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[IpuMenenne KOppeISIIIOHHON 00paboTKH MU(PPOBEIX ONTHICCKUX U300pAKCHIH 00BEKTOB SKCIIEPTHOTO HC-
CJIC/IOBAHUS SIBJISIETCS] TIEPCTICKTUBHBIM HANPaBICHUEM TOBBINICHUS Ka4eCTBa, IOCTOBEPHOCTH M PETpe3eH-
TATUBHOCTHU MPOBOJMMBIX HcclieoBaHni. [lenpio paboThl sBIsIACh pa3padoTKa MPUHITUIIOB KOMIIBIOTEPHOM
peau3alfi U alrOPUTMOB MPOBEJICHUS SKCIIEPTHBIX MCCIICIOBAHNN C TIPUMEHEHHEM METOJIOB KOPPEISIIUOH-
HOTO aHaJM3a JUIsl PEHICHUs TAKUX 3a]1ad KPUMHHAIUCTHKH, KaK CPAaBHCHUE IIBETO-TOHOBBIX IMAPAMETPOB U30-
OpakeHH OTTHCKOB TIeYareil U ITaMIIOB ¥ U3MEPEHHE TapaMeTPOB CIICNIOB MOJIeH HAape30B KaHala CTBOJIA Ha
CTpEJISIHBIX TyJsiX. Pa3paborana MeTouKa U MPOrpaMMHOE MPHIIOKEHHUE, MPEeTHA3HAYCHHOE JUTS TTOTyYCHUS
JIMHEHWHBIX, YITIOBBIX M BBICOTHBIX XapaKTePUCTUK Tpoduiis (MUKpopenbeda) caeaoB mojiei Hape30B KaHaa
CTBOJIA OPYKUsI, 0TOOPa3UBIIMXCS Ha MYJIe B MPOIECCE BBICTPENa, ISl POBEICHUSI CylNeOHO-0aITHCTHYCCKUX
AKCIIePTH3. DKCIEPUMEHTAIBHBIC JaHHBIE CBUACTECIBLCTBYIOT O BBICOKOW A(h(PEKTUBHOCTH padOTHI pa3pado-
TAHHOTO MPOTPAMMHOTO TPHIIOKEHUS H MOATBEPIKAAIOT TPEOYEMYIO TOUHOCTh TIPOBOJIMMBIX W3MepeHui. Pa3-
paboTaHa METOJMKA U CO3JIAaHO CIHEIHATH3UPOBAHHOE MTPOTPAMMHOE MPHUIIOKEHHE JIJIsl CPABHUTEIIBHOTO aHa-
JI3a [[BETO-TOHOBBIX XapaKTEPUCTUK M300paKEHUH OTTHUCKOB IeYaTell M ITaMIIOB, OTPAXKAOIIee CTeIECHb U
XapakTep pacrpezelcHns] KPacsIiero BemecTBa B IITPUXaX, YTO MOBBINIACT HANISIHOCTh U OOBEKTHBHOCTD
IKCIIEPTHU3, & TAKXKe MO3BOJISIET COKPATUTh CPOKU UX TpoBeeHus. [Ipe/ioxkena MeToIMKa SKCIIEPTHOH HHTEp-
MpeTaIyy pe3yabTaToB KOPPEISIIIMOHHOTO aHalu3a. JI0CTOBEpHOCTh MOMYYCHHBIX 3HAUCHHN TTOATBEPIKIACTCS
IKCTIEPUMEHTAIILHBIMH UCCIICIOBAHMSIMU M OBLTA TIPOBEPEHA TP IMTOMOIIH JIPYTHX METOIOB.

KuaroueBbie ci1oBa: udpoBoe H300paKeHHe, IBETO-TOHOBBIE MTApaMETPhI, KOPPEJIAIIMOHHAsS 00padoTKa, Cy0-
MTUKCENbHAS MHTSPIIOMSIIHSL.
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BBenenue

PazpaboTka crenuaiM3upoBaHHOTO MPOrPaMM-
Horo obecneyenust (I10) ¢ mpumenennem QyHKunR
KOPPEISIHMOHHON 00paboTKK HU(POBBIX H300paxke-
HUH OOBEKTOB SKCIEPTHOTO MCCIEAOBAHMS SIBISIETCS
NEPCIIEKTUBHBIM HaNpaBJIeHUEM MPOBEICHUS KPUMU-
HAJIMUCTUYECKUX JKCIEPTU3, TaK KaK IO3BOJIAET pac-
IIMPUTHh NEPEYEeHb METOJOB M CPEACTB H3MEpPEHUI],
ONTHMHU3HUPOBATh MPOLIECC UBMEPEHUN U TEM CaMbIM
MOBBICUTH Ka4eCTBO, JOCTOBEPHOCTh M PENpPE3EHTa-
TUBHOCTb MPOBOAUMBIX UccieaoBaHuii [1-3].

OnHOH M3 BaKHBIX 337a49 KPUMHUHAJINCTHYECKOU
SKCIEPTHU3BI SBJISETCS M3yUYEHUE I[BETO-TOHOBBIX Ia-
pameTpoB LU(POBBIX Mojaeneld HU300pakeHUH OTTH-
ckoB revareit u mrammos (OI1II) [4]. [Tlpumenenue
KOPPEISIHOHHON 00pabOTKN ONTHYECKUX U300paxKe-
HUH SIBJISIETCS ONHUM W3 HalpaBJICHWH MOBBILICHUS
KayecTBa HU(PPOBOH 0OPaOOTKH OTTHUCKOB YIOCTOBE-
PUTEIBHBIX IEYAaTHBIX (POPM, T.K. IETAET BOZMOKHBIM
MOJyYeHHE JAHHBIX, KOTOPbIE HEAOCTYNHBI MPH HUC-
MOJIb30BAHUN JIPYTHX METO/OB HCCIEAOBAHUS U MO-
IyT OBITh HOJIC3HBI NPU PELICHUH PAa3IUYHOIO Poja
JUAarHOCTHYECKUX M HEKOTOPBIX HIECHTU(UKAIMOH-
HBIX SKcnepTHhIX 3amad [5-8]. Lludposoit anamus
OTNITHYECKUX XapaKTEPUCTUK M300paKCHUN MO3BOJIUT
HOJTYYUTh WHPOPMALMIO, OTPAXKAIOUIYI0 CTEICHb U
XapakTep pacHpeiesieHus] KpacsIlero BeIIecTBa B
HMITPUXaX, C MAKCUMAJIbHO BBICOKOH TOYHOCTBIO H
JIOCTOBEPHOCTBIO. BaxkHOH 3ajaueil Takxe ABIAETCS
npeoOpa3oBaHue TONYUYEHHBIX HU(PPOBHIX JaHHBIX B
KPUMUHAJIMCTUYECKH 3HAYUMYI0 HH(OPMAILHUIO, YTO
BO3MOXHO TOJIBKO IIyTEM HCIIOJIb30BaHMS CIIEIH-
anusupoBanHoro 10, anroputmsl paboTel KOTOPOTO
MO3BOJISIIOT OCYIIECTBISATH HEOOXOAUMBIA MOACYET
U MHTEPIPETAMIO COOTBETCTBYIOIIHMX IapaMeTpOB
U300pakeHUsI.

Jpyroii BaxHOW 3amadeidl KpUMHHAIMCTUYECKON
U CcyaeOHO-0aITMCTHYECKONH AKCIIEPTHU3BI SIBISIETCS
olnpesielieHne BUua U KOHKPETHOTO 3K3eMIUIsIpa pyd-
HOTO OTHECTPETILHOTO 0Py KHsl. YcremHas uaeHTudu-
Kalusi KOHKPETHOTO 3K3EMIUIIpa OpYXKHs HANpsIMYIO
3aBUCHUT OT IPUMEHSEMBIX B IIPOLIECCE UCCIIEAOBAHUS
TEXHUYECKUX CPEACTB U METO/IOB, UTO MO3BOJISIET pac-
HIMPHUTH KPYT WACHTU(QHUKALMOHHBIX MPU3HAKOB U B
pe3yiabTaTe 3HaUNTENBHO MOBBICUTH KAu€CTBO MPOBO-
JUMBIX HCCIIeAOBaHUN, 000CHOBAaHHOCTD U JOCTOBEP-
HOCTh MOJYYECHHBIX BBIBOAOB [9]. B kxpumuHamucTu-
YECKON JHMTepaType CHpaBeAJIUBO OTMEYaeTcs, 4TO
TEXHUKa HCCJIEJIOBAaHUS MyNb, THJIb3 U OTHECTPEIb-
HOTO OpPYXHS B LIEJISAX €ro UACHTH(UKAIMK TT0Ka OT-
CTaeT OT BOBMOXXHOCTEH, KOTOPBIE MOXKET 00ECTIEUUTh

COBpEMEHHOE Pa3BUTHE TEXHWYECKUX HayK. B cBs3m
C OTHM TEXHHYECKHE CPENICTBA, NMPUMEHSIEMbIE MPH
MIPOM3BOJICTBE CYAeOHO-0AITUCTHYECKUX IKCIIEPTH3,
HYKIAIOTCS B COBepIIIeHCTBOBaHMH [ 1, 2].

Jlns omipenesieHust MOJIENH OPYKHUS, U3 KOTOPOTO
BBICTpEJISIHA HCCIeyeMasl Iyssi, U3MEpPSIOTCs: Jra-
METp TyJIH, YHCIO OTOOPA3MBIINXCS Ha HEl Hape3OB,
IIMpUHA U yTOJd X HakioHa. OXHUM W3 TTapaMeTpOB,
oTpenielieHne KOTOPOTO [0 HACTOSIIETO BpPEMEHH
MIPEJICTABISIIO 3HAYUTEIBHYIO CIOKHOCTD, SBISETCS
W3MEpeHNe BBICOT HEPOBHOCTEH mpodmias (MUKpO-
pennpeda) creoB IMoJIed Hape30B KaHala CTBOJIA Ha
BBICTPEJISIHHBIX MyIsX. Pemenue mpuBeneHHON 3a/1a-
YU BO3MOXXKHO C HCITOJIb30BAaHHEM KOPPENISIIMOHHOTO
aHajam3a IMUGPOBOTO CTEPEON300pPAKECHHSI O0OBEKTOB
SKCHEPTHOro uccienoBaHus. KoppensunoHHbIN aHa-
JU3a CTePEOn300paKEeHUsT MCTIONB3YETCs NI pellie-
HHS 3a7a4d TOCTpoeHus 3D-m300pakeHH 0OBEKTOB
¥ KapThl TIIyOWHBI 110 TaJbHOCTH 33JaHHON 00IacTh
npoctpanctBa [10-13]. OmHako 3amaya HW3MEpeHHUS
pa3MepHBIX TTapaMeTPOB U MPOPIIST MUKPOOOBEKTOB
C HUCTIOJB30BAaHWEM AITOH METONWKH JI0 HACTOAIIETO
BpEMEHH He perreHa. /[ odecrieueHusT BBICOKOH TOY-
HOCTH M3MEPEHNH HEOOXOIMMO TPUMEHEHHNE CyOIK-
cenpHOM mHTeposnuH [ 14—15], mpu 3ToM menecoo-
OpazHo pa3paboTarh CHENMATU3NPOBAHHYIO METOIH-
Ky JIJIsl aHaJIM3a pa3MepoB MUKPOOOHEKTOB.

Lenpio paboTH ABISIACH pa3padOTKa TPHUHIIN-
OB KOMITBIOTEPHON peaTn3alil aJroOpuTMOB IIpO-
BEJICHUS DKCIIEPTHBIX HWCCIEIOBaHUN W CO3/IaHue
MIPOTPaMMHOTO TIPWIIOKEHHS IS PEIIeHUS TaKhX
3a/1ad KPUMHHAIUCTHKH, KaK CpaBHEHHE I[BETO-TO-
HOBBIX TTapaMeTPOB H300paKeHHUI OTTHCKOB ITeUaTel
¥ INTaMIIOB W HM3MEpPEHHE MapaMeTpoB CIEI0B IIO-
Jel Hape30oB KaHaja CTBOJA Ha CTPEJSHBIX IYIAX C
MIPIMEHEHHUEM METOJ0B KOPPEISIIMOHHOTO aHaJIHn3a
ONTUYECKUX M300pKEHUH M CyOTTMKCEebHOW MHTEp-
TIOJISAIIUH TIOJIOKEHHUSI MAaKCUMyMa KOPPEIAINOHHON

(hyHKIHN.

HN3mepenue HepoBHOCTeH nMpoduisi U JUHeM-
HBIX XapaKTepPUCTHK MHUKPOCJEI0B Ha 00b-
eKTax HcC/Iel0BaHuS KPUMMHAJTUCTHYECKUX
IKCNEePTU3

Jlns mccnenoBanus CIenoB OPYXHS Ha MyIAX U
THJIb3aX TIATPOHOB B HACTOSAIIEE BPEMs MPUMEHSIOT-
Csl B OCHOBHOM JIBa METOZA: IO pa3BEepHYTHIM (hOTO-
M300pakKeHUSIM CIIEIOB OPY’KUS Ha MYJSAX U THIIb3aX,
a Tak)Ke HEMOCPEICTBEHHO HAa HUX C MOMOIIBIO WH-
CTPYMEHTAJbHBIX M CPaBHHUTEIBHBIX MHKPOCKOIIOB,
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UMEIONINXCSI B PaCHOPSHKEHUH DKCIEPTHBIX IOJ-
pasmenenwuii [1, 2, 9]. Cneqyer OTMETHUTH, YTO HaW-
OOJIBIIYI0 TOYHOCTh M3MEPEHUS JIMHEHHBIX M YIJIO-
BBIX IIapaMETPOB CIIEJJOB MOTYT OOECIEYHTH YHH-
BepCaAlbHBIE HW3MEPHUTEIbHBIE MHUKPOCKOIBI, OIHAKO
B OOJIBIIMHCTBE JKCIIEPTHBIX MOApA3/EIEHUI TaKue
MHUKPOCKOTIBI OTCYTCTBYIOT. l3MepeHne BBICOT He-
poBHOCTEH mpoduis cremoB KaHalla CTBOJIA Ha IIyJie
MOTJIO OBITh IPOU3BENIEHO JIUIIb Ha TBOMHOM MHKPO-
ckorre JINHHUKA, TPUHIIATI paOOTHI KOTOPOTO OCHOBAH
Ha WCIIOJIb30BAaHUM METOJa CBETOBOTO ceueHus [1].
OpmHaKo OTCYTCTBHUE JaHHOTO MPHOOpa B SKCIIEPTHBIX
YUPEXKISHUSIX HE ITO3BOJISET /10 HACTOSIIETO BPEMEHH!
B MOJHOW MEpe UCIOJIb30BaTh YKA3aHHBIA Napamerp
MIpH TIPOM3BOJCTBE CYIOHO-0ATMCTHUECKUX JKC-
MEPTHU3.

B nensix pemrennst 0003Hau€HHOM BBIIIIE ITPoOITe-
MBI JIJIS IOy YeHHsI HEOOXOIMMBIX B XOJI€ IIPOBEICHHS
CyneOHO-0aUTMCTUIECKUX  JKCIEPTU3  MapamMeTpoB
CJIEIOB KaHaja CTBOJIA OPY)KHS, OTOOPa3HBIINXCS HA
MTOBEPXHOCTH ITyJIb, ObLTa pa3paboTaHa METOIMKa, OC-
HOBaHHAs Ha KOPPEJAIMOHHOM aHaIn3e X nu(poBo-
TO cTepeon3o0pakeHus. FI3BecTHBIC H3MEPHUTETH pac-
ctostaui [16, 17], B KOTOPBIX HCIIONIB3yeTCs II(PpoBast
(dhoToKkaMepa M aHAJIU3 CTEPEON300pakeHUs, He 00e-
CTMIEYMBAIOT HEOOXOAMMYIO TOYHOCTH MPOBOIUMBIX
W3MEpEeHNH, B YAaCTHOCTH HE TIO3BOJISIOT H3MEPSThH
BBICOTHI HEPOBHOCTEH Mo ClIeA0B MMOJIel Hape-
30B KaHaJla CTBOJA, OTOOPA3WBIIMXCS HA METAeMOM
sreMeHTe (ITyJie) B MpOoIlecce BBICTPENa, a TaKkkKe WX
JMHEWHBIE U YTIIOBBIE TTApAMETPHI.

[Ipuanmn pa®oThl yCTpOWCTBA HM3MEpPEHUS JIH-
HEHHBIX W YTIIOBBIX MApaMeTPOB, a TAaK)Xe BBICOTHI
npodwist (MUKpopenbeda) CIeOB YIPOIIEHHO IT0-
Ka3aH Ha (PyHKIIMOHAIBHOU cxeme (pucyHok 1). Ha
(oTonpueMHON MaTpHUIle 5 yepe3 ONTHYECKYIO CUCTe-
My MHUKpOCKoma 4 ¢dhopMupyeTcs mepBoe IuppoBoe
M300pakeHNE H3MEPSIEMOTO ClIeIa, OTOOPA3UBIICTOCS
Ha IMOBEPXHOCTH HcciexyeMoro oobekra. [locie dop-
MHUPOBaHUS TIEPBOTO M300paKEHUS C IMOMOIMIBIO KO-
OPIWHATHOTO CTOJIA MHKPOCKoTMa (OJI0Ka MUKpOTIEpe-
MeIIeHUS 2) 0OBEKT UCCIICIOBAHUS IIepeMEIIacTCs B
MPOCTPAHCTBE B TOPU3OHTAILHON IIJIOCKOCTH Ha pac-
crossHue L u mpomsBoauTcs popMHUpPOBaHUE BTOPOTO
ugpoBoro m3odpakeHus. lloxydennbie uzoOpaxe-
HUS TIOCTYIMAIOT B TpOIieccop 7, Te MPOU3BOIUTCS
M3MEpEeHHEe BBICOT NPOQWIL, JTUHEWHBIX U YTIOBBIX
pa3MepoB To ciexyromeMy anroputMmy. Ha mepsom
M300pakeHNH B OJOKEe WHAMKAMKA 8§ YKa3bIBAETCS
TOYKa HUCCIIEYyeMOro 00beKkTa (OKHO CKaHMPOBAHHSA),
IO KOTOPO# He0OXOAMMO ITPOU3BECTH H3MEPEHHUE pac-
crosiHusl. OKHO CKaHWPOBAaHUS C aHAJIOTUYHBIMH KO-

OpAMHATaMH aBTOMaTHYECKH (OPMHUPYETCS U Ha BTO-
poMm cHuMKe. [locie aToro B mporeccope ocyIiect-
BJISIETCS CKAaHUPOBAHHE MIEPBOTO OKHA OTHOCHUTEIEHO
BTOPOTO TI0 TOPU30HTAIIN ¥ BEPTHKAIIN, TIPH 3TOM BBI-
YUCISIETCSl 3HAYEHUE ABYXMEPHOH HOPMHPOBAHHOMU
KOPPEJSIMOHHOW (YHKIIMU MEXITy BbIICICHHBIMH
M300paKEHUSIMHU B COOTBETCTBUH C BBIPAKECHUEM:

(1) =T+ Axy + Ay) = T,)
R(Ax,Ay) = — =2 — —,
X Y e

(1

>1,(x,y)
[="—,
xmw'ymax

rje /| — CUrHaI OKHa CKaHUPOBaHMs MEPBOro n300pa-
JKEHWs; [, — CUTHaJIl OKHA CKAaHUPOBAHWs BTOPOTO HU30-
Opaxenus; x .,y ——pa3sMep CKAHUPYIOLIETO OKHA 110
TOPU30HTAJIU U BEPTHKAIIN, COOTBETCTBEHHO; Ax, Ay —
CZBMT I10 TOPU3OHTAJIN U BEPTHKAJIN, COOTBETCTBEHHO,
I, I,— cpenHue 3HaYCHNS CHTHAIIA B IEPBOM U BTOPOM
OKHE CKaHHUPOBAHMUS COOTBETCTBEHHO; 1 = 1, 2.

A
R
-—
T
|
ol
|
|
] S —
0 <—> 7 8

Pucynok 1 — ®yHkunoHanbHasi cxeMa yCTpOICTBa nu3Mepe-
HUsI TApaMETPOB CIIE/IOB: | — M3MepsieMblil 00bEKT; 2 — OJI0K
MUKpOIEpEMEIICHNUS; 3 — MUPPOBOIl MUKPOCKOIT;, 4 — OINTH-
YecKasi CHCTeMa MHKPOCKOIA; 5 — (hOTONpUEeMHAsT MaTPUIIA;
6 — KOHTpOJLIEpP; 7 — MpOLIeCCOp; 8 — OIOK MHAUKAIMA

Figure 1 — Functional diagram of the measuring device:
1 — object; 2 — micro-displacements block; 3 — digital micro-
scope; 4 — the optical system of the microscope; 5 — photo-
detector matrix; 6 — controller; 7 — processor; 8 — indicator
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W3 mpuBeieHHOTO BBIPAYKEHHSI CIIEAYET, 4TO CKa-
HHUPOBAHHUE OCYIIECTBIIICTCS MO TOPU3OHTAIH U BEp-
TUKAJIH, YTO KOMIIEHCHPYET BO3MOKHOE OTKIIOHEHHE
repeMenicHus] 00beKTa OT TOPH3OHTAIBHON JTHHUH.
ITo monoXeHUI0 MaKCHMaJIbHOTO 3HAYCHHUS HOPMH-
pOBaHHOW KoppensnuoHHoW ¢GyHKIuu (1) ompene-
JSIOT CIOBHT MEXKAY H300POKECHUSIMH B ITHKCEIIX
Ax,=x'| —x,. JlanbHOCTb R, 10 BBIAEICHHOH TOYKH
A 00BeKTa OIpeesIeTCs U3 BRIPAKCHUS:

_SL
mx'AxA,

R 2

A

e L — mepemenieHne OObeKTa 10 TOPU3OHTAIIH,
J — GokycHoe paccrosiHue (OTOKamMephl, ® — pac-
CTOSIHHE MEXIy YyBCTBUTEILHBIMH JJIEMEHTaAMHU
(hoToTripreMHON MaTpHIBI 10 TOPH3OHTAIU. AHAIO-
TMYHBIM 00pa30M ONpENENSETCs PacCTosHue R, 10
Toukr B 00BeKTa, MMEoIIe KOOpIMHATH Ha Tiep-
BOM M BTOPOM CHHMKaX X, U X', COOTBETCTBEHHO. [1o
MOJIOKEHAIO MAaKCHMAJIBHOTO 3HA4YCHUS KOppes-
MUOHHON (QyHKIMK (1) ONMpenenstoT CHBHT MEXIy
N300paKESHUSIMH AxB =x'2 — X,, & JIbHOCTh RB 0
Touka B ompenensiercs U3 BeIpaXKeHUS:

__fL
0, - Ax,

ITo pa3HocTH pacCTOAHMA 10  YKa3aHHBIX
TOYEK HccienyeMoro oobekra (Touka A u Touka B)
oIpesieNsieTcst BbIcOTa PO ISl TOBEPXHOCTH O0BEKTA
AR=R,—R,.

YCTpoCTBO IMO3BOJIAET U3MEPATH JIMHEHHBIE
pasMepsl MHIWBUAYATbHBIX OCOOCHHOCTEH ciema
(Mukpopenbeda) Ha HCCICAYeMOM OOBEKTE MEXITy
YKa3aHHBIMH ~ TOYKaMH. OTO  OCYIIECTBIISIETCS
cienyromuM — obpazoM.  OmpenenuB — 3HAYCHUE
PaccTOsHUS J10 i~TO 00BEKTA N3MEPEHUS R 1 pasMephI
9TOro O00BEKTa (PACCTOSHHE MEXKAy YKa3aHHBIMH
TOYKAMH) Ha (OTONPHEMHOW MaTrpulle, IITUPHHA
M3MEPAEMOTro 00beKTa D, M BBICOTa [, ONPENENIOTCs
N3 BbBIPAKCHHUU:

R 3

B

:Ri'yi R, -

/

TIIE X, y, — Pa3MEPBI U3MEPAEMOTO 00BEKTa (PaccTos-
HHE MEXTy TOYKaMi) Ha (OTONIpUEeMHON MaTpHIIE 110
TOPH30HTAJIN M BEPTHKAIN COOTBETCTBEHHO.
Cucrema Taroke oOecriedyrBacT M3MEPEHHE yIia
HaKJIOHA CJIEJIOB HAPE30B Ha ITYJISIX OTHOCHUTENBHO e

H, > D, = C)

MPOI0JILHOM OcH. BripaxkeHue Jyis onpesieieHus yria
HaKJIOHA Hape3a 0 IMEET CICAYIONTNI BH/I:

)

o =arctg| ———
Y, -y

riae X|, Y, — koopauHaTel Ha ()OTOMPHEMHOM MaTpuLe
HayaJbHOW TOYKM Hapesa, X,, ¥, — KOOpIHWHATHI KO-
HEYHOM TOYKHM Hapesa.

KoppemsiinonHass 00paOoTka H300paKeHH B
COOTBETCTBHH ¢ anroput™moM (1) mo3BoiseT ompene-
JUTH CIBUT MEXAY N300pakeHUsIMU AX HccienyeMo-
ro 00beKTa Ha MaTPHIlE C TOYHOCTHIO 0 OJJHOTO UyB-
CTBUTENFHOTO 3JeMeHTa (mukcens). [ng yrounenus
BEJIMYMHBI CABUTA AXx B CyONMUKCEIBHOM JHAra3oHe
WCTIONB3yeTCsl OWIMHEWHas WHTEPHONSINS CUTHAIa
C 3aJJaHHBIM IIIarOM, aJTOPUTM KOTOPOH MPHBEACH B
[18]. [IpumeHeHHEe CYONMKCENIBHON HMHTEPIIOIALIUN
o0ecrneunBaeT pa3penieHne Ipy ONpeIeIeHnH CIBUTa
Ax Ha BeNMYNHY, paBHYIO MEHEe NECATON JTOJIU THK-
CeJIst, YTO 3HAUYMTENIBHO MOBBIMIAET TOYHOCTh U3Mepe-
HUS pa3MEpHBIX TapaMeTpoB. 3HATh TOUHOE 3HAYEHUE
PAcCTOSIHUST MEXKAY YYBCTBUTEIBHBIMH 3JI€MEHTAMHU
(doronpreMHON MaTpuIlbl U 3HaueHHe (OKYCHOro
paccrosiHusI O0OBEKTHBA yCTPOHCTBA (DOTOCHEMKHU HET
HEOOXOIMMOCTH, TIOCKOJIbKY JaHHBIC 3HAYCHUS MOXK-
HO OIPEJIENIUTH B Ipoliecce KaaTnOPOBKH CHCTEMBI 110
STAJIOHHOMY OOBEKTY.

Jnsg peanmzanuu  KOPPENAIMOHHON METOINKH
M3MEpEeHHs TapaMeTpOB M BBICOT MPOdUIsS CIEeI0B
Hape30B Ha MyJsIX ObUIO pa3padoTaHO MPOrpaMMHOE
MPUIIOKEHHE Ha SI3bIKE 00BEKTHO-OPUEHTHPOBAHHOTO
nporpammupoBanus C++. Ha sxpane MoHUTOpa OTO-
Opaxaercs JUIIb NepBoe U300pakeHNe 13 MOMyYeH-
HOM crepeonapsl. MuTepdelic mpuiokeHus: BKIIOYa-
eT B cebs CremyIore MOoIb30BaTeIbCKUE 3JIEMEHTHI:
WHPOPMAIIMOHHYIO CTPOKY; OOIIME HWHCTPYMEHTHI
(OTKpBITh, COXPaHHUTh, OYUCTHUTD); (DYHKIIMOHAIbHBIE
WHCTPYMEHTHI (BBIJEJIEHUE, TEpeMeIIeHne, yae-
HHUE), KaTHOpPOBKAa KaMephl; MEPEeKIIOYeHNE PeKuMa
MPOCMOTPA:  BKIIFOUUTH/BBIKIIOYATE  OTOOpaKEHHE
MOJITUCEH PACCTOSHUMN, BKJIFOYUTH/BBIKIIOUUTE OTO-
OpakeHHE BTOPOTO M300paKEHUS CTEpeomaphl; Mpo-
KpyTKa W MacmTabupoBaHue 00JacTH M300pakeHusl.
[IpunoxeHre MO3BOJSET MOJIB30BATENIO OMPEACIATH
JMAIBbHOCTH JI0 BBIJEIIEHHBIX TOYEK SJIEMEHTOB Clie-
Jla Ha MCCIIEAYyeMOM OOBEKTe, 3HAUCHHE PACCTOSHUS
MEXIy YKa3aHHBIMH TOYKAMH, JIMHEHHBIE pa3Mepbl
KaK MCCIIEZyeMOro ciiefia, Tak U 00BbeKTa MCCIIe0Ba-
HUS, a TaKKe yIIIbl HaKJIOHA HAape30B OTHOCHUTEIHHO
€e MpoJI0JIbHOM OCH.
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Ha pucynke 2 npuseneH npumep paboThl cucTe-
MBI B XOJle¢ M3MEpEHHs MapaMeTpoB CIEIOB IOJeH
Hape30B, OTOOPA3HMBIIUXCS Ha IyJe, M0 IHPPOBOMY
CTEPEON300PAKEHUIO.

Pucynox 2 — Pesynsrarsl n3MepeHyst TMHEHHBIX U YTIIOBBIX
rapaMeTpoB rpoduiist ciaena Hape3a KaHajla CTBOJIA Ha ITyJie
marpoHa 7,62 x 25 MM (pacCTOSHUS B MIJUTUMETPAX)

Figure 2 — The measurement results of linear and angular
parameters of the rifling profile trace of the barrel on the bul-
let 7,62 x 25 mm (the distances in millimeters)

Ludpamu Ha GenoM GoHe MoKa3zaHbl PACCTOSHUS
710 BBIOpaHHBIX TOYEK 00bEKTa M3MepeHus: Ha (HoTo-
rpaduu, TOYKAaMH OTMEUYCHBI BHIOPAHHBIE SJICMEHTHI
00beKTa M3MEpEeHHUs, A0 KOTOPbIX yCTaHABIUBAETCS
nckoMoe paccrostuue. Ilo pasHocTH paccTosHuUil 110
TOYEK OOBEKTa MOXKHO ONPEACIUTh TIyOMHY Mpo-
¢wus cnena Hapesa Ha myne. Hanpuwmep, 1uist Toukw,
pPacroNoKEHHON B JIEBOM YacTH CHUMKA Ha paccTod-
Huu R = 51,51 MM, BeIcOTa mpoduis ciiefia coCTaB-
nsiet 80 MM (AR = 51,59 — 51,51 = 0,08 mm), a mis
TOYKHM Ha paccTossHMM R = 51,49 MM B mpaBoii yacTu
CHHMMKa, BbICOTa Mpo¢uiis ciena cocrasisieT 90 MKkM
(AR=51,58-51,49=0,09 mm). benbimu iuppamu Ha
4epHOM (poHE MOKa3aHbl PACCTOSIHUS MEKAY BHIOpaH-
HBIMM TOYKaMH B MIJJTUMETPAX U yIIIbl HAKJIOHA Clle-
JIOB K MIPOZIOJIHOM ocu MynH B Tpaaycax. Hampumep,
LIMpUHA cJiefla Hape3a Ha Iyie cocTasiseT 1,85 M,
a JUIMHA CIIE/IOB OT «OOEBOW» M «XOJIOCTOM» TpaHeH
Hape3a cocTaBmaoT 5,33 u 4,35 MM, COOTBETCTBEH-
HO. YIJIBI HaKJIOHA YKa3aHHBIX CJIEI0OB OTHOCUTEIHHO
MPOAOILHON OCH MyNU paBHBI 5°37° 1 5°42°, COOTBET-
CTBeHHO. Ha cHUMKe Taxke 0TOOpaskeHbI Pe3ylbTaThl
H3MEPEHNUs] pacCTOSHUI MKy OTAETbHBIMH BaJHKa-
MH B 00po3aKaMH (MX TPYMIaMu), 0TOOpa3uBIINMHCS
B MIEPBUYHOM CJIe/I€ TIOJIsl HAPE30B KaHajia CTBOJA, pac-
CTOSTHHE MEXTy KOTOpbIMU cocTasisieT 320 u 70 MKM.

OnTtumMu3zanusi CpaBHeHUs] M300paskeHUl OT-
THCKOB MeYareil U TAMIIOB ¢ HCIO0JIH30BAHU-
eM KOppeJsAMOHHOH 00padoTKu

s pacmmpennss (pyHKUHMOHAJIBHBIX BO3MOXK-
HOCTEH, MOBBILICHUS! KauecTBa, JOCTOBEPHOCTU U
HaIIAHOCTH HPOBOIMMBIX HCCIICIOBAHUM 110 CpaB-
HEHMIO I[BETO-TOHOBBIX IapaMeTpoB H300pakeHUN
ortuckoB redareit u mrammnos (OINL) Osuta pazpa-
0oTaHa COOTBETCTBYIOLIAsi KOMIIBIOTEpHas CHUCTEMa
Ha OCHOBE NPUMEHEHHS METOla KOPPEISILUOHHOTO
aHaimza. [lpemmaraemsrii nmpouecc mudposoii obpa-
6otku OIIII mpemycmarpuBaeT: Gukcanuo uzobdpa-
KEHHUS MyTeM CKaHWpOBaHMsA (perucrpauusi nzobpa-
YKCHHS); IPUMEHEHNE aJITOPUTMOB 00pabOTKH, IIpe/I-
YCMOTPEHHBIX Hcioib3yeMbiM [10 (mpeoOpa3oBanue
n300paKeHus); COXpaHEHHE JaHHbBIX C HOCTIEeayOLeH
9KCIIEPTHON MHTEPIpEeTalneil HOITyYeHHbBIX pe3ybTa-
TOB (@HAJIH3 TAHHBIX U300paXKEeHNU).

CkaHUpOBaHUE KaK CHOCOO PErucTpaluu H30-
OpaskeHMH MO3BOJIET MOJy4yaTh LU(POBBIE MOJEIH
OIIL, makcuManabHO COOTBETCTBYIOIIME pPEaJbHON
JEeWCTBUTEIBHOCTH IO CBOMM TI'€OMETPUYECKHUM, TO-
norpaMueckuM U KOJIOPUCTUYECKHM XapaKTepH-
ctukaM [4]. Kpome TOro, ycTpoHCTBO IUIAHILETHBIX
CKaHepOB 00€CIEeYNBACT BHICOKYIO CTa0MIBLHOCTD OC-
BEIICHHS 0 CPaBHEHHIO C OOBIYHOHN (oTorpadued,
MO3BOJIIET HCKJIIOYUTH NPOoOJIeMbl (DOKYCHPOBKH, a
TaKKe MUHUMHU3HPYET BIMSHUE «COMBarOmux» Qax-
TOPOB IpHU perucrpauuu n3oopaxenuii. opmar xpa-
HEeHUs N300pakeHU MOXKeT ObITh pa3ndHbIM (JPEG,
TIFF, PXC, PNG, BMP w np.). OmauM n3 HamOosee
KOPPEKTHBIX ()OPMATOB SBISIETCS HECHKATBIH PacTpo-
BbIi Tpaduueckuii hopmar T/FF. IIpoBeneHHbIE KC-
MEpPUMEHTAJIbHBIE MCCIIEI0BAaHNS OKA3alI1, YTO 3Ha-
YeHUE KOPPEJSIIMOHHON (yHKIMU AJIs1 HOBOM I1eyaTu
B ¢opmare JPEG coctaBisier nopsiaka 0,998, a mos
¢dopmara TIFF — 0,999993. D10 CBHIETENHCTBYET O
TOM, 4TO JIJIsl HPOBEACHUS SKCIIEPTHBIX UCCIIEIOBAaHUN
LeJIeco00pa3HO UCII0JIB30BaTh JOKYMEHTHI B (hopMare
TIFF, T.X. oH fmaet Ooliee BHICOKYIO d(PPEKTHBHOCTH
MPOBEICHUS UCCIEN0BaHUN MO cpaBHeHHIO ¢ JPEG
(dhopmarom.

Oran npeobpa3oBaHus H300paskeHNH MOXKHO yC-
JIOBHO pa3/IeIUTh Ha JIBE CTAJUH: [IPEIBAPUTEIbHYIO,
KOTOpasl 3aKJII0YaeTCsl B MPUBEICHUN CPaBHUBAEMBbIX
n300paXeHUH B COOTBETCTBHUE OIIPEACICHHBIM KPUTE-
PUSIM U1l IPOBEACHUS JaJIbHEHUIIIEro UCCIeqOBaHMNS;
1 OCHOBHYIO, IPE1yCMaTPUBAIOLIYIO HETIOCPEACTBEH-
HBI TIONIMKCENBHBIN aHanmu3 wn3oOpaxkenuit. [lpen-
BapuTenbHass 00pabOTKa MOXKET OBITh OCYIIECTBIIE-
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Ha TyTEM HCIIOIB30BaHMs MIPOTPaMMHOTO TPOTYKTa
«Adobe Photoshopy [2, 4], Hauboee pacrpoCTpaHEH-
HOTO JUTS TEXHUKO-KPAMHUHAIMCTUIECKUX UCCIIE0Ba-
HUH TOKyMeHTOB (BKitouas ucciemoBanue OITL).
OcHOBHas cTamus dTama MpeoOpa3oBaHMs H30-
OpaXeHUH 3aKI0YaeTCsl B HEIIOCPEACTBEHHOM CpaB-
HEHUM HU(PPOBBIX MOJEIEH HCCIETYEMBIX OTTHCKOB,
WCTIONB3Ysl AITOPUTMBI KOppelsiuonHoro tumna [19].
Jns peanuzanuy KOpPpeJSIIITUOHHON METOIMKH aHa-
JM3a CTEMEHU COBMAJEHUS JIBYX M300paKeHHU OBLIO
pa3paboTaHo TPOrpaMMHOE TPHIOKEHHE (manee
— IIIT) Ha s3BIKE OOBEKTHO-OPUECHTHUPOBAHHOTO TIPO-
rpammupoBanus C++ (manee — [T « CIPSS», oT aHTII.
Comparing Images of Prints of Seals and Stamps).
Bun wHTepdeiica pa3paboTaHHOTO MPOTPAMMHOTO
TIPIJIOKEHUS TIpEICTaBlieH Ha pucyHke 3. MuTepderic
[T «CIPSS» mMeeT mBa CHHXPOHH3WPOBAHHBIX pa-
0ounx okHa. JIeBoe OKHO TpeAHa3HAYeHO IS BBOJIA
HCCIIeyeMOTO U300paKeH s, T.e. N300pakeHUs, YbH
[BETO-TOHOBBIE XAPAKTEPUCTHKH TIOAJIEKAT HETO-
CPEICTBEHHOMY H3Y4YeHHIO (YCTAHOBIEHHIO), a TIpa-
BOC — IIJIS BBOZIA M300pakKCHHI-ITAJIOHA, T.€. H300pa-
YKEHHS, TIOCPEACTBOM ITapaMETPOB KOTOPOTO MTPOUCXO-
JIUT YCTAaHOBJICEHUE CTETICHN COBIAICHUS (Pa3Inyus).

L O
3% GO

N 1
CIIPABOR

/:..o Ne O

Koppenausa D' ‘DI

|Best E}' I] 99801 BO55266976
Iue Maxirmrn - | | |Best Offset 116 px

Cuemenne

Pucynok 3 — Bung unrepdeiica [T « CIPSS»

Figure 3 — Interface software application «CIPSS»

WnTepdetic mpunoxenns odecrednBaeT BBITOI-
HEHHE CIICIYIONIMX MOIb30BaTeNbCKUX (QYHKIHNA: U3-

MEHEHHE pa3Mepa N300pakeHui B okHe «Macmtady;
BBIOOD BuAa KoppemsunoHHoH (yHkmn (KD) B 3a-
BHCHMOCTH OT HEOOXOAWMOCTH TOTyUYEHHs] KOHKPET-
HBIX PE3yNIbTaTOB, OTPAKAIONINX JMOO CTETNeHb CO-
BaJeHU wW300pakeHWd (BKiIamka «Maximumy),
00 CTeleHb WX pasnudus (BKIaaka «Minimumy),
oTIpeNielieHne CIEKTPaTbHOTO JHara3oHa aHaln3a B
okHe «Kanam». Berbop mBeToBOTr0O KaHayia mo3BoJIsIeT
rory4darh HanOosee TouHoe 3HaueHrne KO pasznensHo
B KpPacHOM, 3€JIEHOM M CHHEM ydJacTKaxX CIEeKTpa, a
TaK)Ke B UX CyMMapHOM nuana3one. [lockombky mpo-
uecc HaHeceHusa OITII Ha MOBEpPXHOCTh JOKYMEHTA
COTIPSDKEH ¢ Ham4yueM (akTOpOB, BIUSIONINX Ha Ka-
gecTtBO oToOpaxkenuss OIII (mepexoc, HaxkuM, He-
paBHOMEpHAs TOUIOKKA ¥ TIp.), IPH HCCIEIOBAaHUU
IBYX OTTHCKOB (U1 TIPOBENEHUS KOPPEISIIHOHHOTO
aHajgn3a) BO3HHUKAET HEOOXOIMMOCTH IPaBUILHO-
ro BBEIOOpa CpaBHMBACMBIX OOJIACTEH, OTBEYAIOIITUX
[PUHIUIY COIOCTAaBUMOCTH. BBINOIHEHHE NaHHOU
3a/lauu peanusyercs Ipy TOMOIIN BKIAAKU «Beime-
JIUTH 00IAaCThY, PYHKINEH KOTOPOI SBISIETCS 00ecte-
YeHHE PYYHOTO BBIJEIICHUS UCCIENyeMOH OOIacTH B
JIEBOM OKHE.

[Ipon3BonCTBO HEMOCPEACTBEHHO KOPPEISIOH-
HOTO aHaju3a I[BETO-TOHOBBIX IMapaMeTpoB H300pa-
YKEHHUI 00ecTieyBaeT aKTUBAIHS BKIAAKH « AHAIN3Y.
Ocy1ecTBieHne ykazaHHOW (DYyHKITMH OCTHTAeTCs
IyTeM BBIYHUCICHUS 3HAUYEHUS IBYXMEPHOW HOPMHU-
poBanHOW K® Mexmy BbIENEHHBIMH (parMeHTaMHu
M300paKEHNH, OTpaKaromeld CTEleHb COBMAICHUS
m3o0pakeHnid (Bkiamka «Maximum») B COOTBET-
ctBuU ¢ BeIpakerueM (1). Jlms ompenenenus crere-
HU pasiNuusl BBIJEIIEHHBIX W300pakeHWH (BKIIaaKa
«Minimum») ACTIONB3yeTCsS HOPMaJIN30BaHHAS CyMMa
KBaJIpaToB pa3HOCTEN BUJIA:

2

LIRS Ueop) 1) (v fuy+&)
\/Z(ll(x,w—ll)z \/Z(lz<x+Au,y+Av)—lz>~
(6)
PRACSY
7 = il B
! xmwcymax
e /| — CUTHaI UCCIenyeMOro n3o0paxenus; [, — cur-
HaJl 3TAJOHHOTO M300paXeHws; x, ., ¥ — — pasMep

CKaHUPYIOIETO OKHA; I ] CpETHUE 3HAYECHHUS CUT-
Haja B IEPBOM U BTOPOM OKHE CKaHHPOBaHHUS; Ax, Ay
— C/IBHT TIO0 TOPHU30HTAJIN U BEPTUKAIH COOTBETCTBEH-
HO, n = 1, 2. HopmupoBanHas kpocc-koppemsuus (1),
(6) mpumeHnMa B ciiydae, KOTIa OTHO H300pakeHue
OTIIMYAETCS OT JAPYTroro HE TOJBKO OTHOCHUTENIbHBIM
CIBHUIOM, HO ¥ TIOIBEPKEHO MOHOTOHHOMY aMITJIUTY/I-
HOMY IIpe0Opa3oBaHUIO.
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Tak xak pu TOTyYeHUH N300paKCHU BO3MOXK-
HO pasiuyve B3aWMHOTO ITOJIOKEHHS STAJOHHOTO U
HCCIIETyeMOTO OTTHUCKOB, TO JJII MAaKCUMAaJIbHOW d(-
(heKTUBHOCTH aHallN3a MCIIONB3YeTCs] CKaHUPOBaHHE
OJTHOTO OKHA HM300pa)XCHHsS OTHOCHTEIHHO IPYroro
10 TOPU30HTAIIN | TI0 BepTHKad. Kaxkayto urepammro
BTOPOE OKHO CIBHUTAETCs Ha | MMKCENh B CHCTEME KO-
OpAWHAT N300paKEHUSI U BBIYHCISAETCS COOTBETCTBY-
fomee 3HadeHue KO, ['paduk 3aBUCUMOCTH 3HAYCHHUS
K® ot caura mexy pabounMy OKHAMH B TTHKCEIISIX
MIPEJICTABIICH B JUAIOTOBOM OKHE «CMerIeHne», riae
1o ocu X oToOpakaeTcsi CMeIIeHNe B TTUKCEIISX, a 10
ocu Y — 3nauenue K®. [Ipu BeIOOpE BHIA HCTIONB3Y-
emoii KO neobxommmo, 9ToOBl OHA OblIIa HOPMHPO-
BaHHas, YTO MO3BOJISIET YCTPAHUTD BIIMSHUE PA3ITHUIHS
SIPKOCTH U KOHTPACTHOCTH B IIEPBOM U BTOPOM OKHAxX
Ha TOYHOCTh U3MEPEHUH.

Pesynbrar mpoBe€HHOTO KOPPEISIIMOHHOTO aHa-
nmu3a oToOpaskaeTcsl B JWAJOTOBOM OKHE CIpaBa OT
BKIIaJKN «AHanmm3». Ecnm BeineneHHble (parMeHThl
M300pakeHUsI TTOTHOCTHIO COBITAJAIOT, TO 3HAUYEHUE
K® 6ymer 6mu3ko k equauIe, Harpumep 0,99983. Ot-
knoHenne 3HadeHusT K@ ot Bemmauns! 0,99 saBisercs
XapaKTEePUCTUKON CTETIeHW COBMAJEHUS KOJIOPHCTH-
YECKHUX IapaMeTpPOB D3TAJOHHOTO W HCCIEIyeMOTo
m3o0pakennid. Benwunaa 0,99 BEIOpaHa B KadecTBe
MakcuMalibHO 3HayeHuss K@, T.k. gaxke mpu cpaBHe-
HHAW U300paXeHHsI caMoro ¢ co0oi 3a cUeT AUCKPET-
HOCTH aHAJIM3a M BIVSIHHUA «ITyMOB» OymyT HaOIIO-
JaTbCsS MUHUMAJIBHBIC PA3IIAYHSL.

[Ipumenenue I «CIPSS» sBnsercs omTHUM W3
stanoB 1udpoBoit obpadotku OIIII, a momyyeHHBIE
pe3yabTaThl KOPPENSIIUOHHOTO aHajln3a KOJOPUCTH-
YECKUX XapaKTepUCTHK H300pakeHWH TpeOyroT co-
OTBETCTBYIOIIEH dKCIepTHOW mHTepnpeTanmu [1, 7].
Kpowme toro, riccnenyemble mapaMeTphl JOKHBI OBITh
JMOCTYTHBI M TIPOCTHI ISl TIOHUMAHHS JIUIaM, He 00-
JIAJAONIUM CIIEITUATbHBIMHA TIO3HAHUSAMHU B JaHHOU
obiactu. B »TOl cBsI3M OBIT pa3paboTaH aIrOpUTM
npeoOpazoBaHust pe3ynbTaroB uccienosanus OINLI,
ronydaembix mipu momomu 11T «CIPSS». [lanubrit
AITOPUTM Peau3yeTcs MOCPEACTBOM BhIpaxeHus (7),
LIEJTBIO TPUMEHEHUS KOTOPOTO SIBIISIETCS OTPEIeIIeHNE
B NPOIIGHTHOM COOTHOIICHHWH ITOKa3aTelsi COBIMajle-
HUS [IBETO-TOHOBBIX ITAPaMETPOB CPABHUBAEMBIX H30-
opaxenuit Ol Ha ocHOBE 3HaueHUsT KD:!

(7

e /1 — mokasarenb coBnaueHus; K = — MakCHMallb-
Hoe 3HaueHne K@ (mocrosHHAs BEIWYWHA, paBHAS

0,99); K' — pabouee 3HaueHue K®, momydeHHoe B
xone aHam3a n3oopaxkenuit OIIIL. HanGomnee Tummd-
HBIE PE3YJIBTAThl UCCIIEAOBAHUS ITHPPOBBIX MOAeNei
OIII nocpeactom npumenenus I «CIPSS», nme-
10T crenyroiee 3HadeHue: npu K'= 0,99, 11~ 99 %;
npu K'= 0,98, 11 = 49,5 ; npu K'= 0,97 I1 = 33 %.
C KpUMHUHAJIUCTUYECKOW TOYKU 3PEHHUs], 3HAYEHHE
K® ne menee 0,99 cBUAETENBCTBYET O MOJIHOM CO-
BITQJICHUN KOJIOPHCTUIECKUX XapaKTEPUCTHUK UCCIETy-
eMBIX n300pakeHuni, 3HaueHrue KO paBHoe 0,98 MoxkeT
CBHUJICTETILCTBOBATh O BEPOSTHOM COBIIQJICHUH JIHOO
pa3nu4uu (BepOsITHOCTB cocTaBisieT mpumMepHo 50 %),
3HaueHus ke KO 0,97 u Huke CBUAETENbCTBYIOT O 3HA-
YUTENEHOM Pa3IMINN UCCIEIYEMbIX XapaKTePUCTHUK.

3aK/oueHue

[TpeanoxeHsl 1 000CHOBAHBI TPUHIMITBI HCTIONb-
30BaHUSl KOPPEJSIIMOHHOW 00pabOoTKH IHU(POBBIX
n300paXeHnl OOBEKTOB AKCIIEPTHOTO MCCIICAOBAHMUS
JUISL PELICHUs] TaKkuX 3agad KPUMUHAIUCTUKH, Kak
CpaBHEHHE IIBETO-TOHOBBIX IApaMETPOB H300paxke-
HUH OTTHCKOB TI€YaTel W IITaMIIOB U M3MEPEHHE Ta-
paMeTpoB CIIeA0B MOJIEH Hape30B KaHaja CTBOJA Ha
CTPEJISHBIX ITYJISX.

Pa3zpaborana MeTomuka M CO3IaHO HPOrPaMM-
HOE€ TPWIIOKECHUE, MPEAHA3HAYCHHOE ISl TTOTyYeHHUs
JUHEHHBIX, YIJIOBBIX M BBICOTHBIX XapaKTEPUCTUK
npodunst (MUKpopenbeda) creroB MNoiel Hape3oB
KaHaJla CTBOJIAa OPY’KHsI, OTOOPA3UBIIMXCS HA IMyNe B
npolecce BbICTpeNa, Ul MPOBeACHUs cyaeOH0-0a-
JUCTUYECKUX OdKcreptu3. [lpunokenne mo3Bomsier
MOJIB30BATENIO OMPEACTSATh JANbHOCTD 10 BBIJCIICH-
HBIX TOYEK 3JIEMEHTOB CJie/la Ha UCCIETyeMOM 00beK-
Te ¢ paspemeHreM ~ 10 MKM, 3HaU€HHE PACCTOSHHUS
MEXIY YKa3aHHBIMH TOYKAMH, JIMHEHHBIC pa3Mephl
KaK MCCIIEAyeMOoTo cliesia, Tak U 00bEeKTa HCCIIeI0Ba-
HUS (TOTpeHOCTh ~ 10 MKM), a TaKKe YIJIbl HAKJIOHA
Hape30B OTHOCUTENIFHO €€ MPOIOJIBHOM OCH (TTorperI-
Hocth ~ 0,01). Pa3paboranHasi cuctema IMO3BOJISET
MOJTYYUTh HEOOXOIUMYIO TOYHOCTh MPOBOAUMBIX H3-
MEpEHHH HCCIEeoyeMbIX OOBEKTOB, YMEHBIIUTH TPY-
JI0-BpEMEHHBIC 3aTparhl U MepeueHb MPUMEHIEMOTrO
nU3MepUTeNIbHOT0 00opynoBanus. llosyueHHbIE 3KC-
MEepUMEHTAIbHBIEC JTaHHBIC CBHJICTEILCTBYIOT O BBI-
cOKOH 3(PQPEeKTUBHOCTH pabOThl MPOrPaMMHOTO MpPHU-
noxeHus. HarsimHOCTh MONMYYEeHHBIX PE3yJbTaToB,
MOBBIIIAET JOCTOBEPHOCTh W PENPE3CHTATHBHOCTH
BBIBOJIOB KpUMHUHAINCTHYECKUX IKCIEPTH3.

Pazpaborana MeToguKa M CO3JaHO CIICIUATU3U-
POBaHHOE MPOTPAMMHOE TPHIOKEHUE AJISl CPaBHU-
TEJBHOTO aHajii3a IIBETO-TOHOBBIX XapaKTEPUCTUK
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M300paKeHUI OTTHCKOB TIeYaTeil W IITAMIIOB, OTpa-
JKarolee CTENeHb M XapaKTep pacIpeaeneHus Kpacs-
IIeTO BEUIECTBAa B IITPUXaX, YTO MOBBIIIAET HATIIAI-
HOCTHh M OOBEKTUBHOCTH JKCIIEPTHU3, & TAKXKe TO3BO-
JISIeT COKPaTHTh CPOKHU MX TpoBeneHus. Mcrnomnp3oBa-
HUE MaTeMaTHYeCKHX aJITOPUTMOB KOPPESIIMOHHOM
00pabOTKM IO3BOJISIET TOJIy4aTh BBICOKOTOYHBIE H
JIOCTOBEPHBIC PE3yJbTaThl, ONIM3KHE MPAKTHUECKH K
MIPEIEIbHBIM 3HAYCHUSM.

Pazpaborana Meromuka mpeoOpa3oBaHUS TONY-
YEHHBIX [UPPOBBIX JaHHBIX B KPUMHHAIHCTHUECKU
3HaYNMYI0 WH(POPMAIHIO, aNTOPUTM PAOOTHI KOTO-
poii TIO3BOJISIET OCYIIECTBISATh WHTEPIIPETALNIO B
MIPOIIEHTHOM COOTHOIIIEHWH TOKa3aTessl COBIIACHUS
[[BETO-TOHOBBIX MAapaMETPOB CPAaBHMUBAEMBIX H300pa-
xkerauit OIILL. J[ocTOBEepHOCTH TONYYCHHBIX 3HAYEC-
HUH TTOATBEPKIAETCS IKCIEPUMEHTAIBHBIMH HCCIIe-
JIOBaHUSMHU M ObUTa TIPOBEpEHa MPH TOMOIIU IPYTUX
MeToioB. Pa3paboraHHas METOIUKAa MOXKET SIBUTHCS
MOJIE3HBIM WHCTPYMEHTOM JIJISl PEIICHUs] TUarHOCTH-
YeCKUX W HMJCHTH(PHUKAIMOHHBIX AKCIEPTHHIX 3ajad,
a B COBOKYITHOCTHU C JJPyTMMHU METOJaMH HCCIIE0Ba-
HUS PacIIMPUTh U KPYT BOIPOCOB MO YCTaHOBJICHHIO
TOX/IECTBA OTTHUCKOB YJIOCTOBEPUTEIHHBIX TEYATHBIX
($opM, YTO MO3BOJIHT MOBBICUTH () (HEKTHBHOCTD U Ka-
YEeCTBO IKCIIEPTHBIX METO/IUK.
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Abstract. The correlation processing of optical digital images of expert research objects is promising to im-
prove the quality, reliability and representativeness of the research. The development of computer algorithms
for expert investigations by using correlation analysis methods for solving such problems of criminology,
as a comparison of color-tone image parameters impressions of seals and stamps, and measurement of the
rifling profile trace of the barrel on the bullet is the purpose of the work. A method and software application
for measurement of linear, angular and altitude characteristics of the profile (micro relief) of the rifling traces
of the barrel on the bullet for judicial-ballistic tests is developed. Experimental results testify to a high overall
performance of the developed program application and confirm demanded accuracy of spent measurements.
Technique and specialized program application for the comparison of color-tone image parameters impressions
of seals and stamps, reflecting degree and character of painting substance distribution in strokes has been devel-
oped. It improves presentation and objectivity of tests, and also allows to reduce their carrying out terms. The
technique of expert interpretation of correlation analysis results has been offered. Reliability of the received
results has been confirmed by experimental researches and has been checked up by means of other methods.

Keywords: digital image, color-tone image parameters, correlation processing, sub-pixel interpolation.
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