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BBEJAEHHUE

D¢ dhekTuBHBIM METOIOM yBenueHus ko3ddunnenta u3neuenns nedru (KMH)
MECTOPOXKICHHM SIBIAETCA OypeHUE CKBaXXUH C TOPU3OHTAJIHHBIMUA OKOHUAHUSIMH, B UH-
TepBaJIax NPOAYKTUBHBIX TOPU30HTOB. CTPOUTEIBCTBO CKBAXKHUH CO CIIOKHBIMHU MPODHU-
JSIMHU COIPSDKEHO C TaKMMM TPYJHOCTSAMHM, KaK BBICOKHE HHEPro3arpaThl HA CONPOTUB-
JICHHE JBIKEHUIO KOJIOHHBI OypMIBHBIX TpyO, BBICOKME HArpy3KH Ha IMOPOAOpaspy-
MIAOIIKNA ¥ OYPHUIIbHBIM MHCTPYMEHT, 3HAUUTEIbHOE YBEIMUEHUE KPYTSIIEr0O MOMEHTA,
HEKa4eCTBEHHAsI OYMCTKA 320051 CKBaKMHBI OT nuiama. [laHHBIE (aKTOphI HEMOCPEICT-
BEHHO BIIMSIOT Ha TEXHUKO-IKOHOMHUYeckue nokaszarenu Oypenus (TOII). Pemuts BbI-
HIeyKa3aHHbIE MPOOJIEMbl BO3MOYKHO IIyTEM YCOBEPIIEHCTBOBAaHUSI COCTaBa OypOBOTrO
pacTBopa CMa3bIBAIOIIMMHU J00aBKaMH, KOTOPBIE CO3/IaHbl HAa OCHOBE COBPEMEHHBIX
JOCTUXKEHUN (PU3MKOXMMHUU JUCIIEPCHBIX CUCTEM. Takke yiaydlleHHe TpUOOTeXHUYe-
CKUX CBOMCTB OypoBbIX NpoMbIBOUHBIX kujkoctei (BIDK) sBnsercs sdpdexTuBHBIM
CPEICTBOM TIOBBIIICHUSI KaueCTBa U CKOPOCTH OypeHus ckBaxuH. Hampumep, mpu uc-
M0JIb30BaHUU TUAPO(HOOHO-IMYIBCHOHHBIX PACTBOPOB CHIKAIOTCS MOTEPU SHEPTUU Ha
TpeHue OypUIIBHOM KOJIOHHBI O CTCHKH CKBaXKUH Ha 20 — 25% [97-99].

[Tpumensiemble CEeToHSI MPOMBIBOYHBIE PACTBOPHI I OYpPeHHS CKBAKUH SIBIISI-
IOTCSI, B OCHOBHOM, JUCIEPCHBIMH CHCTEMaMM Ha BOJHOM OCHOBE. [ TMHHUCTHIE, MOJIHU-
MEpPHBIE PACTBOPHI, COACPIKAIIUE PA3IMUHBIC COJIM, U arpeCCUBHBIC Ta3bl UIMEIOT BBICO-
Ky KOPPO3HOHHYIO aKTUBHOCTb, KOTOpasi B CBOIO OYEPE/b, B COUETAHUU C JOCTATOUYHO
HU3KUMH POTUBOM3HOCHBIMU, CMA30YHBIMU CBOMCTBAMH CHHMXKAET pabOTOCTIOCOOHOCTH
OypOBOT0 MHCTPYMEHTA, J10JI0T, 3a00MHBIX IBUTATEIICH.

[Iponecc kKOppo3uM yCWIMBAETCS MPU BBICOKMX KOHTAKTHBIX Harpy3kax B 100—
1000 pa3 [123,168,200], mo cpaBHEHHIO CO CKOPOCThIO KOppo3uu Oe3 Harpyxeuwus. [1o-
TOMY M3YYCHHE W YJIY4IICHHE aHTHKOPPO3HMOHHBIX CBOMCTB MPOMBIBOYHBIX >KHIIKO-
CTEH SABJISETCS OJHUM M3 IyTeil MOBBILIEHUS JOJITOBEYHOCTH OYpOBOro 000pYyI10BaHUS,
U B 11€JIOM IOBBIIIEHUSI TEXHUKO-D)KOHOMUYECKUX MTOKa3aTesae OypeHusl.

D¢ PexTUBHOCTD OONMBIIMHCTBA CYIIECTBYIOIINX MTPOTUBOM3HOCHBIX U CMA304HbIX

n00aBOK B OypoBbIE IPOMBIBOYHBIC KHJIKOCTH OTpaHMYEHA YCIOBUSIMH OypeHus, a



MMEHHO IONaJaHUEM B PAaCTBOP COJIEH IJIACTOBBIX BOJ, HAJUYHEM BBICOKMX KOHTAKT-
HBIX Harpy30K M TEMIIEPATyp, arpECCUBHBIX CPE/I.

[Tonyyenue BBICOKOA(()EKTUBHOTO peareHTa i OYpOBBIX pPacTBOPOB, YIIy4-
MIAIOIIET0 TPUOOTEXHUYECKIE U aHTUKOPPO3UOHHBIE CBOWMCTBA, SIBISETCS KpailHE BaXK-
HOM, TpyIHOM 3a1ayeil U TpeOyeT MOCTAHOBKHU CIHEIUAIbHBIX AKCIIEPUMEHTAIBHBIX UC-

CJIeIOBaHUM.

Leabo paGoTsl sABIsSETCS NOBBILIEHHE KauecTBa OYpPOBBIX MPOMBIBOUYHBIX KU /-
KOCTEW COBEPIICHCTBOBAHUEM COCTAaBa M TEXHOJIOTMM IIPUMEHEHHUS PEAreHTOB, YIIyd-

HIAIOUIUX aHTUKOPPO3UOHHBIE U TPHOOTEXHHUYECKUE CBOMCTBA paCTBOPOB.

OcHoBHBIE 3a1a4M UCCJIeTOBAHUM

1. BbiOop METOOMK NPOBEACHUS TAOOPATOPHBIX U IPOMBICIOBBIX HUCCIIEOBAHUM.

2. HccnenoBanue B3aMMOCBSI3H MOKa3aTeNell aHTUKOPPO3UOHHBIX U TPUOOTEXHHU-
YECKUX CBOMCTB MPOMBIBOYHBIX KHUJAKOCTEH C MPUBJICYEHUEM COBPEMEHHBIX AJIEKTPO-
XUMHYECKUX METOJIOB, MAIIH TPEHHS U YCTPOMCTB.

3. OGocHOBaHME BBIOOpAa PEAreHTOB Ha OCHOBE NMPOU3BOAHBIX PACTUTEIBHOTO
CBIPBSl U PEareHTOB CUHTETUYECKOM MPUPOABI IPU OYPEHUH ITyOOKHX CKBa)KUH.

4. ITpomsicnioBbie ucnibiTanus peareHta CAb-3 1 pa3paboTka pecypCHOro MeToaa
COCTaBJICHHSI CMETHOM CTOMMOCTH OYpEeHUsI CKBaXXHH, OlleHKa 3((HEKTUBHOCTH peareH-

Ta.



MeToa0J10THS1 U METOABI HCCJIeIOBAHUS

Metoapl pemieHus NOCTaBIECHHBIX 3a7a4 BKJIKOYAIOT TEOPETUYECKOE U DKCIIEPHU-
MEHTAaJIbHOE M3YYEHUE KOPPO3MOHHBIX, CMA30YHBIX U MPOTUBOU3ZHOCHBIX CBOMCTB Oy-
POBBIX IPOMBIBOYHBIX KUAKOCTEH. Takke HCIOIb30Balach METOJMKA IJIAHWUPOBAHMS
HKCIIEPUMEHTA U CTaTUCTUYECKasi 00paboTKa pe3ysIbTaToOB JJAOOPATOPHBIX U TPOMBICIIO-
BBIX UCHIBITaHU# ¢ momotbio mporpaMmbl «STATGRAPHICSy.

st uzyuenust Tpubotrexuudeckux cBoictB BIDK mcnonb3oBanuch crneayroniue-

yctaHoBku: npudop KTK-2, mogenupyromuii napy TpeHus «MeTajul-TIMHUCTas KOop-
ka», Tectep «FANNNy, UIIIM, UMT-1, nemoHcTpaTOop M3HOCA, KOTOPHIE UMUTUPYIOT
paboTy mapbl TPEHUS «METaJUI- METaJUD» B OypOBBIX pacTBOpaXx.

OnueHky aHTHKOpPpO3UMOHHBIX cBoMcTB BIDK mponsBoaunm mo ckopoctu KOppo-

3MM, @ UIMEHHO TI0:

a) TOKy KOPpPO3HH - YEM BBILIE TOK KOPPO3UHU, TEM BBILIE CKOPOCTh MPOTEKAHUS

KOPPO3UOHHBIX MPOIIECCOB;

0) uHIUKaTOPYy KOoppo3uu - Mouukop 2M (B MM/Toxn);

B) pH cpenbl (MeTayuibl rpymmbl kenes3a), yeM Huxe pH, TeM Bbllle CKOPOCThH

kopposuu (ripu pH=1HaunbonbI1ast ckopocts Koppo3uu, pu pH=13 HauMeHbI1as);

T') yAelIbHOU AnekTporpoBoanoctu (YIII).

N3yuenue agcopOIMOHHBIX CIIOEB MTPOBOIUIMN C IOMOIIBIO:

a) mpubdopa «CTOITA», m1s OLIEHKH TOIIIMHBI CMa309HOTO CJIOS;

6) mpu6opos 111-50-1.1 1 AHUOH 4100, nist CHATHS ITUKJIOBOJIbTAMIIEPOTpaMM

(IIBA), Ha oCHOBE KOTOPBIX OMpEAesin 00pa3oBaHUE U pa3pylleHre 3alUTHOTO aj-

COp6HI/IOHHOFO CJI0A Ha ITOBCPXHOCTHU MCTAJlJIA.

HayuyHasi HOBH3HA BBINIOJIHEHHOI padoThI

1. OGocHOBaH W peaanu30BaH MPUHIIUI MOJYYEHUsSI 3aIIUTHBIX PEAreHTOB aHTH-
KOPPO3HMOHHO-CMA309HOTO JCHCTBHUS ISl TPOMBIBOYHBIX JKHIKOCTEH, 3aKITFOYAFOIIIHIACS

B COUYCTAaHHUHU KOMIIOHCHTOB, O6p8,3y}OHH/IX IMPOYHBIC MCKMOJICKYJISIPDHBIC CBA3W B BHU/C



MOBEPHOCTHBIX KOMILIEKCOB C IEPEHOCOM 3apsijia B COCTABE MHOT'OCJIOMHBIX TJIEHOK HA
rpaHuIe pazaena ¢as.

2. YcraHOBJEHO, 4YTO KOMIIO3MIMS ¢dopMHaTa HATpUs M CMa304HO-
Koppo3uoHHoro peareHta CAb-3 npu 00beMHOM cooTHOIIEHUH 4:1 B cOCTaBe MPOMBI-
BOYHBIX JKUJKOCTEH 0OECIeUMBAET YCTOMYMBOE COCTOSTHUE OOpa3yrOUIUMXCsl Ha MeETall-

JIMYCCKUX IMOBCPXHOCTAX UHTCPMCOUATOB.

IIpakTH4Yeckasi HEHHOCTh M PeaIu3alus pe3yJibTaToB padoThl

1. Peareatst CAB-3 1 CAB-3M B cocTaBe MPOMBIBOYHBIX PACTBOPOB alipOOUPO-
BaHbI NMPU OYPEHUH U BCKPBITHH MPOTYKTUBHBIX IJIACTOB Ha 14 CKBa)KMHAX MECTOPOIK-
nenuit bamkoprocrana u 3anagnoi CuOUpH ¢ TOJIOXKUTEIBHBIM 3P (HEKTOM.

2. Pazpaborana u yrBepxacHa B punmnane OOO «bamned1h-I'eocTpoit «Y pum-
CKO€ ympaBieHre O0ypoBbIX paboT»«HCTPYKIMS O TEXHOJIOTUU MPUMEHEHHS] CMa304-
HOW 1 aHTUKOPPO3HOHHOU 100aBKH J1si OypoBbIX pacTBopoB CAB-3» ot 25.12.2009 r.

3. Texnomorus nonydenus: peareara CAb-3 ocBoeHa ONBITHBIM MTPOU3BOACTBOM
000 «Ydadypuedto» 1. Ypa (cormacuo TY 2458-014-00151816- 2010r.).

4. Matepuaiibl JuccepTalMOHHON padOThl UCIOJIB3YIOTCS B YUEOHOM IpoIlecce B
BUJIe yueOHOro nocobusi «bypoBbie TPOMBIBOYHBIC U TAMIIOHAXKHBIE PACTBOPBI», MPHU
YTEHUU JIEKIIUN MO0 JUCHUIUIMHAM «BypoBble MPOMBIBOYHBIE KUJIKOCTHY, «IIpomMbIBOY-
HBIE JKUJIKOCTH M MPOMBIBKA CKBXKHUH CJIOKHOTO TPOQUIS» U TIPU BHINOJIHEHUU BBIMY-
CKHBIX pa0OT CTyJICHTaMH M MarucTpantamu HampasieHus «HedrerazoBoe nemnoy, cre-

OUaJIbBHOCTHU «BypeHI/Ie HC(i)TSIHBIX H I'a30BBIX CKBAXXUH».

HOJIO)KeHI/IH, BBIHOCUMBbIC HA 3AIIUTY .

1. PC?)yJ'H)TaTBI I/ICCJIe,ZLOBaHI/IfI B3aUMOCBA3U IIPOTHUBOU3HOCHBIX U aHTHKOPPO3HU-

OHHBIX CBOMCTB 6yp0BBIX IMPOMBIBOYHBIX )KI/II[I(OCTef/'I, IMO3BOHAIOINX KOJNMYCCTBCHHO
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OLICHUTh B3aMMOCBS3b MMOKa3aTejell MHTEHCUBHOCTENW M3HOCA M KOPPO3UU MaTEpUATIOB
OypOBOTO HHCTPYMEHTA;

2. O60CcHOBaHUE COCTaBa U TEXHOJIOTHH MPUMEHEHUSI HOBOW MPOTUBOU3HOCHOU U
aHTuKoppo3uoHHoi nob6aBku CAB-3 Ha ocHOBe 3(pupa parcoBoro mMacna;

3. O6ocHOBaHME TMPUHIMNA YIY4YIICHUS AHTUKOPPO3UOHHBIX CBONCTB IMPOMBI-
BOYHBIX JKUIKOCTEH, OOpa30BaHUEM MPOYHBIX MEKMOJEKYJAPHBIX CBA3EH B BHJE
[TKTI3 Ha rpanuiie pasnaena ¢pa3 MHOTOCIONHBIX TUICHOK;

4. O6ocHOoBaHMe BBOJIa (pOpMHATA HATPHS U CMA30YHO-AHTUKOPPO3UOHHOTO pea-
reuta CAB-3 (npu ob6bemHoM cooTHomieHuu 4:1) B coctaB bIDK, nmonreepxuaer co-
XpaHEHUE YCTOMYMBOIO COCTOSIHUASL UHTEPMEAUATOB Ha METAJUINYECKUX TIOBEPXHOCTSIX;

5. Pe3ynbTaThl IpOMBICIIOBBIX UcTbITaHui pearenta CAB-3 B ycinoBusix OypeHus
B bamkupuu u 3anagnoit Cubupu — npeanpusaruimu OO0 «bamuedTs-I"'eocTpoit» u

00O «bamnedTb-bypenuey.

CTeneHb T0CTOBEPHOCTH U aNPodaIus pe3yJbTaTOB:

OCHOBHBIE MOJIOKEHUS TUCCEPTAIIMOHHON PabOThl MPEACTaBICHBI B MaTepraliax:
Bcepoccuiickoit HayuyHO-TeXHHUYECKOW KOH(pepeHIun «HHOBAIIMOHHBIE pEIICHUs B
CTpouTENbCTBE CKBaXUH», 2011, r. Yda; Hayuno-rexHuueckoil KoH(EpEHIIUU C MEK-
JIYHapOJIHBIM YydacTueM «VIHHOBAallMOHHBIE pelieHus s HedTerasoBod OTpaciu
(Omeir 1 mepcrniektuBbl)», 2012, 1. OpenOypr; ll-oif Bcepoccuiickoit HaydHO-
npakTuyeckor KoHpepeHnuun «llpakTrueckue acnekTbl HE(TETPOMBICIOBON XUMHUM,
2012, r. Ya; IX MexayHapomHOW Hay4YHO-TIPAKTUYECKON KOH(DEpEeHIINU «ATUPOB-
ckue urenus», 2012, r.Tyance, |-oii MexnyHapoHOil Hay4HO-IPAKTUYECKOU KOH(e-
penuun «IIpoGiieMbl U TEHJAECHIMU Pa3BUTUS MHHOBAIMOHHOW KOHOMMKHU: MEXAyHa-
POIHBIN ONBIT U nipakTukay, 2013r, r.Yda, Xl Mexaynapoanoit HayuyHOU KOH(DepeH-

uu « Tpubosiorust u HagexkHOCTh», 20131, r. CankT-IletepOypr.

Iy6nuxkanuu. [To Teme nuccepranuu omyoaukoBaHo 13 HayyHBIX paboT, B TOM

yuciie 4 cTaThby B )KypHaJIaX, pekomeHnoBaHHbIX BAK P®.
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O0bem u cTpykTypa auccepranuu. J(ucceprauus uznoxeHa Ha 211 crpanumax
MAIlIMHOMKUCHOTO TE€KCTAa, COCTOMT U3 BBEIICHMS, YETHIPEX Pa3AENOB, BEIBOJOB, CIIMCKA
autepaTtypsl u 7 npunoxkenuit popmara PDF, Bxiarouaer 31 tabnuiy, 43 pucynka. bub-
auorpadUYeCcKuid CIMCOK BKIIIOYaeT 226 HaUMEHOBAHMM, B TOM dnciie 14 MHOCTpaHHBIX

pabor.
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I'maBa 1. O030p ucciieqoBanuii B 00J1aCTH COBEPIICHCTBOBAHMUS
TPUOOTEXHHMYECKUX U AHTUKOPPO3HOHHBIX CBOMCTB 0YPOBBIX NPOMbBIBOYHBIX

KUAKOCTEH

1.1 TpubGoTexHHnYecKHe CBOHCTBA MPOMBIBOYHBIX KHIKOCTEH, METOIbI H

cpeacrea ux yJaydlICcHUSA

[IpuMeHsieMble MPU MPOBOJIKE TIIYOOKUX CKBAKUH HAa HEQTH U ra3, OypoBbIE€ MPO-
MbIBOuHbIE kUAKOCTH (BIDK) B OCHOBHOM SIBIISIOTCS JKUAKOCTSMH Ha BOJIHOM OCHOBE,
KOTOPBIEC XapaKTEPU3YIOTCSI TAKUMHU MOKA3aTeNsIMU KaK: TIIOTHOCTD, YCIOBHAS BI3KOCTh
(YB), nokazatens ¢uibrpanuu (I1dD), cratuyeckoe W JUHAMHUYECKOE HAMNPSKEHUE
capura. BaxxupiMu nokasarensiMu OypOBBIX MPOMBIBOYHBIX JKHUIKOCTEH, KOTOpPbIE OKa-
3BIBAIOT OOJIBIIIOE BIUSHUE HA KAYECTBEHHYIO M A (EKTUBHYIO IPOBOJAKY CKBAKUH SIB-
JSIFOTCS. UX TPUOOTEXHUYECKHE M aHTHUKOPPO3HOHHBIE cBoicTBa. [losicHuM, BKkpaTie,
UCTIONIb3yeMbIe B JaIbHEHIIIEM TEPMUHBI.

TpuboTexHuKka — HayKa O KOHTAKTHOM B3aMMOJICHCTBUH TBEPABIX TEJ MPHU UX
OTHOCHUTEJIbHOM JBM)KEHHMM, OXBAThIBAaIOIIas BECh KOMIUIEKC BOIPOCOB TPEHUs, W3HA-
MIMBaHM M CMa3Ku MalllMH. B HEKOTOpBIX CTpaHax, B TOM uucie u B Poccun, BMecTo
TEpMHUHA TPHOOTEXHHUKA YIIOTPEOJIAIOT TEPMUHBI TPUOOIOTHs U TprboHMKa [204].

Tpubonorust — Hayka O TPEHUH, U3HOCE M CMa3Ke M B3aUMOJICHCTBUU KOHTAKTH-
PYIOILIMX TOJBUKHBIX TTOBepxHOCTEH. [204].

Hazpanue Hay4HOW AUCHMILTUHBI TPUOOIOTHS OOpa3oBaHO OT TPEUYECKHUX CIIOB
«TpubOOCY» — TpEHUE M «IOroc» — Hayka. OHa OXBaThIBACT TEOPETUUECCKHE U IKCIICPH-
MEHTaJIbHbIE UCCIIEOBaHUS (U3NYECKUX (MEXaHUUECKHX, DICKTPUUECKUX, MATHUTHBIX,
TEIUIOBBIX), XUMHUECKUX, OMOJIOTHYECKUX U JAPYTUX SIBJICHUM, CBSI3aHHBIX C TPEHHUEM,
U3HaIllMBaHUeM U cMa3koi. Kak Hayka, TpuOoorust UMEET HayYHO — TEXHUYECKUE pa3-
Jenbl: TpuboPu3uKy, TPUOOXUMUIO, TPUOOTEXHUUECKOE MaTepuaIoBeIeHUue, TpuooMe-

XaHUKY, TpubouHpopMaTuky u aAp. TpuborexHuueckue (TpUOOIOTHMYECKUE) CBOWMCTBA
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MIPOMBIBOYHBIX KUJKOCTEN CBSI3aHBI CO CIIOCOOHOCTBIO UX B MEPBYIO OYEPE/Ib CHUKATH
K02 (PHUITMEHTHI TPEHUS TPYIIMXCS TIOBEPXHOCTEH: «CTANIb -CTAJIbY», «CTAJb - TIIMHUCTAs
KOpKay», «CTallb-TOpHAs MOPOJIa» a TakKe MPEJOTBPaIaTh CXBAThIBAHUSA (3aAUPhI) U U3-
HaIIMBaHHE KOHTAKTUPYEMBIX METATMICCKHUX ToBepxHocTel [204].

MexaHudeckasi CKOpOCTh OypeHHusi — MoKa3aTelb, KOTOPbIM XapaKTepusyeT Mpo-
U3BOJIUTEILHOCTh Pa3pylICHUsI TOPHOM MOpoAbl Ha 3a00e CKBaxxuH. MexaHudeckas
CKOPOCTb, COOTBETCTBYIOIIAsl HAYaJIbHOMY IEPHOAY €ro paboThl (Iocie mpupabOTKH
JI0JI0Ta), KaK MpaBUJIo, UMEET HanboJiee BHICOKME 3HAUYCHUSI MPU YCTAHOBUBIIUXCS pe-
JKUMHBIX TapaMeTpax, a 3aTeM, N0 Mepe MOCTENEHHONW CpPabOTKH 3JIIEMEHTOB OIOpP U
BOOPY>KE€HUS, MOHOTOHHO CHMIKAETCS B MPOIIECCE BCETO JOJIOJEHUS.

OnHUM W3 OCHOBHBIX MYTEW MOBBIIMICHUS MPOW3BOJUTEIBHOCTH MIAPOIIEYHBIX
JIOJIOT BO3/ICHCTBUEM TPUOOTEXHUUYECKUX CBOMCTB MPOMBIBOYHBIX KUJIKOCTEH U CMa-
30K OIIOp, SBJISIETCS YBEINYECHUE U3HOCOCTOMKOCTU JOJIOTHBIX MAaTE€pPUAJIOB, JOJTOBEY-
HOCTH MX pa0O4yuX JIEMEHTOB. 3aMEJUICHHE TEeMIIa POCTa IUIONIA I KOHTAKTHOM IO-
BEPXHOCTH 3yOI1I0B BOOPYKEHHUsI, YMEHBIIICHUE 3aTPaT SHEPTUU HA TPEHUE B OMoOpax J0-
JIOT TIPYA 3TOM CUUTAETCS BAXXHOU NMPEAIIOCHUIKON YIIYYIIEHHUS] TEXHUKO-3KOHOMHUYECKHUX
MOKa3aTesen pa3pylieHus TOPHON MOPOBI.

Ha noBsiinienne OypuMOCTH TOPHBIX MOPOJ MOXKET OKa3aTh BIUSHUE U MPOMBI-
BOYHAS KHUIAKOCTh, €CJIH YYECTh XEMOMEXaHUUECKU (D (PEKT, CYyIHOCTh KOTOPOTro 3a-
KJIFOYAETCS B MJIACTU(DUIIMPOBAHNU KPUCTAIJIOB TOPHBIX MOPOJ CHIKEHUEM TTOBEPXHO-
CTHOTO TIOTCHIIMAJIILHOTO Oaphepa W OOJIETYCHUEM CKOJBKEHHUS 32 CUET SHEPTUU I10-
BEPXHOCTHOM XMUMHUYECKOW PEAKIMHU MEXAY AKTUBHBIMM KOMIIOHEHTAMHM pAacTBOpa U
ropHoit moposr [4, 190].

VYayumenne aHTUPPUKIIMOHHBIX CBONCTB TPOMBIBOYHBIX JKUJIKOCTEH MOXKET
TaKXe CIOoCOOCTBOBATh MOBBIMICHUIO TPOU3BOIUTEIBLHOCTA PAOOTHI JI0JIOT 3a CUET yBe-
JUYCHHUS MEXaHUYECKON CKOPOCTH. 3a CYET ATOTO YMEHBIIAETCS 3aBUCAaHNE OYpHIHbHOU
KOJIOHHBI M, KaK CIICJICTBUE, pacTeT ¢akThuueckas Harpys3ka Ha JI0J0TO, a TaKKe o0Jer-
yaeTcsl BHEJIpEHUE 3yOII0B BOOPYKEHUS J10JIOTA B TOPHYIO OPOAY U YJaJIeHUE MPOIYK-

TOB pa3pylIeHus ¢ 3a00sl.



14

Crnemyer UMETh B BUJY, YTO TPOMBIBOYHAS KUJKOCTH C BHICOKUMU aHTH()PUKIU-
OHHBIMH CBOMCTBaMH, CIIOCOOHAsi CO3[aBaTh HA MOBEPXHOCTH 3a00s MPOYHBIC 3ALTUT-
HBIC aICOPOIIMOHHBIE CJIOU, OKA3bIBACT OJTHOBPEMEHHO IMOJIOKHUTEIHFHOE U OTPHUIIATEIIh-
HOE BIHMSHUE HA 3(PPEKTUBHOCTH Pa3pyLICHHUs] TOPHBIX MOPOA. ITO OOYCIOBIUBACTCS
JIOTIOJTHUTEIHHBIMU 3aTpaTaMy SHEPTUU HA yJaJICHHE aJCOPOIMOHHOTO CIIOSI U, YTO
O0COOCHHO MOXET OBITh CYIECTBEHHBIM, YMCHBIIIEHHEM MOIIHOCTH, peaju3yeMoi B
KOHTaKTe 3yO1oB nmosnota ¢ mopoaoit. [logoOubie 3¢ (exTh MOTYT IPHUBECTH K CHUKE-
HUIO MEXaHWYECKON CKOpOCTH OypeHus (Hampumep, MpU HCIIOIb30BAHUH AJISl IPOMBIB-
KM PacTBOPOB Ha YrJ€BOAOPOIHOM OCHOBE). i1 TOro 4roObl COXpaHUTh Ha TOM XK€
YPOBHE WJIM TOBBICUTH MEXaHUYECKYIO CKOPOCTh OYpeHHsI B MOAOOHBIX CUTYyallUsX, Ha-
710 CYILIECTBEHHO YBEJIMYUTh OCEBYIO Harpy3Ky Ha J0J0TO, YTO HE BCEr/la BO3MOXKHO U3-
32 HEIOCTATOYHON HECYIIell CIMOCOOHOCTH TPaHWYHBIX CJIOEB CMa3Kd OMOp AOJOT U
CHIDKEHUS JOJTOBEYHOCTH OIIOP.

[TpumMeHeHHEe CMa30YHBIX JOOABOK K MPOMBIBOYHBIM KUAKOCTSM YIIy4YIIaeT TeX-
HOJIOTHIO TIPOMBIBKH CKBa)KHH, CITOCOOCTBYET COKPAIICHUIO PacxoJa XMMHUYECKUX pea-
reutoB [105, 171, 172]. Ina OypeHus: 0COOCHHO IIEHHBIMH CUHUTAIOTCS CMa30YHbBIC J10-
0aBKM MHOTOIIETIEBOTO JCUCTBUSA: AHTUKOPPO3HOHHBIE, TEHOTACSINNE, MOAABISIONINE
CEepOBOJIOPO, U30UpaTENbHO (IIOKYIMPYIOIINE UITH CTAOUIN3UPYIOIIME YAaCTHUIIBI TBEP-
701 (a3bl ¥ MPU STOM HA BHICOKOM YPOBHE BBINOJIHSAIOIINE CBOE€ OCHOBHOE I1I€JIEBOE Ha-
3Ha4YCHHE.

OnHO W3 OCHOBHBIX HANpaBJICHUN COBEPIICHCTBOBAHUS TEXHOJOTMHU OypeHUus
CBSI3aHO C TIOBBIIIICHUEM HAJEKHOCTH U JIOJTOBEYHOCTH MOPOJOPA3PYIIAIOIIETO HHCT-
PYMEHTa, THUAPABINYECKUX 3a00WHBIX ABUTATENell W OypUIIBbHOW KOJIOHHBI B IEJIOM.
JIONTOBEYHOCTH AJIEMEHTOB M Y3JIOB Pa3IMYHBIX CHCTEM TPEHMsI 3aBUCHUT OT MHOTHX
($aKkTOpOB KOHCTPYKTOPCKOTO, TEXHOJOTHYECKOTO M IKCILTYyaTAI[MOHHOTO XapakTepa.
[Ipu 5TOM ONpeneNsONMMH SKCILTYaTAIIHOHHBIME (PaKTOPaAMH CUUTAIOTCSI PEXKHM pa-
00ThI, CMa3Ka U OXJAXACHHUE y370B TpeHus. Crenuduieckoi 0cCoOOEHHOCTRI0O OypOBOM
TEXHOJIOTHH B MPOIIECCE MPOBOAKU CKBAXKUH SIBISICTCS OCYIIECTBICHUE OXJIAXKICHUS U
CMa3KH, pa3IMYHbIX IO CBOEMY CYIIECTBY CHUCTEM TPEHHS OJHOM U TOH K€ MPOMBIBOY-

HOM >KHUIKOCTBIO. BypoBO#l pacTBOp BBINOMHSET (PYHKIUU CMA30YHO—OXJIAXKIAOUIEH
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KUJKOCTH U B HETEPMETU3UPOBAHHBIX OMOPAX MIAPOLICYHBIX JOJIOT MO MEpe YaJCHUs
Y3 HUX CIICIMAJIbHON CMa3KH.

B TexHuueckoil nureparype MMeeTCcsl MHOTO IMyOJIMKaIMi, MOKa3bIBalomuX d¢-
(GEeKTUBHOCTh NPUMEHEHUSI OypOBBIX MPOMBIBOYHBIX KHUIAKOCTEH M CMa30K ISl OTOP
JIOJIOT C YIAYYIIEHHBIMH TPUOOTEXHUUYECKHUMH CBOMCTBAMU JJIsl TIOBBILIEHUS JOJITOBEY-
HOCTH OypOBOTO 00OpYIOBaHUS W HMHCTpPyMEHTa. MHOTOYHMCICHHBIMU JKCIEPUMEH-
TaJbHBIMU UCCIIEOBAHUSIMU TOJITBEPKIAETCS, YTO 00pabOTKa MPOMBIBOUHBIX >KHJIKO-
CTell CMa30YHBIMU J100aBKaMH TOBBIIIAET JOJTOBEYHOCTh OYPOBBIX HACOCOB, THJIPaB-
JMYECKUX 3a00MHBIX ABUTaTEeH, OypHIbHBIX U OOCaIHBIX TPyO, MOpPOAOpa3pylIaro-
IIUX UTHCTPYMEHTOB.

[IpumeHeHre cMa304YHBIX J0OABOK K MPOMBIBOYHBIM KHUIAKOCTSIM YJIy4IlIaeT TeX-
HOJIOTHIO MIPOMBIBKM CKBaXHH, CIOCOOCTBYET COKpPAIIEHUIO pacxoja XUMHYECKUX pea-
reHToB. B HacTosimiee BpeMs umeercs cBaiiie 100 BUIOB MaTepuaioB JJIsl yIIy4YLICHHUS
CMa304YHBIX U TIPOTUBOM3HOCHBIX CBONCTB OYpOBBIX MPOMBIBOYHBIX JKHUJIKOCTEH, B OC-
HOBHOM JTO pEareHThl MHUHEPAJbLHOIO MPOUCXOXKICHUS, TOKCUYHBIC, IKOJOTHUYECKHU
«MpOOJIEMHBIE» U HE MOJHOCTHIO YUYUTHIBAIONIUE YCIOBUS MPUMEHEHUS, TAKHE KaK BbI-
COKHE€ DHEpPreTUYECKHe 3arpy3K map TPEHHs, COoJieBasi U Ta30Basi arpeccusi, BhICOKas
KOppO3uOHHast akTUBHOCTH BI K.

Cuiibl CONTPOTUBIIEHUS IBUKEHUIO UHCTPYMEHTA B CKBa)KMHAX BO MHOTOM 3aBH-
CSIT OT KauecTBa MIPOMBIBOYHOM >KUJIKOCTH M, MPEXKJE BCEro, OT YPOBHS €€ aHTU(PPUK-
IIMOHHBIX U aIT€3MOHHBIX CBOUCTB. [Ipu pa3paboTke CpeaCcTB yaydllieHUus TPUOOTEXHU-
YECKUX CBOMCTB MPOMBIBOYHBIX KUJKOCTEH Ba)XKHO YUUTHIBATh BIUSHHUE UX Ha MPU-
XBaTOOMACHOCTb, Ha 3aTpaThl SHepruu mpu CIIO B Oypsmuxcst CKBaKUHAX.

CyliecTBYIOT pa3Hble€ B3IJISIIbl HA TPUPOTY BOSHUKHOBEHUS CHJI COMPOTUBIIEHUS
JBI)KCHUIO KOJOHH B CKBa)XMHAX, OOYCJIOBJIEHHBIX Kaue€CTBOM OYypOBOrO pacTBOpA.
OT0: HU3KHE aHTU()PUKIIMOHHBIE, BHICOKHE aJT€3MOHHBIC U CTPYKTYPHO-MEXaHUYECKUE
CBOMCTBA (PMIBTPAIIMOHHBIX KOPOK, HEOTPABIAHHO BBICOKHE THAPOCTATHYECKHUE JIaBIIe-
HUS B CTBOJIE CKBa)XMH, BOJOra30HE(TENPOSIBICHUS, KeI00000pa3oBaHue U HEYCTOM-
YUBOCTh CTEHOK, HACBIILIEHHE pacTBOpPA IINIAMOM, CalbHUKOOOpa3zoBaHue u ap. OueBus-

HO, HE BCC M3 NICPCUYUCIICHHBIX (I)&KTOpOB IMPOABIIAIOTCA OATHOBPEMCHHO U B paBHOﬁ CTC-
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MIEHU, OJHAKO CHWJIbI TPEHUS W aAre3ud JEHCTBYIOT NIPH ATOM MOUYTH Bceraa. B 6oib-
IIMHCTBE CJIy4aeB CHUJIbI QJIT€3MOHHOTO B3aWMOJICUCTBUS MPU MPUXBATaX KOJOHH CO-
ctaBisoT 30-60% oT MexaHudeckux cuil comnpotusicHus [59, 185], Bei3BaHHBIX 00B-
E€MHBIM JIe(hOPMHUPOBAHUEM MATEPHAIOB TIPHU TPECHUH, U, CIICIOBATEIHLHO, IPEHEOpEraTh
MU Helb3s. HeBobHO HampaiimBaeTcsi BBIBOJ YTO, CYIIECTBEHHO YIYUIIUB TPUOOTEX-
HUYECKHE CBOMCTBA PACTBOPOB BO3MOKHO Ha MOPSAOK CHU3UTh BEPOATHOCTH MPUXBA-
TOB, KOTOPBIE B CBOIO OUYEPEAb SABIISIIOTCS OYEHb CEPHE3HOM M YacTO BCTpEYAIOLIEHCs
npobJieMoli B OypeHHH.

OnHUMM U3 TEPBBIX CMA30UYHBIX 0OABOK B OYpOBBIE MPOMBIBOUHBIE JKUIKOCTH
obL1a He(Th U HePTenpoayKTsl. HedTh, comepxaniasicss B 3MylIbCUU, THAPOPOOU3UPYET
MOBEPXHOCTU TPEHUS U CHIKAET BEPOSTHOCTH CATbHUKOOOPA30BAHMS HA JIOJIOTE U TPY-
0ax. OHa yMEHbIIIAET BEPOATHOCTh MPUXBATA OYPUIILHOTO MHCTpyMeHTa. CmazouHas
n00aBKa CIOCOOCTBYET TMOBBIIICHUIO THIPABINYECKON MOIIHOCTH, MOJABOJIUMON K 3a-
6or0. [lobaBka B BIDK cma3ku yMeHbIIae€T CHIIBI TPEHUS MEXKIY METAJUIMYECKOM IM0-
BEPXHOCTBIO M TJIMHUCTOM Kopkoi [/, 8, 98]. Ognako, 1o06aBka K IITHHUCTOMY PacTBOPY
HedTn gaxe B konmuectBe 10% HemocTtatrouHo 3¢ (PEKTUBHA, TaK KaK B YCIOBUSIX BBICO-
KHX KOHTAKTHBIX Harpy3okK, HeTh HE CO3/IaeT Ha CTAIbHBIX TTOBEPXHOCTSAX JOCTATOYHO
npo4yHoi mieHku [23, 25]. HegTenmpoayKTel TakXKe MCIOIB30BaIUCh B Ka4eCTBE CMa-
304YHBIX JI00ABOK, 3TO TAKHE PEareHThbl, KaK MUPOJIM3HAS U TTOJUATKIIOEH30IbHAS CMO-
JIbl, @ TAKXKE IU3eJIbHOE TOIIMBO. [IInpokoe mpumenenue B 70-80 r.r. mpoLLIOro cToe-
TS B KadecTBE CcMa304HbIX J00aBok Hanum CMAJI-1 (oKuCIeHHBIH METpojJaTyM B
CMECH C JU3EIbHBIM TOIUIMBOM), pa3zpaboranubiii Bo BHUUBT. [1o cMa3ounomy nmerict-
BUIO JI00aBKa B OypoBoii pactBop 2-3% CMA/I-1 >kBuBanentHa nobaske 10-15% Hed-
Th. Takxke B kauecTBe cMa30uHbIX 100aBOK B BIDK mpumensmces u oTxoasl Hedremne-
pabaThIBalONIUX 3aBOIOB B BUJIE HEPTAHBIX MIJIAMOB, OTXOAbl KOHTAKTHON OYMCTKH Ma-
cen [22-25, 31-33, 36]. I'ynpon coanctoka (CI'), siBnsieTcs mOOOYHBIM TPOIYKTOM (OT-
X0JIOM) MaclIOKUpPOBOro mpousBojcTBa npeaioxkeHusii YkpHUNUITH/. B CI' aktus-
HBIM CMa30YHBIM BEIIECTBOM SIBJISIOTCS KUPHBIC KUCIOTHI U MX CIOXKHBIE d(DUphl. -

dbexkTuBHOCTH cMa304uHOU q00aBku CI' 3aBucuT oT pH cpenpl u Hamu4us B HEH KaTHUO-
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HOB KaJIbLIMsl M MarHus. B pesynbrare B3aumoaeiictBus CI' ¢ 3TUMU KaTHOHAMH, a TaK-
e ripu pH >10,5 apdexkTuBHOCTD €€ Mmamaer.

HiMeeTcst OTBIT MCTIOIB30BAHUS VISl YIIYUIICHUSI CMAa30YHBIX CBOWCTB OYpPOBOTO
pacTBOpa M CHUKEHUS MPUXBATOOINACHOCTH B IMpOIECCE OYpEHUs: CKBaXKUH MOBEPXHO-
ctHo-akTuBHBIX BelecTB (ITAB) [1].Cornacuo uccnenoBanusm Pebunaepa I1.A. [165]
[TAB, aacopOupysch Ha TBEPABIX OBEPXHOCTIX, CO3/IAI0T OPUEHTUPOBAHHBIE MOJIEKY-
nsipHbie ciiou.OHU 001a/1a10T ONpe/IeTICHHON MEXaHMYECKOW MTPOYHOCTHIO U U3MEHSIIOT
SHEPIreTUYECKUE XapaKTePUCTUKU ITHX MoBepxHocTer [178]. B kauecTBe cMa304uHBIX
00aBOK MCHOJIB3YIOT TJIaBHBIM 00pa3oM [IAB aHMOHAKTHUBHBIE — pa3IMYHbIC aJIKUIA-
puicyibhoHaThl (cynbPoHo, cynbpo-HaTpueBas coyb - CHC, KYHP u np.), Henono-
T'C€HHBIE — MOJUOKCHATHINPOBaHHBIC ankmwidpenonsl (OII-10, mkonay, mpeBoren u ap.)
[99, 104, 105, 162, 182, 212]. 13 uuncna aakuiaapuicyiab(poHATOB HauboJIiee pacIpo-
CTpaHEHbI CYJIb(OHOIBI Pa3HBIX BUJIOB — UX MpUMeHsIH B TypkMmenun, Azepoaiimkane,
bamkupun. Ix mpuMeHsn Kak cMa304dHbIe J0OAaBKH, U KaK PEareHT, COCOOCTBYIONTUI
COXpaHeHuI0 npoHunaemoctu miacra [44]. Bmecre ¢ tem, uccienoanus KoneceBa
I'.B. noka3zanu, 4To B 00J1aCTH BBICOKOM HAMPSXKEHHOCTH CYJIb(OHOJ CIOCOOCTBYET MO-
BBIIIICHUIO CKOPOCTU M3HAIIMBAHUS CTAJIH, a MPUMEHEHHUE CYIh()OHOTa B MUHEPATIN30-
BaHHBIX BOJAX JIaeT XJIONMbeBUAHbIC ocanku [44, 58, 104]. KoHTakT YepHbI HEHTpaIu-
3oBaHHbI padpunupoBannbiii (KUHP) [104] obnagaer BBICOKMMH TPHOOTEXHUYCCKHUMHU
CBOMCTBaMU OJarojiaps pa3BUTON CIOCOOHOCTHU K 3JIEKTPOHHO-IOHOPHO-AKIIEITOPHOMY
B3aumozeiicteuio. KUHP cHmkaeT koahGuimeHT TpeHuss Mexay MeTauioM U (QUITbT-
paunronHoi kopkoi Ha 15%. Huxtsape T.Jl. u KoneceBbiMm I'.B. 1 Obl1u pazpaboTaHbl
COCTaBbI CMa304HBIX J00ABOK Ha ero ocHoBe [69].

ITo pesynpraram ucciaegosanuii KonsuioBa B.E u Huctskosa FO.A. npumeHenue
CMA/I-1 B OypoBOM pacTBOpE TMO3BOJIIET YBEIMYUTHh MPOXOAKY Ha JOJOTO Ha
25...40%, MOBBICUTH MEXaHUUYECKYIO CKOpPOCTh Oypenus Ha 20...25%, COKpaTUTh KOJHU-
YEeCTBO MPUXBATOB U 3aTPaThl BPEMEHU Ha MX JHUKBUJALMIO. [Ipy BBeeHHH cCMa304HOMN
no6aBku CITPMHT, paspadorannoit Bo BHUNKPHedTs, B OypoBOil pacTBOp B KOJIU4E-

ctBe 0,3...0,5% nocturaercs cHmkeHne ko3¢ duinenta tperus Ha 50...60%.
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B uccnenoBanusix, BoinoiaHeHHbIXx AHrenonyno O.K., Augepconom Bb.A., bByna-
ToBbIM A.U, bactpukossiM C.H., Baxpymesbim JLII., KoneceBbim I'.B., KomeneBbim
A.T., JIlymmeeBoit O.A., MasmtotoBeiM M.P., CnuBakom A.W., Illapumnossim A.Y.,
[TaxmaesiM 3.M. [8, 21, 23, 32, 33, 43, 69, 104, 105, 132, 163] moka3aHbl psja pazpa-
00TaHHBIX UMH (P(HEKTUBHBIX CMa30YHBIX JOOABOK M TEXHOJOTHYECKHX Pa3pabOToK,
MIPUMEHEHHUE, KOTOPHIX CYIIECTBEHHO MOBBICUIIO 3 ()EKTUBHOCTh OYPEHHS CKBAXKHUH.

YcTaHoBI€HO, 9TO KapOOHOBBIE KUCIOTHI, CIIUPTHI U KX MPOU3BOIHBIE 00JIa1al0T
XOpOIIMMHU CMa304YHBIMU U MIPOTUBOU3HOCHBIMU CBOMCTBAMM IPU BBICOKON PHEPIeTHU-
YECKOM 3arpy3ke map TpeHus. AKTUBHOCTh 3THUX PEareéHTOB BO3PACTAET C POCTOM JIH-
Hel ienu pagukaioB (Kuctep O.1°., Rosenberg M., Tailler R. u. 1p.) [98, 99, 214, 217].
B uccnepoBanmsix I'mnbmana K.M, Konecesa I'.B., JlymmeeBoit O.A., KungoBiena
H.A., SIposa A.H. u np. [104,105,132,135,136,212] noka3aHo, 9YTO IPOTUBOM3HOCHBIE U
CMa304YHbBIC peareHThl Ha OCHOBE PaCTUTEIBLHOIO M KUBOTHOTO CBHIPhs OoJiee 3 HEeKTHB-
HBI, YeM CMa3Ku U3 yriieBojopoaoB. Beenenue B BIDK >XKuUpHBIX KMCIOT TalJIOBOTO,
KaCTOPOBOI'0 MaceJsl MPUJIaeT pacTBOPAM BBICOKHE TPUOOTEXHUUECKUE CBOMCTBA. Takxke
IIIUPOKOE MPUMEHEHHUE HAIJIM KyOOBBIE OCTATKH, COJEpIKAIIHE MPOJYKTHI IMEPETOHKH
XKUPHBIX KucI0T. Bepxorckoii H.H., JIrooumossim B.C., MotsuiéBoit T.A. u ap. [141],
MPEIOKEHBI CMa304YHbIe J0OABKHM Ha KUPOBON OCHOBE, KOTOPHIE COCTOSIT U3 JIETKOTO
TaJUIOBOTO Maciia U ruapododusupyromei kpemHuiioprannyeckon xuakocta (I'KXK-
10, I'KXK-11). Jns ycioBuii cojieBoit arpeccuut (4TO, KOHEYHO BBI3IBAET HAMOOJBIINN
HHTEpPEC B CBSI3M C OCBOCHHEM MOPCKHX MECTOPOXKJICHHUI) pa3paboTaHa cMa3o4Has J0-
0aBKa, cojepikailasi 0TX0J MPOU3BOJICTBA aIUMTMHOBON KHUCJIOTHl — CMECh JUKapOOHO-
BBIX KuCJ0T nipu cootHomenuun 12,5%- JIKK, 37,5% -I'KXK-10, 50 % -JITM. Uccneno-
Baresn u3 BHUKPuedTs: I'HoeBrix A.H., KonosamoB E.A., Moiic 1O.H., Ps16okoHb
A.A. IpeVIOKUIIM CMA30YHbIE KOMITO3UIIMKA HA OCHOBE Macel U KUPOB PACTUTEILHOIO
U KUBOTHOTO IIPOMCXOXJICHHS — CEpPHUs PEareHTOB C TOProBbIM HAaMMEHOBAaHHEM
«Kupma». Yuenpie bamHUIINHehTs paspabotanu cmazounbie JO00aBKHM HA OCHOBE
MoauduimpoBaHHbix kucioT TamwioBeix Macen (MKB-4B, UKB-4TM, JICB-4TTII,

JNCB-4TMII) [203].OcHOBHBIMH KOMITOHEHTAMH CMa30YHBIX KOMITO3HUIIUH, pa3pado-
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taHHbIX ['puneBckum U.H., Aunepconom b.A., Yrymb6aesoii B.H., YerBepTuéBoit 1.A.,
[TaxmaeBbiM 3.M. [9, 203] sBASIOTCS )KUPHBIC KHCIOTHI TAJUIOBOTO Maclia.

UccnepoBanusimu kadeapbl OypeHus HePTSHBIX U ra3oBbix ckBaxxuH YIHTY.
yCTaHOBJICHA MEPCIEKTUBHOCTH MUCIOIB30BaHUS CMa304HbIX T0OABOK Ha OCHOBE KUCIIO-
POICONCPKANMX COSNUHEHMI aroKcaHOBbIX crupToB (T-66,T-80), a Takke coemune-
HU# psga MeTwi, perut auokcanos [104, 105].

Komneces I'.B., Matsky6oB M.IO. yctanoBuinu, 4to 3QeKTUBHBIMU CMa304YHBIMH
no0aBKkaMu JJisi OYpPOBBIX PACTBOPOB SIBIAIOTCS MOJIUGMDUIIUPOBAHHBIE KYOOBBIE OCTATKH
pPACTUTENbHBIX Mace B COYETaHUM ¢ peareHToM T-80 uiu KyOoBble OCTATKU TPOU3BOA-
ctBa Bricokue TpuborexHnyeckue cporictBa bIDK mpuparoT cHHTETHYECKHE >KUpPHbBIE
KucioThl ¢ stmiieHauamMmuHoM [104105]. Bacrpukos C.H. [23] npeioxuin cMa304HbIC
KOMIIO3UIIUA Ha OCHOBE PHIOOKUPOBBIX MPOAYKTOB, KOTOPHIE HAILIN IIUPOKOE MPUME-
HeHue npu Oypennu B 3amagnoit Cubupu. B OAO HIIO «bypenue» uccienoBaTensiMu
Apcnan6ekoBeiM A.P. bapmortunoii K.C., boprosoit A.B., Bacunsuenko C.B., ['apps-
HoM C.A., Ky3uenonoii JL.II., ®posoBoit H.B. Obutn pa3paboTanbl cMa304HbIe J00aBKU
cepun «®K». Yuensie Baxpymes JLII., Moiic FO.H., IlenskoB A.W., JIymmneea O.A.
pa3paboTaiu U 3alaTeHTOBAIN CEPUI0 IKOJIOTMYECKU 0€30IMaCHbIX CMA30YHBIX 100aBOK
1151 BITJK Ha OCHOBE KHPHBIX KHCJIOT BBICHIETO psiia ¢ AIMHOM yriepoaHou nenu Cg u
oounee [135, 136].

JIns yaydiieHus MPOTUBONPUXBATHBIX CBONCTB MOJIMMEPTIIMHUCTOTO PacTBOpaA
npemtoxkensl MHOroyHkimonanbubie mpucaakn MHXII-21 u BHUMHII-360. Cpas-
HUBAIKUCH 3G (PEKTUBHOCTH MPUMEHEHHSI CMa304YHBIX 100aBOK: OcTaTKOB Bricokue Tpu-
oorexnuueckue cBorctBa BIDK npunator cuntetnueckue xupubie kuciotel (OCXKK),
peiooxkupoBas cMaska (PXKC) u rpadur [141]. Beiiu momydeHs! caeayromne pe3ynbra-
ThI: cHIkeHue koddduimenta tpenus aisas OCXKK - no 50%, PXKC — no 40%, rpaduta
— 1o 25%. Ilpu comepkanuu cmaszounoir nmo6aBku PXXC 0,3...1,0% obGecreunBaeTcs
cHKeHne koddduimenta Tperus Ha 30...50% mo cpaBHEHHIO ¢ HCXOIHBIM TIMHUCTBIM
pactBopom [141].

O} heKTUBHOCTh CMA30YHOTO MaTepuaja ONMpeAeSIeTCs] CBOMCTBAMU TPAaHUYHBIX

IIJICHOK, KOTOPLIC 06paSYI-OTC$I Ha TPYIIHUXCA MCTAJTNIMYCCKHUX IMOBECPXHOCTAX B PE3YJb-
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TaTe afgcopounu. [Ipuyem MIO0THOCTh MOKPBITHS MOBEPXHOCTH CMAa30YHOM ITUIEHKOU 3a-
BUCUT OT IPOCTPAHCTBEHHOW CTPYKTYPbI MOJIEKYJ CMa3KH W ITOJIOKEHMS MOJIIPHOU
rpynnsl. O¢Q(EeKTUBHOCTh CHWKEHUS TPEHUS CIOSIMH aJCOPOMPOBAHHBIX MOJIEKYJ C
OJIMHAKOBOW JIJIMHOM LENU PaJNKajIOB YMEHBIIAETCS B PALY: KUPHBIE KUCIOTHI; 3(UPBI
YKUPHBIX KUCJIOT; CIIUPTHL; YIiieBoAopobl. IlneHku, oOpa3oBaBiinecs B pe3yiabTaTe Xe-
MOCOPOLIMU MOJIEKYJl CMa3KU C KUCJIOTHBIMHU I'pyIIIaMH, IPEICTaBISIOT cOO0N OpraHo-
METAJUIMYECKUE MbUIA U XapaKTEPU3YIOTCA 00Jiee BBICOKOW YCTOMYHMBOCTBIO K CHIBUTY.
OHU MEHEe YyBCTBUTEIBHBI K TEPMUYECKOMY BO3JAEHCTBHIO, YEM IUIEHKH U3 COOTBETCT-
BYIOLIMX aJCOPOMPOBAHHBIX MOJIEKYJ, HE COJEpXKAIIUX MOJOOHBIX (PYHKIMOHAIBHBIX

TPYIIIL.

JlocTaTo4HO MIMPOKOE MPUMEHEHHE HAIUIM TaKhe CMa304Hble JOOAaBKH, Kak IO-
mutain, riarain, MTM-1, ®K, COHbyp, CIIPUHT

[Tonuran — cMa3ouHas 100aBKa /i1l OypOBBIX paCTBOPOB, peareHT KOMILJIEKCHOTO
newictBus [157,158]. [IpoaykT npuMeHsIeTCs I

—  YJIYYIICHHWS CMa3bIBAIOIINX U MHTHOUPYIOIIMX CBOWCTB IMPOMBIBOYHBIX JKHU/I-
KOCTEH;

— yaydiieHus: GUIbTPAIMOHHBIX CBOWCTB OypOBOTO PacTBOPA;

— obecneueHUs CTaOMIBHOCTH CTBOJIA CKBAYKUHBI,

—  YJIYYIICHHS BBIHOCAIIEH CITIOCOOHOCTH;

—  YMEHBIIEHUS KPYTSIIETO0 MOMEHTA,

— JaHHBIE B OOJIACTH M3YYCHHS MPOIIECCOB TPEHUS M CMA30YHBIX JOOABOK ISt
OypeHust TOKa3bIBAIOT, YTO A(H(PEKTUBHOCTH MPENOTBPAICHHUS HAIUIIAHUS pa3OypHuBae-
MOM TTOPOJBI HA T0JIOTO.

I'mutan — cma3zounHas go0aBka aJis OypOBBIX PacTBOPOB, PeareHT KOMILJIEKCHOTO
neicteus [157].

[TpoxykT mpuMeHseTcs IS

— YJYYIIEHUS CMa3bIBAIOIINX W WHTHOUPYIONIUX CBOWCTB MPOMBIBOYHBIX KU/I-
KOCTEH;

— MpPEeIOTBpAIlleHUs] BCTIEHUBaHUS OypOBOTO PacTBOpPa;

— yny4iieHus: GUIbTPAMOHHBIX CBOMCTB OypOBOTO pacTBOpA;
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— COXpPAaHEHMs TEKyYECTH MPU OTPULATEIBHBIX TEMIIEPATYpaX.

MTM-1 — nonu¢yHKIIMOHATBHBIA peareHT Ha OCHOBE MAaced M KUPHBIX KHCIOT
pactutenbHOro nporcxoxaeHus [157]. OGecrnieunBaeT BEICOKUE CMa304YHbIE, TIPOTUBO-
CaJIBHUKOBBIE U aHTUIPUXBATHBIE CBOMCTBA OypoBbIX pacTBOpoB. Kpome Toro, cnoco6-
CTBYET COXPAHEHHMIO €CTECTBEHHON MPOHUIIAEMOCTH MPOAYKTUBHBIX IJIACTOB MPH MEp-
BUYHOM BCKPBITHH.

Cmazounsle 1o0aBku 17151 0ypoBbix pacTBopoB cepun OK mapok ®K-H u ®K-M
U3rOTOBIIIOTCS Ha OocHOBe (hocharugHoro konmeHrpara (PK) pacturenbHbIXx Macemn
MOJICOJIHEYHOT0, KYKYPY3HOT'O MJIU JPYTUX PACTUTEIbHBIX Macesl U MOIU(PULIUPYIOIIHUX
uHrpenueHToB [135,136,137]. Otu n006aBKM HEYCTOHYMBEHI NMPHU BBICOKHX TEMIIEPATY-
pax.

OTrnnuurensHoil 0cobeHHOCThI0 @K—M siBisieTcs MOBBIIEHHAs YCTOMYUBOCTD K
CEpPOBOJOPOJHOM W MHUKPOOMOJIOTHUECKOW arpeccuu, MOHWKEHHas TemIeparypa 3a-
creiBanust mpoaykra (o - 35 °C) i MaccoBOro NMPUMEHEHHS B PA3JIMYHBIX KJIMMATH-
YECKHUX U FOpHO-Teojornyeckux yciousx Cubupu n Caxanuna, CeBepHoro KaBkasza u
[Tpukacnus, Kpaitnero Cesepa u menbda PO.

COHByp-1104[203] — mpexacraBisger co00H MHOTOKOMIIOHEHTHYIO CHCTEMY, B
KOTOPOH KOMITOHEHThI 00€CIeUNBaIOT UCIIOJHEHUE ONPENEIEHHbBIX (DYHKIIUI:

— TI0JIHAsi COBMECTUMOCTh C KOMIIOHEHTaMU OYpOBOIO pacTBOPA;

— HU3KHE 3HaYeHUS KO3PPUIIMEHTA TPEHUS U JIUTIKOCTU TIIMHUCTON KOPKHU;

— AHTUKOPPO3UOHHBIE CBOWCTBA.

CITPUHT - cmazounas goOaBka mnpemioxkeHa uHctutyroM BHUNKPHedTs.
CITPUHT peareHT Ha OCHOBE HATPUEBBIX COJIEH XKUPHBIX KapOOHOBBIX KHUCIOT U HE-
uHoreHHbix [TAB [137]. OntumaneHas koHIeHTparus qo0aBku coctapiser 0,6—-1% ot
o0beMa pacTBopa. PeareHT umeeT TBepAyIo rpaHyIMPOBaHHYIO (GOPMY M XOPOLIO pac-
TBOpUM B Bojie. [Ipu KoHIleHTpanuu cma3o4yHoi g00aBku B OypoBoM pactBope 0,5%
KOd(pUIIMEHT TpeHUs MO TIMHUCTON KOpKe cHuxkaeTcs Ha 60% mo cpaBHenuro ¢ BITK
0e3 mobaBku. HemoctaTkamu cMa30uHO# 100aBKH SIBISAETCS MEHOOOpa30BaHUE PACTBO-
pa u u3-3a 3TOoro cHmxaercs mwioTHOCTh BIDK, addexkrusnocts aeiicteust CIIPUHT

CBOJUTCA HA HET IIPpH CepOBOHOPOHHOﬁ 1 COJIEBOM arpeCCHuu.
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BOoBIMHCTBO M3 BBIMICTIEPEUNCICHHBIX CMAa30YHBIX PEareHTOB SIBJISFOTCS T00aB-
KaMH Ha YIJIEBOJIOPOJIHON OocHOBe. X mpuMeHeHue, HapsTy CO CBOMCTBEHHBIMH KaiK-
JIOMY pEareHTy OrpaHMYEHHUSMH, COMPSKEHO C SKOJOTUYECKUMHU MPOOJIeMaMH, TO €CTh
3arps3HEHUEM OKpYKarollel cpelbl U OypoBOro mnuiama yrieBoaopoaamu. [lostomy,
[P KCIIOJIB30BAHUU TaKUX CMA30YHBIX JOOABOK HEOOXOAMMO PEIIUThH 3a/la4y OUHCTKHU
[JIaMa ¥ CHUKEHHUS MPOLIEHTa BBOJ/A PeareHTa 0 3KOJIOTUYECKH JOIMYCTUMOTO YPOBHS
conepkanus yraeogopoanor ¢aser B BIDK. bonee nenecoo6pa3zno 6su10 OB IpuMe-
HEHUE aJbTEPHATUBHBIX MO JCHCTBUIO, HO SKOHOMUYECKU BBITOJHBIX U IKOJIOTHUYECKU
YUCTBIX CMAa30YHBIX M00ABOK. B Mupe mIMpPOKO MPaKTHKyeTCsS BBOJ B HEPTIHOE NIH-
3eJIbHOE TOIUIMBO MPHUCAIO0K, a TaK)KE MCIOIb30BAHIE METUIIOBBIX 3(PUPOB KHUCIOT pac-
TUTCIBHBIX Macell B YUCTOM BHJE B KauecTBe AuM3elbHoro TormBa. [89, 90, 91]. Iloka-
3aHO, UTO TMPHU JO3UPOBAHUU YK€ HEOOBIIOTO KOJIMYEeCTBA METHIOBBIX 3(pupoB (0,5%)
CMa3bIBAIOIINE CBOMCTBA MAaJIOCEPHUCTOTO JU3EIHHOTO TOIUIMBA YJOBJIETBOPSIOT TpeE-
OoBaHMAM cTaHAapTOB. B 3apy0OekHON HaydyHOW JUTEpaType MHOTO BHUMAHHUS YJEsi-
€TCSl METOJIaM TOJTyYEHHUSI, UCCICTOBAHNSAM KHHETHKHU TIPOIECCa W CBOHCTB METHUIIOBBIX
Y 3TUJIOBBIX 3(GHUPOB paznuuHbix Macen [149, 150].Ha ceroaHsiiHuii 1eHh M3BECTEH Iie-
JBIA Pl CMA30YHBIX 00ABOK, MOJTYYEHHBIX HA OCHOBE IMPOIYKTOB PACTUTEIHHOTO U
YKUBOTHOTO TPOUCXOXKJEHUS U MPOIISANINX MPOMBICIIOBBIE HCTIBITAHUSA: JIETKOE TaJJIO-
BOE Macio, peidoxkupoBas cmaska (PXKC), ryapoHsl coanicToka pacTUTEIbHBIX WU KHU-
BOTHBIX JKUpoOB [23, 141] .

B cocTtaBe XJIOITKOBOTO COANCTOKA COACPKATCS YKUPHBIE KUCIOTHI, HEUTPATbHBIHI
JKUP M TOCCHIIOJ, MPOAYKTHI €ro MPEBPAICHHsI, OKUCIICHHUS, B3aMMOICHCTBHS ¢ OeIKa-
MU, dochaTtuaaMu, KUPHBIMH KHCIIOTaMH M HEUTPAbHBIM >KHpOM. [Ipu mucTumismm
KUPHBIX KUCJIOT MPOUCXOUT BEChMA CIIOKHBIC TIPOIIECCHI TATbHEUIIETO MPeBpaIeHHUS
MIPOU3BOJIHBIX TOCCHUIIONA, B3aUMOACHCTBUSA UX MEXKIY COOOM, C HCHACHIIIICHHBIMH KH-
CJIOTaMU W JPYTHUMH COIYTCTBYIOIIMMHU BeIIeCTBaMHU. B pe3ynbrare 3TUX MPOIECCOB
OJIHOBPEMEHHO C OTTOHKOM >KMPHBIX KHCJIOT oOpasyercsi roccumnosonas cmoda [103].
[To coctaBy, CTpYKType B CBOWCTBaM TOCCHUIION OTHOCUTCA K moiudenonam. OH o6a-
JTaeT CBOMCTBAMHU BBICOKO3(P(PEKTUBHOTO AaHTHOKCHIAHTA, YHUBEPCAIBHOIO CTA0MIM3a-

TOpa KOMIUIEKCHOTO JIEHCTBUSI M OKa3bIBACT TUTACTU(PHUITUPYIOIIEee U MOIUDHUIHPYIOIee
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nericTBue Ha moBepxHOCTh TpeHus [79, 103]. HecMoTpst Ha BhICOKME aHTU(PUKIIMOH-
HBIE CBOMCTBA TOCCUIOJIOBOM CMOJIBI, €0 MCIOJIb30BaHUE B Kau€CTBE CMAa304YHOU [0-
0aBKM 3aTPyJHEHO M3-3a €r0 BHICOKOM BSI3KOCTH Ipu Temmneparype Huxke 10C. Bpene-
HUE K€ B COCTAB T'OCCUIIONIA HEPTENPOAYKTOB HE MOTYUUIIO PACIIPOCTPAHEHHUE B CBSI3U C
X AePUIUTHOCTBIO. YIIydlllEHHEe CMa304YHOW CIOCOOHOCTH OYypOBBIX PAacTBOPOB JIO-
0aBkamu Tna CMAJI-1 u CI' npu OTHOCUTENBHO HEOOJbIINX KOHUEHTPALMSIX IIET0YN
MOET OBITh OOBSICHEHO MOBBIIICHUEM CTENEHU HX IMYJIbIMPOBAHMS B PAcTBOpE, a
TaKXKe TIACTU(PUUUPYIOIIEH CIMOCOOHOCTHIO OOpa30BABIIMXCA HATpHUEBBIX MbLI. [lpu
noBeiieHnd pH BIDK npoucxoaut peskoe yxyameHne NpOTUBOM3HOCHBIX CBOWCTB 0Y-
POBBIX PACTBOPOB C 3TUMU CMA30YHBIMHU JOOABKAMHU, YTO OOBICHAETCS UX KOJUIOUTHBIM
pacTBOpeHHEM M CMbIBaHHEM HUX C moBepxHocT MeTawa [41, 103].Ilpumenenue
CMA/L -1 u CI'" B OypOBBIX TPOMBIBOYHBIX KHJIKOCTSIX 3aTPYAHSAET UHTEPIPETALUIO Pe-
3yJbTATOB JIEKTPOMETPUUECKUX PA0OT, TAKAKE OKa3bIBAET OTPULATEIBHOE BIHMSICHUE HA
NOKa3aHUsl ra30BOr0 KapoTaxka. B CBsA3M ¢ XKECTKUMHU TpeOOBaHUSIMHU K OXPaHE OKpY-
JKAOIIEH cpelbl, UCKIIoUarolied mpuMeHeHrne HeTu U HeDTENpOayKTOB B MPOIECCe
oypenus, peareHTel Tuma CMA/JI[-1 u CI' B HacTosIee BpeMs UMEIOT OYeHb OTpaHH-
YeHHOE MPUMEHEHHUE WM BOOOIIE MCKIIIOUEHBI U3 MPUMEHEHMsI, HalpuMep, npu Oype-
HUU Pa3BEIOYHBIX CKBAYKUH.

JIJist yMEHbIIIEHHS] BEPOSITHOCTH MPUXBaTa OypUIILHBIX TPYO, 00CAIHBIX KOJOHH H
pa3IMYHOro 3a00HHOr0 HHCTPYMEHTA OTCYCCTBCHHBIMU U 3apyOeKHbIMHU aBTOpamu [20]
IPEJIOAKEHO MCIIOJIb30BAaTh CTEKIISIHHBIE WM TUIACTMACCOBBIE MHUKpPOC(EpBI, CHUXKAIO-
e ioTHOCTh BIDK u koadurimenT TpeHus mapel «CTanb-TIMHACTAS KOPKay 3a CUeT
o0pa30BaHUsI MUHUATIOPHBIX MOJAIIMITHUKOB B 30HE TPYyIIMXCcs MoBepxHocTen. [Ipume-
Henue mukpocdep B BITK cHmkaet conpoTuBieHne BpaIllleHUIO U OCEBOMY IepeMeIe-
HUIO OypHJIBHOM KOJIOHHBI MPU OYpPEeHUH, YTO YIYyUIIaeT U YCKOPSET Mpoliecc yriyose-
HUSI CKBaXXUHBI. DKCIIEPUMEHTAJIbHBIE UCCIIEIOBAHUS TAKXKE MOKA3ald, YTO HAJMYUE B
BIDK mukpocdep BbI3bIBaeT aOpa3uBHBIN N3HOC MOBEPXHOCTEH TPEHUS U OTO IPUBOJIUAT

K CHIDKEHUIO JTOJITOBEYHOCTH OYPHILHOTO HHCTpYMeHTa 1 oot [20].
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1.2 AHTHKOPPO3MOHHBIE CBOIICTBA MPOMBIBOYHBIX KHIKOCTEH, METOABI H

cpeacrea uxX yJaydlICcHUSA

BypoBbie MpoMBIBOYHBIE KUJKOCTH Ha BOJHOM OCHOBE 110 IPUPOE CBOCH SIBIISIIOTCSA

KOPPO3HOHHO-aKTUBHBIMU. Bompocamu u3ydeHnss KOppO3UOHHOW aKTHBHOCTH OYPOBBIX
MPOMBIBOYHBIX JKHIKOCTEH, MOBBIIICHUS KOPPO3ZHMOHHON CTOMKOCTH HEPTEHPOMBICIIO-
BOro o0opyoBaHusi MocBsIIeHbl paboT AHaepcona b.A., AxmermnHa J.A., benukosa
B.A., boukapesa I'.I1., bynarosa A.W., 'yrmana 2.M., JlaBnetoaea M.I"., Kapabanuna
V.C., KapramoBa A.B., Kuctepa K., Konecesa I'.B., Jlepuepa P.C, Jlo6anosa C.A.,
MagmoroBa M.P., Macauk O.T., Myxuna JI.K., [locrama H.b., Poro3una I'.B., Ps6o-
koHb C.A., Caaksna JI.C., Copokuna ' M., CeBepununka H.A., YerBepraeBon M.A.,
Onycosa 3.1., u ap. [8, 9, 16-18, 26, 52, 59, 99, 104, 105, 160, 182, 183, 191, 203,
220]. Kopposuonnas aktuBHocTh BIDK ompenensercs ee pH m sxectkocteio [97,98].
Benuuuna pH OypoBbIX pacTBOPOB U3MEHSETCS B MIMPOKUX IMPEJIEIax U SBISIETCA BaK-
HBIM (DAaKTOPOM, MO3BOJISIONIMM PETYIHPOBATH OCHOBHBIE TEXHOJIOTMYECKHUE CBOMCTBA
POMBIBOYHBIX KHMJIKOCTEH Ha BOJHOHM ocHoBe [52, 71, 94, 129]. bonpmuHcTBO OypO-
BBIX PACTBOPOB, MPUMEHSIOMIMXCS MPU MPOBOJKE HEPTAHBIX U TA30BbIX CKBAXKUH, UMeE-
I0T TIOBBIIICHHYIO IETOYHOCTh. KOppO3MOHHAs aKTUBHOCTh OYpPOBBIX MPOMBIBOYHBIX
JKUJKOCTEN 3aBUCUT OT UX KOMIIOHEHTHOro cocrtaBa. [IpuMmeHsieMble NIl pa3iMuHbIX
re0JIOr0-TEXHUYECKHUX YCIOBHUM OYpPOBBIE MPOMBIBOYHBIE KUIKOCTH TAaKXKe pa3HbIe. DTO
oOJIerYeHHbIC, YTSIKEJIICHHBIC TJIMHUCTBIC W TOJMMEPCOJIEBbIE OYypOBBIE PACTBOPHI, a
Takke HePTSIHBIC U SMYJIHCHOHHBIC KUAKOCTH. [Ipy monaganuu, B mporiecce OypeHus, B
BITK comneit [71], arpeccuBHBIX ra3oB (CEpOBOJOPO U ABYOKHCH YIIIEpPOJa), a TaKKe
kuciaopona [129] e€ xoppo3noHHass aKTUBHOCTh 3HAYMTENBHO ycuiuBaeTcs. Kopposu-
OHHAsl aKTUBHOCTH OYPOBBIX PaCTBOPOB B 3HAYUTEIIHHOW CTEMEHU OMPEEISICTCS HAIU-
yreM B HUX Kucioponaa [98], koTopslii MOkeT momajgaTh B OypoBO#l pacTBOp MpH IPO-
XOXKJIEHUU €ro Mo KeJoOHOM cucteme Ha moBepxHocTu.Kucmopon momamaer B BIDK
IIPY OYKCTKE PAacTBOpa Ha BUOPOCUTAX, WU K€ OH MOXKET HEPAaBHOMEPHO BBOIUTHCS B
MOTOK NMpU OYPEHUU C HCMOJIH30BAHUEM A3PUPOBAHHBIX MPOMBIBOUHBIX >KHUJIKOCTEH.

[129]. B aspupoBaHHBIX OYpOBBIX pacTBOpax BCIEICTBHH KOPPO3UH MOTYT O0Opa3OBBI-
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BaThCsI CKBO3HBIE OTBEPCTHS B OYpHIBHBIX TpyOax Bcero 3a 484 [129, 183]. [TosTomy,
KOMITOHEHTBI PAacTBOpA, IMOIJIONIAIONINE WM HEUTPATU3YIOUIUME arpeCCHBHBIE Ta3bl U
KHUCJIOPOJ, YIY4YIIal0T aHTUKOPPO3UOHHBIE cBoricTBa BIDK.

Kopposuonnas aktuBHOCTh BIDK OKka3pIBaeT CylmeCTBEHHOE BIUSIHUE HA JOJITO-
BEUHOCTh OYpWJIbHBIX TpyO, OypoBOro oGopyaoBaHus. JlerkocmuiaBHbIE OypHIIbHBIC
TpyObI (JIBT) u cransubie OypuibHbie TpyOs! (CHT) B nporiecce OypeHus MoABEpraroT-
cst kak kopposuu B cpeae bIDK, Tak n atmochepnoit kopposun. Tpyosr B cpemraem 30%
BpemeHu Haxoasarcs B cpene BIDK. Koppo3uonnas aktuBHocts BIDK 3aBucut ot kom-
IIOHEHTOB, BXOJAIIMX B UX cocTaB cojier. Cpennemunepanu3zoBanuslii bIDK conepxur
10 10% pacTBOpEHHBIX COJIEW, B OCHOBHOM 3TO XJOPHUCTHIE COJIM HATPHS Kajus, Kajb-
I[Ms, MarHusi, B BBICOOMHUHEPAIM30BaHHBIX, cojaepxkaHue cojied mpesbimaer 10%. o
OTHOUIEHUIO K METaly, TO B CTATUYECKUX YCIOBUAX M LUKJIMYECKUX HArpy3Kax Hau-
BBICILIEH KOPPO3HMOHHOM aKTUBHOCTBIO 00JsiafjaeT OypoBOi pacTBOp ¢ coaepxkaHueM 3%
XJIOPUCTOI'O HATPHSL.

ATpecCUBHOCTb MTPOMBIBOYHOM MKUAKOCTH MO OTHOIICHUIO K aJIOMUHEBBIM CILJIa-
BaM MOKHO CHU3UTH IyTEM YMEHBIICHUS KOHLEHTPALMU XJOPHUIIOB U JPYTUX arpec-
CUBHBIX HOHOB, OTPAHMYEHHUS JOMYCTUMOI0 MHTepBaja pH u npuMeHeHus 3amensnTe-
aei kopposuu - cynabponona UX-A, HK. CT-1 u np. [129]. BBenenue B BOAHYHO CHC-
TeMy HE(TSHON HEMOISIPHONW COCTABIISIONIEH MPUBOIUT K YIYUYIICHUIO aHTUKOPPO3H-
oHHbIX cBOMCTB BITK, eciu ee moBEepXHOCTHAA aKTUBHOCTH MOBbINIAaeTCA. ConepxaHue
CEepOBOJIOPO/A U YIIJIEKHCIIOTO Ta3a B O0ypOBOM pacTBOPE MOBBIIIAET KOPPOZUOHHYIO aK-
TUBHOCTH BIDK, yriexkucnsiii ra3 XOpomo pacTBOPSAETCS B pacTBOpPE, YMEHbIIAs TEM
cambiM ero pH, a cepoBoJopoJ - 32 CYET HAaBOJOpaKMBaHUS MeTaia. Lluknudeckue
Harpy3Ku YCKOPSIFOT CKOPOCTh MPOTEKAaHNs KOPPO3UOHHBIE MPOLECCOB B COTHHU, @ UHO-
rna B Teicsiun pa3 [123]. UccnenoBanusmu, npoeaeHasiMu B YITHTY, nokaszaHo, 4to B
MpoIIeCcCce HArpy>KeHUs JOJIOTHBIX MATepUaiOB B cpejie OYPOBBIX MPOMBIBOYHBIX KU /I-
KOCTel KOPPO3HOHHBIE MPOIIECCHl YCKOpsitoTes B 25-40 pa3 [105].

YMEHBIINTH CKOPOCTh KOPPO3UU MOYKHO 3a CUET:

- 10100pa COOTBETCTBYIOLIUX JIETHPYIOIIUX J00aBOK B CILIABHI;

- IBMCHCHHUA COCTaBa CPCAbI;
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- MPUMEHEHUSI 3aIUTHBIX TIOKPHITUH;

- U30JIALIMH METAJlJIa OT arpeCCUBHOM CpeIbl CI0eM 0oJiee CTOMKOTrO MaTepuaia;

- IPUMEHEHUS SJIEKTPOXUMHYECKIX METOOB 3aITUTHI.

[lepByto rpymnmy METOAOB 3alllMThl PEATU3YIOT Ha CTAQJAUHM U3TOTOBJICHUS METal-
J1a, B MPOIECCE €ro TEPMUUECKOM U MEXaHUYECKON 00pabOTKH.

Bropas rpynmna MetogoB 60ps0bI ¢ KOppo3uen — 3To 00padoTKa CPeIbl C IENbI0
YMEHBILIEHUSI arpecCUBHOCTHU €€ MyTeM BBEACHUS MWHTHOUTOPOB KOPPO3UH. DTU METO-
JIbl HAXOAT Bce OoJiee MHUPOKOe IPUMEHEHUE.

HaneceHne M30MpYyIOIEro MOKPBITHS HA MOBEPXHOCTh METaula MO3BOJSET B
3HAYUTENbHON CTETIEHH CHU3UTH CKOPOCTHh €r0 KOPPO3UU. DTOT METOJ| ABISETCS YHU-
BEPCAJIBHBIM U €T0 JaBHO, IPUMEHSIOT. BrIBaloT opraHuyeckue (JaKoKpacouyHbIC) TO-
KpbITUA. Takxke eCTh HEOpPraHWYEeCKUE MOKPHITHs(TanbBaHHueckue, ochaTHbIC U T.1.).
B psae ciayuaes, A1 NMOBBINICHUS 3aIMTHOTO JEWCTBUSI, KOMOUHUPYIOT HEOpPraHUYe-
CKO€ U OpPraHNYeCcKOe MOKPHITHE.

K anekTpoxumMudeckumM MeToaaMm 00psObl ¢ KOPPO3UEH OTHOCSITCS TaKUE, B OCHO-
BE KOTOPBIX JISKUT MPUHITUIT HEMOCPEICTBEHHOTO BO3JICUCTBHS Ha CKOPOCTh MPOTEKa-
HUS COTPSDKCHHBIX aHOJHBIX M KaTOMHBIX peakiuil. [Ipexae Bcero, 3To BEIpakaeTcs B
W3MEHEHUH TMOTEHIMaNa 3alllUIaeMoro MeTaia. Pa3nudaroT KaToIHYH0 M aHOAHYIO
AIIEKTPOXUMHUYECKYIO 3aIIUTY.

JIns CHWKEHMSI OTPHULIATEIBHOTO BO3IEHCTBUS KOPPO3MOHHO-aKTUBHOM IPOMBI-
BOYHOW KUJKOCTH Ha OypoBoe o0opyaoBaHue, OypuibHBIE TPYObI M TOPOIOPA3PY-
HIAFOIIUNA WHCTPYMEHT M3TOTaBIMBAIOT M3 BBICOKOJICTHPOBAHHBIX CTaNIeH, UCIIONIB3YIOT
HaIbIJICHHUE CIIeMaIbHBIX KOPPO3HOHHO-CTOMKUX cocTaBoB [3, 5, 66, 88, 100, 107, 108,
116]. IIpu merupoBaHUM CTAIM XPOMOM, OH JIETKO IMACCHBUPYETCS U 0Opa3yeT Ha Io-
BEPXHOCTH METajula 3aIIUTHYI0 OKHUCHYIO IUIEHKY Xpoma, TaKuM 00pa3oM, TOPMO3s
aHOJTHBIE MIPOLIECCHI, 32 CUET YEro JJOCTUTAETCS 3aIUTHBIN 3 (DEKT.

BricokompouHbie CcTanM ayCTeHUTHO-MApTEHCUTHOTO Kilacca MOJIy4aroT B pe-
3yJbTaTe MApTEHCUTHOIO MpeBpallleHuss 00paOOTKON MpU HU3KUX TeMIeparypax WU
XOJIOMHOU nedopmaruelt ¢ mociaeayomuM cTapenreM npu temmeparypax 350-550°C,

Korja nmpoucCxXoJuT BbIACIICHHC M30BITOYHBIX (1)33. KOppOSI/IOHHa}I CTOMKOCTh CTaJIM 3TO-
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ro Kjlacca HECKOJIbKO Huxke xpomupoBaHHOW ctanu 1X18HIT, Ho Bbimue cramu 2X13
IIPH TOM MEXaHHYECKHE CBOMCTBA OMHAKOBHI [143].

Koppo3noHHast CTOMKOCTh aTlOMUHUSL M €r0 CIJIABOB OYE€Hb BBICOKA BO MHOTHX
Cpellax, 4TO CBA3AHO C SIPKO BBIPAKEHHOM CIIOCOOHOCTHIO aTIOMUHHUS TACCUBUPOBATHCS.
[Ipu cepoBOIOPOIHON arpeccuu 1esiecoo0pa3HO MCHOIb30BaTh OypUIIbHBIE TPYObI M3
cnienuanpHoro cruiaBa 16T (JerkocruiaBHbIe «aJTIOMHHUEBBIC» OYpHUIIbHBIE TPYOBI),
IPUYEM B 3TOM CiIydae KOPPO3UOHHAsA CTOWKOCTH «AIFOMHHHMEBBIX» TPYO BBIIIE, UEM B
KoJIoHHEe cTabHBIX TpyO [107]. OTMewaeTcs, 4TO CTalbHBIC 3aMKH, COCAWHSIOIIUC
JIBT, B mpucyTCTBUM CEpOBOJIOPOJa TaKKe 00Jiee CTOWKH, YEM B KOJIOHHE CTaJIbHBIX
TpyO [107], Tak Kak B 3TOM Ciy4yae aJIOMUHUEBBIA CILJIaB, OYEBHJIHO, 00ECIIEUMBAET
IEKTPOXUMHUYECKYIO 3aIUTY 3aMKOB.

Ho nipu Beicokom 3Hauennu pH xuakoctr paBHow 11um Beire JIBT B Takout cpene
¢dakTryecku He pabotaroT. McciaenoBanue BIMSHUSA IIETOYHOCTH OYpOBOIO pacTBOpa
npooawn Myxus JI.X., Peioansuenko B.C. [145, 146]. [ToBbinieHue MIEIOUHOCTH OY-
POBBIX PacTBOPOB IMPH OTPAHUYCHHOW KOHIEHTpAIMKU BOAOPOAHBIX MOHOB (pH=1010)
He BbI3bIBaeT koppo3uu JIBT B mpakTuuecku onacHbIx npeaenax. OHU yCTaHOBUIIU, YTO
3HAYUTENbHBIN pocT Koppo3uu cmiasa J[16T otmedaercs mpu pH>10.

Crnenyer uMeTh B BUY, YTO LIUHK U €r0O CIJIaBbl BECbMa MHTEHCUBHO PACTBOPSI-
I0TCS B KHCJIBIX Cpefax, M03TOMY B CJIy4ae NPUMEHEHUS OLMHKOBAaHHBIX 3aMKOB WM
IIPOTEKTOPOB HCMOJIB30BAHUE KHUCIBIX MPOMBIBOYHBIX KUJIKOCTEW HEIOMYCTUMO, TaK
KaK 3TO MOKET BbI3BaTh MOJIHOE PACTBOPEHHUE 3amuTHOrO Metaia [189].

B npOMBIIIIEHHBIX YCIOBUSX DKCIUIyaTallMM B PSJI€ CIy4aeB YMEHBIICHUE IMO-
TE€ph OT KOPPO3UU MOKET ObITh JOCTUTHYTO MPHU MOMOIIU M3MEHEHUSI COCTaBa CPEJbl.
[ToBbIienre aHTUKOPPO3UOHHBIX CBOUCTB BIDK sBmsiercs omguuM u3 3()PeKTUBHBIX
CPEACTB 3alUThl OypOBOTO 000OpYAOBaHUS, OYPHIHLHOTO M MOPOJAOPA3PYIIAIONIETO MH-
cTpyMeHTa. Mcnoib3yroT 1Ba puema:

- YOAJIEHUE U3 CPENbI BEIIECTB, BBI3IBAIOIINX KOPPO3UIO METAIIOB;

- BBEJICHHUE B arpeCCUBHYIO CpENy CIELHAIbHBIX BEIIECTB, KOTOPHIE BBI3BIBAIOT
3HAYUTENBHOE CHUKEHUE CKOPOCTH KOPPO3MOHHBIX ITPOLECCOB. Takue BemecTBa Ha3bl-

BaroTCsA 3aMCAJINTCIIAMHA HUJIN I/IHFI/I6I/ITOpaMI/I KOppO3HH.
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OT0 BO3MOXXHO MO0 HeWTpanuzauued (B cllydae CEpOBOJOPOJHON W YIIEKH-
CJIOTHOM arpeccuii) Tu00 MPUMEHEHHEM CIeluaabHbIX 100aBoK B BIIK-uHrnomropon
KOPPO3HH.

[Tpu HelTpamu3aluu CEpoOBOJIOPOAA U YIIIEKHCIOTO ra3a MPUMEHSIOT COeIuHe-
HUS, BCTYIAIOIINE B XUMUYECKYIO pEaKInio ¢ HUMU. [ cepoBoopoaa MCIONb3YIOT
TaKhe COCIUHEHUs, KaK JBYOKHCh MapraHiia, METaIWICYyIb(pOHAT HATPHUS, OKUCIIBI Me-
TaJUIOB: XeJje3a, MeIH, IHKa. Takke MHUpOoKoe MpUMeHeHre Hanu - T-66, T-80, mu-
PHUTOBBIC OTAPKH, THITOXJIOPUT HATPHsI, TeKCAMETHUIICHTeTpaMKH u jip. [16-18,152].

JInis HeHTpanu3auu COACPIKAIIETOCS B PACTBOPE YIIIEKUCIOTO ra3a MPUMEHSIOT
TUAPOKCH]IBI HATPHUS W Kaus, dPQPEKTUBHBI CMECH OKHCH KAJIBIIHS C €KUM HATPOM,
TaKXe MIMPOKO PACIPOCTPAHCHO MPUMEHEHHE 3TaHoJamMuHa [152].

VYaanenue u HeUTpanu3amus YIrJIEKHCIOTO Tra3a U CepoBOOPOIa JOPOTOE MEpO-
npusiTHE U UHOTAa Hedh(HEKTUBHOE (HEMOIHOE YAAJICHHE), YaCTh Ta30B PACTBOPSETCS B
KuAaKkocTu. [loaTomy >kenmaTenbHO KCIONB30BATh JUISl 3alIUTHI METala OT CEPOBOJIO-
POJHOM M YTJIEKUCIOTHOM KOPPO3UHU peareHThl, 00aaroniue Moriomarniei cnocoo-
HOCTBIO U CIOCOOHOCTHIO MHTHOMTOPOBAHUS, T.€. 00Pa30BBHIBATH CTOMKHE 3AIIUTHHIC
TJICHKY Ha IMMOBEPXHOCTH MeTalia. THTHOUTOPHI BBOATCS B arpECCUBHYIO CPEITy U CO3-
JTAI0T Ha TIOBEPXHOCTH METajlia aJcOpOIUOHHYIO TIEHKY, TOPMO3SIIYIO 3JIEKTPOJIHbBIC
MPOLIECCHI Y U3MEHSIONINE DIIEKTPOXUMHUYECKUE MapaMeTpbl MeTayliioB. COrIacHO CTaH-
napta 1SO 8044-1986 warnouropamu kopposun (1K) Ha3pBalOT XUMHUYECKHE COCIH-
HEHUs, KOTOPbIC, IPUCYTCTBYSI B KOPPO3UOHHOW CHUCTEME B JOCTATOYHOW KOHIICHTpA-
IIUY, YMEHBIIAIOT CKOPOCTh KOPPO3HWH 0€3 3HAYNTEIHLHOTO M3MEHEHHS KOHIICHTpAITU!
JT1000T0 KOPPO3UOHHOTO peareHTa. MHrnburopamu koppo3uu MOTyT ObITh U KOMIIO3H-
MM XUMUYecKuX coeauHeHuid. Copaep)kaHue MHTHOUTOPOB B KOPPO3MOHHOM cpejie
JIOJDKHO OBITh HEOOJIBIIIHM.

D¢} dexTuBHOCTH HHTHOUTOPOB OIEHUBAETCS CTEMEHBIO 3AITUTHI Z (B TPOIEHTAX )
U kod(purmenToM TopMoKeHus Y (MHTUOUTOpHBIN 3 dekT). CTeneHs 3amuThl onpe-

nensieTcst o Gpopmyiam:

Kl'Kz

x100=""2 x 100, (1).

1 Il

7=
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I'me K;u K; — ckopocTh pacTBOpeHHs MeTaia B cpene 0€3 MHruOuTOopa u ¢ MHTUOU-
TOPOM COOTBETCTBEHHO, I/(M>*);

Iy ¥ 1 — IJIOTHOCTh TOKa KOPPO3UM METa/lia B cpejie 0e3 MHIHOMTOpa M C WHTHU-
GUTOPOM COOTBETCTBEHHO, A/cM’.

KoaddummenT TopmokeHHsI MOKa3bIBAa€T, BO CKOJIBKO pa3 YMEHBIIAETCS CKO-

POCTh KOPPO3UU B PE3YJIbTATE IEUCTBUSI HHTUOUTOPA

2 i2. (2)

Z 1 y cBA3aHbI MEXKIY COOOM

z:[1-EJx1oo; (3).
Y

1
1 4).
Y 12/100 ()

MHrubuTopsl noapas3aensoTCs:

- 10 MEXaHU3MY CBOETO JCHCTBUS — Ha KaTOJAHBIC, aHOJIHbIEC U CMEIIIaHHBIC,

- 10 XUMHUYECKOH TIPUPO/Ie — Ha HEOPTAaHUYECKUE, OPTAHUYECKUE U JICTYIHE;

- 1o cpepe CBOETo BIUSIHUS — B KUCJIOM, IIETOYHOM U HEUTpaAJIbHOU Ccpeie.

JleticTBre HHTUOUTOPOB O0YCIOBICHO N3MEHEHHEM COCTOSIHUSI TTIOBEPXHOCTH Me-
Tajjia BCJIEACTBUE aJCOPOIMKM MHTHOUTOpa WM 00pa3oBaHHEM C KaTHOHAMHU MeTajia
TPYJAHOPACTBOPUMBIX COCIUHEHHUI. 3alllUTHBIE CJIOM, CO3/aBaeMble HHTHOUTOpaMH,
BCETJIa TOHBIIIC HAHOCUMBIX TTOKPBITHH.

NHTrUOUTOPHI MOTYT JCHCTBOBATH JABYMsSI IMYyTSAMH: YMEHBIICHHUEM ILJIOIMIAIN aK-
TUBHOM MOBEPXHOCTH WJIM H3MCHEHUEM SHEPIUHU aKTHUBAIIMK KOPPO3HMOHHOTO TIpoIiecca.

B pesynbrate ancopOuMM WHTHOMTOpAa MPOUCXOAUT H3MEHEHUE CTPYKTYPBI
JIBOMHOTO 3JIEKTPUYECKOTO CJI0sl, B TOM YHWCJIC W BEJIMYUHBI aJCOPOIIMOHHOIO CKayka

noTeHnuana ¥,. DkpaHupoBaHNE YaCTH MOBEPXHOCTH ® CIUIONIHOMN TJICHKON HHTUOH -
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TOpa UCKITIOYAET €€ U3 KOPPO3UOHHOTO MPOIecca, KOTOPIN MPOTEKaeT Ha MOBEPXHOCTH
paBHoii (1- ©).

Karogubie 1 aHOIHbIE MHTHOUTOPHI 3aMEJISIIOT COOTBETCTBYIOUIUE IIEKTPOIHbBIC
peaKIuu, CMEIIaHHbIe HHTUOUTOPHI U3MEHSIOT CKOPOCTh 00€UX peakiuii. AncopOrus u
dbopMHpoOBaHUE HA METAJIJIE 3alIUTHBIX CJI0EB OOYCIIOBIICHBI 3apsIOM YaCTUIl UHTUOU-
TOpa U CITIOCOOHOCTHIO 00Pa30BBIBATH C MOBEPXHOCTHIO XMMUYECKUE CBS3H.

Karonnbie MHTHOUTOPHI 3aMEISIIOT KaTOJHBIE PEaKIMU WM aKTUBHOE PacTBO-
penue Meraa. [ npeaoTBpallieHus JIOKaIbHOW KOppo3uu Ooiiee 3P PEeKTUBHBI aHU-
OHHBIE UHTHOUTOPBI. YacTo s TydInei 3aluThl METAIOB MCIIONB3YIOT KOMITO3HIINU
MHTUOUTOPOB C pa3IMyHbIMK 100aBkaMmHu. [Ipu 3TOM MOKET HAOIIOAATHCS:

- QUIUTUBHOE JEHCTBUE, KOTJa MHTUOUPYIOIIMN >PQPEKT OTIENbHBIX COCTaB-
JISTFOIINX CMECH CYMMUPYETCS;

- @HTaroHU3M, KOTJa MPUCYTCTBUE OJTHOTO U3 KOMIIOHEHTOB OCJIa0JIieT UHTUOU-
pyroliee IeHCTBUE IPYyroro KOMIIOHEHTA;

- CHHEpPTIH3M, KOT/Ia KOMIIOHEHTHI KOMIIO3HIIMY YCHUJIMBAIOT MHTHOUpYIOIIee Ieii-
CTBHUE APYT Apyra. M3BecTHBI psii peareHTOB — UHTMOUPOB KOPPO3UU OYPOBBIX POMBI-
BouHBIX xkuakocteit UKb-4B, T-66,T-80, COHbyp, cynabhoHOI, TyIpOHBI, TOBEPXHO-
CTHO-aKTUBHBIE BEIIECTBA, KUCIOPOICOAEPIKAIINE COCTUHEHUS] — METUI-(PEHUIT TUOK-
canbl, amuHHBIE coequHenus, UX-A, HK. CT-1, Omaszon T2I1, [67, 98, 100, 104, 105,
106, 154, 203]. Onu o006JiagarOT YIAOBJICTBOPUTEIBHBIMU 3alIUTHBIMH CBOMCTBAMH,
yJIy4IIaloT aHTUKOPPO3MOHHBIE, CMA304HbIE U MPOTUBOM3HOCHBIE CBOWCTBA PAaCTBOPOB.
Opnako aHTukOoppo3uoHHbIEe cBoMcTBa BIDK, nmpumeHsembIx B HacTosIiee BpeMs NpU
COOPYKCHHH TITYOOKMX CKBAXHH HE JOCTATOYHO MOJHO YAOBIETBOPSIOT COBPEMEHHBIM
yCIOBUSIM OypeHMs, B YaCTHOCTH. OHH, OO0JaJal0T HU3KHUMH aHTUKOPPO3UOHHBIMU
CBOMCTBAMH, IKOJIOTUYECKU «ITPOOJIEMHBIE» - 3TO B OCHOBHOM COEIUHEHUS MUHEPATh-

HOTO TIPOMCXOKEHUS, aMUHOCO IepKAINe, KHCIOPOICOAepKaIIHe (TUOKCAHBI, (PUPHI)

1.3 B3aumocBsi3b TPHOOTEXHUYECKHX U AHTHKOPPO3UOHHBIX CBOMCTB
NPOMBbIBOYHBIX KUAKOCTEMH

B pa6orax Bunorpanora B.W., Konecepa I'.B, MasmtotoBa M.P., IToctama C.A.,
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CmuBaka A.U., Xunosnesa H.A., [33, 39, 40, 104, 105, 163] noka3aHo, 4TO BHICOKHE
KOPPO3HOHHBIE CBOWCTBA OYPOBBIX TMPOMBIBOYHBIX JKHJIKOCTEH YCHJIMBAIOT aOpa3wB-
HBI, YCTAJIOCTHBIM, TEIJIOBOW BUbI N3HAIIMBAHUS MHCTPYMEHTA, OTIOP U BOOPYKEHUS
MOPOAOpA3PYIIAKOIIEr0 HHCTpYMEHTA. ['opoaHoB B.Jl. moguepkuBaeT posib KOPPO3UOH-
HOM arpecCUBHOCTH OYpPOBBIX MPOMBIBOYHBIX JKUIKOCTEH B OCJIOXHEHHUSX U aBapUSX,
IPOUCXOASIINX MPpU OypeHun ckBakuH [59].

B nccnenoBanusax Hapmau I.C.u I'peit 11.0K. [184] noka3aHo, 94TO KOPpO3UOHHEIC
CBOMCTBA MPOMBIBOYHBIX KHJIKOCTEN OKAa3bIBAIOT PABHO3HAYHOE BIIMSIHUE, KAK HA JOJI-
TOBEYHOCTh OIOP IIAPOIIEYHBIX JI0JIOT, TaK U padOTOCIOCOOHOCTh OYpUIIBHBIX TPYO.
Bompocam koppo3uu mocBsinieHsl padboTel yueHblx AOxymiuHa WM.I°, Axumona I'.B.,
barpakoBa B.I'., baxanopa I'.T., 'onuk A.A., I'ytmana 3.M., XKyka H.I1., EbpemoBa
A.IL., Konoteipkuna .M., Ky3nenosa M.B., Jlazapesa I'.E., [lonaka A.®., [Toxmyp-
ckoro B.W., IIpozopona f1.C., Pozendennna N.JI., Caaxsna JI.C., Copokuna I''M., Cy-
xotuHa JI.M., Cxopuemnertu B.B., Tomamesa H./l., Ynura I'., Yaemma ILI"., ®okuna
M.H., ®pymkuna A.M., ®peiiman JI.U., , OBanca 10.P. [3, 5, 6, 11, 19, 57, 63, 64, 75,
102, 107, 108, 115, 116, 119, 123, 124, 163, 179, 183, 184, 191, 194, 196, 210].

KpoMe CBsi3aHHBIX C KOPpPO3UEH MPSMBIX MOTEPb, CYIIECTBYIOT €lle OOJbIIne
KOCBEHHbIE TTOTepu. K HUM OTHOCSATCS pacxojipl, 00YCIOBJICHHbIE TTOTEPEN dKCILTyaTa-
IIMOHHBIX CBOMCTB METajlla, MOIIHOCTH OOOPYIOBAaHMS, €0 BBIHY>KJIEHHBIMH MPOCTO-
MM U3-3a aBapUi, a TAKKE pACXObl HA JINKBUIALMIO ITOCIEACTBUM aBapuHl.

KopposuonHbie mporiecchl KIaCCUPUIMPYIOT MO MEXaHW3MY B3aUMOJICHCTBUS
METAJIJIOB C BHEIIHEHW Ccpe/lof Mo BUAY KOPPO3HMOHHOU CPEebl U YCIOBUSM MPOTEKAHMUS
MpoIlecca; Mo XapakTepy KOPPO3MOHHBIX pa3pyLICHUM; MO BUIAM JOMOJHUTEIBHBIX
BO3/ICMCTBUI, KOTOPBIM MOJABEPracTCsl METa/l OJJHOBPEMEHHO C JECUCTBUEM KOPPO3HU-
OHHOM CpeJbl

[To MexaHuU3My mpoliecca pa3anvyaloT XUMUYECKYIO U AJIEKTPOXUMHUYECKYIO KOP-
PO3UI0 METAJLJIOB.

Xumuyeckass KOppo3usi — 3TO MPOLECC B3aUMOAEHCTBUS METalla C KOPPO3HOH-

HOM cpeqioi, MpU KOTOPOM OKHUCJIEHHWE METala U BOCCTAHOBJIEHUE OKUCIUTEIBLHOIO
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KOMITOHEHTa CPEeJIbl MMPOTEKAIOT eANHOBpEeMEHHO B onHOM akte [83]. IIpomykThl B3au-
MOJICMCTBUS IPOCTPAHCTBEHHO HE Pa3/I€JICHBI.

DIIEKTPOXUMHUYECKasT KOPPO3Hs — 3TO MPOLIECC B3AUMOJEHCTBUSA MeTallla C KOp-
PO3UOHHOM Cpefioil (pacTBOPOM 3JIEKTPOJIMTA), MPU KOTOPOM HMOHU3ALMS aTOMOB Me-
Tajula ¥ BOCCTAHOBJICHUE OKHUCIUTEIBHOTO KOMIIOHEHTAa KOPPO3MOHHOW CpEeIbl IIPOTe-
KAIOT HE B OJTHOM aKT€ ¥ UX CKOPOCTH 3aBUCAT OT JIEKTPOAHOIO MOTECHLIHAJIA.

[To BuAY KOPPO3MOHHOM CPENbl U YCIOBUSAM MPOTEKAHUS PA3IMYAIOT HECKOIBKO
BUJIOB KOPPO3HH.

["a3oBast KOppO3Hs — 3TO XMMUYECKAsI KOPPO3UsI METAJUIOB B ra30BOM cpejie Mpu
MUHHUMAJIBHOM COJEpKaHUM Biaru (kak mnpasuiio, He Oonee 0,1%) wnu mpu BBICOKHX
TEeMIIepaTypax.

ATMocdepHas KOppo3usi — 3TO KOppO3Us METauIOB B aTMOc(epe BO3ayxa WU
JAr000r0 BIAXXHOTO Tasa.

[TonzeMHass KOppO3us — 3TO KOPPO3Us METAIUIOB B II0YBAX U IPYHTaX.

Bbrokoppo3ust — 370 KOppo3usi, MPOTEKAIOIas MOl BIAUSHUEM >KU3HEAESITEIbHO-
CTH MUKPOOPTIaHU3MOB.

KoHTakTHast KOppo3usi — 3TO BHUJI KOPPO3UH, BBI3BAHHBII KOHTAKTOM METAJIOB,
VMMEIOIINX Pa3HbIe CTAllMOHAPHBIE TOTEHUANIBI B JAHHOM 3JIEKTPOJIATE.

PagunanionHas Koppo3usi — 3T0 KOppo3usi, 00yCIIOBJIEHHAs AEMCTBUEM paJlOaK-
TUBHOTO U3JIy4ECHHUS.

Koppo3usi BHEIIHUM TOKOM U KOppo3usi Oy AaroiuM TokoM. B nepBoMm cirydae
— 3TO KOppO3us MeTaia, BOZHUKAIOIIAsl TI0JT BO3JIEHCTBUEM TOKA OT BHEIIHETO UCTOY-
HuKa. Bo BTopoMm ciydae — noJ1 Bo3ieicTBUEM OTY>KIAIOIEro TOKA.

Koppo3sus noa HanpskeHHEM — KOPpO3Hsl, BbI3BaHHAs OJHOBPEMEHHBIM BO3JIEH-
CTBUEM KOPPO3HMOHHOM Cpelbl U MEXaHWYECKUX HANpsDKEHUM. Eciu 3To pacTiarusaro-
M€ HAIPSDHKEHUS, TO MOXET MPOU30MTH PACTPECKMBAHME METala. JTO OYEHb OMac-
HBIA BUJI KOPPO3UH, OCOOEHHO Uil KOHCTPYKILIMMA, UCTIBITHIBAIOIIMNX MEXaHUYECKUE Ha-
IPy3KH.

Ecnu metainuyeckue M3AENdsS MOJABEPraroTCS LUKIMYECKHUM PACTATHBAIOIIUM

HapsHKCHUSAM, TO MOXKHO BBI3BATH KOPPO3HOHHYIO YCTAJIOCTh. HpOI/ICXO,III/IT IIOHHXKC-
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HUE€ Tpe/eNia yCTAIOCTH MeTallia. TakomMy BHUJYy KOPPO3UM IMOJBEPKEHBI PECCOPHI aB-
TOMOOUJIEH, KaHAThI, BAJIKM TIPOKATHBIX CTAHOB, OYPUIIHLHBIC TPYOHI.

Koppo3nonHas kaBuTalus — pa3pylieHHUE MeTallia, 00yCIOBJICHHOE OIHOBpE-
MEHHBIM KOPPO3HOHHBIM U YJAPHBIM BO3JICUCTBUEM BHEIIHEH CPEIbI.

DpeTTUHT-KOPPO3Us — ITO KOPPO3Hs, BbI3BaHHAs OJHOBPEMEHHO BUOpalueil u
BO3JIEHCTBUEM KOPPO3UOHHOM CpEIbl.

YCcTpaHuTh KOPPO3HIO MPU TPEHUHU WJIM BHOpAITMM BO3MOKHO MPAaBUIBLHBIM BbI-
O0pOM KOHCTPYKIIMOHHOTO Martepuaia, CHIDKeHHEM KOd(PUIIMEeHTa TPEHUs, TPUMEHe-
HHUEM MTOKPBITHH U T.1.

[To xapakTepy U3MEHEHHUS MOBEPXHOCTH METAILJIA UJIU CILJIaBa Pa3IMYaroT He-
CKOJIbKO BHJIOB KOPPO3HUOHHBIX pa3pyIlieHuil (pucyHok 1).

Koppo3us HazbiBaeTcsl CIUIOMIHON (pUCYHOK 1, a 1 0), €cii OHa OXBaThIBACT BCIO
MOBEPXHOCTh MeTayia. CIuloniHasi KOppo3usi MOKET ObITh paBHOMEpPHOH (pUCYHOK 1,
a), €CJIM MPOIECC MPOTEKAET C OJJUHAKOBON CKOPOCTHIO MO BCEH MOBEPXHOCTH METAIIA,
1 HEepaBHOMEPHOM (pUCyHOK 1, 0), KOTr/1a CKOPOCTh Mpoliecca HEOIUHAKOBA Ha pa3Iny-
HBIX YyYacTKax IMOBEpPXHOCTU. PaBHOMepHas koppo3us HaOI0JaeTcs, Hampumep, Mpu

KOPPO3HH METAIIIMYECKUX TPYyO Ha BO3/yXeE.

7] P 2 TR

a — CIUJIOITHAs paBHOMEpPHAs; O — CIUIONTHAS HEPaBHOMEPHAs; B — CTPYKTYPHO-
n3OupaTenbHas; T — MATHAMU; 1T — I3BaMH;, € — TOYKaMH (MMUTTUHTOBAs );
K — IIOJITIOBEPXHOCTHAS; 3 — MEKKPHUCTAJUIUTHAS

Pucynoxk 1 — Buasl koppo3un
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[Tpu u3bupaTenbHOil KOppo3un (PUCYHOK 1, B) pa3pyiaeTcsi ogHa CTPYKTypHas
COCTABJISIFOLIAs] UJIM OJUH KOMIIOHEHT CIUIaBa. B kauecTBe mprUMeEpOB MOKHO MPUBECTH
rpaduUTH3aMIO YyTYHA WIK 0OCCIIMHKOBAHKE JIATYHEH.

MecTHas (J0KaabHasi) KOPPO3UsSI OXBATHIBAET OTIEIbHBIE YYACTKU MOBEPXHOCTU
MeTtauia (pucyHok 1, r, 1, €). MecTHast KOppo3usi MOKET ObITh BBIpaK€HA B BHJIE OT-
JIENbHBIX IMSTEH, HE CUIILHO YTIYyOJNEHHBIX B TOJNILY MeTajlia (PUCYHOK 1, I); 3B — pas-
PYUICHHUH, UMEIOIINX BUJ PAKOBUHBI, CUJIBHO YTIyOJIeHHON B TONILY MeTasia (pPUCYHOK
1, 1), wiu To4YeK (MUTTUHTOB), TITyOOKO MPOHUKAIOIIMX B METAIL (PUCYHOK 1, €).

[ToamoBepxHOCTHASE KOppo3us (PUCYHOK 1, 5K) HaUMHAETCS HA MOBEPXHOCTHU, HO
3aTeM pacIpoCTpaHseTcs B ryOuHe Metauia. [IpoayKThl KOppO3UK OKa3bIBAIOTCS CO-
CPEIOTOUYEHHBIMU B IMOJIOCTAX METaJlIa. DTOT BUJ KOPPO3UH BHI3HIBAECT BCIIYUHMBAHUE U
PacCIIOCHUE METATUIMYECKUX U3/ICIIHM.

MexkpucramuTHas Koppo3usi (pUCyHOK 1, 3) xapakTtepusyercsl pa3pylIeHUEM
MeTajljia Mo rpaHunam 3epeH. OHa 0COOEHHO OMacHa Te€M, YTO BHEIIHMM BHJI MeTailjia
HE MEHSIETCS, HO OH OBICTPO TEPSET MPOYHOCTh U MJIACTUYHOCTH U JIETKO pa3pyllaeTCs.
OTOoMY BUJly pa3pyLIEHUH 0COOCHHO MOIBEPKEHBI XPOMUCTHIE U XPOMOHUKEIEBbIE CTa-
JIY, HUKEJIEBbIE U aTFOMUHHUEBBIE CILIABHI.

[IleneBast KOppo3us BBHI3BIBACT pa3pylICHUE METaslia Mo MPOKIagKaMH, B 3a30-
pax, pe3b00BbIX KPEIICHUSAX U T.JI.

B03MOXHOCTh KOPPO3UH U CTPEMJIEHHE METalljIa K CAMOIIPOU3BOJIBHOMY OKHUCIIE-
HUIO 3aBUCHUT OT CTENEHH €ro TePMOJAMHAMUYECKON HEYCTONYMBOCTH B KOHKPETHBIX
YCIIOBUSIX, T.€. BEJIIMYMHBI M300apHO-U30TEPMHUYECKOTO MoTeHluana G gaHHOTO mpo-
1ecca. Jta BEJMYMHA — MEpa MPEBPAIICHUS MOTCHIUAIBHON XUMHUYECKOW SHEPTUM B
HOJIe3HYI paboTy JTaHHOTO XHMHUECKOTro mpolecca (Hampumep, B TallbBAaHHUYCCKUX
AJIEMEHTAX — MPEBpAIlCHUE B AICKTPUUECTBO). 3HAK «MHHYC» Tepel BenuunHon G mo-
Ka3bIBAET, YTO OT 3HAYECHUS €€ B KOHEYHOM (OKHCJIEHHOM) COCTOSIHUM OTHUMAETCS 3Ha-
YeHUEe e¢ B HadaJdbHOM (HE OKHCcIeHHOM). Ecim mpu mpoTekaHuu XUMHUYECKOW WITH
AIEKTPOXUMHUYECKON peakluu €€ TEepMOJAMHAMUYECKUH moTeHIuan Bo3pacTaeT G
6ompiie 0, TO CaMONIPOM3BOJIBHBIN MPOIIECC HEBO3MOXKEH, eciu BennunHa G yObIBaer,

T.C. MCHBIIIC 0, TO BO3MOXeH. Ecinu cucrema HaXOJUTCA B PAaBHOBECHUHU, TO CKOPOCTHU
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MPOIIECCOB OKUCIJICHUSI U BOCCTAHOBJICHMSI PaBHBI MEXAY co00i. OKHCIeHne MeTasia B
3JIEKTPOJIMTAX Ha3bIBACTCSI aHOAHOM peakiueil HoHU3auKu MeTalia, a o0paTHas KaTol-
Hasi peakuusi BoccTaHOBJIeHUS. OOO3HAYMB COOTBETCTBEHHO HX CKOPOCTH IEpEHOCA
MacChl HOHOB 4epe3 €AUHHILY TUIOIIAU TPAaHUYHON MOBEPXHOCTH B €IMHUILY BPEMEHH
|, u Iy mommyuaem B paBHOBecHOM coctosinn |,=lx koppo3uun HeT. B mpornecce nepenoca
Macchl BEIIECTBA U JICKTPUUECKHUX 3apsA0B Yepe3 TPaHHUIly pas3jesa MeTayll - cpea u
npu 0OpaTHMOM PaBHOBECHOM COCTOSIHUHM MPOUCXOJIUT TMOJHBINA OajaHC: MEPEeHOC Kak
[0 Macce Tak 1o 3apsay. PaccMoTpuM npoTekaHue 3JeKTPOXUMHUYECKHUX MPOILIECCOB HA
AIIEKTPOJIe, TOTPYKEHHOM B 3JICKTPOIUT. BenmnunHa TepMoIuHAMHYECKOT0 MOTEHIIAAaIa
XapaKTepU3yeTcsl OJTHO3HAYHO CBSI3aHHOW C HEl BETMYMHOMN CKayka paBHOBECHOTO (00-
paTUMOro) 3JIEKTPHUYECKOTo MOTEeHIMAIa Ha TpaHulle Metaint-atektposmt f = G/ZF, rue
Z-BaJICHTHOCTh MOHA MeTaiia, F - yncno dapanes, G — paboTra XUMHYECKUX CHII TIPH
okuciennn, foZf - pabora, mponszBonauMast SMEKTPUUESCKUMH CHIIAMH MIPHU BOCCTAHOBJIC-
HUM MoJid MeTajuia. [loBblIeHHe MOTEHIMANa 3JIEKTPOAa BhILLIE PaBHOBECHOTO (00pa-
TUMOTO) TIPUBENET K CIABUTY PABHOBECHS B CTOPOHY aHOJHON pEaKIUW OKHUCICHHS,
CHIDKEHUE TIOTEHI[MaJIa HUKE PAaBHOBECHOI'O CABMHET PEaKLMI0 B CTOPOHY Ipeodiaaa-
HUS KaTOJTHOM peakiy BOCCTAHOBJICHHMSI.

[TosiBiieHHE 2IEKTPUYECKUX CUJT U CKayKa 3JIEKTPOAHOrO MOTEHIIMajla Ha TpaHulle
MeTaJlJI — 3JIEKTPOJIUT BBI3BAHO MEPEHOCOM 3apsiioB (KaTHOHOB) M3 METajula B Mpuiie-
raolyl0 00JacTh 3JIEKTPOIUTA, KOTOPAask COBMECTHO C OCTABIIUMHUCS B 3JIEKTPOJE U3-
OBITOYHBIMU JIEKTPOHAMHU 00pa3zyeT OOKJIAIKU JIBOMHOTO 3JIEKTPUUECKOro ciosi. BHyT-
PH 3TOTO CJIOSI ACUCTBYET AJIEKTPUUECKOE T10JI€, HAIIPABICHHOE U3 JIEKTPOJIUTA B DJICK-
TPOJ W CTpeMsIeecs BO3BPAaTUTh KaTHOHBI METajlla U3 JIEKTPOJMTa B 3nekTpoa. [lo
Mepe HaKOIJICHUS! KATHOHOB B JIEKTPOJIUTE YCTaHABIMBAETCS TUHAMUYECKOE paBHOBE-
cHe, XapaKTepu3yeMoe BeJITMUYNHON MIIOTHOCTH TOKAa OOMEHa KaTHOHAMH.

I, = 1=l

Ecnu Obl mpu morpyx’eHuH HeagbHOr0 METaUNIMYECKOro 3JIEKTPOoJa B AJIEKTPO-
JUT Ha TPAHUIIE pa3Jiesia BCeraa MpoTeKa TOJIbKO MPOILEeCC BOCCTAHOBIICHHUS — HOHU3A-
Ul JTaHHOT'O MeTaJula, TO BCErja JOCTUrajJoch Obl paBHOBECHOE (0OpaTHMMOE) COCTOS-

HHUEC, 10CTAaTOYHOC IJIA (i)OpMHpOBaHI/I}I ,Z[BOﬁHOI‘O OJICKTPHUYICCKOIro CJI04.
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B 00apIIMHCTBE CilydaeB Ha MOBEPXHOCTU PEATBHBIX 3JIEKTPOJIOB OJHOBPEMEHHO
IPOTEKAIOT MPOLECCHI C YYACTHEM IMOCTOPOHHUX MOHOB, YTO MPEMATCTBYET YCTaHOBJIIE-
HUIO pPaBHOBECHOT'O COCTOSIHUS M BBI3bIBA€T HEKOMIICHCUPOBAHHBIN MEPEHOC MACChI Me-
Tajula U3 3JEKTPOJA B SJEKTPOJIUT, T.€. KOPPO3HUIO.

DNEKTpUYECKUE SIBJIICHUS MPU TPEHUHM CXOJHBI MO CBOEW MPUPOJIE C MPUPOAOH
AIEKTPOXUMUYECKON KOppo3uu. OCHOBHBIE OTJIMYHUS SJECKTPOXUMHUUYECKHUX IMPOIECCOB
IpPU TPEHUHU OT MPOLECCOB, OOBIYHO PACCMATPUBAEMBIX B 3JEKTPOXHMHH, CBSI3aHBI C
TEM, YTO OHU MPOTEKAIOT B YCIOBUSIX JABMKYIIUXCS IE(POPMUPYEMBIX JUCKPETHBIX KOH-
TaKTOB OTAEJIbHBIX MUKPOHEPOBHOCTEH U, MOATOMY, HEOOXOAMMO YUUTHIBATH BO3MOX-
HOCTh OOpa30BaHUs KOPOTKO3AMKHYTBIX T'aJIbBAHUYECKUX MHUKPOAJIEMEHTOB. [locTHHU-
koB C.H. [165], paccmaTrpuBasi akT B3aMMOJCWCTBUS B MPUCYTCTBHH INEICBON IPO-
CJIOMKH 3JIEKTPOJINTA, MIPUXOJNUT K 3aKIIOYEHHUIO, YTO HA TPAHULIE «METAJI — PACTBOP»
OyIyT BO3HHMKATh CKAaYK{ MOTEHIIMANA, a B MECTaX METAJUIMYECKOrO0 KOHTaKTa — KOH-

TaKTHas pa3HOCTh moTeHImanoB. J.J1.C. oOpasyromerocs 3j1eMeHTa ClocoOCTBYET MPo-

TEKaHUIO Ha €ro 3JEKTPOIaX OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX PEaKIUi (PUCYHOK 2)

[165].

PI/ICYHOK 2 - CxeMa BO3HUKHOBCHHUS MMOTCHIMAJIOB HAa ITOBECPXHOCTAX TPCHUS

Bennuuna MOTCHUOMUAJIOB IMPHU TPCHHUN MOXKCT 3HAYUTCIbHO OTINYAaThbCA OT — IMOTCH-

MUaJIOB, UBMCPCHHBIX B CTATUCTUYCCKHUX YCJIOBUAX. BO-HepBLIX, 9TO CBsA3aHO C MEXa-
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HUYECKUM YJAJICHUEM MOBEPXHOCTHBIX IJICHOK (MPOIecC 3a4uCTKH). Bo- BTOPBIX mpu
TpeHUH OOpa3yIOTCS BTOPUYHBIE CTPYKTYPHI, TAKXKE CABHUTAIOLIUE B MOJOKUTEIBHYIO
WM OTPUIIATENbHYIO CTOpOHY. U, HakoHel, O0bII0e BIMSIHUE HAa CIBUT MOKET OKa3aTh
iactuyeckass nedopmanus. PazHOCTh B BeMMYMHE HA JUCIOIUPOBAHHBIX aToMax H
aToOMax COBEPILEHHON KPUCTAJUTMYECKON PElIeTKH COCTaBUJIa MO JaHHBIM [ 'epacumoBa
B.B. [51] 0,11-0,22 B. Tpenue mpeacraBiser coO0W HUMIIYJILCUBHBIN KOJIeOaTCIbHbIHI
IPOIIECC, TPU KOTOPOM, IOMUMO CABHUTA MOTEHIINAIOB, BO3MOKHBI TaKXKe U UX Kosela-
uus. [To momenu IllnenskoBa I'.I'. [207] ecnu Ha 1BOMHO# CIIOM CO CTOPOHBI KUIAKOCTH
WIH DJIEKTPO/Aa JACHCTBYET MEPUOANYECKAs MEXaHWYECKas CHJa, TO MOTEHIHAN JJICK-
TpoJia OyJeT NEPUOJUYECKA MEHATHCS C YaCTOTOW PaBHOM 4acToTe BO30yx1eHus (3¢-
dexT ynpyroro 3apspxerus) [207].

B cimydae TpeHus, Kak U B Clly4ae APYrMX KOHTAKTHBIX B3aUMOJAECHCTBHM, DJIEKTPO-
HBI TIEPETEKAIOT U3 CXKATHIX (HAMPSHKEHHBIX) 00J1acTe B CMEKHbBIE 00J1aCTH TaK, YTOObI
ypoBeHb DepMu (XMMHYECKHUI MOTEHITHAIT DJIEKTPOHOB) ObLT OCTOSTHHBIM [207].

B pesynbrare cxaTble 00JACTH TOMYYalOT MOJIOKHUTEIBHBIA 3apsA] W CTAaHOBSTCS
aHOJIaMH TI0O OTHOIIEHUIO K OCTaJIbHOM MOBEPXHOCTHU METailia, MOJTy4aroled oTpulla-
TEJIbHBIN 3apsi/i ¥ BRIMOJHSIONIEH, TAKUM 00pa3oMm, poib 3G (PEeKTUBHOTO KaToAa.

B mnocnegnee BpeMs 1Mo TEPMUHOM «KOPPO3HUSH CTalu MOHUMATh HE MPOCTO pas-
pylLIeHHe MeTailjia, CONMpPOBOXKIAIOIIEeCs] MOTepell ero Macchl MJIM U3MEHEHHEM LIBETa
MOBEPXHOCTH, a CaMOMPOM3BOJIBHBIN MPOIECC YXYAIICHUS TMOBEPXHOCTHBIX CBOWCTB
MeTaula TIpu (PU3UKO-XMMHYSCKOM B3aWMOJICHCTBHH €0 ¢ OKpYy»Karoleh cpemoi [63].
Eciun 0 Koppo3umn HApyKHBIX MOBEPXHOCTEU METAJUIOM3ACINMA MOKHO TOBOPUTH KAK O
pKaBJICHUH, TO TPUMEHUTEIIBHO K BHYTPEHHUM MOBEPXHOCTSAM IOAIIAITHUKOB, MPEITH-
3MOHHBIX Tap y3JI0B TPEHUS MPUXOIUTCS TOBOPUTH O HEBUJIMMBIX TJ1a3y KOPPO3UOHHBIX
MOPAKCHUSIX.

B pesynbTaTe nmpu XUMHUYECKOM H DJIEKTPOXMMUYECKOM B3aUMOJICUCTBUH MeETalljia
C KOPPO3HOHHO-aKTUBHOW CPEION B YCIIOBUSIX TPEHUS, BUOPAIIUU, BEICOKUX HArpy30K H

qaCTOT BpalllCHHA TCPAIOTCA BAKHBIC DKCINTYyaTallMOHHBIC CBOMCTBA METAJIJIOB.
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B nonorax mpoucxoauT KOPpO3us MO HAMPSHKEHUEM, K KOTOPOM OTHOCSIT KOPPO3H-
OHHYIO YyCTaJIOCTh, KOPPO3HMOHHOE PACTPECKHBAHHE, KOPPO3MOHHO-MEXAHHUECKOE M3-
HammBanue [62, 64, 191].

KopposnoHnHoe pacTpeckrBaHue MOHUMAETCS KaK aHOJHOE PAacTBOPEHUE MeETallja,
HAXOJSIIETOCs B HAMPSHKEHHOM COCTOSHUH, COTPOBOKIAIONICECS] TAKUMHU SBJICHUSMHU
KaK aJcopOIMOHHOE MOHIKeHNEe mpodHocTH (3 ekt Peounaepa) [178], oOpaszoBanue
U pa3pylieHUue OKCUIHBIX IUIEHOK. KOPpO3HMOHHOMY PacTpPECKUBAHHIO ITOJBEPIKCHBI, B
OCHOBHOM, BBICOTIPOYHBIC HEPIKABEIOIIUE CTAIN, aJULTIOMUHEBBIE U MATHUEBBIC CILJIABBI.

PaGoTta y31a TpeHUs TpW OAHOBPEMEHHOM BO3JEHCTBUH HA METAILI ITUKINYCCKUAX
3HAKOTICPEMEHHBIX WJIH 3HAKOMTOCTOSTHHBIX HArpy30K H KOPPO3UOHHOU CPEJIbI IPUBOIUT
K KOPPO3HOHHOHM yCTanocTu. BriepBble KOPPO3HMOHHYIO YCTaJIOCTh HCCIEN0Bad XEWr
[94]. OcHOBHBIC BBIBOJBI, IEPBOE, YTO KOPPO3HS M IHMKIMYSCKHE HATPY3KH TOpasJio
CWJIbHEE BJIUAIOT Ha BHIHOCIMBOCTh METAJUIOB, YEM JIEUCTBHE KAXKJIOTO U3 I3THX (haKTO-
POB B OTJEIBHOCTU WM 00EUX ToclieoBaTeibHO. BTOpoe, 4To cpena, He BhI3bIBAIOIIAS
SBHOW KOPPO3WH, MOXKET 3HAYMTEIIBHO CHU3UTh BBIHOCIUBOCTH METaJlIa, T.€. OTCYTCT-
BUE SIBHBIX MTPU3HAKOB KOPPO3HH HE 03HAYAET, YTO KOPPO3HOHHBIM JIEHCTBUEM TIPHU CO-
YETaHUU €ro C IUKINYHOCTHIO HAarpy3KH, MOKHO mpeHeOpedb. Koppos3us mpu TpeHuun
SBJICTCS CICIIM(PUICCKUM CITydaeM KOPPO3UHU MO HaIpsiKEeHUEM. TpeHne MOXKeT pes-
KO aKTUBU3UPOBATH KOPPO3UOHHBIE MPOIECCHI.

Copoxun I''M., Eppemon A.II., Caaksu JI.C. B cBocit padote [191] mo koppo3uoH-
HO-MEXaHUYECKOMY HW3HAIMBAHUIO OTMEYAIOT, YTO KOPPO3HOHHBIE MPOIECCH PE3KO
YCKOPSIIOTCS B TIPOIIECCE TPEHUS M MPOIIECC M3HAIIMBAHUS METa/ula Pe3Ko MHTEeHCHU(DH-
IIUPYETCS 32 CUET KOPPO3HMOHHBIX SIBJICHHM.

ITpozopos S.C. [116] uccmenoBan mpoIecchl KOPPO3ZHOHHO-MEXAHHYECKOIO H3HAa-
IIMBAHUS, PACCMOTpPENl HCCIEAOBaHUS KOPPO3MOHHO-MEXaHUYECKOTO HW3HAIIUBAHUS
pPa3TUYHBIX aBTOPOB, MPOAHATU3UPOBAJ, OMKCAT PA3JIMYHbIC TTOAXOAbBl U MaTeMaTHUYe-
CKHE€ MOJICTTH KOPPO3MOHHO-MEXaHHUCKOTO WM3HaImBaHus. [IpuBeneM BKpaTie ATH BbI-
knaaku. Koppo3noHHO-MeXaHNYeCKHid BU M3HAIIMBAHMWS, HA3bIBAEMBI TaKkkKe TPUOO-
koppo3ueit [115, 116, 191], ycTaHOBIeH Kak IpeoOIagaroiuid Jisi OOJIBIIIOrO KOJHYe-

CTBa y3JIOB TpPEeHHsSI 000pYJOBaHUSI XUMUYECKOH, He(DTSIHOU, MUILEBOH, JepeBooOpada-
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TBHIBAIOIICH, [IEJUTFOJIO3HO-0YMaKHOM M psiia IPYTHX OTpaciel mpoMbIluieHHoCTH [123,
124, 191]. Tpubokoppo3us - 3TO SBJICHUE Pa3pyIICHUS MOBEPXHOCTU MaTepuaia MpH
COBMECTHOM JICHCTBUM MEXAHMUYECKUX HArpy30K M XMMHUYECKUX PEaKLUil C arpecCuB-
HOU BHEIIHEW Cpelol B 30HE KOHTAKTa Mpu TpeHuu [72]. s TpuOoKOppO3unn Xapak-
TEPEH CHUHEPTU3M MEXAHMUYECKUX U XUMHUYECKUX SIBJICHUH, T.€. 3PPEeKT COBMECTHOIO
BIIUSIHUS, KOTOPBIA HE MOXET OBbITh OINpEAeNieH MPOCThIM CyMMHpOBaHUEM 3(h(eKToB
OTJENBHBIX COCTaBJSIOMIMX. DJIEKTPOXUMHUYECKHI MPOIECC MPU KOPPO3UOHHOM BO3-
JNEHCTBUM Cpebl MOXET 3HAYMTENbHO MOBBIIIATh MHTEHCUBHOCTh M3HALIMBAHUS Me-
TAUTHIECKUX MOBEPXHOCTEH. DTO OOYCIOBIEHO TEM, YTO HEMPEPHIBHOE pa3pyIlIeHHE
MPOAYKTOB DJIEKTPOXUMHUYECKOW KOPPO3WU O0YCIaBIMBAET OOJBIIYI0 CKOPOCThH B3au-
MOJIEHCTBUSL METallla C OKpy»karolel cpenoil. IloMuMo 3T0oro, NpoayKThl KOPPO3UH B
OOJBIIMHCTBE CIy4aeB OKa3bIBAIOTCS MEHEe MPOYHBIMHU, YeM OCHOBHOW METasll, Ha KO-
TOPOM OHHU 00pa3yroTCsl U UMEIOT Clladylo aare3uio K OCHOBHOMY metaiuty. C poctom
MHTCHCUBHOCTU MEXAHMYECKOTO BO3JEHCTBUS POJb AJIEKTPOXUMUYECKOTO (haKkTopa
yOBIBAE€T U MOXET CBOAMTHCS K «PA3PBIXJICHUIO» TOBEPXHOCTH METaia, TO €CTh K
YMEHBILIEHNI0O MEXaHUYECKOW NMPOYHOCTU U Pa3pyLIEHUIO MOBEPXHOCTHOIO CJIOS B OT-
JeNbHBIX MUKpoOoOBeMax [122, 123]. B mporecce TpeHHS B CBOIO OYEPEb YCKOPSETCS
IPOTEKaHUE KOPPO3MOHHBIX MPOLECCOB B 30HE (PPUKIIMOHHOTO KOHTakTa. Kak u3Bect-
HO, KOPPO3UOHHAsI CTOMKOCTh TEXHUYECKUX METAJUIOB U CILJIaBOB B JIEKTPOJIUTAX OIl-
penensieTcs CKOPOCThIO ABYX COMPSDKEHHBIX TMPOIECCOB. aHOAHOTO M KaTOMHOTO.
AHONHBIN Tpoliecc - Mepexo] MOHOB MeTalla U3 KPUCTAIUIMYECKON PELIeTKH B pac-
TBOP, KATOJHBINA - ACCUMIUIALINAS OCBOOOUBIINXCSA TPY aHOAHOW peaKIUU dJIEKTPOHOB.
[Ipu TpeHUH KOPPO3MOHHBIE MIPOIECCHI YCKOPSIOTCS B Thicsiun pa3 [122, 168], uto o0y-
CIIOBJICHO HIDKECIEIYIONIMM: MEXaHHYeCcKoe yAalleHue oO0pa3ylolmxcs MPOIYKTOB
KOPpO3WH NP TPEHUU MPHUBOIUT K MOCTOSTHHON pereHepaui XUMHUIECKOT0 MMOTEHITH a-
Ja MOBEPXHOCTU U 3aMeIJICHUIO naccuBaui. Ha n3MeHenue noreHmnuana BIuseT ia-
cTuueckas nedopmanus, oOyClIOBICHHAs HaJU4MeM, JIBHKEHHEM U BBIXOJOM Ha IO-
BEPXHOCTh AucioKanuii. TakuM oOpa3oM, MOBEPXHOCTh TPEHHUS pAOOTAET B YCIOBUSAX
UMITYJILCHOTO KoJieOaHusi xumuaeckoro moteHuana [204]. Kpome Toro, 6osbioe 3Ha-

YCHUC HMMCCT M3MCHCHHUC B 30HC TPCHHUA DHCPIUMU AKTHBAIIUU - M30BITOYHAS OHCPIu,
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KOTOPOH JOJDKHBI 00JaJaTh MOJIEKYJIbI M aTOMBI, YTOOBI MX B3aWMOJICHCTBHUE MOTJIO
IPUBECTU K 00pa30BaHUIO HOBOTO BemiecTBa. [[isi TpuOOXUMHUYECKUX MPOIIECCOB HAKO-
nuTe’IeM U30BITOYHOM SHEPIUH SIBISETCS MaTephal MOBEPXHOCTH TPEHUs, a €€ UCTOU-
HUKOM TIOJBOMMAs MeXaHu4deckas sHeprus. [Ipomecc Tpenus sBisieTcst TeM (GakTopoM,
KOTOPBIN CIOCOOCTBYET PE3KOMY CHUKEHHUIO PHEPTUU aKTUBALMU. Tak sl TEPMOXHU-
MUYECKOM peaKIMu OKHUCIICHHS >Kelie3a OHa cocTaBiisieT mopsnka 51-63 x/[x/moib, a
Tpruboxumudeckoi-0, 7k x/monp [116]. Mcxomst U3 3TOro, MOXKHO 3aKIIOYUTH, YTO
KOPPO3MOHHO-MEXAaHUYECKUINOE HW3HAIIMBAHUE - 3TO CJOXKHBIA IMPOLECC, B KOTOPOM
KOPPO3HOHHBIN U MEXaHUYECKHI (haKTOphl B3auMOCBs3aHbl. [[oaToMy MaTemMaTH4YecKue
MOJIeNI TPUOOKOPPO3UH B (POPMAIU30BAHHOM BUJIE OOBIYHO COCTOAT U3 JBYX WM TPEX
KOMITOHEHTOB, COOTBETCTBEHHO OIMCHIBAIOIIMUX BKJIAJ] OJHOTO W3 (aKTOpOB H3HOCA.
CymiecTByIole pacyeTHbIE MOJEIH KOPPO3HOHHO-MEXAaHUYECKOr0 HW3HAIIMBaHUS
MOJKHO YCIIOBHO pa3feiuTh Ha TPH THIA: SMIUPUYCCKUE (ITOJyIMIUPUUYCCKHE), yCTa-
JOCTHBIE U KuHeThuueckue [27, 116, 214, 215, 220].

DOMnupruYecKkre MojeH, paspaboTtanHbie 3apyOexkHbiME yueHbiMu Diomidis N.,
Celis P., Ponthiaux P, Wenger F. [214, 215, 220], Stolarski R [220] mpeacrasistor co-
OOl MPOCTEHIIYI0 MAaTEMATUYECKYIO0 allPOKCUMALIMIO HKCIIEPUMEHTAIbHBIX pe3yJbTa-
TOB. B HMX MEXaHMUYECKHE XapaKTEPUCTUKHU CBSI3BIBAIOTCS C XAPAKTEPUCTUKAMU MPO-
1ecca M3HAIMBaHUS (M3HOCOCTOMKOCTBIO, CKOPOCTHIO HM3HAIIMBAHUS) 4yepe3 Oe3pas-
MEpHbIE AMITUPUYECKUE KOA(DPUIIUEHTHI, HE UMEIOIME YETKOTO (PM3UYECKOr0 CMBICIIA.

[TonysMmnupudeckre MOJIETN BKIKOYAIOT MapaMeTphl, I KaXKIOro M3 KOTOPBIX
YCTAHOBJIEHA CBSA3b C (PU3MKO-MEXaHUUYECKHMH CBONCTBAMHU MAaTEpUAJIOB, XapaKTEpH-
CTUKAaMH TPOIIECCOB U T.]I.

DKCIepUMEHTaIbHAsL OLIEHKA 3TUX [MapaMeTPOB MO3BOJSET MPOU3BOAUTH AHAIU3
peanbHbIX (PU3NUECKUX SIBJICHUN. PacueTHble 3aBUCUMOCTU B MOJYDIMIIUPUUECKUX MO-
JIEJSIX CTPOSITCS U3 (PU3UUECKUX COOOPaKEHHH, C y4eTOM pa3MepHOCTEH mapaMeTpoB. B
ycranocTHbiX Moaessix (Sur S. ,Crak M.M. [215]) u3HammBaHue paccMaTpUBACTCS Kak
JIMCCUTIATUBHBIN (Da30BBIM MEepexo/l OT CTAaJWW HAKOIUIEHUS MHKPOIOBPEXKICHUH, K
CTaJUU Pa3BUTHUSI MHUKPO - U ME30TPEIIMH, BBI3bIBAIOIIMX JABUHOOOPAa3HOE AUCIEPTH-

POBaHNEC IMOBEPXHOCTHOT'O CJIOA. I[J'ISI MOICIINPOBAHUA TpI/I6OK0pp031/II/II/I JOITIOJITHUTCIIb-
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HO BBOJSITCS KOMIIOHEHTBI, XapaKTEPU3YIOUIUE BIMSIHUE XUMHUYECKUX PEareéHTOB B 30HE
KOHTaKTa Ha YaCTOTY BOZHUKHOBEHUSI MUKPOIOBPEXKICHUN U POCT MUKPOTPEILIHH.
Heobxoaumo yuuThiBaTh KOppo3uoHHYI0 arpeccuBHOCTh BIDK mpu pemenun
npoOJIeMBbl YIIYUIICHUST TPUOOTEXHUUECKUX (TPUOOIIOTUIECKHUX) XAPAKTEPUCTHK IIPO-
MBIBOYHBIX KHUAKOCTEH, T.€. CMa30YHbI€ M MPOTHUBOU3HOCHBIE PEAareHThI JJi OYpPOBBIX
IPOMBIBOYHBIX CpeJl JODKHBI TakkKe o00J1aJaTh 3alllUTHBIMH aHTUKOPPO3HMOHHBIMU

CBOMCTBaMHM.

1.4 Anaaus CTpocHHUA " CBOJCTB 3AlIMTHBIX 'PAHUYHBLIX CJIO€B Ha paﬁoqnx

MOBEPXHOCTHAX ﬁypl/IJIbHOFO H Imopoaopaspymariux HHCTPYMEHTOB

AJICOPOIIMOHHBIE TPAHUYHBIE CMA304YHBIE CJIOM, OOpa3yrolIuecs Ha TPYIIUXCS
IMOBEPXHOCTAX, UMEIOT OTPOMHOE 3HAUYEHUE JUJIsI BCEX BUAOB TPEHUS U W3HAILIMBAHUSA
pu OYpEHUH CKBaYKHH.

[ToBblllIeHNE HECYIEW CIOCOOHOCTU Y3JIOB TPEHUSI M CPOKA UX CIIY>KOBI B 00JIb-
IIIOM CTEMEHM 3aBUCUT OT 0OOCHOBAaHHOTO BBIOOpa CMa304HBIX MartepuayioB. [locTosH-
HO€ Pa3BUTUE TEXHUKU MPUBOJUT K CO3AHUIO HOBBIX CMAa30YHBIX MAaTEPHAJIOB C 3a/1aH-
HBIMU 3KCIUTyaTallMOHHBIMU mapameTpamu. [1oaToMy, COBpeMEHHbBIE CMAa30YHbIE MaTe-
pHajIbl 4acTo MPEACTABISIOT COO0M MHOTOKOMIIOHCHTHBIC CMECH, MMEIOIIUE B CBOEM
COCTaBE 0 HECKOJBKUX JECITKOB Pa3JIMUYHbIX NpHUCaI0K. HazHaueHne nprucagok MOXeET
OBITH PA3JIMYHBIM, OJJTHAKO, UX B3aUMOJICHCTBHUE MOXKET NMPHUBOJUTH KaK K YCHIICHHUIO,
TaK U K CHIDKCHUIO JACHCTBUS KaXkaou npucaaku. Ha qanHoOM sTane pa3BUTHS TPUOOJIO-
T'UU MPOIECC Moa00pa CMa30YHBIX KOMITO3UIIMN OCYIIIECTBIISCTCS OOJBIIECH YaCThIO AM-
MUPUYECKH, CIEA0BATEIFHO, OY€HD OOJIBIINYI0 3HAUUMOCTh MPUOOPETAET BOMPOC pas3pa-
OOTKHM METOJOB HCCIEIOBAHUM TPUOOTEXHUUYECKUX XAPAKTEPUCTUK PA3IUYHBIX CMa-
304YHBIX MATEPUATIOB U AP TPECHUS.

OnHO U3 OCHOBHBIX JEHCTBUN CMa304HOTO MaTepHaia — 3T0 00pa30BaHKE Ha TI0-
BEPXHOCTH TPEHUS aJCOPOIMOHHBIX T'PAHUYHBIX CMA30YHBIX CJIOEB, MPHUBOASAIIUX K
3HAYUTEIIbPHOMY CHIKCHUIO CHJI TPEHHS W h3HOoca. HezaBUCMMO OT Ha3HaudeHMs, MMpak-

THYCCKH BCC IIpHUCAOKH O6JI8,Z[8IOT CIIOCOOHOCTBIO 06p&30BBIBaTI> aIlCop6I/IpOBaHHLIe
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CJIOM Ha MOBepXHOCTH MeTawia. CremoBarenbHO, MPU pa3padOTKE HOBBIX CMa30YHBIX
KOMITO3HUITMIA HEOOXOIUMBI METOBI HCCIICIOBAHUH, TTO3BOJISIONINE OTPECIATh CBOUCT-
Ba aJICOPOLIMOHHBIX TPAHUYHBIX CMAa30YHbIX CJIOEB, IPUYEM KENaTeNIbHO 3Ty UHPOpMa-
ITUIO TTOJTy4YaTh HEMOCPEICTBEHHO B IIPOIIECCE TPEHUS

AncopOIMOHHBIE TPAaHUYHBIEC CJIOM OBUIM OOHAPYKEHBI PEHTTEHOCTPYKTYPHBIMU
METOaMH, H3MEPEHUEM JIUDICKTPUICCKON npoHuIiaeMocTH [46, 67].

DT METOJIbI TOATBEPKIAIOT CYIIIECTBOBAHUE aICOPOIMOHHBIX TPAHUYIHBIX CIIO-
€B, HO PE3yJIbTaThl U3MEPEHUS UX TOJIIMHBI U JPYTUX [MapaMeTPOB YaCTO HE COBIAja-
IOT.

JlefiCTBUTENBHO, aJACOPOIIMOHHBIE TPAHUYHBIE CJIOM >KHJIKOCTEH MOTYT HMETh
pasznuyHoe npoucxoxaenue. Ciou, copMUpoBaHHBIE BOJHBIMH PACTBOPAMH BJIEKTPO-
JUTOB (JBOWHBIM CIIOEM aJCOPOMPOBAHHBIX HWOHOB), YYBCTBHUTEIBHBI K H3MCHCHHIO
KOHIIEHTpAIlMU PacTBOpa, €ro COCTaBa M TEMMEpaTypbl. ANCOPOIMOHHBIE TPAHUYHbBIC
CJIOW, BO3HUKIIIKE TOJ] ICUCTBUEM MOBEPXHOCTHBIX CHJI TBEPJOTO Tela, O-BUANMOMY,
HE JIOCTUTAIOT 3HAYUTEIBHON ToNIMHbl (10 5,0—15,0 HaHOMETpa) U Majo 3aBUCAT OT
COCTaBa KUJKOCTU. AJCOPOIMOHHBIC CJIOM PACTBOPOB IMOBEPXHOCTHO-AaKTUBHBIX Be-
mecTB (ITAB) B yriieBoOpOIHBIX JKHAKOCTSX MOTYT MMETh TOJIIMHY TOPSIKA He-
CKOJIbKUX COT U Oosee HanomerpoB [208, 209]. TosmuHa U MeXaHUYECKHE CBOMCTBA
TaKHX CJIOEB 3aBUCST OT cocTaBa M KoHIleHTpanuu [TAB u mpupoasl pacTBOpUTes, a UX
n3ydeHUe OOyCIIOBIIMBACT PEIICHUE psla TeXHUYEeCKuX 3amad [15, 46, 67, 208]. Ilo-
BEPXHOCTHBIE SIBIICHUS B CUCTEME JKUIKOCTh — TBep/as (paza 00yCIOBICHBI CTPYKTYpOIt
U CBONCTBAMH MOHOCJIOEB, CTPYKTYPHO-MEXaHHUYESCKHUMHU CBOMCTBAMHU aJCOPOITMOHHBIX
CJIOEB KUAKOCTCH, HaXOMAIIUXCSA B KOHTAKTE C TBEPJBIMHU TEJIaMH, aJAre3WeH JKUIKO-
CTEH K TBEPABIM MTOBEPXHOCTSAM U JPYTUMHU MTOKA3ATEIISIMH.

B pa6ote [66] mpu uccienoBanuu ajcoOpOIMOHHBIX TPAHUYHBIX CIIOCB IMOJUME-
poB, 00pa30BaBIIMXCS U3 pa30aBICHHBIX PACTBOPOB, YCTAHOBJICHO M3MEHEHHE KOHOP-
Maliy aJcopOMPOBAHHBIX MOJIEKYJI IO MEPe BO3PACTAHUSI CTENICHU MOKPBITHS TTOBEPX-
HOCTH. TakXe yCTaHOBJIEHO, YTO TOJIIMHA OPUEHTUPOBAHHBIX aJICOPOLMOHHBIX CIIOEB
YKUPHBIX BEICOKOMOJIEKYJISIPHBIX KHCJIOT HAa TTIOBEPXHOCTH METajlsIa MOXKET AocTturath 10

MKM. MOpI/ICOH C. JJIs1 aI[COp6LII/IOHHI>IX I'paHUYHBIX CJIOCB Ba3€IMHA, IMICHUHA, ) KUPOB,
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TPUIIOJIBMHUTHHA HalleNl o01ee AJi HUX paccTosiHhe Mexay cMmexxkHbiMu CH2 — rpym-
namu, pasHoe 0,256 nanometp [142].

Bce nosnsipHbie BelecTBa — HOPMaJIbHBIE KUPHBIE KUCIOTHI, CIUPTHI, 3(UPBI, Me-
TaJUIMYECKHEe MbUIA. PaCTBOpPHI 3THUX BELIECTB B HEMOJSIPHOM Maclie, a TaKXKe U HaTy-
panbHbIe Macia (HarmpuMmep, KaCTOpOBOE) — CIIOCOOHBI K 00Opa30BaHUIO HA TBEPBIX MO-
BEPXHOCTSIX T'PAHMYHBIX CJIOEB C MPABUJIBHO OPUEHTHUPOBAHHBIMHU MoiieKynamu. I[Ipo-
necc opMupoBaHus ciioeB uaeT Bo Bpemernu [160]. ITnrackeeBsiM A.B. MeTo10M H3Me-
peHHus cKkauka Me(a3HOro MoTeHlMana Oblaa MCCIEJOBAaHA MUIPALMS MOJIEKYN aj-
COPOILIMOHHBIX CJIOEB >KUPHON KHUCIOTHI MO MOBEPXHOCTU MOJHUPOBAHHOM IUTACTUHBI.
CrpykTypa ancopOLHMOHHBIX T'PAaHUYHBIX CJIOEB MPH MPOYUX PABHBIX YCIOBHUSX O0Y-
CJIOBJIEHA (PU3MKO-XMMHUYECKHMH CBOMCTBAMHU 0Opa3ylolux ee BemecTB. B mocneanue
JIBa JECATUIIETHSI CUCTEMATHYECKOE M3YUYEHUE aJICOPOLIMOHHBIX CJIO0EB HAa MOBEPXHOCTU
TEJ MPOBOJAMIOCH B OCHOBHOM B J1a00paTOPUsX.

AJicopOLIMOHHBIC TPAHUYHBIC CIIOH KHIKOCTEH MOTYT(B 3aBUCHMOCTH OT CTpOE-
HUSA U QU3UKO-XUMHYECKUX CBOMCTB TBEPAOro Tela) HAXOJIUTHCSA B TBEPAOM U KUIKOM
coctosiHusx [15, 67].

B cBsI3u ¢ 3TUM CBOMCTBA I'PaHUYHBIX CIIOEB U3MEHSIOTCS B IIMPOKHUX Mpeeax:
OT CBOMCTB YHCTO BSI3KMX BELIECTB, BA3KOIUIACTUYHBIX, 10 CBOMCTB TEJ, UMEIOIIUX yII-
pyroctb (OpMbI, a TAKKE U BHICOUANIITYI0O MEXaHUUYECKYIO IPOYHOCTh (MOHOCIION Kap-
OOHOBBIX KHCJIOT), M3BECTHYIO JHIIb JJIs1 KPUCTAUIMYECKUX TEJ aaMa30-MoAoOHOTo
cTpoeHusl. B nuTeparype CyliecTByIOT IaHHbIe O (PU3UYECKUX CBOMCTBaX aJcopOLMOH-
HBIX cioeB. Tak, ['apnu [222] moguepkuBai, 4TO rpaHUYHBIC CMA304HbBIC CIIOM 00J1a/a-
I0OT OYEHb BBICOKON MEXaHWYECKOM Hecyled NMPOYHOCTHIO, CIIOCOOHBIX BBIJIEPKUBAThH
Harpy3ku B MiH. MIla. [epsrunbiv B.B. [68], peann3oBano HeCKONIBKO BapHAHTOB Me-
TOAa UHTEp(EPEHIUU MOSIPU30BAHHBIX JTyUYeH AJII U3MEPEHUs TOJIIUH TOHKUX CIIOEB
MOJISIPHBIX KUJKOCTENM HA MOBEPXHOCTH CTEKJIA U MeTaiuIoB. [epsrun b.B. onpenennin
npeen TEKy4eCTH aJICOPOIIMOHHBIX CJIOEB B CUCTEME CTEKIOaMUHOBAsI KMCIIOTa — MOp-
¢bupun [68]. PaccMaTpuBasi mpoLecchl MIaCTUYECKOr0 TEYEHUS aICOPOLIMOHHBIX CIIOEB,
ClIelyeT UMETh B BUAY OCOOYIO TPYIIy SBJICHUH, CBA3AHHBIX C (PU3UKO-XUMHUECKUMHU

BSaHMOHCﬁCTBHHMH Ha IpaHHLax pasaciia (1)33, C ((HH&CTH(I)HK&HHCﬁ)) IMOBCPXHOCTHLIX
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CIIOEB METajula MOJIEKyJIaMU cpefbl. Pa3pylieHne rpaHudHbIX aACcOpPOLMOHHBIX CIOEB
IpU CABUTE HAOIIOAAETCS JHIIb MPHU OOJIBLION TOJIIMHE aacopOIoHHOr0 cios. [lna-
CTHUUYECKOE TEUECHUE TPAaHUYHBIX CJIOEB B OOJbIIEH WM MEHBIIEH CTENIEHU 3aTPYJHEHO U
NEPEXOAUT B CKOJIBKECHHUE; TPAHUYHBINA CIIOM pa3lenseTcs Ha JBE YACTH, CKOJb3SIIUE
OJIHa OTHOCHUTENIBHO JIpyroil. BO3HMKHOBEHHME TaKOIo Ipolecca sBISETCS crerudpuye-
CKHM CBOWCTBOM I'DAHUYHBIX CIIOCB.

MHorouncneHHbIME uccienoBanusimMu [15, 48] ycraHoBieHO, YTO TpaHHYHBIE
CJIOM MOJIIPHBIX KHUAKOCTEH HaXOJAIIMXCS B CpeJie JEHCTBUS MOBEPXHOCTHBIX CHUII, 00-
JaJal0T OCOOBIMM MEXAHMYECKHUMHU CBOMCTBAMHU IO CPABHEHUIO CO CBOMCTBAMH 3TUX
KUIKOCTEN B 00bEME, UTO SIBISIETCS CIEACTBUEM MX MHOM HAAMOJIEKYJISIPHOU CTPYKTY-
pbl. B paborax [15, 48] nokazaHo, 4TO TpaHUYHBIC CIIOM HUTPOOCH30JIa Y TIOBEPXHOCTEH
CTEKJIa WJIM KBApLA UMEIOT TEIUIOEMKOCTh MEHBIIYIO, YeM HUTPOOEH3011 B o0ObeMe. [le-
psarud b.B. u I'pun-Kemnmu P. [70] o6Hapyxuin siBJIeHHE TBOHHOTO JIy4EPETIOMIICHUS B
I'PaHUYHBIX CIIOSIX BOJBI M, CIEIOBATEIBHO, ONTUYECKYI0 aHU30TPOIMI0 TOHKHUX CJIOEB
BOJIbI, COJIEPKAIMXCS B HAOYXAIOIIEM BOJHOM PacTBOPE Ha 3aMELIEHHOM MOHTMOPHJI-
jgonute. Takum 00pa3oM, OBLIO YCTAHOBJIEHO, YTO MOJ JEHCTBUEM CHJIOBOIO MOJIS
TBEpAOM (pa3bl POPMUPYIOTCS TpaHUYHBIE CJIOU KUAKOCTH CO CBOMCTBaMU, 3HAUUTEIb-
HO OTJIMYAIOLIUMHUCS OT CBOMCTB KUAKOCTH B oObeMme. [lockonbky KMHETHKA (OpMUPO-
BaHMs, COCTaBbl U CBOWCTBA TPAHUYHBIX CJIOEB ONPEICISAIOTCA YCIOBUSMU TPEHUS HE-
00X0JIMMO MPOBEACHUE KOMIUJIEKCA 3KCIEPUMEHTAIBHBIX MCCIEIOBAHUN MO U3y4YEHHIO
0COOEHHOCTEH CTPOCHHUS U CBOMCTB 3THX citoeB [70].

['paHnyHBIi cMa304HBIN cloi (TJIeHKa), 00pa30BaHHBIN aCOPOMPOBAHHBIMU KH-
cioTaMu, 3(pupaMu U UM MOJOOHBIMU MOBEPXHOCTHO-AaKTUBHBIMU BEIIECTBAMU, UMEET
onpeneneHHoe crpoeHrue. OHO XapakTEpPHO TEM, YTO IOJIAPHBIE MOJIEKYJIbl 3THX Be-
mecTB (B IPaHUYHOM CJIO€) OPUEHTUPOBAHBI 110 OTHOLICHUIO K TTIOBEPXHOCTU TPYIIHUXCSI
nap. Mosekysl IEPBUYHOTO €051, HEMOCPEACTBEHHO CBSI3aHHOTO C MIOBEPXHOCTHIO Me-
Tajyia, Haubosiee CUILHO OpUEHTUPOBaHbI. [I0 Mepe oTAaieHus: MOJIEKYJISIPHBIX CJIOEB
OT IOBEPXHOCTH METAJlJIa OPUEHTAlUs YMEHbIIAeTCs. ['paHMUYHBIA CMa304HBINA CIION
HUBEJIUPYET MHUKpOpeibed MOBEpXHOCTH, KOTOpas MPHUOOPETaeT CBOMCTBA KBa3UTBEP-

noil moBepxHOCTH. Eciu ke pa3mepsl yriyOJeHU BEIUKU, TO OHU OYIyT 3alOJHEHbI
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1100 XUIKOH (ha3oi, 1100 MOJSIPHBIM BEIIECTBOM C YETKO BBIPAKEHHBIMH 00BEMHBIMU
cBoiictBamu [197]. I'paHWdYHBIC, CMa30YHBIC CJIOM O0JIAAIOT MCTUHHOW YIPYTOCTHIO
dbopmbl U noguuHsAOTCS 3aKoHY ['yka. MIX MexaHnyeckue CBOMCTBA OMpENENsIOTCs yC-
JIOBUSIMU BCECTOpOHHEro cxxkaTusi. Cmazounsie ciou [IAB Mexay noBepXHOCTSIMU Tpe-
HUs, o0namaronme Oiarogaps CTPOCHUIO KOHIIEBBIX TPYII XOPOIIMMHU CMa30YHBIMU
CBOMCTBaMH, B TO K€ BpeMs 001a/1at0T OOJBIITUM COMPOTUBIIEHUEM CHKATHUIO U Pa3pPhIBY
TieHKH. bonbias rpy30mnoabpeMHOCTh TPAaHUYHBIX CJI0€B 00YCIIOBICHA OOJBIION 3HEp-
rueu afcopOLMOHHON CBSA3M TPAHUYHOTO CJI0S ¢ TOBEPXHOCTHIO METaIa - air€3UOHHOM
CBSI3bI0 U OOJIBIIION PHEPTUEH KOT€3MOHHOUM CBSI3M MEXY OPUEHTHUPOBAHHBIMHU MOJIE-
KyJIaMHu ajzicopoenra [68].

TonmuHa rpaHUYHOrO CMAa304YHOIO CJ0sl, (POPMHUPYIOIIETOCS Ha MOBEPXHOCTSIX
TpEHUs, ABISAETCA OJHUM M3 HamOoJiee MH()OPMATUBHBIX MMOKA3aTeNIeH, XapaKTEPU3yIO-
IIMX CMa30YHYI0 CIIOCOOHOCTh Macel U aKTUBHOCTh MaTepuasoB. B cBsA3M co cloxkHO-
CTBbIO CTPYKTYpPBI M C HECTAOMJILHOCTBIO BO BPEMEHHU O0pPa3yIOLIUXCsl Ha TTOBEPXHOCTSIX
TpeHUsl aJICOPOLIMOHHBIX CIOEB U TBEPAOOOPA3HBIX CAMOTE€HEPUPYIOLIUXCS OpraHuye-
CKHUX IJICHOK BONPOC MCCIEIOBAaHUS 3aKOHOB ()OPMUPOBAHHUS, U3HAIIUBAHUS U pEreHe-
panuu 3TUX CJIOEB SBJSETCS BECbMa aKTyaslbHbIM. JlJIsl MPOBEAEHUSI TAKUX MCCIEI0Ba-
HUN HEOOXOUMO M3MEPSTH TOJNIIUHY TPAHUYHBIX CJIIOEB B Mpoiiecce paboThl 00CcaaHON
KOJIOHHBI, YTO BECbMa HEINPOCTO, MOCKOJBKY PaHEE PACCMOTPEHHBIE METOBI OINpEse-
JS0T CYMMapHYIO TOJIIMHY CMa304YHOTO CJIOS, BKJIFOYAIOLIEr0 HapsAy ¢ PaHUYHBIMU
TUIEHKaMH TaK)Ke M TOJICThIC THAPOIMHAMHYCCKHUE TICHKH. [61].

CoBpeMeHHbIE MPEJICTABICHUS O TOJIIMHE TPAHUYHOIO CMa30YHOIO CJIOs CBs3a-
HbI C OCHOBHBIMH MOJIOKEHUSAMH KOHTAKTHO-TUPOMHAMUYECKON TEOPUU TPEHHUS.

A. C. Axmatos [15] paccmarpuBaeT (GopMUpOBaHHE MPAHUYHBIX CMAa304YHBIX CJI0-
€B KaK OJHO M3 SIBJICHUN KpHUCTAJUIM3aluuu. [ paHMYHbIE CI0U, 10 MHEHUIO AXMaToBa A.
C., npeacTaBisitoT co00 MOHO- WJIM MOJUKPUCTAIIIMYECKHE Tela, BO3HUKAIOIIUE 32
CUeT 3apobllIeBON (YHKIUHU NMEPBUYHOTO ciiosi. CMa30uHble MaTepuaibl B OYEHb TOH-
KHUX CJIOSIX TOJ] IBYCTOPOHHUM BJIMSTHUEM MOBEPXHOCTEH TPYLIUMXCS METAJJIOB OOHapy-
KUBAIOT UCKIIOYUTENbHBIE aHTU(PHUKIMOHHBIE CBOWCTBA. MOJEKyNIbl CMAa30YHBIX Be-

IMECTB B 3aBHUCUMOCTH OT CTPOCHHUA M (i)I/ISI/IKO-XI/IMI/ILICCKI/IX CBOMCTB TBEPAOro TC-
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J1a,paCIIONI0KEHHBIX B TPAHUYHBIX CJIOSIX, 00ECTIEUMBAIOT JOCTATOYHO OONBIIYIO MPOY-
HOCTb Ha C)KaTHE W JIETKOCTh CABUIOB B TOPU30HTAIILHOM HAaIpaBICHUU. DTUM U 00b-
SCHSIIOTCSL HEOOMbIIMe KOI(PPUIUMEHTH TPEHUS! MPU CKOJBXKEHUU CMAa3aHHBIX MOBEPX-
HocTell. B uccnenoBanusix Peobunnepa I1.A., lepsruna b.B., AxmaroBa A.C. ycTaHOB-
JIEHO, YTO TOHKHE CMAa30YHBIE CJIOM MOTYT CHH)KATh HE TOJBKO CHIIY TPEHUS, HO U OKa-
3BIBAIOT 3HAYMTEIILHOE BIUSHKE HA BeJIMUuHY u3Hoca [67, 178]. CornacHo mpencrasiie-
HUSIM 00 aJICOpPOIIMOHHON MOJIENIM, YEM BBIIIE BEIUYMHA aJCOPOIUA CMA30YHOUN CpeIb
Ha METaJuie, TEM JIyYIlle €€ MPOTUBOU3HOCHBIE CBOMCTBA B TPAHUYHOM PEKUME TPEHHSI.
[Tpunsito cuutath [15, 67],9T0 agcopOIMOHHBIC MOJIETH W3HOCA METAUIOB IPHUTOTHBI
TOJIBKO JIJIi OTHOCUTEIBHO MATKUX PEKUMOB TPEHUS B CpeaX, CO CMa30YHbIMU pearcH-
TaMH HE COJIEPKAIIUX XUMUYECKH aKTUBHBIE IPUCAIKH.

AJlcOpOIIMOHHAs U XUMHUYECKasi MOJIENIM B OT/IEJIBHOCTU HE B TIOJIHOW Mepe oTpa-
YKAIOT BCE OCOOCHHOCTH IMOBEJICHUSI CMa304YHON CpeJibl B TPAHUYHOM PEXKUME TPEHUS U,
B YACTHOCTH, HE OOBSICHSAIOT SKCTPEMAIbHON 3aBUCUMOCTH U3HOCA OT COJIEPKAHUS CMa-
30uyHOM cpenpl B bIDK. CHM>keHne n3HOCa C MOBBIIEHUEM KOHLIEHTPALMU CMAa304HOM
Cpellbl OOBSCHAETCS YBETUYCHUEM €€ aJCOpPOIMM M CO3/JaHMeM Oojiee MPOYHBIX Tpa-
HUYHBIX CMa304HBIX cJl0eB. JlanbHeillee yBeIuueHHe COoJep KaHus MPUCATKU MPUBO-
JUT K UHTEHCU(PUKALUA XUMUYECKUX MPOIIECCOB HA TPaHUIIE pasjiesia MeTaJll - MacJo.
Cunbl Ban-gep-Baanbca onpenensitoT xapakTep B3aMMOJEHCTBHUSI IMOBEPXHOCTEU Tpe-
HUS C XUMUYECKU UHEPTHBIMU KOMIIOHEHTaMU CMa304HOM CpeJibl, T. €. aACOPOIMOHHBIN
ahdext. OHU OMPEeNeNAIOT CTPYKTYPY M CBOMCTBA TPAaHUYHBIX CMA30YHBIX IUICHOK Ha
MOBEPXHOCTAX TpeHHs. OCOOEHHOCThIO B3auMOJCUCTBUs cusl BaH-aep-Baanbca sBis-
eTcsl ciadasi PHEPTUs CBSA3M, KOTOpas Ha JABa-TPU MOPSIIKA HUXKE PHEPIUU XUMHUYECKUX
cBszeit. [loaToMy Bce CTpYKTYphl, OOYCIOBICHHBIC 3TOM CBS3bI0, MAJOYCTOWYMUBBI H
UMEIOT CPAaBHUTEILHO HU3KHE TEMIIEpATypPhl IUIABJICHUS, UTO OYEHb BaXKHO )1 oOecte-
YEHHUSI HU3KOTO COMPOTUBJIEHUS CIBUTY MEK/Y CIOSMHU.

TonmuHa MIEHKU C YCTOWYMBO OPHUEHTUPOBAHHBIMU MOJIEKYJIAMU B TPAHUYHOM
CMa304YHOM CJIO€ 3aBUCHUT OT IMIOBEPXHOCTHO-AaKTUBHBIX CBOKMCTB IPUCAOK B CMAa304YHOM

matepuaie [178].
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[lenTpanbHbIM B MpoOJIEME TPAHUYHOW CMAa3KH SIBJISIETCS BOMPOC O TOJIIHWHE U
cBoicTBax 3(PPEeKTUBHOTO TPAHUIHOTO CMA30YHOTO CJIOSl. B TO BpeMsi Kak HEKOTOpHIE,
IJIaBHBIM 00pa3oM, aHIIMKcKHe ucchaenoBareian [213, 218], ucxomar U3 mpeamnooxe-
HUS, 9YTO CMA304YHOE JIEHCTBHUE OMPENEIACTCS CBOMCTBAMH MOHOCJIOEB CMa3KH, (DUKCH-
POBaHHBIX Ha MOBEPXHOCTIX TPEHUS, Y HAC B CTpaHE MOJYYCHBI KaK KOCBEHHBIC, TaK U
IpsIMBIE JTOKA3aTeIhCTBA MPABWIBHOCTH MPOTHUBOMOIOXKHOW KOHIICTIIIUUA TTOJTUMOJIEKY-
JSIPHOCTH TPAHWMYHOTO CMa304YHOTO CJIOS U €r0 0COOBIX CBOKMCTB [179].

B pa6orax Bunorpamora I'. B. u KytekoBa A. A. [48, 121] snekrpoHorpaduue-
CKUMH WCCJICIOBAHMIMH JTOKAa3aHO, YTO HAa TIOBEPXHOCTH HEKOTOPBIX TOJIUMEPOB 00pa-
3YIOTCSI TpaHWYHBIE cMa304HbIe cion. OmaHAKO, MEXaHW3M WX 0Opa3oBaHHS HE SICEH.
[IpencraBnenust 0 MexaHu3mMe 00pa30BaHUs TPAHUYHBIX CMA30YHBIX CJIOEB Ha METaUIax
¥ Ha TOJMMepax pasHble. 11 HeAOmyCcTUMO WX OTOXKAECTBIATH B CHIY psla 00CTOS-
TeJIbCTB. B pabote [66], BHIOJHEHHOM B CIICIIUAIbHON J1abopaTOpUu MaTepHaioBe/Ie-
HUS, MMOKa3aHbl Pe3yJbTaThl UCCICAOBAHUN MEXaHU3Ma O00pa30BaHUs TPAaHUYHBIX CMa-
304HBIX CIIOEB Ha TMoJuMepax. MeToJOM CHEeKTpajdbHOTO aHaln3a YCTaHOBJIEHO cClie-
JyIoIllee: TTOBEPXHOCTHASI aKTUBHOCTh TMOJIMAMHIHBIX CMOJI BBICOKAs!, BCJICICTBHH YETO
Ha MX MOBEPXHOCTH OOpa3yroTcs CIOW aIcoOpOMPOBAHHBIX MOJICKYJ JKHPHBIX KHCIOT.
[Ipu TpeHHH MOJMMEPOB AKTHBHOCTH MOBEPXHOCTH TMOJIMAMUJIHBIX CMOJI BO3pACTaerT,
BCJIEJICTBUE YETO TJIOTHOCTH aJICOPOMPOBAHHOTO cliosl yBenuuuBaercs. [loBepxHocTHas
aKTUBHOCTPH TOJIMAMHUJIA BO3PACTACT, U3-3a 00Pa3YIOMIUXCS TIPU TPSHUH 3apsI0B CTATH-
YeCcKoro aekTpudectBa. [loBepXxHOCTHAsT aKTUBHOCTh, HABEJCHHAS 3apsaMy CTaTHYC-
CKOTO JJIGKTPHUECTBA, ObLIa Ha3BaHa BpeMeHHOH [121].

[Ipu TpeHHMM K€ MeTala B YCIOBHUSAX TPAaHUYHOW CMa3KH IPOIIECC TPEHUS IMpO-
HCXOJIUT KaK B TIOJIIUITHUKE, TIPH KOTOPOM oOecIieunBaeTcs 0ojiee HU3Kask TeMIiepaTy-
pa Ha MOBEPXHOCTU TPEHUS U OTUM CaMbIM I'PAHUYHBIA CMA30YHBIN CIIOM HE paspylla-
ercsi. OCOOEHHOCTH TPEHUSI METalla B TPAHUYHBIX YCJIOBHSX: a) BBICOKAs TETUIOMPO-
BOJHOCTB; 0) BBICOKAs TEIJIOEMKOCTh; B) 0CO00€ TreOMETPHUECKOE CTPOCHUE TTOBEPXHO-
CTH, yJy4llIarlnee cCHaOXeHNEe CMa3KoW YYaCTKOB TPEHHSI WIIM TETUIOOTBO/I; T) CBOMCT-
BO TOJIIMITHAKOBOTO MaTepuaja JIETKO IJIACTHYECKH AehOPMHUPOBATHCS TMPU TPEHUU

WJIM M3HAIIUBATBLCA, B PE3YJILTATC YCTO AJOCTHUIracTCiad CHHKCHHMEC MCCTHBIX YACIIbHBIX
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JaBJICHUN M TeMIepaTypsl (Tak Ha3blBaeMas MpUpabaThIBAEMOCTh); 1) CBOMCTBO MOJ-
IIMITHUKOBOTO MaTepuala CO3AaBaTh CPABHUTEIBHO OOJBIIYIO YOPYTYIO AehOpMaInio
(BciencTBrE HU3KOM BETMYMHBI MOAYJS YIIPYTOCTH), B PE3YJIbTaTE YETO TAKKE JIOCTHU-
raetcs 0oJjiee paBHOMEPHOE pacIipe/iefieHHe Harpy3KH Ha MOBEPXHOCTU MOUIUITHUKA
[112].

B o0nactu rpaHUYHON CMa3Ku Jy4YIIUMU aHTUPPUKIIMOHHBIMU CBOMCTBAMHU 00-
JTaAI0T T€ MaTepUabl, Y KOTOPHIX (B paBHBIX BHEIIHUX YCIOBUAX) K0dddummeHt tpe-
HUSI MEHBIIIE, a pa3pblB TPAHUYHOTO CMAa30YHOTO CJIOSI IPOUCXOAMT NP O0JIee BBICOKOM
Harpy3ke WM Mpu coOYeTaHUU OoJiee BBICOKMX HArpy3ku U ckopoctu (Xpyuier M.M.)
[201].3aBuCHUMOCTh BETMYMHBI U3HOCA METAUIA OT COJEPXKAHHS MPUCAIOK B Maclie, U3-
noxkeHHyI0 B pabote [201], aBTOpBI Takke CBS3BIBAIOT C M3MEHCHHUEM XapakTepa aji-
copOIMu, a UMEHHO - M3MEHEHUEM OPHUEHTAllMd MOJIEKYJl MOBEPXHOCTHO-AKTUBHBIX
BEILIECTB B TPAHUYHBIX CMa304HBIX Ciosix [182]. 3MeHeHue ycinoBuil TpeHUs U Cpeipl,
B KOTOPOM MPOMCXOJUT OHO, CYIIECTBEHHO BJIMSIOT Ha BEJIMYMHY KO3 uiueHTa Tpe-
Hus. Hannuue B 30He TpeHUs Aa)ke HEOOJbUIOr0 rPaHUYHOIO CMA30YHOTO CJIOS MOYKET
HOHMXaTh K03 HIMEeHT TpeHus Bo MHoro pa3 [201].

Mexay TeM Ha NpakTUKE HEOOXOJWMO OLIEHHBATh CMAa304YHBIE PEAreHThl He
TOJIbKO B OTHOUIEHHH MX OOBEMHO-MEXaHUYECKUX CBOWCTB, ONPEACIAIOMUX JIeHCTBUE
CMa3KH IPH KUJIKOCTHOM TPEHHH, HO U B OTHOLIEHUM TEX CBOMCTB CMa304YHOI'O Mare-
puana, KOTOpble OMPEAEIIAIOT MOJ0XKHUTEIbHOE JEHCTBUE CMA3KU B YCIOBUSAX T'PAHUYHO-
ro TpeHHs. ITO COBIMAJAET C TPeOOBAHUEM OIEHMBATh MACISIHUCTOCTh CMa3KH, MOHU-
Masi TI0JT HeH BBIIIICYKa3aHHBINH KOMIUIEKC CBOMCTB [165].

N3BecTHO, 4TO CIOCOOHOCTh TPAaHUYHOW IUIEHKM Macja yAEepKUBAaThbCS Ha IO-
BEPXHOCTAX TPEHUS M PA3LAEIATh UX IPU OTHOCHUTEIBHOM JBHXEHUU B 3HAUYMTEIILHON
CTENIEHU 3aBUCUT OT MaTepuajia 3THX MoBepxHocTel. MccnenoBanus, MpoBeACHHbIE B
NoCJIeIHEE BPEMsl, TOKA3aJld, YTO OJHOM M3 OCHOBHBIX IPUYMH, BBI3BIBAIOIINX pa3py-
IIEHUE TPAHUYHOI'O CJIOS CMAa3KH, SBJISIETCSI BOSHUKHOBEHUE TEMIIEPATyphl Ha MOBEPX-
HOCTH TPEHHSI, TIOCTUTAIOIIEH HEKOTOPOH BETMYMHBI, XapaKTEPHOU JJisi COYETaHUs JaH-
HBIX METAUIOB M cMa3Ku. IIpym 3TOM mpu ompenesieHHOW, Tak Ha3bIBAEMOM KpHUTHYE-

CKOH, Temreparype, s JaHHOrO Macjia Ha JaHHOM METallle TPaHUYHbIN ajcopOupo-
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BAHHBIM CJIOM Macila pa3pylIacTCs, BO3HUKAET HEMOCPEACTBEHHBIM KOHTAKT ITOBEPXHO-
CTEH C XapaKTEPHBIMHU JUUI1 CYXOT'O TPEHHUSI SIBJICHUSIMU CXBATBIBAHUS U 3a€TaHUS METaJI-
noB. Jlna HaznexxHoM paboThl HEOOXOIUMO, YTOOBI HA yYacTKaxX IPaHUYHOTO TPEHUS Me-
CTHasi TeMIlepaTypa HE MPEBOCXOJWIa KPUTUUYECKYIO. DTO HEOOXOAMMO ISl MPENoT-
BpAILlCHUs Pa3pylLI€HUs TPAHUYHOTO CMA304YHOTO CJIOSI U BO3HUKHOBEHHUS CyXOro Tpe-
Hus. CrenoBaTeabHO, 1711 BHIOOpa U peKOMEHIAIMKM CMa3Ki U MaTepuaia MoAIIUITHUKA
HEOOXOJMMO 3HaTh KPUTHUECKYIO TEMIIEPATypy IPaHUYHON MACIISTHOW TUICHKHU ISl pa3-
JIMYHBIX COYCTAHUHM CMa3KH M MeTawioB [52]. OnHON M3 BaXHEWIIMX XapaKTEPUCTHK
TPAHUYHOTO CMA304YHOrO CJIOSl SIBJISIETCS TEMIEpaTypHash CTOMKOCTb aJCOpPOIMOHHON
wieHku. [lo meTonuke, mpuBeneHHoM B padotax [38, 40, 103] onpenenseTcss 3T0 CBOM-
CTBO I'DaHHYHOTO CMa304HOro cios.VicnpiTaHre TPOBOAUTCS HA YETHIPEXIIAPHUKOBOMU
mMamunHe tirna MACT npu MOCTOSSHHOM Harpy3Ke M CKOPOCTH BpAILIEHHs BEPXHETO IIa-
pa, paBHOH 1 B 3aBUCHUMOCTH OT CTPOEHHUS U (PU3UKO-XMMHUYECKHUX CBOMCTB TBEPAOIO
TeNa B 3aBUCUMOCTU OT CTPOEHUS U (PUBNKO-XUMHUYECKUX CBOMCTB TBEPAOIO Teja B 3a-
BUCUMOCTH OT CTPOCHHS U (PU3UKO-XUMHUECKUX CBOMCTB TBeporo Tena [178].

IIpu )XUIKOCTHOM CMa3Ke BHEIIHAS HAarpy3ka, Kak U3BECTHO, YPAaBHOBEILIMBACTCS
TUAPOJNHAMUYECKAM KIMHOBBIM JEHCTBUEM, 3aBUCAIIMM OT BS3KOCTH CMAa304YHOU
KUAKOCTU. [Ipy upe3MepHON Harpy3ke WIM CIWIIKOM MajOl CKOPOCTH CKOJIbKECHUS
10/I00HOE PaBHOBECHE MOXKET CTaThb HEBO3MOXKHBIM, U TOJIIIMHA CJIOS CMa3KH, PE3KO
YMEHBIIUBLIUCH, JOJHKHA OyAET ONpeAeNaTbes yxe ApyrumMu gpakropamu. Cpenu HUX, B
NEPBYIO OYEPE/b, CIEAYET PACCMOTPETh, KaK 3TO ObUIO CAENAHO B Psijie MPEALIEeCTBO-
BaBIIuX pabot [201], packiuHMBaIOIIEE TEUCTBUE CMAa304YHOTO CJIOS HE THAPOIUHAMMU-
YECKOr0, a YK€ MOJEKYISIPHOTO IMPOUCXOKICHUS, 3aBUCSIIETO OT B3aWMOJCUCTBUS
IPaHUYHOI'O CMA30YHOI'O CIIOS C IIOBEPXHOCTIMH TpeHus [179].

Nmeetcs onpenenieHHas B3auMOCBA3b MEXy IpoleccaMu (PU3nYecKord U XUMHU-
YecKoM afcopOLry KOMIIOHEHTOB CMa304YHOM Cpe/ibl Ha TIOBEPXHOCTSX TPEHHUs U 00pa-
30BAHMEM BTOPUYHBIX CTPYKTYp. Tak, MOBBIIIEHUE MPOYHOCTU TPAHUYHOIO CJIOSI CMa3-
KU TPUBOJUT K JEKOHIIEHTPALUMH HAINpSHKEHUH B MOBEPXHOCTHBIX CIIOSAX METaJUIa,
YMEHBUIEHUIO TOJIIMHBI U CHHUKEHUIO YPOBHSI aKTHBALMU TOHYANIIMX MOBEPXHOCTHBIX

CJIOCB. I[O6aBKa B COCTaB CMA3KHU MOBCPXHOCTHO-AKTHUBHBIX BCHICCTB PE3KO paCHIUPACT
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00J1aCTh CyIIECTBOBAHUS BTOPUYHBIX CTPYKTYP HA MOBEPXHOCTSIX TPEHUS MeTaLIOB. OT
MPOYHOCTH TPAHUYHOTO CMA30YHOTO CJIOSI 3aBUCHT YPOBEHb AKTHUBAIMH ITOBEPXHOCT-
HBIX CJIO€B MeETallla, a, CIeJ0BaTeIbHO, U COOTBETCTBYIOIIAS €My OIpeciieHHas CTe-
IICHb ITACCUBAIIMY U THIT BTOPHYHBIX CTPYKTYp [180].

Pemenwne 3a1aun 060CHOBAaHHOTO MOA00Pa MaTepuaIoB TPUOOCOTPSHKEHUH U pa-
00YMX cpel Hepa3phIBHO CBS3aHO C MCCIIEAOBAHUSIMU MPOIIECCOB UX B3aUMOJACHCTBUS B
YCIIOBHUSIX HOPMaJLHOTO TpeHus. [loaTomy mpobiemMy cMa3biBaHUsI y3710B TPEHUS HEIlb-
35 OTACNATH OT M3YYCHHsI B3aMMOJICHCTBHSI CMA30YHOTO MaTepHalia ¢ METAJUTMYECKOM
MOBEPXHOCTHI0O KOHTAKTHBIX TIAap W BIMSHHUS Ha 3TO B3aWMOJCHCTBHE CTPYKTYPHBIX
(haKTOpPOB MeTaJlIa ¥ aKTUBHBIX KOMIIOHEHTOB CMa309HOTO MaTepraa.

Kak u3BecTHO, TPEHHE B YCIIOBUSAX TPAHUYHOTO PEKUMa CMa3KH - COOMpATEIIbHOE
MOHATHE, KOTOPOE OXBATHIBACT MPOIIECCH TPEHUS MMOBEPXHOCTEH, TOKPHITHIX TUICHKAMHU
Pa3HBIX BUIOB: OKCHJIHBIMH, aJCOPOIMOHHBIMY, IJICHKAMH MBUT ¥ MPOJTYKTOB PEAKIIUU
COJICPIKAIIMXCS B MACJIe aKTUBHBIX KOMITOHEHTOB C METAJUIOM TIOBEPXHOCTH.

CamoopraHuzarusi TpUOOCUCTEMBI B PEXUME TPAHUYHOTO TPEHUS TPOSIBISACTCS
myTeM OOpa30BaHMsI 3aIIUTHBIX CTPYKTYP, KOTOPBIC IKPAHHPYIOT METALUTUYCCKUE I1O-
BEPXHOCTH TMap TPEHUS OT HEMOCPEICTBEHHOTO KOHTAKTa, CXBAThIBAHUS M MHTCHCUBHO-
ro paspyiuenus (3acnasckuii F0.C.,Canun I1.11.) [79, 186].

VIMeHHO Takue 3alUTHBIC CTPYKTYPBI U TIPEICTABISAIOT COOOM TOHKUE TPAaHHYHBIC
TJICHKH, (POPMUPOBAHUE KOTOPBIX OMPEEISICT COBMECTHOE ACHCTBUE Medopmaluu, Ha-
rpesa, U Gy3un U XuMudeckux peaxiuia [191].

Bce ot meHkn pa3nuyaroTcs He TOJIBKO 10 CBOCH IMPHPOJE, HO U TT0 XapaKTepy
3aBUCUMOCTH CHJI TPEHHS OT CKOPOCTH, Harpy3KH, TEMIEPATypbl U JPYrux (HaKTOpOB.
HccnenoBanre (PU3NKO-XUMUYICCKUX SIBIICHUH, UMCIOIIUX MECTO TpH (HOPMHPOBAHUH
TPaHUYHBIX TUICHOK Ha TBEPIBIX IMOBEPXHOCTAX, MMEET (yHIaMCHTAIBHOE 3HAUYCHHC
JUTSL I3yYEHUS TIPOIIECCOB TPEHUS, U3HAIIMBAHUS, PEIICHUSI MHOTHUX TPHOOTEXHHYSCKUX
3a7a4, a B KOHEYHOM WTOTE, IS MOBBIIICHUS HAJICKHOCTH, JAOJITOBEYHOCTH MAIIWH H
MEXaHHU3MOB, BO3MO)KHOCTH MPOJIJICHHS pecypca dJIEMEHTOB TPHOOCUCTEM.

[Ipu paccMOTpeHNU BOTIPOCOB, CBS3AHHBIX C (POPMUPOBAHUEM MOJUPHUITUPOBAH-

HBIX CJIO€B MeTajlla, 00pa3oBaHUEM IpaHUYHBIX cMa304HbIX clioeB (I'CC) Ha KOHTaKT-
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HBIX TOBEPXHOCTAX, HEOOXOMMMO YYMTHIBATH BIMSHHUE TUTACTHUECKOW medopmarium,
COMPOBOXK/IAIOIIEH MPOLIECC TPEHUS B YCIOBHIX TPAHUYHOTO PEKMMA CMa3KH.

Kax u3BecTHO, HanOoJiblliee paclpOCTPAaHEHUE U SKCIEPUMEHTAILHOE MOATBEP-
XKJICHHUE TIONyYMiIa JUCIOKAIMOHHAS TEOPHS IUIACTUYHOCTH, pa3paboTanHas Teinopom
I'., OpoBanom E., TTonstau M [192, 193], Onunrom U [194]. byme H.A. mis oObsicHe-
HUS TIpoLecCOB AeOPMHUPOBAHUS METAJUIOB MPU TPEHUHU UCIOJB30Ba MPEACTABICHHUS
O JTUCJIOKAITMOHHOM CTpPOCHHMH TBepAbix Ten [195], dynmamenTanpHbIe HMccleqOBaHUS
JTUCIIOKAITMOHHBIX MEXaHU3MOB IJIACTUYECKOMN JepopMalvu MpU TPEHUH BIEPBBIC BbI-
nosHeHbl Kocrerkum B.1. [196]. TTocnenHuM yCcTaHOBJICHO, YTO B MPOIIECCE IIaCTHYC-
CKOM JeopMaliid MeTasia, yBEIMYEHHUE MIJIOTHOCTU HECOBEPILIEHCTB SIBJISIETCS OCHOB-
HBIM (haKTOPOM, OTPEEISIONIMM B3aUMOICHCTBUE TBEPAOH (ha3bl, TPAHUYHOTO CIIOSl U
CMa304HOU CpEBI.

[Iporieccol 06pa3zoBaHusl KBa3UKPUCTATUIMYECKOTO CMA30YHOTO CJIOS TP TPEHUH,
€ro MEXaHWYEeCKHEe XapaKTEPUCTHUKH, Tpolecchl ¢puznueckoit amcopouun, nuddysuu u
dbopmupoBaHusi MOAUGUIIMPOBAHHBIX MTOBEPXHOCTHBIX CI0EB OMPEACIISIIOTCS TTOJIEM Me-
TaJUIMYeCKOor (a3bl, aKTUBUPOBAHHOM B mpoliecce AehOpMUPOBAHUS, YTO HAXOAUT MO~
TBepkKJIeHue B pabotax AxmaroBa A.C. m apyrux mccieposarenei [15, 67, 68, 109,
114].

B cBoro ouepenr cmazouHble MaTepuaibl 00JIaJlal0T CIIOCOOHOCTHIO OKa3bIBATh
BJIMSIHUE Ha MPOIIECCHI IUIACTUUECKOM AedopMalui U pa3pylieHUus] MOBEPXHOCTU Me-
tayuia. IMeHHO moj AEHCTBMEM CMa30K MPOIecC IUIACTUYECKOro aeopMupoBaHUs
TOHKUX MoBepXHOCTHBIX ciioeB (IIC) map Tpenust oOycnaBnuBaeT 1udPy3MOHHYIO aK-
TUBHOCTh METaJlIa U, TAKUM O0pa3oM, OKa3bIBA€T CYIIECTBEHHOE BJIMSHUE HA €r0 MO-
nudunupoBanue, GU3NKo-XxuMudeckue mpoiecchl, npotekarmme B ['CC. Onn Takxke
OTIPENICIIAIOT XapakTep (OPMUPOBAHUS JUCTOKAIIMOHHONW CTPYKTYPHI B IOBEPXHOCTHOM
cioe metayios [202, 203].

Binsinue cMa304yHOil cpesibl ¢ MOBEPXHOCTHO-aKTUBHBIMU BeliecTBaMu (IIAB) Ha
npoiiecchbl AehopMaIKi MOBEPXHOCTHBIX CIIOEB KOHTAKTHBIX Map CBA3AHO C MPOSBIICHU-
em 3¢ dexra Pedunaepa [1.A., KOTOpHIH, KaKk H3BECTHO, MOKET OBITh PEATM30BaH B IBYX

BapuaHTax [204]. KoneuHbIM pe3ysIbTaTOM MPOSIBICHUS TaHHOTO 3(deKxTa MOKET oKa-
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3aThCsl CyliecTBeHHOEe ynpodyHeHue [1C BcrmencTBue 3HAYUTENLHO OOJBINEH, 4eM B OT-
cyrctBun [1AB, mpeamecTByromel miacTUIeCKoi nedopMariuu.

dakTUYeCKH aJCOPOIMS - 3TO U €CTh B3aUMOJCHCTBHUE OISl TBEPAOTrO Telia C 1o-
JSIMU aTOMOB (MOJIEKYJ) >KMJIKOCTH WJIM ra3a, B pe3yiprare yero Ha [1C tpubocomps-
wenuit obpasyrorcs ['CC. JlaHHbIN mponecc WAET OO HACHIMICHHS aJICOPOLIMOHHOTO
CJIOsl, PABHOBECHOE COCTOSIHUE KOTOPOTO OIpPEACNSIeTCS YCIOBUAMH PABEHCTBA CKOPO-
cTe ancopoumu u aecopoOimu [205].

OO011en3BeCTHO, YTO aJICOPOIIM MOXKET OBITh ABYX BHUJIOB - hU3MUECKasi, KOTopas
omnpenensercs cuwiamu Ban-nep-Baanbca, 1 xumMudeckas - B Ciiydyae XMMUYECKOU peak-
MU MEXJy aKTUBHOM YacThIO MOJIEKYJ aJcopOeHTa U MOJIEKYJ TBEPJOTo Teja (XeMo-
copOnus).

ITo cBUAETENHCTBY aBTOPOB MHOTHUX padoT, B npoiecce oopazoBanusi 'CC cHa-
yasia GU3NUECKH aJcOpOUPYIOTCS Ha MOBEPXHOCTU TPEHUS, 3aTEM BCTYIAIOT B XUMHUYE-
CKYIO PEaKIIMIO ¢ 00pa30BaHUEM XEMOCOPOIIMOHHBIX IJIEHOK, KOTOPHIE XapaKTepU3yIoT-
cs1 BeICOKOM aHeprueit cszu [206, 207 u mp.].

N3BecTHO, yTO HAaMOOJNIBIIEH CIIOCOOHOCTRIO K ancopOunu obnanarot I1AB, T. e.
BEIIIECTBA, MOJICKYJIbI KOTOPBIX OPUEHTUPYIOTCS TPHU aCcOpOLMH MEPIECHIUKYISIPHO K
MOBEPXHOCTHU. B TO ke BpeMs Aa)e Maciia, COCTOSIINE U3 YIIIEBOJAOPOAOB MOJTHOHACHI-
HICHHBIX PAOB, UMEIOIINE HETMOJISIPHBIE MOJEKYIbI, aJICOPOUPYIOTCS TOJ BIMSHUEM
MOJISIPU3ALMK  YTIIEBOJOPOIHBIX MOJICKYJI SJEKTPUUECKUM IMOJIEM METAUTMYECKON TO-
BepxHoctu [197, 201, 204, 208 u np.].

B noaTBepikaeHue BhIIIECKa3aHHOTO MOXKHO MpuBecTu padboty [19], aBTOp KOTO-
poli yKa3pIBaeT Ha CIOCOOHOCTH MPAKTUYECKH BCEX TEXHUUYECKUX Macell ajcopOupo-
BaTbCs HA METAJUTMUECKUX MoBepxHOCTsX. [Ipu aToM o6pazyrotcs Ha I1C mapsl TpeHus
npeaeabHON KBazuKpucTauimaeckor ¢a3pl.OHKM 00pa3yroT MPOYHBIE CBS3U C MOBEPX-
HOCTBIO U M@Ky MOJICKYJIAaMH B CAMOM CMAa304HOM CJIO€ - Ha TUIOMIAIsIX (PAKTUIECKOTO
KOHTakTa.Ha 3THX KOHTaKkTax MOXKET MPOM30UTHU B3aUMHOE BHEIPEHUE MOBEPXHOCTEU
0e3 HapylIeHUs EJIOCTHOCTH CMa304HOTO CJIOSI.

besycnoBHo, BaxkHa onTuManbHas KoHIeHTpalus [IAB B 6a30BbIX cpenax, Kpome

TOTO, B 00pa30BaHUU MIPOYHOTO IPAHUYHOrO ciios B npucyTcTBUU [TAB cymiecTBeHHYyI0
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poJb UrpaeT u cama 0azoBas cpena. B yacTHOCTH, IO yTBEP)KIACHHIO aBTOPOB PaOOTHI
[210] , MakcuMabHBIH 3G GEKT MOTYIEH PU PABEHCTBE UIMHBI [IeMU 0230BOT0 Macia u
[TAB. IIpu Takoii KOMOMHAIIMK BO3HUKAIOT HanOoJiee OJaronpusiTHbIE MEXMOJIEKYJIISp-
HBIE CHJTBI, IOBBIIIAONIUE a/IF€3UI0 TPAHUYHOTO CJI0S1 K METAJUNIMYECKOM MOBEPXHOCTH.

B pabote [212] onucaHbl pe3ysbTaThl HCCIEIOBAHUNA, KOTOPBIE MOATBEPKIAIOT
Hanuuue 3P¢eKkTa aHTaroHM3Ma 3a CueT KOHKYPEHTHOTIO B3aWMOJEHCTBHUS JIBYX WM
0osiee MOBEPXHOCTHO-AKTUBHBIX MPUCATOK, OJHOBPEMEHHO HAXOJALIMXCA B Macie, ¢
HOBEPXHOCTSAMU TPEHUSL.

[Ipu xemocopOIuM MONSIPHBIE KOHIIBI MOJIEKYJ, CBSA3BIBASICh C MOBEPXHOCTHIO
TBEPJIOTO TeJia, 00pa3yloT B HEW MOHOCIION, KOTOPBIM MOJA00EH XWMHYECKOMY COEIU-
HeHuto. Xemocopouus (XC), B ommmuue oT ¢pusndeckoit ajgcopounu (PA), HOCUT U30U-
paTenpHBI XapaKTep, OHA MPOTEKAET TOJIBKO MPHU JOCTIKEHUN OMPEACICHHOW TeMIIe-
paTyphl, ¢ 0oJibllIeld MHTEHCUBHOCTBIO B MECTaX HaPYUICHUS PETYISIPHOCTH KPUCTAIUIIH-
YECKOM pelIeTKy U TpedyeT 3HaUYNTEIbHOW SHeprun aktuBauu. [Ipyu npaBUIbHOM BbI-
O0ope XMMHYECKH aKTHBHBIX NMPHUCAJOK WX B3aUMOJICHCTBUE C METAJNIOM MPOUCXOIUT
TOJILKO B T€X MECTaxX MOBEPXHOCTEW TPEHMs, TJI€ UMEET MECTO pa3pblB CMa30YHOIO
CJIOS, BOBHHMKAET BBICOKAsi MTHOBEHHAsI TEMIIEpATypa U TOSBIIAETCS OMAaCHOCTh CXBAThI-
Banus [212].

DKCIEpUMEHTANIBHO J0Ka3aHO, YTO MPU KOHTAKTE C HarpeToil MeTalIM4ecKon
MOBEPXHOCTHIO HE TOIHKO XUMUYECKH aKTUBHBIE MPUCAIKA MHHEPATHHOTO Macia, HO U
€ro MHAKTUBHBIC KOMITIOHEHTHI MOTYT (hopMHupoBaTh XC-CJIOM Ha MMOBEPXHOCTU TPCHUS
[213].

Bo Muorux cinyvasax @A u XC npotekatoT OTHOBPEMEHHO, HO OJIHA U3 HUX SIBIISI-
etcst mpeobnamatomieit. [Ipu pabore TpubocucTemMbl Bpemsi 00pa3oBaHUs aICOPOIIUOH-
HBIX TJICHOK MMEET MPHUHIMIHAIBLHOE 3HaYeHHE, T. K. BCETJa CYIIECTBYIOT YCIIOBUS €€
pazpyuierusi. C pocToOM CKOPOCTH TPEHHS acopOIMsl Ha pa3pyllaeMbIX MOBEPXHOCTAX
U3-32 POCTa TEMIIEPATyphl U ASPHUIMTA BPEMEHH MOKET TOPMO3HUTHCS WM BOOOIIE OT-
cyrcTBoBaTh [201].

B otanuune ot xemocopO1uu, npu KOTOPOi TOIBKO 1-# Clioil MeTamn4ecKkoi mo-

BCPXHOCTH UMECT XUMHUYCCKHUE CBA3M C MOHOCIIOEM CMa304YHOM Cp€abl, BO3MOKHO 00-
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pa3oBaHUE XUMHUYECKH MOIU(PUITMPOBaHHBIX cioeB.OH 00pa30BaH B pe3yJbTaTe XHUMH-
YECKUX peakiuil (Mpy HAJIWYHH B KHJIKOW WIIM T'a30BOM Cpejie) TaKMX aKTUBHBIX B XH-
MHUYECKOM OTHOILIEHUH AJIEMEHTOB, KaK cepa, CEpOBOJOPO, XJIOP, XJIOPUCTHIN BOIOPO/I,
dbocdop u np. B atom cnydae GpopMupyroTcs riryookue MOAUPUITMPOBAHHBIC CIION U3
COCIUHCHHUM Keye3a ¢ 3TUMH daeMeHTamu [203, 212, 214].

B pesynbrare B3aumopeicTBusi aktuBupoBaHHbIX [IC Marepuana ¢ akTUBHBIMU
AJIIEMEHTaMH CPebl - TACCUBATOPaMH, OCHOBHBIC M3 KOTOPBIX MEPEUNCIICHBI BHIIIE, 00-
pasytorcst ojiHO(a3HbIe WM TeTEPOreHHBIE TOHKOIUICHOYHbIE OOBEKTHI, MOJTYYHUBIINE
Ha3BaHUE BTOPUYHBIX CTPYKTYyp. DOpMHUpOBaHWE CHIUIUAHBIX, CyIbQUIHBIX U (oc-
buaHOM a3 MPOUCXOIUT Ha 0a3e TeX XUMUICCKUX WHTPEIUCHTOB, KOTOPBIC HAXOISITCS
B MIPUCAJIKaxX WM B UCIIOJIH30BAHHOM CMa304YHOM MaTepuaie [25].

B obmem ciaydae MexaHW3M ACHCTBUS XHUMHYECKU-AaKTUBHBIX MPUCATOK MOXKET
COCTOSITb M3 TpeX IMPOIIECCOB: aaCcOPOIUU (I XEMOCOPOIMH), XUMUYECKUX MPEBpa-
HIeHUH (pa3yioKeHUs1) TP MOBBIIIEHHBIX TEMIIEpaTypaxX B MECTE KOHTAaKTa U XUMHYE-
CKOTO B3aWMOJICHCTBUS HaMOOJee aKTHMBHBIX MPOMYKTOB PA3JIOKEHUS MPUCAIKH C Me-
tayioM [216].

Ha ceromssimianii 1€Hh COBEPIIEHHO OYCBHIHBIM SBISICTCS BIUSHUE KUCIOPOIA
BO3JlyXa Ha Mpoiecchl POPMUPOBAHUS 3AIUTHBIX TOBEPXHOCTHBIX CTPYKTYp Ha TpuOO-
COTIPSDKEHUSX, KOTOPBIN, acOPOUPYSICh HAa MOBEPXHOCTIX TPEHUs, 0OeCTieunBacT pas3-
BUTHE OKHCIIUTEIBHBIX MPOIIECCOB CO CKOPOCTHIO, MPEBHIIIAIOIICH CKOPOCThH MPOIECCOB
CXBaThIBaHUSI.

Oxucnenne [1C MeTaIoB MPOUCXOAMT TIOJT BO3JACHCTBHEM KHCIIOPOJIa BO3ayXa U
MIPOJIYKTOB OKHUCIICHUS YTIIEBOJIOPOA0B. Ha OKHMCHOM cjoe B pe3ysbrare ajacopOImroH-
HOTO B3aMMOJICHCTBUS MPOUCXOIUT O0Opa30BaHNE KBA3UKPUCTAIUTMYECKUX TPAHUYHBIX
CJIOEB M3 aKTUBHBIX MOJICKYJI CMa309HOU CpPE/Ibl; HA HEM e BO3MOXKHO (popMHUpOBaHHUE
XEMOCOPOITMOHHBIX CIIOEB B PE3yJIbTaTe XUMHUUYECKHUX MPOIIECCOB MEXKIYy KOMIOHECHTA-
MH Maces U OKCHIHOM mieHku [212, 215].

[To cBUAETENBCTBY aBTOPOB psAja pabOT, MOHOCJIOW KHUCIOpOAa, acopOUpOBaH-
HbIC Ha METAJUTMYECKUX IMOBEPXHOCTSX, NMPU TPEHUH COXpaHsAtoTcsa. Ecmu B Kakoil-to

MOMCHT IIPOHUCXOAUT UX HACTUYHOC PAa3pyHICHHUC, TO IIJICHKA BOCCTAHABJIMBACTCA IIpaK-
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TUYECKH MTHOBEHHO, TIOCKOJIbKY TPOIIECC aJCOPOIMHU XapaKTEepPU3yeTCs BO BPEMEHU
MUKPOCEKYHJaMH, TIPHYEM CKOPOCTh XEMOCOPOIIMOHHOTO B3aMMOJICUCTBHS KHCIOPOIa
C MOBEPXHOCThIO METaJlJla 3HAYMUTEJIbHO MPEBBIMIACT Aaxke CKopocTh aacopbuuu [TAB
[196, 217].

B pa6orax Bunorpagora I'.B., 3acmasckoro FO.C., EBnokumo A.}O., Kpoiima
K.JI, Kagomckoro B.II., ITomonsckoro FO.4., Paiiko M.B., Canuna P.C., ®aiina6 JI.N.,
dyke W.I'. m nop. [79, 80, 85, 125, 151, 186, 190, 212] ycTaHOBIEHO, YTO CMa309HOE
JeHCTBUE B MIUPOKOM Juamna3one temmepatryp (60-200 °C) obGecnieunBaercs obpas3oBa-
HUEM Ha TPYIIUXCS MOBEPXHOCTAX (YIrJIEeBOJOPOJAaMH Macja U HEKOTOPBIMH IpHUCaIKa-
MH) XEMOCOPOIIMOHHBIX TUICHOK, Ha3BaHHBIX aBTOPAMH, CAMOTCHEPUPYIOITUMHUCS Opra-
Huyeckumu 1wieHkamu - COII (B 3apyOexHOM JuTepaType OHM Hallle MpPeICTaBJICHbI
noj Ha3BanueM nosiuMmepoB TpeHus). [lnenku COII oO6pa3oBaHbl B pe3ysibTaTe CIIOXK-
HBIX OKHUCJUTEIBHBIX M MOJMMEPU3ALMOHBIX MPOIECCOB COCTABIISIIOIINX MAaCENl C aK-
TUBHBIM y4acTHEM Kuciiopoja Bosayxa. O6pazoBanue COIl MuHepanbHBIMU MaciamMu
MPOUCXOJUT TIPU JECTPYKLIMHU MOJIEKYJ WHIMBHUAYAJIbHBIX YIJIEBOJOPOAOB MapaduHo-
BOTro, HA)TEHOBOTO U APOMATUYECKOTO KJIACCOB, YYaCTHU KHUCJIOPOJa BO3JyXa U BO3-
JCCTBUY aKTHBHPOBAHHOTO TpeHUEM MeTtaiia [218].

ITo yrBepkaeHuto aBropa padotsl [219], ¢ XMUMUYECKON TOYKH 3pEHUS y3ell Tpe-
HUs, paboTaroNMii B KOHTAKTE C BO3AYXOM, MPEACTaBIsAET cOoOOH peakTop, MoTpeo-
JISTFOIIUI KUCTIOPOJ U TTPe0oOpa3yrolnid yTiIeBOI0POIHbIE KOMIIOHEHThI CMA30UHbIX Ma-
ceJl B IPOJYKThI OKUCIICHUS, PA3JI0KEHUS U TTOJIMMEPU3AIIIU.

B pesynbTaTe okuciaeHus macia B TPUOOCOIPSDKEHUSX arperaroB MallluH o0pa-
3YIOTCSI TIPOAYKTBI, MOJIEKYJIbI KOTOPBIX SBJISIOTCS MOJSPHBIMH, YTO CITIOCOOCTBYET IO-
SBJCHHUIO HA METAJUIMYECKUX MOBEPXHOCTSIX M Ha B3BEIICHHBIX B MacJi€ TBEPJIbIX Yac-
TUIIAX TPAHUYHBIX MACIISIHBIX MJIEHOK. BO3MOXKHOCTB a1cOpOIIMK TPOTYKTOB OKUCICHHUS
Macjia Ha 4acTHUI[aX M3HOCA ONPENEseTCs TEM, YTO B MOMEHT OTPbIBA OT MOBEPXHOCTH
ATU YaCTUIIbl UMEIOT UCKAKEHHYIO KPUCTAIUIMYECKYIO PEIIETKY U TePMOJUHAMUYECKH
CriocOOHBI B MAaKCUMAJILHOM CTEIEeHU aJcopOUpoBaTh Ha ce0Oe MOJIIPHO-aKTUBHBIE TIPO-

AYKTbI OKMCJICHWA MacCJia.
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CocTosiHuEe TpaHUYHBIX CMA30YHBIX CIIOEB - 3TO KOMIUIEKCHAs XapaKTEPUCTHKA,
onpezensiemMasl ero CTpyKTypHbIMH M3MeHeHHsIMU. CtpykTypHble nu3meHenus I'CC or-
pPEHeNSIIOTC PSIIOM M3MEPSIEMbIX TapamMeTpoB (MPOYHOCTHBIX, AHTU(PUKIIMOHHBIX,
IPOTHUBO3aAUPHBIX, TEPMOOKHCIUTEIBHON CTAOUIBHOCTBIO U T. [I.), KOTOPBIE B COBO-
KYITHOCTH O0OYCJHaBIMBAIOT JKCILTyaTallMOHHBIE CBOMCTBA CMAa304YHBIX MAaTEpUaTIOB
[221].

O4eBUHO, UTO MPOAJIEHUE PECYpCa arperaToB MallliH BO MHOTOM ONPEJEAeTCs
yCJIOBUSIMU (DOPMUPOBAHUS U CBOMCTBAMU I'PAaHUYHBIX CMA30YHBIX CJIOEB Ha TPYIIUXCS
MOBEPXHOCTSAX, OJJHAKO KUHETHUKA 00pa30BaHUs U JIECTPYKLUHU, MEXAaHU3MbI CTPYKTYp-
Hbix u3MeHeHu ['CC, nmpuBoasime K UX CaMOOpPraHU3aluu, TpeOyIOT NalIbHEHIIETO
U3YUYCHUS.

[Ipu pabote OypuUIBHOTO M MOPOJIOPA3PYLIAIOIIETO0 MHCTPYMEHTOB B arpecCcHB-
HOW U aOpa3uBHOH cpene HEeO0OXOIUMO YUYUTHIBATh aHTUKOPPO3UOHHBIE U TPUOOTEX-
nuyeckue cporictBa BITK, [TosTomy ogHuM U3 TpeboBaHM K J0OABKaM, MOBBIIIAOIINX
TPpUOOTEXHUYECKUE U aHTUKOPpO3UOHHbIE cBoMcTBa BIDK |, aBngercs cnocoOHOCTh MX
00pa30BBIBATH MPOYHBIE AHTUKOPPO3UOHHBIE U CMA30YHbIE XEMOCOPOLIMOHHBIE MJICHKU

Ha MOBCPXHOCTAX MCTAJIJIOB.

1.5 OcoO0eHHOCTH MeTOA0JI0THH U3Y4YeHUSI TPUOOTEXHUYECKHUX U

AHTHMKOPPO3HOHHBIX CBOMCTB MPOMbBIBOYHBIX KUAKOCTEH

[Tox ycOBHBIM TEPMUHOM «CMa304Hasi ClIOCOOHOCTh» B TEXHUUYECKOW JINTEpaTy-
pe€ NOHUMAIOT CIIOCOOHOCTh OKPY>KaIoIIel cpeibl 00yCIIOBIUBATh HU3KOE COMPOTHUBIIE-
HUE KOHTAaKTUPYEMBIX MMOBEPXHOCTEN TAHNE€HLMAJIBHBIM CHJIAM CIBUIA U BBICOKOE CO-
MPOTUBJICHUE COJMKEHUIO HUX TOJ JIEWCTBHEM HOPMAJbHBIX HAarpy30K. JTOT TEPMUH
pacnpoCTpaHeH NPUMEHUTENBHO K FPAHMYHOMY TPEHHIO, B YCIOBHSIX KOTOPOIO 3KC-
IUTyaTUpPYyeTCsl TOJaBisioniee OONBIIMHCTBO TPYIIUXCS JeTaliel, W XapaKTepu3yeT
B3aMMOJEMCTBUSI, B YACTHOCTH, B CUCTEME «METAILI — cpela — Metaim. [lpu Oypenun
CKBa)KUH TI0 3TOW cxeme paboTaloT OMOphI MOPOAOpa3pylIaroiiero nucrpyMmenTa. Taxoke

pa60Ta}0T OIIOPBI HCKOTOPBIX T'HMAPABIMYCCKUX 3a00MHBIX I[BPIFaTCJICﬁ H 3JICMCHTHI
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THJIPaBIMYECKON YacTh OYpPOBBIX HAcOCOB (BTYJIKH, KiamaHbl). CMa3o4yHas CIOCO0-
HOCTh OYpOBBIX PAacTBOPOB B JAaHHOW CHCTEME OIICHHUBACTCS MX TPHOOTECXHHUYECCKUMU
CBOMCTBaMH: MPOTUBOU3HOCHBIMH, NMPOTUBO3ATUPHBIMU M aHTU(QPHUKIIMNOHHBIMA U Xa-
pPaKTEPU3YETCS CICIYIONTUMH MOKa3aTeIIMu: KO3 OUIIMEHTOM TPEHHUS, N3HOCOCTONKO-
CTBIO MAphl TPCHHUS W KPUTHYECKUMHU 3HAYCHUSIMH HArpy30K pa3pylieHUS CMa30YHOU
ieHkH. [Ipy 5ToM B KauecTBE OCHOBHOTO MapaMeTpa ONTUMHU3AINUN MTPH UCCIICIOBAHU-
X HWCIOJIB3YIOT TOKAa3aTellb CKOPOCTH W3HAINMBAHMS MaTEPHAIOB HaWUMEHEE H3HOCO-
CTOMKHUX AJIEMEHTOB MOJIIUITHUKOB, & KPUTHUECKYIO HArpy3Ky U KOADPUIIMEHT TpeHUs
MPUHUMAIOT KaK OTPaHUYMBAIONINE WM OMPEACIISIONINE ITapaMeTPhI.

Takum oOpazom, cMazouyHas ClOCOOHOCTH OYPOBOIO pacTBOpPa B JIAHHOM Cllydae
MPOSIBIISIETCS] B YMEHBbIIIEHUN KO3 PUIMeHTa TpeHUs: U CIIOCOOHOCTH 3alllMIIATh TBEP-
JIbI€ TIOBEPXHOCTH OT HETIOCPECTBEHHOTO CONIPUKOCHOBEHUS M HEJAOITYCTUMO OBICTPOTO
UX U3HOCA.

[Ipu monenupoBanuu pabOTHI peadbHBIX Y3JI0B TPEHHUsI OypOBOro 000PYI0BAHMS
B JTAOOPATOPHBIX YCIOBUAX BAXKHO 00€CIIEYUTH BOCTIPOM3BOJICTBO CBOMCTB B3aMMO,ICH-
CTBYIOIIUX TEJ, YCIOBHM B3aUMOJCHCTBUS, MEXaHU3Ma U XapaKTepa UX W3HAIIMBaHUSI.
DTO JTOCTUTACTCS MCTOIB30BAHUEM JIJISl TIap TPEHUS MATEPHAIIOB, MICHTHYHBIX TTPUMeE-
HSIEMBIM B MPOMBICIIOBOM OYpEHUH, a TaK)Ke MOJICIMPOBAHUEM XapakTepa UX B3aUMO-
JIEVCTBUSI TP COOTBETCTBYIOIIECH SHEPTETUUECKOM 3arpy3Ke.

HccnenoBanuss TpUOOTEXHUYCCKUX CBOMCTB OYpPOBBIX PACTBOPOB TPOBOISAT Ha
MaIIHHAX TPEHUS WM CICIHATbHBIX YCTAHOBKAX.

HawnGosiee n3BeCTHBI MalIWHBI TPEHUS THIA YETHIPEXIIApPUKOBBIX, AMmciep, M—
22M, MU-1M, Tumken, ®anekc, bapoun, UC-1p, UC-lc, AN1-3, A4, Dkcnpecc
[104, 105], pa3nuyaromuxcs MexIy coOO# Mo reoMETPUIECKOMY XapaKTepy KOHTaKTa
UCITBITBIBAEMBIX 00Pa3IlOB U 10 CTEMEHU WX HarpyKeHus. VcrbITaHus Ha YeThIpexIna-
pukoBoi mammuae Tpenus (UM, UMT-1) [104, 105] oObl4HO MPOBOAST B PEIKUME
peo0IaIaroIIero TPEHUSI CKOJIBKEHUSI, HO BOBMOXEH M PEKHUM MPE00IaaaroIiero Tpe-
HUS KaUYeHUS C TOW MM WHOW BEIMYMHON CKOJBKEHHUS. ¥Y3eJ TPEeHHUsS B TAKMX MalTuHaX
MIPEICTABIIIET COOOM YEThIPE Iapa, pacloioKEeHHbIE B TeTpadape. B pexume mpeobia-

JAaOIICro CKOJIbKCHHUA BerHI/Iﬁ map Teérpasgpa CKOJb3UT IO TPEM HEIIOJABHXKHBIM IIa-
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pam, a B pexXuMe NMpeo0Iaaoiero KaueHus Tpy HIDKHUX [1apa BpaliaroTcsi CBOOOIHO.
Ha HeKkoTOphIX yCTaHOBKAax TAKOTO THIA MCCIEIOBAHUS CMA30YHOU CIIOCOOHOCTH MpO-
MBIBOYHBIX JKMJIKOCTEH MOYKHO MPOBOAUTH MPU CO3/IaHUU BBICOKHUX AaBieHuit (mo 100
MlIla) u Temneparyp (o 200°C) [97].

B mamunax tpenns Amciiepa (MU-1M, M—-22M) cxema KOHTaKTa MpeCTaBIIsSIET
coboii Bay — Bkiaap [104]. OTIHMYUTENHPHONM OCOOEHHOCTHIO ITOM CXEMBI SBIISETCS
MOCTOSIHCTBO IUJIOLIAAN KOHTAKTUPOBAHMS B Ipoliecce onbiTa. M3HammBanue oOpasios
OCYILECTBIISIETCS CTYNEHYAThIM HArpy>KEHUEM Iapbl TPEHUS IO HACTYIUICHUS YCTAHO-
BHUBLIETOCSI U3HOCA, KOTOPBIN ONPEAEIAETCS MPU MOMOIIHN 3JIEKTPUYECKOTO CAMOITHCIIA.

[IprHIMD nercTBUSA MAalIMH TpeHusa Tuna TumkeHna, Panexc, bapous 3akmrodaeT-
Csl B M3HAIIMBAaHUU OpyCKa U3 JOJOTHOM CTali, MPHKATOTO K UCIIBITATEIIBHOMY KOJIBILY
nnu mamkere. OneHka cma3zouHbix cBoucTB BIDK mpoBomutcs B pexnme TpeHus
CKOJIbXKEHUSI METaJlIa B Cpe/ie UccienryeMon xuakoctu. [Ipu satom koapduiuent tpe-
HUSI KOPPEIUPYET C CUJIOW TOKA M YEM MEHBIIIE €r0 3HAUYCHHE, TEM JIyUlIEe CMa304HbIC
CBOMCTBA KUJIKOCTH.

YcranoBku UC— Ip u UC-Ic, co3nannbie Ha 6aze mamuasl Tperns CMII-, pabo-
TAIOT MO CXEME KAYEHMS CO CKOJBXKECHHEM. VCIbITaTeNnbHbIN y3€l NpPEeACTaBIEH Mapon
TPEHUS «IUCK — posuk». ¥YctanoBka MC—| p otnmnyaercs ot ycranoBku IC—IC Tem, dto
uMeeT pabouyro KaMepy ONpe/eJICHHBIX Pa3MEPOB M CIIEIUATBLHON KOHCTPYKIIUH, B KO-
TOPYIO B MPOILIECCE UCIBITAHUN MOAAETCS UCCIenyeMblil pacTBop. [Ipouecc TpeHus Bo
BpeMsI MPOBEJICHUS OINBITOB KOHTPOJIUPYETCA ANEKTPOHHbIMU camonucuamu. [lo psay
BOKHEUIIUX KpUTEpHUEB Mojo0us napa B3aumojenctus yctaHoBok MC—1 cooTBerct-
BYET POJIMKOBOMY MOJIIUITHUKY A0J0Ta. [IpuMeHeHue xe pealibHbIX Cpell, MaTEpUaiOB
napbl TPEHUSI U BOCIIPOU3BE/ICHUE HAMPSIKEHHOCTH UX pabOThl 00ECTIEYMBAET BOCIPO-
M3BOJICTBO XapaKTepa U MEXaHM3Ma M3HAILIMBAHUS Mapbl «pOJUK — Hamnda» maporiey-
HOTO /0J10Ta. JTO TMO03BOJIsIeT npuMeHATh ycTaHoBku MC-1C mis TpuboTeXHUUECKUX
UCIIBITAaHUI CMa30K WJIM OYPOBBIX PaCTBOPOB.

Cxema B3aMMOJEVMCTBUS METAI — Cpella — TOpHas MOpoJia XapakTepHa ISl BOO-
PY>KEHHUSI IIAPOIICYHBIX OJIOT MPU OYPEeHUU CKBAXKHUH, a TaKXKe JUisl OypHIbHBIX TPyO

(My(TOBBIX, 3aMKOBBIX COEIMHEHUI), HEMOCPEJCTBEHHO COMPHUKACAIONINXCS B HEoOca-
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KEHHOM CTBOJIE ¢ TOpHOM mopogoi. Cma3ouyHasi cCOCOOHOCTH OypOBOTrO pacTBopa B
3TOM CIIy4ae paccMaTpUBAETCS KAaK OJAMH U3 (PAKTOPOB MOBBILIEHUS W3HOCOCTOMKOCTH
BOOPY’KEHUS JI0JIOT U CHWKEHUS U3HOCA OypUIIbHBIX TPYO, HHTEHCHUBHOCTb KOTOPOIO
BEJIMKa OCOOCHHO MPH POTOPHOM CIOCOOE BpAIICHUS MOPOJOPa3pPYyLIAIOLIETO HHCTPY-
MeHTa. [IpuMmeHeHne OypoOBBIX pacTBOPOB C BBICOKOW CMa304HOM CIOCOOHOCTBIO IPH
JAaHHOW CHUCTEME B3aMMOJECHCTBHUS CIIOCOOCTBYET CHM)KEHHIO CHJI CONPOTHUBIICHUS MPU
JBUKEHUN OypOBOIO MHCTPYMEHTa B CKBa)XMHE IPHU CIIYCKOIOJABEMHBIX ONEPALMSIX,
IPOBEJACHUM Te0(U3NMUECKUX padOT U CHHKAET BEPOSTHOCTh MPUXBATOB OYPHIIBHOM
KOJIOHHBI.

VYcranoBku nepBoro tuma (Hampumep, AM-3) npenHa3sHaueHbl Uil U3YyYEHHUS
TPUOOTEXHUYECKUX CBOMCTB MPOMBIBOUHBIX KHJIKOCTEH MPUMEHUTEIBHO K M3HAIIKBA-
HUIO BOOPYEHUS MAPOLIEYHBIX 00T U 3aMKOB OypHIIbHBIX TPYO.

Ha ycranoBke AW-3 (ycnoBHoe Ha3zBanue AV—3 o3Hauaer: abpa3uBHOE M3HAIIU-
BaHUE — TPETUM BapHaHT) 00ECIIEYMBACTCS B3aMMOJEHCTBUE HATYpHBIX 0OpaslioB IO-
POl U MaTepuajIoB BOOPYKEHHUsS JOJIOT, 3aMKOB U OYpHIIbHBIX TPYO MO CXEME «CTallb-
HOW JUCK — TOPHAasi TOPOJa».

[IpenycmoTpeHa 3aMeHa MCHBITATEIBHOTO y3J1a Ha CXEMY «JIHCK pOJuK.» Mo-
MEHT TPEHHMs JIMCKa O TOPHYIO MOPOJIY HEMPEPBIBHO 3aNMCBHIBAETCS Ha JHArpaMMHON
JIEHTE 3JIeKTpOHHOro camonucia. CrenuanpHas kamepa o0ecreurnBaeT MOJIHOE MOorpy-
XKeHue o0paszla MeTajljia B UCCIeAYEMYIO )KHIKOCTh B MPOLIECCE BCErO OMbITA, a IIHPO-
KMH JMana3oH U3MEHEHUs CKOPOCTEH €ro CKOJBXEHHs MO3BOJIAET MOJydaTh pa3iiny-
HYI0 CKOPOCTb 00TEKaHHUs MOBEPXHOCTU MeTasuia. OTIMYUTENIbHOH ~ OCOOEHHOCTBIO
yctaHoBKU AV—3, 1o cpaBHEHHUIO C €€ MPEeAbIAYIIMMHA MOJIEISIMU SIBISIETCs OOJblas
MOIIHOCTh MPUBO/A, MO3BOJISAIONIAs CO3/aBaTh B IIMPOKOM JIMana3oHe Harpy3ku Ha 00-
pasibl CTalu C MOMOIIbIO MHEBMATUYECKON CUCTEMBI, YTO 00ECIIEYMBAET yAEJIbHbIC Ha-
Ipy3kH, B 1,52 pa3a npeBbIIIAIONIME 10 MHTEHCUBHOCTH MaKCHMaJlbHbIE Harpy3Ku Ha
HIapOIIECYHbIE JO0J0Ta MPH pa3pylIEHUU TOPHBIX MOpoj. Takum oOpa3om, BBIIIEOIU-
CaHHbIE YCTAHOBKHU MO3BOJISIOT OLIEHUTh CMAa30YHYI0 CIOCOOHOCTh Cpe/ibl, B OCHOBHOM
C TOUKH 3peHUs BiusgHUA TpuboTtexHumueckux cBoictB BIDK Ha mokazatenu paboThI

BOOPYXXCHUSA IAPOIICYHBIX JOJOT.
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Y cTaHOBKHM BTOPOTO THUIIA, TAKKE PEATU3YIOLIME CXEMY B3aWMOJEHCTBHS METaJI
— cpefa — ropHasi mopoja, OIEHUBAIOT CMa30YHYI0 CITIOCOOHOCTH OYpOBOTO pacTBOpa B
KayecTBE OJHOIO U3 CIOCOOOB MPENYNPEXKICHHUS MOTEPh MOIIHOCTH Ha XOJIOCTOE Bpa-
IIEHUE KOJOHHBI, & TAK)KE OCJIOKHEHHM, CBSI3aHHBIX C 3aTSHKKAMU, MOCAJAKAMU M MpPHU-
XBaTaMH OypUIIBHOIO HHCTPYMEHTA B ITpoLecce OypeHus CKBaXKHH.

[TonoOHbIE YCTAaHOBKHM B OOILEM Cilydae MPEICTaBIISIOT COOON mapy TpeHHs, MO-
JICITUPYIONIYIO B3aUMOJICHCTBUE TOPHON MOPOABI ¢ OypUIBHON TPYOOii, MOMEIIEHHYIO B
KaMepy BBICOKOT'O JABJICHHS, B KOTOPYIO C ITIOMOIIBI) HArHETATEIIbHONW CHCTEMBI 3aKa-
yuBaerca OypoBoil pactBop. KOHCTpyKIHsS yCTaHOBKM OO€CHEYMBAET BO3MOKHOCTH
(GbopMHpOBaHUS HA MOJENM IUIACTa (PUIBTPALMOHHON KOPKH, B3aHUMOJEHCTBHUS C HEH
MozieNid OypuIIbHON TPpyOBbl M BO3MOXHOCTH CIIBUTa (MJIM OTPhIBA) MOJAEIHU OYypHILHON
TpyObl OTHOCHUTENBHO (PUIBTPAIMOHHOW KOPKU. TakuMm crnocoOoM peausyercs mo-
IBITKa CMOJEJIMPOBATh MPOILIECC MpUXBaTa B CKkBaxkuHe. CMa3zo4Hast cniocoOHOCTh Oypo-
BOT'O pacTBOpa B JAHHOM CIIy4ae XapaKTEPU3yeTCs CICAYIOIMMHU ITOKa3aTEISIMU: BEJIN-
YUHOW CHJIBI TPEHUS WM KPYTALIEr0O MOMEHTa NpPHU CTparuBaHUM, KO3(P(PULIHUEHTOM
TPEHUS.

[lapa TpeHuss Ha HEKOTOPBIX YCTAHOBKAaxX MPEACTaBIICHA IJIOCKUM MeTajinye-
CKUM JUCKOM, UMUTHUPYIOIIUM TpyOy, U MOPUCTHIM HUIM(POBATIBHBIM KaMHEM, UMHUTH-
PYIOIIMM MTPOHMIIAEMBIN Tu1acT. Ha Ipyrux ycTaHOBKax B KaueCTBE MOJEIM IUIACTa HC-
NoJIb3yeTcsl IUIMHApuYeckas TpyoOka. C 1enbio paclIMpeHus IHUana3oHa HCClenoBa-
HUM, B HEKOTOPBIX y3JaX TPEHUS NPelyCMaTpPUBAETCSA 3aMEHA MOJENEH IiacTa (UCIIbI-
TaHWE MOJIENEH ¢ pa3TuYHbIMU MPOHUIIAEMOCTSIMHU, IOPUCTOCTHIO, TUAMETPOM U T.J.) U
TpyOBbI (MCIIBITAHUE MOJENEH, U3TOTOBJIICHHBIX U3 PA3IMYHBIX MATEPUATIOB U UMEIOIINX
paznuuHble TuameTpbl). Paboune monenu miacta v TpyObl yCTaHaBIMBAIOTCS Mapai-
JIENBbHO JPYT OTHOCUTENBbHO Apyra. MccnenoBanusi, BO3MOXHO, TPOBOJIUTE MPU TOPU-
30HTaJIbHOM PACIIOJIOKEHNUH APl TPEHUS WX MPU PA3JIUYHBIX yriaxX HAKJIOHA OTHOCH-
TEJIbHO TOPU30HTAIN. B HEKOTOPBIX pUOOpax ropHyI0 MOPOLY MOJAEIUPYET LUIUHIP C
neppoprupoBaHHBIMUA CTEHKaMU. BHyTpu LMauHApa B 30HE BO3MOYKHOM (MIBTpaLUU

yllo)keHa (pUIbTpOBaIbHAsL Oymara.
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HaruerarenbHasi cucremMa YCTAaHOBOK MHOT/IA MO3BOJISIET OCYIIECTBISATH LIUPKY-
JISIUUIO TTPOMBIBOYHOM >KUAKOCTH U COOTBETCTBEHHO MPOBOJUTH OMBITHI B 3TUX YCIO-
BUSIX.

DKCNepUMEHTAIbHBIE YCTAHOBKH, KaK MPABHIIO, HMEIOT JJICKTPOOOOPYI0BaHNE,
AIIEKTpUUECKasi CXeMa KOTOPOro J1aeT BO3MOXKHOCTb IPHU 33/JIaHHBIX Tepernaaax JaBie-
HUHN U TeMIepaTrypax OypoBOTO pacTBOpa H3MEPSTh B MPOIIECCE OMBITA TOJIIMHY 00pa-
3yIOIIEHCsS Ha MOJICIH Ti1acTa (UIBTPAIIMOHHON KOPKH, BEIMUMHY e Aedopmariuu mpu
KOHTaKTe ¢ TpyOoOH, a Takke IUIolaab KOHTakTa. Kpome TOro, ycTaHOBKM CHAOKEHBI
MOJTyaBTOMaTUYECKUM YCTPONCTBOM, MO3BOJIAIONIUM U3MEPSITh, BO-TIIEPBBIX, BEIUUUMHY
KPYTSAILIEr0o MOMEHTa, HEOOXOAUMOTO JIJIsl TPOBOPAUYUBAHUS, TPUXBAYCHHOTO K MOJICIIH
miacTa JAUCKa, U BO-BTOPBIX, YCUIIME CIIBUTA MOJIEIHN TPYObl OTHOCUTENIBHO (PHIIbTpAIU-
OHHOM KOPKH, a TAKXK€ yCHJIME, COOTBETCTBYIOIIEE MOMEHTY OTpbhIBa TPYOBl OT KOPKHU
110 UCTEUYCHUH 33JJaHHOTO BPEMEHU UX HEMOABUKHOTO KOHTaKkTa. B mociennem ciydae,
TakKuM 00pa3oM, BO3MOXKHO, YCTaHaBIUBATH MOPO3Hb CUJIbI BIUSHHUS MEXaHUUYECKUX U
aJAre3UOHHBIX (CMOCOOCTBYIOMIMX MPUIIUITAHUIO) CUJI B3aUMOJICUCTBUSL HA CUITy TPEHUS
B compsbkeHHoU mnape. [lo mosmyyaemMbIM B mpoliecce MpOBEICHHUS ONBITOB PE3ybTaTaM
MOXHO KOHTPOJIUPOBATh HM3MEHEHUs (HapacTaHue, YIUIOTHEHHUE) (UIbTPAllMOHHON
KOPKH, OTPENENsATh CHIIy TPEHUsI Ha TPAHMIIE KOHTAKTa MoJieNiel TpyObl ¢ KOPKOH, yc-
TaHABJIMBATH BIUSHUE MPOMBIBOYHBIX KUJIKOCTEHN C pa3HBIMUA CMa30YHBIMU CBOMCTBAMHU
Ha siBJieHHE TpuxBarta, d3Q(YEKTUBHOCTh MPUMEHEHUS HEPTSAHBIX U APYTUX BaHH, CHU-

JKaromuXx CUJIy U BEPOATHOCTD IIPpHUXBATa.

1.6 BreiBoabl no riase 1

1. Hecmotps Ha Ooubliioe MHOTOOOpa3ue CYHIECTBYIOIIMX CMAa30YHBIX MaTepra-
JIOB, JUIsSl YJIY4YILIEHUS CBOMCTB OypOBBIX MPOMBIBOYHBIX JKUJKOCTEH HEOOXOIUMO pas-
pa0baThiBaTh HOBbIE PELENTYPbl KOMIO3UIIMMA, yIydlIalONIMX aHTUKOPPO3HOHHBIE U
TpuboTexHuueckue nokazarenu BIDK, cooTBercTByrolIME COBPEMEHHBIM IKOJIOTHYE-
CKUM TpeOOBaHMUSIM U 00J]aJarolUe BBICOKUMHU TEXHMUYECKHMU U TEXHOJIOIMYECKHUMHU

CBOMCTBaMH.
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2. TpuOOTEeXHUYECKHE U aHTUKOPPO3UOHHBIE CBOICTBA OYPOBBIX MPOMBIBOUHBIX
XKUIKOCTEN B3aMMOCBSI3aHbI, U B YCIOBUAX BBICOKOH 3arpy3Ku map TPEHUs MpU paspa-
OOTKE peareHTOB, YJIy4ylIaloIUX IPOTUBOU3HOCHBIE U cMa3ouHble cBoiicTBa BIDK, He-
00XOJMMO YUYUTHIBATh KOPPO3ZHUOHHYIO arpeCCUBHOCTH OYPOBBIX PACTBOPOB.

3. IIpu uccnenoBanun TpUOOTEXHUUYECKUX U aHTUKOPPO3UOHHBIX cBOMCTB BIDK
HEOOXOJMMO YYMUTBHIBaTh BA)XKHYIO POJIb aJCOPOLIMOHHOM CIIOCOOHOCTH PEAreéHTOB U
U3y4aTh MX CIIOCOOHOCTH CO3/1aBaTh XEMOCOPOLMOHHBIE MJICHKH HA MOBEPXHOCTH Me-
TajIa.

4. IIpu npoBeACHUHN UCCIEAOBAHUM ISl TOBBIIIEHHUS] TPUOOTEXHUYECKUX U aHTH-
KOppO3HOHHBIX nokaszaTteneil BIDK HeoOxonuMo ucnoib30BaTh KOMIUIEKCHBIN MOAXO/,
BKJIFOYAIOLIUI TPOBEICHHUE JIaOOPATOPHBIX, MPOMBICIOBBIX HCIBITAHUM M OLIEHKY 3KO-
HOMHUYECKOUN 3P PEKTUBHOCTH NMPEIIIOKEHHBIX TEXHUUECKUX PEILICHUI.

Hcxoas u3 BBILIEU3I0KEHHOTO, TOCTABJIEHA 1IeJIb JaHHOM paboThl U cPOpMyJIH-

POBAHLBI 3a1a91, KOTOPBIC HGO6XOIII/IMO PCHINTD AJIA JOCTHUIKCHUA LCIIM.
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I'naBa 2 O6ocHOBaHUE BHIOOPA METO/I0B U3y4YeHUS] TPUOOTEXHHYECKUX H

AHTUKOPPO3UOHHBIX CBOJCTB NMPOMBIBOYHBIX )KI/II[KOCTeﬁ

2.1 IlocTaHOBKA 3a1a4M

JUIst TOCTH>KEHHSI MTOCTABJIECHHOM L€ MOBBIIIEHUS Ka4eCcTBA OYpPOBBIX IPOMBI-
BOYHBIX KUJIKOCTEH COBEPILIEHCTBOBAHUEM COCTaBa M TEXHOJOTMU MPUMEHEHHUS pea-
TEHTOB C BBHICOKMMH AHTUKOPPO3UOHHBIMU U TPUOOTEXHUYECKUM CBOMCTBAMM B MpE.-
CTaBJIEHHOW paboTe MPUMEHSIIACh KOMIUIEKCHAs METOJMKA JIaDOpaTOPHBIX MCCIIEI0BA-
HUIl TpUOOTEXHUYECKUX, AHTUKOPPO3UOHHBIX M OOILETEXHOJIOIMUECKUX IOKa3aTeseil
BIDK ¢ yyeToMm M aHanu30M paHee NPOBEJICHHBIX HCCIENOBaHUM B 3TOM oOnactu. Kak
W3BECTHO, MPU pa3pabOTKe MHTUOUTOPOB KOPPO3HH, a TAKKe JOOABOK, MOBBIIIAOIINX
IIPOTUBONU3HOCHBIE U CMA304YHBIE CBOMCTBA, BOZHUKAET BOIPOC ONEPATHUBHOIO MOJyde-
HUSL JIOCTOBEPHBIX SKCIIEPUMEHTAJIBHBIX JAHHBIX IO ONpeneieHUu0 3(P(HEKTUBHOCTH
pa3paboTaHHBIX MPOIYKTOB. PabOTHI 3TH TPYJOEMKH M CBSI3aHBI C HAIMYMEM COOTBET-
CTBYIOLLIEH KBaIM(PUKALUU Yy 3aHATBIX ATUMH paboTaMH CHEUAIMCTOB W HATUYHEM
JIOCTATOYHBIX MaTe€pUalbHBIX U BPEMEHHBIX PECYpcoB. B 3TOM OTHOILIEHUU OYEHb BBI-
TOJTHO NPUBJICYEHHE COBPEMEHHBIX 3JIEKTPOXUMHUYECKMX METOJOB HCCIENOBaHUA, 00-
JaJarouMX HEOOXOJMMBIM YPOBHEM JOCTOBEPHOCTH W TPEOYIOIIMX 3HAYUTEIIBHO
MEHbIIIEe BpeMsl Ha MOJY4YeHHE HAAEKHBIX pe3yibTaroB. [losToMy Hamu oOpaiieHo
IJIaBHOE BHMMAaHHE Ha pa3pabOTKy HOBBIX METOJUYECKMX NMPHUEMOB M METO/OB JJICK-
TPOXMMHUYECKOTO aHaIN3a pa3padaTbiBAEMbIX MPOAYKTOB.

Oco0eHHO TPYIOEMOK TpoliecC ModyueHus uHpopManuu 00 ypoBHE 3 PeKTHB-
HOCTH B ClIy4ae MPUMEHEHHs peareHTOB,TOKa3bIBAIOIIMX C1a00 OTINYAIOLIUECS APYT OT
Jpyra 3Ha4€HHsI COOTBETCTBYIOIIMX MOKa3aTeNel B JAHHBIX KOHKPETHBIX YCIOBHUSX HC-
NBITAHUM, B TO BPEMs KakK MPU JIPYTUX MapameTpax UCIBITAHUN ATH MPOMYKTHl MOTYT
OTIIMYAThCS APYr OT Apyra mo 3¢(EeKTUBHOCTH B HECKOJIbKO pa3. [lomyuenue nndop-
Maiuu 00 aHTUKOPPO3MOHHBIX CBOMCTBAX PEAareHTOB 3HAYUTENIBHO MEHEE TPYI0EMKO, a
00BEM M IOCTOBEPHOCTD MOTy4aeMOi MH(OPMALIMU B CIy4ae NMEKTPOXUMUYECKUX IKC-

INCPUMECHTOB, KaK YBUJIHUM HHKEC, 3HAYUTCIILHO BBIIIIC. OT6paKOBKa IMPOAYKTOB, ITOKAa3bI-
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BaroIuX OJM3KyI0 3()()EKTUBHOCTh MPH OINpENeICHHOM YpOBHE HArpy30K WM mapa-
METPOB UCIBITAHUN, HAMHOI'O JIOCTOBEPHEE U MPOIIIE.

Kpureprem 10CTOBEpHOCTH METOAUK UCCIEAOBAHUN SIBIISIETCS IPOBEPKA PE3YIib-
TaTOB JIA0OPATOPHBIX HCCIEIOBAHUM B MPOMBICIOBBIX YCIOBUSX MpU OypeHUU CKBa-
KUH. AHanu3 U o0paboTKa pe3yJbTaTOB UCCIEIOBAaHUIN MPOBOAWICSA C MPUBJICUYECHUEM
nporpaMMHbIX cpeacts [IDMB u MeToq0B MaTCTATUCTUKH.

OCHOBHBIE METO/BI HCCIIEOBAaHUS KOPPO3UOHHOTO MOPAKEHU METala Mpou3-
BOJUTCSl B «CTaTUKE» — 0€3 HaNpsDKeHUsS u3ydaeMoro meramia. [loaromy, kak orMeua-
jock Beire [204], mpu TpeHUU W U3HOCE MOSBIISIOTCS B METaJlIe «ITYJIbCUPYIOIINE TO-
Ki». 9TO BO3MOXHO OCYIIECTBUTh, CHUMAs IuKJIoBoaTaMieporpammel (IIBA). U3yue-
HHUE TPAHUYHBIX AHTUKOPPO3UOHHBIX M CMA30YHBIX CJIIOEB Ha MOBEPXHOCTU MeETaja
BO3MOXXHO MPUMEHEHUEM CJIOKHBIX M JIOPOTUX METOAUK U MPUOOPOB, JTUOO HUCTIOIB3YS
0oJee «IpPOCTO» U OBICTPHIN, TaK HA3bIBAEMBIA «METOJ CTOIBIY, C JajJbHEHIEH Tpo-
BEPKOM ITUX U3MEPEHUI CHATHEM KpUBBIX [[BA, mo3Bonsommx Takxe 3aQuKCUpoBaTh
pa3pyllieHne U BOCCTAHOBIICHUE 3AIIMTHBIX «CAMOOPraHU3YIOIMXCS» aICOPOLIMOHHBIX
MJICHOK. AHTUKOPPO3UOHHBIC U TpuboTexHuyeckue nokaszarenu bIDK onpenensitores ¢
MPUBJICYEHUEM CTAHJIAPTHBIX METOJIOB, YCTPOUCTB, YCTAHOBOK C MPUBJICYEHUEM CTATH-
CTUYECKUX METOJIOB 00paOOTKU pe3ybTaTOB HCCJIEAOBAHUM C TIPHUBJICUCHUEM TPO-
rpamMM 006padoTku Ha [I9BM.

OKOHYATENIbHBIE BBIBOJIBI O «IPABUIBLHOCTUY» PE3YILTATOB JIA0OPATOPHBIX UCCIIC-
JIOBAaHUHN TPUOOTEXHUUYECKUX U aHTUKOPPO3MOHHBIX cBoMCTB BITK nemarot mocie mpo-
BEJICHUSI TIPOMBICIIOBBIX HCIIBITAHUN U anpoOanuii uX B YCIOBUAX OYpPEHUs] CKBAKHH.
Heo6xomumo Takke MPOBECTH OLIEHKY dKOHOMUYECKOW A(PGEKTUBHOCTH MPUMEHEHUS
HOBBIX MHHOBAIIMOHHBIX TEXHOJIOTHM U MarepuanoB. B COBPEMEHHBIX PHIHOYHBIX YCIIO-
BUSIX JJOCTATOYHO MPOOJEMHO KOPPEKTHO OMPEACTUTh CTOUMOCTh TE€X WJIM MHBIX BUJIOB
pabot, MarepuanoB. MHOTMMU OYpPOBBIMU MPEATPUATUSIMU TPUHSITO UCTIOIB30BATH JJIS
ATOTO MHACKCHBIN METO]I MepepacueTa CTOMMOCTH MPOBENCHHsI OYpPOBBIX pabOT, COOT-
BETCTBEHHO 3TO BHOCHUT OOJIBIION Pa3z0dpoc B OLEHKE TEX WM MHBIX WHHOBAIMOHHBIX
MEpONPUATHN, POBOANMBIX ITPU CTpouTenbcTBe ckBaxkuH. Hamu B YI'HTY coBmecTHO

c O00 «CamapaHUIINHepTr» OAO «PocHedTh» pazpaboTaHa W mOpeasioKeHa pe-
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CypcHasi METOJMKA pacyeTa CMETHOM CTOMMOCTH CTPOMTENBbCTBA CKBaXxuH. Hammu pac-
cuuTaH (PaKTUYECKUN SKOHOMHUYECKUN 3PPEKT OT MPUMEHEHHUS] HOBOM TEXHOJOTHH U
pa3paboTaHHON 100aBKU B OYpOBBIE IPOMBIBOYHBIE )KUIKOCTH.

JUtsi OpraHM3alyy UCCIEN0BAHUNA B3aMMOCBSI3aHHBIX M B3aWMOBIUSIOIIUX APYT
Ha Jpyra aHTUKOPPO3UOHHBIX M TPUOOTEXHUYECKUX CBONCTB OYPOBBIX IPOMBIBOYHBIX
KHUAKOCTEH HEOOXOAMMO BBIPAOOTaTh METOJOJIOTHIO UX H3ydeHMs. CyllecTByeT MHe-
HHE, YTO B MEPBYIO OUEpENb CIEAYET M3y4daThb aHTHKOPpPO3UOHHBIE cBoMcTBa BIDK B
CBSI3U C TEM, YTO UCCIIEI0BATh HEMOCPEACTBEHHO KOPPO3HUIO IIPU HArPYKEHUU METala
KpaiiHe 3aTpyIHUTENbHO. HO He MeHee CloKHOM 3a7adel SBISAETCS CO3AaHUE pearcH-
TOB C BBICOKMMH NOKA3aTeJIIMU TPUOOTEXHUUECKUX CBOMCTB. Y POBEHb MPOSBICHUS HX,
KaK 3TO BUJHO U3 BBINOJHEHHOIO JIMTEPATYpPHOro 0030pa, CYIIECTBEHHO 3aBUCUT OT
HPHEPreTUYECKON Harpy3Ku Map TPEHHs, U B LIEJIOM, OT YCIOBUI MPUMEHEHHUS CMa304-
HBIX 100aBoK. [lo3TOMYy HEOOXOIUMBI MMO3TAIIHbIE 3KCIEPUMEHTAIbHBIE HCCIEA0BAHUS
COBMECTUMOCTH OIBITHBIX PEAr€HTOB C IPOMBIBOYHBIMU >KMJIKOCTSIMU HA BOJHOUM OCHO-
B€, TECTOBBIE MPEIBAPUTEIbHBIE UCTIBITAHKUSI 0a30BBIX M OMBITHBIX PACTBOPOB C MPUME-
HEHHEM JKCIPECC METOJIOB U MOCJeaAylouas anpodamnus JTydyunx oopasloB peareHToB
Ha MOJIEJIbHBIX YCTAaHOBKAX (CTEHJAX) W MPU MPOMBICIOBOM OypeHUM CKBaKUH. Jlis
U3Y4YEHUSI MEXaHU3Ma 3alIUTHOIO AHTHKOPPO3UOHHOTO, MPOTUBOM3HOCHOIO U AaHTHU-
(PUKIIMOHHOTO JEHCTBUS pa3padaThIBa€MbIX PEAreéHTOB K MPOMBIBOYHBIM KUIKOCTSIM
HaMu coBMecTHO ¢ AcdanauaposbiM JI.X. OblIa mpeasioxkeHa METOJIMKa OLICHKU ca-
MOOpraHW3allid Ha IMOBEPXHOCTH METAJUIOB 3alUTHBIX IUIEHOK. Hubke npuBeneHo
KpaTKO€ ONUCAaHUE HCIOJIb30BAHHBIX B JMCCEPTALIMOHHON paboTe METOAMK SKCIIEepHU-

MCHTAJIBHBIX PICCJIC)]OBaHPlﬁ.

2.2 Metoauka n3y4eHHus IPOTUBOU3HOCHBIX CBOWCTB MPOMBIBOYHBIX

KUAKOCTEH

Camble BBICOKHE KOHTAKTHBIC Harpy3Ku HUCIIBITBIBAIOT OIIOPHBIC 3JICMCHTLI IId-
POILICYHBIX OOJOT. B oropax CKOJIbKCHHUS KOHTAKTHBIC HArpy3kd AJOCTUTAIOT 30 -

40MTla, a B omopax kaueHust ux 3Ha4ueHus BappupyroT oT 3000 mo 5000 MIla [163]. B



66

CBSI3U C 3TUM JJIsl UCCIEAOBAHUN MPOTUBOU3HOCHBIX CBOWCTB OYPOBBIX PacTBOPOB OblI-
J¥ BBIOpaHbI JTabOpaTOpPHBIE YCTAHOBKH, CO3JAIOIINE HArpy3KH B y3JIaX TPEHUs, OIu3-
KM€ K Harpy3kam, KOTOpbI€ MCIBITHIBAIOT OYpOBBIE MHCTPYMEHTHI NIPU OYpEHUU CKBa-
xuH. I uccnenoBanus NpoTUBOM3HOCHBIX cBOMCTB BIDK Obuin mcnonb3oBaHbl ciie-
TyIOIIKe J1a00paTOpHbIE YCTAHOBKHU:

A. Kom6unupoBanssiii Tectep FANN npenensHoro maienus (I1J) u cmassi-
BaIOIIEH CIIOCOOHOCTH — 3TO BBICOKOKAUECTBEHHBIN MPUOOP, UCIOIBb3YEMBI I U3Me-
pEeHUs cMa3bIBalOIIEH CIIOCOOHOCTH OYPOBBIX PACTBOPOB, MOJIYUYEHMS TaHHBIX Ul OII-
peelieHns TUIa U KOJMYECTBA CMAa30UYHBIX J00AaBOK M CKOPOCTH M3HAIIMBAaHUSA MeXa-
HUYECKHUX JIETAJIEH B UCCIEAYEMbIX JKUJIKOCTHBIX CHCTEMaX.

[Ipy ucnbITaHUK CMa3bIBAKOLIMX CBOMCTB IPOU3BOJUTCS U3MEPEHUE CONPOTHUB-
JICHUSI MEXIY JABYMS 3aKaJICHHBIMU JBIKYIIUMUCS CTATIbHBIMU TOBEPXHOCTSIMU TIPU
yewun 400 H (uro B mepecuere ga€t masnenue ot 34,470 mo 68,940 xlla) B cpene
BIDK. [Ipu ucnblTaHuM CMa3bIBAIOIIUX CBOMCTB CTaIbHOM OPYCOK MPUKMMAIOT K Bpa-
HIAIOIIEMYCsl CTAIBHOMY KOJIbIy. OTCU€T Harpy3ku B AroMM—(yHTax BeAETcsl HEmo-
CPEICTBEHHO IO JUMOY pbluara MOMEHTOMEpA.

[Topsimok paboTHI:

1) moAroToBKa TECTEpa K MPOBEICHUIO HCITBITAHUIA:

—  OYMIIAIOT KOJIBIIO U OJIOK C TOMOIIBIO OOBIYHOIO OYMCTHUTEIIS U TIIATEIHHO
ONOJIAaCKUBAOT BOAOM. [lepen HavaoM MCHBITAHUK BCE 4aCTH YCTPOWCTBA B 30HE Ha-
XOXKJIeHUs 00pasia OYMIINaT. B MX cocTaB BXOMAAT, Yalllka U3 HEP)KABEIOMIEH CTalH U
BOJIHBIN U30JIATOD, JIepKaTeIb YaIllKH, Jep KaTelb OJI0Ka M HYDKHSS YaCTh OCH;

—  TIOMEIIAIOT KOJBII0 HA OCHOBHYIO OCh M, MCIIOJIb3YSI TaCUHBIN KITFOY, 3aKpe-
IUISIOT ero Ha aepxkatene. Kosbio J0KHO OBITh PacioOKEHO MEePIEHANKYISIPHO OCH
Baya. Tak Kak 3arps3HEHUE MOXKET MUCKa3UTh PE3yJIbTaThl UCIIBLITAHUS, KEIATEILHO HE
JOTParuBaThCS 0 KOJIbIIA;

—  TOMEIIAIOT OJIOK B AeprKaTelb (IUI0CKas 4acTh JOJDKHA ObITh CIIpaBa);

—  TOJKIIOYAOT mMpubop yepe3 TpaHcPopMaTop K UCTOUYHUKY DIICKTPOIHEP-

TUH U Jal0T nopaboTarh B TeUeHue 15 MUHyT;
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—  YCTaHABJIMBAIOT CUETUYMK KPYTALIETO MOMEHTa Ha 60 00/MuUH. (BepXHHIL pe-
rynsatop — RPM), a mokazarens cuértunka (Hrkami perynsarop — TORQUE) B monosxe-
Hue «0»;

—  3amoJHSIOT YallKy i o0pas3ia AUCTHILTMPOBAHHOW BOJIOM M CTaBAT Ha
MOJICTABKY;

—  TIOJICTAaBKY MOJHUMAIOT TaK, YTOOBI MMapa «KOJIbII0—OJIOK» ObliIa MOrpyKeHa
B KHUJKOCTh, ¥ 3aKPEIUISIOT BUHTOM;

—  ONPEAENSIOT MOJOKEHHE JUHAMOMETPUYECKOrO KIII0Ya TakK, 4YTOObI OO -
HaTh €r0 M0JI BHYTPEHHIOI0 BOTHYTYIO YacTh 3aUMa pyKosATKH. [loBopaunBaroT pyko-
ATKY 3a2KHMMa HECKOJIBKO pa3 MPOTUB YACOBOM CTPENKU, YTOObI yOEIUTHCS, YTO HUKAKas
cuJa Ha OJIOK He JIEHCTBYET;

—  TIOBTOPHO YCTAHABJIMBAIOT CUETYMK KPYTAlIero MomeHTa Ha 60 00/MHH.
(BepxHuii perymarop — RPM), a mnoxkaszarenp cu€runka (HWKHUNA PETyIATOp —
TORQUE) B monoxxerue «0»;

—  jparoT npubopy nopadoTaTh B TEYEHHE 5 MUHYT;

—  ycraHaBiuBaioT «0» Ha IIKaie TMHAMOMETPUYECKOTO KITH0Ya;

—  TIOBOPAYMBAIOT PYKOATKY 3a)KMMa 0 YAaCOBOM CTPEIKE TaK, YTOOBI MOJTY-
yuTh 3HaueHue 150 aroimM-(QyHTOB KPYTAILIEr0O MOMEHTA;

—  JaroT nopaboTarh Npubopy B TEUEHHUE 4—5 MUHYT;

— 110 UCT€YEHUH 4—5 MUHYT IPOBEPSIOT MOKA3aHUS CUETUHMKA.

Koadduiment TpeHust coctaBiisieT MOKa3aHUs CUETUMKA KPYTAILIEIO MOMEHTA,
nenéunoe Ha 100. 3nauenue kodpduieHTa TPpEeHU I8 BOABI JOJKHO HaXOJIUTHCS B
nuanasone ot 0,33 mo 0,37 npu 60 o6/mMun u cuiie 150 mroiim-pynToB. Ecnu 3HaueHue
kod(durrenTa TpeHus sk BOABI HAXOAUTCS B 3THUX MpeEJeiax, MPUCTYMAIOT K OUHCTKE
U U3MEpPEHUI0 00pasa.

2) POBEICHHE OTBITOB:

1) mepeMennBarT UCCIEAYEMYIO KHUIKOCTh B TeueHue 10 MUHYT;

2 ) BJIIMBAIOT YKUJIKOCTh B YAIIKY, TOMEIIAIOT YaIIKy Ha MOJCTaBKY M TOJHHUMA-
0T 10 IOTPYKEHHSI BCEX METAINTMUYECKUX MTOBEPXHOCTEH (IepraTelib 6JI0Ka U KOJIbLO) B

KHUOKOCTB,
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3) 3aKpeIISIOT TaHHOE TI0JI0KEHUE BUHTOM;

4) noetopHo mipoBepstoT RPM (60 06/mMuH) 1 kpyTsmmidi MOMEHT («0»);

5) npuKIaaeIBalOT KPyTAMUHA MOMEHT 150 mroliM-(GyHTOB U JTAIOT MPHOOPY TO-
paboratb 3—5 MUHYT;

6) mocie 3—5 MHHYT pabOTHI MPUOOPA 3aMUCHIBAIOT TOKA3aHUS KPYTSIIETO MO-
MEHTA, 3aTE€M CHIXKAIOT KPYTALIAA MOMEHT.

B. Meroauka ucnblTaHU HA MOACPHU3UPOBAHHON TPUOOMETPUUECKOM YCTAHOB-
K€ «JIEMOHCTPATOP U3HOCAY.

TpubGomeTrprueckass yCTaHOBKAa — KOMIIAKTHAsi NEPEHOCHAs MalllMHA TPEHUS
BpalIaTeIbHOTO JIEHCTBHUS, COAEpIKallas mapy TpeHus «00onMa—poauk». CxeMa TpeHus
IIpEACTaBICeHa Ha pucyHke 3. McnblTaHus Ha JAHHOW YCTAHOBKE MMHUTHPYIOT METOJ
PaiixepTta («00oitMa—pOHMK»), COTJIACHO MEXAyHapoaHomy ctanmapty ASTM D2782
[206].

O6oiima HapyxHbIM TuaMeTpoM 35 MM u3 cranu LIIX—-15 ot koHnueckoro po-
JIMKOBOTO MOAIIWIHUKA. PONMK — IWIMHIPUYECKUI 00pasel] 1TMaMeTpoM 8 MM U JJIH-
Hot 20 MM u3 cranu [1I1X-15.

Yacrora BpaunieHus 000iMbI nocTtosiHHA U paBHa 440 00/MHH, MakcUMasbHas
Harpyska Ha mapy Tperus 3000 H (maBnenue B kontakte — 700KIIa). Mi3menenue Ha-
I'PY3KH MPOU3BOJIUTCS CTYIEHYATO ITyTEM CHATUS WIM HAaBEIIMBAHUS T'PY30B Ha I10J-
BECHYIO IITAHTy PBIYAXXHOTO MEXaHW3Ma: OJWH Tpy3 maccoit 0,5 kr oOecrneunBaeT Ha-
rpy3Kky 357 H. Meroauka ucnbpITaHUN OpOCTa U HATJISIAHA. DJIEKTPOMOTOP Yepe3 IIKUB
BpalllaeT BaJl ¢ 3aKpEIJICHHONW Ha HeM 000iMOH (2) OT KOHUYECKOTO POJUKOBOTO TMOJI-
munHuka. K Hapy>KHON MOBEPXHOCTU OOOWMBI MPUKUMAETCS HUIMHAPUUECKU 00pa-
3en-posuk (1),ycTaHOBIICHHBIH B MOJIOCTh pbruara. CMa3biBaHHE Mapbl TPEHUS «00Oii-
Ma—pOJIMK» OCYIIECTBISIETCA MOCPEACTBOM MOTPYKEHHSI HUKHEN YacTU 00OWMBI B BaH-
HY (4) ¢ UCTIBITYEMBIM CMA304YHBIM MaTepHasioM. Yepes CUCTEMY pbIYaroB KaaruOpOBaH-
HBIMU Tpy3aMu K o0Opa3lly MpUKJIaAbIBaeTCs Harpy3ka. TakuMm oOpa3oMm, Mexay oOoM-
MOH M POJIMKOM MOJIETMPYIOTCA MPOLECCHl TPEHUS U n3HamuBaHus. [lociie BKIItOUEHHUs
npuBoja 000iiMa, MOKPHITasi CMa30uYHbIM MaTepUaioM, HaYMHAET BPAIAThCs, KOHTAK-

TUPYSI C POJIUKOM.
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VYBenuuuBas Cuily mpuxuma 000HMBI K 00pa3ily MOKHO ONpPEIEIUTh MpPeaeib-
HYI0 Harpy304Hyl0 CIIOCOOHOCTh CMa304YHOI'O MaTepuasa, a 3aMepsis MATHO KOHTAaKTa U
HOTEPIO0 Macchl 00pasLa, ONpeAeIIOTCs TOKA3aTeIn U3HOCA, ONIPEAEIIAETCs CHla TOKa B
OOMOTKE 3JIEKTPOABHUTATENs, SBISIOMICHCS MPOMOPIHHUOHATBHON CHJIE TPEHUS BMECTE
KOHTaKTa 000iMbI 1 oOpa3na. C NOMOIIbIO TEpMONapbl U TEPMOMETPA MHOTOKaHAIbHO-

ro TM 5233 ¢ukcupyercs TemnepaTypa B CMa304YHON BaHHE.

1 — ponuk; 2 — o6o¥imMa; 3 — cMa304HbBIN MaTepua; 4 — cMa304Hasi BaHHA;
N — cwia npuxuma (MakcumanbsHas BennunHa 3000H)

Pucynok 3 — Cxema paboThl IeMOHCTpaTOpa TPEHHUS

[Topsnok mpoBeneHUsT UCIIBITAHUM:

—  Tepen HAa4aJoM UCIBITaHHS Ka)XJA0ro oOpasiia CMa304HOrO0 MaTepuaia BCe
MOBEPXHOCTH TPUOOMETPUUYECKON YCTAaHOBKH, C KOTOPHIMHU COIPHUKAcaeTCs CMa3ka BO
BpEMs UCIIBITaHUs, 000MY, POJTUK 00€3KUPUBAIOT PACTBOPUTEIIEM, MMPOTUPAIOT BATON
W BBICYIIMBAIOT Ha BoO3ayxe. HapykHyl0 MNOBEpXHOCTh OOONMBI, MEpen KaxkIabIM

HUCIIBITAHUCM, 3a4NIA0OT HIJ'II/I(I)OBEUILHBIM HHCTPYMCHTOM;,
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—  3aloJIHSIOT CMAa304YHYI0 BaHHY (4) HUCHBITHIBAEMBIM CMAa304YHBIM MaTepHa-
oM. Ponuk (1) momeniarotT B MOJOCTh pblyara, yCTaHaBIMBAIOT HEOOXOAMMOE KOJIUYE-
CTBO TPY30B JIJIs CO3/IJaHUS CUJIBI MPUKUMA 000NMBI (2) K pOJIUKY;

—  BKJIIOYAIOT amnepMeTp u tepmomerp TM 5233;

—  BKJIIOYAIOT TPUOOMETPUUYECKYIO YCTAaHOBKY;

—  3amMCHIBAIOT MOKa3aHUs amrepMeTpa u tepmomerpa TM 5233 uepe3 puk-
CUPOBAHHbBIEC TPOMEKYTKH BPEMEHH;

— TIpU OMNpPEAENICHUU NpPEeeIbHON HArpy304HOM CHOCOOHOCTH CMa304HOTro
MaTepuana NpoBOAAT Psi/i MOCIEAOBATENbHBIX 3AMEPOB C BO3PACTAIOIIMMU HArpy3KaMu,
MaKCUMaJIbHO TPHUOIMKEHHBIMH K TpeArojaraeMoi mpenenbHoi Harpyske. lpenensb-
HOU Harpy3ko# (Ppp, KI'C) CUMTalOT HAUMEHBIIIYIO HATPY3KY, IIPU KOTOPOU MPOU3OIILIO
3aKJIMHUBAHUE 000NMBI C POJIMKOM B MPOIIECCE UCTIBITAHMUS.

[Tocne ucnpITaHust TPOU3BOAUTCS 0OPAOOTKA PE3YIHTATOB:

1) 3amepsOT pa3Mepbl TSATHA W3HOCA, B3BEIIMBAIOT O0Opaser] IMocie
VCTIBITAHMS U ONPEICIISIOT MOKA3aTeN! H3HOCA: TUIOMAb TSTHA H3HOCA (Sy3, MMY), H3-
MEHEHHE Macchl o0pasiia nmocie ucnbitanus (Mys, rpamm);

2) 1O pe3yibTaraM MOKa3aHW aMIIEpPMETPa CTPOSIT KPUBYIO «CHJIA TOKA B 00-
MOTKE JIBUTATEISI — BPEMSD»;

3) 1o pe3ynbTaTaM MOKa3aHWH TePMOMETPA CTPOST KPUBYIO «TEMIIEpaTypa —
BpEMSI»;

4) omueHky 3(G(EeKTHBHOCTH CMA30YHOrO0 Marepuajia Mo aHTU(OPHUKIHOHHBIM
CBOMCTBaM MPOU3BOAAT MO hopmyJe:

Fre1=((Frp1 — Frp2)/Frp1)*100 %, (6)

rae, Frp; — 3HaueHMe CUIIBbI TPEHUS C ATAIOHHOM cMa3koH, H;

Frp, — 3HaueHHe CUIIBI TPEHUS C UcclieyeMoi cMa3koid, H;

5) Bce peXMMbI UCIIBITAHUIA U PE3YJIbTAThl 3aHOCATCS B TIPOTOKOJI UCTTBITAHHI.
K mpotokoity ucnplTaHui TpuiararoTcs rpa@uku «cuia Toka B OOMOTKE JIBUTATENs —

BpPEMSD» U «TEMIIEpATypa — BPEMSI».
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[IpeuMy111eCTBO TaHHOIO METOJA 3aKJIFOYAETCS B TOM, YTO MCIBITAHHUS HE Tpe-
OyrOoT OOJIBILIMX 3aTpaT BPEMEHH WU HAIJISIIHO JEMOHCTPUPYIOT CBOWCTBA HCIIBITHIBAE-
MBIX CMA30YHbIX MaTepUaoB U J00aBOK K HUM. [[OrpenHoCTh pe3yIbTaToB U3MEPEHUS
5 %.

[To COBOKYNMHOCTH MOJYYEHHBIX PE3yJIbTaTOB B XOJI€ UCIBITAHUU CyIAT 00 3¢-
(EKTUBHOCTH TMPUMEHSEMOI0 COCTaBa M O0Opa30BaHUM CEPBOBUTHOM IJIEHKH HA I0-
BEPXHOCTH 00pasiia, MpOBOJAAT TIIATEIBHYIO OYHCTKY BCEX FIEMEHTOB Ipubopa.

C. Ilpu uccnenoBanusx Obula MPUMEHEHA YETHIPEXIIAPUKOBAsT MaIllMHA TPEHUS
(UMT-1).mo 'OCT IlpunHnmm paboThl 3aKIOYAECTCS B TPEHUH CTAIBHBIX MIAPUKOB Me-
XKy co0OM moJ Harpy3Kou B cpefie ucrbiTyemoro Marepuana. [Ipu padore UMT-1 y3-
JIOM TPEHHUS SBIAECTCS MUPaMUIA U3 YEThIPEX KOHTAKTUPYIOUIUX APYT C IPYyroM Lapu-
KOB. Tpu HIDKHMX IIapUKa 3aKPEIUISIOTCS HEMOJABMKHO B YAIIKe MAIIUHBI C HUCIBITYE-
MBIM CMa304YHBbIM MaTepuaaoM. BepxHuil IapuK, 3aKPETICHHBIN B IIIKAH/IEIE MAIIUHBI,
BpaIlla€TCsl OTHOCUTENIBHO TPEX HWKHUX MOJ 3aJaHHOM Harpy3kou oT 60 mo 1000 H ¢
yactoToil Bpamenus 1460+70 mun-1.

C moMOUIbI0 YETHIPEXIIAPUKOBOM MAIlIMHBI TPEHUS, BO3MOXHO, ONPEACIIHTD,
KPUTUYECKYIO Harpy3Ky, MHJIEKC 3a/IMpa, oKa3aTellb M3HOCA UCTIBITYEMOr0 MaTepHuaa,

JAAMETP IIATHA U3HOCA, HATPY3KY CBAPUBAHUS.

2.3 MeToanka n3yuyeHusi aHTU(PPUKIIMOHHBIX CBOMCTB MPOMBIBOYHBIX

KUAKOCTEH

[TpodrakTrika MPUXBATOB — OJIMH U3 HAaMOOJIEE aKTyaIbHBIX BOTIPOCOB TIPH
pa3paboTKe KOMIIOHEHTOB U perenTyp OypoBoro pactBopa. OHa U3 Ipu4rH 00pa3oBa-
HUS MPUXBATOB — JIMMKAs KOPKa. DTOT BOMPOC CTAHOBUTHCS OCOOCHHO aKTyaJIbHBIM B
CKBO)KHMHAX C OOJIBIIMM YIJIOM MCKPUBIICHHUS, T/Ie¢ OypHIbHBIC TPYObl IPAKTUUYCCKHU JIe-
JKaT Ha CTEHKaX CKBaXWHBI. [Ipu TypOuHHOM OypeHHH, KOT/a KOJOHHA OCTagTCs B MO-
KOe, B mpolecce OypeHHuss BO3MOKHOCTh MpUXBaTa Bo3pacTaeT. J{s mpeaynpexacHus
TAKOTO POJia OCIOXKHEHHS TPpeOyeTCs TOCTIKEHNE MUHUMAJIBHOW 10 TOJIIUHE KOPKH C

HU3KUM KO3(pPHUIIMEHTOM TpeHUsI.
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Cytb Metoauku ¢ nmpumenenueM mpudopa KTK — 2 (pucyHok 4) 3akmtouaercs B
U3MEPEHHUH yTJia, Py KOTOPOM IUIUHAP HaYHET ABMKEHHUE Mo Kopke. L{umunaap Haxo-
IUTCS Ha KOpKeE, MOJyYeHHON MpU M3MEpPEHHH IMoKa3aTelns (HIbTpalud Ha Ipudope
BM — 6. Yrusl cooTBeTcTBYIOT KO3 duiinentam tpenus kopku (KTK).

[Tpu6op tuna KTK — 2 npocT B KOHCTPYKTUBHOM IIJIaHE U MO3BOJISIET COKPATHUTh
BpeMs IPOBEIEHUS HCCIEIOBAHUS CMA30YHOM CIOCOOHOCTH PAacTBOPOB, HO CIIEAYET
MOTYEPKHYTh, UTO MPUMEHEHUE MOJOOHBIX MPUOOPOB BO3MOXKHO, U OMPABIAHO JIUIIIb
JUISL TIPEJIBAPUTEIBHBIX OLICHOK 3((PEKTUBHOCTH CMa30uYHBIX 100AaBOK B OypOBOM pac-
TBOPE W BIOCIEACTBHH TPeOyeT MOATBEPKACHUS MONyUYEHHBIX Pe3yJbTaTOB Ha ycTa-
HOBKax 0oJiee CIIO)KHON KOHCTPYKIIMH WJIM TPHU MPOBEACHUU TPOMBICIOBBIX HCIIBITA-
Huil. [lorpemHocTs u3MepeHus pe3ysibTaToOB UCIIbITaHui npu padote Ha npudope KTK

— 2, corjacHo nacnopry npubopa, coctasisieT 4%.

1 — cronuk—ocHOBaHME , 2 — MOABMKHAS TUIUTA 2 C 3aKpEIJICHHONW Ha HEW Joxeh 3 —
UUJIMHAPUYECKOAs: OBEPXHOCTh, 4 — (UIbTPALMOHHAA KOPKA, D — LWJIMHIPUYECKUI
IyaHCOH.

Pucynox 4 — I[Ipubop KTK — 2 ns onpenenenust kodpduiimenta TpeHus

(GUIBTPALIMOHHON KOPKU OYpOBOU MPOMBIBOYHOM KHIKOCTH

N3mepenne npoBoauTcs cienyromuM oopazom. [Ipubop ¢ momompo peryimpo-
BOYHBIX BUHTOB M YPOBHS YCTaHABIIMBACTCSA FOPU3OHTAIBHO. ['py3 MpOTHPAIOT aBUAIH-
OHHBIM OCH3WHOM W TPOCYIIMBAIOT. OHIBTPAIIMOHHYIO KOPKY, IMMOJTYYCHHYIO Ha IPUOO-
pe BM-6, BmecTe ¢ (UIBTPOM yCTaHABIMBAIOT Ha BOTHYTOE JIOXKE, HA KOPKY KIaIyT
rpy3. MeieHHbIM BpaIllleHUEM BUHTA IO YaCOBOU CTPEJIKE MPUBOJIAT B JIBMKCHUE T10]I-

BIDKHYIO TUIUTY W HAOJIOIAI0T 32 TOJI0KEHUEM Tpy3a. B MOMEHT ciBura rpysa mpekpa-
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ITar0T BpallICHUC BUHTA, IO HIKAJIC W CTPCIIKC OIPCACIIAIOT YIOJl (D, a 110 TaprupoBOY-

HBIM KPUBBIM OIpefensaroT kodpduiuent Tpenus K,,. Ismepenus nosTopsioTcs yepes

5,10 u 20 muH.

2.4 MeToauka n3y4eHHus1 AHTUKOPPO3HOHHBIX CBOWCTB NPOMBIBOYHbBIX

JKUAKOCTEH

2.4.1 Onpenesienne noka3zarejeid AHTHKOPPO3MOHHBIX CBOCTB METO0M

BOJbTAMIICPOMETPHUHA

CnocoOHOCTh UCCIEAYEMBIX J00ABOK 3alUIATh METAUT OT OOIIECH U JOKaIbHOU
KOPPO3UU MOJIeNIM OYPOBOIO pacTBOpPaA, COAECPKAIIETO KOPPOZUOHHO arpeCCUBHBIE KOM-
noHeHTHI, Kak H,S min O,, n3ydanuch 31eKTPOXUMUYECKUMH METOaMH Ha TTOTEHIIHO-
crate tumna «I1M-50-1.1» npousBoacTBa 3aB0/Ia UCTIBITATEIIBHBIX TPUOOPOB T. ["'oMenb
Pecnyonuku benapyce. Ha pucyHke 5 noka3aH nmoTeHIIMOCTAT.

HcnbiTanus Ha MOTEHIMOCTATE MPOBOJATCS B AIEKTPOXUMHUUYECKON TpeXdJeK-
TPOJHOU CTEKJITHHOM siuelike eMKOCThIo 90 MII ¢ XJIOpUACEPEOPSIHBIM 3JIEKTPOAOM
CpPaBHEHHUS Y IUIATUHOBBIM BCIIOMOTATEIbHBIM 3JIEKTPOJOM B IEMUA MOHEHHOCTATHUPY -
MOTO paboyero TOpIeBoro 3ekTpoaa. PabGouunii snexktpon BhIMONHEH U3 Mapku Cr.,
BIIPECCOBAHHOTO B (PTOPOIIACTOBBIN KOXKYX.

JIist u3ydeHus BIMSHUS HCCIEAYyEeMbIX JT00aBOK Ha KOPPO3HOHHYIO arpecCHB-
HOCTh MOJIeTTH OYpOBOTO PacTBOpa MPHUHSATA METOJINKA CHATUS KPUBBIX «KOPPO3UOHHBIN
TOK — BpeMs» Ipu noreHnuane +20 MB 0THOCUTENBPHO NOTEHIMAIA KOPPO3HUH.

Koppo3noHHBIN WK cTauMOHAPHBIM MOTEHIMA YCTAaHABIMBAETCS B DJIEKTPOCTA-
TUYECKOM sUeiike Ha pabodeM 3JIEKTPoJie B UCIbITYeMou cpene 3a 10 — 15 munyT npu

WHTCHCHUBHOM TiepeMermuBanuu [169, 173, 176].
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Haubonee xapakTtepHOW Ui yriaepOAMCTBIX CTajled CUMTAeTCs paBHOMEpHas
Koppo3usa. OgHaKo, KaK MOKAa3bIBAECT MPAKTUKA, YIJIEPOAHBIE CTAU TAKKE MOJIBEPIKEHBI
JIOKaJIBHOU KOPPO3UH, XapaKTEPHOU IIIaBHBIM 00pa3oM JIJIsl CILJIaBOB U JIJIsl O ypHIIBHOTO

WHCTPYMEHTA.

o s O
.
.‘-.. 2 | . — s
J -

0@ evsesces

Pucynox 5 — Baemnnii Bua notenimocrara «[ IM-50-1.1» ¢ mporpammaropom
«ITP—8», nByxkoopaunatHbiM camonucieM «ENDIM 622.01» 1 a5eKTpoXuMHU4eCKOM

STYEUKOU

JIJist yCTaHOBJIEHHSI CIIOCOOHOCTH aHTHUKOPPO3UOHHOW T00AaBKM 3aIlUIaTh Me-
TAJJT OT JIOKAJIBHOM KOPPO3WMM HAMM HCHOJIb30Bajica Meton cHATUs [IBA kpuBbiX, 3a-
KJIFOYAIOIIMKACS B Tosipu3anuu 3iekTpoaa A0 200 MB 1o Moayst0 OTHOCHUTENBHO MO-
TEHIIMAaJa XJIOPUICEPEOPSHOTO IIEKTPO/Ia CPABHEHUS.

[IpuMEHUMOCTB 3TOTO0 METO/Ia JI OLIEHKHU CIIOCOOHOCTH MeTajlla MPOTUBOCTOATh
JIOKATBHOW KOPPO3un 00yCIIOBIIEHA TEM, UTO, TOJIAPU3YS DJIEKTPO B aHOIHON 001acTh

110 3HaueHwus1, papHoro + 200 mMB, mo MOyit0, OTHOCUTENIBHO MOTEHIMANIA XJIOPHUICE-
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pPEOPSHOIO ANEKTPOJA CPABHEHUS, 3TOT METOJ MOJIEIHPYET COCTOSHUE KOPPOAHPYIO-
HIEr0 MeTajyla B 00JIACTU €ro JIOKaJIbHOTO pa3pylICHHs HE3aBUCUMO OT MEXaHW3Ma
Koppo3uu. Takum 006pa3oM, TOT METOJ MO3BOJIET BBIIBUTH JOOABKH, CIIOCOOHBIE 3a-
MEJUIATh JOKAIbHYIO KOPPO3HIO 3a CUET 00pa30BaHUs 3alIUTHON IJIEHKU Ha TOBEPXHO-
CTH METaJLJIA.

IIpu nmopade HaNpsHKEHHsS HAa METAJUIMYECKHUM AJIEKTPOJ, HAXOISLIEHCS B UCIBI-
TYEMOHM CpeAe, NPOUCXOAUT PA3PYILICHHE MACCUBHUPYIOLIEW 3allMTHOM IIJIEHKH, BBIpa-
JKaroleecs B BOSHUKHOBEHHH TOKa KOPPO3UHU ONPENEICHHON BEIMYUHBL. YIO KOPPO3HIO
3a cyeT oOpa30BaHUA 3aIIUTHON MJIEHKH HA TOBEPXHOCTH METAIA.

[Ipr mOCTENEHHOM CHSATHM HAIPSDKEHHS 0 BEIUMYMHBI paBHOM O IPOMCXOIUT
BOCCTAaHOBJICHUE 3aIIUTHON aHTUKOPPO3HOHHOM IUIEHKH HAa NOBEPXHOCTH METaJlIa, Xa-
paKkTepu3yeMOl CHH)KEHHEM TOKa Koppo3uu 10 0.9To mo3BoiiteT, 3apuKCcupoBaTh Mpo-
necc oOpa3oBaHusl («CaMOOPraHU3alMn») UM HE BOSHUKHOBEHUS aJICOPOIIMOHHOTO aH-
TUKOPPO3UOHHOI'O CJIOSI U3 PeareHTa, HaxoJIsIlerocs B McnblTyemoil cpene. Ilpounece
«CaMOOpraHu3almy 3alIMTHOW aHTUKOPPO3UOHHOM TUIEHKH BHU3YaJbHO BBIPAXKAETCS B
00pa30BaHUU «BWJIKW» MIPH MOAAYE U CHATUU HANPSKEHUS.

[Ipouenypa TecTUpOBaHUS CBOJUTCS K CIAEAYIOIIEMY:

— B QJIEKTPOXUMHUYECKYIO SYEHKY YCTAHABIMBAETCS «CBEXKUI AINEKTPOL;

— B STYEHKY 3aJIMBaeTCs CBEXast Boja (Mojesb OypoBOIro pacTBopa, J1u00 MOJIENbT
HedTenpoMeicioBoit cpensl, Hanpumep 3%NaCl+0,5% ykcycHOW KHCIOTHI B TUCTHII-
JMPOBAHHOW BOJIE) M 3KCHO3ULUS JIEKTPOJOB YCTAHABIMBAETCS 10 YCTAHOBJIEHUS CTa-
MOHAPHOTO MOTEHIMANA;

— CHUMAETCS LIUKJIOBOJIbTAMIIEPOTpPaMMa C JIMHEWHON pa3BEPTKOM MMOTEHIMAJIA CO
ckopocthto 0,2 MB/c mo cuemyromeit cxeme: crai.mnoteHiman — +250 mB—
cTal.noTeHuuan. M3 mukioBoiTaMreporpaMMbl ONpPeneNsieTcss MaKCUMalbHOE 3Haue-
HHUE HHAYIUPOBAHHOTO aHOAHOTO TOKA (Imaxuaq);

— BBOJMTCS UHTUOUTOP WM aHTUKOPPO3UOHHAS JT00aBKa ¢ TpeOyeMbIM YPOBHEM

JAO3UPOBKH U CMCIIMUBACTCA, U CUCTEMA OCTACTCS Ha 15—20 yacoB Ha NEPpEMCIINBAHHAC,
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— MO0 MCTEYEHUHU 3TOr0 BPEMEHM CHHMAETCS aHAJIOTWYHO IEPBOMY ILIMKIJIOBOJIb-
TaMIieporpamMma (Kak B IpeAbIAYyLIEH CTaJuu) U U3 HEE ONpPENesieTcs MaKCUMaJIbHOE
3HAYEHHE UHTYIIUPOBAHHOTO aHOAHOTO TOKA (|maxxon);

— OLIEHUBAETCS 3alTUTHBIN 2P PEKT J7aHHOH 100aBKHU MPU JAHHOH T03UPOBKHU.

KputepreM o1leHKH 3alUTHBIX CBOMCTB JOOABKU B CITydyae JOKAJIbHOW KOPPO3uH,
KaK U B ciyyae oOIIel KOPpO3UH, CIYKUT KOJIMYECTBEHHBIN [10Ka3aTeb — CTENEHb 3a-
IIUTHI JEHCTBUS PEareHTa.

Kunernyeckue KpuBble U3MEHEHHS] KOPPO3UOHHON arpecCUBHOCTU HE(PTEIPOMBI-
CJIOBBIX Cpe€Jl WJIn OYpOBOTO pacTBOpa MOJ BO3JIECHCTBUEM HCCIEIYEMbIX J00ABOK CHHU-
MaloTCsl, KaK OIKMCAHO BBILIE B 3JEKTPOXUMHUYECKOW sYEMKE MPH Mojaye Ha padbouunii
EKTPOA noTeHnHnana +30MB 0THOCUTENBHO CTalMOHAPHOTO.

Kopposuonnsie cBorictBa BIDK xapakrepusyrorcs Bennunnoil pH 0ypoBoit xuj-
xoctu [169]. Jlns meramia U3 rpynmsl sxene3a BennurHa pH mMenee 6 (kucnmas cpena)
CUMTAETCS YK€ KOPPO3MOHHO-aKTUBHOW, Npu BenuunHax pH, paBHbIM 2 —5 mpowucxo-
JUT pacTBOpeHue xenesa B cpene. g amomunueBbix cruaBoB (JIBT) koppo3noHHo-
aktuBHou cpemoit Oynetr BIDK ¢ pH Beime 7 (memounast cpena). OKUCIUTENBHO-
BOCCTaHOBUTENbHAsA ciocoOHOCTh BIDK Takke xapakTepu3yeT ero KOppo3HOHHYIO aK-
TUBHOCTb. Hmke mnpuBeneHbl MeToAbl onpeneneHus pPH © OKUCIUTETBHO—

BOCCTAaHOBUTEIHHOM CITIOCOOHOCTH OYPOBBIX PEareHTOB.

2.4.2 JlabopatopHublii pH-MeTp—MusmmBoabT™MeTp THHA «pH—-637.M)>»

Jlabopatopubiii pH—meTp—MummBonbT™MeTp THna «pH-637.M» (pucyHok 6)
npecTaBisieT co00i HACTONBHBIN MPHOOP, COCTOANIMIA U3 MpeodpazoBaTeNs U IITATU-
Ba.

W3mepuTenbHas 4acTh CXEMbI BBHITIOJHEHA B BUAC OTIEIBHOTO OJIOKA, KOTOPBIHA
KpEenuTCsl KO IHy Kopiryca mpeodpazoBatensd. CBsi3b MKy OJOKOM M3MEpPEHHUs U oc-
TaJIbHON YaCThIO AJIEKTPUUECKON CXEMbl OCYUIECTBIIAECTCS BHYTPH MPUOOpa C TOMOIIBIO

pazbema.
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< ) {5 soneTMETP B7-27A

Pucynok 6 — Buemnuit Bun pH—Merp—munnuBonasT™MeTpa «pH—-637.M»

OnpeneneHne OKUCIUTEIBLHO — BoccTaHOBUTENbHOU criocoOnoctu (OBC) Oypo-
BBIX PEareHTOB MPOBOJWIN MOTEHIIMOMETPUUECKUM U BOJHTAMIIEPOMETPUUYECKUM Me-
TO/TaMH.
[ToTeHmmomMeTpruueCcKre U3MEPEHUs MPOBOIMWINCH B 3—X 3JIEKTPOJIHON CTEKIISIH-
HOM DJIEKTPOXMMHYECKOW sIYeUKE C MHEPTHBIM WHIAMKATOPHBIM — (TUIATUHOBHIM THTIA
OIIB-1), cpaBHHUTENBHBIM (xJ0puacepeOpsHbIM —Tuna DBJI-2M.1), CTEKIsSHHBIM —
(tuma 9CJI-43-07) snexkTpogamMu U CHaOKEHHON MUKPOOIOPETKOM JIjIsl TUTPAHTA.
Hagecky nmpoObl cMa304HOM 100aBKM Ui OYpOBOTO peareHTa pacTBOpSIOT B 50
MJI JUCTHUJUTMPOBAHHOM BOJBI M BHOCAT B JIEKTPOXUMHUECKYIO SUEHKY. 3aTeM H3Mepsi-
10Tcst pH cpebl U OKUCTUTENIBEHO — BOCCTAHOBUTEIBHBIN MOTEHITHAAT.
[To monmy4eHHBIM JaHHBIM CTpouTCsA KpuBas 3aBucumoctd OBII oT BpemeHu u

pH ot BpemeHu.
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2.4.3 OnpenesieHue CKOPOCTH KOPPO3UH METOAOM JHHEHHOI0 MoJIsipu3anu-

OHHOI'0 COIIPOTUBJICHUA

N3mepenus npoBoasaTcs Ha mpudope Mouukop — 2M (pucyHok 7).

[Topsimok mpoBeneHus U3MEpPEHU: TpUOOp MOJKIIIOYAETCS K UCCIIeyeMO u3Me-
puTenbHOU sueiike B cooTBeTcTBUU ¢ PJI 39-3-611. Haxkatuem kHomku «P» BOMparoT
pexuM, 9ToObI Ha aucIUiee MOABHIOCH coobmmenne «P—01». Haxumaror knonky «ID»
(myck u3mepenus). Unaukatop Ha BpeMs nu3MepeHus (65 cek.) BBIBOJUT TOUKY.

B xoH1Ee n3mepenus, pa3fatoTcsa KOPOTKHE 3BYKOBbIE CUTHAJIbI, U HA UHIUKATOPE
MOSIBJIIETCSA YUCIIOBOE 3HAYECHHE M3MEPEHHOW CKOPOCTH KOPpPO3WU 0€3 KOMITCHCAIHH
CONPOTUBIICHUS pacTBopa. MHIMKATOp MOKa3bIBa€T 3HAYEHUE CKOPOCTH KOPPO3UU B
MMm/ToJ. [1o momy4YeHHBIM TaHHBIM CTPOUTCA TpaduK 3aBUCUMOCTH CKOPOCTH KOPPO3UU

OT BPCMCHHU.

Pucynok 7— MHnukatop ckopoctu koppo3uu Monukop—2M
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2.5 MeToabl HU3YICHHUSA 3AIUTHBIX TPAHHYHBIX CMAa301HbIX CJI0€B

OnHUM U3 OCHOBHBIX MEXaHU3MOB 3aIMTHOTO JEHCTBUS CMa304HbIX MaTEpPUAJIOB
ABJIsIETCS 00pa30BaHME HA MOBEPXHOCTU TPEHHS MPOYHO CBSI3aHHBIX C METAJJIOM Tpa-
HUYHBIX CMAa30YHBIX CJIOEB, MPUBOJISAIIMNX K CHIXKEHHMIO CHJI TPeHHs U W3Hoca. HezaBu-
CUMO OT Ha3HAYEHUS MPAKTUYECKH BCE CMA304YHbIE MaTepualbl 00JaJat0T CIOCOOHO-
CTBIO OOpa30BBIBaTH aJCOPOITMOHHBIC CJIOW HAa TOBEPXHOCTH MeTaywia. [loatomy mpu
pa3paboTKe HOBBIX CMAa30YHBIX KOMITO3UIIMN HEOOXOAUMBI METO/Ibl UCCIIEIOBAHUH, MO-
3BOJISIONINE ONPECIISITh HECYIIYI0 CIIOCOOHOCTh TPAaHUYHBIX CMAa304HBIX cjiioeB [15].
PaccMoTprM OCHOBHBIE METO/[IbI, HAIIEAIINE MPUMEHEHUE B IKCIIEPUMEHTAIbHBIX HC-
CJIEIOBAHUSAX TOHKHUX CIIOEB KUJIKOCTH Ha TBEPABIX MOBEPXHOCTSX.

MexaHnueckrue METO/bl COCTABISAIOT Hanbojee OOIIUPHYIO TPYNIy METOJIOB HC-
CJI€IOBaHUsl TPAHUYHBIX CJIOEB JKUJKOCTH, TaK KaK MX MEXaHUYECKHE CBOWCTBA HEMO-
CPEICTBEHHO CBSI3aHBI CO CTPOCHUEM AHOMAJIbHBIX CJIOEB U JEUCTBYIONIUMU Ha HUX
MOJIEKYJISIPHBIMU CUJIAMHU.

Cratudeckre METOAbl UCCIEAOBAHUS MO3BOJIAIOT OLICHUTh TAaKUE BaXKHbIE IMapa-
METphl TPAaHUYHBIX CJIOE€B, KaK MPOYHOCTh, YMNPYrocTh, ToJIUHA. VcciaemoBanus
CBOMCTB I'PaHUYHBIX CJIOE€B 3TUMHU METOJIaMH CONPSKEHBI C U3BMEHEHUSIMHU CTPYKTYPBI, a
CJIeIOBaTEIbHO, U CBOMCTB U3y4aeMbIX 00pa3IioB, BCIEACTBUE OOJBIINX MEXaHUUYECKUX
HaIpsHKEHUN, BOZHUKAIOIINX B TPAHUYHBIX CJIOSX.

Ha xadenpe Oypenust HepTsHbIX U ra30BbIx ckBaxkuH YI'HTY [170, 177] namu
ObLIa MpeioKeHa MPUHIIMITHATBHAS CXeMa JIJIs peayiu3allii METOAa «CTOMBI C LENbI0
AKCIEPUMEHTAIILHOTO OMPEICICHHs TOJIIUHBI CMA30YHOTO CJIOSL U U3TOTOBJIEHO COOT-
BETCTBYIOIIIEE YCTPOUCTBO (pucyHku 8,a u §,0).

[TpuBenem MopsA0K 3aMEPOB M pacyeThl TOJIIHUH T'PAHUYHBIX CJI0€B 0€3 CMa3Ku U

CO cMa3kamHu. TOJIIMHA CMA30YHOTO CJIOSI PACCUUTHIBACTCS IO PpopMyIie:

h-4n (7).
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Muxporermp

Hlapw

Tpybra

a) YCTpPOMCTBO B cOOpe 0) cxeMma ycTpoiicTBa

PI/IC}’HOK 8 — yCTpOfICTBO 10 UBMCPCHHUTIO TOJIIIHUHBI aI[COp6III/IOHHOFO CJI0s1

rne Ah=h2-hl, hl — cymmaphas BbicoTa mapos B Bo3ayxe , h2 — cymmapHast BbIcoTa
I1apoB B cpejie cMasku, Toraa h =h2/n—hl/n,

n — Pucynok 13 — CtpyktypHas ¢popmyia 3¢gupa 3pyKOBOM KHCIOTbI

KOJIMYECTBO TOUEYHBIX MSITEH KOHTAKTa IIaPHKOB, 3aKaTaHHBIX B TPYOKY.

[Tpumep 3amepa: mokazaHue MUKPOMETPA B OJJHOM TOUKE A0 TOrO Kak mapsl Oy-
IyT HaXOAUThCS B TpyOKe, paBHO 5150 MKM (MCXO/AHAs BETUYMHA MUKPOMETPA).

Pe3ynbrar mokasanust MUKpoMeTpa ¢ mapamu 0e3 cMa3ku Ha Bo3ayxe paBeH 880,

BeanunHa hl onpenensiercs: hl = 5150mkM — 880 MM = 4270 MKM.
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h =4350 MxM-4270MkM=80MKM, TOJIITMHA BOJHOW aJICOPOITMOHHON TUICHKH BBI-
gucisgercs kak h = 80 MM /20 = 4 mxm. OnipeneiiM TOYHOCTh 3aMEpPOB U OIINOKY pe-
3yJbTATOB, MOJYYCHHBIX Ha BBIIICYIIOMSIHYTOM yCTpoiicTBe. J[Jjig 3TOro mposeaeM mo-
BTOpHBIE (10 pa3) 3amepsl.

PesynpTaT 3amepa nociie KOHTaKTa mapoB ¢ Bogo+MbLI0 papeH 800, moimyyaem
Beanunny h2-h1=5150mxkM-800MrkMx=4350 mxm. Berurciaum Benuuunsl Ah i1 BogHoM

cpenbl u st Mmacina M-30, pe3ynbratsl cBeieHb B Tabmuie 1.

Tabnuua 1 — Pe3ynbTaThl OMBITOB B pa3IMYHbIX Cpeaax.

Bemnumnas: Ah , MkM
NoNo onpITOB
J1J1st BOJIBI+MBLIO s macia (M-30)
1 78 227
2 82 232
3 86 237
4 81 226
5 76 236
6 81 228
7 76 236
8 78 238
9 81 229
10 79 235
oo | o
. 80:19=4.2 232:19=12.2

Pacder ommOKu ONBITOB TPOBEAEM MO METOIWKE, U3I0KEeHHOU B [77, 167]. On-
pelenuM CpeaHeKBaApaTHIHy0 (SN) ¥ cpeaHenuHeiiHOe oTKIIoHeHHe ormmOku (d), Be-
muuuny Bapuanuu (Bv) [167]. CpenHekBaapaTUYHOE OTKJIOHEHHE PaBHO :C BOAOU
Sng=2,72, ¢ maciaom Sny=3,9 ; cpeaHeNMHEHHOE OTKJIOHEHHUE :C BOJoM UB=2,4 MKM; ¢
maciiom dmM=3,4 MkMm. Bennunna Bapuanuu: Ha Bogae B vB=3.4%;na macie Bvm=1.7%.
[To BenmmunHe ko3 uIIEHTa BapUallMi MOXKHO CJelaTh BBIBOJI, YTO MPU UCIOJIH30BA-
HUU PacCMOTpPEHHOTo MeToja «CTOmbl» MOIY4Yal0T OJHOPOJIHbIE BEITUYUHBI U3MEPEH-
HBIX TOJIIWH TPAHUYHBIX aJICOPOMPOBAHHBIX CI0eB. OMMOKY SKCIIEPUMEHTA OTPE IS sI-

au o ¢popmyne [167]:



Ax = tmm’n (8).

rae t,, — xoaddunuent Crprogenta, npu 3HadeHusX N=10 u ¢=0.05 nmo Tabnume 2
[167], oTcroma t,,=2,6

OmmOKM 3KCIIEpUMEHTa B cpejiax BOJIbI M Macia OyayT paBHbI COOTBETCTBEHHO
Ax ;=2.58 MkM; AX,=3.7 MKM.

Paspemaronias cmocobHOCTh MUKpOMeTpa paBHa 10 MkMm. Bce BenmnamHbI MEeHbIIE
10, T.e. MBI UMEEM BO3MOXHOCTH OIPEICIATh TOJIIMHY CMa30YHBIX CJOEB Cpel C
oImMOKOM B BOJHBIX cpenax 2,58 MkM, a macia — 3,7 MKM.

B xauectBe mpumepa, moarBepkaaromero 3¢pdpekTuBHOCT MeToma «CTOIbBD,
paccMotpuM Tabsmumiy 2 pa6oTel [10].M3 Tabmuibl 2 BHJIHO, YTO BEJIWYWUHBI TOJIIHUH
CMa30YHBIX CJIOEB, U3MEPEHHBIX MO0 METOAYy «CTOmbI», UMEIOT TOT K€ MOPSAOK 3HaYe-
HUN, XapaKTEePU3YIOIIUX TOIIIMHY Macel, OMPEACICHHBIX AJICKTPUUSCKUM METOJIOM.
DIEeKTPUYECKUE XapPaKTEPUCTUKH CJIOEB, MOKPBIBAIOIIUX IMOBEPXHOCTh MeETajlia, pas-
JIMYHBI: YeM OOJIbIIIE€ TOJIIIUHA aJICOPOIIMOHHOTO TPAHUYHOTO CJIOS, TEM BBIIIE BEJIUYU-
Ha Hanpspkenus npoo6ost (Ump, B) atoro cnost. 1o aToit BenuunHe HanpsKeHus mpooost

ONpCACIIACTCA TOJIIMHA CMAa304YHOIr0 CJI0d, 06p213y€MOF0 Ppa3IMYHBIMA MacCJIaMn /

Tabnuna 2 — BennuuHbl 2JIeKTPUYECKUX XaPAKTEPUCTUK PA3IMYHBIX Maces

DreKkTpuieckas Cuna TpeHwus, Tonmuna
Tun cMazouHOTO
Martepuaia TIpOYHOCTD Frp, IPaHMYHOTO
Ump, B YCII. €TUHULIBI cinos,dS,Mkm
Maco Ba3enuH. 116 2.12 8.3
Macio Castrol 13.6
HL40 137 141
HL40+0, 1%mp. 183 0.44 16.4
HL40+0, 5%mp. 204 0.21 17.8
HL40+1.5%mp 132 1.43 14.1

HpI/IMeHeHI/Ie MUKJIIOBOJbTAMIICPOMETPUICCKOTO METOAA CHATHA NOJIIPU3ALIMOH-
HBIX KPHBBIX IIPUMCHACTCS OJIA (1)I/IKCI/IpOBaHI/IH 06p3.30BaHI/I}I N paCTBOPCHUA 3allIUTHBIX

MJIEHOK HA MOBEPXHOCTU KOPPOAUPYIOIIETO METAILIA
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N3BecTHO MpUMEHEHHE METOAAa CHATHUS LUKIOBOJBTAMIEPOTpaMM, MPUHSATOIO
MexayHapoiHoi accoruanuei nHxxeHepon-koppo3noHuctoB (NACE) npu onpenesne-
HUU 3G (HEKTUBHOCTH MHTHOUTOPOB KOPPO3UHU METAIIJIOB MPOTUB JOKAIBHOU KOPPO3UH.

[Tponenypa TecTUpOBaHUS 110 ITOMY METOJIY CBOJUTCA K CIEAYIOIIEMY:

1. B 4ucTyIO 3IEKTPOXUMUYECKYIO SUEUKY YCTaHABIUBAIOTCS:

a) Pabouwnii »7eKTpoj, MPEACTABISIOMIUNA COOOM TOpEI] CTAIHHOTO MPOBOJIA
TUaMETPOM B 3 MM, OIPABIECHHOTO BO (PTOPOIIIACTOBBIN KOXYX C TEM, YTOOBI HE JO-
IyCTUTh KOHTaKTa arpeCCUBHOM MCCIIeIyeMON cpelbl Ha Hepabouyr (O00KOBYIHO) IIO-
BEPXHOCTH ITPOBOJIOKH U3 cTayd Mapku Cr.3;

b) BciomoraTenbHBIH 3JEKTPO/T U3 TUIATHHOBOM MTPOBOJIOKH;

C) BcrmomorarenbHbIi XJTOpUA-CepeOPSHBINA IIEKTPOI.

2. B snexTpoxmMmHuecKylo s4YelKy 3anmBaeTcs arpeccuBHas cpena. [locre
ATOTO ANEKTPOXMUMHUYECKAS SYEHKAa YCTAHABIMBAECTCS HA MAarHUTHYIO MEIIAIKY U B HEe
OIMYCKAaETCs IKOPEK UIsl IEPEMEIINBAHUS 3aJIUTON B TYEHUKY UCCIEAYEMOU CpeAbl U BbI-
BOJIbI DJIEKTPOJIOB TMOIKIIOYAIOTCS K BBIBOJAM MOTEHIIMOCTaTa 0e3 Mojayu MoJsIpu-
3YIOIIETO HAMpSKEHUS! JO YCTAHOBIICHHS CTAllMOHAPHOTO (KOPPO3MOHHOTO) MOTEHIINA-
na. [Ipy MHTEHCMBHOM MEPEMENINBAHUU HUCCIEAYEMOM CpPElibl C MOMOIILI0 MATHUTHOM
MeIIanKu cranroHapHbsiii nmoteHman (Ect.) ycranaBnuBaercs 3a 10—15 MuH 3KCmo3u-
MU 3JIEKTPOJIa B UCCIIEYEMOM Cpelie.

3. Tlocne ycranoBnenus EcT., mpUCTYalOT K CHATHIO IIUKJIOBOJIBTAMIIEPOME -
pudeckoit kpubori (IIBA) nuneiHON pa3BepTKO# MOTEHITMAIa CO CKOPOCThio 5 MB/cek
IO CJIEAYIOLIEH CXEME:!

Ect. —» +250mMB. — Ect

4. Tlocne nonyuenus LIBA onpenensiercss MakCUMaabHOE 3HAYCHUE HAYalb-
HOT'O UHJIYKIIMOHHOTO aHOJAHOTO TOKa Imax Had. u ¢pukcupyercs Jct.

B nanHoM cnydae, mpu UCCIEOBaHUM 3aKOHOMEPHOCTEN PacTBOPEHUS COJIEBOM
IJICHKH, KoTopas mpu EcT. o0namaer crnocoOHOCTBIO CHMKATh CKOPOCTh KOPPO3WH,
JIPYTUMH CJIIOBAMH, IIPSIMO MPOMOPLUUOHATIBHYIO € BEJIMYMHY aHOJHOI'O TOKA JI0 HYJIA.
OpnHako, KaK TOJBKO MOTEHIMAJ HAYMHAET pacTH B aHOJHOM HaIpaBJICHUH, COJICBas

IJICHKA HAYMHACT PAaCTBOPATHCA, OTKPhIBasA JOCTYII aFPGCCHBHOﬁ Cpeac K IMMOBECPXHOCTU
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Mertaia. [Ipy pocTmxeHun noteHuuana, paBHoro +250MB, MHAyUMpOBaHHBIM TOK —
Imax. Hau. mpuHUMaeT 3HaueHue, paBHoe (cM. pucyHok 1) 1850 MA. Ilpu nepexone
pa3BepTKU MOTEHI[Mada B 0OpaTHOM HaIlpaBJICHUU HE HAOJIIOAETCS] PE3KOTO0 CHUKEHUS
BEJIMYMHBI TOKA KOPPO3HH, YTO TOBOPHUT B IOJIb3Y TOTO, YTO BOCCTAHOBJICHUE 3AIIUTHOU
COJIEBOM IJIEHKH UJET C TOM )K€ CKOPOCThIO, KAK U PACTBOPEHUE MPH PA3BEPTKE B aHOJ-
HOM HaIlpaBJICHUH, T.€. 10 BOCXOSIIEN KPUBOW pACTBOPEHUS TIIIEHKH.

[Io OKOHYaHWKM OMMCAaHHBIX BBINIE MPOLEAYP B SUYEHKY BBOJIMUTCS HCCIEAyEMas
cpela, U cucTemMa ocTtaeTcsi Ha 1,52 4yacoBOe HEMPEPHIBHOM MEPEMEIIMBAHUN 0€3 MpHU-
JIOKEHHUS TOJIIPU3ALMOHHOI0 HampsikeHus. 110 ucreueHnn yka3aHHOTO BPEMEHH CHHU-
maetcsa [IBA, kak onucaHo BbIIIE, U ONPEIEISIETCI KOHEUHOE 3HaUeHne Imax. KoH. rpu
JTAHHOM J03UPOBKE UccieayeMoi n100aBku. DPGHEKTUBHOCTh MUCCIEIYEMbIX UHTUOUTO-

POB OIIPCACIIACTCS IO BBIPAKCHUTO!

Znok. kopp.=[(Imax.xau. — Imax.xon) /Imax.xnad.] *100%. (9).

[Togaya Ha sYeiKy C pa3BEpPTKU MOTEHIMAIA B aHOJHOM HaIlpaBJICHUH, XOTS U
MPUBOJUT K PACTBOPEHHUIO 3aAIUTHON aHTUKOPPO3MOHHOM TUICHKU, COCTOSIIIEH U3 Xe-
MOCOpPOMPOBAHHBIX aHUOHOB (pOpMHUATa HATPHsI, MPOXOAUT 3HAUUTEIHHO MEHEE WHTEH-
CHMBHO. MOYKHO BBIUYUCIINTH U3 BhipaxkeHus (1): addexTuBHOCTL (popMHaTa HATPUSA Kak
MHTUOHUTOpA JIOKAJTbHON KOppO3uu cocTaBisger 88%, mpruueM CKOPOCTh BOCCTaHOBIIE-
HUS 3aIIMTHON IUIEHKH B 3%-HOM PacTBOpPE XJOPUCTOrO HATPHsl, 3HAYUTEIBHO BBILIE,
yeM B coieBoll 1uieHke. OOnaropakMBaHHE — «CTALIMOHAPHOT0»  MOTEHLHA-
na,(onpeneneHHas o TOYKe TMepeceueHusi OCH a0CIMCC ¢ OCBhIO MOTCHIIMAIOB MCXOIs-
meii  BerBHM) coctaBiaser okono 230mMB. W BenmumHa < TOKa  KOPpO3U-
WU, IIPONOPLIMOHANIbHAS CKOPOCTU PACTBOPEHUS 3aIUTHOM TJIEHKU B Cllydyae BOCXO[s-
e BeTBH, coctaBisieT 1500MA, 4TO MOATBEPKIAET UCKIIOYUTEIHLHO BBICOKYIO CKO-
poCTh 00pa30BaHMs 3aNTUTHON aHTUKOPPO3UOHHOM TIJICHKUA CITOCOOOM «CaMOOpraHu3a-

oYUM
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Merton LIBA mo3BOJISIET DKCIIEPUMEHTAIBHO NOATBEPKAATh BOSHUKHOBEHHE HA
HOBEPXHOCTU MeETaJlla 3AIIUTHON IJIEHKH CIIOCOOOM CTPYKTYPHOM «caMOOpraHu3a-

LIUNY.

2.6 BbIBOJBI K IJ1aBe 2

1. Ins n3ydenus tpuborexuuueckux cBoiicTB BIDK obocHoBaHO mpumeHeHue
cleyromux npudopoB u ycrpoicts: npubop KTK-2, nns usmepenus napsl TpeHUs
«MeTail - rauHucTas kopkay, tectepa «FANNNy», mammn tperaus YIIM, UMT-1,
JEMOHCTpPATOpa U3HOCA, KOTOPbIE UMUTUPYIOT padOTy mapbl TPEHUSI «METal — Me-
TaJy» B OypOBBIX pacTBOPAX.

2. O6ocHOBaH BHIOOP METOJOB OIICHKM aHTHKOPPO3MOHHBIX cBoicTB BIDK. B
OCHOBY OILICHKH ITOJIOKEHO OIPEACIICHNE KOPPO3UOHHON aKTUBHOCTH CpEJ MO:

a) TOKy KOpPpPO3UM: YEM BBILIE TOK KOPPO3UH, TEM BBIIIE CKOPOCTh NMPOTEKAHUS
KOPPO3UOHHBIX MPOIIECCOB;

0) CKOPOCTH KOPPO3UU IO HHAUKATOPY KOppo3uu — Monukop 2M (B Mm/Ton);

B) pH cpenbl (MeTtayuibl rpymiibl xkene3a): ueM Huke pH, Tem Bblllle CKOPOCTb
koppo3uu (npu pH=1HaubobI1ast CKOPOCTh KOppo3uH, ipu pH=13 HaumeHbI1as);

T') yAelIbHOU aekTpornpoBoanoctu (Y III).

3. MI3aMepeHue TOJMIMHBI CMAa304HOTO CJI0s MpeioxkeHo MetoioM «CTOITA».

4. OO6ocHOBaHO TIpollecC OOpa30BaHUSA U pa3pylieHUs 3allUTHOTO
aJICOPOLIMOHHOTO  CJIOSI HAa TMOBEPXHOCTH MeTajla HCCIEJ0BaTh CHSITUEM

nukioBosibTammneporpamm (ILIBA).
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I'naBa 3. UcciienoBaHne aHTUKOPPO3HOHHBIX H TPHOOTEXHUYECKUX CBOICTB
NPOMBIBOYHBIX KHAKOCTe HA BOJHOI OCHOBe U pa3padoTkKa CpeacTB UX

yJayulieHust

3.1 IlocranoBKa 3axa4u

[IpoMBIBOYHBIE KUJIKOCTH, B 3aBUCHUMOCTU OT YCIOBUN OYpEHHS BBINOJHSIOT
KoMIUieke U3 15-20 ruapocTaTuuecKux, THAPOJAMHAMUYECKUX U (PU3UKO-XUMUYECKUX
(GyHKIUN, ONTUMaNTBHBIN MOJ00P KOTOPBIX SIBISETCS 3aJI0TOM YCIEUIHOTO CTPOUTEINb-
CTBa HE(TEra3oBbIX CKBaXHWH. Takue (U3NKO-XUMHUUYECKHE (DYHKIIMH, KaK CHUKCHHUE
3aTpat PHEPTrUU Ha TpeHUE OYPUIIBHBIX KOJOHH O CTEHKHU CKBa)KUH, 3allUTa OYPUIIBLHBIX
1 00CaJIHBIX KOJIOHH, MOPITHEBOM M KJIAAHHBIX TPYIIN HACOCOB, JI0J0T, OT KOPPU3HOH-
HO-MEXaHaYeCKOr0 HW3HAIIMBAHUS SIBISETCS OCO00 aKTyalbHBIMU TPHU MPOBOJKECOB-
PMEHHBIX CTBOJIOB CJIOKHOTO MPOMUIIA.

HeoaHokpaTHO oOTMeuYEHHas BBIIIE OOIIHOCTH MEXaHHU3MOB IPOIIECCOB KOPPO-
3UM U U3HOCAa UHCTPYMEHTOB, PabOTAIOIINX B CPEe/ie MMPOMBIBOYHBIX JKUIKOCTEH MO3BO-
JISET LENECHOHANPBJIEHHO PEMaTh 3a7a4y MOUCKA CPEICTB MOAABICHUS YKa3aHHBIX IIPO-
1eccoB (pOpMUPOBAHHEM, B YAaCTHOCTHU 3AIIUTHBIX CJIOEB JKPAHUPYIOMIETO THUIA Ha
TPYLIMXCS MTOBEPHOCTAX. METONONIOTHS PELIEHUSI 3TOW 3aJayd KpalHe TPyAOEMKasi, B
CBSI3U C HaJIMYUEM TECHOU CBSI3M CBOWMCTB 3AIIMTHBIX IUICHOK C SHEPreTUKOW KOHTAKT-
HBIX B3aUMOJCHCTBUHN, HEOOXOIMMOCTHIO (OPMHUPOBAHUS MHOTOCIOMHBIX TIJICHOK,
MPOYHOCBSI3aHHBIX C MOBEPXHOCTHIO METAJJIOB M OTOJIAJAIONIMX HU3KOW aare3ue u
MaJIBIM COIIPOTHUBIICHUE CABUTY HA MOBEPXHOCTSIX TOPHBIX MOPOJ, CIArarolnuX CTEHKHU
CKBa)KHH.

3ajada nmovcka cnocoOOB yIpaBieHUs KOJIMYECTBEHHBIMU B3aWMOCBS3SIMU TTOKA-
3arenieil aHTHPOKOPPO3HOHHBIX M TPUOOTEXHUYECKUX CBOWCTB MIPOMBIBOYHBIX KHUIIKO-
CTEU SIBIIICTCS TAKXKE aKTyaJbHOW, U PEIICHUE €€ MPEJICTABIACTCS BIOJHE JOCTYIHBIM
Oylarogapsi XOpouio pa3BUTON METOJO0JIOTUU U3YyUYEHUS aHTUPOKOPPO3UOHHBIX CBOWMCTB
Pa3TUYHBIX CMA30YHO-OXJIAXKIAIONINX MATEPUAJIOB, TOCTUTHYTHIMHU B OOIIEM MAITUHO-

CTPOCHHUHN YCIICXOM B o0iacTu CO31aHus I/IHFI/I6I/ITOpOB KOPPO3HUH.
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3.2 TeopeTuueckue NpeanoChIJIKUA CO3AaAHUS CPEACTB KOMILIEKCHOTO
yJAYy4YllIeHUS] aHTUKOPPO3UOHHBIX U TPHOOTEXHNYECKNX CBOICTB

IMPOMBIBOYHBIX JKHAKOCTEH

N3ydyeHne OTe4eCTBEHHOTO U 3apyO0eHOrO OMbITa B 00JACTH COBEPIIEHCTBOBA-
HUS CBOMCTB OYpOBBIX MPOMBIBOYHBIX JKUJIKOCTEH BO B3aMMOCBS3U C OCOOCHHOCTSIMU
KOHKPETHBIX YCJIOBUM WX NPUMEHEHHS MAET JOCTATOYHO OCHOBAaHMM MOJlaraTh, 4TO
TPUOOTEXHUYECKUE U aHTUKOppo3uoHHbIe cBoiicTBa BITK TecHO cBsizaHbl ApyT C Apy-
roMm. [Ipuyém 3HaYUTENBHOE BIUSHUE HA WHTEHCU(DUKAIIMIO MPOIECCOB BhIXOAA W3
CTposi OypOBOTO MHCTPYMEHTA U 00OPYAOBaHMUS, MHOTOKPATHOTO CHUYKEHUSI CPOKOB UX
DKCIUTYaTally, B TOM YUCJIE U Ha yXyAlleHUue TexHoJaornuyeckux cBoucTB bIDK u B me-
aom TOII GypeHust oka3bpIBalOT KOPPO3MUSI M CBsI3aHHBIE C HEW siBleHus. Peanuszanus
XUMUKO-TEXHOJIOTUUYECKUX METOJI0B AHTUKOPPO3MOHHOM 3alllUThl MO3BOJUT CHU3UTH
pa3BUTHE HM3HOCA, OTKa3bl OOOPYNOBaHUS U YIYUIIUTh TEXHOJOTHYECKHUX CBOMNCTB
BIDK. ['maBHas C10XHOCTb, BO3HUKAKOLIAS [IPU 3TOM, 3aKJIFOYAETCS B IIPABUJIBHOM BbI-
0ope aHTUKOPPO3MOHHBIX 100aBok B BITXK [187], mockoibKy mocieaHue TOIKHBI OTBE-
4aTh LEJIOMY Py KECTKHX, MO9ac U MPOTUBOpEUAIUX APYT Apyry TpedoBanuii. [1o-
JIO’KEHUE JIe]1 00JIeryaeTcsl TEM, YTO K HACTOSIIIIEMY BPEMEHH MpaKkTHUKa Moadopa u pas-
pabOTKN MHTHOUTOPHBIX KOMITO3UIIMMA SIBJISIETCS MPOJABUHYTONW 0O0JACTHIO HCCIEAO0Ba-
HUN B HEPTAHON U HEPTEXUMHUUECKON OTpACIH, U B ’TOM HANPABJICHUH YK€ JOCTUTHY-
Thl CyIIECTBEHHbIE ycnexu. MiMeercs pa3BuUTasl TeOpeTHYecKass M SKCIIepUMEHTalbHas
0a3a. Kak Oynmer mokazaHo jaiee, MEXy aHTUKOPPO3HOHHBIMU XapaKTEPUCTUKAMU U U
nokaszareisiMu TpuboTexHudecknux cBoMCTB BIDK mMeroTcsi TecHble KOPpESIIIMOHHBIC
CBSI3U ¢ KO3 duirieHToM Koppesiiuu Boitie 80% .

OO6murast ¥ JMOKaJbHAsT KOPPO3MS, a TaK K€ MEXaHUUECKOe Pa3pyllIeHUE MeTayia
3aBHUCHUT OT aJICOPOIIUM MOJICKYJI BOJIbI Ha ero moBepxHocTH [15].

Hauunas ¢ 2000—x rogoB BHUMAHHE UCCIEN0BATENE MPUBIIEKIA BO3MOXKHOCTD
UCIIOJIb30BaHUs SIBICHUM CaMOOpTaHM3allMM IS 3alUThl CTajliell oT Kopposuu [79,
186]. CnocoOHbIe HA caMOOpPraHU3AIMI0 MOJICKYJIbI C HEOOBIYHBIMU CBOMCTBaMH, Ha-

IPUMEDP, CO CKIIOHHOCTBIO K 00pa30BaHMIO HA MOBEPXHOCTH pa3jeinia (a3 MiIoTHBIX yIo-
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PSAIOYEHHBIX CJIOEB C BBIPAKEHHOW CTPYKTYpPOM, MOTYT CaMOINPOW3BOJIBHO CO3aBaTh
BIIOJIHE YCTOWYMBBIE 3AIUTHBIE MJIEHKU. DTH IJICHKH, KaK YBHJIUM HMKE, 3alUIIAIOT
MeTasll B ONpPEACIICHHON CTENeHN HE TOJBKO OT KOppPO3uH (00IIeH U JIOKaJbHOI), HO U
OT M3HOCA 3a CUET yIy4llleHHs] cMa3ouHoi criocooHoctu bIDK.

C nomomisio BBosa B BIDK peareHToB, coaepKanimx MOJEKYJbl, CKIIOHHBIE K ca-
MOOpraHU3allii, MOXHO MPHUJABATh MMOBEPXHOCTSIM pazzena (a3 TpedyeMble CBONCTBA
JUISI KOHKPETHBIX yciaoBHM. B sHeprernueckom u (GyHKIIMOHATFHOM OTHOIIEHHUH, B Ca-
MOOPTaHU3YIOUINXCA CIIOSIX, BBIACISIIOT TpU YacTu. IlepBas u3 3Tux yacteit, (pyHKuuo-
HaJbHas Irpynna), Kak MpaBuIO, OTBEYAET 32 CUIIBHOE B3aUMOJICUCTBUE MOJIEKYJ C Me-
TaJUIMYECKOW TOBEPXHOCTBIO. DTO B3aUMOJEHCTBUE AOJKHO OBITH XOTs ObI B OIpese-
JICHHOW Mepe XeMOCOpOIMoHHBIM. [lepudepuitnbiii ke cIoi JOJIKEH ONMpeaeNiaTh OC-
HOBHBIE WJIM «MCKOMBIE» XapaKTEPUCTHUKUA MOAM(PUIMPOBAHHBIX TOBEPXHOCTEH MeTal-
Ja, TOPHBIX MOPOJ. DTOT CJIOM MOAOHpParOT B 3aBUCMMOCTH OT LieJiel JalibHEHIIero
NPUMEHEHHUs, HallpuMep, MeTaia, ¢ MOAU(DUIMPOBAHHON MOBEPXHOCTHIO. B Hamem
ciyvae Juisi CHUKEHUS! KO3 (PUIMEHTa TPEHUS U MOBBIIICHHS «HECYILIEH CIIOCOOHOCTH
I'PAaHUYHBIX CMa304HbIX cioeB. «lIpokiagka» wiM CBA3YIOIIEE 3BEHO MEXAY ITUMHU
CJIOSIMH 00ECIIEYMBAET YIMOPSAJOUYECHHYIO IJIOTHO YIAKOBAaHHYIO CTPYKTYPY CaMOOPTaHU-
30BaHHOIO CJIOS HA OCHOBE OTHOCHUTEJILHO CJIa0bIX, B T.4. BaH — JIep — BaaJlbCOBBIX CHJI.
JlaHHOE 3BEHO BKJIFOYAET AJIKWJIBHBIE LEIIOYKU ONPEACIEHHON JUIMHBI, BIIOJIHE BO3MOX-
HO, YTO 3TY POJIb MOTYT ChITPaTh U UHTEPMEANATHI, 00pa3yIOIIUECs NPU CUIIbHBIX dHEP-
IFETUYECKUX B3aUMOJACHCTBUIX B MPOLIECCE TPEHUS U3 MPOAYKTOB pacraja Win B3auMo-
JEUCTBUS MOJIEKYIL.

Heobxoaumo npu 3TOM yYWTBHIBATh, YTO CUJIBHOE BIUSIHHME Ha IMPOIECC CaMoop-
raHU3aluy OKAa3bIBAIOT CTPOCHHE U COCTAB IMOBEPXHOCTH CAMHUX METAJUIOB, KaK IOBE-
HUJIbHASI TIOBEPXHOCTh, TaK M MOKPBITasg CTAOMJIBHBIMU OKHUCHBIMHM WJIM NACCUBALIMOH-
HBIMU TJIeHKaMU. 110 MHEHHIO OT€YECTBEHHBIX U 3apyOexHBIX HCCIeA0BaTeIeH, HEKO-
TOpbIe MPOOJIEMbI MOTYT BO3HUKHYTh B CIIydasiX, KOT/Ia CAMOOPIaHU3YIOIINECs MOJIEKY-
JIbl KOHTAaKTUPYIOT ¢ HEMPEPHIBHO U3MEHSIOIMMUCS MOBEPXHOCTIMU WUIIN C METAJIAMM,
MOKPBITBIMA HECTOMKUMH MOPUCTBIMU OKcHIamH. M3 nanbHenmero u3iaoxxeHus OyaeT

BHUJHO, 4YTO B OCHOBEC CHUJIbHBIX KOPPCIALIMOHHBIX B3aMOCBSI3eH MCXKIY aHTHKOPPO3H-
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OHHBIMU M TPUOOTEXHUYECKUMH CBOWCTBAMH JISKAT OJHH U T€ K€ MEXaHU3MBI U 3aKO-
HOMEPHOCTH OOpa30BaHUS CaMOOPTAaHU3YIOIIUXCS CIIOEB Ha IMOBEPXHOCTAX METalIa,
Haxoanmxcsd B KoHtakre ¢ bIDK.

Kak wuszBectHo m3 pabdot [Tomobaera A.P., Jlazapenko-Manesny P.M [125, 126],
MEXAaHU3MBbI PAaBHOBECHOTO U JIOKAJIBLHOTO PACTBOPEHUS, MMACCUBAIIMU, & TAKXKE KOPPO-
3MOHHO-MEXaHUYECKOT'0 pa3pylIeHUs] META/UIOB TPYMIbI jKejie3a B CIa0OIICIOYHBIX,
HEUTPAJbHBIX U KUCJIBIX BOJHBIX CpEIaX Pa3JIuyHOTO aHUOHHOTO COCTaBa TECHO CBs3a-
HbI C a7copOlMer MOJICKYJIbI BOJIbI Ha ITOBEPXHOCTH MeETallyla M B3aWMOJICHCTBHEM
aHUOHOB Cpe/bl C aACcOpOMPOBAHHON BOJION U MeTaioM. CyTh 3TOTO B3aUMOJEHCTBUS
3aKJII0YAETCS B CJICAYIONIEM: KUCIOPOAHBIE KOHIIBI MOJIEKYJ BOJBI MPHU aJICOPOIIMU Ha
MMOBEPXHOCTH MeETaJllla 00pa3yloT MOBEPXHOCTHBIE KOMILIEKCHI, KOTOPbIE NMPUHUMAIOT
y4acTUE€ B MEPBOM CTaIWU MOHU3AIMHU METajlsla, HAXOJAIIETOCS B KOHTAKTE C BOJHOU
CpEIION.

Bxoxnenue ke aHMOHOB pacTBOpPa B KOMIUIEKCHI «METAJT — BOJIa» MPUBOIUT K
YCKOPEHHUIO X pacrajia U CTUMYJIUPYET MPOIECC pacTBOpeHus MeTauia (pucyHok 9). 1
HAaoOOpOT, o0O0pa3oBaHHWE MPOYHBIX  AJCOPOIMOHHBIX  KOMILJIEKCOB  «METajll—

aJICOp6I/Ip0BaHHaH MOJICKYJIa BOAbI — aHHUOH» MOKCT TOPMO3UTDH IMMPOICCC PACTBOPCHHA.

[ToBepxHOCTH MeTAIIIA +Me +Me +Me +Me +Me

--0 -0 --0
+H +H +H +H+H +H
ITepexon +Me B pactBOp
Bonausiit pactBop u annonsr —CL,— -SO4,— -NO3

Pucynok 9 — [lepBas cTagus nOHHW3aMK METAJUIA B BOJTHOU Cpene

B paborax [logo6aeBa A.P., Jlazapenko-ManeBuu P.M.[126] snexTponsl aacop-
OMpPOBAaHHBIX HA TTIOBEPXHOCTH B AKTUBHOM 00JIACTH PACTBOPECHMS METajlIa MOJIEKYJ BO-

Abl, KOTOPBEIC YaCTUYHO O606H1€CTBJI€HBI C JJICKTPOHHBIM I'a30M METaJLIA, IMPCAI0KCHO
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HA3bIBaTh MOBEPXHOCTHRIMU KOMIUTEKCcOM nepeHoca 3apsiaa (I[TIKII3). Cxema oOpa3oBa-

aus [1K3I1 moka3ana Ha pucynke 10.

[loBepxHOCTH METAIIIA Me
[IKII3 KaTUOHBI TMe +Me +Me 3eKTpOHHBIN ra3 MeTajla

aunoHel O——- O-- O—-—

+H +H +H+H +H +H

Bonnsrii pactBop u  anumossl xjaopa — CL,— -S0O4,— —-NO3

Pucynox 10 — Cxema o6pazoBanus [TKII3

B HacTtosiiee Bpems oOmienpusHano [126], uro HamnpaBieHHe U 3PHEKTUBHOCTh
ANEKTPOAHBIX IPOLIECCOB, HAIIPUMEP NIPOILIECCAa PACTBOPEHMS JKEJIe3a U CIUIAaBOBOB Ha
€ro OCHOBE, a TAKXKE CTallel B KUCIBIX, HEUTPAJIbHBIX U CJIA0OMIEIOUHBIX Cpellax BO
MHOTOM ONPEJENAIOTCS MPEBPALICHUSIMU 00pa3yIOIINXCs HHTEPMEANATOB — IIOBEPXHO-
CTHBIX KOMILIEKCOB C iepeHocoM 3apsna. Kak Obuio otmedeno Boie, ITKII3 npencras-
JSI0T cO00M afcopOMpOBaHHBIE KUCIOPOJHBIMH KOHIIAMH (B aKTUBHOW 00JIacTH pac-
TBOPEHMS) HA TTOBEPXHOCTH METAJJIa MOJIEKYJIbI BOJbI, JIEKTPOHBI KOTOPBIX YACTUYHO
0000IIECTBIICHBI C AJEKTPOHHBIM ra3zoM Metaia. Cuutaercs, uto 3Tu [IKII3 ciocoOHbI
JUCCOLMPOBATh HA MPOTOH U aJICOPOIIMOHHO — CBA3aHHbIE TUAPOKCUANOHBL. Ha ocHoBe
npenacrasiaennss o [IKII3 kak mHTepMmenumare mporecca pacTBOPEHUS METala CTaJlo
BO3MOYKHBIM TOJIOWTH MTO-HOBOMY K BOIIPOCaM YCKOPEHHSI U TOPMOKEHUSI paCTBOPEHUS
MeTajula Moj BO3JECHCTBUEM AHHMOHOB. AHHOHBI, COINIACHO COBPEMEHHBIM MPECTABIIEC-
HUSM, B IIPOLIECCE AaKTUBHOI'O PACTBOPEHMS METa/lla B BOJHBIX PAaCTBOPax, BIMSIOT HA
coctaB u cteneHb nepenoca 3apsaa [IKII3. O6pa3yst BogopoaHy0 CBSI3b € acOopOUpO-
BaHHOMN BOJIOM, aHUOHBI-CTUMYJIATOPBI CIOCOOCTBYIOT YMEHBIIEHUIO MPOAOTKUTEIBHO-
ctu xwu3nu [IKII3. JleiicTBue ke aHMOHOB-UHTMOUTOPOB, KaK OKa3aJloCh, CBOJAUTCS K
BbITeCHEHUIO MMHU nepBUYHBIX [IKII3 € moBepXHOCTH MeTaiia, 4TO NPUBOJUT, B CBOKO
ouepesib, K 00pa30BaHMIO KOMILJIEKCA MeTajljla C aHUOH-UHTHOMTOpPOM, 00JIaatoium
KpaiiHe HM3KOH peaklHOHHOW CIOCOOHOCTBHIO. B cmiy mocneaHero oOCTOSTENbCTBA

ATOT HOBBIA KOMIIIEKC MOXKET ChII'paTh POJIb 9KpaHa, MUHHMH3UPYIOHICTO CKOPOCTb
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KOPpPO3HH MeTajuia. A TaKK€ CTAHOBUTCS IMOHATHO BIIMSIHUE BEJIMYMHBI 3apsAia HEKOTO-
PBIX OpPTraHMYECKHX AHMOHOB Ha MX CHOCOOHOCTH CTUMYJIHPOBATH MM MHTUOUPOBATH
IIPOLIECC PACTBOPEHUS JKEJ€3a U CIUIAaBOB Ha €ro OCHOBE. McXond U3 3TUX MONOKEHHIM
MeXaHHU3Ma KOpPpPO3UU MeTajljla U3 TPYMIIBI XKejle3a BO3MOXKHO pa3padaThiBaTh U MOA0U-
patb peareHTsl aisa BBeneHUs B BIDK, ¢ menbro ynydileHHs €€ aHTUKOPPO3UOHHBIX U
TpUOOTEXHUYECKUX CBOWCTB, @ HIMEHHO PEeareHT, AUCCOLUUPYIONIUN Ha aHUOHBI B BOJ-
HOM cpene u 6mokupyromuii oopazosanue [TKII3.

[Ipu BbIOOpE KOMIIOHEHTHOI'O COCTaBa CMa304YHOW J100aBKM K IPOMBIBOYHOMU
XKUIKOCTU HEOOXOIMMO PYKOBOJCTBOBATHCA CIAEAYIOIIMMHU MPUHLIUIIAMM:

1. TIponieccrl KOPPO3UH M M3HAIIMBAHUS METAJJIOB B3aUMOCBS3aHbl, aKTUBHPYIOT
pa3BUTHE U TEUEHUE APYT APYyra, OCOOEHHO B YCIOBHUSIX MHTEHCUBHBIX U MHOTOKPATHBIX
HUKINYECKHUX Ae(POpPMALIHIA.

2. Oprannyeckue MHrHOUTOPBI KOPPO3UHU AlPUOPH SIBISIIOTCS MEHEE TOKCHYHBI-
MU 10 CPAaBHEHUIO C TAKUMHU HEOPTaHUYECKMMU aHAJIOTaMH, KaK XpoMartbl, (hocdaTsl U
Ap.

3. JluneliHOe CTpOCHHE pajuKalia KOCBEHHO CBHACTEILCTBYET O JIydIlel Ouopas-
JIara€MOCTH B OKPY’KAlOIlel MPUPOAHOM Cpee.

4. C yMeHbIIIEHUEM JJIUHBI paJvKaia CHUKAETCsI TOBEPXHOCTHAsI aKTUBHOCTb CO-
€AMHEHUN U B3aUMOJICHCTBUE MEXKy PaJKaJIaMHU.

5. B TIKII3 pabota ancopOuuu 3HaUUTENbHA:

SHEPrusi MeKMOJIEKYIIsipHOIl H—cBsi3u 2—15 kkan/mModb;

sHepruss [IKII3 ¥ WMOHHBIX MEXMOJEKYISPHBIX B3auMoAeucTBud — 10 S0

KKaJ1/MOJIb.

sHeprus Ban—nep — BaanbcoBbIx B3auMoieicTBHI — OKOJIO 1 KKaj /MOJIb.

6. MHorocioiiHble TOJUMONEKYJISIPHBIE TIEHKH JOJIKHBI COCTOSATh U3 «TBEPJO-
00pa3HOro «(XeMOCOpPOLMOHHOTO) CJI0, Ha KOTOPOM pacrojaraeTcs <GKUIKOooOpas-
HBII» CIIOH (CTPYKTYpa «COHIBUYAY);

7. Cunepretnueckuii 3pQPexT 3amuThl METANIOB JAOCTUTAETCS MPU COYETAHUU
MHTMOUTOpa SKPaHUPYIOLIErO THMa (OYMILAET MOBEPXHOCTh OT BOJbI) U MHTHOUTOpA-

noHOopa (00pa3yeT Ha OYUILIEHHON MOBEPXHOCTU XEMOCOPOLIMOHHBIE CBS3H.
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B paGorax [99, 104, 105, 202, 203, 212] copmymrpoBaHbl OCHOBHBIE TPeOOBA-
HMA K cMa309HbIM go0aBkaM B BIDDK. Cmazounble 100aBku,KaK ¥ OOJIBITHHCTBO XUMH-
YECKHMX PEareHTOB ,MCIOJIb3YEMBIX IS peryaupoHus cBoictB BITK ,1oimkHBI OTBEUaTh
TpeOOBAHMSIM DKOJOTHHM M OXPaHBl TPY/a, TEXHUKO-TEXHOJOTUYECKUX W TEXHUKO-
PKOHOMHMYECKH COOTBETCTBOBAThH IOTPEOHOCTSIM OypoBOMl TexHosoruu. Bwmecte ¢
TEM,JIJIs1 JOCTWKCHHS MOCTABJICHHON B JJAHHOW JMCCEPTAIlMOHHON paboTe Lelu HeoO-
XOIMMO ,4TOOBI pa3pabaThiBacMble CMa304YHBIC JOOABKH CO37aBajid HAa pabOYMX IO-
BEPXHOCTSAX METAIMYSCKUX HHCTPYMEHTOB MHOT'OCJIOMHBIC aJCOPOIIMOHHBIC IUICH-
KH,00J1a]a011I1€ BEICOKUMHU aHTUKOPPO3UOHHBIMU ,[IPOTUBOU3HOCHBIMHU ¥ CMa30YHBIMU

CBOMCTBaMHM.

3.3 UcciienoBanue KOPPO3MOHHOMH AKTHBHOCTH BOJAHBIX PACTBOPOB

MHUHEPAJbHBIX COJIEH

[Ipu Oypenun riIyOOKMX CKBaKMH Ha HE(PTh M Ta3 B OypOBYIO MPOMBIBOYHYIO
XKUIKOCTh TOMAIAI0T PA3JIMYHBIE COJIM:B OCHOBHOM XJIOPHCTBIE COJIM KaJIbLIUS, KU,
Hatpus. Onu nonagaroT B BITK unu ¢ mmacToBoi )XKUAKOCTHIO, MU K€ TIPU ITPOXOK/IE-
HUU TPOIUIACTKOB TOPHBIX MOPOJ, cocTosAmux u3 coneil. [Ipu 3TtoM conu, nomangas B
OYpOBYIO TIPOMBIBOYHYIO JKUJIKOCTh, PACTBOPSIOTCS B HEM. YBEIMYUBACTCS TJIOTHOCTH
n Ba3kocTh BIDK. Hekoropsle xuMHuueckue peareHThbl, COJIEpIKAIIMECS B PaCTBOPAX,
«BBICAJIUBAIOTCS», T.€. BCTYNAIOT B XUMUYECKYIO PEAKIMIO U TEPSAIOT CBOE Ha3HAUYCHHUE,
kak HanpuMmep noHorennsie [TAB (cynbpdonon, HUK u ap.). [IpotuBon3HOCHBIE U cCMa-
30uHble QyHkmu Takux [TAB Tepstorcs [104].13menHsieTcss KOppO3UOHHAS arpecCUB-
HOCTb OypOBOI MPOMBIBOYHOM KUIKOCTH Ha BOJHOW OCHOBe. OrmpenesieHne CTEIeHU
KOPPO3WOHHOM AaKTUBHOCTH JJEKTPOJUTOB MPU PA3TUYHBIX KOHIEHTPALHUSIX COJICH
NpOBOJAMIN Ha mpubope «MoHukop—2My». Pe3ynbrarhl vcciieqoBaHui NPUBEACHBI Ha
pucyske 11.

B kauectBe arpeccuBHBIX cpen Oblu B3ATHI 1%(a) 3%(0), a Takke HACHIIIEHHBIC

pactBopsl (B) couseit NaCl, KC,CaCl, B qucTuiimupoBaHHOM BOJIE.
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N3 pucynka 11 BuOHO, YTO € yBeJIMYEHUMEM KOHLEHTpauuu cojed 1o 3% cko-
POCTh KOPPO3UHU YBEIMUMUBAETCSA, a 3aTEM CHIDKAETCS U IOCTUTAaeT MUHUMYMa MPU KOH-

HNCHTpAIUAX HACBIIIICHUA ( 9TO CBA3aHO CO CHHMXCHHUCM CHHIXCHHEM PACTBOPHUMOCTH-

kuciopoja B Bojae[105, 107, 129]).

COOTBETCTBEHHO I JNaJbHEHIINX JKCIEPUMEHTOB IPU HW3YyYEHUU KOPPO3HOH-
Holt arpeccuBHOCTH BIDK mpumensuin 3%-Hblld pacTBOp 3JIEKTPOJUTOB MIEIOYHO3E-
MEJIbHBIX METAJUIOB.

Meronom «CTOIIA» u3yyeHO BIMAHME PA3JIUYHBIX XJIOPHUCTBIX COJIEW IIEIIOY-
HBIX U IIEJIOYHO3EMENBHBIX METAIIOB Ha TOJIIMHY aJcOpOLMOHHON MJIEHKH, 00pa3ye-
MOM BOJHBIMHU PACTBOPAMH.

B Tabmuue 4 npuBeaeHB OTHOCUTENbHBIE TOIIIMHBI (OTHOCUTEIBHO TOJIIMHBI

a,Z[COp6I_[I/IOHHOﬁ IINICHKH BOIII:I) Pa3JINYIHbIX BOOAHBIX PACTBOPOB.

Ta6m/1ua 4 — OTHOCHTEIIHLHBIC BEIMYMNHBI TOJIIHWH I'PAHUYHOTI'O CJIOA B BOJHBIX PACTBO-

pax coneu
KonnenTtpamus 10- | OTHOCHUTEIbHBIE TOJIIWHBI TPAHUIHBIX
Pacrsop 0aBxu, % cioes S, /S,
Bona - 1

1 0,78

3 0,71

Boaa + NaCl o5 0.62
1 0,88

3 0,79

Bogna + CaCl, 28 0.50
1 0,93

3 0,50

Bona + KCI o5 0.12

N3 Tabmuubl 4 BUIHO, YTO aHUOH XJIOPA, BBIIICYKA3aHHBIX COJIEH, YMEHBLIAET
TOJILIMHY aJCOPOLIMOHHON BOJAHOW IUJIEHKH, T.€. SIBJSIETCS CTUMYJISATOPOM KOPPO3UHU

CTalik.
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OTH pe3yNbTaThl COrNACYIOTCS C paHee MPOBEACHHBIMU UCCIICAOBAHMSIMH Ha Ka-
denpe Oypenuss YIHTY (OwBmmii Y dumckuii HedTssHOW wHCTUTYT) [104] Bimsaus
Pa3IMYHBIX XJOPUCTHIX COJICH IEIOYHBIX U IIEIOYHO3EMENBHBIX METANIOB Ha KOPPO-
3MOHHYIO arpeCCUBHOCTD BOJHBIX PACTBOPOB MPUMEHHUTEIHHO K JOJOTHOW CTad. bbuto
YCTAHOBJICHO, YTO MaKCHUMallbHas KOPPO3MOHHAs aKTHBHOCTb BOJHBIX PacTBOPOB IO
OTHOIIIEHHUIO K J070THOH cTamu 20XH3M npuxoauTcss Ha KOHIEHTPAIIUIO XJIOPUCTHIX
COJIEH KaJblLus, MarHusi, Kajius, HaTpus, paBHON 3%. JlaibHeiilee yBeIHMYEeHUE KOH-
[EHTPAIMU COJIEH B pACTBOPE MPUBOJIUT K CHUKCHUIO KOPPO3UOHHOM aKTHBHOCTH BO/I-

HOT'O pacTBOpAa.

3.4 UccaenoBanue BIUAHHUS PA3JIMUYHBIX KHCJIOPOACOAEPKAMUX COeTUHEHUI

HA TEXHOJIOTHYeCKHe CBOMCTBA NMPOMBIBOYHBIX )KI/IIIKOCTCI‘/'I

[lepcrieKTUBHBIM CBHIPHEM IS MOJIYYEHHS CMA30YHBIX MATCPHUAIOB B 00JACTH
CTPOUTENIHCTBA CKB@KUH C YIYYIICHHBIMH JKCIUTYyaTAllMOHHBIMM U 9KOJIOTMYECKHMH
CBOMCTBaMH, ITPEIOTBPALIAIOIIMMHE IIEPETPEB Y3JI0B TPCHUS, 3AIIUIIAIOIIIMHU OT KOPPO-
3UH MaTePHaIbl B TIPOIIECCE TPEHMS, ABISETCS PACTUTEIHLHOE MACIIO.

AKTHBHBIM BEIICCTBOM MPOTHBOM3HOCHBIX MPHCATO0K OOBIYHO SIBISIOTCS KHCIIO-
pOJCOaEpIKaIe COCAMHEHNS (KapOOHOBBIE KMCIOTHI M MX CIOXKHBIE d(DHPHI), TaK KaK
HAMOOJBIIMMU CMa3bIBAIONIMMH CBOMCTBAMHU M3 TPYIIIbI MOBEPXHOCTHO-aKTHBHBIX OP-
TaHMYECKUX BEIIECTB, COACPIKAIINX TE€TEPOATOMBI CEPBI, a30Ta U KHCIIOPOAa, 001aJar0T
UMEHHO KHCIopoacoaepskanue coeauaenns [133].

JIu1st IO Ty4eHus IpUcagoK OOBIYHO IPUMEHSIIOT MPOAYKTHI PACTUTEIILHOTO PO~
UCXO0XKIEeHUS (KUCIOTHI PACTUTEIbHBIX Mace - TAJULIOBOE MAacjo U 1Ip.).

Takue mpucaaky OTHOCATCS K PaCTHTEIBHBIM MacliaM, MOJICKYJIbI KOTOPBIX B OT-
JMYUE OT MOJICKYJ Macesl MHHEPAJIbHOTO MPOUCXOKICHHs, MMEIOT aKTHBHBIC pajnKa-
JIbI, TEM CaMbIM HapyIas CAMMETPHIO CTPYKTYPbl MOJICKYJISIPHOM IIETIH M pacupesere-
HHE 3apsI0B TaKUM 00pa3oM, YTO OJMH KOHEI[ 3B€HA CTAHOBUTCS IPEUMYIIECCTBEHHO

IIOJIO’KUATENIBHBIM, & IPYTOM OTPULIATEIbHBIM.
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Takue MOJIeKyJbI Ha3bIBAIOTCS TOJIIPHBIMH, U WX TOJSPHBIE (ParMeHThl, COAEP-
KaIe paguKalbl, XapaKTePU3yOTCs ONPEACICHHBIM MPUTHKECHUEM K METALTHICCKAM
NOBEpXHOCTSM. OHU COEAMHSIOTCS C MOBEPXHOCTHIO MeTaia, a TuapodoOHbIE IEnu
CTPEMSITCS PACIOJIOKHUTHCS MEePIEHIUKYISIPHO MOBepXxHOCTH. CITOCOOHOCTH K CIIeTIe-
HUIO Ha3bIBAIOT CBOOOIHOM dHEpPruei aare3um.

[Ipu Kcronb30BaHWKM MHUHEPAIBHBIX Maced UX HKCILTyaTallMOHHbBIE MOKa3aTesu
MOTYT OBITh YIy4IlIEHBI 100aBlIeHueM HeOOoIbIIoro konmdectsa (~1%) akTUBHOTO TO-
JSIPHOTO pajuKaia (HarpuMmep, OJICMHOBOM KMCIIOTBI, 3PYKOBON KUCIIOTHI).

B nientom pacturtenshbie Macina [81] kimaccupuimpyrores:

1) 10 KOHCHCTEHIINH Ha:

-a) TBepAbIe (MaTbMOBOE, MACJIO Kakao, KOKOCOBOE, MaJIbMOSIAPOBOE);

-0) *xuakue (MoJICOTHEYHOE, COEBOE, PAlICOBOE, JTLHSIHOE);

2) 10 CIOCOOHOCTH 00Pa30BBIBATh IJICHKH ITPH BBICHIXaHUH:

-a) BBICHIXAIOIINE-OKUCIISIOTCS Ha BO3JyXe M 00pasyloT TJaJKHe, MpO3payvHbIe,
CMOJIOTIOIOOHBIC AJIACTHYHBIE TUICHKH, HEPACTBOPUMBIC B OPTaHUUYECKHX PACTBOPHUTE-
751X (JBHSHOE, KOHOIUISIHOE, TYHTOBOE);

-0) MOJTYBBICHIXAIOIINE — MEJICHHO 00pa3yIolue MsTKUE, JIUMKUE IUICHKHU (MOoI-
COJIHEYHOE, KYKYpPy3HO€E, CO€BOE€, MAaKOBOE);

-B) HEBBICHIXAIONIUE — HE 00pa3ylOT MJICHOK M HE 3aryCTEBAIOT MPU HArpeBaHUU
(0TMBKOBOE, PAINiCOBOE, apaxMCOBOE, TOPUYNIHOE, MMATbMOBOE, MabIIPOBOE, MACIo Ka-
Kao).

3) 1o coiep KaHUIO KUPHBIX KHCIIOT.

Bxpatiie nosicaum 0603HaueHUS: UG PHI TOCIE CUMBOJIA YTIIepoa 03HA4YaroT COo-
nepkanue yriepoaa, mocie npoerouns:0,1 u np. 0603HaUaOT U30MEpHI (HYJIEBOM, TIep-
BBIH W T.J.) )KUPHBIX KHUCIIOT.

Kupnokucnorssiit coctaB C4:0 — macnsanas kuciota, C6:0 — kanponosas, C8:0 —
kanpuiosasi, C10:0 — kanpunoBas, C10:0 — neuieHoBasi, COAEPKUTCS B Maciiax KOKOCO-
BOM, nasibMosiipoBoM oT 0.2 % mo 10.2%.

C12:0 — maypunonas, C14:0 — mupuctunroBas, Ci4:1 — mupuctonennonas, C 156:0 —

naneMuTHHOBASA, Ci6:1 — manmeMuTONennoBas, C 13:0 — creapunoBas, C1g:1 — onenHoBas,
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Cig:2 — nunoneBas, Cig:3 — nmuuoneBasi, C .0 — apaxunonas, C »:1 — ragonennosas, C
20-1 — aiiko3amuenoBas, Cy,:0 — 6erenoBast, Cy,:1 — apykoBas, C 5,:2 — TOK03aIuEeHOBAS,
Cy4 :0 — nurnouepunoBasi, C »4:1 — HEpBOHOBAsI COACPKUTCSA B MacjaxX OJMBKOBOM, CO-
€BOM, MOJICOTHEYHOM, MACJIO MOJCOJTHEYHOE BHICOKOOJIEMHOBOE, ParicoBOE, MaJibMOBOE,
Kakao, najibMosiApoBoe, KokocoBoe oT 0,3 — 1o 60%. boJbiiie BCero KUCIOT COACPKUT-
Cs B MacJjax: MoJCOIHEeYHOM — 10 69 %, parncoBoM — 10 60%, coeBom — 10 57 %. Hamu
OBbUTM M3Yy4YEeHBI Maclia: MOJCOJHEYHOE, COEBOE, PAICOBOE, XJIOMKOBOE, ISl CPABHEHUS
U3y4alld aHTUKOPPO3UOHHBIE CBOMCTBA MUHEpanbHOTO Macia U-40, cmazouHoi 1006aB-
ku OK -2000. C uenpto onepaTuBHOM OTOPAaKOBKHM 3aBEIOMO HU3KO3(D(PEKTUBHBIX Ma-
Cel U3 psAZia MOJTYYEHHBIX PACTUTEIBLHOIO CHIPhs, OBLJIO MPOBEACHO U3YYCHUE UX CIIO-
COOHOCTH MPOTUBOCTOSITH JIOKAIBHOW KOPPO3UH METOJIOM CHSTHS LUKJIOBOJIbTaMIIEPO-
METPUUYECKUX KPUBBIX Ha moTeHiuocTare cepun JPC pro M.

[IBA kpuBbI€, KaK 3TO OTMEYEHO BBIIIC (TJ1aBa 2), ObUIA CHATBI B TPEXDJICKTPOI-
HOM 3IEKTPOXUMHUYECKOU siueiike. ATpecCUBHOM cpenoil ciyxuil 3% BOAHBIN pacTBOp
NaCl. PabounM 371eKTPOIOM SIBIISJICS TOPEIl CTAIBHOM MPOBOJIOKH TUAMETPOM B 3 MM,
OTIPABIIEHHOM B KOXKYX U3 moJuTeTpadTopITUIeHa. BecroMoraTenbHbIi 3JIeKTpO — OT-
PE30K MIATUHOBOM MPOBOJIOKU. CpaBHUTENBbHBIA 3JEKTPOJ — XJjopcepeOpsaHbiid. Pe-
3yJbTaThl SKCIEPUMEHTOB MPEJCTABIICHBI HA PUCYHKE 12.

AHanu3 npejcTaBiIeHHbIX Ha pucyHke 12 munauii [IBA mokasan, 4To HauOoIbIIni
3¢ (dexT Kak HHTMOUTOP KOPPO3UUHU U3 UCCIETOBAHHBIX PACTUTENIbHBIX Maces MOKa3aJio
pamnicoBoe macio. Jlyummii 3@exT Kak aHTUKOPPO3HOHHAS T00AaBKa MPUHAJICKUT
pearenty @K — 2000.

Kak BuaHO W3 aHanM3a KPUBBIX, HAUXY/IIUNA PE3yIbTaT MO CHIXKEHUIO KOPPO3H-
OHHOM arpecCUBHOCTH Cpeibl MoKazajio Maciio uHayctpuanbHoe M — 40, a macna pac-
TUTEJIBHBIE PACIIONOXKHUIUCH B PSAJ TIO BO3PACTAHUIO aHTUKOPPO3UOHHOU d(PPEeKTUBHO-
CTH — XJIOIIKOBOE, COEBOE, MOJACOTHEYHOE, PAICOBOE.

Takum 00pa3oMm, CHOCOOHOCTH Macell MPENsTCTBOBATH JIOKAJIbHON KOPpO3UHU

KOPPEIUPYET C COIEPKAHUEM B HUX BBICIIMX KMPHBIX KUCIOT [1, 75, 133, 175].
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. Takum o0Opa3om, CIOCOOHOCTHL Macesl IMPEMSATCTBOBATH JOKAJIBLHONH KOPPO3UHU
KOPPEIHMPYET C COACPKaHUEM B HUX BBICIINX JKUPHBIX KucioT [1, 75, 133, 175].

[To pe3ynpTaTaMm MepBOro 3Tana moadopa pacTUTEILHOIO Macja BbIOpaHO parico-
BOE MacJIo Kak HanboJjiee MEepPCIeKTUBHOE ChIPhE IS MOJYyUYCHHUS! KOMIUIEKCHOTO aHTH-
KOPPO3UOHHO-CMAa304HOI'0 peareHTa.

N3 3 ToHH cemsH parica, conepxkammx 10 60 % 3pyKoBOMl KHCIOTBI, MOJYy4arOT
OT’)KMMOM OKOJIO 1 TOHHBI pamcoBOro macia. PamcoBoe Maciio JOCTYITHO B OOJIBIIMX
konnuectBax. B Hauane 2000 r. B PO npousBoaunu 13 MiIH. TOHH paricoBOro Macia, us3
KOTOpbIX 10% yXoauno Ha TEXHUYECKUE HYXIbl. JTO SBIAETCS XOPOIIEH MpeanochUl-
KOU IIUPOKOT0 MPUMEHEHHUS B KaueCTBE KOMIIOHEHTA J100ABOK IS YIYUYIIEHUs Xapak-
TEPUCTUK OypPOBBIX MMPOMBIBOYHBIX KHUIKOCTEH.

dyke T'U., ®ykc WN.I'., EBmokumor A.1O., Hagames M.H., O6xamukosa N.P.,
Cemunsignas E.I'., Byraee A.M., UmankynoB H.H., bama6exos O.K. [29, 65, 80-85,

149, 150, 89, 90, 91] uccnemoBanu parncoBoe MacjiO Kak KOMIIOHEHT CMa304YHBIX MaTe-
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pUagoB B MOTOPHBIE Macja WJIM KaK KOMIOHEHT OuoTroruinBa. [lokasaHa nmepcrnekTus-
HOCTbh HMCIIOJIb30BaHMS PAliCOBOr0 Macljia KaK THJIPaBINYECKOM KUIKOCTH, a 3Tepudu-
KAl KHUCIJIOT, COJICPKAIIMXCS B PAIICOBOM Macje, €KUM KaJaueM WIM TUAPOOKUCHIO
KaJIbLHS MMOJYYaeTCsl MPOAYKT, MOBBIIIAKOIINAN CMa30YHbIE U MPOTUBOU3HOCHBIE CBOM-
cTBa uHAycTpuaapHoro macia M-40. Tem He MeHee, UX MPUMEHEHHE OTPAHUYCHO HE-
YCTOMYMBOCTBIO B 00JaCTH BBICOKMX M HU3KHX TEMIIEPATyp U BBICOKOW CTOMMOCTHIO.
CroumocTh pa3pabOTaHHBIX MPOU3BOJHBIX HA OCHOBE PACTUTEIBLHOIO Maciia HAMHOIO
BBIIIIE, YeM Macesl Ha HEPTSHOM OCHOBE.

B ocHOBe npUHIIMIIOB MOJIyYeHHUs Macyio - U BojopacTBopumbix [TAB, (a, umen-
HO, K TaKOTO POJa XMMHUYECKUM COCAUHEHUSIM OTHOCSITCA JCUCTBYIOIIEE HAYAIO WU
OCHOBHOE JICHCTBYIOIIEE BEIIEeCTBO) 100aBOK, npuaatomux bIDK anTukoppo3uoHHbIE U
CMAa30YHbIE CBOMCTBA, JIEKAT JBa MOAX0/1a, OJIUH U3 KOTOPBIX 3aKJIIOYACTCS B BbIJIEIIC-
HUU U3 CBIPOM WM OYUIIeHHOW He( T [1] mim mpoayKToB ee nepepabOoTKH, TaK Ha3bl-
BaeMbIX ecTecTBEHHbIX [TAB.

Bropoit mogxon 3To cnenranbHbBIMI CUHTE3, COCTOSIIUMN, KaK MPABUJIO, U3 TPEX
OCHOBHBIX cTaaui. [lepBast cranust ’T0 BBIOOP YTIIEBOJOPOIHOTO CHIPhS U3 YKCiIa He(-
TEMPOAYKTOB (HE(PTIHOE CHIPbE) HIIM €r0 CUHTE3a, T.€. BBIOOpa OyayIIeit yriIeBoI0POI-
HOM yactu MoJiekyibl [IAB.Btopas crtagusa - BBeA€HHWH B MOJIEKYJIY OJHOW WJIU HE-
CKOJIbKMX aKTHBHBIX T'PYMNIl HY>KHOTO KadeCTBa MPU MOMOIIM IMPOLECCOB OKUCIICHUS,
cynb(upoBaHUs, TUTPOBAHUS, KOHJCHCAIIMU, HEUTpanu3auu U T.1. TpeThst cTaaus 3a-
KJIFOYaeTCs B BBIACJICHUN U OYMIIICHH ITpoaykTa [28, 86, 91, 93, 192].

Hamu o0ocHOBaH peHTAO0EIbHBIM METOJ MOBBIIMIEHUS TEPMOCTOMKOCTH IMPOM3-
BOJIHBIX PACTUTEJIBHOTO MacJia ¢ COXPAHEHUEM €r0 OCHOBHOTO XMMHUYECKOI'0 COCTABA.
MoJtekybl TPUTIUIIEPUIOB PATICOBOTO Maciia MPEICTABISIOT COO0H B OCHOBHOM TPHUT-
JIALEPUIBI IPYKOBOM HEHACBHILIEHHOW XHUPHOM KUCIOTHI. Llernoukn MOJIEKysn KUPHOU
KHCIJIOTBI BKJIFOYAIOT JTBOWHBIE CBSI3U, UTO MPUBOANT K UX Pa3phIBy B 00JACTH BBICOKHX
temriepatyp. YIHTY coBmectHo ¢ OOO «XUMMOTOIOT» CO3/1aHbI 00JIee YCTONYHNBBIC

MOJICKYJIbI K ITOBBIIIICHUIO TEMIIEPATYP 3a CUCT INOCTCIICHHOI'O YMCHBIICHHUA KOJINYCCTBA
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TBOMHBIX cBsizell. [lomydyeHnsit 3¢up crnocobeH padoTaTh MPU HU3KUX U BBICOKHX TE€M-
neparypax, yAOBJIETBOpss TpeOOBaHUSM, NMPEABABISAEMBIM K CMa304HBIM J0OaBKam,
UCIIOJIb3YEMBIM IS IPUTOTOBIICHUS OYPOBBIX PACTBOPOB.

JlJis mpoBepKH CTOMKOCTH CHHTE3UPOBAHHOTO 3(Hpa ParicoBOro Macia K BBICO-
KUM JHEPreTUYECKUM Harpy3kaM (TeMIepaTypHas CTOMKOCTb) ObUIM IMPOBEIEHBI €rO0
ucnbITaHus Ha MamuHe Tpeaus YMT-1u «gemoncTparope n3noca [206].

Pe3ynbraThl HCNIBITAHWN CMA304YHBIX MAaTEPUAJIOB HA YETHIPEXIIAPUKOBON MaIlln-
He Tpenus UMT-1 npuBeaeHsl B TabiwHIe S.

N3 Tabauuel 5 BUAHO, YTO BBICOKOTEMIIEPATYPHAsi OCHOBA 3(hrpa 3pyKOBOH KH-
CIIOTHI 00J1a/1aeT JTYYIIUMHA CMa3bIBAIOIIMMHU CBOMCTBAMHM O CPABHEHHUIO C 0OpasIamu

PaIrcoBOro Maciia.

Tabnuna 5 — Pe3ynbTaThl HCOIBITAHUN CMAa304HBIX MaTepraioB Ha MamHe UMT-1

IToka3zatenu TpeHus u u3Hoca Ha YMT-1
OG6pa3siib
CMa304HBIX [Toxazarens Kputnueckas
Harpyska IToka3zarenn
MaTepuasoB CBApHBAHES n3HOCa n3Hoca(Ty), Mv Harpyska WNupnexc
(Po).H (n), mm(1000 ( 400H: 1 11,210) (Px), 3aupa
¢ H;10cex) ’ H (M)
1-40 1260 2,67 0,90 500-630 20
Macro 1480 1,88 0,79 700-900 28
parcoBoe
S¢up
3PYKOBOI1 2450 0,87 0,69 800-1000 33
KHCIIOTBI

[IpocnexuBaerca CBsI3b C TOJIIMHOW IJIEHKH pancoBoro macia, macia M-40 c
KPUTHUYECKUM Harpy3kaMu (Harpy3kamu CBapuBaHUs, 3a€IaHusl), KOTOPbIE OHU BBIAEP-
JKUBAIOT.

Panee npoBenenubiMu uccienoanusiMu llens H.B.,Uetsipunoit O.I'. [208] o
M3MEPEHUIO TOJIIUHBI (3aMepbl MPOU3BOJIUIN TPABUMETPUUYECKUM METOAOM) CMa30y-
HOM TJIEHKU 00pa3yeMoil Ha MEIHOM MJIACTUHE PAa3IMYHBIMU CpefamMu ObLIO Ompezerie-

HBI pa3Mephl aJICOPOLIMOHHBIX CIOEB 00pa3yeMbIX : IU3EJIbHBIM TOIUIMBOM — 5 MKM;
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maciom HM-40 — 14 mxwm; otpabotanHbiM MaciioM MMO — 16 MKM; parncoBbIM MacioM
— 18 MKM.

UYem GoJipllie TOJIIMHA CMA304YHOIO CJIOSl, TEM BBILIE MPOTUBOU3HOCHBIE U AHTH-
KOPPO3HOHHBIE CBOMCTBA CMA30YHBIX MaTEPHAJIOB.

Pe3ynbrarel ucnblTaHUi 00pa3lloB CMa304YHBIX MAaTEpUaAIOB Ha TpUOOMETpHUE-
CKOM YCTaHOBKE «IEMOHCTPATOp WM3HOCA», MPEJCTaBICHHbIE B TaliuIEe 6, TOBOPAT O
TOM, YTO JIY4IIH€ MPOTUBOU3HOCHBIE U MPOTHBO33AUPHBIE CBOIICTBA y PAlICOBOTO Macja
U 3(pupa pancoBoro macia, 00eCeYnBarOIIUX padoTy y371a TPEHUs NPU BBICOKUX TEM-
neparypax. Temneparypa 3aKJIMHUBAHUS y3J0B TPEHUS C 3(PUPOM PariCOBOrO Macia Ha

85 °C BelllIe, YeM PaIrcoBOro Macia.
Ta6uua 6 — Pe3ynbTaThl HCIIBITAHUE 00Pa3IOB CMA30YHBIX MaTEPHUAIOB Ha

TPUOOMETPUYECKON YCTAHOBKE «JIEMOHCTPATOP U3HOCA»

OGpaspl [Tnomane narHa uznoca (Sy), MMZ, 15 MuH paboTh
CMAa30YHBIX
MATEDHAIOB Harpyska Harpyska Harpy3ka | Harpyska Harpyska
P S H; 10H; 15 H; 20 H: 25 H:
n-40 3,20 3aKJIMHUIIO — _ _
Parcosoe macio 1,80 2.7 2,95 3,55 3aKIUHHIIIO
S¢up 3PYKT(:OH KHCII0- 1,65 2,0 2,85 3,25 3,60

Ha ocHoBe »¢dupa pacTUTenbHOrO parcoBOro Macja IOoJy4yeHa CMa304Ho-
aHTuKoppo3roHHas no0aBka (CAB-3) mis OypoBBIX MPOMBIBOUHBIX JKHIKOCTEH, KOTO-
past TIpe/ICTaBIsIeT COOOM KHUAKOCTh TIOTHOCTBIO 900 — 1050 Kkr/™M°, ¢ TemmepaTypoii

3aMep3aHusi MUHYC 25 °C, TEMIEPATYPOI BCIBIIIKHU 95 °C.

Xumnueckas popmyna CAB-3:C,, HyyNH, O, Hmxe Ha pucynke 13 npuBeaeHa

CTpyKTypHas ¢popmya 3pupa 3pyKOBOM KUCIOTHI.
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CH3-(CH2)7CH:CH = (CHZ)].].—CH

O-NH,

Pucynok 13 — CtpykrypHas popmyia a¢upa 3pyKOBOil KUCIOTHI

N3 pucynka 13 BHIHO, 4TO B MOJIEKYJIE MOJYUYEHHOTO CIIOXKHOTO 3dupa coaep-

*aTcsl akThuBHbIE PyHKIIMOHANBHBIE Tpynnsl COOH,NH, .

3.5 UccnenoBanne Biausinusi pearenta CAb—3 Ha TexHo/10THYeCKHE

CBOMCTBAa OypPOBBIX MPOMBIBOYHBIX KHAKOCTE

OcoOEHHOCThIO TPUMEHEHHSI CMa30YHbBIX JOOABOK K MPOMBIBOUHBIM KUJIKOCTSIM
SABJISIETCS HEOOXOAUMOCTh COTJIACOBAHHOTO BJIMSIHUS HAa TPUOOTEXHUYECKHE U OOIIe-
TEXHOJIOTUUECKHE CBOMCTBA kuAKocTeil. [loaromy npu ycnoBuu 3¢ PeKTUBHOTO BiIHSI-
HUSI Ha CMa30YHbIE CBOMCTBA JOOABOK 00S13aTEIbHO YUUTHIBAECTCA U aHAIU3UPYETCS UX
BIIMSIHUE HA OCHOBHBIE TEXHOJIOTMYECKHUE MAPAMETPHI PACTBOPOB.

B ocnoxxHeHHBIX ycnoBusx HambOoiee 3((HEKTUBHO HMCIOJIB30BaTh CMA304YHBIC
00aBKH, KOMIUIEKCHO YIy4IlaloInue TPUOOTEXHUYECKHE U OOIIETEXHOJIOTMYECKUE
CBOMCTBA TJIMHUCTBIX PACTBOPOB, MO3BOJISIIOLIUE MPEIYIPEAUTH OCIOKHEHHUS, 3aMEHUTD
WU COKPATUTh pacxoj ACHUIMTHBIX U JOPOTOCTOAIIMX MATEPUATIOB U XUMHYECKUX
peareHTOB.

B kadectBe OypOBBIX PacTBOPOB ISl UCCIEAOBAHUS MPOTUBOU3HOCHBIX, CMa304-
HBIX U aHTUKOPPO3UOHHBIX CBOMCTB UCIBITHIBAIUCH MIIMHUCTHIE, MOJUMEPTIMHUCTHIE U
YTSDKEJICHHBIE MEJIOM OYpOBBIE TTPOMBIBOYHBIC KUAKOCTH. [IpeaBapuTenbHo onpeaens-

JOCh onTHUManbHOE conepxkanHue peareHTa CAb-3 B INIMHHCTOM pacTBOpE, YTSAKEIECH-
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HOM MeJioM. J[71s1 rccnmeqoBanuii TIIMHUCTOTO OYPOBOTO PacTBOpPA MPUTOTOBWIIM UCXOI-
HbII pacTBOp Nel, cocrosmmi us:

— 0euronura — 4%;

— KanpIuHUpoBaHHOM cozpl — 0,2%;

— Mmena — 16%;— Yaudnoka — 0,3%;

— KMII - 0,6%;

— KCCB - 0,5%;

—I19C-1 - 0,01%;

- TexHn4eCcKON BOABI — OCTAJIBHOE.

[TapameTpsl ucxonnoit BITK npuBeaens B Tabnuie 7.

Tabnuma 7 — [TapameTpsl UCX0IHOM OYPOBOM TPOMBIBOYHOM KUIKOCTH

p, |VYB o . . Koadduuument tpenus KTp (cTanb-
Cocras KF3/M P /301;[1/IH MH’a'c H’a IJIMHUCTAs] KOPKa) Yepe3, MUH
¢ 5 10 20
HCXOHH"J{E PR 1100 |55 | 5 30,3 |6,81 |0,1423 | 0,1577 0,1836

[TapameTpoM ONTUMU3ALMH SBJISIETCS KOYPHUIIMEHT TPEHUS CTAIUA MO TITUHUCTOM
KOpKE, €ro 3Ha4eHHE JOHKHO ObITh MUHUMAJIbHBIM. 3HaueHUuEe KoddduimeHTa TpeHus
napbl «CTajdb — IJIMHUCTAsE KOPKa» B 3HAYUTEIHLHON MEpe 3aBUCUT OT TpeX (haKTOPOB:
KOHIIEHTpAIlMU CMa304HOM J0OaBKK B OYpOBOM MIPOMBIBOYHOMN JKUJIKOCTU, BPEMEHH He-
MOJIBMYKHOTO KOHTaKTa «METaJUI-TJIIMHUCTasg KOopka», comepkanus mena B bIDK. B mo-
CJIEIYIOUIEM M3Y4YEeHHUE BIMUSHUS CMa304HOM JOOABKU M MeJia Ha KOd(PPUIIMEHT TPEeHUS
TJIMHUCTON KOPKHU TTpoBouiIoch Ha npudope KTK-2.

Jl1st mpoBeieHUs SKCIIEPUMEHTOB ObLTH TIPUHSTHI CIICAYIOIINE YCIOBHUS:

- BpeMst popmupoBaHus punsTparmonHoi kopku 30 MuHyT, Ha mpudope BM - 6;

- BpeMsl HETIOJBMKHOTO KOHTAKTa IUIMHAPUIECKOTO MyaHCOHA ¢ (DUIIbTPAIMOH-
HOM Kkopko# 1, 5, 10, 15, 20, 25, 30 MuHyT.

HccnenoBanus mpoOBOAMINCH METOIOM IJIAHUPOBAHHOTO dKcIiepumenTa [77,167],
KOTOPBIN BKIIIOYAET B ceOsl: a) pa3pabOTKy MaTpHIIbl IIJIAHUPOBAHHOTO SKCIEPUMEHTA;

0) BBINOJIHEHHE JIAOOPATOPHBIX IKCIIEPUMEHTOB; B) 00pabOTKa PE3yIbTaTOB OIBITOB.
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[1TaHNPOBAHHBIH SKCIIEPUMEHT THIA 3° T.€. PACCMATPUBAIOTCS TPU (akTopa Ha 2-
yX YPOBHSX:

1) dpakrop — kounenrpanus peareara CAb-3 , Xj;

2) GakTop — BpeMsi KOHTaKTa [UJINH]PA C TITMHACTON KOPKOH, Xj;

3) (hakTop — KOHIIEHTpalus Mea, X3 .

['panutel M3MEeHeHUs KOHIIEHTpaIuH (Xj) peareHTOB MPUBEICHEI B Ta0HIIE 8.

OCHOBHO# YPOBEHB PACCUMTHIBAIOT T10 CIIEIYIONIEH hopmyTie:

max min

XX
Xi== 2 (10).

I/IHTepBaJ'I BapbHUPOBAHUA PACCUUTHIBACTCA I10 (I)OpMYJ'Ie:

A B (12).

Jlyist mepeBojia 3HaYeHUsl ypOBHEW B KOHIICHTPALIMU OYpOBOTO PacTBOpPa BOCIOJIb-

3yeMcsi (hOpMYIIOH:

X, =20 = x=X-Ax +x,, (12).

rae  X; — 3HadeHue i-ro (akTopa; Xxj — HATypaJbHOE TeKylllee 3HaYeHue I-ro (akropa,
%; Xip — HaYaIbHBIA ypOBEeHb I-r0 hakTopa, %; Ax; — MHTEpBAJI BapbUPOBAHUS I-T0 (ak-
Topa, %. 3HaueHUs] BLIOpAHHBIX YPOBHEH (HIKHUN U BEPXHUN YPOBHU KOHIICHTpPAIIUN
peareHTOB B pacTBOpE, BPEMEHN KOHTAKTa IIJIMHIPA U KOPKH ) BapbHPYEMBIX (DAaKTOPOB
MPUBEICHBI B Ta0IMIE 8.

Tabnuia 8§ — 3HaueHus BapbUPyEMbIX (PaKTOPOB

Bpewms koHTakTa M

YpoBeHb OGosHaue- | CAB-3% | meramn-ri. kopka, oeﬂ’

BapbUPYEMBIX HUE KOJIO- MUH %
aKTOPOB BOC

(axrop X, X, X3
OCHOBHOW YpOBEHb 0 1,75 15,5 10
HHTepBan BapbUpOBaHUS AX; 1,25 14,5 10
BepxHuuii ypoBeHb +1 3 30 20
HwxHuii ypoBeHb -1 0,5 1 0
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B kauectBe MareMaTM4eCKOW MOJIENM, OMUCHIBAIONICH XapaKTep BIIUSHUS KOH-
uentpauuu peareHToB (CAb-3,Mena) 1 BpeMeHM KOHTAKTa MIIMHUCTON KOPKU C ITUJINH-
JpOM Ha KO3(PGUIMEHT TPEHUS Maphbl «CTalb-TJIMHUCTAs KOpKa» Obula BhIOpaHa KBaj-
paTU4Has MOJENb(MOJENb BbIOpaHa C YYETOM paHEE MPOBEACHHBIX HCCIENI0Ba-

Huii[ 104,105]) u onuckiBaemasi BbIpaKEHUEM:

KTp.:A0+A1X1+ A2X12+A3X2+A4X22+A5X1X2+. e Aan,
rae Ao, A1, Az, Az,A4As,...Ay-CBOOOIHBIE KO3 dUIIMEHTA ypaBHEHUS perpeccuu [167]

Matpuia njiaHupoBaHUs 3KCHEPUMEHTA C PACUETHBIMHU CTOJOLIAMHM B3aUMOJAEHUCT-
BUs (PAaKTOPOB MpeACTaBIeHA B Ta0IULE 9.

Pe3ynbraThl 00paOOTKH 3TUX OMBITOB MPOBOAMIM CIAEAyHOUIUM obOpazom [77,167]:
MPOBEPUITU OJHOPOIHOCTD MapaIEIbHbIX OMBITOB. J{JIs1 3TOr0 onpenenuiu AUCIEPCUIO
napaluIebHBIX ObITOB Sy IIpoBepKa OXHOPOMHOCTH AUCIIEPCHI TPOBOIUTCS C HEIIBIO
IPUHATHUS PELICHHUS] O BO3MOYKHOCTH MX HCIIOJIB30BaHUA JUJIl PETPECCUOHHOIO AHAIU3A

nyTeM cpaBHeHMs 3HaueHui pacueTHoro (Gp)wu Tabmmunoro (Gr) kputepueB Koxpena.

Ecmm (Gt) 6ombmie (Gp), To rumoTe3a 00 OJJHOPOIHOCTH TUCIIEPCUI TIPUHUMACTCS.

Kpurepuit Koxpena paccunranu o popmyie:

Tabnuua 9 — Matpuna miaHupoOBaHHOTO YKCIIEPUMEHTA

?ﬁiﬁg Xo X X2 X3 X1 Xz X X3 XoX3 X1 XX
1 +1 -1 -1 -1 +1 +1 +1 1
2 1+ -1 -1 -1 -1 +1 +1
3 -1+ -l -1 +1 -1 +1
4 +1 +1 +1 -1 +1 1 1 1
5 +1 -1 -1 +1 +1 1 ] 1
6 +1 +1 -1 +1 1 +1 ] 1
7 +1 | -1 +1 +1 1 1 1 1
8 +1 +1 +1 +1 +1 +1 +1 1
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PC3YJIBT3TBI IMPOBCACHHBIX OIIBITOB 11O MAaTPHUIIC INIAHUPOBAHHOT'O 3KCIICPUMCH-

Ta U pe3yJIbTaTbl 00PabOTKH 3TUX OINBITOB BHECEHBI B Ta0IUILYy 10.

Tabmuua 10 — Pe3ynabTaThl HCHIBITAHUI U pacyeT AUCIEPCUN MapalIEIbHbIX OMBITOB

BennuuHbl OTKIIOHEHUH TTa-
paJIIEBHBIX OTMBITOB OT Jlucnepens
Homep | Kitp. | Kitp. | Kitp. | Cpennuii K.tp. napai-
omeiTa | Y Yu, Yus Yu cp cpeaHero Yun/Yuce JICJIbHBIX
OIIBITOB SZH
1 uc 2 uc 3 uc
1 0,086 | 0,126 | 0,107 0,106 -0,02 0,02 0,001 0,000801
2 0,081 | 0,136 | 0,101 0,106 -0,025 0,03 -0,005 0,00155
3 0,118 | 0,163 | 0,123 0,135 -0,017 0,028 -0,012 0,001217
4 0,125 | 0,146 | 0,125 0,135 -0,01 0,011 -0,01 0,000321
5 0,154 | 0,122 | 0,139 0,138 0,016 -0,016 0,001 0,000513
6 0,155 | 0,117 | 0,122 0,131 0,024 -0,014 | -0,009 0,000853
7 0,151 | 0,140 | 0,143 0,145 0,006 -0,044 | -0,002 0,005056
8 0,155 | 0,142 | 0,125 0,141 0,014 0,001 -0,016 0,000453
>=0,01076
Kpurepuit Koxpena paccunranu o popmyie:
Gp= (S%y max.)/ cymm.S%; Gp=(0,005056)/(0,010764) =0,49. (13).

Gr BbIOMpaem u3 Tabimibl 8 [167], mpu uncie creneneit ceoodoasr f1=2 , f, =N=8,
rjae N — YUCiIo MapajuieIbHbIX OMbITOB, N-4KCIIO ONBITOB W 33JaHHOM ypOBHE 3Ha-
gumoctu p.=0,05 [167] G1=0,51.Gt Gombmie G p, runore3a 00 OAHOPOTHOCTH JTUCIICP-
CHIl IPUHUMAETCS. DTH JaHHbBIC OJJTHOPOJIHBI, [T0 HUM MOXKHO HaXOJUTh YPAaBHEHHUS per-
peccum.
Pe3ynbTarhl ATHX 3KCIIEPUMEHTOB Jajiee ObLIM 00pabOTaHbI C MOMOIIBIO MPO-
rpammbl STATGRAPHICS na kommbioTepe, 4TO MO3BOJIMIIO TOJYYUTh CIIEIYIONTYIO

KBaJIPaTUIHYIO MOJICIIb, OIIMCHIBAEMYIO YPABHEHUEM PErPECCUU:
Ktp.=0,122-0,032-X,+0,016-X,° +0,003-X,-0,032-X1/X,+0,0008- X5 (14).

C moMoIpi0 MporpaMMbl MPOBEEHA MPOBEPKA CTATUCTUYECKOW 3HAYMMOCTHU
(mo xputeputo CThiofieHTa) KO3(PPHUIMEHTOB ypaBHEHHs PETPecCuu, 3T Ko3ppuiren-
ThI CTaTUCTUUYECKH 3HaYnMBbI. [1o kpuTeputo duiepa onpeneauaiym 4To, MOAEIb OMUCHI-

BaeTCs KBAJIpaTUYHBIM ypaBHEeHUEM perpeccun. KoaphuuueHT koppeisiiuy ypaBHEHUS
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perpeccun coctaBisieT 72,65%.AHanu3upys MOJTYYEHHYI0 MOJEIb MOXHO OIEHUTh
BJIMSTHUE KaXXI0T0 KOMITOHEHTa Ha Kod(hpuimeHT Tpernst GuiabTpalimoHHoN kKopku. Ha-
npuMep, BpeMs KoHTakTa (X3) U cojepxkanue Mena (X;) yBelIuuuBaeT KOd)PUIIMEHT
TPEHUS Maphl «CTallb — (QUIBTpAIIMOHHAs KOpKa», a BBeacHue pearenta CAB-3 (X;) B

BIDK cHmxkaer.

JIns HaxoxAeHus onTuMaibHOro conaepxanus peareHta CAB-3,npu kotopoit
JOCTUTAETC MUHUMYM Kod(uiienTa TpeHus, HCIoab3yeM MeToauky [77,167].

[Iponuddepenmporas ypaBuenre 14 no napamerpy (Xi) U NpPUPaBHSB €€ HYJIIO
nosnyunm: -0,032 +2x0,016-X; = 0. PemuB ypaBHEeHHE OTy4YUM 3HaueHUE X; PABHBIM
1. ITpoBepuB TOYKY PKCTpeMyMa IMpu 3HaUYeHUU X; Oompiie 1 U Menbine 1, 3Ta Touka
MUHUMYMa 11 KO3 PUImeHTa TpeHus.

OntumanbHas KoHueHTpanus: peareHta CAB-3, mpu KOTOpOW JOCTUTAETCs MH-
HUMYM KodhdUIeHTa TpeHus «CTalb - TnHucTast kopka » BIDK cocrasnser 1%.

Taxum oOpazom, B ganpHeleM Bce uccienoBanus ¢ peareHtoM CAB-3 Oynem
poBOUTH TipH ero conepkanuu B BITK 1% ot o6bema pactBopa.

Onpenenum, kak Binusget peareHT CADB-3 Ha nmapaMeTpbl IITMHUCTON U TOJIUMEPT -
JUHUCTOW OYpOBOM TPOMBIBOYHON >KHMJIKOCTHU. Pe3ynbTaThl MCCIIENOBAHUN BIUSHUS
cmazouHor no6aBku CAB-3 Ha mapaMmeTpbl TJIMHUCTO TO W OE3rIMHUCTOrO OUOMOJIH-

MEpHOT0 pacTBOPOB MpuBeneHbI B Tabumax 11 u 12,rae ¢ -kosdduimeHT Tpenus.

Tabmuma 11 — IMTapameTpsl ucxoanoro (Ne2) rimmHucToro pactBopa ¢ modaBkoit CAB-3

Cocras pac- [TapameTpbl pacTBOpa
TBOpa o, | V| mo, Ton- o Koadduument tpenuns
r/em | B, em/ pH g |- 1, To 110,
3 ¢ | 30mun Kopku, pilla-c | nlla Alla Oks QK10 P20
MM
1.Ucx. p-p:
(Ne2) 3% 1,67/1/
OCHTOHUT 103 | 5 9 8 2 (11,63 |13,61 1 ,67/1 5 0,119 | 0,125 | 0,240
+0,5%/ ’ ’
KMI]
2.Ucx.+0,5 1,67/1/
% CAB-3 1,03 | 9 7 8 2,5 (16,18 | 9,07 1.67/1.2 0,087 | 0,105 | 0,129
3.Ucx.+1% 1,67/1/
CAE-3 1,03 | 10 9 8 2 16,43 |15,12 1.67/1.2 0,067 | 0,086 0,105
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N3 Tabmu 11 u 12 Buano, uto CAB-3 ynydmiaer cMa304yHble CBOMCTBA TJIH-
HUCTOT0, TOJTUMEPTIIMHUCTOTO U OHOMOIMMEPHOTO OE3TIIMHUCTOTO PACTBOPOB.

[TapameTppl MPOMBIBOYHBIX JKUIKOCTEW, TaKM€ KakK IJIOTHOCTb M IOKa3aTelb
bunbTpani, He W3MEHSAIOTCS MO CPAaBHEHHMIO C MCXOJHBIMU pacTBOpamu. Bs3kocTb

npu BBeJieHuu CADB-3 B moauMepriauHUCThIN pacTBOp najgaet Ha 35 — 40%.

Tabnuna 12 — INapameTpsl 6€3rTUHUCTOrO OHOMOIUMEPHOTO UCXOAHOTO (Ne3)

pactBopa ¢ no6aBkoit CAb-3

[TapameTpsl pacTBOpa

Cocras pac- | p, | VB Hdg, Tour- 1, Koaddunment tpenus
cm’/ [MHA To O110
TBopa r/g " | 30m pH KOpKH, Alla I[F["d ILHaY
M C . M .C Pks Pki0 Px20
Hcx.p-
p(Ne3): Bo-
na+0,.2%
NaOH + 1,0 1,67/2/
1.5% Ouro- | 6 48 6 12 2,5 |14,16 |60,5 1.67/2 0,078 | 0,087 | 0,105
Px +5%men+
0,4%
Rodopol
2. Ne3+0.5% 10 1,67/5/ 0.069
CAB-3 6’ 30 9 12 4 13,15 | 66,5 ’ 0,078 | 0,087
1,67/7
3. Ne3+1% 10 1,67/4/
CAB-3 ' 28 6 12 3,5 | 15,17 |69,6 0,034 | 0,039 | 0,052
6 1,67/4

CpaBHUIM aHTUKOPPO3UOHHBIE cBoWicTBa peareHTa CAbB-3 ¥ MIMPOKO HMCHOJIb-
3yeMoil cma3zouHoi no6aBku JlyOpuoin [174]. Jns sToro mposenu 1abopaTopHbIE UC-
CIICJIOBaHMSI AaHTUKOPPO3MOHHBIX M aHTU()PUKIIMOHHBIX CBOWCTB OypOBOTO pacTBOpa U
JMCTHITMPOBAHHOM BOIBI, 00PaGOTaHHBIX COMsIMH mieno4nbx Metamios (Na© K Ca®")
pa3IMYHOM KOHLEHTPALUY.

Pe3ynbratel u3amMepeHuit ckopoctu koppo3uu craiu mapku CT.3 B BOIHBIX cpe-
Jax Mpu KOHIEHTpauu 1% XJIOPUCTBIX CONeH HATPHs, Kalus, Kalblius, 00pabOTaHHBIX

cMmasbiBarommMMu 1o6aBkamu JIyopuon-1% u CAb—-3 -1%, npuBeaeHs! Ha pucyHke 14.
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N3 Pucynka 14 BHIHO, 4TO aHTUKOPPO3HOHHBIE CBOMCTBA MHUHEPATM30BAHHOU
BOIBI, 00paboTanHoi pearenToM CAbB-3, o cpaBHeHuto ¢ Boaou u JIlydpronom 3amet-
HO BBIIIIE.

Ncxomuapim pactBopoM (Ned) Ob11 pacTBOp ¢ J00aBICHUEM XJIOPUCTHIX COJIEH Ka-
Just, Kanblivs, HaTpus. [lapameTpbl ncxoaHON OypoBOM MPOMBIBOYHOM KUAKOCTH (Ned)
10 00paboTku u nocie odpabotku pearentamu Jlyopuon u CAb-3 npuBeneHs B Tab-

mate 13

Ta6nuna 13— [TapameTpbl OYpOBBIX pacTBOPOB

3 VB, [1D, n, T,
Cocras P, KI/M c cM/30MuH alla ¢ nlla
Nel.Mcxonnslii pacTBop
(Ned)+xmopucteie comd| 1100 55 5 30,3 6,81
Ca(1%),Na(1%),K(1%)
Nel + JIy6opuon(1%) 1100 41 4,5 27,8 6,81
Nel + CAB—3(1%) 1100 35 4 20,2 12,09

N3 tabmunbl 13 BuaHo, uto peareHT CAbB-3 B 1,5 pa3a cHuxkaet BA3KOCTh U J10
2-X pa3 MOBBILIAET JUHAMHYECKOE HAMPsHKEHUE CJIBUTA UCXOJIHOTO pacTBOpa.

[To mosy4eHHBIM M3 BOJbTaMIepoMeTpudeckux usMmepenuit Cr.3 (pucyHok 15)
JAHHBIM OBLIM MOCTPOEHBI KPUBBIE, XapaKTepusyromue 3P(HEeKTUBHOCTh 3aIIUTHI Oy-
PUIIBHOTO MHCTPYMEHTA OT JIOKAJIbHOW KOppO3uH. Pe3ynbprarel M3MepeHun npeacrasiie-
HbI HA pUCYHKE 16.

U3 rpadmkoB BUAHO, YTO CaMbIil HU3KHI TOK KOPPO3UH Y pacTBOpa, 06paboTaHo-
ro peareatoM CAb-3.

Ero 3nauenuns na 40% HuKe, 4eM 3HaYEHUSI UICXOIHOTO pacTBopa 1 Ha 31% Hu-
XKe, 94eM y pacTtBopa, oopadborannoro Jlyopuomaom.

Jlydimre aHTUKOPPO3UOHHBIE CBOMCTBA Y peareHTa CAb—3, ero 3ammuTHas crio-
coOHOCTh Ha 60% BbIIIE, YeM y UCXOAHOTO pacTBopa U Ha 40% Beile, yem y JIyOpuo-
na.

Ha npu6ope Monukop—2M onpeaenunu ckopocTH oo1iei koppo3uu cranu Ct.3
B uzydaeMbix BIIK ¢ pearentamu JIyopuon u CAb-3. 'paduku npencraBieHsl Ha pu-

cyHke 17.



111

[4¥]
jan]
an]

M2
%)
an]

=]
4] [aw]
an} sz}

=

\

[HEY
an]
an]

[oK KOppoO3HH, MKA

s
o Sf;‘;//
D0 1

[*)
[ %]
o
1
[
o
o
1
=
[ %]
o
1
=
L
[
L
n
o
=

Hanpsasxenne, mB

—+— 1 Ucx+CAB-3  —8—2 Ucx.+flybpuon —8—3 Ucx.

Pucynok 15 — [{uknoBonsramneporpamma. Ct.3 B 0ypoBoM pactBope (Mcx.Ned),

00pabOTaHHBIX UCCIAEAYEMBIMU PEAreHTaMH

180 l
1

\ B

2

A ERNEE RN

=
A
o

=
[
o

o
o

Tok koppo3un, MKA

60
0 5 10 15 20 25 30 35

IKCMIO3HIHSA, MHH.
——]1 Mcx. —8—2 Hcx+JIyopuon — =—+—3 Hcx+CAB-3

Pucynox 16 — M3MeHnenue Toka 00111eil KOppo3uu OT BPEMEHHU B IIIMHUCTOM pac-

tBOpe (Mcx.Ned) co cMa3ouHbIME JJOOABKaAMHU.

N3 rpadmkoB BUAHO, YTO CKOPOCTh KOPPO3UU B PACTBOPAX, 00paOOTaHHBIX pa3-
JUYHBIMA 00pa3IiaMu CMa3bIBAIOIINX JO0ABOK, OTIMYAETCS U CPEIU HUX Y PacTBOPA,

obpaborannoro pearentoM CAb-3, Haunmyuime aHTUKOPPO3HMOHHBIE CBOMCTBA.
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Pucynok 17 — Ckopoctb 0611e#t koppo3uu Ct.3 ¢ qobaBkamu CAb-3 u JIlyGpuon

Jlanee na mpubope KTK uccnenopanu BIuMsHUE dTHUX PEarcHTOB Ha CMa30YHbBIC

cBoiicTBa pactBopa. Ha pucynke 18 npuBenensl rpaduku 3aBUCUMOCTH KO3 duiineHTa

TPCHUA CTAJIH 110 TJIMHUCTOU KOPKC OT BPpCMCHH KOHTAKTAaA.
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Pucynok 18 — M3menenue ko3 duirenta TpeHus IITMHUCTON KOPKH OT BPEMEHH

npu 006padoTke rauHucToro pacteopa (Mcex.Ned) paznuanbsiMu 1o0aBKaMu
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W3 pucynka 18 BUIHO, 4TO Jy4IlIMe CMa304YHbIE CBOMCTBA OKA3aJl PACTBOP C
pearentoM CAB-3.
Pe3ynbpTaThl BEIIOJIHEHHBIX UCCIIEN0BAHUN MOKa3ainu, 4yTo peareHT CADB-3 MoxeT

OBITh HCIIOJIb30BaH B KauecTBE 3P(PEKTUBHOMN NT0OABKH KaK K BSI3KOIUIACTUYHBIM, TaK U
nceBaormiactuuHeiM BITK ¢ oGecnieuenrneM BBICOKMX TOKa3aTeleld aHTUKOPPO3HUOHHBIX
U CMa304HbIX CBOMCTB. D PexTuBHOCTh ¥ q00aBKku CADB-3 BbIlIe, YeM y HIMPOKO HC-
M0JIb3yEMOT'0 B HACTOSLIEE BpeMs B OYpOBOIl IPAKTUKE, 3aKYIIa€MOI0 0 UMIIOPTY pea-
redTa JIlyopuon Ha 31 %. AHTUKOpPPO3HMOHHO-CMa3biBatoias qooaBka CAB-3 pekoMeH-
JyeTCsl JJIsl UCTIOJIb30BaHUs B MpakTuke OypeHus. Bmecte ¢ Tem, 1ieiaecoo0pa3Ho Mmpo-
JOJDKUTH WCCIEAOBAHUS MO YJIYYIIEHUIO YKa3aHHBIX CBOMCTB ATOr0 peareHTa MyTeM
CO3JaHMs NOJIMCIOWHBIX IUICHOK, IIPOYHO CBSI3aHHBIX C IMOBEPXHOCTSAMM TPEHUS U IIPU

TOM 00ECIIEUMBAIOIIUX HU3KOE COMPOTUBIIEHUE CABUTY BHYTPH CMa304HbIX CJIOEB.

3.6 UccnenoBanne BiaussHus komnosuuuu popmuara narpust u CAb-3

HA TEXHOJIOTMYECKHE CBOMCTBA OYPOBBIX POMBIBOYHBIX KMAKOCTEH

JInst ycuieHus 3allUTHOTO aHTUKOPPO3UOHHOTO U MPOTUBOU3HOCHOTO JIEHCTBUS
pearenta CAB-3 HeoOxo1uMo, 4TOOBI aIcOPOLIMOHHBIE CIIOH, 00pa3yemble 100aBKON Ha
MOBEPXHOCTH MeTajlia, ObLITM MHOTOCJIOMHOTO CTPOEHUS, PABHOMEPHBIMU, IJIOTHBIMU U
MIPOYHO CBSI3aHHBIMHU C 3alUIAeMOM IMOBEPXHOCTHIO. IlepBhIii cioit HeoOXOoauM IS
dbopMUpOBaHUSI INIOTHOTO M MPOYHOTO 3aIMTHOTO aHTUKOPPO3UOHHOTO MOKPHITHUS, SIB-
JISTFOLIETOCS MOJIOXKKOM JJIs1 BTOPOM CMAa304YHON TUJIEHKHU.

AHTHKOPPO3UOHHBIE U CMa304YHbIE MaTepHUasbl JJIs CTajed W3 TPYIIbI kKejesa,
KaK MPaBWIO, MPEJICTABICHBI COCIUHEHUSIMU OPTaHUYECKOTO MPOUCXOXKICHUS JIMHEH-
HOTO CTPOEHUS C [UTMHHBIMU YTJIEBOAOPOAHBIME (THAPOPOOHBIMH) «xBocTaMu» [130].

AJicopOIIMsi Ha MOBEPXHOCTU METajlsIa MOJIEKYJ TaKMX COCIUHEHUUN MPOUCXOIUT
ruApoUILHON aHHOHHOW YacThIO, KOTOPAsi BHITECHSET C MOBEPXHOCTH METaslia MOJie-
Kysbl BOJBL. ['uapodoOHbIE «XBOCTHI) 3TOW MOJIEKYJIbI HAIIPABJICHBI B CTOPOHY BOJIHOM
cCpelbl M 3aTpyIHSIOT (OPMHUPOBAHHE PABHOMEPHOTO M IUIOTHOTO aJCOPOIMOHHOIO

ciosi. J{ns ynpomenus mporecca GopMUPOBAHUS PAaBHOMEPHOTO aICOPOIIMOHHOTO CI0s
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Ha MOBEPXHOCTH METalljia aJCOPOUPYIONIMIICS HA HEW peareHT JOJKEH ObITh IPOCTOrO
cTpoenus (6e3 00pa3oBaHMs «XBOCTOBY), 00JaAaTh BEICOKOW pabOTO# ajacopOmmm.

B psiny kapOOHOBBIX KHCIOT HauboJiee KOPOTKUN pajuKall y MypaBbUHOM KHCIIO-
Tl HCOOH u y ee comneii — hopmuaTta HaTpus, Kaaus U JIp., MOJCKYJIBI KOTOPBIX JWC-
COLIMMPYIOT B BOJE Ha KapOOKCUJIbHBIE aHUOHBI, co3natomue uarepmenuatsl ¢ [MKII3
KHCIIOTHOTO OCTaTKa, CIIOCOOHBIE MJIOTHO U PAaBHOMEPHO aJCOPOMPOBATHCS HA MOBEPX-
HOCTH METaJlIa.

dopMuaT HaTPUs UCIIOIB3YIOT JJIsl IPUTOTOBJICHHS 0€30apUTOBBIX YTKEICHHBIX
OypoBbIX pacTBOpoB [155]. Kpome TOr0, N3BECTHO, UTO (hOpMHUAT HATPHUS HCIIOIB3YETCS
KAaK aHTUTOJIOJIEHAS KUAKOCTh, HU3KOTEMIIEpaTypHas 100aBKa il OETOHOB, KOHCEp-
BAHT KOPMOB ISl 5)KUBOTHBIX.

@®opMuar HaTpUs HE TOKCUYEH, FKOJIOTHYEH. Y €ro BOAHOro pacteopa (4%) Husz-
Kas Temrneparypa 3amep3anus (munyc 15 C).

BrinosnHeHHbIE HAMU UCCIIEJOBaHMSI TO3BOJIMIA 00OCHOBATh BO3MOKHOCTbH IPH-
MeHEeHHs (opMuaTa HaTpHsl 711 yCuieHus cBoMcTB peareHTa CAB-3.

Jiist aTOoro M3y4niu BiausiHue Gpopmuara Hatpus Ha pH U KOppo3nOHHBIE CBOMCT-
Ba BoJbl. [IpoBenu n3mepenus pH 1 okuCIUTEIbHO—BOCCTAHOBUTEIBLHOTO MOTEHIIMATIA
(OBII), coorBeTcTBEHHO Ha ycTaHOBKe PH-meTp—MmumumBoasT™MeTp «pH-637.M» u Ha
npubdope BoabT™MeTp «B7-27Ax.

PesynbraTtel  umccrmenoBannii  pH  BOmHOM  cpeapl M OKHMCIMTEIBHO-
BOCCTAHOBUTEIBHOTO MOTEHIIMANIA PUBEACHBI HAa pUCYHKaX 19 u 20 COOTBETCTBEHHO.

N3BecTHO, uTO yeM Hmxke 3HaueHue OBII cpenpl, TeM HUXE €€ KOPpO3MOHHAS
aKTUBHOCTb U BBIILIE BOCCTAHOBUTEIbHAS CIIOCOOHOCTH 10 OTHOIICHHIO K MOBEPXHOCTU
MeTasa.

N3 pucynka 19 BunHo, uto BBeAeHue hopmuara HaTpus A0 5 % yBenuuuBaet pH
BOJIbI C HEHTPAIBHOM /10 CIA00IIEeITIOTHOM.

I[Ipy 5>TOM OKHCIWUTENHbHO-BOCCTAHOBUTEIBHBIM MOTEeHIHUAN (puUcyHOK 20)
YBEJIMYMBAETCS C pOCTOM KOHIIEHTpauuu Gpopmuara HaTpust 10 2%.

JlanbHeiiee yBennueHne KoHIeHTpauu ¢popmuata HaTpus (10 4%) NpUBOIUT K

nagenuto OBII no cpaBuenuto ¢ 0,5 — 2 % pactBopamu popmMuara HaTpus.
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4TO roBOpUT O CHUKCHUHU KOppOSHOHHOﬁ arp€CCMBHOCTHU BOJBI.
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Pucynox 20 — 3aBucumocts OBII BoJbI OT KOHIIEHTpALMKU (pOpMHUATA HATPUS

OnpenenuM CKOPOCTH OOIIEH M JIOKAJIBHOM KOPPO3MM MeETala B BOJHBIX
pacTBopax hopMuaTa HaTpUs Pa3TUIHON KOHIICHTPAIUH.
Jns nanpHEMIIEd MPOBEPKH KOPPO3MOHHOM arpeCCMBHOCTH BOJIHBIX PacTBOPOB

dbopmuaTa HaTpUsl Pa3IMYHON KOHIIEHTPALMU MPOU3BEIN U3MEPEHHE TOKOB KOPPO3HUHU
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METAJUTMYECKUX DJIEKTPOJIOB B HeM, a Takxke mnoctpowin [IBA kpuBeie B
BBIIICYTIOMSIHYTBIX CpEeIax.
[Toctpounu kpusbie [IBA (pucyHok 21) u 3amepunu TOKH KOPpO3UH (PUCYHOK
22) Ct 3 B BOIHBIX pacTBOpax popMHATa HATPHSI PA3TMIHON KOHIICHTPAIIHH.
Ucnonwzys npanuble [IBA, mocTpounan 3aBUCUMOCTH JIOKAJbHOM KOPPO3UHU

(pucynok 23) ctanmu Ct .3 B Bojie OT cojepkaHusi opMuara HaTpusl.
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Pucynox 22 — 3aBucumocts Toka o61ieit koppo3uu Ct1.3 0T KOHLEHTpAUU

dbopmuara HaTpusl B BOJIE
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Pucynoxk 23 — 3aBUCMMOCTB TOKA JIOKaIbHOU KOppo3uu ctanu Ct.3 ot

KOHIIEHTpaIuu ¢hopMuaTa HaTpus B BOJIE

N3 ananusa KpuBBIX, MPEACTABICHHBIX HA PUCYHKax 23 u 24, BUAHO, 4YTO
HAaUMEHBIIIUM TOKOM JIOKQJIbHOW KOPPO3WHM M HAWMEHBIIEH CKOPOCTHIO KOPPO3UH
o0JazaeT BOIHBIN pacTBOp C coaepkanreM 4% (opmuara HaTpwHsL.

HccnepoBanus mokaszaiad, YTO NMPU KOHIEHTpauuu (opmuaTta HaTpusi, paBHOU
4%, nabmroiaeTcsa caMmasi HU3Kasi KOppO3MOHHAsi aKTUBHOCTD BOJIBI.
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Pucynok 24 — smenenue ckopoctu o61ieit koppo3un CT.3 OT KOHIIEHTPALUH

dbopmuara HaTpus
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B nenom, BeIONHEHHBIE HCCIEAOBAHUS MOKA3allM, YTO ISl IPUTOTOBJIECHUS OY-
POBOTO PacTBOpPA M YJIYUIICHUS €r0 aHTUKOPPO3HMOHHBIX CBOMCTB I1€JIeCO00pa3HO MpPH-
MEHATb PACTBOPHI C coJiepkaHreM opmuara HaTpust 10 4% OT oObeMa KUAKOCTH.

Hamu 6pumr momo6pano ontumanbHOe cooTHoIeHue peareHToB CAB-3 u dop-
muata HaTpusi. ONBITBI TPOBEJIM METOJIOM IUTAHUPOBAHHOTO 3KcriepuMenTa[167]. s
MPOBEICHUSI SKCIIEPUMEHTOB MPUTOTABIM UCXOIHBIN paCTBOP HA OCHOBE 0a30BOro pac-
TBOpa 1o cieayromei perentype: Tex.Boga+3,2% bentonta+0,4%I1AL(HB)+0,05%
NaOH+16% Kap6onat kanbiusi. BypoBoii pacTBOp UMEET ClIeyIOIINe mapaMeTphl:
YB=232c; p=1110Kr/M3;HCD =5 em>/30Mmur;h = IMM; 01,00/ O10mn =5/10 alla; Pu=9.

3Ha4yeHUs BEIOPAHHBIX YPOBHEH [HMKHUN Y BEpXHUN YPOBHU KOHIICHTpAIHNA

(X1,X 2, X3) peareHTOB B pacTBOpe] BapbuUpyeMbIX (DaKTOPOB JaHbI B Tabmuue 14.

Tabnuna 14 - 3HaueHus BapbUpPyEeMBIX (HaKTOPOB

CAB-3, dopmuat Na, ITAIL (HB),

YpoBeHb Bapbu- O6o3Haue- % % %
pyeMbIX (pakTOpPOB | HUE KOJIOBOE

Xl X2 X3

OCHOBHOH ypOBEHb 0 3,6 12 1,2

WHTepBan Bapbu- AX; 2.4 6 06

pOBaHHUS
BepxHuii ypoBeHb +1 6 18 1,8
HwxHuit ypoBeHb -1 1,2 6 0,6

VYcCiioBUs NPOBEICHUSI 3KCIEPUMEHTOB OTPAXKAKOTCS B MATPULE I[UIAHUPOBAHUS, €
CTPOKH COOTBETCTBYIOT MOPSJKOBOMY HOMEPY OMbITA, a CTOJNOLBI — 3HAYEHUSIM (haKTO-
pam. B taGnuie 16 npuBeneHbl mapaMeTpbl paCTBOPOB, TIOJYUYCHHBIX MPU MPOBEIE-
HUU ONBITOB. OMBITHI MPOBEJEHHI 0 CXEME, IOKAa3aHHOW B MaTpuie. MaTpuua npose-
JIEHUs1 SKCIIEPUMEHTOB TpecTaBieHa B Tadmuue 15. Onpeaenunu ko3QpPuueHTsl Tpe-

HUS TIapbl «CTAJIb-TJIMHUCTAs KOPKa», OHU MPECTaBICHbI B Ta0nuie 17.
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Tabnuna 15 - Marpuiia mmaHUPOBAHHOTO SKCTIEPUMEHTA

I(_)IIEI)E/II:E Xo Xy X X3 XXz X1 X3 XoXs3 X1 XX
1 +1 -1 -1 -1 +1 +1 +1 1
2 1]+ -1 -l -1 -1 +1 +1
3 S e L -1 +1 -1 +1
4 +1 +1 +1 -1 +1 1 1 )
3) +1 -1 -1 +1 +1 1 1 1
6 +1 +1 -1 +1 1 +1 ] 1
7 +1 -1 +1 +1 -1 1 +1 1
8 +1 +1 +1 +1 +1 +1 +1 1

Tabnuua 16 — [TapameTpbl pacTBOPOB MpPHU MTPOBEACHUH OIBITOB

Howmep | p, kr/m® | VB, ¢ | II®, em*/30 | Tomumna pH CHC 1/10,
OTIbITa KOPKH, MM mr/em’®

1 1100 27 6 0,5 8 5-15

2 1110 28,8 5 0,5 8 6-14

3 1130 25,2 5,5 0,5 8 4-16

4 1120 27 6 0,5 8 8-16

5 1100 32,4 5,5 0,5 8 4-14

6 1100 30,6 5 0,5 8 3-14

7 1130 34,2 5 0,5 8 5-15

8 1130 34,2 3-4 0,5 8 5-10

Pe3ynbTaThl 3KCIIepuMEHTOB 00pabdoTanbl ¢ nmomouisio nporpamMmmel  STATGRA
PHICS na xommbroTepe, MOJIy4eHBl YPaBHEHUS PETPECCUU, KOTOPHIE MPEJCTaBICHbI B
tabymre 18. ITo pesynbratam oOpaboTku moirydaercs, uro napamerp Xz [TAIL [(HB)-

CHIDKACT MoKa3aTelb PHIbTpaIliui] Ha KOA(POUIIMESHT TPEHHUSI APl CTaTb-«TJIMHUACTASI

KOpKa» B 3TUX IKCIIEPUMEHTAX HE BIUSAET (HE3HAUMMBIA PakTop), GaKTOp UCKITIOUAETCS
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Tabnuna 17 — Pe3ynbTaThl IPOBEIEHHBIX SKCIIEPUMEHTOB

Cpennue 3HaueHus Kodpdu-

[IUeHTa TPEHUS TMapbl CTalb —

Coctap pacTBopa iﬁfa IIPY BPEMEHHU KOHTAKTa B

5 10 20

1.HUcx.p-p+0,4%CAB-3+2%(pNa+0,2%I1ALI(HB) 0,1405 0,1943 0,2493
2. Ucx.p-pt2%CAB-3+2%]pNa+0,2%I1AL(HB) 0,1228 0,1853 0,2125
3.Ucx.p-p+0,4%CAB-3+6%pNa+0,2%ITAL(HB) 0,0875 0,1051 0,1228
4 Ucx.p-p+2%CAB-3+6%pNa+0,2%ITAL(HB) 0,0699 0,0962 0,1174
5.Ucx.p-p+0,4%CAB-3+2%pNa+0,6%ITAL(HB) 0,1405 0,2400 0,3153
6.Ucx.p-p+2%CAB-3+2%]Na+0,6%I1AL(HB) 0,1678 0,2773 0,3500
7 Ucx.p-p+0,4%CAB-3+6%pNa+0,6%ITAL(HB) 0,1015 0,1405 0,1673
8.Ucx.p-p+2%CAB-3+6%dNa+0,6%I1AL(HB) 0,0875 0,1228 0,1500

Bnusiane mapamerpoB X; U X, Ha KOOPPUIMEHT TpeHus 3Ha4nMo (110 Dutiepy).

Tabnuma 18 — Pe3ynabTaThl CTaTUCTUYECKON 00pabOTKH

Ho-
Mep Ypasnenne A Bl B2 CooTHoOIIEHNE
OTIBI perpeccun
Ta
Y=0,04067+0,0196 X;- ] .
I DvassAny 0,04067 | 00196 | 5,46667E-4 1:6
2| Y=006+00182 X,-44E-4X,° | 006 | 00182 | H4515400 1:5
3 | Y=0,066+0,0027 X,+2E-5 X;2 | 0,066 | 0,0027 2E-5 1:4
Y=0,04042+0,00659 X1- ] _
4| 0,04042 | 0,00659 | 1,35786E-4 1:4
Y=-0,01067+0,0343 X- ] .
5 | g 1935304 X2 0,010672 | 00343 | 9,13333E-4 1:2
6 | ,Y=0+0,0387 X;-0,00106 0 0,0387 0,00106 1:1
2
Y=0,03751+0,01416 X- _ _
L Ny 0,03751 | 0,01416 | 3,7158E-4 1:3
Y=0,02125+0,01404 X- ] .
8 S Trent X2 0,02125 | 001404 | 3,77482E-4 1:3
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B tabmuue 19 mokaszansl pe3yiabTaThl 00pabOTKM MOMYyYEHHBIX YpaBHEHUH per-

peccuil Ha 3HaYUMOCTh. 3HaYUMBI MSTh YpaBHEHHM perpeccun- 2,3,4,6,8 OnbITOB.

MeTonoM cpaBHEHUS ONPEACTUM ONTUMAIbHOE COOTHOIIEHUE (MUHUMYM KO3(-

¢dbunuenta tpenusi) peareHToB CAb-3 u dopmuara Hatpus.

Tabnuua 19 — pe3ynbTarhl CTaTHUYECKON 00pa0OTKH  3KCHEPUMEHTAIBHBIX JTAHHBIX

Cpasnenue KOHIIeHTpalus peareHToB Cootnomenue | P Value | 3naunmocts
OIIBITOB
2 ombIT 0,6%CAB-3+3% ¢opmuar Na u Lo 0,62214 HE3HAYUM
Lomrr | 04%CAB-3+2,4% opunar Na 16 |
2 OmBIT 0,6%CAB-3+3% ¢popmuar Na u L5
3 ombIT 0,8%CAB-3+3,2% dopmuar Na 1:4 PSR o
20MBIT |0, 6%CAB-3+3% (opmuar Na u - 0,04073 |  snauum
domr | 1:2%CAB-3+4,8% bopunar Na 1:4 |
4 onbIT 1,2%CAB-3+4,8% dopmuar Na u 14 0,1569 HE3HAYUM
T omr | 1:8%CAB-3+5,4% dopunar Na 1:3 |
4 ombIT 1,2%CAB-3+4,8% dopmuar Na u b 0,15484 HE3HAYUM
S omur | 1:6%CAB-3+4,8% dopmuar Na |
6 ombIT 2%CAB-3+2% dopmuar Na u 1 0,06152 3HAYUM
Somr | 1.6%CAB-3+4,8% dopmuar Na 13 |
2 OmBIT 0,6%CAB-3+3% dopmuar Na u o 0,59134 HE3HAYUM
somr | 1:4%CAB-3+2,8% dopmuar Na 1:2 '

Harmsiiao »To mpeacTaBieHo Ha pUCYHKE 25,T/1€ TOCTPOSHBI TpaduKu N3MEHEHUS

ko3 uieHTa TpeHUs: OT BPEMEHH KOHTAKTa METaia ¢ TIIMHUCTON KOPKOM.
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—+—1 - 1,2%CAB-3+4,8% ¢opnmar Na --8--2 - 0,8%CAB-3+3,2% dopnmmar Na
3 -1,6%CAB-3+4,8% dopmmar Na —< —4 - 0,6%CAB-3+3% dopnmar Na
5 - 2%CAB-3+2% dhopmmar Na
Pucynox 25 —TI'papuku uzmeHeHus kodhdUIIMEHTa TPEHUS OT BPEMEHH ISl

paznuyHbIX cooTHoIeHui peareHToB CAbB-3 u ¢hopmuara Hatpus

N3 pucyHka 25 BUAHO, YTO U3 PA3JIMYHBIX KOHLIEHTPALIMI KOMIIOHEHTOB OITH-

ManbHOe ccooTHomeHneM CAbB-3 u popMuara HaTpus ABISETCS UX COOTHolIeHue 1:4

[IpoBeneHsl gabHEHIIINE UCTIEAOBAHMS KOMIO3UIIMN (hopMuaTa HaTpUA C pea-
reHTamMu CAB-3 u ®K-2000 nns ynydieHus TpUOOTEXHUUECKUX U AHTUKOPPO3UOH-
HbIX cBOMCTB BIDK.

OcHOBHOM 3a/1aueil ucnbITaHUs ObUIO OIpeieseHHNe BO3MOXKHOCTH HCIIOJIb30Ba-
HUs opMHaTa HaTpUsl B COCTaBe JOOABKM KOMIUIEKCHOTO JIEUCTBHSI K OYpOBBIM pac-
tBOpam. U3yueno Bnusinue ¢popmuara Harpus, peareatoB PK-2000 u CAb-3 na anTu-

KOPPO3HOHHBIE CBOMCTBA U OCHOBHBIE TapaMeTpbl OypOBOTO pacTBOpA.

Jlnst onbITOB  BBIOpaHa OypoBasi MPOMBIBOYHAS JKUJIKOCTh CIICAYIOIIETO COCTaBa
(ucxomubiit pactBop Ne5): bentonut — 3%; KansrunupoBannas cona — 0,2%;
Men — 8%; Yuudmox — 0,3%;KMI] — 0,6%;KCCbH - 0,5%; I[13C-1 — 0,01%;Bonma —

OCTaJIbHOC
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JlaGopaTopHble UCTIBITAHUS MOKA3ajdd, YTO MPHUBEACHHBIE PEareHThl B 3aJaHHOMN
KOHIICHTpAIIMU 00ECTIeUnBaIOT CISAYIONHNE apaMeTpbl OypoBoro pactBopa:YB = 50 c;
p =1080 Kr/M3;H® =5 CM3/30MI/IH;h =0,5 MM; 0y / O10mun =7/19 nlla; pH =8-10.

JInst qaTbHEWIIUX WCCIEAOBAHUI MTPUTOTOBUIN OYPOBBIE PACTBOPHI PA3THIHOTO
cocTaBa, mapametpsl 3Tux bIDK npuBenens: B Tabauie 17.

VYcnoBHas BSI3KOCTh MCXOAHOTO pacTtBopa mnpu BBeAeHuH pearentoB OK-2000,
CAB-3 cootBercTtBenHO cHmkaeTcs Ha 30 — 40 %, a mokazaTtenb GUIbTpaluy Mpu STOM
ymenbinaetrcs Ha 10 — 20%. [Ipu BBenenuu 4 % ¢gopmMuara HaTpus B pacTBOPHI C pea-
reitamu 1% ®K-2000 u 1% CADB-3 ycnoBHas BS3KOCTb PACTBOPOB NPAKTUYECKH HE

M3MEHWIACh, a MTOKa3aTelb (priIbTpauuu cHU3MWICA B cpeaHeM Ha 10%.

Ta6nuna 20 — [TapameTpsl OYpOBBIX MPOMBIBOYHBIX XKUJIKOCTEH ¢ pa3IMyHbIMU J00aB-

KaMH
Koaddumment tpe-
o . VB, qu)’ n, 1, Oy, | B4 TIPH  BpeMeHHu
= Cocras cM3a
é Kkr/im® C mlla.c | nlla nlla KOHTAKTa, MUH
30muH
5) 10 20
Hcxonuslii pac-
1 1080 | 55 5 30,3 | 6,81 | 6/19 |0,122 | 0,136 | 0,158
TBOP(NeS)
2 | Nel+®K-2000(1%) | 1080 | 41 4,5 278 | 6,81 | 7/14 |0,100 | 0,114 | 0,123
3 | Nel+CAB-3(1%) 1080 | 35 4 20,2 | 12,09 | 7/15 | 0,065 | 0,079 | 0,092
4 | Ne2+HCOONa(4%) | 1080 | 34 4 20,2 | 6,81 | 7,5/16 | 0,087 | 0,096 | 0,110
5 | Ne3+HCOONa(4%) | 1080 | 36 3 22,8 | 6,81 | 7/15,5| 0,057 | 0,066 | 0,079

[To nanHpiM TabmHIBI 20 TOCTPOMIIM KPUBBIE (PUCYHOK 26) n3MeHeHus: Ko du-

MUECHTA TPCHUA ITapPhbl «CTAJIb — I'NIMHUCTAsA KOpPKa» OT BpEMCHU KOHTAKTa HUJIMHIPA.

Paccmotpum Biusinue peareHtoB CAb-3, ¢popmuara Hatpus u ®K-2000 Ha an-
TUKOPPO3UOHHBIE IOKa3aTeau OypOBBIX MPOMBIBOYHBIX XuakocTed. M3 pucynka 26
BUJIHO, YTO HAWJIy4lllM€ CMAa304YHbIE€ CBOWCTBA IOKa3ajdd KOMIo3uuuu peareHra 1%

CADB-3 u 4% dopmuara Hatpus (0603HauumM CAB-3M).
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[IpenBapuTenbHO UCCIEA0BAHO U3MEHEHUE PH Mpu BBEAEHUH 3TUX PEAarcHTOB B
MOJIMMEPTIIMHUCTHIE OYPOBBIC TTPOMBIBOYHBIC KUIKOCTH. Pe3ynmbTaThl 3THX UCCIIEN0Ba-
HUM odopmiieHbl B Buje rpaduxoB usmenenus pH paznmuunbsix BIDK Bo Bpemenu, ko-

TOpbIE IIPE/ICTABIICHBI HA PUCYHKE 27.
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IKCTIOZHIHA, MHH
—o—1 CAB3(1%)+h-Na(4%) —=— 2 CAB-3(1%)
3 OK-2000(1%)+d-Na(4%) ——4 OK-2000(1%)

Pucynok 26 — 3aBucumoctb kod(uiienTa TpeHUs mapbl «CTaJlb — TIUHUCTAS

KOpKa» OT BpEMEHH NP 00pabOoTKe MIMHUCTOTO PACTBOPA Pa3IMYHBIMU JI00aBKaAMHU.

10.00 * * * I * I * t:
- 5
="
4
3
90()2| T T T T T T T
10 10 20 30 40 50 60 70 80
IKCTIOZHIHA, MHH
——1 OK-2000(1%)+d-1Na(4%6) —=—2 CAB-3(1%)+®-1Na(4%) (CAB-3M)
3 CAB-3(1%) ——4 OK-2000(1%)

—t=—5 Hcx.p-p

Pucynok 27 — U3menenne pH BITK paznuunoro cocraBa BO BpeMEHH
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¥ komnozuunu CAB-3M cma3zounslie cBoiicTBa Ha 20% myuiie, 4eM y peareHra
CAB-3. Cnenyer ormetuth, yTo peareHT CAB-3M ynydiiaer cMa3ouHbIE CBOWMCTBA
pactBopa Ha 50 %.

['paduku, npuBeneHHbIE Ha pUCYHKE 27, IOKA3bIBAIOT, YTO J0OaBICHUE pearcH-
ToB ®K-2000, CAB-3 u ¢popMuara HaTpusi HE3HAYUTEIBHO MOHMXKAIOT PH cpenbl.

Taxke ObUIM TPOBENICHBI MCCIEAOBAHMS, MOKA3bIBAIONINE M3MEHEHHS BEITUUYHH
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHOTO MOTEHIIMANIA BOJABI OT COAEpP’KaHWA B HEW cojei
dbopmuara Hatpusa, go6aBok DK-2000 u CAB-3. PesynbTaThl HCCIEAOBAHUN

IIPUBEJICHBI HA PUCYHKE 28.

40.00

30.00
[=a]
=
= 20.00 |
)
-]

10.00

0.00 | | | |
0 10 20 30 40 50 60 70 80
IKCIOZHIHSA, MHH.
—4—1 Hcx. p-p ——2 OK2000(1%)
3 CAB-3(1%)+d-Na(4%)(CAB-3M) ——4 CAB-3(1%)

—+—5 OK2000(1%)+P-Na(4%)

Pucynok 28 — H3MeHEeHHE OKHUCIUTEIbHO-BOCCTAHOBUTEIHHOTO TMOTEHIIMANA

BITX ¢ pasnuuabiMu 1060aBKaM# BO BpEeMEHH

ComnocTraBUTENbHBIN aHANU3 TOJYYEHHBIX KpPUBBIX BIHMSHUSA OKHCIHMTEIBHO-
BOCCTAaHOBUTEJIBHOTO MOTEHIIMajga OypOBBIX MPOMBIBOUHBIX JKUKOCTEH, 00paboTaHHBIX
pearentamu ®K-2000, CAB-3 u ¢popMuaroM HaTpusi, MOKa3bIBAET, YTO HAMMEHbIIAsS

BennunHa OBII y pactBopa, o6padorannoro pearenrom CAB-3M.
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Brnusinue 3TuX peareHTOB Ha TOKH KOPPO3HH, JIOKAJIHHOW KOPPO3UHH U OOIIeH

koppo3un st CT.3 B cocTaBe MCXOAHOTO pacTBopa Ne5 moka3aHo COOTBETCTBEHHO Ha

pucynkax 29, 30, 31.

Ha pucynke 31npuBeneHsl KpuBble uKIoBoIbTamneporpamm Crt.3 B cpeaax uc-

xoiHOTO pactBopa (Ne5) ¢ nobaBkamu peareHToB CAb-3.DK-2000, popmuara Hatpusi.

KonnyecTBeHHbIC MOKa3aTeIn CKOpPOCTH KOpPpPO3UHU MCTaJllla Cr.3B Pa3INYHBbIX

BIDK uzyuanu va npudbope Monukop—2M.

ITo pe3yiibTaTaM 3THX I/ICCJ'IGI[OBaHI/Iﬁ ObLIN IIOCTPOCHEI Fpa(l)I/IKI/I N3MCHCHMUA

CKOPOCTH KOPPO3HH BO BpeMeHHU (prUcyHOK 30)

~l
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\
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Tok koppo3un, MKA
s 8
w l

20 3 34 34 34
)(_/,/”P
10 T 3.k x x x
0
0 30 60 90 120 150
IKCTIOZHIHA, MHH
——1 Hcx. p-p ——2 OK2000(1%)
5 ®K2000(1%)+d-TNa(4%) —<—4 CAB-3(1%)

——3 CAB-3(1%)+b-mNa(4%)(CAB-3M)

Pucynok 29 — M3menenune toka koppos3uu Ct.3 B BIDK Bo Bpemenu

U3 pucynka 29 BHIIHO, 9TO camblii HU3KU TOK Koppo3uu CT.3 B cpese pacTBopa,

obpaborannoro 1% CAB-3M, on Ha 84% HUXKe, YeM y HCXOHOTO pacTBOpA.
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N3 rpadukos [IBA (pucynok 30) BHIIHO, YTO JIydIlIie aHTUKOPPO3HUOHHBIE CBOM-
ctBa nokasan pearenT CAb—3M, ero 3anmrHas crnocoOHOCTh Ha 94% nydine, yeM y
HCXOJTHOTO pacTBopa. AHTUKOPPO3HOHHKIE cBoiicTBa Kommo3utiuu CAb-3M Ha 50%
ayurie, yeM y komnosuiuu 1%-uoro peareata ®K-2000 u 4%-Hor0 hopmMmara Ha-

TpUsl.

=
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—o—1 CAB3(1%)+d-Na(d%)(CAB-3M) —8—2 CAB-3(1%)
3 OK2000(1%) ——4 OK2000(1%)+d-TNa(4%)
—+—5 Hcx. p-p

L 4
=

Pucynoxk 30 — [{uknoBosnbrammneporpamMmmbl CT.3 pa3iMuHbIX Cpe

dopmuar HATPUS TAKKE YIyUIIAaeT aHTUKOPPO3UOHHBIE cBoMcTBa peareHTa OK-

2000.
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Pucynok 31 — 3amenenne ckopocTu obmieit koppo3uu CT.3 BO BpeMeHU IS

pa3muunbix BIDK.

N3 rpadukoB (pucyHok 31) BuAHO, 4TO B pacTBOpe, 0OpabOTAaHHOM HCCIEye-
MBIMH pe€areHTamMu, 3Ha4€HHsI CKOPOCTEN KOPPO3UH NPUMEPHO OJMHAKOBBI, HO CpPEIU
HuX peareHT CAb—3M noka3bpIBacT caMble HU3KHE 3HAUYCHUSI CKOPOCTH KOPPO3UHU.

Takum 00pa3oM, BBINOJHEHHbIE HMCCIEAOBAHUS MOKa3aldd, YTO KOMILJIEKCHBIN
pearenT CADB-3M mHMeeT BBICOKME IOKA3aTEeM AHTUKOPPO3HOHHBIX W CMa304YHBIX
CBOWCTB.

Kommnekcupii peareHT CAb—3M pexomeHayeTcs UCTOIb30BaTh I 00paboTKH

OYypOBBIX PAaCTBOPOB Ha MPAKTHKE.

3.7 KoppeJsiiHOHHbIE B3AUMOCBSI3U MEKITY AHTUKOPPO3MOHHBIMU H

TPUOOTEXHUYECKUMH CBOMCTBAMHU NMPOMbIBOYHBIX KHIKOCTEil

YcTaHoBIEeHNE B3aUMOCBSI3M NTOKa3aTeNleld aHTUKOPPO3HUOHHBIX M TPHOOTEXHUY e-
CKHX CBOMCTB IPOMBIBOYHBIX JKHJIKOCTE UMEET BAKHOE TEOPETUUECKOE U MPUKIIATHOE

3HayeHue. JloctaTouyHO OOJBIIONH 00BEM BBITTOJIHEHHBIX JIA0OPATOPHBIX UCTIBITAHUIN TTO-
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3BOJIMJI C IOMOIIBIO CYIIECCTBYIOIMIUX IIPOIrpaMMHBIX ITPOAYKTOB YCTAHOBUTDL KOPPCJIIA-
IMUOHHBIC B3AaNMMOCBA3U MCIKAY IMOKA3aTCILIMU BBINICYKA3aHHBIX CBOMCTB IJIA pa3jinyd-
HBIX COCTAaBOB 6ypOBI>IX ITPOMBIBOYHBIX )KH,HKOCTeﬁ.

N3yyaeMbIMU B3aUMOCBSI3aHHBIMU MTapaMeTpaMu ObLITH:

a) CKOpOCTh M3HAIIMBAHUS CTANU M KOI(POUIIMEHT TPEHHS Mapbl «CTaIb-KOPKay,
O)TONIIMHA CMAa30YHOTO CJ05,B) CKOPOCTh JIOKAJIbHOM KOPPO3WHU,I') CKOPOCTH OOIIEH
Koppo3uu. Pe3ynbTaTsl 00paboTKH JaHHBIX TaOMUIbl 21 MoydeHbl ¢ UCTIOIh30BaHUEM

nakera nporpamm Statgraphics V2.

Tabmuua 21 — Ilokazatenu TpUOOTEXHUYECKUX M AHTHKOPPO3MOHHBIX CBOMCTB
BIDK

OtHOCH Cko- 51233:

tenpHast | [Lmor- ITmoT- pOCTH eIfT

Coexa HOCTb TO- | HOCTh | W3HAWM- |

I pea TOJIIIHU- Ka ToKa L, BaHHUA HEIH

Ha, MKA/cM? | MKA/cM? W, ’

Ktp

S Mr/gac

Bona 1.0 160 2200 1,0 0,16

Boma+1% macino U — 20 1,65 140 1100 0,9 0,12

Bona+4% dopmuar natpust | 2,68 70 750 0,4 0,10
Bona+4% dbopmuar

satpis-1% CAB — 3 3,58 50 450 0,2 0,10
Bona+4% ¢opmuar

warpisi-1% Jybpion 1,65 80 840 0,8 0,10

Boma+1% CABb -3 3,30 60 650 0,3 0,10

Boga+1% Coubypl1 —01 3,00 70 720 0,5 0,10

Bona+1% JlyGpuon 2,47 75 750 0,9 0,12

Boma+1% ®K-2000 2,09 80 820 1,2 0,11

bP+1% CABb -3 4.00 20 250 0,4 0,05

BbP+1% Conbyp 11 — 01 3.33 35 837 0,7 0,07

bP+1% Jly6puon 2.43 40 745 1,4 0,13

BbP+1% ®K — 2000 2.30 46 390 1,0 0,12

bP 1.86 150 1250 6,0 0,16

bP+4% ¢opmuat Hatpus 4.85 120 1725 1,8 0,19

bP+4% dopmuar HaTpus+
19% CAE_ 3 5.44 10 40 0,3 0,04
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[Toy4eHsl ypaBHEHUSI peTPeCcCHu, KOTOPbIEe TIpencTaBiaeHbl Huxe (popmyibr 15 —
20).

3aBUCUMOCTh CKOPOCTH JIOKAJIbHOM KOPPO3UHM METajla OT TOJIIUHBI CMa304YHOTO
CJIOSI ONUCHIBAETCS YPABHEHUEM:
L = exp(8.26759 — 139.097*S), (15).
rae L — ckopocTh JIOKaIbHOM KOPPO3UH, S — TOJIIMHA aICOPOLIMOHHOMN TUICHKH.
Koaddunuent xoppensiiuu pasen 0,85 npu yposre 3Hauumoctu 0,05.
Koaddumment ngerepmunHanum paBeH KBajapaTy Kod(P(UIIMEHTa KOpPPEsaIuu, B
naHHoM ciydae 0.73, T.e. CTeNeHb BIMSHUS TOJIIUHBI aJICOPOIIMOHHON MJIEHKU Ha CKO-
pOCTh MPOTEKAHUS JIOKATBHON KOPPO3UHU B 3TOM ciiydae coctaBisier 73 %.

Ha pucynkax 32 u 33 npuBejeHbl rpaduku U3MEHEHHUS COOTBETCTBEHHO CKOPOCTHU
JIOKaJIbHOW (TUIOTHOCTh TOKAa) U 0O01Iel Koppo3uu (IJIOTHOCTh TOKA) OT TOJIIUH Ipa-

HHUYHBIX CMAa304YHBIX CJIOCB.
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Pucynok 32 — BnustHue TOMMIMHBI TPAHUYHOTO aJCOPOIIMOHHOTO CJIOS Ha CKO-

POCTb JIOKaJIbHON KOPPO3UU
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ToNIHHA CMAZ0YHOIO CII0M, S MEM

Pucynok 33 — BaustHue TOJIIMHBI TPAHUYHOTO a/ICOPOIIMOHHOTO CJIOSl Ha CKO-

pPOCTh 00IIIeH KOpPO3UU

3aBUCHUMOCTBH CKOPOCTH 0011Iel KOPPO3UH V OT TONIIUHBI S CMa309HOTO CIIOs
UMeeT BUJ:

V = exp(5.57919 — 118.392*S) (16).
¢ ko3¢ dunrenToM Koppessiud, paBasiM 0,78, u ipu  ypoBHe 3HaunmMocTy 0,05.
Koaddumment nerepmunaiuu pasen 61 %.

W3 nonmy4yeHHBIX ypaBHEHUN perpeccuii u rpaduxoB (pucynku 32, 33) MOXKHO
ClIeNIaTh BBIBOJ: YEM BBIIIE TOJIIMHA 3aUUTHBIX aJCOPOIMOHHBIX IUIEHOK CMa304HbIX
nob6aBok CAb — 3, ®K — 2000, Coubyp 11 — 01, JIybpuon, TeM HUXKE CKOPOCTH JIO-
KaJIbHOM ¥ 00111el KOppO3Un MeTaia.

Taxke OBLIM yCTaHOBJIEHBI B3aUMOCBSI3U MEXKIY TOJIIIMHON aacOpOLMOHHBIX
TUICHOK W KO3(PPHUIIMECHTOM TPEeHHsI, CKOPOCThIO M3HAIIMBAHUS cTaju. 3MeHeHue Ko-

s dunrienta Tpenuss KTp oT TONIIMHBI UIEHKH OMUCHIBAETCS] YPAaBHEHUEM:

Krp = 0.17773 — 5.39871*S. (17).
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Koaddunuent xoppensaunuu pasen 0,88 npu yposue 3Haunmoctu 0,05. Koaddunment
nerepmuHanuu paseH 77 %. Ha pucynke 34 npencraBiieHbl KOPPEISUUOHHBIE KPUBBIE

N3MCHCHMUS KOB(b(bI/IHI/ICHTa TPCHHUA OT TOJIIHWHBI CMAa309YHOT'O T'PAHUYHOI'O CJIO04.
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ToNmHHEA CMA0YHOTO CII0H, S MEM

Pucynoxk 34 — 3smenenune ko3 huiiieHTa TpeHUs: OT TOJNIIUHBI TPAHUYHOTO CIIOS

W3menenue ckopoctu m3HammBanus (W,B Mr/4ac) crajad OT TOJIIMHBI aacopo-

HHOHHOﬁ IINICHKHN UMCCT BU:

W = 0.00146181 — 0.0496271*S, (18).

Koaddunment xoppensuuun pasen 0,65 npu ypoHe 3Haunmoctu 0,05. Koaddu-
LMEHT JieTepMuHanuu paBeH 42 %. Ha pucyHnke 35 noka3zanbl KOppEISIIUOHHBIE KPUBBIE

3daBUCHUMOCTH CKOPOCTH M3HAIIIMBAHWSA CTAJIM OT TOJIIMWHBI CJIOA.

Uewm BbIIIIE TOIIMHA aJICOPOIIMOHHOTO CMa309HOTO CJI0sI, TEM HIDKE KOA(PUITHEHT
TPEeHHSI U Jy4llle 3allyTa CTajld OT KOPPO3WU W M3HaImMBaHus. bojee Bcero BeianunHa
TOJIITMHBI aJICOPOIIMOHHOTO CJIOS BIUSET HAa KOO(PPUIIMEHT TPEHHUs, 3aTEM Ha TPOTEKa-

HHC KOPPO3HMOHHBIX ITPOICCCOB U CKOPOCTHh M3HAIIIMBAHUS CTAJIN.
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ToymIHAA CMA309HOIO CJI0S, S MKM

Pucynox 35— 3aBHCMMOCTH CKOPOCTH M3HAITUBAHUSI CTAJTA OT TOJIIIUHBI CJIOS

Ha pucynke 36 npencraBieHo rpadguueckoe n300pakeHune pe3yibTaTa perpeccu-
OHHOT'O aHAJIN3a CBI3M MEXKIy aHTUKOPPO3UOHHBIMU U TPHOOTEXHHIECKUMHU CBONCTBA-
mu BIDK. B nannom cinyuae mexay kodddurmentom tpenus Ktp. u Tokom oOrieit

Koppo3un V aHAIMTUYECKOE BBIPAKEHUE ITOUM CBSI3U UMEET BU/I:

Ktp.=1/ (6620134+191,786/V) (19).

Koaddumment xoppemnsiiuu pasao 0,94, u npu ypoBae 3Haunmoctu 0,05.
Koaddumment nerepmunanuu pasex 90 %.
N3menenue Toka obuieit koppo3uu Ha 90 % Brnusger Ha KO3DPUIIMEHT TpeHud na-
PBI «CTaJIh — TJIIMHUCTAs KOPKay.
Taxxe Moy4eHO ypaBHEHUE PErPEeCcCUi: M3MEHEHNE CKOPOCTH M3HAIIMBAHUS

MmeTayia W oT Toka o011ei koppo3uu (rpaduueckoe n3oOpakeHrue Ha pucyHke 37):
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Pucynok 36 — M3menenne kosduirenta TpeHust oT MIOTHOCTH TOKa 001IeH Kop-

PO3HH.

W=(0,0207405 +0,0000898807 V) 2 (20).

Koaddumment xoppensiuu 0,76 u nipu yposue 3Haunmoctu 0,05. Koaddurment ne-
TepMuHaIMKU paBeH 58%.11okazarenn koppo3noHHbIx cBoMcTB BIDK B3auMocBs3ansl ¢
TPpUOOTEXHUYECKUMHU CBOMCTBAMH OYpOBBIX pacTBOPOB (KO3(DPUIIMEHT TpEeHHUSI, CKO-
POCTh U3HAITUBAHUS CTaJH), KOO(PPUIIMEHTHI IeTEPMUHAIIMN PAaBHBI COOTBETCTBEHHO 58
1 90 %. C yBenuueHueM KOppo3uoHHOM akTuBHOCTH BIDK o1HO3HAUHO yXyAmaroTcs
ee TPUOOTEXHUUECKHE CBOMCTRA.

[TokazaHa B3aMMOCBSI3b TOJIIIMHBI TPAHUYHBIX CJIIOEB, 00pa3yeMbIX CMa30YHBIMU
n00aBKaMU pa3IMYHON XMMUYECKON IPUPOABI C UX TPUOOTEXHUUECKUMHU U aHTUKOPPO-
3MOHHBIMU cBoicTBaMu. KoadpummeHT nerepmMuHaiuy Mexmay TOJIAHOMN CJIOs U KO-
a(PUIMEHTOM TPEHUS Maphbl «CTajb — TJIUHUCTAsT KOopkay coctarisieT 73 — 77%, a co

CKOPOCTBIO M3HALIUBAHUS CTalU KOA(hOULIMEHT neTepMuHanuu paseH 42%.

Pe3ynbratel 00paboTki n3MeHeHus Ko3(hGULMeHTa TPEHUs OT JIOKaJIbHOU KOp-

pO3uu MPUBEAEHBI HA pUCYHKE 38.
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Pucynok 37 — BiusitHue CKOpOCTH JIOKaJIbHOM KOPPO3UH HA CKOPOCTh M3HAIIU-

BaHMA CTaJIH.

Me>1<z[y BEJIMUMHOMN TOJIIINHBI aI[COp6I_[I/IOHHOFO CMAa3049HOI'0 CJI0A Ha ITIOBCPXHO-
CTHU MCTaJlJIa UMCCTCS B3aMMOCBSOb C ITOKA3aTCIIIMU AHTHKOPPO3HOHHBIX CBOMCTB cpe-

161, KO3 uIueHT nerepMuHanuu pasen 61 —73%.
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Pucynok 38 — M3menenue ko3 puirienTa TpeHus: oT CKOPOCTH JIOKATbHON KOPPO3UH
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3.8 UcciienoBanue MeXaHM3Ma 3aIIMTHOTO 1eiCTBUSA PA3JINYHBIX peareHToB

Koppo3us meramia B arpecCUBHOM Cpelie COMPOBOKIAETCS pa3pyLICHUEM OKHC-
HOM TUIEHKH, KOTOpast o0Opa3yeTcsl BCera 3a CUeT B3auMOJICHCTBUS MeTalljla ¢ KUCIIOPO-
JIOM, COJIEpXKAIIUMCs B BO3ayXe, Boje U T.1. OmnpeneneHue CKOpOCTH 001Ieil Koppo3uu
MeTaJljIa TPOBOJAWIIOCH METOJIOM JIMHEWHOTO MOJIAPU3ALUOHHOIO COMPOTUBIIEHUS C HC-
MoJIb30BaHueEM MpruoopoB Monukop 2M, norennuocrara [1M-50-1.1.

NHruburopsl Koppo3uu 00pa3yroT JAOCTATOYHO MPOYHBIE 3alIUTHBIC MJICHKHA Ha
MOBEPXHOCTH METalllla, KOTOPbIE MPEAOXPAHSAIOT €ro OT arpeccuBHOM cpenswl. s yc-
MELIHOTO U IEJICHANIPABICHHOTO BbIOOpA MHIMOMTOPOB KOPPO3UU HEOOXOJIUMO H3y4de-
HUE Tpoliecca 00pa30BaHUs U pa3pyIICHUs 3aMIUTHBIX MJICHOK HAa MMOBEPXHOCTU MeTaj-
na. Bnusnaue pa3zpaboranHbix 100aBok, Haxozasmmxcs B bIIK, Ha ckopocTh JoKanbHOM
KOPPO3HUU CTaJU OINPENesIOCh C Hcnoib3oBanueM mpudopa JPC 2000 M.

JIJisi yCTaHOBJIEHHSI CIIOCOOHOCTH aHTHUKOPPO3UOHHOM J00ABKM 3alUIaTh Me-
TaJl OT JIOKaJIbHOW KOPPO3UM HAMM HCIMOJb30Bajics meton cHATus LIBA kpuBbix, 3a-
KJIFOYAKOIIMKCS B Tosipu3anuu 3iekTpoaa A0 200 MB o Moaysnt0 OTHOCHUTENBHO MO-
TEHIIMaJa XJIOPUICEPEOPSHOTO IIEKTPO/Ia CPAaBHEHUS.

[TprMEHUMOCTB 3TOTO METO/Ia JIsl OIIEHKH CIIOCOOHOCTU METajljla MPOTUBOCTOATH
JIOKAJIBHOM KOPPO3UH OOYCIIOBJIEHA TE€M, YTO TOJISIPU3YS JIEKTPOJ B aHOHOM 00sacTu
10 3HadyeHus, paBHoro + 200 MB, mo Moayst0 OTHOCUTENBHO TMOTEHIMANa XJIOpHU/JICe-
peOPSIHOTO AIIEKTPOJa CPABHEHHUSI, MOJICTIUPYETCSI COCTOSIHUE KOPPOAUPYIOLIErO MeTal-
Ja B 00JIaCTH €ro JIOKAJTLHOTO Pa3pyIICHUs HE3aBUCUMO OT MeXaHU3Ma Kopposuu. Ta-
KM 00pa3oM, 3TOT METOJ| MO3BOJISIET BBIABUTH JT00aBKHU, CIIOCOOHBIE 3aMeEISATh JIO-
KaJIbHYIO KOPPO3UIO 32 CUEeT 00pa30BaHus 3alIUTHON IJIEHKH Ha MOBEPXHOCTH METaia.
[Ipu nomave HanpsHKEHHUS HA METAJUIMYECKUAN JJIEKTPOJ, HAXOIAIIEHCS B UCIIBITYEMOU
cpee, MPOUCXOIUT pa3pyllIeHHuEe MaCCUBUPYIONICH 3alUTHON TIJICHKH, BRIpaXKaroIIeecs
B BO3HUKHOBEHUHU TOKa KOPPO3UU OMNPENIEICHHONW BeIW4yuHbl. [Ipy MmocTeneHHoOM CHS-
TAU HANPSIKEHUS 10 BEJIMYHMHBI, paBHOU 0, MPOUCXOAUT BOCCTAHOBIICHUE 3AIIIUTHON aH-
TUKOPPO3UOHHOW TUIEHKH Ha MOBEPXHOCTU METAJIA, XapAKTEPU3YEMOW CHUKEHUEM TO-

Ka koppo3u# 10 0. IT0 mo3BoIIseT, 3aUKCUPOBATH Tporiecc 0Opa3oBaHus («caMoopra-
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HU3allMK») WIK HEBO3HUKHOBEHUS a/ICOPOIIMOHHOTO aHTUKOPPO3UOHHOIO CJIOSl U3 pea-
TeHTa, HaXOJAIIErocs B ucneiTyeMou cpeae. [Iponecc «camooprann3anumy» 3aluTHOU
AHTUKOPPO3UOHHOM TUICHKH BU3YaJbHO BBIPAXKAETCS B 00OPA30BAaHUU «BUJIKW» MPHU I0-
Jlaye U CHATUM HAIPSKEHUS.

Ha pucynkax 39, 40, 41, 42, 43, 44, 45 npencraBiaeHbl IUKIOBOJIbTAMIIEPOMET-
pudeckue kpusble. CT. 3 B cpeliax pa3IMuHON KOPPO3UOHHOM arpeCCUBHOCTH.

Beenenue B Bony KCL nmpuBOauT K pazpylieHn0 BOAOPOIHBIX CBSA3€H, 3TO MOJ-
TBEpXkKAAEeTCs pe3yabTaTaMu, oJy4eHHbIMU Ha nossiporpade ABC 1.1.

Pazpyiienue ancopOupoBaHHON Ha MOBEPXHOCTU METAJIIA TUICHKU BOJbI HOHAMMU
KCL Ttaxxe moaTBep:kIaeTcs AAHHBIMH, MOJYYEHHBIMA METOJIOM CHSTHUS IUKIOBOJIb-
TamrneporpaMM. BBeneHue B JUCTWUIMPOBAHHYIO BOAY XJopuctoro kamus (1o 4%)
YCUJIMBAET €€ KOPPO3UOHHYIO arpECCUBHOCTb.

W3 pucynka 38 BUIHO, YTO NPHU BBEIECHUU B JUCTIWILIMpOBaHHYIO Bony 4,0 %
XJIOPUCTOIO Kajiusl MaKCHUMAJIBHBI TOK JIOKAJBbHOM KOppo3uu gocturaer 1250 MKA.
OT0, KaK BUAHO 1O xapakrepy LIBA kpuBO#, MPOUCXOINT 3a CUET Pa3pyILUCHHUS 3ALUT-
HOM OKCHJIHOM IIJIEHKH

JIns M3y4yeHHsl NpOLECCOB PAa3pPYLICHUS — BOCCTAHOBIICHHUS] aHTUKOPPO3HOHHBIX
IUIEHOK MTPUMEHWIN MeTo CHATUS [IBA KpHMBBIX NpY MOBBIIEHUH KOHLIEHTPALUHU XJIO-
puctoro kanus a0 7,5%. V3 uccnenoBanuii, mpoBeAeHHBIX HaMu (T71.3.3) U paHHUX HC-
cnenoBanuii [ 105], n3BECTHO, UTO IPU YBENUYEHUN KOHLIEHTPALUU XJIOPUCTHIX COJIEU B
BOZ€ CcBbILIE 3% KOPPO3HOHHAS aKTUBHOCTh BOJTHOTO COJIEHOT'O PACTBOPA CHUKAETCH.

Taxxe nzyunnu no [IBA — kpuBbIM NOBEJAECHUE TPAHUYHBIX IJIEHOK MPH BBEJIE-
HUU B KOPPO3MOHHO-aKTHUBHBIE BOJHBbIE pacTBopbl peareHToB CAB-3, ¢dopmuara Ha-
Tpusl, 00J1aAAI0IINUX AHTUKOPPO3UOHHBIMU CBOWCTBAMH.

YBenuueHne KOHLUEHTpauu XJIopucToro kamus 10 7,5% (pucynok 40) npuBoauT

K CHUPKEHUIO BEJIMYMHBI MAaKCUMaJIBLHOTO ToKa Koppo3uu 1250 mxA no 900 MKA.



138

1200

1000

——KCl{4%)

800

o)
o]
o

//

A
o
=

I Tok koppo3un, MKA

200

-500 400 300
E Hanpsasxkenne, mB

Pucynox 39 — IuknoBoabsrammneporpammbl Ct3 (4% XJI0pHCTOrO Kanus B JHC-

TULTMPOBAHHOM BOJIE)

Taxxe n3 pucynka 40 BUIHO, 4TO IIPU NMOBBIIIEHNN KOHIIEHTPALMU COJM B IIPO-
MBIBOYHOW JKUIKOCTH YCKOpSIETCS MpOLecC 3aJIeYMBAaHUSI HECIUIOIIHOCTEH, 00pasyto-
LIUXCSA I10J] BO3JAEUCTBUEM AHOIHOU IOJSAPU3ALMU 10 IPUYMHE CHUKEHHS KOHLIEHTpa-
LIMA PACTBOPEHHOTO B CPEAE KHUCIOPOJA, & TAKKE U3 — 3a U3MEHEHUsI MEXaHU3Ma pac-
TBOPEHUSI METaJlJla IO BO3JICUCTBUEM pa3pyIICHUsS BOJOPOJIHBIX CBs3ed B paboueit
cpene, B TO BpeMs, KaK MPU HU3KUX KOHIIEHTPAUUAX CKOPOCTh BOCCTAHOBJIEHUS ILJICH-
KM, OolpeesiemMas 1o XxapakTepy u3MeHeHus: Hucxoasamen LIBA kpuBoit, yBennuuBaer-
cs. [loaTBepkaeHnEM ITOTO SABIIAETCS TO, YTO BEJIMYMHBI TOKA KOPPO3HUU IIPU OJHOM U
TOM K€ MOTEHIMAJIE OTJIMYAIOTCS Ha BOCXOAIIEN n HUCXxoasuen BeTBsix [IBA kpuBoil.
Xoxa Hucxondend KpuBoil (pucyHok 40) moka3pIBaeT, YTO CKOPOCTh CAMOBOCCTAHOBIIE-
HUs 3aIIUTHOM IUIEHKH ONEPEXKAET CKOPOCTh PACTBOPEHUS METAJUIA, 3a CUET Yero CHU-
YKAETCSI CKOPOCTh JIOKAJIBHON Koppo3uu craiu. [Ipu norenumane, pasaom 250 mMB, Tok

JIOKaJIbHOW KOPPO3UM CTAIM MPU Pa3BEPTKE MOTEHLHMAA B AHOJHOM HAaNpPABJICHHUH CO-
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ctapisieT 217 MA. IIpu ToM ke 3HaUE€HUH MOTEHIMala, KOTr/la pa3BepTKa MOAAeTCs B Ka-
TOJHOM HaIpaBJIEHUH, TOK JIOKAIHLHOW KOPPO3UH PABHSAETCS HYIIIO.

Ha pucynke 41 npusenens LIBA kpuBbie pu BBEICHUH B BOAHBIN pacTBOp 7,5%
xyopuctoro kamus u 1 % CAB-3.

Beenenne pearenra 1% CADB-3 npuBOAUT K HE3HAYUTEIBHOMY CHHXKEHHUIO KOP-
PO3HOHHOW arpeccuBHOCTH 7,5 % BOJHOIO pacTBOpa.

VBenuuenne koHueHtpauu peareita CAb—3 B 4 %pacTBope XJIOPUCTOro Kajius

10 3% CHMXaeT TOK Koppo3uu B 2,5-2,7 pa3za (pucyHok 42). 13 pucyHka 42 BHIHO, YTO
MPOUCXOJIUT CHUXKEHHE TOKA KOPPO3UU, BEPOSITHO, 3a CUET MOBBIIICHHOTO COACPKaHUS
pearenta CADB-3, T.k. oOpa3oBaHue pa3pylICHHOW 3allIUTHON IJICHKH MPOUCXOIUT HE

TakK ObICTPO (OIpeAeNseTcs Mo XapaKTepy U3MEHEHHS X0a HUCXOASIICH KPUBOH).
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Pucynok 40 — [{uknoBonsramneporpammsl Ct3 (pactBop 7,5% XjopucToro ka-
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Pucynok 41— IluknoBonasramneporpammel CT3 B BoAHOM pacTBope 7,5% Xjopu-

croro kanus, oopadorannoro 1% CAbB-3

IIpu BBeneHMM € B BOJHBIA pacTBOpP XJIOPHUCTOrO Kaiausi kKommnozunuu u3z 4%
dbopmuara Hatpus u 1% CAB-3 pe3ko majmaer TOK KOPPO3UH 3a cueT 00pa3oBaHMS 3a-
LIUTHOM IUIEHKH, 4TO BUIHO U3 [IBA KpuBOM, MpUBEAECHHON HA pUCYHKE 43

OO0pazoBaHue CaMOOPTAHU3YIOMICICS 3alUTHON IMJIEHKH MOXHO BHJETH IO Xa-

paKkTepHOU «BUIKe» HUCXoAsen LIBA kpuBoii, mpecTaBieHHON Ha pUCYHKE 43.
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Pucynok 42 — [{uknoBoasTammneporpammsl CT3 B AUCTHIUTMPOBAHHOW BOE, 00pa-

OO0TaHHOM XJIOPUCTHIM KasneM (4%) u pearentoM CAB-3(3%)
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Pucynok 43— LuknoBonsramneporpammsl Ct3 B 06pabotanHoit 4% dhopmuatom

Hatpus u 1% pearenta CAb—3 B 1UCTHIITMPOBAHHOM BOJIE
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CpaBuuBas LIBA kpuBsle, npuBeneHHble Ha pucyHkax 40 u 41 ¢ [IBA kpuBbiMH,
MOKa3aHHBIMHM Ha PUCYHKE 43, BUJIHO, YTO B BOAHOM xyiopuctoMm pactBope CAB-3, He
coaepkaiieM popmuara HaTpus (pucyHku 41,42) He MPOUCXOAUT 0OpPa30BaHHUE TUICH-
ku. M3 3TOro MOKHO clienarh BBIBOJ, YTO BBeACHHE (popmuara HaTpus B BOAHBIN pac-
TBOP XJIOPUCTOI'O KaJlsl CIIOCOOCTBYET PE3KOMY CHMKEHHMIO TOKa KOPPO3UH 3a CUeT 00-
pa3oBaHUs CJIOS1 aHTUKOPPO3UOHHOM IUIEHKH U3 MOJIEKYJ (opMuaTa HaTpusl.

ObpazoBanue BTOpOro 3amuTHOro cnost u3 pearenra CAb — 3 Ha mepBoM aHTH-
KOPPO3MOHHOM cJIo€ (popMuaTa HaTpusi KOCBEHHO MOXHO MOATBEPIUThH UCCIEI0BaHUS-
MU aIF€3MOHHBIX CBOMCTB PacTBOPOB ¢ AoOaBkamu opmuara Hatpus u CAB-3.

[Toka3zaTenu aAre3MOHHBIX M CMA30YHBIX CBOWCTB UCXOJHOTO OYpOBOTO pacTBOpa

(Ne6) ¢ nobaBkamu CAB-3, popMuaroM HaTpusi MPHUBENECHBI B TabuIe 22.

Tabnuna 22 — Pe3ynbrarsl UCCIIEIOBaHUS aHTU(DPUKIIMOHHBIX U aJIT€3UOHHBIX CBOMCTB

nosimMeprimaucToro 6yposoro pactsopa (III'BP) ¢ popmuarom natpust u CAb-3

CraTudeckuit W, / IoH-

HAMHYECKUI [y KO- VYnenvHas anresust Fy, npu

3pPUIUEHTHI  TPEeHUS . A ya. TP

P yvp A HCsD, IIpU BPEMEHHM KOHTaKTa 10" muHyTax  KoHTaxTa cuc-
CocraB pacTBOpa |Kr/m I pH ’ n T | em/3 TEMBI «CTaJIb—KOPKa»
3 | ¢ MM CHUCTEMBI «cTajgb—
OmMuH
KOpPKay:
10
Swmun |10 muH |20 MuH 5 MuH 20 MmuH
MUH

1. MUex. pac-
[Rop(e6): Bona + 0,2019/(0,2165/{0,3117/
0, + ’ 1 ’
U%IIBMA 1040(22 |10 | 2 |1,67 {3,38 | 12 0.0595 |0.0802 |0.2105 | 0.1801 |0,1525 0,1534
5%CaCO; +
0,1%I1ALl-BB
2. Ucx. pacteop + 0,1945/{0,3152/|0,4387/
1%HCOONa 1080\120 110 | 3 | 283 | 845 | 13 0,0466 |0,0678 |0,0719 | 0,1249 |0,2094 0.1231
p. Hlox. pactsop ¥ 0,1950/|0,4056/ | 0,6049/
0, ’ y ’
A%HCOONa  +[1070|21 |10 (3,5 (2,26 |11,8 | 15 00163 |0.308 |0.401 | 00491 |0,1052 0,0390
1,0%CAB-3

N3 tabmutet 19 BumHO, uTo Kommnosumwms u3 peareHta CAb-3 (1 gacts) u popmuara Ha-
Tpus (4 yacT) 00J1aJa€T XOPOIIMMU CMa30YHbIMU CBOMCTBAMU. Y CNIbHAS aAT€3HsI

npu BBeAeHUH GopmuaTa HaTpusi ymeHbinaercs Ha 30 %, mpu JOMOTHUTEILHOM BBEJE-
CAB-3 npoucxoaut peskoe (B 2-4 pa3a) yMEHbIIICHUE CIBUTOBBIX YCUIIUNA TIPU KOHTAaK-
T€ B CUCTEME «CTallb — KOpKay. DTO MOJATBEPKAACT MPEIIONIoKEeHuEe 00 00pa3oBaHUU

JIBYXCIIOMHOW TIJICHKHA HAa MOBEPXHOCTH METaJuIa: OAWH CIIoW u3 (popmMuara HaTpus, TO-
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BepX HEro BTOpoil amcopobumonnsiii cioit CAb-3. CiBuroBoe HampsoKeHHE B KOHTAKTE
«TepBbIid cioi dopmuaTta Hatpus — Bropoit cinoii CAB-3», mensine B 3-4 pasa, yem

CABHUI'OBOC YCHUJIMC B KOHTAKTC «MCTAJIJI — [o3) (0) 1 Q)OpMHaTa HaTpHUsI».

3.9 BeiBOoabI K IJ1aBe 3

1. O60cHOBaHbBI U YTOYHEHBI TPEOOBAHMSI K CMa304YHBIM J100aBkaM k BITK.

2. YCTaHOBJICHO HAJIMYNE CHIIBHBIX B3aMMOCBSI3EH MEXTy aHTUKOPPO3HOHHBIMU U
TpuboTexunueckumu cpoiictBamu BIDK. Omnpesnenensl ypaBHEHUST perpeccuu CKOPOCTH
W3HAILIMBAHUS CTalH, Ko UireHTa TpeHus OT JOKaJIbHOU U o01el koppo3uu. Koag-
(GUUKEHT AeTepMHUHALIMK KOppo3noHHBIX nokasareneid BIDK (obmas xoppo3us u no-
KaJlbHasi KOPPO3UM) U €€ TPUOOTEXHUYECKUX TMoKazareyel (Kod(PhUIIMEHTOM TpEeHUs
napbl «CTAIb-TIMHUCTAsT KOPKa», CKOPOCTHIO M3HAIIMBAHUS CTAJM) COCTABJISIOT COOT-
BeTCTBEHHO 67 — 90% u 58%.

3. O6ocHOBaH cnoco0 CHIKEHHs] Koppo3uoHHoro BozaeicTus BIDK mpumene-
HUEM peareHTa, CO3Al0Ier0 Ha TPYUIUXCS MOBEPXHOCTSIX CJIOW, MPEMSITCTBYIOIINE
MIPOHUKHOBEHUIO arpeCCUBHBIX KOMIOHEHTOB K MOBEPXHOCTH CTAJM W TOBBIIAIOIIAX
TpUOOTEXHUYECKHE CBOMCTBA KOHTAKTa, 0OPa3yIONINX CaMOOPTaHU3YIOIINECS TIICHKH -
skpanbl. OOOCHOBAHO MPUMEHEHUE pPeareHTa Ha OCHOBE d(PUpa dPYKOBON KHUCIOTHI U3
paricoBoro macia (CAB-3) kak cpeacTa it MOBBIIICHUS aHTHKOPPO3UOHHBIX M CMa-
30uHbIX cBoMCTB BITK. CocraBieHa koMmo3uius, cocrosias u3 4 dacret popmuara
Hatpus u 1 gactu CAB-3(CAB-3M), cniocoOHast co3/1aBaTh Ha MOBEPXHOCTH METalia
JIBYXCJIOWHBIE aHTUKOPPO3UOHHBIE U CMa30YHBIE CIIOH.

4. TlpumenenueM metona cusitus [IBA — kpuBbix cramu B cpeae BIDK, conep-
XKarux peareHtsl — popmuart Hatpusi(4%),CAB-3(1%) — nokazaHo oOpa3oBaHHE camo-
OpraHU3yIOLMXCs aACOPOIIMOHHBIX MIIEHOK. [lepBbIii XeMCOpPOIIMOHHBIN C0M, 00pa3o-
BaHHBIN U3 MOJIEKYJ (popMuaTa HaTPHsl, 3aIIHINAET MOBEPXHOCTh METaIa OT KOPPO3HU-
OHHOT'O BO3JICUCTBHS CPE/IbI, @ BTOpasi, CBI3aHHAS C HUM CMa304Hasl MJICHKA, CHIDKAET

KOC—)(I)(bI/IHI/IGHT TPCHHUA B CUCTCMAX «CTAJIb — I'N'TMHHUCTAsl KOpKa».
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I'naBa 4. IIpomMbIC/IOBBIC HCIIBITAHUS U OLIEHKA 3(P(PEeKTHBHOCTH HOBOTO PeareHTa

4.1 IlpombliciioBble ucnibITaHuA pearenta CAB-3

B nanHO# 11aBe NpuBEAECHBI PE3YJIbTAThl MIPOMBIILICHHOIO IPUMEHEHHS CMa304-
Hoil noGaBku CAB-3. Ucnweitanus npoBoawiuch B OOO «bamnedTs-I'eocTpoii»
Ydumckoro ympasieHusi OypoBbix padbot (YYBP) Ha mecropoxaeHusx B bamkupun,
npu OypeHHH OCHOBHBIX CTBOJIOB, CKJIOHHBIX K 0OBajaM (BEpeWCKUI U KbIHOBCKHI I'O-
pusoHThl). Pearent Taxke npumensics B OO0 «bamnedth-bypenue» Ha mectopoxie-
Husax AHK bamnedts B 3anannoit Cubupu npu OypeHHUH HAKJIOHHO - HANpPAaBJIECHHBIX,
TOPU30HTAJIBHBIX U OOKOBBIX CTBOJIOB, a TAKKE MPU MPOBOJKE Pa3BEJOUYHBIX CKBAYKUH.

B naGopatopuu OypOBBIX M TaAMIOHAXKHBIX KUJIKOCTEH Y PUMCKOro ynpaBieHUs
OypoOBBIX paboT, CepTUGUIIMPOBAHHOM MO MEKTyHApOAHBIM cTanaapTam [PA, Obuin Hc-
CJIEIOBaHbI MapaMeTphbl OYPOBBIX MPOMBIBOYHBIX JKUJIKOCTEH C MCIOJIb30BAHUEM TaKUX
cMa304HBIX 100aBok, kak PK-2000, JIyopuomn, JIyoen, Puamonn, CAB-3.

B taGnuie 23 npuBeneHsl pe3yabTaThl THUX UCCICTOBAHUIM.

Ha nmapameTtpsl pactBopoB peareHT CAB-3 BiusieT cneayommum oopa3om:

- MIOBBIIIAET HE3HAYUTEIBHO BSI3KOCTH;

- Ha 25% noBeimaer CHC;

- Ha40 %mnoBsimaet JJHC.

Brenenne 1% pearenta CAB-3 B pacTBOp yBEIMYUBAET €0 YACIBHOE JICKTPU-
yeckoe Ha 10 — 15 %, 4T0, MO-BUIUMOMY, CBSA3aHO C MOBBIIICHHONW CIIOCOOHOCTBIO 00-
Pa30BBIBATH aJICOPOIIMOHHBIC TUICHKHU [67, 70, 165].

Jlabopatopubie ucnbitanuss CAb-3 mokazanu, 4TO OH MPEBOCXOIUT IO TpUOO-
TEXHUYECKUM U aHTHUKOPPU3HOHHBIM cBoiicTBaM peareHTbl ®K-2000, JIy6puosn, Puu-
MOH/JI.

Ha BonkoBckom mectopoknenun cmazounas nodaBka CAbB-3 wucmombs3oBanach

npu Oypennn ckBakuH NeNe 1686, 1688, 1684, 1683, 1690.
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Tabnuna 23 — Pesynbratel ucciaenoBaHusi 0ypoBbix pacTBopoB B Y pumckom YBP

, >, o 8|/\

S& | 8a_| 28 | 8, |cSEE

Hcxon- ggﬁ Og% < = %gﬁ %I—ES

HBIH o §E B %% S > - 2232

SXe | Q8¢ & = €9 < =C

.pacTBop S TS S = E 1 E=> IO <o

Ne 5 L Q =G K9 wQce |8xo 3

EI:‘ D 5§ m¥=- |zag's

a - ¥ T 2 33 5
ITapametpsl .,
-
== :
z 8Eg
Sigg

gggzéO,S 10|105]10]|05(10|05]|10]05]10
=) e
S S &£
S e >
B S X
= ‘oo @
o0

IMnotnoets, p (/em®) | 1,125 (11|11 |21 |21 |22 221212 f21]21f21

YcnoBHas BSI3KOCTb,

VB (c) 82 82182 |59 (80 (8 |8 | 73 (118128 | w/T
[lokazarens HunbT-

parum, TI® (cm*/30 4 64168 | 6 3 [48 46|52 |52]|48 |44
MUH)

Tommmua rauHUCTON
kopku, K, (MM)
JIMTIKOCTE TIIWHU-
cToil KopkH, JI, 0
Konnentparus Bo-
JIOPOJTHBIX HOHOB, 10,1 10 | 10 | 10 | 10 10 10 10 1 99 | 10 10
eauHUIEl PH
[IpenenpHOE cTaTH-
YECKOE HANPSIKEHUE
casura depe3 1 MuH,
CHC]MHH (HHa)
[IpenenpHOE cTaTH-
YECKOE HANPSIKEHHE
casura depe3 10MuH
CHC]OM“H (Hna)
ITmactuueckast BI3-
KOCTb, Ny, (MITa*c)
Db dexTuBHas BA3-
KOCTb, N, (MIIa*c)
[IpenenbHoe aunHa-
MHUECKOS HANPIKE- | 54 g8 | 29 | o35 | 169 | 171 | 259 | 250 | 197 | 37 | 198 | 335
aue capur, JIHC

(alla)

V1. OnexTpuueckoe
comnpotusierne, Om 0,92 09109109 ] 1 1 ]111({09( 1 1109
M

0,5 o8|07(08(|07]08]07(08(06[05]| 1

14,06 27 | 20 | 22 | 17 | 20 | 22 | 18 | 17 | 18 | 27

19,39 29 | 27 | 28 | 20 | 23 [ 27 | 20 | 21 | 21 | 31

16,1 84 (93|12 | 14 | 18 | 21 ( 11 ( 10 | 17 | 18

32,15 39 | 34 | 28 | 32 |45 | 47 | 31 | 17 | 37 | 58
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[Tpu cTpouTenbCTBE 3TUX CKBAKHH MPUMEHSUIICS MOJUMEP — TIMHUCTBIM OypoBO
pacTBOp, YTSIKEICHHBI KapOOHATHBIM YTSDKEIUTENIeM 110 TuioTHOCTH 1,20 r/em’. Kon-
HEHTpaIusl CMa304yHON M00aBKK B pacTBOpe Mojjep:kuBaiach okono 1 % (pacxon Ha
OJIHY CKBa)XHHY cocTaBwi 1,5 — 1,8 T.) 4TO TO3BOIMIIO CHU3UTHh KOAPDUIIMESHT TPSHHUS
o KTK-2 ¢ 0,09 (y ucxoxnoro pacteopa) qo 0,05.

Taxxe nmpoaHanM3upoBaHbl MOKa3aTeau OTPabOTKHU A0JI0T Ha BoikoBcko# mmiio-
maan. Mcoeitano 85 A0J0T ¢ MCMONB30BAaHUEM PacTBOpa, B COCTaB KOTOPOIO BXOAUT
CAB-3 u 108 gonot oTpaboTaHO Ha ckBakuHaX ¢ nomoibio BIIP 6e3 npumenenus

CAB-3.

B Ttabnune 24 npuBeaeHbl pe3yabTaThl aHaU3a 0TpadoTku 100t 215,9 C3I'B u

215,9 T3THY R15.

Ta6muna 24 — CpaBHUTEIbHBIE TTOKa3aTEIN OTPAOOTKH J10J0T Ha BOIKOBCKO# 1utoIIa u

THHOpa?;ep AOTO" ITonumeprianHuCThI N3menenue
MHTEDBAT é st pacTBop Ire noKa3aresieH,
P y YPEHHA, ¢ mo6askoii CAB-3 +, %
. ; 3 : 3
< . o O . < Q
= o = =
: | S1g | 3|5 [B|g |55
o am) ~ = g & o o &5 =z
S L g X 5 Sy 5 | = B o
g 2 s |82 5 | 32| 3|83 § |82 ° =
= TS ¢ | 85 Hlgs g g8 < T2
o 3 Qo | B A= oS o | E & oS
= a o o =) R 1o ) &
=] o = | 2 & | E = | 2 2 |
= = | €18 |28 |€]82 % ¢
e S = 5 = 5
= =
215,9 47,
C3rB 280-804 | 40 | 62 6,5 9,5 53 5 516 | 9,2 | +29 | +26 | +3
2159
C3rB 840-980 | 20 | 45 5,1 8,8 25 | 38 | 44 | 86 | +18 | +16 | +2
Hroro 44
o 60 | 56,3 6 9,3 78 4’ 4,9 9 +26 | +22 | 43
C3I'B
2159
T3I'H 980-
v 1410 25 | 60 | 10,7 | 5,6 30 | 49 10 49 | +22 | +7 | +15
R15




147

[Tpumenenue pearenra CAb-3 mpu HEOOJIBIIOM yBEIUYECHHH MEXaHHUUECKONH CKOPOCTH
MO3BOJIWJIO YBEJIMYUTh NPOXOJKY B CpeiHEM Ha 22 — 26 %, a JOJITOBEYHOCTH JI0JO0T TH-
na 215,9 C3I'B na 22%. Jlns nonot tuna 215,9 T3I'HY yBennueHue npoxXoJaKu cOCTa-
BUJI0 22%, 3a CUeT YBENUYCHUS MEXaHMUeCKON cKopocTH Ha 15% mpu HeOObIIOM yBe-
JUYEHUH CTOMKOCTH onopsl (7%). Mexanudeckas CKOpOCTh BO3pOcCia 3a CUeT yBeInyde-
HUs (paKTUYECKOW HArpy3KH Ha J0JIOTO, BEPOSTHO, ITO CBA3AHO C OTCYTCTBHEM 3aBUCA-
HUSI OypUJILHOTO MHCTPYMEHTA Ha CTEHKAX CKBAYKUHBI.

Taxoke npu Oypennn Ha ckBakuHax Ne2025, 2006 TpomKHHCKOTO MECTOPOXKIE-
HUS B Ka4yeCTBE MPOMBIBOYHOM KUIKOCTH HCIIOIB30BAJICSA OE3TJIMHUCTBIN IMOIHCcaxa-
puaHBIN THAPOdOOU3HNpYIOMKK OypOBOIl pacTBOp, B COCTaB KOTOPOTO BXOJWJ pPearcHT
CAB-3. Konnenrpanus cMa3ouHoi 100aBku coctaBisuia 2 % (pacxoll Ha OJHY CKBa-
KUHY COCTaBUII 5,6 KI/M), YTO CIOCOOCTBOBAJIO CHM)KEHHIO MOKA3aTeNsl JIMIKOCTH 10 3
— 4°(koadpurment tperust 0,04-0,05)

00O «bamnedTs — bypenue» B 3amannoit Cubupu mpu 3ape3xke OOKOBBIX CTBO-
J0B Ha Mano0anbIKCKOM MeCTOpOoXKaeHnU Kycta 621 ckBaxkunbl Ne 4869 Obu1 onpo6o-
BaH peareHT CAB-3. Ilpu OypeHun 3TOi CKBa)KMHBI BO3MOXXHBI OCJIOKHEHHUSI B BUIE
OCBITIEN, 00BAJIOB, 3aTsHKEK M NMPUXBATOB MHCTpyMeHTa. [lopoabl ciiokeHbl mecyaHuKa-
MU U alieBposiuTaMu. Takke UMeeTCsl BICOKasi BEPOSITHOCTh 3a0MBaHUs IPOMBIBOYHOTO
oTBepcTUs (Ppe3bl.

[Ipu Oypenun ckBaxuHbl Ne4869 ncnonb3oBancs 0€30apUTOBBIN YTAKEICHHBIN
OHMOTOMMEpPHBI OYpPOBOM PacTBOpP C MaJIbIM COJEpPKaHHEM TBepoi (a3wl, B coCTaB
KOTOPOTr0 BXOJIUT (hopMHUAT HATpUs, HEOOXOAMMBIA ISl CHUXKEHUS OTPULIATEIILHOTO
BO3JICHCTBUSI HA POYKTUBHBIHN TIJIACT IIPU €TI0 BCKPHITHH.

B pesynbrare ucnbitanuii npu 0ypennu ckBakunbl Ne4869 ¢ CAB-3 He ObL10 3a-
TSDKEK U TIPUXBATOB.

[TapameTpsl 3ape3aHusi OKHa MPUBEICHBI B TAOJINIIEC IPUITOKEHUS 2.

[Topsimok PUTOTOBICHUS OMOTIOIMMEPHOTO pacTBopa:Habpath TeXHHUUECKOU BO-
Il B GJIOK [PHTOTOBICHMS PAacTBOPa. BBOAUTH Yepes THAPOBOPOHKY 2,5 KI/M° GHOIIO-

mumepa. UarercuBHOCTH BBOMA 10 — 15 Memok/MuH.
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Beoa XG Polimer KOHTponMpoBaiu Mo BETUYUHE YCIOBHOM BsizkocTH. JloBenu MIOT-
HOCTB pacTBopa 10 1,26 r/cm® BBomoMm FLOSALT (bopmuar Hatpusi) B Kommdectse 380
kr/m°. TIocIe0BaTeIbHO BBOAUTH B PAcTBOP 3 Kr/M° moHmsuTens ¢puistpanun Flomax
B, 60 kr/m® mena. MarencusHocTs BBoaa Flomax B - 7-10 mun/mermok. Beoguts 25-30
/M° cMazouHOIM nob6asku CAB-3.
CmazouHyio 100aBKY B CBEKENPUTOTOBICHHBIM PACTBOP BBOAUTH B OOJBIIEM KOJIHYE-
CTBE, I TOTO YTOOBI 00IIIee CoAepKaHne CMa3KU B 001IeM 00bhEMe OypOBOTO pacTBopa
ob110 HEe MeHee 2%. B pactBope pH nmoanep:kuBanoch Ha ypoBHE 5 — 6.

[Ipumensiemblii pacTBop Ha ckBaxkuHe Ne4869 ManoOanbIKCKOro MEeCTOpOKIe-

HUS UMEJ TapaMeTphl, 3HAUEHUS! KOTOPBIX IPUBEIEHHBIE B Tabmuue 25.

Tabnuma 25— TexHonoruyeckue napamerpsl 0ypoBoro pactsopa (API)

BenuuuHbl mapaMeTpoB B UH-
Enununna
HaumenoBanue moxasarest H3Mepers TepBaje OypeHus

2401-2767 2767-3078
T110THOCTE r/em’® 1,26+0,02 1,330,02
VYcaoBHas BI3KOCTh c 45-60 45-60
IToka3zatens GuiabTparuu, He 6osee oM’/30 muH. 7 6
TonmuHa TTIMHUCTON KOPKH, HE Ooiee MM 0,5 0,5
CTaTryecKoe HaNpsHKEHUE CABUTA ¢buT/100dyT2 6-12/8-26 6-12/8-26
[Tnactuueckas BI3KOCTh mlla ‘c 15-20 15-20
JInHAMHU9IECKO€E HAIPsHKEHUE CIBHUTa ¢uT/100dyT2 20-45 20-45
pH 5,5-6 5,5-6
Copepxanue necka, He Oonee % 00. 1 1
MBT, He Gonee Kr/Mm? 10 8
K mumnkocts, He Oonee rpan 3 3
Cojiep)KkaHue CMa3Ku % 1,5 15

B tabnuiie 26 moka3aHbl OCHOBHBIC pPeareHThbl, HEOOXOUMBIE JJII MPUTOTOBIIE-
HUS OWOMOJMMEpPHOTO 0e30apUTOBOTO PacTBOpa, HCIIOIB30BAHHOTO HAa CKBaKWHE
No4869 Manobanbikckoro Mectopoxkaenus. [Ipu 3ape3ke OOKOBOTO CTBOJIA CKBaKUHBI
Ne6797 Mano6anbIKCKOT0 MECTOPOKICHHSI MUIIOIb30BaJICS PAacTBOpP, B COCTaB KOTOPO-

ro BxoauT CAB-3.B tabnuie 27 nmpuBeieHbl XuMpereHTsl i1 0opadotku BIDK.
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Ta6numa 26 — HazHaueHue 1 KOHIICHTpAIUsl peareHTOB

Ne HaumenoBanue Komir.,
/0 peareHnra Kr/M° Dymicus pearerra
1 Flomax. B 3 [Tonusurens puibTpanuu
2 Men (MT/) 60 KonapMaraHT
3 XG Polimer 2,5 CtpykTypooOpa3oBareib
4 Flocide 0,5 bakrepuiug
5 Pearentr CAB-3 30 Cmazounas 106aBka
6 Defoamer. B 0,5 Ilenoracurens
7 Flosalt 380 VY TsDKENUTENh MUHEPAITU3aTOP

Tabnuna 27 — XuMUYECKHUE peareHThl, UCIOJIb30BaHHbIE MPU OYPEHUU CKBAKUHBI

Ne6797
OskuaeMasi IOTPeOHOCTh B XUMHUYCCKHX peareHTax U Marepuajax Ha HHTEPBaI:
No Bec KT Ha KOJI- CTOoNMOCTE
3 HHTEP BO 1ieHa 3a 1 ToHHY, Ha MHTEP-
o/ HaumenoBauue yIaKk KI/M Bt ynax, py6. ¢ HJIC Bar, py6. ¢
I IIT. HJC
OCHOBHBIEC MaTepHaIbI
1. | ITAII-BB 25 2,52 300 12 128 766,11 38 629,83
2 | ITALI-HB 25 3,83 456 18 97 516,11 44 467,35
3. | Pearent BioSin 25 5,03 600 24 231 266,11 138 759,67
Kpaxman Platogel C/| 45 | 1846 | 2000 | 147 45 016,11 99 035,45
4 | Tex”orein
5. | Cona kaycruueckas 25 2,52 300 12 59 141,11 17 742,33
6. | TII®OH 25 0,67 80 3 71891,12 5 751,29
baxrepuuun buo- 170 | 084 | 100 | 1 91 266,11 9126,61
7. | mnact/Bioneutral
JlobGaBka cMa3bI-
8. | patomas CAB-3 170 23,83 2840 17 56 391,11 160 150,76
Ilenoracurenn Pea-
9. | men 1408/ Defomex 170 0,84 100 1 112 266,11 11 226,61
1 . . 1000 63,77 7600 8 20 216,11 153 642,46
0. | Kammii xnopucteiii
1 . . 1000 | 161,10 | 19200 19 6 041,11 115 989,36
1. | Harpuii xnopuctsiit
1 | Men, mpamopHas
2. | xporxa MK-100 1000 | 102,37 | 12200 12 5563,61 67 876,07
1 | Men, mpamopHas
3. | kpormxa MK-60 1000 | 42,79 5100 5 5766,11 29 407,17
1 | Men, mpamopHas
4. | xporka MK-20 1000 | 42,79 5100 5 6 027,73 30 741,40
L | Men, mpamopras 1000 | 16,78 | 2000 | 2 7 164,56 14 329,12
5. | kpomka MK-5
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B Tabnuue 28 npuBeAeHbl 3HAYEHUS TAPAMETPOB, UCIOJIb30BAEMOT0 XJIOPKaIue-

BOTO TIOJIMMEPKapOOHATHOTO PacTBOpA.

Tabnuna 28 — 3HaueHus mapaMeTpOB MPOMBIBOYHON KHUJIKOCTH MPU OYPEHUH CKBAXKH-

HEI Ne 6797 .

Tun pactBopa: KCL-ITonmumep kapOoHaTHBIH
['my6una no Koad.
Ne i/t Kononna CTBOIY, M NurepBan,m Dgy, M Kapep- 061’9? M,
HO3HO- M
oT 10 .-

1. OO6canHast KOJIOHHA 0 2580 2580 0,132 1 35,3

2 . 2580 31945 614,58 0,126 1,1 9,3

3. OTKPBITHIH CTBOJ 8

4.1. O0BEM CKBaKUHBI 44.6
O6beM pacTBOpa Ha MOBEPXHOCTH HA MOMEHT BCKPBITHUS

4.2. macTa; 53,0
OsxunaeMbie IOTEpU C BBIOYpeHHOU opoaoit ( %

4.3. BJIQ)KHOCTH IIITAMA) 6,5
OsxuiaemMbie OTEPU MPU Ha 1l Koin-Bo

4.4. | CIO: cro, »° CIIO: 4
OsxuiaeMble TOTEPHU Ha YBJIKHEHUE TIOPOJIBI IIPH pa-

45. TIyCce TPOHUKHOBEHUS R= 0 9
Bosmoxnbie motepu Ha cucteme ounctku (80% s dex-

4.6. TUBHOCTH pabOTHI) 2
HToro Ha uaTEpBAI: 119

TpebyeMble mapameTpbl pacTBOpa MO HHTEpBAJIaM, M
No /i Hapaverp WHTEpBaJ- uHTepBai 2583- uHTepBan 2872-
B 2580-2583m 2872m 3194,58 m

1. [otHoCTH, T/OM® || 1,12+0,02 1,23 +£0,02
®unpTpanms, cm /30

2 MuH(API/BM-6) 7/6 __________ /5.
YcnoBHas BSI3KOCTb,

3 cek(Boponka mapma/YBP-1) | | 45_60 _________ 45-60

4. pH 9-95. 9-9.5.

5 Tecox, % MHHHMAILHO MHHHMAJIBHO BO3-

BO3MOKHBIN MO>KHBIN

6. | MBT, ki’ N < R <15

7. Cmazka,CAB-3 % | 2-3. 2-3.

8. Ts.da3a (mo peropte), % | | <10 <10

9. Kopka,ymy 0,7 0,7

10. CHCyp/10, olla ~25-50/50-80 25-50 / 50-80

11. JHC, nfla 70-150. 70-150

12 T, Bsskoets, MITaxc MUHUMAaJIbHO MHUHUMAaJbHO BO3-

BO3MOXKHAS MOJKHAS
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[Tpu OypeHun gaHHOM CKBaKMHBI UMeJach OOJbIIasi BEPOSATHOCTh OCIOKHEHUH, B
BUJIE 3aTSKEK U MPUXBATOB. IHTEpBa CII0KEH NMECYaHUKAMU U aJIEBPOJIUTAMH.

OxkHo B ckBaxkune Ne 6797 3a0ypuBanu ¢pesepom nBoriHbM DJ[146 D127vM, Ha
Tpy6ax OypunbHbIX BK — @ 89 — 1wt wimmn YBT — 108. 3enutHsiii yron cocrabisa 18
rpajaycoB, MAarHUTHBIN a3uMyT 316 rpamycos.

Pearent CAB-3 Ttakke mnpumeHsiau npu OypeHMHM OOKOBOTO CTBOJIA CKBa)KHHBI
Ne5286/6BP TlpupaznomMHO# TI0MAIH, MOPOILI KOTOPOH COCTOSIT U3 MECYAHUKOB U
AJIEBPOJIMTOB. BO3MOXKHBIE OCIIOKHEHHS ITPU CTPOUTEIBCTBE 3TOM CKBAXKUHBI— 3aTSHKKU
Y IPUXBAThl OYPUJIBHOTO U MOPOIOPA3PYLIAIOLIETO HHCTPYMEHTA.

[TapameTpbl 3ape3Ku OKHA NTOKa3aHbl B Tadnuie 29,

Tabnuma 29 — [MapameTpsl 3ape3anust okHa B ckBakune Ne 5286/6BP [pupaznomuoe

['11yOuHa 3ape3ku 60KOBOTO CTBOJIA (TOJI0BA KIIMHA) 2328 m
3E€HUTHBIH yro 2,5°
MaxkcuMmanbHBIN 3¢HUTHBIN YToJI/Ha TIyOnHe 26,16°/640 m
Makc, mpocTp. MHTEHCUBHOCTb CKPUBIICHHSI/HA TTIyOHHE 1,482°/10/460 m
WHTepBai BbIpe3aHus «OKHa» 2328-2331m
Texyiuit 320601 2640 m
CkBakuHa 3aroyiHeHa w/n°

Tommuna creHok OH B nHTEpBae
0-2617,6 m 146 x 7,0 MM

I'my6una pacnonoxxeHust My(pT Ha ydacTke 3a-| BepxHeil MypTor | 2325 m

pe3Ku: HUKHEH MyQThI 2335 m

Konrakr ¢ OEMCHTOM 3a OH B HHTCPBAJIC Bbl-| HEMCHT-KOJIOHHA JKECTKHI

PE3aHUsA «OKHA » HEMCHT-IIOpOJa JKECTKHI

[Tpoduib CKBaXXMHBI IPUBE/ICH B aKTE UCIIBITAHUH (IPUIIOKEHHE 2).

3ape3Kky OKHa MPOBOAMJIM Ha TEXHHYECKOW Boje, B uHTepBaje 2328 — 2335m. B
uHTepBaie 2335 — 2854 m. OypeHne mpOBOIUIN HA XJIOPKATUEBOM MOJUMEPKapOOHAT-
HoM pactBope. [Tapamerpst BIDK npu OypeHun gaHHBIX MHTEPBAJIOB NMPUBEACHBI B Ta0-

e 30.



152

Tabnuna 30 — [TapameTpsl IPOMBIBOYHOM XKHIKOCTH Mpu Oypenuu ckB.Ne5286/6BP

ITokazarenu
VYenos- |[Iokaza-
Tt 6YPOBOLo Has BsI3- |TEIb
WNurepsan, m P [TnotHOCTB, T/CM3 | KOCTB, |[punmbTpa- | CHC, nlla
pactBopa
CeK  |iuw,
eM>/30MuH
2328-2335 TexBox 1,01 r/cm3 15
2335-2680 KCLenomumep 1 o4 4 02 r/eu3)| 45-60 7 6-12/8-26
KapOOHATHBIN
2680-2854 KCLenomumep 1) 7 4 09 ryeu3)| 45-60 6 6-12/8-26
KapOOHATHBIN

ITpu BBenenuu cmazounoi go6aBku CAbB-3 B pacTBOp, ero mapameTpsl HE U3Me-
HWINCh. A TIpU UCHOJb30BAaHUU €€ B XJIOPKAIUEBOM MOJUMEPKaApOOHATHOM pacTBOpE
KodGuImeHT TpeHus ranaucToi kopku coctasisia 0,04 — 0,05.

[Tpumenenue pearenta CAb-3 npu 6ypeHnn O0KOBBIX CTBOJIOB CKBaXXHH Ne4869
ManoGanbikckoro MectopoxacHusi, Ne6797 ManoOanbsikckoi tuiomaan u Ne5286/BP
[Tpupa3noMHOro MECTOPOXKACHHS MTO3BOJIUIO U30€kKaTh 3aTSKEK U MPUXBATOB OypHIIb-
HOT'O MHCTPYMEHTA, (pe3bl U A0JOT IO BCEMY CTBOJY Oypsieiics ckBaxuHbl. [Ipu aTom
YBEIMYMIIACh MEXaHUYECKast CKOpOCTh OypeHus. KoaduimeHT Tpenus no riimHUCTON
Kopke nepxaincs Ha ypoHe 0,04-0,05.

Pearent CAB-3 mokasan mosioKUTENbHBIE PE3YyIbTaThl MPU OYPEHUHN B peaTbHBIX
yCIIOBHUSIX, Kak B bamkupuu, Tak u B 3anagHoit Cubupu.

N3 nmpoBeNEHHBIX ONBITHO-IIPOMBICIOBBIX HCIIBITAHUNA MOKHO CHENIaTh BBIBOJ,
yto pearent CAb-3:

- 00J1aJ1a€T BBICOKUMU CMA30YHBIMH CBOWMCTBAMU;

- COBMECTUM C TJIMHHUCTHIMH, MOJUMEPHBIMHU, XJIOPKATUEBBIMH MOJUKapOOHAT-

HBIMH, COJICBBIMH PaCTBOPAMHU,
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- HE BIUSHUSET Ha JIpyrHe MapaMeTpsl pacTBOpPa, TaKMe KaK yCIOBHAsS BSI3KOCTh U
nokasartenb (PUIbTpalnu;

- HKOJIOTUYECKU OE30MaceH U TEXHOJIOTHUEH.

BrimenpuBeieHHbIE OMBITHI MOATBEPKIAAIOT JOCTOBEPHOCTh BBICOKUX PE3yJIbTa-

TOB J1a0OPATOPHBIX UCIIBITAHUM peareHTa Ha TPUOOTEXHUUYECKHUE CBOMCTA.

4.2 Pa3paboTKa pecypcHOr0 MeTO/1a OlIeHKH CMETHOI CTOMMOCTH CKBAKHH

O¢ddexTuBHOCTh PabOTHI OYPOBOTO MPEANPUATHS 3aBUCUT HE TOJIBKO OT pa3zpabo-
TQHHBIX TEXHOJOTHYCCKUX MEPOTPUATHHA, KadyecTBa OYpPOBBIX pAaCTBOPOB, TEXHHUKH WU
TEXHOJOTHA, HO TaKKE€ M OT TOYHOCTH pacyeTa CMETHON CTOMMOCTH CTPOMTEIHCTBA
CKB)KHMH C YY€TOM HOBBIX TEXHOJOTUH, TEXHUKH, MaTepuaiioB. [loaTomy B paboTe pac-
cMmatpuBaercs paspadoranHas B YIHTY[53,54] ¢ yuacTrem aBTopa AucCepTAlIMOHHON
pabotel coBMecTHO ¢ OO0 «CamapaHUIINHedTH» MeTOIMKA COCTABICHUSI CMETHOTO
pacyera /il MPOSKTUPOBAHUS CTPOUTENIBCTBA CKBXKUH PECYPCHBIM METOI0M. MeTonu-
Ka OIpe/IeNICHHs] CMETHOW CTOMMOCTH CTPOUTENHCTBA CKBAKMH Ha HEPTH U ra3 pecypc-
HBIM METOJIOM OCHOBaHa Ha ydeTe MEepPEyHs PEeCypcoB IS peau3aiii KOHKPETHOM
TEXHOJOTHUH OYpEeHHS B OMPEICIICHHBIX T'€OJOTUYECKUX YCIOBUAX, MPEIyCMAaTPUBACT
COCTaBJICHHE JIOKAJIIbHBIX CMET IO dTamaM paboT, pecypcHbIX BemomocTeil. CMeTHas
CTOMMOCTb CTPOMTENICTBA CKBAXKUH OOBIYHO JIOJDKHA OMPEACNATHCS C MPUMEHECHHUEM
YKPYITHEHHBIX TMOKazareieit ctoumoctu crpoutenbeTBa (YIICC), yKpymHEHHBIX MOKa-
3areneit BunmoB padot (YIIBP), obecneunBaromux HEOOXOAMMYIO JOCTOBEPHOCTH IMO/I-
cdeTa M COKpalleHue 00beMa CMETHOM JTOKYMEHTAIINH, a PU UX OTCYTCTBUU — TIO pac-
IIEHKaM OTpAacJEeBBIX COOPHUKOB Ha CTPOUTEIHCTBO CKBAKHH, a TAKKE MO TEKYIIHM
1eHaM (KaJdbKyJSITUsIM) Ha MaTepuaibl, KOHCTPYKIHH W W3S, KaIbKYJSIHSIM
TPAHCTIOPTHBIX PACXOJIOB.

Coznanne cucremsl YIICC npecnenyer ciaeayromuye Heu:
— o0ecrneyeHre BO3MOXHOCTH OMPEENIEHUs CTOMMOCTH CTPOUTENhCTBA CKBa-
KMH B TEKYIIUX MPOTHO3HBIX IIEHAaX Ha MEPBOHAYAIBHBIX CTAAMIX OICHKH MPOEKTa M

pa3pabOTKU TEXHUKO-IKOHOMHIUYECKUX o0ocHOoBaHMi (TDO) cTtpouTtenbcTBa;
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— BO3MOYKHOCTH OLEHKH CTPOUTEIbCTBA CKBaKMH MHBECTOPOM B IEPHOJ IMOJ-
TOTOBKU K TOpraMm M BBIOOpA MOAPSATINKA Ha KOHKYPCHOM OCHOBE;

— OIpeAENIEHUE CTOMMOCTH CTPOUTENBCTBA C YUETOM JUHAMHMKHU LIEH AJIs Mpo-
BEJICHUS COMOCTaBUTENIbHBIX 3KOHOMHUYECKHX pacdyeToB U BbIOOpa Haubosee 3¢pdex-
TUBHBIX POEKTOB, YUUTHIBAIOIINX PETUOHAIBHBIEC YCIOBUS U KOHBIOHKTYPY PBIHKA.

PacueTr npon3BoaNUTCA Ha OCHOBE PECYPCHO-TEXHOJOTMYECKUX MOJCIIECH. YK-
pPYITHEHHBIE TTOKA3aTEeIN MOTYT PACCUUTHIBATHCA Ha JO0YI0 YAOOHYIO IS MOJB30BaTe-
751 eAMHUILY U3MEPEeHHs. MeTouKa pacyeTa yKpyIHEHHBIX MTOKa3aTellel 3aKI0YaeTcs B
CJIEIYIOLIEM:

1. CocraBnsieTcs JOKaJIbHBIA CMETHBIM pacdyeT Ha BUJ pabOThl KaK COCTaBIISAIO-

IIEro dTana CTPOUTEIbCTBA CKBAXXUH Ha HEPTH U ras.

2. Ha ocHOBe JOKabHOM CMETHI COCTABIISIETCS PECYPCHBIN CMETHBIN pacyer.

3. Ha ocHoBe pecypcHOro cMeTHOro pacueta (GOPMHUPYETCS PECYpCHO-
TEXHOJIOTHYECKasi MOJeNIb. Tak Kak, HOMEHKJIAaTypa PecypcoB B 3aBUCHMOCTH OT BHJA
paboT MOXKET ObITh OUEHb OOJIBIION, IPUBOAST €€ B YAOOHBIN /17151 pabOThI BUJ, @ UMEH-
HO — MaTepHajbl, MAIMHBl 1 MEXAHU3MBbI, KOTOPbIE 3aHUMAIOT HE3HAYUTEJIbHYIO 4aCTh
B (hpopMUPOBaHUHM CTOUMOCTH, COOUPAIOT MO OOIIMM CUMBOJIOM «mpouuey. [Ipodne B
3aBUCUMOCTH OT BHJa pabOT MOTYT cocTaBiath 10 30%. Brnpouem, ux 3amaer cam uc-
IIOJIHUTENb IIPU CO3/IaHUH PECYPCHO-TEXHOIOTUYECKON MOJIEIH.

4. 3aTeM Ha OCHOBE PECYPCHO-TEXHOJOTHMYECKOW MOJENHN JeHaeTCsl YKpYITHEHHAS
pacueHka Ha yIOoOHYIO ISl MOJb30BaTelNs €AUHUILY U3MEepeHUs (METp MPOXOIKH, CY-
TKH). DTa paciieHka co3/1aeTcs B 0a30BBIX IICHAX.

5. IlepeBon B TeKyLIUi YPOBEHb LIEH MOXKET MPOU3BOJUTHCS JBYMS CITIOCOOAMM:

. uHaekcamu denepanbHOro IeHTpa eHOo00pa3oBaHus, KOTOpbIE pac-
CUMTBIBAIOTCS IO TEM JAHHBIM,KOTOPBIE MPEACTABIISIIOT PETUOHBI.

. TEKylasi CTOUMOCTb OIpEAeNseTcsl ¢ NPUMEHEHHEM (DAKTUUECKUX
LIEH Ha PECYPChI B PErMOHAX CTPOUTEIHCTBA CKBAXUH HA HEPTH U ra3.

Cucremoii YIICC oxBaThIBatOTCs OTAEIbHBIE 00BEKTHI, BUIbI pa0OT U KOHCTPYK-
TUBHBIE 2JIEMEHTHI. DTH [TOKA3aTEIN OTJINYAKOTCS CTENEHbIO YKPYITHEHUS COCTABIISAIO-

mux ux 3JICMCHTOB CTOMMOCTHU CTpOI/ITeHBHOﬁ MMPpOAYKIIMU U, CJICAOBATCIIBHO, YPOBHEM



155

JIOCTOBEPHOCTH, & TAKXKE IMOPSAKOM MX IPUMEHEHUS HA Pa3IMYHbIX CTAIUAX IPOEKTH-
pPOBaHUS U OLIEHKU CTOMMOCTHU CTPOUTENBHOM npoaykuuu. Tak, Hanpumep, eciin YIICC
Ha OTJAEJIbHbIE 00BEKTHI MOTYT IPUMEHSTHCS MPHU pazpadoTke TOO CTpouTenbCTBa, TO
YKPYIIHEHHBIE [TOKA3aTeNIN Ha BUJIbI pa0OT U KOHCTPYKTUBHBIE JIEMEHTBI MOT'YT HC-
II0JIb30BaThCs IPU pa3zpaboTKe pabouell JOKyMEHTALNH.

MeToauka TEXHOJIOTMYECKOr0 HOPMUPOBAaHUSI TPEOYeT yueTa HOBBIX TPeOOBaHUI
Y YCIIOBUI MPUMEHEHUSI OCHOBHBIX JIEMEHTOB CHCTEMBI:

- 3aTpaThl Tpyaa B cpenHux Hopmax YIICC Ha Buabl pabOT U KOHCTPYKTHBHbIE
aneMeHThl AU depeHurpyroTcs o npodecCuoHaANbHOMY U KBAIU(PUKALUOHHOMY CO-

CTaBy pabouux (CTpPOUTENECH U MEXaHU3ATOPOB);

- matepuanbubie pecypcebl B YIICC Ha BuaBI pabOT ¥ KOHCTPYKTHUBHBIC SJIEMEHTHI
VCIIOJIB3YIOTCSL B YCPEIHEHHOM U YKPYIIHEHHOM HOMEHKIJIAType — Ul TPYyHIl MaTepua-

JIOB;

Jlig onpezneneHus CMETHOM CTOMMOCTU CTPOMUTENBCTBA OTAEIBHBIX OOBEKTOB C
ucnonb3zoBanueM YIICC B peanbHBIX IleHaX NapajuiedbHO pa3padaThbIBaIOTCS OOBEKT-
HbIE pecypcHO-TexHosiorndeckue mojaenu (PTM), kotopeie auddepeHIupyoT CTou-
MOCTb 110 3KOHOMHYECKHM CTaThsIM 3aTPaT U HA OCHOBAHWH KOTOPBIX BEIETCS MEPECUET
VIICC o0bekTa B TEKyIIMX LEHax corjacHo «MeTouke BeAeHUs KiIacCu(UKaTOpOB
peECypCcoB».

PecypcHo-TexHOI0THUECKast MOZAENb COCTOUT U3 JIBYX OJIOKOB:

a) pecypcHOro, COJIEPKAILEro YKPYIHEHHbIE TPOEKTHbIE 00BEMBI B HATYPaJbHOM
BBIPXEHUM MaTEepUANIOB, M3JIEINMA, KOHCTPYKLUHUNA W HOPMATHUBHYIO BEJIWYUHY 3aTpaT
TpyJa paOOTHUKOB, 3aHATHIX HA CTPOUTEIBHO-MOHTAXHBIX paboTax.

ITpu pazpabotke pecypcHoro 6s0ka mojenu He Mmenee 70 % (1o cToMMOCTH) Ma-
TEPUANIOB, U3JEINA U KOHCTPYKLIHUNA MPUBOAUTCA MO KOHKPETHBIM IMO3UIUSAM HX YHH-
(buUKMpPOBaHHOW HOMEHKJIATYphl, CTPYNIMPOBAHHBIM MO OJHOPOJHBIM Tpynnam. Marte-
puaibl, HE BOLIEJAIINE B OCHOBHYIO HOMEHKJIATYPY, OTPAXKAOTCS KaK «IIpOYHME Mare-

puaibl» ¢ pUKcalKel ux A0JU OT CYMMapHOM CTOMMOCTH MaTepUalioB.
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0) CTOMMOCTHOTO, BKJIFOYAIOIIETO BEIMYMHY CTOMMOCTH KaK Ha €IMHHITY 00BheMa
pecypca (1ieHa pecypca), Tak U Ha TIOJIHBIN €T0 00BeM.

IIpu pa3paboTKe KOPIOPATUBHBIX CMETHBIX HOPM B CTPOMTEIIHCTBE CKBAKUH
JOJKHA MPElyCMaTpUBAThCsl KOJUPOBKA MPEyCMOTPEHHBIX B UX COCTABE YHUCJIEHHO-
KBaJIM(UKAIMOHHOTO COCTaBa PaOOTHUKOB, MAaTE€pUAJIOB, 3allaCHBIX YacTeil, MHCTPY-
MEHTa U OCHOBHBIX CPEJICTB.

MeTonuka KOTMPOBKH PECYPCOB IPOM3BOIUTCS HA OCHOBE OOIIEPOCCHUICKOTO
KJaccudukaropa IpoAyKIIMU U 00IIEPOCCUIICKOTO KilacCU(pUKaTopa OCHOBHBIX (POHIOB,
4yTO 00€CIeUnBaET BO3MOXKHOCTh YBSA3KH Pacxojia TOBAPHO-MATEPUANIbHBIX 1IEHHOCTEH,
MPEAYCMOTPEHHOTO B MPOEKTAX Ha CTPOUTEIIBCTBO CKBAXUH C JAHHBIMU OyXTajlTepCKO-
IO ¥ HAJIOTOBOTO y4eTa U, TAKUM 00pa3oM, YBSI3KY CMETHON CTOMMOCTH C (haKTHUYECKON
ce0eCTOMMOCTBIO CTPOUTEIHLCTBA CKBAYKUH.

[IpennoxkeHHas MeTouKa Oblja MOJOXKEHAa B OCHOBY HAyYHO-TEXHHYECKOW pas-
pabotku YI'HTY coBmectHo ¢ OO0 «CamapaHUIINHEDTH » 1 UCIIOIB3YETCS TIPU CO-
CTaBJICHUM TPOEKTHO-CMETHOM JOKYMEHTAIIMM Ha CTPOUTEIHCTBO NIYOOKHUX CKBaKHUH

Ha He(dTh U ra3 «CamapaHUITNHEDTH», HK «PocHEDTHY.

4.3 Ouenka 3¢ pexTuBHocTH npumenenusi CAb-3

DxoHomMuYeckuil 3hPekT oT mpuMeHeHus cmazouHoi no6aBku CAB-3 obecreun-
BaeTCsl MPEAOTBPAIICHHUEM IPUXBATOB BCIEJICTBUM TMOBBIIMICHUS CMAa30YHBIX CBOMCTB
OypoBoii npombiBouHOM kuakoctu (BIDK), a Takke cHUXKEHUS CTOMMOCTH OypOBOTO
pacTBOpa 3a CUET YMEHBUIEHUS NOTPEOHOCTH BBOJMMBIX B OypOBOW pacTBOp CMa3bl-
BaIOIIUX J00aBOK U APYTUX XUMPEAreHTOB.

Pacuer sxoHoMuueckon 3(pGHEeKTUBHOCTH MPOBOUIICS MO pa3padoTaHHOU Y hum-
CKUM TOCYJapCTBCHHbIM He(TsSHBIM TexHHueckuM yHuBepcuteroM (YIHTVY)[53,54]
«Meroauke pacyera CMETHOM CTOMMOCTH CKBaXXKMH PECYPCHBIM MeToAOoM». Kpurepuem
ONTUMAJIBHOCTH MPUMEHSEMOr0 OypOBOTO pacTBOpa SABISETCA CHIDKEHHE 3aTpaT Bpe-
MEHU U CPECTB Ha OOPHOY C OCIOKHEHUSIMHU, CBSI3aHHBIMU C 3aTsDKKAMU U IPUXBaTaMU

6ypI/IJIBHBIX KOJIOHH. ba30oBble CKBaXKMHBI — SCKBaXUH C 3aTsDKKaMUA M IMprUuXBaTaMu.
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OOmast mpoxojaKa € OCJIOXHEHHSAMH Ha 0a30BoM pactBope coctaBuia 2100 m. [ns
CpPaBHEHUS B3SUIM TaKylo e Mpoxoaky ¢ npumeHeHueM CAB-3. MHTepBan npuxBaToB
1150 — 1670 m. Ha ocHOBaHuHU akTOB MPOMBICIIOBBIX ucnbiTanuii (IIpunoxenue 1,2,3) u
(akTUYEeCKN 3aTpaue€HHBIX PECYpCOB U MAaTepUaoB ObUT MOJACUUTAH (PAKTHUECKHUM KO-
Homuueckuit s dexr (I[punoxenue 4).

B Ta6nuue 31 npuBeneHsl pe3ynabTaThl pacueTa 3KOHOMUYECKON 3P (HEKTUBHOCTH

npumenenus pearenta CAb-3.

Tabnuua 31 — Pe3ynbTaThl pacuera pakTHYECKOrO0 SKOHOMUYECKOTO 3P (eKTa npu Mpu-

MEHEHUH CMa30YHOU U aHTHUKOPPO3HOHHOM 100aBku CAB-3

HaumenoBanue noka3zaresnei Bapuant
JI0 IPUMEHEHUS C pearentom CAB-
3
HUcxonunie nangeie
Llens Oypenus Okcmtyaranus
Crioco6 6ypenus TypOuHHBIHI
Bun npusona DNeKTpUUECKUn
I'myGuHa CKBaXXHHBI, M 3000
Cpennuii uHTepBan OypeHus, M 1150-1670
CKopocTh OypeHwHsi, M/CT. MeC. 3731
CebecToMMOCTh METpa MPOXOJKH, py0./M 14270
KonnyecTBO OCIIOKHEHNH Ha CKBaKUHE 520=0,25
Bpems Ha TMKBUIALIMIO OCJIOKHEHNI B MUHTEPBAJIE 95 0
Pacxox cMa309HBIX MaTepuaIOB Ha MHTEPBAJT:
I'padur, xr 120
Jly6puon M, n 70
CAB-3, n — 91
[Tenoracutens (ITerra-465), 1 40
CTouMOCTh CMa304YHBIX MaTepHalOB, Pyo./T
I'padur 7814,86
Jlybpuon M 36819,48
CAB-3 47600
[Tenoracurens ([lenTa-465) 119938,5
Pacxon cMa30yHBIX MaTepuaIoB Ha UHTEPBAJ,
pyo. 937,8
I'padur 80,5-3681
JIyopuon M 9,48/1000=2964
CAB-3 47,6-1199 | 0.91x47600=4
38,5/1000= 285
[Menoracurens(Ilenta-465) 5709,1
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PacueTHpIe mOKazarenu

WHuTtepBan, m

520

Bpemst Ha TUKBUIALIMIO OCTIOKHEHUM
B HHTEpBAJIE,u

95-0.25=23.75

PacueTr koMMepueckoil CKOpOCTH B
IIEJIOM TI0 CKB)KUHE:
a) CTAaHKO-MECSIIIbl OypeHHUsI
0) xaneHgapHoe BpeMs OypeHus
B) KOMMepYECKasi CKOPOCTh OypeHus,
M/CT.-Mec.
') 5KOHOMHUSI BpEMEHU Ha MeXaHU4e-
CKoe OypeHue
1) IPEBBILIEHIE KOMMEPYECKON CKO-
pPOCTH TIOCTIE BHEIPEHUS, M/CT.-MEC.

3000/3731=0,8
0,8-720=576
3731

552.25/720==0,77

576-23.75=552.25

3000/0,77=4285.7
23.75

4285.7-3731=554.7

Kommepueckasi CKOpOCTh B 1IE€JI0M 110 CKBaKUHE YBEIMYWIIACH HA
554.7m/ct. mec. (Hal4.9 %)

CmMeTHast CTOUMOCTB Yaca
SKCIUTyaTaIu OypoBoi yc-
TaHOBKH 10 3aTpaTam, 3aBH-
CSIIIUM OT BPEMEHU TPHU CKO-

poctu 6ypenust 3731 m/cr.

Mec., py0./d.

2854

Pacuer sxoHOMMUECKOI 3P PeKTHBHOCTH

DKCIUTyaTalluOHHbIE 3aTpaThi(pyo.) Ha:
- 3aTpaThl Ha JIMKBUIAIMIO OCIOXKHE-

95-0.25-2854=6778250,1

HU
- MaTepHaIbl Ul IPUTOTOBIIEHUS pac- 96109 4365
TBOpa
Wtoro 3arpart, pyo. 77393,4 31478
DKOHOMMUSI IKCILTyaTAIIMOHHBIX 3aTPaT B HH- B 73028

TCPBAJIC IPUMCHCHU A HOBOM TCXHHKU, py'6

DKOHOMHUSI IKCIUTyaTallMOHHBIX 3aTPaT Ha
| M MpoxoaKu B MHTEpBAJIE IPUMEHEHHUS CMa-
3ouyHol no6aBku CAB-3, py0.

73028/520=140.4

DKOHOMHS IKCIUTyaTallMOHHBIX 3aTPaT Ha
1 M IPOXOJKU TIO CKBaKHUHE, PYO.

73028/3000=24.3

CebecToMMOCTb METpa MPOXOJIKH, pyO./M

14270-
24.3=14245.7
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Oxonomuueckuii d¢pdekt ot npumenennss CAB-3 Ha 5 CKBaXXWHAX COCTABUII
0,4=73028-2100/520=295000 (/IBecTn neBsaHOCTO IATH ThicAY) pybueil (IIpunoxkenne
4).

Pa3pabortana «MHCTpyKUIHS O NPUMEHEHUIO CMa30YHOM M aHTUKOPPO3MOHHOU
nob6asku CAB-3», yrBepxknennas ¢unuaiom OOO «bamreoctpoii Ydumckoe ynpas-
nenue OypoBwix pabor» (IIpunoxenue 5) u «Permament nmo mnpousojcTByCAB-3»

(ITpunoxenue 6).

4.4 BeiBoAbI K Ii1aBe 4

1. TIpoBenensl mpoMeicioBblie ucnbiTanus peareHTa CAb-3 B bamkupun u B 3a-
nagHoit Cubupu npu Oypennn 14 ckaxun (I1punoxenus 1, 2).

2. Tlpumenenne CAB-3 no3BOAMIO YBEIUYUTH JOITOBEYHOCTh AOJIOT U MPOXO-
Ky Ha JIOJIOTO B CPEIHEM COOTBETCTBEHHO Ha 22% u 22 — 26%. [Ipu OypeHnn ckBaxuH
c npumeHeHrneM CAB-3 3aTskek U MPUXBAaTOB HE HAOJII01ATI0OCh. DKOHOMUS BPEMEHH 32
CUeT IMPEeayNpeKICHUs IPUXBATOB COCTABUIIA B CPEAHEM 95 4acOB Ha CKBAXKUHY.

3. CosmectHo ¢ OO0 «Xummoronory paszpadorana TY 2415-014-00151816-2-
2010 «Cmazounast u antukoppo3nonHas nooaBka CAbB-3 mis GypoBbIX MPOMBIBOYHBIX
XKHUJKOCTEM», KoTopoe coriacoBaHo ¢ ¢punuaiom OO0 «bamuedTs — ['eocTpoit Y hum-
CKO€ yTpaBJieHue OypOBBIX paboT.

4.4. Cosmectno ¢ OOO HIIII «Ydabypuedts» Obuta paspadorana «HCTpyK-
1Y 0 NPUMEHEHUIO CMa304YHON U aHTUKOPpO3uoHHOUM 100aBku CAB-3 OypoBbIX IPO-
MBIBOYHBIX KUJIKOCTEH.

5. Pa3pabortana meroaMka COCTaBJIEHUS pacyeTa CMETHOM CTOMMOCTH CTpPOH-
TEJIbCTBA CKBAXXUH PECYPCHBIM MeTOA0M. Mcronb3ys METOl, yUYUThIBAIOMUN (DakTude-
CKHE 3aTpaThbl, 3KOHOMHIO MaTEPHAIIOB U PECYPCOB 3a cUeT NpuMeHeHus peareHta CAb-
3 ObUI MOoACUMTAH (DAKTUUECKUN IKOHOMHUECKHUH 2P (DEKT.

6. dakTHyeckuii IKOHOMUYECKUH 3(hPEeKT OT MPpUMEHEHHsT pa3pabOTaHHOTO pea-

reata CAB-3 coctaBmsieT 295 ThIC. pyOIIei.
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OCHOBHBIE BbIBO/JbI U PE3YJIBTATHI

1.BBITTOJIHEHO TEOPETHYECKOE M HKCIIEPUMEHTaIbHOE 00OCHOBAaHUE KOMIIOHEHTHOTO
COCTaBa U TEXHOJOTUH MOJYYEHUSI KOMIUIEKCHBIX PEAr€HTOB HA PACTUTEIIBHOM U CUHTE-
TUYECKOM OCHOBE, YJYYIIAIOMIUX TOKA3aTed aHTUKOPPO3UOHHBIX U TPUOOTEXHUYE-
CKUX CBOMCTB OYpOBBIX IPOMBIBOYHBIX KHAKOCTEH 3a cueT (OPMHUPOBAHUS HA MTOBEPX-
HOCTSIX METAJUIOB MHTEPMEAUATOB U3 MOJUCIONHBIX 3AIIUTHBIX MJIEHOK, BKIFOYAOIINX
COEJTMHEHHSI ¢ KOPOTKOIEMOYHBIMU PaiuKaiaMu U 3(UPOB paCTUTEIHLHOTO Maca.

2.IloaTBepkIE€HO, YTO MPOTUBOM3HOCHBIE U aHTHU(PPUKIIMOHHBIC CBOWCTBA MPOMBI-
BOYHBIX KUJKOCTEN B3aMMOCBSA3aHbl C UX aHTUKOPPO3UOHHBIMU cBolicTBaMu. Ha ocHO-
BE€ AKCIEPUMEHTAIBHBIX HCCIEIOBAHUN MOIYYEHbl KOPPESIIMOHHBIE YPABHEHUS B3aU-
MOCBSI3U CKOPOCTH M3HAIIMBAHMS CTalM, KOA((ULKUEHTA TPEHUS Hapbl «CTaIb-CTAJIb)
OT CKOPOCTH KOPPO3UHU CTAIA B CPEJE MPOMBIBOUHBIX XUAKOCTeH. [lomaBnenne koppo-
3MOHHOM aKTHUBHOCTU XUJKOCTEM Ha BOJHON OCHOBE pa3pabOTaHHBIMHU CpEJICTBAMH
peareHTHO 00pabOTKM MO3BOJISET KPATHO YJIYUIIUThH IOKa3aTeld UX TpUOOTEXHHUYE-
CKUX CBOMCTB. [IpeasioxkeH NpUHIMUIT MOJYyYEHUs PEareHToB, 001aIat0IMX aHTUKOPPO-
3MOHHBIMH M CMa30YHBIMHM CBOMCTBaMH 3a CUeT 0Opa3oBaHMs MPOUYHBIX MEKMOJIEKY-
nsipHbIX cBsizeidl B Bujae [IKII3 B cocTaBe MHOTOCIOWHBIX MJIEHOK HA MOBEPXHOCTU Me-
Taja.

3.000CHOBaH KOMIUIEKC METOJIOB U3yU€HHUs B3aMMOCBSI3H MOKa3aTelieid TpuOOTEeXHU-
YECKUX M aHTUKOPPO3HMOHHBIX CBOMCTB OYpOBBIX MPOMBIBOUHBIX JKUJKOCTEH. OOOCHO-
BaH BBIOOP METOJMKH M3Y4YCHHUS CIIOCOOHOCTH 3alIUTHBIX peareHTOB (OPMHUPOBATH Ha
NOBEPXHOCTH METAIOB CaMOBOCCTAHABJIMBAKOIINECS IJIEHKM B KOPPO3UOHHO-
aKTUBHBIX CpeJiax.

4.000CHOBaHA TEXHOJIOTHS MOJyYEHUs B MPOU3BOICTBEHHBIX YCIOBUSAX HOBOTO pea-
renta CAb-3.YCcuneHo aHTUKOPPO3HOHHO-CMAa304HOE JIEUCTBUE pEAreHTa CO3JaHHUEM
kommno3utiud CAB-3M: dopmuar Hatpus u CAb-3, o6seMHoe cootHomienue 4:1. CAb-
3M obecnieunBaeT yCTOWYMBOE COCTOSIHME MHTEPMEAMATOB, OOpasyroIIMXcsi Ha Mo-
BEPXHOCTU METaJlIa. BBIMOJHEHBI MPOMBICIOBBIE UCIIBITAHUS peareHTa npu OypeHuu

CKBa)KUH B pa3Nu4HbIX pernoHax P® u nmokaszana ero 3¢)(eKTUBHOCTh, pacCUUTaHHAS
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o0 pa3pabOTaHHOMY PECYPCHOMY METOJY COCTaBJIEHHS CMETHOW CTOMMOCTH OYpeHHS

CKBa>XUH.
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MacTHJIbHO! MII> BKU B 3ayieskHoc Biy Temneparypu / O.I. Ipuiimakos, O.B. duxa // —
[Tpo6nemu Tpubdonorum ,2007,Nel. — C. 82 — 88.

226 Paiiko M.B. Cmaska 3y6uatsix niepeaad / M.B. Paiiko. — K.: Textka, 1970.

—196c¢//
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IMPUJIOKEHHUE 1

yTBEé}K,nAIO
: [JIaBHBIN HHKEHED (bmmana
4 : : 000 «bammedrs-T'eocrpoit

KOPTOC A N
q:igfo e ~~ ylpaBjieHHEe OypoBbIX

2009 r.

26.11.2009

AKT
0 NPOBE/ACH N ONBITHO-NIPOMLICJIOBBIX HCNIbITAHNIT cMa3ounoi nodasicn CAB Ne3
npouseoacrea HUIIU nedreras
npu oypennu ekBaxkiuiibiINe2006 Tpomkynckoro MecTopoKaCH sl

Mg, ioKenofnucaBIIMecs . JIaBHbIA TexHosor badtumepos WLI., umxkenep |
kareropuu 'O Hypnpirasnos .M., Oyposoit macicp A6mymmn PILL, umkenep
nabopartopii OYpPOBBIX M TAMIIOI@XKHBIX pacTBOpoB bajaperaurosa A.P., o ToM, uTo
npu Oypetiiin ckB.Ne2006 Tponikuckoro MecToposicHust npd OypeHHH ¢ TiyOHHbBI
2017 m  so  npoektHoro 3aGost  2130M, OC3MUMHUCTBIM  1OJIMCaXapuHbIN
ruipoobisupyromuid - 0ypoBoii pacTBop obpabdarnizasics cmazounoi jodaskoit CAB
Ne3 - 2%.

besr iinmeTeiil monmucaxapiaublil ruapododusipyommii OypoBol pactBop ObuI

|

IPUTOTOBIICIT TTO CIIEIYIOLIEH pcuchType:

I'exnnueckas Boja p=1,02r/cm?,

KaJbLMHUPOBaHHAs CO/la -0.25%
kpaxman GUTO-PK - 1,5-2%
owuononumep "l"ammvaxcan" -0,3%
Astupne i plH z\aum“; & _v'T"/(,)
NONUIINKONG - 2%
oakrepurpg JITD-22 -0,25%
CAB-3 - 2%
11DC-1 - 0,1 %.

KapOOHATHBIH yTSHKEIUTEINDb 110 HEOOX0AUMO¥ IIIOTHOCTH.
IlepBoiiayanpHpie rapaMerpsl OypoBOro pacrsopa a0 00pabOTKH CcMa304YHOM

nobaskoit CAB Ne3: p=1,10F/CM}, VB=32¢, [1d=4 cm’*/30mun, k=3,8MMm, K;,=0,0629,
CHCy/10ymi=8/14 nlla, pH=8.

IMocie 06paboTky cMaszourioii jio6askoit CAB No3: p=1,10r/cm’, YB=32¢, I1d=4
eM’/30mun, k=3,8MM, K5=0,055, CHC /joun=8/14 nlla, pH=8,
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Ta6nuna | — [Tapamerpsl 6yposoro pactsopa rpu 6ypennn cks. Nel683 Bonkosckoro
MECTOPOIKEHHSI

IMapameTpbl NPOMBIBOYHOM JKH/IKOCTH
3aboii, Dy YB 11D, CHC 9 H K, mm a, 0 K,
Hara M r/'cM3 CCK, dm’/30 nlla AR ; '
MUH
05.06.09 | 1133 1,18 25 7,6 5,3/6,8 7 3.8 1,75 | 0,0306
06.06.09 | 1156 1,16 30 8 5,3/6,8 7,5 3.5 2,75 | 0,0480
07.06.09 | 1199 1,16 28 8 18,4/24,6 8 3,5 2.5 0,0437
08.06.09 | 1241 1,16 28 9 19,8/26,3 8 4 2,75 | 0,0480
 10.06.09 | 1305 byl 30 7 17,1/21,8 8 3.2 5 0,0875
13.06.09 | 1410 1,16 30 8 10,2/11,5 8 35 4,5 0,0787 |
18.06.09 | 1590 1.17 30 8 | 19,2/26,8 8 3,5 4,5 0,0787
20.06.09 | 1670 | .18 30 8 ‘t 19,4/26,7 8 3.5 4,5 0,0757 ‘
I'TH | 1,16 30-35 4-5 18-20/24- | 8-9 He 4-5 | 0,0524-
| ¥ 26 pLiIaM. 0,0875

[TpOBE/IEHHLIC IIBITHO-IPOMBICIION - ¢ HCIIbITaHMs cmase 110l nobaskn CAL 3
LHOATBEPMIIM  YCIIC [HbIE MCIBITAHMS. | /pOBelenHble B alopatopun  Oyposbi. H
FAMIOHAKHBIX paci sopos (npuioxenuc 1), Jlannas cmasouas jpobaska obsaaer
XOpOIIeH CMa30410i1 CIIOCOOHOCTBIO, OTPULIATEIILHOIO BIMsIHIGL HA JIPYTHE Mapamephl
pacTBOpa, TAKKE K 1K yCJIOBHAS BSI3KOCT, 1 [OKa3atTellb (PUIIL DAILMK HE BBISBIIEHO.

Pexomenpar ti:

MceXosist U3 GLILIEU3II0KEHHOIO. MOXKHO [POJOIIKHT, paboThl 110 MCHBIT IO
JIAHHON CMA304HC | /[00aBKH IpKU Oypeilii CKBAXWH HA JIf\ 'HX MECTOPOXKIEHK X Ha
HOJIMMEP-TIIMHUACTOM GYpOBOM pacTBOp..

7 f/. =
[ J1aBHBIN TC 1IOJIOT Y /"“‘% ba'rrumepos W.T.

5

Urnxenep | «areropun TO L /Z, / Hyprbirassos M.O.

s

Byposoit macrep C//Z’% CaraeB M.M.

Mmkenep .1coopaTopuu OypoBbix

M TAMITOHAYBIX PACTBOPOB ( baspernnnosa A.P.
S SR B 00, -frzm:"i;uw :’)“A.F.‘*"'jl;'&.&;'ir;;"A S i SR j 4
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MNPUJIOKEHMUE 2

VIBEPKAAIO:

JlupexTop Q)HJIHaJ‘I?} Q@@!«B&Iﬂ}:’@gﬂ\b— I'eocTpoii

Vdumckoe yypixéqleﬁ‘ﬁé%ybé}zgix paGor»
‘\_\‘; /
g }Idl.CynTaHOB
« ZO» geswd _==2009r.
r.Yoa 4

AKT
0 NpPOBeJeHHH ONbITHO-NPOMBICIOBBIX ucnbiTanuii cmasounoii no6asxu CAb
— 3 npu OypeHHH CKBAMKUH Ne1683,1684,1686,1688,1690 BosikoBckoro
MJIOLIA/IH

MBI, HIKETO/MKMCABILIIECs, TIaBHBIA TEXHOJIOr Baiitumepos W. I'., urxenep |
kareropun TO Hypusirasaos @. @., 6ypoBoi MacTep CaraeB U. M., umxenep
naboparopur GypoBBIX ¥ TAMIIOH@XHBIX PacTBOPOB BagpermuHoBa A.P.,
cryenTka-npaktukantka YTHTY  xadenpst Oypenuss He(TAHBIX U Ta30BBIX
ckBaxxuH Paxmarymmna I'. B., o ToM, u4TO B Tporecce OypeHHUsl CKBa)XKMHBI
Nel683.1684.1686,1688,1690 BonKOBCKOro MECTOPOXACHUS TIpH OypeHuu ¢
rny6unsl 280M 10 mpoextHoro 3aos 1812m. TIOJIMMEpP-TIIMHUCTBIN  6ypoBOH
pacTBOp 06pabaTsIBaiICs CMa304HON J00aBKOM CAB-3 — 1%. CAB-3 —KoMmo3uuus
3(MpPHOrO Macia PaCTUTENBHOTO MPOUCXOKICHU, JIENPECCOPHOM  TIPHUCAIKH.
CAB-3 — XUAKOCTh, IJIOTHOCTBIO 10 950kr/M’, He roprovasi, He TOKcH4Hasi(4
KJlacc), TeMIiepaTypa 3aMep3aHusi MUHYC 25°C.

[losmMMep-TIIHHUCTBIA GypoBO# pacTBOp ObUI NPHTOTOBJIEH MO ciexyrouen
peuentype:

1. Texuuueckas npecHasi BoJa

2. KyraHakckuii [IIMHOIOPOIIOK — 8%

3. Kansuunuposannas coja — 0,6%

4. Kamunen ITAIL CB —0,4%

5. KapGouarHbiii yTspkemutenb 10 p=1,20r/cm3
IIpu pocTe yCIOBHOM BSI3KOCTH, PacTBOp 06pabaThiBay ®XJIC-MH u I12C-1.

IlepBOoHAYATbHbIE TAPAMETPHI IJIMHUCTOro OypOBOrO pacTBOpa 110 06paboTku
cMmazouHoi mob6askoii CAB-3: p=1,2I‘/CM3, VB=2lc, [Id=9cm’/30Mmun, K=3,8MMm,
K,;=0,0480, CHC /1 ui=5,3/6,8 ATIA, pH=7.

TIpeBapuTeNbHO B CepTU(HLMPOBAHHOI TaGopaTopyi Gy pOBBIX H TAMITOHAXKHBIX

pactBopoB  ¢umana 000 «bammedts —'eoctpoit Yumckoe VBP»0BUTH HCTIBITAHBI
no6asku, npumensembie B YBP.(Ipunoxenue 1)CMasounas JobaBka CAB-3 obnanaer
Xopomreii  CMa3ouyHOW ~ CIOCOOHOCTBIO, ~ OTPHIATENBHOrO — BIMSHMS — Ha  JIpyrHe

BBISIBJIEHO.[TApaMeTpPbl PACTBOPA, TAKKE KaK yCIIOBHAsA BA3KOCTD U I0Ka3aTe/IH (upTparmn
He BhISIBNIEHO.B Ta6y1. | pHBeeH cTpaturpaduyueckuii paspes CKBaXiH BOTKOBCKOH TLI.



Tabnuua 1 Crpaturpadudecknii paspes ckBaxuH BoakoBckoit miomanm
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Koag. Tny6una no Fny6una no
HaumeHoBaHue WUn- Kareropus BepTUKamu, m crsony, m
JNuronorus (onucaHue nopoga)
rOpMsoHTa AeKc nopog KaBepHO3HOC
™ ot Ao or Ao
Yerseprira Q M 1,31 0 20 0 20
Hble OTIOKeHHs! F/IMHbI, NECYAHUKM, N3BECTHAKM
— m ewuHoBarble
Voumckwi ApyC P2 TREW 131 20 100 20 10¢
KyHrypckuid apyc 0N0MUT, CTHAK, )
YHIYp py bk AONOMUT, U3BECTHAK, aHTMAPUTDI, 1,20 100 270 100 27¢
runcobl
cT
ApPTUHCKUIA c
p Wit Apy Pyt AONOMUTBI, U3BECTHAKM yHacTKamu 1,20 270 410 270 a1c
nopucrsie
CakmapcKuii+Accenbekn -
i npyc: i P1’ U3BECTHAKU, A0/IOMUTbI 1,20 410 600 410 60C
Bepxumit c3 M3BECTHAKM 1,20 600 800 600 823
Kapbox
Cpennmiil 2
KapboH
MAYKOBCKUIA FOPU3OHT 2™ U3BECTHAKM, A0/IOMUTbI 1,15 800 950 823 101:
MoA0NLCKNIA FOPU3OHT c2™ W3BECTHAKU 1,15 950 980 1012 104.
Kawwupckuii ropusoHt 2™ W3BECTHAKM, AONOMUTbI 1,20 980 1065 1042 117¢
BepeWckuit ropusoHT c2” apruANUTLI, U3BECTHAKM, NECYAHUK 1,60 1065 1120 1179 123:
Bawkupckuin apyc c2? W3BECTHAKM, A0/IOMUTbI 1,20 1120 1160 1233 129:
Hwxcnuit €1
Kap6oH T
CepnyxoBcKui apyc /I0NOMUTBI Y4ACTKAMU MOPUCTbIE,
¢t NOPUCTO-KaBEPHO3HbIE, 1,30 1160 1260 1292 140¢
M3BECTHAKN MEIKOKPUCT.
Buseickuit apyc
BeHescko- e
Muxaiinosckwii ph MEREREEETD 1,20 1260 | 1390 | 1405 | 154z
FOPU3OHT asnemme
TYNbCKUIA FOPU3OHT c’ M3BECTHAKN C NPOCIOAMMU 1,60 1390 1537 1543 169¢
aprunauta
EOGPZ'::_BCK"" ™ necyaH.,aprunn.,anespon. 1,50 1537 1590 | 1699 1752
ropu3s
TypHeiickuii apyc W3BECTHAKN CUNBHO NOPUCTBIE,
c1' Me/IKOKaBEPHO3HbIE C NPOCN0AMM 1,20 1590 1650 1752 1812
apruanuta
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ponota  (cro¥ikocts).Ilpumenenne pearenta CAB-3  1MO3BONWIO  yBeNMYHTH
croikocth jonor 2159 C3I'B Ha 16-26%,npoxoaky Ha [gonoro Ha 18-
29%.IToka3zarenu JoioT ¢ repMetHsupoBaHHON omopoit 215.8 T3IHY R15 ¢
npumenenreM CAB-3 ysenmuuunuch :mpoxozka 22 %,MexaHudeckas CKOPOCTh Ha
15%,crolikocTs Ha 7%.

B nenom npoxozka Beipocna Ha 25,85,cTolikocTh Ha 12,6 %,MexaHuYecKas
ckopocTh Ha 11%.

Crnemyer OTMeTHTh .4TO Ha 5 CKBaKMHAX BOJIKOBCKOH IutOmamu c
npumeHeHueM pearenta CAb-3 npuxsaToB u 3atshkek He 6but0.IToTepu Bpemenn
Ha JIMKBUJIAIUIO TIPHXBATOB

BeiBozpi:l.  pearenr CAB-3 o6nazaer XOpOLIMMH CMa309YHBIMH U
IIPOTUBOU3HOCHBIMU CBOMCTBaMH, NP 3TOM  BO3PACTAIOT ITOKA3aTENH JOJIOT:
IIPOXOJIKA,CTOMKOCTE M YBEIMYMBAETCSI MeXaHW4YeCKasi CKOPOCTh ,BEPOSITHO 3TO
CBSI3aHO C T€M ,4TO He OBLIO 3aTsDKEK (MHCTPYMEHT He «3aBHCA» ), TapUXBATOB.
2.PexomMeHnyeM NpuMeHATh cMa3ouHyio noGaBky CAB-3 Goiee wmmMpoko mnpu
OypeHHM CKBa)XUH B IPUXBATOOIACHBIX y4acTKaX.

3. Texnonoruyeckue CBONCTBA XOPOIIIHE,3amaxa HEeT,3UMOMN TEXHOJIOTHYHA.

I'naBHBIN TEXHOJIOT L5 o “7”  baiitumepoB W. T
Huxenep I xareropun TO ) ( 2', » H?’pHLIFaHHOB . O.
bypoBoii macrep Caraes U. M.
Hmxenep naboparopuu 6ypoBbIX .

¥ TaMIIOHa)XHBIX PaCTBOPOB (// " BagpernunoBa A. P.

Crynenrtka-npaktukantka YIHTY

kadeapsl OypeHust HeTSIHBIX W Fa30BbIX
CKBa)XUH TH Paxmarymiuna I'. B.
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NNPUJIO)KEHUE 3
YTBEPK/IAIO:

"nasusiii nkenep 3C OB

000 bamnets ~byperne »
A2 ' Yepemuckun U.T.

@ /0 -2 £oeg 2013r,

AKT
G HPOBEACHNU ONBITHO~IIPOMBIC/IOBbLIX HCNBITAHUHH CMA304HOH noﬁamm
CAB-3

npu Oypennn ckBamunbl Nol683 BoakoBeKoro MecTopokaeHust

MBI, HIKENOAMUCABLINECH, [IaBHbI TexHosmor I'nnszoB AP,  Bej.uHKeHep
Topaos C.C., acnupant YITHTY xadeapst Oypenust He(pTAHBIX M ra3oBbIX
, 0 TOM, 4TO B mpolecce OypeHus CKBAKHHBI
(Gokosoii c1BOI)N4869,Ne6797 Manobanbikekoro Mectopoxaenus, Ne5286/6BP B
Oyposas npombisoynas skuukocts (BIDK) obpabarsiancs cmasounolt 106aBKoit
CAB-3 — 0,5-1%%. CAB-3 —xoMno3uumsi HPUPHOrO Macla PacTUTENLHOro
NPOUCXOKIACHMSA

CAB-3 — ®uAKOCTE, WIOTHOCTBIO JI0 95()K1'/M3, He ropioyas, He ToxcuuHas(4
Kiacc), Temrieparypa samepsanus munyc 25°C.

Pearenr CADB-3 Guun onpobosan B 3araanoit Cubupy npu sapeske G0KOBbIX

ckBakun Paxmarymmna I B.

CTBOJIOB 000  «bamnedrs-bypenue» na Iliomanzn (MecTopoxkaeHHE):
Manobansikekoe  Cxpaxuna: — Ne 4869 (Gokosoii ctBon), kycr 621,ITopoas!
CHOWKEHBI HeCUAHUKAMHU 1 aJIeBPOJIUTAMH.

[MTapaMerpbl 3apezanust OkHa upusejeHs B Tabuuue 1.M3 Tabiauupl BUIHO,
YTO  CKBAKMHA C© BBICOKOH HMHTCHCHBHOCTBIO —HMCKpHBIeHHs. Bo3MoiKHBI
OCIOKHEHUS B BUAC OChITTeH ,00BaI0B. NIPUXBATOB MHCTPYMeHTa. Takke nMeercs
BBICOKAS  BEPOSTHOCTD 3a0uMBaHKst NPOMBIBOYHOIO OTBEpCTHS (pessl npu
MPOXOAIGHHH  Yepe3 KOJIIOHHY, ee 3aKkauHuBanudA. OTCYyTCTBHE CMa3OUHBIX
MATePUAIOB B PacTBOpE npn  OypeHun OOKOBbIX CKBAXKHH HA 9ITHX

MECTOPOIKACHUAX 00BIMHO IPUBOIKIIO K 3aTANKKAM H IPUXBATAM.
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Tabsmna | Tapamerpsl 3apesanius okHa B ckBaxnHe No 4869 k. 621

InyGnua sapesky GoKOBOro CTBOA (rosoBa Kianua) 2401 m
FCHUTHBLHT YIoa 0,95°
MakcumaiabHbiil 3eHHTHBINH yroa/na riayOuue 23,46%980 m
Make, npocTp. MHTEHCUBHOCTH HCKPHBAGHUS/HA riyOHHE 2,01°710/1700 M
Mureppas Bbipesanug «OKHA» 2401-2404 m
Tekyuwit 3aGoii 2730 M

| Ckpakuia 3anonHeHa W'

Tonumna ¢renok OH B unreppane 0-1969.4 m 146 x 7.0 mm

1969,4-2630,5 146 x 7.7mm

"nyOusa pacionoxenus Myt Ha yuacrke BepxHel Myl - 2398m
3apesku: HIDKHEH MydThI 2409 M
Konraxr ¢ temenrom sa DH B nurepsane HEMEHT-KOJIOHHA YACTUHHbBIN
BLIPEIAHIS COKHA » LEMEHT-TI0pO 1A HEOHPEJEJIEHHBIA

Ilpu OGypenuu B ckBakuHe Ned®69 npumensics — 6e30apuToBbId
yrskenenupii Guononumepnniii  Gyposbii pactsop ¢ npumedenueM (opmuata
Hatpust. Cnenuduieckue 0COOEHHOCTH PACTBOPA HA OCHOBE KOMIUIEKCA THKETbIX
conei (Flosalt-popmuar Hatpust [). Tpebyer criermalibHON NOAroToBKH OYypoBOro
00GOpy 10BAHNS, HATIPABICHHOM NPEOTBPAIIeHUs TONAalaHust BOJBI U 3arPA3HEHMs
okpykaioueii cpeasl. HaGpamu rtexuuueckod BoAbl B OJOK NPUIOTOBIEHHMS
pactropa. Brenu uepes ruaposoporky 2,5 kr/m® XG Polimer. MntencusrocTs
BBosia 10-15 mun/memok. Beog XG Polimer koHTponaupoBany 1o BelHYHHE
ycinoBHoll mazkoctH. Jloseaw ruotHocTh pactBopa jo 1,26 r/em’  BBOAOM
FLOSALT B xonuuectse 380 kr/m’. TlociesoBatensHo BBedd B pacTBop 3 Kr/m’
Flomax B, 60 «xr/m’ wena. Wurencupnocts BBoga Flomax B - 7-10
Mun/Mewok. Beenn 25-30  a/m’ Gyposoii emasku, CAB-3. Benu  cMazouHyio
N00aBKY B CBEKCIPUIOTOBICHHBIH pacTBOp B OONBIIEM KOJIMYECTBE, JUI TOrO
4To0LI 00IIEe coslepkanne cMaski B o0weM o0béme GypoBoro pactBopa Obiia He
menee 2%.pH pactsopa noaaepkusaiacs  5-6, [lomyuennnii pactBop nmMen
napameTpbl fpusesieHHbie B Tabimue 2.

B Tabauue 3 10Ka3aHbl OCHOBHBIC peareHTbl, HEOOXOJAUMbIE JUIs
npurotoBienus  GuononuMeproro GesbaputoBoro pacrsopa. B pesynbrare

ucnpranunii npu Sypenun ckBNed869 ¢ CAb-3 He Ob110 3aTSKEK M MPUXBATOB .
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Tabmna 2. TEXHOJOI' MMECKHUE NNAPAMETPBL BYPOBOT'O PACTBOPA(API)*

Eannnua
Benuuunst napamMeTpos
HanmveHoBanue noxasareist H3Mepen s

2401-2767 | 2767-3078
[mornoers r/em’ 1,26+0,02 1.33£0,02
YenoBnag BA3KOCTE ¢ 45-60 45-60
[Moxasarens Qursrparnu, we Gonee em/30 mun, 7 6

- Tomumua rmueroll Kopkw, He Goee MM 0,5 0.5

Crarnueckoe HAUPKCHAE C/IBHTA

Gurr/100¢yr2 6-12/8-26 6-12/8-26

ITracTnyeckas BI3KOCTD mlla‘e 15-20 15-20
JunaMuucckoe HaNPSHKCHHE ¢/IBHTA G/ 100¢yT2 20-45 20-45
pH 3,546 5,5-6
Conepxanne necka., ve Gonee % 00. i 1
MbT, He Gonee Kr/m* 10 8
K amnkocts, e Gonee rpajt 3 3
Cojtepxanne cMa3Ku % 1.5 1,5

Tabanua 3. HAZHAYEHHUE U KOHUEHTPALIMSI PEAI'EHTOB

Ne Hanmenopanue Kom.,
MyuRuHs pearcnTa
n/n pearenra wr/n’
1 Flomax B 3 Honuszureas Guiasrpaunn
2 | Men (MTI) 60 Koanmarant
3 XG Polimer 2.5 C&‘pymypooﬁpa‘zonﬂenm
-+ Flocide 0,5 Baxrepmuni
5 Peareur CAB-3 30 Cwmasounas qodaBka
6 Defoamer B 0.5 Tenoracureas
7 Flosalt 380 Yrspkeantens MUHEPA3aTOP

I'lpu 3apeske Gokoporo crBona ckBancuubl Ne6797 ManoGaibIKCKOro MeCTOPOK
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JieHHs 3eHUTHBIE yron Obi1 18 rpasycoB ,MarHuTHBIH a3umyT 316 rpagycos B Ta-

Gruiie 4 nokasatsl napamMeTpsl XJIOPKATMEBOro MoJuMep KapoboHaTHOrO pacTBOpa.

Tatanua.4 IapaMeTpel MPOMBIBOYHON JKHAKOCTH TPH OYPEHHH CKBAKHHBL N

6797
Ne Iaybuna no Kosdpd. Obsem
o Komonna CTBOJIY, M Wurepnan Dyuy M | KABEPHO : e
or 0 JHOCTH
1. ObcaHas KoNoHHA 0 2580 2580 0,132 1 353
7 3104
54 OTKpBITEI CTRO 2580 | ° ] ?34’5 614,55 0,126 L .
4.2.1. | OObem ckBaOXKHUALL EE—— 446 |
06bw de FBOpA HA MOBEPXHOCTH HA MOMEHT BCKPBIT e
(')muaem ble HoTepn ¢ BRIOYpeHuoil noposoit ( %
4.2.3. | prakHocTh mwiaMa) S 6,5
OsiaeMbie TIoTepH HpH Ha 1 Kon-o
4.24. | CTIO: o cno.w'  cHo: . M
OHAACMBIC TIOTEPH Ha YBADKHCHHC HOPO/ILI IpH
4.2.5. | paymyce npounkuosenust  R= 0 —— 9
Bosmoxubie norepu na cucreme ouncrkn (80%
4.2.6. )(M)u\ THBHOCTH pdG()lbl) i o 2

llTepBaJl 2872-

Farimde: HHTePBAJI- ume[na.u 2583-
n/n e 2580-2583m 2872m 3194,58 m
43.0. | Iotwoets, rlew” 1L12£002 _1,23£002
Gunprpanms, oM *130

2 # "
132 n(APVBM-6) P ... S B
o YCI0BHASL BIZKOCTD, y
435 | cen(poponka wapuaVBR-D || R Bt
434 |pH oo o 95,

. oo e MUHUMAJILHO MUHHMATBHO
aasal bsasnil oMo | BOsvoHbii
4.3.6. | MBT, ki’ R <13 <15
43.7. | Cmaska.CAB-3 % ’ TEE I 23,

438 | Tn. (j)a'm (1o pcmpn‘) Y o <10 <10
43 9. | Kopka,mm ) 0.7 07
) :

T — 25.50/50-80 |  25-50150- 80
4311 | 146, alTa 70-150 70-150
43.12° lln. BSI’H.\'UC‘U;“ e 1 ] MUHHMATHHO |  MUHEMATBHO

AR __ BOIMOKHa _ BOSMOIKHBIH
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Oxno 8 cxpammie No6797 3abypusaau gpesepom asoiinbiv DJ[146

0127w ppesep kaandpyownii OK146-0127mm.1pyGbi Oypuitbtbie bK-0 89-
Lure o YBT-T08.Hpu Gy pennn npoxoamiu [HOPO/LbI HECHAHHKH, ANICBPOIHTD]
Macro Berpeuatonecs 0CI0KHSHHA TO 3aTSKKH 1 NPHXBATHI.

XHMHUECKHE PearetThbl, HCNOIb30BAHHBIC 1upu OypeHun ckBakuibLl No6797

npuBe/etsl B radiunie S.

Fadumua 3 XusMuueckue pearenTsl HCNoAb30BaHHbIe pH OVPEHHN CKBAZKHHBI No

6797

i Cronmocts,
Bece K1 Ha
- — lena a1 1oy, Ha
n/n : sas pyo. ¢ HIC HHTEPBaJI.
- | py6.c HJC
1. 3 |2 2 { I 12 ] 12876601 | 3862983
2 HAILIB 25 383 | 456 | 18 | 97 516.11 4446735
3; ‘ Pearent BioSin 25 i 5.03 * 600 | 24 ’ 231 266,11 138 759.67
“avntat Platoos] '/ { f "
| It\l-):l;\{\:ft'.: tatogel €71 151 1846 | 2200 | M7 | dsole | 99035.45
% 1 »
N Coa kayeriueekis 25 | 242 } ‘\U(l 12 | 59 141,11 {17 742,33
0. WETOIR! 23] 067 1 80 3 71 891.12 ‘ 5751.29
bakrepii,i ; | ' | |
bitororact Bioneutral 17000 084 100 | 1| 91 2066.11 | 912661
7. NG L I |
Jlobarka 1 ! ‘ !
CM3BIBAIOTHAS 170 | 23.83 ‘ 2840 ¢+ 17 | 56 391,11 ; 160 150.76
8. CAB-3 - | | §
[Henoracurenn, | o
| Peanen 1408 170 | 0.84 } 100 1 11226611 | 11226.61
- Detfomex ‘ ‘ ‘ !
e B s q
10| Kanndi xaropuersiii 1000 ' 6377}7()()() 8 | 202106.11 E 153 642.46
Pl Harpuit xoopierwii | 1000 \'___]_Ql.l() ' 19200 1 19 ’ 6 041,11 | 115989.36
Mei mpantiopnias i , | T ﬂ ‘ . ‘
12, | kpotuka MIC-100 1000 | 102.37 1.2’_’()() | 12 D 563.61 " 67 876.07
Mesi vipasopiias boia : < | & !
3. kpomka MK-60 1000 ‘...4”79 5100 50 5 766.11 | 2940717
M mpasopiias 1™ e : P .
14, | kpotuka MK-20 1000 [ 42.79 } 5100 l; D ! 6 027,73 \ 30 741.40
- Men. spaniopias G Aie) ] 1 N b -
- | X {3 ) 456 [ 32
15, | kpowrka MK-3 1600 ’ 16,78 | 2000 I = | 7 164.56 ! 14 329,12

Fake  upumensim pearent CAB-3 pu Oypennn  GOKOBOIO  CTROJA
CKBaUHLE NoS286/6BP Tlpupasnomuoii nmnouamm JpohHIL KOTOPOit npuBeien

HA pHCVHRC  .napamerTpsl 3ape3ku  [okasadbl B Tabanue  6.Pasdypusaenn
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Ilpu Gypenun ckBaknabl Ne5S286/BP [lpupazinoMHOro MecTopoXKaeHus ¢
NPUMEHEHUEM CMa30uHOMI N00ABKH B XJIOPKATHEBbIH nonuMepkapboHaTHbIIt
pacTBOP [MO3BOMMI [OIEPKUBATE  KOXPGUILHEHT TPEHHS TIHHUCTOH KOpKH

nojnepkuBai Ha yponse 2-3°,

Ipumenenue pearenta CAB-3 npu Oypenun OOKOBBIX CTBOJIOB CKBAKHH

Ned869 bansikckoro mectopoxienus , No6797 ManodalubIKCKOH II0Lanu 1

No5286/BP [TpupasznoMHOro MECTOPOKACHHS MO3BOIHI0 H30ekKaTh 3aTAHKEK U

NPHXBATOB OYPHIBHO MHCTPYMEHTa, (Ppe3bl, 00T 110 BeeMy ¢TBOY Oy psitueics

ckBaxuubl. [Tpu arom ysenuuuiack Ha 10-15% mexannueckas ckopocThOypenus
KoahhULHEHT TpeHus 1o IMHHUCTOM Kopke Jepikaicd Ha yposHe 2-3°,

Pearent CADB-3 nokasan noaokuTenbHbE Pe3ylbTaThl B MPOMBICIOBBIX

yeaosusax Oypenust Kak npy 100aBieHU €ro B IIIHHUCTBIE, TaK U NOJIMMEPHbIE,
XJlopKasuenble nojaukapdonaryelie, 6e3dapuToBbic ¢ GopMHATOM HATPUS B pa-

JIUYHBIX Te0JIOro-TexHuYecknx yenopusx 3anaguoit Cubupn. Pearent CAB-3
ofj1aaeT BLICOKHMM CMA30MHBIMK CBOMCTBAMU ,COBMECTHM C MIIMHUCTHIMH,IIO-
JUMEPHBIMH,  XJOPKAJHEBLIMU  TIOIHKAPOOHATHBIMH,CONEBBIMH  PACTBOPAMHA

CumazouHas J00aBKa CAbB-3 obnanaer xopoinei CMAa304yHON
CHOCOOHOCTBIOOTPHLIATENBHOTO BIMSHMUS HA JPYTHE NapaMeTpsl pacTBOpPa, TaKue
Kak VyCOOBHAs BA3KOCTH M nokasatend (Quiabtpaumpu He BblsBieHo.CAB-3

TeXHOJIOIMYECH B IIPUMCHCHUH, HEOPHATHOrQ 3ariaxa HeT ,OKOJOrH4eH

[ nasuwiii Texuonor [Mansizos AP,

Ben. Miokenep TC [opnos C.C.

Acnupant YI'HTY Paxmarynnuna I'. B.
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IMPUJIOXKEHMUE 4

W EQT AN

[ YTBEPKIIAIO
Mupektop q)u.uri#JithQﬁ\(/Y‘k?Bzm;]_H:é;d)Tb-l"eocrpoii
Yumckoe ynpagienue 6yposbix paors

N e/ IL.Cyatanos

gy g 2oos,

®akTHYeckuii SkOHOMHYECKHIT HPdPeKT OT NpUMeHeHHs CMA30UHOM B AaHTH-
Koppo3uoHHoii 106aBkn CAB-3 npu Gypenun 5 ckBaxun BoskoBckoii mio-
B (uauaine « 000 Bbamuedrs- I'eoctpoii  Ydpumckoe ympasienne
OypoBeix paGor » B 2009 r.cocTaBu 295(nBecTH JEBSIHOCTO NMATH) ThICHY
pyoJeii.

/

oo &

PACYET
}akTHueckoro skoHOMHUecKOr0 dddeKTa NPH NPHMEHEHHH CMA30YHONH
AHTHKOppo3HOHHOH nob6aBkn CAB-3

OkoHOMUYeCKHH ddPeKT OT npuMeHeHHs cmasouHoH 106aBkH CAB-3
o0ecrieynBaeTcs  NpEOTBPAIIEHHEM NPHXBATOB BCIEACTBHM  MOBBILLCHHUS
CMa30YHBIX CBOMCTB OypoBoii mpombiBouHo# kuakoctd (BIDK) ,a Takxke
CHIKEHHMS  CTOMMOCTH OYpOBOro pacTBOpa 3a CYeT YMEHbIIEHHS MOTPeGHOCTH
BBOJIUMBIX B OYPOBOIi pacTBOp CMa3bIBAIOLIMX 106aBOK H IPYTHX XHMPEAreHTOB.

Pacyer skoHommueckoii s(dexTuBHOCTH npOBOIMICS M0 paspaboTaHHOI
YdumckuM  rocynapcTBeHHbIM HE(TSAHBIM TEXHHYECKMM YHHBEPCHTETOM
(YITHTY) «Mertoauke pacueta CMETHOW CTOMMOCTH CKBAXKHH PECypCHBIM
MeTofioM»  Kputeprem ONTUMATBLHOCTH NPHMEHSEMOro GypOBOTO pacTBOpa
ABIISIIOTCS. CHHOKEHHE 3aTPaT BPEMEHH M CPEJCTB Ha GOPBOY C OCIOKHEHHSIMH,
CBA3aHHBIMM C  3aTSDKKaMM M IpUXBaTaMH OypWJIBHBIX KOJNOHH. bBa3oBbie
CKBaXHMHBI ( SCKBAXMH ,C 3aTSHKKAMM M [PUXBATAMH, OOIIAs MPOXOAKA C
OCIOXHEHUSMH Ha 6a3oBoM pacTBOpe cocrasuia 2100 M, JIsi CpaBHEHHS B3SM
TaKylo e MpoxoAKy ¢ npumeHennem CAB-3) ) MHTEpBan npuxBatoB 1150-
1670 m.

HaumenoBaunue nokasarenei Bapuanr

J0 [IPUMEHEHUS 8 peareHTom

CAB-3

Hcxonueie nanHbie

Llens Oypenus OKCILUTyaTanus
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Crnioco6 Oypenus TypOuHHBIH
Bun npusoja DJIeKTpUUeCcKui
['nmy6uHa CKBa)KMHBI, M 3000
Cpennuii wHTEpBaI OypeHuUs, M 1150-1670
CkopocTb OypeHusi, M/CT. Mec. 3731
CebecToMMOCTh MeTpa IPOXOJIKH, 14270
py6./m
KonuuecTBo OCJIOKHEHU U Ha 520=0,25
CKBa)KMHE
BpeMsi Ha JTMKBUIALUIO OCIOXKHEHUI - .
B MHTEpBaJIe
Pacxo/ cMa304HBIX MaTepualloB Ha
WHTEpBa:
I'padur, xr 120 -
Jly6puon M, n 70
CAB-3, n - 91
ITenoracurens (IlenTa-465), 1 40
CTOMMOCTh CMa304HBIX MaTEepHAJIOB,
py6./T
I'padput 7814,86
Jly6puon M 36819,48
CAB-3 47600
ITenoracurens (ITenra-465) 119938,5
Pacxon cMa304yHBIX MaTepuaioB Ha
UHTEepBal, pyo6.
I'padur 937,8
Jly6puon M 80,5-3681
9,48/1000=2964
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CAB-3 0.91x47600=4285
47,6-1199
ITenoracurens(ITenTa-465) 38,5/1000=
5709,1
PacueTHbIe TIOKa3aTelH
Wurepsan, M 520
Bpemst Ha JTUKBUAAIMIO OCJIOXHEHUN 95-0.25=
B MHTEpBaJe,4 23,73
Pacyer KoMMepyeckol CKOpOCTH B
1LIeJIOM I10 CKBaKUHE:! 552251120~
a) CTAaHKO-MeCsILIbl OypeHUsI 3000/3731=0,8 =0,77
0) xaneHIapHoe BpeMsi OypeHus 0,8:720= 576-
B) KOMMepuecKasi CKOpOCTh OypeHus, 576 23.75=552.25
M/CT.-Mec. 3731 3000/0,77=4285.7
r) HSKOHOMHUS BpEMEHH Ha

MexaHuuyeckoe OypeHue
J)  TpEeBbIIIEHWE  KOMMEPUYECKOM

CKOPOCTH MOCJIE BHEAPEHUS, M/CT.-Mec.

23.75

4285.7-
3731=554.7

KOMMep‘-IeCKaSI CKOPOCTH B II€JIOM I10 CKBaXXWUHE YBEJINIHIIACh HA

554.7m/ct. mec.(Hal4.9 % )

CmMmerHas CTOUMOCTBD yaca
JKCIUTyaTallud OypoOBOM yCTaHOBKM IO
3aTparaM 3aBUCSAIIMM OT BPEMEHU IpHU

ckopoctu Oypenus 3731 m/ct. mec., py6./4.

2854
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Pacuet sxoHOMUYeCKO# (PHEeKTUBHOCTH

DKCIuTyaTalliOHHbIe  3aTpaThi(pyo.) 95-0.252
Ha! 854=6778250,1
- 3arpaThl  Ha  JMKBUIALHIO
OCIIO)KHEHH M
- Marepuajbl il T[PUTOTOBIICHUS 9610,9 | 4365
pacTBopa
Uroro 3arpar, pyo. 77393,4 31478
DKOHOMUS HKCILTyaTaI[MOHHBIX
3aTpaT B HMHTEpBajle NPUMEHEHHUs HOBOM — 73028

TEXHUKH, PyO.

DKOHOMHSI SKCIUTyaTallUOHHBIX 3aTpaT Ha
I M MNPOXOAKH B HHTEpPBAJIC IPUMCHECHUA

cma3ouHoit 1o6aBku CAB-3, pyo.

73028/520=140.4

DKOHOMUS SKCILTyaTallHOHHBIX

3aTpaTr Ha I M MNPpOXOAKHU IIO

CKBa)kKMHe, pyo0.

73028/3000=24.3

CebecTonMocTh MeTpa IPOXOJKH,

py6./m

14270-
24.3=14245.7

Oxonomudeckuit 3¢ppext ot npumenenust CAB-3 Ha 5 cKkBaKMHAX COCTaBHUII

D,3=73028:2100/520=295000 (/IBecTH AE€BAHOCTO MATH THICSY) pyOJIei

Havansauk I1TD0

= —/..  MenbHukos A.A.
&)(/ ,
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TY 2415-014-00151816-2-2010

o

Hacrosiiue TexHu4yeckue yCIOBHsI paclipOCTPaHSIOTCS Ha
CMa304Hy0 ¥ aHTHKOPPO3KMOHHYIO 106aBKy CAB-3 npenHasHaueHHyI0 JUIs
BeesieHust B BIDK . Temneparypubiii mHTepBan npuMeHenus ot MuHyc 25 rpan C
no mroc 180 rpax C.

[Ipumep 3anucu npoykra npu 3akase :CMazouHasi ¥ aHTHKOPPO3HOHHAS 06aBKa

CAB-3 o TY 2415-014-00151816-2-2009
1. TEXHUYECKHWE TPEBOBAHM S

1.1Cmazounas u antukoppo3nonHas 1o6aska CAB-3 10/DkHa H3rOTaBIMBATHCS
B COOTBETCTBHH C TPEOOBAHHMAMHU HACTOSIIMX TEXHUYECKUX YCIOBHM 110
peLenType U TeXHOJIOTMIECKOH JOKYMEHTAluH ,yTBEP)KACHHOW B YCTAHOBIEHHOM
NopszIKe.

1.2T1o dusuko-xumudecknm TpebGoBanusM nokaszarenu pearenta CAB-3 1omKHBI
COOTBETCTBOBATHL HOPMaM,yKa3aHHBIM B [TACIIOPTE

INACIHHOPT KAYECTBA
CMA30OYHAS JIOBABKA CAB-3

HAMMEHOBAHUE TTIOKA3ATEJISI Hopwma

1. ITnoTHOCTH KI/M HE HOpMYpYyeTcsl

2. Bsizkocts mipu 20 C ,cCr He Oosee 32




202

TY 2415-014-00151816-2-2010

3. 3osbHOCTH B % He Oosee 0,14
4. 4 Maccosas noist mex. [Ipumeceii % He 6oJsiee 1,0

5. MaccoBas 10715 Bojibl, %, 1
6. CozneprkaHue BOJIOPACTBOPUMBIX

KHUCJIOT U LIesIouei OTCYT-T
7. MaccoBas 10151 cepsl B % OTCYT-T
8. Temneparypa BCIIBIIIKH B 3aKPBITOM THIJIE

B rpajaycax C 95

-
9. remneparypa 3acteiBanusi B C -25

TpeGopanus nacrosmux TV sBIsIOTCS 06513aTENBHBIMH.

1.3¥YmakoBka

Vmnakosky pearenta CAb-3 npousBomsit B

6oukax emkocTeio 100 1 200 nurpos,Ynakoska peareara CAB-3 npousBomutes
TIOCPE/ICTBOM HAJIMBA FOTOBOTO MPOJYKTa Yepe3 FOpIOBHHY Taphl JIO TOJHOTO e
HarnoJHeHus1. [ Tocsie 5Toro mpousBoAAT 3aKphIBaHKe YIIAKOBOUHON Taphl
KPBILIKOW. B cpesiHel yacTy 1o BBICOTE TAPBI MPOU3BOJAT HAKJICHBAHKUE
TEXHUYECKOM ITUKETKM IIOCPEJCTBOM Kilest MapKu«BycTumary.

1.4MapxupoBka

ITorpeburenbckas 3THKETKA I0JDKHA COJEPIKATS:
-Macca HeTTO

-macca OpyTTO
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TY 2415-014-00151816-2-2010

-I10JIHO€ HAUMEHOBAHHUE TIPEATNTPUATUSA,BBIITY CKAOIIETO MPOAYKIHIO
-l'OpI/IIII/I‘-IeCKI/Iﬁ ajpec NpearnpusITrs
-[I0JIHO€ HAMEHOBAaHHUEC IMMPOAYKTa

-0003HaueHust Hacroswmx TY

L'}

-HOMEDP MNnapTumn

-JaTa U3roTOBJICHUS

2.TPEBOBAHMUE BE30ITACHOCTH

2.1 Pearent CAB-3 He COAEpKHUT TOKCUYECKUX BEILECTB,BIMUSIIONIUX Ha 3J0POBLE
obenyxuBarotero nepconaina.lIpu padore co CAb-3ne06x0-

JIMMO TIPUMEHSITh MHMBH/TyallbHbIE CPEJCTBA 3aILUTHI 110 TUIIOBBIM OTPACIEBBIM
HOpMaM.

2.2[penenbHO JOMYCTUMasl KOHLEHTpa#dMs MacjssHOTO TyMaHa MaclsHOM
OCHOBBI CMa3KH B BO3JlyXe paboyei 30HbI IIPOU3BOJICTBEHHOIO TIOMEILEHHS He
JIOJDKHA MPEBBIIATE 5 MI/Ky0.M.

2.3ITpOM3BOACTBEHHOE TIOMEIIEHHE JIOIDKHO OBITH 000PY10BaHO IIPUTSHKHO-
BBITSDKHOM BeHTHIIsIIHE. O60pyioBaHue JOHKHO ObITh 3a3€MJIEHO OT
CTaTHYECKOTO JIEKTPUUYECTBA.

2.4JIunam,paboTarolM CO CMa3Kou Nepe)i IPUEMOM IUIIU,KYPEHUEM U TTOCIIe
OKOH-

qaHusi paboThl HEOOXOMMO BBIMBITH PYKH TEIUIOH BOIOH C MBIJIOM.

2.5Perent CAB-3 B3pbeiBoOe3omacHa. He camoBosropaercs . [Ipu BHeceHnn
4
OTKPBITOI'O OTHSI HE TOPUT.

26HpI/I BO3HUKHOBEHHUH I10XKapa IPUMEHAIOT OCHOBHBIE CPECTBA
MOXKapOTYIICHUA: TICHHBIC OTHETYIIHUTECIN ,l'IeCOK,aC6eCTOBBIe oJzesia.

2.7Mecto poO3JiMBa CMa3KH 3aChIIacTCs IIECKOM, C ITOCIEAYIOIIUM €ro yIaJICHUEM
B CIIe[MAJIbBHO OTBEACHHOE MECTO.
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TV 2415-014-00151816-2-2010

3. TPEBOBAHUE OXPAHbBI OKPYKAIOIIEN CPE/IbI

3.1HUcnonp3oBanue pearenta CAB-3 B 3aKpBITHIX TIOMELIEHUIX,0C00€HHO B
YCIOBHSX MOBBIIIEHHBIX Temiepatyp cornacHo TY o 60C tpebyer
5> PeKTUBHOrO (HYHKIIHOHUPOBAHUS IPHTOUHO-BBITSDKHON BEHTHIISILIAH,

obecrieurBaroleil BBIMOJIHEHHE YCTAHOBIEHHBIX 3aKOHOIATEIbHO M’MIHeHUYECKUX
HOPMATHBOB JJIsl BO3/lyXa pabouel 30HbI KOMIIOHEHTOB pEareHTa .

(6)OBYB nosnuaTriena st armocheproro Bosayxa 0.1 mr/ky6.m.(7)ITIAK

pearenta CAB-3 st pei60x03siicTBeHHBIX BotoeMOB 0.75 Mr/iautp,4 Kiace
onacHOCcTU(9),/Isl BOZOEMOB XO3SIHCTBEHHO-OBITOBOIO I10JIb30Ba-

nosip3oBanust 0.3 Mr/matp, 4 kitace onacHOCTH()

(6)OBYB B armoceprom Bozayxe 0.05 mr/ky6.m ,IT/IKB Bozie
peiGoxo3siicTBeHHBIX BojoeMoB 0.01 mr/j,4 Kiracc OracHOCTH

=
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IMPUJIOKEHHUE 6

[ ipgiropdumana 000
. | «bammedyrh-I'eocTpoit
\ Yibumckoe ynpasenme
“OypBEIX PatoT
y 4 JI.J1.Cynranos
2D o i 42000,

>

MHCTPYKU MU

ITo npuMenennIo cMa304Hol U aHTHKOppOo3noHHO# 100aBku CAB-3
JJIst 0YPOBBIX MPOMBIBOYHBIX JKU/IKOCTEH

Paspadorunx OO0 HIIII «Y padypuedre»

Lot
€y

Typosckuii H.II.
Hurmatyaiaun P.I.

Paxmarynimua I'.B.
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COJIEP)KAHUE

4

| Hasznauyenue. O6iacts npuMeHeHus U 0603HaUeHe pearenta CAB-3
2 [Mapamerpsl cmazounoii 1o6askn CAB-3

3 DKcIuTyaTallMOHHBIE OKa3aTeu

4 YxazaHusI 110 9KCIITyaTaluy

5 TpeboBanus GesonacHocTH

6 TpebGoBanust oxpaHbl OKpysKaromIeit Cpeibl

Crp.

N Wn»m o
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B wncTpykimu Ha ocHOoBaHuM PE3YZBTATOB HAaYYHO-HCCIIEN0BATEIBCKUX PaboT
W aHalusa MTOroB JIaDOPATOPHBIX M  OMBITHO-IPOMBIIICHHBIX UCTIBITAHUH
CMa304HOM M aHTHKOPPO3MOHHOM 106aBKku CAB-3 JUIst 6YPOBBIX P OMBIBOYHbIX
xunkocreit (BIDK) nans npasuina ee IPUMEHEHHS IIPH OYPEHHUU CKBAYKUH.

M3110KeHBI CBEIEHUS O (PUBUKO-XMMHIYECKIX CBOMCTBAX, HA3HAYEH UK, 061ACTH
€C TNPUMCHEHUS M JKCIUTyaTallu, B TOM YHCIIE JUIs YCIIOBHUi dKCIUTyaTanuu Ha
Kpaiinem Cesepe.

WucTpykuus npennasnavena s COTPYAHUKOB ympaBieHus OypoBbix paGor,
SAHATRIX  KOHTPOJIEM KavecTBa M [apaMeTpoB BIDK, wumxenepos, OypoBbIx
MacTepos, JabopanTtos o BITK.

Wsrorosutens pearenta CAB-3 OO0 HIIIT «Yhabypuedroy»
000 «XummoTosory
r.Y}a,450024,y1. Llentpanbhas 59,ren.8-347-2819350
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1 HABHAYEHHME. OBJIACTH ITPUMEHEHUW S U OBO3HAUYEHUE
PEATEHTA CAB-3

Cmazounass u antukoppo3uonHast pnob6aska CADb-3 mnpeanasHauena Juis
BBesieHust B BIDK ¢ 1enbio moBbllieHUsT ee aHTHKOPPO3UOHHBIX U CMa304HBIX
CBOMCTB.3aIUTBl OT KOPPO3MU OypOBOro 00OPYIOBaHMSI U IIPEIOTBPALICHUS]
3aTsHKEK U IPUXBATOB IPU OypeHUHU riy0OKUX HAKIIOHHO-HAIPABIEHHBIX CKBAXKUH
Y CKBaYXUH C TOPU30HTAIBHBIM OKOHYAHUEM.

Pearentr CADB-3 npumensiercst mist BBeneHusi B bIDK Ha BoJiHONM ocHOBe
TJIMHUCTBIE, TOJIUMEPIIIMHUCTbIE, TOJIMMEPHBIE, [TOJTUMEPCOJIeBbIE,KPAXMaJIbHbIE, U3
BECTKOBBIE,yTsDKeJIeHHbIe 0e30apuToBbIe Ha OCHOBE (hopMUaTa HaTPUS.

Pearent CAB-3 o6o3nauaercst Ha 60KOBOI MoBepxHOCTH cTaibHON 100 umu 200
JIUTPOBOM  Oouke,MH(OpMalMsl TpUBeJEHA Ha 3TUKeTKe,rje ykazano TV,
MPOU3BOUTEb, Jlata U3rOTOBJICHHUS, Ha3Ha4YeHue, pEKOMeH yeMast
KOHIIEHTpAIHSI.

CoctaB 1 ocHOBHBIE cBoMcTBa pearenta CAB-3

Pearent CAB-3 mpo/tyKT pacTUTEIBHOTO IPOUCXOXKIEHHUS] HA OCHOBE ParicoBOr0
Macia, 9To 3QHUp dPYKOBOH  KUCIOTHI ,He TOKCHUYeH, OropasnaraeM. OCHOBHBIE
napameTphl peareHTa rnpuBeieHsl B Tabaune |

Tabnuna 1

2. IAPAMETPbl CMA3OYHOM JIOBABKM CAB-3

HAUMEHOBAHUE ITOKA3ATEJIS Hopma

1. ITnotHOCTH KI/M’ HE HOPMHUpPYETCs

2. Bsizxkocts nipu 20 C ,cCr He Goee 32

3. 3oabHOCTE B % He 6ouee 0,14
-+ 4.Maccoas nounst Mex. [Tpumeceit % He 6osde 1,0

5. Maccosast 10J1s1 Bojbl, %0, 1
6. CozieprxaHue BoJIOPACTBOPUMBIX

KHCJIOT U IeIouei OTCYT-T
7. MaccoBast 1onist cepsl B % OTCYT-T
8. TemmepaTypa BCIIBIIIKH B 3aKPBITOM THTJIE

B rpagycax C 95

9. remnieparypa 3actbiBanusi B C -25
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3.OKCITIYATALIMOHHBIE [TOKA3ATEJIU
Bimsinne pearenta CAB-3 Ha skcruryatannosnbie coiicta GypoBoro pacrtBopa,
NPUMEHSBIIMHACS  Julsi 006paloTKM KOTOPOIro  HCIIOIB30BAINCH  CIIEAYIOLIHE
pearentbl:- bentonuT — 3%; - Kansuunuposannas coma — 0,2%;- Men — 8%:
- Yauduok — 0,3%;- KMILI — 0,6%;- KCCb - 0,5%;- TIDC-1 - 0,01%.
[Iposenennble nabopaTopHble MCCIEOBAHMS TOKA3AIH, YTO BbIOpaHHast
penenrypa obecrieynBaer cieyolie napaMmeTpbl 6ypoBoro pacTBopa:
- VB (yenosras Bsiskocts) — 50 ¢; - p (mmorHOCT)— 1080 Kr/M3;- TTD (nokasaresn
(unbTpanuu ) —5 cM3/30Mun; - h (TonumHEa MIMHKUCTOM KOPKH )— 1 Mm;
- 01mun / 010muH (cTaTHUECKOE HANPSKEHHE CABUTA pactBopa ) 7/19 Ila;
- pH — 8-10. Ha puc.l IlpuBeaeHsl KpuBBIE, IOKA3BIBAIOIME H3MEHEHHE
KO3 pHULIEHTa TPEHUS TIMHAUCTOH KOPKH NPH BBEJCHHH CMA30YHBIX 10GABOK
CAB-3,0K-2000.
Puc.1 - M3menenus kosunmenta TPEHHUsI TIMHUCTON KOPKH
OT BpeMeHH TIpu 00paboTKe pacTBOpa pasaMYHBIMH 100aBKAMH

Cmazounas jo6aBka CAB-3 cumkaer kosdduiment TpeHus B 1,5-2 pasa.

= i K-2000 (1)

012 L} 4 = L] R

KTK

10 o ® CAB-3 1% i
i@ A
B

4 6 8 13 2 1 1% 1 &0

IKCHODALUNA, MUK
Crenenb 3amMTBI OT KOppO3WM Npu npumeHeHnn 1 %  obvemu. CAB-3

coctasiisieT 94%.
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5.
4.YKA3AHWS T10 OKCIUIYATALIA

Ilpu pabore ¢ pearentom CAB-3 Heo6Xx0mMMMO MOJUIEPIKUBATE COJIepIKaAHNE
ee B BITK Ha yposne 1%,T.e. Ha 100 KyOUYECKHX METPOB PacTBOpa HEOOXOIMMO
Beectd 1000 nuTpoB mim 5 Gouek  BMecTHMOCTHIO 200 TUTPOB. Pearent
BBOZUTCS B LMPKYJISIIMOHHYIO CHCTEMY MOCTENEeHHO M3 pacdeta | wac ma 100
KyOHYECKHX METPOB pacTBOpa.

Ilorepu na miame pearenra CAB-3 na 50% [IPOUCXO/TUT B TEYEHUH MPOXOKH
AonoToM puameTpoM 215,9 mm 300 merpos,100% -600 METPOB,TaKKUM 00pa3zom
qepes  kaxable 150 MeTpoB nmpoxoaku HEOGXOMUMO 10GABIISITE JIOTIOJTHUTETILHO
250 nutpos pearenta Ha 100 kyGoB pactBopa.

5.TPEBOBAHME BE30ITACHOCTHU

5.1 Peareutr CAB-3 ne COZICPIKHUT TOKCUYECKUX BEILLECTB, BIMSIONMX Ha 3/10pOBbe
00CITy)KMBAIOIIETO HepCOHATa. IIpu pabore co CAB-3 Heobxoamumo NPUMEHSTE
WHIMBH/LyallbHBIC CPE/ICTBA 3ALUKMTHI NG TUIIOBBIM OTPACIEBBIM HOpMam.
5.2lpenensHo  momyctumas KOHLICHTpAlMs  MacClsHOIO0 TyMaHa MacjsHON
OCHOBBI CMa3Kh B BO3/yXe paboyeill 30HBI MPOM3BOACTBEHHOTO MIOMEILEHUST He
MOJDKHA IIPEBBIIATE 5 MI/Ky6.M.

5.3I1lpon3BOACTBEHHOE TOMEIEHHE JODKHO GBITH 000py/I0BaHO MPUTSIKHO-
BBITSOKHOM — BeHTHiIsLuMe. OGOpYyNOBAHME JIOIDKHO ObITh 3a3€MJIGHO  OT
CTATHYECKOIO DJICKTPUYECTBA.

5.4JInuam,paboTaroImuM co cMas3Koil [IEpe/I MPUEMOM MHILH, KYPEHHEM U TOCiie
OKOHYaHHs PAOOTHI HEOOXOMMMO BBIMBITH PYKH TEIIOHN BOIOM C MBLIOM.
5.5Perenr CAB-3 B3pbIBOOe3onacHa. He camoBosropaercs. Ilpu BHecenun
OTKPBITOI'O OTHSI HE TOPHT.

5.6ITpu  Bo3HMKHOBeHHH flo)kapa  MPUMEHSIOT ~ OCHOBHBIE  CpeJCTBa
TOXKapOTYIICHHS: IIEHHbIC OTHETYLIUTEIIH, TIECOK, acOeCTOBbIE O/esIa.

5.7MecTo po3nuBa CMa3Ku 3aChITACTCs TIECKOM, C MOCIEYIOUIMM €ro yaaleHueMm
B CIIELIMAJIEHO OTBEIEHHOE MECTO.
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HPUJIOKEHUE 7

;m‘in‘éﬁﬂ, 3 hunuan obuiecrTsa C orpaqueHHoﬂ oTBETCTBEHH

FrEOCTPOWM «SamHed)Tb-l'eOCTpo|7|»
YYBP «Ycumckoe ynpasrneHuve 6ypoBbix pa6ol
JlaGopaTopus aHann3a GYpOBbIX i TAMIIOHAKHBIX PACTBOPOB AtrectaT akkpeaurauuu Ne POCC RU.0001
450024, PO, PB, r. Ya, ya. LienTpanbHas, 4.59 JleficTBUTENEH 110
Ten. (347) 290-98-92, 26-23-771; dakc 290-98-66: Hep1.23-771

Ne 144 or 3 mapra  2010r.
CIHPABKA

Hacrosimasi cnpaBkKa JaHa Paxmatyauunoii  [y3enn BanepbeBHe B
TOM,4TO TPH €€ HeNoCpPeACTBEHHOM Y4acTHH ObLIO MPOBEJEHO HCNbITAHHE
cmazounoii no6aBkn CAB-3 mnpu GypeHuu B 2009 rogy 11 ckBa:KHMH Ha
IUIOIAASX BamKupnu-Bomconclcoi‘l,TpomKunckoﬁ,BoraTOBCKoi‘l B puanane
000 «bamnedrs —Teoctpoii Ydumckoe ynpaieHue GypoBbIX paGoT»,0bL1
10JIydeH NOJIOKHTeIbHbINA TeXHMYECKHii pe3yJbTaT —He ObLI0 3aTsKeK H
NpHXBATOB, OblI MOJy4eH dakTHUeCKHH sxonomuueckuii pdexr 295
(ABECTH JEBSTHOCTO NATD) THICA pyOaei.

CnpaBka JaHa JUisi NpeabsiBjIeHust B Yuenniii CoBer N0 NPHCYKACHHIO
y4enbix creneneii 1 B BAK P®
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