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AHOTANIA
Jicosuri ILE. CTifKICTh HHM3BKOJIETOBAaHMX TPYyOHUX cTanei ¢epuro-

MEPIJIITHOTO KJIACY Ta iX 3BApHUX 3’ €JJHAHb Y HEUTPaTbHOMY I'PYHTOBOMY CEPEIO0BHIIII
3a KaToAHO1 noJsipu3ariii. — Kamigikariiiina HaykoBa mpars Ha mpaBax pyKOIUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTyIeHsS JgokTopa ¢imocodii 3a
cnemianbHicTIO 132 «Marepiano3HaBctBo» (13 — MexaHiuHa iHxkeHepis). — [HCTUTYT
enektpo3BaproBanns iM. €.0. [Tatrona HAH Ykpaiau, Kuis, 2023.

B nmwmcepramiiiniii  poOOTI BHKOHAHO aKTyaJlbHE HAyKOBO-TPAKTHYHE
3aBJaHHS — BHU3HAUEHO CTIMKICTh CTajel (QepuTo-mepiiTHOTO Kiacy, 3 SKHX
noOy/lIoBaH1 MaricTpaibHi razompoBojau Ykpainu, 0912C, 17T'1C, 10I2®b Ta
3BapHUX 3’€JIHaHb, POTH KOPO3IHHOTO PO3TPICKYBAHHS Y TPYHTOBOMY CEpPEIOBUIII 3
pH, HaOIM>KeHUM 10 HEUTPabHOTO (MOJCIIBHOMY I'PYHTOBOMY elleKTpoutiTi NS4), 3a
KaToJIHOI nmoJjsipu3ailii B HopmoBaHomy JICTY 4219 nianma3zoHi 3aXMCHUX MOTEHITIAIIB
Bix -0,750 mo -1,050 B.

l'azoTpancniopTHa cucTeMa YKpaiHM BKJIIOYAE MEPEKY MariCTpallbHUX
ra3onpoBOIB JOBXKWHOIO TpuOau3Ho 40 THUCAY KM, B OCHOBHOMY MIiJ3€MHOIO
npokiaganHs. [[ns iX 3axucTy BiJl TPYHTOBOI KOPO3ii 3aCTOCOBYIOTH KOMITJIEKCHUMN
NPOTUKOPO3IMHUI  3aXUCT  (3aXMCHUMHM  TIOJIMEPHUMHU  TOKpPUBaMH  Ta
CJICKTPOXIMIYHUN — HaBeJACHHSIM KaTojHOoi mojsipu3zanii). lle mae 3Mory 3HH3UTH
HIBUJIKICTh KOPO3ii CTall 0 TeXHIYHO AomycTUMoro piBHs (MeHiie 0,01 mm/pik).

B OCHOBOMONOXXHOMY  JOKYMEHTI  IIOJO0  3aXHUCTy  MAariCTpalbHUX
TpyOomnpoBoaiB Big koposii JICTY 4219 BcraHoOBIEHO [iala3oH 3aXUCHUX
notenmiamg Big -0,850 B no -1,150 B (BimHOCHO MiJHOCYIB(ATHOTO EJIEKTPOIY
MOPIBHSHHSA, 10 BignmoBigae mnorteHmanam Big -0,750 mo -1,050 B BimHOCHO
XJIOPUJCPIOHOTO €JEKTPOy). AJie TOCBIJ EKCIUTyaTallli Moka3ye, 110 HaBiTh TpHU
NIATPUMYBaHHI MOTEHIliay B IIbOMY J1alla30H1 HE BUKIIFOUE€HA IMOBIPHICTh PO3BUTKY
pI3HHX BHIIB KOpO3ii, HalHEOE3MEUHIMUM 3 SKUX € KOpO3iiHE PO3TPICKyBaHHS.
IMoBipHO, 10O ¥ piBeHb NOTEHIIATy KaTOAHOTO 3aXHUCTy TaKOX MO-PI3HOMY

BIINIMBATUME Ha PO3BUTOK IbOI'0 SABUIIIA.
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[IpobGnema KOPO3IHOTO PO3TPICKYBAHHS TOCTPO CTOITh B CBITI 3 60-X pOKIB
MUHYJIOTO CTOPIYYs, 1 HACIIIKM TEXHOTEHHUX aBapii Ha ra3olpoBoAax, CIIPUYHNHEHI
KOPO3IHHUM PO3TPICKYBAHHIM, TOPKAIOTHCS OS3MEKH JIF0/IeH Ta €KOJIOoTli Ha 3HAYHUX
tepuTopisix. YacTka aBapiil, CipuyMHEHA KOPO3IMHUM PpO3TPICKYBAHHIM JIOCSTAE
40%. BpaxoByrouun HeOe3NeKy Ta MacIITaOHICTh KOPO3IMHOTO PO3TPICKYBaHHS,
BaXUIUBICTh JIETANBHIIIOTO BHUBYEHHS KOPO3IMHOTO PO3TPICKYBAaHHS MariCTpaibHHUX
ra3onpoBOIB 31 cTajield (EepUTO-MEPIITHOIO KIAaCy B YMOBAaX KaTOIHOTO 3aXHCTY €
aKTyaJbHOIO.

MeTta po60THM — BU3HAYUTHU CTIHKICTh CTajiell (epuTo-mepiaiTHOrO Kiacy, 3
AKUX TOOYJI0BaHI MaricTpaibHi razomnpoBoau Ykpainu, 0912C, 171'1C, 10I"2Db Ta
3BapHUX 3’€JIHaHb, POTH KOPO31MHOTO PO3TPICKYBAHHSA Y IPYHTOBOMY CEPEIOBUIII 3
pH, HaGmxkeHUM 70 HEUTPaIbHOTO (MOACIBHOMY I'PYHTOBOMY eleKTpodiiTi NS4), 3a
KaToJIHOI moJjisipu3artii B HopmoaHomy JICTY 4219 niama3zoHi 3aXMCHUX MOTEHITIAIIB
Bia -0,750 no -1,050 B BigHOCHO XJIOpUICPIOHOTO €EKTPOy MOPIBHSHHS.

HaykoBa HOBHM3Ha oJIepKaHUX pe3yJbTATiB.

1. Po3mmpeHo ysBiIEHHS MPO CTIMKICTh cTajed (epUuTo-mepiiTHOTO Kiacy
09I"2C, 17T'1C Ta 10I2®Bb npoTu KOpPO3IMHOTO PO3TPICKYBAaHHS y TIPYHTOBOMY
cepenoBuili, 3 pH, HaOmDKEeHUM 10 HEUTpaIbHOrO (MOICIBHOMY TIPYHTOBOMY
enektpoititi NS4), 3a KaToIHOT MOJSpHU3AIlii, sIKE TOJIATaE Y TOMY, IO 3aJ€KHO Bif
piBHS KaTonmHoi mossipuzaiii B HopmoBaHomy JICTY 4219 niama3oni 3axMCHHUX
noteHuiame Big -0,750 mo -1,05 B koposiitHe po3TpiCKyBaHHS BIIOYBa€ThCS 3a
MeXaHi3MaMH JIOKaJbHOT'O aHOJHOTO0 PO3YMHEHHS, BOJAHEBOTO PO3TPICKyBaHHS abo
3MIIIIaHUM, a Jiala30HH MOTEHIATIB i 3a3HAYCHUX MEXaHI3MIB BIJIPI3HAIOTHCS IS
cTajei pi3HOr0 XIMIYHOTO CKJIATy.

2. Bmnepme BcTaHOBIEHI TpaHUWIN JOiala30HIB TOTCHINATIB, 3a SKHX
BiIOYBa€ThCS 3MiHA MEXaHI3My KOPO3IMHOrO pO3TPICKYBaHHS CTallel (¢epuro-
NEPJIITHOIO KJacy MOJIEJIbHOMY IpyHTOBOMY enektponiti NS4 B HopMoBaHOMY
JACTY 4219 niama3oni 3axucHux mnoreHmamB. g cramerr 0912C, 17T'1C Ta
10I"2db 3mimanuii MexaHi3M peanizyeTbes B aiama3zoHax: Big -0,850 B 1o -1,000 B,

Big -0,800 B o -0,980 B, Bix -0,750 mo -1,050 B, BigmosimHo. 3a MOTEHIIAIIB
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MNO3UTUBHIIINX HUKHBOI TPAHUIIl JIl€ MEXaHI3M JIOKaJbHOTO aHOAHOTO PO3YMHEHHS,
B1JI’ €MHIIIIE BEPXHBHOT I'PAHMII — BOJIHEBOTO PO3TPICKYBaHHS.

3. Bnepiie BcTaHOBNEHO, 110 3BapHi 3’eaHanHs 31 ctani 10 2Db He cxuibH1
JI0 KOPO3IMHOTO pO3TPICKYBaHHS 3a BOJHEBUM MEXaHI3MOM B HOPMOBAHOMY
JACTY 4219 niana3oni 3axucHuX noteHmiaiiB Big -0,750 mo -1,05 B y monensHOMY
rpynToBoMy enekTponiti NS4. PyitHyBanHs 3BapHOro 3’€qHaHHS BiOYBa€ThCS IO
OCHOBHOMY MeTajy, M0 JOBEJACHO MeTalorpadiuHuMK JOCTIPKEHHSIMU —Ta
Y3rOJUKYEThCSI 3 BHIIQJIKAMU KOPO3IMHOTO PpO3TPICKYBAaHHS HA MaricTpajlbHUX
ra3onpoBOJiax.

4. Bmepme BCTaHOBJEHAa MPaBOMIPHICTh 3aCTOCYBaHHS — KOe(DIIIEHTY
CXWJIBHOCTI J10 KOPO31HHOro po3TpickyBaHHs Ks, BBEAEHOTO /1Ji1 OCHOBHOI'O METaly,
JUTSI IOPIBHSUIBHOTO OIIIHIOBAHHS CTIMKOCTI Oe3/1epeKTHUX 3BapHUX 3’ €IHAHD.

IIpakTHYHe 3HAYEHHS OJeP:KAHUX Pe3yJIbTATiB.

1. VY7aOCKOHameHO KOMIUIEKCHY METOJMKY HPHUCKOPEHOTO JIOCHIIKEHHS
CTIHKOCTI HU3BKOJIETOBAHUX CTajiell (PEpUTO-TIEPIITHOTO KIIACy MPOTH KOPO3IMHOTO
pPO3TPICKYBaHHA B YAaCTHHI BOJbHTAMIIEPOMETPUYHOIO BH3HAYEHHS Jlana3oHy
MOTEHITIaTIB 3MIHH MEXaH13My KOPO31MHOTO pO3TPICKYBaHHS, MBUIKOCTI 3AJIUIIIKOBOT
KOpo3ii Ta OIIIHIOBaHHS YaCTKM KpPHUXKOi CKJIaJ0BOi Yy 3Jamax 3paskiB 13
3aCTOCYBaHHSAM KOMIBIOTEPHOI MPOTpaMu  aHali3zy 300paxeHb.

2. Po3pobneno mabopaTopHuil CTEH JIs BU3HAYSHHS IBUAKOCTI 3aJIUIIKOBOI
KOpO3ii TpyOHO1 cTalll 3a KaTOIHOI MOJISPU3allii, [0 J1a€ 3MOTY BCTAHOBUTH 3HAYCHHSI
MIHIMAJBHOTO TOTEHIlialy, 3a SIKOTO JOCSTAa€ThCs TEXHIYHO JOCTATHIM 3aXHWCHUM
edekt (0,01 mm/pik).

3. BcraHoBi€HO, 10 KOPO31MHE PO3TPICKYBAaHHS 3a BOJHEBUM MEXaHI3MOM,
sKe € HallHeOe3MEeYHIIIUM YMHHUKOM PYWHYBaHHS MariCTpajJbHUX Ta30MpOBOJIIB, Y
MojAeNnbHOMY TpyHTOBOMY enektponiti NS4 nmns craneit 09I2C ta 17T1C
MMOYMHAETHCI 3a moTeHIamB, Bl eMHIimux -0,980 B ta -1,000 B, BigmosigHO, 110
HUKYEe 3a abcomroTHUM 3HaueHHsM HopmoBaHoro JICTVY 4219 makcumanbHOTO
3aXUCHOro noreHmiany. Ha BinMiny Bij 3a3HaueHux crajiei, 1 101 2Db, neroBanoi

BaHaJleEM Ta HIOOlEM, KOpO3iliHE pO3TPICKYBaHHS 32 BOJHEBHUM MEXaHI3MOM
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MIOYHHAETHLCS 3a MOTEHIAIIB, Bl €MHIIINX MaKCUMAaJILHOTO 3axucHoro -1,05 B, 1o
00YMOBJICHO HasiBHICTIO OUTBIIOT KIJTBKOCTI JIETYBAJIbHUX €JIEMEHTIB.

Y mepmioMy po3nili HaBEACHO OTJISAA  JITEPATypHUX JDKEpPEd MO0
OCOOJIMBOCTEM  KOPO3IMHOTO  pPO3TPICKYBaHHS  MIJ3€MHUX  MariCTpaJibHUX
ra3ornpoBofiB. Po3rissHyTo MexaHi3M KOpo3ii cTami B IPYHTI, CIIOCOOM 3aXHCTY
Mi3€MHUX Ta30MpOBOAIB Bl TPYHTOBOI KOpPO3ii, [JaHO BHU3HAUEHHS SBHILA
KOPO3IMHOTO PO3TPICKYBAHHS, BHU3HAYEHO YUHHUKH, $KI HOro CHPUYUHSIOTH.
OOroBopeHO KOPO3iiiHE PO3TPICKYBAHHSI HU3bKOJIETOBAHUX TPYOHUX cTaneil heputo-
NEPIITHOTO KJIacy B YMOBax KaTOAHOI MOJsSIpU3alii, BIUIUB EIEKTPONITUYHOTO
HABOJHIOBAHHS Ta BIUIMB PIBHSA MOTEHIIANy KAaTOJHOTO 3aXMCTy Ha KOpO3ilHe
PO3TPICKYBaHHSI.

VY napyromy po3aiiai oOIpyHTOBaHO BHUOIp 00’€KTIB JOCHIIKEHb, HABEICHO
METOJUKH JOCIIKeHb. Y poO0OTI JOCIHIPKEHO HHM3bKOJIETOBaH1 cTaji (epuro-
nepiaitHoro kiacy 0912C, 171'1C ta 101206 Ta 3BapHe 3’ennanus 31 cram 10I2Db.
3acTocoByBany Taki Meroaum: pAedopmaliio 3 Manoo mBuakictio 10° ¢l
BOJIbTAMIIEPOMETPIIO, MOTEHI[IOMETPIIO, BU3HAYCHHSI €JIEKTPOJITUYHOTO
HABOJHIOBAHHS CTaJIi 3a KaTOJHOT MOJIIpU3aIlii, ONTUYHY MIKPOCKOIIII0, CKAHYBaJIbHY
€JIEKTPOHHY MIKPOCKOIIi10, BI3yaJIbHUM OTJISI, TpadiuHO-aHATITHYHI METOIH.

Y TperboMy  poO3aIl  YAOCKOHAJEHO  po3pobiieHy B IHCTUTYTI
eniekTpo3BaproBanHs M. €.0. [laToHa KOMIUJIEKCHY METOJMKY, IO 3aCTOCOBYETHCS
JUISL TIPUCKOPEHOr0 JIOCHIPKEHHSI CTIMKOCTI HHM3bKOJErOBaHMX CcTajie (epuro-
NEPJITHOTO KJIaCy MPOTH KOPO3IMHOTO pPO3TPICKYBaHHS B J1a0OpPaTOPHUX YMOBax.
MeTonuky yAOCKOHAJIEHO B YaCTHHI BOJBTAMIEPOMETPUYHOTO BU3HAYCHHS
Jlana3oHy MOTEHI[aNiB 3MIHM MEXaHI3My KOpPO31HHOr0 pO3TPICKYBaHHS, IIBUAKOCTI
3aJIMIITKOBO1 KOPO3ii Ta OI[IHIOBAaHHS YaCTKU KPHUXKOI CKJIQJ0BOI y 37aMax 3pa3KiB
micasi KOpO3iWHO-MEXaHIYHUX BUIPOOYBaHb 13 3aCTOCYBAaHHSIM KOMIT IOTEPHOL
pOrpamMu aHalli3y 300pakeHb.

Y derBeprOMYy PpO3MAUII HABEAEHO PE3YJbTaTH JOCHIJKEHHS CTIHKOCTI
HU3BKOJIETOBAHUX cTayie (depuro-niepiitHoro kiacy 0912C Tta 17T'1C npotm

KOPO31MHOTO PpO3TPICKYBaHHS y MOJAEIBHOMY IpyHTOBOMY enektpoiiti NS4 3a
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karoxHoi mosspu3aitii. [linTBeppxeHo, 1o Kopo3iiiHe po3TpickyBaHHs crajieit 0912C
ta 17T'1C 3anexxHO BijJ MOTEHIIATy KaTOIHOI MoJisipu3aliii mepebirae 3a pi3HUMU
MeXaHI3MaMH: JIOKAJLHOTO aHOJHOTO PO3YMHEHHS, BOJHEBOTO PO3TPICKyBaHHS a0o
3MIIIaHUM MexaHi3MoM. Kopo3siifHe po3TpiCKyBaHHs JIOCHIDKEHUX CTaJled 3a
3MIIIAHUM MEXaHI3MOM, KOJU TIOYUHAETHCS TPOHUKHEHHS BOJHIO B CTallb,
BinOyBaeThCsl 3a pi3HUX moteHuianiB: mis cram 0912C 3a morenmiany -0,850 B,
17T1C 3a mnorenuiany -0,800 B. KoposiiiHe po3TpiCKyBaHHS 3a BOJHEBUM
MEXaHI3MOM, SIK€ € HallHeOe3NEeYHIIIMM YWMHHUKOM pYWHYBAHHS MariCTpaJbHHX
razonpoBofiB mis craini 091'2C moumHaeThes 3a moteHmiamiB Bix emuime -0,980 B,
i cram 17T1C — Bim’emnuime -1,000 B, mo miaTBepkKeHO pe3ylbTaTaMu
OLIIHIOBAHHS CXHJIBHOCTI JO KOPO3IMHOro po3TpICKyBaHHS 3a KoediuieHToM Ks,
CKaHYyBaJIbHOT EJIEKTPOHHOI MIKPOCKOIII Ta KOMIT'IOTEPHOI MpOrpaMH aHalli3y
MOBEPXHI pyHHYBaHHS.

Y m’stomy po3dini HpeACTaBlIeHI pPe3yiabTaTH JAOCHIIKEHHS CTIMKOCTI
Hu3bKoJieroBanoi ctam 10I2db, neroBanoi BaHajgieM Ta HioOiem, Ta i 3BapHOTO
3’€¢HAHHS, MPOTH KOPO3IMHOTO PO3TPICKYBAaHHA y Y MOJICIBHOMY IPYHTOBOMY
enexTpoiiTi NS4 3a karoaHoi momsipu3aiiii. Bif3HaueHo po3MIMpeHHs Aiama3oHy Jii
3MIIIAHOTO MEXaHi3My KOPO31MHOro po3TpickyBaHHsS g miei ctam Big -0,750 mo
-1,050 B, saxuii cranoButh 0,300 B, Ha Bimminy Big craneit 0912C ta 17T'1C, mns
SAKUX Jiama3oH 3Mimanoro mexanizmy aopiBaioe 0,150 ta 0,180 B, BiamosimHoO.
KoposziitHe po3TpickyBaHHSI 3a BOJHEBUM MexaHi3MoMm g cram  10I20b
MOYMHAETHCS 3a HAOUIbII BiJ eMHOTO noTeHuiany, -1,050 B nopiBHsHO 31 cTansmu
09I2C ta 17T'1C. BcranoBneno, mo B HOpMmoBaHoMy JCTY 4219 niama3oni
3axucHuX mnoteHmiamie Big -0,750 B go -1,050 B cxwibHICTE 10 KOPO31MHOTO
po3TpicKyBaHHs 3BapHOro 3’emHanHs ctaii 10I2Db Hmwkde, HIXK A7 OCHOBHOTO
merany: Ks 3minwerbes Big 1,0 go 1,03; 3BapHi 3’€¢aHaHHS HE CXWIbHI [0
KOPO31MHOTO pO3TPICKYBaHHS 3a BOJAHEBUM MeXaHi3MOM B HopmoBaHomy JICTVY
4219 niana3oHi 3axucHuX noteHmianiB Big -0,750 no -1,05 B. PyitHyBanHs 3BapHOTO
3’€JHAHHS BIOYBA€THCS 10 OCHOBHOMY MeETajly, 110 JOBEIECHO MeTalorpadiuHuMu

JOCTIPKEHHSIMUA Ta Y3TOJKY€EThCS 3 BUIAJKaMU KOPO31MHOTO PO3TPICKyBaHHS Ha



MaricTpaJbHUX  Tra30npoBoAax. BCTaHOBIEHO MPaBOMIPHICTH  3aCTOCYBaHHS
koedimienty Ks, BBeI€HOTO 711 OCHOBHOT'O METally, JJIsS OI[IHIOBAHHS CXUJIBHOCTI JI0
KOPO31HHOTO pO3TPICKYBaHHS 3BAPHOTO 3’ € THAHHSI.

KuarwouoBi cjoBa: HU3bKOJIETroBaH1 cTajial (epuUTO-TIEPIITHOTO Kiacy, 3BapHE
3’€JTHaHHS, TTIOTEHIIIOMETPIsl, BOJIbTaMIIEpOMETPis, JAedopmaliis 3 MajIor MBUAKICTIO,
ONTUYHA MIKPOCKOIIS, CKaHyBajJbHA €JIEKTPOHHA MIKPOCKOMIsS, IMU(PPOBUN aHaTi3

300pakeHb, HABOJJHIOBAHHS, KOPO3iiiHE pO3TPICKYBAHHS.

ABSTRACT

Lisovyi P.E. The durability of low-alloy ferrite-pearlite class pipe steels and
their welded joints in a neutral soil environment under cathodic polarization. —
Qualifying scientific work on manuscript rights.

The thesis for the scientific degree of Doctor of Philosophy on the specialty
132 Materials Science (13 — Mechanical Engineering). — E.O. Paton Electric Welding
Institute of the National Academy of Sciences of Ukraine, Kyiv, 2023.

The actual scientific and practical problem is performed in the dissertation
work - the resistance of ferrite-pearlite class steels, which are used in the main gas
pipelines of Ukraine, 09G2S, 17G1S, 10G2FB, and welded joints, against stress-
corrosion cracking in a near-neutral pH soil environment (model soil electrolyte NS4)
under cathodic polarization in the standardized DSTU 4219 range of protective
potentials from -0.750 to -1.050 V was determined.

The gas transportation system of Ukraine includes a network of main gas
pipelines approximately 40.000 km long, mostly underground. To protect them from
soil corrosion, complex anti-corrosion protection is used (protective polymer coatings
and electrochemical protection — applying the cathodic polarization). This makes it
possible to reduce the corrosion rate of steel to a technically acceptable level (less
than 0,01 mm/year).

In the fundamental document on the protection of main pipelines from
corrosion, DSTU 4219, the range of protective potentials from -0,850 V to -1,150 V
(relative to the copper sulfate reference electrode, which corresponds to potentials
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from -0,750 to -1,050 V relative to the silver chloride electrode) is established. But
operational experience shows that even when the potential is maintained in this range,
the possibility of the development of various types of corrosion is not excluded, the
most dangerous of which is stress-corrosion cracking. It is likely that the level of
cathodic protection potential will also have a different effect on the development of
this phenomenon.

The problem of stress-corrosion cracking has been acute in the world since the
60s of the last century, and the consequences of man-made accidents on gas pipelines
caused by stress-corrosion cracking affect the safety of people and the environment in
large areas. The part of accidents caused by stress-corrosion cracking reaches 40 %.
Considering the danger and scale of stress-corrosion cracking, the importance of a
more detailed study of the stress-corrosion cracking of main gas pipelines made of
ferrite-pearlite-class steels under cathodic protection conditions is relevant.

The purpose of the work is to determine the resistance of the ferrite-pearlite
classes of steels, which are used in the main gas pipelines of Ukraine, 09G2S, 17G1S,
10G2FB, and welded joints, against corrosion cracking in a soil environment with a
pH close to neutral (model soil electrolyte NS4), under cathodic polarization
conditions in the normalized DSTU 4219 range of protective potentials from
0,750 to -1,050 V relative to the silver chloride reference electrode.

Scientific novelty of the obtained results.

1. The concept of the resistance of ferrite-pearlitic steels of the 09G2S, 17G1S,
and 10G2FB classes against stress-corrosion cracking in a near-neutral pH soil
environment (model soil electrolyte NS4) under cathodic polarization has been
expanded, which consists in the fact that depending on the level of cathodic
polarization in the normalized DSTU 4219 range of protective potentials from
-0,750 to -1,05 V, stress-corrosion cracking occurs by the mechanisms of local anodic
dissolution, hydrogen cracking, or mixed, and the potentials ranges of these
mechanisms differ for steels of different chemical composition.

2. For the first time, the limits of the potential ranges at which the stress-

corrosion cracking mechanism of ferrite-pearlite class steels in the model soil
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electrolyte NS4 in the normalized DSTU 4219 range of protective potentials changes.
For steels 09G2S, 17G1S and 10G2FB, the mixed mechanism is implemented in the
ranges: from -0,850 V to -1,000 V, from -0,800 V to -0,980 V, from -0,750 to
-1,050 V, respectively. At potentials more positive than the lower limit of that ranges,
the mechanism of local anodic dissolution operates, and at potentials more negative
than the upper limit of that ranges — hydrogen cracking occurs.

3. It was established for the first time that welded joints of 10G2FB steel are
not susceptible to stress-corrosion cracking by the hydrogen mechanism in the range
of protective potentials from -0,750 to -1,05 V normalized by DSTU 4219 in the NS4
solution. The breaking of the welded joint occurs on the base metal, which is proven
by metallographic studies and is consistent with cases of stress-corrosion cracking on
main gas pipelines.

4. For the first time, the legality of using the coefficient of susceptibility to
stress-corrosion cracking Ks, introduced for the base metal, for the comparative
assessment of the stability of defect-free welded joints has been established.

Practical significance of the obtained results.

1. The comprehensive methodology of the accelerated research on the
resistance of low-alloy steels of the ferrite-pearlite class against stress-corrosion
cracking has been improved in terms of voltammetric determination of the range of
potentials for the stress-corrosion cracking mechanism change, the residual corrosion,
and the estimation of the fraction of the brittle component in specimen fractures using
a computer image analysis program.

2. A laboratory stand was developed to determine the residual corrosion rate of
pipe steel under cathodic polarization, which makes it possible to establish the value
of the minimum potential at which a technically sufficient protective effect is
achieved (0.01 mm/year).

3. It was established that stress-corrosion cracking by the hydrogen
mechanism, which is the most dangerous factor in the destruction of main gas
pipelines, in the NS4 model soil electrolyte for 09G2S and 17G1S steels begins at
potentials more negative than -0,980 V and -1,000 V, respectively, which is lower
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than the absolute value of the standardized DSTU 4219 maximum protective
potential. Unlike these steels, for 10G2FB alloyed with vanadium and niobium,
stress-corrosion cracking by the hydrogen mechanism begins at potentials more
negative than the maximum protective -1,05 V, which is due to the presence of a
larger number of alloying elements.

The improved technique was used during the study of the causes and breaking
mechanism of main gas pipelines of Ukraine in 2020-2021 for the LLC «Gas
Transmission System Operator of Ukraine.

The first chapter provides an overview of literature sources on the features of
stress-corrosion cracking of underground main gas pipelines. The corrosion
mechanism of steel in the soil, methods of protecting of underground gas pipelines
from soil corrosion are considered, the phenomenon of stress-corrosion cracking is
defined, and the factors that cause it are determined. Stress-corrosion cracking of
low-alloy ferrite-pearlite class pipe steels under conditions of cathodic polarization,
the effect of electrolytic hydrogenation and the effect of the level of cathodic
protection potential on stress-corrosion cracking are discussed.

In the second section, the choice of research objects is substantiated, and
research methods are given. In the work, low-alloy steels of ferrite-pearlite classes
09G2S, 17G1S and 10G2FB and a welded joint of steel 10G2FB were investigated.
The following methods were used: deformation at a low speed of 10° s?,
voltammetry, potentiometry, determination of electrolytic flooding of steel under
cathodic polarization, optical microscopy, scanning electron microscopy, visual
inspection, and graphical and analytical methods.

In the third chapter, the complex methodology developed at the E.O. Paton
Electric Welding Institute, which is used for accelerated research of durability of low-
alloy ferrite-pearlite class pipe steels against stress-corrosion cracking in laboratory
conditions, is improved. The methodology has been improved in terms of
voltammetric determination of the range of potentials for the change of stress-

corrosion cracking mechanism, the residual corrosion rate, and the estimation of the
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fraction of the brittle part in specimens’ fractures after corrosion-mechanical tests
using a computer program for image analysis.

The fourth chapter presents the results of research on the resistance of low-
alloyed ferrite-pearlitic class steels of 09G2S and 17G1S against stress-corrosion
cracking in the NS4 model soil electrolyte under cathodic polarization. It has been
confirmed that stress-corrosion cracking of 09G2S and 17G1S steels depending on
the cathodic potential proceeds by different mechanisms: local anodic dissolution,
hydrogen cracking or mixed mechanism. Stress-corrosion cracking of the studied
steels by a mixed mechanism, when the penetration of hydrogen into the steel begins,
occurs at different potentials: for steel 09G2S at a potential of -0,850 V, 17G1S at a
potential of -0,800 V. Stress-corrosion cracking by the hydrogen mechanism, which
is the most dangerous factor in the destruction of main gas pipelines for 09G2S steel
begins at potentials more negative than -0,980 V, for 17G1S steel- more negative
than -1,000 V, which is confirmed by the results of assessing susceptibility to stress-
corrosion cracking by the Ks coefficient, scanning electron microscopy and a
computer program for fracture surface analysis.

The fifth chapter presents the results of a study of the resistance of low-alloy
steel 10G2FB, alloyed with vanadium and niobium, and its welded joint, against
stress-corrosion cracking in a model soil electrolyte NS4 under cathodic polarization.
An expansion of the action range of mixed mechanism of stress-corrosion cracking
from -0,750 to -1,050 V was noted for this steel which constitutes 0,300 V, in
contrast to steels 09G2SC and 17G1S, for which the range of the mixed mechanism is
equal to 0,150 V and 0,180 V respectively. Stress-corrosion cracking by the hydrogen
mechanism for 10G2FB steel begins at the most negative potential, -1,050 V
compared to low-alloy steels. For the first time, it was established that in the
normalized by DSTU 4219 range of protective potentials from -0,750 V to -1,050 V,
the susceptibility to stress-corrosion cracking of the welded joint of 10G2FB steel is
lower than for the base metal: Ks varies from 1,0 to 1,03; welded joints are not
susceptible to stress-corrosion cracking by the hydrogen mechanism in the standard
DSTU 4219 range of protective potentials from -0,750 to -1,05 V. The destruction of
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the welded joint occurs on the base metal, which is proven by metallographic studies
and is consistent with cases of stress-corrosion cracking on main gas pipelines. The
legality of using the Ks coefficient, introduced for the base metal, to assess the
susceptibility to stress-corrosion cracking of the welded joint has been established.
Key words: low-alloy ferrite-pearlite class pipe steels, welded joint,
potentiometry, voltammetry, slow strain rate test, optical microscopy, scanning

electron microscopy, digital image analysis, hydrogenation, stress-corrosion cracking.
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HEPEJIIK CKOPOYEHb, YMOBHUX IIO3HAYEHD

AP aHOJIHE PO3YMHEHHS

BP BOJIHEBE PO3TPICKYBAHHS

I'TC ra3oTpaHCIIOPTHA CUCTEMA

KP KOpPO3iifHEe PO3TPICKYBaHHs

MI' MaricTpajabHHU ra30mpoBij

MI'E MOJIENTbHUN I'PYHTOBUM €JIEKTPOJIIT

X.C.€. XJIOPUACPIOHUH €IEKTPO]] NOPIBHIHHS

M.C.€. M1THOCYJIb(AaTHUM €NIEKTPO/I MOPIBHIHHS

C, KOHIIEHTpALIisl BOIHIO, IO IPOHUKAE B CTAllb, MOJIb/IM°

D, xoedinient qudysii Boguro, mo xopisHoe 1,5-10° cm?/c

) BIJTHOCHE TIOJIOBXEHHSI 3pa3KiB IMicCIIs pO3pUBY, %0

d, BIJIHOCHE ITOJIOBXKCHHS 3pa3KiB MICJIs PO3PUBY y MOBITP1, %o

0, B1JIHOCHE TIOJIOBKEHHS 3pa3KiB MiCJIsl pO3PUBY Y PO3UHHI, %

E MOTEHII1aJI CTAJIEBOTO €JIEKTPOAY, BUMIPSHUM BIJHOCHO €JIEKTPOTY
nopiBHsAHHS, B

EKop MOTEHITIa]l Kopo3ii, B

E... MOTEHITIaJI TToIspu3altii, B

Ei, MOTEHI[1aTy IPU HYJIbOBOMY CTPYMI MPU HU3bKIA IIBUIKOCTI CKAHYBAHHS
noteniiany 0,5 mB/c, B

EZ, MOTEHLIaTy P HYJIbOBOMY CTPYM1 IIPU BUCOKIN HIBUAKOCTI CKaHyBaHHS
noteniiany 100 mB/c, B

= 3aXHMCHUH TTOTEHITIAI (3 OMIYHOIO CKJIa0BOI0), B

E;gi)? MIHIMaJILHUH 3aXUCHUH MTOTeHIian, B

E Max MaKCHUMaJIbHUI 3aXUCHHUM ITOTeHITIan, B

€ BIJIHOCHE TIOJIOBXKEHHS 3pa3ka, %
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B

nocriiina @apanes, o piBHa 96485 Kin/mob

Koe(IlliEHT BTpAaTH BIACTUBOCTEH, Yo

KOoe(ILi€HT BTPATH BITHOCHOTO MOJOBXKEHHS, %0

Koe(ILi€HT BTPATH TPAHUIIl MIITHOCTI, %o

T'yCTHHA CTPYMY HOISpu3aiii, A/m?

TyCTHHA CTPYMY IOJISIpU3aIlli NPy 3HATTI MOJISPU3ALIHHOT KPUBOT 31
IIBMKKMM CKaHyBaHHAM notenniany (100 mB/c), A/m?

IYCTHHA CTPYMY NOJISIpU3aLii IpH 3HATTI MOJSIpU3AL[IHHOT KPUBOT 3
TOBLILHUM CKaHyBaHHAM noTenniany (0,5 MB/c), A/m?

IBUJIKICTH 3aJIUIIIKOBOI KOPO3ii B A€(EKTI 3aXUCHOTO TOKPUBY, MM/PiK
CHJIa CTpyMy, 0OyMOBIIEHOTO IPOHUKHEHHSIM BOJHIO, A

cuiia OHOBOTO CTPYMY, 1110 BIJIMOBIJIA€ CTPYMY MacHBallli poOo4oro
3paska, A

cuia cTpyM modisipu3zaiii, A (MA)

CuJia CTpyMy TIPH CTAI[IOHAPHOMY PEKUMI TPOHUKHEHHS BOJHIO, A

21

KOE(IIIEHT OLIHIOBAHHS CXUJIBHOCTI JO KOPO31HHOTO PO3TPICKYBaHHS 3a

3MIHOIO ITOTIEPEYHOTO Mepepizy

KOHCTaHTA, sIKa MOB’s3aHa 3 TYCTUHOIO MaTepiaity, CEpeIOBUIIA Ta CTPYMY

Koe(ilIEHT HABOJAHIOBaHHS, IKUW € KOHCTAHTOIO, 1110 3aJICXKUTh BiJl
Marepially, CepeIOBHINA Ta TYCTUHHA CTPYMY

KOe(IIIEHT aHOTHOTO PO3YNHECHHS
Koe(DiIieHT BOJTHEBOTO PO3TPICKYBaHHS
TOBILMHA 3pa3ka, M (MM)

Maca 3paska /10 BUNpoOyBaHb, T

Maca 3pasKa Micisi KOpOo31HUX BUIIPOOYBaHb

BOJHEBUU MTOKA3HUK

BIJIHOCHE 3BYX€HHsI, %0
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BIJTHOCHE 3BY>KYBaHHsI 3pa3KiB IICJs BUIPOOYBaHb y MOBITP1, %0

BIJIHOCHE 3BYKYBaHHsI 3pa3KiB MicCJsl BUPOOyBaHb Y po3uuHi, %0

TyCTHHA MeTay, I/cm®

IUIOMIA MOBEPXHI 3paska, M2, IOMEPEYHOTO MEPEPI3y 3pa3Ka, MM?
KOe(ILI€HT CIPUHHATIUBOCTI CTaJIl 10 KOPO31MHOTO PO3TPICKYyBaHHS, B
SKOMY YpaxoBaHO 3MEHILEHHS IOIEPEYHOro nepepisy, %

I0IIa MONEPEYHOro Mepepizy 3pa3KkiB y BUXIAHOMY CTaHi (10
BUIIPOOYBAHE), MM?

YUHHUK, SIKUH OMUCY€E B3a€MO3B 30K BHECKY aHOJIHOTO PO3UYMHEHHS Ta
BOJHEBOT'O PO3TPICKYBaHHS

KOe(DIIIEHT CXUIBHOCTI IO KOPO31MHOTO pO3TPICKYBaHHS, IKUH BKa3ye Ha
BILJTUB BOJIHEBOTO YHMHHUKA

HOMIHAJIbHUM KOE(ILIEHT CIPUIUHATIMBOCTI 10 KOPO31IHOTO
PO3TPICKYBaHHS 32 YMOBH i, =i..

IJIOIIA TIONIEPEYHOTO IIEPEPI3Y 3Pa3KiB Iic/s BUIPOOYBaHb, MM?

IJI01A TOMIEPEYHOro Mepepi3y 3pa3KiB B MICLI PYWHYBaHHS MicCIis
BUIPOOYBaHb y MOBITPi, MM?
TUTOIIA TIOTIEPEYHOTO Mepepi3y 3pa3KiB B MICIl PyHHYBaHHS MicCIIs

BUIPOOYBAHb Y PO3UMHI, MM?

BEJIMYMHA 3aJaHUX HanpyxkeHb, Mlla;

rpanuis mimaHocTti, MIla
rpa"uil MirHocTti, MIla

TPaHMUIISI TEKYYOCTI CTAJIEBUX 3pa3KiB y moBiTpi, MIla

IPaHUILIS MIITHOCTI CTalieBUX 3pa3kiB y nosiTpi, MIla
IPaHULISI MIITHOCTI CTalleBUX 3pa3KiB y po3uuHi, MIla

TPUBATICTh BUMIPOOYBaHb, XBUJIMHH (TOJIUHU)

4ac 3aTPUMKHU BUXOAY BOJHIO 3 3pa3Kad, XB
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4ac 710 pyMHYBaHHS 3pa3Ka, TOAVHHU

IIBUAKICTh CKAHYBAaHHSI MMOTEHINATY MPH 3HATTI MOISPU3ALIMHUX KPUBUX,
B/c
IIBMKICTH BTPaTH MacH 3paskKis, r(M2-To)

MIBUAKICTh MPOHUKHEHHS KOPO3ii 32 YMOBU PIBHOMIPHOT KOPO3ii, MM/piK
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BCTYII

AkTyanbHicTh po6otu. ['azotpancnoptHa cucrema (I'TC) Ykpainu Bkitouae
MEpEeXy MariCTpaJbHUX Ta30MpPOBOJIIB JOBKHHOK mpuOmm3Ho 40 THUCAY KM, B
OCHOBHOMY TIiJI3eMHOTO npokiagaads. [liasumenns HamaiiHocti exkcruryatanii ['TC e
HaNWBAKJIUBIIIONO 337]a4€I0 3 OTJISALY Ha BEIHMKI MPOTSKHOCTI ra30IPOBO/IIB, BUCOKHIA
TUCKY Ta3y, TPUBaJl TEPMIHM €KCIUTyaTallil Ta CKJIaIHI TPUPOIHO-KIIMATHUHI YMOBH
1. Jnsa 1iX 3axucTty BiJI TIPyHTOBOI KOpO3ii 3aCTOCOBYIOTh KOMILIEKCHUN
OPOTUKOPO3IMHUI  3aXUCT  (3aXMCHUMHM  TIOJIMEPHUMHU  TOKpUBaMH  Ta
EJIEKTPOXIMIYHUN — HaBEAEHHSAM KaToAHOI moJisipu3auii). Lle nae 3Mory 3HM3UTH
HIBUJKICTh KOPO3ii CTalll 0 TE€XHIYHO-AomycTuMoro piBHs (Menme 0,01 mm/pik). B
OCHOBOITOJIO)KHOMY JOKYMEHTI IIOJO0 3aXHMCTY MAariCTpaJlbHUX TpyOONpOBOMAIB BIJ
kopo3ii JICTY 4219 BcranoBneHo miana3oH 3axucHUX norteHiaitiB Big -0,850 B no
-1,150 B (BigHOCHO MITHOCYIH()ATHOTO €JIEKTPOJy TMOPIBHSIHHS, IO BIATOBIAAE
noteHmianam Big -0,750 go -1,050 B BimHOCHO XmopuacpiOHOTO enekTpomy). Ale
JIOCB1J] €KCIUTyaTallii mokasye, 1o HaBiTh IPH MIATPUMYBAaHHI MOTEHIIATY B IIbOMY
Jlana3oHl HE BHUKJIOYEHA IMOBIPHICTh PO3BUTKY PI3HMX BHJIIB  KOPO3ii,
HaWHEOE3MEeUHIUM 3 SKHX € KOpPO3iiiHe po3TpicKyBaHHsS. IMOBipHO, 1m0 ¥ piBEHb
MOTEHI[IATy KaTOAHOTO 3aXMCTY TaKOX MO-PI3HOMY BIUIMBATUME HAa PO3BUTOK IIHOTO
SIBUIIIA.

[IpobGnema KOPO3IMHOTO PO3TPICKYBAHHS TOCTPO CTOITh B CBITI 3 60-X pOKIB
MUHYJIOTO CTOPIYYS, 1 HACTIJKA TEXHOTEHHUX aBapiil Ha ra30npoBOAaX, CIPUYMHEHI
KOPO31MHUM PO3TPICKYBaHHSIM, TOPKAIOTHCS O€3IMEKH JIIOICH Ta €KOJIOT1l Ha 3HAYHUX
TepuTopisx. YacTka aBapiii, CIpUYMHEHA KOPO3IMHUM PO3TPICKyBAaHHSM, CTAHOBHTH
10 40%. IIpoGiemMy KOpO31MHOTO PO3TPICKYBaHHS y CBITI Ta YKpaiHi BUBYAJIM Taki
BucHi, sk Parkins R.N., Baker T.N., Cheng Y. F., ITomsxos C.I'., Pubakos A.O.,
Kpacoscekuit A.fl., Opunsik [.B, Hukudopuun I'.'M., Imutpax 1.M., Hupxona JLI.

BpaxoByroun HeOe3neky Ta MaclmTaOHICTh KOPO3IMHOro pO3TpICKyBaHHS,
BOKJIMBICTh JIETAIBHIIIIOT0 BUBYEHHS KOPO3IMHOTO PO3TPICKYBAHHS MariCTpajbHHUX
ra3onpoBOIB 31 cTajleld (PEepPUTO-TIEPIITHOIO KIAaCy B YMOBAaX KaTOIHOIO 3aXHUCTY €

AKTYaJIbHOIO.
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Merta i 3aBIaHHA 10CJTi/IKEHb.

MeTta po60THM — BU3HAYUTH CTIHKICTh CTajiel (PepUTO-MEpITHOIO KJacy, 3
SAKUX TO0OyMOBaHI MaricTpaibHi razonpoBoau Ykpainu, 0912C, 17T'1C, 10I2Db Ta
3BapHUX 3’€JIHaHb, MPOTH KOPO31MHOTO PO3TPICKYBAHHS Y TPYHTOBOMY CEpPEIOBUIII 3
pH, HaGmxeHUM 10 HEUTpaIbHOTO (MOACIBHOMY I'PYHTOBOMY eeKTpoiiTi NS4), 3a
KatoaHoi noJsipu3saiii B HopmoBanomy JICTY 4219 miama3oHi 3aXMCHUX MMOTEHITIATIB
Bia -0,750 no -1,050 B BigHOCHO XJI0pUICPIOHOTO €IEKTPOy MOPIBHSHHS.

JIOCSITHeHHSI TIOCTaBJICHOT METH BUMarajio BUKOHAHHS TaKWUX 3aBJIaHb.

1. VYIOCKOHamuTH KOMIUIEKCHY METOJUKY HPHUCKOPEHOIO JIOCIIIKEHHS
CTIHKOCTI HU3BKOJIETOBAHUX CTajiell (epUTO-TIEPIITHOIO KIIACy MPOTH KOPO3IMHOIrO
pPO3TPICKyBaHHA B JIA0OPATOPHUX YMOBaXx B YACTHHI BOJBTAMIEPOMETPUUYHOIO
BU3HAYCHHS J[1alla30HY 3MIHU MEXaHI3My KOPO31MHOTO PO3TPICKYBaHHS, IBUJIKOCTI
3aJIMIIKOBOI KOPO3ili Ta OI[IHIOBAaHHS YaCTKU KPHUXKOi CKJIaJ0BOi y 37aMax 3pa3KiB
MICJI KOPO31iHO-MEXaHIYHUX BUMIPOOYBaHb.

2. BcranoButu 3aKOHOMIPHOCTI KOPO31HHOTO PO3TPICKYBaHHS
HU3BKOJIETOBAHUX cTayiel ¢eputo-nepiaitHoro kmacy 0912C, 17T'1C, 1012056 y
MOJIEIbHOMY TIPYHTOBOMY enekTpomiTi NS4, 3a kaTomHoi mossipu3allii B
HopmoBanoMy JICTVY 4219 niama3oni 3axucHux noTeniiainiB Big -0,750 go -1,050 B
13 3aCTOCYBaHHSIM PO3POOJIEHOT METOIUKH.

3. BcraHoBUTH 3aKOHOMIPHOCTI KOPO3IMHOTO pO3TPICKYBAaHHS 3BAapHOTO
3’€JTHaHHS Yy MOJICIbBHOMY IPYHTOBOMY €JIEKTpoJiiTi NS4 3a KaTogHO1 moJisspu3allii B
HOPMOBAHOMY Jlialia30H1 3aXMCHUX MOTEHIIIaTB Ha TIPUKJIAJl 3BapHOTO 3’ €AHAHHS 31
ctam 10I"2Db 13 3acTocyBaHHSIM pO3pOOJICHOT METOIUKH.

4. JlocmauTy NOPaBOMIPHICTh 3aCTOCYBaHHS KOE(IUIEHTY CXHIJIBHOCTI [0
KOpO31HHOTO po3TpickyBaHHS Ks, BBEAEHOr0 [JIi OCHOBHOTO MeTaly, s
OIIIHIOBAHHSI 3BAPHUX 3’ €/IHAHD.

O0’ekT J0CHiTKeHHA — CTIUKICTh HU3bKOJIETOBAaHUX CTalled (epuro-
nepiitHoro kimacy 0912C, 17T'1C, 10I"2®b Ta 3BapHuX 3’€HAHB TPOTH KOPO3IHHOTO

PO3TPICKYBaHHS y MOJACIbHOMY TIpyHTOBOMY enekTpodiiti NS4 3a  karomHoi
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nosisipusariii B HopmoBanomy JICTY 4219 niama3oHi 3aXMCHUX TOTEHINIANIB BiJ -
0,750 no -1,050 B.

IIpenmer gociailKeHHsI — 3aKOHOMIPHOCTI Ta MeEXaHI3M KOPO31MHOTO
pPO3TPICKYBaHHS HHU3bKOJIETOBaHUX cTajiel Qepuro-nepaitHoro kiacy 0912C,
17T'1C, 10I"2®b Tta 3BapHUX 3’€qHAHb Y MOJICIILHOMY I'PYHTOBOMY eleKTpoiTi NS4
3a KaTOJIHOT TOJISIPU3aIlii.

3’830k po00TM 3 HAYKOBHMMHM MPOrpamMamMi, IUIAHAMH, TeMaMH.
Hucepramiitna poboTa BHUKOHAHA y BIOAUN «3BaplOBaHHS Ta30HAPTONPOBIIHUX
TpyO» IHCTHTYTY enekrpo3BaproBanHs iM. €.0. [latona HAH Vkpainu y pamkax
temu Bimomuoro 3amoBiieHHS HAH Vkpainm «lligBuieHHs ekcruryatamiiHol
HAJIMHOCTI MariCTpajibHUX TPpyOOIPOBO/IIB Ta pe3epByapiB s 30epiraHHs HapTH 3a
paxyHOK 3a0e3leueHHs TEeXHOJIOTIYHMX TapaHTii SKOCTI 3BapHUX 3 ’€JHaHb Ta
orntumizamii yMmoB ix Oe3neuHoi ekcruryataiii» (Ne mepskpeectparii 0118U100537,
2019-2021 pp.), KOMIUIEKCHOI mporpamu HaykoBux nociimpkenb HAH VYkpainu
HaniiinicTh 1 JOBroBIYHICTH MaTepialliB, KOHCTPYKIIiH, OOJaJHaHHS Ta CHOPY.
(Pecypc 2) «YnockoHaneHHs MeToAuKH oiliHtoBaHHs WMoBipHOCTI KPH minstaku MIT
HAa OCHOBI aHaNli3y HAsSBHHUX JIaHUX HA3€MHOTO [1arHOCTYBAaHHS 1 JIaDOpaTOPHHX
JOCITIKEHD IIOJI0 PIBHS €ICKTPOXIMIYHUX MOTEHIAIIB Ta IIBUIKOCTI 3aMIIKOBOT
kopo3iin (Ne gepxkpeectparii 01160004248, 2018-2020 pp.).

MeToau aociaigxeHHsi — jaedopmaliis 3 Majol MBUAKICTIO (HOCHIIHKCHHS
CXWJIBHOCTI TpyOHOI cTajal 10 KOPO3IMHOrO PO3TPICKYBaHHS Y KOPO3UBHOMY
CEpENOBUII), BHU3HAUCHHS EJICKTPOJITHYHOTO HABOJHIOBAHHSA CTajli METOAOM
KaTOJIHOI moJispu3allii (BU3HAYCHHS KIJTBKOCTI BOJHIO, IO IIPOHHMKAE B CTallb IPH
KaTOAHINM moJjspu3anli), Bi3yaldbHUH OrJAd (OLIHIOBAHHS 3MIHM 30BHIIIHBOTO
BUTJISIAY TOBEPXHI TICAsA Jii  KOPO3UBHOTO CEPENOBHUINA), TMOTCHI[IOMETPIs
(BUMIpIOBaHHSI TIOTCHINANIIB), BOJbTAMIEPOMETPIs (BU3HAYCHHS TOJSPU3AIMHIX
XapaKTEePUCTUK CTaJll Yy PpO3YMHAX), ONTHYHA MIKpPOCKOMisl  (JAOCHIIKEHHS
MIKPOCTPYKTYpPH CTalli Ta KOPO3IMHUX YpaKeHb), CKaHyBaJlbHa EJICKTPOHHA
MIKPOCKOIIISI, aHami3 300pa)keHb 13 3aCTOCYBaHHSM KOMIIBIOTEPHOI MPOTrpamH,

rpadiuHO-aHaTITHYHI METO/IH.
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HaykoBa HOBHM3HA 0OJIep:KAHUX Pe3yabTATiB.

1. Po3mmpeHo ysBIEHHS IPO CTIMKICTh CTalied (hepUTO-TEePIITHOTO Kjacy
09I2C, 17T'1C Ta 10I'2®0Bb mpotu KOpO3IHHOTO PO3TPICKYBAHHA y TPYHTOBOMY
cepenoBuili, 3 pH, HaOmKEeHUM 10 HEUTpPaIbHOTO (MOJECIBHOMY IPYHTOBOMY
enekrpoititi NS4), 3a KaToHOT MOJSpH3AIlil, SIKE MOJIAraE y TOMY, IO 3aJeKHO Bif
piBHs KatonHoi mosspusanii B HopMoBaHomy JICTY 4219 npiama3oHi 3axucHHUX
noteHmiame Big -0,750 mo -1,05 B koposiitHe po3TpiCKyBaHHS BIIOYBa€ThCs 3a
MEeXaHi3MaMH JIOKaJbHOTO aHOJHOIO0 PO3YMHEHHS, BOJAHEBOTO PO3TPICKYBaHHS a0
3MIIIaHUM, a Jiala30HM MOTEHLIATIB /i1 3a3HAYCHUX MEXaHI3MiB BIIPI3HAIOTHCS IS
CTaJIel PI3HOTO XIMIYHOTO CKJIAY.

2. Bnepme BCTaHOBJEHI TpaHUIl Jlalla30HIB TMOTEHINATIB, 3a SAKUX
BIJIOYBA€ThCS 3MIHA MEXaHI3MY KOPO3IMHOTO pO3TPICKyBaHHA CTajie Qepuro-
MEPJITHOTO KJacy MOJIeJIbHOMY IpyHTOBOoMY eJnektponiti NS4 B HOopMOBaHOMY
JACTY 4219 nmiama3oni 3axmcHux morteHmaniB. Jmg crameir 0912C, 17T'1C Ta
10I"2®b 3mimanuii MexaHi3M peanizyeTbes B aiama3zoHax: Big -0,850 B 1o -1,000 B,
Bix -0,800 B mo -0,980 B, Bim -0,750 mo -1,050 B, BimmoBigHO. 3a HOTEHIIIAIB
MO3UTHBHIIIUX HUKHBOT TPAHMII JI€ MEXaHI3M JIOKaJIbHOTO aHOJAHOTO PO3YMHEHHS,
B1JI’ €MHIIIIC BEPXHBHOT I'PAHMII — BOJIHEBOTO PO3TPICKYBaHHS.

3. Brnepuie BcTaHOBJIEHO, IO 3BapHi 3’eaHaHHsA 31 ctanl 101 2Db He cxumbHi
JI0 KOPO3IMHOTO PO3TPICKYBaHHS 3a BOJHEBHUM MEXaHI3MOM B HOPMOBAHOMY
JACTY 4219 niana3oni 3axucHux noteHiaiis Big -0,750 no -1,05 B y MmoaenbHOMY
IpyHTOBOMY eniekTpoiiTi NS4. PyliHyBaHHSI 3BapHOrO 3’€lHaHHS BiJOYBAa€ThCS IIO
OCHOBHOMY MeTajly, IO JOBEACHO MeTalorpadiuHuMu JOCTIKCHHIMH Ta
Y3rOJKYEThCSI 3 BHIIQJIKAMU KOPO3IMHOTO PO3TPICKYBAHHS HA MAariCTpalibHUX
ra3onpoBoax.

4. Bmepme BCTaHOBJEHA MPAaBOMIPHICTh 3aCTOCYBAaHHS — Koe(DimieHTy
CXHJIBHOCTI J10 KOPO31MHOT0 po3TpicKyBaHHsS Ks, BBEAEHOTO Jisi OCHOBHOTO METaly,

JUISL TIOPIBHSJIBHOTO OIIIHIOBAHHS CTIHKOCTI 0e371e(heKTHUX 3BapHUX 3’ €THAHb.
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IIpakTUYHe 3HAYEHHS OJIeP:KAHUX Pe3yJIbTATIiB.

1. VY7aockoHaleHO KOMIUIEKCHY METOJIMKY MPUCKOPEHOIO JOCIIIKEHHS
CTIHKOCTI HU3BKOJIETOBAHUX CTajiell (PEpHUTO-TIEPIITHOTO KIIACy MPOTH KOPO3IMHOTO
pPO3TPICKYBaHHS B YAaCTUHI BOJIbTAMIIEPOMETPUYHOIO BH3HAYEHHS Jlama3oHy
MOTEHIIIAIB 3MIHU MEXaH13My KOPO31MHOTO PO3TPICKYBaHHS, IIBUIKOCTI 3aJIUIITKOBOT
KOpO3ii Ta OLIHIOBaHHS YacTKM KPHUXKOi CKJIaJOBOi y 37amMax 3pas3KiB 13
3aCTOCYBaHHSAM KOMIIBIOTEPHOI MPOTpaMu  aHai3y 300paxeHb.

2. Po3po0OneHo 1abopaTopHUil CTeHA JIJIsi BU3HAYEHHS IBUAKOCTI 3aJIUIIKOBOL
KOpO31i TpyOHOI CTalll 3a KaTOJIHOI MOJISpHU3allii, 0 J1a€ 3MOTY BCTAHOBUTU 3HAYEHHS
MIHIMQJIBHOTO TOTEHIlIaNy, 3@ SIKOTO JOCATAEThCS TEXHIYHO JIOCTATHIM 3aXHUCHUN
edekr (0,01 mm/pik).

3. BcraHoBieHO, 10 KOpPO31HE PO3TPICKYBAHHS 3a BOJAHEBUM MEXaHI3MOM,
AKE € HaWHeOE3MEeUHIITUM YHMHHUKOM PYHHYBaHHS MaricTpajbHUX ra30MpoBOIIB, Y
MoAeNbHOMY TpyHTOBOMY enektpormiti NS4 mna craneit 09I2C Ta 17T'1C
MMOYHMHAETRLCA 3a MoTeHIamiB, Big emMHImmx -0,980 B Ta -1,000 B, BiamoBigHO, IO
HUKYe 3a a0comoTHUM 3HaueHHAM HopmoBaHoro JICTVY 4219 makcumanbHOro
3axuCcHOTO noTeHIiany. Ha BiqMiny Bij 3a3HaueHux craneit, as 100 2dDb, nerosanoi
BaHaJllEM Ta HI00lEM, KOpPO3iifHE pPO3TPICKyBaHHS 32 BOJHEBUM MEXaHI3MOM
MMOYMHAETHCS 3a MOTEHIANIB, Bl €EMHININX MaKCUMaJIbHOTO 3axucHoro -1,05 B, mio
O0OYMOBJICHO HAsSIBHICTIO OUIBINOT KUTBKOCTI JIETYBAJIbHUX €JIEMEHTIB.

VYockoHalleHa METOAMKAa BUKOpPUCTAHA TiJ Yac JOCHIDKCHHS MPUYUH Ta
MEXaHI3My pyHHYBaHHS MaricTpajibHUX razonpoBoAiB Ykpainu B 2020-2021 pp. nis
TOB «OmnepaTop ra3oTpaHCIOPTHOT CUCTEMH Y KpaiHM».

Oco0ucTuii BHeCOK 3100yBaya.

JHuceptairisi € pe3yabTaTOM €KCIEPUMEHTATFHUX 1 TEOPETUYHHUX JTOCIIIKEHbD.
[IpoBeneHHs TOCIIIKEHb KOPO31MHO-MEXaHIYHUX BJIACTUBOCTEH CTajieil Ta 3BapHOTO
3’€JHAHHS BUKOHAHO Y CIIBIpAIll 3 KOJEKTHUBOM TPyNH KOPO3iHUX BUIIPOOYBaHb
BTy 3BaproBaHHs razoHadronpoBimaux Tpyo IE3 im. €.0. IlaTona, mudpowmii
aHaji3 300pakeHb pe3yJIbTaTiB CKaHYBaJIbHOI €JIEKTPOHHOI MIKpOCKOMii, rpadidHe

oopMIIEHHSI pe3yJbTAaTIB BUKOHAHO aBTOPOM caMoOCTiiHO. [locTaHoBka 3aBlmaHb
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JOCTIIKEHb, CTPYKTypa poOOTH, aHali3 pe3yJabTaTiB, OCHOBHI HAYKOBI pe3yJbTaTH 1
MpakTUYHI BHUCHOBKM, SIKI CTaHOBJSATH CYTh JHCEpTallii, po3poOJieHI Ta
copMynbOBaHI aBTOPOM CIHIUJIBHO 3 HAYKOBHM KEPIBHHUKOM. 37400yBau BUCIIOBIIIOE
NOJSIKY ~ CIIBpOOITHUKAM BTy «3BaploBaHHS Tra30HAa(TONPOBIAHUX TPyO»
[HcTuTyTy enexrpo3BaproBanHs iM. €.0. Ilatona HAH VYkpainu cr.H.C., K.T.H.
Ocamuyk C.O., m.H.c. ['onuapenko JI.B., cT.H.c., k.T.H. Knumenky A.B., ci. Mex.-CKJL.
po06iT SAAxoBenky I'. M. 3a y4aTh B IpOBEICHH1 JOCIIIKEHb.

Anpobania pe3dyabrarTiB aucepramii. OCHOBHI TOJIOKEHHS 1 pe3yJbTaTH
JIycepTaiiitHoi poOoTH Oysu MpencTaBieHl, JOMOBIIAIUCA Ta OOTOBOPIOBAIMCS Ha
BITUM3HSIHMX Ta MDKHapogHux KoHpepenmisx: XV, XVI  MixHapoaHux
KOH(epeHUIsIX 3 mpolJeM KOpo3ii Ta MPOTUKOPO3IMHOIO 3aXMUCTy MarepiajiB
(2020, 2022 pp., m. JIsBiB), «ISE Satellite Student Regional Symposium on
Electrochemistry (2018 p., M. KwuiB), BceykpalHCbkiii HayKOBO-TEXHIUHIN
koH(pepenuii «Hayka 1 meranypris» (2019 p., m. ninpo), Materials Science and
Surface Engineering (2021 p. JIeBiB), X IOBunelHIi MiXHAPOIHIA HAYKOBO-
NPaKTUYHIN 1HTEpHET-KOH(pEepeHLii 3100yBaydiB BUIIOI OCBITH Ta MOJOJIUX YYEHUX
«XiMmis Ta cydacHi Texnosoriin (2021 p., m. Ininpo), 11th International Conference
Mechanical Technologies and Structural Materials (2022 p. m. Split).

Iyouaikanii. 3a Temoro nucepranii onyonikoBaHo 14 po0OiT, 3 skux 4 cTaTTi B
HAayKOBUX (paxoBUX BUAAHHSIX YKpainu, 1m0 BxoauTth 1o nepeniky MOH VYkpainu, 4
CTaTTi B )KypHajiax, Kl BXOJIUTh JO HAYKOMETPUIHOI 0azm Scopus, 6 Te3 10moBiaei B
30IpHMKAaX HAayKOBHX Ipalb MarepiaiiB BCEYKPaiHCHKUX Ta MIXHAPOJHUX HAYKOBO-
TEXHIYHUX KOH(EPEHIIii.

Crpykrypa Ta o0cAr aucepramii. /ucepramiiina po0oTa CKIamaeTbca 3
BCTYIlYy, I1’ITU PO3/ALIIB, BACHOBKIB, CHMCKY BUKOPUCTAHUX JIKEpes Ta 2 J0JAaTKIB.
3aranpHuil o0car nucepTamii ctaHoBUTh 163 cropiHOk (3 HuX 128 cTOpiHOK
OCHOBHOTO TEKCTY) 3 53 pucyHkamu, 16 tadnuisamu, 616110rpadiyHUM CIIUCKOM 13

114 naliMmeHyBaHb.
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PO3JILI 1
OCOBJUBOCTI KOPO3IITHOT O PO3TPICKYBAHHSA MIJIBEMHNX
MATICTPAJILHUX I'30ITPOBO/IIB

lNazotpancnoptHa cucrema Ykpainu (I'TC) — omHa 3 HAWNOTYXHIIIUX 1
HaWpO3TATYy)KCHIIIMX MEPEX MAariCTpaJibHUX Ta30rOHIB B CBITI. Ykpainceka ['TC
3aBXIu Oyna HaJgiiHUM, 3pyYHUM Ta O€3MEeYHUM MapIIpyTOM TPAH3UTY Ta3y 0
KpaiH €Bpomnu 3 OrJIsAy Ha PO3BHHEHY MEPEXKY Ta30MpOBOIIB CUCTEMY 3arajlbHOIO

noBXkHHOO 01511 40 THCSY KM 2, puc. 1.1.
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Puc. 1.1. KaprasrazorpancnopTHO1 CUCTEMHU YKpaiHu 3.

MaricTpajibHi Tra300pOBOJY PO3TALIOBaH1 Y PI3HUX KIIMAaTHYHUX pailoHax, B
SKUX 3MIHIOETHCSI KOPO3UBHICTh IPYHTIB, € 3MiHA PEIbE]y MICIIEBOCTi, BATOTOBJICHI
31 CTajed pi3HUX Mapok ToImlo. ['a30TpaHCmOpTHA CHUCTEMa EKCILTYyaTYeThCs BiKe
nonany 50 pokiB. Ilim giero ekcrlyaTaliiHUX UYMHHUKIB YTBOPIOIOTHCSA Ta
PO3BUBAIOTHCS N€PEKTH PI3HOTO MOXOMKEHHS, SIK TEXHOJIOIYHOTO TakK 1 KOPO31HHO-
MEXaHIYHOT0, 30KpeMa KOpO3iiHE pPO3TPICKyBaHHS, YacTKa SKOTO B 3arajbHii

KUTBKOCTI aBapiii MaricTpajibHHUX T'a30MPOBOIB Baroma, puc. 1.2.
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KinekicTe aBapitt (BigmoB). WT

Koposia
Gpak
MpupopgHi

MexaHMHe
BTPYYaHHA

Bpar
3BAPHOBAHHA
3asoackkui
YTBOPEHHA
TPiluH no Tiny
Nig vac
eunpoByBaHHA

Puc. 1.2. KinpkicHa XapakTepucTHKa TMPUYMH aBapid Ta BiIMOB Ha

MaricTpajibHux razonpoBoaax YMI «JIeBiBTpancras» 3 1973 poky 4.

1.1. Kopo3ziiine po3TpickyBaHHs cTajeidl (epuTo-NEepJiTHOrO KJacy B

YMOBaX KOMILJIEKCHOI'O BILIUBY YUHHHUKIB

1.1.1. Kopoz3isi cTaJjii B IPyHTI.

[pyHTOoBa KOpO3is TpyOONpOBOIIB 3i cTajell (hepuTO-TEPIITHOTO Kiacy
3aJIe)KUTh BiJl HU3KU YMHHUKIB, SIKI CTOCYIOTHCSI TIEBHUX XapaKTEPUCTUK SK METaly,
Tak 1 TpyHTiB. Ha Kopo3iiiHy mnoBeAiHKYy TpyOOmpoOBOAY, 30KpeMa, BIUIMBAIOTH:
€JICKTPONPOBIAHICTh IPYHTOBOI'O CEPENIOBUINA, TEMIEpaTypa, BOJOTICTh, HIUIBHICTD
IpyHTy, pH Ta Cckiaa eiaeKTpoJiiTiB, MPUCYTHICTh CIPKOBOJHIO, BYTJICIIEBOTO Tas3y,
OpraHiYHUX Ta HEOPraHIYHMX KHUCIOT, MIKPOOIOJIOTIYHMM CKJaa IPYHTY, HAsIBHICTb
Onmykarouux ctpymis [5-9].

Haityacrime rpyHTOBa KOpO3isi BiAOYBA€ThCS 3 KUCHEBOIO JICTIONIAPU3ALIEIO 3
NEPEeBAKHUM TaJIbMyBaHHSIM TPAHCIIOPTY KUCHIO JI0 OBEepXHi. KoHIIEHTpaIlisi KUCHIO
3aJIeKUTh B YMOB HOro TpaHCHOPTY 3 arMmocepu Uepe3 TOBILY TIPYHTY 1
nudy31MHUN 11ap eJIeKTPOJIITY, M0 MPWICTINH A0 MeTaleBoi MmoBepxHi. OCKIIbKH
IPYHT € TETEPOTreHHHUM KaIUISIPHO-TIOPUCTUM TIJIOM, TO B 3aJIEKHOCTI BiJ HOro

CKJIaJly Ta BOJOTOCTI TPAHCIOPT KUCHIO BHU3HAYAETHCS Horo nudysiero abo B piakii
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¢da3i (B CHIBHO BOJIOTUX IpPyHTax), abo B razoBiid (a3l BHYTPIIIHbOKAIIISIPHOTO
NoBITPs (B CyXUX IPyHTax Ta I'PyHTaX 3 HM3bKOIO BOJIOTICTIO). BIumMB KHCHIO Ha
KOpPO3iiiHI MPOIIECH MOABIWHUN: 3 OAHOTO OOKY MPUCKOPIOE X, a 3 1HIIIOTO — rajJbMye€
32 paxyHOK YTBOPEHHS 3aXUCHUX IUNBOK. 3a BIJICYTHOCTI BIJIBHOTO KHCHIO Ta
MPUCYTHOCTI Cynb(paTiB Ta OpPraHIYHUX PEYOBUH BiAOYBAETHCA BITHOBJICHHS
okucHennx Gopm cipku (SO,*) 1o H,S cynbdarpenykysanbaumu 6axrepismu 10.

Y ayke KHCIMX IpyHTax KoOpo3isi MoXKe BiAOyBaTtucs 3 BOJHEBOIO
JIETIOJISIPU3ALIIEI0 — BHACTIIOK BITHOBJIEHHS 10HIB BOJIHIO. [lelt mporiec mpoTikae Tum
IHTEHCUBHIIIE, YUM HIk4e pH rpyHTOBOrO cepenopuia. KatonHor peakuiero Moxe
OyTH 1 eIeKTPOXIMIYHE BITHOBJICHHS MPOYKTIB KUTTEMISIIBHOCTI PI3HUX IPYHTOBUX

MIKpOOPTaHI13MiB.

1.1.2. Cnoco0u 3axucTy MiI3eMHHUX ra30MPOBO/iB BiJl IPYHTOBOI KOPO3ii.

JIyist 3axXycTy 30BHINIHBOI TMOBEPXHI TPYOOMPOBOAIB BiJ I'PYHTOBOi KOpPO3ii
BUKOPHCTOBYIOTh 3axcHHI mokpuBH [11-13]. [TpoTe mopoky yepes r(pyHTOBY KOpPO3ito
3 naay BUXoAMTh (2-3) % mig3eMHUX MeTajeBux cropyn 14. 3aiekHO Bij perioHy
YKpaiHu MIBHIKICTH TPYHTOBOI KOPO3il CTami BIAPI3HAETHCSA, 1 3a HASIBHOCTI
IPOTUKOPO3iHOT0 3axucTy ctaHoBHUTh (0,1-0,25) MM/pik, [0 MEPEBUIIYE TEXHIYHO
JIOMyCTUME 3HAYCHHS, a 3@ HOT0 BIJICYTHOCTI — MOke gocsrat (1-2) Mm/pik.

3ae’)kHO  BIJl BJIACTUBOCTEW METally Ta IPYHTIB TIPYHTOBA KOPO3isd
TpyOONPOBOAIB  NpPOTIKa€E MoO-pizHOMY. Ha  KOpO3iiiHy MOBEOIHKY CTIHKH
TpyOONPOBOAy BIUIMBAIOTh TakKi MapaMeTPU: EJICKTPONITHYHA TPOBIIHICTH
IPYHTOBOT'O CEpEAOBHILA, TEMIIEpaTypa, BOJOTICTh, IIIIBHICTh IPYHTY, pH Ta ckiaz
eNEeKTpoNiTiB, mpucyTHiCTh HyS, CO,, opraHiyHUX Ta HEOPTaHIYHUX KHCIIOT,
MIiKpOOIOJIOTIUHUH CKIIaa, HAsBHICTD OsyKarounx cTpymis [11, 14-17].

31e01IBIIOT0 TPYHTOBA KOPO3isl BIIOYBAETHCA 3 KMCHEBOKO JCMOJISIPU3AIIEIO 3
MEepPeBAXHUM  TajJbMyBaHHSM TPAHCIOPTY KHUCHIO JO TIOBEPXHI. 3arajioMm
KOHLIEHTpAIlisl KUCHIO 3aJIeKUTh BIJl YMOB MOro TpaHCHOPTY 3 aTMocdepu uepes

TOBILY TIPYHTY 1 AUQY3IHHUI Iap eNeKTPoJiTy, 10 NPUMHUKAE 10 METaleBoOi
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noBepxHi. OCKUTbKY IPYHT € T€TEPOreHHUM KalUISIPHO-TIOPUCTUM T1JIOM, TO 3aJIEKHO
B1JI HOT'0 CKJIaJy Ta BOJIOTOCTI TPAHCIIOPT KUCHIO BU3HAYAETHCA TU(PY31€10 KUCHIO a00
B pinkii ¢$a3i (B CwiIbHO BOJIOTHX TIpyHTax), abo B Ta3oBid (a3l
BHYTPIIIHBOKAMUISIPHOTO TMOBITPsA (B CyXHMX TIpyHTaX Ta IPYHTax 3 HH3BKOIO
BOJIOTICTIO). 3a3HAYUMO TOJBIHHUM BIUIMB KUCHIO Ha KOPO31HHI MPOILIECH: 3 OJTHOTO
OOKy, KHCEHO MPHUCKOPIOE KOPO3il0, 3 I1HIIOTO — TaJIbMY€ BHACHTIIOK yTBOPEHHS
3aXMCHUX IUTIBOK. 3@ BIJICYTHOCTI BUIBHOTO KHCHIO Ta y MPHUCYTHOCTI CyJib(aTiB Ta
OpraHIYHUX PEYOBUH BIJOYBAE€THCS BIHOBIEHHSA OKMCHEHUX (opM cipku (SO2) a0
H.,S cymbpdarpenykyBanmbanmu OakTepisimu 18.

VY nyxke KUCIHMX IPYHTax MOXIJIMBA KOPO3isl 3 BOJHEBOIO JEMOJISIPU3AINEI0 —
BIJIHOBJICHHSI 10HIB BOJIHIO, SIKM MpPOTIKA€ TUM IHTCHCHUBHIIIE, YuM Hik4de pH
IPYHTOBOTO cepenoBuiia. KarogHoro peakiiero Moxke OyTH ¢ eleKTpoXiMidHe
BIJIHOBJICHHS TIPOJIYKTIB KUTTEAISUTBHOCTI PI3HUX I'PYHTOBUX MIKPOOPTaHi3MiB.

3HauHy POJb y MPOTIKaHHI KOPO31MHMUX MPOLIECIB MA€ BOJIOTICTh IPYHTY. [Ipu
MaJjiii BOJIOTOCTI €JIEKTPUYHUN OIMIp TPYHTY BHCOKHH, 110 3yMOBIIIOE€ 3MEHIICHHS
3HAUEHHA CTpyMy Kopo3ii. IIpu BHCOKIA BOJIOrOCTI €JNEKTPUYHUN OMIp TIPYHTY
3MEHIIIYEThCS, alie yCKJIagHeHa Nudy3isi KUCHIO J0 MOBEPXHI METaly, B PE3yNbTaTi
YOro KOPO31MHHI MpoIec CHOBUIBLHIOEThCA. ICHY€E MTymKa, 110 MakCHUMallbHa KOPO3is
cnoctepiraerscst pu Bojorocti 15-20 % 19. Ilpu oMy moke OyTH MPUCYTHIN
edeKT BEIMKOTO JlaMeTpy TpyOH, KOJM BOJIOTICTh MO MEPUMETPY 3MIHIOETHCS B
mexax Big 0,3 % nmo 40 % 1 1o moBHOro HacuyeHHs. [luTomuil omip IpyHTY npu
IIbOMY 3MIHIOETHCS Ha TIOPSIIKH.

st TpyHTOBOi KOpO3ii Ha MPOTSHKHUX METATOKOHCTPYKINISAX 3aBXKIU €
JIISIHKY, Ha SKUX JIOKATI3YIOThCS KaTOAHUN a00 aHOIHMM Tmporec. Y CHIBHO
BOJIOTUX HEUTpaibHUX ab0 c1abO0NIy’)KHUX IPyHTaxX 3a HasBHOCTI JeacpOBaHUX yMOB
yTBOPIOIOTHCA Tiapokcua pepymy (II):

Fet2+ 2H,0 = FG(OH)Z (11)

[Ipu BUIBHOMY AOCTYIl KUCHIO Ha aHOJIHUX IUISTHKAxX rigpokcun ¢epymy (1)

OKHCHIOETHCS 110 Tiapokcuay gepymy (III):

4Fe(OH) + O, + 2H,0 = 4Fe(OH), (1.2)



34

Pi3Hi mponmyktu okucHeHHsA ¢epyMy, 10 (OPMYIOTh Pi3HI 3a 3aXUCHUMU
BJIACTUBOCTSIMUA TOBEPXHEB1 IUIIBKM, BIUIMBAIOTh HAa IHTEHCUBHICTb Ta MeEXaHI3M
aHOJTHUX PEAKITiH.

VY HeWTpanbHUX Ta JIy>)KHUX (BaHSIKOBUX) IPYHTaX 3a HEJAOCTaTHINA KUIBKOCTI
KHCHIO MOKE€ PO3BUBATHCH KapOOHATHA KOPO3Iis:

Fe + H,O + CO, = FeCOs+ Hy, (13)
3a TIepediIry SKOi MOBEPXHS METaly MacHUBYEThCs KapOOHATHUMU IUTIBKAMH 1 HaOyBae
CXWJIBHOCTI J10 JIOKaJIbHO1 KOPO3ii.

Pi3ko 1HTEHCH(]iKy€e KOpO31I0 METaJiB CIPKOBOJIEHb, SIKUH 3yCTPIYAETHCS Y
Kuciux rpyHTax. OcoOJMBO TOCTpOI0 € TMpobiieMa CIPKOBOJHEBOI KOPO3ili Jyis
MPOMUCIIOBUX Ta30HA(TONPOBOIIB, 3aIlipHOI apMaTypd TOILO, SKa Mpalioe B
IJIACTOBIM BOJI, IO MICTUTBH JIOMIIIKH CIPKOBOJHIO, BYTJICKHCIIOTO Ta BYTJIEBOIHUX
rasiB:

Fe + H,S = FeS+ H, (1.4)

Cynedin depyMy po3risnarTh HpH IBOMY SK KaTamdi3aTop PO3YMHEHHS 1
HABOJHIOBaHHS MeTany. KOHTpOIIOHUMA YMHHWK TPYHTOBOI KOpPO3il MeTajiB
3aJIeKUTh BiJl yMOB cepenoBuiia 17:

- TIEPEBaXXHO KATOJIHUN KOHTPOJIb CIIOCTEPITAETHCS y BOJOTUX IPYHTAX;

- QHOJHHH — y CYXHX Ta MyXKHUX IPYHTaX;

- 3MIIMIaHUKA KaTOAHO-OMIYHHMI € HACTIAKOM poOOTH MaKporajibBaHoMIap.

Hocmigmm [20, 21] pict TpilMHA y HEUTPATHHOMY I'PYHTOBOMY CEPEIOBHIII
Hicasl TOPYIICHHS] MOKPUTTA TPYOONpPOBOAY 3a TPaJlEHTHOIO BMICTY KOHIIEHTpallii
CO,. BcranoBuiin, 10 TpiluHA MONIMPIOBANIACS HAWIHTEHCUBHIIIE 32 HaWO1IBIION
koHneHnrpamii CO,, TpW [bOMY BIUIUB CEPEAOBHINA MOXKE 3POCTAaTH BTPHUYI.
Hocmimkenasmu kopo3ii Ta macuBaiii cram API X100 mo, mim yac Ta micis
dbopMyBaHHS TMACHBHOTO IIapy B MOJEIBHUX IPYHTOBUX TiAPOKapOOHATHHUX
po3unHax 3 pH 6,7 no 8,9 [22, 23] BusBMIM, 1110 MOTEHIIIA KOPO3ii MpH 301IbIICHHI
KOHIIGHTpAIli T1ApOKapOOHATy 3CyBa€ThCa y OIK B’ €MHINMINX 3HAa4YeHb. J[JI OIIHKH
KOPO31MHOT aKTUBHOCTI IPYHTY PEKOMEHJOBAHO BUKOPUCTOBYBATH TaKl MapaMeTpH,

SIK TYCTHHA CTPyMY KOpPO3ii, MOJSpU3aLiiHUHN OMip Ta Omip IPyHTY 24.
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Jlnisa 3anoOiraHHs PO3BUTKY TIPYHTOBOI KOpPO3ii MIA3EMHUX MAariCTpaabHUX
ra3onpoBO/IiB BUKOPUCTOBYIOTh €JIEKTPOXIMIYHUM 3aXUCT Ta 3aXHCHI MOKPHUBH.

Karomnuii 3axuct — 1e cnocid 3axucTy METaleBUX CIOPYZ BiA MiJ3eMHOI
KOpO3ii NUIIXOM KaTOAHOI MOJspH3allli 3a JIOMOMOTOK CTPYMY BiJl 30BHIIIHBOTO
mxepena. Katonna nonspuzaiiisi 341MCHIOETBCSA 32 JOIMOMOTOI0 HAaBEIEHOTO CTPyMY
BiJl 30BHIIIHBOTO Kepena 25. YcTaHOBKAa KaTOMHOTO 3aXUCTy CKIAJa€eTbesa 3
JoKepeNia TIOCTIMHOTO CTPYMY, aHOJHOTO 3a3€MJICHHSI Yy BUIJISAI MOOJUHOKOTO YU
PO3MOUICHOTO €IEKTPO/Ia 1 3’ € HYBAIBHUX eJIeKTpokademiB 26.

KoncTpykiis abo cnopyna, sika 3axXUIIAEThCA, 3’ €IHYETbCS 3 Bl €EMHUM
MIOJIFOCOM 30BHIIIHBOTO JKEpEia CTpyMy 1 Ji€ sk KaTol. Jpyruil enexrpos (aHoIHE
3a3eMJICHHS) 3’€IHYETHhCS 3 JOAATHIM IOJIOCOM JDKEpena CTpyMy 1 Ji€ sIK aHOoJ.
Karonnuii 3axvcT MOXJIMBHHI TIIBKM Y TOMY BHIIAJKy, KOJIM KOHCTPYKLIS, sKa
3aXUINAETBCSA, 1 AHOJHE 3a3€MJICHHA  3HAXOHAThCS B €JIEKTPOHHOMY 1
CJIEKTPOJIITHYHOMY KOHTAKTi: TEpIIe JIOCSITAEThCS 3a JAOMOMOTOI METAaIeBUX
MPOBITHUKIB, a JAPyre — 3aBASIKH HAsSBHOCTI EJICKTPOJITHOTO CEepeOBHIINA
(Hanpuknam, TPYHTY), B SIKOMY 3HAXOJUThCS MeETajeBa KOHCTPYKINS 1 aHOIHE
3a3eMJICHHSI.

Katoguuii 3aXuCT peryiroeTbes TUIBKA IUIIXOM MIATPUMAHHS HEOOX1THOTO
3aXMCHOTO TMOTEHIIaly, SKUW BHUMIPIOETBCA MIK KOHCTPYKIi€0 (abo maBadyem
MOJISIPU3AIIIHHOTO MOTEHITIATY) 1 €JEKTPOIOM MOPIBHSAHHA. SIK TPaBUIIO, €IEKTPOAOM
MOPIBHSHHS CIYXHUTh MITHOCYJIb()ATHUIA €IEKTPOJ MOPIBHSAHHSA TPUBAIOL li, SIKUN
MOCTITHO 3HAXOAMTHCS Yy KOPO3UBHOMY cepeaoBHill (TpyHTi). Takum 4YuHOM,
MOJISIpU3aIlisl TIOBEPXHI METaJIeBOi CHOPYIH, SIKa 3aXUIIAEThCsI, 0OYMOBIIOE e(eKT
KaTOJHOTO 3axucTy. KputepisiMu 3aXMIleHOCTI € MIHIMaJIbHUNA 1 MaKCUMaJIbHUM
3aXHMCHI TOJISIpU3aliifHI TOTSHITIATN 25.

JIist 3aXMCTy BiA KOPO3ii MIA3EMHUX METAJEBUX CIOPYHA 3aCTOCOBYIOTHCS
cremiajgbHl KaToAHl cTaHiii abo NIepeTBoproBadi, fKi € JpKeperaamMu MOCTIMHOTO
CTPYMY 3 PETyJIbOBaHOI 200 (hIKCOBAHOIO BHXIJTHOIO HAMPYTOI0. 3aXUCT CIOPY/, AKi
MalOTh 3HAYHY MPOTSAKHICTb, 3AIMCHIOETHCS KUIbKOMAa KaTOJHUMM yCTaHOBKaMu. B

pe3ynbTari iX B3aEMHOTO BIUIMBY, BHWHHKA€ IIiJIBUINCHHS PI3HUINl TOTEHIIIAJIB
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«CTIOpYAa—3€eMJIs», 10 JAa€ 3MOTY 30UIBIIUTH 3aXMCHY 30HY BiJ KOXHOi YCTaHOBKH

25,

1.1.3. XapakTepucTHKa KOPO3iiiHOI0 PO3TPiCKyBaHHS

He3Bakaroun Ha 3aCTOCyBaHHS Ha MMiJ3€MHUX MariCTpajlbHUX TPYOONPOBOJAX
KOMILJIEKCHOTO TPOTUKOPO3IMHOTO 3aXUCTy MPAKTUYHO HEMOXIJIMBO 3armo0IrTH
YTBOPEHHIO Ta PO3BUTKY PI3HUX BUIIB ypaxeHb. HaliHeOe3meyHIuM 3 HUX €
KOpO3iiiHE pO3TPICKYBaHHS.

KoposiitHe po3TpickyBaHHS — pYHHYBaHHS METally, IPUUYMHEHE OAHOYACHOIO
JI€0 KOPO3UMBHOTO CEpEeNOBMIIA Ta 30BHIMIHIX a00 BHYTPIMIHIX pPO3TATOBUX
CTATUYHUX HANpPYXEHb 3 YTBOPEHHSAM 4YEpe33epeHHUX ab0 MIK3EpEHHUX
TpiuH 27.

Kopo3is mig HampyXeHHSM — KOpO3is MeTally, CHOPUYMHEHA HasBHICTIO
KOPO3UBHOTO CEPEOBHUIIA 1 cTAMMX ab0 3MIHHMX MexaHiuHuX Hampyr [27-29]. Llei
BUJI pyWHYBaHHS € OJHUM 3 HalOUIbII HEOE3MEeYHUX BHJIB PYyHHYBaHb M1J3€MHHX
MaricTpajJbHUX T'a30MPOBOIIB.

dopMyBaHHS KOPO3IMHOTO PO3TPICKYBaHHS SK TPABUJIO 3YMOBJICHE €0
JIEKIIbKOX YMHHUKIB, a CaMe:

- HAsIBHICTb CEpPE/IOBHIIIA 3 1 criennpiuHUME KOpo3iitHuMu BiaactuBocTsmu [30-35];

- MeTallyprifiHa CcKJajgoBa, TexHouyoriss BupoOHunTBa [36-40], mapamerpu
SIKOCTI CTaJll, CKJaJ, CKYITYCHHS HeMeTajeBUX BKioueHb [41-43], mikpocTpykTypa
[44-46].

- HampyxeHo nedopmaunidiHuii ctaH  TpyOONpOBOIY,  3YMOBJICHHM
OCOOJIMBOCTSIMH €KCIUTyaTarlii (TUCK, MUKIIYHI HAaBAaHTAKEHHS TOII0), BUPOOHHUIITBA
47.

CxemMaTHuHO BIUIMB YHHHHUKIB YTBOPEHHS Ta PO3BUTKY KOPO3IHHOTO
po3TpicKyBaHHA BijoOpaxkeHo Ha puc. 1.3. Ilig yac KOpo3iiMHOTO PO3TPICKYBaHHS Ha

30BHIITHINA TOBEPXHI YTBOPIOETHCS KOJIOHIIO MO30BXKHIX TpiluH, puc 1.4. 3a3Buyait



37

KOpPO3iifHI TPIIIMHU OPIEHTOBAHI Y3I0BXK OCI TpyOONMpPOBOAY, PO3TAIIOBYIOTHCS

NEePHEHAUKYIIAPHO il HAMPY>KeHb B1J] BHYTPIIIHBOTO TUCKY.

Puc. 1.3. CxemaTtnuHe 300paykeHHS KOHIICTIIIIT KOPO31iHOTO pO3TPICKYBaHHS.

Puc. 1.4. Burnsa kopo3iiiHUX TPILIMH Ha MOBEPXHI ra30mpoBoy 31 ctaii X42 ta X65
48.
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1.1.4. Tunu KOPO3iifHOT0 PO3TPiCKYBAHHS TPYOHMX CTAJIEH.

Buninsiore 1Ba OCHOBHHUX THIIM KOPO3IMHOTO PO3TPICKYBaHHS TPYOHHX
CTajel: MDKKPHUCTATITHE PO3TPICKYBaHHS, SIKE PO3BUBAETHCS B KapOOHAT-BMICHUX
enekrponitax 3 BucokuMu pH [49-53] 1 TpaHCKpucTamiTHE pPO3TPICKYBAaHHSA B
po30aBiieHuX ejaekTpoiTax 3 pH, Oim3pkuM 10 HewTpanbHOTo [54-58].

O6uaBa TUMM CXOXI 32 CBOIMM pHUCAaMH. 3a3BUYall KOPO3iiHI TPIIMHU
BUHHKAIOTh HA 30BHIIIHIA NMOBEPXHI TPYyOONPOBOAY MiJl 3aXMCHUM MOKPUTTSAM SIKE
BIIIIAPYBAJIOCh  (3a3BM4Yail  OiTymMHe, cTpiukoBe). B  OulblmiocTi BUMNAAKIB
PO3TaIOBYIOTHCS 017151 TO30BXHBOTO 3BAPHOTO IIBY (Ha BiJcTaHl He Oibine 250 Mm
B1J1 JIIHI1 CIUTABJICHHS) B HI)KHIN YaCTHUHI TPyOONPOBOLY.

[ukn Big po3BUTKY KOPO3IMHOI TPIIMHK 10 MOMEHTY pPYWHYBaHHS

KOHCTPYKIIi 3a3BUYail MOJIEIIOIOTh, SIK YOTUPUCTAIINHUHN TIpoliec, puc. 1.5.
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Puc. 1.5. YotupucTaaiiiHuii mporec po3BUTKY Kopo3iitHoi Tpimmuu [59, 60].
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1.1.5. Oco0amBOCTI KOpPO3IiIHOr0 PpO3TPICKYBaHHSI CTajell TPYOHOro

COPTaMEHTY B MO/IeJIbHUX CepeI0BUIIAX.

Sk 3a3Hayvanocs BUILE, CXUIBHICTD 10 KOPO3IMHOTO PO3TPICKYBAHHS 3AJICKUThH
BiJl MIKPOCTPYKTYpPU, MEXaHIYHUX BILUIMBIB, KOPO3UBHOCTI CEpeloBUILA. Y EIKUX
BUIAJKaX KOPO3iiHE pO3TPICKyBaHHS MOXe OyTH IiHIIIHOBaHE BOJHEM, SIKUU
YTBOPIOETHCS M1 A1€I0 KATOMHOT MOJIIpU3aIlii.

JlocmiKeHHSIMU CTaleil pi3HUX KaTeropiil MIIHOCTI B Pi3HUX CEpelOBUIIAX 3
BUKOPUCTAHHAM METOJIB JAedopManii 3 Majow MBUAKICTIO, €JIEKTPOXIMIYHHMH,
GI3MYHUMHA ~ METOJIaMHM, a TaKoXX JOCHDKCHHSM Ta aHajli30oM 3JaMiB  Ta
MPOTHO3YBAaHHSAM PO3BUTKY TPIIIMHU Ta OCHOBI TEOpii KPUTUYHUX BIJICTAaHEH Ta
METO/1IB CKIHUEHHHUX €JIEMEHTIB 61 OTprMaHi HACTYIIHI JaHi.

BusiBneno, mio mossipuzailisi iMIyJIbCHUM CTPYMOM CIIPUSE€ PO3BUTKY
JIOKaJAbHOTO AHOAHOrO0 PO3uMHEHHS crTaimi X80 B HEWTpalbHOMY CEpeIOBHIII,
MOCTIMHUM — M1JIBUIIYE CXUIBHICTh O KOPO31MHOTO PO3TPICKyBaHHs 62.

[Ipy UMKIIYHOMY HaBaHTaXEHHl 3pa3KiB 31 crTaml X65, MOKpUTUX
IPYHTYBaJbHUM IIAPOM y  CEPEAOBHINI 3  BIUIBHUM  JOCTYIIOM  KHCHIO
MIPOJIEMOHCTPOBAHO 301UJIBIIIEHHS BHECKY 3arajibHOi KOpo3ii Ta 3MEHIICHHS BHECKY
JIOKAJIbHOT BHACTIZIOK MAacOBOTO 3JUTTS JIOKAIBHUX KOPO3IMHUX OCEpEeAKiB, IO
MPU3BOJUTH 70 3HUKEHHS TEHJEHINT NMepEepPOCTaHHS BUPA30K y TPIIIUHUA TOPIBHIHO
31 3pa3koM, TTIOKPUTUM TPYHTOBKOIO, 32 BiJICYTHOCTI KUCHIO 63.

MetonoM nossipu3aiiiiHuX KpUBUX Ha 3pa3kax OCHOBHOT'O METaJly Ta 3BaApHOTO
3’€HAHHS MPSMOIIOBHOT TpyOH 31 ctani X90 B po3unni NS4 BcranoBiieHo 64:

- HAsABHICTh THUIOBHUX XapaKTEPHUCTUK aHOJHOTO PO3YMHEHHS O0€3 SBHIIA
aKTHBalllI-IT1acUBaIlli;

- CHOPUUHATIAUBICTE JO KOPO3IHHOTO PO3TPICKYBaHHS, IO BUPAKAETHCS
BIJICOTKOM BTPATH TPaHMII IIMHHOCTI Gy, BIIHOCHOTO ITOJOBKEHHS, a TaKOXK BHIIA
CXWJIBHICTh J0 KOPO3IMHOTO PO3TPICKYBaHHS 3BAPHOTO 3’€/IHAHHS TMOPIBHSHO 3

OCHOBHUM MCTAJIOM,
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- ICHYBaHHS TPHOX MEXaHI3MIB KOPO3IHHOTO PO3TPICKYBAaHHS — aHOJHOTO
PO3UMHEHHS 3a TMOTEHIlaly KOpo3ii; 3MillaHOTO — 3a TOTEHLIaly BiJ
-850 MB 10 -1000 MB; BogHeBOTO pO3TpiCKyBaHHS — 3a MOTeHITIamiB Bix -1000 MB 10
-1200 mB.

3MIHHUN CTPyM € KPUTUYHUM YHHHUKOM, SIKMM BIUIMBAa€ Ha KOpPO3iiiHE
po3TtpickyBaHHs ctaii X70 y MOAENbHIM MOPCHKiN BOJII, OCKUTBKH HOTO HaBEICHHS
MPUCKOPIOE MacooOMiH 1 reHepaiito O in situ, a TakoXX BUAUICHHS BOJHIO 4Yepes
HedapaneeBChkU 1 QapameeBchkuid  mporec  65. MakcumanbHa —IIBUIKICTH
CJIEKTPOXIMIYHUX pEAKUIA JocAraeTbcsi Mnpu 4actoTi crpymy ~30 T'm, mio
MOSICHIOETBCS TEPIOIMYHUM BIUIMBOM YAaCTOTH 3MIHHOTO CTPyMy Ha KaTOJHI Ta
aHOJHI mnpouecu. BinMiueHo, 1m0 31 30UIBIIEHHSM YacTOTH 3MIHHOIO CTPyMY
MIPUCKOPIOIOTHCS SIK Peakilii aHOJHOTO PO3YMHEHHsI, TaK 1 peaKilii BUIIJICHHS BOIHIO 1
3HAYHO MIJABUIIYETHCA CXWIBHICTB 10 KOPO3IHHOTO pO3TPICKYBAHHS.

JlocnmipKeHHSIMU BIUIMBY PI3HUX 3HAYE€Hb B1JI’€MHHMX HAIMIBXBUJIBOBUX TI'YCTHH
3MIHHOTO CTPyMY Ha IMOBEJIIHKY Ta MEXaH13M KOPO31MHOT0 pO3TpiCKyBaHHS TPyOHOI
crani X80 y HelirpansHoMy po34uHi NS4 moka3aHo, M0 IpH TYCTHHI CTpyMy 5 A-M 2
BiJIOYBAETHCS JIOKAIIbHE PYWHYBAHHS MOJABIMHOTO €JIEKTPUYHOTO IIapy, a B’ €MHHIA
HAIIBXBWJIbOBUW 3MIHHUW CTPyM CIpHUSi€ TPUCKOPEHHIO KAaTOMHIA peakxiii
BITHOBJIGHHST BOAHIO 66. CHpUHHATIUBICTE A0 KOPO3IHHOTO PO3TPICKYBAaHHS
30UTBIITY€ETHCA MpU 30UIBIIEHHI TYCTUHU 3MIHHOTO CTPpyMy, a HOro MeXaHIi3M CTa€
3MIIIAHUM (QHOJHE PO3YMHEHHSA Ta BOJHEBE pO3TPICKYBaHHs). SIKIIO0 TycTHHA
3MIHHOTO cTpyMy MeHme 10 A/M?, KOpo3is IPUCKOPIOETHCS depe3 BibpaiiiiHmii
edexr, sxmo He wMenme 30 A/M? — 3pocTac CXWIBHICTH [0 KOPO3iMHOTO
PO3TPiCKYBaHHS BHACIIIOK BigHOBJICHHS BoAHIO. OmHak, numie (1,5-2) % 3MiHHOTO
CTpyMy Tigkopsuncst 3akoHy ®Dapajesi, 1m0 NpPU3BEIO N0 peakilii BiIHOBICHHS
BOJIHIO 67.

B po3uuni NS4, yepes sxuii npoyBanu razopy cymii No + 5 % CO,, Ha ctamni
X80 TpimHM MOXYTh IHIIIIOBATHCA Ta TMOIIMPIOBATUCS MPU MOCTIHHOMY

HaBaHTaXX€HHI. TepMIH 3apOJPKCHHS 1 TMOMIMPEHHS TPIIMUHU 301IBIIYETHCS 31



41

3MEHIIEHHSIM MPUKIIAJIEHOTO HaBAHTAXXEHHS, a MOIMEepeIHE HaBAaHTAXKEHHS CKOPOUY€
yac YTBOPEHHS TPIIUHU 68.

3anexxno Bix koHmeHtpamii CO; Ta piBHA KaTOMHOI MOJSApHU3aIli i
BIJIIAPOBAHUM TTOKPUBOM MOXKYTh YTBOPIOBATHUCS JIOKAJIbHI ocepeaku 3 pizHuM pH
69, 1 mpu TPUKIANCHH] HHUKIIYHOTO HABAaHTAKEHHS KOPO3IMHE PO3TPICKYBaHHS
BiIOYBA€THCS 32 PI3HUMHU MEXaH13MaMHU.

ITix yac po3BUTKY KOPO3IMHOTO pO3TpiCKyBaHHS TPyOHOI cTaii X80 B HILIHHI 3
cyJb(aTpeAyKyBaJbHUMH OaKTEpisiMH, IO IMITyBaja JIOKaJbHE CEPEAOBUIIE Iij
BIJILIADOBAHUM TIOKPUBOM Yy TIpPYHTI, HAasSBHUM TPAJTIEHT PO3MOAUTY KUIBKOCTI
OakTepiit, pH 1 mBUAKOCTI KOpO3ii cTami. 3pa3ku, 0 PO3TATYBAIM, 3a3HAIA BILTUBY
MIKpOOHOI KOPO3ii NOPIBHSHO 3 KOHTPOJIbHUM 3pa3koM. [Ipukianene HanpyKeHHs 3a
HAsSIBHOCTI MIKPOOHOTO YMHHUKA 30UIBIIYE, SIK PO3BUTOK JIOKAJIBHOI KOPO3ii, TaK 1
KOpo3iro ctaji B miauHi 70.

B poGoti 71 BiAMIYEHO HASBHICTh CHHEPIrIYHOTO €(EKTy IUKIIYHOTO
HABAHTAXKEHHA Ta KaTOJAHOTO 3aXUCTYy B IPYHTOBOMY CEPEIOBHIII i BiIIIAPOBAHUM
MOKPUBOM Ha 1HII[IIOBAaHHS KOPO31MHOT0 po3TpicKyBaHHA cTaii X65. BigMiueHo, 1o
30UIBIIIEHHS! TPUBAJIOCTI BUMPOOYBaHb Ta MaKCHMaJIbHOTO HAIMpPY>KEHHS I1JBHUIILYE
IMOBIPHICTh PO3BHUTKY PO3TPICKYBaHHS B 00JacTsIX 3 BHCOKOIO CXHJIBHICTIO 0
JIOKQJIbHOTO aHOAHOTO PO3YMHEHHS.

Pesynbratn BUNpoOyBaHb Ha KOpO3iiiHE po3TpickyBaHHs crtami X70 y
HEUTpPAJIBHOMY 1 KHUCIUX pO3YMHAX MeTojaMu Aedopmallii 3 Major MIBUAKICTIO,
HELEHTPOBOTO PO3TATY 1 TPUTOYKOBOTO BHUTHMHY MIATBEPAWIM ICHYBaHHA €QeKTy
MJIACTUYHOCTI, 1HAYKOBaHOI BOJIHEM, y TEBHOMY Jlala30Hi KaTOIHUX TMOTEHIIAIB,
SAKUU 3HUXKYE IMOBIPHICTH KOPO3IMHOTO PO3TPICKYBaHHS BHACHIIJOK 3MEHILECHHS
KOHIIGHTpAIIii 1 IHTEHCUBHOCTI HAMIPY>KEHHS B MICIISIX 1HIIIIOBAaHHS TPIIIUH /2.

HecrabinpHa kaTogHa mossipu3aliisi 3a METOJMKOIO MPSIMOKYTHOI TOJIApU3aIlii
cram X80 mig yac aegopMaliii 3 Majgor0 MIBUIKICTIO B KUCIOMY IPYHTOBOMY PO3UYHMHI
IPUCKOPIOE, SIK aHOJHE PO3YMHEHHS, TaK 1 KaTOAHE BITHOBIICHHS BOJIHIO, CIIPUSIIOUU
MIJBUIICHHIO CXWJIBHOCTI JIO KOPO3IMHOTO PO3TPICKYBAaHHS  TMOPIBHSHO 3

MOTEHITIOCTATUYHUM PEXUMOM TOIspru3artii 73.
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VY kucioMy cepemoBHINl CTPYKTypH, 1Mo HasBHI B crtami X80, 30araueHi
BYTJICLIEM, € KaTOJlaMU 1 PyMHYIOThCA HE Tak, K (pepuTHI 3epHa. Y cepeloBHIII 3
HU3BKUM pH 3IUTTS MIKPOTPINIMH BHUKJIMKAHE TaJIbBaHIYHUM €(EKTOM, Ta BHIINA
HIBUJKICTh PO3YMHEHHS (EPUTHUX 3€peH MNPU3BOAATH JO 3pPOCTaHHS TPIIIUH
BCepeanHi 3epeH. Y cepeoBullll 3 BUCOKUM pH BHUIlla cepeiHs MIBUAKICTh YTBOPEHHS
TPIIIMHU IO TPAHUIIX 3€peH 1 macuBalis (pepuTHUX 3epeH 3abe3mnedye OuTbIITy
PYIIHHY CHITY JJIsl TOITUPEHHS TPIIIUHU B3I0BXK I'PAHUITL 3epeH /4.

B nyxxHoMy kapOoHaT/01kapOOHATHOMY PO3YMHI CXHJIBHICTH O KOPO31MHOIO
po3TpickyBaHHs cTtaimi X100 mpu moTeHIiami KOpo3ili HU3bKA, a MPU HaBEACHUX
KaTOJHUX TMOTEHIllaJlaXx — BHCOKA, BHACIIJIOK KOMOIHOBaHOTO e(eKTy aHOJHOIO
PO3UYMHEHHS 1 BOAHEBOr0O po3TpickyBaHHs. [Ipu noreHuianax, no3utuBHimix -950 MB
KOpO3iiiHe PO3TPICKYBAaHHS PO3BUBAETHCA 32 MEXAHI3MOM aHOJHOTO PO3YMHEHHS Ta
BOJHEBOTO PO3TPCKYBAaHHS, NPHU B €MHIMIUX — JIOMIHYE BOJHEBUM YWHHUK.
TpillMHA MOMIMPIOIOTHCA B3JOBX IPaHULb 3 HU3BKOK 3AJHILIKOBOIO Je(hopMali€ero
IpU PI3HUX KATOJHUX TOTEHINlalax, M0 BKa3ye€ Ha Te, MO JUISTHKA 3 HU3BKOIO
3aJIMIIKOBOIO  Jlepopmaniero € Oilblll AKTUBHUMH SIK JJIi PO3BUTKY aAHOJHOIO
MpoIIeCcy, TaK 1 ISl eMicii JUCIOKaIlii, a 00J1acTh BUCOKOT 3aJIMIIKOBOI aedopMarrii
MOJK€ JIIATH K KaToJHa 30HA /5.

BukopucroByroun MeETOJl TOTEHIIOJWHAMIYHOI MOJspU3alli, po3po0IeHO
KOHIICNITYaJIbHY MOJIENIb JUIS 1II0CTpallii BIUIMBY TOBIIMHU Ta KOHIICHTpAIlll IIapy
KapOOHATHO-01KapOOHATHOTO PO3UMHY Ha cTadi X70 mij BiAIIAPOBAHUM MOKPUBOM,
MOTEHITIATy KAaTOJHOTO 3aXWUCTy Ta HANpPYXEHHS Ha 3apODKCHHS 1 TOIIMPEHHS
TpinuH. BcTaHOBIEHO, M0 MACMBHHUM CTaH CTajll 3aJIeKUTh BiJl TOBIIWHU APy
pO34MHY, a TYCTHHA CTPYMY TaCUBAaIlii 3MEHIITYETHCS 31 3SMEHIIICHHSM HOTO TOBITUHHU.
31 30UIBIICHHSIM KOHIICHTpAIlii BIUIUB TOBIIMHU IIApy PO3YMHY Ha MACHUBHICTH CTall
CTa€ HEOYCBHJIHOIO, III0 TOSICHIOETHCS CHJIBHOIO TMACHBYBAJIBHOIO 3JaTHICTIO
kapOoHat/0ikapOOHaT-10HIB. 31 3MEHIIEHHSM TOBIIMHU IIapy PO3YMHY MOTEHIIIAI
MITUHTOYTBOPEHHS 3MIIIYEThCS y BIA €MHIMUN O1K, 30UIbIIEHHS KOHIICHTpAIIii
pO3UMHY MIJABHUILYE OMIPHICTh CTaJll MITUHrOBiM Kkoposii. IlomepenHs kaTojHa

noJisipu3anii MOTipIIye NAcCHUBHICTh CTalll 4Yepe3 aKTHUBALIID I TOBEpPXHi, MIO0
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NOCUJTIOEThCST  BoaHeM.  llpukimaneHe — HampyKeHHA — 3Milye  MOTEHINal
MITUHTOYTBOPEHHS y BiJI’€MHHM O1K 1 3MEHIITY€ J1arma30oH MOTEHITIaliB macuBarii /6.

[ToTenuiognHaMiuH1 MOISPU3ALIiHI KPUBI, OTpuMaHi Ha cTaixi X80 OCHOBHOTO
MEeTaJdy Ta 3BapHOro 3’€JHAHHS € THUIOBUM XapaKTEPUCTUKAMH aKTHUBHOTO
po3unHEeHHsI. MexaHi3M yTBOPEHHs TPIIIUH TOB’SI3aHUM 3 aHOJHUM PO3UMHEHHSIM.
OCHOBHMII Me€TaJ Ma€ HIDKYY CXWIBHICTh 0 KOPO3IMHOTO PO3TPICKYBaHHA, HIK
3BapHI 3’€IHaHHSA 3a IMoJspu3aliiHoro mnorteHmiany -900 MmB (x.c.e.), Ta
JIEMOHCTPYIOTh O1IBIII BHUCOKY UYTJIMBICTH 3a moreHmiany -1200 mB (x.c.e.). Ilpu
IbOMY BHACIIJOK CHHEPreTUYHOTO BIUIMBY HAIMpPYXEHHS Ta BOJHIO YTBOPEHHS
TPIIMH OOYMOBJIEHO BOJHEBUM PO3TPICKYBaHHSM. 3a3BUYail 3BapHE 3’€IHAHHS
YYTIUBIIIE 10 KOPO31IMHOrO PO3TPICKYBaHHS, HI)K OCHOBHHMI METall PU OJJHAKOBOMY
HABEJICHOMY TIOTEHIliali, a pO3pUB BIAOYBAa€TbCA B 30HI TEPMIYHOTO BIUIUBY
BHACIIJIOK METaTypriiHux (a3zoBUX MEPETBOPEHb 1 3AUINKOBUX HAIpPY>KEHb, IO
BUHHUKAIOTH 1] YaC MPOLECY 3BApPIOBAHHS [ /.

st BcTaHOBJICHHS €(EKTUBHOCTI KAaTOAHOTO 3aXHUCTy IIOAO 3HWKCHHS
CXHJIBHOCTI 10 KOPO31MHOTO pO3TPICKYBaHHS cTadl X52 BUBUEHO BIUIMB MOJIpU3AIlil
Bixm emuime Ha 100, 200 ta 400 MB mnoreHmiamy kopo3ii Ha i CXWUIBHICTH [0
KOPO3IHHOTO  PO3TPICKyBaHHA MeEToA0M jAedopmaiiii 3 MaJol  IMIBUAKICTIO
(10° mrolimM/cex) y TIDYHTOBOMY €JIEKTPONITI NpH KIMHATHIiM TeMmeparypi.
PesynpTaTaMu  €NEKTPOXIMIYHOI  IMIIEAHCHOI  CIEKTPOCKOIMIi TMOKa3aHo, IO
HaMOUIbIIA CXWIBHICTh cTall X52 A0 KOPO31MHOTO PO3TPICKYBAHHS OTpUMaHa Mpu
HaWB1J €EMHIIOMY KaTOJAHOMY MOTEHIlIaNll, & METOJOM CKaHYBaJbHOI €JIEKTPOHHOT
MIKPOCKOITIi BCTAHOBUJIW, IO 3J1aM — KPUXKHUH, Ma€ TPAHCKPUCTATITHUI XapakTep,
1110 00YMOBJIEHO JII€I0 BOJTHEBOTO MeXaH13My /8.

JlabopaTopHUM MOJEIOBAHHSM JAETpajallii Mpu eKcIuTyaTarii TpyOHuX crajei
pI3HOI MIIHOCTI, CYTHICTh SKOTO Y CIUIBHIA [1i OChOBOTO HABAHTAKEHHS Ta
HABOJIHIOBaHHS, MoKa3aHo, mo ctaii 171'1C ta X60, BunpoOyBaHi B po3unHi NS4,
HacuueHoMy COp, 3a moTeHuiany Kopo3li BUSBUJIM CXWJIBHICTH 1O KOPO31MHOTO
pO3TpiCKyBaHHsS 79, 10 MIATBEPIKYETHCS 3HUKEHHSIM MEXaHIYHHMX BJIACTHBOCTEH.

HerpagoBana crtanp X60 TmoOKa3ana BHILY CTIAKICT MPOTH  KOPO3IMHOTO
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pO3TpiCKyBaHHA, HIX nerpamoBana crtanb 171'1C. ®paxrtorpadiyHi HOCTIIKEHHS

HiI[TBCp,ZIHJII/I BOJHCBY KpI/IXKiCTI) 111%0,¢ CTaﬂeﬁ, BHUKJIMKAHY HABOJHIOBAHHM.

1.2. HaBoaHwBaHHs cTajeil (epuTO-NEPJIiTHOrO KJjaacy Ta MeTOAWYHI

MiIXO0IHM 10 MOro JOCiKeHHA

[IpoHukHEHHSs BOJAHIO B  CTajb TMOTIPIIYE MEXaHIYHI  BJIACTUBOCTI
KOHCTPYKIIHHUX CTaJICH.

MeToau e1eKTPOJIITHYHOr0 HABOJAHIOBAHHSA B J1a0opaTopHuX ymoBax. [1ig
yac JOCJIJDKEHHS KIHETHKM TPOIECIB BHUJUICHHS Ta NorinHaHHS BojaHiO 80 Ha
3pazkax crtaini X100 B po3umHi NS4 BHKOPHCTOBYBajiW €IEKTPOXIMIYHHA METOJ
HABOJHIOBAHHS 3 PI3HUMU YMOBaMHU, a CaMe:

- TaJIbBAHOCTATHUYHHUA  PEKUM  TOJSApHU3aALil  CTPYMOM  TYCTHHOIO
500 MxA/cm? Bripoaossk 10 roaun;

- KaroaHa moJispu3ariis 3a nmorenmiany -0,900 B (x.c.e.);

- KaTtofgHa mossgpm3ailis 3a moteHmianis Big -0,850 B mo -1,150 B Ta 3a
PIBHOBa)KHOTO TTOTEHITIATY.

VY BCIX pO3MISIHYTUX HWXKYE POOOTaX MOPIBHSHHSI OTPUMAHUX PE3YJIbTATIB
3MIMCHIOIOTh METOAO0M Jedopmariii 3 MOBILIBHOI IIBUJKICTIO 1 HACTYIHUM
OIIHIOBAHHSIM MEXaHIYHUX, EJIEKTPOXIMIYHUX 1 (PI3UYHUX BIACTHUBOCTEH CTaI,
MIKPOCTPYKTYPH TOLLO.

YuHHUKH HaBoAHIOBaHHsA. Cepell YMHHUKIB, 10 BIUIMBAIOTh HA MPOIIEC
HABOJIHIOBAHHS, BHUJUISIOTh HASBHICTh ITIOBEPXHEBUX OKCHIHUX IUTiIBOK 81 Ta
BalHSIHUX B1JIKJIaJileHb 82. BUsIBIEHO, 1110 BUCOKOTEMIIEPATYPHI OBEPXHEBI OKCHIHI
wiiBky 81 3a0e3neuyroTh 3MEHIIEHHS! TYCTUHU CTPYMY IPOHUKHEHHS BOJIHIO Bif 5,7
MKA-cM? (32 BigcyTHocTi  okcMmHOi  mmiBku) g0 1,2 MrA-em? (3
BUCOKOTEMIIEPATYPHOIO OKCHJIHOK IUIBKOIO); MaKCHMallbHy CTIHKICTh MpPOTH
BOJHEBOTO TPOHUKHEHHS HAaBITh MPH TOBMIMHI | MKM, MOPIBHAHO 3 TUTIBKAMH
yopHiHHA (3,11 MkM) Ta cipyaHokuciioi macusaiii (1,44 MKM), Ta 1a€ 3MOTY 3HU3UTH

1H/IEKC BOJIHEBOIO po3TpicKyBaHHS Bia 38 % 10 4 %. Lle cynpoBomKyeThCs 3MIHOIO
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XapaKTEPUCTHUK BIAMOBIIHUX MOBEPXOHb PYWHYBAHHS — BiJl KPUXKHX JI0 TUIIOBHUX 3
O3HAKaMM IUIACTUYHOTO pyiHyBaHHs. dopMyBaHHS Ha TOBEpXHI BalHSIHHUX
BiIKJIaZIeHb 82 y BUTJIAI TIAPOKCHUIY KaNbII0O B TPYHTOBOMY CEPEIOBHII CIPHSIE
MIJBUIICHHIO €JIEKTPOXIMIYHOTO ITPOHUKHEHHS BOJHIO B cTainh X80, a crarioHapHi
napamMeTpu NPOHUKHEHHS BOJIHIO 3pPOCTAIOTh 31 30UIBIICHHSM KAaTOJHOI T'YCTHHU
CTpyMy Ta KOHIICHTpaIlii 10HIB KaJbI[iI0 B EJIEKTPOJITI. 3MiHA MPHUIOBEPXHEBOI
KOHIIEHTpAIlli BOJIHIO 00yYMOBJIEHA CHUHEPTMYHUM €(EeKTOM T'YCTUHU CTPyMy Ta IIapy
ocamy. B pesynbraTti peaxiii BIJHOBJICHHS BOAM, MIABUILYETHCA €(PEKTUBHICTD
MOTJIMHAHHS BOJAHIO. [le mMoB’s3aHo 31 3JaTHICTIO rajJbMyBaTH BHX1Jl T'a30M0110HOTO
BOJIHIO Ta CIPUSTH a/1copOI1ii aTOMIB BOJIHIO.

BB MikpocTpyKTYpH Ha MexaHiuHi BjaacTuBocTi craii X70. CXunbHICTh
ctam X70 10 BOJAHEBOTO PO3TPICKYBAHHS 32 €JIEKTPOXIMIYHOTO HABOJHIOBAHHS MpHU
ryctuni  ctpymy 20 MA:eMm? B posummi 02 M HSO, +
3 r/m NH4SCN 3anexuTs BiJ MIKPOCTPYKTYpH Ta TEKCTypH, YTBOPEHOI Tij Yac
TEPMOMEXaHIYHOTO 00pOOIeHHS (OHOCTYIEHEBUM, 130TEPMIYHUMN Ta JBOCTYIICHEBHIA
Biaman 3a temrepatyp 720 °C, 780 °C i 720 °C, BiamoBimHo) 83. MikpocTpyKTypa
BUXIJTHOTO MaTepiaay MICTUTh rOJTYacTUi OCWHITHUM (EepUT 3 HEBEITUKOIO KUIBKICTIO
MapTEHCUTY (MepeBaKHO Y- Ta 0-daza). Ilicis moyaTkoBOro rapsiuoro nMpoKaTyBaHHS
dbepuTHA CTPYKTypa 3MIHIOETHCS HAa KPYIMHO3EPHUCTUH (GEepUT 3 MOOJIUHOKUMU
BKJIIOUCHHSIMU  MapTeHcuTy (mepeBaxkHo (-paza) Ta aBodasHy ¢depuTHo-
MapTEeHCUTHY (BIAMYLIEHUI MapTEHCHUT) CTPYKTYypy (mepeBaxkHo Y- Ta 0-daza) 3i
3MEHIIIEHHSIM PO3Mipy 3€pHa MICJsS OJHOCTYNEHEBOTO Ta JBOCTYIIEHEBOTO BiAmaly,
BIJIMOBITHO. TOMy ISl CTalli y BUXIIHOMY CTaHI BJIacTHBAa MaKCUMaJlbHa MIIIHICTh
IpU TOHMXKEHIN TIACTUYHOCTI, JUISl CTall OJIHOCTYIEHEBOTO BIJNAaly — 3HHMXKEHHS
MIIHOCTI Ta TJIACTHYHOCTI, @ TIPH JIBOCTYIIEHEBOMY BiJlIajli — 3MEHIIIEHHS MIITHOCTI
Ta MakCMMajbHa IUIACTHUYHICTh, IO MIABHUINYE CTIWKICTH TNPOTH BOJHEBOTO
PO3TPICKYBaHHS 1 rajibMy€ SIK MPOLIEC BOJHEBOTO PO3TPICKYBaHHSA, TAK 1 MOYATOK
pPO3TPICKyBaHHA 3a IHMX YMOB. TakuM YHWHOM, 3MEHIICHHS pPO3MIPY YacTOK
BIIMYIIIEHOTO MapTEHCUTYy, JpIOHO3EpHUCTA CTPYKTypa Ta TpaHUIll PO3AUTY

nBo(a3zHoi (HEepUTHO-MAPTEHCUTHOI MIKPOCTPYKTYPH CTajll, IO YTBOPIOIOTHCS MpPH
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JIBOXCTYTIEHEBOMY BiAMalli, CyTTEBO MIABHUILYIOTh CTIMKICTh CTali MPOTU BOJHEBOTO
PO3TPICKYBaHHS.

BniiuB BoagHIO Ha MexaHiuHy aerpaaauniio QgeputHo-miepiaitHoi ctam X70,
OIIIHEHO TMiJ dYac BUIpPOOyBaHb MeTOJOM JedopmMaliii 3 Majolo IIBUJIKICTIO
1022 m/c 84. EnexTponiTuuHe HABOAHIOBAHHS, 3aJIEKHO Bijl TPUBAJOCTI IpoIECY,
HiABUILYE YYTIUBICTH JIO0 BOJHEBOTO PO3TPICKYBaHHA 1 OOYMOBIIOE 3HI)KECHHS
rpanuii IMHHOCTI Ha (3-27) % Ta rpanumi MinHocTi Ha (7-28) % BHacCIHiIOK
YTBOPEHHS BTOPWHHUX TPILINH, IO PO3BHBAIOTHCS Bil BKIIOUYeHb MnS Ta Al,Os.
BunpoOyBaHHsIMM HA  yJapHUH 3TMH  BCTAHOBJEHO, WIO0  EJIEKTPOXIMIYHE
HABOJIHIOBaHHS MPU3BOJAUTH [0 BHHHUKHEHHS BOJHEBUX TPIUIMH MOPIBHIHO 3
HEHABOJIHECHUMU 3pazkamu 84.

MexaHi3M BOAHEBOro po3TpicKyBaHHsl. BojHeBe poO3TpiCKyBaHHs cTajieu
OOyMOBJIEHO iX 3JATHICTIO A0 MOTJMHAHHS Ta HaKONWYeHHs BojHIO. IIpouec
NPOHUKHEHHS  BOJHIO HAa  TpaHULl  pO3AUTYy  «IIOBEPXHS/PO3UMH»,  SK
0araTOYMHHUKOBUN TMPOIIEC, 3AJICKUTH BiJ] NMPUMOBEPXHEBOI KOHIEHTpAIil BOJHIO,
I'YCTUHU CTPyMY HaBOJHIOBaHH:, Koe(dilieHTy au]y3ii BOJHIO TOLIO Ta MICTUTh TaKi
MOCJIIIOBHI cTaii 85:

- YTBOPEHHSI aTOMIB BOJIHIO Ta X aJcOpOIIisi Ha 30BHIIIHINA TOBEPXHI;

- nudy3is B MeTan Ta/abo MOro HaKOMUYEHHS B MIXK3EPEHHOMY MPOCTOpi 3
HACTYITHUM BUXOJIOM Ha BHYTPIIIHIO TOBEPXHIO.

BruiuB  kaTtoaHol moJsiApuM3amii  HAa  HABOJAHIOBAHHHA Ta  BO/JAHEBeE
po3TpicKkyBaHHsi BUCOKOMinHOI cTaji X100. B ymoBax BunpoOyBaHb Ha pO3TAT 3
Majior0 MBHUAKICTIO aedopmariii 86 3a morenmianiB Big -850 MB mo -1200 mB,
YYTIUBICTh TPYOHO! BUCOKOMIIHOI cTanmi X100 GelHITHOTrO Kjacy 10 KOpPO31MHOro
po3TpicKkyBaHHA B KapOoHat/OikapoonatHomy po3uuHi (0,1 wmons/n NaHCOs,
0,05 monws/n NayCOs, 0,1 monws/n NaCl) 3a kimHaTHOi Temmneparypu ~22 °C Ta
atmocdepnoro tucky ~0,1 MIla nmoctynoBo 30iunbmyeThes. IliqTBEepaKeHO, 10 3a
pH 9,5 BrMB BOJHEBOrO YWHHUKA y KOPO3IMHOMY pPO3TPICKyBaHHI 3pOCTaAE.
ABTopamu 86 10OBeICHO, 1110 Y BEPIIHHI TPIIIMHU Ta Ha HEMOIIKOKEHIN MTOBEPXHI 3a

MOTEHITIAMB MO3UTHBHIMUX -950 MB, KOpo3iifHE PO3TPICKYBaHHS KOHTPOJIIOETHCS
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aHOMHUM pO34YMHEHHSM. 3a Bix'emHimmx 3a -1000 mB mortenmiamiB, koiu
B1JIOYBAETHCS KAaTOJAHE BUAUICHHSI BOJIHIO, MEPEBAKHOTO BIUIMBY MPU KOPO3IHHOMY
PO3TPiCKyBaHHI HaOyBae BOJTHEBE PO3TPICKyBaHHS. JlocmimKkeHHIMA
MIKPOCTPYKTYPH JOBEJCHO, IO 3a KaToaHOi mojspuzamii crami X100 tpimuHu
MOIIUPIOIOTECS Y3/I0BXK TPaHUIlb PO3JLITY 3 HU3bKOIO 3aJIMIIKOBOIO JehopMalli€lo,
IpPUYOMY, BEpXiBKa TPIIIMHU € aHOJOM, a 00JaCTh BUCOKOT 3aJIMIIKOBOI JedopMartii
— KaToJIOM, 110 0OYMOBIIIO€ 3pDOCTAHHS TPIIIMH 3 HU3bKOIO €HEPTi€l0 Ta BUIAIKOBHUX
HU3BKOKYTOBHUX I'PaHUIlb 3e¢peH (Bix 5° 1o 15°).

[Tpu mpoxysanHi cymimi raziB COz+ N yepe3 po3unn NS4 nonsgpusamiitnuit
norentian ctam X100 3menmryersest y psaay nositps > 100 % CO2 > 5% CO2> 100 %
N,, a MakcuMaJIbHI 3Ha4YeHHs ctaHoBaATh -0,650 B, -0,710 B, -0,740 B ta -0,750 B,
BianoBigHO. JlonaBanus NaHCO;3; 3HmKye moTeHIT1an cTami npu 6apOoTyBaHHI Oyab-
SKOTO 3 3a3HaueHuX TaziB. [liIBUIIEHHS TeMIepaTypu po3uuHy pu mnpoayBanHi CO;
3a CTAJIOTO 3HAUYeHHS pH MPU3BOMWUTH MO0 TaJbMyBaHHS PEAKIlii BHUIIJICHHS BOHIO
BHACIIJIOK 3MeHIIeHHs po3unHHOCTI CO, Ta kapOOHATIB, 5Kl BIUTMBAIOTh HA KIHETUKY
peaxiiii BUAIJIEHHS BOJIHIO. B aHOIHOMY miporieci [uisl cTajll XapakTepHUM € aKTUBHE
PO3YMHEHHS 31 MBUAKUM 30UIBIIEHHSM T'YCTHHU CTPYMY KOpPO3ii JJIsl BCIX PO3YMHIB 3
MakcUMaJIbHUM ii 3HaueHHsIM 11 yMOB NS4/100 % CO,. 3a xatoaHo1 mojspusarii
npu noreHuianax -1,1 B 1 Huwk4Ye s BCIX PO3YMHIB XapakTepHUU AUPY31HHUN
KOHTPOJIb Tepediry Mporecy 31 3HAYEHHSIM TPAHUYHOTO AUQY3IHHOTO CTPyMy
~10* A-cm™? Ta TadeneBcrkum HaxmwioM ~120 MB. Taka enexTpoxiMiyHa MOBEAIHKA
oOymoBiena 3natHicTio CO, mprCKOpIOBAaTH BUAUICHHS BOJHIO 33 PAXYHOK peakiii
YTBOPEHHSI BYTUIBHOI KHCIIOTH TPH TMOTEHIall KOpO3ii, KOJIM 3a BiJ €MHININAX
MOTEHI[1aTiB BHACHIJIOK po3psay OikapOOHAT-10HY BUIIICHHS BOJHIO JIOMIHYE Haj
IHITUMU KaTOJTHUMHU PEAKITISIMHU, sIKI BiIOYBaIOTHCS MPU PIBHOBAKHOMY TOTEHITIaTI.
Taxk, xoedimient qudy3ii Boguto B ctami X100 B yMoBax BiJIbHOI KOPO3ii CTAaHOBUTH
~4,4-107 cm?-c?, xonuentpamis mudysiiinoro BogHo — ~1-107 monn/cMm®, 3a
BiJI'EMHINIUX TOTEHINATIB Ta OuTbmomMy mapiiaisHoMy TucKy CO2 — 3poctae o
6,8-107 Monb/cM®, IO CBiTYUTH TPO INEpEeBaKHMI BIUIMB IPOLECY BOJHEBOIO

po3tpickyBanHs 80.
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B po6orax [87-90] mocmipkeHO CXHIBHICTD JIO  €IEKTPOXIMIYHOTO
HABOJIHIOBAHHS CTaJeil CTail 1HIIMX KaTeropil minHocTi. [IpoBeaeHo mopiBHSAIbHUMA
aHaII3 BIUTMBY Ha 3pa3ku TpyO 3i cTami X52 3 30BHINIHIMY MMO3I0BXKHIMH HaJpizaMu
€JICKTPOXIMIYHO-YTBOPEHOT'0 BOJAHIO HAa 30BHIIIHIN MMOBEPXHI Y BOJHOMY I'PYHTOBOMY
CJCKTPONITI Ta Ta3omoJiOHOTO0 BOJHIO MiJl BHYTPIIIHIM THCKOM CyMIIi
BOJICHB/TIPUPOAHUI Ta3 (MeTaH) y TpyOax 87. 3amporoHOBAaHO JIBOXCTaIMHHIMA
MeXaHI13M pyHHYBaHHS:

- YTBOPEHHSI MIKPOTPIIIMH HA TOBEPXHI, 1HILIMOBAHUX 3 BEPIIMHU HAPI3y;

- 10JIOM, TOOTO OCTaTOYHE PYHHYBaHHS 32 MEXaHI3MOM 3CYBY, SIKE TIEPEBaYKHO
B1JIOYBAETHCS HA BHYTPIIIHIN MOBEPXHI B3IOBXK HAAPI3Yy.

[lopiBHSHHA CXHJIBHOCTI 10 €JIEKTPOXIMIYHOIO HABOJHIOBAHHA B PO3YHUHI
rpyHtoBoro enektpomity NS4 (pH=6,7) 3a karomnoi mosspusarii -1000 mB
OCHOBHOI'O METaJly Ta 3BapHUX 3’€/IHaHb 88 3pa3kiB TpyOHOI cTayi X52 moka3zaso, 1o
e(EeKTHUBHICTh HABOJHIOBAHHS 30H 3BAPHOr0 3’€IHAHHS BIJIHOCHO HU3bKa 1 3aJIEKUTH
Bil TpuBajiocTi mporecy. I[licnma  JOCSITHEHHS MakCUMyMy  €(EeKTHUBHICTH
HABOJHIOBAHHS XapaKTEPHU3YEThCS TEHACHINIEID 0 MOHOTOHHOTO 3HIDKCHHS Ta
cTabumi3aIli 3aJUIIKOBOT KOHIIEHTpaIllli BOJHIO B METall 30HU TEPMIYHOTO BIUIUBY,

3 1,06:107 monp/cm® Ta

3BAPHOIO IIBA Ta OCHOBHOro Metany: 8,17-107 monb/cm
3,96:10"" mMomb/cM®, BiamoBimHO. 3MaTHICTH A0 MOTJIMHAHHS BOJHIO 3MEHIIIYETHCS B
psAIy: 30Ha TEPMIYHOTO BIUTMBY > OCHOBHHH MeTay > 3BapHU mIOB. (s metany
3BApHOTO IIIBAa XapakTepHa HahOiabia mikporBepaicts (HV233,2), mopiBHsHO 3
MetajgoMm 30HM TepmiuyHoro BmiuBy (HV200,5) ta ocHoBHum metanom (HV183.4),
10 MOK€ BKa3yBaTH Ha IMOBIPHY 3aJICKHICTh MIXK 3IaTHICTIO /IO TIOTJIMHAHHS BOJHIO
Ta MEXaHIYHUMU BJIACTUBOCTSIMU 30H 3BapHOTO 3’ €THAHHSI.

3aeKHICTh YYTIAUBOCTI JO EJIEKTPOXIMIYHOTO HABOJHIOBAaHHS B PO3YMHI
enexrpouity 0,5 Moas -1t H,SO4+0,2 r/n TiocedoBunu TpyOHOI crami X80 romgacroi
(bepuTHO-0EHHITHOT MIKPOCTPYKTYpPH BiJ TYCTHHH CTpyMy Ta TeMIlepaTypu
pO3TIIA/IaM  IIJISXOM BHU3HAYEHHS IIIMOBEPXHEBOI KOHIIGHTpAIlli BOJHIO Ta

IIIJILHOCTI JUISHOK YJIOBIIOBaHHS BOAHIO 89. 301ibIIeHHS TYCTUHM cTpyMmy Bia 1,0

10 20,0 MA-cM? 00yMOBIIOE CYTTEBE 3POCTAHHS T'YCTHHH CTPyMY HPOHHUKHEHHS
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BOAHIO, BiAmOBimHO Bim 2,75 m0 6,82 MKA-cM2, BOJHEBOI NIPOHHUKHOCTI Bij
1,99:102 1o 5,09:10 2 monb-cM™-c? Ta npunoBepxHeBOi KOHIEHTpALlii BOJHIO, 10
mudyanye, Big 1,00:10° mo 2,54-10° wmonb-cm3. 3pocramms 3matHOCTI 110
HABOJIHIOBAHHS CIIOCTEPIrarOThCs 3a MiABMINCHHS Temriepatypu Bia 293 no 303 K,
10 € pe3yJbTaTOM 0araTOYMHHUKOBOTO CTUMYJIIOIOYOTO BIUIMBY I'YyCTHHHM CTPYMY Ha
MIBUIKICTh aJCOpOIii aTOMIB BOJHIO Ha TIOBEPXHI, NPUCKOPEHHS T €0
TEeMIIepaTypy YTBOPEHHSI MOJIEKYJIIPHOTO BOJIHIO Ta MOJIETIICHHS HOTO PYyXJIMBOCTI B
KpUCTAJII4HIN rpaTii.

[IpoananizoBano 90 pe3ynbTaT BUIPOOYBaHb Ha PO3TST MICHS PyWHYBaHHS
BHACIIJIOK BOJHEBOTO PO3TPICKYBAaHHS OCHOBHOTO METAlly 3BapHUX TPYOOIPOBOIIB
mMapku cram X70, X80 Ta X100 3a BIACTUBOCTAMU MIKPOCTPYKTYpH,
MIPUIIOBEPXHEBOI KOHIIEHTPAIlli BOJHIO Ta 1HJEKCY BOJHEBOTO PO3TPICKYBAHHS B
yMOBax KaTOJHOI Mmojsipu3ariii. 31 3MimeHHsM noteHmiany Big -800 MmB 1o -1200 mB
IPUINIOBEPXHEBA KOHIIEHTpALisl BOAHIO 3pocia B paxy X70 > X80 > X100 nns
OyIp-SIKOT0 3aJaHOTO 3HAYEHHS MOTEHIiany, BiamoBigHo B 19, 11 Ta 18 pasiB Ta
HaOyna MakCUMaldbHMX 3HadeHb: 0,531 Mxmomb-eM 3, 1,175 MkMomb-cM° i
1,421 mMxmonb-cM 3. TIpu npoMy 301IBIIYETHCS BKIAJ BOAHEBOTO PO3TPICKyBaHHS y
BEpIIMHAX TPIIIMH, MOPIBHSIHO 3 aHOJHUM pO3uMHEHHsSM. Ha ocHOBI aHamizy
MOBEpPXHI pPYHHYBaHHS 3a IUIONICI0 MOMEPEUHOro Mepepidy 3pa3KiB 3 TPIIIUHOI,
pO3paxoBaHO Jiala3oH 1HAEKCY BOJHEBOTO PO3TPICKYBaHHS TIPH TEpexoil 3
IUTACTUYHOTO B KPUXKUH ctaH juia craneit: X70 — (24,35-34,68) %; X80 — (28,53-
34,37) %; X100 — (34,17-46,18) %.

JonaBanHs Mn Ta mikposeryBanpHux enemeHTiB Nb, Ti Tta V 3abe3neunso
MIJBUIICHHS  MIITHOCTI Ta 3MEHIICHHS  IJJACTUYHOCTI  CTajedl B psay
X70 > X80 > X100, 1m0 mosSICHIOETHCS aHI30TPOMIEI0 MIKPOCTPYKTYypu. OfHaK, 1Ie €
OJTHUM 3 YWHHUKIB TIJBUIIEHHS CXWIHHOCTI JIO BOJHEBOTO PO3TPICKYBaHHSI.
30UTbILIEHHST KOHIIEHTpalli Mo NMPUTHIYYBaJIO YTBOPEHHS JI0€BTEKTOITHOTO (peputy B
cram X80 Ta X100 1 3abe3neunsio, BIAMOBIIHO, OCHHITHY 3 HEBEIUKOI KIUIBKICTIO
dbeputy Ta OEHHITHY MIKPOCTPYKTYPH Ha MPOTUBAry GepuTHIN MIKPOCTPYKTYp1 CcTall

X70. binpma xonuentpamis Nb, Ti ta V B crami X100 oOymoBuiIa YTBOPEHHS
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CKIAHUX KapOiJiB IUX EJIEMEHTIB, 3[aTHUX 3aKpIIUIIOBATH TPAHUIN 3€peH Ta
3ano0iraTv pekpucTaii3allii Ta pocTy 3epeH B MPOolieci BUTIJIABJICHHS CTaJi.

TakuMm 4MHOM, TPOHUKHEHHS BOJHIO HA TPAHMIN PO3JALTY «IIOBEPXHS/PO3UUH
€ 0araTOYMHHUKOBUM IPOIIECOM, 10 MPUCKOPIOETHCS 3a MIABUIICHHS TEMIIepaTypu
Ta 30UIBIICHHS TYCTHHH KaTOAHOTO CTPYMY; MICTUTh CTajli YTBOPEHHS aTOMIB
BOJHIO Ta iX aJcOpOIlil0 Ha 30BHIIIHIA MOBEPXHI, a TaKOX IU(DY3iI0 BCEPEIUHY
MeTaly 1/a00 HaKOTMYEeHHS HOTo B MDK3EPEHOMY MPOCTOP1 3 HACTYITHUM BUXOJIOM Ha
BHYTPIIIHIO TOBEPXHIO. MOXIMBA KOHKypyloua peakuis o0 ’€AHaHHS JBOX

a71cOpOOBAHMX aTOMIB BOJHIO B MOJIEKYJY 3 HACTYITHOIO 1i J€COPOIIIEIO 3 TOBEPXHI.
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BucHoBku 10 po3aiity 1 Ta NoOCTAaHOBKA 3aBIaAHHS

1. IlpoBeaenuii aHami3 JITEpaTypHHUX JKEpeNT MOKa3aB, 110 3aXHUCT MiA3eMHUX
MaricTpaJbHUX Ta30MpPOBO/IIB, Y TOMY YHCII ra30TPAHCIOPTHOI CUCTEMH YKpaiHH, €
KOMITJIEKCHUM: 32 IOTIOMOT'OI0 3aXUCHUX MOJIMEPHUX MOKPUBIB Ta €JIEKTPOXIMIUHUMA,
HABEJICHHSM KaTOJHOI mMmojspu3aiiii. Aje HaBiTh Takud 3axucT He Hamae 100 %
rapaHTii BiJl YTBOPEHHS Ta PO3BUTKY pPI3HUX BHAIB YpakeHb TPyOONPOBO/IIB.
Haline0e3neuHinmM 3 HUX € KOpO3iiiHE pO3TPICKYBAHHS.

2. Ha «xoposifo cTayi BIUIMBAIOTH EICKTPONPOBIIHICTE TIPYHTOBOTO
CepelloBHUIla, TeMIIepaTypa, BOJIOTICTh, HIUIBHICTH IPYHTY, pH Ta KOpO3UBHICTH
eNEeKTpOoiTIB, mpucyTHicTh H)S, CO,, opraHiyHux Ta HEOPraHiYHUX KHUCIIOT,
MIKpOOIOJIOTIYHMM YHMHHHUK TOIIO. Y CEpEelOoBHINAX, OJM3BKHX JO HEHTpaIbHUX
KOpO3isi BIIOYBAETHCS 3 KUCHEBOIO JEMOJIAPU3AIIEI0 3 TIEPEBAKHUM TajlbMyBaHHSIM
TPAHCTIOPTY KUCHIO 10 TIOBEPXHI.

2. Kopo3iiine po3TpicKyBaHHS — pyHHYBaHHS METay, IPUIMHEHE OJTHOYACHOIO
JI€0 KOPO3MBHOTO CEpeJoBUIA Ta 30BHINIHIX a00 BHYTPIMIHIX PpPO3TATOBUX
CTAaTUYHMX HAMPYXKEHb 3 YTBOPEHHSIM 4epe33epeHHUX a00 MIK3epEHHUX TPIIIUH.

3. Po3BUTOK KOpO3IMHOTO PO3TPICKYBaHHS, SK MPABHUIIO, 3YMOBJICHHH Ji€I0
TPhOX YMHHUKIB, @ camMe: HAasBHICTIO CepeloBHINA 31 crnequpIYHUMU KOPO3IMHUMHU
BJIACTUBOCTSIMHU (KOPO3UBHICTH, MOTEHITIAN, TEMIIEpATypa), METATYPTiitHOI CKIIa0BOT
(ctan TOBepXHI, XIMIYHUW CKJIaJ CTalli Ta MIKPOCTPYKTypa) Ta HampyXeHO-
ne(opMoBaHOTO CTaH TPYOOINPOBOAY (E€KCIUTyaTalliiHI HAPYKEHHS).

4. Ha 3oBHIMHIN MOBEpXHI TPpyOM KOPO3iiiHE PO3TPICKYBAHHS TMPECTABIISE
cO00I0 KOJIOHIIO MO3JOBXKHIX TPIIIKH, sIKI OPIEHTOBAHI Y3JI0BXK OCl TPyOOIIpOBOY Ta
pO3TalloBaHi NEPHIEHAUKYIISIPHO i HANIPY>KEHb Bl BHYTPIIIHBOTO THCKY.

5. BunminsiooTh aBa OCHOBHUX THIH KOPO3IWHOTO PO3TPICKYBAHHS TPYOHUX
CTaJIeil: MDKKPHUCTAJIITHE PO3TPICKYBAHHS, AK€ PO3BUBAETHCA B KapOOHAT-BMICHUX
SJIEKTPOJIITaX 3 BUCOKMMHU pH 1 TpaHCKpHCTaIiTHE PO3TPICKYBaHHS B PO30ABICHHUX
enexkTpomitax 3 pH, ONUM3BKUM 10 HEUTpaibHOTO. 3a3BUYail KOPO31MHI TPIIIMHU

BUHUKAIOTh HA 30BHILIHINA MOBEPXHI TPYOOMPOBOIY MiJl 3aXUCHUM IMOKPUTTIM SIKE
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BiAIIapyBaJIOCh  (3a3BU4Yail  OiTymMHe, CTpiukoBe). B  Ouibmiocti  BUNAAKIB
PO3TAIIOBYIOThCS 01 MO30BXKHBOI'O 3BAPHOIO MIBY (Ha BiJicTaHl He Oiibie 250 Mm
BiJI JTIHIT CTUTAaBJICHHS) B HIDKHIN YaCcTHHI TPYyOOTIPOBOLY.

6. V geskux BUNaAKax KOpo3iiHE pPO3TPICKYBaHHS MOXke OyTH 1HIIIMOBaHE
BOJHEM, SIKUW YTBOPIOETHCS M1 JI1€10 KATOIHOI MOJIIpU3aIiii.

7. HaBeneHi B miTepaTypl pe3yibTaTd JOCHIKEHb CTanel (GepTHO-MEePIITHOTO
KJ1acy karteropi minnocti X65, X70, X80, X90, X100, B pi3HHX cepelOBUILAX 3
BUKOPUCTAaHHSAM METO/IB Jedopmalnii 3 Malolo MBHIAKICTIO, €IEKTPOXIMIYHHMM,
(GI3UYHUMH METOJIAMU, a TAKOXK JTOCIHIJKEHHSM Ta aHATI30M 371aMIB IMOKa3aJIu:

- PO3BUTKY KOpPO3IMHOIO pPO3TPICKYBaHHS CHpUS€ MOJApU3allisl MOCTIHHUM
CTPYMOM;

- ICHYIOTb TPU MEXaHI3MU KOPO3IMHOTO PO3TPICKYBaHHS y po3uuHi 3 pH,
OJMM3BKUM /10 HEUTPaJbHOrO: AHOJHOTO PO3YMHEHHS; 3MIIIAHOIO Ta BOJHEBOIO
pPO3TPICKyBaHHS;

- CXWIBHICTh JO KOPO3IHHOTO PO3TPICKYBaHHS 3BapHOTO  3’€IHAHHS
MOPIBHSHO 3 OCHOBHUM METAJIOM BHIIIA.

8. OmHUM 3 YMHHHKIB, SIKHI CIIPUSE€ PO3BUTKY KOPO31MHOTO PO3TPICKYBAHHS €
piBEHb MOTEHIAly KAaTOAHOIO 3aXHMCTy. B OCHOBONOJOKHOMY JTOKYMEHTI MO0
3aXMCTy MaricTpaibHUX TpyOomnpoBoaiB Biag koposii JACTY 4219 BcraHoBiIeHO
niarma3oH noJigpu3aniiaux moreHmianiB Bix -0,850 B mo -1,150 B (BimHOCHO
MIJHOCYJB(ATHOTO €NEeKTPOay MOopiBHSAHHA). Lleil mpouec oOyMOBIEHUN THUM, IO
BHACJIJIOK €JICKTPOJIITUYHOTO BiJHOBJEHHS BOJHIO MiJ] Yac PO3KJIaay IPYHTOBOTO
SJICKTPOJIITY, SIKE Mepedirae 3a KaTOIHO1 MOJIPU3aIlii, MOXKJIHMBO HOTO TPOHUKHEHHS
B CTallb, 1[0 BUKJIMKA€E OKPUXUYEHHS METalTy Ta CTBOPIOE YMOBH ISl 1HILIIOBAHHS
CTpec-KOpO31HHOTO pO3TpicKyBaHHs. be3nepeyHo, 110 NOTEHIial KaTOJHOTO 3aXUCTY
OyZie Tmo-pi3HOMY BIUTMBATH HA CXUJIBHICTH O KOPO3IMHOTO PO3TPICKYBaHHS CTaJIeh
pPI3HOrO0 XIMIYHOTO CKJaJy, SIKI 3acTOCOBaHI B YKpaiHI i MaricTpajibHUX
ra3oHaTOMPOBO/IIB.

9. 3riHO 3 HAKOMMYEHUM M1KHAPOJHHUM JIOCBIIOM KOPO31iHE PO3TPICKYBaHHS

MaricTpajJbHHUX Ta30MpPOBOAIB MOXeE BiAOyBaTHCS Yy cepenoBHINax 3 BucokuM pH
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(high pH stress-corrosion cracking) ta 3a pH, 6im3pkux 10 HedTpaimsHOro (near
neutral pH stress-corrosion cracking). Ockinbku BUNAAKH  KOPO3IHHOTO
pPO3TPICKyBaHHS Ha TepUTOPil YKpainu 3adikcoBaHO y cepenoBuiax 3 pH, 6mm3pkum
0 HEUTpaJIIbHOTO, IJisi JOCHIKEHb BUOpPAHO MOJENbHUN TPYHTOBUH €JIEKTPOJIT
NS4. Po3unH Takoro ckJiajay 3aCTOCOBYETHCS Yy CBITOBIM MPAKTHUIl JJISI JOCTIHKCHHS
KOPO3IHHOTO PO3TPICKYBaHHS y TPYHTOBUX cepemoBumiax 3 pH, Onm3pkux 10
HEUTPAJIBHOTO.

Ha ocHOBI aHamnizy JiTepaTypHUX JKEpesa BU3HAYEHO METY 1 c(hOpMYIbOBAHO
3aBJaHHS IUCEPTaIiitHOT pOOOTH.

Meta po00TH — BH3HAYUTH CTIAKICTH cTajied (epUTO-NEPNITHOTO Kiacy, 3
AKX MOOyA0BaHI MaricTpaibHi razomnposoau Ykpainu, 0912C, 17T'1C, 10I2Db Ta
3BapHUX 3’€JIHaHb, MPOTH KOPO3IHHOTO PO3TPICKYBAHHS Y TPYHTOBOMY CEPEIOBUIII 3
pH, mabmmxenum no HeWTpanbHOro (po3umHi NS4), 3a KaTOAHOI ModsApu3alii B
HopMmoBaHoMy JICTY 4219 nianazoni 3axucHux noteHuianis Big -0,750 no -1,050 B
BIJIHOCHO XJIOPUCPIOHOTO €JIEKTPO1y MOPIBHIHHS.

3aaBaaHHA JOCTIIKEHD

1. VYIOCKOHamUTH KOMIUIEKCHY METOJMKY MPUCKOPEHOTO JIOCHIIKeHHS
CTIMKOCTI HU3BKOJIETOBAHUX CTajiell (epUTO-TIEPIITHOTO KJIACy MPOTH KOPO3IMHOTO
pPO3TPICKYBaHHS B J1a0OpAaTOPHUX YMOBaX B YAaCTHHI BOJBTAMIEPOMETPUYHOTO
BU3HAYCHHS J[1alla30HY 3MIHM MEXaHI3My KOPO31MHOTO PO3TPICKYBaHHS, IBUJKOCTI
3aJIMIIKOBOI KOPO31i Ta OL[IHIOBAaHHS YacCTKU KPHUXKOI CKJIaJ0BOi y 37amax 3pa3KiB
T1CJI KOPO31iHO-MEXaHIYHUX BUIIPOOYBaHb.

2. BcranoButu 3aKOHOMIPHOCTI KOPO31/HOTO PO3TPICKYBaHHS
HU3BKOJIETOBAHUX cTaneil ¢eputo-nepiaitHoro kmacy 0912C, 17T'1C, 101206 y
MOJICIBHOMY IPYHTOBOMY elekTpomiTi NS4, 3a katomHoi mossipu3aliii B
HopmoBanoMy JICTY 4219 nianmaszoni 3axucHux noteHmiatis Big -0,750 mo -1,050 B
13 3aCTOCYBaHHSIM PO3POOJIEHOT METOIUKH.

3. BcraHoBHTH 3aKOHOMIPHOCTI KOPO3IMHOTO pO3TPICKYBaHHS 3BapHOTO

3’€JHAHHS Y MOJIEIBHOMY I'PYHTOBOMY eJieKTpoaiTi NS4 3a karoAHoi nossipusaiii B
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HOPMOBAHOMY [I1ana30H1 3aXMCHUX MOTEHIIa B Ha MPHUKIA/l 3BapHOTO 3’ €IHAHHSA 31
ctaii 10I'2db i3 3acTocyBaHHSIM PO3pO0JICHOT METOIUKH.

4. JlocmiauTH MpPaBOMIPHICTh 3aCTOCYBaHHS KOEQIIIEHTY CXWJIBHOCTI M0
KOpO3iiiHOTO po3TpickyBaHHS Ks, BBEIGHOTO [Uii OCHOBHOTO MeETaly, JUis

OIIHIOBAHHS 3BapHUX 3’ €/IHAHD.
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PO3JILI 2
MATEPIAJIA, OBJAJTHAHHS I METOIA JOCJIKEHD

JlocmipKeHHST TTPOBOIMIIA 32 KIMHATHOI TEMIIEpAaTypH Ta BIIHOCHIM BOJIOTOCTI
noBiTpss 75 %. 3acTocOBYyBaJM METOAU MOTEHIIOMETPii, BOJHTAMIIEPOMETPII,
BUMPOOYBaHHS TpU Maiiil IMBUAKOCTI Jedopmaliii, ONTHYHOI MIKPOCKOIIT,

CKaHYBaJIbHO1 €JICKTPOHHOT MIKPOCKOTIIi.

2.1 O0’eKTH D0CHaITKEeHDL

JlocmipKeHHsT MPOBOJMIM HAa HU3BKOJETOBAHUX CTASX (PEPUTO-TIEPIIITHOIO
kiacy 0912C, 17T'1C, 10I'2db Ta 3BapHomy 3’eauanHi 31 ctani 101206, Ximiunumii
CKJIaJl 1 MEXaH14YH1 BJIACTUBOCTI JIOCTI/DKYBAaHUX CTaJled HaBeeHo B Taou. 2.1, 2.2. 3a
xiMiuHUM ckiagoM ctaib 10I2®b nemo Bigpizuserses Big 0912C ta 17T1C

HasIBHICTIO TaKMX JISTYBAIBHUX €JIEMEHTIB, SIK BaHA 11 Ta HIOO1H.

Taomung 2.1.

XiIMIYHUM CKJIaJl JOCTIKYBaHUX CTaJei

Xapakrtepuc- ) . .
C |Mn| Si| S P | Al | Ni [Mo|Ti|V [Nb|Cr|Cu| B
THKa 3pa3Ka

0912C |0,08|1,65|0,68 |0,034/0,019| H.s. | 0,10 | H.8. | H.B. |0,007| H.B. | 0,10 | 0,27 | -
1mric |0,16(1,32|0,47|0,023|0,016 H.s. | 0,06 |Binc.| H.B. |Binc.|Bigc.| 0,04 | - -
10I2¢b (0,096 1,71 |0,208|0,009/0,007(0,035| 0,03 | 0,03 |0,015| 0,06 |0,052| - - (0,002

3BapHHUI1 OB
3’eqnanns 31 | 0,08 | 1,37 | 0,57 |0,019(0,024| 0,01 | 0,06 | 0,15 |0,005| 0,02 | 0,01 | - - -
cram 10I220b

[Ipumitka. H.B. — He BU3Hauanu, BiJC. — BIACYTHIN

3pa3ku I KOPO3IMHO-MEXaHIYHMX Ta CICKTPOXIMIYHUX  JOCIIIKCHb
BUroTOBJIsLIH 3 JUCTIB 31 cTtaii 091'2C toBmmuo 10 MM, 17T'1C — 8,5 mm, 10I'2D6 —

16,5 mm. Temmetu 31 cram 10I2Db po3mipom 15,7x200x750 MM 3BaproBajiu
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YOTUPHUAYTOBUM 3BaproBaHHsAM apoToM CB-08'THMA niamerpom 4 mm min dirocom
OP 132. Pexum 3BaproBaHHs (KuBJIeHHA ayru Big Bunpsmisdya BCXK-1600,
3BOPOTHOI MOJISIPHOCTI): BHYTpimHINA moB — [=650 A, U=37,5 B; 30BHIIIHIN TIOB —
=800 A, U=37-38 B, maxun enektpoxay 5°, kyroM ymepen. llIBuakicTh 3BaproBaHHS
24,7 w/rox. Posmip 3oBHimHbOro mBa (14x27x2,5) MM, BHYTpPIIIHBOTO —

((5,5-6)x26x3,0) MM, IepeKpHBaHHS [IBIB CTAHOBHIIO Bix 4 110 4,5 MM.

Ta6mms 2.2.
MexaHiuHi BJIaCTUBOCTI JIOCTIPKYBaHUX CTaJCH Ta 3BAPHOTO 3’ €THAHHS
Knac
XapakTepucTuKa 3pa3Ka , . | ©o2,Mlla | og, Mlla 9, %
MIITHOCTI
Crams 091°2C K50 325 470 21
Cramp 17T°1C K50 345-355 510 23
Cranp 10I'2Db K60 440 590 20
3BapHe 3’€JIHaHHA 31 cTal -
4 22,4
10I"2db >0 006 ’

3pa3ku IS CICKTPOXIMIYHHUX Ta KOPO3IMHO-MEXaHIYHUX  JOCHIKCHBb
BUTOTOBIISIM 31 CTaJIEBOrO JIMCTa Ta TEMIUIETY 3BapHOro 3’e€nHaHHsS. OCKUIBKH
KOpO3iiiHE PO3TPICKYBaHHS IMiJ Yac eKCIUTyaTallli MiA3eMHUX MaricTpajibHUX
ra3onpoBOiB BiIOYBAETHCSA 3 30BHIMIHBOT MOBEPXHI, KA 3HAXOJUTHCS B YMOBaX
KAaTOJHOT'O 3aXUCTY, 3pa3KH 3BAPHOTO 3’€JHAHHSA 31NUIM(OBYBAIA MIHIMAIBHO 3 OOKY

OOJIMIIFOBAJIBHOTO (30BHIIIHHOTO) IIIBA.

2.2. Po6oumnii po3unH

EnexTpoxiMiuHi Ta KOpO3IHHO-MEXaHIYHI JIOCHIPKEHHS TPOBOAWIN Yy
MOJICIIbHOMY TpyHTOBOMY enektponiti NS4 cknany, r/im: 0,122 KCI + 0,483 NaHCO;
+ 0,181 CaCl, + 0,131 MgSO, 91. Po3umnHM [y JOCHIIKCHb TOTYBajH Ha
JTVMCTUJILOBAHINA BOJI 3a JOMOMOTOK peakTUBIB Kiacudikarmii «d.m.a.». Haaxku

3Ba)KyBaJIM Ha Basi JaboparopHiii piBHomieuiit BJIP-200r.
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2.3. EnexTpoximiuni qoc/iakeHHs

[lepen eneKTpPOXIMIYHUMH Ta KOPO3IMHO-MEXAHIYHUMH JIOCTIIHKCHHIMHU
MOBEPXHIO 3pa3KiB 3audilaid NUI(QyBaJIbHUM IallepoOM PI3HOI 3€PHHUCTOCTI,
3HEXKHUPIOBAIM OKCHJIOM MAarHito, MPOMHUBAIM MPOTOYHOIO, MOTIM JAUCTHIHOBAHOIO
BOJIOIO, BUCYIITYBaJIU (DITBTPYBATBHUM TAIIEPOM.

Jlns BUMIpIOBaHb TOTEHIIANIB Ta TMOJSPU3AIIMHUX KPUBUX Ha 3pa3Kax
3BapHHUX 3 €JHaHb TPYOHOI CTajl 3aCTOCOBYBAJIM NPHUTHCKHY KOMIPKY, €CKi3 SIKOi

HaBeJIeHO Ha puc. 2.1.

Puc. 2.1. CxeMa NpUTUCKHOT KOMIPKH /ISl €IEKTPOXIMIYHUX JOCIIKEeHb: 1 —
JOCIITHUHN 3pa3oK (poOoUHii eNeKTpo); 2 — eNeKTPOXiMIYHA KOMIpPKa 3
1HEPTHOTO Matepiany; 3 — ctaHuHa; 4 — Tpumay; 5 — karnusip Jlyrrina; 6 —
NPUTUCKHI MPY>KUHU; 7 — €JIEKTPOJ MOPIBHAHHS; 8 — TONOMIXHUI €JIEKTPOJ 3

IUIaTUHU; 9 — TyMOBHH yIIIJIBHIOBAY.
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[ToTenmianu craneii BUMIPIOBAIM BITHOCHO XJIOPUICPIOHOTO EJIEKTPOIY
MOPIBHSHHSA (X.C.€.) BOPOJOBXK | roguHm 3a gomomororo norexiiocrary I11TM-50-1.1.
AHONHI Ta KaTOAHI MOJSPHU3aLiiHI KpPUBI 3HIMAJIM HAa OCHOBHOMY MeTadl Ta
3BQpHOMY IIIB1 3pa3ka 3BapHOro 3’€JHAHHA 3 HACTyMHUM BU3HAYCHHSIM
MOJISIPU3AIITHUX XapaKTEPUCTUK. 3aCTOCOBYBAIM MOTEHIIOAMHAMIYHUM PEXUM Ta
IIBHAKICTH pO3ropTku mortenmiamy 102 B/c. Ilim wac oCHimkKeHHS MeXaHi3My
KOPO31MHOTO PO3TPICKYBaHHS MOJApU3AIlIiHI KpPUBI 3HIMAIM 31 IIBUAKICTIO
posropHeHHs notenuiany 0,5 mB/c ta 100 mB/c.

PoGounmu enexkTpogamMu CIyryBalyd 3pa3kd TPYOHUX CTajed 1 3BapHOTO
3’€HAHHS, TOMOMDKHUM — IUITATUHOBUN. AHOHI KPUB1 BUMIPIOBANIM BiJ MOTEHIIATY
KOpO3ii /10 MOTEHIlialy, MO3UTUBHIIIOIO 3a MOTEHIla]l BUAUICHHS KUCHIO 3 BOJHUX
PO3YMHIB, KAaTOAHI — BiJ MOTEHINaTy KOpo3ii J0 MOTEeHIlaly, BiJl’€MHIIIOTO 3a
MOTEHI[iaTy BiIHOBJICHHS BOJIHIO.

Pe3ynbpraTu nOCHiIKEHb NPEICTABISIM B HAMIBIOrapu(MIYHUX KOOPAWHATAX
«lg 1 — E», ne 1 — ryctuHa CcTpyMy Ha OJMHMIIIO TUIONI TOBEpXHI 3pa3zka, B —

MOTEHI1aJI.

2.4. locaigkeHHs1 Npu MaJiii BuaKocTi nedopmanii

Meron T1pyHTyeThcs Ha nedopmMyBaHHI 3pa3KiB 3 Major MIBHJKICTIO,
10° ¢!, ma pospupniii mammui AMMA-5-1 B ymMOBax BIUIMBY KOPO3HUBHOTO
CEpeoBUIAa Ta HABEACHOTO TOTCHINAy KaTOJHOI MOJsApu3allii. 3acTOCOBYBaIN
TJIOCKI 3pa3Kd, €CKi3 3pa3ka HaBeAeHo Ha puc. 2.2. Enexktpoau TOpIBHSHHS Ta
JIOTIOM1KHUM 3aCTOCOBYBAJIM TaKl caMi, SIK B €JIEKTPOXIMIYHUX TOCITIIKEHHSX.

[lin gac mpoBeneHHS BUMPOOYBaHb B CEPEIOBHUII 3pa30K 3aKPIIIIOBAINA Y
KOMIpIIl Ta BUTPUMYBadu | TOAWHY O BCTAHOBJIEHHS IOTEHIIAy KOpO3ii. 3a
nonomororo norenmiocrary [1M-50-1.1 Ha 3pa3ok nmomaBaau MOTEHIAIM B Jliaa3oH1
BiJl MoTeHIiany koposii mo -1,2 B. JlochimkeHHs MPOBOAWIN 32 TMEPIOJUIHOTO

3MOYYBaHHS Ha YCTAHOBIII, €CKi3 KO HABEJEHO Ha puc. 2.3.
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Puc. 2.2. Ecki3 3pa3ka Jij1s1 KOpo31iHO-MEXaHIYHUX BUIIPOOYBaHb MIPU MaTiid

HIBUAKOCTI AedopMarii. Po3mipu HajaHi B MUTIMETpAX.
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LAERTTYRIXIM AT KOMKE

Puc. 2.3. Ecki3 nabopaTopHOTro CTeHIy ISl BUTIPOOYBaHb TPYOHUX CTaJIeH 3 MAJIOIO

MIBUKICTIO AedopMaltii 3a MepiogNIHOTO 3MOYYBAaHHS BUIPOOYBAILHUM PO3YMHOM.

B nmporieci BunipoOyBaHb KOHTPOJTIOBAIM BEJIUYHMHY 3a/IaHUX HanpyxeHb, Ml]a,

BIJIHOCHE TIOJIOBXXEHHS 3pa3ka €, %, gac 10 pyiHyBaHHS 3pa3ka T

oyiin » TOIL.
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2.5. JlocTiIsKeHHS eJ1eKTPOJITHYHOr0 HABOITHIOBAHHA CTaJieil

JIist  MOCHIPKeHb  3aCTOCOBAHO JabOpaTOpHY YCTAHOBKY, IO MICTUTh
JIBOXKAMEPHY €JIEKTPOXIMIUHY KOMIPKYy Ta 2 JpKepena IMojspusaiii 3 pi3HUMH
3a3eMJICHHAMHU. EnekTpoxiMidHa KoMipka, OTO SKOi MpencTaBiIeHo Ha puc. 2.4 mae
JIB1 PO3/ILIIbHI KaMEPH, BUTOTOBJICHI 3 IHEPTHOT'O MaTepiay: OKUCHIOBAJIbHY (aHOMIHY)
Ta KaMepy HaBOJHIOBaHHA (KaToAHY). B KOXHINM Kamepl po3TalloBaHl JOTOMIXKHUN

€JIEKTPO/I 1 €JIEKTPOJ] TOPIBHIHHS.

Ifey:
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Puc. 2.4. CxeMa yCTaHOBKH JIsl TOCIIIKEHHSI MPOIIECY HABOIHIOBAHHS CTaJIeH:
1 — okucaroBaIbHA Kamepa; 2 — poOounid eIeKTpo/1 (CTaNeBU 3pa3okK);
3 — xyopucpionuii enekrpos nopiBHsIHHS Nel; 4 — kaminsp Jlyrina Nel;

5 — nonomixkHuM enekTpoa Nel; 6 — kamepa BIIHOBJICHHS; 7 — TOTIOMIXXHUM €JIEKTPO/T
Ne2; 8 — xnopuncpiOuuii enexrpon Ne2; 9 — kamimsip Jlyrrina Ne2; 10 — po3ainoBuii
tpancopmarop Nel; 11 — posnutoBuii Tpanchopmatop Ne2; 12 — motentiocrar I11-

50.1 Nel; 13 — motenuioctat I11-50.1 Ne2; 14 — peectpyBanbuuit npuctpiit [1IJIA-1
Nel; 15 — peectpyBanbuuit npuctpiit [1IA-1 Ne2.
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PobGounii enexktpom — 3pa3oK, BUTOTOBJICHHWM 31 CTalli, MO JOCTIIKYETHCH,
po3MillyBaal MDK JABoMa KaMepamu. KOXHHI KOMIUIEKT 3 TPbOX €JIEKTPOJIIB
(poOounii, IOTMOMIKHHIA Ta €NEKTPOJ TMOPIBHSIHHS) TNPUEAHYETHCS OO JIBOX
HNOTEHLI0CTATIB, O MPALIOIOTh HE3AJIEKHO OJMH BiJl OJHOTO.

B kamepi OKkuCIEHHS Ha poOOYMI €JIEKTPOJ 3aJaBajid AaHOJAHMUN MOTEHIIA,
HIiCHsl JOCSATHEHHS MOro CTajoro 3HAa4€HHA B KaMepy HaBOJHIOBAHHS BBOJIWIU
JTOCITIKYBaHUN PO3YMH 1 3aJaBaJId KaTOJHUN MOTEHIian B jaiama3oHi Big -0,750 B
1o -1,200 B 3 xpokom 0,05 B. KontposmtoBanu BeCh CTpyM OKMCHEHHS, BKIIOYAI0UN
(GoHOBUI CTpyM, SIKUH, SIK MpPaBWIO, JOPIBHIOBaB CTPyMy MOJspH3alli, 10

cTabimizalii Horo 3HaueHb. Takox (iKCyBalld Yyac 3aTPUMKH BUXOJy BOJIHIO 31 3pa3ka
T,, abo, IHIIMMHU CJIOBAaMH, Yac HACHMYCHHS 3pa3ka BoJHEM. B aHOmHIN kamepi

BukopuctoByBaiu po3zuuH 0,1 M NaOH, B kaToaHiii — MOJEIbHHUI TIPYHTOBHIA
enexkTpoiT. TpuBanicTh HABOJIHIOBAHHS JOpiBHIOBajIa 60 XB.
3rigno 3 'OCT 9.915 92 3a gopmyinoro (2.1) obuncaOBaid KOHIIEHTPAIIIO

BOJHIO, 10 ITPOHHUKAE YCPC3 cTaJeBUU 3pa30K.

I -L

— e =

° D,,FS, (2.1)
I, — CHJIa CTpyMY IIpH CTalllOHAPHOMY PEKUMI IPOHUKHEHHS BOAHIO, A;
S — mIoma JociiKyBaHoro 3paska, M2 (0,00096 m?);
F — mocritina ®@apanest, 96485 Kn/mons;
D,, — koedimient qudysii BoaHto, pirauit 1,5-10° cm?/c;
C( — KOHIIEHTpAIlisl BOJHIO, 110 TIPOHUKAE B METAJI, MOJIb/M>;

L — ToBmmHa 3pa3ska, M.

. =1 -1, 2.2)

I, — CHJIa CTpyMY, 00yMOBIIEHOTO IPOHUKHEHHSM BOJHIO, A;

Iq) — cuna (POHOBOTO CTPYMY, 1110 BIAMOBIAA€E CTPyMY MacHuBallii 3pa3ka, A.
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2.6. MeToa macomerpii

MacomeTpudHHiA METOJ] 3aCTOCOBYBAJIM ISl BU3HAYCHHS IIBHUIKOCTI KOPO3ii
CTajll B JOCIHIDKYBAaHOMY CEpPEJIOBHMINI, 3a BTPaTO Mach 3pa3KiB 3rigHO 3
['OCT 9.908 93.

[Ticas 3HeKMpPEHHS 3pa3Ku BUTPUMYBAIX B TemwioBii kamepi MLW 117-0200
3a temnepatypu (105-110) °C mo mocTiifHOT MacH, 3BaKyBaJld Ha aHAJITHYHINA Basi
BJIP-200 r 2 kmacy TOYHOCTI, 3a JONOMOTOK IITAHTEHLMPKYJS €IEKTPOHHOIO
BU3HAYamy iX momty. Ilicms BumpoOyBaHh B KOPO3WBHOMY CEPEIAOBHIINI 3pa3Ku
MPOMHUBAIM TPOTOYHOIO BOJIOTIHHOIO BOJIOI0, BHAAISIM TMPOAYKTH KOpo3ii 3a
JOTIOMOTOI0 TYMKH, OTOJICKYBaJd AWCTHJIBOBAHOIO BOJOK Ta MPOCYITyBaIH
binpTpyBasibHUM naniepoM. [loTiM BuTpumyBanu B TerioBii kamepi MLW 117-0200
3a Tremneparypu (105-110) °C 1o mocTiiHOT MacH Ta 3BayKyBallu.

IBUAKICTH BTpAaTH Macu 3pa3KiB, V., , BU3HAYAJIM 332 3MIHOIO MAacH 3pa3Ka Ta

TPUBAJIOCTI JOCIIKEHB 32 (POPMYII0I0:

Am
Vm = § (24)

J€ Am =m; —m, — KOpO3ii{HI BTpaTu 3paska, I;

m; — Maca 3pa3Ka 10 BUIpoOyBaHb, T;

m, — Maca 3pasKa Micjs KOpo31MHUX BUIIPOOYBaHb, T;
S — mIoma noBepxHi 3paska, M2

T — TPUBAIICTh JOCIIIIPKEHb, TOUHHU.

IIBHAKICTD MPOHUKHEHHS KOPO3ii, Viop, 32 YMOBH PIBHOMIPHOI KOpO3ii

BHU3HA4aJIu 32 GOPMYJIOIO:

Vkop = 8976'V?m, (2.5)

1€ Vv, — LBUAKICTb KOPO3li, r/(M%Ton);
p — ryCTHHA MeTany, r/cm’;

8,76 — xoedimieHT MPOMOPIIHHOCTI.
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['ycTuHa cTaii cTaHOBUTH 7,8 I/cM?, 110 BpaXOBYBAIM IIPH OOUKMCIIEHHI.

2.7. locainskeHHs: MIBUAKOCTI 3aJIMIIKOBOI KOPO3ii cTaJi

Jls 1oCIiIKeHh BUTOTOBJICHO YCTaHOBKY, pHC. 2.5.

Puc. 2.5. ®oto 1abopaTopHOTO CTEHTY JIJIs OI[IHIOBAHHS IIBUIKOCTI 3aJUIITIKOBOT

KOpO31i TpyOHUX CTajieil Mpu KaTOJHOMY 3aXHUCTI.

VYcraHoBKa CKIAAAE€TbCsl 3 €IEKTPOXIMIYHOI KOMIPKM (CTakaH 3 XIMIYHO
cTiikoro ckia o0’emom 1 1), B SIKOMY pO3MIIIYEThCS KaceTa 3 PpoOOYUMHU
SJIEKTPOJaMU 3 TPYOHOT CTalli Ta AOMIOMDXKHUMU €JeKTpoJiaMu (TlaiaaieBa ciTka). 3a
JIOTIOMOTOI0  CTPYMOBIZBOJIIB  €NIEKTPOJM TMPHUEIHYIOTHCS 1O IIECTUKAHATIBLHOTO
NOTEHLIOCTATUYHOTO TPHUCTPOIO 3 JKMUBIEHHSAM Bix Mepexi 220 B abo Bin
akyMmyJssitopa 3 Hamnpyrowo 12 B. [l KOHTpOJIO MOTEHIaTy poOOUYHUX eJIeKTPOIiB
3aCTOCOBYETHCS XJIOPUACPIOHUM €JIEKTPO/] MOPIBHIHHSA Ta HUPPOBUN BOJIBTMETP a0b0
notenmioctar [TM1-50.1.1.

[Tomsipu3artito poOOYNX E€ICKTPOIIB MPOBOAMIA YIIPOIOBXK 168 roawn (Takuit
yac OyB BH3HAUEHUM ONTUMAIBHUM 32 pe3ylbTaTaMU NPOBEACHHUX JIOCIHIIKEHb,

OCKUJIBKM caMme 3a JOCSTHEHHS 168 roauH MIBUIKICTh 3aJMIIKOBOI KOpo3ii HaOyBaia
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crajoro 3HadeHHs). [licisa 3akiHYeHHS BUNPOOYBaHb YCTAaHOBKY pO30OUpali,
eNIEKTPOAM TPOMUBAJIH, BHCYIIYBaJlW, BUIAISUIM NPOAYKTH Koposii. IIBuakictsb

KOpO3ii BU3HAYaIH METOAOM MacoMeTpii 3riaHo 3 2.6.

2.8. Metagorpadiuni Ta ¢ppakrorpadgivyni qocaixKeHHs

Meron ~ OTOMYHOI  MIKPOCKOIIi  3aCTOCOBYBalW Ui JOCIHIKEHHS
MIKPOCTPYKTYPH CTajiei Ta 3BapHuX 3’€HaHb. LLmidu BUrOTOBISIM 32 CTAaHAAPTHOIO
METOJIMKOIO 13 3aCTOCYBaHHIM ajJMa3HUX MAaCT Pi3HOI AUCTepCHOCTI. J[j1s1 BUSBICHHS
MIKPOCTPYKTYPH 3pa3KH MiJJlaBajid TPaBJICHHIO B HiTam (po3urH 4 % HITpaTHOI
KHCIIOTH B ETWJIOBOMY cHoupTi). Mertanorpadgiudi AOCHIPKEHHS NPOBOAWIM Ha
mikpockorii NEOPHOT 21 npu 36umemenni x500. I[udpoBe 300pakeHHs
MIKpOCTPYKTYpPH 3pa3KiB OTpUMYBaJu 3a gonomororo goroxkamepu Olympus C 5050.
Po3mip 3epHa Bu3Hauanmm 3rigHo 3 94.

JIist nocmipKeHHsT TOBEPXHI 3pa3KiB MICHST PO3PUBY BUKOPUCTOBYBAJIM METOT
CKaHYBaJIbHO1 €JIEKTPOHHOI MiKpockomii. JlocaipkeHHs! MpOBOAWIIA Ha PAaCTPOBOMY
esnekTpoHHoMy Mikpockomri JSM 840 (JEOL, Snonis). BuB4eHHs! moBepxH1 PO3pUBY
3pa3kiB TICIs KOPO31MHO-MEXaHIYHUX BHUIPOOYBaHH TMPOBOAWIM B  PEKUMI
BTOPUHHHUX 1 3BOPOTHOPO3CISIHUX EJIEKTPOHIB MpH MpUcKoprorouiid Hanpy3i 20 kB 1
crpymi  enekrtponHoro nyuka (107-10%%) A npu  pisHmx  36imboIeHHSX

(Bim x12 mo x500).
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PO3JILT 3
YIOCKOHAJIEHHSI KOMILIEKCHOI METOJIMKH IMTPUCKOPEHOTO
JTOCJUKEHHS CTIMKOCTI HU3bKOJIETOBAHUX CTAJIEN
®EPUTO-MEPJITHOTO KJIACY MPOTH KOPO3IIHOT'O
PO3TPICKYBAHHSI

JlocniakeHHsT KOPO31IIHOro po3TPICKYBaHHs TPYOHUX CTaJIel MPH KaTOIHOMY
3aXHMCTI Ta OL[IHIOBAHHS CXWJIBHOCTI A0 KOPO31MHOTO PO3TPICKYBaHHS € Oararo014HUM
Ta BKJIIOYAE KOMIUIEKC METOAIB: KOpPO3IMHO-MEXaHIYHHUX, EJIEKTPOXIMIYHUX,
dpakrorpadiunux, MmetanorpadiqHux Ta rpadiuHO-aHATI THYHUX.

bazoBuM € w™erox gedopmaimii 3pa3kKiB 3 MOBUIBHOK IMIBHAKICTIO Yy
KOPO3UBHOMY CEpPEOBHILI 3 HACTYITHUM BU3HAYEHHSIM IUIOILI TONEPEYHOTO Mepepi3y

Ta OL[IHIOBAHHSM CXMJIBHOCTI J0 KOPO31MHOTO PO3TPICKYBaHHS 3a KoedimieHToM K.,
sikuii 3actocoByeThes B IE3 im. €.0. [Tatona [95, 96]

K = & = —SO -Sln
T Y So'Slp (3.1)

p
ne So— mIoma nepepisy 3paskis 10 BUIPOOyBaHb, MM?;

S," — mIoma rmepepidy 3pa3KiB B MICIli pyHHYBaHHs TiCJig BUINPOOyBaHb Ha
TIOBITpi, MM?;

S’ — mioma mepepidy 3pa3KiB B Miclli pyHHYBaHHS IMICJIsi BUIIPOOYBaHb y
po34unHi, MM?,

ne ¥, 1 ¥, — BIIHOCHE 3BY)KCHHS 3DPa3KiB, BIINOBIAHO, HA MOBITPI Ta y
PO3YMHI.

3anexHO BiJ XapakTepy pyWHYBaHHS BUIICHO IBa TPAHUYHUX BUTIAIKH.

1. dkmo S” = §", 0 ¥, = ¥, i K, > 1 — pyiinyBaHHs B’s3Ke.
2. 8xmo S, — So, T0 ¥, > 01 K, = o0 — pyliHyBaHHs KPUXKE.
TakuMm 4MHOM, YMCENbHI 3HAUYEHHS Koe(imieHTy K, MOXYTh 3MIHIOBaTHCS B

niama3oHl Big 1 0 HECKIHYEHHOCTI. 3a pI3HUX 3Ha4eHb K, BIIPI3HIETHCA
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Mop(hoIIorist MOBEPXHI pyHHYBaHHS, 30KpeMa y MPUIOBEPXHEBIM 00JacTi, 10 TaKOX
€ 03HAKOI0 PYWHYBaHHS, sKa Hajae 1H(opMalIiio Mpo MeXaHi3M IPOoIIeCy.

JIyist oriHIOBaHHS JAerpajarlii MOKa3HUKIB MEXaHIYHUX BJIACTUBOCTEH I dac
KOPO31MHO-MEXaHIYHUX BUIIPOOYBaHb, KPIM KOe(]iIll€eHTa CXUIBHOCTI 0 KOPO31MHOTO

PO3TPICKYBaHHS, pO3pax0OBYBaJid KOE(illIEHTH BTpaTH BIACTUBOCTEH Fy: BITHOCHOTO

MOJOBXEHHSA K Ta rpaHmmi MinmHOCcTi F, BIJHOCHO aHAJOriYHMX MOKA3HUKIB Ha

o

MOBITPI:
)
Fy=|1-3" | <100% (3.2)
p
F, =( —"—5}100% (3.3)
cSB
ne d,, o — BIIHOCHE IIOJOBKEHHS Ta TPaHUIl MIIHOCTI 3pa3KiB Iia Yac

BUNPOOYBaHb HA MOBITPI;

8,, Op— BIIHOCHE IIOJOBXEHHA Ta TIPAHULA MIIHOCTI 3pasKiB IiJ dYac
BUNPOOYBAHb Y PO3UMHI.

3acTocoBaHy padilie METOAMKY y Il poOOTI YIOCKOHAJIEHO, a CaMe:
JIOTIOBHEHO METOJIMKAMU BOJIbTAMIIEPOMETPUYHOTO BHU3HAUEHHS J1alla30Hy 3MIHU
MEXaHI3My KOPO31MHOT0 pO3TPICKYBAHHS CTalll, LIMBJIKOCTI 3aJIMIIKOBOI KOpPO3ii Ta
OIIHIOBAHHSI YaCTKH KPHUXKOI CKJIaJIOBOI y OUISITIOBEpXHEBOMY Iapi Ha TOBEPXHI
37amy.

Metoa BoJbTammepoMmerpii. 3a miteparypaumu nanumu [97-100] mig gac
PO3BUTKY KOPO31MHOTO PO3TPICKYBaHHS CTaJl KIHUYMK TPIIIUHU 3aBXKIU 3ATHINAECTHCS
CBI)KOYTBOPEHUM, [0 MPHU3BOJAUTH JO HECTAOUIBHOIO €JIEKTPOXIMIYHOTO CTaHy.
HaBmaku, CTIHKM TPIIIMH TOKPUTI IIapaMu NPOJYKTIB KOPO3ii, 10 € HACIIJIKOM
eJIEKTPOXIMIYHOI peakilii y KBa3icTaOUIbHOMY cTaHi. Pi3HUIM B €JIEKTPOXIMIYHOMY
CTaHl y BEpIIMHI TPIIIMHU Ta CTIHI[ TPIIIMHA BU3HAYAE BILUIUB BOJHIO Ta aHOJAHOIO
PO3YMHEHHS Ha TPOIEC KOPO3IHHOTO PO3TPICKYBAHHS.

EnexTpoxiMiuHl mpoIriecH y BEpIIMHI TPIINIMHU Ta HA TMOBEPXHI, IO 3a3HAE

KaTOJIHOI TMOJspHU3allii, MO-pi3HOMY BIUIMBAIOTh HAa MEXaHI3M 1HIIIIOBaHHS Ta
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3pOCTaHHs TPILIUHM M1 YaC PO3BUTKY KOPO31HHOTO po3TpickyBaHHs. [Ipu po3BUTKY
KOPO3IMHOTO  PO3TPICKYBaHHS IOBEPXHS CBIKOTO METaly 3HAXOAUTHCS Y
HecTaOUTpHOMY —TOJIsIpu3aliiHoMy crTaHl. Komm reHepyeThcsi HOBa BepIlMHA
TPILIMHU, EJICKTPOJIT HEraiHO MOTparuisie B TPIMIMHY, 1 HaBEJACHUW IMOTCHINAT
MOYMHAE 3apsAJKATH EJIIEKTPUYHUNA TOJABIMHUN IIap Ta KaTOJHO IOJSIPU3YBaTU
NOBepxHIO. BBaxkaroTh, 10 KaTogHa TNOMAPH3aIlsl Yy BEPUIMHI TPIMIMHU €
HEJIOCTaTHBbOIO, a TOBEPXHSA M03a TPIIIMHOI TIOBHICTIO 3HAXOJIUTHCA Y CTaHl
PIBHOMIPHOI MOJSpU3aLii MPY HaBEEHHI KATOJHOIO MOTEHIIAITY.

B po6oti 101 3ampormoHOBaHO TEOPETUYHY MOJENb, 3TIAHO 3 KO CTaH Y
BEpIIMHI TPIMIMHA TPU PO3MOBCIOHKEHHI KOPO3IMHOTO PO3TPICKYBaHHS MOKHA
3MOJICIIOBATH Ha CBIXKO3AUUILEHIA MOBEPXHI METAy B KOPO3UBHOMY CEPEIOBHILI
IUIIXOM HOpPIBHAHHA MOJIIPU3aliMHUX KPUBUX, 3HIATHX 3 MAaJOI0 Ta BHCOKOIO
MIBUKICTIO PO3TOPTKH MOTEHIIIANY.

[lonsipu3aniiina KpuBa 3 BHUCOKOKO IIBUIKICTIO CKAHYBAHHS MOTEHLIATY
BiJIOOpaXkae eJIEeKTPOXIMIYHI OCOOJIMBOCTI HA BEPIIMHI TPIIIUHHU, TOAI SIK KpUBA
NOJISIpU3allii 3 MOBUIBHOIO IIBUKICTIO CKAHYBaHHS — €JIEKTPOXIMIYHHUNA CTaH CTaJll HA
MOBEPXHI, JIe TPIIMHA BIACYTHS (HANPUKIIAJ, piBHA MMOBEPXHS a00 Oeperu TPIIuHH).
BignoBigHo A0 BUINE3a3HAYCHOI Teopii, M1 BUBYEHHS MeEXaHI3MYy KOPO31MHOTO
pPO3TPICKYBaHHA MOXHA BHUKOPHUCTOBYBaTHM Ta aHalI3yBaTW MOTEHII0IMHAMIYHI
noJisipu3alliiiii kpuBi B po3unHi NS4 31 mBuakow (mo 50 mB/c) ta moBuibHOIO
(0,5 mB/c) MmBHIKICTIO CKaHyBaHHS MOTEHLIany. 3a3BUYail MOTEHLIal Kopo3ii
MOJISIPU3AIifHOI KPUBOi MPHU MOBUILHOMY CKaHYBaHHI MOTEHIIady MO3WTHUBHIIINMN,
HDK MpHU HIBUAKOMY CKaHYBaHHI, 1[0 BKa3ye Ha T€, IO y BEPIIMHI TPIIIMHU ICHYE
OlsbIIa IMOBIPHICTh MPOTIKAHHS €IEKTPOXIMIYHOI peakilii, HXK Ha JUISHII CTaJeBOi
MOBEPXHI, IO pPO3TAlllOBaHA HA BIACTaHI BiJl BEPUIMHU TPIIIMHU YEpe3 PI3HUITIO
MOJISIpU3aIlii.

BignpainkoBaHO METOIWYHUNM MiAXiA 0 JOCHTIKEHHS CXUIBLHOCTI TPYyOHUX
CTaJIe JO KOPO3IMHOTO pO3TpICKYBaHHS Yy cepefoBuimi 3 pH, Omu3pkuM 10
HeWTpanbHOro, TOOTO y po3unmHi NS4 102. [ns nmociipkyBaHUX CTalled 3HSTI

NOJIIpU3aLiiH1 KPUB1 Ta BU3HAUYEHO MOTEHITIA) IPU HYJIOBOMY CTpyMi, puc. 3.1.
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Otxe, mna crani 10I'20b moTeHmian mpu HYJIbOBOMY CTPYMI NPHU HHU3BKIM
mBuUaKocTi ckanyBaHHs 0,5 MB/c, nHabmmxkaerbcs o -0,750 B. Ilpu 3061uibmeHH1
MIBUKOCTI CKaHyBaHHA noTeHuiany a0 100 MB/c motenmian npu HyIb0BOMY CTpyMi
3MIITY€EThCS 0 BiJ €EMHININX 3Ha4YCHB, -1,05 B.

B niama3oni moTeHIianiB MO3UTUBHIIIE MOTEHIIATY MPU HYJIbOBOMY CTPyMi

NpY HHU3BKIHA IIBUAKOCTI CKaHyBaHHS E!_ (miamasoH 1) po3ramioBaHi JIBi aHOIHI

TUIKM TOJSpU3AIIHUX KPUBUX, OTPUMAHHUX 3 MAajOI0 Ta BHCOKOIO IIBUIKICTIO
posropTku moteHmiany. Lle o3Hauae, 1m0 BijjageHa BiJ BEpIIMHHU TPIIIMHHU JIUISTHKA
Ta KIHYMK TPIIIUHU, 3HAXOAUTHCS B YMOBaX aHOJHOI Hojsgpu3aiii. ['ycTuHa ctpymy
aQHOHOTO PO3YMHEHHS KPHWBOi IIBHJIKOTO CKaHyBaHHS TOTCHIaTy  (sKa
XapaKTepU3y€e CTaH BEPIIMHU TPIIUHU) OUIbIIA, HI)K KPUBOI MOBUIBHOTO CKaHYBaHHS
MOTEHIIATy (SIKa XapaKTepu3ye€ CTaH TMOBEPXHI Ha BIIJAUICHHI B TPIIIUHU).
Pe3ynpTaT NEMOHCTPYIOTH, II0 MEXaHI3MOM KOPO3IWHOTO PO3TPICKYBaHHS MpU

MOTEHI[ial MO3UTUBHIIIE EL_ € aHOJHE po3uuHEeHHs (AP).

E B g
-1.4| Hianason 3 - mexanism BP ‘;‘o
1.2 //f”'
L0 iamason 2 CAPIRP e e, Bepiinia
08— o o o.®__ Tpiugmy|
-0.6 P !
-0.4| MHoBepxus 0e3 TpiuuHu ‘osi
%, 0,5 MmB/c
-0.2 9%
9
0.0 3 %
oo Mianaszon 1- mexanizm AP 100 mB/ s °'°‘.!
) 3.0 2.0 -1.0 0.0 1.0

lg i (i, A/m?)
Puc. 3.1. IlorenuiogunamMiuHi nossipusariiini kpusi craii 10I22Db y po3unni NS4,

3HATI 31 LIBUJKICTIO CKaHyBaHHs norenuiany: 1 — 0,5 mB/c; 2 — 100 mB/c.

Jlns nmiana3oHy MOTEHMLIANIB Bil E!, g0 E2, (miama3oH 2) KpuBa MOBLIBHOTO

1=0

CKaHYBaHHS TOTEHI1AJly pO3TallloBaHa B KAaTOAHOMY Jliama3oHl, a KPUBa IIBUJKOTO

CKaHyYBaHHA — B 4HOJHOMY. L[e O3Hava€, M0 BCPHIMHA TlelI/IHI/I 3HaXOOAUTbCA B
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YMOBAax aHOJHOI MOJISIpU3allii, a 1HIIa TOBEPXHs — MPH KAaTOAHIN MOJspu3aiiii, To0To
KOpO3iiiHE pPO3TPICKYBaHHS BiIOYBAa€ThCSA 3a 3MIIMIAHUM MEXaHI3MOM aHOJIHOTO
pO3UMHEHHSI Ta BOJHEBOTro po3tpickyBanHs (BP). Ilpu moTeHmiamax Bij’€éMHIIIUX

E2, B (miamazon 3) oOuaBI KpHB1 3HAXOAATHCS B KATOJAHOMY J11alla30H1, U0 CBIIYUTH

PO BOJHEBUN MEXaHI3M KOpPO31MHOTO PO3TPICKYBaHHS. 3aleKHO BiJ] 3aXHCHOTO
MOTEHIIIATy, MEXaHI3MOM, III0 MPEBaIIOE, MOXKEe OyTH ad0 aHOJHE PO3UMHEHHS, a0o
BOJ/IHEBE PO3TPICKYBaHH.

OoroBopennst TEOPEeTHYHOI MoaeJTi MeXaHi3My KOPO3iifHOTO
po3TpickyBaHHsi. /[ ommcaHHS BIUTMBY aHOAHOTO PO3YHMHEHHS Ta BOJHEBOTO
PO3TPICKYBAHHSI MijJ 4ac KOPO3IMHOIO PO3TPICKYBAHHS CTaJIEBOTO TPYOOIpPOBOAY Y
IPYHTOBOMY CEpPEIIOBUIIl BHKOPHUCTOBYBAJIM 3amporoHoBaHy aBTopamu 103

KUIBKICHY MOJI€Jb, siIKa 0a3yeTbCsd Ha HECTallOHApHINA €NeKTPOXIMIYHIM Teopli y

} . ) R )
BEPIIMHI TPIIMHU. 3TIAHO 3 MOJIEIUTI0 BBEJICHO (PYHKIIS -, sika MOB’s3aHa 13
i

S

CHPMAHATIMBICTIO TPYOHOI CTaji JO0 KOPO3iMHOrO poO3TpicKyBaHHs, A€ i, Ta I —
TYCTHHA CTPYMY, BU3HAUYCHA 3 TOJSAPHU3ANIMHUX KPUBHX IIBUAKOI Ta TMOBUIBHOI
IIIBUJIKOCTI1 CKaHyBaHHs noTeHmiany 103.

V Mexax miamasony morenmianis AP i >0, i,>0 koposiiine posrpickyBaHHs

If_ls

S

MOJKHA ITPOLTIOCTPYBATH Pi3HULIEIO MK i, Ta |, yepe3 CIiBBiqHOLICHHS . SIkmo

. I —1 . - :
i >i,, T00OTO -——=>0, M Yac PO3MOBCIOJKEHHSI KOPO31MHOr0 pO3TPICKYBaHHS
[

s
IMOBIpHUH PO3BUTOK JIOKAJIBHOI KOPO31i. ¥ TOM k€ yac i, XapakTepu3ye 1HIIIOBaHHS
Ta PyX BEPXIBKU TPIIIMHHU.

3aJIeKHICTh MDK CHOPUMHSTIUBICTIO J0 KOPO3IMHOTO pO3TPICKYBaHHS Ta
CTPYMOM TIOJISIpHM3allii, SKa OXOIUIKOE MOXKJIMBI €JIEKTPOXIMIUHI CTaHU, MOJKHA

BHU3HAYNUTH TaKUM YHMHOM:
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kxix1ls4s i>i>0
i (3.4)
S\y: kBPx‘is‘-l-kAPxifxli_f-l-l-Sac if>0’is<0 (35)
kcx‘id‘-l-sc if<0’is<0 (3-6)

ne S, — KoedillieHT CIPUUHSTIMBOCTI CTajl A0 KOPO3IWHOTO PO3TPICKyBaHHS

v

(%), B IKOMY ypaxOBaHO 3MEHILNEHHs MOIEPEYHOro Iepepisy; K, — KoHcTaHTa, sKa
MOB’s13aHa 3 TYCTUHOIO MaTepialy, Cepe/lIoBUINA Ta CTPyMY; 1 Sif:is — HOMIHAJIbHUM

KOE(DILIEHT CHPUHHATIMBOCTI 10 KOPO3IMHOrO PpO3TPICKYBAHHS 332 YMOBH i =i

.
BianosinHo no piBHsAHHA (3.4), BUCOKa T'yCTHMHA CTPYMY i, BKa3y€ Ha IIBHJIKHMA

. . [P .
PO3BUTOK BCPHIIMHH TPIIIHUHH. OT)KG, BCJIMK1 3HAa4YCHHA f_ > CB1JIYaTh IIpO BCIIHUKY
1

S

PI3HUIIIO B MIBUJIKOCTI KOPO3ii MK MTOBEPXHEI0, III0 HE PO3TPICKYETHCS, 1 BEPIITUHOIO
TPIUIMHUA, [0 TPU3BOJAUTH JO IIBUAKOTO  PO3MOBCIOJKEHHS KOPO31MHOTrO
PO3TPICKYBaHHS.

VY niana3zoHl MoTeHLialiB 3MimaHoro mexaHisMmy AP ta BP i >0, 1,<0, i
CXHWJIBHICTh 1O KOPO31MHOTO PO3TPICKYBaHHS MO>KHA BBaXKaTH (PYHKII€IO i, (BHECOK
AP) i i; (BHecok BP), sixy MoxHa Bupazuti dopmyioro (3.5), ne Ky — koedimient
HABOJHIOBAHHS, KM € KOHCTAHTOIO, IO 3aJIe’KUTh BiJ MaTepially, CEpeIOBUINA Ta
TYCTHHH cTpyMY; K,p — KoedillieHT aHOXHOTO PO3YMHEHHS; Sa — LIe YMHHHK, SKHil
OmuCye B3a€MO3B’30K BHecky AP ta BP; |i;| npexacraeinse poib KaTomHOTO
BiZIHOBJICHHS BOAHIO. Bucoke [i| Bkasye Ha Bupimanshuil Brums BO i Ha HalOiibLIy
I

_——4 BKa3ye Ha BIUMB AP B
[

S

CIPUUHATIIUBICTD 10 KOPO31MHOTO PO3TPICKYBaHHS. i -

BEpUIMHI TPIIIMHMA Ta 3B’SI3aHO 3 BHCOKOK IIBUJKICTIO MOIIMPEHHS KOPO31MHOIO

PO3TPICKyBaHHS.
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SIkimo I 3HWKYETHCS 10 3HAYEHb, MEHIIUX i nepiia 4acTWHA y PIBHSIHHI

KOp ?
(3.5) nabmmwkaerscs 10 Hymns. PiBasaas (3.5) TpanchopMyerbes B piBHsAHHA (3.4).
Konu nmoteHmian 10CTaTHbO HU3BKUN, TOOTO i, HAOJMKAETbCS 1O HYJS, PIBHSIHHSA
(3.5) Ttpanchopmyerscss y piBHSHHA (3.6), sSKe ONKMCY€ BIUIUB BOJHEBOIO
posTpickyBaHHs, e K, — koe]ilieHT BOAHEBOTO PO3TPICKYBaHHS, € IOCTIMHUM Ta
3aJIeKUTh BiJl BIACTHBOCTEH Marepially, CEpeOBHINAa Ta TYCTHHH CTPYMY;
S, — Koe(iIieHT CXMIBHOCTI JI0 KOPO3iHHOr0 pO3TPICKYBaHHs, IKMii BKa3ye Ha BILIHB

BOJHEBOTO YHHHHKA.
PosrnsHyTHil migxix 3acTOCOBAHO JUIsi MPHCKOPEHOTO METOy BHU3HAUCHHS
MEXaH13My KOPO31MHOTO pO3TPICKYBaHHS AOCIIPKYBAHUX TPYOHUX CTaJIEH.
MeToauka OMiHIOBAHHSI YACTKM KPHMXKOI CKJIAJ0BOI y OiJIsIOBEPXHEBOMY
mapi. JlocaikeHHs: MOBEpXHI 3pa3KiB MIcis BUIIPOOYyBaHb METOIOM Jedopmarii 3
MaJIol0 MIBUAKICTIO MOKA3aJ0 HASBHICTh KPUXKHUX JTUISHOK MiJ JII€I0 CEpeloBUIIA Ta
nonsapu3zamii 104. 3 momepeaHix JOCHIDKEHb TaKOXK BIOMO, IO MPU HaBEJCHHI
KaTofHOi monsipu3auili y po3urHi NS4 BOJeHb NPOHUKAE Yepe3 CTAJIEBUM 3pa3zoK
TOBIIMHOIO 1 MM. Tomy s OLIHIOBaHHS BHUOpPAHO IAp TOBIIMHOI HE OUIBIIE
1 mm — 50 mxm. 3a momomoror nporpamu MIPAR Image Analysis (CIHA
PRODUCT KEY: bffa5c2d-1005-449c¢-bc0f-d92cd0da295f) BusHavamu Ta
OIIHIOBAJIM KUIBKICTh SIMOK PI3HUX PO3MIPIB Ta Oy/yBaju TiCTOTpaMy iX pO3MOIiTY
10 MOBEPXHI, puc. 3.2, a. 3 aHai3y NOBEPXOHb PYWHYBAaHHS, MOKHA BIJJ3HAYUTH, 10
rpyOIn SIMKH pO3TalIoBaHi OJMK4Ye JI0 TMOBEPXHI 3pa3ka, SKa KOHTaKTyBajda 3
po3unHOM. TOMy KUIBKICTB 1 PO3MIp SIMOK BU3HAYaJIM y IIapi TOBIIMHOKO 50 MKM Npu
500-kpaTHOMY 301isblIeHI, puc. 3.2, 6. 3apPONOHOBAHO OIIHIOBAaTH YaCTKy KPUXKOI
Ta B’S3KO01 CKJIAJI0BOI caMe B IIbOMY Im1api, 1o Oyjae BigoOpakaT BIUIUB CEPEIOBUIIIA.
3a ponomoroto nporpamu MIPAR noGynoBaHo ricrorpamy po3nofily SIMOK 3a
po3Mmipamu. JIOTIYHO MPUTTYCTHUTH, 1110 PO3MIP SIMOK BU3HAYAE XapaKTep PyHHYBaHHS:
SMKHU OUTBIITIOTO PO3MIPY XapaKTEPU3YIOTh KPUXKUN XapaKTep pyHHYBaHHS, HABIIaKu
JIpiOHI SMKU — B’S3Ke pYHHYBaHHSA. 3a BIAMOBIJHOIO IUIOIICI0 Ha TicTorpami

3aIpPOTIOHOBAHO OI[IHUTH YaCTKy KPUXKOTO PYWHYBaHHS 3pa3Ka.
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[lopsmox mpoBeneHHS BUIPOOYBaHb 3TIAHO 3 YJOCKOHAJIEHOIO METOIUKOIO

HaBe/IeHoO Ha puc. 3.3. BiH MICTUTh Taki eTamnu:

0 5 10 15 20 0 5 10 15 20
Equivalent Diameter (px) Equivalent Diameter (px)

a 0

Puc. 3.2. ®paxrorpamu noBepxHi pyitHyBanns craii 0912C micia Kopo3iitHo-
MEXaHIYHUX BUIPOOYBaHb METOAOM Jedopmallii 3 Majow MIBUIKICTIO Ta TCTOrpaMu

PO3MOILTY SIMOK.

- BU3HAYEHHS METOJIOM BOJIbTAMPOMETpIl JAiana3oHy MOTEHIIAIIB, B SIKOMY

BiI0YBa€ThHCS 3MiIHAa MEXaH13My KOPO31MHOTO PO3TPICKYBaHHS CTalll;
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- TIPOBEJEHHS KOPO31HO-MEXaHIYHUX BHUMPOOYBaHb 3pa3KiB Ha MOBITPI Ta y
po3unHi NS4 3a pi3HUX NMOTEHIlialiB KaTOIHOI MOJISIPU3allii, BU3HAYCHHS KOMIUICKCY

MOKA3HUKIB Ta KOS(DILI€EHTY CXUIIBHOCTI 10 KOPO31HHOTO PO3TPICKYBaHHS;

YaockoHasieHa KOMILUIEKCHA METOAUKA MPUCKOPEHOT0 10 CJIi/IXKeHH S
CTIMKOCTI HU3bKO0JIETOBAHUX CTaJIell (epUTO-NEePJIiTHOrO KJIacy NPOTH
KODPO3iiiHOI'0 PO3TPICKYBAHHS

|
BusnaueHnHs o6acTi [IpoBeneHHs KOPO31MHO-MEXaHIYHUX \
MOTEHII1aJIIB 3MIHU JIOCIIJIKEHb Ta BUSHAYCHHS
MEXaH13My KOpPO31MHOTO KOe(DILIEHTY CXHIIBHOCTI 710
PO3TPICKYBaHHS METOJIOM KOpO31iHOTO po3TpicKyBaHHS Ks
BOJIbTAMIIEPOMETPIi
®paxTorpadiyHi AOCTIHKEHHS
JlocmmKeHns Ta TIOBEPXOHb 371aMiB 3ap3KiB
OIIIHIOBAHHS CXHMJIBHOCTI l
CTaJjll 10 HaBOJHIOBAHHS
O1iHIOBaHHS YaCTKU KPUXKOI Ta
OuiHIOBaHHA MIBUIKOCTI B’3KO1 CKJIQIIOBOI B 3J1aMax 3a
3aJIMIITKOBOI KOPO3ii cTami JOTIOMOT'O0 MIPOTPaMHU aHAJIi3y
IIPH KaTOJIHIN 306paxens MIPAR
\ oJIsIpU3aIii
|
[TigroryBaHHsS BUCHOBKY IIOAO CXMJIBHOCTI CTaJll 10 KOPO31MHOTO
PO3TPICKYBaHHS

Puc. 3.3. biok-cxema METOUKH MPOBEACHHS AOCTIHKEHb KOPO31MHOTO
PO3TPICKyBaHHS TPYOHUX CTaJIe B yMOBAX KaTOJAHOTO 3aXHUCTY 32 YAOCKOHAJIEHOIO

METOINKOIO.

- (bpakTorpadiuHi TOCTIHKEHHS 3pyHHOBAHUX 3pa3KiB, 3a OL[IHIOBAaHHS YacCTKY
KPHMXKOI Ta B’SI3K01 CKJIaJI0BO1 B 3J1amMax;

- JIOCHIDKCHHS  CICKTPOJITUYHOTO HABOJAHIOBAHHS CTalled 3TiIHO 3
METOJIMKOIO, 1110 HaBeJieHa B 2.5;

- JTOCIIJIKEHHS TIBUAKOCTI 3aJIMIIIKOBOI KOPO3ii CTail 3a KaTOMHOI MOJIIpU3aIli
3T1IHO 3 METOAUKOIO, 1110 HaBeaeHa B 2.7,

- OI[IHIOBAHHS CXWJIBHOCTI CTaJi JO0 KOPO3IMHOrO pPO3TPICKYBaHHA 3a
KOMILJIEKCOM BU3HAYEHHUX MOKA3HUKIB.
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BucnoBku 10 po3ainy 3

1. VYaockoHaneHO KOMIUIEKCHY METOJUKY MPHUCKOPEHOTO JIOCIHIKCHHS
CTIMKOCT1 HU3BKOJIETOBAHUX CTaJIeH (PEepHUTO-MEPJITHOrO Kiacy MPOTH KOPO3IMHOTO
PO3TPICKYBaHHsI, SIKy JOMOBHEHO METOJIOM BOJBTAMIIEPOMETPIi 3 HHU3BKOIO Ta
BHCOKOIO TIBUIKICTIO CKaHyBaHHS TOTCHINATIB JJIi BHU3HAYCHHS iama3oHy 3MiHH
MEXaHi3My KOPO3IMHOTO PpO3TPICKYBaHHS CTall, JOCHDKCHHSM  IIBHJIKOCTI
3aJIMIIKOBOI KOPO3ii cTaji 3a KaToAHOT MOJSpU3allii Ta OIiHIOBAHHAM YaCTKU KPUXKOT
CKJIaJI0BOI y OLIAMOBEPXHEBOMY IIAPI.

2. YIoCKOHaJeHa METO/MKA JIa€ 3MOTy BHU3HAUUTHU J1alla30HU MOTEHI[aNiB, B
AKUX 3MIHIOETHCSI MEXAHI3M KOPO31MHOTO PO3TPICKYBAaHHS HU3bKOJETOBAHMX CTaJeH
dbepuTo-TepIITHOrO KJacy Ta PO3IMIMPUTH TMEPeNiK IMOKAa3HUKIB JJIS OIIHIOBAHHS

XapakTepy pyrHYBaHHS.
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PO3/ILI 4
JIOCJIIJDKEHHS CTIMKOCTI HU3bKOJIETOBAHUX CTAJIEM ®EPUTO-
IIEPJIITHOI'O KJIACY 09I'2C TA 17T'1C IIPOTU KOPO3IMHOT' O
PO3TPICKYBAHHS Y MOJIEJIbHOMY TPYHTOBOMY EJIEKTPOJIITI NS4 3A
KATOJIHOI ITOJIAPU3 AL

MarictpasnbHi Ta30IpoOBOAM MOOYI0BaHI 31 cTajie (PepHUTO-TIPETITHOTO Kilacy
pI3HOI KaTeropii MIIHOCTI. AJle BUMOTM HOPMATMBHHUX JIOKYMEHTIB LIOJO PIBHS
3aXMCHHUX IOTEHI[IAIB OJIHAKOBI. bepydi 10 yBaru pesynabTaTu BunpoOyBaHb [105-
107], ne Oyyio MPOAEMOHCTPOBAHO, IO 3a IHIIMX OHAKOBUX YMOB CXHJIBHICTB JI0
KOpO3iiHOro po3TpickyBaHHs ctayied X70 Tta X80 3a MakCMMalbHOTO 3aXHCHOIO
noteHmianry -1,050 B Bigpi3HA€TbCS, MNPOBEACHO JOCHIKEHHS  CTIMKOCTI
HusbKosieroBanux craimer 09[2C ta 171'1C  deputo-npenitHOro Kiacy 1o
KOPO31MHOTO PO3TPICKYBaHHSI y IPYHTOBOMY cepenoBuill 3 pH, HaOmmxeHuM 10
HEUTpaAJIBHOTO  (MOJEIBHOMY TIPYHTOBOMY ejekTpoiiti  NS4), 3a karogHoi
noJisipu3allii, 3a pe3yibTaTaMy SKUX MOXHa Oyne 3poOUTH BHUCHOBKM IMOAO iX

CXHJIBHOCTI JI0 KOPO31HHOTO pO3TPICKYBaHHS.

4.1. JocaixkeHHsI 3aKOHOMIPHOCTeH KOPO3ilfHOT0 PO3TPiCKYBaHHA CTAJi

09I'2C 3a kaToaHOI NOJsIPU3aILii B MOJeJILHOMY IPYHTOBOMY ejieKTpoJiitTi NS4

4.1.1. Mikpoctpykrypa craii 091" 2C.

Cranp 0912C € ManoByrIeeBOK0 KPEMHIM-MapraHiieBUCTO CTAILIO (hepuTo-
nepiiTHOro Kinacy. CTpyKTypa cTalli CKIaIa€Thes 13 (PEepUTHUX Ta MEPIITHUX 3EPEH Y
BinHommeHH1 70 ta 30 %, BigmoBigHO (puc. 4.1, a). Cepenuiii giameTp 3epeH heputy
(0,037 -0,044) mxm 3rigao 3 JCTY 8972 [94]. YacTuHa mepiiTy po3TalloBaHa y
BUTJISIAI  CTPIYOK. TBepaicTh MeTalny CTaHOBUTH mnpubnm3no 160-170 HVs.

HemeTaneBuMu BKIIIOUCHHSIMU, B OCHOBHOMY, € KPHMXKI CHJIIKATH Ta JAPiOHI KpyIui
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okcumu, puc. 4.1, 6. 3ycTpiualoThCsi TOPOKHUHH, IMOBIPHO, BIJ] ITUIAKOBUX

BKJIIOYEHbB, puC. 4.1, B.

% "f-ﬂ >

- g G W hd
s e ey
a
1;“‘:( c .-y
-
0
) t
B

Puc. 4.1. CtpykTypa Ta HemeTaneBi BkitoueHHs y ctaii 0912C: a — x100; 6 — x125;
B — x100.
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4.1.2. locaigxeHHs MeXaHi3My KOpPO3iifHOro po3rpickyBanHs craiai 091'2C

METOA0M BOJI])TaMHepOMeTpi'l..

3riTHO 3 METOIUKOI, PO3POOJICHOIO B PO3aim 3, MPOBEACHO AOCTIIHKCHHS Ta
BU3HAUYCHO Jialla30HU 3MIHM MEXaHi3My KOpo3iiiHOro po3rpickyBaHHs ctaimi 0912C.

[Monsipuzaniiini kpusi crani 091'2C npexacrasneni Ha puc. 4.2, a. [loteHmianu npu
HYJIbOBOMY CTPyMi JTOPIBHIOIOTH: Ei, = -0,850 B 1a E?, = 1,0 B. 3rigso 3

TEOpi€l0, 32 UX MOTEHINANIB PI3HUII MIBUIKOCTI KOPO31i MK BEPIIMHOIO TPIIIUHU

Ta 1HIIOK MOBEPXHEI0 HAMOUIbIIA Ta MOYMHAETHCA IIBUIAKUNA PO3BUTOK KOPO31MHOI

: . i —i
TpimHU. Po3paxoBaHo croiBBiAHOUIEHHS =, puc. 4.2, 0, sKe BKa3ye Ha BHECOK
i

S

aHOJIHOTO PO3YMHEHHS B MEXaHi3M KOpO31MHOTOo po3TpickyBaHHs ajsi ctam 0912C
3aJIEKHO BIJl OTEHIIATy Mojsipu3aiiii. [{iama3oH moTeHIianiB 3MIIIAaHOTO MEXaHI3My

s craal 0912C cranosuts 0,15 B.

v g (i)
P14 3 4500.0
-1.2| Hiama3somn 3 - mexanizm BP O;'(}?"OBepmuHa
Lol o™t TPILMHU 35.0
"7 | Mianason 2 - AP+BO o~ 30.0
0.8 — R 25.0
06 e % 20.0
-0.4 ) 15.0
" |TToBepxHs O3 TpiluHI \-‘ 3 ' 7
-0.2 2% 10.0 AN
0
0.0| Hiamazon 1- mexanizm AP "% 5.0 a‘a\l
0.2 a 0.0 §-0-0-0-0-0-0-0-0-0" ° °’°*°~o.,.a-s-o-a-o-a-o.a'a-a-a-»-
-3 -2 -1 0 1 5 -1.5 -1.0 -0.5 0.0
lg i (i, A/m?) E B
a 0

Puc. 4.2. Tlonspuzariitai kpusi (a) ctani 0912C y MoJieTbHOMY ITPYHTOBOMY

enekTpoitiTi NS4, oTprMaHi 3 pi3HOIO MIBUJIKICTIO CKAaHYBAaHHS MTOTEHIIIATy Ta

3aJIeKHICTh 3MIHU CHIBBIIHOIICHHS CTPYMIB Bij moTeHIiany mosispu3aiii (6): 1 — 0,5

MB/c; 2 — 100 mB/c.

3aKOHOMIPHOCTI KOpO31iMHOTo po3TpickyBaHHs ctam 0912C Tta iioro mexaHizm

JOCITIIKYBAJIH 3T1THO 3 YIOCKOHAJIEHOI0 METOIUKOI0, OIMCAHOI0 Y pO3aii 3.
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4.1.3. Kopo3iiino-mexaniuni gocaimkenns crajui 09I'2C.

Hiarpamu pyiinyBanHs ctaimi 091'2C Ha moBiTpi Ta y pO34MHI 3a Pi3HUX
MOTEHIIIAJIIB KaTOAHOT MoJisgspu3alili HaBeAeHo Ha puc. 4.3, Ha puc. 4.4 npeacraBieHi
doTorpadii obnacTi pyilHYBaHHS 3pa3KiB 3a PI3HMX YMOB. 3 aHali3y KpPUBHUX
pYWHYBaHHSI BUIHO, IO ITiJT €10 KOPO3WBHOTO CEPEAOBHIIA MPOIIEC PO3PUBY 3pa3KiB
y pO34MHI BiIOYBa€ThCA MIBUIIE, HIPKHA MOBITpi. HaBeeHHa kaToaHOT Mosspu3arii
1e OUThITIIe TIPUCKOPIOE MPOIIEC PYHHYBaHHS Ta 3MIHIOE HOTO XapakTep, puc. 4.3.

[licns BUnmpoOyBaHb Ha MOBITPI 3pa30K Ma€ O3HAKH B’SI3KOTO PYWHYBAHHS:
XapaKTepHE YTATYBaHHS OIS Miclisl PO3pUBY, YTBOPEHHS JUISTHOK, SIKI 3a3HAJH
macTuaHoi nedopmanii, puc. 4.4. Ilix yac BunpoOyBaHb y pO34YMHI 3a MOTEHLIATY
KOpo3ii crocrepirajii 3MEHIIEHHS 4Yacy pyHHyBaHHA Tmpubiu3Ho Ha 8 % Ta
3MEHIIICHHS] MaKCUMaJbHOTO HaBaHTaxkeHHs — Ha 13,5 % (tabmn. 4.1, puc. 4.3,
KpuBa 2). BilHOCHE MOJOBXEHHS TaKOX 3MeHIuiIocs Ha 6,9 % MopiBHSAHO 13
BIJIHOCHUM TIOJIOBXKEHHSIM 3pa3ka Ha moBiTpi, puc. 4.3. B mopdosorii 3mamy
MPEBAJIIOE B’ SI3KUM (IMKOBHI) Xapakrtep, puc. 4.5, 0.

Tabmuus 4.1
Mexaniuni BiractuBocti ctaini 091"2C Ha nmoBiTpi Ta KOPO31MHO-MEXAHIYHI — B

MOJIETLHOMY IPYHTOBOMY €JeKTpOoIiTI NS4 3a pi3HHMX MOTEHLIATIB OJIsIpU3aliii

YMOBH BU-
Tpyiim, | 002, | OB, FGB’ F;, | XapakTepucTuka
poOyBaHb, 5, % (S, mm?| v, % | Ks .
_ rox |MlIla |MlIla % | % |mMopdororii 3mamy
norexHmai, B
ITepeBaxxHO
[ToBiTps 56 | 454 | 585 | 36,4 | 14,26 | 52,5 - 0 0 , 5
B’ SI3KUH
ITepeBaxkHo
-0,542* 515|353 | 506 [{33,9(1458| 514 |1,02|135 (6,9
B’SI3KUI
ITepeBaxkHo
-0,750 47 | 307 | 447 | 35,2 |16,37 | 45,4 | 1,15| 23,6 | 3,3
B’ SI3KHU
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YMOBH BU- XapakTepucTrka
Tpyitns | 00,2y | OB, .
npoOyBaHb, 5, % |S, Mm% y, % | Ks |Fo 04 F, %]  mopdomorii
) roa |MlIla|MlIla
noreHiiai, B 31amy
[IepeBaxno
-0,800 53 | 310 | 492 [ 3451428 | 524 |1,01|159| 5,2 , .
B’ A3KHI
[IepeBaxHo
-0,850 92 | 294 | 439 | 34,4|1491| 50,3 |1,05|250| 5,5 ’ .
B’ SI3KUU
[IepeBaxkHo
- 0,900 47 | 310 | 458 | 31,3 |14,74150,87 1,03 |21,7| 14,0
B’ SI3KUI
B’s3kuii 3
-1,000 53 | 300 | 469 | 34,0 |15,15| 495 |1,06|19,8| 6,6 O3HaKamu
KPUXKOTO
[IepeBaxkHo
-1,050 47 | 307 | 457 |35,0(17,80|40,67|1,25|219| 39 5
KPUXKUH
[IepeBaxkHO
- 1,100 45 | 313 | 503 | 33,2(19,9933,37|1,40|14,0| 8,8 5
KPUXKUI
[IepeBaxkHO
- 1,150 41 | 313 | 451 | 35,2|19,76|34,13|1,39 (229 | 3,3 5
KPUXKUH
[IepeBaxkHo
- 1,200 48 | 294 | 436 |31,0(17,31| 42,3 |1,21|255| 14,8 5
KPUXKUH

* TloTeH1ian Kopo3sii.

3a MIHIMaJIBHOTO 3aXUCHOro noteHiany -0,75 B MakcuMmanbHe HaBaHTaKEHHS

3MEHIIUJIOCS CHIIbHIIIE, puc. 4.3 (kpuBa 3), crocTepirajocss 3MEHIICHHS TPaHMUII

MminHOoCcTi Ha 23,8 %, puc. 4.6. BiqHOoCHE MOIOBXEHHS 3MCHIIMIOCH IIPUOJIM3HO HA

3,3 %, puc. 4.6 (kpuBa 2), IO TaKOX CBIAYWJIO MPO BTPATy METAJIOM B’SI3KUX

BinactuBocTed. HaBkosio o0riacTi po3puBYy 3pa3ka 30epiraroTbCsi O3HaKU B’SI3KOTO

pyVHYBaHHS,

K€ CYNpPOBOKYBAJIOCSA IUIACTHUHOIO JAedopmarieto, puc. 4.4.
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Puc. 4.3. Jliarpamu pyitnyBanHs 3pa3kiB 31 ctaii 0912C micias MeXaHIuHUX

BUNPOOYBaHb HA NMOBITPI (1), KOPO31HHO-MEXaHIYHUX BUIIPOOYBaHb Y MOJEIBHOMY

IpyHTOBOMY eiekTpoutiti NS4 3a moreHiiany koposii (2), 3a moTeHItiany moyspu3ariii
(3): a—-0,750 B; 6 —-0,800 B; 8 — -0,850 B; r — -0,900 B; n —-0,950 B; ¢ —- 1,000
B; x —-1,050 B; x--1,100 B; n—-1,150 B; m —-1,200 B.



[oBiTps

Exop = -0,542 B
Enox = -0,750 B
Enox= -0,800 B

Enor= 0,850 B
Enox= -0,900 B
Enox= -0,950 B

Enos= -1,000 B
Enox= -1,050

Enor= -1,100 B

Enor= -1,150 B

Enor= -1,200 B

Puc. 4.4. Burnsig obnacti pyitHyBaHHs 3pa3kiB 31 ctaii 0912C micns
MeXaHIYHUX BUNPOOYBaHb Ha MOBITPI Ta KOPO31MHO-MEXaHIYHUX BUIIPOOYBaHb Y

MOJICIIbBHOMY IPYHTOBOMY €1eKTpoJIiTi NS4 3a pi3HHX MOTCHITIATIB.



Puc. 4.5. ®pakrorpamMmu moBepXoHb pyitHyBaHHS 3pa3kiB 31 ctani 0912C nicns

MeXaHIYHUX BUNPOOYBaHb Ha MOBITPI (a, a*), KOPO31HHO-MEXaHIYHUX BUIPOOYBaHb y
rpyHToBOMY enektpouiti NS4 3a morentiiany koposii (0, 6*), 3a moreHiiamiB
noJsisipu3sarii: B, 8* -0,750 B; r, r* — -0,800 B; n, 1* —-0,850 B; e, e* —-0,900 B; x, x*
—-0,950 B; k, k* —-1,000 B; i, 1* —-1,050 B; m, M* —-1,100 B; u, a* —-1,150 B;
, T* — Enos= 1,200 B. x12 (BepxHe oTo), X500 (HuxkHE doTo, *)
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Opnak, JiHIS pO3pUBY OUIBII CKJIaJHAa HDK Ha MOBITPI Ta y po3uuHi 0e3
HaBeJICHHS MOTeHIany (Mae ¢hopMy JIaMaHO1), TPOXOIUTH MapayIesIbHO JIIHIT PO3PUBY
Ta MO Kpasx 3pa3ka YTBOPHWIKCS BTOPHUHHI TpiuuHU. B Mopdosorii 3namy mpeBaitoe
B’s3KMil  (AMKOBHMM) Xapaktep, puc. 4.5, (poro B). BigHocHE 3ByKyBaHHS
30uTBIIy€eThes Bia 2,2 % (3a moTreHuiany kopo3sii) 1o 14,8 % 3a notenmiany -0,75 B,

puc. 4.6 (kpuna 3).

F, % Ky
25
1 : 1.25
20c | [
| e 1.00
15 i III:
¢ 3 Jlianazon | 0.75
I
10 !
! 0.50
q
I
> ' 0.25
[Mianazon I: AP | e Jianasou III: BP
07206 07 08 -09 -1.0 -1.1 -1.2
E B

noJr

Puc. 4.6. 3miHa koedillieHTIB BTpaTH BIACTUBOCTEH 3pa3kiB 31 ctaii 0912C 3anexHo
BiJl TOTEHITIATY TICIs KOPO31HHO-MEXaHIYHUX BUMIPOOYBaHb Y MOJICTLHOMY
rpyHToBOMYy enekTpoititi NS4: 1 — koedilieHT CXHIBHOCTI 10 KOPO31HHOTO

PO3TPICKYBaHHS;, 2 — KOS(IIIEHT 3MIHU TPAHUIl MIITHOCTI; 3 — Koe(ilieHT 3MiHU

BITHOCHOT'O ITOJIOBKEHHSI.

B niamazoni norenmianiB I, mosuruBHImmX, Hix -0,850 B, puc. 4.2, 3rigHo 3
TEOPETUYHOIO MOJIEJUTI0 KOPO31MHOT0 pO3TPICKYyBaHHS, SIK BEpIIMHA, TaK 1 CTIHKA
TPIIIMHYN 3HAXOASATHCS y CTaHl aHOAHOTO pO3UMHEHHs. [le Bka3zye Ha pO3TPiCKyBaHHS
3a MEXaHI3MOM aHOJIHOTO PO3YMHEHHSI 1 KOPEIIoE 13 B SI3K0I0 MOP(QOJIOTIEI0 371aMy.
Omxe B niama3oHi moTeHiiaidiB no3utuBHime -0,850 B, Bigmivanu nerpapariito
MMOKA3HHUKIB, SIK MIITHICTHUX, TaK 1 TUIACTUYHUX, TOPIBHSHO 13 TOBITPSM, Ta B’SI3KUI
3J1aM.

B miamasoni III, 3a norenmiams Bijx emuimux -1,000 B, BiZHOBIEHHS BOJIHIO,

SK Ha CTIHII, TaK 1 y BEPIIMHI TPIIIMHUA CTa€ MPEBAIOIOUYOI0 peakIlien. 3a
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NOTEHLIaTy 3 IBOTO0 Jiana3oHy, Hanpukiaz -1,050 B, rpanuis MiliHOCTI MpakKTUYHO
HE 3MIHIOEThCS MTOPIBHSIHO 31 3HaUYCHHAMU 3a noteHiiaiis -0,750 B ta - 0,950 B, Ta
ctaHoBUTh 22,7 %, puc. 4.6 (xkpuBal), ajme IHTCHCHBHIIIIE 3MEHIIYETHCS BITHOCHE
MOJOBKEHHS MOPIBHSAHO 13 TOBITPSAM — Ipubsm3Ho Ha 7,9 %, puc. 4.6 (kpuBa 2) Ta
JIOCUTB P13KO 3MEHIITYEThCS BITHOCHE 3BYKyBaHHs 24,7 %, puc. 4.6 (kpuBa 3).

Ile BKka3ye Ha pO3BUTOK KPUXKOIro pyidHyBaHHs. O3HAaKH B’A3KOTO pyWHYBaHHS
01151 J1iHIT pO3pHUBY MEHIII BUPaKEH1, YacTKa IJIACTUYHOI Jeopmarlii 3pa3ka MOoMITHO
MeHma, puc. 4.4. JliHiA po3puBY — CKJIaJHA JiamMaHa, 30UIBIIYETHCS KIJIBKICTH 1
JOBXKMHA BTOPUHHUX TPIIIMH MOPSJ 3 JIHIEIO PO3PUBY Ta MO Kpasx 3pa3ka. HacTka
SMKOBOTO 3JIaMy, TJIMOMHA Ta KIJIbKICTh SIMOK TaKOX 3MEHIIyeThcs, puc. 4.5.
Crnocrepiraerbcs 30UIBIIEHHS YacTKU CKOJIIB, IO Y3TOJKYETHCS 13 3MEHIIECHHSM
MOKa3HUKIB IMJIACTUYHOCTI.

[Tix yac xaroaHO1 MOMSApHU3aIii 3a PI3HUX MOTEHINIAIIB YTBOPIOIOTHCS KaTOJIHI
Ta aHOJH1 JUISHKY B Jialia30H1 TPIIIKHI, KOJU MOBEPXHS MOJSPUIYETHCA KaTOAHO, a
y BEpIIMHI TPIIIMHU MOTEHIIAN OUIbII MO3UTUBHUM. Lle € mpuunHOIO BiAMIHHOCTEH
napameTpiB, OTPUMAHUX B JIOCHIKE€HHI. TaKuM YMHOM, B Jialia30H1 NOTEHIATIB, A€
JIl€e MEXaHi3M BOJHEBOTO PO3TPICKYBaHHS, BIAMIYEHO OUIBII pi3Ke 3MEHIICHHS
MMOKA3HUKIB BiJHOCHOTO ITOJOBXKEHHS 1 BITHOCHOTO 3BY)KYBaHHS.

TakuM 4YWHOM, 3a TMOTEHIATIB 3MINIAHOTO MEXaHI3MY BIAMIYAETHCS
HEMOHOTOHHA 3MiHa TapaMeTpiB pyHHYBaHHS, 10 KOPEJIIOE 31 3MIMIaHOIO
MOpGOJIOTIEI0 pyHHYBaHHS.

3riIHO0 3 YJAOCKOHAJEHOI METOJUKOI MOOYI0BAHO TICTOTPAMH PO3MOJLITY
AMOK y mpunoBepxHeBoMmy mapi (puc. 4.7) Ta po3paxoBaHO YaCTKy KPHUXKOI

CKJIZI0BOI y 371amax 3pa3KiB, JOCTII)KYBaHHUX 3a PI3HUX YMOB (Ta0. 4.2).
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Puc. 4.7. Xapakrtep 31aMy y IpUIIOBEpXHEBOMY I1api (BepXHii pUCYHOK) Ta

TICTOrpaMy PO3MOALTY SIMOK Ha MOBEPXHI 371aMiB 3pa3kiB 31 ctaii 091 2C (HmxHiHl

PUCYHOK, *) micisi MeXaHIYHMX BUIIPOOYBaHb Ha MOBITPI (a, a*), Kopo3iitHo-

MEXaHIYHUX BUNPOOYBaHb Y MOJIETIbHOMY I'PYHTOBOMY eJeKTpoiTi NS4 3a

noTeHIiaxy Kopo3ii (0, 6*), 3a moTeHIianiB nosspu3zaiii: B, B* -0,750 B;

r, v* —-0,950 B; o, n* —-1,050 B;e, e* —-1,200 B.
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Tabmuus 4.2
YacTka KpUXKOi Ta B A3K01 CKJIaJ0BO1 Y OLIISIIOBEPXHEBOMY IIapi 3pa3KiB 31 cTai

09I"2C 3anexHO BiJ MOTEHITIATY

YMoBH CymMapHa mioma
. | Yactka B’s13k0r0 | YacTka KpHXKOIO
Ne 3/m| BumpoOyBaHb, [FiCTOrpaMH, yMOBHI
. . pyiiHyBaHHs, % | pyHHYyBaHHS, %
noteHian, B OJIMHMIIL
1 [TosiTps 665 55,6 44,4
2 -0,542* 604 52,6 47,4
3 -0,750 537 47,5 52,5
4 -0,950 461 57,0 43,0
3) -1,050 499 60,1 39,9
6 -1,200 838 44 4 55,6

* [ToreHiian Kopo3ii.

AHaJi3y104H, SIK 3MIHIOEThCSI YaCTKa KPUXKOI CKJIAJIOBOI y OUIATIOBEPXHEBOMY
mapi 3paskiB 31 craii 0912C 3anmexHO BiJl MOTEHINATy, MOXHa CTBEPKYBaTH, IO
ICHye TEeHJEHIlISI 10 1i 30UIbIICHHS 31 3MIMIEHHSIM MOTEHIIANy B1J MIHIMAJIbHOTO

3axucHoro -0,750 B no makcumainsaoro -1,050 B Ta Ot Bix’ eMHHUX.

4.1.4. NocaigxenHsi cxujabHocTi cTagi 091'2C 10 HaBOIHIOBAHHS.

Ha puc. 4.8 npencrasiena aHoiHa TOJIApU3aIliiiHa KpUBa, OTPUMaHa y PO3YUHI
0,1 M NaOH mna cram 0912C, 3 skoi BH3HAYaJM MOTEHINAJ IacHBalll It
JOCITIDKCHHST HABOJHIOBaHHS 3a pi3HUX mnoteHmianiB. Ilorenmian macuBamii

BuOupanu pisaum 0,4 B.
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lgi (i, A/m?)

Puc. 4.8. Anonni nonsipu3aniiiti kpusi, Bumipsiai Ha ctami 0912C B po3unni 0,1 M
NaOH (1, 2), ycepennena kpusa (3) Ta mOoTEHIlial MacuBallii cTaii B KaMepi

OKHCHCHH:I.

Kpusi 3MiHu cTpyMy B Kamepi HAaBOJIHIOBaHHS HaBeleHO Ha puc. 4.9. Ak BumHo
3 aHalli3y eKCIepuMeHTaNbHUX JgaHuX (puc. 4.9, a-B), B jJiama3oHi MOTEHIIANIB BiJl
-0,750 B no -0,900 B nHa 3pa3ky 3 00Ky OKHCITIOBAJIbHOT KaMepHu 3HAYCHHS (POHOBHX
CTPYMIB BIPOJOBX BCHOTO 4Yacy BHUMIPIOBaHb MPOJIOBXKYBaNO 3MeHInyBatucs. Lle
CBITYWIIO TIPO TE, 1110 BOJCHH Y€PE3 3pa30K 3a TAKUX MOTEHITIATIB HE TIPOHUKAE.

3a notenmmiany nosspuzaiii -0,950 B (puc. 4.9, r), ciocTepiranu miABUIIICHHS
CTal[loOHapHOTO cTpyMy HaBojaHioBaHHA 10 0,0016 MA Big (poHOBOrO 3Ha4€HHS, 110
Moke OyTH OOYyMOBJICHO MOYAaTKOM NMPOHMKHEHHS BOJAHIO. AJle 1ed mpouec OyB He
TpUBAIUM, 1 yepe3 60 XBWJIMH 3HOB B1IOYJIOCS 3HMKEHHS CTpyMy HUX4e (POHOBOTO.
OO6uucieHa KOHIEHTpAllisl BOJHIO, IO MPOHUKAaB 4Yepe3 3paszok 31 ctaimi 0912C B
Kamepy okucHeHHs, ckianana 0,011 monp/m. Yac 3aTpuMKu BUXOJy BOIHIO depes
3pa3ok 3a noreHiiany -0,950 B cranosus 13 xB.

3a motenmiany mnomspusaiii -1,000 B (puc. 4.9, a) cramioHapauii cTpym
HaBoAHIOBaHHS miaBuIMBCs 10 0,0029 MA, po3paxoBaHa KOHIIEHTpAIliS BOJHIO, 110

MIPOHUK JI0 Kamepu okucHeHHs ckianana 0,020 mob/m>.
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3a moreHmianiB katomHoi mossipusarii -1,050 B, -1,100 B, -1,150 B Ta

-1,200 B (puc. 4.9, n-x), craiioHapHi CTpyMH HAaBOJHIOBaHHS 3pOCTaJIH, BIAMOBIIHO,

mo 0,0023 mA, 0,0031 mMA, 0,0035 MA Ta 0,0058 MA. 3pocia ¥ KOHIIEHTpaIlis

BOJIHIO, IIIO0 TIPOHMKAB depe3 3pa3ok, g0 0,017 monws/m?, 0,022 mons/m3, 0,024

Mois/M? Ta 0,040 monws/M3, BiANOBIIHO. Yac 3aTpUMKH BUXOY BOJHIO 3MECHIITYBaBCS

Ta cTaHOBWB: 3a moteHmiany -1,050 B — 32 xB, 3a morenmiany -1,100 B — 7 xB, 3a

noreniiams -1,150 B #1 -1,20 B 1o 5 xB.

craimi 091"2C uaseneno B tadu. 4.3.

EnexTpoxiMiuHI XapaKTepUCTUKH MPOLECY €IEKTPOJITUYHOTO HABOJHIOBAHHS

Tadomus 4.3

EnexTpoxiMiuH1 XapaKTEepUCTUKU MPOIECY €NEKTPOJITHUHOTO HABOJHIOBAHHS CTalll

09I"2C 3a pi3HUX NOTEHLIATIB KaTOIHOI NOJIIPU3ALIll Y MOJAEIBHOMY IPYHTOBOMY

enexTponiti NS4. [lorenmian nacusariii B kamepi okucuenns 0,400 B

E...B BB N I, A o A L, m ”
MOJIB/M>
-0,750 -0,7399 | 17,4-10° - - 0,001 -
-0,800 -0,737 23,3-10°° - - 0,001 -
-0,850 -0,735 | 22,8 x10° - - 0,001 -
-0,900 -0,74 21,8-10° - - 0,001 -
-0,950 -0,785 10,8-10°® 12,4-10°® 1,6-10° | 0,00099 0,011
-1,000 -0,78 10,9-10° 13,8-10°° 2,9-10° | 0,00096 0,020
-1,050 -0,775 18,0-10°® 20,3-10° 2,3:10° 0,001 0,017
-1,100 -0,771 16,4-10° 19,5-10°® 3,1:10° | 0,00098 0,022
-1,150 -0,771 18,2:10° 21,7-10° 3,5:10° | 0,00096 0,024
-1,200 -0,748 3,4 x10°® 9,2:10°® 5,8:10° | 0,00095 0,040
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Puc. 4.9. 3mina ctpymy Ha 3pasky 31 ctaii 091 2C B okuciroBanbpHili Kamepi

3a MOTEHITIaJIB MOJIIpU3aIlii B KaMepi HABOIHIOBAHHS y MOJIEJIbHOMY IPYHTOBOMY
enextpoiiti NS4: a —-0,750 B (1), -0,800 B (2); 6 —-0,850 B (1), -0,900 B (2);
B—-0,950B;r--1,000 B; n —-1,050 B; e —-1,100 B; x — -1,150 B; x — -1,200 B.
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3 eKCIepUMEHTAIbHUX PE3YJIbTaTIB BUSHAYMIIM, IO 3aJI€KHICTh KOHIICHTpAI]
BOJIHIO, sIKMM mpoHUKae B ctasib 0912C mpu KaToaHIM mojisspu3aliii, BiJ MOTEHIIATY
KaTO/HOI moJyisgpu3alii HeniHiliHa, Tadi. 4.3. [I[poHUKHEHHS BOJHIO TOYMHAETHCSA TPU
noteHmiani -0,950 B, B miamasoni mnoreHmiamiB Big -0,950 B go -1,100 B
CIIOCTEpITa€EThCA TCHJACHINSA JIO TPHCKOPEHHS WOro IPOHWMKHEHHS B CTalb, 1
HAWOUIBIII 1HTEHCHBHE HABOJHIOBAHHSA BIJA3HAYACTHCA B [lalla30Hl ITOTEHIAIIB

B11 emHimux -1,100 B.

4.1.5. JlocaigkeHHsI BIUIMBY 3aXHCHOI0 MOTEHLiaJly HAa IMBHIKICTH

3aJIMIIKOBOI Kopo3ii craji 0912C.

3rigno 3 JICTY 4219 108 texHiuyHO JOCTATHIN 3aXHUCHUN €(EKT BBAKAETHCS
JOCSITHYTUM TPHU MIBUAKOCTI KOpo3ii MeTaity TpyOonpoBoay meniie Hix 0,01 mm/pik
[108, 109].

Opnak, 1HOAI 3HAYEHHS 3aXMCHUX IMOTEHINATIB MOXYTh OYyTH HEIOCTATHIMH,
1100 3a0€e3neunTH 3310BUIBHHUI 3aXUCT TPyOONpoBOly a00 HEBUIIPABIAHO BUCOKUMH,
0 3aJIeKUTh B BiactuBoctel rpyHTy 110 Ha nminmsHii. CBITOBUM JOCBiJ MOKa3ye,
10 HaBITh SKIIO BUIIE3a3HAYEHI MOKA3HUKU 3HAXOJATHCA Yy MeXaxX HOPMOBAHUX
CTaHJapTaMU 3Ha4Y€Hb, BAXKKO MOBHICTIO 3aMO0IrTU PO3BUTKY KOPO3IHHOIO MPOIIECY,
30KpeMa KOpO31MHOTo po3TpickyBaHHs. [IpoBeneHHs AOCTIIKEHb B IbOMY HAlpsSMKY
1 OTpUMaHHS HOBHX JaHHWX JO3BOJUTH TOYHIIIE YpPaxOBYBaTH BIUIMB KOMILIEKCY
YUHHUKIB, 110 BHUKJIMKAIOTh KOPO3iMHE pPO3TPICKYBaHHS CTajled MaricTpaibHUX
ra30MpoBO/IiB IPU 3aCTOCOBAHOMY KaTOJHOMY 3aXHCTI.

OanuM 3 HaMBaXIMBIIIMX TOKA3HHUKIB CTaHy €JIEKTPOXIMIYHOIO 3aXUCTy €
MIBUIKICTh 3aJUIIKOBOI KOpo3ii. lleil moka3HWK 3alleXuTh Bil KOPO3UBHOCTI
CepelloBUIlla Ta MOJSpHU3aliiHOro moTeHmiany. [IIBUAKICT 3aMUIIKOBOI KOPO3ii
BPaXOBYETHCS MPHU OLIHIOBAHHI IMOBIPHOCTI KOPO31MHOTO PO3TPICKYBaHHS 3TIAHO 3
METOJMKOI) BH3HAYCHHS TMOTEHINIHHO CTPEC-KOPO3IMHO HEOE3MeYHUX MUITHOK

MarictpajbHUX razornpoBoiais 111.
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Jlocmiaunu 1edl MOoKa3HWK /I PI3HUX cTajgedl TpyOHOro COpPTaMEHTy Y
MOJICIBHOMY I'PYHTOBOMY €JeKTpoJiiTi NS4.

JlociKkeHHsT TPOBOAMIIM 32 KIMHATHOI TeMIIepaTypH y PO3UYHHI MOJEIHHOTO
IpyHTOBOTO enekTpoiity NS4 3a morenmianis -0,750 B, -0,950 B ta -1,050 B.
B momnepenHix MOCHIPKEHHSX BCTAaHOBWJIM, IO 32 KaTOJHOTO 3aXHCTY IIBHAKICTbH
3aJTMIITKOBO1 KOPO3ii PI3KO 3MEHINYETHCS BIPOJIOBXK Tepiioro TwkHs (168 roaun), 1
IpU MOJANBIIOMY BUTPUMYBAHHI Y PO3UMHI 3aJMIIAETHCS MPAKTUYHO MOCTIHHOIO
BNposoBkK Micsns (720 roaud). Tomy TpuBaIICTh AOCIHIKEHb OOpajid PIBHOIO
168 romun 112. Pe3ynbTaTH OIIHIOBAHHS IMBHAKOCTI 3JIMIIKOBOI KOpO3ii cTaii

09I'2C, naBeneHo B Tao0i. 4.4.

Taomuig 4.4

PesynbTaTi BU3HAYEHHS MIBUAKOCTI 3aIMIIKOBOI Kopo3ii ctami 0912C

[IBUAKICTH KOPO31i Vi,
Ne 3/mm IToTenmiain, B

(r-m?)/ron MM/piK
1 -0,542* 0,04089 0,0449
2 -0,750 0,00289 0,0032
3 -0,950 0,00150 0,0017
4 -1,050 0,00071 0,00078

* [ToreHmian Kopo3ii.

Ak BUIHO 3 HaBEACHUX JaHUX, 3a MIHIMAJIbLHOIO 3aXHMCHOTO MOTEHIIATY
-0,750 B mBuakicte kopo3ii miei ctam cranoBuTh 0,0032 MM/pik, TOOTO TEXHIYHO
nocTaTHiM 3axucHUi edekT nocsarHytuid. I[lonmanbine 30UIBIIEHHS 3aXUCHOTO

MOTEHIIIATY CYTTEBO HE 3MIHIOE MIBUAKICTh 3aJUIITIKOBOI KOpO3ii, Tab. 4.4,
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4.16. 3B’s30k Misk cxuiabHicTiIO cTajgi 0912C no kopo3siiinoro

PO3TPICKYBAHHS Ta CXWJIbHICTIO 10 HABOXHIOBAHHSI.

VY3aranpHIOI04YM pe3yJIbTaTH JOCTIIKEeHb, BUKIAJACHUX BHILE, MOXKHA 3POOUTH
taki BUCHOBKH. [Jnsi cranmi 09I2C y monensHOMYy rpyHTOBOMY enekTpouiti NS4
TEXHIYHO JIOCTATHIA 3aXMCHUN €QPEeKT AOCATAETHCA 3a MIHIMAJIBHOTO 3aXHCHOTO
notenmiany -0,750 B (puc. 4.10, xpuBa 1), TOOTO mpH 3MIIIEHHI IOTEHIIATY
KaTOJIHOI ToJisipu3allii 0 B’ €MHIIIUX 3HA4YeHb BIJOYBATUMEThCS BIJIHOBIICHHS
BOJIHIO Ha ToBepxH1 ctani (puc. 4.10, kpuBa 2), Akui 3a MEBHUX YMOB 3JaTHUI

IIPOHUKATH B CTAJIb Ta COPUATH 11 KPUXKOMY PYHHYBAHHIO.

3 V. ., MM/DIK Kg
Cy MOTb, M S s ! 0.05 1120
Mexanizm AP i MexaHni3m : Mexanizm BP
0,04 i AP+BP |
| g 0,04 1,15
0,03 0,03 41,10
0,02 0.02 11,05
-0,01 71,00
0,01
0,00 40,95
0,00 L //// ] ] ) ) ] )
-0,55 -0,8 -0,9 -1,0 -1,1 -1,2
Enom B

Puc. 4.10. 3anexxHicTh MNOKa3HUKIB, 110 BIUTUBAIOTH HA KOPO31iiHE pO3TPICKYBaHHS
ctrani 091"2C Bix moTeHIiaNy KaTOAHOT MOJSpU3alil Yy MOJIEIbHOMY IPYHTOBOMY
enextpomiti NS4: 1 — koHIeHTparlisi BOAHIO, 1110 TPOHUKAE Yepe3 CTAICBUHN 3pa3okK;
2 — CXWJIBHICTbD IO KOPO31MHOTO PO3TPICKYBAaHHS; 3 — IIBUAKICTH 3aJIMIIKOBO1

KOpO3ii.
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Intercept
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Pear
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Residual Sum of Squares
rson's r
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3
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44,80396 B+ 6,11378
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Puc. 4.11. 3MiHa yaCTKH KPUXKOi CKJIAJIOBOI Y OUTSTIOBEPXHEBOMY IIIapi 3pa3KiB 31
ctam 0912C 3anexHo BiJ noteHuiany: 1 — ekciepuMeHTanpH1 AaHi; 2 — TiHIAHA
CKCTPAIOJIALIIS.

3a pe3yapTaTamMu EJIEKTPOXIMIYHUX, KOPO31HO-MEXaHIYHHUX Ta
dbpakrorpadiuHUX AOCHIHPKEHh BCTAHOBJICHO, IO B Jlama3oHi IMOTEHIATIB i
sminranoro mexanizmy (Big -0,850 B mo -1,00 B) mst cram 0912C y posunni NS4
CXWJIBHICTh JO KOPO31MHOTO PO3TPICKYBaHHSA Ta JO HABOJHIOBAHHS 3MIHIOIOTHCS
HEMOHOTOHHO: MTPOHUKHEHHS BOJHIO 30UTbITyeThCs, puc. 4.10 (kpuBa 2), CXMIBHICTD
70 KOPO31MHOTO PO3TPICKYBAaHHS 3POCTAE HE3HAYHO MOPIBHSHO 31 CXHJIBHICTIO, IO
CIIOCTEPITAETHCS IS Jlianma3oHy MOTeHIaaiB mosutusHime -0,85 B, Ta 3amumaerses
Mmaibke moctiiHoro, puc. 4.10 (xkpuBa 2). B miamasoni moteHImiamiB (Bia eMHiIIe
-1,00 B), B sikiii 1HTEHCHBHO 3pOCTa€ KOHIICHTpALlisl BOJIHIO, IO MPOHHUKAE Yepe3
ctanb 0912C y pozumni NS4, Big3HAYEHO pI3Ke 3POCTaHHS CXWIBHOCTI IO
KOPO31MHOT0 po3TpickyBaHHs, puc. 4.10 (kpuBa 1).

3pocTaHHST YacTKM KPHXKOTO pYWHYBaHHS B 3JlaMax 3pa3KiB TIpH

BUNMPOOYBAHHIX 3a KaTOAHOI MOJsSpHU3alili MiITBEp/HKEHO aHajaizoM Mopdoorii

3pyHHOBaHUX 3pa3KiB y OUISOBEPXHEBOMY ILIAPI.
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4.2. JlocaimKeHHsI 3aKOHOMipHOCTel KOpPO3iiiHOro po3TpicKyBaHHS cTaJi

17T'1C 3a kaToaHOI moJsipu3amii B MOAeJIbHOMY IPYHTOBOMY esieKTpoJaiTi NS4

4.2.1. Mikpoctpykrypa craqai 17T'1C.

Crpykrypa ctani 17T'1C e cyminmmo ApiOHO3EpHUCTOTO (HEpUTy 1 MEpiTy 3
dbeputaum 3epHom miamerpom (0,11-0,15) mxm 3rigao 3 JCTY 8972 94. Cranb
XapaKTepU3y€eThCs 3HAYHOIO CMYTAcTicTIO — 6anom 4-5 3a mkanoro 3 JICTY 8974 113
(puc. 4.12). 3abpyAHEHICTh OCHOBHOTO METAITy 3yCTPIYa€ThCS JIOKAIBHO B OKPEMHX

30HaX — INIAKOBHMMH BKJIIOYCHHAMH, I[p16HI/IMI/I 1"J'IO6YJ'I$IpHI/IMI/I OKCHIaMu,

0
Puc. 4.12. MikpocTpykTypa (a) Ta HemeTaineBi BkatoueHHs (0) y crami 17T1C:

a— x200; 6 — x200.
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4.2.2. locaiazkeHHsl MeXaHi3My Kopo3iiiHoro po3rpickyBanHs craji 171'1C

METO/I0M BOJIbTAMIIEPOMETPIi.

Sk 1 y nmonepeaapromy myHKTi 4.2.1, mst ctami 171'1C pocnijpkeHi Jiana3oHu
BU3HAUYCHHSI 3MIHM MeXaH13My KOPO31HHOT0 pO3TPICKyBaHHs, puc. 4.13.

3 nonspuzamiianx kpuBux ctam 171'1C (puc. 4.13, a) BU3HaYE€HO MOTEHINIAIA
Py HYJIHOBOMY CTpPyMi, siKi jgopiBHiotoTh: E;, = -0,800 B ta E?, = -0,980 B.

.. I
POBpElXOBaHO TaKO>X CIIIBBIJHOIIICHHA f_ >, sKe BKa3y€ Ha BHCCOK aHOIHOI'O
I

S

PO3YMHEHHSI B MEXaHI3M KOPO3IMHOrO PO3TPICKYBAaHHS MJisi CTaled 3aJIeKHO Bij

noTeHIlany noJyispu3aitii, puc. 4.13, 6.

E, B (l f'l s)/ [
- e J 50.0 o T T
Lay . 40.0L I i
12 JHiana3on 3 - mexaHizm BP |
B D0 ) e—mg-/% 8.0 ‘ T
Jianason 2 - AP+BP___,_~* =
0.8 f-ormneee e e g 6ol ]
-0.6 \.\.\
04 /.\. : 40+t i
.02 | TloBepxus Ge3 TpiluHM e 20tk ]
0.0| Hianmaszon 1- mexanizm AP Jpreeeeeee,, 0r00-0-0-0-0:0-0:0"
> 0.0 g:0-0-%-0-0-0-0-0" 0:9.9.09 i
0.2 ' . . .
30 20  -1.0 00 1.0 , 13 10 03 0.0
lg i (i, A/m*) E B
a 0

Puc. 4.13. Tlonspu3aniiiai kpusi (a) ctani 171'1C y MoaenbHOMY IPYHTOBOMY
enekTpoiiTi NS4, orpumaHni 31 IIBUIKICTIO CKaHyBaHHs notenuiany: 1 — 0,5 mB/c; 2
— 100 mB/c Ta 3anexHICTh 3MiHH CIIBBITHOIICHHS CTPYMiB B1Jl TOTEHITIATY

noJisipu3zattii (0).

Jliama3oH mOTeHIiamiB 3MimaHoro MmexaHismy st craimi 171'1C cTtaHOBUTH

0,18 B.



4.2.3. Kopo3siiino-mexaniuni gociaimkenns craui 171'1C.
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3akoHOMipHOCTI pyitHyBanH ctam 171'1C BuBYanu Ha MOBITP1 Ta Yy PO3UMHI 32

PI3HHX MOTCHIIAIiB KaTomHol moysgpu3sanii (puc. 4.14). Burisn 3paskiB Iicis

pyWHYBaHHS Ipe/IcTaBlIeHO Ha puc. 4.15.

3aragpHOI0 CXOKOI0 3aKOHOMIPHICTIO pyWHYyBaHHS 11l ctami Ta 09112C

BI/IMIYEHO TMPUCKOPEHHS TMpoIlecy pyHHYBaHHS TMiJ BIUIMBOM KOPO3WBHOIO

cepefoBuila 0e3 HaBeleHHsS MoTeHuliany, puc. 4.14. 3akoHOMIpHO, 110 HABEJEHHS

KaTOJIHOI MOJISIpU3allii CIIpUsi€ 3MIHEHHIO XapakTepy pyWHyBaHHs, puc. 4.15.

PyiitnyBanHa Ha TOBITp1 BiAOyBajocs B’S3K0, OIS MICHS PO3PUBY BHJIHO

XapaKTepHE YTATYBaHHA 3 JOUISHKAMM IutacTHuHOl nedopmarii, puc. 4.14. Yac no

pPO3pUBY 3pa3KiB CTaHOBUB 46 TOAWHHU, BIJIHOCHE MOJOBXKEeHHS 38 %, BIIHOCHE

3BykeHHS — 57 %, Tabm. 4.5.

Tabaung 4.5

Mexaniuni BiractuBocTi ctaii 171'1CHa moBiTpi Ta KOPO31iHO-MEXaHI4HI — B

MOJIETLHOMY I'PYHTOBOMY €J1eKTpoJIiTi NS4 3a pi3HMX MOTEHIIaIiB MOJIsIpU3aliii

YMoBH, <
Tpyitns | 00,2, | O, apaKTCPUCTHUKA
[I0TEH- e 5, % (S, mm?|y,% | Ks | F,% |F, ,% P p.
ron |MlIla|MlIIa MOp@oJIOTii 31amy
mian E, B
ITepeBaxxHo
ITosiTpst| 46 | 355|473 | 38 | 129 | 57 - - -
B’A3KUI
ITepeBaxkno
-0,721* | 45 | 370 | 483 | 30 | 124 | 52 1,1 21 | -0,8 , 5
B’A3KUI
ITepeBaxxHo
-0,750 | 45 | 356 (454 | 31 | 145|516 | 11 | 184 4
B’SI3KUI
ITepeBaxxHo
-0,800 | 49 | 372|483 | 32 | 153 | 49 | 1,16 | 158 | -21
B’A3KUI
ITepeBaxkno
-0,850 | 42 | 392 503 | 34 | 151 | 50 | 1,14 | 105 | -6,3

B’ SI3KUU
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YMoBH, <
Tpyiiny | 60,2 | O, ApaKTCPUCTHKA
moten- | o 5,% (S, mm?[ y,% | Ks |F,%|F, ,% PAKTED
ron |MlIla|MIla Mopdoiorii 3mamy
mian E, B
[IepeBaxno
-0,900 | 46 (369 (483 | 30 |164 | 45 | 127 | 21 | -21
B’ A3KHI
B’s3kuii 3
-0,950 | 59 (375490 | 40 | 164 | 45 | 127 | 52 | -3)5 O3HAKaMH
KPUXKOTO
B’s3kuit 3
-1,000 | 45 | 366 |477 | 29 | 19,2 | 36 | 158 | 23,7 |-0,84 O3HAKaMH
KPUXKOTO
[IepeBaxHo
-1,050 | 49 | 350 (464 | 33 | 16,2 | 47 | 121 | 131 19
KPUXKUU
[IepeBaxxHO
-1,100 | 39 (379 (487 | 25 | 228 | 24 | 2,37 | 342 | -29
KPUXKHN
[IepeBaxkHo
-1,150 | 32 | 366 | 464 | 21 | 24,3 | 49 3 447 | 19 5
KPUXKUH
[IepeBaxkHO
-1,20 | 48 | 379 483 | 28 | 26,2 | 13 | 4,38 | 26,3 | -2,1
KPUXKUI

* [ToTeHIian Kopo3ii.

[lin wac pyinyBanHs ctami 171'1C y po3umHi 3a MOTEHIATy KOpO3ii yac

pYWHYBaHHS Maii>ke HE 3MIHUBCSA 1 IOPIBHIOBAB 45 ToJMH, CIOCTEPITAIN 3MEHIIICHHS

BIJIHOCHOTO TIOAOBKeHHS Ha 21 % MOpIBHSAHO 13 BITHOCHUM TOJIOBXKEHHSIM 3pa3Ka Ha

noBiTpi, puc. 4.14, ta BiAHOCHOrO 3BYXeHHSI A0 52 %. 3HaueHHA KOEPIIIEHTY

cxmibHOCTI 10 KPH cranoBuTts 1,1. Xapakrep 31aM B’ s13kuit (IMKOBUIA), puc. 4.16, 0.

3a miHimManbHOTO 3axucHoro norenuiany -0,750 B yvac pyiinyBanHs OyB Takuii

caMui, SIK IpW pyHHYBaHHI 3a MOTEHITIATy KOpo3ii, 45 roauH, BiATHOCHE MOIOBKEHHS
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3MEHILIOCH pUOIU3HO Ha 18,4 %, BITHOCHE 3BYKEHHS bi (o)
51,6 %, puc. 4.14 (xpuBa 2), 1110 BKa3ye Ha 3HIXKEHHSI TUIACTUYHOCTI MeTainy. O3Haku
B’SI3KOTO pyWHYBaHHS (yTATYBaHHs) HABKOJIO 00JaCTi pO3pHUBY 3pa3ka 30epiraroThes,
puc. 4.15. Xapakrep 371amMy 3alUIIA€ThCS B’SI3KUM, puc. 4.16, ¢poro B. 3HaueHHS
KOe(]illieHTY CXUIBHOCTI O KOPO31HHOTO PO3TPICKYBaHHS JlopiBHIOBaO 1,1.

3a MakcuManbHOTO 3axucHoro mnoreHmiary -1,050 B wac pyitHyBaHnHs
MPaKTUYHO HE 3MIHMBCS 1 CTAaHOBUB 45 T'OJIMH, BIJIHOCHE IMOJOBKEHHS 3MEHIIUIOCH
npubam3Ho Ha 13,1 %, BigHOCHE 3BYyX)eHHA 110 47 %, puc. 4.14 (kpusa 2). O3Haku
B’A3KOr0 pyWHyBaHHs (YTSITYBaHHsS) HAaBKOJIO 00JacTi pO3pUBY 3pa3Kka 30epiraroThcs,
ane penbed JiHIT pO3PUBY YCKIATHSAETHCS, 3 ABISIETHCS 3WUT3aronomioHa IijIsHKa,
puc. 4.15.

B 37mami HasBHI O3HAKM KPUXKOTO pYyHHYBaHHS, IUIOCKI JIJISHKA Ta
po3lIapyBaHHs TOPSJ 3 B’A3KUM XapakTepoM pyHHYBaHHS OUIBIIOI YacTUHU
noBepxHi, puc. 4.16, ¢oro 1. KoedimieHT CXUIBHOCTI 10 KOPO3IMHOIO
po3TpicKkyBaHHA 3pocTae 110 1,21 (puc.4.17).

3a moTeHIIAly OLIBIIOTO 3a MakcuMalbHUM 3axucHuil, -1,200 B wyac
pYWHYBaHHS JOPIBHIOBAaB 48 TOJMH, BIIHOCHE MOJOBXEHHS 3MEHIIMIIOCH MPUOIU3HO
Ha 26,1 %, BiMHOCHE 3BY>KE€HHSI 3MEHIIIIOCH 10 13 %, puc. 4.14 (xkpuBa 2). O3Haku
B’A3KOr0 pyWHYyBaHHS (YTSITYBaHHS) HABKOJIO 00JIacTi PO3PUBY 3pa3ka 30epiraroThes,
ajyie JIHIS PO3pPUBY Ma€ CKJIAAHy 3urzaronomiony d¢opmy, puc. 4.15. B 3mami
BUSIBJIICHO OiJIbITy YacTKy TUIOCKHX MiJSHOK PYWHYBAaHHS, SIMKH MAarOTh MEHIITY
rubuny Ta aiametp, puc. 4.16, dporo k. KoedimieHT cXUIBHOCTI A0 KOPO31MHOIO

pO3TpiCKyBaHHA 3pocTae 110 4,38.
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Puc. 4.14. Jliarpamu pyitHyBaHHs 3pa3kiB 31 ctanmi 171 1C micns MexaH9HUX

BUNPOOYBaHb HA MOBITPI (1), KOPO31HHO-MEXaHIYHUX BUIIPOOYBAHb Y

MOJIENIbHOMY IpYHTOBOMY eniekTpodiTi NS4 3a noTeHuiany kopo3sii (2), 3a
noTeHIiany nonsipuzarii (3): a—-0,750 B; 6 — -0,800 B; B — -0,850 B;
r—-0,900 B; n—-0,950 B; e —- 1,000 B; x —-1,050 B; x—-1,100 B;

1--1,150 B; m —-1,200 B.
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[ToBiTps
E.p=-0,721 B
Enoa=-0,750 B
Euox=-0,800 B
Enoa=-0,850 B
Eunox=-0,900 B
Enos=-0,950 B
Enon=-1,000 B
Enor= -1,050
Enon=-1,100 B
Enon=-1,150 B
Enon=-1,200 B

Puc. 4.15. Burnan o6nacti pyliHyBaHHs 3pa3kiB 31 ctani 171'1C micist MexaHYHUX
BUMNPOOYBaHb Ha MOBITP1 Ta KOPO3IMHO-MEXAHIYHUX BUIIPOOYBaHb Y MOJICIIBHOMY

rpyHTOBOMY enekTpoiiTi NS4 3a pi3HUX mOTeHIiamiB.



2 M

hanansnnsd N

Pnc 4. 16 CDpaKTOI'paMI/I MMOBEPXOHb pYI/IHYBaHHH 3pa3KiB 31 cTali 17F1C TICJISt
MEXaHIYHMX BUIIPOOYBaHb Ha MOBITPI (a, a*), KOPO31iHO-MEXaHIIHUX

BUIIPOOYBaHb Y MOJICIbHOMY I'PYHTOBOMY €JIEKTpou1iTi NS4 3a moTeHIiary
Kopo3ii (0, 6*), 3a moTeHmianiB noyuspuzarii: B, B* -0,750 B; r, r* — -0,800 B; n,
* —-0,850 B; e, e* —-0,900 B; x, x* —-0,950 B; k, x* —-1,000 B; 1, 1* —-1,050

B; M, M* - -1,100 B; 1, 5* —-1,150 B; 0, n* — E.ox= 1,200 B.
x12 (BepxHe doTo), x500 (HrKHE DOTO, *).
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Alamason I: : [Mianason II:: A g
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noJsw

Puc. 4.17. 3mina koeilieHTIB BTpaTH BJIacTUBOCTEH 3pa3kiB 3i ctaii 171'1C
3aJIEKHO B1J MOTEHLIATY MiCiId KOPO31MHO-MEXaHIYHUX BUNIPOOYBaHb y

MOJIETTbHOMY IPYHTOBOMY €1eKTpomiTi NS4: 1 — koediieHT CXMIBHOCTI 110

KOPO31MHOT0 PO3TPICKYBAaHHS; 2 — TPAHULIS MIITHOCTI; 3 — BITHOCHE MOJOBKEHHS.

3Ha4yeHHs IPaHUIll MIIHOCTI Y psiny «moBiTps» —> Exop —> Enos= -0,750 B —
Enon= -1,050 B Bigxumsrotecst Ha (2-4) %: 473 — 483 — 454 — 477 MIlla
(puc.4.17).

Takum YMHOM, HaBEICHHS IIOTCHIlAy HAWOUIBII CHJIBHO BIUIMBAE Ha
MOKa3HUK BIAHOCHOTO 3BY)KCHHS 3pa3KiB; B MEHIIIOMY CTYTI€H1 3HIKYETHCS BITHOCHE
MOJIOBXKEHHS, IO B LIJIOMY BKa3y€ Ha OKPUXYEHHS METaNy MiJ J1€I0 KOPO3UBHOIO
CepelloBUIlla Ta TOTEHIiaTy. MIIHICHI XapaKTEepUCTUKU 3aJMIIAIOTHCS Maike Ha
TOMY CaMOMY DiBHI.

[NicTorpamu po3noAity SIMOK y npunoBepxHeBomy mapi ctam 171'1C naBeneno
Ha puc. 4.18, 3 sgKMX poO3paxOBaHO YACTKY KPHUXKOTO pPyHHYBaHHS 3pasKiB,

JOCIIKYBaHUX 32 PI3HUX YMOB Ta0J1. 4.6.
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Tadonuis 4.6

YacTka KpUXKOi Ta B SI3K01 CKJIaJ0BO1 y OLIAIIOBEPXHEBOMY IIapi 3pa3KiB 31 cTajl

17T"1C 3anexHO BiJ MOTEHITIATY

YMoBH Cymapsna mioma
_ | Yacrka B’sa3Kkoro | YacTka KpUXKOIoO
Ne 3/m | BunpoOyBaHb, [FiCTOrpaMu, yMOBHI
' . pyiiHyBaHHs, % | pyHHYyBaHHS, %
noteHIai, B OJUHUIIL
1 [ToBiTps 696 53,9 46,1
2 -0,721* o577 51,6 48,4
3 -0,750 595 50,9 49,1
4 -0,950 659 62,7 37,3
5 -1,050 517 47,8 52,2
6 -1,200 1014 52,7 47,3

*[ToTeHtian KOpo3ii.

OTtxe, 3 a”HaM3y AaHUX TaOJI. 4.6 BCTAHOBJICHO, 110 YACTKAa KPUXKOT CKIIAIOBOT

y OuranoBepxHeBoMy mapi 3paskiB 31 crami 171'1C 3pocrae Big 48,1 % 3a

MIHIMQJIBHOTO 3axucHOTO mnoreHuiany -0,75 B nmo 52,2 % 3a makcuMaibHOTO

3axucHoro noreHuiany -1,050 B. Anamizyroud 110 3ayexHicTh, puc. 4.18, MoxHa

CTBEp/KYyBaTH, IO B Jiala3oHi JOCHIKEHUX IMOTEHIIAaNIB ICHY€ TEHJCHINS 0

30UTBIIEHHS YaCTKH KPUXKOTO pyHHYBaHHS 31

MiHIMaiabHOTO 3axucHoro -0,750 B 1o Big’ eMHHAININX 3HAYEHb.

3MIMICHHSIM MOTEHUIANy BIJ
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Puc. 4.18. Xapakrep 31aMy y NpUIOBEPXHEBOMY 11api (BEpXHIi PUCYHOK) Ta
TICTOrpaMH PO3MOJILTY IMOK Ha MOBEPXHI 371aMiB 3pa3kiB 31 ctaii 1711 C (HuxHIN
PHUCYHOK, *) TiCJIs MEXaHIYHUX BUNPOOyBaHb Ha MOBITPI (a, a*), Kopo3iitHo-
MEXaHIYHUX BUNPOOYBaHb Y MOJIETILHOMY IPYHTOBOMY eJ1eKTpoiiTi NS4 3a
MoTeHIIaTy Kopo3ii (0, 6*), 3a moTeHmianiB noiaspusaiii: B, B* -0,750 B; r, r* — -

0,950 B; n, n* —-1,050 B; e, e* —-1,200 B.
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4.2.4. NocaigxenHs: cxuiabHocTi cTragi 17I'1C 10 HaBoJHIOBaAHHS.

[Torenmian macuBarii Ha 3pa3Ky B aHOJHIM Kamepl MATPUMYBAIM PIBHUM

0,400 B, ockiibKM came 3a TakOro MOTEHIay CIlocTepiraiacs CTilka IacuBallis

crani 17T'1C, puc. 4.18.

E, B

-0.4

-0.2

0.0

0.2
0.4

(1]

nac

=0,4B

0.6

0.8

\

\

1.0

g

-3.0

-2.0

-1

0 00

1.0

lg i (i, A/°)

Puc. 4.18. Ycepennena anoina nosspusaiiiiina kpusa ctami 1711C B

po3uuHi 0,1 M NaOH Ta noteHuian nacupalii ctajil B KaMmepl OKUCHEHHS.

3a moTeHmiamB KaToaHo1 mosispu3arii moteHiiamis Bix -0,750 B no -0,900 B B

OKUCIIOBAJIbHIA KaMmepl MIJBMILEHHA CTpyMy Ha 3pa3ky 31 cram 171'1C He

CIoCTepiraiu, M0 BKa3yBaJl0 Ha BIACYTHICTh audysii BoaHto, puc. 4.19, a, 0.

3poctaHHs cTpyMmy nouajnocsi 3a noteHmianie -0,950 B ta Bumie, (puc. 4.19, B-x).

CrarioHapHuii CTpyM HaBOAHIOBaHHsA 3a moTeHmianie -0,950 B — -1,00 B —
-1,050 B —» -1,100 B — -1,150 B— -1,200 B 3pocras 10 0,0008 MA — 0,0017 MA
— 0,0012 MA — 0,0031 MA — 0,0020 MA— 0,0053 MA, Tab:. 4.8.
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Puc. 4.19. 3mina ctpymMy Ha 3pa3ky 31 ctam 171'1C B okucoBaibHIN KaMepi 3a
MOTEHII1AJTIB MOJIIpU3allii B KaMepi HaBOJAHIOBAHHS Y MOJIEILHOMY IPYHTOBOMY
enektpoiiti NS4: a—-0,750 B (1), -0,800 B (2); 6 —-0,850 B (1), -0,900 B (2); B —
-0,950 B; r—-1,000 B; 1 —-1,050 B; e —-1,100 B; % —-1,150 B; x —-1,200 B.



BignoBigHo

0,012 moms/M® — 0,009 moms/M® — 0,0229 mons/M® — 0,014 mons/M® — 0,326

3pocTaja W

KOHIICHTpAIlis

BOJIHIO,
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0,006 wmomp/M® —

monb/M3, puc. 4.19. Cmin Bif3HaYMTH, WO 4Yac 3aTPUMKM BHXOJY BOJIHIO 3a

norenuianis -0,950 B — -1,000 B —» -1,050 B — -1,100 B —» -1,150 B— -1,200 B

3MIHIOBABCSI HEMOHOTOHHO Ta CTAaHOBUB 47 XB — 67 XxB — 25 xB — 14 xB — 22 XB.

EnexTpoxiMiuHi XapaKTepUCTUKU MPOLECY €IEKTPOJITUYHOTO HABOJHIOBAHHS

cram 17I'1C waBeneno B tadum. 4.7.

Tabmuus 4.7

EnexTpoxiMiuH1 XapaKTEepUCTUKU Ipolecy HaBoaHoBaHHA ctaii 1711 C 3a pi3Hux

MOTEHI[IaTIB KaTOAHOI MOJISIpU3aIlii y MOJEIbHOMY I'PYHTOBOMY elleKTpoiiTi NS4,

[ToTenmian macusarii B kamepi okucHeHHs 0,400 B

E.,B E'wp,B I, A Iy A I, A L, M C,, MOJIB/M®
-0,750 -0,71 3,4-10° - - 0,001 -
-0,800 -0,725 3,8:10° - - 0,001 -
-0,850 -0,696 4,4-10° - - 0,001 -
-0,900 -0,687 4,4-0° - - 0,001 -
-0,950 -0,785 10,1-10° | 10,9-10° | 0,8-10° | 0,00098 0,006
-1,000 -0,736 11,4-10°® | 13,1-10° | 1,7-10° | 0,00096 0,012
-1,050 -0,788 8,3:10° 9,5-10° 1,2:10°® 0,001 0,009
-1,100 -0,898 6,9-10° 9,96-10° | 3,1:10° | 0,00098 0,022
-1,150 -0,75 8,4:10° 10,4-10° | 2,0-10° 0,001 0,014
-1,200 -0,90 10,9-10° | 16,3-10° | 5,3-10° | 0,00096 0,326

Ax 1 g crami 0912C, 3anexHICTh KOHIIGHTpAIlli BOJHIO, SIKMM IIPOHHKAE

yepe3 craneBud 3pa3zok 171'1C Big moTeHIaNy KaTOMHOI MOJApU3aIili TaKoxX

HeniHiiHa, puc. 4.19. IlponukHenHs BoaHiO yepe3 ctanb 171'1C moumHaeThes mpu

notenian -0,950 B 1 3poctae ctpubkomnoaioHo B 06macti norenmiaiis Bix -0,950 B

1o -1, 050 B, a mami monoronuo 1o -1,2 B.
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4.2.5. JlocnigeHHs1 BIUIMBY 3aXHCHOIO MOTeHLiaJly Ha MMBHIKICTH

3aJHIIKOBOI Kopo3sii craui 17T'1C.

Pe3ynbpTaTi OIIHIOBAaHHS IIBUIAKOCTI 3alMIIKOBOI Koposii crtami 171'1C
HaBeaeHo B Ta0I. 4.8.
Tabmuns 4.8
Pe3ynbTaTu o1iHIOBaHHS MIBUAKOCTI 3aIUIIKOBOI Kopo3ii ctani 171'1C y

MOJIETIbHOMY IPYHTOBOMY enekTpomiti NS4

Ne 3/m IBuAKICTH KOPO3ii
ITorenman, B

Vs, (T'M2)/TOR | Vs, MM/piK
1 -0,721 0,0249 0,0274
2 -0,750 0,0049 0,0054
3 -0,950 0,0017 0,0019
4 -1,050 0,00066 0,0007

* [ToreHmian KOpo3ii.

Sk BUIHO 3 aHaNi3y €KCIEPUMEHTAIbHUX NaHUX, Y po3unHl NS4 MmBHIKICTH
koposii ctam 17T'1C mopiBuioe 0,0054 mwm/pik Ta 0,0047 MMm/pik, 110 BKa3zye Ha
BCTAHOBJICHHSI TEXHIYHO JOCTATHHOTO 3aXMCHOr0 €(eKTy 3a MOTEeHI[IaTy MoiaspHu3anli

-0,750 B (mBuakicte kopo3ii crani menme 0,01 mM/pik), puc. 4.20.

4.2.6. AmnajizyBaHHsl 3B’SI3KY MiX cxmwibHicTio craiai 17T'1C  no

KOPO3iifHOr0 PO3TPiCKYBAHHS TA CXMJIBHICTIO 10 HABOJAHIOBAHHA.

Hins crami 17T'1C y po3unni NS4 BcTaHOBIEHO, 1110 B 00JaCTi Jii 3MIIIAHOTO
MexaHi3My KoposiitHoro postpickyBanHs (Bim -0,800 B mo -0,9800 B) 3poctae
KOHIICHTpAIlisl BOJHIO, 3JaTHOTO 3BOPOTHO IPOHUKATH Kpi3b CTaJCBUI 3pa3ok,

puc. 4.20 (kpuBa 2).



Cy Monb/M>

0,35

0,25

0,20
0,15

0,10

0,05

0,00 ~—.
-0,55

v, mm/pix Kg

/ L
—7 /. 7 T
Mexanizm AP

0,30

MexaHi3Mm
AP+BP

[ P . iy ——

T T L L L LT

MéxaHilz;M BP

0,025

0,020

0,015

----40,010 ]

0,005 1

0,000

08 09 -10 -11
E B

now

-1,2

4,5
4,0
3,5
3,0
2,5
2,0
1,5
1,0

109

Puc. 4.20. 3anexxHicTh TOKA3HHUKIB, 110 BIUTUBAIOTH HA KOPO3iliHE PO3TPICKyBaHHS

ctaii 171'1C Bix moTeHIiany KaToHOI MOJsIpU3alili y MOACIFHOMY IPYHTOBOMY

enextpoiiti NS4: 1 — KoHIIeHTpallis BOAHIO, 1[0 MPOHUKAE Yepe3 CTAIEBUH 3pa3ok;

2 — CXWIBHICTB J0 KOPO31MHOTO PO3TPICKyBaHHS; 3 — MIBUKICTH 3aJTUIIKOBO]

Yacmra kpuxkoi ckn1aoosoi, %

53

52

51

50

49

48

47

46

KOpO3ii.

0,0 -0,2 -0.4 -0,6 -0,8 -1,0 -1,2

E

now

B

Puc. 4.21. 3MiHa 4acTKH KPUXKOI CKJIAJI0OBO1 y OUIAMIOBEPXHEBOMY IIapi 3pa3KiB 31

cram 17T'1C 3anmexHo Bif moTeHIiany: 1 — ekcriepuMeHTalnbH1 J1aHi;

2 — JiHIMHA €KCTPAIOAIIs.
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B mi#i o6nacti mOTEHINANIB 3pOCTa€ W CXHWIBHICTH JO KOPO3IHHOTO
po3tpickyBanns ctam 17'1C, puc. 4.20 (kpuBa Ne3). Pi3ke 3pocTaHHsS KOHIEHTpALil
BOJIHIO, Ta BIAMOBITHE 3pPOCTAaHHS CXHJIBHOCTI /10 KOPO31MHOTO PO3TPICKYBaHHS

BiJI3HA4YEHO 11 nmoTeHIiaiiB Bia emuime -0,980 B, puc. 4.20.
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BucnoBku 10 po3ainy 4

1. 3a pe3ynpTaTaMi KOMIUIEKCY €JIEKTPOXIMIYHHUX, KOPO31MHO-MEXaHIYHUX Ta
dbpakrorpadidHUX TOCIIIKEHb BCTAHOBICHO Ta EKCIEPUMEHTAIBHO IiITBEPIKEHO
ICHYBaHHS TpbOX OOJIACTEH TMOTEHINaTiB, B SKHUX KOpO3iiiHE pPO3TPICKyBaHHS
HU3BKOJICTOBAHUX cTajed ¢epuro-nepmitHoro kmaacy 0912C Tta 1712C vy
MOJIEIBHOMY IPYHTOBOMY eNeKTpoiTi NS4 3a katofgHoi mossipu3aliii Big0yBaeThCs
3a PI3HUMH MeEXaHIi3MaMH: JIOKaJbHOTO AaHOJHOTO PpO3YMHEHHS, BOJHEBOTO
PO3TPICKYBaHHS Ta 3MIIIAHUM MEXaH13MOM.

2. JlocaimkeHo npoiiec KoposiitHoro po3tpickyBaHHs crani 0912C B miana3oHi
MOTEHIIAIIB BiJ MOTEHIIay Koposii A0 -1,2 B Ta BCTaHOBIIEHI 3aKOHOMIPHOCTI
IIbOTO TIPOIIeCy. 3a MOTeHIanB, mo3uTuBHIMMX -0,850 B, 11€ MexaH13M JIOKaJIbHOTO
aHOJIHOTO PO3YMHEHHA: B Il o0macti He BIAOYBA€TbCS  HABOJHIOBAHHS
(KOHIIEHTpAaLlisl BOAHIO, IO IPOHUKAE B CTalb NOPiBHIOE (), 3HAUEHHS KOE(DILIEHTY
CXHJIBHOCTI JI0 KOpo3iitHOro postpickyBaHHsl Ks 3Haxonutbes B Mexkax Bin 1,02 mo
1,05, B mop¢ororii 3maMmy 3pyHHOBaHUX 3pa3KiB MPEBAIOE B’S3KUN Xapakrep (Y
CIIBBITHOIIEHHI B’SI3KUM:KpUXKuii, sik 54:46 %). B miama3oHi NOTEHIIANIB BiJl
-0,850 B nmo -1,000 B xopo3ist Bij Hampy>KeHHSI BiOYBAa€ThCs, SK 3a MEXaHI3MOM
JOKAJIBHOTO aHOJHOTO PO3YMHEHHS, TaK 1 BOJHEBOTO po3TpickyBaHHS: K
sminoeTsed Big 1,02 mo 1,11, xonumenrpanis Bogrto Big 0,011 1o 0,020 mons/m3, B
MopdoJiorii pyiiHyBaHHS HasBHA SIK B’sI3Ka, TaK 1 KPUXKA CKJIAJIOB1 Y CITIBBIHOIIICHHI
52:48. 3a mnoreHmianiB Bix emHimmx -1,000 B mpeBaitoe MexaHi3M BOJHEBOIO
PO3TPICKYBaHHS: 3pOCTA€ KOHIIEHTpAIlisl BOJHIO, IO MPOHUKAaE B cTaib, 10 0,040
MOJIE/M® Ta CXMJIBHICTH 0 KOPO3iHHOIrO PO3TPiCKYBaHHs, OLiHEHA 3a KOE]ilicHTOM
Ks — Big 1,06 go 1,40, Ta criocTepiraeTbcsi TCHICHIIIS 10 301BIIEHHS YaCTKH CKOJIIB
Ta KPUXKUX JUISHOK Ha TOBEPXHI PyWHYBaHHS 10 55 %, IO Y3TOKYEThCA 13
3HIDKCHHSIM TUTACTUYHOCTI.

3. ExcnepuMeHTanbHO BU3HAUEHI Ta BCTAHOBJICHI 3aKOHOMIPHOCTI TPOIECY

Kopo3iitHoro po3tpickyBaHHs ctaii 171'1C y po3zunni NS4 B niama3oHi moTeHIIIaiB
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BiJl TMOTEHITIATy KOpo3ii 0 -1,2 B Ta BCcTaHOBJIEHI 3aKOHOMIPHOCTI IBOTO MPOIIECY.
BcranoBneno, mo 3a moTeHmianiB mo3uTuBHImmMX -0,800 B, xopo3siiiHe
pPO3TPICKyBaHHSA Mepedirae 3a MEXaHI3MOM JIOKAJIbHOTO aHOAHOTO PO3YMHEHHS: TpU
UX T[OTEHI[laJjaX MPOHUKHEHHS BOJHIO B CTallb HE B1AOYBa€TbCA, 3HAYCHHS
koedimienty Ks 3mintorotees Bix 1,1 go 1,16, B Mopdosorii 31aMy 3pyHHOBaHUX
3pa3KiB MPEBANIOE B’S3KUN XapakTep (Horo yacTka mopiBHIOE mpuOmm3Ho 53 %). B
niama3oHi noteHmianis Big -0,800 B 1o -0,980 B po3TpickyBaHHs BiiOyBa€eTbCs 3a
3MIIIAHUM ~ MEXaHI3MOM  (JIOKQJIbHOTO aHOJHOTO PpO3YMHEHHS Ta BOJHEBOIO
PO3TPICKYBaHHSI), Ha 110 BKa3ye€ 3pOCTaHHS KOHIEHTpailii BojHto Bix 0,06 mo 0,012
MOIb/M®, KOe(illi€HTy CXMILHOCTI IO KOpo3iliHoro posrpickysanns Ks Bix 1,16 mo
1,58, Ta yTBOpEHHSM JUISSHOK KPHUXKOTrO pYyWHYBaHHS Ha IOBEpPXHI 3J1aMiB
(CTIIBBITHOIIICHHS YaCTKH B’ I3KUM:KpUXKHH — 59:41 %). 3a moTeHIiamiB Bil’ eMHIIINX
-0,980 B mpeBanioe BOJHEBE PO3TPICKYBAHHS IO MIATBEPIKYETHCS 30UIBIICHHSIM
KOHLeHTpanii BoaHo 10 0,326 Mons/M°, KoeillieHTy CXMIBHOCTI 4O KOPO3iHHOIo
po3tpickyBanHsd Ks Big 1,56 g0 4,38 Ta 4YacTKM KPHUXKOi CKJIaJOBOi IOBEPXHI
pyiinyBaHHs 10 52 %.B oOnacti moreHuianiB no3utuBHImKX -0,8 B koposiitHe
PO3TPICKYBaHHS Iepedirae 3a MexaHi3MOM JIOKaJbHOI'O aHOJHOTO PO3YMHEHHS; MpHU
[UX TIOTEHIlaJlaX MPOHWKHEHHS BOJHIO B CTallb HE BIJOYBAE€THCS, 3HAYCHHS
koediienty Ks 3mintororbes Big 1,1 mgo 1,16, moBepxHi pyHHYyBaHHSI B’s3Ka 3
MPEBATIOBAHHIM SIMKOBOTO XapakTepy. B obmacti morenmianis Big -0,800 B mo -
0,980 B po3rpickyBaHHS BiIOyBAa€ThCS 3a MEXaHI3MaMHU JIOKAJbHOTO AHOJIHOTO
PO3YMHEHHS Ta BOJAHEBOTO PO3TPICKYBaHHS, Ha IO BKa3ye 3pOCTaHHS KOHIIEHTpAIlil
BOJHIO, 3/IaTHOTO 3BOPOTHHO MPOHHUKATH KpI3h CTAJICBUH 3pa3oK, KOePIIieHTY
CXHJIBHOCTI 10 KOpo3iiiHoro po3tpickyBaHHsl Ks, sikuii 3pocrtae Bin 1,16 no 1,58, ta
YTBOPCHHSIM JUISHOK KPUXKOTO pPYWHYBaHHS Ha TOBEpxHI 3mamiB. B o06macti
noteHmiams Bix emuime -0,980 B mpeaintoe BogHEeBe pO3TPICKYBaHHS: IHTEHCUBHO
3pOCTalOTh KOHILIEHTpAIlisl BOAHIO, [0 MPOHUKAE B CTaJlb, KOC(IMIEHT CXUIBHOCTI JI0
KOpo3iiiHoTO po3TpickyBaHHs Ks 30imbinyetses Big 1,56 mo 4,38, mo kopentoe i3

3pOCTaHHSIM YaCTKU KPUXKHUX JUISHOK Ha MOBEPXHI pyHHYBaHHSI.
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4. JlocniTKeHHSIMH BIUIMBY MOTEHINATy KaTOJHOI MOJIApU3allli Ha IIBUIKICTh
3aJIMIIKOBO1 KOPO31i HU3bKOJEroBaHUX crajeit depurto-nepaitHoro kiaacy 0912C Ta
17T1C y monmenbHOMY TIPYHTOBOMY €IEKTpoiiTi NS4 B jiama3oHi MMOTEHITIAJIB
nosspu3aitii Big -0,750 B o -1,050 B BcTanoBieHO, 1110 32 MiHIMAQJIBHOTO 3aXUCHOTO
noteHmiany -0,750 B mBuakicts kopo3ii mux cranei cranoButh 0,0032 Mm/pik Ta
0,0054 mm/pik, BiamosigHo. Lle minTBepmXye AOCATHEHHS TEXHIYHO JOCTAaTHHOTO
3axucHOro edekTy (mBUAKICT, Kopo3ii MeHme 0,01 mMM/pik) 3a MIHIMAJIBHOTO

3aXHCHOTO MOTEHITIAITY.
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PO3/ILI 5
JOCJIKEHHS CTIHKOCTI CTAJI 10I2®5, JETOBAHOI BAHAJIIEM
TA HIOBIEM, TA ii 3BBAPHOI'O 3’€JHAHHSI, IPOTU KOPO3IHHOI'O
PO3TPICKYBAHHS Y MOJIEJBHOMY IPYHTOBOMY EJEKTPOJIITI
NS4 3A KATOJHOI HOJISIPU3 AT

5.1. MikpocTpykrypa craji 10I'2db Ta 3BapHOro 3’€AHaAHHA

MikpocTpykrypa Hu3bkosieroBaHoi craim 10I2db — nucnepcHa ¢eputo-
MEepJIiTHA CYMINI 3 TMOJOBXKEHHSM 3€peH B HampsMKy mpokaTy. CrocTtepiraerbcs
npuTamMaHHa I CTalli KOHTPOJhOBAHOI TMPOKATKA HE3HAYyHA CTPYKTypHA
HEOJHOPIAHICTh B PI3HUX IO TOBLIWHI JIUCTA JIJISTHKAaX (B OUISMOBEPXHEBUX IIapax B
MOPIBHSIHHI 3 IHIIUMHU 30HaMU (DEpUTHE 3€pHO OLIBII BUAOBKEHE B3JOBX IMPOKATY).
XapakTepHa MIKPOCTPYKTypa cTaii HaBeaeHa Ha puc. 5.1 (poro a, 6). Posmip
dbeputnoro 3epHa (0,0078-0,011) mxm 3rigro 3 ACTY 8972; cmyracticTe MeTary —
(3-4) 6any, psaa b srigno 3 JICTY 8974 113. TeepaicTh MeTany 3HaXOAMTHCS B
mexax (180-190) HV. CtpykTypHi XapakTepUCTHKNA METaNy € TUIOBUMU JUIsl CTall
KOHTPOJILOBAHOT IPOKATKH, MIKPOJIETOBAHOT BaHA €M 1 HIOO1€EM.

HewMmeranesi BKIIOYEHHS MPECTABIIEH], IEPEBAXHO, APIOHUMHU TIIOOYIIPHUMU
okcugamMu 1 okcucyibdigamu. CrocTepiraeTbCs HEBEIMKa KUIbKICTh OKCHJIIB
CTPIYKOBMX 1 CHJIKATIB KPHUXKHX Y BHUIUIAII CTPIYOK, PO3TALIOBAHUX B3JIOBXK
TeKCTypu Tpokaty puc. 5.2 (doro a, 0). 3aOpyaHEHICTb HEMETaJICBUMHU
BKJIFOYCHHSIMH  HE3HayHa 1 32  MakCUMaJbHUM  0ajoM  3TiHO 3
JACTY ISO 4967 114 cranoButh (1,5-2) Oamu. Crnoctepiraerbcsi Aemio Oiblia
KUIBKICTh CKJIQJHHUX TIO0OYISIPHUX BKIIIOUEHb BEITUKOTO pO3MIipy (HE OUIBIIE 5 MKM),

puc. 5.2 (dboto B).



Puc. 5.1. Mikpoctpykrypa crtani 10I"2Db (x400): a — 61514 moBepxHi; 6 —

MOCepeMHI 110 TOBITUHI JIUCTA.

a §) B

Puc. 5.2. Hemeranesi BkmroueHHs B ctami 1017206 (x500).
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VLT

Uhe

Puc. 5.3. MikpocTpykTypa MeTairy 3BapHOTO 3’ €qHanHs 31 ctaini 101 2Db:
a — 30BHIIHIN moB, X100; 6 — 30BHIMHIN m0B, X400; B — BHYTpimHii moB, x100;
r — BHYTpimHii mos, X400; 1 — 30Ha kpynHoro 3epHa, X100; e — 30Ha KpyIMHOTO

3epHa x320.
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MikpocTpykTypa MeTaldy BHYTPIIIHHOTO 1 30BHIIIHBOTO TO3J0BXKHIX MIBIB
3BApHUX 3’€JHaHb JOCIHI)KYBaHHOI TpyOUW € AMCIIEPCHUM Troj4acTuM (eputom 3
BUJIUICHHAMH MDK3€PEHHOTO JOEBTEKTOITHOTO (DEPUTY Yy BUIJISIAI TOHKHX CYILIIBHUX
IPOLIAPKIB, OKPEMHUX 3€pPEH Ta OJUHUYHUX IpyOUX KOHIJIOMEPATIB TaK 3BAHOIO
MAaCHBHOTO J0€BTeKTOimHOro ¢epury (puc. 5.3, a-2). YacTka J0€BTEKTOITHOTO
3€pHOTPAHUYHOTO TOJITOHAIBHOTO (EpPUTYy B METall HIBIB TPyOU — HE MEPEBUIIYE
6 %.

B 30H1 TepMIYHOrO BIUIMBY 30BHINIHIX 1 BHYTPIIIHIX MIBIB 3BapHUX 3’ €JHAHb
TpyOu 31 ctam 10I'2Db Ha AIISHII KPYNMHOrO 3€pHA CHOCTEPITAEThCS CTPYKTypa
oeitHiTHOrO TUMY ((EepUT 3 BUAUICHHAMH Apyroi (a3, MepeBa)KHO IIACTHHYATOL
MOp@oJIoTii) Ta YTBOPEHHIM (POPMYBAaHb MOJITOHAIBHOTO JOEBTEKTOIAHOTO (hEpUTY
Ha TPaHMIX ayCTEHITHUX 3epeH (puc. 5.3, 1, e). Ha minsHii KpymHOro 3epHa MeTary
30HM TEPMIYHOTO BIUIMBY Ta Ha JUISHIN MPUJIETIIOl A0 JIiHII CIUIABJICHHS JiaMeTp

3epeH ctaHoBUTH 0,088 MkMm 3rigHO 3 94.

5.2. locaigskeHHs1 MeXaHi3My KOpo3iiiHoro po3rpickyBanns craji 101206

METOAO0M BOJIbTAMIIEPOMETPIi.

3riiHO 3 PO3pOOJICHO B PO3AUIT 3 METOAMKOI 3 MOJISIpU3ALIMHUX KPUBHUX,
HaBEJIEHUX Ha puc. 5.4, BU3Hayanu o01acTi, B IKMX BiIOYBA€THCSA 3MiHA MEXaHI3MY
KOpO3iiHOTO po3TpickyBaHHs cTani 10 20b.

BceranoBuiv, 10 MOTEHUIadM NpPH  HYJIBOBOMY CTPYMi, JIOPIBHIOIOTH:
EL, = -0,750 B ta E2, = -1,050 B. Otxe, B miama3oHi MOTEHIATIB, OUIBIII
no3utuBHUX HIX EL, = -0,750 B kopo3ziiine po3TpicKyBaHHs Tiepebirae 3a
MEXaHI3MOM aHOJHOTO pO3UYMHEHHSA. B miama3oHi MOTEHIIANIB  BiJ €MHIIIAX

E2, = -1,050 B koposiiiHe po3TpicKyBaHHs Tmepedirac 3a MEXaHi3MOM BOIHEBOTO
po3TpickyBaHHs. B jmiama3oHi mnoreHuianmiB  Big EL, g0 E2, KOpoO3iiiHe

postpickyBanHs ctani 10I2Db nepebirae 3a 3MilaHUM MEXaHI3MOM — aHOJIHOTO

PO3UMHEHHS Ta BOJHEBOTO PO3TPICKYBAHHS.
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Puc. 5.4. Tlonapuzaniiini kpusi (a) crani 101206 y MoaearHOMY IPYHTOBOMY
enekTpodiTi NS4, oTpuMani 3 pi3HOIO MIBUAKICTIO CKaHYBaHHS OTEHINATY Ta
3QJICKHICTh 3MIHHU CITIBBIIHOIIICHHS CTPYMIB B1JI MOTEHINIANy Mojspu3ariii (0):

1-0,5 MB/c; 2 — 100 MB/c.

o i —i
Po3paxoBano cmiBBigHOIIEHHS -—=, puc. 5.4, 0, sikE BKa3ye Ha BHECOK
[

S
aHOJIHOTO PO3YMHEHHS B MEXaHI3M KOPO31MHOTO PO3TPICKYBAaHHS ISl CTajl 3aJI€KHO
BiJI MOTEHIaNy MoJispu3allii 1 BU3HAYEHO, IO Jiana3oH MOTEHIaJiB 3MIIIAHOTO

mexaHi3my st crani 10I22db cranosuts 0,300 B.
5.3. Kopo3iiiHo-mexaHiuHi gocaimxenns craji 10I'2Db.

Ak 1 gna craneir 0912C Tta 17T'1C micnga pyiiHyBaHHS Ha TMOBITPI O3HAKHU
B’A3KOT0 pyUHYBaHHS 3pa3KiB 31 cTani 101 2db 30epiraroThcs,
puc. 5.5: BUIHO XapaKTepHE yTATyBaHHS OIS MICIsl pO3PUBY Ta HAasIBHICTh IUISHOK,
0 3a3HAJM IUIACTUYHOI JaedopMarii, puc. 5.6. Yac pyiiHyBaHHS CTaHOBUB
43 roauHu, BITHOCHE MOAOBXKEHHs 28 %, BimHOCHE 3BYyxkeHHs — 53,1 %. ['panwuis

mirHOCTI qopiBHoBana 512 MIla, Bigaocue nomosxenns 28,0 % (tabu. 5.1).
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PyitnyBaHHs 3pa3kiB Ha MOBITPI BinOyBasocs B’S3K0, pHC. 5.6, JNiHIS pO3PUBY
IUTaBHA, XBIJISACTA 3 XapaKTEPHUM YTATYBAaHHSAM OiJisl MiCIIsl pO3pUBY Ta YTBOPEHHSIM
TISHOK, SKI 3a3HanW 1wiactuyHoi nmedopmarii, puc. 5.6. ['panmms wmimHOCTI
nopiBHioBasia 512 Mlla, BigHocHe nogoxeHHs 28,0 %. Mopdodoris 31amy B’si3ka

(IMKOBOTO XapakTepy), po3Mip SIMOK, B OCHOBHOMY He mepeBuirye 50 Mkm puc. 5.7

(doto a).

Tabmums 5.1
Mexaniuni BiactuBocTi ctaii 10I"2®b Ha noBiTpi Ta KOPO3iitHO-

MEXaHI4YH1 — B MOJICJIBHOMY IPYHTOBOMY €JIeKTpoutiTi NS4 3a pi3HUX MOTEHIIIaiB

noJIsipu3aii
YMmoBHU BU-
Xapakrepuc-
Hp06yBaHI’7 prﬁH1 c50,21 OB, Sl
. 8, % ¥, %| Ks |F, % F,% | Ttuka mopdo-
noreHuiain, | rog | MIla | MIla MM?
JIOT11 371aMy
B
[Toitpst | 43 | 417 | 512 | 28,0 | 14,08 |53,1| - - - B’s3kuii
IIepeBaxxHo
-0,680* [43,5| 433 | 502 | 27,0 | 15,2 |49,3|1,07| 20| 3,7 , 5
B’A3KUI
ITepeBaxxHO
-0,750 | 44 | 433 | 510 | 28,5 | 154 |48,7|1,09| 0,4| 1,8
B’ SI3KUH
ITepeBaxxHO
-0,800 | 41 | 415 | 504 | 25,7 | 156 | 48 |1,11| 16| 8,2
B’ SI3KUI
B’s13kuii 3

-0,850 [44.2| 461 | 552 | 29,2 | 159 | 47 |1,13| 78| 4,3 O3HaKaMHU

KPHUXKOTO

B’sa3kuit 3
- 0,900 41 | 447 | 526 | 26,7 | 156 | 48 |1,11| 2,7| 4,8 O3HaKaMu

KPHUXKOTO




Kiuneus Tadm. 5.1.
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YMOBHU BU- Xapakrepuc-
npoOyBaHb,| Tpyiim,| C0,2, | OB, THKa MOP(QO-
p Y. pyii 02 B 5,% |S, wv2¥, %| Ks |F 04 Fs 0 ! pd
norenmai,| roa | Mlla | MIla JIOT11 371aMy
B
B’s3kuii 3
-0,950 | 42 | 432 | 507 | 29,0 | 156 | 48 |1,11| 10| 3,4 O3HaKaMu
KPUXKOI'O
B’s3knit 3
-1,000 | 39 | 424 | 512 | 27,0 | 15,7 (47,7|1,11| O 3,7 O3HaKaMu
KPUXKOI'O
B’s3knit 3
-1,050 | 40 | 440 | 517 | 256 | 159 | 47 |1,13| 10 | 8,8 O3HaKaMu
KPUXKOIO
IIepeBaxxHO
-1,100 | 40 | 455 | 531 | 289 | 17,1 | 43 |1,23| 3,7 | 3,2 .
KPUXKHUI
ITepeBaxxHo
-1,150 | 40 | 440 | 513 | 25,6 | 17,2 |42,7|1,24| 0,2 | 8,6 5
KPUXKHUI
ITepeBaxxHO
-1,200 | 39 | 421 | 510 | 248 | 174 | 42 |1,26| 04 | 115
KPUXKUU

* [ToreHiian Kopo3ii.

[Ticns pyitHyBaHHSI 3pa3KiB y PO3YMHI 3a TMOTEHIlally KOpo3sii, puc. 5.6,

CHOCTepiFaJII/I HC3HAa4YHC 3MCHIICHHSI MAaKCHUMAJIBHOI'O HABAHTAXCHHA HpI/I6JII/13HO Ha

2 %, puc. 5.5 (kpuBa 2) Ta BIAHOCHOTO MOJOBXEHHS HA 3,7 % MOPIBHAHO 13 IUMU

NOKa3HUKaMu Ha NoBiTpi. [IpeBantoe B’s3Kuii (IMKOBHIT) XapakTep 3j1aMmy, ajie SIMKH

KpYIHIIIe, HDX MiJ 4ac pyWHyBaHHS Ha moBitpi, puc. 5.7 (dhoto 06). Koedimient

CXHJIBHOCTI JI0 KOPO3iiHOTO po3TpickyBaHHs AopiBHIOE 1,07, puc. 5.8 (kpusa 3).




121

o, MIla o, MIla o, MIla
T T T T u‘., T T oosoee ooéo/'o.b.%
500} " 3] 500 N s00| L 3l
400} 2 1 400 / 31 4001 ; 1]
‘[ “t 2
300 - R 300 300+ f V4
/
200 , 200 2001 §
100} # 1 100 100}
% 5 10 15 20 25 % 5 10 15 20 25 % 5 10 15 20 25
& % & % & %
td
a 0 B
o, MIla o, Mlla o, Mlla
500 W,,,,.ﬂ""°°’°'"'m' 3 500 st ,\\3; 500t 3 iz 1
a0l I 1 400} f 7 1] 400+ 7 1
i/ 1‘; 2 L g 2 |
300 / 300 I/ 1 300 /
200| F 200+ / 1 2001 £ 1
100 /L‘ 100 3£ 1001 &5
% 5 10 15 20 25 % 5 10 15 20 25 o % s 10 15 20 25 s %
s % & % ,
r i €
o, MIla ‘ ‘ ‘ ‘ ‘ o, MIla o, MIla
so0l é»y@oﬂ"" 0000 ] 500 j_ﬁaoao.om'w'%g 500 W,%‘“ 0:00.2,
possl. 2,
400 /; 14 400 77 1 400 1
/3 2 /3 2 2
300+ [ g 300 £/ 300
200} | 200 // 200
100} 1 100 100| &
0 L L L L L 0 0 )
0 5 10 15 20 25 95 0 5 10 15 20 25 g 9; 0 5 10 15 20 25g %
K K JI
o, MIla
"3
500 e ~
400t % 14
1 2
300 /
d
200+ J
100}
0

0 5 10 15 20 25g %

Puc. 5.5. Jliarpamu pyiinyBanHns 3pa3kiB 3i ctaii 102D micns MmexanigHux
BUNPOOYBaHb HA MOBITPI (1), KOPO31HHO-MEXaHIYHUX BUIIPOOYBaHb Y MOJEIBHOMY
rpyHToBOMY enektpouriti NS4 3a morenmiany kopo3ii (2), 3a MOTeHIary moaspu3aiii
(3): a—-0,750 B; 6 —-0,800 B; 8 —-0,850 B; r — -0,900 B; 1 —-0,950 B; ¢ —- 1,000
B; x —-1,050 B; x—-1,100 B; n—-1,150 B; m —-1,200 B.
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[oBiTps

Eop = 0,681 B
Eunor=-0,750 B
Enos=-0,800 B
Enor=-0,850 B
Enox=-0,900 B
Enon=-0,950 B
Enor=-1,000 B
Enos=-1,050
Enor=-1,1 B
Enon=-1,150 B
Enon=-1,200 B

Puc. 5.6. Burnsag o6nacti pyitHyBaHHs 3pa3kiB 3i ctam 10126 micis
MEXaHIYHUX BUNPOOYBaHb Ha MOBITP1 Ta KOPO31HHO-MEXaHIYHUX
BUIIPOOYBaHb Y MOJEIBHOMY I'PYHTOBOMY €JIEKTpoJiiTi NS4 3a pi3HHX

MOTEHIAJIB.
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3a MIHIMaTBLHOTO 3axXKCHOTO MoTeHIany -0,750 B pyitHyBaHHS TakoX BimOyBanocs
MepeBaXXHO B’SI3KO, JIIHIS PO3PUBY XBUJIACTA, ajie CKJIQAHIIIA HIXK Ha IMOBITPI Ta y
po3unHi 0e3 HaBeJeHHS MOTEHIlaTy, XBIJII MAalOTh OUIBIITY aMILITYAY, iX KUIBKICTb
Oinpmma, puc. 5.6. ITloka3HUWKM 3HIWKEHHS TPaHMUIN MIIHOCTI Ta BIJHOCHOTO
noAoBxkeHHs cTaHoBiATh 0,4 % Ta 1,8 %, BIAMOBIIHO, KOE(PIIIEHT CXUIBLHOCTI J0O

KOpo3iitHoro po3TpickyBanHs 1,09, puc. 5.7 (kpusa 3).

Fl % T T T T T I KS
12¢ Jlianasown II: AP+BP 2 I ’30
10+ 1,25

8F ' 1,20
Uliamasd

6 o 1,15

4L Jianasos I11: - | 5 10
c>< BP L0

2 '\l 3 5 5

of ¥ 1,00
-0,7 -0,8 -09 -1,0 ~-1,1 -1,2

EnO./l’ B

Puc. 5.7. 3miHa koedilI€HTIB BTPATH BIACTUBOCTEN 3pa3kiB 31 craii 10I2Db
3aJIEXKHO B1J MOTEHLIATy Mics KOPO31MHO-MEXaHIYHUX BUMIPOOYBaHb Y MOJIETLHOMY
rpyHToBoMy enektpouiti NS4: 1 — rpanutis MiHOCTI; 2 — BIIHOCHE TIOJIOBXKEHHS; 3 —

KO€(DIIIEHT CXUITBHOCTI 10 KOPO31ITHOTO pO3TPICKYBAHHS.

Xapaktep pylHYBaHHS, SK 1 paHilie, B’S3KdN, aje Bi3yaJbHO BHIHO
YKPYIHEHHS pO3Mipy SIMOK Ta 3MEHILIEHHS iX IMOuHu, puc. 5.8 (Ppoto B).

3a morenmamB Big -0,8 B mo -1,0 B cmocrepiraeTbcs TEHACHINS 0
3MEHIIICHHSI YacTKU B’S3KOTO PYWHYBAHHS Ta 3pOCTaHHS YacCTKU KPHUXKOTO, Ha IO
BKa3zye 3MiHA BUIJIALY JIiHII pO3pUBY, sika HaOyBae (OpMH CKJIQJHOI JamaHoi 31
CXOIMHKAaMH pO3pUBYy, pucC. 5.6, 30imbiienHs koedimienty Ks mo (1,11-1,13),
Tabn. 5.1 ta puc. 5.7 (kpuBa 3). B mMopdoiorii 31amMiB BIAMIYA€THCS YKPYITHEHHS

SMOK Ta 3MEHIIICHHS iX TJIMOWHM, TMOSBa TUIOCKUX AUITHOK PyWHYBaHHS puc. 5.8

(poro r-x).
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Puc. 5.8. ®pakTorpamMu noBepxoHb pyiHyBaHHS 3pa3kiB 31 ctaii 10 2dDb micns

MEXaHIYHMX BUIIPOOyBaHb Ha MOBITPI (a, a*), KOpO31iHO-MEXaHIYHUX BUIPOOYBAHb Y

MOJIETILHOMY IPYHTOBOMY e€J1eKTposaiTi NS4 3a moTeHiany kopo3sii (6, 6*), 3a
NoTeHIIiamB noJisipu3aiii: B, B* -0,750 B; r, r* — -0,800 B; n, n* — -0,850 B; ¢, e* — -
0,900 B; x, x* —-0,950 B; k, x* —-1,000 B; n, 1* — -1,050 B; m, m* —-1,100 B; 1, u*
-1,150 B; mm, m* — Enos= 1,200 B. x12 (BepxHe doT10), X500 (HMKHE DoTO, *)
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3a MmakcumanbpHOTO 3axucHoro norexmiany -1,050 B B pyiiHyBanHI nepeBaxkae
KPUXKUW XapakTep, 3BY>KEHHS 3pa3ka MOMITHO MeHIe, Tabn. 5.1, JiHisS po3puBy
CKJaJHa JIaMaHa, BUJHI CXOJWHKMA pPO3PUBY Ta BTOPWUHHI TPIIUHHU, pHUC. 5.6.
[Toka3HUKU 3HUKEHHS TPAHUIl MIIHOCTI Ta BIJHOCHOTO TOJIOBXKEHHS CTAHOBIIATH
1,0 % Tta 8,8 %, BIANOBIIHO, KOEQIMIEHT CXUIBHOCTI JI0 KOPO3IHHOTO
postpickyBanHs 1,13, puc. 5.7 (xkpuBa 3). Ha moBepxHi pylHyBaHHS MpPEBaIIOIOThH
Maiike TUTOCKI JTUISSHKU PyHMHYBaHHS OUIBIIOL TUTONIl JTOBXUHOK Bia 10 10 30 MkwM,
HIXK Ha 3pa3Kax, 3pyHHOBaHUX IPU MEHUI B1J €MHUX MOTEHI1anax, puc. 5.8 (poto x).

3a morenmiams Bix -1,100 B mo -1,200 B BigmidaeTbCAd TEHIEHIS 10
3pOCTaHHS YaCTKH KPUXKOTO PYWHYBaHHS, IO KOPEIIOE 13 3MEHIICHHSIM B1JTHOCHOTO
3By:KeHHs. JIiHIS po3puBY — CKJagHa cxigyacta jgamMaHa, puc. 5.5. Iloka3Huku
3HIDKEHHSI MEKU MIIHOCTI Ta BIJIHOCHOTO TMOJIOBXEHHS 3MIHIOIOTHCSI HEOJJHO3HAYHO,
koedimienT Ks npoaossxkye 3poctatu 1o (1,23-1,26), tadn. 5.1 ta puc. 5.7 (xpusa 3).
Ha noBepxHi pyiiHyBaHHs 30UTbIIY€ETHCS KUIBKICTh IUIOCKUX JAUISTHOK PyWMHYBAaHHS Ta
iX 101112, 3MEHIIIYETHCS YacTKa SIMOK Ta 1X TJrOuHa, puc. 5.8 (poTo k-M).

Takum 4yMHOM, 3a MOTEHIATiB B O0JACTI 3MIIIAHOTO MEXaHi3My, IJis CTail
10I'2db Bin 3Haxomuthes B oOimacti Big -0,750 B mo -1,050 B BigmivaeThcd
HEMOHOTOHHA 3MiHa TMapaMeTpiB pyWHYBaHHS, 10 KOPEIIOE 31 3MIIMIAHOI0
MOpdoJIOTiE0 pyMHYBaHHS. 3TiJHO 3 YAOCKOHAJEHOI METOJIUKOI MOOYAOBAHO
ricTorpaMu pO3MOJIIYy SIMOK y TPHUIOBEPXHEBOMY Iapi Iii€i crami, puc. 5.9, Ta
PO3paxoBaHO YaCTKy KPUXKOTO PYWHYBaHHS 3pa3KiB, TOCTI)KYBaHUX 32 PI3HUX YMOB

(Tabn. 5.2).
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Puc. 5.9. Xapakrep 3namy y npunoBepxHeBOMY I1api (BEpXHiil pUCYHOK) Ta
ricrorpaMu po3noJiTy SIMOK Ha MOBEPXHI 371aMiB 3pa3kiB 31 ctam 10I2Db (auxkHii
PUCYHOK, *) TICJIsl MEXaHIYHUX BUMPOOYyBaHb Ha MOBITPI (a, a*), Kopo3iiHO-
MEXaHIYHMX BUIIPOOYBaHb Y MOJICILHOMY I'PYHTOBOMY eJIeKTpoJiiTi NS4 3a
noTeHIiary kKopo3ii (0, 6*), 3a moTeHIianiB noaspusarii: B, 8* -0,750 B; r, r* — -

0,950 B; n, n* —-1,050 B; e, e* —-1,200 B.
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Tabmuis 5.2

YacTka KpUXKOi Ta BSI3KO1 CKJIaI0BO1 y OUIAMIOBEPXHEBOMY IIapi 3pa3KiB 31 CTajl

10I"2®Bb 3anexHO BiJl MOTCHITIATY

YMoBH Cymapna mioma
_ | Yactka B’si3k0ro | YacTka KpHXKOIO
Ne 3/m| BumpoOyBaHb, [ricTOrpamu, yMOBHI
. . pyliHyBaHHS, % | pyWHyBaHHS, %
noreHiman, B OJUHUIIL
1 [ToBiTps 711 52,2 47,8
2 -0,681* 668 53,9 46,1
3 -0,750 547 48,4 51,6
4 -0,950 610 62,3 37,7
S) -1,050 590 37,3 62,7
6 -1,200 622 62,7 37,3

* [ToTeHiian Kopo3ii.

5.4. locaigkenHs: cxuabHOCTI cTadi 10I'2M6 10 HaBoAHIOBAHHS

OObIYHO MMEHHO ATOT pactBop ¢urypupyer lloTreHmian criiikoi nmacupaiii

ctam 10I'20b Bu3Havyau 3 MOJSPU3ALINHOI KPUBOi, BUMIPSIHOI Ha 3pa3Ky B Kamepi

OKHCHEHHS, 1 BcTaHOBIoBanu piBHUM -0,250 B, puc. 5.10.

E, B
-0,45 N
-0,40 \
1
-0,35
0,30 \ E,.=0.250 B
-0,25
3
-0,20 ~
> \
-0,15 2
-0,10
-4,0 -2,0 0,0 2,0
lgi (i, AIm°)

Puc. 5.10. AnoaH1 nonspu3saiiiiini kpusi, Bumipsiai Ha ctaii 10I'2db B po3uuni 0,1

M NaOH (1, 2), ycepennena kpuBa (3) Ta moTeHIIial macuBailii ctail B kKamepi

OKHMCHCHHAI.
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Puc. 5.11. 3mina ctpymy Ha 3pasky 31 ctani 10 2Db B okucioBanbHIN KaMmepi 3a

MOTEHITIaTIB TOJIAPU3AIlii B KaMepl HABOJHIOBAHHS Y MOJICTBHOMY IPYHTOBOMY
enektpoiiti NS4: a—-0,750 B (1), -0,800 B (2); 6 —-0,850 B (1), -0,900 B (2); B —
-0,950 B; r—-1,000 B; 1 —-1,050 B; e —-1,100 B; »x — -1,150 B; x — -1,200 B.
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Pe3ynbratu BU3HAUYE€HHS MPOHUKHOCTI BOJHIO 3 PI3HUX MOTEHII1aJiB HABEIEHO

Hwk4e. 3a noreHmams Big -0,750 B go -0,950 B nHa 3pasky 31 cram 10I2db B

KaMepi OKHUCIICHHS CTPYM HE 3pocTaB, puc. 5.11, a-B, 1m0 BKa3yBajio Ha BiJCYTHICTh

HaBoJIHIOBaHHSA. [linBUIIeHHS cTpyMy nodasiocs 3a noteHiiany -1,000 B (puc. 5.11,

r). CranioHapHuii cTpyM HaBoaHIOBaHHA cTaHOBUB 0,0033 MA, KOHIIEHTpallisl BOIHIO

Ha OKHUCITIOBANIbHINA cTOpoHI fAopiBHIOBana0,0023 monb/M* (Tabia. 5.3), 4ac 3aTpuUMKH

BUXOy BOJIHIO — 10 XB.

Tabmuis 5.3

EnexTpoxiMiuHi XapakTEpUCTUKH TIpoliecy HaBoaHIOBaHHS cTali 101" 2db 3a pizHux

MOTEHITIATIB KaTOAHOI MOJISIpU3aIlii B MOJAEIbHOMY IPYHTOBOMY elleKTpomiTi NS4,

[ToTenmian macusarii B kamepi okucHeHHs -0,25 B

Co
EnonaB EaKOp,B IblA IE:X!A ICT!A L)M
MOJIb/M3

-0,750 -0,695 7,3 x10° - - 0,001 -
-0,800 -0,72 4.7 x10°® - - 0,001 -
-0,850 -0,737 3,4 x10® - - 0,001 -
-0,900 -0,73 9,1 x10° - - 0,001 -
-0,950 -0,76 10,0 x10% - - 0,00099 -
-1,000 -0,774 12,9 x10° 16,2-10° 3,3-10° 0,00096 0,023

18,8-10° 7,9-10° 0,001 0,057
-1,050 -0,861 10,9 x10°

26,8-10° 16,0-10® 0,001 0,114
-1,100 -0,839 6,9 x10® 9,9-10° 3,0-10° 0,00098 0,021




Kinens Tabi. 5.3
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CO
E ,B E“mp, B l,, A I A lee ) A L, m ’
’ MOJTB/M>
27,0-10° 17,8-10® 0,001 0,128
16,4-10® 7,2-10°° 0,001 0,052
27,9-10° 18,7-10° 0,001 0,134
-1,150 -0,903 9,2-10°
22,2-10° 13,0-10° 0,001 0,093
17,3-10® 8,1-10° 0,001 0,058
15,4-10® 6,2-10° 0,001 0,045
-1,200 -0,837 9,2-10® 11,7-10® 2,5-10° 0,001 0,018

3a morteHmianiB kaToaHo1 nossapu3zarii -1,050 B ta -1,100 B (puc. 5.11, g, e),
IPpU BCTAHOBJIEHI (POHOBOI'O 3HAYEHHS CTPYMY CIIOCTEPIrajuch CTPUOKONOA10HI
M1JBUIIEHHS CTPYMY, IMOBIPHO HECTAI[IOHAPHUM PEKUMOM MPOHUKHEHHSI BOJIHIO, SIK1
cknagam 0,0079 MA ta 0,0160 MA mns motentiany -1,050 B ta 0,003 MA mns
notenmiany -1,100 B, BiamopigHo. KonmenTpariii BogHIO Ha 3pa3Ky B Kamepi
OKHUCIJTIOBAJICHHS, sIKa BIiAMOBigana UM cTtpymam craHoBuna 0,057 monb/m® Ta
0,114 mons/m* muust morenmiany -1,050 B Tta 0,021 mons/m? murst -1,100 B.

3a morenmiany -1,150 B (puc. 5.11, x), Ha ammeporpami CHocTepiraiu
JeKUTbKa CTPUOKOMOMIOHMX TMiJBUILECHb CHUJIU CTPYyMy, SIKI TEPEBUIIYBAIM HOTO
dboHoBe 3HaueHHs, BianoBiaHo, Ha 0,0178 MA, 0,0072 MA, 0,0187 MA, 0,0130 MA,
0,0081 MA Ta 0,0062 MA, mo BiANIOBIZAI0 OOYMCICHIN KOHIIEHTpAIlli BOJHIO Ha
3pBKY B 0,128 0,052

0,134 monw/M3, 0,093 monw/Mm3, 0,058 monws/Mm® Ta 0,045 Mois/M3.

Kamepl  OKHUCJIIOBaJICHHS MOJIB/M?, MOJIB/M?,

3a MaKCMMaJIbHOTO MOTEHIIIaTy KaToAHOI nossipu3anii -1,20 B na ammneporpami
croctepiraym 3poctanHs crpymy Ha 00,0025 MA BigHOCHO (OHOBOTO 3HAYEHHS

yaopojoBx ~30 XB 3 TOAAIbIUM 3HWXKEHHSAIM. KoHIIeHTpalis BOJHIO 3a

MaKCHUMAaJIbHOTO OKUCIIIOBAJIbHIM ~ CTOpPOHI CTaHOBMJIA

CTpyMy Ha

0,018 mMoab/M?, 4ac 3aTPUMKH BUXOAY BOJHIO TOPIBHIOBAB 25 XB.

3paska
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Heniniitauii xapakTep 3aj€KHOCTI KOHLIEHTpALlli BOJHIO, SIKUW IPOHUKAE Yepe3
ctanb 10['2Db 30epiraeTbes, sSK 1 ISl MaJoOBYIJeleBUX cranei, puc. 5.11.
[TponnkuenHs BoaHIO Yepe3 ctainb 101 2Db nounnaetses npu norenmiam -1,000 B i
Jajal 3MIHIOEThCA cTpuOkamu 3a moteHmianiB Big -1,050 B go -1,200 B. Taxuii

XapakTep 3MIHU IPOHUKHEHHS TOTPEOY€ J0IATKOBUX JOCIIIKEHb.

5.5. JlocaimxeHHsi BIUIMBY 3aXMCHOIO MOTeHUiaJly Ha IIBUAKICTH

3aJIMIIKOBOI Kopo3sii craji 10I"2Db.

Pe3ynbTaTi OIIHIOBAHHS IMIBUAKOCTI 3aJUIIKOBOI Kopo3ii cram 10712dDb

HaBeleHo B Tad. 5.4.

Tabnuns 5.4
Pe3ynbpTaTu O1iHIOBaHHS 3aJUIIKOBOI MIBUAKOCTI KOopo3ii ctani 10[2Db y

MOJICIBHOMY I'PYHTOBOMY eeKTpoiiTi NS4

HIBUAKICTH KOPO3iT Vi s,
Ne 3/mm ITorenmian, B

(r-m?)/ron MM/piK
1 0,681* 0,04089 0,0449
2 -0,750 0,00289 0,0032
3 -0,950 0,00150 0,0017
4 -1,050 0,00071 0,00078

* [ToreHmian KOpo3ii.

AHani3 eKClepuMEHTaIbHUX JaHUX TOKa3ye, 110 IIBHUJKICTH KOpO3li craii
10I2®b 3a motenmiany -0750 B mopiaioe 0,0055 Mm/pik y po3umni NS4, 110
MIATBEPKYE  JOCSITHEHHS TEXHIYHO JIOCTATHROTO 3aXHCHOTO edeKTy TMpu

MIHIMaJbHOMY 3aXHCHOMY TOTeHIiai, puc. 5.12 (kpusa 3).
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5.6. 3B’s30k Mik cxmwiabHicTIO cTagi 10I2OB 1o kopo3siiiHoro

PO3TPICKYBAHHS TA CXWJIbHICTIO 10 HABOJAHIOBAHHS

[Ipu motenmianax mo3utuBHIMMX -0,750 B npoHMKHEHHS BOJHIO B CTajb
10I"2®b y po3uuni NS4 He cnoctepiraeThes, puc. 5.12 (kpuBa 1), CXUIBHICTH J0

KOPO31MHOTO pO3TpiCKyBaHHS He mepeBuinye 1,1, puc. 5.12 (kpusa 2).

C,, moav/w’ v w/pix
l K.S’."' | KS

0,15+——/—7—"——+——— " - |
3 MexaHnizm CXaHISM Bl i
§ AP+BP § 003 1,25
MCX&HiSME E ’ 1 1,20
0,104p ' O
' {0021 b1
1 1,10
L : : 1
0,054 - e 0,011 1,05
0 71 1,00
i 19990 0,05
0,00“—H — 1 1 ] | | | 5
-0,55 -0,8 -0,9 -1,0 -1,1 -1,2
EVZO]Z’ B

Puc. 5.12. 3anexxHicTh MOKa3HUKIB, IO BIUTUBAIOTH HA KOPO31HE PO3TPICKYBAHHS

ctam 10I'2Db Bix noTeHIiany KaToAHOI NOIspU3allii y MOJIETIbHOMY IPYHTOBOMY

enexTpoiiti NS4: 1 — koHIeHTparlisi BOJHIO, 110 IPOHUKAE Yepe3 CTATCBUHN 3pa30K;
2 — CXUJIBHICTD JJO KOPO31MHOr0 PO3TPICKYBaHHS; 3 — MIBUJKICTh 3aJUIIKOBOT

KOPO3ii.
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B o6macti motenmianis Big -0,750 mo -1,050 B Big3HaueHO CyTTEBE 3pOCTaHHS
MIPOHUKHEHHSI BOJIHIO, 1 HEMOHOTOHHE 30UIBIICHHS CXWUJIBHOCTI 10 KOPO31MHOTO
po3TpicKkyBaHHsA, puc. 5.12 (kpuBa 1), MmO OOYMOBJIEHO 3MIMIEHHAM pPIBHOBArd
IpoIleCy PYWHYBAHHS BiJ aHOJHOTO PO3YMHEHHS JI0 BOJHEBOTO PO3TPiCKyBaHHS. B
niama3oHi moTeHmianiB (Big emHime -1,050 B), B sKkiifi KOHIIEHTpaIlls BOJHIO, IO

. . . 3
IPOHUKAE Yepe3 CTalb 3MIHIOEThCS cTpubkononiono Bixm 0,002 moms/mM® 10
0,006 MoB/M®, CXUIIBHICTH [0 KOPO3IMHOTO pO3TPiCKYyBaHHS IPOJOBKYE 3pOCTATH

Bix 1,11 mo 1,25.

N
(9}

Equation y=a+bx [ ]
1092t
No Weighting
48,94862 B+ 9,50065
-0,2082 B 1141266
34112137
is -0,01053
R-Square (COD) 1,10910E-4
Adj R-Square -0,33319 _

o)
e}
T

()]
()]
T

n
V)

T T
—_

1

N
=)
T
1

0,0 -0,2 -04 -0,6 -0,8 -1,0 -1,2
E . B

now

Yacmka kpuxxoi cknadosoi, %
()]
S
T
[\
I~~~
1

W
W

Puc. 5.13. 3MiHa yaCTKU KPUXKOi CKIJIAJIOBOI y OUISIIOBEPXHEBOMY IIapi 3pa3KiB 31
ctam 10I"20b 3anexHo BiJ noTeHuiany: 1 — ekcriepuMeHTa bH1 AaHi;

2 — JIiHIIHA eKCTPAOJISIIS.

XapakTtep 3MiHM YaCTKH KPUXKOi CKJIa/I0BO1 y OLISIIOBEPXHEBOMY IIapi 3pa3KiB
31 ctam 10I2Db 3anexxno Bix nmoteHmiany, puc. 5.13, qae 3Mory cTBEpIKyBaTH, 1110,
ICHy€ TEHJICHIIISl JI0 30UIbIIEHHS IIi€l YacTKU 31 3MIIIEHHAM TOTEHIIAy Bij
MiHIMaisHOTO 3axucHoro -0,750 B mo maxkcumanesHOro 3axucuoro -1,050 B Ta

Bl €MHIIINX.
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5.7. Kopo3iiiHo-MexaHiYHi JOCTII’KEeHHS] 3BApHOI0 3’€IHAHHA CTaJi

101295

Hiarpamu pyiiHYBaHHS 3BapHOTO 3’€qHaHHsA 31 cTam 101 2dDb 3a pi3HUX yMOB
HaBeneHo Ha puc. 5.14. 3aKOHOMIpHO, IO PO3pHB 3BapHUX 3pa3kiB (puc. 5.14)
BiI0YBaBCs 32 MCHILIOT'O BITHOCHOTO IOJOBKEHHS, HI’K OCHOBHOT0 MeTaiy (puc. 5.5).
Y KOpO3WUBHOMY CEPEIOBHIIII MPOIIEC PO3PHUBY SIK OCHOBHOTO METaly, TaK 1 3BApHHUX
3’€JIHaHb, BII0YBA€ETHCS IIBU/IIIE, HIKHA TIOBITP1, & HABEJACHHS KaTOAHOI MOJIspHU3allii
11e OUTbIIe MPUCKOPIOBAIO 1M MPOoLIeC Ta 3MIHIOBAJIO HOT0 XapakTep, puc. 5.14.

3pyiHOBaH1 Ha MOBITPi 3pa3Ku 3BapHOTO 3’€qHaHHS 31 ctan 10I'2Db MarTh
BCl O3HaKU B’SI3KOTO PYHWHYBaHHS, puc. 5.15: yTsaryBaHHs OUIs MiCIsl PO3PUBY Ta
HasBHICTh JIUISHOK, 110 3a3HAJIM IUIACTUYHOI Aedopmarlli. Big3zHaueHO 3MEHILICHHS
BIJIHOCHOTO TIOJOBKEHHS 3BAPHOTO 3 ’€IHAHHS TOPIBHSIHO 3 OCHOBHUM METAJIOM
Mmaibke Ha 33 %. B mopdosorii 3mamy npeBaitoe B’si3kui xapakrep (puc. 5.16), ane
xapaktep Mop¢oJorii 3BapHOTO 3’€IHAHHS BIIPIZHAETHCS MEHIIUM J1aMETPOM Ta
TJIMOUHOIO SIMOK.

[licns BumpoOyBaHb y po3uMHI 0O€3 HaBeACHHsS Mojispu3alli, ToOTO 3a
MOTEHITIATY KOpO3ii, XapakTep pyWHYBaHHS 3BapHOTO 3 €IHAHHS 3aJIMIIAETHCS
B’s3KUM. [TOpiBHSHO 13 TOBITPSM CIIOCTEPIrajid 3MEHIIICHHSI BITHOCHOTO TIOJIOBKCHHS
Ha 9 % (Bix 18,7 no 17,1 %), puc. 5.14, a, BimiHOCHOTO 3BY:XeHHs Ha 17 % (Bix 42,7
10 35,2 %). KoedimieHT cXUIBHOCTI O KOPO3IMHOTO PO3TPICKYBaHHS JTOPIBHIOBAB
1,21, puc. 5.15 (kpuBa 2). Xapaktep Mop]oorii CX0KUH Ha TOH, IO CIIOCTEpIraBcs
JUTsl 3pa3KiB Ha MOBITPI, puc. 5.14.

3a miHIManbHOTO 3axucHoro norexmiany -0,750 B croctepiranu 3MeHIIEHHS
BIJIHOCHOT'O TIOJIOBYKEHHS MOPIBHSAHO 13 PO3PUBOM 3pa3ka Ha MoBiTpi Ha 9 % (Big 18,7
no 17,1 %), puc. 5.14. BigHocHe 3BYXEHHS MPAKTUYHO HE 3MIHUIOCS, KOEDIIieHT
CXHJIBHOCTI JT0 KOPO3IHHOTO po3TpicKyBaHHs nopiBHIOBaB 1,0, puc. 5.15 (kpuBa 2).
Xapaktep pyWHYBaHHs, SIK 1 IpU PyWHYBaHHI Ha MOBITP1 Ta 3a MOTEHLIATY KOPO3ii,

B’SI3KWU, AlaMeTp SIMOK OUTBINNH, 1X rmuOuna MeHma, puc. 5.16.
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3a morenuianiB Big -0,800 B mo -0,900 B wactka B’s3k0ro pyiHyBaHHs
3QJIMIIAETHCS MalKe TaKo camolo, sk 1 mpu moteHuiam -0,750 B, miHig po3puBy
wiaBHa, puc. 5.15, koediumient Ks 3nHaxomuthess B Mmexax Binm 1,11 mo 1,0,
Taba. 5.4 ta puc. 5.17 (xpuna 3). B mopdotorii 31amiB 301IbIIIEHHS TJTUOUHU SMOK

HE CIIOCTEPIra€ThCsl, € IIOCKI AUIIHKH, puc. 5.16 (poTo r-e).
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Puc. 5.14. [liarpamu pyitHyBaHHS 3pa3KiB OCHOBHOI'O MeTaily (a-B) Ta 3BApHOTO
3’eaHanHs (T-€) 31 ctani 10I2Db micinga MexaH1yHUX BUIPOoOyBaHb Ha NoBITp1 (1),
KOPO31iHO-MeXaHIYHUX BUIIPOOYBaHb Y MOJIEIbHOMY IPYHTOBOMY enieKTpoutiTi NS4
3a MOTeHIliany Kopo3ii (2), 3a moreHiiany nojspuzaii (3): a, r —-0,750 B; 6, 1 — -

0,950 B; B, ¢ —-1,050 B.
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[ToBiTps

Evop = -0,681 B
Enoa=-0,750 B
Euoi=-0,80 B
Euor=-0,850 B
Enoa=-0,900 B
Enor=-0,950 B
Enon=-1,000 B
Enon=-1,050

Puc. 5.15. Burnsaa o6iacTi pyiiHyBaHHsI 3pa3KiB 3BapHOIO 3’ €HAHHS 31 CTasl
10I"20b micnst MexaHIYHUX BUIPOOYBaHb Ha MOBITP1 Ta KOPO31HHO-MEXaHIUHUX
BUIIPOOYBaHb Y MOJIEIBHOMY I'PYHTOBOMY eJIeKTpoutiTi NS4 3a pi3HHX

MMOTEHI1AJTIB.
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Puc. 5.16. ®pakrorpamu moBepxoHb pyiHYBaHHS 3pa3kiB 31 ctaii 101 2dDb
MiCIsl MEXaHIYHUX BUMPOOYBaHb HA MOBITPI (a, a*), KOPO31MHO-MEeXaHIYHUX
BUIIPOOYBaHb Y MOJIEIBHOMY I'PYHTOBOMY €JIeKTpotiTi NS4 3a moTeHIiany
Kopo3ii (0, 6*), 3a moTeHIaniB nmojsipusaii: B, B* -0,75 B; r, r* —-0,80 B; 1, n*
—-0,85 B; e, e* —-0,90 B; x, x* —-0,95 B; k, k* —-1,00 B; i1, 1* — -1,05 B. x12
(BepxHE GoT0), X500 (HIKHE PoTO, *)

3a 3axucHoro noteHmiany -0,950 B B’sa3kuii xapakTep pyiHHYBaHHS 3BapHOTO
3’€HAHHS 3aJIMIIAETHCS, ale 3 SABISETHCS KPUXKA YacTKa. BiIHOCHE MOIOBKCHHS
sau3uiocs Ha 23,5 % (Big 18,7 mo 14,3 %), puc. 5.14, BigHOCHE 3BYXeHHS Ha 8 %

(Big 42,7 mo 39,1 %), KoedilleHT CXUIBHOCTI A0 KOPO3IMHOTO PO3TPICKYyBaHHS
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nopiBaoBaB 1,09, puc. 5.15 (xpuBa 2). Ha moBepxHi pyHHYBaHHS 3BapHOTO

3’€JTHaHHS BI3yaJIbHO MOKHA BIIMITUTH OUIBIIY YaCTKY IJIOCKUX JIISHOK, puc. 5.16.

3a MakCcMMAaJbHOTO 3aXHCHOTro moreHmiany -1,05 B moka3HuK BiTHOCHOTO

MOJOBKEHHS HE 3MIHUBCS 1 cTaHOBUB 18,7 %, BiTHOCHE 3BYXEHHS 3MCHIIIMIOCS Ha

4 %, no 41,1 %. YacTka TUIOCKMX HUISHOK PYWHYBaHHS NpeBaitoe, puc. 5.16.

KoeoitieHT cXumpHOCTI 10 KOPO3IHHOTO po3TpicKyBaHHs AopiBHIoe 1,03, puc. 5.17

(kpuBa 2).

Tabmung 5.5

MexaHi14H1 BIacTHUBOCTI 3BapHOTro 3’ eaHaHHs 31 ctaii 10[2db na nositpi Ta

KOPO31iHO-MEXaHI4H1 Y MOJIEJIbHOMY I'PYHTOBOMY eJIeKTpoutiTi NS4 3a pi3HuX

MOTEHI1aIB MOJspU3aLii

YMmoBu BU-
npoOyBaHb, i 5, % 8’2 Y, % Ks | Xapakrepuctuka Mopdoiorii 3mamy
rojt MM

roTeHiian, B
[ToBiTps 30 | 18,7 | 17,21 | 42,65 - B’ s3kmi
-0,681* 26 | 15,5 19,45|3516| 1,21 [lepeBaxkHo B’sI3KUI
- 0,750 27 | 17,1 | 17,22 | 42,6 1,0 [TepeBakHO B’SI3KUI
- 0,800 27 | 16,5 18,54 |38,21| 1,11 ITepeBaxkHO B’ SI3KM
- 0,850 26 | 17,6 17,29 142,35| 1,00 B’s13kmit 3 03HaKaMu KPUXKOTO
- 0,900 26 | 15,6 [ 16,98 43,41 | 1,00 B’s13kwmii 3 03HaKaM# KPUXKOTO
- 0,950 27 | 143 18,27 39,09 1,09 B’s13kuii 3 03HaKaMu KPUXKOTO
- 1,000 26 | 20,9 |17,28 142,41 | 1,00 B’s13xuii 3 03HaKaMu KPUXKOTO
- 1,050 27 | 18,7 |1766 41,14 | 1,03 B’s13kmit 3 03HaKaMu KPUXKOTO

* [loTeHmian Kopo3ii.

YacTKky KpUXKOTO pyHHYBaHHS 3pa3KiB 3BApHOTO 3’€IHAHHS, JOCIIHKEHUX

MeToZoM Jedopmariii 3 Majaow MBHUAKICTIO 32 PI3HUX YMOB OOYHMCIICHO TaKOX JIJIst

3BapHOTO 3’€aHaHHsA (Tabn. 5.5) Ta moOyAgoBaHO TicTOrpaMu PO3MOAUTY SIMOK Yy

PUIIOBEPXHEBOMY IIapi, SIK1 HaBEeJEHO Ha puc. 5.17.
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Puc. 5.17. Xapakrep 31aMy y IpUIOBEpXHEBOMY I1api (BEpXHI PUCYHOK) Ta
TICTOTpaMH PO3MOJIUTY IMOK Ha MOBEPXHI 371aMiB 3pa3KiB 3BapHOTO 3’ €HAHHS 31
ctaii 10I"20b (HmkHiNi pUCYHOK, *) miciig MEXaHIYHUX BUNPOOyBaHb Ha MOBITPI

(a, a*), KOpO31MHO-MEXaHIYHUX BUIIPOOYBaHb Y MOJICIbBHOMY I'PYHTOBOMY
enektpoiTi NS4 3a moteHIiany kopo3ii (0, 0%), 3a moTeHiiamB moiaspu3aiii: B, B* -

0,750 B; r, r* —-0,950 B; o, n* —-1,050 B.
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Tabmuis 5.6

YacTka KpUXKOi Ta B’SI3K01 CKJIa/10BO1 y OLISTIOBEPXHEBOMY IIapi 3pa3KiB 3BAPHOTO

3’eaHanHs 31 cranmi 10I22Db 3anexHo Bix moTeHIiamy

YMoBH Cymapna mionia
Yactka B’s13k0r0 | YacTka KpUXKOTO
Ne 3/m| BumnpoOyBaHb, [FicTOrpamMu, YMOBHI
. . pyiiHyBaHHs, % | pyHHYyBaHHS, %
noreHiman, B OJUHUIIL
1 [ToBiTps 912 66,3 33,7
2 -0,681* 712 56,9 43,1
3 -0,750 1017 53,1 46,9
4 -0,950 734 56,9 43,1
5 -1,050 788 59,3 40,7

* [ToTeHiian Kopo3ii.

Equation y=a+bx
Plot Weld

Weight No Weighting
Intercept 5,53255 Bz 8,84195
Slope -43,31358 Bx 10,4658
Residual Sum of Squares 282,20614
Pearson's r -0,92247
R-Square (COD) 0,85095

Adj. R-Square 0,80127

(o))
(=]

D
(e)
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(e]
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E _.B
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Yacmxa kpuxkoi cknaoogoi, %
W
()

=)

Puc. 5.18. 3MiHa yaCTKM KPUXKOi CKIJIAJIOBOI Y OUISIIOBEpPXHEBOMY IIAPi 3pa3KiB
3BapHOTO 3’€HaHHs 31 ctam 10I"2Db 3anexHo BiJl MOTEHIIATY:

1 — exciepuMeHTaIbHI JIaHil; 2 — JIHIHHA €KCTPAITOIAII.
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3 aHaii3y 3aJeKHOCTI 3MIHM YaCTKH KPUXKOI CKJIa0BOi y OLISMOBEPXHEBOMY
mapi 3pas3kiB 3BapHOro 3’eaHaHHg 31 ctaii 10I'2dDb 3anexHo Bij MOTEHINATy BUIHO,
[0 € TaHJEHIlS 10 il 30UIBIIEHHSA, a MaKCMMaJbHa YacTKa CTaHOBHTL 56 % 3a
noteHmiany -1,200 B.

3a pesynbratamMu JociaipkeHb ctaimi 10I2db Ta 3BapHOrO 3’€IHAHHS
BCTAHOBWJIM, IO CXWJIBHICTH 10 KOPO3IMHOTO PO3TPICKyBAaHHS OCHOBHOTO MeETay
cTaii, omiHeHa 3a koedimienToM Ks, 3poctae npu 3MmiHiI MOTEHINANy BijJ MOTECHIIATY
Kopo3ii 10 MiHiMabHOTO 3axucHoro -0,750 B we3nauno, Bim 1,07 mo 1,09. Taka
KOpO31MHO-ME€XaHIYHA TNOBEAIHKA KOPEIIOE 13 CXWIBHICTIO J0 HABOAHIOBAHHS: Y
po3unHi NS4 3a notenmianiB no3utuBHimux -0,750 B npoHUKHEHHS BOJHIO y CTalb
X70 ne cnoctepiraetscs, puc. 5.11 (kpuBa 1). B nHopmoBanomy JICTVY 4219
Jiarma3oH1 3aXUCHUX MoTeHIiaiB Big -0,75 mo -1,05 B Big3Ha4YeHO CyTTEBE 3pOCTaHHS
MPOHUKHEHHS BOJHIO, MOYMHAIOYM Bij noteHmiany -1,0 B. [Ipu niboMy cXuibHICTh
70 KOPO31MHOTO pPO3TPICKYBaHHSI HEMOHOTOHHO 3MIHIOETBCS: Mail’ke HE 3pOCTAa€E 10
noteHiany -0,95 B Ta 3pocrae pizko Big noteHmiany -0,95 no -1,05 B, Bix 1,11 1o
1,13, puc. 5.19, kpuBa 1. MoxHa BBakaTH, 11¢ 0OOYMOBJICHO 3MIIIIEHHSAM piBHOBAaru
MPOIIECY PO3TPICKYBaHHS, 1 3MIHM MOr0 MEXaHi3My BIiJ JIOKQJIHLHOTO AaHOJHOTO
PO3UYMHEHHSI 70 BOAHEBOTO poO3TpickyBaHHs. 3a morteHmiany -1,050 B, 3a sxoro
KOHIICHTpAIlisl BOAHIO, 1110 MPOHUKAE Yepe3 CTallb 3MIHIOEThCSI CTPUOKOMOIIOHO BiJY
0,002 moms/M® o 0,006 MONB/M3, CXUIBHICTH IO KOPO3IMHOIO PO3TPICKYBAHHS
MpoAOBKYye 3poctatu 10 1,13.

JUis 3BapHOTO 3’€JHAHHS CXWIBHICTb JO KOpPO3IMHOTO PO3TPICKYBaHHS B
Jiarma3oHl MOTEHIIANIB Bl TMOTEHINAy KOpo3ii 1o morteHmiany -0,95 B, ominena 3a
koedimienToM Kg HuXK4Ye, HIXK JUIsi OCHOBHOTO METally, MOro 3HA4Y€HHSI 3MIHIOKOThCS
MaJio, KoiuBaeThes Outst 3HaueHHs 1,0. [[nst 3BapHOTO 3’€THAHHS HE BUSABIECHO CTIMKOi
TEHJICHIII1 10 3pOCTaHHS CXHUJIBHOCTI JI0 KOPO31HHOTO PO3TPICKYBAHHS 13 3pOCTaHHSM (32

a0COJIIOTHUM 3HAYEHHSIM) TIOTEHIIIaTy noJsipu3atiii, puc. 5.19, kpusa 2.
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Puc. 5.19. IlopiBHsbpHA IiarpaMa CXUIBHOCTI IO KOPO31MHOTO PO3TPICKyBaHHS
ocHoBHOTO MeTany (1) Ta 3BapHoro 3’enHanHs (2) crani 101206 3a pizHux

MOTEHITIaTIB KaTOAHOI MOJISpU3allli y MOJIEIbHOMY I'PYHTOBOMY €JIeKTpoiiTi NS4.

[IpoananizyBaBIIM Makpo- Ta MIKpO TUI(QHU 3pa3KiB 3BapHUX 3 €HAHBb

BCTAHOBHJIY, 1110 BC1 3’ €THAHHS 3pYHHYBAINCS 10 OCHOBHOMY MeTaiy, puc. 5.20.

Puc. 5.20. Makpo- (a) Ta mikpountidu (0) 3pa3kiB 3BapHOTO 3’ €IHAHHS 31 CTaJl
10I"2®b micnst MexaHIYHUX BUITPOOyBaHb Ha MOBITPI (1), KOpO31MHO-MEXaHIYHUX
BUMNPOOYBaHb Y MOJIETILHOMY IPYHTOBOMY €JeKTpoJIiTi NS4 3a moTeHmiany Kopo3ii
(2), 3a morenmianiB nmoxspu3zarii: 3 -0,750 B; 4 —-0,950 B; 5 —-1,050 B.

36iapmIeHdas: a — x2, 0 — x100.
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Le 3a10BUIBHO KOPEJIOE 3 aHAIII30M BUIIJIKIB KOPO31HHOTO PO3TPICKYBaHHS Ha
MaricTpajlibHUX TazomnpoBogax. CiiJl MIIKPECIUTH, 10 Ha TpydaxX MariCTpaJbHHUX
ra3omnpoBOJIIB CTPEC-KOPO3iiHI TPIIIMHA YTBOPIOIOTBCA 1 PO3BUBAIOTHCA TIO
OCHOBHOMY Metaiy. Lle koM 3aKOHOMIPHO, OCKUIBKH SIKICTh 3BapHOIO IIIBa Ta
MOKa3HUKA MEXaHIYHUX BJIACTUBOCTEH 3BApHOrO 3’€lHAHHA MalOTh BIAMNOBIAATH
oyniBensauM HOpMam CHull 2.05.06 Ta CHulI 111-42-80, 3rigHo 3 SKHMH HESKICHE
dbopMyBaHHS 3BAPHOTO IIBA HEAOIMYCTUME.

3 OTpUMaHMX 3aKOHOMIPHOCTEH KOPO3IMHOTO PpO3TPICKYBAHHS 3BAPHOIO
3’eaHanHs ctani 10I2Pb BuruMBae e 0A1H BaXXJIMBUM BUCHOBOK. OCKUIBKH pO3pUB
B1JIOYBAETHCS IO OCHOBHOMY METAaITy, TO 3alPONOHOBAHUI KOE(IIIEHT CXMIBHOCTI JI0
KOPO31MHOT0 PO3TPICKYBaHHSI MTPAaBOMIPHO 3aCTOCOBYBATH JJISl 3BapHOTO 3’ €THAHHS Y

]_IiJIOMy, 3a YMOBHU SIKICHOT'O BUKOHAHHS 3BAPHOI'O IIBA.
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BucHoBku 10 po3aiiy 5

1. JlocmimkeHO CTIMKICTh HU3BKOJIETOBAHOI CTali  (hEepUTO-TIEPIITHOTO
10I"2®db, neroBanoi BaHamieM Ta HIOOIEM, Ta ii 3BapHOTO 3’€IHAHHS MPOTH
KOPO31MHOTO PO3TPICKYBaHHS y MOJICIbBHOMY IPYHTOBOMY enekTpoiiTi NS4 3a
KaTOJHOT MOJSpHU3aIlil 13 BUKOPUCTAHHSIM KOMIUIEKCY €JIEKTPOXIMIYHUX, KOPO31HHO-
MEXaHIYHHUX Ta PpakTorpadiyHUX JOCTIHKEHb Ta €KCIEPUMEHTAIBHO MiATBEPHKEHO
ICHYBaHHA TpbOX OOJacTedl TMOTEHIlaliB, B SIKUX KOPO3idHE pO3TPICKYBaHHSI
B1JI0YBA€ETHCS 32 PI3HUMH MEXaHI3MaMHU.

2. Bcranosneno, mo B o0Oisacti noTeHmjamB no3uTuBHIIMX -0,750 B,
KOpO3iiiHE pO3TPICKYBaHHS Mepedirae 3a MEXaHI3MOM JIOKAJIBHOTO aHOJHOIO
PO3YMHEHHS: HAaBOJAHIOBAHHS HE BiI0yBaeThes, KoedimieHT Ks 3mintooThes Big 1,01
o 1,09, 3mam € B’A3kuM (CHIBBIIHOIICHHS YacTKU B’si3KuM:kpuxkuii — 53:47). B
miamazoni morteHmianmiB Big -0,750 B go -1,050 B, mie 3mimanuii MexaHI3M
PO3TPICKYBaHHS, SKOMY BJIACTUBE CYTTEBE 3pOCTaHHS KOHIeHTpallii BogHo 10 0,023
MOJIB/MS, 30inbIIeHHs KOe]illi€HTa CXUIBHOCTI 0 KOPO3iliHOro po3rpickysanus Ks
B 1,09 no 1,13, HasBHICTh NUISHOK KPUXKOI'O PYWHYBAaHHS Ha MOBEPXHI 371aMy BiJl
37 % nmo 51 %. 3a motenmiamiB Bix emHimux -1,050 B mnpeBamoe mexaHizm
BOJHEBOTO PO3TPICKYBaHHS, 1110 MIATBEPIKYETHCS 3pOCTAHHSAM KOHUEHTpAL1 BOJHIO
1o 0,134 mons/m3, koedimienty Ks Big 1,13 mo 1,26 Ta npeBaqoBaHHAM IiISHOK
KPUXKOTO pyHHYBaHHS y Mop(doJiorii 3amy.

3. JochipKeHo CXWIBHICTh 1O KOPO3IMHOTO PO3TPICKYBaHHS 3BAPHOTO
3’enHanHda 31 ctanmi 101206 B HopmoBanomy JCTY 4219 piana3oni 3axucHHUX
NOTEHI[IANIB Yy MOJIeTbHOMY TIpyHTOBOMY ejekTpoiiti NS4. Bceranomieno, mio
CXWJIBHICTB JI0 KOPO31HHOIO pO3TPICKYBaHHS 3BapHOro 3’ eqHanHs 31 ctani 10I2Db B
HOPMOBAaHOMY Jl1alma30H1 3aXMCHUX TMOTEHINamiB, OIliHeHa 3a KoedimieHToMm Ks
HIDKYe, HIK JJI1 OCHOBHOro Metany: Ks 3MmiHtoeThcsi He3HauHo, Bix 1,0 mo 1,03.
[TokazaHo, 10 3BapHi 3’€IHAHHSI HE TMPOSBIAIOTH BHUPAKEHOI CXUIBHOCTI 0

KOPO31MHOTO PO3TPICKYBaHHS 32 BOJHEBUM MEXaHI3MOM 31 3POCTaHHSIM MOTEHITIATY
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nossipuzanii. MertajgorpadiuHUMU JAOCTIDKEHHSIMU JIOBEACHO, IO pPYyHHYBaHHA
3BapHUX 3’€JJHaHb BiJIOYBA€ThCA IO OCHOBHOMY MeETally, IO Y3TOJKYEThCS 3
BUTAJKaMHU KOPO31MHOTO pO3TPICKYBaHHs Ha MariCTpajibHHUX T'a30MPOBOAX.

4. 3 aHaiizy Makpo- Ta MiKpo HuTi(iB 3pa3KiB 3BAPHUX 3’ €AHAHB TICIS PO3PUBY
BCTAHOBJICHO, 110 PYWHYBaHHS 3BapHOTO 3 €JHAHHS BIIOYBAETHCS MO OCHOBHOMY
MeTay, IO 3aJ0BIILHO KOPENIIOE 3 pe3ybTaTaMH aHajli3y BHIMAJKIB KOPO31MHOTO
PO3TPICKYBaHHS Ha MariCTpaJibHUX ra30npoBOJIaX.

5. BcraHOBIEHO NPAaBOMIPHICTh 3aCTOCYBaHHS KOE(QILIEHTY CXHJIBHOCTI [0
KOpO3iiiHOrO po3TpickyBaHHs Ks, BBEIEHOrO [JIi OCHOBHOIO MeETaily, IS
MOPIBHSUIBHOTO OIIHIOBAHHS CXWJIBHOCTI JJO KOPO31MHOTO PO3TPICKYBaHHS 3BapHUX
3’€JHaHb, OCKUIBKM 3a BIJICYTHOCTI y 3BapHHMX IIBax Ae(eKTiB (HEMpoBapiB, IOp,
CKYyITUEHHSI HEMETaJIeBUX BKJIIOYEHb TOIIO) pYyHHYBaHHA 3BapHUX 3 €JIHAHb

Bi,Z[6yBa€TI>CH I10 OCHOBHOMY MCTAJIy.
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BUCHOBKHA

VY  nmucepramiiiHiii  poOOTI BHKOHAaHO AaKTyaJlbHE HAayKOBO-IIPAaKTUYHE
3aBlaHHS — BHU3HAYCHO CTIMKICTh cTajedl (epuTo-mepiaiTHOro Kiacy, 3 SKUX
noOynoBaHi MarictpaibHi razompoBoau Ykpainu, 0912C, 17T1C, 10I2dDb Ta
3BapHUX 3’€JIHaHb, MPOTH KOPO31MHOTO PO3TPICKYBAHHS Y TPYHTOBOMY CEPEIOBUIII 3
pH, HaOmwKeHNM 10 HEUTPaTHLHOTO (MOACIHEHOMY TPYHTOBOMY el1eKTpodiiTi NS4), 3a
KaTOJIHOI moJjisipu3ariii B HopmoaHomy JICTY 4219 niama3zoHi 3aXUCHUX MOTEHITIAIIB
Bix -0,750 mo -1,050 B.

1. Po3BHHYTO YysBJIEHHS MNpO CTIMKICTh HHU3BKOJETOBAaHUX cTajeil depuro-
nepiitHoro kiacy 09I2C, 17T'1C ta 10I2®b npotu KOpo31iiHOTO PO3TPICKYBaHHS Y
y MOJEIbHOMY TIpyHTOBOMY enekTpoiiti NS4, 3a katogHoi momispu3amii B
HOPMOBAHOMY JIiana30H1 3aXMCHUX TMOTEHIIANIIB Ta BCTAHOBJIICHO, IO 3aJIEKHO BIJ
PIBHS KaTOJHOI TOJIApU3aIlii TpOIeC PO3TPICKyBaHHS mepedirae 3a MeXaHI3MOM
JIOKaJIbHOTO AaHOJHOTO PO3YMHEHHS, BOJIHEBOIO PO3TPICKYBaHHS a00 3MIIIAHHM.
BcranoBneHo yMoOBM Ta TapamMeTpu JIOMIHYBAaHHS O3HAYEHHX MEXaHI3MIB Ta
nmiana3oHu X il

2. Bcranosneno, mo mis ctanai 0912C 3a notenmiams, no3utupHimux -0,850 B,
JIl€e MEXaHI3M JIOKaJIbHOTO aHOJHOTO PO3YMHEHHS: B IIi 00JacTi He BiAOyBa€eThCA
HABOJHIOBAHHS (KOHLIEHTpALlisl BOJIHIO, 110 MPOHUKAE B cTajb A0piBHIOE (), 3HaYEHHS
KOe(DIIIEHTY CXHIIBHOCTI 10 KOPO3iitHOTO po3TpickyBaHHS Ks 3HAXOIUTHCS B Mexax
Bin 1,02 mo 1,05, B mMopdosorii 31amy 3pyiHOBaHUX 3pa3KiB MPEBAIOE B’ SI3KUN
xapaktep (y CHIBBIAHOLIEHH! B’SI3KUI:Kpuxkui, sk 54:46 %). B nianasoni
notenuianiB Bix -0,850 B 1o -1,000 B xopo3ist Big HampyXKeHHS BiOYyBa€eThCs, 5K 3a
MEXaHI3MOM JIOKAJIbHOTO aHOJHOTO PO3YMHEHHS, TaK 1 BOJHEBOIO PO3TPICKYBaHHS:
Ks 3sminroerses Big 1,02 1o 1,11, kornenTpanis Boauro Big 0,011 1o 0,020 Mons/m3, B
Mopoiorii pyiiHyBaHHS HasiBHA K B’sI3Ka, TaK 1 KPUXKa CKJIAJ0B1 Y CIiBB1IHOIIEHH]
52:48. 3a mnoreHmianiB Bix eMHimmx -1,000 B mpeBaitoe MexaHi3M BOJHEBOIO
PO3TPICKYBaHHS: 3pOCTa€ KOHIIEHTpAlisl BOJHIO, LI0 TPOHHUKAE B CTallb, 0

0,040 moms/M® Ta CXMIBHICTH 10 KOpPO3IHHOrO PpO3TPiCKyBaHHs, OLHEHA 32
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koedimientom Ks — Bix 1,06 1o 1,40, Ta coctepiracThCs TCHACHINIS 0 301IBIIICHHS
YaCTKM CKOJIIB Ta KPUXKHUX [IJISHOK Ha TOBEPXHI pyWHYBaHHS 10 55 %, 110
Y3TOJKYETHCS 13 3HIDKCHHSIM TUIACTUYHOCTI.

3. BcranoBaeno, mo mi1a 171'1C 3a nmorenmianiB mo3utuBHImMX -0,800 B,
KOpO3iiiHE pO3TPICKyBaHHS Iiepedirae 3a MEXaHI3MOM JIOKaJIbHOTO aHOJIHOTO
PO3YMHEHHS: TIPH IMX MMOTEHIlIajJaX MPOHUKHEHHS BOJHIO B CTaJb HE BIJOYBa€ThCA,
3HaueHHs1 koediuieHty Ks 3miHiorotees Big 1,1 mo 1,16, B Mopdosorii 31amy
3pyHHOBAHMX 3pa3KiB TMPEBAIOE B’SI3KUKA XapakTep (Mloro dacTka JOpPIBHIOE
npubiu3zno 53 %). B mianazoni motenmiamie Big -0,800 B go -0,980 B
PO3TPICKYBaHHS BIJIOYBA€THCS 3a 3MIMIAHUM MEXaHI3MOM (JIOKaJIbHOTO aHOJHOTO
PO3YMHEHHS Ta BOJHEBOTO PO3TPICKYBAHHS), HA 110 BKa3y€ 3pOCTaHHS KOHIICHTpAIlil
somuo Big 0,06 mo 0,012 mons/M3, Koe]illieHTy CXMIBHOCTI J0 KOpO3ifHOTo
po3tpickyBanHs Ks Bin 1,16 10 1,58, Ta yTBOpEHHSIM AUISTHOK KPUXKOTO PYHHYBaHHS
Ha  TMOBEpXHI  37amiB  (CHIBBIAHOIICHHS  YacTKU B SI3KUM:KpUXKUH  —
59:41 %). 3a motenmiam Bix emHimux -0,980 B mpeBantoe BogHeBE PO3TPICKyBaHHS
10 M1ITBEPIKYETHCS 301JIbIIEHHSIM KOHIIEHTpaIlii BOJIHIO hi e}
0,326 monb/M®, Koe(ilicHTY CXMJILHOCTI OO KOpO3iliHOro posrpickyBanHs Ks Bin
1,56 no 4,38 Ta 4aCTKM KPUXKO1 CKIAJ0BOI MOBEPXHI pyiHYBaHHS 10 52 %.

4. BcTaHOBIEHO MEXaHI3M KOpO3iitHOro po3rpickyBaHHs ctraii 10I2Db npu
KaToAHi monspu3amii. 3a mnoTeHmiamiB no3utuBHimux -0,750 B, koposiitHe
pPO3TPICKYBaHHS Mepedirae 3a MeXaHI3MOM JIOKaJIbHOTO AHOJHOTO PO3YMHEHHS:
HABOJIHIOBaHHS HE Bi0yBaeThes, koedimieHT Ks 3mintororhes Big 1,01 mo 1,09, 3mam
€ B’S3KkUM (CHIBBIAHOIIEHHS 4YacTKU B’sI3KUil:kpuxkuii — 53:47). B miamasoni
notenmiams Bix -0,750 B no -1,050 B, nie 3mimanuii MexaHi3M po3TpiCKyBaHHS,
SKOMY BIACTHBE CyTT€BE 3POCTaHHA KOHIEHTpamii Boguio 10 0,023 moms/m3,
30UTBIIIEHHST KOE(IIIEHTAa CXUIBLHOCTI 0 KOpo3iiiHoTOo po3tpickyBanHs Ks Bim 1,09
10 1,13, HasgBHICTH AUISHOK KPUXKOTO PYWHYBAaHHS Ha MOBEPXHI 31aMy Big 37 % 1o
51 %. 3a moreHmiamiB Bix emHimmx -1,050 B mpeBamioe MexaHi3M BOIHEBOTO

PO3TPICKYBaHHS, 110 MIATBEPXKYETHCS 3POCTAHHAM KOHIEHTpalii BojaHo 10 0,134
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Moab/M3, koedinienty Ks Bix 1,13 mo 1,26 Ta npeBamroBaHHAM IiISHOK KPUXKOTO
pyiiHyBaHHS y MOp(doJIOTii 371aMy.

5. BusiBneHo, 10 CXWIBHICTH JIO KOPO3IMHOTO PO3TPICKYBaHHS 3BapHOIO
3’enmHanHs 31 cram 10126 B HopMOBaHOMY JTiama3oH1 3aXMCHUX MMOTEHIIIATIB, OIlIHEHA
3a koedimienToM Ks HIKYe, HK J11 OCHOBHOTO MeTanny: Ks 3MIHIOEThCS HE3HAYHO, BiJl
1,0 mo 1,03. IToka3aHo, 110 3BapHi 3’€THAHHS HE MPOSBISIFOTh BUPAKEHOI CXMIIBHOCTI JI0
KOPO3IHHOTO PO3TPICKYBaHHS 3a BOJHEBUM MEXaHI3MOM 31 3pOCTaHHSAM IOTEHIIIATY
noJsipu3aiiii. MeranorpadyHUMU TOCTIKEHHSIMH JTOBEJEHO, 10 PYHHYBAHHS 3BapHUX
3’€THAaHb BIiTOYBA€THCSI TI0O OCHOBHOMY MeTally, IO VY3TOKYETHCS 3 BHITAJKaAMHU
KOPO31MHOT0 PO3TPICKYBAHHS HA MariCTPaIbHUX Ta30IPOBOIAX.

6. BusiBrieHo, 110 Mg Yac AOCHIKEHHS KOPO3IMHOIO PO3TPICKYBAaHHS METOAOM
nedopmariii 3 MaJIor0 MBUAKICTIO B po3unHi NS4 B HOPMOBAHOMY JIlana30H1 3aXMCHUX
MOTEHIIIANIB PO3PUB 3BaPHUX 3pa3KiB BIIOYBAETHCS IO OCHOBHOMY MeTaiy. Lle mo3Borsie
3acTtocoByBatu KoedimieHT Ks, BBeAeHUN AJI1 OCHOBHOTO METay, JUIsl MOPIBHILHOIO
OLIIHIOBaHHS 3BapHUX 3’ €THAHb.

7. Po3pobsieHo 5abopaTopHUN CTEHJ Ta METOAUKY JOCHIPKEHHS IIBUAKOCTI
3aJTUIIIKOBOT KOPO3ii HU3bKOJIETOBaHUX cTanel deputo-niepiiToro kiacy 0912C, 17T'1C
ta 10[20b y ™MomenbHOMY TIpyHTOBOMY enekTponiti NS4 B ymoBax KaTOAHOL
noJisipu3aiiii. BcTaHOBIEHO, 10 3a MIHIMAIBLHOTO 3axucHOro mnorteHmiany -0,750 B
IMBUJIKICTh KOpO3ii mux crajneit cranoButh 0,0032, 0,0054 ta 0,0055 Mm/pik, BiIIOBITHO.
[le miaTBEepmXKY€E TOCATHEHHS TEXHIYHO JOCTATHBOI'O 3aXMCHOTO €(eKTy (IIBUIKICTH
kopo3ii MeHiie 0,01 Mm/pik) 3a MIHIMAJIBHOTO 3aXMCHOT'O MOTEHITATTY.

9. KommekcHa  MeTOmMKa  MPHUCKOPEHOTO  JOCTI/DKEHHS  CTIMKOCTI
HU3bKOJIETOBAaHUX  CTaJlel  (PEpUTO-TIEPIITHOrO  KJacy  NpOTH  KOPO3IMHOro
PO3TPICKYBaHHS, YIOCKOHAJIEHA B YaCTHHI BOJHTAMIIEPOMETPUYHOTO BHU3HAYCHHS
JiarnazoHy TOTEHIIAIB 3MIHM MEXaHi3My KOPO3IMHOTO PO3TPICKYBaHHS, IIBUIKOCTI
3aJIMIIKOBOI KOpO3ii Ta OLIHIOBAaHHA YacCTKM KPHUXKOI CKJIQJIOBOI Yy 3Jlamax 3pasKiB 13
3aCTOCYBaHHSIM KOMITHIOTEPHOI MpOrpaMu  aHaji3dy 300pakKeHb, BIPOBAHKEHA MiJ] 4ac

BCTAHOBJICHHS IIPUYMH Ta MEXaHI3My PYWHYBaHHS MariCTpaJbHUX Ta30MPOBO/IIB YKpaiHU
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1 COEPA 3ACTOCYBAHHA

1.1 Ils MeTonMKa BCTAHOBIIIOE 3arajlbHUI MOPSIOK MPOBEICHHS BHUMipIOBaHb
JUIS TOCTIJDKEHHS MeXaHI3My Kopo3ziiiHoro postpickyBaHHs (KP) TpyOHux craneit
PI3HUX MapoOK y CEpeIOBHINAxX, II0 MOJETIOIOTh EKCIUTyaTalliiHi, B HOPMOBaHOMY
JCTY 4219 niana3oHi 3aXUCHUX MOJSPU3ALIITHUX TOTEHIIATIB.

1.2 1ls mMeroauMKa TOIIMPIOETbCS HA TPYOHI cTaji, MO 3aCTOCOBYIOTh Ha
MaricTpaJbHUX TazonpoBoaax (MI') mia3eMHOTO MPOKIIa aHHS.

1.3 Pe3ynbratu BUnnpoOyBaHb MpU3HAYEHI:

- JUIsl 3aCTOCYBaHHS B KOMIUIEKCI pOOIT 3 JIarHOCTHKH MaricTpaJbHUX
TpyOONPOBOAIB  JJIsi  MONEPEJHBOTO  BU3HAYEHHS  00jacTel  3aXUMCHUX
(monsipu3aliifHuX ) TOTEHIIAJIB, B SIKUX IMIBUJKICTH po3BUTKY KP Moxe OyTu pi3HOIO;

- JUIS pO3pOOJICHHS MIIXOJIIB 100 ONTUMI3aIlil €JeKTPOXIMIYHOTO 3aXHCTY 3
ypaxyBaHHSM MapKu CTaJli Ta KOPO3UBHOCTI CEpeOBHUIIIA.

2 HOPMATHUBHI TIOCUJIAHHA

VY 1npomy cTaHIapTi € MOCUJIaHHS Ha TaKl HOPMATHBHI TOKYMEHTH:

JACTY 3830-98 Kopo3is MeraniB 1 ciiaBiB. TepMiHM Ta BUBHAYEHHS OCHOBHUX
MOHSITh

JNCTY 3966:2009 TepminosnoriyHa poOoTa. 3acaau 1 mpaBuiia po3poOICHHS
CTaHJApTIB HA TEPMIHU Ta BU3HAYECHHSI MIOHATH

JNCTY 4219:2003 TpyOomnpoBoau CTaJieBl MaricTpalibHi. 3arajibHi BUMOTH JI0
3aXHUCTY BiJ KOpO3ii

3 TEPMIHU TA BUBHAYEHHS IOHATDH

Hwxye nogaHo TepMiHM, BUKOPUCTaHI B LI METOAMII, Ta BH3HAYEHHS
Mmo3HaueHnX HUMHU MoHATh 3rigHo 3 JJCTY 3830, JIICTY 3966, ACTY 4219, [1]:

3.1 BunpoOyBaJjibHe cepe0BHUILE

Po3unH, BUroToBieHuii B nabopaTOpHUX ymoBax abo cepenoBwuile (IFPYHT,
IPyHTOBa BOJa TOINO), BiAiOpaHe 3 Miclsl eKCIuTyaTtauii TpyOOompoBOIy, B SIKOMY
IPOBOISITHCSI BUTPOOYBaHHS.

3.2 nonomixuuii esekrpon ([2])

Enextpon (abo mpoTuenekTpon) 3 1HEPTHOrO MaTepiaiy, sSKuil 3abe3medye
MO>KJIUBICTh MPOIYCKAHHS €EKTPUIHOTO CTPYMY UYepe3 eNEKTPOXIMIYHY KOMIPKY Ta
He Oepe yJacTi y eJIeKTPOXIMIYHUX MPOIecax.

3.3 eJqleKTpPOA NMOPiBHAHHS

Enextpon 13 CTifiKUM 1 BIATBOPIOBAJIBHUM TMOTEHIIANOM, SKHI MOXE OyTH
BUKOPHUCTAHUMN JJI1 BUMIPIOBAHb 1HIINX €IEKTPOJAHUX MOTEHIIAMTIB.



3.4 xopo3is Bix HanpykeHHsI; cTpec-kopo3is ([1], myHkT 3.13)

Kopo3is Meranmy y BUIIIAII TOBEPXHEBUX TPIIIUH, IO IHIIIIOOTBCA U
PO3BUBAIOTHCA 13 30BHIIIHBOT MOBEPXHI TPyOM B yMOBaxX 3aCTOCYBaHHS 3aXHUCHOTO
NOKPUBY ¥ KaTOAHOTO 3aXWUCTy TMPU OJHOYACHOMY TPHUBAJIOMY  BIUIMBI
cnenu(ivyHOTO KOPO31HHO-aKTUBHOTO CEPEJIOBHINA 1 MEXaHIYHHX HAMpPYKEHb, SKi
PO3TSTYIOTh.

3.5 kopo3sisa metaais (JCTY 3830, nynkr 4.1)

[Ipomiec pyliHyBaHHS MeTajiB BHACHIIOK XIMIYHOI YH €JIEKTPOXIMIYHOL
B3a€EMO/III iX 3 KOPO3UBHUM CEPEIOBUIIEM.

3.6 xopo3usHe cepenoBuiue (JICTY 3830, nynkr 4.4)

Pinke uu razoBe cepenoBUIlE, 1110 3yMOBIIOE KOPO3IIO.

3.7 noasipuzaniiinuii norennian (JJCTY 4219, nyukr 3.2.25)

EnexTpoxiMIYHUI NOTEHIIa]l METally, 3yMOBJIEHUN MPOTIKAHHSAM CTPYMY BiA
30BHIIIHBOTO JKEpena; JOPIBHIOE CyMi MOTEHIIAy KOpO3ii Ta CTpUOKa MOTEHIlIaTy
Ha (ha30BI1d I'paHHULl «METaJ — E€JIEKTPOIIT» (32 BUIYYEHHSIM OMIYHOI CKJIaJ0BOi). €
OCHOBHOIO XapaKTEPUCTUKOIO 3aXUILEHOCTI CIOPYIX BiJl KOPO3li.

3.8 morenunian kopo3ii (ACTY 4219, nyukr 3.2.38)

[ToTeHmian Kopo3ii 3a BIACYTHOCTI 30BHIIIHBOTO HAKJIAIEHOTO CTPYMY

3.9 noreHniag Npu HyJAbO0BOMY CTPYMi

[ToTeHuian, BU3BHaYEHUH 3 NOJISAPU3ALINHOI KPUBOI, IO 3HSTA BiJ HOTEHIIANY 3
0o0JacTi aKTHUBHOTO BIJIHOBJIEHHS BOJIHIO JO TMOTEHIIaNy 3 00JacTi aHOJHOTO
PO3UMHEHHS, IPU IKOMY CTPYM JOPIBHIOE HYJIIO.

3.10 pooounii exexrpon ([2])

Enextpon, Ha sikoMy BiIOYBa€ThCS TOCTIIKYBAaHUN €JIEKTPOXIMIYHUMN TTPOIIEC.

4 IIO3HAKHU TA CKOPOYEHHASA

KPH — kopo3iiiHe po3TpiCKyBaHHS BiJl HaIlPy>KEHHS
JIAP — nokanpHe aHOJHE PO3YMHEHHS

BP — BogHeBe po3TpicKyBaHHSA

MI" — maricTpalibHMii Ta30TTPOBI

HJI — HOpMaTuBHUN JOKYMEHT

Ve — MIBUAKICTh CKaHYBaHHS TOTEHIiany, B/c
Ei-o—noTeH11ian npu HyJ1bOBOMY CTPyMi

Exop —MOTEHITIAN KOPO3ii

5 3AT'AJIBHI ITOJIOKEHHA

5.1 Metoro poboTH € AOCTIPKEHHS MEXaHI3My KOPO31MHOTO PO3TPICKyBaHHS
TpyOHUX ctaneir B HopmoBaHomy JICTY 4219 niama3oHi 3aXMCHUX TOJIIPU3AMIHHIX
MOTEHIIIaJIB, [0 3aCTOCOBYIOTHCS Ha MariCTpajbHHMX Ta30lpoOBOAAX B CEPEIOBUII],
10 MOJIEJIFOE YMOBH €KCILUTyaTallii Ta/abo BiAiOpaHOTro 3 MiCIlsl eKCIUTyaTallii.



5.2 JlocnikeHHST MEXaHi3My KOPO31MHOTO PO3TPICKYBaHHA B J1aOOPaTOpPHUX
YMOBaX MPOBOJISITH OPTaHi3allii, 0 MaOTh CTHEI[iaTbHO IMiATOTOBJICHUX MMPAIliBHUKIB.

5.3 locmikeHHsT Ta BHU3HAUEHHS MEXaHI3MY KOPO31MHOTO pPO3TPICKyBaHHS
TpyOHOI cTaii B JIaDOpAaTOPHUX YMOBAaX PEKOMEHIYETHCS MPOBOAUTH B KOMILIEKCI
poOIT 3 0OCTEKEHHSI MOTEHIIIMHO CTPEC-KOPO31MHO HeOe3meuyHuX MiasHoK MI

- Ha CTajil MPOEKTyBaHHS — Ha 3pa3KaxX, BUTOTOBIIEHUX 3 TPyO, SKI MaIOTh
OyTH MPOKJIaJICH], 800 aHAJIOT1YHHX;

- M1 yac 00CTEKEHHS.

5.4 B mabopatopHuX BUIIPOOYBAHHSX JAOIIHFHO MOJICIIIOBATH:

—  BJIACTUBOCTI KOPO31HHO-aKTUBHOI'O CEPEOBUIIIA;

— Temmepatrypy ekcmuryaramii MI'.

5.5 Bigbip mpo0® IpyHTy, TPYHTOBHX Ta IHIIMX BOJA Tpeda NPOBOIUTH 3
JUISHOK, BigHeceHux 3riaHo 3 JICTY 4219 1o kopo3iitHO-HEOe3NeUHHX:

— 3aIUIaBUHU PIYOK;

—  3pOIIIyBaJIbHI 3eMJIi;

— 0oJioTa 13a00JI04EHI IPYHTH;

— MiABOAHI IEPEXOIH;

— TPOMHUCIIOBI 1 TOOYTOBI CTOKU;

— 3BaJIMIIA CMITTS 1 IIUTAKY;

— TOJIbOBI CKJIaJIM MIHEPAJIbHUX J100pUB;

— JIUIAHKH TPyOOIPOBOAY 3 TEMIEPATYPOIO MPOIYKTY, IO TPAHCIOPTYETHCS,
Buiie 40 °C.

6 METOJIUKA JOCJIIKEHHS MEXAHI3MY KOPO3IMHOI'O
PO3TPICKYBAHHS BIJ HAINIPYKEHHS TPYBHOI CTAJII 3A PI3HUX
3AXUCHUX IIOTEHIIIAJIIB

B 0CHOBY METOJIMKH MOKJIAJIEHO METO]] OJSPU3ALIITHIX KPUBHX.

BianpanroBanHs METOIUKH MPOBOAWIM Ha puUKiIaAi ctam X70 B MOAECIbHOMY
I'PYHTOBOMY €JIEKTPOJITI (B 3aKOpaoHHIN miTepaTypi — NS4).

6.1 CytHicTh MeTOOY

Metos IpyHTYEThCS HA 3HATTI MOTEHIUIOJMHAMIYHUX MOJSPU3AIIHHUX KPUBUX
BiJl KaTOJHOTO TOTEHIiany (3 o00JacTi aKTUBHOTO BIJIHOBIECHHS BOJHIO) O
MOTEHI[iaTy 3 00JIacTI aHOJHOTO PO3YMHEHHS 3 PI3HOI0 MIBUAKICTIO CKaHYBaHHS
MOTEHI[Ialy Ta BU3HAYEHHI J1alma30HIB TMOTEHIATIB, B SKUX BiJOyBaeThCs 3MiHA
MeXaH13My KOPO31HHOTO pO3TPICKYBaHHS.

6.2 3ac00M KOHTPOJIIO i 1OMOMIKHI IPUCTPOI
[Torenmiocrar Tuny I1M1-50-1.1

[Iporpamatop I1P8

JIBoxkopauHaTHui camonucens [1JIA-1
Enextposa nopiBHSHHS — XJIOpUICPIOHUIMA



JIOTIOMI>KHUIN €1eKTPO — TIIATUHOBHIMA

3pa3ok TpyOHOi cTai

EnexTtpoximiuHa KOMipKa

Po6ounii po3unn

6.3 Bumoru 10 3pa3kiB

6.3.1 Jlns nocnimxkenb (BUTPoOyBaHb) BUPI3AIOTh 3pa3Ky 3 TEMIUICTIB TPYOHHUX
ctaneit po3mipom (10x10) MM abo iHIIOTO.

6.3.2 Ilepen BumpoOyBaHHSMM ITOBEPXHIO 3pa3KiB MUII(PYIOTh, 3a4MINAIOTH
mKypkamMu pizHO1 3epHUcTOCTI (Big 40 10 0) 3HEKHUPIOIOTH OKCHIOM MAarHiro,
NPOMHUBAIOTh  MPOTOYHOI, TOTIM  JUCTUJIBOBAHOK  BOJIOIO,  BUCYIIYIOTH
(GUIBTpYBaILHUM TIAIIEPOM.

6.4 CepenoBuina ajs 10CTiIKeHb

6.4.1 JlocmimkeHHs] MPOBOJSATh B MOJEIBHOMY IpyHTOBOMY enekTpomiti (pH
8,2) abo B IHILIOMY CTPYMOIIPOBITHOMY CE€pPEAOBHILI (BOAHIN BUTSKII 3 IPYHTY, ad0
I'PYHTOBI1H BO/JII TOILIO), JOCTaBICHOMY 3 AUIsTHKA MI'.

6.4.2 XiMIYHMI CKJaJ MOJEIHHOTO TPYHTOBOTO EJIEKTPOJITY HABEACHUH B
Tabmui 1.

Ta6auus 1 — Cxiaa MoJenbHOT0 IpyHTOBOTO enekTponity NS4

Ha3Ba peakTuBy Konuenrpauis, r/u
Kamiro xnopun KCI 0,122
Hartpito rizpokapboHat NaHCO, 0,483
Kansuito xaopua CaCl, -2H,0 0,181
Marsito cynbsdar MgSO, -7H,0 0,131

6.4.3 3anexxHO BiA 3aBIaHHS JOCTIDKEHHS MOXHA TMPOBOIUTH B I1HIIOMY
CepelloBUIlll (HAMpPUKIaA, BOAHINA BUTSKINl 3 IPYHTY, ab0O TPYHTOBI BOJI TOIIO),
nocrasieHoMy 3 AutstHKH MIT. Cxitag pekoMeH10BaHUX CEpeOBHIL ISl TOCIKEHb
HaBeJICHUH B OAATKy A.

6.5 IligroryBaHHA 10 BUMipIOBAHb

6.5.1 'oTyr0Th cepeioBuILEe I JOCTIIKEHb 3TiAHO 3 5.4 a00 gogaTkoM A.

6.5.2 30uparoTh YCTAaHOBKY TSI €IEKTPOXIMIYHHUX JOCIIKEHb.

6.6 IIpoBeieHHs BUMIPIOBaHb

6.6.1 3pa3ok poO3MIIILYIOTh B €JIEKTPOXIMIYHIA KOMIPI[l Ta BUTPUMYIOTH Yy
poGodoMy po34HMHI TPOTATOM | TOAWMHM [T BCTAHOBJICHHS CTaJOro 3HAYCHHS
noTeHIiany Kopo3ii. Po3kuj 3HaueHb MOTEHLIANy KOpPO3ii B TPHOX MapajeibHUX
€KCIEPUMEHTAx He MOBUHEH nepeuiryBatu 10 mB, pucynok 1.
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Pucynok 1 — 3MiHa noteHiiany koposii TpyoHoi ctani X70 y po3unni NS4 B
4aci 0 BCTAHOBJICHHS CTAJI0T0 3HAYCHHS

6.6.2 BCTaHOBIIOIOTH, KAaTOAHWM IMOTEHIAN, BiJ SIKOTO ITOYMHAIOTH 3HIMATH
noJIsipu3alliiiii Kpusi, a came -1,5 B.

Hpumirka. [leli moTeHIiaJl MOXXHA 3MIHIOBATH 1 MPOBOJUTU JTOCHIIKEHHS,
HAMpUKIad, BiJ OUIbII BiJI’€MHOTO MOTeHIiany. g mporo morpiOHE J0JaTKOBE
KOPUTYBaHHSI TPUBAJIOCTI BUTPUMYBAHHS 3pa3ka MpU KaTOHOMY MOTEHITIAI.

6.6.3 BurtpumymoTh 3pa3oKk 3a KaTOJHOTO TOTEHIlAly  BIPOJOBXK
10 xBUJIWMH Ta BHUMIPIOIOTH 3MiHY CcTpymy. Kpurtepiii mnpaBuiIbHOCTI BHOOpPY
TPUBAJIOCTI BUTPUMYBAHHS — CTa01T13allis 3HAYeHb CTPYMY, PUCYHOK 2.

I, A/m?
2,6 1 ]

1 —=—35xB
-2,8 2 2—=—10xB 7
3 30xB

3,0 d

-4,45 .

-4,50 3 4

-4,55 s t t t ‘
0 5 10 15 20 25 30
T, XB

Pucynok 2 — Crabim3anis ctpymy Ha ctam X70 y po3uuni NS4 3a pi3Hoi

TPUBAJIOCTI BUTPUMYBAHHS MPHU NOTEHIIiaJll KAaTOJHOro 3axucty -1,5 B

6.6.4 3HiMalOTh MOTEHINIOAWMHAMIYHI MOJSPHU3AIiAHI KPHUBI BiJ MOTEHINATY
-1,5 B g0 0,5 B 3 pisuumu mBuakoctsmu ckanyBanHs: 0,5 mB/c, 1,5 mB/c,
10 mB/c, 20 mB/c, 50 mB/c, 100 mB/c Ta 200 mB/c.
6.6.5 bynytoTs rpadiku 3anexxHocTi y koopauHatax «lg 1 — E», sk HaBeneHO Ha
PUCYHKY 3.
5
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Pucynok 3 — IloreHuioguHamivyHi nojsipu3auiiidi kpusi ctam X70 y po3uuHi
NS4, 3H4T1 3 PI3HOIO NIBUIKICTIO CKAHYBAaHHS MMOTEHI1ATY

6.6.6 3 oTpuMaHHX MONAPHU3AMINHUX KPUBUX BHU3HAYAIOTH MOTEHIIANl TMPHU
HyJIb0BOMY cTpyMmi (E_,) Ta OyIyroTh rpadik 3aJeKHOCTI B KOOpAMHATax

«VE — E_,», PUCYHOK 5.

E ,B

Kop’ : T : . - .

-0,75

-0,80
-0,85 -
-0,90 -
-0,95 -

-1,00

-1,05

0 50 100 150 200

PucyHok 4 — 3anexHicTh MOTEHLIATy MPU HYJILOBOMY CTpyMi TpyOHOI ctaii
X70 y po3unni NS4 Bij] IIBUJKOCTI CKaHYBaHHS MOTEHLIaTy Vg

6.6./ BuzHayaloTh HaliMEHIIy Ta HaWOUIbIIy IIBUIKOCTI CKaHYyBaHHS
NOTEHI[lany, 32 SKUX PI3HHUIS MDK OOYMCICHHMMM 3HAYEHHSMHU TMOTEHLIANy Ipu
HYJIbOBOMY CTPYMI € HAOUTBIIOIO.

6.7 O0poOs1eHHs pe3yJbTAaTiB BUIIPOOYBAHDb

6.7.1 byaywoTs mnoaspuzauiiHi KpuBl, OTpUMaHI MpU HaWMeEHII Ta
HaWOUTBIIIM IIBUIKOCTSIX CKaHYBaHHS TMOTEHIIANly B KoopauHaTax «lg 1 — Ey», sk

MOKAa3aHO Ha PUCYHKY 6.
6



—a—V_=0,5MB/c

—w— Vv, =200 MB/c

Pucynok 5 — IloreHuioguHamiyHi nossipu3aniiiai kpusi ctam X70 y po3unHi
NS4, 38471 3 PI3HOIO NIBUIKICTIO CKAHYBAaHHS MMOTEHI1ATY

6.7.2 Bu3HavaroTh Jiana3oHM 3aXMCHUX ToTeHmiamB, B skux KPH mepebirae
3a pI3HUMH MEXaHI3MaMHu.

6.7.3 BucHoBok mozao mexanismy KPH nocmimpkyBanoi crai:

- B J1larma3oHl NOTEHINaIB, OUTBII MO3UTHBHUX HIK Eil=O KPH TpyOHOi crani
nepebirae 3a MEXaHi3MOM JIOKAJIbBHOTO aHOAHOTO po3unHeHHs (JIAP);

-B Jiana3oHi MoTeHIianiB Oinbm Bix’emHux Hix E’, KPH TpyOHOi cram
nepe0irae 3a MEXaHi3MOM BOJHEBOTO po3TpickyBaHHs (BP);

3MIMIAHUM MEXAHI3MOM

- B JianasoHi morenuianis Big E;, no EZ, KPH TpyOHOI cTami nepebirae 3a
JIAP, a6o BP.

JIOKAJhbHOTO aHOJHOTO PO3YMHEHHS Ta BOJHEBOTO
PO3TPICKYBaHHS. 3aJIe’KHO BiJl 3aXMCHOTO MOTEHI1ATY TPEBAIIOIOYHUM MOKe OyTH a0o



Homatok A.1
(TOB1IKOBHIA )

PEKOMEH/JOBAHI CEPEJIOBHILA JJISI JOCJIIKEHD
MEXAHI3MY KOPO3IITHOT'O PO3TPICKYBAHHS BIJ
HANPYKEHHS TPYBHOI CTAJII METO/IOM MOJISIPU3ALIIHHUX
KPUBUX B JABOPATOPHUX YMOBAX

Taoauna A.1 -

PexomennoBani

CepelloBUINA I JOCTIHKCHHS

mexaHizMy KPH TpyOHOT cTaii 3a pi3HUX 3aXUCHUX TOTCHITIAIIB

Y. . . . . . BoaneBuii noKa3sHUK
" XiMiuyHHUH cKJIa] Konuenrpauis coJi pH
KCI 0,122 r/n
NaHCO; 0,483 r/n
Nel CaCl, - 2H,0 0,181 r/n 8,0
MgSO, - 7TH,0 0,131 r/n
No 2 IpyHTOBa BOJIA, BOJHA ] Bix 7.5 10 8.0
BUTSDKKA 3 TPYHTY
KCI 0,037 t/n
NaHCO; 0,559 r/n
Ne 3 CaCl, 0,008 r/n 8,6
MgSO, 0,089 r/n
CN2H4O 0,5 /1
KCI 0,037 r/n
NaHCO; 0,559 r/n
Ne 5 CaCl, 0,008 r/n 9,0
MgSO, 0,089 1/n
KSCN 10,8 r/n
HCOOH 2,28
Ne 4 HCOONa 54,4 Bin 4,9 no 5,1
KSCN 10,8
NaHCO; 0,1M
Ne's Na,COs 0.1 M 8,9
NaHCO; 1M
Ne 6 Na,COs3 1M 8,9




Homatok b.1
(JTOB1IKOBHIA)

BIBJIIOI'PA®IA

1 MarictpanbHi razonpoBoau. Meroanka BU3HAYeHHS MTOTEHIIIIHO cTpec-
KOPO31iHO HeOE3MeUHUX AUISHOK MariCTpaJbHUX ra30MpOBO/IIB

2 Jamackun b. b., Ilerpuit O. A., I''A. Hupnuna. Dnektpoxumus. M.:
Xumus, 1987. 209 c.
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Beryn

MarictpanbHi TpyOONpOBOAM, IO EKCIUTYaTyIOThCS B MiJA3€MHHUX YMOBaX, MiIJar0ThCs
€JIeKTPOXiMiuHIi Kopo3ii. [IIBUaKICTh KOPO3ii 30BHINIHBOI CTIHKH TPYOOIIPOBOTY 3aJICKHO Bij
YMOB TIPOKJIQJAAHHSI MOXKE JOCSITaTH ACKUIBKOX MM/piK. J{Jsl 3aXUCTy BiJf 30BHIIIHBOT KOPO3ii
TpyOOIIPOBO/IIB 3aCTOCOBYIOTh KaTOAHHIN 3aXHCT — 3MIIIEHHS TOTEHIAy BiJl MOTEHIlATy
KOpo3ii y BiJ’eMHHI OiK.

3rigno 3 JICTY 4219 3axucHi nossipu3aliiifHi TOTEHIIaIM HOPMYIOTh B aiana3oni Bifg -0,85 B
70 -1,15 B BiTHOCHO HACHYEHOTO MiTHOCYNIb()ATHOTO EIEKTPOAY MOPIBHIHHS.

3axHCHI MOTEHITIAIK 3a0€3MeUyOTh 3HKEHHS IBUIKOCTI KOPO3ii 10 TEXHIYHO JIOMyCTUMOTO
piBas — 0,01 wmwm/pik. OpnHak, ans OimbInl  HAMIWHOT eKCIUTyaTallil MaricTpaibHHUX
TpyOOIIPOBO/IIB IIIXOM BHOOPY TPYOHOT CcTaji Ta MOJApU3AIliHHUX MTOTEHIIATIB IJIs TIEBHUX
YMOB €KCIUTyaTallii JOUIbHO OLIHUTH MIBUIKICTh 3aJUIIKOBOI KOPO3ii B 1e(eKTi 3aXUCHOTO
MOKPUBY B yMOBaX KaTOHOI MOJISpU3aIlii.

L{s MeToaMKa MTPU3HAYCHA JIJISl OI[IHIOBAHHS IIBUIKOCTI 3aJIUIIKOBOI KOPO3ii TPyOHUX CcTasiei
B YMOBaX, 1[0 MOJAENIOIOTh YMOBH €KCILTyaTallii Ha AUISHII TPYOOIIPOBOAY.

III
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1 COEPA 3ACTOCYBAHHSA

1.1 [1s MeToauKa pu3HAYeHa JUIsl OI[IHIOBAHHS MIBHIKOCTI 3aJTUIIIKOBOT KOPO3ii
TPYOHUX CTajel B 1a00OpaTOPHUX YMOBAX, [0 MOJICTIOIOTh YMOBH €KCILIyaTaIlii
TpyOOIPOBOAY Ha OOCTEKYBaHIM JTUISHIIL.

1.2 11 MeTOMKA BCTAHOBJIIOE MOPSIOK POOIT ITiJT Yac OLIIHIOBAHHS IIBUIKOCTI
3QJIMIIIKOBOT KOPO31i TPYOHUX CTaJICH.

2 HOPMATHUBHI IIOCNJIAHHA

JACTY 3830-98 Kopo3sig MeraniB 1 cruiaBiB. TepMiHM Ta BU3HAYEHHS! OCHOBHUX
TIOHSTh

JICTY 4219-2003 TpyOompoBoau CTajieBi MaricTpaiabHi. 3aranbHi BUMOTH [0
3aXHUCTY Bl KOpO3ii

3 TEPMUHMU TA BUBHAYEHHSA IIOHATDH

Hwxuye HaBeneHO TEpMiHM, BUKOPHUCTaHI B IIH METOJUWIIl Ta BH3HAYCHHS
MO3HAYEHUX HUMH TOHSATD:

3.1 nonomMikHu# eeKTpoa (MPOTUETEKTPON)

Enextpon, mo 3abe3nedye mpoTiKaHHs CTPYMY uepe3 KOMIpKY, He Oepe yJdacTi B
€JIEKTPOJHIN peakilii, a € TUIbKM MPOBIHUKOM €JEKTPOHIB. BUTOTOBISAIOTH 3
1HEPTHOI'O MaTepiany, HalPUKIa, IIATHHH.

3.2 3axucHuii norenniaj [3mina Ne 1 1o JICTY 4219, nynkr 3.2.11]

[ToTenmian metany, mo 3abe3nedye TEXHIYHO JOCTaTHIM 3aXuUCHUU edekT, 3a
SKOTr0 IIBHUAKICTh KOPO31i MeTany TpyoonpoBoay MeHie Hix 0,01 Mm/pik.

3.3 3axuieHicTb Tpyoonposoay mo nporsiakHocti [JICTY 4219, nynkr 3.2.12]
HasiBHICTh 3aXHMCHHX TMOTEHIIAIIB Ha TPyOONpPOBOJI, IepeadadyeHux UM
CTaHJIapPTOM, Ha MEBHINA TOBXHHI TPyOONpPOBOAY B aOCOJIIOTHHUX YM BIIHOCHUX
(BITHOCHO JOBXXWHH JIISTHKA TPYOOIIPOBO/TY, IO PO3IIISIIAETHCS) OTMHUIISX .
3.4 3oBHimHA kopo3is [[ICTY 4219, nyukr 3.2.14]

Kopo3siss 30BHIIHBOI MOBEpXHI CTIHKK TPYOONpPOBOAY TiJl  BIUIMBOM
HABKOJIMIITHHOTO CEPEIOBHUIIIA.

3.5 eJqieKkTpOA NMOPiBHAHHS

EnexTpoxiMiyHl HaIiBEJIEMEHTH €JIEeKTPOXIMIYHOIO KOJia, SIKI 3aCTOCOBYIOTH
IIPY BUMIPIOBAHHI1 €JIEKTPOAHUX MOTEHIIAMIB SIK 1X €TaJIOH.

Ipumirtka. [ToTeHmian enekTpoay MOPIBHSHHS Ma€ MOCTIMHE 3HAYCHHS 1 HE 3aJCXKHUTh BiJ
3M1HU KOHIOCHTpPAIIll pPO3YHHY CJICKTPOJJITY CICKTPOXIMIYHOI'O KOJIA.

3.6 e1ekTpoxiMiuyHA KOMipKa

€MHICTB 3 IHEPTHOTO MaTepija sl SICKTPOXIMIYHUX BUMIPIOBAHb.



3.7 exextpoximiuna kopo3sis [JICTY 3830, myHkT 5.2]

B3aemonist mMeTtasly 3 KOPO3HUBHHUM CEPEAOBHINEM (€JICKTPOJIITOM, BOJOTHM
ra3oM, PO3TOIUICHOIO CLLIIO, JIYTOM), ITiJT 4ac sIKO1 10HI3yBaHHS aTOMIB METaily i
BITHOBJICHHSI OKHCHIOBaYa B1/I0YBA€ThCA OKPEMO, a 1X HIBUAKOCTI 3aJI€XaTh BiJ
eJIEKTPOJIHOTO MOTEHITIATY.

3.8 karomumii 3axuct [JICTY 3830, mynkr 9.17]

EnexTpoxiMiyHUN 3aXMCT MeTaly uepe3 3HWXKYBaHHS WOro MOTEHLIaNy 3a
JIOTIOMOT'OI0  30BHINIHBOTO JDKEpesia ENEeKTPUYHOro CTpyMy abo aHOJHOTO
MPOTEKTOpA.

3.9 xopo3uBHe cepenoBuine [JICTY 3830, nyHkr 4.4]

Pisike un razoBe cepenoBHUILE, 10 3yMOBIIOE KOPO3IIO.

3.10 mixzemua kopo3is [JICTY 4219, nynkr 3.2.33]

EnexkTpoxiMiyHa KOpo3is MeTaiay TpyOonmpoBOAy, WIO EKCIUTYyaTylOTh B
M1J36MHHUX yMOBaXx.

3.11 monsipusauiiinuii norenuiaua [JICTY 4219, mynkr 3.2.35]
EnexTpoxiMiyHUI MOTEHLIad METally TpyOONpOBOAY 32 BHIIYYEHHSIM OMIYHOI
CKJIaZI0BOi, 3yMOBJIEHUMM NpPOTIKaHHSAM cTpyMy 3aco0iB EX3; mopiBHIOE cymi
MOTEHIIAly KOpo3li Ta CTpUOKY mOTeHIiany Ha ¢a3oBid TpaHUIll MeTan —
IPYHTOBHI €JEKTPOIIT.

3.12 norenuiana koposii [JICTY 4219, nynkr 3.2.38]

[ToTenirian Metary 3a BiICyTHOCTI 30BHIIIHHOTO HAKJIAJIEHOTO CTPYMY.

3.13 po6Gouuii eeKTPOX

3pa3ok MeTay, BUTOTOBJICHHM 3 TPYyOHOI cTaji abo TpyOH, BUKOPUCTOBYETHCS
JUIST BU3HAYEHHSI IIBUAKOCTI KOPO3ii ab0 IMIBHIKOCTI 3aJMIIKOBOI KOPO3ii
TpyOOTIIPOBOYy B YMOBAaX, III0 MOJIEIIOIOTh YMOBHU €KCIUTyaTallii TpyOorpoBoIy
Ha 00CTEeXKYyBaH1M TUISHIII.

3.14 x10puaCpiOHUI eJIEKTPOJ NOPIBHSIHHA

EnexTpoa mopiBHSAHHSA, IO MICTUTh CpiOHMI JpiT (a0 MIacTUHY), BKPUTHIA
MaJOpO3YMHHOK cuumo xyopuny cpiona (AgCl) B HacuueHOMY pO34YHHI
xaopuny kaniro (KCI).

3.15 WBHAKICTH 32JMIIKOBOI KOPO3ii

Kopo3iiiHi BTpaTu MeTany 3 OJAUHUII MOBEPXHI TPYOOTPOBOAY 32 OJMHUITIO Yacy
9yl MOMHA pyHHYBaHHS MeTaldy 3a OAMHMIIO Yacy B yMOBaX KaTOJHOI
MOJISIpU3AIlii.

3.16 mBuakictb kopo3ii [[JICTY 4219, nynkr 3.2.52]

KoposziiiHi BTpaTi MeTaity 3 OMHHULI TOBEPXHI TPyOOIPOBOAY 32 OJIMHUIIIO Yacy
4y riuOrHa pyiHYBaHHS METalTy 3a OJUHUIIIO Yacy.

4 IIOBHAKHU TA CKOPOYEHHAA

JE — 1omoMI>KHHM €JIeKTPO/T
EIl — enexTpon nopiBHSAHHS
PE — poGouuii enextpon



5 3AT'AJIBHI ITOJIOKEHHSA

5.1 OO’ektamu 11i€i METOIUKH € OOCTEXKyBaHI JAUISHKA MaricTpajibHHUX
TpyOOIIPOBO/IIB, SIKI BU3HAYEH1 KOPO31HHO-HEOC3IEUHUMHU.

3rinno 3 JACTY 4219 (mynktr 5.5) 10 KOpo3iHO-HEOE3MeYHUX AUISTHOK
HE3aJIC)KHO BiJ MOKA3HMKIB KOPO31MHOI aKTMBHOCTI CEpEOBHUINA Ta HASBHOCTI
OJIyKarOuuXx CTPYMIB CJI1JT BIIHOCUTH TaKOX:

- 3aMIaBUHU PIvOK;

- 3pOITyBaJIbHI 3eMJI1;

- 6oJ10Ta 1 3a00J104€HI IPYHTH;

- 1JIBOJTHI TIEPEXO0/IH;

- IIPOMMCIIOBI 1 TOOYTOBI CTOKU;

- 3BAJIMILA CMITTA 1 LIUIAKY;

- MOJIbOBI CKJIa/IM MIHEpaJIbHUX JI00pUB;

- OUITHKA ~ TpyOompoBoay 3 TEMIIEpAaTypor0  NOPOAYKTY, IO
Tpancnopryerbes, Buule 40 °C.

5.2 BuxigHUMU NaHUMH TSI OIliHIOBAaHHS €(EKTHBHOCTI KATOTHOTO 3aXHCTY
ninssakn MT B nmaGopatopHUX yMOBax € MapaMeTpud KaTOJHOTO 3aXHUCTY
(3aXMCHI TOTEHINAJIN) Ta CepeloBUIla, B sakomy mnpokiaaeHo MT (pH, ckman
CEpEIOBHIINA).

5.3 Bubip BumpoOyBaJIbHUX CEPEIOBHUII] Ta YMOB KAaTOJHOI MOJspU3aIli B
71a60paTOPHUX YMOBAX MIPOBOISTH BIJIMOBIIHO 10 yMOB ekcruryaraiii MT.

5.4 Bwu3HaueHHS WIBHJIKOCTI 3aJMIIKOBOI KOPO3ii CTaii Ta OIIHIOBaHHS
e(eKTUBHOCTI KAaTOAHOTO 3aXUCTy B JAOOPATOPHUX YMOBaX, IO MOJIETIOIOThH
YMOBHM €KCIUTyaTauii TpyOOmpoBOAYy Ha OOCTEeXyBaHIM IUISHLI, HPOBOISATH
3T1JIHO 3 PO3JILIIOM 6 I11€1 METOUKH.

6 BUSHAYEHHS IBUIKOCTI 3AJIMIIKOBOI KOPO3II CTAJII B
JABOPATOPHUX YMOBAX, MO MOJIEJIOIOTH YMOBHU
EKCIIYATALII TPYBOIIPOBOAY HA OBCTEXKYBAHIH JLIAHIII

6.1 CytHicTb MeTOY

CyTHICTh METOY TOJSATAE Y BUSHAYCHHS IIBUIKOCTI 3JIUIIIKOBOI KOPO3ii cTami
B 1a0OpAaTOPHUX YMOBAX, IO MOJEIIOIOTh YMOBHU €KCIUTyaTallli TpyOOompoBoOy
Ha 00CTeXyBaHIN AUTSHIL.

6.2 Bumoru 10 po0o4ux eJeKTPoAiB (3pa3KiB)

6.2.1 PoGoui enexkTpoau BUTOTOBJSAIOTH 3 BYIJICIEBOI Ta HHU3bKOJIETOBAHOI

TpyOHOI cTai.
PexomenioBaHi po3mipu po6ounx enekTpoiiB — (100x35x%3) mm.



KinpkicTh poOOYMX €NEeKTpOMiB Ui BUMPOOYBAHb MPHU OJHOMY 3aXHCHOMY
(monspu3aiiftHOMY ) TIOTEHITIaJi OJTHI€T TapTii — 5 TIT.

6.2.2 TloBepxHiO poOOYOTo e€NeKTpoja HUTIPYIOTh MEXaHIYHUM CIOCOOOM.
Mopctkicts moBepxui Ra 3rimno 3 'OCT 2789 [1] mae Oytu He Oinblie
0,2 MKM.

6.2.3 Ha nmmactuHu poO0UYOTo eIeKTpojia HAaHOCATh MapKyBaHHS.

6.3 3aco0u BUMIpIOBaHb, J0NIOMiKHE 00JIaJHAHHS, MAaTEPIiaJIi TA PEAKTUBHU

JlabopamopHna ycmanoeka. Y cTaHOBKa MICTUTh €JIEKTPOXIMIYHY KOMIPKY, B SIKY
BCTAHOBJIIOIOTh KaceTy 31 3pa3KaMu, I[IEeCTUKaHAIbHUN MOTEHII0CTATUYHHIMA
OPUCTPid, akymynsarop 3 Hampyroro 12 B. Cxema ycTaHOBKM HaBeJleHAa Ha
PUCYHKY 1, €CKi3 JOMOMIXKHOTO €JIEKTPOy — Ha PUCYHKY 2, POTO YCTAaHOBKHU — B
IOHAaTKy A.

Enexrpoximigna komipka 06’ emom 1 am3,

Kacera 3 iHepTHOro Mmarepiaiy AJisi BCTAHOBJICHHS POOOYMX Ta JOMOMIKHHX
CJICKTPOIB.

CTpyMOBIIBOIM 3 METAJICBUMH 3aTUCKAYaMU THUITY «KPOKOIHID.
[llecTukananbHUI NOTEHIIOCTATUYHUIN PUCTPIN.

[Hudposuit BoasT™MeTp abo noreniocrat [TN-50.1.1.

Axkymynstop Hanpyroto 12 B.

PoGounii enexkTpon, BUTOTOBJICHHMM 3 TPYyOHOI CTaji 3TiHO 3 MyHKTOM 6.2.
KisnbKicTh IacTUH poOOYUX €EKTPOIIB — 5 TIT.

Jonomixkuuii enextpos po3mipom (100x50%3) MM, BUTOTOBJICHHI 3 TaIagieBOi
citku (pucyHok 2). [Hiamerp apoty citku 0,15 M. KimbKicTh J0mOMIKHHX
€JIEKTPOIB — 6 IIIT.

EnexTpon nopiBHsSHHS Xyopuacpionuit 3rigHo 3 'OCT 17792 [2].
Enextponituunuii kiarod (kanuisip Jlyrrina).

[ITaHreHuupKynb OyAb-SIKOTO THIY 3 MOXHUOKOI BUMIPIOBaHHS HE OLIbLIE
0,1 mm.

Bara ananituuna BJIP-200r 2 knacy TouHOCTI a00 aHaJor1yHa.

lonomip (pH-meTp) Oyap-sKOro TUIy 3 MOXHMOKOK BUMIPIOBaHHS HE OlIbIIe
0,05 pH.

INapoxcun Hatpiro (NaOH), u.x.a.

Xnopun kanito (KCl), u.z.a.

['apokap6orat Hatpiro (NaHCO3), 4.1.a.

Xnopun kanseirito (CaCly), g.1.a.

Cynbar marnito 7-Boanuii (MgSO4-7H20), u.n.a.

Mypammna kuciaora (HCOOH), u.n.a.

Mypamunokuciuii Hatpiii (HCOONa), u.1.a.

Ponanun kamro (KCNS), 4..a.

HuctunpoBana Boaa 3rigHo 3 TOCT 6907 [3].
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Pucynok 1 — Cxema yCcTaHOBKH 71 BA3HAYCHHS IIIBUJKOCTI 3aJTUIITIKOBOI Kopo3ii: PE
— pobounii enektpos; JAE — nonomixkuuii enexktpos; EIl — enekTpos nopiBHSIHHS

/

Pucynok 2 — Ecki3 gomomikHOTO elekTpoay: 1 — JieleKkTpuuHa pamka;
2 — CiTKa 3 MaJIaJi€BOTO APOTY

6.4 Bumoru 10 cepeaoBHII

6.4.1 3anexxHo BIg YMOB eKcIuTyaTallli TpyOONpOBOAY Y KOPO3UBHOMY
CEpeIOBUIIl BUOMPAIOTh MOJICNIbHI PO3YMHU: KHUCII1, HEUTPaJIbHI, JTYXKHI.
PexomennoBanumii ckiias BUIPoOyBaIbHUX PO3UMHIB HaBEJACHO B TaOmiIi 1.
6.4.2 JlonmyckaeTbCs BUKOPUCTOBYBATH 1HIII PO3YMHHM, PEKOMEH]IOBaHI
BIIMOBIJTHUMHU HOPMAaTUBHUMHU JOKYMEHTaMHu, ab0 TPYHTH, IO MOJEIIOIOThH
KOPO3UBHI CEpe/IOBUILA B YMOBAX €KCILIyaTallii, a TakoX TPyHTH, BiiOpaHi 3
MICLS POKJIaJaHHs TPyOOIPOBO/IIB a00 BOJIHI BUTSKKH 3 HUX.




Ta6anus 1 — XapakTepucTuka BUMpOOyBaTbHUX PO3UHHIB

Hassa Tun po3unny | Boanesuii Cxi1ag po3uuny
MOKA3HHUK
pH
Po3unn Kucnuii 5,6 1,92 r/n HCOOH + 54,5 r/n HCOONa +
Ha OCHOBI 10 r/n KCNS
MYpaIINHO1
KHCIIOTH
MoaensHuit CnabonyxHUMH 8,2 0,122 r/n KCI + 0,483 r/n NaHCO3; + 0,137 r/n
TPYHTOBUH CaCl; + 0,089 r/n MgSQ4-7H20
€JICKTPOJIIT
(NS4)
Kap6onar- JlyxHuit 9,6 0,1 M NaHCOs3 + 0,1 M Na2CO3
OikapOoHATHUI
pPO3YHH

6.5 IlinroryBanHs 10 BUNIPOOyBaHb

6.5.1 IlpuroryBaHHs pO3YMHIB

6.5.1.1 [IpuroTyBaHHs pO3UMHY Ha OCHOBI MypaIINHOI KUCIOTH

Ha ananiTuHii Ba3i 3BaXyIOTh TaKl peakTUBM KBai(ikamii y.x.a.:

- mypamusa kuciaora (HCOOH) — 1,92 r;

- mypammHokucnuii Hatpii (HCOONa) — 54,5 1;

- ponanup kamiro (KCNS)—10T.

HaBaxxku mominarote y KoJIOy €MHICTIO 1 71 Ta JOBOAATH AUCTHUIHOBAHOIO
BOJIOIO JI0 MITKH.
6.5.1.2 IlpuroTyBaHHs pO3UUHY MOJIETEHOTO TPYHTOBOTO €JIEKTPOIITY

Ha ananiTiyHMX Barax 3Ba)KyrOTh TaKi peakTUBH KBaiikarii 4.j.a.:

- xjopup kamito (KCI) - 0,122 t;

- rigpokapoonar Hatpito (NaHCO3) — 0,483 1;

- xmopuna kanbifio (CaCly) — 0,137 1;

- cynbdar MarHito 7-Boauuii (MgSO4-7H,0) — 0,089 r.
Hapaxkku momimarTh y KoJIOy €MHICTIO 1 J1 Ta M0BOJSATH AUCTUIHLOBAHOIO
BOJIOIO JI0 MITKH.
6.5.1.3 IlpurotyBanHs KapOOHAT-01KAPOOHATHOTO POZUMHY

Ha ananiTiyHmMX Barax 3BaXKyrOTh TaKi peakTUBH KBaiikarii 4.j.a.:

oikapoonat Hatpiro (NaHCO3) — 8,4 1
kapOonar Hatpito (Na,CO3) — 10,6 T.

HaBaxky momimarmTh y KoOJOy €MHICTIO | 11 Ta JOBOIATH JUCTHIIHOBAHOIO
BOJIOIO JI0 MITKH.




6.5.2 IlinroryBaHHs1 po004HX eJIEKTPOAIB (3pa3KiB) 10 BUNIPOOYBaHb

6.5.2.1 Po6oui enmekTpoau, BUTOTOBJICHI 3TiTHO 3 MYHKTOM 6.2 Ii€i METOJIUKH,
3HEKUPIOIOTh OKCHJOM MAarHilo, NPOMHBAIOTh BOJOMPOBIAHOIO BOAOKO 1
OTIOJIICKYIOTh JTUCTHUIHLOBAHOIO BOJIOIO, OCYIITYIOTh (DUTHTPYBAIBHUM TATIEPOM.
[ToTiM poGodl €IeKTPOJM BHUCYIIYIOTh Yy CYIIWIBHIM Imadi 3a TemIepaTypu
(105-110) °C Bmnpomopxk 30 XBWIWH, MIiCAS BUCYIIYBaHHS — OXOJODKYIOTh B
EKCHKATOP1 3 OCyIllyBadyeM (HAIpUKJIIaJl, CUJIiKaresb) BOPO0OBXK 1 ros.

6.5.2.2 Po3mipy poOOUYOro  €IEKTPOJYy BH3HAYalOTh 3a  JOIMOMOTOIO
IITAHTEHIIUPKYJIS 3 MOXHUOKOI0 He OibIe Hik 0,1 MM.

6.5.2.3 PoOoui enexkTpoAu 3BaXYHOTh Ha aHAIITHYHUX Barax 3 TOYHICTIO
0,00005 r.

6. 5.2.4 Poboui eneKTpoau BCTAHOBIIOIOTh B KAaCETy Yy TaKid MOCIiJOBHOCTI:
JE-PE1-1E-PE2-1E-PE3-1E-PE4-1E-PES-JIE.

6.5.3 IlinroryBaHHs YCTAHOBKHM /10 BUIIPOOYBAHb

6.5.3.1 30uparoTh BUMPOOYBAIbHY YCTAHOBKY BIAIMOBITHO 10 CXeMH (PHUCYHOK
1). Bincranp Mi>k poOOYMMU €JIEKTpOAaMu B KaceTi moBUHHA OyTH 10 mMm.
6.5.3.2 CTpyMOBIIBOAM NPUETHYIOTh Y BEpPXHIA YaCTHHI KOXKHOTO 3pa3Ka.
JlonyckaeThCsl 3aHYpEHHsI 3aTHCKadya y poOouMi po3yMH HE OUIbLIE HIK Ha
5 MM.

6.5.3.3 EnekTtpoxiMiuHy KOMIPKY 3alOBHIOIOTH pOOOYMM pO3uMHOM. PiBeHb
PO3UKHY HaJ pOOOYMMH €JIEKTPOJaMH HE MOBUHEH MEPEBUIIYBATH 5 MM.

6.5.3.4 IlpueanyroTh €IEKTPOIU J0 BIAMOBITHOTO KaHATYy MOTEHI[IOCTATUYHOTO
NPUCTOI0, 3a0€3MeUyI0Yl TaKy MOJSPHICTh: MOTMOMDKHUN €NeKTPON — «1»;
pobouuii enexkTpos — «—». s 3pydHOCTI KOHTPOJIIO MOXHA 3aCTOCOBYBAaTH
3aTHCKa4l PI3HUX KOJbOPIB, HANPUKIAA, KOJIP JOMOMDKHOTO €JIEKTpPOoJa
YEpBOHMI, pOOOYOro — YOPHUH.

6.5.3.5 3anoBH00TH Kanisip JIyrrina po60YrM po3YHHOM.

6.6 IlpoBenenHs1 BUNPOOyBaHb
6.6.1 3arajbHi MoJ10KeHHS

6.6.1.1 BunpoOyBaHHs MpOBOJATH B MOTEHLIOCTATUYHOMY PEXHUMI B Jiana3oHi
NOTEHI1aJiB KaToIHOTro 3axucty: Big -0,75 B no -1,15 B.

6.6.1.2 OpgHOouacHO TPOBOJSATH BUMPOOYBAHHS AHAIOTIYHHX 3pa3KiB TPYyOHOI
CTaJIl 3a MOTEeHIany Kopo3ii (0e3 HaBeIeHHS KaTOIHO1 MOJISIpU3allii).

6.6.1.3 MiniManpHa TpUBaANICTh BUIPOOYBaHb Ma€ OyTH HE MEHUIE 8 TO/I.

6.6.1.4 OOpobseHHs pe3yabTaTiB BUIPOOYBaHb MPOBOJSATH 3T1IHO 3 MYHKTOM
6.7.



6.6.2 Ilopsiok po6OTH 3 YCTAHOBKOIO

6.6.2.1 IloTeHmiocTaTUYHUN TPHUCTPIN MiAKIIOUaOTH 10 Mepexi 220 B abo
aKyMyJIsITOpA.

6.6.2.2 BxirodaroTh BIAMOBIAHY KOMIPKY, HICJSI YOTO 3arOpaeThesl CBITIOHION
YEPBOHOTO KOJILOPY.

6.6.2.3 Pyukoro 6araroo0epTOBOr0 MOTECHIIIOMETPY B KOMIPIIl BCTaHOBIIOKOTH
NMOoTpiOHE 3HAYEHHS KaTOAHOTO MoTeHIany (Hanpukiaz, -0,75 B; -0,95 B; -1,05
B).

Mpumirka. [licns HaBeaeHHs moTeHNiamy, mpoTsroM (2 — 3) ronuH, Oyne crocTepiraTUCh 3MilICHHS
MOTeHIiaTy B 00uBa OOKH Bijl HABEACHOTO, [0 00YMOBICHO KOJMBAHHSIMH MOJSPU3ALIITHOTO CTPyMY

BHACIIIIOK BCTAHOBJIEHHS PIBHOBAarW HA MOBEPXHI IUIACTHH POOOYOTO elneKTpoxy. ToMmy mepiofumdHo
TpeOa KOHTPOJIIOBATH 3HAUCHHS IMOTCHINATY 32 JOITOMOTOI0 BOJIBTMETPA 1 KOPUTYBATH HOTO.

6.6.2.4 Slxmo BumpoOyBaHHS TPUBAIOTH IMOHAJ 8 TOJWH, OJIOK KaTOJIHOTO
3aXMCTy OJJHOYACHO MIJKII0YaloTh 10 Mepexi 220 B ta akymymnsTopa 3 METOIO
Oe3nepepBHOi mosisipu3alii  enekTpoaiB. Ilicias 3akiH4eHHS poOOYOro JHS
MOTEHIIIOCTATUYHUN TPUCTPIA MEPEKII0YanTh Ha akymyJsaTop. YUepe3 KoXkHi
(3-4) no6u akymyssTOp Tpeba 3apsHKaTH.

6.6.2.5 IllogHs, mnpoTSIroM BCHOTO TEPIOAY MAOCHIIKEHb, KOHTPOIIOIOTH
3HAYEHHSA MMOTEHI1aTy Ta pIBEHb POOOYOr0 PO3UHHY.

6.6.3 Ilopsinok po30MpaHHsI YCTAHOBKHU

6.6.3.1 [Ilicns 3akiHueHHS BUMIpPIOBaHb BHUMKHYTH BIATOBIIHUN KaHal
MOTEHII0CTATUYHOTO TMPOCTPOI0, BiJ’€IHATH 3aTUCKadl CTPYMOBIJIBOMIB BIiJ
POOOYNX Ta JOTMIOMIKHHUX €JICKTPO/IIB.

6.6.3.2 Bunutu po3uvH 3 €NeKTPOXIMIYHOI KOMIPKH Ta MPOMUTH 1l CIOYATKY
BOJIOTIPOBIIHOIO, TTOTIM — JUCTHUILOBAHOIO BOJOIO.

6.6.3.3 Bunyunutu 10MOMIXKHI €IEKTPOAM 3 KaCETH, IPOMHUTH BOJIOMIPOBIIHOIO Ta
JTUCTUIIHLOBAHOIO BOJIOKO.

6.6.3.4 Bunyuntu poOodi eIeKTPOIH 3 KaCeTH.

6.6.4 IlinroryBaHHsi po0OYMX eJIeKTPOAIB (3pa3KiB) A0 MacCOMETPUYHHUX
BHMIipIOBaHb IiCJIs1 BUNIPOOYBaHb

6.6.4.1 3a HasABHOCTI BUIUMHUX MPOAYKTIB KOpPO3il Ha MOBEPXHI pPOOOUMX
eNneKTpoAiB BUAAIOTH iX BiAnoBiaHo 10 ['OCT 9.907 [4] Ta/abo rymKoro,
MOTIM 00pOOJISIOTH 3T HO 3 TyHKTOM 6.6.1.1.

6.6.4.2 Ilicns BunmpoOyBaHb poOOUi €IEKTPOAN 3BAKYIOTh Ha aHATITUYHIN Basi 3
tounictio 0,00005 r.



6.7 O0po0.1eHHs pe3yabTAaTiB BUNPOOYBaHb

6.8.1 IlIBuaKICTH 3aMMIIKOBOI KOPO3ii (IIBUAKICTh BTPATH MACH) JJIsI KOKHOTO
po0O0YOTO eNeKTPOoIa OOUUCITIOITH 3a (HOPMYJIOTO:

Am

Vm = S.z’ (1)
€ V- IIBHAKICTE 3aJIMIIKOBOT KOPO3ii, I/M? TOx;
Am - BTpaTa Macu 3paska, T;
S - mjoma podouoro enekrpoxy, M2 Ilmomry poOodoro enexTpoay S B M
BU3HAYAIOTh 32 (HOPMYJIOIO:
S=2@a-b)+2@-0)+2(b-9), (2)

7€ a - JOBXHHA POOOUYOT0 €NEKTPOY, M;
b- mmpuHa po6OYOro eIeKTPOIY, M;
0 - TOBIIMHA POOOYOTO €NEKTPOIY, M;
¢ - TPUBAJIICTb BUNPOOYBAHb, TOJIMHH.
6.8.2 IIBHIKICTh B3aJMITKOBOI KOpO3ii (JTiHIMHY) I KOXXHOTO 3pa3ka
00UYHCITIOITH 32 (HOPMYIIOIO:

2

y = 8760 v @)
P

Ji€ V| - IBHJIKICTh 3aJIMIIKOBOT KOPO3ii, MM/PIK;

Vi - IIBUJIKICTB 3aJIMIIKOBOI KOPO3ii, I/M2 TO;

8760 — KiTbKICTh TOAWH B OJTHOMY POIIi;

p - TyCTUHA TPpyOHOI cTai, r/cme.

6.8.3 Cepenne 3Ha4YeHHsS MIBUAKOCTI 3aJIMIIKOBOI KOPO3ii TpH 3adaHOMY

MOTEHITIAJIl KaTOJHOTO 3aXWCTy B T/M*Tod abo MM/pIK OOYHMCIIOIOTH 3a

dhopmyIioro:

£ 2, @

Jie 1 - KUTBKICTh POOOYUX €JIEKTPO/IIB;

V,, - MIBUAKICTh KOPO3li 7-TO pOOOUYOTO €IEKTPOITY.

6.8.4 BwusHaueHHS MIBUIKOCTI KOPO3il (3a MOTEHINATy KOpPO3ii) 3a BTPATOIO
MacH B I/M%Toji Ta IHHIMHOI B MM/piK IPOBOAATH 3a (GopMmyidamMu 2 Ta 3,
BiamoBigHO. CepeaHe 3HAYCHHS IMIBUAKOCTI KOPO3il MpH IMOTEHINam KOpo3ii B
r/M?: 1011 @00 MM/PiK OOUHUCITIOIOTH 32 (OPMYJIIOLO 4.

6.8.5 PesynpTaT BU3HAUEHHS MIBUIKOCTI 3aJUIIKOBOI KOpO3ii (IKCYIOTH Y
poOovoMy KypHasi Ta/abo MpOTOKOII BUTIPoOyBaHb. Dopma 3amucy HaBe/IeHa B
nonatky b.



7 BUMOI' BE3IITEKHU

7.1 Bci mpatroroyi MaroTh OyTH O3HAWOMIICHI 3 MpaBHJIAaMU TEXHIKH OE3MeKH,
eJIeKTpoOEe3MeK Ta TOXKeXHOi Oesnekn B Jaboparopii, MOBOHKCHHSIM 3
XIMIYHUMH PEUOBHHAMH 1 PO3UMHAMHU.

7.2 Jlo BUKOHAHHS POOIT 3 BUKOPHCTaHHSAM TMOTEHINIOCTATy abo0 IU(POBOIO
MYJIbTUMETpPA JIOMYCKAIOThCS OCOOM IO JocsArid 18 pokiB, sKi HPOUIILIH
crieniajgbHe HaBYaHHs Ta iHCTpyKTax 3riaHo 3 HITAOIT 0.00-4.12 [5], He MatoTh
MEJIMYHUX MTPOTUIIOKA3aHb JI0 pOOOTH 3a MPpodeci€ero.

7.3 He mnpucrymatu gm0 poOOTH 3 MOTEHIIOCTaTOM ab0 MyJIbTUMETPOM HE
O3HAHOMUBIIUCH 3 TEXHIYHUM OMUCOM Ta IHCTPYKIIEIO 3 €KCIUTyaTallii, a TaKoxX
3 YUHHUMHU TIpaBUJIaMU €KCILTyaTallii eJIeKTPOyCTaHOBOK.

7.4 Tlepen moyaTkoM poOIT TpAIIBHUKK MalOTh O3HAMOMUTHCA 3
pPO3TalllyBaHHSAM €JIEKTPUYHOTO INIUTa JiabopaTopii Ta CIOCOOOM IOBHOTO
BUMKHEHHS HaIllpyTy y pa3l HenepeadauyBaHUX CUTYaIllH.

7.5 Tlepen BMHKaHHSIM MOTEHIIOCTaTy abo0 1U(poBOoro MynbTUMETpa Tpeda
MEepPEeCBIAUUTUCS B HAJIMHOCTI 3a3eMJICHHST HOro 0a3oBoro OJIOKY, IKepela
3alaBaJIbHUX ~HAOmpyr Ta JOMOMDKHUX MpuiaaiB (MarHiTHa MiIlaJka,
ocumsiorpad Tomio). 3a3eMIICHHS 3IHCHIOIOTH MIJHUM JPOTOM TMepepi3oM
(2-3) Mm2. [IpoTH 3a3eMIIEHHS B MiCIISX IPHUEIHAHHS JI0 3aTHCKAYiB 3a3€MJICHHS
MOBUHHI OYTH PETEJIBHO 3a4UIIICHI.

7.6 TlepcoHan mNOBWHEH 3HATH 1 BMITH HAJaBaTU JOJIKAPCHKY TOTIOMOTY
MOTEPIIIOMY BiJl €IEKTPUYHOTO CTPYMY.
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JlonaTok A.2

@0oT0 YCTAHOBKH AJIsi BU3HAYEHHHA B JIa0OPATOPHUX YMOBaxX IIBUAKOCTI
3aJIMIIKOBOI KOPO3ii TPyOHUX cTajIe

Pucynok A.1 — ®0oT0 yCTaHOBKM [Jisi BU3HAUEHHS B JaOOpAaTOPHUX yMOBAax
IIBUIKOCTI 3aJIMIITKOBOT KOPO3ii TpyOHUX cTanei: 1 — enekTpoximMidyHa KoMipKa 3
poOourMH Ta JOMOMDKHMMH €JEKTpPOAaMH; 2 — IIECTHUKaHAJIbHUN OJIOK
NOTEHLIOCTaTUYHUI TNpucTpiid; 3 — akymyastop Hamnpyroioo 12 B; 4 —
CTPYMOBIJIBOJIM 3 METAJEBUMU 3aTHUCKadaMH; 5 — poOouuil enexkTpos 3 TpyOHol
ctam (KUTBKICTh TIJIACTHH POOOYMX EJEKTPOMIB — 5 MT); 6 — IOMOMIKHUI
enexTpos (6) 3 manaaieBoi CiTKU (KUTbKICTh JOTIOMIXXKHUX €JIEKTPOIIB — 6 IIT)
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Honatok b.2

dopma 3anucy pe3yabTATiB BUZHAYEHHS MIBHIKOCTI 3aJIMIIKOBOI KOPO3ii B
JIa0OpaTOPHUX YMOBAX

Ha3Ba o0OcTexyBaHOi TUITHKH TPYOOIIPOBOTY

Mapxka crami

[TapameTpu KaTOJHOTO 3aXUCTYy HA OOCTEXKYBaHIN AUISHII
Bonanesuii mokasnuk pH cepenoBuma (rpyHTy)
Cxuan cepenoBuiiia (TpyHTY)
KinbkicTh poOOUHX €IEKTPOIIB, T
KinbkicTh 3pa3kiB, T

Ta6auus b.1 — Pe3ynbraTty BU3HAYEHHS MIBUAKOCTI KOPO3ii

Ne Po3mipu 3pa3kiB, m Inoma Maca 3pa3ka, r Tpusa- MBuakicrs | HIBuakict

3pa3 3paska, M° JicTh KOpo3ii b KOpo3ii,

Ka BHIIPO- cepeaHs

JIOBXHHA | MIMPHHA | TOBLIMHA 0 BH- micrst Am= OyBaHb, | rMrox | Mw/pik | AT | mM/pi
npo6ysa BU- mi- maz roa o K
Hb, M1 po0y-
BaHb, M2

1

2

3

4

5

Ta6auus b.2 — Pe3ynbraTty BU3HAYEHHS MIBUAKOCTI 3THIIIKOBOT KOPO3ii
Ne Po3mipu PE, m ILnoma Maca PE, r Tpusa- IBuakicTh IBuakicTh
PE PE, m? JicTh 3aJIMIIKOBOI 3aJIMIIKOBOI
BHUIIPO- KOPpO3ii KOpO3ii,
O0yBaHb, cepeaHst
JIOBXKMHA | IIUPUHA | TOBUIMHA JIO BHIIPO- miciis BU- Am= roja r/m ron | Mm/pik | r/m*roa | Mm/pik
OyBaHb, m1 mpo0y- mi- M2
BaHb, M2
1
2
3
4
5
[pumitka. PE — po6oumii enexTpos.
Bukonagenp
JaTa
12

M1 AHC




JonaTok B.3

Bioiorpadis

1 T'OCT 2789-73 IllepoxoBaroctb mnoBepxHocTH. [lapameTpsl u
XapaKTEePUCTUKHU

2 TOCT 17792-72 Dnexktpoa CpaBHEHUS XJIOpCEPEOPSIHBbIA HACBIIEHHBIHI
oOpasnoBelii 2-ro pazpsnaa (EnekTpon MOpiBHSAHHS XJIOPCPIOHUN HacHUYEHUN
3pa3KoBUH 2-TO pO3PSY)

3 TOCT 6709-72 Bopna nuctwuidpoBaHHas. Texnudeckue ycioBus (Bona
JTUCTUIbOBaHA. TeXHIYH1 YMOBH)

4TOCT 9.907-83 Enunas cuctema 3aldThl OT KOPPO3UH U CTapeHUs. MeTabl,
CIUIaBBl, MOKPBITHS METAIMYecKkue. MeTonpl yJaaineHus: MpPOIyKTOB KOPPO3HUH
MOCJI€ KOPPO3UOHHBIX UCTIBITAHUM

5 HITAOIT 0.00-4.12-05 TwumoBe TMOJIOKEHHS NP0 TMOPSIAOK MPOBEIACHHS
HABYaHHS 1 IEPEBIPKU 3HAHb 3 MUTaHb OXOPOHH ITpall
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