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Bgeoenue. BrinonHeHHbIe pa3pabOTKN HAIpaBIIeHbI HA CO3aHNe HOBOI TEXHOJIOTUH IS
TIOBBIIICHNUST H3HOCOCTOMKOCTH TOHKOCTEHHOTO HHCTPYMEHTa CIIOXKHOH KOH(HUTrypa-
LMY JUTsL PE3KU CBEKJIbI Ha CaXapHbIX IPEINPUATHIX U3 cTanu 651 Bakueitmmm tpedosa-
HHUEM TOBBIIIEHHs] pab0TOCTIOCOOHOCTH 1 IONTOBEYHOCTH TAaKOTO HHCTPYMEHTA SBIISIETCS
COXpaHeHHe ero MpoduiIs ¥ peXyIIeil KPOMKH B IpOLecce dKCIuTyaTanuu. [1ooToMy Bech-
Ma HEMPOCTHIM SIBIAETCS BBIOOP TEXHOJIOTHUECKHX MAapaMeTPOB M CIOC00a yIPOIHEHUS
TAKOTO CJIOXKHOTO MO KOH(PHUTYPALIUH U3/ISITHSL.

Mamepuanst u memooul. JInst penieHus 3Toi mpoOIeMbl IPUMEHSHBI HOBOE pa3paboTaH-
HOe 000py/I0BaHNE U TEXHOJIOTHYECKHH POIECC YIPOYHEHHUS C HCIOJIB30BAaHUEM HU3KO-
TeMIIepaTypHOi a30THCTOH mna3Mbl. OnpeeeHbl ONTUMAbHBIE TTApaMeTPhl 00padoTKH,
Graromapsi KOTopbIM (GopMHUpyeTCst KBa3naMop(Hasi CTpyKTypa Ha MOBEPXHOCTH TPEHUS,
yMeHbIIaromas Ae()eKTHOCTh PEXKyIIel KPOMKH IOCTe ee MEXaHHYeCKoi 00paboTkw,
a TaKoKe 00eCIeunBaloIIast IPOIeCcC CaM03aTaunBaHus 32 CYET YIIPOUYHEHHSI HHCTPYMEHTA
C OZIHOM CTOpPOHBI.

Pesynomamot ucciedosanus. ConocTaBUTENIbHbIE HCCIIEOBAHUS MTOBEPXHOCTH TPEHUS
W3ENUH Mocie HKCIUTyaTalMOHHBIX MCTIBITAaHKWH TTOKA3aH, YTO UX CTOMKOCTH CyIEeCT-
BEHHO IOBBIIIACTCSI HE TOJBKO NP YIPOUYHEHUH HOBBIX, HO M OBIBIIMX B OKCILIyaTaluH
M3IENNiA. DTO OmpeieNseTcss XapakTepoM (HOpMHPYeMOil KBasHaMOP(HOIl CTPYKTYpPbI
M 0COOBIM pestbe()OM NpH TPEHNH Ha paboveil MOBEPXHOCTH.

Obcyoicoenue u 3axniouenue. JIst OMICAHUS HOBOTO TPOIIECCa YIIPOYHEHHST TOHKOCTEHHBIX
W3JEINIl JIeTalIbHO aHAIN3HPOBAIOCH CTPYKTYpOOOpa3oBaHHE Ha IMOBEPXHOCTH TPEHUS
C UCIIONIb30BaHNEM METAJUIOrpaUIeCKUX M300PAKEHUH W OIEHKOH M3MEHUYHBOCTH COOT-
HOILIEHUs ee (a3 ONTHKO-MaTeMaTHUeCKUM aHAIIM30M Pa3INYHbIX 30H (CHKATHS U pa3psike-
HUS), JOPMHUPYEMBIX B BHIE TTOT0OC TPEeHHs. {71 3TOTO HCTIONB30BATIOCH U MOACIHPOBAHNE
C OLICHKOM IJIOTHOCTH PACIIPE/IeSIeHHs] YCIOBHBIX [[BETOB aHAIM3UPYEMBIX ()parMeHTOB.

Knroueswie cnosa: CBEKJIOPE3AJIbHBIC HOXH, NOHHO-IIJIA3MEHHOE YIIPOYHEHUE, OITUKO-
MaTeMaTH4Ie KU aHaJums3, CprKTypOO6p8.30BaHPIe, KHMHCTHKA U3HOCa
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Original article

Strengthening Thin-Walled Knives with Nitrogen
Plasma

T. S. Skoblo, O. Yu. Klochko, A. K. Avtukhov,
V. N. Romanchenko, A. V. Plugatarev, I. N. Rybalko"
Kharkiv Petro Vasilenko National Technical University

of Agriculture (Kharkiv, Ukraine)
“irybalko.ua@gmail.com

Introduction. The completed developments are aimed at creating a new technology for
increasing the wear resistance of a thin-walled instrument of complex configuration made
of steel 65G for cutting beets at sugar enterprises. The most important requirement to
improve the operability and durability of such a tool is the preservation of its profile and
cutting edge during operation.

Materials and Methods. A new developed equipment and technological process of
strengthening using low-temperature nitrogen plasma were used to solve this problem.
There have been determined optimal processing parameters that ensure the formation of
a quasi-morphic structure on the friction surface that reduces the defectiveness of the cut-
ting edge after its machining and also provides a process of self-sharpening due to tool
strengthening on one side.

Results. The comparative studies of the friction surface of products after operational tests
have shown that their resistance increase significantly when strengthening both new and
used products. This is determined by the nature of the quasi-morphic structure formed and
the specific relief in friction on the working surface.

Discussion and Conclusion. To describe the new process of strengthening thin-walled
products, the structure formation on the friction surface was analyzed in detail with the
use of metallographic images and its phase relationship variability was estimated by the
optic-mathematical analysis of various zones (compression and vacuum) formed as fric-
tion bands. This was done trough modeling with the estimation of the distribution density
of the conditional colors of the analyzed fragments.

Keywords: beet-cutting knives, ion-plasma strengthening, optical-mathematical analysis,
structure formation, kinetics of wear
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Beenenue

[NoBbilIeHHE H3HOCOCTOWKOCTH JIeTa-
Jiel U3 METaJUIOB U CIIABOB JOCTUTACTCS
UCIIOJIb30BAaHUEM PA3JIMYHBIX METOAOB
YIPOYHSIOIMUX 00paboToK, obecneuu-
BAIOIINX TOBBILIEHUE TPHUOOIOTHYECKUX
CBOMCTB HX pabouynx TOBEPXHOCTEH.
ITockonbKy OCHOBHBIE MEXaHHYECKHE

Processes and machines of agroengineering systems

XapaKTEPUCTUKH, TAKHE KaK TPOYHOCTb, U3-
HOCOCTOHKOCTb, KOPPO3UOHHAS CTOMKOCTh
OIPECISAIOTCS COCTABOM W CTPYKTYPOM
MOBEPXHOCTHBIX CJIOEB, TO B TMOCIICTHHE
JECSITUIICTHSI, HAPSITy € TPaAUIUOHHBIMU
METOZaMH  YIPOYHSIOIIEr0  00BEMHOTO
BO3JICHCTRISI, Bce OOJIbIIEe pacrpocTpaHe-
HUE TIOyYaeT IMOBEPXHOCTHAS 00paboTKa
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KOHLIEHTPUPOBAHHBIMU MOTOKAMH JHEp-
run [1-4]. OcoOeHHOCTBIO Takoi oOpa-
00TKH neTaleld ABISIOTCS OJHOBPEMEHHO
OCYLIECTBISIOLINECS paAHalluOHHOE, Te-
IUIOBOE U yAapHO-MEXaHUUECKOE BO3/1EH-
CTBUS, YTO OOECIEUMBACT CTPYKTYPHO-
(a3zoBble IpPEBpAILECHUS U JOCTHKEHHE
MOTPEOUTENHCKUX CBOWCTB (TBEPAOCTD,
MPOYHOCTh, COTPOTHUBICHHE KOPPO3HUH,
M3HOCOCTOMKOCTB H JIp.), & TAKXKe T03BO-
JSET CO3/7laBaTh B IPHUIIOBEPXHOCTHBIX
CJIOSIX TaKHe CTPYKTYphI, KOTOpbIE He-
BO3MOXHO IOJYYUTh APYTUMH METOna-
Mmu [5; 6].

O030p uTEpPATYpHI

B mnocnenHue rompl HMCIIONb30BaHHE
IUIA3MEHHOTO YNPOYHEHHs HAIUIO IpH-
MEHEHHE B Pa3IMIHBIX OTpacisax [7-9].
[Ina3mennass myra TpeacTaBseT COOOU
KOHIICHTPUPOBAHHBIN ~ MCTOYHHK  TeIlia
1 IIUPOKO UCTIONB3YETCs IPU CBapKe, Pe3Ke
1 (OpMOBKe, a TaKKe MPU MOBEPXHOCTHON
00paboTke OMOMEIUIIMHCKHX MarepHa-
noB [10-13]. Tak, Hanpumep, B METUITTHE
METOA TUIa3MEHHOW 00paboTKH mpuMe-
HSIETCSl JUISl YIPOYHEHHUS! ONEePalOHHOTO
CKaJbIens, Onarojapsi 4eMy MOBBIIIAIOT-
Csl €ro PEeXyILINE CBOWCTBA, YMEHBIIAIOT-
Csl KOPpO3Usl U MOBPEXKIAEMOCTh TKaHEH,
obecreunBaeTcs O6oree OBICTpasT 3a)KUBIIS-
eMocTh [14; 15].

Bospactaer morpebHOCTE B Oojee
TOYHBIX W TIPOYHBIX PEXKYIIUX KPOMKaX
JUISl BBICOKOTIPOM3BOANUTEIBHBIX CTOJIOBBIX
npuOOpoB, OPUTBEHHBIX JIE3BU W TOH-
KOCTEHHBIX M3JENUN. J[0IrOBEYHOCTD pe-
JKyIIEH KPOMKH MOXET OBITh YITy4lleHa
MyTeM IUIa3MEHHOTO a30THPOBaHMS, IIO-
CKOJIbKY M3HOC PEXYyIIEH KPOMKH yMEHb-
LIAeTCsl C YBEJIMUECHUEM BpeMeHH 00paboT-
KU U TEMIIEpaTyphl B Takoi cpene [16; 17].

B psine pa®oTr mpuBeneHbl pe3ysbTa-
Thl 3KCHEPUMEHTAJbHBIX HCCIIEJOBaHUN
CBOMCTB M MUKPOCTPYKTYpPbI 00pa3iioB U3
crtanm 651, mucmonb3yemoil A M3roToB-
JICHUSI HOXKEW KyTTepOB, KOTOpBIE YIPOU-
HEHbl UMITYJIbCHO-TIJIa3MEHHOH 00paboT-
kot [18; 19]. Onucana 1enecoo0pa3HOCTb
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WCTIOJIB30BaHMsI UMITYJILCHO-TIA3MEHHOTO
YIPOYHEHUsST JUIS MOBBIIICHUS JOJITOBEY-
HOCTH HOKEH KYTTEpOB.

Ha ceromgusmHuii [eHb HCOOJIB30-
BaHUE TMOTOKA TUIA3MBI MTO3BOJISIET HAHO-
CUTh KaK OJIHOCIIOMHBIE TMOKPBITHS, TaK
n MHOTOCNONHEIe [20—22]. Takue TexHO-
JIOTHM MHOTOCJIOWHOTO HAHOYIPOYHCHHSI
o0ecreunBaioT TMOBBIIICHNE YCTONYNBO-
CTH, OJIHAKO, KaK U B MNPEABIAYLINAX CIIy-
qasax, KJIIKo4YeBas pojib B IPUMCHCHUN TEX
WU JPYyTUX MaTepHUaloB, KOMIIO3UTOB
Y METOJIOB YIPOYHECHHSI OTBOJIUTCS KOH-
¢urypaniuu M yCJIOBUSM O3KCILTyaTaluu
JISTAIIA ¥ €€ MaTepHaly.

[lma3meHHOe a30THpOBaHUE — OTO
MPOIECC TEPMOXUMHUYECKOH 00padoTKH
MMOBEPXHOCTH JIJISI CO3/IaHMs TBEP/IOTO H3-
HOCOCTOMKOTO CIIOSI Ha CTAJIbHBIX MTOBEPX-
HOCTAX [23-25]. TpamuimoHHOMY IIa3-
MCHHOMY a30TUPOBAHUIO Ha IMOCTOSAHHOM
Toke yxe Oosee 60 siet [26]. Cerogus oH
IIMPOKO UCTIOJIB3YETCsI BO MHOTUX 00J1ac-
TAX MPOMBINIJICHHOCTH, HAIIpUMEP B aB-
TOMOOUJILHOW, IPOU3BOJICTBE CTAHKOB
U T. I. DTOT MPOIECC TOMYJISIPEH, TOTOMY
4TO OH TpeOyeT MeHbIe ras3a, Mo CpaB-
HEHUIO C Ta30BbIM a30THPOBAaHUEM, U SIB-
nsieTcst 0oJiee SKOJOTHYECKH YHCTHIM, IO
CPaBHEHHUIO C a30THPOBAHUEM B COJISTHOM
BaHHE.

B pabote paccmorpena mpobieMa Imo-
BBIIIIEHHUST N3HOCOCTOMKOCTH TOHKOCTEHHO-
ro CIOKHOTO TPO(GUIIS CBEKIOPE3aIbHbIX
HOXEMN Ipru SKCIUTyaTallid, B YaCTHOCTHU
06nyqu1/IeM HUMITYJIbCHBIMU IIOTOKa-
MU a30TUCTOH IIIa3Mbl, a TAKXKe BOIPOC
(hopMHUpOBaHHS CTPYKTYPBI pabodeil mo-
BEPXHOCTH B Tporiecce TpeHus. OreHka
CTPYKTYpOOOpa3oBaHUs IIpH ILUIa3MeH-
HOM YIPOYHEHHH TTOBEPXHOCTH TPEHHS
MPOBEZICHa METaLIOTpapUIecKiuM Me-
TOJIOM M OMNTHKO-MaTeMaTH4YeCcKoi oOpa-
0oTko# (oTorpaduii CBEKIOPE3aTHLHBIX
Hoxkel. Hannuue 30H C KOPpPO3MOHHOM
MOBPEKTAEMOCThIO OICHUBAJIOCH 10 H3-
MEHYHMBOCTH JIOJIU KHCJIOPOAa METOIOM
MUKPOPEHTTCHOCIICKTPAJILHOTO — aHAJIM3a

Hpoueccw U MAuHbl ACPOUHICEHEPHBIX CUCmEM
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OpU  MEKTPOHHOMUKPOCKOTIMYECKUX HC-
CIICOBAaHMAX (CKaHUPYIOIUM MHKPOCKO-
nom JEOL JS M-6390LV) nopexeHuit
Ha NOBEPXHOCTH TPEHUSL.

MarepuaJjbl M1 METOAbI

B uccienoBaHusiXx MCHONIB30BaH pas-
pabOTaHHBIA METOA HWMITYJbCHON IIIa3-
MEHHOW 00pabOTKH, KOTOPHIN 3aKiroda-
€TCsI B TOM, YTO YIPOUYHEHHE TIPOBOUTCS
TOJIBKO C OHOW CTOPOHBI MHCTPYMEHTA
JUIS TIPUOOPETeHHST MM CBOWCTB U CO-
XpaHeHus Tpoduis pexyield KpOMKH,
a TaKke oOecreueHusl camo3aTaqrBaHuUs
npu skcrutyatamu [27]. Hoxu o6pa-
0arpIBaIMCh KOPOTKMMH IUIa3MEHHBIMHU
UMITYJIbCAMH JIJIs1 AOCTHKEHHSI ObICTPOTro
pacniaBieHUs] U MOCIEIYIOLIEr0 CBepX-
onicTporo oxnaxaeHus. [Ipu o6paboTke
TOJILMHA YNPOYHEHHOIO IOBEPXHOCT-
Horo cnost gocturana 100 mxm. Maxkcu-
MasbHBIA 3(dekr ObuT moiyueH, Korja
HOXH oOpabareiBanuch 3—10 uUMIyIb-
caMH TIPOJOJDKUTEIBHOCTBIO HEe Ooiee
10 MKC KaXKIbIH.

VYrpouHneHue pabodeli TOBEPXHOCTH
HOXKEH TNPOBOAWIIOCH HA HMMITYIbCHOM
miasMeHHoM yckoputene HWOIT HHIL
«XapbKOBCKH (PU3UKO-TEXHUUYECKUAN WH-
CTUTYT» IyTeM MOAM(HLIUPOBAHUS a30-
TOM IpH OOTy4YE€HHH MOIIHBIMH MMITYJIbC-
HBIMM ITIOTOKaMH I11a3Mbl. [ BBOIa eTa-
Jiei B pabouyro 30Hy 6€3 pasrepMeTH3aIIH
BaKyyMHOH KaMepbl HCIOJIb30BAIUCH JIBA
uutto3a. [Ipu 3ToM J1s OTKAUKK UX U3 KaMme-
pBl ipUMeHsITUCh (QOPBAKYYMHBIH U AW}-
(y3uoHHbIM Hacockl. Pabounii Bakyym co-
oreerctBoBai 1 - 107 MM pr. ct. Ucnons-
3yeMble MapaMeTpbl 0O0paboTKH: padoumit
ra3 — a3oT; pa3psIHOE HANPSHKEHHE M TOK
U =10-30 kB, I = 500 xA. XapakrepucTu-
Ka IUIa3MEHHBIX TIOTOKOB: CPEIHSIS SHEPIUS
HOHOB — 710 2 K3B; IIOTHOCTH IIa3MblI OT
2 - 10" mo 6 - 10" cM3; cpenHsas yaenbHas
MorHOCTs 10 MBT/cM?; TIOTHOCTE DHEP-
rui B Iuasme 25-40 J[x/cMm?; naBieHue
ru1a3MeHHoro notoka 30 arM. MeTon ocHo-
BaH HAa CBEPXOBICTPOM OXJIAKICHUH pac-
wiaBiieHHoro ciost (~107 ¢), npu Kotopom
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W3HAYAIFHO TIONy4aiach KBasuamopdHas
CTPYKTypa, a 3aTeM TIpU DKCILTyaTall|u
OHa COOTBETCTBOBAJIa KPUCTAJUINYECKOH.
OnTuManeHble MapaMeTpbl  00padoTKH
OBLIH BBIOPAHBI C yUETOM KOH(HUTYpaIiu
W OMbITAa YNPOYHEHUS H3IEIHNA TaKUM
crtocobom [27].

HccnenoBanusi MpoBOAMIIMCh HA HO-
kax (puc. 1) meHTpoOeKHOU TBEHAIATH-
paMHOM CBEKJIOPE3KH, M3TOTOBJIIEHHBIX U3
ctanmu Mapku 651" U cepuifHO HCTONB3ye-
MBIX B IIPOM3BOJICTBE, a TAKXKE Ha caxap-
HBIX 3aBofax YKpauHbl. COCTOSHIE HOXKEH
OLICHMBAJIOCH TI0 pe3yJbTaTaM HpPOU3BOJI-
CTBCHHBIX WCIIBITAHWIA KaK B IPOIECCEe
nepeHaaIku 000pyIOBaHuUs, TaK U TOCTe
3aBepIICHHS TIEPUOa WX WCTOIB30BAHMS.
JedekTsl TakuX HOKEH CBSI3aHBI C ITOTIA-
JTAaHUEM B TIPOAYKINIO (CBEKJIA) TBEPABIX
YaCTHI] U3 TIOUBBI.

P u c. 1. BHemnuii Bua CBEKJIOpE3aJIbHOTO HOXKA

Fig. 1. Original appearance of a beet-cutter knife

Hdnst monmyuenust Hambomnee 0CTO-
BEPHOT'O pe3yJibTaTa COMOCTaBHTEIbHBIN
aHaJIM3 MOBEPXHOCTHU TPEHUS HOXKEU 10
U TIOCJIe YNPOYHEHHUs IUIa3MEHHOU 00-
pabOTKON MPOBOAMIICS HA OJHOU MapTHH
NPOU3BOJICTBA (OMHAKOBBIN XMMUYECKHI
coctaB). Jnsg wmmeHTHUKAIHMH OCOOCH-
HOCTeH (OpMHpOBaHUS CTPYKTYphl Ha
MOBEPXHOCTH TPEHUSI HCIOIB30BaH pas-
paboTaHHBIA  ONTHKO-MAaTeMaTHUYSCKUI
MeTon 00pabOTKH MeTayiorpapuyeckux
N300pakKeHU B COOTBETCTBHH C OPUTH-
HaJIbHBIMU IIpOrpaMMaMi Ha OCHOBEC aHa-

nuza [28-30].
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Pe3yabrarhl Hec1e10BaHUS

[IpencraBneHa MOBEPXHOCTh TPEHHS
MeTajyla HOXEH Tocie dKCIuTyaTaluu
(puc. 2). Ha moBepxHOCTH TpEeHUS B MpPO-
1ecce MCIoIb30BaHusl 00pasyroTcs MoJo-
CBI CKOJIbYKEHUSI.

ComnocraBuTenbHasi OLEHKA MHKPO-
TBEPAOCTH IOBEPXHOCTH TPEHHS CpPaB-
HUBAE€MBIX BApUAHTOB IIOKa3aja, YTO
B IIpOLIECCE 3KCIUIyaTallud OHa BO3pa-
CTaeT A0 3 pa3 IOocie YNPOUHSOLIEH
00pabOTKH, MPU KOTOPOH (HOPMHUPYIOTCSI
30HBI CkaTha. OHHM pacrioyararoTcsl Mex-
Iy TOJIOCaMH TPEHHs IpU TiepepadoTKe
NPOAYKIMH, TPEACTABISIOIUMA COOOH
obnmactu paspsokeHust. Takue 30HBI BHO-
CST CYIIECTBECHHBIH BKJaJ B TOBBIIICHHUE
M3HOCOCTOMKOCTH YIIPOYHEHHBIX HOMXKEH
NPY JOMOJHUTEILHOM YIIPOYHEHUH B IIPO-
Lecce UX AKCIUTyaTaluy B 4-5 pas, a HOBBIX
1o 10 pa3. OneHka H3HOCOCTOWKOCTH TIPO-
W3BOAMJIACH IO PE3yJIbTaTaM IPOMBIIUICH-
HbIX ucnbITanuid. Ilpu 3TOM coxpaHsieTcs
penbed pexyliel KpOMKH ¥ 00ecrieunBa-
etcst 3G GeKT caMmo3aTadyrBaHus, MMOBbIIIIA-
eTcs COMPOTHBISIEMOCTh KOPPO3MOHHON
noBpexaaeMmoct. Kopposus nposiBisiercs
NpY HAIWYMHU JIePEeKTOB B HOXKax Oe3 J10-
MIOJHUTENIFHOHN YIPOUHSIOIEH 00paboTKH.
Hanuune koppo3nOHHOW MOBpEkIaeMO-
CTH NPH 3KCIUTyaTalluyd OLEHUBAJIOCH IO

COZIEP)KAHUIO JIOJH KHUCJIOpOAa B TaKHX
3oHax. Ha pucyHke 3 mokazaHbl 30HBI
OIIPE/CIICHHSI 3TOr0 KOMIIOHEHTa B COIIO-
CTAaBUTEJILHOM aCIEKTe. YCTaHOBICHO, YTO
Ha ITOBEPXHOCTHU TPEHUS COMepIKaHUE KIC-
JIOpozia TIPU YIIPOYHEHWH BO BCEX 30HAX
coctaBmseT 3,52-3,84 % (puc. 3a, CexT-
pet 1 1 2), a 63 Hero (B MOBPEKICHHBIX )
nocruraer 19,73 %. (puc. 3b, cnekrp 4).
B HOXax 0e3 ynpouHEeHUsI TaK¥Ke BBISIBIIC-
Ha IUICHKA OKHCIIOB, Ha MOBEPXHOCTH CO-
nepxamast 2,4-8,8 % kucnopona (puc. 3b,
crekTpsl 1 u 2).

MeTtogoM  ONTHKO-MaTeMaTHYeCKOTO
CTPYKTYPHOTO aHajM3a OLCHWIN M300pa-
JKEHUS, pa3INuaroInecs 1Mo UX CTaTHCTH-
YECKUM XapaKTEpUCTHKaM (dJIeMeHTaM
M300paKeHHS: TIUKCEISIM U TNBEPTESHITNH,
OTpakalollel IUIOTHOCTh B pE3yJbTaTe
mrhy3nOHHBIX TIPOIIECCOB) B aHAIHM3H-
pyeMbIX (parMeHTax, KOTOpbIe OIUCHIBA-
JI B IIBETE.

B pabore mis 70KaIbHOTO ONMUCAHHS
TaKKE PACCMOTPEHO PACIpeACiieHUE code-
TaHUI YCIOBHBIX IIBETOB AJIS 24 THKCETeH
(TOUeK) BOKPYT CpemHed ¢ KoOpAWHATaMH
¢; (MM ¢|) Ha TUIOCKOCTH H300paKeHHs
(puc. 4a). Takoii pa3mep ¢parmenTa (uu-
CJI0 TIMKCENeH) aHalIn3upyeMoro n3odpa-
JKeHUS! SIBISIETCS ONTUMAJIbHBIM (CHIKAET
BIMSHUE IA(POBOTO IIyMa W JIOKATBHYIO

P u c. 2. Xapaxrep MoBEpXHOCTH TPEHUSI CBEKIJIOPE3JIbHBIX HOXEH: a) 6e3 yrnpodHeHNS;
b) mocie ynpouHenus mia3Moi, x60

Fig. 2. Character of a friction surface of the beet-cutter knives: a) without strengthening;
b) after strengthening by plasma, x60
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P u c. 3. [loBepXHOCTb TPEHHsI HOXKEH U 30HBI ONIPEAEICHUS KUCI0pOoa:
a) ¢ ynpouneHueM; b) 6e3 ynpouHeHus

Fig. 3. The friction surface of the knives and the oxygen determination zone:
a) with strengthening; b) without strengthening

HEOJHOPOIHOCT) Uil HauOoJiee I0CTO-
BEPHBIX PE3YJBTATOB OLICHKH JIOKaJbHON
HeoAHOpoaHOCcTH cTamu 651 Jlnst cokpa-
LIEHUs JAIbHEHIINX 3aliCce yKa3aHHBIM
TEKYyIIUM dJIeMEHTaM IPHCBOEHBI 0003Ha-
YeHHs, KaK TIOKa3aHo Ha prcyHke 4b. 3artem
JUTST OOTIIeH OIIEHKH METauTorpa(uIecKoro
M300payKeHNsT HCIIONB30BANIOCh CKaHHPO-
BaHWE TAKOTO ()parMeHTa 1o BCei moBepx-
HOCTH M300paKeHUSI U YIAJOCh MOITYYHTh
OOIIYIO KapPTHHY TIOBEPXHOCTH TPEHHUSL.
Kaxmoii koopauHate mnHKcest UQ-
poBOro M300pa)kKEHHsT COOTBETCTBOBAJIO
3HAUCHHWE YCJIOBHOTO IIBETA, XapakTe-
PU3YIOIIEr0 MPOLECCHl, MPOTEKAOIIHE

Ha TIOBEPXHOCTH MCCIEAYEMBbIX JeTajel
IPH DKCIUTyaTallid B YCJOBUSX TPEHUSI.
Pacuer 3HaueHuil yciaoBHOro LBETa OCy-
MIECTBISUICS TIyTeM PEIICHUS CUCTEMBI
muddepeHnranbHbpIX ypaBHeHni HaBbe —
Crokca, pecTaBIeHHBIX B MEPEMEHHBIX
(GYHKIMM TOKa W BUXPS B KOHEYHO-pPa3-
HoctHO# opme! [31]. TTpu Takoit oreHke
YCJIOBHBIN LIBET B Ka)KJI0M TOUKE B PE3YIb-
tare TUPQPy3un XUMHYECKHX DJICMEHTOB
BBIYHCIISIICS Yepe3 a0CONOTHOE 3HAUCHNE
omneparopa Jlamnaca (aHanor abCcoIOTHOTO
3HAYEHUsS] BUXPsl), TUNIOTHOCTh (pparMeHTa
n300pakeHust (30HBI YIUIOTHEHUSI M Pa3-
PSDKEHHMST) — 4epes3 oreparop AUBEPreHIN

! O6ocHOBaHME NPUMEHEHHs TOHSTHI ypaBHeHHH ruapoauHamuki HaBee — CTOkca is aHammsa
meratorpapudeckux uzodpaxenunii / T. C. Cxob6no [u ap.] // Marepuanst VII MexayHap. Hayd.-IpaKTh.
koH(]. «EBporeiickas nayka XXI Beka», 2011. Beim. 21. C. 94.

Processes and machines of agroengineering systems
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(Mepy HecxkumaemoctH). CpenHioro 3¢-
(DEKTHBHYIO CKOPOCTh H3MEHYUBOCTH IIBE-
Ta B TOYKE C KOOPMHATAMH |, | BBIYUCIISITH
NPy TIOMOINK OOOOIIEHHOTO TPaJNuCHTA.
Mo pe3ysbTaram Moay4eHbl THCTOTPAMMBI
WHTErPaIbHOTO PACIPENICNICHHUs] COOTBET-
CTBYIOIIIETO YCIOBHOTO IIBETa ISl aHa-
JU3APYEMBIX (hParMEHTOB HM300payKCHHUIA.
[Ipu momomm anreOpandecKux THUCTO-
rpaMM IPOBOAWIIM KaueCTBEHHYIO COIIO-
CTaBUTEJBHYIO OIIEHKY CTPYKTypooOpa-
30BaHUsl pabOYMX MOBEPXHOCTEH TPEHUS
HOYEH, YIIPOUHCHHBIX U HE YITPOUYHEHHBIX
A30TUCTON TUIA3MOU, (OPMHUPYEMBIX IPH
IKCIUTyaTallii B YCIOBHUSX MPOU3BOJICTBA
npu nepepaboTke caxapHOi cBekIbl. [Tpu
aHan3e ObUTH BBEJICHBI JIOTIOTHUTEITBHBIC
nokazatend (1)—(15) cooTHOIIEHUS MEX-
Ny YCIOBHBIMH IIBeTaMH (COCIMHEHUS
(haz), KOTOPBIE TO3BOJIMITN BEIPA3HUTH ITOKA-
3aTeM U3MEHYMBOCTH CTPYKTYpOOoOpas3o-
BaHMs B TIpoliecce dKCIuTyaranun. Ux uc-
TMIOJTB30BAJIH JJIs1 aHAJTU3a 110 TTOTyYCHHBIM
M300paKEHHSM, a TaKXKe ISl TOCTPOCHUS
(WIBTPOB U ONpECICHHS HOPMAaTHBHBIX
XapaKTepPUCTUK TPU CPABHCHHU aHAIIU3U-
PYEMBIX BapHaHTOB (MCXOMHBIX M YIPOY-
HEHHBIX HOXEH).

c, + ¢, + G + G — 4g]

r, =GCp (2)
r1e I, — IBET CPEIHEH TOUKH.
+G+C +G—4

‘. e+ G+ ¢+ G — 4 3)

e -g+lg-al+|e - ol + e —gf

me0<r, <l

Benmuuunst (1) u (3) SBustoTCs MOKa-
3aTeNs MU HEUTPaILHOCTH aOCOIOTHOTO
3HAYCHHUS JIAIIacHaHa, MOCKOJNBKY aJre-
Opanyeckasi CymMMa JariacHaHoB (B Cpej-
HEM) Ha JOCTATOYHO OOJBIIIOM YHCIIE TO-
4ek Bcerna OyJieT paBHa HYITIO.

U:\/(clfé)z+(c272)2+<c,.72)2+(c672>2+(c872)2

4
“)

- ¢ +c,+c,+c.+c
e ¢ =% 2 4 6 8;r4:6_
5
CPEIHEKBAIPaTHYECKOE OTKIOHEHHUE.

P (CC: + GG + GG + GG, + GG + GCy)* ’
R A R R

®)

. (6,6 + GG + GG + GG + GG + GG ’
G ) (RIS

(6)

n= P (1)
e (5) u (6) — mokasareim OJHOPOIHO-
e, ~cl+fe— o +[e gl +[e —g[ 7 1ae () 1 (©) .
CTH, OTMCBHIBAIOIIME KOPPEISILHUI0 MEKIY
e 0 <r <I. JIUBEPreHIMEN U YCIOBHBIM LIBETOM. [Ipn
Coj2 Ciajur G2 CGajn Ciazje Cp C3 Cy C5 Cpp
Citj-2 Cictj-1 Giaj o Giaajuar Cicaje2 Cip G €4 C5 Cy
Ci2 Gjio1 G Gju o Cijs Co € € Cg G
Civj2 CGinjor Gy CGiaja Giaja Cis Cy Cg €7 Cy

Cij2 Cipja G 6 G

a)

i+2j+1

i+2j+2

Cyz Cyp €Oy Oy

b)

Coy

P u c. 4. Cxema pacrnionoxenus NMUKcened BOKPYT CPETHETO HA TUIOCKOCTH H300pakeHus:
a) C HOMEPOM CTPOKH | K HOMEPOM cToJIb1a J; b) yrpoliueHHas 3auch HOMEPOB
Fig. 4. The scheme of the arrangement of pixels around the average in the image plane:
a) with a number of a line | and number of a column J; b) the simplified record of numbers
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OJJMHAKOBBIX 3HAYEHMSAX I[BETOB, BXOJ-
mux B (OpPMyNbl TOYEK, OHM DPaBHBI 1.
B npoTrBHOM Cityyae — MEHBIIIE €ANHHLIBL.

ol malrla —altle — 6+ - gf
=
4

 (7)

rae (7) — o0oOmeHHbIH (ycpeTHEHHBIN)
IPaJUCHT TO aOCONIOTHOW BEIHYUHE,
SBIISTIOIIAIACS ~ cpemHelt 3¢ (eKTHBHOM
CKOPOCTBIO M3MEHEHHS IIBETa, YTO COOT-
BETCTBYET MHTEHCHBHOCTHU JieQOopMaIiui,
BO3HHUKAIOIIKMX B MPOILIECCE TPCHUS.

)

e (8) — abcofoTHAsT BeTMIHHA JIarljIacH-
aHa, OMHCHIBAOMIETO MUGPY3UI0 XUMIYe-
cKux aeMenToB? [31].

Hanee ompegensyii  MakCUMaJIbHOE
3HA4YCHUC r7 1 HaXOoauJIn YCHOBHLIﬁ OBET
MIAKCENIS ¢ KOOPAMHATAMH i, j 110 (hopmyre:

fp=|C, + ¢ + G+ G — 4¢

7955,
r

Gj

©)

fy =|Cm—302+3q—06+q4—304+3q—08|.
(10)
rlO:|C10_4C2+6Ci_4CG+C.L8+Cl4_
—4c, + 6¢ — 4G, + Cy|. (11)
=T/ (Co = G| +2[c, —¢| + e - |+

+|C14 - C4|+ 2|C4 - c‘1|+|C1_ Q;l) (12)

o =T / (lC.LO_ (‘2|+3|C2 - Q|+

+3]6 — G| + |G — G| +[Cy — c| +
+3Jc, - ¢+ 3lg - G| + 6 — ). (13)

s =, + ¢, — 2¢. (14)
r
My = L ) (15)
“ e, -¢f+]e - g
BBeneHHble  JIByMEpHbIC  (DYHKIIHH

(10), (11), (14) sBusitoTCS aOCOMOTHBHIMU

2 Tam xe.
Processes and machines of agroengineering systems

BEJIMUMHAMHU JUBEPreHINH, KOTOPbIE Xa-
PaKTEepU3yIOT 30HbI YILIOTHEHHUS U pa3pe-
JKeHHs B CTpykType meramia; (12), (13),
(15) — mokazaTenu HEHTPaTbHOCTH BhIpa-
xenuit (10), (11), (14).

B xoze uccnenoBanuii npoaHaaIu3upo-
BaHbI IU(PPOBBIE N300pakeHUs (PparMeH-
TOB (POPMHUPYEMBIX CTPYKTYp pabodnx mo-
BEPXHOCTEH TpPEeHHS Ha aHAIN3UPYEMBIX
BapuaHTax HOXel (puc. 2). BeimomHena
KOMIIBIOTEpHAsE 00paboTKa TMOITYyYSHHBIX
CTPYKTYp B (opmare bmp-n3o0pakeHHH.
Hudpobie onenkn stux (oTtorpaduit
Npe/CTaBIeHbl B (OopMare MOTYTOHOBBIX
M300paKEHUN .pgm, KOTOPbIE BKIIOYAIOT
256 OTTEHKOB CEeporo ImBeTa (B JabHEH-
eM UMeHyeMBbIX «1BeT»: oT 0 10 255) mo
CHeLHaIbHO pa3paboTaHHOM mporpamMmme.

Ha ocHOBe mony4eHHBIX pe3y/bTaToB
BBITIOJIHEH ~COTIOCTaBUTEHHBIN  aHAIN3
CTPYKTYpOOOpa3oBaHNsI Ha MOBEPXHOCTH
TpPEeHUsI TPH SKCIUTyaTalud HOXel 0e3
U TI0CJIE YIIPOUHEHHMS IIJIa3MOM.

Y4uThIBas, 4TO NPU YIPOUHEHHH TIO-
BEPXHOCTH MeTaJula HOKEH Pe3KO0 yMEHb-
[IaeTCS YUCIO 30H CKOJIBKEHHS, HYKHO
YCTQHOBUTb, CYLIECTBYET JIM KOpPpEsi-
LIMOHHASL CBSI3b MEXKIY CPEIHHM YHCIOM
MOJIOC B CPaBHUBAEMBIX BapuaHTtax. s
3TOT0 PACCUMTAHbl CPEIHHE 3HAYCHUS
U JIUCIIEPCUM L[BETOB B YKA3aHHBIX BBIILE
BapuaHTax (tadm. 1).

B pesymbrare pacueToB BbISIBICHA
KOppeNsIMs MEXIy CPeJHUMH 3Ha4eHHs-
MH PacCMOTPEHHBIX MOKa3aTeneil 1 4uciIoM
MOJIOC CKOJIBXKEHHSI, OOPa30BABIIUXCS MPU
Tpernn. W3 Tabnuipl 1 BUAHO, YTO yHpoy-
HEHHE CTIOCOOCTBYET TIOHMKEHHIO CPEIHUX
XapaKTepUCTHUK JIaljlachaHa, AWBEPIeHIMU
Y TpaJiieHTa. ITO MONTBEPIKAACTCS TEM, UTO
JUTsL YIIPOYHEHHOTO METaJlIa PE3KO YMEHb-
IIACTCS YUCIIO 30H CKOJIBKEHUS, TO €CTh YEM
MEHBIIIE Ieperas] BbICOTbl MUKpOpenbeda,
TEeM MEHbINE TIepBble (TPaJUEHT W JIUBEp-
TEHIMS) U BTOpasi IIPOWU3BOHBIE (JIariacu-
an). CrenoBarenbHO, BIIOJIHE ONPEAEICHHO
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MOKHO OTMETHThb, YTO CHIDKEHHE JTHX
MIOKa3aTeNeil COOTBETCTBYET YMEHBIICHUIO
MHKpOpenbeda TTOBEPXHOCTH TPEHHUS B pe-
3yIbTare YIpOYHEHUS TIa3MOH.

HexoTtopoe yBenwmueHHe MaKCHMallb-
HBIX 3HAUEHHWH TIOKa3aTeliell SBIISIETCS
MaJjo3HaYUTEeNbHEIM. OHH BO3pPOCIIH HE
TaK CHJIBHO, KaK YMCHBHII/IHI/ICB ux cpezI-
HUC 3HAUCHUNI. BBIS[BJ]GHHOG YBeJII/I'-IeHI/Ie
MaKCUMaJIbHBIX 3HAY€HUM IapaMeTpoB

nocje Ia3MeHHOH 00pabOTKH, BO3MOX-
HO, CBSI3aHO C JIETKOH nedopManyeii Ksa-
31aMOp(HON CTPYKTYyphl B TEPBBIA MO-
MEHT OKcIUTyaranuu. J{iasi TOBBIIIEHHS
TOYHOCTH M WCKIIFOYEHHUS TOTPEITHOCTH
MIPOU3BE/ICHBI PACUETHI, TIPH KOTOPHIX OT-
CEKaJINCh BEIMYMHBI, NIMEIOIINe KpaiHue
3HAYCHUS B 00JIaCTH TUCTOTPAMM pacIipe-
JICJIEHUs] PAcCMOTPEHHBIX IIOKazaTesei
u npeBocxosiume 5, 10, 40, 60 (Tadm. 2).

TabOnumal
Tablel

3HayeHUs a0COTIOTHBIX BeJHYHH MOKa3aTeIeii, OMMCHIBAIOLIMX CTPYKTYPY U pelibed) MOBepXHOCTH
MeTaJlJIa HoXKeil, (P OPMHUPYIOMMXCS MPH YKCIIyaTAMH, yTeM aHAJN3a MeTaLorpaguyecKux
U300paskeHuit

Values of absolute values of indicators, describing a structure and relief of the knives metal surface,
that formed during operating, by the analysis of metallography images

3HaueHus1 a0COTIOTHBIX BEJINYHH MOKa3aTeNel H3HOLICHHOM
nosepxHoctH / Values of absolute values of indicators of the worn surface
IMoxasarenu / Indicators He 00paboTaHHOH MIa3Moi / HOCJIE IIa3MEHHOTO YIIPOUHEHNs /
without plasma treatment after plasma strengthening
Cpennue / Maxcumansaele / Cpennue / MaxcumanbHele /
Average Maximum Average Maximum
IBer / Colour 134 - 128 -
Jlarunacuan (BuXpb) / 108 742 36 742
Laplacian (vortex)
Juseprenmus / Divergence 69 448 56 478
OO000IEeHHBIH rpaHeHT /
Generalized gradient 36 227 29 239
TaGunuma?2
Table2

KosnyecTBo ToOUek Ha rHCTOrpaMMax pacnpesie/IeHHs 3HA4YeHHii a0COJIOTHBIX BeJTHYHH
nokKasareJieil ¢ y4eToM NOrpelIHOCTeil I0CTPOeHUs

Amount of points in the histograms of values distribution of absolute values of indicators taking into
account the inaccuracies of construction

KonuuectBo TOUek Ha M300pasKEHHH MOBEPXHOCTH, JUIST KOTOPBIX
3HaYeHs a0COIOTHBLIX BEIMYMH NOKa3areeil Mmenble, % /
The number of points on the surface image, for which the values of
3 3 0
Tokasarenn (cpeme) / Indicators the absolute values of the indicators are less, %
(average) He 00paboTaHHOI TIa3Moit / not TOCJIC ILTASMEHHOTO
ynpounenust / after plasma
plasma-treated :
strengthening
5 10 40 60 5 10 40 60
Jlarumacuan (Buxps) / Laplacian 7 63 31 2 70 59 2 14
(vortex)
Juseprenmms / Divergence 72 67 35 24 68 63 23 16
OO000LIEeHHBIH rpaHeHT /
Generalized gradient 72 70 36 27 68 68 2 18
64 IIpoyeccol u MawUHbL A2POUHICEHEPHBIX CUCTEM
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ITo pesynbratam pacueroB (Tadm. 1
¥ 2) BBINIOJHEHO MOJECITUPOBAHUE CTPYK-
TypooOpa3oBaHusi (pHuc. 5), KOTOpoe Io-
Ka3pIBaeT pacrpeesieHre aO0COTIOTHBIX
3HaYeHWH YCIIOBHBIX IBETOB, XapaKTepH-
syfomux U Gy3ur0 XUMHYECKHX dIie-
MEHTOB (JTariacwaH), IIOTHOCTh YCIIOB-
HOTO I[BeTA 10 (pparMeHTam N300paKeHUS
(IMBepreHIMIo), a TaKXe TOoKa3aTelb,
JEMOHCTPHPYIONIMH HHTCHCUBHOCTH JIe-
dopmManmii, BOZHHMKAIONIMX B IpOIECcCe
TpeHusi (00OOIEHHBINH TPaJUEHT), Ha I0-
BEPXHOCTH METaJlla HOKEH B pe3yibTare
9KCITyaTaly 0e3 M MOCie YIPOYHEHUS
wiasmor. Ilpu paccMoTpeHun rucro-
rpaMM pachpeesieHusl YCIOBHOTO IBETa
JUTsE O0JIee YeTKOTO N300paskeHHs penbeda
HCITOJIb30BaHbI (PHITETPHI IO a0COFOTHBIM
BEJIMYMHAM JIaIJTaCHaHa U IUBEPTEHITHH.

CormocTaBUTENBHEIN ~ aHamm3  o0Opa-
00TKM MeTaiutorpaduueckux Hu3o0paxe-
HUH TTOBEPXHOCTH TPEHHUSI Ha HOXKaxX 0e3
VIPOYHEHUSI M C YNPOUYHEHUEM TUIa3MON
MOKa3aJl, 4TO Ha MMOBEPXHOCTH MOCICIHEH
YHCIIO 30H CKOJBKECHUSI U UX MUKPOPEIb-
e( ymenbmarorcs B 2-3 pasa.

Ha pemsede dopmupyrorcs oxuc-
JICHHBIE 30HBI, KOTOPbHIE BBICTPAUBAIOTCS
B OJIMH PAJ] C TIOJIOCAMHU CKOJIBKEHHS, YTO
XapakTepHO ISl CTPYKTYp TOBEPXHOCTH
TpeHus 6e3 W mocie ymnpouyneHus. [lpu
9TOM 30HA MOBBIIICHHON TUIOTHOCTH 3Jie-
MEHTOB MHKpopenbeda oOpazyeTcst Mex-
JTy 30HAMH CKOJIBKEHHSI.

JIONIOJTHUTENBHO BBHITIOTHEHA OLICHKA
JIeQOpMaMOHHBIX 30H MEXIY MOJIOCAMHU
CKOJIBKEHHSI TIPH TPEHUU Ha HOXKaX, peJi-
BapUTEJIbHO YIPOUYHEHHBIX TasMoil. Ha
pHCYHKE 6 MOKa3aHO paclpeieeHUe pac-
YETHBIX a0COTFOTHBIX 3HAYEHUH IMoKa3are-
JIeH, XapaKTepU3yIOUNX MPOIECC TPEHHS
Ha TOBEPXHOCTH METajlla OIIEHUBAEMOTO
HOXa, (2 — TOCTe YIPOYHEHUs TUIa3MOIA;
b — 1o ynpoynenus).

B mporiecce Takoii yrmpodHstomei 06-
paboTku mpoucxomut 3hQPeKTUBHOE IUD-
(y3MOHHOE BO3JICHCTBUEC HOHOB ILIA3MbI
BINIyOb PAacIUIaBICHHOTO CJIOSl MaTepuasia

Processes and machines of agroengineering systems

U CIIeyIolee CBEpXOBICTPOE ero OXJIaxIe-
HHE, BPEMsI KOTOPOTO MOXET OBITh COIIO-
CTaBUMbIM WJIM MEHBIIIUM, YeM TIEPHO]T 3a-
POXKIEHUST KpUCTAJUIOB. BenmencTeue Toro,
YTO SHEPrHsl MepenacTcsi Ha MPOTSHKSHUH
O4YEeHb KOPOTKOTO IPOMEXYTKa BpPEMEHH
Y HE yCTIeBaeT MPOHUKATh B NTyOMHY Mare-
pHaia, HarpeB KOHIIEHTPUPYETCS] B TOHKOM
MOBEPXHOCTHOM cjoe. [Iponcxomut ero
TUIABJIEHHE C OTHOBPEMEHHBIM BHEIPEHH-
€M IT0TOKa HOHOB a30Ta B MaTepHajl MUIlle-
HH 11U rpaauente temneparyp ~108 K/m.

B pesynsrare mnpoBeneHHOrO aHa-
nu3a B Je(OpPMAIMOHHBIX 30HAX MEXKIY
MOJIOCAMH CKOJIBKEHUS TPU TPEHUHW Ha
MOBEPXHOCTH HOXEH, TpeaBapUTEIHLHO
00paboTaHHBIX TUTa3MOH, HaOIIOMaeTCH,
B OTUIMYHE OT HOXa 0e3 yIpoIHeHHUS, (op-
MHUPOBAHNE METKOKPHUCTATUTHIECKUX TIEEK
JTUCIIOKAITMOHHOHN CTPYKTYpPBI, (HOPMHPYIO-
IIEHCs BCIIEICTBIE MOITHBIX TEPMOYIapOB
(6pIcTpOrO pazorpeBa W MOCIEIYIOIIETO
OXJIQXKJICHHUS ), UTO COMIIACYETCs C UCCIIEN0-
BaHUAMU [2]. DTa CTPYKTypa NpensTCTBY-
eT 00pa30BaHUIO TOJIOC CKOJIBLKEHUS TIPU
TpeHHH, (GOPMHUPYET 3HAYUTEIILHBIC 30HBI
VIUIOTHEHUSI U 00ECIICUUBACT MOBBIIIICHUE
W3HOCHOU U KOPPO3UOHHOM CTOMKOCTHU pa-
0oueil MOBepXHOCTH HOXKEH.

B ycnoBusix n3HammBaHus Mpy TPEHUH
MMEIOT MECTO €Ille JiBa Iporiecca, JeicT-
BHEM KOTOPBIX MOXKHO OOBSICHUTH BIIHS-
HHUE BHEJPEHUS TPHMECHBIX HMOHOB a30Ta
B CJIOM HAMHOTO OoJiee TOJCTHIH, YeM TITy-
6una ux npoHukHoBeHws [ 1]. [1epBriii po-
LIECC — ITO 3apOXKJCHUE U PA3BUTHE HOBBIX
JIMCIIOKALUM 1Mo JeWCTBUEM BBICOKHX JIO-
KaJIbHBIX HArPy30K Ha MSTHAX KOHTAKTa MU-
KPOHEPOBHOCTEH TMOBEpXHOCTH. [lnoTHas
CeTKa JUCIOKAIMK (OpMHUpYeTCs B 30HE
W3HAIIIMBAHUS TIOBEPXHOCTH, W  aTOMBI
npuMece ux JekopupyroT. Bropoit mpo-
I[ecc — JIOKATBHBIN Pa3orpeB MOBEPXHOCTH
B TOUKaX KOHTaKTa. [|[BUIKEHUE MOJIBUKHBIX
MpUMEce MPOUCXOIUT U TOJ JCUCTBUEM
OONBIIMX ~ TEMIEpaTypHBIX I'PaJUEHTOB.
OTO B 3HAYMTENBHOM Mepe MpernsTCTBYeT
(hOpPMHPOBAHHUIO MOJIOC CKOIIBKEHHSI.
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e) f)
P u c. 5. Pacipenenenns pacueTHBIX a0COMIOTHBIX 3HAUCHHUH TTOKa3aTelieil, XapakTepu3yIOIInX MpoLecc
TPEHUS Ha MOBEPXHOCTH METaJlIa HOXKel 0e3 yrnpouHeHus (a, ¢, €) u nocie ynpounenus (b, d, f):
1 — ucxonnas dororpadus odpasua; 2 — narmiacuas; 3 — 0000IEHHBIN TPAIUEHT; 4 — TUBEPTeHLIUS.
3HaueHus aOCOIIOTHLIX BEJIWYHMH IOKas3areieil Mmennie: a, b—5; ¢, d—10; e, f—40

Fig. 5. Distributions of calculation absolute values of indicators, characterizing the process of friction
on the knives metal surface without strengthening (a, c, ) and after strengthening (b, d, f):
1 — initial photo of a sample; 2 — laplacian; 3 — generalized gradient; 4 — divergence. Values of absolute
values of indicators are lower: a, b—5; ¢, d - 10; e, f—40
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a)

P u c. 6. Pactipeienenns pacueTHBIX aOCOTIOTHBIX 3HAYCHHH ITOKa3aTelel, XapaKTeprU3yIOUX IIPOIEcC
TPEHHs Ha IOBEPXHOCTH MeTalia 00pasia mociie yIpoYHeHus I1a3Moii (001acTh MeXTy TTOJI0CaMu
TpeHus): 1 — ucxomuas ¢pororpadus odpasna; 2 — naruracuad; 3 — 0000UICHHBIN TPaUCHT;

4 — nuBepreHnus. 3HaUCHHs aOCOTFOTHBIX BEJIMYMH MoKazareneii: a) £0,25; b) £0,125 ot cpeanero
3HadeHus, X200

F i g. 6. Distributions of calculation absolute values of indicators, characterizing the friction process on
the sample metal surface after strengthening by plasma (zone between the stripes of friction):
1 — initial photo of a sample; 2 — laplacian; 3 — generalized gradient; 4 — divergence. Values of absolute
values of indicators: a) £0.25; b) £0.125 from the average value, X200

Ha pucynke 7 mpencraBieHbl TMCTO-
TPaMMBI pacIpe/IeIeHNH BBEACHHBIX (hyHK-
uit B 3aBucumoctax (8), (10), (11), (14)
ISt crenyrommx  gororpaduii:  moBepx-
HOCTB TpeHUsi 0e3 yrnpouHeHus (puc. 7a)
U mociie o0paboTku 1wiasmMoin (puc. 7b);
(bparMeHT IeQOpMaMOHHBIX 30H MEXKIY
MOJIOCaMHM TPEHHS Ha 00pasiax, mpeiBapu-
TeNbHO 00pabOTaHHBIX ILIA3MOMH (puc. 7c¢).
Ha ocu x oTnOKeHBI PacCTOSIHUSL MEXKIY
TOYKaMH (TTUKCEISIMH), HA OCH ) — pacyer-
HbIE 3HAYCHHS a0CONIOTHBIX BEJIMYHH IPH-
BEZICHHBIX BBIIIIE ITAPAMETPOB.

I'mcrorpamMmBbl CpaBHHUBAIIM MEXITY CO-
6oii o kputeputo Kommoroposa [31]. U3
MOYYSHHBIX THCTOTPaMM BHJTHO, YTO MaK-
CHMaJIbHBIC 3HAYCHUsI a0COIOTHBIX BEJIH-
YHH JIMBEPTEeHINH U JIAIIACHAHOB CHUIIBHO
pacTAHYTBl, UX YacToTa MaJya, TO3TOMY
gactb (~1 %) mMoxHO oTOpocuTh. Tak-
JKE CJIEAYeT OTMETHTh, YTO TMCTOIPAMMBI
JarulacuaHoB Oosiee OIHOPOIHBI U TMPEa-
CTaBISIFOT TOKa3aTeNbHBI 3aKOH pacrpe-
neneHus. Jis BCceX THIOB THMCTOIPaMM

Processes and machines of agroengineering systems

XapaKTepHO YMEHbBILCHNE BEJIMYHMHBI pac-
TIpeIeIICHUsT TIoce OOpabOTKH TIIa3MOM,
YTO CBUETEIBCTBYET O IIOBBIICHUN OJHO-
POIHOCTH CTPYKTYPBI.

s OLEHKM OIHOPOJHOCTH CTPYK-
Typsl MHKpopenbeda meramuia paboueit
MOBEPXHOCTH HOXKEH NMPOBEACH sl aHa-
JM30B MeTalljla C HCIOJIb30BaHHEM He-
CKOJIBKHX pa3pab0TaHHBIX METO/IOB.

OmMH M3 HUX — aHAIU3 TPYNIHPOBKU
(hparmMeHTOB Kaxknoi Qororpaduu CTpyK-
TYp NMOBEPXHOCTH TPEHHMS IOCIE SKCILTya-
Tarmu 0e3 YIpOYHEHHUs U TTOcIie 00padOTKH
mra3mMoii (puc. 2). Ha ocHoBe BBeIeHHBIX 14
(hyHKIIHA pa3paboTaHbl aJTOPUTM U IIPO-
rpaMMa TpyNIHPOBKH (parMeHTOB Ha
OfIHOW W ToH ke (ororpaduu. Anropurm
OCHOBaH Ha CPaBHEHHH THCTOTPaMM MpPHU
nomoty kputepust Konmmoroposa: kaxoe
n3o0pakenue pasousanock Ha 20 ¢par-
MeHTOB pa3mepoM 50 x 50 nukceneit (4 o
TOPU30HTAJIN U 5 10 BepTHKain). s Bcex
¢parmenToB cTpomnuch 14 rucrorpamMm
JUIT  KaXIIOW W3 BBEICHHBIX (DYHKITHI
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P u c. 7. 'mcrorpammsl pacnpeseneHuii abCOMIOTHBIX BEJIMUMH JUBEPreHINH (BEpXHHUE) U JarulacHaHa
(HWDKHEEC)

Fig. 7. Histograms of distributions of absolute values of divergences (overhead) and laplacian (lower)

commacHo 3aBucuMocTsaM (1)—(15). 3arem
10 3TUM q)YHKI_II/ISIM pacCUnThIBAJIUCE Ma-
TPULBl CPABHEHMSI BEPOSITHOCTEN ISl T'U-
crorpamM (parmenTtoB. Jljisi momydeHwUst
MaTpUIBl KOPPEISIMU MKy PpparMeHTa-
MU IpOBEACHA ONepanys NEPEeMHOKCHUS
14 BeposATHOCTEH ISl OJJHOTO M TOTO XKe
sNeMeHTa Marpuibl. Jlanee Koppensnuon-
HBII aHAJIN3 TAPHBIX CBSA3EH CPEAHUX 3HA-
YeHUH BceX (DyHKIMH CpaBHUBAIN MEKIY
cO0OH, B pe3yibTare dTOro OBLTH BEIOPAHEI
(parMeHTbl, I NPEBBILIEH HEKOTOPbIH
HIOPOT BEPOATHOCTH (C OJHOBPEMEHHON UX
¢wieTpanyeit s BXOIAIIMX cpa3y B He-
cKkonbKo rpymm). [Tonydyena onHa mMarpuia
BMecTo 14.

K paccmoTpenuto npuHUMaINCh TOIb-
KO O4YCHb CJ'Ia6I>Ie U TECHBIC 3aBUCUMOCTH.
s kaxpoit ¢pororpaduu (puc. 8) caena-
HO JIBa pacyera: MEPBBI — OIUHAKOBBIX
68

(¢parMeHTOB (C TOPOTOM BEPOSTHOCTH
>0,99), BrOpoii — omnmyaromuxcs (par-
MEHTOB CO CJIA0BIMH 3aBUCUMOCTAMHU (T10-
por BepositHocTH <0,5). MU oxazanuch
3aBUCHMOCTH IIBETOB OT TPAaKTUYECKU
BCEX paccMOTpeHHbIX 14 ¢ynkuumit. [lep-
BbIC — Ha3BajM «OMM3KUMW», BTOPBIE —
«ITaJIeKUMI» (hparMeHTaMHU.

B rtabmumax 3 w 4 npuseneHsl JaH-
HBIE pacyeToB I Kaxmaoro m3 20 ¢par-
MEHTOB (YMCJIO BO3MOXKHBIX COYETAHWIA:
20 - 21 /2 =210) mis pacCMOTPEHHBIX (ho-
torpaduii. Kaxaplii pacdyer mMeeT YucIio
CTpOK paBHOE parmMerTaM. Homep 01 mpu-
cBOeH Bcell Qortorpaduu. st xakmoro
HoMepa (hparmeHTa (TIepBBIA CTONOEIT) T10-
JIy4eH UX MiepedeHsb (BTOpoi cTonbelr), KOTo-
pble eMy «OMM3KU» WK «JIanekn» (tab. 3
u 4 coorBercTBeHHO). [locennnii cronberr
OITMCBIBACT KOJIMYECTBO COBITAJICHHUM.
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Bes obpadotku / Without
processing

[Mocne mra3meHHoOM 00padboTKH /
After plasma treatment

1t 8 18l |2
12 A A
7 8 |8 pe |1
= s |4 5 5

Cxema aHaM3UPYEMbIX
¢parmentoB / Scheme of
the analyzed fragments

P u c. 8. AHanu3 rpynnupoBKH parMeHTOB Ha Kax0i (oTorpaduu UCCISTYEMBIX CTPYKTYP
MOBEPXHOCTH TPEHHS

Fig. 8. Analysis of the fragments group on every photo of researching structures of the friction surface

Ilociie mpoBeneHHOW YIPOYHSAIOLIEH
00paboTku 00IIee KOJTMYECTBO COBIMAJIC-
HUH «ONMM3KHX» (parMeHToB H300paxe-
HUSI YMEHBIIAETCS HE3HAUUTEIbHO — Ha 2
ciydas (tadm. 3). Jns «manekux» ¢par-
MEHTOB (COBMNAAAIOLIUX C BEPOSITHOCTBIO
<0,5) XOJIMYECTBO COBITAICHUN 3HAYH-
TEeTHHO yMEHbImaeTcs (Tabm. 4) rmocie
TIPOBEICHUS  YIIPOUHSIOMIEH 00paboTKH
ma3Moi (Ha 22 ciaydast).

CrnenoBarensHO, B pe3yabrare Ijas-
MEHHOW 00pabOTKH YMEHBIACTCS YHMCIIO
(hparMeHTOB, y KOTOPBIX THUCTOTPAMMBbI
HEUTPaJbHOCTH MPAKTHYECKH HE COBIIA-
narot. Ilpu srom Ha Bcelr ¢ortorpaduu
(01) yucno «OnM3KUX» (ParMeHTOB HPU
YIpOYHEHNHU Bo3pacTtaeT Jmmb Ha 10 %,
a ux HecoBHnaaeHuii cHwkaercsa Ha 30 %.
B nokanpHBIX 30HaX oOLIee KOJIUYECT-
BO COBHAJCHUH (ParMEeHTOB B MHCXOM-
HOM HOXeE TIOCJIe JKCIUTyaTalid JOCTH-
raer 92 %, a coBmamaeT TojbKO 48 % 10
CPaBHCHUIO C YIIPOYHEHHBIM (JIOKATbHBIE
(dparmentsr 02; 03; 05; 12; u 13). OtHo-
CHUTENBHO «JalleKuX» (parMeHToB, olle-
HEHHBIX JIOKaJIbHO B Tabimue 4, BUIHO,
4yro OoOIIee 4YHCIO HECOBMAACHUH ISt
MCXOJHOTO COCTOSIHUSI HOXKEH HE MpEeBBI-
maet 36 %, a yIpOYHEHHBIX BCETO JIMIIb
14 %. IIpu 3TOM He BBISBJICHO HH OJHOTO

Processes and machines of agroengineering systems

COBIAJICHUS MEXTY (hparMeHTaMH yIIpOY-
HEHHBIX U CXOJIHBIX HOXEH MOCIIe IKCILTY-
aranuu. J[isi ynpoYHEHHOH MOBEPXHOCTH
TPEHHsI B JIOKAJbHBIX 30HAX MpPEBAIHPY-
10T QparmMenTsl 21, uro cocrasisieT 43 %.
[lony4yeHHbIE JaHHBIE CBHIETEIHCTBYIOT
O TIOBBITIIEHUH OTHOPOJHOCTH CTPYKTYPHI
MeTauia pabodyeil TOBEPXHOCTH HOXKEH,
YIPOYHEHHBIX TUIa3MOMH.

Jpyrum MeTojoM HCCIIeIOBaHMS OJI-
HOPOJTHOCTH CTPYKTYpbl MeTajuia pabo-
yell MOBEPXHOCTH HOXKEH sIBJISIETCS Ma-
TEMaTHUECKUI aHaIu3 MX M300pakKeHUH,
OCHOBaHHBI Ha KPUTEPUU pacrpeere-
HUS KOI(D(DUIIMEHTOB IPOMOPIUOHATb-
HOCTH KOPPEISIUOHHBIX 3aBHCUMOCTEH
Ha MallbIX (hparMeHTax abCOMOTHBIX 3Ha-
4yeHWi auBepreHimii, 3asucumoctu (10),
(11), (14), c pactipeneneHreM yCIOBHOTO
nBera (2). C mOMOMIIBI0 aHaIM3a ycTa-
HOBJIEHO, YTO a0COJIFOTHBIEC 3HAUYECHUS -
BEPreHIMI MPEICTABIISIIOT COOOH CIEKTP
3HAUEHMM, KOPPEJUPYIOLIUMA ¢ pacnpese-
JICHUEM YCJIOBHBIX IIBETOB U MOTYYCHHBIH
B IIpOIEccCe MaTeMaTH4ecKoro aHaju-
3a [9]. Hns paccmarpuBaeMoro marepua-
Jla CHEKTP YKa3aHHBIX (DYHKIMH KpaTeH
yuciy 17.

Ilo pe3ynpraraM BBIYKCIACHHH, CO-
miacHo 3aBucumocTsMm (10), (11), (14),
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MOJIy4eHO CyMMapHO€ TMPOLIEHTHOE COOT-
HOIIICHWE BEJIMYMH aOCOJIOTHBIX JTUBEp-
TeHIMIA, 3HAYCHUS] KOTOPBIX Oosblne 255
(30HBI TIOBBIIIEHHOTO YIUIOTHEHUSI CTPYK-
TYpBl) U CO3IAI0T MHKpOperbed TpeHUS
Ha (parMeHTaxX H300paKEHHUHA pazMepoM
10 x 10 muxceneir. K nmpumepy, Ha prCyH-
ke 9 TIpeCTaBIeHBI, COINIACHO pacyeTaM,
(dparmMeHThI H300paskeHus (BbIICICHBI KBa-
Jparamu), JJIsl KOTOPBIX TPOLEHT CyMMap-
HOT'O 3Ha4YeHHs1 A0CONTIOTHBIX IMBEPTCHITHI,

HaunHas ¢ 255, 6omabire 20 %. OO1iee Ko-
JIMYECTBO TAKUX BBIICICHHBIX ()parMeHTOB
Ha (ororpadun nosepxHoctu 6e3 ynpou-
HEeHus Ta3Moii (a) paBao 24,7 %, a mocne
ynpounenus (b) — 13,4 %.

Ha ocHoBaHuu BBIYMCIICHUH MOJIy4Ye-
Ha 3aBUCHUMOCTH (puc. 10), oTpakaromas
MPOIICHTHOE ~ coJiepkaHre (pparMeHToB
Ha WM300paKCHUHM TOBEPXHOCTH TPECHUS
JI0 ¥ ToCcTie TUIa3MEeHHOW 00paboTKH, st
KOTOPBIX MPOIEHT CyMMapHOTO 3HAYCHUS

Tadonaumad
Table4

JlaHHBIE 110 pacyeTy «1aJeKux» (PParMeHToB (¢ moporom seposstHoctH <0,5)
Calculation data of “distant” fragments (with the threshold of probability <0,5)

Iepeuens «manexux» pparmentos / List of “distant” fragments

Ne pparmenra / | Jlo ynpounenusi / Before | Kon-Bo /| Ne ¢parmenra / | ITocne ynpounenus / | Kon-Bo /
Fragment No. strengthening Number | Fragment No. | After strengthening | Number

01 - 0 01 - 0

02 10, 17 2 02 08 1

03 11 1 03 - 0

04 - 0 04 - 0

05 09,10, 11, 14 05 - 0

06 07, 091’61,01’71,1i81,3i914, 15, 1 06 _ 0

07 06 1 07 21 1

08 - 0 08 02,21 2

09 05, 06 2 09 - 0

10 02, 05, 06 3 10 21 1

11 03, 05, 06 3 11 21 1

12 - 0 12 21 1

13 06 1 13 - 0

14 05, 06 2 14 - 0

15 06 1 15 - 0

16 06 1 16 21 1

17 02, 06 2 17 - 0

18 06 1 18 - 0

19 06 1 19 - 0

20 - 0 20 - 0

21 - 0 21 07,08, 10, 11, 12, 16 6

36 — ol1Iee YHCII0 HECOBMAJCHUI IO BCEM 14 — oOrmiee 9KCII0 HECOBIACHUH IO BCEM
(parmenrtam / 36 — total number of mismatches across | dpparmentam / 14 — total number of mismatches
all fragments across all fragments

Processes and machines of agroengineering systems
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P uc. 9. ®parMeHTHI (BbIICICHBI KBapaTaMK) Ha TOBEPXHOCTH TPEHUS METaJlIa HOXKEH, I KOTOPBIX
MIPOLICHT CYyMMAapHOT'0 3HA4YeHHUs aOCOMIOTHBIX AUBEPTeHIMH, HaunHast ¢ 255, 6onbrre 20 %:
a) 6e3 ynpouHeHus; b) mocine ynpodHeHHs TIa3Moit

Fig. 9. Fragments (highlighted with squares) on the friction surface of knives metal for that percent of
total value of absolute divergences, starting with 255, more than 20%: a) without strengthening;
b) after strengthening by plasma
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3a/iaHHbIe KPUTHICCKHE 3HAYCHHS ISl aOCOIIOTHBIX BEJINYMH JIMBEPreHIHH, % /
Specified critical values for the absolute values of divergences, %

P u c. 10. IIpoueHtHOE copepxanme GparMeHTOB Ha H300PaKEHUHU MOBEPXHOCTH TPEHUsI 6e3 1 mociie
IUIa3MEHHOM 00pabOTKH, JJIsl KOTOPBIX MPOLEHT CyMMAapHOI'0 3Ha4eHHUS aOCOTIOTHBIX AUBEPTeHIUN
(>255) Gombie 3a1aHHBIX KPUTHUECKHX 3HadeHHH (0T 1 10 40 %): BepXHsis KpuBas — 03 ynpodHSIomeH
00pabOTKY; HIKHSISI — TIOCIIe

Fig. 10. Percentage of fragments in the picture of the friction surface without and after plasma
treatment, for that percent of total value of absolute divergences (>255) more given critical values (from
1 to 40%): overhead curve — without strengthening treatment; lower — after one
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a0COITIOTHBIX JIMBEPreHIIni >255 OTHOCH-
TEJBHO 33JJaHHBIX KPUTHYECKUX 3HAUCHUI
(ot 1 no 40 %). IlomyueHsl ABE KpUBHIE,
MOKA3bIBAIOIINE, YTO TMOCIE YIPOUYHEHHS
TUTa3MOM TIOBEPXHOCTh HOXEW mMeeT 0o-
Jiee OJHOPOIHYIO CTPYKTypy (Bemudu-
Hbl CYMMAapHBIX 3HAU€HUM JUBEPreHIUH
B 2-3 pa3a MeHbIle — HWXKHSS KpHBas),
geM 6e3 00paboTKH.

O0cy:xneHne u 3aKJII09eHHe

IIpennoxkeH MeTox M IapaMmeTpbl
YIPOYHEHUSI TOHKOCTEHHBIX HOXKEH CIIOK-
HOW (OpMBI IS TIEpEepadOTKU CaxapHOM
CBEKJIbL. J[1s1 ympoYHEeHHs MCTONB30Bal-
Csl IJIA3MEHHBIN YCKOPUTENb M TPOIECC
OCYIIECTBIISIICS ITyTeM OJHOBPEMEHHOTO
MOTUUITIPOBAHAS BCce pabodeld ro-
BEPXHOCTH a30TOM IIPH OOTydeHUH MOIII-
HBIMHA UMITYJIbCHBIMA TIOTOKaMU TIJIa3MBI.
[Ipu 3TOM AOCTUTaIOCh YIPOUHCHHE [0
100 mxm. OrmpeneneHbl ONTHMAJILHEBIC
napaMeTpbl 00pabOTKH: SHEPrUsi UOHOB,
IUIOTHOCTH, y/CJbHAs MOITHOCTD U JIaBJic-
HUeE M1a3Mbl. Micnonb3yemslii MeTon 00pa-
0OTKM OCHOBaH Ha CBEPXOBICTPOM OXJia-
JKJICHUM paciuiaBieHHoro ciost (~107° ¢).
MakcumaibHbI# 3G (hEKT yIpoYHEeHUs J0-
crurasucs oopaboTkoit 3—10 uMITyIbCamMu
MPOIOIDKUTENHFHOCTEI0 He Oojee 10 MKc
KaXKIBIN.

Jua ycranoBneHust (pakTopoB, KOTO-
pbie 00eCIIeUnBaIOT MOBBIIICHUE CTOHKO-
CTH TOHKOCTEHHBIX HOXCH IIpH Iepepa-
0OTKEe CaxapHOM CBEKJIbI HCIIOJIh30BAJICS
KOMILJIEKCHBI MaTeMaTUYCCKUN ITOJIXOI
B HCCIICJIOBAHMSIX UX CTPYKTYpooOpa3o-
BaHUs TpU SKCIuTyatanmu. Jlns marema-
TUYECKOTO OIHMCaHUs XapakTepa H3HOCa
MOBEPXHOCTU TPEHHSI MPUMEHSIIUCH CIIie-
[TUAITEHBIE TTOJXO/BI, KOTOPHIE BKIFOYAIOT
CTaTUCTHYECKYI0 Ka4eCTBEHHYIO M KOIH-
YECTBEHHYIO OIIEHKY IOBEPXHOCTH Tpe-
HUS C WCIIOJIh30BAHWEM OPWUTHHAIBHOM
porpamMMbl  pa3pabOTaHHOTO aHajIK3a,
a TAKXKE ONTHYCCKYIO U AIEKTPOHHYIO MU-
KPOCKOIIHIO.

C TOMOIIIBI0 ONTHKO-MaTEeMaTHYECKO-
o0 METoJia MPOBEJICH COMOCTABUTEIIHHBIN

Processes and machines of agroengineering systems

aHaJ M3 MeTajorpaduueckux u3o0paxe-
HUM TIOBEPXHOCTH TpPEHMs HOXKEH mocie
JKCIUTyaTannu 0e3 00padoTKU U ¢ yIpou-
HEHUEM a30TucToi muasmoi. Ilokazano,
YTO Ha yIPOYHEHHON OBEPXHOCTHU YHCIIO
[I0JIOC CKOJIBXKEHHUSI IIPHU 3KCILIyaTaluu
yMeHbIaeTcs B 2-3 pasza. Mexmay moJo-
CaMU CKOJIbXKEHHS (POPMHUPYIOTCS IHCIIO-
KallMOHHBIE CETKU U 0oJiee TUIOTHAS 30HA
cxkatusi. OHU M IPETSITCTBYIOT PAa3BUTHIO
penbeda, KOTOpbIH Hauboyiee Xapakre-
PEH Uil HEYIIPOUHEHHBIX MTOBEPXHOCTEH.
B pesynbrare nmpemioKeHHOTO pekHMa
oOJyueHHs] HMMITYIbCHBIMA  TIOTOKaMHU
A30TUCTOHN IUIa3Mbl CO3JAIOTCS YCIOBUS
s GOPMHUPOBaHUS  KBa3MaMOp(HOIro
CJIOSI ¢ MUHUMAJILHON IIEPOXOBATOCTHIO
U TOBBIIIEHHOM CTOMKOCTBIO K H3HOCY
u kopposuu. Ilocme turazmeHHOW 00pa-
OOTKM Ha IMOBEPXHOCTH PEXKYIIEro HH-
CTPYMEHTA HE BBISIBIICHO H3MECHEHUH B Te-
OMETPHU HOXA U BHEIIHUX TTOBPEIKACHUT
(MUKpOTpEIInH).

st ommcaHus mponecca CTPYKTY-
pooOpazoBaHusi MO BIUSHUIO YIPOYHE-
HUS Ha XapakTep U 0COOCHHOCTH M3HOCA
MOBEPXHOCTH TPEHHUS HCIOJIb30BAINCH
pasnuuHbIe TMOAXOABl MaTeMaTHYEeCKO-
ro ONMCAaHMS HPOLECCOB, (POPMHUPYEMBIX
Ha IOBEPXHOCTH TPEHUs. YCTAHOBIICHO,
YTO YNPOYHEHHWE MMILYJIbCHOM a30TH-
CTOU IIa3MOU (hOPMUPYET YBEITUICHHYIO
JIOJTIO 30H, OTJIMYAIOIIMXCS TOBBIIICHHBIM
YIUIOTHEHHEM. Bo3zielicTBre UMITYJIbCHO-
r'0 TUIA3MEHHOTO TIOTOKa ¢ (JOPMHUPOBAHH-
€M Ha MOBEPXHOCTHU TPEeHHs KBazuamopd-
HOW CTPYKTYpPBI CIOCOOCTBYET OoJiee Jier-
KOH nedopManuu B MepHon NpUpabOTKU
MHCTPYMEHTA TP SKCILTyaTalHu.

MeTtonoM 3IEKTPOHHON MHKPOCKO-
UM ¥ JIOKAJIbHBIM CIIEKTPAJIbHBIM aHa-
JIM30M I10KA3aHO, YTO NPEIIOKCHHBIH Me-
TOZ YIPOYHEHHs YMEHBIIAET CKIIOHHOCTh
paboueiil MOBEpXHOCTH K KOPPO3UOHHOM
noBpexaaeMocT. Tak, Tpu JKCIuTyaTa-
UM HOXel Oe3 yNpOYHEHHsS BBISBICHBI
30HBI C jgoneit kuciopoma go 19,73 %
npu 00ILEM MOKPHITUU paboueil moBepx-
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HOCTH BTOPHUYHBIMU 3aIIUTHBIMH CTPYK-
TypaMHu OKHCHBIX TUIEHOK 70 2,4—8.8 %.
B BapuanTe ¢ ynpouHeHHEM COJEpKaHUe
KHCIIOpPO/Ia BO BCEX 30HAX HE IMPEBHIIIA-
er 3,52-3,84 %.

OKCILUTyaTallMOHHbBIC UCTIbITaHus (ObIB-
IIMX paHee B UCIIOJIb30BaHUU) CBEKIIOpE-
3aIbHBIX HOXEH, MOABEPTHYTHIX YIPOY-
HEHUIO IUJIa3MOW € OJHOW CTOPOHBI,
MOKa3aJId 3HAYUTEIBHBIA POCT MHKPO-

TBepAocTH (1o 3 pa3) B 30HAX MOJIOC
VIUIOTHEHUSI. JKCIUTyaTallMOHHAsl CTOM-
KOCTb TaKHX YIPOUYHEHHBIX HOXKEH IOBBI-
maercst B 4-5 pa3, a HoBbIX — A0 10 pas.
Kpome storo, 6maromapst 00paboTke TOIb-
KO OIHOH U3 CTOPOH PEXYILETO0 HHCTPY-
MEHTa obecneuynBagach €ro CocoOHOCTh
K caM03aTa4MBaHHUIO B XOJI€ TIpoIiecca pe-
3aHUS C COXPAHEHHWEM CIIOKHOTO Tpodu-
JIs1 PEKYIIEN KPOMKH.
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