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Ilpeonooicen mamemamuueckuii annapam O 006pabOMKU U300PANHCEHUN MUKPOCMPYKIMYPbL 4Y2YHO8
NePAUMHO20 KIACCA, UMEIOWUX 8 CIMPpYKmype CIy4aiiHo pacnpedeiennvle sKuoveHus epaguma. Pazpabomano
npozpammuoe obecneuenue, n0360AOUlee ONPedelAms CMamucmu4eckoe pacnpeoenenue QyHKyuY nIomHoCmu
Xapaxmepucmuk 2pa@umusix GKIIOUEHUU NO NIOWAOAM, NEPUMEMPAM U PACCIOAHUAM MeNCOY BKAIOYEHUAMU.
Tonyuena 3agucumocms mexcoy 0OHOU U3 XapaKmepucmux Cmamiucmuyecko2o pacnpedeierus paguma u co-
OMHOWIEHUS OCHOBHBIX 2NEMEHMO8 XuMuieckoeo cocmasa. Ilokazano, umo xomnviomepras o6pabomka u3o-
OpadiceHus: MUKPOCIPYKIYPbL CepO20 UY2YHA NO360Aem KAACCUGUYUposamy HepasiuiumMble mpaouyyuOHHbIMU
MemaniozpapuueckuMy Memooamu MUKpOCmMpyKmypbl Ha 0CHO8e CIAMUCIUYECcKo20 pacnpedeneus spapum-
HOU hasvl U MeACNAACMUHOYHBIX PACCIMOAHUT NEPIUMA, YMO UMeem NpakmuyecKoe 3Havenue Ol ucciedosa-
HUs 83aUMOC6A3ell «0bpadamvleaeMocms — MUKPOCHPYKIYDA YyeYHAY.

BBenenmne. I3BecTHO, 9yTO 00pabaTeiBaeMOCTh JleTalell B 3HAUNTEIBHOM CTENEHH 3aBHCUT OT MHKPO-
CTPYKTYPBI U CBOMCTB MeTaiuia. IIpudeM, yem OoJibIe KOJMYECTBO rpaduita B MUKPOCTPYKTYPE U KPYIIHEE €ro
BKJIFOUEHHS, TEM JIerde JeTanb oopabaTeiBaeTcs pe3anueM [1]. B cBs3u ¢ 3THM mpeacTaBisieT HaydHBIH HHTEpeC
YCTaHOBJICHUE B3aUMOCBS3€H MeXIy o0padaThiBa€MOCTHIO YYI'YHOB M OCOOEHHOCTSIMH MHUKPOCTPYKTYPHOTO
ctpoerus (a3 rpadura. Kak mokaspiBaeT ONBIT MHOTHX HCCIIEIOBATENEH, BEISIBUT PA3INIAe MEXIy OCOOEHHO-
CTSIMH MUKPOCTPYKTYPBI CEPhIX YyI'YHOB, HCIIONIB3Ysl TPAJULIIMOHHBIE METAUIOBETYECKUE METO/IbI, OCHOBaHHBIE
Ha OaJbHBIX METO/MKaxX rpaduTa, TOCTATOYHO CI0XKHO. [109TOMY HY)XHBI HOBBIE MOJXO/IbI, O3BOJISIOIINE BbI-
SIBUTh B3aUMOCBSI3H MEXIy XapaKTepHCTHKaMU MUKPOCTPYKTYPHI U cBOiicTBamu 4yryHoB. Hanbonee mepcrek-
TUBHBIMH METOJIaMU KOJIMYECTBEHHON OLIEHKH MUKPOCTPYKTYD SIBJISIFOTCSI METO/IbI, OCHOBAaHHbBIE HAa KOMITBIOTEP-
HOM 00paboTKe n300pakeHH, KOTOPbIe HAXOAAT IIMPOKOE MPUMEHEHNE B TEXHUYECKHUX MPUIIOKEHUX [2].

Llenpro HACTOSIIIETO MCCIIENOBAHMS SIBISETCS Pa3pabdOTKa METOJVKH OMPEIENICHNs] XapaKTEepPUCTUK Tpa-
(uTHOI (a3bl B cepbIX YyryHax, MO3BOJISIONIEH KOTMYECTBEHHO OLIEHUTh MUKPOCTPYKTYPY Pa3JIMuHBIX JEeTallei.

OcHoBHast yacTh. B KauecTBe HCXOMHBIX JAHHBIX OBLIM MCIIOJIB30BAHBI JBE TPYIIIBI ACTANCH «KOJIECHBAI,
KOTOpBIE OBUIM M3TOTOBICHBI C MCIIONB30BAHMEM Pa3HBIX TEXHOJOTHI. B mepByio rpymmy o6pasios (rpymma A)
BXOJIMITH U3/IENTHs, 00pabaThIBaeMOCTh KOTOPBIX ObLIA B JIBa pa3a HIDKE, YeM Y U3MEeNHA BTOPO# Tpymmbl (Tpyma B).
Bbu10 recnenoBaHo 1Mo MATh 00pa3oB KaXIOW TPYIIBI U 10 YETHIPe CHUMKa MUKPOCTPYKTYPBI C KaXJ0ro 00-
pasua. Takum 00pa3oM, BCEro B CCIIEOBaHUH y4acTBOBaIIO 40 CHUMKOB.

AHanu3 n300pakeHHi MHUKPOCTPYKTYpBI IO CTaHJApTHOM MeETaIIOBEI4EeCKOH METOJUKE IOKa3all, YTo
BCE BKJIIOUCHHBIE B BHIOOPKY MHKPOCTPYKTYPHI JleTalel ¢ pa3anyHOil 00pabaThIBaeMOCThIO HE KiIacCH(UIHPY-
10TCs Ha ABe rpynmsl (Tabdi. 1). IlosToMy s penenus 3anaun Kiaccu(UKaMK JaHHBIX MUKPOCTPYKTYp U3 ce-
poro 4yryna Heo0OX0JUMO pa3padoTaTh HOBYIO METOHKY.

Tabmmma 1
CpaBHUTEIBHBIC XaPAKTEPHUCTUKH MUKPOCTPYKTYPBI OTJIIMBOK «KOJICHBAI,
OIpeJIeICHHBIE [0 CTAaHIAPTHOW METOIMKE
[Tapametpsl OTnuBKH IpymIiel A OtnuBku rpymis! B
MHUKPOCTPYKTYPBI 1 2 3 4 5 1 2 3 4 5

dopwma rpadura
(npsvoMHeias) Iyl | Iyl | Myl | Ty 1 | TITy1 | Ty 1 | TITy1 | T2 | Ty 1 | T 1
JlHa BKItoueHU Ir, 40 | IIr, 90
— Mr,90 | II'; 45 | 11T, 45 | TIT; 45 | TIT'; 90 | I, 90 | III', 45 1T, 80 | I, 180 1, 90
Pacnipenenenue Ir7, 1 T, 3 1, 1 T, 1 T, 1 Ir, 1 T, 1 IT, 1 I, 1 [T, 1
BKJIIOYEHHH rpaduta paBH. | KOJIOH. | KOJIOH. | paBH. paBH. paBH. paBH. paBH. paBH. paBH.

Komectso pkmoue- | pry | yry | mre | mr4 | mre | nr4 | nre | mre | mre | mre
Hu# rpadura, %

Mertammmueckas ocaoBa | 11,1 I, 1 I, 1 I, 1 I, 1 11,1 I, 1 I, 1 I, 1 I, 1

Tnenepetiocts nepmira | 1102 | 102 [ T,02 [TL,02 [ T,02 | M,02 | M,02 | M,02 | M,02 | 1,03
P P 1,05 | 1,05 | 1,05 | 1,05 | 11,05 | 11,05 | 1,05 | 11,05 | 11,05 | I1,05

KomecTso neprnra, % 98 100 97 99 98 100 99 98 98 97
Kommectro deppura, % 2 — 3 1 2 - 1 2 2 3
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B xaxa0oM mcciieryeMoM H3IeHH ObIIO BBIICIICHO XapaKTePHOE CEUEHNE, KOTOPOE MOABEPTATIOCh aHAIU-
3y (puc. 1). Kak BUIHO U3 pUCyHKa, IS KQKIOTO CeYeHHs OBLIO BBIJIENICHO YeThIpe ydacTKa. Ydactok @ (do-
torpadust 1) pacnoyioxkeH Ha Kparo BBIIEICHHOTO CEYECHHs] M COOTBETCTBOBAN OOJIACTH MPHITYCKA JETANH, yda-
crok ceuenust @4 (pororpadust 4) COOTBETCTBOBAT LICHTPATBHON 00JACTH BBIICICHHOTO CEUCHHS, yaacTKu @, u
@3 ABIAINCH MPOMEKYTOYHBIMH JIJIsI BBIICICHHOTO CeueHUsl. VICronb30BaHue Pa3InuHbIX YIaCTKOB MO3BOIIIO
YBEITMYHUTH MPEACTABUTEILHOCTh UCIIOIb3YeMON BBHIOOPKH M MOBBICHTH TOYHOCTh pacdeTa MHKPOCTPYKTYPHI, a
TaKKe OI[CHUTh BIMSHUE CKOPOCTH KPUCTAUTA3AINE HA MUKPOCTPYKTYPY.

6) B)

Puc. 1. 306paxxeHne neTaiy «KOJICHBAI (@) U CXeMa PacIoIOKEeHHs 00J1acTel HeceOBaHHBIX H300pakeHni
MHKPOCTPYKTYp (B) Ha BEIOpaHHOM cedeHnH (0) (TTopsmok: Kpailt — IeHTp)

B ocHoBe npeiaraeMoro noaxoza MOJN0KEH aITOPUTM, NMO3BOJISIIOIINN 110 N300paKEHUI0 MUKPOCTPYK-
TYpBI ONpeNeIUTh CTaTHCTUYECKOe pacrpesneneHue rpagutHolt ¢assl B cepblX yyryHax. OCHOBHBIMH 3TalaMH
ANTOPUTMA SIBISIOTCS: OMHApH3auus H300paXeHHUs C MCIOJIb30BAaHIEM aJallTHBHOTO ITOPOra, CerMEHTAaIUs U30-
OpaxkeHHs Ul BBLAENCHUS BKIIOYEHHH rpaduta, 00paboTKa rpadMTHBIX BKIIOYEHUH C BBIYUCICHHEM HX IUIO-
I1a/1ei, IEPUMETPOB U PACCTOSHUI MEXIy HUMH, ONpeAeicHne (QYHKIMH CTaTUCTHYECKOI0 PacIipeieNeH s Ie-
peunciIeHHbIX mapameTpoB. [lomarosoe onucanue alropuT™Ma MpeacTaBIeHO HUXKE.

Illaz 1. DopmupoBanue HCX0oaHOTO MHOYecTBa (O’ Ha OCHOBE H300PayKeH s MIKPOCTPYKTYPEI CEPOro 4yryHa:

Q° :{Ni? e N},

rie Ni? — 3HAYEHHE SIPKOCTH [BETHOTO W300pakeHUs B TOUKE ¢ KoopauHatamu (i, j); 1, j — MHAEKCHI IByMEpPHO-
To MpocTpaHcTBa B MHTepBanax 1<i<L,, 1< j<L ;L Ly — pasmepsl u300pakenus B MMKCENSX MO OCAM KO-

opauHat X 1 Y COOTBETCTBEHHO.
Hlae 2. Co3znaHue TOITYTOHOBOTO M300paKEHHS MHUKPOCTPYKTYPHI NMPH MOMOLIM (DYyHKIMH ITOPOTOBON

0bpaGoTku ¢ ucrons3oBannemM popmymsi (1) (muoxectso Q' ={N; e R|0<N; <1}).
0
1 N;;
i 0 °
max{N; }

@
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laz 3. TlpeoOpazoBaHre N300pakeHUs 110 MpaBmity (2) B BEKTOp JUIMHOM M OMHApH30BaHHBIX M300pa-
wernit OF ={QF,Q5,..., 0}, tie Of ={N3}, k=1, m:

NZ - —1,ecm/IN$£[3k;
i =

ij

@

1
1 ecin Nj >,

rae B, €{B,,B,.....B,} — mopor GuHApH3aINH.
Hlae 4. Co3pmanme OWMHAPM3OBAHHOTO W300paKEHUS] MHUKPOCTPYKTYPHI H3 MOIYYCHHOTO BEKTOpa
o :{Ni?| Ni? =0 mwm Ni? =1} =CF, rae | — uHIEKC BEKTOpa MAPaMETPOB O, JUI KOTOPOTO BBIMONHIETCS yC-

nosue (3):
€ €
—— <oy <pt+—, 3)
u 2 P <u 2
Lx Ly
k
; e b |1 ecmn N;k =-1
rme o, = — == ti= , k=1, m; L — 3aJaHHOE 3HAYEHUE,; € — OTKIOHEHHE |L.
L, & ! 0, ecm N2 =1
LL, — t¥ ’ iik
Xy ij

Ilaz 5. ®opmupoBanue MHOXkecTBa ' :{Ni‘j‘ € N} MapkupoBaHHBIX IATEH (IpaUTHBIX BKIFOYEHUIA),

rre N; — HOMep ISITHA, KOTOPOMY MPUHAIICKUT TOUKA ¢ KoopauHatamu (i, j).
4
B mpouecce (opMupoBaHUsS MHOKECTBa () MPOM3BOAUTCS PACIO3HABAHHE HECBSI3HBIX CTPYKTYp (rpa-
(buTHBIX BKIIOYeHHiT) myteM cosnanus MHoxkectBa Q ={q; |i =1 K}, rne kK — uncino HecBsI3HBIX CTPYKTYp, KOTO-

4
pO€ YBEIMYMBAETCS B IIPOLIECCE PACIIO3HABAHUA M300pakeHns. DOPMUPOBAHKE MHOKECTBA 2 NPOMCXOAUT MO-
CIIeIOBATEIBHO JUTS KaKmoi To4KH (i, j) TpH BBIMOIHEHUH OJHOTO M3 CIEAYIOINX YCIOBHIA:

-ecmn N =0,710 N =0;

- €CIIn N: :1, TO N: MOXKET MPUHUMATDh 3HAYCHUA UCXOAd U3 CICAYIOINUX yCHOBHﬁI

Ni4—1,j = qa;U Ni“ljﬁl =0,

a) ecu NE o1 N ,Tae 0,,0,€Q;a,be [l k], Torna N; =min{q,,q,};
N ij1 =
N'y =0 NS =0,
6) €ClIn 31'1 3’1 ! o , TOTZ1a Ni? =dq,;
NHYj =1 Ni,jfl =0;
N =0, [N',=q,;
B) eCiu 3“ ,;,J b rora Ni =0ay;
Ni—l,j =0 Ni,j—l =1
N, =0; NS, =0 \
r) ecinu _,Torz[ak=k+1; N; =K.

N’ =0; N, =0

Illaz 6. Onpenenenue Bekropa S = {Si1, Sy, ..., Sk} MUIOMIaEH MATeH (TPadUTHBIX BKJIFOUYCHHI) IyTeM IO~
CIIeIOBATEIBHOTO BHITOJHEHHUS CIIEAYIONICH OEpaIiH TSl BCEX TOUEK ¢ KoopauHatam (i, j).

=s ,+1.

S
Ny

Ni
Illaz 7. Onpeneneune Bekropa P = {p1, Pz, ..., Pk} TEPUMETPOB TSATEH (IPapUTHBIX BKJIFOUCHHI) MyTEM
TIOCIIE/IOBATENLHOTO BBIMTOJHEHUS CIIEAYIOIIEH OIepari Ui BCeX Todek ¢ Koopamuaramu (i, j): ecmm

Nfy =0 U N&; =0 U Nf,=0 U NY,=0, o0 p, =p,.+1.

i+1,]j
Illaz 8. Onpeneneune Bektopa R = {ry, Iy, ..., I} pacCTOAHUN MEXIy TSTHAME (TPadUTHBIMU BKITIOUE-
HUSIMH) ITyTEM TOCJIEIOBATENBHOTO BHITIOTHEHHS CIISIYIOIIEH Omepariyy,

=0 N2

3
N; i+k,

i+1, ] = O

U Torga r, =, +1.
3 3 s k k
Ni,j =1 Ni+k+l,j =1

€CJIM BBITIOJIHAIOTCA YCIIOBUSA

Hlae 9. Tloctpoenne GyHKIUHA pacrpenereHus] 3HAYeHHH TUTONa/Iel, TIEpUMETPOB IISITEH U PacCTOSTHUIN
mesxay HuMu Hq(S), Hop(p), He(r) ¢ maramu puckperusannu 3HaueHnid Ads, AQp, Ady.
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o nanHOMY anroputMy ObLIO pa3paboTaHO MpOrpaMMHOE OOecIeueHHe, O3BOILIIOIIee aBTOMaTU3HPOBATh
npouecc 00paboTKH MUKPOCTPYKTYPBI CEphIX UyryHoB. [Iporpamma «ABTOMaTH3MpoBaHHas 0OpabOTKa MHKpO-
CTPYKTYp ceporo uyryHa» («AOM-2 cu») M03BOJISET MPOBOAUTE aHANU3 (oTorpaduii HETPaBICHBIX MUKPOCTPYK-
TYp CEpOro YyryHa, CeJIaHHbIX Ha MUKPOCKOIIE, C TIOMOIbI0 HOBOW METO/IMKH, OCHOBAHHOW Ha KOMITLIOTEPHOMH
00paboTKe, MO3BOJLFOIICH ¢ BRICOKOW CTEIIEHBI0 TOYHOCTH Ha KOMWYECTBEHHOM YPOBHE ONpPENENISATh CTAaTHCTHY -
cKoe pacripezieneHue rpaduTHOM (ha3bl B MUKPOCTPYKTYpe uzaenus. [Iporpamma «AOM-2 cuy mo3Bossier:

- ONpe/eNATh CTaTUCTHYECKUE (DYHKIMH IUIOTHOCTH paclpesieieHns 3Ha9YeHUH TapaMeTpOB MHUKPOCTPYK-
TYpBI: IUIOIIA/b, IEPUMETP, INUPHHY BKIIOUSHUH rpadHTa, OTHOIICHHE MTEPUMEeTpa K IUIOMAI BKIIOYECHHH, pac-
CTOSIHUSI MEKITY BKITFOUEHHUSIMH, OTHOIIEHNE PACCTOSHUS MKy BKIIOUEHHSIMU TpaduTa K HIMPHUHE BKIIFOUSHUI;

- TIPOBOJUTH 00PabOTKY KaK OTAENBHOTO M300paKEHUS] MUKPOCTPYKTYPBI, TaK U TPYIIIBI H300paKeHHi
MUKPOCTPYKTYD;

- ONpeeNsATh NHTErPaJbHbIC XapaKTEPUCTHKH JUISl TPYIIIBI H300paXKEHUH MUKPOCTPYKTYD;

- SKCIIOPTUPOBATh YHUCIOBYIO HH(OpMAIMIO CTaTHCTHYECKOH (DYHKIUHM TUIOTHOCTH paclpesielieHus B
Microsoft Excel.

PesynbTarsl KOMIBIOTEPHOW 00pPabOTKKM MUKPOCTPYKTYp [UIA 4eThIpex obisacteit oOpasuoB rpymmn 4 u B
npencraBieHbl B Tabnunax 2, 3. MHTerpanpHOe CTaTHCTUYECKOE PACIPEAC/ICHUEe 3HAUCHUH IUIONIa M BKITFOYC-

Hui rpaguta H™ (S) paccunThiBagocs mo Gpopmyne:
4 .
H™(s)=> HJ(s)
j=1

rae Si — i-ii uHTepBan guckperusanuy, i = 1, 21; H. — dyHkuus pacnpeneneHus 3Ha4CHUIl IIOManel BKIIOYe-
HUi rpaduTa 1A j-if 067IacTH ceueHust obOpasia.

AHAIOTHYHO PaCCYMTHIBAINCH WHTETPAIBHBIC PACHPCACICHHs 3HAYCHUI MEPHMETPOB BKIIOUCHHN Ipa-
(uTa M PACCTOSIHUN MEKIY HUMH.

Tabnmna 2

PacyeTHbIe CTATUCTHYECKUE PACIIPEAEIICHHUS 10 MEKPOCTPYKTypaM (KCIoJb30BaHo 20 MUKPOCTPYKTYp) IUIOMaau S,
nepuMeTpa BKIIFOUeHuii rpadura u napamerpa S/P o obmactsam @;... @4 st o6pasuos rpymn A u B

3HaueHns QyHKIUHU pacnpeaeIeHus mapaMeTpos, 0.¢€.
H.™(S) (mrowmans BrmoueHuii H.™(p) (mepumerp BrmouenHii rpa- Hg"(s/p) (OTHomteHe nnomag[;lpk
rpadura S) 171 06PA3LOB FPYIIIbI ¢ura P) 1151 06pa3noB rpymsl HepHMeg?; ?)Iég};’;fo??pr}?;i?m )
Wurepnan, A B Hurepsai, A B Hurepsan, A B
THKC TIHKC TIHKC
0..25 0,6496 0,6748 0..25 0,6101 0,6370 0...0,25 0,2113 0,2077
25...50 0,0824 0,0953 25...50 0,1408 0,1603 0,25...0,50 0,2929 0,2906
50...75 0,0484 0,0512 50...75 0,0726 0,0705 0,50...0,75 0,1176 0,1284
75...100 0,0360 0,0339 75...100 0,0512 0,0440 0,75...1,00 0,0936 0,1079
100...125 0,0270 0,0249 100...125 0,0310 0,0246 1,00...1,25 0,0744 0,0757
125...150 0,0216 0,0184 125...150 0,0233 0,0178 1,25..1,50 0,0613 0,0586
150...175 0,0175 0,0151 150...175 0,0152 0,0110 1,50...1,75 0,0458 0,0418
175...200 0,0138 0,0116 175...200 0,0121 0,0087 1,75..2,00 0,0341 0,0299
200...225 0,0121 0,0100 200...225 0,0085 0,0058 2,00...2,25 0,0243 0,0207
225...250 0,0105 0,0081 225...250 0,0068 0,0047 2,25...2,50 0,0161 0,0150
250...275 0,0085 0,0065 250...275 0,0055 0,0030 2,50...2,75 0,0106 0,0094
275...300 0,0076 0,0057 275...300 0,0041 0,0024 2,75...3,00 0,0068 0,0061
300...325 0,0064 0,0049 300...325 0,0033 0,0018 3,00...3,25 0,0039 0,0034
325...350 0,0059 0,0045 325...350 0,0030 0,0017 3,25...3,50 0,0027 0,0020
350...375 0,0048 0,0040 350...375 0,0020 0,0011 3,50...3,75 0,0016 0,0011
375...400 0,0041 0,0031 375...400 0,0018 0,0009 3,75...4,00 0,0011 0,0008
400...425 0,0038 0,0026 400...425 0,0013 0,0008 4,00...4,25 0,0006 0,0005
425...450 0,0033 0,0026 425...450 0,0012 0,0007 4,25...4,50 0,0006 0,0004
450...475 0,0031 0,0020 450...475 0,0009 0,0005 4,50...4,75 0,0004 0,0002
475...500 0,0024 0,0020 475...500 0,0010 0,0004 4,75...5,00 0,0002 0,0002
> 500 0,0315 0,0192 > 500 0,0048 0,0026 > 5,00 0,0003 0,0002
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Tabmuua 3
PacuetHble mapameTpsI 111 poTorpaduii MUKpOCTPYKTYp 00pa3uoB rpymn A u B
TMapamerp O06pa3ws! rpymmsr A OG6pasus! rpyrms B
N300paKeHHs 0 BCEM 0 BCEM
(Dl CDZ (DS CD4 OB IaCTSIM (Dl (Dz (D3 CD4 oGIACTSIM

Yucao BKIIOYSCHUH

44643 | 30242 | 28347 | 26663 | 129895 | 53081 | 37779 | 38145 | 34788 | 163793
rpadura, o.¢.

Cpennsisi omnanb
BKJIIOUeHHH rpadu- | 54,55 83,30 82,61 | 80,91 75,34 52,91 62,83 56,27 59,11 57,78
Ta, IHKC

Hons rpadurHOit
(a3bl B MEKpO- 0,142 0,128 0,121 | 0,113 0,13 0,153 0,124 0,111 0,106 0,12
CTPYKTYPE, O.€.

AHanu3 IaHHBIX TAOJMUIBI 3 MoKa3ai, uyTo Hos rpaduTta st 00enx Tpymi o0pa3loB yMEHbIIACTCS PU
NepeMelleHNH aHAIM3UPYeMOi 001acTH OT Kpas K LEHTPY, a UMeHHo, Juii rpynnsl B — ot 0,153 no 0,106
(B 1,44 paza), nns rpynmnst A — ot 0,142 1o 0,113 (B 1,26 pasa). [Ipuuem 1uist 30HBI IpHITycKa B 00pasiax rpyi-
nbl B B 1,08 paza Gonbiue rpadguta u Ha 20 % Oosplue rpagUTHEIX BKIIOYEHHH, YeM y 00pa3oB Ipynisl A, 4To
HOATBEpXKIAeT Jyqnryro oOpabaTeiBaeMoCTh 00pa3noB rpynmsl B. Kpome Toro, no ¢pyHKIHMAM CTaTUCTHYECKOTO
pacrpeneNieHus XapaKTepPUCTUK BKIIFOUeHU rpaduTa ObUTH CIeNaHbl BHIBOABI O PA3IMYMAX IUIOIAIEH U MepH-
METpPOB IpaUTHBIX BKIOYEHHH 171 0OpasnoB ABYX rpymi. Tak, B oOpasumax rpymnmsl B Gomplie BKIIOYEHHIH
Manoil miomanu (no 75 mukceneit) u nepumerpa (1o 50 nukceneit) Ha 23 u 18 % cOOTBETCTBEHHO, TOTa Kak
Juisi 00pa3ioB rpymiibl A Oosbile rpagUTHBIX BKIFOUYEHHN ¢ OOJbIICH IJIOMIA/IbI0 U 00JIee Pa3BUTHIM MEPUMET-
pom. Takum 06pa3zoM, cpenHss IIOMa b BKIIOUYEHUI rpaduta B MUKPOCTPYKTYpax o0pas3moB rpymms! B mo Bcem
obnacTaM u3o0pakeHus Ha 23 % MeHbIIIe [0 CPaBHEHHIO C 00pa3LaMu TpymIsl A.

B pe3synbrare OLEHKH OTHOCUTENBHBIX PACCTOSIHAN rpaMTHBIX BKIIOYEHHI IPYT OTHOCUTEIBRHO Jpyra ObLT
cliesiaH BBIBOJ O TOM, YTO JJI1 0OpasioB rpymmnsl B xapakrepHo 0oljiee KOMIIAKTHOE PACIIONIOKEHNE BKIIOUSHUN
rpaduTa, TOraa Kak B MUKpOCTPYKTypax o0pasioB rpynmsl A BKIIOYeHHs rpaduTa Ooiee yaajaeHbl Jpyr OTHOCH-
TENBHO JPYTa, YTO 0COOSHHO 3aMETHO B 30HE MpHITycKa aeraineil. Ha pucyHke 2 mpencraBieHbl pe3yabTaThl cpas-
HEHUSI MUKPOCTPYKTYp JABYX TPYIIT 00pasIioB MO PACCTOSHUAM MEXIy BKIIFOUCHHUAMU rpaduTa B 30HE MPHUITYCKa.

1200 1 H,(r), o.e.

—.—1
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Puc. 2. Pacnipenenenie pacCTOsTHAR MKy BKIIOUEHUSIME rpaguTa B 30HE MPHITYCKa
Y COOTBETCTBYIOIIME UM MHKPOCTPYKTYpHI 00pa3noB rpymm A u B:
1 — o6pasup! rpymmsr A; 2 — 06pasip! rpymmsl B

Ha cnemyromem srarne nuccienoBanus Oblia IoCTaBieHa 3a/1a4a — UCCIIEIOBAaTh B3aUMOCBSI3H MEXKITy Xa-
PaKTEepUCTUKaMH MUKPOCTPYKTYPBI OTIIMBOK «KOJICHBAI» U MapaMeTpaMH XMMUYecKoro cocrasa. [Ipu paccMoT-
PEHUH XMMUYECKOT'0 COCTaBa YYUTHIBAINCH HE TOJIBKO COJIEP)KaHUE OCHOBHBIX 3JIEMEHTOB B CEPOM UyT'yHE, HO U
COOTHOUICHUSI MEXAY DJIEMEHTaMH, OT KOTOPBIX 3aBHCUT CTPYKTYypOOOpa3oBaHHE, a 3HAUYUT U oOpabaThIBae-
MOCTh HCCIEIYeMbIX NeTaneil. Tak, Ha puCyHKe 3 IMOKa3aHO BIHMSHUE XMMHUYECKOTO COOTHOILIEHHUS YIIIepoja K
kpemHuto (C/Si) Ha XapakTepuCTHKY rpaduTa rzg B MUKPOCTPYKTYPE, XapaKTEPH3YIOLIYI0 YUCIO PAacCTOSTHUM
MEX/Ty BKJIIOUEHUsIMH rpadura > 30,77-10"° m. Kax Bro 3 PHUCYHKA, TaHHBII 1TOKa3aTelb MUKPOCTPYKTYpPBI KOP-
penMpyeT ¢ OTHOIICHUSIMH XUMHYECKOTO COCTaBa. UeM BbIIIE COOTHOIICHUE YKa3aHHBIX JJIEMEHTOB, TEM OOJIbIIE

107



2011 BECTHUK I1IOJIOLJKOI'O I'OCYJAPCTBEHHOI'O YVHUBEPCUTETA. Cepusa B

IIOKa3aTeIIb 49 B MUKPOCTPYKTYpPE. HpI/I‘-IeM BCE€ MUKPOCTPYKTYPbI, COOTBCTCTBYIOIINEC o6pa311aM T'PYIIIIbI A nexar
BBIIIIE JIMHEHHOM perpeccuu, OHI/ICI)IBaIOHleﬁ pacupeacieHue TOYCK, YTO MOXKCT CBUACTCIILCTBOBATL O TOM, YTO 110
COOTHOIICHHUAM XHMMHUYCCKOI'O COCTaBa 06paSIII>I MOryT OBITH KJ'IaCCI/I(l)I/IHI/IpOBaHLI 110 OTACJIbHBIM I'PYIIIIaM.
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Puc. 3. 3aBHCHMOCTD mapameTpa I49, XapaKTepH3yOLIEro OOJBIINE PACCTOSHHS MEXKIY BKIFOUCHUSIMH rpaduTa
OT COOTHOIIEHMST XUMUUIECKOTO cocTaBa uyryHa C/Si it o6pasnos rpynm A u B:
1 — o6pa3upl rpymmst B; 2 — 06pasip! rpymmisr A

Ha cnenyromem stane ¢ menbio BBIBICHUS Pa3IMuUil B IUCIEPCHOCTH MEPIHUTA YyryHa JJIsl pa3ind-
HBIX 00pa3noB ObUIM MPOBEICHBI MCCIENOBAHMUSA CTATUCTUYECKOTO PacHpeleNieHus MEXIUIACTHUHOYHBIX pac-
CTOSIHMH IEPIUTHON MaTPHIBI CEPOT0 YyryHa Al H300paKeHUIl MUKPOCTPYKTYP, CACTaHHBIX HA MHKPOCKOIIE
¢ ysemmaerreM x4000. [t onpeneneHnss MeKIITaCTHHOYHBIX PAacCTOSHUN FICHIONB30BATOCH IPOTPAMMHOE 00ectie-
yenue «AOM-1» [3]. Bonbinas yacte 00pasioB rpymmbl A nMeer Oosiee TOHKOE IUTAaCTUHYATOE CTPOSHHUE TIepInTa
qyryHa U OOJIBIIYIO TOE0 MATBIX MEXIUIACTHHOYHBIX PACCTOSHU MO CPaBHEHHUIO ¢ 00pasiiamu rpymisl B (puc. 4).

Puc. 4. CraTucTH4ecKye pactpeeIeHNs MeXKIUIACTUHOYHBIX PACCTOSTHUIL CEpOro 4yryHa
JUTSL MUKPOCTPYKTYp 00pa3noB rpymmn A u B:
1 -4 — o6pasup! rpynmsl A; 5 — 8 — o6pasis! rpynms: B

Crnemyer OTMETUTb, YTO TOJIIIMHEI IIEMEHTHTA B 001acT BeIcOKoauciepcHoro nepiuta (0...0,4 Mxm) s
00pa3ioB rpynmbl A 00JbIIe, YeM aHAIOTHYHBIC TOJIIIUHBI [IEMEHTHTA B 00pa3ifax rpymsl B.

s neraneit rpynmbel B xapaktepHa OoJbInas A0y 3BTCKTOMIHBIX KOJIOHHMA C MEHBIICH M CIICPCHO-
CTBIO, YeM JUIsl JeTajeil rpymmbl A, mpudueM sl OOJBIIMX MEKIUTACTUHOUYHBIX PACCTOSIHAN 3Ta TCHICHIIHS
YEeTKO TPOsIBISICTCs. Y Aetaieil rpynmsl B Bo Bcex MCCeMOBaHHBIX 30HAX TpauT UMeEeT 0ojice pa3BUTYIO
MOBEPXHOCTh B CPABHCHHHU C JeTayisiMu rpymmbl A. C TEXHOJIOTHYECKON TOYKH 3pEHUS NMPUCYTCTBHE B 00pa3-
nax rpynnsl B Gonee menkoaucnepcHoro rpaduTa CBUAETENLCTBYET O 00Jiee BHICOKUX CKOPOCTSX OXJIaXKie-
HUS ¥ OOJIBIIIEM YK CIIE 3apOIBIIICH.
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ITPOMBIIIVIEHHOCTA. [IPUKJIA/THBIE HAYKHU. Mamepuanosedenue Ne 3

3akuo4yenue

Pa3zpabotan anroput™m I KOMIBIOTEPHON 00pabOTKH M300pakeHHMH MHUKPOCTPYKTYPHI YyTyHOB IIEp-
JIUTHOTO KJIacca, UMEIOIINX B CTPYKTYpE CIIydaifHO pacrpeiesieHHbIE BKIIIOYEHUs rpaduTa.

AJTOpPHUTM BKITIOYAET:

- OMHaApU3aLUI0 U300paKEHUS C UCIOIB30BaHNEM a/IalITUBHOTO MOPOTa,;

- CErMEHTAIMIO M300paKeHUs ISl BBIACICHUS BKIFOUSHUH TpaduTa;

- 00paboTKy rpadUTHBIX BKIIOUESHHUH C BHIYMCIICHUEM KX IUIOMIA/ICH, TIEPUMETPOB M PACCTOSIHUN MEXILy HUMH,

- onpeziesieHue GyHKIUK CTATHCTHYECKOTO PacpeieNIeHns! IePEeUnCIICHHBIX ITapaMeTPOB.

IokazaHo, 9TO KOMITbIOTEpHast 00paboTKa M300paKeHUH MHUKPOCTPYKTYPHI CEPOr0 UyryHa ITO3BOJISET
KiaccuuIpoBaTh HEpazIMYMMbIE TPAAUIHOHHBIMH METAUIOTPAQUYECKUMH METOJaMU MHUKPOCTPYKTYPHI Ce-
pOro 4yryHa, COOTBETCTBYIOIINE ACTAISIM C Pa3IMuHON 00padaThIBa€éMOCTHIO, HA OCHOBE CTATHCTUYECKOTO pac-
MPEICTICHHUS XapaKTEPUCTUK TPpadUTHOHN (ha3bl M MEKIIACTHHOYHBIX PACCTOSHHUM MEPIUTa, YTO UMEET IMPaKTH-
YecKoe 3HauCHUE ISl HCCIIeIOBAHUS B3aMMOCBSI3eH «00pabaThIBAEMOCTh — MUKPOCTPYKTYpa UyTyHa».
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COMPUTER PROCESSING OF IMAGES OF MICROSTRUCTURES
OF PIG-IRON FOR THE DECISION OF THE PROBLEM
OF CLASSIFICATION OTJIMBOK ON THE WORKABILITY

A. CHICHKO, S. LIKHOUZQOV, W. SOBOLEY,
O. SACHEK, 0. CHICHKO

The mathematical apparatus for processing of images of a cast-iron’s microstructure of a pearlite
class, having in structure casually distributed inclusions of graphite is offered. The software is developed,
allowing to define statistical distribution of function of density of characteristics of graphitic inclusions on the
areas, perimeters and distances between inclusions. Dependence between one their characteristics of statistical
distribution of graphite and a parity of basic elements of a chemical compound is received. It is shown that
computer processing of the image of a microstructure of gray pig-iron allows to classify indiscernible tradi-
tional metallographic methods of a microstructure on the basis of statistical distribution of a graphitic phase
and distances between pearlite colonies that has practical value for research of interrelations “a workability —
a cast iron’s microstructure”.
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