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Crmcok HCHOJIBSy@MOﬁ JINTECPATypPhL

Hannas xonyenyus 6 coomgemcmesuu ¢ 3akonom Yrpaunvl « O6 snepeocoepedicenuu» u 8 borvuiell
cmenenu cumyayus ¢ pocmom CMOUMOCMU IHepP2opecypcos, obpawjaem 6HUMAHUE OMe4eCcmEeHHbIX
9Hep2onompebumernetli Ha akmMyaibHOCMb U HEOOX0OUMOCHb IHEP2OCOEPEHCEHUSL.

Hannas xonyenyus onpedensiem cymo 31eKMpPOMASHUMHOU 00pabomKu U OCHO8Hble 3a0ayu, emecme
c mem, 011 peuienus cy2yb0 NPAKMUYECKUX 3a0ad BAXNCHLIM 5A61AeMCcsi KOHEeUHbll NOJI0NCUMETbHbl
pe3yibmam om MASHUMHOU 00padbomKy moz2o Ulu UHO20 pacmeopd, WAXmHou 600bl UNU KOMHO3UMHOU
cmecu, Komopbwlil nonyuen cneyuanucmamu gupmor «Bomanu JIT/» no pesynemamam mHo2ux eHeopeHuil
be3peaceHmHo20 aHMUHaKunNHo2o annapama «Mnuocy.

Ilpusedenvl npumepsl ycneuwno2o npuMeHenUs: JIeKmMpoMAacHUMHOU 00pabomKu 800HbIX PACMEOPO8
U cucmem 8 MmexHonro2UYecKux npoyeccax (be3 Hazpesa) 6 20pHOPYOHOU NPOMBLULIEHHOCU Ol OYUCIKU U
npeodoxXpaneHusi Om OMJIONCEHUL MUHEPaNbHbIX conell. Paccmompensl 2unome3svl, 6 m.4. HO8As, O MeXAHU3Me
NPOUCXOOAWUX ABTIEHULL U BOZHUKAIOUWUE NPU IMOM NPOOIEMbL.

AKTYaJIbLHOCTb TeMbI
VYkpauHa XxapakTepu3yercsi pa3BUTHEM OOJIIIOT0 KOMIUIEKCA Pa3IMYHbIX 10 BO3PACTY M€0JIOTHYECKUX
dbopManuii (KpUCTAIIMYECKUX, OCAJOUYHBIX W JIp.), NPUPOIHBIE SBOJIOIMOHHBIE MPOIECCHl B KOTOPBIX
o0ycioBwIM (HOPMUPOBAHHE Ha €€ TEPPUTOPHH 10 5% MUPOBOro 00beMa MUHEPAIbHO-CHIPHEBBIX PECYPCOB.
VYronpHas MPOMBIIIEHHOCTh Oa3upyercs Ha 3amacax Tpex OacceifHoB (Jlonerkoro, J{HempoBcKoro,

.HI)BOBCKO'BOJ'IBIHCKOFO) U 3aHUMACT OJHO H3 BCAYIIHMX MCECT B TOINIMBHO-D3HEPICTUYCCKOM KOMIIICKCE
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CTpaHBbI.

BonoornuB  ropHbIX  HpEeOUpUATHH  SBISETCS  BAXHBIM  DJIEMEHTOM  BCErOo  KOMILIEKCa
TOPHOTEXHUUYECKOT0 000pYyI0BaHMs, U €ro HajlexHas paboTa BO MHOTOM OIpenelsieT 6ecnepeOoiHOCTh U
0€30TKa3HOCTh BEICHUS TOPHBIX paboT Mo JOOBIYE MOJIE3HBIX UCKOIAEMBIX.

BonoornuBHas ycTaHOBKa - KpYNHbIA moTpedurens 3nekTposHepruu (1o 20% oOmero pacxona
SHEpPIUn), OHA OTHOCHUTCS K 1-i KaTeropum no HaAJEKHOCTH 3IIEKTPOCHAOXEHHs. DKOHOMUYHas paboTa
BOJIOOTJIMBHBIX YCTAaHOBOK TOPHBIX MPENNPUATHH W PALMOHAIBHBIA PEXUM HX 3JICKTPONOTPEOICHUS B
KOMIIJIEKCE «IHEPTOCHCTEMA-TIOTPEOUTENBY CYIIECTBEHHO BIHSIOT HA SKOHOMUKY MPEIIPUATHS U OTPACIIH B
uesom [1].

JloOblya yriis COINpPOBOXKIAETCS 3HAUUTENBHBIM BOJOIPUTOKOM B INAXThl, CyMMapHas BEJIMYMHA
KoToporo gocturaet 25 m%/c (6onee 1,0 mapa.m® B rox), uto B 3-5 pas3 IpeBbIIAET 00BbEM IPUPOIHBIX BOTHBIX
pecypcoB peruoHa (pe3yabTaT MHOTOKPATHOTO TIOCTYIUICHHUS! PEYHBIX BOJ B 30HBI IIAXTHOTO IPEHUPOBAHMUS).
Ipu cpenHeil MUHEPATH3AIUHI IAXTHBIX BOJ 3 KI/M° COJIeBBIHOC COCTaBIACT 2,4 MJIH.T B TOJI.

AHaiu3 MaTrepuaJoB MHOTOJIETHEr0 HKOJIOTMYECKOr0 MOHUTOpPMHIA II0Ka3ald, YTO BCIEICTBHE
YBEIIMYCHUSI TEXHOTEHHOM Harpy3ku Ha Tuapocdepy pasBWIOCH 3HAUYUTEIHFHOE KOJIWYECTBO OYAroB
3arpsi3HEHUS TOJ3EMHBIX BOJ (HECKOJIBKO JiecaTkoB) U 3a 30 jier MuHepanu3aiusa ux Bospocia ot 0,5-1 o
1,5-3 r/nm°, a mroraa go 20-50 r/am® (maxtel «IIponerapckas» I'XK «JIyranckyrons» u um. Kanyctuna I'’XK
«JIucnganckyronb». IIpu 3TOM MIOMIAIb Pa3BUTHS IIPECHBIX MOA3EMHBIX BOJ (coneconepkanue 10 1 r/am°)
COKpaTuiIach B 4 pa3a, a BOAB C HOBBINIEHHOH MumHepammsarmeil (1,5-3 r/am°) ycranosnensl Ha 83%
paccmaTpuBaemMoil Tepputopuu. [1osToMy ciemyer OKuAaTh yBETUYEHUS 3arpsi3HEHHs MOA3EMHBIX BOJ 3a
CUeT MHOXECTBEHHOI'O IPHBHOCA MHKPORJIEMEHTOB M3 30H T'€OXHMHYECKOTO 3arpsi3HEHHs TPYHTOB
(MperMyIIeCTBEHHO aTMOT€OXHMMHUYECKOT0 00BbEKTaMHU MPOMBIIIIEHHO-TOPOJCKUX arjaomeparuii) [1].

Ha 2003 r. B YkpauHe Ha yroibHbIX LIaXTaX W PyAHMKAX YEpHOM METAIIypruM Ha IJaBHBIX U
IPYNIOBBIX BOJOOTJIMBHBIX KOMILJIEKCAX IKCILTyaTHpoBasioch Oosiee 750 cranmoHapHbIX U 2440 y4acTKOBBIX
BOJIOOTJIMBHBIX YCTaHOBOK. [Tapk HacocoB BO0OT/IMBA B HacTosiee Bpems npeocxoauT 8000 equnu, u3
Hux He MeHee 3000 - Ha rIaBHOM BOJOOTIMBE. ['0/10BOM 00bEM OTKauMBaeMON BOJbI HA MOBEPXHOCTb
cocTapisieT okoio 1,2 Mip. M3, Ha uTo pacxoyercs Gosee 2 MJIpA. KBT/4. 1eKTposHeprum, a Ha OTIEBHBIX
[1axTax pacxojl 3JIEKTpo3Hepruu AoXo uT 10 2530% ot obuiero odbema sHepromnorpediaenus. M3 Bcero
BBIIIIECKA3aHHOT'O MTOHATHO, YTO MPOOJIEMbl HAJIS)KHOM pabOThl KOMIUIEKCA CUCTEMBbI IIAXTHOTO BOAOOTIMBA
HEMOCPEJCTBEHHO YBSI3aHbl C 9KOHOMUYECKUMU BOIIPOCAMHU yriaeo0bun [2]

AHamM3 IMTEpaTypHBIX MCTOYHHKOB ITOKA3bIBAET, YTO B HACTOSIIEE BPEMsI OTCYTCTBYIOT METOI U
YCTPOWCTBA MPENOXPAHEHUS OT IIJIAMOMHHEPAITBHBIX OTIIOKEHHUH MIAXTHOTO BOJOOTIMBHOTO KOMILUIEKCA B
30HE UX MPOMBIIUIEHHOTO HCII0JIb30BaHMs. BMecTe ¢ TeM, n3BeCTHBI HETaTUBHBIE MOCIIECTBUS MHOTOJIETHEH
MUHEpAJIN3alUU CTEHOK TPYOONpPOBOJOB M HACOCOB U TMPHUMEPHl SMU30JIMUYECKON OYMCTKM HEKOTOPBIX

JOCTYITHBIX 3JIEMEHTOB KOHCTPYKIIMI CHCTEMBI IIaXTHOTO BojooTiuBa [3, 4, 5, 6, 7, 8, 9].

BBEJIEHMUE.
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bu4 ropasikoB - o0pacTtanue CHCTEMbI IAXTHOTO BOIOOT/IMBA
OTJIOKEHUSAMHU COJIeiA.
Jlo Hacrosimiero BpeMeHM TMOJaBisioniee  OOJIBIIMHCTBO  HAay4HO-HCCIEAOBATEIbCKUX U

AKCIIEPUMEHTAJIBLHBIX padOT OBbLIM HAMpaBJICHBI HAa PEIICHUE JIHILb OJHOTO U3 MEPEYUCIIEHHBIX BOIPOCOB: Ha
OYUCTKY TWIAXTHBIX BOJ, WX OCBETICHHUE, O00e33apaKMBaHUE, JCMUHEPATU3ANUI0 M HEUTpaTH3aIuio.
OcBetrneHue BOJ OYEHb BAXKHO, TaK KAK OHO SIBJIAETCS HEOOXOIMMBIM IPEIBAPUTEIbHBIM YCIOBUEM IS
MPOBEJICHUS TOCIEAYIOUINX CTaJAui Mepekaukd U Oo4ucTKH. Ho, B CBSI3W C aKTyaJbHOCTBIO MPOOJIEMbI
COJIEp’KaHUsl IIAXTHBIX TPYyOOINpPOBOAOB 0€3 OTJIOKEHUH, a TakkKe CHIDKEHHEM JHEProéMKOCTH
TEXHOJIOTMYECKOTO MPOIEcca OTKAYKH MAXTHOU BOABI MPU HATUYUH HOBBIX MOJIOKUTEIBHBIX PE3YIbTaTOB €€
pelIeHNs, TOSIBIIIACH HEOOXOAMMOCTh PACCMOTPEHUS ATOT0 BOMpoca 0oJiee IeTaabHO.

OO0pa3oBaHue TBEPIBIX OCAIAKOB COJICOTIIONKEHHM Ha HACOCHOM OOOpYAOBaHHMU M TPYyOONpOBOJIAX,
COCTOSIIIUX TMPEUMYIIECTBEHHO W3 HEOPraHWYECKUH BEIIECTB M IIAXTHOTO MIThIOA, OOYCJIOBIEHO, B
OCHOBHOM, KPHUCTAJUTH3AI[MCH COJIeH Ha TOBEPXHOCTH (DEPpPOMArHUTHBIX MAaTEPHAIIOB M KaK IOKasaja
MIPAKTHUKA - SBIITIOTCS XapaKTEPHOU MPUYNHOMN BBIXOJA U3 CTPOSI 000PYIOBAHHUS.

B pe3ynbrare NMpuMEHSIOTCS OTBETHBIE MEpPbI IO BOCCTAHOBJIEHUS MPOU3BOJUTEIBHOCTH HACOCHBIX
YCTaHOBOK M OYMCTKE KJIAlIaHOB BO BPEMsI PEMOHTHBIX OCTAHOBOK. MeX Te€M, OTJIOKEHHS Ha BHYTPEHHHX
CTEHKaX TPyOONpPOBOJOB CYIIECTBEHHBIM OOpa30M BIMSIOT Ha YXYIIICHUE TOKa3aTelied SKCIUIyaTalluu
HAaCOCHBIX YCTAHOBOK IIOBBIIIICHHOMY M3HOCY pa0OUYMX OpPraHOB HACOCOB, BBI3BIBAIOT HEMPEIBHICHHBIC
peMOHTHI 060opynoBanus. OOpazoBaHuEe OCAZAKOB, B YACTHOCTH, HA pabOYMX MOBEPXHOCTAX LIEHTPOOESIKHBIX
maxTHeIX HacocoB (LIHCI - usroroButens bepasHckuii 3aBoj1) HEPEAKO MPUBOIUT K MX 3aKJIMHUBAHUIO U
BBIBOJly M3 CTposl Basia Hacoca [10, 11].

[TapameTpsl HIIAMOMHUHEPAIBHBIX OTIOXKEHUN Ha paboumx opranax [[HCII BeisiBiasummcs mpu
paccieoBaHMM TPUYMH BBIXOJAa W3 CTPOS HACOCOB BO BpeMs IMOJHOM pa30opke MpU PEMOHTE.
HccnenoBaHusIME ITPH OCMOTPE 3TUX YCTAHOBOK OBLIIO BBISIBIICHO CIIEAYIOIIEE pacipe/IesieHrne OTI0KEHHH 1o
JUIMHE Hacoca. YCTaHOBJIEHO, 4To B 60% ciydaeB OTJIOKEHUSI TOJIMMHOW 70 4MM HaXOJsATCA Ha
HalpaBSIIOMIUX M TEPBOM TMOJOBHHE pabouumx Koyec. B 3a3opax Bajla Hacoca CKaIUTMBAeTCs
TOHKOJUCIIEPCHAS TIJICHKa OBICTPO TBEPACIOIINUX KapOOHATHBIX OTIIOKEHUH, KOTOpasi SBISETCS OCHOBHOM
MPUYMHON «CXBaThIBaHUS» JHHUM Bana. [Ipy HEKOTOPOM MPOMEMIEHHMH BO BpPEMsl KPaTKOCPOUYHBIX
OTKJIIOUEHHUSX HACOCOB JIJISi PEMOHTHBIX Pa0OT OBLIH CIIy4yau «IIEMEHTAI[UN) Bajia 1O MPUINHE OTIOKEHHUH B
3a3ope. Kak npaBuio, ceuenue pas3rpy3ounoit Tpyoku 03/4" u mocagouHblie MOBEPXHOCTH OOPATHOTO KIarmaHa
HY>KHO JIBXK/Ibl B MECSII] MEXaHUYECKU YUCTUTh, MHaue - 100% 3apacranne HEeMHUHYEMO.

Msl BuIuM, 4TO TIpoOJieMy OOpacTaHHsl MIAXTHBIX BOJOOTIUBHBIX TPYyOOMPOBOJOB HEOOXOAMMO
BBIJICIUTH B OCOOYIO TPYMIY, T.K. OHA OUYEHb PEJKO MOJICKAT TEXHUIECKOMY OOCTY>KUBaHUIO. TaK, KOJIBIIO
TpyOOIPOBO/Ia B HACOCHOW KaMepe MOHTHUPYIOT OJIHAXKIBI U BCETAA C BOJOM, U HUKOTJA HE PEBU3UPYETCS.
Jansapiit  TpyOOmpoBOa ¢ OONBIIMMHU CONEOTHOXKeHUsMU choykuT 100% BpeMeHu pabOTBI TOPHOTO
npennpusaTus. JluHaMMKa pocTa  OTJIOXKEHHH BOJOOTIMBHBIX TPyOOMpPOBOAOB(TOPHU3OHTAIBHBIX H
BEPTUKAIbHBIX), KaK MPAaBWIO, KOHTPOJUPYETCS TOJBKO [UJIs IUJIAHOBOM TPOKIAJKKM HOBOW IUIETH

TpyOOIpoBoOIa.



B nocnennue rosl npouecc HEOPraHMYeCKUX NUTAMOMUHEPATIbHBIX OTIOKEHUH CTall 0CO00 3HAUNM,
M3-3a pOCTa LIeH Ha YHEPrOHOCUTENHU U 00ph0a C OTII0KEHUSIMU [IEPEPOCIIA B CII0KHYIO HAYYHO-TEXHUUECKYIO
npobnemMy. AKTyaabHOCTh HpoOIeMbl OOPbOBI C OTJIOKEHUSIMH COJEH CIOXHOTO COCTaBa BO3PACTaeT,
MOCKOJIbKY (POH/I KOMIUIEKCOB IIAXTHOTO BOJOOTJIMBA, HKCILTyaTallsl KOTOPHIX OCJIOXHEHA OTIIOKEHUSMH
COJIEH, MMOCTOSIHHO YBEJIMYMBACTCA MU OCOOCHHO BaXKEH JUISl 3aKPBITBHIX IIAXT CUCTEMbI PECTPYKTYpH3aLMH,
Korga OesaBapuiiHas paboTa CHCTEMbl BOJOOTIMBA U IHEProcOEpe’KeHHE IOCyapCTBEHHBIX CPEJCTB -
IJIaBHBIE JIBYEIMHBIE 33/1a4U NPEAIPUATHUS.

OcHOBHOW NMPUYUHON B OOJIBIIMHCTBE YTIIIeJOOBIBAIOLINX PETHOHOB, CHIKAIOMIEH (PPEKTUBHOCTD
paboThI BOJOOTIUBHBIX YCTPOUCTB U TPYOOIPOBOOB ABJISIOTCS OTJIOKEHHUS HA BHYTPEHHUX ITOBEPXHOCTSX.
B Hacrosiiee Bpemst xapakTep M COCTaB 0CaJKOB HEOPIaHUYECKUX COJIEH B BOJIOOTIIMBHBIX TPyOOIIPOBOJaX U
HAaCOCHOM 00OpYZOBaHUM, a TAK)KE UX BIUSHUE HA OCHOBHBIC TIOKA3aTEIH U3yYEHBI IOCTATOYHO NOJIHO. B TO
KE BPEMSL OMCYmCmeyem CUCMEMHbI NOOX00 K GblIAGIEHUI0 MeXAHUusmMa 00pa308anus OMI0NCEHUl, He
U3yuena OUHAMUKA UX pocma u 61usHue Ha padoyylo XapaKkmepucmuky HAcoca U 8celi CUCmeMbvl 60000MIUEA
8 Yenom.

3HaHMe NpPUYMH O00pa3oBaHHE [IJJAMOMHUHEPAJIbHBIX OTJIOKEHUH Ha KOMIUIEKCE HACOCHOIO
o0opynoBaHusT ¥ TPyOONMPOBOAAX IMIAXTHOTO BOAOOTIHMBA IO3BOJIUT TPAMOTHO TOAXOIUTH K BBIOOPY
Croco00B GOPHOBI € JTaHHBIM HETATUBHBIM SIBIICHHEM.

1. AHaau3 cyliecTBYHOUIIUX METOAOB OUUCTKH OTJIOKEHHU I

B HacTtosiee Bpemsi, U3BECTHBI U 3MU30MYECKU NPUMEHSIOTCS MEXaHUYECKUE CIIOCOOBI OYMCTKHU
OTJIOKEHHH, KOTOPBIE 3aKJIFOYAIOTCS:

1. Ounctka TpyOONPOBOIOB MPH MOMOLIH CIMAIbHBIX CKPEOKOGLIX ouucmublx ycmpoticma. TpyOoornpoBo
BBIBOJMTCS Ha HEKOTOpOE BpeMs U3 JKCIulyaTaluu. B ompeneneHHOM MmecTe JIMHUS TpyOOIpoBona
PAcCTBIKOBBIBAETCSI U B TPYOONPOBOJI MOMEMIAETCS OYHCTHOE CKPEOKOBOE yCTPOWCTBO. YCTPONCTBO
UMeEeT 3a30pbl U1 NPOKAYKU-(QUIbTpauuu Bojbl. DiaHIbl TPyOOIPOBOJa COCIUHSAIOT U B CTOPOHY
yCTpPONCTBA HAYMHAIOT MOJaBaTh BOAY OT LIEHTPOOEXKHOr0 Hacoca. Bosa ycrpemisieTcst K yCTpOHCTBY,
KOTOpOE, TI0 CYTH, SIBJIIETCS MOPIIHEM CO CKBO3HBIMHM LIEJIEBBIMU OTBEPCTUAMU. Bona, Mpoxois CKBO3b
IIEeJM TI0JT BBICOKUM JaBJIEHUEM B3PBIXJISIET OTJIOKEHHUS, a CKPeOKOBOE YCTPOICTBO MEpeMeIasch 1Mo
TpyOOINPOBOY BHIHOCUT IIJIaM Ha 3apaHee MOArOTOBJIEHHBIN y4acTOK.

JlaHHBIM 00pa30M OUMINIAIOTCS TPYOOIIPOBO/IBI C BBIAAYEH IIJIJaMa Ha TOBEPXHOCTh MIIM B LIAXTY C
NOCJIEAYIOLIEN Bblauel Ha IOBEPXHOCTh. /JlaHHOMY METOly JOCTYIHBI, KaK PaBUJIO, IPSMOJIMHENHBIE
Y4aCTKM 3HAUUTENIbHOW mpoTsbkeHHOocTH. KauecTtBo pabor ynosnerBoputenbHoe. CKOpPOCTbH
BBIMIOJTHEHHUST Pa0OT BBICOKAs, €CIAM MO TEXHUYECKHMM NpPUYMHAM HE 3acTpSHET («IOTepseTcs»)
UCTIOJIHUTENIbHBIA OpraH - CKpeOKOBOE YCTPOICTBO.

2. OuucTKa C TOMOUIBIO 31EKMPOSUOPABIUYECKUX YCMAHOB0K MHUHEPAJBHBIX OTIOKEHUSAX BBICOKOU
TBEPJIOCTH B TPyOONMpoBOAax MPOTsKEHHOCThI0 10 1000 M. MOOWUIBHOCTH JEHCTBUSI yCTaHOBKHU
OTpeNeNIsieTCs  JIMHOM  DJIEKTpUYecKoro kabenms. Paboter  mpomsBoasTcss 06€3  OCTaHOBKH

TEXHOJIOTUYECKOT0 Ipolecca pabdoTel JAHHOrO o0ObekTa. KadecTBO OYMCTKH BBICOKOE, T.K.
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3JICKTPOPA3PSTHBINA IPUHITUI JAHHON TEXHOJIOTHHU HCTIOIB3YET UCIIOJIHUTEILHBIN OPTaH ¢ pa3psiioM 10
30 kA ¢ suepruen 200 xIx [8, 9].

3aKa3‘-II/IKOB HWHOr'Ja JaHHbIC BCIIMYWHBI CMYIIIAIOT, T.K. 3a49aCTYyIO O6’beKTI/IBHO HHUKTO HE€ 3HACT C
OTJIOKEHUSIMH KaKOW BEJIUYUHBI U TBCPAOCTU TMIPUXOOUTCH paGOTaTB BHYTpH OYHIIACMOI'O

TpyOOIpoBoIa.

Bhllle MepedrciIeHHble crocoOsl ouncTku Goprorca He ¢ IPUUMHOM, o co CJIEJICTBUEM -

IJIaMOMUHEpPAJIbHBIMU OTJIOKCHUSAMU.

3. OnHUM M3 MyTel peleHusl CyIIeCTBYIOMEH MPoOIeMbl ABISETCSA MHUPOKOE UCIOIb30BAHNE HOBEUIIIEH
TEXHUKU U COBPEMEHHBIX TEXHOJIOTUH MarHUTHON 00paboTKK maxTHOH xuakoctu [12, 13]. Briepsoie
Oe3peareHTHasi MarHuTHas oOpaboTka ycmemHo npumeneHa B 2007r. Ha rmaBHoM BopootiuBe [11
«Ilaxta um.M.I'oppkoro» mo ounctke Tpybomposoa 06" ¢ ropuzonta 643 M. Ha MOBEPXHOCTH. 3a
CPaBHHTEILHO KOPOTKHH CpOK J1eber TpyOompoBoga yBenmueH Ha 79%, oOpacrtanme coieit
npekparuiock. B 2007 rony Ha OAO «lllaxta Komcomonen JlonOGacca» BIiepBble HCIOJIb30BaHUE
anmnapata «Mnuoc-TM», ycTaHOBIIEHHOTO Ha HACOCHOM INIABHOT'O BOJIOOTIIMBA, TO3BOJIUIIO OCTAHOBUTh
obpacranue Hacoca [IHCILI, obpaTHbIx kinamnanoB u Tpyoomnposoaa 010".

[Ipennaraercst cmoco® MarHUTHON OOpPaOOTKM IMIAXTHOM JKUAKOCTH («IBa B OJHOM») H aImapar
«moc» [14], mnoBeAeHHBIM OO0 TMNPAKTHUYECKOTO UCIOJB30BAHUA, [UJI1 PEHICHUS MPoOIeMbl
JINMKBUJAIIMN T[TPUYMH BbI3bIBaIONICH OTIOXKEHUS M, KaK CIEJICTBUE - CaMH OTJoXeHus. Eciu
OTJIOKEHUSI COJIEH Ha MOMEHT YCTaHOBKHM amnmnapara CyLIECTBYIOT, TO almapar pemaer 3axady -

yaaJieHust (pacTBOPEHHUS) U MPEIOXPAHEHUS OT HOBBIX OTJIOKCHHH.

AHanmu3 yka3aHHBIX METOJOB Ul OOpbOBI C OTJIOKEHUSIMU COJEeH Ha KOMIUIEKCE MOPHOIIAXTHOTO
BOJIOOTJIMBHOTO 00OPY/JIOBaHUS MO3BOJISIET CIIENIaTh BBIBOJ, YTO B CYLIECTBYIOIIMX YCIOBUSAX JJIs IIAXTHOTO
BOJIOOTJIMBA MPUEMJIEM OJUH U3 caMbIX 3()(PEKTUBHBIX, MEPCIEKTUBHBIX U JIEUIEBBIX CIIOCOOOB OOPHOBI €
[JIAMOMHUHEPAIbHBIMU  OTJIOKEHUSIMU - MarHuTHas o0O0pabOTKa IIAXTHOM JKMIKOCTH. DTO OCOOEHHO
aKTyaJdbHO JUIl YCJOBUH TOpPHOJOOBIBAIOUIEH MPOMBIIIJIEHHOCTH, KOIJIAa TEXHOJIOTHYECKHE IPOLECCH
TpeOytoT OecrniepeOolHO pPabOTHl BCEro BOJOOTIIMBHOTO KOMILIEKCA, OOOPYIOBAaHHMS M OCHAIIEHHUS OT
IIAXTHOW HACOCHOM 70 BOJIOOTCTOMHHMKA HA TOBEPXHOCTH. ABapus, MPOCTOW WM MPOPUIAKTUUECKUE,
CBSI3aHHBIE C OTKJIIOYEHHEM TEXHOJIOTUYECKOM JINHUHU, TPUBOJIAT K 3HAYUTEIbHBIM SKOHOMUYECKUM MTOTEPSIM.

2. Be3peareHTHbIe MeTO/AbI BOJAONOATOTOBKHU

IlepBoiif B Mupe mareHT [15] Ha anmapaT MarHUTHOM 0OpaOOTKU BOJBI OBbLI BBIJAH O€NbrHICKOMY
unxenepy T.Bepmetipeny 01.10.1946r. Korna B Havane naruaecsatsix T.Bepmelipen Hauan myOIuKoBaTh
CBeIIEHUS O pe3yJIbTaTax MpUMeHeHus anmaparoB ciuctembl CEPI, mHkeHeps Bcero Mupa moaxBaTHIIN HICTO,
B Pe3yJIbTATE YEro armapaThl MAarHUTHON 00pabOTKHU BOJbI HAYAJIM BBITYCKaTh MHOTHE (PUPMBI B Pa3IMYHBIX
crpanax: Pakard (CHIA, ®nopuma), Wortington (CILA, r.Yukaro), Polar (Aurmus), CKD Dukla

5



(YexocnoBakwusi), MUuctutryT atomHoit sueprun (r.Kpakos, [lonpmra) u tak nanee. [Ipobmemoit "MarHuTHON
00paboTku Bozbl" 3aHuManuch B Kurae u Anonun. Ouenp MHOTO 3TOM mpobiemont 3anumanuch B CCCP,
npuyeM uMeHHO uHKeHepbl M ydenole CCCP cranm mmoHepaMu B HCCIEIOBAaHUU HOBBIX OOJIacTei
NpUMEHEeHHs '"MarHuTHOM 00paboTku". HecKoNbKO NecATUIeTHH ATOT HOBBIM TEXHUYECKHH IpHeM
COIPOBOXKAANO OOLIETPUHATOE MHEHHUE: TEOPETUUECKOT0 0OOCHOBAHHUS €My HET U MO3TOMY 3((}EKT OT ero
MpUMEHEHUs HeBocTipou3BoauM. [1o cymiecTBy ycnex pupM 10CTaTOYHO 0JITO yIEPKUBAIOIINUXCS HAa PHIHKE
"TEXHOJOTMM MAarHUTHOW 00pabOTKM BOABI" OCHOBBIBAICS HA WHTYHWIMU pa3paboTumkoB. Ha ToMm, dTO
IIPUHATO Ha3bIBaTh "HOY-Xay". ECTECTBEHHO, YTO BCE 3TH I'OJIbI y4EHbIE IIBITAIACH
00BSACHUTH Ha0JIro1aeMble (haKThI.

B mnacrosimiee Bpems, Kk Oe3peareHTHbIM METOJaM BOJOMOATOTOBKH CJIEAYET OTHECTH METOJbl
(¢u3M4YecKOro BO3JCHCTBUS HA BOAY: MarHUTHAas M 3JIEKTPOMArHuTHas oOpaboOTKa, THIPOAMHAMHYECKUE
MyJbCAllMM, YJIBTPA3BYK. OTH METOABl HMMEIOT BCIIOMOTAaTElIbHOE 3HAUYEHUE, TaK Kak He yOuparot
MEPBONPUYMHY KPHUCTAUIM3AIMH Ha MOBEPXHOCTU - MEPECHIIEHUE, a TOJbKO MOAU(DUIHPYIOT MPOLECCHI
3apojiblieoOpa3zoBaHus U pocTa KpuctamioB. OIHAKO BO MHOTUX CIydasX YXe 3TOr0 JOCTAaTOYHO, YTOOBI
obecnieunTh OecniepeOoiiHy 0 paboTy 000pyIOBaHUS, TIOITUTKA KOTOPBIX BEJETCS BOJIOH C HE OUEHBb BRICOKHUM
COJIEp’KaHUEM COJIEHM JKECTKOCTH, WM TEIJIOOOMEHHOM amnmapaTypsl, paboTaroliel Mpyu HE OYE€Hb BBICOKOMN
TEMIIEpaType TEIUIOHOCUTENS. B HEKOTOPHIX CllydasxX COBMECTHOE NpPHUMEHEHHWE HOHHOro oOMeHa U
0e3peareHTHBIX METO/I0B MOBBIIIAIOT KA4€CTBO BOJIOTIOIOTOBKY MOYTH HE YBEIMYNBAs 3aTpaT.

3. MexaHu3M KPUCTAUIN3ALMHU c0Jleii HA MTOBEPXHOCTH

OCHOBHBIM BEILIIECTBOM, 00pa3yIOIMM KPUCTAINIMYECKHE OCATKN Ha MOBEPXHOCTSIX TPYyOONpOBO/IOB,
SBIIAETCS KapOOHAT KaNbIIMS, TPAKTHUYECKH BCET/Ia COMIEPIKaIINIiCS B BOJIE MPUPOIHBIX HCTOYHUKOB. Kak pa3
Takasi BBICOKO-MHUHEPAJIM30BaHHAs BOAA OTKAYMBAECTCS M3 TOPHBIX BHIPAOOTOK IIAXT U PYJHUKOB U B psle
CIy4aeB HCHONB3YeTCS A HYXKJ CaMHX TPEANpHUsATHN, Kak HaubOojee JCMIeBBIM W JOCTYITHBIN
TeIUIOHOCUTENb. VIMEHHO mo3ToMy B JanbHEWIIeM Mbl OyJeM TOBOPUTH MMEHHO O KpHUCTaJUIM3alMU
KapOOHaTa KabIIHsl.

[Ipu mocTosTHHOM KOHIIEHTpAllMK KapOOHAaTa KabIUs B BOJIE IEPECHIIIEHUE MO ATON CONU (DaKTUUECKU
OTIpeIeIIeTCS TEMIIEpaTyPOii TTOBEPXHOCTH Terutooomena (At, TpyOa ¢ BoJ10# - ropHast BRIpaOOTKa).

IlepByto Teopuio rereporeHHoi Hykiaeanuu paspadoran Volmer [16]. On oOBsICHMI, MOYEeMy Ha
WHOPOJHON II0 OTHOIIEHHIO K KPHUCTAUIM3YIOLIEMYCS BEIIECTBY IOBEPXHOCTH TBEPAOH IPUMECH
KPUCTAJNIMYECKUN 3apojblll o0pa3yeTcs ropasio Jierde, 4em IMpH CIy4alHOM CTOJKHOBEHHUH MOJIEKYI
KpUCTAJNIM3YIONIETOCS] BellecTBa B 00beME TEPECHIIEHHOr0 TMapa WIM pacTBopa. YTIUIyOJieHHBIE
UCCIIEIOBaHMs Tpollecca KPUCTAIIM3AUU HAa HWHOPOJHOM IMOBEPXHOCTH - HAa MOMJOXKKE - MPUBEIH K
CO3/IaHUI0 U PA3BUTHIO TaKOW MOIIHOW OTpaciM WHIYCTPUHM KakK DJIEKTPOHHKA, KOTOpas HEeMbICIHMa 0e3
KPUCTAIITU3AIMHU HA MOAJI0KKE KPUCTAIIIOB TOTYIIPOBOIHUKOB C Hanepen

3aJaHHBIMA CBOMCTBaMHU.
MHoroneTHrue UCCaeA0BaHUs MMOKA3aIH, YTO IEHTPOM 3apOJAbIIIe00pa30BaHUS MOXKET OBITH JIF00As

SHEpPreTUYecKas: HEOJHOPOTHOCTh: DJIEKTPUYECKH 3apsDKeHHAas YacTWIla, CBOOOJHBIN  paauKal;
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KPUCTAJUTMYECKasl TOBEPXHOCTh KaK O0BEKT, 00JIaIalomnii CBOOOTHOM MTOBEPXHOCTHOM dHEPTHEH; 1eheKThI
CTPYKTYpPbl KPUCTAJUTMUECKOI TOBEpXHOCTH. 13 MpakTHKH, BasKHYIO POJIb B IPOLIECCE COJIEOTIIOKEHUS UTPAET
COCTOSIHUE TTOBEPXHOCTH MaTepHAJIOB TPYOOIIPOBOIOB M TEXHOJIOTHYECKOTo obopymoBanus. lllepoxoBaras
MOBEPXHOCTh, BBHJIY IOBBIIICHHONW KATAIMTUYECKOW AKTHBHOCTH BBICTYIIOB U YTIIyONeHUWH, ObIcTpee
MOKPBIBAETCS TBEPAOH (ha30i OTIIOKEHHM CoJiel, ueM Iriiaakas Wid MojaupoBaHHasi HoBepXHOCTH. CKOpPOCTh
o0pa3oBaHMs 3apOoJIbIILIEH coyiel Ha TOBEPXHOCTH 3aBUCHUT HE TOJILKO OT MaTepHalia v YACTOTHI TOBEPXHOCTH,
HO OT PaJiiyCOB KPUBU3HBI, CTETICHU Pa3BUTOCTH M TEPMOJANHAMHYECKOTO MTOTEHIIMANIA TOBEPXHOCTH pa3iena.
OnHako He BCSKash PHEPreTHYECKask HEOJHOPOIHOCTh, HE BCSAKas MOBEPXHOCTh CHOCOOHA MHUIIMUPOBATH
3apojibliie00pa3oBaHUE B PaBHOI CTEIEHHU.
B 1935 rony ¢usuk Royer [17] Ha ocHOBaHWM MHOTOJIETHETO M3YYCHHS IIPOIlecca KPUCTAIUTU3AINH

Ha WHOPOJIHBIX TTOBEPXHOCTSIX BBIABUHYJ MIPHUHIIUI CTPYKTypHOTEOMETprudecKoro moaoous. CyTh MpHHIIHAIIA
B clenyromeM. lereporeHHas TMOBEPXHOCTh MOXKET CIy)KUTh MAaTpUIei, (QopMHUpPYIOLIEH KpUCTAILT
KPUCTAITU3YIOMICHCS CONMU. DTO MPOMCXOAMUT TOI/A, KOTJAa COBIAJAIOT CHUHIOHUU (KOH(UTryparus
AJIEMEHTApHON SYEHKHN) KpHUCTaula MaTepralia MOBEPXHOCTH M KPUCTAIUIM3YIOIIETOCS Ha HEel BellecTBa, a
napameTpbl UX KPUCTAIUTMYECKUX PEIIETOK He oTinyaroTcs 6omee yem Ha 20%. EcTtecTBeHHO, YTO TJIaBHBIM
(aKkTOpPOM IIpH STOM OCTaETCs MepechimeHne. YeM BhIle NepechieHne, TeM Mpu 00Jiee BBICOKOM OTIUYUN
MapaMeTpoOB KPUCTANTMYECKUX PEIIETOK HAUMHASTCS KPUCTAJUIU3AlMsI COJIM HA TTOBEpXHOCTH [18].

B kauecTBe KpUTepus 3aTpaBOYHON aKTUBHOCTH MOBEPXHOCTH (MOJIJIOKKH ) UCTIONB3YIOT a0COMIOTHOE
3HAYEHHUE BEJIMYMHBI KPUCTAIUIOrpaUueCcCKOro HecooTBeTcTBUs [19].

la-al/fa _a/a -1_1-a /a
8 =" cr cr= sf cr = cr sf

20e: asf - geUUUHA nNapamempa KpUCMaiiudyeckol peulemrku noON0NCKU (8 00CymrcoaeMom cryyae
Mamepuaia menioo0OMeHHOU NOBEPXHOCMU), Acr - GEIUYUHA NAPAMEMPA KPUCMALTUYECKOU pPeuemKu
KPUCMATLIUZYIOWE20Cs 6euecmaa (6 00CcysrcoaemMom ciydae - KapooHama Kaubyus,).

B cBere Bcero BBIINIECKA3aHHOTO CTaHOBUTCS $ICHO, YTO MaTepuall, M3 KOTOpPOTO H3rOTOBJIECH
TpyOOMPOBOJI, UTPAET HE MOCIEIHIOK POJIb C TOYKU 3PEHUS MHUIIMHPOBAHMS KPUCTAJUTM3AIMH KapOoHATa
Kanpims. KapOoHaT Kajablys MOKET KPHCTAILITH30BATHCS B JBYX KPUCTAILIOTpAQHUECKUX MOAM(PHUKAIUAK:
KaIbyuma Aim apazonuma. Ecmu TpyOonpoBoa
M3TOTOBJIEH U3 CTajM, B MPOLECCE SKCIUTyaTallud OHA IMOKPBIBAETCS KapOOHATOM »Kelle3a, OKUCIIaMH WIH
THJIPOOKHCHIO JKeJIe3a 3a CYET XUMHUECKOM peakIy ¢ paCTBOPEHHOU B BOJIE YITIEKUCIOTON M KUCIOPOJIOM.
Onenka kpuctamtorpaguyeckoe HECOOTBETCTBHE MoIuUKaiii kapOOHaTa KabIHs, jKele3a W €ero
COCIMHEHUH ¢ KUCIOPOIOM U YTJICKHCIIOTO# 10 JaHHBIM, TIpuBeneHa B padote [20].

4. MarauTHas o0padoTka ;kuaKkocTH. 'unoresnt

BrusiHre MarHUTHBIX U 3JIEKTPOMArHUTHBIX TIOJIEH HA MPOTEKAHNE XUMUYECKUX PEAKIUH ¢ ydacTHeM
BOJIBI, BOJHBIX DPACTBOPOB MHHEPAIBHBIX COJIEH, pPa3UYHBIX OPraHWYECKUX COCIWHEHHH, a TaKxke
BO3/ICHCTBUEM ITHUX TTOJIEH Ha KUBBIE OPTaHU3MBI Ha CETOIHANTHAN IEHh MOYKHO CUUTATh ITUPOKO H3BECTHBIM
u oOmenpuHATHIM. OJHAKO, CIIO)KHOCTh M MHOT'O3HAYHOCTh MPOMCXOSIIUX IPH SIEKTPOMATHUTHOM

06pa60TKe Pa3JIMIHBIX CUCTCM (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IX IMPOLCCCOB, IJ10Xast BOCIIPOU3BOJUMOCTD MMOJTYHYaCMbIX



pe3yNbTaTOB M UX HENpeacKazyemas 3aBUCUMOCTh OT MHOTUX (aKTOPOB 3aTPYIHSIOT OOBEKTUBHYIO
TPaKTOBKY MEXaHU3Ma MPOTEKAIOLIUX MPOLIECCOB.
[Tockonbky Ha CEroAHs TEOPUU SIBJICHUS HET, MEpPerJIeM K PACCMOTPEHMIO CYIIECTBYIOIIUX mpex

sunomes.

1. «Komnouansie» runoTe3bl, B OCHOBE KOTOPBIX JICKUT JACHCTBHE MArHUTHOTO TOJIS HA KOJUIOUIHbIE
YacTUIBl, OOJIafalolMe  JOBOJBHO  OOJBIIOW  MAarHUTHOW  BOCIPHUMMYHUBOCTBIO  (TMapa- WU
(beppOMarHuTHHIMH) U BCET/1a IPUCYTCTBYIOIUMHE B Bojie. [loaTOoMy uncTast Boga He OMarHU4UBaeTCsl.

[IpotuB 3TOrO pOAa rUMOTE3 rOBOPUT TOT (aKT, YTO OMArHUYEHHAs] BOJA MOCTEIIEHHO TEPSIET CBOU
CBOMCTBA, T.€. 3¢ (heKT 00paTHM, B TO K€ BpeMsl, KOJUIOUIHBIE CUCTEMbI HE 0OpaTHUMBI.

2. «VoHHBIE» TUMOTE3bl, CTOPOHHUKOM KOTOPOii siBisiercst B. Kiaccen u I1. Ctykanos [21,22,23]. B
e€ OCHOBE JIEKUT JEHCTBUE MArHUTHOIO IIOJII Ha IEPEMEILAOLIMECs HOHBI, HAXOSAIIHMECS B BOJE.
CTOpOHHHMKHU JaHHOW TMIOTE3bl MOIYEPKUBAIOT OOJIBIIYIO POJIb BIUSHUS MATHUTHOTO IOJIS HA THAPATAIUIO
MOHOB (THIpatanus yMmeHblnaercs). B mokasarensctBo mpuBoasT yBenuueHue Ha 20-40% copOIMOHHOM
€MKOCTH MOHHUTOB.

[IpoTHB MOHHBIX THUIOTE3 - DHEPreTHUECKUH (HaKTOp, MOCKOJBKY JHEPrusi THApATallid HOHOB
CpaBHHMMa C MOTEHIIMAJIOM MOHHU3AIMU COOTBETCTBYIOIIMX aTOMOB. B To ke Bpewms, sHeprus, coodiiaemMas
BOJIE MarHUTHBIM MoJyieM HampsbkeHHOCThio 1000 speren Ha 5-6 MOPSAKOB MEHbINE SHEPTHH TEILIOBOTO
JBUKEHMSI MOJIEKYJI BOJIbl. DTO OCHOBHOW apryMeHT KPUTUKOB.

3. «Bonsnas» rumote3sl. OCHOBaHBI HAa BO3MOKHOCTH M3MEHEHHS CBOMCTB BOJIBI B 3aBUCHUMOCTH OT
CTENEHUM U XapakTepa accouuanuu ee MoJieKyJ. COrlacHO JaHHOM THIOTE3€ 3JIEKTPOMAarHUTHOE IOJIe
BBI3BIBAET JUCIIEPTUPYIOLEe JEHCTBUE HA arperatbl MOJIEKYJ BOJbI, HO IIPH 3TOM MEXaHU3M JICUCTBUS HE
pacKpbIBaeTCs.

K coxanenuto, cymiecTByromue B HAaCTOAILIEE BpPEMs TUIOTE3bl CTOJb PACIUIBIBYATBI, YTO HX
HEBO3MOXKHO NPOBEPUTH B YCIOBUSAX «MAJIOT0 MAaTEPUAIbHOTO PUCKa» U, CIEI0BATENIbHO, ITOKa HEJb3s C
YBEPEHHOCTBIO MOATBEPANTh WM OINPOBEPTHYTh. B Hacrosimiee BpemMsi METOAbl KOHTPOJS CTENEHU
OMAarHM4€HHOCTH BOJOCOAEp KAILEH )KUIKOCTH BECbMa OITOCPEOBAHBI.

l'unomesa, koTOpas Ha HALIl B3TJISA]] TOUHEE OOBSACHSAET MPOLIECCHI P OMAarHUYMBAHUM KUJIKOCTH WIH
BOJHBIX CHCTEM MOXET OBbITh NPEACTaBIEHA CIAEAYIOIUM 00pa3oM:

KomnonaHbie 4acTUIBI OKPY>KEHBI CONBBATHBIM CJIOEM TOMIIMHOH, mopsaka 300 A oOpa3oBaHHBIM
OPUEHTHUPOBAHHBIMU JUMONSAMHU BOIbI. JIaHHBINA cIOW 0OpazyeTcss TONBKO MPU HATUYUH HEOOJBIIOTrO
KOJIMYECTBAa MOHOB B JMCIIEPCHOHHON cpesie, KOTOpbIe, aIcOpOMpPYysCh HA MOBEPXHOCTH YACTHIIbI, CO3/IAI0OT
YCIIOBUSL JUISI TEPMOJIMHAMUYECKON YCTOMYMBOCTU COJIBBATHOTO CJIOS (TIOTEHIHMATONPEIEINAIONNE HOHBI).
ITpoTHBOMOHBI aIcOPOUPYIOTCS TOHKHM CIIOEM Ha MOBEPXHOCTH COJIbBATHOTO CJIOS, KOTOPBIM oOiazaer
TaKUMU CBOMCTBaMU, YTO OHU HE MMPOHUKAIOT K MOBEPXHOCTH YacTUIIbL. [[pOTHBOMOHBI 4aCThIO PACTIOJIOKEHBI
B COJIbBATHOM CJIO€, @ YACThIO B MPUJIETAIOLIEM K YacTulle pacTBope. [Ipu OpoyHOBCKOM JBUKEHUH YaCTHULIbI,

MMOBEPXHOCTH CKOJIBXXCHUA JIC)KKUT BHYTPH CJI0A TPOTHBOUOHOB, ITO3TOMY YaCTHIIA OKA3bIBACTCA 3ap$1>1<eHH0171



mutiesioi. CoJbBaTHBIN CIION MPEACTABISET COO0H «TPeThI0 Ga3y» KOJTOMAHON cucTeMbl (cM.puc.1, 1.1).
Puc.1. YcTpolicTBO KOMIOUIHOW YaCTHUIIBI Puc.1.1 ConpBaTHbIl Ci10i

KonnougHas yacTtuua

MonbBaTtHb1M'cno'n

MpoTnBOMOHB!'

It
1"

Ha puc.: 1 - konnou/Jnas yacmuya, 2 - nomenyuanonpellensrouue UOHbL, A0COPOUPOBAHHbBIE HA
Nno8epxXHOCMU Yacmuysl, 3 - COIbEAMHbIU CLOU OPUEHMUPOBAHHbIX Junoneti (Monexyn 80/bl) MoIWUuHOl
Jlo neckonvKux comen MONeKYa, 4 - N08epXHOCMb CKObIICeHUs 8 [Jucnepcuonnoil cpelle, 5 -
NPOMUBOUOHBI.

B omarnmumBaemoil Boje mon aeWictBueM cuibl JlopeHua o0pasyrorcs niaacmunuamoie
Lomenvl opuenmuposannvix monexkyn 6o/{el, crabuiaM3upoBaHHble MoHaMHU (cM.puc.2). Ilpu 3tom
HY’)KHO OTMETUTh CYILIECTBEHHOE OOCTOSITEIbCTBO: MArHUTHOE I0JIe HEe «paboTaer», a Jullb
npoyupyem 00pa30BaHHE JIOMEHOB, T.€. MIPaeT pPOJIb «CIYCKOBOTO KpIOUKa» (Ha TaKyl pOJib
MarHMTHOTO TOJIs yKa3bBan akanemMuk C.B.BoncoBckwuii). [Ipu oOpazoBaHuu AOMEHOB (JIydile WX
UMEHOBATbh akeayeLlamu, YToObl He IyTaTh C MArHUTHBIMU IOMEHAMM) SHepaus evt/{ensemcs. Ilocne
CHATHS IIOJI1 aKBalLEJJIbl, KaK «TpeThsl (pa3a» IIOCTENEHHO PAcCTBOPSIOTCS, a MOXET OBbITb,
arperupyroTcst Mex 1y co0oii ¢ yObIBaHMEM X CUETHOW KOHLIEHTPALIUH.

Puc.2.

[uncnepcrnoHHas cpena

N>ur. 5.2.

4.1. HexoTopble pacueTsbl, NpeJI0KEeHHOI rMNOTe3bl M ONMMCAHHOIN MOJe/IH.
1. CpaBuHum oanexmpopeonocuueckuii 3¢gexm ¢ conbBaTHbIM cioeM. Kosnouansie

YACTHUI[BI MMEIOT JJIEKTpHueckuil Z-moreHuuan ~150 mV, a B rumoreTHdeckoMm ciydae 0e3
npotuBonoHoB mopsaka 300 mV wumu 0,3 B. Tommuua conbBatHoro ciost ~300A, otcrona
HaIpPsDKEHHOCTh  JIEKTPUYECKOIO TOJS IPU  KOTOPOM  COJIBBATHBIM  CJIOM  CTaHOBUTCS
TepPMOINHAMIYECKH YCTOHUMBEIM cocTaseT 107 B/M. DiekTpopeonornueckuii 3G QeKT mposBUTCS
npu HanpsokeHHOCTH Tons 10°B/M. M 06mamaeT CBOMCTBOM HACKHIIIEHHS MPH HAMPSKEHHOCTAX
nopszaka 107 B/m. Takum o6paszom, anexmpopeonozuueckuii dgpghexm evizsan pazeopomom [Junoneii
B COJIbBATHOM CJIO€ KOJUIOM/IHBIX YaCTHII.

2. Haiinem osHepeuto o00pazoeanus convb6amHo2o C1os U3 Meniomsl CMaduBaHUS
nucriepcTHIX Ten ~60kan/r. Ecnu mpuHsaTh yacTuibl ~1Mkm, TonmmHa ciost 300A, To momyduTtces
~12 xkan/monb. Ta ke sHeprus BbIIENAETCS U IPU OMarHUYUBAaHUU BOJIBI.

3. OueHuM KouyeHmpayuro axeayeirl TPU OOBIYHBIX YCIOBUAX DIEKTPOMATHUTHOM
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00paboTKH, CUHTAasl, YTO YBEIMYCHHUE TEMIIEpaTyphl NP 00pabOTKE HE3aMETHO U CPAaBHHUMO C €&
yBEJIMYEHHUE OT TPEHUsI PU ABM>KEeHUU B MarHUTHOM 1ouie (~0,1°C). [Tomyuaercs 0,01% BecoBbIX.
Peanpnas KOHICHTpausd MOXET OBITH U TOTO MCHbBIIC, XOTA CUCTHAsA KOHLICHTpALUA aKBalCIII,
3aBUCAILASL OT UX BEJIMYMHBI MOXKET OBITh OYEHB OOJIBIION MPU UX MAJIOM pa3Mepe.

4.2. KadecTBeHHasi OlleHKA THIOTe3bI.

1. Hanuuue npumeceti.
B rumote3e BechbMa INIaBHYIO POJIb MUTPAOT MOHBI B KHUAKOCTH. COBEPIIEHHO YMCTasi BOAA

COJIEP>KUT MOHBI BOJOPO/Ia U TUAPOKCUJIA B KOHLIEHTPALIMH, BIIOJIHE AOCTATOYHOU JI MPOSBICHUS
«TIAMATH», HO U MOHBI MpUMeceil, HaUWHAs ¢ KOHIEHTpanuu mopsaka 108moms/nm cmocobersyer
BO3HUKHOBEHUS dpdekra. B 3aBuCHMOCTH OT MPUPOABI M KOHIICHTparuu npumeceit 3pdexr Oyaer
Pa3IUYHbIM.

2. Teuenue obpabamvieaemoul HCUOKOU CUCTIEMbl 8 MACHUMHOM NoJle.

DT0 0YEBUIHOE U HEOOXOAMMOE YCIIOBUE I OPUEHTALIMU JUTIONIEH KuAKOoCcTU. Y eanbHbIit
ClIy4aii - MaKCUMasbHasi CKOPOCTh TEUEHHS U BO3MOKHO OOJIbIIIast JUIMHA MATHUTHOM JIMH3HI (3a30pa).

3. Hanpsscennocmo nons.

OT HanpsHKEHHOCTH MarHUTHOTO T10JIST HAaOII01aeTCsl MOJIMAKCTPEMalbHAast 3aBUCUMOCTS. [1ox
JEHCTBUEM JIOPEHLEBBIX CUJI MIPOUCXOAMUT CKOILJICHHE MPOTHBOIIOIOXKHBIX 3apsiIOB MOHOB TaK, YTO
BO3HUKAET 3JIEKTPUUYECKOE MOJIE, OPUEHTUPYIOIIEee HOHBI B MPOTHUBOMOJIOKHYI0 MATHUTHOMY IOJIIO
CTOPOHY.

4. Ilosviuenue memnepamypul HCUOKOCMU, 0OPAOOMAHHOU MASHUMHBIM NOJEM.

IIpu oOpa3zoBaHMK aKBalLeJ1 YHEPrUs HE IOTJIOIIAETCs, a BhIAeNsAeTcs. Mbl HEOAHOKPATHO
MIOJIy4ajau MOATBEPKIACHUE ITOMY, KOTAA, UCIOJIB3Ys CHIPYH0 BOLY B KOTEIBHBIX NPU 3aMKHYTOM
LUKJIe, YUCTHIN CHCTEMY OT OTJIOKEHHM KapOOHATHBIX coyie (0 =3~8MM). AmnmapaT MarHUTHOMN
o0paboTku padbotan B TedeHue 20-35 cyTtok. B Teuenne nepBoii Heienu TeMiieparypa BoJibl B CHCTEME
o6BbemoM 10 6-10m° moguuMaetcs Ha 12~'16°C. TIporiecc paGoTHI 1O OYUCTKE OCTAHABIMBAEM, KOT/IA
TeMmIepaTypa BoJbl B CHCTEMe MOHMKAeTCs 10 ucXoaHOM. KoTisl 1 TpyObl BckpbiBaeM. MTor - TpyOBbI
KOTJIa U TEIJI00OOMEHHUKA OYUIIIEHBI OT OTIOKEHUH.

BBIBO/IbI

1. Hannune nutaMmoMuHepaabHBIX OTJIOKEHHH Ha BHYTPEHHHUX CTEHKaX TPyOONpPOBOJIOB,
HAaCOCHBIX arperarax M YCTPONCTBaX MpPUBOJUT K CHI)KEHHIO  IPOU3BOJIUTENIBHOCTH,
HENpEe/IBUJICHHbIM  aBapUUHO-PEMOHTHBIM  paboTaMm, HEMPOU3BOAUTEIHLHOMY  IE€PEPaCcXoy
SHEPrOHOCHUTEIIEH, COKPAIIEHUIO CPOKOB KCILTyaTalliy UCTIOJIb3yEeMOro 000pyOBAHHUS.

OuncTka TpyOOIPOBOJIOB U CO3aHUE YCIOBHIA MPEAOXPAHEHUS OT MUHEPAIBbHBIX OTJIOKEHHH
Ha YyIiIeJ00BIBAIOLINX TMPEINPUATUAX YKpauHbl MMO3BOJUT CHIKOHOMHUTH €XKErOfHbIE 3aTpaThl Ha
aseKTpodHepruto Min do 15% (200, 0 ma.xkB1/gac nian 120,0 MIH.TpH.).

2. B 1936 rony ObIT OTKPBIT TEXHUYECKHHA MPHUEM, KOTOPBIA 0€3 OYMCTKH BOJBI OT COJIEH



XKECTKOCTU M 0e3 Jerazald BO MHOTUX CIy4asX IMO3BOJISIET MPEIOTBPATUTh OTIOKEHHE COJieH U

HaKUIeoOpa3zoBaHWE Ha MOBEpXHOCTU. PaboTa MPOTHBOHAKMITHBIX AammaparoB MO MarHUTHOM

00paboTKe KUIKOCTU CO3JAET YCIOBHUSA CTPYKTYPHOTO M3MEHEHHUS KUIKOCTH. MarHuTHOE 1ojie He

«paboTaeT», a IUIIb NPOBOLHUPYET OOpa30BaHME AaCCOLMATHBOB B KHJIKOCTH, a Jajee cama

«3amporpaMMHUpPOBaHHAs) KUAKOCTh pabOTaeT Mo MpeAoXpaHeHUuI0 000pyA0BaHUS.

[Tpuyem paboTa KUIKOCTH 110 XapakTepy OJu3Ka K «Imajsmiei» (6e3 aBapuiiHOT0 OOPYIIIESHHUS )
pacTBOPEHUIO CaMbIX TBEPABIX MHUHEPAJIBHBIX OTJIOKEHMH Ha KOMIUIEKCE BOJOOTIMBHOTO
000pyIOBaHUS.

3. HeonHokpaTHO MOKa3aHO, YTO >KHUJIKOCTh, MpETepIeBlIas CTPYKTYPHYIO MEPECTPOUKY B
pe3ylbTare MarHUTHOM 0O0padOTKH, crocoOHa OTMBIBATh PaHEE OTJIOKHUBIIMECS MHHEpaTbHbIC
OTJIOKEHUS, B T.4. HAKUIIb. DTO OOBSICHSIETCA CTPYKTYpPUPOBAHUEM COJIBBATHOTO CJIOS JKUJIKOCTH. B
pe3yibTare 0oJee HU3KOM aAre3uy aparoHUTa K TOBEPXHOCTH METaJlIa M HU3KOM KOTE3UH KPHCTAIIIOB
aparoHMTa Jpyr K JApyry paHee oOpa3oBaBIIascCs HAaKUIb Ppa3pbIXJISETCs, OTCIauBaeTcs OT
MIOBEPXHOCTU U YHOCHUTCSI IOTOKOM BOJIBI.

4. Jns poctukenus uenu nAaHHod KoHoenuuu, ¢ y4eToM HAaKOIUIEHHOTO OIIbITa
MPUMEHEHHs alnapaToB MarHUTHOH OOpa0OTKM IIAXTHOM JKUAKOCTH BBLAEICHBI TPH OCHOBHBIX
HaIlpaBJICHUs JAJIbHEHIIETO pa3BUTHUA:

* pa3paboTKka U TPOMBILIUIEHHOE OCBOCHHE COBPEMEHHOI'O KOMILIeKca 3sHeprocOeperaromieit
TEXHUKd M TEXHOJNOTMU Oe3peareHTHOW MAarHUTHOW BOJOMOATOTOBKH, OYHMCTKH H
IIPEeI0OXPaHEHMs BOJOOTJIMBHOIO KOMIUIEKCA OT IUIAMOMUHEPAIbHBIX OTI0XKEHU;

* TPOM3BOJCTBO M peanu3alus HOBOM 3HeprocoOeperaronieil TEXHUKM U MarHUTHOW TEXHOJIOTUU
BOJIONOJITOTOBKU, OUUCTKHU U NMPEAOXPAaHEHUS OT IIJITAMOMHUHEPAJIbHBIX OTJIOKEHU;

*  TPEIOCTaBJIEHUE YCIYT, KOTOPHIE CBSA3AaHBI C MCIOJIb30BAHUEM M BHEIPEHUEM IIPOTPECCUBHOMN
sHEeprocOeperaroniei TeXHUKA U TEXHOJIOTHH aHTUHAKUITHON Oe3peareHTHON BOJAOMOATOTOBKH.
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