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PEDEPAT
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otnoxenus (ACIIO), uarudurop.

OOBEKTOM HCCIEIOBAaHUS SIBISIOTCA OciokHeHus1, BbI3BaHHBIE ACIIO nHa M
MECTOPOK]ICHUHU.

enp pabotel: komIuiekcHoe o3HakomieHue ¢ ACIIO um cyliecTBYHOIUMH
MeToJaMu OOphOBI C JIaHHBIMH OTJIOKEHUSMU; JETaJbHOE H3YYEHHE METOJIOB,

npuMeHsieMbIx Ha M HeTstHOM MecToposkaeHuu ToMckoil o6nacTH.

B npouecce uccnenoBanusi udyueHol MexaHusm ooOpazoBanus ACIIO u ux
coctaB, meroabl mnpenorBpamenus u ynanenuss ACIIO. IlpousBenen pacuet
nnrepBaina 3aneranua ACIIO B ckBaxxune «H». B pe3ynbTaTe pacueToB yCTaHOBIICHO,

YTO MHTEHCHUBHOE 3ajieranue oopasyrorcsa B uaTepBaie ot 0 1o 1100 meTpos.

O6nactb TnpuUMEHEHHUs: HEPTIHbIE U He(TerasoBble MECTOPOXKICHUS,

MMEIOIINE OCJIOXKHEHUS B BUJIE ac(hambTocMoionapauHOBBIX OTIIOKECHHM.
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BBEJAEHUE

B nedrerazoBoil npoMBIIIIEHHOCTH MPOLECC T00bIYH, cOOpa U MOATOTOBKHU
He(TU OYEHb YaCTO COMPOBOXKAAETCS PA3IMYHBIMU OCIOKHEHUSIMU. OTHUM U3 TaKHX
OCTIOKHEHUH siBNsieTcs: oOpa3zoBaHue acdanbToCcMOIONMapaduHOBBIX  OTJIOKEHUN
(ACIIO). Beimmagenwe NPUBOAUT K CHIDKEHUIO JOOBIYM HEPTH, MPOCTaAUBAHUIO
CKBa)KUH, U3HOCY 000PYI0BaHMsI, SKOHOMUYECKUM MOTEPSIM.

Bopr0y ¢ acdanbrocmononapaduHOBBIMU OTIOKEHUSIMU MPHU T00bIYe HEPTH
BEelyT B JIByX HampaBieHUsiX. Bo-mepBbix, 3T0 NpoduiIaKTHUKAa BO3MOXKHOCTH
OTJIOKEHUU U BO-BTOPBIX, yaaleHue yxe cymectsyromux ACIIO.

B kadectBe mpenymnpexaeHuss oOpa3zoBaHus achanbTocMoonapapuHOBBIX
OTJIOXKCHUM MPUMEHSIOTCA pa3lInyHble XUMHUYECKHE, (QU3UUECKHE U MEXaHUYECKUe
cpeacTBa 00pbObl. D(HPEKTUBHOCTH UCIONB30BaHUSI MeTOA0B 00prObl ¢ ACIIO B
He(dTe100bIBAIOIICH TPOMBIIIUICHHOCTH 3aBUCHUT OT KOMILJIEKCHOT'O TI0JIX0/1a K JAHHOU
npobneme. [ns e€ pemeHuss He0OXOAUMO 3HATH (PU3UKO-XMMHUYECKHE MPOLIECCH U
pu4YrHbI, KOTOpbIE BhI3bIBAIOT ACIIO B pa3nuuHbIX ycioBHsIX. TakKe BaKHO YMEHHE
crporao3upoBaTh 3apaHee BblnageHne ACIIO, TaTenbHO KOHTPOJIMPOBATH H
BOBpEMs MpeaoTBpamiath Bo3MOxHOe ocaxaecHne ACIIO mnpu skcrmyaranuu
ckBakuH. (Ocob0e BHUMAaHHUE JOJKHO YHAENATHCS MPABUILHOMY OMNPEIEICHUIO
HE0OXOMUMBbIX MeTol0B 00prObl ¢  ACIIO, koTOpble TO3BOJSIOT J1OOUTHCS
HanOoJbIed uX 3QPEKTUBHOCTH B PA3JIMYHBIX MPOMBICIIOBBIX YCIOBHSX, HE 3a0bIBAs
PO HIKOHOMHUYECKYIO 11€JIECO00PA3ZHOCTh U TEXHOJIOTMUECKYIO JOCTYITHOCTb.

[enbro maHHOM pabOTHI ABISAETCSA U3YyUYEHHE CYIIECTBYIOIIUX METOI0B OOPHObI
c ACIIO, wmexanu3moMm QopMupoBaHusi M (pakTopamu, BIUSIONIMMU HA HX
oOpa3oBaHue, a TAKKE YBEIMUYCHUE MPOU3BOIUTEILHOCTH CKBAXKUH CYIIECTBYIOIUMU
TEXHOJIOTUYECKHUMH METOJIAMHU.

JUis AOCTM)KEHUS TOCTaBJICHHOW 1€ HEOOXOAMMO PEUIUTh CIEIyIOIIHNe

3aa4H:
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® U3Y4YUTh IPUYUHBI u MEXaHU3M nporecca OTJIOKEHUS
acganbrocMosionapaduHOBBIX BEUIECTB Ha MOBEPXHOCTAX TEXHOJIOTHMYECKOTO
000py10BaHUS;

® BBISIBUTH (haKTOPHI, BiIUsIoNIKE Ha Tipolecc oopazoBanus ACIIO;

® 03HaKOMHTHCS C OCHOBHBIMH MeToaamu 60prObl ¢ ACIIO;

e Tpou3BecTU (UHAHCOBBIN pacyeT ABYX HauOoJee NCIOIb3YEMBIX METOAO0B OOPHObI
¢ ACIIO Ha M HedTIHOM MECTOPOKJIEHUHU U BBISIBUTH HanOosee 3PpGHEeKTUBHBIN ¢
YKOHOMUYECKOUW U TEXHOJIOTHUECKON TOUEK 3PCHHUSI.

[IpakTHdeckass 3HaYUMOCTh JTaHHOW PaboThl OOYCIIOBIEHA BO3MO>KHOCTBHIO
COBEpIICHCTBOBAHUS JlajbHEHIIEH SKCIUTyaTallud MECTOPOKICHHUS B TE€UECHHE BCEIrO
nepuoAa pa3paboTKHU, TaK Kak OT JaHHOTO BBIOOpA 3aBHUCAT MPAKTUYECKH BCE
mapaMeTpsl JIKCIUTyaTaluu, U 4eM J(pQeKTHBHEE METOJ, TeM MEHee 3aTPaTHBIM
CTaHOBUTCS A0OBIYA.

Pesynprarel uccieoBaHUS MOTYT OBITH HCIIOJNIB30BAaHBI KAaK B HAy4HOM
NEeSATEIbHOCTH, TaK M B TNPAKTUYECKOH, HAMpuMep, Ha HePTeA00BIBAIOLIUX

MPEANPUATHAX.
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1 COCTAB U METO/JbI HPEAOTBPALLIEHUS, YIAJIEHUSA
ACPAJIBTOCMOJIONAPA®UHOBBIX OTJIOKEHUI

1.1 Bsenenue B npodseMy OTJIOKeHUI napaguHOB, cMOJ M achalbTEHOB

[Ipobnema o6OpazoBanus ACIIO Ha NOBEPXHOCTAX BHYTPUCKBAKUHHOTO
Oo0Opy/OBaHUSI ¥  TPOMBICIAOBBIX  TPAHCIOPTHBIX  KOMMYHHKAIlMil  MpuU
MEXaHU3UPOBAHHOW JOOBIYE HEPTH HA BCEX CTAIUAX pa3pabOTKU MECTOPOKICHUM
SBJIICTCSI HA CETONHSIIHUN JeHh HamboJjiee OCTpoH, Hambojiee EeMKOW B IUIaHEe
MatepuanbHbix 3aTpar. Bpen or ACIIO npuBoaut k nopye HepTeA0OBIBAIOIIETO

060py,Z[0BaHHH, 3aTPpyAHACT U 3aMCIJIACT IIO6BI‘-Iy He(bTI/I, 3arpA3SHAIOT CKBA’)KHUHBI.

1.2 CocraB u cBoiicTBa acaabTocMoonapaguHoB

AcdanbrocmononapapunoBeie  omioxkenus — (ACIIO)  moxoxu  Ha
TEMHOKOPUYHEBYIO WM YEPHYIO TBEPAYIO T'YCTYI0 Ma3eo0pa3HyH MacCy BBICOKOM
BA3KOCTU. OHU NMPEACTaBISAIOT COO0H CIOKHYIO YIIIEBOAOPOIHYIO CMECH, COCTOSIIIYIO
u3 napadunos (20-70% macc.), achanbrocmonuctoix BemecTB (ACB) (20-40% macc.),
CUJIMKAreJIeBOM CMOJIbI, Macel, BOJbl U MEXaHUYECKUX MPUMECEH.

[TapaduHbl — cMech yIiieBOJOPOAOB, OTHOCSIIUECS K TOMOJIOTHYECKOMY Py
MeTaHa U uMmeronme oo6myw dopmyny CnhHonto. IlapaduHoBbIe yriieBOAOpPOABI B
3aBUCUMOCTH OT ()PAKLIMOHHOTO COCTaBa, TEMIIEPATYP TUIABJICHUS U KPUCTAIUTMYECKOM
CTPYKTYPBI JACNITCS Ha KUIKHE (ty; HUKE 27°C), TBepabie (ty; ot 28 mo 60-70°C) u
MHUKPOKPHUCTATUTMIECKUE — TEPE3UHBI (typume 60-80°C).

Kunkue mapaguHbl TPEICTABISIOT CO00M B OCHOBHOM H-aJIKAHBI C YHCIIOM
aToMOB yriiepoaa B Mosekyse oT Cg 10 Cos, OHU BBIKMIIAIOT B UHTEPBAJIE TEMIIEPATYP
or 180 mo360-370°C. K TBepabiM mapaguHaM OTHOCATCS H-aJKaHbl C YHUCJIOM
aToMOB yriiepona B Mosiekyne oT Cpo 10 Cao, BbeikMmatomume B npexaenax 300-

550°C. Teepabie napaduHbl, TOJy4aeMble U3 JUCTUIUISITHOTO CBIPbS, 11€71eC000pa3Ho
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pazienuTh Ha  HU3KOIUIABKUE (t; 28-45°C),  cpemnernaBkue  (t,,  45-60°C)
U BBICOKOIUIaBKHE (ty, BhiIe 60°C). Bce Tpu kateropuu TBepAbIX MapadUHOB
XapaKTEPU3YIOTCS KPYITHOKPHCTAIUTHUECKON CTPpYKTYpoH [1].

[lo cymecTByIOIIEe HOMEHKIATYpE TBEPAbIC YTIIIEBOJOPOAbl HEPTH NEsAT Ha
napaduHbl U Hepe3uHbl. Takoe AeeHue OCHOBAHO Ha Pa3JInYMM UX KPUCTAIIINYECKON
CTPYKTYpBI, XUMHUYECKHX | (pu3NUeCKuX CBOMCTB. [Ipu omuHakoBoil Temmeparype
TUTaBIICHUS HEPE3UHBI OTIUYAIOTCS oT
napaduHOB OOJIbIIEH MOJIEKYIISIPHON MACCOM, MIOTHOCTHIO U BSI3KOCTHIO.

Muxkpokpucrauinyeckue napagunbl (Lepe3uHbl) TPEACTABIAIOT CcO00M
TBEp/AbIE  YIJIEBOJOPOJbl  (PUCYHOK 1), BbIAENIEHHBIE IJIaBHBIM 00pa3oM U3

OCTaTOYHBIX MPOAYKTOB U KUIISILKE MpU Temneparypax Boiuie 450°C.

Pucynok 1 — [lepe3unbl

Knaccuduiupyrot Hedth 10 coneprxanunto napadunos (FOCT 11851-85)
Ha:
e wmanonapadunonsie <1,5% macc.;
e mapadunossie 1,5-6% macc.;

e BbICOKOMNapapuHOBBIE™> 6% Macc.
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CMonbl  TIPenCTaBsIIOT €000 BBICOKOMOJIEKYJISIPHBIE — T€T€pPOATOMHBIE
COCUHEHHsI, KOTOpbhIE MOJEKYIIpHO AucrneprupoBansl B Hedtu. Hambonee
XapaKTEpHbI 3aMECTUTENIM B LUKIAX — AJKWIbHbBIC, aJKEHUJIbHbIC, KapOOHUJIbHBIE,
KapOOKCUIIbHBIC, THAPOKCUIILHBIC, CYIb(UIHBIC, MEPKAIITAHOBBIE 1 AMUHOTPYTITIHL.
DTO KHUJIKOCTU WIH TJIACTUYECKUE BEIIecTBa OypOro WM YEPHOIO I[BETA C BHICOKOU
IJIOTHOCTBIO M BS3KOCTBIO, MOJIEKyJsipHas Macca coctasisier ot 450 mo 1500;
TeMIepaTrypa pa3msrdeHus B uHepTHON atmocdepe 35-90°C. IlnotHOCTh O6iM3Ka K
eaunHuile. PacTBopsitoTcst B MpenesibHbIX U apOMaTUYeCKUX yrieBojoponax. Ilpu
BBICOKMX TEMIIepaTypax MOTYT MPEBPATUTHCS BO «BTOpUYHBIC» achaibreHbl. Ha
pucyHke 3.2 M300pa)K€Hbl NPUMEPBl XUMUYECKOro CTpoeHus OuTyMuHouaHbIx (I)
HerTpanbHbiX U (II) kucipx cmo.

OH
1

A \. r N\ / N\ / /
NAVA N\ l
|~ 1O ) A D
N N

WA AN AR \ \,
FL WL WL W // VN

R T 4 |

Pucynok 2 — CtpoeHune cmoi

AcdanbTeHbl — HanboJiee BLICOKOMOJICKYJIIPHbIE COSIMHEHHS, B CTAHJAPTHBIX
YCIIOBUSIX MPEACTABISIOT COOOM MOPOIIKOOOpa3HbIE BEIIECTBA YEPHOTO IIBETA C
MosekysipHoit Maccoit ot 1500 1o 10000. Uem Gobliie pacTBOPEHHBIX ac(halbTeHOB
B IJIACTOBOM HEe(PTH, TeM OO0JIbIIE BA3KOCTh HePTH. SIBISIIOTCS Hanboee TyTroriaBKon
U MaJOpacTBOPUMOM YaCThIO OTJIOKEHUN KOMIIOHEHTOB HedTu. PacTBopsroTcs B
apOMaTUYECKHUX YTIIEBOJOPOAaX, XJopoopMe U cepoyriiepose, HE PacTBOPUMBI B
napaduHOBBIX YIJIEBOJIOPOaX, ciupTe, adupe, anerone. Copepkanue acpaibTeHOB B
HedTax koaeodmercs ot 1 10 20%. DnementHsiii coctas (%): C (80-86) H (7-9), O, (2-
10), S (0,5-9), N2 (n0 2); B MHUKPOKOJIMYECTBAX MPUCYTCTBYIOT A%
u Ni (cymmapnoe cogepxanue 0,01-0,2%),  »xeme3o,  KalblMi,  MarHui U
JIp. METaJLJIbI, BXOJISIIIIME B COCTaB  METAJUIOKOMIUIEKCHBIX coequHeHnii. B coctaB
MOJIEKYJIbl achaabTeHOB BXOIAT (PparMeHThl TeTEPOIUKINYECKUX, AIUKIMYECKUX,

KOHJEHCUPOBAHHBIX YTJIEBOJIOPOJIOB, COCTOSIIIINE u3 5-8 I[UKJIOB.
14



KpynHsie hparMeHThl MOJIEKYJI CBSI3aHbl MEXKIY COO0OM MOCTHKaMH, COJEp KallluMU
METUJICHOBBIE  TPYIIIBI U reTepoatoMbl. Hanbosee xapakTepHble  3aMECTHTENIH B
OUKJIaX -  QIKWiIbl C  HEOOJBIIUM KOJMYECTBOM B YTIEPOJIHBIX aTOMaX U
GyHKUMOHATIBHBIE  TPYIIbI,  HampuMep,  KapOOHWIbHas,  KapOOKCHIJIbHAs,
MepkarnrtaHoBas [1].

AcanpTeHbl CKIIOHHBI K aCCOLMAIMU C OOpa30BaHMEM HAIMOJIEKYJSIPHBIX

CTPYKTYP, PEACTABIIIOMNX COOOM CTOIKY IIOCKHX MoJIeKy (PrucyHok 3).
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Pucynoxk 3 — Crpoenue acdanbTeHOB

CymectBennyto posib B ¢dopmupoBanun ACIIO Bnuser rinyOunHa, 1€
MPOUCXOJAT OTJIOKEHHsS. Pe3ynapTaTbl MCCIEAOBAaHUW  IMOKA3bIBAIOT, UTO C
yBenuuenrem riayounsl B ACIO yBennunBaeTcst KOTUYECTBO ac(haibTeHOCMOIMCTHIX
BEIIECTB, a Hanmuuue mnapapuHOoB yMeHblnaerca. C yMEHbIIEHWEM TIIyOWHBI
OTJIOXKEHHM HAOI0OJAeTCsl CHUKEHHUE CoJiepKaHus ac(haIbTEHOCMOJIMCTHIX BEIIECTB U
ac(hanbTo-cCMOJO-TIapa)MHOBBIX  OTJIOXKEHUI. B 3aBUCUMOCTH OT coJlepKaHus
pasnuusbIX rpyni coequaennit ACIIO nensaT Ha Tpu kiacca:

e  achanbTeHOBBIHN (Chapagumo-naprenos/ (CacpamrenostCovon))<1;

1 HapafI)HHOBBIfI (Cl'[a‘pa(bI/IHO-Ha(bTeHOB/(CaC(baHbTeHOB+CCMOH))>1;

. CMEIIaHHBIN ( Cnapaq)HHo-Haq)TeHOB/ (Cacq)aaneHOB+CCM0n)):1,
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rae C — konuentpanus Bemects B ACIIO B % macc.;

C — xonnentpanus BemectB B ACITO B % macc. [1].

1.3 Mexanu3M (popMHPOBAHUS OTJIOKEHUI

COBOKYITHOCTh TIPOLIECCOB, KOTOpPHIE MNPHUBOAAT K CKOIUIEHUIO TBEPIOrO
OpPraHUYECKOT0 BELIECTBA HA MOBEPXHOCTAX PA3IUYHOTO OOOpY/IOBAaHUS, HA3bIBAIOT
MexaHu3MoM mapapuHuzanuu. OtinoxkeHuss o0pa3yrloTcs MO JBYM MPUHIUIAM:
MPOUCXOJIUT IIPUITUIIAHUEY YK€ 00PAa30BaHHBIX B IOTOKAX TBEP/BIX COCAUHEHUN HIIN
HENOCPEICTBEHHO Ha 000PYAOBAHUM BO3HUKAIOT U PACTYT KPUCTAJLIBI.

Yactuipl napaduHa MOTYT 3aKpENUTHCA Ha 000PYAOBaHUM IIPH YCIOBUH, YTO
W3HAYaJIbHO OHU 3aCTPSHYT Ha HEM IO MEXAHWYECKUM IPUYMHAM, TaAK BEPOSATHOCTH
TOr0, YTO YacCTHIbl NapaduHa 3aKpemnsTcs Ha OOOpPYJOBaHMM INpPHU YCIOBHH, YTO
CKBaKMHA JEHUCTBYIOIIAs, KpallHE MaJa.

K mpoueccam, nporekaromuM MpU TpaHCHOPTE HEePTHU MO TpydaM MOKHO
OTHECTH [BI)KEHHE HE(PTHU MO TpyOe M KOHTAKT C XOJOJHOM IMOBEPXHOCTHIO M3
MeTayia. Bo3HHMKarOUMil mpu 3TOM TpajMeHT Temmeparyp OyAeT HalpaBieH
NEPHEHANKYJIIPHO XOJIOHOM IIOBEPXHOCTH K LEHTPAJIbHOM 4YacTHM IOTOKA.
Temnepatypa HeTH CHMXKAeTCs M3-3a TypOynM3aluuu IOTOKa, W JBa Mpolecca
IIPOTEKAIOT IIPU 3TOM NapaJIENBbHO:

® BBIJCISIOTCSA KPUCTAJUIBI N-AJIKAHOB HA OXJIAXJACHHOW MOBEPXHOCTH;
® KPHUCTAJUIM3YIOTCS N-aJIKaHbl B 00beMax He(PTH.

Ha npakTrke Ba)KHO HE caMO SIBJICHUE BbIJI€JICHUs Mapa(HuHOB, a TO, UYTO OHU
OTKJIQ[IbIBAIOTCSI Ha TMOBEPXHOCTAX Tpyd M  oOopynoBaHus (HaIlpaBlICHUE
COOTBETCTBYET HaIlpaBieHUIO Temonepenayn). OHU MOTyT OTKJIAIbIBaThCAd MpHU
COOJIIOICHUN HEKOTOPBIX YCIOBHIl: MPUCYTCTBUU B COCTaBE BBICOKOMOJIEKYJISPHBIX
yriaeBo1opoaoB (YB), ocobeHHO MeTaHOBOro psiia; MOHMKEHHUS TEeMIEpaTypbl 10
M(dpbl, COOTBETCTBYIOUIEH TeMIepaType BbIAEIEHUs TBEpAOH (pa3bl; MPUCYTCTBUU

MOJIJIOKKH C MEHBIIEH TeMIiepaTypoi, Ha Heil Oy1yT KpucTau3oBatbes Y B u ¢ Helt
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OHM TaK MpoyHO cuemisitorcsa, uyto oTpbiB ACIIO mpu TakoM pexume TOOBIYU
PaKTUYECKU UCKITFOUAETCS.

HccnenoBaHus B HalleM BEKE IOKA3ald, YTO NIpsMasl CBSI3b OTCYTCTBYET
MEXIy NPOLEHTOM cojAepxaHus mapaduHa B HEPTH U HHTEHCUBHOCTBIO €ro
BBINA/ICHUS U OTJIOKEHUA. Takoe OTCYTCTBHE MOYKHO OOBSICHUTH TEM, YTO MapauHbl
UMEIOT CYIIECTBEHHO pa3HbIil COCTaB, a €ClIM ObITh TOYHBIM, TO pa3nyacTcs
COOTHOIIIEHHE apOMaTUYECKHE-Ha(PTEHOBbIE-METAHOBBIE COEIWHEHHS I BBICOKO
MOJIEKYJISIpHOM yacth YB, KoTopoe O0OBIYHO TMpU CTaHJAPTHBIX METOAAaxX
uccienoBanuii Heptu He onpeaensaoT. Ho ydeHsIMU J0Ka3aHO, YTO KaK pa3-TaKu 3TH
pasznuyus B KOMIIOHEHTaX TBEPAbIX YB MMEHHO M mpeaonpeaensroT 0COOEHHOCTU
oOpa3oBaHMsl OTJOXKeHUN mapapuHa. Yem Oosblne pa3BETBICHHBIX CTPYKTYP
(apomaTuyeckue, HaTEHOBBIC, a TAKXKE H30-aJKAHbI), TEM MEHbIIE MNPOYHOCThH
OTJIOKEHUH napaduHa, Tak Kak COEAMHEHUS TaKOro THUIA HMMEIOT YBEIMYEHHYIO
CHOCOOHOCTh yAEpKHBaTh KpUCTaLIaMU JKUJKHE Macchl. YB MeraHoBoro psna,
HAa000POT, JIETKO OTHAEISAIOTCS OT PACTBOpA C MOSBJIEHHEM IUJIOTHOM CTPYKTYyphl. U3
BCETO 3TOT0 CIEAYET, YTO KPUCTAJUIMYECKHE OTJIOKEHUS, MMEIOIIUE PBIXJIOE WIIN
MOJIY)KHJKOE COCTOSIHHE, MOKHO CPAaBHHUTENIBHO JIETKO OTAEIUTh MOTOKOM >KHJIKOCTU
OpU HKCIUTyaTalluM CKBa)KHUHBI, IPU ATOM HE OYyJIeT HUKAKUX OCIOXKHEHUH, HY U
00paTHO, CUJIbHBIE U TUIOTHBIE OTJIOKEHUSI, KOTOPbIE CPOPMUPOBAHBI B OCHOBHOM N-
allkaHaMu, OyJyT CO3/1aBaTh BECOMBIE OCIIOKHEHHMS, Il UX JIMKBUJALUMU TpeOyeTcs

MHOT0 JICHeT U Tpyja [2].

1.4 ®axkTopsl, BAMSONIHE HA 00pa30BaHUE OTJI0KEeHHI

Ha o6pazoBanue ACIIO oka3bIBalOT CYIIECTBEHHOE BIIUSIHUE:

1) HapylleHHe TUAPOJMHAMHYCCKOTO paBHOBecHs (JIroMaa 3a CyeT
CHIDKEHHS 3a00HOTO JaBJICHUS,

2) 0OBOJHEHHOCTbH HE(TH;

3) HHTEHCHBHOE ra30BBIICICHHE;

4)  cocTaB yIJIeBOJOPOIHOTO B KaXKI0H (pa3e cMecH;
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5) cocTosiHUE TTOBEPXHOCTH TPYO;

6) CKOpPOCTHOU peXHM TeUeHUs (IIFOH/A;

7)  yMeHbIIICHUE TEMIICpaTyphl B IJIACTE U CTBOJIC CKBAXKHHE.

PaBHOBECHOE COCTOSIHUE CUCTEMBI HAPYIIAETCs, KOTJa JaBJICHUE HACHITIICHUS
HedTU ra3oM OoJibliie 3a00MHOT0 AaBICHUS, U TOTA MPOUCXOAUT MOBBIIICHHE 00beMa
ra3oBoil ¢aspl, a xuakas (a3za CTaHOBUTCA HEYCTOMYMBOWM, YTO NPUBOJUT K
BbITIaZIcHUIO mapaduHOB. Takoe cOCTOSTHHE MOXKET OBITh HAPYIIICHO KaK B CKBOXKHHE,
TaK ¥ B IJIACTE — BBIMAJICHUE BO3MOXHO, KaK B CKBa)KHHE, TaK U B 1uiacte [3].

KonudecTBo 1 xapakTep OTJIOKEHUI HE MOTYT OBITh TOCTOSTHHBIMU M3-3a TOTO,
YTO BCE BBINICNIEPEUNCICHHBIC (HAaKTOPhI M3MEHSIOTCS HEMPEPBIBHO OT TPAaHHI] K
HEHTPAIbHONW O00JIACTH CKBXXHHBI B MPU3a00MHOM 30HE IJIacTa, a B CKBAKUHE
MEHSIIOTCSI OT 320051 K YCThIO.

Mecra, r/1€ OTKIAIBIBAIOTCA OTJIOXKEHHUS, MOTYT HaXOJUThCS Ha Pa3HBIX
riryorHax. OOBIYHO ATO 3aBUCHUT OT PEXHMMa, MO KOTOPOMY paboTaer ckBakuHa. K
YCIIOBHSIM, KOTOPBIE CIIOCOOCTBYIOT (POPMHPOBAHUIO OTJIOKEHUH, MOXHO OTHECTH
MOHIKEHHE TeMIIepaTyphbl U JaBJICHUS, Mpolecc pasrazupoanus Hedtu. Kak dakr,
CIIOCOOHOCTh He(PTEeH K PaCTBOPEHUIO OTHOCHTEIBHO MapapuHOB MOHMKAETCS BCIC]
3a CHW)KECHHEM TEeMIIepaTypbl U pa3ra3upoBaHueM He(pTH, HO OOJbIIee BIUSHUC
OKa3bIBaeT MMEHHO Temreparypa. Ha WHTEHCHBHOCTH TeIUIONEpeaauu BIUSET
pa3HUIIA TEMITEPATYPhl KUIKOCTH W MTOPOIBI, OKPYKAIOIICH Ha 3aJaHHOW TIIyOMHE H
TEIJIONPOBOJHOCTD KOJIBIIEBOTO PACCTOSIHHS MEXKIY DKCIUTyaTallMOHHON KOJIOHHOU U
NOJTbeMHBIMH TpyOamu [4].

Pe3epByapbl mMyHKTOB cOOpa Ha TPOMBICIIC, BBIKHIHBIC JIMHUM CKBA)KWH,
MOJIbEMHBIE KOJIOHHBI, CKBA)KMHHBIE HACOCHI SIBIISIIOTCSI OCHOBHBIMH ITyHKTaMHU
HaKoIIeHUs acanrbTocMoonapadnHOBBIX OTI0KECHHM, KaK TMTOKa3bIBACT IPAKTHUKA HA
npombiciiax A00brdyun HeTH. OCOOCHHO CHJIBHO OTJIOKEHHUS TMPOSBISIOTCS Ha
MOABEMHBIX TpPyOaxX CKBaXXWHBI (HAa BHYTPEHHHUX ITOBEPXHOCTSAX). 3WMOM, KOrna
pasHHMIIA TEMIEPaTyp MEXAY BO3AYXOM | TIOTOKOM Ta30HE(PTIHOM CMecH

yBeInyuBaeTcs, ycunubaercst oopazoBanue ACIIO B BBIKUIHON JTHUHUU.
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[Ipyn yBenMYeHHWH CKOPOCTH MBIKEHUS MOTOKa OOpa30BaHUE OTIOXKEHHI
CHayajla BO3pAcTaeT. DTO MOXKHO OOBSCHUTH TEM, YTO TYpPOYJEHTHOCTh MOTOKa
HOBBILIAETCS, @ 3HAUUT U YBEJIMYUBACTCS YACTOTA MOSABICHUS U OTPbIBA IIy3bIPHKOB HA
noBepxHocTsAX TpyO (draotupyror B3Bemennble uactuipl ACIIO). Ho Taxke
Ha0JII0JaeTCs pe3KOE YMEHBIIEHUE KOJIMYECTBA OTJIOKEHUH Ha uHTepBaiax 0-50 M ot
yCTbsl, TaK KaK MOTOK OoTpbIBaeT HeKoTopyto yacTb ACIIO ot cteHku TpyOBl, a Takxke
MOTOK Ha OOJIBIIUX CKOPOCTAX OKa3bIBAETCA 00JIee CTOMKUM K Mepernany TeMneparyp,
OH MEHBUIE OXJAXIaeTcs, M O3TO TAaKKE€ YMEHBIIAET CKOpPOCTh 0O0pa30BaHUs
acdampTocMoJIonapaGUHOBBIX OTIIOKCHHM.

Beinenenuto mapaduHa u3 HepTH B TBEPJAOE BEIIECTBO TAKXE IMOMOTaer
LIEPOXOBATOCTh CTEHKH W IPUCYTCTBUE TBEPABIX IPUMECEN B CUCTEME.

Takxke BIHMSHHUE KpOME BBIIICIEPEYUCICHHBIX (DAKTOPOB MOTYT J1aBaTh
OOBOJIHEHHOCTh CMecHM U 3HadeHue pH 11acToBoil BOABI HAa HHTEHCHUBHOCTH
oOpa3oBaHMsi mNapa@uHOB B TPyOONpOBOAAX MpH TpaHCHOPTE OOBOJHEHHOM
IPOIYKUHH, HO 3TO BIAMSHUE OOBIYHO Pa3HOE I Pa3IUYHBIX MECTOPOXKACHHUMI, OHO
HEOIHO3HAYHO [5].

[Iporno3 npo¢uns oOpa3oBaHUs MO COCTaBy ac(haabTOCMOJIONAapAPUHOBBIX
BEILECTB TPOU3BOAAT MO HUKEITPUBEIECHHON ITOCIEN0BATEIBHOCTH:

1. Ot6op mpeactaBUTENbHBIX MPOO acdanbrocMononapadhuHOBBIX OTIOKEHUN Ha
YCThE WM BBIKUAHOW JTMHUU C MPUMEHEHHEM YCThEBBIX KaTYIIEK.

2. AHanmu3 cocTaBa OTJIOXEHHM, a IMEHHO, OIIPEICIICHHE MAaCCOBOTO COACPKAHUS
ac(hanbTEHOB U TBEP/IbIX Mapa(pUHOB C TOMOILBIO OOLIENPUHATHIX CTAHJAPTHBIX
METO/IOB.

3. TlporHo3 mnpoduis OTIOKEHUH 10 OTHOUIEHHIO MAacCOBOTO COAEpKaHMS
ac(hanbTEHOB K MaCCOBOMY COJEPKaHUIO Mapa(HrHOB;

4. Tlpu HeoOXOOUMOCTH TOATBEP)KICHHE PE3yJIbTaTOB MPOTHO3a MOCPEICTBOM
CHATHUS PO IS OTIOKEeHUH TTpu noabemax kosioHH HKT mist pemonTa. Huke

npeacTaBiieH 00001eHHbIN Tpoduis (PucyHok 4).
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Pucynoxk 4 — CBoOoaHBIN PO ITH OTIOXKEHUHN achanbrocMoionapaduHOBBIX

BCIICCTB

1.5 BausiHMe XMMMYeCKOro cOCTaBa He)TH HA OTJIOKEHHUS

achanbTocmosionapaguHOBBIX BelIeCTB

Otnoxenus, cHOPMHUPOBABIIMECS B PA3NIMUYHBIX CKBaXUHAX, OYyIyT
OTIIMYATHCS IPYT OT Ipyra B XUMUYECKOM TUIaHE. ITO 3aBUCUT OT KOMIIOHEHTHOTO Y B
coctaBa He(TH, TOOBIBAEMON Ha JaHHBIX CKBakuHaX. CylIiecTByeT 3aKOHOMEPHOCTb,
KOoTOpasi paboTaeT Bceraa: coaepkanue acaibTOCMOIUCTON 1 MapapuHOBOM YacTen
OyneT oOpaTHO TMPOIMOPIIMOHAIBHBIMU: YeM MEHBIIE COJIep)KaHue MapaduHa, TeM
Oomnpiie  acanbTO-CMOJIMCTHIX KOMIIOHEHTOB, W 3TO OyIeT B CBOI OdYepelb
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OTIPEAETATHCS B cOCTaBe HEPTH. DTO OOBACHAETCS TEM, UTO HAOJIOIaeTCsl B3aUMHOE
BIMsIHUE ac(aibTEHOB, CMOJ U MapauHOB APYr HA ApPyra B TO BpeMs, KOT/Ia OHHU
HAXOJATCA B HEPTH 10 00pa30BaHUSI OTIOKEHUH.

OKCHepUMEHTBl M TPAKTHUYECKHUE HCCIEAOBAaHUS TOKa3bIBAIOT, UTO JO
BbIJICJICHUS MTapa(UHOB HA TOBEPXHOCTSAX 000OPYIOBAHUS CKBAXKUHBI €70 KPUCTAILIIBI
peoOpa3oBbIBAIOT CBOIO CTPYKTYPY TaK, YTO MPU COCAMHEHHH MEXIy COO00H OHHU
00OpYIYIOT PELIETKY M0 THITY IIUPOKO JEHTHI. AIre3MOHHbBIE TapaMeTphl MapadrHa
TaKUM 00pa3oM YCUIJIMBAIOTCS B 3HAUUTEILHOE KOJIMYECTBO Pa3, U €ro «IPUITUTIAHUE
K MMOBEPXHOCTH CTAHOBUTCS 3HAYUTEILHO JIETYe.

Ho ecnu B HedTu comepxutcs AOCTaTOYHO MHOTO acdanbTeHoB (0T 4%),
HAYMHAET CKA3bIBAThCS UX JICTIPECCOPHOE JACHCTBUE. DTH BEUIECTBA CMOTYT BBICTYIIATh
B POJU 3apOJIBIINIEBBIX LEHTPOB. OOpasyeTcss TouedyHas CTPYKTypa B MpoIecce
COKPUCTAITU3AINY TapaPUHOB C AIKWUIIbHOM 1IETIbI0, U 00pa30BaHMs TaKOW CIUIOIIHON
pemetkn He Oynmer. [lpm Takux mporeccax mapadUHOBBIE  MOJIEKYJIBI
nepepacipeeNIOTCs CPEAN BCEX MENIKHUX IIEHTPOB, M TOTa MapaduH BbIIETISETCS Ha
MOBEPXHOCTH C rOpPa3/l0 MEHbIIEH HHTEHCUBHOCTBIO.

CMonucThIe BElecTBa N3-3a CBOETO CTPOCHHSI TOMOTAIOT MOSIBJICHUIO YCIIOBHMA
JUTsl 00pa30BaHus JIEHTOYHBIX CTPYKTYP KPUCTALUIOB MapadyMHOB U UX CIEIUICHUIO C
MOBEPXHOCTHIO. Takke OHU SIBISIOTCS OapbepoM i BO3ACHCTBUS ac(halibTeHOB HA
napaduHbl, TPOUCXOIUT HeUTpanuzainus. CMoibl, MOAOOHO acdaibTeHAM, UMEIOT
BIIUSIHUE HA TEMIIEpaTypy HACHIIICHUsS] HEPTH apapuHaMU, HO BIMSTHUE TTPOUCXOIUT
MPOTUBOIOJIOKHO: YeM 0O0JIbIlIe CMOJI B HEPTH, TEM OOJIbIlIe BO3pacTaeT TeMIlepaTypa
HaChIILIEHUs (K TpHUMEpYy, €CIM KOJUYECTBO CMOJbI yBenuuutcsa ot 12 nmo 30
MPOIIEHTOB, TO TEMIIEPATypa HACHILLIEHHs Bo3pacTeT ¢ 22 1o 43 rpaaycos Llenbcus ).

CymecTByeT mpsiMas 3aBHCHUMOCTh MEXIy TEMIEpaTypol HACHIIICHUS
napaduHaMy ¥ MAaCCOBOM KOHIIEHTPAIIUU CMOJIBI, a TAKXKe 00paTHas 3aBUCUMOCTb OT
KOHIIEHTpaIuu achaabTEHOBBIX YaCTHII.

Tak, nporneccbl oOpazoBanus napaguHOB OyIyT 3aBUCETh OT COOTHOILICHUS
acharbTEeHOB W CMOJ B cocTaBe HedTH. [Ipy moBBIIEHHH MapaMeTpa

ac(habTeHBI/CMOJIBI TEMIIEpaTypa HACHIIMICHUS HEDTHU MONACT BHU3 — CTAOMIIM3AIIUS
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ac(haJbTEHOBBIX acCOMATOB B HEPTH OyAEeT yMEHBINATHCS HM3-3a HEJOCTATOYHOCTU
KOMIIOHEHTOB JUIsl cTa0uiu3aiuu  (CMOJd), M 3TO NPUBOAUT K TMOHMKEHUIO
TEMIIepaTypbl HACBIIICHUS, AacCOLMAThl TOMABIISIIOT MPOILECC KPUCTAILTU3AINU
napaguHoB Takod HedTH, mapa@uHBI HE OTKJIAABIBAIOTCS, a MPH MAaJCHBKHUX
3HAYEHHUAX OTHOIICHUS ac(haIbTeHbI/CMOJIBI BCE HA00OPOT, NOBBILIAETCS TEMIIEPATYPa
HACBIIIEHUs], mapaduHbl 0€3 MPEnATCTBUM BBIIEISAIOTCS U3 HeTel, achanbTeHOBBIC

MOJIEKYJIbI HE MOTYT OKa3bIBaTh BIUSHUE Ha 0Opa3oBaHue napaduHos. [4]
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2 METOIbI BOPbBbI C

ACDOAIIBTOCMOJJIOMAPA®NHOBBIMH OTJOXEHUAMUA

2.1 Metoabl 60psobI ¢ ACIIO

boprba ¢ achamprocmonionapauHOBBIMU — OTJIOKCHHSIMHU WMEET JIBa
HAMpaBJICHUSA, KaXJAOMY M3 HHUX COOTBETCTBYIOT OIpECICHHBIC BHIBI paloT.

CrtpykTypa npeAcTaBieHa Ha PUCYHKE 5.

Metoast 6opsosr ¢ ACIIO
IIpeaynpexaenue Yaanenne
Hcnoaw3osaHne XuaMHaYecKHe TenaoBsie XuMHEYecKHe
rJIaJKHX NOKPBLITHH
y v
Pduzageckue MexanageckHe

Pucynok 5 — Knaccuduxanus meronos 60ps0s1 ¢ ACITO

[lepBoe HampaBieHre — ATO MPEAYNPEKICHUE WIH 3aMeIsieHne 00pa30BaHUs
ACIIO. K >TuM MeponpuATHsIM MOXXHO OTHECTH TJIaJIKue (3alllUTHBIC) MOKPBITHS,
XHMHUYECKHUE METO/Ibl (mpuMeHeHue MOIU(DHUKATOPOB, JIETIPECCaTOPOB,
JMCIIEpraTopoB, a TakXKe€ CMayuBalOIIUME BEIIeCTBa), (DU3NUECKUE METOJIbI
(BO3ZIEUCTBUE DJICKTPUYECKUMHU M DJIEKTPOMATHUTHBIMHM TOJISIMH, YJIBTPA3BYKOM,
BuOparusiMu). Bropoe HampaBiieHWe — 3TO yJaJIeHHE OTIOXKECHHM. 37eCh MOXKHO
paccMaTpuBaTh TEIJIOBBIE METOJIbI (peareHThl, MPUBOISIIME K SK30TEPMUUYECKUM
peaKuusIM, MHIYKIHOHHBIN HATPEB, AIEKTPOIIEYH, OCTPBIN Iap, MPOMBIBAHHUE rOpsYEH
BOJIOM wiaM HedThIO Ui Tepefadyu Tersia), MEXaHW4YeCKHe METOAbl (CKpeOKu-
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IEHTPATOPhI, & TaKXKe OOBIYHBIC CKPEOKH), XUMUYECKHE METOAbl (yIaauTeNd Hu
pPacTBOPUTEIIN).

Ha mnpakThke JaBHO yCTaHOBJIEHO, 4YTO caMbiM 3(G(EKTUBHBIM Oyner
MPEAYNPEKICHUE CMOJUCTHIX W TapapUHOBBIX BEMIECTB, MOTOMY YTO TPHU 3TOM
MO>KHO JOCTUTHYTh HauOoJiee yCTOWYMBON U Oe3aBapuitHON paboThl 000pYyI0BaHUSA,
MOHM)KAETCS] CTOUMOCTh JOOBIUU U NTEPEKayKu HEPTH.

B nedrenoObIBaromieil mpoMBIIIUIEHHOCTH HauOOJee aKTUBHO HMCIIONb3YIOTCS
HECKOJIbKO M3BECTHBIX U YaCTO MPUMEHSIEMbBIX METOJ0B OOPHOBI C OTIIOKEHUSIMHU, HO
pazHooOpa3ue XapakTEPUCTUK pa3pabOTKHM U paziMuhe CBOWCTB J00bIBaeMOi
KHUIKOCTH O0SI3bIBACT MOAOOP WHAMBUIYATBHBIX TOJIX0/I0OB WA Pa3paOOTKH HOBBIX

cpencts. [6]

2.2 Tlpenynpexnenue oopazopanusa ACIIO

YT0oOBI 1OCTHYD OIArONPUITHON 17} 0e3aBapuiiHON paboThI
He(PTENPOMBICIOBOIO 000PYAOBaHUS 0€3 IHEPreTUUECKUX M SKOHOMHUYECKUX 3aTpar
MPUMEHSIOT MPOPHIAKTUYECKUE CTIOCOOBI.

[IpenotBpamenue odOpazoBanust ACIIO BbeIOMparOTCS B 3aBUCHUMOCTH OT
CBOMCTB HE(QTSHOTO IUIACTa, PEXUMa pabOThl CKBaXWHBI. W3-3a pazHooOpazus
YCIIOBUI MECTOPOXKACHUS, HEOOXOUM CYryO0-UHANBUIAYABHBIN MOIX0/ K PELICHUIO
npoOiemsl. [loaToMy mipu perieHrnu BOIPOCOB M0 O0pb0e ¢ OTIOKEHUSIMHU B MEPBYIO
ouepeab HEOOXOIMMO pPacCMOTPETb BO3MOXKHOCTb INPHUMEHEHHS CIOCOO0B

npenynpexaeans ACIIO.

2.2.1 TexHosroru4ecKue MeToabl

Hcrnonbs30BaHre 3aIUTHBIX MOKPBITHI HAIIO CBOE MPUMEHEHUE HA MHOTHUX
MECTOPOXKACHUAX, M OTOT METOJ MNPEAYNPEKACHUS JIEUCTBUTEIBHO SBISETCS
peHTa0enbHBIM. J[aHHYIO TEXHOJIOIMI0 HaYMHAIOT LIEJIECO00pa3HO HCII0JIb30BATh Ha

MPOEKTHOM CTaauu pa3paboTku. MHOTHE HCCieNoBaTeNN 3aHUMAIMCh U3yYeHUEM
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BHYTPEHHEH MOBEPXHOCTU TPYOONMPOBOJOB M CHAENAIM BBIBOJ, YTO IPU TIAJKHX
noBepxHocTsax ACIIO He HakamuMBaKTCS, TaK Kak JIETKO CMBIBAETCA
r'a30KHIKOCTHBIM ITOTOKOM [ 7].

3amuTHBIE  TOKPBITHUS  SBJSIIOTCS  TUAPOQWIBHBIMH  MaTepuajamMu
(MONSIpHBIMM), MMEIOLIME THAJKYI0 TOBEPXHOCTh M HHU3KOM  aJAre3MOHHOU
CIIOCOOHOCTBIO K MapaduHy. 3aluTHBIE MaTepualibl MPUMEHSIOT B 3aBUCUMOCTU OT
YCIIOBUH U Ccroco0a dKCIUTyaTallii CKBaXXUH, CBOMCTB 1I0ObIBaeMoil He(hTH U TBEPABIX
YTIEBOAOPOIOB C TOMOUIBIO CIIEIUATLHON YCTAaHOBKU, HA KOTOPOU OILICHUBAETCS CUJIa
aJAre3uy OTJIOXKEHUS K MOBEPXHOCTH UCHBITYEMOTO MaTepHalia MpH TaHT€HIUAIbHON
Harpy3ke. [IpekpacHbIMU Marepuanamu SIBISIOTCA, B KOTOPBIX aAre3us KOTOPBIX K
napaduny cocrasinser mpu 20°C cocraBmser 30-35 klla (cTekino, pa3nMuHBIE
crexkiosManu (PucyHok 6), OakelIUTOBBIA JaK, 3MOKCUJIHBIE CMOJIbI, OaKEIUTO-

SMOKCHUHBIC KOMITO3HUIIMU U JIp.). [5]

Pucynok 6 — TpyOonpoBoAbI CO CTEKIOIMAIIBIO

[Ipu mnepeBo3kax, CIyCKONMOABEMHBIX omnepanusax W B ckBaxumHax HKT
MOJABEPratOTCsl  3HAYUTENIBHBIM  YIAPHBIM,  PACTATMBAIOLIAM,  CKHUMAKOLIUM,
M3rHOAOIUM U ApYyruM Harpys3kam. CTEKJISSHHOE MOKPBITHE BBUIY €r0 XPYIKOCTH,
3HAYUTEIHHOM TOJIIIMHBI U OTCYTCTBHS CLUEIUICHHUS C METAJIOM TPYObl HE HAACKHO U
paspyliaeTca B NPOLECCE CIIYCKOIMOABEMHBIX omnepauuii. Beime onncaHHbIM
yCIOBUSIM pabOThl HanboJIee COOTBETCTBYIOT TPYOBI C AMOKCHIAHBIMU U SMaJICBBIMU
NOKpbITUAMU. OJTHAKO HEAOCTATOYHAS TEPMO- U MOPO30CTOMKOCTh 3MOKCUIHBIX CMOJI

SBWJIACH CIIEPKUBAIOIIM (DAKTOpPOM UX MUPOKOTO MpuMeHeHHs. C ATUX TMO3UIIHMA
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ayumumu MoryT cuutathesi HKT, ¢yrepoBannbie creknosmanbio. [IpouHocts u
anare3us SMaiu BbICOKH. CKOJIbI B MPOLIECCE CIYCKOMOABEMHBIX OMNepanuil u
TPAHCTIOPTUPOBKM He HabOmojarorcs. OAHAKO BBICOKME 3aTpaThl Ha IPOU3BOJCTBO
TaKUX TpyO MPUBENIM K OTPAaHUYCHUIO UX PACIIPOCTPAHEHUS U MpUMEHEHus [5].
Tennon3onsnoHHbIE MOKPHITHS (TETUION30JIUPOBAHHbBIE JTU(DTOBBIE TPYODI), C
ko3 punuentom remtonposoguoctu 0,01 Br/(m-°K) u menee. Temnonsonsauus tpyo
KOJIOCCAJIbHO YMEHBIIIAET TOTEPH TEIUIA, MOJACPKUBACT TEMIIEPATYPY MOTOKA BHIIIIE

TeMIepaTypbl Kpuctayuiu3anuu napapuHos (PucyHok 7).

“L;—’x e S e ]

Pucynox 7 — Tennounzonsius TpyOOTIpOBOIOB

2.2.2 OuznyecKkue MeToabl

OTOT METOJ OCHOBaH Ha INIyOOKOM IOHUMaHUM CTPYKTYpbI, CBOICTB,
MEeXaHU3MOB o00Opa3zoBaHusi acganbrocMononapadgunoB. Ha mnpouecc BbimageHus
BJIMSIIOT MHOJKECTBO (PM3WYECKHX TOJICH: TETUIOBhIe, MAarHUTHBIC, aKyCTHUYECKHE,
AIIEKTPOMArHuTHBIE, dJeKkTpuueckue. OpHako, Haiauuue (U3NYECKUX TMOJeH
oKa3bIBaeT U oopatHoe BiusHHUE Ha mnporecc ACIIO. MarHuTHble U AIEKTPUUYECKUE
noJisi pa3HoOOpa3HO BIMAIOT Ha ajacopOuuio mnapapuHa. Tak, Hampumep, NOpu
MOJIOKUTEIHHOM 3apsiJie SJEKTPUUECKOT0 3aps/ia CHIKAETCs KOIMYECTBO napaduHa, a
IpY OTPHUIATEIBHOM HA00OPOT. A BOT MarHUTHOE MOJIe BCETJa CHUKAET KOJIMYECTBO
napaduna.
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B 60-x romax mpouuioro CTOJIETHS Hayajid I[IUPOKO MCIOJIb30BATHCS
YCTPOMCTBA, CO3/Ial0IIUE MarHUTHBIE MOJIs (IOCTOSIHHBIE MATHUTBI U THIPABIMYECKUE
ycTpoicTBa). MIX MOXXHO OTHECTH K HamOoJjiee NEepPCIEeKTUBHBIM METOoJaM, T.K.
OJslarosiapsi 3TOMy METOAY COKPAILAOTCS 3aTPAThI HA AJIEKTPOIHEPTUIO U IPUBJICUCHUE
JOTIOJTHUTEJILHBIX PAOOTHHUKOB [5].

MexaHu3M JE€WCTBHST MarHUTHOTO TIOJii Ha acdanbTocMoionapaduHbl
3aKJII0YAETCSl B UBMEHEHHHM CTPYKTYpPbl KPUCTAILIOB, Jejias UX HE CIIOCOOHBIMHU Ha
oOpa3oBaHUE MPOYHON KOPKHU Ha MOBEPXHOCTU METaJlIa, IOTOMY YTO CIEIUISIEMOCTb
YMEHBITIAETCs, CTPYKTypa mapaduHa CTAaHOBHUTCS MSTKOM M PBHIXJION, TEM CaMbIM
ACITIO BbIHOCHUTCS Ta30HEPTIHBIM IOTOKOM.

CymiecTByeT MHTEpEcHass OCOOEHHOCTh BO3JICHCTBHS MarHUTHOTO TMOJS Ha
acanbrocmosnonapaduHoBbie OTIOXKEeHUS. C  yBEJIMYEHHMEM BOJALI B HeDTH H
COJIEp’KaHUEM XJIOPUCTHIX coieii  yBenmuuuBaerca AGEGEKT OMarHUYUBaAHUS.
@dmona coAepKUT B CBOeM cocTaBe mpumecH keneza 10-100 r/r. Dt npumecu
KOHCTPYHUPOBaHbl B (popMe arperatoB peppOMarHUTHBIX MUKpOKpucTamioB. Korma
He(DTAHON MOTOK MPOXOJUT Yepe3 MArHUTHOE TOJIE€ MPOUCXOIUT Pa3pyIICHUE ITUX
MHKPOKPHUCTAIJIOB HA OYEHb MaJieHbKHE 4YacTUIlbl JyiuHOU 0,3-0,5 MKM, I1uaMeTpoM
0,03-0,07 MM 1 Maccoit 10724 1. D10 3Ha4YMT, YTO ¢ MOMOIIBIO MATHUTHEIX YCTPOUCTB
KPUCTAJUIBl OCAXJIAIOTCS B BUJIE TOHKOIUCTIEPCHOM, 00bEMHOM B3BECH — YBEIMUYCHHE
yyciaa I[EHTPOB KpHUCTauiu3anuu (MunemioodpazoBanue) mapadunoB. Ilmoc ko
BCEMY, MarHUTHAasE 00paboTKa BIMSIET HAa TEMIIEPaTypy 3acThiBaHUs MapaduHOB, OHA
HE3HAYNTENILHO yBennuusaet ee Ha 4-6 °C [7].

Merton npenynpexaeHus: OTIONKEHUN C MOMOIIBIO BUOpaIUii 3aKII0YaeTCs B
CO37aHNM KoJieOaHUM CTEeHOK TpyOompoBoja. [IpuHiun AeicTBUS TOT Ke, BUOpaIus
HE TI03BOJIAET NMapaduHy MIOTHO CLEMUTHLCS C MOBEPXHOCTHIO METaJlIa, YTO OH B CBOIO
ouepelb YHOCUTHCS IOTOKOM.

Takum oOGpa3om, pe3yabTaThl TPUMEHEHUSI STON TEXHOJOTHUHU TOATBEPIUIU
MOJIOKUTENBbHYIO JEMCTBEHHOCTh, BICOKOA((HEeKTUBHOCTH 00pb0bI ¢ ACIIO, Tak yTO

MOYKHO CIIOKOHHO OCHAIIMBAThH MPUOOPHI Ha BBIKKIHBIX JTUHHUIX U B CKBa)KHHAaX. [5]
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2.2.3 XuMH4YecKHe MeTOabI

XUMUYECKUI METOJT IBJISICTCSI OTHUM U3 CaMbIX BBITOIHBIX U TIEPCIIEKTUBHBIX
MEeTO/I0B 00phOBI ¢ mapaduHU3anelr TpyOOPOBOIOB U CKBKHUH, Y 3TOTO METOa
BbICOKass 3((PEKTUBHOCTH, TPOBENCHHE PabOT HE WMEET CIIOKHOW TEXHOJIOTHH,
3¢ deKT OT MpoBeIeHU PadOT UMEET JUTUTEILHBIN XapakTep [6].

XUMHYECKHE MCTO/JIbl OCHOBBIBAIOTCA Ha A03alMU B IPOAYKIHUIO CKBAKHNH XHUM.

COEAMHEHUH, MO0 YMEHBIIAIOMINX, JINOO COBCEM MPEIOTBPAILIAIOIINX 00pa30BaHUE
ACTIO. [IpuHimn neicTBUs UHTMOUTOPA NapapuHOBBIX OTJIOKEHUH OCHOBBIBACTCS
Ha aJCOPOLIMOHHBIX Ipoleccax, KOTOpPble MPOUCXOAAT Ha I'paHULaX pas3aenoB (a3
He(Tb-TpyOa u HedTh-AUCHEpCHAs (a3a.

B name Bpemsi HHTUOUTOPBI OTIIOKEHUH ST HA TPYIIIHI [0 OKUAAEMOMY

MEXaHU3MY JACHUCTBHUS.

NHruOuTopsl CMauyMBaroOMIET0 ACHCTBUS COJEP)KAT MOBEPXHOCTHOAKTHUBHBIC
BEILECTBA aJIre3MOHHOTO XapakTepa: NOJINAaKpUIIAMU/, CUJIMKATBI,
BBICOKOMOJIEKYJISIDHBIE ~ aM(OJIUTHI, BOJOPACTBOPUMBIE  BBICOKOMOJIEKYJISIPHBIE
opraHudeckue amuHbl, pocdarsl, cynbdatel u T.4. K peareHTam Takux HHTHOUTOPOB
otHocstcs: CITA, E 2846, Hol E 2846, PBU-1, PBU-2, UKB-2 u np. Uto kacaercs
MEXaHU3Ma JEHCTBUS MHTMOMTOpA, TO OH, KAK Mbl TOBOPWJIM, HOCUT aJAr€3MOHHBIN
xapakrep. OH cMayMBaeT BHYTPEHHIOIO IOBEPXHOCTb OOOpYyIOBaHUS, Jenas ee
ruapodUIBLHOM, 00pa3yeTcsi MOJSPHBIM CIION, KOTOPHIA MPUBOAUT K YMEHBIICHHUIO
OTJIOXKEHUM.

[TpuMeHsSTh UHTHOUTOPBI PEKOMEHAYETCS B pACTBOPAX KEPOCHHA, TU3EJIbHOTO
toruiiBa 60-80%. 3akauka B CKBAKMHY JOJDKHA IPOU3BOJIUTHCS B TEUCHHH
JUTUTEIIbHOTO BPEMEHH, UTOOBI ycriena 00pa3oBaThCs THIPOPUIIbHAS IIJICHKA, HO TIEpe
TUM HEOOXOJIMMO OCTAHOBHUTH CKBAXXMHY, OYUCTUTH CTEHKU TPYO OT mapaduHOBBIX

orioxenuit [3].
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Jlenpeccatopbl — LIMPOKO-IPUMEHSIEMbIN TPATUIIMOHHBIM METO/ 3aMeJICHUS
oOpa3zoBaHust ac(arbTOoCMON-TapaUHOBBIX OTJIOKEHUH.  DTO TOBEPXHOCTHO-
aKTUBHBIC BeleCTBA (MOJMONEPUHBI, CIOXKHBIE 3(PUPHI, BBICOKOMOJEKYJISIPHbBIE
KETOHBI, CIHUPTHI, COJIM METAJJIOB, CUJIMKATHOCYJIb(AHOJIbHBIE pPACTBOPBI) C
BBICOKOMOJIEKYJIApHOMT Maccoir  5000-6000. IlpuHumn A€HCTBUA OCHOBaH Ha
cMelleHne HeTH ¢ jJempeccaropamMu (ZemnpeccopaMmu), KOTOpble HE YMEHBIIAIOT
COJICp’)KaHUE TBEPAbIX KOMIIOHEHTOB HE(PTH, a HU3MEHSAIOT HX IOBEPXHOCTHBIC
CBOMCTBA, 3aMEUIIETCA MPOIECC KPHUCTAUIM3AalMU TBEPAbIX (a3, yMEHbIIAETCS
OPOYHOCT, M TeMIepaTypy 3acThiBaHUs MapaduHOB. MOJEKylbl JIenpeccopoB
a7IcOpOUPYIOTCA HA TTOBEPXHOCTSIX KPUCTAUIOB MapadHOB, TEM CaMbIM OCIIOXKHSIOT
WX arperanyio, T.€. OHM MeHalT (HOPMUPOBATH MPOUYHYIO KPUCTAILTUYECKYIO
pemetky. Hanbonee momynspHbiMd U 3G(HEKTUBHBIMU JACTpPEeccCOpamMu SBISIOTCS
Visco-5351, TromHUU-77M, UTIX-9, dopan-1A, Azomsr-7 [3].

BemectBa 00pa3oBbIBalOIIME TOHKOJUCIEPCHYIO CHCTEMY  HAa3bIBalOT
nucnepraropamu. IIpyu co3gaHuM Takoil CHCTEMbl, TOTOKY He(THU Jerdye yYHOCUTh
KpUCTaJUIbl Mapa(uHOB CO CTEHOK TpyO. OHM MOBBIIAIOT TEIJIONPOBOJAHOCTh HE(TH
U, CJI€10BATENIbHO, 3aMEIJISIOT IPOLIECC KPUCTAILTM3ALMY NTapaduHa. ITO XUMUYECKHE
peareHTbl, B COCTaB KOTOPBIX BXOAST COJM METAJUIOB, CHIIMKATHOCYIb(aHOIbHBIE
pacTBOpbI, CyJdb(aTupoBaHHBIE IIEJOYHbIE JUTHUU. [IpuMeHeHue peareHToB
UCIIOJIB3YIOT COBMECTHO Ui OOpbOBI ¢ HE(DTAHBIMU JMYJILCUSIMH, KOPPO3HEH u
COJICOTIIOKECHUSIMH ITPOMBICIIOBOTO 000pyaoBanus [3].

Becbma 0Ooubiioit HabOp XMMHUYECKHX COCIUHEHUN pa3sHOW XUMHUYECKOU
IPUPOABl MMEET WMHTHOMpylonue cBoiictBa. Ho HecMOTpst Ha Bce 3TO OOJbINOE
pa3zHo00pa3re MOKHO OTIEIUTh TPU OOIIMX MpPU3HAKA.

1) Bce wHruOuTopsl (M TPUCAJKH HEMOJUMEPHOTO THUIIA B TOM YHUCIIC)

obsamaroT OoJbIION MoJsiekynspHoi Maccoir (ot 500 mo 10000), aT0 B
HECKOJIbKO pa3 0oJIbllie, YeM Macca CaMbIX TsDKENbIX N-aJIKaHOB U HedTei,

KOTOpbI€ O0YCIIaBIMBAIOT HU3KOTEMIIEPATYPHBIE CBOWMCTBA.
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2) CoderaHue MOJUMETUIICHOBBIX IeTed C MOJSAPHBIMU TPYNIaMU — Tak
MO>KHO OIMCAaTh MaKPOMOJIEKYJLy ITPUCAIOK.

3) IomuaucnepcHOCTh O MOJEKYJISIPHOH Macce W COCTaBy BCEX BEIECTB,
JaXe HENoJMMEpHOro tuna. To ecTb NpHUCAIKU HE WHIAUBUIYAIBHOE
BEILIECTBO, & CMECh MOJICKYJI Pa3HOT0 cocTaBa U MacchI [8].

B nacrosimiee Bpems B HedTe100BIBAIOIIEH OTPACIH CTAHOBUTCS MOMYJISIPHON
U7es O CO3AaHUM NMPUCATKHA KOMILJIEKCHOTO AEHCTBUS, YTO MOKHO JJOCTUTHYTH 32 CUET
o0Opa3oBaHMsI KOMIO3UIIMI MPHUCATOK, UMEIONINX pa3Hble chephl aericTBus. Tak, npu
UCIIOJIb30BaHUU peareHToB st 00ppObl ¢ ACIIO oyeHp 4acTo COBMEHIAIOT C
poLeccaMy pa3pylIeHU YCTOMUMBBIX HEPTSIHBIX SIMYJIbCUH, 3aIIUTON OT KOPPO3UU
000py10BaHUSI HEPTETIPOMBICIIOB, 3aIUTON OT COJIEOTIIOKEHUH, a TAaKkKe POPMHUPYIOT
ONTHUMAJIBHBIE CTPYKTYPBI ITIOTOKA.

PacrBopuresn u ynaanrenau achaabrocmosionapaguHOBbIX 0TIOKEHHUI.

[IporHo3npyemsIx peKOMEHAALMHI I IPUMEHEHHUS OTAEIBHBIX COCTABOB IS
yaaneHud tex wim MHbIX THIOB ACIIO u yHMBepCanpHBIX yAAIUTENEH HET, HECMOTPS
Ha OOJbIIOE KOJIWYECTBO MyOnukauuid B Poccun u 3a pyOeKoM MO XMMHYECKUM
MeTonaM yaaneHus mnapaduHa ¢ HedrenmpombicioBoro obopymoBanus u I[13C
(mpu3a0oiHOM 30HBI CKBAKUHBI). DTO MOXKHO 00BSCHUTH TeM, 4To coctaB ACIIO no
MECTOPOXKACHUAM OYEHB PA3IMUYECH, TAKKE 3TH OTJIOXKEHHUS U3MEHSAIOTCS KaK BO BpeMs
JBUKEHUS He()TH, TaK U B pa3pabOTKE MECTOPOKICHUS, €lIle CKa3bIBAETCS OTCYTCTBHE
KaKUX-IM00 TEOPETUUECKUX Pa3padOTOK O B3aUMOJEHCTBUU TBEPAbIX Y B 1 peareHToB
[9].

Kak mpaBuiio, B Hacrosiuee BpeMsl Ha MPOMBICIAX MOMCK yAAIUTENEH U
pacTBOpUTENEH OTJOKEHUM MPOBOJAT ONBITHBIM myTeM. (CocTaBbl, KOTOpPBIE
npeiaraiT SKCIEPThl, MOXKHO 0100paTh JUIIb YUUTHIBAs HAJIMYUE CHIPbs B pailoHe
n00bIYM HEPTH, MPUYEM BBIACISIOT OOMUNA 3PPEKT OT peakuu OTIOXKEHHS, HE
paccmaTpuBasi MeXaHu3M JeicTBHs. HeyauBUTENbHO, YTO 3THU COCTaBbl YCIELIHO
JIeNalT CBOI paboOTy Ha OTAENBbHBIX MECTOPOXKIECHUAX M TOJBKO HA OTIEJIbHBIX

TEXHOJOIMYCCKNX yJaCTKax.
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Ecnm paccmarpuBaTh BapHaHTBI yAAIUTENEHM U PACTBOPUTENEH OTJIOKECHMM,
ONHMCAHHbIE B 3apyOE€KHON M POCCUICKOW JINTEpaType, TO BCE COCTABbI JENATCS Ha
HECKOJIbKO TPYIIIL:

® OPraHUYEeCKHE PACTBOPUTEIIHN, JEHCTBYIOIINE NHINBUAYAIBHO;

® pPACTBOPUTENN Pa3HBIX KJIACCOB OPraHMYECKHUX COCAUHEHUN, KOTOPBIE

UMEIOT IIPUPOHBIX XapaKTeD;
® CMECh PAa3HBIX KJIACCOB WM OJHOTO OPTaHMYECKUX COCIMHEHHM, KOTOPBIE
MpUHAJJISKAT MPOU3BOACTBAM HepTexumMun u HedrenepepadboTKu;

® OpraHuYyecKue CMecH, B KOTopsie qo0aBieHbl [IAB;

® YIAJIUTEIN HAa BOJHOU OCHOBE;

® MHOI'OKOMIIOHEHTHBIE CMECH.

[Tocnenuuii TUIT MOYKHO paCCMaTPUBATh KaK MOIOIIUE CMECH, TIOTOMY YTO OHH
B Oosblied cteneHu He pacTBopsitoT cocrasisromme ACIIO, a pucneprupyror u
OTMBIBAIOT. MoloIIME BEIIECTBA, B OOJBIIMHCTBE CBOEM, UMEIOT B COCTaBE CIMPTHI,
LIETI0YHN, DJIEKTPOJIUTHI, OKCHAIKUIMPOBAHHBIE NPOMYKTHI, KHCJIOTHI M Ap. MHOro
COCTaBOB UMEET pAJl IPEUMYIIECTB Mepe] OpraHndeckuMu yaanureasimu. Ouu 0osee
TE€XHOJOTMYHBbI, MEHEE IO0XKapo- U B3PBIBOOMNACHBI, CIOCOOCTBYIOT CO3/IaHUIO

rUIpOGMIN3HPYIONINX TUICHOK Ha TBEpAbIX oBepXHOCTsX [10]

2.3 Metoabl ynanenus ac(hajbTocMo/10napapuHOBBHIX OTJIOKEHUI

Mertoas! yaaneHus MpeanoiaraloT oOunucTky yxe oopaszoBaBmmxca ACIIO Ha
HACOCHO-KOMITPECCOPHBIX TpyOax. [lnsa »Toi menu pa3paboTaHa I1ienas ramMma
Pa3TUYHBIX TEXHOJOTHYECKUX CIOCOOOB MO €€ JMKBUIAIMU. YTOoOBl 1omo0parthb
3¢ dexTuBHbI crocod OOprOBI, cleayeT NoApPOOHO H3YyYUTh COCTaB, CTPYKTYPY,
CBOMCTBa OTJIOKEHWH, TPH ITOM HE JOJDKHBI 3a0bIBaThb O TEXHOJOTUYECKOW U
PKOHOMMYECKON BBITOJIe. B Hacrosiiee BpeMms pa3inyarloT CIEIyIOIUe METOIbI:

TEIUIOBBIC, XUMHUYECKUE, MEXaHnYeckue, Onomornueckue [11].
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2.3.1 TensoBO# MeTO yaaaeHUSA

OTH METOJbI OTHOCATCA K (u3ndeckuM MmetojiaMm. OJHaKo TPagUIMOHHO HUX
BBIICJISIIOT B CaMOCTOSITENIbHYIO TPYIIy — TEIUIOBble(TepMHuUeckue) Meroabl. OHH
OCHOBaHBl Ha CMOCOOHOCTH TapaduHa TUIABUTHCS Tpu TemrepaTtype Bbime 50°C.
Vnanenne ACIIO wu3 TpyO B mpouecce NPOBEACHUS TEIUIOBOM 00paboTKu
OCYILECTBIISIETCS 32 CUYET CHMXKEHUS CUJI CLEIUIEHUS OTJIOKEHUW Ha TMOBEPXHOCTH
KOHTAaKTa C MeTajuinueckoil TpyOoi, otnenenust maccbl ACIIO u mocnenyromuii
BBIHOC €€ C TIOTOKOM TMPOKAYMBAEMOW TOpSYEH >KUAKOCTH, IUIFOC KO BCEMY,
MPOMCXOAUT pacIuiaBlieHue U nocienytomee pactBopeHust maccbl ACIIO B motoke
ropsiueii HeTH TpU TOBBIMICHUH TeMIlepaTyphl. Jlis co3gaHuss HE0OXOAUMOM
TeMIIepaTyphl TpeOyeTcs CelMalbHbIA HCTOYHUK TETIa, KOTOPhIA MOXKHO MTOMEIIATh
HETMOCPEJCTBEHHO B 30HY OTJIOXKEHUN WJIM Ha YCTb€ CKBAXKHHBI, II€ OH OyaeT
BbIPa0ATHIBATh TEIJIOCOACPKAIIUN areHT.

B nacTosiiee BpeMst HCIOJIb3YIOT TEXHOJIOTHUU C IPUMEHEHUEM:

e ropsyeit HeTH, Mapa Ui BOJIbl B KAYECTBE TEILNIOHOCUTEIIS;

® DJJIEKTpOIeUei HA3eMHOTO M CKBaXKUHHOTO 000PY/I0BaHUS;

® WHIYKIMOHHBIX AJEKTpojenapaduHu3aTOPOB;

® PpEarcHTOB, npu B3aUMOJICHCTBUU KOTOPBIX MPOTEKAIOT
AK30TEPMUYECKHUE PEAKIIUH;

® [IpuUMEHEHHE KaOeIbHBIX CHUCTEM DJIEKTPONPOTPEBA.

HaubGonee pacnpoctpanennoit texHomoruein ynainenuss ACIIO sBusercs
3akauyka ropsuyed Hedtu. Ilpu stom kpome pacruaBienuss ACIIO mnpoucxoaut
pacTBOpEeHUE UX B HE(PTH.

[IpenmyiiecTBa TEXHOJIOTHU:

—  MPOCTOTa peain3allui TEXHOJIOTUH;

—  MHUHUMH3ALUS 3aTPaT Ha 3aKyIKYy XUMHYECKUX PEareHTOB.

—  HenocraTku TEXHOJIOTHU:

—  3aBUCUMOCTH KayecTBa 00pabOTKHU OT TeMIlepaTypbl HEPTH;
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—  JI0OCTaTOYHBIC PAcXObl HA IPOBEICHUE 00PabOTOK;

—  — MOXapooIacHOCTh [4].

CyIIHOCTb TEXHOJIOTMH 3aKJIIOYAETCsI B HArpeBe HEPTH CIIEUAIIBHOM arperare
s nenapadunnzanuu ckBaxxkul (AJIIIM) u 3akauke pa3orperoit HeTu B CKBaXKUHY.
ITpu aTOM pazorperas HeTh MOXKET 3aKaunBaThCs Kak HenocpeacTBeHHO B HKT, Tak
B 3aTpyOHOe mnpocTpaHcTBO. Hambornee npeanouTUTENbHBIM METOJIOM  SIBIIAETCS

3aKayka ropsueii HeTtu B 3aTpyoO.

OOBs3Ka HA3EMHOTO O60py,I[OBaHI/I$I IMPOU3BOAUTCA IIO cnezxy}omeﬁ CXCMC,

IpeICTaBICHHON Ha pUCYHKax 8 U 9.

A
O O

A E
He menee 10 meTpoB / E

Y
O
He Menee 25 metpos

Pucynok 8 — Cxema 00OBsi3KM Ha3eMHOTo 00opyaoBanus (1 — aBronucTepHa, 2

~

— arperar tuna AJIIIM, 3 — ycTbe CKBa)KHHA)
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Pucynok 9 — Cxema ycTaHOBKH JIJI TETNIOBOM 00paOOTKH CKBAKHUHBI
TOPSTYUM TETIJIOHOCUTEIIEM:
1-skcruryatanronHas kojgoHHa; 2—koinonHa HKT; 3—koyoHHa MMOIBIX IITaHT;

4-niepenyckHasg My(Ta; 5 - KOJIOHHA IITAHT; 6 — HAcOC; 7 —yCThE€BOU CaJbHUK; 8—

o0paTHBIN Ki1anaH; 9—BBIKH] B CUCTEMY COOpa NPOAYKIUY;

10-AJITIM.

CymiecTBYIOT pa3iu4HbIe BapHaHTBI COYCTAaHUS OOpaOOTKH CKBaKHH
TEIJIOHOCUTEISIMU ¢ TOOABKAMH Pa3IMYHBIX XUMHUYECKUX PEarcHTOB IMOBBITIAIOITIX
MOIOITYIO CITOCOOHOCTH TEIIJIOHOCHUTENICH W CHIDKAIOIINX, TEM CaMbIM, MX PacXoJl
HEeoOXxomuMyro  Temmeparypy HarpeBa. (CoueraHue MarHUTHOW  00pabOTKU
TEIJIOHOCUTEIS ¢ TETUIOBOM 00pabOTKON CKBaXKMHBI 3TUM TEIUIOHOCUTEIIEM TOXKE JacT
omnpeneleHHbpI d((PEeKT, OJHAKO, B IIEJIOM, TEIUIOBas 00pabOTKa TEIUIOHOCHUTEIIEM
SBJIIETCS] YCTapEBIIIMM, JOPOTOCTOSIIIMM U Majiod()PEKTUBHBIM METOIOM OOPHOBI C

ACIIO [5].
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OpHuM M3 BUAOB TEIUIOBOM OOPAaOOTKH CKBaXUH SIBJISIETCS MCIIOJNBb30BAHHE
AJIEKTPUYECKUX HArpeBaTENbHBIX KaOCNbHBIX JMHUN. [IpuHIMN wX aeicTBus
OTHOCHUTEIBHO TPOCT: K KYCTaMm IOJIBOJIUTCS BBICOKOBOJIbTHAS JIMHUS, K KOTOPOM
yepe3 MOHIKAIOUMK TpaHchopmarop, MOAKIIOYAeTCa Kabelb C pPEeakTHBHBIM
COMPOTHUBJICHUEM. DTOT Kabesb CIIyCKaeTCsl B CKBOXXHHY U 3a CUET IpeoOpa3oBaHus
AIEKTPUYECKON DJHEPTHMM B TEIUIOBYIO, NOAJACPKUBAET TEMIIEPATYPY HACOCHO-
KOMITpeccOopHO# TpyObl Ha ypoBHe 80°C, nns npenorBpamenus otinoxenuit ACIIO

(Pucynoxk 10).

Mpewwmn xabens Cranumn warpesa
- ' wed™v YH-H-800-100-Y1
Orraxnon ponuk ——————
J __3amox /
/ R
,./ [ Wxad knemmubIn K
/ | nepexoamoi §

/’ [ WKN-100-2-10
/
23 m o

\Hegrenposog or cksaxunnl  Sm

\
Cwnoso |
xabens |\

“\._Konomna

. Hacocno-xomnpeccopwan Tpy6a

. Norpyxxon

bt L UeHTPOGeXMbLIN

N ANeXTpoHacoc

Pucynox 10 — YcranoBka a1 ciycka HarpeBaTeIbHOTO KaOess u

nernapaduHuzanuu

JHaunubiit cnoco0 odecneunBaet 100% mnpenorBpaiienue oopazoanust ACIIO
B CKBa)XMHE, HO BMECTE C TEM OH 04eHb 10por. Eciun HedTenoOpIBatomee mpeanpusTie
IpUOOPETAET AIIEKTPOIHEPTUIO Y CTOPOHHHUX MOCTABIIKMKOB 110 PHIHOYHBIM IIEHaM, TO
3aTparbl Ha pean3alnio0 JaHHOW cxembl npenorBpamieHuss ACIIO, nmpaktuyecku
CBEIyT Ha HET peHTabenbHOCTh HedTemoObrun. OmHako, MPH HATUYUKA H30BITKA

COOCTBEHHBIX TEHEPHUPYIOITUX MOIITHOCTEH, Ta30TypPOMHHBIX YCTAHOBOK, pa0OTAIOITUX
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Ha J00bIBa€MOM IIOMYTHOM Ta3e, pealu3alus JaHHOW CXEMbl MPEeICTaBIICTCA
Hanbosee ONTUMAILHBIM PEIICHUEM.

TernoBbsIM MeTOIOM 00paOOTKU SIBIISIETCA U 3aKauKa BOJSHOTO Tapa, BMECTO
BOJIbI 1O/ BbICOKMM pAaBiieHuem uepe3 cuctemy IIIIJ[ (pucynok 11). bnaronmaps
noBbIIEHHON TemmepaType (okono 300°C) map pasorpeaet He)Th U 0OECIICUUBACT
OPUTOK B Mpu3a00NHYI0 30HY MOJAOrpeTodl HedTH, Onaromaps STOMY YpPOBEHb
Pa3JIMYHBIX OTI0XKEHUHU, B TOM uucie u ACIIO, 3HaUnuTeIbHO CHUXKACTCS.

OpHako JaHHBIM crOCOO Ype3BBIYATHO HHEPro3aTrpaTeH M MOITOMY MOKET

OBITH peasu30BaH JUIIb B OTACIBHBIX clydasx [5].

STEAM INJECTOR OIL PRODUCER

Pucynok 11 — Cxema BbITECHEHHS U IPOrpeBa HEPTH BOJISHBIM APOM

Haunbonee coBpeMEeHHBIM CIOCOOOM TEIJIOBOM 0OpaOOTKM CKBaXKUH U
TpyOoTnpoBO0B siBisieTcst ux nporpeB CBY uznydyenuem. Takue MmeToanku

OTHOCUTENIbHO HENAaBHO TPUMEHSIOTCS U JIEMOHCTPUPYIOT XOPOIIYIO
s dexktuBHOCTD. [Ipy 5TOM, OHM COXPAHSIOT MHOTHE HEIOCTATKH, XapaKTePHBIC AJIs
OOJBIIMHCTBA METOJIOB TEIJIOBOM 00pabOTKHU: TpeOdyeTcsi ocTaHOBKa 000pya0BaHus,

BBICOKH DHEPTo3aTpaThl M KaUTaIbHBIE 3aTPaThl HA TPUOOpETEHUE 000pya0BaHus [5].
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2.3.2 MexaHu4yeckuii cnocod yaajaeHus

N36aBuThCs OT 00pa30BAaBMIMXCS OTJIOKCHHA MOXKHO MEXaHUYECKUM
MeToa0M. JlaHHBIM coco0 yaneHusi OCHOBaH HA MEXaHMYECKOM COCKAOJIMBaHUU CO
cteHOK TpyO ACIIO pa3nuuHbIMU CKpeOKaMH U BBIHOCE €0 TOTOKOM MOJAHUMAEeMOro
bmronnaa.

B 3aBUCHMOCTH OT KOHCTPYKIIMU CKPEOKOB OHU CPe3atoT NapapuHOBYIO MacCy
WJIU TIPY IBUKEHUU BBEPX, UJIU MPU IBUKEHUN BHU3 U BEPX, WIIK TP JBUKEHUHU BBEPX
U TpU TOBOPOTE€ BOKPYr OCH TpyObl. PaznuuaioT ckpeOku HEmpepbIBHOTO U
MEPUOANYECKOTO JEUCTBUS B 3aBUCUMOCTH OT TOTO, KaK 3alpOEKTUPOBAH MPOILIECC
JenapapuHA3ANNN TTOABEMHBIX TPYO (HENPEPhIBHBIN MK nieproarueckuii) [11].

CoBpeMeHHbIE KOHCTPYKIIMU CKPEOKOB J1OCTATOYHO A(MO(PEKTUBHBI ISt
ynanenus ACIIO, ogHako, MX NPUMEHEHHE 4Yalle BCEro, TpeOyeT OCTaHOBKHU
TEXHOJIOTUYECKOro obopyaoBanus. Kpome 3Toro, mpuMeHeHHE JAaHHBIX YCTPOWCTB
HEBO3MOHO Ha CKBa)KMHAX, 000PY/IOBAHHBIX HITAHTO-TITYOMHHBIMU HAaCOCaMHU

(IIT'H), a B TpyOOMmpoBOJax, BO3MOXHO TOJBKO Ha OTIEIBHBIX MPSIMBIX
ydacTKaX, OOOpYJOBaHHBIX 3arpy304YHbBIMH H  pa3rpy30uYHBIMH  KaMepaMu,
OalimacHBIMU JIMHUSIMA M TOCTOSIHHBIM JAuamMeTpoM TpyObl. [IpumeHeHue xe ux B
JPYrOM  TEXHOJIOTMYECKOM  OOOpYJOBaHMH  HEBO3MOXHO. (O4YeBUIHO, 4YTO
UCIIOJIb30BAaHUE CKPEOKOB - HAaWMMEHEE 3aTpaTHBIM CMOCOO0 OYUCTKU CKBAKUH U
TpyOONPOBOOB, HO 00JIACTH MPUMEHEHHUS €T0 JOCTATOUYHO OTPAHUYEHA, KPOME ITOTO,
jyacTasi OCTAHOBKA TEXHOJIOTHYECKOTO 000PY0BaHUS JIJIsl PEMOHTA (OYUCTKH), TAKKE
CHU)KAET PEHTA0ENbHOCTh HE(PTE100bIYN.

OuncTka TpyO U TEXHOJOTUYECKOTO 000OPYAOBAHUS BPYUHYIO TOXKE SIBISETCS
OJIHUM W3 Pa3HOBHIHOCTEN METOJOB MEXaHMYECKONW OYUCTKH, HO B COBPEMEHHBIX
YCJIOBUSIX, Yallle BCEro, OH MPUMEHSETCS PU PEMOHTE CJI0KHOTO TEXHOJIOTHYECKOTO

000pya0BaHus (cenapaTopbl, OTCTORHHUKH, 3JIEKTPOACTUAPATOPHI, pe3epByapsl) [11].
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2.3.3 buosoruvyeckuii MeToj yaajaeHust

CoBpeMeHHass  SKOJIOTUYECKM  YUCTas  TEXHOJOTHUS  OCHOBaHA  Ha
UCIIOJIb30BaHUU MUKPOOHOM accOIMaIy YTIIeBOAOPOIOOKHUCISIONUX OakTepuil (Kak
a’poOHBle, Tak M aHa’poOHbIe), akTuBHO TpaHchopmupyromeir  ACIIO,
oTJlararouierocss BHyTpu HacocHo-kommnpeccopusix Tpyo (HKT) u npuzaboiinoit 30ne
wiacta. Croco0 3aKiIovaeTcs B M0Ja4e B CKBAXKHUHY WM MPU3a00iHYIO 30HY IJIacTa
OMOLIEHO3a YTJIEBOIOPOJ] OKUCISIONIUX OaKTepUil B CTUMYJIUPYIOIIEH UX POCT Cpelie.
[IpemycmoTpena BbAepKKa JAHHOTO pacTBOpa B MecTe 00pabOTKHU B TedeHHe S5-7
cyrok. Cmoco0 mpumeHsieTcss W JUIS  BBICOKOTEMIIEPATypHBIX  CKBaXKHH,
00OpyZIOBaHHBIX CKBRXHMHHBIM HAacOCOM, HO B JTOM CIllydyae OCYIIECTBISETCS
IpeBapUTEIbHOE 3aMEIeHNE CKBAKUHHOW KUAKOCTH Ha MOBEPXHOCTHOAKTUBHYIO
XKHUJKOCTb IO YPOBHS IpHUEMa Hacoca ¢ MOCIEAYIOUUM €€ KpyrooOOpOTOM B CUCTEME
«CKBaXWHA — Ha3zeMHOE OOOpYJOBaHUE» JO YCTAHOBJICHHUS ONTUMAJIbHOM IS
KHU3HEJCSITEIIbHOCTH YTJIEBOJAOPOIOOKUCISIONINX MHKPOOPTAaHHU3MOB TEMIIEPATypHhI
[1].

B pesynbrare 00paOOTKM B KOPOTKHH CpOK OakTepuu BhIpaOaTHIBAIOT
ouollABBI, uTO cnocobcTByer wuHTeHCMBHOMY OTMBIBY OT ACIIO paGounx
MOBEPXHOCTEN 000pynoBaHus. Peanuzarusi TeXHOIOTHH HE TpeOyeT CIeHalbHbIX
MOATOTOBUTENIbHBIX paboT. I[luka oOpaboTKM 3aHUMAeT MNPUMEPHO HEAETI0 U
BKJIFOYAET B 3aKayKy OMOMAacChl MUKPOOPTaHU3MOB M OMOT€HOB B IUPKYJsIUi0. B
pe3ynbTaTe KHU3HEACSITSIILHOCTH aHa’poOHbIE OakTepuun TIEPEBOAT
JUTMHHOIICTIOYEYHbIE MOJIEKYJIBI TBEPABIX TapauHOB B JKUIKOE COCTOSHHE.
MukpoopraHu3mMbl TpU OKHUCIEHWW YTJIEBOJAOPOJIOB HCIOJB3YIOT YIJIEPOJ Kak
UCTOYHUK TIMTaHUS W KaK DJHEPreTHYEeCKWd Mmatepuaid. B pesynbrare
KU3ZHENICATCIIbHOCTH MHUKPOOPTaHU3MOB OO0pa3ylOTCSl OpraHWYecKas W >KUPHBIC
KHUCIIOTHI (MOHOKapOOHOBasi, YKCyCHas, MypaBbuHasi W Jp.). JKHpPHBIE KHUCIOTHI
001alal0T TIOBEPXHOCTHO-aKTUBHBIMU CBOWCTBAMHU M CIOCOOCTBYIOT OTMBIBAHHUIO
ACITIO co crenok HKT. IIpomexyTOUHBIMU IPOJYKTaMU OKHCIIEHHUS YIJIEBOJOPOAA

ABIIAIOTCA aQJbACTHUABLI, CIHPTBI, IICPCKUCHBIC COCAMHCHN. Takue IMPOAYKThI
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KU3HEJeATeIbHOCTH Kak OMOIIAB, OGuomnonumMepsl, a TakKe CIU3UCTHIE KallCyIbl,
KOTOpbIE OOBOJIAKMBAIOT MHUKPOOBI, CIOCOOCTBYIOT 3aMEJICHUIO  OTJIOKEHUS
kpuctaiuioB ACIIO na crenkax HKT.

Takum oOpazom, B pe3ynbTare KU3ZHENIEATEIIbHOCTH
YIIEBOIOPOAOOKHUCIISIFOIINX MUKPOOPTraHU3MOB 00Pa3yr0TCsl BEIECTBA, 001 al0Ue
KOMIUIEKCHBIMU ~ Pa3pyllIaOMMU, OTMbIBatoUMMH, uHruoOupyomumu ACIIO
cBoiicTBaMH. TexHOJOTHUecKHid 3(PPEeKT mpHu HCMONB30BAHUM TaHHOW TEXHOJOTHUHU
IPOSIBIISIETCS B BUJIE YBEITUUYEHUS MEKOUYUCTHOIO TIEPHO/1a U 00JIErY€HUH IPOBEACHUS
peMOHTa CKBaXHH. B cpeaHem mociie 00paOOTKM CKBa)XKMHA HE HYXKIAeTCS B
JOTIOJTHUTENBHBIX TPOMBIBKAX IIECTh MECALIEB, HO B 3aBUCUMOCTH OT YCIIOBUI YacTOTa

00pabOTOK MOXKET U3MEHSTCS OT YEThIPEX JI0 IBEHAANATH Mecsies [12].

2.4 Metoabl 60pbObI ¢ achaabTocMoJI0NAPAGUHOBBIMH OTJI0KEHUSIMHU,

peasu3oBaHHble HA M HeTIHOM MECTOPOKIACHUU

Ha M wnedtanom wmecropoxaeHun TomMckoil 00JlacTH HalUIM [IUPOKOE
IpUMEHEHUE JIBa MeToAa OOpBOBI ¢ acabTocMononapauHOBBIMU OTIOKEHUSIMH:
XAMHWYECKUN U MEXAHUYECKUM.

K mexaHuyeckoMy MeTOAy OTHOCSAT cKpeOkoBanue. Jlannas pabora
BBITIOJTHSIETCSI  HEMOCPEACTBEHHO  OIleparopaMu  MPOeKTa, 0e3 MpUBJICUEHUS
MOAPSTHBIX OpraHu3anui. JlaHHBIM CITOCO0 OUUCTKH CKBAXKHHBI OT OTJI0KEHUH BEChMa
MPOCT: B CKBAXKUHY uepe3 JyOpuKaTop moaaeTcst CKpebok, ero cimyckarot Briryob HKT,
IIPU 3TOM OH MPOXOJIUT MO CTEHKAM CKBa)KUHBI U OTJIENsAeT apaduH OT CTEHOK. 3aTeM
orneneHnbie ACITIO ¢ motokoM (uiroria BRIXOAST HAa TOBEPXHOCTh. OYeHb BaKHO HE
3a0bIBaTh, IEpPE] MPOIIECCOM CKpeOKOBaHUSI TPOBEPATH HAIMUKE HATIOpA B apMaType,
Tak Kak npu orcyTcTBuM Harnopa otnaeneHHbsle ACIIO Oynyt «3abuBats» HKT. Ortot
MeTo 3G (HEKTUBEH /I OUMCTKH CKBAXKHH, HO OH HE CIIOCOOCTBYET MPEAOTBPAIICHUIO
obpazoBanus ACIIO, mo3ToMy MEKPEMOHTHBIN MEPUOJ] COCTABISET OKOJIO 3 JTHEH.

Ha paccmaTpuBaeMoM MECTOPOXKACHUU MPUMEHSIETCS IMOJTyaBTOMAaTHYECKast

ycraHoBka Jaenapadunnsanuu ckBaxuH (ITAJIYC) (pucynok 12).
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Pucynox 12 — ITomyaBTOMaTH4eCKast yCTaHOBKA AenapapuHU3AINNA CKBAKUH
OcHOBHBIE TEXHUYECKHE XAPAKTEPUCTHKA YCTAHOBKH:
1. JuameTp oumumiaeMbiX JUPTOBLIX TpyO — 60,73,89 mm.
2. MakcumanbHas padouas riayouna ounctk — 2000 m.
3. Twun paboyeil NPOBOJIOKH — KaTaHKA OIIMHKOBAHHASI.
[To I'OCT 7372-79 ¢ pacyeTHBIM IPEEIOM MPOYHOCTH.
4. Jlnametp paboueii mpoBOJIOKU — 2.2.
5. Ywucno ckpedbkos — 1.
6. Bec cranpnoro rpy3a — 10.
7. Pexum pabOThl YCTAHOBKH: MOJyaBTOMATUUYECKUH, pyYHOM.
8. VYcraHoBka MMeeT py4yHOM MPUBOJI aBApUMHOTO HA3HAUCHUS
9. Jlebenka mMeeT MpPeNOXPaHUTEITHLHOE YCTPOMCTBO aBapUMHOTO HAa3HAYCHUS IS
MPEeIOTBPAIICHUS OOPBIBA MPOBOJIOKH.
10. Ycunue cpabaTeiBaHUS IPEIOXPAHUTETHLHOTO ycTpoiicTBa — 100 K.
11. Jlebenka nMeeT yCTPOMCTBO ISl MPEAOTBPAIICHUS BbHIMATBIBAHHS MPOBOJIOKH C
Oapabana.
12. Dnexrpoasurarens 2518015 N=1.1 xBr.
N=1450 06/muH.
13. PexykTop SMY 80, Ne2827, nepenarounoe uucio 1:50.

14. Tluranue yctanosku [TIAJIYC-2 — ot cetu nepemeHHOro ToKa, HanpsixeHue 380 B.
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15. Macca ne6enku 6e3 nmpoBosioku — 200 Kr.
16. Macca yctaHoBKH B cOope 6e3 nmpoBoaoku — 315 kr.
17. I'abGaputHbIe pazmepsl Jedeaku — 1040*520%700 Mm.

K XumMuyeckoMy MeTOAYy OTHOCAT 3aKauKy HWHTHOWTOpa B 3aTpyOHOE
MIPOCTPAHCTBO CKBAXKWHBI. DTy OMEpAldI0 TaK >K€ BBHIMIOJNHAET omeparop. B xome
HCCJIEIOBAHUM, TPOBEJCHHBIX B HCCIEIOBATENbCKUX IIeHTpax-naptHepax OO0
«Hopn Umnepuam» Obu1 BeiOpan uurudutop «COHITIAP 5403by. 3akauka gaHHOTO
MHTUOUTOpa MOKET OBITh OCYIIECTBIIEHA ABYMS CHOCOOAMHU: MEPUOJUYECKUM U
nocTosHHbIM. [lepuoanueckuii cnoco0 3akiaro4yaeTcss B TOM, UYTO IO Mepe
HEOOXOJMMOCTA OYHUCTKHA MpHUEPKAeT Opurajga M 3aKkayuBaeT OOJbIIOH 00bEM
uHruoutropa B ckBaxuHy. [IpomsBogutens rapantupyer 3amuty oT ACIIO npu
JJAaHHOM MeToje B TeueHwe 15 nHel. IlpuMeHeHHE TEXHOJIOTUH MEPUOINYECKON
3aKa4yKy peareHTa B CKBAKUHY C MOCIEAYIOMIEeH UPKYISIMEN ¢ TOMOIIBIO arperaTon
XUMHUYECKOW 00pabOTKH BKJIIOUYAET B ceOs IPOBEACHUE CIASAYIONTUX padoT:

1) DBeInogHeHHE — PacCTaHOBKHM  CIEHTEXHHKH,  COTJACHO  TEXHHKE
0€30MaCHOCTH.
2) IlpomsBecTu 3aMepbl HEOOXOAUMBIX IIAPaMETPOB Iepel HadaaoM

00pabOTKM CKBaXUHBI (ICOUT KUJKOCTH, paboure AaBICHUS, TOKH, TUHAMUYCCKUM
YPOBEHb), COCTABUTH aKT IO pe3yJbTaTaM 3aMEpOB.

3) [IIpousBecT MOHTaX HArHETATEIBHON JMHHUU K 3aTPyOHON 3aJIBHIKKE
CKBXKHUHBI (MPU HEOOXOIUMOCTH LMPKYJISAIUOHHON o00paboTku: OT OydepHoit
3aJIBIOKKHM K MEepHHUKY arperata [[A-320).

4)  OmpeccoBaTh JUHUIO Ha 1,5 KpaTHOE OKHIaeMoe paboyee JaBJICHHE.

5) OtkpbITh 3aTpyOHYIO 3aJBHXKKY, 3aKadaTh B 3aTpyOHOE MPOCTPAHCTBO
CKBakHHBI TIpu ioMoIH [[A-320 pacueTHbIil 00beM peareHTa. 3aKkauky MpOU3BOIUTh
HAa MUHUMAaJbHOW CKOPOCTH arperara, He JOMyCKaTh POCTa JABJICHHS B 3aTPyOHOM
MPOCTPAHCTBE 0oJiee AaBICHUS ONMPECCOBKH.

6) IIpu HEOOXOIMMOCTH IUPKYJISIMOHHONH 0OpaOOTKH IOCAE OKOHYAHHS

3aKayMBaHUs peareHTa B 3aTpyOHOE MPOCTPAHCTBO CKBAXUHBI OTKPBITH Oy(]epHyIo
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3anBukKy. [IpomsBectn nmpokauky ckBaxxuHHOM kujakoctu u3 HKT uepes mepHuk
arperara B 3aTpyOHOE MPOCTPAHCTBO CKBaXKUHBI B TeueHue 0,5-1 yvaca.

7) Tlocie okoH4aHus pabOT yOpaTh paboyee MECTO, YTHIM3UPOBATh OCTATKU
XUM. PEareHTOB, YCTAaHOBUThH IITYIIEp, OOpAaTHBIN KIamaH, 3alyCTUTh CKBAXXUHY B
paboty. CoCTaBUTH aKT.

8) [IlpomsBectu 3aMephl HEOOXOAMMBIX IIAPAMETPOB IOCJIE OOPabOTKH
ckBakuHbI (JleOUT KuakocTu, paboyne AaBICHHS, TOKH, TMHAMHUYECKUN YpOBEHbD)
CocTaBHUTbH aKT O BBITOJIHCHHBIX paboTax [13].

IToCTOSHHBIN CMOCOO — 3TO J03WPOBAHHAS 3aKayka OIMPEIEICHHOIO
KOJINYECTBA MHIMOMTOPA C IMOMOIIBIO YCTHEBOrO 0J0Ka JO3MPOBAHHS XHMHUCCKOTO
pearenta (YB/IP).

[Tepron u 00beM 3aKaYKH ONPEACIACTCS TEXHOJIOTHIECKMMHU YCAOBHUSIMHU.

PeareHT mpu MOMOIIM JO3UPOBOYHOTO HACOCA Yepe3 PaclpeeIUTEIbHYIO
TOJIOBKY ITOJIAETCSl B 3aTPyOHOE MPOCTPAHCTBO CKBaKMHBI. OOBSI3Ka JIO3UPYIOIIETO
YCTPOMCTBA JUIA IOJaYd peareHta B 3aTPyOHOE MPOCTPAHCTBO CKBA)KUHBI

npe/cTaBlieHa Ha pucyHke 13.

N
e ] -
TN
I:L«J
j-:1 <3 ? O =
S ’ ! } 1 - ycraHoBku Ao3upoBanua pearenta (YA, 6P, CAAY, YA3, YANX);
77773 RS7S777 N\ 3.
7 ? 2 - yCTbeBas apMaTypa CKBAXKHHbI
3 J 3 - o6paTHbii Knanax
4 - MaHOMeTp

Pucynox 13 — O0Bsi3Kka J03UPYIONIEr0 YCTPONUCTBA JUIsl MOJJa4H peareHTa B

3aTpyOHOE MPOCTPAHCTBO CKBAKUHBI

3ampaBka J103aTOPOB JOJDKHA TPOU3BOJIUTHCS 3a0JarOBPEMEHHO — IO
OKOHYAHHUSI peareHTra B €eMKOCTH Jo3aropa. He nomyckaercs mpocToi po3aropa 1o

MIPUYMHE OTCYTCTBUS PEAreHTA.
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3anpaBKa OCYIIECTBIIIECTCS C 005S3aTeIbHBIM UCIOIB30BAHUEM 3AIIPABOYHOTO
cTakaHa — GuiIbTpa rpy0oil OUUCTKH.

He nomyckaercss 3ampaBka pacTBOPUTENS NPU HAXOXKICHHHM B EMKOCTH
PAcCTBOPUTEIISL HHOTO THUIIA — BO3MOKHA XMMHYECKasl pEeaKLMsl U yXyIUIEHUE CBOWCTB
pEeareHToB.

3anpaBka aBTOIMCTEpPHbI Ha ©0a3e XpaHEHUsS XUM. peareHra JoJKHA
OCYLIECTBJISITBCA TOJBKO B YHUCTYKO €MKOCTb, HE JIONYCKAeTCs CMELIMBAaHUE
Pa3IMYHBIX MAPOK PEareHTOB U MPOYMX MEPEBO3UMBIX KUJKOCTEH (cpen).

IIpn ocTaHOBKE CKBa)KMHBI HA TEKYLIUH U KalIMTAIbHBIM PEMOHT CKBAayKUHBI
703aTOp OCTAHOBUTH, HATHETATENbHYIO JMHUIO OT JIO3UPYIOIIEr0 YCTPOWCTBA
JEMOHTUPOBATh. 3aKayKy BO300HOBUTH B KpaTualllMe CpPOKH IIOCJE 3alycKa
CKBa)KMHBI U HAYaTh C YIAPHOM J103bl PEareHra.

Pearent « COHITAP 5403b» BbiOpan He ciyvaitHo. Komnanueit OOO «Hopn
Wmnepuam» ObLIO 3aTpaye€HO MHOTO PECYpCOB  JJsl  JIOCTHXKEHHUS  TaKou
s dexTrBHOCTU. BBUTH MpPOBEACHBI UCCIEAOBAHUSA B COOCTBEHHBIX JIaOOpPATOPUSIX U
HUIIN.

Ha pannbpii MOMeHT 3akadka peareHta ¢ nomompblo Y/IP cocraBuser
npumepHo 700 1/T (IpyU OCTAaHOBKE U MOCIEAYIOLIEM 3aITyCKE CKBaXKUHBI NCIOJIB3YIOT
yIapHyl0 J03UpOBKY). Ilpu JIMTENpHBIX OCTaHOBKaxX BO3MOXKHAa 00paboTKa

NEPUOANICCKUM MCTOJ0OM 3aKa4YKH JJIsA 0oJ1ee HTHTEHCHUBHOTO BOBHCﬁCTBHH.
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3  PACYETHO-TEXHOJIOI'MYECKAS YACTDb

Nudopmanus nanHoro paszaena ckpbita (ctp. 44-59), Tak Kak OTHOCHUTCS K

KaTErOpur KOMMEPYECKON TalHBI.
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3AJAHUE JIJISI PA3JIEJIA
«®PUHAHCOBBII MEHE/JKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXXEHUE)
CryneHnry:
I'pynna (0] 5 (0]
2B411 IToptHOBY Biagumupy Cepreesuuy
Ixoua UIITP OT1nesienue Hedrerazosoe aeno
YpoBeHb OakanaBp HanpasJiienue Hedrerazosoe aeno
o0pa3oBaHusi (21.03.01)

Hcxoanbie nanHbie K pasgeny «OPHHAHCOBbIH MEHEIKMEHT, pecypcod(p(PpeKTUBHOCTD U

pecypcocoepekeHmne»:

1. CroumocTs pecypcoB HayqdHOTO HccnenoBanms (HN):
MaTepHAIbHO-TEXHUYECKUX, SHEPreTUYECKNX, (HHAHCOBBIX,
MH()OPMALIMOHHBIX U YEJI0BEYECKUX

KosmiecTBO IpOBOAMMEIX ONIEpaLHii;
C0XHOCTH ITPOBOIUMBIX OTIepanuit

2. HopMBI 1 HOpMAaTHBBI PACXOJI0BaHHS PECYPCOB

CroumMocThb MIPOBEICHUS cpeOKoBaHuUs u
HTHOMPOBAHUS.

3. HCHOJ’ILSyeMaﬂ CHUCTEMA HaJ'IOl"OO6J'IO)K€HH5[, CTaBKH HAJIOT'OB,
OT‘II/ICJ'IeHI/II‘/’I, JUCKOHTHUPOBAHUA U KPEAUTOBAHUSA

AwmopTrmanus, HJC, 3apaboTHas rrata.

HEPE‘JEHI) BOIIPOCOB, MOAJECKAINMUX UCCIECAOBAHNIO,

MPOEKTHPOBAHMIO H Pa3padoTKe:

1. OueHka KOMMEPYECKOTO MOTEHIIMANA, IMEPCIIEKTUBHOCTH U
aIIbTEPHATUB MIPOBENCHUS HN ¢ TIO3ULINHA
pecypco3hHEeKTHBHOCTH U PECYPCOCOCPEIKEHHS

[TpoBenenune pacueToB 3(PpHEKTHBHOCTH MPOBEICHUS
CKpeOKOBaHMS U MHI'MOMPOBaHUS Ha MECTOPOXKICHUN

2. [TnanupoBanue n GpopMUpOBaHHE OIOIKETa HAYIHBIX
UCCIIEIOBAHUI

OTtunciaeHus 6IOZ[)KeTa MpOBOJATCA Ha Hay4HbIC
HUCCICOOBAaHMS.

3. OmnpeneneHue pecypcHoi (pecypcocoeperaronieii),
(hrHAHCOBOM, OFOKETHOM, COIMATBHON M 9KOHOMHYECKON

3(h(HEeKTUBHOCTH UCCIICTOBAHHS

BrisiBnieHO, 4TO MHTHOMpOBaHUe 6osee 23PHEKTUBHO BO|
BCEX OTHOIICHHSX.
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JlaTa BbIIa4M 3aaHUA 1JIA pa3/iena o JUHEeHHOMY rpauky

3ananue BbIIaJ KOHCYJIbTAHT:

JokHOCTH DdPUO YuyeHasi cTeneHb, IMoanucek JlaTta
3BaHMe
JlouieHT I'ne13una TatbsaHa K.X.H.
CasTOC1aBOBHA
33[[31-[1/[6 MNPUHAJJT K UICIIOJTHEHUIO CTYACHT:
I'pynna OUO Hoanuce Jara
2B4I1

[ToptHOB Briagumup CepreeBuu
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4 ®UHAHCOBBII MEHE)KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

B nanHOM pasnene paccuntaHa sKOHOMUYEcKas 3((HEKTUBHOCTb OOPBOBI C
ACIIO Ha M MecTOpOXJI€HHH IBYMsI METOJIaMH: NPUMEHEHHE CKPEOKOB M 3aKauKa
uHrnoutopoB ACIIO. Taxxe OyayT BBISBIEHBI JOCTOMHCTBA U HEJJOCTATKH KaX 100
METO/1a /ISl JAHHOTO MECTOPOXKICHUS.

HNudopmanus pazaena ckpbita (cTp. 62-64), Tak Kak OTHOCUTCS K KaT€rOPUH

KOMMEPYECKOW TalHBI.
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3AJIAHUE JIJISI PA3JIEJIA

«COINAJIBHASA OTBETCTBEHHOCTDb»

Crygenry:

I'pynna (0] 4 (0]

2b4I1 [ToptHOBY Brianumupy CepreeBuay
Ixoua UIITP OTtnesienue Hedrerazosoe aeno
YpoBeHb OakanaBp HanpasJiienue Hedrerazosoe aeno
o0pa3oBaHusi (21.03.01)

Hcxoanble JaHHBbIE K pasgeiny «Couua.m)naﬂ OTBCTCTBCHHOCTDb»:

1. XapaKTepI/ICTI/IKa 00BeKTa HUCCIICAOBAHUA H o0acTi ero

MNPpUMCHCHUA

O0bekToM uccnenoBanns BKP aBisgroTcst MeToabl
60ps0sI ¢ ACTIO Ha mprMepe MepOTIPHUATHI O FX
NPEIOTBPAIICHUIO U YAAJICHUIO, IPOBOJIUMBIX Ha
KYCTOBBIX MI0omankax M MecTopoxIeH s

Ilepeuens 6onpocos, noonexcamux uccied08aHuI0, NPOEKMUPOSanuio u papabomke:

1. Ilpou3BoacTBeHHAS 0€30MACHOCTH

Bpenubie paxrops:
- BBICOKUH YPOBEHb LIYMa;
- BBICOKHMH YpOBEHb BHOpaIHy;
- CIOXHBIE  KJINMAaTHYECKHE
yCIIOBHS,
- XMMHYECKOE BO3ZICHCTBHE.
OmnacHble (aKTopsI:
- JJIEKTPUYECKHH TOK;
- IOapOB3PHIBONIACHOCTb;
- MEeXaHM4YeCKHE TPaBMBbI.

2. DKoJiornyeckasi 0e30MacHOCTDL

Oxpana aTMochepsbl;
Oxpana rugpochepsl;
Oxpana nuTochepsl 1 dnochepsl.

3. Be3onacHOCTb B Ype3BbIYANHBIX CUTYALUSIX

BesomacHOCTE B UYpE3BBIYAHHBIX  CUTYaIlHAX.
TexHOTCHHBIE,  NPHUPOIHBIE,  DKOJOTHYECKUE,
OMOJIOTHYECKHE, COL[HATILHEIE.

IToxap, ¢poHTaHUpOBaHUE,  HamajeHWe  JUKUX
JKUBOTHBIX.

4. HpaBOB])le U OpraHu3aliMOHHbIC BOIIPOCHI odecrieyeHHus1

0e30macHOCTH

PaccMoTpeHsl crieniMaibHble HOPMbI, CBSI3aHHBIE C
BBIZCICHHEM psAa HOPM TpPYIOBOrO IpaBa B
OTAENbHBIE  KaTErOpUH, OpraHu3anus padoT
paboueii 30HBL
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JaTa Bpl1a4u 3aJaHus U1 pa3iesia 1o JuHeiHoMy rpaguky

3ananue BbIIAJ KOHCYJIbTAHT:

Jo/kHOCTH OUO YuyeHas creneHb, IMoanucek Hdara
3BaHUEC
HoueHt Bropymmuna A.H. K.X.H.
3anaHue NPUHSAJ K MCIIOJIHEHHIO CTY/IeHT:
I'pynna OUO Hoanuce Jara
2b411 [ToptHOB Bnagumup CepreeBuu
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5 COIHUAJIBHASA OTBETCTBEHHOCTD

BBenenue

JlaHHBIA pa3gen AUIIIOMHOM pabOThl MOCBAIIECH CO3/IaHUIO0 ONTHUMAaIbHBIX
HOPM MEpOIpUATUN AJi1 00ecreueHus O0JIaronpuaTHBIX, 0€30IaCHBIX YCIOBUHM Tpyaa
U TIOBBIIICHUS! €T0 IPOU3BOAUTEIHFHOCTH, a TaKkKe OYJEeT yIeIeHO 0c000e BHUMAaHUE
oXpaHe OKpyaromeil cpensl. OOecriedeHre O€30MMaCHOCTH JKM3HU W 3I0POBBS
pabOTHHUKOB BO BpeMs TPYIOBOM JEATEILHOCTH, TPEOYET MOCTOSHHOTO YJIYUILICHUS U
COOJIIO/IEHUs YCIIOBUM OXpaHbl Tpyaa. JIt000il BUI AESITEIBHOCTH YEIOBEKA CBS3aH C
ONpe/eNeHHBIMU (paKTOpaMH, HANpPaBJIEHHBIX Ha YCYryOJeHHe U yXyALICHUsS
310poBbs. [IpoaHanu3npoBaB BO3MOXKHbBIEC UpE3BbIUANHbIE CUTYALIUH, KOTOPHIE MOTYT
BO3HMKHYTh HA MECTOPOXIEHUU TMpU A00blYe HePTH, OYyIyT pacCMOTPEHBI
KOMIUTIEKCHBIE METOJIBI UX MPEAYIPEKICHIUS 1 TUKBUIAIIH.

OOBEeKTOM HCCleoBaHUSl JTaHHOM paboThl  siBisieTcss M HedTsHOE
MECTOPOXKACHUE, TAC MPOU3BOIATCS PaA3TUYHBIC TEXHOJOTHUYECKHE OIepaIiuu II0
U3BJICUCHUIO HEPTH.

Nudopmarnus pasnena ckpoita (ctp. 67-81), Tak Kak OTHOCUTCS K KaTeroOpuu

KOMMEpPYECKOW TANHBI.
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3AK/IIOYEHUE

B nanHoii pabore pacCMOTpPEHBI CBOMCTBA M COCTaB IUIACTOBBIX (DIIIOMIOB,
NPUBEACHBI JaHHBIE [0 MEXaHW3MY TMIOSBICHUS ac(anabToCMOIOoNapaduHOBBIX
OTJIOXKEHHM, M0 UX XUMUYECKOMY COCTAaBY M BIUSHUIO COCTaBa HE()TU HA OTIOKEHHUE
ACIIB, PaccmoTpens! npuurHbl nosiBiieHust ACIIO, a Takke TpoBEAEHO KOMILIEKCHOE
M3YYCHUE METOI0B OOPHOBI C OTIIOKEHUSMH KaK B 11€JIOM, TaK U Ha IPUMEPE METOJIOB,
UCIOJIb3yeMbIM Ha M HeTsiHOM MecTopokaeHuu ToMckoil o6macTu.

JlaHo 3xoHOMUYEecKoe 000CHOBAaHHE METOJIOB, TPUMEHsIeMbIX Ha M He(pTIHOM
MECTOPOXKJICHUH, a TaK)Ke MOJAPOOHO M3YUEH acCHeKT COIUAIbHOW OTBETCTBEHHOCTH
IIPU BBIMIOJHEHUU PaboT, CBSI3aHHBIX C OOPHOOI € acdanbTocMosomapaGUHOBHIMU
OTJIOKEHUSMH.

B nanHOM paszelie npoBeneH aHalu3 U CUCTEMATU3alusl BPEAHBIX U OMMACHBIX
GakTopoB, BIHMSIONIMX Ha COCTOSHHE PAOOTHUKOB HeTErazomno0bIBaONIEro
NPEANPUSATUS U OKPYXKAIOIIEH Cpelbl, MPEI0KEHbl CPEACTBA MHAUBUIYATBHON U
KOJUIEKTUBHOM 3aIlIUThI, MPO(UIAKTUYECKUE MEPOIPUSATHS, MpaBuUiia 0€30MaCHOCTH.
PaccmoTpeH nepedyeHp Upe3BbIYaiHbIX CUTYalui, BO3MOXKHBIX HA IPOU3BOCTBE, TaHa
ux TnonpoOHas kiaccudukanus (TEXHOTCHHbIC, MPHUPOJHBIC, HSKOJIOTUYECKHE,
OMOJIOTMYECKHE, SKOJIOTHIECKHE, COITUAIIBHBIC).

Ha ocHOBEe MpOMBICTIOBBIX JaHHBIX MPOW3BEACHBI pacdeT B mporpamme MS
Excel. Onpenenena 3ona ckorienust ACIIO npu auametpe pasaom 0,06 M, MaccoBoM
nebute 0,58 kr/c. BoisiBiaeno, uro mecto Beinagenus ACIIO Bapbsupyetrcst ot 1100 go
0 M (ycTbe ckBaxHHBI). Takke B pacyeTax HarJIsIAHO MPEACTABJICHO, YTO MPH
YBEIMYCHUHN JIMaMETpa HACOCHO-KOMIIPECCOPHBIX TpyO YBETUYHMBAETCS TIIyOMHA
3asierannst ACIIO, 4TO NPUBOAUT K CYIIECTBEHHBIM ASKOHOMHYECKHMM THOTEPSIM.
HccnenoBana 3aBUCUMOCTD TITYOWHBI 3aJIeTaHUS OTIIOKEHUM OT JeOMTa CKBAKUHHOM
OPOAYKIMUA: ¢  yBenmuueHueM jaebura kommuectBo  ACIIO  cHmkaertcs.
[Tapadunobe3onacHbIiM 1€O0UTOM ISl WM3YYEHHOM CKBaXHHbI Ha M HedTsiHOM

MECTOPOXKICHUHM SIBISIETCS Aeout, paBHsIii 0,75 Kr/c.
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