JlaGoparopnas pabota Ne 2

UccnenoBanue paboThl OapbepHOTO 030HATOPA

1. Lenb paboTh

1. O3HakoMJIEHHE C KOHCTPYKIMEH OapbhepHOTO 030HATOpa, MPUHIUIIOM €ro
paboTHI U BBIXOIHBIMHU TTApAMETPaMH.
2. HccnemoBaHue peXUMOB PaOOTHI OaphepHOTO O30HATOpA, OMpEIEICHHE

KOHIICHTpAIIMX 030Ha, aKTUBHOW MOIITHOCTH pa3ps/ia.

2. IIpenBapuTenbHbIE CBEICHUS

[Ton o3oHaTtopom B oOIIEM ciayyae MOHUMAIOT YCTPOMCTBO MAJiSi MOTYYCHHS
030Ha. COBpEMEHHBIE 030HATOPbI, B KOTOPBIX O30H MOJYYAIOT C TOMOIIBIO 3IEKTPH-
YECKOT'0 pa3psiia B BO3IYyXE MU B KUCIOPOJE, COCTOSAT U3 T€HEPATOPOB 030HA U HUC-
TOYHHKOB MUTAHUS U SBISIOTCS COCTABHOM YaCThIO 030HATOPHBIX YCTAHOBOK, BKIIIO-
Yaromux B ceOs, KpoMe€ O030HATOPOB, BCIOMOTaTENbHBIE YCTPOMCTBA: CHUCTEMY
OUYMCTKH U OCYIIKK pabouero rasza (Bo3myxa WIH KHCIOPOa), CUCTEMY OXJIAXKICHHUS,
KOMIIPECCOP, UBMEPUTEIIbHBIE YCTPOUCTBA.

B Hacrosimiee Bpemst 030H O3 sIBIIsI€TCSA Ta30M, UCIIOJIB3YEMBIM B TaK Ha3bIBae-
MBIX O30HHBIX TEXHOJOTHSX: OYMCTKA U MOArOTOBKA MUTHEBOM BOJIbI, OYUCTKA CTOY-
HBIX BOJ| (OBITOBBIX M MPOMBIIILIEHHBIX CTOKOB), OTXO0JIOB T'a30B U JIp.

B 3aBHCHMMOCTH OT TEXHOJOTMU HCIIOJNb30BAHUSA O30HA MPOM3BOAUTEIBHOCTH
030HAaTOpPa MOYKET COCTaBIIATh OT JOJIEM rpaMma JI0 JECSATKOB KMUJIOTPAMM O30HA B
qac.

W3 607b1110T0 YKCIIa pa3TUYHBIX COBPEMEHHBIX KOHCTPYKIIMIM 030HATOPOB, UC-
MOJIB3YIOUINX DJIEKTPUUYECKUM pa3psis IS MOJIyYEHUs] 030Ha, HAauOOJbIIee pacipo-

CTpaHECHHE MOJYYHIN 030HATOPHI C TaK HA3bIBAEMbIM OaphepHBIM pazpsaoM. [Ipous-



BOAMUTEIILHOCTh OJTHOIO 0apbepHOIr0 030HATOpa MOKET COCTaBIIATH OT TPAMMOB 0
15 kr o30Ha B yac.

BapbepHbIM pa3psIoM Ha3bIBAIOT pa3ps] B Y3KOM Ta30BOM 3a30p€ MEXKIY
IJIOCKUMHU WJIM KOAKCUAIIbHBIMU 3JIEKTPOJIaMHU, OJIUH U3 KOTOPBIX (MM 00a) MOKPHIT
cioeM TBepaoro audiekTpuka (puc. 2.1) Ecnu k anexrpoaam npuiioxKeHO MepeMeH-
HOE HANPSDKCHWE ¢ aMIUTUTYI0HM, TPEBBIMAONIEH MTPOOUBHOE HAIPSKEHUE Ta30BOTO
IPOMEXKYTKa, TO B HEM BO3HUKAET pa3psiil, COCTOSIIMI U3 OOJIBIIOr0 Yucia OTAEb-
HBIX HMCKp, IMCKPETHBIX B MPOCTPAHCTBE U BO BpeMeHU. Pa3psig mpoaoinkaercs 10

TCX IIOpP, IOKa MI'HOBCHHOC 3HAYUCHHUC HAIIPSXKCHUA HA BHGKTpO,HHOﬁ CHUCTCMC HC O0-
CTHUI'HCT Umax . OcoOEHHOCTBIO 6aprpHOFO paspsaga ABJIACTCA JIOKAJIbHOC HAKOILIC-

HUE 3apsiia Ha MOBEPXHOCTU JUAJIEKTPUYECKOTO Oaphepa B MPOIECCE Pa3BUTHUS B
IPOMEKYTKE KaKJI0M OTaeabHOM UCKpBI. [losicHUM 3TO ¢ momolkko puc. 2.2.

[TycTh K IpOMEXKYTKY ¢ OapbepOM MPUIIOKEHO TIEPEMEHHOE HANPSDKEHUE, MPH
KOTOPOM €eIle HET pa3psiia. ITO HAIMPSKEHUE paCHpesIeseTCs 0 eMKOCTAM Oapbepa

H Ira30BOT0 IIPOMCECIKYTKA, TaK UYTO K Ira3dy IIPHIIOKCHO HAIIPSAKCHHUC
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2.1)

rac U - HAIIPSIPKCHUE Ha JJICKTPOdax; C6 - EMKOCTb 6apbepa Cr - EMKOCTBb I'a30BOTI'O

IIPOMEKYTKA.

JI1st MATUHIPUYECKON CUCTEMBI 3JIEKTPOIOB
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Puc. 2.1 DnekrtpoaHas cuctema 030HaTOpA.

1, 3 - aneKTposL; 2 - TUAIEKTPUUECKH Oapbep; 4 - 30Ha pa3psija.
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Puc. 2.2 Pa3Butue pazpsijaa B NpoMexKyTKE 030HATOpa



rae €6 U Er - TUIJIEKTPUUECKUE TTPOHUIIAEMOCTH Oapbepa U rasa; L - wmuna snex-

tponoB; Dy, D, Dgy - ntuamerpst anextponos 6apsepa (cm. puc. 2.1).

PaccMoTpum mepBeI MOTYNEPUO BO3IECUCTBYIOIIETO HANPSKEHUSA, B KOTO-

PBI BIEKTPOJI C IUAIEKTPUKOM sIBIsieTcss aHojoM (puc. 2.2, a). Korna nanpskeH-
HOCTH BHemHero nons By, co3maBaeMoro npuinoxeHHBIM HANMPSKEHUEM, TOCTHUTHET

3HAUCHMSI HadaJIbHOM HAIpsAKCHHOCTHU, B IMPOMCIKYTKC HAYMHAKOTCA HWHTCHCHBHBLIC
HOHH3AIMOHHBIC IMPOLICCChI U CO3AaCTCA OOJIBIIIOE YHCIIO JIaBUH, ITPOJABUIAIOIINXCA

[0 HaNpaBJIEHUIO K JIUAJIEKTpHUYECKOMYy Oapbepy. PacueTsl mokas3pIBaroT, 4To MpH

HOPMAaJIbHOM IUTOTHOCTH ra3a B Pa3psIHOM MPOMEXKyTKe mmHoi | = 1 - 3 MM pa3Bu-
THE JIaBUH MOYKET MPUBECTU K CO3JaHMI0 00BEMHBIX 3apsA0B ¢ miIoTHOcThi0 N, npu

KOTOPO#l BBIMONHSAETCS yCIoBHe mepexona nasuusl B crpumep ( N = 10 ® 1/cm? ).

[Ipu BBITIOJIHEHUH 3TOTO YCIOBHUSI B KAKOM-TO MECTE MPOMEXKYTKA BO3HHKAET CTPH-
MEpHBIN KaHaJjl, TOJOBKA KOTOPOrO JOXOAUT J0 MOBEPXHOCTU SJIEKTPOJIa, TOKPHITOTO
JTURIIEKTPUUECKUM 0apbepoM.

[Ipoucxoaut nmpoOoi ra3oBOro NPOMEKYTKa MO MHOTOJIABUHHO-CTPUMEPHOMY

MeXxaHu3My. BHenIHe paspsj| BHIVISIUT KakK UCKPa. DTOMY TIPOIECCY COOTBETCTBYET
nanpsokerne Upp.

B xoxe oOpa3oBaHus W BUXKEHUS JJaBUH U, B OCOOCHHOCTH, IIPU TOJXOAE K
TURIIEKTPUUECKOMY Oapbepy TOJOBKU CTpUMEpPA, HA MOBEPXHOCTh Oapbepa OcenaroT
OTpULIATEIbHBIE 3apSAAbl - SJEKTPOHbL. JluameTp KaHaja CTpUMEpa COCTABIISIET IPH
paccMaTpuBaeMbix ycnoBusax ~ 0,1 mm. IIpumepHO Takux ke pa3MepoB OKA3bIBAETCS
U MIATHO 3apsija, OCeBIIero Ha Oapbep. UTo KacaeTcs MOJI0KUTENbHBIX HOHOB, 00pa-
30BaBIIMXCA MPU PA3BUTUU JIaBUH, TO, 00J1afjasi TOPa3l0 MEHBIIEH MMOABUKHOCTHIO,
OHM IIOCTETIEHHO CMEIIAI0TCS B CTOPOHY MeTaJuIM4yeckoro kartona. [logxozas k Hemy,
OHM HeuTpamusyrTcs. OcegaHnue OTPULIATEIBHOTO 3apsA/ia Ha MOBEPXHOCTh AMAJIEK-
TPUYECKOTO Oapbepa BHI3BAHO OOJIBIIUM OOBEMHBIM COIPOTUBICHHEM MaTepualia

Oaprepa ( mopsaka 10 - 10! Om-cm ). Bonblnoe mOBEpXHOCTHOE CONMPOTHUBIEHHE (



102 - 10" Om ) npensaTcTByeT pacTeKaHUIO 3apaia 1o nosepxHoctH. O6pasyercs

Sap}I)KCHHHﬁ JIMCK ¢ MAaKCUMAJIbHOM IJIOTHOCTBIO 3apsgJa B OCHTPE AMCKA. 3apsKCH-

HBIA JUCK CO3/1a€T I10JIC, UMCIOIICC KaK HOPMAJIbHYTO E TaK U TaHI'CHOUAJIbHYIO

oc’

—

EH o, COCTaBJIAIONINE , O] AEHCTBUEM KOTOPOM BJIOJIb IIOBEPXHOCTH Oapbepa HauU-

HAETCS MOBEPXHOCTHBIN pa3psil JIABUHHOTO THIA. B paccMarpuBaeMoOM HaMU Cilydae
OTPHUIATEIFHO 3apsHKEHHOTO JUCKA TTOBEPXHOCTHBINA pa3psii CO3AaeT KPYyrioe MSATHO
OTPHUIIATEIILHOTO  3apsaa C JUaMETPOM, BO MHOTO pa3 IMPEBBIMAIONIUM JTHAMETP
HAYaJILHOTO 3apsaa. OIUHOYHBIA pa3psl B MPOMEKYTKE MOXET CO3/aTh IATHO JTUa-
metpoMm a0 15 - 17 mm (puc. 2.2, a).

O6pa3oBasieecss Ha Gapbepe Mociie TOBEPXHOCTHOTO pa3psiia MATHO OTPHUIIA-

TCJIBHOT'O 3apsga CO34acT B pa3paIHOM IIPOMCIKYTKE CBOC IIOJIC C HOpMaHBHOﬁ CO-

CTaBIAIOIEH HANpPsSHKEHHOCTH | o> HATPABJIEHHOW BCTPCYHO K TMPHUIIOKCHHOMY

—

BHCHIHCMY IIOJIXO. HSMCpCHI/I}I M pacydCThbl ITIOKA3bIBAIOT, YTO HAIIPSKCHHOCTDH E o0c

MOXKET AOCTHUI'aTh HECKOJBKHX kB/cm. B utore CYMMAapHO€ I10JIE B ITPOMCEIKYTKC

—

EZ = EBH - Eo c CHMIKACTCA, 1 MOHHU3AIIMOHHBIC ITPOLCCChI B 9TOM YacCTH ImpoMme-

KyTKa npekpamarorcs. Paspsan racaer. Becy onmcaHHbIN Nponecc 3aHUMAET BpPeMs
10 JIECATH HAaHOCEKYHJI, 32 KOTOPOE MPUIIOKEHHOE HAIPSHKECHUE HE yCIEBAaeT U3Me-
HUTbCA. OTHOBPEMEHHO HAYMHAETCA Pa3BUTUE CTpPUMEpa B JAPYrod 4acTh MpoMe-
KYTKa, IJ1€ IPOLECC OBTOPSETCS.

OObpazoBaHue B pa3HbIX TOUKaX MUCKpP M MX 3aTyXaHHe OyAeT MPO0JIKATHCS A0

T€X IMOp, MOKA NPUIOKEHHOE HAIIPSKEHUE HE JOCTUTHET MAKCUMAJIbHOIO 3HAUCHUS
Unn. [ocne 31oro paspsa B NpoMexyTke mHpekpaiiaercs. OCIuIIorpaMMa Toka ue-
pe3 NPOMEXYTOK BBIIVIIUT TaK, Kak MOKa3aHO Ha pucC. 2.3, Tie Ha KPUBYIO TOKa
CMEIICHHUS 1oy HAIOXKEHBI MMITYIIBChI TOKA OT/ACIBHBIX HCKP.

PaccMoTpuM Temneph Moynepuol, Korjaa 3JeKTpo ¢ AUIEKTPUUEeCKUM  Oa-

phepoM sBIISIETCS KaTo0M. [Ipu 3TOM BHOBb paccMaTpUBAETCS CaMblii epBbIT

U

h

Un




Low
0)
Puc. 2.3 OcumorpaMMbl TOKa U HATPSIKEHUS

a) - OCUMJUIOTpaMMa HaMpsDKEHHS Ha JIEKTPoAax; 0) - ocIuiorpaMma ToKa

yepe3 030HATOP.
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Puc. 2.4 BpIxoa 030Ha B 3aBUCUMOCTH OT HANPSKEHUS

Yacrota f= 1500 I'; pacxox raza vy = 1 1/MuH.



NOJIYIIEpUO, MPU KOTOPOM PAa3BUTHE pa3psiia B MPOMEXKYTKE HAYMHAETCS MPU OT-
CYTCTBHH 3apsifa Ha JUAJIEKTPUKE.

Pa3Butne pa3spsaa uaeT B 3TOM cilydae B HalPABICHUU METAJUIMYECKOTO JJIECK-
Tposia. BHOBB 0Opa3yeTcsi cTpuMep, HO TPU MOJXOJE €ro TOJOBKU K aHOJly BCE AJIEK-
TPOHBI YXOIAT B MeTaiul. Hakoruienus 3apsaa Ha anojne He npoucxoaut. Ho pa3su-
THE CTPUMEPA UJET U B CTOPOHY KATOJ1a, K KOTOPOMY NEPEMENIAIOTCS MOJIOKUTEIBHO
3apsbKeHHble MOHBIL. [logxons k Gapbepy, OHU OCEIAalOT Ha HEeM, 00pa3ys IMOJIOKH-
TEJIbHBIN 3apsJl, SBJISIOMIMNCS MPUYUHON BO3ZHMKHOBEHHS IOBEPXHOCTHOIO paspsiaa.
B nmaHHOM ciydae MOBEPXHOCTHBIM pa3psl HOCUT CTPUMEPHBIM XapakTep U Ha IO-

BEPXHOCTU Oapbepa ocTaeTcs MATHO B BHUE 3BE3/104KH (puc. 2.2, 0), MaKkcUMallbHAs

HAIIPSAKCHHOCTD  T1OJIA Eoc , TAKKE COCTABJIAACT HECKOJIBKO kB/cm. B pe3yabTaTe

CyMMapHasi HallpsKEHHOCTh TOJISI B MPOMEKYTKE CHUKASTCS U Pa3psIHbIE MPOIECChI
B 3TOW YaCTH MPOMEXKYTKa MpeKpaiarTcs. [nameTp 3Be3704€K OJAMHOYHBIX pa3ps-
noB nocturaet 20 - 25 mM. Korga HanpsikeHre Ha IPOMEKYTKE JOCTUTAET Um, pas-
PAI TIpeKpalaeTcs.

HNHade 00CTOUT Ae510, KOTJa pa3ps)l pa3BUBACTCS B MPOMEKYTKE, B KOTOPOM Ha
TUDJIEKTPUUECKOM Oapbepe yKe UMEETCs 3apsijl, OCTABIIMICS OT MPEIBLAYIIEro IMo-
nynepuopa. [1ockoibKy TOBEPXHOCTHOE COMPOTHUBJICHUE MaTepuana 6apbepa O4YCHb
BEJIMKO, 3apsj HE YCIIEBAET PEIAKCUPOBATh 3a BpeMs OJHOTro mepuoja. Pacnpenene-
HUE 3apsJI0B HA MOBEPXHOCTH K Haydally pa3psiia B JAHHBINA MOJYyNEPUOJ OCTAETCS
MPaKTUYECKUA TEM e, KaK B MOMEHT OKOHYAaHUS pa3psaa B MPEIbIAYIIHN MOTyIepH-
0J1. DTO O3HAYAET, YTO B HOBBIM MOJYIIEPUO/ TOJI€ OCEBIINX 3apsII0B CKIIAIBIBACTCS C

BHCIHIHUM II0JICM, YCUJIUBas CTO. HOBTOMy B MCCTax, I'’/IC pacCIlOJIOKCHBI IIsITHA WUJIN
3BE3A0YKN OCCBHIMX 3apsAd0B, HAIPSAXKCHHOCTb II0JA JOCTHUIracT HayvaJIbHOU EH

paHbllle, YeM B OCTAJIIbHOM YacTH MPOMEXKYTKa. Pa3BUTHE MOHU3AIMOHHBIX MPOILIEC-
COB U pa3psi/i OKa3bIBAIOTCS “TIPUBSI3aHHBIMU K MeECTaM paspsijia B MPEIbLIy MM
MOJIYIIEPHO/I.

Kaprtuna pa3psina B mpoMexyTKe CTaHOBUTCS ellie 0oJiee CII0KHON Tocie -

TEJIBHOTO BO3ACHCTBUSA IMCPEMCHHOI'O HAITPSAKCHUAA. Ho ecth OIIpCACIICHHBIC 3aKOHO-



MEPHOCTH, MPOSABIAIOIINAECS BO BCEX CIydasiX: B KaXKIbIA MOJYIEPUOL pa3psi UMEET
BUJ OTAEJIbHBIX, OBICTPO 3aTyXarolMX HMCKp. Pa3psa HaumHaeTcs, KOTraa Harmpske-
HHUE, IPUWIOKEHHOE K AIEKTPOAHON CUCTEME, MEHBIIIE PA3PSAHOTO HANPSKEHUS ra30-
BOTO IIPOMEXYTKa. B Kaxaplil mosynepros oO0pasyroTCsl UMITYJIbChl TOKA, YHCIO U
aMIUIATYJA KOTOPBIX SBIIAIOTCA CTATUCTUYECKUMU BEJINYNHAMM.

B mponecce pa3BuTUs Kaxa0u OTACIBHOU HMCKPBI MPOUCXOIAT DIEKTPOXUMHU-
YECKUE PEAKIIUU, PE3YJIbTaTOM KOTOPBIX SBJSETCS 00pa30BaHHUE O30HA U €ro pasiio-
xkeHue. [Ipouecc oOpazoBaHMs 030HA COCTOMT U3 HECKOJBKUX 3TAINOB, XOTS B 00LIEM
Clly4ae 4YMCIIO PEaKIMM, CBA3aHHBIX C OOpAa30BaHUEM O30HA U €r0 Pa3jIOKEHHUEM,
npeBbiaer 70, CylECTBYIOT OCHOBHBIE, 0€3 MPOXOXKIEHUS KOTOPBIX MOJyYEHHE
030Ha HEBO3MOXHO. OCHOBHOW peakUuen SBISETCA MPOLECC JUCCOLMALIMN MOJIEKYJI

KHUCJIOpOoa MPH B3aUMOCHCTBUM CO CBOOOHBIM AJIEKTPOHOM;

O,+e—>0+0+e¢, (2.3)

[TocTossHHas BPCMCHHU 3TOT'O IIPOLECCCa OUCHDb MaJIa U COCTABJIACT CAVMHUIIbI

HaHOCCKYH/. CJ'IC,Z[YIOHII/Iﬁ oTall COCTOUT B O6p8,30BaHI/II/I MOJICKYJIBI O30HA

0+0,+M—>0,+M, (2.4)

B KOTOpOﬁ IMPUHUMACT YyHaCTUC TPCThbA HaCTHUIIA MI MOJICKYJIa, NOH, 3JICKTPOH HJIN

aTOM B HEHTPAJIBHOM WIJIM BO30Y)KIECHHOM COCTOSHUH. VcciienoBaHusi MOKa3bIBAIOT,
41O 0OpazoBaHue 030HA TpebyeT Bpemenu 10 10 MKc.

KpOMC O6paBOBaHI/I}I 030Ha, IIpHU ABHKXCHHHU YaCTHIL Irada IporucCxoanT pasjio-

JKCHUST MOJICKYJI 03 110 pCaKIIMUn

0,+M—->0,+0+M, (2.5)



DTa peakius UIAET TEM MHTEHCHUBHEE, YeM BBbIllIEe Temreparypa raza. Oopasy-
IOIIMIICS B 30HE pa3psaa 030H AuDPyHAUPYET B COCETHUE 00JIaCTH.

B pesynbpraTte mpoxoxkaeHus paboyero rasa yepes paspsIiHylo 30Hy 030HATOpa
Ha BBIXOJIE MOJYYaeTCs 030HO-BO3/YIIIHAS I O30HO-KUCIOPOAHAS CMECh C KOHIIEH-
tpauueii ozona ( 107! - 10) r/m°, npu 3TOM moyuaeMoe KOIMYECTBO 030HA 3ABUCHT
OT MPEBBIIICHUS] HHTEHCUBHOCTH 00pa30BaHUsl HaJ MHTEHCUBHOCTBIO Pa3JI0KEHUS.

PaccMoTpeHHBIM MeXaHU3M pa3BUTHA pa3psiia B OJHOPOJHOM IOJie  MpOMe-
KYTKa C JUDJIEKTPUUECKUM OapbepoM Ha 3JIEKTPOJE MO3BOJISIET YCTAHOBUTH TE OCO-
OEHHOCTHU, U3-32 KOTOPBIX OapbepHbIN pa3psij] CTajl OJHUM U3 OCHOBHBIX UICTOYHUKOB
o30Ha. ['MaBHas 0COOEHHOCTh - JUCKPETHOCTh Pa3psIHBIX MPOIECCOB B MPOCTpaH-
CTBE U BO BpEeMEHU. B TedeHue 4acTH Ka)KAOro MOJYNepHoJa BO3JEHCTBYIOIIETO
HaIpsOKEHUsT paspsij] paclpeiesieH M0 BCeMY MPOMEXKYTKY. DTO MO3BOJSET UHTEH-
CHUBHO OXJIAXKIATh BCIO Pa3psAIHYIO 30HY OXJIAKICHHEM 3JIEKTPOJIOB, YTO OCOOEHHO
BAXXHO JI1 MPEJOTBPAIICHUS TEPMUYECKOTO Pa3JIOkKEHUs YK€ 00pa30BaBIIETOCS
030Ha. bapeepHbIil pa3psa, KpoMe TOro, SIBJISIETCS HauboJiee paruoHaaIbHON hopMoit
pa3psiia u 1uia 00pazoBaHus 030HA. bapeep BbICTyMaeT B poJjM TOKOOTpaHUYMBAIOIIIE-
ro CONPOTUBIICHUS ISl KXKJIOH OTAECIbHOW MCKPBI, YTO MPEIOTBpAIIAET OOJbIINE
TOKH, T.€. IOTEPH SHEPTUU Ha Pa30rpeB pa3psaHOro kanaiga. Bmecre ¢ Tem, B TakoMm
paszpsijie IpoIecchl JUCCOLMAIMU MOJIEKYJ KHUCIOpOoJa UAYT C HauOoblleld WHTEH-
CHUBHOCTBIO, YTO OOECTIEUNBACTCS MMEIOIIMM MECTO PaclpeAeNCHUEM IO SHEPTUIM
CBOOOJTHBIX AJIEKTPOHOB.

OO6pazoBaHue UCKPHI B KaXJ0W 00JIaCTU MPOMEXKYTKA, /i€ HAMPSKEHHOCTh
MOJISL TIPEBBICUT MPOOMBHYIO M 3aTyXaHHWE dTOW MCKPHI M3-3a CMa/ia HAMpPsHKeHHOCTH

II0JIAA, BBI3BBAHHOI'O OCCBIIMMHU 3apsadaMH, IIOAACPKUBACT Ha JJICKTPOLdaX IIPAKTHYC-
CKHM HCU3MCHHOC HAIIPS’KCHUEC HA I'a30BOM ITPOMCEIKYTKE Ur B TCUYCHHC BCCIro BpEMC-

HU TOPEHHUs pa3psaa B JaHHBIM noiynepuon. [lostomy cpenHsss Hanps>KEHHOCTD MO-
JI1 B TA30BOM IIPOMEXKYTKE B TEUEHUE BCErO BPEMEHHU I'OPEHUs pas3psi/ia JINIIb HE3Ha-
YUTEIBbHO OTIMYAETCS OT HayaidbHOH. [IOCTOSAHCTBO HaMpsHKEHHOCTH 00ecreyrBaeT
pu pa3psiie cTabUIbHOE paclpeesieHHe IEKTPOHOB M0 SHEPTUsSM, YTO BAXKHO IS

MIPOXOXKJICHUS PJIEKTPOXMMUYECKHUX peakuuid 00pa30BaHMs 030HA.



C pocTOM MPUIIOKEHHOTO HAMPSKEHUS BpPEMs TOPEHUS pa3psa B Kax/Iblil Mo-
JTYTIEpUOl YBEIUYUBACTCS, YBEITMUYMBACTCS YMCIIO UCKP M BO3PACTAET BBHIXOJ[ O30HA.
OpaHako MOYTH MPOMOPIIMOHATIBHBIA POCT BBHIXOJ]a 030HA C POCTOM HAIPsHKEHUS MPO-
JOJDKaeTCs 10 onpeaereHHoro npenena (puc. 2.4). C poctoM 4mciaa UCKP YBEIHYH-
BaeTCs TEMIIEpaTypa pa3psAHOI 30HbI, YCUIINBAETCs pasioxeHue o3oHa. Pabota 030-
HaTOpa MpHu meperpeBe craHoBuTcs HedhdexTuBHOU. [losToMy paboumit pexum

030HaTOpa OOJIKCH JIC)KATH B 007aCTH JIMHEHHON Y4acTH KpHBOﬁ 3aBUCUMOCTH KOH-

OCHTpAaIn1 030Ha CO3 OT HaIIPSAKCHUA.

[IpuBeneHHOE BBINIE ONMKUCAHUE TPOIECCOB B 0O30HATOPE OTPAXKAET TOJIBKO (hH-
3UYECKYI0 KapTUHY B Ta30BOM MPOMEXKYTKe. [l 3JEeKTpUUeCcKOM Lenu, BKIIIOYa-
IOIIEM MCTOYHUK TMHUTAHUS W O30HATOP, IMOCIECAHUN TPEACTABISAET CIOXKHYIO
Harpy3Ky, U3MEHSIOLIYIOCS TPU KaXKJIOM 3aKUTaHUU pa3psiia. AHAIU3 MPOLIECCOB B
SDKBUBAJICHTHOM 3JIEKTPUUYECKOW LEMU COACpKAIIEH O30HATOP, MO3BOJIAET CBA3ATH
du3HUecKre MPOIECChI C EKTPUUSCKUMH BEIIMUYNHAMH, OTIPEEISIONIUMU 3TH TPO-
LIECCBL.

B »KBUBaJICHTHOM AIEKTPUUYECKOM CXEME 030HATOP MOXKET OBITh IPE/ICTABICH
JIBYMS TIOCJIEIOBATEIBHO BKIIOYEHHBIMU E€MKOCTSIMHU: €MKOCTBIO Ta30BOr0 MpOMeE-
KyTKa U eMKOCTbIO Oapbepa, Kak 3TO ObLIO OMPEICIICHO paHee.

IlycTh K 030HATOPY IIPUIIOKEHO NIEPEMEHHOE HAIIPSIKEHUE
U=U, sinwt, (2.6)

Jlo Hayama paspsia B ra3’oBOM IIPOMEKYTKe, T.e. Ipu HampsbkeHun Up <
ULp, npusoskeHHoe HampsikeHHe PACHpeNenseTcs MO0 €MKOCTSM Ta30BOrO Mpo-

mexyTka 1 6apsepa: U= UrtUg, npuuem

T

s=U—"—; . -,
C. +C, C.+C;

¢ U =U Ce (2.7)



Tok yepe3 030HaTOp paBEH

: C
i=U,m-——2>—-cosot, (2.8)
C,+C

r

Korz[a HAIIpsKCHUC Ha I'a30BOM IIPOMCIKYTKEC CTAHCT JOCTATOYHBLIM IJIA €TO

HpO60}I, B IMPOMCIKYTKC HAYMUHACTCA pa3pial, HAIIPAKCHUC HA I'a30BOM IMIPOMCIKYTKC
CTAHOBUTCA PpaBHBIM HAIIPSPKCHHUIO T'OPCHUA pa3psiad Urop N HC MCHJICTCS IIOKa T'OPUT

paspsa. Torna HanpsbKeHUE Ha JUAJIEKTPUUECKOM Oapbepe MOKET ObITh OMpPEesICHO

KakK
Us;=U;-sinot-U__, (2.9)

Tok yepe3 030HATOP MpH paspsiie

I=%(C6-U6)=UO-00-C6 -sin ot (2.10)

Tak kak €6-Er, TO CyMMapHasi eMKOCTh 030HATOpa MEHBIIIE EMKOCTH Oaphepa,

U TIpY BO3HUKHOBEHHMH pPa3psjia TOK CKAYKOM BO3paCTaerT.
Kak y>xe roBopuiioch BblllI€, KpUBAsl TOKA YEPE3 030HATOP MPHU pa3psiae UMEET
CJIIOXKHYIO0 (POPMY, YUUTHIBAIOIIYIO UMITYJIbCHl TOKA OTIEIbHBIX pa3psiioB. [loaTomy

OOBIYHO TOJIB3YIOTCS TIOHATUEM CPETHETO TOKA Yepe3 030HATOP MPH paspsijie

2mqp (2.11)

Icp :(UO _Urop). T



OueHp BaXKHOU XapaKTCpHCTHKOﬁ, onpezxeﬂmomeﬁ HEC TOJBKO MHTCHCHUBHOCTH

HMOHU3AIIMOHHBIX MPOIIECCOB B Ta30BOM IMPOMEXYTKE, HO U 3PHEeKTUBHOCTH 00pa3o-
BAaHMs 030HA, ABJIACTCS aKTHBHAS MOIIHOCTh paspana P , ¢ pocToM KOTOpO# BBIXON

030Ha Bo3pacTaet. [IpaBuibHass  OIleHKA aKTHUBHOUN MOIITHOCTH MIpH paboTe 030HATO-
pa o3BOJISIET onpeAeanuTh 3G (HEKTUBHOCTL paOOTHI YCTPOKUCTBA B IIEJIOM.
PacyeT akTHBHOI MOIIIHOCTH B IIETIHA MIEPEMEHHOTO TOKA MIPOBOAUTCS 10 YPaB-

HCHHIO
l.. l ..
P=-[iUdt—-—[iUd(wt), (2.12)
t 2n

Ecnu sToT uHTErpan pa3douTh Ha y4acTKH, COOTBETCTBYIOIUE HHTEpBaIaM, KO-
r7a paspsj B IIPOMEXYTKE €CTh U KOTJlAa €ro HET, U Ha KaXXIOM Y4YaCTKe UCIIOJIb30-
BaTh CBOY YPAaBHCHUSA [UIA HANPSKCHUSA U TOKA, TO MOYKHO IOJIyYUTb YPaBHEHUE U1

aKTUBHOU MOIITHOCTH BHUJIA

2-(U,—-U C.o .
P=U,, (U= U)o 2:U,aC, , (2.13)
T T

r7ie IepBOE CllaraéMoe a KBaJpaTHBIX CKOOKaX COOTBETCTBYET CpPEeHEMY TOKY 4epes
030HATOp MPHU TOPEHUH pa3psia, a BTOPOE cllaraéMoe - CpeIHEMY TOKY B MOMEHT 3a-
KUTAHUS pa3psiia, KOrJa HanpssKeHWEe Ha IPOMEKYTKE CTaHOBUTCS PaBHBIM IIPO-
o6uBHOMy. C HEOOJBIION MOTPEIIHOCTHIO 3TO HANPSDKEHHUE MOKHO CUUTATh PaBHBIM
HaIPSHKEHUIO TOpeHus paspsaa. Tok, COOTBETCTBYIONIMI ATOMY HANPSXKEHUIO, HA3bI-
BaIOT KPUTHYCCKUM.

Toraa ypaBHeHHE 1J11 MOIIIHOCTH IPHOOPETAET BUA

P=U_,(I,-1L,), (2.14)



DTO ypaBHEHHE UCHOJB3YETCS JJIsi ONpEeIeJICHUsI MOIIHOCTU MPU MOCTPOECHUU
BOJIbT-AMIIEPHON XapaKTEPUCTUKU. ITOT METOJ] UCIIOJIb30BaH U B IaHHOM padoTe.
Metoa COCTOUT B TOM, YTO U3MEPSIOT BBIIPSIMIEHHBIN TOK Yepe3 030HATOp

IpU U3MEHEHUM HaNpsHDKEHUs, MPHIOKEHHOTO K DSJIEKTPOAAM, M CTPOSAT BOJIBT-
aMIIEpHYIO XapaKTepUCTuKy | = f(U). Jlo Havaya paspsga 3Ta XapakTEpPUCTHKA

MMeeT BUJ MPSMON C HAKIIOHOM, O0YCJIOBJICHHBIM CONPOTHUBICHUEM BCEro 030HATOPA
( puc. 2.5). Ilocne 3axuranus pa3psijga TOK ONpeIesieTcss B OCHOBHOM €MKOCThIO Oa-

ppepa, U HAKJIOH NPSMOM MeHsAeTcs. Touka M3JIoMa COOTBETCTBYET KPHUTHUECKOMY
PEXUMY, TIPH KOTOPOM TOK paBeH lip. Ecin mpomuTh paspsiHyto 4acTh BOJBTaM-
MIEPHOM XapaKTEPUCTUKHU JO MEPECEUECHHs C OChIO HAIIPSDKEHUS, TO TOYKA Iepeceye-

HUS JlaeT Hanpsokenue roperus paspsaaa Urop.
3nas 3nauenus Iy u Urop MOkHO HaifTn MommocTs 111 mo60ro 3HaYeHuUs

HAIIPSHKEHHUS 10 COOTBETCTBYIONIEMY 3HaueHHUIO Lcp.

OCHOBHBIMM TIapaMeTpaMHU, ONpeaeTIIOIMMU 3(PGEeKTUBHOCTh pabOThl  Oaphb-
EPHOTO 030HATOpA, ABJISIOTCS: HANpKEHHE Ha sekTponax U; rasossiii 3a3op | (31a
BEJIMUMHA OTPECIICT XapakTep pas3psia U €ro HHTCHCHBHOCTb); AMAJICKTPHUECKas

IPOHULIAEMOCThL MaTepuana Oapbepa € ; 4acTora f BoszeiicTBytomIero Hanpske

Puc. 2.5 BonabT - amnepHas XxapakTepucTHKa 030HaTOpa



IBoz[a
\\I: = "= =\
Bo3AyX + O3 TITVLTV VTV BO311yX
= — = DH D DBH _ =
_._._._.gc;ga_.:._ _._.:_.; ___________ s I B B O
T = — = : = ]

Puc. 2.6 TpyOuaTsiii 6apbepHbBIN 030HATOP

1 - Hapy’KHBIH JEKTPOA; 2 - Oapbep U3 CTEKI0IMANIHN; 3 - BHYyTPEHHUH 3JIEKTPO/I.



HUS U pacxoj raza Vr, ONpEesSIONIMi KOHIICHTPAIIMI0 030HA B BBIXOJAIICH U3

030HATOpa ra30BOM CMECH .

Jl71st BBIHOCa 00pa30BaBIIETOCS 030HA U3 Pa3psAIHOTO MPOMEXKYTKA HEOOXOAU-
MO CO3/1aTh paBHOMEPHBIN MOTOK rasza uepe3 pa3psaHyto 30Hy. Hanbonee y1o0Ho 31O
OCYIIECTBIISIETCS B KOAKCUAJIbHOW CHUCTEME DJIEKTPOJIOB TaK HA3bIBAEMOTO TpyOdaTo-

ro o3oHaropa (puc. 2.6).
OT cKOpoCTM MPOTEKaHHs Tra3a 4yepe3 030HATOp, WM OT pacxoia rasza Vr

(J1/MuH) 3aBHCHUT BpeMs MpeObIBaHUS KaXKI0T0 €AMHUYHOTO 00BheMa ra3a B 30HE pas-

psana. ITO O3HAYAET, YTO YMCIIO Pa3psioB, PA3BUBAIOIIUXCS B KAXKIOM €IUHUYHOM
o6beMe ra3a NpH JBIKEHHUH €TI0 BJI0JIb 030HaTOpa 3aBUCUT OoT Ur, T.€. KOHIIEHTPAIHS

0O30Ha Ha BBIXOJIC U3 O30HATOPA 3aBUCHUT OT paCXO/Jiad rasa.

C pacxoaoM ra3a CBA3aHa INPOU3BOANUTCIIbBHOCTb O30HATOpa

(2.15)

G = CO3 V.,
N3mepsiemast B rpammax ( WJIM KUAJIOrpaMMax) 030Ha B Yac U SIBJISIOIIASACS OCHOBHOM
XapaKTepUCTUKON 030HATOPA.

Btopoit BaxkxHOUM BenmuuuHOM, onpeaessitomeid 3pheKTUBHOCTh pabOTh 030HA-

TOpA, SBJITFOTCS 3aTPaThl SHEPTHH HA MOJTYYSCHUE 030HA
W = a , KBT.4/KkT,

DTa BeIWYMHA MMeET 0c000 BakHOE 3HAUCHHE AJs1 IMIPOMBINIJICHHBIX O30HA-

TOPOB C IPOU3BOUTEIBLHOCTHIO 710 50 - 60 Kr/4ac.



Puc. 2.7 bnok - cxeMa yCTaHOBKHU
1 - kommpeccop; 2 - OCYIIUTEIb BO3yXa; 3 - 030HATOP; 4 - UBMEPUTEIH
koHIeHTparuu O3 ; 5 - pa3NoKUTEIh 030HA; 6 - HCTOYHHUK BBICOKOTO HAMpS-

KEHUS; 7 - OJOK JIEKTPUYECKUX U3MEPEHHUI; 8 - BOISIHOE OXJIAXKICHHE.

~220
T ? 0R0HATOD
- _J
]
[Dl l l | R PT
IT |} 1 2 3
000 BH
L s

Puc. 2.8 Dnextpuyeckas cxema U3MEPEHUN U KOMMYTalu1
UCTOYHUKOB ITUTAHUS

1 - AIT-600TIw;2 - UIT-1000 I'y; 3 - MII- 1500 I'm.



3. OnucaHue ycTaHOBKHU

Ha puc. 2.7 npencrapnena 6;104Hasi cXeMa YCTAaHOBKH, BKIIFOUAOIIAsl, TTOMUMO
AIEKTPUUECKOM YacTH BCIIOMOTATeNIbHbIE YCTPOWCTBA JUIsl OCYIIKH ra3a, BOASHOTO
OXJIQXKJICHUSI, KOMIIPECCOP, PA3JIOKUTEND O30HA U U3MEPUTENb KOHUEHTpALUU 030-
Ha. I3MepeHne KOHLIEHTpaluy 030Ha OCYIIECTBISIETCS 10 CHEKTPY MOMVIOLIEHUS ITPH
MPOIMYCKaHUM CBETa PTYTHOM JamIbl 4epe3 CIEHHAIbHYI0 KBaplEBYIO KIOBETY,
BHYTPH KOTOPOW IMPOXOJUT MOTOK raza 0 030HOM. BbIXOIHBIM nprOOpOM HU3MepuTe-
71 KOHUEHTPAMU CIIYKUT MUKpOaMIIEpMETp, MepecyeT MOKa3aHUi KOTOPOro JaeT
3HaUYE€HHUE KOHIIEHTpauuu o30Ha. Bes  mikana mpubopa (100 nenenuit) cOoTBETCTBY-
€T KOHLIEHTpaluu o030Ha B raze 20 mr/a unu npumMepHo 1 % oObeMHBIN.

Ocymika ra3a OCYIIECTBIAETCS MPOMYCKaHUEM BO3yXa 4epe3 OCYIIMTENb C
cuiMkaresneMm. Pacxos raza uamMepsieTcs poTaMeTpoM B JIEJIEHUSAX, IEPECUUTHIBAEMBIX
3aTeM B JI/MHH.

JI71st yHUUTOXKEHUSI 030HA B BBIXOJSILEM M3 030HATOPa MOTOKE ra3a, 4To HeoO-
XOJUMO B IIeJIIX O€30MaCHOCTH JIJISl MPEIOTBPALICHHS] OTpaBieHUs ( 030H SBISETCS
MOIIHBIM OKHCIIUTENIEM, U BJIbIXaHHE BO3[yXa C BBICOKOW KOHIEHTpaleil o30Ha
IIPUBOJNUT K OXKOTY ABIXATEJbHBIX ITyTEH) UCIOJIB3YETCA Pa3JIOKHUTEND C IUAHUTOM,
IIPU B3aUMOJEHUCTBUH C KOTOPBIM ITPOUCXOINUT PA3I0KEHHUE 030HA.

DJIEKTpUYECKAsk CXEMa YCTAHOBKM NpuUBeAcHA Ha puc. 2.8 ,tae 1,2 u 3 - uc-
TouHUKHU nuTanus ¢ yactoror 500, 1000 u 1500 I'ty coorBeTcTBeHHO; BH - O)10K H3-
MepeHust Beicokoro HanpsbkeHusi; PT - 610k usmepenus paspsaHoro Toka; 11 - nepe-
KJIF0YaTeh UCTOUHUKOB MUTAHUSI.

N3mepenre BBICOKOTO HANPSKEHUSI OCYILIECTBISIETCSA MO BBIIPSAMIEHHOMY TO-
Ky uepe3 qo6aBouHoe conporuBieHne R=27 MOm. I1Ikana npu6opa, ycTaHOBIEHHO-

ro Ha MyJIbTE, OTTPAAyUPOBaHA B MAKCUMAJIbHBIX 3HAYCHHSIX HANPSKEHHUS COOTBET-
CTBYIOILIEW YaCTOTHI.
N3mepenue Toka depe3 030HATOP MNPOM3BOJAUTCA C IMOMOIIBIO BBIIPSIMUTEIb-

HOM CXEMBbI, MOCJEJA0BAaTEIbHO C KOTOPOW BKIIIOUEH MuKpoammepmerp M-906 c

myHTOM. J{71s1 onpesenieHns Toka Heobxoaumo nokaszarue IN npubopa (MKA) yMHO-



XUTh Ha k03pdurment Ky = 0.168, umeromee pasmMepHOCcTs MA/MKA, TOTa 3Hade-

ane Toka I = N+ K| nmeer pazmeprocts MA.

B pabote ucrnonb3yercst TpyOUaThiii OapbepHBI 030HATOP € AUIIEKTPUIECKUM

O6apeepoM u3 amanu tuna 13 /13, uMmeromiel 3HaueHUe OUAJIEKTPUUECKONH IPOHULae-
MocTu €g = 6. JluameTp Hapy)HOTO dmekTpoaa Dy = 43 MM, IuamMeTp BHYTpEHHETO,

TIOKPBITOTO AMaBIO AnekTpoga 1D=40 Mm, uTo naer miMHY BO3;ymHOTO 3asopa | =

1.5 mm. Tonmumna cnost amanu 1 mm. J{muHa Hapy»HOTO 3JIeKTpoAa 4 cM JJIMHA pa-

0ouel yacTu, Tie TOpUT paspsimd, 3.5 cM.
4. 3aganue Ha NpeJBapUTEIBHYIO OJTOTOBKY

1. O3HaKOMUTHCS C JAHHBIM OITMCAHUEM.
2. Paccuutarh MakcUMalabHOE 3HAYCHUE NMEPEMEHHOTO HAIPSKEHHSI Ha DJICK-

TpOJlax 030HATOPA, IPU KOTOPOM MPOU30UIET PoOoil mpoMexkyTKa. O30HaTOp Mpe/I-

cTaBIIAeT co00i KOAKCHATBHYIO CHCTEMY BJIEKTPOJIOB C IMAMETPOM dekTponos Dy =

43 mm u D = 40 Mym; 910 co3maeT mpoMexyToK JUTHHOM 1.5 MM. DIeKTpHUYecKoe moJe

B BO3AYHIHOM IIPOMCIKYTKEC MOKHO CHHUTATH OAHOPOAHBIM. I[JI?I TAaKOI'O I10JI1 MAaKCH-

MaJIbHOC 3HAUYCHHUC HpO6I/IBHOFO HaIIps>KCHUS B KB,

U,, =24.5-31+6.4481 , (2.16)

rac 8 - OTHOCHUTCJIbHAs IINIOTHOCTh BO3/1yXa, 1- PACCTOSAHUEC MEKAY DJICKTPOJaMHU, CM.
3. Paccumtath OHECPro3aTrparel Ha IIOJYYCHHC O30Ha B CICAYIOIICM PCKHUMC

paboThl 030HATOpa: 0OBEMHBIN pacxo raza 1 JI/MUH, KOHIIEHTpalus 030Ha Co =
3

20 r/M°, akTHBHAs MOIIHOCTH paspsana P= 15 Br.

5. 3aganue Ha MpoOBeECHUE PAOOTHI



Buumanue! [lepBoe BKIIFOUEHHE YCTAaHOBKHM HA BBICOKOE HANPSIKEHHUE U IIe-
PEKIIFOUEHNE C OJHOM YacTOThI HAa JAPYTYIO OCYLIECTBISETCS TOJBKO MpernojaBaTe-
nem!

1. YOeautbcst B TOM, YTO YCTaHOBKa roToBa K paboTe: HAa MyJbT MOJAHO
HaIPSDKEHUE U TOPUT CUTHANIbHAS JiaMiia JI1, BKIIFOUeH KoMIpeccop | poTaMerp, Mo-
Ka3bIBaeT pacxoj Bo3ayxa 40 neseHuil, 9To COOTBETCTBYET | JI/MUH, BKJIIOUEHO BO-
ISTHOE OXJIAXKACHUE 030HATOpa, BKIIOYEH M3MEPUTENIh KOHLUEHTPAUUU O30HA U €ro
BBIXOIHOM Mpubop nokassiBaeT "0".

2. Y0enuThcs B TOM, YTO MEPEKII0YATeNb UCTOYHUKOB MUTAHUS HAXOAUTCS B
nonockennn 1000 T'm, 3akpeiTa aBeplia Ha JIeBOM OOKOBOM MaHENW IyJbTa, TOPUT
curHaipHas namna ucrounnka 1000 I'a , ero nepekimrouarens Hanpsbkenus [11 maxo-
IUTCSI B KpailHEM JIEBOM IOJIOKEHUH, BKJIIOUYEH pyOWJIbHUK "BHAMMOTO pa3phiBa’ Ha
npaBoii OOKOBOM MaHEeNI! MyJIbTa.

Bxmrounts kHOnky "BKJI" marmuTHOro myckarens. Ha mynbere 3aropaetcs
namma JI2 "BbIcokoe HampspkeHue". Y cTaHOBKa TOTOBa K padoTe.

3. 3anucaTh 3HAUEHHE TOKA Yepe3 030HATOP W HANPSDKEHHS MpPU TMEPBOM IO-
noxxeHuu nepekitoyarens [12. YoenuTscss B TOM, YTO KOHILIEHTpAlMs O30HA paBHA
"0". ITocTaBUTH MEpEKIOYATENb B MOJOKEHUE 2, 3alUCcaTh 3HAYEHUS HANPSKEHUS
M TOKa W MPOBEPUTHh 3HAUEHHE KOHIIEHTpaluu o30Ha. Eciau koHIEeHTpauus Hayana
pacTu, yOenIuThCsl B HATMYUM pa3psia, HIOCMOTPEB B TOPEI] 030HATOPA YEPE3 OKOLIKO
Ha myJbTe. BhDKIATh, MOKa HE YCTAHOBUTCA HEM3MEHHOE 3HAYEHUE KOHIEHTPALMU
(npumepHO 1 MUH.) U 3amKCaTh €roO.

4. IToTopuTh 1.3 nepeknouuB nepekiovarens [12 B nonoxenue 3, 4, 5. [lpu
KQKJIOM HaIpsKEHUU 3aMKMChIBATh 3HAYEHUsI KOHIIEHTPALMU O30HA IOCJE TOro, Kak
IoKa3aHusi MUKpoamiiepmerpa M1 mnepecraHyT HW3MEHAThCA. 3anucaTh 3HAYCHHUS
TOKA U HaIIPSKEHUS IPU KaXJI0M ITOJIOKEHUHU NEPEKITI0YATESL.

5. Jlyig 0AHOTO W3 3HAYEHMM HamnpshkeHus (Hampumep B 4-OM MOJIOKEHUH  Tie-

peKJHO‘—IaTeJIﬂ) HN3MCHHTB pacxod TIa3a U Y6CI[I/ITI>C$I, 4TO IIPOUCXOAUT N3MCHCHHUC



KOHIIEHTPAIIMM O30HA. 3amucarh 3HAYEHHE pPacxojia ra3a U COOTBETCTBYIOIIEE 3HA-
YEHHE KOHIICHTPALIMU 030HA.

6. IlepeBectn nepexmouarens [12 B mepBoe MOJIOKEHUE W HaXaThb KHOIKY
"BBIKJI". Bbicokoe HanpsKEHUE OTKIII0YAETCA OT 030HATOpA.

7. BeixmounTs pyOUIBHUK "BUIUMOTO pa3pbiBa’, U MEpEeUTH K paboTe ¢ Hc-
tounukom 600 I'm.

[Tocne moaxmtouenuss uctounuka 600 [ BkiIOYWATH "BUAMMBINA pa3pbiB'.
BxitounTh KHOMKY BBICOKOTO HampsbKeHus. [IoBTOpUTh M3MepeHHs 0 MyHKTY 4 B
nonoxenusx 1, 2, 3 nepexmtouarens I11.

8. IToBTOpuTH MyHKTHI 5 1 6 3aganus it 4yactoTel 1500 I,

9. Ilo HaliicHHBIM 3HAYEHUSIM TOKOB W HamnpsbkeHwil nist yactotsl 1000 iy

IMOCTPOUTH KPUBYIO ICp = f(U) B BUJIC JIBYX IICPCCCKAIOIMNXCSA IIPAMBIX. Haiitu 3Ha-

YEHUS IKp 151 Urop. C noMouiplo0 NOJyYE€HHON KPUBOW pacCUMTaTh 3HAYECHUS aKTHB-

HOM MOIIHOCTH pa3psifia U MOCTPOUTh KPUBYIO 3aBUCUMOCTH KOHIIEHTpaIlUU O30Ha
OT MOIIIHOCTH pa3psijia.

10. [l ogHOTO 3HAYEHUS HAMPSOKEHHUS HA 030HATOPE MOCTPOUTHh KPHUBYIO 3a-
BHCUMOCTHU KOHIICHTPAI[UU 030HA OT YaCTOThI HAMPSKEHHUS.

11. Jns gactorel 1000 I'n, pacxona raza 1 a/MUH ¥ MaKCUMaJIbHOT'O HaIpsiKe-
HUSI pacCUUTATh MPOU3BOAUTEILHOCTh 030HATOPA U 3aTpaThl SHEPTUU Ha MOJIyYEHHE

030Ha. OLICHUTh NOJYYEHHBIE PE3YJIbTATHI.

5. KoHTpOnBHBIE BOITPOCHI
1. Kak 00bscHsAETCS yBEIMYEHHE BBIXOJAa 030Ha C POCTOM IMPHIIOKEHHOTO K
o30HaTopy HanpsbkeHus1? [Ipy Kakux yciaoBHsIX POCT BBIXOJIa 030HA MpeKpamnaercs?
2. [Touemy pacTeT BbIXOJ 030HA C YaCTOTOM MPHUIIOKEHHOTO HAIPSKEHUS?
3. UTo Takoe HanpsKeHUE TOpeHust pa3psaaa?

4. Kakue OCHOBHBIC BEJIMUMHBI XapaKTepU3yOT paboTy o030HaTOpa?



