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HNCHHOJIB30BAHUE 'EHEPATOPOB 3JIEKTPOMAT'HUTHOI'O
HOJIA JJIA IPEJOTBPAINEHUS OBPA3OBAHUSA HAKUIIN HA
INOBEPXHOCTSX HAI'PEBA

Annoranusi. [IpencraBieHsr  pe3ynbTaTel  Ta0OpPaTOPHBIX  HMCCIEIOBAHUH
YCTPOWCTBA ISl SJCKTPOMArHUTHOH OOpaOOTKH BOABI. YCTaHOBJIEHO, YTO IO JaHHBIM
aHaJM3a M3MCHEHUH (PU3MKO-XMMUYECKOTO COCTaBa OYWIICHHON BOIBI B IPOMBIIUICHHBIX
YCIIOBHSIX, MOXXHO CAENAaTh BBIBON, YTO IPH AJIEKTPOMATHHUTHON 00pabOTKE BOJBL:
COIlep)KaHWE TAaKWX TMAapaMeTPOB, KaK Cymb(paThl W KalblWi, B OYHINECHHOH BOJE
YBEIMUMBAETCS, a IIOKa3aTeNd, TaKHe Kak J>KeJe30 U KHUCIOpOJ, YMEHBIIAIOTCS; He
OTMEUEHO PEe3KUX W3MEHEHUH B MapaMeTpax OYHUINEHHOW BOJBI, TAKUX KaK KECTKOCTh,
LIEJIOYHOCTh, XJIOPUJ, MarHUi 1 o0Ias MUHEepaIu3aIys; B TeYeHNEe HAYaILHOTO Tepro/ia
paboThl yCTpOMCTBA BJIEKTPOMATHUTHON TMOATOTOBKH BOJIBI HAOJIOAETCS BPEMEHHOE
YBEIMUYEHUE YPOBHEHW TBEPAOCTH, MIEIOYHOCTH, KAIBIUA U OOIIeH MHHEpaNIu3aIuu, 4To
CBUIETENILCTBYET 00 3()()EKTUBHOCTH JaHHOM 00pabOTKM BOJIBI B MaCIITa0e BPEMEHHU.

KiaroueBble c¢jioBa: CTENCHb XECTKOCTH BOJBI, TEHEPATOP 3JIEKTPOMATHUTHOTO
071, TpeOTBpALICHNE o0pa3oBaHUs HaKUIIH, 3¢ EKTUBHOCTD paboTHI
TEIUIO3HEPTETHICCKOTO 000PYAOBaHHSA, CIIOCOOBI YMSITYCHHUS BOABI, MPOIECC aKTUBH3AINN
LIEHTPOB KPUCTAJLTH3AIIHH.

Mexmues, A.J[. Hcnonvzosanue 2enepamopos — 31eKMpOMASHUMHO20 — NOAsL  OJisl
npedomepaujenus 0bpazoéanusi Hakunu Ha nosepxnocmsx nazpesa [Texem] | A
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BBenenne. B 1nenrpansHom  Kazaxcrane —cymiectByer  mpoOiema
06p330BaHI/I$[ HAKHUIIM Ha ITOBEPXHOCTAX HaArpena TENI000MEHHBIX arrapaTroB u
JPYroro TEMJIO3HEPreTHYECKOro 00OpYyNOBaHUS, YTO 3HAYUTEIBHO CHWXKAET HX
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KIIA. 3a6op BOIBI A7l MOANUTKHA CHCTEMBI TEIUIOCHAOXKEHHUSI OCYLIECTBISICTCS U3
CHCTEMBl BOJOCHAOXKEHUS] M, KaK IIOKa3alWd IpaKkTHYecKue HaOMoNeHHs, Ha
TEMI000MEHHBIX MTOBEPXHOCTSAX CO BpeMEHEM 00pa3yeTcsl CIIOM HaKHUIH, KOTOPBIH
B CBOIO OYepe]b MPUBOAUT K IMEpepacxoay TOIUIMBA, MOTPAuEHHOIO HAa Harpes
BOJIBI, & TAKKE BJIEYET 32 COOOW MPEXIEBPEMEHHBIH BBIXO[ TEIJIOOOMEHHUKOB U
BoZlOHarpeBaTenei u3 ctpost. s KaparanmuHckoii 0671acTH UCIIOIB30BaHUE BOJIBI
C TIOBBIINICEHHBIMHM MOKA3aTENIIMU JKECTKOCTHU, SABISIOTCS CEPhE3HOH MPOOIeMOid,
KOTOPYIO IPUXOAUTCS IPEO0IeBaTh IPY TOMOIIY XUMHUYECKOH 00pabOTKH BOABI.
Kak ckazaHo panee, nanHas npobGiiema ¢ 00pa3oBaHHEM HAKUIIM HA MOBEPXHOCTAX
HarpeBa BO3HHMKAET NPH SKCIUTyaTalldd TEIUIOIHEPreTUUECKOro 000pYIOBaHHS
TOLI, KOTeIbHBIX 1 OBITOBBIX BOJOHAIPEBATEIICH.

Llenbto paboThI ABISIETCS UCIONIB30BAaHUE T€HEPATOPOB 3JIEKTPOMArHUTHOTO
MoJIsl AJIsl MPeNOTBpalleHus] 00pa3oBaHMsl HAKWIM Ha TMOBEPXHOCTSX HarpeBa H
NOBBIICHHE dPPEKTUBHOCTH TEIUIOOOMEHHBIX MPOLECCOB TEIUIOIHEPTETUIECKOTO
000pyIOBaHMs IIyTE€M IIOMCKA ONTUMAJbHBIX IapaMeTPOB 3JIEKTPOMArHUTHOTO
U3ITydaTens.

YcnoBus u Meroan! uccjaenoBaHuil. [IpoBeneHHBIN aHanu3 JIMTEPaTyphl
[1] mokazam, uTo ™o, CO3JaBaéMble 3JICKTPOMATHUTAMU W TIOCTOSSHHBIMH
MarHUTaMu CIIOCOOHBI BIHMATH Ha PACTBOPUMBIE COJIM JKECTKOCTH U CYIIECTBEHHO
ocnabnaTe 00pa3oBaHUE HAKHITK, a TAKKE HE TOJNBKO 3alIHINATh TEII00OMEHHBIC
MOBEPXHOCTH, HO M OYMIIaTh UX OT OTIOXeHHH. COOTBETCTBEHHO, YCTAaHOBHB
MarHUTHBIM WJIM 3JEKTPOMArHUTHBIA aKTHBATOP BOJABI, MOXHO IPOU3BECTH
OYHCTKY 3JIEMEHTOB TEIUIOBOH CXEMBbI OT YK€ MMEIOIINXCS OTIO0KEHHH.

N3BecTHO, 4TO 00pa30BaHe HAKHUIM 3aBUCHUT OT CTETIEHH KECTKOCTH BOJBI U
COIEpKaHUSI B HEW COoJed KaJbLUsl M MarHus (COJMM JKECTKOCTH), IapaMeTpoM
U3MEpEeHHsl SIBIISIETCS MWUIMTPaMM — B SKBUBaJeHTe Ha JuTp (Mr-sks/m). [lo
KJaccupuKauu (11 MUTHEBOM BOABI) TIPU COJIEPKAHUU COJIEH KECTKOCTH MEHee
2 MI-3KB/JI BOJa CUUTAETCS "MATKOM", OT 2 10 4 MI-3KB/II - HOPMaJIbHOH, OT 4 710 6
MT-OKB/T - JKECTKOW, a CBBIIIE 6 MT-3KB/I - O4YeHb kecTkoi. llpm HarpeBanum
BOJIbI, COZIEp KaIllMecs] B HEM CONMIKECTKOCTH KPUCTAJUIM3YIOTCS, BBIMAasi B BUIC
HAKHWIK Ha TMOBEPXHOCTH HArpeBa, YTO BHI3BIBAET HE TOJIBKO MEpepacxo/] TOMJINBA,
HO u siBigercs npuuuHoit 80 - 90% 0TKa30B BOJOHArPEBATEIBHOTO 000PYIOBAHUSL.
ITosToMmy K BoJe, moJBepraeMod HarpeBy B KoOTJIax, Ooiulepax © T.II.,
NPEIbSBISIFOTCS Ha TOPSAOK 0Oojee CTporve TpeOOBaHHS MO KECTKOCTH. Bo
MHOTHX MPOMBIIUIEHHBIX IPOLIECCaX COJM JKECTKOCTH MOTYT BCTYNUTh B
XUMHYECKYIO PEaKlMio, 00pa3oBaB HeKeJlaTeJIbHbIE MPOMEXKYTOUYHbBIE MPOLYKTHI.
Conu Kanplidsi U MarHus, HaxoJsIIuecs B HEMOJITOTOBIEHHOW BOJE, 00pa3yroT
TBEpAblE OTJIOXKEHHUA (HaKuIb, IUIaM, BOJHBIM KaMeHb) Ha IOBEPXHOCTHU
TEINIOOOMEHHUKOB M JAPYI'HX TEIUIO3HEPreTHYEeCKUX YCTaHOBKAax, YTO CHIJKAET
3¢ deKTUBHOCTE pabOThl M MPUBOIUT K IOTEPSM MOIIHOCTH O0OpY/IOBaHUSI.
OtnoxxeHus coyiell Kalblys U Marausi 00JaJaroT Majiol TEIUIONPOBOIHOCTHIO, U3-
3a 4ero MeTajul eperpeBaeTcs, pa3Msaryaercs U paspymaercs. Takxe OTIOKEeHHE
cojel KampUMs M Marfds BeIeT K 3HAUYUTEIbHOMY COKPAIICHUIO CEUeHHS
KOTJIOBBIX TpPYy0 H TpyOOK TEINIOOOMEHHHMKOB, YTO TPUBOJUT K CHIDKEHHIO
3¢ EKTUBHOCTH paOOTHI TETUIOBBIX arperaToB, a TAKKE MOXKET CIY)KUTh IPHIUHOM
BO3HUKHOBEHMSI aBapUIHBIX cuTyanuii [1,2].

Pemnte mpobrieMy MOXKHO pa3HBIMH HM3BECTHBIMH crocobamu. MOokHO
MEPUOANYHO OYMINATh HAKWIb, HO JaHHAs MpoIelypa AOBOJBHO TPyIOEMKas U
3arpaTHas. Takke 3HAUUTENBHOE KOJIMWYECTBO CPEJICTB YXOAMT HA 3aKyNKy
XUMHKaTOB M MaTepuajioB. MOXXHO TakKe UCIIOJIb30BATh CHENHANbHBIE (UIBTPEI
JUTSL YMSITYEHHST BOABI M CHU3WTH ee KECTKocTh. [lo cpaBHEHHMIO ¢ mporeccom
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OYHCTKH TIOCPEICTBOM (miibTpa, yAaleHHe ¢ IOMOIIBI0 XMMHKATOB CHIIBHO
NPOUTPHIBAET, YTO B II€HE, YTO IO BpeMeHH. [l CMSrdeHHs BOABI MOXKHO
WCTONB30BaTh MAarHUTHOE TIIO0JIe, CO3[aBaeMO€ IOCTOSHHBIMH MarHUTaMH HIIH
3MeKTpoMarHuTamu [2].

W3BecTHO, YTO TpH TOJIIMHE HAKWIM Ha KOTJIOBBIX TpyOax, TpyOKax
TEIUIOOOMEHHUKOB WJIM 3JIEKTpOHAarpeBaTeneii BCero B OAWH MUJUIMMETP,
COBOKYITHOCTh TEIJIOBBIX IMOTEPh, & 3HAYUT W IEPEepacxoj TOIUIMBA B CHCTEME
terocHabxenus pocruraer 10 10 % [2]. Ha pucynke 1 npusenena ¢ortorpadus
TEIUIOOOMEHHBIX TOBEpXHOCTEH ¢ Hakumblo u 0e3. OOpa3oBaHHE HAKUIH
MPUBOIUT HE TONBKO K YBEIMYCHHUIO pacxoja 3HEPruM Ha HarpeB BOJIBI, HO H
CIY)KHT TPUYMHOW BBIXO/a TEIUIOOOMEHHBIX aIlllapaToB W3 CTPOs, TaKxKe
mpo0JieMa XapakTepHa | I JJIEKTpOHArpeBartenei O0iieposB.

Puc. 1. ®otorpadus TenaooOMEHHBIX MOBEPXHOCTEH C HAKUTIBIO U 03

HaubGonee BocTtpeOoBanHOW © 3GdEKTHBHOW oOKa3amach MarHUTHAS
0o0paboTka BOABI B TEIUIOOOMEHHBIX YCTPOHCTBaX M  BOJOHArpeBaTEIsX,
YyBCTBHUTEJILHBIX K HAaKHIIM, HalpuMep, K OTJIOXEHUSM THIPOKapOOHATHBIX
(yrnexucisie conu kanbliust Ca(HCOs), u maraus Mg(HCOs), npu HarpeBe BOJIbI
paznararonecs Ha CaCOs 1 Mg(OH)2 ¢ Boinenenuem COz), cynbpdatabix (CaSOs,
MgSO0s), xnopuanbix (MgSOs, MgCl,) u B MeHbIIeH Mepe cuvkaTHBIX (SiO3%)
coneil KalbInsi, MarHus | xenesa [3].

B mnayunoit nurepatrype [4] uMeOTCS OSKCIEpUMEHTAIBHBIE IaHHBIC,
MMOATBEPKAAONIUEC, YTO IMOJ BJIUAHHUCM MArHUTHOTO M JJICKTPOMArHuTHOI'O IIOJIA
MPOMCXOIUT BpeMEHHas JeopMaIiisl THAPATHBIX 000JI0UEK PACTBOPCHHBIX B BOJIC
HOHOB, a TaKKe HM3MEHSAETCd HMX PAaCHpeAesCHUE MEXIy TBEpAOH M KHUIKOU
BonsiHOW (pazol. Ilpemamomaraercs, 4To BO3ACHCTBHE MArHUTHOTO TIOJIS Ha
pacTBOpeHHbIE B Bojie HoHBI CaZ*, Mg?*, Fe?* u Fe** moxkeT ObITh Takxke CBA3aHO C
TeHEPUPOBAHUEM B ABMKYLIEMCSl IOTOKE BOJIBI CI1a00Tr0 AIIEKTPUIECKOTO TOKA HIIH
C IyJbCcauuen JaBIeHHUS.

[lepcrieKTUBHO MCIOIB30BAHME MAarHUTHOH OOpPaOOTKH B BOJOMOITOTOBKE
JUIE  yMATYEHHWs] BOJBI, IIOCKOJBKY YCKOpPEHHME Mpolecca KpHUCTaJUIN3aliu
HaKUIeoOpa3yIolMuX CcoJie B BOJE NP MAarHUTHOH 00paOoTKe, NMPUBOIAHUT K
3HAYUTETLHOMY YMEHBIIEHUIO KOHIIEHTPAIIMH PACTBOPEHHBIX B Boje HOHOB Ca* u
Mg?" 3a cyer mpolecca KPUCTAUIM3AIMKM ¥ yMEHBUICHHS] PA3MEPOB KPUCTAILIOB,
OCAXKJAIOIINXCS W3 HarpeBaeMoM BOJbBI, MOABEPrHYTOH MarHUTHOW 0OpaboTKe.
Jius  ynaneHuss M3 BOIBl TPYAHO OCaXJAaeMbIX TOHKUX B3Becel (MyTH)
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UCIIONIB3YeTCS  CIOCOOHOCTh OMAarHW4YeHHOHW BOJBI HM3MEHATh  arperatHylo
YCTOMYMBOCTh M YCKOPSTH KOAryJSLHIO (CIMIIAHME W OCaXIEHHE) B3BEILICHHBIX
YacTUL C TMOCIEAYIOIUM OOpa30BaHUEM MEJIKOJUCIIEPCHOTO OCaaKa, dTo
CIOCOOCTBYET M3BJIICUCHHUIO W3 BOJBI Pa3HOrO poja B3Becel [4]. OMarHMYuBaHUE
BOJBl MOXET NPUMEHATbCA Ha BOJONPOBOJHBIX CTAHLMAX IpPU 3HAYUTEIBHOU
MYTHOCTH IPHUPOAHBIX BOJ; aHAJOTHMYHAsi MarHUTHAas 00pab0TKa MPOMBIIUIEHHBIX
CTOKOB  TIO3BOJIIET  JOCTAaTOYHO  ObicTpo ¥ 3((EKTHBHO  OcakaaTb
METTKOANCIICPCHEIE 3arpss3HeHus [4].

MarnutHass  0o0paboTKa HE  TOJBKO  MPEeNOTBpallaeT  BbINAACHUE
HAKUMeoOpa3yIomuX COleld U3 BOABI, HO U 3HAYMTEIHHO YMEHBIIAET OTJIOKCHHUS
OpraHUYECKUX BEILECTB, Hampumep, napapuHoB. Takas o0paboTKa OKa3bIBaeTCA
MmoJie3sHo B HedTeAOOBIBAIOMIEH  MPOMBINUICHHOCTH  NpPH  JOOBIUE
BbICOKONapaduHOBOW He(TH, mpuueM 3PQPEKTbl MarHUTHOTO TOJIS BO3PACTAIoT,
eci He()Th CONEPKUT BOIy [4].

AHanmu3 XapakTepucTHK U 3(PQPEKTHBHOCTH HCHOJIB30BAHUS PA3IUYHBIX
METO0B 00paOOTKH BOABI IIPU IOMOIIH NEKTPUUECKUX U MIOCTOSIHHBIX MarHUTOB,
a TaKKe pacCMOTPCHHE MHOTOYUCICHHBIX KOHCTpyKIuii ycrpoiicts [1-18]
MIO3BOJIMJIH BBISIBUTH CJIETYIOIIIE TCHICHIINU B pa3paboTKe yCTPOICTB:

- pabouee paccTOSHUE anmnapaTa COCTaBIISIET HECKOIBKO CAHTUMETPOB. DTOT
pas3phiB YacTO 3a0MBACTCSI, CHHXKAsI TPON3BOIUTEIBHOCTh YCTPOUCTBA;

- 0OBIYHO CTPEMSITCSI CO3JaTh BHICOKYIO HANPSHKEHHOCTh MAarHUTHOTO TIONS B
pabounx 3a30pax;

- BMECTE€ C MHOTOIOJSIPHBIMU YCTPOHCTBaMH, KOTOpBIE 00ECHEUYUBAIOT
OTHOCHTENIFHO JUIMTENIbHOE BpeMsi IMpeObIBaHHMs 00pabaThiBaeMON CHUCTEMBI B
MOJIEBBIX YCJIOBHSIX, CYIIECTBYIOT TaKXe BBICOKOI((EKTHBHBIC OIHOIOJSPHBIC
YCTPOMCTBA;

- TIOSIBJICHHUE HOBBIX KOHCTPYKIIMH MAarHUTHBIX YCTPOMCTB C BPALIArOIIIMCS
MOJIEM, CO CKPEIIEHHBIMU MarHUTHBIMH TIOJIIOCAMH U T.JI.;

- OTKa3 OT PEryIUPOBaHHUS MarHUTHOM MHIYKIMN pabounX 3a30POB;

- OoJiee MMPOKOE UCTIONB30BAHUE YCTPOUCTB C MOCTOSIHHBIMU MarHuTaMu (c
TOYKH 3PEHUS TPOMYCKHOW CIOCOOHOCTH, O3TH YCTPOHCTBAa MPEBOCXOJST
3JIEKTPOMArHUTHBIE);

- IOBBIILICHHE TPEOOBAaHNUH YCTOMYMBOCTH;

- yAydYlleHHe  TUAPABIMYECKUX  XapaKTEPUCTHK  00OpYIOBaHHS
(IpennoYTHTENIEHBIM SIBIISIETCS 000PYAOBAaHHE C MIPSIMBIM IOTOKOM).

Bnustnue 00pa®oTKM MarHUTHBIM —TIOJIEM Ha BOJY 3aBHCUT  OT
ANIEKTPOMArHUTHBIX XapaKTEPUCTUK YCTPOWCTBA U OT CBOMCTB BOJIBI:

- UHJIYKIIHS;

- IOTOK BOJIBI;

- TPaJIMEHT HampPsDKEHUS B 3230p€ YCTPOHCTBA;

- BpeMs BO3JIEHCTBUSI MAaTHUTHOTO TIOJISE;

- KOJINYECTBO NEPECEUCHN MArHUTHOT'O TIOJIS;

- KOHLIEHTPAIIUHU COJIN;

- KOJIMYECTBO arpecCUBHOTO YTIIEKHCIIOro ras3a.

Hcnonb3oBanue 3JeKTPOMATHUTA JUISI MPEIOTBPAIleHUs1 00pa3oBaHus
HAKHUIIHM HA MOBEPXHOCTAX Harpesa. {151 uccnenoBaHus NPOLECCOB, CBSI3aHHBIX C
o0pa3oBaHMEM HaKWIH, pa3paboTaH IabOPaTOPHBIM CTEHX I OTPabOTKH
KOHCTPYKIIUM yCTPOMCTB sl mpenoTBpanieHust Hakumu. CTEHJ COCTOUT U3
KOJIBLIEBOTO TPYOOIPOBOJIa C pa3bEMHBIMU My()TaMH M LUPKYJISILUOHHOTO Hacoca,
pacxoJi BOAbl KOHTPOJIMPYETCS NPW HMOMOLIM BOAOMEpa, MUMEETCsl ABa Oaka s
nepekaynBaHusl BOJbl. Boma NUPKyNIUpyeT B CHUCTEME 1O 3aMKHYTOMY KOJIBILY,

97



AJ. Mexmues, EJK. Capcuxees,
Dnexmpomexnuka M.K. Hopaes, E.I'. Hewuna, C.94-105
A.JI. Anvkuna, E.H. bunuuenxo

IIPOXOJAs Yepe3 YYacTKH, /A€ YCTAHOBIICHBI 3JCKTPOMArHUTHBIE H3IIydaTelH.
Wznygatensamu SIBIISIFOTCS 3JIEKTPOMATrHUTHBIE KaTyIIKd  pa3iIuYHOU
KOHQUTYpallMuu C cepIeyHuKoM W 0Oe3 Hero. Karymku mnogkmoyaroTes K
HNCTOYHUKAM IHTAHHS, TCHEPUPYIOIIUM IIOCTOSHHBIM WM TEPEMEHHbIM TOK,
IpUYEM €CTh BO3MOXKHOCTb H3MEHSITh €ro 4acToTy M aMIUIMTYAy KosieOaHuil.
Busyanuzanus GopMbl UMITyIbCOB OCYLIECTBISETCS IPU MOMOIIX ocumLiorpada.
Takxe mpeanonaranoch, YT0O MArHUTHOE MOJIE TIOJHOCTBIO OTPAaHUYEHO KaTyIIKOH.
dakTHYecKH, BCerga €cTb ONpPEAETCHHAs BEIMYMHA II0TOKA pacCesHUs,
MpeacTaBieHHas] MAarHUTHBIMH CHJIOBBIMH JIMHUSIMH BOKPYT BHEUIHEH CTOPOHBI
KaTyIIK{, KOTOpas He CHocoOCTBYeT HaMarHWYMBaHMIO ceplaedHuka. lloTok
paccesHusT OOBIYHO Maj, €CJIM IPOHHUIIAEMOCTh MAarHUTHOTO CEpIACYHHUKA
OTHOCHUTEJILHO BBICOKA.

Ha mpaxTrke nmpoHHIAEMOCTh MATHUTHOTO MaTepHaia siBisieTcss QyHKUIUEH
IUIOTHOCTHU IIOTOKa B HEM. Takum 00pa3oM, BEIYUCICHUE MOKET ObITh BBIIIOJIHEHO
TOJBKO JJsl PEaNbHOrO MaTepuana, €clId J[AOCTyllHa KpuBas (PakTHIecKoil
HAMAarHMYeHHOCTH  WIW, 4ro Oolee  MONE3HO, Tpaduk  3aBHCHMOCTH
MIPOHHUIIAEMOCTH OT HaIPsHKEHUS.

[Tpu nomomm 1@poBOro MyabTUMETPa KOHTPOIUPYIOTCS MapaMeTpbl TOKa
W HalpsoKeHWs. BHeIHUH BU] cTeH1a IPUBEIeH HA PUCYHKE 2.

Puc. 2. JlabopaTopHblil CTeHN U1 UCCIIEI0BaHUS SIEKTPOMAarHUTHOW 00paboTKH
BOJbI

Hakonen, KOHCTpyKuIMs mpennosiaraeT, 4r0 MarHUTHBIA CEpIACYHHK He
HaMarHu4eH 210 HaceleHus. Ecnu 6b1 3T0 OBUIO TaK, IVIOTHOCTH ITOTOKA HE MOTJIa
OBl OBITH YBEJIMYEHA B BO3AYIIHOM 3a30p€ B 3TOW KOHCTPYKIIMH, HE3aBHCUMO OT
TOro, CKOJBKO TOKa IPOLUIO Yepe3 KaTylIKy. JTH KOHLENIHMH Ooiiee moxpoOHO
OIHCAHBI B CIEAYIOINX pa3zenaX, HOCBAMIEHHBIX KOHKPETHBIM YCTPOMCTBaM.

O6paboTka BOJBI CBSI3aHA C BO3JCHCTBHEM CHIJIBHOTO 3JEKTPOMArHUTHOTO
nond. Ilorok BOJbI IMPOXOJUT MEXKAY JABYMSA HCTOUYHHKAMU BJICKTPOMArHUTHOI'O
MOJISl ¢ KaKAOH CTOPOHBI BXOZSIICH TpyOBI, MPH 3TOM CO3JAETCS OIHOPOAHOE
MarHuTHOE TMoJie. DJEKTPOMAarHuTHas oOpadoTKa BOABI HE IMO3BOJSIET YIAlsTh
KaJdbllMAd M3 BOJbI, TaK Kak TEXHMYECKH, OTO TpyAHO. ['eHeparop
3JIEKTPOMArHUTHOTO MOl M3MEHSIET CTPYKTYpY OOpa3yroImuxcsi OTIOXKEHHUH,
Jenasi UX MeHee CKIOHHBIMHU K MPHITUIIAHUIO K TIOBEPXHOCTSIM.

Pa3paGorka ycTpoiicTBa MJisi mpefoTBpamieHusi Hakunu. C IIOMOIIbIO
71a00pOTOPHOI0 CTEH 1A pa3pabOTaHO YCTPONUCTBO JUISl 3allIMThl OT HAKUIIU, KOTOPOE
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COJCP)KUT TEHEPAaTOp HMITYJIbCOB M KOJBLEBOH (EPPUTOBBIA CEpACYHMK, Ha
KOTOPbI HAMOTaH MHAYKTOP U3 3MAJMPOBAHHOTO OJHOXXHMJIBHOTO MEIHOIO
NPOBOJAHMKA. BaKHBIM OpPraHOM JaHHOW CHCTEMBI SIBIISIETCS DIICKTPOHHBIA OJIOK
TeHepalul HMITyJbCOB, K KOTOPOMY TPHUCOEAUHSETCS 3JIEKTPOMOTHUTHBIN
U3JIydaTesib, IPU IOMOIIM KJIEMMHBIX COeIMHHUTENEH. bilok nuraHus ycraHoBIEH
CHapyXu Kopmyca. OepoMarHUTHBIN H3ITydaTeNb ¢ OOMOTKOW yCTaHABIWBAETCS Ha
BCTaBKE U3 JUaMarHUTHOTO Marepuana (HepikaBeromas CTalb, allOMUHAN U T. 1.).
Tak kak TpyOONpOBOA BBHIIONHEH U3 IMOJMIPOIENCHa, NaHHAs BCTaBKa HE
Tpebyerca. [t ymoOcTBa KOJIBIIEBOW CepAeUHUK (TOPp) pacluiieH Ha JBE PaBHBIE
YacTH M COEAMHSAETCA MPU MOMOIIHM XOMYTHOTO COEAMHHUTENS U3 Hep’KaBerollel
cramiu. CepaeyHWK 3aMblKaeTcsi M OOXBaThIBAET TPyOONPOBOJ, MpPHU 3TOM
JKEJAaTeNIbHO UMETh MUHUMAJIBHBIN BO3AYLIHBIA 3a30p. BO3MOXXHO MCHOJIB30BaHUE
IBYX  (eppUTOBBIX KOJIBLEBBIX CEPJACYHHKOB, Ha KOTOpbIE HAMOTaHBI [Ba
MHAYKTOpA, BBIMOJIHEHHBIE W3 OJHOTO 3SMAaJMpPOBAHHOTO MPOBOJHUKA WM
IOKPBITOI'O JIaKOM. JIB€ OIMHAKOBBIE HHAYKTHBHBIE KaTYyIIKH paOOTalOT B
npotuBodase, TeHepaTop UMIYIBCOB TeHepHupyeT KoiebaHus ¢ yactotor 1 ['m m
ammumarynoin 100 - 180 B. JIBe karymku mokaszanu Oonbliyio 3h(eKTHBHOCTD
00pabOTKM M OYHMCTKH TOBEPXHOCTH OT HAKHUMH, HO 3TO CONPSDKEHO ¢ Oojee
CIIOXXHOW KOHCTPYKIIMEH TreHepaTopa uMITynbcoB. OmHa KaTyIIKa CIIOCOOHA
CO3/710BaTh KOJeOaHUs CTEHOK TPyOONpoBOma B mpenaenax 15 MeTrpoB, dTO
IMMO3BOJICT paspyllaTb OTJIOKCHHSA HAKWUIIM Ha CTCHKax pr6OHpOBOI[a, HO IBE€
KaTyIIKH CHOCOOHBI JOCTHYb PE30HAHCa M PACHpPOCTPAHUTH BUOPALMOHHOE
Boznercteue 10 50 M. UTO BHOJIHE JOCTATOYHO ISl OYMCTKH KOTEJIBHOIO arperara
WIN TeTUIOOOMEHHUKA.

YcrpoiicTBo paboraer cienyouM o0pa3oM, MOTOK BOABI IOAAETCS IO
TpyOOIIpoBOAy 1 K €ro IMaMarHWTHOW YacTH 2, KOTOpas BCTPOEHA B TPYOOIPOBOI
1. TpyOomnpoBOa COEAMHEH C BXOJOM TEIUIOOOMeHHKa. TakuM 0Opa3oM, BCTaBKa,
BBITIOJTHCHHAS COOCHO, TIOMEIIAETCs B APYTYI0 BHEIIHIO W BHYTPCHHIO TPYOy U3
JUaMarHWTHOTO MaTepuana, 4To HeoOXOOUMO Il MPENOTBPALICHUS KOPOTKOTO
3aMBIKaHUS JICKTPOMArHUTHBIX CHUJIOBBIX JUHUM. /IBa (heppOMarHUTHBIX KOJIbIIA 3
(umnuHApUYecKuil (heppUTOBBIE MarHUTONPOBOJ), W3TOTOBJICHHBIE M3 CIUIaBa C
BBICOKOW MarHWTHOHM NPOHHUIIAEMOCTBHIO M MOBBIILICHHOW MHIAYKLUEH HACBIIECHUS,
YCTAHOBJICHBl CHApyXu TpyOBl, Ha KOTOPOH OOMOTKHM 4 pacroOXKeHBI
paBHOMEPHO.
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Puc. 3. YcrpoiicTBo 1 TpeoTBpalieHus 00pa30oBaHUs HAKUITH
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Hns  oOmerueHus yCTaHOBKM (DEPPOMArHUTHBIE CEPACYHUKH HMEIOT
MOHT)XHBIA DPa3pblB W yCTAHABIMBAIOTCS Ha AWaMarHUTHON wactm 2. Ilocme
MOHTa)Ka OHM CHOBA 3aMBIKAlOTCSA M 00pa3yloT OJHY MarHUTHYIO Lenb. KaTymku
MOAKITIOYEHBl K DJIEKTPOHHOMY OJOKYy (TeHepaTopy HMITYJIbCOB) S5, KOTOPBIi
reHepupyeT 3arTyxapomue Komebanmms c¢ dyactroto 1 ['m. ['emepupyemoe
AIIEKTPOMAarHUTHOE TIOJIe B TIONIEPEYHOM CEUEeHUH TPyOompoBoaa ¢ yactotoi 1 I'm,
yBennuuBaeT KIIJI, 3a cuer cHIKeHHS MOTEph B MHAYKTOpE, a (opMa MMIyiIbca
MO3BOJISIET CHU3UTH 3HEPronorpebsieHre YCTPOWCTBA OT HUCTOYHUKA SHEPIUH, K
KOTOpOMY IMOJKIIIOYEHa BUIIKa 6. Y CTPOHCTBO MUTEETCS OT cTaHAapTHOU cetu 220
B nepemenHoro Toka. JJ1eKTpOHHBIN OJOK 5 (TeHepaTop MMITYJILCOB) COCTOUT U3
JIEKTPOMArHUTHOIO JAeMIiipepa HMITYJIBCOB, C 3JIEKTPUUYECKH H30JIMPOBAHHBIMU
[IPOBOJAMH, TOAKIOYEHHBIMY K BXOAHBIM CHJIOBBIM KJIEMMaM, YCTAaHOBJICHHBIM Ha
BHEIIHEHW CTOPOHE KPBILIKH, IPEAOTBpALIaloIIas OTI0XKEHHE COJIel Ha BHYTpEHHEH
[IOBEPXHOCTH  BCTABKM  ONM3JIEKALIMXYACTEH  METAUIOKOHCTPYKLUH U
TEII000MEHHUKA. Y CTPOHCTBO KPEMHUTCA K TPYOOIIPOBOIY C TOMOIIBIO 3a5KnMa 7.

B ocHoBe paboThl YCTpOWCTBa MPEAOTBpPAICHHUS OOpa30BaHUS HAKUIIH,
JISKUT TIPOLIECC AKTHUBU3ALMU LEHTPOB KPUCTAIUIM3AlMM TOJ, BO3AEHCTBHEM
3JIEKTPOMAarHUTHOT'O TOJIS1. CoOTBETCTBEHHO, 00pazyroTcs LEHTPBI
KpUCTAJUIM3allM PAacCTBOPEHHBIX B BOJE COJEMl JKECTKOCTH, Tak Kak B BOJE
MPUCYTCTBYIOT COJM C JUINOJIBHBIM MOMEHTOM, OTJIMYHBIM OT JHUIIOJIBHOTO
MOMEHTa MOIIEKYIIbI BOJBI. Bpemsi oOpaboTku Boabl coctaBiser 5 - 10 ¢, ecnmu
CKOpocTh BOmbI B TpyOe coctaBmser menee 0,1 m/c, addext Hapymaercs, u
pPacTBOPUMBIE COJIU MEPEXOAT B IJIOXO PACTBOPUMBIE COETUHEHHUS, YTO MPUBOIUT
K JIOTIONHHUTENBHBIM 3aTpaTaM OdHEeprud U TpeOyeT OONBIION HMITYyJIbCHOM
MOIITHOCTH U3-3a JONOJHUTENIBHBIX TOTEPh YHEPTUH ISl HarpeBa BoAbl. OTMEUYEHO,
YTO 3JEKTPOMArHWTHOE TOJ€ B 3HAYMUTENbHO MEHBLIEH CTeNeHH BIMSET Ha
CTOSYYIO BOJAY, COOTBETCTBEHHO IJisl JIOCTIKEHHS dpdexTa  HeoO0X0IUMo
00s13aTeNIbHOE YCIOBHE: BOAA JAOJDKHA ABHUIAThCS MO TpyOompoBony. B nuamasone
ckopocreir ot 0,1 mo 0,3 m/c HaOmromaeTcss YacTUYHOE OCAXKICHUE COJIeH
KECTKOCTH. B 3THX yCIOBHSAX yCTpPOMCTBO paboTaeT ¢ MHUHUMAaJIbHOH
3¢ GeKTUBHOCTHIO. [ eHepaTop UMITYIbCOB reHepUpyeT Kojedanus ¢ yactoToil 1 ['n
¢ ammintyaoi 100 - 180 B, snexkTpoMarHuTHOE IMoJie, BO3HUKAOIIEE B KaTYyIIKaXx,
BO3JICHCTBYET Ha BOJy, BOCCTAHABIMBAET B BOJI€ KapOoHaTsl, noHbl Ca? Mg?* B 2-
3 pasa, menoYHoCcTh yMeHbImaercs 10 20%.

VBenuueHne wacTtoTel Oojee 5 [l yBeJMYMBaeT MOTEPH SHEPrUU U
TIOBBIIIAET BBIACTICHHE TEIUIa B MHAYKTOPE, COOTBETCTBEHHO BBIPOCTAIOT 3aTPaThl
3JIEKTPOdHEPTUH Ha 00paboTKy 1 M3 BOJIBI, IIPU 9TOM JKECTKOCTH BOJIBI CHHKAETCS
TOJIBKO Ha 5—6%, 4TO CHMXaeT 3PPEeKTUBHOCTL PadOThl YCTpOWCTBa. Y CTPOICTBO
notpebster okono 0,2 kKBT-u sHeprum mist 06paboTku 1 M3 BosbI, TeHEpHpPYeEMBbIE
WMITYJIBCHI BBI3BIBAIOT BUOpAallMM W TIO3BOJISIIOT MPOM3BOAHMTH OYUCTKY TPYO H
TEIUI000OMEHHHUKOB Ha paccTosiHud oT 30 10 50 METPOB OT MecTa €ro YCTaHOBKH.

PesyabTaThl muccaenoBanmii. C TOMOIIBIO CTeHIAa OBUT TPOBEICH
9KCIIEPUMEHT, KOTOPBIN 3aKIIF0YaJCs B MPAKTUYECKON anpodanuu ycTpoicTBa Juis
ANIEKTPOMAarHUTHOW  00paboTKM  BoAbl. Jlnst  WcciieoBaHWS — HCIOJB30BaH
na0opaTOpHBIA CTEHJ, ONMCAHHBIM paHee M NPUBEIEHHBI Ha pUCYHKE 2.
O6paboTka npoBoaMiIach B TeueHHe 1 yaca B TeueHue 29 IHEH, npu TeMmneparype
B nomemenun 23-25°C. Hawano wmccnemosanmii 1 mapra 2018 roma, ropox
Kaparanga. beuto Bemonneno 29 usmepenuit, koagduuneHnT CThIOAEHTa COCTaBUII
0,975. T'eHepatop uMIyJIBCOB TeHepUpyeT KonebaHus ¢ wyacrorod 1 I'm c
ammmutynon 100 B. B Tedenme Bcero mepmoma moTeps BOABI cocTaBmia 1,48
TUTpa, KoTopas ObUia JIOMOJNIHEHa U3 BOJONPOBONA, 0e3 MpeaBapUTeIbHOM
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o0pabotku. IloTepst Boabl B Oobleil Mepe compsbkeHa ¢ 3a00poM MpOoObI BOJIBI
UIst 1abopaTopHBIX HccnenoBaHuil. Boga momaBamace w3 Oaka EMKOCTRIO 35
JUTPOB B TPyOONpOBOA, MPOXOAMIA DICKTPOMArHUTHBI AKTUBATOp H
BO3Bpallajgack cHoBa B 0ak. TpyOompoBoa ocHameH GpUIABTPOM TpyOOil OUHCTKH.
bak He 3akpbIBaeTCs KpPBIIKOH W HE MMEET YIUIOTHHTENBHBIX 3JIEMEHTOB I
repmeTtu3anui. OU3NKO-XUMUYECKHA aHaNn3 00paOOTaHHON BOJBI, MPOBEIEHHBII
B TeueHHe 29 nHel mMmokaszan oOlnee M3MEHEHHE MUHEpalu3alid OO U Tocie
JMEeKTpOMarHuTHONH 00paborku. Ha pucynke 4 mnpencraBneHa amarpamma
M3MEHEeHHNS JKECTKOCTH BOIOIPOBOIHOW BOIBI IO M IIOCTE IIEKTPOMArHUTHOH
00paboTKu.

M HecTKOCTb Ha BXO/e MI-3KB/N B HHecTKOCTb Ha BbIXO/@ Mr-3KB/ N
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Puc. 4. luarpamma M3MEHEHHsI ’KECTKOCTH 00padaThIBaeMOl BOMIBI

BOnpUIMHCTBO  MOJYYEHHBIX 3HAYEHMHM IIOKA3BIBAKOT, 4YTO YPOBEHb
JKECTKOCTH TIOCNIE  3JIEKTPOMArHUTHOM 0OpaOOTKM BOJABI 3HAYWTENHEHO HE
u3Mensercsi. TeM He MeHee, CleAyeT OTMETUTb, YTO B HadaJbHBI MEPHOA
ANIEKTPOMArHUTHOW 0OpabOTKM BOJABI OBUIM 3aQUKCHPOBAHBI MaKCHMAallbHbBIE
U3MEHEHUS B Pa3HOCTH JKECTKOCTH BOJABI JI0 M IOCJIE DJIEKTPOMArHUTHOTO
yCTpoiicTBa At 00pabOTKH.

B xone aHanmza m3MeHEHMH (QHU3MKO-XMMHYECKOIO cocTaBa 00paboTaHHON
BOJIBI HAOJIIOJ]AJIOCH HEKOTOPOE TOBBIIICHUE YPOBHS MHOTHX TMOKa3aTeled BOJBI,
TaKuX Kak Cynb(}aThl U KaJbLKH, B TO BpeMs KaK IOKa3aTelld COAEep KaHUs jKeme3a
U KHCIOpOAa, CHu3WiKMCh. Ha pucyHke 5 mokasaHa auarpaMma H3MEHEHHS
CoJIepKaHus KHCIOPO/Ia JIO U TOCIIe 3JIeKTPOMArHUTHOW OYHCTKH BOJIBI.

CHWKEHHUE COoJIepKaHUsI KHCIOPOJIa MOXHO OOBSICHUTH TEM, YTO B MIpoOIlecce
3JIEKTPOMAarHUTHOH 00pabOTKM BOJBI MOHBI METAUNIOB CTAaHOBSATCS Oolee
AKTUBHBIMH W pEarupyrT C KHUCIOPOAOM M 00pa3yroT HOBBIE COCTUHEHUS.
CnenoBatesibHO, COAEPKAHUE CBOOOIHOTO KUCIOPO/Ia YMEHBIIAETCSL.

O06o00miasi naHHbIE aHajdW3a HM3MEHEHHH (QHU3MKO-XMMHUYECKOTO COCTaBa
OYMILEHHOH BOJBI B IPOMBILIUICHHBIX YCIOBHUIX, MOKHO C/ENATh BBIBOJ, YTO MPH
NIEKTPOMAarHUTHOH 00paboTKe BOABIL:

1) CogaepkaHue TakuX MapaMeTPOB, KakK Cyib(aTel M KaJIbLUHA, B
OUMILEHHON BOAE YBETUYMBAETCS, a MOKA3aTeH, TaKME KakK JKelne30 M KUCIOPOJ,
YMEHBIIAIOTCS;
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2) He oTMedueHO pe3KUX U3MEHECHHH B TapaMeTpax OYUIICHHON BOIBI, TAKHX
KaK JKECTKOCTb, IIEJIOYHOCTH, XJIOPUI, MarHUH U 00IIasi MUHEpaIH3aIHs;

3) B Teyenne HauanbHOTO MEpHOa PabOTHl YCTPOUCTBA 3JCKTPOMATHUTHOM
MOATOTOBKM BOJBI HAONIOMAeTCs BPEMEHHOE YBEIWYEHHE YPOBHEW TBEpAOCTH,
MIETOYHOCTH, KalbLUs W OOIeH MUHepalIn3alud, YTO CBHICTENBCTBYET 00
3¢ GEKTUBHOCTH TaHHOI 00pabOTKM BOABI B MaciTabe BpEMEHH.

m KHenopogHa
BXOJE, MI/1

W KrcnoposaHa
BBLXOJE. MI/1T

Puc. 6. Jluarpamma u3MeHEHUs COAEpKaHMs KHUCIOpOIa B 00pabaThiBaeMOr BOIE

OO0cy:k1eHHe HAay4YHBIX pe3yJbTaToB. B mporecce 00pabOTKH BOJBI
0TOMpaCh ee MpoOsI B TeueHue 29 aHel, COOTBeTCTBEHHO 29 mpob. Bee anamm3sr
MPOBOJMINCH B Ja0OPaTOpUH HAYYHO-HCCIIEAOBATEIbCKOro HHCTHTYTa «HOBBIE
Matepuans npu KapTV. PesynbraTel mokaszand, 9To MpoObl BOABI O M IOCTE
ANIEKTPOMATrHUTHON 00pabOTKM HWMEIT OTIn4ms B Tokasatene pH cdakrope,
KOTOPBIN U3MEHSITUCH OT 7,73 10 8,1 mocie o0paboTku, cpena KUCaoTHas U ¢ 6,35
- 6,55 no o6paboTku, BUIHO, YTO cpena ciaabokuciast, pH ObLT ompeneneH myreMm
WH/IMKaTOPHOH Oymaru.

3axioueHue. IIpoBeneHHbIE HCCIIeIOBaHUs MoKasai, 4TO
AJIEKTPOMArHUTHOE II0JIe CIIOCOOHO BIMATH Ha TOTOK BOJBI M HM3MEHSTH ¢
CBOWCTBa, HM3MEHUTh €€ TMoKa3aTedb pH, KOTOpBIA MOBBICHICS, a TaKXKe
HE3HAUUTEIbHO MEHSTHh XECTKOCTh M COJAEp)KaHHE B HEW KUCIIOpOJa, a TaKXKe
CYIIECTBEHHO CHHU3UThH Ipolecc 00pa3oBaHMs HAKUIH HA TIOBEPXHOCTAX Harpena.
DU3NKO-XUMHUECKUN cocTaB 00paOOTaHHON BOJBI AJIEKTPOMATHUTHBIM TOJIEM
HMMEET MHBIC ITOKA3aTeNH KECTKOCTH M IIEOYHOCTH BOJBI, a TAKXKE COJEepKaHUE
XJIOPUJIOB, Cynb()aToB, Kalblsd, jKeJe3a, KHciopona, Maraus. OTMedeHo
YMCEHBIICHUE COJIEp)KaHUsl B BOJE PACTBOPEHHOTO JKeje3a W Maprasia.
W3MmensroTcss mokasaTend MUHEpAIM3aliu 10 M IOCe 3JIeKTPOMAarHUTHOM
00paboTku. Mcronp3oBaHHE 3JIEKTPOMAarHUTHOTO TOJS IIO3BOJISIET IIOBBICUTH
3G PEKTHBHOCTh  TEIUIOOOMEHHBIX MPOIECCOB M MPAKTUYECKH HCKIIOYUThH
o0pa3oBaHME HAKWIM Ha TMOBEPXHOCTAX HarpeBa. OTMEUEHO CHWKEHHE
WHTEHCUBHOCTH 00pa30BaHMs HAKWIIM, a TaKKe HAOII0AaeTcss pa3MbIB CTapoM
HAaKUMK Ha TEIUIOOOMEHHBIX ITOBEPXHOCTAX. OIJIEKTpOMarHuTHas o0paboTka
MUTATEIILHOW BOJIBI MO3BOJISIET SKOHOMHUTH TOIUIMBHBIE PECYPChl M YBEIHUUBACT
CPOK 3KCIUTyaTallMH TEIUIOIHEPTeTHUECKOr0 00OPYAOBaHMSA, a TAKXKe CHUXKACTCS
KOppO3Usl BHYTPEHHUX IIOBEPXHOCTEH TEIJIOIHEPIETHUECKOTO 000pyI0BaHUs.
DJIeKTPOMArHUTHOE TI0JIE YCKOPSIET MPOIecC KPUCTALTH3AINN COJeH JKECTKOCTH,
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MHTEHCU(DHULMPYET pa3BUTHE Mpolecca MuIaMooOpa3oBaHMs. IJIEKTPOMArHUTHOE
0JI€ BIMSIET HA IEKTPOKUHETHUECKHUII TOTEHIMAI U arperaTuBHyI0 yCTOWYHBOCTh
B3BEUICHHBIX 4YacTWll, Onarogaps YeMmy YCKOpsieTCSl HX OCakKIeHHe, T.C.
CIIOCOOCTBYET YyAAICHHIO U3 XKHUIKOCTHU PA3HOTO POJa B3BECEH.
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KbI3AbIPY BETTEPIHAE MACLUTABTbIH, MAMOA 50/1YbIH E0/1AbIPMAY YLUIH
3IEKTPOMATHUTTIK ©PIC FTEHEPATOP/NAPBIH NANAANAHY

AHpgatna. Cyapl 3/1€KTPOMArHUTTIK eHAeyre apHanfaH KypbINfbiHbl 3epTXaHasblK
3epTTey HITUXKeNepi YCbiHbIIFaH. OHep KacCiNTiK »KaFganpa TasapTbiifaH cyablH, GUsnKa-
XMMUAJBIK KypaMblHbIH, ©3repy iHTangayfa CoMKec, CyAbl 3/EeKTPOMArHuUTTIK eHaey
AEeKOopbITbIHAbI *KacayFa 6onaapl: TasapTblifaH cyAasbl cynbdaTrap MeH KaabLMiA CUAKTDI
napameTpaepain, meswepi apTbin, TEMIP MEH OTTEri CUAKTbI KOPCEeTKIWTep ToMeHAenai;
TasapTblIFaH Cy NapameTpsiepiHae KaTTblIbIK, CiATiNiK, XN0pUA, MAarHWUi KoaHe Kanbl
MWHepangaHy CUAKTbI KYpPT e3repicTep 6ailKkanmaabl; cyfbl 3/1eKTPOMArHUTTIK AalbiHaay
KYPbI/FbICbIHbIH, 6acTanKbl }KYMbIC Ke3eHiH AeKATTbINbIK, CIATINIK, KaNbLMiA KaHe XKanmbl
MWHepangaHy AeHrennepiHiH yakplTwa ecyi 6alikanagbl, 6yn yakbIT WKanacblHAA cyApbl
eHAeyAiH TMiIMAiniriH Kepcetes,.

TipeK cespep: CyAblH KaTTbINbIK A3pEXeci, 3/1eKTPOMArHUTTIK epic reHepaTopbl,
MacwTabTblH, naiga 6onyblH  6onablpmay, KblIySHEpreTUKanblK  KabablKTapabiH,
TUIMAINIri, cyabl XKymcapTy Tacingepi, KpuctangaHy opTanblKTapbiH 6enceHaipy npouecci.
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USING ELECTROMAGNETIC FIELD GENERATORS TO PREVENT DESCALING ON HEATED
SURFACES

Abstract. The results of laboratory studies of a device for electromagnetic water
treatment are presented. It was found that according to the analysis of changes in the
physicochemical composition of purified water in industrial conditions, it can be
concluded that with electromagnetic treatment of water: the content of parameters such
as sulfates and calcium in purified water increases, and indicators such as iron and oxygen,
decrease; no sharp changes in the parameters of the treated water, such as hardness,
alkalinity, chloride, magnesium and total mineralization, were noted; during the initial
period of operation of the electromagnetic water treatment device, a temporary increase
in the levels of hardness, alkalinity, calcium and total mineralization is observed, which
indicates the effectiveness of this water treatment on a time scale.

Keywords: degree of water hardness, generator of electromagnetic field,
prevention of scale formation, efficiency of heat and power equipment, methods of water
softening, process of activation of crystallization centers.
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