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B cratbe paccMoTpeHa BO3MOXHOCTb NOCTPOEHUA mMaTeMaTU4eCKo MOLEeNN TO4YEK KOHTaKTa Tpex ¢>aa. Matema-
TUYecKoe onncaHne KOHTypa Kansu, noBepxXHOCTU U NOCTPOEeHNe KacaTenbHOi NO3BONSOT MAaTEMATUYECKN TOYHO
onucaTtb M306pa)KeHVI9| cnaaumnx Kanenb U HaxoauTb Yribl CMa4nBaHUA. nOﬂyquHble pe3ynbTatbl NO3BONAT
ncnonb3oBaThb I'IpeﬂJ'IO)KeHHbIVI MeTo[, He npm6eraﬂ K 3Ha4YUTEeNnbHbIM N3MEHEHNAM B 3KcnepmmeHTaan0|7|, paHee
13BECTHOM yCTaHoBKe, yny4llasa TOYHOCTb 1 BOCNPOMU3BOANMOCTb I/I3MepeHI/IVI.

Knodesble croga: cMaumnBaHie, KOHTAKTHbIN yror, CMaduBaHie NOBEPXHOCTI, METOA MaTeMaTYecKoro Moaeni-
POBaHMS N306paxeHIi, NOrPELIHOCTb U3MEePEHIH, TOUKI TPEX(a3HOTO KOHTaKTa.

In the article the possibility of constructing a mathematical model of contact points of three phases is considered.
The mathematical description of the contour of the drop, the surface, and the construction of the tangent allow us
to describe mathematically the images of the sessile drops and to find the angles of wetting. The obtained results
make it possible to use the proposed method without resorting to significant changes in the experimental earlier
known installations, improving the accuracy and reproducibility of the measurements.

Keywords: wetting, contact angle, wetting of the surface, method of mathematical modeling of images, measure-
ment error, points of three-phase contact.

AONMO 3HaTb 3aKOHOMEPHOCTN CMavynBaHusA, OC-

HBHGHMG CMa4vMBaHUsa UNU Hecmayusa-
HOBHOWM XapaKTEePUCTUKON KOTOPOro sIBMsiETCS

HUS O4YeHb LUMPOKO PacrnpoCTpaHeHo

B Npupoae, TeXHUKe, CenbCKOM XO3AUCTBe, Mo-
BCEOHEBHOW XXU3HW 1 UrpaeT BaXkHYto, a MHoraa
OonpeaensoLyo porib B NpOTEKaHWM NPUPOA-
HbIX Y TEXHONOMMYECKNX NPOLLEeCCOB, Hanpumep
B rmapomMeTaniyprmyeckmx npoieccax, B Tex-
HOMOMMU MPOLIECCOB COEAUHEHUS PasfiMyHbIX
MaTepuarnosB — Npu navke, CBapke, CKNenBaHum,
B npoveccax 06paboTkn MUHEpPanbHOro Cbipbs
¢ nomouubto dnotauun [1-4]. Ana ontumarns-
HOro ynpaBrieHnsa TakMMuy npoLeccamm Heobxo-

KpaeBoW yron cMadmBaHus.

VccnepoBaHue KpaeBbIX YrIoB CMayYnBaHu1s
Nno3BOMsieT NOMy4YnTb MHOPMALNIO O B3aUMO-
OEeNCTBMM TBepAbIX Ten, XUOAKOCTU U MOMeKyn
rasa unm gByx HeCMeLLMBaKLNXCH XKUOKOCTEN.
B 4yacTHOCTM, CMauMBaeMoCTb MNOBEPXHOCTU
B3aMMOCBSI3aHa C XxapaKTepuctmkammu Tonorpa-
1M NOBEPXHOCTU (LLUEPOXOBATOCTb, OTHOLUE-
HWe NOMHOM NroLwaan NOBEPXHOCTU K MPOEK-
TMBHOW), COCTaBOM MOBEPXHOCTU, Mexdas-
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HbIMM  B3aMMogencTBuAMM U CBODOAHOM
NOBEPXHOCTHOM 3Hepruen [5-6].

B coBpemeHHoOM Hayke oTBOaUTCA BonbLuoe
3HaYeHue N3y4eHUIo SBNeHna cMadnBaHus. Ta-
Kne 3agaudm BXogaT B NepedeHb NPUOPUTETHBIX
Hay4HbIX nccnegoBaHum Ha 2016—2020 rr. Bax-
HbIM SABMSAETCHA CO34aHWEe MPOCTbIX U TOYHbIX
METOOOB AMArHOCTUKA CMavyMBaeMOCTU MO-
BEPXHOCTUK, a Takke MaTeMaTuyeckon WHTep-
npeTaumm NonyvYeHHbIX pe3ynsLTaToBs.

B npeacrtaBneHHoOM cTaTbe caenaHa nonbiT-
Ka MaTtemaTuyecku onmcatb 3KCMepuMMeEHTarnb-
HO nofiy4YaemMmble [JaHHble O CMadYMBaeMoOCTU
TBEpAbIX Tern METOAOM MOOENUPOBaHUS KOHTY-
pa Kannu, KacaTemnbHbIX K HEW, MOBEPXHOCTU
N KOHTAKTHbIX YIT0B.

CMaunmBaemMoCcTb MOBEPXHOCTU M3y4vanacb
Ha YCTaHOBKE MO W3MEPEHMIO PaBHOBECHOIO
KpaeBoro yrna CMavMBaHusl, ONMCaHHOW paHee
[7-8], npoBegeHO maTeMaTn4eckoe Moaennpo-
BaHWe Nosfy4YeHHbIX N306paxeHnn n nHTepnpe-
Taumsi NOMyYEHHbIX JAHHbIX B CPAaBHEHWM C pe-
3ynbTatamMmu NPsSIMbIX U3MEPEHWIA.

lMpsiMble u3MepeHuUsi Kpaeeoz20 yesa.
CmauymBaHue, agres3unst XuUakoctn u ee cnocoo-
HOCTb CMauMBaTb TBepAble NOBEPXHOCTU B CO-
OTBETCTBUUN C YPaBHEHUAMM

cosH = M
n Kr

Wa =8, (1+cosb)

XapakTepuaylTca KpaeBbiM YriioMm 1 paboton
agresvun. 3TU ABa BaXHeWLLNX nokasaTtens noa-
JalTca  HenocpeacTBEHHOMY  U3MEPEHUIO.
OavH 13 aTux MeTogoB npegycMaTpuBaeT He-
NnocpeacTBEHHOE N3MepeHne KpaeBoro yrna no
dopme Kannu, HaxogsaLencs Ha nnacTuHke [9].
Kannto npoeuunpytoT Ha akpaH, AobnBascb Mak-
CYMarnbHOWN Pe3KOCTUN B N300paeHUn KOHTypa
kannu. Npn namepeHun Kpaesoro yrna Takmm
MeToOOM HeobXxoaMmo 3apucoBaTb MO MPOEK-
umMmM unu cdotorpadupoaTtb opMy Kannu.
Ha cH1MKe unum pucyHKe NpoeKkLmMm Kannu Bpyy-
HYI0 NPOBOAAT KacaTerbHYl B TOYKE nepece-
YeHUs1 KOHTYpa Kanmnu C NoasIoXKoN U n3amepsi-
0T Yros HakfioHa 3Ton KacaTeSfibHon. Bo3amox-
Has owwmnbka n3mMepeHus KpaeBoro yrna Moxet
coctaenaTtb 3-5 %. Kpaeson yron o4yeHb Ma-
NbiX Kanenb U3MepsalT UCXOAs U3 npeanoro-
XEeHUs, YTo Kannga cgepuyHa. 3TO HECKONbKO
NOBbLILAET TOYHOCTb N3MEPEHUSI, XOTHA U B aH-
HOM cry4yae NorpeLHOCTb U3MEPEHUNn He Me-
Hee 2-3 %.

B Hawen pabote mbl 6a3mpoBanucb Ha Me-
Toamke, onncaHHon B pabote [10]. MNpu npoBe-
OEHNM  SKCNepuMeHTa WUCNOnb3yeTcss MOHO-
XPOMHbIN  UCTOYHMK cBeTa. CneuyunansHoe
YCTPONCTBO POPMUPYET Kanm n pasmelaert
Ha nccnegyemon nosepxHoctn. Obpasel Haxo-
ANTCA Ha NpeaMEeTHOM CTone, BbIPOBHEHHOM
no ropusoHtanun. Kamepy ycraHaenvBaltT CO-
ocHo obpasuy. Cuctema karnis/obpasey ctabu-
nunaupyetca ¢ TedeHne 10-15 MuHYT, a NOTOM
doTorpadumpyetcs. N3obpaxeHne coxpaHsieT-
ca B copmate BMP. B kadectBe TecCTOBbIX

PucyHok 1 — YcmaHoeka 01151 UBMepeHUs1 Kpaegoao
yana cMmaqueaHusi:

' 1 — uccnegyembivi obpasel;

2 — yCTPOWCTBO NO3NLMOHMPOBaHUS obpasua;

3 — wnpwuu;

4 — kanns XWAKocTu;

5 — BNoK 3NeKTPOHWKN YNpaBneHuns;

6 — undpoBasa oTokamepa;

7 — NCTOYHUK MOHOXpOMaTn4eCcKoro ceeta
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00pasLoB HaMy BbINKY UCMNOMb30BaHbl CUCTEMbI
Mo/cmeknsHHast  noOsIoXKa, Mony4YeHHble
ocaxaeHnem Mo B ycrnoBusix obny4eHnsa cob-
CTBEHHbLIMN NOHAMMW.

B Hawewn paboTte onst onpegeneHns KOHTY-
pa Kannu NpUMeHsANM Kak rpynnoBble unbTpbl,
Tak 1 cneynanbHO pa3paboTaHHyo NporpaMmmy
Angle, koTopas unbTpyeT n3obpaxeHue cu-
CTeMbl Karisisi — nodnoxka — 8030yx TakuMm 06-
pa3oM, YTOObI BblAENEHHOW OKa3anach ra3oBas
dasza M un300paxeHne CUCTEMbI 0OKaslarnocb
CNpPOELMpPOBaHO Ha NITOCKOCTb.

Ha noBepxHocTb 06pasua 1, 3akpenneHHo-
ro Ha NOABWXXHOM CTOSIMKE HAKMOHHO-MOBOPOT-
HOM NNaTdopMbl 2, C MOMOLLLI MEOULMHCKOrO
wnpuua 3 nomelaerca kanns buancTunnmpo-
BaHHoM Boabl 4 o6bemom ~ 0,05 mn. MNpouecc
No3nLUNOHNPOBaHMsI obpasua 1 BblAaBNMBaHMUS
Kannv NnpomM3BoguTCS C MPUMEHEHNEM LLIAroBbIX
auratenen nomowbto 6rnoka ynpaeneHus 5.
3aTem, ¢ noMoLLbto LmdpoBon hoTokamepsl 6,
MMEIOLEN BbIXOA4 Ha KOMMbHTEP U BO3-
MOXHOCTb [OMCTaHUMOHHOIO Ccrnycka 3aTBopa,
pernctpupyetca usobpaxeHue kannu, noa-
CBEYEHHOM MOHOXPOMAaTUYECKMM UCTOYHUKOM
ceta 7 (pucyHok 1).

KpaeBon yron cmaumBaHus wn3Mepsinv Mo
yrny KacaTenbHOW K NOBEPXHOCTM Kaniu ¢ ne-
BOW M MpaBOn ee CTOPOH, UCMNOSIb3Yst KOMMbHO-
TepHOEe MOAEeNMPoBaHNE NONOXEHNS KacaTerb-
HOW K NTMHUK TpexdpasHoro KoHTakTa no nsobpa-
KEeHUO Kannu. 3Ty npoueaypy NOBTOpSn
10 pa3 Ha NATU Pa3nMYHbIX y4yacTkax MoBepx-
HoCcTuK obpa3sua. TemnepaTtypa Bo3gyxa rnpu Bbl-
NonHeHUn akcnepumMmeHTa 6oina 24 °C n Bnax-
HocTb 75 %. B kayecTBe cMadmnBatoLLLEN XKNOKO-
CTV NPUMEHSINN OMANCTUNNNPOBAHHYO BOAY.

PaBHOBECHbLIN KpaeBoW yron CMadnBaHuUs
douKcMpoBanM aBToMaTU3NPOBAHHO, UCKIHoYas
npu 3TOM BMELLATENbLCTBO onepaTtopa namepe-
HWS, NPOBOAMNN MO YINy KacaTenbHOW K Mo-
BEPXHOCTU Kannu c NIEBON 1 NpaBon ee CTOpPO-
Hbl, MCMNONb3ysl KOMMbLIOTEPHOE MOAENNPOBa-
HME NOMOXEeHMs1 KacaTenbHOW K  JIMHUK
TpexdasHoro KOHTakTa no n3obpaxeHuto Kan-
nn. MNporpamma Angle dunerpyeT nsobpae-
HUEe CUCTEMbI Karis — nodrioxkKa — 8030yx Ta-

Knm obpasom, 4YTOObI BbIAENEHHOW OKasanacb
razosas dasa n nsobpaxeHme cmcteMbl Okasa-
NoCb CNpoeunpoBaHo Ha NIOCKOCTb. B 06s3ak-
HOCTW onepaTopa npu pabote ¢ nporpammon
Angle BxoanT BM3yarbHOE onpeneneHne To4Ku,
B KOTOPYIO MpoeumnpyeTcst NMHUSA TpexdasHoro
KOHTaKTa Ha NMOCKOCTK, MOCcne Yero nporpam-
Ma aBTOMaTMYeCKM CTPOUT MpsSMYHo, KoTopas
onpeaensieT MnosfoXxeHne MOBEPXHOCTU uccne-
ayemoro obpasua, CTPoUT KacaTerbHyl K no-
BEPXHOCTM Kannu u U3MepsieT yron Mexay
HUMKU. OueHKa MHCTPYMEHTanNbHOM MOrpeLuHo-
CTM N3MEPEHUSA N NOTPELLUHOCTN NPOrPaMMHOro
obecneyeHnss npoBoaunacb CornacHo MeToaun-
KaM, ykasaHHbIM B [11-12]. C y4yeTOM BO3MOX-
HbIX MOrpeLIHOCTEN B onpeaeneHum peanbHOoro
MECTOMONOXEHUSA NMUHUN TPexda3HOro KOHTakK-
Ta (ITK) nocne cdunerpaunn owmnbka namepe-
Hu coctasuna 1 %. OTta npoueaypa NOBTOPS-
nacb Ha 5 pasHblX y4yacTkax MNOBEPXHOCTU
obpasua. B pesynbrate nonydanu Henocpea-
CTBEHHO M3MepeHHoe 3HayeHne PKYC ycpea-
HeHHoe no 10 namepeHusam. Nocne atoro Npo-
BOAMMM MatemaTuyeckoe mMogenupoBaHue no-
NyYeHHbIX N306paKeHnn ¢ Lenbi ynpoCcTuTb
N YTOUYHUTb METOAMKY 00paboTKn pesynbraTtoB
N3MEPEHUN.

B Hawewn pabote Mbl Mcnonb3yem rpynno-
Bble punbTpbl N300pakeHnn Onsl BblOENEHUS
KOHTypa kannu. lNocne obpaboTku nonyyanu
cnegytowime nsobpaxeHus (PUCYHOK 2).

[na HaxoxaeHns KpaeBblX YrioB CMaynBa-
HWS Hamu Bblna NpeanpuHATa nonblTka cMofe-
nupoBatb KOHTYp Kannu. Mpu atom 6bINo cae-
naHo [onylleHne, 4YTO KOHTyp kannu Oyaet
npeacTaBnATb cobon cermeHT annunca. Torga
hopMy Kanmm MOXHO onucatb yHKUMen BTO-
poro nopsiaka.

[ns satoro Ha obpaboTaHHOM TpynMnoOBbIMU
GuneTpaMmn Kn3obpaxkeHnn C YCTaHOBMEHHOM
rpaHuuen pasgena xudkocme — 2a3 Bblbnpaem
6 Touek (X; Y,); (X,)Y,); (X;5Y.); (X,;Y,); (XY.);
(X5 Y,) Ans kakgoro n3obpaxkeHus (pUCyHOK 3).
Bbibopkon 4 13 6 CTpOMM ypaBHEHUS annumnca,
KOTOpble MaKCUMaribHO TOYHO YKraAblBalTCA
Ha 3TW TOYKW, U BCE MOJSTyYEHHblE YpaBHEHUSA
ycpenHsiem.

PucyHok 2 — M3o0bpaxeHue KoHmypa Kariu
rnocrne obpabomku
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i, D(X4;Ye)

S r-‘(xe,\':)\'

SR (XD 0)

B

Pelwwasa B nporpammHom nakete Maple cuc-
TEMy ypaBHeHUn Bnaa

2 2
(x=x) +(y—y0)
a’ b?

B BblOpaHHbIX TOYKax HaxoguMM napameTpbl

annunca: koopauHatbl UeHTpa (X, Y,), 6ornb-

wyto (a) n manyt nonyocu (b). Hanga sce atu

napameTpbl, Mbl nony4aem yHKLUUIO, OMMUChI-
BalOLLYO KOHTYp Kannu.

Mocne aToro onpegensem no n3obpaxeHuto
TOYKM TpexdasHOro KOHTaKTa Ha MpoeKkuuu no-
ny4eHHoro n3obpaxeHus crnesa (X, y,) v cnpasa
(X, ¥,) ¥ MO MX KOOpAMHATaM CTPOUM MPSIMYIO
(X, Y)(X,, ¥,)- HecmoTps Ha TO, 4TO B HaLMX
3KCMepuMeHTax NOBEPXHOCTb BblpaBHMBAaNM Mo
ropuM3oHTanu, gns 6onee TOYHOro pacyeTta Mbl
NOCTPOUMY MPSAMYIO NINHUIO, KOTOpPasi ONUCLIBa-
€T n3y4aeMyto MOBEPXHOCTb, HAKIMOHEHHYO NoA
HEKOTOPbIM YrroM

yb_yax_(yb_ya)xa
Xy — X, Xy — X,

-1,

y= tVY,

OO6bIMHO B 3KCMEpUMEHTax CyLLEeCTBYOT
MOrpPEeLHOCTM BbIPAaBHUBAHUS MO TFOPU3OHTY.
Ecnu uccnegyemasi NnoBepxHOCTb UMEET OT-
KNOHEHWe OT ropU30HTanN, TO HAKMOH NPSIMOW
NMOBEPXHOCTW He paBeH Hynto. Mbl HaLWKW 3Ha-
YyeHue TaHreHca yrna HaknoHa uccregyemon
NMOBEPXHOCTU

k,] yb_ya

Xy = X,
Kak BMUAHO, NO VI306pa>KeHVI+O Yrojy1 KOHTaKkTa
MOXHO Bcerga HenocpeactBeHHO HaxoguTb

2 3 (x—x¢)?
_ bPP(m—xg)x b*(m-— xo)m+ . TR

a’(n—y,) = a*(n—yp)

PucyHok 3 — Touku mpexgha3Ho20 KoHmakma

Ha fpoeKyuU rosiy4eHHo20 U30bpaXkeHUs1 U MOoYKU

Ha ripoekyuu rioeepxHocmu Kariau

B Takon cucrteme. Mbl Haxoaunu TaHreHc yrna
MeXay KacaTeSlbHOM K 9niMncy U fIMHWeNn, npo-
cTMpaloLencs BAOMNb NOBEpPXHOCTM obpasua.
B Toukax TpexdasHoro KoHTakTa CTpounun Ka-
caternbHble K 3NNUNTUYECKOW MOBEPXHOCTU
Kannu:

5 =

b (m-Xx,)
-
a’(n-y,)

[Mocrne 4ero MOXHO HaWTU TaHreHc yrna
MeXay KacaTenbHOW MU NpsIMON, MpoxoasLlen
BOONb NOBEPXHOCTM obpasua:
k, - k,
1+ k,k,

OTKyda Bcerga MOXHO HaWTu HenocpencTBEH-
HO KpaeBOW Yrosi cMayMBaHUsS B M3y4Yaemon
cucteme. B pesynbrate Mbl nory4aem yron
KOHTaKTa kak 0bpaTHyt0 TPUrOHOMETPUYECKYIO

YHKUMIO

tga =

k2 k1
1+ Kk,

B Hawewm paboTte, yunTbiBag npeasaputenb-
Hoe BblpaBHMBaHWe obpasua, Ana ynpoLueHns
Mbl NMPUYHUMANM 3Ha4YeHWe TaHreHca HakroHa
nccneayemon nosepxHoctu k, = 0. [Nocne aToro
onpenenanu no n3obpaxeHuto TOYKK Tpexdas-
HOr0 KOHTaKTa Ha NPOEKLMN MOSTy4YEeHHOro 13o-
GpakeHus cnesa (x,, 0) u cnpasa (x,,0) 1 no nx
KoopaMHaTaM CTPOUMU MPAMYHO, MPOXOASLLYHO
BAONb NoBepxHOCTN. 1o ee nepeceveHuto ¢ an-
MAMNCOM Haxo4WnM TOYKN TPexdasHOro KOHTak-
Ta (PUCYHOK 4).

a =arctg

— 4
+(Y Yo) =1

_ YbVa,  ObVal*a
Xy~ X Xh~Xa

+ya'

PucyHok 4 — N30bpaxeHue
Karnu ¢ nocmpoeHHoU
moderbro annurca
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B Touykax TpexdasHOro KOHTaKkTa CTPpOoWUSiv
KacaTenbHble K 3NSIMNTUYECKON MOBEPXHOCTH
Kannu no n3BecTHoOn hopmyrne:

2 2
b?(m-x,)x b*(m—x,)m

=— +n
y a’(n-y,) a’(n-y,)
BCcerga MOXHO onpenenuTb
_ b (x - X,)
a’(y-y,)

TaHreHc yrna HakroHa Mexay KacaTerbHOW
K Npoekunn Kannu u npsaMon, npoxoasdilen
BAOSb NOBEPXHOCTU, MOXHO HanTu no oopmyne
b*(x = x,)
——
a (y Yo )
OTKy[la BCerga MOXHO HanTn HenocpeacTBEHHO
KpaeBoW yror CMaynmBaHus B U3y4aemMon cucTe-
Me. B pesynsraTte Mbl nonyyaem 3HadeHuve yrna

KOHTakTa o6paTHbIMU TPUFOHOMETPUYECKUMMN
dyHKUMAMN

tga =|K|=‘-

a = arctg | K |=arctg

b*(x - x,) |
)

_az(y_yo

ModenupoeaHue yanoe cmavueaHusi
ons peanbHbIX MamepuaJsios. B Hawen pabo-
Te Mbl U3yYanun CTEKIAHHYIO MOBEPXHOCTb C Ha-
HECEHHbIMW  MONMOOEHOBBLIMU  MOKPLITUAMM.
PaccmoTprM nonHyto MeToanKy pacyeTa.

Ha pucyHke 2 npuBegeHo wusobpakeHue
KannyM >XuOKoCTM Ha noBepxHocTu obpasua,
nony4yeHHoe 3KCnepuMeHTanbHo, nocne obpa-
GOTKM rpynnoBbIMU hrnsTpamu.

Mol BbiGpann 6 Touek And onpeaeneHus
dyHKUMen koHTypa kannu (-3.22; 0.41), (-2.55;
1.06), (-1.47; 1.63), (0.12; 1.82), (1.39; 1.49),
(-2.39; 0.88). C nomouubto nporpammbl Maple
Nony4mnum 3Ha4yeHne KoopamHaT 6 ToYek.

[nsa onpegeneHnsa yHKUMEN KOHTYpa Kannu

(x=x) (=o'
a’ b?
HaM Hago HanUTU LUeHTp annunca (x,; y,) 1 6onb-
wyto (a) n manyto (b) nonyocu. Beino noctpoe-
HO 4 ypaBHeHus (Bblbopka 4 u3 6 Toyek, KoTo-
pble MakcumarnbHO TOYHO YKMagblBalTCA Ha
3T SKCrepumeHTanbHble). Bbino nonydeHo
9 pa3nunyHbix kKombuHauun (Tabnuua 2), u ¢ no-
MoLLbo NakeTa Maple 6bInM NpoBeAeHbl ganb-
Henwmne pacyeTbl. [looyepegHO noacTaBnAnm
3TN 3HA4YeHUsa B MOMyYeHHOEe paHee ypaBHe-
HWe annunca.
MoacTaBnsst 3HaYeHus ansg nepeon BbIGoOp-
kn (-3.22; 0.41), (-2.55; 1.06), (0.12; 1.82),
(1.39; 1.49) B ypaBHeHue annunca, nony4vmm
crneyroLume BblpaXeHUs:

=1

2 2
(x=x)" , (y=%0)
a’ b?
(-322-x,) (041-y,)
a’ " b?
2 2
(-2.55-x,)" (1.06-y,)
a’ " b?
2 2
(0.12—x0) (1.82—y0)
a’ " b? o
2 2
(1.39—x0) (1.49—y0)
a’ " b?
Peliasa nosy4yeHHyro CUCTEMY YpaBHEHWUMN,
nucnonb3ys MatemMaTudeckue naketbl, Mbl
HaLLM KOOpAMHAaTbI LeHTpa annunca:
(-0.2165035493; -1.825740035),
ero 6onbLuyo a = 3.793433360

n manyto b = 3.660169241
Monyocu.

=1.

Tabnuua 1 - BbIGOpKM JKCNnepuMeHTarbHbIX TO4YEK ONnA MmoaernimpoBaHus

Homep BbIGOpKHK Touka 1 Touka 2 Touka 3 Touka 4
1 (-3.22; 0.41) (-2.55; 1.06) (0.12; 1.82) (1.39; 1.49)
2 (-3.22; 0.41) (-2.55; 1.06) (0.12; 1.82) (-2.39; 0.88)
3 (-3.22; 0.41) (-2.55; 1.06) (1.39; 1.49) (-2.39; 0.88)
4 (-2.55; 1.06) (-1.47;1.63) (1.39; 1.49) (-2.39; 0.88)
5 (-2.55; 1.06) (-1.47,1.63) (0.12; 1.82) (1.39; 1.49)
6 (-2.55; 1.06) (-1.47,1.63) (0.12; 1.82) (-2.39; 0.88)
7 (-3.22; 0.41) (-1.47;1.63) (0.12;1.82) (-2.39; 0.88)
8 (-3.22; 0.41) (-1.47;1.63) (0.12;1.82) (1.39; 1.49)
9 (-3.22; 0.41) (-1.47;1.63) (1.39; 1.49) (-2.39; 0.88)
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310 0ano BO3MOXXHOCTb MOJy4YnUTb ypaBHeE-
HWe annunca B cnegyvuwem snae:

(x +0.2165035493)" Ly .825740035)°
3.793433360 3.660169241

[NocnepoBaTenbHOM NOACTABKOM OCTaBLUMX-
Cs1 3Ha4yeHuK Bblbpanun Hanbonee TOYHO ONUCHI-
BatoLne n3obpaxkeHne yHKLUUN.

B Touke nepeceyeHuss NpsMOW, MpPoOxoas-
e BOOSb MOBEPXHOCTU, U ANnunca nocTpou-
N1 ypaBHEHME KacaTenbHOW K annunTU4eCcKom
NOBEPXHOCTU Kannu:

_ (x+0.2165035493) x 3.6601 69241

3.793433360° x (y +1.825740035)

Ana HaxoxOeHUsa ToYeK nepecedeHuns X , X,
N OCY NPSIMON, MPOXOAALLEN BAOMb NOBEPXHO-
CTUW, NOACTABNsIEM €€ ypaBHEHNE B ypaBHEHUE
annunca n nonyyaem

x, =-3.504308771; x, = 3.071301672.

MoacTasnas oguH u3 (x_; 0), (x,; 0) B ypas-
HEeHWe KacaTeNnbHOW K SNMNTUYECKON NOBEPX-
HOCTM Kanmnu, Nonyyunu:

3.793433360% x (0 +1.825740035)

=1.721664425.

To ecTb tga = |1.721664425|,
oTKyda a = arctg(1.721664425) = 59.2°.
MoBTOpMNM BbIlWeyKa3aHHble Lwarn, noa-
CTaBnss BblOpaHHblIe TOYKM, KOTOpble Hanbo-
nee TOYHO ONUCLIBAKOT JMMUMC, U MOMYyYUnun
Tabnvuy 3Ha4YeHUn YrmoB CMavMBaHUSA ANS
OaHHOW cucTembl (Tabnuua 2).

Tabnuua 2 — Nony4yeHHble MOAENUPOBaAHMUEM
yrfbl CMauMBaHUs AnA ob6pasua, M3obpaxeHusi
KOTOpOro o6paboTtaHbl rpynnoBbiMu chunsTrpamm

(~3.504308771+0.2165035493) x 3.660169241°

1 2 3 4 5 7 8

59.2 | 59.8 | 59.8 | 61.8 | 60.1 | 59.2 | 59.5

Tabnuua 3 — Nony4yeHHble B pe3yrnbrate NPAMbIX
M3MepeHUn yribl CMaYMBaHUA ons obpasua

1 2 3 4 5 7 9

604 | 62 | 626 | 59.9 | 585 | 62 | 60.4

Mpopgenann 10 e camoe u Ana mnsobpa-
XeHun, obpaboTaHHbIX nporpammon Angle,
W MNony4mnu cpegHee 3HayYeHue yrna cmadmsa-
Hus 60,6°.

CpenHee 3HaveHMe KpaeBOro yrna cmayu-
BaHMA Ang obpasua 1, NonyyeHHOro mMoaenu-
poBaHMEM KOHTYypa Kannu, 61,5 + 1,8; norpeLu-
HOCTb Takux nsmepeHun 2,9 %. Npu Henocpea-
CTBEHHbIX W3MEPEHUAX KpaeBOro yrna Ha
ONMCaHHOW paHee yCTaHOBKE B aBTOMATUYECKOM
pexume nonyyunu cpegHee 3HadveHne 60,60.
PasHuua HenocpeaCcTBEHHOIo 3MepeHnst 1 3Ha-
YeHWs, MONYYEHHOro C MOMOLLbIO NPEANOXeEH-
Hon mogenu, meHee 0,90, nnu 1,5 %. MNMony4eH-
Hble OLIEHKN MOrpeLlHOCTM NO3BOMSOT UCMNOfb-
30BaTb NpeafioKeHHY MOAenb ANA aHanusa
3KCMepuUMeHTanbHbIX N3o0bpaxeHun ana name-
PEeHVs KpaeBbIX YINOB CMaYyMBaHuS.

3aknroyeHue. MNpoBeasa aHanu3 nsobpaxe-
HUM Kannu, matemaTnyeckoe MoaennpoBaHue
KOHTYpa Kanmu n KpaeBbIX yrnos, 6binn nony-
YeHbl pe3ynbTaThbl, 6nn3kue K pesynsratam nps-
MbIX U3MEPEHUI, NOSTYYEHHbIX C NPUMEHEHNEM
paHee onucaHHbIX MeToauK. Pa3bpoc 3Ha4YeHUN
KpaeBoro yrna cMaynBaHusi OTHOCUTENBHO Me-
OWaHHOro 3Ha4YeHUs1 HenocpeaCcTBEHHbIX N3Me-
peHUn rno N3BeCTHOM MEeToAMKE He MpeBbIaeT
2 %, cpegHee 3Ha4YeHWe NorpeLlHoCTU He Bbl-
xoauT 3a npeaensl 3,4 %, makcMmarnbHoe 3Ha-
YeHue MOrpeLlHOCTM Ha M3y4YeHHbIX obpasuax
5,6 %, 4TO BCE paBHO OCTAETCS Ha YPOBHE ry4-
LWIMX MPOMbILLNIEHHBIX 00pa3L0oB nsmepuTenemn
KpaeBbIX YrNOB CMa4nBaHus.

MonyyeHHas npu OONYLIEHWUU, YTO KOHTYP
NPOEKUMN Kanmm MOXHO onucatb (yHKUnen
BTOPOro nopsiaka, mMaTtemartumyeckas Mopesb
pacyeTOB KpaeBoro yrna cMavnuBaHns nNo3Bons-
€T NOoMNyYnTb 3HAYEHUS C MOrPELUHOCTLI0 He 60-
nee 5,6 %. MNpwn aToM pasHULa ¢ pesynsratamm
NpsiMbIX M3MepeHun He npesbiwaet 2,9 %.

BO3MOXHOCTb MaTemaTMyeckm TOYHO Mo-
CTPOUTb MOAENb CMayMBaHUA, nornyyas u3o-
OpaxeHus Ha yxe CyllecTBylLleM annapar-
HOM obecrnevyeHun, NO3BOMSET MCMNOMb30BaTh
3TOT MeToq ANs onpedeneHnss Kpaesoro yrra
CMaynBaHUA B JarbHeNLeM.
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