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INPEJAUCJIOBHUE

TpaguuroHHO TPU MOATOTOBKE MHKXEHEPOB—TEXHOJIOTOB KPYTI PACCMATPHBAEMBIX AJIEKTPOTEXHOJIOTHH OTPAHHIHBAIICS
KJIACCHYECKHMHU paMKaMH TEPMHYECKHX, DJIEKTPOXUMHUYECKHX, 3JIEKTPOCBAPOYHBIX, YIBTPA3BYKOBBIX M HEKOTOPBIX IPYTHX
LHIMPOKO PACIPOCTPAHEHHBIX TeXHOJOrud. Hapsny ¢ 3TuM B moOcilefHee [OECATWIETHE aKTHBHO pa3BUBAJIUCh HOBBIE
3J'leKTpO(bI/I3l/I'-IeCKI/Ie TCXHOJIOTMHM, B TOM YHCJIC OCHOBAHHBIC Ha HMCIIOJB30BAHHH BBICOKHX HaHpSDKeHHﬁ. Peun UJaeT HE 06
OTACIBHBIX 3K30THYCCKUX TPUMEPAX, a O TCXHOJIOTUAX MOJYYUBIINX JOCTATOYHO HIMPOKOC IMMPOMBIIIJICHHOC IPUMCHEHUE.

Kypc nexnuii 1o TeXHOJIOTHYECKUM IMPOLeccaM, CBSI3aHHBIM C IPUMEHEHNEM CHIIBHBIX 3JIEKTPHYECKUX IOJIeH, YHTaJICS
JUISl CIICIIMAIIMCTOB TI0 TEXHUKE BBICOKMX HANpPSDKEHHMH yke Oosee 15 ser. J[Ba roma Ha3aja BIEpBBIC JUIS 3THX K€ CIICLHAINCTOB
ObUI TPOYMTAH Kypc JIEKUMH 10 HOBBIM  3JIEKTPOTEXHOJOTMYECKUM IIpPOIEccaM, CBSI3aHHBIM C TNPUMEHEHHEM CHJIbHBIX
ANEKTPUUYECKIX, MATHUTHBIX TTOJIEH U 3IIEKTPOPA3PIIHON TIA3MBL.

[TpumepHO B TO e BpeMs OBIIO PEIIeHO PaCIIUpPUTH colepKaHne Kypca « OCHOBBI SJIEKTPOTEXHOJIOTHI, KOTOPBIH Kak
0a30BBIl Kypc YUTAETCS CTYINCHTAM HHCTHTYTa 3JEKTpOoTeXHHKH MDU. DTOT Kypc ObUT pa3felieH Ha IBE YaCTH, U3 KOTOPBIX
TepBast BKIIFOYaia OCHOBBI DJICKTPOTEPMHH, a BTOpasi, paBHAsi IO 00BEMY ITEPBOI — BEICOKOBOJIBTHBIC AIIEKTPOTEXHOIOTHH.

UreHne BTOPOI YacTH Kypca U CO3/IaHUE COOTBETCTBYIOIIEH yaeOHOH TabopaTopun ObIIIO MOPYUYEHO Kadenpe TEXHUKH U
ANEeKTPOMU3UKK BBICOKUX HampspkeHuil. C Tex MOp HAaKOIUIEH OMpE/CNCHHbI OIbBIT MPErojaBaHus, COBEPIICHCTBOBAIACH
METOJMKA YTEHHUS Pa3[esiOB Kypca, CBSI3aHHBIX C BRICOKOBOJIBTHBIMHU AJICKTPOTEXHOIOTUSIMH.

3ajaun, npecieayeMble B 3THX pasJieliaX Kypca, MOKHO c(hOpMyJIMpOBaTh CIEAYIOIUM 00pa3oM:

1.ITo3HAaKOMHTE 6yZlyH_lI/lX HHXXCHEPOB JJICKTPOTEXHUKOB C€ BO3MOXHOCTAMU HOBBIX OJJICKTPOTEXHOJIOTHUCCKUX
IMpoHeCcCOB, OCHOBAHHBLIX Ha MCIIOJIb30BAHUHN IPAMOTO BOSﬂeﬁCTBHﬂ Ha MaT€pHrall CUWIbHBIX 3JICKTPUYCCKUX U MArHUTHBIX noneﬂ,
NPUMEHEHWH IUIa3Mbl Ta30BOTO pas3psiia Ul IUIa3MOXMMHYECKMX IIpeoOpa3oBaHWil Ta30BOM cpelapl M MaTepHalios,
JIEKTPOUMITYJILCHBIX METO/IOB BO3/ICHCTBUS Ha MaTEepHal;

2. 3aJI0)KUTh OCHOBBI 3HaHWH MO (PU3MKE Tra30BOTO paspsisa, 3JIEKTPOTra30JMHAMHKE JUCIIEPCHBIX CHUCTEM W (DU3MKE
TUTa3MBI, HEOOXOIUMBIX [T O0Jiee TITyOOKOTo W CHCTEMAaTH3NPOBAHHOTO TIOHMMAHUS M3JIaraeéMoro MaTepHala,;

3. Ha ocHOBe KOHKPETHBIX NMPHMEPOB MOKA3aTh IHEPTETHUYECKYIO, I)PrOHOMUYECKYIO H IKOJOTHUYECKYIO I(PPEKTHBHOCTD
HOBBIX JJIEKTPOTEXHOJIOTHIESCKHX IIPOILIECCOB IO CPAaBHEHHIO C TPAAUIINOHHBIMH.

B cBs13u ¢ Tem, 4TO conepikaHue Kypca 0a3upyercsi Ha HOBBIX pa3paboTKax, KOTOPbIE OTPaXKEHBI TOJIBKO B MOHOIpadUsX
M CTaThiX B HAYYHO-TEXHHYECKUX KypHAJaxX, TO IO CHX IOpP OTCYTCTBYET YUEOHHUK MM yueOHOE ocobue, KOTOpOe MOXKHO ObLIO
OBl pEKOMEHIOBATh CTYICHTAM.

[TosToMy BO3HMKJIA HEOOXOIMMOCTH B MOATOTOBKE Y4EOHOIO IOCOOMS, YTO M OBUIO OCYIIECTBJICHO IPENoaBaTeNIIMH U
HAy4YHBIMH COTpynHuKamu kadenpst TOBH, koTopble miaurenbHOe BpeMsi paboTalOT B 00JaCTH  BBICOKOBOJBTHBIX
NIEKTPOTEXHOJIOTHH. ABTOPCKHMM KOJUIEKTHB BKJIIOYAeT K.T.H. cT. mpen. AnommHa O.A., K.T.H. cT. npen. benoriosckoro A.A.,
n.7.H. npod. Bepemaruna W.I1., k.T.H. cT. npen. Kamuanaa A.B., k.1.H. ct. mpern. KpusoBa C.A., k.T.H. nou. Kyxekuna W.II.,
k.T.H. mou. Opmosa A.B., k.T.H. cT. npen. [lanromkuna B.B., kx.1.H. cHc CokonoBy M.B., k.T.H. mou. TemuukoBa A.I'. O6mas
pemakuus ocymiectsieHa npod. Bepemaruaemv MN.I1.

Tekct yaebHOTO MOcOOUs cocTouT U3 14 rmaB.

B mepBrIX "eThIpex TiaBax M3I0KEHBI B KOMIIAKTHON (hopMe CBeIeHHs 13 (PI3UKU Ta30BOTO pa3psaaa M (PH3UKH IUIa3MBL,
KOTOPBIE MCIONB3YIOTCSI B TEXHOJOTHSAX, OCHOBAHHBIX Ha JCWCTBUH CHIIBHBIX AJIEKTPUYECKHUX IOJICH M B IUIA3MO-XMMHUYECKHUX
TEXHOJIOTHSIX.

[IaTast rTmaBa COHEPKUT TEOPETHUECKHE OCHOBBI TEXHOJOTHMH, Oa3WPYIONIMXCS Ha WCIOJB30BAaHUHA CHIIBHBIX
AIIEKTPUUECKHX T0JIeH, a B MOCIEAYIOIIUX ILIECTH IIaBax JaHO ONMCAHUE KOHKPETHBIX TEXHOJIOTHH 3TOTO THIIA.

3aBepuiaer yueOHOe MMOcOOME KpaTKoe ONHMCaHHE IUIa3MO-XMMUYECKUX TEXHOJIOTHH, TEXHOJIOTHH, OCHOBAaHHBIX Ha
MMITYJIb,CHOM BO3/IEHCTBUHM Ha MaTepualibl (JIEKTPOrUAPABIMYECKAs, DIIEKTPOIPPO3UOHHAS M MarHUTHO-UMITYJILCHAS), & TaKKe
KOHCTPYKIMH U 00J1aCTH NPUMEHEHHUS SJIEKTPOra30MHaMUYEeCKUX YCTPOHCTB.



BBEJEHUE

TexHonorus — CIOBO I'PEYECKOro IMPOMCXOXKAEHHS OT clioBa techne, o3HayaeT MCKYCCTBO, MacTepCcTBO, yMmeHHe. B
COBPEMEHHOM IIOHMMAHHUM, TEXHOJOTHSI — 3TO COBOKYITHOCTb METOAOB OOpabOTKM, H3TOTOBICHHUS, M3MEHEHHE COCTOSHUS,
CBOWCTB, ()OPMBI CHIPBSI, MaTepuaia win moiyhadpukara, OCylIECTBISEMbIX B IPOLIECCE MPOU3BOICTBA ITPOILYKIINH.

38.[[3‘{3. TCXHOJIOTMU KaK HAYKW — HCCJICAOBAHUE U BbISABJIICHUC (l)I/I3I/IlleCKI/lX, XUMHYCCKHUX, MCXAaHUYCCKHX H HHBIX
3aKOHOMEPHOCTEH C LeNbl0 OIpeNeNieHHss M HCIOJNb30BaHUS Ha INpakTHKe Haubojee S(GEKTUBHBIX M 3KOHOMHYHBIX
MIPOU3BOACTBEHHBIX IPOLIECCOB.

B ycnoBusix ppIHOYHONH SKOHOMHUKHM M OypHOTO Hay4YHO-TEXHMYECKOTO IPOTpecca pojb HOBBIX TEXHOJIOTHH TPYAHO
nepeorieHuTb. COBpeMEHHasi UCTOPHUSI SKOHOMHUYECKOTO Pa3BHUTHs OOIECTBA — 3TO MCTOPHUS pa3pabOTKM M BHEIPEHHS HOBBIX
TexHouoruii. Bo3pMeM K mpuMepy HCTOpHIO OOpa3oBaHHMA W Pa3BUTHS KaKOW-HHOYIh COBPEMEHHOH TpaHCHAIIMOHAIBHON
KOPHOPAIMH U MBI YBUANM, YTO 3TO MCTOPHS PA3BUTHS MEPEAOBBIX TEXHOIOTHH. TONBKO 3TOT MyTh CErOIHSI MOXKET 00ECTIEINTh
BO3MOXKHOCTh Pa3BUTHS OM3HECa B YCIOBHMSAX JKEeCTOUaiied KOHKypeHIMH. B KadecTBe mpHMepa MOXXHO HPUBECTH (HPMBI
pa3BUBIIMECST Ha OCHOBE HOBOW TEXHOJOIMH — 3ieKTporpaduu. CeromHs He TONBKO (UPMBI-TMIAHTHl Pa3BHBAIOTCS TAKUM
o6pazom. [TosiBuIIOCE faxe HOBOE MOHITUE «ITATEHTHBIE TEXHOJIOTHMW», TO €CTh TEXHOJIOTHH, TI03BOJISIIOIINE Pa3BUBATHCA U JIaKE
CTaHOBHTBbCA MOHOIOJMCTAaMH JOCTATOYHO HEOONBIINM (HpPMaM OBIAJEBLIIMM COBPEMEHHBIMH HE HMEIONIMMH aHAJIOroB
TCXHOJIOTUAMU.

Yro ke Aar0T HOBble TeXHOJOrMH? Bo-mepBbIX, cO3AaHME NMPUHLUINAIBHO HOBBIX NMPOIYKTOB, YCIYT, MaTepHajOB U
00opymoBaHus (HampUMep J1a3epHbIC TEXHOJIOTHU U MOSBJICHUEC HOBBIX MH(GOPMAIIMOHHBIX TEXHOJOTHIT). BO-BTOpBIX, HOTyUYeHHE
YK€ H3BECTHBIX TOBAapOB HOBOI'O KayecTBa (HampuUMep, Kepjlapa MO CBOMM IPOYHOCTHBIM XapaKTePHCTHKaM BO MHOTO pa3
MPEBOCXOJSIIIET0 PaHee M3BECTHBIE MaTepHanbl). B-TpeThHX, BO3MOXKHOCTH CHIDKEHHSI CE0ECTOMMOCTH IPOU3BOJICTBA YKE
W3BECTHBIX MPOIYKTOB (IPUMEP, COBEPIICHCTBOBAHMUS NIEPCOHAIBHBIX KOMIIBIOTEPOB).

BbICOKOBOJIBTHBIE TEXHOJIOTUH MOYKHO Pa3/IeNIUTh Ha CIIETYIONINE TPYIIIIbL:

® TEXHOJIOTUH, OCHOBAaHHBIC HAa IPUMEHEHUH CHIIbHBIX SIEKTPUYECKHX TOJIEH;
 3JIEKTPOUMILYJIbCHBIE TEXHOJIOTHH;
® [Ta3MOXMMHUYECKHIE TEXHOJIOTHH.

TexHoJI0THH, OCHOBAHHBIE HA CHJIOBOM AEHCTBUH 3JIEKTPUYECKOTO TIOJIS Ha 3apsHKCHHBIC YACTHIIBI MATEPHUAJIOB, HAXOIST
MMPUMEHCHUEC TPHU OYUCTKE ABIMOBBIX T'a30B OT YaCTHUIl 30JIbl, ITPU IJICKTPOOKPACKE W HAHCCCHHU MOPOUIKOBBLIX IMOJIUMEPHBIX
MOKPBITHH, KaK IPOLECCHI AIIEKTporpaduu, pasaesaeHus JUCIepTupOBaHHbBIX TOJIE3HBIX UCKOMAEMbIX Ha KOMIIOHEHTHI U T.1I.

BHCKTPOI/IMHyHI)CHLIe TCXHOJIOT'HHU BKJIFOYAKOT MAardiuTHO-UMITYJIbCHOE BO3ﬂeﬁCTBHe Ha MaTtepualibl,
3JIEKTPOIPPO3NOHHYIO 00pabOTKY MaTepHaloB, HCIIOJIb30BAHIE UMITYJILCHBIX Pa3psiioB B BOJIE.

[Tna3mMoXxUMHYECKHe TEXHOJOTUH CBSI3aHBI C HMCIOJIB30BaHUEM CBOMCTB HEPAaBHOBECHOW IUIa3Mbl I'a30BOTO paspsijia, B
TOM YHCIIE Ui OYHCTKH T'a30B OT BPEOHBIX NpHMeced, 0OpabOTKM MOBEPXHOCTH METANIOB M OpPraHMYECKUX MaTepualioB,
MIPUaHNUS HOBBIX CBOMCTB M3BECTHBIM M MTOJYYEHHS HOBBIX MaT€PHUAJIOB U M3EIIHH.
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1. JIEKTPOPUBHUYECKHUE ITPOLHECCHI B I'A3AX

1.1.XapaKkTepucTHKH ra30Boii cpeabl

JIro6ast paBHOBECHAs ra3oBas Cpesa, BKIIOYas BO3IYX, OIMHUCHIBAETCA PSIOM IapaMeTpPOB, UCIIONb3YEMbIX IIPU pacyeTax
XapaKTEPUCTHUK 3JIEKTPUUYECKOro paspsizia B rase. Takumu napamMeTpamH SIBIAIOTCS: KOHLEHTPALHS MOJIEKYJI MIIM aTOMOB rasa — 71,
paBHas YUCITy YacTUIl B eMHUIIE 00beMa, NaBIICHUE Ta3a p, TeMIlepaTypa rasa 7. TH BeIUYUHbI CBA3aHbl yPAaBHEHHEM COCTOSHUSA

p=nkT (1.1)
e k — nocrosnuas Boneivana, k = 1,380-107 [Tx/rpan.

[Tpn paBnenun poy =1 atm =760 mm pr.ct. U Temneparype 7o =0°C =273 K mioTHOCTs 1000TO Tra3a MMEET BIIOJHE
OmpeJielleHHOe 3HAueHHe, Ha3biBaeMoe umcioM Jlommunra, no=2,687-10" 1/cM’. Torma npu moGoM apyroM NABIECHHH H
TeMIIepaType

n=ny(pT,)/(peT) win n=(273p)/(273+1;) py (1.2)

ecnu temnieparypa 7T B (1.2) umeet pazmMepHocTh rpaaycoB Llenbcusi.

[Ton BO3mEHCTBHEM IEKTPUIECKOTO OIS B Ta3¢ HAUMHAIOTCS IEKTPOPUIUICCKUE ITPOLIECCHI, KOTOPBIE MOTYT MIPHBECTH
K Pa3BUTHUIO JIEKTPUUECKOrO paspsiga. B olliem ciydae 31eKTpUYECKHid pas3psii — 3TO MpOLecC 00pa3oBaHMs MOA JEHCTBHEM
MPHUJIOKESHHOTO TOJSI TAKOTO COCTOSIHUS B OTPAaHMYECHHOW OOJIACTH Ta3a, NMPH KOTOPOM B 3TOH 00JacTH B pe3ysbTaTe MHOTHX
MPOIIECCOB, BKJIFOYAs MOHU3AIMIO MOJICKYJ, PE3KO BO3pAcTaeT KOJMYECTBO 3apsDKECHHBIX YacTHI[ (IJCKTPOHOB M HOHOB) U
BO3HHKAET XOPOIIO MPOBOISIIHIA KaHA.

XapakTep MpoIeccoB, BEAYIIUX K pa3psiiy, UX UHTEHCUBHOCTb, (hOpMa paspsiia 3aBUCSAT HE TOJBbKO OT HampspkeHus U,
MPHUJIOKEHHOTO K Ta30BOMY IIPOMEKYTKY, HO — B IIEPBYIO 0Yepe/ib — OT KOH(QUTYPALUH SJICKTPUIECKOTO ITOJIS M pacIpeIeIICHUs B
HEeM HaINpsHKEHHOCTH TIOJIs

E=—dop/dx (1.3)

Paznuuator oxHOpOnIHBIE, CNab0-HEOMHOPOIHBIE MO M PE3KO-HEOJAHOPOAHBbIE MOJsA. B mepBhIX IBYX Clydasx
OTHOIIICHHE MAaKCHMAaJbHOHM HAIPSHKCHHOCTH IIOJI1 B MPOMEKYTKE K €€ CpeJHEMYy 3HAUYCHHUIO, HasbiBaeMoe K03(QHIeHTOM
HEOJHOPOJAHOCTU TOJsI ky,, cocrtaBiser | (ogHOpomHOE mmojie) wiM He mpeBbimaeT 1,3+1,5 (cnmabo-HeomHopomHoe moje). B
oxHopoaHoM mote £ =U/d . B ciayuae 6onbuioro koadduumenta HeogHopoaHoCTH (ky >4) TI0JI€ B IPOMEKYTKE ABISETCS PE3KO-

HEOJHOPOIHBIM.

B 3aBHCHMOCTH OT HampPSHYKEHHOCTH JJIEKTPUYECKOTO IOJII M CTENEHH €r0 HEOJHOPOTHOCTH B Ta30BOM IIPOMEXKYTKE
MOXET YCTAHOBHMTBHCS paszHas (opMa dIIEKTPUUECKOro paspsiza. [Ipy 3TOM OCHOBHBIE 3NEKTPO(U3NYECKHE MPOIECCHI,
MPUBOAAIINE K PA3BUTHIO pa3psga, BO BCEX TrazaX MPHUMEPHO OJUHAKOBBI, MEHSAETCS TOJIBKO MX HHTEHCHBHOCTH. [lo3aToMmy,
MPEXkJIe YeM pacCMaTPHUBATh pa3Hbie (HOPMBI pa3psijia, pACCMOTPUM Pa3IMYHbBIC IEKTPO(YU3NISCKHE TPOIECCh, KOTOPHIE MOTYT
MPOUCXOIUTh B T'a3e, U UX 3aBHCUMOCTh OT HAMIPSDKCHHOCTH DJICKTPUYCCKOTO TIOJIS.

1.2. XapakTepuMCTHKH HOHM30BAaHHOI0 ra3a

Jlaxke B OTCYTCTBHE BHEIIHETO 3JEKTPUYECKOTO TOJIS B ra3e, KpoMe HEHTPAIbHBIX MOJIEKYJ WM aTOMOB, MOXKET OBITH
KaKO€-TO YHCIIO CBOOOIHBIX 3JIEKTPOHOB M HOHOB PA3HOTO 3HaKa. 3apsHKEHHbIE YACTHIBI BO3HUKAIOT JMOO IMOJ JeHCTBHEM
BHEIITHETO MCTOYHUKA MOHHM3ALUH (B BO3AYXE 3TO — KOCMUYECKOE M3IIy4eHHE), TM00 CO3ar0TCsl UCKYCCTBEHHO B J1a0OpaTOpuu
o0JlyueHHEM TIPOMEXYTKa CBETOM yibTpaduosieroBo maMmbl. CunTaercd, 4TO B BO3AyXE Tak Has3biBacMass (HOHOBas
KOHIIGHTPALIHS 3aPSKEHHBIX YaCTHIL COcTaBseT mpumepro 10° 1/cm’.

B anexTpudeckoM mone ¢ HapsHKEHHOCTBIO E Ha 3apsDKEHHYIO YacTHILy, HMEIOLIYIO 3aps] g (A7l 3JIeKTPOHA 3TO 3apsij
€), IeHCTBYEeT cuiia

F =qE . (1.4)

ITox nelicTBHeM 3TOM CHIIBI NMIPOMCXOAWT ABWKECHHE 3apsOUKEHHBIX YaCTHIl B HAIPABICHHWH IOJS, MPHYEM B IIPOIECCe
TaKOTrO JIBM)KEHMS 3apsDKEHHBIE YAaCTHIBI IMPHOOPETAIOT 3HEPTHI0 OT Mouisl, paBHyl0O W = gxE, rne Xx — IyTb, NIPOWJCHHBIN
YacTUICH B HampaBiieHHH ToJs. s 3JeKTpOHA 3Ta MpHoOpeTeHHas SHeprus paBHa W = exE. CKOpOCTb JABIKCHHS HIIEKTPOHOB
BIIOJIb TOJIS [TOYTH HA TPHU HOPAIKa OOJIBIIE CKOPOCTH ABMKEHHUSI HOHOB 3a CUET MX Pa3HBIX Macc, II03TOMY SHEprusi, HabupaeMas
3JIEKTPOHAMH, OBICTPO BO3PACTAET.

[Tpu IBMKEHNU 3JIEKTPOHOB B ra3e MPOMCXOIAT MX CTOJIKHOBEHUS C HEHTpaIbHBIMU MOJIEKynamu. IlyTb Mex1y AByMs
MOCJIEI0BATENILHBIMHA CTOJIKHOBEHUSIMH Ha3bIBaeTCs JUIMHOM CBOOOAHOTrO mpobera 3/mekTpoHa. B olmieM ciydae 3Tu UIHHBI
MMEIOT BEpOSTHOCTHBIN XapakTep M OIpeAesstorcss (QyHKIMEH paclpeneleHus SHEpruil JJIeKTpOHOB. B pacyerax dvacTo
HCTIONB3YETCS CPEAHsS [UIMHA CBOOOJHOTO Tipodera A, spisiomascs GpyHKIMel cpeqHel SHepTHH IeKTPOHOB. B cBOIO ouepens,
JUIMHAa CBOOOAHOTO mpoOera JIOJDKHA ONPENeNsiThbCsl INIOTHOCTBIO Ta3a, TO €CTh €ro JAaBieHHeM. [IpuBoiuMbIe B JHTEpaType
3Ha4YeHHs A.; OOBIYHO AAK0TCs Al qaBiaenust 1 mm pr.cT. u Temneparypsl 0°C. Toraa st Apyroro AaBieHus p A, = Aei/p.

OHOBPEMEHHO C MPUOOPETCHUEM JHEPIMU SJICKTPOHBI TEPSIOT €€ MPU CTOJKHOBEHHUAX C MOJICKYJAaMH MM aTOMaMH
rasa, Ipu4eM B 3aBUCUMOCTU OT JOJIU TEPSAEMOU SHEPIUU pa3InyaroT YIIPYrue U HEYNIPYTrue CTOIKHOBEHMSL.

[Tpu ynpyeux CTONKHOBEHHSX OIS TEPIEMOM 3JIEKTPOHOM M NPpUOOpeTaeMoil MoJieKyIoii sHepruu f = m./M, rne me u M
— Macchl S7EKTPOHA M MOJNEKY/bl, uTo gaerT f = 107°. DHeprus, mepeiaHHAs B pe3y/bTaTe OONBIIONO YHMCIA YHPYTHX



CTOJIKHOBEHHI MEXKy MHOTHMH OJIEKTPOHAMH M MOJIEKyJaM{ ra3a, MPUBOAUT K YBEIUYEHHIO KHHETHYECKOW OSHEpruu
HEeWTpaIbHBIX MOJIEKYJI, YTO BBIPAXKAETCS B MOBBIIICHUH TEMIIEPATYPhI rasa.

[Tpu OoOJNBLIONH SHEPrUM CTAJIKUBAIOIIErOCS JJIEKTPOHA BO3MOXKHO HEYNpPYroe CToJIkHOBeHHe. Ilpu neynpyeux
CTOJIKHOBEHUSIX JICKTPOH MEPeIacT MOJICKYJe OOJIBIIYI0 YacTh CBOCH 3HEPTHM, YTO MPUBOJUT K MEPEXOTY MOJICKYJIbl B HOBOE
COCTOSIHUE, ONpeeiieMOe 3HAUCHHEM IMOJYYCHHOW dHepruu. Heymnpyrue CTOJKHOBEHHS MOTYT COIMPOBOXKAATHCS HMOHH3AIIMCH,
pU KOTOPOM W3 HEWTPaIbHON MOJIEKYJIBI 00pa3yeTcs TIOJOKHUTEIBHBIA HOH W CBOOOIHBIN AJIEKTPOH, 3JIEKTPOHHBIM
BO30YKIICHHEM MOJICKYJIbI, IPH KOTOPOM OJHMH U3 JICKTPOHOB Ha e¢ 000JIOUKE MEePEeXOaUT Ha Ooiee BBICOKHHA YHEPTETHUCCKUI
YpOBEHb, WJIHA IHCCOLMAIMECH MOJICKYJBI, MPU KOTOPOW MOJIEKyJia paclagacTcs Ha JBE HEHTpalibHBIC, 3apsODKCHHBIC WIH
BO30YIK/ICHHBIC YACTHUIIBI.

OCOOEHHOCTBIO MEPEUUCIICHHBIX BHUIOB HEYMPYTUX CTOJKHOBEHHUIl /sl OOJBIIMHCTBA TA30B SIBIISCTCS HAIMYUE YETKO
BEIPQKCHHBIX TOPOTOBBIX JHEPTHU: SHEPTHH 3JICKTPOHHOTO BO30YXKIeHWUs — W, dHepruu aucconmanuu — W, sHepruu
HOHU3auH — Wy, HIKe KOTOPBIX COOTBETCTBYIOIIHME PEAKIMH IIPOUCXOAUTH HE MOTYT. DTO CBSI3aHO CO CTPYKTYPOI aTOMOB HITH
MOJIEKYJI, C KOTOPBIMH B3aMMOJICUCTBYET CBOOOIHBII 3JIeKTpOH. WX mepexox B HOBOE COCTOSIHUE MPU CTOJKHOBEHUH C
SIIEKTPOHOM BO3MOKEH TOJIBKO MPH IMEPe/iaue UM SHEPTUH, PABHOU W OOJIbINEH MOPOTrOBOii.

Kaxmprii mporecc HEympyroro CTOJKHOBEHHS XapakTEPU3YIOT COOTBETCTBYIOIINM OOOOIIEHHBIM K03 duimerTom,
PaBHBIM YHKCIY CTOJIKHOBEHUH TAHHOTO BHU/A, OCYIIECTBISIEMBIX OJHMM 3JIEKTPOHOM Ha ITyTH B 1 CM BIOJIb MOJIS.

1.3. Ipeii¢ 3aps:KeHHBIX YaCTHL B dJIeKTPUYeCKOM moJie. [loaBH:KHOCTD

[lonnas CKOPOCTHh IABHIKCHUA 3ap;1>1<eHH0171 YacCTUILBI B DJICKTPUYCCKOM I10JI€

W, HMEeT JIB€ COCTAaBIIIONINE: CKOPOCTh TEIJIOBOIO XAaOTHYECKOIO IBIDKEHHS W U
cm/c HATPABJICHHYIO CKOPOCTh IO JCHCTBUEM ITOJIS U.
107 V=w+u. (L.5)

Jms  COBOKYMHOCTH 3apsDKEHHBIX YAaCTHI[ PACCMATPHBAETCS CpEIHSA
ckopocTh Bcex dactull. CpemHss CKOPOCTh HAIpaBICHHOTO IBIDKEHHS W HOCHT

10° Ha3BaHUE ckopocmu Opeugha. Kak MOKa3bIBaIOT 3KCIEPUMEHTAIbHBIC JaHHBIC, 3Ta
CKOPOCTb 3aBUCHT OT OTHOIIEHHS F/n, T 1 — IJIOTHOCTh MOJIEKYJI Ta3a, U OT CopTa
10" 10" 10" Em Ben® raza. Ilpu 3TOM CKOpOCTh npeia 3JIEKTPOHOB CYIIECTBEHHO BBIIIC CKOPOCTU
Puc. 1.1. Cxopocmbs opeiigha Apetiya HOHOB. .
2NEKMPOHOB 6 030yXe 6 3ABUCUMOCIU Ha puc.1.1 mpuBereHa 3aBUCHMOCTh CKOPOCTH Jpeiida 3JIEKTPOHOB B
OMm NPUGEOEeHH O BO3/yX€ OT 3HaUCHU E/n.

HONNSIMCOHHNCMU ATTCKMNDUIULCKN2N B O6III€M Cﬂy‘{ae CKOpOCTI) Hpef/i(ba

w=kE , (1.6)
rae k — HocUT Ha3BaHue nodsudchocmu. OCOOCHHOCTHIO TON BEJIHYUHBI SIBIIICTCS. TO, YTO M JUIA MOHOB, M JJIs JICKTPOHOB
CYIIECTBYET MIMPOKAsT 00JIACTh 3HAYCHHUN HAMPSHKEHHOCTH, TIPU KOTOPBIX B BO3YXE 3HAUCHUS ITOJABHIKHOCTH ITOYTH ITOCTOSTHHBL.
Jis WOHOB B 0OJIACTH 3HAYCHHI TIOJIS, COOTBETCTBYIOIIMX PA3BHTHUIO pa3psia, W MPU HOPMAJIBHBIX YCIOBHIX rasza
3HAYECHMS OJBUKHOCTH B BO3AyXe cocTaBIsoT K," = 2,0 cM*/B-c K, =22 cM*/B-c.
Jst anextponoB K, = (4+5)~102 CMZ/B~C, YTO, KaK BUJIHO, Ha JIBa NOPs/IKa BBIIIE, YEM y HOHOB.

1.4. KoappuumenT ynapHoii HOHU3aLUKN

O1oT KOIDPUIMEHT SBISETCS CaMOW BaKHOW XapaKTepHUCTHUKOM, HCIOJb3yeMOW B TEOPUHM Ta30BOrO paspsua H
OTpEeIENAIONIEe OCHOBHYIO PEaKIMIO0, MPUBOASIIYIO K Pa3BUTHIO paspsiia. YJapHas HOHHU3ALUS MOXET ObITh MpeJCTaBiIeHA
peakiuei Bua

e+M—o> M +2e,
rae M — aToM M MoJieKyJa rasa.
KoadduimeHT yaapHoi HOHU3AIUN PaBEH YKHCIY aKTOB MOHHU3AIMH, OCYIIECTRIIEMBIX OJHHM 3JICKTPOHOM Ha IMyTH B 1

CM BJIOJTb TIOJISI. DHEPTHUS MOHU3AUU — W, Ii1si GONBIIMHCTBA Ta30B cocTapisieT 12+20 3B:
Ta3 0, H,O CO, N
DHeprust HOHU3aIMu, 5B 12,5 12,6 14,4 15,5

Koa¢ppuunent ynapHoii nonusannu, 0603HaqaeMblii 0OBIYHO @ M HAa3bIBAEMBIH ellle IepBbIM KOAPQUIIMEHTOM yIapHOM
noHu3auuu TayHceHna, ONpenersieTcsl 10 YBEJIMUYCHUIO TOKa B MPOMEXYTKE MEXIY JJIEKTPOAaMH B pe3yJibTaTe MOHW3ALNU
MOJIEKYJI ra3a MpH CTOJKHOBEHHSAX C 3JIEKTpOHaMu. [Ipolecc HOHU3AIUY BeIET K 00Pa30BAHUIO HOBBIX CBOOOHBIX 3JICKTPOHOB.
OTH cBOOOJHBIC DJIEKTPOHBI, B CBOIO OYepelb, MPUOOPETAIOT JIHEPTUIO MOJIsl, JOCTATOYHYIO Ui MOHMU3AIMU, TO €CTh IS
00pa30BaHusl HOBBIX AJIEKTPOHOB. TOK, MPOTEKAMOIIHIA B IPOMEIKYTKE C OHOPOAHBIM MOJIEM, BO3PACTACT U JIACTCS BHIPAKECHUEM

i=1i, exp(ad), 1.7)
rie d — AJaMHa MPOMEeXYTKa (B CAHTUMETpaXx), a ip — Ha4aJbHOE 3HAYCHUE TOKA.

Tak xax MOHHM3ALMsI IPOUCXOAUT TIPH SHEPTUU dJIeKTpoHa W > W, a sHeprusi, nproOperaemMast 3JIeKTPOHOM, 3aBUCHT OT
MOJISL M OT JUIMHBI YyTH CBOOOHOTO Mpodera, onpeessieMol IUIOTHOCTBIO ra3a, TO M BEPOSTHOCTh MOHM3AIMH, @ CJIeI0BATEIbHO
1 KO3(OHULMEHT ¢ JOJKHBI 3aBHCETh OT IOJII U OT KOHLEHTPAlMM MOJIEKYJ ra3a 7 WM ero JaBJeHHs p. DKCIIEPUMEHTHI
MOJITBEPXKIAIOT, YTO JCHCTBUTEIBHO UMEETCS 3aBUCUMOCTh a/n = f(E/n) wiu a/p = f(E/p), npuueM npu JaBICHUSX ra3a MmopsaKa
aTMOc(epHOro 3Ta 3aBUCUMOCTH XOPOLIO OMKMCHIBAETCS] YpaBHEHUEM BHJIA

a/N = Aexp|B/(E/N)), (1.8)



rae rae A u B — KOHCTaHThI, 3aBUCSIINE OT rasa.
Ha puc. 1.2 mpuBeneHa skcriepuMeHTaNbHAs 3aBUCUMOCTE o/n = f{E/n) misa Bo3myxa. OtHomenne E/n 9acTo Ha3BIBAIOT
MIPUBEICHHON HAIPSKEHHOCTHIO TIOJIS.
Kak BHOHO 1O pHCYHKy, BO3pacTaHHE€ «/n C pPOCTOM MpPUBEICHHOW HANpSHKEHHOCTH FE/n CTaHOBHTCS MEHee
MHTEHCHBHBIM, YTO CBS3aHO C IBYMs (aKTOpaMH: €CIU yBenuueHue E/n
%’j MPOUCXOJUT 3a CYET pPOCTa HANPSDKCHHOCTH MOisl E Npu HEU3MEHHOH
agfd/” IUIOTHOCTH T'a3a /1, TO C BO3PACTAHHEM 3HEPIUU CBOOOJHBIX 3JIEKTPOHOB IIPU HX
JABMKCHUHM, YMCHBIIACTCA BpPEMs B3aMMOJACUCTBUA ITPU UX CTOJIKHOBCHHAX C
MOJICKYJIaMH, YTO MNMPUBOAWUT K YMCHBIICHUIO CKOPOCTU POCTa BEPOATHOCTHU
MOHU3ALNK; €CIH pOCT E/n CBSI3aH C YMEHBIICHHEM 7, TO YMEHBIIAETCsl YHCIIO0
MOJIEKYJI, C KOTOPBIMH CTaJKHBAE€TCS OJEKTPOH, 4, CJEJOBaTENbHO,
YMEHBILAETCS U YUCIIO CTOJIKHOBEHHUI, YTO O3HAYAET U3MEHEHHUE O

1.5. Koa¢gpunmnent npunnnanus. IPppexTuBHbII
KO3 PUUHMEHT HOHU3ALMHU

2 VYpasaenne  (1.8)  cooTBeTCTByeT  mpoleccaM — HOHH3AIUH,

|
|
|
|
|
|
. MIPOUCXOJAIIMM B 3JIEKTPOINOJIOKUTENIBHBIX ra3ax, Takux kak He, Ar, Ne, H,,

-15 -14 -13 2
10 10 107" Eln,B.cm N,. B rasax, B coctaB MOJIEKYJIBI KOTOPBIX BXOJIAT aTOMBI KMCIIOpoa, (hJropa
Puic. 1.2. 3aBHCHMOCTH K03())HUMEHTOB HORM3AIMN  PsiZa APYTHX, IPU CTOJIKHOBEHHH DJICKTPOHA C MOJICKYJIOH WIIM aTOMOM MOYKET
M npuaunaHus v 3¢pdexTuBHoro koddgdunueHta
wonmanmg v vo2nvye ot Fin HPOMCXOAUTH MPOLIECC 3aXBaTa JICKTPOHA C O0pPa30BAaHHUEM OTPHLATEIHFHOTO
HOHA.

etM->M +W.

Y CcTOMYMBOCTH O6paSOBaBL[Il/IXCH OTpULATCIIbHBIX HWOHOB 3aBUCUT OT OJ3HCPIruu CpPOJACTBA aToMa WM MOJICKYJIbI K
3IEKTPOHY W, TO €CThb OT PHEPrHH, BHIACIAIOIISHCS NPU 3aXBaTe NIEKTPOHA. DTa SHEPrHs AODKHA OBITH MONOXKHUTEIBHOH, TO
€CTh JIOJDKHA BBLIEIAThCA. Takue ra3pl Ha3bIBAIOTCS 3JIEKTPOOTPHLATENILHBIMY, a IpoLecC 00pa3oBaHMs OTPULATEIHLHOTO HOHA
IpY CTOJKHOBEHUH 3JIEKTPOHA C MOJEKYJIOH, — IIPOLEecCOM IPUINIIAHUA, XapaKTepU3yeMbIM KO (PUIIMEHTOM 77, PaBHBIM YHCILY
MPUWIKIAHUKN, MPOUCXOMAIMX HAa myTH B 1 cM Bromp moiisi. Kak u mins o, mis koddduuueHTa TpUIMIAHUS CYIIECTBYET
3aBUCHMOCTh 77/p = fE/p) wnu n/n = fE/n) (puc. 1.2).

Ecnu yacTh cBOOOAHBIX 3JEKTPOHOB HPHIMIAET K MOJEKYyJIaM ra3a, TO YHCIIO 3JIEKTPOHOB, CIIOCOOHBIX IPOJIOIKATH
yIapHYIO0 MOHU3ALMIO, COKPAIAETCs, YTO YUUTHIBAETCS BBEJICHUEM TaK Ha3zbiBaeMoro 3¢ dextuBHOrO K03 duimenra nonu3annu
Oy = a— 71. Ha puc. 1.2 npuBeneHa 3aBUCUMOCTb O /1t = f{E/n) UIsl BO3AyXa. S3HAYCHUS Oy /M CTAHOBSITCA TIOTOKHUTENBHBIMU
1ocJie HEKOTOPOTO Topora MpH KOTOPOM YHMCIIO MOHM3AMK PaBHO YMCITy MpwiInnaHui. J{is Bo3myxa 3TO MOpOroBOW 3HaueHHE
NPUBEJICHHON HANPSUKGHHOCTH pPaBHO mpuMepHO FE/n=12-10"°B.cM?, uto mms aTMOC(EepHOro JABICHHS COCTABIACT
E=245kB-cm.

OCOOEHHOCTBIO OTPHUIATENBHBIX HOHOB SIBIISIETCS MX HECTAOWJIBHOCTHh B CHJIBHBIX 3JEKTPUYECKUX IIOJISIX, KOTZA ITPH
CTOJIKHOBEHHSX C DJIEKTPOHAMH, HOHAMH U JJayKe HEUTPaIbHBIMHI MOJIEKYJIAMH HPOUCXOUT OTPBIB JJIEKTPOHA OT OTPHULATEIEHOTO
HOHa ¢ 00pa3oBaHNEM HEHTPaJbHONW MOJIEKYJIBI U CBOOOJHOTO JIEKTPOHA, TaK KaK B 3TOM ClIyyae cooOliaeMas OTpHLATEIbHOMY
WOHY SHEprus IpEeBBILACT JHEPrUI0 cpoicTBa. s Bo3ayxa MOPOrOM paciafa OTPHULATEIBHBIX HOHOB MOXKHO CUHTATh
HaTPsHKEHHOCTH TOJISL, TipeBhimaronryro 30 kB/cu.

1.6. IIpouecchl BO30YKAeHUSA

Cpenn TpomeccoB HEYIPYTOro CTOJNKHOBEHHUS JJIEKTPOHOB C MOJIEKYJaMH Ta3a HMeeTcs OOJBIIOoe HYHCIO BHIOB
CTOJIKHOBEHUS, IPYU KOTOPBIX HE 00pa3yIOTCS HOBBIE 3JIEKTPOHBI, HO KOTOPHIE MMEIOT OYeHb BAYKHOE 3HAUYECHHUE VIS Pa3BUTHUS
pa3psjia, TaK KakK IPpU 3TUX CTOJKHOBCHHAX IJJICKTPOHBI TEPAIOT SHEPTUIO U YMCHBINACTCA BEPOATHOCTH HOHMU3ALIMU. Taxkumu
MIPOLIECCaMHU SIBJIIETCS BO30YXK/ICHHE aTOMOB HIIM MOJIEKYJI.

IIpu Heynpyrux CTOJIKHOBEHMSX C JIEKTPOHAMU aTOMBbI MM MOJIEKYJIbl MOT'YT HEPEXOAUTh U3 OCHOBHOI'O COCTOSIHUS B
Ooslee BBICOKOE JHEPreTHYECKOE COCTOSHME, YTO M COOTBETCTBYET IIpoueccy Bo30yxaeHus. OCHOBHOE COCTOSIHHE
XapaKTepHU3yeTcsl HAMMEHbIIEH MOJHOW dHEpruel aTroMa MM MOJIEKYJBl U SBJISETCS €INHCTBEHHBIM CTAOMIBHBIM COCTOSIHHUEM.
ATOM, BO30Y>K/IEHHBIH B pe3yJIbTaTe MOJYyYEHHUs] SHEPTHH, CTPEMHUTCS] BEPHYTHCSI B UCXOJAHOE COCTOSIHUE, TIPH 3TOM H3ITy4aeTCst
(hOTOH ¢ PHEPTHUeii, 3aBUCSIICH OT YPOBHS BO30OYKICHUS.

Ecmu B aToMe mpu MOMydeHWH WM SHEPTUH BO3OYXKAEHUS OCYUISCTBILIIOTCS TOJBKO DIIEKTPOHHBIE MEPEXOABI, UTO
COOTBETCTBYET 91€KMPOHHOMY 8030VHCOEHUI0, TO MOJIEKYIIBI IMEIOT €IIe U IPYTHe BO3MOXHOCTH BOCHPHUSATHS TIepeIaBacMON UM
sHepruu. BoszHukaer nubo BpamieHHe MOJEKYJBl B IIEIOM BOKPYT HEKOTOPOIl OocH, JHOO COCTABIAIONINE €€ aTOMBl HAaYMHAIOT
Koe0aTbes 0 OTHOIICHHUIO IPYT K APYTY; TaKUM IPOLECCaM COOTBETCTBYIOT 8paujamensHoe U KoaebamenbHoe 8030)HCOeHUS.
[ToporoBeie sHepruu BO30YXKAECHUS KOIEOATENbHBIX W BpallaTelIbHBIX YPOBHEW MOJIEKYJl OY€Hb Malbl: HAaIpHUMep LI a30Ta
W= 0,29 5B, a nns xkucnopoga Wi = 0,19 sB.

[Tpu Bo3BpalLeHNU KOJIe0aTeNbHO BO30YKACHHBIX MOJIEKYJI B OCHOBHOE COCTOSIHUE OOJIbIIasi 4aCTh SHEPTHUH M3JTy4YEHHS
MOTJIOLIAETCS TA30M M NIEPEXOJIUT B TEIIOBYIO DHEPTHIO HEUTPAIIBHBIX MOJIEKYIIL.

Jlist 3eKTpOHHOro BO30YKAEHHWS aTOMOB M MOJIEKYJ B rasax THIIAa BO3JyXa XapakTepHas IOpOroBas JSHEPTHs
3JIEKTPOHOB, HIDKE KOTOPOU BO30YKICHUE HE MPOUCXOIHUT, COCTaBIseT 6+12 3B.



1.7. Pazanunble BUABLI MOHU3ALNU B ra3ax

VYaapHas WoHHM3alMs B rase, xapakrepuzyemas KOd(Q(UIMEHTOM HOHM3AIMU «, SBISIETCS B DJICKTPUYSCKOM IIOJIC
OCHOBHBIM TIOCTaBIIMKOM CBOOOJHBIX 3JEKTPOHOB. BMecTe ¢ TeM Ha yClOBUS pa3BUTHSI pa3psiia MOTYT OKa3bIBaTh BIMSHHE U
JlKe CTaTh ONPECNSIONIMME U IpyrUe MeXaHW3Mbl HOHH3AIMKM MOJIEKYJ M aToMOB. K uUX 4ucily OoTHOCSTCS (OTOHMOHM3ALMS U
TCPMOMNOHU3AIIUSA.

HUcrounukom HOHU3UPYIOUICTO U3JTYUYCHHUA MOXKET 6I)ITb BHCIIHECC U3JIYYCHUEC, HO TAKUM UCTOYHUKOM MOKET 6])ITI) u caM
ra30BbIi pa3psi, B KOTOPOM (HOTOHBI 00Pa3yIOTCsI TIPH BO3BPAIICHUN B UCXOJHOE COCTOSHHE BO30YXKICHHBIX aTOMOB U MOJICKYJI.
Bosznukaromue (HOTOHBI MOTIIOMAIOTCS Ta30M, MIPUYEM MEXaHU3M (DOTOMOTIIONCHHUS YPE3BBIYaiHO Pa3HOOOPA3eH U 3aBUCUT OT
SHepruu (GOTOHA M CTPYKTYPHI MOJICKYIIEL.

HawuGonbliiee npakTHIecKoe 3HAYCHHE ISl PA3BUTHS Pas3psiia UMEET MOrIIONeHHe (POTOHA C MOCIEAYIOIIeH HOHU3AINeH
MOJIEKYJIBI — ¢homouonuzayus. JIns ocynecTBIeHUsT (OTOMOHU3ANNU HYKHO, YTOOKI 3Heprus (GoToHa hv> W,. MonekyspHbie
ra3pl Uiss (HOTOMOHH3ALUK TPEOYIOT YIbTPa(hHOIETOBOIO MM MSTKOTO PEHTTCHOBCKOTO u3nydeHus. [Ipu ynbTpaduoneTroBomMm
M3JIyYeHUH AaTOM HOHHM3YeTCS IIyTeM BBIOMBAHUS OJHOIO M3 CAaMbIX BHEIIHHX OJJIEKTPOHOB. PEHTIEHOBCKOE H3ITyUYCHUE
B3aUMO/ICHCTBYET MPEUMYILECTBEHHO C 00JIee CHIIBHO CBSI3aHHBIMHU BHYTPEHHUMH 3JIEKTPOHAMHU.

Ecnu B raze MMeErOTCS MOJEKYJbl Pa3HBIX COPTOB, OTJIMYAIOIIUECS PAa3HbIMU 3HAYCHUSIMU DHEPrHil HMOHU3ALUU U
BO30YI)K/ICHHSI, U €CIIU DHEPrHsl AJIEKTPOHHOTO BO30YXKIEHHs OJHUX MOJIEKYJ OOJblIe SHEPTUH HOHM3ALHMU JPYTHX, TO HPHU
JIeBO30Y)KICHUH MOJIEKYJ OJHOTO COpTa MOXET MPOHMCXOIUTh (POTOMOHM3AIMS MOJIEKYJ APYrOro COpTa, YTO HMEET MECTO,
HapuMep, B BO31yXe IIPH Pa3BUTHH paspsa.

[Ipu MOBBIIICHUH TEMIIEPATYPhI T'a3a 10 HECKOJIBKUX THICSY IPaLyCOB BO3MOXKHO OCYIIICCTBIICHHUE IIEJIOT0 Psijia PeaKiui,
B pE3yJibTaTe KOTOPBIX OOpa3yloTCs IOJIOKHTEIbHbIE HMOHBI W DJEKTPOHBI. [IpM BBICOKOI Temmeparype 3a cueT OoJbIIOi
KHHETHYCCKOW SHEPTHH YACTHI[ BO3MOXKHBI HEYIIPYTHE CTOJIKHOBCHHS MEXIY COOO0M HEUTPaTbHBIX MOJICKYJ, KOTOPBIC IPUBOIAT
K BO30Y)KJICHHIO U ITUCCOIMAIMN CTAIKHBAIOIIUXCS YACTHIl. B mociemHeM ciy4ae MOJIEKYJa pacianacTcs Ha COCTABIISIONINE e
aTOMBI HJIM TPYIIIBI ATOMOB, IPUYEM HPOJYKThI JUCCOLUAIINY, 00JIAIAI0IINE Yallle BCEro 0osiee HU3KUMH YHEPTHSIMH HOHU3AIIHH,
YeM CIIOXKHASI MOJICKYJIa, MPETEPICBAIOT HOHU3AIIUIO PH OCIEAYOIIUX CTOIKHOBEHUSIX.

B cMecsix ra3oB, TaKuX Kak BO3[YX, IPU BO3BPAIICHHH TEPMUYCCKH BO30YKICHHBIX MOJEKYI OJHOTO copTa (a30Ta) B
OCHOBHOE COCTOSIHME TPOUCXOAUT H3JIyYeHHE C IMOCIEAYIOIUM TOIJIolleHneM (OTOHOB MOJIEKYJIaMH JAPYroro copra
(kucnopona), B pe3ysibTaTe Yero Takke MOXKET ObITh MOHM3aIHsl. TakuM 00pa3oM MOJ TEPMHUUECKON HOHM3AlMeld OHHMMAETCs
1esnas COBOKYITHOCTh IPOLIECCOB, MPUBOJIIMX K MOHU3ALMHM MPU BBICOKOH TemrepaTtype rasa. MIHTEHCUBHOCTh TEPMHUUECKOM
HOHU3AU XAPAKTECPU3YIOT CTCIICHBIO WOHU3allUU m, paBHOﬁ OTHOLICHUK YHCJIia (KOHLICHTpaIJ,l/Il/I) HMOHHU30BAHHBIX YaCTUll B
eaMHMIE 00beMa ras3a n, K Yuciy (KOHLIEHTPALUMK) BCEX YaCTHUI] B eINHULIE 00beMa — 1, TAK 4TO M = ny/n.

Ecnu ra3 HaxomuTcs B YCJOBHAX TEIUIOBOI'O PAaBHOBECHS, KOTJA CPEIHSSA TCILIOBas SHEPIUs YaCTHI[ PA3HOTO COpTa
(HeWTpaJIbHBIX MOJEKYJ, O3JEKTPOHOB, HOHOB) OAMHAKOBa, TO Uil ONpEAENeHHs CTENeHM MOHHM3allMd m II0 H3BECTHOM
TemnepaType 7 MOXKHO IOJIb30BaThcs ypaBHeHHeM Caxa:

/= m?)|= 4T3 exp(w, JiT), (1.9)
re p — JaBlIeHHWE Tasza, MM PT.CT.; W, — sHeprus MoHM3anMu rasa, 3B; k — mocrosiHHast Boxeimana, 5B/K; mocrosHHas
A=2,4-10". O6b14n0 Haxe mpy Temmneparypax nopsaka 10000 K crereH» noHM3aIiu rasa eie OueHb Majia i He npessimaert 0,1

1.8. Inccoumanusi MoJIeKy.JI

Eme onHUM BHIOM HEYNpyroro CTOJIKHOBEHHS 3JEKTPOHOB C MOJIEKYJIaMHU ra3a BJSETCS CTOJIKHOBEHHE MPUBOJSAIIEE K
JIMCCOLIMALIMKM MOJIEKYJIbI, P KOTOPOM MOJIEKYJIa pacHaJaeTcsi Ha OT/AeNbHbIE aTOMbI WIIM TPYNIIBI aTOMOB. B o0miem Buje 3ta
peakLus 3aChIBaeTCsl KaK

e+tM, >M+M+e.

OTOT mporecc UMeeT OOJIbIIOE 3HAYCHHE KaK Ui Pa3BUTHS paspsia, TaK W IPH TEXHOJOTHYECKOM HCIIOJIb30BAHUH
EKTPUUECKUX Pa3psioB, KOTJa B pa3ps/ie MOJIydaroT YaCTULbI ONPEEIEHHOIO COPTa.

OHepruu IUCCONMANNN MOJIEKYJI OOBIYHO BBINIE SHEPTHH AJICKTPOHHOTO BO30YKAEHHS W HHXKE SHEPrHHM HOHH3ALUH
MOJIeKyJIbl. [Ipi CTOTKHOBEHHH 3IIEKTPOHOB C MOJIEKYJION C €€ TUCCOLMANNEH IEKTPOH TepsAeT SHEPTHUIO, YTO MPEISATCTBYET €ro
Y4acTHIO B MOHHU3ALUHM W 3aTPyAHSCT Pa3BUTHE pa3psia, HO MPOLYKTHl AWCCOLMAILMU MOTYT NMPHHUMATh Y4acTHUE B IETIOUKE
MOCJIEAYIOIINX PEAKLIUH, BKIIIOYasi XUMHYECKUE ITPEBPAIIEHHS, Ha KOTOPBIX 1 OCHOBBIBACTCS 3JIEKTPOTEXHOJIOT U,

BeposiTHOCTh NIpsIMOTO pa3OMEHUs] MOJICKYJIbl MPH CTOJIKHOBEHHWH C 3JIEKTPOHOM OUYEHb Majla, TaK KaK Majo BpeMs
repeiaun SHEPTuH OT 3JIEKTPOHA MOJIEKYJIE U €0 HEJOCTaTOYHO IS ee pa30MeHuns Ha aTOMBI U UX yX0#a ApyT ot apyra. OObI4HO
JIICCOLIMALIUS UJIET IBYXCTYIEHYAThIM ITyTeM: CHa4aja IPOUCXOAUT BO30YK/IEHHUE AIIEKTPOHHBIX COCTOSIHUH MOJIEKYJIbI, a 3aTeM
pacnaz Bo30yXJ€HHON MOJIEKYJIbI Ha aTOMBI.

1.9. PexomoOnHanus
[ToMmuMO MOHM3ANMU, MPU KOTOPOH BO3HUKAIOT HOBBIC BJEKTPOHBI W MOHBI, B MOHM30BAHHOM Ta3e HJIET OOpaTHBIH

Hpouecc — BOCCOCAUHCHHEC Sapﬂ)KCHHLIX JacTHUIL HpI/I HUX CTOJIKHOBCHUAX C O6pa3033HI/IeM HeﬁTpaHBHBIX MOHeKyH.
e+tM" > M



WIH
M +M" - M,.

DTOT Mpolecc, Ha3bIBAEMBbIil pexombuHayuell, BKII0YAaeT B ceOst OOJBIIOe YHCIIO Pa3HbIX B3aUMOIEHCTBHINA, TIPHBOASIINX
K B3aMMHOW HEUTpanu3alu 3apsyKEeHHbIX YaCTHII.

Ecnu B3anmMoaeHCTBYIOIIHE YaCTHIIBI — HOHBI, TPOIECC HA3BIBAIOT HOH-WOHHOW peKOMOWHAIMEH, eCly OJHa YacTHIA —
3NEKTPOH, a Apyrasi MOJIOKUTEIBHBI HOH, TO 3TO — JJIEKTPOH-WOHHAs pekoMOuHammsa. B obmem ciaydae mporecc B3auMHOM
HEUTpaIu3aluK XapakTepusyloT Ko3(Q(ULUEHTOM PEKOMOMHALMK ¢, ONpEAEeNsAeMbIM KaK YHMCIO R aKTOB PEeKOMOMHALMHM B
eanHuIe oObeMa ra3a 3a eIUHUIY BPEMEHH, IPY eINHIYHON KOHIIEHTPAIIMY YaCTHII TOJIOKHUTEIBHBIX i OTPUIIATENbHBIX, TO €CTh

ap = R/(N"NT). (1.10)

[Tpu pekoMOMHAIMK POTHUBOIIOJIOXKHO 3apsDKEHHBIX 4acTUI] 00pa3yrolascsl HelTpalibHasl yacThia o0anaeT sHeprueii,
MEHbIIIEH MOJHON BHYTPCHHEH SHEPIHU PEKOMOMHHUPYIONIMX YaCTHIl, TIPU 3TOM H30BITOK dHEpruu W ocBOOOKHAETCS pPa3HBIM
criocobom. Tak mpu HOH-MOHHON PEKOMOMHAIINU MOXKET OBITh:

a) TPeX4aCTHYHAsI pEKOMOMHAITHS

A"+B +C—>A+B+(C+W),

MpH KOTOPOH B MIpOIleCCe B3aMMOJCHCTBHS Y4YacTBYET TPEThs 4YacThIa (3apsHKCHHAs UM HEHTpallbHAs), M W30BITOK SHEPTHU
nmepemaercss ed. DTOT BUA PEKOMOWHAIIMM HamOoJiee CYIIECTBEHEH IPH NaBIICHISIX IOPAIKAa aTMOC(EpPHOTO, MOCKOIBKY
TpeOyeTcst ToCTaTOYHAS IUIOTHOCTD TPETHHUX YACTHIL;

0) paguanoHHAsI PEKOMOMHAIIHS

A"+B" > AB+hy,

COTIPOBOKIAIOIIASICS M3ITyYSHUEM H ITPeo0Iaialonias Ipyu HU3KUX AaBJICHHUAX, KOTJa IMEET MECTO HEJJOCTATOK TPEThbHUX YaCTHIL;

B) JWICCOITMATHBHAS PEKOMOMHAIINS

(AB+C~ > A+B+C,

WMEIOIasi MEeCTO, €CIH OIWH WIM 00a HWOHA SABISIOTCS MOJIEKYISAPHBIMH, a H30BITOK JHEPTUM HIET Ha TUCCOIHALIUIO
00pa3yroNIencss HEUTPATbHON MOJICKYJIBI.

IIpn aTMocdepHOM faBNeHHH B BO3MyXe KOI(D(HUIIMEHT HOH-HOHHOH PEKOMOMHALMI COCTABIIAET Oty = 2,410 em’/c.

BHCKTpOH-I/IOHHaﬂ peKOM6l/IHaLIl/I)I HUMCECT 3HAYUTECIIbHO MEHBIITYIO BEPOATHOCTDL U3-3a BBICOKOH CKOPOCTHU MNEPECABUIKCHUSA
3JIEKTPOHOB, YTO OTPaHUYMBAET BpPEMsl B3aMMOJEHCTBHS YaCTUI] U BpeMs 3axBaTa 3JIEKTPOHA Jjisi 00pa3oBaHMs HEUTPAILHOM
YaCTHUIIbI.

1.10. ITpouecchbl BTOPUYHOM HOHU3ALNH

st MHOTHX BHIOB pa3psaa Mpoboil BCEro MpOMEXKyTKa BO3MOXKEH TOJNBKO B TOM CIIy4ae, €Cid KPOME HOHH3ALMH B
obbeMe rasza, MMEET MECTO W TaK Ha3blBacMasi BTOPUYHAs MOHM3AaLHMs Ha Karoae, 00ecreurBaroIias BOCIPOU3BOICTBO
3apsDKEHHBIX YacTULl B CBSI3U C UX YXOJIOM U3 IIpoMexyTka. IIpouecchl Ha kaTozne B IPOMEXKYTKE IIPU PA3BUTUU paspsaia MOTYT
OBITh CIICTYIOIIHUE:

a) 0CBOOOJK/ICHHE BTOPHYHBIX ICKTPOHOB C KaTOAA MO JeHcTBHEM (POTOH3ITy eHNS;
0) 0CBOOOXKICHHUE IEKTPOHOB MO IEHCTBHEM IIPUXO0/ia Ha KATOJ MOJOKUTEIBHBIX HOHOB;
B) OCBOOO>K/ICHHE JICKTPOHOB MPH B3aUMOJACHCTBIH C IIOBEPXHOCTEIO KaTOa BO30OYKICHHEIX aTOMOB M MOJIEKYIL.

Kpome TOro, MOXET HMpPOMCXOAUTH OCBOOOXKIEHUE SJIEKTPOHOB C IIOBEPXHOCTH JJIEKTPOAA M B PE3yNbTaTe IPYTUX
nporeccoB. Takumu mporeccaMu sSBISIFOTCS:

a) aBTOINICKTPOHHASI SMHICCHSL, €CIIH HAIIPSDKCHHOCTD IEKTPUYCSCKOTO TIOJIS Y IOBEPXHOCTH 3JIEKTPO/Ia OUYCHB BEJIMKA U

IPOKMCXOMAUT BHIPHIB IEKTPOHA M3 METAILNIA,;

0) TEPMOIIEKTPOHHASI IMHCCHsI, MPOUCXOJAINAsl IPU CICHUAIGHOM HArpeBe JJICKTPOAA, HAIpUMEp, B ra30paspsiIHbIX
npubdopax.

ITporecchl OCBOOOXKACHHUS JNEKTPOHOB C KAaToAa HOX ACHCTBHEM APYrHX 4acTULl (HOHOB, BO30Y)XACHHBIX aTOMOB,
(hOTOHOB) Ha3BIBAIOT MPOIIECCAMU BTOPUYHON MOHHM3ALUK HA KaTO/E, MHTEHCUBHOCTh KOTOPBIX XapaKTepH3yIOT KO QUIIEeHTOM
7% PAaBHBIM OTHOLICHUIO YHCIIA 3JIEKTPOHOB, OCBOOOKICHHBIX C KaTOd, K YHMCIY B3aMMOJCHCTBYIOIIMX C KaTOAOM dYacTui. B
3aBUCHMOCTH OT POJa B3aMMOJCHCTBYIONIMX YaCTHI Pasid4aOT Yy, %, % . 1IpM BO3JCHCTBMM Ha KaTOJA Pa3HBIX YaCTHIL
CYMMapHbIi K03((HLMEHT BTOPUYHOI HOHU3ALINY Ha KaTo/a

T=hT Rt (1.11)

IToMHMO TIPOLIECCOB Ha KaTOAE, BTOPHYHAST HOHH3AIMS MOXKET IIPOUCXOIUTH U B 00beMe rasa. B onpeneneHHOM cMBICTe
TaKoOW BTOPUYHOM MOHM3aLHeil SIBISETCS. paCCMOTPEHHAs paHee (POTOMOHU3AIMS B 00bEMe rasa, Tak Kak B OTIMYHE OT yIapHOH
WOHM3AIMU TIPH CTOJKHOBEHHWH MOJIEKYJ] C ODJCKTPOHAMH, HOHHU3aLMs MPU MOTJOMECHHH (OTOHA SBISETCS BTOPUYHBIM
HPOIIECCOM, CIEAYIOIINM 33 00pa30BaHUEM IIPU CTOJIKHOBCHUN BO30YKICHHOW YaCTUIBI ¥ HOCIEAYIONIINM UCITyCKaHueM (oToHa
IIpYU J1€BO30YKICHUH.

BropuuHasi MOHM3aIMsl HAa aHONC NPU B3aUMOJICHCTBUM C HHM DJICKTPOHOB WIIM OTPULATEIBHBIX HOHOB HE HMEET
3HAYEHWUSI TIPU PACCMOTPEHUH HPOILIECCOB pa3psila, TaK KaK OCBOOOIMBILKECS C IMOBEPXHOCTH aHOMA HJICKTPOHBI TYT XK€ BHOBb
YXOJAT Ha HETO.

10. HEUTPAJIMU3ALIUS 3APSIIOB
CTATUYECKOT'O DJIEKTPUUECTBA

10.1. Ocnoenvie nonamus



Crarudeckast 3JeKTPU3aIHsl — 3TO MPOLECChI, KOTOPbIC MPUBOIAT K 00Pa30BaHMUIO, Pa3/ICICHHIO U HAKOIUICHHIO 3apsi/IOB
pa3HbIx 3HaKoB. Takue B3aMMOJEHCTBHS CTaJIM MPHUBJIEKATh BHUMAHUE OYEHb JIaBHO, HO B MOCIIE/IHEE BPEMs 9TO CTAN0 OCOOCHHO
aKTyaJIbHbIM, TaK KaK B IMPOMBIIIICHHOCTH CTaJHM MPUMEHSATh MAaTepUalibl C BHICOKMM YIENbHBIM OOBEMHBIM COIMPOTHUBICHHEM
v~ 10"? OM-M 1 ye/IbHBIM MOBEPXHOCTHBIM CONPOTHBICHHEM L5 ~ 10> OM. DTH MaTepHasbl MOIYT COXPAHATH 3aps/l B TCUCHHE
JJIATEJIBHOI'O BPEMEHHU, @ 3HAYUT, MOXKCT HaKaIlJIMBATbHCA 3apsi, KOTOprﬁ YBCJIMYNBACT HAIPSAKCHHOCTD 3JICKTPUYCCKOT'O ITOJIA.
IIpu 3TOM MOryT BO3HMKHYTH YCJIOBHS YAOBIETBOPSIOIIUE BO3HUKHOBEHHUIO CaMOCTOSTEJIBHOIO pPaspsiiia, a 3HAYUT, MOXKET
00pa30BaThCs AMEKTPHUECKas HCKpa (IIPOOO0 MPOMEKYTKA).

Crarndeckast SJIeKTpU3anus, TaKUM 00pa3oM, MOXKET IPUBOIUTD K CIIETYIOLINM ITOCIEICTBUSIM:

e  BO3HHMKHOBEHHE Pa3psOB M OIIACHOCTH B3PBIBA WM TI0XKapa;

JIIEKTPUUCSCKUI pa3psii HE MPOHMCXOIUT, HO 00pa3yeTcs HJIEKTPUYECKOE I[0jie, KOTOPOE MOXKET BO3/CHCTBOBATH HA
TEXHOJIOTUYECKUH Tporecc (B TEKCTHIHHON MPOMBINUICHHOCTH — paclylieHHe HUTeW B IMy4yKe JO auamerpa 1 M, dro
3aTPyAHSACT MPOIECC MpSICHHs, B HONMHIpaduul — CIWNAHHE JHCTOB OyMard MpH IEYaTaHWH KHHUT, YTO HPUBOIUT K
TIOSIBIICHUIO Opaka);

BO3/ICiICTBUE HA OPTaHHU3M YEJIOBEKA KaK MUKPOPA3PSIOB, TaK U IEKTPUICCKUX TOJIEH;

UCIIONIb30BAHME 3aps/IOB CTATHYECKOTO JIIEKTPHUUYECTBA [UIS PeaHM3ali TEXHOJOTMYeCKHX IPOLECCOB (3apsiika B
AIIEKTPOCETapaliy, IPU HAHECEHHH TTOPOIIKOBBIX MOJMMEPHBIX NOKPBITUI U T.1.).

MpeI OyZieM paccMaTpUBaTh ONACHBIE MPOSIBICHHS CTATHYECKOro AeKTpruecTBa. OmacHbIe YCIOBHS CO3/al0TCSI, €CIIH:

B OIPE/ICIIEHHOM MECTe IMPOMCXO/INIIO HAKOTUICHHE 3apsijia;

3apsiIbl CO3/IAI0T AIIEKTPUUECKOE M10JIe, IOCTATOYHOE ISl Pa3BUTHSI Pas3psila;

SHEPrUs, BBIJENSAEMas B KaHajle paspsna,
BOCIUIAMEHEHHS CPEJIBI.

OKa3bIBaACTCA 60.]'1])1116, 4Y€M MHHHUMAJIBHO HeO6XO[ll/IMaH OHEPIruga s

Ot yCioBUA HE BCCrAa WU HE BE3JC BBINOJHAKTCA, HO TEM HE MCHCC BO MHOI'MX TCXHOJOTMYCCKUX ITpOLECCaX 3Ta
BEPOATHOCTDL BCJIMKA. O,HHI/IM N3 TaKUX MPOLECCOB ABJIACTCA IEPEKAYKaA HC(l)TI/I u He(i)TerOZ[yKTOB 10 pr60HpOBOHaM.

10.2. Cmamuueckoe Inekmpuuecmeo npu nepekauxke Hepmu no mpyoonposeooam

10.2.1. ®u3uka o0pa3oBaHNs M HAKOIJICHUS 3apsaa

[Ipu copUKOCHOBEHUH IBYX TN, OTIHYAOIINXCS (Pa30BBIM COCTOSTHHEM, 00pa3yeTcs IBOMHOM SIEKTPHUECKUI CIIOH.

PaznuyaroT Tpu NpUYMHBEI 00pa30BaHMS ABOMHOTO 3JIEKTPUIECKOTO CIIOS:

1) mpemMyIIeCTBEHHOE TIEpEMEIICHIE HOCUTEINEH 3apsAa0B M3 OAHOTO TeNa B Apyroe — TuQy3us;

2) Ha rpaHMIE pa3jielia UMEIT MecTOo aOCOPOIMOHHBIE MPOLECChl, KOTraa 3apsabl oAHOW M3 (a3 mperuMylecTBEHHO
OcelaloT Ha NOBEPXHOCTH ApYroi ¢assl;

3) mMeeT MecTO MOJISIPU3ALUS MOJIEKYJ XOTs Obl 0HOM U3 (ha3. DTO NPUBOIMT K MOJSIPU3AINU MOJIEKYJ IPYroi ¢asbl.
[Mpuuem mossipu3aiiust BO BTOPO# (ase MOKET ObITh pa3MbIToit (nuddy3Hoi).

JIBOWMHOW 3JIEKTPUYCCKHI CJIOH 3aBHCUT OT YJCIBHOI'O COIMpPOTHBICHHS BemiecTBa. UeM OOJbIIe COMPOTHUBICHUE
BEILIECTBA, TEM 0OJIee Pa3MBITHIM B INIyOHHY SIBIISIETCSI BTOPOU 3JICKTPUUYECKHUI CIIOM.

Ecnu paccmarpuBaTh nepekadky HETH, TO Pa3MbITBId BTOPOH 3JIEKTPUUYECKUIT CIIOW MOXKET YHOCHTBCS IIepeMeNeHneM
HeTH 1 HaKaruIMBaThCs B OyHKepe. YeM Oorblie CKOPOCTh NepeMeleHust HehTH, TeM OOJIbIIe IEeKTPU3ALUs HEPTH.

BennunHa 3apsoB CTaTMYECKOTO AJIEKTPUYECTBA CYLIECTBEHHO 3aBHCHUT OT YCJIOBHH, B KOTOPBIX IPOUCXOIUT
JNIEKTPU3alUs M, B YaCTHOCTH, OT TOTO, YTO IIOBEPXHOCTH CONPHKACAIOIIUXCS TEI MOTYT OBITh «3arpsA3HEHBI» APYTHMMH
BemecTBamMu. I[103TOMy OCHOBOH KOJIMYECTBEHHOTO AaHAIM3a SBIAETCS OKCIIEPUMEHT WM, B Jy4YlIeM CIy4ae, pacyeTHO-
9KCTIEPUMEHTAIbHbIE UCCIIEIOBAHNS.

10.2.2. TexHoJOrH4YeCKHIi IpoLecc TPAHCHOPTHPOBKH HedTH
Crarndeckast 3apsiika TOIUTUB CTajla PE3KO IMPOSIBISATHCS MpUMEpHO ¢ 60-x — 70-X rofoB, Korja Ha4ano MPUMEHSTHCS

YHCTOE TOIUTUBO U YIYYIICHHS 3KOHOMHYHOCTH paboThl M pecypca nsurareneil. Ha puc.10.1 mokasaHa TeXHOJOTHYECKas
LETI0YKa TPAHCIOPTHPOBKH HEPTH.
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Puc.10.1. HapacTtanue NJIOTHOCTH 3apsiia B HeTH NPH NPOXO0KIEHUH 110 TPAKTY



Hapacranue mioTHOCTH 3apsiia B HETH MPOMCXOAUT B TEXHOJIOTHYECKUX YCTPOMCTBAX, Il OCYIIECTBISETCS KOHTAKT
Hed)TH ¢ MaTepuasaMu, MPUBOJIINM K €€ 3apsifKe, U I/ie YBeJIHMYMBaeTCs CKopocTh TeueHus: Hedru. Craz 3apsiaa HabIromaeTcs
MIPH JBIOKESHUH HEPTH MO 3a3eMJICHHBIM TPYOOIPOBOIaM.

[Ipu nBwxeHHH HETH MO TEXHOJOTHMYSCKOMY TPAKTy BIUIOTH J0 MPHUEMHOTO PE3epByapa OMACHOCTH OT HAKOIUICHHS
3apsijia CTaTHYECKOTO DJICKTPUYECTBA MPAKTHUYSCKH HET, TaK KaK BO3IYIIHBIX MPOMEXKYTKOB B ammaparax 3[echb HET U HET
BO3MOKHOCTH BO3HHUKHOBEHUS 3JICKTPHUUYECKOro mpolos B raze. MHas curyamnus CyIIECTBYeT B NMPHEMHOM pe3epByape, TIe
00513aTeIIbHO HAIMYHE Ta30BOTO MIPOCTPAHCTBA HAJ| IIOBEPXHOCTHIO HE(TH.

3apsi1, HAKAIDIMBAEMBIA B IPUEMHOM pe3epByape, MOKHO OMPEACIUTh U3 YCIOBHS €r0 YBEIMUYCHHS 32 CYCT BTCKAHUS B
pe3epByap 3apsHKEHHOM HeTH ¢ yueToM penakcanuu (CTeKaHus ) 3apsijia Ha 3a3eMJICHHbIE KOHCTPYKIIMU pe3epByapa:

9| _do| 40
dt | gy dtl, dt

penakc
3nech penakcanus 3apsia MPOUCXOAUT 10 SKCIIOHEHIIMATbHON 3aBUCHMOCTH:
=1,
0(t)= Qpe ”,
/e 7= &8/ Y, — IOCTOSTHHAS! BpEMEHH PEJaKCallliy, a £ M ¥ — COOTBETCTBEHHO OTHOCUTEIbHAS TUAJIEKTPUYECKast IPOHNUI[AEMOCTh 1
MIPOBOINUMOCTH He(hTH.

Orcrona:
a0 __ Qo u__2
dt pesakc T v
do
IlepenuiemM UCXOIHOE ypaBHEHHE, YUUTBIBAsL, UTO ——| =1, , TI€ [y — TOK 3aps/I0B CTATUYECKOTO JIEKTPUUECTBA HA
dt |,
BXOJI€ B pe3epByap.
a0, _, 9
dt o7
001

Permennem muddepeHnnansHOTo ypaBHEHHS SBISACTCS:
- YA
O=1I,7\l—-e’").
Ha puc. 10.2 npuBeaeHb! 3aBHCUMOCTH U3MEHEHHS IUIOTHOCTH M CyMMAapHOTO OOBEMHOT0 3apsiaa He(TH B MPUEMHOM
pesepByape.

0 | Iex T
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Puc. 10.2. 3aBucuMocTh CyMMAapHOro 00EMHOI0 3apsiia
He()TH B IPHEMHOM pe3epByape OT BpeMeHH HATOTHEHHUs

W3 3aBucuMocTel BHJHO, YTO CKOPOCTh POCTa 3apsijia AKCIOHEHIMAIBHO MaJaeT, a CyMMAapHbIi OOBEMHBIH 3aps,
YBEIHUYUBASCH, IKCIIOHEHIIUAILHO CTPEMHUTCSI K MPEACIbHOMY 3HAUCHHUIO, OMPEICISIeMOMY MPOU3BEACHUEM gy T.

[TosToMy U1si yMEHBLICHUSI 3apsia, HAKAIUIMBAeMOT0 B IPUEMHOM pe3epByape, ecTh ABa MyTH. [lepBblii 3aKiitouaeTcs B
CHIDKCHUH TIOCTOSIHHOM BPEMEHM pelakcaluy IMyTeM jgolaBiieHus B He(Th CIELHAJbHBIX MPHUCAIOK, YBEIMYMBAIOIIUX €€
MpoBOIUMOCTh. JlaHHOE HampaBiieHHe BbIOpasia royuianiackas ¢upma «Shell». HemoctaTkoM MeTona sBISCTCS HENPEPHIBHBIN
KOHTPOJIb 33 KOJIMYSCTBOM MPHUCAIKH B HE()TH M TOYHAS €ro JO3UPOBKA, TAK KaK MPH OYUCTKE HEPTH (PUIBTPaAMH OJHOBPEMEHHO
MPOUCXOTUT yIATICHUE IPUCATKH.

Bropoii myTh 3akiitoyaeTcsi B HEMOCPEACTBEHHOM YMEHBIIICHUH 3apsia, HaXOASIIErocs B MpUeMHOM pe3epByape. C aToit
[ENBI0 HWCIONB3YIOT CIENUANBHBIE YCTPONCTBA, Ha3bIBaCMble HEUTpAIM3aTOpaMH CTAaTHYECKOro JiekTpuyectBa. Cxema

Puc. 10.3. HeiiTpanuzaTop cTaTHYECKOIr0 3JIeKTPHYECTBA

Bokpyr 35ekTpoioB, MMEOIKX (GOPMY HIJI, B pe3yJIbTaTe MPOIECCOB HOHM3ALUKN 00pa3yroTCsi 00J1acTh C MOBBIIICHHBIM
COJICp)KaHWEM MOHOB, HMEIOLIMX 3apsii NPOTHUBOIOJOXHOIO 3HaKa M30BITOYHOMY 3apsiiy HedpTd (B HalleMm ciydae



HOJIOKUTEBHBIX HOHOB). B pe3ynbrare peKoMOMHALMM OTPULATEIbHBIX U IOJOXKUTENbHBIX HOHOB M30BITOYHBIN 3apsn HedTH
YMEHBIIAETCH.

Jlist pemieHus: 3aqauyl MO TPENOTBPAILEHUIO BO3rOpaHHs NapoB He()TH U3-3a Pas3psilioB CTATHYECKOTO DIIEKTPHYECTBA
HEOOXOAMMO OIPEAEIUTh BEJIMYMHY U paclipeeieHie 3apsi0B B IPHEMHOM pe3epByape B 3aBUCHMOCTH OT [1apaMeTPOB CUCTEMBI
TPAaHCIIOPTUPOBKH, paCcCUUTATh PACIIPCACIICHUE IMOJIA U OMPCACIIUTE BO3MOKHOCTH BO3HUKHOBCHHS paspsaa0B U BOCIIAMCHCHUS
[apoB B 3aBMCHUMOCTH OT MHHHMMAaJIBHOIM SHEpPrud, HeoOXOMMMOM Uil BOCIIaMeHeHHs. Ecin BeposSTHOCTh BOCIIAMEHEHUS
BEJINKA, TO JIOJDKHBI HCIIOJB30BAThCS HEWTPANW3aTOphl WM BBOAWTHCS OTPAHMYEHMS HA PEXHUMBI IEpPEeKauykd (Harpumep,
OTpaHUYCHUS] CKOPOCTH Iepekadkn). OmacHOCTh BOZHUKHOBEHUS Pa3psiioB CTATHYECKOT'O 3JIEKTPHUYECTBA 3aBUCUT OT pasMepa U
(hopMBI UCTIONB3YeMBIX pe3epByapoB (puc. 10.4).
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Puc. 10.4. Buas1 pe3epByapos
a) NPSIMOYTOJIbHBIN; 6) TOPU30HTAIBHBIN LIMJIMHIPUUECKHUIL; 6) BEPTUKAIbHBIH
IIMHIPHIECKHUIT; 2) BEPTHKAIBHBIN UINHAPUIECKUH C IIEHPAIbHON CTOHKON

10.2.3. BociiameHnenne napos Hegtu

3apsan HedTH, MOCTYMAIOLIEH B pe3epByap, pacipeiesieH 10 00beMy HepaBHOMEPHO. JTO CBA3aHO € pellakcanuei 3apsia
Ha 3a3eMJICHHbIE CTEHKHM KOHCTPYKLMH. [lo3TOMYy, YeM nanblie paccMaTrpuBaeMblii 00beM He(TH OT CTEHKH pe3epByapa, TeM
Ooublre 3apsg B oo0beMe. Kpome TOoro, Ha MOBEpXHOCTH HE(TH 3aps] pelakCHpyeT MeiyieHHee (0COOCHHO INpH MPUOIIKEeHUT
YPOBHSI K BEpXHEH CTEHKE pe3epByapa) B CBS3HM C BIMSHHEM OOJBIION BEIWYHMHBI €MKOCTH MEXIy MOBEPXHOCTbIO HE)TH U
BEPXHEH CTEHKOH.

OTO O3HAYaeT, YTO Ha IMOBEPXHOCTH HEe(PTH B HamboJee yHaIeHHOH TOYKE OT CTEHOK pe3epByapa HAaKaIUTMBACTCS
0OJBIION 3aps, KOTOPBIA CO3MAET MIEKTPUIECKOE TOJIe MEXKIY STOH TOYKOW MOBEPXHOCTH HE(PTH M 3a3eMIICHHBIMH CTEHKaMHU
pesepByapa. [To Mepe HakoIUICHNS 3apsi/ia pacTeT HANPSDKEHHOCTD HJIEKTPHYECKOTO MO BIUIOTH JI0 3HAUYCHUS! PAaBHOTO BEJIMUMHE,
IpU KOTOPOH HadyMHAeTCs pa3psA. B pasBuBaromemcs paspsizie BBLACIACTCS SHEPrusl, HaKoIuieHHas B HeTH. st Toro, 4To0bI
nmapsl He(pTH BOCIIIAMEHMIIMCh, HEOOXOJMMa OMpE/eNeHHAs 3HEPrus paBHAash MUHMMAJIBHON SHEPruM BOCIIaMeHeHus. Jlist
Pa3HBIX BELIECTB OHA Pa3JINIaCTCS:

MuHuManbHas 3HEPrUs BOCIUIAMEHEHHUS TapO-BO3AYIIHBIX
U KUCTOPOAHBIX (B CKOOKax) cmeceit (Mx)

AneruieH 0,011 (0,0002) Mertan 0,29 (0,0027)

AuetoH 0,25 Ilenran 0,18

Bensun B-70 0,15-0,394 Tomyon 0,60

Bensun "Kanoma" 0,234-0,309 TIponan 0,25 (0,0021)

Bonopon 0,013 Torumso T-1 0,202

T'ekcan 0,23 Cepoyraepon 0,077

Tenrtan 0,24 Oran 0,24

Kepocun 0,48 DTuneH 0,1
OTHIIOBEII CIIUPT 0,14

DHeprus, BRISIAIONMIAsICS IPU MPUO0E ra30BOr0 MPOMEXKYTKA, OTPEACISICTCS 110 PopMyJie:
W= j Uidt ,

T7ie COOTBETCTBEHHO U — HaNpsDKEHNE HA POMEXKYTKE U § — TOK, IPOTEKAIOIINH Yepe3 IPOMEKYTOK.

MuKpopaspsizibl CTATHYECKOTO 3JIEKTPUIECTBA HE NPUBOAAT K CKOJIb-HUOYIb 3aMETHOMY M3MEHECHUIO HANPSKSHUS M3-3a
OUYeHb MAJIOM ITUTETHHOCTH CaMUX Pa3psAIOB M WX MaJol SHeprud. Torma MpUONMKEHHO MOXKHO CUHTaTh, uTto U =~ const.
CrenoBarenbHO

W=U j ldt=Uq,
T.C. SQHCPIryUd NPOINOpPIHUOHATIbHA BEJIMYMHE 3apa/ia, IPOTCKAIOMICTO Y€PE3 KaHa.

Ha puc. 10.5 moka3aHbl 3aBUCHMOCTH BEIUYHHEI 3apsA0B, IPUBOAAIINX K BOCINIAMCHCHHUIO ITapOB He(l)TerOI[yKTOB, oT
AraMeTpa 3a3€MJICHHOTO IIapa MpH IMOJOKUTEIIBHOM U OTPUIIATEIIBHOM 3apAax CTaTUICCKOTO DJIEKTPHUICCTBA.
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Puc.10.5. BocniiaMmeHsI101IMe CIOCOOHOCTH Pa3psiioB B 3aBUCHMOCTH
0T IMaMeTpa 3a3eMJICHHOT0 Iapa

BocruiameHsIo1y 0 criocoOHOCTh pa3psaIoB CTATHYECKOTO AJIEKTPHUECTBA OOBIYHO ONPEAEIISIOT, TOMEIast 3a3eMIICHHBIH
cepruecKuid 3JIEKTPOJl BOJIM3M TMOBEPXHOCTH KHMIKOCTH. BHIHO, YTO BOCIDIaMEHSIOMIAsh CIIOCOOHOCTh pa3psiioB PE3KO
CHIDKAETCS, €I AUaMeTp cdepsl craHoBUTCS MeHbe 20 MM. HanmeHbIee 3HaueHHE BOCIIAMEHSIFOILIETO 3apsiia COOTBETCTBYET
anexTpoxy nuamerpoM 20+30 mM. [Ipn oTpuuaTenbHON NONSAPHOCTH 3apsiia HeTH U HePTENPOAYKTa SHEPIHsl BOCIUIAMEHEHUS
HIDKE, YeM IIPH TTOJIOKHUTENbHOM. B Tabmn. 10.1 nmpeacraBnensl mapaMeTpsl TPYII TOIUIHB MO BOCIUIAMEHSIEMOCTH.

Tabnuya 10.1

I'pynms! TOMNIMB 10 YPOBHIO BOCIIIAMEHSIEMOCTH

Puc. 10.6. 3asucumocms oonycmumoil ckopocmu nepekaiueanus
HegpmenpooyKkmoe om HaAKANIUBAEMO20 YOETAbHO20
3apada u nPoeoOUMOCmuU HehmenpooyKmos

Bepostn.  |[lomycTum. Tommgo "+ Torumso "—"
I'pynnsi| Temnepat. |[006pa3oBaH. |BEpOSTH. 7 U 7 U
TOIMB | BCMBIUKH |ropiowedi |socrutame- | b KHB ’ kK I(JB ’
cMmecu HEHHS
1 >50 0 1 HE orp. HE orp. HE orp. HE Orp.
11 35+50 2,1-10° 4,7-10° <0,31 <84 <0,07 <31
111 20+35 1,2:10" 8,3-107 <0,20 <60 <0,046 <27
v 18+20 0,95 107 <0,16 <54 <0,04 <25
3
M/uac| Py
100007
7=10 nCm/m
10007 5
3
100 7 1
P
10 0 100 200 mkKn/m®

HccnenoBanms IOKa3aJin, 4YTO IIPOLECC 3aIllOJIHEHHA PpeE3€pByapa sABJISICTCI 6630HaCHBIM, €CJIM TIOTCHIHKAJI Ha

MTOBEPXHOCTH JKUAKOCTH He Oombire 25 kB mist

"_nm

3apsKEHHOTO TOIUTMBA B He Oonbie 54 kB — misa "+ 3apsHyKeHHOTO TOTLIHNBA.

Hcxons u3 pe:xxuMoB padoThl NepeKauynBAIMX HeGTeNpPoIYKThI CHCTEM U YCJIOBHH HX
0e3onacHoil padoThl, onpeaeasieTcs A0MYCTUMASA POU3BOAUTEIbHOCTH NIPH HAKOIJICHUHT
ompeae/ieHHOro 3apsiia B Hegrenpoaykrax (puc. 10.6).

10.3. Memoowvl uzmepenusn 0CHOBHBIX RAPAMEMPOB,
XapaKmepusyiouwux Cmamuieckyro 3J1eKmpu3ayuio

Bcee TCOPCTUYCCKUE PACCYKIACHUSA U3-3d MHOXKECTBA BJIUAIOIMINX HCONPCACICHHBIX (baKTOpOB JaroT TOJIBKO

Ka4€CTBEHHOE TIIPEACTABJICHHUEC.

Jns  KOMWYeCTBEHHOW OLIEHKH

CTaTHYECKOM

OIMACHOCTHU  DJICKTpU3aANUuN HeO6XO,I[I/IMBI

OKCIIEPUMEHTAJIBHBIE UCCIIENOBAHUA B JaHHBIX YCIOBHUAX. PaSpa6OTaHBI COOTBETCTBYIOIINE METOOUKH.

10.3.1. U3MepeHne TOKOB JIEKTPU3ALUHA

@) JInst )KUKAX U CHIYYUX JUAIEKTPUKOB U3MEPEHHE TOKOB OCYIIECTBIISIOT MYTEM CEKIIMOHUPOBAHUS 1 U30JIUPOBAHHS
OTJICNILHBIX CEKIUi TPyOOnpoBO0B U 00opyaoBanus (puc. 10.7).
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Puc. 10.7. H3mepenue mokoe nekmpuzayuu 071 HCUOKUX U CHINYUUX MAMEPUANOE6

CyMMapHBIi BXOITHOU TOK B pe3epByap ABISETCS CYMMON TOKOB 3JICKTPU3AINN:
IBX: 11+ [2+ 13+ Iqﬂ‘ 14+ IC+ 15.
- = - 6) [py IBIKEHUH AMDIIEKTPUYECKUX HUTEH WM JICHT U3MEPSETCs TOK, IPOTEKAIOIUH B 1ITTH
3a3€MJICHUSL JJIEMEHTOB YCTPOMCTB, IPU TPEHHU O KOTOPBIE IPOMCXOIUT NIEKTpU3ALUs MATEPUAIOB
(puc.10.8).

B npenene mioTHOCTH 3apsAla HAa M30JMPOBAHHOM JIEHTE MOKET JOCTUIaTh BETUYHUHBI
‘ Omax= 20,5 MKKJ‘I/Mz, KOTOpBI€ YJAETCs HAHECTH Ha W30JUPOBAHHYIO JIEHTY. Eciu miuoTHoCTh 3apsaa
T MPEBBIIAET 3TO 3HAYEHHUE, TO HAMPSHKEHHOCTb 3JIEKTPUYECKOrO TOJIsI OKA3bIBAETCSl JTOCTATOYHOM ISt
BO3HUKHOBEHHUS JIEKTPUUECKHUX Pa3psA0oB, KOTOPHIE 3TH 3apsaabl HeUTpanu3ytoT. [Ipaktuuecku ynaercs

Puc. 10.8. 3.
ne JIeKTPH3ALHS TOJTYYUTh 3PS € Oppar= 12 MKK/M2.

HUTEH U JIeHT

10.3.2. U3mMepenne nmapaMeTpoB 3apsi/i0B U
HANPSIZKEHHOCTH MOJIsI
1) Ucnonb30Banne 30H0B.

& E==C KpaH

30HI

(£ ¥ + + ¥ + + |

3apsSUKEHHOE
u3nenue
Puc. 10.9. U3mepenue 3apsiaa ¢ NOMOLIbIO 30H1a

B kauecTBe 30HJa OOBIYHO HCIOJB3YETCSl METAUIMYECKUH AUCK HEOOIBIIOrO pa3Mepa, PacloyiaraeMblil mapaieIbHO
MMOBEPXHOCTH 3apspkeHHoro m3nenus (puc. 10.9). 30HA OKpyXKeH 3a3eMICHHBIM YKPaHOM, YTOOBI UCKITIOYUTh UCKAKEHHE OIS Ha
Kpasix 30H7a. Torga MOXHO YETKO OMPEICIUTh YacTh MOBEPXHOCTH H3CNHUs, 3apsii KOTOPOW 3a CUET 3JIEKTPOCTATUYCCKOMN
WMHIYKIIUA HABOIUT 3apsi Ha 30H7e. OHa paBHA IUIONIAN TIOBEPXHOCTH 30H/IA.

Ecnmu U — noTeHnman 30H1a, I3MEPEHHBIA BOIBTMETPOM, TO HABEACHHBIN Ha 30H]IE 3apsaa OyaeT paBeH

qHaB = CSU >

rae C, — eMKOCTh 30H/A.
CoOOTBETCTBEHHO, IUNIOTHOCTH 3apsAia Ha M3/IeIuA OyAeT paBHa

-9

rze S, — oAb HOBEPXHOCTH 30HA.
ITo m3MepeHHON IUIOTHOCTH 3apsAla MOXKHO ONPENENIUTh HANpsKCHHOCTD

] TIOJISL Y TOBEPXHOCTH HU3CIHSL.
R S S E- O/ .
€o
T@j. C TOMOILBIO 30HJIOB MOXKHO M3MEPATh HANPSHKEHHOCTH JJIEKTPUYECKOTO
Co nonst U=Ea, rne a — pacctosgHue oT AaTunKa 0 HA3JIEKTPU30BAHHOM MTOBEPXHOCTH,
1 a TaKoKe INIOTHOCTH 3apsina o =&kE.
2) Ucnonp3oBanue «xinerku dapanes» (puc. 10.10).

= Jisi u3MepeHHsi 3apsja HadJIEKTPU30BAHHOW JKUJIKOCTH WIIM CBITYYero
Puc. 10.10. Mzmeperne 3apsna ¢ NOMOMIEED Marepuaia, B OCOOCHHOCTH B TeX CiydasiX, KOTJa TPyOOIPOBOI WIH pe3epByap

«kJyieTkn Dapanes» o o
HEJIb3d HW30JMPOBAaTh OT 3€MJIU, OIPCACICHHbIN O6”[>€M 9TOU XKHUAKOCTHU WJIU

CBIIIYYEro MaTepHaia IOMELIAOT B W30JMPOBAHHYIO 0aHKY WM COCYJl M M3MEpPSIOT IOTEHIMal 3TOT0 COCYAa OTHOCHTEIIBLHO
3a3eMJIeHHOTO dKpaHa (puc. 10.10).
3apsia mpoObI paBeH
q=CU,
rae C — eMKOCTh MEXIY COCYZOM ¥ 3a3eMIISIOIIIM 3KpaHOM. [l1oTHOCTE 06BbeMHOTO 3apsina OyneT paBHa



=4
L %HPOG,

r1€e Vipos — 00BEM KHUAKOCTU UITH CHIITYYEro MaTepuana.
3) Ucnonb3oBanue (QIroKCMETPOB.

Cxema ¢uokcmerpa npusegeHa Ha puc.10.11. IIpubop cocTouT U3 HENMOJBMIKHOTO HM3MEPUTENIBHOTO 3JIEKTPOAa, Ha
KOTOPOM HaBOJUTCS MHAYLUPYEMBbIH BHEHNIHUM 3JIEKTPUUYECKUM IOJNEM 3apsii, U BpalllaloIlerocsl eKTpoaa. Bpamaromuiics
NIEKTPOJ, TIEPUOJMUYECKH IEPEKPBHIBAET W3MEPHUTENBHBIA 3JIEKTPOJ OT JeWCTBHA BHemHero nossi. Korma n3MepuTenbHBIN
JIEKTPOJ, OTKPHIT, HA HEM HABOAMTCS 3apsj, KOTAA OH 3aKpPhIT, TO 3apsi CTEKaeT. AMIUIUTyJa TOKa IPOMOPIMOHAIBHA

HanpspKeHWio 1oiisl. TOK ycHnIMBaeTcss ¢ IOMOINBIO YCHIMTENSl M TOJAeTCsl Ha perucTpupyromuii mpubop. I'pagymposka
(ITIOKCMETPOB NMTPOM3BOANUTCS B OJHOPOIHOM HOCTOSIHHOM 3JIEKTPUIECKOM II0JIE:

E=UH,
rie H — paccTostHne MeXAy (pIFOKCMETPOM H 3JIEKTPOAOM, CO3IAI0IINM BHEIIIHEE TI0JIE.

q)J'HOKCMeTpBI HCTIOJIB3YIOT IJIA U3MEPEHHS HANPSHKEHHOCTU IIOJII B TaHKEpax, B €MKOCTAX ChINYYHUX MaTepHaIoB,
BOIHM3U TOBECPXHOCTHU IUICHKHU U T.1.

Yeunu-

Tem,l
Pord

Puc. 10.11. M3MepeHne HANPSIKEHHOCTH 3JIEKTPUYECKOI0 MOJISA
¢ IOMOWIBLI0 (PJIFOKCMETPOB

dbopma
9JIEKTPOJIOB

10.4. Cnocoowl 3augumot om pa3psaooe
CMamu4ecKozo INeKmpuyecmeda

Croco0BbI 3aIUThI:

— MPEeJOTBPAICHUE HAKOILICHUS 3aps0B CTATHYECKOrO JIEKTPUYECTBA [TyTeM YBEIUUCHHUS IPOBOJAUMOCTHA MATEPUAIIOB
(mpucaaku, BIAKHOCTD),

— HeWTpalu3anus 3apsI0B CTATHYECKOTO AIIEKTPHUUECTBA C TIOMOIIBIO CIICIUAIBHBIX YCTPOHCTB.
1. 3azemuenue.

3a3emiIcHHE HE SIBIIICTCS 3alIMTOW OT 3apsI0B CTATHYCCKOIO JJIEKTPHUYECTBA, HO OHO HEOOXOIMUMO ISl OTPAHHUYCHUS
MPECILHOIO 3apsijia, KOTOPhIA MOMKET HAKAIUIMBATHCS HAa M3OJISAIMOHHBIX Marepuaiax W IepelaBaThbCs Ha MPOBOJSIINE
KOHCTPYKIIUH YCTaHOBOK. [IJI1 CTATHYECKOrO 3JCKTPHUUCCTBA 3a3¢MJICHHBIM CUMTACTCS OOBEKT, KOTOPBIH MMEET COMPOTHUBIICHUE
Ripsenn< 10" OM [IPU OTHOCUTENIBHOM BlIaKHOCTH MeHblIe 60%.

TlocTOSHHAS BPEMEHH CTEKaHHs 3apsa ¢ o0bekTa 7= RC 10/KHA ObITH JOCTATOUHO MAJIOH M coCTaBsTh: 7= 10" ¢ —
JUTSL HEB3PBIBOOMACHBIX MTOMEIeHHit, 7= 10~ ¢ — 11 B3pBIBOONACHBIX TOMEICHHIA,

2. YBenuueHue IPOBOAMMOCTHU JUIJICKTPUICCKUX MATCPUAIOB.

1) Ucnonb3oBaHue MOBEPXHOCTHO aKTUBHBIX BemlecTB — I[IAB. [lusnekrpuueckue BeliecTBa MOKPHIBAIOT IUIEHKOM
ITABoB, umeromux BEICOKYI0 IpoBoAUMOCTb. Henoctatkom aBnsieTcs yxyauenue nevictsust IIABoB co BpemeHeM.
2) AHTHCTaTHYECKHE IIPHCA/IKU, J00aBiIseMble B JUAJIEKTPUYECKHE BEIECTBA W BIMAIOIMIME Ha HX OOBEMHYIO

MpOBOAMMOCTb. I[OGaBJ'I?IIOTCH B JKUJAKHC TOIIJIMBA, MOT'YT ,HO6aBJ'I${TI)C$I U B TBEPJAbIC MaTEpUaJbI. HaHpI/IMep, B ITOJIM3TUIICH

J00aBISIIOT caxKy. HemocTaTkoM siBIIsieTesl BIMSHHAE TPUCAN0K HAa CTPYKTYPY BEIIECTB, YXyIIIas HX
Ka4ecTBO.

3) YenaxkHeHne Bo3xyxa. Hamnane mapoB BOIBI
B Bo3ayxe Oosee 70% mpuBOIUT K OBICTPOMY CTEKaHUIO

3apAoB  CTaTHMYECKOrO  DIIEKTPUYECTBa, Onaromaps 7 - :\\\
I-—I MOSIBJICHHIO [UIEHKH BJIard Ha IOBEPXHOCTH. ST = NE
1 3. llpuMeHeHHe HEWTPAJIN3ATOPOB 3apPsiI0B 7 :
) 5 CTAaTHYECKOI0 3JIeKTPHYeCcTBa. 5
—i = i= 1) HunykuuoHHbIE (maccuBHBIE)
vy N HEATPaIIH3aTOEL. Puc. 10.12. Cxema
I+ + + + + | UnnykuuoHHbie (IACCUBHBIC) HEHTPANTH3ATOPBL ooy
Puc. 10.13. Cxema akTusHOr0 (puc. 10.12)) mnpencraBisOT coO0I
HeuTpajmsaTopa

N SA3CMIICHHBI 4 oy mpanusamopa
JEKTPOJ B BUAE ONHOW WM psiia UIJ, pa3MEILEHHbII
HaJl 3apsDKCHHON MTOBEPXHOCTBIO M3JENHS. DJIEKTPHUECKOE IT0JIE CO3JACTCS MEXKAY 3apsKEHHBIM

M3EINEM M 3a3e€MJICHHBIM KOPOHHUPYIOHIMM 3JIEKTPOAOM. VMOHBI KOPOHHOrO paspsaa IMoJ IEHCTBHEM 3JIEKTPHUIECKOTO ITOJIS
JBIDKYTCSI K 3apsOKEHHOM MTOBEPXHOCTH M3JETHS U Pa3psDKAIOT ee.



Henmocratkom sBiseTcsi HEBO3MOXKHOCTh MOJHOTO CHATHA 3apsAAa C H3IeNusa. OJTO CBS3aHO C HEOOXOIUMOCTHIO
HEKOTOPOTO «HM30BITOYHOTO» 3apsiia Ha HM3ACIHU TO3BOJIIONIETO MOJMYYHTh HANPSKEHHOCTH IPEBBIIIAIONIYI0 HANPSHKEHHOCTH,
IIpU KOTOPOW BO3ZHUKAET KOPOHHBIN pa3psi.

2) BrBICOKOBOJIBTHBIE (AKTUBHBIE) HEHTPAIN3aTOPHI.

B neliTpanuzaTopax JaHHOTO THIIA HA KOPOHUPYIOUIMH BBICOKOBOJIBTHBIM 3JIEKTPOJ MOAAIOT MOTEHUMAI OT UCTOYHUKA
BBICOKOTO HanpsbkeHus (puc. 10.13.).

B 3T0i1 cBsI3M HEWTpanu3aTopsl NONYYUIIN Ha3BaHHE — aKTHBHbBIE. Hanure BEICOKOBOJIBTHOTO HCTOYHUKA 00€CIIeYrBaeT
YCTOMUMBYIO T€HEPALMI0 HOHOB HE3aBHCUMO OT HAIMUUS 3apsioB Ha u3fenuu. KOpoHHBIN paspsi MOXKET CO34aBATHCS MEXIY
UTOJIbYATHIM 3JIEKTPOJOM M HEKOPOHUPYIOIIUM 3a36MJICHHBIM 3JIEKTPOAOM, BBIIOJHEHHBIM B BHUJAE KOJIbLA, B OTBEPCTUH
KOTOpPOTO pa3MellaeTcsi KOPOHMPYIOWMA 31ekTpoa. Eciu HeoOXoamMo CHUMATh 3apsiibl

VICTOYHUK ONPEIEIIEHHOI0 3HaKa, TO MPUMEHSIOT UCTOYHHMKHM MOCTOSIHHOIO HampsbkeHus. st cHATHS
a ymm 'gmnyqemm JMOOBIX 3HAKOB 3apsia Ha H3JEIUU HCIIONB3YIOT HUCTOYHHUKU IMEPEMEHHOTO HANpsHKEHUS.
[locTynnenne HWOHOB K TOBEPXHOCTH H3ACIHA O0ECIeYMBaeTCs 3a CYET MOJS 3apsioB

A‘ ‘ ‘A‘ ‘ ‘A £ CTaTUYCCKOI0 JJICKTPUUCCTBA.

3) PaawoakTUBHBIE HEUTPAITU3ATOPHI.

Wonnzanus MoaeKyI Bo3ayxa ¢ obpa3zoBanueM "+ u "—" HOHOB IPOUCXOIMT 32 CHET
SHEPTHH PaIlOaKTUBHOTO o WM p m3mydeHus (puc. 10.14.). B 3aBucumocTn oT 3HaKa 3apsiia
Ha W3ACTHH TOJA [eHCTBHEM OJIIEKTPUYECKOTO IIOJS, CO3JaBacMOr0 3THUM 3apsiioM, K
IMMOBEPXHOCTHU nu3aeinust JABUIKYTCS HOHBbI IIPOTUBOIIOJIOKHOI'O 3HaKa. He[lOCTaTKOM
PaanOaKTUBHBIX HeﬁTpaﬂH3aTOPOB SIBJISIETCSI MaJIbIN HOHPBaIJ,MOHHI:Iﬂ TOK II0 CPaBHEHHIO C

”

[+ + + + + ]
Puc. 10.14. Cxema
PaaIuoaAKTHBHOIO

JIPYTUMHU HEUTpaIU3aTOPaMH.
4) KomMOMHMpOBaHHBIE HEWTPANIN3aTOPhl — TIPEJCTABIAIOT COOOH KOMOMHALMIO paJOaKTHBHBIX M ITaCCHBHBIX
HEUTPaIU3aTOpPOB.
5) AspoanHaMuyYecKre HEHTPAIU3aTOPHI.
BO3/YX Honbl, 06pa3yembie B M0J1e KOPOHHOTO pa3psijia, CO31aBaeMoOro B kamepe,

¢ |  BemocaTCH B 06aaCTH H3MEANS NOTOKOM Bo3ayxa (puc. 10.15.). JanHbIi THI
-7 +|  mHeiliTpasM3aTOPOB HAXOAMT MPHUMEHEHHE B TeX CJIyYasX, KOIAa HEAOIyCTHMO
—=_ 4+| BO3AelcTBHE HA M3Je/He CBETOBLIM H3JTyuYeHHEeM KOPOHHOIO Pa3psijia Wi
T NMOTOKOM PAIMOAKTHUBHOI0 U3JIy4YeHUs, HAIPUMeP, HelTpaau3auus 3apsiaoB
" + Npu npou3BoacTse GoromieHok u porodymar.
BH — Db heKTUBHOCTh HEUTPAIN3ATOPOB 77 MOXKET OBITh 3allCaHa B CIEIYIOLIEM BHIE
Puc. 10.15. Cxema a3poAMHAMUYECKOI0
HeliTpaju3aTopa 7= 1— % 1100 %,

H

IJIe Oy U Oy — HAUaJIbHAS M OCTATOYHAS IUIOTHOCTD 3apsi/IOB CTATUYECKOT0 3JIEKTPUYECTBA.

Heiitpanu3atop, MONMHOCTBIO ycTpaHsomuil anektpusanuio (o =0), obmamgaer sddextuBHocThIO 7= 100 %. Ecmu
MPOMCXOUT YaCTUYHAS HEHTpaIu3aius 3apsaa (Oye/ Opae>0) min nepesapsanxa (Oue/ 6;124<0), To 77 < 100 %.

B nuHaMuueckoM pekuMe, KOrjaa MPOUCXOAMT HENpepbiBHAs TeHepauus 3apsoB CTaTHYEeCKOro 3JIEKTPUYECTBa Ha
MOBEPXHOCTH HA3JIEKTPU30BAaHHOTO MaTepHaja oy, TO SKBHBAJECHTHAs IUIOTHOCTh TOKA HA €AWHUILY JUIMHBI, CO3JaHHAs 3apsaaMu
CTaTUYECKOI0 JEKTPUUECTBA MIPH UX MEPEMEIEHHH CO CKOPOCThIO /' paBHa

JHa‘I:O-H V7
Torna a3 pekTHBHOCTH pabOTHI HEHTpaAIN3aTOPa ONPENEISETCS 110 BRIPAXKEHHUIO
n= JHeﬂTp/JHal{n
1€ Jyeiip — INIOTHOCTH TOKA HENTPANN3aTOpa HAa €AMHUILY JUIMHBL, ONPE/IEIEHHAs U3 BOJIbT-aMIIEPHON XapaKTEPUCTUKH.
Bonbr-aMnepHsle XapakTepUCTUKK HEUTPATU3aTOPOB Pa3IUUHBIX TUIOB IpuBeneHsl HA puc. 10.16. U3 xapakTepucTuk
cienyer, 4yTo Haubosnee 3PPEKTUBHBIMU SIBISIOTCS HEHTPaIM3aTOPHI
I MIOCTOSTHHOTO TOKa, 3aTeéM HWHIYKIHMOHHBIH WM IIEPEMEHHOTO TOKa, W

HOCTOSIHHOT'O TOKA HaKOHEI, paINOaKTUBHBIC.

HMHAYKIMOHHBIN

2. DU3UKA I'A30BOI'O PA3PAIA

TIEPEMEHHOI'O TOKa

2.1. PazBuTHe pa3psiia B OTHOPOJAHOM HOJIe

T PaaAMOAKTUBHBII NMpHU NOCTOAHHOM HANIPHAKCHUHN
U
Puc. 10.16. BoabT-amMnepHbie XapaKTePUCTHKH JlaBuHA JJICKTPOHOB M YCJIOBUEC

HelTDAIN3ATODOR CTATHYECKOTO AIEKTDUYECTRA CaMOCTOSTEIbHOCTH pa?,pﬂﬂa

Pa3p;m B ra3¢ Ha4nuHacCTCA C TOro, 4YTro CBO6OL[HI>I€ QJICKTPOHBbI, BCEr'/la B HEKOTOPOM KOJIMYECTBE UMCIOIHECA B ra3e, 1oz
,Hef[CTBHCM MPUIIOKCHHOTI'O HAIPAKCHUA npn06peTa}0T OHEPrur0  JOCTATOYHYIO JJid y[[apHOﬁ HWOHU3allUU. Ecmun npu
CTOJIKHOBCHUHU 3JICKTPOHA C HefITpaJ'IBHOfI MOHCKyJ’IOfI NpOUCXOAUT HOHU3alUs, TO 06pa3yeTCﬂ ClIe OAUH 3JICKTPOH, KOTOprﬁ TakK
K€ MOXKET MOHU30BATh, U MPOLECC npnoﬁpeTaeT JIABUHHBIA XapakTep.



JIeWCTBUTENIBHO, MYCTh © — KOHLEHTPAIUs JIEKTPOHOB. Torja Ha MyTH dX B 3JCKTPUYECKOM II0Jie B PE3yJbTaTe
MOHM3AINHN 00pa3yeTcsi dn HOBBIX AJIEKTPOHOB

dn=nodx . 2.1
OO1m1ee yrcio MEKTPOHOB B JIABUHE HA ITYTH dX MOTyYaeTcsl HHTErprpoBanueM (2.1):
an _ Iadx unm n = nge™ , (2.2)
n
ng 0

/1€ 1y — HayalbHasi KOHIEHTPAIHS JJIEKTPOHOB.
Bripaxxenne (2.2) cmpaBemmMBO B OXHOPOJHOM DJIEKTPUYECKOM Toie. B HEOTHOPOOHOM Toie, B KOTOPOM
HAaIPsHKSHHOCTB B IPOMEXKYTKE MEHSETCS 10 ITyTH JBIKCHHUS JIABUHEL,

d
n=n, expjadx.
0

[Tpu MoHM3aIK 00pa3yrOTCs HE TOJNBKO 3JEKTPOHBI, HO U IOJIOKHUTENIbHBIE HOHBI, 00JIQIAI0IINE MAJIOW MO CPABHEHHIO C
3JIEKTPOHAMHM TOJIBH)KHOCTBIO, MIO3TOMY 10 MEpE JBIIKCHHS JIABUHBI K aHOAY B HEH MPOUCXOIUT MPOIECC Pa3e/iCHHs 3apsiIoB.
BHCKTPOHIJI YXOOAT Ha aHO/, a IMOJIOKUTCIIBbHBIC MOHBI, MMOJAXO0JA K KaToAy, CO3Jat0T TaM HOBBIC 3JICKTPOHBI 3a CUCT BTOpI/I'-IHOﬂ
HOHU3alu. 3TI/I BTOPUYHBIC 3JICKTPOHBI TAKXKC MOT'YT CO34aBaTh JIaBUHBI. Ecian nHTEHCUBHOCTH BTOpl/I'-IHOﬂ HOHU3alNn cna6a51 nu
JUTSL TIOAJCPKAHUS BOCIIPOU3BOJCTBA JJIEKTPOHOB TpeOyeTcs JEHCTBHE BHEIIHEIO HMOHM3aTOpa, TO TAKOW pa3psii Ha3bIBAcTCS
HecamoCcmosimenbHbIM.

B ciydae, eciu mporecchl MOHHM3AalKW Pa3BUBAIOTCS W ITIPU IMPEKPAIICHUH JCHCTBUS BHENIHETO HWOHU3ATOPa, TO
o0pasyeTcst camocmoamenvubill paspso.

VYcnoBue mepexosia paspsga B CaMOCTOSITENBHBIM MPOIECC HOCUT HAa3BaHHE YCIOBHS CAaMOCTOSITENILHOCTH paspsjia
TayHCceHIa 1 MOXKET OBITH IMOSICHEHO CIEAYIOMIIM 00pa3oM.

[Tycth B pe3ysibrare MPOLIECCOB YIAPHOW HOHHW3AIMU B HPOMEXYTKE MEXAY 3JeKTpomamu (GopMmupyeTcs: J1aBUHA
AJIEKTPOHOB, KOTOPBIE MO/ JACHCTBUEM OISl IBHXKYTCS K aHOLy. COOTBETCTBEHHO MOJIOKHUTENILHBIE HOHBI IBUXKYTCSI K KaTOAy U
BBIOMBAIOT BTOPHYHBIE DJIEKTPOHBI.

Jist Toro, 4ToObl paspsl MOJAEpKUBAICS 0e3 JeUCTBHS BHELIHEr0 MOHWU3ATOPA, HYXKHO, YTOOBI MPOLIECCHl BTOPHYHOM
HOHU3AlMHU, COIPOBOXKAAIOMINE IMMPOXOKICHUEC JIaBUH, 06eCHe'-II/lBaIll/I BO3HHUKHOBCHHUEC HOBBIX JIABHH. 3TO 0O3Ha4yacT, 4YTO KaxJaas
JIaBMHA HAYMHAIOUIASCS C OJHOTO 3JIEKTPOHA JOJDKHA 00ECHEeYMTh BOSHUKHOBEHHME XOTs OBl OJHOIO BTOPHUYHOIO 3JIEKTPOHA,
JTAIOIIEr0 HaYallo HOBOH JIABUHE.

Ecimu k03 uUIeHT ¥ naeT 4ucio 3JIeKTPOHOB BHIOMBAEMBIX M3 KaTOIa OJHUM IOJIOKUTEILHBIM HOHOM, TO BEIHYHHA
7[exp(ad )— 1], re d — MeXAIIEKTPOAHOE PacCTOSIHHNE, 0003HAYAET YMCIIO BTOPUYHBIX JIEKTPOHOB 00pa30BaBIINXCS B pe3yIbTaTe
MPOXOX/ICHUSI CIUHUYHONW TIePBUYHOM JaBMHBI. Tak Kak [EpBUYHAsl JIABMHA HAYalach C OJHOTO JJIEKTPOHA, TO IS
BOCITPOM3BO/ICTBA JIABUH YHCJIO BTOPHYHBIX 3JEKTPOHOB JODKHO OBITh HE MEHbIIEe €IWHMIBI. TakuM 00pa3oM YCIIOBHE
CaMOCTOSATENILHOCTH pa3psiia HMEeT BUJL

}/[exp(ad)— 1]>1. (2.3)

Tak kak 00b14HO exp(ad)>>1, T0 (2.3) MOKHO YIPOCTHTB!

)/exp(ad)zl UK adzln(%).

Tak Kak Ha KaTol NPUXOAAT ¥ BHIOMBAIOT BTOPHYHBIC HJIEKTPOHBI HE TOJBKO IIOJNOXKUTENbHBIE HOHBI, HO H
BO30YKIICHHBIC METacTaOMIbHBIE MOJEKYNEI U (OTOHBI, TO B (2.3) MO ¥ HIOHUMAIOTCS BCE MPOLECCH 00pa30BaHUS BTOPUYHBIX
3NEKTPOHOB Ha Karoje. B Oosee obmieM ciyyae BTOpHYHAS MOHHM3ALMA JODKHA YYUTHIBATH M IPOLECCH B 00beMe rasa, Takue
Kak, Harpumep, porononnzanus B oobeme. Torna ypaBuenue (2.3) npuHumaeT Oojiee yHUBEpCaIbHYIO (GOpMy, IPUMEHUMYIO U B
cilyyae, KOT/ia IpOLEecChl Ha Karoje BOOOIe He NPUHUMAIOT y4acTHS B Pa3BHTHM pa3psna, KaK 3TO UMEET MECTO B PE3KO-
HCOJHOPOAHBIX IOJIAX.

Uckposoii pazpsia. 3akoH Ilamiena.
I[Tpu ;/exp(ad )21 MOHM3ALKs, BBI3bIBaeMasl IIOCIIEAOBATENbHBIMU JIABUHAMY, HOCHT HapacTaroluil XapakTep, TOK
BO3PACTaeT, YTO NPHBOIUT K 0OPa30BaHUIO MCKPOBOIO pa3psia, IIM MCKPOBOIO Mpo§osi, MPH KOTOPOM BO3HHKAET TOHKHH
NPOBOJSIINI KaHAJI, 3aMbIKAIOIIMKA MPOMEXyToK. HampspkeHue, pu KOTOPOM JUI OJHOPOIHOTO IOJIS BBIIIOJNHSETCS YCIOBHE
(2.3), HOCHT Ha3BaHUE nPoOUGHO20 Hanpsdicenus. Tak Kak U @/p, U ¥ 3aBUCST OT HANPSHKCHHOCTH TOJst E/p, a HanpspkeHHOCTh
oIpesiesieTcs IPUIOKeHHBIM HanpspkeHneM U M JUIMHOM pa3psIHOTO IPOMEXYTKa d, TO IJIsl OMHOPOAHOT'O MOJISi MOXKHO BBIBECTH
ypaBHEHHE 3aBUCHMOCTH NPOOUBHOTO HANpsDKEHMsI OT mpousseneHus pd suna Uy, =f(pd), KOTOpoe HOCHT Ha3BaHUE 3AKOHA
Tawena.
Bpd

Apd
1n]%11
7

rae A u B — noCTOsIHHbBIE, XapaKTEPU3YIOLLUE Ia3.
DKCIIepUMEHTHI TSI Pa3HBIX T'a30B JAl0T XOPOIee COBMAACHHUE C TAaKOI 3aBHCHMOCTBIO.

U 2.4)

Hp:



B mojaHOM COOTBETCTBMH C ATOM (OPMYJIOH M IKCIEPUMEHTAIBHBIMUA JaHHBIMH IOJYYE€HO MPOCTOE YPABHEHUE IS
pacueTa mpoOUBHOTO HAIIPSKEHHUS B BO3IyXe IIPH JaBJICHUH, OJIH3KOM aTMOC(HEpHOMY

Uy =245pd +6,4(pd )? 2.5)

TAC p — JABJICHUEC r'a3a, aTM; d— PacCTOAHUEC MEKAY IJICKTPOJaMHU, CM; U - B kB.
3aBUCHMMOCTD I BO3/1yXa, COOTBeTCcTBYIOIas (2.4) u (2.5) npuBeaena Ha puc. 2.1.
Unp, B

50000

10000
5000

1000
500

100
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Puc. 2.1. 3aBucHMOCTH MTPOOMBHOI0 HATIPSIZKEHUSI B BO3/IyXe B O/THOPOAHOM I10J1e
ot npousBeaenust pd (3akon Iamena)

[Tpu OOMNBIION MOITHOCTH UCTOYHUKA HATPSDKEHMS, 110 KaHAy UCKPBI HAYMHAET IPOTEKaTh OOJIBILION TOK, YTO MIPUBOJIUT
K pa3orpeBy KaHajla ¥ BOZHHKHOBEHHIO B HEM TepMHUecKoil noHuzanuu. CONpoOTHBIICHHE KaHalla Pe3Ko IajaeT, TOK ele Ooiee
BO3PACTAET, U BOZHUKAET AYroBOM pa3psij, pu KOTOPOM TOK MOXKET IPEBBIIIATh COTHU aMIep.

2.2. Pa3Burtue pa3psijaa B
Pe3K0-HEeOTHOPOIHBIX MOJIAX

Pe3ko-HeomHOpPOMHOE TOJIE XapaKTepHO IS MPOMEKYTKOB, CO3aBaeMbIX JJIEKTPOJAMH THIA HIIa—IUIOCKOCTS,
MIPOBOJI—TUIOCKOCTh, @ TaKXK€ CTEeP>KEHb—IUIOCKOCTh M MIap—IUIOCKOCTh IMPH MajiOM pajanyce 3aKpyTJieHUs mapa U OOJBIIOM
paccTosiHUK MKy 3jekTpogamu. OCOOCHHOCTBIO PE3KO-HEOTHOPOIHBIX IOJICH SIBJISIFOTCS BBICOKHE HANPSHKEHHOCTH MOJS Y
3JIEKTPOA C MAJIBIM PAJNYCOM 3aKPYTJICHHS Ja)Ke MPU CPABHUTEIILHO HEOOJBIIIOM HAMPSDKCHUM Ha TPOMEXYTKE. ITO O3HAYAET,
9TO0 B OTOM OOJACTH MOTYT HITH NPOIECCHl yIAPHOW WOHU3AIMH, BO3HHUKAIOT JIABUHBI DJJCKTPOHOB, W YCIOBUC
CaMOCTOSITENIBHOCTH  Pa3pslia BBINOJHSETCS, KOTJa 30Ha MOHM3ALMHU OXBaTbIBA€T TOJIBKO Malyl0 YacTh MPOMEXYTKa.
CootBetcTByloIIee 3HaueHEe HanpshkeHUs (Uy) HOCUT Ha3BAHUE HAYAILHO20 HANPAJICeHUs 3aXKUTaHHS Pa3psa.

E

+———

U
Puc. 2.2. UckakeHns BHeLWHero Nons o6 beMHbIM 3apsifoM NaBuH
l'lpl/l MMOJIOKHUTEJIbHOM Hal’lpﬂ)l(eﬂl/lld Ha C'rep»me
B IPOMEKYTKE CTEPKEHb—IIJIOCKOCTH
— HaNpsKE€HHOCTb HEUCKAXKECHHOT'O I10JIs1
- - - CyMMapHas HalIPs>KEHHOCTD IIOJIA

[Tpu BBICOKMX 3HAYEHHSX NPUIIOKEHHOI'O HANPSDKEHMsS paspsii B MPOMEXKYTKE OKOJIO DJIEKTPOAA C MajlbIM PaJHycoM
KPHUBH3HBI NIPOXOIMUT HECKOJBbKO cTaguidl. CHayajla BO3HHMKAIOT JIABUHBI, KOTOPhIE B 3aBUCHMOCTH OT HampaBiieHUs Hous (B
3aBUCHMOCTH OT ITOJISIPHOCTH BJIEKTPOZA) Pa3BUBAIOTCS K 3JIEKTPOAY WJIM OT Hero. B pesynbrare pasaeneHus 3apsioB B JJaBUHAX,
OKOJIO 3JIeKTpoJa oOpasyercsi M30BITOYHBIH OOBEMHBIM 3apsi/i OJHOTO 3HaKa, KOTOPBIH co3maeT coOCTBeHHOe moje (puc.2.2),
CHIDKAIOMIee Toje y anekTpoaa (3¢ ekt sxpaHupOBaHUS) U PE3KO YCHIMBAOIIHI MOJIE B TPOMEKYTKE MEPE 3apsa0M.

Ecin oObeMHBIH 3apsii IOCTHTAeT HEKOTOPOr0 KPUTHYECKOIO 3HAYCHHMS, CO3JaHHOE KM IIOJie OKAa3bIBAaeTCs
COM3MEPUMBIM C BHELIHUM HOJIEM, TIPH 3TOM Iiepell OOBEMHBIM 3apsIOM HAIPsDKEHHOCTh MOXET JOCTUTaTh COTHH KB/cM, dTo
o0ecrieunBaeT TaM MHTEHCHBHYIO YIapHYIO MOHM3AIMIO M CO3JaHHE HOBOTO M30BITOYHOrO 3apsna. Ilpomecc moBTopsiercs, u
NPOUCXOMUT BO3HMKHOBEHHE HOBOW CTaIMU pa3psna — CTPUMEPHOIi, NpH KOTOpPOHl 0O0pasyroTCsl CBETALIMECS KaHAabL,
Ha3blBaeMble CTpPUMEpaMH. OKCIEPHMEHTHl IIOKa3bIBAIOT, YTO CTPUMEp MpencTaBiseT co0OH TOHKMH KaHal YacTHYHO
MOHHM30BAaHHOTO Ia3a, Ha IIepPeAHEM KOHIE KOTOPOrO PAcIOJIOKEH M3OBITOYHBIA 3apsl BBHICOKOW KOHLCHTpPALUH, Ha3bIBA€MbIH



TOJIOBKO# cTpuMepa. B mose 3Toro 3apsaa uaeT HHTEHCHBHAS MOHU3AINSI, 00pa3yroTcs JaBUHBL, YTO oOecrieunBaeT oopa3oBaHue
HOBOT'O H30BITOYHOTO 3apsi/ia ¥ MPOABIDKEHHE CTPUMeEpaA B ITyOb IPOMEXYTKA B COOTBETCTBHH C HAIPABJICHUEM BHEIITHETO TOJIS.

OIEeHKHN Jaf0T BBICOKYIO KOHIIEHTPAIMIO AJIEKTPOHOB B KaHAjJe CTpUMeEpa N, = 10" + 10" 1/cM?, npu sTOM Benmka u
KOHIICHTPALUS MTOJIOKUTEIHHBIX HOHOB, TaK YTO M30BITOYHBINA 3apsa/l B KaHAJE HEBENWK, a CPEAHSAA IMPOIOIbHAS HANPsHKEHHOCTh
oJIst B KaHase oleHuBaercs B 5+7 kB/cm. Panuyc kanana crpumepa no passbiM oneHkam coctanisieT ot 30 1o 300 Mxm.

B pe3ko-HeoHOPOIHOM TOJIe pa3Mephbl 001aCTH, 3aHATON Pa3psaoM, MOTYT OBITh MEHbINE [UIMHBI IIPOMEXKYTKA, U OHA
pacmosiaraercsi BOJU3HU 3JICKTPOAa ¢ MaJbIM PajiycoM 3akpyriieHus. Takoil pa3psia Ha3bIBacTCs KOPOHHBIM pa3psinoM. Eciu oH
OTpPaHMYEH TONBKO JIABUHHON CTamuei, TO 3TO — JAUHHAS KOPOHA, €CIH TIEPEXOIWT B CTPUMEPHYIO CTaAHIO, TO 3TO —
CmpuMepHast KOpoHd.

Bo3HuUKHOBEHHE KOPOHHOTO paspsijia emie He O3HA4aeT Mpo0Oos MPOMEXYTKAa, TaK KaK paspsiiHas 30HA 3aHUMACT ero
Maryto 9acTb. KOpOHHEIN pa3ps BOSHHKAET MPU HAYAILHOM HANPSHKEHUH, IPH 3TOM B PE3KO-HEOJTHOPOTHOM IOJIe HAYaIbHOE
HANpsOKCHWE  MEHBINE, YeM B OJHOPOJAHOM. B OTHOPOAHOM W Ci1a00-HEOAHOPOMHOM IIOJIIX BO3HHKHOBEHHE pa3psiia
00513aTeNIbHO MPUBOAUT K TMPOOOK0 BCErO MPOMEXKYTKA, H HAYAIBHOE HANPSHKCHUE PaBHO MPOOMBHOMY. B pe3ko-HEOTHOPOIHOM
IOJIE MOXKET OBITH COCTOSHHE, IIPU KOTOPOM CTPHUMEPHI JOCTHTAIOT MPOTHBOIIOIOKHOTO JIEKTPOa, HO Tpo0ost MPOMEXyTKa HE
MIPOUCXOIUT, TaK KaK HE MPOUCXOAMT Iepexon B UCKpy. [nsa oOpa3oBaHUS MCKpPHI TpeOyeTCs MOBBIIICHUE HATIPSIKEHHS, YTOOBI
XOTs1 OBl OAWH M3 CTPUMEPHBIX KAHAIOB MPEBPATIIICA B UCKPOBOW. B MCKpOBOM CTagmu MPOUCXOIUT PEe3KOe YBEINYECHUE TOKA,
COTIPOBOJKJAIOIIEECS] BBIICICHHEM TeIUla, ra3 B KaHale pPa3orpeBacTCs M HAuWHAeTCs TepMHUYecKas HoHM3anusi. Bce 3To
COOTBETCTBYET UCKPOBOMY HpOoOOI0 TIPOMEKYTKA.

B oOmem ciaydae mosTamHOE pa3BUTHE paspsa HAYMHAsS C 3JICKTPOJa C MajbiM PagUyCcoOM KPUBH3HBI OOJierdact
MPOABIKCHHUE pa3psla MO CPAaBHEHUIO C PABHOMEPHBIM mosieM. [103ToMy pa3psaHOe HAIpsDKEHHE MPOMEXYTKOB C PE3KO-
HCOAHOPOAHBIM MOJIEM CYHIECTBCHHO MCHLIIEC YE€M ITPOMECIKYTKOB C OJHOPOJHBLIM ITOJIEM. CpeﬂHﬂH Hp06I/lBHa§I Haps>KEHHOCTh
JUISl TIPOMEKYTKOB C PE3KO-HEOJHOPOIHBIM TI0JIEM cocTaBiisieT 5+7 kB/cm.

[lepeunciennsle cTaguy paspsiia MOTYT UMETh MECTO B IPOMEXYyTKax Hebompmon mmmHb (0T 1 1o 40+50 cM) u mpu
JTABJICHUSX Ta3a MOPsiiKa aTMOC(HEPHOToO.

B Tak Ha3pIBacMBIX JUIMHHBIX MPOMEXKYTKaX, JIMHA KOTOphiXx 0,5 M u Ooilee, WM TNPH TOBBIIICHHEIX (0Ooiee
aTMOC(EpHOTO) NABJICHUSX Ta3a pasps U3 CTPUMEPHON CTaJUU MOXKET MEPEHTH B JIMAEPHYIO CTAJIUIO, XapaKTEPU3YIOIIYIOCST
00pa30BaHUEM MOIIHOTO SPKO CBETSIIErocs IUIA3MEHHOTO KaHalla, BHYTPH KOTOPOIO TEMIIeparypa ra3a JOCTHTAeT ThICSY
TpaaycoB, UAET TePMUYECKas HOHU3AIMS Ta3a U 10 KOTOPOMY IPOTEKAeT TOK B IECATKH M COTHHU amiep. [Ipu 3ToM B oTiamdue oT
HCKpPBI JAICP B 3aBHCHMOCTH OT TPHIIOKEHHOTO HANPSHKEHUS MOXET MPONTH JIUIIb YacTh IPOMEXKYTKa WM Iepecedb BecCh
MIPOMEKYTOK, OCYIIIECTBIISISI ITOTHBIN MIPOOOH C MEPEXOI0M B IyTy.

2.3. Bausinue ¢gopMbl BO31€iiCTBUYIOIIETO
HANPS)KeHUs1 HA pa3BUTHE pa3psiaa

PaccMmoTpeHnHbIe BhllIe cTaAuu pa3psaaa OCYIIECTBIISIOTCS IPU BO3AECHCTBUM HA IPOMEKYTOK MOCTOSHHOTO HAaNpPSKEHUSI.
OpnHako Ha TPAKTHKE, B OCOOCHHOCTH MpPH padOTe AIEKTPOIHEPTETHUECKUX OOBEKTOB, MMPOUCXOTUT BO3ICUCTBHE Ha Ta30BBII
MIPOMEXXYTOK NMEPEMEHHOTO W MMITYJIbCHOTO HAPSDKEHHUH, YTO BHOCHUT JAOTIOJIHUTEIbHBIE 0COOCHHOCTH B Pa3BUTHE pa3psiaa.

B nmpomexyTkax ¢ OJHOPOIHBIM IIOJIEM pa3ps0 npu NnepemeHHOM HANpsAd’CeHuy TPOUCXOJUT KaK M MPHU MOCTOSHHOM
HaIpsDKEHUH TIPU BBITIOJIHEHUH YCIIOBHUSI CAMOCTOSATENILHOCTH, I HaYaIbHOE HAIPSHKEHHE PaBHO MPoOuBHOMY. OHAKO 3HAYCHUS
MIPOOMBHOTO HAMPSKEHHS, TaK HA3bIBA€Masl SIEKTPUUECKasi IPOYHOCTh IIPOMEXKYTKA, NIPU NMEPEMEHHOM HANpPsDKCHUH 3aBUCST OT
€ro 4acToThI f Bwmecrte ¢ TEM, OKCIIEPUMCHTHI IMOKa3bIBAIOT, YTO CYILIECTBYET O6J'IaCTI) qacToT OT HpOM]:llIJJ'leHHOﬁ YaCTOThI
f=50Tu no HEKOTOpOW KPUTHYECKOW 4YacTOTHI, NPEBBILAIONIEH HECKOJIBKO KWIIOTepIl, B Ipejeiax KOTOpOW NpoOHBHOE
HampsDKeHUE NMPaKTHUECKH HE 3aBUCUT OT YaCTOThL. DTO CBS3aHO C TeM, YTO JUIMTENBHOCTh MOIyHEepHoJa BO3JIEHCTBYIOLIETO
HaMpsDKEHUS IPEBBIIIaeT BPeMs pa3BUTUS pa3psiia, U pa3psiji 3aKaHYMBAETCS 10 U3MEHEHHS MOJSIPHOCTH 3JIEKTPOJIA.

OcoOb1ii cityyald st pa3BHTHS pas3psiia NPEACTABISET BO3/ACHCTBHE Ha paspsAAHBIA IPOMEKYTOK  UMHYIbCHOZ2O0
Hanpsocenus. CleayeT pas3iauyaTh MO0 AJUTEIbHOCTH TaK HA3bIBAEMBbIE I'PO3OBBIE HMITYJIbChl, KOMMYTALUOHHBIE HMITYIbChI

HaNpsDKEHMS, COOTBETCTBYIOIINE TEM, YTO BO3HHUKAIOT NP YAApax MOJHHHU MU

Unp 6B ; npu  paboTe KOMMYTHPYIOIIEH anmapaTypbl B OJIEKTPHUECKHX CETAX, M
HAaHOCEKYHIHbIC  HMIIYJbChl,  KOTOpbIE  HAaxo4iIT  TNPHUMEHEHHE B
1400 ) 3JIEKTPOTEXHOIOTUSIX.

Oco0eHHOCTH pa3BUTHS pa3psa OpU HMITYJIBCHOM BO3ICHCTBUHU
HaNpPSDKEHUS OTPEACIIIIOTCS OTPaHWYCHHBIM BPEMEHEM pOCTa HampsDKEHHUS 10

1000

600 3 MaKCHUMAaJIbHOTO 3HAu€HHsI U KOPOTKUM BPEMEHEM BO3AEHUCTBHS HAIPSIKESHUS.
Jnst mpobosi mpomexyTKa IpU HMITYJIbCHOM HampshKeHHH TpeOyercs Oosee

200 MHTEHCHBHOE Pa3BUTHE MOHHM3ALMOHHBIX MPOIIECCOB, KOTOPBIE o0ecreqnin Obl
BpeMsl pa3BUTHsI pa3psia, MEHbILEE, YeM BpeMsl AEHCTBHSA UMIynbca. Bpems

50 100 150 d, e paspsiaa, B CBOIO O4epellb, CKIIAJBIBACTCS U3 6peMeHU (hopmuposanus paspaoa

Puc. 2.3. TIpoGHBHbIE HAIIPSKEHMS! B BO3AYXE OT MOMEHTA IOSBJICHUS HEPBBIX 3(PPEKTUBHBIX IEKTPOHOB, JAIONIMX HAdaso
B IIPOMEIKYTKe CTePAKEHb—ILIOCKOCTD 00pa3oBaHMIO JIaBMH, MO0 Npo0OsS IIPOMEXKYTKa M TaK Ha3bIBAEMOTO
]_Ongfl'a?gIgz‘gg%‘;‘;%‘H‘Z‘meﬁc“““ CMAamucmuyecKko20 8pemMeHu 3ana3obléanus paspsaod, PaBHOTO BPEMEHHU
2 — TIOJIOXKUTETHFHOE OCTPHE OXUOAHUA a(b(beKTI/IBHBIX OJIEKTPOHOB, €CJIM Ha4dajibHas KOHIICHTpaIus

3 — npoOMBHOE HANPSKCHHE =60T o o
NPOGHBHOE HANpAKEHHE NpH / u 3JIeKTPOHOB OKa3bIBAETCS HEJIOCTATOUHOM /ISl MHTEHCHBHON HOHM3AIMH.



M3-3a CTaTUCTHYECKOIO 3ala3ablBaHUs Hadaja paspsaa HavadbHOC HANPSHKCHWE OKAa3bIBACTCS BBIIIC, YEM IPH
BO3JCHCTBUHM IIOCTOSHHOIO HAMPSDKCHWS, MPUYEM 3TO IOBBIIICHHE TAaK)KE HOCHT CTATHCTUYECCKUN XapakTep W 3aBUCUT OT
MOJIAPHOCTH BBICOKOBOJIBTHOTO 3JIeKTpoja (puc.2.3).

HpI/l BOSﬂeﬁCTBHH Ha HpOMe)KyTOK I/lMl'IyJ'H)CHOFO HaHpﬂ)KeHI/ISI HaHOCGKyHﬂHOﬁ JJIUTCIIBHOCTH, KOoraa JJIUMTCIbHOCTH
¢bponTa mMMmynabca HanpspkeHus coctaBiseT 10+20 HC, a JAIUTENLHOCTh MMITYJbCA — COTHH HAHOCEKYHI, Ui TOTO, YTOOBI
pa3BUTHE pa3psia MPOU30LUIO 332 BPEMs JCHCTBUS HMIIYJIbCa, HAMPSHKCHUE IOJDKHO OBITH PE3KO YBEIHUYEHO. DTO O3HAYaeT
00MIBITYI0 BENMMYHHY NPOOHBHOTO HAMPSLKEHHUA (Ecp pasp> 20 KB/cm).

3. OCHOBHBIE ITIOHATHA ®U3UKU I1JIAZMbI

3.1. OnpeneJieHue MJIa3Mbl U €e OCHOBHBIE CBOMCTBA

[TmazmMoli Ha3BIBAIOT HMOHW30BAHHBIM T'a3, coxepXKalMi CBOOOJHBIE IIOJIOKHTENFHO M OTPUIATENBHO 3apsDKEHHBIC
YaCTHUIIBI, B KOTOPOM CYMMAapHBIN 3apsi B KaXXAOH enuHHIEe 00beMa CTPEMHUTCS K HYINIO, TO €CTh Ia3Ma IpeACTaBIsIeT coO0n
AIIEKTPHYECKH HEUTPAIBHYIO CPELy.

B o0miem ciydae miasmMa MOXET COCTOSITh U3 TIOJIOKHTENIFHO 3apsKEHHBIX HOHOB, OTPHLATEIBHO 3apsDKCHHBIX YacTHIL —
SJIEKTPOHOB M OTPHULATENbHBIX MOHOB — M HEHTpalbHBIX 4acTHI. OTHOLIEHWE YHCIA 3JIEKTPOHOB 7, (WJIM MOHOB) B €AMHMIIE
o0BeMa IUTa3MBl K TIOJHOMY YHCIY YacTHII N B OTOM Xe 00BeMe m = n./n Ha3BIBAIOT CMeneHvio UoHusayuu niasmul. B
MpeJeNsHOM Cciydae, KOTJa YHCIO HEWTpaJdbHBIX YACTHI[ B IUIA3ME CTPEMHUTCS K HYINIO, IDIa3Ma Ha3bIBACTCS HOJIHOCbIO
UOHU308AHHOU, 11 KOTOPOH m —>1. B TEXHHUYECKHUX yCTPOMCTBAX, KaK MPABHIIO, UMEIOT JEJIO C HENOJHOCTBIO WIH YACMUUHO
UOHUZ08AHHOU NAAZMOU, NTIS1 KOTOPOU m << 1.

CreneHp MOHM3ALWHU IUIA3MBI B 3aBUCHMOCTH OT YCJIOBHH e€e 0Opa30BaHUS U CYIIECTBOBAHWS MOMKET H3MCHATHCS B
mupokux npenenax. CTon6 TICIOMEro paspsaaa — 3TO ClIaGOHOHM30BAHHBINA ra3 CO CTENEHBbIO HOHM3AMK mopsaaka 10107
[TonmoxuTenpHBIN CTONO AYroBOTO paspsna npu atMochepHOM U 6oiee BEICOKMX ABICHUSIX UMEET CTEIIeHb HOHU3AINH MTOPSIKa
10°+10".

B cooTBeTCTBHM C BENMMYMHOW KOHIIEHTPANEH YaCTHI] MOXKET OBITh paspedceHHas Tuia3Ma, IPUMEPOM KOTOPOH CITYKHUT
roHoc(epa 3eMiIn, B KOTOPOl KOHIIGHTPAIHS SIEKTPOHOB coctaBisier 10° 1/cM’, mmm mia3ma B cToI0E TIEIOMIEro paspsiga mpu
HU3KWX JABJICHUSX Ta3a, U WIOMHAsA Nia3md, HApUMeEp, B KaHaJe JUAepa MpH pa3psAlc B [UIMHHBIX BO3AYIIHBIX MPOMEXYTKAX
HIIM B KaHAJIe MOJIHHH, B KOTOPOM KOHIICHTPALIMS IEKTPOHOB MOXeT goctrrath (1+5)-10'7 1/cm’.

B 3aBucuMocTH OT yCJIOBHH, B KOTOPBIX 00pa3oBaHa W HAaXOAWTCS IUIa3Ma, Pa3IHYAIOT HUBKOMEMNEepamypHylo 1
8blCOKOmMeMnepamypHylo_niazmy. B HU3KoTeMnepaTypHOH IJIa3Me TemIieparypa OJiM3Ka K TeMIlepaType OKpYyKarolled cpesibl U
cocraisier mopsaka 300 + 400 K. B BricokoTeMIlepaTypHOI IUTa3Me TeMIepaTypa MOXKET JOCTHraTh THICSY M COTEH THICSY
KenbBuHOB.

OCHOBHOE CBOICTBO IUIa3Mbl — CTPEMJICHHE K AJIEKTPUUECKON HEHUTPaTIbHOCTH — SBJISIETCS CIEICTBUEM B3aUMOJICHCTBUA
noJjeun OTACIBHBIX 3aps’KCHHBIX YaCTUII. B jiasme, ﬂBJ’lHlOLIleﬁCH CMECBhIO 3apsKCHHBIX 4YaCTHL[ Pas3sHOro 3HaKa, CHJIbI
NPUTSDKEHUS, JCHCTBYIOIME MEXKAY PasHOMMEHHO 3apsDKCHHBIMH YaCTHIAMM, YPAaBHOBEIIMBAIOTCS CHJIAMH OTTAJIKUBAHUS
OJHOMMEHHO 3apsKEHHBIX YaCTHLl. YUUTHIBASI CTATUCTUYECKUI XapaKTep paclpeieieHus YacTHIl B IU1a3Me, TOBOPST HE O IOJIHOMI
IEKTPUUYECKON HEUTPAIBHOCTH, a O KgasuHeumpanbHocmu niaszmvl. KBa3UHEHTPaIbHOCTh O3HAYAET, YTO CyMMApHBIA 3apsj
KaKJ10H eTMHUIIBI 00beMa MasMel ¢ = ny+n_+ ne— 0.

B neiitpanbHOM ra3e Mepoil cpeiHeld KUHETUYECKOM SHEPruu XaoTHYECKOIO JBMXKEHHS YACTHLL SBJISETCS TEMIEparypa
ra3a T, omnpenenseMasl W3 COOTHOIICHUS 1/2 mw? = 3/2 kT, rae m — Macca 4acTHIL ra3a, w — CpeaHssl CKOPOCTh UX XaO0TUYECKOIO
JIBIDKEHUS, k — noctosiHHas bonpimana. Takum e 00pa3oM XapaKTepu3yIOT U CPEJHIOIO0 SHEPTHIO YaCTHUI] IIa3MBl.

B aToM citydae cpeqHss SHEPTUs IEKTPOHOB M HOHOB MOXKET XapaKTePH30BaThCS TEMIIEPATypOl COOTBETCTBEHHO 1, H
T

(mewe2 )/2 =3/2kT,
(m,w2 )2 = 3/24T,

B cnabbix »ieKTpUYeCKWX IMOJSIX W B YCTAaHOBUBILEMCS DPEXHME CpEIHHE JHEPrHH OJIISKTPOHHOH M HOHHOM
COCTAaBJISIFOLIMX I1JIa3Mbl PaBHBI MEX/y COOO M PaBHBI CpeIHEH SHEPIHU HEHTPAIBHBIX YaCTHIL, YTO COOTBETCTBYET T = Ty = Trys,.
Takoe cocTosHUE 03HAYAET NOIHOE MEPMOOUHAMULECKOE PABHOGece, Y TUIa3Ma Ha3bIBACTCS PAGHOBECHOU.

B cHiIBHBIX 3JIEKTPUYECKHX HOJSX 3HEprus, npruodperaeMast 3JEKTPOHAMH OT IIOJIs, OKa3bIBAETCs CYLIECTBEHHO OOJIbIIIe
SHEPIMU HOHOB U3-32 CWIBHOIO pa3iMuydsl B CKOPOCTAX YaCTHIL. OHEPrus JIEKTPOHOB IPH OrPAaHHUYEHHOM BPEMEHU
B3aMMOJICHCTBUS HE YCIEBAET BBIPOBHATHCS C 3Hepruerd MOHOB. [losTomy B Takoi mnasme 7T, >> T, = Ti.,. Takoe coctosHMe
XapaKTepU3YET HEPABHOBECHYIO TIIIA3MY.

Jaxxe B HEpPaBHOBECHOH IUTa3Me, 0Opasyromeiics, HampuMep, B KaHalle JTUAepa, M3-3a OTKIIOHEHUH B pacIpeesieHHH
TUIOTHOCTH YaCTHI] MOTYT 00pa30BaThCs 007IaCTH, B KOTOPBIX TTa3Ma OJIi3Ka paBHOBECHOM. Takwe 00macTi Ha3bIBAIOT 00IaCTIMHI
JIOKATIbHO20 (MEeCMHO020) MePMOOUHAMULECKO20 PABHOBECUS.

3.2. lebaeBcKkHii paanyC IKPAHMPOBAHHUS

Kak YK€ CKas3aHO BBIIIE, OCHOBHBIM CBOMCTBOM IIIAa3MBbI SIBIISICTCS CTPEMJICHHE K SHCKTqueCKOﬁ HefITpaHBHOCTH.
OZ[HaKO B IIPpOOECCE XAOTHYECKOTO IABMIKEHHA YaCTHUIl B INIa3ME€ BO3MOXXHO BPEMEHHOC OTKJIOHECHHE OT HCﬁTpaHBHOCTH B



OTJEJbHBIX 00JIACTSIX, TO €CTh IPOUCXOIUT BPEMEHHOE Pa3/ielIeHHe 3apsi/IoB B MPOCTPAHCTBE. Tak ke clieyeT UMETh B BUAY, YTO
B 001I[eM clTydae 3apsi/ibl Pa3IMYHOTO 3HAKa PACHOJIOKEHbBI HA HEKOTOPOM PACCTOSIHUH JPYT OT ApYTa.

PaccMOTpuUM 37€MEHT CTPYKTYpPBI MOJIS COCTOSIIMIA K3 HEKOTOPOH 3apsKCHHOW 4YacTUIBI U OOBEMHOIO 3apsja,
HATPUMEp, MOHOB MPOTHUBOIIOIOKHOTO 3HAKA, PACIOJOXKCHHBIX HA HEKOTOPOM
pacctosiuuu (puc. 3.1). B memom cucrema HelTpanbHa W Ha YIAJIEHUW TOJE
cTpeMuTcs K Hyn0. OIHAKO BOIHM3H 3apsDKEHHON YaCTHIIBI DIIEKTPOCTATHUCCKOE

Eq T0JIe OT 3TOH YacTHLBI peobnanaet. ToIbKO HAYMHAS C HEKOTOPOTO PacCTOSHHUS
HAYMHACT NPOSBIATHCS  JEWCTBHE 3apsioB  IPOTHUBOIIOJIOXKHOTO  3HAKa,
r\q1 _,J//@\G\pz CTPEMSAIINXCS YMEHBIINTH CYMMAapHOE TOJIE.
) oo XapakTepHOE pacCTOSIHWE, Ha KOTOPOM II€PECTAIOT IPOSBIATHCS
4 Ep HEOZHOPOIHOCTH CTPYKTYPHI MOJSI KBAa3MHEUTPAIBHOHN IIa3Mbl HOCUT Ha3BaHHE
4 1e0aeBCKOro pajnyca 3KpaHNPOBAHHUS.

B paBHOBecHON ma3zMe, rie TeMIEPaTypbl JEKTPOHHOW W HOHHOMN
cocTaBiAONMX Iu1a3Mbl  oguHAKOBBI (T, = T, = T1,;,) XapaKTepHBIH paanyc
9KpaHUPOBAHUS 3apsijia paBeH

d= [kT .
87re2ne

B nepaBHoBecHol nazme npu T, >> Ty = Tras

d= |KT .
47rezne

JebaeBckuil paguyc CBsi3aH C pacCTOSHHEM, Ha KOTOpOe BOSMOXKHO CHIIBHOE pa3JielieHue 3apsaoB B mwiazme. Hampumep,
nmpu T.=13B u n.= 10" 1/m°  neGaesckuit pamuyc d= 5,2-10* M. YacTo MOHM30BAHHBIA Ta3 HA3BIBAIOT IUIA3MOM, €CIH
nebaeBcKuit paanyc SKpaHUPOBaHHUS MHOTO MEHBIIIE PYTUX XapaKTepHBIX PACCTOSHUIM 007IacTH, 3aHATON TIa3MOH.

Puc. 3.1. K noHsTuio o ne6aeBckom
paauyce

3.3. [l.1azmMa B 3JIEKTPUYECKOM I10JIe

Beinre ObIIO paccMOTPEHO IBIDKCHHE B DJICKTPUYSCKOM MOJIE OTIEIBHBIX 3apsOKCHHBIX YacTHI. B OTIMYHE OT Takoro
Cllydasi IBW)KEHHE 3apsDKCHHBIX YaCTHI B IUIa3M€ BO BHEIIHEM OJJIEKTPUYECKOM II0JIe CYLIECTBEHHO YCIOXKHSETCS, TaK Kak
HAIIPSHKEHHOCTh  JJIEKTPHYECKOTO0 MOJIs, MACHCTBYIONIEr0 Ha KaXKAyl0 OTHEIbHO B3ATYI0 YaCTHILy, CKIaJbIBaeTcs u3
HAIIPSHKEHHOCTH BHEIIHETo IO M HaNpsHKEHHOCTH IIOJIeH BCEX OCTANBHBIX YacTHLl. YUecTh IPU aHalu3e BCE 3TH IO
NPaKTHYECKH HEBO3MOXKHO, B OCOOCHHOCTH TIpHM HAJIMYMH CTOJKHOBEHHI MEXIy 4YacTUIAMH, II0O3TOMY TIEPEXOJAT K
MaKpOCKOIIMYECKOMY PacCMOTPEHHIO, OCHOBAHHOMY Ha CTATUCTUYECKOM OCPEJHEHHH WHIMBHUIYaIbHBIX B3aMMOJICUCTBUIN MOJIEH
YacTHII.

[TycTh B NMONHOCTHIO MOHM30BAHHOM IUIa3Me, HaXOJSIIEHCS B AJIEKTPUYECKOM II0JIE, BCE CTOJIKHOBEHHS YacTUI] HOCST
TOJIBKO YHPYTHH XapakTep. [{BHKeHHe YaCTHUI] IUTa3Mbl MOXKHO NPE/ICTABUTH KaK CyMMY HAIpaBJICHHOTO JBM)KEHHS CO CKOPOCTBIO
U M XaOTHYECKOTO JABWKEHHs CO CKOpocThio w. Eciu uepe3 V 0003HaYNTh BEKTOP IMOJHOW CKOPOCTH YACTHUI[, TO JUIS KaXKIOTrO
MOMEHTa BpeMeHH V = u + w. CpeHee 3Ha4eHHe CKOPOCTH XaO0THYECKOTO JBIKEHUS paBHO HYJIO (<w> = (), ¥ BO BHEIIHEM I10JIe
<v> = <y>. Jnsl OJHOTUIHBIX YaCTHII C OIMHAKOBOM Maccoi <V> = u, Tak KaK CKOPOCTH U BCEX OJHOTHITHBIX YaCTHUI] OJTUHAKOBHI.

PaccunraeM SHEpPrui0 wYacTHIl YYacTBYIOIIMX B HANpaBJICHHOM M XaOTHYECKOM JBW)KEHHH. OHEPIrHs YacTHII
orpeziersieTcst KBagpaTroM ckopocTd. CpeHee 3HaUeHHe KBapara ITOJIHOH CKOPOCTH
<> = <> =<(u tw)> = <u®> + <DQu - w> + < w>,

Tak kak HampaBJeHHS CKOPOCTH XaOTHYECKOTO JIBIDKCHHS PAaBHOBEPOSITHBI, TO CpeJHEE 3HAUCHHE IPOHM3BEICHUS
<2u - w>=0. CpenHee 3HaueHHE MOJIHOMN SHEPTHM YAaCTHI] B IIa3Me

12<(mV?)> = 12(mu* + m<w*>),

rae 1/2 m<w™> — ecTb CpeqHsIs DHEPIHs Xa0THUECKOTO JIBIKCHUSL.

Takum 00pa3oM HaJOXKEHHE BHEUIHEro JJIEKTPUYECKOTO IOJIsl MPUBOJWT K YBEIMUYCHUIO CPEJHEH SHEPTUHM YacTHI]
TUTa3MBl Ha BEJIMYMHY KHHETHYECKON SHEPTUH ABHKEHHSI YACTHI[ B 3TOM IIOJIE.

4. KOPOHHBIU PA3PSI/]

2.

Kopounviii paspao zanumaem ocoboe mecmo, max Kax UMEHHO KOPOHMbIU pA3PSO UCHOAb3YEMCsi 8 NOOAGISIOuleM
bonbLUIUHCIMEE MEXHON02UL, NOLYHUBUIUX CE200HS WUPOKOE NPOMbBIULEHHOE UCNONb308AHUE.

4.1. Dopmvl KOpoHHO20 pazpaoa

Koponnvuii paspso — smo xapaxmepuas opma camocmosmenrvHo20 2a306020 paspsiod, G03HUKAIOWE20 6 DPe3Ko
HEOOHOPOOHbIX NOSX. 1 1a6HOU 0COOEHHOCMbIO 9M020 pa3psaoa A6Iemcs mo, 4mo UOHUSAYUOHHbIE NPOUECCbl INeKMPOHAMU
npoucxoosim He No Gcell ONUHE NPOMENCYMKA, d MOIbKO 68 HeDONbUWOU e20 Yacmu 80AU3U INeKMPoOd ¢ MATbIM PAOUYCOM
KpUGU3Hbl (MAK HA3bI6ACMO20 KOPOHUPYIOWE20 21eKmpodd). Dma 30HaA Xapakmepusyemcs 3HAYUMENbHO 00Jiee 8blCOKUMU
SHAYEHUAMU HANPANCCHHOCU NOASL NO CPABHEHUIO CO CPEOHUMU 3HAYeHUsMU OAs 6ce2o0 npomedcymira. Camo Haseéanue
«KOPOHHBIILY PA3pA0 ROJYYUL U3-3d CBOE20 CEEUCHUs, HADMO0AeMO20 HA MOHKUX NPOBOOGX U HANOMUHAIOWE20 CONHEUHYIO
KOPOHY.



OchogubiMu (hopmamu KOPOHHO20 pazpsaoa sEISIOMcs, 1aeunHas u cmpumepnas. Haseanus smux ¢opm odycnoenenvl
OCHOBHBIMU XAPAKMEPHLIMU NPOYECCAMU, UMEIOWUMU MECTO 6 30He UOHUAUUU COOMBEMCMEYIOUUX KOPOHHBIX DPA3PSIO08.
Busyanvno nasunnas kopona nabriodaemcs 6 ude OMHOCUMENLHO MOHKO20 C8EMAUE20Cs CNIOSL HA 2IA0KUX JJIeKMpPoOax U 8 8uoe
OUCKPEMHBIX CEEMAWUXCS NAMEH HA He2Ia0KUX (uepoxogamuix) snekmpoodax. Cmpumephas Kopona nadaodaemcs 6 sude ciabo
CBEMAWUXCS. HUMEBUOHBIX KAHAN08, OIUHA KOMOPbIX 8 3A8UCUMOCIIU OM KOHKPEMMHBIX YCIOGULL MOJICEN USMEHIMbCS 8 WUUPOKUX
npeodenax (0m HeCKOAbKUX MULTUMEMPOE 00 HECKOAbKUX CAHMUMEMPOS).

Yacme npomesicymra, 20e NPOUCX00am UOHUSAYUOHHbBIE NPOYECChbl, HA3bIBAEMCsl UYeXAOM KOPOHHO20 paspaoa, d
0CMABUIASCS YACTb NPOMEICYMKA, 20€ NPOUCX00Um Opeligh 3apsdiCceHHbIX uacmuy, a6semcs 30Hou opetigpa. Ecnu 6 30ne Opetigha
cywecmeyrom 3apsaobl MOIbKO 00HO20 3HAKA, MO KOPOHY HA3bI8AIOM YHUNOIAPHOU, d eCiiu 3apsaobl 000UX 3HAKO8, MO OUNOIAPHOI.
Bunonspnas kopona nocmosiHHO20 MOKA BO3HUKAEN mMO020d, Ko20d UMEeHCss HPOMENCYMOK ¢ O8YMsl KOPOHUPVIOWUMU
neKmpooamu (Hanpumep, nPoOMeNHCYMoK nPo8o0—Npo8o0 ULU USIA—USIA), K KOMOPOMY NPUTONCEHO NOCMOSHHOE HANPsJiCeHUe.
Yuunonspuas xopona cywecmeyem mam, 20e UMEEMCs NPOMENCYNMOK MOIbKO C OOHUM KOPOHUPYIOWUM 3JIeKMPOOOM Ul C
HeCKONbKUMU KOPOHUPYIOWUMU DTIEKMPOOaMU ¢ 00UHAKOBOU NONIPHOCHIbLIO NUMAIOWE20 HANPSIJICEHUSL.

Ipoyeccuvl 6 uexne u @ 30He Opeligha OUNOTSAPHOU KOPOHbI HAMHO20 DOJlee CNOMNCHDL, YeM 6 YHUNOJAPHOU KOPOHe, ML.K.
NOSIGNSEMCsl OONOTHUMENbHbIL MEXAHUIM UOHHOU PEeKOMOUHAYUU 8 00beMe NPOMENCYMKA U OONOIHUMENbHbIE MeXAHU3Mbl
BMOPUUHBIX NPOYECCO8 HA INEKMPOOAX, YMO CYUWECMBEEHHO YCIONCHACM MAMEMAMUYECKOoe ONUCAHUE U MOOEIUPOBAHUE IMO20
euda paspsoa.

Jlasunnas opma KOPOHHO20 pa3psoa MOJCem peanu3osvbleamvbCs 6 6Ude HENpepuleHOU U BCHbIUEYHOU KOPOHDL.
Benvlweunwvlii xapakmep Kopouvl céazan ¢ mem, Ymo ROOBUICHOCMb FNEKMPOHOS U UOHO8 PA3IUYAemcs Ha mpu nopsoka. B
pesyavmame npu  NOLONCUMENTLHOU NOTAPHOCMU KOPOHUPYIOWE20 3NeKMpPoOd 3JeKMpPOHbl GbICIPO YX00im HA aHOO, a
NOA0dCUMENbHBIE UOHBL, Opelihys om aHo0a, OKA3bI8AOMCs 8 obracmu ciabo20 Nois u He MO2Ym U3-3a HUZKOU NOOBUICHOCIU
bvicmpo yiumu om anooa. [1osmomy HanpsiceHHOCmb ROl Y AHOO0A  CHUIICAEMCSL U UOHUZAYUSL NPAKMUYECKU NPEeKPAUAEmCsl.
Cnedylowas 1a6UHHASL BCHABIUKA MOJCEN BO3HUKHYMb MOALKO NHOCAE MO020, KAK NOJONICUMENbHbIE UOHbL NOKUHYM 30HY
uonuzayuu. Ilpu nonodcumenvHol NOAPHOCMU  KOPOHUPYIOWE20 9NEeKMpPoOd GCNbIULEYHAsE KOPOHA GO3HUKAEm KAK 6
INEKMPOOMPUYAMENTLHBIX, MAK U 6 INEKIMPONOIONCUMETLHBIX 2A3AX.

Ipu ompuyamenvrol ROIAAPHOCIIU RUMAIOWE20 HANPSIICEHUST BCILIUEYHBIL XapaKmep pas3psaod 603HUKAEm MOAbKO 6
INEKMPOOMPUYAMENBHBIX 2A3AX, 20€ INEeKMPOHbL NOnadas 6 06acme c1abo2o Nojs, NPUIUNAIOM K MOAEKYIAM 00pasys Maio
NOOBUICHBIE UOHDL, A Me 8 CE0I0 0Yepedb CHUICAION HANPANCEHHOCMb MO 8 30He UOHU3AYUU. DMu BCNbIUEYHbIE UMNYIbCb
nORY4UU HA38aHUe uMnyivbcos Tpuuena.

4.2. Ynunonaphulit Kopounwlil pa3psao

OCHOBHYI0 4acmv NPOMeENCYMKA Mexcoy INeKmMpoOamu Npu VHUROJSPHOM KOPOHHOM paspsoe 3aHumaem 30Ha opeliga
(6HEWHsI1 30HA KOPOHHO20 pa3psi0a), 8 KOMOPOU OBUNICYMCSL UOHBL MOBLKO 00HO20 3HAKA. Yexon KOpoHHO20 paspsia, 8 KOmopom
COCPedomoyebl UOHU3AYUOHHBLE NPOYECCHL, USPAEm POlb NOCMABUUKA UOHOE OJIsl GHEULIHEU 30HbL.

B mexnonocuueckux npoyeccax 2naemyio poib uepaem 6HeWwHss 30HA KOPOHHO20 paspsada. Kax ob6racme nons ¢
VHUROTSAPHLIM  0OBEMHBIM  3APSOOM OHA XAPAKMepU3yemcs. OnpeodeNeHHbM pacnpedenenuem Hanpsicennocmu nois E u
NIOMHOCIU 00bEMHO020 3apaoa P.

Cucmema ypasnenuii nois 015 6HeulHell 30Hbl KOPOHHO20 pa3pA0a umeem CiedyIouwuli 8Uo:

divE=p/s,; ZZ
E=—gradg; (4.3)
divJ = 0; (4.4)
J= p-kE.

Iepsoe ypasnenue — ypasnenue Ilyaccona — npedcmasnsem cobotl 3anuce meopemul Iaycca 6 oughgepenyuanvhoil
Gopme u yemanagausaem cészb Mexncoy NIOMHOCMbIO 00beMHO20 3apsa0a P U Hanpsxcennocmoio nois E. Bmopoe ypasnenue —
U36ECMHOE GbIPAdNCEHUE HANPANCCHHOCMU N0 uepe3 nomenyuan ©. [Janee credyem ypaeHeHue HepaspbleHOCIU NIOMHOCHU
moka. Yemeepmoe ypasnenue ompaxicaem cé:a3b NIOMHOCIU MOKA J ¢ NIOMHOCMbIO 00beMHO20 3ap0a P, HANPANCEHHOCTbIO
nons E u noosuscnocmoio uonos k.

Jis pewenust OaHHOU cucmemvl YPAGHEHUU OO0JJICHO Oblb ONpPedeieHo mpu 2PAHUdHbLIX Yeaosus. Mmu sensiomcs
3a0annble 3HAYEHUS. ROMEHYUATO8 INEKMPO008. KopoHupyiouezo — ©; = U u  nexoponupyiowezo — ¢y = 0. Tpemve epanuunoe
YCaoue Gopmyaupyemcst Creoyiomum 0opazsom — npou3eo0Hds HOMEHYUALA Y NOBEPXHOCTIU KOPOHUPYIOWE20 INEKMPoOd PAGHA
HAYANIbHOU HANPSANCEHHOCIU He3A8UCUMO OM UHMEHCUBHOCTU KOPOHHO20 pA3psdd.

(6¢/6r)r:r0 =—Ey.

Iocneonee zpanuunoe yciogue COOMEEMCMEYEM PACUEeMHOU cxeme, K020d 30HA UOHUBAYUU Y KOPOHUPYIOUe2O
INEKMPOOA 60 GHUMAHUE HE NPUHUMAEMCS U UOHbL YCIOBHO 6800SUMC 6 NPOMENCYMOK HENOCPEOCMBEHHO C NOBEPXHOCMU
KopoHupylowe2o snekmpoda. Konuuecmeo nocmynarowux uonog peyiupyemcs mem, 4mo HANPINCeHHOCMb Y HO8EPXHOCTIU
KOPOHUPYIOWe20 dAEKMPoOa 00JACHA NOOOEPHCUBAMBCA HA YPOBHE HAUALLHO.

Kauecmeennoe pusuueckoe 060chosanue spaHuino20 yeiosus 3akmouaemcs ¢ cieoyiowem. Eciu npeononoscums, 4umo
HANPANCEHHOCMb NONAL Y NOBEPXHOCMU KOPOHUpYIowe2o anekmpoda npeeocxooum Ej, mo omo npusooum K peskomy
603PACMAHUI0 UHMEHCUBHOCTNU UOHUZAYUU U YECTUHCHUIO 0O0bEMHO20 3apadd, 6HeOpaemMo20 8 npomexcymok. Pocm o6vemnozo



3aps0a 6 NpomedNcymKe NpUeOOUM K YMEHbUIEHUIO HANPSICEHHOCMU MOl Y KOpOoHupyloujeeo snekmpooda. Taxum obpazom,
HOO0OHAsL ompuyamenvHas, 0OpamHas C6s3b CMAOUIUSUPYEM HANPSNCEHHOCHb ) KOPOHUPYIOue20 31eKmpoodd Ha YPOSHE
HAYAaIbHOU HANPSIHCEHHOCTU.

Henocpedcmeennvie sxcnepumenmanvhvle UMepeHus HANPSIHCEHHOCMU NONS Y  HOBEPXHOCMU KOPOHUPYIOU 20
ANEKMPOOA NOOMEEPICOAIOM, YMO OHA NPUMEPHO COOmEemcmseyem nauaivhol. Haxoney, 0o6odom 6 noawsy npagomepunocmu
MAaKko2o OONYWeHUs SAGIAEMCA COBNAOEHUe PACCHUMAHHBIX HA €20 OCHOGE U IKCNEPUMEHMANbHLIX pAcnpedeneHuti nojs Ol
npOCMeNuuUx CUcmem 31eKmpooos.

Pewenue cucmemvr ypasuenuii (4.1) —(4.4) 0ns1 KOHKpemHOU cucmemvl 31eKMPOO08, UCHOTb3YEMOU 8 MEXHULEeCKOU
ycmanoske, onpedesisiem pacnpeoenenue HanpsiscenHocmu noii E u niomuocmu 06vemuoeo 3apsoa p 6 pabouem obveme smoi
YCMAaHOBKU.

B cucmemy ypasnenuii ¢ kauecmee napamempa 6xooum noosudcHocms uornos K. Iodsudicnocms uonog onpedensiemcs
KaK CKOpOCMb OBUIICEHUsI UOHO8 6 NOJNe eOUHUYHOU HANPSICEHHOCMU U 3A8UCUmM Om 6peMenu cyujecmeosanusi uonos. C
meyenuem GpeMeHU NOOBUINCHOCMb UOHO8 YMEHbUAENCsL 3d CYem YEeIUYeHUsi IKGUGATICHMHOU MACCbl UOHO8 8 pe3yibmame
NPUCOCOUHEHUSL HEUMPATILHBIX MOLEKYIL K NePEUUHOMY UOHY UYL INEKMPOHY.

B ouanazone gpemen 0o 0,5 Mc ROOBUINCHOCHIU NOTOICUMETTLHBIX U OTMPUYATNETbHBIX UOHOE NOCMOSIHHbL U COCIAGISIIOM
k. =21 e /(Bc), k.=224cn’/(Bc). Cmapenue uonos crasvieaemes npu t>0,5mc, Ho u 6 mom cyyae MONCHO
10b308AMbCSL HEKOMOPOU cpedHell BeNUUUHOU.

Ipocmetiwumu, HO WUPOKO UCNONLIVEMBIMU 6 MEXHOIOSUYECKUX YCMAHOBKAX AEKMpPoOamu SGNIAI0mMCs KOAKCUATbHbIE
YUnUHOpbl. dma cucmema CoCmoum U3 3a3emieHH020 YUTUHOPUHECKO20 dliekmpooa paouyca R, no ocu xomopozo pacnonazaemcs
KOPOHUPYIOWULL 21eKMpo0 —NPo8oo paouycd 1.

Hcnonvzyiomess makoice Opyeue cucmemvl 1eKmMpo00s8, MaKue Kak «psio HpoBo008 MedNcOy 3a3eMIACHHbIMU
NIOCKOCMAMUY, CUCIEMbL C KOPOHUPYIOWUMU ITeKMPooamu 8 gude uei u m.o. Tonbko 0ns cucmemvl «KOAKCUATbHBLE YUTUHOPHIY
cucmema ypasuenuil (4.1) — (4.4) umeem anarumuyeckoe pewieHue, m.x. 3a0a4a s67151emcsi 0OHOMEPHOU.

XapakTepuCTHKH KOPOHHOTO Pa3psia MeXKIy KOAKCHAIBLHBIME MUJIHHAPAMHA. Koakcuanvhvie yunuHOpsbl A61A0MCs
npocmeiuet CUCmMeMOUl ANIeKmpooos, 0Jisi Komopou ypasHenusi (4.1) — (4.4) moeym Ovimo npounmezpupo8aHsl AHATUMUYECKU.

Ipunumas 80 guuManue, YMo 8 YUIUHOPUUECKUX KOOPOUHAMAX HANPSHCEHHOCHb NOJSL 3A6UCUM MOTLKO OM MeK)Uje2o
paouyca, ypasuerue (4.1) mooicro 3anucamo 6 ude.

L og)= pe,. +5)
rodr

Ob6o3nauue uepez A mok KOpoHHO2O paspaoa Ha eOuHuyy OJUHbLL JIeKmMpoOd, YpaeHeHue HepaspbleHocmu (4.3) modcHo
npeocmagums 6 guoe:

A=2mJ.
Omcrooa, ucnonv3ya (4.4), MoscHo nonyuums:

D= %mkE. (4.6)

IHocne noocmanosku (4.6) 6 (4.5) nocrednee npespaugaemcs 8 ypasHerue ¢ pazoesiiouUMUcs nepemeHHbIMU, KOmopoe
JIe2KO UHMEeSPUpPYemcsi.:

rE g4 "
J. rEd(rE):—Irdr.
2re k
FOEO Ty
Taxum obpazom,
2
A v’ Er
E= ——|1-=5 |+ /" (4.7)
2re k r r
Ilpur>>r1,
E= (4.8)
Jlna  unmencuenoeo koponnozo paspsoa, xkozoa U >>U, (U, — wuauanvroe
E Hanpsicenue), emopoe ciazaemoe 8 (4.8) cywecmeenno MeHbuie nepeoco, U,
cnedosamenvHo,
Ey A
E=|——. (4.9)
1 27e k
2 3 (4.8) u (4.9) cnedyem, umo nanpsad’ceHHOCMb NOJA 6 3HAYUMENbHOU YaAcmu
NpoOMeNCYmKa  MenHcoy KOAKCUANbHbIMU — YUTUHOpamu nocmosHua (puc. 4.1). B
7o R r coomeemcmeuu ¢ (4.6) naomuocme 00beMHO20 3apsada UMeHsemcsi no eunepboie.
Puc. 4.1. Pacnpedenenue Paznuuue 6 pacnpedenenusix anekmpocmamuyecko2o nojis u nojs npu KOPOHHOM paspsioe
anekmpocmamuueckozo nons (1) u 00ycnosneno oeticmeuem 00vbeMHO20 3apsiod, COCPeOOMOYEHHO20 68 NPOMENCYMKeE.

110713 HPU PHIUTOAPROM KOPORHOM 15 onpedenenus 60NbIMAMNEPHOL XapaKmepucmuky KopouHo2o paspada A = f|
paspaoe (2) medxncoy KoakcuaibHolmu ’Z] P P 'p P P pasp. (U)

YuIUHOpamu UCNONb3YemCs YCIOBUE:



j Edr=U
o
Ilpu noocmanoexe 6 smo ypasrenue 6 ypagrenus (4.7) u e2o uHmMe2pupoB8anus NOCie YNpouweHuti NOAY4aAemcs ypagHeHue

60/meaMl’l€pHOZZ xapakmepucmuku, Komopoe 3anucoledenics 6 O606W€HHOM eu()e:
1=kGU(U -U,), (4.10)

8¢,
20e G=——0 (1+275 10~ / )
R*In(R/ 1)

Jna Opyaux cucmem 921eKmMpo008 UCHONBLIVIOMCA NPUOIUICEHHbIE Memoobl, Hanpumep, memoo [letiva — Ilonkosa.
Ipumep pacnpedenenusi HANPANCEHHOCMU NOJLSL NPU KOPOHHOM paspsioe OJisi CUCIEMbL «NPOSO0O0—IOCKOCHbY NPeOCmAsieH Ha
puc. 4.2.

E

S
Va
N

E,

7o h X

Puc. 4.2. Pacnpedenenue nanpasxcennocmu nons (1 —nekmpuueckozo
U 2 —npu KOPOHHOM paspade) u nIOMHOCIMU 00beMH020 3apada (3)

B omauuuu om «KoakcuanvHulx YUIUHOPO» NPU KOPOHHOM pa3psde HANPINICEHHOCMb NOIsL 603pacmaem no
HANpasneHuio K NIOCKOCMU, d He ocmaemcs nocmosnHou. Takoe pacnpedeiienue nolsi XApakmepHo U O Opyeux Cucmem
9NEKMPOO08 ¢ YUTUHOPUYECKUMU KOPOHUPYIOWUMY d1eKmpooamu. Bonemamnepras xapakmepucmuxa u Ons Opyeux cucmem
21eKmpo008 Modicem Ovimb npedcmasiena 6 guoe (4.10), Ho ko3gppuyuenm G 6 s3mom cayuae umeem cgoil UO.

HauajbHble  NPOOUBHbIE HANPSIKEHHS] MPOMEXKYTKOB NMPH KOPOHHOM paspsine. Hauanvnoe nanpsoicenue uiu
HAUANIbHASL HANPAJICEHHOCMb RO KOPOHHO20 PaA3ps0q, AGIACMC BAXNCHLIM NAPAMEMPOM, KOMOPbIl HeoOX00UuMO 3HAmMb npu
sblbOpe MOl Ul UHOU CUCEMbL DNIeKMPOO08 NPUMEHUMENbHO K KOHKPEeMmHOU mexHoro2udeckou ycmawnoske. Ilpesviuenue
HANPAXNCEHUS. HAO HAYATBHBIM ONPeOeisiem UHMEHCUBHOCHb KOPOHHO20 pA3psadd, a4 3HAYUM YPOGeHb HEOOXOOUMbBIX paboHux
HANpAX@CeHUll  S1eKmpomexHoao2uieckol  ycmanosku. Ha npaxmuxe y0o6Ho onpedensimv HAYANLHYIO HANPANCCHHOCD
APOMENCYMKA MeNHCOY KOAKCUATbHBLMU YUTUHOPAMU N0 dIMAupuyeckoil gpopmyne Tuxa:

E, =3030 1+O298

Vro )

a HAYANbHOE HANPAJICEHIUE U3 BLIDAICEHUS:
= R
Uy=EyyIn "

Hauanvroe nanpsiicenue npu noiosicumenbHot NOASAPHOCIU JIeKMPOOd HECKOIbKO O0bule, YeM Npu OmMpUyamenbHol
nonsprocmu. OOBACHAEMC IO MeM, YMo NpU Pa3eumuu paspsaodd ¢ OMpuyamenbHo20 1eKmpood Kod(huyuenm mopuyHot
uoHu3ayuu y bonvule, Yem npu NOAONCUMENbHOU NOAPHOCIU dNEKMPOOd, NOCKOIbKY 8 IMOM Cyyde e20 3HAYeHUe Onpeoensiemcs
He mobKo homouonuzayueti 6 ooveme, HO eue U GomouonHuzayuell Ha snekmpooe.

Ipobusnvle HanpsiceHuss NPOMENCYMKO8 MeHCOy INEKMPOOaMU Npu KOPOHHOM paspsioe Onpeoeisiiom npeoeibHvie
HANPSIHCEHHOCIU NOJIsL, NPU KOMOPBIX euje Mo2ym pabomams mexHoI0SUYeCcKUe YCmanosKU, UCNONb3YIowue KOPOHHbIL paspsio.

Ipob6oii koponupylouezo npomexdcymKa npoucxooum npu Hanpaxcenuu, Oorvuiem HauanvHoeo (puc. 4.3). Ecau
PA3PSIOHBLI  NPOMEINUCYMOK  HECUMMEMPUYHBIL, .e. €20 9AeKMpoObl UMEIOm pas3Hble paouycvl KpPUBU3HLL, MO NpoOUSHOe
HAnpsdNCeHue 3a6UCUm Om NOJIAPHOCMU INEKMPOOd C MEHbUUM PAOUYCOM KPUBUZHBL. NPU OMPUYAMENTbHOU NOISAPHOCU OHO
CYWecmeeHHO Gblule, YeM Npu NOA0ACUMeNnbHOU noasprocmu (puc. 4.4). Obvacusemcs 3mo mem, Ymo npu HOJOHCUMENbHOU
HONAPHOCMU  NOOBUICHBIE INEKMPOHLL JIe2KO YXO0O0SIM U3 30HbL pa3psaod HA INeKMpoo, d OCMABWUUCA 6 NPOMEdNCYmKe
NONOJCUMENbHBITL 00bEeMHBIL 3aPS0  YCULUBAEM HANPSJICEHHOCMb NOJSL 60 GHEWHel YAacmu NpOMEdNCYmKA, CHOcoOCmeys.
Oanvhetiwemy pazeumuio paspsaoa. Ilpu ompuyamenvHou nOAAPHOCMU NUMAIOWE20 HANPSAICEHUS], HANPOMUS, MALONOOBUINCHBIT
HONOJCUMENbHBLIL 0OBEeMHbIL 3aPsi0 YMEHbULAem HANPSINCEHHOCMb NOSL 80 GHEWHEN YACmU NPOMENCYMKA, U 015l pA3GUMuUs
paspsioa mpedyemcsi 3HAUUMeIbHO bOJbULee HanPsIICeHUe.

Cpeonue paspsionvle 2padueHmsl HanpsiCerusi NPU NOJL0JICUMENbHOU ROJAPHOCMU cmepoicksi cocmagisiiom 4,5 kB/cm, a
npu ompuyamenvrol npumepto 10 kB/cm. Omu 3uauenus, 8 c60r0 ouepeds, npumepHo 8 3—5 paza menvuie yem 8 0OHOPOOHOM
none (24,530 kB/cm).
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Puc. 4.3 Paspaonvie (2) u nauanvhole (1) Hanpaxcenus 6030yuinozo
npomescymka mexicoy KoakcuanvHsimu yununopamu (R =10 cm)
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1150 /
900 /1 /
750 / // :
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Puc. 4.4 Paspsiinble HANpPsIKeHUs BO3IYIIHBIX POMEKYTKOB
CTepP:KeHb-NJI0CKOCTh NpH oTpuuaTeabHoil (1) u
TOJIOKUTEIbHOM (2) NOJASAPHOCTSIX MOCTOSTHHOTO

HANPSKEHUsS MUTAHUS CTEPKHSA

5. TEXHOJIOTMHYECKHUE IHPOLECCBHI, OCHOBAHHBIE HA CHJIOBOM BO3EMCTBUM
OJIEKTPUYECKUX ITOJIEM HA MATEPHAJIbI

5.1 Beeoenue

Ecau wacmuyam menkoopobienozo (Oucnepeuposaniozo) mamepuaia cooduier HeKOmopwill 3apsio, mo Ha dMmu Yacmuyvl
6 anexmpuueckom noxe Oeticmgyem cuna F =Eq, xomopas 3acmasnsem uacmuyvr Osucamuvcsi. Paznuunvie gopmul smozco
OBUIICEHUSL MOJICHO UCNONB306AMb 05l BLINOIHEHUSI PA3HOOOPA3HbIX mexHonoeudeckux onepayuil. Lllupoxoe pacnpocmpanenue
MEXHON02Ull, OCHOBAHHLIX HA YNPAGIEHUU OBUIICEHUEM 3APAICEHHBIX HACMUY MNOAEM, CEA3AHO C HAIUYUEM Yelno20 psiod
npeumMyujece dMux mexHoI02Uull neped mpaouyuoHHbIMU MEMoOamu 8030€UCmeUs. Ha 00pabamvi8aemMbvlii Mamepuda.

— Ilpesicoe 6cezo, cnedyem ykazamov Ha HENOCPEOCMBEHHOE 8030€UCMEUE DNIEKMPULECKOU IHEPSUU, COCPEOOMOYEHHOU 8
NEKMPUYECKOM Nofle, Ha 00pabamvisaembvlii. Mamepuanr 6e3 NpoMedCymounvlx mpauncopmayuti dHepeuu, a 3uadum u 6es
OO0NOIHUMENbHBIX NOMEPb, CONPOBOACOAIOUUX IMU NPOMENHCYIMOUHBLE MPAHCHOPMAYUU.

— B npupode Hem gewecms Kak NpogoosiujuXx wii NOLYRPOSOOIUUX, MAK U OUIIEKMPUHECKUX, KOMOPble MeM UIU UHbLM
Ccnocobom He moanu Obl ObIMb 3aAPANCEHbL U NOOBEPSHYMbL CUNOBOMY B030eUCmEuUI0 dlleKkmpuieckozo noiid. Omcrooa ciedyem
CBOLCMBO YHUBEPCANLHOCHU MEMOO08 PACCMAMPUBAEMOTE MEXHONOSUU.

— Oma yHugepcanbHOCmb He 0ZPAHUYUBAEMC sl CKOIbKO-HUOYOb 3HAUUMENbHO MeM 0OCMOSMenbCmeoM, Ymo Hauboiee
aghpexmusnoe 6o30elicmeue dNEKMpPULECKUX NOAel HA CbIPbe MOJICem NPOSGIAMbCsl 8 Clydae, eciu NocieoHee HAXOOUMCs 6
OUCNEPSUPOBAHHOM COCMOSIHUU, M.K. 83AUMOOECMEUE NOJIsL C 6EUWEeCMBOM RPOUCXOOUM 2IAGHBIM 00PA30M HA 2paHuye pazoend
cped. Cnedyem umems 6 GUOY, UMO OSPOMHASL MACCA CbIPbs. NO CE0eU Npupode aubo yice HAXOOUMcs 68 OUCNEPSUPOBAHHOM
cocmosHuu, b0 1eeko Modicem Oblmb NPUBEOEHAd 8 MAKoe COCMOosiHUe npu 000blye u nocireoyiowel oopabomre. Hanpumep,
000bI4a NONE3HBIX UCKONAEMBIX HEUZOENHCHO CONPOBONCOACICI CYUWeCmBeHHbIM usmenvyenuem pyo. Cmenenv pazopobreHnocmu
Modicem ObImMb PA3IUYHOU: OM YACTUY CYOMUKPOHHBIX PA3MEPOS 00 YACHUY 8 HECKONbKO 0eCAMKO8 MULIUMEMPOS.

— Jlannvie Memoovl no36010M 0becneuumy eckoe U YHUBEePCAIbHOe YNPABGIEeHUe NPOYECCamu 3a CUem 603MOICHOCTU
NIAGHO20 Pe2YIUPOSAHUS. 6 WUPOKUX NPedelax GeIudunbl HANpsicenus (Wih Ymo modce Camoe HAaANPsIiCeHHOCMU
anexmpuyeckozo nois). Ilocneonee 06cmosmenbemeo no3eoasiem 2060pumMb 0 603MONICHOCHU 0DECHeYeHUsl GbICOK020 KIACCd
MOYHOCHU.

Cunosoe o3oelicmaue INEKMPUYECKO20 NOJISL HA YACIUYbL CIPbSL MOJICEN PEalu306bl6aAMbCsl 8 PAIUYHBIX hopMax u
UMemb pa3iuiHblil KOHEUHbIU Pe3yibman.

1. Yactuupl BellecTBa Mpy MOMEIICHUH MX B AJIEKTPUUECKOE TOJIe MoJsipu3ytoTes. Ecnu oHu npoponroBatoi Gopmsl,
TO BO3HUKAIOT CHJIbI, OPUEHTUPYIOIHE YACTHUIIbI [0 CHUJIOBBIM JIMHHUSAM IOJS. DTa CIOCOOHOCTD JIEKUT B OCHOBE TEXHOJIOTHH
W3rOTOBJICHHS] TEKCTHIIBHBIX U KOMIIO3UIIMOHHBIX MaTE€pUaJIOB.



2. Taxk Kak CBOICTBa OTAENBHBIX YAaCTUIl OTIMYAIOTCS, TO BO3HUKAIOT CHJIbI, KOTOPBIE KPOME OPHEHTALUH 3aCTaBIIOT
YaCTULBI JBUIATHCSA C Pa3IMYHBIMU CKOPOCTSAMH U IO PA3IMYHBIM TPAEKTOPHSAM. DTO MO3BOJISET OCYIIECTBISATH CENapalyio U
KJIacCU(UKAIIMIO YaCTHI] 110 TUINEKTPUIECKUM CBOHCTBAM, JIEKTPOIPOBOAHOCTU U pa3MepaM.

3. Ilpu Hanuyuu WM30BITOYHOTO BIIEKTPUUECKOTO 3apsijia YacTHIbl HE3aBHCUMO OT (HM3MYECKUX CBOMCTB OyayT
JIBUTaThCSl B DJIEKTPUYECKOM I10JIE 110 HAIPaBJICHHIO K 3JIEKTPOJAaM, MMEIOLIMM 3apsi[i NPOTUBONOJIOKHBIN 10 3HAKy 3apsiy
YacTHLl. DTO IO3BOJISIET BBIACIATH YACTHIBI M3 HECYIIEH MX Ta30BOM Cpelpl, T.e. OCYIIECTBIATh OYMCTKY ra3a OT JKHJIKHX U
TBEP/BIX IUCIIEPIUPOBAHHBIX MAaTEPHAIIOB.

4. YacTuupsl, OCaKAasCh HA JIEKTPOA, yIEPKUBAIOTCS HA €ro IMOBEPXHOCTH 32 CUET CHJI 3€PKaJIBHOTO OTOOpaKEHHMS,
co3faBasl IUIOTHBIM cioif. [Ipu 3TOM MMes OIHOMMEHHBIH 3apsj, YacTHLBl PACTAIKUBAIOTCA M O0SCICYMBAIOT PaBHOMEPHOCTD
HOKPBITHS, YTO HCHOJIB3YETCs IIPH HAHECEHHUH ITOJIMMEPHBIX ITOPOIIKOBBIX MOKPBITHH B JIEKTPUYSCKOM IOJIE IS JEKOPaTHBHBIX
Y aHTUKOPPO3HOHHBIX LIENICH.

5. BsanmopeiicTBue 3apslOB, OCaXICHHBIX Ha IOBEPXHOCTH (DOTOIOIYNPOBOIHMKOB, C 3apPSDKCHHBIMU YaCTHULIAMH
NPOSBIIAIONIMX MaTepHaloB IPUBOAUT K HX HM30MPATEIbHOMY OCAXICHHIO. OTO SBJICHHE OBUIO IIOJIOXKEHO B OCHOBY
3IEKTPOIeYaTH.

6. 3apsika 4acTHIl AUCIIEPTHPOBAHHBIX MaTEPHAIOB Pa3HOMMEHHBIMH 3apsiaMH I03BOJISIET IIPOU3BECTH OJHOPOIHOE
CMeLIMBaHHE MaTePHAaJIOB.

Bce smu anexmpomexnonozuueckue npoyeccobl cooepicam mpu OCHOHble CMAOUU, KOMOpbvle U ONpeoensiom CmpyKmypHyIO
cXeMmy munosoul mexHoN02U4ecKol ycmanosku (puc. 5.1).

Kamepa
OpraHM3aluu
JIBUKCHUS 4aCTUIL

Kamepa
(hopmupoBaHust
TOTOBOTO IPOIYKTa

3apsaHoe
YCTpOHCTBO

Hcrouynnk
BBICOKOI'O
HaNpsKCHUs

Puc. 5.1 Cmpykmyphnas cxema munogoi 31eKmponexnHonozuiecKkoll ycmanosKu

B coomeemcmsuu ¢ smoii cxemoil meopemu4decKyio OCHO8Y npoyeccos cocmasejiAanom 3aKOHOMEePHOCmu 3ap;101<u u
O0B8UIICEeHUS. uacmuy 6 3J1eKmpu4ecKom noJie.

5.2. 3apaoka wacmuy

B nacmoswyee epemsi ucnonwvsyiomes cueoyrouue memoosl 3apsaoKu uacmuy, m.e. COOOWeHUs. Yacmuyam u30blmouHo20
sapsoa: 1) uonnas 3apsoxa, 2) uHOYKYUOHHASA 3apsaoKa; 3) cmamuyeckas 91eKmpusayus.

5.2.1. NoHHas 3apsiaka
Memoo 3axmouaemces 6 Mom, UMO UOHBL, OBUNCYWUECA 6 243060l Cpede, HANPUMED, 80 GHEUHell 30He KOPOHHO20
paspaoa, u cmankuearowuecs ¢ yacmuyell, ocaxcoaiomes Ha ee nogepxrocmu. OOpamHo UOHbL He MO2YM 8036PATNUMbCS U3-3d
mMo2o, 4mo OHU OOJIHCHBL 0011a0ams onpedeieHHOU dHepauell 0 NPeodoieHUs NOMEeHYUdIbHO20 bapbepa HA spaHuye pasoend
cped. Taxum 0bpazom npoucxooum HaKonIeHue UOHO8 HA Yacmuye.
Paccmompum 3apaoxy uwacmuysl 6 21eKMputeckoM noie ¢ YHUNOIAPHLIM 0ObeMHbIM 3apaooM. Yeenuuenue 3apsoa
yacmuyvl onpedensiemcs Koau4ecmeom UOHO8, NONAOAIOWUX HA YACMUYY 8 eOUHUYY BPEMEHU.

dg -
E:elfaﬁ, (5.1,

20e q —3aps0 wacmuywl, € —3aps0 daexkmpona, f —eexmop niomnocmu nomoka uoHo8, s — RIOWAOb NOBEPXHOCIMU YACMUYbL, HA
KOMOPYIO 0CANCOAIOMCSL UOHDI.

Iomox uonoé ma uacmuyy onpedensimcsi O8UICEHUEM UOHO8 NOO OeUCMmEUeM INIeKMPULEecKo20 NOMsL U OBUNCEHUEM,

8bI36AHHBIM OUDDY3Uell UOHOS 3a cuem epadueHma KOHYEHMpayuy UOHOG:

f =nkE — Dgradn, (5.2.)
20e E — nanpsioicennocms snekmpuyecko2o nojsi y nosepxuocmu vacmuysl; n, kK — konyenmpayus u nooguicHocms uonog;, D —
K03 uyuenm oudpysuu.

Onpedenum, npu Kakux Ycloeusx npeobradaem 3apsaoKd HACMuyd 3d cCYem OCANCOeHUsl UOHO8 NOO Oelicmeuem
ANEKMPUYECKO20 NONSL («yOapHasy 3apsaoka) u koeda npeobiadaem O8UdCEHUE UOHO8 No0 Oelicmeuem OuPPy3uoHH020
Mexanusma («ougghysuonnasny sapsaoxa). Mz evipasicenus (5.2.) cnedyem, umo «ougpdysuonnsiily mexanusm npeodiadaem Hao
«yoapruimy npu yciosuu, eciu Dgradn >> nkE. [lpeononazas, umo y nosepxnocmu uwacmuysl 1 =0, a ee o3mywaiowee
6030eticmeue HA KOHYEHMPAYUlo UOHO8 PACHPOCMPAHAEeMCcs HA paccmosinue paenoe 2a, noayyaem grad n~ny2a. Ilpu
ammocgepHom OasieHuU 8 COOMEEMCMEUU C MOJEeKVIAPHO-KUuHemudeckoli meopueii 2azoe D ~ 0,025 k. Iloamomy mooucHo
sanucamov E << 0,025/(2a). [na ycroguil, Habawooaemvix 6 annapamax 371eKmpoHHO-UOHHOU mexHonozuu, koeoa E ~ (1+3) kB/cm,



noxyyaem, umo npu pazmepax wacmuy 2a << 0,1 mxm npeobaadaem «Oughhy3uoHHbILY MEXAHUIM 3apAOKU Yacmuy. « Yoapuasay
3apaoka npeobaadaem 8 IMuUX ycao8usax O yacmuy pamepom 2a >> 1 uxm.

«Vdapnaﬂ» 3apﬂdka yacmuy 6 91eKmpu4ecKom noJie.

Peayﬂbmupyiowaﬂ HANpPANCEHHOCMb noJid 'y NOBEPXHOCMU UYACMUYbL onpedeﬂﬂemc;z czze()yiomwvzu cocmaeaArnumumu.
BHEUIHUM noJjiem Eey, nojaem noJspuzayuu 4yacmuysl E,,, nonem 3apﬂda UoOHOS6, oceswux Ha vyacmuyy, Eq, nojiem 3epKajlbHoco
0m06pa9fceuuﬂ UOHA 6 noeepxrHocmu 4acmuybsl Ej

E=E, +E,+E, +E; (5.3)
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Puc. 5.2. Cxema yaapHou 3apsaku ccpepmyeckomn YacTulbl

lna cghepuyeckou yacmuysi (puc. 5.2) paduycom a u OMHOCUMENbHOU OUIIEKMPULECKOU NPOHUYAEMOCbIO € 8 8030YXe
HOPMANIbHAA COCMABTAIOWASL 6HEWHE20 NOASL C YYemOoM NOASA NOTAPUIAYUU Hacmuybl (NOTONCUMENbHOe HANpAGIeHUue — K
yacmuye) pagra:
2(e-1)
Epn+E=E,cos0+——=F, cosfd=FE,_k,cost (5.4)
e+2
20e O — mepuouonanvuvlii yeon cgepuyeckoi cucmemvl Koopounam, k, =1+ 2(5 - 1)/ (e + 2) =3¢/ (e + 2) — Kkoappuyuenm,
VUUMBIBAIOWUL OMHOCUINENTLHYIO OUIEKMPUYECKYI0 NPOHUYAEMOCb YaACTUYbL.
Hanpsiicennocmuv KynioH08CK020 Noas 0m 3apAoa 4acmuybl, OMmaiKusaiowe2o nooiemaroujue UoHsl, pagHa
E,=—1. (5.5.)
4reya
Ione 3epranvrhoco omobpadxcenus uoHa oelicmeyem Ha MAioM pAcCMOAHUY O NOBEPXHOCIU YACMUYDL, U €20 MOHCHO
yuecmv Kax yseaudenue dQPpexmusnozo paouyca yacmuysl, HOCKOIbKY 8Ce UOHBI, NONAGUiUe 8 npedenbl 30Hbl 0eliCEus CUulbl
3epKaNbHO20 OMOOPAdICEHU, 3aX8aAMbIBAIOMCA Yacmuyel. [ paccmampueaemvix pazmepos Yacmuy Smum yeeiudeHuem MOICHO

npenebpeun.
Tloocmasnss 3Havenuss HanPsICEHHOCMell HIeKMPUYecKo2o nois 6 guipadcenus (5.2) u (5.1), nonyyum:
dq —q
—=ek|nk,E,, cos0——ds. 5.6

Yucnennvie pacuemul nOKA3bI6AION, YMO KOHYEHMPAYUS UOHOE NPU OBUINCEHUU 8 INEKMPUUECKOM NOe 6 YKA3AHHBIX
VCIIOBUAX He UBMEHAEmCs 6007b MpAeKmopuu O0sudcenus uonos. Eciu ma Odocmamounom yoanenuu om 4acmuyvl 3ma
KOHYEeHmpayus pasua Ny, mo oHa Ny U 60016 nosepxHocmu wacmuyvl. Credo8amenvHo, OHA MoXcem Oblmb BbIHECEHA 3a 3HAK
unmeepana 6 ¢gopmyne (5.6). Hnmeepuposanue 6 (5.6) npoussooumcs 8 chepuieckoii cucmeme KOOPOUHAmM no MO Yacmu
nogepxXHOCmu Yacmuysl, 20e noie obecneuusaem nonadarue uoHa Ha yacmuyy. CredosamenbHo:

dq  enyk 2
—=—|[q(t) - , 5.7
dt gy 9O 4n] (5.7)

20e q,, = 4negk a’E,, —makcumansuvlii 3apso uacmuybl.

Ouesuono, umo 6 camom Hauaie 3apsaoku ywacmuysl ( = () uoHbl ocaxncoaromces Ha écell 1edol NOJLOSUHEe YACMUYbl
(epanuya 5-5). I[lo mepe naxonienus 3apsoa Ha yvacmuye, 614200apsi YCULEHUIO OMMATKUBAIOULe20 NOJIsL 00IACTb 0CANCOEHUS]
UOHOB COKpawaemcs (2paHuya 53— cmewaemcs 61€60) 6njioms 00 HYs (epanuya 60— npoxooum uyepez mouky A). B smom
cyyae 3apsaoKa Yacmuysbl NPeKpaujaemcs u Yacmuya npuoobpemaem MakCUMAibHblll 3apsio.

Pewenuem oupepenyuanvrozo ypasuenus (5.7) sensiemces svipaxcenue (popmyna [lomenve):

g0 = g (5.8)
4g, +enykt
Hna nposodaweii yacmuybl MOX*CHO cuumams, ymo & —> o u k, =3. Toeoa:

4, = 1276y’ E,, . (5.9)

Ilpu 3apadke yacmuyvl 8 OUNOIAPHOU KOPOHe, Ko20a 6 NPOCMPAHCMEE, OKPYICAIOWEM YACmuyy, HaApsaody ¢ UOHAMU
00HO020 3HaKa (Hanpumep, nooNCUMenbHLIMU — Ny, K+) npucymemeyrom uonvl Opyzoeo snaxa (ompuyamenvhvie —n_, k_), nomox



3apsA008 HA dacmuyy umeem 08e COCMAGIAIOWUE. HOLONCUMENbHYIO, VEeTUUUBAIOWYI0 3aPA0 Y4dACMuUYbl, U OMPUYAMETbHYIO,
VYMeHbUAaoWyIo ee 3apso.
Ipedenvhulii 3apsd 6 5mom ciyyae pasen:

- /e”—k/
en.k, (5.10)

Anpen = 9m ,
1+ en_k_
enk,

20e Yy+=enk, u y,_=enk_ — npogooumocmu, onpedersiemvie COOMBEMCMEEHHO NOLONCUMETbHBIMU U OMPUUAMETbHLIMU
sapsaoamu. U3 gopmynvr (5.10) euono, umo npedenvbHuili 3apsao0, npuobpemaemvlii yacmuyel 6 noie OUNONAPHOZO KOPOHHOZO
Dpazpaoa, Meubiie MaKCUManbHo20 3apaod Yacmuybl, NOAYYAEMO20 HPU YHUROIAPHOU 3aPAOKe Uypes < Q-

«upyszuonnasny sapsoxa vacmuy.

Hns maneix wacmuy (2a << 0,1 MKM) NOMOK UOHO8 HA YACMUYY ONPEOENseMCss MOJbKO Npoyeccom oupgysuu, a u3z
NEKMPUUECKUX CUT HEOOX0OUMO YHUMbIGamb JUlib OMMAIKusaruee osoelicmeaue npuobpemaemo2o 3apsoa yacmuywl. Toeoa
00WUll NOMOK UOHO8 HA Yacmuyy 6yoem paeeH:

u=§(0@—kn%)ds. (5.11)
. dr dreya

3a nonodcumenvHoe Hanpagienue NPUHAMO HANPAGIEHUe NOMoKa K yeHmpy uwacmuyvl. [loocmanoska 6 (5.1) u

UHMe2PUPOBAHUE YPAGHEHUS 0ae PeUleHUE 8 HEABHOM BUOe:

&

t=—C[E(A)—c,~1In4], (5.12)
ok

20e E; —unmeepanvnas noxazamenvhasn pynxyus; A =kq/(D4nega); ¢y=0,577 —nocmosinuasn diinepa.
Onpedenus eenuyumny A us (5.12) nezxo mooucno Haiimu 3aps0 q.

Ad~q

Ipu ougghysuonnom . MexaHusMe 3apsa0Ku 3apsa0 pacmem 80 8pemMeHU
HeoSpaHu4eHHo. Obvacusemea >5mo  mem, umo Ho Mepe
HaKonjieHus  3apsAda  Ha 4 yacmuye U pocma €20  OMMAIKUBAIOWE20
Oelicmeus pacmem epaoueHm KOHYEHMpayuu UOH08 Y NOBEPXHOCTNU 4ACHUYb
3a  cuem  coOCpeOOmMoueHUs P U3MeHeHUsi KOHyeHmpayuu ece 8 6oiee Y3KOM
cloe  601U3U  NOBEPXHOCMU yacmuysl.  Oonako  epagux  (puc.  5.3)
noxasvleaem, 4mo OCHOBHOU 04 > 3 nat, 107 cfenr’ 3apa0 uacmuya npuodpemaem 8 HAYATLHBIIL

of, ¢/cM 7 3
<.

nepuoo epemenu PuC.5.3. 3aBMCHMOCTL NapameTpa A or Mt <2-10" c/em’), a Oanee onu u3M7€H;ler3nc,q
mano. 3a npedenvHulil 3apso BpeMeHU npuHUMaemcs Aypeo= 6,7 npu ngt = 4-10"c/cmr’.

Cmpoezo aHATUMUYecKo20  peulenus  3a0ayu  npu

OO0HOBPEMEHHOM YUeme «YOapHO20» U «OUDPYIUOHHO20» MEXAHUIMOB 3aPSOKU Hem U 3a0a4a peulaemcs YucieHno. B pesyiomame
YUCTIeHHBIX paciemog ycmauogieno, umo npu 0,1<a <] Mxm 6enuuuny 3aps0a MOJICHO BbIYUCTAMb KAK CYMMY 3apsioos,
PACCUUMAHHBIX O POPMYIAM «YOAPHOUY» U «OUDDY3UOHHOY 3apsOKU.

Ecnu popma wacmuy cywecmeenno omauuaemcs om cepuyeckoil, mo UCnOIb3yemcs 3aMeHd Yacmuybl HaA Yacmuyy
ANAUNCOUOANLHOU DOPMbBL IKEUBANICHMHYIO N0 COOmMHOuleHuro oceli u obvema. Cnedyem umemsv 8 6udy, 4mo eciu gopma
yacmuysl O1U3KA K chepuneckoll, mo ona npu 3apsaoke epawjaemcs. dacmuyvr yOIUHeHHOU DOpMbL 8 INEKMPULECKOM Noe
npuobpemarom OnpedeeHHy0 OPUSHMAYUIo, U MO 0OCMOSMENbCMEO Cledyen YUUmvléams npu pacueme GeIudUnbl 3apsod.
Dopmynsl 015 «YOAPHOUY U «OUDDY3UOHHOUY 3aPAOKU DIIUNCOUOO8 MONCHO HAUMU 8 COOMBEMCMBYoulell iumepamype.

5.2.2. UapyKimoHHast 3apsiiKa 9acTUIl
MexaHu3M WHIYKIMOHHOM 3apsKi MOSICHUM, PacCMaTpHUBasl JIBHKeHHE C(EepUUEcKON MPOBOASAIICH YaCTHIBI B IOJIE
IUIOCKOTO KOHIIeHcaTopa (puc. 5.4).

+ 4+ + |+ + +
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Puc. 5.4. Cxema MHAYKIHOHHOI 3apSi/IKM YaCTHI

Yacruia, nonajgamoiias B IPOMEXKYTOK MEXAY IIaCTHHAMH, moisipusyercs (nosunus 1). [Ipu KoHTakTe ¢ 3JIeKTpoaoM
(mo3unust 2) B3aUMOJEHCTBUE 3aps/IOB YaCTHIBI U DJIEKTPOJAa MPUBOJUT K HEHUTpalM3aluu ONMKaHIIero K TOYKEe KOHTAKTa
MOJISIPU3AaLMOHHOTO 3apsina. [lanee, ecim yacTuna oTpeiBaeTcs (MO3Uus 3), TO OHA YHOCUT W30BITOYHBIHN 3apsa.

Takum 06p8.30M, I/IH)lyKLlI/lOHH]:Jﬁ MEXaHU3M 3apsAaJKh BKIHOYACT MNOJAPU3ALUIO0 YaCTHULBI B J3JICKTPUYECKOM II0JIC U
HeWTpann3aluio OJHOrO M3 3apsioB. He 00s3aTenbHO 3TO MPOMCXOAMT MPU KOHTAKTe C 3jeKkTpoxoM. Hampumep, paznenenue
3apsiIOB MPOUCXOUT MPH Pa3phIBE Kareib B AJICKTPUICCKOM IIOJIE.



3apsaoka npu Konmakme c 31eKMPOOOM 8 I1eKMPUUECKOM noJle.
Jna pacyera MHAYKIIMOHHON 3apSIKHd PAaCCMOTPUM YaCTHUILY B BHJE IMPOBOJISAIIETO IOIYIUIAIICONIA, HAXOSIIEToCs Ha
MTOBEPXHOCTH IIOCKOTO 3JIEKTPOJA B ANEKTPHUIECKOM Toie (puc. 5.5, & —> oo, yAeIbHBIE SJIEKTPOIIPOBOIHOCTH J;1 = %o = 0).
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Puc.5.5. Moxyiuncona Ha j1eKTpoae

Honysnauncoud 3a cuem u3MeHeHUsi COOMHOUIEHUsL OCEU NO360JEN MOOEIUPO8aAmb YACMUYbl PAIUYHOU (DOPMbL.
Dopma 8 ude noxyINAUNCOUOA YOOOHA OISl pacuema nojid, MaK KaxK 3a cuem 3epKaibHO20 0moopadceHus NI0CKOU N08ePXHOCHU
INEKMPOOd OM CUCHEMbl NOLYILIUNCOUO HA NIOCKOCMU 6 OOHOPOOHOM NOJe MOJCHO Hepelimu K cucmeme IUNCOUO 6
00HOpPOOHOM NoTle. [[Isi mako2o Ciyyasi U36eCMHO AHAIUMUYECKOe pacnpedeienue Nois HA NOBEPXHOCMU U 68 OKPEeCMHOCMU
ANAUNCOUOA, HAXOOAUE20CS 8 OOHOPOOHOM NOJIe.
Toe0a HanpsXsCeHHOCMb INEKMPUUECKO20 NOJS Y HOBEPXHOCIU NP0800auezo noayauuncouoa E, sanuwemces 6 sude:
1
2 2 277,
A e A R (5.13)

n
azda a’ b* c?

20e a, b, ¢ —noayocu snauncouda, d, — ko3¢phuyuenm oenoaapusayyuu SAIUNCOUOA 8 HANPABTIEHUU OCU X.

Kosppuyuenm  Oenonspusayuu ompascaem usmeHenue HANPANCEHHOCMU NOMsL  INAUNCOUOOM 6 HANPABGIEHUU
coomeemcemeyroweti ocu. /s cgepvr umeem d,= dy=d.=1/3. Ecmu cghepa mooderupyemcs noays uuncouoom, mo
bla=ca=05ud,=0,172.

Hmesn 6 6udy, umo niomHocms NOBEPXHOCMHO20 3aps0a CE53aHA C HANPAICEHHOCbIO NOJSL Y NOBEPXHOCU DNEKMPOOd
COOmMHOWEeHUEM

o=-&FE,, (5.14)
MO UHOYKYUOHHDBIU 3aPsi0 ROJYIILIUNCOUOA MONCHO ONpedeums no opmyne:
qzjads:—gojEnds. (5.15)

Hocne noocmanosxu (5.13) 6 (5.15) u ummezpuposanus 6 3IIUNCOUOANLHOU CcUCHEMe KOOPOUHAM NO GHeUlHel
NOBEPXHOCIU NOLYINTUNCOUOA NOTYUUM.

q=-n5E,, b%, (5.16)

Takum obpaszom, npogOOAWA YACMUYA HA NOBEPXHOCU DNIEKMPOOd 8 INEKMPUYECKOM Noe, 6eKMOP HANPAICEHHOCIU
KOMOPO20 HANPAasieH K NOGEPXHOCIU INeKmpood, npuobpemaem ompuyamensHulil 3apso u Ha Hee 0eliCmayen Ompblearouas om
NOBEPXHOCMU INIEKMPUECKAs CUNA.

3apsiaka MoJIynpoBoAsieil YacTHIIBI, HAXOAMIIEHCs HA 3JIeKTPO/ie B 1M0Je YHUTIOJSIPHOT0 KOPOHHOTO pa3psijaa.

B obwem cayuae uwacmuya xapaxmepuszyemcs HeKOMOpPOU ONPeOeNieHHOU GelUYUHOU  YOelbHOU 00beMHOU
91eKMPONPOBOOHOCHIU Yy, U HAXOOUMCS HA INeKMpooe He 6 SNeKMPOCMAMUYeckom none, a 6 noie YHUNOIAPHO20 KOPOHHO20
paspada, m.e. Yy, #0 u J,, #0. Toeoa 3apsadka He npoxoOum MeHOBEHHO U U3MEHEHUe 3apsadd 60 6PEeMeHU ONpeoelsiencs

ypaeHernuem Hepaspvbl6HOCMU NAIOMHOCMU NOJTHO20 MOKa (n’lOK(l npoeodumocmu u CM@W@HM}Z) Ha noeéepxHocmu 4acmuyvl (puc.
5.5):

dE dE
wm/ _ ]
Voo, + &0y 2 = by T E0s T (5.17)
T[ToCKOJIBKY B HAaYabHBIH MOMEHT BPEMEHH YacTHILA TIOJAPU3YETCS KAK JMAIEKTPUUECKMH IUTHIICOM, TO MOIe BHYTPH
YACTHIIBI ABJIACTCS OJHOPOIHBIM U HATIPABIIEHO MAPAIENBHO Eyy,. DTO 03HAuaeT, uto Ey,~cos6, re @ — yroin Mexay HOpMabio K

MOBEPXHOCTH U BEKTOpoM E;. OTcrofa U3 yClIOBHS PAaBEHCTBA HOPMAIBHBIX COCTaBIIIOIINX BEKTOPA 3JEKTPUIECKOTO CMEIIEHUS
BHYTPH U CHAPYXHU MOJY3IUIUIICONIA TTOTy4aeM:

—r &
E2n - Eln % ~ COSH’
2

rie Ey; — HOpMalibHasi COCTABIISAIONIAs HAMPSHKEHHOCTH 3JIEKTPUYECKOrO T0JIsl HA BHEIIHEH OBEPXHOCTH MOIY3JUTUIICOUA.
Torma IIOTHOCTE CBSI3aHHBIX 3aPSIA0B Opyys = &(E1,—E2,) ~ cOSO.



KoanuecTBo 3apsiia, oceraminero B ¢IMHUIY BpeMEeHU HA eJUHHUIY TOBEPXHOCTH YaCTUIIHI B
pe3yJabTaTe NPOTEKAHUS TOKA KOPOHHOIO Pa3psiia paBHO:
J2n_J1n = 7v2E2n_7v1E1n ~ COS&.

Takum 00pa3oMm, cyMMapHas INIOTHOCTh CBOOOIHOTO ¥ CBSI3aHHOTO 3apsAIoB o = 0, cosd (MIpomopiroHanbHa cos6), Tae
0, — CyMMapHasi TNIOTHOCTb CBOOOTHOTO M CBA3aHHOTO 3aps/0B B BEPLIMHE A4 MOIYIUIAIICOHIA.

[MTockonbKy B mpouecce 3apsanku £y, E,,, 0 0cTaroTcsi IPONOPUUOHAIBHBIMU COSH, TO ypaBHEeHHE Hepa3pbiBHOCTH (5.17)
JIOCTATOYHO PELINTh TOJBKO JUTS BEPIINHBI JIIAIICONA A.

J1J1st BEepILIMHEI 3JUTUIICON A CIIPABEIIUBO!

E{;Il:EBH+daO—%; Efn:EBH_(l_da)G% . (518)
0 0

Ioncrasmnss (5.18) B (5.17) u uHTErpUpYS MO MOBEPXHOCTU YACTHIIBI, TOTYIHM:
q(t) = qm(l—e%) (5.19)

_ mEgbeEy, (517v2 e )
yvlda +7/v2(1_da)
gd,+1-d,

‘ 7v1da +7v2(1_da)
TIIE ., — TPENEeNbHBIN 3apsiil, IPHOOpEeTaeMblil YAaCTHUIICH, 7 — NOCTOSIHHASI BDEMEHH 3apsAKH YaCTULIbI.

"3 TIOJTYUCHHBIX 3aBHCHMOCTeﬁ CJICAYCT, UTO 3apsdaKa 4aCTUIIbI BO BDEMEHU HOCUT 3KCHOH€HLII/I&II]:H])II>1 XapaxkTep.

Ipu & %, > %4 (YacTHA TUIOXO MPOBOAAIIAN) ¢ > 0, T.€. YacTHIAa TPHOOPETaeT N3OBITOYHBIN OJIOKHUTEIBHBINA 3apsa U
Ha Hee JICHCTBYET MPIKUMAIOIIAs 3JICKTPUUCECKAs CHJIa.

IIpu &7, < %, (HacTuna xopomo mpoBoasAas) ¢,< 0, T.e. YacTUIa TPHOOPETAET N3OBITOYHBIN OTPHUIATEILHBIA 3aPSII U
Ha Hee JICUCTBYET OTPBIBAIOIIAS AICKTPUYCCKAs CHIIA.

o0

T=¢&

5.2.3. CraTuueckast 3JeKTpU3aLus

CraTtnueckas QJICKTpU3ALUA MPOUCXOAUT MPHU KOHTAKTE U MNOCJICAYIOWIEM pa3aCICHUU TEIl, 06naz[a}0m1/1x Pa3IMIHbIMHA
(U3NIECKUMU WA XUMHUYECKUMH CBOMCTBaMH. KOHTaKTHPYIOIIHE Tella MPHOOPETAIOT 3apsasl pa3IMIHbIX 3HaKOB. CTatndeckas
ANIEKTPHU3ANUS IPOUCXOINT U B OTCYTCTBHH BHEIIHETO 1Most. OCHOBHOH (PM3MUECKON BETHYMHOM, OPENENIIONMICH SIEKTPIHISCKUe
SIBIICHUSI TIPH KOHTAKTE€ TBEPABIX TeN, SBIAETCS paboTa BBIXOJA DIEKTPOHA. Pa3HuWma paboT BBIXOJA SIIEKTPOHA Y
KOHTAKTHUPYIOIIUX TEJI MPOBOANT K HAPYIICHWIO UX HEUTPAJIbHOTO COCTOSHUSA. Marepmai, A KOTOporo pabora BBIXOAA Apyy
MEHbIIIE, TP KOHTaKTe Oojee JIeTKO TepseT OJIEKTPOHBI M, TaKUM OO0Opa3oM, 3apsHKaeTcs TMOJOKUTENbHO. 3HAYCHHE
00pa3yronuxcs 3apsAa0B IPOIOPLIHOHAIBHO Pa3HUIE PadOT BRIXOAA.

JJ1st 00JIbIIMHCTBA IMIJIEKTPUUYECKUX YacTull AeiicTByeT npaBusio KosHa: npu npuBeaennu B
KOHTAKT U Pa3beAUHEHNH ABYX IHIJIEKTPUKOB BelIeCTBO ¢ 00JIbIIeH OTHOCUTEILHOM
AMIJIEKTPUYECKOMN MPOHUIAEMOCTBIO 3apPSIZKaeTcs MOJI0KUTEIbHO.

Tak Kak coCTOsIHME MOBEPXHOCTH KOHTAKTUPYIOIIUX YACTHUIl 3aBUCUT OT MHOKECTBA
¢akTopoB (mapameTpoB BHEIIHEH Cpe/bl, 3arPSI3HEHHOCTH MOBEPXHOCTH U T.1.), TO
npuodperaeMblie 3apsiibl 3aBUCAT CYLIECTBEHHO OT KOHKPETHBIX YCJIOBH U

onpeacjasaiTCa IKCIEPUMEHTAJIBbHO.

5.3. leusicenue uacmuy 6 InekmpuuecKkom noJie

JIBIKEHHE 4YacTuI] pacCMaTpHBAeTCAd KaK ABMKEHHE MX IIEHTpa Macc. DTO O3HAYaeT, YTO BPAIEHHE YACTHLI, €CIIH
TpedyeTcs, CIeayeT YUuThIBaTh OT/AeNbHO. [1o Bropomy 3akoHy HeroToHa:

md—V:ZF. (5.20)

Ha yacruity, HaXO/sIIyOCS B BO3AYIIHON CPE/ie U B JIEKTPUUYESCKOM MOJIE, JSHCTBYIOT CIICAYIOIIHE CHUJIbL:
1. Cuna tsoxectu F,,= mg, TIie g€ — BEKTOP YCKOPEHUS CBOOOIHOTO MaCHUSI.
2. Cuna JeiCTBHS SIEKTPUYESCKOTO OIS Ha 3apsSHKEHHYIO YaCTHILY
F,=Eq. (5.21)
3. Cuna, 00yCIIOBJICHHAsI HEPABHOMEPHBIM pacIipeieIeHUEM HAPSHKEHHOCTH 3JIEKTPUUIECKOTO OIS,
Cdeprueckas qacTuia, HAXOIAMIASACS B JIEKTPUIESCKOM T10JIe, MpUoOpeTaeT 3apsapl MOIspU3aIuu ¢, (puc.5.6). Cuna,
JieiicTByoIas Ha cepy B HEOTHOPOIHOM DJIEKTPUUECKOM I10JIE, PaBHA
F = Eiqu— Exqn = quOE = gu2agradE.



OueHkn cuiibl, 00yCJI0BJICHHOI HEPABHOMEPHBIM paclpeiesieHueM 3JIeKTPHYEeCKOro moJis,
NMOKA3bIBAIOT, YTO OHA MaJIa 110 CPABHEHHIO € IPYTHMHU CHJIAMHU, IeCTBYIOIIMMH HA
YaCTHUIY, U IO3TOMY 3TOM CHJIOH MOKHO NpeHedpeyb, 32 HCKJIIYeHHEeM CJIy4aeB, KOraa

JacTua HE3apsi’KeHa, a HCOAHOPOAHOCTD I10JIA BEJIUKA.

4. Cuna CONpOTHUBIICHHS CPeIbl NBIDKEHHIO 4acTibl F,. Cuia BO3HUKAET B CBSI3M C TEM, YTO ABHXKYILEECS TENO
BBI3BIBACT IOSIBIICHUE B OKPYIXKAMOLIEM NPOCTPAHCTBE TeueHHe BO3AyXa. Bo3OyxkieHue TeueHus TpeOyeT HEKOTOPOil 3aTpaThl
9HEPIuu, KoTopas 3adupaeTcs y IBHKYyIIErocs tena. Takum o0pa3oMm, TEI0 TOPMO3UTCS.

Cuily CONpPOTHBICHHS CpEIbl MOXHO pacCYMTaTh, €CJIM HM3BECTHO paclpele/icHHe CKOPOCTH TEUYCHUS BO3/yXa,
BBI3BAHHOTO TEJIOM. PacrmpenesieHue CKOPOCTH BO3IyXa BOKPYT JBIKYIIETOCs Tejla PAacCUMTHIBACTCS W3 YPaBHEHUS
Haspre—CTtoKkca:

— —
v,— =y, F —gradp+ uV-u (5.22)
dl‘ —— — —
~—— BHEIIHUE CHIIBI CHIIBI
cuna CHUIIBI AaBneH pasxoctn 4™ +qn
HHEPUUH
—
n YPpaBHCHUSA
HEPA3PBIBHOCTU TEYCHUSA KUIAKOCTU!:
divu =0.
3nech u —  BEKTOp : :
CKOPOCTHU TCYUCHHUA KUAKOCTU; ) — E, E,

IUIOTHOCTB Cpenbl; 4 — Kodddunment
HHHaMHqGCKOﬁ BA3KOCTH Cpeanbl
(,uBosn 1,85 107 KF/(M C)) p -
IaBJICHUE.

)_'[axce B CaMOM IPOCTOM Cjiydac — IJIs C(l)epH‘leCKOﬁ HaCTUllbl — PCHICHUC YPABHCHUS ABUIKCHUA YyHACTCHA IMOJYUYHUTH
TONBKO TIPWM  YNPOUIAIOIIUX TMPENNOJOKCHUAK. OTH YIPOUICHHWS ONpPEACTAI0OTCS BEMMYMHOW umcna PeifHombica,
YCTaHaBJIMBAOMIETO COOTHOMICHNUE MEX Y CHIIaMH HHEPIINU U BA3ZKOCTH:

d‘ Vs 7/
FI/IHB 1505 l
Re ~ —mepum _ = / _rd _ul (5.23)
F, BSI3KOCTH /UV u /l / H 14

rae v = /'y, — k03O OUIMEHT KHHEMaTHYECKON BSI3KOCTH BO3AyXa; [ — XapakTepHBIN pa3Mep TeUeHUS (s TCUCHHS KUIAKOCTH B
TpyOe — AuameTp TPyOBI; A YaCTUIBI — THAMETP YaCTHUIIHI).
Jns grokyteicst cepruaeckoi YacTHIThI

Re = 02% : (5.24)

IJie U — CKOPOCTh YaCTHIIbI OTHOCHTENILHO Ta30BOM Cpeibl, V— KOI(PGHUIMEHT KHHEMAaTHUECKOM BA3KOCTH.

B TexHOMOrHYeCKUX Mporeccax 0OBIYHO HCIIOIB3YIOT YacTHUIlbl pasMepoM He 6osee 300 Mkm. CKOPOCTH YacTHUI] OOBIYHO
Menblie 10 M/c ¥ damie Bcero coctaBisioT 1+3 m/c. HaubOonbmine 3HaueHust uucia Peiinonpaca gocturaiotr 100, 0ObIYHO OHM
nexat B quanasone 0,1+10.

VYnpormass ypasHenue Habe—Crtokca CrTokc mnomyuust (GOpMyJy Ui CHIBl CONPOTHBICHUS c(epbl JBUKECHHIO
ceprueckoit yacThIb, cripaBeMByto pu Re< 0,5:

F,=—-6rual .
[Tpu mmpokom nuama3oHe 3HaYCHUH Re ciemyeT ucmonb30BaTh CIeayonyo GopMyITy A CHIB CONPOTHBICHUS

Puc.5.6. lloaspuzaunus 4acTUIBI B
3JIeKTPHUYECKOM MoJ1e

F.=C, —y“;w s, (5.25)

rae C, —k02h(GHIMEHT a3pOIMHAMUYECKOTO COMPOTHBIICHHS; S — XapaKTepHOe cedeHue Tera (s cdepsl s = 7a”, a — pamuyc).
B pesynbrate 0000mICHUS 3KCIEPIMEHTANBHBIX JaHHBIX MoiydeHa 3aBucuMmocts C. = f(Re), koTtopas mpencraBicHa

Ha puc. 5.7.
Cx
10°T
100t Hanbonee yna4yHOH ammpoxcuMmanuedl 53TOH 3aBHCHMOCTH  SIBISETCS
0l P dhopmyna Kistako:
2,
| Croxe C, = ﬁ(l + Re%) (5.26)
1 Re
; ; i ; U3 (5.25) n (5.26) cnenyer, 4To cuiia CONPOTHUBICHHUS CPEIbl HEIMHEHHO
102 10" 1 10 10° Re 3aBHCHT OT CKOpOCTH (pHc. 5.8)

Puc.5.7.3aBucumoctn C, ot Re
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ANMPOKCHMAIIHS
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Puc.5.8. JIuneiinasi annpokcuManus 3aBUCHMOCTH CHJIbI
CONpPOTHBJIeHHsI OT yncJa PeiiHonbaca

Js aHanuTHYeCKUX pacyeToB Oosiee yI00HO UCIIOIb30BaTh IMHEHHYIO alllIPpOKCUMALUIO OT unciia PeliHonbaca
*
F =k, 67z,ua(u -V ), 5.27)

e k., v =(Re" V)/2a — ko> DUIHEHTHI THHEITHOIT armpPOKCHMaITH (puc. 5.8)

I[BI/I)KeHI/Ie YaCTUIIbI B OTHOPOIHOM SJICKTPHUYCCKOM IIOJIC.
[Ipu nBIKeHNH chEepUIecKoil JaCTUIBI U3 COCTOSHUS TIOKOS IO/ JCHCTBHEM IMMOCTOSIHHBIX BHEITHHX cui mpu Re < 0,5
YpaBHEHHE ABMKECHHS 3aIUIICTCS B BUJIE:
dv
m—=F —6muav, (5.28)
dt
rne F'= Eq + mg — BHEIIHUE CHJIBI, ONIpeeseMble BO3ACHCTBUEM DIIEKTPHYECKOTO U IPAaBUTAIIMOHHOTO MOJIEH.
Ecnu 3apsy yacTHIbl M HANPSDKEHHOCTD ITOJISI HEM3MEHHBL, TO pelICHUE yPaBHEHHS IMEET BUI:
— yA
U—Uycm(l—e ),
rae Uyer= F/(67ua) — yCcTaHOBUBLIAACA CKOPOCTh ABM)KEHHS 4acTULBl; 7= m/(67pa) — MOCTOSHHAS BPEMEHM, ONpeesaromas
XapaKTepHOe BpeMsl U3MEHEHHUSI CKOPOCTH YaCTHIIBI.
ITocrosiHHAs BpeMeHH CBs3aHa ¢ AJIMHON HMHEPLMOHHOrO mpodera dacTuusl — /[, Ecnm yacthma mMeeT HadanbHYIO
CKOPOCTb Uy, TO NPH OTCYTCTBUM BO3JCHCTBHSA BHEIIHMX CHJ JIO MOJHOM OCTAHOBKH CBOETO IBIDKCHUSI OHA NpPOMHIET IMyTh,
paBHBII:

0 o0
I, = judt = Iuoe_’/’dt = 0,7 .
0 0

UYem OoJbIIIe MTPOSBISICTCS BIMSHIEC HHEPIMOHHBIX CBOMCTB YAaCTHIIBI, TEM OOJBINE UTHHA HHEPIIMOHHOTO Mpooera.

Jnst pacuera nBmkeHuss vactul, mpu Re > 0,5 MOXHO BOCHONB30BAThCS JIMHEMHON —alMpOKCHUMAIMEed CHIIbI
compoTtuBieHus cpeasl B Buae (5.27). Torma peimieHue 3ammchIBaeTCS M0 aHAIOTHH C penreHueM ypaHeHus (5.28). bomee
CJIOXHBIN JUIS pacuera Cliydaid UMEeT MECTO, KOTJa 3apsii YacTULl U HANPSXKEHHOCTh MOJISL B MPOLIECCE IBHXKEHUSI NU3MEHSIOTCS.
AHaNTATHYECKOE PEHICHNE IS STOTO CITydasi OTCYTCTBYET.

Bomee mpocro pemaercs 3amada, €ciM CHIIAaMH HHEPUHMH TPU pacdyeTe MOKHO NpeHeOpedb. BO3MOXKHOCTH Takoro
yhopomeHus onpenensercs unciom CTokca.

Uucno Crokca mpencTaBiusieT coOO OTHOIICHWE MIMHBI HHEPIMOHHOTO Mpobera YacTUIBl NpPU CKOPOCTH U, K
XapaKTepHOMY pa3Mepy / — pacCTOSHHIO, Ha KOTOPOM JACWCTBYIOMAs HAa YACTHILy BHCIIHSS CHJIAa IpPETEpPIICBACT M3MCHCHHE,
COM3MEPHMOE C €€ CPETHIM 3HAYCHUEM

St =’% =0, 7. (5.29)

ITox xapakTepHOH CKOPOCTHIO MOHMMAETCS CKOPOCTh, ONpeAeiiieMast AeHCTBHEM BHEIIHUX CHIJI 0€3 yueTa CHJI HHEPLHUH.

Takum o6pazoM, uncno CTokca onpesienseT BIMsSHUE CUII MHEPLIUY Ha ABWKEHHE YaCTHIIBI 0] IeHCTBUEM NIEpEMEHHOM
BHemHed cuibl. Ecin St << 1, TO IBU)KEHHE YacTUIIBI MOXKHO CUHUTATh O€3bIHEPIIMOHHBIM.

ITo anamoruu ¢ NOHATHEM MOJBMKHOCTU MOHOB MOXXHO BBECTH MOHATHE MOJBM)KHOCTH YaCTHIIBL:

B, :ézq%qu, (5.30)
31ech B :% :%ﬂ,ua'

Takum 00pa3oM, MOJBMKHOCTh YACTHIIBI, 00Jaqafoell 3apsioM ¢, TPEICTaBIsIeT CO00i yCTaHOBUBIIYIOCS CKOPOCTh
JIBUYKCHUS B TIOJIC CIUHIYHON HANPSHKCHHOCTH.

Jnst cimydasi, Korja yacTulia NpPUOOpeTaeT 3aps] B II0Jie KOPOHHOTO paspsiia, MOXXHO IIOCTPOHMTH 3aBHCHUMOCTh
MOJIBUYKHOCTH OT pa3Mepa yacTuil (puc. 5.9).
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Puc. 5.9. 3aBucumocTsb noABUKHOCTH B,
OT paauyca 4acTuI
1 - E=1xB/cm; 2 — E =3 kB/cm

ITonBMXHOCTH UMEET MUHUMYM TIpu pasMepe gactull 2a paBHoM 0,3 + 0,5 Mxm. Bo3pactanue moaBMKHOCTH [UISI YACTHIT
OUYEHb MaJIOro pasmepa OOBSCHIETCS YMEHBIICHUEM CHJIbI CONPOTHBIICHHUSI CPENbl U3-3a TOTO, YTO pa3Mep YaCTHL[ CTAHOBUTHCS
COM3MEPUMBIM C JUIMHOM cBOOOAHOro Impodera MojeKys Bo3ayxa (nonpaska KenuHrema).

Bospacranne moABWKHOCTH A 9acTHIl 2a > IMKM OOBSICHSAETCS TeM, YTO HAUMHACT paboTaTh MEXaHM3M «yIapHOID)
3apsIKd M UMEET MECTO KBaJpaTHUUHBIN XapaKTep 3aBUCHMOCTH 3apsaa OT pa3Mmepa dactul. Torma B coorBercTBHU C (5.29)
TIOJIBMYKHOCTB PacTeT MPOITOPIHUOHAIBEHO pa3Mepy YacTHII.

Jnst pacdera cuIBl CONPOTHBICHUS CpPEAbl JBI)KEHHMIO YacTHIl HeCepruecKod (OpMBI HCIIONB3yeTcs 3aMeHa Ha
SIUTATICOM]], SKBUBAIEHTHBIA YacTHIE 1O 00bEMYy M COOTHOLICHHIO oceill. B nmreparype mmerorcst maHHble Mo KoaddummeHty
COIIPOTHBIICHHS AJISI SIUTAIICOHIOB.

[Ipn nBWKEHMM HauMHAS C MEPEXOJHOTO 3HAYCHMS Re JacTHIBI MPHOOPETAIOT ONpEIENEeHHYI0 OPHEHTAIHIO (3a CUeT
THAPOIMHAMHYECKOTO B3aUMOICHCTBHUS C OKpY’Karomei cpenoit). OpueHTaIus TakoBa, 9TO YaCTHLA NPH JBIKCHUHU HCIBITHIBACT
MaKCHMaJIbHOE COIpoTHBIeHHEe. Hanpumep, Ha NUIMHAPHUYECKYIO YAIMHEHHYIO YacTHUIly IPU JBMKCHUHU B BO3AYIIHOH cpezne B
ANIEKTPUUYECKOM T0JIe JeHCTBYIOT JBa Bpallalomux MoMeHTa (puc. 5.10).
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Puc.5.10. Cunbl, AeACTByOLWMNE Ha YacTULy
HecdepuyHon opmbl

C ofHOM CTOPOHBI AIEKTPHUYECKOE TI0JIE CTPEMUTCS Pa3BepHYTH IOJIIPU30BAHHYIO YaCTHILy TaKUM 00pa3oM, YTOOBI OHA
pacIoIoXuIIach CBOEH OONBIION OCHIO BIOJH CHJIOBBIX JIMHHHA 3JeKTpudyeckoro moms (mojoxeHue 1). C mpyrod cTopoHBI
THIPOJMHAMHYECKHAE CHJIBI CONPOTHBIICHUS CPElbl ABWKEHHIO YacTHIBl — M, — CTpEeMUTCS Pa3BEpPHYTh €€ TakUM 00pazoM,
4TOOBI JI0OOBOE COIPOTHBIICHHE OBUIO MAaKCUMAaIBbHBIM M3 BCEX BO3MOXKHBIX ITOJIOKCHUM YacTHIBI, TO €CTh MEPIEHIUKYIIPHO
HAIpaBJICHUIO IBM)KEHHS YaCTHIIBI TIOA JEHCTBHEM CIII JIEKTPHUYECKOTO MOJIsl. B pe3ynpTaTte MOKET yCTaHAaBIMBATHCS HEKOTOPAst
MIPOME)KYTOYHAs OPHEHTALS YaCTUIIBI B JJIEKTPUUECKOM I10JI€, KaK MMoKa3aHo Ha puc. 5.10.

5.4. KoslsieKTMBHBIE IPOLIECCHI B
3apsKEHHOM ajpo30Jie

C YBCJIMYCHUCUM KOHICHTpAIIUM YacCTUIl YK€ CTAHOBUTHLCA HEBO3MOXHBIM pacCMaTpuBaTh JABWKCHUC YaCTHUI]
HC3aBHUCUMO, a HeOGXOZ[I/IMO YUYHUTBIBATH UX B3aUMHOC BJIUAHUEC.



Bo-nepBbIX, M3MEHSIOTCSl YCIOBHUS 3apsikd dacTull. V3-3a yBeIMYeHHUs KOHLIEHTPALMM YacTUI] UX 3apsiKka MOXKET
MPOUCXOAUTH IPH AeGUIUTE HOHOB. ITO MPUBOIUT K 3aMEUICHUIO TIpoliecca 3apsakd. Kpome Toro, m3MeHseTcs pacupeneaeHue
HaMpsPKEHHOCTH II0JI, YTO BIMSET Ha NpeAenbHbIM 3apsa yactull. bornee cuibHOE BIMAHME OKa3bIBAa€T Ha MPOLECC 3apsAiKd
neduur noHoB. [lepepacnpenenenue Mo HPOUCXOIUT HE B CTOJIb CHIIBHOM CTENIEHH M TIOATOMY OKa3bIBae€T MEHbIIIEE BIUSHHUE.

[Tpyn OonbIIOH KOHIEHTpAMU YacTHL[ HAuWHAeT AEHCTBOBATH IpOLECC OOBEAWHEHUs] 4YacTHI] B arperarbl HpU
CoylapeHuu Jpyr ¢ npyroM. s Koaryiasamuu HEoOXOAMMO COyAapeHHe W, B 3aBUCHMOCTH OT MEXaHHW3Ma, BBI3BIBAIOIIETrO
COyJlapeHHus, pasyIMyaroT psi BUIOB KOAryJALUH, CPEAM KOTOPBIX HanOoyiee BaXKHOE 3HAUCHHWE HMMEIOT TI'PaBUTAI[MOHHAS
(pa3nu4Hasi CKOPOCTh MaJeHUsl YacTHIl Pa3HOTO pa3Mepa IT0J JEHCTBHEM CHIIBI TSDKECTH) M AJIEKTpHUecKas (B3anMoaeHCTBHE
3apsHKCHHBIX M HE3apsDKEHHBIX YacTHIl B 3JIEKTPUIECKOM TI0JIE).

Hakonen, W3MEHSIOTCS 3aKOHOMEPHOCTH [IBIDKCHMS YAacTUI] H3-3a BIMSHHUS 3JIEKTPUYECKOTO IIOJIS, CO3JaHHOTO
COBOKYIHBIM AEHCTBHEM APYTHX YacTHLl. [IpuMepom SBISIETCS JIEKTPOCTaTHIECKOE paccestHue 00Iaka 3apsKeHHBIX YaCTHII.

6. O9UCTKA I'A30B OT YACTHUI] B DJIEKTPO®H/IBTPAX

6.1. 3aoaua ouucmku 2a3z06 om nvliu

Bo mnozux mexnonocuueckux npoyeccax npombluienHble 2a3bl COOEPHCAm MeaKue meepobvle Uil HCUOKUE Yacmuybsl, om
KOMOPbIX QONICHBL Obimb ouuenvl. B yerom psde npouzsoocme smu wacmuybl S67II0MCsE KOHEUHbIM RPOOYKIOM, HANPUMED, 8
nPOU3800CMEE HEKOMOPBIX YBCMHBIX MEMAL08, CANCU, YEMEHMA, VIAGIUBAHUN KAMATUZAMOPO8 NPU HehmenepecoHKe.

B Opyeux cryuasx mpebyemcs ouucmra 2aza om 636EUIEHHBIX YACMUY, KAK, HANpUMep, npu no020mosKke 8030yxa npu
npoOU3800CMEe CEPHOU KUCIOMbL, UL OYUCHIKA 8030YXA 6 CHEeYUANbHbIX NOMEUeHUsX NpU Npou3eo0Ccmee NOIYHPOBOOHUKOBbIX
npubopoe uiu pomoxunonenxu. Iloryuarom pacnpocmpanenue Ovlmogvle S1eKMPOPUILMPL, UCNOLbIYeMble OISl OYUCIKU
8030YXA JCUNBIX NOMEUSHUL.

Haubonee wupokxoe pacnpocmpanenue nomyuunu 31eKmpouibmpsl 0N CAHUMAPHOU OYUCMKU — ObIMOBbIX 20306
Mennoeuix 3nekmpocmanyuti. Tax npu cocueanuu meepooco MONIUSAd MOAbKO HA 00HOM 6Onoke mowHocmoio 500 MBm
obpasyemcs npumepno 500 M° Ovimosbix 2azoe & cekyndy, codepaucauux 0o 20 2/m’ e36ewennvix uacmuy 30161 Omo
coomseemcmayem eviopocam 6 ammocepy 360 monn 307wl 6 vac.

Dnexmpogunbmpsbl A61A0MCA HA CE200HAUHUL OeHb Hauboaee IPPeKMUBHbBIM CPEOCMBEOM OHUCIKU 2a308 01a200aps
A0y ocobenHocmell:

1. B oanexmpogunompax oocmueaemcs 6blCoKas cmenenb ouucmiu 2asa 00 99,9%;

2. Dnekmpoghurbmpsl UMEIOm 0YeHb HU3K0e 2UOPAGIUYECKOe CONPOMUBIIEHIE NOMOKY 2434,

3. Dnexmpogunbmpsl nO360A510M  YIAGIUBAMb G36CUEHHbIE YACMUYbL 8 WUPOKOM OUAnd3oHe pasmepos (om Ooiet
MUKDPOMEMPO8 00 0eCAmK08 MUIUMEMPOB),

4. Dnekmpogunbmpbl 1€2K0 pe2eHepupyromcsi

5. Becw npoyecc ouucmiu 2a308 21eKmMpo@Puibmpamu 1e2ko no00aemcst dgmoMamusayui.

AnbmepuamusHviMu CHOCOOAMU OHUCTNKU 2A308 ABIAIOMCA:

1. Pyxasuvie punvmpol (061a0aiom GblCOKUM OUHAMUYECKUM CONPOMUBTIEHUEM, KOMOpoe pacmenm no mepe Habopa nuliu u
MPYOHO peceHepupyiomcsi);

2. LuknoHbl u Mexanuueckue cenapamopbul (NO360J45I0M XOPOULO YIAGIUEAMb KPYIHbIE YACMUYbL, HO UMEIOM HUZKVIO CIeneHb
ouUCIKY OJ1 MENKUX YaACMUY);

3. Mokpuie ckpybbepol (umerom 601bUIOU pACX00 80061 U OMHOCUTNETLHO 8bICOKOE 2UOPABIUYECKOE CONPOMUBIEHILE).

6.2. Ilpunyunuanvnas cxema 31ekmpouibmpa

| 2 1 Ipunyunuanvnas cxema snekmpoguibmpa npeocmagiena Ha puc. 6.1.
BH Meoxcoy 06ymsa niockumu — 0CAOUMENbHbIMU INeKMPOOaMU PACHONOJNCEH PO
o KOPOHUPYIOWUX — NPOB0006. B npomesicymox — mexcoy — KOPOHUpYIOWUMU U
0CAOUMENbHBLIMU DNEKMPOOaMU NOCHYnAem 3anvilenuvii 2a3. B noae xkopomnoco
I o 1 paspaoa, 803HUKAIOWeE20 NPpU NoO0aye BbICOKO20 HANPANCEHUS HA NPO600d, Yacmulybl
3apaxcaromea u noo oelicmeuem noas O8UNCYMCA K OCAOUMENbHbIM NAOCKOCHAM, C
o KOmMOpbiX OHU nepuoouuecku yoansiomcsa. Takum obpazom, KOHYeHmMpayus
636€UUEHHBIX YACIUY NO Mepe NPOXOMHCOeHUsl uepe3 dNeKMpPOPUILIMD NOCHENneHHO
G- YMeHbUIAemCA.
E‘i
P,,CE Iﬁ ,E,,Ef,,?mm exena 6.3. Cmenenb ouucmiu 2azoe 6 rjiekmpoguibmpe
nekmpogunvmpa

1 —ocadumenbtivie snekmpoosi; Cmenenv  ouucmku 2asza 8 dIeKMpouUiIbmpe  56IAemcss  OCHOGHOU

2 — KopoHUpylowue 1eKmpoobl .
pOrUPY P xapakmepucmuxou  3¢pgexmusnocmu  eco  pabomei. OHna  onpedensiemcs

cooepotcanuem noliu UnU HCUOKUX Yacmuy 6 2aze 00 NOCMYNIeHUs 8 DNeKMPOPUILID
U nocie 8bix00a U3 Hezo:
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20¢e Z ;. — KOHYEeHmpayuu Noliu Ha 6X00€ 8 SNeKMpOPUIbMp, L, — KOHYEHMPayusi Nuliu HA 8bIX00€ U3 d1eKmpopuibmpa.

Ocavicoenue yacmuy npoucxooum u3 oOIacmu, HenocpeoCmEeHHO NPUMbIKalowell K 91ekmpody. Yoviis uacmuy 6 smoi
obnacmu 60CNOIHAEMCA 34 cuem opeliha wacmuy 6 INeKMPULECKOM Noe U 3d CHem Y8aeyeHust ux mypoyieHmubiMu NOMoKAMU.

Tax kax meuenue 2asza 6 snekmpouivbmpe 6ce20a mypOyieHMHOe, MO UMEHHO OHO CHOCOOCMEYem BbIPAGHUBAHUIO
pacnpeoeienus KOHYEeHmpayuu Yacmuy 6 MexNcIIeKmMpOOHOM HPOMENCYIKe.

B pesynomame odeiicmsus ecex ghakmopos: Opetigha yacmuy 6 none, 0caicoeHus
yacmuy Ha 21eKmpooax u mypoyieHmuslX NyabCayuil 8 MeNCINEKMPOOHOM NPOMEICYMKE
VCMAHABIUBAECMC ST  ONpedeleHHoe pacnpedeieHue KoHyenmpayuu (puc.6.2). Byoem
CUUmMAamp, YMo 3aKOH PACHpeOeleHusi KOHYeHmMpayuyu Yacmuy He MeHsemcs no OluHe
INEKMPOPUILMPA, @ YMEHbUIACMCSL TULb ADCOTIOMHOE 3HAYEHUE KOHYEHMPAYUU.

CmeneHnb oyucmku onpedensaemcs cpeoHell N0 CedeHur) KOHyeHmpayuel nuliu,

KOmMopyio Mol 0603Hauum Z,, 20e 3a KOOpOUHAmy X NPUHUMAEMC Sl pACCOSIHUE OM 6X00d
Puc.6.2 Pacnpedenenue
KoHenmpaNuL § MeNEITERMPOOHON 6 21eKMpoPuabLMp 00 PACCMAmMpUsaeno20 ceuens. )
npomescymie Konuuecmso ocadxcoennoii nvliu onpedensiemcsi KOHYeHmpayueu nuliu Yy
1 —ocadumenvhvie 21eKmpoosi, ocaoumenbHo2o I1ekmpooa .
2 = Kopowupyiouue snexmposst Tax Kax Mvl RPUHSIU, YMO 3AKOH PACIPEOeNeHUs. KOHYEHMPAYUU HeUsMEHEeH no
onurne anekmpoguibmpa, mo Z,/Zi=7Y  ecmv GeluyuHa NOCMOSHHAS HA JH0O0M

BX

BX

VA

1 2 1

yoaneHuu om 6x00d 8 3NeKmpopuiIbmp.
Macca neinu g, codepocawyasncs 6 odOveme MenHCINeKMPOOHO20 npomedcymrka onunou dX, omcmosiwyem om 6xoda 6
INEKMPOPUILMP HA PACCMOAHUU X, PABHA!
g =Z7.2bHdx
20e H — paccmosinue medxcoy ocaoumenvHuimu 31ekmpooamu, b — umupuna ocaoumenbHo20 31eKmpood.
Yuenvwenue maccer noiiu 3a cuem ocaxcoenus 3a epemsa dT Ha nosepxHocmuv 31eKmpooos niaowaovio 2b dx 6ydem

pasHa:
dg =—-Z,.2bvdxdr,

20e L — ckopocmb Opeligha noo Oeticmeuem NoJisl y HOBEPXHOCTNU 0CAOUMETIbHO20 dNeKMPOOd.
O6ve0unss 3anUCcanHble COOMHOUEHUSL, NOLYUAEM:

da_ 7. udsie__ d

¢ Z2b Hix “H
dZx dr
unu =—yU—.
Z H

Ilocne unmezpuposanus nocieonezo ougpgepenyuarvuozo ypasuenus, yuumeoisas, ymo dtv = dx/u nonyuaem:
vyl
Zx = Loy €Xp| ———
BbIX BX >
uld

rae / — AnuHa 2MeKTpodUIbTpa, a i — CKOPOCTh ra3a B 3IEKTPOUIbTpE.
Takum 006pa3oM, CTENEHb OUUCTKH a3a IeKTPO(UIBTPOM paBHa:
n=1-exp| - o
ul
Just noBbieHust 3¢ GeKTUBHOCTH yIaBIMBaHUS IIBUIM HEOOXOIUMO C OJHOM CTOPOHBI YBENUUUBATH CKOPOCTh JBHKEHUSL
YacTUI] K OCAAUTEIBHOMY NIEKTPOLY U JUIMHY IEKTPO(UIbTPa, a ¢ IpYroil CTOPOHBI YMEHBLIATh CKOPOCTb ra30BOI0 IOTOKA U
MIAPHUHY MEXIIEKTPOIHOTO PACCTOSHHU.
Ecnu Mbl IMeeM J€710 ¢ IOIUIUCIIEPCHBIM COCTaBOM IbLIX (4AaCTHULIBI PA3HOIO pa3Mepa), TO pacyeThl BEAYTCs 0 Kax o
(dpakuuy B OTAENBHOCTH, a 3aTEM HHTErpajbHas CTEHNEHb OYUCTKH ONPEAENAeTCs KaK CyMMa CPEIHEB3BELICHHBIX CTEIEeHEH
OYMCTKHU OTIEIbHBIX (PPAKIIUA:

n
=18
i=1

rie g; — A0S i-oi Gpaxuuu.

CKOpPOCTB JABMIKEHUSI YACTHIL] K OCAUTEILHOMY IEKTPORY (CKOPOCTh Apeiiha YacTHIl) onpenesseTcs IIIaBHbIM 00pa3oM
JCUCTBUEM JNIEKTpHYECKHX cHi. [103TOMy, Kak OBUIO MOKa3aHO B MEPBOil YaCTH, YCTAHOBHBLIASCS CKOPOCTh JABMXKCHUS YaCTHIL
MOKET OBITh 3aIlHCaHa B BUIE:

—9E
v= %ﬁ,ua ’

st > 1 MKM g ~ ClazE Wi v~ aF>.

W3 0Ty4eHHOTO COOTHOMIICHHUS CIEAYET, YTO B MIEPBYIO OYEPEh B SICKTPOPIIIBTPE OCAXKAAIOTCS KPYITHBIC YACTHIIBI, &
3aTeM MEJIKHe, Y KOTOPhIX CKOPOCTh apeiida maa.

KBasparuuHblii xapakTep 3aBUCHMOCTH CKOPOCTH OT HANpPSDKCHHOCTH MOJS CBHICTENBCTBYET O II€7€CO00Pa3HOCTH
paboThl ANMEKTPODUIBTPA HA MPEACITEHO BO3MOXKHBIX HATPSDKEHHSX, YTO OYEBUIHO, COOTBETCTBYET MPEANPOOUBHOMY PEIKHMY.



ITpn sToM mpeanouTHTenbHEE pabOTaTh Ha OTPULATENHHOM MOJIAPHOCTH MHUTAIOLIETO HANPSDKEHUS, T.K. IPH 3TOM KOPOHHBIH
paspsi OoJiee yCTOWYMBBIH, a TPOOUBHOE HANPSDKEHHE 3HAUYUTEIILHO BBIIIE.

6.4. Biusinue KOHIEHTPALUMHU IUCTIEPCHOM (a3bl HA
XapaKTepPUCTHKH KOPOHHOI0 pa3psiia u nmpouece
OYNCTKH ra3a 3JIeKTpopuibTpamMu

[Tpu Hanm4uu qucnepcHoOM (a3bl B MEKIICKTPOIHOM MPOMEKYTKE CYMMApHBI 0OObEMHBIN 3apsii OyIeT ONpeaesThCs
y’K€ HE TOJIbKO OOBEMHBIM 3apsAlOM HOHOB, a U OOBEMHBIM 3apA7OM 3apsDKEHHBIX YacTHIl, HAXOJSIIMXCA B MpoMexyTke. [Ipu
OIIpEe/IeNICHHOI KOHIIEHTpAIMi AUCTIEPCHON (Da3bl 0OBbEMHBII 3aps YaCTHI CTAHOBHUTCS COU3MEPHUMBIM C OOBEMHBIM 3apsioM
MOHOB ¥ HAa4yMHAET CYIIECTBEHHbIM 00pa3oM BJIMATh Ha MPOLECCHl pa3BUTHs paspsaa. CucremMa ypaBHEHHH OIMCBHIBAIOIIAS
MPOLIECCHI B MEXKIJIEKTPOIHOM IPOMEKYTKE MOXKET OBITh IPEJICTaBIICHA B BUJE:

divE =(p;+ pp)/go,
div(J; +J,) =0,

J; =kpE,

J, =p (gBE +u)
gradp =-F

TJIE U — CPENIHsISI CKOPOCTD ABMKEHUS Ia30BOM CPEbl, MHACKCHI | M p OTHOCSITCS COOTBETCTBEHHO K HOHAM U YacTHUIIAM.

Tak xax MOJABMKHOCTh MOHOB k >> Bg, TOK ONIpeNeNnseTcss B OCHOBHOM HOHHOW
cocrapisironieldi. OObEeMHBIA 3apsiil YacTHI[ WrPaeT poJib OTPUIATENbHOM 00OpaTHOM
cBsi3U. YacTHIbl TIBUTH B T10JI€ KOPOHHOTO pa3psija MproOpeTatoT 3apsiJ TOro JKe 3HaKa,
YTO M 3HAaK KOPOHBL [1oABMXHOCTB 3apsDKEHHBIX YaCTHI[ MBUTM Maja 10 CPaBHEHHUIO C
MOJIBIKHOCTBIO  MOHOB.  3apsDKEHHbIE YacTHIBl IBUIM  CO3JAI0T  COOCTBEHHOE
JJIEKTPUYECKOE T0JIe, BEKTOP KOTOPOTO HAMpPaBJeH BCTPEYHO IOJIF0 MOHOB KOPOHHOTO
paspsiza, W 3TO OOCTOSATENBCTBO 3aCTABIAECT HMOHBI 3aMEAIISITH CBOE [BIDKEHHE OT
KOPOHHPYIOIIET0 3EKTPOAA K OCaIUTENbHOMY 3MIeKTpory. Kpome Toro, anekTpuyeckoe
1ojie 0OBEMHOTO 3aps/ia YacTHIl IBUTH CHIDKAET HANPSHKEHHOCTD JJIEKTPHUECKOTO OIS

Pnc.6.3. M3menenne Toxa, Ha MIOBEPXHOCTH KOPOHUPYIOIIETO 3JIEKTPOJa U TEM CaMbIM YMEHBIIAET TOK KOPOHHOTO

KOHIEHTPAIMH U 32P5IAA TACTHIL paspsnma. B pesymbraTe TOK KOpPOHBI 3HAYUTEIHHO YMEHBINACTCA. JTO SBICHHE —

110 MIHHE STCKTPOGHILTDA YMEHBIIICHNE TOKA KOPOHBI — Ha3bIBACTCS 3alMpaHWEM TOKa KOPOHBL lIpm 3TOM, Kak

CJIEICTBUE, YXYIIACTCS 3apsiika 4acTUI] MbLUIM. I3MeHeHne MIOTHOCTH MOHHOTO TOKa,
KOHIIEHTPALMHX YacTHI[ M MX CPEAHETO0 3apsiaa 0 [UIMHE SNeKTPOQHUIbTPa, MPecTaBIeHHOE Ha pUc.6.3, HArIIHO JEMOHCTPUPYET
HpOLECC 3alIMPaHKs KOPOHHOTO pa3psiia NP BBICOKMX BXOIHBIX KOHIIEHTPALMAX AUCTIEPCHON (a3bl.

Ha npencraBieHHOM pUCYHKE MOKHO BBIJIEIIUTH TPU XapakTepHble 30HbL. B 30He | mpoucxomut cpaBHUTENBHO OBICTpast
3apsiKa 4acTHIL 0 3apsiia, MpU KOTOPOM TOK M3-3a 3allpaHusi KOPOHHOTO pa3psja MajaeT MpakTUIecKu 10 Hyms. KoHueHTpanms
YaCTHIl U3-32 KPATKOBPEMEHHOCTH ATOH CTaJAnu W3MEHseTCs He3HauuTenbHO. B 30He 1l M3-3a ocaxeHns1 4acTHIl KOHIIEHTpALUs
YMEHBIIAETCS, YTO NPUBOANUT K YACTUYHOMY OTIHMPAHHUIO TOKA KOPOHBI M MEIJICHHON MO3apsIKe YacTHIl, TAKOH, YTO MIIOTHOCTh
00BEMHOT0 3apsiia YacTUI] Bcerja ocraercsi Oiam3koi K 3amumpatomieil. [Ipn npuOmmkeHnn 3apsjga K NpeneabHOMY CKOPOCTh
3apsIKM Pe3Ko yMeHbInaeTcs. Haumnas ¢ storo momenTta (3oHa III snmexTpoduinbTpa) yMeHBIIEHHE KOHIEHTPAIIMH HE MOXKET
OBITH CKOMIIEHCHPOBAHO YBEIWUYCHHEM 3apsiia 4YacTHIl M KOPOHHBIM pPaspsii MOCTETIEHHO OTIIHPAETCS, YTO COIPOBOXKIACTCS
POCTOM TOKa.

6.5. @opmMupoBaHue CJIOSI YACTHUIl HA 3JIEKTPOie U

E A BO3HMKHOBEHHE 00PAaTHOT0 KOPOHHOTO pa3psia

Ex COHpOTI/IBHeHI/IC IIbUIN, KOTOPAas YJIaBJIMBACTCS DJICKTPOAaMHU, MOXKET U3MECHATLCS B

OYeHb MIMPOKHUX Ipeesax, 4TO B CBOI Ouepe]b CYIIECTBEHHO BIHMSIET Ha TMpPOLECC
yJIaBIMBAaHUS TBUIM. YCJIOBHO INBUIb PA3JENAOT HAa TPU TPYHIBI IO YPOBHAM YIENBHOTO
COTIPOTHUBIICHUS.

K nepBoil rpynme OTHOCHTCS XOpOLIO MPOBOAALIAsl MbLIb, MMEIOLIAs yJEIbHOE
conpotusienue p,< 10> Om-M. IIbUIb MEpBOil IPYIIBI yIABIABACTCSA IUIOXO, TAK KAK HPH

&=1| &y OCa)KJICHUH YacTHIBI OBICTPO IEepe3apsDKaroTCs, OTTAIKUBAIOTCS OT 3JIEKTPO/a M YHOCSTCS
> IOTOKOM Ta3a.

0 X K meimm BTOpO# rpynmsl OTHOCST MBI, YAEIbHOE 00BEMHOE CONPOTHBIICHHE
Puc. 6.4. PacnpepeneHue KoTopoii nexur B npenenax 10° < p, < 10° Om-m. [TbUIb BTOPOI TPYIIE! yNABIHBACTCS
BH;::V?ﬂZ(:::?(ZT:O?gii on Xopomio B UBJICKTpO(bI/IJIpraX. 3apsi; dYacTUIl MHUIM PABHOMEPHO CTEKaeT Ha
ans OCaIUTENbHBIN JIEKTPOJ IO MEPE OCAKACHHUS HOBBIX YACTHUI[ U MOAXO0/A K CIOI0 HOHOB.
1 — AMDIEKTPHYECKHX; Takum 00pa3oM YacTHIBI XOPOIIO yIEPKUBAIOTCA HA MOBEPXHOCTH CJIOSI B IpoOIecce

2 — OMYNpOBOASAIIIX; MbLICYIaBIHBAHHUS.

3 — NMPOBOIALIMX YACTHUIL



K HbUIM TpeTheil TPYNIBl OTHOCHTCS MBUI C YIEIBHBIM OOBEMHBIM CONPOTHBIEHHEM p,> 10° OM-M. Dta mbub
Hanbojee TPYAHO YNIABIMBACTCS HM3-32 BO3HUKHOBEHMSA OOpaTHOI KOpOHBI. YacTHIbI, OCEBIINE Ha OCAIUTENbHBINA 3JIEKTPOX,
JIOJITO COXPAHSIOT CBOM 3aps] HM3-32 BBICOKOTO COIPOTUBIICHMS YaCTHIl IbUIH. 3apsiibl, COAEpIKaIlIUECS B CJIOE, OMPEACIISIOT
pacipezeneHe HalpsyKEHHOCTU 3JIEKTPUIECKOTO TIOJIS B CIIOE.

Ha puc. 6.4 npencraBneHsl TpU XapaKTEpHBIX CITydasl paclpefeleHusl HaNpsDKEHHOCTH MOJIS BHYTPU CIIOSI YacTHI] B
3aBHCHMOCTH OT MX MPOBOANMOCTH.

ITocMoTpuM, Kak U3MEHsETCS HANPsLDKEHHOCTH SJIEKTPHUECKOTO MOJIS B CI0€ AT 3apsSKEHHBIX TUAJIEKTPUYECKUX YacTHUll.

ITo ypaBuenuto Ilyaccona:
divE = 7 .
Eeno

I[J'IH OAHOMCPHOI'O Ciiy4das

dE _ 7 ,
dx €en€o

Paznensem nepeMeHHbIE M HHTETPUPYEM:
X

E
jdE: P jdx
Ey

Eenfo 0
gcn

Perienuem sensierest: E = E;/ g, + px/(€,&). TO €CTh OTYYHIN THUHEHHYIO 3aBUCUMOCTh OT KOOPAMHATHI X.

Wrak, mist IUdIEKTPUYECKUX M MOJYNPOBOAAMIMX YaCTHIl IO MEpE POCTa TOJIIMHBL CIOS HANpsHDKEHHOCTh PacTeT U
MOXET JaXe CYLIECTBEHHO NPEBBICUTh BHELIHIOI HANpPsDKEHHOCTH IOJIA, HECMOTPS HAa TO, YTO &uosn < & DB Ta30BBIX
BKJIFOUCHHUSIX, UMEIOIUXCS BHYTPH CJIOS, HAUMHAIOTCS MOHU3AIMOHHBIE TPOIIECCH], KOTOPBIE MPUBEIYT K Mpo0oio Bcero ciost. B
pesynbTare npodosi oOpaszyercst KpaTep, HOPOIIOK U3 KOTOPOTO BEIOPACKIBACTCS] B MEXKAIEKTPOJHBIN MpoMexyTok. [Tocie mpobos
CJIOSI BOKPYT KpaTepa HAYMHAETCS TAKXKE pa3psi 10 TOBEPXHOCTH, KOTOPBIH CHUMAET IIOBEPXHOCTHBIN 3apsan. B pesynprare aTnx
MOHHU3AIMOHHBIX TPOIECCOB HAUYMHAETCS 3MHCCHS MOHOB INPOTHBOIOJIOXKHOTO 3HAKA B MEXIJICKTPOAHBIH MPOMEXYTOK. DTO
SBJIEHHE HOCHT Ha3BaHHE OOPATHOrO KOPOHHOTO pa3psaja. YCTAaHOBNEHO, 4To MpoGoii c1os HacTymaeT mpu p, > 10% + 10° Om-m.
OTO COOTHOIICHNE MMPUHATO CINTATh KPUTEPHEM BO3HIKHOBEHHUSI 0OPaTHOTO KOPOHHOTO paspsiza.

BpeMsi BOZHIKHOBEHUsI 0OpPAaTHOTO KOPOHHOTO pa3psza JIETKO ONPEACINTh U3 YCIOBHS 3apsiiKU cI0sl Oe3 ydyera yTedek
3aps1I0B YEPE3 CIIOM.

Ecngcn - EK = 0/80;
rne E.,— HanpspKeHHOCTD B CJIOE YacTHI, £,— HaNpsHKEHHOCTD OIS KOPOHHOTO Pa3psifia y MOBEPXHOCTH CIIOSL.
YuuteiBas, 4To o = Jt, IOIXy9IUM IIPU BOSHUKHOBEHUH 0OPAaTHOI KOPOHBI:
Er[p cnéen — EK :Jtox/‘gO:
rie Eqp o~ NpoOMBHAS HAMPSKEHHOCTD B CJI0€ YACTHIL, fo— BPEMS BOZHUKHOBEHHUs 0OPAaTHOrO KOPOHHOTO pas3psna.
BpeMst BO3HIKHOBEHUS] 00pPaTHOTO KOPOHHOTO pa3psifa OyIeT paBHO:
fox = 2 gcngo(Enp cn EK/ECH)/J'

3mech BBEIEH MOIMPABOYHBIA KOX(PQPHUIMEHT paBHBIA 2, KOTOPBIH YYHTHIBAET MEPEXOA OT Ha4dalbHOH (OPMBI K
MHTEHCHBHOMY 00paTHOMY KOPOHHOMY pa3psily, OKa3bIBAIOIIEMY CYILECTBEHHOE BIHMAHHIE HA IIPOLECCH B DIICKTPODUIBTpE.

Hannune oOpaTHOro KOPOHHOTO pa3psiia OTPULATENbHO BIMSET Ha IPOLECC OYMCTKH Iaza B DIEKTPO(UILTPE B CHILY
CIEIYIOUINX NPUYNH:

1. U3-3a mosiBIeHHsT B MEXDJICKTPOJAHOM MPOMEXYTKE OOBEMHOTO 3apsiia MPOTHUBOIOJIOKHOTO 3HAKA CHHKAETCS
HaMpsKEHHOCTH MOJISl Y MOBEPXHOCTH OCAJAUTENIBHOTO AIIEKTPO/A;

2. IlpomcxomuT yacTH4HAs paspsika M JaKe Tepe3apsaka YacTHIl MOPOINKA MPHONMKAIOMUXCS K OCaIUTEIbHOMY
JNEKTPOLY;

3. VYcunuBaeTrcs BTOPUYHBIN YHOC YaCTHUL[ C TOBEPXHOCTHU CJIOS B PE3YJIbTATe UX MEPE3apsIKH.

[Tpn nHTEHCHBHOM OOPAaTHOM KOPOHHOM pa3psifie MPOIECC OCAKICHUS MOXKET MOJHOCTBIO MpeKpaTuThes. Hanbombimee
pacmpocTpaHeHHE TOXYIIN TPH CI0co0a O0PHOBI ¢ 3TUM BPEIHBIM SIBIICHAEM:

1. KoHmuunoHMpoBaHWE TOMOYHBIX Ta30B, HAIPUMEP, BBEICHWEM aMMHaKa, NMPHUBOIUT K CHIDKCHHIO YJEIBHOTO
00BEMHOTO CONPOTHBIICHHS HIDKE KPUTHYECKOTO YPOBHS;

2. HwmmynbcHOE NMUTaHUE KOPOHUPYIOLIUX 3JIEKTPOAOB, CHIKAIOIEE TOTOK HOHOB K MTOBEPXHOCTH CIIOS. Y MEHBIICHHUE
IUIOTHOCTH TOKA MPUBOJUT K 3aMEIICHUIO HApPAaCTaHHs HAIPSHKEHWS Ha CIOE U, CIEI0BATENbHO, K YMEHBIICHUIO BEPOSTHOCTH
BO3HHMKHOBEHHS OOPAaTHOW KOPOHBI;

3. 3HaKoNepeMEHHOE MHUTaHHE JJIEKTPO(UIBTPa TO3BOJSET W3MEHSATh IOJIIPHOCTh IOCTOSIHHOTO HAIpsHKCHUs Ha
KOPOHHUPYIOUIUX JJIEKTPOAAX dJIEKTPOPHIbTPa Ha MPOTHBOIOJIOKHYIO B MOMEHT, KOTJla HANpsDKEHUE Ha CIIO€ MPHOIU3UTCS K
HaIpsDKEHUIO BO3HUKHOBEHHSI OOpaTHOW KOpOHBI. TakuM 00pa3oM, Ha OCaJUTEIBHOM 3JIeKTpoae (opMupyercs: oOmmil cioi
HBLIM, COCTOAMMHA U3 TOHKUX MPOTHBOMNOJIOXKHO 3apsDKEHHBIX CIIOEB INBUTM, YTO B KOHEUHOM HUTOTe CHHMXKAE€T HaNpsLDKEHHOCTh
AIIEKTPUYECKOTO TTOJISI B CJIOE MBIIH M YMEHBIIAET BEPOSTHOCTH BOZHUKHOBEHUSI 00PAaTHOM KOPOHBI.

6.6. KoncTpykums 3/71eKTpOoQUIbTPOB



Vcnonp3ytoTest 371eKTpOQUIBTPl MMEIOT pa3iMuHONW KOHCTpykuuu. OHHM ObIBatrOoT TpyOwartbie (puc 6.5, a) wu
ItacTUHYaThIe (puc 6.5, 6).
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a)
Puc. 6.5. KoHcTpykumum anektpocdunbTpos
a) TpyOuaThlil, 6) MIACTHHYATHIH MHOTOIIOIBHBII

TpyOuatble 21eKTPOGUIBTPEl — anmapaThl ¢ BEPTHKAIBHBIM NOTOKOM Trasa. Ilomiekamue OYHMCTKE Ta3bl MPOXOAAT
BHYTpU TpyOYaThIX OCAIUTENBHBIX DJIEKTPOAOB, 10 OCH KOTOPBIX pacIoiararoTcs KOpoHHWpylomue nporona. Cioil mbun
MEpHUOANIECKUM BCTPSIXMBAHUEM DJICKTPOAOB YAAISCTCS B IBIIECOOPHHK, HAXOASAIINICS B HIDKHEH 4acTH 3NIEKTPO(UIIBTpA.

[TnacTuHuaTble 3JIEKTPOPHUIABTPHI — anmaparhl ¢ OCAJUTENLHBIMU 3JEKTPOJAaMH B BUJE IUIACTHH, PACIIOJIOKEHHBIX Ha
HEKOTOPOM PACCTOSIHUM JPYT OT Apyra. Mexay IIacTHHaMU pacTiojioXKeHbl KOPOHUPYIOIIUE AJICKTPOIbI, YKpETIIICHHBIE Ha paMax.
B onHOoM Kkopmyce 3neKTpoMIbTpa MOXKET OBITh pacIoi0KEHO HECKOJIBKO HE3aBUCHMBIX IOCIIEIOBATENHLHO PacIOI0KEHHBIX
CHCTEM BIIEKTPOJIOB, WM, KaK IPUHATO X HA3BIBATh B IPAKTHKE ra300YUCTKH, HIEKTPHUECKUX MOJIEH.

OrpoMHyI0 poib B JOCTHKEHHH MAaKCHMaIbHOH 3((GEKTHBHOCTH MBUICYIABIMBAHUS WIPACT KOHCTPYKTHBHOE
WCTIOTHEHNE KOPOHUPYIOLINX U OCATUTENBHBIX 3JIEKTPOIOB.

Koponwupyrome 37IeKTpoasl MOKHO pa3feluTh Ha ABe Tpynmbl (puc. 6.6). K mepBoil rpymme OTHOCSATCS SIEKTPOIFI,
KOTOpble He HMMEIOT (UKCHPOBAHHBIX KOPOHHMPYIOIIMX ToueK. IIpu oTpuuaTensHOW KOpPOHE — OTPHUIATENBHON MOJISAPHOCTH
KOPOHHUPYIOILIUX 3JIEKTPOJIOB — CBETAILINECS TOYKH PACIONaratoTCsl BIOIb IEKTPOJa Ha Pa3sHbIX PAaCCTOSHUSX APYT OT Apyra B
3aBUCHMOCTH OT COCTOSIHUSI IOBEPXHOCTH 3J€KTpoa. TUIHYIHBIE BUABI 3JIEKTPOIOB 3TON I'PYMIIbL: KPYTJIBIH UaMETPOM 2-+4 MM,
KBaJ[paTHBIN CO CTOPOHOH 3+4 MM H IITHIKOBOTO CEYEHUS, BIIMCHIBAIOIIHMIACS B KBAaAPAT CO CTOPOHOHU 4+5 MM (pHc. 6.6, a).

Ko BTOpOI#i rpynme oTHOCATCA 3JIeKTPOAbl ¢ (PMKCHPOBAHHBIMH TOYKAMH PaspsAa Mo MX AauHe. TUNHYHBIMU BUIAMHU THX
AIIEKTPOJIOB SIBJISIOTCS KOJIOYast IPOBOJIOKA, MMMII000pa3HbIe U UToJIbYaThIe 3JIEKTPOABI (pUc. 6.6, 6). DIEKTPOAbI BTOPOW IPYIIIIBI
NIPY PAaBHBIX HANPSHKEHUH M MEXKIJIEKTPOIHOM PAaCCTOSHUM 00ECIEYHBAIOT 3HAUYUTENBEHO OOJBIINKA TOK KOPOHBI, Ye€M DIIEKTPOIBI
nepBoil rpynmsbl. Jlerue obecrneunBaeTcss HeoOXoaMMas MeXaHM4ecKash IMPOYHOCTh. B HacTosmiee BpeMs MOJYYHIIM IIUPOKOE
pacrpocTpaHeHHe KOPOHHUPYIOIIUE 3JIEKTPO/IbI JICHTOYHO-UT0JIbUaTOr0 THHa. OHU JIETKO U3TOTABINBAIOTCS ITyTEM IITAMIIOBKH U
TIPY HAJIWYXHU JOCTATOYHOW MEXaHNYECKOH MPOYHOCTH 00JIaIal0T XOPOLUIMMH JIEKTPUUECKUMH JKapaKTePUCTHKAMH.
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a) 0) 6)
Puc.6.6. 3nekTpobl 37eKTPOPUIBTPOB

a) — MIaJKHe KOPOHUPYIOIIHE dIEKTPOABL; 0) — KOPOHUPYIOIINE IEKTPOABI C
(PUKCHPOBaHHBIMHU TOYKAMH Pa3psizia; B) — OCaJUTEIbHBIC JICKTPOIbI

OcamutenbHbIe ANEKTPOIBI AIEKTPOQUIBTPOB Takke UMEIOT pasHOOOpasHylo (OpMy: OHH HMMEIOT IJIaJKYI0 MOBEPXHOCTh
0e3 OCTPBIX YITI0B, HEOOXOAUMYIO I 00ECIIeUeHHUS BBICOKOH HANPSHKEHHOCTH 3JIEKTPHYECKOTO TOJI, U TTOJIOCTH, O3BOJIIOIIIE
CTPAXHUBATh IBUIb C MUHUMAJIFHBIM BTOPHYHBIM YHOCOM (puc. 6.6,8).

Jist ycnentHoi paboThl ANeKTpOUIBTPOB UMEET BaKHOE 3HAYEHHE YCTaHOBKAa KOPOHHUPYIOUIMX MPOBOJOB TOYHO IO
OCH MEXIy OCAJAUTENIBHBIMU IUTacCTHHaMHU. [0 HAcTOSIEero BpeMEHM MNPUMEHSUIMCh amnmapaTbl € PAacCTOSHUEM MEXAY
ocaguTeNbHBIMH dnekTpogaMu 275 mm. llar Mexnay kopoHupyoommmu mpoBogamu cocrtaBigeT 100+200 mm. Mwmeercs
TEHACHIMS K YBEIMUYCHHMIO PACCTOSIHUA MEXIY OCAaTUTEIbHBIMH 3jiekTpogamu 10 450 MM u gaxe no 600 mm. OmnblTHO-
MIPOMBIIICHHBIE MCIBITAHUS TaKUX AJIEKTPOQMIBTPOB MOKA3aIN, YTO, HECMOTPS Ha MpeJICKa3aHusl TEOPHH, CHIDKEHHE CTETIEHU
OYHCTKH HE IPOMCXONT, TaK KaK CYIIECTBEHHO BO3pacTaeT MpOoOMBHOE HANIPSHKEHUE IPOMEXKYTKOB.

7. HAHECEHHE ITOKPBITHH
B 3JIEKTPUYECKOM IIOJIE

7.1. DaekTpooKpacka

Oxpacka u3fenuil ABIsIeTCsl OJHUM M3 TEXHOJOTMYECKUX MPOIECCOB, IPU KOTOPOM MPUMEHEHUE IEKTPHUUECKOTO OIS
s¢dexTuBHO. [IpUHIMIHANEHO TEXHOJOTHA 3JIEKTPOOKPACKH 3aK/IIOYAETCs B PACHBUICHMM W 3apsike YacTHLl KPacKH H



OC@KICHUM 3apsDKEHHBIX YacTUII Kpackd Ha M3JEIHU B OJJIEKTpHYeCKOM mosie. B pesynbrare Ha n3menuu Qopmupyercs
PaBHOMEPHBIN TOHKUI CJIOM KPACKH.

ITpenmymiecTBa Mpu OKpacke B AIEKTPUUECKOM I0JIE IO CPABHEHUIO C THEBMATUYECKON OKPACKON 3aKJIF0Yat0TCA B!

1) ymensiennu noreps kpacku 10 10+20% Bmecto 50+70%;

2) yMEeHBbIIIEHUH 3arps3HEHUI OKpYy-Karolel cpesl;

3) NOBBILICHUH AATE3UH MOKPHITHS K IOBEPXHOCTH U3IENHS.

IIponecc pacnbLIeHUs KUIKOCTH B 3JEKTPHUECKOM I10JI€ IPOUCXOJUT CIIENYIOIUM 00pa3oM (puc. 7.1).

O6pasyromasicss Ha BBIXOJE M3 PACHBUIMTENS KAl pacTeT IO TeX MOp, IMOKa
JEHCTByIOIIME HA HEe DIEKTPUYECKHE CWJIBI HE IPEBBICAT CHIBI IOBEPXHOCTHOIO
1 HaTspKeHus. [TpoucxoauT HapyllleHHe yCTOMYUBOCTY MOBEPXHOCTH HA BEPIIMHE KAaIIU IIe

MoJie MaKCHMaJdbHO W, KaK CIIEACTBHE, BBIOPOC TOHKOW CTpyiku. Jlamee 3Ta TOHKas
CTpy#Ka ApOOWTCS Ha MeENKHE Karoii. BBIOpOC TOHKOH CTPYHWKH SBIISIETCS YCIOBHEM

BH

2 MEJKOAUCIIEPCHOIO PACIIBUICHUS XKUAKOCTH B 3JIEKTPUYECKOM II0JIE.
Ha mpouecc pacnblieHust OKa3bIBalOT HAauOOJbIIEE BIUSHUE HANPSKEHHOCTD
3 MOJs. B HEMOCPEACTBEHHOH ONM30CTH OT pacHbLIMTENS, TOBEPXHOCTHOE HATsSKEHHE,
5 00 . MIPOBOAMMOCTD, BA3KOCTb JKHIKOCTH, a TAKXKE pPacXol JKUIKOCTH, TO €CTb CKOPOCTb €€
0 0' 7 MIOCTYIUIEHHS B 30HY PaCIbIICHUA.
0 0 IIpn Mmanoif HampsHKEHHOCTH TOJs pacHbUIEHHE HE MPOUCXOAUT, TaK Kak
T JNIEKTpUYECKass CWJIa HEJOCTaTO4YHA, 4YTOOBI TPEOJONIETh CHIIy ITOBEPXHOCTHOTO
Puc. 7.1. Tpouece 3apsaku u HaTspkeHus. OT pacHblIMTENs] OTPBIBAIOTCS KPYMHbIE KaIllUIA MO, JEHCTBUEM CBOETO Beca.
pacHbLIEHHs KPACKH Jig yBenu4yeHus HampsKEHHOCTH DJIEKTPUYECKOro MOJS CTPEMSTCS YMEHBIIUTh PayC
1 — coruto pacnubUIATENIA;
2 — Karug Kpackw; 3aKpYIJIEHUs] KPOMOK COTIa pacnblIUTENS (Epowa= 10KB/cMm).
i:ﬂ%&%ﬂgﬁﬁ%cm Ecnmn moBepXHOCTHOE HATSIKEHUE BEIMKO, TO BO3MOXKHO, YTO paHbLIE, YeM
ApOGIIeHHS CTPYHKH; MIPOU30MIET HAPYLIEHUE YCTOMUMBOCTH OBEPXHOCTH KaIlld, HAUHETCS KOPOHHBIN paspsia,

5 — m3penue o o
MPENATCTBYIOINUN JaIbHEUIIEMY YBEIMYEHUIO HANPSDKEHHOCTH IO Y IIOBEPXHOCTH

Kkaruti. Koo UIMeHT MoBepXHOCTHOTO HATSKEHHS KPACKH He JOJDKEH TpeBbimath (4+5)-10° H/cm.

[TpoBOAMMOCTE KpacKd OKa3bIBaeT pelIalollee BIMSHIE Ha MPOLECcC HaKAIUTMBAaHMS 3apsiaa Ha Karuie )XHAKOCTH. JKUIKOCTb ¢
OYEHb MAJIO HIEKTPHUECKOI MPOBOAMMOCThIO (MeHee 10™ 1/0OM-M) He pacibUIsSIOTCS B SIEKTpHYecKoM mone. YeM Bbiie
MPOBOJMMOCTE, TEM OBICTpee OATEKAET 3apsi U OObIIe CHIa, BO3ICHCTBYOMAs Ha Karuio. OQHAKO [IPH YBEIHICHUH
nposouMocTH Bbite 107 1/OM-M pachblIeHHe KPACKH OISTh MPEKPAIACTCs. ITO CBA3aHO C BO3HUKHOBEHHEM KOPOHHOTO
paspsiia Ha Karulie ¥ BHEIPEHHUEM B IIPOMEKYTOK OOJIBIIOr0 0OBEMHOT'0 3apsi/ia, CHIKAIOLIEr0 HAIIPSHKEHHOCTD SJIEKTPHYECKOT0
TI0JI51 Ha KPOMKE COILIA pacibuInTens. ONTHMAIbHAs IPOBOIMMOCTh KPACKH JISKHT B Auanasone 10°+10° 1/0Om-m.

OueHb BS3KHE JKHIKOCTU TAaKKe IUIOXO PACHBUIAIOTCS B DJICKTPUYECKOM IIOJE, IOCKONBKY BS3KOCTH JKUAKOCTH
OrpaHUYMBACT BO3MOXHOCTH BEIOpOCa TOHKOM HUTH. C yBeTMYEHHEM BSI3KOCTH pacTeT AUaMETP HUTH M COOTBETCTBEHHO pa3Mep
Karelb, Ha KOTOpbIe OHa APoOUTCs. Bsi3kocTh Kpacku AoinkHa ObiTh He Oonee 0,07 Ila-c. OnTUMaNbHBII pa3Mep YacTHll KPacKu
coctaBisieT 15+30 MKM.

B mpoMBIIIIEHHOCTH MPUMEHSIOTCS JBE CUCTEMBI OKPACKHU: 3JIEKTPOCTaTHYecKast (JOTKOBBIC U LIENEBBIC PacIbUINTEIH)
W OKpacKa ¢ MEXaHHYECKUM pacIiblIeHHeM (LEeHTPOOSKHBIE, THAPABINUECKAE U THEBMATHIECKHE pactbuinTesn) (puc. 7.2).
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a) 6) 6)
Puc.7.2. KOHCTPYKIHH 31eKTPOOKPACOYHBIX PaCIbLINTeIeii.
a) JIOTKOBBIH; 0) IEHTPOOEIKHBIIT; B) 3IEKTPOMHEBMATHICCKUH

Ionawa: 1 — kpacku; 2 — Bo3/1yxa; 3 — KOPOHUPYIOILIUI IIEKTPOJ.

OnekTpocTaTuueckasi OKpacka 3aKIIIOYaeTcs B 3apsAAKe M PACIBUICHHH JKUIKOCTH 32 CYET OSJIEKTPHYECKHX CHII,
JEHUCTBYIOIIMX Ha KAIUIIO, HAXOSIIYIOCS Ha KPOMKE PaclbUTHTEIS.

B cucremax ¢ MeXaHWYECKHM DacCIbUICHHEM HCIIOJIB3YIOTCS LEHTPOOSKHOE, MHEeBMaTHYecKoe, 0e3BO3yIIHOe (IIpH
nozjaye 1moj OONBIINM AaBICHWEM) OPOOJeHHe Kpacku. B 3THX pachbUIMTENsSX >JIEKTPHYECKOE IOJIE UCIIONb3YeTCs TOJIBKO s
HepeMelleHHss W OCaKACHUS Kamesib Ha wu3fenue. Haumbonbmnee pacmpocTpaHeHHE ITOMYYWIH DJICKTPOITHEBMATHYECKHE
PACTBUIMTENH, KOTOPhIE 00Ia1aloT OONbIIeH MPON3BOAUTENEHOCTRIO, Jy4Ille OKPAIMBAIOT MIOJOCTH U YIIyOlIeHHs B AETaNAX, He
MPEABSBILIOT XKECTKUX TpeOOBaHHUI K ITapaMeTpaM Kpacku. V3-3a Hannuusi IOTOKOB BO3/lyXa MOTEPH KPAaCKH HECKOJILKO OObIIIE,
4eM y dJeKkTpoctatudeckux pacmeumurened (20% Bmecto 5+10%), HO CYIIECTBEHHO MeEHbBIE, YeM Y MTHEBMAaTHYECKHUX
pacmbLIUTENeH.

7.2. HaneceHue MOPOIIKOBBIX MOKPBITHI



ITpouecc HaHECEHMs! MOPOIIKOBBIX MOJMMEPHBIX MAaTEPHAIOB B IEKTPUUECKOM IIOJIE 3aKIFOYACTCSl B 3apsJKEe YacTHUI]
MOPOILIKA, IEPEHOCE UX NMOTOKAMH BO3[yXa K HaNbUIIEMOMY M3EIIHIO, OCAXKICHUH YacTHIL 0] AeHCTBUEM JIICKTPHUUECKOTO OIS
Ha MMOBEPXHOCTh M3/IEIHSI U OTUIABJICHUH CJIOS ITOPOIIKa B AJIEKTpoIedax ¢ 00pa30BaHUEM CILIOIIHOTO MOJIMMEPHOTO MTOKPBITHS Ha
MIOBEPXHOCTH WU3EIHS.

JocrouncTBa MeToa:

1) mourn 100% wmcrons3oBaHMe MaTepHaia MOCHE YJIABIMBaHUS HEOCEBIIET0 Ha M3JIEHE TIOPOIIKa U TIOBTOPHOTO €ro
MIPUMEHEHHS TP HAITBIJICHUH TIOKPBITHS;

2) He3HaYMTeIIFHOE KOJMYECTBO pacTBOpHTENeH B Marepuaie Kpacku (He Oomee 5%) MO CpPaBHEHMIO C KHIKUMHU
KpackamH, TZe pacTBOpuTenst comepkurcss 10 50%, a 3HAYMT CYMIECTBEHHO MEHBIIEE 3arpsA3HCHHE OKPYXKAIOMIEH CpPeabl
Ta30BBIMH BBEIOpOCAMU;

3) mosrydeHue MOKPHITHH ¢ YHUKAIBHBIMHA CBOMCTBAMH ((TOPOILIACT, TOTMAMU, IOy PETaH);

4) mosy4eHHe TOJCTHIX MOKPBITHIl (0 HECKOIBKUX MHJUTUMETPOB) HA M3JENUSIX CI0XKHON (OPMBI (1Sl H30JSLUOHHBIX
KOHCTPYKIUH U B XUMHUYECKOH MPOMBIIIJICHHOCTH).

3apsi Ky 9acTHIL] MOPOLIKOBOTO MaTepuala B yCTaHOBKaX AJIsI HANBUICHUS OCYIIECTBIISIIOT, HCIIONB3Ys CIEIYIOIINE /1Ba
METO/Ia: MOHHYIO 3apsalKy — OCakKJeHHE HOHOB U3 00bEMa rasa C MoJieM KOPOHHOIO pa3psila U CTaTUYECKYIO ICKTPU3ALUI0 —
00OMEH 3apsaaMu MEKIy YaCTHLAMH M MEXAY YacTHIIAMH U SJIEMEHTaMU KOHCTPYKIMU PacIIbUIUTENS TPU KOHTAKTE MEXY HUMH.

st ucronb3yeMbIX NMpH HAHECEHWH TMOKPBITHH MOPOIIKOBBIX MAaTEpPHANIOB C PaJWyCaMH 4acTHIl d > | MKM HOHHas
3apsiKa MPOUCXOJUT MIPEUMYILECTBEHHO 32 CUET JBM)KEHHS HOHOB KOPOHHOTO pa3psifia B 3JIEKTPHYECKOM I10JI€ U OCKACHHS HX
Ha TOBEPXHOCTbh 4acTHIl («yxapHas 3apsiaka»). CraTudeckasl 3JeKTpH3alysl OCYIIECTBISIETCS ITyTeM OoOMEHa 3apsJaMH 3a CueT
pasHOCTH B pabdOTe BBIXOJ@ HJIEKTPOHOB y MaTepHaja YacTHIl M MaTepHaia CTEHOK B 3apsiTHOM YCTPOWCTBE WIIM Npu OOMeHe
3apsaMn MeXIy YacTHLAMH M3-32 pa3iiMuiii B XMMHUECKOM COCTaBe IpuMeceil, Temneparype, (pa30BoM COCTOSIHUH, CTPYKTYpe
MOBEPXHOCTH W T.n. Ha mpakTuke A OLEHKM 3HAKa 3apsJOB CTAaTUYECKOW AJIEKTPH3aLlMH HCIOIB3YIOT mpaBmio KosHa, B
COOTBETCTBHHM C KOTOPBIM TIPH NPUBEICHWH B KOHTaKT W Pa3beAWHEHUH IBYX AMAIIEKTPHKOB BELIECTBO C HaWOOJNbIIEH
OTHOCHUTENBHON IUAIEKTPUIECKON IPOHUIAEMOCTBIO 3apsKAETCSI MOJI0KUTETBHO.

CylecTBYIOT /1Ba BapuaHTa YCTPONCTB ISl HAHECEHUsSI IOPOLIKOBBIX IMOJMMEPHBIX MOKPBITHH B 3IEKTPUYECKOM MOJE: C
MTOMOIIBIO pacHbuIATENeH (pHcC. 7.3) M ¢ HOMOIIBIO KaMep C JIEKTPUYECKUM KUIISAIINUM ciioeM (puc. 7.4).

Bosznyx

—

—

Puc. 7.4. Hanecenue NOKpbITHSI B KaMepe ¢ KMISIIUM CJI0eM

[Tpn HaHEceHUM MOKPBITHH pacnbuTUTENeM (pHc. 7.3) IOPOLMIKOBEIA MaTepual 3a0upaercs n3 3arpy304Horo OyHkepa (2)
JIO3UPYIOIINM KEKTOPOM U BO B3BEILICHHOM COCTOSIHMH B ITOTOKE BO3/yXa II0 THOKOMY TpyOOIIPOBOY TIOAETCS K PACTIBIITUTEITIO
(1), xoTopbIil BRIMONHSAET ABE QYHKIHHU: (POPMHUPYET HMOPOIIKOBOE OOJIAKO BOKPYT HM3JENUS W OCYIIECTBISIET 3apsiIKy YacTHI]
MOPOIIKA. 3apsaKa YaCTHIl OCYIIECTBISIETCS B OJIE KOPOHHOTO pa3psaa MEXAy Urioi (4), KoTopas coeInHeHa ¢ UCTOYHUKOM
MTOCTOSTHHOTO HATIPSDKEHUS, W 3a3eMIIeHHBIM m3fenueM (3). Ecam gacTuiel mprnoOpeTaroT M30BITOYHBINA 3aps] BHYTPH KOpIyca
pacIbBUIMTENS, TO OH HA3bIBACTCS PACIBUIMTENICM C BHYTPEHHEH 3apsaikoil. 3apsaka MOXET OCYHIeCTBIATHCA Kak B IIOJE
KOPOHHOTO pa3pslia, CO34aBaeMOro BHYTPH KOpPITyca PacIbUIMTEN, TaK U IMyTeM CTATHYECKOH 3JIEKTpU3alUH YacTHUIl MOPOLIKA
Opd TPEHWH O BHYTPEHHHE CTEHKH IIOJIOCTEH B KOPIyCe pACHbUIMTENs (KOTOPBIA B 3TOM Cilyyae Ha3bIBaeTcs
TPUOOIIIEKTPUIECKUM PACTIBIIUTENIEM).

I[Tpu ocyIiecTBICHUH 3apsIKU YacTHI[ B TOJIe KOPOHHOTO pa3psiia BHYTPU KOPITyca PacHbUINTENS TODKHBI YUUTHIBATHCS
crenyronye aBa (akropa: 3anupaHue KOPOHHOTO paspsila MOHAMH, OCEBIIMMH Ha BHYTPEHHHE CTEHKHM KaMephl, B KOTOPOH
CO3/1aeTCsl KOPOHHBIN pa3psl, U OCAKACHHE 3apsDKEHHBIX YaCTHIl MOPOINKA Ha 3a3€MIICHHBIN AJIEKTPOJ 3apsIHOTO YCTPOHCTBA,
YTO NMPHUBOIUT K BOSHUKHOBEHHIO 0OPaTHOTO KOPOHHOTO paspsizia B 00pa3yonieMcsl ¢I0e MOPOIIKa Ha 3JIEKTPOAE U K yXYAIICHUIO
3apsIKU YaCTHI] TIOPOIIIKA.
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Puc. 7.5. PacnblinTelib ¢ BHyTPeHHeil 3apsiikoii

Ha pwuc. 7.5 moka3aHo 3apsmHOE YCTPOHCTBO, B KOTOPOM HEONATONPHUATHBIE (PAKTOPHI PEMIAlOTCs, BO-TIEPBBIX,
YBEIUYEHHEM 00beMa MEXIIEKTPOAHOTO IPOCTPAHCTBA H, BO-BTOPHIX, CO3JAHHEM JIOMOIHUTEIBHBIX BO3IYIIHBIX IIOTOKOB Yepes3
TOPUCTBIA 3a3eMJICHHBIH AIIEKTPOM — 2, MPEMSATCTBYIOMNX OCAKACHUIO YacTHIl HA HEKOPOHHPYMOMM 3mektpon. Kpome Toro,
MOTOK TTOPOMIKOBOTO MaTepuaia, MOJAIONIMHCS B MOJE€ KOPOHHOTO paspsiia MO AWDIEKTPHUECKOH TpyOke — 3, oOxuMaeTcs
YHCTBIM IIOTOKOM BO3/yXa M HAMpaBiIseTCs y3KOW CTpyell Ha KOHYMK KOPOHHPYIOIIEH MBI — 1, cmocoOCTBYsI MPHOOPETEHUIO
JacTULAMHU TIOPOIIIKA 3apsJ0B B 001aCTH C BEICOKOH HANPSKEHHOCTBIO AIEKTPUUECKOTO MOJISL.

3apsaHble YCTPOHCTBA TPUOOIIEKTPUYECKUX PACHIBUINTENEIl NOJIKHBI YHOBIETBOPATH CIELYIOIUM TPEM YCIOBHIM
HEeo0X0qUMBIM 171 3G (HEeKTUBHON 3aps KK HAIBULIEMOT0 MaTepHana;

— o0ecrneynBaTh MHOTOKPATHBIE U 3((PEKTUBHBIE COYIAPEHNUS YAaCTHUIL MOPOILIKA C TPHOOIIEKTPUIYIOIINM JIEMEHTOM;

— IPOU3BOJUTH CHATHE TIOBEPXHOCTHOTO 3apsiia C TPUOOIIEKTPU3YIOLIETO 3JIEMEHTa;

— o0ecrnieunBaTh CTaOMIIBHOCTH TIpolecca TpUO03apsiIKy.

YBenuuenne yncna u 3pQPEeKTUBHOCTH aKTOB COYAApEHHs YacTHIl C TIOBEPXHOCTHIO 3apsTHOTO YCTPOWCTBA IOCTHIAETCS
TypOynHM3anuell HeCyIero 4JacTHIbl MOTOKa BO3yXa, M3MEHEHHEM HaIpaBIICHHUS €ro JBW)KEHHS M yBEIWYEHHEM CKOPOCTH
MIOTOKA, a TaKXKe MoJ00poM MaTepHaia TPHOOIIEKTPU3YIOIIEro 3JIeMEeHTa 10 OTHOIICHHWIO K MaTepually HAaHOCHMOTO IOPOIIKa.
YacTo TprOO3IEKTPU3YIOIINE YCTPOICTBA BBIOIHIIOTCS B BHJIE H30THYTHIX TPYOOK, CIMpaneii, BUHTOBBIX KaHAJOB B IMIMHAPE,
JIEKTPOJOB H T.A. TpHOO3IEKTPHU3YIOIIHI 3JIEMEHT OOBIYHO BBITIOIHICTCS U3 AMAIEKTPHUECKOTO MaTeprana. B cBs3u ¢ st npu
paboTe Ha MOBEPXHOCTH TPHOOAIEKTPHU3YIOIIETO JIEMEHTa HaKaIIMBACTCs 3apsia MO 3HAKy IMPOTHBOIOJIOKHBIN 3apsay YacTHIL,
4yTo yxyamaeT 3((EeKTHBHOCT CTATHYECKOH snekTpu3anuu. CHATHE MOBEPXHOCTHOTO 3apsia C BHYTPEHHEH IOBEPXHOCTH
KaHaJIOB JOCTUTaeTCsl WIM BBEIECHHEM 3a3eMJIEHHOTO LIMIMHIPUYECKOTO 3MIEKTPOJa C MajbIM PaJUyCOM 3aKPYIJICHUs, WU
BBOJIOM 4e€pe3 CTEHKH MHOXECTBA 3a3€MJICHHBIX WIVI BO BHYTPEHHIOIO IOJIOCTh KaHajoB. CTaOMIIBHOCTH MpOIecca CTaTHUeCKOH
DNIEKTPU3ALNN  OOECIIeUnBaeTCsl TOAJCPKAHWEM HEHU3MEHHOH BIIQXKHOCTH OCYHIEHHOTO BO3JyXa, HCHOJIb3YEeMOro ISt
TPaHCIIOPTHPOBKH MOPOIIKa, Ha ypoBHE — 10°C TOYKH POCHI.

Ecnu 3apsgaka yacTHIl IOPOIIKa OCYIIECTBISETCS B M0JIe KOPOHHOTO pa3psia, CO3/1aBaeMOro MeXAy KOPOHUPYIOIIHMHU
AIIEKTPOJ]AMH, PACIIOJIIOKEHHBIMU B 00JIACTH BBIXOJHOTO COIUIA PACIbIIMTENS, U 3a3€MIICHHBIM W3JEIHEM, TO TaKO€ YCTPOWCTBO
Ha3bIBACTCS PACTIBIINTENIEM C BHEIIHEH 3apsikoid. B KauecTBe KOPOHHPYIONIMX 3JIEKTPOAOB MOXKET MCIOJIB30BATHCS OFHA WU
HECKOJIBKO UTJI, KOPOHHUPYIOIIAsk KPOMKA.

BenmnmunHa 3apsa 9acTuIl, mpruoOpeTaeMoro B Iojie KOPOHHOTO pa3psjia, ONpeeNseTcs IpelelIbHBIM 3apsaoM 1
CTEIEHbIO HeA03apsSAKH ¢ = ¢,,& , TAE ¢, — IPEACIIBHBIN 3aps], onpeaenseMsli no (5.9), £ — cTeneHb Heqo3apsIKu U3-3a
engkt Jt
4y +engkt  4dey E+ Jt

Bunno, uro and yBenuueHHWs 3apsAAa 4YacTHL HEOOXOAMMO YBEIMYMBATH HANPSKEHHOCTHh JJIEKTPUYECKOTO IONS H
IUIOTHOCTh TOKa KOPOHHOTO paspsina. Hamuuue 3apsyKeHHOro IUCIIEPCHOTO MaTepualla B MIPOMEXYTKE MEKAY pacIlbUINTEIEM U
U37IeJIMEM BBI3bIBACT 3alMpaHue (YMEHBILICHNE) TOKAa KOPOHHOTO pa3psAla, a 3HAYUT yBEIMUIMBACT CTEIEHb HE03aPS KU YaCTHII.
[Ipuuem, ¢ yBenrueHHEM PacXo/a MOPOIIKA Yepe3 paclbUINTeNb CTENIEHb HEJ03aPSAKY IPOA0IIKAeT yMeHbIIaTees. [loatomy ams
YIIy4dLIeHUs 3apaJKd YacTHIl MOPOIIKa CIEAyeT CTPEMHUTHCS YBEIUYUTh IJIOTHOCTh TOKa KOPOHBI. OJHAKO 37€Ch CYILIECTBYET
OTpaHHYEHHUE, CBSI3aHHOE C OBICTPHIM BO3HMKHOBEHHEM OOpaTHOW KOPOHBI B CJO€ IOPOIIKA, OCEBIIEM Ha W3IEIHH, KOTOpas
yXy/IIaeT Mpouecc 3apsaku. B HacTosIee BpeMst CYMTAeTCsl, YTO ONTHMAIBHBIM 3HaYEHHEM TOKAa KOPOHHOTO paspsija SIBISETCS
BenuunHa 5+10 MKA.

PacnibumiTenu ¢ BHEIIHEW 3apsAnKoi o6ianaroT HanOoubiieil 3¢ (eKTHBHOCTHIO 3apsIKH MOPOIIKOBOTO MaTepHaia, TakK
Kak BpeMsl IpeObIBaHus YaCTHI B 110JIe KOPOHHOT'O pa3psizia, M0 CPAaBHEHHIO C IPYTHMMHU YCTPOIMCTBaMH, 3/1€Ch MaKCUMAaJIbHO.

Bropoii BapuaHT yCTpONCTB I HAHECEHHUS TIOKPBITHI MPENCTABISET COO0I KaMepy € AIIEKTPHUESCKIM KHITAIIAM CIOEM,
B KOTOpYI0 Tomernaercs m3nenue — 1 (puc. 7.4). Kamepa nemurcs mopucTol meperopoAkoi — 2 Ha JABE YacTH. B BEpXHIOO 9acTh
Ha MTOPHCTYIO MEPEropoIKy HACKIIIAETCSI TOPOIIKOBBII MaTeprall — 3, a B HIKHIOIO — ITOJJAE€TCsI CXKATHI BO3/TYX.

IIpn ompeneneHHONW CKOPOCTH BO3AyXa, MPOXOMAIIETO HYEpe3 IMOPHCTYIO IMEPeropoAKy, MOPOLIOK IEPEeBOIMTCS BO
B3BEIIEHHOE COCTOSIHUE, TIPH KOTOPOM YacTHUIIBI KaK OBl BUTAIOT B BOCXO/SIIEM ITOTOKE BO3MyXa. V3-3a XaOTHYHOCTH JBIKEHUS
YacTHUIl MPOHUCXOIUT HX COyIapeHHEe MEXIy COOOH, YTO NMPHBOMUT K CTATHYECKOM 3JEKTPHU3AIMM YacTHI[ M 3apsIka MX Kak
OTPULATENBHBIM, TaK U MOJIOKUTEIBHBIM 3apAI0M.

OJeKTpUYECcKoe MOJIE, CO3AaBAEMOE MEXY BBICOKOBOJIBTHBIM 3JIEKTPOJOM, Pa3MEIEHHBIM B IMOPOIIKOBOM CJIOE€, U
3a3eMJICHHBIM M3/I€IMEM, BBI3BIBACT pa3JiesICHUE YacTHUI] B KUIALIEM CJIO€ MO 3HaKaM 3apsana. [Ipu npuiokeHHH oTpunaTeIbHOro
HaMpsKEHUS K BBICOKOBOJIBTHBIM JIEKTPOAAM IOJI0XKUTENIBHO 3apsDKEHHBIE YaCTUIBl HAKAIIMBAIOTCS BOKPYT BBICOKOBOJIBTHOTO
JIEKTPOJa, a OTPHULATEIBHO 3apsKCHHBIE — B BEPXHEH 4YacTH KHIIAILIETO CJIoA Mopomika. YacTHIbl, UMEIOLINE JOCTaTOYHO
OOJIBIION OTpUIATENBHBIN 3apsill, BEIHOCATCS JJIEKTPUUECKHM TIOJIEM M3 KHUIIIIErO CIIOS W HANpaBIISIOTCA K u3zgenuto. M3-3a

OTPaHWYEHHOTO BpeMeHH 3apsaku. B coorBercTBum ¢ (5.9) & = , Te J = engkE — TIIOTHOCTH TOKA.




OOJIBIIION KOHIIEHTPALUH YaCTHIl B KUIISIEM CII0€ KOPOHHBIN pa3ps]] Y HOBEPXHOCTH BBICOKOBOJIBTHBIX 3JIEKTPOJIOB HAXOUTCS B
MOJTHOCTBIO 3allepTOM COCTOSHHM. [lo Mepe HaKOMJICHHS TMOJIOKUTEIBHO 3apsDKEHHBIX YacTHIl BOKPYT BBICOKOBOJBTHBIX
9EKTPOAOB TPOUCXOAUT Pa3psll U UMIYJIbCHOE JIOKAJbHOE OTIHpPaHHE KOPOHHOTO pPa3psijia, MPU KOTOPOM OCYIIECTBIISIETCS
nepe3apsika 4vacTuil. TakuMm o00pa3oM, B JJIGKTPHYSCKOM KHUIISIIEM CJIO€ 3apsaKka YacTHI[ HOCHUT CJIOXKHBIM XapakTep,
COYETAIOUIUI CTATHYECKYIO DJIEKTPU3AIUIO YaCTHUIL U 3apsIIKY B TA30BOM pas3psizie.

[Iporecc TpaHCTIOPTHPOBKHU YaCTHUI] OPOIIKA K HAMBUIIEMOMY H3JICIHIO OCYIIECTBIACTCSA B TOTOKE Bo3ayxa. [Ipu atom
COOTHOIIICHUE a3POJUHAMUYCCKAX W JJICKTPHUYCCKUX CHJI, JNCHCTBYIONIMX HA YaCTHUIly, CHJIBHO OTJIHYACTCA JUIS Pa3HBIX
YCTPOWCTB, UCIONB3YEMbBIX JJIsi HAHECCHHS TOKPBHITHHA. Ecnm i pacmpuinTeneil ¢ BHYTpeHHEH 3apsiKod TPaHCIOPTHPOBKA
YaCTUI[ OCYIICCTBIICTCS WCKIIOYUTEIHHO MOTOKOM BO3yXa, TO B KaMepaX C AJIEKTPHYSCKUM KHUILAIIAM CIIOEM HaIpaBJICHHE
IBIDKCHUST YacTUI] K WM3/ICIHI0 CO3JACTCS B OCHOBHOM DJJIEKTPUYECKAM TmoiieM. [ pacmbUidTeNnedl ¢ BHEUTHEH 3apsaKon
TepeMeIIeHIe YaCcTHUI] K H3/IENIHI0 B PaBHOW Mepe OIpeersieTcs adpoInHAMIIECKUMH U SIEKTPHYECKUMHE CHITaMH.

IIpu ocaxxneHNH MOPOIIKA Ha MOBEPXHOCTh M3JENHUS, KaK BUAHO M3 CXEM YCTPOWCTB HAIBLICHHUS, IPEACTaBICHHBIX Ha
puc. 7.3 u 7.4, Ha YacTHIly NEHCTBYET JEKTPHUUECKas CHJIa B HAIPABICHUH K IOBEPXHOCTH M3ACIHS U adPOJANHAMUYECKHIHA TOTOK
BO3/1yXa, HAIPaBJICHHbII BIOJb MOBEPXHOCTH, KOTOPBIA CIOCOOCTBYET CKOpEe OTPBIBY YACTHII, YEM OCAKICHHIO. DIEKTPUIECKOE
MoJie Y W3JeNUs B OOIIEeM CiTydae SBJISIETCS CyMMOU MOJICH OT HANpPSHKCHHS HA BBICOKOBOJIBTHBIX 3JICKTPOJIaX U OT OOBEMHOIO
3apsfa Jactuil. [IpudeM HANpsDKEHHOCTh JJICEKTPHYECKOTO TMOJISI OOBEMHOTO 3apsjia MOPOIIKAa MOXKET MMETh 3HAYHTEIBHYIO
BEJIMYMHY, a TPU OOJBIION KOHIICHTPAIMU YAaCTHUI[ JaXe MPEBBINIATh HAMPSKEHHOCTh TOJS KOPOHHOTO pa3psja, JOCTHras
sHadeHnit 10 kB/cM. Iy pacmbutuTeneil ¢ BHYTPEHHEH 3apsaaKOi AIEKTPHUYSCKOE IMOJIe y U3ICTHUS CO3/IaeTCs MCKITIOUNTEIHHO
00BEMHEIM 3apsAaoM YacTuil. [103ToMy, ¢ TOYKH 3pCHHS YBEIWYCHUS HANPSHKEHHOCTH JCKTPUYECKOTO TIOJIA, IEIecO00pa3HbIM
SBISIETCSI YBENIMYEHHE pacxoja IMOpoIIKa depe3 pacnbuurens. OcoOeHHO 3(QQEeKTUBHO HCIONB30BaTh OonbmIon (1o 20 Kr/da)
pacxoJl MOPOoIIKa P HAHECEHUH TOKPBITHI Ha M3CTHS CIO0XHOH (POPMBI ¢ BHYTPEHHUMH 3a9KPaHUPOBAHHBIMH TMOJIOCTSIMH, B
KOTOpBIE BHEITHEE TTOJIe He MpoHuKaeT. OHAKO ¢ YBETUYEHHEM Pacxo/ia Mopomrka dpGEeKTHBHOCTD 3apsIKH YaCTHI] CHIKAETCS,
a 3HAUYWT yMEHBINAETCS 3JIEKTPHUYECKas Cuja, JEHCTBYIOIIAs Ha 4YacTHIly, YTO NPHUBOAUT K CHIDKEHHIO IIOTOKAa YacTHII,
OCaK/TAFOIIIXCS Ha TIOBEPXHOCTh M3/IENHSI.

VHTEHCHBHOCTD TIpoliecca OCAXKIEHNSI 00BIYHO XapaKTePU3yeTCsl BEIMYMHON IJIOTHOCTH IMOTOKA MacChl MOPOIIKA

F:%t’

re m — Macca MOPOIIKa, OCEBIIETO HA OBEPXHOCTb W3NS IIOMABIO S; £ — BpeMsI HallbIJICHUSI.

B pe3ynbraTe CHIKEHHS ITOTOKA YacTHUIl KOA(PHUIIMEHT OCAKICHUS TOPOIIKa Ha u3zenue ymenbmaercs. Koagdunnent
OCa)KJCHUS ONpeAeNsieTcs Kak JOMs MOPOIIKOBOTO MaTepHhaia, OCaKIEHHOTO Ha M3JEJHe, 10 OTHOIICHHWIO K OOIIEMy pacxomy
Marepuaa 4yepe3 paciubUINTeNb.

ITo Mepe HapacTaHMs TOJIIMHBI CJIOSI OPOIIKA HA MIOBEPXHOCTH M3IEIHS HANPSDKCHHOCTD 3JIEKTPHYECKOTO OIS B CIIOE
BO3pAcTaeT 1O NPOOMBHBIX 3HAUCHWI. BoO3HHUKaloOmMe pas3psaHble SBICHUS B CJIOE IOPOLIKAa HOCAT Ha3BaHHME «OOpaTHBIHM
KOpPOHHBIH pa3psin». Bpemst BO3HUKHOBEHHsI 00paTHOM KOPOHBI HAXOAUTCS U3 yCIOBUSI HAKOIUICHUS 3apsiia B CJIO€ U BBIYUCISIETCS

o opmyie:
E
tOK = 2‘c"cn‘c"O H% .

31ech &, - OTHOCHTE/IbHAS AMAIEKTPHUYECKas TPOHHMI[AEMOCTh OPOIIKOBOTO CIIOS, BRIYHUCIAEMAs 110 GopMyIIe: &, = &,
IJ€ £ — OTHOCUTEJIbHAS JHMAIEKTPUYECKas MPOHHIAEMOCTh MaTepHaja HalbLIAEMOro MOPOIIKa; kK — KOI(Q(UIMEHT yNaKoBKH,
XapaKTepU3yIOIUI OPUCTOCTD €105, paBEeH OTHOLIECHUIO TOJIIMHBI OIIABJICHHOTO MOKPHITHA K TOJIIIMHE HEOIUIaBJICHHOTO CIOA:

h
k= "o —m s
An Acnsy

]I y— INIOTHOCTh MaTepHaia MOpOIIKa.

Tak kaKk B MOJIy4EHHOM BBIPa)KCHUH JJIsl BpEMEHH BO3HHKHOBEHHS 00paTHON KOPOHBI MPOOWBHAS HANIPSKEHHOCTD CJI0S
E,, 3aBHCHT OT IUIOTHOCTH TOKa Ha H3JeNue, Oblna moiydeHa apyras Qopmyna ais BpeMEHH BO3HHKHOBEHHS OOpaTHOTO
KOPOHHOTO pa3psja

40s_, ;" mpu J < 125 MxA/M?
72,77 npuJ > 125 MkA/M

e J B MKA/M, ¢ B CeKyH/Iax.

[Tpu 0OpaTHOM KOPOHHOM pa3psijie U3 MOPOIIKOBOTO CJIOS1 BHEITHUM DJIEKTPHYECKUM TI0JIEM B IIPOCTPAHCTBO HAJl CIIOEM
MOPOIIKA BBITSATUBAIOTCS MOHBI, MPOTHBOIIOJIOXHBIE IO 3HAKY 3apslaM OCAKIAIOMMXCsS YacTHLl. MOoHBI 0OpaTHOH KOPOHBI
paspsDKaloT MOJIETAIOIINE K M3/IEJINIO YacTHIBI, B PE3YJIbTAaTe Ma/laeT IIOTHOCT IMOTOKA MACCHI TTOPOIIKA, OCAXKIAIOMIETOCs Ha
W3JeNne, W 3aMeUIACeTCs POCT TONMMMHEI ciost (puc. 7.6.). Ilpu oOpaboTke IKCIEepHMMEHTANBHBIX PE3yJIbTAaTOB, MOITYYEHHBIX
Pa3HBIMH aBTOpPaMH, YCTaHOBIICHO, YTO CIaJ IUIOTHOCTH ITOTOKA MAacChl MOCIIe BOSHUKHOBEHHS 00paTHOH KOPOHBI COOTBETCTBYET
IKCIIOHECHIMAILHOMY 3aKOHY:

F =F, expﬂ,
T

=

rac F() — IIJIOTHOCTH MMOTOKA MAaCChl 10 BO3BHUKHOBCHUS 06paTHOI>i KOPOHEIL; 7= l,ZtOK — OKBUBAJICHTHAs MMOCTOSAHHAA BPCMCHHU.
IHonyyenHoe BhIpa:keHHE MO3BOJISIET ONPENEJIUTh MJIOTHOCTH MOTOKA MAaCChl MOPOIIKA,
0CaKAAI0IIErocs Ha u3jiesne, 1Jisl JII0O0ro MOMEHTA BpeMeHH BIJIOThH /10 0eCKOHEYHO



00JILIIMX 3HAYECHUI BpeMEeHH, KOI/Ia CyLeCTBYeT pa3BUTast 00paTHAsi KOPOHA U

NMPAKTUICCKHU MPEKPAINACTCHA 0CAKACHHUEC IIOPOIIKA HA U3ACJIHNE.
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Puc.7.6. 3aBHCHMOCTH TOKA ¥ IJIOTHOCTH MOTOKA OCAKIAIOLIUXCS HA H3/1eIHe
YaCTUIl HAHOCHUMOTI'0 MOPOLIKA OT BPEMEHHU HANbLJICHUA

Kpome Toro, mosBieHue pa3sBUTOro 0OpaTHOIO KOPOHHOTO pa3psia BEI3bIBacT 00pa3oBaHHE KPAaTEPOB B IIOPOIIKOBOM
CJIOe, YTO YXY/[IIaeT Ka4ecTBO I10JIy4aeMOro OIUIABJICHHOTO MOKpHITUS. VcXons U3 3Toro, ObIJIO ONpeNesieHO BpeMs HaHECEHUsI
MOKPBITHS, MPU JOCTHKEHHH KOTOPOI'O €lle HE IPOUCXOJUT 3aMETHOTO CHIKEHHS OCAKICHHS MOpOIIKa Ha H3IeNHe U
YXyIILIEHNs] KauecTBa KOHEYHOT0 MOKPHITHS. PalmoHansHOe BpeMsl HaIlbUIEHHS PaBHO:

fpan = fox 7 0,57= 1,6 .

3Has paloHAIBHOE BpeMs HAIBUICHUS! U 3aBUCHMOCTD JUIS IDIOTHOCTH TIOTOKA MacChl, MHTETPUPOBAHUEM BBIYHCIISETCS
Macca OCEBLIECTO IIOPOLIKAa W TPH W3BECTHOW IUIOTHOCTH MaTepHaia OIpEeAeiseTcs TONIIMHA I0JIy4aeMOTro KadeCTBEHHOTO
OIIIABJIEHHOTO MTOKPBITHS:

honn = 1,47 Fotold y.

OTnnume Npy HAHECEHWH ITOPOLIKOBBIX MOKPHITHH PACHBUIMTEISIMH C BHEIIHEH 3apsAKOil COCTOMT B TOM, YTO IIO
CPaBHEHUIO C PACHBbUINTEISIMU C BHYTPEHHEH 3apsIIKON M KaMEPaMH C 3JIEKTPUUECKIM KHILIIIIM CIIOEM B (haKelsie paciblIICHHOTO
MOPOIIKA NPUCYTCTBYIOT KaK 3apsDKEHHBIC YACTHUIIBI, TAK U Ta30BBIE HOHBI, CO3/1aBacMble IPH KOPOHHOM paszpsazne. [losTomy, kak
TOJBKO Ha IOBEPXHOCTH H3Jenus oOpa3yercsl CIUIOIIHOW MOPOIIKOBBIM CIIOH, cpa3y NMPOMCXOAMT €ro MoA3apsiKa HOHAMHU,
JBIDKYIIUMHCS K M3JEIHIO MOJ ACHCTBUEM IEKTpUuecKoro mous. Ilonzapsaka ciaosi TOKOM KOPOHHOTO paspsiia CyIIECTBEHHO
COKpalaeT BpeMs 00pa3oBaHMS OOpPAaTHOW KOPOHBI, YTO OTPaHMYMBAET KAa4eCTBEHHOE NPOKPAIIMBAHUE 3a9KPaHUPOBAHHBIX
YYaCTKOB M3JENHUS CJI0KHOW (POPMBIL.

OnHUM W3 TyTeH YMEHBIIEHHs NOA3apSOKH CJIOS TOPOIIKa TOKOM KOPOHHOTO pa3psiia SIBISIETCS COTJIACOBaHUE
pacrpezieneHis KOHLEHTPALUUMH YacTHLl B (hakeJe pacHbUIEHHOTO IOPOIIKa C IJIOTHOCTBIO TOKa KOPOHHOIO paspsja Ha
MOBEPXHOCTH M31enust (puc. 7.7). BuaHo, 9To npu corylacoBaHHOM (akesie HabIoaeTcst MpUMEepHO OMHAKOBAs MJIOTHOCTh TOKa
KOPOHHOTO pa3psla I0 BCEMy OTHedyaTrky Qakeila Ha IOBEPXHOCTH H3JEIHS, M OTCYTCTBYIOT YYAaCTKH C ITOBBIIICHHOMN
MO/3apsIIKOH TOKOM IPSIMOIT KOPOHBI.

a) 0)

8) 2)
Puc. 7.7. Pacnipenesienue IVIOTHOCTH TOKA M0 OTHEYATKY (hakea npu
@) OTCYTCTBHH ITOJIa4H MOPOIIIKA Yepe3 PacIbUIHTENb;

0) coriacoBaHHOM (hakee MOPOIIIKa;
6) IUPOKOM (akere; ) y3KoM (akesie HopoLIKa

8. DJJIEKTPOCEIIAPALIUA

8.1. Kinaccugukanus cenapaTtopon

OnexTpHyecKas cernapanusi MUHEPAIbHOTO CHIPbs IpeNCcTaBisieT coO0l Mpolecc pa3ieNeHus ChIIIyYuX cMecel BeIecTB
10 U3NYECKOMY COCTaBY, KPYIMHOCTH WITH (HOPME C HCTIOIb30BAHUEM SHEPIHH IIEKTPUUECKOTO MOJISL. DIEKTPUICCKas cenapamus
UCIIONB3YyeTCs AT ABYX LIeNeil: SIeKTPUYeCcKoro 000TalleHust U 3JIeKTPUUECKON KIacCupUKanuy. DIEeKTpHIecKoe odorameHme —
HpolecC pa3feeHusl CMeceil BemeCTB M0 X (U3MYECKHM CBOWCTBAM. DJEKTpUUecKas KiIacCH(HUKAIMI — MPOLece pa3aeleH s
YaCTHIL OZHOTO BEIECTBA 10 pa3MepaM YacTHII.



duznyeckue 3aKOHOMEPHOCTH AJIEKTPUUECKOT0 000TalleHUsI U KJIACCU(HKALIUK UMEIOT OOIIHE OCHOBBI.
Tpubosdpdexr orkpsur B 600 rogy mo H.3. Damec MUIETCKHiA, KOTOPBI OOHAPYXKWIT DIIEKTPU3ALMUIO SIHTApsl MPH
HATHPAHUU €r0 MEXOM WM CyKHOM. OjHako TOJbKO B 1881 rogy ObLI 3aperucCTpUpOBaH MATEHT HA CIOCOO 3JICKTPUYECKOTO

pazacicHuA 30J10Ta U KBapua.

Tabsuua 8.1
Kiaaccudukanus cenaparopos
ITo cocoby ITo Tpubo- Iupo- Jusnexrpuuckas
Ceraparyy: [IEKTPONPOBOJHOC| IIEKTPOCTATHUCKAS | 3JICKTPHYCCKast (1o &)
TH
1o —
XapaKTEPHCTH [BIIEKTPOCTATHYECK
KaM IIOJIL B fas DnekTpocTaTHIecKast
[pabouem I~ KOpOHHas
IPOMEKYTKE: | kOpoHHO-
PIIEKTPOCTATHYECK
last

IKOHCTPYKTHUBH|- B TOHKOM cli0€: GapabaHHbIE, IOTKOBBIE
[bI€ IPU3HAKH: |- B 00BEMeE: KAMEPHBIE, C KUITAIIUM CJI0eM, (IIFOMIU3aI[IOHHbIE,
- MHEBMATHYECKUE AyTHEBOTO TUIIA

B HacToAMIeEC BPEMsI OCYIIECCTBIIAIOT O6OFaH.lCHI/IeI JKCJIC3HBIX, TUTAHOBBIX, OJIOBAHHBIX W JOPYTUX pPyd LIBETHBIX

METaJUIOB; pa3JeJeHle CMECH MTOPOLIKOB, Pa3INYaIOMINXCsl O (PU3MYECKHM CBOWCTBAM.

Knaccugukanus ocymecTBIsIeTcs: pH pa3aeieHny acoecTa 1 CII0ABI 1o GopMe; aTMa3HBIX MOPOIIKOB MO pa3MepaM.
Knaccugukanus a5ekTpocenapaTopoB MPOU3BOJUTCS MO (U3MYECKUM MPUHIMIIAM, COCTAaBIIIONIMM OCHOBY IIpoLecca

pa3acycHusA, U 10 KOHCTPYKTUBHBIM ITPpU3HAKaM.

8.2. Cenapanus 1o 3J1eKTPONPOBOJTHOCTH

8.2.1. bapaGaHHbIe 3/1eKTPOCTATHYECKHUE CeNapaTophbl

Ha ©Oapa0aHHBIX 3JIEKTPOCTATHYECKUX CEMapaTropax OCYIIECTBISETCS pa3leleHHe CBIMYYHX BEIIEeCTB, HMEIOLINX

PasIMYHYI0  YACNBHYIO  DICKTPONPOBOTHOCTh. Ha puc. 8.1. mpexcraBieHa

KOHCTPYKLUS

TaKoro  cernaparopa.

SHCKTpOCTaTI/I‘{eCKOG IMOJIC CO3AacTCA MCKAY HCKOPOHUPYIIUM BbICOKOBOJIBTHBIM 3JICKTPOAOM 3 ¥ 3a3eMJICHHBIM 68.pa6aHOM
(OcaJII/ITeJ'ILHLIM SHCKTpO}IOM) 2. Yactuupl pasacsAeMbIX MAaTECpHUAJIOB U3 J03aTOpa IMOMaJar0T Ha MOBEPXHOCTH BpallarOMICrocs

OapabaHa.

BH "-"

ITocne NEPEMCIUICHHUS UX B 30HY JJICKTPOCTATUYCCKOI'O MOJIA MPOBOAAIINC YaCTULIBI B

: \0..02/ i P

pe3ynbTare KOHTAKTHOW 3apsiKH IPUOOPETAIOT 3apsii IPOTHUBOIOJIOXKHBIA II0 3HAKY
MOTCHIIATYy BBICOKOBOJIBTHOTO 3JEKTpo/a. Bo3HMKarOmas mpy 5TOM CHIIA JJIEKTPHYECKOTO
IOJIST OTPHIBACT YACTUIBI OT IOBEPXHOCTH OapabaHa W OHM momagaoT B mpueMHHUK 11
HemnpoBonsmme 4acTUIBI HE YCIEBAIOT MPHOOPECTH M30BITOYHBIA 3apsn W I0J AeHCTBHEM
cuil TSDKECTH najaroT B npueMHuk I. B npuemuuk Il momamaer cMech M3 NPOBOASILUX U

o HETIPOBOJAIIUX YAaCTHUIl, HE IPOIIEAIINX Pa3ACICHUE.

4 1) OQQ ole .o|
1 I 1l
Puc.8.1. Cxema 6apadannoro
2JIEKTPOCTATHYECKOI0 cenaparopa

1 — nosarop, 2 — MeTalIMYeCKUit
3a3eMJICHHBIN Oapaban
(ocaguTeNbHBIN 3IEKTPOLT),

3 —HEKOPOHHPYIOLIMI
BBICOKOBOJIBTHBIN 3JICKTPO/I,

4 — MpUEMHHUK ISl HEIPOBOASAIINX
yactuil I, nlposouﬂmnx yactul 111 n
nx cmecu I1.

aNeKTpocTaTndeckoro monst  E,, .= 3+4 xB/cm.
MOTOHHBIH METp JJTHHBI

Haxoxurcs B quanas3oHe 100 MkM + 3 MM.

UCIIOJIb30BaTh CENapaTropbl, Y KOTOPBIX 3apsjKa YacTHI
OCYLIECTBJIICTCS. B II0JI€ KOPOHHOTO paspana. OITo
NPUBOJUT K TMOSBICHUIO 3apsa Ha HEHPOBOIAIINX
YacTHIAX, NMPUYEM TOTO K€ 3HaKa, YTO U KOPOHHUPYIOLIWI 3JEKTpoJ. 3HAYHUT, BO3HHKACT
ANEKTPUYECKash CUJIA, YICP)KUBAIOLIAs OTH YACTHIBI Ha IMOBEPXHOCTH OapabaHa B 30HE
pazneneHuss MaTepuanoB. Kpome TOro, HENpoBOINSIIME YacTHLBl YAEP)KUBAIOTCA Ha
MOBEpXHOCTH OapabaHa CHiIaMH 3€pKaJbHOTO OTOOpaXeHHs BIDIOTH A0 yNAICHUS HX C
MTOMOIIIBIO CKpeOKa.

B pesynbprare pasneneHue NpOBOAAIIMX M HENPOBOASAIIMX MATEPHAIOB MPOUCXOIUT
Ha pasHBIX CTOPOHaX IOBEPXHOCTH OapabaHa, uYTO obecreuyuBaeT OoJiee CEIEKTHBHOES
OTZEJICHUE IPOBOJHUKOB OT HEIIPOBOIHUKOB.

8.2.3. bapadanHbie KOPOHHO-YJIEKTPOCTATHYECKHE CENapaTOPbI
HawnGonpmree pacnpocTpaHEHHE TIOJTyYMIIN KOPOHHO-2JIEKTPOCTaTHYECKHE
cerapatopbl (puc. 8.3), y KOTOPBIX BCJEX 32 KOPOHHMPYIOIIUM 3JIEKTPOJOM 3 pa3MenaeTcs

Ckopocth BpamieHust Oapabana cocraBisier 40+400 06/mMuH.
[Ipou3BoAUTENBHOCTD
cocraBmier Q=2 1/(M4). Jlmamerp cemapupyeMbpIX YaCTHII

HampspkeHHOCTD
cermapatopa Ha

8.2.2. bapa0aHHbIe KOPOHHBIE CeNAPATOPbI
Jns G6onee 3GGEKTUBHOrO pa3[elicHHs] MAaTEpUANOB 10 IPOBOJMMOCTH CTalld
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Puc.8.2. Cxema 6apadannoro
KOPOHHOT0 cenaparopa
1 — no3zarop, 2 — METAIIMYECKHUH

3a3eMJIEHHbIH Oapaban
(ocaauTeNbHBIN NEKTPO),
3 —KOpPOHUPYIOIIHMi
BBICOKOBOJIbTHBIH 3/IEKTPOI,

4 — NPUEMHUK ULl HEIPOBOIILIX
yactul I, mpooxsinux yactuu 111 1

ux cmecH 11, 5 — ckpebok.




BBICOKOBOJIFTHBI HEKOPOHUPYIOMINUN OTKJIOHSIOMMK 3yekTpoa 4. B sTHX cemaparopax MeXaHW3M 3apsOKd YacTHIl B 30HE
KOPOHHOTO pa3pAla aHaJOTHMYeH MpPEALICCTBYIOIEMY BapHaHTy. BBemeHme B pabodylo 30HY JONOJIHUTEILHOTO
9NEKTPOCTATHYECKOTO MOJS YBEIUYUBAET POJb IJIEKTPUUYECKUX CHJI, CIOCOOCTBYIOIMX Oojlee paHHEMY OTKJIOHEHHIO
MPOBOSIIMX YacTHI[ OT OapabanHa. YacTWIpl TUAJIEKTPUKOB, NPHU IPOYUX PABHBIX YCIOBHUSX, YACPKHBAIOTCS Ha OOJIBIIEM
ydacTke nepumMerpa OapabaHa. B pesynbprare 3TOro yBeJMYMBAETCSl pa3HHUIA B TPAEKTOPHSX MPOBOJSILIMX M HEMPOBOSIINX
yactun. Takum 00pa3zoM, SJIEKTpOIHAasT CHCTEMA SIBJISIETCS] BAXKHEHIIINM Y3JI0M 3THX CEIapaTopoB.
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Puc.8.3. Cxema 6apabanHoro
KOPOHHO-3JIEKTPOCTATUYECKOT0
cermapartopa

1 — mo3aTOp, 2 — METALTMYECKUI
3a3eMJIEHHEIH GapabaH
(ocaguTeNbHBIN 3TEKTPOT),

3 — KOpOHUPYHOUIHUH
BBICOKOBOJIBTHBIH 371€KTpPO, 4 —

OTKJIOHSIOIIUH 3JIEKTpoA, 5 —
MIPUEMHYK TS HeTIPOBOISIIINX

yactul I, mpoBomsimux gactur 111 u

ux cmecH 11, 6 — ckpebok.

OcanuTenbHbIe 3NEKTPOABl M3TOTABIMBAIOT OOBIMHO M3 CTAIbHBIX TPYO, KOTOpBIE
umeroT auamerp 125+350 MM u aiuHy 10 2 M. I yMEHBLIEHUS BIUSHUS aAre3HOHHBIX CHII
TIOBEPXHOCTh OCAJUTEIBHBIX 3JIEKTPOIOB JODKHA OBITH TJIAJKOH, MOATOMY €€ XPOMHPYIOT H
MOJIUPYIOT.

[Momyunmu pacnpocTpaHeHHe ABa THIA KOPOHHPYIOIINX 3JIEKTPOJOB: MPOBOJIOYHBIE U
uronpyaTeie. [IpOBOTOYHBIE 3IEKTPOABI BBINONHSIIOT M3 HHUXPOMOBOM MM BOJb(pPaMoBOM
mpoBosokn auamerpom 0,25+0,4 mm. Uromp4areie 3JEKTPOABI MOHTHPYIOT Ha HECyIIeM
CTEp>KHE Ha PACCTOAHUU 36 MM JIpyT OT Apyra.

KoHCTpyKIMM OTKIOHSIOMNX AIIEKTPOAOB BecbMa pa3zHooOpasHel. Ha pmc. 8.4.
MOKa3aHbl KOMOMHAIMM  MPOBOJIOYHOTO  KOPOHMPYIOILETO  3JEKTPOAa U PA3IHUYHbIX
OTKJIOHSIIOLIIUX 3JIEKTPOJIOB.

a) 0) 6)
jo—#

Puc. 8.4. Cxembl pacnoio:keHust 3J1eKTPOA0B 6apadaHHbIX
KOPOHHO-3JIEKTPOCTATHYECKUX CENapaTOPOB

@) TUIACTHHYATBIH OTKIIOHSIOIINI 3JICKTPO/I, 3apsKAEMBblil OT KOPOHUPYIOILETO,

6) TIIACTUHYATBIA OTKJIOHSIOIMHN 3JIEKTPO/], OAKIIOYESHHbIH K KOPOHUPYIOLIEMY,

6) INTACTHHYATHII OTKIIOHSIOIHI dIIEKTPOJ, MOAKITIOUCHHBIH K KOPOHUPYIONIEMY U PACIIONOKEHHBIH 32 HUM,

2) WITMHAPHYECKHIT OTKIOHSIONINH 3JIEKTPOJI, COSIMHEHHBII ¢ KOPOHUPYIOIIHUM,

0) CHCTEMa C HECKOJIBKHMH KOPOHUPYIOIIUMH U 323 MJICHHBIM OTKJIOHSIOIIUM 3JICKTPOaMH,

€) WHINHAPUYECKUH OTKIOHSIOIIMIT 3IEKTPOJ, TIOKPBITHIH CII0EM U3 AN3NEKTPHKA TONIIHHON &, 3apshKacMblii OT KOPOHUPYIOILETO.
1- KOPOHUPYIOMINIT YTEKTPOS, 2 - OTKIOHSIONINIT YTEKTPOS.

Hanuuue epawarowguxcs demaneti u mpywuxcs yacmeil, pabomarowux 6 3anvlieHHOU ammocgepe, 6bi3bl8aem ux
ovicmputil usnoc. Kpome mozo, amu cenapamopwvi mano sghgexmusuvl npu pazoeieHui MoHKOUSMENbYEeHHO20 Mamepuand
KpynHocmuio Hudice 5070 MKm 6ciedcmaue ad2e3uoHH020 63aUMOOCUCMEUSt MUHEPANbHBIX YaACMUY MeNCcOy cOO0U U ¢
nosepxHocmuio bapabaua.

8.2.4. JIoTkOBBIC HAKJIOHHBIE JIEKTPOCTATHYECKHE CeNapaTophI

JlaHHBIC THIIBI CemapaTopoB HAIDIM MIMPOKOE INPUMEHEHHE NpPH Pa3AeICHUH
TUTaHocoAepxkammx pyn. Cemapupyemsie Marepuaisl u3 OyHkepa 1 (puc. 8.5) momamaioT Ha
HaKJIOHHYIO TIJIOCKOCTb, PaclojoKeHHYyI0 nox yrioMm 20°+42° x ropusonTtamu. CKomb3si MO
3a3eMJICHHOMY JIOTKY CHadaja B [10Jie KOPOHHOTO Pa3psa, CO34aBaeMOM MEXIY JIEKTPOAAMH
3 1 2, a 3aTeM B 3JIEKTPOCTATUYECKOM TI0Jie, 00pa3yeMoM 3JeKTpoaamMu 4 U 2, mpoBO/IsIIHe
YaCTUIBI PYTHJIA 3apsDKAIOTCS IOJNOKHUTEIBHO M KOHLEHTPUPYIOTCS B BEPXHEH 4acTH CIOSL.
HenpoBopsinie 4YacTuIpl LHUPKOHA 3apsDKAIOTCS OTPUIATENIbHO U KOHIEHTPUPYIOTCS B

. . AT HIDKHEH YacTH Ciosl. DJEKTPOCTaTHYECKOe I0Jie CIOCOOCTBYET JIydllleMy pas/ielieHHIO

. A 5 gacTull. [l Jydmero pasnenieHdss 4acTHL MHHEPAIOB MOJA HAKIOHHOW IUIOCKOCTBHIO

. pasMeIaoT JOHOJHUTENbHBIN OTKIOHSIONIMK 3JIEKTPOJ 5, Ha KOTOPBIM IOAAIOT BBICOKOE

_' ? HalpspKeHUE TTOJIOKHUTENIFHOM mosipHocTH. Ha mpornecc cemapanny CyImeCTBEHHO BIUSIOT
(KN LEY BN JUIMHA 1 yTOJI HAaKJIIOHA 3a3€MJICHHOTO 3JIeKTposa 2. J{s yMeHbIIeHUs BIUSHIS air€3MOHHBIX

Puc.8.5. Koncrpykuus
JIOTKOBOT'0 HAKJIOHHOTO
3J1IeKTPOCTATHYECKOI0

cenaparopa

1 — nozatop, 2 — mIacTUHYATHII

HAKJIOHHBIH (0CaUTEIbHBIN)

JNEKTPO/I,

3 — KOPOHHPYIOIIHH 3JCKTPO/I,
4 — OTKJIOHSIOIINH 3JIEKTPO/I,

CHJI M KOHTAKTHOTO COINPOTHBIICHHS MEXIy IOBEPXHOCTBHIO 3a3€MJICHHOTO 3JIEKTpoJa M
YaCTUIAMH IUIACTHHYATHINA 3JIEKTPOJ M3TOTaBIMUBAETCS U3 TPpadUTOCOEPIKAIIEr0 MaTepraa.
ITpousBoxuTenpHOCTH cenaparopa gocturaer O =3 1/(M-).

Jns  GapaGaHHBIX ¥ JIOTKOBBIX CEHNApaToOpoOB YAENbHas 3JIEKTPONPOBOIHOCTH
paszensieMbIX MaTepHaIoB JOJDKHA OTJIMYAThCS Ha 2-+-4 TopsaKa.



8.3. TpubosekTpocTaTH4YecKas cenapamnus

Jlist paspeneHus MaTepualioB, UMEIOMINX HHU3KYIO 3JIEKTPONPOBOIHOCTD M PAa3IMYAIOIINXCS TPHOODIIEKTPHUECKUMHU
3apsiiaMy, NEKTPU3ANNIO YaCTHUI IPOU3BOJIAT:

— 100 TPH TPEHUH YACTHUI] MEXKITy COOOI,
— JIn0O0 NP TPEHUHU YACTHIL O CIIENUATbHYIO IOBEPXHOCTh

TPUG03JIEeKTPU3YIONIETO dJIeMEHTA.

bapabannbie TpHOOIIEKTPOCTATUIECKUE CerapaToOphI.

Y mpencraBieHHOTO Ha puc. 8.6 6apabaHHOTO TPHOOIIEKTPOCTATUIECKOTO cermapaTopa
3apsKa YaCTHI Pa3feisieMbIX MaTepHaIOB OCYLIECTBISICTCS Ha HAKIIOHHOM IIIOCKOCTH 2 3a cYeT
TPpUOOANIEKTPU3aLMH HPH HMX KOHTAKTE C IIOBEPXHOCTHIO IuIocKocTH. Ilombupas matepuan
IUVIOCKOCTH MOXKHO PEryJIMpoBaTh 3HAK 3apsna, npuodOperaeMblii wactumamu. Kpome Toro,
YCTaHOBJIEHO, 4YTO II0Jaya Ha METAJUIMYECKyl0 IUIACTHHY BBICOKOTO  HAIPSDKCHUS
HOJIOXKUTEIBHOI MM OTPUIATENbHON MOJSPHOCTH (B 3aBUCUMOCTH OT CBOMCTB pa3AeNsieMBbIX
MaTepHaloB) MOXKET 3HAYMTEIBHO YBENIUYUTh TPHOOBIEKTpUUECKUH 3apan. Pa3sHOMMEHHO
3apsHKEHHBIC YacTHIBl IOCTYHNAIOT B DIEKTPOCTATHYECKOE IIONIE, CO3JaBaeMOe MEXIy
anekTpojaMu 3 u 4, T1e MPOUCXOAUT UX pasenieHne. [10J0XUTebHO 3apsHKEHHBIE YaCTHIIBI IO
JEeHCTBHEM IEKTPUYECKOro IIONs OTPBIBAIOTCS OT IOBEPXHOCTH OapabaHa M NONAAaloT B
npuemHuK 5 (IIT). OTpunatenpHO 3apsKEHHBIE YaCTUITB CKPEOKOM 6 CUMIIIAIOTCS B IPUEMHUK 5

1©0,0 9@%.

T
Puc.8.6. Cxema
0apabaHHOTO

TpUOO0ITEeKTPOCTATHYEC

KOro cemaparopa
1 — no3arop, 2 — 3JEKTPU3YIOLUIHNH
JJIEMEHT,

3 — MeTanIuYECKuil 3a3eMIEHHBIH
GapabaH (ocaJuTeNbHBINH
9JIEKTPO), I
4 — HEKOPOHHPYIOMIUH D.
BBICOKOBOJIBTHBIN JJICKTPOA,

5— TMPUEMHUK UTA OTPULATCIBHO
SApAKCHHBIX HaCTHIL 1, Kamepuvle 3nekmpocmamuueckue cenapamopvl c60000H020 nadenus. Tlocie
3apsAKU pa3lesieMblii MaTepHall IIOCTyIIaeT U3 103aTopa B 30HY C DIEKTPOCTaTHYCCKHM IojieM. [lome co3naercs BEepTHUKaIbHO
PacIONIOKEHHBIMH HEKOPOHUPYIOIMMH dJekTpodamu. [lamas BHW3 mox AeHCTBHEM CHI TSDKECTH, YAaCTHUIBI OTKIOHSIOTCS B

CTOPOHY IEKTPOJIOB MO/ AHCTBUEM KYJIOHOBCKHUX CHUII.
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Puc. 8.8. Cxema kamepHOro Tpy64aToro
3JIEKTPOCTATHYECKOTO cenaparopa

T 1I T
Puc. 8.7. Cxema kamepHoOro
3JIEKTPOCTATHYECKOIO cenapaTopa

1 — no3arop, 2 — 3a3eMJICHHBIN NEKTPO/I,
3 — BBICOKOBOJIBTHBIN DJIEKTPO/I,

4 — MIPUEMHHUK CeNapupyeMbIX MaTepUaloB

1 — no3arop, 2 — 3MEKTPOABUTATEb,

3 — IeTKH JUIS OYUCTKHU OCATUTENBHBIX
3JIEKTPOJIOB 4,

(I — OTPHILIATENBHO 3aPSKEHHOTO, - 5— TIPUEMHHK CCTIapupPyEMbIX MaT€pUajos,

He3apspkeHHoro u 11 — nonoxurensHo 6 — otcexatomye mHGEPbI
3apsSDKEHHOTO).

HaHpaBJ’IeHI/Ie HCfICTBI/IH SHCKTpI/ILICCKOI\/‘I CHJIBI 3aBUCHUT OT 3HAKa U30LITOYHOIO 3apsiia 4aCTUIIbI. Ha puc. 8.7 OpUBCICHA
cXeMa KaMepHOTO 3JIeKTPOCTAaTHYECKOTO cemaparopa. Pacmmpenne MexX3IeKTPOJHOTO PacCTOSIHAE B HIYKHEH JacTH ceraparopa
MO3BOJISIET PACIIMPHUTDH Beep pa3feiisieMbIX MaTepHANIOB U YIIYUIINTh TaKUM 00pa3oM X cemaparro. [IpenMyiecTBoM TaHHOTO
THIIa CENIapaTOpPOB SABJIACTCA OobIIIast TMPOU3BOAUTEIBHOCTD, TaK KaK MPOLECC pasACICHUS YaCTUL] MaTe€puajia OCYIICCTBIIACTCA
HE Ha [IOBEPXHOCTH AIEKTPOJIA, @ B MEXAJIEKTPOJHOM IpocTpaHcTBe. HenocTaTtkoM NaHHON KOHCTPYKLUU SIBJSETCS IOCTENIEHHOE
HaKallUIUBaHUE CJIOST YaCTUIl B PEIYJIbTATE OCAXKACHHUSA YaCTHI[ Ha DJJICKTPOIBI. HpI/I O6paSOBaHI/II/I Ha 3JICKTPOAC CJIOSA IbUIHA
onpeﬂeneHHoﬁ BCJIMYMHBI OH OTBAJIMBACTCA OT JJICKTpOAa M YaCTh OTCCIApUPOBAHHOTO MaTcpuaia nomnagact B HEIIPUTOJHLIC
XBOCTHI.

)1.]'[5[ MPpEAOTBpALICHUA HaKaIlJIMBAHUA OCCBIIUX YAaCTHUL MPOU3BOAAT OYUCTKY OCAAUTCIIBHBIX 3JICKTPOIOB. Ha puc. 8.8
IIpe/ICTaBlIeHa KOHCTPYKLMS KaMEpHOTO JJIeKTpocTaTtuueckoro cemaparopa ¢upmel «Kamm ynx 3amsn ADl»  (I'epmanmus).
OC&,HHTCJ'H)HLI@ QJICKTPOABI Ceraparopa IMpeACTaBIIAIOT coboit JBa pdAAa HapaluieJIbHO YCTAaHOBJICHHBIX BCPTUKAJIBbHBIX



BPAIAIOLIAXCSl BOKPYT CBOeH ocu TpyO0. OHHM OYMINAIOTCS OT HAJIMIIIEeH NBbUIM HEHNOABIKHBIMHU INETKaMH, yKPEIUICHHBIMH
HapaienbHo TpyOaM ¢ ThUIBHOM CTOPOHBL. [IpOMBIIITIEHHBIE CemapaTopbl TAKOTO THIIA HMEIOT Pabouylo JUTMHY 3IeKTpoIoB 10 M,
pPacCTOsIHHE MEXKAY DSJIEKTPOJaMH 250 mm.  HanpspkeHHOCTh — dieKkTpocTaTHdeckoro mnosisi  4+5 kB/cMm.  VnenbHas
MIPOU3BOIUTEIHFHOCTH cenapaTopa cocraBisieT 10+30 1/(m-u).

Cenapamopbul ¢ Kunawjum cinoem (mpuboidniekmpocmamuyeckue Qaioudu3ayuonHsle cenapamopbsl).
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Puc. 8.9. Cxema cenapatopa C KUNSALMUM CIIOEM
1 — TpaHcnopTep ¢ NpoBOAALIEH 3a3eMICHHOM JIEHTOM, 2 — BaHHA C TIOPUCTON
Neperopoakoi 3; 4 — KUMALIMKI CIoH MOpoLIKa, 5 — CKpeOoK,

6 — npreMHbIN OyHKep Ui KOHLIEHTpAaTa.

Cemapartop cocTouT u3 (IIOUIU3AIMOHHON BaHHE 2 (puc. 8.9), KOTopas UMeeT MOPHUCTYIO0 MEPEropoaKy 3 co cioem 4
CMECH TTOPOIITKOBBIX MAaTEPUANIOB, TIOIISKAIINX cerapanui. Uepe3 MOpPHUCTYIO MePeropoIKy B BAHHY TOAOT BOCXOISIIHNA MTOTOK
BO3/IyXa U YaCTHIIbI TOPOILKA MIEPEBO/ISITCS BO B3BELICHHOE COCTOSIHUE. UacTHIIbI 3apsKAIOTCS IPU CTOJIKHOBEHUH APYT C IPYTOM.
B BaHHE Ha HEKOTOPOM PACCTOSHHUU OT MOPUCTOH MEPErOPOAKH YCTAHOBIICHBI TPOBOJIOYHBIE 3JCKTPO/IbI, K KOTOPBIM TTOIBOUTCS
BBICOKOE HAIPsDKeHHE. DJIEKTPOCTATUYECKOEe IOJie, CO31aBaeMOE MEXIy BBICOKOBOJILTHBIMU 3JEKTPOJAMH M MPOBOJSIICH
3a3eMJICHHOM JIGHTON TpaHcrmopTepa 1, BBITSATHMBAET M3 KHUILIIETO CJIOS YaCTHIBl OIHOTO W3 pa3AeisieMbIX MaTepualioB,
3apsDKEHHBIE TeM K€ 3HAKOM, YTO M IIOTEHIMAl BBICOKOBOJBTHBIX AJIEKTpoJoB. OcaxkIasch Ha MPOBOJSIIYIO JICHTY
TpaHCIIOPTEpa, YACTHIIbI yICPKUBAIOTCS CHJIAMH 3€PKaJIbHOIO OTOOpaKEHHs BIUIOTH IO MOMEHTA YAAJICHUS MX CKPeOKOM 5 B
OyHKep i1 KOHICHTpara. YacTHIBI APYroro M3 pas3[eiiIeMbIX MAaTEPHAIOB, 3apsKCHHBIC MPOTHUBOIOJIOKHBIM 3apsAioM,
KOHIICHTPHUPYIOTCS OKOJIO BEICOKOBOJIBTHBIX 3JICKTPOJIOB U TIEPHOIMUYCSCKH Pa3rpyKAFOTCS U3 BAHHBI Yepe3 CIIMBHBIC OTBEPCTHS.

8.4. IIuposnexTpuyeckas cenapamus

Hekoropble KpuCTalnIMYecKHe MaTepuaiabl [pH HArpeBe W PE3KOM  OXJaXKICHHU
EKTPHU3YIOTCA.

Jnst peanu3anny 3ToH 3apsaKy ¢ moMoliblo OapabaHHBIX cenaparopoB (puc. 8.10) creHkn
OyHKepa-fo3aTopa | BBINOJHEHBI B BHJE HarpeBaTeNbHBIX 3jeMeHToB 3. Harperblii marepuan,

° nomnagasds Ha XOJOAHYI TITOBEPXHOCTH 6apa63Ha 2, 6I>ICTpO OXJIaXIacTCH. KpHCTaﬂHH‘IeCKI/Ie
MaTepualibl, CKJIOHHBIC K IMUPOIJICKTPU3AINU 3apAKAIOTCA WU YACPKUBAKOTCA Ha MNOBCPXHOCTHU
® ° 6apa6aHa CHUJIaMH 3C€PKaJIbLHOT'O OTO6pa)K€HI/I${ BIUIOTh A0 YAAJICHUSA UX CKp€6KOM 5B MPUEMHUK L

Yactumpl APYTHX MaTepHajoB HE 3apsDKAIOTCS, OTPHIBAIOTCS OT IOBEPXHOCTH OapabaHa u
nonazarot B nprueMHuk I1I.
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Puc.8.10. Cxema
6apabaHHoOro
MHPOIIEKTPHYECKOTO
cenaparopa
1 — nosatop, 2 — .
METaJTNYECKHiT 3a3eMICHHBIH
OapabaH (0CaAUTENBHBII
3JIEKTPO),
3 — BIeKTpOHArpeBaTey,
4 — NpUEMHHK ISt
SJICKTPHU3YIOIIMXCS YaCTHUIL




8.5. ImyekTpuyeckas cenapauus

JudnexTpudeckass cemapalys OCHOBaHA HA pa3iMYUMM B 3HAUYEHUSIX W HAMNpaBICHUSAX IOHJIEPOMOTOPHBIX CHII,
JICHCTBYIOIIMX Ha MOJSPU30BAHHBIE YACTUIBI TBEPABIX T€I B HEOAHOPOIHOM 3eKTpuueckoM moie. IlonmepomoTopHas cuia
paBHa:

F =27gy6,a° ﬂgrad E?,
& +2¢,
IA€ & — OTHOCUTENbHAs AMAIEKTPHUECKas NMPOHUIAEMOCTb YAaCTHLbI, & — OTHOCUTEIbHAs AMINIEKTPUUYECKas NMPOHUIAEMOCTh
cpenbl, a — paguyc chepruuecKoi YacTHIIbl, £ — HANPsHKEHHOCTD AJIEKTPHYECKOTO TOJIS.

B numsnexTpudecKkux cemnapaTopax pasIenseMbld JUCIEPCHBIH MaTeprall MOAAl0T B HEOAHOPOAHOE IIEKTPHUECKOE TI0JIE,
co3/aBaeMoOe DIIEKTPOAaMHU PA3MUIHOW KOHQUTypanuu. PasmeneHne OCYIIECTBISIIOT B JKAAKOHW, peXe B BO3IYIIHOH,
HenpoBosmer cpene. [loBeaeHne 9acThIl onpenenseTcs: pa3HOCThIO AUAICKTPHUECKHUX MTPOHNIIAEMOCTEN YaCTHIIBI & U CPEIBI &.
B toM ciyuae, koraa &Y > & yacTuia BTArMBaeTCA B 0671aCTh ¢ HAHGOIBIIEH HAPAKEHHOCTHIO MMEKTPUUECKOTO TIOJIs; ECIIH e
&% < & wacTuma BeITANKHBaeTCA M3 HToil 061acTH. [IpaKTHYeCKH JUIs TI06OI Maphl MHHEPANoOB M APYTHX BEIIECTB MOXHO
oA00paTk yCIoBuUs, MPU KOTOPBIX OHH Pa3AEIIIOTCS.

Pabodee mpocTpaHCTBO CemapaTopoB 3aNOMHAIOT KUAKON Cpefoi, COCTOSIIEH U3 IBYX CMEITUBAIOIINXCS KOMIOHEHTOB,
JU3IEKTPUUECKYIO IPOHUIIAEMOCTh KOTOPOH MOXHO PETyJIHpOBaTh B IIMPOKUX IIPEAeTaXx U3MEHEHHEM COOTHOLIEHHS COCTaBHBIX
yacTe. B kauecTBe cpenpl MCHONB3YIOT CMECH: KEPOCHH — HHUTPOOCH30JI, CKHIHIAp — HUTPOOEH30JI, YETBIPEXXJIOPHCTHIN
YIJIEpOA — METWIIOBBIM CIHPT, T€KCAH — alleTOH, KePOCHH — IuUMeTHiagopmMamun U Ap. Takum oOpa3oM, ynaeTcsl MONyYHTh
HEOOXOANMOE COOTHOIIEHUE MEKAY OTHOCUTEIBHBIMH yICIbHBIMU 3JIEKTPUIECKUMU TIOCTOSIHHBIMU CPE/Ibl U YaCTHII.

B nusnextpudeckux cemnapaTopax MPUMEHSIOT, Kak MPAaBUIIO, U30JUPOBAHHbBIE NTPOBOJIOYHBIE 3JIEKTPObl, HA KOTOpPbIC
MOJAIOT BBICOKOE HANPSIKEHHE MEPEMEHHON MNOJSIPHOCTH MPOMBIIIJIEHHOM YacTOTHI JUIl MCKIIIOYEHHUS 3apsiiku U HaJIUNaHUS
JaCTHI[ Ha 3JIEKTPOJIBL.

KoHCTpyKIMM AMAIEKTPUUECKUX CEHNapaTOpOB pa3feNAloT Ha ClEAyIOI[Ue BHIbL: IIEJEBOro THUHa (IpoBOja B
JIUIJIEKTPUYECKUX I1a3ax); C HANpaBISIOMIEH IUIOCKOCTBIO  (IM3JIEKTpUYECKHUE
IUTACTUHBI C TPOPE3sIMA MEXIy IUIOCKHMH JJIEKTPOJaMH); C TPOCTPAHCTBEHHBIM
PacIoNIoKEHUEM MIEKTPOAOB, NIPH Cerapalyy B BO3AYIIHON Cpese.

B mmnextprueckux cemaparopax mieneBoro tuma (puc. 8.11.) mpoBoiodHEIe
IEKTPOABl 2 MOHTHPYIOT B BEPTHKAJIBHO YCTAHOBJICHHBIC IHIJIEKTPUYECKHUC
wractuebl 1. IIpm cBOOOZHOM MafeHWM B JKHUAKOM Cpele YacTHIbI MHHEPAIOB C

' JIU3JIEKTPUYECKON TMPOHULIAEMOCThIO OOJbIIe TAKOBOH y CpeAbl BTSATUBAIOTCS B
6 Hem =@ [~ 3 o0nactb HamOOoJIbIIEi HAMPsHKEHHOCTH. YacTHIpl, HMEIOLIHe IUAJIEKTPUYECKYIO
o ,%g ;— MPOHMIIAEMOCTh MEHBIIIYIO, YeM Y Cpelbl, OCTAIOTCS B O0JAaCTH C HauMEHBILEH
HATPSHKCHHOCTHIO DJICKTPUYCCKOTO TIOJISI ¥ OCAXKIAIOTCS B KUIAKOCTH, HE OTKIOHSSICH K
» JUBJICKTPUICCKUAM TUTACTHHAM.
H
gf) -, Elf) T 9. 2JIEKTPOIIEYATH
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Puc. 8.11. Cxema IH3/1eKTPHYECKOT0
cenaparopa 1iejeBoro THIa

(HPOBOZA B MMDMIEKTHHECKIX 11232%) 9.1. IlpuMeHeHHe dIeKTPONIeYaTH

1 — nudnexTpuYecKue MmIOCKOCTH,
2 — npoBoJia B rasax,

3 — CUJIOBBIE JINHUH,

4 — MOTOK pa3AeNsAeMbIX YaCTHII,
5 — gactuip ¢ &%< &,

6 — 4aCTHIIBI C 51“)> &

ONeKTpOoCTaTHYECKHE IeYaTarole YCTPOMCTBA HCIONB3YIOTCS B KaYeCTBE YCTPOMCTB KOMHPOBAIHHO-MHOXKUTEIBEHON
TEXHHKH, B KayeCTBE BBIBOJAHBIX ycTpoiicTB DBM, B cucTeMax aBTOMAaTH3MPOBAHHOTO MPOEKTHPOBAHHMS, MH(POPMAIIMOHHO-
HU3MEPUTENIBHBIX CUCTEMAaX, B KAUeCTBE MaPKUPYIOIIMX YCTPONCTB U MPU HAHECEHUH CTPYKTYPHBIX MOKPHITUH. B 3nekTpornedati
BBIJICJISFOTCS JIBA HANPaBIICHHS: 3JICKTpodoTorpadus 1 3JICKTPOKaIIeCTPyHHAs TEXHOIOTHs. DnekTpodoTorpadudeckue yeTpon-
cTBa 0o0ecrieunBaroT OoJiee BHICOKYIO CKOPOCTh M pa3pellaronlylo CllocOOHOCTh MeyaTH, 3JIeKTPOKaIuIecTpyHHble 0ojiee MPOCThI
IO YCTPOUCTBY U JCILEBEL.

9.2. daexkrpodororpadus

B ocnoBe anekrpodororpaduueckoro crocoda JEKUT CBOWCTBO BBICOKOOMHOTO (hOTOMOIYNPOBOJHHUKE, HAHECEHHOTO
TOHKHM CJIOEM Ha MOJJIOKKY, U3MEHSTH CBOIO 3JIEKTPHUYECKYIO MPOBOJIUMOCTD TIOJT ICHCTBUEM CBETA.

Ha mepBoii cramum npomecca (puc. 9.1.) TPOU3BOMUTCS 3ICKTPU3AIUS MOJYINPOBOIHUKA, T.C. HA IMOBEPXHOCTH
MOJTYITPOBOJHUKOBOTO CJIOSI HAHOCSTCS AJICKTPHYECKHE 3apsibl TOTO MM MHOTO 3Haka. [locTOsiHHAas BpeMEHH paspsja cios,
ompeensieMas AUICKTPUUECKON MPOHUIIAEMOCTBIO M DJICKTPUYECKON IPOBOANMOCTBIO CIIO0SI, TAKOBA, YTO 3apsIbl YACPKUBAKOTCS



Ha TIOBEPXHOCTH B TCUCHHE BPEMEHH, HEOOXOIMMOTO JJisi BHIIOJHEHHUS MOCIEAYIOIIUX ONepalyid. DJIeKTpU3alus MPOBOJUTCS
MIPU OTCYTCTBUH OCBELICHUS.

[Tocne osnekTpuzalMy MPOU3BOJUTCS OKCIOHHUPOBAHME CJIOS, KOTOPOE TMPHUHIMIMAIBLHO HE OTJIMYaeTcs OT
9KCIIOHUPOBAHMS OOBIYHBIX (poTOrpaduueckux MarepuansoB. OHO MOKET MPOU3BOAUTHCS B OoTOrpaduecKuX Kamepax, a TaKkKe
KOHTAKTHBIM METOJIOM. B Tmpoliecce 3SKCIMOHUPOBaHUs Ojaromaps (OTOMPOBOJMMOCTH TIOJYIPOBOJHUKA YMEHBIIIACTCS
CONPOTHUBJICHUE CJIOSL U TIPOUCXOANUT CTEKAHUE 3aPsI0B € TEX YUYACTKOB MOBEPXHOCTH, KOTOPbIE NIOJIBEPTIUCH BO3AECUCTBUIO CBETA.
OcTaBmmiics mocie SKCIOHUPOBAHUS TOBEPXHOCTHBIHN 3apsi] 00pa3yeT CKPHITOE AIEKTPOCTATHIESCKOE N300paskeHHE.
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Puc. 9.1. Ctagum 3s1ekTpodotorpaduyueckoro npouecca
I - 3apsnxa; II - sxcno3uuus; 111 - nposiBnenue;
IV - nepenoc n3obpaxenus; V - pukcanust u300pakeHus.

1 — KOpOHHPYIOIIHE IEKTPOIbI; 7 — MPOSIBILSIOIINH TOPOLIOK;

2 — (OoTONOIYIPOBOHUK; 8 — mopomkoBoe n300pakeHue;
3 — 3a3eMJICHHBIN AJIEKTPOLI; 9 — Oymara;

4 — opuruHai (epBUYHOE U300paxKeHue); 10 — repmokamepa;

5 — NPOEKLMOHHAS CUCTEMA; 11 — nprXUMHOMN BaJMK.

6— CKPBITOC JJICKTPOCTATUICCKOC PISOﬁpa)KCHI/IC;

[posiBiieHHE CKPBITOrO 3JIEKTPOCTATHISCKOTO M300paKEHHsT MPOU3BOIUTCS C MOMOIIBIO 3apsHKEHHOTO moporika. Ecnu
3apsiJl YaCcTHIl TPOSIBIISIIOLIETO MOPOIIKA IPOTHBOIIOJIOKEH 110 3HAKY OCTATOYHOMY MOBEPXHOCTHOMY 3apsily, TO YaCTHIbI OyIyT
ocellaTh MPEMMYIIECTBEHHO B MeCTaxX C HAuOOJNbIICH IUIOTHOCTHIO MOBEPXHOCTHOTO 3apsaa. B pe3ynbTare Ha MOBEPXHOCTH
MOJYIPOBOJHUKOBOTO  CJIOSI  00pa3yeTcsi IMOPOIIKOBOE  HW300pakeHHe.  DJEKTPOCTATHYECKOe H300pakeHHEe  MOYKHO
BU3yaIM3UPOBATh HE TOJBKO 3apsHKEHHBIMU MOPOIIKAaMH, HO U HEMOCPEACTBEHHO CKaHMPOBAaHWEM MOTEHIMAIBHOTO penbeda u
NpEeBpalleHHEM ero B ONTHYECKOe N300pakeHHEe Ha SKpaHe 3JIEKTPOHHO-ITy4eBO TPpyOKH.

CrenyromummM 3TanoM Ipolecca SIBISETCs MEPEHOC CJI0s Ha HECBETOYYBCTBUTEIBHYIO HOJIOXKKY, HAlpuMmep, Oymary.
Jlanee mpowmsBoxuTcs (UKCAIMSI MOPOIIKOBOTO M300pakeHMs: Ha Oymare. OObIYHO Ha Oymary IepeHOCHTCS HE3HAUMTEIbHAs
4acTh MOPOIIKA, YTO MO3BOJIIET MOIyYaTh HECKOJIBKO KOMHUI C OHOTO M300pakeHMsl Ha MOIYIPOBOJHUKOBOM cioe. Hanboee
MIPOCTON M PacTIPOCTPaHEHHBIN Cr1oco0 GUKcany H300paKeHHUsI TEPMUYECKHUI ITPH COOTBETCTBYIOIIEM OAOOPE MOPOIIKa.

3aKIIFOYUTENBHON CTaIueH Tpolecca SIBISICTCSI OUMCTKA MOIYTPOBOJAHUKA OT OCTATKOB MOPOIIIKA.

U3 Bcero pa3noobpasus (POTONOITYNPOBOJHUKOBBIX MATEPHAIOB B 3JeKTporpaduu HAIUTH MPUMEHEHHE OKCU [IMHKA U
cened. OHM B HAMOOJIBIIICH Mepe yIOBICTBOPSIIOT NPEABIBISICMbIM TPEOOBAHUSIM: UMEIOT MAYIO JIIEKTPHUYECKYIO TIPOBOIUMOCTh
(1010 1/0M-M), 06nMaalOT HEOOXOAMMOH CIEKTPATbHOH UyBCTBHTEIBHOCTBIO, IO3BOJAIOT IONy4aTh TOHKHE CIIOH,
MMEIOLINE TIOCTATOYHYIO MEXaHUYECKYI0 MPOYHOCTh. LIIUpOKO MCHONB3YIOTCS OpraHMYeCcKUe MOTYTPOBOAHUKH.

[TpuMeHsIoTCsl pa3uuHble METO/IbI MOJTyUeHHUs AIeKTporpaduyeckux cioeB. Hanpumep, cou oKcuia MUHKA MOTYYaloT
MyTeM HaHECEHHs TOHKOTO CJIOsl CYCIIEH3HMH IOPOIIKa Ha OyMary M MmocjeyIoIlero BeICYIIMBaHus. Takue Clou npegHa3HaueHbl
JUTS. OTHOKPATHOTO HKCIOJb30BaHUsA. OHU 007aIal0T HauOOJNbIICH paspemaroriell crnocooHocThio (1o 100 nuHME Ha 1 MM),
o0ecreunBarT KaueCTBEHHOE N300paKeHHe ¢ Tiepejauei oIyTOHOB, HO YyBCTBUTENLHOCTD MX Mana (0,1+1 ex. TOCT).

CJom 13 celleHa HAaHOCSAT Ha METAJUTMUECKHE TUIACTUHBI HAallbUIEHHEM B BaKyyMe, W NIpeJHa3HaYeHbl OHU JJIS TTOJTyYESHUS
MHOTOKpPaTHBIX KOMuiil. Pa3pemaroiias cnocoGHOCTh MPU 3TOM HOJIydaeTcsl B 2+3 pa3a MeHbIIle, HO YyBCTBUTEIHLHOCTh CJIOEB Ha
OCHOBE cejleHa MOXKHO noiyuyuTh 10 20 en. TOCT.

PaccMoTprM OCHOBHBIE CTaIMK AJIEKTPOrpaguIecKoro mporecca.



N3 pasnuuHbIX CIOCOOOB 3apsAKH IOJTYNPOBOJHHMKOBBIX CJIOEB INPUMEHSETCS NPEHMYILECTBEHHO 3apska B IOJe
KOPOHHOTO pa3pszaa. KopoHupyromue 31eKTpoAbl MPEACTABISAIOT COO0OW WM TOHKHE BOJb(PAMOBBIE NMPOBOAA IHAMETPOM
0,02+0,1 MM, wnu uriasl. BaxkHOe 3HaUYeHHE HMEET PAaBHOMEPHOCTHh PACIpEACICHUS 3apsijia IO CJIOK. JTO JIOCTUTAETCS
HNpUMEHEHHEM PsAAa IPOBOIOB MM UITI BMECTO OZHOTO IIPOBOJA, IEPEMEIEHHUEM CJI0SI OTHOCUTENFHO KOPOHUPYIOLIHUX IIPOBOAOB,
UCIIOJIb30BaHNEM JIOTIOJTHUTEIIBHBIX SKPAHOB.

B anextpodororpaduu HCHONB3YIOTCA HECKOIBKO CIIOCOOOB MPOSBICHUS CKPBITOTO  3JIEKTPOCTATUYECKOrO
n3obpaxenus. [lo xapakTepy B3aMMOJEHWCTBHSI 4acTHUI] MPOSBIISIONIEIO BELIECTBA C 3apsSHKEHHBIMU YYacTKaMH CJIOSl pa3inyaroT
JIBa OCHOBHBIX THIIA IPOSIBIICHUS: CYX0€ M KUAKOCTHOE.

Wmeercst MHOTO pa3HOBUIHOCTEH CyXOro MeToJa TMpOSBICHMS: KacKaJHbIH, «MarHUTHOH KHCTBIO», MEXOBBIMH
BAINKAaMH, adpO30JbHBIH. MeToJ CyXoro KacKaJHOTO NpOsIBJICHHS HauOojiee paclpoCcTpaHeH Ui CENEeHOBHIX (oTocioeB
MHOTOKPaTHOTO MCIOJIb30BaHus. KackaaHbIi MPpOSBUTENb OOBIYHO COCTOHT M3 JBYX KOMIIOHEHTOB: KPYITHO3EPHHUCTOTO HOCHTEIS
1 MEJIKOJIMCIIEPCHOTO MPOSIBIIIOIIETO MOPOIIKA — TOHEpa.

BemecTBa-HocHTE M JJI1 JAHHOTO NPOSIBJISIONIEr0 MOPOIIKA BLIOUPAIOTCS TAKUM 00pa30M, YTOOLI IPH
TPEHHHU YACTUL HOCHTEJISl ¢ YACTUIAMHU TOHEPa MocJeHue NPUodpeTain 3apsabl,
NPOTUBOIIOJIOKHBIE 110 3HAKY 3apsAAaM 3JIeKTPOCTATHYECKOro n3odpaxenus. Pazmepsl yacTun
TOHEpPa 00bIYHO COCTABJAIOT 5+10 MkM, yacTuubl HocuTe st focTuraT 300+700 mxm. OT
pa3Mepa 4YacTUIl TOHePa 3aBUCUT Ka4eCTBO NMoJay4aeMoro usodpaxkenus. Ilpu caumkom Majiom
pa3Mepe pe3K0 MOBbILIAETCS ONTHYECKAS VIOTHOCTH (poHa (ByaJib) uzobpaxenus. [lpu
NPOsIBJIeHUS N300paKeHHsI HOCUTEIb o0ecrieYrBaeT pABHOMEPHOe NepeMellieHUue NPOsiBJISI0IIEero
COCTaBa I10 OBEPXHOCTH ¢JI1051. Biiarogapst KOHTAKTHO-2JIEKTPUYECKOMY B3aUMOACHCTBHIO HA
Ka;KI0# YacTHIE HOCUTES YIePKUBAETCH 3HAYMTEJIbHOE KOJIHYECTBO YACTHL TOHEpPA.
IIposiBiIeHME COCTOMT B TOM, YTO YACTHIbI TOHEPA OTPHIBAKOTCS OT HOCUTEJS U 0CAKIAIOTCS HA
3apsiKEHHBIX yYacTKax cjios. B kauecTBe HocuTeIeil NPUMEHAIOT KBApPIEeBbIH MECOK,
CTEeKJISIHHbIE IIAPUKH, MOJUCTHPOJ. CaMoe HHUPOKOe pacCIPOCTPAHEHHE NMOJYYHIU CTEKJISTHHbIE
HIAPUKH, NOKPbITHIE IVIEHKOH cMOJbl. CTeKJISIHHbIE UJIH MOJUCTUPOJIbHbIE APUKH JEeTrKO
NePeKaThIBAKTCA 110 IVIACTHHE U MEHbIIE LAPANAKT CJIOH, YeM KBapueBbIii IeCOK.

Kackamuplii  cnoco® TpOSBIEHHS HCHONB3YyeTCs B OOJBUIIMHCTBE OTEYECTBEHHBIX M 3apyOEXHBIX MoJeel
KOIIMPOBAJIbHO-MHOXKUTEIIBHBIX aIlllapaToB. B OCHOBHOM KacKaIHBIA CIOCOO MPOSIBICHUS TNPHMEHSIOT TPH KOIMMPOBAHWHU
IITPUXOBBIX M300paxkeHHH. HecMOTps Ha psx TaKMX JOCTOWHCTB, KaK MaJblid PAacxXoj MPOSBIIOIIETO HOPOIIKa, PUeMIIEMbIH
YPOBEHB BYaJIH, OTCYTCTBHE ITbUTH, KaCKaIHBIH METOJ IPOSBICHHS HMEET Cephe3HbIe HENOCTATKH, 3AKIIIOYAIOLINECs B TOM, YTO OH
He 00eCIeuMBaeT BBICOKYIO CTENCHb NMPOSBICHUS, IUIOXO MPOSBILIET MONTYyTOHOBBIE M300paXKeHHMS, T.€. JAeT TAaK Ha3bIBAEMbIH
«KpaeBoit apdexT».

B MeTone mposBIEHHS «MAarHUTHOM KHCTBIO» TaKKe IPUMEHSAIOTCS HOCHTENb U MPOSABIAIONINH TOPOIIOK, HO YACTHIII
HOCHTENS 00JagaloT MarHUTHBIMU CBOMCTBaMU. [IpUTATHBasCh K MarHUTY, OHU PAcIOaraloTcsi HUTSAMHU BIOJb CHJIOBBIX JIMHUH
noist. [lpu mepemerieHHn 3JeKTpodOTOrpaduueckoro cjaosi OTHOCHUTEIBHO «MArHUTHOW KHCTH» TIPOMCXOAMT IPOSIBICHHE
3IEKTPOCTATHYECKOT0 N300paxeHHs, KOTOPOE 10 MEXaHU3MY He OTIMYAeTCs OT KaCKaJHOTO IPOSBICHUS.

B MeTone a3po30s1bHOrO NpOSIBIEHHS OCTaBKa YAaCTUIl K MOBEPXHOCTU IEKTPO(POTOCION OCYLIECTBIIETCA OTOKOM
Bo3ayXa. Vcroip3yroTcs BBICOKOJMCIIEPCHBIE HOpOIMIKU ¢ pasMepoM yacTur 0,1+1,0 MKM, 94TO JaeT BO3MOXKHOCTb INOJIy4aTb
N300pakeHHs: C OYECHb BBICOKUM pa3pelieHHeM. AdPO30JIbHBI METOZ IMO3BOJISIET II0Jy4aTh HE TOJBKO IITPUXOBBIE, HO M
MOJYTOHOBBIE OTNe4YaTKH. KOoHCTpyKTHBHOE O(OpMIICHHME YCTAaHOBKH IJISi adpO30JBbHOIO MPOSIBICHUS BO MHOTOM IOJIOOHO

0(OPMIICHHIO YCTaHOBOK JUISl HAIIBUICHHS MOPOIIKOBHIX ITOKPHITHH B 3JIEKTPUYECKOM TIOJIE.
I CJI0)KHOCTh peanu3aliy He MMO3BOJIMIIA METOIY HalTH INMPOKOE NMPHUMEHEHHE B CEPHIHOM
00opynoBaHUN.

B nocleHee BpeMs MHOTHE (bupMEI YIEISIOT BHHMaHHUE
anekTpodororpaduueckoMy  IpoLecCy C  HCIOJIb30BAHHEM  OZHOKOMIIOHEHTHOTO
NPOSIBUTENS, KOTOPBIH MMEeT psiJ CYIIECTBEHHBIX INPEUMYLIECTB II0 CPaBHEHHIO C
anekTpodororpaduueckuM IPOLECCOM, UCIOIB3YIOMIUM ABYXKOMIIOHEHTHBIN MPOSBUTEIb.
OCHOBHBIMH W3 HHX SBIBIIOTCS: IIPOCTOTa KOHCTPYKIMH YCTPOMCTB IpPOSBICHUS,
3aKpeIUIeHHs U OYUCTKH, 3HAYMTEIBHOE YMEHBIIEHHE SHEPrOEMKOCTH MpPHU 3aKpeIuIeHUH
n300pakeHHsl, YMEHBIIEHHE MaTePHAIOEMKOCTH OOOpYAOBaHHUS, TMOBBIIIEHHE €ro
SKCIITyaTallHOHHBIX XapaKTEPUCTHUK.

B ommmume  OoT  TPagMIMOHHOTO  JBYXKOMIIOHEHTHOTO  IPOSIBUTENS
OJTHOKOMITOHEHTHBIM TPE/ICTaBIsIET cOO0H OJHOPOAHBIN MPOSIBISIONIMK ITOPOLIOK, Kaxast
YacTUIIa KOTOPOTO COJACPIKHUT (PEepPOMArHUTHYIO KOMIOHEHTY B BHJIE SApa WM OTACIBHBIX
Puc. 9.2. Cxema y3;1a nposiBIIeHHsI C BKparmieHui. [IposiBUTENb, UMEIOLINII MAarHUTHBIE CBOMCTBA, UCIIONb3YETCS MPU MPOSIBICHUH
O/THOROMIOHEHTHBIM IIPOsIBUTEIEM METOZIOM «MarHUTHOM KHCTH» 0e3 MPUMEHEHHS AIeKTPO(HoTOrpadpuaecKoro HOCUTEIS.

1 — OyHKep; 2 — IPOSIBUTEND; o

3 — madparma; 4 — marmuTHas Y 3€JI IIPOSIBJIEHUS] KMATHHTHOMH KHCTBHIO» € O[(HOKOMIIOHEHTHBIM

P S— Gapaba; HOCHTEJeM KOHCTPYKTHBHO 3HAYHTEILHO mpoie (puc. 9.2)

6 — 511eKTPOGOTOCIION; AHAJIOTHYHBIX Y3JI0B, I/le MCIO0JIb30BAH JIBYXKOMIIOHEH THBII

7 — nposBstomMi GapabaH. o
nposiBuTelb. [Ipomecce mposiBJIeHUsI METOTOM «MATHUTHON KHCTH»

NPOUCXOIHUT CJIeTYIOIIUM 00pa3om.




YacTuubl nposiBuTes 2 yepe3 ruadparmy 3 mox Bo3aeiicTBMEM MATHUTHOIO MOJIS
BpalaloLIerocss MATHUTHOro 0apadaHa 5 MonagaT Ha NOBEPXHOCTh HEMATHUTHOTO
NposiBJIAIOIIero 0apadana 7 u 00pa3yl0T MArHUTHYI0 KHCTh 4, KOHQUTypanusi KOTOPOii
omnpenaessierca KOHpurypauuei popMupyomero ee MArHUTHOro moJs. Ipu
HCIO0JIb30BAHMY CHMMETPHYHOI0 MHOT'OII0JIOCHOT0 0apabdaHa KMCTh (popMHUpYyeTCs B
BH/Ie CHMMETPHUYHOI MHOI0/1eN1eCTKOBOH CHCTEMbI € YHCJIOM JIENIeCTKOB PABHBIM YHCJIY
noJirocoB 6apadana. Kaxablii JiemecTOK MATHUTHOM KHCTH 3TO COBOKYITHOCTD LIENOYeK
U3 YaCTHYCK NPOABUTEJINA, BLITAHYTHIX B 1000l MOMEHT BpEMEHH B/10JIb CHJIOBbBIX
JIMHHMII MATHUTHOTO NoJis. /[JIMHA nenovek, MJIOTHOCTh UX pacnpeaeJeHus Mo
MOBEPXHOCTH MPOABJAOIIETro 0apadaHa onpeneasiloOTCs MATHUTHBIMM CBOMCTBAMM
NPOSIBUTEJIS], BeJINYMHAMHM MATHUTHOH MHAYKIIUM MOJIS ¥ €ro rPajiieHTa.

HpI/I JBHMXKCHUU MarHUTHOM KHCTH IIO MOBEPXHOCTU (l)OTOCJ'IOH YacCTULIbl TPOABUTECIIA MPUTATUBAIOTCA 3apsiaMu

CKPBITOTO 3JEKTPOCTATHYCCKOT0 N300paxernus (puc. 9.3).

CyumecTBeHHBIM HE0CTATKOM NPOSIBJICHHUS 3apSKeHHbIMHU IMOPOLIKaMU sIBJisieTcs ''KpaeBoi
3¢ ¢pexT', KOTOPBIH 3aKJI0OYAECTCH B TOM, YTO IPH NPOSIBJICHNH 001bIINX PABHOMEPHO
3apsiZKeHHbIX IUIoIIajiel MoJiy4aercss KOHTYpHoe u3oopaxxenue. [Ipuunnoii 3Toro
SIBJISIETCH TO, YTO JJIEKTPHYECKOE 110JIe, CO31aBaeMoe 3apAIaMH JIEKTPOCTATHYECKOI0
HU300pakeHUs1 M CBSI3AHHBIMM C HUMH 3apsi/IaMHi HA MOJI0KKe, BBIXOAMT 32 Mpeaebl
CJI0S1 TOJIBKO Ha Kpasix H300paskeHusl, Iie U MPOMCXOJHUT NPeuMYIIeCTBEHHOE 0CAKICHUE
YyacTHL NOpouKa. B HauMeHb1Iel Mepe «kpaeBoH 3¢ eKT» BhIPaKeH MPHU A3P030JIbHOM
MeToe nposiBjeHus. /liis ociiadienus: «xkpaeBoro 3ppexra» NpuMeHsII0T
JAOMOJTHUTEJIbHBIE 3J1eKTPOAbI, PACNIOJI0KEHHbIE B HENOCPe/ICTBEHHOMH 0JIM30CTH HAaJ
31eKTPOPOTOrpaPuIECKUM CJI0€M, H CJI0H C pPeryJsipHbIMH HEOJHOPOIHOCTSIMH.

CyIHOCTE TIepeHoca IOPOIIKOBOIO H300paKeHHs 3aKII0YaeTCss B TOM, YTO YaCTHYKH TOHEpPA, U3 KOTOPBIX COCTOUT
BUIUMOE HM300paKeHHe, MOTYT OBITH ITOCIE MPOSBICHHS NEPEHECEHBI HJIEKTPOCTATHYECKHM IojeM Ha Oymary. Jlis storo Ha
Oymary, HaJO)X€HHYI0 Ha (HOTOCIOH, HAHOCAT 3apsibl, COBMNAJAIOLIME IO 3HAKy C
NIEPBOHAYAIILHBIM 3apsOM CIIOSI.

Jns mposiBieHMss W 3aKpeluieHHs H300paKeHHs TPUMEHSIOT U OKHIKHUE
nposBuTen. B 3ToM ciyuae ncnonb3yroT TpubosnekTpuueckuil 3¢ dexrt, HabI0 aeMbli
MEXAY TOpPOLIKOM TOHEpPa M YKHUIKOCTBIO C HHU3KOW DJIEKTPHYECKOW IMPOBOAMMOCTHIO,
HarpuMep, OEH3NHOM, KEPOCHHOM U T.1. UTOOBI YacTHIBI TOHEpa BCe BPEMs HaXOHUIINCh
BO B3BELIEHHOM COCTOSIHHH B JKH/IKOCTH, €€ IIOCTOSHHO ITEPEMENINBAIOT. DKCIIOHUPOBAHNE
35IeKTpo(OoTOrpadMuecKoro Cios MPOU3BOIUTCS Yepe3 CIOW JKUIKoro mposutens. [Ipn
3TOM TOHEp OTKJIaJbIBACTCS B TEX MECTaX, TJe UMEIOTCS 3apsbl, H Cpasy JKe 3aKperuisieTcs
C TOMOWIBI0 TOTO K€ PacTBOPHUTENSA. DTOT METOJ IO3BOJSET IMOJTYYHTh OTIICYATKH C
MaKCHMaJIbHO BO3MOXHOW JiIsl ayekTpodororpadun paspemaromeii cnocoOHOCThIO —

1

Puc. 9.3. Cxema npouecca

TPOSIBIECHHS ¢ NPOBOSIIIM 200+250 nuuuii Ha 1 MM.

O/HOKOMIOHEHTHLIM NPOSBHTEEM KauecTBo M300pakeHHs TIPH MCTIOIB30BAHMH KHUIKHX MPOSBUTENEH 3HAYMTETHHO
| — MarHuTHbIH 6apabam; BBbIIIE, YeM HPU CYXOM IIPOSIBJICHMM. IIpUYMHA 3TOrO COCTOMT B TOM, YTO B KHUIKOM
2 — nposiBIsIIOIUi  6apabaH;

3 — 4ACTHIIBI MPOSBUTENS; TIPOSIBUTEJIE BCE YACTHUIIBI TOHEPA 00JIANAI0T OJMHAKOBBIM 3aPSI0M B TIPOTHBOIIOJIOKHOCT
4 — 51eKTpPO(HOTOCIION. CyXOMY TIPOSIBIIEHHIO. B pe3ysbTarte IpH CyXOM MPOSBICHHH YaCTHIIBI OCAKIAIOTC U Ha

OCBEIIIEHHBIX YUacTKax cJios, 00pasys (poH u3o0pakeHusl.



9.3. DJIeKTpOKaIUIeCTPYHHAs MeYaTh

B anexTpoKamiecTpyHHBIX yCTpPOMCTBaX MCHONB3YETCSl IPUHIWI  3JIEKTPOCTATUYECKOTO  YIPaBICHHS CTpyel
MOHOJIUCIIEPCHBIX 3aPsDKEHHBIX Kalelb M0 aHAJIOTHH C AJIEKTPOHHO-JTYYEeBBIM OCIMIIIOrpadOM HIIH TUCTIIEEM.

OMUTTEp Kanelb TeHepUPYET OAHOPOAHYIO MPSIMOJIMHEHHYIO KalleJbHYIO CTPYI0, KOTOpast MoJTydaeT HHAYKIIHOHYIO M
MOHHYIO 3apsAKy Karelb B 3apsOHOM yCTPOWCTBE. BJIOK ympaBieHHs OTKJIOHSET CTPYIO MO OJHOM MM ABYM KOOPIMHATAM,
IPEphIBaeT W OYMIIAET €€ OT CaTeJUIMTOB (Kamelb MEHbIIEro pasMmepa). Jms obecredeHns: KaueCTBEHHOTO Mpolecca MedaTH
OMHUCCHUS Kalelb, MX 3apsaKa W yIpaBieHHE IOJDKHBI OBITh CHHXPOHHBIMH. DTy (DYHKIMIO BBIIOJHAET CHHXPOHHU3UPYIOILEe
ycTpoiicTBO. MexaHHu3M MPHBO/IA OCYIIECTBIISIET B3aUMHOE [IEPEMEIIEHHE TIeYaTaronel TOJOBKU U MOIOKKH.

OneKTpoKamIecTpyiHble YCTpOUCTBA 00J1aJaloT PAAOM IOCTOMHCTB: IPOCTOTa KOHCTPYKLMH 33 CYET OJHOCTaIUHHOCTH
reyaTy, BBICOKas HaJI@KHOCTh OJarofapst OTCYTCTBHIO B IE€YATAIOIICH TOJIOBKE MEXAaHWYECKMX MOABHKHBIX 3JIEMEHTOB, OOJIbIIIAS
ckopocTh redaTd. CKOpoCTh Te4aTH MpH MOcie0BaTeIbHOM (POPMHUPOBAHWM 3HAKOB B BHJE MAaTPHUIIBI TOYEK S5X7 MpEBbILIAET
1000 3HaKOB B CEKYHITY.

Crioco0 sMuccHU Kameb UMITYJIbCHBIM JIaBJICHHEM 3aKJII04aeTcsl B BHIOPOCE M3 COIUIA OJHOM KarlIk YepHIII Ha KaXI0e
HMITYJICHOE N3MEHEHHE AaBJIEHHs BHYTPH KaMephl ¢ yepHuiIamu. KamieoOpa3soBaHne IPOUCXOINUT B TOM CIIydae, €Ciii JIaBJICHNE
B MMILYJIbCE JOCTATOYHO YISl MTPEOJIOJIEHHS CHJI TIOBEPXHOCTHOTO HATSDKEHHWS! B KAIMWUIIPHOM COIUIE M IPHOOpETeHHs Karurei
KMHETUYECKOH SHEPTUH IJIsl OTPHIBA €€ OT COILIA.

B cmocobe smuccnn kKamenms BBICOKHMM JIaBJICHHEM W3 COIUIA ¢ OONBIIOi ckopocThio (20 M/c) BEIOpachIBaeTcs CTPyS
MIPOBOAAIINX YEPHMII, KOTOpas Ha HEKOTOPOM PAcCTOSTHUM OT COTIIa ApoOuTcs Ha Karumk. [1pe303mekTprdeckuil mpeodpazoBarTens
MOZYJIHPYET CKOPOCTh MCTEYEHHS CTPYH M TEM CaMbIM CHHXPOHHU3HMpPYET IpOOJICHHE CTPYHM Ha KaIlIM. DTOT CIOCOO IO3BOISET
HOJyYUTh HaHOOJIBLIYIO CKOPOCTB 3JIEKTPOKAIIECTPYyHHOH MeYyaTH.

HaxoHnern, Tpetuii criocod — aMuccus Kanenb 3JIEKTPHUECKUM TI0JIEM — PEalTU3yeTcs MO aHaIOTHH C 3JIEKTPOCTaTHYECKUM
paclbUIEHHEM JKUAKOCTH TIPU 3JIEKTPOOKpAcKe, HO C TEM OTJIMYHEM, YTO B KAadECTBE NIEKTPOJA HCIONb3yeTcs KaluJULp.
[TpuBnexaTenbHBIM B 3TOM CHOCO0€ SIBJISIETCS NPOCTOTa KOHCTPYKIMM II€YaTarolleld TOJNOBKM, TaK KaKk B HEW OTCYTCTBYET
COYETaHHE BBICOKOTO JIABJICHUSI C BBICOKOYACTOTHOH BuOpanumeir. OCHOBHOHM INpoOieMol siBisieTcst o0ecrieueHne cTaObWIbHOTO
pasMepa U 3apsja Kamelb IPH PacIbUICHUH.

B kauecTBe nprmMepa Ha puc. 9.4 mpencTaBiieHa cXeMa 3JIeKTPOKaIIeCTPyHHOr0o MapKHPOBOYHOTO MOJYJISI C SMHCCHEN
KareJib BEICOKMM TIOCTOSIHHBIM JJaBJICHUEM U YJIBTPa3BYKOBOH CHHXPOHHU3AINEH.

Monyne COCTOMT W3 TeHeparopa Karesb, BKJIIOYAIONIEro (OPCYHKY 3, CMEHHOTO COIUIOBOTO 3JIeMeHTa 4, IakeTa
MTbE30KePaMHIECKUX AUCKOB 11 U TreHepaTopa CHHXPOHHM3ALNH 9, 3apsITHOTO yCTPONCTBA, BKIIFOYAIOIIETO TEHEPATOP UMITYIILCOB
HanpspkeHust 10, MuTalomuil HHAYKIMOHHBIN JIEKTPOJ 5, CHCTEMbI OTKIIOHSIONINX JIEKTPOJOB 6, COMEP)KAIINX MOCTOSTHHOE BO
BPEMEHH DJIEKTPOCTaTHYECKOE M0JIe, THEBMOTHAPOOAK JUIsl MpHeMa KpacKH U3 JIOBYIIKH 1, 6ak 11 Hofadu Kpacku 2.

ITon nerictBuem moctosHHOTO naBieHus p BenuunHOi 100 kIla mpomcxonuT BhITECHEHHE Kpackd W3 Oaka 2 dyepes
¢dopcyHKy 3 W COIIOBOW 3jeMeHT 4, MPEeACTABISIONMNA CO00M HAKOHEYHHWK MEIMIMHCKOW WIJNIbI, B KOTOPBIA 3alpeccoBaH
4acOBOW KaMeHb C KaJIMOpOBaHHBIM OTBepcTHEM. Eciu Ha (opcyHKY He OKasbIBaTh BO3MYIIAIOIIETO BO3JIEHCTBHS, TO MOTOK
Kpacky TpeJcTaBisieT coOol CIUIONIHYIO JaMHUHapHylo crpylo. [Ipu mopade Ha INbe30-KepaMHYECKHE AWCKU HarpsDKEHUS
CHUHXPOHU3AINU IMbe30KepaMHKa HAaYMHACT HCIBITHIBATH OCEBbIE KOJEOAHWS W JKUIKOCTh Ha BBIXOJE W3 COIUIA BBITEKAET C
MyJbcUpyomel ckopocTsio. [TosBistomumecs mepeTsHkKKH B CTpye MPHBOIAT K IPOOJIEHHIO €e Ha KalllM OJMHAKOBOTO pa3Mepa.
OO0pazoBaHue Kareib MPOUCXOIUT C YaCTOTOH CHHXPOHH3ALUH, omnpenensemMoil HampsbkenneMm Uc. Ecnmu kammm mpu mpoxojie
Yyepes3 3apsAHOE YCTPOMCTBO HE 3apshKaloTCs (HANpsDKEHHE Ha JIEKTPOJIE 5 OTCYTCTBYET), TO KallIM YJIABJINBAIOTCS JIOBYIIKOH 7.
Kammn, monmyumBInze 3apsi MpH OTPBIBE OT CTPYH MO HWHAYKIMOHHOMY MEXaHM3MY, OTKJIOHSIOTCS B TOJIE JIEKTPOJAOB 6 M
00pa3yroT OTIEYaTOK Ha TMOUIOKKe 8. BenmmumHa 3apsiia Kamim ONpenersieT MOJO0)KEHWE OTHedYaTKka Mo OJHON KOOpAWHATE.
ITonoxxeHne oTmevaTka 1o BTOPOH KOOPAMHATE H3MEHSETCS 32 CUST MEXaHNIECKOTO TIEPEMEICHUS TTOUTOMKKH.
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Puc. 9.4. Cxema 3/1eKTpPOKaNJIeCTPyifHOro MapKUPOBOYHOT0 MOIYJIsl
1 — Gax npueMa Kpacku, 8 — NOJJIOXKKaA, HA KOTOPYIO
2 — bak JUIA IIoaavun HAaHOCHUTCA KpacCKa,
KpPAacKHu; 9 — reneparop
3 — dopcyHKa; CHHXPOHH3AINHY;



4 — comoBoii ameMeHT; 10 — reHepaToOp UMITYIIECOB

5 — 3apsgHOE HaIIpsDKEHUS,
YCTPOWCTBO; 11 — maker

6 — DIEKTPOIBL, MBEE30KEPAMHYECKIX
CO3Iaf0IIHE JIUCKOB.

OTKJIOHSIOIIIEE TTOJIE;
7 — noByLIKA A7
He3apsDKEHHBIX Kalellb;

14. Aapo3onvHble IneKmpozazoounamuiecKue ycmpoucmea
14.1 O6mas xapakTepucTUKA

B a3p030/BHBIX 3JIEKTPOra30MHAMHYECKHX YCTPOMCTBaX HMEET MECTO OAHOBPEMEHHOE MABI)KCHHE 3apsKEHHBIX
KUAKAX WM TBEPAbIX YaCTHI MAajoro pasMepa B IUICKTPUYECKOM IOJIE€ W IOJ [EHCTBHEM IOTOKA rasa MM BO3OyXa.
OTIMYUTENFHON YePTOH 3THX YCTPOWCTB SIBIISIETCS TO, YTO POJIb Ta30BOT0 MOTOKA HE CBOAMTCS TOJILKO K MACCUBHOMY MEPEHOCY
yacTull. boiee TOro, B3aMMOAEHCTBUS 3apsDKEHHBIX JBIDKYIIMXCS B DJIEKTPHUECKOM I0JIE€ YaCTHI[ C MOTOKOM TNPHBOAUT K
CYLIECTBEHHOMY HM3MEHEHHIO Ta30[JMHAMHYECKUX XapaKTEPUCTUK CaMHUX IIOTOKOB: CKOPOCTH, NABJICHUS, TEMIIEPaTypbl. DTO
CBSI3aHO ¢ 0OTOOPOM HJIM BBOJIOM JIOTIOJTHUTEIBHON SHEPTHH B MOTOK.

OCHOBHBIM 3JIEMEHTOM 3JIEKTPOTa30MHAMUYECKOTO YCTPOWCTBA SBISETCS NPO(UINPOBaHHBIN Tra30qMHAMUYECKUH
KaHall ¢ JuaJIeKTpuieckuMu creHkamu (puc. 14.1). Ilpodwis kaHama paccuuThIBaeTCs TakuM 00pa3oM, YTOOBI IOJNYYHTh
HanOoJee OaronpHATHOE Ui padOTHl YCTPOMCTBa paclpeleieHHe CKOPOCTH M JaBICHUS B MOTOKE IO JuiMHe. Hampumep, B
HamboJee y3KOW YacTH KaHAJa IMONydaeTcs HauOONbIIast CKOPOCTh. s Toro, 9To0Bl 00eCIeUNTh MPH BO3PACTAHUN CKOPOCTH
nepexo]] 4epe3 3BYKOBOH Oapbep, HCIIONB3YeTCsl COIUIO CrielHanbHON (opMmbl — comio JlaBams — cocrosiiiee M3 COYETaHUS
CXOJISIIIIMXCS — PACXOJSIIINXCSI KOHNIECKUX YacTei.
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Puc. 14.1 . O6was cxema anekTporasoaMHaMMU4ecKoro ycTpomcrea
1 — npodunmupoBanHoe corio; 2,3,4 — 3IEKTPOIbI;
5 — yacTUIBI A3PO30JIA.

BTOpBIM Ba)KHBIM 3JIEMEHTOM YCTPOWCTBA SIBISIETCS PsZ DJIEKTPOAOB, KOJBLEBBIX WM B BHUAE I U CETOK, KOTOPHIE
COEIMHEHBI C HICTOYHIKOM BBICOKOTO HAIPSDKEHHS TN MOAKIIOUEHBI K Harpyske (puc. 14.1, anexrponst 2, 3, 4). B 3aBucumoct
OT Ha3HAUCHMS KOJIMYECTBO IIIEKTPOJOB, WX PACIIONIOXKEHHE M (opMa MOTYT OBITh CaMbIMH pa3MuduHBIMH. [lox nedcTBHeM
HaINpsDKeHNUS, IPUII0KEHHOTO K 3JIEKTPO/aM HIIH 3apsiioB, HAKOIUIEHHBIX HAa HUX, B YCTPOHCTBE CO3JAIOTCS SJIEKTPHIECKUE TIOJIS,
COBIIQ/IAIOIIME UIIU ITPOTHUBOIOJIOKHBIE 110 HANPABIECHUIO Ta30BOMY MOTOKY.

IToTok raza COAEPKUT YACTUIIBI OINPEAETIEHHOTO pa3Mepa W KOHLEHTPAlMM. OTH YacTHUIBl BBOASATCS B MOTOK
CHELHUaIbHBIM YCTPOHCTBOM — pacHbUIMTENEM IIOPOIIKOBOTO MaTepHaia WM >KHIKOCTH. BTOpod BapwaHT, Koraa B
3JIEKTPOra30ANHAMUYECKUX YCTPOHCTBAX KOHJEHCALIMOHHOIO THUIIA YaCTHILIbI NTOIY4al0TCs B PE3yJIbTaTe MPOLIECCOB KOHACHCAUT
MIEPECHILIIEHHOT0 1apa, €CITd, HallpUMep, UCTIONb3YEeTCs BIXKHBIN BO3AYX MM BOJSHOM map.

AHaNOTMYHBIE YCIOBHS HWMEIOT MECTO B OTHOUICHHHM 3apsgKH 4YacTHI. 3apsj dYacTuuaMm cooOmaercss 0o
NpeBapUTEIIHHO 32 Tpe/ieNlaMH YCTPONCTBA MM OHU 3apsDKAFOTCSl TEM MM MHBIM CITIOCOOOM BHYTPH COILIA.

B paccmarpuBaeMbIX yCTPOHCTBAX I1eJIeCOOOPa3HO MCIOJIB30BaTh YacTUilbl pasmepoM 0,3+0,7 MKM, Tak KaK YaCTHIIBI
MoJ00HOTO pa3Mepa 00JalaloT MUHUMAIEHOHN MOJBIYKHOCTBIO B DJIEKTPHYECKOM TIoie (CM. 1. 5). MUHUManbHask OABHKHOCTh
YaCTHII SIBJISICTCS YCIIOBHEM JJIsl HanOoJiee MHTEHCHBHOTO 0OMEHa SHEPriuel MeX ly YaCTHI[aMU W TIOTOKOM.

JIeCTBUTENBHO, TTPH UCTIONH30BAHUN B KQUECTBE 3apsDKEHHBIX YAaCTUI] HOHOB, MOJBIKHOCTH KOTOPBIX B AJIEKTPHYECKOM
0JIe Ha HECKOJIBKO TOPSAIKOB BBIIIE, IPUBOJNUT K NMPOCKAIB3BIBAHNIO M HETIOJHOMY YBJICUEHHIO X ITOTOKOM M, KaK pPe3yJbTar,
HeIoCTaTOYHO 3(pPeKTHBHOMY OOMEHY SHEPTHEH MEX Ty YaCTUIIAMH U TIOTOKOM.

Ha ocHoBe mporieccoB KOHICHCALMK C MOCIEAYIOMNM YKPYITHEHHIO YacTHIl B YCJIOBHSX MEPECHIIICHUS MOTYT OBITH
MOJTy4eHbI YaCTHIIBl Pa3MEPOM, IPUMEPHO COOTBETCTBYIOLIMM MHUHUMYMY MOJIBIKHOCTH.

XapaKTepHBIMH TIPECTAaBUTEISAMU pAacCMaTPUBAEMbIX YCTPONCTB SBIISIOTCS KOHIeHcarmoHHble Ol J[-reHepaTopsl
3apsbkeHHoro a’posonst, Ol Jl-reHepaTtopsl (MCTOYHHKH 3IeKTpodHepruu), I [[-koMmpeccopsl (i TepeKauykd Tasza WiId
KHUJIKOCTH).



14.2. Konagencannonnnie JI'/[-reneparopsl
3apsAKEHHOI'0 a3P030JIsl

Paboty ycrpoiicTBa mosicHuM, ucnonb3ys puc. 14.1. B xadectBe paboueil cpensl mpUMeHseTCs BOASHON map, KOTOPBIi
MOCTYMAET B CXOJsIeecss KOHMYECKoe coIuio ciieBa. [Ipy JBIKEHNH B CXOIAIIEMCS KOHUYECKOM COILIE CKOPOCTh €TI0 JIBHXKCHUS
BO3pacTaeT, a JAaBJIeHHE U TeMIlepaTypa najiarT. Pexxum noabOupaercst TakkM, 4TOOBI Iiepe]l BXOJOM B LHJIMHAPHYECKYIO YacTh
CcoIUIa Map Nepexoni B HACBIIIEHHOE COCTOSIHUE, U B PE3YJIbTaTe KOHJICHCAIIMN 00Pa30BbIBATUCH KATUTH BOJIBI.

3apsinka oOecrieunBaeTcst 3a C4eT KOPOHHOTO paspsiia MEXKAy UIVION 2 M KOJBLEBBIM 3JeKTpozioM 3 (puc. 14.1) mpu
roJja4ye MOCTOSHHOTO HaIpsHKEHUsI Ha UIiTy. [1oyioyKuTebHbIe HOHBI BO BHEUIHEH 00JacTH KOPOHHOTO pa3psiaa OCaKAAIOTCsS Ha
KaIuIsIX ¥ Ha BBIXOJIE MJIMHAPHUYECKOH YacTH yCTPOHUCTBA (POPMHUPYETCS IOTOK 3apsHKEHHOTO a3p030JIsl.

[IpaBas 9acTk COTUIOBOM CHCTEMBI TIPOPMINPYETCS TAKUM 00pa3oM, 9TOORI N30€KaTh HAKOTUICHUS 00BEMHOT0 3apsiia Ha
BBIXOJI€ (CKOPOCTb IOTOKA AOJKHA OBITH Oosblne 15+20 M/c) u obeceunTh OTCYTCTBUS Pa3panoB MeXIy CTpyeH 3apsDKEeHHOIo
a’p030JIs M 3a3€MIICHHBIMH 9acTsIMU 000pyOBaHMS BOIM3M BBIXO/Ia TEHEPATOpa.

OCHOBHOM XapaKTEPHCTHKON T'€HEPaTOpOB 3apsHKEHHOTO a’3po30Jisl ABIAETCS TOK BBIHOCA, KOTOPBIH M3MEPSIETCS B IIEHH
CeTyaToro KOJUIEKTOpa, pa3MeIIeHHOro Ha BeIxoAe TreHeparopa (puc. 14.1, snekrpony 4). CoBpeMeHHBIE TIeHepaTOpPbI
o0ecIeunBaroT TOK BbiHOCA 10 200 MKA.

14.3. OI' /I-reneparopsnl

Cxema mpocreitmero Bapmanta OI'/l-remepatopa mpenacraBieHa Ha puc. 14.2. DTO YCTPOWCTBO CIYXHUT IS
npeoOpa3oBaHus SHEPIHHU IA30BOTO IIOTOKA B DIIEKTPUUECKYIO HEpPrui0. PaboTaeT ycTpoHCTBO ClaeayonmM o0pa3oMm.

BbIcOKOCKOPOCTHOI Ta30BBIN TTOTOK (V0> 50 M/C) comeprkanwii MenKo JUCTIepCHbIEe YacTHIb (2a =~ 0,1+0,7 MKM) TocTymiaet
B 3apsIHOE YCTPOHCTBO, 00Opa30BaHHOE KOPOHUPYIOLIMM (CEeTKa C UIIaMH) U 3a3eMIICHHBIM (CETKa) 3JeKTpoaamu. YacTulia 3apsukaeTcst
BO BHEIIHEH 30HE KOpoHHOro paspsaa. Ecim Ha snextpox 3 (puc. 14.2) momaHO TOCTOSHHOE HANPSDKEHHE MONOXKHTETIBHON
TIOJIIPHOCTH, TO YaCTHUIIBI PUOOPETAIOT MOJIOKUTEINBHBIH 3apsil.

Jlayee 3apspKEHHBIC YaCTHUIIBI C MIOTOKOM IMOCTYIAIOT B pabounii MPOMEXKYTOK MEx Iy diekTpoaamu 4 u 5. Komtekrop 5
COCTOMT M3 NapaJuIeNIbHBIX PSIOB METAJUIMYECKON CETKH Ul TOTO, YTOOBI 3apsDKEHHBIE YaCTHIIBI, CTAJIKUBASCh C TOBEPXHOCTHIO
KOJUIEKTOPA, OTIABaJI €My CBOM 3aps.

1 Takum 06pa3oM Ha KOJUIEKTOpE HakaruinBaeTcs 3apsin O, M OH mprodperaer

— U""O I_> ® : ® m HOTteIII/IaJ'I Ui OTHOCHUTEIIBHO 3a3€MJICHHBIX UZ)J'IGKTpOI[OB. Ecnu R, npencrasisieT

— > | @ @ Ik cOOOW COIPOTHBIICHUE HATPY3KH, TO TMOJ JEHCTBHEM HampspkeHus U, depes3 Hero

— O {" ® : Eq—@—li““ It Ux OyZeTr mpoTeKaTh TOK.

—- O |_r: ® I ® @ H:QK B pabGouem mnpomexyTke Ha YaCTHIBI ICUCTBYET JIIEKTpUYECKas CHIia

X OL @ ® Lk F;=E-q, oOycnoBieHHas Hanps)KEHHEM Ha KOJUIEKTOpE, M HPOTHBOIOJIOXKHO
\ 3 4 JICUCTBYIOIIAs TMAPOJMHAMUYECKAs] CHJIA, YBJIEKAIOLAash YacTULbl C IIOTOKOM.

2 L
U 3 Hakorenue 3apsja Ha KOJUIEKTOPE H, CIE0BATEIbHO, YBETMUCHHE HAMPsKCHUS
“° Ukox OyieT HpOUCXOAUTH 0 TeX MOp, MOKAa ra3odMHaMHUueckas cuia OyjaeT

Puc. 14.2. Cxema II'/I-renepaTopa o .
| — KaHaT ¢ MOTCKTPHICCKHMH CTEHKAMH; MPEBOCXOJIUTh  TOPMO3SIIYIO  DJIEKTPUYECKYI0  cuiny. Jlpyroil  BO3MOXKHBINH

2 — ra3oBblii IOTOK; HpeﬂeHBHLIﬁ cnytlaﬁ OMpCACIACTCA HpOGOeM n3-3a YBCIWYCHHA HAIPSAKCHHOCTU B
33— KOpOHzIpy}()LLIHﬁ SJIEKTPOA 3apsAAHOTO pa60qu HpOMG)KyTKe.

YCTpPOUCTBA;
4 — 3a3eMIICHHBIII JJICKTPOA-CETKA; B KadyeCcTBEC XapaKTeprIx napaMeTpOB 3FI[-reHepaT0pOB MOKHO

5 — xomnekTop; R, — Harpys3ka.
yKa3aTh Hampsi:keHue Ha koJuiekTope ~100 kB n Tok B nenun

Harpy3ku ~100 MKA npu HanpsizkeHWH HA 3apsAaHOM ycTpoiicTBe ~10 kB 1 npumepHo
TOM ke 3HaUeHuH Toka. TakuM 00pa3oM, BLIMTPHIII B MOJTy4aeMOH MOIIHOCTH
COOTBETCTBYET COOTHOIIEHHIO MEKIY HANPsI;KeHHeM HA KOJJIEKTOpe U HANpsiKeHHneM Ha
3apsiIHOM YCTpONCTBe.

14.4. OI'I-komnpeccop

Hpunnun padorsl II'/[-komnpeccopa wutwctpupyert puc. 14.3. Ito

T T
~e o o Iy, .
— ! YCTPOMCTBO MCIIOJIb3yeTCs JAJIsl CO3AaHMA Mepenaaa AaBJIeHHus B rade u
~ & 9 | M
L, | OPraHHU3alMU COOTBETCTBYIOILIEr0 ABUKEHHA Ta30Boii cpeabl. B aTom
| | —
—~® @ o ciaydae 3JIeKTPpUYeCKasi JHeprus npeodpasyercsi B IJHEPruio ra3oBoro
,Lz 4 1 MOTOKA.
Puc. 14.3. Cxema SI'[I-komnpeccopa JJleKTpHYeCcKoe 1moJie B padoueM NMpoMeKyTKe YCTPOMCTBA co3/1aeTcs 3a
1 — xanami ¢ JUDJIICKTPUICKUMU
CTeHKaMH; cYeT NPHUJI0KEHHOT0 HANIPSKEHUsI MEK1y KOPOHUPYIOIIMM 1

2 — CTEHKA C UIJIaMH;
3 — 3a3eMJICHHBII YTEKTPOJI-CETKA; 3a3€MJVICHHBIM 3JICKTPOAAMH. B xauectBe KOPOHMPYIOLIEIo 3JIEKTPOaa

4 — MOHBI WM 3aDSKCHHBIC TACTHIIL. MOKHO UCITOJb30BaTh CETKY C MIJIaMHU, a 3a3eMJIeHHbII1 IJEKTPOA



MO:KeT OBITh BBINIOJIHEH B BH/Ie KOJIbLA WIN ceTKH. [Ipn moJiokuTe 1bHOM MO PHOCTH
HANPS’)KEHUs1 HA KOPOHUPYIOLIEM JIEKTPo/ie B padoueM MPoOMe:KyTKe Mo/ AelicTBHE MOJIs
JABHKYTCS MOJIOKUTEIbHbIE HOHBI B HANIPABJICHUH cJieBa HanpaBo. CuJia, neiicTByromas
HA eIUHUIY 00beMa padoyero NpPoMeKyTKa, paBHa
F=E-p,
rze p — IDIOTHOCTH 0OBEMHOTO 3apsja.

Ecnu BBeCTH B Ta3 4aCTHIIBI a3PO30JIs, TO BEJIWYMHA 0 IPECTABISET COOOU INIOTHOCTH 0OBEMHOTO 3apsIa YacTHII.

Kax mpu mcHois30BaHUM a’po30iisl, TaK WM B Cllydae IBM)KCHUS HOHOB, CHJIa, NEHCTBYIOIIAs Ha OOBEMHBIN 3apsf,
IPaKTUYECKH O3HayaeT CHIy, IEHCTBYIONIYI0 Ha I'a30BYIO CPemy, TaK KaK KHMHETHYEeCKas SHEepPrus IBIKYLIMXCS HOHOB HIH
a3pO30JIbHBIX YaCTHUI Maja.

Kax ye yka3bIBaJoch, MOSBJICHHE CHJIBI, JISHCTBYIOLIEH Ha Ta30BYIO Cpely, BHI3bIBAeT €€ NBIKEHHE. Takoe sBICHUE
IOJl Ha3BaHMEM («QJIEKTPUYECKUH BETep» M3BECTHO YK€ JIABHO U MCIIOJB3YETCS B DIEKTPOCTATHYECKUX BEHTUIATOpax. XoTd
K03 QUIMEHT MOJE3HOro AEHCTBHUA 3THX YCTPOMCTB HEBENUK, IPOCTOTa KOHCTPYKLHMHM M OTCYTCTBHE MABIDKYIIUXCS dYacTed
JEeTa0T UX MPUBJIEKATEIbHBIMHU UL UCIIOIb30BAHUS B OBITY.

B obmem ciyudae npumeneHue OI'JI-KoMIpeccOpoB MOXET ObITh HMPHUBIEKATENbHBIM IJIS XOJIOJUIBHUKOB PAa3IMYHOIO
Ha3HaueHus. OJHaKO NPeICTOUT ele Ooblas padoTa 0 ONTUMU3ALUY ITUX YCTPOMCTB, MOBBILIEHHIO IIPeJeIbHBIX IIapaMeTpOB
(B 0COOEHHOCTH 110 BEJIMYMHE JOCTUTAEMOT0 TIeperaa JaBJIeHH ), HaeKHOCTH 1 SKOHOMHUYHOCTH.

11. OBE3BOKUBAHUE HE®TEIIPOAYKTOB

11.1. TpeGoBaHus K COiePKAHUIO BOJABI
U cojieil B HerenpoayKTax

KauectBo noObiBacMolf He()TH W KadecTBO HE(PTENPOAYKTOB HApSAy C IPYTMMH IIOKa3aTeNSIMH  OIPEAEISIeTCS
conepxanveM B HUX Biard. Cojep)kaHue BIIArd B MCXOJHOM IPOIYKTE KOJIEOJeTCs B MUPOKUX mpeaenax — ot 60% mo 0,1%.
Brara MoxeT HaxoJUThCS B HEPTENPOAYKTaxX B BHJIE KaIleJIeK BOJbI, HAXOSIINXCS BO B3BEIICHHOM COCTOSIHUM M 00pa3yIoLInX
SMYJIBCHH, HIIA B PACTBOPEHHOM BHJIE.

Kpome TOro, kKauectBo ChIpoi HE(TH OIpEAENseTcs COAEPKAaHWEM COJIeH, KOTOPOe MOXKET JOCTHIaTh HECKOIBKHX
TpaMMOB Ha JIUTP.

Hanuuue B HeTH BOIBI M CONEH BBI3BIBACT LIENbIN PsiJl TPYIHOCTEH B Mpoliecce TPAHCIIOPTHPOBKY U IepepabOTKu:
Y/IOBIIETBOPEHUE TPEOOBAHMIT Ka4eCTBa MOCTABIIEMOMN ChIPOi HEPTH 1 HEPTEPOAYKTOB;
HOBBIIICHHAs KOPPO3Hs TPYOOIPOBOJOB U 3IEMEHTOB TEXHOIOTHYECKOT0 000pyJOBAHUS;
JIOTIOJTHUTEIIbHBIC SHEPro3aTpaThl Ha MEPEeKayKy ¥ PeKTUPHKAIHIO;
3arpsi3HEHUE DIIEMEHTOB TEXHOJIOTMYECKOT0 000PYyJOBAHHSI.

Ha mnpakTike HEOOXOZUMOCTh OOE3BOXKHBAHUS M O0ECCONMBAHMSA BO3HUKAeT TPIDKABI B ILeNH J00bMa —
TPaHCHOPTHPOBKA — IepepadoTKa.

Tpedosanust 'OCT k kauecTBy He(TH M HEPTENPOAYKTA MEpe]l TPAHCIIOPTUPOBKOM TAKOBBI:

— copeprkanue Biaru W, < 0,5%;

— cozepikanue conent Peyy,< 200 mr/m.

[Mepen pexTrduKaMOHHON KOJIOHHOW JIOJKHBI YAOBIECTBOPATHCS TPEOOBAHMS:

— Weaonu< 0,05%;

— Peomu< 20 Mr/m.

K KOHeYyHOMY NPOIYKTY NMPEIBSBISIOTCS OoJiee CypOBbIe TpeOOBaHMUS, TIOATOMY YacTO IPUXOIAMTCS HCIOIB30BaTh JaKe
JIOTIOJTHUTEIbHYIO IEPETOHKY.

[ToMuMo mepBUYHOIN BOJIBI, NMPHUCYTCTBYIOIIEH B CBHIPOM HE(PTH, YaCTO TPHUXOAUTCS JIOMOJIHUTEIBHO JT00aBISATH
HEKOTOPOE KOJIMYECTBO YMCTOW BOABI JJISI PACTBOPEHMS NPHCYTCTBYIONMX B He(TH coiel, M Torjga cucreMa 00e3BOKHUBAHUS
CTaHOBUTCS JABYX-, TPEXCTYIIEHUATOMH.

bl e

11.2. TeopeTu4eckne 0CHOBBI
00e3B0KUBAHNS HE(PTENPOIYKTOB

DJIEKTOPOHHO-UOHHBIE TEXHOJIOTHH TPHUMEHSIOTCS MpU 00e3BOKMBAaHUM ChIpoi HedTH M HedrenmpoayktoB. Boma B
HedTh TonagaeT npu A00bYe HeTH U3 HEPTIHBIX CKBAXKHUH, a TAKXKE B XOJIE TEXHOJIOTHUECKHUX MPOIIECCOB MepepadoTKH HEPTH B
HedTenpoaykThel. i oOecrieueHuss BBICOKOTO KayecTBa HE(TENPOIYKTOB HEOOXOMUMO B XOJI€ TEXHOJIOTMYECKOTrO Mpoliecca
00€3B0OKMBaHUS BHIBECTH B MAKCHMAJIBHO TOCTYITHOM KOJIMYECTBE COJIM M BOAY M3 HE(DTEIPOIYKTa.

VY naneHue BoJbI U3 HEPTEMPOIYKTa MOXKET MIPOUCXOTUTH B PE3yJIbTAaTEe OPraHU3aI[UN HAMPABICHHOTO JABIKCHHS Kareib
BOJIBI M3 00BbeMa HEPTETIPOAYKTA.

[lepBBIM HaIpaBICHUEM SIBISICTCS UCIIOJIE30BAHUE CECAMMEHTAIMHN Karelb BOJbL. MIHBIMHU CIIOBaMH, B TIPOIIECCE OTCTOS
KaIUTH BOJIBI ITOJT ICHCTBHEM CIUTBI TSDKECTH OCaXIAIOTCS Ha JTHO pe3epByapa.

Bropoe HanpaBieHue — 3apsaKa ¥ OpraHU3aIUs JBIKCHUS YaCTHUI] BOJBI B JICKTPUICCKOM TI0JI€ TAKUM 00pa3oM, ITOOBI
KaIUTd BOJIBI YIIUTH 33 TIpeielibl 00beMa HeTenpoayKTa.



Kanenbky BOJBI MOTYT MOJ JEHCTBHEM CHJI 3JIEKTPUYECKOTO TOJIsI COOMpAThCsS Ha IJIEKTPOlaX WM CIEIHAaTbHBIX
MOPHCTHIX TIEPErOpoJIKaxX M CTEKaTh Ha THO COCYJIOB. Y IajieHHe BOJIbI CO JIHA pe3epByapa IMPOU3BOJUTCS MTyTEM CIIUBA.

VY nanenue Boabl M3 HE(YTH OCHOBAHO HAa TOM, YTO BOJIa UMEET OOJIBUIYIO IUIOTHOCTh, YeM HE(Th, U B MPOLIECCE OTCTOS
KaIui BOZBI MMaJaloT Ha JHO pe3epByapa. HedTh BCuibIBaeT U ocTaeTcsi B BEpXHeil yact pesepByapa. DPpdexkTHBHOCTH mporiecca
yJaneHus: BoJibl U3 00beMa HeTenpoayKTa 3aBHCUT OT BS3KOCTH HedrempoaykTa. Bs3kocTh ompenensiercs: TeMueparypo, u,
YeM BBINIE TEMIIEpaTypa, TEM MEHbIIE BS3KOCTh W OOJIbIIE CKOPOCTh CEAMMEHTAlMu. Takke CKOpPOCTh Mpolecca 3aBHCUT B
3HAYMTEIBHON Mepe OT pa3Mepa Kareib BOJbI: YeM OOJIbIIe paJlyC Kallli, TEM BBIIIE CKOPOCTh OCEJaHuUsI KaIlelb.

11.2.1. CequmeHTaANMA Kaneb BOAbl B He)TeNPOAYKTe
YcraHOBHMBIIASCS CKOPOCTh OCENaHMs Kamlelb BOJABI B HE(TENPOIYKTE ONPENENSETCS U3 YCIOBHS PABEHCTBA BHEIIHEH
cunbl [, NEHCTBYIOLIEN Ha Kalullo, CHJIE COIIPOTUBIICHUS Cpelbl JBMKEHUIO Karuid. BHEIIHsAA cuiia, IEHCTBYIOIIAs Ha KaIulko,
HaXO/JISIIYIOCS B HePTENPOAyKTe, paBHa Pa3HOCTU MEXKIY CHJIOHN TSHKECTH M apXUME0BOM CHIION (CHJIOH IIaBydYecTH)

F,, :%ﬁa3gAp, (11.1)

rae a — pamuyc Kamwm, g = 9,8 M/c’ — ycKOpeHHe CBOOOIHOrO MajeHHs, Ap— PasHOCTh 3HAUYCHHIl IIIOTHOCTH BOMIBI H
HepTenpoayKTa (AP = Py -P)-

B cumy Gonbinod BSI3KOCTH HEPTENPOAYKTa M MaJIbIX PasMEpOB Karlellb BOABI HX OCAXKICHUE ITPOMCXOAUT B Ipeaeiax
CTOKCOBCKOT'O tnarna3oHa umcia Peiinomnsiaca (Re< 0,5) n cra conporusienus cpens! onpenensiercs o ¢popmyie CTokca

F, =6mu,gaV, , (11.2)

rie V; — CKopocTb CeTMMEHTALUK (OCAXKICHHUS); Ly, — dPDEKTHBHAS BA3KOCTb CPEIBL.

O¢ddexruBHas Ba3kocTs B popmyre (11.2) oTmmgaercst oT BI3KOCTH cpepl (HeQTEenpoayKTa) u3-3a TOTO, UYTO IBIKCHUE
KaIUTl OTHOCHTENIBHO HE()TENPOAYKTa BBI3BIBACT IMUPKYIIHIO BOABI B Kalle W 3TO NMPHBOIUT K HEKOTOPOMY YMEHBIICHHIO
COIPOTHUBIICHHS CPEJIBbI TI0 CPABHEHUIO C JBHXEHHEM TBepIol cepryieckoi yactuipl. Torma
2pu+3u,
. (11.3)
3+ 1)
rae 4= (1+10)-107 ITa — BA3KOCTh He(TEPOIYKTA B 3aBUCHMOCTH OT €r0 copTa; 1= 10~ ITa — BA3KOCTH BOJBL.

ITpupasauBas (11.1) u (11.2), momyynm BeIpakeHUE I CKOPOCTH CEIUMEHTAINN

Hog = H

2ga2Ap
g:umb

Ipu p,=1000xr/M’ 1 Prcpr=850 KI/M® TOJTy4HM CKOPOCTh CeAMMEHTAIHH paBHO#H V=5-10"¢". Takum 06pa3som, CKOPOCTh
OCa)KJCHUS KaIlellb B HeTENPOAYKTax pacTeT NPONOPIUOHAIBHO KBaApaTy pajiyca Kareib.

v, = (11.3)



11.2.2. /IBukeHMe 3apsKEeHHBIX Kanesb B 3JIEKTPHYECKOM
noJie B HeQTeNnpoayKTe
CKOpOCTh JBWKCHHUS Kamlejdb B DJICKTPHYCCKOM TIOJIe B HE(TEHPOMYKTE ONPEHCISICTCS W3 PABCHCTBA CHJIBI,
JICHCTBYIONICH B AJIEKTPUYECKOM I10JI€ HA KaIUTIO, U CUJIb COTIPOTUBIIEHUS CPEIbl ABMXKECHUIO KaTlH.
Jomyctum, 49to B He(TENPOJYKTE NPUCYTCTBYIOT HOHBI OJHOTO 3Haka. Torga B 3JCKTPUYECKOM IOJIC Karuis
mproOpeTaeT, Kak ObUIO TIOKa3aHO B TJI. 5, HAMOOBIIUI BO3MOYKHEIN 3apsil PaBHBINA

q, =1278,a’E . (11.4)
COOTBETCTBEHHO, CHJIa, JCHCTBYIOMIAs Ha KAIUTIO B DJIEKTPUIECKOM II0JIe, OyIeT paBHa
F, =q.E =12zgya’E*. (11.5)

[MpupasuuBas (11.5) cune conporusnenus: cpensl no (11.2) monyunm ¢GopMmyny Iuisi CKOPOCTH JIBHXKEHHSI Karejb B
3NEKTPUIECKOM TI0JIE:

_ 2gpak 2
ﬂ’)(‘b

ConocTaBuM CKOPOCTh JBIDKCHUS Karlelb TOJ JCHCTBHEM SJICKTPHUYECKOTO IOJII W B PE3ylbTare CEAMMCHTAIIUU.
OtHomenue 3HaueHnit ckopoctH 1o (11.6) u (11.3) 3amuceBaercs B BUAE:

Vi (11.6)

Ve  geoE’

YE _8%E (11.7)
Ve  galp

B Tabmn. 11.1 mpencraBieHbl 3HAYEHUSI CKOPOCTH CEOUMEHTAIlMU Vc, BPEMEHH OCAKICHHWS Karedbh Ha pacCcTOSHHE 1M

fore (L=1M) B uacax u otHomenms Vg/V, mo (11.7) mia cnemyrommx ycioBuii E=3 kB/cm, Ap =150 Kr/M’ B 3aBHCHMOCTH OT

pa3mepa Kameib.
Taémmua 11.1

a, (MKM) 5 10 100 500 1000
Ve, (M/c) 1,25:10°° 5107 5107 1,25-102 5107
tore (L=1m), (uac) 220 55 0,55 0,022 55-10°
VeV, 1100 550 55 11 55

U3 Tabn. 11.1 cmemyer, 9Tto Bpems OTCTOS A dacTull paamycoM MmeHee 100 MKM CyIiecTBEHHO MpeBbImIaeT | dac,
KOTOpOE TIPECTABISACTCS MPEAeIbHO 1enecoo0pasHeM. s gactun MeHee 100 MKM IBMKECHHE B DIIEKTPUYCCKOM TIOJE MOXKET
paccMarpuBaThCsl Kak Ooiee MPEAIMOYTHTENIbHBI MEXaHM3M YyNAJeHHs Kalelb BiIard u3 oobema Hedrempoaykra. Jlaxe s
KPYIHBIX Karellb IBUKEHHE B AJIEKTPUUECKOM I0JIE OCTACTCSI JOCTATOYHO AP PEKTUBHBIM.

11.2.3. IIponecchl yKpyIHEHHUs Kaneadb BOAbI
[Tpouecchl yKpyImHEHHs Kamneidb BOJAbl B HE(TENPOAYKTE WIrpalOT OYEHb BAXKHYIO pOIb, TaK Kak IPHUBOIAT K
CYLIECTBEHHOMY BO3pPacTaHHIO CKOPOCTH celuMeHTauuu. [Ipolecc ciusHHUA Karelb BOJBI, WM  KOAJIECHEHIHUS, MOXET
MIPOHUCXOJUTH B PE3yNbTaTe COyNapeHHs YacTHI[ pa3HOTO pa3Mepa IpU CEIMMEHTAINH, NPH B3aUMOJACHCTBUH MOJSIPH30BAHHBIX
YacTHIl B 3JIEKTPUIECKOM TI0JIE WIIH TIPH COYIapEeHNH YacTHII, YIaCTBYIOIIHNX B TYpOYIM3NPOBAHHOM JIBM)KCHUH CPEIbL.
Yuciio coyaapeHui pu CeTMMEHTAIMH PAcTeT NMPU YBEJIMYCHHUH OTHOCHTENFHON CKOpPOCTH cOMkeHmst yactum. Kak

cienyet u3 (11.3)
VOTH = a12 - a% ’
TZIe a1 ¥ a; — COOTBETCTBEHHO PAJNYChl B3aNMOACHCTBYOIINX YaCTHII.
TaxuMm 06pa3oM sICHO, 9TO 3(P(HEKTHBHOCTH KOAIECIEHIINH PACTET C YBEJIIMIEHUEM paJiyca YacTHIl IPH OAHOBPEMEHHOM
YBEIMUCHUH Pa3IUyusl B UX pa3Mepe.
Ha niporiecc cnmsiHuS Kanesb BOAbBI PU CTOJIKHOBEHUH OKAa3bIBAET BIMSHHE CIIOW He(PTEIPOAYyKTa,
E KOTOPBIN MPEMSATCTBYET 3TOMY CIUSHUIO.
Paszpymienne TOHKOrO cllos HeTenpoayKTa Ha ITOBEPXHOCTHM Kalull 00ecreYnBaeTcs
BO3JICHCTBEM XMMHMYECKUMH BEIECTBaMH — JAedMyJibratopamu. JleficTBue neamysbraropa MpUBOJUT K
CHIYKEHHIO CHJI IIOBEPXHOCTOHOTO HATSDKEHHS U, TAKMM 00pa3oM, o0JierdaeT ux CIUsiHUE.

o OCHOBHBIM HEOOCTATKOM ITpolecca yaaJCHus BJIaru 3a CYCT CCAUMEHTANU SABJIAIOTCA:

F, 1. BormpImast AMUTETHHOCTH MPOIIECCa CEMMEHTAIINH.
2. HeoOxomumocTh coiepkanust OOIBITNX 00HEMOB HE(TH B CIICIIHATBHBIX OTCTOWHUKAX.
n IIneHka Ha TOBEPXHOCTH Karellb AKTHBHO pa3pyIIacTcs TPU B3aNMOJCHCTBHU Karelb B

ANEKTPUIECKOM T10J1e. [Iporiece ciusHus Karenb MPOMCXOIHUT CICSTYIOIIIM 00pa3oM.
Kamm, momamas B dJIeKTpHYEcKoe ToJie, MNOJSPH3YIOTCS, W UX (opmMa NpubImKaeTcs K
smmnconnansHoi (puc. 11.1). CoymapeHue W CIOUsHHE Kareidb IPOUCXOIOWT 3a CYET KYJIOHOBCKOTO

Puc. 11.1. B3aUMOJIEHCTBHS POTHBOMONOKHBIX 110 3HAKY TOJSPU3AIMOHHBIX 3aPAI0B YACTHUI], OKA3aBUIMXCSA BOIM3H

HOﬂﬂpu?alj”ﬂ ApYr OT apyra. VI3 97eKTpOCTATHKM M3BECTHO, 4TO 3apsi monspuanuu ¢,=Ea’. CienoBaTenbHO, CHIa

s3aumooeiicmey B3aHMO/ICHCTBHSI, ONPEICIIAIOMAs COMMKEHNE U CIUIHNE Kanenb Fy,= ¢, F = a’E".

fowgux Kaneie 6 Taxum 06pazoM, 3(P(HEKTHBHOCTh KOAIECIEHIMHA KAIlelb B DJIEKTPUYECKOM MOJIE CYIIECTBEHHO

ONeKMpuUieckom pacTeT ¢ yBEIMYEHUEM Pa3Mepa YaCTUIl M HAIPSHKEHHOCTH TIOJISL.

none Onuako neopMalys Kareib B SJIEKTPUYECKOM TOJIE MOXKET MIPUBECTU K MPOLECCY 0OPATHOMY 10
OTHOIIEHHIO K KOAJECHEHIMA — pPaspbiBy Kamelb. JTO TNPOMCXOIUT, KOTja JAeHCTBHE TOJNA Ha

MOJIAPU3AIUOHHBIC 3apsaabl IMPCBLIIIACT ﬂeﬁCTBHe CUJI TOBEPXHOCTHOI'O HATAXKCHHUA, MPCHATCTBYIOMINX



pa3phIBY Kamelb.
Takum 00pasoM, ecn Fyyp, = @°E* v Froy = 0 a, T 0 — KO3(G(HUIMEHT MOBEPXHOCTHOTO HATSHKCHNS HA TPAHHIIE pas3ziena
cpen Boga—He(pTh (O~ 20-107 H/M), To 13 yclnoBUS Fayp= Fop CIEMYET, UTO
o -2
Ey, = " Wi a, =E . (11.8)
Ha puc. 11.2 nmoxazaHa 3aBUCHMOCTb KPUTHUECKOI HANpsDKEHHOCTH 3JIEKTPUUYECKOro MOl OT pa3Mepa Karens. B

o0nacTu, HaXOJSIIIENCs] HIKE ITOM KPUBOW, MpeoOiialaeT KOAJNECHEHIHMsl Karellb Bojabl. OO0nacTh, Jiekalas BbIIIe KPUBOH,
COOTBETCTBYET Pa3pbIBY Kallelb BOJBI MO JEHCTBUEM CHJI MOJISIPU3AIINHI.

Fo. 11.2.4. 3apsaaka kamneJib BoAbI B HeTenpoayKTe
B/em IMpouecc ynaneHust kamenb W3 HEPTENpOAyKTa TMOJ  ACHCTBHEM
JIEKTPUYECKOTO OIS ONpEAesIeTCsS BEIMUYMHON 3apsaa Kamenb. s cykneHus o
BO3MO)KHOM MEXaHM3ME 3aps/Kh Kamelb BOABI B HE(TENPOAYKTE PAaCCMOTPHM
HOHHBIN COCTaB HEPTEIPOILYKTOB.

Bona u HeTenmpomyKTHl XapaKTepU3YIOTCS CIEAYIOIUMH 3HAYCHUSAMH
JIMRJIEKTPUYECKON TPOHUIIAEMOCTH &, yJENBbHOM MPOBOAMMOCTH ¥ M KoddduimeHTa

40

Paspris

4 Crnnsinue

0 0 100 1000 a s JMHAMHYECKOU BSI3KOCTH AL
11.2. 3aBHCHMOCTS KpHTHYECKO 1. Bona £=80 y=107+107 1/OM-M 1=107 xr/m-c;
2. ceIpast HehTH ez 4+5 y=107°+107 1/0Om-M 2= (1+10)107 kr/m-c;
HANPS2KeHHOCTH 10JIsI OT PaNyca Kanin 3. cBeTble
HeTEIPOLYKTH =22 y=107"+10"2 1/0mm = (1+10)107 kr/m-c.
Ilox BO3IEHCTBUEM CHIBHBIX 3JEKTPUYECKHUX IOJEH B JUAJIEKTPUUYECKHUX
KUAKOCTSIX — HeQTH HW HEPTENpOAyKTaX — HAYMHAETCS TIIPOLECC TUCCOIHMAUN — O0Opa30BaHUS TIIOJIOKUTEIBHBIX U

OTPULIATENBHBIX HOHOB.

DNeKTpUYECcKOe I0JIe 3aCTaBIsAeT ABUTAThCS PA3HOMMEHHO 3apsDKEHHbIE HOHBI B 00beMe )KUAKOCTH. B pesyibrate okoo
3IEKTPOJIOB CO3AI0TCA 00JIACTH ¢ U30BITOYHBIM COZIEPKAaHUEM MOHOB OJHOTrO 3HaKa. C pOCTOM KOHIIEHTPAL[MX HOHOB B 00beMe
YBEJIMYMBACTCS BEPOATHOCTh CTOJKHOBEHHWH pa3sHOMMEHHO 3apsHKCHHBIX YacTUI], COMPOBOXKAAIOMIMXCS PEKOMOWHALMEH.
YcranaBiaMBaeTcs AMHAMHUUECKOE PABHOBECHE MEX/Ty 00pa3yonIMMHUCS U PEKOMOMHHUPYIOIIUMU HOHAMH.

JIBmxeHnue MOHOB B HE(TH, KOTOpas MMEET ropa3fo OOJBILIYIO BSI3KOCTH, Y€M BOJA, BHI3BIBAET JIBI)KCHHE SKHUIIKOCTH U
o0pasyrorcsi B ee 00beMe 3JIEKTPOTHAPOANHAMUYECKHE ITOTOKH. DTO IPOUCXOIMT MOTOMY, YTO JABM)KEHHE HOHOB B BS3KOM
JKHJIKOCTH TIepelaeTCsl HEHTPpaIbHBIM YacTHIIAaM, a 3TO, B CBOIO OY€pelb, MPUBOANT K MHTEHCHBHOMY IEPEMEIINBAHUIO KHUIKOCTH,
YBEJINYMBAsE HHTEHCUBHOCTD B3aUMOACHCTBHS KaIlelb.

Kamm B HerenpoaykTe MOTyT IPHOOPETATh 3aps M0 KOHTAKTHOMY MEXaHH3MY WIIH B PE3YJIbTAaTe OCAXKICHHUS HOHOB B
AIIEKTPHYECKOM TI0JI€ B 00beMe He(pTenpoIyKTa.

Kamst BoJpl IpH KOHTAaKTe € 3JIEKTPOAAMH B JICKTPHYECKOM IONIe MPUOOpeTaeT 3apsi, COBIANAIOMIMKM MO 3HAKY C
HOJIIPHOCTBIO JIeKTpoaa. Kak TONbKO KaIuist OTOpBETCS OT 3IIEKTPOJa, 3apsij ¢ Hee HAaUMHAET CTeKaTh Oiarogapsi IpoBOIUMOCTH
HedTH.

EE,
HOCTOﬂHHaH BPEMCHHU CTCKAaHUs 3apsaa T= % . )1.]'[9[ He(l)TI/I HaI/IGOHLHIaH BCJIMUHWHA T paBHa
2-885-1072 5
=" ——=17-107 ¢
10

V3 npuBeaeHHON OLEHKH BHIHO, YTO KaIlIi BOABI B HE(hTH OBICTPO TepsieT CBOM 3apsi U B ITOM CIIydae MHAYKLIHMOHHAS
3apsiika HeapdekTuBHa.

Jnst cBeTIbIX HeTEPOOYKTOB OLIEHKa BPEMEHH pEeNaKkcaldy JaeT 3HaueHue 7=2c¢. 31ech MHAYKIMOHHAS 3apsiKa
cTaHoBUTCS YP(PEKTUBHOM, TaK KaK Karulsg HE yCIeBaeT MOTEPSATh 3apsl.

B cooTrBercTBHM ¢ Teopuedl MHAYKIMOHHOW 3apsKW 4YacTHL, W3NOoKeHHOW B § 5.2.2, cdepuueckas dyactuima Ha

JICKTPOAC MOIACIUPYETCA IOJYIJUIMICOMIOM BpalllCHUA C COOTHOIICHUEM oceit 6/a=cla=0,5 (a — JIMHa TIOJIyOCH B
HapaBJICHUU NCPIECHANKYISIPHOM JJICKTPOAY U 6 — paanycC C(l)epI/I‘ICCKOf/’I '-IaCTI/II.lI:-I) U BCIIMYMHA 3apsAaa TaKoi Mozenu paBHa
2
g =—5.8271,E6”. (11.9)
KpOMe TOT0, U3BECTHA OOJIee TOUHAS (bopMyna, OTHOCAIIAsACA HETIOCPEACTBEHHO K cq)epe pamnyca 6
3
2 2
g=—"3cke’. (11.10)

Pazmane mexmy 3HaueHnsMu 3apsaa mo (11.9) u (11.10) cocrausier 12%.

PaccmoTpuM 3apsinky Kamenms BOIOBI B 00BeMe He(TEpOAyKTa B AIEKTpHYeckoM mojie. B obmem cinydae B oObeme
He(TEePOayKTa HAXOAATCA W IMOJOXKUTENIbHBIE U OTPUIIATENbHBIC HOHBL 3a CHYeT MX OCAKICHUS Ha Kalule BOIBI MPOUCXOIUT
3apsaKa.

B cooTBercTBUM ¢ Teopueit HOHHOI 3apsaaku (§ 5.2.1) mpenensHBIi 3aps]] Kariin BOABI paBeH



1_ fenk_
en k,

en_k_
1—i_\/ en,k,

rae q,,,:127rgoa2E, a — pamuyc Karumk, K4.= eniki=pik., %-=en_k=pk — ynenpHBIC TPOBOIVNMOCTH, OMpPEICIICMEIC
COOTBETCTBEHHO TIOJIOKUTEIIEHBIMU M OTPUIIATEIIEHBIMU HOHAMH. Pe3yImbTHpYIOMIast MPOBOTUMOCTD % = %+ + K.

[TomBMKHOCTH TOJIOKUTEIBHBIX M OTPHUIIATCIHHBIX HOHOB MPHMEPHO PaBHEL, T.e. k= k.. Kpome Toro, mpemcraBum
TUIOTHOCTh OOBEMHOTO 3apsijia HOHOB B CIEAYIOIIEM BUE

Pr=Pep U P—:Pcp"‘AP,

IJIE Pop— 9aCTh IUNIOTHOCTH OOBEMHOIO 3apsjia OJMHAKOBAs JUIS MONOKUTENbHBIX M OTPHUIATENBHBIX HOHOB; Ap — MpEBHIIEHNE
TUTOTHOCTH 3apsi/ia OJHOTO U3 BUJOB MOHOB, B JAHHOM CITydae, OTPHUIATEIIEHBIX HOHOB.

Torma (11.11) mepenumeTcst B BUAE:

1— /1+A7
pcp

i (11.11)

9=q4y —F—7—". (11.12)
1+ f1+A7
pcp
Ap
Ecmn — << 1, 1o (11.12) ynpormmaercs:
pcp
A
q=q,—2-. (11.13)
2P

Vurem YBEIHUYCHHUE MPOBOAUMOCTH CPEABI 3a CUCT JUCCOUALNHN B DJICKTPUYCCKOM II0JIC, T.C.

ko (E
pop =L = Tyl ol ), (11.14)
2% 2%

rie y, — MPOBOAMMOCTB CPE/IbI IPH OTCYTCTBHH OIS, Ky(E) — KOO(hOHUIMEHT YBEIMICHNS IPOBOMMOCTH 32 CYET AMCCOLMALIIH.

Bocnonb3yemcest anee MOJENbIO OJHOMEPHOTO CJIos OOBEMHOTo 3apsiia IUIOTHOCTBIO Ap M TOJIMMHOW h, 4TOOBI
3alUCaThb BBIPAKCHUEC JI HAMIPSAKCHHOCTU 3TOT'O CJ10A
_Ap-h

= . 11.15
2848 ( )

CI

Ecnn HampspKeHHOCTD TOJIsl, co3JaBaeMasi M30BITOYHBIM 3apsi/IOM, COM3MEPHMA CO CPETHHM IIOJIEM B YCTaHOBKE, T.C.
E=E;Tons (11.14) u (11.15) nomyuum
Ao _ M ) (11.16)
pcp hyvokyc(E)
B Tabn. 11.2 mpencraBiieHbl 3Ha4YeHHs 3apsAa MO OTHOUICHHIO K MaKCUMajbHO BO3MOXKHOMY (IIpeAeibHOMY) ¢/gn B
3aBMCHMMOCTH OT IIPOBOJMMOCTH CPEJIbI IIPH CHEAYIOIKUX ycnoBusax i = 0,05 m, E,= 5-10° B/wm, kyo(E)=2,5.
Ta6auna 11.2

7., OM/M 107" 107" 10" 107°
Ap/pey 30 3 03 0,03
9/ 0.7 0.33 0,07 0,007

W3 mpencraBneHHBIX B TAOJUIE JAHHBIX CIIEAYET, 9TO HA KaIUIIX BOABI B HE(TH HE MOKET HAKAIUIHBATHCS CKOIb-HUOYAb
3HaUYMTENbHBIA 3apsiy. OObeMHas 3apska Karenb BOjAbl 3((GEeKTHBHA IS CBETIBIX HE(TEHNPOMYKTOB C BBICOKHUM YAEIbHBIM

COIIPOTUBJICHHUEM. I[J'ISI HG(I)TI/I MO>XHO PEKOMEHAOBATH KOAJICCHCHIHUIO B JJICKTPUYECKOM II0JIE€ C YYaCTHEM MEXaHu3Ma
TIOJIIpU3aIHN.



11.3. KoOHCTPpyKIMH NpPOMBINLJICHHBIX TEeXHOJOIrHYeCKHX YCTAaHOBOK /s 00eccoJMBaHuUs M
00e3BOKUBAHUA
He(pTH U HePTENPOIYKTOB

PaccmoTpeHHbIE BBIIE CHOCOOBI BBIBEACHHS BOABI M3 HE(PTH M HEPTENPOIYKTOB pEaJM30BaHbl B KOHCTPYKLHMSIX
TEXHOJIOTHYECKUX alnaparoB o0eccoNMBaHHA W O00E3BOXKHMBAHMS. PaccMOTpEM cxXeMy mpomecca OOECCOJIHMBaHUS |
00e3BoXkrBaHU ChIpoi HeTH Ha HedTeneperonHoM 3aBoae (HII3), mokazannyto Ha puc. 11.3.

Boaa2+5% Bojga 2+5%

- l DnexTpo- l DnexTpo-
CripbeBoii CMecuTelns NerHIpaTop JIeTHApaTop
Hacoc [©)i1))] (BAD)

y N

ZIpeHaK IpeHaK
BOJIbI BOJIBI
HedTH v y
obecconeHHas
HedTh
W <0,05%
P <20 mr/n

Puc. 11.3. Cxema 06e3BoknBaHusi H odeccomuBanus Ha HIT3

CrIppeBOi Hacoc TOAAeT HE(PTH B CMECHTENb, TAE HMPOUCXOAUT aKTHBHOE BHXPEBOE CMENIMBAHHE HE(TH C MPECHOM
BOJIOH, moOaBisieMoil B KonmudecTBe 2+5 % mo oTHomeHuto K Hetu. [IpecHas Boma aKTHBHO PacTBOPSET COJH, BEIBOIS €€ W3
HepTH. Bomo-HeTsIHAS 3MYIBCHS TMOCTYMAeT 3aTe€M B AIIEKTPOACTHIPATOp — ammapar 1o oOe3BoxuBaHWI0 Hedtu. B sTOM
anmapaTte MPOMCXOANT BBIACICHUE BOIABI U3 CMECH M IOJTy4eHHE 00ecCOJIeHHON He(TH. 3aTeM 3TH ONEepali HOBTOPSIOTCS BO
BTOPOH CTYIEHH TEXHOJOTHYECKOro Ipolecca. B ntore Ha BBIXO/I€ YCTaHOBKH IONy4aeTcst obecconeHHas HeTh ¢ cofep)kaHneM
Boxael W < 0,05 % u coneii P < 20 Mr/i.

KoHcTpykimu »5eKTpoAerupaTopoB mokas3ansl Ha puc. 11.4. DnexTpoaeruapaTopsl IPEACTaBISIOT 3 ce0sl pe3epByapsl C
pa3MELEHHbBIMH BHYTPHU CHCTEMaMH 3JIEKTpoJoB. Paznuuarorcst 1Ba THIAa KOHCTPYKTHMBHBIX DEILCHUI pe3epByapoB, MMEIOIINX
pa3IMYHBbIE TEXHOJIOTUYECKUE TTapaMeTPhI:

1. DI" mapoBoii KOHCTPYKLIUHK V=600 ™’, P=06+7 atm;
2. O/I" muIuHAPHYECKUH BEpPTHKAIBHOTO THIIA V=30, P =16 arm;
3. DI umnuHApUYECKUit TOPU3OHTAIBHOTO THIIA V=160 v, P=16 arm.

BBIXOJ

BBIXO ]

BBIXOJ{ UBH

BXOJ{

JIpeHaK

JpeHaxK

BXOZ

BX0J1

a) 0) 6)
Puc. 11.4. KoHcTpyKIUH 3/1€KTPOJerHIPATOPOB:
a) WapoBOW KOHCTPYKIIUHY;
0)BEPTHKAIBHOTO THIIA,
6) TOPU30HTAILHOTO THIIA

Pabora anmexTponernapaTopoB NPOHCXOAMUT CIEAyIOIMM oOpa3oMm. Pabouas 30Ha co3maeTcs MeXIy 3a3eMIICHHBIM
3NEKTPOJIOM M JIEKTPOAOM, Ha KOTOPBIN IOJaeTcs BBICOKOE HalpspKeHHe. B 3Tol 30He Karuid BOABI MPUOOPETAIOT 3apsisl U,
CTAJIKMBAsICh MEXLy cOOOM, CITMBAIOTCS M YBEJIIMUMBAIOTCS B pa3Mepax. KpynHble Karum BhIaAI0T Ha JHO, 00pa3ysl ClIoW BOJIBI,
KOTOPBIH y#aJIsfeTcst o OTBOLAMMM TpyOam. [IpoayKT st ouucTkr — HeTsHAs SIMYJIbCHS — IOJASTCS 10 TPYOaM, HaXOIALIUMCS
OKOJIO JAHa ammapara. Takum oOpa3oM, cioll HeTH ISl OYMCTKH OT BOJBI JABHUIAeTCs BBEPX, MONAAaeT B aKTHBHYIO 30HY,
OUMIAeTCsl TaM OT BOJBI, M OYMIIEHHas He(Th CKaIUIMBaeTCs B BepxHEH yacTh pesepByapa. Otrciosa oHa ynjamsiercst Iist
JlanbHeHIIe 00paboTKy.

Ha npaxtnke npuMensiercst Tpu Tra pesepByapos. [1lapoBoii pesepByap UMeeT 3HaUNTENbHBINA HEJJOCTATOK, COCTOSIIMN
B TOM, YTO Y HETO €CTh 30HBI, B KOTOPHIX OTCYTCTBYET JIEKTPHUECKOE I0JIe. DTH 30HBI CHIYKAIOT IIPON3BOIUTEIFHOCTD amlapara
00e3BOXHMBaHMS HEDTH.

Taxke HCHONB3YIOTCS LWIMHAPHYCCKHE pe3epByapbl BEPTHKAILHOTO M TOPU30HTAIBHOIO THMA, B KOTOPBIX HET
MPaKTHIECKH 30H 0e3 DJIeKTPUYEeCKOro IMoiisl. [ OpW30oHTaNbHBIE ammapathl HWMEIT OoNbImHi 00beM W OOJBIIYIO
MPOU3BOAUTENHHOCTD, TaK Kak Ojaronapst 6oJblIeMy FOPU30HTAILHOMY CEUYEHHIO almapaT MMeeT OOJIBIIYI0 pabouylo IUIomanb
3NEKTPOJIOB, B 3TOM almapare yCTaHABJIMBACTCS MEHbIIAs BEPTUKAJIbHAS CKOPOCTh HE(TH B 30HE NEHCTBHUS HIIEKTPUYECKOTO
TOJIS.

DekTpoHas cUCTeMa MPeICTaBIseT cO00H HabOp METAJUTMUECKHUX MTPYTKOB TUAMETPOM 2,5 MM TIPH PACCTOSIHUM MEXKIY
Humu 20 cm. IlpyTkm cobuparoTcs B BHIE JABYX IUIOCKHX paM, pacloj0XEHHBIX B ABYX IapajIeNbHBIX IUIOCKOCTSX C



paccTosHHeM MeXay iockocTamu 15+20 cM. IIpyTku B KakIoH paMe pacloyoKeHbl MapaJuIeNIbHO IPYT IPYry, Ha COCeIHMX
: 4 pamax — koMrutanapso (puc. 11.5).
[penbpsBisieMble K 1e3MYJIbraTOpaM TPEOOBAHUS COCTOST B CICAYIOLIEM:
JleaMynbratop He JOJDKSH UMETh HepaOoUuux 30H.
15-20 2. DNeKTpoIHble CUCTEMBl JOJDKHBI CO3JaBaTh O3JEKTPHYECKHE IO 3aJaHHOM
l BEJINYMHBI C PABHOMEPHBIM PACIIPEICIICHUEM.
D--

—_—

3. SHCKTpO)IHI)Ie CHCTEMBI M TE€XHOJIOTHMYSCKUM PEKUM TOJKHBI OBITE OpraHMn30BaHbI
TaKuM 06p330M, yTOOBI HE JaBaTb BO3MOXXHOCTHU KaIlICJIbKaM BOJbl CO3J1aBaThb
3aMBIKAOIIUC JJICKTPOAbI HCTIOYKH.

Puc. 11.5. DuteKTponast cucrema 11.4. TexHoJsiorun 00e3B0KNBAHUA He(PTENPOAYKTOB
JIEKTPOAErHAPATOPOB
Kak Obuio mokazaHo B TpenplAyIIUX Naparpadax METOAbI pa3elieHHs
BOJIO—HE(PTSAHBIX IMYJILCHI 3aBUCST OT KOHLEHTPAI[MH JUCIIEPIUPOBaHHON B HETH BOABI. B 3aBUCUMOCTH OT COIEPIKAHUS BOJIbI
pa3uyaroT: rTy0oKoe 00e3BOKUBAHUE, CBEPXIITyOOKOE 00C3BOKUBAHKUE U 00€3BOKMBAHNE BHICOKOOOBOJHCHHBIX HE(TEH.

11.4.1. I'nydokoe 00e3BokUBaHUE He(PTENPOAYKTOB

[Tpu comepxanuu Boabl W > 0,1 % paccTosiHEe MEXIy KalUIAMH CPaBHUMBI C MX pazMmepamu (a ~ 1+100 Mkm), a npu
cojepskanuu Boabl W < 0,05 % paccrosiHue MexX/1y KaruisiMK OOJIbIIe B OOJIbILE Y/ICIEHOE COPOTHBICHUE IMYJIIBCHH.

ITon rmyOGokuM 00€3BOXKHMBAaHMEM ITIOHMMAETCS HM3MEHEHHE KOHIEHTPAaUM BOJBI OT HAYaJbHOTO 3HAYCHHS C
Wi 2 0,1 % 1o xoHeuHoro ¢ Wy, < 0,05 %. 3T0 COOTBETCTBYET AMANa30Hy KOHIEHTPAIU AIMyJIbIMPOBAHHON BOJBI B CBHIPOI
Hedu. [ToaTOMy premiieM TONBKO COCO0 KOAJIECHICHIINH B 3JICKTPUIECKOM TI0JIE.

Kak Obuto mokaszaHo paHee, YeM BBIIIE HAINPSHKEHHOCTH AJICKTPHUYECKOTO
monsi, TeM 3(QeKTuBHee mporecc KoamecHneHnuu. OTHAKO Ui OYCHb KPYITHBIX
Kameilb B CHJIBHBIX MOJNAX MOSBIAETCS OOpaTHBI 3(GQEKT, MpH KOTOPOM Karulst
MOJSIPU3YETCs, PACTATUBAETCS BAOJB JIMHWH IOMSI M pa3pbIBacTCs. 3aBHCHMOCTh
A KPUTHUYECKOHN HAIPSKEHHOCTH I10JIs1, [TPU KOTOPOI BO3MOXKEH IPOLIECC €€ Pa3pbIBa, OT
pasMepa Kamuu mpencraBieHa Ha puc. 11.2. Jlng yKkpynHeHHs Karedb BBIIIE
A3 KPUTHUYECKOTO pa3Mepa Ipu pabodell HaNpsDKEHHOCTH MO IPUMEHSETCs
CHeuuaabHOE CTyIeHYaToe MUTaHue YCTaHOBKH (puc. 11.6).

h & ot Ha untepsane Bpemenu ot 0 10 #; NPOUCXOAUT YKPYIHEHHE KaNENb 10 Ay,
Puc. 11.6. CTynenyaTtoe nuTanue 3aTeM HalpsDKCHHOCTH TTOJIST CHIDKACTCSl M HAa MHTEpBaJle BPEMEHH OT #; 10 ¢, KaIulsd
VEMaHo&Ku 0h6e360cueanus Hedmu elle yKpyNmHAETCs JIO dy, M TaK Jajee, Moka He OyleT JOCTUTHYT pa3Mep Karelns,
HEOOXOZMMBIH [UIs1 OBICTPOH CeANMEHTAINH.
B neficTBUTENBEHOCTH, AOTOMHUTENBHO K ONMCAHHOMY MEXaHM3My paOOTaeT eIe MEXaHW3M CIUSHHS Pa3HOMMEHHO
3apsHKEHHBIX Kallelb MPH UX ABIKCHUN B TIPOMexyTKe (puc. 11.7).
+ Karumm, mocturass mOBEpXHOCTH 3JEKTPOJA, 3apsKAIOTCS MO HHAYKIHOHHOMY
O MEXaHH3MYy M, OTpbHIBasCh OT IIOBEPXHOCTH OJIEKTPOAA, IBUIAIOTCS BIIyOb
npoMexyTka. Eciam paccTOsHUS MEXAy dJIeKTpolaMd HeOoJblIne, TO KalUld He
yCIIEBAIOT MOJTHOCTBIO MOTEPATH CBOH 3apsia 3a cueT yreukd. CIUsHUE pa3HOMMEHHO
3apsDKEHHBIX YacCTHI] TPOMCXOUT B CITydae UX CTOJIKHOBEHHUS.

E

A

2R

Rolke;

Puc. 11.7. MexaHu3Mm cJOusTHUS

Pa3HOMMEHHO 3apPAKEHHBIX KalleJIb
11.4.2. CBepxriy6okoe 00e3BOKHBaAHUE

ITon cBepxriryOokuM 00€3BOXKHMBAaHMEM IIOHMMAETCS M3MEHEHHE KOHIEHTPALMKM BOJBI OT HAYaJbHOTO 3HAYCHUS C
W<0,05% no xoHeuHoro ¢ W =0. DT0 COOTBETCTBYET [WaNa30Hy KOHLEHTpalMi 3MyJIbIMPOBAaHHONH BOIBI B CBETIBIX
HedrenpoaykTax (OeH3UH, KEPOCHH, TPAaHC(HOPMATOPHOE MacIIo).

Hcnonp3yemas TpaIuIIMOHHO MEXaHUUECKasl OYMCTKA C IIOMOIIBIO (DMIIBTPOB UMEET LENbIi PsiJl HEAOCTATKOB!

1. HeoOxommMa peryisipHasi pereHepanys WA IepHoIIdecKas 3aMeHa (PIITBTPOB;
2. npoxons yepe3 GUIBTP TOINIMBO AOMOIHUTEIBLHO IEKTPU3YETCS.

IHKEKTOP [MpuHtMNIanpHAsE cXeMa YCTAaHOBKH JMJISI CBEPXIIyOOKOTO OOE3BOKMBAHHS CBETIBIX
SSS5 fi‘ -=- He(TEPOYKTOB MpeacTaBicHa Ha puc. 11.8.
1 i PaGouee mnpocTpaHCTBO ammapara YacTHYHO 3allOJHEHO TOPHCTBIM JIHUIJIEKTPUKOM,

KOTOPBIA MMEET CUIILHO Pa3BUTYIO MOBEPXHOCTH U MPEMATCTBYET HHTEHCUBHOMY MEPEMENTUBAHHIO
SMyJIbCHU B TIporiecce paboTsl. HedrempoaykT mocTynaer B cBOGOIHOE MPOCTPAHCTBO Armapara
\ / Yepe3 TOHKYIO BXOAHYIO ILENb, T€ TPOUCXOAUT KOHTAKTHAS 3apsAjaKa Kameib BOAbL Takum
R Saamess 00pa3oM, SMyJbCHs MOCTYMaeT B KaMepy amnmapara yKe 3apskeHHOHW. B cBoGomHOM o0beme
Puc. 11.8. punmunuanpnass  KaMEPbl MPOMCXOIUT HMHTCHCHBHOE IEPEMENIMBAHHE OSMYIbCHH 33 CUET BO3HHKAIOMIMX O]
cxema yCranoBRu At JEeHCTBUEM DJIEKTPUYECKOTO OIS DIEKTPOTHIPOIMHAMUIECKUX OTOKOB. 3apsHKEHHBIE KarelbKu

cBepPXIJy0oKoro
}:’gﬁ‘égﬁg&‘yﬁ?&’; BOJBI, ABUIAsICh II0 CHJIOBBIM JIMHHMSIM 110/, IIOIIAJalOT Ha IIOBEPXHOCTb IHMAJIEKTPUKA H
1 — IOPHCTBIH AMANEKTPHK npwinnaroT K Heil. HoBble kamuy, npumienmue ¢ NOTOKOM, CIMBAaIOTCS C nepBbiMu. Ha

2 — cBOOOHOE TNIPOCTPAHCTBO
MOBEPXHOCTH JUAJIEKTPHUKA HJET MpPOLEecC yKPYIHEHUs NMPHWIMIIINX Kamedb. Kak TONpKO Karuist

BBIPACTACT A0 KPYIHBIX pasMETOB, OHA OTPLIBACTCS U CTEKACT B HMXKHIOKO YaCTh KaMEpPhI.



OCHOBHBIMHU JIOCTOMHCTBAMU 3TON TEXHOJOTUH SIBIISIOTCS:
1. OTCyTCTBHME AMHAMHYECKOTO COIPOTHBICHHUS IIOTOKY HE(TENPOAYKTOB B CBOOOIHOM IPOCTPAHCTBE KAMEPHl;
2. TpocTOTa YIPABICHUS TEXHOJOTHYECKUM MPOIECCOM, TaK KaK MHTEHCHBHOCTh IIpollecca 3aBHCUT OT 3HAYEHUs
MIPUJIOKEHHOTO HANPSDKEHHS U OT BA3KOCTH HEPTENPOIYKTA.
B Hacrosimee Bpems CO3IaHbl YCTAHOBKM Uil OOE3BOKMBAHMS KEpOCHHA IMpU
MIPOMU3BOIUTEIBHOCTHIO 110 2 T/MUH.

3alpaBKE CaMOJICTOB C

11.4.3. O6e3Bo:kMBaHNe BLICOKOOOBOTHEHHBIX HedTei
H AaHOMAJILHO CTONKHMX IMYJIbCHI
Ecte HedTH, B KOTOpBIX BOAa coctaBmsieT Ao 60 %. Takme HedTH mpeacTaBimsAiOT cOOOH Kamiu BOJBI, MOKPBITHIC
HePTIHOI 000JI0UKOH, HEe AIOIIeH 3TUM KaIlIsiM CIIMBATHCS.
[Mporecc yKpynHEHHsI Kaluld BOJbI MOXKET OBbITh OCYLISCTBIICH ITyTEM XMMHUYECKHX H00aBOK, pa3pylIalouX HePTIHYIO
000JI04Ky KarIlesib ¥ TIO3BOJISIFOIIMX KAIUISIM CIMBATHCA.
BropbiM €rocoO0oM, KOTOpBIN SIBISIETCS MPEIIOYTHTENbHEE, SBJISIETCS OpraHM3als KOAJECIEHIMH Karelb BOIbI B
aneKTpuueckoM moiie. Heobxoanmo obecrieunThb, 4TOOBI MPH 3TOM HE BO3HUKAJIO KOPOTKOTO 3aMBIKAHHUSI MEXy JJIEKTPOJaMHU,
KOTOPOE BO3MOXKHO HM3-32 BEICOKOM MPOBOIUMOCTH HE(hTH M HAIMYHS OOJIBIIOTO KOJIAYESCTBA

U kanenb. CyIecTByeT HECKOJIBKO CIIOCOO0B yCTpaHEHHsI KOPOTKOTO 3aMbIKaHUSI:
1. Ha3IEKTPOAAX CO3AATH AUNIEKTPUUECKOE MOKPBITHE;
5 2. oOecrieunTh Ta30BbIi 3230p Y MEKTPOJIA;
- 3. co3maTb BUXPEBOE ABMXEHHUE KHUIKOCTH, KOTOPOE MPEMSATCTBYET 00pa30BaHUIO LIETIOYEK
U3 Karenb;

4. WCIONB30BaTh  ONPEACICHHBIE HCTOYHHKHA  BBICOKOTO
HPEeNOTBPALIAIOT BOSHUKHOBEHNE KOPOTKHX 3aMBbIKAaHHUIA.

HampspKeHUs, KOTOpBIE

Rucpru
HedTh

Hcnonvzoseanue ousiekmpuieckozo nOKpblimus

OTOT Ccrnocod peann3yercss MyTeM HaHECEHHs JHUIJIEKTPUYECKOrO MOKPBHITHS Ha
BBICOKOBOJIBTHBIH AsiekTpos (puc. 11.9).

[Tpy BOZHMKHOBEHUH MPOBOSIINX KaHAJIOB B HE(TU HANPSDKEHHE TPUKIIA/IBIBACTCS
K JU3JIEKTPUYECKOMY CJOI0 M KOPOTKOTO 3aMBIKaHWSl HE IPOMCXOAWT. B HopmambHOM
peKMMe HalpsDKEHHE PacTIpeiessieTCsl MEXKAY CI0eM M HeThIo.
OKBMBAJIEHTHAs CXEMa NPECTABIAETCS B BUJIE OCIIEI0BATENBHOIO COETMHEHHS JIBYX CONPOTUBIEHUH Ze U Rycgyru

1 o

rae z,=—=—;
wc  fg

Puc. 11.9. Annapam
06e36001cuBanUA
8bICOKO0OBOOHEHHBIX Hepmell
U SKGUBAIEHMHAS CXeMd

0 — TONMIIWHA AWAIEKTPHUYECKOTO MOKPBITHS, f — YacTOTa MUTAIOIIEr0 HANPSHKCHUSA, £ — IUIJICKTPUYECKasl MPOHUIIAEMOCTh

JMDJIEKTPHKA, Riyery— SKBUBAJIEHTHOE CONPOTUBIICHHE HEPTH.
Just Toro, 4toObl cinoil HehTH HAXOAWICS IOJ BO3JACHCTBHEM JJIEKTPUYECKOTO MOJsi HE0OXOIUMO, 4YTOOBI Ha
JTUDJICKTPUIECKOM TIOKPBITHH HE BO3HHKAIO OOJBINOE MaJCHHUE HANPSKCHUA. DTO

U~40 kB  KOPOHHPYIOUlie  nocTyraeTcs MYTEM YBEJIMYEHHUs] 4YacTOThl f MUTAMOLIETO HANPSHKEHUs WIA MyTeM
e YBEJINYCHUS &.
BBICOKOBOJIBTHBIE MICTOYHUKH BBICOKOH 4YacTOTHl fnoporu. Kpome Toro, ¢
rasomerit N\ /7 FARNELY pocToM 4acTOTBHI HAIPSDKECHUS YMEHBIITACTCS] MHTEHCHBHOCTb
>Hop oW 3TIEKTPOTHPABINYECKUX TOTOKOB M3-3a TOro, 4YTO He OyAeT co3/aBaThCs
- — izCM M30BITOYHBIX OJJIEKTPUYECKUX 3apsioB, KOTOPBIC SBIIIOTCS HCTOUYHMKAMH 3THX
- - = — HOTOKOB. B pe3yibTaTe HHTCHCHBHOCTD CIUSIHHS KAIleNb [aJaeT.

Puc. 11.10. Cxema npouecca ¢ BO3AYIIHbIM
3230POM MeEIK/IY MOBEPXHOCTHIO KHIAKOCTH
H 3JIeKTPOaMHu

.Hy‘-IIHI/IM PEeHICHUCM OKa3aJIOCh MPUMCEHCHUC IUBJICKTPUYCCKOI'O0 IMOKPLITHSA
H3 KCpaMHKHU C BBICOKUM 3HAUCHUCM &.
Hpumeneuue 24306020 3a3opa

[Iprmenenne ra3oBoro 3a3opa mwurocTpupyercs Ha puc. 11.10. IIpu momade
BBICOKOTO HAaINpsHKCHUSI Ha KOPOHHPYIOIIHE 3JIEKTPOABI B T'a30BOM CPEAE HAJA IOBEPXHOCTHIO HE(YTH 00pasyercsi KOpPOHHBIN
paspsia. JIBikeHHe HocuTened 3apsiioB B He(TH BBI3BIBACT IIOSIBJICHHE IIOTOKOB B CJIO€ XHUAKOCTH. B pe3ynbraTe BO3HHMKaeT
MHTEHCHUBHOE NepEeMEINBaHNE U B3aUMO/IEIICTBIE Kallelb, IPUBOAALIEE K UX CIUSIHUIO.

Cneyuanvnbie UCHOYHUKU 6bICOKO20 HANPAICCHUA

ITo »ene3HbIM goporaM HETH NEPEBO3AT B IUcTepHax. [locie cnuBa HETH UCTEPHBI

A
v MOIOT BomoH. B pesynbrare oOpasyercss Boaa, 3arpasHeHHas HedTbhro. BosHukaer 3amaua
OTIEIHUTH OT He()TH W HCIIOIH30BaTh BOJLYy BTOPHYHO, a HE(PTH MO Ha3HaueHMIo. J{ns perneHus
/\ /\ /\ /\ /\ 9TOH 33724y NPUMEHSIOT NCTOYHUKN MMITYJIECOB BBICOKOTO HAIPSDKEHUS CHEUAaIbHOW (hOPMBI
(puc. 11.11).
. > BBICOKOBOJIBTHBII MCTOYHMK JUIS arlapara OTJeNIeHNs] BOJABI OT He()TH BBIPaOATHIBAET
1

UMITyJIbCHOE HaNpsDKeHHE, KOTOPOE HCIIONB3yeTcs Ui pas3pylleHHs HeTSHbIX 000I0ueK Ha
Karusix BoAsl. JUTeIbHOE TOCTOSHHOE HAMIPSHKEHUE 00ECTICUNBACT CIUSHIE Kalenb BOBI.

12. TEXHOJIOI'MX C ITPUMEHEHHUEM
IUIA3BMO - XUMMWYECKHUX PEAKIINU

Puc. 11.11. ®opma nuTawIero
HANPSZKEHUs



12.1. OcHOBBI IIA3MO — XMMHYECKHUX Npeodpa3zoBaHuii

Jo nacmosuezo momeHma Mvl paccmMampusaiu amomvl U MOJEKYIbl 6 8030yXe, UX 6030yicoeHue, OUCCOYUAYUIO,
UOHU3AYUIO U 6030YIHCOEHUE He AKYEHMUPYs BHUMAHUE HA XUMUYECKUX NpPeobpazoeanusix, KOMopvle RPOUCXOOAmM C IMUMU
yacmuyamu. Tenepb Mbl paccmMompum nPOYECcCbl XUMUYECKUX NPeoOpa308aHull, KOMOopble NPOUCXOOAM € PA3IUYHBIMU AMOMAMU,
MONEKYIaMU, AKMUBHLIMU PAOUKANAMU U  UOHAMU, KOMOpble BO3HUKAIOM 6 npoyecce @OOPMUPOSaHUs U pazeumus
INEKMPUYECKO20 paA3psaod 6 6030yxe.

Bce @usuxo-xumuneckue npoyeccvl npoucxoosiuyue 8 niazme 24308020 paspsaod MONCHO PA30eiums HA MPU 6PEMEHHbIX
uHmepsana:

1. At~10""c - Ha 5TOM HHTepBase BPEMEHH 3aBEPIIAIOTCS POLECCH BO3OYKICHUS ATOMOB H MOIIEKYJT 2JICKTPOHHBIM
i GOTOHHBIM yAapOM;

2. At~107" ¢ — Ha 5TOM MHTepBaJIe BPEMEHH 3aBEPIIAIOTCS POLECCH HOHM3ALMU U THCCOMALINH aTOMOB ¥ MOJIEKYIT;

3. 5TOT HHTEpPBAI BPEMEHH MMEET IEPEMEHHYIO TPOIOKUTEIBHOCT BILIOTH 10 Af ~ 107 ¢ B 3aBHCHMOCTH OT COCTaBa
rasa, TEeMIEpaTyphl U JAaBJICHUS — 3TO CTAJUsI XUMUYECKHUX MPOLIECCOB U PEaKIUH.

12.1.1 TloHsATHE KUHETUKU XUMUYECKUX PEAKIUil

Xumuueckasi KUHEMUKA — 5MO YYeHue MeXaHusmos U 3aKOHOMEPHOCMeEU NPOMEKAHUS 60 6PEeMEHU XUMUYECKUX
npoyeccos. 1100 xumuyeckoli peakyueu NOHUMAEMCA NPOYECC NPeBPaujeHUs 0OHO20 UIU HECKONbKUX Geuwecms (peazeHmos) 8
sewecmea (MpoOOYKmbl peaxyu), OMIUYAOWUecs oOm UCXOOHbIX NO XUMUYECKOMY WU US0MONHOMY COCMABY, NO CMPOEHUIO
MONEKYL UnU 3apsioy.

B 6onvuuncmee ciyyaes xumuueckuil npoyecc npoucxooum He Nymem npsimMo20 NpeepaweHust UCXOOHbIX GeUuiecms 6
NPOOYKMbL  peaxyuu, @ COCMOUm u3 HecKOIbKux cmaouti. Kaoicoylo uz smux cmaouti MOJNCHO paccMampugams Kax
CAMOCMOSIMENbHYI0 XUMUYECKVIO PeaKyulo cO COUMU UCXOOHbIMU 8eujecmeamu u npodykmamu. Takue peaxyuu Ha3vlearomcs
NEMEHMAPHBIMU.

Baocnetiwumu  xapakmepucmukamu  XUMUYeCKol peakyuu A6NAIOMCS CmeneHb npespaujeHust (m.e. OMHOWEHUe
KOIUYeCmed 6eujecmed, GCMYNUsUWe20 6 peakyuio, K €20 UCXOOHOMY KOAUYecmsy) u CKOPOCHb peakyuu (m.e. KOIUYeCmEo
seujecmed, BCMynaowezo 8 peakyuro i 00pazyiowezocs 6 pesyibmame peakyuu 8 eOUHUYy 8pemMeHU 6 eouruye 00vema):

o= id—N,
dt
20e N —uucno moneii (unu monexyn) 8 eOuruye oovema.
THosichum ckazannoe Ha npumepe peakyuu:
a4 +bB —>cC+dD, (12.1)
20e A, B, C, D — peacenmul u npodykmel peaxkyuu, a uucia a, b, ¢, d — cmexuomempuueckue Ko3¢guyuenmol, Komopwvie
onpeoensiom KOIUYeCmeeHHble COOMHOUEHUS], 8 KOMOPLIX 8eUjeCmed 6CTYRAION 8 PEAKYUIO.
Hanpumep:
2NaOH + H,SO, — Na,SO, + 2H,0.

B smou peaxyuu: NaOH u H,SO, — peazenmui;, Na,SO,u H,O — npodykmul peaxyuu. CmexuomempuuecKkue
ko3uyuenmor a =2, b = 1, ¢ = 1, d = 2 nokaswieaiom, umo eciu 6 peaxyuio scmynsam 0éa moasi NaOH u ooun more H,SO,, mo
MU ewecmea npopeazupyiom noIHoCcmvio u oopazyemcst 00urn moab Na SO, u osa moas H,O.

Cropocmb usmenenusi NIOMHOCMU KAXCO020 peazeHma uiu npoOyKma peakyuu 8 xooe maxou peaxyuu 6yoem ces3ana
CO CKOPOCMbIO pearyuu CiedyIouuM COOMHOUEHUEM.

_1dN, 1dNy 1dNc 1dN,

a dt b dt ¢ dt d dt

s anemenmaphvlx Xumuieckux peaxkyutl oeicmeyem ciedyloujee 0600uenHoe npasuio XUMUYecKol KUHEMUKU (3aKOH
Oeticmeyiowux MAacc): CKOPOCMb  INEMEHMAPHOU XUMUYECKOU peakyuu 6 Kadcoblli MOMEHM 6PeMeHU NPONOPYUOHATbHA
NPpOU3BEOeHUI0 MEKYWUX KOHYEHMPAYUtl peazsupyrouux 6eujecms, 63amvlx 6 CHENeHsAX, DPAGHbIX CMeXUOMempUiecKum
ko3 uyuenmam. s peaxyuu (12.1) svipascenue ons ckopocmu peakyuu 0yoem umems U0

@ :k‘(NA)a '(NB)br
20e k — koncmanma cxopocmu peaxyuu, Hezagucumasi om niomumocmu peazenmos. Ee euje nazvieaiom yoenvbHOU CKOPOCHbIO
peakyuu, NOCKOIbKY NpU KOHYEHMPAYUU KadCO020 U3 peasupyiomux eeujecms, pasHol eounuye, OHA PABHA HAKMUYECKU
CKOpOCMU peakyuiu.

Ionsmue Koncmanmol CKOpOCMU pearyuu WUPOKO UCHONb3VEMCA 6 NIA3MO-XUMUYECKUX MEXHOIO2USAX NpU OYeHKe
UHMEHCUBHOCTNUL U POJIU NPOUCXOOSUUX 8 HUX XUMUUECKUX PeaKyull.

Ipu npomexanuu peaxyuy no cMaoUsiM RPOU3BO0SIMCSL U PACXOOYIOMCSL MAK HA3bIBAEMbLE NPOMEIICYMOYHBIE BEUECEA,
KOmopbvle 00bIYHO NPeOCmasIaAm U3 cebs XUMUYECKU AKMUBHblEe YaACmuybl — UOHbL, B030YAHCOEHHble MOLEKYIbl, C80000HbIC
paouxanvi. C60000Hble pAOUKATILL — IO MOAEKYIbL 8 0CODOM COCMOAHUU, KO20d NPOUCXOOUN PA3PBIE CEA3U MeHCDY amomMamu, u
MU MOAEKYIbl NPUOOPEemaiom, maxkum oopazom, c6000OHbIe 8aleHMHble C8A3U. B pe3ynsmame c80000Hble paduKaibl NOIYYAOm
HEeKOmMOopYIo u30blMOUHYI0 NOMEHYUATLHYIO IHEP2UIO NO CPABHEHUIO ¢ UCXOOHBIMU MoNeKynamu. Kak credcmeue smo npusooum x
yeenuuenuto xumuueckoti akmusnocmu. Ce0600HbIE PAOUKATbL CYUWeCmeyIom ouenb Kopomkoe spems (~107).

Cs0600HbIe paduxansl 06pa3yOMCs, HaAnpumep, Npu 83aUMOOeUCMBUL MOJIEKY C JNIeKMPOHAMU 8 INeKMPULECKOM NoJe:




oz

HICSH+ ¢ —> HEC +°H + e

H H aToM
MoKy MeTibHpr BOACPONA
MeTaHa panuKan

Honvi, c60600HbIE amombl U padukaibl UMEIOm HECNapeHHble INEeKMPOHbL HA GHEUHell I1eKMPOHHOU 000NI0UKe U 6 C6A3U
C UX BbICOKOU XUMUYECKOU AKMUGHOCMbIO UX HA3bIGAIOM XUMUYECKU AKMUGHbLIMU dacmuyamu. Bo36ysicoennvie monexynsi u
amombvl CIyHcam nepeoamuuKkamy dHepeUuu om 3JIeKMPOHO8 NIAA3MbL K AKMUSHLIM (UOHUSUPYEMbIM UNU OUCCOYUUPYEMbIM)
amomam unu MoAeKyiam.

CrnoorcHbie peakyuu coCmosam u3 NPOCMuvIX peakyuti (cmaouii), Komopuvle MOHCHO 8 C8010 0Uepedsb KIACCUGuyuposams no
HeCKONbKUM SPYNNAM.

1. HeobOpatumele peakumu Bunma: A — B. Xumuyeckue peakiMy Ha3bIBaIOTCS HEOOPAaTUMBIMH, €CJIHM BEIIECTBa
MPaKTHYECKH TTOJIHOCTHIO IPEBPAIAIOTCSl B KOHEUHBIN MTPOMYKT. BaKHEHIINM ycIoBHEM HEOOPaTUMOCTH XUMHYECKUX PEakInit
SIBISIETCSI BBIICJICHWE OIHOTO W3 MPOIYKTOB PEaKIM{ B BHUJE OCajka, oOpa3oBaHHE ra3000pa3HOTO MPOAYKTAa PEakIyuu 0o
00pazoBaHue MaJOANCCOLIMUPOBAHHOTO MTPOIYKTa PEakuuy (Harprumep, BOJBI).

2. [lBycropoHHHME wnnu oOpaTHMbIe peakuuu BHIa: A <> B. BoOnpmias yacTh XHMHYECKHX peaknuii oOparuma.
OOpaTUMbIMH  Ha3bIBAIOTCSI TAaKWE€ XUMHYECKHE pPEaKIMM, KOTOpble IPOTEKAl0OT TIPH JaHHOH TeMIepaType B JBYX
MIPOTHUBOIIOIOXKHBIX HAIPABIECHHUSIX — IPSIMOM U OOpaTHOM.

3. Ilapamnensnsle peakiuu Buga: A - B, A > C, A > L;

4. TlocnenoBarenbHble peakuuu Buga: A - B, B—> C, C— L.

Cam mporecc WM akT XMMHUYECKOrO MPEBPAIICHHs 3aKII0YaeTCs B TOM, YTO IPU COJIDKEHUH JABYX WM HECKOJIBKHX
YacTHIl MPOMCXOIUT IOCTEIICHHAs NEpecTpoiika cBsA3ell Mexny aromamu. IIpm 3TOM OZHM CBS3HM Pa3phIBAIOTCS, a APYTUe
o0pa3zyrorcsi. B pe3ynpraTe U3 HCXOIHBIX BEIIECTB 00Pa3yrOTCs MPOAYKTHI PEAKIIHH.

CocTosiHME, B KOTOPOM OJHHM CBSA3M YK€ DACTSHYJHCh, HO €Ile HE pa3opBajiCh, a HOBBIE TOJBKO 00Opa3yroTcs,
Ha3bIBACTCSl IEPEXOAHBIM cocTossHHEeM. (COBOKYITHOCTb YacTHIl, HAXOIIIIUXCS B
IEePEeXOJHOM COCTOSHHM 0O0pa3yeT, TaKk Ha3blBaeMbll, aKTHBHPOBAHHBIN KOMILIEKC,

[I...H...H]
KOTOPBIX B MCPEXOJHOM COCTOSAHUU HAXOAUTCA HAa BCPIIMHE NOTCHIHUAJIBHOT'O 6apLepa.

o B kauectBe mpumepa paccMorpuMm xon peakiuu H,+I,=2HI, kotopas, kax
HIHH MOKa3ajJy COBPEMEHHBIE HCCIENOBaHMS, SABJSETCA CIOKHOM peakiyed, cocTosAlled u3
TpeX 2JIEMEHTAapHBIX PEAKIIUN
L — 205 I"'+H, > HI+H; 2H - H,.

BpeMs peakLiu t

Paccmotpum Gostee moapoOHO BTOpPYIO 3JEMEHTapHYIO peaknuio. B mpomecce
g;‘fé;}gﬁ}éfn’iefﬁﬁﬂggﬁoﬁ IPOTEKAHUs STOil peaKkIMy CHayala pamukan foga | cOmmKaeTcs ¢ MOJEKYIOH
PeaKIuy Ha IKaTe BOJOpOJa, Jajlee CBSI3b MEXKAY aroMaMd BOAOPOJAA pacTATUBaeTCs W oOpasyercs
NOTCHIHAJIBLHOU SHCPIUH AKTUBHBIN KOMIDJIEKC, COCTOSIIIIUI M3 aToMa Ho/ia U AByX aTOMOB Bojxopofa. M, HakoHer,

(dopMmupyeTcst CBA3b MEXAYy aroOMOM MHoma M aTOMOM BOjOpona U oOpasyercs

HECBSI3aHHBIHN panukan Bogoponaa. CxeMaTHdHO MyTh 3TON peakIuu n3oopakeH Ha puc. 12.1.
[TpumepaMu OBICTPO TPOTEKAIOLNIMX XUMUYECKUX PEAKIMH MOTIYT CIY)XKUTb PEaKIM{d THUIAa B3pbIBA, a MEAJIECHHO
NPOTEKAIOIINX PeaKkUUid — peakuuu (GepMEeHTAlMd BHHOTPAJHOTO COKa C ITOJNyYeHHEM

m _— BUHOTDAJIHOTO BHHA, KOTOPbIE MPOTEKAIOT OT HECKONBKMX MECSLEB /IO HECKOLKHX JIeT.
Am Ha mpaktuke cKOpOCTh XMMHUYECKOI peakinh MOXKHO ONpPENeNuTh rpaduiecku
13 3aBUCUMOCTH MacChl MPOJYKTa XMMHUYECKOH PEaklMK B €MHUILIE 00beMa OT BPEMEHU
o= Am npoTekanus peakuuu (puc. 12.2).
At
At 12.1.2. OcoOeHHOCTH ITa3MO-XUMHUECKUX, OTO-XUMHUICCKUX

1 paaualiluOHHO-XUMHUYICCKUX peaKHI/Iﬁ

CKOpOCTL OOJIBIIIMHCTBA XMMHUYECKUX peaKL[I/Iﬁ pacTeT C MOBBIIICHACM

HPOLYKTa peaKiuu oT BpeMenH TEMIICpATypPHhI. DTO CBA3aHO C TEM, YTO ,I[aHC\I’(O HE KaXX10€ CTOJKHOBCHHEC MOJICKYJI

PeaKLHH U OlpeIeseHHe CKOPOCTH pe€arupyromux BEIICCTB IIPUBOANUT K XUMHUYCCKONU PCAKIIUA MCKIY HUMM. I[JI}I TOTO YTOOBI

XHMHYECKOI peakuuu O6pa30BaJ]I/ICB HOBBIE€ MOJICKYIJIbI, HeO6XOI[I/IMO MpeABapuTEIbHO 0CJIa0UTh WA pasopBaTb
CBA3HM MEXIY aTOMaMHU B MOJICKYJIaX UCXOIHBIX BEIICCTB. ﬂﬂ?{ 3TOr'0 Tpe6yeTC;1 3aTpara

ONPEACIICHHOIO KOJIMYECTBA SHCPIHH. IToBpImICHNE TEMIIEPATYPBI O3HAYACT YBCIMYCHUE XAOTHYECKOIO0 IBMIKCHHA MOJICKYII.

3aBUCHMOCTHb KOHCTAHTEI CKOpPOCTH pC€akKuH OT TEMIICPATYpPhI NEPEAACT MOJTYIMIIUPUICCKOE YPABHCHUE AppeHHyca:

Puc. 12.2. 3aBucHMOCTH MacChl

k= Ae “r ,

rae A — HeKoTopask KOHCTaHTa, 3aBUCAIIAs OT BCTYMAIONIMX B PEAKIMIO BEMIECTB; R — ra3osas nocrosuuas; T — Temneparypa; E,
— TaK Ha3bIBAEMAast SHEPIHs AKTUBALIUK PEAKIIUH.

DHeprueil akTUBAIMU Ha3BIBAIOT W30BITOUHYIO SHEPTHIO, KOTOPAs J0/DKHA OBITH COOOIIEHA MOJIEKYJIaM ISl TOTO YTOObI
MX CTOJKHOBEHHE MOTJIO MPUBECTH K OOPa30BaHHWIO HOBOTO BENIECTBA (T.€. MPOM30IIIA XHMHUUECKAS PEAKIHS MEKITY STHMH
YyacTHI[aMK). BeanunHa SHeprud aKTUBAIIMK 3aBUCUT OT BHIA PEATUPYIOIINX YACTHUIl U OT UX SHEPTETHUECKOTO cocTosHMs. Tak,
JUTSL peakIiii MEKTy BaCHTHO-HACHIIIEHHBIMA MOJIEKYJIaMH (BXOIAIINE B MOJIEKYJIBI aTOMBI HMEIOT MOJHOCTHIO 3alOJTHEHHYIO
BHENIHIOK 3JIEKTPOHHYIO 000JI0UKY) SHEPrHsl aKTHBAlWMKM OJNM3Ka K SHEPrud aucconnanu u coctasiseT 100+200 kJIk/Moib.
Peakuuu atoMoB (WMIM pajMKaIOB) C MOJIEKYJaMH IIPOTEKAIOT € MPOMEXKYTOUHBIMH 3HAYECHHSIMHM OSHEPIUM aKTHBALMU



(40+100 xI>x/Momp). Peakiun Mexxay aToMaMH M paguKaiaMy (WIH MEKIY paauKaiaMi) MPOUCXOIST C dHEPrhuel aKTHBAIlUN
OJTU3KOH K HYJIIO.

TakuMm 00pa3oM, XMMHUYECKHE PEAKIMK UAYT YCIEUIHO TOT/a, KOTJa PeareHThl MpHoOPETaloT ONpeIeIEHHOE KOJIMYECTBO
SHEPIUH, W TJIABHOW OCOOEHHOCTBHIO IIA3MOXHUMMYECKHX PEAaKIMH SIBISETCS TO, YTO B Ta30pa3psAHON IUIa3Me MoJ JeHCTBHEM
Pa3IMYHBIX BHEIHUX BO3JACHUCTBHI aTOMBI U MOJICKYJIBI UMEIOT BO3MOXKHOCTh TIEPCHTH B aKTHBHBIC YAaCTHUIIBI: PAJUKAIIbI, HOHBI
WIA BO30YKICHHBIC YaCTHUIBI. DTO OOCTOSTENBCTBO IMO3BOJSCT MPEONOJCTh MOTCHIMAIBHBIA Oaphep COBEPIICHHO HOBBIX
3JIEMEHTAPHBIX XMMUYCCKHX PEaKITHid, YTO 00eCleurnBacT 00pa30BaHUEe COBEPIICHHO HOBBIX XUMHUCCKUX COCTUHECHUIN HHUKOTIA
He 00pa3yroIUXCcs B JAHHBIX YCIOBUSX, JIN0O TO3BOJISIFOT CO3/IaTh MEPEKOC B CKOPOCTSIX 00PATUMBIX XUMHUYCCKUX PEAKIU H TeM
CaMbIM CO3/1aTh YCIIOBHSA ISl HapaOOTKH TaKUX IMPOAYKTOB PEAKIMH, KOTOPHIC MPU HOPMAIBHBIX YCIOBHSX UMCEIOT KpalHe
HU3KHC PaBHOBECHBIC KOHIICHTPAIIHH.

[lpuBeneM TmpakTWYeCKH BaKHBIE MPHUMEPHl HCIONB30BAHMSA  IUIA3MO-XHMMHYECKHX peaknuid. Hambombmiee
pactpocTpaHeHHE TTOYIMIT IIEKTPOCHHTE3 030HA, T.€. IpeoOdpa3oBaHme MOIeKyn kuciopona O, B Monekynsl o30Ha O;. [Tmazma
ra30BOTO pa3psijia UCHOIB3YETCs AJS ero IMONyYeHHs YXKe OKOJIO cTa jeT. Bece 3To BpeMs Iien HempepbhIBHBIN Mpolecc MOucKa
Oosee palMOHaNIBHONW (OPMBI ra30BOro paspsia M YCIOBHH NMPOTEKaHHsS XUMHYECKHX peakiuil. [loaToMy 3T peakuuu Ha
CETOHAIIHUHN IeHb HanboJee CCIeI0BAHbI U SBIAIOTCS OCHOBOH [T JaTbHEHUIINX pa3paboToK.

Bonee nmecsitu et BeayTcs MCCICIOBAHUS MO MPUMEHECHHUIO IIA3MbI Ta30BOTO pa3psijia il OYHCTKH Ta30BBIX BHIOPOCOB
TEIUIOBBIX JICKTPUUCCKUX CTAHIIUN OT OKCHIOB a30Ta U cepbl. CO3aHbI MAIOTHBIC YCTAHOBKH, BEIYTCS aKTHBHBIC HCCIICIOBAHUS
Y TIOUCKHU HOBBIX TEXHUYECKUX PEIICHHN.

B mocnenaue rompl HadaThl pabOTH O MPUMEHEHUIO TIa3Mbl UMITYJIBCHOTO TAa30BOTO pa3psa JJIs OYUCTKH Ta30BBIX
BEIOPOCOB JTAKOKPACOYHBIX, TaTbBAHMYCCKUX W IPOIMUTOYHBIX MPOHU3BOJCTB OT MAPOB PACTBOPHUTENCH M KOMIIAYHIOB B 3aMEH
HEProEMKUX TEXHOJOTHIA BEICOKOTEMIICPATYPHOTO JIOXKHTA.

12.2. I'enepamoput 0301Ha u 030HHbIE MEXHOI02UU

12.2.1. ®u3nKo-XxMMHYECKHE U ONOJIOTNIECKHE CBOHCTBA 030HA

O30H — 3mMO 8MOpoe OMHOCUMNENbHO YCHOUYUBOe COeOuHeHue (AIOMPOnHoe) Kuciopood. B omauuue om monexynvi
KUCIOpoOad, MONEKYId 030HA COCHOUM U3 mpex amomog u umeem 6onee ONUHHbIE CEA3U MEANCOY AMOMAMU KUCIOpoOd (OnuHa
ces3u 6 monexyne ozona 128 A, 6 mo spemsa kax onuna cessu é monexyne xuciopooa 121 A).

du3nyeckue cBoiictBa 030Ha. O30H MOJCem CYwecmeosamsv 60 6cex mpex azpecamuvlx cocmosnusix. Illpu
HOPMAIbHBIX YCIOBUSX 030H — 2a3 2onybosamozo ysema. Temnepamypa kunenusi o3oma paena — 112°C, a memnepamypa
nnaenenus cocmasasiem — 192 C .

C080 030H 6 nepeode ¢ 2pevecKo20 O3HaYaem «NMAXHYWULY U MO0 HA36aAHUe OeliCMEUMENIbHO Ompajcaem OOHY U3
ocobennocmeli 030Ha, M.K. €20 XapaKmepHbiil 3anax nposensemcs ysxce npu konyenmpayusx 107107 %,

bnazodaps ceoetl xumuueckoi akmu@HOCMU O30H UMeem O4eHb HU3KYI0 NPedelbHO-O00NYCHUMYIO KOHYEHMPAYUio 6
6030yxe (cousmepumyio ¢ ITIK Goesvix ompasnsiowux eewgecma) 5-107 % unu 0,1 me/n’.

XuMuyeckue cBoiicTBa 030Ha. Ciredyem ommemums npesicoe 6ce20 08a OCHOBHBIX CEOUCMBA 030HA.!

1. O30on 6 omauuue om amomMapHo20 KUCIOPOOA SAGNAEMCS OMHOCUMENbHO YCMOUUUGbIM coeduneHuem. O
CaMonpou3BOIbHO Pa3iazaemcsi npu 6biCOKUX KOHYEHMPAYUsX, NpU IMOM YeM Gbliie KOHYEHMPAyus, mem eblile CKOPOCHb
peaxyuu paznodicenus. Ilpu ronyemmpayusx ozona 12+15 % o30n moocem paznazamovcsi co e3pvisom. Cnedyem makoice
OMMEmMuUmMyb, YMO NPOYECC PA3IONCEHUS. O30HA YCKOPAEMCA C POCHIOM MEeMNEpamypsl, a CaMd peaxyus pasziodiCceHus
20330, + 68 KKan 9K30mMepMUsHa U CONPOBONCOAemcst 8bloesieHueM O0IbUL020 KOIUYeCmed mend.

2. O30H A61s1eMCsi OOHUM U3 CUTLHEUIUMUX NPUPOOHLIX okucaumenel. OKuciumenbHolll NOMeHYual 030Ha COCMasisaem
2,07 B (onsa cpasuenus y pmopa 2,4 B, a y xnopa 1,7 B).

O30H oKuCIsiem 6ce MEManlbl 3a UCKIIOUEHUEM 3010MA U 2PYNNbL NAAMUHDL.

O30H 000KUCTAEM OKCUObL CEPLL U A30MA:

SO,+0; ——>S0;+0,
NO+0O;——>NO,+0,
NO,+0; ——>NO;+0,
NO,+0;——>N,05+0,
O30H oKucsiem amMmuax ¢ o6pa306auueM HUumpuma amMmMOHRUA!
2NH;+40; =NH,NO;+H, 0+40,.
O30H akmusHo ecmynaent 6 pedkKyuro ¢ apomamudecKkumu COCOUHEHUIMU C paspyuwenuem apomamudecKkoco ;u)pa. B
YACMHOCMU 030H peazupyem ¢ eHoNoM ¢ paspyuieHuem sopa.
O30H aKMUBHO 83AUMOOCICBYEeN ¢ HACLIWEHHBIMU Ye1e8000POOAMU C PA3PYUWEHUEM 0BOUHBIX YeNePOOHbIX CE53ell.
Bzaumooeiicmeue o3ona ¢ opeaHu4ecKumu COCOUHEHUAMU — HAXOOUM wupokoe npumeHeHue 6 XUMUYECKOT
NPOMbBIUWIIEHHOCMU U 6 CMEJNCHbLX OMpPACIIAX. Hcnonvzosanue peakyuu 0O30Ha ¢ Henpedeﬂbnbwu COCOUHEHUSMU NO3805€em
noay4ams UCKYCCMEBEHHbIM nymem pas3ludlble OJHCUPHble KUCiombvl, dMUHOKUCIONIbl, COPMOHbL, 6UMAMUHbL U NOJUMEPHbIE

mamepuanvl. Peaxyuu o3oma ¢ apomamuueckumu yeneeo0opooamu — OUGEeHUnosylo KUciomy, @manuesviti Ouaiboecud u
@dmanesyro kuciomy u op.



Peaxyuu o3ona ¢ apomamuueckumu coeOUHeHUAMU Ae2IU 8 OCHOBY MEXHOIO2Ull 0e3000payuu pasIuyHbIX cpeo,
noMeweHuil U CIMOYHBIX 600.

BuoJsiornyeckue cpoiicTBa 030Ha. Hecmomps Hna 007buioe KOIUHECBO UCCIE008AHUN MEXAHUSM HEOOCMATOYHO
Packpuim.

H3zeecmmno, umo npu 6bICOKUX KOHYEHMPAYUAX O030HA HAOMO0AIOMCS NOPAdCeHUus ObIXamenbHulX nymel, AeeKux u
cnusucmoti obonouku. [numenvroe 6ozoelicmeue 030HA NPUBOOUM K PA3GUMUIO XPOHUYECKUX 30001e6aHUll J1e2KUX U B6EPXHUX
ObIXAMeNbHbIX Nymeil.

Bo3soeiticmeue manvimu 0ozamu 030Ha oKazvleaem NPOGUIAKMUYECKOe U mepanesmuyeckoe go30eticmeue u HauuHaem
AKMUBHO UCNONL30BAMbCA 8 MEOUYUHE.

Os0n 6030eticmeyem HA 6ce MUKDOOP2AHUMbL, paA3PYUlds Memopany u okucisas npomonnasmy. Ilpu smom ciedyem
ommemumy, Ymo KOHYEHMpayuu 030Ha 2youmenvrvle 01 NPOCMbIX MUKPOOPSAHUSMO8 HA HECKONbKO NOPAOKO8 HUdice, Yem Onsl
boee 8bICOKOOP2aAHU30BAHHBIX.

12.2.2. OcHOBHEBIE CITOCOOBI ITOTyYSHUS 030HA

O30n obpazyemca uz xuciopooa. Cywjecmeyem HeCKOIbKO CNocob08 NOyYenus 030Hd, cpedu KOmopwlx naubonee
DaACnpoCmMpanenHbIMU AGNAIOMCA: INEKMPOTUMUYECKU, POMOXUMULECKUI U DNEKMPOCUHMES 8 NA3Me 2d306020 Pa3pAda.

Dnekmponumuueckuii Memoo Cunmesa 030HA OCYWECMEIAeMCA 8 CHeYUANbHLIX DNeKMPOIUMUYEcKUX svelikax. B
Kayecmee 3JeKmpoaumos UCHOIb3VIOMCA — pACmeopsl pasiuunelx Kuciom u ux coau (H,SO, HCIO, NaClO, KCIO,).
Obpaszosanue 030Ha NPOUCXO0UM 3a CYEM PA3N0ICEHUs 800bl U 0OPA30BAHUA AMOMAPHO20 KUCIOPOOA, KOMOPbILL NPUCOEOUHACH K
MOJIeKyne KUcnopooa oopasyem 030H U MOJEKYIYy 6000pood. Dmom Memoo NO360Jsen HOJYYUmMb KOHYEHMPUPOBAHHBIU O30H,
OOHAKO OH 8eCbMA IHEP2OeMKULL, U NOIMOMY OH He HAULe WUPOKO20 PACIPOCMPAHEHUS.

Domo-xumuuecKuii Memoo noyueHus 030Ha npedcmasiiem u3 cebs Hauboaee pacnpoCmpaHeHHblll 6 NpUpode chocoo.
Obpasosanue 030Ha NPOUCXOOUM NpuU OUCCOYUAYUU MOTEKYIbl KUCIOPOOd HOO Oelicmeuem KOpomKko8oIH08020 Y@ uziyyenusi.
Omom memoo He no3eonsdem NOAY4aAmMb 030H GbICOKOU KOoHyenmpayuu. IIpubopsl, ochoganHvle HA IMOM Memooe, NOAYHUIU
pacnpocmpanenue 015 1a00pamopHbIX yeell, 8 MeOuyuHe U RUWeBol NPOMbIUTEHHOCTU.

Dnekmpocunmes 030Ha noxyyun Hauborvuiee pacnpocmpanenue. IMom Memoo coyemaem 8 cede S03MOHCHOCHb
NONYYeHUsl  030HA  GbICOKUX — KOHYeHmpayuti ¢  OONbWioll  NPOU3EOOUMENbHOCbIO U OMHOCUMETbHO — He8bICOKUMU
9HEpP203aMPAMamu.

9JICKTpOCPIHT€3 0O30Ha

B pesynpTare MHOTOYHCIEHHBIX HCCIEJOBAaHUI IO KCIOJB30BAaHHUIO PA3IMYHBIX BUAOB Ta30BOr0 paspsja Amsd
SIIEKTPOCUHTE3a 030HA PACHIPOCTPAHEHHE TOTYYHIIN alllapaThl HCIOIb3YIONe TpH (GopMbl paspsiia:

1. BapbepHBIii pa3ps/ — MONTYYUBIIHNA HAHOOJBIIICE PACIIPOCTPAHCHHE, IPEACTABIISICT U3 ceOsT OOJIBIITYI0 COBOKYITHOCTD
HUMIIYJIbCHBIX MUKPOPa3psaI0B B Ta30BOM IMPOMEXYTKE JUTMHOM 1+3 MM MeXmy IBYMsI 2JIEKTPOAAMH, Pa3/A€iICHHBIMU OJHUM MU
JIBYMS TUDJIEKTPUYECKUMH OapbepaMy IPH MUTAaHUN JICKTPOAOB IIEPEMEHHBIM BBICOKMM HampspkeHHeM dactorod ot 50 I'm mo
HECKOJIbKUX KHUJIOTepL];

2. TloBepxHOCTHBIN paspsan — Ommskuii mo ¢opMme K OapbepHOMY paspsay, HOJYYHBIIMHA pPAacHpOCTpaHEHHE B
MOCJIeIHeE  AECSATWIETHE Onaromapss CBOEH MPOCTOTE W HAACKHOCTH. Tak JK€ NPEACTaBISIET W3 ce0s COBOKYIHOCTh
MHUKpPOpPa3psI0B, Pa3BHBAIOIINXCS BAOJIb ITOBEPXHOCTH TBEPAOTO AMAICKTPHKA IIPH HHUTAaHWH D3JIEKTPOAOB IEPEMEHHBIM
HanpspkeHueM yactoToi ot 50 I'n mo 15+40 xI'm.

3. MnynbCHBIA pa3paj — Kak OpaBUIO CTPUMEPHBII KOPOHHBIN pa3psijl, BO3HUKAIOIIUI B MPOMEKYTKE MEXKIY ABYMS
NIEKTPOJAMHU TIPH NHTAaHWU 3JIEKTPOJOB HMITYJbCHBIM HANPSDUKEHHEM JUIMTENBHOCTBIO OT COTEH HAHOCEKYHZ 1O EIMHUI]
MHUKPOCEKYHI.

N3 6onpLIoro yucna pasiaMYHBIX COBPEMEHHBIX KOHCTPYKLMH 030HATOPOB, HCIOJIB3YIOIMX 3ICKTPHUECKUH pa3psi [
MOJTy4eHHUsT O30HA, HAWOOJbIIEe paclpOCTpaHEHHWE TMOMYYMIM O30HATOPBI C TaK HAa3bIBAEMBbIM OapbepHBIM Pa3psIOM.

[Ipon3BOANTENFHOCTS OJHON yCTAaHOBKH MOXKET COCTABIIATH OT rpaMMoB 10 150 xr

3 = 030Ha B yYac.
H,O \__ ——— ? BapbepHbIM pa3psiioM HA3BIBAIOT paspsii B Y3KOM T'a30BOM 3a30pe MEXay
VI —_,‘,— — 4 TUIOCKUMH WJIH KOAKCHAJILHBIMHU 3JICKTPOJIAMHU, OJWH U3 KOTOPBIX (MM 00a) MOKPHIT
Oz—>\ § § § 1 M{@ cimoeM TBepmoro gmdnekTtpuka (puc. 12.3) Ecmm K 3nekTpogaM  MPHIOKESHO

/{'\L? X NepeMeHHOe HaIpsHKEHUE C aMIUTUTYIOW, MPEBBIAIOIIEH TPOOUBHOE HampspKeHNE
2 ra30BOT0O IPOMEXKYTKA, TO B HEM BO3HHUKAET Pa3psll, COCTOSIMINI 13 OOJIBIIOT0 Yucia
1 - — — 0 OTACTBHBIX HWCKP, MAWCKPETHBIX B TMPOCTPAHCTBE W BO BpeMeHH. Paspsn

—_ =]~ = NPOJOJDKAECTCS JO TeX II0p, IIOKa MIHOBEHHOE 3HAUCHUE HANPSDKCHUS Ha
ANEKTPOAHOM cucTeMe He MOCTUTHET Uy, OcoOeHHOCThIO OaphepHOTO paspsaa

X

Dy D D SIBIISIETCA  JIOKQJIbHOE HAKOIUIEHHE 3apsia Ha IOBEPXHOCTH JUIIEKTPUYECKOTO
Puc. 1?‘33' ?gﬁ;‘;&‘;ﬁ?" cherema o3onaropa. Gapbepa B IIPOIECCE PA3BUTHSA B POMEXKYTKE KAXKIOM OTAETLHON HCKPBI
2 — nEdneKTpUdecKHit 6apbep; PaccmoTpum noapodHee ykazanHoe siBjenue. Ilyctsb k

4~ 2ona paspia. MPOMEKYTKY ¢ GapbepoM MPHIIOKEHO MepeMeHHOe HATIPSKeHHe,

MPH KOTOPOM ellle HeT pa3psiia. ITO HANPSKeHne pacnpeeisieTcsi o eMKOCTAM
0apbepa M ra30Boro NPpoOMe:KyTKa, TAK YTO K ra30BOMY MPOMEKYTKY NPHJI0KEHO
HanpsiKeHue



U.=U _G , (12.2)
C. +Cs
rae U — HanpspkeHne Ha dnekTpoaax; Cs — eMKOCTh Oaprepa; C. — eMKOCTh Ta30BOTO IIPOMEKYTKA.
J1 MUIIMHAPUYECKON CUCTEMBI DIIEKTPOIOB

Cs =27y LD; C, =2rne.5, 5

Dy, Sy

Tae & U & — IUDIEKTPUYECKHAE TMPOHUIIAEMOCTH Oapbepa | ra3a; L — amuHa 3JeKTponoB; Dy, D, Dy, — InaMeTpsl 3IIEKTPOAOB
Oapbepa (puc. 12.3).

PaccMoTpuM nepBblil osTynepuo; BO3AEHCTBYIOIETO HANMPSHKEHHS, KOTAa MIEKTPOJ C AUDIICKTPUKOM SIBIISIETCS. aHOAOM
(puc. 12.4, @). Korna HanpspKeHHOCTh BHEITHETO HOUs Ey,, CO3aBaeMOro NMPHIOKEHHBIM HAaIPSHKEHUEM, JTOCTHTHET 3HaYCHUS
HavaJIbHOM HaNpsHKEHHOCTH, B IIPOMEKYTKE HAYMHAIOTCS MHTCHCUBHBIE HOHU3AIMOHHBIE TIPOLIECCHI U CO3aeTCsl OOJBIIOE YHCIO
JIaBHH, MPOJIBUTAIOIIMXCS 110 HAMIPABJICHHIO K INDJIEKTPHYECKOMY Oapbepy.

PacueThl moKka3bIBaIOT, YTO MPH HOPMAIBHOM IJIOTHOCTH Ta3a B pa3psAHOM MIPOMEXKYTKe JUIMHOM [/ = 1 — 3 MM pa3BuTHe
JIABUH MOXKET NPUBECTH K CO3JaHUIO OOBEMHBIX 3apsf0B C IUIOTHOCTBIO /N, NMpW KOTOPOH BBINOJHSETCS YCJIOBHE IEpexona
JNIABMHBI B CTpUMeEp (KOJMYECTBO 3MEKTPOHOB B NaBuHe nocturaet 10%). [Ipy BBHINONHEHHH JTOrO YCIOBHS B KAKOM-TO MECTE
NIPOMEXYTKAa BO3HUKAET CTPUMEPHBIH KaHaJl, TOJIOBKA KOTOPOTO JIOXOMUT JO IOBEPXHOCTH OJEKTPOAA, IOKPBITOTO
TUDIIEKTPUIECKAM O0aphepoM.

[Tpoucxomut npodoi ra3o0BOro NPOMEXyTKa IO MHOTOJABHHHO-CTPUMEPHOMY MEXaHU3My. BHemHe paspsn BBITISIUT
KaK UCKpa. DTOMY NPOLIECCY COOTBETCTBYET HampsikeHHe Uy,

B xone oOpa3oBaHWS M IBIXKEHHS JIaBHH M, B OCOOCHHOCTH, IPH HOAXOIE K IHMIIEKTPUUECKOMY Oapbepy TOJIOBKH
CTpUMeEpa, Ha OBEPXHOCTh Oapbepa OCEeNar0T OTPHIATENBHBIE 3apsiibl — AIEKTPOHBI. [lmaMeTp KaHayia CTpUMEpa COCTaBIISET
IIpU paccMaTpuBaeMbIX yciaoBusax ~0,1 mm. IIpuMepHO Taknx >ke pa3sMepoB OKa3bIBAECTCS W MATHO 3apsja, OCEBIIETO Ha Oaphep.
Yro KacaeTcs MOJNOKHUTEIBHBIX HOHOB, 00pa30BaBLIMXCS IPH Pa3BUTHHU JIaBHH, TO, 00J1amasi ropa3io MEHBIISH IOJBHKHOCTEIO,
OHU IIOCTENEHHO CMEIIAIOTCSI B CTOPOHY Mertamiaudeckoro karona. Ilogxons x HeMy, oHM HeWTpanusyroTcd. Haxomnenune
OTPULIATENBHOTO 3apsiia Ha MOBEPXHOCTH AMAJIEKTPUUYECKOro Oapbepa BBI3BAHO OOJNBIIMM OOBEMHBIM COIPOTHUBIICHUEM
matepuana Gapbepa (mopsiaka 10'+10'® Om-cm). Bonbloe MOBEPXHOCTHOE COMPOTHBIICHHE NPEMATCTBYET PACTEKAHMIO 3apsiia 110
TIOBEPXHOCTH.

O06pazyercst 3apsHKEHHBINA AUCK ¢ MAaKCUMAaTbHON TIOTHOCTBIO 3apsia B IEHTPE AUCKa. 3apsHKSHHBIH TUCK CO3/IaeT MoJle,
HMeroIee Kak HOpManbHy1o E,., TaK U TaHTCHIUANBHYIO E,,, cocTaBistomue. [loa nefictBueM nocienHeil cocTaBistomen BAOIb
MOBEPXHOCTH Oaphepa HAUMHACTCS! TIOBEPXHOCTHBIN paspsiil JaBUHHOTO THIIA. B paccMaTpuBaeMOM HaMHM Cllydae OTPHUIATEIILHO
3apsHKCHHOTO JIMCKa MOBEPXHOCTHBIM pas3psii CO3JaeT KPyTJioe ISITHO OTPHUIATENFHOTO 3apsiia ¢ AMaMEeTpoM, BO MHOTO pa3
MPEBBIMIAIOIINM JIMaMeTp HadaJbHOTO 3apsiaa. OIUMHOUYHBIN paspsi B HPOMEXYTKE MOXET CO3[aTh MSTHO IHAMETPOM 10
15+17 mm (puc. 12.4, a).

a) 0)

Puc. 12.4. Pa3BuTtue paspsiga B NpoMexyTKe o3oHaTopa

Oopa3zoBaBmieecs Ha Oapbepe Mocie MOBEPXHOCTHOTO paspsaa IATHO OTPHULATENBHOIO 3apsia CO3IaeT B pa3psIHOM
IIPOMEXKYTKE CBOE IIOJE C HOPMAJbHOW COCTAaBIIIOLICH HANpPSHKEHHOCTU Fo, HANpaBICHHOW BCTPEYHO K IPUIOKEHHOMY
BHEIITHEMY TOJI0. V3MepeHHst 1 pacueThl MOKa3bIBaIOT, YTO HAMPSHKEHHOCTh E,. MOXET JIOCTUraTh HeCKONbKHX KB/cM. B utore
CyMMapHO€ TMojl€ B MNpOMexXyTke Es=F,,—F, CHIWKaeTcsi, M HOHU3ALUOHHBIC IPOLECCHl B ITOH YAaCTH IPOMEKYTKA



npekpamatoTes. Paspsin racHer. Bech onucaHHbI Iponecc 3aHUMaET BpeMs JI0 AECSITH HAHOCEKYHJ, 3a KOTOPOE IPHIIOKEHHOE
HalpspKEHUE HE YCMEBaeT M3MEHHUThCs. OIHOBPEMEHHO HAYMHACTCS Pa3BUTHE CTpUMeEpa B APYroil 4acTu IPOMEXKYyTKa, IIe
MPOLIECC MOBTOPSETCS.

OO0pazoBaHue B pa3HbIX TOYKaX MCKP W MX 3aTyXaHue OyJeT MpOoJOoJIKaThCs
U JI0 T€X MOp, NMOKa MPUJIOKEHHOE HANPSHKEHUE He JOCTUTHET MaKCUMAaJIbHOTO 3HAUE€HUS
Uy, Hocne sToro paspsn B IpoMexyTke npekpamaerca. OcnuiorpaMma TOKa 4epes
Un IPOMEXYTOK BBIITISLANT TaK, Kak MOKa3aHO Ha puc. 12.5, rae Ha KpUBYHO TOKa
CMEILEHUS I, HAJIOXKEHBI IMITYIbCHI TOKA OTAEIBHBIX HCKP.

PaccMoTpuM Temepp MOMymEpHO, KOTJa S3JEKTPOA € IAWIIEKTPHUECKUM
OaprepoM sBISeTCS KaTrogoM. lIpm 3TOM BHOBB pacCMAaTPHUBACTCS CAMBIA TEPBEIA
2 MOTYIEpPHOa, HPH KOTOPOM pas3BUTHE pa3psiia B TNPOMEXYTKE HAYMHAETCS IIPH
OTCYTCTBHUHU 3apsiJia Ha JUIJIEKTPUKE.

i PazBuTne paspsga uIeT B 3TOM CIydae B HAlpaBICHHM METAJIMYECKOTO
aneKTpona. BHOBb 00pasyercs cTpuMep, HO IIPH IOIXOJE €ro FOJOBKH K aHOLY BCe

\\ AMEKTPOHBI yXOIAT B MeTayl. HakorumeHus 3apsja Ha aHone He mpoucxoaut. Ho
S

5
A A

pasBUTHE CTpUMepa HIET M B CTOPOHY KaToia, K KOTOPOMY II€pPEeMEIIaroTCs
»l MOJIOKUTEIBHO 3apshKeHHbIe HMOHBL. lloaxoas K Oapbepy, OHM OCElalOT Ha HEM,
6) o0pasyst  TOJIOKWTENBHBIA  3apsi, SBISIOMIMACS TNPUYMHOW  BO3HHKHOBEHHS
Puc. 12.5. OcLMNNOrPaMMbl TOKa 1 MOBEPXHOCTHOTO paspsifa. B 1aHHOM ciydae TOBEpXHOCTHBIH pas3psii HOCUT
HanpspKeHUs CTPUMEpPHBIN XapakTep W Ha MOBEPXHOCTH Oapbepa OCTaeTCs ISATHO B BHIE 3BE3JOUKH
@) OCUMIIOrpaMMa HarpsyKeHHs! Ha (puc. 12.4,6), MakcuManbHas HaMPsKEHHOCTH MO £, TAKIKE COCTABISIET HECKOIBKO
SJCKTpOAax; kB/cM. B pesysnbTaTe cyMMapHas HalpsHXKEHHOCTh IOJIA B IIPOMEXKYTKE CHIKAETCS M
6) ocuMJUIOrpaMMa TOKa yepe3 030HaTop. o

Ppa3psiIHbIE POLIECCHI B 3TOM YaCTH IMPOMEXKYTKa MpeKpamarotcs. Juamerp 3Be3no4ex

OIMHOYHBIX pa3psanoB pocturaer 20+25 mm. Korma HampspkeHne Ha mpomMekyTke qocturaet U, pa3psia mpeKpaniaeTcs.

WNuaue 0OCTOUT 1€710, KOTa pa3psd pa3BUBACTCS B IPOMEXKYTKE, B KOTOPOM Ha JTUIEKTPHIECKOM Oapbepe yiKe UMEeTCs
3apsl, OCTABIIMKCS OT IMpPEeABIAYLIEro moiyrnepuona. I1ockonbKy NMOBEpXHOCTHOE CONPOTHBICHHE MaTepHana Oapbepa O4YeHb
BEJIMKO, 3apsiJl HE yCHeBaeT pelIaKkCHPOBAaTh 3a BPEeMs OJHOTO Iepuoja. PacmpeneneHue 3apsmoB Ha IMOBEPXHOCTH K Haday
paspsia B JaHHBIH NOIYIIEPHUOJ] OCTAETCS MPAKTHYECKU TEM )K€, KaK B MOMEHT OKOHYAHUS pa3psiaa B IPeAbI YN MOIyNepHOI.
OTO 03HAYAET, YTO B HOBBIW ITOJIYIIEPUOJ MOJIE€ OCEBIIMX 3aps/IOB CKIIAABIBAETCS C BHEITHUM II0JIEM, YCHHBas ero. [loatomy B
MecTax, I7Ie PacIiojIOKEHbI IIATHA WK 3BE3/I0YKH OCEBIINX 3apsA0B, HAMPSDKEHHOCTD MOJIS AOCTUTAET HaYallbHOH E,, paHbIle, 4eM
B OCTJIBFHOM YacTW MPOMEXKYTKA. Pa3BUTHE MOHHM3ALMOHHBIX MPOLECCOB M Pa3psil OKa3bIBAIOTCS «IPHUBSI3AaHHBIMI» K MECTaM
paspsia B MpeAbLIy U TOTYTIepHOI.

KapTtrHa paspsnga B MpOMEKyTKE CTaHOBHTCS elle Ooiiee CIOKHOW MOCHe UTUTENIBHOTO BO3ICHCTBHS IMEPEMEHHOTO
HanpsbkeHus. Ho ecTr onpeneneHHble 3aKOHOMEPHOCTH, POSBIISIONIMECS BO BCEX CIydasX: B KaXIbIH HOIYNEPHO Pa3psi UMeeT
BUJ OTHENBHBIX, OBICTPO 3aTyXAaIOIIUX HCKp. Pa3psy HauMHAeTcs, KOrna HalpsHKeHHE, MPUIOKEHHOE K AIIEKTPOJHON CHCTEeMe,
MEHBILIE Pa3pSAAHOTO HANPSKEHHSA Ta30BOTO NMPOMEXYTKAa. B KaxIpld moiynepuo] oOpa3yloTcss MMITYJIbCHl TOKA, YUCIO H
aMIUTUTYJa KOTOPBIX SIBIISIIOTCSA CTaTUCTHYECKUMH BEIUYMHAMU.

B mponecce pa3BUTHS KaXZOW OTAETBHON HCKPBI MPOUCXOAAT DIEKTPOXMMHYECKHE PEaKIMH, Pe3YyIbTaTOM KOTOPBIX
SBJISIETCsl 00pa3oBaHKe 030HA U ero pasnoxenue. [Iporecc 0Opa3oBaHKs 030Ha COCTOHMT M3 HECKOJBKHX 3TAIlOB, XOTS B 00IIEM
cllyyae 4Hcio peakiuid, CBsI3aHHBIX ¢ 00pa3oBaHMEM 030HA M €ro pasiioKeHHeM, mpeblmaer 70, CylecTBYIOT OCHOBHbBIE, 0e3
MPOXOX/ICHNS! KOTOPBIX IIOJy4eHHUE O030Ha HeBO3MOXHO. OCHOBHOW peakuueil sBiISeTCS MNpOoLecC AMCCOLMAIMU MOJIEKYJI
KHCIJIOPO/A TIPH B3aUMO/ICHCTBUH CO CBOOOTHBIM JIEKTPOHOM;

0,+te—>0+0+e, (12.3)
MIOCTOSTHHAS] BDEMEHH ATOTO TIPoLiecca OUYeHb Majla M COCTaBJISICT €AMHHIIBI HAHOCCKYH/I.
Crenyromuii 5Tan cocTouT B 00pa30BaHUK MOJICKYJIBI 030HA
0+0;,+M - 03+ M, (12.4)
B KOTOPOW NPHHUMAET y4acTHe TPEeTbs yacThna M: MoJIeKysa, WOH, 3JIEKTPOH WM aTOM B HEHTPaJIbHOM WJIHM BO30Y)KICHHOM
cocrostHUH. VcciienoBaHms MOKa3BIBAIOT, YTO 00pa3oBaHKE 030Ha TpeOyeT BpeMenu A0 10 Mkc.

Kpome obGpa3oBaHus 030Ha, NP ABMKSHUH YACTHIL Ta3a MPOUCXOIUT pa3sioxKeHHst MoJieKya O; 110 peakuuu

0;+M—>0,+O0O+M. (12.5)
OTa peakus HOET TeM HHTCHCHBHEE, YeM BBIILE TEMIIepaTypa rasa.

OO0pazytoiuiicst B 30He paspsiaa 03oH AudyHaupyer B coceinue obnactu. B pe3ynbrarte npoxoskaeHus pabodero rasza
4epe3 paspsiIHyIo 30HYy 030HaTOpa Ha BBIXOAE MOJTydYaeTcs 030HO-BO3MYIIHAs MM 030HO-KUCIOPOJHAs CMECh C KOHIEHTpanuen
o30ma (107'+10) r/M’, IpH 3TOM MONydaeMoe KOJHYECTBO 030HA 3aBHCHT OT MPEBBIIICHHS HHTCHCHBHOCTH OOPA30BaHHMS HAJl
MHTEHCHBHOCTBIO PA3JIOKEHUS.

PaccMOTpeHHBIH MeXaHH3M pa3BUTHA paspsia B OXHOPOIHOM IIOJE MPOMEXKYTKA C IUINIEKTPHYECKHM OaphepoM Ha
AIIEKTPOJIC MO3BOJISIET YCTAHOBUTH T€ OCOOCHHOCTH, M3-32 KOTOPBIX OapbepHBIN paspsili CTl OJHUM W3 OCHOBHBIX MCTOYHHKOB
030Ha. ['maBHasg 0cOOEHHOCTh — JUCKPETHOCTh Pa3psAHBIX MPOLECCOB B IIPOCTPAHCTBE U BO BPEMEHHU. B TeueHne yacTu kaxporo
MOJyIEpHO/ia BO3/CHCTBYIOUIETO HANpsDKEHHs paspsl, paclpenesieH Mo BCeMY IPOMEXYTKY. OTO MO3BOJISIET MHTEHCHUBHO
OXJIXKJATh BCIO DPa3psIHYIO0 30HY OXJIKAEHHEM OJIIEKTPOJOB, YTO OCOOEHHO Ba)KHO ISl MPEJOTBPALICHHS TEPMHUYECKOTO
pasioKeHuUs y)ke 00pa3oBaBIIerocst 030Ha. bapbepHbIid pas3psiz, KpoMe TOro, SBIIsIeTCsl Hanboliee paMoHaIbHOM (HopMoit paspsiia
n U1 00pa3oBaHMs 030HA. bapbep BBICTYIIaeT B pOJM TOKOOTPAHMUYMBAIOIIETO CONPOTHBIICHUS Ul KaXKAOH OTAEIBHOU MCKPHI,
YTO IMPEAOTBpaNaeT OONbIINE TOKHU, T.. IMOTEPH SHEPTHM Ha Pa3orpeB pas3psiHOTO KaHala. Bmecte ¢ TeM, B TakoM paspsize




HPOLECCH] JUCCOLMALMM MOJIEKYJ KHCJIOpPOJa HUAYT ¢ HauOONbIIEH MHTCHCHBHOCTBIO, YTO OOECIEYMBACTCS MMEIOIIMM MECTO
pacnpeneseHreM 10 SHEPIHAM CBOOOIHBIX JIEKTPOHOB.

OO0pazoBaHue MCKPBI B KaJOH 00JIaCTH MPOMEXYTKA, TA€ HANPSDKEHHOCTh T0JIST MPEBBICUT MPOOUBHYIO M 3aTyXaHUE
9TON MCKpPHI U3-3a CIaJla HAIPSHYKEHHOCTH I10JIs, BBI3BAHHOI'O OCEBIIMMHU 3apsAAaMu, MOJACP)KUBAET Ha 3JIEKTPOJax MPaKTHUECKH
HEM3MEHHOE HaIPsDKEeHHE Ha Ta30BOM MpoMexyTke U, B TeueHHe BCEr0 BPEMEHHU TOpEeHMs pa3psja B AaHHBINA IMOIyHNEpUO.
ITooToMy cpenHssi HampsHXKEHHOCTh IOJS B Ta30BOM IPOMEXYTKE B TEUEHHE BCEr0 BPEMEHUM TOpPEHMs paspsaia JHIIb
HE3HAYUTENIBHO OTJIMYAeTCsl OT HadanbHOH. IlOCTOSHCTBO HampsHKEHHOCTH oOOecmeuMBaeT TMpH  paspsine  crabumibHOe
pacrpezeneHye JIeKTPOHOB 110 SHEPTUSIM, YTO BaXKHO VIS IIPOXOKACHHS IIEKTPOXUMHUYECKHX PeaKIiii 00pa30BaHMs 030Ha.

C pocToM NPHIOKEHHOTO HANPSDKEHHWS BpPEMS TOPEHUS pa3psAna B KaKIbIA

MC;(}H / I~ MOTYIEPHO YBEJINYMBACTCS, YBEINYNBACTCSI YHCIO MCKP M BO3PACTAET BBIXOZA O30HA.
OnHako TOYTH NPONOPIHOHANBHEIA POCT BBIXOJA O30HA C POCTOM HAIPSDKECHUS
20 IpojoJDKaeTcss 10 ompeaereHHoro mpexnena (puc. 12.6). C pocTtoM dmciaa HCKp

yBEIMYHMBAETCS TEMIIEpaTypa pa3psIHOM 30HBI, YCUIMBAETCs pa3iioxkeHHe o30Ha. PaboTa
030HaTOpa MpH MeperpeBe CTaHOBUTCS HedpdekTuBHOM. [loaTomy paboumit pexum
15 030HAaTOpa JOJDKEH JieaTh B OOJIacTH JIMHEWHOW 4YacTH KPHBOH 3aBHCHUMOCTH
KOHIIEHTpaluu 030Ha Cp; OT HaPSKESHUS.

[IpuBeneHHOE BBILIE OMUCAHUE IPOLIECCOB B O030HATOPE OTPAXKAECT TONBKO

10 (u3MUeCKyI0 KapTHHY B Ta30BOM MPOMEKYTKe. JIIs1 3eKTpuUecKoil lenu, BKIroyaromeit
HCTOYHMK TMTaHUS M O030HATOP, MOCJIENHHMI TIPEACTAaBIAET CIOKHYIO HArpysKy,
M3MEHSIONLYIOCS MPU Ka’KI0M 3aKMIaHMM paspsiia. AHAIM3 TIPOLECCOB B SKBHBAIEHTHOI
4 3 6 UxB 3JIEKTPHYECKOIl IIEMHN Colep KaIliell 030HATOp, MO3BOMIAET CBA3ATH (DM3MUECKHE TIPOLECCHI

Puc. 12.6. Brixop o3oHa B C DITEKTPHUECKAMH BETHIHHAMH, OTPEIEISIONMIIMI STH TIPOLECCHL.
O?Ta:::::)i?:;:ﬂ B 9KkBHBaNEeHTHOUW AJIEKTPUYECKON CXEME O30HATOP MOXKET OBITh MPEICTaBICH
wacrora f= 1500 T'us JIBYMSI TIOCIIE/IOBATENBHO BKJIFOUEHHBIMU EMKOCTSIMH: EMKOCTBIO TA30BOT0 POMEKYTKA U

pacxon rasa v, = 1 a/Mun €MKOCTBIO 6ap1>epa, Kak 3TO ObLIO OIIPEIETICHO PaHee.
IIycTh K 030HATOPY MPUJIOKEHO MEPEMEHHOE HAMPSKEHHE
U=U,sinat, (12.6)

Mo mHauama paspsaga B ra30BOM NPOMEXYTKE, T.e. NpH HanpsokeHud U, < Uy, TPHIOXKEHHOE HANpPKECHUE
pacrpeznenseTcs 0 eMKOCTSIM I'a30BOT0 MpoMexyTka u 6aprsepa: U = U, + U, ipudeM

U —u—S_y —u—So (12.7)
C. +Cs C.+Cs
Tok uepe3 030HATOp PaBEH:
. CsC.
i=Uyw———cosat, (12.8)

Cs +C,
Koraa HaIlps’KCHUE Ha ra30BOM MPOMCEIKYTKE CTAHCT JOCTATOYHBIM IJISA €TO Hp060$[, B MPOMCIKYTKEC HAYUHACTCA pa3psin,
HAIpsPKCHUEC Ha T'a30BOM IMPOMCIKYTKE CTAHOBUTCSA PABHLBIM HAIIPSKCHUIO TOPCHHUA paspsaaa Ump U HC MCHACTCS IMOKa T'OpUT
paspsna. TOFIla HaMPps’KCHUC HAa JUDJICKTPUYCCKOM 6apbepe MOJKET OBITh OIPEACIICHO KaK

Us=Uysinwt —Uy, . (12.9)
Tox uepe3 030HATOP IIpH pas3psiae
I=%(C6~U6):U0-a)-C6-sina)t. (12.10)

Tak Kak & > &, TO CyMMapHasi €MKOCTb O30HaTOpa MEHbIE €MKOCTH Oapbepa, W NMPH BO3HUKHOBEHHHU pa3psiia TOK
CKayKOM BO3pacTaerT.

Kak yxe roBopwjoCh BBIIIE, KPHBas TOKA YEpe3 O30HATOpP IPH pas3psie MMEET CIOXKHYIO0 (opMy, yUHTHIBAIOIIYIO
HMITYJIEChI TOKa OTJENBHBIX pa3pAnoB. [103ToMy O0OBIYHO MONB3YIOTCS HMOHATHEM CPEOHETO TOKA Yepe3 030HATOp IPH paspsie,
COOTBETCTBYIOIIETO JIBYXIIOIYNEPHOAHON CXEME BBIIPSIMIICHUS

2
I, = Uy —Ump);wCG. (12.11)

OueHb Ba)KHOM XapaKTEPHCTHKOM, ONpENersIoniel He TOJIFKO MHTEHCHBHOCTh MOHHM3AIMOHHBIX IPOLECCOB B Ta30BOM
MIPOMEXYTKe, HO U 3] (eKTHBHOCT 00pa30BaHMs 030HA, SIBIISIETCS aKTHBHAsE MOIIHOCTBH paspsina P, ¢ poCTOM KOTOPOW BBIXOJ
030Ha Bo3pacTaeT. [IpaBuibHAs OLIEHKAa aKTWBHOW MOIIHOCTH IpU paboTe 030HATOpA ITO3BOJIET ONpEeNeuTh 3(PEKTHBHOCTH
paboTHI YCTPOWCTBA B LIETIOM.

Pacyer akTHBHOIT MOITHOCTH B LIETIN NIEPEMEHHOTO TOKa MPOBOIMUTCS 110 YPABHEHHIO

1 1
P=—|iUdt =—|iUd(at). 12.12
Jivai=—[ivd(n (12.12)

ECJ‘II/I OTOT UHTCTPpAI pa36I/ITB Ha Y4aCTKH, COOTBCTCTBYIOIUC MHTCPBAJIAM, KOTAa pa3psad B MPOMCEIKYTKE €CTb U KOrJaa
€r0 HCT, H HA KaXIOM y‘{aCTKC HUCIIOJIB30BATh CBOU ypaBHCHI/IH AJIsA HaHp}I)KeHI/I}I M TOKa, TO MOXHO HOJIy‘II/ITb ypaBHeHI/IC JJIA
aKTUBHOM MOIITHOCTH BUIA

2(Uy—Up)Cs 22U, aC,
0 0 6 (2
P=U, P Sl htd 4 (12.13)
P
T T




IJie IepBOE CllaraéMoe a KBaJpaTHBIX CKOOKaX COOTBETCTBYET CPEIHEMY IO CXEME IBYXIOJECTIEPUOIHOTO BBIIPSIMIICHUS TOKY
Yyepe3 030HATOP MPH TOPEHHUH Paspsia, a BTOPOE CIaraéMoe — CPpeJHEMY TOKY B MOMEHT 3aKHTaHHUS paspsizia, KOTAa HalpsDKeHNE
Ha TPOMEXYTKE CTAHOBUTCS PaBHBIM IPoOMBHOMY. C HEOOJNBIIOHN IMOTPEIIHOCTBIO 3TO HANPSDKEHHE MOXKHO CUHTATh PaBHBIM
HaIpsDKEHUIO TOpeHust paspsiia. ToK, COOTBETCTBYIOLINI 3TOMY HAIIPSXKEHHUIO, HA3bIBAIOT KPUTHUECKUM.
Torna ypaBHeHHE U MOIIIHOCTH PHOOpETaeT B
P=U,,(y,—1), (12.14)

DTO ypaBHEHHUE HCIIONB3YETCS UL OMPEACICHUS MOITHOCTH TP IOCTPOCHUH BOJBTAMIICPHOW XapaKTEPUCTHKH. DTOT
METOJ] HCIIOTIH30BaH U B JTAHHOH pabore.

MeTox COCTOMT B TOM, YTO HM3MEPSIOT BBIIPSIMIICHHBIA IO CXEME NBYXIOJCIIEPHOMIHOTO BBIMPSIMIICHHS TOK depe3
030HATOP TPH U3MEHEHUH HATPSDKCHUS, TPIIIOKEHHOTO K AIIEKTPOAaM, U CTPOAT BOJbTaMIepHYIo xapakrepuctuky I = f{U). o
Havaja paspsga 3Ta XapaKTepHCTHKAa WMeeT BHI TNPSMONW C HAKIIOHOM, OOYCIIOBICHHBIM
COTIPOTHUBIIEHUEM Bcero o3oHaTopa (puc. 12.7). [locne 3akuraHus pa3psiaa TOK ONPEeIseTCs B
OCHOBHOM €MKOCThIO Oapbepa, M HakKJIOH NpsiMoil MeHsiercsi. Touka M3IOMa COOTBETCTBYET
KPUTHYECKOMY PEXUMY, IIPH KOTOPOM TOK paBeH I, EciM npomnuTe paspsaaHyro 4acTb
BOJIbTAMIIEPHON XapaKTEPUCTHKHU JIO MIEPECEUEHUS C OChIO HAIPSDKEHUS, TO TOUKA MepeceueHust
JIaeT HanpsbKeHue ropenus paspana Uy,

N 3nas 3HaueHus Iy, U Uyp, MOXKHO HAWTH MOIIHOCTH AN JIFOOOrO 3HAYeHUs
1 HanpsKEHUs! 10 COOTBETCTBYIONIEMY 3HAYEHHUIO Iy,

OCHOBHEIMH TIapaMETPaMH, OTPEICIAIOMIME (PHEKTUBHOCTh paboThl  OapbepHOTO
030HATOpa, SBIAIOTCS: HAMpPSKCHWE Ha 3JMekTpomax U; ra3oBei 3a3op / (9Ta BemuunHA
ompenersieT XapakTep paspsga W ero HHTEHCHBHOCTB); IUAJIEKTpUYECKas IPOHHUIIAEMOCTh
MaTepuana Oapbepa &; JacToTa f BO3JCHCTBYIOIIETO HANPSHKCHHS M PACcXO]] Ta3a Vv, ONPEICISIONINA KOHIICHTPAIIMIO 030HA B
BBIXOJSIIIEH M3 030HATOpPA Fa30BOM CMECH.

1

l@w
Puc. 12.7 BonbT-amnepHas
XapaKTepuCTHKA 030HATOpA

Bo3yX + O3 JS038YX :

z. 3
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Puc. 12.8 pr6q—a1'bu7| 6apbepHbIA 030HaTOP

1 — Hapy>XHBIH 37eKTPo; 2 — Gapbep U3 CTEKIOAMAIIHN; 3 — BHYTPEHHHH 3JIEKTPO/I.

Jlnst BIHOCA 00pa30BaBIIETOCs 030HA M3 Pa3psiAHOTO MPOMEKYTKAa HEOOXOAMMO CO3IaTh PAaBHOMEPHBIA IOTOK rasa
yepe3 paszpsiHylo 30Hy. Hambomnee ymoOHO 3TO ocymiecTBIsieTCs B KOAaKCHAJIBHOM CHCTEME 3JIEKTPOJIOB, TaK HA3bIBAEMOTO,
TpyOuaToro o3oHaropa (puc. 12.8).

OT cKOpOCTH TPOTEKAHMUS ra3a Yepe3 030HATOp, WA OT pacxoaa ras3a v, (J/MHH) 3aBHCHT BpeMs IPEOBIBAHUS KAXKIOTO
eIMHUYHOTO 00beMa Ta3a B 30HE pas3psiga. JTO 03HAYaeT, YTO YHCIIO Pa3psA0B, Pa3BUBAIOIINXCS B KKIOM SIHHHYHOM o0beMe
rasa IpH ABW)KCHUH €ro BJOJIb 030HATOPA 3aBHCHT OT Vy, T.€. KOHIIEHTPAIM 030HA HAa BBIXOZAE M3 030HATOPA 3aBUCHUT OT Pacxola
rasa.

C pacxoz1oM rasa cBsi3aHa IPOU3BOJUTEIBHOCTE 030HATOPA

G=Cop, Vs (12.15)
nu3MepsieMasi B rpamMMax (WM KWiorpammax) o30oHa B 4ac. Hapsimy ¢ KOHIEHTpauueil 030Ha B BO3JyX€ Ha BBIXOJIE 030HATOpa

Co, (r/m) mponsBoanTenbHOCT G SBISCTCS BaXKHON XapaKTePUCTUKOM 030HATOPA.

Crenyromeii Ba)KHOH BEIMYMHOH, ornperessonield 3¢ GeKTHBHOCTh pabOThl 030HATOPA, SBISIFOTCS yIENbHBIE 3aTPaTh
SHEPTHH Ha MOIyYCHNE 030Ha

W = £ KBT-u/kr.
G

DTa BeIMYMHA MMEET 0CO00 BaKHOE 3HAYCHHC IS MPOMBINUICHHBIX O30HATOPOB C MPOU3BOIUTECIHHOCTHIO 10 150
Kr/4ac.

12.2.3. TexHonornueckoe MpruMEeHEHHE 030Ha
Hcmopuyecku npumenenue 030Ha HAYAIOCH ¢ YCMAHOBOK NO NOO20MOBKe NUMbeoll 800bl, koeda 8 1898 200y 6 copode
Can Mop (©@panyus) npownu uUcnvlmaHus Nepeou ONnbIMHO-NPOMbIUAEHHOU Ycmanoeku. Yowce ¢ 1907 200y 6vin nocmpoer
nepeblll 3a600 NO 030HUPOBAHUIO 800l 6 20pode bon Byasic (@panyus), komopwiii obpabameisan 22500 Kybuyeckux mempos



600b1 U3 pexu Baziobu 6 cymku onsi mysco eopooa Huyywvl. B 1911 200y Ovina nywena ¢ skcniyamayuio CManyus 030HUPOSaHUs
numvesotl 600wl 8 Cankm-Ilemepbypze. B 1916 200y oeticmgyem yowce 49 ycmano8ok no 030HUPOBAHUIO NUMbEBOU 600bL.

K 1977 200y 60 ecem mupe oeticmeyem 6oaee 1000 ycmarnosok. B nacmoswee spems 95% numvesoii 600vt 6 Eepone
npoxodum 030HHYI0 nod2omoexy. B CIIIA udem npoyecc nepesoda ¢ xaopuposanusi Ha 030Huposarue. B Poccuu deticmeyrom
HeCcKobKo KpynHolx cmanyutl (6 Mockee, Huoicnem Hoeeopooe u pside opyeux eopodax). Ilpunsamoer npoepammel nepeeoda Ha
030HUPOBAHUE ewe HECKOTbKUX KPYNHBIX CIAHYULL 6000N0020MOBKU.

B nocneonue 20 nem obnracmu npumeHnenus O030HA 3HAYUMENLHO PACUWUPUTUCH U 60 BCeM Mupe 8e0Vmcsi Ho8ble
paspabomxu. B mabnuyy 12.1 ceedenvl u xiaccudpuyuposanvl OCHOGHbIE MexHOIo2UYecKue npumeneHus o3zoua. Credyem
obpamume GHUMAHUE HA MO, YMO CMOAb OYPHOMY PA36UMUI0 MEXHOIO2UL C UCNOIb308AHUEM 030HA CHOCOOCmMEYem e20
9KONO2UYECKAs. Yucmoma. B omauuuu om Opyeux oxuciumeneil 030K 6 Npoyecce peakyuil paziazaemcsi Ha MOLEKYISPHbLL U
AMOMAPHBLIL KUCIOPOO U NpedelibHble OKCUObl. Bce smu npoOyKmbl, KAk NpPAasuio, He 3A2PA3HSION OKPYICAIOWYIO Cpedy U He
HPpUBOOsIM K 00PA306aHUI0 KAHYEPOLEHHbIX 8EULeCME, KAK HANPUMED NPuU OKUCTEHUU XTA0POM UTU (DIMOPOM.



OCHOBHBIE OBJIACTU TEXHOJIOI'MYECKOI'O
ITPUMEHEHNMA O30HA
Ouncrka Ouncrka Cenbckoe Menunuaa u | XuMudeckast BriToBBIC
MIPUPOHBIX U ra30BbIX XO35MCTBO M | BEeTEpUHAPUS |[IPOMBIIIICHHO| MPUMEHEHUS
CTOYHBIX BOJA [ BBIOPOCOB MUIIEBast CTh
MTPOMBIIIJICHHO
CTh
Lentpanuzosa OuncTka TloaroroBka |O30HOTEpamnust JloObrua Konaunmonup
HHBIE CUCTEMBbI|  ra30BbIX BOJIBI U u peIKuX OBaHHE
MOATOTOBKH BBIOPOCOB KOPMOB /TSl [mpodriiakTuKa|mMeTauioB u ux|  Bo3gyxa
MUTHEBOM T3C ot JKUBOTHOBO/ICT npod. BBIJICJICHHE H3| TOMEILCHUI
BOJIBI OKCHJIOB a30Ta Ba 3a00JIeBaHHI | CTOYHBIX BOJ
U Cephl
ABTOHOMHBIC Ounctka Jesundexuust |[Ipumenenne B|Cunre3 HOBBIX [O4nCTKA BOIBI
CHUCTEMBI BO3/lyXa Tapsl, XUPYPrUU ¥ | IOJMMEPOB B
MOJTrOTOBKU | MOMEIIEHUH | IOMEIIEHUH U |OoCIeXupyruy MJTaBaTEIbHBIX
IIHTHEBOH  [TAKOKPAacOYHOI| 000PYLOBaHUS ecKoi Gacceiinax
BOJIBI o u ap. NpoGHIAKTUKE
MIPOU3BOJICTB
Ouncrka Canarust Xpanenne n |Crepunuszanus |Opranngeckuii| Koncepsruposa
MIPOMBILLICHH BO3/lyXa TPAHCIIOPTUPO [MEAULIMHCKOTO|  CHUHTE3 U HUE MHUIIEBBIX
BIX CTOYHBIX | TOMEIICHUIl |BKa MPOAYKTOB[MHCTPYMEHTA U[OMOTEXHOJIOTH | TPOAYKTOB
BOJ TIPOMBIIIICHH IUTaHUs  (00OpyJOBaHHS "
BIX
TIpeIIpUSTHI
Ouucrka Ipompimwtenn | Canamus | Ot6enuBanue [{e3o0m0pupBHU
OHOJIOrHYECKH oe BO3/1yXa LIEJUTIONO3BI U | € BO3JyXa B
3arpsA3HEHHBIX MHTCHCHUBHOE | TOMEIICHUI TKaHEeH pedpuxepatop
BOJ PBIOOBOACTBO | U1st GOPBOBI C ax, mplIecocax
BHYTPUOOJIBbHU U T.J.
YHBIMH
UHGEKIHIMU

Tabauua 12.1

1) IoaroroBka NMuTHLEBOI BOAbI. [IpHMEHEHHE 030HA JUI TOATOTOBKU NMUTHEBOH BOJBI OTHOCHTCS K CAMBIM PaHHUM
UCIIOJB30BAaHMUAM OKUCIMTEIBHBIX U Ae3MH(OUIUPYIOIUX CBOMCTB 030HA. [lepBOHAaYanbHO 030H HCIOJB30BAICA TOJNBKO IS
00e33apaXuBaHys, 3aTEM €TI0 CTAIU IPUMEHSTH IS yJaJeHus 3araxa, I3MEHEHHUS IBETHOCTH BOJBI U yCTPAHSHUS IIPUMECEH.

O0e33apaxMBaHUe — 3TO yAaJeHHE U3 BOIbI OaKkTepwii, cop, MUKpOOOB W BHPYcOB (MHakTHBaus). [ ynaneHus
OakTepuil B BOLYy BBOAAT Je3uHpuuumpyromee BemecTBo. Yem Oonblie Ae3MHOUUIUPYIOIIETO BELIECTBA BBEACHO, TEM
spdektuBHee ero Bo3aeiictBue Ha Oakrepuu. Jloza nesuHuUupyomero BemectBa (MUHHMAaNbHOE  KOJIMYECTBO
JIe3MH(UIMPYIOIEr0 BElleCTBA B MUIUIMTPaMMax, HEOOXOAMMOE /I MHAKTUBALMK OJHOTO JIMTpa oOpabaThiBa€MOM BOJIBI)
BapbUPYyETCsl B 3aBUCUMOCTH OT COZAEP)KaHUS B BOJE OPraHMYECKUX BELIECTB, OT TEMIIEPATYPhl BOJBI H OT BEIMYMHBI aKTHBHOMN
peakuuu Boabl ¢ nesnHpuumpytomuM BeuiectBoM — pH. Ha puc. 12.9 npuBenen rpaduk 3aBUCUMOCTH KOJMYECTBA OAKTEPHIA,
COJICpIKaIUXCsl B BOJE, OT BEIMYMHBI JJO3BI BO3JECHCTBYIONIETO JE3MH(UIMPYIOIIETO BEeUIecTBa (B HalleM ciydae xjopa D u
o3oHa D).

N3 rpaduxa BuAHO, YTO NPHU UCIOJIB30BAHUH XJIOPA, YeM 00JIbIIe ero

KOJI-BO

Oaxrep 0308 J03MPOBKA B 00padaTbiBaeMyl0 BOAY, TeM MeHbIIee KOJINYeCTBO
10° O0akTepuii BbKUBaeT. [|Jisl 030HAa 00HAPYKUBAETCSI pe3Koe
10* XJ10p O0aKkTepuUUAHOE AeliCTBHE NIPH J0CTHKEHUN KPUTHYECKOM 103bI
10° 030Ha paBHoii 0,4+0,5 Mr 030Ha B ra3e Ha JUTpP 00padaTLIBaEMOIi
T nosa goabl. [Ipyyem, MpPOMCXOAUT MOJTHAS HHAKTHUBALUA BO/AbI.
0 0,1 0'72 (;73 0:4 0:5 M/ MexaHu3M BO3ACHCTBHS OKHCIUTEINSI COCTOUT B Pa3pyLICHUH OAKTEPHHA ITyTeM

MHAKTUBALMK OaKTepHaJIbHBIX MPOTEHHOB, TO €CTh AU Qy3ueii yepe3 MeMOpaHy KIETKH
B IIUTOIUIA3My C TIOPAKCHUEM JKU3HEHHBIX IICHTPOB.

HccnenoBanus MexaHu3Ma O30HHPOBaHUS OakTepuil MOKa3aiH, 4TO JeiicTBHe
€ro TMPOUCXOAUT OBICTPO TPH YCIOBHH TMOJICPIKAHHS HYKHOW KOHIIGHTpPAI[MM PACTBOPCHHOTO O30HA B BOJEC B TCUYCHHUC
ornpeneneHHoro BpeMmeHH. Ecnmu 030H 3ddexkTHBHO BO3/eHCTBYeT Ha OakTepHH, TO XJIOp MPOWU3BOIUT TOJIBKO BHIOOPOYHOE
OTpaBJICHUE >KU3HCHHBIX IICHTPOB OAKTEpHUil, MPUYEM JOBOJLHO MEIUICHHOE HM3-32 HEOOXOIMMOCTH JUTMTEIIEHOTO BPEMEHH JIJIS
muddys3un B nmuToIUIA3MeE.

Bpems HeoOXomamMoe IIsi CHMKCHHUS KOHIICHTpAIMH OaKTepWil JO JOMYCTHMOHM BEIHUYWHBI, XapaKTePH3yeMOU KO-
WH/IEKCOM, Ha3bIBACTCSI BDEMECHEM HHAKTHBAIIHH.

Jns xmopa Bpems WHAKTHBAUWU cocTaBisger 30 MHH TIpH COAEp)KaHWHM OCTAaTOYHOTO XJIOpa B BOJAE B IIpeaenax
Cicr= 0,05+0,2 mr/m.

Jlist 030HA 3TO BpeMst COCTaBIAeT 12 MUH MPH COMIEPKAHUN PACTBOPSHHOTO 030HA B Boje Cy0,=0,1+0,3 mr/m.

Bo ®pannmy 11 MHAKTHBALKAHN BOIBI IPUHSITO BpeMsl paBHOE 4 MIH IPY KOHIIEHTpAIMK 030Ha B Boae Cyo, = 0,4 Mr/I.

Puc. 12.9. KoauvecTBo 0akTepmii B BoJe B
3aBHCHMOCTH OT J03bI 1e3HH(peKTaHTa



VYuuTBIBas, YTO BpEMs HHAKTHBALMU B CHJILHOW CTENICHU 3aBUCHUT OT KOHIIEHTPALIMK OCTaTOYHOTrO 030Ha B Boje, B CILA
BBEJICHO B IPAKTHUKY HCIONB30BaHWE Tak Ha3piBaemMoro CT — ¢akrtopa [MI/1-MHH]|, KOTOPHIA YCTaHABIMBAET CBI3b MEXKIY

HCO6XOILI/IMHM BPEMEHEM MHAKTUBAlIUU U KOHHCHTpaHHeﬁ PacTBOPEHHOT'O O30HA B BOJE.
Tabanuna 12.2
3aBucumoctb CT-¢akropa OT CTEIEHN MHAKTUBALIUK BOJbI U €€ TEMIIEPATyPhl

(pH=6+9)
Yposenn Temmnepatypa Bojsl, °C
MHAKTUBALHN 0,5 5 10 15 20 25
0,5 0,53 0,44 0,37 0,27 0,2 0,13
1,0 1,13 0,67 0,53 0,47 0,35 0,2
2,0 2,2 1,33 1,13 0,87 0,67 0,53
3,0 3,0 2,0 1,67 1,3 1,0 0,67

N3 Tabanubl BUIHO, YTO YeM BbIllie YPOBeHb (MOPSAI0K CHUKEHHUS KOJIUYeCcTBa DaKTepuii B
BO/Ie) MHHAKTUBALNH BO/bl, TO €CTh MeHbIIIee KOJIMYEeCTBO 0aKTepHil J0JI’KHO OCTATHCS B
BOJIe, TeM OoJibIIee J0JKHO ObITh 3HAaYeHne CT—¢axkropa. Kpome Toro, yuem Bolie
Temmneparypa Boabl, TeM MeHblie CT—dakrop. Hanpumep, npu TeMmneparype BoAbI
+ 25°C 1 ocTaTO4HOI KOHIEHTPALMHU 030HA B BoJe 1 MI/J1 VI HHAKTHBAIMM HA TPH
NOpPsiAKa He00X0AMMO BpeMsi 00padoTKHU BOABLI 030HOM paBHoe 0,67 MuH.

Kpome 0OosbIioif criocoOHOCTH yHHUYTOXEHHsI OakTepuil 030H 00JagaeT BBICOKOW 3(P(EKTHBHOCTHIO B YHHYTOXCHUH
crop, HucCT (HJ'IOTHI)IG O60J'IO‘IKI/I, 06pa3y}01mzlec;1 BOKPYT OAHOKJICTOYHBIX OPraHU3MOB, HAIPUMCEDP, KI'YTUKOBBIX U KOPHCHOKCK,
Ipu UX pa3MHOKCHNH, 4 TAKIKC B H€6J'IaI'OHpI/I$ITHLIX JJI1 HUX YCHOBI/IHX) 1 MHOTHUX APYTrUX NAaTOICHHbIX MI/IKpO6OB.

Obecyseuusanue — ITO yaajieHUe U3 BOJAbI OPraHNYeCKHX H XHMHYECKUX BellecTB,

OKpaIMBAKIIHUX BOAY. B 3aBHCHMMOCTH OT IBETHOCTH MCXOHOM BOJbI TPeOyeTcH
0oJibIIIee UM MEHbIIIee KOJHYEeCTBO 030HA I 00ecuBeYMBAHMS BOAbI.

B Poccun JJI1 TIOBEPXHOCTHBIX BOA CPCAHUX U CCBEPHLIX paﬁOHOB JJI1 AOBCACHWA IBCTHOCTHU BOABI 10 HOPMEI B 20°
00BIYHO TpedyeTes 103a 030Ha Dy, = 2,5 Mr/II.

JlJ151 105KHBIX PaliOHOB, I'/le HCXOIHAA IIBETHOCTH BOAbI 3HAYNTEILHO 00JIbllIe, TPeOyeTcs yiKe

1032 030HAa, paBHas 8 mr/ia (cm. puc. 12.10).

Ou3nuecKkuii MexaHW3M BO3JICHCTBHA O30HA IMPH OOCCIBEYMBAHUHU BOJIBI

rpan o
P msernocts 3aKIII0YAeTCsl, BO-MIEPBHIX, B Pa3lioskeHNH BemecTB 10 npocreiimux HyO u CO,, Bo-

60t yBellIueHue BTOPBIX, B KOAryasnuu (0ObEANHEHNN) BELIECTB C JAJbHEHIINM BBIMAJCHAEM UX B
HCXOJHOM 0CaloK.
40+ LBETHOCTH
D dexTrBHOE 00ECIBEUNBAHUE BOBI O30HUPOBAHUEM SIBIISIETCS OJIHUM M3
20 ——— ONpENEISIIONINX KPUTEPHEB B BHIOOpPE O030HA B KAauyeCTBE BO3JCHCTBYIOIIETO
\\ Aosa peareHTa npy NOAroTOBKE MUTHEBOM BOJIBIL.
0O30Ha

Yoanenue ancenesa u mapzanya. B npupomHbIx Bojax Hambojee 4acto
BCTpEYAeTCsl KeNe30 B JBYXBAJICHTHOW (hOopMe, HaxXofsiieecs B PacTBOPCHHOM
Puc. 12.10. 3aBUcnMOCTL oGecLBeUNBAHUA  COCTOSIHMK. MapraHer| B IIPUPOHOM BOJE OOBIYHO COMYTCTBYET Keie3y. O0a aTux

Boak! oT A03upoBKy 030Ha BEIECTBA TPUIAIOT BOJE LBETHOCTb M XapakTepHbIH npuBKyc. O30H JIETKO
OKHCIISIET CONI JKejJe3a M MapraHima ¢ oOpa3oBaHHMEM HEPacCTBOPHMBIX BELIECTB, KOTOPBIC YAAISIOTCS OTCTAUBAHHEM WM
¢bmpTparmeil. XuMUYECKHE Peakiy CyIb(QUIO0B JKele3a i Maprania ¢ 030HOM MOXKHO 3aIliCaTh B BHIE:

Mn SO4 + 03 + 2H20 = H2 Mn O3(oca;[m<) + 02 + H2 SO4
2 Fe SO, + H; SO4 + O3 = Fex(SO4)3(0cano) T H20 + O

Ecunu xerne30 1 mMapraser coxepixarcsi B GopMe OpraHHYeCKUX COSIMHECHHI MM KOJUIOMIAIBHBIX YacTHILl (C pa3MepoM
0,1+0,01 MxM), TO 0Oe3kene3nBaHNe U AEMaHTaHAIMS BOJBI OOBIYHBIMU criocobamm He yhaercs. B sToMm ciaydae HeoOXoammo
HpEIBAPUTEIFHOE OKHCICHHUE ITHX KOMIUICKCHBIX OPraHMYECKHX COCAMHCHHMH, MPHUBOMAIICE K MX PACLICIVICHHIO, ITOCIE Yero
CTAQHOBHUTCSI BO3MOKHBIM y/IaJICHHE JKeJIe3a U MapraHiia OfHUM U3 OOBIYHBIX METOI0B. OKHUCIIS KOMIUIEKCHBIE COSUHEHMS, 030H
npeoOpa3yeT pacTBOPUMBIE COJM B HEPAaCTBOPUMBIC, MO3TOMY HEOOXOMUMO TMOCIeayoliee (GHUIBTPOBAHUE BOABI IS
OCBOOOJK/ICHHS €€ OT BBIMAJAFOIIAX OCAJIKOB.

CriefyeT OTMETHTh, YTO XOTS O30HHPOBAHHE M HE SIBISCTCS HanOoJiee SKOHOMHUYHBIM METOIOM O00€3KeTe3UBaHHs H
JIEMaHTaHAI[M{, HO TIPUMEHEHUE 030Ha C ATUMHU LENSIMH OMNPaBIaHO B JBYX CIy4Yasx: BO-IIEPBBIX, KOrJa OOBIYHBIE CIIOCOOBI
yIOaNeHUs U3 BOJBI JKeJie3a W MapraHia He Jal0T pe3yNIbTaTOB WIHM BEAYyT K HEJOCTAaTOYHBIM pe3yjbTaTaM, BO-BTOPBIX, KOTIa
HE00XOJMMO OTHOBPEMEHHOE YCTPAHEHHUE 3aI1aXx0B, IIPUBKYCOB H IIBETHOCTH BOJIBI.

Ycempanenue npuskycos u 3anaxoeé 600vi. HenpusTHbIC NPUBKYCHI M 3amaxd B HEKOTOPBIX MPUPOAHBIX BOIAX
BBI3BIBAIOTCSI IPHCYTCTBUEM COSIMHCHHUI MUHEPAIFHOIO M OPraHUYECKOTO MPOMCXOKACHIUS, HAXOMSAIIMXCS B PACTBOPCHHOM HJIN
KOJUIOMAHOM COCTOSIHUH. DTH IIPUBKYCHI IT0 CBOEMY TIPOUCXOJKICHHIO MOTYT OBITh:

0 2 4 6 8 wmr/n



@) MHHEPAJBHOTO MPOMCXOXKICHHS, T.C. BBI3bIBACMbIe HAIMYUEM JKeJie3a, MapraHiia, CepoBOIOpoia W OOIel MOBBILICHHOM
MUHEpaIu3aLuen;

0) TPUPOJHOTO OPTaHWYECKOTO IMPOHMCXOXKIACHHA — T'yMHUHOBBIE KHCIIOTBI, OpPraHMYECKHE BEIIECTBAa, IOCTYIAIOIIHE CO
CTOKaMH, BOZAOPOCIIH U Yallle BCEro IUIaHKTOH;

6) TOPOJICKOTO IIPOUCXOKACHHUS — MIPOLYKTHI Paciiafa OpraHn4eCKHUX BELIECTB B FOPOJCKUX 0TOpOcax;

2) MPOMBIIUIEHHOTO MPOUCXOXKACHUS — Pa3IWYHble XUMUYECKUE CTOKH, MOIOLIME CPEICTBA, YIJIEBOIAOPOABL, I'YAPOH M Ip.
CMOJIBI;

0) CeJIbCKOXO03SICTBEHHOT0 IPOUCXOKIEHHS — NECTUIU/IBI, TepOUIUIbI, MUHEPATbHBIE YI0OPEHHS.

O30H OKHCJISIET Ha3BaHHBIE BBIIIE COCIMHEHHUS, IPUBOAS K UX PACIICIUICHHIO, COMPOBOXKIAIONIEMYCS] NCUE3HOBEHUEM
NPUBKYCOB M 3amaxoB. TakuM 00pa3oM IPOHMCXOAWT HEHTpaju3alysl BELIECTB IyTEM CBOETr0 pojJa «XOJOJHOTO CXKHTaHMS».
Hanpumep, npy OKUCIIEHUU CepOBOIOPOIa HAOIIOAAETCS BBIACICHHE CEPhI:

HZS+03:H20+S+02.

bnaromapst Gosiee BBICOKOI OKHCIHMTENBHOW CIIOCOOHOCTH, O30H B COCTOSIHHM JEHCTBOBAaTH HA TaKHE COCAWHEHWUS,
KOTOpPbIE HE TOJBEPraroTCcs BO3ACHCTBHIO APYTHX XHUMHYECKHX peareHToB. OOpaboTKa BOABI H30BITOUHBIM KOJIHYECTBOM O30HA
He BJIeYeT 3a cOOOM HHUKAKUX HEKENATENIbHBIX SBJICHHI: W30BITOYHBI 030H, Oyqydd HECTOHKHM, CHOBa IpeBpallacTcs B
KUCJIOPOJ] B T€YCHHE HECKONBKMX MHUHYT. O30HHPOBaHHE HE CO3JAeT JIOMONHHUTEIBHBIX WM 3aMEIIAIOINX COCANHEHMH, Toraa
KaK XJIOp JIaeT C HEKOTOPBIMHU BEIIECTBAMH CIIOXKHBIC COSANHEHHS, BEI3BIBAIOIIIE TTOSBICHHE BeChMa Pe3KUX 3armaxoB. Hampumep,
npu 00paboTKe XJIOPOB BOJBI, CoieprKallieil mpumMech (eHOIIOB, 00pa3yeTcs XJI0p(heHOoI, MMEIOINNA BeChMa HENMPHUSITHBIE TIPHUBKYC
u 3anax. HakoHern, npu 00paboTke 030HOM BOJa HACHIIAETCS KHCIOPOIOM, YTO MPUBOAUT K 3()(HEKTY POJHUKOBOH BOJBI.

PaccMOTpUM NPHHIMNHMAIBHYIO TEXHOJOTHYECKYI0 CXeMY YCTAHOBKH /151 KOMIIJIEKCHOM
OYHMCTKHU NUTHeBOH BOJbl. B 1aHHOH ycTaHOBKe peajin30BaHa TPAAUIMOHHAsI cXeMa
OYMCTKH BO/JbI 030HUPOBaHHeM H (puabTPpoBaHHEeM. CXeMa YyCTAHOBKH MOKAa3aHA HA PHC.

12.11.
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Puc. 12.11. CxeMa noAroToBKM NUTHEBOI BOABI
1 — oTcTOWHUK 6 — ynaneHue oTcTos

2 — KOHTAKTHbIH anmapar 7 — 3KEKTOp

3 — reHeparop 030Ha 8 — ¢unbTp
4 — KoarynsHT 9 — KOHCEpBaHT
5 — Kamepa CMeILeHUs 10 — necTpykTOp 030Ha

[Tepen mocTymieHHEM B yCTaHOBKY M3 BOABI, 3a0MpaeMoOii B BOJOEME, CHAaYalla BXOAHBIM (DHIIBTPOM Ipy0oii OUHMCTKH, a
3aTeM B OTCTOMHHMKE | ymansroTcsi MexaHudeckue npuMecH. Jlamee Boja mocTymaer Ha oOpaboTKy peareHTamu. OOBIMHO
UCTIONIB3YEeTCs CXeMa C MpeJ- ¥ MOCTO30HNpOoBaHueM. [Ipe1030HnpoBaHre BOJIBI OCYIIECTBISIETCS TTOCTE yAICHNS] MEXaHHUECKUX
npUMeceil ¥ TPOU3BOAUTCS B KOHTaKTHOM ammapare 2. O30H B KOHTAKTHBIM ammapaT IOCTyIaeT OT IeHepaTopa O30Ha 3.
[Ipeno3oHUpOBaHUE HMMEET LENbI0 IPOBEACHHUS IMEPBHYHOIO 00€33apakKMBaHHUA BOJIBI, YHAICHUS IBETHOCTH, OKUCICHHS H
HEepPeBEICHNs] B KOJUIOMIHOE COCTOSHHME pACTBOPEHHBIX MeTauioB. OIHOBPEMEHHO O30HHUPOBAaHUE BOJIBI CIIOCOOCTBYET
peanmu3anmu nporecca GpIoKyISInH (SBIIeHHE cIaboro XJI0mbeo0pa3oBaHusI — KOJUTOHJATEHOW MyTHOCTH Box). OOpa3oBaBmmecs
HEpPAaCTBOPHMBIE BEIECTBA YNAJSIOTCS W3 BOABI OTCTAaMBAaHWEM B CIICIMANBHBIX ammaparax — OTcToiHukax 1. Yacto mms
yCuIleHusT Tporiecca (hIOKyJSIHMH TOCie NPEeIO30HHPOBAaHHS B BOAY JOOABIAIOT CIICHUANbHBIC BEIIECTBA — KOAryJSHTH 4,
CIIOCOOCTBYIOIME NPOLIECCY CIMSHUS YacTHIl B KPYyIHbBIE arjoMeparsl U 0ojee OBICTpOMY BEINAJCHHIO WX B ocanok. K Takum
BEIL[ECTBaM OTHOCATCA Cyib(aT aJIOMHHUS U XJOpHOE kerne30. [ yaydlneHus cMelnBaHus KOaryJIssHTOB ¢ BOJOH B Kamepax
CMEIIEeHHUS 5 OCYIIECTBISAIOT HHTEHCHBHOE NepeMeIIMBaHNe BOABI U KoaryisHTa. [locie oTcToliiHMKa BoJla ¢ OCTAaBIIUMUCS B HEH
3arpsI3HUTEIISIMUA  TIOJBEPraeTcsi IMOBTOPHOMY O30HHMPOBAHHMIO, IIENBI0 KOTOPOTO SBISETC IPOBEINECHHE IPOMEKYTOUHOM
JIe3MH(EKIMN ¥ OKUCIICHHSI OPraHNYeCKUX BEIECTB.

B HameM mpumepe BBeAEHHE O30HA B BOJY OCYIIECTBISIETCA C IOMOINBIO »KekTopa 7. Boma ¢ paciuensieHHbIMH
OpPraHMYEeCKUMH BEIIECTBAMH IOCTYIIAeT B (DMIIBTP 8, KOTOPBII MOXKET ObITh MM KOMOMHHUPOBAHHBIM C MECYAHOW W YrOJILHON
3arpy3KOil, WM COCTOSIIMM W3 JBYX (HIBTPOB, 3arpy’KEHHBIX COOTBETCTBEHHO IIECKOM W AaKTUBHPOBAHHBIM YTJIEM.
YcraHOBNEHO, YTO KOMOMHMpPOBAaHHas OYHCTKA «O30HHUPOBaHHME-(QUIBTpAlMsd HAa AaKTHBHUPOBAHHBIX YIJSIX» II03BOJISET
s deKTHBHEE UCIIONB30BaTh COPOLMOHHYIO 3arpy3Ky (uibTpoB. [IpHunHOM sBIsieTCs HACHIIEHHE BOIBI KHUCIOPOIOM IIPH €e
030HHUPOBAHMH, YTO CO3JACT OJArONPHUATHBIC YCIOBUS IS >KU3HEACSATEIBHOCTH OAKTepUil B TOJIIE YTOJBHOM 3arpys3KH,
o0ecreYnBaOIINX OHOJIOTHYECKOe OKUCIICHHE 3arpsi3HEHHH B IOpax 3arpy3Kd M TakuM 00pa3oM YBEJIMYHMBAIOIIHX CPOK
UCIIOJNB30BaHMS AKTHMBHUPOBAHHOTO YN 1O ero pereHepanuu. Ilocie ¢uibTpanuu Boma moABepraeTcss 030HHPOBAHHIO IS
OKOHYATEJIbHOH Ne3MH(EKIMU M MPUIaHUs HEOOXOMMMBIX BKYCOBBIX KadecTB. B KauecTBe CMENIMBAIOLIMX YCTPOMCTB 31€Ch



UCIIOJNIB3YIOTCSI KOHTAKTHAsE KaMepa WM KOMOWHAILUS U3 3)KeKTopa U TypOynu3aropa (Ha puc. 12.11 He noka3zansi). Ha Beixozae k
MOTPEOUTENIO BOJIa KOHCEPBUPYETCSI XJIOPOM 9, HE TMO3BOJSIIONIMM pPa3BUTHIO OaKTepuil B BOJE MPHU €€ TPAHCIOPTHPOBKE 10
TPyOOIPOBOTY.

2) [MoaroTroBKa BOABI B IJIABATEJIBHBIX 0acceifHax. TpeOoBaHus, MPEIbIBIICMBIC K BOJIC B TUIaBAaTCIbHBIX OacceiHax,
aHAJIOTHYHBI TPEOOBAHUSAM K MHTHEBOW BOJC. B CBS3M C 3TUM HMICHTUYHBI M OCHOBHBIC CTaIuU OOPaOOTKM BOJIBI yHaJICHUC
npuMeceit QmibTpoM TpyOOi oumcTKe (BOJIOCOJOBKOH), O30HHUPOBAaHHWE BOIBI B KOHTAKTHOW KaMepe, yIalicHHe B3BEceH,
oOpa3yrommxcss B BOJE, IIECUAHBIMH W COPOIUOHHBIMH (UIbTpamMu, KOHCEpBaIlUs BOABI XJIIOPOM C JO3HPOBKOH
Cq = 0,05+0,1 mr/n. OgHaKo B OTJIMYKE OT MPEIBIAYIICTO CIIydas BoJa JBMXKETCS MO 3aMKHYTOMY ITMKITYy C JOOaBJICHUEM JIUIIb
10 % cBexeil BOaBI.

3) O6padoTka CTOYHBIX BOA. MeXaHW3M BO3JICHCTBHS O30HA HA 3arps3HCHUS MPUPOIHBIX W CTOYHBIX BOJ UICHTHUYCH:
3TO — MOJICKYJISIPHOE OKHICIICHUE M aTaKa aKTHBHBIME pajuKajiaMy. B 3HAUNTETFHON CTCTICHH MEXaHU3M OKUCIICHHS 00YCIIOBIICH
JTUTIONBHOCTHIO0 MOJIEKYJIBI 030HA, KOTOpasi (pUKCHpyeTCs Ha 3apsHKCHHBIX YaCTHIIAX W Pa3phIBACT IBOMHEIC CBS3H C 00pa3oBaHHEM
OKHUCIeHHBIX (Qopm. [loispHBIA XapakTep MOJEKYJBl IMO3BONSET TAaKKe HCIOIB30BATH O30H B IMPOIECCEe KAaTATUTHIECKOTO
okucneHns copmectHo ¢ Al,Os, Fe,Os, yapTpa3zBykoM, ynbTpadroIeTOBEIM H3TYICHHUEM.

CreneHp 3arpA3HEHUS CTOYHBIX BOJ YacTO XapaKTEPH3YIOT MOKA3aTesIMU «XHMHUYECKOTO MOTIJIOIIEHHS KHCIOpoaa
(XIIK)» u «ouomnormueckoro nornomeHus kuciopoaa (BIIK)», koTopsie moka3bIBaOT Kakoe KOJHMYECTBO KUCIOPOa B MI" HICT Ha
OKHCIICHHE TIpuMecei B 1 J1 BOJBI.

IIpu BBICOKMX KOHIICHTPALUSAX 3arpsA3HUTENCH, MPUBOAAIIMX K 3HAYUTCIILHOMY MOTPEOJICHUIO 030HA, JUIS CHIDKCHUS
KOHIIEHTpAIlUM yAaseMbIX BEIIECTB C IMOMOIIBI0O 030HAa, B Hauyano nukiaa (puc. 12.12) mocnie aspanuu CTaBUTCS CHUCTEMa
OHMOJIOTMYECKON OYUCTKHM BOJBI C HCIIOJH30BAHUEM MHUKPOOPTaHU3MOB: OaKTepHi, MPOCTEHIIMX YEPBEH, MJICCHEBBIX T'PHOOBR,
Ipoxokedt u np. B atom cimyyae ecnu Ha Bxone BITK u XIIK ~1000, mocie aspotena ~500, mocne duodmistpa ~30+50, To moce
o30HUpOBaHus ~5. TakuM 00pa3oM, 030H HCIOJIB3YETCS HA BBIXOJE OYHCTHOW CHCTEMBI JUIS JOBEACHUS BOABI O TpeOyemoit
KOH/IUITUH.

BXO/J{

) ) |_BbIxON
1 2 — 3 4
B03ZlyX — l_’ —

030H

Puc. 12.12. Buonornyeckas o4ncTka CTOYHbIX BOA C UCMONb30BaHNEM O30Ha
1 — orcToiiHuUK; 2 — a’poTeH; 3 — OMOGUIIBTP; 4 — KOHTAKTHBIN anmapaT

4) MeanuuHckue TexHojoruu. [IpuMeHeHne o030Ha Ui TPOPHUIAKTHKH W JIedeHUS 3a00NeBaHWH OCHOBAHO Ha
IIAPOKOM  CIIEKTPE TEPAIEBTHYECKOTO BO3JICHCTBHSA pAa3IMYHBIX [03 O30Ha Ha opraan3M. O30H JA€HCTBYeT Kak
MMMYHOMOZYJIMpYIOIIee, MPOTUBOBOCHIAINTENbHOE, OaKTepPULMAHOE, NPOTHBOBUPYCHOE, (YHIHIMIHOE, IUTOCTATHYECKOE,
aHTUCTPECCOBOE, AHANIT€3UPYIOLIEE CPENICTBO.

O3oHoTepanus 3GHEeKTUBHO UCTIONB3YETCS B CIEAYIOMNX CIydasx: OOJEe3HN BEPXHUX AbIXaTeNbHBIX IIyTeH U JIETOUHbIE
3abosieBaHusl, MH(EKIHOHHbIE OOJe3HW (Ui MHAKTHBAallMM BHUPYCOB, OAaKTEpHii, JIeYeHUS TENaTUTOB), B XUPYpruu (SI3BHI,
NPOJIEKHH, CBUILM, TaHTPEHBI, OXKOTH), B KOXXHO-BEHEPOJOTMYECKOW IpaKkTUKe (dK3eMBI, JIEpMaTUThI), B OHKOJOTHH, B
¢u3noTepani M KypOpPTOJIOTHH, 3yOOBpadeOHOM IIpakTHKe, a Takke B TUTHEHE M CaHWTapud. Bo MHOTMX Ciydasx
TepaneBTHUECKOE BO3/ICHCTBHE 030HA OCHOBAHO Ha 00JIee JISTKOM €ro MPOHUKHOBEHNH B OOJIbHBIE KJIETKH, YEM B 3/I0POBBIE.

O30H TpUMEHSETCs] KaK IPH HU3KUX KOHIEHTpauusx B rase (Ha yposHe I[1/IK), Hanpumep, mpH JeYeHUM JETKHX H
BEPXHUX JBIXaTEIbHBIX MyTEeH, TaK M MPH BBHICOKMX KOHLEHTPALMIX, HAIPUMED, U PACTBOPEHHA 030HA B (PU3HOIOTHUECKOM
pacTBope U B JUCTHILIMPOBAHHOW BOJIE, WM MIPH OCYIIECTBICHHHA 00paOOTKH 030HOM KPOBHU OOJBHBIX (2yTOTeMOTEPAIIHs).

JInist crepunmu3anny MEANIMHCKOTO HHCTPYMEHTA TaKkKe MPUMEHSAETCS BOJA C PACTBOPEHHBIM B HEH 030HOM.

B MeauuMHCKHX yCTaHOBKAax MMEET Ba)KHOE 3HAU€HME BBICOKAas KOHLIEHTPALMs 030HA B Tase Ul YCKOPEHUs Ipolecca
HACBIIICHUS KUAKOCTH. B kauecTBe cMecuTens uenonab3yercst 0apOoTakHas Kamepa.

5) OuucTKa OTXOAAINMX ra3oB. Bo3myiiHble BEIOPOCH! HE CTOJNb Pa3HOOOPA3HBI [0 COCTaBy KaK CTOYHBIE BOIBL. OHH
coJIeprKaT MoYTH BCEria OKUCh a30Ta U CEpbl, CEPOBOAOPO/L, JETYUyIO OpPraHuKy. B psie ciydyaeB HaOmoaaoTcs BEIOpOCH (Topa,
OKHCH BaHA/IUs U CHHUJILHOM KHUCIIOTBI.

B cBsi31 ¢ Tem, 4TO 030H pearupyer B XHIKOW cpelie ropa3no ObICTpee, YeM B ra3oBOW M, KpOME TOTO, B 3TOM CiIydae
Jierde YIpaBiIATh MPOLECCOM OKHCIEHHS, TO MPAKTHYECKH BCET/Ia OYMCTKY BO3AYIIHBIX BBIOPOCOB IPOM3BOAST HPOITYyCKAHHEM
MOCJIEIHUX Yepe3 CIIeIHAbHBIE TOTJIOTHTENFHBIE PACTBOPBI, HCHOIB3YS Ul STOM LIENH MOTJIOTUTEIbHBIE KOJIOHHBI WM JAPYTHe
aHaJIOTUYHBIE YCTPOIiCTBa.

6) IlpumeHeHHE 030HA B ceIbCKOM Xxo3siicTBe. [llupokue criekTp obnacTeil mpuMeHeHU 030HA B CEITLCKOM XO3SHCTBE:
PacTEeHNEBOACTBO, KMBOTHOBOJICTBO, PHIOOBOICTBO, KOPMONPON3BOJCTBO W XPAaHEHHE MPOIYKTOB, 00YCIABIMBAET MHO)KECTBO
O30HHBIX TEXHOJIOTHH, KOTOpHIE YCIOBHO MOJXKHO pa3[elWTh Ha JABa OONbIIMX HampasieHusa. [lepBoe wnmeer menbio
CTUMYJIMPOBATh JKU3HECSATENIbHOCTD JKUBBIX OpraHn3MoB. C 3TOM IeTbI0 MPUMEHSIIOTCS KOHIIEHTpaluuyu o30Ha Ha yposHe I1JIK,
HallpUMep CaHalUus IIOMEIIEHWH C JKUBOTHBIMH M PACTEHMSAMH MU YIy4lIeHHs KOMGpOPTHOCTH HX IpeObiBaHUA. Bropoe
HalpaBJIeHUE CBS3aHO C MOJIABJICHUEM JKU3HEEITEIbHOCTH BPEIHBIX OPTaHU3MOB HJIHM C YCTPaHEHUEM BpPEIHBIX 3arps3HEHUN U3
OKpy>Katoliei armocdepsl U ruapocdepsl. KOHIIGHTpaluu 030Ha B 3TOM ciIy4yae HaMmHOro npebimatot 3Hadenus [1J1K. K takum
TEXHOJIOTUSIM OTHOCSTCS AE3WH(EKIUs Tapbl M IOMEIIEHHH, OYHMCTKa Ta30BbIX BHIOPOCOB NTHIE(EPM, CBUHAPHUKOB,
00e3BpeXKNBaHNE CTOYHBIX BOJI CEIbCKOXO3IHCTBEHHBIX MPEANPHSITHI U T 1.



12.3. TexHo10TUM KOHBEPCHUU I'a30B
B IL1a3Me ra3oBoro paspsjaa

Bormpoc koHBepcuy ra3oB B I1a3Me ra3oBoro paspsaa Heo0X0AUMO paccMaTpHBaTh Kak C TOUKHU 3PEHHUs TPpeoOpa3oBaHus
TOKCUYHBIX COEJMHEHUH B HETOKCHYHBIE, TAK U C TOYKU 3PEHUS] M3MEHEHHs (PU3UKO-XUMHUYECKUX CBOMCTB 00padaThIBAEMBIX
IUTa3MON BEUIECTB JUI MX MCIHOJB30BaHUS B PEAKLUSIX IIOCIEIYIOMIEr0 CHHTE3a WM B CIICLHUAIBHBIX TEXHOJIOTHUECKHX
mpoueccax.

OCHOBHBIMH HCTOYHHUKAMU TOKCHYHBIX I'a3000pa3HbIX 3arps3HEHHUN SIBISIOTCS:

— TerutoBble >NMEKTPUYECKNE CTAHIMHM, ITPA 3TOM TJIABHBIMH 3arps3HSAIOIINMH KOMIIOHEHTAMH SIBIISTIOTCS. OKCHIIBI CEPhI
(SO,) m oxkcumsl azora (NO,). Hampumep, mis TemioBoil smeKTpocTaHmuu MomHOcTei0 P =800 MBT, wucmoms3yromei
HU3KOKATOPUIHBIA OYypbIH yroib C pacxoJoM 6 MJIH. TOHH B IoJ M C coaepxkaHueMm cepsl S = 1,5 %, BeIOpaceIBacTCsl B roj B
armocepy 10 170 Thic. ToHH Arokcuaa cepbl SO,.

— YepHas u nBetHas Metamnyprusa. Haubonee cepbe3HbIM ra30BbIM BBIOPOCOM TaKXKe SIBIISICTCS] TUOKCHL CEPBI.

— XuMuueckas NPOMBINUIEHHOCTs. Hambonee BaKHBIMH ra3000pasHBIMH 3arpsi3HAIOIIMMH BELIECTBAMHU, C Y4ETOM
00bEMOB UX MPOU3BOJICTBA U TOKCUYHOCTH, SIBJISIOTCSI XJIOP, OKCHBI a30Ta U CEpbl, (PTOP U €ro COeANHEHUs], YIIIEBOJOPOIbI U X
XJIOPIPOU3BOTHBIE.

TpaauIMOHHBIMHE METOJIJAMH OYHCTKH T'a30B OT BPEAHBIX a3000pa3HbIX MPUMECEH SIBISIOTCS:

1. XUMHKO-KaTaJJUTUUECKHE METOJbl (KaTaJUTHUYECKOE OKHCICHHUE — XUMHUYECKHE NMpPEBPAaIIeHHs TOKCHYHBIX KOMIOHEHTOB B
HETOKCHYHBIC Ha TIOBEPXHOCTH TBEPJIOTO KaTAIN3aTopa).
2. AncopOumonHsie MeTozpl (abcopOuusi B 00beMe KUAKOCTH — (pU3MYecKass U XUMHYECKas — XeMocopOuus; abcopOust Ha
TIOBEPXHOCTH MOPHUCTHIX TEM).
3. Tepmuyeckue METO/BI (METO NPSIMOTO CXKUTaHUS B TNIAMEHH).

B nocnenHme ropl MHTCHCUBHO Pa3BUBAIOTCSA TEXHOJIOTHN OYHMCTKH Ia3000pa3HBIX 3arpsI3HSIONINX BEIOPOCOB C

WCTIONIb30BaHIEM HOBBIX HETPAJUIIMOHHBIX METO/IOB!

4. Ha ocHOBE paMaIliOHHOTO OOTyYCHHS.
5. Ilyrem OoMOapIMpOBKHM ra3a 3JIEMEHTapHBIMH YacTHLAMH BBICOKOH SHEpruu, MOJIYYCHHBIMH B YCKOPHTEISX (HaIpUMep,
IIyYKOM YCKOPEHHBIX JIEKTPOHOB).
6. C ncnoap30BaHUEM IIJIa3MBI TA30BOTO pa3psiaa (HAHOCEKYHIHOW UMITYIbCHOW KOPOHBHI).

JIOCTOMHCTBOM IOCIIEAHEr0 METO/1A SBJISIFOTCS TEXHOJIOTUYHOCTh, BO3MOXKHOCTh O/IHOBPEMEHHOTO YAAJIEHHs LEJIoTro psijia

BPEIHBIX TPUMeECEi, OTHOCHTEIILHO Majasi 3HEProeMKOCTh U CTOUMOCTb.

IIponiecc koHBepcHM Ia30B MOJ JeHCTBHEM MMITYyJILCHOIO KOPOHHOTO pa3psia 3akiodaercs B ciexyromem. Ha cragun
pasBUTHSl CTPUMEPOB B TA30BOM cpese B Pe3KO HEOJAHOPOAHOM IIOJIE MMOJ NEHCTBHEM CHIIBLHOTO TIONS B TOJIOBKaX CTPUMEPOB
(E~150xB/cm) anextpoHbl mpuoOpeTaloT SHEpruro nopsaka S5+153B, nmocrarounyro ans BO30OYXKIEHHWS, NUCCOLMALNU U
MOHHU3AIIUN MOJICKYJI Ta3a W 00pa30BaHUS PaJMKaIOB W XMMHUYECKH aKTUBHBIX yactul (Hampumep, O, OH ,H,O, u ap.). Ha
BTOPOM 3Talle pajiKaibl ¥ aKTUBHbBIC YAaCTHIBl B3aUMOJCHCTBYIOT C OKCHAAMH a30Ta U CEPbl, OPraHNYeCKUMHU T'a3000pa3HbIMU
MIPUMECSIMH, OKUCIISIS, pasiaras WM peo0pasys X B IIPOIYKTHI, 00Jiee MPOCTO yAasIeMble U3 Ta3a.

OneHnM SHEPrHM CBS3eH MEXAY aTOMaMM, SHEPIHH METacTaOMJIbHBIX COCTOSIHMM MOJIEKYJ M aTOMOB, 3HEPIHH
MOHHU3AaINH HanOoJIee YacTo BCTPEUYAIOIINXCS aTOMOB U MOJICKYL.

Taémmua 12.3
JHEPIruM CBSI3M (IMCCOLUALMM)
CBsi3b Cc-C CcC=C C-H C-N C=N
DHeprust 3,61 6,35 43 3,17 9,26
JUcconnanyu, 3B 2,74( 7-cBsI3b)

Taéauna 12.4
SHeerI/I Jucconuanuu, MeTaCTa6I/IHBHBIX COCTO?IHI/Iﬁ

1 UOHU3ALMH Ira3oB

DHeprus DHeprusi MeTacTabWIILHOTO |  DHEeprusi HOHU3ALUH,
lasz JUCCOLALUH, COCTOSIHUS, 5B
5B 5B

He - 19,8 24,6
Ne - 16,6 21,6
A,y - 11,5 15,8
K, - 9,9 14,0
Xe - 8,32 12,1
H, 4,2 8,4 15,6
N, 9,8 6,2 15,5
0O, 5,1 0,98 12,5

W3 tabmui BUOHO, YTO SHEPIHs CBSA3eH MEHbIIIE SHEPIHU HOHHU3ALMH, TIO3TOMY B IIa3Me Ia30BOr0 paspsia KOHLCHTPALHs
CBOOOJHBIX PAJMKAIOB OYAET Ha HECKOJIBKO IOPSIKOB OObIIe, YeM KOHIIEHTPALHs HOHOB.
Camy ke 3(p(peKTHBHOCTH TAKOTO IUIA3MO-XHMMHUYECKOTO PEaKTOpa MPHHATO BHIpakaTh ImMyTeM BBeneHus G-¢akropa —
Yrca HapaOOTaHHBIX aKTHBHBIX YaCTHII, OTHECEHHOI'O K SHEPTOBKIANyY B pa3psn (BeipaxkenHomy B 100 3B).
B umnynbcHOM paspszae 3aBucamuii ot Bpemenu G-(akTop AJs COpTa YacTHLL j AAeTCs BEIPAKESHUEM:
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rje N; — TOJIHOE YHCIIO YacTHIL] copTa j (MHTErpain 1no oobeMy pas3psjia), HapaboTaHHOE K MOMEHTY BpeMeHH f; U n I — 3aBucsimie
OT BPEMEHH HANpPsDKEHNE B TOK pa3psaza.

Pamukaner (B o0mem Bue oHE 0003HaYat0TCS OYKBOM R) 00pa30BBIBAIOTCS B PE3YIIBTATE CICTYIOMINX MPOIIECCOB.
1. lucconmanyu Bo30yKICHHBIX MOJICKYJI:
a) 4epe3 pacmaj MOJIEKYJIbI

(R'=R") = R*'+R""

0) 4epes OTPBIB aTOMa BOJIOPOJIa
(RH) > R*+H"

2. Jlucconuanyy HOHOB:

(R —B") - R*'+B"

3. HeliTpanu3auyu HOHOB:
B"+e—B*

4. NoHHO-MOJIEKYISIPHBIX PEaKITHiA:
RH"+RH — R°Hy +R®

5. IIpssMOro 31eKTpOHHOTO yaapa:
e+(R'—=R")—> e+ R"+R""
PaccMoTpuM Tenepb OYMCTKY TOIIOYHBIX Ta30B OT OKCHJIOB a30Ta U cepbl. TONMOYHBII ra3 0OBIYHO COCTOMT U3 a30Ta N,

kucnopoaa O,, yraekucnoro raza CO,, Bogst H,O, okcuaos azora NOy u okcuza cepbl SO,.

Tp€60BaHI/IH K IJIa3M€ ra30BOI'0 pa3psja:

TUTa3Ma JI0JDKHA OBITh PEe3KO HepaBHOBECHOH 71,>>T;, 4TOOBI Ha BEIIECTBA BO3JCHCTBOBAIHN AJIEKTPOHBI, a Ta3 HE HArpeBajcs,
TO €CTb TEIUIOBBIE IOTEPH OBUTH MUHUMAJIBHBI,

paBHOMEpHOE 3aMoJTHEHNE 00beMa ¢ 00pabdaThIBaeMBIM Ta30M IIA3MOM Ta30BOTO pa3psa,

BO3MO>KHOCTb PETYJIUPOBAHUs SHEPIHH BO3AEHCTBYIOILETO paspsija.

JlaHHBIM TpeOOBaHMAM yJOBJICTBOPSET IIa3Ma UMITYJIbCHOTO Ta30BOTO Pa3psala.

OnHOBpEeMEHHAas! OYHCTKA TONOYHBIX I'a30B OT OKUCIIOB a30Ta W CEpbl NPU MPHUMEHEHUM HAHOCEKYHIHOH MMITYIbCHOMN

KOPOHBI OCHOBBIBaeTCsl Ha mporieccax okucieHuss NO u SO,, Be3BanHoro akTuBHbIME udacTunamu (OH, H,O,, O u np.). Otn
aKTUBHbBIE YaCTUIBI MHULUUPYIOT XUMHYecKyto koHBepcuio NO u SO, B mpuUCYTCTBHM KHUCJIOpoAa U BojsHoro mapa B NO,,
HNO,, HNOs;, ..., n, cootBeTcTtBeHHO, B SO3, H,SO;3, H,SOy, ...

AXTUBHBIE YacCTHUIBI Hapa6aTI)IBaIOTC$I B T'OJIOBKax CTpUMCpa HPpU CTOJKHOBCHHU I3JICKTPOHOB C MOJICKYJIAMU Ta30B,

BXOOAIIKUX B COCTAaB TOIIOYHOI'O:

O, +te> 0 +0

O,+te—>0+0+e

0,+e—>0+0(D)+e

0,+te—>0"+0+e+e

N,+e—>N+N+e

H,O+e—>H+OH+e

Hzo +e—>OH+H

Hzo +e—> H2 +0~

CO,+e—>CO+0O+e

CO,+e—>CO+0O

prFI/IM HUCTOYHHUKOM aKTUBHBIX YaCTHUI ABJIAIOTCA pCaKIIUn 3J'IeKTpOH-I/IOHHOI71 peKOM6I/IHaL[I/II/II
e+0,">0+0

e+N,” > N+N

e+NO">N+0

KoHcTaHTBI CKOpOCTEl peakiuid sSBIAOTCS (PYHKIMSIMH NMPUBEICHHOW HANPSHKEHHOCTH JJIEKTpHueckoro moist E/N u

3aBHCAT OT COCTaBa TOIIOYHOI'O I'a3a.

Hapa60TaHHLIe AKTHUBHbBIC YaCTUIIbI BCTYNAIOT B PEAKIINIO C OKCHJIaMHU a30Ta U CEPhI:
O +NO — NO,

O+NO+M —>NO,+M

NO + O3 »> NO, + O,

NO+N—->N,+0O

NO +OH+M —» HNO, + M

NO, + OH+M — HNO; + M

S02 + 03_ —> SO3_ + 02

SO, +O0O+M—>S0O;+M



SO, +OH +M — HSO; + M

HSO3 + HzO —> HzSO4

SO37 + Hzo —> HzSO4 +e

CHauarna Bce 3TH peaknuy MPOXOIAT B ra3oBoi (ase. Tak kak AaBIEHHNE HACBHIIICHHS a30THBIX U CEPHBIX KHCIOT HU3KOE,
TO OHH B3aWMOJCHCTBYIOT C BOJSTHBIM MapoM, 00pa3yst KarelbHbIi adpo30ib. [l HelTpanu3aiiu KUCIoT J00aBISIeTCsl aMMHaK.
Kamu aspo3ons xoporo abcopOUpyIoT U OKCHIBI, 1 aMMHaK. AMMHUAK B IIPUCYTCTBHHU KHUCIOPOJA U NAapOB BOABI OKUCIIAET YacTh
JMOKCHUIA Cephl U B3aUMOJIEUCTBYET ¢ KUCIOTaMH ¢ 00pa30BaHUEM HUTPATOB U CyIb(HaToOB aMMOHHMS B TBEPJOM COCTOSHHH.

CxeMaTH4HO JHarpaMMy OYHMCTKH TOIMOYHOTO Ta3a MOKHO MPEJCTaBUTh B cieaytomeM Buje (puc. 12.13).

TOIIOYHBIN T'A3

v

O06paboTKa UMITYJIBCHOM KOPOHOM
Hapaborka:
e, Ai', A7, A, Re

v

XuMuueckas KOHBEpCHUsA
NO — NO2, HNO2, HNO3
SOz — SO3, H2SO4, H2SO;

p=|

=

v &

<

(dhopMuUpoOBaHUE a3PO30JIs ¢

H>0 + H,SOq4 X
KOHICHCaI U1

v

HEeWTpanu3aius KUCiIoT
ourctka: NO, SO, ~—x xanis
NO,, SO; —7

@47

SJIEKTPOOUJIBTP

EHIDIOEGHON ERHHOINKAHIIE U KBHI'0Q09D J

Puc. 12.13. Cxema cTaauii OMUCTKN TOMOYHbIX ra3oB

CaM TeXHOJIOTMYECKUH IUKJI OYUCTKH TOIOYHBIX I'a30B OT OKHMCIJIOB a30Ta M CEPhI, HAIIpUMep, Ha TEIIOBOH 3JIeKTPOCTAHIINH,
BBITJIITUT cIIeayonmmM obpasoM (puc. 12.14).

TOIIOYHEBIN ras

BH = nurtanue SO,
I
+— DJIEKTPODPUIIBTP

—> * cucremMa MBS
+ OXJIAXKJIACHUA a () <—
TpyOa T
Hacoc
= H,O
PYKaBHBIH
— NH; ¢$uIbTp
UMITYJILCHBIA TEHEepaTOp

1]
—> PEAKTOP —>

Puc. 12.14. TexHoJiornyeckasi cxeMa 04MCTKH TONMOYHBIX ra30B



l'a3, mpu Ttemmeparype 150°C, mpoxommt dwepe3 >IEKTPOPHIBTP, TAEC H3BICKAIOTCS TBEPHIbIE MPHUMECH, a 3aTeM
oxnaxpaercs 1o 65°C B rpamupHe. Mcmapsromascs Boga He TOIBKO OTOMpPAeT TEeIUIO OT TOTIOYHOTO Ta3a, HO M YBEIUYHUBACT €Tr0
BIIAXXHOCTB, KOTOpast HEOOXO0AMMa IS IPOIIECCOB YAAJICHUS OKCHIOB CEPhI M a30Ta B IIIA3MEHHOM PEaKTOpe.

B peakrope oxna)kIeHHbIN TOIIOYHBIN ra3 MOABEPraeTcs BO3AEHCTBUIO UMILYJILCHOIO KOPOHHOTO pa3psiaa.

CucTteMbl anekTpoaoB, UCMofb3yeMble AN NoNyvYeHUs nnasmMbl, NpeacTasneHbl Ha puc. 12.15.:

B
BH Fen= 1 MM :
Riyers = 200 MM
o o o
a) —_— 0
Puc. 12.15. Cucrembl 3J1eKTPOI0B YCTPOHCTB 151 CO3AaHUS
IJIa3MbI HMITYJIbCHOTO Fa30BOr0 pa3psiaa
@) KOaKCHAJIbHbIC WITHHJPBL; 6) P IPOBOIOB MEK/LY INIOCKOCTSIMH

®dopma HMITyJIbCa MUTAIOLIETO
u HaINpsDKEHUS MpescTaBiieHa Ha puc. 12.16.:
100 xB [Muraroree HaNMpsHKEHUE UMEET TaKyto Gopmy,

r_\ 4TOOBI Pa3psl HEe NEPEXOIMI B CBOIO
3aBepIIAKONIY0 cTauio. [103TOMY paspsin HocHT

K ¢ (GOpMy CTpMMEDOB, KOTOPBIE MEPECEKAIOT BECH
ra3oBblil MPOMEsKYTOK, a epepacTaHue UX B

_ Gn=100 HC JUJEPHYIO CTaJUI0 HE IPOUCXOAUT, TaK KaK

Phc.12.16. Dopma umnysisea IIUTAOLIee HAMIPSIKEHUE PE3KO 00pe3aroT.

HaNpsKEeHUsA
HUMIynbCcHBIE MICTOYHUKH UTAHUS
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Puc. 12.17. a) Cxema ®utya; 6) kadeabHbIii TpaHcopmaTop; 6) cxema biromusiiina

Ilepen peakropoM K rasy HOOaBisieTCs aMMHaK, YTOOBI HEHTpaIM30BaTh KHUCJIOTHI, MOJTYyYalOLIMEcs INPHU PEaKIHiX

OKCHJIOB C paJvKaiaMH, 00pa30BaHHBIMHU B paspsiie.
3aTeM HNOTOK Ta3a MPOXOIHUT Yepe3 KOIEKTOP MPOAYKTa, TI€ COJIM aMMOHHMS (TTOPOIIOK) COOMPAIOTCS KaK yaoOpeHue.

12.4. Moougukayua noeepxnocmu mamepuaios
6 nazme 2a306020 pazpaoa

B mmpokom cmbiciie o MoudUKaIel IIoBepXHOCTH MaTepHalioB B IJIa3Me Ta30BOT0 paspsijia TIOHUMAETCsl U3MEHEHNE
CBOICTB ITOBEPXHOCTH TPH Y4aCTUH HHU3KOTEMIIEPAaTYypHOU ra3opaspsaHoil mia3Mbl. CBOWCTBA MOBEPXHOCTH 00pabaThiBaeMoOro
Marepraa M3MEHSIOTCS B pe3ynbTare (HU3MKO-XMMHYECKHX IPOIECCOB, IPOUCXOMAIIMX HAa TpaHMIE pas3zena ra3 (ra3oBas

cpena)—-TBepoe Telo:



— 3a cYeT pa3pblBa CTapbIX U 00pa30BaHMUS HOBBIX CBA3EH HCXOIHOrO MaTepuana,
— 32 cYeT HAHECEHHUS U MPUBHUTHUA K TOBEPXHOCTU MaTEPHAJIOB APYTUX BEIIECTB.
[Tpu MomuduKanyy MOBEPXHOCTH MaTepualia MpOTEKaloT ABe KOHKYpPHPYIOIINE peakiuH (Tporiecca):
— o0pa3oBaHUe IJIGHKH BELIECTBA IIyTeM OCAXAECHUS U3 Ta30Boi (a3sl,
— TpaBJEHHUE, KOTOPOE MPUBOJMT K YIAJICHHIO BEIIECTB C OBEPXHOCTH MaTepuaa.
Ha puc. 12.18 npuBenena cxema MOAM(HKAIINKA TOBEPXHOCTH TBEPAOTO Teja B TIa3Me Ta30BOTO paspsiza.
[Tpn HanmM4UMyM Mpo1eccoB MOAM(PHUKALIMHA MOXKHO BBIJCTIUT TPH CITydast:
a) IIa3Ma SIBISETCS OJHOBPEMEHHO Cpeloil TpOBEleHMs, HCTOYHWKOM YYacTBYIOIIMX B TMpolecce YacTHI[ M
CTUMYJIATOPOM (aKTHBAaTOPOM) IPOIIECca;
0) I1a3Ma CIIy’>KUT TOJBKO JUISl aKTHBALMK YYaCTBYIOIIUX B IPOIIECCE YaCTHIL;
B) IUIa3Ma MCIOJIB3YETCs TOIBKO [Tl aKTHBAIMK YYaCTBYIOLIMX B IPOLIECCE YaCTHII IIOBEPXHOCTEN TN JUTSl CTUMYJISLIH
camMoro Ipotrecca.
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Puc.12.18. Cxema mogudmkaLmMm noBepxXHOCTH B Nria3Me rasoBoro paspsipga

B mepBoM ciydae oOpabaTbiBacMasi TOBEPXHOCTh TBEPAOTO Tella HAXOJWTCSA B KOHTAKTE C IUIA3MOI, BO BTOPOM — BHE
TUTa3MEI, B TPETHEM — BO3MOXKHEI 00a BapHaHTa.

PasmudaHbIe TIpOIIECCH 00Pa0OTKH MOKHO OOBEIUHUTD B TPU OOJBIIIHE TPYIIIIHL:

1. CobcTBeHHO caMa MOAN(MUKAITUS TIOBEPXHOCTHBIX CJIOEB MaTEPHAJIOB (OKUCICHHE, HUTPUAN3ALINS, aHOTU3AIMS U JIP. ).

2. Y aaneHue MaTepualia ¢ HOBEPXHOCTH TBEPIOTO Teja (BCe BH/IbI PACIIBUICHHS, TPABICHUS U OYHUCTKH).

3. HaneceHue MIICHKYA MaTeprajia Ha MOBEPXHOCTh TBEPIOTO Tela.

Kak mpumep, paccMoTpuM MOAH(DUKALWIO MOBEPXHOCTH MOJMMEPHBIX MaTepHalioB, B KOTOPBHIX OHA MMEET Hauboee
HIMPOKYIO TaMMY TE€XHOJIOTUUECKHX MPHUI0KEHHH.

Bce wu3menenuss (U3MUECKMX M XHMHYECKHX CBOWCTB TOHKOTO IIOBEPXHOCTHOTO CJIOSI TOJMMEpa HAYMHAIOTCS C
M3MCHCHHS €r0 XUMHUYECKOTO COCTaBa M CTPYKTYphL. [IpudeM, JIF00ObIe XUMHUECKUE MPEBPAIICHUS B 3TOM CJIO€ MO/ JCHCTBUEM
HEPaBHOMEPHOH IUIa3Mbl MOTYT WHHIIMMPOBATHCS TOJNBKO FCHEPHPYEMBIMU €0 aKTHBHBIMH YACTHUIIAMH, K KOTOPBIM OTHOCSTCS
KBaHTBl Y D-M3Iy4deHHUs, DIIEKTPOHHO- M KOJeOaTeIbHO-BO30YKICHHBIE MOJIEKYIBI, CBOOOMHBIC aTOMBI M PaIUKalbl, a TaKKe
3apspKEHHBIC YaCTHITBI, 00MOAPIUPYIOIINE IIOBEPXHOCTh 00padaThIBAEMOT0 MaTepHaa.

IIpu BceM MHOrOOOpa3Wy TEHEPUPYEMBIX B IDIa3Me aKTUBHBIX YACTHI[ MX JCWCTBHE HAa MaTEpPHATbl OTPAHUIHNBACTCS
OUYeHb HEOOJBIIUM TOBEPXHOCTHBIM CJIOEM. B cilyuae MOJMMEPHBIX MATEPUANIOB €ro TOJIIMHA, KaK MPaBHJIO, MEHbIIE 1 MKM.
Takum o0pa3oM, Bce TexHONorndeckne 3(pQeKTsl mrasMeHHONH 00pabOTKH MOJMMEPHBIX MAaTEpPHAaJOB OIMPEIEITIOTCS HabopoM
(HDUBUKO-XUMHUYIECKUX TPOLECCOB, HHUIIMUPYEMBIX aKTHBHBIMH YaCTHIIAMH TJIA3MbI B TOHKOM TTOBEPXHOCTHOM CIIOE.

DU3HMKO-XUMHYECKUE U TEXHOIOrHYeCcKUe d(PPEKThI IIa3MEHHON 00pabOTKH MOJIMMEPOB MOTYT OBITh NMPEICTABICHBI B BUIE

Tabmne! 12.2.

Taémmua 12.2

Xumuueckue v HU3MIeCKUe U3MECHEHUS Texunonorngeckue 3G HexTo
1. XuMudeckre H3MEHEHHUs HOBEPXHOCTHOTO CIIOS. M3MeHeHne cMaurBaeMOCTH,
1A. O6pa3oBaHue JBOMHBIX CBSI3eH M HOBBIX KalWUIIPHOCTH, 00ILEero

¢yHKuHOHaNBHBIX Iy, Hanpumep —OH; —CN; =NH; |B1aronoriomeHus.
—C=0; —-NH,; —COOH; ciuBKa NoJIuMepHbIX LEnei. BospacTanue HachIIEHHOCTH OKPACKH,
]_B, Hpouec(;b[ JIECTPYKLIUH: YMCHBIICHHUE BPEMEHHU OKPACKH,
® pa3pbIBbI nemnen MaKpOMOJIEKYJI; YIy4dIIeHUE NM€YaTHbIX CBOUCTB.
o paspyleHue (yHKUMOHATBHBIX TPYILIL; Moaundukanus aHTHPecOpOIMOHHBIX
 06pazoBanme ra3006pa3HBIX IPOYKTOB Tpapjienns.  |CBOMCTB, YMCHBIICHHC
1C. ipyrue u3sMeHeHus: i?rp’BH"eMOCT“' .
o u3MeHeHuE 3 MEKTHBHOI CTENCHH MoTuMepH3ain 1 |~ ) ICHHC aATESHOHHLIX CBOMCTE ATt
CpeHEH MOIEKYTAPHOI MACCEL, HAHECEHUs] IOKPBITUH U U3TOTOBICHUS

KOMIIO3HTHBIX MaTEPHAJIOB.
® Y3MEHEHHE CTEHICHU OKHCIICHHS OTAEIbHBIX aTOMOB B

M3meHeHne pacTBOPUMOCTH
MAaKpOMOJIeKyIaX, HalpIMep, aTOMOB KHCIIOPOJa,

o TIOBEPXHOCTHOT'O CJIOSI B OPraHHYECKHUX

H3MEHEHHE OKHUCIINTEIEHO-BOCCTAHOBUTEIILHBIX CBOMCTB

¥ HCOPTaHMUYECKHX PACTBOPHTEIIAX.
MIOBEPXHOCTH.

2. I3MeHeHHe CTPYKTYPhI HOBEPXHOCTHOTO CIIOS. VYirydimeHue morogocToRKOCTH




® lI3MeHeHne CTeNIeHN KPUCTAIIMIHOCTH.

o II3MeneHune Temmeparypsl (a3oBBIX IEPEXOI0B.

o Da30BbIC IIEPEXOBI, HHUILUUPYEMBIC ILIa3MOH.

o O6pa3oBaHNE MUKPOJOMEHHBIX CTPYKTYD.

o VBenuueHue 3(pQeKTHBHOM II0IAH TOBEPXHOCTH.
® lI3MeHeHne TOBEPXHOCTHOH IIOPUCTOCTH U
HPOHHUIIAEMOCTH.

o I3menenne kod(dunueHToB qupQy3uu ra3os 1
JKUAKOCTEN B MOJIMMepax.

MOJIUMEPOB.
3ame/IeHUEe MUTPALIT
1acTU(UKATOPA K TOBEPXHOCTH
Marepuana.

MoauuuupoBaHue CBOWCTB HOH-
0OMEHHBIX CMOJI 1 HOH-CEJICKTUBHBIX
MeMOpaH.

Jle3unbekiys moBepXHOCTH MOIUMEpa.
IIpunanue nomumepam
OMOCOBMECTHMOCTH.

3. I3menenue (GU3UUECKUX CBOMCTB IIOBEPXHOCTHOTO
cIiost.

® JI3MeHeHre TOBEPXHOCTHOH SHEPIHH.

o II3menenne ko3 HUIIeHTa TOBEPXHOCTHOTO TPEHUS.
® I3MeHeHrEe MEXaHUYECKUX CBOMCTB.

o II3meHeHue criekTpoB noriomenus B K-, YO- u
BUJIIMOH 001acTsX.

© JI3MeHeHre TOBEPXHOCTHOM IPOBOJUMOCTH,
IIIIEKTPHYIECKOH IIOCTOSIHHON M TaHTeHCa yria

Bo3pacranue npodnocTy,
9JIACTHYHOCTH ¥ COTPOTUBIICHUS
TPEHHUIO.

YMeHbIICHHE YCaIKa 1
CBOMJIaUMBAEMOCTH LIEPCTH.
Ipunanre HECMUHAEMOCTH TKAHAM.
VI3MeHeHne OKpacky u Oiecka
TIOBEPXHOCTH MOJIIMEPa.
CriaxuBaHue MOBEPXHOCTH

YMEHBIIICHHE TOBEPXHOCTHOTO TPEHHUSL.
IIpunanue TpeGyeMBbIX JIEKTPUIECKIX
CBOMCTB, BKJIIOUasl aHTUCTATHYECKHUE.

JUDJICKTPUUCCKUX TOTEPD.
o Hakoruienne TIOBEPXHOCTHOT'O 3apsaa.

TpaBneHue — 3T0 omepaiyss NOBCEMECTHOIO WM JOKAJIBHOTO yAaJeHHs MOBEPXHOCTHBIX CIOEB MaTepHana C LEIbIo
OYHCTKH €T0 OT 3arpsI3HEHUH W MIPUAAHKS peibeda ero MoBepXHOCTH.

Mo ¢U3MKO-XMMUYECKOMY MEXaHW3My BO3JCHCTBHS YacTHI HHU3KOTEMIICPATYpHON Tra30pas3psiiHOM IUTa3Mbl Ha
MOBEPXHOCTh MPOLIECCHI TPABIECHUS MOXKHO Pa3AeaUTh Ha TPU IPYIIIBL

1. MoHHOE TpaBiieHne, Mpu KOTOPOM MOBEPXHOCTHBIE CIION MATEPHAJIOB YAAIAIOTCS TONBKO B PE3YJIbTaTe (PU3NIECKOTO
pacmsiienus. TpaBiieHne ocyIecTBIsIeTCsl SHepreTndecknumMu nonamu ra3os (0,1+5,0 k3B), xumuueckn He
pearupyromuMu ¢ 00padaThIBAEMBIM MaTepraioM (OOBIYHO HOHAMH HHEPTHBIX TA30B).

2. I1na3mMo-XMMHYECKOE TPaBJIECHHUE, IPH KOTOPOM MTOBEPXHOCTHBIE CJIOM MaTEPHANIOB yIAISIFOTCS B PE3YJIBTATE XMMHUUECKHX
peakiuii. XUMHUYECKHE PEAKIUH MPOUCXOIAT MEKAY XMMUUECKH aKTUBHBIMH YaCTULIAMH M TOBEPXHOCTHBIMH aTOMaMH C
00pa3zoBaHUEM JIETyUHX NMPOAYKTOB.

3. VMoHHO-XMMHYECKOE TpaBJICHHE, MPU KOTOPOM HOBEPXHOCTHBIE CJIOM MaTEpHAlOB YNAJAIOTCA B pE3yIbTaTre Kak
(U3MYECKOro pacibUICHHs SHEPrETUYECKUMH HOHAMH, TaK U XUMHYECKUX PEaKLUil MEXy XUMHUECKH aKTHBHBIMHU YaCTUI[AMH U
aTOMaMHU MaTEpHAJIOB.

HanGonee mmpokoe npuMeHEHHE NPOLECC TpPABJIEHHs HAllesl TpPH HM3TOTOBICHHHM W3AEIMH DJIEKTPOHHMKH, KOTna
HEOOXOAMMO B TOHKHX IICHKaX WJIM B TIOBEPXHOCTHOM CJIOE€ TIOJTyTTPOBOAHUKOBOM IMOUIONKKH C(HOPMUPOBATH TOTIOJIOTHUYECKUH
PUCYHOK 3JEMEHTOB CXEMBI, CYIIECTBEHHO YMEHBIIUTH pa3MEphl 3JIEMEHTOB CTPYKTYp C OIHOBPEMEHHBIM YBEIMUYCHHEM
TOYHOCTH, HAJIEKHOCTH U aBTOMATU3allUH UX IPOU3BOJACTBA.

[ImasMoX¥MHYECKHE METOABbl OCAKAEHHWS TAaKWX IUIGHOK JAl0T BO3MOXKHOCTH HAHOCHTh TYTOIUIABKHE U
MHOTOKOMIIOHEHTHBIE CIUIaBbl, JUAIEKTPUKH, MOIYHNPOBOJHHKH, T.€. NMPAKTHUECKH BCE MAaTEpHAIbI, W3MEHSASA CTPYKTYpPHBIE,
MEXaHWYECKHe, IEKTpHIECKUe, (PeppOMAarHUTHBIC U IPYTHE CBOWCTBA TBEPION TIOBEPXHOCTH.

ITpy MOHHOM HaNbBUICHUU IUIEHOYHOE IOKPBHITHUE MOIYyYacTCsl paclbUIEHHMEM B IUIa3ME WHEPTHBIX Ia30B Marepuana
MHUIICHH TIPH IT0Jja4ye Ha Hee OTPULATENFHOTO IoTeHIMana 1 6oMOapANpOBKE HOHAMH IUIa3MBL.

IIpy WOHHO-IIA3MEHHOM HANbUICHUH TPOUCXOJUT HAHECEHHE CIOXKHBIX II0 COCTaBy IIJICHOYHBIX MOKPBITHUH
pacrbUIeHHEM MHUIICHH B TUIa3Me, coieprKalield XMMUYEeCKH akKTUBHBIH ra3. B aToM citydae mieHkr Ha NojioxKe GOpMUPYIOTCS B
pe3yiIbTaTe XMMHYECKOTO B3aUMOJIEHCTBHA PaclIbUICHHOTO MaTepHala U akTHBHOTO rasa (MeTaHa, KHCJIOPoAa, a30Ta).

13. TEXHOJIOTM UMITYJIbCHOT'O BO3JEMCTBUS HA MATEPUAJI

13.1. Beeoenue

TeXHOJIOTHH C WCIOIb30BAHHEM HMITYJIbCHBIX CHJIBHBIX TOKOB OTHOCSATCS HapsiLy CO B3PBIBHBIMH (HCIIOJIB30BaHHC
B3PBIBUYATKH) K BBICOKOCKOPOCTHBIM, MPH KOTOPBIX PEaTn3yeTCsl MHTEHCHBHOE CHIIOBOE BO3/EHCTBHE Ha 0OpabaThIBAEMBIN
00BeKT. HacTo 00BEKTY MPH ATOM COO00IIACTCs OOJbIIasi CKOPOCTh, YTO OTKPBHIBACT HOBBIC TEXHOJIOTUICCKHAC BO3MOKHOCTH.

Hanpumep, mosiBjieHHE MIACTUYECKUX CBOMCTB Y XPYNKUX MaTepUalioB (CIUIaBBl MOJTHOIEHA).

K TEXHOJIOTHAM, UCIIOJIB3VIOLUM CHIIbHBIE UMITYJIbCHBIE TOKH, IIPHHAIEXAT JIEKTPOTMIPABIHYECKAS
(CHJIBHOTOYHBIH PA3PAJ] B BOJE), DJIEKTPORPO3UOHHAS U MATHUTHO-UMITYJIbCHAS OBPABOTKA MATEPHAJIOB (CO3/JAHUE
CHJIBHOT' O UMITYJIFCHOT' O MATHUTHOI'O ITOJIA ¥ OPTAHHU3AIIAA CHIIOBOIO JJEHCTBHA 3TOIO MOJIA HA O5PABATBIBAEMbBIH OBBEKT).

PaccMoTpuM 3IIeKTpOpU3NIECKHE OCHOBBI TEXHOJIOTHH.



13.2. DjekTporuapaBjanyecKas TEXHOJIOTUs

13.2.1. OcHOBHBIE CBe/ICHUSI

[Tpn UMITYTIBCHOM 3JIEKTPHYECKOM Paspsizie B KHJIKOCTH ITPOMCXOANT OBICTPOE BBIICIICHHE PHEPTHU B KaHaie paspsina. B
pe3ynbTaTte AaBJCHHE B KaHAIE Pas3psiia 3HAYMTENBHO IMPEBBIMIACT BHEIIHEE, KaHal OBICTPO PaCHIMPSIETCS, YTO MPHBOAUT K
BO3HHKHOBEHHIO yJapHOIl BOJIHBI X TIOTOKOB )KUAKOCTH.

YnmapHas BoJIHA MpPEACTAaBIsIET cOOOW CKayeK IUIOTHOCTH CPEMbl, PaclpOCTPAHSIOMIEHCS OT KaHajla CO CKOPOCTEHIO,
IpeBbIIIaloIel 3BYKOBYIO. JlaBlneHne Ha (poOHTE yZapHOH BONHBI B JKHUAKOCTH MOXET HOCTHIAaTh HAECATKOB KWiIoOap.
BoszeiictBue atoro nasieHuss Ha 00padaThIBaeMblii 0OBEKT MOXKET BBI3BIBATH CTPYKTYPHYIO MEPECTPOMKY MaTepualia 00beKTa
(zpobneHue XpyIKUX MaTepHanoB, eGopManuio, YIPOYHEHHE TOBEPXHOCTU U T.1.). IIOTOKH JKHIKOCTH, pacipOCTpaHsIomuecs
co ckopocThio 107+10° M/c, epealoT KHHEeTHYECKY0 SHEPIHIO 00pabaThIBAEMOMY 00BEKTY, BBI3bIBAS, KAK M YAPHAS BOJHA, €ro
MEXaHWYEeCKUE U3MECHEHHSI.

MexaHu4ecKre TPOSBICHUS HWMITYJBCHOTO paspsga B JKUAKOCTH TIPHHATO HAa3bIBATh OJIEKTPOTHIPABINYECCKUM
3¢ dekToM, a yCTAaHOBKH C UCIIOJIb30BaHHEM ATOro 3 (deKTa — 3JIeKTPOruApaBInYecKuMH. B kauecTBe paboueil cpeabl B TaKMX
yCTaHOBKaX MCIHOJIB3YETCs], KaK MPaBHIIO0, TEXHUYECKas BO/Ia.

OOBIYHO INMEKTPOTHIPABIMYECKAs YCTAHOBKA COCTOMT M3 HakomuTels 3Heprunt HD (puc. 13.1), 3apsaHOro ycrpoicTa
3Y wu texnonmormdyeckoro Oioka Th, coiepskamero HEKOTOpPBIH OOBEM JKHUAKOCTH, CHCTEMY OJJIEKTPOIOB, MEXKTY KOTOPBIMH
CO3/IaeTCsl UMITYJILCHBIN pa3psi, 1 00pabaTeIBaeMbIli 00BEKT, pacriojiaraeéMblii BOIM3M KaHana paspsina K.
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Puc.13.1. MpuHUMNuanbHasa cxema aneKkTpornapaBrMyeCcKol YCTaHOBKMU

Hakonurens »HepruM, Kak NpaBHIO, NPEACTABIIET CcO00H  Oarapelo WMITYJIbCHBIX KOHAEHCATOPOB BBICOKOTO
HanpspkeHus: eMkocTeio C. KoHneHcaropHast Garapesi COSqUHSCTCS C JIEKTPOJHON CHCTEMOI B TEXHOJIOTHYECKOM OJIoKe yepe3
paspsaHuK P, Hanmm4ne KOTOporo Mo3BOJISIET 3apsaauTh eMKocTh C 10 TpeOyeMoro HampspKeHHUs OT 3apsaHoro ycrpoiictBa 3V co
CPaBHUTENIBHO HEOONbIIMM TOKOM. CoOeIMHEHHE HAKONUTENs JSHEPIHU C TEXHOJOTMYECKUM OJIOKaM  BBINONHSAETCS
MaJIOMHAYKTUBHBIM, IS 4Yero WCHONB3YIOTCSA CHEeNUaIbHbIe KOAKCHAbHBIE Ka0elnW BBICOKOTO HalpsDKeHHs. [lpumeHeHue
KOAKCHAJIBHBIX Kaleliel MMOMHUMO YMEHBIICHHS MHIYKTHBHOCTH Pa3psOHOW LENU ociabiseT 3JICKTPOMAarHWTHBIC OIS BOJIHM3H
paboTaroieil yCTaHOBKH.

Paspsamauk P mMoxer ObITh ynpaBiseMbIM WM HeympaBiseMblM. OH IpefcraBisieT coOOH, Kak IpaBuHIIo,
JOBYXDJIEKTPOOHBIA WM  TPEXINEKTPOAHBIH (TPUraTpoOH) BO3AYLIHBIA HCKPOBOH NPOMEXYTOK, B HEKOTOPBIX CIydasx
IIOMEIIAaeMblii B 3BYKOM3OJIUpYIOIEM Kopiyce. B ycraHoBkax c OOJBLIOH 4YacTOTOH cleqoBaHHS pa3psioB NPOMEXYTOK
paspsAHUKA [TPOJIYBAETCSl CKATHIM BO3YXOM, a JIEKTPOIBI OXJIaXKIAF0TCS BOJIOM.

Hannumne TexHOJIOTHYECKOTO 0JI0Ka XapaKTepHO JUIsl YCTaHOBOK, MTPEAHA3HAYCHHBIX IJIs1 00padOTKH TPpaHCIIOPTAOEIbHBIX
JeTayieil WIM  MarepualioB (HampuMmep, JAeTajeld B MAaIIMHOCTPOCHHHM U METauioo0pabOTKe, CHIphs B TOPHOPYAHOH
MIPOMBIIICHHOCTH Y TPOMBIIUIEHHOCTH CTPOMUTENFHBIX MAaTepHaIoB | T.JI.) B Takux aneKTpOruapaBINYecKUX YCTAaHOBKax, Kak
YCTAHOBKH IJIsl OypeHHs, pa3pylleHHus HErabapuTHBIX KyCKOB TOPHBIX HMOPOJ, IJISl AXOJOKAIMK BOJIOEMOB, TEXHOJIOTHYECKUI
OJIOK OTCYTCTBYET M BMECTO HEr'0 MCIOJIB3YeTCs epeMenaeMas 3JIeKTpOIHast CHCTEMa, ITOrpyKaeMasi B CKBKUHY, 3aII0JTHEHHYIO
JKHIKOCTBIO, HJIH B BOJJOCM.

[TpuHMO paGoTHl THIUYHOW THAPABINYECKOW YCTAHOBKH MOSCHSIOT IpaMKd HM3MEHEHUS BO BPEMEHH OCHOBHBIX
ANEKTPUYECKUX TTapaMeTpOB, IPUBEIEHHBIE HA puc. 13.2.

U,i,P

Puc. 13.2. U3meHenue Hanpsi:keHUus HAa KoHeHcaTope U,, Ha kKaHa/e
paspsanaa Uy, pa3psiiHOro TOKa i 1 MOIIHOCTH P Bo BpeMenH ¢



JIo MOMEHTa f; IPOMCXOIMT 3aps[Ka HAKOIMTEIS: HANpsDKeHHe Ha Konmencatope C pacter no U=10°+10°B. B
MOMEHT f| HAKOTIUTEIb MOJKITIOYaeTCs K UICKPOBOMY MPOMEXKYTKY B HMIKOCTH M HAUMHACTCS IPOLECC 3IEKTPUIECKOTO MPOoOOst
npoMexyTka. 1o 3aBepiieHnn npoOOsi B MOMEHT #, HACTyINaeT KaHalbHas cTagus paspsanga. Hanpsokenne U, 3a Bpems 6 — 4
HeCKoJIbKO nazaeT (1o Uyy) U3-3a cTeKaHus 3apaaa ¢ koHaeHcaTopa C BCeICTBHE DIEKTPONPOBOJHOCTH CPEZIbl B TPOMEXKYTKE.
Ecnn mpu mpoboe TOK i, IPOTEKAOUMK dYepe3 MPOMEKYTOK, PACTET HE3HAYMTENIBHO, TO IO 3aBEPIICHHH NMPOOO0ST OH PEe3Ko
Bo3pacraer. OOBIYHO TOK B T€UCHHE KaHAIILHOU CTaguu uMeeT (GopMy, ONM3KYI0 K CHHYCOUIATFHON C OOJBITNM 3aTyXaHHEM.

®opMa HanpsKeHUs: Ha IpoMexyTke Uy oTpa)kaeT HEIMHEMHOCTh COIIPOTUBIIEHUS KaHaa pa3psaa. IMITyJIbCc MOIHOCTH
P, pa3BuBaemoii B kaHaje, uMeeT popMy, OJIHM3KYIO K TPEYrOIbHOM.

B Tex ciydasx, Koraa MoTepy 3HEPTHHU 33 BpeMs NMpo0ost £, — ¢ B MIPOMEXKYTKE HEAOIyCTUMO BEJIMKH TN TIPH padoueM
HAIlpSHDKEHUH He 00ecredrBaeTcsl CTaOMIbHBIM NPOOOH IMPOMEeXyTKa MpU TpeOyeMOM PAacCTOSHUU MEXKIY JICKTPOIaMH, Iepen
KaXJbIM pa3psioM 3JIEKTPObI 3aKOPauUBAIOTCS] TOHKOW MPOBOJIOYKOH, KOTOpast B3pbIBAETCs MO JEHCTBUEM TOKA.

Ilpu pa3psae WM SIEKTPUUECKOM B3pBIBE IMPOBOJOYKM B JKUAKOCTH BO3ZHUKAIOT yAapHas BOJHA MJABICHHUA U
MyJbCUPYIOLIasl 10 pa3MepaM ra3oBas IOJIOCTb, U3MEHEHHUE IONI0KEHUS KOTOPBIX OTHOCHUTENIBHO OCH KaHala BO BPEMEHH
MoKa3aHo Ha puc. 13.3,a cooTBETCTBEHHO KpUBbIMH | 1 2.

Kanan paspsina B Havase mporecca paciipsieTcsi ¢ MaKCUMaJIbHOHM ckopocTbio. [locne mpekpamieHust NpoTeKaHus TOKa
MIOJIOCTh KaHaya pa3psaa BCIEICTBUE WHEPIIMOHHOCTH OKPY’KaIOIIeH Cpeabl MPOJODKAeT PaclIupsThCS, JOCTHTAaeT MPeeIbHbBIX
pa3sMepoB M 3aT€M HauyMHAeT CXuMathbes. [Ipu pacmmpeHun MOJIOCTH TeMIeparypa W JaBjICHHE B HEW MajaroT, a MpU CHKaTHH
MOBBIIIAIOTCS, YTO NPHBOMUT K 3aTyXAIOMMM IyabcanusM moiaocTH. OOBIMHO Teproj; KOJeOaHWH IOJIOCTH Ha HECKOIBKO
MOPSIIKOB TPEBBIMIAET TUTENFHOCTD pa3psaa. MakcuMaibHBIE pa3Mephbl MOJIOCTH B 3aBUCHMOCTH OT BBIACIMBIICHCS 3HEPIHUU
IpH pa3psle U OT YCIOBHH NPOTEKAaHUS TUAPOJMHAMUYECKUX IPOLIECCOB B TEXHOJIOTHYECKOM OJIOKE COCTABIIAIOT OT HECKOIBKUX
CaHTHUMETPOB JI0 JIECATKOB CAaHTHMETPOB.

B cinyuae mpuMeHeHHs B3pBIBaIOIIEiCS MPOBOJIOUKH KapTHHA MEXAHHUUYECKUX IIPOSIBIEHUNH HECKOIBKO H3MEHseTCs
(puc.13.3,6). C MoMeHTa TOAKIIOUEHHS HAKOMHTENs f; HAYMHAETCS pa30rpeB IMPOBOJOYKA W IPOUCXOJHUT CPABHHUTEIBHO
MEIJICHHOE YBelIU4YeHue ee auamerpa. K MOMEHTy Hauana 3JIEKTpUYECKOrO B3phIBA #3 OT OTICJIBHBIX YYaCTKOB IPOBOJIOYKH
OTAEJIAIOTCS cnaldble yAapHbIe BOIHBI, PACIIPOCTPAHSAIOIINECS CO CKOPOCTHIO, OJIU3KOI K CKOPOCTH 3ByKa. B MOMEHT 3aBepiieHHs
B3pBIBa /4 BO3HHMKAET MOIIHAs yJapHas BOJIHA, OOTOHSIONIAs paHee BOHUKIINE, M Jaiee MpoLece MPOTeKaeT TaKkKe, KaK U IpU
paspsizie BcIeCTBUE TPOOO0s TPOMEXYTKa.

2] t

a)

4 [SR 7 t
Puc.13.3. U3MeHeHHe N0J10KEHUS YIAPHOH BOJIHBI (KpUBbIe 1) U rpaHuIbI
ra3oBoii noJocTH (KpUBbIe 2) IPH pa3psijie B :KUIAKOCTH,
BbI3BAHHOM NP000eM (@) M B3PbIBOM NPOBOJAHNKA (0)

W3-3a moTeps SHEPrUM B COCAMHUTENBHBIX MPOBOJAX M 3JIEMEHTaX HaKOMHTEJS, B KaHAJIE pa3psiia U B Ta30BO IOJIIOCTH
TOJIPKO HE3HAYNTEbHAS YaCTh HAKOIJIEHHON SHEPTUH MOIBOJUTCS NPH MPOOOE IMPOMEKYTKA HIIH B3PBIBE MIPOBOIOYKH K OOBEKTY
00paboTku. OIHAKO MpH pa3psane B KHUAKOCTH OCTUTAIOTCS BBICOKHE KOHIEHTPALMH 3HEPTHMHM U CKOPOCTH 0OpabOTKH, YTO H
ompezenseT 001acT NPUMEHEHHS MEKTPOrNAPABINYECKUX YCTaHOBOK. DTO MPEXkK/IE BCETO BEICOKOCKOPOCTHOE Ae(hOpPMHUPOBAHIE
METaJUIOB, pa3pylleHHe U IpOOJeHHe XPYIKHX MAaTepHalioB, OYHCTKA METAJUIMYECKHX JAeTaneil oT (OPMOBOYHBIX CMeceil,
OKAJIMHBI, 3X0JIO0KAIUs BOJOEMOB U T.II.

13.2.2.Texnonoru4eckne NMpuMeHEHHUs Pa3psiia B KHIKOCTH
Kak yxe orTMeyanoch, TEXHOJIOTHM C IPUMEHEHHEM JJIEKTPUYECKOTO pas3psna B JKUAKOCTH OTHOCATCA K
BBICOKOCKOPOCTHBIM. DTHM H OIIPEAEISIETCS UX IIPEUMYIIECTBO.
Mo’KHO Ha3BaTh PsiJ TEXHOJIOTHYECKHX IPOIIECCOB, KOTOPbIE MO0 HAILIM NMPUMEHEHHE, JIM00 NepcneKTHBHBL. Cpeny HuX
OTMETHUM CJIETYIOIIHE:



DJIEKTpOJHAs CUCTEMA
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Puc. 13.4. TUnu4HbIE 3JIEKTPOrWIPABIHYECKHE TEXHOJIOIHYECKHE MPOIECChI:
@) ITaMIIOBKa; 6) Ipo0OJIeHNe XPYIIKHX MaTepHaIoB (IIeOeHb, TPAHUT | T.1.);
6) pa3pyLICHHE HEKOHJUIIHOHHBIX JKEJIC300CTOHHBIX H3/ICIHI;
2) pa3pylIeHre KaMHel B ITOYKaX YelIoBeKa

o [llmamnoska Oemanei u3z mpyoOHOOEHOPMUPYEMBIX MAMEPUANO8 UIU  CLOJICHOU  Kongueypyuu. 1llTammoBka
OCYILECTBIIIETCA B YCTPOMCTBE, CXEMAaTUYHO MOKa3aHHOM Ha puc. 13.4,a. JlucroBas 3aroroBKa BMecTe ¢ MaTpULield momeruaercs B
6ak ¢ Bomoil. Hax 3aroToBkoii pa3melaercs 31eKTpoHast cucTeMa. B pesynbrare paspsga B )KUIKOCTH MEXaHUYECKOe BO3ZeicTBIE
yIapHOI BOJIHBI M ITIOTOKOB >KHIKOCTH Ha 3arOTOBKY IPUBOJMT K ee nedopmarmu. Ilepemeriasich py Kax1oM pas3psze K MaTpuile Ha
HEKOTOpOE PAcCTOSIHME, B KOHIIE 0OpabOTKM 3aroToBKa NMpUHUMaeT ¢GopMmy Marpuipl. s Toro, yToObl B mporecce oOpaboTKu
3aroTOBKa IUIOTHO MpHJIeraia K MaTpulle, 00pasyst U3/ieiie, BO3AyX U3 IPOCTPaHCTBA MEXIY 3ar0TOBKOH M MaTpHIIel OTKaunBaeTCs.
Kak BUIHO 13 pUCYHKA, IPH 3JIEKTPOTHAPABIMYECKON ITAaMIIOBKE PEATH3yeTCsl SKOHOMHS Ha OCHACTKE: JUIS IPUTOTOBJICHHS IeTalH
Tpebyercs TopKo MaTpuLa. [TyaHcoH, He0OXOUMBIH NP TPAAULMOHHOH IITAMIIOBKE OTCYTCTBYET.

e Jlpobnenue xpynkux mamepuanog (CTPOMTEIBHBIX MaTEepHaliOB, T'€OJOTHYECKHX Mp00, HEKOHIMUIMOHHOTO OeTOHa,
HerabapuToB u T.1.) (puc. 13.4,6,8). IIpu sToM moprmst 0OpadbaTeIBaEMOr0 MaTepraia IOMEIIAeTCsl B COCY, 3alONIHsIeMbId BOIOH. B
cocyze umeercst oguH (puc. 13.4,6) wim Heckonbko (puc. 13.4,8) 3NEeKTPOJOB, C KOTOPBIX Pa3BUBAETCS Pa3psi/l Ha JTHO KaMepbl WU
Ha apMaTypy paspyluaemoro skenesoderoHa. [locne cepuu pa3psamoB OeTOH pa3pyliaeTcs, H3BIEKAIOTCS NMPOLYKTHI 00pabOTKH H
LIUKJT IOBTOPSIETCSL.

e Quucmka aumvs om @opmosounoll semau. Ilpu 3TOM ynaercst MpOBOAUTH OYUCTKY B (opMax CIOXKHOH (GopMBI U
CYIIECTBEHHO YJIY4IIUTh YCIOBHS TPYyIa.

e Ouucmia nogepxHocmeti Om OKAIUHbL, MUHEPATLHBIX OMAOHCEHULL Y T.1.

e Paspyuienue xammell 8 noykax yenogeka 0€3 XUPyprudeckoro BMEIIATeIbCTBA, TyTeM KOHIIEHTPALMN yIapHBIX BOJH B
TpedyemoM Mecte. [Ipy 3TOM ManueHT noMelaeTcs B BaHHe B Bool (puc. 13.4,2). Cnendinas ka IpaBUIO PEHTICHOBCKas CUCTEMA
obecrieunBaeT M3TyYeHHE paspsa B MOMEHT, KOTJia pa3pyliaeMblii KaMeHb OKa3blBaeTcsl B (DOKyCe KOHIIEHTPUPYIOIIEH CHCTEMBI.
Pa3poOieHHbII KaMeHb BHIBOJUTCS N3 OPraHW3Ma €CTECTBEHHBIM ITyTEM.

o Axmususayus HeQpmAHbIX CKEANCUH.

o Oxonokayus 6000eM08 u MHozue opyzaue.

13.3. dnexmpoapozuonnan odpadbomka mamepuaios

13.3.1. OcHoOBHBIE CBe/ICHUSI

ITox »neKTpo3po3nOHHON 00pabOTKON MOHMMAIOT 00pabOTKYy METAJUIOB C HCIOJIB30BAHHUEM JJIEKTPUYECKON 3PO3NH,
BO3HHUKAIOIICH MpPU OpraHH3allid HMITyJbCHOTO pa3psia Mexay oOpadaTblBaeMOW AETanbl0 M CHELHANbHBIM 3IIEKTPOIOM-
HHCTPYMEHTOM. DIEKTPOIPO3HOHHAS 00pabOTKa MPOM3BOAMUTCS C WENBI0 NPHUAAHUS IeTamu TpeOyeMoil (opMbl (pa3mMepHas
00paboTKa), yIIPOYHEHHST TOBEPXHOCTH WM HAHECEHHs Ha Hee 3allIUTHOTO IOKPBITHUS.

Ipunyunuanvras cxema oOpabOTKHM JETald Ha DIIEKTPOIPO3MOHHOM CTaHKe moka3aHa Ha puc.13.5. Ilpu obpaborke
UCIIOJNB3YEeTCs COOCTBEHHO CTaHOK 1 ¢ paboueil BaHHOW 2, B KOTOPOW HAXOIUTCS CTON 3 Uil YCTAHOBKH DIIEKTpOAa-u3zenus 4 ¢
nepeMenIeHHEM 0 AByM KOOpIMHATAM; 5 — PEryJsTop IOJadH SIIEKTPOJa-HHCTPYMEHTa; 6 — UCTOYHHK MUTAHUS — TeHepaTop
UMIYJIbCOB; 7 — cucTeMa cHaOXeHus pabodeil JKUAKOCTBIO, COCTOSIIAs W3 HACOCOB, (QIUIBTPOB, 0aka W T.IL.; 8§ — DIEKTPOI-
MHCTPYMEHT.



Puc.13.5. D1eKTPO3p03MOHHBII CTAHOK €O BCIIOMOraTe/IbHbIMHM YCTPOCTBAMH 3HEProNUTAHMUSA U CHA0KeHUs padoyeil :KHAKOCTHIO

Hcrounuk murtaHus 6 mpeoOpasyeT NMepeMEeHHBI TOK MPOMBIIUICHHOW YacTOTHl B MMITYJIBCHBIM C PEryIupyeMbIMH
YacTOTOH CIIEIOBAHMS UMITYJILCOB OT COTEH JIO COTEH THICSY repll, aMIUIUTYA0H OT 1oJeil 10 ThICSY aMnep, cKBakHOCThIo oT 1,01
10 5+10, UIMTENBHOCTHIO MMITYJIbCA OT JIOJEH O HECKONBKHX THICSY MHKPOCeKyHH. V3MeHeHWeM yKa3aHHBIX MapaMeTpoB
YCTaHABJIMBACTCS TEXHOJIIOTUIECKUHN PeXKUM 00pabOTKH.

Perynsitop 5 momadd OCYIISCTBISIET aBTOMATHUECKOE HM3MEHEHHE TIIOJIOKEHUSI OIHOTO U3 JIIEKTPOJOB C IETbIO
MOJIIEPKAHKS 33JaHHOTO MEKAIICKTPOAHOTO 3a30pa, H3MEHSIOLIETOCs OJlaroapsi 3p0o3un Marepuaia JIeKTPOIOB.

Cucrema CHaOXeHHUS 7 CIYXHT JJIsl ypEeryJIMPOBaHUS PAcXo/ia U OYUCTKU pabouel KUAKOCTH, MOJABAEMOIl C IIEJIbI0
o0JeryeHusl yaaieHus MpoILyKTOB MPOIIecca U OXJIKACHHS HEIOCPEICTBEHHO B MEXKAJIEKTPOIHBIH MTPOMEXKYTOK (pabodyto 30HY)
U B BaHHY 2 CTaHKa.

PaznnuatoT nBa Buaa 3J1€KTPO3PO3NOHHOI 00pabOTKH: 3JIEKTPOMCKPOBYIO U JIEKTPOUMITYJILCHYIO.

Dnexmpouckposasi 00paboOTKa POU3BOJUTCS KOPOTKUMH UMITYJIbcaMH Toka (MeHee 100 MKc). YCIIOBHO Takue pa3psiibl
Ha3bIBAIOT UCKPOBBIMH, U3 YETO CIIEAYET 1 Ha3BaHUEe 00pabOTKH.

Dnexmpoumnynvcnas o0pabOTKa XapakTepusyercsi OoJjiee UIMTENbHBIMH HMMIyibcamu Toka (Oonee 100 Mxc), mpu
KOTOPBIX PaspsiJ 10 CBOMM XapaKTepHCTHKaM NPHONMKAeTCs K AYrOBOMY: C XapaKTEpHBIMU 30HaMH W CTOJOOM KaHaa, IS
KOTOPOT'0 XapaKTEePHbI MaJIble TPaINCHTHI HAIIPSKEHHS.

[MpuHOMO peanu3anuy  DIEKTPOIPO3UMOHHONW O00pabOTKM OCHOBaH HAa TEIJIOBOM JCUCTBMM KaHala paspsga Ha
oOpabatbiBacMyto jeTanb. B KkaHane paspsijga, BKJIOYas NPUIJICKTPOAHYIO 30HY, 3a KOPOTKOE BpEMs BBIICISCTCS JHEPrus,
HarpeBasl ra3oByl0 cpely KaHana (B OCHOBHOM Mapbhl MeTaiia) J0 TEMIEPaTypbl B HECKOJIBKO ThHICAY IPaaycoB. 3a CUeT
TEIUIONPOBOJHOCTH M3 30HBI pa3psaa QopMHupyeTcsi TEIIoBOW IOTOK, KOTOpPBIM OBICTPO HArpeBaeT HENOCPEJICTBEHHO
MPUMBIKAIONIMKA K MECTY pa3psja MeTajul 3arOTOBKH, IJIABUT M YACTUYHO HCMApseT HEKOTOPOE KOJIMYECTBO MeTajlia, o0pasys
SPO3MOHHYIO JIyHKY. [l opraHm3anuy paspsia ¢ HYXKHBIMH NapaMeTpaMHd W 9BaKyallud NPOAYKTOB 3po3uM (Tapa M YacTuI]
pacIuIaBIEHHOTO METallIa) pa3psii HPOU3BOIUTCS B TEXHOJIOTHYECKOH XKHUIKOCTH (KEPOCHH, Maciio, BOJIA).

Ha puc.13.6 moka3zanbl OTKphITast (a) U 3aKpbITast (0) pabodre 30HbI AIEKTPOIPO3UOHHOTO CTAHKA.

a) 0)

Puc.13.6. Cxema OTKpBITOI (@) ¥ 3aKPBITOi (0) padoyeii 30HbI NP eIMHUYHOM pa3psiie:

1 —anon; 2 — katox; 3 — KaHan pa3psja; 4 — pabouas cpeza; 5 — ra3oBblii Iy3bIpb;

6 — Imy3BIPBKH Napa WM ra3a; 7 — TBepAble YaCTHIBL, 8 — MPOMYKTHI MHPOIH3a

HamnpsokeHne MCTOYHUKA MUTAHUS AJICKTPOIPO3HUOHHBIX YCTAHOBOK COCTABIISACT OOBIYHO HECKOIBKO NECATKOB BOJIBT (B
HEKOTOPBIX CIy4asx — COTHH BOJIbT), TO3TOMY PACCTOSIHUE MEXTY 00padaThiBaeMOW IETANbI0 2 U DJICKTPOJOM-HHCTPYMEHTOM |
COCTABIISIET MHKPOHBL DIIEKTPOI-WHCTPYMEHT BBIMOJHACTCS MOJABMKHBIM. Pa3psiapl BOZHHKAIOT B TEX MECTax, IJIe PacCTOSHHE
MEXIy 3JEeKTPOAOM M IETaJbl0 MUHHMAaIbHO. OOpa3oBaBLIAsCS JyHKA NMPUBOAUT K YBEIHMUYCHHIO PACCTOSIHUS, W Pa3psa IpH
CIIeYIOIIeM MMITYJIbCE MPOUCXOAUT B APYroM Mmecte. TakuM oOpa3oM, NMOCTEHEHHO 0OpadaThIBAeTCs BCS MOBEPXHOCTH MEXKIY
ANEKTPOIOM U JITaNbIO, AIEKTPOA 1 MeIJIeHHO BBOIUTCSA B OTBEpCTHE, oOpasytomieecs B netanu 2. [IpomxykTsl spo3un 7 (Memkue
3aTBEepAEBIINE YACTUIBI MaTepHana, Kak AeTald, TaK M DJIEKTPona), NMPOLYKTHI MUPONU3a 8 BBIHOCATCA JKUAKOCTBIO 4 M3
OTBEPCTHS.

['MaBHBIMHU MPEUMYIIECTBAMH IIEKTPOIPO3UOHHONW 00pabOTKHU SIBISIOTCS BO3MOYKHOCTH 00pabOTKM METaJUIOB C JIFO00
MPOYHOCTBIO, BKJIIOYAsi BBHICOKOMPOYHBIE CIUIABBI, a TAKXKE BO3MOXKHOCTh M3TOTOBJICHHS OTBEPCTHH, JNUHHI pa3pe3a CIOKHOM
koHOurypanuu. Hanpumep, UCTONb3ys 3MeKTpoa B GopMe CHHPaid, BO3MOXXHO H3TOTOBHTH OTBEPCTHE MOBTOpstoiiee HopMy
3NEKTpOJa B 3aroTOBKe, obnanaronieil Jr00i NpoYHOCThI0. HUKaKMMH APYTUMH TEXHOJOTHYECKUMH IPUEMaMHU aHATOTHYHYIO
OIePALUIO BBITIOIHUTH HEBO3MOXKHO.



BakHO!l 0COOEGHHOCTBIO 3JIEKTPO3PO3UOHHOI 00pabOTKH SIBIISIETCSl MPOCTOTA PETYJIMPOBAHUS BBIICISEMOI B paspse
SHEPIUM IyTeM W3MEHEHHS EeMKOCTHM MCTOYHHMKA NHUTaHHA. TeM caMbIM OOECIIeUMBACTCS JKENaeMbIH PEXuM: IpyObIi
(oOmupoyHsIit) nin OoJiee MATKHIA, ¢ OoJiee riaikoi TOBEPXHOCThI0 00padaThiBaeMoi neTany ((pUHHIIHBIE PEXXUMBI).

DNEKTPOIPO3NOHHAS 00paboTKa KaK TEXHOJIOTMYECKUH mpoliece BrepBble Obiia u3zobperena B CCCP B 1943 r.
W3zobperarensimu 3Toro Buaa obpaborku siistorcst b.P. m H.U. Jlazapenko. Ilpuopurer CCCP 6but npusHan B 1946 r. Bo
Opanuuu, Aurnun, CIIA, HIsenuu, IlIBeiinapuun, uro nocnenoano nocie nocraHoBieHusi CoHapkoma CCCP B 1945 r. o
MaTEHTOBAaHUHM 32 pyOeskoM 3Toro n3o0pereHus (ObUTH TaKHe TOPSAKH!).

B teuenue necstmernii Beaymue opraanzaiuu CCCP (AH Monnossl, Kummues; JHUMC, Mocksa 1 1p.) 3aHUMAaIH
MepeioBbIe MO3UIMU, KaK B 00JacTH pa3pabdOTKM TEXHOJIOTHH, M3YYE€HHH IIPOIECCOB, TaK W IO IPOM3BOACTBY CEPHHHOTO
000pyIOBaHMUS, TEKTPOIPONOHHBIX CTAHKOB, MAIIMH. B OCHOBHOM IUISI OTpa)KEHHS MPOOIEM 3IEKTPOIPO3HOHHON 00paboOTKH
OBLT OCHOBaH W3AaroIIuiica B KummHeBe akaqeMIrdecKuii xKypHam “DIeKTpoHHAs 00paboTKa MaTepraioB”.

B HacTosiiee BpeMsi 3JIEKTPOIPO3UOHHAS TEXHOJOTHUSl LIMPOKO PaclpoCTpaHeHa. be3 351eKTpoIpOo3MOHHBIX CTAHKOB
HEBO3MOYKHO COBPEMEHHOE IPOM3BOJCTBO MHOTHX HNPHOOPOB, HHCTPYMEHTA, M3IENHH M3 TBEPABIX CIUIABOB, (QHIbEP, MATpUIL,
IIyaHCOHOB U MHOTOT'O JIpyTOro.

13.3.2. ®u3uyeckne OCHOBBI YJIEKTPOIPO3ZHOHHOM
00padoTKH METAJJIOB
He BraBasick B HOAPOOHOCTH 3JIEKTPUYECKOTO MPOOOST KOPOTKHX MPOMEKYTKOB B JKHIKOCTH W AWHAMUKHU TEepexopa K
HCKPOBOM MM ayroBoil (opmam paspsja, MOXHO IIPEACTaBUThH CIEAYIOIIyI0 KapTHHY paspsia
5 qa (puc.13.7).

H ® Mexny xaromoM | U aHOOOM 2 B T€UEHHE HEKOTOPOTO BPEMEHH, PAaBHOTO [UINTEIBHOCTH
3 UMITYJIbCa TOKA CYLIECTBYET KaHal paspsja. IIpy 3ToM B HEM BBIAEIAIOTCS 30HBI MIPUAHOAHOIO 3 U

MPUKATOIHOTO 5 MaJeHUI HANPsHKEHUH, a TaKKe TNIAMEHHBIH cToj0 4.
4 B npuxamoownoii obracmu TPOTSHKEHHOCTHIO MOPSAKA 10°-10™ cMm cosmaercss  BBICOKas
5 HATPSKCHHOCTh JJIEKTPUYECKOTO TOJSL, JOCTaTOYHAs Ul TEPMOABTORJICKTPOHHON SMHCCHU U3

H@ karona. OHa paBHa ~10° B/em. B MIPUKATOMHOW OOJIACTH DIIEKTPOHBI HA 2—3 IIMHAX CBOOOIHOTO
1 qx

npobera JOKHBI HAOpaTh SHEPTHIO, JOCTATOYHYIO U YAApPHOH HOHHU3AIMU MOJIEKyYJ rasa (Iapa) Ha
rpaHulle IUIa3MEHHOrO CcToN0a, TIhe HeoOXOoAuMMas KOHIGHTpaLs HOCUTENeH 3apsama I
o0ecrieueHnst ToKa MoJ/ICPKUBACTCSl TEPMUIECKON HOHU3AIMEH.

B npukaTonHO#H 0051aCTH TOK B OCHOBHOM COCPEZOTOYEH B KATOJHBIX MSATHAX (TOK HAa OJHO
msaTHO 1-5 A), GecropsiIoYHO JBUTAIOIIMXCS TIO OMOPHOIT 30He Ha Karojne. [lomepedHble pa3Mepbl OMOPHOM 30HBI 3aBUCST OT
TOKa: TIpH OOJIBIIOM TOKE ONOPHAsl 30Ha pa3psa BeJIMKa, C YMEHBIICHUEM TOKa OHa CY)KaeTcsl.

Ha mnoBepxHOCTh KaToOzma BO3AEHCTBYET MOTOK MOJIOXKHTENBHBIX HOHOB, H3mydyeHue. [locTymaer sHeprus u 3a cyeT
TETIIONPOBOTHOCTH M3 KaHaa paspsina. [IprkaronHoe nagenne HanpsbkeHust Uy 3aBUCHT OT MaTephaia KaTroja, ¥ sl OOJBIIMHCTBA
MeTajuloB OHO cocTaBiser 15+20 B. IlpumepHO monOBMHA MOIIHOCTH, paBHOW Ud, BceMH MEXaHHW3MaMH Mepefadd SHEepruu
(bomOapanpoBKa MOHAMH, TETUIONPOBOIHOCTHIO M T.J.), TOCTYNAEeT B BHUIE TEIUIOBOTO TOTOKA ¢y HA MOBEPXHOCTh KaToa B ONOPHON
30HE KaHaa pa3psia g,.

Ilpuanoonas obracmes Taxke COCTOMT W3 aHOIHBIX TATEH. B Hell maneHuWe HampshkeHHs coctaBisieT 3+5 B. AHon
MOABEpraeTcst 60MOAPANPOBKE 3IEKTPOHAMH M OTPHLIATEIBHBIMI HOHAMH, a TAK)KE BO3JCHCTBHUIO TEIUIOBOTO MTOTOKA.

CorocTaBiisisi TEIUIOBBIE IOTOKH HA aHOJ, U KaTOJ, MO’KHO OTMETHUTH, YTO IIPH KOPOTKHUX MMITYJIECAX MOTOK HA KaTOA BHIIIIE,
M 3pOo3us KaToa Oolee CyIecTBeHHa, YeM aHoaa. 1103ToMy 3IIeKTporcKpoBas 00paboTka OOBIYHO TPOBOIUTCS TIPH OTPUIATEIIEHON
HOJIIPHOCTU OOpabarsiBaeMol metanu. Ilpu OONMBIIMX IIMTENBHOCTSAX COOTHOIICHHE OOpaTHOE, W IPH JJIEKTPOUMILYJILCHOM
00paboTKe eTab UMEeT, KaK MPAaBUJIO, ITOJIOKHUTENbHYIO OIIPHOCTD.

TerioBass MOLIHOCTh, NOJIBOAMMAS K 3JEKTPOAaM M3 KaHalla, COCTaBJSET 10%+10* BT, uro npu maneix paszmepax
OTIOPHO 30HBI IAa€T ITIOTHOCTH TEILIOBOTO ITOTOKA 10°+10'° Br/m>.

ITpu Bo3aeHCTBIM TAaKOTO MOITHOTO TEIUIOBOTO MOTOKA TEIUIOBBIE MPOLIECCH HA AJIEKTpoe cieayromue (puc.13.8).

vV VY
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Puc.13.8. PazBuTHe Tenj10BbIX NPOLECCOB BO BpeMEeHH IPH 3JIeKTPOIPO3HOHHOIT 00paboTKe MATEePHATIOB



OHeprus, MOCTyNaloNmas B 3JIEKTPOA, HarpeBaeT MaTepuai. IIoCKOIbKyY TEIIOBbIe MPOLECCH HHEPLMOHHBI, TO 32 CHYET
TETUIONPOBOIHOCTH CPAaBHUTEIHHO ME/IICHHO MOBBIIIACTCS TEMIIEpaTypa Ha HEKOTOPOH IIyOHHE OT MOBEPXHOCTH MaTepuaa.

Ecnu mpocneanTs BO BpEMEHU JUHAMHKY MOBBIIICHUS] TEMIIEpATyphl 1O TIyOHWHE AJIEKTPOa, TO MOXKHO YCTaHOBUTH
CIIeIYIOIIe 3aKOHOMEPHOCTH.

B Hauane mporecca HarpeBaeTcsl 10 Mepe MOCTYIUICHHS! SHEPIMH NOBEPXHOCTHHIM TOHKWI cioi. TemmepaTypa ero
MOBBIIIAETCS, TOCTHTasi TEMITEPATyphI TUIABJICHHS; HAYMHAETCs (Pa3oBbIi Mepexo, TPeOYIONHi CPaBHUTENIHHO ONbIIeH SHEPTHH.
I'panuma Mex 1ty TBEpAbIM ¥ KHUIKUM METAJUIOM yJaJISIeTCsl OT OBEPXHOCTH AJIEKTPOIA.

Tak Kak TeIuIo MOoCTynaeT ¢ MOBEPXHOCTH M K TPaHHMIIEC IUIaBICHHS TPAHCIUPYETCs yepes XKUAKUA METall, TO KUAKUH
MeTaJUl HarpeBaeTcst BIUIOTh 10 TeMIIepaTypsl ucnapeHus. C MOBEPXHOCTH JKUIKOTO MeTallla HAYWHASTCS HCIIapEeHHe, U BEPXHSIS
IpaHULA XUIKOTO MeTajlla TaKXKe CMEIIAaeTCs BIIyOb JIEKTPO/a.

CremyeT OTMETHTh, YTO Takas KapTHHA TEIUIOBHIX HPOIECCOB JOBOJBHO YCIOBHA, OHa Onn3ka K HaOMIOAAaeMBIM HpH
CPaBHHTENIFHO MEJICHHBIX Tpoleccax (MpH 3IeKTPOUMITYJIbCHONW 00pabotke). [lpu ObIcTphIX mpoleccax HaOIIOJA0TCs
HeperpeBhl Kak TBEPIAOH, Tak M kUKol (a3. Uem kopoye mporece, TeM 0oJbLIasi posib HCTIApEHHUs B 9PO3UU MaTepHaa.

[Tocne OkoHYaHWsI WMITyJbca TOKa (IPEKpAIleHHs] JIEHCTBHS TEIUIOBOTO IIOTOKA) IPOIECC IMPOIBMXKEHHS T'PaHHIL
TUIABJICHHSI U MCHAPEHUs] MOXKET HEKOTOPOE BPeMsl IPOJI0IDKATHLCS 33 CUET TEIJIOBOW DHEPIHH, colepikalieiics B xuakoi dase,
KOTOpas MOKET HMETb TeMIepaTypy, OOJBIIYI0 TeMIepaTyphl IUIABICHUS (a4 IOBEPXHOCTHBIE CIOM — OOJBLIYIO, YeM
TEMIIepaTypa KUIEHHS).

Kak y’ke oTMeqanoch, JIeKTpOIpO3HOHHAs 00paboTKa IPOBOIUTCS B XKUIKOH cpene. Bo3HNKHOBEHME KaHaANIA paspsiia u
€ro CyIIeCTBOBAaHME BBI3BIBACT pA3JIOKEHWE M HCIApEHHE CpeJbl, CONPOBOXJIAIOIIEECS MEXaHHUECKHMMH d(QeKTamu, B
YacTHOCTH, JIBIYKEHUEM MacChl )KUJIKOCTH, OKPYKAIOIIEH BO3HUKIINN Ta30BbIH ITy3bIPb.

OOBIYHO T'a30BBHI My3BIPb, OOPAa30BaHHBIA IPH paspse, COBEpIIAeT MyJbCUPYIOIINE IBIKECHHS, TIOKa IOJHOCTBIO HE
3aXJIOIHETCH.

[ToTOKM XHAKOCTH, a Takke B3PBIBHOE PACIIMPEHHE HArpeTOro MaTepuaia MPUBOAMT K TOMY, YTO OOJbIIAs 4YacTbh
PACIIaBIEHHOTO MeTajlla BBIOPAchIBAeTCS B OKPYIXKAIOIIYIO XHAKOCTh B BHIE MEIKHX IO (opMe ONM3KHX K chepruueckum
yacTunaMm. EcTecTBeHHO, YacTh PacIUIaBIEHHOTO MeTala KpUCTau3yeTcs. B pesynbrare Ha anexTpome oOpasyercs JIyHKa ¢
BAJIOOOpPA3HBIM HApOCTOM IO KpasM 3a CYeT KPUCTAUIM3AlMHM W ¢ IUIOCKMM OHOM. Ha nHe mMeeTcs HEKOTOPBIH CioH
HEePEKPUCTANIN30BAaHHOTO MaTepHuaia, KOTOPBIH M0 cBOEll CTPYKType OTIMYaeTcs OT UCXOAHOro MmaTtepuana. Ha atom addexte
OCHOBaH TaKOH BHJ AJIEKTPOIPO3UOHHOM 00pabOTKH, KaK YIIPOUYHEHUE TOBEPXHOCTH.

13.4. Macnumno-umnynvcnan oopadbomka mamepuaios

13.4.1. OcHOBHBIE CBeiIEHUS

MarauTHO-UMITyJIbCHAsT 00paboTKa MaTepualloB OCHOBAaHA Ha WCIIOJIB30BAaHUU DJICKTPOJMHAMUYECKUX CHJI, KOTOPHIEC B
HMITYJIbCHBIX PEKHUMaX MOTYT JOCTUTaTh TUTAHTCKUX 3HaYCHUH. Ecny maBieHus, co3aaBacMble JIEKTPOIMHAMUIECKUMHA CHIIAMH,
MPEBBIMIAIOT MPEAET MNPOYHOCTH, TO MPOUCXOANT Ac(opMais 3aroTOBKHM OTOT IPOIECC YacTO HA3BIBAIOT MAarHUTHOMN
LITAMIIOBKOM.

[Ipu MarHUTHO-UMIYJBCHOM 00pabOTKE MPOMCXOMUT MpeoOpa3oBaHHE 3JICKTPUUYECKOW HSHEPruH, HAKOIUICHHOW B
KOHAEHCATOPHOW OaTapee, IpH pa3paie Ha MHAYKTOP WM HEMOCPEICTBEHHO HA 3arOTOBKY B SHEPIHIO MMILYJILCHOI'O MArHUTHOTO
TI0JIs1, COBEPIIAIOIIETo paboTy nedopMUPOBaHHUS HIEKTPOIPOBOAHOI 3arOTOBKH.

W3BecTHO, YTO Ha €AMHUIYY JUIMHBI IMPOBOJHMKA C TOKOM /, TIOMEIIEHHOM B MAarHUTHOE MOJIe C HaNpsDKEHHOCTHIO
JIEHCTBYET cuiia

F = uu[IxH]J, (13.1)
rae =410 ['H/M — MarHMTHas TIOCTOSIHHAS; A — MATHUTHAS IPOHHIIAEMOCTh OKPYKAIOIIEH CPe/IbL.

MarauTHOE T0JIe, BO3JICHCTBYIOIIEE Ha MPOBOJHHUK C TOKOM, MOXET OBITh CO3JAHO TOKOM, HPOTEKAIONMM B APYTOM
MIPOBOAHUKE. BenmuunHa HampsKEHHOCTH MAarHUTHOTO TIOJI B TIPOCTPAHCTBE BOKPYI MPOBOJHHMKA C TOKOM MOXET OBITh
OIpeJieIeHa U3 3aKOHA IOJTHOTO TOKa

del:Zl, (13.2)
/

rie / — KOHTYp MHTErPHPOBAHHSI.
Ha paccrostHuu » oT yeAMHEHHOT 0 MPOBOAHUKA

H:%m, (13.3)

B cioyuae GECKOHEUHO TOHKHMX TIPSAMBIX IPOBOJHHMKOB, DACHONOKEHHBIX HA pAacCTOSHMM A, Apyr OT Jpyra,
NEKTPOIMHAMIYECKAS CHIIA, IEHCTBYIONIAs HA eIMHHILY JUTMHBI POBOIHHKOB,
1,1
F = Holiln (13.4)
27A
HanpasieHne CHIIBI 3aBHCHT OT HAMPABICHHS TOKOB [ ¥ [, B MPOBOJIHMKAX: MPH OJMHAKOBO HAMPABICHHBIX TOKAX
TIPOBOIHUKH MPUTATHBAIOTCA APYT K APYTY, IPH MPOTHBOMONOKHO HATIPABICHHBIX — OTTATKMBAIOTCA.

Jna nByx 6ecKOHEYHO TOHKMX IIHMH IIUPUHOU g, PAcIIOJIOKEHHBIX Ha HEOOJNBIIOM paccTossHUH (A,<<a) OpyT OT IpyTa,
HAaIpsDKEHHOCTh MarHUTHOTO ITOJIsl B 00beMe MeX/1y IMHaMu 0e3 yueTra KpaeBbiX 23p(eKkToB paBHa

r



H:%. (13.5)

HaBHGHI/Ie MAar"umMTHOTI'O 1OJId Ha HIMHBI YUCJICHHO PABHO yﬂeHLHOﬁ IJIOTHOCTH 3HCPIHUU OJIA
2

P = bl —=- (13.6)

Ecmu TonmmHa mMMH MMEeT KOHEYHYIO BEIHYHMHY, TO H3-32 d(¢eKTa ONM30CTH W MOBEPXHOCTHOTO 3(PQeKTa TOK I0
CEUYCHMIO IHH pacnpenessieTcss HepaBHOMEPHO.

ITosToMy mnpHu pacdere pacmpeneneHHs CHIbl WM JaBICHHS IO TOJIIMHE 00padaThIBA€MOH 3arOTOBKM U VI
OIpe/ieNIeHNs] HHAYKTHBHOCTH CHCTEMBI CIIEyeT UCIIONB30BaTh HE TEOMETPHUYECKOE PACCTOSIHUE A,, 2 HEKOTOPOE SKBHBAIICHTHOE
paccrosHHe

A=A +2A, (13.7)

e A =,/2p/(,u,u0a)) — TIIyOMHA TPOHUKHOBEHUS SJIEKTPOMArHUTHOTO IOJsI B MaTepHal IIWH, O — YAEIBHOE 3JIEKTPUIECKOe

COIPOTHBIICHHE MaTepHaa IIKH; @ — KPyropas 4acToTa ToKa.

W3BecTHO, YTO B MPOBOISIIEM Telle, PACIOTIOKEHHOM BOIHM3U MPOBOJHKUKA C IEPEMEHHBIM TOKOM, BOSHHKAIOT BUXPEBbHIC
TOKW. B3amMmopeiicTBHe TOKa B MPOBOJHUKE C HABEJCHHBIM B Tejie (3arOTOBKE) TOKOM COMPOBOXKAACTCS IOSIBJICHHEM
OTTAIKUBAIOIICH CHIIBI

1 ,dL
F=—I"==, (13.8)
dx
rne dL/dx — u3MeHeHre MHAYKTUBHOCTH CHUCTEMbI MPOBOJHHK-3arOTOBKA B HANPABICHUH X, NMEPHCHIMKYISPHOM MOBEPXHOCTH

MIPOBOIHUKA.
CpenHee 1aBleHNe Ha IPOBOJHUK U 3aTOTOBKY PaBHO CUIle F, A€NE€HHOH Ha IUIOIaAb IPOBOJHUKA S.
BenuunHa naBieHHs: Ha 3aTOTOBKY TOJIIUHON & MOXeT ObITh onpenenena mo gopmyse (13.6), eciu 3JeKTpOMAarHUTHOES
HOoJIe HE IIPOHHMKAET CKBO3b 3aroTOBKY (A<<¢). B cmydae mpoHumkHOBeHHs 1O (A~J) IaBlCHHE ONpPEAeNAeTCS Pa3sHOCTHIO

YACIBbHBIX IUIOTHOCTEH OHCPIvMU Ha MOBEPXHOCTAX 3arOTOBKH.
2 2

H
P = ppg———=. (13.9)

13.5. Pa3HOBMIHOCTH MATHUTHO-UMITYJIbCHOM 00padoTKH

Ha pwuc.13.9 npuBenensl HanOojiee THUIWYHBIE CXEMBI Pa3psOHBIX KOHTYPOB YCTaHOBOK ISl MarHWTHO-UMITYJILCHOM
00paboTKK MaTeprajoB.

9) e)
Puc. 13.9. PasaHOBMAHOCTU MarHUTHO-MMNYNbLCHOW 06pPaboTKu

Hambomee mpocTeie U3 HUX — TEpPBEIC IBE, B KOTOPHIX 0OpabaTeiBaeMasi 3arOTOBKA 3 BKIIFOYACTCS IOCIIECIOBATEIBHO B
Lenb pa3psiia, COCTOALIYI0 W3 3apsDkeHHoro konieHcatopa C um paspsmHuka P. B ycraHoBke, cxema KOTOpO#l MokaszaHa Ha
puc.13.9,a snexTpoIHaAMUYECKUE CHIIBI CO3AIOTCS 3a CYET B3aUMOJCHCTBHUS TOKA B 3 ¢ MarHUTHBIM II0JIEM, CO3IaHHBIM TOKOM B
00paTHOM TPOBOAE, IPOJIOKEHHOM B HEIOCPEACTBEHHON OIM30CcTH OT 3. 3aroTOBKa WM OTICJIbHBIE €€ YYacTKH IBIXKYTCS B
HAaIIpaBJIeHUH JACHCTBUA SJIEKTPOAMHAMHUYECKHX CHJ, IOKAa3aHHBIX CTpelKaMH. B 3aBucuMocTH OT 3amauu oOpaboTku 3a 3
pasmelaeTcss MaTpuiia TOM WIM WHOH (hOpMBI. AHAIOTMYHO OCYIIECTBISIIOTCS W JIPyrHe Olepaldyd MarHUTHO-MMITYJIbCHOM



o0paboTku. B sToM cimydae BMecTo 3 BKIIOYaeTcs MOIBIKHAs MeMOpaHa, IMepefarollas MMILYJIbCHOE NaBieHHE Ha NpeAMeT
00paboTKK WK B YIIPYTYIO CpPELy.

Onepanuy 00XXKMMa 3arOTOBOK W3 IPOBOAALLEro MaTepuana (popmooOpazoBaHue, cOOpKa, IIPECCOBAHUE MATEPUAIOB
BHYTPHU 3arOTOBKH H T.JI.) HauOoJiee MPOCTO OCYIIECTBISIIOTCS Ha yCTAHOBKAX, CXEMa KOTOPBIX COOTBETCTBYET NMOKa3aHHOW Ha
puc.13.9,6. OOpaTHBIi TOKOIPOBOJ BHINMOJHAETCS OOBIYHO B BHIE TPYOKM W BMecTe ¢ 3 00pa3dyeT KOaKCHAIbHYIO
MaJIONHIYKTUBHYIO cucTeMy. OCHOBHBIM HEJZOCTATKOM 3TOr0 criocoba 00pabOTKH SIBISIOTCS TPYAHOCTH TTOJyYEHUS TPEOyeMBIX
OONBIIMX Pa3psSIHBIX TOKOB, YTO CBSI3aHO CO CIIOKHOCTSIMH KOHCTPYKTHMBHOTO BBITIOJHEHMS MCTOYHMKA TOKA, W 00ECHEeYCHUS
KOHTaKTa TOKOITPOBOSIINX ITPOBOJAHMUKOB C 3arOTOBKOM.

B ycranoBkax ¢ mHmykropamu U (puc.13.9,6) B 3HaunTeNnpHOU CTeleHHW OOJerdaeTcsl pemeHne 3THxX mpodieMm. Tak,
MHOTOBHTKOBBIH MHAYKTOp M BMecte ¢ 3 00pa3yeT MOHIKAOIMUN TpaHCc(hOpMaTOp, H CYMMAapHBIA TOK, MPOTEKAIOMHN 10 3,
MOKET BO MHOTO Pa3 IIPEBBIIATh TOK HEPBUYHOH HETH.

C nomolipo HHIYKTOpoB M ocyuiecTBisitores onepaiuu odxuma U pazgauu (popmooOpaszoBaHue, cOOpKa, BhIPyOKa
OTBEPCTHH, CBapKa U T.J.) B COOTBETCTBUH CO cXeMaMu puc.13.9,6-e (MOCHeqHSs CIIYyKHUT AJsi 00padOTKH IIOCKHX 3arO0TOBOK).
ITpu 00paboTke 3aroTOBOK C MajbIMH pa3MepaMH HCIOJBb3YIOTCS KOHIeHTpatopsl K wmarauTHOro moroka (puc.13.9,0),
MIPEe/CTABISIIONIE COO0M MAacCHBHBIE ETANN CI0KHOW (POPMBI M3 XOPOIIO MPOBOJSIIET0 U MEXaHUMYECKH MPOYHOrO MaTepHana.
KonreHTpaTop MMeeT He MOKa3aHHYI0 Ha pHc.13.9,0 y3KyH aKCHAIbHYIO b M MPEACTABISACT COOOW HE3aMKHYTHIH BHTOK.
BMecte ¢ MHOrOBUTKOBBIM HAMOT@HHBIM Ha HETO WHIYKTOPOM KOHIIEHTpPATop 00pa3yeT MOHIKAIHKA TpaHCc(hOopMaTop, a BMECTe
C 3aroToBKoi — TpanchopmaTop ¢ koddduienTom TpaHchopManum, 6JIM3KUM K eTUHUIE. MeTall CTEHOK ILeJId KOHIIEHTpaTopa
BBITIOJHSAET (PYHKIIMH IPOBOJIOB, COETUHAIOMINX 00a TpaHchopmaropa.

DJEeKTpUYEeCKHEe CXEMBl 3aMEIlCHHs Pa3pAJHBIX YCTAHOBOK, HCIOJb3yeMbIe ISl PAcUeTOB IEPEXOAHBIX MPOIECCOB,

npuBegeHsl Ha puc. 13.10.
Ry L
Rl as,,
c ¥
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6)

Puc. 13.10. CxeMbI 3aMelieHUs! Pa3psAHBIX Leleil YCTAHOBOK ¢ NPONyCKaHHeM
TOKa 4epe3 3aroTOBKY (a) ¢ HHIYKTOPOM (0) M KOHIEHTPATOpOoM (6)

Ry Ly

B HUX BXOJAT BHYTPEHHHE UHAYKTUBHOCTD M aKTUBHOE CONPOTHUBIICHHE YCTaHOBOK Ly M Ry, HHAYKTUBHOCTH M aKTHBHbIE
COIPOTHUBIICHHS 3aTOTOBOK L, U R,. [Ipy 1CroiIb30BaHUH HHIYKTOPOB HEOOXOAUMO YUUTHIBATh UX MHIAYKTHBHOCTH L, M aKTHBHBIE
COIPOTHUBIIEHUS Ry, a TAKOKe B3aUMHYIO MHIYKTHBHOCTb M, , (puc.13.10,0). HauGonee cioxHO sABISETCS cXxeMa 3aMelleHUs
paspsimHON 1enu ¢ KoHmeHTpaTopoMm (puc.13.10,6). B Hee kpoMe yMOMSHYTHIX 3JIEMEHTOB BXOIAT B3aMMHBIC WHIYKTHBHOCTU
WHIYKTOP-KOHLEHTPAaTop M, W KOHIIGHTPATOp-3arotoBka M., a Takke aKTUBHOE COINPOTHBIICHHWE KOHIIEHTpaTropa R,
MHIyKTUBHOCTH Y4acCTKOB KOHIIEHTPATOpa, TPaHNUYaIIiX C 0OMOTKOH L, ,, C 3arOTOBKOM L, , ¥ B IIeNH L.

Bce aTH cxeMbl MIPUBOASTCS K OJHON, COCTOSAIIEN U3 IOCIE0BATENIEHO COEAUHEHHBIX KOHAeHcaTopa C, 3apsKeHHOTo 10
HanpspkeHus: U, CyMMapHBIX HHAYKTABHOCTH L ¥ aKTHBHOTO COTIPOTHUBIICHUS R.

PazpsiHbIi TOK B MATHUTHO-MMITYJTECHBIX YCTAHOBKAaX MMeEET KoeOaTeIbHbIN XapakTep. HennHeitHOCTH 21eMeHTOB R 1
L o6pr9HO cnmabo cka3pIBaloTCS Ha (hopMe TOKa, MO3TOMY OH MOXET OBITh HAWIEH W3 PEIIeHHs IMEePEXOIHOTO IpoIecca Ui
JIMHENHOHU LENH:

i:
oL\1-——

f 2
Le*& sin(et4|1— R C),
R2C 4L
5
e w=1/LC .

DJeKTpOIMHAMIYECKIE CHIIBI B TIPOCTEUIINX CITydasx (HampuMep, I YCTAaHOBOK, TIOKa3aHHBIX Ha puc.13.10,a,6 u mMeronmx
CXeMy 3aMellleHus, IpuBeieHHyI0 Ha puc.13.10,a) HaxoxITCs M0 ypaBHEHUIO

2 2
—Rt,
FerYC Mgn(@1-RCL
R*C 4L &
2L
4L

AHaNOTMYHO MOXHO PAcCUMTAaTh JJIEKTPOAWHAMUYECKHE CHIIBI, JEHCTBYIOIIME Ha 3aroTOBKY, NPH HCIOJIb30BaHUH
WHIYKTOPOB WM KOHIIEHTPATOpOB. [l 3TOro HeoOX0IMMO ONPEAEIUTh TOK B 3arOTOBKE, YTO HETPYAHO CIENaTh IPU 3aIaHHOM TOKE
paspsizia i ¥ U3BECTHBIX MapaMerpax cxeM puc.13.10,0,6.



13.5.3. I'enepaTopbl TOKOB /1151 MATHUTHO-HMITYJILCHOH 00padoTKH

['eneparopaMi HMITyJIbCHBIX TOKOB B MAarHUTHO-UMITYJIbCHBIX YCTaHOBKAxX SBJISIOTCS MaJOWHAYKTHBHBIE EMKOCTHBIC
HAKOTIUTENH SHEPruu. 3apsitHOe HalpsDKeHHE HaKomuTeneil 00brdHo cocTaBisieT 5+20 kB.

Hakomnmrenn KOMIUIEKTYIOTCS M3 HMMITYJIbCHBIX KOHIEHCATOpOB. B ycraHOBKax ¢ OONBINON HakarjMBaeMOW SHeprueit
KOH/ICHCATOpbl OOBEINHSIOTCS B OJIOKH, MMEIOIINE COOCTBEHHBIE KOMMYTATOPBI Pa3psiIHOTO TOKA. BIIOYHBIN MPUHIMI TOCTPOESHHUS
HaKOIHTENs MO3BOJIAET AOCTUYD MANbIX 3HAYEHWH MHIYKTHMBHOCTU M aKTHBHOTO CONPOTHBIIEHHS pa3psiaHON 1emu Ly U Ry, n30exarsb
OITACHOCTH B3pbIBA KOHJICHCATOPOB B CIIy4ae MX ITOBPEKACHHUS B TPOIIECCE 3apsIKH. BHYTpEHHsST MHIYKTHBHOCTH PaspsiIHOM LETTH
YCTAaHOBKH MOYeT ObITh cBezieHa 10 107° Th.

B ycraHOBKax MCIONB3YIOT MMITYJIECHBIE KOHJICHCATOPBI ¢ OYMa)KHO-MAacIISTHOM M30JLILMEH C MPONHUTKOW KOHJEHCATOPHBIM
00 KacTOpOBBIM MAacliOM MM COBOJIOM. [Ipu HEOONBIIOM dYHCIe MapaulelIbHO COSAMHEHHBIX KOHIEHCATOPOB JUIS JIOCTVDKEHHS
BBICOKOM YaCTOTBI PA3psITHOTO TOKA BEIOMPAIOT KOHIEHCATOPBI C MAJIOi BHYTPEHHEH HMHIYKTHUBHOCTBIO.

KoHnzeHcaToppl B yCTaHOBKE WM B Tpenenax Oyoka OOBEAMHSIOTCS MApayiebHO MAJIOMHAYKTHBHOW OIIMHOBKOM.
ITprMeHsIIOT 1Ba THITA OIIMHOBKHU: KaOEIBHYIO U IUIOCKYIO, BBIOIHAEMYIO IIMPOKUMH IIMHAMH, HAKJIaJbIBAEMbIMH HETIOCPEACTBEHHO
Ha BbIBOJIbI KOHJICHCATOPOB.

B kadecTBe KOMMYTaTOpPOB pPa3spsiTHOIO TOKA HCIOJB3YIOT BO3MAYIIHBbIE WM BaKyyMHBIE DPaspsiIHAKM M WIHUTPOHBL B
MPOCTEHIINX YCTAHOBKAX IPUMEHSIOT MEXaHWYECKHE KOMMYTATOpBl — ABYXJIEKTPOAHBIE DPa3psTHUKH, CPaOATHIBAIOIINE TIPH
cOMKeHUN 3MeKkTposioB. Ecim TpeOyercs TOYHO CHHXPOHHM3MPOBATH paspsiy ¢ paboTOH OCTaIbHOrO, HAIpHUMEp, U3MEPHUTEIEHOTO
000pynoBaHNsA WM OOECIeYUTh ORHOBPEMEHHYIO pa0OTy OTHENBHBIX Pa3psOHUKOB, HCHONB3YIOT YNPABISIEMblE Pa3pSIIHUKH —
TPUTATPOHBI I UTHUTPOHBI.

Hakommmrenp 3apsbkaeTcsi OT HCTOYHHMKA BBICOKOTO IIOCTOSHHOTO HAIPSDKEHHS, BKIIOYAIOIIErO0 B Ce0sl IOBBIIIAIOIINMA
TpancgopMarop, BHIIPSIMHTEINb, 3aLIUTHBIE PE3UCTOPBI U YCTPOMCTBA ISl PETYJIMPOBAHUS 3aps/IHOTO HAIPSDKEHHS M €T0 M3MEPEHHSI.
Heo0xomiMbIM 3J1EMEHTOM YCTAHOBKH SIBJISIETCSI 3a3€MJISIOIIEE YCTPOMCTBO, pa3pshKarolee KOHASCHCATOPhI Yepe3 PE3UCTOP C MalbIM
COTPOTHUBJICHHEM U 3aKOpayMBAIOIIEe BHIBOJBI KOHJEHCATOPOB IIOCNIE OKOHYAaHWS PabOTHL. 3apsaHOE YCTPOHCTBO M HAKOMHTENh
SHEPTUH Pa3MEIIAIOTCsl, KaK IPaBHII0, B METAJUTMIECKOM 3a3EMIICHHOM KOPITYCe, ABEPIIBI KOTOPOro CHA0XKatOTCs! OJIOKMPOBKOH.

PaspsiqHbIil KOHTYp COEAMHSIETCS C 3a3€MIICHHBIM KOPITyCOM YCTQHOBKH B OJJHOW TOYKE — OOBIMHO B MECTE NPHCOEIMHEHHUS
WHIYKTOpA.

OTBETCTBEHHBIM 3JIEMEHTOM YCTaHOBKH SBIISIETCS MHAYKTOP WM KOHIEHTparop. OH pacCUMTHIBACTCS W M3TOTOBIISIETCS IS
KaKZIOTO THIIA 3arOTOBKH MITH TEXHOJIOTMYECKOH ONEpaliy M 3aMEHSIETCS TIPY TTepexo/ie Ha 00paboTKy Apyroit aetam. MHIyKTOop mpu
paspsiax MOABEPraeTCs BO3ACHCTBHIO TAKKX K€ 3IEKTPOJUMHAMWIECKUX CHJI, UTO M 3aroToBKa. KpoMe Toro, ero n30smust NCIbITHIBACT
aneKTpudeckre Harpysku. [lostomy obecniedeHre TEpMHUYECKOH, MEXaHHUECKOW M 3JIEKTPHYECKON CTOMKOCTH MHIYKTOpa SIBIISIETCS
CJIO)KHOM TEXHUYECKOM 3aauei.

13.5.4. TexHoJI0rHYECKHE 0COOEHHOCTH

[Ipy MarHUTHO-UMITYJIECHOM OOpPAOOTKE MOCTUTAFOTCS CKOPOCTH MEPEMEINCHHUS 3arOTOBKH JI0 HECKOJIBKHMX COTEH METPOB B
CCKYHIY, YTO OTKPBIBACT INHUPOKUEC TEXHOJOTMYCCKHE BO3MOXKHOCTH 3TOrO CHoco0a MpH INTAMIIOBKE TPYIHOOOPaOATHIBACMBIX
OOBIYHBIMH CTIOCOOAMH MATEPHAJIOB, IMITYIILCHOM CBApKE U T.]I.

OTcyTCTBHE MHEPIIMOHHOW CpEIbl, Yepe3 KOTOPYI OOBIMHO TepemacTCsl JaBJIeHHE Ha 00pabaThlBacMyIO JICTallb, a TaKKe
pacnpenenieHre SIEKTPOIIMHAMAYECKAX CHII TI0 00BEMy 3arOTOBKH, BO3MOYKHOCTH OCYIIIECTBIICHHS TEXHOJOTHYECKUX OIepalliid B
KOHTPOJIMPYEMOI Ta30BOM Cpejic WM B BaKyyMe depe3 M30JIIIMOHHBIC CTCHKH — YHUKAJIBHBIE OCOOCHHOCTH MarHUTHO-MMITYIJIECHON
00pabOoTKH.

K mpenMyriiecTBaM MarHUTHOH IITAMITOBKH OTHOCSITCS TAKJKE BO3MOYKHOCTH TOYHOTO PETYIIMPOBAHMS IEKTPOIUHAMIICCKIX
CHJI IyTeM W3MEHEHHS SJIEKTPHUYECKHX IapaMeTpPOB YCTAHOBKHM, MPOCTOTA TEXHOJOTMYECKOW OCHACTKH, BO3MOXKHOCTBH ITOJTHOU
aBTOMATH3AI[UK U3TOTOBJICHHS JeTaJICh M T.1I.
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