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AHHOTaIII/IH. B cratne IPOBCACH AaHAJIN3 KPUTCPUCB KA4YCCTBA OLICHKU PI306pa)KCHPII>i, MOABCPIKCHHBIX
HCKAXCHUAM THIIa «CMas3» H «I[C(bOKYCI/IpOBKa». O06ocHOBaH KpI/ITepI/Iﬁ OLICHKK Ka4deCTBa Ipouecca
BOCCTAaHOBJICHU, OHpe}.‘[eJ’[ﬂeMLIﬁ KaK CTCICHb CXOACTBA THUCTOIPAMMBI TI'PAJUCHTOB BOCCTAHOBJICHHOI'O
I/I306pa)KeHI/IH C pacCripCACICHUEM I'PaIUCHTOB SIPKOCTH, IMOJYYCHHBIM alIpUOPHO.

Kniouesvie crnosa: xauecTBo n300paxeHus, BOCCTAHOBJICHUE M300paKCHHH, OLIEHKAa KauyecTBa BOCCTAHOBIICHMS,
KpUTEpHI OCTAHOBA JIFOPHUTMA.

Abstract. The analysis of quality criteria for evaluating images susceptible subjected to distortions such
as «blur» and «defocusing» has been carried out. The criterion for assessing the quality of the recovery process,
defined as the degree of similarity of the histogram of the gradients of the reconstructed image with the
distribution of brightness gradients obtained a priori, was substantiated.
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Substantiation of the criteria for evaluating of the quality

of restoring distorted images for the iterative algorithm in correlation detection systems
A.Yu. Liplianin, A.V. Khizhniak, A.V. Sergeenko, N.V. Tsarenkov

BBenenmne

OpHuMH U3 (aKTOPOB, 3HAUUTEIHHO BIUSIONIMX HA KAYECTBO BBIXOIHOT'O CUTHAJIA, SBIISIOTCS
HCKaXCHHSI TUTIA «CMa3» U «IeOoKyCcHpoBKa». MeTo/ibl 00phObI ¢ STHMH NCKaXSHUSIMHA PACCMOTPEHBI
B [1], rie moka3zaHO, YTO WUTEPAIMOHHEIN anroputMm Jlrocu-Pruuapacona HanOonee mpearnodTUTeNIeH
B 33/1a4€ BOCCTAHOBJICHHS HM300paKCHUI C HEM3BECTHBIMH IapaMeTpaMH HCKaxaromield (QyHKIIWH.
Jis peanu3any 3TOrO anropuTMa B aBTOMATUYECKOM PEKHME HEOO0XOIUMO CHOpPMYITUPOBATH
KpUTEpUil ero ocTaHoBa. JIpyruMH CIIOBaMH, aJITOPUTM HYXHO OCTaHOBUThH TOrna, Koraa Oymer
MOJTy4eHO W300pakeHHue TpedyeMoro kauectBa. B TO ke BpeMs YHUBEPCAIbHOTO METOJA
WJIH TIOJIXO/Ia K OIIEHKE KauecTBa M300pakKeHUI HE CYIIECTBYET BBHUJY OYCHB IIMPOKOTO PA3IAYUS
TpeOOBaHUM, TPEABABIAEMBIX K ONTHYECKMM CHCTEMaM. BBIJIO CO3MaHO MHOXKECTBO Pa3IMYHBIX
CIOCOOOB OIICHKH M300paKCHUH M1 PEIICHHS CIISIU(PUICCKUX 3a]1a4, BOSHUKAIOIIUX MIPH CO3aHUU
CHCTEM TeXHUYeCcKoro 3peHus. OOmas wnaccupuKkamys OICHOK TpUBEIAcHA B [2] M OToOpa)keHa
Ha puc. 1.

CyOBbeKTUBHBIC METOIBI PEANM3YIOTCS C YYacTUEM YelloBeKa. Ero 3purenbHas cucTema moka
camMblii HAJCKHBIM WHCTPYMEHT I OIIEHKM KadecTBa W300pakeHWs. OJHAKO OIlGHKa KadecTBa
YEJIOBEKOM — 3TO 3aTPyAHUTENBHBIA W MEIJICHHBIA TPOIECC, KOTOPBIA NPEIbSBISACT TpeOOBaHUS
Y K DKCIIEpTaM, MPOBOMSAIINM OIICHKY, IMO3TOMY 3TOT IOIXOA HE SIBJISCTCS HHU OOBEKTHBHBIM,
HU YHUBEPCAJIbHBIM.
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OUEHEH KaUeCTBA

/\.

CyOLeRTHRIBLE KonugecTrennbie
AGCONHYTHRLE CpasHHTEIbHEE ‘ ABcomoTHbE ‘ CpaBHHTENEHELE ‘

Puc. 1. O6mas knaccuukanys KpUTEpHEeB KauecTBa H300paKeHUH

KonuuecTBeHHBIE KPUTEPUU, B OCHOBHOM, WCIIONB3YIOTCS B aBTOMATHUYECKHX CHCTEMax
0c3 ydacTusi 4YelloBeKa U HE KOPPEIUPYIOT C CHUCTEMOH deloBedecKoro Bocrpustus. OHU
MPEJCTABIISIOT COOOM COBOKYITHOCTh MaTEMAaTHYECKUX ONepalliii C BXOJHBIMH CHTHAJIAMHU IS
MOJTyYeHHsI HEKOTOPOW KOJIMYECTBEHHON OIICHKH.

Hacrosimue kputepun pa30uBaroTCsi Ha aOCONIOTHBIE M OTHOCUTENbHBIC. AOCONIOTHAST Mepa
MPEJCTABIISIET COOOW YHCIIO, COIMOCTaBISIEMOE JIFOOOMY H300paKCHHUI0O HAa OCHOBE aHAM3a A3TOTO
n3o0pakenus. CpaBHUTEIbHAS Mepa SBISCTCS YUCIOBBIM PE3yJbTATOM CPaBHEHUS JBYX WiH Oolee
n3o0pakeHuid. J[ns cpaBHEHHS Tak)Ke MOXKHO HCIIOJh30BAaTh aOCONIOTHBIC MEPBI, BBIYUCICHHBIC
JUTS K&KIOTO H300paKeHUsI 10 OTASIBHOCTH [3].

OcHOBHAfl YacTh

JUIss  ONTHYECKUX CHCTEM C KOPPEISAIMOHHBIM CIIOCOOOM OOHapy>KEHHS KadeCTBO
n300pakeHuss OOYCIIOBJICHO HE TOIBKO OTCYTCTBHEM ITOMEX, BHOCUMBIX CEHCOPOM, HO M TPaBUILHON
nepeqadell  (QyHKIMM  pACHpENCICHUS SPKOCTH H300pakeHUs O00BbEKTa, MPUCYTCTBYIOIIETO
Ha HaOmromaemoil  creHe. PaccMoTpuM  HamOoliee  paclpOCTPaHCHHBIE  KPUTEPUU  OICHKHU
n300paKeHUH.

HaunGonee yacTo wuCmonb3yeMble OICGHKM Ka4eCTBA H300paKCHH — 3TO CPaBHUTEIHHBIC
MephI, Takue Kak cpemHekBaapatudeckas ommbOka (CKO, MSE — B 3apyOexHBIX HCTOYHHKAX)
v nukoBoe otHomieHue curHan/myMm (PSNR — B 3apyOeKHBIX HCTOYHHMKAX), MOKa3aTelb
CTPYKTYPHOT'O TIOJIOOHS | JIp.

[ukoBOE OTHOIICHWE CUTHAI / IIyM MPECTAaBISICT COOOW OTHOIICHHWE IMHUKOBOIO CHUTHAja
K CPEIHEKBAIPATUYHOMY YPOBHIO IIyMa, OOpeeisieMOe MpPHU MOCICAOBATENbHON OIIEHKE pPa3HUIIBI

MEXK]Ty BCEMHU TUKCEIISIMU UCXOMHOTO U 00paboranHoro kasapa (1):
2

I
PSNR =10log| —=- |, 1
8 MSE o
e [’ — MakcMMalbHOE 3HAueHHe SPKOCTH, NMPUHUMAEMOE MHUKCENeM u300paxkenus; MSE —

CpemHeKBaApaTHYecKas OMMOKa MKy ABYMs H300paskeHusIMu (2):
1 & ’
MSE:_Z(Il,i_IZ,i) > (2)
i+l
rjie 7 — o0lIee KOIMYECTBO MUKCENeH B nsobpaxkenuu, I, ;, [,, — APKOCTU TUKCENEN 3aIIyMIIEHHOTO

W OPUTHHAIBHOTO U300pakeHHsI COOTBETCTBEHHO.

Meroapl, OCHOBaHHBIC Ha 3TUX OLIEHKAX, XOPOILIH I H300pakeHUH, NMEIOLINX OeNbIi mIyM.
OnHako 3TH Mepbl HEKOPPEKTHO OTPAXKAIOT CTPYKTYPHBIE HCKAXKEHUS H300paskeHHS.

Eme oxnoli pacnpocTpaHeHHOW MepOW SBIAETCS Mepa CTPyKTypHOro nomobws. Ona Obuia
npeanoxena Banrom B pabote [4] 1sist cpaBHEHUS MOMYTOHOBBIX M300paKEHHIA:

Oy 2XY 26,0,

SSIM = —————
Gy + 0Oy (X) +(Y) Gy +Oy

)
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Uem Bpbllle 3HAUYEHHE MEpBI CXOICTBA HM300paKEHHWH, TEM Iydlle BBIIIONIHEHa oOpaloTka
nzobpaxenusi. B obOmem cioydyae Mepa  CXOACTBa  M300paXEHUH  pacCUMTHIBACTCS

M N
B HETEPECEKAIOMMXCA 00aCTAX Ul KakKAOro H300pakKeHHs OTAENbHO, rae X =—22xu ;
i=1 j=1
Y=— yl ; c x,—X); c ¥ ;
N T -nN -1 1><N nEE . (M—l)(N ),ZZI(’ )3
M N
Oy = ZZ( )( v =Y ), XY — cpaBHuBaemble M300paxeHus;; M,N — pa3mepsl
(M - 1)(N )5
n300paKeHUH.

PaccmoTpeHHble BbIIIE Mepbl KayecTBa H300pa)KeHUsSl SBISIOTCS — OOLICTIPHUHATHIMU
1 Hanbollee pacTpoCTpaHEHHBIMH ISl OLIEHKH M300paskeHn U pe3ynbTaToB 00paboTku. B mocnennee
BpeMsl JUIsl COBEPIICHCTBOBAHUS KOJINYECTBEHHBIX CpPABHUTEIBHBIX KPHUTEPUEB OLIEHKH BBOIAT
JOTIONHUTENbHBIE KOI((UIMEHTH, KOTOphIE OpPMEHTHPOBAHBI HAa aJalTalyio TPEIIOKEHHBIX
KOJTMYECTBEHHBIX KpUTEpHEB Mo cucTeMy 3peHusi udenoBeka ( HVS — human vision system,
B 3apyOC©KHBIX HCTOYHMKAX). AfanTauusl 3akiovaercs B BBeAeHHMH Habopa Ko3((UIMEHTOB,
KOTOpBIC IIOJIyYEHBl SMIUPUYECKH. BBegeHHWe TakuxX TMOMPAaBOK OCHOBAHO HA OCOOEHHOCTAX
BOCIIPHATHS YEIOBEKa, a UMEHHO cHucTeMa uyenoBedyeckoro Bocnpusatus (HVS) menee uyBcTBUTENBHA
K MCKa)KEHUSIM Ha HU3KUX YacTOTaX, YeM K MCKa)KEHHSM B BBICOKOYACTOTHOW 00JaCTH. DTOT MOAXO.
HECKOJIBKO TMPHONM3UI KOJIWYECTBEHHBIE OLEHKHM K CYObEKTHBHBIM, HO MpOLecC aAarTalud
COBEpILEHCTBYETCS A0 cUX Mop. IIpu 3TOM roBOpUTE O KaUECTBEHHO HOBBIX KPUTEPUSAX [T ONEpainuit
TEXHUYECKOr0 3pEHHs HE NPUXOAUTCS BBUIAY TOro, 4ro 4yro yder HVS sBnserca axTyaabHBIM

IUISL CHCTEM O0TOOpakeHUs1 HHOPMAaLUH, a He ee 00paOOTKH.

PSNR MSE
T T 0,03

30

3
v. 308l

. | \H\ 0015 /
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Puc. 2. 3aBUCUMOCTb KpUTEPUEB OLIEHKU OT KOJIMYECTBA UTEPALIMIA BOCCTAHOBJICHUM:
a —PSNR, 6 — MSE, ¢ — SSIM

Ha puc.2 mnpencraBneHbl pe3yibTaTbl MOJAEIMPOBAHUS TpOLIECCA BOCCTAHOBIIEHUS
M300pakKeHUsT C TENbI0 TONYYCHUS 3aBUCHMOCTH 3HAUCHMU TokazaTeneid kauectBa: MSE, PSNR,
SSIM ot konuyecTBa UTEpaLIU.

Kax MoxxHO BUAETh U3 puUC. 2, MaKcUMallbHOE 3HaUeHue Bcex Tpex kputepueB (MSE, PSNR,
SSIM) nocturaercst B oOmactu 23-i UTEpalUH, YTO COOTBETCTBYET DKCTpEMyMaM Ha rpadukax.
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B To e BpeMst 3TO He COBCeM OOBEKTUBHO OTPaKaeT MPOIECC BOCCTAHOBIICHUS, YTO MOXKHO YBHUJIETh
u3 puc. 3. Ha puc. 3, a npencraBieHo UCXOAHOE M300paKeHHe, 6 — CMa3aHHOE JIMHEHHBIM CMa30M
(BemmumHAa cMasa paBHa 10 mukcensiM), Ha puC. 3, 8, 2 — PE3YJIBTAThl BOCCTaHOBIeHUS uepe3 100 u 23
WTEpaIUU COOTBETCTBEHHO. T0 ecTh mocie 23 urepanuii NCKaXXeHUe He YCTPaHEHO, a IMEHHO, MOXKHO
YBUJACTh, YTO pACIpEelICHue SPKOCTU OOBEKTOB (BEPTOJETOB) HE COOTBETCTBYET OpPUTHHAIY,
B OTJIMYHKE OT pHUC. 3, g, rae peanuszoBano 100 urepamuit. IT0 CBUAETEIBCTBYET O HECOCTOSITEIBHOCTH
ncrnons3oBanus KputepueB orneHkd Ha ocHoBe CKO. Ilokasatenm PSNR u SSIM sBnsrorcs
npousBoaHbIME 0T CKO (popmysr (1), (3)).

Puc. 3. OpurunansHoe u3odpaxenue (a), cMazaHHoe n3odpaxenue (6),
100 ureparuii BOCCTAaHOBJICHUS (8), 23 UTEpaIii BOCCTAHOBIICHHS (2)

Paccmorpum cnenyronryio rpynny kputepueB. B [5] omucaHa omHa U3 pa3sHOBHIHOCTEH
OTHOCHTEIBHOH OIICHKM HW300pakeHUH, HO 00Jiee TOAXOAANIMMY IS 3aJadyd BOCCTAHOBJICHUS
SIBJITFOTCS. HOPMBI Pa3HOCTH MEXK]IY paCCMAaTPUBAEMBIMU BETMYMHAMH, 2 UMEHHO:

81=||J;_fA
..

’ )

9

re€, —HOPMa B INIOCKOCTU U300paXeHHs], a €, — HOPMa B YACTOTHOMU IJIOCKOCTH.
Benuuunbl HOpM ompenensroTes mo GopmMyie

&= g| 7(a)-7(a) dQ(a), )

IJie a — 3Ha4eHNe APKOCTH MUKCeNs JIM00 I €, , 1100 mis €, ,  — 00aacTh MIOCKOCTH H300paKeHns
VUIM YaCTOTHOH IUIOCKOCTH, IO KOTOPOH IPOBOIMTCS MHTErpupoBanue, dC(a) — HmeMeHT IuIomaim

B 9TOM IUTOCKOCTH f — MPEJICTaBIeHbl 00a cuMBona f 1 3 , OKa3aTeNb CTEMeHH MOTOKHUTENIEH.
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Br16op obmactn (Q BakeH ¢ MPAaKTUYECKON TOYKH 3peHUS. B mpHiioKeHHsIX, B KOTOPBIX HET
TOYHOW ampuopHOW wuHpopManuu 00 H300paKeHWH, YAOOHO MPEANOIOKHUTh, YTO oOyacTh 2
MOKPBIBAET BCKO OOJACTh IIOCKOCTH HM300pa)KEHHsI WJIM YaCTOTHOHW ITUIOCKOCTH, B KOTOPOH
CYIISCTBEHHO OTJIMYHO OT HYJs W300pakeHue, Tpedyromiee BoccraHoBiieHHs. 1 oOpaTHO, korma
UCTUHHAs (popMa N300paKeHNs 3aJaHa B OTPAaHUYEHHON 00acTH ) , HAWITyYIlMe Pe3yNIbTaThl OyIyT

HOJIy4YEHBI, €CIIU TOJI0XKUTH, YTO 0071acTh (2 COBHAAAET C 00JacThiO Q) .

AHaIOroM HOPMBI Pa3HOCTH M300pa)KeHUH, B HEKOTOPOW CTENEHH, MOXKHO CUMTATh HOPMY
MunkoBckoro. JlaHHas Mepa OLleHHBAET pa3HUIY MKy ABYMs n300pakeHusMu X u Y [6]:
1/p
N p

1 M
L= M_N22|xif _yi/'| ’ (6)

i=l j=1
rae Lp — 3HAUCHHUC HOPMBI MUHKOBCKOT0. 3HAaUCHHE Lp Ipu CPpaBHCHUU UACHTUYHBIX I/I306pa)K€HI/Iﬁ

paBHO Hymo [6]. Cheayer OTMETUTh, YTO HOpMa MUHKOBCKOTO HE YYMTHIBACT CTPYKTYPHOTO MOIOOUS
n3o0paxkeHnii. B xoxe MonenupoBaHus OBLIO ONMPEIEIEHO, YTO HOPMAa B YAaCTOTHOW ILIOCKOCTH
HE XapaKTepHU3yeT MPOIECC BOCCTAHOBIICHUS M300paKeHMs, TaK KaK XapakTep 3aBUCHMOCTH (puC. 4, a)
HE MOKa3bIBAET HU CXOJUMOCTH, HU PACXOJUMOCTH MPOIECCa BOCCTAHOBIICHHUS, & COCTOUT U3 CIIy4alHBIX
(ykTyaruii. B cBoto ouepenp, HopMa B IPOCTPAHCTBEHHOW TIOCKOCTY MIMEET BHJT 3aBHCUMOCTH, CXOXKUN
¢ paccmorpennbiM Beitiie CKO (puc. 4, 6, 8), 1, COOTBETCTBEHHO, TaK K HECOCTOSTEIIbHA.

Menee pacnpocTpaHeHbl aOCONIOTHBIC KPHUTEPHUH BBUAY TOTO, YTO JOBOJBHO CIIOXKHO
COMOCTAaBUTh B COBPEMEHHON 00paboTKe M300paKCHHE U HEKOTOPOE YHUCIIO, €r0 XapaKTepu3yrollee,
XOTS CTOMUT OTMETUTh, YTO TaKOH CHOCOO OIIGHKH ITOJNIHOCTRIO XapaKTepu3yeT H300pakeHue
10 BHIOPAaHHOMW XapaKTePUCTHUKE, HAITPUMEP: KOHTPACTHOCTh, SIPKOCTh, PE3KOCTh U JIp.

OpauM W3 HanOoJIee 3HAYMMBIX a0CONMIOTHBIX KPUTEPUEB SBJSICTCS KOHTPACT M300paskeHUsI.
Haubomnee mpocTtoii cmoco® pacuera — CpaBHEHHE COCCAHHMX MHUKCEIEH B TOPU30HTAIHLHOM
Y BepTUKalbHOM HampaBiieHun. OH paccumtbiBaercs 1o ¢opmyne (7). Ilockombky m3o0OpakeHue
HMMEET CIIOKHBINA XapaKTep, TO 3TO MOPOXKIAET HEOOXOIUMOCTh TIPH OMPEACIICHHH €r0 KOHTPACTHOCTH
BBIXOJIUTh W3 KOHTpAcTa OTJCIBHBIX KOMOWHAIMN 3JIeMEHTOB u300paxenus [6]. Ilpum sTtom Bce
AJIEMEHTBI CYMTAIOTCS PABHO3HAYHBIMH, ¥ KOHTPACT KaXJIOW MX Mapbl BRIUUCIIETCs 10 dopmyse (3).
[Mukcenu mas cpaBHEHUS MOXHO BBIOMpATh pa3lMYHBIME criocobamu. HamGonee mpocToit crocod —
CpaBHEHHUE COCEAHMUX MUKCENEH B TOPU30HTATIBHOM U BEPTUKAIHHOM HAaIllPaBICHUH.

B L-L,
ToL+L]

rae L, L, — IpKOCTH SJIEMEHTOB H300paKeHHUs.

()

I[anee, MNpUMCHSA TPaBUJIO CYMMHUPOBAHUSA KOHTPACTOB, BBIYUCIIAIOT Ha6op BCIINYHH,
KOTOpPLBIC OMPCACIAIOT BOCIIPUATUC Ka)K,I[Oﬁ mapbl 3JICMCHTOB I/I306pa)K€HI/IH. HpOBO,I[ﬂ yCpEeaAHCHHUE
MaTpHUIlbl JIOKAJIbHBIX KOHTPACTOB, IMOJTYYa0OT CYMMapHBIﬁ KOHTpPAcCT.

Ha puc. 4, 2 3HAUYCHHC KOHTpACTa HC MCHACTCHA, T. €. OH HC UYBCTBUTCIICH K CTPYKTYPHBIM
npeo6pasoBaHH;1M B I/I306pa)KCHI/II/I, MMPOUCXOAAIIUM B XOA€ BOCCTAHOBJICHU .

EH_IC OJHUM HapaMeTpoOM, KOTOpLII;'I OIpeACIAACT Ka4CCTBO H306pa)i(eHHI71, SABJIACTCA PE3KOCTD,
OHa BO MHOI'OM OHNPEACIACT IMPUTOAHOCTH I/I306pa)KCHI/I$I K ,I[aJ'II:HefI].HefI 06pa60TKC. Peskocth

M300pakKeHUsT — OJTO CTEIEHb pPa3MBITOCTH TPAaHUIBI MEXKIY JBYMS COCCIHUMH YYaCTKaMH
M300pakeHUs C pa3HOUM ONTHYECKOW TUIOTHOCTBIO (IPKOCTHIO) [4].

G 1 (a) -1 (b)
S ;Tiga=—= > (8)

w w

i | — KOJTMYECTBO KPAeBBIX MUKCENEH Ha M300paxeHNH, w — MMpUHA nepenana, G — pa3HuIa MEKIY
3HAUCHHSIMU SPKOCTEH THKCemnei, 0003HaYeHHBIX ¢ u b. Takke CymiecTByeT Croco0 ompeaesieHus
PE3KOCTH U300paxkeHus ¢ moMoIIbio ero dypre-odpasa [2]:

My My
’\{ 2 = —2 = —4 N (9)

H, ©
IIe |\, — BTOpOH LEHTpPAlbHBIA MOMEHT, [, — YETBEPTHI LEHTPAIbHBII MOMEHT, G — CTaHIAPTHOE
OTKJIOHEHHE.
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Puc. 4. 3aBucHMOCTh HOPMBI (¢ — KOPPEISAIIMOHHON MTOBEPXHOCTH, O — B YACTOTHON TUTOCKOCTH)
Y 3HAYCHUH KOHTpAcTa M PE3KOCTH (8, 2 COOTBETCTBEHHO) OT KOJIMICCTBA UTCPALNi BOCCTAaHOBIICHHS

Tak Kak BBICOKMX HPOCTPAHCTBEHHBIX YaCTOT Ha PEe3KOM H300paskeHMH Oofblle, 4eM Ha
Pa3MBITOM, CIeIOBaTElNbHO, JBYMEPHOE paclpelneneHue crekTpa Pyprse Uis pe3Koro M300pakeHust
Oyner mmpe. bomee peskoMy uH300paK€HHIO COOTBETCTBYeT Oonbluas BEIMYMHA HKCLEcca
u HaoOopoT [2]. [lo MHEHWIO aBTOPOB, BEIMYMHA JKCIECCA, KAK MCKOMBIH KPUTEPHH, 3aCITyKHBACT
BHUMaHHMS, TaK KaK XapaKTepH3yeT BAXXHEHIINH dJIeMEHT H300paKeHUsI — YeTKOCTh TpaHuil. OJHAKO ero
WCTIONB30BAaHKE BEChbMa MPOOJIEMaTHIHO BBULY H3PE3aHHOCTU 3aBUCHMOCTH U TpeOyeT TOpaOOTKH.

OmnuM w3 HamOolee COBPEMEHHBIX IIOAXOJIOB K OLEHKE paboThl airopuTMOB
BOCCTAHOBJIEHUS ABJISIETCS MOAXOJ, OCHOBAHHBIM Ha aHalN3€ TMCTOrpaMMBbl I'paJueHTOB [7]. OTOT
MOAXON, TPEMUIOKEHHBI  aMepukaHCckuM  npodeccopom  Deprycom, OCHOBaH Ha  TOM,
YTO pacipeeieHne ApKOCTH Ha TpagueHTe H300pa)KeHUs MPEACTaBISETCS IJIaBHO YOBIBAIOLIIMMHU
rpaHuuamMu. Takod BuJ pacmpenencHrss OOyCIOBJIEH TEM, YTO TPaHMIl Ha W300pa)kKeHUH MHOTO
MEHbIIE YeM 00BEKTOB, AaXKe U KaJIpOB C BBICOKHM COJep KaHHuEM OOJBIIOrO YHCIIa MEIKUX IIeeH.
B xoze nckaxxeHust n300pakeHUs TPAHULBI CTAHOBSITCS MEHEE 3aMETHBIMHU, UX 3HAYEHUS HE TaK SPKO
BBIPAYKEHBI, YTO M BBI3BIBAET MU3MEHEHHE Y4acTKa TMCTOTPAMMBI, OTBEYAIOIIEr0 3a SPKUE MUKCENH,
COOTBETCTBYIOIIME TpaHHLaM Ha u3o0paxeHuu. OTcioma ciemyeT, YTo MO THCTOrpaMMe TpajueHTa
MOXHO CYIHTb, HACKOJIBKO TPaHUIBI O0BEKTOB HA BOCCTAHOBICHHOM H300paKEHHUH COOTBETCTBYIOT
opurnHanbHBIM. Ha puc. 5 mokasaHa 3aBUCHMOCTh 3HAUEHHUS KPOCC-KOPPEISAIMH OT KOJIMYECTBA
uTepauuid BoccTaHOBIEeHWs. M3 rpaduka MOXKHO YBHIETh, YTO pEIICHHE MO 3TOMY KPUTEPHUIO
YCTOIHYHBO CBOJUTCS K PEIICHUIO TIO MEPE BO3PACTaHUs KOJIMUECTBA UTEPALUA.

1

08 -

0 100 200 N

Puc. 5. 3aBucumoctb KPOCC-KOppCIAIrU OT KOJIMYECTBA I/ITCpaIII/Iﬁ BOCCTAaHOBJICHUA
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3akjoueHne

Taxum 06pa30M, B XOJ€ MPOBCACHHOI'O aHaJin3a U IO pE3yJibTaTaM MOACIHNPOBAHUSA MOXKHO
cAClIaTb BBIBOJ O TOM, 4YTO Hauboiee ONOAXOAAIUM KPUTCPUCM OLCHKU Ka4dCeCTBa IIpoHecCa
BOCCTAaHOBJICHU A I/I306pa)KCHI/I$I B aBTOMATHMYCCKOM CHCTEME MOXXHO CUHMTATh CTCIICHb CXO0ACTBA
TUCTOIrpaMMBI rpaai€HTOB BOCCTAaHOBJICHHOI'O I/I306pa)K€HI/I$I n MOJIY4YCHHBIM alpuopHO
pacrnpeaciCcHueM SApKOCTU T'paJuCHTA. HpI/I OTOM XapaKTCpU30BaThb CTCIICHbB COOTBCTCTBUA MOXHO
YCpe3 3HAYCHUC KPOCC-KOPPCIKINUU 3TUX ABYX pacnpez[eneHI/Iﬁ. 3aBHCHMOCTb U3MEHCHMS 3HAUCHUS
KpOCC-KOppCIIsIIUN IIO3BOJIACT, 3a1aBasiChb Tpe6yeMLIM Ka4€CTBOM BOCCTaHOBJICHU A,
B aBTOMAaTHYCCKOM  PCIKUME  OIIPCACINUTH HCO6X0)_II/IMO€ KOJINYCCTBO I/ITepa]_[I/Iﬁ AJIropuT™Ma
U JOCTUKCHUA NCKOMOI'O pE3yJibTaTa.
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