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A METHOD FOR DETERMINING THE AREA OF
A MATERIAL (TISSUE) DEFECT IN GUNSHOT
DAMAGE USING A LUXMETER
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ABSTRACT

The article describes a new method for determining the area of a material (tissue) defect in
gunshot damage, which was developed for forensic and medico-legal practice. The method is based
on the use of a portable luxmeter, which allows calculating the area of the damage using an original
formula based on three illuminance measurements. Announced as an invention, this method has
been successfully tested in experimental and practical activities, demonstrating high accuracy,
objectivity, reliability, and speed. It minimizes measurement errors and significantly reduces the
laboriousness of determining the sought parameter compared to existing analogues, thereby fully
meeting the requirements of forensic practice. The effectiveness of the proposed method is con-
firmed by the results of experimental studies, in which defects in targets made of vacuum rubber
were examined using a universal experimental firing setup and 9-mm pistol bullets fired from a
Makarov pistol with a lightly used barrel. A relationship was established between the area of dam-
ageof the bullet entry and the velocity of the bullets, provided the mechanism of their formation
was the same.

KEYWORDS: tissue loss, area, luxmeter, measurement, formula, calculation
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CNOCOB ONPEAENEHWA NAOLWAAN OEDEKTA
MATEPWAJIA (TKAHW) B OTHECTPE/TbHOM MY/TEBOM
NOBPEXAEHUW C MOMOLLbBIO JTOKCMETPA
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[na baxTaase

KaHanaar lopugnyeckux Hayk, JOUEHT Kagheapbl yroaoBHOMro npasa
u npoyecca CaHKT-I1eTepbyprckoro PUANYECKOro MHCTUTYTA,
Poccus, CaHkT-lleTepbypr

Ema

il: bagied@mail.rg, Eeb59-3132@yandex.ry

Cepreun XypuwyasH

JOKTOP TeXHUYECKUX HayK, Mpoheccop, CTapluni Hay4HbIi COTPYAHUK Bcepoccuvickoro Hay4yHo-
UCCNeN0BATeIbCKOr0 MHCTUTYTA MOTOYHOM MPOMbILLIEHHOCTH,
Poccus, MockBa

Ema

il: xca020149@rambler.ru

ABCTPAKT

B crarbe onmmcaH HOBBII crioco6 ompenenenus mwiomany fedexra Matepuana (TKaHu) Ipu
OTHEeCTPe/IbHBIX ITy/IeBbIX TOBPEXIEHISX, Pa3paboTaHHbII /IsI KpUMUHATUCTIIECKON U CYAeOHO-
MeJIUIIMHCKOI TPaKTUKNU. MeTos 0CHOBAH Ha MCII0/b30BAHNM IEPEHOCHOTO TIOKCMETPa, KOTOPBIN
II03BOJISIET 110 OPUTMHANBHOI (HOpPMYy/Ie BBIYMCIUTD IUIOMAJb ITOBPEXAEHNS Ha OCHOBE TPEX
M3MepEHMIT OCBEIEHHOCTH. JIaHHBIil C110c06, 3asAB/ICHHBI B KaueCTBe U300pETEeHNs, YCIEIIHO
arpoOMpOBaH B XOfie 9KCIIePYMEHTAIBHOI 1 TPAKTNIECKOIT AesITeTbHOCTH, IPOeMOHCTPUPOBAB
BBICOKYI0 TOYHOCTb, OOBEKTMBHOCTD, HOCTOBEPHOCTb M OHEPaTMBHOCTb. OH MUHUMUBVPYET
HOTPEIIHOCTY M3MEepPEeHWiT ¥ 3HAUUTEeNbHO CHIDKAET TPYLOEMKOCTb OIpefeNeHNsi MCKOMOTO
ImapaMeTpa II0 CPaBHEHMIO C CYLIECTBYIOI[MMMU aHA/JIOTaMy, IIOJIHOCTBIO YIOB/IETBOPAS
TpeOOBaHUAM CYAeOHO-IKCIePTHON NPaKTUKN. IPPEKTUBHOCTD IPENIOKEHHOI0 Crocoba
HOATBEPXK/IeHa Pe3y/IbTaTaMM 9KCIEePUMEHTA/IbHBIX MCCIEOBAHUIL, B KOTOPBIX C IIOMOIIBIO
YHMBEPCA/NbHO YCTAaHOBKM ISl 9KCIEPMMEHTATbHOM CTPeIbObl M 9-MM IMCTONETHBIX IIYIIb,
BBICTPE/IEHHBIX U3 MICTONeTa MakapoBa ¢ MaJIOM3HOLIEHHBIM CTBOJIOM, OBUIV M3Y4YeHBI leeKThI
MMIIEHe}! Y3 BAaKyyMHOJ pe3MHbl. YCTAaHOBJIEHA 3aBJMCMMOCTb IUIONIAZM BXOJHBIX ITYT€BBIX
HOBPEXIEHUII OT CKOPOCTY ITy/Ib P OXMHAKOBOM MeXaHU3Me X 00pa3oBaHus.

KJTIOYEBBIE C/TOBA: «MUHYC» TKaHW, naouanb, NIOKCMETP, M3MepeHne, opmya, pacyér

linfo@heraldotlaw.com

o
=)
=
b
E.
5
\%
2
3
&
_i
S
B

actfelxeq BK |



mailto:info@heraldoflaw.com
http://www.heraldoflaw.com
mailto:info@heraldoflaw.com
https://doi.org/10.52340/26679434/H.12.4
https://doi.org/10.52340/26679434/H.12.4
mailto:bagied@mail.ru
mailto:geb59-3132@yandex.ru

g
N
5
=]
S
S
b
S
]
g
§
i3}

b33>h0ICNL 33563 12/2025 o #12

BCTYNJIEHNE

HacToswan pabota OTHOCUTCA K TEXHUKE UC-
CnegoBaHMA CNefoB NPUMEHEHUA OTHEeCTPe b-
HOrO OPY*KMA U MOXKET BbITb UCMO/Ib30BaHa NPK
NpPo13BOACTBE KPUMMUHANNCTUYECKMX U cyaeb-
HO-MeAULMHCKUX SKCMepTU3 Ana onpeaeneHmns
naowaau aedekta matepuana (TkaHu) B orHe-
CTPENbHOM MyNEBOM MOBPEKAEHUN.

70T AedeKT:

a) BO3HMKaeT Ha AUCTaHUMW Heban3Koro
ny/sIeBOro BbICTPENa;

b) xapakTepeH ana BXoAHbIX NyneBbIX No-
BPEXAEHUA MaTepuabHbIX (6MoNornyeckux
N Hebunonornyeckmx) o6 BHEKTOB;

c) obpasyeTcsa B pesynbTate BblOMBaAHUA
nynen, HaaeNEHHOM BbICOKON KMHETUYECKOMN
SHepruen n AencTByloWEen Kak NpoboMHUK
WKW AbIPOKOA, MaTepuana (TKaHW) nperpaabl
B MecCTe BHeApeHus;

d) bakTHYecKM npoaBnseTcA B HEBO3MOMK-
HOCTM 3aKpbiTb 06PA30BaBLUMINCA pPa3pbIB
CONNKEHNEM €70 KPaEB;

e) BrnepBble OTMEYEH BblAAOWMMCA XMU-
PYProm 1 0OCHOBOMONOXHMKOM BOEHHO-Noe-
Bon xupyprum H.U. Muporosbim (1810-1881),
NOACHUBLUMM, YTO «OTBEPCTUE BXOAa nyne-
BOM paHbl MATKUX YacTen oTan4yaeTca <..>
TemM, YTO OHO coeauHeHOo 6biBaeT Bcerga C
noTepeto CywectTsa B Koxe <..>. OTBepctue
BbIXO4a, HAaNPOTMB, Mbl HUKOrA4A He 3ameyva-
v Kpyribim. OHO o4yeBUAHO 0b6pasyeTca Ypes
OAMH TONBbKO Pa3pbiB KOXKK, 6e3 notepu eé

CyLLEeCTBa, UK, MO KpaHel Mepe, C NoTepeto
CyLLLeCTBa HECPABHEHHO MEHbLLEID, HEXKENN B
OTBEpPCTMM BXOAa»;*

f) xopowo n3BecTeH KpUMMHANUCTAM, MO-
HUMaIOLLMM MO, HUM «OTCYTCTBME YacTu Ma-
Tepuana (Bewectsa) NoparkEHHOro OOBLEKTA],
BbIOBMBAEMOro CHapsAoMm (Nynen) CTpenKkoBoro
OTHEeCTPEeNbHOro OPYXMUA NPU CKOPOCTH, 61Kn3-
KOW MW NPEBbILLAIOLLEN CKOPOCTb 3BYKa;?

g) MMmeeT ewWwé oaHO Ha3BaHWE — KMWHYC
TKaHW», npeanoxeHHoe M.U. Packnum n H.®.
*nsoaéposbim;?

h) 3aBucuM OT maTepuana MULIEHMU, eé
bU3MKO-TEXHUYECKNX, MEXAaHUYECKUX, CTPYK-
TYPHbIX U TEOMETPUYECKMX CBOMCTB, KOp-
PennpyoLLMX MNapameTpoB MOPAXKaKoLLEro
OrHecTpenbHoro cHapsaga (maccbl, ¢dopmbl,
Kannbpa, [O/IMHbI, KOHCTPYKTUMBHOM cheuu-
dMYHOCTM M MaTepuana M3roTOBAEHUA) U
ocobeHHOCTeN ero B3aMmMogencTemaA ¢ nopa-
¥KaeMblM 0OBEKTOM, a TaK¥Ke OT ero aHeprum
M CKOPOCTM B MOMEHT MOPaXKeHuUs;

i) BXOAUT B MWHMMANbHYO COBOKYMHOCTb
CBA3AHHbIX M B3aMMOCBA3AHHbIX KAYECTBEHHbIX,
KOZIMYECTBEHHbIX M OTHOCUTENbHbIX LOMUHUPY-
IOWMX MHPOPMALMOHHbBIX MPU3HAKOB, XapaK-
TEPU3YIOLLMX MEpPY BXOAHOIO OFHECTPENbHOrO
NyJeBOr0 MOBPEXKAEHWNA, OTPAXKAIOLLYHO KUHe-
TUYECKYHO SHEPTUIO MOPAXKAIOLLETO OrHECTPEb-
HOro CHapA4a, OLEHWB KOTOPYI MOXKHO YyCTa-
HOBWTb PACCTOAHUE Ha AUCTAHLMM HEBAM3KOIOo
nyneBoro BbicTpena* n3 KOHKpeTHoro obpasua
OFHECTPENbHOTO OpPYXKMA MO NPea/I0KEHHOM

1 CpaBHuTe. Muporos., H.W., 1849. OTUET 0 nyTewecTBMmM No KaBkasy, coaepxalinii NONHYI0
CTAaTUCTUKY amnyTaummn, CTaTUCTUKY onepauuin, NPON3BeAEHHbIX HA NONe CPaXKeHus 1 B
pa3nunuHbIX rocnuTansx Poccny ¢ NOMOLLbIO aHECTe3MPOBaHKSA, ONbITbl U HabnaeHNs
Ha[ OrHecTpenibHbiMM paHamu u npod. / [Cou.] H. Muporosa. CaHKT-MeTep6ypr: Tun. 3.

Mpaua, c. 215-216.

2 CpasHuTe. benkuH, P.C,, 1999. KpumnHanuctmka: yueb. cnos.-cnpas. MockBa: lOpucTs, c.
104.

3 Cm.: Pauckuud, M.W. u )Xueodepos, H.Q., 1936. «MWHYC TKAHW» MNPU OFHECTPEeNbHbIX
nospexgeHusax. HayuHble Tpyabl CapaToBCKOro rocCyfapCTBEHHOro MeauUUHCKOro

MHCTUTYTA, 1(3), c. 159.

4 Cm.: dobhody, 3. @ 3gomEg30, 03., 2023. bobosdsmommmm 9gb3gMm@Hndedn FgEbbobMmm-
0 00M3MNEb HYy300b gobMmmeab oMy sbmm dobdomab oEaggbnb Mebodgmm-

<Ettgs:22doi.or§

369, 8, c. 6. [MHTepHeT] focTynHO no aapecy:

0.52340/26679434/H.8.1> [laTa o6paweHuns 11.11.2025].
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METOoAMKE® U PEKOMEHA0BAHHOMY a/IfOPUTMY C
NCMNONb30BaHNEM KOMMbIOTEPHOM NPOrpaMmmbl
«BHewHaAa 6annnctuka, sepcma 1 (000 «bapc
NHTepHewHN», 1996).5

j) HapgenéH onpeaenéHHou naowagbto,
PacyéT KoTopoWn npeacTaBAseT coboi Bak-
HYIO MPOMENKYTOUHYIO cyaebHo-6annmcTmye-
CKYyl0 3aZayy, OT MPaBW/bHOrNO paspelleHuns
KOTOPOW 3aBUCUT BO3MOXKHOCTb KOHKpPETU3a-
UMM paccToAHMA 3a Nnpeaenamm 6an3Kom guc-
TaHUMM NYNeBOro BbICTPENA MO KOHKPETHbIM
YrONIOBHbIM AeNlaM, BO3OYKAEHHbIM B CBA3MU
C UCNONb30BaHUEM OTHECTPENbHOTO OPYKUA
B NPOTMBOMNPABHbIX LENAX.

OCHOBHOW TEKCT

MN3BecTeH cnocob onpeaeneHuns naowaam
AedeKTa TKaHW B OrHeCTpe/NbHOM My/eBOM
NnoBpeXaeHUN, npegnoxeHHbin HO.B. Manb-
uesbiMm (1986).” OH OCHOBaH Ha HaHECEeHWUU
Ha ¢oToM30b6parKeHNne MOBPEXAEHMA Mac-
wrabHoOM ceTKM C nomouwbio GOTOyBEANYU-
TeNA U PYYHOM NOACYETE AYeeK. ITOT MeTo4,
Mcnonb3yemblt B KayecTBe aHanora, obna-
AAeT CyLWeCcTBEHHbIMN HegocTaTKkamu. K Hum
OTHOCATCA HU3KaA OOBEKTUBHOCTb, BbICOKasA
TPYAOEMKOCTb M MOBbILWEHHAA BEPOATHOCTb
OWMOBOK 13-3a YenoBeyeckoro pakTopa.

Mo cBoelt cyTn, cnocob ManbLesa sBAAETCS
moaubuKaumern bonee paHHUX NAAHUMETPU-

HERALD OF LAW www.heraldoflaw.com

YeCKMX MeTOAOB OLEHKM MAOLWAAM pPaHeBbIX
NOBEPXHOCTEN, B Uncie Kotopbix cnocobbl J1.H.
Monosoi (1942) n Bb.H. MoctHKKoBa (1949).
MeTopn, lMonoBoK 3akNo4aeTcA B HaHECEHUU
KOHTYPOB MOBPEKAEHUA Ha CTEPUNbHBIN Len-
nodaH, KOTOPbIA 3aTemM HaKMagblBaeTcA Ha
MWAIMMETPOBYIO Bymary ana noacyéra nnao-
waaun.t Metog, MocTHUKOBA, pa3paboTaHHbIN
ANA 0XOroB, NCMONb3YEeT AHANOTUYHBIN NPWUH-
uMn, HO NpeanonaraeT Bbipe3aHMe KOHTypa C
Mapan man uennodaHa Ana nocnenyrowero
pacyéTa naowaam no MUAIMMeTpoBon byma-
re.’ B HalWu AHM 3TW pyYHble meToabl Monosoi
1 NOCTHMKOBa BO MHOTOM YTPaTW/IM CBOIO K/U-
HWUYECKYH0 aKTya/lbHOCTb, MOCKONbKY YCTYNUAN
mecTo 60onee TOYHbIM 1 COBEPLLIEHHbIM CMOCO-
6am. Mx ncnonb3oBaHWE MOXKET ObiTb Onpas-
AAHO /NMWb NPU OrpaHMYEHHbIX pecypcax u
OTCYTCTBUM COBPEMEHHbIX TEXHONOTNI, BHeE-
APeHne KOTOPbIX COMPAXEHO CO 3HaYuTe/b-
HbIMW GMHAHCOBLIMM 3aTpaTaMn U TpebyeT
Hanuuma KeBannMdMLUMPOBAHHOIO nNepcoHana.
Kpome TOro, npyM KPUMMHANNCTUHYECKOM U Cy-
AebHO-MegMLMHCKOM  UCCNefoBaHUM  OrHe-
CTPENbHbIX MOBPEXAEHUN, UMEOLWMNX MaSible
pa3mepbl U HEPOBHbIE Kpad, 3T MeToAbl AB-
NATCA MANONPUMEHUMbIMU N He obecneun-
BalOT Tpebyemon ToyHocTM. OfHako, BBUAY
oTCyTCTBMA 6ONee coBeplleHHbIX anbTepHa-
™B, moandukauma K0.B. lanbuesa go cmx nop
NpPUMeHseTca B cyaebHO-3KCNepTHOM NpPaKTU-
Ke, HECMOTPA Ha NpUcyLwme e HeOCTaTKM.
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HBTAMdAY naida)

5 Cm.:Tanbues, t0.B. n baxTaase, 3. OnpegeneHne CKOPOCTU MYAN U PACCTOSAHMA HEBNN3KOIO
BbICTpesa M3 PY4YHOrO HAPE3HOro OPYXWUsi Mo 06BEMY BXOAHOIMO OFHECTPEeNbHOro
noBpexaeHua: metod. nocobme. Tounucu: BK KI'b CCCP, 39 c.

6 Cm.: baxtap3e, 3. u Tlanbues, 0.B.,, 2000. KomnnekcHasa MeToAuKa onpegeneHus
paccToAHusA B Npeaenax AUCTaHumMm He6IM3KOro NynieBoro BbicTpesna. Bonpochl cyne6Hon
MeanuMHbI 1 npasa: c6. Hayy. Tp. Camapa: CamIMY, c. 24-26.

7 Cm.: Tanbues, 10.B., 1986. Cyne6HO-MeANLIMHCKOE onpeaesieHne CKOPOCTU Myun Mo 06beMy
MPUUMHEHHOTO €10 OTHECTPEe/IbHOTO NoBpexaeHus: (3KcneprMeHTanbHoe nccnefoBaHue):
OUC. ... KAHA. mef. HayK: 14.00.24. NleHunHrpag: BMegA nm. C.M. Kuposa, 173 c.

8 Cm.: CaBueHko, 10.MN. n ®epnocos, C.P, 2007. MeToabl onpefeneHns pasmepoB paHeBoOW
NOBEePXHOCTW. BecTHUK xupyprum um. U.1. Tpekosa, 166 (1), c. 103; lepun, 3.K., 3HOBbLEB,
E.B., KpaiiHiokos, MN.E. n ap., 2022. MeToabl onpeaeneHns naowaam paHeBon NoBepPXHOCTH.
BoeHHO-MeaNLMHCKNI XypHan, 343 (3), c. 63.

9 Cm.: NeTpos, C.B., 1999. O6was xupyprus. CMé6.: laHb, c. 577.
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Ha atom ¢oHe 3a 6amKanwmnin aHanor (npo-
TOTMN) NPUHAT cnocob onpeaeneHa UCKOMOro
napameTpa, BKAYaloLWmii: a) doTorpadupoBsa-
HMe Ha uMbpoBOE YCTPOMCTBO AedeKTa KOXKMN U
pa3smeLLEHHOro pPAAOM C HUM YC/I0BHOIO 3Tao-
Ha nJowaau B BUAE KBagpaTta NPUHATOrO pas-
Mmepa (10x10 mm, 20x20 Mm 1 Ap.) 1 3agaHHOTO
ugeta Ne 1; b) nepeHoc nony4yeHHoro LmppoBo-
ro nsobpaxeHus Ha 9BM; c) n3meHeHue LBeTa
TOYeK M306parkeHns, He OTHOCALLMXCA K YCNOB-
HOMY 3Ta/IOHY NAOLLAAN U AedEKTY KOXKU, Ha 3a-
AaHHbI uBeT Ne 2; d) onpeaeneHne KonnyecTsa
TOYEK LMPOBOro M306parkeHUs, OTHOCALLMXCS K
YCNOBHOMY 3Ta/IOHY MAOLWAAM, MYTEM MOACYETA
Konmnyectsa Touek ugeTa Ne 1; e) onpeaeneHue
KonmnyecTsa ToYeK LumMdpoBoro n3obpakeHus, He
OTHOCALLMXCA K YCIOBHOMY 3TajIOHy niowaam
N aedekTy KOXn, NyTEM NoAcYETA KOAMYEeCTBa
Toyek useta Ne 2; f) BbluMCieHME KoM4ecTBa
TOYeK B M300OpaXKeHUN aedeKTa KOXKM KaK pas-
HULpBI MEXAY 0BLMM KO/IMYECTBOM TOYEK LNd-
POBOro M306parKEHMA M CYMMOMN KOIMYECTBA TO-
yek ugeta Ne 1 1 useta N2 2; g) pacyéT niowaam
nedeKTa KoxKu no popmyne:

__ N nedexra

Sncr}mh"ra Sa'rannHa '

N »rajioHa

roe:
Sﬂeq;ema — naowaab aedekrta (Mm?);
Saranona — NaoLWaab 3TanoHa (cm?);
Nﬂe{pema— KOIMYECTBO TOYEK B LMbPOBOM
n3obparkeHnn gedekra;
N, ranoma — KOMYECTBO TOUEK B LIUGPOBOM

n306paxkeHnm atanoHa.™?

3710 Hanbonee 6aM3Koe NO COBOKYMHOCTU
NPU3HAaKOB TEXHUYECKOE peLlleHne MUMEET pAL
K/K04EBbLIX HEA0CTATKOB, B YNC/1€ KOTOPbIX:

1) 4yBCTBMTENBHOCTb K YC/IOBUAM CbEMKU
M KauyecTBy M3obpaxkeHns. TouHoCTb cnocoba
3aBMCUT OT BHELHMX GaKTOpPOB (OCBELLEHMS,
paKypca) U XapaKTepucTuk umdpposBoro m3o-
bparkeHua (paspelweHuns, wymos, apTedak-
TOB C)KaTWA), YTO MOXKET NPUBECTU K 3HAYU-
Te/IbHbIM NOTPEeLIHOCTAM;

2) CNOXKHOCTb KaNMBPOBKM MO 3TaIOHHOMY
06pasuy. Mpouecc ycnoxkHaeTca HeobxoaMmo-
CTbto 06A3aTeNbHON KaIMBPOBKM C MOMOLLbHO
obbeKkTa M3BecTHOM naowaan, 4to Tpebyer
TLLATENIbHOrO COBN0AEHMA NOEHTUYHDBIX YC1O-
BMI CbEMKM N TOYHOTO NO3ULMOHUPOBAHUS;

3) cyb6beKTUBHOCTb M CNOXHOCTb Bblaene-
HuA pedeKra. Mpouecc otaeneHma agedekrta
OT $OHa, BbINOMHAEMbI BPYYHYI MAU MNpPO-
rPaMmMoNn, 3aTPYAHEH M3-3@ HEYETKUX, pas-
MbITbIX TPAHWUL, KOTOPble MOryT CAMBATbCA
C OKpyXalouwein 340poBoi Koxkel. Hannume
ocobeHHOCTEN KOXHOro MnOKpoBa (Hanpwu-
Mep, BOCMasieHMA UM NMOKpacHeHuA) aena-
€T BblAeneHune rpaHul, HeoH6beKTUBHbBIM, YTO
NPUBOANT K MNOTpPelHOoCTaM Mnpu noacyéTte
NUKCcenen n CHUXKaet obLyyo 40CTOBEPHOCTb
NTOrOBOro U3MEpPEeHUA NaoLWwaau;

4) TPyAOEMKOCTb M MHOTO3TanHOCTb NPO-
uecca. Cnocob TpebyeT nocnenoBaTenbHOro
BbINO/IHEHUA HECKO/IbKMX, B TOM YMCae pyd-
HbIX OonepaLuuin, YTo AenaeT ero AJANTeIbHbIM
N HeyaobHbIM;

5) cnoxHocTb aBTomaTtu3auuu. [lonHaA
aBTOMaTM3aumMA npouecca 3aTpygHUTeNbHa
M3-3a HEOHXOAMMOCTM TOYHOrO BblAeNeHuUA
aedekTta Ha HeogHopoaAHOM POHeE;

6) npobnembl c NpeanokeHHon dopmy-
N0, KOTOpasA IOrMYECcKM BEPHA U NPAMO ce-
AyeT M3 OMMCaAHHOro anropuTma, OCHOBAH-
HOro Ha NPOMNOPLMOHANIBHOM COOTHOLIEHUM
nukcenen v naowageit. OaHako B oNnUcaHUK
dopmynbl yKazaHo, 4To S,qed]er{'r'a namepsa-

10 Cm.: Mat. Ha n306p. 2301626 C1 PO, MMK A61B 10/00 (2006.01). Cnoco6 onpeaeneHus
nnowaan aedekTa KOXU U KOHTPONA eé uameHeHun |/ aBTopbl U NaTeHToo6nagaTenu:
t0.M. CaBueHko, C.P. ®epocos, A.M. MnakcuH. N2 2005135783 /14; 3aaBn. 17.11.2005; ony6..

27.06.2007, bron. N2 18.
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etca B MM%, @ Sipanona — B CM2. Mpu Takom
HEeCOOTBETCTBUM UTOTOBbIMA pe3ynbraT byaer
HeBepHbIM. YTOObI M36eXkaTb OWWOKKM, He-
obxoaumo nnbo npusectn obe niowaan K
OAHOM eaunHuue u3mepeHusa, nmbo p[oba-
BUTb B GOpPMY/Yy NepecHETHbIN KO3OPULIMEHT.
MHbIMK cnoBamm, obe nnowaan B dopmyne
[AONXKHbI ObITb YKa3aHbl, Hanpumep, B Mm%, B
NPOTMBHOM Cny4yae cneayet Aob6aBUTb COOT-
BETCTBYHOWMA KO3IODUUMEHT, NpU BKAKOYE-
HUW KoToporo dopmyna byaeT UMeTb cneay-
fowmnii BuA;

__ N pedexra
nedpexkra — )

S (SaTanoHa ) 100)!

7) HeobxoaMmOCTb ero aganTtauuu AnA
MCNONb30BaHUA B KPUMWMHANUCTUYECKUX U
cynebHo-meanUMHCKUX Lenax, obycnosnex-
HaA:

— CNNOXKHOCTbIO BblAeNIeHMA KOHTYpa. B oT-
IM4ne OT NPOCTbIX, OTHOCUTENIbHO POBHbIX U
YETKNX fedeKToB KOXKM (Hanprumep, Npu OXKo-
rax, TPOPUYECKMX fA3BaX U OTMOPONKEHUSAX,
ANA KOTOPbIX, BEPOATHO, U pa3pabaTtbiBanca
METOA,), OTHECTPE/IbHbIE MOBPEKAEHUA MOTYT
MMEeTb pPBaHble, HEYETKME KPasa N 3HaUYUTENb-
Hble Pa3pyLIEHNA TKAHEN BOKPYr NoBpexae-
HWA, B CBA3M C YeM TOYHOEe BblAe/IeHNe KOH-
Typa aAedeKkta ANA aBTOMATU3MPOBAHHOIO
NnoAcYéTa NUKCenem MOXKET Bbi3BaTb 3aTpya-
HEHMA N NPUBECTU K OLLIMOKaMm;

- Hannumem cneunounyeckmx nomex. [o-
NONHUTE/NbHbIE Ccneapl BbicTpena (MoAcok
06TUPaHUA, OTNIOKEHMA KONOTU U T.4.) MOTyT
nomewaTtb NPaBUAbHOMY pPaCcMO3HABAHMIO
rpaHuy aedekKra;

— OrpaHMYeHHOM aBTOMaTM3aumnein. Cnox-
HOCTb MOP®ONOTMN OTHECTPENbHBIX NYNEBbIX
NOBPEKAEHMN MOMKET NnoTpeboBaTb Py4YHOM
KOPPEKTUPOBKM KOHTYPOB AedeKToB MmaTepu-
anoB (TKaHeM), KoTopasa CHUXKaeT addeKTuB-
HOCTb MPOTOTMNA;

- TMNom matepwuana. MpuHumn noacyéra
nuKcenem W UBETOBOrO BblaeneHuA cpaba-

N aranoHa
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TbiBAeT NPU AOCTAaTOMHO BbICOKOM KOHTpacTe
Mexay nedeKToM M OCTa/ibHOM NOBEPXHO-
CTbto. Ha maTepmanbHbIX 06bEKTAX CO CNOXK-
HOW TEKCTYpOW, BAeCTALLMNX UIN TEMHbIX MO-
BEPXHOCTAX MOTYT BO3HUKHYTb TPYAHOCTU C
L,BETOBbIM pacno3HaBaHUEM.

HacTtoswaa paboTta HanpaBneHa Ha pe-
lWeHMe 3agaum cosgaHma crnocoba onpege-
NeHuva naowaam gedbekta matepmana (TKaHu)
B OFHECTpe/sibHOM My/IeBOM MNOBPEXAEHUN
B MHTeEpecax cyaebHO-3KCNepTHOM MpPaKTu-
K1, obecneuymBaloLLEro BbICOKYO TOYHOCTb,
0b6BEKTMBHOCTb, [AOCTOBEPHOCTb W oOnepa-
TMBHOCTb MOJIyYEHMA MCKOMOrO napameTpa
NP 3HAYUTENIBHOM CHUMKEHUU TPYAOEMKOCTU
npouecca No CPaBHEHUIO C CYLLECTBYOLLUMM
aHasnoramMm U MUHUMM3ALUWN BIUAHUA Yeno-
Beyeckoro gaktopa.

YKasaHHaA 3ajaya AoCTuMraetca NyTém
pa3paboTaHHOro Hamu ¢GOTOMETPUYECKOTO
cnocoba onpegeneHna naowaan pedekrta
MmaTepuana (TKaHM) B OrHecTpe/fbHOM ny-
nesom nospexaeHnn. Cnocob ocHoBaH Ha
NPUMEHEHUN NIOKCMETPa - MNepeHOCHOro
npubopa Aona M3MepeHUs OCBeLEHHOCTU. B
npougecce M3MepeHns onpesenstoT TpU 3Ha-
YeHUs OCBELEHHOCTM, Ha OCHOBE KOTOpPbIX
PaCcCYMTbIBAIOT 3HAYEHNE MCKOMOW NAOoLLaAN
no popmyne:

_ So (N = Ny)
TN, - N

roe:
S, - niowans GOTOYYBCTBUTE/IbHOW MO-
BEPXHOCTU JIHOKCMETPaA, 3HAYeHWe KOTOpOW
YKa3aHO B ero TEXHUYECKOM AOKYMEHTaUMuK;

N, — 3HayeHMe Ha4a/bHOrO CUrHasa
NIOKCMeTpa 6e3 maTepuana (TKaHW) C orHe-
CTPEeNbHbIM MyNEBbIM NOBPEXKAEHUEM;

N, - 3Ha4YeHue CWrHana, noay4YeHHOro
NPW HaNoXeHUU Ha (OTOUYBCTBUTENBHYIO
NOBEPXHOCTb JIIOKCMETPA HEMOBPEKAEHHOIO

yyacTKa uccnesyemoro matepuana (TkaHm);
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N - 3HaueHue curHana, nosy4eHHoro npu
HanoXeHUM Ha POTOYYBCTBUTENbHYIO MO-
BEPXHOCTb /IOKCMETpA Yy4yacTKa maTtepuana
(TKaHM) C OrHecTpenbHbIM NyneBbiM NoBpe-
XKOEHUEM.

MpasunbHOCTM AaHHOU dopmynbl U pa-
60TOCNOCOBHOCTb MpeasioxeHHoro crnocoba
onpegeneHua naowaau aedekra matepuana
(TKaHM) B OrHeCTpeNbHOM My/IEBOM MOBPEXK-
AEHUU C MOMOLLbIO IOKCMETPA NOATBEPKAAET
cnepytolLee matemaTnyeckoe ob60CcHOBaHMeE:
Ny =@y (So — Sy)T + @Sy, = Sy T — PpSyT + PoS, =

Ny + DS, (1— 7).

S Nx _Ni Nx _Ni

_ _ _ So (e =Ny
@1 - 1) %(1
0

- 1) a Ny(1=7) °

M
c])l)SOI

T=

So (N, = N,) _ So (N, = N,)
Ny — N,

5. = —
No (1 _sfq':c.)

»

roe:

S, - nnowasb GOTO4YBCTBUTE/ILHOTO C/105
JIOKCMETpa;

S, - naowagb NoBpexAEHHOro matepua-
na (TKaHu);

N, = ® S, - Ha4YanbHbIA CUrHaN NtOKCMe-
Tpa;

®, - CBETOBOM MOTOK B Mpouecce usmepe-
HUSA;

N, — curHan NtOKCMeTpa, COOTBETCTBYHO-
WM LenbHOMY maTepunany (TKaHu);

N, = &S, - koapduumeHT nponyckaHus
MmaTepuana (TkaHm).

MoNoXMTENbHbIA TEXHUYECKUIN pe3yib-
TaT, NO/ly4aeMblil NPU UCNONb30BAHUM Halle-
ro NPeasoXKeHUs, 3aKNYAETCA B CO34aHUM
doTomeTpuyeckoro crnocoba onpegeneHuns
naowaan gedekta matepuana (TKaHu) B or-
HecTpesibHOM My/1eBOM MNOBPEXAEHUN, KO-
TOpPbIA YAOBNETBOPAET NoTpebHocTM cyaeb-
HO-3KCNEPTHOM MNPAKTUKK, MUHUMUIMpPYET

MOrpPeWwHOCT U3MEPEHUIN, YCTPaHAET BAUS-
HUe cybbeKTUBHbIX GAKTOPOB M 3HAYUTENBHO
CHUMKAEeT TPYA0EMKOCTb NpoLecca No cpaBHe-
HWIO C U3BECTHbIMM aHANOraMMu.

OcCHOBHble NpenmyLLecTBa NPeasioKeHHO-
ro cnocoba No CpaBHEHWIO C 3anaTeHTOBaH-
HbIM MPOTOTUMNOM CBOAATCA K CAeAyoWEeMYy.

Bo-nepBbIx, NPOCTOTa M AOCTYNHOCTb. B OT-
IMyne oT NPoTOoTMNa, TPEDYIOWEro C/I0XKHOro
W 40POrocToALero annapaTHoro (umndposoi
doToannapat, NepcoHanbHbIA KOMMNblOTEP)
N nporpammHoro obecneyeHus, npeanarae-
MbI1 cnocob peannsyeTca ¢ NOMOLLbIO MNPOo-
cTOro, Hegopororo n obLenoCcTynHOro Npwu-
6opa — NtoKCMmeTpa.

Bo-BTOpbIX, CKOpPOCTb. B TO Bpema KakK
NPOTOTUMN BK/OYAET B ceba HECKO/bKO Tpy-
AOEMKMX 3TanoB, TaKMX KaKk ¢oTorpadmpo-
BaHMe, nepefaya AaHHbIX Ha KOMMblOTeEp,
0bpaboTka M30bparkeHui c onpeaeseHnem
KONIMYEeCTBa TOYEK (MUKCENEel) B HAX U PaACYET,
npeanaraemblit cnocob nossonseT NpounsBo-
ANTb U3MEPEHUA U BbIYMCNEHUA B pexume
0onepaTUBHOCTU.

B-TpeTbMx, MoOpTaTMBHOCTb M YyaAo06CTBO
npumeHeHus. B otanume oT cnocoba-npoto-
TMMa, OCHOBAHHOMO Ha 3a4eiCTBOBaHUN He-
CKOJIBKUX YCTPOMCTB dUKCcaUMmM 1 obpaboTKu
AaHHbIX (Kamepa, KoMnbtoTep), 3asBAEHHbIN
cnocob peanusyeTca c nomoubto 6onee nop-
TATMBHOIO JIIOKCMETpPa, BecbMa ya06Horo ana
MCNONb30BaHMA AaXe Ha MecTe npouclle-
CTBUA (B NONEBbLIX YCNOBUSAX).

B-4eTBEpPTbIX, YCTPAHEHNE BANAHUA CYyOb-
eKTUBHbIX pakTopoB. CNocob c MCnoNb30BaAHMK-
€M /IIOKCMETPA HEeWTPasIn3yeT XapaKTepHYHo
ANA NPOTOTMNA 3aBUCUMOCTb Pe3ynbTaToB OT
YC/IOBUI CbEMKM, XapaKTEPUCTUK LMPPOBOro
n306parkeHnn, KaMbpoBKN MO 3Ta/SIOHHOMY
06pasuy M KayecTsa Py4YHOro Man nporpamm-
HOTO BblAe/IeHNA KOHTYpa AedeKTa, a 3HAUUT,
YCTPaHAET KAoYeBble NCTOYHUKM MOrpeLlHo-
CTeEM U MUHUMU3UPYET CYOBEKTUBHOCTb NpU
onpeaeneHnn NCKOMOM NaoLaam.
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TAB/TNLA 1. Pe3ynbTaTbl IIOKCOMETPUUECKUX U3MEPEeHUI nnowaau aedeKToB
maTepuana muwieHen B 3aBUCUMOCTU OT CKOPOCTU Ny/b

(3kcnepumeHTaNbHbIE AaHHble)

KOHTaKTHaA cKopocTb XapakTep orHecTpesbHbIX Pe3ynbTaTbl U3MepeHui ¢
Homep cepun .
nynb, noBpeXKaeHuMn NOMOLLbIO JIIOKCMETPOB
3KCNepUMeHTOB
m/c
1-ada cepusa 289,8-312,5 CKBO3Hble MOBpeXKAeHMA =2,520,2
P TS PemA =10,2£3,2
2-as cepus 187,3-212,4 CKBO3HbIe MOBpPeKAEHMUA =8,0£0,3
P ST pera =12,041,5
=19,4+1,4
3-a cepua 95,3-115,2 CKBO3Hble noBpexKaeHna =16,042.0
4-ana cepun 58,2-85,7 MoBpexaeHna 6e3 npobutna | NamepeHus He NPoOM3BOAUNUCD

B-nATbIX, yNPOLWEHHOCTb peannsaumnm 3a-
ABNEHHOro crnocoba, MCKAOYaloWasa npucy-
LWy Ana npoToTMna HeobxoammocTb Bonee
C/NIOXKHbIX BbIYMCNEHUIM U BbICOKON KBanndu-
Kaumu onepaTtopa.

B-wwecTbIx, ecan cnocob-npoToTun, No cyTy,
ABNAETCA YCOBEPLIEHCTBOBAaHNEM BM3YyasIbHO-
ro KOHTPOAA 3a CYET uMdpoBon 06paboTKK, To
3aABNeHHbIA GOTOMETPUYECKMIA cnocob npea-
CTaBNAET cO6ON KayecTBEHHO HOBbIN YPOBEHb,
rapaHTUPYOLWNN 6onee ToYHble, OO BEKTUBHbIE
1 BOCNPOM3BOAMMbIE UTOFOBbIE pPe3y/bTaThbl 3a
CYET nepexofa K npAmomy ¢usnMyeckomy ms-
MEPEHNI0 OMTUYECKMX CBOWCTB M3MepAeMOM
MOBEPXHOCTM, @ He ONOCPefO0BAaHHOMY aHANN3Y
eé UMPPOBOro N306parKeHUA.

Takum o6pasom, NpPesnoXKeHHbIN Hamu
cnocob 3HauMTeNbHO YyNpoLLAeT, yaelesna-
€T M COKpalLaeT npouecc nonyyeHuna bonee
TOYHOro, OOBEKTUBHOrO M BOCMPOM3BOAMU-
MOFO LEeNeBoro pesysnbrata B MNOJHOM COOT-
BETCTBUKN C TpeboBaHMAMKW ONepaTUBHOCTH,
AOCTOBEPHOCTU, Hay4YHON 06OCHOBAHHOCTU U

BEPUDUULMPYEMOCTM 3aKAOUYEHUIN CcyaebHbIX
3KCNepTms.

Ona  noateepXaeHna 3PpdeKTMBHOCTM
npeasioXKeHHoro GpoToOMETPUYECKOrO CMOCo-
6a 6bl10 NpoBeAeHO 3KCNEepPUMMEHTAsNbHOEe
nccnenoBaHMe, B Xo4e KOTOPOro M3y4vanacb
3aBUCUMOCTb Mexay aedeKkTom maTtepuana
B 06/1aCTM OrHecTpesibHbIX NOBPEXAEHUNA U
CKOPOCTbIO 9-MM MUCTONETHbIX Nyab. B Kave-
CTBE MWLLEHEN MCMNO/Ib30BaNacb BaKyymMHas
pe3nHa. CKopocCTb Nynb BapbMpoBaaach ¢ no-
MOLLbIO peayunpoBaHHbIX 6oenpunacos B
AnanasoHe o1 58,2 10 312,5 m/c. Ona nsmepe-
HMA Naowagn aedeKkToB maTtepuana C nmue-
BOVA (S,) M NPOTMBONONOXKHOW (S,) NOBEPXHO-
CTU MULUEHEN UCMO/Ib30Ba/INCh JIOKCMETPbI:
TKA-NMKM (05) (amana3oH ocBeLlWEHHOCTH
— 10-200 000 nK, poTOMeTpuyecKasa ronos-
Ka — auametp 40 mm) n TKA-/lioKc/ITanoH
(amanasoH ocsewéHHoct — 10-50 000 nK,
doTomeTpuyeckaa ronoBka — pguametp 36
MM). MonyyeHHble pe3ynbTaTbl NpeacTasie-
Hbl B Tabaunue 1.

1 Mogpo6bHee cm.:. baxtag3e, 3. m Tlanbues, [0.B., 2024. BO3MOXHOCTWM WCMONb30BAHNS
peayumpoBaHHbix (NpuBeaéHHbIX) 6oenpunacos B 60pbbe C BOOPYKEHHON NPECTYMHOCTbIO.
AKTyanbHble npobnembl npaBoseaeHus, 4 (84), c. 27-31; baxtaase, 3. u fanbues, 10.B., 2024.
K Bomnpocy 06 ncnonb3oBaHuK peayumpoBaHHbix (MpuBeaéHHbIX) 60enpunacos B cyaebHo-
6anNMCTUUYECKNX MNCCeaoBaHNaX. TaTULLEBCKME UTEHUS: aKTyanbHble NPO6/eMbl HAyKN ©
NPaKTUKK: MaTep. XX MexxayHap. Hayu.-npakT. KoHd.: B 2-X T. (. TonbaTTyn, 18-19 anpens 2024 1),
T. 1: AKTyanbHble Npo6emMbl OPUANYECKON HAYKN. AKTyanbHbie Npo6aembl MHGOpMaTH3aLm
HayKu 1 Npou3soacTsa. TonbATTn: Bomk. yH-T um. B.H. Tatuwesa, c. 80-83.
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MNosacHeHus K Tabaunue 1:

a) BbICTpenbl NPOM3BOAUNUCL B BaKyyM-
HYIO pe3nHy TonawmHoh 4,25+0,02 mm 6e3
TBEPAOW NOANOXKKM;

b) uccnepoBaHue cocTosNo U3 YETbIPEX
Cepuii 3KCNEPUMEHTOB, KarK4ana M3 KOTOPbIX
BKAtOYaNa 24 3a4€THbIX ONbITA;

C) B 3KCMepuMMeHTax WCNoab30Banacb
YHMBEpCanbHaa YCTaHOBKA A4/1A 3KCNepUMEH-
TaNbHOM CTPesnbobI;

d) orHecTpenbHble MNOBPEXKAEHUA NPUYU-
HAANCL 9-MM MUCTONETHbIMW MNYAAMMU, Bbl-
CTpeneHHbIMKU M3 NuctosieTa MaKapoBa ¢ ma-
JIOU3HOLWEHHbIM CTBOIOM;

e) pedekTbl MaTepuana mulleHeln B obna-
CTW BXOAHbIX U BbIXOAHbIX NyNeBbIX NOBPEXK-
OeHU 0603HaYeHbl KaK U COOTBETCTBEHHO.

Pe3ynbtatbl cTatMcTMyecko 06paboTKu
NONYYEHHbIX AAHHbIX MOKAa3a M, YTo NOWAaab
nedbeKToB maTtepmana B 061acTm BXOAHbIX Ny-
NeBbIX NOBPEXAEHMM ( C BbICOKOM CTeNeHbto

poctoBepHoctn (p<0,01) 3aBUCUT OT CKOpoO-
CTV NyAun (NpY OAMHAKOBOM MexaHu3me 06-
Pa30BaHMA NOBPEXAEHWNI), UTO NOATBEPKAA-
eT 3pPpeKTMBHOCTb 3aABNEHHOrO cnocoba.

3AKJTIOMEHUE

MpeanoreHHbIM Hamu cnocob onpeaene-
HUA naowaan aedekTa TKaHW B OTHeCTpesb-
HOM MOBPEKAEHMM C MOMOLLBIO IIOKCMETPA:

1) 3aABneH B KauecTse M306peTeHna B de-
OEPanbHyO CAy»KOYy No MHTEeNNeKTyasbHOM
cobcTBeHHOCTM Poccuinckolt Pepepauny;

2) ycnewHo anpobupoBaH B Xo4e Hayu-
HO-3KCNEPUMEHTANbHOM U NPaKTUYECKon ae-
ATENbHOCTWU, MOATBEPAMBLLEN €r0 TOYHOCTb,
06BEKTUBHOCTb U 3PPEKTUBHOCTb B CTPOrOM
COOTBETCTBMM C TpeboBaHUAMM OnepaTUBHO-
CTW, OCTOBEPHOCTU, HAay4YHOU 060CHOBaHHO-
CTM U BEPUOULUPYEMOCTU 3aKIOYEHUN Cy-
AebHbIX 3KcnepTus.

BUB/TNOIrPADUS:

Ucnonb3oBaHHaa auTepaTypa:

1. bBaxtaase, 3. n Tanbues, H0.B., 2024. Cnocobbl
onpeneneHusa aedeKkToB maTepmanos (TKaHel)
MULLIEHEN MPU OrHECTPesbHbIX MOBPEXKAEHM-
AX. AKTya/ibHble Npobaembl NpaBoBeaeHus, 3
(83), c. 27-34.

2. baxtagse, 3. un lanbuyes, H0.B., 2024. OrHe-
CTpenbHbli aedeKkT maTtepuana (TKaHU) MU-
WeHN Kak Beaywmin ¢aktop onpegeneHus
paccToaHuA HebaM3KOro NyaeBoro BbiCTpena B
cynebHoln akcnepTnse. TaTULLEBCKME YTEHUA:
aKTyasbHble NpobsemMbl HayKM W MPAKTUKMK:
MaTtep. XX MexayHap. Hay4y.-MpaKT. KoHo.: B
2-x 1. (r. TonbaATT, 18-19 anpens 2024 r.), T. 1:
AKTyanbHble NPobiembl LOPUANYECKON HAYKMN.
AKTyasnbHble Npobaembl MHGOPMATU3ALLMM Ha-
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