICAMH €O CKOWEHABMHK NOBEpPXHO-
CTSIMH, CO3LAICUINMHU H3OJHHAMHYECKOE MoJe.

ITopomor cnaboMarHHTHOIC MATepHAalla HACHIAIOT B CTEKSH-
HY10 KONGOUKY M, yrpaMOOBHIBasi NOCTYKHBAHHEM, TOBOASAT 3aCHINMKY
o MeTkKH. Koafouky ¢ o0pasuoM WIN C STaJOHOM JJAs onpegede-
HEHAd MarHHTHHX CBOHCTB YPaBHOBELIHBAKT H YCTAHABJHBAKT B Oll-
pellesIeHHOM YUacTKe H3ONHHAMHYeCcKOTO Noas, [Jocsie aTOro BKIIO-
4alT TOK B OOMOTKH 2J€KTPOMATHHTA H H3MepPAKT CHJIY MariHuTHO-
0 NpuTHAXKEeHUs, AeACTBYIOIIYIO Ha ofpasell NpH 3alaHHCH Hampa-
JEHHOCTH TOJA, KOTOPAas IOJKHA GLITh paBHAa HaNPAKEeHHOCTH
ToAs cenapartopa, 4ToO0b 3HATb MATHHTHHIE CBOHCTBA B MOMEHT HX
cenapauHH. Taxkas omepauHst TOBTOPSETCA TaKxe ¢ KOJBOUKOMH,
3aNOJHeHHOH 3TAJOHOM, B KayecTBe KOTOPOTO MPHMEHSIOT YHCTHIE,
BBICYIIEHHBE MHHepadbl MapraHlld, MAECrHeTHT HAM XUMHUYeCKHe
coelMHeENs, Hampumep nApodocdar mapranuma MnP.O;{y=8,3X
X10~7 m?/kr), xnopucreii Mapraden MnCly(y=14,45.10-" m3/kr),
dropueTait kKo6aabsT CoFs(y=9,55-10"7 M3/Kkr}.
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H3MmepeHHs NOBTOPAIOT TPH-YETHIpS Pas3d, a 3aTeM NOACYHTHBA-
20T CPeRHIOI0 YIEeJbHYI0 MAaCHHTHYIO BOCIPHHMYHBOCTL ofpasua no
opmyne

XGG=Xs'rpsr&P06/(P05AP3r),

THAE Ysr — YAAbHAA MarHuTHas BOCIPHHMYHBOCTL 3TaJOHA, MY/Kr;
Pyr, Pos-—BeC cCOOTBETCTBEHHO 3TaloHa B ofpasna, H; AP,
AP, — RaxylwHiica OPHEPOCT Beca COOTBETCTBEHHO 06pasua H 3Ta-
JIOHa B MAaTHATHOM moJe, H.

MaruurHsie cBoficTBa pPyd M TPOAYKTOB OOOTALIEHHA onpese-
JIAI0T Takxe Ha 3A€KTPOMATHHTHHX aHaausatopax CHM co cmen-
HEIMH TIOMIOCAMH, CO3NAIOHIHNMH H3OAHHAMAYECKHE H APYyrHe [OJA
(cMm. pre. 2.6,a). B 3TOM caydae MarfuTH4s BOCIPHHMUHBOCTH H3-
BIeKAeMHX (paKuuil NpH HAKJIOHHOK KacceTe INPSMO NPONOPLHO-
HaNBHA CHHYCY YIla ¢ HAKNOHA OCH 3asopa (cM. pHc. 2.6,0) # 06-
PaTHO NPONOPUHOHANbHA KBAZpaTy CHJB TOKA.

MarkuTHag cuaa Fy B H30AHHAMHTECKOM II0Je, KOTOpas Co3aa-
TCA MEeXXAY NoJI0CaMH, onpefesercs no GopMmyne

mw=kn VI, (2.4)

ric k— MOCTOSHHAS MAarHuTa; % — OGBEeMHAT MATHHTHAS BOCTIPHHM-
AHBOCTL; V — OOBbeM uacTHHE; | — cHNa TOKa.

MarsuTHOR CcHJe B 3a3ope NPOTHBOAEHiCTBYeT HAKJIOHHAS cOC-
TABAKOIAA CHAB TANKECTH

P=Végsina, (2.5)

TAe § — IJIOTHOCTE OOpPa3na, KriM®; o — yroJ HakJOHA OCH 3a30pa,
Tpanyc.

Tlpn MeHOrOKpaTHOM nOAOpACEHIBAHHM MHHEPAAbHOH YacTHIH
BHGDHPYIOUIHM JOTKOM OHa NPEKPATAT CBOS JBHKEHHE IOJ BAMSA-
HHEM CHJAB TAMecTH npu P=F,. IlpupaEunBas BHpameHua (2.4)
# (2.5) u samensn »/0=y u g/k=y, nonyunm

y=ysina/l2

Ecam B34Th BemecTBO C WIBECTHOM MArHNTHOR BOCHPHMMUH-
BOCTBIO H OMNPeleqHTh YIOJ HAakAOHa H MHHHMAJbHYIO CHIAY TOK2,
TIPH KOTOPO# OHO H3BJIEKAeTCH, TO JIETKO HANTH y K BHYHCJIHTL NO-
CTOSHHYI0 MarHuTta k. Jas Goablleil TOUHOCTH JyUllle HCAOJIb30BAThH
‘HECKOJIBKO STAJIOHHEX OODA3slOB C YCTAHOBJGHHBIMH 3HAUCHHSIMH
MATHHTHOW BOCTIPHHMYHBOCTH W ROCTPOHTHL rpaduk Ajs onpepene-
‘HHA TOCTOAHHOA MAarHHTa, OTKJAAJEBas MO OCH OPAHHAT %, a IO
OcH abcuuce oTHOWEHHe sinoff2, TaHresc yraa HakiaoHa 3TOH npA-
Moil Gyaer npeAcTaBAATh cOGOH OTHOWeHHe [%¢/sina=y. 3aBHCH-
MOCTb HaOPSKEHHOCTH NOJA OT CHJB TOKa ONPelelfioT ¢ MOMOIbLIo
raycemerpa. Ha rpaddxe 3aBucHMOCTH yJAeabHoi MarsuTHOR BoOC-
NMPHHMUHBOCTH OT CHJH TOKa B OOMOTKax HSOAHHAMHYECKOr0 aHAa-
nuzatopa CHM-1 xoopamHaTel TOYeK COOTBRTCTBYIOT 3HAYCHHAM
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Puc. 2.7. Drextpuveckne (@—z) ¥ MarauTHee (d) cpoficTEa BellecTB Ha OCHOBA-

HHE 30HHOH MOJIEJNH CTPOEHHA ATOMA H HHEDTHH O6MeHHOrC B3aHMOIEHCTBAA 3eK-
TPOHOB

MONePEeYHOro yrjla HAKJAOHA o, CHAe Toka / W MATHATHBIM BOCIpPH-
HMUYHBOCTSM H3BJIeKaeMblX HacTHLL 3TajoHa. Cully ToKa MOXKHO H3-
mensaTs or 0,1 g0 0,5 A u yroa a ot 0 00 35°, uTO COOTBETCTBYET
HanpsikeHHOCTH noas ot 120 mo 1120 kA/M Ha auanuszaropax AJs
MardHHTHOTO AHAANW3a caaGoMarHUTHEX pyia. Ha ocdoBanuu 3aBl-
cHMOCTH (2.4) MOXHEO HalTH 3HAYeHHe NMOCTOAHEBIX ¥ H k.

§ 2.3. CBSI3b 3JEKTPOMATHHUTHBIX CBOWCTB CO CTPOEHHEM
H OBPABOTKOH MHHEPAJIOB

B usygennnx xo npoxoxienus MIMO kypcax «Pusnku» u «Pu-
3UKH TOPHHX NOPOA» B IMaBaxXx <«3JeKTPOMarHUTHHe CBOHCTBA»
OpHBeleHBl HX CBSI3H CO CTPOEHHEM aTOMOB H KPHCTAJJIHYECKHX pe-
eT0oK MHEHepanoB, HamoMHHM ¢ IJaBHOM. 3JeKTPHYeCKHe CBOUCT-
Ba (pHc. 2.7) paccMaTPUBAKOTCA HA OCHOBE 30HHOH MOJeNH CcTpoe-
U aToMa M 3Ha4yeHHs 3Hepruu DepmMH, MarHHTHBIE — Ha OCHOBE
CNHHHBIX H OpOHTAJABHHX MOMEHTOB 3JIEKTPOHOB H M0 3Hepruu of-
MEHHOrO B3aHMOJAEHCTBHSA 3JeKTPOHOB HE3ATOJHEHEHX CJAOCB COCe/l-
BEHX 4TOMOB TaK HA3LIBAEMOH KOAMEKTHBHU3ALHH 3JeKTPOHOB, KO
M. HU. ®pesreaio u O. K. Casrepy.

BaexTpuseckue ceolictsd. B 1 H3NE€KTpPpHKAX H HOJAYNpO-
BOJMHHKKAX BaJeHTHas 30Ha (cM. pHC. 2.7,8,8) MNOJHOCTBIO 3a-
HOMHeHa, 4 30HA NPOBOXHMOCTH CBOGOJHA OT AeKTPOHOB. Pasduua
MeXKAY HHMH 33KJAK0YaeTcsl JHUIb B TOM, YTO Y AHMIEKTPHKOB IIH-
PHHZ 3aNpelieHHOH 3OHH BEJIHKA, ¥ NOJIYNPOBOJAHHKOB Mana, a y
[POBOAHHKOB 3anpelleHHasi 30H& OTCYTCTBYET NOJHOCTRIO.

YcAOBHO CHHTAIOT HENPOBOJAHHKAMH MHHEPadE, B KOTO-
PHIX mupuHa 3ampeuieHHOH 30HE Godbllle 2 3B, nusaexTpryeckas
nocroanHas e=310, nposogumocte g=10"—10"1% CM/m (nanpu-
Mep, HHPKOH H APYyrHe MHHepasnl).
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Ecan HapyXHAasd paBHOSHepreTHyeckas I[OBEPXHOCTb, 3aHATaA
JEKTPOHAMH, TaX HasnBaeMas <«IOBEPXHOCTs PepMmH», nomnajaer
B 30HY A03BOJEHHLIX 3HAaYeHUHi 3HEepPruH, T.€. 3ANOJHEHA He NoJ-
ROCTBIO, TO 3JeKTPOHH NoJ NeHCTBHEM HaJOXKEeHHOro sJMeKTPHYecKo-
ro moAs JEerko nepexofsT Or atoMa K atoMmy (oM. puc. 2.7,a,6).
Haxonel, ecau seKTPOHBl cnapeHH H TEPAIOT CBOH 3HAK, TO mepe-
X0/1 HX coBepliaeTcs Ge3 CONMPOTHBAEHHA, TaKHC MaTepHaibl HasH-
BAa1OT CBePXNMPOBOIHHKAMH,

HssectHo, uTo noeepxHocTh PepMH HAXOIHTCH He B OOBIUHOM
NMPOCTPAHCTEE, & B KBa3HNPOCTPAHCTBE HMIIYJALCOB, TAe 00 TpeM
B3AHMONEPNEHIHKYAAPHEIM OCAM OTJGMKEHH He KOODAHHATHL, a cO-
OTBETCTBYIOIIME HM COCTZBASIOUIHE HMOyJabch £=p?%/(2m), rie
E — sHeprus;, p=rmu— AMOYJAbC, U — CKOPOCTb, M — Macca 3Jjek-
TponoB. CdepuyHa NOBepXHOCTh PepMH JIHUbL Y HEKOTOPRIX 2JeMEH-
T0B (refuit, iea0utble MeTalIH). B S0bIHACTBE CJydaeB NOBEPX-
rHoctH PepMu OUeHL CHOAHEI H HMEHYIOTCA MOHCTpaMH (CTpalinad-
ILAMH}.

JHeprust OTpblBa CBOGOIHBIX JEKTPOHOB 1O PepMi

E ___._h_g_(_qn_f‘m

8m noy

rie h—mnocrosHEas [lnauka; n=Napfu; Na-—uncito Asoraapo;
p— WIOTHOCTb; L — ATOMHAs MAacca; m — Macca [OKosl JeKTpoHa
{m=09,1-10"2' kr}.
an MeD. Hns MENH, Tie B KadIoM arToMe KpHCTana BMeeTCA OAHH 3J1eK-

TPOH OPOBOAMMOCTH M NOSTOMY KOHIEHTPAUUA cBOGOIHHX 3JeKTPOHOB DaBRa
KORLERTPAIHE AaTOMOB
7=06,02-10%.8900/63,5=8,5- 1028 y—¥;

6,62.1073)2 ¢ 3.8 5.10% \2/3

(602,107 ¢ 38,510 7

8.9,1-108% 1 3,14

Ecnan nosepxHocts ®PepMy mncnazaeT B 30HY 3ANPeINEHHHX
2HEPrHil, TO NPHACMKEHHOE 3JEKTPHUECKOE TMNOJAe MOXKeT JHIb He-
SHAYMTEJAbHO H3MeHHTb JHEPrHIO JIEKTPCHOB, HQ He CMOXKET mepe-
OpocuTe MX 3a mpeledsl 3aNPELIEHHOH 30HH H, CJAef0BATE/bHO,
3JEKTPHYECKHH TOK He BO3HHUKAeT. [IDOHCXOAHT TONBKO cMelleHHe
3apANOB WIH DOJADH3ANHA YacTHIL IHMIeKTPUKA. Taxue MUHEDANB
HA3HBAIOT HeNpoBOAHHWKAMu (cM. pHe. 2.7,2). Tperuit cayuaft npea-
CTaBJseT OLHY H3 PAa3HOBHIHOCTEH MEPBOro, HO ¢ TOH pasruuel, 4TO
3anpelreldas 3ona ysxas. IMakmean paspemernas 3oHa ¢IIOLIbL
3an0oaHena, a BepXHAA cobceMm cBofGoaHa. [loa Bo3gelficTBHEM BHeld-
HHX CHJ, BHANpPHMep HaArpesa, KBaHTOB cBeTd, 00JVYEHHA GLICTPBIMH
QACTHIAMHE, HEKOTOPHIE 3JeKTPOHL TNepeGpaCHIBAIOTCA B BEPXHIOK
30HYy cBOOOAHHIX pasperueHHnx cocrosHnil. Hx manmo, Ho oEu yxe
MOTYT HeCTH 3JeKTpHuecKHil TOK. TakHe MuHepalhl HAa3BBAOT, Kak
Y¥He YNOMUHANOCh, OJAYIPOBOAHHKAMH, K HAM OTHOCAT, HANpHMep,
OXeNe3HeHHBIH LWHPKOH, BOKCHT, soabdpaM H ap. (cM. puc. 2.7, 8).

Ep=
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B noaynpoBOARAKAX 3ACKTPHYCCKHI TOK MOKET NEePeHOCHTh TaKKE
¥ UHKHAA 30HA paspellieHHbIX COCTOAHHH, MOTOMY 4YTO B HeH m0O-
ABHJIHCh He3aMOJIHeHHble MecTa — ABIpKH. Korjaa cocelHH{l 3JekKrT-
POH NepeXOIHT B JbIPKY, OHA caMa nepeMeiiaeTed B NPOTHRONGIOXK -
HOM HaupapJcHuh. Ilonyuaercs ABHXKeHHe KAK Obl OPOTHBONCJIOXK-
HOTO 3apsaaa, KOTOpoe KashBaerTcs JH POUYNOH 3JAEKTpONpoO-
BOAKROCTH 0. [ondnft Tox B moaAynpoBoHuKe OyleT paseH CyM-
Me TOKOB, BHI3BAHHBIX 3JEKTPOHHON H IbIPO4HON HPOBOAUMOCTBIO
npr Harpese H OOJY4YeHHH. ITHM CBOHCTBOM MHHEDAJbHBIX UACTHIL
TOAB3YIOTCA B JSKTPOCENapaluy, nojorpepas HiIH ofiydas mare-
PHaAJ yacTHLAMH pacnala aroMa, H3JAYYEeHHBIMH H30TONOM.

DNeXKTPONPOBOAHOCTL CKIALHBACTCA W3 OOBEMHOA H f10-
BEPXHOCTHOH cocrtaBaawounx. iada ogHoro u TOro ke MIHepaJa
IepBas 3AaBHCHT OT NpHMecell B HeM, a BTOPast — TAKXe H OT cO0-
CTOAHRHS ero NOBEpPXHOCTH, ancopﬁuﬂa ]'I]JHMECCI"[ H BJAAMEOCTH.

HIJH HaHeCEHHH Ha MOBEPXHOCTE MHHEEpPAJIbHLIX HACTHL[ peareH-
‘TOB B BHE aapoaoneﬁ HJIH paCTBOpOB MONCHO UIMEHATH 3AEKTPO-
nposodHocTe B WenaeMyw cTopoHy. HMapected psan pearcuros, pe-
KoMeHIAyeMLIX nJda Tawofi obpaborku. Hanpumep, ans Gapura n
KBapua puMeHaeTcs ofGpafoTtka ojeaToM HATPHA, 1A UHPKOHA
¥ anatuta — 10% -HEIM pacTBOpPOM MJIAaBHKOBOH KHCJOTHI.

3Has HCPIUID OTPLIBA ICKTPOHOB, MOXKHO ONPeie uTh

Uc=(E¢2—E¢1)/€,

riac {/: — pasHOCTH MOTEHOHAJ0OB NPH KOHTAKTE ABYX TPYLLAXCH TCJA,
9B,; £y — aneprud, HeoGXoAHMAas 1Js OTPHIBA OJHOIO H3 BHELIHIR
saekTpodon (ans deppura, rematura, rajgednra —b5 3B wu Gonee;
AN yrasd, KBapua, joaomuTa, MarHesnta —4,4—4,8 3B; kanbuura,
puawoprra — 3,2—3,5 3B); e — 3apsap aAcKTpOHA.

3Hak japsia cnpelenseTrcd B COOTBETCTBHH CO 3HaUeHHAMH -E¢,:
npu OTHOCHTENbHO BBHICOKOM 3HAYEHHH 3JeKTDOHbI TNPHOGPCTAKTCA
H NMOTOMY BCUIECTBO 2aPANKAETCH OTPHLATENbHO, NMPH HH3KOM 3HA-
YEHHH NPOHCXOANT cOPaTHOC SBACHHC — 3JEKTPOHE TEPAOTCH, TOIO
TNOJAYYAET NOMOKHTeNLHB 3apal.

Hrtak, 3apap Bo3pacTaeT MNpPOTOPLUHCHAABHO YBENHUSHHIO Pas-
HHOB MeXIy 3HadeHHAMH Eyp. SMAeKTPORpPOBCIAHble MHHEDAJH (ra-
JICHHT, IHPHT, TEMaTUT) BCAEACTBHC 4ACTHYHOrO PACCEMBAHHS 3JeK-
TPOHOB COXPAHSAKT B KOHEUHOM CUETe JKIIb BecbMa MaJinle 3apsijibl,
€NaboaeXTPONPOBOAEbe MHUHePANb (IOJOMHT, (JOPHT) cOXpa-
HSIOT NPH TeX e YCACBHAX OTHOCHTENbHO GOJAbLIHe 3apsaiet. Mme-
0T 3HaueHHe Takxe @opMa H MIOWAAL KOHTEKTa YaCTHIL
¥ 1M3JIeKTPHKOB NPE OKAaTaHHOH (opMe 3apsibl HAMHOTO GOJbILE,
4eM IPH OCTPOYTOJABHO{ (mOTOMY 4TO 3apaibl B 3TOM C/yYac ocC-
TAIOTCH COCPENOTOUEHHBIMH TOAbKO B TOYKAX KOHTAKTA — «TOYEY-
HEIf» KOHTAKT). ¥ NMPOBOZHHKOB 3apsjl PACNPOCTPaHAETCA mo Beeil
[IOBEPXHOCTH YACTHIUB!, N053TOMY BJAHAHHE QOPMEI He3HAUuHTEJIBHO.

5* 67



PaccenBanne sapsjaa BO3pacTaeT NPH HAaJHYHH OCTPHIX IpaHed.
OHo MeHee 3HAYHTEALHO Y NPOBOAHHKOB MO CP&BHEHHIO C JHIJEKT-
PHKAMH, NOCKOABKY Y NOCJA€IHHX 3apAjbl cOCPeOTOUEHH Ha OcCT-
PHAX, DJAEKTPH3VIQUIYIQ [OBEPXHOCTBE CjelyerT BHOHpaTh c yue-
ToM Eg. JKenateltHO NPUMeHATb AJAA BTOTO0 MCTAJIH, Tak Kak
OHH 06aanar Gojsee cTAGHABHEIM 3HaueHHeM Eg, MeHbllle 3aBiucd-
med or HaAHyuy OpHMecell H H3MeHeHHs TeMuepatypel. CJAeLyer
OTMETHTBL, YTO CO BpeMeHeM MeTaJJIK CTapeloT — 3abHBAOTCH NODH
u Eyp yMeHbIlaeTcsd, DO3TOMY NpE Ey Menslie 4 3B qyuime npume-
HATb APYTHe MaTepHa/bl — CTeKN0, KePaMHKy, nJjacTMaccy.

[MpHONH3NTeIBHOE ONpefeNeHde 3HAKa Tpubozapsana MoKer
NPOH3BOJNTLCA TaK:Ke N0 H3BeCTHHIM H3 (PM3HKH npaBHiam Kosua
(MONIOXKUTENLHO 3aPSIKAETCH TOT JAUFIEKTPHK, JH3JEKTPHUEcKas
NPOHULIAEMOCTh TOBEPXHOCTHHX CJAOEB KoToporo Goapme) u Iese-
xuyca (NCJA0KHTEAbBHE TPUGOSIEKTPHUYCCKHE 33apAAb JLAeT TO K3
JABYX TPYUIHXCH TeN, NMAOTHOCTb H TBERIOCTH KOTOpOro GoMblie).

Munepaan!, B KPHCTAJNJHYECKON pellleTKe KOTOPHX OTCYTCTBYIOT
HeHTPH CHMMETPHH K /ABOMHMKOBOE cpacTaHde (HaGaogaerTcs aHH-
30TPOMHOCTE CBOHCTE), NOAADH3YIOTCH H 3aPAKAIOTCA NPH Harpesa-
nE (KajdaMuH, Typmanud, GopaunT, KBapn H fp.). IloatoMy mHHe-
panbl, ofaagatoimye NHPpO3IAeKTPHYECKHM adpdeKTOM, 1A
YBeJHYEHHR PA3HHOE B Paspalax YacTHI NpH 3JeKTPHYECKof cerna-
pauyH IOABEpralOT HarpeBy, NPOAYBAaHHI YacTHIL TOPSYHM BO3IY-
XOM CKBO3b TPYOKH, peweTkd M T.4. OOTEMansHyl TeMIepaTtypy
Harpesa yCTaHABJAHMBAIOT ONBITHBHIM myTeM. lJs 3apsank# MOHOMHHE-
PaMbHLIX YACTHI HX HHOTJAa 0O0AYy4YaloT PAJHOAKTHBHLIMH H30TONA-
MM, YTO BHI3HIBACT 34pAj NOJYIOPOBOJIHHKOBR ¢ Majoil 1uHpuHOfi 3a-
IPELIEHHONH 30HB H, KPOMe TOr0, KETeHCHUUHPYeT 3apaIKy B IIOAe
KOPOHHL, TAK KaK CYLIECTBEHHO CHHKAETCA KPHTHUECKOe HAUpsXe-
HHE KOPOHBl. 3JIeKTPH3AUHS YACTHI ¢cBeTOM (ONTHUECKAR
HAH (DOTO3MEKTPH3IALHNS) TAKkKe OCHOBAHA HA M3MEHEHHH SHepPrHR
S/ICKTPOHOB ¥ nepebpOocKe HX ucpe3 3aNpelleHHYIO 30HY ¥ HEKOTO-
PHX TOAYOPOBOAHHKOB. TaK 3apAKAIOTCH 4acTHUH TOPHOTO XpYy-
cTajd (fABJMeHHe aKTHHO3NeKTpHuecTBa). [Ibes303apsaaAm BO3-
HHKAIOT NPH CXKATHH (DPAacTsAKEeHHH) MUHEPANbHHIX WACTHL. JT0 fB-
JeHKe BLI3HBA€TCS MPHCYTCTBHEM B COCTABe MHHEPaJOB jumnodet,
PacloNOxeHHEIX B ONpeleleHHNX KpPHCTadJaorpaHyeckux Hanpas-
aenuax, COam:KeHHe nPH CIKATHH WM yIAJeHHH JUNOOJAeH [pH pa-
CTAXCEHH MeHAeT CYMMAapHBIY 2JeKTPHYECKHH MOMEHT, 4TO H [IpH-
BOJHT K NMOABJSHUIO HJAH H3MEHeHHX 3apAloB. TakHMH CBOJICTBAMA
obnaganT chajepHr, KOXAMHH H JApYyrie MHECPAIH (Bcero usme-
cTHO 17 NONOGHEIX MUHEPAJOR),

ITpomecc saeKTpH3aLHR BeLIECTBA 3AKAIOYAETCH B YACTHUHOM
pasleneHHH NOJCKHTEALHBIX ¥ OTPHIATEAbHLIX 3APAN0E, KMEIOIIHX-
€ B OJIHHAKOBOM KOJHYECTBE BO BCSAKOM 2VIEKTPHYECKH HeHTpadb-
HOoM Makporene, Takoe pasjencHHe NMPORCXOAHT NyTeM HENOCPEACT-
BEHHOTOQ MeXaHH4YecKOTO BO3AeficTBHSA Ha TeAO, HalpPHMED, TpH Tpe-
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HHH JAPYr O APyra IBYX PasHHX BEUIECTB, WX IPH paszapobieHuw.
TeJ, HIN NIPH JABJAEHHH Ha KpPHCTAANH (TpuGO3JEKTPHYECKHHE H
nbe303aeKTpHUecKul s dexTn).

3apsia Qy, BOHHKAOWNK HA IJAOCKOCTH HOPMAJbLHOR H 3JEKTPH--
YecKoH OCH KPHCTAaJIa:

OPH NPOAOJBHOM TBE303NeKTpHIeCKOM ahdexTe

Qu=">bF,

npH NomnepedHOoM
Qx':_ be/F!h

riae b — Dbe203IeKTPHYECKHHA MOAYJIL HCOOAbL3YEMOTC0 KpHCTAadIa
(s wBapuma &=2,1-10-* Knfkr}; F.— ycHaHe BEOABL 37NEKTpHue-
¢kofi ocu x, Fy— yCHAME BAGJb HeHTpaAbHO# OCH ¥ KpHCTALIA.

Pexe ans 3apsiiKH NPHMERAETCH TEPMO3JAEKTPHUECTRO,
BO3HHKAIOLIEe NPH HATPEBAHHH MECT CONPHKOCHOBEHHHA JAByX pas-
JHUHBIX KpHCTaJI0B (Tepmonap) GJaarcaaps pasHBIM UHCIAY CBO-
GOJHBIX 3JEKTPOHOB ¥ paloTe BHX013 3IeKTPOHOB. KoHTaKkTHad
pPasHOCTh NOTEHUMAJOB VISl Pa3NH4YHBIX Tap KodefieTcs ot AcCA-
THIX H0Jell M0 HeckONbKHX BoJAbnT. Hanpumep, B paay Al, Zn, Sn,
Cd, Pl, Sb, Bi, Hg, Fe, Cu, Ag, Au, Pt, Pd kaxnui npegsaywui
IPH CONPHKOCHOBEEWH C NOCASIVIOIIMM H Harpese 3JCKTPH3YETCA
NOJIOKHUTEABHO,

Haubonec pacopocTpaHeER KOPCHHLIH cnocol 3apaja H agek-
TPH3AIHA TPEHHEM TPH NOAOTPeBe A0 ONTHMAMLHOH TEMNEpPaTypHi.

Maerurneie caotictea. Ha marnutioe noje pearupyilor abcodior-
HC Bce peanipHEIR BEINECTBE, XOTA H B PA3JHYHOH Mepe. 3rta peak-
UHHAl COCTOHT BO B3aHMOACHCTBHH C BHEUIHHM INOAEM YACTHIL 2TOMAa,
UMEIOHIHX MEKTPHUECKHHA 3apal H CO3JalLiNX MAaTHUTHOe NoJe 3a
cueT BpAaWeHEHH Aapa, OpOHTANLHOTO H CIHHOBOTO BPAllleHHHA 3JeK-
TPOHA H T. 1.

HauGonee yHuBepcadbHHEM 3(¢eKTOM BO3ACHCTBUS MAarHHTHOTO
noJiss Ha BelleCTRO ABNSETCA JHAMATHETH3M, T.€. BO3HHKHOBeHHe
MaTHHTHOIO MOMeHTA (HANpPaBJEHHOIC MPOTHBCNOJCKHO BHEIIHEMY
NOJMIC) 3a cYeT JAdPMOPOBCKOH NPOLECCHH 3JeKTPOHHEIX OpOHT
B MAarHHTHOM nOOJE.

Jltofoe Bemecteo obsagaerT AHAMATHHTHBIMHM CBOHCTBAMH, HO B
THCTOM BHAE OHH NPOABJIAICTCA TOJABKO TOTLA, KOTAA {B OTCYTCT-
BHe mOJIf) CyMMApPHBI MardHTHHH MOMeHT aToMa GAH30K WIH pa-
BeH HyJMI0. B OCTadbHBIX cAyuafX OH [epeKPhIBACTCH NOCJETHHM.
ATOMHas auaMarHUTHAas BOCNPHHMYHBOCTb OTPHUATENbHA H PABHA

z _
')(.:_N oo 2 rgm

2
Smec n=1

rae N —uHcao aToMOB B eIHHHIIE 06'bema; &€, Mg — COOTBETCTBEHHO
3apAA H Macca 3JICKTPOHA; lp— MArHHATHasd MPOHHUIACMOCTL BakKyy-
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Ma; F,— CpellHee MO BpeMeHM 3HAYEHHe NPOEKUHH pajHyca 3JeK-
TPOHA.

3JeKTPOHHBIN Ta3 B BeIlecTBe BhI3LIBAGT IMOSABJACHHUE JIONOJHH-
TeJbHOH KOMIOHEHTH! JIWAMATHHTHOH BOCMPHHMYHBOCTH, KOTOPYIO
paccurraa JI. O. Jlarnay,
Ay (TN s

A= T g

L
Fiae ug—- MarHeroun bopa; n-—<HCIO 3MEKTPOHOB B €1HHHLE 00D1E-
Ma; h — nocTossHaga [lnaHka.

Kaxawii znekTpoH, odaajas CTHHOBHIM MATHHTHBEIM MOMEHTOM,
HCNBITHIBAET OpPHEHTHDPYICLIee BO3AeHCTBHE MATHWTHOIO MNOJSH, uTo
CODTBETCTBYET IapaMarHHTHOMY 3ddekTy saextponHoro rasa. Ero
napaMarHWTHas BOCNPHHMUHMBOCTL, no pacueram JI. JI. Jlangay,
B TpH paza Gonabllie XHaMarHHTHON. B Metannax mapaMarHMTHbIH
shpeKT HCCKOMBKO HHXe, TAK KAK TaM ra3 BHPOXKAEH H He BCe
AIEKTPOHEL! cnocoOHbl H3MEHHTbh CBOE COCTOSHHE HA SHEQRTHID QIpo-
KUILIBAHUA CMHHA, PaBHYO nmpuMepro 10~* 3B, a ToabKO a/MeKTpo-
#Hel B nosoce BOMu3u ypoeHA PepMH, 3aTO napaMaTHETH3M 3JCKT-
POHOB NPOBOJAWMOCTH TIOUTH He 3@BUCHT OT TeMmnepatyphl. Ilapamar-
HHTHAS BOCTIPUUMYHBOCTL 3JE€KTPOHHOIO rasa MeTaJIoB

12mp2 g PP lc (1)3;2.
K2 L

Yara =

B ofaactn HH3KHX TemMnepaTyp AWaMarHHTHAS BOCTPUHUMUYHBO-
CTh 34BUCHT OT HAMPAMKEHHOCTH BHELJHETO MOJd, HO B JIOOHX yCa0-
BHSIX OHA HACTGJAbLKOC MaJja, 4TO NMPakTHUYECKH HeBO3MOXKHO ee HC-
TORB30BAThL MIPH NpaMoil cemapanun. OgHAKO npu oBpatHo#l (mar-
HHTHOTHAPOCTATHYECKOH cemapalul) OHa HCOOJAB3YETCH, NMOCKOQJIbKY
COJefICTBYET BBITAJKHBAHNIO YaCTHL (eppPOMAarHHTHOH Cpeloil.

MaruHuTHaa BOCIIPHAMYHBOCTE IQHAMATHHTHRIX MHHEpPAJaOB

n=—0uNae2zrne/(6m.A) = 1,6- 1078,

rae 8y-— WIOTHOCT, Krfm3;, N, —uuncio Aporaapo (N,=6,02X
X 10%% momp™'); e W m.— cooTBeTcTBeHHO 3apan (Ka) u macca
{KI') 3JeKTpoHA; 2z — UHCAO 3JEKTPOHOB B aTtoMe {z/A=45);, r*—
CpelHHH KBaIpaT NMPOEKNHM PAaJHYCOB-BeKTOPOB OPGHT 3AeKTPOHOB
Ha NJOCKOCTE, IepNeHIUKYIAPDHEYIO K IO, Lo — MAriiTHad MNOCTO-
auuas (po=4n-107" ru/m); A — aToMHas Macca MuHepana.

¥ IWaMarHHTHLIX MHHEDAJOB H TOPHBIX HOPOA x H3MEHseTCH
or 0 go —180:107%. K nHaMardHuTHRIM MHHEPAJaM OTHOCAT MHO-
rde CaMOpoiHele METaMNB, cepy, TpadBT, ranuT, KaJbUHT, KBapi,
2 TaKXe HEKOTOpble KapboHATH H CYAbMHAL, X JHAMATHHTHRM 1O-
ponaaM — ruipOXHUMHYECKHe OCaIKH.

[lapamaruerHsM NPOABIARETCA y BeUIECTB, ATOMBI KOTO-
peix 064aA310T NONOKKTENBHEIMH MarHHTHRMH MOMEHTAMH B OT-
CYTCTBHE BHEWIHETO NOJS NPH OYeHb cnafoM oO6MeHHOM (3JMEKTpo-
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MATEUTHOM) B3auMOAefCTBHE MeXOy 3THMH aTtoMam#, B 3TOM ciay-
yae MarHHTHEIE CBOHCTBA BELIECTBAa B OCHOBHOM OINpefendloTCs Ha-
JHUYHEM COOCTBeHHHX (CNHHOBHIX) MAaTHHTHHX MOMEHTOB 3JEKTpPO-
HOB

Pen=V 3ps=heV/ 3/(4nm) =~ 1,6-10-28
H HX OpﬁHTaJIbe]X MOMEHTORB
Pops =venr?/(2nr?) =efnr?,

rie us— Mardetod Bopa {(puz=927-10"24, A-M?); h — nocroarHas
Ilianka (6,626-10%% Jx-c}, v— nuHefiHaAd CKOPOCTb JABHIKEHHA
3MeKTPOHA BOKPYT sapa, M/c, F— cpeiHuil pagnwyc ero OpOHTH, M;
{ —dactora BpaumeHus NEKTpPOHA.

Knaccuueckasts ¥ KBAHTOBO-MEXAaHHYyecKasd TEODHH mapamarHe-
TH3Ma NPHBOAST K OGLICMY BBHIPANMEHHUIO AT BOCOPHHMYHBOCTH %,
KOTOpOE [ICMUBHseTes 3akony Kioph,

y=Npopsg?i(j+ 1)/(3KT) =C/T,

rie g — akrop JlaHae; j— KBaHTOBOe YHCJIO, PABHOE BEKTODHOH
CyMMe OpOGHTAJbHOTO KBAaHTOBOTO uucaa [ H cnuuHoBOro S; K — rmo-
cronHnas Boabnmana; T — remnepatypa no Kenbsuuy; € — no-
croaHnas Kops,

C=Nun[u93g2,f(,f+ DI1/(3K).

MacrurtHan 8OCRPUUMYUBOCTL NAPAMAZHETHKO8 80 MHOUX CAY-
4agx sA0AHe JOCTaTodHn 048 YCREWIHO20 MQEHUTHOZ0 obocaujerus
ux npu obotanpty remuneparypax. IIpHUMHOR BRICOKHX MapaMarHHT-
HBIX CBOHCTB ATOMOB M HOHOB GHIBZIOT HECKOMIEHECHPOBAHHEIE CITH-
HOBBlE MOMEHTH Y HeJOCTPOEHHBIX 3JIEKTPOUHHX 0O00J04eK, Ha-
npumep 3d, coctosaHue 3JIEKTPOHOBR Keje3a, HHKead, KobBansta U
Ap. ¥ HEKOTOPLIX JaHTAHOKIOB, KMEIOUIHX HelOCTPOEHHBIE BHYTpeH-
HHe 3JIcKTpoHHbe nopobonouxu (4f, 54 u 5f), a caexoBarensHo,
BbICOKYIK) aTOMHYIO BOCOPHHMUYHBOCTh, CYMMAaDHAasi BOCIPHHMUYHBOCTD
Aoctrraer 10°1—10-2 cm3/r,

B cBasu ¢ atuM Mccaenoeatesefl yacte BoaHyer mpobjema Mar-
HHTHOTO O0OTAaleHNsT TAKKX NApaMarHUTHEIX HOHOB HENOCPCACTBEH-
HO B pacTROpaxX, MOMEILUEHHHX B HEOIHOPORHOE [OJE, UTO MPH COB-
DPeMeHHOM YPOBHC TeXHHKH IOKa ellle HeBO3MOMKHO.

Kaxk ymxe oTMeyanocs, E€ppPOMATHETH 3 M — HBACHHE KOJ-
JEKTHRHOE, CBi3aHHOE CO B3aHMHON caMmoopHeHTauHeil aToOMOB, CO-
OTBETCTRBYIOIHEl MHEHMYMY 3HEPrHH CHCTCMbI aTOMOB, PACNOJIOMKEH-
HBIX B Y3JaX KPHCTa/JJMYecKON pellleTKH BeulectBa. 3onrpoBaH-
HBIC APYT OT npyra aToOMB ()epPOMATHETHKA He NPOSIBASIOT HHKAKUX
theppOMArHHTHBIX CBOMACTE.

Jasg 3THX aTOMOB Xa2paKTepPHO HAJHuY¥e RHYTPEHHHX He3anoa-
HEHHbIX 3JAEKTPOHHBIX CJOeR (Y TPYnnel Xedesa aTo 3d — nogciod,
y JaHTanoHaAoB — 4f). Tawue aTOMBl HMEIOT BHICOKYI) MAaTHHTHYI
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BOCHPHBEMUHBOCTb, HQ 3TOTO Ma/no IS TPOABMEHUS ¢eppoMarte-
TH3MA, HaOJARAAEMOre HHXKe ONpefeJCHHOH TeMnepaTypel B KpH-
CTAAJIM4ECKOl pelIeTKe, MapaMeTpel KOTOpOH o0ecmedyHBalOT BNOJ-
He ONpEeLe/NEHHOe OTHOUIEHHE MEKAaTOMHBIX (HOHHBIX) pacCTOAIHA
K JHaMerpy wmarHutHoro atoma (mowa). J. K. Cisrepom,
f1. 1. ®dpeHKeneM K APYTMMH YCTaHOBJIEHO, 4YTO (PeppOMarHeTHIM
BO3HHKAer GmarofapA T4K Ha3blBaeMOMy <0GMEHHOMY» B3aHMO-
JMefCTBUIO 3JEeKTPOHOB HEe3amC/HeHHBX CJI0eB MEXKAY COCeIHHMH
atomawmu. [Mpoasasiercd OHO NMPH HEKOTOPOM INEPEKPHITHH 3JEKTPOH-
HBIX OOJAKOB COCeTHHX MATHHTHHX 2TOMOB, CBSI3aHHHX C KOJJeK-
THBH3AIHEH 3JeKTPOHOB (OOMEHOM 3I¢KTPOHAMH), NMPHUEM B COOT-
BETCTBHH ¢ NMPHHUMNOM 3anpera llayad 3mMeKTPOHH MOTYT «pasme-
[ATBCH» MEKAY COCTORHHAMH C Pa3NH4HBIMH CIHHAMH B HACTHYHO
3a00JMHEHHBIX BHYTPeHHHX nojobonoakax. Ecau JBa MarHHTHBIX
ATOMA HMEKOT ciHHE 8; M S;, TO UX NOTEHHHAJKBHYIO 3HEPraio MOX-
HO TIPEICTABHTE B BHIE

{/=const — 2&;;555;.

Bropofi uneH B mpaBoil uacTH ypaBHEHHS M3BECTEH KaK 3HEpP-
TH OOMEHHOTO B3auMogefcTBHE, NpHYeM A; — OOMeHHBIH HHTE-
rpaj, NpecTABASIOUWIHR DOTEHUHZA MEXAY aToOMaMHu i H j.

M3 kBadroBOfl MexaHHKH c/IeiyeT, YTO IDH MAJHX 3IHAUEHHAX
oTHOWleHHs r/d; (paccToSHUS K [IHaMeTpPy B3aHMOJeHCTBYIOIHX
ATOMOB} OOMEHHBIH HHTETpaj fBAfETCS BEAHUMHOH OTPHLATEAbHON
(BeTrOfHA KOH(MMIYpamis ¢ AHTHNApaiJedbHHIMH cnuHamu). [Ipm
TIOJIOKHTE/AbHOM 3HAYeHHH HHTerpada ofMeHa 3HEpreTHUecKH BHI-
rojHa NapajyielbHas OPHEHTAUHsS CIHHOB, YTO BHI3HBZET CIOHTAH-
HYI0 HaMareauerHOCTb (GeppomarHetusM). Ipu yBedHueHHH MeEX-
ATOMHOTO DaCCTOAHHA HHTerpak ofMeHa yMeHbIIAeTess IO HYJAA H
«<ieppoMarferusM Hcdesaer. O6Gnacth (deppoMarHeTH3Ma HaXoJIHTCH
B npepenax or r/{ds=1,5-+35 {cm. pue. 2,7,d). Hanpumep, B aae-
meHTapHo# ¢opme y meraanos Fe, Co, Ni, Cd ¥ apyrax nposapas-
eTcs (peppoMarderisM, a y Mn, Pt-— anTHpeppoMarHeTHsM, XoTd
coeaHenrs MnSh 1 MnAs — deppoMaruuTHHL.

B To e Bpemsa xeneso B coeauHeHHH Fe,Os Moxer GuTh ¥ dep-
POMATHHTHO M AHTH{EDPPOMATHHTHEO B 3aBHCHMOCTH OT THOA KPHC-
TaJJHYECKOH PeLIeTKH,

[Iog o6uum HassanHeM ¢eppOMarHeTHKH NOHHMAWOT He TOJBKO
T€ MHHEpAJHl, ATOMHBIE (HOHHbIE) MOMCHTH KPHCTa/NIHYecKOH pe-
HIeTKH KOTOPBIX CYMMHDYIOTCS IPH B3aHMHOH OPHEHTALIHH, HO H T,
Y KOTOPHX OHH APYT ApPYra 4YacTHYHO KOMIEHCUPYIOT NMpH aHTHIA-
pannensHoii (A<X0) opHeHTAmHH, — AHTHPEPPOMATHETHKH, ¥ KOTO-
PLIX ABe NOJApEUIeTKH AaHTHNAPANJEbHE, HO CYLIECTBEHHO Pas3fuy-
HE TIO BeJHYHHe MATHHUTHRIX MOMEHTOB, — QepPOMATrHETHKH HJH
$eppHTH H Ap.

OcHOBHElE CHILHOMATHHTHBE UHCTHE Ke/Ae30COJepraliie MHHe-
pansl — QpeppUTHl HMEKT BBICOKYIO VAEJAbHYI0 HAMACHHYEHHOCTEL Ha-
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coimedus (upu temmepatype 20°C), A-m?/Rr: QeppHT MapraHua —
96,8; marmetuT — 91,62; marremut — 75,96; eppur Huxens —49,8;
¢GeppnT Marsus — 28,4; nupportuii — 17,25, Ha puc. 2.8 npuBeferbl
IaHHBIe O CBOHCTRAX HanboJsee CHALHHX (reppHTOB H COAABOB, HC-
MOJb3YEMBIX MPH H3TOTOBJASHHK CENAPATOPOB ¢ NOCTOAHHBIMM MAar-
HHTAMH.

MareuTHasg BOCHPHHMUYHBOCTE P EPPOMATHETHKOB B33BHCHT
OT TeMIepaTypH mo 3akoHy KropH — Beiica:

x=NM/[3R(T—T.) 1,

rie M — MATHATHBI MOMEHT OJHOTr0 atoMa; R —rasopas NOCTOSH-
Haa;, T.— Temneparypa, Hasbiaemas TO4UKOil Kiopu, BHIIe KOTOPOH
HOPMaJbHE (PeppOMarHeTUK CTAHOBUTCHA MapaMarHEeTHKOM.

BocnprrMupBOCTE PepPPEMATrHCTHKOB H3IMEHARTCA MOLIE
TOYKH Kiopr no ciaeaywoLleMy 3aKOHY:

1/3%=T/C+ /50 —o/(T —8.),

rie o, 6 U 8. — BeNHYHHB, 3aBHCAUIME OT MArdHHTHOTO B3auMoIeH-
CTBHS METANJNHYECKHX HOHOB aHTHNADPAAJENBEBIX TPYHN (8. — TeM-
nepatypa camoofpalieHHs CHOHTAHHOR HaMAarHHYeHHOCTH o6eHx
Ipynm).

[TpH antunapamdeapHOM MarHUTHOH OpHEHTAIUH COCEAHHX AaTO-
MGB MOXeT HpOHSOﬁTH MOYTH NOJHAH KOMIIOEHCcanHA aTOMHBIX MaAr-
IHHTHHIX MOMEHTOB B KpHCTaJ’IJ’[H'—IE‘.CKO}u{ PeLIeTKe. Takoe sABNeHHE
HA3BBaercds aHTHGeppoMarHeTH3MoOM. AnTudeppoMmarueru-
ki {FeO, CoQ, NiO, MnO, CrQ u np.) He NPeACTABMNIOT TAKOIG
RHTEpeca AJA MATHHTHOTO o0OralleHHsl KaK (eppoMarHeTdKH, Tak
KaK HX CYMMapHbiii MATHHTHHI MOMEHT MO BeJAHYHHe [pPHOAH3H-
TeNIBHO TaKoft Ke, KAK M y napaMarietukoB. OJHAKO HeKoTopble
aHTHOEPPOMATHETHKE HMeT HeGoAblUIYd PACKOMNEHCALHIO B AHTH-
napanJeNbHbEIX MATHHTEEIX MOMEHTAx MNOADELIeTOK, BHI3HBAIOLLYIC
pesKoe MOBHIIIEHHe MACHHTHBIX CBOHCTB H HMEHYEMVIO «ITdpa3HTH-
YeCKHM peppoMarretuaMoM», Hanpumep, MnTiOs MgCO;, a-Fe,Os.
FeTiQs, THTAHOMATHETHTH H 1.

Hckawuende cocTaBAgiOT (eppOMarieTHKH, K 4HCAY KOTOPHX
OTHOCHTCH M MAarHeTHT ¥ Bce deppurs tHna MeQ-FeO; (rae Me —
aTOM JBYXBaJIGHTHOTO MeTalaa, Hanpumep Mn; Fe; Co; Mg u np.).
B s7tux deppurax gBe pasaHuYHBIE TPYNNL MATHHUTHBIX MOMEHTOB
MeTaJdJHYeCKHX HOHOB OOBelHWHeHH AHTH(ePpPOMATHUTHO, HO CaMH
MOMEHTH 3THX IBYX TPy 3HAUHTEJARHO OTAHuUalOTCA. B pesyanta-
Te¢ MHOTHe AHTH(eppOMAarHeTHKH HKMeEIOT J0BOJbLHO BBICOKHe Mar-
HHTHBIE CBOHCTBA, CPaBHUBaeMble CG CBOACTBAMH (eppomarHeru-
koB. BoabweHcTBO ¢(heppOMATHHTHEIX MHHEPAJO0B, OGOramaeMbix
MATHHTHHM METOAOM, SBJSIOTCA MO CYiUeCTBY (GepPEMAarHeTHKaMH,
OAHAKO B 3TOM HeT OIIMOKH, TaK Kax (eppoMarieTH3M — NOHATHE
Goiee ofinee U TOJLKO B TEX CAYHANX, KOTAA Peub HAET O CHelH(H-
YeCKHX (hepPOMATHUTHBIX CBOHCTBAX (HanpAMep, 3aBHCHMOCTb BOC-
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8T OPUAMYHBOCTH OT TeMIepaTyphl
1% W Op.), 3TC pasfiuHe MOZUEPKH-
BAMT.

Poas eppOMATHATHBIX
CBOHCTB M SIBJE€HHH B pa3BUTHH
TeXHHKH H TEXNONOrHH MarHHKT-
noro oforamelns TPYANo nepe-
oueHuTh. PeppoMaruTHLEIE CBOK-
CTBa KETe3HHBX CepASYHHKOB NO-
3ROJIAIOT B pafoyux 3aizopax
3IEKTPOMATHUTHHX CHCTEM Cce-
NapaTopoB CO3AaBaTh MArHHT-
Hble 1o HeoGXOAHMOH Hamps-
KEHHOCTH M ¢ 3aJaHHBIM pac-

2
24, b npejgeleHHeM MACHHTHOrO MOTO-
i | { | | kKa B pafoueM MPOCTPaHCTBE.
Huhfw 400 o0 200 1090 @ HcenonesyoTes pasnHuda B TeM-

Puc. 28. Kpuewe pasvarhuvesanng NEPaTYpPHbIX,  AHHaGMHYCCKHX H
NOCTOAHHBIX MATHHTOB pasjdHuAbx ma-  ADYCHX XADAKTepHCTHKAaX wMar-

POK: HHTHBIX CBOHCTE MHEEpAJIOB,

I — 255A2i0; 2 — 2554190, 3 - . .
KXH |§,U.K25BA1 ¢ — caMapRil-Ko6anbTOeD LA (,.He,'[} €T HOEPOﬁHee paccMor
(nTof) PeTh OCOBLHHOCTU CTPOEHYA U

CBCUCTE MUREPAACS, YALE BCETO
NOABEPFAaEMEIX 3JEKTPOMArHuTHOK cenapauuu, B cioabnix maruurt-
HHIX NOJ8X H3BJdeKaerca MardeTHT (Felhi_(Fedta;,) XFegOy.

Xumnuecknii coctas, %: Fe 72,4; O 27.6; Al {mo 15,2%); Ti
(ro 7,6%); Mg (mo 6,7%); Mn (zo 34%); S (x0 1,8%);
C (10 1,4%).

KpHeTannuyeckas peuictka era KyGudcckada. Ilapamerp suedt-
KU — 8,39. MexaTtomuoe paccrosnue 2-10-1% m. KopasenTtHole cBasH
429%, nrorrocte 4900—5200 krim®. Tsepaocrs no Moocy — 5,6—6.
HntedcipHocTs Hamarnwussanus 92105 A-m?fkr, HampasaeHHe
OCH JIerkoro HamarHHuusawusa [111].

U3 pauubIX, NpHBeJeHHEIX Ha pHc. 2.2,8, BHAHO, KAK C VMCHB-
HIEHHEM KPYTMHOCTH YACTHI YAEAnHAS MATHKTH&S BOCTPHHMUHBOCTb
nanaer, a KO3PUMTHBHAA cuaa mopowka sozpacractr. B. C. 'sozau-
KOM YCTAHOBJACHO, YTO HA MaTHHTHBIE CBONCTBA OKA3LIBAET RJAHAHHE
He TOJBKO CTeneHb, HO H crnocof H3MeabueHHdA, HATpUMep, TPH H3-
M&bUEHHH MAardHeTHra § IIApPOBHX MeJbHHLAX MAarHHUTHas BOCHPH-
HMYHBOCTE €roc HecKOAbKO MeHblue, ucM npu Gecmrapopom {(0,1.10-%
npotus 0,2.1073), a KospuuTHBHAH CHJIA YyMeHbIMacTess ¢ 5,50 A0
5,3 kKA/M (NpH HAUpSKEHHOCTH BHELIHEro HOAA OXKoao 13 KA/M).
Takoe siBaeHHe MOXKHO OGBLACHHTH TEM, 4TO [PH GeCUIapOBOM W3-
MeJhYeHHE BHKAKUYCHHA MArHeTHTAa OPHEHTHPOBAHN BAOJAL OCH Jer-
KOTO HAMarHHYHBAHHA.

Bonanuioe BausHWe OKA3LIRAIOT pacUOIoOMeHne H J0JIA MarHeTH-
TOBLIX 3¢peH B MuHepanax (cM. puc. 2.2,2). Ecian Bkawuyenud cde-
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PHYHBL KR HMEWT BEHTAHYTYIO (OPMY K PAcCHO.OAKSHE DI0Ib HA-
IPABJAEHUS CHIOBBIX JHHMA [0S, TO MArHATHa# BOCMPHHMUYHBOCTB
[IPONOPLHOHAMbHA OOBEMHON 101K HX B cpocTke. Ecin xe onu na-
npaRJJgeHbl HepIIEHﬂHKy.TIHpHO K CHAOBHIM JHHUAM, TO MArHuTHaHA
BOCIPHHMYHBOCTb NPHMEPHC B [IBa pa3a MeHblle (HO HPH YBeaH-
YeHHH JONMH MarHetHTa B cpoctke Gosee 0,6 yBCAHUKBAETCS B CTe-
MeHHOH 3aBHCHMOCTH OT Eee).

BausiHde TemunepaTtyphl I Ha HHTEHCHBHOCTh HaMarHHYMBAHHs: J
ONHCHIBAGTCH 3aBHCAMOCTBIO

eraO!. =904 8,26 L10-7T2,

[Tpn Temmeparype HmKe 160°C pelueTka MarHeTHTa CTAHOBHT-
¢st OPTOPOMBHYECKOA M MATHUTHHe cBOHcTBa yxylwawtes. [lpw
upe3MEpPHOM Harpese MarHETHT TePseT MarHUTHbie CBOHCTBa (TOuKa
Kwopu 580°C). Hcnoabsys TeMmnepaTypHble 3aBUCHMOCTH MAarHuT-
HBEIX CBOHCTB, CHJABHOMATHHTHBIE MHHepadabl ¢ OJH3KHMH MarHut-
HBIMH CBONCTBAMH pasziefdiOT NPH KOMHATHOH TeMnepaType, HO C
pA3JIHYHBIMH — OpH Harpese. Takod mpouecc HA3BIBAKT TepPMoO-
MATHHTHONW cenapaluHei.

CpA3b MATHHTHHX CBOHCTB CO BpeMeHeM HaMAlHHUHBAHHA H pas-
MarHHUUBAHHA BhIpaxaercd (QOpMyNoi

y=J1/H=Jmax[ 1 —exp(—t11}1/H,

rge J¢— HaMarddueHHOCTh MaTepHajla B MOMEHT BPCMeHH ]
Jmax— TONNAsi HaMAaTHAYEHHOCThL MarepHana OpH J4HHOH Hanpd-
WeHHOCTH noss f; t— BPeMsi pesakcaud#d, 3aBHCsAlIee OT THNA
PYABL.

[lo BpeMenH pesakcallHH MOMKHO CYAHTE O CKOPOCTH H3MEHCHHI
HaMarHHYeHHOCTH. UeMm (oJblie T, TeM MEAJeHH{C H3MEHSACTCHN Ha-
Marik4eHHOCTh. B pe3y/abTaTe MOBTOPHBEIX BO3AEiiCTBHH HAMACHHUYH-
Baloulero nojsg HadmwiawoT BO3pacTanye OCTATOYHON HaMarHHYeH-
HOCTH (NpH TAK Ha3bIBAEMOM LHKAHYECKOM HAMATHHYHBANHK HH-
TEHCHRBHOCTL OCTATOUHOH HAMATHHYEHHOCTH ¥BEJIHUHBACTCA A4
KPYOHBIX uacThy B 1,5, a ANs MeJKHX — mouTd B 3 pa3sa).

O6xur mardeTHtra B OKHCAHTCABHON atmocdepe mpe Temoepa-
Type Medee 500°C npemspawaer ero B Marremur {y=Fe;O;) 6Ge3
nOTepH MarHuTHox cBoiicTe. [IpAcoeauHende KuHclopoaa He H3Me-
HAeT KpHUCTadJaudyecKoll KyOuueckofi pewerkd. OaHako npH Ooaee
BHICOKOH TOMIEpAType OKHCAHTEJALHOTG O0MKHCa KPHCTANJIHYECKan
pemieTka H3MeHsercs u obpasyercs He y-, a «-Fe;0s;. Ha temmepa-
Typy npespaulenna y-Fe;O; 8 a-Fe;O3 Bausier npucyTcTBue ROHOB
MATHH K JPYyTHX MeTaJJi0B, KOTOPHE TOPMOZAT NEPecTpoilky pe-
LIEeTKH, HATPHMED, NMPH OKHC/JA€HHH MAarHerTHTa, DOJAYYEeHHOTO H3 CH-
neputa, y-Fe,O3 B atoM cayuae ofpasyercss game NpH TeMmepary-
pe 700°C.
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JJas marHeTHTa CBOACTBEHHA MACHHTOCTPHKUHR  (KOHCTaHTH
MAarHUTHOH CTPAKUHH NpU KOMHATHOH TeMmnepartype Aijp=——20.10-8
H-h=+78.10-%), :

[Io s10fi npHuHHe npu OOJBLIAX PacxQoLaX B3PWBUATEHIX Be-
mectB (BoJbine 3 Kr Ha 1 T moBeiBaeMoil pyAel} Habaiogaercsd He-
KOTOpOe YMEHBLUCHHE BOCHPHHMUHBOCTH M COIEPKAHHA XKejesa B
ipopMe MarHeTHTA.

ITponykTH BOCCT2HOBJAEHHS MarHerHra, KOTOpOe MPOUCXOAMT IPH
METAANH3AIMH KOHLEHTPATA, OTJHUAKTCH BHICOKOH MarHHTHOCTERIO.
Ecnu BoccTaHoBnenne BefeTcsi NpH Temmneparype menee 570°C, To
MarHHTHHE CBOHCTBA NPOAYKTOB BCe BpeM#d HAPACTAaIOT, OTOMY 1UTO
npH 3ToM oOpasyerca dieppUMArHHTHBIA BIOCTHT {HOLHT), a B Aa/b-
HelillemM — GheppOMarHHTHOe 3KeJe30, HHTEHCHBHOCTb HaMarHHYHBA-
HHsA KOTOporo Godee 216 A-m3/xr,

Ilpu Gonee BEICOKOH TeMIepaType HH3UIHE OKCHAR caafomar-
HHTHH, MOTOMY uTo ofipa3yercd He HOIHT, a niocTHT. [annHeifllee
€ro BOCCTAHOBJIEGHHME A0 METaJJIHYECKOTO KeJesa coobluaer Mpo-
AYKTY MeTaanausanuu deppoMarHHTHHe CBOHCTBA,

Marremut (y-reMarut uan y-Fe,03}, Kak M MarHeTHT, HMeeT
CTPYKTYDY HHBEDCHOHHOH WINHHeXH c AedexroM peuetkr 1/9 mono-
JKEHHWiT Xesre3a B MarHersare. [locTosEHas peureTkH a=8,35- 1010,
Marnurnsie cBoifictea ero GMM3KKE K CBORCTBAM MAarHETHTA.

JiFez0s =834 10,26-10-7T,

Qznaxo B HeM 6GOJiblle MarHHTHAS 3eCTKOCTb, MOTOMY 4TO PAa3-
MepH KPHCTaJJHKOB MeHbIIe H KO3DIHHTHBHAA cHJAa B 2 pasa
Goaklie.

Hasvenur (FeTiO;) —komeunnfi unen cepun o«-Fe;Oz;—
FeTiOs; naortnocte 4790 kr/m®. HMmeer pomM6031padbHYIO CTPYKTY-
Py ¢ mapamerpaMy pewreTKH &m=5523-10710 M, a.n=54°51" npas
pombosgpanbuoll suyeliku; 8n=>5,079-10"1 m u C,=14,13.20""° .
CHMMeTpPHSl KPHUCTAJJa HAbMeHHTa R3 COOTBETCTBYET YHOpPAAOUYEH-
HO® CTPYKType reMaThTa. B o6nacTH HHSKHX TeMmepaTyp OH #B-
JseTesl aHTHREpPOMArHeTHKOM, a NIPH TeMOepaType XKUZKOro asoTa
d BHIIe — MmapaMarierHkoM. Temnepatypa Heems cocrasasger 68 K,
TOYKA naasieHHs — 1470 °C.

MaruuTHoe caoficTBa MEHEPATOB HILMEHHTO-TEMaTHTOBOH CEPHH
xFeTiO; (1—x) FeyOs mo coctaBy mexsiTcss Ha TPH rpynmb: x=1—
anradeppomarteTnkn; 1>x=0,45 — depprMarneturu; 0,5=x>>
=0 — anTHpeppHMArHeTHKH ¢ NapasHTHYeCKHM (QeppoMarHerHs-
MoM. [losBneHHe B 3THX MHHepamaax FesQ,, ecTecTBeHHO, BefleT K
Pe3KOMY BO3PAacCTAHHIO MAlHHTHHX CBOMHCTE.

Cepua FesO4— MnyzO4. TBepanie pacTBopW MarHeTdka ¢ rayc-
MauutoM tHoa (Mn, Mg, Fe) Fex(Q; nasmBaior skoGcurtamy,
eC/H OHH HMeIT KyOHuecKylo cHHrOHHIO (cofepxanue Fe;Oy 609
% Gosee ). [IpM BHICOKHX COREpIKaHHAX raycCMaHWTA CHHCOHHS CTa-
HOBHTCSI TPRroHannHoll (conepxkanue FesO4 menee 609%).
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MaKcHMaMbHBEIE MAarHYTHHI MOMeHT WINHHeJeli Mapradua ao-
CTUraercsi IPH COOTHOWIeHHH Mn:Fe=1:2.

@eppoMarsuTHhe CBOACTBA HacTO NPOSABAAIOTCA TAKXKe K ¥ Npy-
CHX COeAHHeHHR THma cojiell ¥ Ja)Ke THAPOKCHAOB B 3aBHCHMOCTH
OT CTPYKTYPbl HX KPHUCTa/JIHuecKOH pelleTKH, onpefensiiouieir xa-
paxrep OOMEHHOrQ B3aHMOJEHCTBHR H, KaK CHAEICTBHE, MaTHHTHHIE
cBoiictea. Hanprmep, cnabwii ¢eppOMarHeTH3M DPOABAAIOT Kap-
60HaTHl Mapraina, HUKejsl, IKeJie3a, THTAHATH, BOAbHPAMHTH,
CyaAn(pOCcoad, CUAHKATH H JADYTHe COeIHHEHHH,

PaccMoOTpcHHBIE BHIE COeMHEHHA HIPawOT OCHOBHYIO pOAb
B O0OrauieHu pyA YepHbX MeTaJJoB, 06€CCEpUBAHUH YIVIEH, B MPO-
neccax OUHCTKH CHIPhf OT MAarHHTHHIX TpHMecefl, CylIecTBYeT Tak-
ke 00AbLIOE YyHCIO (eppo-, aHTRDepPpo- ¥ PePPUMATHUTHHIX MHHE-
pPANOB PYA UBETHHIX (PEeJKHX H PaaHOAKTHBHLIX) MeTaJJIO0B.

Bee 3TH MuHepasH ¢TaGHABHO COXPAHSIOT MArHATHbiE CBOMcTBA
npu KPYIHOCTH AD 5 MKM, T.e. JO Da3pylleHUd MAarHHTHHIX JOMe-
HOB — O6/1acTef, B KOTOPHX O6jarogapsa ynoMseEyTofi oOMeHHOH
JHEPTHM YCTAHOBJAEHA YNOPSAAOUYEHHAs OPHEHTAlHA MATHHTHBIX MO-
MEHTOB aTOMOB.

[Ipu o6paboTKe B CHAbHOM MOJIE H3BACKAWTCA CJASAYIONIHE cla-
$OMAarHHTHLIE BBICIIHE OKCHAH M THAPOKCHAH XeJesa,

Temarur (a-Fe0s3). Xumuueckuit cocras, %: Fe 70; O 30,
npumech Al (10 14%); Ti (2o 11%); Fet? (no 5,8%). Cunronus —
TPHTOHAJILHAA KOOPAHHANHOHHAS.

I'emaTtut obnanaer poMO03pHUECKOR CTPYKTYPOH KOPYHAA M 5B-
Jsercss cTaGHNABHONH GOPMOH OKCHAA KeJle3a ¢ NPOCTPaHCTBEHHOH

rpynnoit caMMmeTprd R3cD®:4 u ToueuHoi rpynnodt 3 m.

DnemeHrapHas s4efiKa reMaTHTa B poMOO3JpHUECKOH pellleTke
CONEPHUT ABe MoJeKynr FeoO; Mouwm rucaopoga obpasyior caer-
Ka HCKaXeHHYIO, TECHO CHKATYH TeKCarcHaJAbHYIO CTPYKTYPY, a ¢ep-
PHTOBBIE HOHB! 3aHHMAKT 2/3 OKTA3APANLHEIX MYCTOT KHCAOPOAHBEIX
caoer, 06pasysn COTOBHAHYIO CTPYKTYpY. Paccrosnne wmexnay caos-
su Fe®t p kpucramme 1,9-107'° m. MexatoMAoe paccTOsSHHE
2,02-107!* v, xosanenrnas ceasb —47%. IlaotHocte 5300 rrim3.
Tsepaocrs — 6,75 no Moocy.

¥YilelbHa% BOCUPHHMYHMBOCTL 06JajaeT aHU3OTPONHeR HHXKe
TeMnepaTypH <hasosoro nepexoia (Toukn MopuHa), a BHIILE — H30-
Tponda H paBHa 30-10-7 m3/kr. Ipu oxnaxzenuu no 250 K u noc-
Ji¢ [OBTOPHOTO HArpeBaHHs A0 KOMHATHOH TeMrepaTyph HaMarHH-
YeHHOCTh FéMATHTE CHHIKAeTCH TOJIBKO Ha 30% Oes u3meHeHHN Ha-
TIpaBJeHHs.

KospuutnsHag cHla nopoiwkootpasHoro remaTtuta H,=s BOkA/M.
Tlpy HaMarHHYHBAHHE IeMATHTA NyTeM OOXKHra B BOCCTAHOBHTENbL-
HOfl aTMochepe OH npeBpallaeTcss B MAarHeTHT NpPH TeMOEPaType
300—700 °C.

[To uccnenoparusam B. WM. Kapmasura (1935 r.), ynpyrocts guc-
couManuy remaruta p {MIla), T.e. oTIenneHHe KHCAOpOJA HO pe-
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Puc. 2.9. O6nacty, B KOTOpHY ofecleynBRIOTCA MarduTHbe CBOHCTRA!
g — 3aAKOHOMENHOCTH B CHCTEME )KQHESO—KKCJIODOD.', - TO XKe B8 CHCTEMC XKENcio — cepa

aknue 3Fe;0;—2Fe304+ 0,6 Oz, onpesensercd [0 YPABHeHHIO

{lg poz)Fean"—'?’O 800/T+ IT;Qa

rae T — temncpartypa, K.

3Ta ynpyrocTb JO0KHA NPEBHIIATL 1aBJeHIC KACJAOPOIa NOCae
€r0 NOIJIOIUeHHA BOCCTAHOBHTEASIMH (BOJOPOJOM, YIJEPOAOM HIK
ero OKCHIOM)}. [TOHATHO, YTO Pog(Feso; BO MHOIO pas  Boablie
PogHa0y H Pogcopy H NOTCGMY BOCCTAHOBHTCAbHBIE 083ur npore-
Kaer Geictpo. Ecu e 00MXHT TPOBOJINTCA B OKHCJAHTCABLHON aTMO-
cepe (B BO3AyXe), TO YADPYrOCTb JHCCOLHAUHH TeMaTHTa JOJMKHA
npeBHILIATL JaBiReHHe KHcaopoda B Bo3ayxe (r1.¢. 21 Klla}. Ilosto-
My 12=30800/(17,9 — lg 21).

[TpeBpauwente c1aGOMarHATHBIX OKCHAOB il KapGOHATOR Kesesa
B CHAbHOMATHHTHbHIE MATHETHT M HOUKT MNOKAa3aHo HA puc. 2.9«
{crperkamu ABJ — paa remarura, JBH0 — an retura w CH0 —
Ans cupepura). IlpoBelcHie HAMATHBHUMBAHUA NyTeM HArpeBa OCY-
LIecTBASETCA Ha DaKadbncxkoM pyaHuke {(OyTeM OKHCAHTENBHOro o0-
JHTA CHISPHTOBHIX pya), JIUCAaKOBCKOM TOPHO-060TATUTEABHOM KOM-
funaTe (BOCCTAHOBUTEALHBIN OGXKHT OYPONKeIe3HHKOBLIX TeTHTOBBIX
pya), Llentpansnom KpHBOPOMKCKOM TOPHO-OOOTATHTEIBHOM KOM-
OuHaTe (BOCCTAHOBHTEAbHLIH OOKHI [eMaTHTO-MaPTHTOBBIX KBAPII-
TOB) H pAlde 3apylexHuX haGpuK.

CuaepHTOBBIE PYIbl NOABEPraloT OKHCIUTEABHOMY OGKHTY, TaK
Kak OH 3KOHOMHYHCE BABO€ NC CPEBHEHHX ¢ BOCCTAHOBHTE/bHBIM,

78



a ynpyrocTb AHCCOLHANHH CHAEPHTA Ha HOPsioK Gosbie, weMm y re-
MATHTS,

lg pcosirecos =—8920/T+ 6,55,

Temnepatypa pa3/oiKeHHs CUAEPHTA Jaxe B aTmoc(epe 4HUCTOH
YTAEKHCIOTH, T.€. NpE Pco,=0,1 Mlla, cpaBuntenbno HebonbLUAA:

T > —8920/(— 6,55 —1g 0,1) > 1181K(908°C).

CrencHn HaMarHWYHBAHHUA NPORVKTOB, NOJYUaeMBIX NPH OGXKH-
re, MeHLHle, 4eM Yy [IPHPOLHOTO MArHeTHTa, [OTOMY YTO OHH 3a-
TPAIHEBEl TeM3THTOM H BHOCTHTOM. I/ICKy'CCTBeHHbIﬁ MATrHeTUT HMERT
YASALHYED MarHHTHYK BOCIOPUUMUYHBOCTL B 1,7 pasa MeHBLIYIO, HO
B ABa paza CONBLIYIO MACHHTHYIO KECTKOCTb, YTO BHI3LIBAET 3a-
TPYAHEHHR NDH MarHuTHOH cenapauuu. [lowsTho, uwTO cremedb Ha-
MACHHYHBAHHSA HPOMOPLHOHAAbHA YBCJAHUEHHIO OTHOIUEHHS Kejae3a
B MArHuTHON OpMe K oOuleMy ero COAePXAHUI H 33BHCHT HE
TOJBKQ OT TEMOEPATYPH H KPYRDHOCTH OOMKHraeMQOH pPyiIel, HG OpH
BOCCTAHOBHTEJABHOM OfKHTe H OT KOHICHTPAUWH BOCCTRHOBHTEAA
(em. puc. 2.9,a), r.e. or yBenrueHusa oTHoweHna CO/CO; 1o Mmepe
YMEHbIIeEUs cofepXKaHUA KHOJIOpPOAa B OOXKHraeMol pyje.

3apHCHMOCTL CTENEHK HAMATHHYUHMBAEHA OT BPEeMEHH BOCCTANOR-
JeHHA MOXKHO ONpefedHTh Mo QopMyJe

T=r8K-11 —7 T—wy),

Te T — BPCMS BOCCTAHOBJACHHS, MHHE; r— PajHyC yacTHY PYIH, CM;
8 — Mexoaas TIOTHOCTB PYAbl; K — KWHeTHuecKas KOHCTAHTA, 3a-
BHCAILAA OT TEMIEPATYPHI, D1ABNEHES H COCTaBa rasa; wp— CTeleHb
BOCCTAHOBJCHUSA PYAB (OTHOLIeHHEe cOjAepiaHW:i KHCJAOpoid, OTHI-
TOrO OT OKCHAOB XKCJE33, K HCXOJIHOMY €r0 COAEpKAHHI D pyiae).
Crenedr MarHeTHzanun w=200--Fe+?/Fet? (nmpu w=100%, w,=
=(,11}, rae Fet? u Fe*? —conep:KaHHe COOTBETCTBCHHO ABYX- H
TPCXBAJIEHTHOrO Kemeza B 060xKeHHOA pyne,

Has tore urchnl ofecneduT, 04MHAKOBOE HAMATHIYHBAHKE Kak
KPYMHbIX, T&K M MeJAKHX (paxiuil, HCXOIHYHI PYAY LNepex 06MKH-
TOM chenyeT MOJBEpPrarh pacCceBy TAKHM O8Bpa3oM, uTOGH OTHOMIE-
HHe PPAaHHUEHIX Pa3MepoB 3epeH OBJO PABHO KO3GQ O HULHEHRTY
PABHOHAMATHYYHMBAEMOCTH, KOTOPHI ONpeaedasieTcs MO
dopmvie

D/d: ( 1__]? 1— wmax)/( 1_|8F1 - wmin),

IJ1€ @Wpmin, @Wmax — COOTBETCTBEHHO HAMMEHbIlIAd H Hauboasllasds CTe-
Meld MarHeTH3IaukH.

B ixenesHBEIX pynax cojepiaTces TaK:e neeBloMopdHee ofpa-
30BAHHA FeMaTHTa O MATHCTHTY, HMeWUIHEe MAariHTHYIO BOCIIPHHM-
HYHBOCTH HA NOPAACK GONBLIYIO, YeM TeMATHT. 3TOT MHHepaJ Ha3H-
BaeTc MapTHTOoM. Jlag Hero %,=2800 m*/kr. B scpuax u arpera-
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Tax Mapruta uacro Hal/0ZaloTcs TOHKHe (MeHee 10 MKM) BKJIO-
YeHHI MAarHeTHTa, uTO cle Gojee NOBHIIAET €0 MATHHTHLIE CBOH-
cTBa. MapTeT ofpasyeT JIEHTOBHAHHE BETBHCThie U JIMH3OBHUIHHIE
NOJAHSAPHYECKHE arperaThl H OTAEJBEBIE 3epHa B BHAe cKOmaeHHil,
BHITSHYTHX N0 CIOHCTOCTH. HabawiawoTes sepHa ¥ arperarbl mMap-
THTA, LUEHTpaJdbHble YaCTH KOTOPHX BCASACTBHE OOHAHA wesbuali-
wux nop {MeHee 5 MKM) H NyCTOT OPHOGPeTaloT ryfuYaTyl CTPYK-
TYPY, YTO YMeHbIIAET IJIOTHOCTh, a4 CJAEJOBATEBHO, YBEIHYHBAET
YAEJBHYI) MACHETHYK) BOCOPHHMUYHBOCTb uacTHL. Baaronmaps sTHEM
CBOACTBAM, YACTHHE MapTHTA MOTYT HM3BJEKaTbcd Aaxke B NOAAX .
cpefHell cunp — GOJbIIEH, ueM 3TO HeoOXOLHMO AAS H3BJAEUCHHA
MAarHeTHTa, HO MeHbluefl, ueM NJA ciaboMarHHTHEX YacTHIL TeMaTi-
T4, JHMOHHTA H AD.

B pyzax, a TaKXe B TOILIHBE COAEPIKATCH PA3JAHUHbIE CyJIbHHIH
xene3a FexSiys, H3 KOTOPHX TOJBKO FEeKCATOHAMBHLIH DHPPOTHR
Fe;5; siBngercst beppoOMarHeTHxoM, & oCTanabHbE fipE Q0<Zx<Z0,1 —
anTHeppoMarseTHkl; npu 0,1 <x<I1,7 — deppomarneTnkn; npu
x= (0,1 — nepexojiHan obaacts K ¢deppoMarHeTHKy.

§ 2.4. BAHAHHE MATHHTHOI'O CTPYKTYPHPOBAHHA
PEPPOMATHHTHRHX NMOPOHIKOB H CYCNEH3HHA
HA HX MATHHTHBIE CBOACTBA

CrpeMaeHHe cOBOKYHNHOCTH (cHeTeM) (epPPOMAFHATHHIX 4acTHI B
[OJIe M4TrHMTHOrO cenaparopa K YMeHbIIeRMKy O0UuIell MarHATOCTa-
THYECKO 3HEPTHH (3HeprHH CBOGOIHEIX TNOJIOCOB) NMPHBOIUT K 0Of-
PA30BAHHIO aTPeraToB W3 ITHX YACTHL, HMeHyeMHX (G JOKYJaaMHu.
Aenrenue mazrurnold aokysayun wneusbexcno conpososcdaer
a000il crnocob 0bo2AUEHUS TOHKOUSMEAOHEHHHIX CUABHOMAZHUTHOLE
Marepuanos (Kpuun, MaeHeTurT, HOWUT, (PAHKAUMUT, WAbMERUT,
deppocusuytili} & HERGCPEOCTEERNO BAURET HA 3PUPERTUBHOCTE UX
obozawenus. B npouecce cemapanuu (QJOKYJISLEA [OBHIIAET NPO-
. M3BOXHTEJNBHOCTh M M3BJedeHHe MACHHTHOIO KOHLEHTPATA, HO CHH-
JKaer ero Kadectso. [Ipn MarHuTHOM 00eCILNIAMJIHBAHHU, CPYINEHHK
H JADPYFHX IpoleccaX, NPOBOARMHEIX B MAarHETHOM noJe, (GAoKyss-
IHUsl sBAAETCA OCHOBHLIM MeXaHH3MOM MpOLecca, H, HaoGOpoT, HC-
KaXaeT PesyJbTATH H cHHxkKaeT 3Q¢eKTHBHOCTL KAacCHPUKAUHH.
MoxHo paccmatpuBaTh (AOKYAALHMI) KaK B3anMopeHcTBHe Mar-
HHTHBX Macc 1o 3akony Kynowa, onpenenss cuay Fg, HAH npou-
HOCTb (PIOKYJ Gga’ .
m=M/I=]V/I=]S=xHS;
0¢J|=F¢J,/S=k?{2st/(uof2)mKJ2,

rae V, I — cooTBeTCTBeHHO 06BEM M AAHHA GUIOKYJH; S — miouais
nonepeuyore cedeHHs (GIOKYJLL
C y4eTOM BJAHSHHA (OPMH (DJIOKYT MOMHO 3aANHCATH

Ooa=kI2/(1 — nN)?, (2.6)
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raie k—Ko3dpgHUHEHT nNpOICpuUHOHANBHOCTH; N -— KosQduLnesT
pasMarHHYHBAHHS QAOKYJH,

Ecan GpoKyAaLHA NPOHCXOANUT 33 CUET OCTATOYHOH HaMarHd4eH-
HOCTH, TO B Bhipaxenud (2.6) Bmecto J caexyer nmpHHHMaTh J.

B mpouecce paoKyASAUHH NPOKCXOAHT padoTa 3a CUET CHUMKCHUSE
ofleli MarHATOCTATHYECKOil 3HEPrHH.

INpounocts PAOKYTALHA Jp; MOXKHO CLEHHATH TaKiKe HAa OCHOBE
BEHpaMeHNs 3HEPTHH (jeppoMarseTHKa

For=-—dU/dx=—d(BHV)/d x=—0,5BHS =
=—0,5uH2S;  dpn=05pH2,

Bonee TOYHO %Ta BeNHYHHA ONpefeNdAeTCH Ha OCHOBE TCH30pa&
Maxepenna nans dnokynn. Tak, 10 OIPoAOABHOR OCH

065 = 0,500H %[ (1 42}/ (1 +xN)?>—11, (2.7

I'G¢ % — MATHHTHAd BOCIPHHMUYHBOCTL QAOKYAH; N — KoshdHIHEHT
pasMaraMYMBanug HAOKYJbL.

Pacuer no ¢opmyne (2.7) aaA MarHeTHTOBHIX QAOKYa (x=0,1}
B NOJAX COBpPeMeHHHX cemaparopos (H =80 xA/M) moxasbiBaer,.
4TO NPOYHOCTE YIAJAHHeHHs daokyn (h=z2-—4; N=0,1--0,2) noctu--
raer 60 klla, uro xopoillo corjacyercs ¢ SKCHEPHMCHTAALHHIMH:
JIRHHBIMH.

QuesHIBO, YTO TAKHE (PJIOKYJABl BIOJHE YCTOHYHBEL H NO3ITOMY
YCHAOBHA (DIOKYJASLUEE CNPelelsiiOT CTPYKTYDY H MarHATHHE CBOMH-
CTBA He TOABKO CYCNEH3Hi, HO Aa)e uYACTBIX MAarHCTHTOBHIX (uio-
Kya. IlpepBapurefbHoe MATHHTHO® CTPYKTYPHpOBaHHe Mepei H3aMe-
perHeM VEeJAbROH MAarHHTHOA BOCOPHUMYHBOCTH 00 Metoly [ym
OTParaercsi Ha pe3yabpTaTax H3MepeHHil,

¥HeavHas MarHuTHAs BOCIPHHMYKBOCTE, cM3/r

B npopoJbHOM MErHHTEOM none (H=I160 rA/M) . . . 0,072
B nomcpeusoM marHuTHom noye (/=160 wAfm} . . . 0,059
Les MarumTHOTG CTPYKIYPHPOBaHH® . . . . 0,065

Pasmepnl ¢JA0Kynb ONPEAeAIOTCS CHJIAMH OCEBOTO CXKATHA
(MpOYHOCTBIO), KOTOpHIE ¢ VAJHHEHHEM Ha Kpasx (JAOKYAbl CHHXKE-
10TcA. B HeoAHOpDONHBIX NMOJAX CHABI CXKATHS VYBEJAHYEHBl 33 CYer
rpajHedTa OGN, NMOITOMY. PAOKYJH yKOpodeHH. PasMephl (roKyn
komebawTea or 2 pmo 1000 nuameTpoB 4YacTHI, COCTABAAIONHX.
(noKyaILL.

B rpanysioMeTpHueCKOH XapaKTepHCTHKe MarHeTHTa OGBIYHO OT-
CYTCTBYET KRacc 5 MM, OTH JaCcTHHB OJAH3JOMEHHBIX pa3MepoB.
ofpa3yloT YCTOHYHBHE 3aMKHYTHle TOPPOHAAJAbHBIE ATPETATH,
B npuBnune siBAeHUE 3TO TOJOXKHTEAbHOE, TAK KAK ¥ MOHOROMEH-
HBIX 4acTHI d<]—2 MKM, MarHWTHas BOCHPHHMYHBOCTb CYUIECT-
BeHHo cHmxena (Ha 50—60%), OTCYTCTBYIOT MpoOmeccH CMeleHHS
IPaHHU, HO HHOTAA& 3TH arperaTe HecyT ¢ co(oifl 3acopaloliiie He-
MATHHTHLIE MPHMECH MJAH CPOCTKH. CPOCTKH B 3TOH KPYNHOCTH, KaK
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Luc. 2.10. 3apucuMocTs cTenedk GAOKYAAUAM wacTAL 1 MHHepana-PeppoMarTHeTH-
®a (a) (coaowdas JHHUA — GHCTPOS HAMATHHYHBAHHE, AYHKTHPHAA — Me1reiHoe]
H MarHHTHOH BOCIPHAMUIBOCTA CHCTEMBL ¥c (6} OT ANHTENBHOCTH HAMATHHUYHBA-
HuA { CMECH MArHeTHTa ¢ kBapueM (f] M HX BOAHBIX cycOeH3ui: Ge3 pedreHToR
{(2), ¢ oneatom HaTpua 1,25 ria (3}, ¢ TpunaTpuiidocdharom 06 rim () u ramue-
puaoM 125 rfa {8} n 250 v/n (6). OO0bemHas KoHNeHTpauns wmarketera 10%,
HANpA#EHHOCT MArHUTHOrO nons H=8-10-% Afm

OPABHJAQ, TEPAIOTCH, H 0T HHX JAy4llle BCero H30aRAATLCS ofCCIUaM-
JIMBAHHCM B caafoM MATHATHOM LoJe.

Ilpouece daoryasguuy MOeT OHITE CEJICKTHBHBIM TOJBKO B Ha-
YaNbHLI NePHOI B «JO0JABHHHOH» 30He, KOTAA OH DA3BHT B OTAEL-
HEIX Y4ACTKaX, 4 He IO BCEMY 0OBEeMY H MeXaHHUCCKH( 3axsar He-
MAarHHTHRIX 3€pCH B CTPYKRTYPY duiokya otcyrereyer {puc. 2.10,a).
3TOT BHIBOA NPAKTHYeCKH HCOOMLIYIOT B TPOIECCe CEICKTHRHOI
HAOKYIAAUHH, ABAAWIIEMCH NOATOTOBHTEILHEIM [TPOLCCCOM nepes
cemapaiuuen.

B. B. Kapmasud (1965 r.) yCcTaHOBHI 3aBHCHMGCTD MCHAY CTE-
HeHbIO GQUIOKYIALHK { H HATPIKCHHOCTBIC MOJS:

1|J-_—k[H20+A.1P6(H'——HKp)+(1+'l|32) {1—
—expl —kolH —H) 11,

rie Hy—Hauaabliag HaOpAMERHOCTh MATHUTHOTO T0J5, BEI3LIBAIO-
Wasg paBHOBECHYID 06PaTHMYIO QAOKYMALKI; AY=1y—\;-—IPHUDPOCT
CcTeneHK (WIOKYAALWH 33 CUeT JJaBHHHOTO Mpouecca; i, Y — UTene-
HH JIOKYJAUMK B Hadalc W KOHUe JaBHHHOIO NpOUeCca COUTBCTCT-
BEHHO, KOTOPble ABJATCH OQYHKUHAMHE KOHLEHTpauuu, ¢opmbak-
T0opa, pa3mepa ¥ MATHHTHOH BOCHPHHMMYHBOCTH {PJIOKYJIHDYIOUIHX
YACTHI, HKp—KpHTH‘IECKaH HAanpAXCHHOCTL [0Jif, BHR3LIBAIOLIAR
naBdHNY (noRyasuuo {Ho<{H.); kvou ke=f(C, N, %, Re, d,
{) — K03 QHUUHCHTH HHTEHCHBHOCTH npouecca — (PYHKUHH COOTBET-
CTBCHHQ OT KOHIEHTDALHWH, MAarCHuTHON BOCOPHUMYHBOCTH, (GOpPM-
daxtopa, napamerpa PefiHoabaca A48 THIPOMCXAHHUCCKOTO PeIKH-
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Ma JBUMEHHA CPeAbl, pasMepa yacTHLL U OT BpeMeRry; §{H —Hop) —
$ynxkuus JHpaka OT HanpAXKeHHOCTH;

HKp+A

J' 8(H—Hy)dH =1,
HKp—A
rie A —Manoe 9HcaI0. .

Hamenenne ¢opmu xpuBoil y=f(H) npoucxoidt npn Hanpd-
JKEHHOCTH, COOTBETCTBYIOILEH MaKCHMYMY BOCHPHHMYHBOCTH @JIO-
Kyaupyiomero Marepuana, [lo cymecrsy gena, nasuHHas QJAOKy/IA-
IHA CBfi3aHa C OOTepel YCTOHUMBOCTH CYCOEH3HH, B COOTBETCTBUHM
¢ teopemofi MpHIIOy, B TOT MOMEHT, KOrla MarHHTHBIE CHJBL, L€H-
CTBYWON{He Ha YACTHNL CYCIE€H3HM, HayHHaloT npeobiajate HaL
MexaHHueckumu. CenekTHBEO cdaoKyJHpOBaHHAs Nydbna, B KOTO-
poii Bca pyanas ¢dasza npeicTasiaeHd B BHjle KPYNHBIX 4acTHU-(AO-
KYJ1, 2 HeMarautHasa ¢ a3a — B BHAE OTINENBHBIX MEJIKHX 3epCH, M03-
BOJIAET MOJY4aTh §0Jee YHCTHIE MATHUTHBIE NMPOAYKTH, HeM Hecdao-
KyaupoBaHHas nyaena. [locaeinss, nonanas cpasy B CHJbHOe Ngae
cenapatopa, QJOKyJAHPYeT JABHHEHO, 3aXBaThiBasi MHOTO  KBapla,
Ha yda/deHHe KOTODOTC yXOAHT 0OAblIasA uwacTb AJHHbI paGoueh 30-
Hbl cenaparopa.

[To aanueim A. I1. Keackoea u JI. A. JlomMOBuE€BA NpH ABHHE-
HUY DYANBIX LIJIAMOB 4epPes NOPUCTYIO CTPYKTYPY PACKYN TPOHCXO-
JAHT AONONHHTEIBHOC H3IBACUEHHE MarHUTHON (paKUHH 34 CYeT Mar-
HHTHON A/Aressd H BLICOKGHT HeONHOPOAHOCTH NOJA BOJH3H TOUEK
KOHTAKTA HAMErHHYEHHLIX YacTHI, COCTABIAALINUX @aokynay., Hu-
CTHI& qJJ'IOK}-'JIbI MOMHO [DOJYUYEThHL 24 CYHeT HCOOJAB3IOBAHHA OLTATOM-
HOH MareHToCcTaTHUecKoll SHEPTHH (QJOKYABl ANS ee CAaMOOYHIIEHHST
MyTeM HalO;KeHHs MeXalHYeCKHX (3BYKOBBIX WJH YJbTPA3BYKOBBIX)
KoneBanuil, npumenennst T11AB, kOTOpbie YMEHBLIZIOT HEHCTBHE CHJI,
JALIEMASIOLHX HEMATHHTHHC 3acopensst B PuoKyaax.

[To gauumm K. ¥, Hasmiaosa u I1. A. ¥Ycauema, fofasieHHe
B cycnensuio (,6 r/n tpunatpuii docdara, obaaganucro nenTHIH-
pywouinM  jgeilcTBHEM H NOHHXKAIGIIETO TpejedbHOe HETpseRHe
CABUTA CYCNEH3MRK, NPHBOAHT K YBENHYEHHIO CKOPOCTH CTDYKTYDH-
posauua {(puc. 2.10,0). TlporusononoxHoe neficTBHe OKazmBaer
aoGasienke 1,25 r/n oJeaTa HATPUS — YMCHBIIAIOTCA CKOPOCTh H
YieJdbHad MaTHHTHAS BOCHPHHMUYHBOCTB. JTO BAHAHHE 00bacHaeTCs
KaK MNOBHLIUEHHCM BAIKOCTH, TAK M 3aTPyZHEHHeM  (QUIOKYASUHH
rHApodOSHINPOBAIIELX 9aCTHL, MATHETHTA,

Kpuposuuefiioe aBHKEHHe NOTOKA BLI3WBAET CIBHI CJAO0EB CYC-
NeH3HH M H3MCHEHHE HanpaBJeHHd CHAOBHIX JHHHI 10AA OTHOCH-
TeJLHO ITOr0 IBHieHHA. MAarHHTHEI MOMEGHT eJdHHWUL o0beMma
CYCTMEH3HH NPH TEYCHHH BAGAB CHJAGBHX JHHEE OCJAblIe, yeM NpH
TeyeHHH nonepek. HanMeHbllags MAarBHTHad BOCOHPHHMYHBOCTL HA-
Garonaerca npH GOJMbUIMX TPAAHEHTHHIX CABHTAX H OPHEHTAUMH NO-
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JiS MePHeHABKYAAPHO K HEBO3MYILSHHOMY HANpPasAEHUIO TEYeHHH
H BEKTOPY BpallleHHA CYCHNEH3HH.

Hrak, ynpasaenue npoyeccamu GAOKYAAYUU — KAOL K nO8bL-
LIGHUND KAHEeCT8d U UBBAEHEHUA, A TAKME K YBeAUMEHUN) RPOU3BY-
JUTeAbROCTH Cenaparopod He TOALKO npu obczauesHut MazHeruTo-
8bix, HOo 1 caabomazrurdeix pyd. Baxueinnuii crnocof Takoro yu-
paBJeHHN — NOCTeNMEHHOe HaMarHHu#BAHHE CYCTNEH3HM UPH HHTeH-
CHEBHOM ee MepeMelIEBaHKH BAOJb JIHEHI MOJIA.

4§ 2.5. CHOCOBS] NMOBBIWEHHA KOHTPACTHOCTH CBOWCTB
MHHEPANIOB

Kpome GaoKyAAnMM H3BECTHW H JAPYTHe CMOCOOLL NOATOTOBKY Ma-
TepHaia nepel MATHUTHOH M 3JeKTPHUYECKOH cenapauueii:

MOBEIIICHHE MATHHTHHX M 3JeKTPHYECKHX CBOHCTB MHHEpa/aos
ANS AOCTHMEHHHA MAKCHMAJBLHOTO MAarHETHOTO MOMEHTA HJIH 3JeKT-
PHUECKOTO 3apsRia (LHNONBHOTO MOMEHTA) YACTHL, HM3BIEKAeMOTo
MHHepana W GJOKHDOBZHHE HX y HeM3BJAeKaeMBIX MHHepasoB. 3To-
IO MOXHO AOCTHYb TEPMHYECKOH, PEaresTHOH, 3JeKTPOMAarHHTHOH,
PAAHALHOHHOA M JDYrHMH MeToAaMHd o6palOTKH MHHepasNQE H cpe-
JH (Bo3gyX, BOIA H AP.);

yIpaBAeHHe T'PAaHYJOMETPHYECKHM COCTABOM MaTepHalOoB nepes
cenapauueii OnA npeNOTBpalleHHs HRJICHHsS PaBHOUPHTSTHBAEMO-
CTH 44CTHI C PA3JHYHBIMH 3JEeKTPHYECKHMH M MarHMTHEIMH CBOi-
CTBAaMH; (OpH cenmapanH# B HeHTpoOekKHOM Mone UEHTpOOexHEe
CUNBI NPOMCPUHMOHANBLHEL KyOy, a 2A€KTPHYeCKHe — KBajpary HAHa-
MEeTpa YACTHI, YTO BHA3EIBAaer ocofyi HEOGXONMMOCTh B NpeABapu-
TeNbHOH KJAacCHQHKAKHH MATEPHAJOB NO KPYNHOCTH);

ofe3poxHUBaHHe, ofecunramManBaHHe M OOECHEIIMBaHHE MaTe-
pHana nepel cenapauued;

HaMarHHYHBAHHe (CEJIEKTHBHOE) H pasMArHWUHBAHHE MHHepa-
JIOB NEPek NPOUCCAMH Celapalll H KJAacCHGHKAIHH H AD.

B HexkoTOpHIX ¢AyuasX nepej MarHHTHOH cemapandeil B Culs-
HOM noJe MaTepHaln clelyeT NpelBapHTENbHO NOIMATHHUHBATS,
uroGh He CHHIKATh NPOH3BOJHTENBHOCTh CENapaTOPoB H3-3a JHHA-
MHYECKOTO 3aNasibBAHHSA HaMarHHIeHHOCTH.

B npoueccax saekTpuueckoro oforaleHds, Kak npaan.uo, He-
MOAB3VIOT NOBEPXHOCTHBEIE SJAEKTPHYeCcKHe CBOACTBA MHHepAaJoB, 4B
MArduTHOM — OfbeMHBe. 3T0 H NPOABAAETCA B PA3NHUHLIX MOAXO-
Jlax NpH NOATOTOBKE MAaTepPHAJIOB tnepel cemapauueil. B mepeom
cllyqae — 310 peareHrHad ofpaboTKa H 3apsika, a BO BTOPOM —
TTPOHECCH, 3aTParipaloliie ofbeMHOe COCTOSTHHe YACTHL M CTDYK-
TYpY HX cMecel, a HMeHHO HaMarHHYMBAHHE, ceJEKTHBHaA UIOKY-
JALHA, MarHeTH3HPYIOUIEH O6KHT, pasMarHMYHBaHHe H T. Al

[Ipu nonave B cenapaTOpbl HEKAACCHOHUKPOBAHHON PyAbl KDPYN-
Hbie H MeJIKHe KYCKH OyAYyT HCNEITHBATh BO3ACACTBHE CWIIBL, OTJIH-
yawlielics B HECKONBKO Pa3; KpPOMe TOTO, KPYNHHE CPOCTKH M Me-

84



a Puc, 2.11. HsMeHenwe JoMeHHOR
CTPYKTYPH deppoMarkeTHKa PH  Ha-

7 MATHHYHBAHHH H pPasMarEM4UHBAEHH
Je = (a} u ocmpenesneHue «pabouell TOYKH>
2z teppomarkeTnka no Merony Penest
10);
HI, H2, H3, H4 — cOOTEeTCTBEHHO HAYA-
)‘ A0 CMEILIENHA IAO0MENRDE, BRALLEHHEe JoMe-
’l‘? A0y, NMepeRepTHBIHHE AHTHOIApAANSAbHBIX
e s N CNHHOCB, MAarHHTHOS HacH(erRHe Mave-
% 7 3 N PHANOB
NN
F/ HT My N
H=G My p =My
¢ :.'
! A
5
A
h.f f /75
4y Ay
M % Ay 2
My I\ |
A, "y |
&) [ !
|
fy )
H, L4

KHE KYCKH JIeKTPOMATHHTHOIO MHHEpajJa MOryT nNpHTArHBaThbCA
¢ OOHHAKOBOH CHAOH, 3T0 3aTPyIHSET BHIGOP NPaBHALHOIO peXdaMa
cenapauyud. PacceB Takofl pyAb Ha y3KHe KJAACCH H PpasielibHAH HX
cenapauns yJAyullaloT YCJHOBHA pa3ieseHHs.

OfecinaMnpBanie M O0ecHBIAMBAHHE NPHUMEHSIOTCA COOTBETCT-
BEHHO NPH MOKDOM H CyXOM o0OrallleHHH MeJKO- H TOHKOH3Melb-
YeHHHX PYA. B 3THX onepauusx yaajslOTcAd B OTXOAH MEJKHe He-
PYAHEIE UacTHUH. [1pK OTCYTCTBHH STHX Ofepaiuil yacTb HepyIHBIX
MJAMOB NONAfaeT NpH CemapalMH B MarHATHLIE HPOLYKT H VXVI-
IaeT ero KayecTBO.

HamarHuyugpaH#e M pasMarHH4HBAHHE TYJABI TOHKOH3MeJbUeH-
HBIX PYA HMEKT 60/bllioe 3HAUCHHE AJIA NpOIecca MarHHTHOf cema-
pauun. IMepen cenapandeit paxao 060coGHTL MOHOMHHepaJbHHE
YQaCTUIW OT CUEMJAERHS CO CPOCTKAMH, T.e. AedIOKYAHpOBAThL PYIOH
(pa3sMAarHHTATE OyJAbNY) H 3aTéM 00BEIHHHTh YACTHUH C BHCOKHM
CcoAepXKaHHeM MAarsMTHOTO MHHEpana NYTeM CeJNEKTHBHON (JIOKY-
JAUHH B caafoM MArHHTHOM ROJIE.

B orcyTcTBHe MarHHTHOTO NMOAs JOMEHH (QEPPOMATHETHKA OpHEH-
THPOBAHL 3HepreTHYecKH Hambojee BHIrOAHO, YTOGH MAarHHTOCTATH-
vyecKasy SHEPTHsA ObUIA MHHHAMAaJNbHOH (MHHHMYM CBOSOLHHX TNOJIO-
coB). [Ipn 3170M HamMarHH4eHHOCTH TeJa paBHa Hyalo. Ha puc.2.11
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nNoKasaHa MfealibHas KpHUBadA HaMarHuyeHEocTH or J=0 mo f=/s
(EaMarHuueHHOCTh HACHIIEHHS).

Ha yuactke € pocT HAMarHMYyeHHOCTH ofycaoB/Jed cMelleHileM
I'paHHIl AOMeHOB, HaMarHHuY€HHbBIX B HanpaBJeHHH, HaHboJee OIH3-
KOM K noqawo. Ha I'pAaHHLE NPOUCXOJAHT H3IMeHCHHE BalpPABJIeHHA
HAMarHHUeHHOCTH HA OIlpelefedHbH YroJ H MO03TOMY B HEKOTOPHIX
npefenax nponeccel cMeunienus ofpatumel (Cp). OgHako ecau npH
JdajipHefilieM yBeaHueHHH F, NpOTHBOHAuUpAaBJieHHBIE JAOMEHEl COB-
CeM HCHUEe3aWT, TO NPOULCC YT HEOSPE’[THM H nocJe CHATHA NOoJIA
NOsBJSETCA OCTATOURAA HaMarHuwdeHHocTh J, (Hnn HHAYKUEA B,).
Hpouecc CMelleHHy 3aBepludeTcsa OpPeBpanieHdeM BCeX NOMEHOB B
OJHHAKOBO HANPABJCHHBIE RapAMJIeNbHO OCH JEerkoro HaMaTHHUH-
BaHusA, OJAHKalUIel K HaNpaB/AeHHUI0 BEeKTOPA HAMNpPAXKEHHOCTH BHCII-

>
Herg noas — H..

IIpr mManbix 3sHaYeHHAX HANPSKEHHOCTH H (QMOKYJIH 06pa3yior-
Cd H paspyllaTcd aHaNOTHYHO TIpoleccaM 3JeKTPHYECKON koary-
JIAUHH H pearcHTHol (JIOKYJISALHH, HO, N0 CYLIECTBY, NPOLECC CTIH-
YaeTc KAk OT TOi, TeK H oT Apyroi. Hanpsxenunocrs H, cooTBet-
CTByeT Hauasy npolecca HeoOpaTHMOro CMeLIeHHsl H Tocjde HaMar-
Huuuganug npu Ho—0 J=J,>0.

HanpsamxenHocts H.e COOTBCTCTBYET Hayaay NpOIECCOD ppaliie-

—

HHA, KOT1a BCKTOD HAMATHHYECHHOCTH J nomeron BpallaeTCed 40 COB-
-_—

najieHHa (KOMJAHHeapHOCTH) c HampasJjienueM BekTopa ff.. Ha srom
38KaHYHBALTCH TPOLECC TeXHHYeCKOro HAMATHHUYHBAHHA H JOCTH-
raeTcs TEXHHYECKOe HAachllleHHe ¢deppomarieTHka. (NHAKO ecqaH
YBOJIHYHBATD HATPAXKEHHOCTh AaNbllle, TG HaMarAMY4eHHOCThL Me-
CKOJIbKO MMOBBILAETCH 3@ CUET TAK HA3blBAEMBIX «HAPANDPOUCCCOB» —
OPOLLeCcCOB «MEPeRepPTHIBAHHA>» aHTHAApanaciabHbiX cnuHeB. [locne
3TOro jJocturaercs abco/IOTHOe MATHHTHOE HACHILCHHE MaTephand.

[lpa naMarnhuusasud cosepwidercs pafoTa MNPOTHR KDHCTaN-
JHUYECKOR H MArauToynpyroff sHeprui, NosToMy uacTbh 3TO#H padoThl

npu  yMmesbweunH H—0 Bo3Bpauraerca, OpeBpaulasnch uepes
37EKTPHYECKOE NOJe B TEMAO, a4 OCTATOYHAA HAMarinMyeBHOCTH J,
H KOSPUHTHBHAA cuna f{, COOTBETCTRBYIOT DABHOHECHIO CHJ, Bbi3BaH-
HBIX 3Heprucit oOMeHHOTO B3AMMOHEACTBHS H YBEJAHYHBAWILHX pas-
MepHl J0MEeHa H YOPYrAX CHI (MarHUTOKPHCTAJJIHYECKOH, MATHUTO-
CTATHCTHYECKOH, MATHUTOYIIPYTON 3HEDTHH, 3HCDPTUH TPAHHI H T. 4.},
LPOTHBO/EACTBYIOIIUX 3TOMY YBeJHUY€HHIO; 3THM PdBHOBECHEM On-
penensercs caM pasmep AoMeHa. B COOTBeTCTRHH C BEIIEA3.J0XKeH-
HHM, TIpH YMeHblUIEHHH NMOJAR pa3MarHUYdBaHHe HAeT He 10 KpHu-
Bo#t I {cm. puc. 2.11,a), a no KpHBO{t 2, XKOTOpAas OPH NOJHOM 3a-
BePIUEeHHH LUHKK.J1a NeDeMATHHYHBAHHA IpeBpalllaeTcs B NETJI0 T'HC-
Tepesca, TOYKH flepeceyernua KOTOPOH ¢ ochio /. HA3HIRAIOT K03 p-
UHTHBHOHA cHaoh H, a ¢ ocblo § —o0cTaToOUHON HaMarHH4YeH-
HocThio J,. {Had ocTaToukO# unAyKLHeH B,).
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Kpupasi | MomxeT OblTe HyJAeBOH MAH HAUAAbHON, TOMYdYeHHOH
TpH 0JABHOM YBeNHYeHWH [{. HIHW OCHOBHOM (KOMMYTaLMOHHOf),
NOAYUEHHON KaK reoMeTpHYecKOoe MECTO BePHIMH THCTEPE3HCHBIX
IUKJIOB, NOJAy4aeMblX NpH LHKJIMYECKOM LNepeMaTHUYHBaHHH. JTH
KPHBBIE MaNo OTAUYAIOTCHA, HO nepBaf HecTaOMJBHA, MI0XO BOC-
npoussoiuMa u ycaokHeHa sddexrom bapkrayzeHa (ckaukooG-
PasHelii xapaxkrep, cBA3aHABI C JOMEHHOH CTpPyKTypol), mo3TOMY
B HHIKeHepHOW NMPakTHKe Yallle HCHOJb3VIOT OCHOBHYIO KPHBYWO HAa-
MarHiu4yHBaHHA.

Ha puc. 2.11, 6 npencrariedsl KpUBbIe HaMariHyHBaHHA Haealb-
HOro OecKOHeuHOTo (KOMbIEBOro) <peppoMarierHka §/ H pealdbHOrO,
KOpoTKore obpasua 2. Jna vyera MarHHTHBIX cBoilcTB  o0b6pasua
B 3aBHCHMOCTH OT (OPMBI HeOOGXOAHMO YCTAHOBHTH 3AKOHOMEDHYIO
CBA3b MeXJy KpHskMH [/ n 2. Qkaszanock, uTo Takasd CBA3b Cylle-
cTByer W Pegell npelnoxun meron TpaHchoOpMauHH KpHBOH 2
8 KpHBYID [, Tax HA3BIBAEBMBIH MeETOA «cpe3a». JIyd cpesa npd
3TOM BBIXOQJHT H3 HAUAJNA KOOPAMHAT NMOJ VIVIOM o K OCH HaMardu-
yupaHHa f. CrenoBaTeNbHO,

Hy=tg o J=NI.

IToctosinunlll KosgdHUHeHT tg o, cBasbiBamwLl Hp ¢ J, Hasb-
B2WT KO3 PHUHUEHTOM pa3MarHHEYHBAHHIA, KOTOpHII
3ABHCHT TOJBKO OT GOPMH Teda ofipasua.

B npoueccax sacKTpuuecKOH cemapalud cmocobH  MOATOTORKH
MATEPHANOB OTIHUATCA €lle GoMblell CJH0XKHOCTEI BCACAICTBHE
HeoOXOUMOCTH PeryJHpoBatTh BO3AEHCTBHC ATMOC(CPHOrO BO3AVXA,
IIOBEI)XHOCTHOPU{ BAaXKHOCTH, COCTOAHHA NOBSPXHOCTH B HampasJe-
HHH CCAeKTHBHOIO H3MEHCHHSA IJEKTPHYCCKHX CBOHCTB H peryJnpos-
KH NpOLECccoB 3apsikKH MHHepadbHBIX uyacTulu. Bce oHM onperens-
0T 3JeKTPONpPOBOAHOCTE UHACTHIL M 3dbekTHRROCTL oforaienus
B 3JeKTPHUECKHX MOJAX.

DNeKTPONMPOBOAHOCTDL CKIAABIBALTCH H3 OOBEMHON M mO-
BerHOCTHOIUI COCTAaBJ/AKIIHK. ,[L.F[H QAHero H TOTO KO MHHCpAJA
neppast 3aBUCHT OT ﬂpI/IMECEI:'[ B HeM, a BTOpPAH — TaKke H OT CO-
CTOAHUSL €r0 GRePXHOCTH, aJCcOPOLHA €ro mpHMeceil H BIaMKHOCTH.

[Ipu HaHeceHMH HA MOBEPXHOCTb MHHCPAJbHBIX YaCTHU peareH-
TOB B BHAE A3P030AcH HAH PACTBOPOB MOMKHO H3MEHATh 3JIEKTPO-
HPOBOJHOCTL B JKENacMyHo cTopOoHY. M3BecTeH psaj pearcuros, pe-
KOMCHIyeMLIX na Tako# o6pabBotku. Hanpumep, nas 6apurta u
KBapua npuuedsetrcd o6paboTka ojgeaToM HaTpHus, AJaA LHPKOHA
# anatura — 10%-HEM pacTBOPOM [JABHKOBOH KUCHOTHL H Ap.
Haubosee BaKHEIM NOLTOTOBHTEABHEIM NPOLECCOM B 3JEKTPHYSCKOM
offorallleHHH #BJIAETCA 3apsika MHHepallbHEX YacTHI, KOoTopasd
CHYHT OCHOBOH MX MOCHAEAYWIIETO pasfefleHHd B JIEKTPHYECKOM
fodle cenaparopa.

HAas GoabmuHCTBA CHOCGOOB 3JIeKTpoOceNapanii BayKHO HOJA-
PH30BATh H 3apAAUThE YACTHIE 3JEKTpHUeCKOH aHepriell. 3apsaaul
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STH H3MEHAKTCH BO BPEMEHH U 3aBHCAT OT MHOTHX (DakTOpOB, B UeM
SAEKTpOCenapalis cxoiHa ¢ ¢aoraniledl, Ho OTAHYAETCH OT Mar-
HHTHOrG ©ofOraIleHusA, rjae cBoiicTBa Gojee MOCTOAHHH, J]pHMeHs-
I0T caenyloliie cnocofbl 3apAKH: TpeHHe, HOHH3AMHIO pa3psiioM,
paZHOAaKTHBHEIMH @- M [-H3JYUeHHAMH, MHAIYKUHEH ¢ 3apamMedHHbHM
3JAeKTPOAOM, HATPEBOM H HX KOMOHHANUAMH.

Ha npaxTuke ayuniHe pe3y/JbTATHL TOJY4YaiOT NPH 3apAiKe Tpe-
HHeM uacTHIl O TeykH M3 COSHHAJbHLIX MaTepHalOB K HOHH3alHeH
B NOJe KODOHHOTO paspsAfa, Gaarofaps ueMy 3TOT CIOCOS MOMYUHI.
HaHOoJbllice pacnpocTpaHeHHce.

Sapad uonusayued (KOpDOHHBIM paspsiicM). Ecau Ha aBa aJek-
TpOIa, OJHH H3 KOTOPLIX HMeeT MaJBlll paguyc KPHBH3HH (IPOBO-
JIOK3, OCTPHE H T.IL.), RANOXKHTb HEKOTODYIO P&3HOCTh MOTCHIKA-
J0B, TO HATPSXKEHHOCTL NOJA y TAKOTO 3JeKTpona (3aBHcAuUlas OT
3AeKTPHYECKOTC NOTeHIHana, (OopMbl 2JCKTPOLCB H paccTOsHHAR
MEX1y HHMH) Gyler 3HAYHTEJNBHO BHLIE, UeM B OCTAJbHOM MEX-
JeKTPOAHOM IIPOCTPAHCTBE, H OKOJAO 5TOTO IPCBOJa HauHeTcs HO-
HH3aIHus rasa {Bosgyxa).

[TpH npOXOXKOEHWH SMEKTPHUYECKOTO paspsala uepe3 raz KoH-
LeHTpalUHs H NPHPOJA 3aps>KeHHBIX YAaCTHI, HE OCTAIOTCH NOCTOSH-
HBIMH, 3TH 4aCTHIB NpPeAcTaBAfIOT cO00H Kak cBOOOAHHE 3TeKTPO-
HEI, TAK H MOJOXHTEJIbHBHC M OTPHLATEAbHBIE HOHBl — €JHHHUHEIS:
aTOMBI, a TAKXe MOJEKyJbl, MOTepPABLINE OJHH HJIH HECKOJhKO Ba-
JIEHTHBHIX 3JIEKTPOHOB HJH NPHCOCIKEHBIIHE K cefe OIHH HJH He-
CKOABKO JAUIGHEX 3jeKTpoHoB. [IpH 3TOM BO3Ayx Gaarogaps HalH-
4HIO DJIEKTPHYECKH NOAAPHEIX 3JeMeHTOB, JBHTMANIIHUXCA B COOTBET-
CTBYIOIIHX HANPARIEHHAX BICAbL CHIOBBIX JHHHH NEKTPHUECKOTO
noJisl, TepsieT CBOM H3OJAUPYIOILUE CBONHCTBA. YKasaHHOe jBHkeHHe
HOHOB H OGYCJIOBJAHBAeT NPOXOXJEHHE TOKZ 4Yepe3s ras, xapaxtep-
HOe IUKOEeHHe H (HOIeTOBO-TOAYG0e cBeyeHHe — ofpasyeTess KOpPO-
Ha, WY HenoJHHIN npoGoii raza. Kopoua nMeer nge ofaacTHu: BHYT-
PEHHIOIO BHAHMYX (4eXoa KOPOHBI) H BHEIMHIOI HeBHAUMYH. Bran-
Masl HMeeT 3apsaibl 060UX 3HAKOB, BHYTpeHHAR — OJHHAKOBRIe 3aps-
Abl (yHHDoAspHble). B uexse KOpOHEH OJHOBPEMEHHO NPOHCXOAUT
KaK HOHU3AUHUA, TAK H BOCCTAHOBJEHHE Ta3CBHIX MOJeKyJ (PCKOM-
GrHauuA}. JTOT NMpouece CTPEMUTCS K PABHGBECHIO, T.€. K COCTOS-
HEHIO, IPH KOTOPOM B eZHHHYHOM ofbeMe CKOJMO03JeKTPOAHOr0 Npo-
CTPAHCTBA COAEPIKaAoch OBl OXMHAKOBOE KOJHYECTBO TMOJOKHTENb-
HOrO ¥ OTPHUATEALHOrO 3JeKTpHuecTea. (CpBeueHde BHIIBIBAeTCH
HeATpaJbHBIMU MOJMEKY/JaMH.

B HeBHIUMON 06JaCTH KODOHH 33PSKEHHBIH 3JeKTpol Norjio-
MaeT MOHBI NPOTHBONOMOXKHOIO 3HAaKa, a M30LITOYHOE XOJAHUECTBO
0 HOHMEHHO 3aPSAXeHHEIX WOHOB TOTO JXe 3HaKa, UTO H 3HAaK KOpO-
HHPYIOIIErO 3AEKTPOJAa, BHITAJKHBAEGTCH BO BHEMIHIK OGIaCThb.
JKCNepHMEHTANBHG YCTAHOBAEHO, YTG TIPH OTPRUATENBHOM MOTEH-
OHaje CBEYEHHE COCPe[OTOYHBAETCH B OTAEJNBHBIX TOYKax, a NpR
NMONOXKHUTENbHOM — 10 Bcefl AsnuHe 3sneKTpoAa. [Ipu atoM ysenuui-
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‘BACTCH W pajuyc cBersmerocs chosl. HampsoxeHHocts Ex  (xB/cM)
3eKTPHUECKOT0 Moaa W Hamupsnkedne Uy (kB), npu goTophIxX nosB-
JIFRTCA KOPOHA, HA3RBAIOTCS COOTBEeTCTBeHHO KPHTHUECKOH Ha-
NPpAXKEHHOCTB HIH KPHTHUECKHM HaTUpAXEeHHEM
‘KoporH. OHH MNOACYHTHBAIOTCA N0 3MIHPHYECKHEM dopMyaam:

E.=31,6(140,308/yr); Ux=E.rin(20/r),

TAE r H /— COOTBETCTBEHHO paAHYC KOPOHHPYIOUEre npoBoja H
PACCTOAHHE OT HETO A0 INIOCKOTO JIEKTPOXA.

Hanpuwuep, npn r=0,025 cM u h=15 cm FEx=31,6(14+0,308/y0,025)=
=90 kB/ewm; Ux=90.0,025-1n(30/0,025)=16 xB.
Tlpx nanvuefireM yBeauueHHH Ex m U, 1pu #fr<C2,7 KopoHHHIH
paspsa] cMeHAeTCS HCKPOBHIM M 3aTeM CPa3y JKe BOJLTOBOH pyroil.
Hanpsxeune, OpH KOTOPOM BO3HHUKAZeT BOJBTOBAfl [Vra, Ha3hiBAIOT
npofuBHL M OOHUHO B 3JeKTPOLAX OTHOLIEHHE Zfr HA ABa-TPH
nopsaka Goablie, yeM 2,7, 4 n03TOMY NpOGHBHOE HaNpAXKEHHe B He-
‘CKONBKO pa3 Goablle KpHTHYeckoro. COrflacHO NPakTHYECKHM Ha-
Garonenuam npofusHoe HanpsikeHue U, yBeJHUHBaeTCsl NPH OTPH-
LATeNbHOM TOTEHHHAJe KOPOHHE W TNPH YBeJAHUeHHH pACCTORHHA A
‘MEXIY NPOBONAMU:

Us=rkh,

TAe k— xoshdHUHeHT (AN OTPULATENBHOH KOPOHH k=21, a and
AoN0XKuTeALHON k=75 KBfcM).

lIpoBuBHOe HanpsKeH®e YHCTOTO BO3jyXxa pasHo 30 kB.

[ouaTHO, uto yem mHuxe Uy K Gozxblue U,, Tem npolle H JeLies-
Jie ofcayXHBaHHe cenapaTopos. ITo 3TOH UpHUAHE, eciH 3TD He
YXYALIaeT TeXHOJOTHUYECKHE MOKa3aTeqH 00OrallleHHs, OTPHUATENb-
HbIH 3aps] KOPOHH NPeINOYHTAIOT NOJAOKHTENLHOMY. KoanuecTro
HOHOB, MEPEHOCALIMX 3APANH, MPONOPUHOHANBHO CHJAE KOPOHHOTO
ToKa { (MA/M), ROTOpHI AJIf 3/1€KTPOIOB, MMEKMUX HOPMY Npo-
'BOIA H ILTOCKOCTH, MPOMOPLHOHAaKeH pafoueMy HaUPsKeHHIO H ofl-
Jpenensercs no Gopmyie

0,78k (U — Uy)
9h% In {2h/r)

TAe k— KO3(b(QHIACHT, XapakTepU3YOUIHA MOJBHKHOCTD HOHOB.

YCTAHOBAEHO, 4TG KOPOHHBII TOK MpPHUGAH3HTEABLHO paBeH
0,2-107 A. 3aBHCHMOCTb CHJIBI KOPOHHOTO TOKa OT YMcJa MPOBO-
AOB 3KCTPEMaJIbHA; MaKCHMYyM paocturaerc: npu 4—6 nposojax,
B 14JMbHEHUIEM CHJa KOPOHHOTO TOKA YMeHbIIaeTcs, TaK Kak KOpo-
HHpYOIIHe NIPOBOAA 3KpaHUPyIOT Apyr apyra. Us atoro caenyer,
WTO TOTOK HOHOB CieAyeT (QOKYCHPOBATh, YTOGH Jiyuile HCIIONbL30-
BaTh HX 3HEPTHiO. KoadDuLHERT HCMOMB3OBAHHS KOPOHHOTO paspi-
Ja, T.€. OTHOUICHHEe CHJBl TOKA KOPOHH K OOLIEMY TOKY BBLIMPAMEH-
TeNIbHOA YCTAHOBKH, NI HCONBYATEIX 3MEKTPOIOB GOJbLIE, ueM IS
FIPOBONOYHHMX (cooTBercTBenHo 0,79 1 0,65).
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C yBeJHUEHHEM KOPOHHOIO TOKA DACTET KOJHYECTBO HOHOB, KO-
TOpble cTeKalT ¢ Gojbiwoli ckopocteio (10 100 mfc) B cTopoRy 3a-
3EMJEHHOTO 3JMeKTPola, H MOITOMY YBeAHYHBAETCHA H CKOPOCTb MO-
JeKyJ rasa, yeJeKaeMmblX HOHAMH M noneMm, obpasylouiHx TaK HasH-
BAEMHI «3JEeKTPHYECKHE BeTep». IT0 ABJeHHE NOJC3NC NPH
3apsaaxe 4acTHI B IOJe KOPOHE!, TAK KaK NepeiBATaeT X H OHCT-
pee AOBOAMT 3apaj 10 npeleAbHOro. CKOPOCTBE  <3/JIEKTPHUECKOTO
BeTpa» NPONOPUHOHAJIBHA KOPHIO KBaJAPaTHOMY H3 CHJIH KOPUHHOID
10Ka H coctaBaseT 1—2 mfc. ONHAKO €CJIH YaCTHIE AH3JIeKTPHKOB,
JBHTAKIIHECH BCIEICTBHE 3TOr0 K 323¢MJACHHOMY MICKTPOAY, CKOI-
JAAKDTCA Ha HeM, TO Bapﬂ}{(eHHbIﬁ ¢JOH MBIJAH HaUHHAET OTTANKNBAThL
APYrue anﬁJIH)Ka}OLU,I/IeCH ACTHOL TOTO K¢ 3HAKa, T.€ OPOTHRO-
JefCTByeT OCHORHOMY 3JEKTPHUECKOMY Mo, Hanpsaxenue B nopax
CJI0st YACTHI MOXKeT NPEeBHICHTL KPHTHUYECKOE M BRI3RATh KOPOHHPO-
BaHWe BO3LYXa, HaXxosiuerocd B mopax (wedesbie pa3psaas). [1pH
sroM ofpasvercs 60JbINOS KOJAHYECTBO HOHOB NPOTHBONOJONKHOIO
3HaKa, HeATPANHIVIOIIHX HOHBL OCHOBHOTO VHUOOMASIPHOTC NOTOKA,
u ofipasyerca Tax HaswiBaemas o6paTHasa kopouna, [lonatHo,
UTO 3TO ABJACHHC HEXeAaTeNhHO, T2K KaK BJeuet 3a coBOH CHHXKe-
Hie npobuBHOTO Hampsikenusa na 20—30% wu 3ameanger paspsi
YACTHLL HA 3a3eMJecHHOM aJeKTpofe. HewxenaTenbHo Takxe H Ha-
KOI/IEHHe Ha KOPOHHDYIOUIEM JIEKTPOLE CA07 NMPOBOIAAleHl MBLIH,
TAK Kax 3TO yBeJHUUBAET €ro JHaMerp, a CAel0BATeNLHO, MOBbILIA-
et £x u ymeHbliaer J. [1o 3tofi npUdYHHe DPHMEIAIT lpHCROcoHIe-
HEA ANA BCTPAXMBaHHA H OUHCTKH 3JeKTpofoB. Hakowdeu, ecau
pasMepH 4acTHUYEK QueHb MaJbl, a KOHUECHTPALHS HX BeJHKA, TO BCE
HOHLI, BEIXOAAUIHE H3 o6GaacTtu KOPOHB, MOCLYT OCeCTb HA YaCTHUKAX,
JABHKVIUXCS BecbMa MeJJeHHO Ho cpabdeHuio ¢ novamu {0.1 npo-
TR 100 M/c), UTO MpHBexeT K PE3KOMY CHHMKEHHIO CHJBI KOPOHHOTO
TOK3, HA3HBAEMOMY «3aNMHpaHHeM» KOPOHH. [lo 3THUM npH4H-
HaM MaTcpHAJBl nepeil 3apaiKoill ofecTBIIHBANOT,

Haubobwuil 2apsn, KOTOPHH MOMET BOSHUKEYTb B UYacTHUE,
Rguemenﬁoﬁ B 3JeKTPHUECKOM M0JIie, ONpelensieTcd N0 QopMyse

opa

Qrax = 4r1g2°E}, (£ + 2 1 . (2.8)
| o 31/ — 1)+ N/(dm)] |

O1coaa nas chepuvueckux wactun (dopmyaa Ilorense)
Qmax=4neqa2E [ 14-2(e" — 1) /{e"+2) 1. (2.9)
3nech o H &° — AHSAEKTPHUECKAS] TPOHHIAEMOCTh COOTBETCTBEHHO
Cpeibl M YacTHUH; @, ¢ — NAapaMeTphbl, XapaKTepH3YIoUIHE pPa3MepHl
# ¢GOpMy 4HACTHUB, H OBO3HAUAKOT COOTBETCTBEHHO PAHYC Il NOJIY-

och Bpamenust, M; N — pakTop Aenocasprsaumyu  (CPaBHHTb C KO-
adHnHeHTaMu pasmarEMuMBaEHs). 3HAYeHHS (GaKTOpa NpPHBEAEHB

B tafa. 2.3. Ina cdepruecKHx 4acTiy NpH & =00 Qmax=12xe¢a?Ex.
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Tab6anna 2.3 Sakrop AENOAADHIAUNHN AAS 3eped paianvnod Hopme

Dopua cfa Hanpapaedade ACOOMAPHIAUHE banTop
Ciepa 1 Mapasaeasno oen € 4/3
Daauncor) Bpalie- 0,25 ¥ 3
gHA 0,5 » 2

1 » 4/3
2 » 0,7
4 » 0,3
5 » 0,23
Torkne mAACTHHE 0 Meprnes Ky ApUs K NAGCKOeTH maa-| 4
CTHHK
To we o B niocKocTH TIacTHHLI G
[lpaeunsneis HH- [lapaaseawn  npoAodsHON  ocH  OH- O
JHHAP JAHHIpa
To xe 0 IMepnenarkyasapao K npojonbHoll ocu | 2
UHAMHA DA

3apan BETAUYTHX 3eped Ooablle, weM lWwapoofpasebix, HanpuMep, aaf so-
J0KEa aclecTa H CKPYIVIHX 3eped Keapha pasmepoM a=5-10-" M W coorseTcT-
BeHHo c¢fa=5, &¢'=10 u ¢la=[ u &’'=5 HauboJblIME 3APRIH B TOJE HAMPAMKEH-
socTslo Ex=6-10° Bfm cocTaBaT:

nng acbecra no gopmyne (2.8)

Quuax==4-3,14.8 25.10712.25. 1078 6. 105

2 !
=43,1.1071 Ka;
301/(10—1) +0,23/(4-3,14)] | !
Ang kBapua no bopuyie (2.9)
Qmax=4-3,14-8,85-10712.25-10-3-6- 105 1+
+2(5—1)/(5+2} 1=3,6-10-"! Ka.

Tlpn KOpOHHOR paz2paaKe, a TaK¥Ke W NDH paspsike yacTHl, Jae-
HMAILHX Ha 3a3eMIA¢HHOM 3JMeKTpCAS, 3aPAI H3IMEeHASTCH 334 BpﬁMHf
10 IKCNOHEeHUHAJILHOMY 3aKOHY, MPHUEM ¢ Tem GoabLiell CKOPOCTLIO,
geM OOJIblie KOHUEHTPAUHUS HOHOB #, KO3(BOHUHEHT HX IGABMAKHO-
CTH £k H M¢HBLDE nepexonHoe COHPOTHBJIEHHC Rz H eMKOCTE CHCTEME
vactiia-saektpoa C,. T. e. npu sapanke @ =Qmaxnknet/(1+
+ nknet).

3necs e —sapag aaektpona, pasesi 1,6-107'% Ka. CoorBerct-
BEHHO npu paspsike Q:=Qmaxexp[—2t/(R:C;)]. Buaro, 410 ua-
CTHLH NPOBCAHHKOB GyAyT paspsaxatbed OHICTPEE IHINCKTPHKOB
H 10 3TOH 0COGEHHOCTH HX MOMXHO pasiellMTe B INMCKTPHUECKOM
nose. OBBMHO uYacTHOH 3apsKAOTCA WAR paspa:xatorcs Ha 90%
3a 0,01 c. Heficreutenbio, ecnd t=0,01 ¢ u R.C.=0,1, 10 Q/=
=Qmaxexp[—2-0,01/0,1] =0,1 Qumax.

3apadka undykuued u tpenuem. EcIH NOMeCTHTs uACTRILI AH-
SMCKTPHKA H NPOBOAHHKEZ B 3JEKTPHYECKOe TIoJe, TO BCJAEACTBHE

5 {25 +
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HHAYKUHH Y HHX BOSHHKHYT 3apsajhl-— OTPEIATENbHEN HA CTOPOHE
HOJOMHTENBEOTC 3JEKTPOAa H NOJOKHTEAbHHEA HA CTOPOHE OTPHILE-
TeAbHOTro. ¥ TNPOBOJAHMKA NPH KACAHHH ero ¢ TOJ0XKHTEABHBIM
SJAEKTPOAOM OTPHLATEILHBI 3apsai NMepefiner Ha sJeKTpox, 6aaro-
Japsi XOopolllefl 3JEKTPONPOBOAHOCTH OH 34PSKAETCS TOJOMKHTENb-
HO H OTTAJKHBaeTCA OT NOJOMHMTENBHOTO 3jeKTpona. B IuaaekTpH-
Ke MepeMellleHHe 3apsja HeBO3MOXKHO H TOTOMY OH NPH KacaHHK
¢ 3JeKTPOJOM OCTAaeTcs 3JeKTPHYeCKH HeATpajibHHIM H He Oyjer
OTTANKHABAThCH.

Tlpu conmpuKOCEOBEHHE PA3HOPOAHBIX MATEPHAJNIOB HA NOBEPXHO-
CTH HX pa3fejla BO3HHKZeT TPHOO3JNeKTpHUeCcKHH sapaa— ABoiiROk
3AeKTPAUECKH ca0#, 00pas3oBARHEN HOHAMH TPOTHBONOJOMKHKBIX
3HaxoB. [Ipr oToeneHnm momepxrOcTefl ABOHHON  3JEKTPHUYCCKHH
cJIOH pa3phiBaeTcs, IpPHYEM Ha OJIHOH TOBEPXHOCTH OCTAIOTCS TOJAO-
XKHTejbHbEe, a Ha Apyrofl — OTPHUATeNLHBE 3aDALHL.

DNeKTpHYECKHe 3aPsA]bl BOZHHKAIOT H NPU CONPHKOCHOBEHHI OJH-
HBKOBHIX BelllecTB. B »TOM cJyuae NHIJeBHAHBIE MacTHUE npu OH-
CTPOM OTJEAEHHE OT «NOAKAaJKH» H3 TOTMO e BelleCTBa 3aPAKaloT-
cs1 oTpunarensyo. Takum o6pas3oM, YacTHUB 3aPsKalOTCH Kak 3d
cYyer B3aUMHOIC TPEHHS, TaK H KOHTAKTa,

«O6parumocro» 3apados. TIpu TpeHHu yacTWL MHHEpaAoB O NO-
BEPXHOCTEL JIOTKOB H MeKAy cobolt Babmiogacrcs HX TpASO>NEKTDH-
3aiHd, BCAeJCTBHE Yer0 OHH NPHUTATHBAIOTCA AHG0 K TIOJI0MHTENb-
HO 3aPAMEHHEIM, AHO60 K OTPHLATeJbHO 3aPSIKeHHBIM 3JeKTpPOIaM.
Tlpunaro curtath (00 JXOHCOHY), 4TO NEepBHE 0OPATHMH MONOKH-
teasHo (OIT), Bropee — orpunarensHo (0O0). Yacturm munepa-
08, He pearHpymoliHe Ha MNepeMeHy NOJAPHOCTH 3JeKTPONOB, Has-
BaHn HeoGpatumbiMe (HO). H. ®. Onoduaackuii  o6bICHHT 35TO
SIBJeHHe TEM, uTe OOPATHMBIE MMEIOT TaKHE JKE€ 3HaKH TPUBOI/IeK-
TPHYECKOrO 3apafd, Kaxk U 3JMeKTpona, a HeofpaTHMBE He HMEIOT
HJIH HMEIOT BecbMa MaJjble 3apsAibl TPEeHHS.



[JIABA 3

YCTPOHACTBO CENAPATOPOB

H BCNMOMOTATEJBHBIX ATIIIAPATOB
MPH MATHUTHOM Y 3JMEKTPHYECKOM
OBOTAIIEHHUH

§ 3.1. 3TANDbI PA3BUTHA CENAPATOPOCTPOERHSA
H HCNMOJL30BAHHA CEMAPATOPOB B NPOMBIWJIEHHOCTH

HspecTHH THICAYH KOHCTPYKUIHHA MailliH H anmnapaTos, peajlu3yio-
IIHX DPasjaHdHble NMPOLECCH JEeKTPHYECKOTO, MArHHTHOTO I KOMOH-
HHPOBAHHOTQ pa3jieNleHHS MHHEpaJbHHX dacTHU. Cpell HHX MHOTO:
OPHMTHHAJBHBIX KOHCTPYKTOPCKHX pelleHHH. B nepsoii TNOJOBHHE:
XXB. OpiH LIHPOKO pacipOCTPaHeHBl 3JISKTPOMATHHTHHE JeHTOU-
Hble CeNapaTephl OAH CHALHOMATHHTHHX pya (pHe. 3.1,a), a Tak-
e HHAYKIHOHHO-PONHKOBBlE H JHCKOBHE — JJa CAabOMAarHuTHBIX
pya (puc. 3.1, 6,e). 3arem B cBA3H ¢ pocToM TpeGOBaHHHA K Kavect-
BY, JIEHTOUHBIE CENapatopul OHJH  3ameHedsl (GapaGaRHEIMH:
(puc. 3.1,2), Ha KoTOpPHX Jerde ObJIO NMEPeUHIIATh KOHUEHTPATHL.
biaaroaaps yBeJqH4YeHHIO BHIYCKa DOCTOAHHHX Marauros, K 60-m:
rogjaM HayaJocbh NMOBCEMECTHOE HCNONb30BaHHE CenapaTopos ¢ IO-
CTOSIHHHIMH MATHMTAMH, a HHIYKIHOHHO-DOJHKOBLIE CenapaTopH:
Hayaldu 3aMeHsITh BaJKOBBIMH M poTopHHIMH (pHc. 3.1,8,0).

B Hacrosmmec BpeMs noaydawT JadbHeiilce pacnpoCcTpaHeHHE:
CenapaTopel ¢ NOCTOSIHHBIMH MarHHTaMH, npuueMm (epput Oapus,.
a rtakike cnaasl AJIHU 3amensior ¢eppuTamy CTPOHUHSA, cama-
PHH-KOGANBLTOBHIMH H KeNe30HeOAHMOBBIMH MAaTHHTAME, KOTOpDHE-
06GecneuyBalOT CO3JZaHHe CHJABHHX NOJeH ¢ HanpaAXKeHHOCTbIO 60-
aee 1 Ta.

Ycunenso passupaercsd B pa3paboTKa cenaparopoB O CBepX-
nposoAAuMA coJleHondaMid H3 Nb—Ti n Nbs—Sn marepHa.10B, K0O--
TOphe HagexHo paboraloT B FeAHeBEIX KPHOCTATAX B PeKAMe «3a-
MODPOKEHHOTO TOKa» (Ge3 moTpeGieHHs BHemEeH swepruu). B moc-
JelHee BpeMsa O0JIbLUMe NMEPCHEKTHBH OTKPHIBAKTCH ¢ NOABASHHEM
BHICOKOTEMIIEPATYPHBEIX KepaMHYeCKHX CBepXIpOBOJIHUKOB, padoTalo-
MHX 6e3 moTpeSAcHHS BHEIUHEN 3HEPTHH I{IPH TeMIepartype XKHIKO-
ro a30Ta H J4Xe [PH KOMHaTHOH TeMmeparype. 3TQ HOBLIECTBO-
MoBJeder 3a co60fl TeXHHYECKYI0 PEBOMIONHK) BO MHOTHX OfJacTAX
TEXHHKH, a 0cO0eHHO B MAarmHTHOM oforaitenu¥. Kak nokasblBalOT
NPOMHIENeHHEIE JKCNePHMEHTH, HCMONb30BAHAE BHICOKOTEMIIEpaTyp-
HBEIX CBEPXIDOBONIHEKOB NO3BOJIAET PE3KO COKPATHTb MAaccy cemapa-
TOPOB, PAacXOl 3MeKTPOSHEPIHH, YBeAUUHTL TIAYGHHY MarHUTHOTO-
oforanienus Ao CYSMHKpOHHON KpynHOCTH. lcmonbpzoBauue 3THX.
CBEPXTPOBOJHHKOB B MarHHTOCHAPOCTATHYeCKHX (puc. 3.1, ), mar-
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Puc. 3.1, TlpysunnuajipbHEe cXeMhl OCHOBHBIX KOHCTPYROHWA MArHNTHHX H KoMmBH-
HHPOBAHHHX CEOADATOPOB!

-4 — MOEpHH Sapaanpbil CcenapaTOp © BHAHED 00ad2f MaTepdans; i — INEKDOMACHUTHWA
PANKOEHIY cepapaTop; & — POTORnGH TMONHTPASHEHATHEIN CENapaTop, & — cyxOf Gapabanubii
CEMAPATOR ¢ Repxpel nolauel MaTepHana; J — MeHTOWMHEN 3IeKTPOMATHHTHEIA cenapatop: € —
SIMEKTPOMATHHTHRIA  AHCKOBEIE CEnapaTop: o — MATHHTOTHApPOCTAaTHHCCKHA cemapatup, 5 —



HHTOTHAPOJHHAMHAYecKHX (pHC. 3.1,3) M 3JeKTPOAHHAMHUECKHX
{(puc. 3.1, 4) cenapaTopax MO3BOJHT UIHPOKO NPHMEHATh MAaCHHT-
Hoe oforaileHHe He TOJNBKO A7 NapaMard{HTHBIX, HO H HeMAaruuT-
HbIX H AHAMAarHHTHBIX MaTepdayioB. MaranTodaoTalHOHEBC cenapa-
TOpH (cM. pHE. 3.1, X) HCNOAb3YIOT TOABKO JJIA J460PaTOpHBIX HC-
cleaoBaHuk.

Yrofw A0CTHYL MPOMHILJIEHHBIX YCIEeX0B, KOHCTPYKTOD IJOJMKEH
NOMHHTBb BCeria, 4ro BHIOOP MeTOA0B W NPOUECCOB Onpeiensercd
He CTOALKO BO3MOMXHOCTAMH HOBBIX KOHCTPYKIH{I CenapaTOpoB,
CKOJIbKO HAXCKHOCTBHI), MPOH3BOJHTENBHOCTHIO M PeHTabebHOCThIO
H y100CTEOM KX 00CTYyXHBAHHUSA.

[Tonesso npocresuTs NoOCAEAO0BATENBLHOCTh 3TAnNa Pa3BHTHA ce-
IapaTopoB M Pe3yibTATOB HX WCNOAL30BAHHH B HPOMDUIIEHHOCTH.
CepHiHEIll BEIIYCK CENaparopoB [JA CyXoro OGOTALUEHHS MAarHeTH-
TOBHX pyA Ovl1 ocyulecTBaeH B CCCP 8 1936 r. DTu cenapatophl
[0 HACTOALIEr0 BPEMEeHH NPUMeHsI0T Ha Brcokoropckoit u [lepso-
ypanaesckoit dabpukax, B Ky3anenkom Gacceitne. Ha onwerraHoll ¢abpn-
ke MexanoGpa B Kprefacce B 30-x rogax no paspaorkaM Mexa-
Hobpa w HUTPU ([1. U. Hwuu, . I1. Bukos, B. H. Kapma3zun)
Hallla IpPOMBILNEHHOE NpUMeHEHKNe TeXHOMAOTHS CYXOTO H MOKpPOTO:
ofioranienrHs MarHeTHTOBHIX KBAPHHTOB H OGKHIMAaCiHTHOIO — OKHC-
JeHEBIX Ha OapabaHHBx cenapartopax ¢upM <«boaa — Hopron»
H «Annpanc» (CIIA).

Brinyck cemapatopos Ansl 3AeKTPHYeCKOT0 000ralleHHs LLIHXOB.
A NOBOJAKH KOMIEKCHHBX HEKOHINIHMOHHBEIX KCHUCHTPATOB OTHOCHT-
ca K 40-M rogaM. B Kaszaxcrare B 1942r. 6B1a nDyleHa neppas
thaGpHKa AAA 3JeKTpHuecKoro ofioralleHis 3THX MATEpPHaJoB.

BRICTPHIA POCT HCNONB3OBAKHS MATHHUTHOIO H  3JeKTPHUECKOTO
oforaliieRHs CBA3AH ¢ NOCAEBOSHHEIM mnepuoaoM (1945—1965 rr.).
Metoabl snexTpHdyeckoll cenapauui ObIAH OCBOBHHl JAJA  A0BOIKH
KOMIIJIEKCHBIX THT2HOLUHPKOHOBHIX TPAaBHTALUHOHHHEX KOHUEHTPATOB.
(BepxHennenposckuil rOpHO-MeTaNAyPrHYeCKRH KOMOHHAT —
BITMK), anmasoconepxaumux KOHUSHTPATOB (KOMGHHATH «$Ky-
TaaMas», «¥YpajaanMass), IHPOXJODPOBEIX TPABHTALHOHHRIX KOHILEHT-
paToR (BuUIHEBOropCcKOe pyAOYNpaBJieHHe), MONEBOMNATOBHIX $Io-
TALHOHHBEIX KOHUEHTPAaTOB K KBaplia.

B 50-x rogax 6bu10 OCBOEHO CYXO€ M MOKPOe 06orauieHde cia-
GOMATHUTHBIX JKEJE3HEIX H MAapraHueBbIX Py B KPYMHEAUIHX pyi-
Heix Oaccefinax (Ha npumwaxTHEX (abpuxax Kpusopomckoro, Hu-
Konoabckero H Ynarypckoro 6accefiHOB) Ha BaJKOBBIX CEnapatopax
KoHerpykuuH HHUI'PH u MexauoGpa (B. U. Kapmaauu, B. I'. Hep-
Kau U np.).

Hanepsefimee paclimpeHde 06GJactH NPHUMEHEHHS MACHHTHBIX H
JNEKTPHYECKHX METOA0B 00OTrallleHiHsl CBA3AaHO ¢ KOHCTPYKTOPCKHMH

Marnu'romnponnﬂamn-{ecxnﬁ CeNapaTop; M —'BHEKTpOﬂ.HHaMHQECKHﬁ CEMAPATOP; K — MATHHTO-
daorannonrufl cenapatop (M — Hexoawbft maTepBas; M — marHRTaw® npolyYkT: H — semar-
HHTHEA Opoaykr, B — Bofa)
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Puc. 3.2. O6mue BuaK (pa3pesnl} HEKOTOPHX THIOR CRIADATOPORE:

@ — cyXOR MarHATHER cemapatop 2ITHC-90f250: f, 5 — HHMKHAS H BEPXHAR 4acTH KOpnyca co-
+OTBETCTBEHHD; 2 — MK CMOTPOBOA; 3 — neadtedb; 4, 7 — COOTBETCIBEHHO HMMKHMHE M BPepXuHA
MATHKTHBE GapaGant; 6 — KOKYx; 8 — muTOoK; 9 — KPmullKa; Jf@ — Teuka; ji — OUHCTHTENB,
‘0 — MaTAHTHHWE OGapaGaupui cenapatop TIBCL-63/50; [ — Gy:ixep; 2 — BHBpORHTATEAR; & —
-Gapaban; 4 — MATAMTHAA CHCTEMA; § — Pasrpysounme OGyHKepa; 6 — Dama; & — MOKpLIE Mar-
-HBTEHA cemapatop [JBEM-TIMT-90f250: } — Gapafan; §— MargHTHA® CHCTeMa; I — OpHBON; 2 —
BaAROBWE MATHMTHEA cenapaTop 4 3BM-38/200: [ -— mepenyckHo#i Kaanaw; 2 — Gpbisrana;
4 — npEB0L; 4 — OHTATENh; 5 -— MATHHTHAH CHCTEMA; f — CAMBHMEE OATRYOKW NDOLYKTOR pas-
RENEHHA; 7 =- QUACBaxHe; & — MATAHTOrHLIpOCTaTHAecKufi cenapatop: [ — omopa marsATHOW
CHCTeMKW: 2 — KETYIIKA 3MeKTpoMarslra, § — KiOBReTa; 4 — MaTHATORPOROD; & — DOAKCHBE Ha-
\HOHEYHHKH; 6 — MaTHHTHAN OAACTHHA; 7 — PAITPY30UHOE YCTRORCTRO

‘H HayuyHbIMH paspaloTKaMH NPOeKTHO-HCCNE 0BATERbCKEX HHCTHTY-
-ros Mexano6p (M. C. Hawwk, B. I'. Hepkau, H. ®. Eropos}, Me-
xanoGpuepmer (B. M. Kapmasuu, B. B. Kpytu#i, I'. U. INuaunckui,
J1. H. Xepcoren, B. A. T'pamma), Topuoro gsena (M. H. Ilnakcus,
H. H. Onodrnckuit, A. 1. Aurenor, B. B. KapMasuu).

Ha puc. 3.2 npusesennl ofude BHIH (pa3pe3bl) HEKOTOPHIX TH-
‘moB cernapaTopoB. BapaGaHHEIe BHICOKONPOH3BOAMTEAbELIE cefapa-
“TOPH HPHMEHSIIOT AJS CYXOT¢ H MOKPOrQ MariHTHOTO oforamienus
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KYCKOBATHX H TOHKOM3MeNb4eHHEIX MarfeTHTOBHX pyn. Hasa caa-
COMATHHTHHX KYCKOBATHX H TOHKOH3METbUeHHHX MapraHIeBHX,
Oypomene3HIKOREIX H APYIHX Pyl paspaloTaHH BaJKOBHe cena-
paToOpH,

B nocnennue rofH MNpoeKTHO-HCCAEROBATENBCKHMHE HHCTHTYTaMH
NpE VHACTHH BY30B OBla pelleHa npofiemMa MarHHUTHOTG H 3JekK-
Tpuueckoro oforaineids BecbMa TOHKOBKDAIJIEHHHIX cJa0OMArHHT-
HEIX Pyl H ILIJaMOB — CO3ZaHH POTOpHEE BHICCKOTpalHeuTiie ce-
napatophl [unpomamyraeoGoramenun (P. C. ¥ayGabor), Tunmpo-
manroboramernnsa (A. I1. Boankor), MexanoGpuepmera (JI. A. Jlo-
mosues, B. A. I'pamm), Mexano6pa (H. @. Eropos, 0. HU. Asz-
Oeaw), Jlrenponerposckoro ropHoro wactutyta (B. M. Kapwmasus,
B. B. Jementsen, A. M. Typxenuu). IlporssogutenpHocTs Gapaban-
HEX CenapaTopoR AN KYCKOBATHIX MAarHETHTOBLIX Pyl JOCTHIJA
500 T1fu, I&NA TOHKOH3ME/BYEHHEIX CHAbHOMArHHTHREIX Pyja—
250 T/u, 1AA KYCKOBATHX M TOHKOH3ME&AbUSHHHX CJAafOMAarHHTHLIX
pya u umamoB — 100 1/9, gna MarHUTHOrO (GUALTPOBAHHS KaOJH-
HOBHIX pyA, ofeccepHBAHHS BOXHOYIOJbHHIX CYCHO€H3HI, perenepa-
guE HeppOMATHUTHMX KEAKOcTel — Gonee 10 1/u. B gecatku pas
yBeqWUeHa MPOU3BONHTENLHOCTE 3JEKTPHUECKHX CenapaTopoB Ha
BOAFMK 6naromaps cosgaHuio cenaparopa [[3CC (A. €. Tumes-
Ko, B. A. @eqiomun ¥ Ap.)

B Mexanofipe n Ypanmexano6pe (B. Ii. Pesnusues, A. M. ¥p-
BaHIeB H Jp.) pa3paboTaHH OHEBMOSJEKTPHYECKHe CemapaToph,
KOTOpHE YCHEIIHO Pa3feldfldT He TOXbKQ 3ePHHUCTHE, HO H NbLIEBAa-
THe ca1aboMarHuTHHe MaTtepuansl. B npomunitesHoM Mmaciurafe Hc-
NOAb3YVIOT TPHOOINEKTPHYSCKHE cerapaTopsl aiasi oforauieHus ¢oc-
¢(OPHUTOB, KAMEHHOH COJIH, DOJEBHIX IIMNATOR H JIPYTHX BHAGB CHIPbS
H OW3JEeKTPHUECKHE CenapaTopel A/ AOBOAKH peAKO3eMespHhX
KOHLCHTPATOB. Ammapartel AJs 3JSKTPHUYECKOT0 0GOrauieHdsi MpH-
MeHAIOT Ha MHOIHX NPeINpHATHNAX, MepepalaTHBalOIHX pa3JdHYHOE
celpbe. B roAbl Tekylled MATUAETKH CO3[aHbl MaTHHTOTHAPOCTATH-
yeckne cemapatope (A. WM. Anmmos, H. J. Kpasuenko u ap.) aas
nepepalOTKY OTXOAOB L{BETHEIX MeTaJjJIOB H NOJNYYEHHA H3 HHX HpO-
AYKTOB, NIPHTOAHEIX [IJIf NOBTOPHOrO NepeliaBa PasiddHEX Mapok
6poH3 H JPYTrHX CIVIABOB.

HecnenopaHng moka3zand, 1TO NMOJHTpPaldHeHTHasA cemapailus Mo-
wer GHTH YCNEUIHO BHeAPEHA B Da3NHYHEE OTPACHH HPOMBIIIEH-
HOCTH, TMpHYEM He TOAbLKO A OOOTAIIEHHA H OUHCTKH Da3iHUHBIX
BHAOB TOHKOW3MENbUEHHOFO CHIDBS, HO U 1Js pelleHHA MHOTHX
IKOJOTHYECKHX Npo6AeM: TA30QUHCTKH, QUHCTKH CTOUHBIX BOJA TOP-
HO-MeTaJNyPrudeckHx NPefNpuATHH H T. A,

Coeercknii Coi03 3aHAMaeT BeAyLIee MECTO B CEMapaTOPOCTPOE-
gHH. OTeuecTBeHHAass HayKa, MALMIHHOCTPOSHHE H NPOMHIUIIEHHOCTh
ofecnedu/H pacUIHDEHHE HOMEHKJATYPH CeNapaTOpPoB AJAf MarHHT-
Horo oforailieHHs Py, a8 TaKXKe KOHCTPYKLHM ¢ BHICOKOrDaiHeHTHH-
MH NOMSMH M CBEpPXNPOBOIHHKOBHIMH CONEHOHAAMH ANA ofeccepu-
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BAHUA BOZHOYIOQJILHEX NYJABN NpH TPyOONPOBOAHOM TPAHCNIOPTE
TOILJIHBA.

PasButHio ¥ NpaKTHYECKOMY HPHMEHeHHIO MarHHUTHOH M 3Jex-
TpUuecKoll cemapanud cnocoGereoBaan padorot B. K. Apkaznbpesa,
E. M. Banabanosa, B. K. Byaas, 3. B. Bonkorofi, C. B. Bouxcos-
ckoro, H. A. Iesexuyca, Y. C. Rauora, B.TI. Jepkaua, C.TI. Ke6-
posekoro, H. A, Kakosckoro, H. A. Kanmosa, A. Il. Ksackosa,
E. K. Konpopckoro, C. @. Kysekuna, B. M. Ocenkoro, H. ®. Ono-
tdudcgoro, I'. H. Ilerposoii, WM. H. Ilrakcuua, B. H. Ilonkosa,
B. U. Pepuusuena, A. §1. Counesa, U. E. Tamma, Q. H. TuxoHosa,
I1. A, Xanuiaeepa H 1p.

HapecTHBI BXJIan B Pa3BHTHe MATHHTHHIX K 3JEKTPHUECKHX Me-
TOAOB oforaljedHs BHECAH W  3apyfelkHble HCCIEAOBATEJIH:
. X. Hxoncon, 3. Jlaypunaa, He-Bauelt, P. C. Jun, K. B. O3sHuc,
I1. KaBanay, H. Kupx6epr, I. 3. Jloysep, O. E. Ilanacpupra,
A. ®. Tarapr, ®. $paac, I1. I'. Uuncren u ap.

§ 3.2. YCTPOHCTBO H TEXHHUYECKHE XAPAKTEPHCTHKM
HPOMBIULIEHHBX CETTAPATOPOB

MaruuTHRe H aleKTpHUECKHE CCN2PATOPHl COCTOAT H3 CJAEAYIOLIHX
nacTei:

OHTATEeAsl AJs PaBHOMEPHOrQ pacnpejiesieHHs HCXONHOTo MaTte-
pHana no MpHHe W AJuHe paodYero NMPOCTPAHCTEA;

MArHMTHOH HMAH 3JEeKTPHYECKOH CHCTeM, CO3ZalUIHX Mojie B pa-
foueM NMpOCTPAHCTRE;

YCTpOKCTEA AJA PasieJbHOTO npHeMa MATHHTHOH, HEMAarHHTHOR
H [pPOMeXyTOuHOf 110 MarHUTHHM cBoificTBaM dipakuuil, B KOTOPOM
HaXOAHTCA NePeropojKa ¢ yKasaTeJeM ee MOJNONKEHUS,

ycTpofcTBa JAJ1f TPAHCHNOPTHPOBAHHA MaTepHastia B pabouem
IpoCTpaHCTBe.

B 3aBHCHMOCTH OT KOHCTPYKLHH VCTpORCTBa AJIs OepeMeileHRs
MATEPHANA OTHOCHTENbHO MarHHTHOH cHCTeMBl pa3JjHYaloT cemapa-
Topbl fapabaHHble, POJIHKOBHE, BAaJKOBbE, pOTOpPHHIE, JAHCKOBHIE,
KapycelnbHbie, COJeHOHOHb e, JEHTOUHbIe, HIeNeBHe, TPYOUaTHe U AP.

Kpome 3THX OCHOBHBIX YCTPOHCTB, CEnapatopbl HMEKT BCIOMO-
raTesbHble MeXaHH3MBl JJA [PHBOLA TPaHCNOPTHEIX YCTPOHCTB H
NHTaTexel, LS PeryJHPOBAHHA CHJABI TOKA H PAacXcoXa Boiel (6pH3-
raja ¢ BeHTHJfMH, IETKH ¢ KOHTPOJABHO-H3MePHTeNbHEIMH mpuo-
paMH, BHOPSAMHTeAH NepeMeHHOrQ TOK& C PEQCTaToOM).

B oeKTPHUECKHX CemapaTopax BEICOKOBOALTHOE YCTpoicTBO
NO3BOJIsIeT PeTYJAHPOBATH HANPAMERHE NOAA H CHJAY HOHHIHDYRIOLIE-
ro roka. IIpH OTKpHIBaHMH JIOKa AAs AOCTYNa K HHEM 3TH YCTPoil-
CTBA CHHMAalOT HANpsKeHHe M OCTATOUHHIA 3apAm.

Ha oSoraturennruix habpuKax HCHOALIYIOT KOHCTPYKUHH cena-
patopos, obecneunpaiolline HaHOosee >¢derTHBHLIE K 3aJaHHOMY
BpeMeHH pesyabTaThl pafotrw (Hamfoaewyio (HOHMOOTAAYY, MHHH-
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MaJbHEIE 3aTPATHl Ha 00C/AYKHBAHHE H DEMOHT [pH 3aJaHHOM
cblpbe, HaufoJaee BBHICOKHE MOK43aTeJH TEXHOJOTHE OGOrallieHusd,
KOMGOPTHBEIE YCAOBHA TPYAA).

TexHHUYeCKHe XAPAKTEPHCTHKH CeNapaTOpoB, BHIIYCKACMLIX ce-
puiino B Hacrtosiuge Bpemsi B CCCP, npusenenn B tabua. 3.1. Pas-
JHYalT cenaparopel: BM — GapaGadHbe AJs MOKpOH cemapauuH
CHIbPHOMACHKHTHEIX PyA H H3BAeUeHHA yTaAXenuredaell (deppocunu-
U M MarHeTHT2), a TaKXe MEJIe3HbIX YacTHH W3 YOIs, PYAH H
Zpyrux marepuanoB; BC —6apabandue AaA cyxofi cemapauiy;
BCLL — 10 XKe, paboralouyie B UeHTpoGekHOM pexuMe; BM — pax-
KOBHIC [/ MOKPOH cemapanuu ciaBoMardHuTHHX pyd; BC —To XKe,
AN cyxoh cenapanuu; JC — nuckonble aad cyxoft cemapanuu pyi,
COJepXAauHX HEeCKOJbKO MHHEePaa0B ¢ PASJHUHLIMH  CBOHACTBAMH;
PM — poTtopHble A5 MOKPOit cenapauuH cJaBOMarHHTHHX pyX H
mramos; MI'C — s pasfeneHHs HeMarHHTHBIX CIMIABOB B NOTOKC
¢eppOMArHUTHOH KHIKOCTH N0 MATHATHOH cHAE MOJIA.

IIpUELENAEAABHHEE CXeMH S5THX AalIapaToB TNpHBeAeHn  HA
puc. 3.1, 3.2.

B CCCP BhinyckaloT MATHHTHBIC CemapaTophl AByx tunos: 11—
¢ TOCTOSIHHBIMH MAarHMTAMH H D — 3JIeKTPOMaCHHTHEIC, ccnapaTo-
pel [1 —c moseM, cO3ZaBaeMBIM NOCTOAHHBIMM MardHTaAMH, Hampd-
AKEHHOCTb KOTOPOro of6uuHO Mewbule 100 kA/M, a MArHHTHas cuJa
1000 xA?/m® (cemapatopm [, BcieacTBHe HOKa OTHOCHTEJBHO He-
GOABIION CHABl NMOCTOSHHBIX MATHHTOB, HCOOJB3VIOTCH JHIIE IJ5
000raleHna CHILHOMArHHTHEIX MATEPHAJIOR); CEMapaTOpel 3 NPH-
MEHAIOT NpH 000rameHAn c1abOMAaTHHTHBIX MHHEpRasfoB, MarHRTHAs
BOCIPHHMYHBOCTE KOTOPHX B 1000 pas mensbuwe (10~7 mopoTnB
10~* mM3/kr}, a TaKxe B TeX ciyutafx, Korja HeoGXOQHMO peryarpo-
BATh CHAY HOPHUTAKEHHR HIH OTTAAKHBAHHA MyTeM H3MEHEHHS CHJBI
TOKa B OOMOTKAaX. 3TH anmnaparthl HAOJAXHH uMeTs B 1000 pas
GOABUIYIO MATHHTHYIO CHAY [0 CPaBHEeHAK € CenapaTopaMu jus
JreppoMargBTHEIX Marepuaaos (10° gA?/M3 nporus 108 kAZ/M?*).

Jast cosnannsa Taxolf CHIEL YBeMHYHBAIOT KaK HANPSMKEHHOCTD,
TAK H HEOJHOPDOLHOCTB MOJH, YTO AOCTHraeTcs, ¢ OLHOH CTOPOHHI,
yReJHYeHKeM MAaTHUTOABHXKYWeH CHAH H YMeHbOICHWEeM MArHMTHBIX
CONpPOTHBASHHUH, T.e. paccTOAHHA Mexny mnojyoocaMu (0,1 BMecTto
0,3 M) H c APYrOH— NyTeM 3a0CTPEHHA NOMIOC0B (yMeHbUIeHHH
paaMyca, moj KOTOPBIM 3aKpyrieHa HX DOBepxHocTes ¢ 0,1 10
0,0001 M), MOCKOJABKY OTHOILIEHHe TrPaJHeHTa K HanpAXeHHOCTH
vona C=n{S+1/R.

CnaBrEIll DPH3HAK KJAACCHOHKALHMH — HANPSIKEHHOCTh MArCHHT-
soro noas {(cMm. taba. 3.1). :

. Ocraapsibie MapaMmeTphl ONpeleasiioT CHOCOGHOCTE CeNapaTopos
fIPOH3BOJAHTh pA3leNeHHe MATEPHANOB TOH HaW JPYrofl KpymnHOCTH.
Taxk, KyckoBaThie H 3epHHCTHe (PAKUHH MHUHEPAJOB, KOTOphHe He
CIMIAKTCA W He MBAAT npH ofpaGoTKe, pasAeNsioT B CYXHX cema-
paropax ¢ sepxHed H GOKOBOH Noxauel (MarepHa/s NOCTYNIAeT Ha
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é Tabauuwa 3.1, TexHHYECKHE XAPAKTEPHCTHER MAFHHTMEX cenaparopos, Bunyckaemnix B CCCP pns oforarurensHbix abipnx

- g 2
2g8 | .8l o882 | <885
RSS2 | 831 o228% | 23832 | o | o8 | B
TMapameTpnl 2 2 k= 8‘58. SR ] FET7T gk = =g __§_
= & ggpoe | fep| SoEde gneds | 83 | 28 | €8 =
g | 3| S3EEE |goE) GgERE | 2omEE | g% ) 8% | g% | S
= = EEFEE | Exg| ZEzEs xx===s | gb | 9B | 99 B
& | § | EEEEE |BEE| BEEEC | EEECE | B |eEE | ER | %
Juamerp paboueit yacth GapaGaua 800 900 | 1200 1500 630
HIH BaJKa, MM
Jnuua Gapabana (Bkawuas peGop- | 1700 2500 3000 4000 500 | 1000 2000
OH) HAH paGouad AJMHA  Bajka,
MM
Yncao GapabasoB HNH BAJKOB 1 1 1 1 1 1 1 1 4
Hanps:xkentnocTs MaryutHore mnoan* 150 105; 125%+ 105; 125** — 85 100;
B pafouefi 30me Ha NOBEPXHOCTH 110**

GapabaiHa HJH HA BHCTYRE BAafKa,
KA/M, He Menee
HovHHaALHAR MOWHOCTE 3AEKTPO- 3 4 5,5 7,5 —_ 3 5,5 — 8,2
NPHBOACB GapalaHoB HJKH B&JKOB,
KBT, Be Goaee
TFalapurHuie pazMepn, MM, He Go-

nee;
nﬂHHa) (Broan ocn Gapabana wau | 3{00 | 3900 3100 — 4000 — 1200 | 1600 [ — | 3000
BaJKa
lIHpHHA - 2100 2000 — 2700 - 2300 | 2400 | - | 3000
BHICOTY 2300 2200 —_ 2700 — 2000 | 2000 [ — | 2800
Macca  {fes nyckoperyanpyowmeft 5, [¥#%]7 Res# 4 —_ 7.4 — 1,2 |2 — 10,5

annapartyps! M GNOKOB HHTaHAA
BOHOH), T, He fonee
¥poneun aByka, AB, He Bonee 80 70 70 — 75 — 85 —_— 85




Mpofgonrxenae Tala 3.1

2
8 o= 2 % =] et
=] o e =1 w \n =25 8 2
Mapauerps 85 | E| 2| 5|85 5% | 2|8 ¢ g
OIS 2| 2] 22 oo | 88| & S
Qs Q @ & = = 23 Q Q 2 2
2l s =] 2]
== @ 4 2 a 2 23 @ a a 2
Huawmerp pafouel wacru GapaGaHa 900 800 300 330 160 280 360
HAH BajlKa, MM
HOanaa GapaGama (Bkaouan pe-| 2000 1700 1000 2500 1000 90 | 500 1000
Gopaw} Hax paGouas AnHHA Baj-
Ka, MM
Yhcno 6GapafaHoB MJAH BANKOB 1 i 2 4 2 4 8 1 ! 2 4
Hanpsa:KeHnocTs MargHTHOro nods® 100 190 | 1200 | 1250 1350 1400 1350 1350 1400%***

B pafioyeill 30HE HA NOBEPXHOCTH
fapabalia HAM Ha BHCTYNE BaJjKa,
KA/M, He Menee

HoMmunaiaeyad MOMHOCTL 3JEKTPO- —_ 6 6 9 15 33 24 2,2 17,5 15 H
RpuBofoB GapabaHo® HIH BAaJKOB,
kB1, e Gosaege

TaGapuTHne paaMepH, MM, He Go-

Nee:
Jmuna} (enons ocH GapaGaHa wau — 3500 3000 | 5300 [ 5300 [ 3600 850 | 2100 2700 260C
Banxa
UIHPHHA — 3000 | 1900 | 2200 | 2600 | 2000 | 2500 1500 | 1600 2300 2300
BRICOTA — 2500 | 1800 | 2400 | 2600 | 3000 [ 3500 1850 | 1850 2000 2400

Macca (fies aycxoperyaupymmed —_ ghe 7 12 20 | 37,5 20 I,1 4 8,8 13

anmapartypel H  OGAOKOR THMTAHHRA
Bozoli), T, He Gonece
¥poBeus szmyka, AB, He Gonee — & &0 85

* HanpsaxeHdHGCTh MAFHHTHOrO MOMA YKA3aHa AAA nepeyHcTamx Gapafanos, 0% OCHOBHmX SapafanoR —ma 30% Rexe,
A HAnpsmMeRHOCTh YKa3&Ha aas MATHHTHBX CRACTEM M3 MArHWTHBIX MATEPRANOB © 3Weprhef ne wike 28 Ta-kAfM.
*** Bxaio4aeT maccy TpaRcdOPMATODROTO MACAZ, sanofnsiomiero Gapadan.
wn Har;g;menuccm MaTHHTHOTO noAA YKasapa AnA cenapatopa Ges DasrpysodHnx mefed B NOMIOCHNX HARKOHEYHMHAX, ¢ PAIFPYIONHBIMH LLEAH-
MU — Ha HAME.
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JIOBEPXHOCTh MArHHTOB, TAe YAEPXKHBAETCA K OTKAOHSETCS MArHHT-
Hag ¢paxuus) (cM. pue. 3.2,a). IDTH OCOOEHHOCTH OTMEHAOTCS B

- wudpe TpeThel M uersepTofl Mo ouepean Oykpamu (C — cyxof,

" Cll — cyxoit nenrpo6exunii, Hanpumep [IBCIL — 6apaGanuniid cy-

© XOH, NMeHTPOGEKHbIA ¢ NMOCTOSHHBIMK MarHutamu) (cM. puc. 3.2, 6}.

. JIas MeAKO3ePHHCTHIX H HARCTBIX MAaTepHasi0B NPHMERANT cena-

. paTopH, paboTaKwiiie MOKPHIM CIOCOGOM, T.€. pasAenfAloUIne B BOA-

' Holt naeHke MaIH caoe (oM. pue. 3.2,8—0) (ormeualorcas OYKBOH

- M — MoxphIe).

Brifop Hanpas/ieHHs ABHMKEHHS NPOAYKTOB S3aBHCHT OT COJEp-
. JKaHM$ BIAHCTHIX (ppakilMil H onpexejsfeT THI BAHH:

a) npaMorouHblit {cM. puc. 3.1,a u 1,5,4, yroi pacKpHTUA Bee-
pa TMPOAYKTOR a<290°) mpH MaJoM COAEp:KaHMH TOHKHX (parumni
{o6uigHo 10 25% —50 MKM);

6) nmepekpecTHHMi (x=90°) (cM. puc. 3.1,6) mnpu BHeNeHHH
HEeCKOJBKHX MATHMTHHX QpakLmuk;

B) TPOTHBOTOUHKIHA H NPOTHBOTOUHHIA ¢ nepefpocoM MarHHTHOM
¢pakunu uyepes GapabGan (cm. puc. 1,5,6 u 3.2,8) (2>90°) npx
BLICOKOM CO/IEPKAHHH TOHKHX (pakuui, 0603HAYAIOT JOMOIHUTEIb-
Ho#t Oykeoil Il (Hanpumep, ITBMII — Gapabanunii, MOKpHIL, MHpo-

- THBOTOYHBIA C TMOCTOSHHHIMH MAarHHTaMH);

r) noaAynpoTHBOTOWHHIK (cM. puc. 1.5,8) (o>>180°) npu unu-
<TOM Matepuaie (90% —50 mMrM) (oBosmauaror Oykeamu [IIIT).
TocaenuHit IPHMEHSIOT TOMLKO B ceNapaTropax Ads CHAbHOMAarHHT-
HEIX MaTepHasoB, MOCKOABKY caboMarduTHHe HIHCTHIE MaTePHAaJhl
MOKPBIM cHocoGOM cenapupoBaTe 6e3 HHAYKIKOHHEIX MArHHTOR-HO-
cutesiell He yAaercs, a MOJYNPOTHBOTOUHAS NOjada ux Goxee Tpyi-
HOOCYIIECTBHMA.

[Ipr HeoGXOAHMOCTH MOJYUeHHH (GoJiee HHCTHX CHAbBHOMATHHKT-
HBHX KOHIEHTPATOR NpAMEHAIOT §apaGaHHHE cenapaToOpH ¢ YacTHY-
HOW HUPRYJASLUEH MarseTHOH (pakuHk (OTMeuaeMOH AOMOJHHTENb-
Ho Oykpoil LI, aanmpumep, IIBM-IIIILL-150-400: GapabBanuwil, nua-
‘MeTpoM H JLauHol coortBercTBenHo 1500 u 4000 mM, cHabxed mocro-
SIHHRIMH MarHATAMH, MOKPHIH ¢ NOJYNPOTOYHOH BAHHOH H IHPKYJIA-
'IHefl MATHUTHHX pakuud B Hell).

Hu¢gpn nepea SykpaMu cf03HaualoT qucyao potopos, GapabaHoBE,
BAJAKOB, NHCKOB, & 3aTeM AHAMeTp H JJHHY poTopa (HAnmpHMep,
'4-3BM-38-250: 3n1eKTpOMArHHTHHIH YeTHPeXBAJKOBHI ¢ AHAMETPOM
Y AnHHO# BajKOB coorBercTBeHHO 380 H 2500 MM ans Mokpo# ce-
flapauny). :

HeobxoaumocTs B yepeJoBaHHH MOJAAPHOCTH MardHTOB BO3HHKAeT
TIpH TMOBHIUEHHOM COAEPMKAHHH MEJKHX ¥ TOHKHX (QeppOMarHUTHHX
3epeH H CTPeMJIEHHH NOJYYHTh YHCTYI) MATHHTHYIO dparukio, Gaa-
rofapsa MACHETHOMY MNePEeMEelIHBAHHI0 CUALHOMATHHTHHIX YacTHIL
Bonee yacras cMera NOAAPHOCTH MOJIOCOB B cemaparopax [1BCLL
BBI3BIBAET GHICTPOR BpalleHHe mpafell CAHINIMXCA 3€peH H YKOpAuH-
"BaeT HX, 9YTO B KOHEYHOM CUeTe YBeJHUHBAeT H30HPATEABHOCTb pas-
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aeneurs (0,7 BMecto 0,4) H no3BOAdeT NpH CTOAb 3Keé BHICOKOM
H3BJACUEHHH TOJAYYUThL HECKOJABKO OoJee UHCTHE MACHHTHHE
(ppaKuui.

MaruuTHee NoACA PpA3OMKHYTHX CHCTEM OOGBIYHO H3TOTOBJSIOT
H3 NpeccOBAHHOTO ¢eppura GapHs, a BEPXHIOKW HX  YacTb — H3
(heppATOB CTPOHIMA B BHAE MAarHHTHHLIX KJHHLEB-BKJAAJHILICH MeXAY
noJecaMi &S BREITAJKHBAHHS MACHHTHOTO MOTOKA B pabouyio 30HY
Il NOBLILEHHA HANPAXKEHHOCTH NHoJs1 B paboueM 3asope Ha 15%.

Co cpofictBaMu ofpabaThiBaeMEIX MaTePHAJNOB CBS33HH H KOH-
CTPYKTHBHEIE OQCOGEHHOCTH MArHHTHHIX CHCTEM CENaparopoB: AJH
BbLAEJEHHS THCTHIX XBOCTOB H BLICOKOIO H3BJMe€4YeHUs (eppoOMarHut-
HLIX YaCTHL, NIPH PereHepayit cycneH3uil o0HYHO MPHMEHSIOT KHB-
Hele uAH GapafanHEle cHcTeMBl Oe3 uyepejoBanusi noJiocos— 3MI,
3bM.

IpeaycmarpuBaerca cepHilHHEA BRINYCK POTOPHBIX BHRICOKOTPa-
JHEHTHRIX CeNapaTopoB AMA cAalOMAarHHTHEIX TOHKOH3MeIhYeHHEIX
DYA H KapyceJbHHX CeMapaTopoB— IR enle Oojee TOHKOH3IMeENb-
YyeHHBIX CTA0OMAarHATHBEIX 1IaMoB (Hanpumep, 6-PM-35-315: porop-
HEIfl MOKpEIfl INECTH3OHHMI C TJAOMLA/bI0 30E N0 35 cM? W ¢ gHaMeT-
pom poropa 3150 mm. O61acTh NPUMeEHEHHS BBHICOKOTpaAHEHTHBIX
CenapaTopos O4eHb luHpoka; 1} oforalieHnre ¢l1abOMarHHTHEIX JKe-
Je3HBIX PYA: TeMaTHTOBHIX, CHIEPHTOBBIX, PeTHTOBHIX; 2) oforaie-
Hue cAabOMarHUTHHX Py[I: HHKeJeBBIX, MapraHueBnX, XPOMOBRIX,
MONKRGIEHOBEX, YPAHOBLIX, BOAbLPPaMOBLIX; 3) OUHCTKA IMIHUH, Talb-
Ka, MATHe3nTa, KapfoHaTa KaJblHA, AOJOMHTA, [IQJEBOTO IUNATa OT
FeNe3HCTHX BKJAIOUeHHH; 4} OUHCTKA CTEKAAHEHX TeckoB; B) mepe-
pafoTKa TEXHOJOTHYECKOH BOABEI NPOKATHEIX CTAHOB W oTpaforat-
uoii BonH; 6) OUHCTKA NHTAHHS XMMHUYECKOID NPOM3BOACTBA, 3arpas-
HEHHOTO KATAAH3aTOPAMH.

Ilpusenennue B Tafa, 3.1 TeXHUUeCKHe XapaKTEPHCTHKU cela-
paropoB H obllHe BHAH WX ycTpoiictBa (cM. pHc. 3.2} nosBoJsioT
VACHHTE OCOGEHHOCTH KaMAOH KOHCTPYKUMH, JlOTONHATENbHEIE CBe-
JeHH MOMHO noayudrte us puc. 3.3—3.7.

Ocnosgnovie ob6aactit npumerents 3Tux annapatoB. CemapaTopw
IIBC u TIBM ycranaBiuBalOT HA BCeX TOPHO-000TaTUTENBHEIX KOM-
O6uHaTax, TepepaGaThBAKLINX MAFHETHTOBEIE DyAbl, CenapaTopht
3BM — na rpaBHTanHOHHHX (abpUKax AJIs MATHHTHON pereHepa-
IHH TAXKeJHX cycneHsnil, Ha ¢abpukax nias oforalleHHs Mapras-
UEBLIX, GYpPOXKeNe3HAKOBEIX, THTAHO-IHPKOHOBLIX, XPOMOBHIX H JApY-
THx pyA. Cenaparopamu 3PM ofopyayior dabprku, rae nepepa-
6aThiBAIOT OKHCAEHHHE KBapUuTl H wiaMmpl. Annapatet @OIC
H CBEePXIPOBOJAHHKOBLIe NOKA €lle He HALULAH NIHPOKOTO INPHMeHe-
HUA.

Hekotoprle nokasarend paGOTEH CcenaparTopoB NPHBEILEHH B
Taba. 3.2,

KaaccHbukauus OCHOBHBX 3JEKTPHUYECKHX CENapaTopoB IIPOHS-
BOAHTCA N0 cnocofy SIeKTPHUECKOH cenapauiH, XapaKTePHCTHKeE
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Puc, $.3. MarHuTHele cenapaTopH AJM CYXOTO OGOTAMNICHHR U KEIE300TIRNHTENH:

& — METHHTHLE cenapatop 4 TIBC-63/200: f — TPEXNOJICHAH MArHHT-
HAA CHCTEMA; 2 — NATHNORIOCHAA MATHHATHAA CHCTEMA; Jd — Gapadan;
4 — paMa; § — npueMHad KopoOka ¢ pacnpefeHTEALULM YCTPuRCTDOM;
f — PELYKTOD NpPHBOJA: 7 — PeryJHPOBKA YrAa IOBODOTA MarHMTHOR
CHCTEMB; & — YeTpoHCTRO aam cfiopa NPOCHIN OXaThWefl: f — MarHHT-
HaA CHCTemMa; 2 — ¥yron yoep#anHm; J — dapaban; 4 — yrox Pasrpys-
KH, § = MATHHTHHR aKpan; 6 — ckpebox; 7 — KonBefep; § — yron 3axpa-
Ta;, &-—3MeKTpoMaru¥THhifi GapaGamumf cenaparop IBC-H0/100: / —
Gapadan; 2 — CEKTOPHAN MATHHTNAR OHCTEM3) § — KOpRYe: 4 — nuTa-

Tehb; ¢ — Gapaanuui cenapatop 53-140/100: ! — noeopoTace yoTpoilcT-
80; 7 — NOAWHNHEK, § — 3BCaf0YRa; £ — o0edafRa; 5 — DOANCHLIA Ha-
KOHEURHK; 6 — MosflcHan cKkofa; 7 — KaTyllxa; & — TOpUMEBAn KPBIIKa,
¥ — BROfHan KOpoOka; [0 — KalemnAwmA sBom: 1 — pebopma; /2 — or-
SofiHan nJawka, & - MENEIVOTAENATeIL NOLBECHOA caMopasrpyxale-
wuft (tana TC): [ —pama; 2 — onopHo-uaTampme Gapabansl; J—
ITEKTPOMArEMT, § — JeHTa; & — IpHBOA; & — pexywmll Gapalap; 7 —
HATHMHON BHHT; & == pepoMuii Gapaban (H — zeMarHuTHBG NPOAYKT;
M — marpaTumlt npoaykt; TIT — npomesy rodnufl apofysT)
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Puc. 34. Yﬁopoqﬂuu TOE3J ¢ MATHUTHHMH CYHCTHTETAME:

! — KaBHABH: 2 — 3AeKTPOABHTATENE; 3 — MORHNYAATOP; § — MATHUTHBLIA OUHCTHTENR; .5 — yGo-
poYHaR MAMEBA; § — CHCTEMa KOHBeRepOB; 7 — MPOMEMYTOUHNE BATOHB; § —Kﬂnueaoﬁ BATOH

a fumanue z

2 ] ;

Y
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:/Puc. 3.5, 3nekTpoMarHHTHHe cenapatopsl Tvna IBC:

a — 43BC-3/100: 7 — opmBoa; 2= xopoye; J — nuTaTenk; 4 — NaTPYOHH ANA NOACOSAHHERHEA
K BEHTHAFLHOHHON cHCTEME; § == palxH; §, & — COOTBETCTEEHHO BEDXAAN H HHMHNA 3INEKTPO-
MATHHTHEHE CHCTEMB; 7 — CMOTpoBoft noK; 9 — pasrpyszoduoe YOTpORcTRo; 10 — pama; 6 —
83BC-15/100: ! — pATaTeaw; 2 — KATYIWIKH; 3 = cepledudkn; 4 — BAJKM, 5 — KORTPMArHHTH;
6, [? — TEUKH COOTBETCTBEHHO OAA MarHuTHo® H HeMarzeTHof drpakokfi; 7 — oogaxa nuTa-
AEA; & — pama; 9 — cGOPHHK KORLERTpAaToR; SO — AeAHTenbHAR Deperepoika; ff — obeoaunwie
TeyKH R MAruHTaofl dpaxuwy; f3 — OpEBOA BATIKOB



Puc. 8.5. (Tlposomenne): -

& — pajok cenaparopa: ! — ofonouKa H3 TOHKHX JHCTOR FAEKTPOTCXHHAICCK IR eTand, 2 — cep-
ACYRUK )

Puc. 3.6. Pacnpeidenckue HaNpAXeHHOCTH MArdMTHOTO NOJAA B paboued 3oHe:

4, § — KEapTHHA MATHATAOrO NMGJIR MATHATHOM CHCTeMBbI ¢ KOPDEKTHDPVIOIIAMH MAarkMTawms: j—
OCHOBHBIE MATHHTH:; 2 — HOPPEKTHRYIIMHE MAFHKTH; &—7 — 3MEKTPOMATHHTHHE GapalanAnf
cenapatop 26M-80/250 H KaPTHHA €ro NOAA NepOeyAMKYASOHO H BAOAL OCH COOTEETCTBCHHO!
{ — Gapatan; 2, {2~ COOTRETCTBEAHD OWRWAKIIHA B OTHEMHOA ckpetkH; J— saekTpaMar-
HHTHAA CHCTeM3a; 4 — NPOTHBOTOYHAA BaHNa; 4, [/ — CoOTBRTUTBEHHU DASrpy3O4HAW H 2ACDY-
20uRAs KopoOxku; & - cavpAo natpyOoK; 7 — paMa; & — XPOCTOBWe KacafKkH; 9 — NpPHBGT;
4 — NHTAWWHE J0TOK
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Puc. 3.7. BucokorpafHeiTHHA poTopHHA cenapatop 63PM-35/315:

{ -~ poTOp; 2 — KACCETH ¢ MAACTHHAME; J — MAPHHTONPOBOX; £ — QGMOTKH; J— NOMKCHHE HAKOHCUHHKH; 6 — BEHTRASTODM AJR 06-
OYRA H OXNa#JeHAS HATYIUEK; 7 -— (IPHEOT




Tatauma 3.2.

Mokasatenr paloTH HEKOTOPRX THNOB CERAPATOPOB

¥oeapHan
INepepaGaTeBaeMul Hampmken- | Pacxon snek- i yacca na 1 u
Ten cenapatopa MaTepHa HOCTh NIOJS, TPOIHEPTHH, Gapafiana B
KASH kBT-9fT 1w T
NBC, [IBM MarnerutoBue pyaH 100 100 1,6
3BM CnaGoMarHHTHHE DYXH 150 1000 2,56
3BM BeceMa cnaGoMarHuT- 1500 3500 14
HblE PYILB
2PM Hlaamm 1000 2000 20
Ceepxnpopoa- | Hau 2500 500 2,56
HHKOBRHIH code-
HOHJ,
Qrc-1 OTX0ZR DBEeTHHIX Me- 320 65 000 3,5
TaAI0B

JMeKTPHUECKOro MOJAS, B KOTOPOM NPOHCXOAWT pa3feseHHe, Xapak-
Tepy JBHKeHHs MaTepHana yepe3 paloyee MPOCTPAHCTRO,

B 3aBHCHMOCTH OT Ha3HAueHHS BHICJIAIT CAelyIOI{He TPYINH
IACKTPUYECKUX CenapATopos: 3NeKTPOoGeCIBINBaTeNH — AN 06ec-
NMEAHBAHKUA TPOAYKTOB; 3JCKTPUYECKHE KJIACCHOHKATOPH — /5
8LIJCJEHHA Y3KHX KJACCOB IO KPYTMHOCTH; 3JeKTPHUeCKHE cenapa-
TOpBL — Aif O6OramieHus; 3JICKTPOAHAJH3ATOPH — AN NOJAYUSHHS
MOHOMHMHEPANLHEX TPOAYKTOB.

TexnuyeckHe XapaKTePHCTHKH WPOMEILIIEHHBIX  3JCKTPHUECKHX
CenapaTopoB NpHBeAeHH B Taba. 3.3, a HX CcXeMBI—Ha pHc. 3.8—
3.10. CemapaTopbl KOMIQHYIOT H3 THIOBEIX Y3JI0B (DHTATENH, pamhl,
GIOKH 3AeKTPOAOB, GJOKH nuTaHHsA). OOHYHO NPHHHMAETCA CeKilH-
OHHBI{l NPHHIEIN KOMIOHOBKH, COTVIACHO KOTOPOMY H3 THIOBHIX CeK-
LM# JaHHOrO cenaparopa coOHpalT TpedyeMyld TeXHOJOTHUECKYIO
cxemy. Tak, nanpumep, cenaparopsl C3C-2000 moryr peanusoBathb
Ao 27 pa3iHYHHX TexHojaoruueckux cxeMm. HamGoaee pacmpocrpa-
HEHBl aJeKTpocTaTHueckue Gapabannble cenapatopua JCK u C3C,
a TakKe TPHOOIAEKTpHYeCKHe NXACTHHYATHE cenapatopu [I3CC
# CT3, Ha KOTOPHX NepepaBaThIBAIOT PA3IHUYHOE CHIPBE.

Kamepunle cenapatoput KMII ucooabsyior aaa ofecnbInBaHuSA,
KinaccudHKAUHE N0 KPYIHOCTH H pa3fledeHHd [0 IIOTHOCTH.

§ 3.3. BCTIOMOTATENRLHOE OBOPYIOBAHHE, NIPHMEHAEMOE
fIPH MATHHTHBHIX H 3NEKTPHYECKHX METOAAX OBOTALLEHHSA

K pcnomoratensHoMy oGopYAOBaHKIO MPH MAarHMTHHX MeTOAax 060-
TalUleHds] OTHOCATCA annapaTeH AJs HaMArHWGUBAKHSA, PAIMATHHYH-
BAHHA, THAPOKNAcCHOHMKANHH H (HUABTPOBAHHA HAMATHHUEKHEIX
TOHKOH3MeJbUeHHBIX pYA. MX Hcnons3yloT A% NMOACOTOBKA MaTe-
pHaJIOB K ofoTalleHHI0 H 00e3BOXHBaHHIO. BenoMoratenbure anna-
PaTe NPY 3JMEKTPHUYECKHX MeToJax 0o5OralleHHd — PeryasaTophl cre-
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TaGfauma 3.3 TexHHyecKHe XapaKTEPHCTHKH NPOMBIINEHHEIX

Kapornee
TlapaMerpel KOpOHAS g;lg:;gi{:;&:;‘ﬂqecﬂe, KaMepHLIE
] CIC-2000 CBC-IOI]OMl CBE3 KMIT ' KMIT-1
IlpouasognTeNbuocTs no He- | 4—20 1—5 4 1,2 -4
XOLHOMY NHTEHHIO, T/1 & i
KpyuHocTh MHTAHHA, MM l,5— 1,6— Ho 4 0,4 § 0o 5
0,074 0,074

[NataTens:

THI BanroruH CamoTeunuit

IAPHEA METH, MM — — 0—23 — —
3aseMueHHpf 3NeKTpOA:

AuaMeTp, MM 150 150 300 — —

AJHHE, MM 2000 1000 2000 2>h00 | 22000

yacTora Bpamtenus, mup—!|410; 450;( 110—620 |(TlnaBuan)

500  |(TLraemam)| 50—400 - —_

JuaveTp OTKJIOHAKLIETD 30 - 30 30 - —

SJIeKTpC!Ila,, MM
Hanpaxesde ma saekrpoxax,| Jo 20 | Mo 20 | Ho 60 Ho 50 do 50
xB

Paccroanne MeXAy SJIeKTpo-

RaMH, MM: .
CBEpXy - . — 0—80 | 100—250] 80—200
CHH3Y — — — 150—400| 80—300

YeranoBougas MOWHOCTE, 7,5—12—|7,5—12— - 3 4

kBt 16,5—21| 16,521

IaGapHTEHE pa3MepH, MM:

AJWHA 3620 2650 4295 2285 3170
UIHpHHA 1350; 135Q; 3400 1922 2180
2020, 2020;

2700; 2700;

3370 3370
BHCOTA 3950 3850 6630 4456 5500

Macea, 1 6,3—22,7| b—18,3 16 2.2 3,8

Toa cepufigore sHNycka 1972 1970 1974 1972 1971

Neny Harpesa, yCTpo#CTBA AJAd COOOLICHHS CeJeKTHBHOH 3apaaku
YACTR, AAfA PEryMHpPOBARHs CHJH HOAS M APYTHe TAKXKE npeiRa-
3HayeHbl AAA NOBHLLEHHA 3¢ (PeKTHBHOCTA O0OTalicHHA H IPOH3BO-
AHTENBLHOCTH CEnapaTopoB.

B ra6a. 3.4 u Ha puc. 3.11 npHBedeHH NPHBEUHIHAABEEIE CXeMBbl
M TeXHHYeCKHe XaDAKTEPHUCTHKH BCIIOMOTaTeNbHHIX MAPHWTHEIX an-
naparos.

MaruuTrRbe JemMAaMATOPH ¢ DPOMBIBKOA (IOKYJ
BCTPEYBBEIM MOTOKOM BOAHL, ¢ CH(OHEHON pasrpyskoil ocajka H ¢ upu-
MeHEeHHeM MATHHTHHIX pellleTOK ycnelrno paforator na LITOKe. Ha
pHc. 3.10,6 noxasaHo HX YCTPOHCTBO, OTJIHYAOIIeeCs HCMOJAL30Ba-
HHeM IPOTCKAHHS IyJbIE Yepes LeAH MeXAYy OJHOMMEHHO Hamar-
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SJACKTPHYCCKHX CENapaTopoB

TpHOOSALKTPOCTATHYECKHE

Bapabaaubie MAACTHETATHES
comt | camg | caca00c IKC-2000 CT? 3Cce
4 4 12 10 6 20
Ho 1 o 1 1,6—0,074 He 3 1—0,074 1—0,074

Baakosuii CamMoTeunnii
— —_ 0—15 — 0—15 —
150 300 150 300 — —
1000 1000 2000 2000 2000 1500
([InaBuan)

40—420 40—420 110—520 50—40(0 -— -
30 30 30 — —_ -—
Jo 40 Jio 40 Ho 50 Ho 50 Ho 40 Ho 2

—_ — — 0—80 0—200 0—200
4,2 4,2 16,5 1,5 0,5 2
2750 2750 3620 4050 2890 4500
1692 2500 2700 3650 2120 2000
3922 4760 3950 6560 4610 11580
4.9 8.9 18 21,5 5.4 7.5
1973 1973 1974 1972 197¢ 1976

HHYEeHHBIMH @eppHT-GapHeBEIMH MAarHHTAMH Ha BX0JE¢ MYJABMHL
Ocenamomie QIOKYIb TaKxe NPOXOIAT 4Yepe3 TaKHe YCTpPoficTRa,
YKpenJieHHble Ha rpefKax W Bpallalolifecs BMECTe ¢ HHMH.

Ha OJeneropckoM ropHo-ofGOraTHTeJbHOM KOMGHHATE AAA I0-
BOAKH MarHETHTOBOTO KOHIEHTPATa NyTeM ero ofeclIIaMIHBaHHA
YCNEIlHO NPHMEHAETCH COJeHOH/HHN 3JMeKTPOMATHHTHHIE nelnaMma-
TOp. 3JeKTPpOMATrHHTHAR KaTyllKd, YCTAHOBJISHHAS C HapyXHoi cTO-
POHEL B HHXKHeH uacTH WHAHHAPHYECKOrO KOPIIyCa, CO3JaeT B €ro
pafoueM ofbemMe OJHOPOAHOEe HOAe HeGOJMBMON HanpsXKeHHOCTH
(okoao 20 kAfm). 3a cueT HeOAHHAKOBON KOHUEHTPAIHH MarHUTHBIX
YACTHII O BHICOTE KOPNyca B nponecce paboTH ¢O3jaeTcsa HeoJHO-
POAHOCTL TMOJS, Kotopas crocofcTByer Sojee GHICTPOMY ocaxie-

m
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Puc, 3.8. CxeMH 31eKTpHUECKHX CenapaTopOB:

& — KOpORHO-3REETPOCTATETecKAR: [ — pazjennTeny NoTokA; 2 — ocaiMTeabumii Oapalam; F—
OTKNOHRIOMWAR 3heKTpon; 4 — KGPOHEPYIOMEHR 3neKTpoa; J§ — 3aCH0HKa; 6 — MHTATeNL; 7 m=
HATpeRaTenb, § = Oyuxep; ¥-~— HANDABAAWWKR NOTOK; J? — WeTKa; ff — cenapalHOHHAA Ka-
Mepa; [2 — OpPHEMAHKH DPOIYKTOR pAa3fiedesBn; b — NAGCTHHYATHA 3ITEKTpOCTATHYeCKHH ce-
napatop TI3CC: ! — Kkopnye: 2= OHTATEAR; 3 — NIACTHAMATHA 3a30MAeHHSR sTMekTpos; 4 —
OTKAONAIMWHER OTDHUATEALRD SADHEEHAHWE IMeXTPON; § =~ HIACARTOR; 6§ — HHAMRADHAECKHA DO~
AOMHTENALHO 3APANKEANNA »AeKTpOA; 7 — OTcexaTend; 8, 9 — NPHEMHHEH NMPOLYKTOR; & — TDH-
GoasekTporTaTHYECKRA cemapatop CT3: ! — IHTATEAS CAMOTEedHOro TAMNA, 2 — CHCTEMA NoI-
TOTOBBTEABHLYX IJOCEGCTER nAS COOOIEHHA 9acTHNAM MATEpHAaNa TpHOCRAPANOD; 4 — za2eM-
JAeEAHT sneKkTpon: 5 == 3ASKTPOA, DOABLMEHHHA HAa HAOAATOPE § K DOAKAWYEHHHA K BBICO-
KOBOILTHOMY HCTOUHEKY TOKA; ¢ — oTceMaTeab: 7 — Teuwd; § — muad ¢ »AeKTpoofopyaoBa-

RHIO YacTHI MarHeTHTa H MO3BOJIsSeT COPOCHTL B CHAHB 3HAYHTEAb-
HYIO -4acTh NycTON MOpOAH (coiepikaHHe XKeJe3a B Ocajke NOBbL-
maercs Ha 1—2%).

MardiuTHHA THAPOOLUKAOH {cM. puc. 3.11,8) Bnepehe
B OTEUECTBEHHOH# H MHPOBOH NpaKTHKe §na paspaloTaH H mpuMe-
Hen Ha LII'OKe MexanoGpuepMeroM. BnociencTBud 3TH annmapaTh
6Bl ycHelHO Henoab3oBaHel Ha Ce['OKe gaa ofeclrnaMaupaus
CIHBOB KJAacCHUHKAUKK W YAANeHUA [OpU 3TOM B OTXOAM GeanOro
No Xeaesy HITaMHCTOrO MarepHana, uto o0ecHeYHBAAC NOBHILEHHE
KayecTsa KOHEYHOr(o KOHIEHTPAaTa M CHHXKEeHHe COJIEPKAHHA Ke/e3a
B XBOCTAX Ha HeCKOJABKO NPOLEHTOB.

Bnaromapa npoctore ycTpoiicrsa, MarHuTHble THEPOUHKJIOHLE
NPH IAMTENbHOH IKCOAYATAUHH NOKa3aJdH BBICOKYH TEXHOJOTHUYE-
CKYIO HAaIeXKHOCTb, YTO CIOCOOCTBYeT PacCItHPeHHI) HX MPEMeHeHHs:
Ha Apyrux gabpukax.

Ipunnen ux paGoth caeayiowuii. [lyabna, cosepmxamas ¢ep-
pOMarBATHHE MaTepHaJH, NPH DPOXOXKIEHHH uepes NEPBYK Mar-
HATHYIO CHCTEMY, COCTOAINYI0 H3 (heppPUTOBHX MATHHTOB ¢ Hanps-
KeHHOCTbIO MAarHHTHOTO NOJs Ha OCTPHE YCEUGHHOTO KOHRyca A0
160 kA/M, mongsepraeTcs HaMarHHUYHBAHUIO, B PESYJIBTATE UETO OCTA-
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HHEM H BBNPAMHTEJLHLIME ¥CTaHOBKAMH; 2 — ¢ KOMOHHHPOBAHHWIM OCAIETENBHLIM 3MEKTPO-
noM; [ —xaMepa; 7 — KOPOHHDYOILHA 31eKTpot; 3., 4 — OcafBTeABWHH 3aeXTPOd; 5, 7 —
TPAHCHOPTHRYIOWHe KoHReHepr; 6 — weTka; J — ¢ KaMepot k¥NSulero caod: ! —- Gecnpomasb-
HafA pewerks; 2 — KuMepa KHNALLLro ¢noA; 3 — 3apaamiuHi 3AekTpol; 4, 5 — pasgendline
BIEKTPOMIW; £ — «JJeKTPOLHKADNKeT: [ — NuTaTenp; ? — netaesoff TpySomporof: J — xopo-
HURYWIHA 2aeKTpon; 4 — CcaldTenbHM#E SAeKTpof; 5, 6 — 3eXTPOCTATHYCCKHA KaMeDa, 7.
8 — npHEMHHKH DpROAYKTOR paszpenedhs; 9 — wubep: JO — HCTOMHHK MOHTAHHA, M — THEBMO-
SNEHTPHYECKRA CENapaTop KOHCTPYXUMA CRepAAcBCHOrO [OPHOMO WHCTHTYTA: f, 7 — Bnextpo-
abl; 2 — PA3OMKHYTHIH kanad, J— npobHIHPpOBAHABE 3JICKTPORM; ¢ — BRYTPeHHHA Xanan;
§ — KUPOHHPYRLUIHE OCAIHTENbHEE 3JeKTPOAH; 6 — ASHATEAL HANDEKeRMA: §, 9 = HCTOUHHKH
OHTAHHA; f — mubepd (HBH — ucTousHy Boicokoro nanpaxenefd; HIT — uenpoacnuHkoras:
dpakund; IIP — npoponaurosas dpakousA; [N — npoMopoayxT)

TOYHAsl HAMATHHYCHHOCTD PYAbl BO3PACTAET B HECKOAbKO pa3. 3artem
nyJabIia, nomnajas B DHIHHIPHYECKYIO 4acTh FHAPOLHKIOHA, YMeHb-
IaeT CBOK CKOPOCTE E HeCKONMbKO AecATKeB pa3s. Ilpn stoMm wactH-
LB Marterura M Gorarble cpOCTKY B PE3yabTarte BJHSARHA CHJ OCTa-
TOYHOH HaMarHHuYeHHOCTH o6pasyior (GJOKYJAH, KOTOpble nNoj aefi-
CTBHEM UeHTPOOEXKHEIX W T[PABHTANHOHHBIX CHJ [NPHKHMAKTCH
K BHYTPeHHeHR UWJIHHApHUEeCKOH UYacTR THIPOLHK/IOHZ, NepeMena-
IOTCS TO Heil, NONAfal0T B KOHHYECKYI0 4acTh H BHIPYXKAKTCA ye-
pe3 MecKoBYI0 HacaiKy.

Ilonapaemad B THAPOLUHKIOH JAOTONHHTENbHAA BOAA, PAacXoX Ko-
TOpPOH PETYNHPYETCH KpPaHAMH, COOCOOCTBYET pAas3XKHMKeHH) NyJb-
fIH, YAAJEHHIO ¢ MMOBEPXHOCTH (JIOKYA MeJKHX HeMarHHTHHIX H cJa-
OOMATHHTHEIX YacTHL M YBeJHUEHHI) HX CKOPOCTH [BHNKEHHA K
CAHUBHOMY matpyOKy. ¥ BXoZa B Hero cn1a0oMarHuTHHIE CPOCTKR
nonafaweT B 30HY AeHCTBHA BTOPOH MATrHHTHOH CHCTEMEl € TOJIKOC-
HEIM HakoHeuHHKOM. Ilpm stom ofpasylorcd AOMOJHHTENBHBIE Mar-

8—404 113



Puc, 3.9. Cxemnl 6apaGaHHuIX H IVACTHHUATHX 3/EKTPOCTATHUSCKHX CEMapaTopoB:

a —cenapatop Baeka » Momepa; 6--cenapatop I'ydda; & ~ payxGapabanubifil cenapatop:
£ — C ReDTHKANBHBMHE 3JeKTPOTAMH: 6—:: KOHAYECKAM 3JEKTPOAOM, B—JTUTKDBblﬁ Cenapa-
TOp; [ — HCTOMHHK BEICOKOTO HAMPAMEeHHHA; 2 — OYEHCD-THTATEAR; & — 3apASHBA SALKTPOI
(6apabar, OAACTAHA, KoAYC);, 4 — merka; § — mwhbep; f—3& — OpHeMHHKB NPOSYKTOB paspe-
JIEHHE; 9 — OTKAOHAKWMHE smexTpon, (Oapafial, NPYToE, OAACTHHA, HepdOpPWpPOBAHAAA MAACTH-
H4 HAH EOHHY9ecHad MOBEPXHOCTH): {0 — SHpad H3 AHIAEKTPHEA; f] — BCOOMOCATeABALS 3]eK-
TPOL; {2 = AANPEABJAWHE NAACTHALL
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Puc. 3,10, CxeMH KaCKLIHBIX 31eKTPOCTATHYCCKHX CCIAPATODOB!

& - GapaSanneili; ! — Gyuwep; 7 — BARKOBHA nuTaTCchh] F — mAacTeHE;, 4 — nuTarenn; § —
BJSKTPOIR: & — Gapafal; £ — TeXHONOrHY9ecKaA cXeMa pA3ITeAeHHA MaTcpHana Ha Gapalauw-
HOM 3MeKTPOUTATHUSCKOM CelapaTepe, ¢ — NIAACTHHUATHE: J — DMACTHHYATEIA sAeKTpOd; 2 —
Hamarolpazikl pepinuil sMekTpof; 2 — OAaCTHHN; 4 — IPHEMAHE NPOBOIAHEORCH thpaKina:
2 — GapafaHAHi ¢ MPOTHRONOCTABMACHHBLIM I[JNOCKHM 3MEKTPOROM. I — OYHKep-NHTATERb, 2 —
fapaGantl; 3 — NIockHA 37eKTpod: 4 — HANDARJAFKIHE OJACTHHH

HUTHBE (JIOKYJH, KOTOPble YIAJNAKTCH B [DeCcKH, a CcoleplKaHue
¥ene3a B CAHBe cHuxKacrces Ha 1—2%. HampasKeumoctb MAarHHT-
HOTO MOJIS ¥ CHAHBHOrO DATPYOKA Ha OCTPHE NOJICHOIC HAKOHEUHH-
xa cocrasaser 125 kA/Mm. Maruurtnas cicreMa MOMeT mepeMellaTh-
cf B BEPTHRAJBHOM IJIOCKOCTH € IGMOIIBI0 PErVJIHPOBOYNOTO BHHTA.

Paccrosihue OT NMOJMIOCHOTO HAKOHEUIWKA 10 HHIKHETO VPOBHA
caUBHOTO narpyoka — 50 wmw. IIpoHapoauTeabpHOCT MarsHHTHOIO:
rugpoudkiacHa 170 r/t, W OH 3aMeHseT MATHHTHBEIE deillnaMarop,
ofecneunBasi Npu 5TOM HOBLILIEHHE H3BJASUEHHN JKede3a B KOHed-
HBI KOHueHTpaT Gosiee uem Ha 2%.

Chegyer OTMETHTB, UTO AJs ofecTeueHus ONTHMAaJbHBIX YCIA0-
BHH ofeclinaMIHBaHHA BpeMA HAXOMKIACHHA B FBADOUHKJIONE MaTrHe-
THTOBOH pyAbl OOMKHO GHITE B 2,5 paza OoJce AJHTCABHBIM, UeM
060XKEeHHO pyIBl, BoCCTaHOBJAeUHON 10 MarHeTHTa. OueBHAHO, Y4TO
pPelaniylo polb B CKOPOCTH 06pa30BAHHA MarHHTHBIX QJICKYJ H HX
0caXICHYUA B TMECKH MIPAET BEJIHYHHA OCTATOYAOH HaMarHHYeHHO-

8* 115



TaGauua 3.4. BcooMoraTenpspie ammapar, IPHMEHAEMEE ITPH MATHHTHOM

IlpoHasonu-
TeNBHOCTE IO
HaumeHoBaHHEe H THI HnaMeTp, MM Hazgagenne TBEpAOMY,
Ty
MarnurHuil  gewnama- §000 OfecunaMaBEBaHHe 40—65
Top MJ (9} H CryleHne
PazMariHauHpa0OUIHA 150 Pasmarpuyusanne wmarge-| S0—80
ANNApaT ¢ THPHCTOPA- | (UeHTpaabHAR |THTOBOR W (eppOCERAHLHE-
MK Tpyba) BO# TYJBIH
‘Hamarauuasanmui 100 Hamaruaurpauge Marne-} 50—80
annapar 157a-C3 (ueHTPa/ABHAR |THTOBHIX MyJbI
Tpyba)
PasMaruHuveammnil 150 Pasmarknunpanne obox-[ 50—80
annapatr UFOKa HMeHHOH PYAH
CeJeKTHBHHA MAareuT- 150 Cenexrupnoe ¢rokyaupo-| -50—80
HHH PAOKYAATOP {meHTpaqbHAR |BAHHEe HAYJBOE Oepel ce-
TpyGa) napaurei
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oboraumenin

Mutaiuen ceTs Hepewen-
HOTO HJIE MOCTOAHIOTG TOKa

Hanpsamen-
Mieem MpHHLHMNE ILHAE CXeMA HOCTL Mal-
H;:epﬂage- H::;E’:;B_ u Hl:[‘;‘:,louril ::‘a
' TOK, A
B N 9840 z?.aima:rfw 32—40
qX D
Lrad o Caul
l flecey
380;220 - - st iy 40
vEr bl
Pasumgcnu-
FEHNBL
el
| 220/110 — _ . 3
{1 380/220 — _ .
2217110 10/20 _ .
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Pye. 3.11. BenomoraTeJbHHE MATHHTHbE ANNAPATH A CTYWEHWH RYAbOGL

Q= MATHHTHHIA JEIIAMETOD ¢ pelIeTKAMHE #3 OOROMMEeHHO IaMArHHYeHdEX {beppnron: -
¥erpoficTBO IR BpalleHHA TPEBROB; 2, ¢4 — paMaTRHYHBAKNIE: YITPOHCTED COOTRETCTEEHHO AR
EX0DALEA NYABNM H OCEAARINeA $pakuuu; J — Kopnyc; 5 — ycrpolcTeo ANl BHOYCKA <ry-
WERHOTD MATEeDHAAA; § — HJMEMEHT MATHHTHOA CHCTEMEL [ -- QepPATOBBE RAACTHHB & — Mar-
ENTELR rHaponpkaon MILI-2: I — paraeTaiomeft narpyGok; 2 — MarguTHas cHCTEMA M3 TO-
CTOAHHEX MATAUTOR; J — PEry/MUpPOBOHUELIE KPAEH: 4 — DOOBOJ OCADKA; & — HANDABAAKWHA
KOHYC CAHBAOFO natTpylka; § — MeTANNRUECKHH YCeYeHAWH KoMyc; 7 — NOCTONHHLIE MAaTHH-
Thi; § = HOpNYC; 9 — neckopas pacajka



C¢TH MaTtepuana. Mcnonb3oBaHKe MAaTHHTHHIX THAPOUHKAOHOB B I o
Il crapnu kaaccudukauuu nopsimaer Kadectso Ha 1,0%, a namae-
yenue —Ha 6%.

TexHHueckHe XapakTePHUCTHKE PasMATHHYKMBAIONINX anmapaToB
npuBeneHH B Tafa. 3.5.

Pasmardangupanre HeQoOXOXHMO AJS NOBHIEHHs 3Q(QEKTHBHOCTH
Npoueccos KJAACCH(MHUKANHH NYJAsND B FHAPOUHKIOHAX, a TaKkKe NIA
YMeHBIMEHHA BNANKHOCTH KOHLEHTpaTa npH ¢uabTposadui. OHo Jo0-
cTHrdeTcs Oaaroraps TOMY, YTO NyJAbOad MepeceKaer fepeMedHoe 110
HanNpaBJAeHHI0 H yMeHblalligecs A0 HYJAA M0 BEAHYHHE Mar{HTHOE
noJe.

MuyHEManbHOE® 4HC/O LUMKJIOB MH3MEHEHHS [oJs IIPpH pasMar-
HuunpaHuH — 10—12. Jlas pa3MarduyHBadHs  MarHHTOXEeCTKHX
OyJbl, O0CHKEHHEX J0 MACHeTHTa, OKHCHEHHHX Py, HCOOMAb3YIOT
BHICOKOYACTOTHEIE  HMIYJbCHBIE Pa3MarHHUHBAIOIIHE AaNNapaThl
APBU-B ¥ APBH-H.

B otapnude oT OOBMYHBIX HAMATHHYHBRIOUIMX aNNAPATCB CENeK-
THBHHH (QJAOKYJAATOp B Node Bozpacraiouiell HanpsixkeHHoctd {or 0
Jo 40 KA/M) «BHpamHBaeT» uHcThie (MIOKYJH, He COAepKaUIHe
B fApe 3epeH nmycTof MOPOABI, 4TO BAXKHO JJIs NOAYUEHHHA BBICOKO-
KadyeCTEeHHHMX KOHUEHTPATOB.

Marsauthble HALTPL! M APYThe BCIOMOraTedbHBIE annapatsl NO-
Ka3ajd, YyTO HaJlokKeHHe MAaTHHTHBIX NOJeH MO3BOJAAET 3HAYHTE/bHO
NOBBICHTE HX 3(IeKTHBHOCTD.

BenosoraTtespHble annaparthl MPH 3eKTPHIECKOM 0OOraLeHIH —
YMCTOYHHKH BBICOKOTQ HANpPHXKeHHd, €0 PeryJAATOPH, BHIIPAMHUTENH
NepeMeHHOre TOKA BHICOKOIQ HAMPAMXeHHS, HCKPO3alHTHbiE yCTpo#-
CTBa, CHeMHHKH HANpPSXEHHS, HarpeBaTelH, ycrpoficrBa Aas (op-
MHPOBAHHA MOHOC/MOHHOIO NOTOKA HJAH a3’pOB3BeCH HACTRH H Ip.
B nocnesHee BpeMs Ajs 9TOH [eJH LHPOKQ HCOOJNB3YIOT KpeMHHe-
BHe ¥ APyrHe BHIPAMHETEJNH pa3dyHOH MOIIHOCTH, B CBHA3H ¢ 60-
Jiee BBICOKHM KO3d(UUHeHTOM MOJEe3HOTO ACHCTBHS H BO3MOXKHO-
cTbi0 padoThl npH GoJee BHICOKOH TeMMeparype OKPYKAKUIETO BO3-
Ayxa (go 150°C). B kauecTse HCTOUHHKOR BHICOKOrO HanpsiIKeHH
HCNOJb3YIOT BBHINPAMHTeNbHEIE YCTAHOBKH, 3JeKTPOCTATHYECKHE Tre-
HepaTOophL.

[THTaHHe CcenapaTOPOB OT HCTOYHHKA BLICOKOIO HAaNpSXeHHs
OCYLIECTBASETCH C HUCHCAB3OBaHHEM OOBIUHO{ BHCOKOBOJBTHOH am-
napatypbl: BBICOKOBOJBLTHBIX ®afenell, 3allHINEHHBIX IIHHOTPORO-
ZOB, KOHISHCATOPOB, ONOPHHIX H NPOXOAHEIX H3OMATOPOR, paspsfl-
HHKOB, yCTpOHCTB H3MePeHHS H YNPaBJaAeHHs, KOTOPble HCROJb3YIOT
B Apyrax ofJaacrtax BhICOKOBOJbTHOH TeXHHKH.

[IpoBoaaTcst HCCNEJOBAHHA H [0 HCHOJB3OBAHHIO NIEKTPETOS
AJIS cO3MAHHA CHALHBIX MOJeld B SJEKTPHYECKHX CElapaTopax.

Cxembl yCTpPORCTB AN (OPMHPOBAHHA LOTOKA MaTepuaka, [1o-
CTYNAOLEro B  2JeKTPHYECKHHA cemapatop, H3o0paxkeHel Ha
pHe. 3.12. :
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iz Tabawua 3.5. TeXHHyecKHE XaPAKTEPUCTHKM Da3MATHHYHBAKUIHX anmapaTtoR
(=

3 3
18| 8| ¢s
Mapamerpm X T Lo i
Sl18 8|88 8|8 |8, 5|5|5]3
i 2 = 2 L g 8 ] & a & &
—- = — = - & & & = - EH -
O6bemMHas  NpPOH3BOAHTENBHOCTE  §10 25 54 85 180 | 300 [ 1500 | 30 50 160 | 440 | i60 | 440

nyabme, mdfy

Juamerp TpyGH nyAsnoNpoBoaa, MM 50 75 100 | 150 | 200 | 450 | 70 150 | 150 | 250 | 150 [ 280

MakcHManbHas HaNpAMeHHOCTh  Mar- 40 40 40 38 40 36 95 95 B0 50 160 | 100
HATHOTD NMOMA HA OCH TpyOu, KA/M

HoMuHaneHni ok npH wactote 50 5,6 | 7,4 | 13,4 17 28 185 60 115
B OTCYTCTBHE NYJABNH  (HAaNPAKEHHE

380 B), A
MomHeCTh nepeMenHOre Toxa, kBT 2,1 2815,1716,3 11 70 122,843,807 (261|321 84
Marepnan o6morouoro nposofa Menn Amomunih Menp
FaGapuTHble pasMepu, MM;
ANuHA 930 | 970 | 1050 | 1080 | 1440 | 1600 | 1050 | 1100 | 860 | 860 | 860 | 860
ITHPHHA 458 | 506 574 | 635 | 635 | 1600 | 400 480 580 | 580 | 580 | 580
BHCOTA 492 ) 543 | 608 | 670 ) 670 | 980 | 400 | 480 | 700 | 700 | 700 | 700

Macca, xr 124 | 172 266 | 309 345 478 109 ( 154 | 50,7 | 71,5 | 60,5 | 80,5




Puc. 3.12. CxeMu yeTpoficts POPMEPOBERIA MOHOCTOHHOTC NOTOKA:

¢, 0 =~ TPABHTAUHOEHEE, 5 — BHOPALMORHOS; ¢ — ¢ BPalLAIIEMCA BaakoM; & — LeaTpobex-
#oe, @ — [IHEBMETHYECKOe! & — BHODANHOHHO-TDAPHTAUHOHAOE, 3 -— BHOPAUMOHHO-TRABHTRMH-
OHHOE ¢ BpamamiiiMcd GapaSamom: [ — Oyakep; [ — perYAHpOBOYHAA TLRaCTHHA; 4 — OHTa-
TeNb; 4§ ~—= KOM¥X

B yerpofictRa, (GOpMHPYIOIIHe TOTOK MarepHalaa, BCTPAUBAIOT
TengoseKTponarpeparear (T3T1) 1A ooAcyIKH matepraia 4 M0-
JorpeBa ero nepes pasgeneddeM. MoHOCHOfHEIR NMOTOK MaTepHada
HeoOXOAMM TNpH cOOOIIEHHH 4YacTHIAM CceJIeKTHBHOTO TpHOO3apsaia
TIPH TPERHMH O NIOCKOCTH JIOTKOB C PeryJHpOBaHHeM yria HagJaoHa.

CrennanpHoe 37eKTPoOOOPYAOBaHHe IJA 3JeKTPHUeCcKHUX cema-
PaTOPOR He pa3pabaTHBAeTCH, TAK KAK HISHTHYHEIEC 3afadd IIHTa-
H#A BRICOKMM HANpPS:KeHHEM pelleHH B APYTrHX 00]acTAX TeXHHKH:
37eKTPOTa300UHCTKE, SMEKTPOOKpacKe, peHTreHOTeXHUKe, AAepHOH
PH3MKe.

K HCTOYHHKAM NHTAHHA NpenbABasercs pan TpebosaHnil: miaas-
HOe H3MeHeHHe HanpsxeHHAa oT ) 1o MaKcHMasbHOTC; $e30NacHOCTb
ofcAyKHBAHHMA; cTAOUABHOCTL HANPAMNKEHHS H OTCYTCTBHE NyJbla-
LUH#; HAACKHOCTE W AJNUTENbHBIH CPOK CAYKOBL

4§ 3.4. MATHUTHBIE CETAPATOPHI

Cenaparoper 048 MOKPO20 00020UWEHUSR CUABHOMASHUTHOIX TORKO-
UBMEAbYEHHOLX MaTepuanosg u pezenepayun cychensuil, Ha ropho-
oforarHTe bHBIX KOMOHHATAaX, yrieoboraTHTebHBIX H APYTHX (ab-
pHKaxX 3TH aNNapaTel LMIHPOKO PACHPOCTPAHEHH. ITO CBA3AHO
¢ IIMPOKHM NpHMeHeHHeM oborameHus pya H yraeff B THKeNHX
CYCIEeH3HAX H MATHHTHHX CENapaTOPOB IAA pPEreHepallHR CyCchneH-
sufl. Tlocnenrsia HeoOxonuma ANs NOBHIUIEHHA [JOTHOCTH E BOC-
CTaHOBJEHHA HX DEOJOTHYECKHX CBOWCTB -~ YMEHBINEHHS BSI3KOCTR
H HaNpsXKeHHA CABHTAa, 3T0 YAYULIEHHE JOCTHraeTca Oaaronaaps
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H3BJICUEHHIO YACTHI, YTEXKENUTEId H3 DOTOKA NYJbIIH, COAEpKaIenH
IMIHHHCTLIE H IpYTHE TIDHMECH.

Jns ykazaHdo# ueaH BHIycKalwT cemapaToph Oapaban-
vroro tuna [BM u 3BM. Paubwe 18 atolf nenu HCOoAb3o-
Banu JieHTounne cenapatoph JICM xoHcTpykumH Mexanobpa
(A. M. Jlepuuxmnfi) u aentouno-Gapabannbie cemaparopul GUPMEE
«Iluk» (@®pavuusi), HC Temepp OHH B QCHOBHOM 3aMeHEeHHW Ha ce-
napatopn [1IBM 1 BM (cm. pue. 3.1).

CrnenHainbabie Tpe6oBaHds, nNpelbABAAEMLE XK pereHepauHoH-
HBEIM cemapartopaM,— 3¢dekTHBHAas pabotra Ha Becobma pasbasJjeH-
HEIX NyJAbnax npu Gonpliodi 00beMHON TPOH3BOAHTENBHOCTH; NOJHOE
H3BJeUEHHe YACTHL, YTSAKeJIHTeJA; NOJyyeHrHe UYHCTOR H TJAOTHOH
MarHuTHofi ¢Qpaxkuun (npemeck uiiama Medpwe 10%, maoTHoCTB
6oaee 2000 kr/m?).

B nactosniee BpeMst MOKpPBIE 3JeKTPOMATHHTHBIE H MarHHTHHIE
NPOTHBOTOYHEIE CENapaTepH ANH pereHepaund (eppoMArHHTHEIX
cycneHsHil BrINycKawT cepuiiHo. Quu oTaHualoTes Odablled, uem
o0HnuHO, cHJIOH NMCis H YBeNHUYEHHOH nnaHHOM pabfoyero mpocTpas-
CTBa BCJARACTBHE NpHMeHeHHs OoJbliero yria oxearta Gapabaua
MarHHTHOH cHcTeMoil.

Cenapatopu 3BM u IIBM obaagaiet cnocoGHOCTRIO TOMHOCTBID
H3BJEKAThb MATHHTHYI (PaAKUHI0 H3 pa30aBAGHHBIX NYJAbI H yBe-
JMuMBAThH € IVIOTHOCTE JIO BeIHYHHH, HeoOXORHMOH AAA KOHAR-
uuoHHo# cycnensnu (>2000 kr/m?®). [locnenhee gocruraerca GJa-
rozaps NOABEMY MArHATHOH (PaKHWM HAal YPOBHEM NyJBIBl H CHA-
THIO OGBOIHEHHOTO HAPYKHOIO /1o ee Haj 6apabaHOM ¢ MOMOILBIO
OTXHMHOro ckpebka. Maruutaolfi 6Gapaban cemapaTopoB ofecne-
YMBAeT Ha M0BepXHocTH OGapafaHa HaNPSKeHHOCTh [OJAA  AQ
160 kA/M. OH COCTOHT H3 CTAJbHOTO HEMAarHHTHOTO KOXKyXa, BHYTPH
KOTOPOTO Ha HENOIBHXKHON OCH 3aKpEIIeHH ueThipe GMoKa <«cep-
JEUHHK — KaTYLIKa» ¢ CeKTOPHBIMH moawcaMH. BryTpeHHAA no-
Jocth Gapafiana 3anojiHeHa TPAHCOPMATODHHIM MACAOM.

C uHesbI0 MOBHILIEHUA H3BJCUEHHS MATHHTHHX (pakuuil H3 pas-
GaBneHHBX cycneH3uH Oapafan norpyxeH B MNYJAbOY HHXKE CBOEH
ocH. B cBa3n ¢ 3THM ¢ ofemx CTOPOH BaHHH IIpeiyCMOTPEHH Che-
HHAJABHEE €MKOCTH, B KOTOPLIX Pacnofaaralorcs nabGupHHTHEIE BTYJI-
KH, OXBATHBAIOIIHe CTYRHLY KPHIUKH MarHuTHoro GapaGaHa u oT-
ofuuil AHCK, KOTOpHIe NPensATCTBYIOT yTeYKe CYCHeH3WH H3 BAHHEL
Iaa 0TBOA2 W3 €MKOCTH INpPOHHKIIeH CYCIeH3HH NpelyCMOTDEHO
CJAUBHOE OTBEpPCTHE, KOTOpoe NOCPEACTBOM WITYIEpa R THOKOTO
LIAHTa COeJHHEHO C TEUKCH CJANBHOTC OTAEJeHRs.

Tlox BAHAHWEM MarHHTHOrO NOJNA MarHuTHas CQpaklia OpHTA-
rHBAETCH K NMOBepXHOCTH GapalaHa H nepeGpackiBaeTcd uepes €ro
BEPX K OTXHHMHOMY cKpeGKy, NPHXATHEM KOTOPOTG H JOCTHTAETCSH
HeoOxonuMas ee NAOTHOCTH (oKoJao 859 TBepaore). CuHinawui
cKpeGOK HampapJseT €€ B TeUKY KOHIEHTpaTa,
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KpynHble HeMarHdTHHE YacTH- g%
1B 4epe3 OKHO, WMEWIIeeCH B [IH- 58 ! )
TAILIEM JOTKE, NONAjalT B OT- 2
CTOfHOE OTAe/JeHHE H BMecTe ¢ XBo- 2/ | 5
CTaMH PasTpyXKawTes uepes oTBep- 95
CTHe B HHMXHeH vyacTH BaHHH, 4 K
CJHB Uepe3 NOpOT OTBOAHTCA M3 "’U—\
BAHHH cenaparopa. ‘ y
Cemaparop JBM HeuyBcr- 351
BHTEJEH K H3MEeHEHHI0 0GBOAHEHHS \L_
H KOHLEHTPAIHK IIAaMa B NUTAHHH 32 ‘
{1onyckaerca go 240 r/n, ecau co- Fo %
ZepKAaHHEe MarHeTHTA He TIpeBHIIA- M
er 150 r/n), a Takxe H K uHaMeHe- 44| 2
HHO KOHIENTpAalHK MarHetHra (no-
nyckaercss a0 240 r/n npu KOH- 18-
LEHTPAHHH UIaMa  He  BHIIe
120 r/n; npH upeaMepHOM yBeJuue- "-"_——1——_l A
HHMM KOHUEHTDPAIMH I;1aMa — Bhlme i7 30 50 70 & ;/(u-u)

200 r/n —norepu MarHeTHTa CTa-
HYT YBEJHYHBAThCA).

O1peryanpoBalnHfi cenapatop
fiDH  pereHepandd  MarHeTHTOBOH
CyCcreH3nH ofecmeYuBAET NPOHIBO-
IHTeJBHOCTE Mo nyabue a0 120 m3/u
#a 1 M gauHel GapalaHa, yto Ha-
MHOTQ BBlUIE yA@JbHOH HArpy3KH CONOCTABHMEIX THNOB CENAPATODOB
OTeuecTBEHHHX H 3apylexunix xoucrpykuuf (puc. 3.13).

[lotepn MarmeTHTa ¢ HEMArHHTHOH (paKuHell MaJbl M cocTas-
JsioT obeuko 0,1—0,2 r/a, uto o6ecneuHBaeT AOCTHKEHHE BLICGKOTO
H3BJCUCHHS YTSIKEJNHTeNd Rale IDH pereHepallH B ONHY CTaJHIO
{6omee 989%).

[Ipou3BOIUTEeNBHOCTL pereHepAlHOHHHEX CENapartopoB No cyc-
MeH3NH TPH COAEP:KaHUHM MarHETHTa B TBepRom nurauwd 70—90%
gocraraer 270 m3/w (upw 35—50Y% oHa He nOAXKHZ TPEBLHILATE
190 M3/u)., CojepxaHHe MAarHeTHT2 B NHTAHHH NPH COAEPKAHUH
Teepaoro 70—90% caesyer noamepkuBaTe okoao 80 r/a, a mpH
35—50% — no 130 rfa.

CofepixaHHe MarHeTATa B XBOCTaX IPH COAEPKAHHH LINZMOB
B nura#ud go 150 r/xn He jxoaxuo npeBwmatk 0,5 rfn; mpu 150—
180 rfn posxkHe OnTh Mewsuie 1 r/m; opu 180—200 r/n — MeHble
1,5 r/n u npn 200—250 r/fn— 2 r/n, JlonycTHMEIE HAaTpY3KH HA 3THX
cenapaTtopax B 2—3 pasa GoJsblle, a NOTEPH MarlHTHOH (PpaKIHH
8 5—6 pas meHble, yeM Ha 3apyGeHBIX COBPEMEHHBIX CeNapaTo-
Pax H MarHHTHEIX FellJaMaTopax.

Puc. 8.13. CpaBHesEe RnoKazaTtenei
pereHepanuy THAMEJIRNX MariHeTHTO-
BLIX cychneH3HH mpd pafore cemapa-
TOpOB:

f~— 3BM; 2 — «Pandar; 3 — «[Iak»
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Tatbnuua 3.6. TexHonoraueckHe noxazarenn paGoTe cepapatopa

[ipouaponu- Copepmanile B IPONYKTAX, %
Py TeNBEOCTE o
cena%’a‘: b3 Muragye Kongestpar p;;:f o
JIerkoo6oraTHMHE 25 64,9 65,2 45
TpyanooboraTeMue 18,8 62,6 62,8 55,1

CenapaTopwl yCHeUIHQ DPHMEHSIOT HE TOJNBKO IS pereHepauum
CYCMEH3HH, HO H NpH OOOralleHHH MArHeTHTOBHX H OO0MKIKEHHBIX
okHcnesHeX pyA, Ha Mul'OKe u HFOKe cenapatopsl 3BM-80/250
obecnieuHBaj® B 1,5 pa3 0OABIIYI0 NPOH3BOAHTENBHOCTh, YeM Cema-
paropu I1IDM-90/250, Onuake BcaeicTBHE MeHbIIeH HaZeXHOCTH
H CBA3aHHOH C 3THM BO3MOXHOCTH «T€peKaukHy PYIH H CyCNeH3un
B XBOCTOBYID KaHaRY (NPH OTKJIWOMEHMH TOKa B olMOTKax), B pe-
reHEepAlHOHHLIX CEeNapaTopax 3JeKTPOMATHHTHBIE CHCTEME! 33ZMeHe-
HEl MOCTOAHHHIMH MarHHTAMH,

Maruurabe cenmapatopu [1BM-90/250 npeanaznauensr
Ans oboramleHHsi H3MeNbYeHHEIX MarHeTHTOBHIX PYA-— CJIHBOB THI-
POUHKAOHOB, KAaccHHKATOPOB W DecKoB AewnamatopoB. [Ipoext-
Hasi OOKYMEHTAlHsl AJIA HX CepPHAHOro BHIYcKa paspaboraua [un-
poMamoGorauerueM (A. B. BoJlHEoB} Ha OCHOBe HCCNENOBAHHEA,
npoBegeHHEX Mexanobpom, MexanoGpuepMerom u lHenponeTpos-
CKHM TODHBIM WHCTHTYTOM.

C 1enbl0 NORHIUIENRA COAEPKAHHA JKeJe3a B KOHHEHTpaTe Mar-
HATHBE CENapaTophl KOMIOHYIOT B TPYNNH fo hBa H 0oJjee cemapa-
TopoB, Ha ropHo-o60TaTHTENBHEIX KOMGHHATAX YHCJIO NMEPEYHCTHHIX
onepaliiii MArHATHOTO TPOAYKTa cocTapiasier wHoraa Gonee 10, s
COKpAINEHHS dHCcaa nepeuuncTok MexanoBpom (H. @, Eropos) pas-
paborau cemaparop IIBM-IIII-90/250 (cM. puc. 3.2,6). On upen-
Ha3HavyeH Ana oboraleHns CJHBOB KAacCHOHKATOPOB, THAPOIHK-
JIOHOB M MECKOB JelIMaMATOPOB OpH CodepXaHuu Kracca —0,074 MM
B HHX cBHHIe 60%. OrayuuTenbHas 0cOOEHHOCTh cemaparopa — Ha-
auyue 20 nmaTpyBROB, MO KOTOPHIM HaCTh MACHHTHOTO NpPOAYKTa
BO3BpAIlaeTCs B 30HY NepeuHCTKH. DTHM obecneuHBaeTcsd BHYTPH-
KaMepHAs LHPKYJALHA KOHIEHTPATa, KOTOpAs MOXET pEryJaHpo-
BaThea B npegenax or 0 g0 190Y% OTKPHTHEM WJIH 3aKpHITHEM ONpe-
JleJIeHHOT'0 uHcaa naTpyfKoB.

Cenaparop I[NBM-TITT paforaer caeaywomum obpasom, HMcexon-
Hulff MPOAYKT uUepe3 3arpy3ouHble H paclpenelHTeNbHEEE KopobKm
H YCIIOKOMTENH MofiajlaeT B pabouyio 3oRy cemapartopa. Hemaraur-
HEHH [POAYKT pasrpyaercd uepes XBOCTOBHE INesib H DATpYOKH.
IlpuaTanyThift MarHHTHOR cHcremMofi K BpamawomeMmycs Gapabany
MarsuTHEIA NPOAYKT BHEOAKTCS B NpHeMHYIO KOpoOKY, OTKYZA YacTh
KOHUEHTPATZ HMOCTYDdeT ofSpaTHO B BaHHY, a Apyras 4acTh pasrpy-
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NIEM-NI-90/250 g VI cranun R00GCTRMENHS KOHOARTPATA

Cozepxanue TBEPOOTO B IpoaykTax, %
Brxopn EOREEAT- IMpapocT coaepxa-
paTa, % HHA KeAeaa s KORm-
Ilatanne KongerTpaT TIpoMNpInYKT neATpaTe, %
98,6 36,9 49,7 0,7 0,3
97,4 45,3 58,7 2.9 0,2

XKaeTcsl B KOHIeHTpaTHHA xenof. Honoanurenbnas soja Zas pas-
fapneHNs NMTAHHA W NPOMEIBKH KOHIEHTPATA MoJaercsd yepes OpH3-
raJuaa,

YeraHoBaeno, uto Ha cenaparope IIBM-III1-90/250 moxHo no-
JyuaTs MAarvuTHHE NPOZYKTH Oojce GoraThie, yeM Ha ABYX ceNa-
paropax IIBM-III1-60/200, Ilpr 3toM Ha cenmapaTope ¢ LHPKyIA-
IHeH MarEHTHOTO NPOAYKTA XBOCTH NOJYYalT HaMHorc Gefnee,
yem na cenapatope IIBM-TIIT-60/200 (radn. 3.6).

CenapaTop BBINYCK2eTCA B JIBYX HCIOJNHEHHAX — OOLIYHOM B
C TMepeYHCTKOH MATHHTHOIO MNPOAYKTa MEPBOrO IPHEMA ceflapaldm
B TOM Xe cenapartope. Hrax, HcnoapsoBaHHe LWHPKYJALHH MarHUT-
Hofi ¢pakunn (10 400%) okasanoce 3pGeKTHBHEHIM Kak 18 Mpo-
THBOTOYHOTO, TAK # AJA DOJYIPOTHBOTOUHOTO PEXHMA H NMO3BOJAET
JHOO CHH3UTBH UHCAO MEpPeYHCTOK, MHOO CYIECTBEHHO TIOBBICHTL YHC-
TOTY MarHHaTHOH QpaxiiH,

Bonbuloe 3nauvenne umeer rayGuHa norpyxeHus OapafaHa HHXKe
yposHs nyiasns, [To mecaeposanusm P, C. ¥Yayfabopa, npomeneH-
BuM Ha CCI'OKe, norpyxenne Gapafana 10 ocH BpalleHHA [103BO-
JAET YBeJTHYHTh HPOH3BOAHTENbHOCTH fojlee ueM B 2 pasa npH oj-
HOBPEMEHHOM CHHXKEHHH MATrHHTHOTO XeJe3a B xBoctax xo 1%
B MeHee.

HanbHefilnee ynyuinenye KOHCTPYKUMH cenapartopoB tuna [1BM,
KaK NoKas3aJu HccnenoBauus [ HempomeTPOBCKOrO TOPHOTO HHCTH-
TyTa, MOXeT ObITb ZOCTHFHYTO 33 CUeT NPHMEHEHHs MalHUTHBEIX CH-
CTeM, OXBATHB2KOIIHX OapalaH cHapyxu, Moladd pYAH B1oab 6a-
pabaHa, KAYalOMHUXCA H BPAIMAIONIHXCH MATHATHBIX CHCTEM.

B cemapatope IIBMB-90/250 GapafaH oxBaueH CHapyXH
MOJIOCAMHK TNIOCTOSHHHX MATHHTOB, @ NyJbla NPOTEKAET BHYTPH ero
{puc. 3.14). Ha cenaparope mMoXpuM cnocoboM 3(hdeKTHBHO pasle-
JAAI0T TpyGOA3MeNbYeHHBIA MAaTepHAJ ~— CJIHBH CTEPXKHEBHIX H BDPY-
rEx MespHHO H Oe3 Bpeaa aas ¢yrepoBKH Gapabana H3IBIeKaloT
%3 NyJAbNbl KPYNHO3EPHHCTWA CHABHOMArRHTHHEA MaTepuas, NOA-
HAMas ero Ha 3alakHyn BHcoTy. Cemapatop nomo0dHoro THRA Kak
OBl TMpOAOJIKAET TOPJOBHHY MEJbHMIH H IO3BOJAseT palorate Ge3
KJA3acCHQUKATOPOB H HACOCOB H YMEHBUIATh PACXQH 3JeKTPOIHEPTHH,,
TNOCKOJTLKY HA H3MeNbueHHEe HANPAaBJAETCS TOJABKO YACTb LHPKYIH-
pyloLlero MaTepHana.
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#Puc. 3.14. Cenaparop TIBMB:

I —paMa: 2—nonada NATAHMS; § — peHel; 4 — NPHROS; § ~ MATHATHAY cHeTeMa; § — xenol;
7 = noTRM; 8§ — nHadparwa; § — NpHKHMHBE GouTH; 10 == KOpnyc GapaGaxa

IIpusuun paborhl cenaparopa 3aK/aUYAETCA B CAeAywiueM. [IpH
nofaue NyJAbBNL 4Yepe3 NUTaTedbh B NEPBYIO CEKiHIy Bpamiaiolierocs
-Gapafana MarHuTHEE O(pakliid nox AefCTBHEM CHJIEl TAXKECTH H
MArg{HTHOTO NOJf, CO3JaHHCr0 HAPYMHOH MArHHTHOA CHCTEMOH,
TMPHKHMAWTCA K BHYyTpeHHe#l creHke GapafaHa ¥ TMOAHHMAKTCH B
€0 BePXHIOW 4YacThb. [lomagad B HeMarHHTHYK) 30HY, MardHTHHeE
hpakuuH OTHAZAIT OT BHYTPeHUeH cTeHkuH GapalaHa H CTEKaloT
B HaBKJOHHHH KeJob, NpoxoifA MO KOTOPOMY cOPAachBalTCI B HHX-
HIOK} 4acTb BTOpOil ceKUHA. 3aTteM H3 OPOAYKTA 3TOH CeKIHH NOL
JEACTBHEM MATEHTHOrO IOJisl CHOBA BhIENAETCS MarHuteHas dpak-
1HA, KOTCpas NOJLHEMaercs B BEPXHIOK dacTe OGapalaHa # B He-
MAarHHTHOHR 30He CAHBAETCA B HAKJMOHHBIA KejoG U mocrynaer B
CAeNYIOWYI CeKUHIO. DTOT ILHKJA MNOBTOPAETCA HEeCcKOJbKO pas.
B koHeYHOM cyeTe MATHHTHHH IDPOAYKT {KOHKILEHTpPAT, NOJYYEeHHBIH
‘B pe3yJbrarte MHOTOKPATHOH MepeYHCTKH B MaCHMTHOM 0OJ€e) H3
noc/MenHeHd CEKLUHH INOCTymaeT Ha pasrpysky. CKanmHBaoluHAcA
‘B HHKHEH yacTH apalana HeMarsHTHHI NPOAYKT ABHKETCS B NPO-
‘THBOTOKE ¢ MACHUTHBIM NPOAYKTOM H BBIIPYXKaeTcd B NPHeMHHKe
XBOCTOB. .

YieabHaf NPOH3BOLHTENBHOCTH cemapartopa aoctaraer 30 T/4
Ha 1 M JUIHEB MHTAHHA BAOJbL OapabaHa, H OH HMeeT pAi IKCHAya-
TAUKEOHHEIX [peuMyNIECTB: (e30TKa3HocTh paboTel NPH HOmajaHHH
CAy4aHHBEIX KPYMHRX YaCTHIl B NHTAHHE CENapaTopa; Jerkoe H IIaB-
HOe peryJHpOBaHHe HailpsSKeHHOCTH NOJs; He Tpefyercs BaHHA H
OTCYTCTBYKOT TPYLHOCTH, CBA3aHHEIE ¢ 0GCAYyKUBAHHEM €& HACAJ0K;
‘BO3MOMXKHOCTE BB leJIeHusi B 0JEOM OapabaHe He TOJbKO KOHEUHBIX
OpOAYKTOB, HO M psfa npoMrpodykTos, Ilpeinoaaraercs cospanne
cenapatopa Bhicokofi npousBoxuTensroctd [IBMB-150/800.
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a Puc. 8.15. CenapaTopH I1iA MOKpO-
/"f ro oforallleHHsl MATHEeTHTOBHX DPYA:

-1 g — p Oerymiem InoJe, COILGBAEMOM Bpa-
I menHeM ROCTOAHELIX MAarguTos: [ — IR~
TaTeds; 2 — BPAMAKXIIAACE CHCTEMA No—
CTOAHHHX MATHHTOB; & — ¢ NOCTORRHBIMW
MATHHTAMH o SJACKTPOMATHHTHOA CHCTe-

+ 2 Moli MmepeMeHHOTD TOKa; J—mnojkca K
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Cozpannl  Oapafanubie cenmapartopel [1BM-90/250 u T1BM-
MCIIC/253-C? ¢ cHcTeMaMH, MO3BOJASIOIIHMH ABTOHOMHO CO3.12-
BaTh Paz/MYHYI0 HAMpAKEHHOCTH MArHATHOIO NMOJS B 30Hax H3BJe-
9eHHsl MarHuTHOH (pakiH¥ H MepeuncTKH KOHLEHTpaTa, H ¢ Bpa-
mratouiefics MarHWTHOR cHeTeMoOH BHYTPH HedoiBHkHoro GapabaHa
(puc. 3.15,a). IlepBriff M3 HMX HMeeT 3JeKTPOMATHHTHYI CHCTEMY
H MO3BOJILET NOBBICHTH MACCOBYIO AOJIO Keke3a B KOHEYHHBIX KOH-
ueHtparax Ha 1,1—3,0% (ua pyae FOT'OKa), BTopofl umeer Bpa-
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AIYIOCA MATHHTHYIO CHCTEMY W3 IOCTOSIHHEIX MarHHMTOB, CO314I0-
Wy wactoTHoe Oeryliee GoJe, D04 JeHCTBHEM KOTOPOrO MarHuT-
HBele YACTHIH B BHAE <KHAANEro» CAOA HENDEPHBHO JABHTAIOTCH
no G6apabaHy B HampaBJ/€HHH, NPOTHBONOJIOKHOM BpalLeHHIO Mar-
HHMTHOH CHCTEMB, H, NpEeoToJeBasd IPABHTANHOHHBIE H THAPOAHHA-
MHYeCKHe CMJB, HOCTYNAlOT B NpHeMHHK A/ KOHUEHTpaTa.

[IpoMbllieHHBI® HCNBITAHUHA OPOBOAMJH Ha TPYAHOOSOraTHMEIX
pyiax Muxahnoeckoro 'OKa. CrymieHHEI B fellnaMaTopax KoH-
ueHTpaT V cTanHH MarHHTHOH cenapaidH NoABepralci NepeuucTKe
Ha cenapatope IIBM u na cepuiiunx cenaparopax IIBM-IIIT. Ilpxu-
POCT KauecTBa MAarHMTHOTO INpoAykra coctaeaan 0,7—0,6% npu
JerKooOOraTHMEX HCXOAHWX pyaax u 1,1—1,3% — naa tpyanoo6o-
TATHMBLX.

MaruuTEbIfl auanH3 OPOAYKTOB pasfeleHHs: H WJIaMOB IoKas3ad,
uTO KOHUEHTpaT cenmapatopa [IBM Bo Bcex Kiaccax KpymHOCTH
HMeeT 0oJe€e BLICOKOE COjlepiKaHHe XeJje3a B CPABHEHHH C KOH-
nentparom [IBM-IIII, T, e, nepsHi#i ofecMeyHBaeT MOBHILIEHHYIO
CeJeKTHBHOCTh paafeseHys NpH npouapoaurtedbHocTH 10 1/a, [Npunu-
HHI HCTOML30BaHHA BpalllalOIHXCAd MATHUTHHIX CHCTeM (Bpaliaio-
LIHXCS MATHHTHBIX [0JAeH), co3JaBaeMEIX §e3 HCNONMb30B2HHA mepe-
MEHHOrO ToKa, oOfecneuHBaeT YCTOHUHBOE [BHXKEHHE MaTepHada
PA3DHIXJEHHHM <KHNSLIAMS cJA0eM M0 HEeNOIBHIKIION IOBEpXHOCTH
ofe4allKi B HalpaBJCHHH, TPOTHBONOJOXKHOM BPAILIEHHIO MATHHT-
HOHK CHCTEMLL.

CKopocTs ABHKeHHS MaTepHaJja NpPH yacToTe BpalleHHs MarHHT-
HOH cHcTeMul 194 mun! coctaraser 0,3 mfc, a TONKUHA «KHIALMIETC»
CJI0S1 TIPH ONTHMAaJbHOH TNPOH3BOAHTENBHOCTH NG HCXOJHOMY mHTA-
Hulo coctapasger 10—15 MM, IlpoMmeiinennrie ucnuiraiua Gapaban-
HOTQ cenapaTopa ¢ MAarHUTHOR cHCTeMOH, DHTaeMOil NepeMeHHLIM
TokoM (pHe, 3.14,6), na Iloarasckom T'OKe Taxkxe noxaszanau Bo3-
MOXHOCTE TOJIYUEHHS KOHLEHTPaTa Gouee BHICOKOTG K4YecTBa MpPH
TMpOYHX PABHBIX ycJaoBHAX. OZHAKO B cepHiHOE NPOH3BOJACTBO OH
NMOKa HE NPHHAT B CBS3H ¢ YCAO0MKHEHHEM KOHCTPYKIHH MAarsHTHOH
CHCTEMHI [IPH OHTAHHH NepeMeHHbM TOKOM.

®upmoit «Casa» (LlIBeuns) paspaGorTanbl NPAMOTOYHHIC H IO-
JynpoTHBoToYHble cenapatopk I1BM mpousseautensrocThio 150 T/9
npu anuee Gapabaxa 3 M u auamerpe 0,91 M, Pama cenapatopa
TIO3BO.IAE€T KOMIOHOBATE MX B Tpynnbl. MarHutHasi cHcTeMa cena-
paTopa — KepaMuueckan ¢ yepelyloliefics NOJNSIPHOCTBIO O OKPYXK-
HocTH Gapabana, s MpAMOTOUHON BAHHLI ONTHMaJbHOE COJepiKa-
Hue TBepaoro B nuraiud — 35—40%, nas noJynpoTHBOTOUHON BaH-
#bl— 30%. KpymHOCTh HCXOJHOTO MarepHasa, NOCTYMAKIIEro Ha
TNoJYNPOTHBOTOUHEE cenapartop, e fonee 0,8—0 mm.

Qupma «Psnpa» (BeaukoOpHTaHusl) BHNYCKAET CENAPATOPHI
pasmepoM 10703050 MM (ouaMerp X fHHA) ¢ BAHHAMH TpeX TH-
1T0B; NpsIMOTOUHOH, NMPOTHROTOYHOH M MOJYIPOTHBOTOUHOH, mpHYeM
BAHHH TNEPBHX JABYX THIOB (PHPMA PEKOMEHAYeT AN BbijeNIeHHA
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OTBAJBHEIX XBOCTOB C MOCJIEAYIONIRH 10BOJZKOH MATHHTHOTO RPOM-
npelyKTa B ceMaparopax ¢ NOAYNPOTHBOTOUHHMH BaHHAMH, KOTO-
pule IpH CcOAePMAHHH TBepIOTro B HHTAHHH 1o 259 obecneynBaioT
BHICOKOE H3BJeueHHe MarHetuta (99,5%).

B CHIA GapaGangule cenapaTops 1.8 MarHeTHTOBHX PYX H pe-
refepalliu cycneHsufi Bunyckawot pupmol «HMnnranas, «xedodpn»,
«JIuEro» u «3pu3 marHeThk», Huamerp GapaGaHoB 3THX cemapa-
TopoB pocturaer 914 mm, a nnuma 2500 mMm. Pupma <Huanana»
BHUIYCKAeT Cellaparophbl ¢ NPAMOTOUHBIMH, NPOTHBOTOUHKIMH d [O-
JYNPOTHBOTOYHBIMH BaHHAMH. [IATHNOAWOCHAS KepaMHyecKas Mar-
HUTHAR CHCTEMA HMEeT YepeAYHIIYIOCH MOASPHOCTb IO OKPYHHOCTH
HapaGana.

YneapHan cfbeMHAs OPOH3BOAUTENBHOCTE CEMAPATOPA C NPAMO-
TOYHOH BalilloA NPH pereHepalyH CYCNEH3HH TOCTHraeT 55, NPOTH-
BOTOWHOH — 67, NONYynPOTHROTOUHOH — 37 M3*/ (4 M).

Jlyquidge TeXHONOTHUECKHE NMOKA3ATENH AOCTHLAIOTCH NPH COAep-
AHUH TBEPAOTO B NHTAHMH HA NPSAMOTOUHBIX cemapatopax — 209,
HAa NPOTHBOTOYHBIX H NOAYTPOTHBOTOUHEX — 25%.

[To uaee Jlaypuana womnauus «Kone mHxunupuar Hueuxku»
{Puunsaraug) paspaborana  ycOBepIIEHCTBOBAHHBIH  cemapartop
TIBM-80/200 ¢ ycunennnim noaem (0,5 Ta), KOTOpHI, 0 peKnaM-
HBIM LAHHBIM, NPH OUHCTKE Ta/JbKa OT Ke/JIe3HeIX NpHMeced H JIH-
TeHHRX MECKOB OT XPOMHTOB, NpH Kpyneoctn 0,1 —3 MM, mokaszan
npor3goduTeNbHOCTs 10—20 Tfu Ha 1 M AguHw GapabaHa 0pH
MOKpofi cemapaumnu. Pacxoj wmoumwinoctH Ha BpaueHne Gapaaua
cocrapun 4 xBr, a metrok — 5,5 kBr. Hlupuna u dopMa menei
B 3aBECHMOCTH 0T TpefOBaHHA H3MeHseTcd YCTAaHOBKOH HapyHHMX
DAACTHH, SIBASIOMIMXCA JerKo 34aMeHHMBIMH H3HALIHBAUIHMHCHA
qacTaMu cenapaTtopa. Illen 3aNo/fHAITCA NeMarHHTHOH NAcCToOM.
Ilpu ucnuiTaHUAX cemapaTopa Ha APYTrHX CJI260OMAariHTHHIX 3€pPHH-
CThIX MaTepHaltaX OBIO YCTAHOBJEHO, UTC PACXOJ 3AEKTPOIHEPTHH
MOXKeT OHITh HA NOPANOK MeHblle, yeM 3aTpavuHBaeMLlil DNPH 3JKC-
NayaTalBR cenapaTtopoB JIoHca, a yAedbHasi Macca MALIHHBL B
HEeCKoNbKo pa3 MeHbwe (cootBercTBenno 0,1 kBr/r nporus 2 nu
0,5 1/(1-4) mporus [,5—2}, OgHako NPOM3BOAMUTEALHOCTE Cemapa-
TOpA ¢ NMOCTOAHHHMH MAarHHTaMH B 1IeCKOJbKO pa3 MeHbile, 4yewm
cenapartopa JlxoHca.

B Mexano6pe (A. A. Denbckuil} Bnepeeie Gniia g0Kazana ne-
Jeco0fpasHOCTL YBeJdKUeHHS gjHaMerpa Gapabana cemapartopa I1BM
¢ 600 MM (xoTopulll, N0 OnBITY wBeACKHX (baBpUK, CUHTAJCH ONTH-
MajabHbM) A0 900 MM, [Tocaenymorine KOHCTPYKTOPCKHe pa3paloTiu
JlHempomeTpoBCcKOro ropHoro HMHCTHTYTa H I'mnpomamyrieoforalie-
HHf, a 3atem Mexanofpuepmera nokasaaH, uro Gojee BHIrOJHBIM
OKa3anocs gasbHefiiliee yBeJHuYeHHe gRaMerpa Ac 1200 MM H paxe
a0 500 MM, ITH pa3Mepnl B JajbHellilleM HOJYy9eHL H TeOpeTHUe-
CKUMU pacueraMu, nposegernumy 3. I', Qafumrefivom (Kpusopox-
CKHH TOPHBIH HHCTHTYT).
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B nacrosimiee BpeMs H3TOTOBJSIOT CENapaTOpPH NPEHMYLIECTBEH-
RO ¢ xmaMerpoM 6apabanos 1200 mm, Cacrema H3 12 MOCTOSHHEIX
MAarHHTOB YepeAyiolehcs MOAAPHOCTH H NPHBOJHOE YCTPOHCTBO Ha-
XoO0ATCS BHYTpH BpallaeMoro UM GapabaHa (aHanOTHYHO NMPHBOAY
ckpenepHoft jefefkn) W 3akpendeHn mnuabkamu. llar noaocos
MATHHTHOM cHcTeMbl — (L12. ¥ros oxeara GapaiaHa MarHHTHOH CH-
cTeMHl paBeH 134°

OcofeHHoCTH MAarHATHOR CHcTembl cemaparopa 1TBM-120/300 —
IONOJHHTeAbHBIE NoJioca (12 nomdwcoB ¢ uepeaywoueiics NoasgpHo-
CTBI0 NO OKpy>kKHoCTH GapafiaHa) M NOBHILEHHAs HaNpPIXKeHHOCTH
MarsuTHOTO NoAd.

KapTtuna marsuTHOTO mHoJsi 3teX cenmapatopos (cM. puc. 3.6)
OTJHHAGTCH TOCTOSIHCTBOM HANpPSMEHHOCTH TNOMA HE TIOBEPXHOCTH
H6apabaRa, koTopas cocraBaser npuMepro 110 xAfm, a Ha paccros-
HEH 50 MM oT Hee (Ha OHe BaNHHEI) — OKOJIO 44 KA/M.

Marnutsag cucrema cenapatopa [1BM-120/300 12-noatocnas
¢ JAONOJHHTENbHEIMH 1noJlocamu, OcnopHsle podioca HalpaHb u3
tdeppuro-GapHueBHX MaacTHH B §J0KH paamepaMu 130X90X 125 mMm
H TpDHKpENNeHE K MeTallHYecKUM IJIACTHHKAM IpH NMOMOILH 3MOK-
cuiHoro kJes, Jonoanutensusie noakoca pasMepoM 30X 83X 63 MM
NIDHKPEIJIERE 3MOKCHAHBIM KJeeM B 3a30pe Mexjy ocHoBHHIMH. [lpn
3TOM CMEXKHBIEé CTOPOHBEI OCHOBHOTO H JOICJHHTENBHOrO NOJIOCOB
OJHONOJAADHBEL MaruntHas cucreMa HaGpaHa Ha JKeJIE3HOM sipMe,
BhHcokyo NpOH3BOAHTENLHOCTh, HAAEKHOCTS H HKOHOMHYHOCTH Da-
6otu cenapatopoB I1BM-120/300 u [TBM-150/400 yaancck noayuuts
6aarogapa NMpABWILHOMY BBIOODY OGCHOBHLIX mapaMeTpoB pafouerp
OpPOCTPaHCTBA, 2 MMeHHO (oabillofl JATHHE H BBHICOTE 30HB NPHTH-
#epus (1 u 0,04 M COOTBETCTBEHHO), IPUMEHEHHK) MHOTOIOJIQCHEIX
cHCTEM ¢ nOJMGOPMHUDYIOUIMMH KOHTpMATHHTAMY H3 (eppuTOB Ga-
PHsl M CTPOHIMS, YTO 00ECHeUHBAET AOCTATOYHYK) MATHHTHYIO CHIY
noJisi, KOTOpasg NOCTeNeHHO CHHMKAETCs OT BHIXOZA K BHIXOIY, HC-
NOJb30BAHMIO BAHH Pa3HOrO THIA B 32BHCHMOCTH OT KPYNHOCTH
marepuana, Ha kpynHosepuucrom marepuane (0,5—0 Mm) — npsamo-
TOYHBIA pexHM, Ha cpeaHesephucToM (50% — 74 MKM) — NpoTHBO-
TOYHBIA M Ha TOHKOo3epHHCTOM (90% — 74 MKM) — MOJYIPOTHBO-
TOYHBIH H TMONYNPOTHBOTOUHLE ¢ pupKyJasauued. Takoe yeTpoiicTBo
obneryaer cmedy GapalaHOB NIpH peMOHTax M YAJHMHAET CPOK HX
BesorkasHofl padortel (e 5000 1),

Has yno6cTBa OYHCTKH BaHHBI B GOKOBEIX €€ cTeHKaX yCTaHoBJe-
HH Kpyrible J10Kd,

Perynuposky cemapatopos [1bM-120/300 na ¢abpurax npons-
BOAAT NyTEM YCTAaHOBKH pabouero 3a3opa, KOTCDHIE pEryaupyercs
H3MEHEeHHEM TOJILHHE INPOKJIZJ0K NOJ NoAMRNEHKamu OapalaHa;
yria HAKJOHA MAarHHTHOH CHCTEMBI ¢ NMOMOIIbIO TOBOPOTHOFO YCT-
POHCTEA, YKDENJNEHHOTO HA paMe H COCTOHAILEro H3 polYaros, TAMH
¢ rafikamM# H LIKaJul CO CTPRJIKCH-yKasaTeneM; ceueliHs HacaloK —
nyTeM HX 3aMeHBl; CTPOTO TOPH3OHTAJBHOIC NOJOXKEHHA BAHHH H
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©apabaHa; onTHMANBHON YacTOTH Bpaulenus GapaGana H o0beMa
BOJH, NOJaBaEMOR Ha OphITada.

¥YaenabHasg IPOH3BCIUTENBHOCTE NO NHTAHHK 3aBHCHT OT KpyI-
HOCTH DYIH, MJOTHOCTH OYJbOH H COAEPKAHHS MATHHUTHOH Qpak-
UHH B Ief.

Hopwmansuo orperynupoBanHbie cenapatopbl IIBM pomxun ga-
BaTb NACTMOPTHYW Npou3BoAuTebrOCTL 15—80 T/(u-M) B I cranuu
# 6—10 1/(u-M) B mocjeaned MpH H3BJeUEHHH MATHETHTAZ HE MEHee
989%, cofepXaHHM MarHHTHOrO 3Keje3a B xpocTax He Gogee 2% u
COJepKaHHH HEMATHATHOR (pakiHH B KoHueHTpaTax Ne Oosee 18§;
11,9, 5 1 4% cooTBeTCTBEHHO O crajusm. [IpuBeieHHBe BeDXHHE
fipeflebl NPOH3BOJHTENLHOCTH OTHOcATCs K cenapatopaM [1BM-
120/300 u TIDM-150/400.

OcHaimenne oborarutenbubix dabpug IOTOKa, JleSeaunckoro,
Crofisienckoro 'OKoB 3THMH cemapaTopaME MO3BOJWJI0 Gosee uem
B 1Ba DPa3a COKPATHTb YHCIAQ MAUIHN, 3HAUUTENBHO HOBBLICHTE MpO-
H3BOAMTENBHOCTL TPYRA H YIOPOCTHTBE OOCJAYXHMBaHHE OTAeIeHHS
MareHTHo# cenapaniuu. IlposoaaTcs paGoTel no naflbHeHIIEeMy yco-
BEPUIEHCTBOBaHHIO cenapaTtopoe [IBM: co3jpalorcs «BBHICOKOrpajH-
€HTHHE» noas (¢ rpagueHToM B 1,5 pasa Gosaslue, uem oGHIUHO,
6iaaronapsi YMEHBIIEGHHIO [IAra LOJKCOB, DPHMEHEHHIO OJICKOB
KOHTPM2CHHTOB H3 MATEPHAJOB ¢ NOBRILIeHHON sneprueil. Koutposas-
#Hple 610KHM MEMKIY OCHOBHBIMH MOJIOCAMH YBEJHUHBAIOT CHJAY MAar-
HHTHCFQ M0/ Ha NoBepXHocTH GapaBama na b0—70%, a uanpa-
KeHHOCTh — 11a 20—30%,

JKcnepHMeHTaJbHEIM OyTéM HafijeHpl Haubosee BLITOJHBIE CO-
OTHOLIeHUS MeXJAY pPa3MepaMH OCHOBHEEIX MOJIOCOB H KOHTPMATHH-
ToB, IIpu Beicote nomioca 0,09 M u ware 0,15 M IWMUPHHA KOHTP-
MarHHTOB J0/2KHA GBITH PABHA [OJOBHHE WIHPHHB OCHOBHEIX [OJIO-
COB, 4 HOCJeAHdAs JoJKHA B 3—5 pas NpeBHLIAThL LIHPHHY 3330POB.
BMmecro npumenenus maruntoB 2BA B nocnenHee BpeMs ycTaHas-
JuBaT nonwoca u3 3BA, uTo yBeqMUHBAET [IPOH3BORHTENBHOCTH
cenapatopa npuMepHo Ha 10%, 6Jarojaps yBeTHYEHHIO OCTATOY-
#oft muaykuuu ¢ 0,3 no 0,38 Tn, a maruutHOl 3HepPTHH, T. €. TMPo-
H3BEIeHKA HHAYKLUHH Ha HanpsxenHocts (BH), ¢ 183 no
20,1 Ta-kA/m.

[IpuMensiiorT TakXe MArEHTH ¢ NOBHILEHHOH 3Hepruell, H3roToB-
JeHHble M3 (GeppHTOB crpoHnus ¢ BA =28—31,8 Tan-kA/M. Hecmor-
pPs HZ NOBHIIEHHYIO CTOHMOCTB CENdapaTOPOB ¢ TAKHMH MArHHTAMH,
OHH 3KOHOMHYHBI, NOCKQJBKY DPeayJbTaTH 000TAIICHHS HACTOJBKO
YAYUII2Tes, YTO 3T0 MO3BOJSET OKYNHUTh HX 32 1 roa H RaeT 3Ko-
HoMuueckuil sdoekr okono 1500 py6 /rox Ha oxWH cemaparop,

Caenyer obpaTuTh ocofoe BHHMaHue HA COG/IOAEHHE NpaBHAA
peryJHpOBKH 3230p0OB MeXAY ToplaMua GapabaHoB H BaHH, AJIHHON
mienell AJas BHIOYCKAa HeMarHHTHOH GpakiHH H NOFAaYH MHTaHAL,
Illean pomxHEl GHTH paBHB AJiuHe GapaGawa MuHyc 0,5 M mpu
fAPOTHBOTOYHOM ABHXKEHHH H MuHyC 0,4 M — Npu HOJyNpPOTHBOTOU-
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HOM peXHMe cenapallH. B npoTHBHOM ciyuae H3BA€UGHHE Keae3ad
B dopMe Marierura cHH¥kaercs (Menee 95%),

MareuTtabe cenaparopu IIBC (cM. puc. 3.2,2 u 3.3, a)
paGorator Ha apoGunbHo-o6oratutenbHux (JO®)} H oforaTHTrenb-
HbiX ¢afpakax Jgas npeaclorailleHdss KYCKOBATHIX MAarHeTHTOBBIX
pya.

Hpobienas pyaa noa JAefCTBHEM TPaBHTAUHOHHBIX CHJ CaMoTe-
KOM HanpaBjseTCs K BepXHeMy MarHHTHoMy Gapafany, Bpawaro-
LIeMycsl B HanpaBJenHH JIBHMEHHA NOTOKa pyio. Bosnukawinas
uentpobexxknasi cuna B |,5—2 pa3a OpeBHILIZeT CHAY THKECTH, UTO
no3BoAsieT pacnonaraTe Ha GapafaHe pyly JOCTATOYHO TOHKHM
cnoem, Coueranne MOHHXKEHHOHA WANDSIKEHHOCTH MATHHUTHOTO MOJST
n1a noBepxrocTH Hapabana u Hoabloi nenTpobeXkHOA cuin obecne-
YHBAET yAaJeHHe H3 pyibl MOPOAHBIX (paxkiufl B SeJHBX CPOCTKOB.
Tlpu »Tom Ha BepxHeMm Gapabane ocraetcqd Haubosee Horatad 0o
COAEDXMAHHID Keqae3a 4acTh PyAabl, KOTODEA TOCTYNaeT B KOHIEHT-
paTtHoe otieneHHe cenapatopa. Orfpomensas oT Bepxuero fapa-
6aHa cMmech DOpOAbl H CPOCTKOB NOCTYN4ET Ha HH)KHHﬁ, roe JeJHTCH
Ha oTX0ABl oforameHus (XBOCTbl) W NPOMAPOAYKT, KOTOPHIH 0O6B-
eNlMHAeTcd ¢ MATHHTHHIM MNPOAYKTOM BepxHero Oapabana. s
ofecreyeHHd MHHHMAJ/bHBIX TOTEPh Keae3a ¢ XBOCTAMH WHXHUE
GapaGan uMeer GoJsiee BLICOKYIO HANPHXKEHBOCTh MACHHTHOTO MOAS
H 3HAYMTEAbHC MEeHLINYIO YacTOTY BpaHleHds, Gaaronaps 4yeMmy LeHT-
pofiexuas cuia Ha Hem B 7—8 pa3 HHXe, YyeM Ha BepXHEM.

Orxopn oforalieHuss B 3aBHCHMOCTH OT TpefyeMBX TeXHOJOTH-
YeCKHX NOKaszaTejell ¢ NOMOINBI JeaHTesl MOTYT YacTHYHC Ha-
NpaBAATECA KaK B NPOMOPOAYKTOBOE, TAK H B XBOCTOBGE OTIEJICHHE
cenaparopa. B cenmapatope HMeXOTCE OMHCTHTENH TNePHOLHUECKOrO
JeHCTBHA /A OUHCTKH MAarHuTHoX GapaGaHos oT HAJuAIIedl Ha HX
NOBEPXHOCTL BNATOEMKOH pYIHOH Menouyn. JleJuTenb H OUHCTHTEIh
YNPaBAsIOTCH AHCTAHLHOHHO HCIOJHHTEIbHBIMH MEXaHM3MaMH TH-
na M30.

Cpeanue pe3ysnbTaTHl CPABHHTEJNBHBIX HCNHTAHHA CeNapaTopol
2I1BC-90/250 u 4I1IBC-63/200 na apcobaeHolt MarHeTHTOBOH pyne
COKONOBCKO- Capﬁaucxoro I‘OKa DPHBEAEHH HHIXKE,

Cemaparop . . . .. 4116 C-63/200 2T1IBEC-90/250:
Hpousnonn’renmocrh. T,-’q .. . 230 5i0
Brxoa MArsHTHOrG IPOAYKTA {npomnpo-
nyeTa), % 79,17 73,55
Coaepmxanne obmero skenesa, %:

B OMTaHHA . . e e 36,04 35,91

B MACHHTHOM nponyx're ce 42,02 44,30

B XBOCTax . . 13,31 12,58
CoAepmaHie MAarHHTHOTO Kedesa B XBO-
crax, % . . 4,27 3,54

Iprpoct cO.IIep}KaHHH oﬁmero XKelesz B
MATHUTHOM NPOAYKTE TNO CPaBHEHHID C

netamwed, % . . . . . . . . 5,08 8,35
HapnewewHe ofmero xenesa B MATHHT-
HuA Dpoaykr, % . . . . . . . 92,31 20,73
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CuToBRle aHANW3Bl NOPOXYKTOR OOOraleHds  CenapaTopol
4TIBC-63/200 » 2[1B5C-90/250 ¢ pacnmpelenenuneM Kejuesa o Kpym--
HOCTH NOKA3KIBAIOT, UTO COAEPIKAEHe Xe1e3a B MAaTHHTHOM NpOIyK-
T€ BCEX KJIaccoB moaydeno Ha cemapartope 2[1BC-90/250 Bmre,.
a B XBOCTAaX B LI&JOM HIMKE, YeM B COOTBETCTBYICULHX NPOAYKTAX
cenapatopa 4IT1BC-63/200. Kpome toro, cemaparop 2[15C-90/250
HMEeT TIOHMIKeHHbe MaTepHaloeMKocTs (B 2,3 pasa) H sHeprosM-
KOCTh B 2 pasa Ha eHHHIY NPOH3BOLHTEIBHOCTH,

B nepron mpowhlnNedHRX HenbiTaHAl cenmapaTtopa 2[1BC-90/250-
YCTAHOBJIEHG, UTO MOHIHOCTh, TNorpefasieMass NPHBOAOM BepXHETG:
Gapabana nmox narpyskolt, cocrabuia 2,43 xBr, a npuBogoM HHX-
nero dapabana 0,84 kBr. C yyeToM HeoOXOLHMOCTH NMyCcKa cemapa-
TOpa OPH aBapHHHLIX CHTYAUHAX (HanpHMep, NpH 3aBajde DYILOH
B NpUBOAAX BEpPXHErc H HHXKHero 0GapafailcB) MNpeaycMOTpeHbL
3JeKTPOABHTATEIH MOUHOCTBIO 0 4 kBT,

PesyabraTel NPOMHIUINEHHBIX HCNBITAHHA NMOKA3aJH, 9T YPOBEHb
TPOMKOCTH 3BYKa, cosllaBaeMoro cenapartopom 2I11BC-90/250, coort-
BeTcTBYeT TpebosanuaM I'OCTa (spykoBoe nasaerne 73—53 1B
mpu uactorax oT 63 no 8000 I'u) u uyrto on 1Mo BceM TMOKasaTensMm
NPeBOCXOAAT He ToabKo cenapatop 4I1BC, HO R cenapaTopsl H3BeCT-
HbiX 32pyDeXHEIX KOHCTPYKIHA.

Cepufinoe npoussogcrso cemapatopa 2[1BC-90/250 wnauato
B 1984 r. na BopolemxckoM 3aBofde ropHo-cDoratuTesnHore oGopy-
jgosanus [1O «PyaropMam».

ITpoMuiienHoe Hemoab3oBanue cenapatopa 2I11BC-90/250 no-
3BOJIMT B 1,4 pasa NOBLICHTb CoJepikaHHe Keqae3a B ApolJeHol
pyie, nocTynamwilell Ha ganbHelfiniee MOKpOe MAarHHTHoe oborae-
Hue Ha oborarthrearHboie ¢dabpukn, H B 1,2 pa3a cEHM3HTE conepxa-
HHE MArHHTHOTO XeJe3a B XBOCTaX.

baaropaps BHICOKOH mnpoH3BoaHTelbHOCTH cemaparopa 2I1BC-
90/250, MOXHO YBeJIHUHTL OODBEM DYIAB, TNOJBEPraéMoH CyXoMmy
oboramennio, 6e3 JONOJHHTENLHEX KaNHTaJbHBIX 3a8TPAT HA CTPOH-
TENbCTBO 3MAHHH H COOPYMKEHHH, & TAKMKE CHH3HTb cebecTOAMOCTD
npouecca cyxoro oboralleHHst pyabl, JKoHoMHuecKH addekr or
HCNOAB30BAHHA OZHOro cenapatopa 2I1BC-90/250 cocraBiaser
50 Teic. py6/roa.

Cenapartopu [IBCl] (6apatanxbie nentpofe:xHele cefapa-
TOPbI) MPUMEHSIOT 1A CYXOro o0OorarieHHs MeJKOAPOGJIeHbIX CHAb-
HOMATITHTHBIX MaTEPHAJNOB: MarHeTHTOBHIX KBApLHTOB, abpa3uBHBIX
H MEeTaMTH3UPOBAHHBIX TNOPOIIKOB H XA ofe3mesesHeHHss JOMa
H3fenuii (Te/feBH30POB H APYTHX annaparoB 3JIEKTPOHHOH H pajgHo-
TEeXHHYECKOH DNpoMBEINeHHeCcTH). KaBecTHH OapafanHbie HEHTPO-
fexume cenapatopul [IBCII-63/50, TIBCII-63/100 u [TBCLI-63/200.

Cenapatop [IBCL-63/50 {cm. puc. 3.2,6) HMeeT MHOTONO-
JICHYI) MATHHTHYIC CHCTEMY C TMOJIOCAMH H3 HHKE/Ib-KOGaJbTOBOrO
conaea. Ular moatocos cacreMb paBeH 50 MM, yacTOTa BpalleHHA
GapaGaHa jpocTuraer 5 ¢~'; wacrora MarraTHoro nmoas 90 Fu. He-
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Puc, 3.16. 3a3pucHMOCTE COASPMAHHA

a,
Pre % HKejesa B KOHUEHTPaTe Pre OT JACTOTH
A+ 6apafarRa n M YaCTOTH CMeHH NOJICOR
@ I MarHeTHTOBOA PYAW pasiHyHOHd
KPYMHOCTH:
48 F— 004640020, 2 —0,10440,074;  I—
—0,208-10,104; 4 —0,88310,417;  5—
—1,6514+0,833; § ——0,02 mm
20
i | 1 1 L

fon 200 308 400 K mua!
i 1 1 | 1

I
150 300 450 FOG 75D w Iy,

MaruuTHHi GapabaH cemapaTopa NPHBOJHTCH BO BpallleHHE OT MO-
TOP-PEAYKTOPA; mepenaya IIKHBHAS DeMeHHAas, YacTOoTa BpAlleHHS
GapabaHa peryaupyercd noAfopoM LIKHBOB DPa3/MHUYHEIX JIHAMETPOB.
¥YBenuueHne uacToTht Bpalllenus Gapafawa mpu AoBojke rpy6osep-
HHCTHIX KOHLEHTPATOB MO3BoJsieT BO paKuHAX Kpynuee 20 MKM
TOBLIIATE COAepKanHe xenxesa ao 60—66% H TONBKO NBIL MeNb-
ge 20 MKM He naeT KONIHHUMOHHBIX KOHLUeHTpaToB (pHc, 3.16).

Bopounexckuii 3aBoj, ropHO-000raTHTENbHOTO 00OPYAOBAHUS H3-
roroBaser cenaparops [IBCL-63/50 B aBYX HCTMOAHEHHAX, JaCTO-
Toit Bpawerus GapabaHa cooTBercTBeHHO 0,9—2,6 ¥ 2,6—5 ¢~

Jag obe3kene3snBaHusl OTXOEOB LBETHHX MeTaJJIOB NMPHMEH:-
10TCA cemapaTopel B NepBOM HcnosiHeHHH. Kak n3secTHO,

S=nR{d+2A) /IR —(d+2A)]; i
N=2xR/S; [=Nn/(2-60), y

rie S —war nomocos, M; R —pajHyc MarHHTHOH CHCTEMEHI, M;
d — MaKCHMAaJbHBI AHAMETpP DYIHBIX YacThu, M; A — paccrogHHe
OT HHXXHHX TpaHell yacTin A0 nofioca; N — YHeI0 N0AI0COoB; 11— Ya-
cToTa BpameHnd 6apabana, ML

HactoTa nyJabcallHd [OJS MoXeT OwITh ONpejedeHa Mo dopMyJe

F=0,160 [ 1/(d+2A) — 1/R1.

3neck v — cKopocTs Gapafana, M/c.

ITpy HeoOGXOAHMOCTH YBEJNHUMTH YACTOTY NyJAbcanuii, HO IpH
3aToM H30exaTh OTPEBA yacTHI oT GapabaHa meHTpoOeKHOR CUIOH,
MAarHHTHYK) CHCTeMy cemapaTopa KejaloT NOABHAKHOA H BpAaIaloT
B CTOpOHY, OPOTHBONOJOMHYIO HaNpaBJeHHW BpalleHHs OapabaHa.

3a pybexoM TaxXe BHNYCcKawT Oapalfanibe M BAJKOBLIE Cema-
patopsl Ha NOCTOAHHBIX MareuMTtax. Cemapatrop «Maprcean» tuna
3IICII-60/100 pumyckaercs ¢upmofi «Canasy (lllesenus) s onno-,
JByx- H TpexfapaGaHHOM HCNOJHEHHA € DErYJHpPYeMOi uacTOTOH
BpaueHus Gapabdanos, HuxkHue GapalGanpl cayxat Ahd NepedHCTKH
NpoXyKToB oforamlenns, BeAeNeHHbIX HAa BepxHeM GapalaHe,
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Puc, 3.17. BapaGaneuii cenapatop chcTeMu Jlaypuaaa gas cnaGOMarHBTHHX pyas

¢ — cxeMa cenapatopa; § — KapTHHA MATHHTHOrO noaf: [ — GapadaH; 2 — pasMarxMyUBaIOWee
yCTpoficTRO; 3 — paboqee npOCTPAHCTEO 30HLI NPHTAMKEHRHA

B @uuasauauu co3nalH OGapabaldslii cenmapaTop cHcteMul Jiay-
pusna c ¢epprTOBHMHE MAarHHTaMH AJ8 CYXod cenapauuu obecnbi-
JeHHBIX XPOMHTOBHIX M FeMaTHTOBHIX PYX KpynROCTbi0 MeHee (0,7 MM
B cuapHoM mode (puc. 3.17). B y3kHX mensax MeXIy MarHUTaM®
BICABL oOpa3sylomel GapafaHa co31al0TcA BeCcbMa HHTEHCHBHBHE IO~
As ¢ HanpsKeHHocTsio xo 2 Ta.

DKeNeHTPHYAO pacloJOoXeHHBIA BHYTPH GapabaHa poTop ¢ Ta-
KUMH Ke MarHHTaMH, HO NPOTHBOIOJOXHO HaIPABJEHHHM TOTOKOM
ofecneynBaer A0CTATOYHOE OcCIalieHHe NOJfg H PASTPY3KYy MAarHHT-
noft dpakuuu ¢ Gapabana. Iipu auamerpe Hapabana 0,6 M, pauEe
| M mocturaercs MPOH3BOAKTEILHOCTE 10 T/u Ha pyze, colepameis
50% rematura Kpynuoctslo 85% — 0,7+0,17 mm, [lonryyaembifi KOH-
ueHtpat cogepxkut 80%, a xBocthl — 15% remarHta. YAeasHHR
pacxon 3JeKTposHepruu xe nmpesntaer 1 KBT.-u/T. dtor cenaparop
cnoxHee cenaparopa [IBCLI-63/50 u tpeGyer Gosee ToyHOro H3ro-
TOBJIEHHsI M@TrHEATHO# CHCTEMH H yCTpaHeHMst BHOpailHH, BO3HHKA0-
UIHX NpH BOJBLIOH 9aCTOTe BPAIUEHHST MAarEMTHOH CHCTEMEL

Merassopasdesurens U MAZHUTHBIE ORUCTUTEAU OAS YAABAUBG~
nua npocsined, Cenaparoper Tuna 35M. Kpome cyxux cenapartopon
¢ moctroAaHHBIMH Marauramu B CCCP BHNyCKamoT cyXue 3JeKTpo-
MAarlHTHEE cenaparopwel GapabanHoro thna (3BC, B3) u meranno-
pasienuTeNH WKKBHOro M noasecoro TemoB (I u IIC). 3rtu an-
HapaTH TPHMEHSIOT Ha GOJBUIHHCTBe ($abpHK IAnd HIBJIEUEHHS
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HeIpoGHMEX METaJJHYECKHX npeiMeToB neped JAPobSHABHBIMH M
JApPYTUMH annaparam#, BO H30exXaHHe HX NOJOMOK, a TakXe Ha
YCT2II0BKaX, nepepabaThIBAIOIIHX BTOPHUHOE CHLIDBE. ¥CTPOHCTBO U
XADAKTEPUCTHKA INKHBHBEIX CENapaTOpOB-3KeJe300TAC/HTENEH ACHHI
u3 puc, 3.3,6,¢2,0,

Cemapartop thna LI npeacrasiser cofolt KOpDOTKHE JeH-
TOUHHIH KOHEefep, BeXyllHm OapalaHoM KOTOPOTO CAYMKHT MHOrO-
HAH ABYXDOJIOCHAS 31eKTPOMATrHHTHAs CHCTEMA ¢ IMOJAICAMH, NO-
JAPHOCTE KOTOPHIX UepeAyeTcss BAOAb OCH wWwikuBa., Jas yaydlieHus
OTBOZA TEIJIA M OPeACTBpAllleHHs] MONAJaHH HCKDEL B OKPYXaio-
Iy cpeny (B cnyuyae npofosi sneKTpHYECKOH H3OMALHK) TPOCTpaH-
CTBO MEXAY KaTYHIKOH H KOPIycoM CeKIMH 3aMoJHAeTcsl 3aJHBOY-
Ho#l Maccell. Iluranue ofOMOTKH BosOymaenus LIKHBOB OCYLLECTBJIA-
€TCA 0T BREIIPAMHTEABHOTO yerpofictea BC-10.

DnekTpOMarHHTHAsA CHCTEMA CenapaTopa CCCTOMT H3 OJHOH WIH
JBYX CAMOCTOATEJBHBIX CEKLHEH, HENOJABHIKHO 3aKPeNJeHHbIX Iia
paay. Ban Bpalnaercd B NMOANIHNHHKAX, YCTAHOBMREHHHX HA paMe
CenapaTopoB, H NPHBOJAHTCA BO BpailleHHE OT 3JEKTPOABHIATENSA
yepes peiyKkTop.

JpoGaenerii oM HJIH KYCKOBHI OTXOJbl IBETHBIX MeTa/I0B 3a-
TPYKAKT HA ABHXKYUYIOCS KOHBeREpHYI0 NeHTY OPH BKJIOUEHRH
-00MOTKH IIKHBA. MarHHTHEE KYCKH YePHBIX METajJOoB NPHTATHBR-
IOTCH K MOJI0CaM MAarHHTHOH CHCTeMbl M Bpallamuleidics JeHTOH
TIePEHOCATCH fOA LIKHB, TA€ pA3rpyXxaloTcs B NpHeMHHK. JleHTa
ocBOBoXKa€TCA OT (JEepPOMArHETHHIX NPeXMeTOB Ha YuacTHe, Tie
OHa, ABHrasfch NPSAMOJHHEHAHO, OTHENRETCH OT {IOBEPXHOCTH HIKHMBA.
Bosee kpynHLie W MeHee MAarHHTHBIE KYCKH (CPOCTKH) OTIRASIIOTCA
OT JIeETHl paHbille (HaYHHas NPHMEPHO €O BTOPOH NO XCAY ABHHKC-
HHS JeHTH HHXKHel verBepTH mKHBA). COOTBETCTBYIOLIRM NOJOMKE-
HHEM JeJHTeNbuoro wubepa 3TH KyCcKH HanpasJasmoorces Jaufo B Mar-
HHTHBIH, AHO0 B HeMATHHTHLIE MPOAYKT, @ TAKKE MOTYT OBTh BBi-
JeJieHs B BHAE NPOMIPOAYKTa, HeMarHHTHBE KYCKH LBETHHIX Me-
TaanoR noj jeficTBHeM UeHTpoOexkHo#f CHAB OTISNAWTCA OT IO-
BEPXHOCTH JEHTH B nepBoH N0 Xo4y ABHMKeHHS MaTepHasla BepXHeHl
f4eTBEpPTH IIKHBA,

IIpn obe3mene3suBaHHH OTXOH0B LBETHHIX METAJJIOB HA 3THX
cenapatopax 60nblieli YacTbl0 BBHIAGAAKT KOHEYHBHIE MArHHTHBIH
NPOAYKT H UBETHBEIE METAJJbl, HanpaBigeMbleé Ha MeTaJJypruue-
Kyl mepepaloTKy. Ilas yAyullleHHs OTPHIBA H3BJEYEHHHX (eppo-
MATHHTHHIX MPEIMETOR OT JIEHTH B 30HE pPA3rPy3KH H YBeJHUeHHUs
€e JOATOBeYHOCTH TOJI0CA 3IJEKTPOMATHHTHON CHCTEMEI cHalMKeHM
Pasrpy30yHLIMH Yy3JaMH, BHIOJNHEHHHIMH B BHAR JAHAMATHHTHBIX
BCTaBOK.

Cnenyer uMeTs B BHAY, YTO CKOPOCTb XBHMKEHHA JIGHTH KOHBeH-
epa foaxHa OniTh B npefenax 0,8—2 mfc, IIpepnineHue yKa3aHHOH
CKOPOCTH NMPHBGAHT K YBEJHUEHHIO IRHTPOOEXKHOH CHJBI, KoTopad,
fipeoAcysieBad CHJB MAriHHTHOTO NPHTAXKEHHS, CHHXKAeT H3BJACKAK-
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Tagauua 3.7 Texnuuechue XapaKTePUCTHKH eKTPOMATHHTHEIX
CenapaTopoB co CAAGnM TnoaeMm

TlapaMeTpsl - 11165-63 1U100-30* B3-140/100
HanpsxennocTs MarHMTHOTO NGJIA HA
paccrosnan 10 MM** OT MOBEpXHOCTH
nomoca, KA/M, He Menee:
Ha Kpal0 NOJICA ¢C CTOPOHE! 3430- 150 190 —_
pa
Ha KPAaK IOIICa — — O5(Y
Ha cepeldHe 3aszopa 130 100 200
Uacrora Bpamexus, ¢! ] 0,8 0.6
HampsmenHe cerH DOCTOARHOTD  TO- 110 110 110
Ka, B
TMorpeBasiemas MOUHOCTD, KBT 2 2,3 3,5
Tomuuna caoR Ha neHTe KouBefepa, 170 250 —
MM, He {oJee
Iinpuna gentH woHBelepa, MM 650 1000 —_
FafaprTHRE pasMepw, Mu:
Anana -— — 2810
WHpAHA — — 1200
BHICOTA — — 1200
Macea. xr 760 2200 5500
* Hcnoanepns MEHRL — NLINEHENPOHNITARMOE, DPEERHM paﬁﬂTb‘—nDDnﬁ”)ﬁHTeﬂbHHﬁ,.

** Han B3-140/100 — na norepxuocti Gapabana.

mwyo ciaocofHOCTh WikdBa., C yMeHblUIeHHeM CKOPOCTH IBHKEHHA
KOoHBeHepHOH JIeHTH yMeHBINAeTCH LeHTPoOeXKHad CHMA; MpH 3TOM
CHJIBl MAPHHTHOTO JPHTSKEHHS NPeBblIUAKT CHIAH HHEPIMH, OTYETO
3aTpyIHAETCs OTPHB H3BAeYEHHBIX (EpPPOMArHHTHEIX TNpeiMeTOB
B 30He pasrpy3kd. B stoM cayuae Habao0AaeTcs CKOJIbLXKEHHE H3-
BJAedeHHHIX MPeIMETOB OTHOCHTEJbHO JBHXKYINEHCS JeHTH KOHBEMH-
€pa, YTo BHI3HIEAeT ee npexjeBpeMeHHbfl H3Hoc. [Ipn macce npea-
MeToB MeHee 0,3 K@ H TOJALMHE cJios] TPAHCHOPTHPYEMOro MaTepHa-
Ja He MeHee 250 MM H3BJaeueHHe OyNeT HeNOJHBIM, NPEeIMEeTrhl
Maccoil MeHee 0,05 Kr H3BJEUEHHIO HE MOANAKOTCA.

YceTanoBJeHo, ¥te Ha pacctoAdHax 50; 100 u 150 MM or no-
BepxhnocTr Kesaesooraenntedas UI65-63 nabnionaercs sipko Bupa-
JKEHHBIH MAaKCHMYM MAarHMTHOH HHAYKHHH Haj ero CcepelHHOF
(0,2 Ta), a ¥ Kpasi KeJe300TJEJHTENsl HHOYKLUMA HeBHICOKas
(0,07 Ta). Taxoe pacmpejpe’leHHe HHAYKIEH OYeHb BHTOGAHO; BO-
NepBHIX, HAHGOJLLIEMY €10 MaTepHala AoCepejHHe JEHTH COOT-
BeTCTByeT HaHOOJbIIGA HHAYKUHS M, BO-BTOPBHIX, YMEHbBUIAGTCH
ONACHOCTh NON3Janus (eppOoMATHHATHHX MATEDHAJNOB NOX JEHTY M
cxola ee ¢ xKenesoorieaurena (raba. 3.7).

3aBHCHMOCTh HANPSIMEHHOCTH MATHHTHOTO TOJs OT PAcCTOAHHSR
A0 TOBEPXHOCTH MOJICOB KEJIe300THeNHTEN MOMXKHO OlNpeleNHTh
N0 YpaBHEHHIO
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H=105ae-b%,

rie @ B b — koshdunrerTrl. (JI15 YETHPEXTOJIOCHOTO KEJe300T-
peqantena 11165-63, no ganrmm Cywmuosa B, @, a=2,16 u b=10.)

{lIxrBHbIe HeJe300TACAHTENH PACCUHTadBl Ha paboTy TIpH TeM-
nepartype oKpyxkamolied cpefbl o1 —35 o +40°C n oTnocHTEAbHOM
BaaxHoctH A0 80%. B KOMMIEKT NOCTABKH BXORAT WIKUB 3JEKTPO-
MArHHMTIIBI H BHIIPAMUTENBHOE YCTPOACTBO.

SnekTpoMaruHuTHut OGapalawHBH cemapaTtTop
BE3-140/100 npennasHauen jAJjs u3BJeueHHS (eppPOMATHHTHHIX MpPe-
METOB H3 KYCKOBHX OTX0QMOB, WITAMIOBKH, BHICEYKH, MNPOAYKTOB
ApobJieHnss CJAOKHOrO UBeTHOro Jjoma {cM, puc. 3.3,2). Bapaban
CenapaTopa YCTAHOBJEH Iia NMOANIMONHKAX, PACHOJOMKEHHBX Ha He-
nogeHxHOH ocH, Ock GapabaHa BHNOJHEHA H3 JBYX dYacTell, Kax-
Jas U3 KOTOPLIX OJHUM KOHIOM NPHBApPeHA K NOJOCHO# crobe
MarduTHOH cHcreMi. Ofeyaifika GapafaHa H TOpDLEBHE KpLIUIKR
BHINOJIHEHBl H3 HEMATHHTHOFO Martepuada, BuyTpu obeuafixu pac-
ofl0Kela MArHUTHas CHCTEMa, COCTosAllad M3 JABYX KaTyllek, To-
JiocHOH CKOGE M MOJIOCHHX HAKOHEYHHKOB, 110oN0XKeHHe MarHuTHOH)
CHCTEMBl H3IMEHSIOT TOBOPOTHEIM YCTpPOHCTBOM, KOHHBI KaTryllek
MATHHTHOH CHCTEMH BHIBEICHEI B KODOOKYy Uepes OTBEpCTHe B OCH.
Kabeab k kopoOKe NHTAHHS MAarHHTHOH CHCTEMEl MOABOJIUTCA Yepes
kafensunifi BBOA. OGeuafixa GapafaHa BpallaeTcss pOJHKOBOH
KEMbI0 OT NPHBOAZ, COCTOANXErQ H3 3ACKTPOABHraTeast, PeiyKTopa,
MYy{TH H 3Be3lOUKH, CMOHTHPOBAHHBEIX Ha 00mel pame,

Jlpo6aeHblit MOM HJAH KYCKOBBE OTXOAbl IBETHBIX MeETaJ/ll0R
¢ KoRBefiepa wiu OyHKepa mojaioTca BHOpDOMMTATENEM Ha NOBEPX-
HOCTh Bpaulawuleiica obeualiku Gapabana. PeppoMarHuTHbe npel-
MeTHl, HaxodslIHecy B MaTepHase, Monalas B 30HY JeHCTBHUA Mar-
HHTHOTO MOJIA, MPHTArABACTCA K IOBEPXHOCTH Gapadana H 1m0 Mepe
€r0 BpAailleHusi BHIHOCATCH B 30HY ocnabieHIoro MarHHTHOTO IOJA,
rae u pasrpyxaioorca Jaa yayulledds pasrpy3kd (peppoMarHHTHBIX
fIpeAMETOB CHyXKHT oTOoHHaa niaHKa. IIrTaHHe MOCTOAHHBIM TOKOM
ofMoTku B03Oymaeuns OapabaHa OCYIUECTBIASETCS OT BHINPSAMH-
tenbuoro yerpoictsa BC-10, B xoMnaekT mocTaBkM BXOAAT Gapa-
GaH 3JeKTPOMATHHTHHIH, BHIPAMATE/IbIOE YyCTPOHRCTBO, NPHBOAL H
3amacHHEe YacTH.

daexkTpoMarHuTEsH OapalaHuBi cemapaTop
3BC-90/100 nmpeanasuaven ansa oGe3kene3UBaHMA KYCKOBHIX OTXO-
JIOB W OpOAYKTCB APOGJeHHs JOMA UBETHHX MeTalJoB.

Cenapatop (cM. pHC. 3.3, 8) HMEET 3JNEKTDOMATHHTHYIO CHCTEMY
¢ mOJIOCAMH B BH/JE CTaJbHBIX CEKTOPOB, MOJAAPHOCTL KOTOPHIX He-
penyercs BAoJs ocu OGapabaHa, Mexay cexTopaMu PacnofioXeHbl
KaTylKH OOMOTKH ¢ OXJaKAAIOUIMME 3JeMeHTAMH (oxJaxIeHHe
pogsHoe}, dpodaeasii AOM H KyCKOBHIe OTXOJBI LBETHHX METAJJ0B
NOCTYRAKT B MpHeMHbIH OYHKep, 0TKyAa BHODALHOHHBIM IHTAaTENEM
nonanTea Ha 0apalaH paBHOMePHHIM clioeM., MArHHWTHbIE YACTHUEI
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Puc. 3.18. 3asucamocTs HanpsxerHocTdn H (@) ® cham H grad H maruuthoro
noasa (f) oT paccToMMHA R N0 DoBepXHOCTH Gapabaka cenapartopa Jlaypuana npa
CHie ToRa B oOMaTkax 90 A:

A, B, €, D, E— 0cHOBHLIE DAANAJNLHEIE HATIDABJEHHA

NPHTATHB2IOTCA K AoBepXBocTH 6apafaHa BONH3M NOJKCOB 3JIEKT-
POMArHUTHOH CHCTEMEl, BhiHOcATCA B o6JacTb ocnalleHHOrO Mar-
HUTHOTC NMoJa B HMKHeH uacTH GapafaHa, rae pasrpyxkaiorces, He-
MArEMTHHE YACTHIHL IBETHBIX METAJJIOE OTAeJSKTCA OT NOBepX-
HocTH Gapafana B BepxXHeH vYacTH ero H NONajawT B XBOCTOBOMH
OTCEK.

Maruurhuee ouncTHredun Cyxne Oapabaunue cemapa-
TOPHl TAKOTO THNA NPHMEHHIOT TaKKe [Jf OUHCTKH XKeJesHOAo-
POXHOTO TIOJOTHA OT NPOCHNH CHJIBHOMATHHTHEIX MATEPHAJICB:.
JKeJae3uofl pyAas, OKATEILEH, arsioMepaTta H JADYTHX CHITYUYHX npo-
ayktoe, [lpuHuunuanseas cxema paGoTEl MarHHTHOTG OYHCTHTENS
npHeefeHa Ha pHe, 3.3,6. CHAbHOMATHUTHAS NPOCHIIb, OPHTSHYB-
Hlasics noJ AefCTBHeM MAarHHTHOTO NQJS MArHHTHOH CcHCTeMH 6a-
paBaunoro cenaparopa SBC-I1-90/250, TpaHcmopTHpyerca Bpauaio-
meficas obeuafikoll K nepenycKHOMY JOTKY ¥ HaNpasJAETCa Ha
KoHBefiep y0opouno#i Malinubl. HakonieHne matepuaJa, ero TpaHc-
NOPTHPOBKA H BHIPY3Ka OCYLIECTBAAIOTCA YGOPOUHHM M0E310M
(cMm. puc. 3.4), paspadoranimM MexanoGpuepmerom u Ilpuauen-
POBCKOH KenezHoR Aoporof. BaKHBIME XADAKTEPUCTHKAME OYHCTH-
TeNs ABJATCH WHTEHCHBHOCTb W FJYOHHA MAarHHTHOTO 0OJSI B 30HE
HaBjeueuna (puc. 3.18).
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Puc, 3.19. Cenapatopel Aaa cy-
Xoro oforatieRus ¢1aB0MAarHuT-
HHX XYCKOBATHX H TOBKOH3IMEb-
YeHHHX pya:
a — WAPHKOBEIA; 6 — JBYXBAIKOBRI;
- L f -~ 3NeKTPOMATHHTHAA CHCTEMA; J =
potap; 8 — ofevafika cO WeNsMH; 4 —
pafiguce ApocTpadcTBD; & — Hepere-
™ POLKH CcexNHH; § — persHepalHoHHBle
—= i HACKALHBE J0TKH; 7 — BEHTHAATOD;
§ — oTcacuBanMe  MaranTHo#  dpak-
UHW; J— OTCacHBAHHE HEMAMHHTHHX
XBocme: Kongermpam X@ocmisi dpaknul; 1@ — AONOAHHTSABEEIE MAT-
HHTL; f{ — MOA'0CHME  HAKOHETHHKH
1600 patouero DpocTRaHCTBA

1400

HpOH3BOJlHTEJ'IbHOCTb MATHHTHGIO CYHCTHTEAH cocrasJsier
250 Tfu, npuuem B yOpaHHOM Marepuaje BMECT€ C MAarHHTHOM
dpakuyell yaangwoTcs W HEMAlHMTHBIE, H C1aG0MarHNTHBIE BKJIG-
YEHHA, T. €. NPOUCXOXHT NPAKTHYECKH nojsHas y0opka IpOCHIH
¢ JKeJe3HOAODPOKHOTO MoNoTHA, MarHarHas (QpaKuHsa CONEPKHUT
okogao 579% obwero xenesa. B ycnosuax Kpusopoxckoro Gaccefina
HCIOJMb30BAKHE OIHOTG OUHCTHTEABHOTO YCTPOHCTBA HO3BOJSIET
CIKOHOMHTL A0 200 Telc, T KOHHEHTpaTa B I'OA.

JreKTPOMAEHUTHBIE 8AAKDBBIE cenapaTopsi. B 3THX cenaparto-
pax moJjie B paboyeM NPOCTPAHCTBE MEXAy POTOPOM H fOJIOCAMH
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IAEKTPOMArHATHOH CHCTEMBl CO3J4@TCH NYTeM HHIYKIIHH — CHIO-
BHle JHHHUH, BO3HUKAIOIHE B cepjedHHKaX, NPOHHKAIT K POTOpaM
uepe3 BO3AYIIHBE 3a30pbli: MaJjblil —Hepabouull W cpaBHUTENBHO
GonblIoft — paGouuil. UHAYKUHOHHBE DOTOPHL HMEIOT GOpMY Bajka
(cemapatopn 3IBC). Bajku, awaMerp KOTOPHX MeHbe 15 cw,
HOCAT Ha3BaHHe PoJHKOB (cenapartopet IPC). Haa cyxoro ofora-
weHHa npuMenawT cenapatopn IPC-10/50, IPC-15/100, 69BC-B-
10/80, 83BC-15/100, 23BC-36/100, 33BC-40/100, 43BC-36/100,
2BC-27/10, 2211.C-60/40, C3-3, C3-4.

Cenaparops IPC u 3BC das cyxoeo oboeaujenun (puc. 3.19).
DONEeKTPOMATHHTHH A HHAYKUHOHHBEA JABYXBaJdko-
BLIit cenapatop IBC-36/100 (cum. puc. 3.19,0) npennasHaueH

Jaa oBorawenusa cjaabo- H CpeaHEMATHHTHREIX KYCKOBbX pya B Go-
KyCHPpOBaHHOM MATHHATHOM IIOJI€ C UEJbl) BBIAEJEHHA XBOGCTOB Ine-
pel H3IMeJbUYCHHEM.

MarnuTian cacrema cenapatopa HMeeT X-o6paseyw dopMy H
samplKaercs JABYMs BaJxaMH. Ha LeHTpaAbNyi0 yacTb MarHHTO-
nposojla HaLeTul MeJHBe MM alloMHHHeBHe oOMoTkH. B cemapa-
TOpax, HPEAHA3HAYEHHHX AJs caaboMarvHTHEX Py, o0OMOTKH co-
CTOAT H3 A€CHATH, a AJs CpedHeMarHHUTHBIX — H3 JBYX KaTylIek.

Banku npeacraeiswr cofof cranbHble BaJbl, Ha KOTOPHE Ha-
Ccaxelnl WKUBE W3 LHHAMHOH CTaJH HAH cTald Mapxu 15J1, Mexny
UIKHBAMH OCTABJEHH 3330pH, 3AN0JHAEMEIE JHCKAMH H3 DE3HHH
HAH JPYTrOro BeMarluTHOro Matepuajia. TonmuHa ZHCKCB DpaBHA
TOJIIHHE LKHBOB.

K 2arpy3cuHMM H DasrpysoyHHiM YCTPCHCTBAM cemaparopa oT-
HOCATCH IHTATEJMb C 3JEKTPOMArdHTAMH HAH MeXaHWuecKHM BrOPO-
BO3GYABTEIEM H NPHeMHBE BOPOHKH IJR PA3IPY3KH XBOCTOB H KOH-
LeHTPaTOR.

TexunuecKaf XapaAKTEPHCTHKA cenaparopa 23BC-30/100

Pyaer . . . . . . . . . . L. Cnabomar- Cpeanemar-
EHTHEIR HHTHHE
{IpoHaBOAUTEABHOCTS, T4 . . . 25—60 100—120
Bepxnuii npefen KpYNMHOCTH nepepaﬁaTHBaemoﬁ
PYAH, MM . 50 50
Homunanshas Ha]‘IpH}KEHH{){:‘rb MATHHTHOTO MOTR
HA MOBCPXHOCTH JKENEIHHX NMCKOB, KA/mM . . 320—480 160—640
Hanps:KeHHOCTH DOCTOMEHOrO ToKg, B . . . 220/110 64
Hamaruhwuuparowsft Tok, & . . . . . . 20 12
Juamerp Bamka, MM . . . . . . . 300 300
Yacrora BpauieHHs BaJjka, MHR~! . . . . 80 80
TafapuTHHE paMepn cenapampa MM
aaqHa . . . . . 2380 2380
WHAPHHA  + .+ . . e e e . 1600 1600
BHICOTE . . . - .. ..o 1950 1990
Macca cemaparopa, KT . . . . . . . 8200 4000
Macca oGMOTKH, KI:
MefHoR . . . . . . . . . . 1100

AJMIOMHEMEBOR . . . . . . . . . 330 100
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DNnexXTpoOMAariuMTHHA HMHAYKINIHOHHHE TpexBaj-
KoBHI cenapartop 39BC-40/100 ¢ TopuernM NOZBOACM Mar-
HUTHOTO NOAA ANA cjdaloMarHHTHEiX pya {(puc. 3.20) cocroutr B3
TPEX OTREJNbHBIX BAJKOB, HCTIOJB3YEMHEIX 51 NEPEUUCTKH KOHIEHT-
pata M XBOCTOB M INOJIYY€HHH TPeX KOHEUHbIX NPOAYKTOB cemapa-
LHH — KOHUEHTPATa, XBOCTOB H HPOMEXYTOUHOTD NPOAYKTA HWIH
JBYX NPOAYKTOB~— XOHIGHTPATA M XBOCTOB B 3aBHCHMOCTH OT YyC-
A0BHE paboThl cemapaTopa B CBOACTB nepepabaTHBAEMOR PYALL.

B Tom cayuae, Koria He Tpefyercs NEPeYHCTKH MNPOAYKTOB Ce-
TapalHy, Ceraparop MOMeT OHTb HCI0JAb30BAN B3iaMeH Tpex OfT-
JeJbHHX CEnaparopos.

B paboueM npocTpaHCTBE cemaparopa NOCTHTAKTCH BEChMa Bhl-
COKad HHAYKIHA MarHuThHoro monas (ceeime §,5 Ta) H Goapune
marnutHble cuas (6,4:100° A2/M%), HecMOTPA Ha OTHOCHTEJAbLHO-
fojpurylo  BoicoTy pafiodero nmpocTpaHcTBa  (IIHMPHHA  3330p3
a=230—60 MM).

HanyKIHOHHO-BAJMKOBBHIE cenapaTOphi IPH BHIXOAE MATHHTHOR
dpakuuu Gosee 50% ofecneuuBalor nmoJydeHue mokasarened o6o-
ramerHs, OMH3KHX K TEOpPeTHUYECKH BO3MMKHBIM. Ha MHAYKUHOHHO-
POJIHKOBEIX Cemaparopax TaKHe MNOKa34TeNH MNONYYAKTCH TOJbKO:
B Ha4aJbHBIA NEPHOA HX IKCIVIyaTallWd NPH HEH3HOIICHHOM POJIHKE.
Yepes 1—2 Mmec sKenayaTalMH noKasaTedH oO0OTalieHHsi pesko-
YXYAWATCS.

Tpommianeansii onsT pafoTH 3JeKTPOMATHHTHBIX HHIYKIHOH-
HO-BaJKOBHX celapaTopoB MHOKasasd NpeHMYIIECTBA 3THX cenapa-
TOPOB TNlepel pOJHKOBHMH cerapaTopaMH, MMEIOUHMMH Hepaloune
TEUIOBEIe 3a30pH. [locneanue nenecoo0pa3Ho PEROHCTPYHPOBATH
nyTeM NOABONA MATHHTHOTO NOTOKA B TOPILl POJIHKOB, YTO NO3RO-
JHJI0 TOBEICHTE YCTOHUHBOCTH MOKa3aTeneil cemapaldHH DONHKCBBIX
CEHapaTtopoB k HpPlf’.TIHBHTb HX K [JaHHBIM MATHHTHOrD 4aHaJH3a,
YANUHHTL B HECKOJBKO Pd3 MEX[PEMOHTHHE TEePHOAB 3KCINYaTalkH
cenapaTtopoB M CHH3HTb CTOEMOCTb cemapauuu (no 0,056—0,06 py6.
Ha 1 T HCXOAHOH PYAHI).

Cemaparop 43BC-36/100 (DPC-6) (cm. puc. 3.5,4) npume-
HAETCA ONI% CYXOH cemapalliH pelKOMeTA/IBHHX W APYrux caabo-
MaTHUTHBX pyA Ea tdhabpHkax GoJslllod mpoB3BoiMTeNbHOCTH. Ce-
napaTop OTJH4YzeTCAd HAMHUHEM JABYX HE3aBHCHMLIX 3JeKTpoMar-
HHTHBIX cHMCTeM (BepxHeH W HiKHeH), KaxkIgasd H3 KOTOpPHX
BKAOUaeT B ceds JBa ceplAeuHHKa ¢ O6MOTKAMH H YETHDE NOJIOC-
HEIX HaKodHeuHuka. OOMOTKH BKJKOUEHHl TAK, YTO NPOTEKANIIHI No
HHM TOK MMeEeT OJHO HanpaBJedue, BaJjkn storo cemapartopa (cwm.
puc. 3.5, 8), kak u cenaparopa 23BC, BolmoJneHH H3 H30JIHPOBAaH-
HBX APYT OT APYTa TOHKHX JIHCTOB 3JeKTPOTeXHHUecKol CTaJsH, Ha-
npeccoBaHHHX Ha BaJbl. BakHb cemapatopa HMeOT YRJOTHeHHe,
ofecneunBalolliee repMernsanuw pabounx npoctpaHcTB. [lpHBOE
KaKAO0ro BaJKa MHIHBHIVAJBEBIH H COCTOHT H3 3JIEXTPOJBHraTens,
KNHHOPEMEHHOH Mepellaull H HABECHOTO NHJIHHAPHYECKOTO PEIYKTO-
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pa, lacaXeHHoro Ha nangy BaJka. He3aBHCHMOCTB MATHUTHEIX
CHCTEM BEPXHHX H HHKHHX BAJKOB HMEET BAXKHOE TEXHOMOrHYECKOe
TIpeHMyLIeCcTBO, NO3BOISASA Pa3leNkHC PETYIHPOBATH HATPAKEHHOCTE
N0JA Ha OCHOBHOH omnepaliH (IBa BepXHHX BaJKa) K HA MepeuHcI-
Ke HeMareuTHOH QpaxkUuHH {ABAa HHXHEUX BaNKa).

Cenaparopnt cnafxalor mKadoM YNpPaBJIEHHS ¢ MYCKOperyJH-
pyromiel annapatypofl M KpeMHHeBLHIMH BHIPAMHTEIAMU. YNpapJie-
HHe paGoTofl cemaparopa MoeT ObITh KAK MECTHBIM, TAaK H JHCTaH-
LHHOHEBIM.

Cenapartop 83BC-15/100 (cMm. puc. 3.5,06), paspaboraunbiit
BATMK, [HenponeTpoOBCKHM TOPHHM MHCTHTYTOM W ['mmpomall-
oboramwenuem (B, M, Kapmasun, B, JI. Eropos, A. B. Boauxos),
cHabXeH BoceMbl0 PaboOURMH DONHKAMH C HHAUBHLYAJbLHHIM TpH-
BOACM H JONOJHHTE/AbHBIMH MarHHTONPOBOJAMH 1A YBeJHUeHHs
NPOH3BOINTEABHOCTH, HIX YCTAHABJAMBAIOT €O CTCPOHB! Hepabouero
3330pa € LUENbI0 YMCHBIIEHHS MaTHHTHOrO CONPOTHBAEHHH H Tpe-
JOTBpAIEHEs nporuGa POJAUMKOB {POJHKH MMEKT MEHbUIHH JHaMeTp,
ygéM BAJKH, H H3MOTOBJAAKTCH H3 CIMNIOMIHBIX CeDIeYHHEQB, Ha KO-
TOpble HaNpeccoBHBAeTCH 000J0YKA B3 H3OJHPOBAHHEIX TOHKHX
JIHCTOB 3JeKTpoTexHHuecKol cranun). [laa ofiecneuennd paziuqHHX
TeXHOJMOTHYECKHX CXeM cJyXaT paclpenreHTe/lbHele TEUKH, ¢ TO-
MOIIbIO KOTOPHIX MarHHTHEIE W HEMATHHTHoe (PaKLHH BBHBOAATCH
H3 cemaparopa OpH napaddedbholl pafore Bcex cekUHH aufo oxHH
H3 TIPOAYKTOB NOCTYNAeT Ha MEePeuHCTKY.

BankorBHH cenmapaTop ¢ BHICOKOHA HHTEHCHBHO-
CTHI) MOAK AJS TEPMOMAFrHHTHOTO ofoTralieHus Or-
JHYAeTCd HaJHYHeM YCTPOHACTBA JJ1A HaTPeBa H TEPMOCTATHPOBAHHS
mMaTepHaa NpH 3aialHOH TeMmeparype.

floxasarean TepMOMaI‘HHTHOﬁ CEMAPALHA POCCHINHBX KeMe30THTAHOBHX pYHA,
He pa3jeNfeMux MArAUTHOR cenapatmeﬁ npu HOpMaJIBHOﬁ TEMnepaType

Kpynkocts Mareprama, MM . . . . . . . . 0,15—=0,1 0,1--0,07
Copepxanne Fe, %:
B MHTAHHH . . . .« «  « & & = . . 59,49 62,04
B KOHNEHTPATE . . . . . . . . . . 60,89 63,51
B XBOCTaxX . e e e e e 42,65 44,72
Coaepxanne TiO,, % :
B NHTAWHM . . . . . . o .. .. 11,07 9.07
B KOHUEHTPATE . - . . + « - + .« . 9.32 7,02
B XBOCTAX - . . o+ o« e e e 32,08 33,34
Buxoa xsoctos, % . . . . . . . . . 7.7 3,8

TMpuMesanHe Yoaosus cenapanii: =160 kAfw; T=200"C; n=32 smAn—' inn prawe
xpynaocTeio 0,15—0,1 MM B 68 mHa—! GA8 pYAn KpynuocThio 01007 mu.

B. JI. EI‘OpOBbIM YCTAHOBAEHO, YTC NePEeYHCTKa NOOACTPeTOord
10 300°C WALMEHMTOBOFO KOHUEHTPATA, 3arpA3HEHHOTO XPOMHTOM
(,II,O 6%) NO3BONAET OUHCTHTL HEMATHHTHYIO Cl)paKIIHIO no erc co~
nepxanno 10 0,3%.

ﬂHCKOBble cenapatopnsl B OTJAHYKHE OT BAaJKOBLIX cenapa"rop@g
VCTPOCHH Tak, 4TO MarHHTHEIH TOTOK HJeT He B1oJbL, a NONepeR
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POJHKA W/ JHCKAa H 3aMBEIKaeTcs uepes JBa 3a3opa: GOJbLIOH —
pabounit (1o § MM) u Mennlukil — Hepabouufk (2 MM). Maruyrane
CHJB POJHKOBEIX CeNapaTopoB ONpeledsiiorcd no (opMmyle Lid:
MHOro3ybuaThiX H IIOCKHX MOJIOCOB,

Pupmoii «Bareman Dxyurmary (CLIA) paspaBoraH BBICOKO-
HHTEHCHBHBI DOJIHKCGBBIH cemapaTop ¢ NOCTOAHHBIMH MArHHTAMH
«[lepmponn». Ilo pek/aMHHEIM JaHHHIM 3TH TIOCTOSHHbIE MATHHTHE:
cosgator HeAykuniw 1,7 Ta, Cpapuenne cemapartcpoe «IlepMposins
# OOGBLIYHBIX MAUHATO-HHAYKUHOWHBIX BaNKOBHX B HPOMBIZLIEHHEIX
VOJIOBHAX TIOKA3aJ0, YTO TNPOH3BOLHTENBHOCTH WX B 1,5—3 pasa
BHILIe, 2 rafapHTHbE pasMepsi M IVIOILALH MOA (YHXAMEHTH MEHb-
mie, 4eM IS HHIAVKUHCOHHBIX 3JeKTPOMAarHHTHBIX.

Bo Bropofi monesnu cenaparopa «DeppoycBua» B KauecTse no-
CTOAHHLIX MaTHHTOB HCNOJB3CBAH CI1AB FeOiHMa cenezom. Mar-
HHTHBIE XapaKTepPHCTHKH 3TOrC CIJaBa B JBa pasa BLIe, ueMm
CnJaBa caMapHs ¢ KobaJabToM, KOTOPHIH MCHOAB3YEeTCS B MOLETH
«[lepMpoan». HMHAYKUUS MarHutTHoro mnoJs B 3TOM Celaparope
6nuska x 2 Ta.

BankoBule cenaparophl, BemyckaeMble gupmMoil « Muaycrpux yua
Pycryuren» (PPI), BMecTo 00MOTOK cHAGXKERE MOCTOSSHHBIMH Mar-
HuTaMH u3 ¢eppHTOB Gapusa. Mexay mByMmsa 3y04aTeIMM BAAKAMH
C BHEWHeH cHCTEMOH H3 (GeppHTOBHX MAarHHTOB CO3[3eTCH noJe
nanpsxKesHoctsio Ao 1 Ta, pocratounoe s yONEEOro H3BJAEYEHHA
XPOMHTOB H3 DOCCBHIIHBIX HJIBMEHHTOBHX neckoB. [Ipw amamertpe
patuka 0,32 M, gnuHe 1,2 M, WiHpHIe WeAR O MM JOCTHT4eTCH mpo-
H3BOANTEIbHOCTE 10 T/4 mpu H3BJeveHHH Gogee 959%.

Cenaparope: Tuna 3BM daa moxpozo obozaujequn udMesbHeH-
HotX CARDOMAZHUTHBIX PYa u 3eprucTeix waamosa, Jlaa oboralleHus
c1ab0MArEHTHREIX  PYA  TNpHMeHsloT cenaparops 439BM-30/100,
29BM-38/2560 u 439BM-38/250, 492BM-38/275A, 23BC-36/100 m
432BC-36/100 n np. Bee oun paspaborans B CCCP u ncnoassylotes
HEe TOJbKO Ha OTeYeCcTBEHHBIX, HO W Ha 3apybexHnx ¢abpurax.

OcofennocTs  3THX  CENapaTopoB — TPHMEHEHHE  3aMKHYTHIX
JJEKTPOMATHHTHEIX CHCTeM € OOJBUIOH MarnuTOABHMYUIEH CHIOH
(okoo 85000 A), B KOTOPBIX MACHHUTHBIE CHJIH HATpaBJeHb Ha
BLICTYIIN HHAYKUHOHHBIX BAaJKOB, HaAMATHHUYCHHLIX A0 HACHIICHHSA
H NpHTArHBawmux K cefe MarHuTHYIO dpaknuo. Beletynsl pacno-
JOXKEHB MPOTHB BNaAHH B HAMATHHYHBAOMUX nosiocax. [locaeanue
npencTapngioT cobofl BaNKd ¢ HAcCAMEHHbIMH HAa HHX oOMOTKAMEH
H HMET LIeAH BAOIb BNAAHHBI AJd PAa3rPy3KH u€pe3 HHX Hemar-
HUTHOH dpaKUuW, NpHYeM AJHHa weaefl B HecKONbKO pa3 bHoabile
HX LIHPHHELL.

Bajk# H3rOTORJAIOT COCTABHBIMH H3 TpaHChOPMaTOPHOTO MKe-
Jesa, uToOB YMEHBIIHTh PACX0J 3HEPrHH Ha MPHBOJ M HArPeR NpH
NOBHIIENION YacToTe BpAalleHHs BAJKOB IpH CYXO# cenapaluy,

CrenuanepHbii nNpodHIs BAJKAa H MONIOCHHX HAKOHEYHHKOB cle-
jlaH B BuAe COOKYCHBIX TEnepboa Ins yBeJSHUYEHWS CHJB MarHHuT-
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HOTo N0JA HAX HAMATHHYHBAKILHME [NOJKCAaMA. JTa oco0eHHOCTb
TO3BOMSIET NOJAYYHTh HANPAMEHHOCTh MArHATHOTO NOAL Ao 160 KA/M
1IpPH HOMHHAJBHOH CHJE TOKa, 3a30pe Mexay peOpoM Bajka H Bra-
AHHOH NMOMOCHOTO HAKOHEYHHKE, PaBHOM 8-—9 MM.

MarenTHble 3epHa pyAbl U3 NYJAbNH OpHTATHBAIOTCA K pefpam
BpaNIAWIUIHACA BAJKOB W, BHAA H3 30HH AeHCTBHA MAIHHTHOIO
oA, pasTpyKaloTcs B KOHUEHTpATHHM oTcek BaHub, Hemaruwut-
HBle 3epHa ABMMKYTCH NG 3a30PY MeX/Jy HAKOHEUHHKOM M BAJIKOM
M, ACCTHTHYB IHeJel AJf Pa3rPy3KH XBOCTOB, 4epe3 HH3 NPOBAIH-
BAWTCH B XBOCTOBOH OTCEK BaHHLI. BalKH, NOJKCHBIE CepAeYHHKH
H TOJIOCHHE HAKOHeYHHKH H3TOTOBJEHH K3 MAaJOyrJAepoAHCTOH
CTaJH.

IlpuBoA BAJKOB CeNapaTopa COCTOHT H3 aBTOHOMHOTO 3JIEKTDPO-
JIBUraTen s, TEKCTPONHON nepefadH, NPOXORANOro UYepBAUYHOIO pelyK-
TOp# H KYJAaUKOBEIX MydT,

Cenmaparop 43BM-38/275A (puc. 3.21, @), npeacraBiasmiyuid
<000/ YeTHPEXBaJNKOBBHIH 3JEKTPOMATHHTHEEH anmapar ¢ GOKOBBIM
cnocoboM nojgadd nUTaHdxA B pafouviy 30HY, paspaboran Mexa-
HoGpgepMetom (B. A. 'pamm). OcuoBuaa padoyas 4acTb — 3JEKT-
POMATHHTHAA CHCTEMA ¢ TPEXKOHTYPHEIM ABYXBAPYCHHM MarHHTHBIM
OOTOKOM, co3flawlias B pabouell 30He cemapaTopa HeQJIHOPOJAHO®
MArsHTH(QE II0.J€,

CenapaTop COCTOHT H3 CJIEAYIOLIMX OCHOBHHIX Y3JI0B: 3JEKTpO-
MATHHTHOH CHCTeMbI, BAaHH, CHCTeMBl BOJ0OCHAOMKEHMs, NPHBOAA
‘BaJIKOB, MHTATEJd, IPHBOLA DUTATENH H ONOPHOH pPaMBL.

DIEKTPOMATHUTHAA CHCTEMA 3TOrQ celaparopa MNpelycMaTpi-
BaerT Maruutonposod (cM. puc. 3.21, @), cocTosliui B3 cepledHHKOB
TPpAMOYTonbHON (DOpMEI, ¢ NafeTHIMH Ha HHX 00MOTKAMU BO3OYXK-
JeHHA MATHHTHOTO MMOJH, DOMTHOCIIBIX HAKOHEYHEHKOB C UeJHIMH A8
pasrpy3ki HeMardutHofi Qpakuuy, NMPUMBIKEIOMHX K CepIedHHKaM,
YETHPEX BAJKOB, yCTAHABJHBAEMBIX ONpeIesNeHHHIM BO3AYIUHBIM
3430pOM 1[I0 OTHOUIEHHIO K MOMIOCHHIM HAKOHeYHHKAM. DJeKTPOMar-
HHTHAR CHCTEMA COAEPHKHUT TPH 3aMKIYTHIX KOHTYpA MAarHHTHCIO
motoka I—3, Kamaelfl U3 KOTOPBIX 3aMHBIKaeTcs uepe3 YeTkipe IO-
-CJAef0BATEBIBIX pafounx 3a30pa.

IMTapamerpu npoduas palouel 30HHE CenapaTopa BIEpBHE pas-
paboTaHbl MPHMEHHTEIbHO K OOOTALlEHKIO Y3KOKJAacCHQHIHPOBAIl-
Horo caafoMarimuTHore marepuanda KpynHoctbio 4—1 u 1—0,1 M.

[To cpaBHEHHIO C KOHCTPYKLHSAMH BCex MPeQIIeCTBYIOUIHX 3JeKT-
POMAarHHTHBIX BAJKOBHIX CENapaToOpPOB, BLIMYCKAEMLIX cepuliHO, ce-
napatop 43BM-38/275A umeer cielymomue ocoDEHHOCTH:

HIIHBHAYAAbHBIH IIar 4YepeioBaHHA HHAYKUHOHHbLIX NOJIOCOB
(BICTYNOB Ha BalKe H BIAAHH Ha NMOJICCHOM HAaKOHEYHHKE), ONTH-
ManpHbifi A0 oforaieHus caaboMarilHTHOrO MAaTepHajga KpYIHO-
cthio 4—1 1 1—0,1 Mum;

ypejudeHHyio B 2,8—3,3 pasa AJHHY 3CHB H3BJEUENHS MarTe-
pHAaIa HA BEPXHHX H HHXKHHX MATHHTHBIX TOJKCAX;
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Puc. 3.21. 3nekTpoMAarHuTHaA cHCTeMa cerapartopa 49BM-38/275A:

g — IPHHIATHANEHAA CXEMA MAPHMTONDOBROAA: [J—IF — MATHHTHSE NOTOK; 4 — 3/eKTPOMATHHT-—
HAfl CHCTeMA; 5 — BANKH: § — NOJMCHBIC HAKOHEMHHKH: 7 — KaTykH: f, & — cegedHe npodH-
ana paboyell 30HEI COOTPETCTREHHO 4A7 MAaTepHAAa KpyOHUCTLO 4—1; 1—0,1 MM

MoBLIUeHHEH Ko3bdHIHeHT HCNONAB30BAHHA MATHHTHOrQ MOTOK®
(zo 0,85}, pa3puBaeMoOro 37eKTPOMArHHTHON CHCTEMOH cemapaTopa;

MOBRIMEHHEYH) HANMPSAKEHHOCTh MATHHTHOTO N0 B paboudx 30-
HAX HHXHero spyca MarsuTeOH cucreMnl (no 1600 kA/m), mocrth-
raeMyio 0harofaps yMeHbII€HHIO PPacCeHBAaHHs MArHATHOIO MOTOKaE;

HaNpsKeHHOCTh MAarHHTHOTO 1101 B paboyell 30HE BEpPXHEro H-
HIXKHETQ SIPYCOB MArHHATHOH CHCTEMH NepepaclpefiesieHa ¢ YUETOM:
BeILIECTBEHHOTO COCTABA M MarHHTHHIX CBOHCTB MatepHana, NOCTY-
NalUlero Ha pasiefieEHe B 5TH 30HH, 4 TAKXe Ha3HAUEHHH Qnepa-
uuH oforailleHua B BepxHeH M HHXHe# palouyux szoHax (Hanps-
JEHHOCTh MAarHUTHOIO MOJA HA BePXHHX BaJkax Ha 259 wMeHbIIe,.
ueM Ha AWXAAX BaJKax);
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HaNpAKEHHOCTs MATHUTHOTC M0JA Mo Anaude pabouell 30HHB pac-
HIpejenela ¢ YYETOM DPA3HHUL B 3HAYEHHSX MArFHHTHBIX CHJ, Heo6-
XOJIUMBIX A H3B/JI€YeHHA MATHHTHBIX MHHEPAACB H MarHHTHBIX CHJI,
JOCTATOUHBIX I0A YAePHKAHHS MAariHTHBIX MHHEDPaJ0B, IPUTHHYB-
HiMXCA K [I0BEPXHOCTH NOM0cA (OTHOIIEHHE HAUPSIKEHHOCTH Mar-
HHTHOTO NOMA B 30He H3BJICUEHHS H B 30He YAEpKAHHA MaTepHana
«cocTagager 1:35);

BMECTO HHMKHEro npumMeded 6GoxoBoit cnmocol nojayH MHTAEHS
‘B pafouylo 30HY cemaparopa;

YBEJHYEHO MOrPYKEeHHe BePXHHX BaJKOB B DyJably (Ha 34%)
AJs co3jlanaa Oogaee OJaroOpHATHHIX YCAOBHE pasfjesieHHS MHHe-
pajioB B BOAHOH cpeie TO CPaBHEHHIO ¢ BOJAOBO3AYUIHON; Kpome
TOrC, 3HAYHMTENbHOE YJAaJeHHe IPAHHUB pazfena BOAa — BOINYX OT
30HH JeHCTBHA MAaTHHTHOIO MOJS TNO3BOJHJQ CaMONPOH3BOJBHO
(npu nepexome ykKalaHHOH rpaHWlibl) yZaJATb ¢ MOBEPXHOCTH Bpa-
MAKIHXCA BEpXHHX BAJKOB ANNapaTHOE XeJe30 H CHAbHOMATHHT-
HBle IPHMECH;

3a cUeT ONTHMH3aUHH [apaMeTPOB OCHOBHEIX 3JE&MEHTOB Mar-
HUTHO!H cHCTeMBl cenapatopa yBeauyeHa Ha 240 mM pafouas JJHHA
‘BAJIKA TpH coxpaHeHAR obulef nAMHL BaJKa, TAKHM oOpasoM, Ha
'20% yBeanyeuna ofmas IWIHPWHA DHTAHHS CENaparopa, T. €. yielb-
:Hasl TPOH3BOAUTEABHOCTh Ce€NapaTopa;

H3MEHEeHa KOHCTPYKUHA BaHH cenaparopa ¢ YUeTOM BHIXOAA
"APGAYKTOB pasjefeHHs, HOANGCDHYIO BOAY MOAAiOT BO BCe TPH OT-
_BeJIeHUA BAHH BMECTO JBVX OTHEJeHHH;

¢ 1eNbI0 MOBLILIEHHS HANEXHOCTH paboTh yBedudeHa na 60%
TIHPHHA 11U B TOJICHEIX HAKOHEUHHKaX (pa3mep menn B 3—8 pas
MpeBbLILIAET jJHAMETD MAaKCHMAJBHOFO 3epHa 5 m 2 MM COOTBETCT-
‘BEHHO npH oforallleHud MaTepHataa kpynHocteio 4—1 1 1—0,1 MM).

M3 nurareds upenBapuTelLHO 00e3BOXeHHBIH HCXOIHBIH MaTe-
:pHan HampaBdserci 00 HAKIOHHLIM TrodpHpPOBaHHBIM JOTKaM B
;BepXxHw pabouywr 30Hy cenapatopa. Ha noTkax umcado KaHaBoK
COOTBETCTBYST UHCNY BLICTYNOB Ha BaJIKaX, MpHUeM JOTKH ycTa-
HaBJABAIOT TaKKEM o0pasoM, yTo OChb KaX/J0H KaHABKH cOBNafaer
C OCbK COOTBETCTBYIOIUETO BHICTYNA. DTHM JAOCTHCAETCA CJeAyio-
rlee: MCXOAHLIM MaTepHAJ IOAAeTCH B 30HY € MAKCHMAJAbHON cHNOH
“MATHUTHOT'O TOJA MPH PaBHOMEPHOM pacnpeieNeHHH ero no Beeli
JLIHHE BaJKOB.

B Bepxueii pafoueli 30He TOZ JAeHCTBHEM MarHHTHOIO MOJS, CH-
JA0BEIE JIHHHE KOTOPOTO CKOHIEHTPHPOBAHLE HAa BBEICTYNAX BAaJKOB,
‘MarHHTHas (pakius, conepKaulasicd B UCXOAHOM MaTepHafe, NpH-
“TITMBAETCHY K BRICTYIAM BpalllaioNl4XCAd BAJIKOB H BBIHOCHTCA 34
.-mpeseas AeHCTBHR MarHATHOTO MOJ#, [1e H NPOHCXOAHT Pasrpy3xa
MarEuTHGi ¢paKUMKH B COOTBETCTBYKOLIee OTJeJ€HHE BaHHH cena-
-patopa. Hemaruuthas ¢pakiud noj AeHACTBHEM CH/BI TSXKECTH,
TRIPEBJHUCCKHX NOTCKOB BOJHI, nonaBaeMoﬁ B BAaHHHB, H N¥JbIIbI,
BHIXOAALIEA K3 11acajox cenapartopa, MOCTyHaeT B HHXEHION palo-
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"UyI0 30HY, rAe NpOHCXCAHT NMOBTOPHOE pasiefneHHe Martepuana Ha
MATHUTHYIC M HEMATHHTHYIO (PpakiHd, KOTOPHIE MOCTYNAKT B COOT-
BeTCTBYICLIHE OTAeNeHHs BaHU.

Ilpu paboTe cenapatopa ypoBeHEL NYJbNH B BAaHHAX NOAJEPIH-
BaeTcs B Npefesax BePXHHX MEPENHBHHIX MOPOTOB BaHH. [[pOMYKTH
«CefapanHH pPa3rpyXxarTcd ¢ BOOH Yepes phiUAMHEIE HacalIkd,

CenapaTop H3TOTOBISIOT B JABYX WCHOJHEHHAX s oborallleHHs
cAaboMarHATHBIX pyA Kpyndoctbi 4—1 u 1—0,1 MM, npk 2ToM
BCe ¥3JH H JETAJH Cenaparopa, 3a HCKIUEHHEM BaJKOB H IO-
JI(OCHBIX HAKOHEYHHKOB, ABJSIHTCA 0BLIHMH.

OnuTHo-poMuluLIeHHB ofpasen cenapaTopa 43BM-38/275A
VCTaHOBJEH BMecTo cenaparcpa 49BM-38/250 B cxeMe uenn anna-
PaToB TeXHOJOTHUecKCH JHMHHH MepBOr0o NpHéMa INepBOH CeKIHH
TpaBUTALHOHHO-MAarHUTHOH oforarureanHeii ¢alpuxkun no nepepa-
fHotke Oypoxene3HIKOBLIX PYL.

Ha cenapaTop mojaBaJju nmeckm KJAaccH(PHKaTOpa, NUTAHHEM KO-
TOPLIX ABJAAJCA NPOMIPOJAYKT OTCATOUNBIX MamuH, Koucrpykuus
cemapatopa MO3BO/SET BHAEIATE ABa HJAH TPH NpOAYKTa oborarie-
HHUS; KOHLEHTPAT BepXHHX H HHXKHHX BAJKOB COBMECTHO HIH pas-
JeAbHO M XBOCTHI

B cpeareM K3 HMCXOQHOTO NHTAZEHA (NPOMIOPOAYKT OTCAaRKH)
gpynuocteio 1—0,1 MM c cosepxandem 39,6% xernesa mpH mpo-
HM3BOAHTEIbHOCTH 25 T/4 moayyed oOGIIHHA KOHLEHTPAT C coaepmxa-
nueM enesza 4919 npu ussneuenun 90,9%, B TOM uHCHe mogyueH
KOHOEHTPAT BEPXHHX BaJKOB ¢ cojepXaHueM Xesjesa 50,3% npu
Boixofe 24,2%. Conep:anue xenesa B xpoctax coctasuac 13,53%,
s(pdekTHEHOCTE Oboraiienns — 73,9%.

Bnarcnaps HOBHIM TEXHKUECKHM pPeIleHMAM, 3aJ0KEHHBM B KOH-
CTPYKUHIO cenapatopa 43BM-38/275A, npu oforamenny mnoBetlma-
€TCH M3BJeUEHHE JKeMle3a B KOHLEHTPAT NPH HECKOJbKC yJayylien-
HOM €ro KauecTBe B GJAHH ApPHEM CemapaliHi, BMECTO TPEX MPHEMOB
Ha Tpex cepHAHMWX cenapartopax. B mpouecce skcnayatauuu cerna-
patop 42BM-38/275A nokazan Gonlee BhICOKYIO HaJeXHOCTh H YC-
TofiuuBocte B paborte. (ITo nawemm B. A, pamma, naxe uepes
16 mec paboTel cemapatopa 42BM-38/270A enu He NHykKIaluch
B OPOYHCTKE, 4 CPOK «HapabOTKH Ha OTKas» y 3TOre cenaparopa
3HAYUTRABHO BHUOIE, YeM Yy APYTHX CeHapaTOpOB RAHHOIC KJaacca).

IToauepaduentroie (8oicoK02paduerTinie) CeRAPATOPs. OAR CAQ-
Gomaznurnotx waamos paspaboTausl B CBH3H ¢ HEOOXOLHMOCTBIO
mepepaBoTKH GOJBUIHX 320AcOB BTODHUHOTO CHpPBSA (320anaHCOBBIX
CAa00MATHUTHEIX PyA), TPOMEPOAYKTOB H OKHCJeHHBIX caaBomar-
HUTHBIX LWIAMOB, HAKOTHBIIHXCHA B XpaHHJIALIAX.

Jas yueOHBIX 1ejefl MpeicTaBAseT HHTEpPeC NpOCIEIHThH 3ITalhl
TeXHHYeCKOTe mporpecca B sTofl obnacth, [IpoussoauTessHOCTE ce-
TapaTopoB [GCTEeNeHHO NOBHIaeTcA, OJarofapsa yBeJHYEHHIO Das-
MepoB INHPHHEI H IJMHHBL paboyero NMpocTpaHCTBa H CHALE MareEuT-
HOr0 MPHTAXEHHHA, NpHNaraeMolil K paszenseMbiM vacTHuaMm. as
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CYOMHKDOHHBIX DYJAHBIX YacTHI[, B3BelIeHHBIX B WINaMOBOK NyJabne,
OH@ HEBEJMKd, NOCKOJbKY NPONOPUHOHAALHA NONEPeIHMKY 3€pHA,
B TO BPeMA K4K KOHKYPHPYIOILHE THADOAHHAMHYECKHE CHABl o0par-
HO TPOMOPLUHOHANEHE MY H MOITOMY YHOCAT OOJBIIYIO 4acTb PYA-
HHIX 4acTHI KPpymHOCThI0 — 10 MKM B XBOCTHI,

Bce BhicOKOrpajlHeHTHBIE cerapaTophl OCHOBaHH Ha obuleM
nPHHIHNE: B paboyell 30He ¢ NOMOIIBIO ¢ePPOMATHHTHHIX MaTPHIIL,.
ABAAKIIHXCA KHIYKUHOHEBIMH MaTrHHTAMHE, CO31aeTcsl MHOMKeCTBO
JIOKAJbHBIX 30H ¢ TPeXMePHOR HeOJLHOPOAHOCTHIO MArHHTHOTO TOJS,
B KOTOPHX MariHTHaf cHJa, LeHCTBYIOINAsg HA NapaMaTHUTHHE qac-
THIB, XOTb H OrpaHHYeHa, HO (oJblle, ueM B JIOG0M ApPYroM ce-
napaTope, H MHO3BOJISIET MPEBHICHTH YPOBEHUb THAPOAHHAMHUECKHX
CHJ, IPUMOMEHHNX K HUM,

B KaueCTBe MAaTpHILl ACHOJB3YIOT TeNa pa3JHYHOH reoMerphye-
cKOH GOpMEI: WIapuKH, pHOJEHHE NIACTHHB, IDOCEYHO-BLITSAMHEbIE
ceTKH, crepHR (pHc. 3.22).

OnHako mpHMeHeHHe JiIOGOH H3 MATPHIL YMeHbIIAeT JKCNJayaTa-
IHOHHYI0 HaleXHOCTh cenapartopd, NOTOMYy uTo Tpefiyer saTpa~
TPyIdd 4 BPEMeHH Ha ee OYHCTKY.

DTOro HefocTaTKa NOKA JIHIIEHH TOJLKG HELABHO MpeaoXKeH-
HElE CEMapaTopel ¢ OOBLEMHHM TpafHeHTOM, CO3ZaBaeMHM o0co0oit
KOHCTPYKIUHEH COJCHOHAOB {CHCTEMEl ¢ NEPeMEHHBIM JHaMeTPOM
B Hux).

IlepBrie KOHCTPYKLMH OTeUeCTBEHHLIX BHCOKOTDAJHEHTNHX ce-
napatopos GapalaHHO-UIAPHKOBOTO THNA XIS MOKDOro 06OTaLIeHHUs
TOHKOH3ME/IbUEHHBIX cJIaGOMArHUTHBIX YN, 3eneil U MIIaMOB B I10-
ge ¢ uapyknonefi 0,4—0,6 Tn (puc. 3.23) ¢ 70-x rogos paborawt
Ha Marnuroropckom TMK n ma HO® WrFOKa. Maureasnube npo-
MblillJeHHBIe HenBITanHsa, npoenensbie Ha LIIOKe, noxazanu, uto
3TH annaparth, ycneuno paboraimomue na peSonbpmux ¢abdpaxax,
npu mnpousBoguTensroctH 20—>50 T/4 HEBBHIFOAHO RPUMEHATH Ha
Soabwiex dadbpukax. B 3ToM caydae Jyu¥ilie HCNOAb30BaTh POTOP-
Hbi€ CenapaTophl, KOTOphle HMENT BHCOKYIO NPOH3BOJAHTENbHOCTDH
(6onpwe 100 T/u) u nmoBbleHHyK HuAykuuio (Goapme 1 Ta) n,
HECMOTPA Ha BoJblIYKQ CTOHMOCTE (HA NOpPAAOK GoOJBLIYIO, ueM
ABIIM), ofecnequnaor sKoHOMHAUYeckuit sddexr (puc. 3.24).

B nacrosiitee BpeMs NPOUSBOAHTCH JajbHeHIIee YCOBEPIIEHCT-
BOBAaHME KOHCTPYKUHH BHICOKOTpajMeHTHHX cemapaTtopoe. Kor-
CTPYKIMH MArHHTHHIX CHCTEM PpAasJHyaioT cAeAyIomuM obpasom:
3aMayThie GpoHeBrle (MapTCcTOH) ¢ BePTHKAJbHBLIM HANpaBIEHHEM
MArEHTHOTO [OTOKZ H BOASHHIM OXJAaXJenHeM, KoTophle obecledl-
BalOT HHAYKUHIO A0 2 Ti; nmoiy3aMKNyThle, ¢ FOPH3CHTANBHBIM Ha-
NpaBjeHHeM MATHATHOTO TOTOKA M BO3AYIIHBIM HJIH MacCJsiHbIM
oXnaKAenHeM, KoTopoe ofecneunBaer HHAyRuno 0,9—1.2 Ta; co-
JeHOHAHHE, CO3Aa0IHe HHAYKLHIO okono 1 Ta,

3aMKgHyTHE GpOHEBHE MATHUTHBIE CHCTEMBI MOTYT OHTL pash-
eMIBMH H COCTOATh H3 BepXHell H HHKHEH OOJOBHH ¢ BHIBOLAMR
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Luc. 3.22, MarpuiH BHCOKOTPAJHEHT-

top Jlmouca); fii —<Puguurc ob Jucmyp>,
AscTpaans; [V — «Kpynn2, @GPI (conesoui-
_Epifl cenapatop <«Kpynn-Coms); V¥V — «<Bok-
Mmar-Panui», BearkotpuTauuf; V[ — «3pus
Marnetaxce, GIIA; A — HaopaBacHHe Bpa-
INeHHA poTopa ¢ MATpHLaMH; B — Ranpasie-
HHe BexTopa HHAYKUHH MATHHTHOCO NOAR

Puc. 3.28, CxeMa MOEpRX ROMHrpaiu-
EHTHHYX CCHApaTCpOB.
a — 230A-C3 — tapaGaurmuil, MArHHTHH,

paivepoym  GION2H00 MM,  KOHCTDYKIH ¥

HHHEMA 1 MexaHofpa: § —TIIHEG-1 — Ga-
paGaHHEBA ¢ WarnuETHoH ciHcTeMoll, pasMepom
6502500 MM, KaHCTpyKUHn Mexaunofpdep-
Mera; 8 — ARyxOapalaHHEll, MACRHTHLLA,

wuncTpyrnpy HHHUEKMA; 2 — 21IUG-2 — Gapa- v

BaHHbIl, SACKTPHOMAIHHTHEIR, pasMepoM
DX 2500 MM, HOHCTpYHEUHM MexasoOpdepme-
ra; 4 — 3BIUIM — bapafaunuit, sHeKTPOMAT-
uHTEKHE, pasmepom 120002500 MM, KOHCTpyX-

ane JCH ® I'aonpomamyraec@oralllcHis; e — I

AByXOapafaHuelt cenapatop c xoMOGHRHHpPI-
BaBHOA MarguTHOW cHoremol: [ — GapaGad;
4 — MATHHTHAA CHCTeMA; § — BaMok

Tun
HX MATHUTHDIX CEHapaTopoB Pa3jHy-  cepg-

WX 3apyOemHHX QUpM: pamo

§ — «Cana Maryetukes, CLIA; ff — sKaex- pa
uep-TynGonsr [eftn-Beaar», ®PI' (cenapai- I
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. Puc. 3.24, BrcoxorpaanenT-
Hegmpaannan -
Jaua Hhe MATHHTHEHE C£enapaTophbis

f — poTopaMA cenapaTop BMOC-
1002 (HCCP): t— potop; £ —
NGAKCHEIC HAKOHeSHIKIL 0AHO0BPE—
MEHHO ABJAKHNUHECA CTaHHHOR ce-
agpatopa; 3 — oOMOTKH, 4 — npH-
BO1; § — KACCETH; & — DPHHIHIH-
'\ anenaA crewa cemapaiopa Kpyn.
XApemns na (®PF)

f }
Konuenmparm }

MEXKAY HHUMH oOMOTOK, wmernux ¢opMy ceanra (B cenapaTopax
3KM®), uian 6uiTh CILIOWHBIMHE (B cenapatopax JIypru).

IMonysaMkHyThie MarHHTHBIE CHCTEMEl C TODH30OHTAJBHLIM Ha-
OpapjeHHEM NOTOKA H BO3AYLIHWM oXJdaxlIeHneM obMoToK (cema-
patopul DPM) npouwe B ofCcAyXHEaHWH, HO QHU MMEIOT GOALLIYIO
Maccy W o0ecneyHBaAOT MEHBIIYIO HHIYKIHIO.

Ha puc. 3.25 npuBeleHz 3aBHACHMOCTh MAacChl MarHHTHOH cHCTe-
MBEl H3 MeJHBIX NOJALIX NPOCBOAHHKOB OT RHAYKIHH MarHHTHOTO MOJR
B pafoueill 30He cemapaTopoB Pa3WYHON NPOH3BOAHUTENBLHOCTH. He-
Ha uenecoo0pa3HOCTh nmepexoja OT oOLIUHBIX COJENCHOOB K CBEpX-
IPOBOAHHKOBLIM MTH K HCIOJB30OBAHHIO NOCTOAHHEIX MartinTob. [Ipr
310M BMecTo | T moxHO 6yiaeT 3aTpauHBaTe TOJARKO 0,1 T Macch
MarugTHOH cHCcTeMul Ha | T 9acoBo#l ee NPOH3BOAHTENBHOCTH.

KoHCTPpYKILHKE TPAHCTIOPTHBIX YCTPOHCTB B OTEHECTBEHHHIX BRICO-
KOTpaAHeHTHEIX celaparopax BecbMa pasuoobpaswnl. [Mas aTof
[eJH Yallle BCETO UCNOABIYIOT YCTPOACTBA UETHIPEX BHIOB:
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AMCKH-DOTOPHI, BDALIAIOUIAECH MEXKLY
HAEKTPOMATrHATAMH BOKPYT BePTHKAJIBHOH
ocH, Ilo gauHe OKPYXKHOCTH JHCKOB yCTa-
HOBJIEHEI KacceThl ¢ MJAacTHHaMH (cemapa-
Topul 3PM 1 1p.);

G6apafaHbl, BpalualoliHecss BOKPYI TOPH-
SOHTANBHCH OCH, ¢ MATHHTHHIMH CHCTEM2MH
BHYTPH HJH CHapyXH WX, cHabXXeHHHE HH-
JYKIHOHHBIMH MATHHTAMH B BHJe WIApHKOB,
CroeM JexKallux Ha fapabanax, HAH B BHIE
cTepKHell B ofeuafike tuna Oeauubedl Kaer-
KH {(cenmaparopel 2BIIM, 2BM®); el

Kapyce/H — KoJblueoOpasiuie xkenoba, g 05 10 15 Ba
IHO KOTOpEIX 0o0pasyioT MaTpHUB H3 TAHY-

ThIX ceToK. KoJbueprie xejoba ABRKYTCHA Pt;g- 3.25. 3aBgCHMOCTh
M -
BHYTDH COJICHOWNOB, OMHPasich CrHSy W ¢ FFCOR MATRATEOH i
GokoB Ha POAHKH, CONEHOMABl CMOHTHPO-  fnogoMHMKOB oT AHAVK-
Badbl B ODOHEBBEIX MATHHTHBIX CHCTEMAX CO 0WE B MarEHTHOrO NOJA
menAMH B BepXHeH mnoJIOBHHE AJf fpoTe- B paGoveit 30He cenaparo-
KaHu#sl [yJbIbl, 4 B HHXKHEH — And HeMar- POB PASJIHUHOM TPOHIBO-
HHTHEIX NpPOoAYKToB (cemapartoprl FIKMD); A capHoeTit
’ f—3 — cooTEETCTREHED 20H);

HE[OIBUKHBE COMeHOHAB, BHYTPH KO- 100 r 25 /4
TOPHIX PAcMOJOMEHB MaTPHILE, OHH HOOYE-
pPelHO NHTAITCA TOKOM H NYJBNOOH, a4 3aTeM BHIKTKUANIICH € NO-
MOLIBIO [IHTATeJs, Bpallawerces Hal HuMH. COJEHOHAB pacmo-
JOMEHB HAa paBHbIX PACCTOAHMAX OT BEPTHKANBHON OCH, BOKpYC
KOTOpOH Bpautaerca nurateds (cenapatopsl C-ATH)}, B CCCP us-
rOTOBJEHE HeSOJBIIHMH CEPHAMH TOJBKO POTOPTNHC, Oapalanunie H
«0/J1eHOUJHHe cenapaTtopH. llepere — pad KpynHBIX GabpHK, BTOpHIE
M TPeThH — AAN YCTAHOBOK HeOOJBUION NIPOU3BOAHTENBHOCTH,

Portopuufi cenapartop 6IPM.35/315 {cM. pue. 3.7) uc-
TICAB3YIOT TPH QOOranleHHH OKHCIEHHBIX PYA. DTOT ammapar pas-
paboran I'mnpomawyraeoboramenuem (P, C. ¥iy6aGos) B coTpyil-
uuuectBe ¢ Mexauobpuepmerom (B. A. T'pamnm), ATH (B. H, Kap-
wmasun) u MI'TM (A, M, Typxkenuny). Ilyaena ¢ cojepxanueM
tBepiaoro 30% (okHcleHHBIE KBAPUHTH, H3Me/bieHHBe A0 5} MKM)
FIPOTEKAET Mepe3 INeJH MeXKAY (eppoMarHHTHHIMH 3y0uaThHIMH mia-
CTHHAMH (HAKJIOH 3ySULOB Berpeddbidi noj yraom 60° K TOPH30OHTY).
PyoHbe JaCcTHUH OTKACHAIOTCH K 3y0uaM MJAcTHHE W HaJl@{awnT Ha
HX OCTPHS NOJ BJAHAHHEM CHABHBIX mosell {Gosee 10! A2/m®), Mpu
5TOM IIPOHCXOAHT CLENJeHHe HX MarHHTHHIX TNOTOKOB, 4TO copef-
«TBYeT GoJsiee NMPOYHOMY 3aKpelNJeHHI0 MHHEPaa0B Ha NPOTHBONG-
-CTABJAEHHBIX OCTPHAX INIACTHH — NodiocoB. B npocrpakerBax, rae
1i1e,1H, HAKNOHEHHBIE B [POTHBONCJAOMHEBIE CTOPOHBI, NePeceKkanTcs
JpYr c ApYroM, YyaCTHUR!, He YCleBUIHe NPHTRHYThCS, TTOABEPraKTCs
MHOTOKPATHOMY CHJABHOMY IPHTSKEHHI ABYMS OCTPHAMH, 4TO IO-
BHIIAaeT R3BJeUeHHe MHHEPAJOB B MArHATHY® ¢paknrwo. Hemar-
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HHTHHE YACTHUH YHOCATCHA FOTOKOM NYJbIbl, NPOTEKAIOUIHM MEXKIY
nnacTHHaMH. Marnuteas ¢paxuus OTPHIBAETCH OT MJACTHH mocte:
BHX0/[a MATPHI H3 MalHHTHOH 30HH NPH BpallleHHM POTODA H CTE-
Kaer B [IpHeMHHKH KOHLEHTpaTa,

[lepen cenmapanuelt sta pyaa moaBepraerca npejoforalierHio.
(nnia msBaeuenus marnetHTa Ha cenaparopax I1BM) u kourpons-
HOMY TPOXQUEHHIO B JBa npHeMa (AJs YAAREHHA CAyYaWHBIX YacTHL,.
KpynHee, 4eM pa3Mep Liesed Mexay 3yOlLaMM IIacTHI).

[Tpu npoussoguteswHocTH 100 T/u B OOHH mpHEM cenapaTtop:
69PM-35/315 oforamaer HeKOHAHLUHOHHBIE H OKMCJAEHELIE DyIBL
uraxtHof nobeiyn, cofepxauue MeHee 45% xeaesa, Kavectso kon-
LEHTpaTa H H3BJeuUeHHe Xejde3a NPH MarHuTHoM oforaileHHH 10-
cTHraloTcsl GIH3KAMH K TOKasaTtensiM (JOTALHOHHOTO 00O0Talllelnsd
(cooreTcTBeHHC Goslee 619% Fe n 70% n3pneyeHus).

Cemaparop 2/29POM-160 paspaboran  Mexanobpom
(B. I'. Hepkaa u H. @®. Eropos} Hu ['unpomamoGoralieHnem
(A. B. Boaukos). YCTpoHCTBO TNOYTH AHAJOTHUHO CenapaTopy
25BM c BajikaMmH, NOCTaBJEIIHEIME BePTHKaNbHO. [lokazaTequ ero
pabore Xxyxe, uem 63IPM,— Menpme npoH3BOAHTENBHOCTL 4 Ha-
JEXHOCTs MallHH (HabJlofaeTcd vacTas NOJOMKA BaJGB, BCJen-
CTBHE OJHOCTOPOHHErQ HEYpaBHOBELIEHHOrO OPHTHMMEHHS POTCpOB).
Cenaparop npuMeHsercs Ha JETKO0OOTaTHMCM Chiphe Ha JIucawroB-
ckoM ['OKe ana oGoralleRHsl OKMCNEHHOH OOJAHTOBOH pyidul K INpH
NpoM3BOAUTENbHOCTH OKoJe 100 T/4u mMoBHImaeT cojepXaHde me-
Jde3a B HeH ¢ 39,6 no 49,1% npu uzBnevenunH meraiia 90,9%.

Bapabaurusit cemaparop BMC-100/2 (cM. puc. 3.24,a)
ycnenino s3xkennyatupyerca na LITOKe npr marsutaoM oboralleHHs
OKHCJAEHHHX KBApLHTOB, HO NOKasaTeldn ero pafoTsl Ha 3TOM TPYA-
HOOOOraTHMOM CHIDBE YCTYDNAIOT NOKA3aTeIAM, JOCTHT2eMbiM Ha
cenaparope 62PM-35/315 (taba. 3.8).

Cenapatop HMeeT NaHOUPUYIO 3JEKTPOMACHHTHYIO CHCTEMY, CO-
CTOSIILYIQ M3 MCIIHOH OOMOTKH OPSIMOYTQJABHOTO CEUEHHS, Paclolo-
¥eHHO BHYTpPH MAarEHTONpoBoja, YacTh, MarddroipoBoia, NpOX0-
AAlias BHYTPH KATYIIKH, MMeeT KofbleoOpasHuH KaHad I1ad mnpo-
XOXKIeHHA B HeM nepdopHpoBaEBEIX fapabaHoB ¢ 3aKpeNJeHHLIME
HA HHX MaTPHLAMH.

MarnutHasa cecTeMa HaroToBJeHa TakuM obpasoM, yTolw mioc-
KOCTb KaTYLIIKH CcOBNagala ¢ TOPH3CHTaJAbHOH naockoceTbl. Ock
nepipopupoBaliioro 6apafana pacnofiaraeTcst HHXKe MarHMTHOWR CH-
cTeMbl. HacTH MarHHTONpPOBOAE, HaXOIAAU{HECS MNPOTHB OKHA Ka-
TYIWIKH, 00pa3ylT NPOTHBONO/JOKHHE MOMIOCA MATHATHOH CHCTEMBL.
B BepxHeM noJioce MAarHHTHOH CHCTEMBl BLIMOJHENH OTBEPCTHA I
BBOJA NMHTAHWA W NMPOMBIBHOA BOAH, B HH3KHEM — IJI5 BbIBOZZ He-
MarguTHo# ¢pakuyr. Ha BHelHell 1acTH MarHHTCOPOBGAA 3aKpen-
Jlennl kejaoba 1A MOABOJAA H OTBOAa HPOAYKTOB, GpHI3rana, npH-
Bojn. Takas cxema cenmaparopa MoXeT o0ecneyutb CO3NdHHE B
pabouefl 30He cenapartopa (6e3 MATPHL) MATHHTHOrO HOJS ¢ HEAYK-
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Tabnanuma 3.8 [Iokasarenn paGorn HEKOTOPHX THNOB CENapaTopoB

wipH O0OTAMIEHHH OKHCACHHBIX WENE3HCTHIX KBaApLHTOB

SPdM-1 . BMC-100/2 ap-317
Halmenopanhe (coopy |22 (gggg; 160 (qccp)f ':(L{Df}r)
Konerpyrrusnsie napaserpot
Juamerp potopa, M 3,16 1,6 2 3,17
XapaxTepucTHra palouel 30HE:
THCAO I0H 6 4 2 4
ofbeM 30H (cyMMmapHEHI), M? 0,46 0,12 0,33 0,35
3a30pH MeMAY NAacTHHaMK, M:
Ha MEPEOM [pPHEME 4 1,85 Crepxuu 2.5
Ha nocselHeM TNpHeMe 4 1,85 » 0,8
MaKCHMalbHAd HHAYKUHA, T4 1,2 1,2 0,8 1,1
Mountnoers, KBT:
AEKTPOMATHHTHO® cucreMur | 180 105 84 75
MAKCAMATLHAA
IEKTPOARHTATENEH HOMHHELHAL 53 32 10,8 35
Macea, T 190 70 128 98
SauHMaeMad Ioadn, M2 32 18 20 24
Texnoaozuneckue HOKA3QTEAU
{lponsBoarTebHOCTS 10 mATa- | 100 50 16} 85
nmuto | crafium, T4
Copnepxanne Fe, %:
B nutanuy | craneu 36 35,9 35,3 36,7
B KOBUEHTpaTe 61,1 62,2 59,3 £9.8
Elssneyenne Fe s womuentpar, % 73 64 4 68,1 66,3
Bwxol xonledTpara, % 42 .6 37,1 44,5 40,7
Mowpnocte noTpebineman:
aaekTpoMarvuTHoll  cucremof, | 105 68,4 33,4 68
xBr
3JEKTPOABETaTENAME, KBT 41,6 17,4 8 22,8
Pacxol Boam na npomesky H | 140 160 160 150
CMHB MATHHTHHX TNPOILYKTOB B
cenaparope, M3fu
Ykeno cenapaTopoB, YeTaHaBJR-
BAEMHX NOCNeIOBATENBHG  ANA
BLIICACHHA XBOCTOB:
#a I craguu 1 1 2 2
ua I1 cragnn 1 l 2 2
MotlttoeTs Hacoca, TOAAKILETO - — 80 80
nyasny ¢ [ npuema Ha II, kBT
Pacxodubte nokasarean
Pacxon na npossspicTtee 1 T
KOHUEHTPATA:
pPYIHE, T 2,35 2,69 2,47 2,46
BoAH, M? 6,57 17,25 15,80 17,74
3NEKTROIHEPTHH, KBT: 46,53 57,68 52 .48 59,89
B T.4. Ha H3IMeNbYeHHE 37,60 43,04 39,50 39,30
Ha oforaileHHe E celaparopax 6,88 9,25 4,09 10,62
fla NepeKauYKky NyJbIH — — 3,9 4 57
Ha Nelauy BOJE 2,08 5,39 4,94 5,40
MaccH CenapaTopos, T-4/T 8,92 7,55 12,64 11,20
OAoiadn, 32HHMaeMofi ¢enapa- 1,50 1,94 1,97 2,74

TopaMa
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unedt Boimle 1 Tn (npm naomaaun paGouell 3oHH cBuime 1 M?); oT-
HOCHTE/ILHO HH3K0E paccesiHMe MATHHTHOTO NOTOKA, BEICOKYIO paB-
HOMEPHOCTb HHJAYKUHH MaCHHTHOTO IO/ BOo Becell padoueli aode
cenapaTtopa; nojauy NHTAHHA H CMBIBHOH BOAH B NDOTHBOMIOIOXK-
HBIX HANpaBJEHHAX OTHOCHTENLHO MATDPHI; BO3MOMKHOCTE CaMOpas-
IPY3KH KPYNHHX YAaCTHI, Iie MPOMIeAINHX Uepe3 3a30phEl B MATpPHIE;
BEPTHKAJBRHOE HANpaB/JeHHE BEKTOpAa MATITHTHOH HWHAYKUHH, 4TO
YMEHbILAET BEPOATHOCTL NMEPEKPHITHA 3330DOB MEXAY INeMeHTaMH
MAaTPHUL MAarHeTHTOM; BO3MOMKHOCTH HCNOAL30OBAHHA MarHHTOMPOBO-
0B KaK Hecymefl KOQHCTPYKLHMH BCErg CenapaTtopa; 3HaUHTEeNbHYIo
YRANE€HHOCTh 30HB! PA3rPY3KH MAarHUTHOH (PPAKIHH OT 30HB JeHCT-
CTBHSI MATHHTHOTO NOJA Ccenapartopa.

[1pn npombiunennex neaerranusax Ha LIFOKe veranossaedo, yto,
HeCMOTDSl 1A YIaJeHHOCTh 30HBI Pasrpy3KH H3 POTOPA, H3 Hero He
yAangercsl 3HAUHTeJBHAA YacTbh NPHTAHYBIUEHcS MarHHTHOH thpak-
uua, Ha onoitho¥ ¢alpuke npH IATOMEHHH BaHHB celiapaTtopa
H MOABOJAE CATOTO Bo3ayxa, no npeanoxenHio K. B, Hukonaenko,
yAanoch COKPATHTH IOJIO MarHHTHOrQ TPOAYKTA, OCTAKILErocs B
MATPHUE, YMEUBLUIHTs PacXol BOAR Ha ero cMbiB Ha 50%, uro yse-
JHYHJAO BBIXQJ KOHLUeHTpaTta Ha 3% oT HeXomHOrOo,

Haga oforalienna MapraHUeEBHX uaaMoB cenaparop BMC-100/2
IAMEUYEHO 3KCIYyaTHpPOBaTh HAa MapraHenkov B OpIXOHHKAI3EB-
ckoM FOKax.

PyuefikoBo-6apafaHabiil WapHKOBHE cemapa-
Top DBIIM-120/250 paspaboran ans ofioramerds OKHCJeHHBIX
pPyA B wiamoB Ha ¢abpukax reboJblLOH NPOHSBOAHTENRHOCTH (CM.
pac. 3.23,0). 3tor cemapatop E3rororiAeT BopoHemckHi 3aBomx
ropHo-oGoratarensHoro o6opyroBaHuA mo paspalorkaM [unpomMau-
yraeoBorauienus.

Cenapatopnt ABIIM paboraror 1a reMaTHTOBHX pPyAax, H3-
MeNBYeHHEX A0 0,2 MM H obecunmaMieHHBIX B THAPOUHKJICHAX TPH-
MepHO A0 KpyfHocTH 20 MKM NPH NPOH3BOIHTE/NBHOCTH 25 T/u H&
¢aGpuke Huryaeuxkoro 'OKa. Hanexnas nx pabora obecneuusa-
ercad Gaarofaps TOMY, UTO MATHHTHI-HOCHTEJNH (MeTaJlHdYeckue
OKaTHINR), NPUTATHBAIOLIHE YACTHIE MeMaTHTa NIpH BpalleHuH 6Ga-
pafaHoB, HeNpepbiBHG NIEPeKaTHBAITCA W OYHINATCA 0T (eppo-
MareEHTHEIX IpHEMeced u oTnoxeHuH cosaed. B npouecce camoouucr-
KH OKATHIIH NOCTENEHHO HCTHPAKlTCA, HO PACXO] HX HEBeNHK H
cocrapasier 6 rfT mepepaBaTeiBaeMoOfl PYAB, 4TO OBXOAMTCA NPH-
mepho B 0,00 xom/T, T, e, He XODOMKE CTOHMOCTH H3HOCA HHAYKIE-
OHHEIX MAarEHTOB, 32KpelJieHHLX B pelIeTKax HJIH yCTAHOBJAEHHBIX
B BHAE TJACTHE B POTOpHHIX celapaTopax.

Oco6eHHOCTL KOBCTPYKLHH ceflaparcpa — aBTOMATHYECKOe H3-
BJedeHHe KOMIJIEKTa MArHHTOB-HOCHTENeH €O IHA BAHHHI IIPH BKJ-
YeHHH TOKA U YKJIaAKa ¥X TYJAA NPH BHIKIKUYEHHH, a TAKXKe TO, 9To:
MATHHTHEIE HOCHTEIH CIOJ33a0T 10 HEMATHHTHBIM MOJKAaM H 3b-
(eKTHBHO pa3sMarEHYHBAIOTCS H3-32 pAaspblBa KOHTAKTOB MEXKAY
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cobolt, 3 noaHece ornenenne cnaomarHaTHOH (pakuun oT HOCHTE-
Jefi ofecneuuBaeTcs CMHBalOIIUM OPOlLIEHHEM HX BO/JIOA H YHOCOM:
qyacTHL, BONHBIMH NJMeHKaMH. [IpOH3BOAHTENBHOCTh CenapaTtcpos
SBIIM B 3aBHCHMOCTA OT KPYIDHOCTH H MarHHTHEIX CBOHCTB i1ia-
MoB kKoJgebaerca ot 10 go 40 1/4.

BaxHoe npenmyulectBe cenapatopo DDUIM — mannit yaeds-
BBEIH DACXQj BOAH, 3JEKTPOHEPTHH H MAFPHHTOB-HOcHTENell (CooT-
BercTBeHHO 10 4 M2, 2 kBt # 0,004 xr nwa | T vacosoii npod3BOIH-
TEABHOCTH TO pyAe}, HeGonnluasg macca cemaparopa (0,5—1 T Ha
1 T yacopoit mpon3BoauTe bHOCTH), CemaparTop MOMXHQ YCTaHaBJIH-
BaTk 0e3 cOOPYXEeHHA cneuualbHBIX (pyHIaMeHTOB, Ge3 ycrpoficTBa
AN NpeLBAPHTEJbHOTC TOHKOTD TPOXOUeHHS NHTAaHHSA H 6e3 npexn-
BApPUTEABHOTO YIAM€HHS U3 Hero HeloablIux npnmecef{ MarHeTuTa:
(1. e. 6es ycrauosox [1BM).

ITpu oOoramenuy MapraHieBbX LINAMOB HAa 3THX ¢emapatopax
Ha 11O® Boromonosckag GBIIC JOCTHTHYTO YEEJHUYElHE H3BJUEHHS.
mapranna 1a 8—10%, a npy MarEBTHOM NpeABAPHTENBHOM 060Ora-
LIeHHH L11aMoB nepex dJjorallell H mepel XHMhkYeckum cboraimie-
HHEM YCTAHOBJEHa BO3MOXHOCTL B MEPBOM CJyuae NOJYYEHHH HKOH-
HeHTpaTa GoJee BHCOKOro Kayectsa (44% Mn) npu ozxospemen-
HOM YBeJRYEHHH H3BJeueHust Meraana Ha 0,5—3,3%, a Bo BTOpOM —
cHUMeHus ceDecTOHMOCTH [ T XMMHYECKOro KOHLEeHTpaTa Bo.iee yeM.
Ha b py6.

Ilpn oforawenun Ea cenapatopax 3BIIM wancTeIX wW.iaMoB-
Gypomxene3HskoBux pyi Jlucakosckore ['OKa, cojsepxxamnux 31—
32% xenesa, no cxeMe C TpPeME HNePEYHCTKAMH MAarHHTHOrO Npo-
AYKTa Mosayyed KOHIHUHMOHHBIH KOHLIEHTPAT C COJAEpKAHHeM »Xeae-
2a 45,8% npu uaeaeuerun 59,5%. [MpuMenenue 6apabanHoro NMOMH-
TPAZMeHTHOTO Ccenapatopa s 0OOraleHHA THTAHOCOAEPKAIIUX.
NPOAYKTOB ¢ COJAEpXaHHeM HJbMeHHTa 43Y% NO3BOJSET B OJHH
IpHEM MOJYYHTh KOHJAHIHOHWHEE KOHUEHTPAT ¢ COJAEpKAHHEM H/b-
meHnra 975% M CHM3HTL COJEp)KaHHE HJIbMEHHTZ2 B XBOCTaX.
4o 2—39%.

Ofioraluenne OKHCJEHHHX TeMATHTOBHX KBApDUHTOB Ha IV ceK--
uwnn HI'OKa, uameasuenusmx go 90% kmacca —0,074 MM u comep-
kKawmux 35,7% skenesa, na cenaparopax DBUIM nossoanao noay-
UHTL TPYOBII KOHLEHTPAT, cOfepXKallHii Gonee 60% oxeneza npm:
u3Baeuenun 70%. [IpuMeHenne nepex MarHuTHOH cenapauueil mpeg--
BApHTENBHOro OOGOTALIEHHE KBAPUHTOB B TSKEJIBIX CYCHNEN3HAX IJIS:
yaaJNeHHs CAaHUEeB MOBHICHNO COLEpXaHHe Kejeia B oborallaeMoi.
pyae no 38,8%, a B rpyBom koHuentparte — a0 61,6% mnpu u3pie-.
genHH 75,6%. Hakonen, foBojKa MariHTHEIX KGHUEHTpAaTOB o8par-
Holl ¢aoranueii ofecneynBaeT NOBHILIEHHWE COAEPKAHHR Kelesa
B HeM ao 65Y H cHHKende KpeMHeseMa ao 2,5% npu #3BIeUeHHH:
xeJesa Bosee 70%.

Cemapartopu 43BM®-45/250 paGoraor Ha Muxainosckom:
ropHO-060oraTHTENbEOM KoMOuHarte. OHH AOH3BAECKAIOT PEeMATHT H:
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Jpyrhe cialOMarHuTHHE MHHEDads M3 XBOCTOB MATHHTHOTD 000-
TaleHHs TOJYOKHCJIEHHbIX KBAapIHTOB IIPH NPOH3BOAMTENLHOCTH
Ao 30 t/u.

Banxu cenaparopa npeacTaBiafior coboff CIVIOLIHBIE IHJIHHADH
M3 HH3KOJerHpoBaHHOH cTalk, Ha noBepXHOCTH BAaJKOB YCTAHOB-
JIeHa IMWIHHAPHYECKAN PelleTKa H3 IIeCTH PsifOB NPOAOABHHX NpPYT-
KOB jHaMerpoM € MM, 3330pH (2 MM) MeXjy KOTOPBIMH SIBAAIOTCS
paboueft 3onoli cemapatopa. [luranme cemaparopa Aas mpefoxpa-
HeHHA pelleToK OT 2a0HBaHHA NPeABAPHTENLHO OUEILAETCS OT CHAhL-
HOMarHUTHEIX H TNPOYMX NpuMeceli Ha cemaparopax I[1BEM-120/300
M pyroBuXx cutax. HcxofHui#l mMaTepHan B BHAE NYJAbHE AOHRETCH
A3 TNHTaTeNd Ha BaJKH celnapartopa H (QHABTPYETCH uepes 3a30pH
pewretok. HemarHutHas dpakunua mocTynaeT Ha [EPEUHCTHY Ha
HHXKHRAE BAJKH, MATHHTHAS GOPAKIHA OTMBBAETCH ¢ PeMIeTCK H Pas-
TPpyXKaercs uepes BaHHY.

Kaccernre cemapatops paspaborann ['mmpoMaiuyrie-
-oforamennem (P. C. ¥ay6abop, A. B, TapaceHkc) Aad OURCTKH
CTEKOJBHBX ILIHXT OT CJIeJOBR THAPOKCHIOB Keje3a ABYX THIOB:
-¢ TIPAMOYTOJBHCH H KoablieoOpasHoil kacceTof.

Kaccernl 3amoqHeHbl c¢/loeM LIZPHKOB, KOTOPBE NepHOAHYECKH
HAMArHHYHBAIOTCH NPH BHJOUYEHHH OGMOTOK ¢ NOMOIIBID pese Bpe-
MeHH. B 3TOT mepHOZ aBTOMATHUECKH BKJAMYAETCH NOIA4Ya MYJbIbL
H CHJB, BO3HHKZIOWIHE MeXIy HIapaMi, W3BJIEKAIT H3 Hee JaKe
MHKPOHHBIE HACTHUM cJAa0OMAarHHTHHX OKCHAOB Ke€/1e33 H YaCTHIH
THTaHa cYOMHKDOHHOH KPYNHOCTH. 3aTeM B TeUeHHe KOPOTKOH nay-
3l B IIONA4€ TOKA # TMYJIBIL cTpyell BOAH IMAPHKH MOAGPACHBAITCA
‘BBEPX H 3(M@EKTHEHO OYHIIAIOTCH OT HAJHIUIHX Ha Hell mpHMecelt
H CHOBa HaumHaercsi palounii uuki. DTH cenapatopsl 0e30TKa3HO
pafoTaloT Ha pale CTEKOJbHHX H KaoJHHOBHX $adpur. ITouatHo,
410 nepepabaThiBaeMoe HMH CHPbE A0JKIQO COAEDMATHL MaJo Mar-
HATHOHA ¢pakuui, 4tobu pabouui IHKA KacceThl OB JOCTATOUYHO
IPOAOJMHTENLHEIM [O CPABHEHHIO ¢ HEepabOUHM.

IMpon3BoauTENBHOCTL TAKHX CENapaTopoB — 0 2 T/4, HO raylu-
Ha oBoramieHHs Mo KPYIHOCTH — MeHee 1 MKM.

dupmoit «Fymboapar» (PPI) Benyckaercs cemaparop
JAxorca (pue. 3.26, raba. 3.9). DroT cenapaTop COCTOHT H3 Mar-
HHTONPOBOAR, 3aKPeMJeHHOro HAa paMe, 3aKPHITHIX KOXKYXOM Mel-
HEIX ODMOTOK (YeThipe KATYIUKH, OGAYBaEMEIE BO3JIYXOM Aasl  HX
OXJMaMIeHHA), ABYX POTOPOB C KACCETAMH, 3aTOJIHeHHEIMH puJIe-
HBIMH ITACTHHAMH, KOJBUEBHIX NPHEMHHKOB AJf NMOZAUH HCXOZHOH
HYAbNBL H BOAL!, YCTPOHACTBA JI1s1 NPOMBIBKM W CMbLIBA KOHIEHTPATA,
BaAa pOTOPA C NOAIIHNHAKOBHMH Y3JaMH, BaHH 475 cbopa NPoAyK-
“TOB O0OrallleHHA M NPHBOAA, COCTOALLErO M3 YEPBAYHOIO PeAYKTOpa,
KJIHHOpEMEeNHOH Tepenayd, NPHBOAKOTC MNBHTATeNs M KJIeMMHBIX
KopoGOK €O BCeMM 3JIeKTDHUECKHMH coelHHeHHAMH. B cemaparope
HMeeTcs YCTPOHACTBO AJA OUHCTKHE pHEJIEHBIX MIacTHH paboueft 30-
HH CeNapaTopa OT HAKOMHBIIETOCE MACHETHTA NPH IOMOHIH CXa-
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Hexobroe | 1
numaKug 5 [

!
Puc, 3.26. Cenapatop HDxouca AP-317:

I — porop: 2 — Haccerbl ¢ MAACTHAAME; J — NOJKKCHBlE HAKOHEIHHKH H CEpleuHuun; 4 — of-
MOTKH; 5 — OPHEBOA; § — BEHTHARTORR AAA O8AYBEAHHA H OXNAMIEHHHA OGMOTOK

TOTO BO3AyXa ¥ Bojnl, (JHO COCTOHT H3 CMECHTEJIBHOTO De3epByapa,
pacnpegetdTenbHOR TpyOul, TedIOHOROrO 3JeMelTa CKOJBbKEHHA I
3JeKTPOHHOH CHCTeMH ynpasjieHHd. CMecHTeIbHHH pezepByap HMe-
eT JBa [IPHCCeIMHATEeNbHEX ianlna A1 NOABCIA CIKATOro BO3AYXA
# Bopuel. Boda B pesepByap nojaercs OT CHCTEMB BOJOCHAaOXKeHHS
cenapaTopa, CKAaTeH BO3AYX — OT OTAeNLHOro KoMmpeccopa. Ouucr-
Hoe ycTpPOACTBO ycTaHaBJaHBaeTcsd Hal pHOJEHBIMH ILTaCTHHAMA.
C noMolblo UHJIHHAPA, YIPABJAEMOro CKATHM BO3AYXOM, OHO Ie-
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Tadanua 3.9.Texungeckye XAPAKTEPHCTHRN JACKTPOMATHHTHLIX
‘BEICOKOrPAZWEHTHRX cenmapaTepop Jlxonca

uwy Lied [=3 L—4 = 2
IapameTpu S & & = = = 3
B = <9 a1 =3 = [«
= = = = = =y =
- Huaserp poropa, MM 3350 | 3170 | 2500 | 1800 | 1400 | 1120 | S00
TIpousRoAATEABHOCTE 11O 240 120 75 40 25 15 10
“TBepAOMY, Tfa*
IaGapuTHHE pasMepsbi, MM
JUIHHA H. &.| 6300 | 5500 | 5450 | 3940 | 3500 | 3400
HIHPHHA » | 4005 | 3475 | 2875 | 2480 | 2280 | 2080
BHICOT2 » | 4250 | 4100 | 3850 | 3600 | 3400 | 3150
» 98 70| 41,7 23] 22,4 16

Macca cemapatopa, T

* Dapakie O OpPOHABOAATENLHOCTH OJAA cenapaTopos Beex THnOpazmepos, kpome JP-333,
OPHBEIEHEl NG pesyasTartaM O60TaleHAs 6pa3zHARCKOd  ATAOHPHTOBCR PYLE KDPYMHQCTHE
1—0 ¥mM mpH Maccorofl g0a¢ TPEpPIOro 8 nyawme 45—50%. Daa cenapatopa JIP-335 npdsenesm
CAAHHEE IAS DYAR MeCcTOPOXALHHA Jac-Tpyxac 0DH 33a30pax MexAy NIACTHHAMH 5 MM,

PHOIHYECKH NPHBOIHTCH B CONDPHKOCHOBeHHe ¢ potopoM. [lepuo-
JAMYHOCTD DOJAYM CXKATOTO BO3JYXa K BOAH ofecnednBaeTcH 3JeKT-
. POHHOI# cHCTeMOR ympaBieHRHs.

Cenapatop mogeawn JIP-315 ycranoBier Ha oOoTaTHTENBHOM
pabpuxe ¢upMm «Jlazapo Kapaenac» B Jlac-Tpyxace (Mekcuka),
.mepepafaTHBalOlllell OKHCJIGHHBHIE JErkooforaTHMbie HTaGHPUTHI
{THnA BHINEJOYEHHBIX KPHBOPOXKCKHX KBAPLHTOB).

JoctouncteoM cenaparopa JmoHca siBafeTcd CTHOCHTENBHAs
IpOCTOTa ero KOHCTPYKHHH H BHCOKAs MeXaHHUYecKass HaleKHOCTB,
' CKOMIEHCHPOBAHHOCTE NeACTBYICUIEX Ha pPOTOp H BAJ MAFHHTHBIX
-CHJ1 M HH3KHE TOKOBHIE Harpy3ku. Kaxioli poTop HMEeT COOTBeT-
CTBeHHO mo JIBe TOYKH NojavuH MHTAHHA, pasrpysxﬂ NpOMIIPCGAYETA
.M MACHHTHOTrO TpoayKTa. Pafoume xaMeph 3ano/HeHBl yCTaHOB-
.JIeHHEIMH BePTHKAJABHO PHJCHBIMH MNAaCTHHAMH ¢ IIaromM Hapad-
.neHHi 3,2 MM.

3azopel MeXay NJIAaCTHHAMH, B KOTODHIX HDOHCXCIHT pasfe/eHHe
MarepHana, cocrasiasoT 0,8—2,5 mm. Bee paboune 30HH HMelOT
0O6MYI0 MarHUTHYIO CHCTEMY, MOSTOMY IPH OJHHAKOBHIX KOHCTPYK-
‘TABHEIX NapaMeTpax BepXHero M HHXKHErQ POTOPOB B HHX cO3haercd
OJHIAKOBAaA HHIYKLHA MAarHATHOIG MoJs. MOILHOCTs MarHRTHOH
CHCTeMHl Hanbonee pacnpocrpaHexnoro cenapatopa JAP-317 cocras-
qaer 68 kBr, ero npreoxa — 18,3 kBr.

HenocraTkoM cenapatopa siBJaserca 6GoJdee dacTee 3abuBaHnpe
{(3apacrarne) palcounx 3a30poB npoayKramu oboramenHsa (B oc-
_HOBHOM CHJBHOMATHHTHEIMH YacTHUAMH) H OTHOCHTENBHO HEBBICO-
K4s €ro NpOH3BOAMTENBLHOCTH NMpH pafoTe Ha TOHKOH3MENbYEHHLIX
COKHCJIEHENX KBapuutax (60—70 t/u), yto o6ychoBJIHBAET BHCOKYIO
KaNHTAT0eMKOCTL COBPEMEHHHIX TeXHOJMOTHYECKHX JIHHHR C TPOH3-
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BOXATENbHOCTEIO OCHOBHOTO TeXHoJorHueckoro obopynopanns 200—
300 1/u. Cenmapatop BecbMa uyBCTBHTENEH K KOJNeOaHUAM MacCOBOM
JOJNE MarHeTHTa B nutaHHH. O6pasoBanue «MOCTHKOB» H3 MarHe-
THTa MexAy 3ybuamu depposancsaunreseil B Bepxred yacTH pabo-
yell 30HBI 3aTpY/HAET NpOTeKaHHe MyJbRH Yepe3 MaTpuub. Cemna-
patop JoHca TawkyKe KpaliHe YyBCTBUTENEH K MOUAJAHHIO B 3a30-
pPbl MEXKAY IACTHHAMH CAYYAHHBIX KPYEHBIX YacTHI, COH3MEPHMBIX
¢ pasaMepoM menn, BoceranosneHne paborocrmocoSHOCTH cemaparo-
Pa BO3MOMKHO TOJBKO NPH PYYHOA OUMCTKE MATDHIL,

Cenapartop runa «Caaxa-Kapycenans (Ipeuus—
CIIA) (puc. 3.27) umeer KoabueoSpasknil paGouunii opran (potop),
pazfeneEHbli Ha paloyHe KaMepbl, B KOTOPHIX YJIOXKEHB MATPHIEL.
Porop nprpoiuTes B ABHMKeHHe NpHBOAOM. BOKpyr potopa pasme-
1eHbl 3JeKTPOMATHHTHHE CHCTEMBl (H3 BOAOOXJaMIAeMbIX MEAHBIX
06MOTOK AHaMeTpoM 2—3 MM) TaKHM 08pa3s’oM, 4yTo OJHH MOJIOC
HaXOBHTCA 10OJ pOTOPOM, & ApyroH — Hag portopoM, Micxoanas nyns-
na H BOAa AJs NPOMBIBKH MardHHTHOTO NPOAYKTA NOJAIOTCA B pa-
fiouyio 30HY cemapaTopa cBepxXy no narpyGkaMm, a 3aTeM uepes
HIRJMEBHAHLIE OTBEPCTHS B BEDXHEM HoJjioce ajlekTpomarnura. Hepes
TaKHe e IUeJeBHIHbE OTBEPCTHA B HHMKHEM I110110Ce Pa3rpyxaercd
HEMArHHTHAA (paKIHs.

Ilpu BHXOZe paBouefl KaMepbl ¢ Marphliedl W3 30HH JeHCTBHS
MATHHTHOTO MOJR OHA NOHAJAET B CMBIBEYI) CTAHLHIO HOX MOIIHYIO
CTPY® BOALI, KOTOPas BBIMBIBaeT M3 paloueil KaMephl MaTHHTHYIO
Ppakuuio.

CMbliBlIag CTdHUHA BLITOAHEeHA B ABYX BapHAallTax: B IepBOM —
BCJA TOJaeTcs cBepXy, a MarndaTHas (pPakuHs OTBORHTCH CHU3Y
poTopa, a BO BTOPOM — BOAAa 00ABOAHTCHA K paloyell Kamepe CHH3Y
poTOpa Mo AABJACHHMEM, a MarHuTHas GpPaKilusA BHBOAHTCA € NO-
Molblo cHdOHA, ycTanoBaenHore Haa poropom. Ilogaya Boasl B pa-
fouylr KaMmepy MOZ JLaBJellHeM BO3MOXHA TOJIBKCG TIOTOMY, HTO
KAMIAS Kamepa B pOTOpe H POTCD B LEJIOM TepMETH3HPOBAHBL
CTENHAALIEMHE YIJIOTHEHHIMH H3 MeTaJdJHYecKHX CKOJb3ALIHX
NJIACTHH M PE3MHOBHX KoJiell, ['epMeTH3allus AOCTHrAeTCs OpHXA-
THEM pe3HHH HANOPOM BOJAH, NOZaBaeMOH MEXAY KoJbuaMH, Pa-
GoTtocnocobHOCTE YINOTHEHHS B O0JBUIEd CTEREHH ONpeneNder Ha-
JexHocTh paboTH cenaparopa B ueJoMm. B cemaparope npeagycmor-
peHo npeABapHTenbHOe 3anojiHednde pafouyeli Kamepel Bojoll nmo
natpyfky nepen nojauedl B KaMepy BOAHOH NyJbIH, JT0, N0 MHe-
HUIO CNEHHAJHCTOB (PHPME, YMEHBbIIAaeT H3HOC MaTpPHUBL. [epMerH-
sanusg padouedl KaMepnl ofecnedHBaeT BO3MOXHOCTb PeryJHPOBAHHS
CKOPOCTH TPOTEKAHHA MNYJABOK UY€pPe3 MAaTpumy, UTO AAeT BO3MOXK-
HOCTh C BBICOKOH TOUHOCTBIO YCTAHOBHTEH ONTHMAJBHEIE pexaM pas-
JeredHa nyTteM 3(peKTHBHOTO KOHTPOAR CHJ CONPOTHR/EHHA, AJA
¥ero BaXKHO HCHEJNIOYHTHL CHJAM HAa IPAHHUE pasiefa BOAZ — BO3AYX,
3ToMy TarKe cnocolcTBYeT NpeNBapHTENbHOE 3aNoJHEeHHEe MaTpH-
bl Bogoil, CenmapaTopH cHA0XaKOT KOMIVIEKTAMH MaTPHIL HECKOJb-
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KHX THIOB, OT/HUAKIIHXCA TOJIHHOH JHCTA K pasMepaMH poMbo-
BHIIKLIX fiueek, [lpH cpaBHHTEJLHO HH3KOH HHAYKIHH MarHHTHOTO
noag 3a cuet deppesanonuutens B paboueidl 3cHE co3xawTcA Jo0-
Ka.1bHble MATHATHHE NOJf ¢ TpanuenToM nopaaka 8-107 xA/m?,

Brifop THRa MATPHIB 33BHCHT OT KOHKDeTHHX YCJOBHi MpHMe-
HeHUs.

Ang oxnaxieHua ofMOTOK 3JeKTPOMATrHHTHOH CHCTEMBI H HC-
TOYHHKA 3JIEKTPOIHEPTHH NPeyCMOTPeHa 3aMKHYTas CHCTEMa BEo-
AAHOTO OXJaxAelHs, maTaeMmad BoOJACH, COOTBETCTBYIOIEH MO Ka-
yecTBY IHTheBOH. Pacxed Boan cocraBager 0,15 a/muH Ha 2 KBr
HOMHHAJBHOH MOIIHOCTH.

Kouryp oxsamaenus obopynoBaH SBTOMATHURCKOH CHCTEMO
3ALUMTH ¢ AATYHKAMH TeMIepaTypHl,

Pupma paspaforana HeckoNsko MoJesel cenapatopa «Cana-
Kapycenb», oTVinuaioNIHXCE JHAMETPOM pOTOpPA, YHCIOM 3JEKTRo-
MArHHTHBIX CHCTEM (MATHHTHBIX FOJOBOK}, YCTAHOBJEHHBIX Ha po-
TOpe, HHAYKUHeHd, co3naBaeMof 3JeKTPOMATLHATHOH CHCTeMoHR B pa-
fouefi 3oHe cemaparopa H NPOH3BOAHTENBHOCTBIO CeNaparopa.

Cenapatop modean 480 ¢ rpeMs MarHHTHBIMH TONCBKAMH (IHa-
mMeTp portopa 6,8 M) ycraHoBaeH Ha oforaturensiiofl Gabpuke «Ma-
pamna» B Coeppa-JlecHe. MenbiTamus noxkasand, yTo M3 Marepuasd
kpynHocTeio —0,85 MM ¢ MaccoBo#f noneil xeneza 36,4% npu kxo-
Ne6GaHngX NPOU3BOAHTENBHOCTH O TBepAoMy 18—213 1/y {na I mar-
HUTHYIO TOJOBKY) NGJAY4eH KOILERTPAT ¢ MaccosBofl poJiell xenesa
66,25%. ITo nanHEIM (HPME], HE3aBHCHMO OT KoJeballus MaccoBofl
JOJIK KeJesa B HCXOZHOM NMHTaHuH orT 35 go 60% wmaccoBas moas
#eje3a B KOHUGHTPATE H3MEUsIeTCS He3HauUTeNbHO.

Iseackofl Hay4HoO-HCCOENOBATEARCKONR opranHialuel no obora-
UIeBHI? MOJE3HLIX HCKONAEMHX HA OJHOM H TOM Xe HCXOAHOM Ma-
Tepuase GpIH NPOBEJeHbl cpaBHHUTEJbHbLIE HCMBITAHMSA NATH Haubo-
Jiee H3BeCTHHIX 3apybeXKHbX cenapaTtopos ¢ MATPHILAMY TpPeX THNOB!
cemapartop «Jxkouca AP-71», «bokeMar-Psnua», «Puaunra 16 Tlo-
yi», «Kpynn-Con-24/14» u «Camna-Kapyceas», Hcnnitanus mnposo-
JHAH Ha HCKYCCTBEHHOH CMecH reMaTHTa ¢ KBapleM KPYIHOCTbIO
—0,05 MM ¢ MaccoBo#l gonel xeqaeza 43,7%.

B0 yCTAHORAEHO, UTO NPH HAHMEHbUIEH MarHHTHOA HEOYKIMH
Ala BLICOKOTpAIHEHTHOM cenmaparope Cana ¢ 3aMKHYTOH MarauTHON
CHCTEMOH TNaHIMPHOTO THAA JOCTHTAIOTCH HaHOoJee BLICOKHE MOKa-
3zarean. Bau3kne K nuM noxasatedd RNONYUYeHLL Ha cenaparope
J>konca, YaeJpHBIH pacxoj 3JeKTPOIHEPrHH CAMEI BHICOKHA Ha
cenapatcpe Cana, HennTanus nokasasu, uTO Ha MaTpHLUAaxX Beex
THIIOB BHICOKAfA CEAEKTHBHOCTL Pas3jiefieHHs AOCTHTARTCHA JJA YACTHIL
kpynHee 0,1 mM, ToT ke ypoBeHb CEJEKTHBHOCTH COXpaHAeTcd Ha
cenapatope «Cana-Kapycenb» nps paspeneHHH 1acTHIL KPYTHOCTBIO
16—24 MM H JHIIB HeCKOJIBKO HHXKe Ha cenapartope [xomnca.

O6uiuit HenoCTATOK BCeX KOHCTPYKUHI BEICOKOIDAaJHEHTHHIX ce-
N1apaToOpOB — BHICOKHE pPacxoldbl JEKTPOSHEPrdH H BoOAH, Holjpluue
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KaITHTa/ JbHLIE¢ 3aTPaTH B CBA3H ¢ BO3pacTaHHeM MacCh cenaparopa
H ero CTOHMOCTH ¢ YBCJRYCHHEM MPOHIBOIHTECJBHOCTH:

Cenaparop . . . . . JAP-317 «Cana-Kapyceap» <Kpynn-Coas
Pacxon 3JeKTPOIHEPrHH HA
I T KoHnentpara, kBr . . 8—9 H. n. H. »a.

YaedbHRH pacxof AaeKTpO-
oHeptEn Ha | T Hcxomuoi

pyaw, xBr . . . . 0.5 2.4 3.45
Pacxon BOIH Ha 1T HCXO -
HOH pyaw, M3 . . ., . 1,5—2 24 H. 1.

[Ipn cemapauun uacTHi KPYONOCTHIO MeHee 16 MKM IOKa3arenb
CEJIEKTHBHOCTH JaxKe Ha cenaparope (afna mounxaercd BABOe, a Ha
BceX JPYTHX cenaparopax Boollle CTalOBUTCH HeyILOBJeTBODHTEb-
HelM. FIOMHMO MarHHTHOTO SKPaHUPOBANHA CHJ, yIepXKaHHIC TOH-
KHX Y4CTHI, Ha NOBEPXHOCTH MAaTphl, no uccaeloBakusam [, B. Ty-
fuHa, MelaeT HaJHYHE HA HHX 3HAUHTEABHLIX MO YAeJdbHOH BeJH-
4HHE OJHOHMEHHBIX 3JEKTPHYECKHX 32psAA0B, NPHBOISLEE K TOMY,
4TO panee NPHTAHYBLUIHECA YACTHOBE OTTANKHUBAKT HOBHE, NpPHE.JIH-
HKawliHecss K ocajHTeTbHOH MOBePXHOCTH. JTH TOHKHE MArHHTHEI®
YACTHLBL, KOTOPHE HE MOFYT 3aKPEeNUThCS Ha MOBEPXHOCTH MATPHI,
BBIHOCATCSH B XBOCTH.

B cBasu ¢ 3TuM Heo6XOAHMO HACTOBKO CHH3HTh IPOH3BOHTE b-
HOCTb CenapaTopeB, 9TOOH HMETh NMOBEPXHOCTh OcaxIeHHRH, JOCTa-
TOUHYK LJAA OAHOCAORHOTD 3akpenenus caaloMarHHTHHEIX YacTHI
B TIOTOKE NY,Ib0OB, NPOX0OLAIIEM Yepe3 MaTpHLY, KoTopoe ocobeHHO
3¢ (PEeKTHEHO 32 CHET CHJ «3epKaJbHOTO H300paXKeHHs ».

§ 3.5. BJEKTPHYECKHE CENNAPATOPHI

Koponno-saextpocratudeckue cenaparopst, CepufiHO H3TQTOBJAAIOT
cenapatcpr DKC-1250, IKC-3000, CIC-1000 u C3C-2000. Ha-
pafaHHBH KOpPOHHO-3JeKTPOCTATHYECKHH cena-
patcop SKC-1250 (cm. puc. 3.8,a) cocToHT H3 3arpy3cuHoro OyH-
Kepa ¢ 3JeKTpHUECKHM MOJOTpeBaTeseM, NHTATEIA K IBYX ORMHA-
KOBHIX KackaaoB. Kampawi# Kackaj cemapauuH BKJIOYAET KOPCHH-
PYIOILHH H OCAafHTENbHBEIH 3A€KTPOALI, 3KDAHHPYIOIIYK IITOPKY,
LIeTKY, HHTZIQUHH JOTOK H OTCEKATEeNH,

Kopnye cenapatopa mpeacraBiasier cob6oil MeTaNnHUeCKYIO pamy
¢ ODIMHBKOH H3 JIHCTOBOIO KeJe3a ¢ NMPHEeMHHKAMH 45 NPOLYKTOB
pasnenerus, McexoaHwlt marepuan, npofins 3JeKTpHYeCKHH NoAo-
rpeBaTtefab, Npk DOMOIUK GapafaHHOrO NHTATEA NMOJAETCH TOHKHM
CJ0EM Ha OCaAHTeJAbHBbIH 3J€KTPOA BepXHero Kackajla cenaparopa.
Bpamawouiufica ocaguTeNbHBEA 3JeKTpOJ TPAHCIOPTHPYET NOAOTpe-
THI{i MaTepHan B 30HY AEHCTBHS 3JEKTPHUECKOro ICJAS KOPOHHOrO
paspana, rie Kaxnaasd yacTHUA NpHOGpeTaer 3apaAjk, 3HAK KOTOPOro
COOTBETCTBYET 3HAKY KOpORH. YactHunb, o6j1aialouiHe BHCOKOH
31eKTPONPOBOJHOCTLIO (MPOBOAHHKH, HAanpHMep, THTAHOBHE MHEE-

164



panpl), BHIHAAS H3 30HH JGACTBHS KOPOBHOIO paspspa, TYT Xe ofr-
RAIOT CBOH OCTAaTOUHHIA 3aps] OCAAMTENbHOMY ajekTpoay, Cuia
NPUTAXKEHHS HX K HeMy HcueaaeT H NOJ BJAHSHHEM LEHTPoOGeMHLIX
CHJI MPOBOJAHHKH cBpachiBaioTes ¢ Gapafana, HacThHuw ¢ Meublied
3JEKTPONPOBOJHOCTRI0 (HADDHMep, LHPKOH) OTZAlOT CBOH 3apAn
OC2IHTENLHOMY 3JEKTPOLY MeAJieHHee M OTPHIBAIOTCH OT HEro NO3kKe
NMpOBGAHHKOB, a Te, KOTODEIE HE YCNEBAXT paspAiHThRCH 33 OIHH
0B0pOT OCAAHTENBHOTO EKTPOAA, CUHILAINTCH C Hero uietkoit, Yro-
OB YBENHYHTb YTQJ Beéepa, YCTAHOBJAEH OTKJAOHAWILHE 37eKTpoj,
KOTOPHIfl CO3/l2eT MOHAEPOMOTODHYIO CHJIY NPUTSMKEHHA H ¢ €ro Mo-
MOILBI0 APHTATHBAaer K cefe NPOBOAHHMKH, HO He YAepKHBaeT, Mo-
TOMY UTO CH.12 THKECTH uactaly Hosblle NOHAEPOMOTODHON CHJABL.

Ilpu momomu cTcexateneil obpasyiomuiics Beep YacThi paszje-
JASETCH HAa TPH (DpaKIHH: NPOBOJAHHKH, HENPOBOAHHKH H NPOMIpPO-
aykT. Tocnennnit HanpapaseTca Ha NEPEUHCTKY HA HUMHUY Kackan,
IipoBoasmue H HenpoBousiiUHe (PaKUMH BePXHETC H HHIKHETO
KacKaaoB O8BedHHAIOTCS H BHBOAATCR H3 cenapatopa. [lpommpo-
AYKT CO BTOPOrO KacKaia NMONajaeT B TEUKY, PACHOJOXKEHHYIO Mex-
AY TEYKAMH [POBOAHHKOB H HEMPOBOEHHKOR, ’

OnmT sxcufyartauun cenapartopa IKC mnokasad, 4to yBeJHde-
Hre guamerpa ¢ 130 go 150 MM u wacrorh Bpamerus c 430 go
530 MHH™! ocamMTes]LHOTO 3JICKTPOJa NPH JOBOJKE KOJJIEKTHBHBIX
THT@HO-UHDKOHHEBBIX KOHIEHTPATOB JaeT CYLWeCTBeHHBIH NPHPOCT
npousBofuTe bHOCTH (MpHMepro Ha 30%). Has yeeauyenns cpoka
CHYXKObl OCAAHTEABLHLIX 2JE€KTPONOB NPHMEHACTCS XPOMHDOBAHHE HX
NOBePXHOCTH, YNPOUHEBHE ROBePXHOCTHOTO €JIOA RaKaTKOH H H3ro-
TOBJIEHHE MX H3 HEpIKABRIOUIEH CTaNH. Y3KHM MECTOM CenapaTopoB
DKC sBaferca ouHCTKA OcajMTensHOro saekrpoia. TIpW Harortos-
JIEHHH IIETOK H3 OOHYHOH PEe3UHEl CPOK HX CAYXKOL He NpeBhIlaeT
10 cyt, BO 3aMena OGBIYHOH Pe3WHbLl TEPMOCTORKOA YAJIHHsET CPOK
cayxOH 10 2 Mec.

Kopounpywmue sAeKTpoabl Takxke ObCTPOH3HAUIHBAECMEl BCAEA-
cTBHe ocnaliedds K obpeiBa HpoBoaoxH. [IpuMeHeHHe HroabYATHIX
KOPOHHPYIOIIKX 3JeKTPOJOB BMECTO NPOBOJOYHEIX HE jaer ¢Tabuib-
HOTO YAYYLUIGHHA Pe3yJbTaTOB BBMAY CPaBHHTENBIO DBICTPOTO TpH-
TYIJIEHHA OCTPHS HIJ, SKPAHHPOBKHM MOJAA 0CAXIAIOIAMHCA MHHE-
PaJbHBIMHE YaCTHUAMH, TPYAOEMKOCTH HK3FOTOBJEHHS 3IJCKTDOLOB.

Jns ycoeepluenctaoBaHusa pexuma paforul cenapatopos DKC
BO MHOTHX cayuasiXx IeJecoo0pasno YBeJHUHBATH 4YacTOTY Bpalle-
HHAl ocaauTenbHoro 3nektpona, Tax, zanpamep, Ha BATMK mpu
NPOU3BOACTBE CTABPONHTOBOrO KOHLEHTpaTa H3 IPOAYKTd, coaep-
MAUETC CTABPOIHT H WIbMEHHT, NMPHMeHeHHe BLICOKOCKOPOCTHOTO
pe:xkuMa Ha cenapatopax JKC u C3C npu pa3BeTBJCHHOHA cxeMe,
BKJIOUaOUeH NepeyncTHEE onepaumdn odexX Gpakunil ocHOBHOK
cemapailii, DO3BOJANC MOJYYATh CTABPOJIKTOBHH KOHLUEHTPAT € CO-
Zepxkauuem craBpoanta oxoqo 83% npwu uasiedennu 82Y% ot koa-
JIEKTHBHOrO KOHLEHTPATA.
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KopouHo-afiekTpocTaTHieckie ceNapaTopsl NPHMEHSIOT AJs pas-
JeJeHHS THTAHO-IHPKOHOBBEIX IEeCKOB HA THTAHOBHE (NPOBOIHHKH)
H UHPKOHOBLIE MHHEpannl {HenpeBOIHHKH), TPH HepepaloTke 0J0-
BAHHBIX, CHILBHHHTOBEIX DPYA, 4 TaKXe AJ8 OUUCTKH TNPOJIYKTOR
aJMasiiol, 30n0ToJo0mBakulell, crekoabHol, abpasuBHO, KepaMH-
yeCKOH MPOMBINLIEHHOCTH.

OaHako B yCOBUAX KpymHOMAacWTaGHOTO HPOW3BOACTBA, OCHA-
UIEHHOTO GOJBUIAM YHCAOM 3JIEKTPHUECKHX CeMapaTtopoB MaJofl
€IKHHUHOH NPOH3BOLHTEILHOCTH, Hedecoolpa3sHee yCTalaBIHBATh
BMECTC KOPOHHO-3JIEKTPOCTATHYECKHX Cenaparopos 6ojee Hajex-
Hele U NpOM3BOLHTedbHbie cenapatopu I19CC, He mmewiEne Bpa-
HIALHEXCH JeTanet.

Hdns peanusauin npouecca Tpubo3AeKTPOCTATURECKON cenapa-
Huie MPHMeHAOT GapabaliHble W KaMCDHBE CeNapaTophl.

TpubosnexTpocrtaruuyeckde GapabGanHbe cema-
patopn C3-1 u C3I1-2 npennasnayeHul 1J8 OTAENEHHA KBap-
ua ot nonesbix wnaros. Cenapatopsl CIII-1 u C3T1-2 ornuuaores
HHCJOM CeKIHil, KOMIOIHDYEeMEIX B RapaJniedsible HETKH {C2I1-1
COAePHKHT wwecTb cekuni, a C3I1-2 — pocems).

TpubosnekTpocTaTHUecKHEe KAMEDHLE cenapa-
TOPB C NJACTHHYATHME s0dekTpoldamuy CTY paspabo-
TaHb! Ha BepxneiHempoBCKOM TOPHO-METAJJYPrHYeCKOM KOMOHHATe
(cM. puc. 3.8, 8}, CenapaTop €OCTOHT H3 CHCTEMbBI MOJATOTOBHTENbHLIX
njacckocTefi AJa coobuieHds Tpubo3apAgoB JacTHUAM MaTepHala,
NMOCTYNAMW UM H3 NHTATeAs CAMOTEUHCTO THIA, CTATAUECKHX 3J1eKT-
POJOB H OTCEKATeNs, HaNpaBAdAILero NPOAYKTHE CefapalHH B cO-
oTReTCTBYOILHe TeukH. Huxuuil saektpon 3aseMieH, a BepxHHHA —
NOZBELIEH HA H30JATOPE H MOAKJKMEH K BHICOKOBOJBTHOMY HCTOY-
HuKy ToKa. Cenapartop cHabXeH WKAHOM ¢ 3TeKTpoobopya0BaHHEM
H BBLINPSAMUTEJBHEIMH YCTHHOBKaM#d, Matepuastd H3 GyHkepa nocty-
HaeT B TRUKY [HTaTeasd, rie pa3feqfaercss Ha JaBad napajdiaelibHbX
TOTOKA M Hanpapjfercs HA NOATOTOBHTeNbHBE MiocKocTH, Ilepe-
MEILAfACh CAMOTEKOM, pasjHYHBle MHHepasnl cMecH Gyarogaps Tpe-
HHIO O TOBEPXHOCTh IJOCKOCTH H APYr © Apyra npHo6peraloT pas-
JHYHBIE [0 BENWYHHE M 3HAKy 3apsabl. J3apaXeHHBIH MarepHan
NOCTYNAET B 3JIEKTPOCTATHYECKOE NoJe, co3laBaeMoe 3apsXKeHHbBIMH
anexTpofami. IIpn cBeGOIHOM TAACHHH B MEXJTEKTPOAHOM Npo-
CTpaHCTBE TPAaeKTODHA JBHXKEHHS YaCTHLI H3MeHAeTCS B 32BHCHMOD-
CTH OT OCTATOUYHOTO 3apfAia, HANPSIMEHHA Ha 3apPSXKEeHHOM 3JeKTpo-
Je, rpaj#enTa HANPAMKEHHOCTH NOJS, a TakXe RJIOTHOCTH H Kpyn-
HOCTH YACTHLL.

OTkaoHeHHaa bpakUdsd NonaiaeT B CODTBETCTBYIOLIHE NPHEM-
HHKH ¥ BBIBOIHTCH H3 cenaparopa, 2 OCTAJLHOW MaTepHasN Hanpag-
JAETCA B CJAEAYIOLLYIO CeKIHI0, rle Bech LUK moBTopAercd. Takux
CEeKLUHH ITO BHICOTE TPH.

TIpor3eoauTenbBocTs cenaparopa — 6 t/u, KpymHoers ofpaba-
TeiBaeMoro Marteprada — 0,3-~0,074 mMm, HanpsoxeHne Ha 9RexTpo-
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nax 20 xB, panpaxenxocTh 3jexkTpoctatdveckoro noasm 4 kBfew.
Pabouag nauna 241eKTposoB — 2 .

Ilpu Wcnodab3oBaHHK IpadHTONIZCTORBIX IOAJOKEK B KauecTee
NOOTOTOBHTENBHLIX TNJAOCKCCTEH H YBEJAHYEHHHM 9HCNA CeKUHHd Ha
BIATMK paspatoransl nosoquse cenaparoper 112CC (A. Tuierko
u B. A, ®epowni), ITH annapaTe 00 IPOH3BOLHTETLHOCTH NPEBOC-
XO0AT BO MUOTD pas Bee APYTHE THNH KOPOHIIBIX H KOPDOHHO-3ACKT-
pocTaTHuecKnx cenapatepoB (20 t/u nporus 2—4 1/4).

IlnacTHHYATHH SNEKTpPOCTAaTHUECKHW cemapa-
top [I3CC {cm. puc. 3.8,4) npeacrapaser coBoii muoreOiounni
anmapar, COCTOAMMKN H3 K4cKana ceKuhi, B KaXXIO0H H3 KOTOpPHIX
HMeeTest TIACTHHUATHIH 3a3eMACHHBIR 3INEKTPOJ, 3apPRMKEHHLIR OT-
PHIATENbHO, OTKJIOUAOMHI KAHIOBUAHLE 3JeKTPOd H 3apaKeunni
[OJIOMUTEAbHO 3JeKTpoa. Memxay 3nekTpojaMH ABHKeTCH CJIoR
MaTepHasa, B KOTOPOM YACTHIL AHIAEKTPHKOB ITOJNYYAlOT OTPHLAE-
TeldbHHN TpHHO3apsAa, a UacTHIL NPOBOJHWKOE — NOJIOKHTEIbHBIH.
O6pa3syoliuiics WHPOKHA Beep nO3BOJAET Pas3leiHTh CMech HAa TpH
drpakuid ¢ nomombio orcekarened, QcoberHocTs paboTel cemapa-
TOpa — 3epHa KBapila CMEWANTCA Jajblle JAPYrHX MHHEDAJIOB B
CTOPOHY NOJIOKHUTENBHO 3aPSKeHHOIO HHMKHETO 3J€KTpoja H H03TO-
My HelPOBOAHHKOBaS (pakUus ocBoGOKAACTCA OT KBaplid, a B3aH-
M03aCOpeHHe NPOBOAIIMKOB H HeNpOBOJAHHKOB oueHp Majo (no 10%).

B oanoM aunmapaTte 3aBepuiaercs NOJHBIA UWKA OCHGBHOHR R ne-
PEUHCTHHIX cnepaliuil ¢ noaydenHeM TOTOBHIX IPOBOJHHKOB H He-
npoeoaHuKoB. [locTouniicteo cenapatopa [13CC — Bricokas npoH3Bo-
AuTenpHOCTh (Ao 20 T1/9) M HameXHOCTb, finaroJaps OTCYTCTBHIO
BpalalUIUXcH YacTeil H NPUBOAA, NMPOCTOTA OOCAYNKHBAHHA U pe-
MOHTA, BblcOKas >(pPeKTHBHOCTb paszfencHusi, crabHNHu3alua TeMm-
nepaTypHOIrc pexHMa celapalHH, YTO HO3BOJAET YMEHBIIHTbL B3aH-
MO32COPEeHHE MPOAYKTOB M LHPKYAHPYIOUIEE HATCPY3KH B NOCAEIYIO-
[IHX y3J4X 3JeKTpocenapanuy; HeDOJbIINE KaNHTAJBHHE # 3KC-
MIyaTauygoHHBE pPacXoibl; JerkecTh 4dBTOMATH3AaUHH 5.,"!31"0)13}:)?[
TOMY, 4T0 H3MeleHHe palouerc HanpaXMeHHd KOMIEHCHPYET KoJe-
Ganna kauecrsa, Ha BATMK arperar cmontuposan na 88 BHaokos
¢ mojaveil [HTAHHA YeTHPbMA ABYCTOPOHHHMH mnuTateaamu. Oc-
HOBIIASl Cemapalus NMPOH3BOAKRTCA B IecTH kackaxax (1—12-i Gno-
KH}, nepedHcTHaA /A NPOBOAHHKOBO (pakuHH — HAa TSITH Kacka-
aax (13—17-f G6JoKn), Ta >Ke OnepalHs Ha HeNpPOBOJHHKOBHIX
¢pakiuaX OCYLIECTBJASETCH HA NATH xackanax (18—22-it Gnoxn).
OauH TaxoH arperar 3aMeHHJ HeCKOJbKO NECATKOB KOPOHHO-3JEKT-
POCTATHUECKHKX CenapaTopos.

§ 3.6. THAJEKTPHYECKHE CERAPATOPBI

HaroroBndnwT cemapatopsl AN BO3AYLUIHOH cemapauHH W RAf pas-
HMeNeHHs B XKHAKUX KHSJEKTPHKAX. DTH annapathl MPHMEHAIOT B OC-
HOBHOM JIJ1s1 1aGOPATOPHBIX HCCedoBaHHA.
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Jaa cenmapaluu B BO3AYLIHOH Cpefle MOXHKEO MCIOJb3QBaThL af-
napaTthl ¢ HAKJIOHHLIMHK MapaJJeisHblMid 3JdekTpopamu. [Ipm atom
TpefyeTcs YMEHBIIHTE PACCTOSIHHE MEMAY 3JeKTPOXAMH 10 2 MM.
Y1OBNETBOPHTENBHEIX PE3YALTATOR AOCTHPAIOT NPH OAHOHK WJH ABYX
mepeyncTkax. HampuMep, H3 CMECH CHAePHT — KBapl KPYIHOCTBIO
—0,26+0,16 MM u cogepxaHeM cHiepura 22,59 BHACAAKT KOH-
LUEHTpPAT ¢ cojep:kaHHeM cuaepura 72% npu uapaevenun 91,5%.

lisBecTHBl TakkKe KOHCTPYKLIHH IHIJISKTPHURCKHX CElapaTopos
IJs1 BO3AYIIHOH celapalHH ¢ pacceHBAIOMIHM TQJEM H ¢ BpPAILAIe-
IHMCR 3JEKTPHYECKHM MOJeM.

JuasserTpHUeCcKHA ceNaparop ¢ pacCeHBAIMHM
noJeM COCTOHT H3 KoHBefiepa, JEHTA KOTODOro BHIIOJHEHA H3
IU3JEeKTPHKA, ABYX PACCeHBAIOIIUX 3JEKTPOX0B, ONHH H3 KOTODPHIX
pasMellieH ToJj BepXHell BETBbIO KOHBefiepa, a BTopofi — Haj caoeM
MaTepHaJa, ABHKYILErocd 1O JeHTe. DJNEKTPOJbl BHIIOJHEHH H3
AH3JEKTPHKA (0prcTekio) ¢ BMOHTHPOBAHHBIMH B K2HABKH NPOBOA-
HHKAMH, NOAKJIIOYAEMEIMH K HCTOUHHKY BEHICOKOTO HanpixeHud, Ha
JAHHOM CellapaTope XOPOUI0 OTAENSIOTCA NPOBOAHHKH OT JH3JIEKT-
pHKOB (HampuMep, BpPK cemapauue cdanepHroBoil pyAH, cogepika-
welt 13,3% cdaneprra, NOAYYAOT KOIHEHTPAT C COAEpXKaHHEM
canepura 73,5% npu ussieuerun 84,9%),

Ha cenapaTtopecBpallalOMHEMCcH 3JIeKTPHUYGCKH M
0O/ eM XOPOII0 OTASNAKTCA NPOBOAHHKE (XaJNBKONHPHT, THDHT) H
NOJYNPOBOAHHKH (CHEEDHT, JHMOHHT} OT AHAJEKTPHKOB (KBapl,
Kaabuut, hawoput). [poBoaHHKY 0T MOJYAPOBOAHHKOB OTAECASIOTCH
xyxe, Bpauierne 3JeKTPHYECKOrO NOOJIA HOCTHTHYTO PA3MeEIICHHEM
HIKHEra B GOKOBBIX IEKTPOAOB NOJ HEKOTOPHIM YTJOM APYT K ApY-
Ty ¥ nojadell Ha BMOHTHDPOBAHHLIE B NH3JEKTPHUK IPOBOIHHUKH Ie-
PEMEHHQrO HaflpsKEHHA OT BEICOKOBOJAbTEOTC (10—13 xB) tpex-
thazroro Tpancdhopmaropa. Muaepannul ¢ Gosablied AH3jeKTpHUECKOR
MPOHHUAEMOCTBIO N4 AeHCTBHEM Geryllero noJf NpHICAHUMAKTCA,
mepeleralor uepe3s OOKOBhle 3JeKTPpoAW M obpasyir mnpoayxr I,
4 MHHepasibl ¢ NOHHXeHHON AM3JTeKTPHYECKOH MPOHHIAEMOCTRIO
PasrpyxaloTcs Ha cxXojie ¢ KoHBe#iepa (mpoayxr II).

duasaexrprnueckne cenapatop XerThHJAbIA
(puc. 3.28,a), cocrost H3 Oyurep-nutaTtens [/, BaHHBl cemaparo-
pa 4, 3afl0JHEeHHOHU HKEBEIKHM AH3NEKTPHKOM, ¢ BCTABJCHHBMMH B Hee
OCTPOKOHEURBIMH 3JeKTpeAaMH 2, 3, HOAKIIYAeMBIMH K Pa3HOHMeH-
HEIM KJeMMaM HCTOMHMKA BHCOKOIO HanpsiKeHH.

[MponykTel oboraleHuA pasrpyxKalorcs uepe3 Teuky 6 u 7. Ban-
Hy cenmapaTtopa 4 3a00JHAIT XHAKAM AH3JEKTPHKOM C JH3JIEeKTpH-
YeCKO# NPOHKUAEMOCTBIO COIMIACHO YCAOBHIO €' >>ec>>Ex'. 31€Ch
£c, &n’, Ex’ — AM3NEKTPHUUECKAA M[POHHUAEMOCTb, COOTBETCTBEHHO
Cpelbl, IEPBOr0 H BTOPOTO MHHEPaJoB.

Od6oramaeMyo cMech U3 GyHKepa NOJAIOT B 3a30p MeXiy ocTpo-
KOHEYHHMH 37dekTpofami, Yactuiuw, umelompe 6OJBIIYIO JHSJICKT-
PHYECKYIO NPOHHIAEMOCTD, UM Cpela, NPHTATHBAKTCA K BHICTYIAM
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Puc. 3.28. CXeMH JH3JEKTDHUECKNX CeNapaTOpOB:

2 — cenapatop Xerdunnaa (CHIAY; 6 — cenapartop OCK, 8 — ¢ KORUYETKHM 3ICKTPOAOM) & —
C HEKIORHWMH NAPANNeNbLHBIMH 3JEKTPORAMH; & — meneeol; ¢ —c nepdopEROBAHHEME Dai-
ASIMOUMMHE TIROCKOCTAMY; [ — OyHARep-nuTatTenb; 2, 3 — snexTpogk; 4 =— B2ENA (KIOBETA) ce-

napartopa; §— muep; §, 7 — LPHEMHEKH IPOAYRTOB pasdelenns; § — mepdopRpoBadnan no-
BEPXHACTE M3 TH3JBKTPHKA (CHTC)

OCTPOKOHEYHHIX 3JIeKTPOJOB H OCTAIOTCA Ha HEX. YacTHHH, HMe-
[MHe MEHBIIYK), yeM cpela, NH3JEKTPHUUYECKYI0 NPOHHLAeMOCTh, No-
najalT B NPHEMHHK 7. DAeKTPOAH NOCTENEHHO 3apacTaloT MHHe-
panoM ¢ AH3JEKTPHYECKOH NPOHHLAEMOCTBIO g,’, B Mpouecc cema-
pauyy npekpamanTr. 3akKpbiBaloT wWHOepoM & HPHUEMHHK 7 H
CHUMAIT C 3NEKTPOLOB HaflpsiKeHHE, NPH 3TOM MHHEpPAAH ¢ OCTPO-
KOHEUHKX 3JEKTPOAOB OCAXMAANTCA B PHEMHHK 6.

‘169



[locie okoHUaHHS cenapallMf MPONYKTH pa3feNeHHsi BEILPyKa-
0T, CTKPHIBEA KPBHIKH RDHEMHUKOB Da3neneHud. CenapaTop HMEeT
HHCKPEeTHLIH pexHM paboTH.

Husaextpuueckait mafopaTopHHEA cefapartop TuHOA
JCK (puc. 3.28,6) paspaboran 8 CCCP (I". C. Beprep) nas no-
JyUellHsd MOUOMWHEPaJAblbX ¢pakuufh ApH MOKCKOBHIX paboTax.
PaGouan kamMepa cenmapartopa COAepXHT KIOBeTY 4, 3aTlOJHAEMYIO
HUAKHM J1H3JEKTPHKOM, ¢ paaMel(aeMbiMH B ee oGbeMe cdepuue-
ckuUM 2 H MIOCKHM J 3iekTpogaMu. PasjensieMule MuHEPAabl Mo-
MOLIAKT HAa MAOCKHHA BHGKTPO}_’[ H BMECTe ¢ HUM OMYCKAWwT B KK-
BeTy 4. CsepXy ycTadaBianBaoT chepuueckull znektpop. Ilpu mno-
Aaue HanupaxeHHdg Ha AJEKTDOAB B 3alope MEM(Y HHMH YCT2HAB-
JHBAETCA TEOANOPOAIIoe SJeKTpuuecKoe none, Yactuuwl ¢ gy e,
CMEMATCH K UEHTPY 3JeKTPOAHOH napsl, a YacTHUH ¢ &£, <e.
cMeraloTes K nepHdepHH mIOCKOro 3iekTpoda § H majaroT ¢ Hero.
Jas yayuileHHs nOpoLecca cenapaldH PeryJupyiT paccrosHlie
MEXILY 3JeKTPojaMH H yReJruuBaloT palouee HanpskeHue.

Cohepuyeckuilt 3JEKTPOI MOKET ONYCKATHCH NMPH NOMOIH BHHTA.
s HeKAIO9eHHS NPOBOA MeX Y 3MEKTPOAAMH TIDH CerapaliH mpo-
BOAAIIHY MMHEPAJNOB CQepHUecKUH 3AeKTPON H3OAHPYIOT IIEHKOH
venagodana. ag nepedyHcTKA KOHLCHTPATA NIPH HeOGXOAUMOCTH NPH-
MEHSETCH HECKOJBKO CepHYecKHX 3JEeKTPONOoB Han TNOABHIKHEIM
JATYHHBIM 3/JeKTPOLOM, BHINOJHEHHHM B BHie KoHBefiepa.

CemaparopcKOHHUGCKHM3NeKTpoaoM (phac. 3.28, 5)
HMEET BAHHY 4, SATONMHEHUIYVID MHHAKHM THMNIEKTPHKOM, ¢ NOMEIIeH-
HBIMH B Hee KOHHYECKMM 2 H UHJAWBEIpHYecKHM 3 siaekTporaMu. Ko-
HHYECKHH SAeKTPOA NOKPHIBAETCH CJA0eM JH3JEKTPHKA, YT0 cNocod-
CTBYeT YBE/JHUENHI0 NOHIePOMOTOpUOH CHJE, JAeficTByWOIIed Ha
YacTHUH ¥ HPOBOJOKH., CenapupyeMuli MaTepHaa 3arpyxaercs
KOMbUEBHIM muTaTeNeM. HacTHin ¢ en' >>2c ABHKYTCA X BEpIUHHE
KOUYCa W PasrpyXkalorcs B NPUEMHHK 6, a4 QACTHIUH ¢ &y <gc mpo-
XONAT uepes CeTYATHIA KOHYC-3IEKTPOA, HE H3MeHAd TPACKTOpPHH,
¥ MOCTYNAKWT B npuMeMHHK 7, B sToM anmapare BHIBOA NPOJYKTOB
pazmeqeHna MmoxeT OnTb HenpepwBHBIM. Hiorga npuMeHsior W
JBYXKOHYCHBIE 3MeKTPOJAN (BHCOTA BHYTpeEHero Konyca 200 Mmw,
a srewnero — 400 MM). Ilpu oxHOM cemapHpyQlleM KOHYCE MHpPO-
H3BOJAHTENBHOCTh cenapaTtopa cocrasisier 15, npH xeyx — 200 kr/ua.
Ha nem xopouro paspensiiorcst MUHEPAJH ¢ GAHIKAMH JHIJIEKTPH-
YeCKHMH TNPOHMIZEMOCTAMH, TaKHe, KaK AMATHT —— KaJblIHT, Hede-
Jui — nosesodl mimat, ITosyuaor anaTHTOBLIA KOHIEHTPAT ¢ coAep-
KaHHeMm anatuta 95,7% npu ussnaeueHun 93,1% w HedenuHoBIH
KCHIEHTpaT ¢ cofiepxkanuem Hedeauna 97,3% npu wu3sieye-
un 95,3%.

JdusneRKTpuuecKHH cemapaTop ¢ HAKJAOHHBIMHE
mapanltielbHNMH3deKTpogamu (puc. 3.28,2) oTnnuaerca
TEM, UTO HEeOAHOPOAHOE 3IJIEKTPHUeCKoe NoJe CO3LAeTCH CJIOAMU
NPOBOAOK C UEpeAYIOIUIeNCH MOJIAPHOCTHI0. DIeKTPpoAs 2 B 3 moMe-

A0



eHs B BalHy 4 € MHAKHM 1U31eKTpHKOM. [nd H3roroB/eHHs
AEKTPOAOB TNPHMEHAIOT MEANYH TpeBOJOKY AuamerpoMm 0,3 MM
OpH PACcCTOSHHH MEXJY HIeKTPOAaMH 3 MM M UHCJe CIGEB NPOBO-
oK 15—20, ¥roam HakiaoHA cocTaBafeT okono 40° Yeenwuenud He-
OJUOPOIHOCTH 3JICKTPHUUECKOrD NOJISl MOMKHO JOCTHUb YKPEeTJIeHHEM
HA HaKJCHHOH NPOBGJIOKE MONEpeuHhlX, KOPOTKHX HPOROJIOUEK. 3TO
3HAYHTEJBHO pacllHpsieT Beep MPOAYKTOB Da3fiefeHHs,

0. K. llonankoseckuil npeaioxud lLedeBofl cefnapaTtop
(puc. 3.28,0). ¥3Koe we’eBoe OTBEPCTHE NPOPE3aHO B OPreTexdae
C AH>IEKTPHIeCKCH NMPOHHUAEMOCTRIO £ =4 H 9/]eKTPONPOBOJHOCTBIO
10" Cy. B kauecTBe cpennl HCNOJBIVIOT CMECh KepoCHHA O CIHp-
TOM 31eKTPonpCeBoIHOCTRIO 10-1° CM.

CBOHCTBA XMHIKOCTH PEryJHPYIOT COOTIIOUIEHHEM KOMIIOHEHTOB.
CooTHOoUEHHe TPOBOAHMOCTER NPHBOIUT K YCHIEHHIO N0JA Y 1ened,
BO3PACTAHHIO FpajHeHTa, H NPH moZaye MaTepHaaa B IIeNb OYAYT
BTATHBATBCA HACTRUBI MHHEpAJa, AJs KOTOPBIX €4’ >€¢, 4 HACTHUH
¢ e’ <{2c He GYIVT IPOXOJHTE yepes Hee.

Cenapartop ¢ nmeppopupoBaHHBMH pa3fedqio-
WHMH TaockKocTAMH (pHe, 3.28,e) mo3BO.IseT OCYILUECTBAATH
nepeddcTKy (paklhH pa3anukofi xpynHocTH. llepdopHposaHRHe
IIOCKOCTH 8, pacnonoieHHble MeXAy 3JeKTpojaMu 2 H J, YCTaHOB-
JeHbl HAKJOHHC B BaHHE C AHIKHM JHIIEKTPHKOM, KOTOpLIH HMeeT
37eKTPONPOBOAHOCTh d JABA NOPAAKA REHINE, ueM nepgopRpoBaH-
Haf OJOCKOCTD,

§ 3.7. PABPABOTKA HOBbBIX KOHCTPYKL!,HH CETIAPATOPOB

Maznurnste cenaparopsi. PaspaoTka HOBHIX KOHCTPYKUHHE cemapa-
TOPOB HENPEPBIBHO GpoAo/IKaeTcda. LKeroaHo omHchIBAIOTCH FECsHT-
KM HOBHX anmapaToB B pedeépatuBHoM KypHatle <«OborameHue
moJAe3HBIX BCKoNaeMbix» H «DBrooanerensx usobperennii», BHXOAAIHX
exemecsuHo, HenpepoiBHo nyGInMKYOTCH HOBBHE KOHCTDYKUHH ce-
HapaTopoB, pa3pabaTeiBaeMBIX 4 32 pyGexkoM. B ®unnauauu dup-
Mol «POKCOH® BbIYCKAKOTCA cellapartopul (NokKa Jafoparopuble H
MoAynpoMBILAeEERe aHaMerpoM 1 M H aamnoii 0,5 M) ¢ maranr-
HoB cuncteMofi B BHIE JBYX 3KCLEHTPHUYHO pacnono-
KeHHb X HMAHHIAPOB, Kaxabil U3 KOTOpPHX Halpan Ha Kepa-
MUUECKHX marHuToB. Ha 3ToM cemaparope cosjaercs flosie ¢ Mak-
CHMAJTBHOR nanpsokennoctbio no 1115 kA/M. Kpynuoers oforamae-
smofi pyapt ot 3 10 0,1 mwm, [ipopenennule HCCJHEI0BAHHA M PaCUeTH
noxa3aaid, 9YTO W3 pydsl ¢ coflepxaHueM 52% Fe npu oborailleHHH
B 1Ba TMPHEMa MOKHO MOJNYIHThH KOHLEHTpAT ¢ colepXaHneM 65%
Fe npu uznjevenun 95—90% Fe.

Ilpu cozpaHuu cemapatopeB Ans 00OTalIeHHst PYA B CHABHOM
nole paspabarhiBaeTcs HAeA HCNOJL30OBAHHUA MATHHTHOTO MNOJs
HepeMeHHON HHTEHCHBHOCTH, uTO NO3BONAET IHAUHTEJLHO
YMEHLIIHTE A0 HEMAaTHHTHRIX YacTHL, MeXaHHYecKH 3aXBaTHBae-
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MBIX MarHHTHHEIMH YAaCTHUAMH, K OOJYUHTL Gosee GOTaTthiil xeaeso-
PYAHBIA KOHIEHTpAT 0e3 HCHo/b30BaHHA JONONHHTEJNBHOTO Q8QpY-
AoeaHudA, MHTeHCHBHOCTE MATHHTHOrO NOJIA NMEpHOAHUYECKH H3MEH:-
eTcf H XOTd Obl OAHH Pa3 34 BpeMs NPOXOXIENHs cpelHed JacTHLH
4epe3 MaTpPHIY NajaerT HHUMXe YpPOBHA, HeoOXoIHMOro AJs 3axBata
MarHHTHBIX YacTHIL

Ilpu 3TOM B3aUMHOE NPHTAMKEHHE MAFHUTHBIX YACTUL[ HCHE3AET
M HEeMAarHuTHble YACTHULI BLICBOGOMIAI0TCA.

Ilone nepeMeHHO{l HHTEHCHBHEOCTH CO3AEETCH DPONYCKAHHEM ye-
pe3s o0MOTKY cemapaTtopa NepeMeHHOTQ MEePHOAMYECKH MOCTOSHHOCO
HJIH fyabCHpyowero Toxa. Tor xe 3h@ext mMoxeT GLITh JOCTHIHYT
HaBeACHHEM BPAILNANINErocd MarHUTHOre noas. B artom caydae of-
MOTKY OdenawT MHOrcha3Ho#, a ocBoboxIAeHNe HEMArHHTHAIX YACTHIL
TIPOHCXOAHT B pe3y/bTATe BpALIEHHS arperaToB YacTHL. JTOT CHO-
cof cemapauuu samarteHToBaH ¢upMOA «Cama HHTEPHILIHIS,

B CIIA 3anateHToBaH cenapaTop, B KOTOpPOM IpPHMeHeHue
OYJbBCHPYIONEro Moaxs AAd OYHCTKH {WIOKYsl OT HeMarauT-
HEIX YaCTHL COYETAeTCH ¢ MeXaHHUECKHM Bo3fefcTBHEM — OCEBLIMH
Koe6aEuAME poTOpA ¢ MaTpHuaM#u. B 3ToM cemapaTtope ropH3cH-
TANbBHEE POTOpP ¢ MATPHIAMH IO/JBellleH HA BePTHKaAbHOM NpH-
BOJHOM BaJy € NOMOINBIO THOKOrO jHCKA, 4To o0ecnedydBaerT ero
oceBble KoJeGaHuS.

Konefanusa (uactoroft 60 I'm u psofiHofi ammautyzoft 0,4 mwm)
HCIOAB3YIOTCA B TMOJMHTpDaZHEeHTHOM celapaTope, 3ana-
rentopanroM B CIITA, B KOTOPOM BePTHKAaNbHLHIA POTOP ¢ KacceTa-
MH, 3aM0JHEHHBIMH CeTKOH H3 CTA/JbHOH NPOBOJOKH, BpallaeTcs HA
FOPH30HTAJRHOM Bajly MEXKAy MOJI0CAMH MAarHHTHOH CHCTeMBEl H3
NOCTORHAMX MarHuToB, VIHAYKLHA nojd, CO3LaBACMOr0 MArHHTHOH
cucreMoit, cocrasaser 3 Ta, wacroTa Bpamenusa poropa 4,3 MuH™],
auamerp potopa 990 mm. Kpynaocte cenapuapyemoRi pyau 0,6—
6,044 mMm.

B pasjH4YHBEIX CTpaHAX 3aNaTEHTOBAHL HOBHIE KOHCTPYKIIHHA
MOAUTPALHCHTHHX CeNapaToPoOB ¢ BEPTHKAJbHL -
MH poTOpaMH (AHCKaMu), BpAaILAIIHMHKCA BOKDPYF TOPH3OI-
TAABHOTO Baja ¢ caMopereHepupyloefica (6aaronaps nepemenie-
HHI0 ToJ JeACTBHEM CHJABL THXecTH) GeppoMareEuTHOfl cpenod,
a taxkxe OapabaHHble CeNapaTOphl C AOCTOAHHBIMH MarHHTAMH HJIM
SMEKTPOMATHHTAMH ¢ TOPH30HTAJBHOH H BePTHKaJbHOH OCAMH.
B artux cemapaTtopax BhICOKHE FpajHeHTH MArHHTHOTO MOJHA CO3/A-
joTca Ggarogapa BBeAEHHIO B HX palounfi o6meM TOHKOH CeTKH,
okpyxatwllei Gapabar. OAHaKO MPOMBIILIEHHOTO NPHMEHEHHS 3TH
cenaparopel fMoKa He MOJYUHJIH.

HHuTepec npencTaBiSOT TaKKe KOHCTPYKILHH, B KOTOPHX coye-
TAWTCA PA3NHYHbIE NPHELNNH pa3feeHus (ocHOBaHHLIE, HATIPHMED,
H4 HMCHOJAB30BAHHH MACHHTHHX M LEHTPOOEeXHHIX CHJ), NoJs pas-
JAHYHOH HHTEHCHBHOCTH, RNDHMeRsieTcs pasHopoAHas (eppoMarkur-
HAA cpefa # T. A.
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Tak, B BenukoOpuTaHHH nNpeinoMkeH Cenaparop, B KOTOPOM
nydela NogaeTcsd NOJA A28BJEHHEM B 3aKPHTHH H3OTHYTHIA
KeJob ¢ BepTHKAJLHBIMH ¢TeHKaMu, K xenoby Ha 3Hadure/NbHOR
YACTH €ro IJIHHB ¢ BHYTpeHHeHd HJH BHEIWEHEH CTOPOHBI NPHMBIKAaer
3JeKTpoMarHut. B paBouei 3o1e nox neficTBUeM MAaTrHHTHBIX H LIEHT-
poO€KHBIX CHJT NPOMCXOAUT pasfeneHHe Ha IBe (paKlHH, KOTOPHE
pasrpyxawres B KoHUe edoGa. B sToMm cenmaparope MOXKer Hc-
NOJABL30BATHUS MAPHUTHOE TOJe HHAYKUHel no 2 Ta ais BbhigedeHHs
CHJIBHO- HJIM ¢J1a00MarHUTHBIX MHIEPaJOB M3 CMecH HX C Hemar-
HutnuMH, Taxkas kodcTpykuus pafouerc xauana MoKeT COUeTAThbCA
U Co cBepxiposogswell marauTHol cucreMod, [lpum oGoramennu
Ha TAKOM celapaTope cMeCH reMaruTa M kpapuuTta l:l, H3melb-
YeHHBIX [0 KPYIOHOCTH —74 MKM, NoJydaji MaTHHTHBIH NPOAYKT
C conepxKaHuem Kepapna menee 5%.

B CIIA m IOAP 3anaTenToB2H NOJHIrpPajJHEHTHHH Ce-
MmapaTrop MaTpPUYHOTrO THIIA, B KOTOPOM MaTDHHB RpOXO-
JAT Yeped 30HBl € BRICOKOH H HHU3KOH HWHTEHCHBHOCTSAME, YTO IO-
3BOJISEeT BhMAEJATH NPOAYVKTH ¢ PasNHYHEIMH MAarHETHBIMH CBOH-
CTRAMH.

B BeankoGpHTaHHM 3anateHTOBaH CeNapaTtop, B KOTOPOM
KBOJOKHHCTOMY MaTepuaJy MaTpHIEHK A06aBiAK0T HHO-
pOIHBIE MATHHTHHE Tena, OHaMET[ KOTOPBIX MNPHMEpPHO B 5 pas
foaplre, yem oforalllaeMHX 4acTHL, MariHTHbe YaCTHUBL TIPHTH-
HBAIOTCA K 3TUM TeJaM, a NocleAHHe — K MaTpHle. JaTeM Mar-
HUTHBlE Y3CTHIH VAAJASIOTCH H3 CcellapaTopa BHe 30HH JeficTBUA
MAarKHTHOTO, TIOAA [oA LefCcTEBHeM pasMarspuuBalouterc mnoas of-
pPaTHOIG RAMpaBJeHHS.

[IpencTasnaioT HHTepec 3anarTenToBanHee B Ileeund cnocob
A YCTPOHCTBO MM CYXOH celapalHyud NCeBIOOKHKEH
HB X PYA, MOOOTPETHX B KHISUEM CI0E 0 TOUKH KPHTHUECKORN
TemnepaTypu Kiopr (puc. 3.29), IIpH A0CTHXKeHHH TeMilepaTypHl

T 51 7 ¢
Pyla ™~ [ . 2
R 2. ANT 2 I | ~ ===
T 9 S | A
10
ey Yt Ao sty venitiess |+ BN oot ppp——
L { 7 Il 1
\ fius- mennonseumény * Hazpemas Soda

Hemaerumnan @paryus

Puc. 3.29, YerpokeTBo ZnA cyXoil TEPMOMATHETHON cenapanHd pyAb, HOAGTpeToR
A3 TOWKH KpHTH‘lECKDﬁ TEMNENATY DR KIOPH B KHITHINEM Ca0e [a) H cHCTEMA BO-
AfHOTO oxAaMmJends Gapabana (6):

I — xopnye; 2 — Hapabannpe Cenapartophl; J — MATHHTHIR CHCTEMA M3 NOCTOAHAHIX MAI'HHTOB;
4 — peweTka; § — BOPOHKH SKCTa¥CTEpA AAA YIATNeAHA MaruuToolt dpakuvn; 6 — aMetBHK;
7 — BO3LYXOBOL ¥ SHCTAYCTepY; & — 1py0onpoBoi Anx NoAZ9H BOJIE EJR OXBAMIERHA, 9 =
Opuaraaa; f¢—narpyBor AR 3abopa HarpeTofi oxJaxaawulef Bofau; ff — TpySonpomon
AaA 0Teana Hﬂ[‘_pBT.Dn BOAKI HI CHCTEME -OXJTAMBEHNA
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ToukH Kiopu MarEHTHRIe CBOHCTBA UACTHL DPYJHBIX MHHEDPaa10oB
H3MEHSIOTCA H pyly MoxHe oforawars 'B ci1aboM MarHHTHOM I0-
Jde, B samatenToBaBHOM anmapare oforaulende BeleTCA Ha (TBYX
fapafaBnBIX cenapaTopax € NOCTOAHHBIMH MAarHHTaMu, [IpHYeM Oa-
pabatel cHaOMeHbl CHCTCMOH BOAAHOrO OXJIAMAEHH,
laz-TensoHOCHTEAB, IPHBOAAUIMHA PyAy B  T[CEBIOCKUIKEHHOE
COCTOSIHHE, NOofaeTcsd CHHU3Y 4epe3 PewerKy, MADPHHTHHIA APOIYKT
yBJIeKaerca OapabanaMu BBEpX K BOPOHKAM 3kcraycrepa, a  He-
MATHATHBI}l — PA3TPyKaeTcd CHH3y Yepe3 clelHabHOoe OTBEDCTHE.

deppoeudpocraruveckue cenaparopet 8 CCCP mpol3BomfaT IABYX
MOInGHKALHA: AJ nepepaloTKH JoMa pagHO3JAEKTPOHHCH M OBTO-
BOH TeXHUKH kpynuoctelo 33 mMm (PIC-1) w aas oboranenuns or-
X0A0B HBeTHrIXx MeTaaqnoB (PI'C-70). Paznenenue npoucxoiur 3
tbeppOMATHUTHOH XHHAKOCTH, 3alOJHAKLIEH KIOBeTY, Jlerkasa dpak-
uMs ILIBBET [0 HAKJOWHOH TOBEPXHOCTH KMAKOCTH B CTOPOHY
pasrpy3kH, a TAXejas TNOrpyxaercsd B XHUIKOCTh M IO OTHAEIBEO-
My JOTKY NOCTYNAaeT B CXeMy OTMHBA H MACHHTHOR pereHepauuy
®OMJK na cenapaTopax co caabuM mojseM tuna [IBM.

VomeilHo 3KCNAYATHPYIOTCA MaTHHTHBIE CENApPATOPH AJs  J0-
BOJKH KOHUEHTPATOB C pasjdelleHNeM YaCcTHUY BO B3Be-
LeHHOM cnoe MarsetrdTa (puc. 3.30). Ha Oneneropckom
I'OKe npuMeHAiOT cenapaTope ¢ BAHEAMH B BHIE YaHOB, Ha KO-
fopeie HaneTh obmotxu (cwm. puc. 3,30, @), cozpaouine none Ha-
npsKeHHoCTRIO OKoJo 20 kA/M, paspaboraunbie I1. A. ¥YcauesniN,
[1. K. 3eaenoBerM 1 H. A. AjefHUKOBEIM, 3TH anmmnaparH HOBHDIA-
10T COjepMaHHe ¥KeJde3a B KOHIeHTpaTe Ha 2% mouTk Ge3 cHHIKe-
HHS H3BICUCHNS.

Xopomue pesyabratel noaydeusl Ha CesepHoM I'OKe, wa xoTo-
pOM YCTAHOBJeHH WleneBBe cenapaTopu B. A Uymaxosa
{cM. puc, 3.30, 6), olecmeduBajollie 3HAYHTENBHOE [TOBBIMEHH
H3BJEUEeHHS ¢ ORHOBPEMEHHBIM VRBeJUUBHHEM XauecTsa, lIpoHcxo-
IHT ofpaTHas cenapauus: KBAapLeBHEe CPOCFKH BHTAJKUBAKTCS
co10eM MArHeTHTa H BHHOCATCH BOJOH, T. €, peanH3yeTcs MAaTHHTO-
rpapoctaTHdeckuil spdekT.

B Maru#uTOrEJpoJdHHAMHUECKOM <Cemapatope
JafopaTopuoro THNa, paspaforannom ['mnpoMaisyrieoto-
ramienneM (pHec, 3.31), ceapalus NPOHCXOART B NMOTOKE 3JIEKTPO-
ANTA (MOAKWCNEHHOH BOAH), TPOTEKANUIero mo KioBeTe B pado-
yeM TpocTpatcTBe. [lepneHIHKYIAPHO TOTOKY TIPOXORAT MaTHHT-
HBIE CHJOBBIE JHHHH, CO3laBaeMble 3JOKTPOMAarHUTHON CucTeMoil,
a BIOJb NOTOKA NPOMYyCKAaeTCs 3JeKTPHUGCKHI TOK MeXAy 3.7exT-
polamu. ITpy cTengoBmx nenweitauusx MI -cemapatopos B 1a60-
patopusax lunmpomairyraeoforauienus, a Takxe Ha yraeoBoraty-
TeAbHHX habprkax OHIH NOAYYCHE  XODOILHE Pe3y.abTATHl Ipi
oGorauleHun yriaefl KpynHoctbio 6—0 MM ({IOTpelIHOCTh pasie.te-
Bus B 2 pasa MeHblle, 4eM B OTCAaA04HHIX MawnHax). Taxwe xo
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Puc. 3.30. CenapaTops ins JOBOAKY MAr-
HETHTOBHX KOHLUEHTDATOD!

a4 — menerofi: ! — marantHan cucrema; f — pa-
Ma: §— natpyfox AJA OTROMA COOTEETCTEEHHO
ABOCTOB H KOAUEHTpaTa, & — coleHOHMAHEA; [ —
GOMOTEE, 2 — Mewadara

Fuc. 3.31. JIabopaTopHHE MATHHTOTHAPO-
IAHAMHYECKHE ¢enapaTop:

{ — niratenn; 2 — pabGouan 30Ha; & == 3MEKTPOLEL
HCOOALIYEMBME [PH MATHATOCHAPOLHHAMHISCKOM
paziencuds; 4 — cOopARkH Qpakuui; 5 — Hacoe
ANA HOZBPATE SMEKTPOAHTA 0 paGolykr 30HY; 6 —
NPHCMHHEH € CETKAME LIA CTOHA SAeRTPOIHTE
HIH MarHHTHON SKEAKOCTH; 7 — 3JEKTROMErHUT-
HAR CHOTEMA

pe3yabTaTel OBIIH TMOJYYGHEI ¥ NPH Pa3fedeHHH OJIOBSHHEIX, Map-
raHuesbx H OypoXKe.ie3HAKOBHLX PyA.

B fynyweM, mocse paspaloTKH IKOHOMHUHLIX CBepXIPOBOIHH-
KOBBIX COJCHOHLOB, HANpsKeHHe H CHJIY TOKAa, MPOTEKAKLLero Mo
2IEKTPOTHTY, MOMKHO OydeT HACTOJNRKO NOHU3UTh, 4TOOH NpeloT-
BpaTATh Pa3pylieHHe 3JEKTPOAOR M ofecmeduTh Ge30MacHOCTh
OGCI/YKUBAHAS TIPH HE3KOM HAUDSKEHHH TOK2. DTO OTKpPOET 10po-
Ty npoMumieHHomy BHenperuo MI-cenapaTopos,

HspecTHH 3apylexHble KOHCTPYKUHH MaTHHTOFHADOAMHAMHUEC-
KHMx cenapatopoB. Ha puc. 3.1,3 usofpakera cxeMma oJHOTO H3
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TaKMX annapaToB. B oT/nHYMe OT OTEUeCTBEHHBIX CeNapaTopos B
3TOM ammnapaTe KIOBeTa IOMellleHA MeXly TpeMst MarHHTHBIMH MO-
nocaMi, 1To0H €034aTh H3OIMHAMHUeCKoe AoJe B OoabuioM 0dbe-
Me (3a30p MeXAy UOJICaMHd NpH PasfefeHHH JAeTKEX UBETHHX
MeTa/ioB cocTakiser 100 MM H §pu  pasfeleHUH TAXKeEIBIX —
60 mMM; IJHHA MNOJIOCHHX HAKOHEYHHKOB COOTBeTCTBeHHo 0,8 u
0,6 ). (OTMeTEM, U4TG TPEXTOJIOOHAA CHCTEMA [IJis CO3MAHHA H30-
AMHAMIYECKOTO TOAA Npegnomxena coperckuM duspkoM A, f. Cou-
HeBWM enle B 1936 r.).

BaexkTpodunanuteckue cenaparopsl NpeAHa3HaYeHH JJA H3Biae-
YeHHA KYCKOBOTO HEeMarHHTHOTC 3JeKTDONPOBOAHOTO JoMa (IBerT-
HHX MeTanfoB, JeTHPOBAHHEHIX H HepXaBewUIMX crajeil}) W3 pas-
JTHYHBIX CHITYYHX cMecel, B YaCTHOCTH H3 NPOMHILJCHHOTO MYyCopa
¥ BarOHHHIX OCTATKOB Ha MpelNpUATHsX «BTopuepMeras.

H3pecTHH 24eKTPOAHHAMHUECKNE CENAPaTOpH ¢ OeryluM 3.1€K-
TPOMATHHTHRIM IIOJIeM W C HMIOYJBCHBIM MATHHTHEIM 0OGJIEM {HM-
nyabcHuiit), [IpaHiun JelicTBHS CCMapaTOPOR OCHOBAH HA HCHO.Ib-
30BAHHH CH,J0BOTOC BSH‘HiMDﬂ.eﬁCTBHH B.UeKTPO]'IpO'BDILHbIX HACTHIL
¢ MepeMeHHHM HEeOAHOPOMHLIM MATHHTHRM TIOJIEM,

DAekTpOAMHAMHYECKHH cemapaTop ¢ Geryuwum
IO.JeM COJEPHKHT TPEXMOAYIbHYIO OJHOCTOPOHHICI) KHIYKTODHYIO
cCHCTeMy, IHTaeMylo TpexdasHRIM TOKOM ({cM, pre, 3.1,u), ycra-
HOBJEHHYIO ToJ HaXJIOHHEOH BHOPOIIOCKOCTBIO, BHIOJHSIOULEH
GYHKIWE TPaHCHIOPTHPYIOLIEIC OpraHa HCXOOHOTO cHpwsti, B coc-
Tap cefapaTopa BXOJAT TPHeMEHe OyHKepa 1JIf H3BJEUEHHHIX
MeTaJNKuecKUX YacTHH, a Tak¥Ke NyJbT YNpaBJeHEHS H KOMIeHca-
IHOHHAA YCTAHOBKA (Anf KOMIEHCAUHW peaKTHBHOW IHEPTHH HH-
aAykTopoB). CpereMa BeHTHAALUMH MHHAYKTODHOK  CHCTEMBl — NpH-
HyIUTe BHAsdA, BosAyllHas, Pafovasi MOBEDXHOCTh MORYJEH HHIYK-
TOpa NJIOCKAas, NPHYEM INPOJOJBHAS 3JIeKTPOMArHUTHAS OCh Ilep-
NeHIHKYAADHA K HANPABJSHHIO TEPEMEIleHHA HCXOIHOIO ChiPhi.

IMon neficTBHeM 3MeKTPOAMHAMHYECKHX VCHJIHH MeTaJJaHuecKHe
HeMaPHHTHE e YACTHOH OTKJIOHAITCA H3 NOTUKA HCXOJHOTO CHIPbLA
M, B 3aBHCHMOCTH OT BOCIPHHMYHBGCTH K 3JIEKTPOMAaTHHTHOMY
noJi0, MAagalT B Da3IHYHHe NpHeMHHe O6yHxepa. Hesnextponpo-
BOAHBiE MaTepHaJl He HIMEHSIOT TPAaeKTOpHH CBOEro JABHXKEHEHIT
H pAa3FpyXKaOTCA Ha IMPOTHBONCAOXKHOM KOHILeE BHEPOILTOCKOCTH.

ITepens mopauefi Ha cemapaTop H3 HCXOIHOTO MPORYKTA A0JKHBL
GbITh H3BJA€UEHH MATHHTHEIE MaTEPHA.IH,

Texunueckas XApAKTEPHCTHRKA SRCKTPOANHAMHYCCKOrO cCenaparopa

IlponsBomuTeNnEHOCTE, T4 . . . . « . .+ .. .. Ho 5
dbexTuBHOCTL H3BAeTeHnn, % e e e

Kpynroctes pazaenseMoro MaTepaa.na, MH e e e . 40—300
Torpe6afgeMas MOWHOCTE, KBT . e e e e e

PasMepn aKkTHBHOH 30EM, MM . . . . . . . . . . 1080x1100

Haopameswe nurtamas, B . . . . . . . . . . . 3X 380
YacTtota murapomwel cety, I'm ., . . . . .
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NMnyneornit  30eKTPOAHHAMUYEOKHH CEeNapaTop BKJOYAETCHE
CHelHAJbHBIM JATYHKOM TOJNBKG B MOMEHT IIPOXOXMAEHHS Hemar-
HATHOTO 3JIEKTPONpPOBOAAILErO TeJa M BHTaJKHBAeT IMoc/elHee BH-
COKOYACTOTHHM HMOYNBCOM, YTO TOBHIUAET CEASKTHBHOCTH M CHH-
KdeT pacXold YHepIHH Ha cenapamHio.

Ceepxnpopoasmas o0MOTKa MATHUTHOH CHCTeMH cenaparcposg
CO CEEPXNPOSOCAILUMIE MAZHUTHOIMIL CUCTEMAMIU B3TOTOBIAETCA H3
KaGens HHOOHA-TUTAHOBOTO H/H KepaMHYECKHX KOMIOO3HUHH (H1-
Tpki, Melb, KHeJIopon)., OOMOTKA oTJxMyaercs OT MelHOro TIpo-
BOJIHMKA; TOHYaHlMe NMPOBOAWHKH 3aNpeccoBaHH B MelHyK Mar-
pany. Coenano 370 a5 TOTO, 4T00LI NPEAOTBPATHTE nepexol 0f-
MOTKH H3 CBeDXNPOBOAANIETO COCTOSIHHSA B HOPMAaJAbHOE B Pe3y.ab-
TaTe BO3JAEHCTBHA QIIOKTYaUMH MArHHTHOO TOTOKA HAR APYTHX
npuuyH. Ecau ke 310 npouzoliner, To TGK NOTedeT TO MEIHOH
MAaTpHIlE, TeIIO DACCeeTcs, CBEPXNDPOBONSALISE COCTOSHHE BCKOPE
BoccTaHoBUTCA, llpuMep KOHCTPYKIEH CBepXIDOBOASILIEr0 NPOBO-
Ia: B MeAHHH TPOBOR NPSMOYIOJBHOr0 ceyenus 2,5X 3,5 MM Bupec-
copano 3600 xu.1 u3 HHOBHA-THTAHOBOrO cliasa, O cnocobex
OponycKaTh TOK cHao# jgo 2200 A Ges compornsaeHus. [Tponmycx
TakuxX OONBUIMX TOKOB 4eped TPOBOAHUKH  HeGOJBIIOrO cedeHusa
NO3BOAAET CO31aTh MarHHTHBIE 1018 BHICOKOH WHTEHCHBHOCTH.

[Tepspie cBepXnpoBONHHKOBHE nalopaTopHeie cenapatopsl OH-
an cognanst 38 CCCP B 1970 r. MMET coemectHo ¢ MIH
(E. M. Casunkuit u B. B. Kapmaaun),

Ha pne. 3.32 nokaszaHm cxeMa H XxapaKTePHCTHKH T0Js Mar-
HHTHBRIX W MATHHTOTHAPOAMHAMHUYECKHX #HAJIHIATODOE C OOJEHOH-
NaMM K3 HROOHH-THTAHOBHX Kalejgell, OXJaXJaeMHX B TelHEBOM
kprocrate, B Tabn. 3,10 npuBejeHs! onmiTHHE XaHHBIE, 10KA3aR-
WHe BOAMOMKHOCTE ofeccepUBAHHA YIS MeTOLOM KAk MarHWTHOMH,
Tak d MaTHHTOTHAPOSHHAMHIECKOH cemapallHH B CBepXIPOBOIHH-
KOBHX cojenounax. Ofpatnaer Ha cefs BHUMaHHe BuepBbie YCTa-
HOB/JEHHAs BO3MOXHOCTE TpoBOIKTE MIl-cenapanuio npm Ma.jioi
CHJIg TOKA H MAaJOH TLIOTHOCTH COJEBOrD pacTBopa.

Xopomwo  3apekoMeHioBan cefis CBepPXNpPOBOIsMHI
MATHUTHHW THApOoUKRKIOH (puc. 3.33), paspaboradHeit
UMET cosmectio ¢ MT'H uw CKITMHU, npu pasnetervr Mapradue-
BEIX, BOJLQPAMHUTOBEIX, THTAHO-LHPKOHOBEIX H HHOOHA-THTAHOBHX
waaMoB. B 3Tofl KOHCTPYKHEH BNepBHE WOMOJBIOBAHD 3IajaHHOe
pacnpeleneHue MarHHTHOH CHJB N0 BePTHKAaNbHOH OCH TEIPOLMK-
JIOHA 32 ¢YeT pacueTHorc NPodHJIA COJMEHOBNZ ¥ «NOIMATHHYHBA-
HHe» MaTepHasa B nutamwileM matpybke. Ero npousBoIHTeanHOCTH
DOCTHraeT 5 T/4 IO TBEPAOMY.

PannanpAas coCTAaRAAOIIAS MATHHTHOR CHAN F,, ReficTBynmasn
B NOJUIMPANHEHTHHIX Cernaparopax Ha gactuny ofwemMoM V, nuMemn-
Y10 MATHUTHYIO BOCTIDHHMYHEOCTE % H TIJOTHOCTER §:

Fr={xV) [ polh d Afd N1,
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Pye. 3.32. Cxema naGopaTopHoro ce-
napatopa co CREPXOPOBOAAWMME 0f-
MOTKAMH:

4 — CcXeMa  3IKCOICDHMERTAREHOH  YCTAHOBKH
aas Cll-cenapauun; & — XKapTHHA noas B
CBEPANPOBORAMIEM COAGHOWAE; ¢ — FoTpoficT-
30 BHHTOBOre xawana 1as Cll-cenapanws;
2 — yorpofieTes Kanaaa gad MI[-cemapankn
8 Cll-conenonfge: & -— veTpoficTBD Kakeda
AN MarHeTeadre3sHOHHoR cenapalMH

Puc. 3.33. MareHTHBIR rHApPONEKIOH:

! — KpHOCTAT ¢ TemNAHM [OoAGM; 2 — coepX-
NPUROLAWHA COMSHORY,; J — UIAHAZPHYeCKHE
wopnye; 4 — coepancobpazupf natpydor, § —
caan (HemarsHTHaR $pakurA); § — NHTaHHe;
7 — neckH (MarHuTHas $pariuHs}

Tae ®=x0; T=Af, j— OJOTHOCTE TOKAa, DPOTEKAKINEro "epe: Ka-

-
TYIIKI, 7 —— KO3)EULUHEHT 3anojHeHMs O8MOTKH  KaTyWKH, k —
MAarHHTHOE 10je Ha eIHHHIlY OJOTHOCTH TOKA.

3apybexHele GUPMB TAaKXe HayaJu NPOMBIIJEHHHE HCRETA-
HHA ONBITHHIX O6pa3LOB CBEPXNPOBOJIHHUKOBEIX CEMApaTOpoOB ¢ MPO-
TPAMMHDOBAKHEIM YNpaB/jeHHeM ¢ nomomble 3BM  u  Mukpo-
KOMHABIOTEPOR.
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Tadanua 3.10. Pe3aynbTarel MATHHTHOH H MATHHTOTHAPOZHHAMHUECKO#H
cenapaunn yrach {(ofeccepnranne) M TOHKOH3IMETLMEHHHX HEKOTOPHX pya
H WJAMOR E CBEPXNPOBOAAMEM MAFHHTHOM CENAPATOpE ¢ HATPHMKEHHOCTLIO
noan 4 MA/m

Conep~ Hisne-
Buxofg, HaHHe YeHHE
¥eaosHq onwiTa Hpenykr % METANAE, | MeTanna,
% %
¥roapuuft  KoHuenrpaT Hoso- | MaruntHei 24,6 6,87 69,5
Yamosckof L1O®; Tpybra co| llemarsurani 75,4 1,02 30.5
LLIHEKOM Hexoanmi 100 2,43 100
Cwech  {yronp--nupHT);  KpVN-| MarBuTRHI 5.3 29,4 61,5
woere  100% —0,5 MyM; TpyOxka | HeMaruutiplii 94,7 1,02 38,5
€0 LHHEKOM, PacXol BoAs | Mexozami 100 2,03 100
0,75 nfvun
To e, pacxon Bogw 0,27 | MaruntHeid 8,3 26,20 83
afmuH; TPYOKa CO DIHeKOM Hemaruuruii 91,7 0,39 17
Hexoanei 100 2,53 100
Cwyecy  (yroabtnepurt); kpyn- | MarsuTHER 31,6 5,80 72
wocte 100% —0,1 wmum; pacxog | Hevarsurunit 68,4 1,02 28
soan 0,25 afmun Hexonuni 100 2,33 100
¥roan TloaMockoeHoro Gaccedi- | MaruutTaui 9,4 16 32,7
va {Kawwosckas Q@); 100% | Hemaruurueri 90,5 3,43 97.3
—0,074 mM; TpyGka co wne- | Hexoawni 100 4,59 100
KOM
Csmece {yroas4mmprr}; 100% | Marruruni 25.3 8 81
—0,1 MM; TpyGka c¢ wapuxa-t HemargHThmi} 74,7 0,64 19
BLA Hexoauwii 100 2.6 100
CMeck  (yroap-+nuput); 100% | Jerkas 55 0,43 5
—0,5 MM; pacxom Boan 4 afmud; | gpaxuns
MI'A-cenapauns Tamxenasn 45 5,10 95
hpaKnug
Hexoanni 100 2,53 100
Oxucnensde weapudtu  Ogene- | Marputnmi 39,8 41,5 4.3
ropckoro Mecroposienna, 409% | Hemargutusi 60,2 1,8 5,7
—0,074 MM; TpyOxa ¢ mapuxa- | Hexoausnt 100 17,5 100
MH
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Npoaonxenne Taba 310

Coaep- Hapme-
. Bruxog. wanue YeHKe
¥CA0EHA ONLITA HponysT % MeTannma, | MeTanTa,
% %
Mapraunesse umamm  (TOD); | MardautHui 40,5 38,2 88
Kpynuocte  80Y% —0,074 MM; | Hemaruntaeiit 54,5 3.6 i2
TpyGKa o LneKoM HUexogneit 100 17,8 100
BoobdpaMUTO-KaCCHTEPHTORE Maruutuaui 62,2 |44,9; 1,219 4; 7.7
nLiaMel; KpynHocts 100% Hemaruntiz 37,8 |4,5; 17,55,6; 92,3
—0,074 mM; TpyGka co mHexoM | Hexoaumi 100 29,6; 5,9 100; 100
Illaamer, cogepmamue Tax0s; | MaruuTedi 4.3 2,12 82,5
KpynHooTs  100% —0,074 wmwm; | HemarunTroii 95,7 0,02 7.5
Keneawas  pata  (Hampsxed- | Hexoannii 100 0,11 100
HOCTH D0A CcenapaTopa
12 MA/M)
Xpomurosan pyga FOxuo-Kem- | Marnurpui 56,7 48,8 95,7
nHpcafickoro padicHa;  kpyn- | Hemaraurami 43,3 2,8 4,3
gocte —0,014-0,05 MM, marma- | Hoxoggui 100 28,9 ]00
TOAAre3HOHHMH «Gpacner»

Hucturyrom npuknanoll reojiorud B Hanow {Dpaunus) ckos-
CTPYHPOBAH # H3TOTOBJe@H MAaTHHTHHHA cemapaTop coO
CBepXNpOBOAAIINM CONeHOHAOM. B cemaparope uonosb-
30BaH COJEHOHA €O CJAGIVIOUEMH mapaMeTpaMu:

Boicora, MM . . . . . . . L. . . . 800
Huamerp, ma:

BHYTpEHEHE . . . . . . . . . . . . 168

HEDYMUBH . . . . . o . . ... 257
Uncas BaTKOBR . . . . . . . .« . .+ . . 2lb00
Uacno ecnoes . . e 34
Homuraabubii TOKI\aaKCHMMbHuH TDK, A ... 1847200
HMHAYKLHA MardHATHOTO NOJH Ha OCH co.ﬂenom{a Ta . . 56,5

Kpuocrar mMeeT mo Bcell BHCOTe UeHTPaJbHOe TEHJA0BOE OT-
BepcTHe AnaMerpoMm 120 MM, B axTeBHOH 30He 3TOTO LMJAHEIpa,
COOTBETCTBYIOLLEro BHCOTe codeHonaa (800 mM), HaxoauTcs u3-
BJEKAKOLas MaTpuua., HanpameHne NOCTOSHHOrO TOKAa BRIDAMH-
Teas peryaupyercs B npefedax 0,20 B.

B cnyuae -HeoXHIOAHHOTrQ IEpPexo]a COJSHOHAA H3 CREPXOPOBO-
JAAIEro COCTCSAHHs B ofbluHoe, O0HApyXeHHoOre Omaroaaps KOHT-
POJII0 HaNnpsKeHHA CcOJeHOWIA, MATHHTHasd 3HeprHs, HaKolneHHAs
B COJAEHOH[E, pacceHBaeTCsi B CONPOTHBJEHHH, yCTAHOBJEHHOM Ma-
paanennpHo.
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Pafotw, mposeieHHsle Gupmoil «Jpues Maruetuxc» (CIHA,
TlencnnwBannsA)}, MPHBENH K CO3AAHHK celmapaTopa HepHO-
DuveckKoTrTo AelicTtBH A Conedona BprcoTol 940 H pHaAMeTpoM
864 Mm Becur 2721 xr. Jlramerp OTBepCTHS B LieHTpe COJEHOHAA
cocTaBager 152 mM, Aamna 508 mM, B omeepcTHH ToMeniera xac-
ceTa ¢ MarpuaUueH H3 MATHATHOTO CTAJBHOTO BOJOKHA H3 HepkKabe-
1onell craau auaMerpoM 102 MM u panHof 508 MM.

Huayxuus MAarHETHOIQ 110 B HeM MOXKeT NJaBHO H3MeHAThCH
ABTOMATHYeCKH. MakcuManbHAA HHAVKUHA B KacceTe JOCTHraer
5 Ta. CpepxmpoBoisulas MarHRTHAA cHCTeMa cenapatopa paBo-
TaerT B LWHKJIMYECKOM pexuMme (BKJIKOUeHHe— BHIK.IIOUEHHE) ¢ TIpo-
JOMTKHTENBHOCTLIO I3Iksa nopAnka | MpH, YBedWueHHe Noad OT
0 1o makceMaabHoli HHAyKuHH 5 Ta npoucxoaut 3a 36 ¢, a cnaj
noas ¢ 5 T ro 0 —8a 27 .

Ckopocts nenapenns reauns 1 nfu. ITo manaeM $HPMBL, HCMOJB-
30B3HHe (BEPXNPOBOAAIIAX MAaTHHTHHIX CHCTeM JaeT OBoJbilyl
3KOHOMHI® 3JeKTPO3HeprHH. TaK, ycTaHOBJeHHEIH B saboparopuu
$HHpMH OBBITHEIA cenmapaTop ¢ HHAYKiHeft MareEuTHOTO moaa 2 Ta
norpebasier 200 wBr, a BHOBL paspafoTaHHuLIl CBEPXITPOBOAHALIHH
JgabopaTopHufl cenaparop norpebaser 0,007 kBt npH uHAyKLHH
5 To. YeTanoBKa M0 CHKHMKEEHIO TellMd HMeeT MollHocTe 20 kBT,
C y4eToM pEUHPKYJAALHK HCIAPSIOUIEIoCs IesiHf, CHHXKEHHe 3aT-
PaT Ha BMeKTposSHepruio 6yler B nmpedenax 80—90%.

JlaGopaTopHE CBepXNUPOBOASINHE CemapaTop ¢ HHAAYKLHeH
5 Ta mo pasmepaM TaKoll e, &aK OOBYHBIH BRHICOKOTP&IHEHTHEL i
JaboparopHulfi cenapaTop ¢ HuAyKoHe#d 2 Ta, a no macce BiBoe
Metbime. Tak xak oH morpefaser toaeko 10% 3IeKTposHEprHu no
cpaBHeHHIO ¢ OOBIYHBIM, TO H BRHIDAMHATEJNBHBlE YCTPORCTBA K HeMy
Tax¥e MeHbLIEro pasMepa.

CenapaTtop TpeqHazHaueH JAJf Da3jeleHHs TOHKOH3MENbUEH-
HBEIX ¢1a60MarHHTHEIX PYA M MaTepHaJoB.

dupmoti «Kpuorennx Kowmcyawranc» (BeaukobGpurauung) pas-
paboraH ONBITHHH MATHHTHE A cenaparcp co
cCBepXnNpoBoAsled MArHHTHOHA CHCTEMON NPOH3IBO-
AuteapHocTsio 30 T/u nas oboramenus ciafoMarHHTHHX Py

MarnuTHoe ToJle cemapaTopa CO3RAETCA ABYMS OOJEHOHIAHBIMH
KaTymkaMmu jxamerpoM 460 MMm. MHAykOHA MarHHTHOrO NONS TPH
MaKcHMadbHOM ToKe HocTHraer 15 Ta, rpaament nouast 0,7 TafeM.

Pafouas 3oHa cemapaTopa InpeacTaBiser cobofl  HapysKHH
K0JbplleBORt KaHas poMGOBHAROIO cedeHHSA, paclofoXeHHMH B dop-
Me CUWpand BOKPYP colteHounob. [InTanue BBOAMTCA B KaHaa TaH-
repnnansko. Tlog mneficTBUeM pagHANBHBIX MATHHTHEIX CHJ, Ha-
TIpaBaeHHbIX BHYTPh 'KPHOCTATa, MAaCHUTHBE YaCTHLUH CKalLIMBAa-
0TCA Yy BHYTDeHHell NOBEPXHOCTH KAHaJ a4 U TepBHYHHIM [OTOKOM
TIYABARL TPAHCIOPTHPYIOTCS B CTOPOHY pasrpyskd. Hemardaurhmne
YACTHUB pAacnoaralTes y BHellHefl NMOBEPXHOCTH KaHala H Moj
JeHCTBHEM CHIHL TSIKECTH H  UHEeHTPOOEKHOR CHIH  JBHXKYTCS
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Puc, 3.34. CenapaTopsl O CBRepXOPOBOIAIIAMH OGMOTKAMR:

« — cenapatop GHpub «Margetik Kopnopeguuens (CIIA) ¢ KOHUENTPHYCCKHM DafouuM
NPOCTRAHCTBOM: [ — Memanka; ? — o6MOTKa; 5 — OrpagUIHTE L 30HB PiINENeNHR; 4 — paisle-
JAHTEMLHAA Teperopdira; 5 — paxTPy3cuHan Haca;ka; 6 — cenapaTop QupMm «Takaa Kiraxky
Korés (SIMoHHE) ¢ BOIBPATHO-NOCTYNATCABMEIM ARHMEHHEM KacCeT: [ — DIOPHbie DOJHKH,
2 — GAOUHAR paMa; 3§ — MeTaNIHMECKH KOKYX: # — DEIEpRYap ¢ MAacAoM; § — Bacoi; 6 —
COTEANHST; 7 — JHEJEIHBIE NJACTHHE; § — PASMArHHYHBANULHE KaTYWIKH, 5 -— 8pelgrana; {0 —
perhik

K pasrpyzovyHOMY KOHIly KaHaka, TaxuaMm ofpa3oM, OPOUCXOINT
pasme;eHHe MaTepuaJa HAa MaTHHTHBIA M HeMarHHTHBRIA HDPOIAYK-
THI, BHXOH KOTOPHIX PeTyJHPYeTCH NpPH paszfpPy3ke ¢ TNOMOUILI
cnelHa eRoOro mubepa.

Ha puc. 3.34, ¢ mwpusenena cxeMa cenapatopa ¢upumo
«Marnernk Kopnopefiwer» (CHIA) ¢co cBepXmpoOBOAS UIK-
MH oB6MoTxKawmu. MarHuTHas Gpakulia OTKJIOHAETCH K HAPVK-
HOH, @ HeMarHHTHAnA — K BHYTPEHHEll KOHUEeHTPHYECKOH  Tpyfie.
Jannble 0 NPOMBIILTEHHOM TPHMEHeHHH He IPUBOIATCA.

B Kpuorennom nucratyTe CAyTXEMOTOHCKOTO — yHHBEPCHTETA
(BenukoBpuTauus) FpPYNNOA MarHuTHOH Cenapaunu paspaGorau
CenapaTop ¢ «0OTKPDHTH My TpaiuernToM. C NOMOIBIO CBepX-
NpoBOIAILLEro cenapatopa Opljda yclOeilHo NpoBefeHa cenapaiurs
XBOCTOB Ypano- # 3oaotonepepabarnisaomux ¢adpuk.

AHrsnticKHe H SNOHCKHE HOCTEeI0BATeTH CUHTAIOT, YTO MPEAnou-
TATEIBHBM ABJAAETCH CBEPXNPOBOAAIIME centapaTop € ABYMSA 1BH-
MHYIMIHMHCA KacceTaMHd, TOo4YepeTHO BROIHMBIMH B MArHdTHOZ hO1e
0.9 ODCI1aYH TTHTAHHS B BBIBQIHMDIME 3 0049 4.9 CMBIBA MAar-
HATHOTO NPOIYKTa, a 'He cenapaTop, paboTaloliHii HA npuHiiine
OTKJIWUYCHNA IO 1704 ¢MBIBA IMATHHTHOIO OPOAYKTA.

CoMeHOWAHBYE JIEKTPOMArHHTHHHA cemapaTop
(pnc. 3.34,6) aas oBorallleHuss CHJIBHO- i CTa0OMarHUTHBIX Pyl
paapabotan ¢upyMolt «Takaa Karaxky Korés (fnowna).

182



pouaBoauTenBHOCTE cenaparopa B 3aBUCHMOCTH OT ero pas-
Mepa xoaebaercs ot 10 no 100 1/4, MaxcuManpHad HHAYKIHA Mar-
HuTHOro mosaa a0 3 Ta, xpynrocts oGoramaeMoll pyawel oT 10 MM
A0 HeCKOJbKHX MHEPOH. OcHOBHAA YacTh cenaparopa — COJICHO-
HA, NpelcTaBadlonMi cofoll UMJIHHADHIECKYIO KaTyIIKy {Moll-
HocTeio 20 xBT) ¢ rOpH3cHTAaARHOI OCBK), 3aKJIOUYEHHYI0 B MeETaJq-
JAHYECKHT KOXKYX (paavaTop), 3ano.AHCHHBEIE MAcAOM I8 OXJaxk-
JeHHA KaTyIUKI; Macjo fojaeTcd HacocoM ¢ ABHTAaTedeM  MOLI-
Hocteio (0,4 KBt u3  pesepByapa., PasgeacHee MuHepasos
OCYUIeCTBAeTCd B OJI0YHOIT paMe, MoABelIeHHOH HAa PoJHKax, Ko-
TOphle MepeMellalorTcad [0 pedbcaM, Pama coseplliaeT Bo3BpaTHO-
nocrynatenproe apyxkeHne (10 gEumeHnfi B 1 MHH) BHYTpH co-
JEeHOH/ 2 BAO.b ero ropH3OHTaJbHON GCH H 3a €0 npelenaMu (Bae-
BO H BIPaBO OT HEro).

B pame nHaxcaurcs oT 100 10 200 MHOTONOJKOCHBIX KeI€3HBIX
MIACTHH (4ied0 nomaiocos aocTuraer 600), Koropwie, nomaias B
30HY JAeHCTBHS MAarHHTHOTO TOJsL COJACHOKRAA, HAMAarHHuHBAOTCA.
Ilpy 3ToM MarHHTHHe Y4acTHUw oforaumaeMoil pyIbl TPHTATHBANT-
cH K Mal"HIITH:bPM NOAWCaM TIVIACTHH. HHT'dH}Ie nogaercad n 6.09-
Hyl0 paMy cBepxy (BI0AbL BePTHKAJbHOH OCH COJEHOWI1a, BHYTPD
ero).

HeMarHuTHele 4aCTHUE CPa3y BBIHOCATCA H3  30HBI 1€ACTBMA
MarHHTHOTO [OJIs, 4 MarHHTHble — pas3TpyKalTesd JApH  BBIXOJE
paMbl 3 30HL JCHCTBHA MAUHHTHOTO MO/ ¢ TIOMOLIBI; pa3MarHH-
HUBAKIIAX KaTyUICK, YCTAHOBJEHHBIX CJeBa M COpPaBa OT COJEHO-
Haa, a Takie Loj AefCTBHeM MOTOKA CMBIBHOH BOAM H3 Gpbi3rad,

dupmoit <K adwnep-I'ymbonsar-Jefi, I'ymboap1T-Benars
{®PI') paspaforad M HCNBITAH ONLITHHIA ofpaseu GapabauHo-
roMariitHoro cenapaTtopa Mdeckoc co CBepxmpo-
BoAgsAm el MarHdTHOHNH cHCcTeMoH Cenapatop NpOMEIIIEH-
HOTO pasmepa, oH uMeeT auamerp 1200 mm u nnspy 1500 MM. Mar-
HETHA% HHAYKUHA B pafouel 30He cenapatcpa cocTaBaaer 3 Ta
ITpousBoAHTENBHOCTE €10 NIPH paboTe Ha HOKCHTE B peKHMe CyXoH
cenapauun nocraraa 100 1/a.

B focnennue roas 3Ta QHpMa 3anaTeHTOBAJa HECKOJbKO KOH-
CTPYKUHI C€enapaTopoB €O CBePXIPOBOAALIAMH MATHUTHHIMHA CHC-
TemaMu, Cenapatrop ¢ pafodyH M OPraHoM BBHIE POTODA,
RpAILLAOILLErocs ROKPYT BEPTHKAJABHOH OCH, HMeeT JABe He3aBHCH-
MhEe CBepXIPOBOAsULHe MATHHTHbIE CHCTeME!, NOMeIleHHEe BHYTDH
potopa. MarwuTHas CHCTeMa BHIFCIHEHA B BHAE OTKPHTOH Mar-
HHTHOH CHCTCMBI, KPHOCTAT KOTOPOH H3OTHYT B COOTBETCTBHH  C
KphBH3HOH poTopa. Ha HapyXHOH CTeHKe ‘pOTOpa YCTaHOBJeHH
MaTpHUB U3 paccpel0TOYCHHBIX (eppoMarHATHRIX naactud. [Ipu
BPAleHHH pPOTOpPAa MATPHUIB TIOCIEN0BATENABHO NPOXCOOAT  uepes
offacTs JelicTBAs MarHATHOre nond. MMelorca apa nmutartens nas
nOAaYK Ny bllll B MATPHIBL R TOT MOMEHT, KODNAa OHH 3aXOAAT
B 00JacTh AeHCTBEA MATHHTHOIO 110418, MPH 3TOM MAarHHTHHE Yac-
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THUH NPHTATMBAIOTCH K MaTPHIC, 2 HeMaPHHTHHE BMecTe € BOZOR
BHX0AAT u3 Hee. MMeorca ABa yerpoficTsa Aas Noiayu NPOMEIB-
HOK BOJW B MaTpHUy, KOTja OHA elle HAXONATCA B MarHHTHOM fio-
Je, YTOOW CMBIThH 3axXBadeHHBlE HEMATHHTHBIE YacTHLBl B NPOM-
NPOAYKT, W HABa YCTpOHCTBA, YCTAHOBJIGHHEIX BHE 1eHCTBHS Mar-
HHTHOIO Iosid, KOTOphle NOAAKT B MATPHUBL CMBIBHYIO BOAY, A.1d
yAaneHnus MAaArHHTHBLX 4YacTHIL

Cenapatop ¢ pafourmM opraHoM B BHAe OGapabaHa
HaNOMHHAET TPANHLUHOHHEIN cemapaTop Ajas OGOTalLEHHsA MarHeTH-
TOBHIX pyA. Buyrpn GapalaHa yCTaHOBJEeH KPHOCTAT CO CBEPXNpO-
BOAAlled MarHHTHOR cuctemofi. B ncnepeudHoM cedsHMH KpHOCTAT
nMeerT QopMy ceKkropa. ILIOCKOCTH CBepXlUpOBOASAMLIMX  KATyLIex
pacnonoXeHs NepNeHAHKYJAApHO K ocu Dapafana. dnamerp Sapa-
Gama — 1200 Mm, naunHa — 1H0C wmwm, DBapaGar n3rotosieH u3
naactMaccel. MRAyxiws ua noeepxHocTu GapaGana 3 Ta, Karyw-
KH OXJa)IaKwTcs KHAKHM TeguneM. Kpuoremnas ycraaoBka pabo-
TaeT B 3aMKHYTOM LHKJIe ¢ KPHOCTATOM cemapartopa. Takoro e
THTIA CEenapaTop, HO ¢ AHAMACHHTHBIMH 3KpaHaM#, paspadoTaH
8 CKI'MU,

MaBecTHH ceNapaTope ¢ HeTHPEXMOJIOCHEMH MarHMTHBIMH CH-
¢TeMaMH ¥ ¢ TODH3OHTAABHEIMH H BePTHKAJbHBIMH KaHaJlaMH, B
KOTODHIX HEOLHOPOJHOCTL MO8 co3jaeTcs 03 MOJAHIPAAHEHTHOH
cpellbi, TyTeM COOTBETCTBYIOILErO Pa3MeulsHHa HakoHeuHuKoB. Tax,
MaccauyceTckuM TexHoaorndeckuM uuctutyrom (CIIAY u ¢up-
moit «Cana marmeruke» (CHIA) «cosnad cemapatTop cCo0
cBepxnpoBoAsilefi MarauTHoH cuecrteMoi (puc. 3.35,
Q), COCTORIIHA M3 UWJIHHADHYECKOrO MACHHTONPOBONA ¢ UeTHIpeX-
NOJHCHOK MaTHHTHOH CcHcTeMOH H3 JMHel[HBIX NpPOBOAHHUKOB, BHYT-
PH KOTOpPOH pasMelleHa TNepdopHpoBaHHan Tpyba ¢ rOpPH3OHTAIb-
HOH OCBbI0 AJSl TOJAUH HCXOJAHOTO NMHMTAHHS # KOHUEHTpHYEas eft
Tpyba aas cBopa MaruuThOf dpaxnuu. IfepdopupoBannas Tpyda
OCHanleHa CIHpaneofpasHEMH JONACTAMH, CHOCOOCTBYIOMAMH  C.1a-
oMy nepeMellHBAHHIO HCXONHOIO MPOIYKTa U €ro HepeMelleHHIo,
CeepxnpoBonalias o6Motka ofecleduBaeT CO3ZaHHE MAarHHTHOTO
nona uHAykiwed 2 Ta.

WHeruryrom Mexannku B Kaprcpys u Hayuno-necnenoBaresb-
CKHM HHCTHTYTOM ¢upME «Kpyom» B 2cecene (OPI} paspabortan
cenapaTtop Cco CBepXnpoBojAmel cucTeMoii H
BepTHKAJAbHHEM pPalOYHEM KaHaJOM.

CenapaTop mpelcTaBaser coG0il BEePTHKANHHHE  JYCTOTE B
uuansAp gHaMmerpom 110 mm 1 BricoTolfi 700 M, B KOTOpHI HCXOI-
Had AayJablla nojaeTcs cBepxy. Ha pHemRelt 1osepxHOCTH LMJIHEI-
pa pasMelllednl [0 KaTyluek M3 NpPOBOJOKH, H3TOTOBJeHHOH H3
CBEPXNPOBOASUIEr0 CNJaBa. PACCTOSHAS MeXKay KaTYIUKaMH DaBHBI
UX AJHHE,

HanpsaxerwnocTh noisi MaxcHMa bHa BO.IH3H OOGMOTOXK # nagla-
€T A0 HyJa B LeHTpe pabouero kaHata. Mcexoawas nynawna mpoxo-
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Puc. 5.35. CenapaTOpH CG CBEDALPOBONALIEMH MAaTHHTHLIMH CHCTEMAME!

& — CenapaTop ¢ ropR3OHTaJAbHbIM Daloidm cpraHoM: [ —KaTywxa: 2 — MarsHTonpoBox; 3 —
nepbopupoBagian TpyBa, 4 — pabouaa 30da; § = (ENAPATOpP, COCTOAIIEA H3 CONCHOMAR M Da3-
MEliSHHONE BHYTOH HETO MRAQTONGIHOCHON MaPHETHON cueTeMmbl: / — conedoup; 2 — pafowdf ka-
HaX, & — CBeDXNPORCIAUIKE CONEHOHL; 4 -— NOMOCHBIE RaKOHEYHHKH, §, 6§ == COOTBETCTBEHHO
HAPYHHAA H BepXHAA CTEHKH KPHOCTATA; 8 — JeHTOYHbA CenapaTop ¢ SAMKHYTOA CRepxopo-
BOSALLEN cHCTeMOf: [ — JMeHTa © MCTAAnHUecKol ceTkoll Iad yAaleHHs WarHMTHolt dpasinpsd;
2, §~- NOTKH \IA 00Aa4Y KCXOIHOrO NHTAHHA M IpHeMa MaTHRTHOH (PAKUHA cOOTBETCTBERHO
AHT N0 UHIHEADY BHH3 K KOHycooGpazwoMmy paszennTeqio, Mar-
HHTHaA ¢pakuus pasrpyxaerca OnuwKe K CTEHKaM BepTHKaJbHOIO
UHJTHHApA, HeMarHHTHas — B ero ueHrpe. MHAyKums MarHaTHOTO
moJia cocTtagager ot 1,540 2,56 Ta.

Oupmoit «bpoyn Goseprs ([lsefilapus) 3anaTeHTOBAaH cemnapa-
TOpP, B KOTOPDOM HeQIHODOLHOCTE MATHHTHOIO MOJs Cco3naeTcd B
pe3ysbTaTe HCNOMNBICGBAHHA CCUETAKHA OLHCOPOAHOIO H
HeOJHOPOAHOTrO MATHHTHH X Hoaei OSoapmoit cu-
A u (pu¢. 3.35, 6). HeonnopogHoe moJde co3gaencs MHOTOMOJIOCHOH
cHcTeMOK xBanpaTHofl POPME, CBepXNpPOBOARILHE OOBMOTKH KOTO-
POK pacnooXeHb CHMMETPHYHO OCH KaHaJ a KBaJpaTHOMO ceve-
HHA AAf ToZadd HCXOAHOH MyAbIH, a OIHODOAHOe MOJie — CBEpX-
[APOBOJAMINM CONEHOHAOM, HAMOTAHHBIM HA KapKac MHOTOIOJIIOC-
HOR cHCcTeMH. KoMOGHHHPOBAHH2A CBEPXIpOBOAALIAf MAarHHTHAH
CHCTEMA TIOMEIlLeHa B KPHOCTAT ¢ KHUAKHM rejHeM (Mexay €ro
HADYKHOH ¥ BHYTPeHHell CTeHKaMu).

OnbiTHHE oOpasell caMoro KpynHOTo cenmapartopa (M3 M3BecT-
HBIX CemapatopoB CO CBEDXIPOBOAAIIMMH CHCTEMaMm#), KOTOPHHA
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pafoTaer B JMmupusa KoLNeske B JIOHAOHe, HMeeT NPOH3BOLH-
TenbHCCTh 30 T/u, MarHuTHoe ToJe Takoro cemaparopa cosjlaercd
ABYMS CONSHOHGHBIMH KaTyIDKaMH zHaMeTpoM 46 oM. HMugyruus
MareHTHOrO NoOJs cenaparopa cocrasager 2,60 Ta. Pabouas 3oHa
celaparopa HpeAcTaBisdeT cofolf KaHan poOoMOOBHIHOr®
cedeHHd, DaclOJOXKeHHBIH BOKDYr 3TOH MATHHTHON CHRCTeMEL
Ilnranne nopacrca B kaHaa TaHrennuansHo, [1od JaeficTBHeM Mar-
HHTHBIX CHJI MArinHTHREIC JACTHUB CHANJAHBAKTCH ¥ BH)"TPEI[HE']"I o~
BepXHOCTH CNHPany, a HeMarHHTHbie N AeficTBHeM LeHTpodex-
HOH CRJBI OTOPACBEIBAIOTCA K BHelIHeH,

I'paBHTALMOHHEIE M LSHTPOOEKHbIE CHJIW PazAeffAloT MOTOK He-
XOAHOH TyJABIE Ha MaTHHTHBIE M HEMArHHTHBIE YACTHIH, M TIPH
BEIXOde HX u3 palfodero Xaeasaa ONH IONMAanaldT B COOTBETCTBYIO-
mue npHeMHEHKH, [TosnararoT, uro npu paspafoTKe APOMBIULTEHHOTO
celapaTopa TAKOH KOHCTPYKLUHH IIPOH3BOJHTEABHOCTH €r0  MOMKeT
OLITE noBegeHa no 100 Tfu,

BoapmnHeTso pacoMoTpeHHHMX [0 CHX NMOp €ENapaToOpoB  ¢O
CBEPXIPOBOIALIAMHE MaTHATHHIMH CHCTE@MAMH HMEJIH 3aKDHTHI pa-
HouHil KaHaa B BHOe XejoGa HJIH TpyOHl K yalme BCETO 3aMKHyThie
CHCTEME! (32 HCKJAIOUeHHEM TIOC/TelHeH KOHCTPYKLIUH).

[Ipepnoxena Takxke elie OAHA KOHCTPYKLHA Celapatopa He-
MPEPLIBHOrO REHCTBHA, B KOTOPOM HCHOJB3VIOT HENPepLIBHYW JeH-
TY ¢ 3aMKHYTOR cBepxmposoislieii cHctemoii  (pue.  3.35, &).
B sTtoM cemapaTope JeHTa, CHaGXeHHAA METAJNHUSCKOH CeTKOM
ans ofechedyeHHst HeONAHOPOAHOCTH MATHUTHONG IOJS, NEpecexaet
moJie, ©O3J1ABAEMOe CBePXIPOBOAALIMM CoJeHoHaoM, MarnutHan
¢pakuua yaaasercs ¢ KoHBelepa 3a npanenaMd AefCTBHS MATHHT-
HOTO MOJS.



TJIABA 4

NMPAKTHKA PABOTLI CENMMAPATOPOB

HA OBOTATHTEJLHBIX PABPHKAX

U NEPCINEKTHBDL!I JAJBHEWLUIErQ PAIBHTHUA
M3MO

§ 4.1. OBILHE CREJEHHSA

MarnurHele ¥ 37EKTpHUECKHE CenapaToOpel HONOJR3YIOT HAa 060ra-
THTeAbHbiX (abpHKaX A1 Pa3NHUYHEIX Ilecci:

1. B xayecrTBe HCHOJHHTEIBHBEIX ANNapPaTOB 7.8 OCHOBHOTO IPOC-
necca oforameHss.

2. B xomGuuupoBanHof cXxeMe oforalieHHs.

3. To xe, B KauecTBe BCIOMOTATeJbHOr0 oO0OpyAOBaHHA idnd
perexepaluy CYCIeH3HH H 3allHTH alNaparoB CT CayYaHHBIX Me-
TAJNMHYECKHX [TPHMeCCH.

4, HAns mepepabOTKH TEXHOU@HHCTO CHIPLH €O CTAPBIX XBOCTO-
XpaHUIHL], WJIAK0BHX 0TBAJ0B, LLIaMOB, HX NPOIAYKTOB, rpaduTo-
CONEpKAUINX U IPYrHX OTXON0B.

5. Jas mepepaboTkH MeTAJNJHYEOKOrO CKpana H TOJYYeHHs
COpTOR JOMa 11 CTPYKKYH, HPHIOAHBIX A0S BBITLJIABKH  MapOYHBIX
CII.1IaBOB.

OcrHoBHOe TNpHMEHeHHe NOJYYHJAH cemapaTopH B KayecTBe ar-
napatos aag oboramenis. B uepHOR  MeTaJIIYypruy CefaparTophl
ycTaHosaens Ha 60 <alGpukax, nepepafateiBaompx  Sonee 909
JobeiBaeMbix xeidesHslx pyd. Iupoxkoe npuMeHeHue MATHHTHBIX
U 3JeKTpHYeCKHX MeTolos oborallenus Habaxumaercs H B Passu-
THIX 3apybexHbx crpaHax (Kamane, CIIA, IHzenun n IAp.).

Kpyouete ¢Gabpuki  cOOpYXKalOT Ha TIOPHO-000raTHTEdBHBIX
KoMGBHHAaTax, nepepalaThlBalOIIAX 3KeJIe3uCThie KBAPUUTH, CKapHO-
Bble MarHeTHTOBBe PYAbl, MapraHlUeso-pyAHOe Chipbe, PYABl THTa-
HO-UHDPKOHAEBHIX H JAPYrHX poccuined (puc. 4.1).

B cocras KOMOWHATA BXOLAT KApbep ¢ NEPerpy30uUHuIMH y3Ja-
MH H UMKJHYHO-NIOTOUYHOA TeXxHoJorHeld ZOOBIYH, KOpNYyca KPYNHOro,
cperHers H Menkoro ApofJeHHf, oG0TaTHTeNBHAS, arioMcpalHOH-
Has HMJAH OKOMKOBaTeshHad (alpHKH, peMOHTHHEe H IpYyrHe BCIO-
MOTaTe/lbHbie Lexd.

B paiionax ¢ Gostee cypoBeim KauMatoM B cocras I'OKos Bxo-
AST W CYUIMJBHBE OTReNeHHs, ofecnedUBaOIIHe NQArOTOBKY KOH-
UEHTPATA K NEPEBO3KE KeTe3HOIOPOMHBIM HJAH MOPCKHM TDaHONOP-
TOM K MET4a/IypPruiyeckHM 3aB0JaM

C uenslo BOBAeYeHHA B nepepaboTKy HOBBIX BRIOB Meilc3o-
PYAHOTO CHIPhf, TAKHX, KAK OKHCJISHHBIE XeJle3HCThe KBAPUHTH
Kapbeptiofi AOOLIUH, OKHC/JIEHHMe 3KeJe3Hbie pyOB, KBAPUHTH MOA-

187



a
HexoOupitd Mamepuc
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Pyc, 4.1, Texuonornyeckas cxeMa
{#} u pa3apea (6) oSoraTuTedb-
Ho®t ¢abpEKR, nepepabarniBaie-
mef{ MATHCTHTOBRE KBAPHHTH
1, 2 — Menbhduw [ cTaduy; J — wnat-
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3 — MaTHATHkE cenapaTope 1TEM-TI;
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3eMHHX DYIHHKOB, pa3pabaTHBamT KOMOHHHPOBAHHBIE cXeMbl 060~
FailieHHsl ¢ HCIOOJB30BAHHEM CENaparopoOB € CHJABHEM MACHHTHBIM

OoJaeM.

Ha nekoTopnix sapyBexubix I'OKax, B cBR3M ¢ JOCTHXKCHHEM
MPOEKTHOH TAyOGHHH KapbhepOB, MeCTOpPCKIeHHA paspadaThBaloTCsS
KOMOHHEPOBAHHLEIM CHOCOG0OM, [O3BOASIOMIMM O0eCHeuNTh OrpoM-
Hee Macirrafu go6niyu pys B ofHoM npeinpusatau {IBeuus).

Ha pomo 'OKom npuxonnmes Honee AByX TpeTeil ofllero mpo-
H3BOACTBA TOBAPHOH MKeJegHOl PyAbl H OHE ONPEleNdT TeXHHKO-
KOHOMHYeCKHE [0Ka3aTeJH TIOpHO-o00oraTHTeJAbHOR DPOMHUIIEH-
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HOCTH CTPaHbI: H3BJeYeHHe TOJIe3HBIX MHHEPanoB cocTasasieT 6o-
nee 95% u conepxkande mx B KOEULeHTpataX Gonee 90%. Ha 60ap-
WHHCTBEe OPEATPHATHE AOCTHIHYTAa Bhicokas peHTaleisHocTe. OHa
peaauayercsa OJsarogaps MajbiM 3aTpataM Ha OTHOMKY  pyihr
B3DHBHHIM CIIOCOBOM, aBTOMOOHJLHO-KOHBEHCpHOMY ee TPaHCHOD-
Ty (OpE pasMelleHHH Reperpy3QuEOre NyHKT2 €  ApoGHIxaMi
KPYyMHOro JpoOJeHHA BHYTDH Kapbepa Ha IIOMIAAKAX d4d pas-
rpy3ku camocsasor), Ilocne apobneHus pyna KoHBeliepaMmHu Tola-
eTCsi B OTHeNeHHe MeJKoro Apob.aeHHA, a 3aTeM Ha oBOraTHTe h-
Hyw $alpnky. Bonpliag npouspoauTe pHOCTE (alpuxH 11 JeTkad
o0oraTHMOCTh MArHeTHTOBHX KBApUMTOB MNO3BOJAKT  BhipadaThl-
BAThb BBICOKOKaueCTBeHHBIE KOHLIEHTPATH NPH MHHHMATBHEIX TpY-
O03aTpaTax M YAEJbHBIX PAcX0aax BOAB H IPYIrHX MaTepHa.loB.

TexHUKO-KOHOMHYEOKHe  TOKasaTtceaH  pabdoTw HeKOTOPhIX
I'OKoe npusegensr B Tadu. 4.1, CeGecToMMOCT: mepeneTa 3aBUCHT
0T MHOTHX (aKTopoB, BamKHeHIIHe H3 KOTODHX: cOiepXauue Mar-
HUTHOTO »KeJje3a, o0oraTUMOCThL Pyibl, NPOH3BOACTBEHHAS  Moil-
BOCTs (pabpuxu, ee reorpaduueckoe paclonokeHHe, KodDPHIHEHT
HCIONB30BaHHA O0O0DYROBAHHA, COAepiKaHHe METadjia B KOHUESHT-
parax.

Jaa toro urtofn yMeTb ONpenedATh HallpaBheHWe mporpecca M
OCBalBaTh YOKODeHHe AavibHeHUIero pa3BHTHS MarHUTHOIO i JeK-
TPHYeCKOro oforalleHts, MOJNe3HO O3HAKOMHTBCH € OCHOBHBIMIT
nprueMaMu aHaJH3a M NPOTHOIHPOBAHHA TEXHAKO-3KOHOMHUYECKHX
noka3aTteseli ['OKos. Craenyer ofpaTuTh BHHMaHHe Ha ofuiyvio 3a-
KOHOMEPHOCTb: JHHEHAHYK BaBHCHMOCTb BBIXOJ2 KOHIEHTpaTa H
ero Ka4ecTsa OT COAEDKAHAS H3BJeKaeMOTo MHHEpana B CHPhE,

Ins cTaTHCTHUeCKHX HCCASAOBAMAA B3AHMMOCBA3M NoKazaTeaell cenapaums
A NapaMeTPOR CHIDBSA NPOBOZMTCA ONpofoBaHHe H aHaini npol AAA onNpeieleRHs
CONepXaHuA pa3feNfAeMHX MEHeDPaJOB HAH MeTaatos. [IpH pacuere TEXHONQ-
TRYESCKOTD Ga.ncha no HeCROIObBKHM MHHEDANaM HEOGXO,I[HMD, KpoMe XEMHULCKOTD-
AHAMH3A, 3A03BATECHA H H3IBAcusHHeM MHHEPIJOB. JIJ]FI 03HAKOMJ/IEHRR ¢ METOIOH-
KO Taxkoro HCCAEfOBAHHA DACCMOTDHM pacwer NoKaszaTenel siexrpiueckoft w
maruupTaof Cenapalii KOJAJMEKTHRHOTD THTAHO-UHDKOHHEROrD HOHUEHTPATA, COCTOA-
IOEro 3 MALMEHATA, PYTHAA, OMPKOHA W YacTHU nopoiw (pHe. 4.2},

Tlo JaTAHHEM COOEpXAHHAM MHHepANMOE B KOIJIEKTHBHOM KOHUEeHTpaTe B
B NOJYYUEHHHX OPOAYKTAX, 2 TAKMe no NPAHATHIM HapaedeHusM Ti0, 1 ZrQ;
(Tan. 4.2), HaxoAMM BHXOJZ NPOAYKTOB, a TaKXe HX COCTAB H Pa3Mep TOTEPE.
TiO; u Zr0, » xmocTaxR.

BHXO,H, HIbLMERHTOBOTO KOHIEHTpPAaTa

Na=0Cnen/Pa=24,4-60,6/92,7=159%.
Conepxanne TiQ; B KONTEKTHBHOM KOHOEHTpAaTe oNpefensieM IO BHXOIY
HALMEHHTOBOTO KORUEHTPATA, H3IBJNeYeHHIO U cofep®anuio TiO, B nem:
a1=TnﬁT[02 /STiD! = 15,9 '57,8/’50,6 =152 %
OnpedensieM BHIXOJ, DYTH/IOBOIO KOHUEHTPATa, 3Had H3BAEYeHEE DPYTHAA B
COJepiKanue ero B KOHUEHTpaTe:
Yp=2ep0p/Bpy=31,8-152/01=523%,.
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TaGanua 4.1. Texuuko-skonommueckne ftokasarean FOKos (no gammem Mexano8puepmeta)

——ad

Conepxanue Fe, % Ceﬁec'r%rj;mcrb.
IMuoxranoay- HasleyegHe i
[g4).4 'rem..uoc‘rb, Fe. % ]
MIH. T{rOR BM g:‘:[?}?aﬂ.r(tjeu B IJIlpyoKL;répc!— B koaentpatc| B XpoCTAX Py I\U[I;::;IT-

AzepGafiniancKei 2.8 31 ,44_ 35 61,09 15,02 §_S),_z_5 6,28 11,03
23,59 3,81 89,60

CokoJsoBo-Cap6aticrnit 3.6 39,30 42 63,33 15,11 80,85 8,02 10,88

MuXainoBcKiil 9.6 38,88 42 49,55 28,90 73,48 1,70 17,79

20,74 0,82 4,72

KMAPYIA (Od-1) 0,9 33,21 36 66,06 10,54 81,22 h, 11 9,66
25,92 {,65 99 35

KMAPYIA (00-2) 2,8 32,7§ 36 66,04 10,40 81,98 5,21 9,08
25,96 0,71 98,36

J1e6TOK. (0®-1) 13,9 32,44 35 67,79 w M 4,17 9,21
25,25 2,40 93,99

JesT QK (OD-2) 7,1 32.47 a6 67,05 14,17 71,46 4,39 14,00
35,96 4,64 87,98

TleTOK (0®-3) 5,5 32,51 37 67,85 | 12,67 75,03 | 4,21 | 10,81
25,33 3,10 92,14

T SR T A el

12,8 35,30 9, 7 .29 : oy
IOTOK (O®-1 ' i Al fhut i et i
T'OK ( ) 27,17 1,62 96,80

20,8 35,33 38 64,24 1€, 70 83,64 2,68 5,08
[OTOK (00-2) 57,68 T | w7




gL:11

KoBnopeknii
Kopwynosckuii
Hoeo-Kpueopoxckui

(0O®-1)
Hono-Kpupopoxexui

(0D-2)

HIOK (MO®)
LITOK (OM®)
Cesl'OK (09-1)
Ces['OK (OD-2)
HeT'OK (O®-1)
HUuTOK {0®-2)
HalTOK (Od-3)
HNonarasexna {O@-1)

Iontasexpit (OP-2)

MTpumenanne

B

15,5 24,04
23714

17,2 27,11
23,80

13,3 33,21
94,929

14,0 33,64
24,63

9,8 32,76

88 20,71

9,2 38,96

7.9 95 59

31,8 34,33
95 44

14,7 33,69
22,98

17,3 32,10
22,599

12,6 32,88
23,89

4.6 32,97

23,80

15,9 31,98
24,13

15,2 32,18
3381

MHCAWTCEME TPHECIEHO CodeDHalne

TH

26

29

36

36

38

4]

37

37

35

36

37

35

36

H3RASHel e

63,46
63,17
65,71
65,71
66,71
64,27
65,04
64,61
62,65
63,31
64,01
62,28

61,98

nBHETo

Wenesa,

4,32 88,62
1,75 95,14
6,86 83,80
3,00 94,90
14,95 71,19
2,04 94,62
15,00 71,95
2,05 9471
19,50 57,18
4,19 85745
16,57 77,42
9,74 82,53
15,17 72,80
2,42 84,12
18,72 62 57
3,41 39,99
13,63 73,53
763 92,87
15,29 69,59
4,95 86,59
13,59 73,49
2,98 92,12
12,20 76,71
2,03 54,90
12,47 76,68
2,26 94,29

B ataMedaTene — MardHTHOMN,

3,02
4,68

4,68

9,94
9,80
2,36
9,91
13,99

5,42




Nexodvweit mameouan
Jesunmeepayun
HoohstBra

Recwu —L Yo (xbosms 1)

fpabumanuonyor
noedodpeauenie

Xocmm 7

Konwexor Byt
KOHYLRMPET

Irexmpuverxar renapoyun
Aoofednunu HerpaBodniny

Lyxas Macwumans cendoayus Moeuumyans ceRapauun

CERUPOUUR CEATPALUR oERgoayur

Mazwumuas FaeKmouvecKar I FABKMIUNECKON .

'{'K'?’I X-T.’I* ia‘(‘fﬂ? nn *KJII !('Tﬂ*

fpafumauudnyos plozauigne

nn l Ao, ‘ Tpo
TRERTMOUYECKTT .?Jmmpwea-mﬁ FERAPTYLUR
CENATIULT -
Lol g Xbocme: U
FRERTPUACONTR CERTRTLUR -
Xbocms: [V
AT~V
XBocmar V
Xeocms: |
ofusue

Puc. 4.2, Texdonoryueckas cxeMa nepepaboTKH THTaHO-IHPKOKAEBON pYSH:
IIT — npoMOpoAYKT, K-T — KoRuewrpaT; JI, ¢p, — nerkag ¢pakuus; T. ¢p. — Tamenan dpax.

MER
Ananoryuso onpefeifgeM BHXOL HEPKOHOBOTO XOHIEHTpATa
Yy =8nln/Pun=96-14,6/98=14,3%.
BLIXOL XBOCTOB
Np=100-—({x+Yp+{a) = 100—{15,9+5,3+14,3) =64,5%.
ColepKaHHe HABMEHHTA B XBOCTAX HaXOAHM MO ero GamaHcy:
1000tz =YaPu.n + pPp.u+
+YuBn a +Yxa
Oreona
xr=[ 100as = (Yubu.a+YoBpu+Tubas) /1=
—[100-24,4—(15,9-92,7+5,3-9,6+ 14,3-0) 1/64,5=14,2%.
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TaGanua 42, Jlannne 114 pacdera TeXHojorkdeckoro Gamarca

Comepxdaniue B HCXOA- Conepxainie, %' Hanneveune, %
HOM, %
IIponykr

Hﬁ;}r{: ~ | pyruaa T-T.I:*I;Ku- TiOg ZrOg TiOa Zr0g
HaeMeluToBas 92,7 — 0,1 | 57,8 0,1 60,6 —
fpakuua
Pytunopan 9,6 82,2 0,3] 91 0.7 31,8 —
PpAKIHA
Lupxonoran -e- 0.5 | 98 0,4 63 — 9%
tpakuun
Xeocru 5 Xy Xq vy Vg gy E
KoanekTrBHLiL 94,4 6,7 | 14,6 oy Ly 100 100
KOHLEeHTPAT

CooTBeTCTBEHHO ONPEfenneM Xz H X3 (¥2=3.5, x2=0,86). )
Danee powmcazem ¢=1,7% u ¥,=05%. 3atem no cofepmanmio TiOs
® ZrOy B xBOCT2X HaxOLZHM 2,=T7,4% n €=23,6%.

Jronomuneckyw oyenky paborel oforaturebHeix GpadprK mpo-
M3BOAAT vallle BCEro nmo Hx (GOHAOOTAAYAM, T. €. 70 OTHOLICHHW
NprOHJH K CTOMMOCTH HX coopyxenus. HeoOxoanMmo oapeaensTh
TaK¥e NPUBEAeHHKe YIenbHEHeE 3aTpPaThl, KOTOPble PACCYHTHIBANOT
mo cefecTonMocTH nobGwdu W nepepaborku | T pyiH, yASABHHM
KanuaTalbHLM BIOXKeHHsM Ha | T rolosoll NPpOH3BOIHTEABHOCTH IO
pyde # HOPMATHBEOMY KOS(QOHIHEHTY, YCTAHOBREHHOMY AJA RaH-
HOl OTpacjH BApOAHOTO X03AficTBa. JJs TPOTHOIHPOBAHHA HEOG-
XOIMMO YCTAHABJHBATh € TOMOINGI) CTATHCTHYOCKHX HECIef0BaA-
HUfI CBA3H MeXJy BHXOAOM KOHUEHTpPAaTa ¥, KAaYeCTBOM CHIPbA «
# TIpou3BOAMTENLHOCTRIO habpukn Q. Hanpumep,

'.Y:AU‘f‘AlCXfM—AgQ—Aaﬁ, 4.1

rae Ag-— Az — smnupuueckue Kospdruuedtsi (Hanpumep, Aad
yeaosuit HKI'OKa, no namwemm 1O, A. Xeartosa, 4o=57,76; A=
=12,78; A,=0,000015; A;=0,705); aw— codepxaHue MaTHHTHO-
TD Rene3a B MCXOMHOR pyne, %; Q — NpoHIBOAMTETBHOCTH 10 HC-
XOAHOH pyle, MJIH. T/TOJI.

TIpubnas npeanpuatus /7 onpelessioT no dopmyae

rae U — cefecronMocts koHuentpara [C=(A+40)/y], py6/r;, A,
0O — cefecTOMMOCTh COOTBETCTBEHHO NOOHYH K 08GoralleHHs HCX0a-
HOil PYAM, PYO/T; Il —mewa | T peaqHsoBaHHOTO KOHIUEHTpATa,

py6. [L=ao+a: (ps—B)]; @, 0 — Ko3dpdunments; po — Gazosoe
XauecTro, %.
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[TpuBeneHHEIE 3aTpaTh 3 ONpeleasOT no dopMmyse
3=C+0,15Ky,

rie Ky — yne/sHhle KanuTaJbHBE BJOKeHMs Ha 1 T roaosoit mpo-
H3BOAMTRJABLHOCTH 1O cHphio; 0,15 — kospdunMenT — mona xkamu-
TaNpHHX yAeNBHHX DACXOA0B, YUHTHBAeMash B [pHBeIeHHHX 3a-
TpaTax.

YuuThBas NMepeuHcJAeHHEe (akTOPHl, 2 TaKXe YAeJbHHE TPYAO-
BHle 34TpaThl, MOXHO ONpPeAEJNHTE NokasarTend paboTH nopHo-o6o-
TaTHTEMLHEX TTPeIIPHATHIL

Npumep. TlpunuMaem mpon3poAcTeeRHyw mownoeTs I'OKa 20 wman. 1/ron
ne ucxoauok pyme. Croumoctn ['OKa 200 muawp, py6. CoZepKaHAe MarHaTHOTO
Xeneda B HexonHOM cHpbe — 25 a ofiero xeneza B KoHuentpare — 60%.
YEelbHEI® KATHTAABHEE BACIKEEHA COCTARIAKT & pyG/T roAos0f npOM3BOARTE/b-
nocrd; Ao=10,61; A;=0,59; Ps=566%; uucio TpyAsmmMXCR Ha OGOTraTHTENLHOR
dabpuke 500 wen. CebecTomMocTs H06uan — 15, a nepepaborky npm obora-
meHun — [ py6/T.

OnpeneanTs npuGuAB, OOHA00TAATYy, OPHBSIEeHNHE 3aTPATW M OPOHSBOIH-
TENBHOCTD TRYAA TPYAAWERZCHA Ha dabpHKe,

OnpenensieM BHXOA KOEUeHTpaTa 10 dopmyae (4.1)

1=37,5%.
CelecToORMOCTE KOHUEHTPATR
C=(1,5+1)/0,375=6,65 py6/T.

Ilena koxlentTpara

L=10,614+0,59(66—65) =112 py6/T.
Iputune coctapnT

I=0,375-20-10%(11,2—6,65) =34,125 Mau. py6.

QoHA0CTAAYA

$=34 125 000/200 000 000=0,17 py6.
TlpeeepenrHe 3aTpaTh

3=8,6564+0,15-5=7,4 py6/T.
TIpousBoAKTEALHOCTL TPYZA OZHOTO TPYIAAMErOCH OO EOHHEHTPATY
T=20-10%-0,375/500=15 THC. T KoxUenTpara B roj.

Tlpu skonoMH9ecKel oOleHke paBorwm dalpuk, NPOEKTHPYEMLHX B HOBHX
pafioHax, HeoOXONHMO YUMTHEAT: COBOKYIEOCTE M3MEHeHHN 0OKa3artenefi mo Jo-
6uge, OfOTAINEHWK), [MABKE W BOCCT2HOBAGHHI) GHOKAHMATHYECKOTO HNOTEHIMANS
B Haruoft orpacan. Heolxoaumo onpegensath ¢Bs3b 84aTpaT M SKOHOMEYECKHX
adiberTOR: CKBO3HOIO HIBAEUCHHA METANAd, HIMEHEeHHS ce0eCTOHMOCTH KAMHTAIE-
HHX BJIONeH#A, MPHBENeHHHX 3aTpaT ®a | T Komeunofi NPORYKURE — 9yYryHA ¥
CTanNk, BKMIOYad TPAHCNOPTHHe 34TParh, PaCXel BOAK R SHEPTHM, 3aTpaTsl Ha
OTUYMIEHHE H PERYRLTHBAIMIC 3EMEAD, TIOTEDH CEABCKOXOSARCTBEHHON NpPOAYKUMH,
(Tleapobuee cM. Mauees B. I Sronomura oforamesus PVI YEPHHX MeTasMIoB.
M., Henpa, 1986; Cudopoaa B. C. DKoHoMHWYecKas adipeKTHBHOCTL Menezopya-
bbx koMmnuexcos, M., Henpa, 1984). Caenyer yumTanaTh Takwe BO3EPaT CPeICTE
Ipd KOMIVICKCHOM HCNOAL3OBAHWE NORYTHRX NPOJAYKTOR (NYCTHX NOPOH, XBOCTOB,

umauon), HCTUOAB30ORAHAH MNONSEMHKIX BHpabOTOK ANq pasMellleHWst OTBAJbLEHX

MPOAYKTOR B KaueCTHe YMPOUHSICWEH 3AKA3ANM, A TAKKe HIMEHERHe TPYIOBHX
sartpar. .
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Hupxe RpHBOOMM YOPOMEHHYI0 CXeMy H aJropHTM TAKOFO pacuera A
TOKos, nepepaGaTHpalolngX pyAW YepHHX MeTaA0B. IipH 9TOM ONPEAXAANNT
H3MeHeHHst ceSecTOHMocTH YYFYRA, YUMTHBAR H3MeHeHHe NOkasarenef JOGHYA
¥ oforalileEns pyA, Yraeh, $GACOE M SKCIAYATAIHOHHHX PACKXOJIOB Ha IMIZBKY.
OnTAMAAPHOMY BADAAHTY COOTBETCTBYET MAHHMAaAbHAR CeO0CCTOMMOCTL WYTYHA.
Pacyer Jerko BWIOJHAGTCH DNPH HCHOOAB3OBAHHH MBXPOKAABKYAATOPA (Ha cXeMe
YKa3aHH el PerrRcTpH).

1 Tlvecx

y

o Onpelcnenne ceGecToMMOCTH Jobmum H oforame-
wag g n O

|

3 Beos nmporpaMMH cdera cefecTOHMoOCTH uyryHa M
B pacupegenenrs namsta 111 —IIC

!

4 Beoa namsmx 8 pernerpu I11—TI9 u T1A, TIB,
. 1§ (¥ .

BrEoA ¢e6ecTOMMOCTH KOHEYHOr0 MpPOAYRTa J00LI-

5 uu, oboramielus, OKYCKOBAHHA H NJaBKH — CTOH-
MOCTH YyTyHa o .

L N )

6 FIyek A
Onpegenenue ceGecTOHMOCTH NOGLwd pyAR J B 3aBHCHMOCTH 0T NpPORIBOMH-

TenbHocTH Q, TaySuHn xapbepa H W xosdouuwenta Bexpummi K. (M0 AaHHEM
ATH): o

A=0,39—24-1073Q+2-10-3H+9,48- 10— K,. :
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QOnpenenenie ¢eGeCTOHMOCTH BHIJIaBKH uyryHa M B 3aBECHAMOCTH OT Kave-
CTEA ¥ CeOECTOHMOCTH KOHUEHTPATa, PacX0foB B3 KOKC H (VIOCH H SECNAYATa-
LUOBHHX PACXOJOE HA NIAABKY:
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TlocnenorarensaocTs paGorn:

1. Pacnpenenenne naMata: BTl A-T12; O-T13; y—TH4; Si0,/p—TI5;
11,45-+116; 29,278-+-I17; 1,89--T18; 1,95-119; 1,04—I1A; 100—IIB; 25-TIC.

1,89.
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BpoA 3amankmx 3HAUERHH HaXKaruem KaaBuul URGp H AAPeca NaMATH MUK-
PORATBKYARTOPA.

4, Iyck Bam cuera HAXKATHEM KAABHILH | B/O ! H l cm l

5. 3ansce pesyapraTa M, MHHAMalbHHe 3HaUeRHS M waxomAT nyTem mo-
CTpoeHHs rpadgmka:

M=f(p 1. H, Ks}.

§ 4.2. YCTAHOBKA, HAJIADKA H 3KCNJAYATAUHA CEMAPATOPOB

B coomBercTBHM ¢ nporpaMMoil QUCLMIIMHBEL  CTYJGHT JOMXKeH
yMeTh HaJaxuBaTh PafOTy CeNapaTOpOB H OTAeNeHEd MarHATHOH
H JNEKTPHUECKOH ceNapaliH oGoraTHTeabHBIX GabpuK H NPaBHJb-
HO BBIOOJHATH KOMIJEKe HeoOxonuMbmx HaMmepenuil, QocofeHHo
BaXXHO yMeTb TOYHC BHIIOJHATE 3TH paboTe Ha dalpHKax, HENOb-
3YIOUIHX 3JEKTPHYECKYIO ceflapaliio.

KoMMyHHKaUKH 3JeKTPHYECKHX CelapaTopoB JCJKHB ofecle-
YHBATH KakK 3AUIHTYy OT TOPAXKEHHS 3NCKTPHUSCKHM TOKOM, Tak H
cof/oaeHHe Mep NPeACCTOPOKHOCTH 0T 00pasyoLIHXCA npH pabdo-
Te BHICOKOBOJILTHON YCTAHOBKM BPeAHBIX TA30B.

[Tepcomas, BHOOAHAKINHA 3TH ONepAlHH, A0AKeH HMETs A0-
nycx K paboTe ¢ BHICOKOBOJBTHLIMH YCTAHOBKaMH, OHTL 3HAKOM C
npueMamMi o6pafoOTKH MeTanjsoB H cHabxeH HalopoM COOTBETCT-
BYWIGHX HHCTPYMeHTOB (TPYOHBIMH M TA€UHBIMH IKJIOYAMH, OTBCP-
TAMH, WyMaMH IJs KOHTPOJH, PeryJHPOBKH pabouux 3a30pos,
I0HIAME 1] M3MepeHHS HARpAXKEHHOCTH ROJA, 3JeKTpOHIMepi-
TeNbHEMH TIPHGOpaMH, TecTepoM, MerOMeTDOM, H3MepHTeJdbHEIMH
Kremamy, Komunextom npubopor K-50). Haaagunky caeayer
uMeTh npu cebe TaxKe HU3MepHTENb YDPORHA, TayCccMeTp K DYUHOIR
marnut (Koucrpyxumu A. H, Counera), 3Tor Habop HeoOXOLHM
KaK TpE IPHEMKe HOBHIX, TAK ¥ NPH YCTAHOBKE CEIAPaTOpPOB MNoc-
Ji¢ KQNHT2ALHOTO PeMOHTA.

Kpome Toro, a/d NepeMelleHHs TPOMO3RKHX uacTefl cemapaTo-
pa (miTatenefl, peAyKTopoB) HeoOXOJAHMO HMeTL 3JeKTpPOTalb CO-
OTBETCTBYIOIE] rpy30noibeMHOCTH.

CenapaTOpH, COIJIACHO TEXHHUECKHM YCJOBHAM PKCIJAYATALMH,
110 AJUHE H WHPHHe JAOMKHEI YCTaHaBJHBATBLCA CTPOrO TOPH3OH-
TaabHO OTHOCHTENLHO TIOBEPXHOCTH MOHTAXKHOH NAONMIAfKM HJFH
dymaaMerTa. 370 ocoBeHHO HEOOXOOHMO NpH TOAa4Ye PYAHW IIH-
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TATETAMHA CJIOEM PABHOMEDHOH TOJNIUHHM ¢ ABHMKEHHEM YacTHU
PYALl FapaJiaenvso ero 6optaM. B cayyasx, xoraa mporepka ypos-
HeM @ OTBECOM NOKAXET OTK/JIOHEeHHe, ero HeOGXOAWMO YCTPAHHTD
¢ NOMOMIBIY METANLTHYSCKHX TPOKAAIOK H 'IPOBEPHTH CX0A YaCTHL
MaTepHana Ha NoOBepXHOcTh poTopa. IloToK MaTepHana ROMKeH
OBEITHL PABHOMCDEH, @ ¢X0J Ha POTOP — CHOKOELIM.

IMocae yeTAHOBKH cerapaTopa, MOMIIUEHHA 3AeKTPOABRraTens
H 3a3eMJIeHHS KOPIYCOB H 3JEKTPONBHTaTeNeil clelyeT NpOBepHTH
NpaBHABHOCTL CBOPKH M YCTRHOBKH MeXaHHeMoB. Potop 1npn
BKNIOYEHHREX KATYLIKAX JOJ¥eH JeTKO HpOBDpa'-IHBaTbCH pYKOﬁ,B
TNPOTHBROM iC1y4ae HeoOX0ZHMO HaHTH H YCTAHOBHTH HENPABHMb-
HOCThb MOHTAXd (NMepeKkoCH, 3aefaHHs, CJAYYAHHO OCTABJeHHEe B
cenaparope HPeIMeETH, MeMIALIne BpalleHHO poTopa)l.

Faekrpuveckue uameperus. C NOMOIMbIO METOMMETPA HaIMEPHIOT
COMPOTHB/ICHUA H3ONAUHH HaMarHHYHBAKOIMHX OOMOTOK, JABHraTe-
Jeit, nodropsunx Kabeneil, a Takxe NyCKOBOH H 'peryaHpylolleft
annapaTyphl, [las uaMepeHHiT npH OO6CAYKABAHAH CcnapaTopoB
NPUroAeH MeroMMerp HanpsaxeHnunem 500 B,

[Ipr npoBeneswy HaMepeHHH CONPOTHBJIGHHA OT ABYX 32:KHMOB
MErCMMeTpa NPOBOAA NOABGAHT: OJHH ~— K HCNEITHBaEMOH o06MOTKE,
Apyroil — X KOpNyCy cemaparopa. 3aTeM BpallAloT pydky (c¢ dac-
ToToll 2—3 MuH™') ¥ (CUHTLIBAKOT CONPATHBJEHHE WIOJAUHH, HAa
KOTOpOe YKasklBaeT crpenka npubopa. 3adacTylo KaTylku OGMOT-
Ku OTCHIpeBaioT. Jlns ompeleneHHd CTeleHH B.IAXHOCTH CONPOTHB-
JdeHHe H30JALMH H3MepawT Yepes 15 p 60 ¢ Ecau orHomeHue
conpoTtuBaeHuii papao 1,3+ 1,5, T0 H3oafmMa XOPOIo mnpocylieHa.
ConpoT#BieHde H30JMALHH OOMOTOK (Z) OTHOGHTENBHO KOpmOyca M
COTPOTHBAEHEE H30JALUHH MeXAy OOMOTKaMH JOJXKHO OHTh He HH-
e 3HAYSHHA, TOJyYaeMoro 1o (qopMy.e

N ¥/
1000 + Py/100

=

rie Uy — HOMEHanpHOe HanpsameHue obmorok, B; Py — HOMMHaAL-
HAf MOLZHOCTD, XKBT,

ToK xecaocroro Xcaa JA08 3J0eKTPOLBHTaTe el TpoBepAeTcd ¢
MOMOIIbKD M3MepHTedBHEIX kaemed 11-30 ¢ npenenamMi uaMepenuft
15; 30; 75 A. Bo Bcex ¢asax oH J0mKeH GHTE NPHOJAHIKTEABHO
OAHHAKOBHM H cocTaBaaTh 40—80% or Homunanshoro. Ecan npu
MCNLITAHASAX YCTAHOBNEHO, YTO BaJ 3JeKTDOIBHrATe sl BpanlaeTcs
B O0pPATHOM HANpAaB/JIEHHH, TO HeoGXONMMO MOMEHATL MeCTaMyu J10-
6bie aBe Pasm.

Hanadka saexrpuneckux cenaparopos. [locie Montaxa Had pe-
MOHTA 3JCKTPHUSCKHKX CelapaTOpOR NPOH3BOAHTCS HX  Haaajika,
NpH KOTOpOH ofecneuuBaerTcs NPABHJILHOCTL YCTAHOBKH 3JEKTpO-
AoB (puc. 4.3), Haldaexainas YacToTa BpPAIUEHHA OCAAHTEIbHBIX
3NeKTPOJA0B, paBHOMEPHOCTh TI0Aayyt MarepHasna B pabouyio 30HY
CTPOTO ONpefeseHHOH Macch, COOTBETCTBME IOKA3aHHH BOJABLTMET-
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Puc. 4.3. Cxema cemapatopa DKC (@) u obmuf BHA TecsioMeTpa (6):

f—3 == 3neKTPOAN COOTBETCTARHAC OCAARTENbHLR, OTEAORMICIHA K KOpOBHDYOmMAR: 4 — MTOP-
Ka; 5 =— §yaKkep ¢ 3NeKTPONOAGTDEBATENEM; 6 — NOAANA OETagus; 7 == IKETKE

pa HAmpAKeHHlo, NONABAEMOMY Ha KOPOHMpYIOUMH 3JjeKTpod (npo-
BEPKY 'POM3BOAAT € MOMOUIBIO INAPOBHX PAa3pAAHHKOB H TlepeHoc-
HHX KHJI0OBOABTMETPOB). Cenapamop MoxeT OHTb BKJAKYEH B pa-
60Ty TOMLKO WOCJA€ NPOBEPKH COCTOSHHA BCceX ero pabouHx y3Jl0B
H yCTpaHeHHs 006HADYXeHHHX HeHCIPAaBHOCTeH.

[Iyck cenapatopop B paboTy NPOHIBOAHTCA <CAElYIO-
muM o0pasoM: BHaUaJe BRJAKYZETCA BHTANHAS BeHTHJIANHA, 34-
TeéM BBICOKOBOJLTHAS BHODSAMUTENRHAS VCTAHOBKA M IOCTENCHHD
TOBHINAETCA HANDAXeHAe, NOJasaeMoe Ha anexTpoAH. Korma ye-
TanoBUTCA TpebyeMoe ero 3HadeHue, BKANYANOTCA SJEKTPOABHAraTe-
JIH OCaJHTeNnbHEIX $JeKTPOAOB M MHTATe]dd H peryJHpyercs Heobxo-
AuMast TPOU3BOAHTENBHOCTh, B fipoltecce paforthl cemapaTtopa He-
00X0AHMO CJeIHTh 34 KAYeCTBOM M BHXONOM TPOIYVKTOB cemapa-
UHH, B CBA3K € TeMOepaTypoW, MHWHepaJbHHM  COCTABOM,
KPYIHOCTBIO U APYTHME CBONCTBAMH HCXOJHODO CHIPBS. :

OcTaHoBKafcenapaTOopa MPOHIBOTUTCH CAERYIOMHM 06-
pasoM: TpekpallaeTcs KOAaua NHTAHHA, OTKAITAIOTCH — 3JEKTPO-
ABHCATENH NPHBOAA SJASKTPOAOB H MHTATENA, NOCTENEHHO CHHXKAaer-
CH HampsiKeHHe H OTK/AUaeTcs BHINPIMHTENLHAS YCTaHOBKA,

- Hanadka siexrpomaeznurnetx cenaparopos. PaccMorpum Hanan-
Ky BAJKOBHX H POTOPHHX CENapaToOpoB, NDHMEHSIOIHXCA HA MHO-
rux (abpuxax. Ilpucrtynas K Hajaike »THX CenapaTopos, Heolxo-
oAMO yOROHTHLCS, YTO CONPOTHBJASHHE H3OAANHE GOMOTOK He MeEHB-
we 1 MOM ¥ uTo BKJIOYeHHEe KATYIIeK MDPABHJBHO — QHO He
A0KHO OBTE BCTPEUHNM, B NPOTHBHOM ciayuae HeOGXOALMO IWK-
BHOUPOBATE AedekTh (MepeK/JIOUHTH DNPYINH, NPOCYLIHTH H H30/IH-
poBAaTh KATYLIKH).

B ueny 00MOTOK HeoGX0AMMO BK/IOYHTE IacAllee COMPOTHBIE-
HHE, KOTOpOoe AOJIKHO OHTh Ka MOpAAOK 60/bIie CONPOTHBJISHHS
KaTymex. [acsilee COTNpPOTHBASHHE CHHXKAET HANpsAXKeHHe CaMoli
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MHAYKIHH ¥ 3THM CaMblM 3aIUMINAeT H3OJALHIO KaTylleK OT Nop-
4y, a ofCAyRHBalIMA NepcoHan OT 3JCKTPHYECKOro yAapa.

[Tocne okoHYaHMH MOHTAXKa CJACAyeT NPOBEPUTL CONPOTHBJe-
HHe 3a3eMJIeHHH NyTeM 3aXaTH OOJTAMH JyXKeHEIX KOHIOB RO-
BOJKA OHHM KOHIIOM K KOPIyCaM, a APYTHM —K 00IleMy KOHTYpY
3a3eMJenun Qalbpuk,

Ilna ompedeiersa HarpeBa oOMOTOK cenapaTopa PerRCTDHPYIOT
fIOKA3aHUA BONBTMeTpa NpH MNOAAEPKAHHH C NOMOILLE JaTpa Mo-
CTOAHHON cusbl Toka. OTcueThl BeRyT Kamable 30 MuH B TeueHHe
CMEeHH, 3aHocA HX B Tabauily, KOHTPOJBHHI OTCYET NPOH3BOAAT
yepes OAHY H ABe cMeHb. Cpeanwoile TeMnepatypy Tep PaCCUWTH-
BAIOT N0 opMyae

Ty = Ry (L.{_T)_L:_Uﬂ_(_}_.}xr)_L,

Ry \ @ a U \a o

rae Ry, Rt — conpotusiende oOMOTOK B NepPBHE MOMEHT ToCIe
HX BKJTIOUEHHS 1 Yepe3 BpeMA f, OM; T — Temmeparypa OKpy:a-
fowero Bosayxa, °C; Uy, Ui -— HanpsxkeHne Ha K/1eMMax OOMOTOK
8 MePBEIl MOMeHT NOC/He HX BKJIOYEHHS H B MOMEHT BpeMeHH
!, ReoGxoguMoe AN MOAIEpIKAHAS 3ajlaHHOH CHAH Toka, B; o —
TeMliepaTypHEl KooOdHIHEHT COMPOTHBJIECHHA MaTepHala NPOBOI-
HHUKa (nas Menworo mposona o= 0,004265).

Temnepatypa 3 0OMOTKax He J0JKHA APEBHIIATE ACNYCTHAMYIO
I MaTepuana usondupd npoeoma (105°C pas xnomiatofyMax-
Hoit 1 180°C pmg wzoasuun nposonoe AIICIH). Pesyarrath HaMe-
PEHUIl TeMeNpaTyPW NpH TelJOBHX HCNEITAHHAX OOMOTOK icelnapa-
Topa 49BM-38/250 mokasanw Ha puc, 4.4,¢. Buawo, uto mocne
16 u HenpepmBHOH pafoTh oO0MOTKH HarpesaloTcs Ao 110°C, uro
RONYCTHMO AJf H30JMALEH NDHMEHEHHHMX NpOBOA0B. ¥.OeAHBIIACH
B [PaBHJABHOCTH NOAKAOYeHHS # paboTOCIocOGHOCTH 3JeKTpOLBH-
ratesefi B NPHBOIAX R 3EKTPOMATHHTHON CHCTEMEl CelapaTopos,
CNeIyeT NPUCTYNHTL K DeTYIHPOBKe 3a30poB padouero mpocTpaH-
¢TBA — WIHPUHHH (BRICOTH ), OJKHB, a4 B BAJIKOBHIX CEMapaTopax —
COOCHOCTH BEICTYIIOR M 'BMaiHH Ha NOJAIOCAX,

Bricora palounx 3a30poB qOJXKHA COOTBETCTBOBATH THOY 0§0-
railaeMuX Pyl # cnocoby cemapauuu. Tak, HampuMep, npud obo-
ralleHnH ¢1ab0OMarSHTHHX Pyl KPYNHOCTRIO MeHee 4 MM paceTos-
#iie 10 BePTHKAJH OT BepIIWH 3y6UOB BAJKA 0 COOTBETCTBYIOLIHX
TOUeK BNaiHH AomkHO coctaBidats t0—I12 mm, Jina perynipoBku
BHCOTH pafouero sasopa HeoHXOAHMO OAHOBpEMEHHO ¢ 00OMX CTO-
PoH ‘BaJka oclabuTh Ha moatopa oBopoTa OOJTH, KpenmfliHe &KOp-
fyca MOJUMIHHKOB K KPOHIITe#HY NOJIOCHOTO HAKOHeYHHKA, a
Takxe GoATH, Kpensimye KOpOyca YNJIOTHEHHs Landu Balka K
‘BaHHe cenaparopa. Ilocae sTore BHCoTa pafioyero 3asopa H3MOHR-
-emcsl ¢ NMOMOIIBI0 MOABEMHLEIX BHHTOB W KOHTPOJHPYETCH € NOMO-
b0 Habopa MNacTHH H3 HEMarwuTHOTO MaTepHaaa (oprcTeksna).

He nomyckaercs oTkJoHeHHe pasMmepoB pabouero 3asopa H
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Puc. 44. KoutponupyeMbie napaMeTpn TpH
180 Hanajike SNeKTPOMACHHTHHX CeNapaTopoB:
# — 3ABNCHMOCTH TEMUERATYPRl T 0T BPEMENH HaTpe-
[ | | | pa £, 8, € — 3aBHCHMOCIL HaNpRXKeRHOCTH M
[ .4 173 24 MATHHTHOrS no::sl6 COOTRETCTBEHNG OT CHALL ToKa J
o~ #a BHIXOAC H3 pafioued soWu (F), HA BxO3e B pado-
Facerm € om "D&Mm“ yyw 30HY (7} ¥ OT PACCTOAHHT OT TIOBEDXHOCTH 3¥G-
3,‘(543,"" 1a; &—- MecTa AJA H3MepeHHd MaruHTHOrD [0TOKA

apu OMUH netenb (f, Z)

coocHocTu OGoaee =0,5 MM. HeolxoaHMo TaxXe NpPOBEPHATh IOCTO-
AHCTBO BRICOTH pafoYmX 3430p0B MO AYCe OXBATA BAJKaA MOJIOCHS-
MH HAKOHeUHHKAaM¥, 3Ty pPeryJupoBKY OPOHIBOIAT  YCTAHOBKOH
IIPOKIAAOK MEXIYy KODIYCAMH NOAMHIHHKOB BAaJKa H IJAGCKOCTRIY
HX KpemnJeHus.

ITocne perynuposku paGounx 3230DOB NPOBEPHIOT HANDHMKEH-
HOCT® NO.A4, BBOAS LIyN TecJoMeTpa B 3ajadHyie TOUKy pabouero
npocrpanctBa {cM. puc. 4.3,6). Ilepen nposeleHueM H3IMepeHH
H3MEepHTeJbHE 30H Heo6XOAWMO BHHEYTH M3 THe3ga mpubopa, sa-
TeM CJelyeT OTPeryJHpOBATH HCTOUHHK DHTaHMs npudopa yerTa-
HOBKOH MNepekawuaTens AHARA30HA B NOJOXKEHHe «MAaxy» H pYKo-
ATKOfl BOCCTZHOBJAEHHA MAKCHMyMa TCOYHO BBICTABHTH CTPenxy
mpubopa Ha KOHeYHOe JeseHHe LIKAJH.
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Tlocne 3Toro mepekaluaTeNn NHANA30HA H3MepeHHs HYXKHO NO-
CTABHTL HA TpelyeMEHH npened HIMEDEHHA M C NOMOUILKY PYKOSTKH
BOCCTAHOBJIEHHA HyJfl YCTAHOBHTb CTpesKy INpubopa 'Toumo Ha
HYJIEBYI0 OTMeTKY, HanpaxeHHOCTh ONPELeNHSOT H3MEPHTEIbHBIM
30HJ0M, KOTOPHI NOMeI(AloT B 3aJ4HHYIO TOYKy pafouero mpoct-
pancTea. Crpenka Ha Wnkane npubopa NOxasniBaeT H3MePAEMYIO
HaTIPA#EHHOCTh.

1IpaBHABHOCTE YCTAHOBKH 30HZA OTHOCHTE/IBHO CHJIOBBIX JIHHHIT
MarHuTHOTC MOJMA TIPOBePAIOT HE3HAUMTEALHHIM NOBOPOTOM 30HI1a
8 00¢ CTODOHH BOKpPYT €ro ocu, B Tabauuy HaMepeHHHA 3aHOCHTCA
3HaueHHe, COOTBETCTBYNOIee HaHOOJBIIEMY OTKIOHEHHI) CTPeJIKH.
3ona TecnoMerpa Xpynkuf H TpefyeT OCTOPOXKHOIO OBpalleHHs,
noMeillaeTcd B FHE3N0 TOCAe KaxkAoro HaMepenns, Haxe npu He-
60sbllloM Nepekote H HAXKATHH HA 30HA €ro MOXKHO CJIOMaTh, NO-
COKOJIBKY JATEYHK COCTOHT M3 FepMaHueBOH XpyNMKoH NMAACTHHKH, 3a-
KPETIeHHOf Ha KOHIe 30H0a. KpacHasd Merka MOKa3wiBaeT Hallpas-
JeHHE CEBEPHODO NOJIOCA MATHHTHOH CHCTEMBEL.

HamepeHne rpaaueHta moasg B 3aXaHHON TOYKE NPOH3BOIHTCA
nyTeM olpeledeH#s HANPAKEHHOCTH MOJAA B ABYX APYTHX TOYKEX,
pacmoaoKeHH X Ha OJAHONH MPAMOR ¢ Helt B 3agaHHOM HanpaBbJ/e-
. IIpu sToM omHa TOUKAa JO/KHA HAXOTHTbCA BJeBO OT 3alaH-
HO#t, a mpyras — pmpaBo. OTpeskM MeXJy HHMH CTapaloTess BH-
6paTh BO3MONKHO MeHbIIMMH, ONM3KHMH K TOJIHHe HATHHKA
(~1 mMm).

le{ M ¢ PRI 1. CKCM& paCl’[D.‘]O}KeHHﬁ' TO9eK HIMEPeHHSA HaHpHH{BHHOCTH
no.as B pabGoueft 2ome cenapatopa 43BM-38/250 nokasana na puc. 44,0, TouxH
HSMCDSHH}'{ pacnooMels no pﬂ3ﬂ0ﬁ BHICOT® 33a30pa Ha BXDIe E BHXOJAS K3
Hero

lHecaenosanys nOKa3aln, YTO HAUPAMKEHHOCT:, MATHHTHOrD nOAS NPeBH-
maer 1200 xA/m {puc. 4.4, a).

PesynbTaThl H3MepeHHA MATHHTHHX IOTOKOB H mollafeft B yXa3aHamx Ha

pHe. 4.4, 2 ceuenHsX MaPHETONpOBOAz cemapatopa 43BM-38/250 npusemeHm
B Ta6a. 4.3.

TaG6aneua 4.3 PeayabTaTn A3MepeHnl MArHUTHHX NMOTOKOE B HHAYKIHY
B PA3IHYHHX ceweHHAx cemaparopa 43BM-38/250 (cuaa toxa 60 A)

Marpatasf noTok MarHETHBA NoToK
Homep Hepyxuun,| Homep HUrgywuua,
HeTan i 4 neTns T
» 10, MRS % ® 10, mBE6 %
i 32.4 bi,1 1,17 10 9,25 28,78 1,15
2 .7 53,8 1,26 11 8,52 26,5 1,06
3 33,3 51,7 1,21 12 9,62 299 0,872
4 60,5 94 1.1 13 1,51 4 64 D, 188
L 64,4 100 1,17 14 11,6 36,1 1,440
G 61 ™,7 1,11 15 12,9 40 1,169
7 1,28 4 0,159 16 11,4 35,4 1,41
8 9.3 28,8 1,16 17 11 34,2 1,37
9 10,4 32,3 0,941 18 12,4 38,5 1,122

14—404 201



TaGanuua 4.4. Pesyabratal niMepeAnl MOTOKOB PacCeAHHN
8 HepaGounx 30max cenapatopa 43BM-38/250

MarHHTHRNA NOTOK "
TI;I:::]E,P MeeTo dsmepenus Hﬂ%ﬁuﬂﬂ'
MBG b4
o Hentp Kpafinero cepiedHHKa 38 100 1,376
Handa panka:
L BEPXHETO 0,81 2,13 0,403
2 HUKHEro 0,71 1,87 0,353
3 Kopnyc NoZMIENHAKA BepXHeroc 0,43 1,13 0,102
BaJIKa _
4 Onopa BepxHerc Raaka 0,18 0,47 0,034
5 Boanymuoe NMpoOcTPaHCTBO MeXAY 0,15 0,39 0,033
KPENJIEHASIMH BePXHHX BAJKOB
6 Onopa HHMXHETD BAMKA 0,12 0,32 0,025
7 BoaaywiHoe [IpOCTPAHCTBO ONCPHOH 0,16 0,42 0,038
paMuL

¥YeraHoBAeHHbBE HHAYKUAK AONYCTHME, TAaK K&K CYWISCTEBEHHO MeHbIMe HACh-

IaOUIKX.
PesyapTaTel W3MEpPeHH MOTOKOB paccedNds B HepaboYMX 30HAX NPHBeJCHDY

B Tabn. 4.4,

HeeneBoBaHUA NOKASAIH, 9T0 YTE9KH DACCEHBAHHS MOTCKOB HE NPEBHINAKT
1—29%. [Mocne npoBefeHus MATHHATHRIX H3IMepeHHR NOPHCTYNAIOT K HCMNTaHHAM
TeXHOJOTHH CeNapaund, T. e, BAHAHMA CHAH HAMATHHUHBAKIIETG TOKE, MJIOTHOCTR
NYAbOH, pacxoia nofapaeMofl BOAH, NPOH3BOAKTENBLHOCTH.

2, Onpefenedne  BAHAHHA ~ HAMATHHYHBAWIIETO TOKa B Cemaparope
43BM-38/250 na noka3aTeny oGOralleHHs MHTOA OKUCHOR MAPTANUEBOH pYIH
KpynHocThie 3—0,2 MM DNpH cAelyOlleM pexume: YAedbHas [POHIBOIUTENBHOCTh
2,5 1/(4-M), Bucora paBoyHx 3a30poB 8 MM W AJHHA PasTPY3OUHWX IIETeH
100 mM, WacTOTAa BpalleHHs BAJIKOB B NepeoM npHeMe 50 MHH™!, BO BTOPOM —
25 mue-! (Taba. 4.5).

W3 pesyapTaToB ACHOBITAHM CACAYeT, YTO OUTHMAJIBHOR CHAOR TOKAa #BJAeT-
c¢g 60 A, 9TO COOTBETCTRYET HanpameHHocTd moag 1280 xAfw,

Hanaaka cenmapatopos poropkoTo THma Goiee TPy-
JoeMKa, 9eM BAJKOBBIX, MIOTOMY 4TQ B POTOPHHIX celaparopax Ha
mopsaok Godbite uncino pabounx 3asopos. KpoMe toro, onn uMe-
T GoJee CMOXKHYH KOHQUTYpalHio MArHHTONPOBOXA U OCOGHIN
rHApaBaHuUeCKHH (MJIeHOYHLIA) PeXUM paboThL.

Jdna  npeMepa oOmNHUIeM METOARKY HaJaiK{ cenapaTtcpa
62PM-35/315 ¢ uedbl0 TOJYYeHHS BHICOKHX TeXHMKO-9KOHOMHYE-
CKHX noxasaTtedel ero pafoThl Ha oKHcaeHHHX kBapuurtax KOTOKa
# HKI'OKa.

A8 2KOHOMHE ‘BpeMeHH H& NpOBeleHHE SKCIEPHMEHTOB ONBITH:
MOMHO TNPOBOJHTL Ha HMHTAUHOHHOH  MONeJqu  Cemapatopa
{prc. 4.5), mapaMeTpu paboueno NPOCTPAHCTBA KOTOPOH A0JIKHEE
TOMHO COOTBETCTBOBATh flapaMeTpaM cenapaTopa (pa3Mepsl, Ma-
TepHas, HHEYKIHA, DPPagMeHT, THIpaBIHYeckrd pexuM). Ilpobur
AJs HCOTNBITAHHH HOJXKHBE MMeTh XapPaKTePHCTHKH KPYIHOCTH H
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Taonrda 4.5, Baudiné CAb HAMAFHKYNBRIOMET0 TOKA HA HOKAIATeNAH
CeNAPAUHH MaPranienod pynH

CHAR HAMATHE- CogepKante Hanneyenns
RHBZ DOLETD TponyKT Buxoa, % Maprania, % maprauuna, %
TOKE, A
25 MarauTuui 51,2 43,2 70,5
HemaruuTaui 48.8 19 29,5
Hexopusit 100 31,4 100
40 MarguTHE 75,3 40,6 97.3
Hemarautrui 24,7 3,1 2,7
Hexozaui 100 31,4 100
50 MaruuTHRIA 77,2 40,1 98,5
Hemargurhbi 22,8 1.5 1,5
Hexoaumi 160 31,4 100
60 MaruuTuei 78 39,9 99,2
Hemaruutusrf 22 1,2 0,8
Hcxoauni H0 3l,4 100
70 MarnuTHuii 78,3 39,8 99.2
HeMmarukTaei 21,7 1,2 0,8
Hexomwnli 100 31,4 100

ppaxlUHOHHEIE MATHUTHHIE aHaJH3bl, OJH3KHE K TeM, KOTOpHe Xa-
PAaKTepHHl AMd [MTAHHA BO BpeMsA [OCAEIYIOILNeH 9KCMIyaTauHud
cefapatopa.

Hannbie 0 rpaHyscMeTpHUYECKOM COCTaBe W MAacCCOBON Joge xe-
Jie3a B KJIaccax KPYTTHOCTH PYAb, H3MeNbYeHHOH /10 DPAasSHHX coaep-
JKaHHA TOTOBOIO KJjacka — 74 MKM, TIPHBEIEeHH Ha pHc, 4.6, a.

Mocnegosare sHo MeHAS OQUH NApaMeTp MPH ROCTOAHCTBE OpY-
[HX, MOKHO YCTaHOBHTL BJHAHHe KaxXjioro Hs NapaMeTpos. Ilo
aAasHeM B, M, Manoro, Ha puc. 4.4,6 B 4.4, 8 TIpaBeleHb Pe3yab-
TAThl OUPENETeHHA BJIMAHHA HHAYKIFHH MATHRUTHOTO NMOMA U o0beM-
Mol NIoTHOCTH MATPHLM Ha MOKa3aTenH oforauleHH.

YBennuende WHPMHH pabouero 3asopa NPH  3aTONJEHHH €ro
nporekaminefi TyNBNOH BJAeyeT 3a ©o00l CHHXKEHHE H3IBJEUEHHH
DYAHHIX MWHepal1oB, OCOOEHHC M3 UaCTHL, HMEIHX pasMephl
MeHpile 10 mxM (puc. 4.7, ). BaxHylo ponp urpaer Takxke BLICO-
Ta 30HBl DpasjejeHHA: H3BJeYeHHe YBeTHUYHBAeTCsd, eCNH BBEICOTA
pUpneHb X MiacTeH pacTerT (puc. 4.7,6).

KavectBo KOHUEHTPATa HaXOAHTCA B TeCHDH 3IaBACHMGCTH OT
KPYNHOCTH ero JactHl (pHc, 4.7, 8): comepiKaHHe IKejge3a 0KO.J0
60% WMOCTHTalOT TOJNBKO TIPH NO/JHOCTBIO PACKPHITOM MaTepuase
KpymHocTeio o 10 no 40 MxM, Mo3TOMy ¥ H3BjeuYeHHe KeJjeda
B MarHMTHyW ¢QpaxuHio B 3ToM ciydae Gonee 80%, B To BpeMma
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Puc. 4.5, IMHTaUHOHHAA MOJAEAL CEna-
paTopa 63PM-35/315:

{ — 3aTBOp; 2 — memaaxa: F— Oyekep; 4 —
KOHHYECKHE 3ATROD § = KacoeTa © IAACTIERA-
M 6 — MEXKNOMOCHAR ek ¢ HAKAGHTM

Puc. 4.6. TpaHynomeTpHueckas xapax-
TePHCTHKA OKHCAEHILX KBAPUATOB pa3-
Au9Hof Kpyaroeth I—4 {@) # nokasa-
TeNH Tpougecca padfelleHHs B 3aBHCH-
MOCTH OT HHAYKEMH Doad (6) B ofnh-
EMHOM NACTHOCTE MATPHOM (8)

a
8%
ot
I 5
33 *
SR 60 75
Sw Ty
LR 5
eg g i g 58 =

] [T R S,

& Kmaccar xpyrencrni, mem L ]
é 5 " § 64 §
B B . &
§$ g0 ¥ g -
- s‘ B 3 Y
o g0l 3 55 15 ¥
i & 8 2
lb‘ = .
$19r 138 9 23
X g ; 1 I ! b | i I I £

a1 am gz 828 a4sg Q75 Q80 085 490 495 I8
Ddvemray nnomuocmy sampogsdF foms Hodyxiuw waemimvoes nass, Th

Kak a4 oJsee KPYIHBIX YaCTHI, OHO De3K0 cHMxkaercsd, B ceaAsn
¢ 9TuM OOJIBIIYI0 POJB HIPaeT MacooBas A08 Kaacca — 74 MKM
B H3MesdbuyeHHOH pyade (puc. 4.7,2), C yBe/HuUeHHOM COAEPKAHHA
STOro KJaacca oT 75 40 90% pacrerT KadecTBO KOHLEHTpaTa, HO
gafgaer H3BJeueHHe, OCO0EHHO AN MeJTKOHSMENBMEHHHX YaCTHI
NHEPORCHAHBIX MHHEDAaN0B,
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Puc, 4.7. 3aBucMocTh MoKazatenedl BucOKOrpajHeHTHON Cenapalyl OKHCAERHHX
KBAPIHUTOB OT WIHpHHE pabodero 3a3opa (6), BHCOTH 3CHH pa3zdeacHud {8),
KpYNROCTH KOHLEHTPaTa {8) H MACCOBON AOMH KJhacca — 74 MKM B H3MelbueHHON
pyae {2)

Ha puc. 4.8, a mokasaHo, KaK H3MeHseTcd MHHepaJbHHFE coO-
CTa8 MarHuTHolX pakumii, U3BNEKAOMHIX NPH YBeJIHYeHHH Hamps-
JKeHHOCTH moas (wHaykudn). B cnaoMm mose KOHLIEHTPAT COCTOHUT
B OCHOBHOM H3 MarHeTHTA H MapTHTa, a TAKXe CPalle@HHOro ¢ HH-
MH HeSOJbIOTO KOJHYeCTBd TeMaTHTAa H THAPOKCOHAOB. B noge,
HHAYKLHA KoToporo B ABa paza Boite (0,3 Ta), HaBnekaercd re-
MaTHT — MapTHT H HeGO.blIOe KOJHYISCTBO THADOKCHAOB U Kapbo-
HATOB, UMEIOUIAX OTHOCHTEILHO NOBHIUIEHHKE MANHHTHHE CBOHCTBA.
3aech H3BJEKAKTCA TAKMKE OCTATKM MarRETHTA, CPaleHHOTO C re-
MatuTroM. Taxne YCAOBHA CO3L2I0TCA B BEPXHeM DOTOpe Celaparo-
pa 62PM-35/315. TIpu nanbHefuieM YBeJHYEHHWH MHAVKLHH Ha
CpelHeM H HHXKHEM pOTOpax CelapaTopa MHEHEPAJNBHBIH C©OCTaB
MeHsieTed Magc., CoOTHONIERHEe MHHEpadoB OCTAeTCH IIOYTH HeHs-
MEHEHM, HO HX MAarHHTHHE CBOHCTBA NOHHXKAIOTCH, BCJIelCTBHE TO-
ro 4To Ha 'BepxHeM pOTOpe yiajdeHa OO0JblIasi 4YacTb CPOCTKOB
C MarHETHTOM, A0/ TAKHX CPOCTKOB, DPHXOIALINX Ha cpedHufl po-
TOP, y¥Ke HeBe/MKa, a HA HHKHEM 'POTOpe BOBCE OTCYTCTBYET.

Buorusnne MaocoBoj [IONH TREPJAOrO B DHTAHMHM Ha TOKasaTeal
offoratielus BHAHO H3 puc, 4.8, 6.

HasecTHO, uTO 1IpH Ma/JOH ILIKpHHe pafouero 3asopa POTOPHREIX
CEeNapaTopoB OHRE NOCTENEHHO 3apacTaloT  CUJIbHOMATHHTHRIMH
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Puc. 4.8. HaMeHenHe MEHePANBHOTO COCT2BA MAFHHTHHX TNPOZYRTOB BHCOKOrpAa-
JAHeHTHON cenapaul# (a) H NoKalatenel oforalleHdd e, § OT Maccomolt AOJH TEEp-
flore p B OHTAHAH cenapartopa (6):

I—fV — cooTReTCTEEHHO ROHLEHTDATH caaforo moaR (B=0,15 Ta}, Bepxuero potopa (Be
=0,3 Ta), cpeauero poTopa {B=09 Tn} u unsAero potopa [Bxl Ta); i—f — cOOTBETITRER-
HO MAFHETHT, TEMETHT (MapTHT), THAPOKCHAR H Kapfonathl

BK/IIOUEHHAMH: HAa BepXHEM POTOPE — MATHETHTOM H ero epOCTKa-
MH ¢ MapTHTOM, 2 Ha CDeTHeM H HHXHEM pOTOPaxX — MapTHTOM.
¥YBennuenne WIHPHHbI pafodero 3a3opa BJeder 3aa ool yMeHble-
HHe MHAYKUMH H NajeHHe ussiaeueHHs. [locienHee CBSi3aHO He
TOABKC ¢ YMeHblieHHeM MHIYKUHWH, HO H ¢ TeM, UYTO YACTHUEI, Npo-
XOJAALFHE 10 OCH CHMMETDHH, YyAaJeHHM OT 3yGIOB NIaCTHHBL W B
3TOM CJyuse He H3BJEKAIOTCH H RONajaloT B XBOCTHI,

HanoMunM, uT0 ocOjep:KaHHe MarHHTHOTO MHHepa./a B CPOCTKE
@, KOTOpHI MOXeT ObITh DPHTAHYT K HHAYKUMOHHOMY MarHHTY,
onpeaensevcsa no GopMy.e

nf ab?
a_K’]/ H grad H e e (+2)

rie K, K;-— kosppuumenTtr, 3aBHCAIIHe OT MATHHTHBIX CBONCTS;
n=Ifv (! — AjruHa 30HBEI TIPHTHREHHH; U -— CKOPOCTb JABHIKEHUSA
JacTHI uepes pabouylo 3oMy cemapatopa); {— ouina ToKa; a —
nyTh cMellileHMs uqacthl;, &=18n/(d?6); u— BA3KOCTh BOAR; d —
-AHaMeTp 4acTHI; § — mIOTHOCTL MHHepaJbHBIX vacTHi; H grad H —
CHJA MOJf.
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Puc, 4.9. TeopeTHuecKas 3aRHCHMOCTh JONH MAarHd4THOro MuHepajda B CpOCTKax ¥

OT HENPAMEHHOCTH noas H npr cenapanud B BomHoR (I) B Bosaymmuoi (II) cpe-
Aax:
& = MOQbher QACTTHI; 6—}'13[}){{&3]{8 MACTHU;, CAACUIHGLIE AFUHH apH CKODOCTH IABHMEHWA 4a-

ety 0.5 Mjc, nyHRTHpHBIe — 0,1 Mf¢: J—3 — COOTBeTCTREHHO wacTHUW auamerpowm 0.5; 0,1 ®
0.05 MM

Pacyern no ¢opmyae (4.2), nposeaennsie I1. A, CamxaToBc-
KHM, IOK43aJdH, UTO AJ5 H3BJACUEHHS H VAEpKaHHA YacTHIl HA M[MO-
A0ce HeoOx0aEMa TeM JOoablLIasg MATHUTHAH CHJAA, 4eM DOJbIIEe CKO-
pOCTb MX ABHMENHSA H YCM MeHblle OTHOIIeHHe AMHHH pabodeill 30-
HHl K ee LIupHHe (BbicoTe paGouero MPOCTPAHCTBA) H MeHbile paa-
Mep YACTHL, AOJAs H BOCIPHEHMUYHBOCTE MArHMTHBIX MHHeDasloOB B
Hux (puc. 4.9).

Paspeuuts 3TH nmpoTHBOpedHs, T. €. YBEJHUMTL IMHpHHY pabo-
4ero 3a3opa H OJHOBPEMEHHO COXPaHHTh AOCTATOYHO BHICOKOE H3-
BACYEHHE TOHKHX CaGOMarHHTHBIX YacTHl, yhaaocs A. M. Typxe-
HHuy ¥ P. C. ¥nyGabopy nyTeM HCTNOABL30BAHUS B POTOPHOM Cema-
PATOPE TJIEHOUHOTO PeXHMAa TeUCHHA Nydbne, NPH KOTOPOM I0O-
cAenHee TOKPHIBAeT TONBKO NOBEPXHOCTH 3yGIOB, a LeHTpaNbHad
00/1aCTh UIEAH OCTAETCH 3ANOJAHEHHOH BO3AYVXOM.

[IpH nIeHOYHOM TeueHMH NyJbAH, Kax nokasaa B. I'. Iepxau,
pynHble 4ACTHLL YAepXKHBAMOTCA TUIEHKOA Ba mouoce BOJIH3H Bep-
WAH 3y0U0B. ¥AcAbHAs CHRAA CONPOTHBJEHHS [NOBEPXHOCTH BOAL
nepexojy MArHHTHON YacTHUH pa3MepoM d #3 BOAHOH CPelH B BO3-
OVIIHYIO ONpelensieTcss paBeHCTBOM

Fo="060x—cos0/{dgs), (4.3)

TAg Ox—r — [0BEDXHOCTHOE HAaTHKEHHe Ha IpaHHle pa3fena BO-
aa—Bo3ayx (ox—-=0,072 H/m); 6 — paBHOBecHHE Kpaesofl yroJ;
g — YCKOpeHHe cBOG0JHOr0 TAJeHHs; & -— MJOTHOCTH YACTHILLL,
Hs dopmynn (4.3) BHAHO, YTO yJeabHasl CHI4 CONPOTHBAEHHSA
NOBEPXHOCTH BOAHN Mepexody YACTHIH H3 BOJAKOH cpein B BO3AyIU-
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HYI0 BO3PACTAeT ¢ YMeHbIUEHHEM KPYMHOCTH YacTHI. YAeAbHas
MAaTHHTHAA CHJI& TMPHTANeHHd F, He 3aBHCHT OT KPYMHOCTH YacTHI,
TTosToMy ¢ yMeHbIUEHHeM KPYTHOCTH MATHHTHWX YacTHIL A HX
nepexojia M3 BOAHOM Cpeibl B BO3AYIIAYIO HeOGXOAHMO NPHAOXKKTH
Bce SONBUIYI0 MarHHTHYIO CHAY M AJAs OUeHb TOHKHX 4aCTHI CHAA
F\ CTaHOBHUTCSA CAHLIKOM GOJBIIOH.

HeficTBHTeNbHO, NPOBeAEHHbE HCCAEA0BAHHA TOKA3ANH Caefylo-
Hi{e OTHOWEHHA Fp/g Ans 4acTHIL Pa3JHUHOM KPYIHOCTH:

d, MM .

.. 256 1,5 05 0,21
Fdg. . .. 02 1.4

11,1 46,7

Buauo, 4To AAS TOHKHX YACTHI CHIA CONPOTHBJAEHHA MOBEPX-
HOCTHON NJIEHKH BOJAB NPH Nepexoje MArHHTHON YaCTHIE M3 BOX-
HOH Cpejbl B BO3JAYLIHYIO BO MHONO pa3 NPEBbINIAET YAEAbHYIO CH-
JY TAMECTH H NO3TOMY TOHKHE YaCTHIH OYAYT NepegBHraThes
TOJIBKO B CJI0e IVIeHKu BOIH3Yu 3y6roB. IIpu sTOM mHpHHY e’
MOMHO yBeJHYHTh B ABa paza (1o D MM) (6e3 CHHEHHA NOKasa-
Tedeit cenapauuu). [Ipr npoMHIINEHHBIX HCOBITAHHUAX OBA DOKA-
3aHa CoJbplnad SKCOAYaTAIHOHHASN HaHEXHOCTh PaboThl ¢ IeHOY-
HWM TEUEHHEM UYJAbIE H NMEPeKPeCTHHM HATpaBjeHHeM BLICTYIIOB
Ha OJacTHHaXx. TarkHe <«koco3yOble» NAACTHHM, (1arofaps MHOTo-
KPATHOMY MOBHILEHHIO TPAJHCHTA TOJSI B MECTAX NepeKpellHBaHus
3y6beB JONMOMHHTENBHO YBEJHUHJIH BO3MOMNKHOCTh H3BJACUEHUA uac-
THIL H3 CJ0A MYJBTH, NPOTEKANILETO MEXKAY 3yObsiIMH.

INMpouzsoAATeAbHOCTE POTOPHHX CeNapaToponr
Q (t/4) onpenensitor no dopmyne

Q=60nnnlgqn;- 10-8,

Te n— YACJIOQ THTATEAeH; M) — YHCAO KacceT B POTOPE; flg — UMC-
Jo menefi B Kaccete; [— naxHa wenefdl B MaTpHIe; ¢ — yAeJdbHas
NpOM3BOAUTENLHOCTh HA €AWHHLY [JAHHE IUeael, KriM; rns— gac-
TOT4 BPameHHs poTOpa, MHH .

Hna cenapatopa $2PM-35/315 n=2, m=27; m=14; [=260 wm; n3;=35.
Tlpr nepepaGorTke OKHCACHHWX KBAPUHTOB, H3MeXnuenkHx Ao 80Y% Kmacca —
74 wxMm, ¢=2,5 krfu, Orciona Q=60.2-27.14.260-3,5.2,5-10~5=100 /4.

Haaadka cenaparopos ITEM u 3B5M srnouaeT onpejienenue
MArHHTHOM CHUJB HA NOBepXHOCTH GapabaHa M BONH3H ZHA BaHHEH
(npoH3BOAUTCA MyTeM H3MepeHHA HANPAMEHHOCTH HOJS TecAOMer-
POM B UYeTHpeX TOYKax ¢ NOCAeAYIOIIMM pacueTOM TIPaJHEHTa Ha-
NPANKEHHOCTH), a TaKKe ONpele/eHHE NONyCTHMON MPOH3BOAHTE b-
HOCTH Cemaparopa OyTeM IpONycKa olpeleseHHOro obbeMa Iy.ib-
Nui 3a pa3AHUABE MePHOJH BPEMEHH.

B ta6n. 4.6 u 4.7 npuBefeHH pe3y/JAbTATH TAKHX H3MEPEHHH H
MOKA3aTeNH cerlapalliH,
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TaGauna 4.6. HaMepenHe HaNPSMEHHOCTH NOJAA B PAIAMYHBX TOYKAX
paBouero mpocTpancraa cenapatepa JIBM

Hanpgxenaocts noasz K, kKA
PacoTORAAHE OT NOBEDXHOCTH
Gapadana x, M H4 CEpEIMAe mOJKCA MEw Ly HOSOCAME
0,001 105 63
0,005 90 55
0,030 40 35
0,035 35 32

TaGauna 4.7 Nokasarean paborw cenapatopa IIBM npu pazanunof
NPORIBOAHTEIBHOCTH

N —— COHEJTJ:;;'::’B%B - Marusthas gpaxaha Hz‘;:::;;““

TIponaBOAH-

TenbMoCTh .

¢, T/(2) aenesa | Teepgoro Bw;;n. S}?él?e):(%; Hﬂg"gﬁfﬁg,ﬂ Feg:,oﬁm- Feynr

5,6 35,2 35,4 61,6 50,1 87,6 11,2 1,7

10,5 35,2 35,2 61 50,6 87.7 11,2 1,5 -
16,6 35,1 38.3 62 49,4 87,3 11,8 1,7
26,4 35,2 37,7 62,8 49,4 88,1 11,2 1,6
35,4 35 37.3 62 48,9 86,3 12,4 2,4

HIpoussoauredrHocTs OGapaGaHHOrO cemaparto-
pa Q (1/u onpexensior no Gopmyae

Q=36Vpy/t,

rie V — oGbeM BeIpaloTaHHOH NyJbIB, M?; p — COpepiKaHHe TBe-
pioro B nyaene, %, p=68 (l—y)/[y(1—8}], 8§ — nnorHocTe TBeEp-
aoro, T/M®; Y — NJOTHOCTHL MYJbNH, T/M?; { — BpeMa BupaBOTKH,
MKH.

TNpamep, V=10 w* 8=45 1/w? =136 T/m?, wmpusa nofaum nutTa-
maa 0,1 M.

TlpouaroAnTeapHOCTE

Q=10-4,5(1—1,36)/[1,36{1—4,5}] =34 1/s;
Gys=3,4/0,1=34 1/{4-m).

ITlokasaTenn peresepaunuu Ha cenapatopax IBM  onpepensior
ApONYCKaHHEM OPO6 CYCHEH3HH C PA3NBYHON IJOTHOCTBIO M 3all-
NaMNEHHOCTLIO TPH MACTMOPTHON  YAENbEOH OPOH3BOAMTENLHOCTH
30 1/(u-M) mo marHeruty. [Ipofu COCTABJAIOT H3 HABECOK MATHe-
THTA, IIIaMa M BOARI, KOTOPHE PACCYHTAHH C NOMOIWILK ofImensne-
CTHOJl AMarpaMMbl AJIs pacyeTa NapaMeTPOB CYCHeH3HH (no Macxu

n Henna). IlpaMepntie cocTaBbl 0Opo6 CYCMEHSHH DNPHBeIeHH
B tafin. 4.8.
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Ta6Gasiuxa 48 Mokasarenn paGorul cemapatopa IBM npH perenepanun
MATHETHTOBOH HEKOHEHUMOHHON cycneHasm

KonuerTpar OTxons

TInoTHOCTDL TInoTHOCTE IlaocTACCT
LiTAMA B mAama B MATHATHOTO
MHTAHU, | CarantioR | wmawa, | sarautaon | wmawm, | CiR¢ |Konuewtpara,

Kr/ud ‘br;:;:::{rﬁo% KI‘,.’M:" dparuad, % xr,r'-wlal RIS Krim

40 95 96 0.5 70 33 2470

60 94 109 0.6 102 47 2360

&0 91 134 1,0 140 63 2310

100 90 172 2 223 69 2270

150 83 188 3 220 95 2190

Mpumep. 3afann DJIOTHOETb cycnemavu 1800 wrfm®, OIOTHOCTL TBEPAOTO
4000 krfM®; onpefesure COAEpXKaHue No OGLEMY H IIG MAcce TBEPAOTO H BOABL
[lo namecTHOR u3 npofinexsoro Kypea «IpaBHtauuas guarpamme (Macku u Jea-
Na) HAaXOAHM OfBEeMHOC cofepxanue TBepaph ¢aswm V.=2T7Y%, colepmaHne TBep-
hore p 8 emddule ofbema cycnensnu p=I070 kr/M® ¥ BecOBY0 KOHIEHTPaLHI)
yrawenutens 599%. Has daxompenus cocrapa TeBepaof (a3 nyXHO 3HaTh
IVIOTHOCTE YTAXEJAHTeNs K miiama. Ilycte oma pasHa 4500 u 1500 krfu3. Tloae-
3¥ACH STOR ZHArpaMMmoii, HaXOOMM KOHUEHTPalMKr HHCTOTO YTaxemureas — 20%,
CNefoBaTeTEID, COACPKAHHE WMaMa Oyider 30—20==10%.

¥x0d 3a cenaparopamu npu ux sxcnayarayuu. [Oas 3dpekTHB-
HOH, BGecnepeCoiisoil paboTH cenapatopoB Ha (G aGpHKAXx HOJKHEL
crporo cofAAaTbCA NPAaBHIA MOATOTOBKH HX K NYCKY, MOpPAIKA
TyCKa, YCTpaHeHHs HENoJNajoK TpH padoTe, MeXaHHUECKHX HCHC-
npaBHocTefl, MOCAENOBATEALHOCTh ONEpAmHil NMpH OGCTaNOBKe.

Ilyck B paboTy 3J€KTDPOMArHKMTHHX cemaparto-
P OB NPOH3BOAHTCA B CAeldyIOlueM MOPSAKC: ¢ NOMOIIBIO peocTata
YCTAHABAHBAIOT MHHHMAJbHOE 3HAyeHie TOKA B KATYLIKAX BO3-
OyMIeHHA 3JeKTPOMATHHTHOM CHCTE@MH, TNOCJA€ 4Yero BKAKYAKT
3JeKTPOJBHIraTe/H NPHBOAA BaJKOB HJIH Oapabanos. [locteneHuo
YBeJJHYUHBAKT 3HavYeHHE HaMATHHYHBAKINErO TOKZ B K4TYWIKAax
B030yKAeHAS [0 BeJHUYHHH, COOTBETCTBYIOIIEH TeXHOJOTHYECKOMY
pexuMy H, vOeRUBLUIACE B HOpMa.abHCOH paboTe cemapatopa, noga-
I0T Ha Hero McXopHoe nHraHue, Ilpu MoKpom MarkmutHoMm oforaue-
HHH BaHHL cemapatTopa HeoOXOQHMG NpefBapHTEJBHO HANOJIHHThL
BOjofl, a TaKkKe N[OJATh BOAY B IHTATENb H HA OPHI3rana IS CMbl-
Ba MarepHalda ¢ BaaxkoB UK GapalawnoB. [lociae nogayn HCXOAHOTO
MHTAHHA CJIellyeT OTPeryJAHPOBaThL BOJHBIA DeHM cenapauiy, He
'RONYCKas 4peamepno 60JbWOro pacxoia BOABL

"OcTaBOoBKA cemapaTopa, ecJin OHA He CBA3aHAa C 0CO-

OBIMH 06CTOATENBCTBAMHE, NPOH3BOAUTCA B 00paTHOM MopfAfAKe: fpe-
Kpaniaercst MoAaua HCXOAHOTO MUTAHHA, TJABHO CHUAKAETCH H 3a-
TEM OTKAKYAETCH HAMalHHYHBAKUIUA TOK, OTKNKYAIOTCA 3JeKTPO-
JBHTATEAH NMPHBOLA BajAKOB MM HapabaHoB.
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B npouecce paboThl cemapaTopoB OCHOBHAaA 3ajaya OOGCHYKH-
BAIILEro INepcoHana — cofRIONeHHe 3aRaHHOrO  TEXHOJOPHYECKOTO
peKHMA.

Ilpr oficayxKyuBaHHH MOKPHX MATHHTHEBIX CeNapaTopos HeobHXo-
JIMMO NOAepXKHBATE CTA0HJIBbHEIMH HX NPOH3BOIHTEABHOCTE K IJOT-
HOCTb MYJbIH, CAEARTh 3a COXpaHeHHeM MOCTOSHHOIO YDPOBHA
nyJblbl B BaHHAX, paboTodl pasrpy3cuneIX HACAMOK.

JoGapounad Boja nofaercs B ofa OTHefdeHHs BaHHBI CEMapaTo-
pa o0BIYHO BOMHU3U PA3TPY30UHBEIX OTBEPCTHH, YTO MO3BOASAET YMEHb-
ITHTh CKOPOCTE JIBMMACHHA DY IBIB B paﬁoqeﬁ 30He H JHKBHEAHPDO-
BaTb MPOTHBOTOKH HYJAbNbl M3 OAHOTO OTHAe/eHHS B JPYroe, BbI3bl-
BalONiHe 3ACACHIBEHHE TOHKHX HEMAarHHTHBIX YacTHL B MATHHTHYIO'
¢$pakuuw, u HaobopoOT,

Ilpu paborte BaJKOBLIX CeNapaTopol Heb3f JAONYCKATh A4Ke
nacTHYHOK 3abHBKH pafiouero 3aszopa M pasTPy304HHIX  Ulenell B
MONMIOCHBIX HAKOHEYHHKAX, KOTOPAas NPHBOJHT K De3KOMYy YXyAILe-
HHIQ KAayecTBa MAarHHTHOTO KOHUEHTPAaTd, a4 TaKXKe K MNpexAeBpe-
MEHHOMY H3HOCY 3y0ObeB BaJIKOB H NOMIOCHBIX HAKOHCYHHKOB.

Heofixoanmo caenuts 3a HOpmanbsHON paboroil yerpoficts (rpo-
XOTOB, CETOK), NPEeJOTBPaIaI0liHX [onajaHHe B pabouyi  30HY
IOCTOPOHHHX MNPEAMETOB H KPYMHHX KycKoB pyanl. Ilpu oforaite-
HHH cAafOMardHTHLIX DYA Ha CenaparopaX ¢ CHJABHBIM MAarHUTHHIM
mofeM 3abHBKA PasrPy30UHBIX HIedefl MOXKeT TNPOH30ATH 3a cueT
NOCTENEHHOr¢ HAKOIJIeHHs B HHX CUJbHOMATHHTHBIX YacTHil, KOTO-
pele cojepxaTcd B He(O/bLIOM KOAWYECTBe B pylde, MAH 3a CyeT
annapaTypHOTO XKejesa, ciydafiHo nomasiuerc s pyvay. B srom
cayyae AJs OPeABAPHTENbHOTO yAaleHHst H3 Pydbl CHABHOMATCHHKT-
HEIX MaTePHaJO0B Mepe] CenapaTopaMi ¢ CHJIBHBIM HOJEM LeJNeco-
0o6pasHo ycraHoBHTH GapafaHHBEle MAarCHHTHHIE CENapaTOpPH C Ha-
npsikKeRHocTeio noast 80—90 kA/m. Ecan 3a6uBKM pasrpy30uHHX
Iiedeil u36¢KATh He ¥AaJ0Ch, TO EX HeOGXOAHMO HeMelJeHHO Npo-
YWCTHTE [pH MOMOUIH NMPYTKA H3 HeMATHRTHOTO MaTepHa.a, ocTa-
HOBHB NPe/BAPHTENbHO CeNdpaTOpP H OTKJAIOYHB HAMATHHUHBAMGIIKE
TOK KaTylIeK BO30YMIEHHSA.

Hacro npu nanaike BAJKOBLIX CeMapatopoB Aj8 oGorauleHus
PEIKOMETaNAbHEIX W ADYTHX cHa00MATHHTHEIX PyA  PeryJHpYioT
JAHHY Pa3TPY30YHHX liejiel NOCPEJCTBOM VCTAHOBKH B HX BXO[-
HY0 4acTh KJAMHbEB. YBeIUYHBAsA TAKHM 00pasoM AJHHY paboueid
30HH, NOBHIIAIT H3BJAeUeHNUE MAarHRTHOH (QpakuHu.

OcoBenHo TLIATEILHOMY OCMOTPY AOJIKEH NMOABEPraThCA cenapa-
TOp MOCJe peMoHTa. B 3TOM cayuae chneiyer UW3MepHTb YACTOTY
BpalleHua BaixkoB wiH OapabaHoB, BhcOTy pafouero 3asopa W Ha-
IpsKEHHOCTs MATHHTHOTC NoaAst B HeM. [IpH OTKJIOHeHHM 3THX na-
paMeTpoB OT pPeXHMHBIX HeoOXOAWMO BHIIBHTb TPHUHHE OTKJAOHE-
HHS H YCTPaHHThb HX.

ClefyeT HOMHHTB, UTO BAJKM H NOJIOCHHE HAKOHEUHHKH 3JIeK-
TPOMATHHTHEIX CENlapaToOpOB C CHJbHBIM MOJXEM B NPOLECCE IKCIAY-
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aTalHH TOCTRIEGHHO H3HALIHBAKOTCHA, WTO BHI3LIBAET YBeJAHUeHHE
PACCTOSAHUS MeXIY HHMH M CHHXXEHHE MAarHHTHOH CHJABI Mojas. 31O
paccroaHHe AOMMKHO NEPHOAHYECKH KOHTPOJHPOBATHCHA, H NPH He-
o6X0AHMOCTH JOJAXKHA OMTh NPOH3BCIAeHA 3aMCHA H3HOLIEHHHIX ¥3-
JIOB.
Ilpu paGore B OOHOH M TON Ke ONEPAlHH HeCKOJBLKHX cemapa-
TOPOB BaXXHO PABHOMEpPHO pachpefeNHTb N0 HKM MarepHal, B TOM
yycJe W IT0 IUHPHHe pafouefl 30HKW cenmapaTopa, He NONYyCKas AAaxe
KPAaTKOBPEMEHHOTO MpPeBHUIEHHs YCTAHOBJACHHON TeXHOJOTHYeCKHM
pPeXHMOM TIPOH3BOAHTEALHOCTH.

CaeayeT OCYINECTBJASTh NOCTOSHHOE BH3YaibHOe HalJI0XeHHE 34
KA4YeCTBEOM TPOAYKTOB pasjeieHHs, NPHMEHsAA B cayvae HeoOXOAH-
MOCTH METOZE HHCTPYMEHTANbHOTC 3SKCHpecc-aHalali3a, MpefycMOoT-
peHHBle TEXHOJIOIHYECKOR MHCTPYKLHEH ANd AaHHOro oboraTHTENb-
HOro mepefena. :

Heo6xo2HMO KOHTPOJHDOBATb [OKA3aHH® KOHTPOJAbHO-H3MeDH-
TeJIbHBIX H CHIHAJABHHX NpHOOpPOB M IIpH KX HEHCIPABHOCTH He-
MeAMEeHHO NOCTABHTL B M3BECTHOCTb JHI, OTBEYAICUIHX 34 HX pa-
ory.

Hene3a gonyckate MeXamHUeCcKOTO TNMOBPeXJEHHS H30JALHH Ka-
Tymek Bo3fiykaenus, a npn padore cenapaTopoR MHPH  MOKPOM
060TaleHHY NONAafAHHA Ha -KATYWKH BOABR MM nyJene. Ecan of-
MOTKH [OTDyXeHsl B MacjJo, To HeoOXOIHMO NepHOAHYeCKH MNpo-
BEPATb €T0 yPOBeHb,

Harpes noniMNHHKOB, BAJAKOB, PeAYKTODOB H 3JEKTPOLBHraTe-
Jied He Jo/iKeH NMpeswwaTth 50—60°C npu MOKpo#l cemapauud u
80—90°C — npu cyxof.

B npouecce paborhl cenapaTopa HeOOXQOMMO CAELHTL 3a OT-
CYTCTBHEM NOCTOPOHHErO LIyMa B €ro y3Jax H MeXaHH3MaX, COCTOR-
HHEM CMAa3KH TPYUIHXcA JeTallefl, OrpaKIcHEEM  BpAal{alom{HXcA
JacTen, 3azeMJeHHeM,

Ilpu oBcayxmusanun GapabaHHHIX CENAapaTOPOB C MATHHTHRIMH
CHCTEMAMH, DACROJIOKEHHLHIMH BHYTpH OapafaHa, mnOTOXKeHHe HX
KOHTPOMHPYETCS 1O YIAY Ha cllellHanbHOM yKasarene. HeoGxopumo
CBOEBPEMEHHO 3aMeHATh (PyTepoBKY GapabaHos.

IIpH nOHHMKEHHH HANPSKEHHOCTH NOJSA Yy CEeNapaTopoB C Mar-
HHTHHIMH CHCTEMaMH H3 NOCTOAHHBIX MATHHTOB IOCAEIHHE AOJMNHEI
GHITb OJIBEPrHYTH HaMarHHYHBAHHIO,

I bhexTHBHOCT, PaboTHl MATHHTHHX CENApaTOpPOB JOJAXKHA [Te-
PHOIHYECKHE TPOBEPATbCA KOHTDOABLHOW cemapauuedl pPyAbl, BBIXOL
H KauecTBO MArHMTHOR M HeMarsuTHOH (pakuuil KOTOpON ompene-
JIeHbl 3apaHee.

Has Gesasapuiinok s¢ddekTnBnoi paborsl Ha (paGpHRAX NpPHHS-
T4 CHCTeMAa TIAHOBO-NPEAYNPEIHTENBHBIX PEMOHTOB HO 3apaHee
cocraBieHHoMy rpaduky. CenapaTtop AJs PeMOHTa B cfope CHHMa-
0T ¢ QYHNAMEHTA H MOCTOBHM KDPaHOM HOCTaBJASIOT Ha PEMOHTHYIO
aaomanky. Ha ero Mecto ycraHaBaWBaIOT OTPEMOHTHPOBAHHLIN pe-
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TatGauua 4.9. PrIAvecKre cBORCTBA pANIMTIHEIX MUHEPENOD
8 Mele3HHX PyAax

KosdQHuHeHT ¥naensaan War-
Hachinrag EPELOCTH 10 [lopucTocTb,| HETHAA BOCNPH-
Pyas MAOTHOUTE, g ae o, M, L1po- % HMYHBOCTD,
R/l TOILAKOHORA [Teriy
MaprutoBne 3,3—4 3—18 20—125 {(7—9)- 10
TéTHTO-reMaTHTOBEIC 33,7 3—4 16—28 {2—2,2}-10-7
Téruro-rematuTo- 3.3—3.7 4§ 16—20 (1—1,2)1077
MAPTHTOBHIE
MarneruToBle 3,8—4 6—12 7—12 ](1,8—1,9)-10-7
Téruro-regporéru- 2,63 1—11 1030 | (1—1,2}-10-8
TOBHIC (6ypoxeaesns-
KDBHE)
Kzrapu 2.8 Ho 18 5—I10 H. n.

3eDPBHHH cenaparop. PeMOETHHE DHKI CeNapaTopoB NPOAOJIMKAETCSA
AnutenvHoe BpeMsi. Hanpumep, aqas cenapatopos [IBM — b jert.
3a 310 Bpems npousBoiuTes 45 peMOHTHHX ocmotpos (PO); 10 re-
Kyuux pemoutoB (Ty) u 4 Tekyuux pemonta (T:). Mexpemonr-
HHP nepuo], TakuM 00pa3oM, COCTaBIfgeT 4 MeC, MEKOCMOTPOBOH
neprof — 1 Mec. Kannransuux pemontoB (K) — 4. Crpyktypa pe-
monros: K—3PO-— 7—3PO — 7'—3PO—T,—3P0O—T,—3P0—
—7,—3PO—K.

O6cnyxuBalILeMy nepcoHaly Heo6XoLMMO yMerh OncTpo of-
Hapy:KHBATH HEMOMAJKH M YCTP2HATE MX ¢ TeM, YTOOH He Aomyc-
KaTb JJAHTEJBHEIX NPOCTOeR 00OpYVIOBAHHUSA.

§ 4.3. DPAKTHKA PABOTH ®ABPHK, HCHOJMb3VIOU[MX
CENAPATOPLI AJISl OBOTAHIEHHSI MATHETHTOBBIX KBAPLMTOB

OcHOBHBIC 3a0ack XKeAC3HBIX PYA B MAPE NPeRCTABAGHB XEIe3Hc-
TO-KpeMHHCTHMHE (opManisaMi, 06pa30BAHHBIMH MATHETHTOBBIMH H
OKHCJEHHBIMH KBapudtamu. [To pannmm axag. H. [1. CemeneHko,
Coserckuti Cowo3 pacnoiaraer IOJOBHHON MHDOBEIX 3a0ACOB Ke-
JIe3HEIX PYi, N3 HMX B BHAE ’KeJE3HCTHIX KBapUHTOB HaXxoAHTCs §o-
Jee 130 mapa. 1. Ha repputopun Cosetckoro Cowa3a oHHM oGpaso-
BAJHCh OKOJIO 3 MJPA. JIST TOMY HA3aJd NYTeM OTIOMEHHT MEeAe3H-
CTO-KPEMHHCTHIX OCAJKOB Ha TeppHTOpER Benosepckoro Gacceiina.
Heckoarko nosxe Takue ke samachl obpasosaauck Ha Koabckom
nosyocTpose. OTHOCHTEJNbHO <MOJOJABIMHY  SBASIOTCA KBAPIUTH
Kpusopoxcko-Kpemenuyrekoro u Kypckore GacceitnoB. Mx sospact
©kono 1,7 Mapa. Jaer.

Qu3ntecKne cBOHCTBA MHHEPANOB, H3 KOTOPHX 00pasosaJHch
JKENE3UCTHEe KBADUHTH, NpHBeAeHbl B Tabh. 4.9. CkapHOBHE pyabl
fipu TpyGom HaMedwnueHuH (I cTazus) wmameneyawtcs B 1,5 pasa

213



Jerye, 4eM KeAe3HCTHe KBAPUKTHL On"ako IpH TOHKOM H3Medbue-
HHH 3Ta pa3HHIA CIiaXxHBaeTCA.

KaTteropus packpwBaeMOcTH Py

Kaaee . . . 1 4 m v v VI
Pyna . . . BecsMa Jlerko Cpegne-  Tpyaro- Becema  ¥nopaan
ARTKO pacKpH-  Dackpai-  PAcCKpe-  TPYAHO-
pacKpH-  BaeMad BaeMas Baemas pacKphl-

BaeMan BaeMasf
Hoasn  pyna-
Bofi  cha3m,
oCTaWeRCA
B CPOCTKAaX
nocae H3-

MeapHEeHHA B
Tezenue 40
MHH B IIapO-
BOH MCOBHB-
e, fonw ex. 0,005 <01 0,15 0,2 0,2—0,25 ™»0,25

Pyam wMecropoxaenusi  IOTOKa wu  Crofiaenckoro T'OKa
oreocaT ® | u Il kmaccy. 3HauHTeaBHO  XYXKe pacKphl-
RAOTCA PpydH  MeCTOPOXICHHH Hurynenkoro u Huenpos-
ckoro ['OKos, orHocamuxes ¥ V. o VI xnacey. Cpocrt-
Kid CO CJAOKHGH annoTponoMopdHO-3epHHCTON CTPYKTYpo¥ B pylax
VI xnacca He ncwesaoT AaXMe NPH OueHb TOHKOM  H3MeJbyeHHH,
BCJEACTBUE TNOBHINEKHON NPOYHOCTH 30HH CPacTAHHA MAarHeTHTa
¢ kBapueM (pyaml egesucroro ropuaoHta Kp»® Kpemenuyrckoro
facceiina).

ITpermyliecTBeHHO® PAacRpOCTPaHEHHE B CHPBE, HOGHBAEMOM Ha
T'QKax, wmeior pyan ¢ Godee GAarONPUATHHIMH cBOficTBaMu (XKe-
Jde3ucTHil ropusoHT Kp?). llsMeHeHHe cTeNMeHM PACKPBITHS B 3aBH-
CHMOCTH OT CT€TNeHH H3MeJbUeHHS 3THX DYH ONHCHBAETCH 3aBHCH-
MOCTAMU THIA

Y=as+a,(p — ay} {(4.4)
HJIn

P=K—ls (x2y+ 3x2y?+ 3xy -+ y#), (4.5)

Ile Y — BRIX0A cBoBOIHEIX MuHepaJoB, %; do, @i, a2 — Ko2¢dhuuH-
€HTHI; § — BEIXOA kJaacca— 0,074 mm B pyfe; P— 10asa cBOOGOAHBIX
PYIHBIX H HepYAHBIX YAaCTHI B CYMMe HX <O cpocTkamu; K=d,/d,
{ds ¥ d,— IHAMETDH COOTBETCTBEHHO BKpPANACHHH B PYAC H 3epeE
pyAn, H3meabueHHOHl nepes cemapauueft); x=K—I1;, y=n/(n+1);
n=A/B (A —ofbeMm pynn; B — ofbem pyaHOil pasH B Heil).

Popmyna (4.5) teoperHuecku BuiBeleHa IOA3HOM U yTOuHeHa
VHrJIOM; €10 MOMXKHO NOAb30BATLCA JJA OPHeHTHPOBOYHHX pacue-
ToB. 3akoHoMepHocTh (4.4} ycrauoBnena H. H. URHKRHHHM ayTeM
CTATHCTHYECKHX HCCJIeJOBAHUN W MOMKET HaBaTh fojiee TOUHEIE pe-
3VALTATH, €CtH YCTAHOBIESHM NPABHALHble 3HauYeHusa Koshbhumue-
TOB IJIsl JaHHOH Pa3HOBHEHOCTH PYIHL
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B ra6a. 4.10 gag xapakTepHCTHKH pealbHEIX NOKazaTened pas-
JlefeHusi CPOCTKOB H 00OTalleHHA MAaTHeTHTOBLIX KBAPIUHTOB  HA
cenapaTtopax IIBM npdBeneHB pe3yjbTaThl MAaTRATHHIX aHAAH30B
PYIL M TNPOAYKTOB uX OGOralleHHss Ha HeKOTOphix ¢dabpukax. 3TH
JAAHHBIEe TIOKA3BIBAIOT, UTQ CEMapaTophi pabOTAKT HE CeJeKTHBHO —
KOHLIEHTPATH pasy0omeHbl OefHBIMK CpPOCTKAMd  (HeMaraHTHBIMH
QpakuBaAMia) K OOITOMY MaccoBasi Q0AA Kejeza B HHX Ha 1,5—
2% HHKe BO3MOKHOH, KOoTGpas Ha OoaswwnHcrBe ['OKop gonxkuHz
npessiliath 68% NpU NPHHATHX MeTOAaX NOATOTOBKH Pyl K 000-
rauleHHDo.

[Mogroroska pyidl K marHuTtsof cenmapanmn Ha 'OKax Bkaodaer
CHeAYIOHIKe OTlepalliy; ApobjeHHe, [POXOUelde, CYIEKY, 08XKHr, H3-
MeabuyeHde, ofecUIaMNHBaHHe WIH obeCIHLlIHBaHAe, HaMardH4EBa-
HHe, Pa3MATHHUHBAHHE H CEJIEKTHBHYID (BJIOKYJSLHIO, OT KOTOPHX
3ABHCHT KAuecTBO KOHUEHTPATA, W3BMEUEHHEe MeTaana kb cebecToH-
MocTe oforanienus (ta6na. 4.11).

PaccmoTrpusM moapofinee ocofenuocTd aTHX onepauni. [lpu noa-
TOTOBKE PYABl /A MarHutHoro oforaleHus japobneHlieM H poXo-
yeHyueM KMAACChl KPYNMHOCTH ILOJIKHBEL HMeTh O0see y3kHe, ueM o6bl4-
HO, npeaennl (dmax/@min = 3)

OTHOLIEHHE TIONEPEYHUKOB HAHOOMbLIHX ¥ HAHMEHBIIHX 3epeH
B pylde, NOCTynaluled Ha cefapandio, He IOMKHO OuiTh (ojblie
KO3(ppHIHEHTa PABHONPHTATHBACMOCTH.

[Tonroroska K oforalleHHId MarHeTHTOBHIX pyA OGXOJHTCS Ha
[OpAROK nopoxe, ueM oboramieHue (60% Bcex 3arpar oboratu-
TenbHOR (abpHKH npuxoanTcs HAa ApoSJieHue W H3Medb4eHHE, B TOM
qucre na 3akynky Memowkx ted — 30%). Yaeawnwli pacxox me-
Tanna (crepxied, mwapos u uuApneBcoB) COCTaBJSET - NMPHMEPHO
2,2 xr/r pyas wiu mo I'OKam okoao 0,5 Man. T cranu B rog. Pac-
XOAb LAPOB H CTEPIKHEH ONPLALNSIOTCH HCKAIUHMTENBHO H3IMEb-
YaCMOCTBIO PYAB, a (yTepOBOYHOH CTANH — METOZOM H3MeJAbUeHHA
{npu GeclapoBOM H3MeJbUYEHHH pacxon ¢yTepoBOUHON CTalH B
1,5—3 pasa BHILE, yeM TpH LIAPOBOM H3MedbueHHH). Takas »xe
34KOHOMEPHOCTb HMEeT MeCTC H B pacXodaX 3JeKTPOIHEPruH H BO-
JH, XOTd HX YBelHYeHHe npH OGeclIADCBOM H3MeJNbYEHHH MeEHee
3HAUHTEABHO.

Ha ropuo-oforaTuTenbHEIX KOMOHHATAX NPHHATH TPEXCTaXH-
AMbHBe CXEeMBl W3MeNbueHHdA, UyTo OGYCJIOBNSHO HeoBXOAHMOCTHIO
H3MeJdbUeHus pyAbl Ao 90% waacca — 50 mrMm. Jas yieuesnenus
mpoilecca H3MeNbUeHHSl YBETHUHBAIT OOBEM MEJbHHI, 3aMeHSIOT
crTaflbHule WApH MCHee AOPOTHMH LHABMESCaMP M3 OTOENEHHOTO
4yryHa, NpHMEHsIOT GoJce mpocTele GecK.JIacCHPHKANHOHHEEE CXeMbl
H CXeMBI C OZHOCTAJHANLHBLIM HAH EBYVXCTAMHATBHBM CaAMOHIMEb-
YyeHHeM (KyCKM DyAml BMecro wapoB}. [lpu camonsMeapueHuns
CPOCTKH Jydlle PACKDHIBAIOTCH H MOITOMY KAYecTBO KOHLEHTPATA
shine. ITpuMeHedde cavouaMenpyennss Ha I'yGkmucxoM, Huryneu-
KoM n Jlebemmrokom T'OKax no3BoJmH/I0 MOBHICHTL KA98CTBO KOH-
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