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MeToauKy yny4ieHns

BU3yaIN3aLyn:

YTO BO3MO>KHO M YTO HEBO3MO>KHO
caenarb
C X IIOMOUIbIO,
KOTIJa UX MCIIONTbh30BaTh

I-p Norio Fukamiy, AGAE FACG, FASGE

Crioco6bI yaydieHys: BU3YaIn3alyi NCIIONb3YIOTCS B TedeHle MHOTHUX JIeT [iist
MOBBIIIEHVS] KAYeCTBA 9HITOCKOMMYECKOI JMAarHOCTUKY. PaciblieHne KpacuTers Ha
[IOBEPXHOCTY C/IM3UCTON OOOIOUKY OBUIO OCHOBHBIM HAIIPAB/IEHVEM TAKOTO PO
yIydIIeHNI ¢ MOMEHTa ero mepsoro omucanus Tada et al. [1] B 1977 1. B mocnenHee
BpeMs1 MTOSIBU/ICH GOJIee CTOXKHDIE CIIOCOOBI KOHTPACTUPOBAHUS 9/IEMEHTOB CIIM3-
CTOJ 000JIOYKM, HAYMHAIOT HAKAIUIMBATHCA KIMHUYECKUE TaHHbIE, IOKA3bIBAKOIIIE
ux 93¢ deKTUBHOCTE.

OB30P CYLECTBYIOLMX TEXHONOMUIA

XpOMO3IHIOCKOMMSA — 9TO CIIOCO0 Yy UILIeHN UATHOCTUKY 3a00/1eBaHNIl TOJICTOI!
KMIIKI, OCYLIeCTB/IAEMbIN ITyTEM PACIBIIEHNSA CIIENMAIbHON KPACKU Ha IIOBEPXHOCTH
CIU3KCTON 000/M0uKM. I/ yCUIeHNA BU3yanM3alluy B TOJICTOM KUIIKe VICIIOIb3YIOT
JiBa Pa3/IMYHbIX MeXaHU3Ma: abCOPOLMOHHBI METOJ, OKPACK! U KOHTPACTUPOBaHNE.

ITpy mepBOM crIOCO6€ OKpAIIMBAHV IPUMEHSIOT KPaCHUTelIb, ITOIIOIAEMBIIT K/IeT-
KaMy (Halpumep, METVWICHOBBII CMHMII U KPUCTA/UIMYECKUIT (MONETOBBIA), a IpK



28 Kononockonus. Vinnocmpuposantoe pykosoocmeo

KOHTPAaCTUPOBAHUN — KpacUTe/b, 3alOMHSIIONMI TOBEPXHOCTHBIE eeKThl IS
yCUIeHMsI XapaKTepa U OKpacKu 60posfioK (HarpuMmep, MOXeT CTaTb Oojee 3aMeTHBIM
KpPAacHBIIT IIBeT KPOBEHOCHBIX COCYZOB) [2]. B TONCTOI! KNMIlIKe KpUCTa/LIdecKuit ¢puo-
JIETOBBII MCIOIb3YeTCsI KaK YCUIUTENb BU3YaIM3alMyl [PV SHLOCKONUN C YBeInde-
HIeM M300paKeHVst Iy yTOUHeHus yrayoaennit V tnia no kraccuduxanyun Kyno n
XapaKkTepy MHBA3NM, KOTOPbIE YaCTO MPUMEHSIOTCS /s ONIpefie/ieHisi IIyOMHBI MHBa-
3UY OIIYXOJIM B IIOACTIM3UCTYIO OCHOBY (puc. 2.1-2.3, a Taxke Tabm. 2.1) [3-5].

Puic. 2.1. B ToncTon Kuwke nonvn ¢ BAaBJIEHNEM OCMaTPUBAETCA NMOCSIE pacrnbIEHUA KpaCcUTeNA
NHOUTOKapMUHa. PacnbineHHbIn KpacuTenb nogyvyepKkmMBaeT yH4aCTKU fenpeccnn

Puc. 2.2. YBennyeHHoe n306paxeHre nonuna ¢ BAaBneHrem us puc. 2.1. Ha yuactke BaaBneHus
nokasaHbl caboBblpaxeHHble yrnybneHusa
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Puc. 2.3. YBennueHHoe n3o6paxkeHre yyacTka BAABEHNA NMOCe OKPACKM KPUCTannyeckim
¢uonetosbiM. OTYETIMBO BUAHbI MenKkue yrnybnenna (tvun il )

JlaHHBIN KpacKuTeNnb NpUMeHAETCA B OCHOBHOM B Asunm u pegko — B CIIA
unu Eppomne. IIpenarcTBuaAMU K IMPOKOMY UCIIONb3OBAHMIO JAHHOTO METO/A
ABJIAIOTCA: OTCYTCTBME JJOJDKHOMN IOJATOTOBKM I/ ero 3 (eKTMBHOrO MCIONb-
30BaHMSA, NIUTEIbPHOE BpeMsA NPOBEJEHNUs NPOLEeAYpPbl M CBA3aHHBIE C 3TUM
3arparhl. IIpoBefieHNe XPOMOSHIOCKONNMM TpebyeT ONMOTHUTEIbHBIX Iperna-
paToB (Kpacsiero Bemectsa) ¥ 060pynoBaHus (kKaTeTepa M/MIM LINpUIA s
pacIblIeHN).
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OpHako 6BIIO MOKa3aHO, YTO XPOMOSH/OCKONMS IMOBbIIAeT 3P HeKTUBHOCTD
OOHapy>KeHMs AUCIIA3UN Y TTALMeHTOB C BOCIIAIUTE/IbHBIM 3a00/IeBaHMeM KHUIlIed-
Huka (B3K), u, cregoBaresibHO, OBIIO PEKOMEHIOBAHO €€ MCIIONb30BaHIe Y Mally-
entoB ¢ B3K npu ckpunuHroBom o6cnemoBanny Ha guciiasuio (puc. 2.4-2.6) [6].

Puc. 2.4. Penibed NOBEPXHOCTY CU3MCTON 0OONIOUKM Y NaLMEHTa C AINTENbHO TEKYLLMM A3BEH-
HbIM KonntoM (AK) cnerka n3meHeH

Puc. 2.5. XpoMO3HAOCKONMA C pacrnbieHNeM MHAMIOKapMUHa NpoBefeHa ANA BU3yanu3aLmm
penbeda CNM3NCTON 06OSTOUKU TOTO XKe NMOPAKEHNS, UTO 1 Ha puC. 2.4
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Puc. 2.6. B ToM e oyare nopaxeHus, KOTOPbI NMoKasaH Ha puc. 2.5, CTano oTYeTnvBbIM yBenu-
ueHHoe U yTorLeHHoe TpybuaToe yrnybneHune, HaNnoMMHaloLLee ANCNA3NI0 ClIM3UCTON 060N0UKN

HoBas TexHONOrus, M3BECTHAs KaK 9HJOCKOINS C VCIIONb30BaHMEM Y3KOIIO-
nocuoit ontuku (NBI, narrow band imaging — y3kocmekTpanbHasi BU3yanusarus),
6bl1a paspaboTaHa I BU3yalIu3alyy ¢ KOHTPAaCTUPOBaHIEeM KPOBEHOCHBIX COCY-
noB [7]. Ilpyu 3TOM TEXHONOTUY CY>KMBAETCA CIIEKTP OCBEIEHNUA 710 2 OCHOBHBIX
mvH BonmH: 440-460 HM (cuHssA 4YacTb criektpa) u 540-560 HM (3e/eHas 4acTb
CIIeKTpa), IpU KOTOPBIX CBET IIOITIONIAETCA TeMOINo6uMHOM (Takum ob6pasom,
3aTeMH KPOBEHOCHBIE COCY/BL, IIPUOIIDKAET VX LIBET K YepHOMY). B cBs3u ¢ TeM,
4TO B BOPCUMHYATHIX M JKENE3UCTBIX CTPYKTYPaX MMEIOTCA KPOBEHOCHBIE COCY-
JIbI, CO3JAIOLIMe MUKPOLVPKYIATOPHOE PYCIO CIM3MCTON OOONOYKM, B PeXMMe
NBI penbed MOBepXHOCTM CIM3UCTON 0OONOUKM TAKXKe BU3YaNU3UPYETCA Jydlle
(puc. 2.7 n 2.8).

Ha poiHKe IpefcTaBIeHbl U APYTUe BUAbI YAYYLIeHNs KadecTBa M300paKeHMI.
Opnako B ormmure ot NBI oy npoBopst 06paboTKy n306paskeHns IOCIe ero momy-
YeHI, T.e. KOMIIBIOTepHOE IIPOrpaMMHOe obecriedeHne 06pabaTbiBaeT N300 pasKeHNA
HOC/Ie MX eCTeCTBEHHOro IonydeHus (Hampumep, i-Scan; Pentax Medical u FICE;
Fujifilm Corporation) [8, 9]. 9T MeTOnbI BU3yanM3aliy Ha3bIBAIOTCA BUPHIYANLHOU
XpomoaHdockonuetl.

O6pasoBaHnsa Ha Oo/ee MO3NHMX CTAAMAX MMEIOT Gojee BBICOKMIT HOMEp IIO
k1accudukauny Tunos. ITopaxenus V Tuia, BeposiTHee BCETO, CBUETENbCTBYIOT O
3710KaueCTBEHHOCTL.

IMocnegnue pa3paboTKL B 06/IaCTI TEXHOJIOIMII YBEIMYCHNA U300paskeHN Cyllie-
CTBEHHO YIyYIIM/IN KayeCTBO IIOTyYaeMbIX M300pa’KeHMIl CIM3UCTON O00ONOUKM
JKKT. OpHa u3 Takux paspaboTok — KOH(OKa/IbHas Ja3epHas SHJOMUKPOCKOIN
(KJI9) [10], xoTopass MOXKeT OBITH MHTETPUPOBAHA HELOCPEACTBEHHO B SHTOCKOI
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Puc. 2.7. He6onbluoi cnaaumnin noimn — YacTo BCTpevYaemMoe siBfieHne — paccMaTpuBaeTca
C MCMoMb30BaHVEM SHAOCKONNY B 6enom cBeTe

Puc. 2.8. XpoMO3HAOCKONKMA TOrO e Monuna, KOTopbiii NokasaH Ha puc. 2.7, B pexume NBI
€ 6nm3knm pokycom. BuaeH Tpy6uaTbin xapakTep yrnyonenui (yrnybnenns Il Tuna)

(sKJI3; Pentax Medical) [11] mnu B 30H[, MPOBOAMMBIIT Yepe3 pabodmit KaHAJI SH/[O-
ckomna (3KJI9; Mauna-Kea Technologies) [12]. 9Tu TexHONMOrMM TPeOYIOT KOHTPACT-
HOTO YCWIEHMs IyTeM BHYTPMBEHHOTO BBefeHNUS (ryopeciienHa, 9TO IIO3BOSET
IIPOBECTHU UCCIEfOBaHMe TKaHEBBIX CTPYKTYP Ha KJI€TOYHOM YPOBHE B YCTIOBUSAX in
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vivo (Hampumep, >KeTIe3NCThIX M COCYAUCTBIX CTPYKTYPp). Takue TeXHOTOTMM 4acTo
Ha3bIBAlOT BUPTYaJIbHOI I'MCTONIOTHEN, TI0/Ie 3PEHNA IIPU 3TOM COCTaB/AeT 475 1M
(3KJI9) mmm 240 nm (3KJID). [lpyras TeXHONOTMA BUPTYalIbHOI IMCTOJIOTUY, eIle
He ofo6penHas FDA, — Endocytoscopy System — sHEOIMTOCKOIIMYECKas CUCTeMa
(Olympus America, Inc) [13], B KOTOPOJT MCIIONB3yeTCSsT METU/IEHOBBLI CHUHMI HOIION-
HUTENIBHO K BM3Ya/IM3aliMi BBICOKOTO pa3pelleHus B 6eloM cBere.

HepmaBHo BeimyIeHHas sHgockommndeckas cucrema (EVIS EXERA IIT; Olympus
America, Inc.) umeeT HBOJHON MeXaHM3M (OKYCUPOBKY, KOTOPBIl BK/IIOYAET
HOBBIIL O1MM3KO(OKYCHBINT PEXUM, MO3BOJISAIOMINI SHEOCKOIMUCTY PacCMOTPEThb
[IOBEPXHOCTb BONMM3M. brrarogaps atoil cucTeMe MOXXHO yBEeIMYUTb M300pakeHne
MOBEPXHOCTY MOYTHU B 45 pas, YTO 3HAUMUTENbHO yIydlllaeT BO3MOXKHOCTY CTaH-
mapTHON aHpgockomuyu. ClefyeT OTMETUTDb, YTO XOTS 3TO YBeJIMYeHMe U BIledar-
JisIeT, BCe )K€ OHO MEHbIIIe TOTO, KOTOpoe obecrednBaeTcsi MpU TPAUIMOHHON
YBEIMYUTEIBHON 9HIOCKONNY, M MOXeT mocTturath 150 pas (puc. 2.9, 2.10) [14].
Bce crioco6s! ynyuleHns KadecTBa BU3yaniusanuy TpeOyoT X0Opoleli IOfTOTOBKY
KMIIeYHMKa K 9HTOCKOMIYECKOMY MCCIeffoBaHuIo. TijaTenbHOe yaaieHe OCTaTKOB
KaJIa WJIU CIIU3Y C IIOBEPXHOCTH CIM3UCTON 0OO0MTOYKM OKA3bIBAET OONMbIIOE BIMS-
HUe Ha KauecTBO ocMoTpa (puc. 2.11-2.13). ITocyie mONMHOM 0YNCTKY IOBEPXHOCTH
HEOOXO/[MMO BHMMATE/NIBHO MPOBECTU OOBIYHOE SHITOCKOIMIECKOe 0bOCmeoBaHme
KUIIeYHUKA IS BBIAB/IEHMA OdYara IOpakeHUs M OIpefie/ieHMs ero Xapakrepa
(HampuMep, mouIa, 0O6MACTU C MOO3PEHMEM Ha AMCIUIA3MI0, C BBICOKOI CTele-
HBIO 3/I0Ka4eCTBEHHOCTM MM MHBA3UBHOTO paka). Eciu mpuMeHsieTcss MeTOAMKA
C UCIIONIb30BaHMEM KPACUTENs, TO IOCTEe OCMOTpa CAM3UCTON 0OOOYKM Ha Hee

Puic. 2.9. 1306 paxkeHne ANCNNAcTMYECKMX UBMEHEHWIA CIIN3UCTOM 060OUKN, MONTyUYeHHbIX B pe-
xnme NBI, y naumeHTa ¢ gnutenbHo Tekywmm AK (cm. puc. 2.4-2.6)
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Puc. 2.10. YBenmueHHOe 1306paxeHue, NoayyeHHOe C MCMoNb3oBaHMeM 6nm3Koro ¢Gokyca.
OCO6eHHOCTN AUCMNIACTAYECKOTO pefbeda NOBEPXHOCTU CM3MCTON 060NOYKM cTanu Gonee
OYEBVAHBIMY NPV YBENNYEHUN N306paxeHus. TpybuaTblil 1 HECKONBbKO M3BUTON XapaKTep yriy-
6nennii (Il v IV TNoB) 3HauMTeNbHO CUibHEe BbIPaXeH, YeM HOPMaJlbHbIN XxapakTep yriybne-
Hui (1 TMN), oKpy»KaloLmx naTonornyecknii yyactok (Il una no knaccnéuxaumm NICE)

Puc. 2.11. /1306paxkeHune cuaayero noawvna, NoKpbITOro cimsbio, B 6enom ceeTe. Xapaktep no-
BEPXHOCTU 13-3a C/IN3M OTUYET/IVIBO HE BMU3yanu3npyeTcs

pacIbIIAeTCs KOHTPACTHOE BELIECTBO, YAy4YINAKIIee BU3YAIN3ALUI0 XapaKTepa
LOpa)KeHHOI 0671acTy, IpK 9TOM 0C060e BHUMAHME YHAENsIeTCs KaK CaMOMY OYary
[opa)keHusl, Tak 1 ero rpanuuam (puc. 2.14). Jlnsg onTrManbHONM BU3yanu3arum
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Puc. 2.12. ToT ke nonvn, 4to 1 Ha puc. 2.11. NoBTOpHbIe OPOLLEHNA BOLOW Yepe3 HeKOTOpoe BpemMsA
MO3BOSIN BbIABMTH HOPMaJbHBI PO30BaTbIN LBET 1 HEGOJbLLIOE YCUNEHWE COCYANCTONO PUCYHKa

Puc. 2.13. banskodokycHoe n3obpaxeHue B pexrme NBI 6onee nogpobHo oTobpakaeT cocyau-
CTbI PUCYHOK (BbICTYMNatoLWMe pa3BETBNEHHbIE U U3BUTbIE COCYAbI) C PACLUMPEHHBIMA Yrybne-
HUAMU; CNM3b, MOKPbIBAIOLLAA CIM3UCTYI0 060MIOUKY, HE MCKaXXaeT n306paxeHune

IpY VICIIONb30BAHMY KaXK[IOTO M3 KpacuTesell I0c/Ie UX PaclblIeHnsa Tpebyercs
BBLIIIOTHEHME HECKOJIbKVX LIAroB, KOTOpbIe OYAYT 006Cy>XaaTbcsA 6oJee IMOZpOOHO
flajiee B 3TOJI I7IaBe.
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Puc. 2.14. XpOMO3HAOCKONWA C UHOUIOKAPMUHOM MOKa3blBaeT rpaHuLibl ovyara noparkeHus
C YETKMM pasfeneHnem PacLLVPEHHBIX U 0ObIUHBIX YrybneHuin

METOAVKM YAYYLIEHWA BU3YANU3ALIMNS
YTO BO3MOKHO C X MOMOLLbIO, A YTO HET

XPpOMO3HJOCKONMA ¥ METOLUKU YAY4LIEHHOI BUSyanuU3ally UTPAIOT BaXKHYIO
pO/Ib B OIpefie/leHN) THUIIA OYara MOpakeH!s COIVIACHO KIaccUMKaLMU KOMOpeK-
TaJIbHBIX HOBOOOpa3oBaHMil (HampyuMep, IMIEPIUIACTUYECKUI HOMNUII, TYOyIsapHasd
ajleHOMa, BOPCMHYATas afleHOMa, aflecHOMa C BBICOKOJ CTENEHBbI0 NVCIUIA3UM WA
MHBa3UBHas ajjeHoKapuyHoMa). OHM TpU3BaHBI MOBBICUTH 3(PEKTUBHOCTD BBISB-
JIeHUs 0YaroB IOPaKeHUs B TOJCTOM KMIIKe, XOTA BO MHOTMX C/Ty4asX 9TOrO He
IIPOMICXOIMNT, TAaK KaK OOJIBIIMHCTBO KOJIOPEKTa/IbHBIX HOBOOOPa30BaHMII 1O CUX HOP
0OHAPY)XXMBAIOT U IIPY SHAOCKOINYECKOM 00C/IeIOBAaHIMN C BHICOKUM paspelleHIeM
B 6ermom ceete (9BC), make 6e3 MCIIONB30BAHNUA CIIOCOOOB YTy4IIEeHHOI BU3YasIN-
sany. Takum 00pasoM, IPeUMYIeCTBO 3TUX METOAMK IMPOSIB/IIETCS B OCHOBHOM
pu OOHApY)XeHUM IUIOCKMX, MaJE€HbKUX WM TMIEPIIACTUYeCKUX 0OpasoBaHUIL,
a o0mas uX MO/b3a, KACAIOLIAsiCsl BBISBIEHMs IIOJUIIOB U NPOQIIAKTUKY paka B
IOTOCPOYHON EPCIIeKTHBE, TI0Ka He ompepeneHa [15, 16]. IToT BbIBOJ COOTBET-
CTBYeT IaHHBIM, TTOJTy4YeHHBIM IO MCIIONb30BaHNI0 HOBOTO MeTofia NBI, koTOpbIit He
JaeT ABHBIX IPEVMYIIeCTB B CHIDKEHVM 4aCTOTBI IPOIYIIeHHbIX afeHoM [17, 18].

VInTepecHblit METOZ, — ONpefieNieHNie TUCTOIOTMYECKOTO CTPOEHNS MOIUIIOB TOICTON
KUIIKY C IOMOLIBI0 CHOCOOOB YIy4YIIEHHOM BU3yaausalyy. JTO MOXKET MO3BO/IUTD
SHJIOCKOIIICTaM B pealbHOM BpPeMeH! pelllaTh, KaKue TOMNIIbI YAA/ATD, a KaKue MOYXHO
COXpaHNTb I AMHaMMI4ecKoro HabmopeHns. HeaBHO MoABMINCH COOOLIEHNS O TOM,
YTO YyBCTBUTENBHOCTb XPOMOSH/JOCKONMY C MHUTOKAPMUHOM B ONpefleNIeHNN BUjia
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nojnuma coctapsieT 82-95%, a crennduyaHocts — 64-95% (2, 19]. O1u pesynbrarsl
00HA/IOKMBAIOT, HO He MJIea/IbHBI 110 CPABHEHMIO C II0KA3aTe/IsAMI «30/I0TOTO CTaH/Ap-
Ta» — I[UCTOIOTMUYECKOTO MccnenoBanus. CoBeplIeHCTBOBAHME METOfIA Y HAKOIUIeHMe
OIIbITa SHIOCKOIIVCTOB B [a/IbHENIIIIeM MOTYT YIYULINTD 3TN IoKasarem. [ 06001e-
HVISL YTy 4IIeHHbBIX XapaKTePUCTUK COCYAMUCTOTO PUCYHKA, 3apUCKMPOBAHHOTO B PEKIMe
NBI, 6s11a npennoskeHa MeXgyHapogHast KOMOPeKTaIbHas SHIOCKOIITIeCKas CucTeMa
KmaccuUKaLUy pe3y/IbTaTOB SHJOCKOIMY C UCIOb30BAHMEM Y3KOIIOMIOCHOI ONTMKM
(NICE) [20]. XoTst mocnenyroLye UCCIeHOBaHNs OKa3aly, YTO 9Ta KIacCuuKanms
a(dexTVBHA i1 BbIABIECHNA IyOOKOI MHBA3UM B IOJCIMSKCTBIN C/ION B IIpefienax
nopakeHust [21], Heo6XOMIMO TIPOBefieHNEe JanbHeNnX nccenoBannii. Kpome Toro,
Ha CTaJyy M3YYeHVsI HaXOMUTCS SHIOCKOIMS C yBelMYeHIEM M300paKeH s, KOTOpast
MOKeT IIOBBILIATh TOYHOCTH OIpefe/ieHyst Tiia nomumna [22, 23].

DHIOCKONNS C YBeMIeHMeM UCIO/b3YeTCs A7l IIONydeHyst 60/mee 4eTKOro 130-
OpakeHMsI 4acTy KPYIMHOro oOpasoBaHms. B cBs3M ¢ 9TUM CriefiyeT MOAYEPKHYTD,
YTO TILJATEbHbII IE€PBUYHBbIA OCMOTP, KOTOPbBII BO3MOXXE€H IIPU IPOBENEHUN
9H/IOCKONMM C BBICOKMM pa3pelIeHMEM, UTPAET BaXXHYIO POJIb B BBIABIECHUM Hal-
60s1ee TOJJ03PUTENIBHBIX YIaCTKOB B Ipefiesiax oyara nopaxeHus. Ilocme BblsiBIeHns
Hauboee MOMO3PUTEIPHOTO Y4YacTKa B IIpefieiax odara NOpakeHMs HajbHelillee
obcrefioBaHme MOXKET OBITb IIPOBEEHO C MCIIONb30BAHNEM METORUK YAYYIICHHO
Busyanusanuu (Harpumep, xpomosugockomvy wint KJI9), 4To6b! yTOYHUTD JaHHBIE.
Bce ke, Kak 1 Ipyrue cOBpeMeHHbIE METOMIbI BU3yaIN3aLVM, SHOCKONMNA C yBeIude-
HIIeM M300pa>KeHNs B OO/IBLIMHCTBE CTy4aeB OCTAETCs BCIIOMOTAaTeIbHbBIM METOHOM
VICCTIEIOBAHA B TIOBCEHEBHO IMPAKTMKE KOTTOHOCKOIINI.

Koraa ncnonb3oBATb METOAVKW YAYYLLEHHON
BU3YANN3ALIUA

Kpymubie (6onee 1 cm), miockme wim 6/moaLeo0pasHble MOPaXKEHNsI Ha IIPOKOM
OCHOBaHMY yFOOHee BCEro M3ydaTh IIPH JOIOTHUTEIBHOM VCIIONb30BAHMI XPOMOJH-
JIOCKOIINM, B CJIy4ae eC/IM OHU VIMEIOT TIOJO3PUTE/IbHBII BHEIIHWIT BUJ, VIY HedeTKIe
rpanuibl. He6ornpive monunsl (MeHee 1 cM) 63 Y3€/IKOBBIX YIUIOTHEHMUIA, TUTIEPEMUL,
YYaCTKOB BJIaBJIEHNA VM CIIOHTAHHOM KPOBOTOYMBOCTY C MEHBIIEN HOJIEN BEPOAT-
HOCTY OK&XXYTCS MPOSIBTICHMSIMY IO3[HMX CTAfuil 3/I0Ka4eCTBEHHBIX HOBOOOpPa3o-
BaHMil. VIMEHHO 103TOMY, [/Isl IOATBEPXK/EHNU HAMMYUA WIN, 4TO Go/lee BEpPOsITHO,
OTCYTCTBUsI XapaKTePHBIX MPU3HAKOB IIO3MHUX CTA/VIT 37I0KAaIeCTBEHHBIX HOBOOOpa-
30BaHMII MO>KHO MCIIO/Ib30BaTh XPOMO9HIOCKOINIO. Kak mmpaBuyo, BUpTyanbHast Xpo-
MO3HIOCKOIVIS TIPOCTA B IIpUMeHeHNH (YIIPaB/IseTCcsi C TOMOIIbI0 HAXKATVsI KHOTIKM Ha
9H[JOCKOIIe) 1 [TO3BOJISIET OO/Iee TOUHO, HeXKETM METOJ, PACIIbUIEHNS KPACUTeLs, OIIpe-
JIeTISITh pas/IMYHble TUCTOMOIMYECKIE TUIIBI 09ar0B C HU3KMM PUCKOM ITOPasKEHUSL.

Meton pacnbuleHMsa Kpacurena Hambonee 3¢GQeKTUBEH A CKPUHUHIOBOTO
06c/1en0BaHNs MALMEHTOB C BOCIIA/IMTEIbHBIMU 3a00/IeBaHUAMY KUIIEYHMKA, Yallle
Bcero ¢ xponmdeckuM K. Ceiidac yxe 0OIelIpU3HAHO, YTO XPOMOIH/OCKOMIMSA
HOBBILIAET YPOBEHb OOHAPY>KeHMA AMUCIIACTUYECKUX 3MEHEHNUIT B TOTICTON KUILKe
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y nanyenTos ¢ SK [6,24-26]. B 2004 1. Kiesslich u Neurath [27] npeRmoxXun 1cronb-
3oBarb pekoMenpanyu SURFACE [cTporuit oT60p NalyeHTOB, BbIBICHNE MI3MEHe-
HUIT CTIM3KCTOI 060/IOUKM, OC/IabyIeH e IepUCTAIBTUKY KUIIEYHIKA, OKPAIIBAHIE
TOJICTOJ KMIIKY 110 BCelt IymHe (MaHXPOMOSH/OCKOMNS), 06CIefoBaHme C pa3HBIMU
KPacUTe/SIMIY, MCCTIEOBaHNe KPUIIT U NpKIie/IbHAs OMOIICHS [Of KOHTPOIEM 9H/0-
ckorvn)] masA obecriedeHMs] MAaKCHMaNbHON 9P PeKTUBHOCTY XPOMOIHOCKOINN Y
naryeHToB ¢ SIK. ABTOpBI JYICKY TUPYIOT BOIIPOC O TOM, IPUMEHSTD TOIBKO IPHLIe/Ib-
HO€ OKpallMBaHMe VN OKpaIIMBaHMe TOICTOI KUK Ha BCeM IPOTsDKeHnu. B atux
PEeKOMEHALIMAX MIPefCTaBIeHbl 000CHOBaHNME 1 0630p HAHHOTO METOfA.

MOLWAroBbIE UHCTPYKLUW MO UCMONb30BAHUIO
METOAMK YTYYLIEHHOW BU3YANU3ALIUN

OG6Hapy>KeHle MOO3PUTENbHBIX OYaroB IOPaXKeHMs C MOMOIIbI0 SHAOCKOINY B
6eroM cBeTe, 0OBIYHOI M/ BbICOKOTO paspertenys (HD), — mepBbiit mar B MccefoBa-
Hui (T.e. B IIEPBYIO O4Yepefb C MCIOb30BaHMEM CTAHAAPTHBIX METOOB BU3ya/IM3aLNN
HeOOXO/IMO OIIPefieNTh Lie/b /IS IIPYMEHEHNIsT YTy dIleHHbIX TeXHomoruin). [l yua-
JIEHVsI OCTABLINICS C/IM3Y MM Ka/OBBIX MAacC HEOOXOAMMO IIPOBECTH OTMBIBaHIiE 30HbI
uHTepeca (cM. puc. 2.11-2.13). 9Ty 06/1acTb BHUMATEILHO OCMATPUBAIOT A1 OOHAPYXKe-
HIISI OYara IOPKEHIs],  3aTeM TIIATEIbHO ICCTIENYIOT, 9T00bI BBISIBUTD /F00bIe HACTOPA-
JKUBAIOILVie TIPU3HAKY (Ipe3MepHas IUIepeMIis, y3e/IKOBbIe YIVIOTHEHNS, y9aCTKI BJjaB-
JICHVISI VIV M3BSI3B/IEHIST), KOTOPBIE CBUIETEIBCTBYIOT O 00/1ee BHIPAKEHHOI VICIIIA3HN
YWIN HEeOIUIas!y B IIpefiefiaX odara IopakeHys. 30Ha 00pa3oBaHMs C MOJO3PeHNeM Ha
TSDKETYI0 IVCIUIA3NIO JO/DKHA OBITh 1i€IeBOJT 0OIACTBIO [ a/TbHEIIIIEr0 IeTaTbHOTO
VI3y4eHIS C IOMOLIBIO CIEAYIOIINX METOAUK YTy llIeHHON BU3Ya/IM3aL{/IL.

[NpuuenvHas xpomo3HOoCKonus

ITocne ouniieHns ovara MOpPaXKEHMsI OT KAMOBBIX MAcC 1 MPOBeNeHNsT OOBIYHO
9HIOCKONNUU B O€/IOM CBeTe CIefyeT PaclbUIUTh PacTBOp KpacuTens (0OBIYHO pac-
TBOp MHAUrokapmuHa 0,2-0,8%) HEOCPeACTBEHHO Yepe3 paboumit KaHa/I SHZOCKOIA
VIV C TIOMOIIBIO CIIeIIMaIbHOTO PacIbUINTEIbHOrO KaTeTepa. Heob6xonmumo nogoxxnaTsb
HECKO/IBKO CEKYHJ, [ OCEaHysl KpacUTe/s1 Ha MOBEPXHOCTH CIIM3MUCTON 0OOIOUKIL,
HO He JIO/Ibllle, TaK KaK KpPacUTelb JO/DKEH TONbKO MOTHOCTBIO MOKPHITH ee. Ilocre
3TOTO Cpasy ke CIefyeT IPOBECTI OCMOTP ¢ 6/13KMM POKYCcoM (ec/u BOSMOXKHO) ISt
M3ydeHusl Xxapakrepa penbeda moBepxHOCTH (Kmaccubukaiysi sIMOK M yrmyOmeHmii)
[3]. Pacibuienne MHAUTOKapMUHA MOXKHO IIOBTOPATH CTOMBKO Pa3, CKOIBKO HE0OXO-
IMMO, TaK KaK KpacuTe/b IMeeT CKIOHHOCTb K CTEKAHMIO WJIY OBICTPOMY CMBIBAHMIO.

ITpu sHFOCKOMMM C YBenM4YeHreM M300paXKeHNs Il OKpAIIMBaHMS IOBEPXHOCTHI
MOXKHO aKKypaTHO pacrmbumTb 0,05-0,1% pacTBOp KpUMCTa/IMuecKoro (hyoeToBOro
(em. puc. 2.1 n 2.3). MeTop, mydliie BCETo MOAXOANT [/Is BBUIBICHVSI XapaKTepa yIyoite-
Huit Illg n V TOoB, HO TPy [IPOBeIeHNY SHAOCKONUM C YBEIMYEHNEM N300paKeHNs
VICIIO/Ib30BAHNE ITOTO KPACUTEILS HE CINTAETCSI HEOOXOMUMBIM 1t 3 HeKTUBHBIM.
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Hpuueanaﬂ supmya’ibHas XpOMO3HaOCKOHUFI

ITocne mpoBefeHNs TMepBbLIX IIATOB, ONMMCAHHBIX paHee, MOKHO IMPUCTYINUTD K
BUPTYaNbHOM XPOMOHIOCKOIINN, KOTOpasi Ha I000i 3HJOCKOINYIECKOI CHUCTe-
Me aKTMBUpYyeTCsA HaKaTueM KHONKMU. Ilocie akTMBaIum yCcTpoOWCTBAa U IOTyde-
HUS CIIELMAaTbHOTO M300pa)KeHNUs IMPOBOAUTCA Oojlee [ieTabHAas BU3yaaM3aLlus.
Ocoboe BHMMaHIE YHEIAETCA XapaKTepy YINyOMeHMil, a TakKe COCYAUCTHIM
CTPYKTypaM, KOTOpble 3HAaUMUTENIbHO JIyullle KOHTYPUPYIOTCA B Y3KOM CIIEKTpe
cseta. Kommannsa Olympus America Inc paspaborana pexxum «6muskoro ¢poxycar,
BCTPOEHHBII B HEKOTOPbIE SHIAOCKOIIBI /ISl TOTO, YTOOBI MOMYyYaTh KaueCTBEHHOE
IpuoOMKeHHOe N300paXKe e, COOTBETCTBYIOlIee YMePeHHOMY yBenndenno. EcTp
BO3MOXXHOCTbD IE€PEKITIYATHCS MEX/Y M300paskeHUsIMMY, IOy YeHHBIMY IIPY OCMO-
Tpe B 6elIOM CBeTe ¥ NPV BUPTYANbHON XPOMOIHAOCKOMNUM, AI MX CPaBHEHMs
Win Ajsi o0erdeHus MpoBefieH sl IITATHBIX MaHeBPOB B 6elloM cBeTe (Hampumep,
YTOOBI yCTAHOBUTD SHIOCKOI HAIIPOTUB O4ara IOpaKeH)s VI aKTUBHO OTMBIBATh
€ro MOBEPXHOCTD). [/l COXpaHeHMsI PacCTOSHMS OT JIMH3bI 10 OYara MopakeHus
MOXKeT MCIONMb30BaThCA HacafiKa MIN IMPO3PAYHbIN AMCTANBHBINM KOMMAY0K — 3TO
[IO3BOJISIET IOy YUTh MaKCUMa/IbHO YeTKOe M300pakeHNe BO BpeMsl NPUOIIKeHUs
unu yBenudeHus. Ecim Hacafiky MM KO/Madka HeT B HAJIMIMY, MOXXHO UCIONTb30-
BaTb BCIIOMOTaTe/lIbHbIE 3HIOCKONMYECKMEe MHCTPYMEHTHI, TaKue Kak IeTId MIu
UTOJIbYATBI KaTeTep, 4TO IMO3BOIUT COXPAHUTh HEOOXOMMOe PacCTOAHUE MEX/Y
9H/IOCKOTIOM M 04aroM MCCeOBaHNUs.

Bupmyaanaﬂ 2ucmoJsioeud

BupTyanbHas IrMcToNOrUA, IPOBOAUMAS C IIOMOIbI0 KOH(POKaIbHOI Ta3epHOit
9H/JOCKOIINM VIV SHJOLMCTOCKOINY, 3HAYNTENbHO OTpaHMYMBaeT 00/1acTb 1McCie-
[OBaHNs, faBas B3aMeH Oorbliee yBenudeHne n3o06paxenus. s KoHPOKaIbHO
MUKPOCKOINM Iepef; Busyausaryeil TpedyeTcss BHyTpUBEHHOe BBefjeHMe (ryo-
pecuenHa. Ilepen BBeeHMeM Ipemapara CleAyeT IOATOTOBUTb BCe HeoOXOpmmoe
obopynoBanue (wratus u 3oHA it KJID mnn akrusaums KJID Ha sHpocKome).
®nyopecrienH IocCie BHYTPUBEHHOTO BBeIEHNUA pacIpefie/iAeTcs IO BCell cocy-
AMCTON CHCTeMe B TedYeHMe HECKONbKMX CEKYHJ M COXPaHseTCs Ha MPOTsKEeHUN
30 mun. OnTNManpHas BU3yanusanysi OOBIYHO HOCTUTAETCS B TedeHMe NepBBIX
8 MMH Hoc/e BBefieHusA npenapara. O6bIdHas fo3a cocTapiseT 2,5-5 M 10% pac-
TBOpa QyopecuenHa [28].

HenpepbiBHast Busyanusanys o4ara MopakeHus, 60Jbliieil YacTbio Ha €ro orpa-
HIYEHHOM Y4acTKe, IOJDKHA Ha4yaTbCA Cpasy IIOC/Ie paclipefie/ieHNs KOHTpacTa 1
TIATeNIbHO (PUKCUPOBATHCA I MOC/IEAYIOIEro aHaMn3a U MHTepIpeTanun (B Buje
Bupeosamucu win ¢ororpaduii). Ilposenenne KJID ¢ mcnompsoBaHymeM Hacamku
WIN IPO3PAaYHOro JUCTATBHOTO KO/MIAYKa MOYKET MOBBICUTD KaueCTBO MOTy4eHHBIX
M300pa’KeHNII, TOCKOIBKY 9TV YCTPOICTBA MO3BOJAIOT YAEPXKMBATb MOCTOSHHOE
paccTosiHMe B IIpOLiecce OCMOTpa MCCIeRyeMolt 06/1acTi.
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CKPUHWHT 1 KOHTPOJIb PA3BUTUA AUCNNA3SNNA
MPU BOCNAJIUTENbHbIX 3ABOJIEBAHNAX KULLEYHUKA

BaxHble cBefieHMA O TOM, KaK MOXXHO M3BJiedb MAKCHMAa/IbHYIO BBITOly M3 JjaH-
HBIX, IIOJTy4eHHBIX IPY XPOMOSH/IOCKOIINH, ObUIM OITyOIMKOBAHBI B PeKOMEH/ALVIAX
SURFACE [27], Ha xotopsele crefyeT obparuTb ocoboe BHMMaHMe. PacmbuieHue
0,1% mupuroxkapmmna wm 0,1% MeTHIEHOBOTO CHHETO MCIIONIb3YeTCs I yCUIEHUA
xapakTepa penbeda noBepxHoCTI. [TorIoe e METUIEHOBOTO CHHETO IIPOUCXOMUT 38
60 ¢, T03TOMY 9H/JOCKOIUCT JO/KEH BbDK/IATh 3TO BpeMs /IS Mpollecca OKpallMBaHUA
(HeIIpepBIBHBIN KOHTAKT pacTBOPa KPacUTeA C HOBEPXHOCTDBIO O4ara MOPaXKeHN).

ITocne mocTaTouyHOTO BpeMeHM, OTBEleHHOro Ha mposefieHne 9bC B BBICOKOM
paspelleHny, BhIIIOJIHAETCA CeTMEHTapHass XpOMO3HJocKonuA. Bo BpeMs: aToii mpo-
Leypbl PEKOMEH/1yeTCs MCII0/Ib30BaTh PaCIIbINTE/IbHBIN KaTeTep [/l pPABHOMEPHOTO
pacrpeziesieHn sl pacTBOpa KpacuTessi 0 OOJIBIION IJIOLIAM TOBEPXHOCTH, KOTOPYIO
HeoOX0aMMO HuccienoBarh y nanyenToB ¢ SIK. Beimm mpoBejeHbl HECKOIBKO MCCIIEN0-
BaHUII C BBINIOJTHEHMEM XPOMO3SH/JOCKOIIMY ITPABBIX U JIEBBIX OT/IE/IOB TOJICTONM KUK
(cermeHTapHOE 06C/IEOBaHIE BCEll IIOMIEpeYHOIT 000Z0YHOIT KMIKM) [25], HO 00BIYHO
PEKOMEHIyeTCsI CCTIefoBaHMe 60/iee KOPOTKIX YYaCTKOB UIMHOI 5-15 cM, Yepenys Ha
HIX XpoMoaHzockomio ¢ IBC Bbicokoro pasperennst. VI30bITOK pacTBOpa KpacuTesns
HeOOXOfMIMO YA/IATh, @ OCMOTP IIPOBOANTD 10 HAIIPABIEHMIO OT IPOKCHMAIBHOTO K
AVCTAIbHOMY KOHILY MCCTIeLyeMOro OTfeIa TONCToi KiK. OOBIYHbIT 00beM MeTu-
JIEHOBOTO CMHETO, MICIIO/Ib3ye€MOT'O IIPY IIOJIHOM XPOMO3IH/IOCKOIIMYECKOM MCCTIEIoBa-
Hyn y nanyenTos ¢ SK, cocrasnser or 60 go 100 My1. Bce oO6Hapy>keHHbIe I3MeHeHMA
IO/DKHBI ObITH TIATENBHO M3YYEeHbI B OTHOLIEHMN XapaKTepa sSIMOK U YITyO/MeHmil ¢
BBIIIOJIHEHMEM OMOICHUM, IIPU 3TOM Ha 00pasiax 4eTKO YKasbIBaeTcs MeCTO B3ATUA
MaTepuasa B TOICTON KUIILKeE.

KAK U3BEXXATb OCNOXHEHWIA

I[Tpu npoBeneHNN XPOMOIHIOCKONNY, B JOIIOJIHEHNE K CTAaHIAPTHOMY 9HJ0CKO-
IM49ecKoMy 060pYIOBaHIIO, CIIONb3YeTCsA TONbKO PACIblIeHNe KPACUTEIA, U TOTO-
MY laHHasi METOJVKA CIUTACTCSI HeTOKCUYHOI Y BIIOJIHE 0e30IacHOI. DHIOCKOMNA C
yBenmueHeM n306paxkeHns ob6magaeT HeOOMbLUINM HOIOTHNUTETbHBIM PUCKOM, CBSA-
3aHHBIM C UCIOIb30BaHMeM dyopectenHa (1,4%). B penkux crydasx y maumeHTos,
IIOJIBEpPraBIINXCS BO3/EIICTBUIO 9TOTO BHYTPMBEHHOTO KPACUTE/A, MOTYT Pa3BUThCA
TOLIHOTA, PBOTA U aJUleprudeckne peakuyu [28].

p,OﬂOJ'IHI/ITEJ'IbeIE COBETbI

Jns us3ydeHus o4aroB IOpa>keHUI, 0COOEHHO IIPY MUCIIOIb30BAHUU METO[UK
YIy4LIEHHOM BU3YyannU3anuy, KpaliHe BaKHO OYNCTUTb OCMAaTPUBAaEMYI0 IOBEPX-
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HOCTb, NIPeX/Je YeM IPOBOANUTDL SHOCKONMYECKOe ucciefoBanue. [Ina ynanenus
KaJIOBBIX MacC W/ CAM3Y, HIPUKPENMBIINXCA K O4ary IOpakeHys, HeoOXORUMBI
HEOJHOKPATHbIe TIOBTOPHbIE MPOMbBIBAHMSA BOJOI. 37T0KaYeCTBEHHbIE ONYXOIN Ha
TIO3JHUX CTAIUAX CKJIOHHBI K KPOBOTOYMBOCTH IIPU UX IIPOMBIBAHUN CTPYEN BOMBI
IIOfT CUZIBHBIM HAIIOPOM; C/IEJOBATENbHO, CHaYaa HY>KHO YMEHbIIUTD CUTY IIOfa4M
BOJIBL, @ 3aTe€M IIpU HEOOXO[NUMOCTHU YBEMUYUTD. [I/1s1 OKpallMBaHUs PeKOMEH/Y-
€TCA UCIIONb30BaTh PaCHbIIMTENbHbIE KaTeTEPhI, TAK KaK OHU IIOMOTalT PaBHO-
MEpHO pacIlpefie/IuTh KpacuTesb, CBOAA K MUHUMYMY oOpa3oBaHue ero n30bITKa.
Kpome TOro, pacmblIuTenbHble KaTeTepbl MOTYT MUCIONb30BATbCA B KayecTBe
MHCTPYMEHTa /I YAEPXKMBAaHUs CKIQOK CIM3UCTON OOONOYKM M COXpaHeHUs
IOCTOSIHHOTO PAcCTOSIHUA L0 HOBOOOPAa3OBaHMA [Isl IOMYYeHNUs IPUOIIKEHHOTO
Y YBEIMYEHHOTO M300pakeHNIt, 4TO aeT BO3MOXXHOCTb OCMOTPETb UCCIIELYeMblii
Y4aCTOK B HEIMOJBIVIKHOM BU/JIE (pI/IC. 2.15, 2.16). Ecnmu pacubplIuTeIbHBIX KaTeTe-
POB HeT B HaMM4NUY, B OONBIINHCTBE CTy4aeB MOXHO 00OMTICh OKpAILIMBaHIEM C
IIOMOIIBIO IPOCTOTO LINpHIia (BBOASI KPacUTeNb Yepe3 MHCTPYMEHTATbHBII KaHaJT
9HIOCKOIA). Yallle BCEro Ajist 3TOro 5 MJI pacTBOPa KpacuTeist HAOMPAIOT B LIPUL]
o6bemoM 20 Mz (15 cM® 3aHMMaeT BO3AyX). bolee KOHI[eHTPUPOBAHHbIE PACTBO-
PBI KpAaCUTeIs1, KaK MPABIJIO, MEIIAIOT IIPOBENEeHNI0 00C/Ie[OBaHMsI, 0COOEHHO pu
pacrpUleHUM MX B M3OBITOYHOM KojmdecTBe. [[s1 OLleHKM XapakTepa penbeda
[IOBEPXHOCTM B Hayajle MCCAeOBaHUsA PEKOMEHAYeTCA MCIONb30BaTh Clabble
KOHLIEHTpAallUM KPacUTeNsi, a yXKe 3aTeM IepPeXOAUTb K MCIIOIb30BAHMIO Oonee
KOHLIEHTPUPOBAHHBIX PAaCTBOPOB.

Puc. 2.15. TopueBOI KOHEL, UHbEKLVOHHOIO KaTeTepa MCnosb3yeTcsa Ana obHaxeHna He6onb-
LIOro ovara nopakeHus ¢ MOA03PEHNEM Ha Hanmnume yyacTka BgaBneHua (Mpegnonaraemas Ta-
»Kenaa gucnnasna NNy MHBa3uBHBIN pak B Mpeaenax oyara nopakeHusa)
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Puic. 2.16. Pexxim NBI ¢ 61113Kk1M GOKycOM NoKasbiBaeT 0611acTb BAABAEHWsA C 6eCCTPYKTYPHbIMU
yrny6nenvamu (V tin). IHbeKLMOHHbIN KaTeTep NO3BONAET COXPaHUTb HEOOXOAMMYIO AUCTaH-
LMI0 BO BpPeMsA NPOBeAeHA AeTaIbHOro UCC/IEA0BaHNA XapaKTepa NopaxeHna

3AKNIOYEHUE

HecmoTps Ha TO 4TO OCMOTp B 6€/10M CBETe OCTaeTCs OCHOBOI 9HOCKOINYECKOTO
MCCTIeNOBAHMSA TOJICTON KUIIKY, CYIIECTBYIOT TAKXKe MHOTOYMCTICHHbIE CIIOCOOBI YIy4-
meHus Busyammsanyy. OHM obecrieunBaloT HoaydeHue Oonee cPOKYCHPOBAHHBIX U
Ka4eCTBEHHBIX M300PaXeHNUIT CIU3MUCTON 000/IOUKY TONCTON KULIKM 1 e TIOPaXKeHMIL.
OTO MO3BOJIAET BBIAB/IATD U U3YYaTh HOJIMAIIBI VU IPYTMe 00pasoBaHMs, a TAKKe pas-
pabarbiBaTh MHAMBMAYa/IbHBIC Haubomee 060CHOBAHHbIC IUIAHBI 9HTOCKOIMYECKOTO,
Me[MKaMEHTO3HOTO MM XMPYPrUYECKOro jedeHns. B aToit 06/1acTti mpogomKaTCcs
JaJIbHeIiIINe Pa3pabOTKIL, 1ie/Ib KOTOPBIX — pellleH)e BOIPOCa, KaKie METOfbI Ty dIle
BCETO IOIXOAT /11 KOHKPETHBIX CUTYaI[VIL.
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