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BeepeHve

O6ecneuenne BpICOKON 2(PPEKTUBHOCTY KOMIIAEKCHOM 3aIIUTHI OT MIOA-
3eMHOM KOPPO3MM SBASETCH TapaHTHENl HaZeKHOW AAUTEAbHON 6GesaBa-
puitaoii paboTel TpyGonposogos. OcHOBE 2 dEeKTUBHON 3AIIUTHI 3aKAAZBI-
BAIOTCA MPU NMPOEKTUPOBAHUY ¥ CTPOUTEABCTBE TPYyGOIPOBOZOB 3a CUET
MPaBUABHOTO BbIOOpPA PAIMOHAABHON TEXHOAOTHYECKOM CHUCTEMBI W BBICO-
KOI'O KauyecTBa M3OAALMOHHO-YKAAZOYHBIX M CTPOUTEABHBIX pabor. Ilog-
AepskaHue BbICOKOHN 2 PEKTUBHOCTY KOMITAEKCHOI 3aIUThl OT KOPPO3UH
ofecneynBaeTca nmyreM BeI6OPAa ONTHMAABHBIX PEXMMOB PaBoOThl CPeACTB
AAEKTPOXMMMUYECKOH 3aIIUThI, CBOEBPEMEHHBIM IIYCKOM €€ B @KCIIAYATAIUIO
U IPAMOTHOM DKCIAyaTalMeil B IIOAHOM COOTBETCTBHM C TpebGoBaHUAMU
['OCTos: 9.015—74, 25812—83, 51164—98 1 gpyrux cOOTBETCTBYIOIIX HOP-
MaTUBHBIX JOKyMeHTOB. [locaegHee ycaoBue sSBASETCS OCOGEHHO BaskKHBIM
M 3HaYMMBIM, TaK KaK HEBBIIIOAHEHME ero CBOZUT HA HET BCE ZOCTOUHCTBA
Ka4eCTBEHHOTO MMPOEKTUPOBAHMUS U CTPOUTEALCTBA.

YKazanHble 3a7a49M 3aIUTH OT KOPPO3UM OCOGEHHO AKTYAABHBI 1 BasKHBI
NIPUMEHUTEABHO K TPYGONPOBOAAM CEBEPHBIX PAMOHOB CTDAHBI, B IIEPBYIO
ouepeas 3amaguoit Cubupu. 1o 06YCAOBAEHO ABYMS OCHOBHBIMI TIPUTH -
HaMM: CIEUMPUKONA YCAOBMI YKAAZKA M 9KCIIAYATALIMM, & TAKKE ITOBBIIIECH -
HOM TPYAHOCTHIO PEMOHTHO - BOCCTAHOBUTEABHBIX PAGOT B CAyYae aBaPUILHBIX
oTKa30B. Jas obecneyeHns HageKHON KOMITAEKCHOM 3alJUTHI OT MTOA3EMHOM
Kopposuu TpedyeTcs HalTH ONTUMAABHOE PEUIeHNE CACAYIOIINX OCHOBHBIX
3agau:

1) ycranosaeHue TpeGOBaHMHI K N30AALIMIOHHBIM TOKPBITUIM, HCOGXOAM -
MBIX AASL PEAAM3ALIMM KOMIIAGKCHOM 3aIJUTEI OT OA3E€MHOI KOPPO3NN;

2) BBIGOP KPUTEPUEB 3AIINUTHI, COOTBETCTBYIOIUX YCTONUMBOMY PABHO -
BECHIO AeMCTBYIOMMUX PaKTOPOB — MOTEHIIMAAL METAAAA, TAOTHOCTH 3al} T~
HOTO TOKa, BeAUYrHb pH 11 TeMreparypsl B IpUaAeKTPOAHOM 0GAacTH;

3) paspaboOTKa ONTUMAABHOM TEXHOAOTMYECKON CUCTEMBI KaTOAHON 3a-
IJUTHI MOZ3EMHBIX TPYGONPOBOAOB B CEBEPHBIX PAOHAX M METOAUKM pacue-
Ta ee pabOYMX MapaMeTPOB C YyYETOM BAUAHMS MOACTUAAIONLEIO CAOS MIOTO -
AETHEMEP3ABIX TTOPOJ;



4) onpegereHue IyTell CHIKEHUS CONPOTUBACHHA PACTEKAHUIO aHOJ-
HBIX 3a3EMAEHUN M CTaGMAMBALMM UX [IAPAMETPOB B PasAMYHbIE BPEMeHa
roAa;

5) cosgaHmMe aBTOHOMHOI TEXHOAOIMYECKOH CUCTEMBI KATOZHOMN 3anmuThl
[IOA3EMHBIX TPYyOOTIPOBOAOB C MCIIOAB3OBAHMEM AWUTBIX U [POTIKEHHBIX
[IPOTEKTOPOB C yIETOM BAMAHMIA 3UMHETO aPEOAA TAAOTO I'PYHTA, OKPYKAKO-
wero Tpybonposog;

6) paspaboTka CrierarbHON HOPMATUBHON AOKYMEHTAIMU, HeOOXO0Zu-
MOW ZAsl IPOEKTUPOBAHNUA, COOPYKEHWA M DKCIIAYATALIMI DAEKTPOXIMUYE -
CKOMi 3aIUTHI OT TTOZ3EMHON KOPPO3UM CEBEPHBIX M HU3KOTEMIIEPATYPHBIX
TpyGOTIIpOBOZAOB.

JAsl BCECTOPOHHETO M3YYEHMs ITOCTABAEHHBIX BOIPOCOB KMCIOAL3OBaH
IIMPOKUH KOMIIAEKC TeOPEeTHYECKHX U 9KCIICPUMEHTAABHBIX MCCAEOBAHMI
[0 COBPEMEHHBIM METOAMKAM BEeAYIINX OTEUECTBEHHbIX U 3aPyGEKHbIX yde-
HBIX, CIIEJUAaAU3ZUPYIOMMXCA MO nmpobieMaM KOPPO3WMKM M 3allUThl OT Hee.

Teopernueckue pacdyeTsl A YCTAHOBAEHUS TPEGOBAHUI K UZOASIIUOH -
HBIM TTOKDBITMSAM OCHOBAHBI HA IPAHUYHBIX YCAOBUAX ZOIMYCTUMOCTHU M3Me-
HEHUSl WX DAEKTPOXMMMYECKMX IapaMeTpoB. MareMmaruueckue MOZEAU
AAA TUX PACYETOB ITOCTPOEHBI C MCIIOAb30BaAHMEM (DYHKIIMOHAABHBIX 3aBU -
CHMOCTE, ONUCHIBAIOIIMX CTAPEHNE N30AALMOHHOTO ITOKPHITHS B COOTBET-
creuu ¢ paboramu A. f. lukepmana, A. M. 3unesunua, A. M. Ecdumosoii-
KarammHuKOBOM.

[Ipu paspaboTke TEXHOAOTMYECKNX CHCTEM KATOZHOM 3 UThI C MCITOAD-
30BAHMEM KaTOAHBIX CTAHIMN ¥ IMPOTEKTOPOB PA3AMYHBIX TUIIOB ZOAKHBI
ObITh MCIIOAB30BAHBI PE3YABTATHl TEOPETHYECKOTO aHAAM3A AWUTEPATYPHBIX
VCTOYHUKOR I10 TEOPUM TTIOAS I TEOPUM DAEKTPOXNMUYECKOMN 3AIUTHI B 1O -
3€MHBIX YCAOBMAX, B NepByi0 odepeab pabor B. I. Naskosa, 1. B. Crpu-
’xkeBckoro, B. A. TTpuryaa, B. H. Jlaxnosa, A. V1. 3a6oposckoro, B. B. Kpac-
Hosipckoro, K. Bexmana u paga apyrux yqeHbIx. DKCIePUMEHTAAPHOE OIIPO-
GoBaHMe PasAMYHBIX CHCTEM PasMEeNIeHMS 3AIMTHBIX YCTAHOBOK OCYILECT-
BASIAOCD Ha gelicTByromux rasonposogax cucreM CPTO — Ilenrp, [Tynra —
Bykrein — Vxra, Ypenroit — I[lomaper — Vxropog, Vpenroii I, 11, mecropox-
AeHusx rasa «Megsexbe» U «Pycckoe», a Takke HEKOTOPBIX HePTENPOBO-
Aax 3anagnoit Cubupu 1 aHAAM3MPOBAAOCH IO ZAHHBIM Tpy6ornposogos Ka-
HaAbl I AAICKU.

B pesyarrare o606nrenns n3BeCcTHHIX 1 pa3paGOTKN HOBBIX TEOPeTHYE-
CKIX 3aKOHOMEPHOCTEM YAAAOCDH NOAYIUTD CAEZYIOUIME BASKHBIE PE3YABTATDL:

a) METOZ pacueTa IapaMeTPOB KATOAHOM 3a1uThl TPyGOIPOBOAOB C yue-
TOM BAVSAHUS TIOACTUAAIONLETO CAOS MHOTOAETHEN MEepP3AOTHI, HEPABHOMEP-
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HOCTH pacipejeAeHrs 3aIIUTHOTO TOKa Ha TpyOoIposogax GOABIIOro Aua-
MeTpa U IIPU MOAY3arAyOACHHO MPOKAAZKE CE30HHOTO TEIAOBOTO TTOASL
TpyBOINpOBOAA B TPYHTE IIPU MCIIOAB30BAHMY CBAHBIX, TAYOUMHHBIX 1 IIPO-
TSAKEHHBIX AHOZHBIX 3a3€MAEHIUIL;

6) TeopeTHYeCcKUe OCHOBBI NMPOTEKTOPHO 3alIUThl C MCIIOAB30BAHIEM
MPOTSKEHHBIX TPOTEKTOPOB B I'PYHTAX HMU3KOM MPOBOAUMOCTHU U METOANKA
pacueTa Mx pa6ouMX XapaKTEPUCTUK ¥ TUIIOPa3MEPOBE;

B) HOMOTPAMMBI ¥ AATOPUTMBI AASl MICTIOAB30BaHMUA B IIPAKTHKE MPOEKTH-
POBAHMA OPUTHMHAABHBIX METOZOB pacyeTa IapaMeTPOB IAEKTPOXUMUYECKON
3ALUTH CEBEPHBIX TPYGOMPOBOAOB NHAKEHEPHBIM CIIOCOBOM 1 Ha BLIYUCAK-
TEABHBIX MAIIMHAX.

crnoAp30BaHME CBOMCTB NPOTAKEHHBIX AMHEHHBIX W TAYOMHHBIX 9AEK-
TPOZAOB C PACIIPEAEACHHOM yTEIKO TOKa, PACTIOAOKEHHbIX B TOPU3OHTAABHO -
CAOUCTOI CpeAe ¢ TOKOHENPOBOASIIMM DKPAHOM 1103BOAMAO MCTIOAB3OBATD
HOBBIE BO3MOMKHOCTHU U AOCTIDKEHIS TEXHUYECKOTO MPOTPecca AAsd LeAei
3aIUTHI OT KOPPO3UU.

DT BO3MOKHOCTH [MO3BOAIIOT TEOPeTUYecK 060CHOBATh U METOAUYE-
CKM PEaAN30BaTh KATOZHYIO 3AIINTY MOA3EMHbBIX TPYGONIPOBOAOB C APEOAOM
TAAOTO TPYHTA IPHU MMOAHOM IPOMEP3aHUN OCHOBHOIO MACCHBA OKPYKAIO-
IUX TPYGOIPOBOZAEI TOPHBIX NOPOJ, OCOGEHHO B YCAOBHMAX MX ITOAY3ALAY-
6aenHOl rIpoKkAagky. [ToAyaeHHbBIE pelleHns JAI0T BO3MOKHOCTD UCTIOAB3O-
BaTh KaK KaTOZHbIE CTAHIMM C OPUTMHAABHOMN KOHCTPYKIMEN IIPOTSIKEHHBIX
VAU TAYOMHHBIX (YCTAaHOBAEHHBIX 10 CAOEM MHOTOAETHEMEPSABIX NOPHbIX
MOPOA) AaHOAHBIX 3a3€MACHNI, TAK M MNPOTAKEHHbIE MArHNEBbIE TIPOTEKTO -
pbl, ofecrieyuBaionyue ABTOHOMHYIO KaTOZHYIO 3amuty TpyboripoBozos
B YCAOBMSX IOAHOTO [IPOMEP3aHMA OKPY:KAIOUIEro PYHTAa C YBEAMYEHUEM
ero yaeasHoro conpotusieHus 3o 500 Om-m. Ipu ycrosun pearusaijym Ha-
YaABHOTO 3HAYEHMs [IEPEXOAHOTO CONPOTUBACHUSA CEBEPHBIX TPyOOIIPOBO-
208 He MeHee 10° OM.M? UX SAEKTPOXMMMYECKYIO 3alIUTY MOKHO obecrieyn-
BaTh ABTOHOMHO C [TOMOIIJBIO AMIIb TAKMX YCTAHOBOK KaTOAHOM 3alJUThI, pas-
MEIIEHHBIX TOABKO Ha TEPPUTOPUIX KOMITPECCOPHBIX CTAHLLUIA.

Oco6eHHOCTH KaTOZHOMN 3ajUThl TPYOOIPOBOJOB B MED3AOM TPYHTE Ce-
BEPHBIX PAOHOB ([IPU YCAOBWY €TO MPOMEP3AHMA Ha IAYOUHE YKAAZKY TPY-
6OTIpPOBOZA) CBA3AHBI C TEM, YTO IMOAHOE IPOMEp3aHUEe IPyHTa BOKPYT
TpyBONPOBOZA IIPOKUCXOZUT AMIIb Ha T€X yJacTKax, IZe TeMIlepaTypa rasa
VAM APYTOTO TPaHCIOpTUpyeMOoro npoaykra He npessimaer 0°C. Ha ygacr-
KaxX C [TOAOKUTEAbHBIMM TEMIIEPATyPaMU CTEHKHM TPYObl HENOCPEACTBEHHO
OKOAO Hee U B 3UMHee BpPeMs COXPAHAETCs TaAblil IPyHT, 06pasys BOKPYT
TpyBONPOBOZA KOHUEHTPUUYECKYIO «PyOalKy» C DAAMNCOMAHON uAM
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Kpyraoit popmoit ceuenns. [1pn 2ToM Ha TAKUX «TOPAYMX» YIACTKAX B CBA3YU
C KCUEHTPUCUTETOM OCH TPYOGOIPOBOAA IO OTHOUIEHWIO K OCHM TaAMKa
MMEeEeT MeCTO 3HAYUTEAbHAsd HePaBHOMEPHOCTb PACHIPEAEACHMS 3aIUTHOTO
TOKa I10 MoBepxHOCTU TpySomposojga. Takas HepaBHOMEPHOCTh HECKOABKO
YCUAMBAETCS 32 CUET DAAMIICOUAHON POpMbI ceuennsa Taanka. Haamune me-
PaBHOMEPHOCTH BBISBIBAET HEOGXOAUMOCTL yBeAMdeHUs O6uIel BEAMUNHbBI
AMHETHO MAOTHOCTH TOKa BAOAb TPy6OIIpOBOZa AAs TOTrO, 4TOOH 0becne-
9UTh HEOOXOAMMBIN 3aUATHBIA MOTeHMaA (He MeHee MHHMMAAbBHOTO) Ha
Bceil moBepxHocTH TPy6rl. Heobxogumas creneHb yBeAnYeHMs 3al]UTHOTO
TOKA MOXKeT GbITh OIpejeAeHa AMHEMHEIM KO PUITNEeHTOM, OLJ€HMBAIOI M
CTeNeHb HEPABHOMEPHOCTHU PACIIPEJEeACHUs ITAOTHOCTU TOKA IO OKPYKHO-
CTU TPY6GBI OTHOCUTEABHO CpeHel 3alUTHON IAOTHOCTY TOKA IIPU YCAOBUI
€ro PaBHOMEPHOTO paclipejeAcHns. B mMpakTHIecKnx yCAOBHAX, KOTAa Pas-
Mepsl OCEll PAAMTICONZHOTO TAAMKA MOTYT M3MEHAThCA OT 5—8 M (ara Tpy-
6ornpoeoga auamerpom 520 mm) go 10—14 MM (ara TpyGonposoga guame-
Tpom 1420 MM) nipu 2KCIIEHTPUCUTETE OCeil TPYGOIIPOBOJA M TAAMKA, COOT-
BETCTBEHHO, 1,25 u 2,7 M, Arg obecnieyeHNs MUHUMAABHO JOIIYCTUMOTO 3a-
LIJUTHOTO IMOTEHIIMaAa Ha BCEl MOBEPXHOCTU TPyOONpoBOja B KOHIIE IAeYa
3aIUTHON 30HB HEO6XOANMO YBEANYUTh AMHENHYIO IIAOTHOCTb TOKa B He-
CKOABKO pas.

B cAyuae moAy3arayGA€HHON U Ha3eMHOM (C IMOCAeAYIOIer 3aChIIIKOM )
IIPOKAAAKM TPyOompoBoZ0OB, 0cofeHHO OGOABIIMX AMAMETPOB, BO3ZHMKAIOT
AOTIOAHUTEABHBIE TPYAHOCTH B CBA3M C MCKAKEHUEM IAEKTPUIECKOTO TOASL
3aMITHOTO TOKA. B pesyapTaTe NCKaXKeHUA DIAEKTPUYECKOTO MOASl pacrpege-
AEHHME Pa3HOCTY NOTEHIIMAAOB MexAy TpybonpoBojoM M OAM3AEKAIIUMH
TOYKaMM TPYHTA IIPY BKAIOUEHUU KATOAHOM 3aIUThl IPOUCXOAUT HEPABHO-
MEPHO IO OKPY:KHOCTH TPy6rl. Takas HEpaBHOMEPHOCTb NPUBOJAUT K HEAO-
CTATOYHOMY YPOBHIO 3alJWUTHI HA BCEI TOBEpXHOCTH TpybGonporoga u Tpeby-
eT ZOTIOAHNUTEABHOI KOMIIEHCAIIUN €€ BAMAHMUSA IyTeM yBeAuueHus obuiero
3alUTHOTO TOKA MAU KaKUM-An60 wHBIM cnocobowm. [1pu aToM, Kak nokasa-
AM IOBEPOYHBIE PACYUETHI, MAKCIMAABHO JOIIYCTHUMYIO Pa3HOCTD MOTEHIIHNA-
AOB B TOYKE ApeHaka He IIPEACTABAAETCA BO3MOKHBIM OTPAHUUYMBATD BEAU-
yygamu -1,22—1,52 B (MC3). Jas 40CTHXEHNS MUHUMAABHOTO ITOTEHIAA -
aa -0,87 B o Bceit oxpykHOCTH TPYyOBI B KOHLIE Aaske HeGOAbIION 3aUTHOM!
30HBI TPOTSKEHHOCTBIO 3 KM CYMMAapHbli noTeHUmar TpybGa — 3eMAs
B TOUKE ApeHaka JOAKeH GpITh oTpuilateabHee, yeM —-2,0 B, Mcxoaa us aro-
rO YCAOBMS AOAKHBI OBITH CKOPPEKTMPOBAHBI 3HAYEHUS KOA(DDUIIMEHTOB
He06X04MMOr0O YBEAMUEHA 3alUTHOTO IIOTEHLIMAAA M TOKA A TpyGonpo-
BOZOB Pa3AMYHOIO AMaMeTpPa B Pa3AWYHBLIX TPYHTaX, a TakKKe ONpPEAEAEHDI
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ONTHUMaAbHBIE TTAPAMEeTPhl KATOAHOM 3aIUTHI TaKNX TPYyGOIPOBOAOB C yue-
TOM 3aTpaT Ha €€ CTPOMTEAbCTBO M IKCIAyaTanmio. Karognas samura nog-
3eMHbBIX TPYyOOIIPOBOZOB C MCIIOAB30BAHMEM TOYEUHBIX ICTOYHUKOB TOKa —
KaTOAHBIX CTAHIINI ¥ AUTBIX IPOTEKTOPOB — BO MHOTMX CAy4YasAX, 0COGEHHO
B CEBEPHBIX pailoHax, 06AazaeT HeJOCTATOYHO BHICOKON a(pPeKTUBHOCTHIO.
ITpyunHOii 2TOro ABAJETCA HEPABHOMEPHOE paclpejeAeHue KaTOZHOTO
TOKa BZOAb IPOTAKEHHOTO TPyOGOIPOBOJA BCAGACTBIE 3aTyXaHUs, ONpeje-
AdeMoro KoadUIIMEeHTOM PacIpOCTpaHeH s ToKa. K npuMepy, AAs 3amuTel
10-kuaomerposoro Tpybonposoga guamerpoM 1020 MM nmpum compoTusae-
Hum m3oadumonHoro nokpertusa 1000 Om-M Heo6xoauM pacxog Toka 15 A.
B TO xe BpeMs MUHMMAaAbHO HEOOGXOAUMBIA PACX0j TOKA AAs obecrnedeHus
3alUThl B @TOM cAaydae cocraBager 3 A. CaegoBareabHO, KO2PPULUMEHT
IIOAE3HOTO AeCTBIA, MAN 2D DEKTUBHOCTD 3alINAThI, cOocTaBaseT anmb 20%.

OgauM U3 myTeil cymecTBeHHOro moBbimeHus ahPEKTUBHOCTHA KATOZ-
HOW IMOASPM3ALIMHI SABAAETCH MCIIOAB30BAaHME IIPOTSIKEHHBIX HCTOYHUKOB
TOK4, PasMEIIeHHBIX TIaPAAACABHO 3aIMITAeMOMY TPYBOIIPOBOAY. DTO YCAO-
BHE B PABHOI MEpe OTHOCUTCS K NMPOTSKEHHBIM AHOZHBIM 3a3€MAEHMAM Ka-
TOAHBIX CTaHIJUI M IPOTEKTOPaM aHaAoru4HOM popmer [1pu Takoit cucreme
3aIJMUThl PacCIpeAEACHHUE 3ANIUTHOTO TOKA BAOAL TPYGOIIPOBOAA MPOVICXOAUT
3HAYNTEABHO 6OAEe PABHOMEPHO.

Vicxoas u3 rpaHMYHBIX YCAOBUIT BOSMOXKHOCTH O6ecredeHus Heo6Xoau-
MO 3aIJMTHOM NAOTHOCTH TOKa 3alJHUTy PEaAbHBIX TPyOOMIPOBOAOB graMe-
TpoM A0 1620 MM ¢ MOMOMIBIO IPOTSKEHHBIX IPOTEKTOPOB MOKHO OCYIIECT-
BAATb B BBICOKOOMHBIX IPYHTAX C YAEABHBIM conpoTuBAeHueM 720 500 Om.m.
IIpuMeHeHMe KaTOZHBIX CTAHIINI C IPOTAXKEHHBIMY aHOAHBIMI 3a3€MAECHVs -
Mu eme Goaee paszBUraeT IPAHMUbBI NPUMEHEHMS TAKUX TEXHOAOTMHYECKIX
CUCTEM KaTOAHOM 3aIUTHl B BLICOKOOMHBIX I'PYHTAaX.

ITogBOAs NTOr CKa3aHHOMY, HaZ0 KOHCTATHPOBATD, YTO B HACTOALIEE Bpe-
MA OTEYEeCTBEHHBIE HayKa M IPaKTUKa 06AaZaioT He06X04uMOi HayuHO 060-
CHOBAaHHOM JOCTOBEPHOH MHMOPMAIINEH AN YCIIEITHOTO PENIEHNS CAEAYIO-
KX 3a4a4 110 06ecrnedeHnIo KOMIIAEKCHO ITPOTUBOKOPPO3HOHHOM 3aUTH
CTaABHBIX TIOZ3EMHBIX TPYOOIPOBOAOB B MHOTOAETHEMEDPSABIX M IAYGOKO-
IIPOMEP3aIOLIMX TPYHTAX:

® Tpe6oBanus K M30AALMOHHBIM NOKPHITHAM, HEOGXOAMMBIE JAsl yCIIEI-
HOW peaAmsanuy KOMIAEKCHOM 3aIljUThl TPYGONPOBOZOB OT MOA3EMHOM
KOppO3uM B ycAOBMAX 3anagHoit Cubupu 1 CeBepHBIX PAalOHOB CTPAHBbI.

® MeTogoaornueckue ocHOBbI ArddepeHNpPOBAHHOIO ONpPeAEeAeHUs
KPUTEPUEB 3alUTHBIX TOTEHLIMAAOB M CTeIIeHN KATOAHOM 3aI1Thl B YCAOBHU-
AX HU3KMX TeMIIepaTyp W (Pa3OBEIX IIEPEXOZOB B IPYHTOBOM DACKTPOAUTE.
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® 3aKOHOMEPHOCTU TOKOPACTIPEAECAEHMs [PH KATOAHON U MPOTEKTOp-
HOW 3aIMTE B TOPU3OHTAABHO-CAOMCTBIX IPYHTAX C MOACTUAAIONIIM CAOEM
MHOTOAETHEMEPSABIX TOPHBIX IOPOJ.

® MeTogOoAOTMYECKHE OCHOBBI pacyera MMapaMeTpoB YCTAHOBOK KATOJ-
HOM 3aIQUTHI C 3a3eMACHMAME Pa3ANYHOrO THITA U MPOTIKEHHbIX TPOTEKTO-
POB C y4eTOM BAMAHUSA MOACTUAAIONLEIO CAOA MHOTOAETHEMEP3ABIX TOPHBIX
NOPOZ, 4pe0Ad TAAOTO I'PYHTA BOKPYT TPYOOIPOBOAOB U CIOCOGOB MX 3aA0-
JKEHUSA.

® OnTuMarbHbIE TEXHOAOTMYECKHE CHUCTEMbl KATOZHON M MPOTEKTOp-
HOI 3aI[1TbI 10A3EMHBIX TPYGOTIPOBOJOB B IAYGOKOITPOMEP3aIONIMX FPYHTAX
¥ paioHaX PacIpOCTPaHEHMs] MHOTOAETHEMEPSABIX TOPHBIX TIOPOJ, B TOM
YUCAE C ABTOHOMHBIM 9HEPTOCHAGKEHUEM.

® Pe3yAbTaThl MPaKTUIECKOrO NMPUMEHEHUS NEPEYMCACHHBIX TEOPEeTH-
4eCKMX pa3paboToK I10 NPOTUMBOKOPPO3SMOHHON 3AIUTE MOATBEPAUAN MX
AOCTOBEPHOCTD, AKTYAABHOCTH M 3HAYUMOCTD [IPY MPOEKTUPOBAHUM, COOPY-
KEHUN U DKCIAYATALMY MHOTOHUTOYHBIX CHCTEM MATHCTPAABHBIX TPY6O-
nposogos B 3anaguoit Cubupu u Pecniy6auke Komu.

BrinmoaHeHue Bcex BhlIIeNepeINCACHHBIX 33444, ABATIOMIUXCS OTIPeAeAs -
IOLIell OCHOBO HOBOTO MPOBAEMHOIO HAITPABAEHMS HAYYHBIX UCCACJOBAHUI
B O6AACTH 3alIMTHl MAIMCTPAABHBIX TPYGOTIPOBOJOB OT MOA3EMHOM KOPPO-
31, ¥ CBOEBPEMEHHOE BHEAPEHME MOAYIEHHBIX PE3YABTATOB B IIPAKTUKY
NPOTHMBOKOPPO3MOHHON 3alJUTBl HA TA30BBIX M HEMTIHBIX MaruCTPAAIX
Banaguoit Cubupu u Kpaitrnero Cesepa Hamtelt cTpaHsl TO3BOAAIOT o6ecrie-
YUTD MX 6e30TKa3HYIO pabOTy B TEYEHME BCEro IMAAHOBOIO CPOKA IKCIIAyaTa-
yun. Bo3MoOxHDIN rogosoit akoHOMUYeCKni 2 HEKT OT BHEAPEHUA HOBBIX
NPOTUBOKOPPO3MOHHBIX MEPOIIPUATHHN, pa3pabOTaHHBIX HA OCHOBAHWY BbI-
MIOAHEHHBIX TEOPETUIECKUX ¥ IKCIEPHMMEHTAABHbBIX UCCACAOBAHUN, MOXeT
Aocrurats 6oaee 10 000 py6. /km.

MABA MNEPBAA

KOMMITEKCHAS 3ALLWUTA OT NOA3EMHOW KOPPO3UN
B MHOIMONETHEMEP3J1bIX
U rMYBOKOMNPOMEP3AKOLWMX MTPYHTAX

1.1. Tpe6oBanus HageXKHOCTU N0 OOeCreYeHnIo
NPOTUBOKOPPO3UOHHOI 3aIUThl TPYGOIIPOBOAOB
B cepepHbIX paiioHax u 3amaguoit Cubupn

HagexHocts paBoTs crcTeM TPy6OnpPOBOAHOIO TPAHCIIOPTA ABAIET-
cs HeOBGXOAMMBIM yCAOBUEM UX 2(PGDEKTUBHOTO (PYHKLMOHMPOBAHUA.
D10 TpeboBanue uMeeT 0COGEHHO GOABIIOE 3HAUEHNE AL TPYOOTPOBO-
zoB 3anaguoit Cubupu u Kpaitnero Cesepa, peMOHT KOTOPBIX B CAyHae
KOPPO3MOHHBIX OTKA30B CONPSKEH C O4eHb GOABIIMMU TPYAHOCTAMM
1 pacXozoM (PMHAHCOBBIX U TPYAOBBIX PeCYpCcOB. Xapaxrep i 06HeM [1po-
TUBOKOPPO3MOHHBIX MEPONTPUATHI 06YCAOBACHDI MEXAHUSMOM I CKOPO-
CTBIO KOPPO3UM MOA3EMHBIX TPYyGOIPOBOAOB. XOTS B OTACABHBIX PaboTax
[80, 86] BBICKA3BIBAAOCH MPEATIOAOKEHNE O TOM, UTO B yCAOBIUIX Bamag-
Hoii Cn6upy n ceBepHBIX PailOHOB OTTACHOCTb KOPPO3UOHHOTO Paspy-
HIEHUST ZOAKHA GBITh YPE3BLIYANHO MaAa, MMPOKMI KOMIIAGKC MCCACAO -
BAHWIA HE TTOATBEPAUA dTOT TE3NUC.

JAs TOro 9TO6H! TOAYYINTH HAYTHO OGOCHOBAHHOE 3aKAIOUEHNE O He-
06XOAMMOCTH TTPEAOTBPAIEHMS KOPPOSMOHHOTO PaspylICHMA 1OA3EM-
HeIx Tpy6onposogos B 3anazguoit Cubupu 1 CEBEPHBIX PallOHaX, CAEAYET
TIPOBECTY TIATEABHBIN AHAAN3 Ka4€CTBEHHBIX ¥ KOAUYECTBEHHBIX XapaK-
TEPUCTUK CKOPOCTEN HU3KOTEMITEPaTyPHOY KOPPO3UH B YCAOBIAX, NACH-
THHYHBIX 9KCIIAYATALIMOHHbBIM PEKUMaM II0A3EMHBIX TPySonposogos. ITpn
TOM CAEZYET MCXOZUTH KaK U3 TEOPETUIECKOIO O6OCHOB&HHU}I TeMIepa-
TyPHBIX 3aBUCHMOCTe} CKOPOCTH KOPPO3UH OT PASAMTHEIX ACHCTBYIOMMX
$akTOPOB, TAK 1 13 ZAHHBIX PAKTUYECKUX MCCACAOBAHNI HA PEAABHBIX
ofbeKTax.



[lereHanpaBreHHOE U3ydEHME BAMAHMA TE€MIEPATYpPhl Ha MPOLIECCH
KOpposuu ogHNM U3 neperix nposogua C. B. [op6ades ¢ corpyaHuxamMu
[25—36]. B 3aBucumocTi OT M3MEHEHUs HAOTHOCTY TOKA MPY OTEHIIN -
OCTATUHYECKOM pEXUME MOAAPHM3AINKM OHU YCTAHOBUAM BO3MOKHOCTD
Pa3AMYATh KOHEHTPALMOHHYIO U XUMIYECKYIO (3a CUET IepeHanpsxe-
HUS DAEKTPOAHOIO mpouecca) moaspusanguu. PyHKIMOHAABHO MAOT-
HOCTb TOKa U TEMIIEpaTypa B MOTEHIMOCTATUYECKOM PEXUME ZAT 060X
CAy4YaeB MOASPUSALNI CBA3AHBl COOTHOMICHUEM:

P 1.1
8= Ao kT (11)
rae: A — MOCTOAHHAA IPOLJECCa;
Q — addexTuBHAS SHEPTUSL AKTUBALLN;
R — rasoBas ocrosHuas;
T — abcoAroTHAS TeMIiepaTtypa.

B cayuae xoHyenTpaymonHOi noAspusanuu a¢gdexTuBHaT dHEPrUI
AKTHUBALIN, IPEACTABASIONMAA COO0M 2HEPTUIO AKTUBALIMY BA3KOTO Teue-
HUA PACTBOPA, NPAKTUYECK HE 3aBUCUT OT M3MEHEHUS MOTEHIINaAA, HO
3dMETHO BO3PACTAET IIPU NMOHVKEeHUM Temnepatypsl (puc. 1.1). [Tpu xu-
MIYECKON noAapusanuy a2 PeKTUBHAL SHEPTUS aKTUBALMY 3HATUTEAD-
HO OOAbIIE, YeM NPU KOHIEHTPALMOHHON TOAAPU3ALIAM, I HE OCTAETCS
MOCTOAHHOM B CAyYae M3MEHCHUS [IOTEHIJMAAA B OIIPEJEACHHOM MHTE]-
Bare. Ha npakruke seanunny addekrusHol aHeprun akTusanmm omnpe-
ACASIIOT OIIBITHBIM ITyTEM, YCTAHABAMBAA MTOTEHIJUMOCTATUYECKYIO 3aBUCHU -
MOCTb AOTapupMa TAOTHOCTH IIOAIPUSYIONIETO TOKa OT 06paTHOi a6co-

ATOTHOI Temnepatypst (puc. 1.2). Micxogs us ycaosuit sorpaskenns (1.1),
MOKHO 3aIT1CATD:

e 12
VAU
Q=23Rtgy =4,57tgy, (1.3)

rge tgy — pasMepHas BeAnduHa rnpu ycaosuu ydyera j B A/cm? u T B °K.
VcrnoapsoBaHme OMMCaHHOTO METOAA IIPU UCCAEZOBAHIM TIOA3EMHOMN
KOPPO31UM ¥ KATOAHOW 3aIUThl TPYOHOI CTAAU B YCAOBUAX TTOHMIKEHMSI
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Puc. 1.2. NoTeHumocTaTuyeckana 3aBUCU-
TEMMEPATYPA, °C

MOCTbL NMMOTHOCTA NONAPU3YIOLLErc ToKa

Puc. 1.1. DHeprua akTMBauum BsI3kocTU  KaTOAHOW  3aWnTbl  Npyu  M3MEHEeHWUU
BOAbLI TemmnepaTtypbl

TeMITepaTypbl TPYHTA 3aMeTHO yao6Hee, 4eM IPUMEHEHNE METOAA I1epe-
MEeIVBAHUA AU N3MEHEHU KOHIIEHTPALMK DAEKTPOAUTA, & TAKKE peru-
cTpayuu npejeAbHOli mAoTHOCTH ToKa. OTipeaenss HePriuy aKTHBaIY
Mp¥ PASAUTHBIX KATOAHBIX CMEIEHUAX DAEKTPOAHOLO NIOTEHIJNANA, MO -
HO OTIpeAeAnTb KO PULMEHT O, «[TOKA3bIBAKOLJII AKTUBHYIO HACTh YBE -
AVMYEHMA DAEKTPOAHOTO MOTEHIIMAAL»:

. 4Q
= i) (1.4)

AN

Q2
JaQ
Clep :% A@Ql - F(E(; __(iEq) )’
fd(Acp) L

Ay

(1.5)

rae F — nocrosinnas Papages, 23 062 kan.

11



IIpu aKCHepMMEHTAABHOM MCCAEAOBAHNY KOPPO3UN IAEKTPOAUTHU-
YECKOTO KeAe3a B YCAOBMAX INOHMKEHHUA TeMIIepPaTypbl HENTPAABHOIO
DAEKTPOAMTA AAsA OOECIeueHns aHOZHON TTOAIPHU3ALINK 4O TOTEHIINAAL
-0,2 B 6pira moAyueHa IOTEHIIMAAOCTATHYECKas (PYHKIMOHAABHAA
CBA3b MEXJY MAOTHOCTBIO TOKAd M TeMIIepaTypOi, NpejCTaBACHHAs Ha
puc. 1.3a [117]. Ee unrepnperayus B moAyAOrapupMUIECKIX KOOPAUHA -
Tax (puc. 1.36) O3BOAMAA YyCTAHOBUTH 3HaUeHuUeE tgY U OLIEHUTD 3Have-
Hue a¢pPeKTUBHON aHEPrUy aKTUBALUY BeAnInHOM 10 KKar/MOAD.

[lockoabky aTa BeAmumHa GoAee ueM BABOE MPEBOCXOAUT CPEAHEE
3HAYEHUE DHEPIUM aKTUBALIUYU BASKOCTH BOABI B NCCAEZOBAHHOM UHTEP-
Bare temnepatyp 0—30°C, MOXHO CYMTATh, YTO KOPPO3Us B ITUX YCAO-
BUSIX TPOTEKAET C XUMUUECKOM TOAIpU3aIIMeil 3a CIET epeHaIPsKEH U
MOHM3ALINH MEeTaAAR,

AAs TUADOKCUA-MOHOB U IMPOTOHOB, IPUHUMAIOIINX OCHOBHOE y4a-
CTHe B MPOIleCccax MOYBEHHON KOPPO3MM M KaTOZHOM 3a1uThl TPYyGHOM
CTaAM B MNOA3EMHBIX YCAOBMAX, 3HAYCHUS PHEPrUM aKTUBALMU TOABUXK-
HOCTH, onpegeaeHHble 1o [Aeccrony, Aeiigaepy 1 DIPUHTY, IPUBEAEHbI

|
©
=]

|
©
o
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|
|
|
|
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|

-2,0

|
»
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JIOTAPUOM MAOTHOCTU NONIAPU3YIOLLETO TOKA, Al
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e
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»
(2]

(=]

3,2 34 3,6 38
OBPATHASl ABCONIOTHAS TEMNEPATYPA, °C

10 20 30
TEMNEPATYPA, °C

Puc. 1.3. TemnepaTypHasn 3aBUCUMOCTb MAOTHOCTYW MOMISPU3YIOLLEro ToKa
a — noTeHUWocTaTUYecKue YCNoBKs, Npamas TeMnepaTypHas 3aBUCUMOCTb;
6 — T0 e, obpaTHaa TeMnepaTtypHasi 3aBUCMMOCTb
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Ha puc. 1.4. Kak BugHo u3 cpae-
nenust puc. 1.1 u puc. 1.4, rem-
repaTypHas 3aBUCUMOCTb ATOMU
9HEPruy COXpaHAET CBOM XapakK-
Tep U B 2TOM cAydae. Takoe
TIOAOKEHNE CBUAETEABCTBYET O
3aMETHOM TOPMOXKEHUM KOp-
PO3MOHHBIX  TIPOLIECCOB  HA
[MOBEPXHOCTM CTAaAbHBIX 2AEK-
TPOAOB B OOAACTHU TEMIIEPATyPbl
Hauara (pa3sOBBIX [IPeBpal]eHMI : P e = = =1
BOZbl. MOKHO TIOAaraTh, 4YTO TEMREPATYPA, °C

B cayHae  [CPCOXADMACHIVL b, 44, TemnepaTypHas 3aBUCUMOCTb 3Hep-

KOHIJEHTPUPOBAHHOIO BOAHOTO  ryy aktRauum nogBMNHOCTY BOAOPOAHLIX
DAEKTPOAUTA TPYHTA HTO TOPMO- MOHOB

sxeHue OyzeT NPOAOAKATHCA JZO

remrieparypsl —4—6°C, mocae ZoCTMXEHMA KOTOPOi BCA cBOGOAHASL
BOZ4, KOTOPas CocO6HA yJacTBOBATE B KOPPO3NOHHOM MpoIjecce, nepe-
XOZUT B KPUCTAAANTECKOE HEPeaKIJMOHHOCIIOCOOHOE COCTOAHME.

[Tpu gudPy3rOHHOM KOHTPOAE KOPPO3UOHHBIX IIPOIJECCOB, YTO MO-
JKET MMETh MECTO B CAyYae TTEPBOHAYAABHOTO MOHVIKEHIS TEMIIEPATY Db
B uarepsare 30—10°C, CKOPOCTh PAEKTPOXMMIIECKON KOPPO3UM KOH-
TPOAUPYETCS TeMIEPATYPHOI 3aBUCHMOCTBIO KO2pduimenTa audbdy-
31U, KOTOPAaf TAKXKE MMeeT dKCTTOHEHIMAABHBINA XapaKTep, aHAAOT Y HbLI
ypasuenuio (1.1).

B o6ieM caydae IPUMEHUTEABHO K MOA3EMHBIM YCAOBUAM CEBEPHBIX
paitonos u 3anagHoit Cu6mpyu MOKHO CKa3aTh, ITO KOPPO3ZMOHHbIE [1PO-
IJeCCH Ha CTaAbHBIX TPYGOIPOBOZAX MPOTEKAIOT B HEMTPAABHBIX DACK-
TPOAUTAX C KUCAOPOAHOI AeroAapusanueil. B TakoM cAydae noHUKeHne
TeMMepaTypbl TPYHTA MAU CTEHOK TPyOOIIPOBOZOB BeAET K MOBLIIEHNIO
NepeHanpsKeHUs MOHNBALNY KICAOPOZA M TOPMO3UT €r0 AudQysuio
k mosepxHoCTH TPy6. [Ipy 2TOM, XOTA pACTBOPUMOCTE KMCAOPOAA B DACK-
TPOAUTE IPYHTA NP [IPOYNX PABHBIX YCAOBUAX MOBBIIIAETCS, 061as CKO-
pOCTh NOA3EMHOI KOPPO3UM TPYOHOW CTaAM B MHTEPBAAE TEMIEPATYp
0—5°C 3HAUUTEABHO HUXKe, yeM 11pu Temieparypax 20+-30°C.

3aMeTHOE BAUAHUE MOHVKEHUS TEMIIePAaTypPhl Ha CKOPOCTD [10A3€eM-
HOM KOppo3uu TPyOHOM CTAAM MOKET MPOSBUTHCS TAKXKe 3a CUET u3Me-
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HEHUA €€ KBA3WCTALMOHAPHOTO MOTEHIMAAL U, KAK CA€ACTBUE, PaGOTH
KOPPO3MOHHEIX TepMoOrarbBaHonap. ITpu moHmxkenuu remnepartyps no-
TEHIJMAA JKEeAe3d CMEIJAETCS B IIOAOXKUTEABHYIO CTOPOHY, UTO B CAydae
OTCYTCTBUSA N30TEPMUYHOCTH IMOBEPXHOCTU CTEHOK TPy6ONpPOBOAa TIPH-
BOAUT K OOPa30BAHMIO KOPPO3MOHHBIX TEPMOTAABBAHONIAD, B KOTOPHIX
foaee Harpersie yuacTKu Tpy6OIPOBOAA ABASIOTCS aHOAzaMu. Ha maru-
CTPaAbHBIX TPYGOTIPOBOJaX, paboTalommx nog gasaenueM go 60 atm Ha
BBRIXOZE 13 [TePEeKaYMBAIONIErO arperaTa, Takas HeOAZHOPOAHOCTh TeMIIe-
PaTyphl BCErja MMeeT MECTO KaK 3a CYET ZeKOMIIPEeCCU [IePeKATBaeMO -
TO MPOAYKTA, TAK 11 32 CYET [E€TEPOrEHHOCTH OKPYKAIONIEro IPYHTA, IPY -
BOZALIEN, TOMUMO BCErO MPOYEro, K AOKaAbHOMH guddepennmanmu ero
TeMIEepPaTyphl BZOAb TPYGOIIPOBOAA.

B caysasnx, xorga KOppOsMOHHSBIE IIPOLIECCH IPOTEKAIOT C BOAOPOZ-
HOM AETIOASpPU3ALIUEl, MOHIXEHNE TeMIIEPATYPhl YBEAUYMBAET MEpPeHa-
NpsxeHne Bogopojga. [1pu atoM nsMeHeHne CKOPOCTU KOPPO3UN UMeeT
AOCTaTOYHO YETKO BbIPaKEHHbIN HKCTIOHEHIJMAABHBIN XapaKTep 1 MOXeT
OBITH B IIEPBOM MPUOGAMKEHIM OTPAXKEHO YyPABHEHUEM:

Q

V. =P. e sie—s 1.6
K XD, RT (1.6)
rze PK — NOCTOAHHAA KOPPO3WOHHOTO IIPOLIeCCd, KOTOPOE AaHAAOTHIHO
BBIPSKEHUIO:
S
i, =P e *T (1.7)

¥ B TOAYAOTAPM(PMUIECKIX KOOPAMHATAX XaPAKTEPU3YETCS IPAMOIA, yroa
HAKAOHA KOTOPOW K Ocy abCruce OTPaskaeT MHTEHCUBHOCTD TeMIIepa-
TYPHOTO BAMAHMA Ha NPOIIECC KOPPO3MOHHOTO pPaspylieHus TPySHOIM
CTaAM.

JApKuM NpUMEPOM TakO# TeMIepaTypHOIl 3aBUCHMOCTH CKOPOCTH
KOPPO3UM MOTYT CAY>KUTb rpapuku Ha puc. 1.5 n 1.6, noxassisaromue n3-
MEHEHVE KOPPO3MOHHBIX IOTeph xkeaes3a B 18%-Hoil coasHOl KucaoTe
npu ee oxaaxkgenuu ot 60 go 5°C.

OG6brvHO KOPPO3MOHHEIE MTPOLECChH], HANPUMEP PACTBOPEHIIE METAA-
Ad B HEOKUCAUTEABHBIX KUCAOTAX UAN CAAGOKMCABIX PYHTAX, UMEIOT DKC-
TMOHEHIJMAABHYIO 3aBMCHMOCTh CKOPOCTEH KOPPOSUM OT TeMIIepaTyphI,
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KaK aTO TMOKa3aHO Ha puc. 1.7a,
KOTOPYIO MOXHO IIPE€ACTaBUTh
BBIPasKEHUEM:

"
Vi =238 &, (1.8)
Al B Aorapudmudeckoil popme
(puc. 1.76):

lngp:lgA—T%r. (1.9)

Paccunurare mMareMaTuueckoe
CO3JaHNE CKOPOCTU KOPpO3UK
[M0A38MHBIX METAAAMYIECKIX COO-
PY>KEHUI AU OIPEAEAUTh MeXa-

~ HM3M BAMAHWA HA HEE PA3ANYIHBIX

dakTopoB, B TOM 4MCAE U TEMIIE-
paTypsL.

Topmossamee BAMAHKME MTOHU-
KECHMA TEMIIEPATYPDBI Hd HPOLIQC-
Cbl KOPPO3UY HACTOABKO BEAMKO,
4TO OHO IPOSBAsieTCsA B GOABIION
CTEIIEHN JaXKe B TaKOW KOPpO-
3MOHHO-arpecCUBHOMN cpege, Kak
18% -HbIll pACTBOP COATHOM KMC-
rotel. [To gamuemm Jx. Kon-
pos [166], cavskeHue Temepary-
pst Takoro pacreopa c 50 go 14°C
3aMegAsSeT KOpposuio 6oree yem
B 10 pas (puc. 1.8a). ITpu arom
IHepPrusi aKTHBALMM IpOIecca,
COTA4CHO pacyeTaM 10 3HaUYEeHUIO
tgy u3 rpaduxa Ha puc. 1.86, co-
crasaser 12,8 kkaa/MOAb, 9TO
CBUJETEABCTBYET O KOHTPOAE X1-
MMUYECKOW MOAAPU3AIUM 33 CUET
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Puc. 1.5. TemnepatypHaa 3aBUCUMOCTb
CKOpPOCTW KOPPO3WUW Xernesa npu sogopoa-
HOW genonspusauvu
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Puc. 1.6. ObpaTtHaa TemnepaTtypHas 3aBu-
CUMOCTL CKOPOCTU KOppPO3uM XKenesa ¢ BoO-
AOpPOOHON AenonsApusaumnen
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BECOBASI CKOPOCTb KOPPO3 WM

CKOPOCTh KOPPOBHM, MM/,
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Puc. 1.7. O6wan TemnepaTypHan 3aBMCUMOCTL CKOPOCTU KOPPO3UM:

a — npamas dyHkums; 6 — obpaTtHas dyHKUMA
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Puc. 1.8. TnybuHHLINA nokasartens Kopposum xenesa 8 18%-Hom pacteope HCI:
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a — npamasn gyHkuns; 6 — obpatHas dyHKyus

M3MEeHEeHUs TIePEHAIIPSKEHNS BOZOPOA4, KaK 1 B CAy4ae KOPPO3UM JKeAe-
34 B HEITPAABHOM DAEKTPOAUTE.

CooTHONeHUe KaTOAHOrO ¥ aHOZHOTO KOHTPOAS B YCAOBUSAX KOPPO-
311 VAU KATOZHOM MOASPUSALIUH KEeAe32 MOKHO PACCINTATD CAEAYIONIM
obpasomM:

1) yCTaHOBUTB XapaKTep dAEKTPOZHBIX IPOTIECCOB (C KUCAOPOAHOM
MIAM BOZOPOZAHOM AEIOApU3AIIeii );

2) paccuuTaTh, COOTBETCTBEHHO, O6PaTUMBIA MTOTEHIIAA KHCAOPOA-
HOTO (MAM BOZOPOAHOIO) DAEKTPOZA coraacHo ypasmnenmio Hepmcra
¢ yaeToM (paKTUUeCKON TeMIeparypbl;

3) onpeaeants mOAApUSALMIO KaToAd (AQg= Qyesp— @A) U aHoja
(AQA= QI — Pyo6,); UCXOASL U3 YCAOBUSA, UTO: Pryg — oBpaTUMBbIil IIOTEH-
IT1aA ZEMOASPU3YIOMErO Ar€HTa; @ 4,5, — OOPATUMBIN MOTEHIIMAA KEAL3A,
PAaCCYMTAHHBIA TAKXe COIAACHO ypaBHeHuio Heprcra ¢ yueToM ¢pakTu-
4eCKOil TeMITepaTyphl; Py — KBa3UCTALMOHAPHBIA MOTEHINAA KATOZHOM
3aIIMUTH AU KOPPO3MOHHOTO MPOLIEcca Ha 9AEKTPOAE;

4) o1jeHUTD CTENeHb (ZOAIO) KATOZHOTO U AHOAHOTO KOHTPOAA IO CO-
OTHOIIEHUIO:

AWk
Apg+AQ,

I1pu kopposuu xeresa B 3%-uom pactsope NaCl npu 25°C B cayuae
KBa3UCTALMOHAPHOTO MOTEHI[Mara Kopposuu, pasxoro -0,3 B (1o Bogo-
POAHOI WIKaAe), KOTZA PACYeTHOE 3HaYeHure O6paTMMOro MOTeHIMaAd
;xeaesa gocruraer —-0,463 B, a o6paruMblil MOTEHIIMAA KUCAOPOAHOTO
aaextpoga paser 0,805 B, zoad KarogHOro KOHTPOAA COCTABASIET 87%
(moaspusagus karoga A@g=1,105 B), a 4OAs aHOZHOTO KOHTPOAS — 13%
(moaspusanus anoga Ag,=0,163 B) [4].

PacyeT 0XuAAEMOU CKOPOCTM KOPPO3UM NPU MOHMKEHUI TEMIIepa-
TYpBI IPYHTa MOKHO OCYILJECTBUTh IPacpOaHAAUTIIECKN CAEAYIOIUM O6-
pasom:

1) onpegeaurs OMHUYECKOe IajeHue MOTEHLMAAA KOPPO3MOHHOIO
9AEMEHTA U3 COOTHONIEHNA:

Py = 100% (1.10)

ApQ=LR,, (1.11)

rge: I, — KOppO3MOHHBIN TOK;
R, — oMm4eckoe CONpOTUBAEHNE KOPPO3SMOHHOTO 9AEMEHTA.
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B KayecTBe MCXOAHOrO PACYETHOTO 3HAYEHMS MOXKHO UCIIOAB3OBATH
MaKCMMaAbHOE 3HaYeHUe KOPPO3MOHHOTO ToKa I ... onpegeaenHoe no
TIEPECEUYEHNIO AaHOZHOM 1 KaTOZHOM KPUBBIX HA NOASPU3ALMOHHON A1a-
rpamme;

2) HaHeCTU HA MOAIPUBAIMOHHYIO AMarpaMmy rpadpuk mpsaMoit, yau-
THIBAIOUJUI OMUYECKOE MajeHNe IMOTEeHIJMAA], XapAKTePU3yEeMBI yrAOM
HakAOHA (, TaHreHc KOTOpOro paseH oTHomenuio AQQKI,;

K?

04 3) rpaduueckn CAOKUTH OMU-
” JecKkoe IajeHre IOTEHIMard C

F;‘\\ AI0GOII M3  MOASPU3AIMOHHBIX
. N P KPUBBLX, ONPEAEAB TaKUM o6pa-

30M 3Ha4Y€HHUE KOPPO3UOHHOIO
TOK4, COOTBETCTByIOIIee (pakTu-
% 4EeCKOMY COITPOTUBAEHIIO KOPPO-
3MOHHOTO 2AeMeHTa, W O6AACTb
€ro BO3MOXHBIX [OTEHUMAAOB
/ kopposuu (puc. 1.9).
Pacuer oxmgaemoil ckopocTu
y KOPPO3MUH U COOTHOIEHMS KaTOJ-
HOW M aHOAHOM a3 rereporeH-
HOTO KOPPOAUPYIOIIErO KEeAE3HO-
- = * ro (MAM CTAaABHOTO) PAEKTPOZA
MOXHO OCYIecTBUTh rpadoaHa-

P #

LA iRty

Puc. 1.9. Fpadueckoe onpepenenue hak-  ,rygeckiny 1 APYTHM IIyTEM,
TMYECKOro KOPPO3MOHHOTO TOKA i,y W 06na-

CTW BO3MOXHbLIX MOTEHUWANOB KOPPO3MKu =CAML MIRecTHO SHAMEHNE. KBask-
i CTAJMOHAPHOIO IOTEHIJMAAA Py,

ATOTO dAEKTpOAd. B aToM cayuae
MOCTPOEHUE B COOTBETCTBUM C rpadukamu puc. 1.10 nossoaser onpege-
AuTh AuddepeHupOBAHHO MAOTHOCTY TOKA Ha KATOAHOM I ¥ aHOZHOI
1, dasax. Ilpu ycroBum O6GIHOCTH AOKAaABHOIO TOKA KOPPO3MOHHOTO
IAEMEHTA 1, 061Iell MAOMAZBIO S CIIPABEAAMBO COOTHOLIEHME:

S[(jK:SAjA:iKUp’ (112)

rge: Sy — IIOBEPXHOCTb KATOZHOMU (pasbl;
S, — TMOBEPXHOCTD AHOZHOM (pasbl.

S, +8,=8. (1.13)
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[Toaarasi, 9TO CONPOTUBAEHME AOKAABHOTO DAEMEHTA HEBEAMKO
(T. €. MOTEHUMAABI KATOZHON 1 aHOZHOI as GAM3KY 1, 6rarogaps 1oA-
HOW MOASPU3ALNHN ), MOXKHO 3aITHCATh:

i, =S-JKdA (1.14)
Jxt+Ja

S ""Sj—A 1.15

1 OTCIOZA K= o (1.15)
JetJa
JxktJa

B coorBercrBuu c 3TUM, B TIEPBOM HpI/IGJ\IfDKeHIfIM MOXHO CYHNTATD:

Sk o x (1.17)
Sy, L4

A€ Uy, U4 — O6BEMBI, COOTBETCTBEHHO, KATOAHOM 11 aHOZHOU (as.
Kraccuueckue onpegereHus, XapaKTepU3ylOUIuMe KUHETUKY TIpO-
JECCOB TOZ3EMHOI KOpposuu TPyOHOW CTaAmM, TIO3BOASIOT paccMar-
pPUBATh ZBAa OCHOBHBIX BHJA KOPPO3MOHHOIO paspylleHus: C mpeodia-
JAaHMEM CcaMOpacTBOpe- "
HUs >KeAe3a II0J BAUA- o
HUEeM HaXOJAANJUXCA B D] Fmecan. S el
TPYHTE OKHCAUTEAEHd —
KIICAOPOA2,  IPOTOHOB
BOZBI, XAOP-MOHOB U T. 7.,
nAM C npeobragaHuem
AHOAHOTO PaCTBOpeHus:d
craau 3a cyeT PpaboTs
KOPPO3MOHHBIX TaAbBa- @ _ .
Homap, oOpasyromuxcs . Ia "
[PY HAAMYMY DAEKTPHHE- NAOTHOCTL NONSPU3YIOWETO TOKA
CKOTO KOHTA4KTa IIEPBOTO Puc. 1.10. M'pathuueckoe onpeneneHne aHoAHOM
poda MeXzy MeTaAArde- M KaTOAHOW NNOTHOCTEN TOKA U COOTHOLLEHUA
CKUMH, B TOM YNCAE nx cpas

NOTEHUHAN
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CTAABHBIMM DAEKTPOAAMM C PASAMYHBIMU KBA3WCTAIMOHAPHBIMM IIOTEH-
praramiu. Vismenenue reMnepaTypsl Cpegsl, B KOTOPO IIPOUCXOAAT KOP-
PO3MOHHBIE TIPOLLECCHI, MAW CAMHUX KOPPOAUPYIOIIMX CTAABHBIX DAEKTPO-
AOB OKA3BIBAET CYNJECTBEHHOE BAUSAHNE HAa KIHETUKY U ZUHAMUKY 9TUX
npoueccos. O6muil xapakTep U3MEHEHUS TTPU 2TOM 3AKAIOYAETCS B yBE-
AMYEHUU CKOPOCTU MOJ3EMHON KOPPO3MM TPYOGHOM CTAAM IIPU TIOBBI-
WEHNK TeMIepaTyphl M 3aMeJACHUU KOPPO3UHU IPU €€ IMOHVKEeHUN
(puc. 1.11). KoAndecrseHHEIE COOTHOMEHNS U3MEHEHUs CKOPOCTeit KOp-
PO3MM HAXOAATCA B CAOKHOM (DYHKIIMOHAABHON 3aBUCUMOCTI OT TEMIIE-
paTypsl, TaK KaK M3MEHEHME IOCAeJHEeN CKa3bIBAeTCH MPAKTUYECKH Ha
BCeX (paKTOpax, ONPeAeAdBUINX KIHETUKY 1 AUHAMUKY IIPOLLECCOB 107 -
3eMHOI KOPPO3Un.

Tpe6Goranmne obecnieueHus HaZeKHOM 3aIUTH MOA3EMHBIX TPYy6O-
[IPOBOAOB OT KOPPO3MOHHOTO Pa3pyIlIeHUs AUKTYeT HeOGXOAMMOCTb UX
DKCTIAYATALIMK B YCAOBMAX MOHMKEHHBIX TeMIiepatyp. Jocrukenue aTomi
eAM B 3HAYMTEABHON Mepe O6AerdeHoO IIPUMEHUTEABHO K CEBEPHBIM
1 3aMagHOCNOUpPCKM TPy6ONpoBOgaM, IPOAOKEHHDBIM B TPYHTAX C HU3-
KUMU CPEAHErOAOBhIMM TeMIepaTypaMu. KOHCTPyKIMS U YCAOBUS DKC-
[AYATAL MK MOA3EMHBIX TPYOOTIPOBOAOB NO3BOASIOT CYUTATH TEMIIEPATY-
PY TPaHCTIOPTUPYEMOTO NIPOAYKTa (rasa mau HepTH) TOW TeMIepaTypoi,
KOTOpas ONPeAEAseT XapaKTep SAEKTPOAHBIX MTPOIIECCOB HA OBEPXHO-
cru TpyOHOU CTaAu, HEMOCPEACTBEHHO KOHTAKTUPYIOILIEH C IPYHTOM.
Oanaxo o6mas cKOPOCTh MOA3EMHOM KOPPO3UM CTAABHBIX TPYSOIPOBO-
ZOB 3aBUCKT TAKXKe OT I'PajMEeHTa TeMIIepPaTyphl B CAMOM IPYHTE, KOTO-
PBIA OKa3bIBAE€T BAMAHME Ha CKOPOCTh Audy3nn OKUCAUTEAEH, B rTep-
BYIO O4Yepeab KUCAOPOZA 1 MPOTOHOB BOABI, K KOPPOAUPYIOIIEN ITOBEPX-
Hoctu. VsMenenne pasoBOro COCTOSHMA DAEKTPOAUTA TPYHTA [IPU 9TOM
MOJKET OKa3aThCA pemaromuM GakTOPOM, OFHO3HAYHO OIPEAEATIOUINM
CTEMEHD Er0 KOPPO3UMOHHOM ONIACHOCTH.

Anaaus rpaduka Ha puc. 1.11 103BOAsSET BEIZEAUTD Y€THPE OCHOBHbIE
06AaCT COOTHOMIEHUA MEXKAY TEMIEPaTypPO M CKOPOCTHIO IIOA3EMHON
Kopposuu Tpy6HO# cTaru. [lepsas, B o6aactu Temnepatyp 6oaee +35°C,
XapaKTePU3YeTCsl BBICOKMMU CKOPOCTAMU KOPPO3UM, UMEIOIMUMU TEH-
AEHUUIO K MOHOTOHHOMY POCTY IIPM YBEAMIEHMM TeMIepatypsl. Bmopas,
B OTHOCUTEALHO Y3KOM MHTEpBaAe TeMieparyp +25++35°C, nossoaser
CUUTATh CKOPOCTh KOPPO3UM IPAKTUUECKU HE 3aBUCAIIEH OT M3MEeHEeHUs
TEMITEPATYPhl M OIPEAEAAEMON TOABKO KOPPO3MOHHBIMU YCAOBUAMU

20

>

npoxAazku  Tpy6oIposo-
aoB.  Tpemwva, wnHauboree
uHTEpecHas C TMO3ULHUU
obecrieyeHus IIPOTUBO-
KOPPO3MOHHOM 3aujuThl, B
AvaTiasoHe TEeMIIepaTyp
-5++25°C, xapakrepusy-
ercs OOABIIMM  Pa3sHO-
o6pasueM CKOPOCTel KOp-
pO3KHU, UETKO BbIPaKEHHOMN
TEHAEHIIMEHN K X yMeHbIIe-
HUIO TIPU CHVZKEHUU TEM-
neparypol. VI wemsepmas,
B ofAacTu TeMmeparyp Mme-
Hee —5°C, xapakTepusyercs
NPaKTUYECKN CTAGMABHBIM NpeKpaljeHreM KOPPO3MOHHBIX MPOLeccoB
VAU COXPaHEHIEM CKOPOCTM KOPPO3MK Ha O4eHb HU3KOM yPOBHE.

TTpUMEHUTEABHO K YCAOBHUAM DKCIAYATALIMN IIOA3CMHBIX Tpy6ormpo-
B0ZOB B 3anagHoi Cubupyu 1 CeBepHbIX pafioHaX CTPaHbl HAMGOAbLIMIT
MHTepeC MPeACTaBASIOT BTOPAs, TPeThs u ueTsepras obractu. B ceasu
¢ 3TUM Heo6X0AMMO UsyueHue PAKTOPOB, KOHTPOAUPYIOUIMX IIPOIECChI
moz3eMHOR Kopposuu TpyOHOW craaum B AUANIasoHEe TEMIEPATyp
~10+4+30°C.

B ogrol 13 panuux pa6ot A. IT. Cyapa6us [210] npusogut rpadmie-
CKyIO0 MHTEPIPETAIUIO 3aBUCAMOCTH CKOPOCTI KOPPO3HUH OT COACPIKa-
HUS KUCAOPOAA 1 pH BOZHOIrO 2AEKTPOAUTA I'PYHTA IIPU «KOMHATHOI»
(+18++20°C) remneparype (puc. 1.12). 3aBucuMOCTS CKOPOCTH KOPPO-
3uu oT pH nogo6Ha ee TeMrepaTypHO 3aBUCHMOCTH.

JlAs Hee MOKHO BBIZEAUTD TPU 06AACTU COOTHOUIEHNSA: NEPEA, Orpa-
HUYEHHAas TYHKTHUPOM A 1 OCBIO OPAWMHAT, XapPaKTePU3yeTCs PesKIM
yckoperueM Kopposuu npu pH menee 3,5—5; emopas, B MHTEPBaArE
yHKTUPOB A 1 B, ¢ HeGOABIINM AMHEHHBIM CHIDKEHIEM CKOPOCTH KOP-
posun ipu pH ot 3,5—5 g0 10—11,5; mpemos, Aexangas 3a NyHKTUPOM
B, B KOTOpPOM MPOUCXOAUT GHICTPOE 3aTyXaHue IIPOIJECCOB KOPPO3HUU
npu pH 6Goree 10—11,5. VsmeHeHue coZepxkKaHUsA PaCTBOPEHHOIO
B 9AEKTPOAUTE I'PYHTA KICAOPOZA HE BAMAET KAYCCTBEHHO HA 3aBHCH-
Moctbh ckopoctu oT pH. Ymensmenne cogepxanus O, B 9AEKTPOAUTE

0 20 4 6 80 100
TEMNEPATYPA, °C

CKOPOCThb MOA3EMHOW KOPPO3UHU

Puc. 1.11. TemnepatypHas 3aBUCUMOCTb
CKOPOCTYU NOA3eMHOI KOPPO3UK.
O6o3HaueHus [, I, [l n IV cm. no TekcTy
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* NpOIIOPIINOHAABHO CHI-
JKaeT CKOPOCTh KOPpPO31Uu
BO emopoidi obaacrty,
OrpPaHMYEHHOM ITyHKTH-
pamu A u B, rge KOHTpPOAD
KOPPO3UI  OCYIIECTBAA-
€TCsA CKOPOCTBIO AETIOAS-
pUsauKM  KUCAOPOJZA, |
B MeHbIIel CcTeneHu —
B nepsou obaractu, rge
CKOPOCTh KOPPO3UN JO-
CTaTOYHO BEAMKA Jaxe

CKOPOCTb KOPPO3HHU

pH ANEKTPONIUTA

Puc. 1.12. 3aBUCUMOCTb M3MEHEHUA CKOPOCTH
koppoaum oT pH anekTponuTUYecKoi cpepbl B OTCYTCTBUM KMCAOPOAA.
1 copepXaHus B Heli Kucropopaa: B mpemuveii obracru cko-
1 — BbLICOKOE cogepxaHue KUCrnopoaa; 2 — HopmarnsHoe POCTb KOPPOSUH MaAO
(cpenHee) cogepxaHue kucriopoaa; 3 — HU3KOe cofep-
waHue Kucnopoaa; 4 — KUCnoposa OTCyTCTBYET.
O6o3sHaveHus 1, I, Il cm. no TekcTy

3aBUCUT OT COZEepKaHuid
KHCAOPOZA B dAEKTPOAU-
Te TIPYHTA W CTPEMUTCA
K IIOCTOSIHHO HM3KOI BEAMYVHEe, OZMHAKOBOMW INpU AIOOGBIX KOAMYECT-
Bax O,. B HellTpaAbHBIX Cpegax IIPU IPOYMX PaBHBIX YCAOBUAX CKOPOCTD
KOPPO3UM >KeAe3a BO3PACTAeT MPAMO IPONOPLMOHAABHO YBEANYEHUIO
KOHUEHTPALJNI PACTBOPEHHOTO B HUX KICAOPOAA 40 5 cM*/A gas guana-
30Ha TeMnepatyp +18++25°C.

PaxTrIecKas KOHIEHTPALNA KICAOPOAA B 9AEKTPOAMTE TPYHTA Y MO-
BEPXHOCTU TPYOOIIPOBOAA OINPeAeAieTCsl HEeCKOAbKUMM (aKTOpaMM:
MAPLVAABHBIM ZABAEHUEM KUCAOPOZAA B BO3AYXe; COMNPOTUBACHMEM Au-
dy3noHHOMY nepexogy KUCAOPOAA Ha IPaHMIIE BO3AYX — TPYHT; KOH-
LeHTpalueil pacTBOPEHHOIO KUCAOPOAA B TPYHTOBOM IAEKTPOAUTE;
TeMIIepaTypoll TI'PYHTa; CKOPOCTBIO ANMDY3UM KUCAOPOJa B TPYHTE
¥ CKOPOCTBIO PACX0Aa KUCAOPOAA B KOPPO3MOHHBIX PEAKIMAX.

Cesepueble 1 3an1agHOCUGMPCKIE PAlOHBI IPOKAAZKM MATXCTPAABHBIX
TPyGOIPOBOAOB XaPaKTEPU3YIOTCH IOHWKEHHOM CpejHerojoBoi TeM-
nepartypoit Bosayxa, a reppuropusa Komu ACCP, 20noAHUTEABHO, — THO-
HVDKEHHBIM COAeprKaHueM KUcAopoja B sosgyxe. O6a atu dpakropa oKa-
3BIBAIOT B LIEAOM 3aMeZAfIONlee BAMAHME Ha CKOPOCTh KOPPO3MOH-
HOrO paspyuienus Tpy6Hou craim. XOTA PacTBOPUMMOCTb KUCAOPOZa
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B BOZHOM 3SAEKTPOAUTE TPYHTA MPU IMOHIMKEHUU TEMIIePaTyphl BO3-
pacraer (puc. 1.13), noHmxeHHOE NapIUAABHOE JaBAEHHUE KHMCAOPOZa
B BO37yXe KOMIIEHCUPYET 3TO YBEANYeHVEe U IIPU IIPOYMX PaBHBIX YCAO-
BUSX HE BBI3BIBAET POCTa KOPPO3MOHHOM arpecCUBHOCTH IpyHTa ¢ 6oAee
HU3KOW CPeAHETOAOBOM TeMmepaTypoil. BoAaee AANTEABHBIN, IO CpaBHEe-
Huio co CpegHell MOAOCOM CTPaHbl, IEPUOA MEP3AOTO COCTOAHMSA TPYHTA
1 60AbIIaA TAYOMHA ero npo-
Mep3aHUA 3aTPYAHAIOT Aud-
dpy3HMOHHBIN IEpexoj Kuc-
AOpoga m3 arMocdepn B
DAEKTPOAUT TPYHTA U €ro
garpHenmywo auddysuo x
KOpPOAUpPYyIOLIel TMOBepX-
HOCTHU CTaABHBIX TTOA3E€MHEBIX
Tpy6onposogos. B couera-
HUM C MEHbIIeNl CKOPOCTHIO
pacxoZa KNCAOpPOZa B KOP-
PO3MOHHBIX PeaKUAX Ipu
IIOHIDKEHUY  TeMIIepaTypsbl
A0 Hadara ¢a3OBBIX IIepe-
XOJOB B DACKTPOAUTE TPYH-
Ta 9TO IPUBOAUT K 0611;6- 0 5 10 15 20
My TOPMOXKEHUIO CKOPOCTH TEMNEPATYPA, °C
KOppPO3UM B  YKa3aHHBIX
ycaosuax. OgHako KoAuye-
CTBEHHO CTEIeHb 3aMejAe-
HIUs KOPPO3UU TIPU MOHMXKEeHUU Temnepatypst ot +35 go -5°C moxer
VMMETh Pa3AMYHbIE 3HAYEHWs, 3aBUCSIINE OT KOPPO3MOHHOM arpecCuBHO-
cTy COBCTBEHHO I'PYHTOB M YCAOBUM YKAQZKM B HUX IOA3EMHBIX TPyGO-
ITPOBOJOB.

Uccaegosanus, npoeegennsie A, I1. Cygpabunsmm [211] mo ompe-
AEAEHUIO CKOPOCTH KOPPO3UMU CTAABHBIX PE3€pByapOB IIPU Pa3sAUYHBIX
TeMIleparypax, rmoxasaayu, uro npu 24°C oHa cocraBAsira B CpegHEM
0,12 mM/rog, aipu 1,7°C — 0,09 mm/rog. I1pu oTpuizaTeAbHOI TeMIiepa-
Type, KOI4a Ha IIOBEPXHOCTU pesepByapos oOpa3soBarach KODKa AbJa
(t=-3°C), koppo3us NPaKTUYECKN IPEKPATUAACH U €€ CKOPOCTh He Ipe-
seimana 0,0012 mm/rog.

N

PACTBOPUMOCTb KNCIOPOAA B BOJE, cm’,n’,1
[=2]

Puc. 1.13. TemnepaTypHas 3aBUCUMOCTE
pacTBOPUMMOCTM KACTOpo[a B Bofe
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KayecTBeHHO-KOAMYECTBEHHBIE XAPAKTEPUCTUKI TeMIIepaTypPHOII 3a-
BHACUMOCTY CKOPOCTH KOPPO3MUH, TIOAYYEHHbIE HA CTAABHBIX ITOJ3E€MHbIX
COOPYKEHIAX, B 3HAUUTEABHON CTENeHU ITOATBEPKAAIOTCA M ZAHHBIMU
MCCAEZOBAHII MOPCKOM KOPPO3UM CTaAM 1 UyTyHA.

[ToHmxkeHKe TeMIIEPATYPBl OKA3HIBALT ABOMHOE BAUSHUE HA CKOPOCTh
KOPPO3UM YEPHBIX METAAAOB B MOPCKIX YCAOBHUAX: C OZHOM CTOPOHBI, I1O-
BBIIAET PACTBOPUMOCTD KICAOPOZA B 9AEKTPOANUTE, YTO WHTEHCUDUIIN-
pyer IIpoLecchl KOPPO3UK C KUCAOPOAHOMN JeToAIpU3alent; ¢ zpyroi —
CHIKAeT CKOPOCTb COGCTBEHHO SAEKTPOXMMHUYECKMX peakuuit. Mure-
rPaAbHBIN 2PPEKT CHIDKEHUS TeMIIepPaTyphl 3aBUCUT OT COOTHOIIEHNA
CTereHel KOHTPOAS Kaxkz0oro 13 aTux ¢pakropos [34].

[Tpu mccaefoBaHUM CKOPOCTEH KOPPO3HUM CTAABHBIX KOHCTPYKIIMIA
MOPCKHX COOPYKEHUII OZHOIO CPOKa CAYKOBI TAy6rHa KOPPO3MOHHBIX
KaBepH B ycaosusx Muzguitckoro okeana (Koaom60o) npu cpegHeii rogo-
Boii remueparype 20,8°C Goaee yeM BaBOE IpeBblIara TAYOUHY KaBepH
y BocrouHoro nobepesxbs Kanagor (laaudaxc) npu cpegHeil rogoBoi
remneparype 6,2°C. B ycaouax Kacnmiickoro Mops A€THAS CKOPOCTb
kopposuu, gocrurasmas 0,8 —0,9 MM/rog, B 3UMHMIT IEPHOJ CHIKAAACH
20 0,2—0,25 mm/roz [90]. B To xe Bpems umerorcs gauusie | 169, uro us-
MeHenue Temneparypsl Mopckoit Bogsl ¢ 30°C (LlenTparsnas Adpuxka)
40 8°C (Cesepnsie MOPS, palioHbl KomeHrarena) mpakTMdecKy He BANA-
eT Ha CKOPOCTb KOPPO3HH, AasKe HECMOTPsl Ha TO, 4TO COAEpKaHUe
COAell B OXA@XKAEHHOMN BOJAE IMOYTH B 5 pas MeHbuie (COOTBETCTBEHHO,
3,3u0,7%).

CHukeHue TeMIepaTypsl 3aMeTHO TOPMO3HUT M TaKOW MHTEHCUBHBIN
IPOLIECC, KAK KOPPO3MOHHOE PaspyIleHNe CTAAbHBIX COOPYKEHUI B 30He
nepemennoro cMaunsanus. 1o ganuem [89] B yearosusax Kacrims cHmzxe-
Hue Temiepatypsl ¢ 27 g0 5°C nprBOAMT K BHIPABHUBAHUIO CKOPOCTEN
KOPpPO3UHN B 30HE [IEPEMEHHOr0 CMa4YMBaHusi U B o6beMe cBOBGOAHON
Mopckoit Bogsr (puc. 1.14). Ilpu aToM camMa CKOpPOCTh KOPPO3UM B CBO-
6oauom ob6bveme BOAb! Takke cHuckaercs. [To gamnusM [143], npuanMas
koadppuguent guddyszun D=2-10-° cm?/cex u Toruguny guddysnoHHO-
ro cAO0s B HernepeMmemunpaeMoM pactsope 8=0,1 cM, B yCAOBUAX KOHLEH -
Tpayuu pacrsopenHoro kucaopoga C=0,25+10"° moan/cM? npegeAbHbIH
andPysnoHHBIA TOK (IO KMCAOPOAY) UMeeT BeAuuuHy 1, =200 MA/M?,
YTO COOTBETCTBYET CPeAHENH CKOPOCTN KOPPO3HY ITPY HOPMAABHOM TEM-
neparype okoao 0,24 mM/roa. B To xe BpeMs, HECMOTPs Ha [OBBIILIEHNE
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PACTBOPUMOCTH KHUCAOPOZA B OXAAKAEHHON BOZE, CKOPOCTb KOPPO3UM
B Heit npu Temrepatype +5°C cuukaercs 6oaee yeM BABOE.

Nccaegosanus 8o BaakHOM (V=25+40%) COAOHYAKOBOM Kapajar-
ckoM rpyuTe [80] rokasaan, 9TO0 CKOPOCTb [TOYBEHHO KOPPO3MH, COXpa-
HSIOIIASICS TPAKTUYECKM HEeW3MEHHOM B JuMalla3OHe TeMIeparyp
+20++50°C, mpm oxrakgeHHMM B OOAACTb OTPULIATEABHBIX TEMIIE-
paTyp CHUXKAeTCs MPAKTUIECKN A0 HyAd. DTO M3MeHeHe 00yCAOBACHO
[IOBBIIICHHEM TTOASPU3YEMOCTM TpyOHOI cTaanm (IpemMyiiecTBeH-
HO — KaToAHOI) 3a cuer ymensuenus audoysuu nonos n SO depes
OKVCHYIO [TAEHKY Ha CTAAU U CHIDKEHMA CKopocTu Auddy3nn KUCAOPOAa
B MouBeHHOM dAeKkTpoAute [145], ocobenno nmocae Hatanra 06pasoBaHM
KpucTarroB Apza (puc. 1.15).

CAOXHBII XapakTep TeMIIEPATYPHON 3aBUCUMOCTH BUZAA U CKOPOCTH
KOPPO3MOHHOTO paspyumenus Tpy6Hoit craau CT-3 B OXAQKAEHHOM I'PYH-

0,7

/(
L 0,603 ’___{_;__.

=
0,6 L~
//

: 5

ad e
-y @
MOTEHLWAR, B
s & &
[} o -
\ )
NN
\\

)
W
st

CKOPOCTb KOPPOBHH, T/ _yac
=2
[~

0,1 ]
_~"0j093

Ry TS
0,162 —0,3
1

0 2 4 6 8 10
NAOTHOCTL NONAPUIYVIOWEIO TOKA, MAan

0 6 12 18 24
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Puc. 1.15. NonapuaaunoHHble KpUBbIe

Tpy6GHOW cTanu B oXnaxgeHHom
CONOHYAKOBOM FpyHTE:
1—nput=+6°C; 2—npunt=+16°C;
3—nput=+40°C

Puc. 1.14. TemnepatypHaa 3aBuCU-

MOCTb CKOPOCTM KOPpPO3MMU KOHCTPYK-

LUMWOHHOM CTanu B 30HEe nepemMeHHOro
CMavUBaHWA
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-1,0 T€ SBASETCS IIPUYMHON TOTO,
9TO, HECMOTPS Ha IIOBBINIEHUE

<5 | €e IOAAPU3YEMOCTH B MEP3AOM

- rpyure ocru (puc. 1.16), npm
/ remneparype -2°C oxoro 20%

ITOBEPXHOCTU MCCACZOBAHHOTO

L OGPHBI_;H. OBIAO IIOKPBITO AOKAAb~

P c
// HBIMM KOPPO3MOHHBIMM KaBEP-

.
%/ mamu [81].

3

-0,8

NOTEHUMAN, B H.k.3.

B zomoamenme K ckasaH-
" / HOMY CA€AYyeT OTMETHUTH, HYTO
d MOJKHO OKIZATh 3HAYUTEABHOTO

0 & 5 e 20 2s YCKODEHUS KOPPO3MOHHBIX IPO-

MAOTHOCTL TOKA, MA/,: LIECCOB B IIEPUOJ TASHUSA AbJa,
KOTOpOE B 3HAYUTEABHON CTe-

IIeHN KOMITEHCHUPYET TOPMOXKe-

HIE€ KOPPO3MM B MEPHUOJ ero o6-

pasosanusa. CeszonHoOe uAn Cy-

TOYHOE I3MEHEeHIEe TeMIIepaTyp,

CBA3AaHHOE C JUKAMYECKUM AU [IePUOANYHBIM N3MEHEHNEM aIPEraTHOTO

COCTOMHMSA TIOYBEHHON BAATH, TAKXKE CYIIECTBEHHO YCKOPSET KOPPO3UIO

B pe3yAbTaTEe BAMAHUA OOpasylomUXCA B 9TU IIEPUOALI TEPMOTaAbBAHO-

nap. OgHako NpUMEHEHNEe KATOZHOW 3alIUTHl B YCAOBUIX OXAAXKAEHMS

3aMETHO IOBBIIAET 3aIUIIEHHOCTD MOAIPHU3YEeMO TOBEPXHOCTI CTAAM,

10 CPABHEHMIO C HOPMAABHBIMU yeAoBusiMu (puc. 1.17).

Puc. 1.16. KatogHas nonsipuzyemocTb

ctanu CT1-3 B yCroBuAX oxnaxaeHus:

1T—npnt=+18°C; 2—npu t = +2,3°C;
3—nput=-2°C

1.2. KpuTepuu 3auTHHIX TOTEHIMAAOB KaK (PAKTOP HAAEKHOCTH
MOA3EeMHBIX TPYOOIIPOBOZOB NPU MX KATOAZHOM 3aUIATE
B YCAOBUSX OXAQKAEHUS

[IpuMenenne KaTOAHOM IMOAAPU3ALMY CTAABHBIX [TOA3EMHBIX TPY6GO-
NPOBOZOB HAalpaBAEHO Ha CHIDKEHHE CKOPOCTHM MX KOPPO3MOHHOIO
paspymenus. ITpu aToM B 06AACTAX HA TPAHUIIE PA34EAd «METAAN — KOP-
PO3MOHHAA DAEKTPOAUTIYECKASA CPEAA» YCTAHABANBAETCS NHTETPAABHBIIH
NOTEHIIMAA, SABAAIOIUNICA WHAUKATOPOM ZAOCTUKEHUS OTIPEeAEAEHHOMN
cTerneHy 3amuTel TPyOHOU craan. B Hacrosijee BpeMs mpakTUyeckoe
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pacrpoCTpaHEHNE B YCAOBHAX KATOZHOM 3alIUTEI OT [10A3€MHON KOPPO-
3MM TIOAYYMAM HECKOABKO KPHUTEpPHMEB 3aNIUIIeHHOCTH, OL€HUBAEMBIX
MIHMMAABHBIMU 110 aGCOAIOTHOMN BEAMYMHE 3HAYEHMAMU IIOTEHIIUANOB.
Hau6oaee pacrpoCTpaHeHHbIM KPUTEPHEM ABAAETCS TOATPU3AIOHHBLI
[OTEHIIWAA 3aNUIIAeMOTO COOPYKEHUs OTHOCHTEABHO OKpy»Kalomjeil
cpeabl. B Hacrosimee BpeMs M3BECTHO HECKOABKO PASAMYHBIX METOZOB
€ro pacYeTHOro M IIPAKTUYECKOTO ONPEAEAEHISL.

B pa6ore B. B. Tepacumosa [20] czerana nombiTKa pacyera 3aujuTHO-
rO MOTEHIIMAAA C TPUMEHEHNEM OCHOBHbBIX 3aKOHOMEPHOCTE! KNMHETUKN
9AEKTPOJHBIX IPOLECCOB. B pesyabrare BCeCTOPOHHErO aHaAu3a GbIAO
[IPEAAOKEHO YPAaBHEHUE:

1
¢;= (px—Blg ILCT (1.18)

rAe: (@ — KBa3WUCTALMOHAPHBIA MOTEHIIMAA KOpposuu, B;
i, cr — CKOPOCTb KOPPO3UU IPU @y, MA/M%;
i, ; — AOTYCTUMAs OCTATOYHAS CKOPOCTh KOPPO3UH NIPU KaTOAHON
samure, MA /M2

Beanuuna tadperesckoro koadppunnenta b npu ycrosuu f=0,5 n n=2
A 3aMEJAEHHON CTaZuy MOHU3AIUK B PEaKIINU KOPPO3MOHHOTO OKNC-
AeHUA Xeaesa 6blAa MepBOHadYaAbHO npuuaTa pasxoi 0,059 B. Ilpaxru-
geckoe npumenenue ypasaerus (1.18) conpsukeHo ¢ pAZOM CAOKHOCTEN.
B cesasu ¢ TeM, aTo npu pH>6 BOCIIpOM3BOAUMMOCTD KBASUCTALJMOHAPHO -
rO MOTEHLMAAd KOPPO3UM JKeAe3a, CYIIeCTBEHHO 3aBUCALLErO OT COCTaBa
KOPPO3MOHHOMN Cpeabl, COCTOSIHUA IAEKTPOZHOM MOBEPXHOCTU U PAZA
Apyrux pakTopoB, OBBIYHO NMeeT OTKAOHeHue He Menee +50 MB, omn6-
Ka rpu onpegeaeHun ¢, MmoxeT gocrurath 100 MB. Korga craynonapHas
CKOPOCTb KOPPO3UH >KeAe3a B HEMTPaAbHBIX CpeAax OTPAHNYEHA BeANYN -
HOM npegeAbHOTO A1 Py3NOHHOrO TOKA BHE 3aBUCUMOCTH OT AdHMOHHO-
ro COCTABA YAEKTPOAUTA, BAUSHUE IIOCAEZHETO, COTAACHO paboTaM [118,
155, 213], mpu @KCIIepUMEHTAABHO OIJE€HKE (P MOXKET CYIJeCTBEHHO CKa-
3arbCsA Ha pesyAbTaTax pacuera ¢;. Kpome roro, Bepaxenue (1.18) e
yuuThiBaeT (PaKTHIECKOro 3HadeHus pH mprarexTpoZHOro CAOA dAEK-
TPOAWTA 11 N3MEHEHMA er0 TEMIIePATyPBI.

[lprHrMas BO BHHMaHME, YTO KMHETMYECKMUE MMAPAMETPLI aHOZHBIX
peaxkyuii ’keaesa CyIeCTBEHHO 3aBucAT OT pH npuaAekTpogHOTO CAO4,
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OTAMHOTO OT PH Bcero o6bema arexrpornTuueckoit cpegpl [175, 213]
HEHTParLHOTO 1 CAa60UJeAOUHOIO COCTABA, 4 DKCIIEPUMEHTAABHO YCTa-
HOBACHHDIM KPUTHIECKMIA MOTEHIINAA TACCUBUPOBAHNIS JKeAe3a O, . A0~
CTATOYHO TOYHO OMMCHIBAET IMIMPUIECKOE YPaBHEHIIE: o

Pnip="0,09—-0,058pH, (1.19)

TIIPUIMIAL K 3aKAIOYEHMIO, YTO B A€adPUPOBAHHBIX 6yepHBIX pacTBOpax
npu pH=6,5+9,5 u 8 ecrecrsenno aspuposanusx HebydepnpoBaHHbIX
PACTBOPAX PasAMYHOIO aHMOHHOTO cocraBa npu pH=6,5+13 kpurn-
JECKUM  TOTEHIMAA IIACCHUBALMM JKEAE3a XOPOMO BOCIPOUSBOAUM
W UPAKTIYECKN HE 3aBUCUT OT MPUPOALI U KOHUEHTPALUY aHUOHOB.
VauTsisas, 4To BIAOTH 4O @, CKOPOCTD PEaKIUN AHOAHOLO pacTBope-
HIL JKEAe3a DKCIIOHEHIJMAABHO 3ABUCUT OT IOTEHIIUANA U 3AMEAACHHOM

CTagen aHOAHOIr O PacTBOpEHUMA Keae3a ABAICTCS ero MOHMU3ALTA, ITOAY-
YUMAM:

i[l—l
3= (pnv-l:p_Blg i qJ’ (120)

a-3

1An, coraacHo (1.19):

(s =0,09—0,058pH - Blg . (1.21)

i
1:.\—3

IToayuennoe ypasaenue (1.21) cso6oano o [IEPBBIX ABYX HEAOCTAT-
KoB ypasHenus (1.18) m xopomo coraacyercs c DKCIIEePUMEHTAABHOMN
(YHKIIMOHAABHON 3aBUCIMOCTBIO OCTATOYHOIN CKOPOCTH KOPPO3UHM OT
SAIJUTHOTO NOTCHUMAAA JKEAe3a, YCTAHOBAEHHOH B paGore [183].
ANl mpakTmiecknm ycraHOBAeHHOTO sHaueHms b=0,07B [183, 190]
B 06)\21(:'1?14 pH= 10,5, coorBercreyomeii 1, =100 MA/M?%, gast éOC’I‘IfI—
KeHUA 1,325 MA/M®* (DKBUBAAEHTHO CKOPOCTH Kopp;mm OKOAO
0,025 mM/roz) HEo6xOAMMA KaTozHAS noaspusauus go ¢,=—0,85 B.

Xors OTO 3HAYCHUE COTAACYETCA C AOATOACTHEN OTeuecTBeHHOM
1 MIPOBON MPAKTUKOH KATOAHOM 3aIjuThi CTAABHBIX COOPY>KEeHMiT B 1107
SEMHBIX YEAOBUAX, OHO HYXKAACTCSH B KOPPEKTUPOBKE AT HUSKOTEMIIEpa.-
TYPHBIX ycaosnit 3amagnoit Cubupy u cepepHbx paifioHOB CTpaHBI. JTa
KOPPEKTHPOBKA KACAETCS KAK BEAUYMH b 1 I, ., Tak U yHKIIMOHAABHOM
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CBA3U HOCAQ,&HCI‘;E 13 HUX C U3MEHEHHNEM pH HPMBJ\CKTPO(ZLHOFO CAOH IIPH
KaTOAHOI TTOASPU3ALIUN.

BeAnumHoOM KaTOZHOrO CMENIeHA IIOTeHIIMaAa B Ka4eCTBe KpUTepus
KaTOAHOM 3alJWThI ITOABSYIOTCA U B PAAE CAy4aes, MPeaycMOTPEHHBIX
ameprkanckumu nipasuaamMu RP-01-69 [208]. B wactaoCTH, 425 HEM3OAM -
POBAaHHBIX COOPYKEHUH, HE UMEIOIUX IAEKTPUIECKOTO KOHTAKT4 C Pd3-
HOPOZHBIMIA METAAAAMMY, [IPEAAOKEHO CMeLeHNE NOTEHIIMAaAd Ha 300 mB,
BKAIOUAIOIIEE ¥ OMHUIECKOe IajeHKe HATIPSKEHUS MeXAY DAEKTPOAOM
CPaBHEHWA U 3ALIUIIAEMBIM COOPYKeHueM. JAsd N30ANPOBAHHBIX COOPY-
JKEHUN Te e MPaBUAd PEKOMEHAYIOT B KAYeCTBEe KPUTEPUs KaTOAHONM 3a-
IUTBl CMEIjeHUE TTOAAPM3ALMOHHOrO MOTEHLMAAd B OTPULATEABHYIO
cropony Ha 100 MB, nmoaaras, 9To npu 3TOM CKOPOCTH KOPPO3UM JOAXKHA
yMEHBIINUTHCA Ha 1,5—2 nopsgKa.

Cpeau METO/OB PACIETHOTO ONPeAEACHNs MUHUMAABHOTO 3alJUTHO-
ro motenumanaa [50, 51, 73, 153, 211] nanGoapuiee pacrnpoOCTpaHeHNE 110~
AY4MAO NIpeoGpasoBanue ypasHeHnsa HepHera AAsM paBHOBECHOTO MOTEH-
LIMaAA JKEAE3HOTO DAEKTPOZQ, yIUTHIBAIOIlEe [IPON3BEACHNE PACTBOPH-
MOCTH THZPATa OKUCH KeAesa, MOHHOe TIpoussegenue Bogel u pH mpu-
DAEKTPOAHOTO CAOsI DAEKTPOAUTUYECKOM CPebI.

KBasucragMoOHapHYI0 BEAWYMHY YCTAHOBUBIIETOCH 3AIMTHOTO IO~
TeHIIMaAa TPU KOHKPETHON KOHIJEHTPAIIUN NOHOB JKeAe3d B HIACKTPOAN -
Te IpyHTa MOXHO, Kak roaaraet X. Kame, 20CTaTOYHO TOYHO paccIUTaTh
u3 ypasHenus Heprcra. B caydae, ecan 2Ta KOHIIEHTPALIMS MPAKTIHE-
CKM paBHA HYAIO, BEAMYMHY DPaBHOBECHOTO I[IOTEHLMAaAd OIPEJEANTSH
Heap3s. OAHAKO B PE3yAbTATE KOPPO3MOHHBIX MIPOLJECCOB B HEMOCPE]-
CTBEHHON 6AM30CTH OT nosepxHocTn Tpybonposoga OGbIYHO MPUCYT-
CTBYIOT B OIIPEAEACHHOM KOAMYECTBE NOHBI JKeAe3d, KOHIJEHTPAIJIs KO-
TOPBIX BCAeaCTBYE AudPy3un yMeHbIIATCS IO MEPE YAAAEHUS OT TPYObI.
Xapakrepusyst KOPPO3SUOHHOE COCTOAHME METAAAA TPYOOIIPOBOAA, MOXK-
HO cumTaTh, coraacHo A. Baruepy [214, 215], uro npene6pexuMo Maroi
ABASETCA TaKasi CKOPOCTh KOPPO3MM, IIPY KOTOPOH KOHLEHTPAIMA MOHOB
JKeAe3d B DACKTPOAUTE FPYHTA B HETIOCPEACTBEHHO 6AnsocTH OT Tpy6O-
npoeoga He nipessimaet 10-7 MOAB/A.

[TprHUMas BO BHUMAHKE, YTO COCTOSHIE TIOAHO 3AINTEI IIPY KATOA -
HOM MOASPU3AL NN [TO43EMHBIX TPYOOTIPOBOAOB OTBEYAET AMHAMUIECKO-
My PABHOBECUIO PEAKIINI MOHU3ALMM 1 Pa3psija MOHOB KeAesa, a TaKxKe

npexpaneHnio paBoThl BCeX KOPPO3MOHHBIX TaABBAHNYECKIX IAEMEHTOB
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