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Pe3lome

CyLuecTByloLLMe METOAbI NEYEHMS KaNUMNAPHON aHTMOAMCINA3MN KOXM, BKHOYas «Nna3epHyto» (OTOAECTPYKLIMIO, HEAOCTATOYHO APDEKTUBHbI
1 HEpeaKO MPUBOASAT K HEXenaTenbHbIM TEPMUYECKUM MOBPEXAEHNAM W OCTIOKHEHNSM B Buae pybLOBOA AechopMaLmmn KOXHOrO NOKpoBa.
B cBs3n ¢ aTum npobrnema KOPPEKTHOTO yCTpaHEeHUs 3TOW COCYAMCTON NaToONOoruy NPOAOIKAET 0CTaBaTbCs aKTyamnbHOM 1 TpebyeT fanbHei-
Lero pelwenus. Lenb. U3yunTb xapakTep TEPMUYECKIX NOBPEXKAEHNIA U PaHEBOW PereHepaTUBHBIA NPOLIECC NOCne BO3RENCTBUS «3ENEHOMo»
Na3epHOro M3Ny4YeHUs C ANUHOI BOMHbI 525 HM ANs Leneil CeNneKTUBHON OTOAECTPYKLMN CyBanuTenuanbHbIX NaTonornyecknx CoCyamncTbIX
CTPYKTYP, BKITIOYas aHrMOAMUCNNA3uMIo kanunnsapos Koxu. Mamepuan u memodsil. WiccnenoBaHue in vivo BbINONHEHO Ha rpebelukax 6enbix
XMBBIX Kyp Kak 610M0ryeckon Mogenu CoCyancTbIX CTPYKTYP C UCMONb30BaHUEM 3KCEPUMEHTANLHOTO 00pasLia TREPAOTENLHOIO Na3epHOro
annapara, reHep1pyHOLLEro «3eMeHOe» Na3epHoe N3nyyeHne ¢ ANVHON BomHbl 525 HM, umetowee 6nuskne nuku k03ULMEHTa NOMMOLLEHNS
reMornobnHOM 1 OKCUreMornoBbuHOM, CoAepXaLLMXCa B kanunnsapax koxu. Ha ocCHoBaHUM MOPEOMOTMYECKNX MAKPOCKOMMYECKMX 1 TMCTONO-
TMYECKNX UCcneaoBaHui Gbina u3yveHa 0cobeHHOCTb NOBPEXAEHNS U AMHAMUKM NPOLIECCa PereHepaLim B 30He BO3AEACTBIUS 3TOr0 U3nyJe-
HWS Ha MOENK COCYANCTBLIX CTPYKTYP. Pe3ynbmamsl. Ha OCHOBaHUW 3KCMEpPUMEHTANbHOTO UCCreaoBaHus bbina oTMeyeHa n3bdupartenbHas
choTogecTpykums cybanuTenmanbHbIX COCYANCTBIX CTPYKTYP rpebeLlkoB  MUHMMAMNbHOE NOBPEXAEHUe ANUTENNS, BKIYas 30Hy ero pocta.
B yuacTkax Bo3geicTBMs OTMEYEHO nobeneHne 1 BbipaBHUBAHWE NOBEPXHOCTH 3a CHET 3aKPLITUS NPOCBETOB COCYAO0B B CyOanuTenmansHom
30He 1 0bpa3oBaHMs Tam CMOs KOMMareHos3a, a Takke Hamuyue aNUTENU3aLuu paHeBo MOBEPXHOCTH B uanonornyeckie cpokn 6e3 ob-
pa3oBaHus pybLOBOV AedopmaLmn KOXHBIX MOKPOBOB. 3aknioyeHue. MoaTBep)aeHa CenekTUBHOCTb BO3AENCTBUS «3ENEHOro» nasepHoro
n3ny4enus 525 HM Ha cybanuTenuansHble CocyanUCTble CTPYKTYPbLI MPU MAHUMAmNbHOM MOBPEXAEHUM KOXWU. OTO ONPEeAenuro nepecnexkTuBy
€r0 CMoNb30BaHMS AN Lieneil CENeKTUBHON (OTOAECTPYKLMN KanUMNSAPHOM aHrMOANCTINA3NK KOXN 1 JOCTIKEHNE XOPOLLEro KIMHUYECKOTo
1 3CTETMYECKOTO pesynbTata NeYeHus.

KnioueBble cnoBa: 1a3epHoe U3NydYeHUe 3e/1eH020 CrekmpanbHo2o duanasoHa, cenekmusHas oomodecmpykyusi, aHauoOuUCnnasus Koxu,
mopghonoauyeckoe uccredosaHue.
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Abstract

Rationale. The existing techniques for treating skin capillary angiodysplasias, including «laser» photodestruction, are not effective enough and
often cause undesirable thermal damage and cicatricial deformities of the skin. Thus, the effective removal of this vascular pathology is still
relevant and requires further solution. Purpose. To study the nature of thermal injuries and wound regenerative processes after «green» laser
irradiation with wavelength 525 nm so as to find out if it may be used for selective photodestruction of subepithelial pathological vascular struc-
tures, including angiodysplasias of skin capillaries. Material and Methods. Scallops of alive white chickens were taken as a biological model of
vascular structures for in vivo studies. An experimental solid-state laser generating «green» light with wavelength 525 nm was used. This laser
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light has similar peaks of the absorption coefficient of hemoglobin and oxyhemoglobin which are found in skin capillaries. Features of damage
and dynamics of regenerative process in the irradiated area were studied at the model of vascular structures using findings of morphological
macroscopic and histological examinations. Results. Findings of the present experimental trial have inspired that selective photodestruction
of subepithelial vascular structures of scallops is possible with minimal damage to the epithelium, including growth zones. In irradiated areas,
one could see whitening and smoothing of the surface due to closure of vessel lumens in the subepithelial zone and formation of collagenosis
layer there, as well as epithelialization of wound surface in physiological terms without any formation of cicatricial deformation of the skin.
Conclusion. The selective effect of 525 nm «green» laser light at subepithelial vascular structures with minimal skin damage has been confirmed.
It opens a way to apply this light for selective photodestruction of capillary angiodysplasias of the skin with good clinical and esthetic outcomes.

Key words: laser light of green spectral range, selective photodestruction, skin angiodysplasia, morphological studies.
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BBEOEHWUE

KanunnsipHas aHrmogucnnasus KoXxu — 310 natorno-
TMYECKN pacCLUMPEHHbIE Kanunnsapbl, pacrnonoXeHHble
nog 6a3anbHON 30HOW pocTa anuaepmuca, fokKanmayeT-
cs B 60-80% cnyyaeB B obnactu nuua, Len n BEPXHNX
oTAenax TynoBuLLa, Pexe — Ha KOHEYHOCTSIX. Y HOBOPOX-
AeHHbix BcTpevaertcs B 0,3-0,5% cnyyaes, a y geten
cTapLuero Bo3pacra B cpefHeMm B 2,6% [1-4]. JaHHas co-
CyAmMcTas NaTonorns MoXeT NPUBECTU K Pa3BUTMIO KOMIT-
rekca HenonHOUEHHOCTH y pebeHka, CHU3UTb KayecTBO
XWU3HM He TONMbKO camoro pebeHka, Ho 1 BCel ceMbh [5].
B cBS13M C 3TUM NEYeHre KanunnsapHOW aHrmogmcniasum
NPeacTaBnseT 3HAYMTENBHYH0 COLManbHY0 Y MEAULIMH-
CKyto npobnemy, 4to obycnaenueaet HeobXoaAMMOCTb ee
CBOEBPEMEHHOIO 1 3(PMEKTUBHOTO NEYEHNUS.

B HacToswee BpeMs hOTOAECTPYKLUMIO Na3epHbIM
M3ny4yeHnemM cumTatoT Hanbonee ahHeKTUBHBIM 1 Nepc-
MEKTUBHBIM METOAOM NEYEHNS KAaNUNASPHON aHrmoamen-
nasum koxm [6-8]. OgHako 1 NpK 3TOM METOAE HEe UCKITHO-
YaETCA HEKOHTPONMPYEMOE TEPMUYECKOE MOBPEXAEHUE
BCEX TKaHEBbIX CTPYKTYP KOXW, B NOCMeayoLLEM pa3Bu-
Tne pybuoBon gechopmaLimm KOXHOro NOKpoBa, rmnepnur-
MEHTaLWWN 1 APYrnX HeXenaTteribHbIX NOCNEACTBUI B 30He
Bo3gewcTaus [2, 4, 9, 10].

Takum obpasom, Ha CerogHsHUA AeHb HWU OOWH
13 BblLENPeACTaBNEHHbIX OBLWMX U MECTHLIX METOLOB
HE MOXET rapaHTUpPOBaTb XOPOLLMWIA KNMHUYECKUIA U 3C-
TETUYECKUI pesynbTaT NeYeHns KanunnspHon aHrMoauc-
MNasum KOXu.

B cBsa3u ¢ aTvm npobnema neyeHns 4aHHOW NaTonormm
0CTaeTCs HEAOCTATOYHO PELLEHHOW, YTO OnNpeaenser He-
00X0AMMOCTb AanbHENLWErO MCCNeaoBaHUS MO CO34aHNI0
HOBOro cnocoba gotogecTpykumu, obecnevnBatoLLero
MPeuUmn3noHHOE 1 OOQHOBPEMEHHO LasLlee ycTpaHeHue
JaHHbIX cybanMTenuanbHbIX NATONOrMYECKUX COCYANCTbIX
CTPYKTYp. ATOT cNocob A0MKEH ObITb OCHOBAH Ha NPUH-
LmMne npaBunbHOrO Beibopa NapameTpoB NasepHOro 13-
nyyeHus, 06ecnevnBaroLLMX CEeNeKTBHOCTb BO3OENCTBMUA
Ha naTtonoruyeckme cybanutenuanbHble COCyaucTbie
CTPYKTYPbI KOXW NPU MUHUMANbHOM NOBPEXAEHWN 3NK-
TenuanbHbIX TKAHEeN.

OfHUM 13 OCHOBHbIX )aKTOPOB, ONPEAENSIOLLMX Y-
OVHY NPOHUKHOBEHUS NTA3ePHOro M3nyyYeHus B OMOTKaHb
1 CENEKTMBHBIN XapaKTep ero nornoLweHns pasnuyHbIMu
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afnieMeHTaMn OGUOTKaHW, ABMAETCA ANMHA ero BOn-
Hbl [6, 11].

Ha coBpemeHHOM aTane nasepHoe u3nyvyeHue xern-
TO-3€MEHOT0 CMEKTPAIbHOTO AManasoHa paccMaTtpusaioT
B KayecTBe Hanbonee nepcnekTMBHOM M ONTUMAsbHO pe-
3yNLTATUBHOTO ANS YCTPaHEHUs pasfMyHbIX NaToormye-
CKUX COCYAMCTLIX 0Opa3oBaHuWii KOXW, BKIOYas ee kanur-
NApHYI0 aHrmogucnnasunio. CenekTnBHbIN POTOTEPMONN3
OCHOBaH Ha n3bupaTenbHOM MOrfoLWeHUN NasepHoro
N3MYYEHUS KENTO-3eIEHOM0 CMEKTPanbHOro gManasoHa
MUrMEHTOM remMorniobMHOM C NOCNeayHoLLEN Koarynsaumnen
copepKaLLlei remornobuH TkaHu cocyamncTbix obpasosa-
HW, B OanbHENLEM UX CKINepOo3NpOBaHMA U PErPECcCHm
C MUHUManbHbIM TPAaBMaTUYECKUM KOMMOHEHTOM KOXHbIX
CTPYKTYp, BKMoYas 30Hy pocTa [2, 4].

Ha ocHoBaHMM CNEKTPOB NOTMOLLEHUS CBETA XPOMO-
dhopamm KON MOXKHO OTMETUTb, HTO «3efIEHOEY NasepHoe
U3MyYeHWe C ANUHOW BOMHbI 525 HM MMeeT Bnnskue nmnku
koadpcpuLMeEHTa NOrNOLLEHMS AN reMornobuHa 1 okeure-
morno6buHa. B cBsi3an ¢ 3TMUM OHO MOXET ObITb Hanbonee
MepcnekTUBHLIM A1 BO3AENCTBUSA Ha CybanuTenmarnbHble
COCYONCTbIE CTPYKTYPbI, BKMHOYAs aHMMOAUCNNA3NI0 Ka-
MUMNSAPOB KOXM, C Pa3NMyHbIM XapaKTepoM KPOBM.

BbinonHeHHoe paHee 3KCrepuMeHTansHoe UccnenoBa-
HWe B YCNOBWSIX in vitro Ha MoAENbHbIX Gronornyeckux oob-
eKTax (OxnaaeHHble 06pasLibl KOXM N NEYEHN MUHU-CBUHEN
(Sus salvanius) cBeTNOropckon nonynauuun) noareep-
OUNK CENEeKTUBHOCTb NOTMOLLEHUS «3ENEeHOroy» nasepHo-
0 U3NyYeHWs C ANUHOM BOMHbI 525 HM TKaHSAMMW NeYeHu,
cofepxallen 3HauMTenbHO Gonbluee KONM4YecTBO reMor-
nobuHa no cpaBHEHWIO C KOXeN. Pesynbratel 3TOr0 Uccne-
[0BaHwus in vitro onpeaeninm BO3MOXHOCTb UCMONb30BaHMA
«3€MeHOro» N1a3epHOro U3My4YeHUs C ASIMHON BOMHbI 525 HM
ANs Leneii CenekTMBHOro hoToTepMOnmn3a NaTonormieckmx
cybanuTenmanbHbIX KanunnspHbIX CTPYKTYp [12].

Llenb gaHHoM paboThl — NPOBECTM 3KCTIEPUMEHTASTBHOE
uccnegoBaHue in vivo Ha rpebelukax Genbix XuUBbIX Kyp
ANs YTOYHEHUs XxapakTepa TEPMUYECKUX NOBPEXAEHUN
1 U3yYeHUs PaHeBOro pereHepaTMBHOIO npoLecca nocne
BO3LENCTBUS «3€NEeHOro» Na3epHoro U3rnyvyeHns ¢ AnnHON
BOSHbI 525 HM ANS Lenen CenekTMBHON (POTOAECTPYKLMM
cybanuTenmanbHbIX NaTonorMYecknx COCYANUCTLIX CTPYK-
TYP, BKMOYAs aHrMogMCnnasuio Kanuinsapos KOXK.
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MATEPUAN U METO[bI

O6BEKTOM 3KCMNEPUMEHTASBLHOIO 1ccnefoBaHUs Bbinn
BbIOpaHb! kpacHble rpebeLukn Bruonornyecknx Mogenen,
XuBbIx 6enbix kyp, Kpocc Xancekc Bant. pebeLukun ntuy
Kpocc Xaiicekc Bant oTHocuTeNbHO 60MbLIMX pasMepos,
He cogepKaT NMUTMEHT MEeNnaHuH, UMEKT NOAKOXHYIO CO-
CYOWCTYIO CETb, COCTOSALLYI0 B OCHOBHOM M3 pacLUMpeH-
HbIX KanunnsapoB. 3Ta 0CO6EHHOCTb CTPOEHNS COCYO0B
B MOZKOXHOW 30He rpebeLlKoB NOCMyxuna OCHOBaHUEM
K BbIOOpY MX B KayecTBe Haubonee Gnuskon mopenu
cybanuTennanbHbIX COCYaUCTbIX 06pa3oBaHnin, BKIOYas
KanunnsipHyto aHrMOAMCNIIa3NI0 KOXM.

MwukpodboTtorpadhus ructonormyeckoro npenapara rpe-
Gellka Kyp, noaTBepxAatoLLas Hanuyme paclMpeHHbIX
KanunnspoB B CTPOME NOAKOXHOW 30HbI, NPEACcTaBneHa
Ha puc. 1.

Puc. 1. Mukpodotorpadus ructonormieckoro npenapara Heus-
MeHEHHOW TKaHu rpebeluka. MNpucyTCTBYIOT KNETKM MHOTOCMOM-
HOTO MII0CKOTO ANUTENUSA M BONbLIOE KONMYECTBO MOMHOKPOBHBIX
C pacLMpeHHbIM MPOCBETOM KanumspoB B NoAnexallen CTpome.
Okpacka reMaToKCMIMHOM 1 303UHOM. YBenuyeHne x200

Fig. 1. A microphotography of a histological specimen of unchanged
scallop tissue. One can see cells of stratified squamous epithelium
and a large number of full-blood capillaries with expanded lumens
in the underlying stroma. Staining with hematoxylin and eosin. Mag-
nification x200

B pabote ncnonb3oBanu akcnepuMeHTanbHbl 06-
pasel, TBepAOTENIbHOro NasepHoOro annapara Ha oc-
HOBe NONyNpPOBOAHWKOBLIX AMOA4OB, paboTarLmx
Ha AMUHE BOMHbI U3NyYeHus 525 HM 3eMeHOro CrnekT-
panbHOro gnanasoHa, BOMM3M NuKa NOrnoLweHus re-
mornobuHa 1 okcureMornobuHa. kcnepumeHTanbHbIN
obpasel, paspaboTaH ans uenew meauunHel B MHCTK-
TyTe obwen dusmkn um. A.M. MNpoxoposa PAH [13].
B akcnepumeHTe ncnonb3oBanu peann3yemoe SaHHbIM
annapaToM «3eNneHoe» fasepHOe U3NyYeHne ¢ NOCTOSIH-
HbIMW NapameTpamu: AfMHa BOMNHbI — 525 HM, cpeaHsas
MoLLHOCTb — 3 BT, yacToTa cnefoBaHus MUMMNynNbCOB —
10 My M guameTp NasepHoOro NsSTHa Ha NOBEPXHOCTM —
0,8 mm.

B nccnegoBaHum MeHsNM crnegylolive napaMmeTpb
NasepHoro U3nyvyeHuns: AnNUTenbHOCTb MMnynbeca — 2, 5
n 10 mc, akcnoanumto Bosgenctans — 5 n 10 c. MNapamert-
Pbl PEXUMOB, UCMOMb30BaHHbIX B 3KCMEPUMEHTANbHOM
nccneaoBaHun, NpeacTaeneHs! B Tabn.

Tabnuya
MapameTpbl peXxumoB,
MCcnonb30BaHHbIe B 3KCNEPUMEHTE
Table
Mode parameters used in the experiment

Pexum Ne  InuTenbHOCTb MMMynbca, MC  JKCno3uums, ¢
Mode No Pulse duration, ms Exposure, s
1 2 5
2 2 10
3 5 5
4 10 10

B pabote Bo3geicTBOBANM Ha NOBEPXHOCTb OObEK-
Ta ABYMS CNOCOOaMM: TOHEYHLIM C HEMOABWXHBIM NAT-
HOM U C NEPEMELLEHNEM NATHA PYYHLIM CKaHUMPOBaHUEM
Mo NOBEPXHOCTU, MPU 3TOM WUCMOJIb30BanM COOTBETCTBY-
toLLMEe OOMHAKOBbIE NAPaAMETPhI NTa3ePHOro M3NyyYeHus.

B akcnepumeHTe B KavecTBe Buonornyeckon moae-
N ¢ 06LEKTOM MccreaoBaHNs BOMbLUMM KpacHbLIM rpe-
GeLukom Bbino 3agencTsoBaHo 42 0cobu Kyp B Bo3pacTte
7-8 mecsueB, Kaxagas U3 KOTopbIX Obia MapkupoBaHa
crneuyanbHbIM NNAacTMKOBLIM KOMbLIOM Ha nane. Jkcne-
PUMEHTanbHOE 1CCcrnenoBaHne Ha AaHHbIX BMONornYecKnx
Mogensax NpoBoANMMN C NPUMEHEHWEM aHECTE3NOMNOru-
Yyeckoro nocobms, obuiero 06e3bonmeBaHus npenapaTom
3onetun, pasBegeHHOro No MHCTPYKUUM ANs BHYTPUMbI-
WweyHoro BeBeaeHus u3 pacyeta 0,01 mn Ha 100 mr Beca
XUBOW NTULBI.

Ha rpebeLukmn Kyp No4YTU EAUHOBPEMEHHO, B TEYEHNE
HeCcKOnbKMX 4acoB, ObiNM HaHECEHb! 30HbI BO3AENCTBUSA
«3eneHbIM» fasepHbIM U3MyYEeHNEM C ANMHOW BOIMHbI
525 HM, ¢ napaMeTpamm PeXxMMoB, NPUBEAEHHLIX B Tab-
numue. 30Hbl NOBPEXAEHNS TOYEYHO U CKAHUMPOBaHWEM
dopmupoBanu ToNbKO Ha OAHOWM CTOPOHe rpebeluka
Ka)Kgom Kypuubl, MCNOSb3ys NO ABa pexvMma napameT-
POB U3MyYeHNs Ha Kaxabli rpebeLlok, a MMeHHOo 1-i
¥ 2-1 Ha oauH rpebeLUok 1 Ha Apyron — 3-i 1 4-1 pexuM.
CHavana ans Kaxaoro pexumMa Ha rpebeLlke KOHTaKTHO
dopmumpoBanm no 3 To4EYHbIE 30HbI, PACMONOXEHHbIE
NS pexvma ¢ MEHbLLEN MHTEHCUBHOCTbLIO Brivke K KIto-
BY, ONs1 BTOPOro, ¢ GosbLUei arpeccMBHOCTLIO, Brivke
K 3aTbINKy. 3aTem NO4 HAMMW, Ha PacCTOAHUM 1-2 MM, Ha-
HOCMWIM CKAaHUPOBAHWEM CO CKOPOCTLIO NMpUMeEPHO 1 cm/c
nonocky wmpuHon 1,0-2,0 mm, gnvdon go 10,0 mm, nc-
Monb3ysi NPX 3TOM COOTBETCTBYIOLLMIA TOYEHYHOMY 3HEP-
reTm4ecknn pexum. [ns kaxgon napbl MCNONb3yeMblX
cnoco0oB BO3AeNCTBUS ObINO 3a4eNcTBoBaHo no 3 buo-
Nornyeckne MoAENu, To ecTb Mo Tpu rpebeluka kyp. Cxe-
MaTM4eckuin nopsaok hopmMmnpoBaHusl 30H Na3epHOro
BO3OENCTBMA Ha rpebelukax Guonormyecknx mogenen
NpeacTaBneH Ha puc. 2.

3abop aKkcnepuMeHTanbLHOro Martepuana ocyLecTBIsi-
N1 B CneayroLLeM NOpsiaKe Nocne BO3aeNCTBMS NasepHo-
ro U3nyyeHus: cpasy — HyneBoW Cpok, Ha 4-e, 7-e, 12-e,
21-e n 30-e cyTkun, a Takke Yepes 3 mecsua. B ykasaH-
Hble CPOKM nog obwwmm 0b6e3bonneaHnem npenapaTom
3onetun nposogmnu 3abop Guonormyeckoro matepmana
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TYPHOE BO3[EMCTBUE

(STRIP SCAN EXPOSUF

Puc. 2. MNopsgok hopMMpoBaHus 30H a3epHOro BO3LENCTBUS

Fig. 2. Formation of zones after laser irradiation

rpe6eLLKoB METOAOM XMPYPrYECKOro NCCEYEHUs, 3aTem
yLUMBanNu OMepaLMoHHYI0 paHy.

O6paseL, B3ATOrO 61ONOrMYECKOro MaTepuana, Ha Ko-
TOPOM MPUCYTCTBYIOT CBEPXY TOYEYHbIE 30HbI BO3AEN-
CTBUS U MOA HUMK COOTBETCTBYIOLLME 30HbI PEXMMA CKa-
HMPOBaHWS, MPeaCTaBeHbl Ha puc. 3.

HenocpencTBeHHO Npy BbIMOMHEHUM 3KCMEPUMEHTA
“3yvanu Bu3yansHo onpeaensiemMbie MakpocKonuyeckme
M3MeHeHus Ha rpebeLukax XMBbIX Kyp U cpa3y nocre
UX OTCEYEHMs Ha Makponpenapatax. [Janee us makpo-
npenapaTtoB rpebeLukoB roToBuny obpasubl ¢ 30HaMm
BO3JEMCTBUSA ANS NOCMEAYHLLEero ructonornyeckoro
uccnenoBaHus. B TedeHne Bcero nepuoaa HabnoaeHns
3a Buonormyeckumm MogensiMm Ha OCHOBaHWUK pesyrbTa-
TOB MOPEONOrM4ECKOro MakpOCKOMMYECKOro M rMCTOMNo-
FMYECKOro UCCNeaoBaHns U3ydanu COCTOsSIHUE TKaHemn U
0CODEHHOCTb TEYEHUSI pereHepaTMBHOIO PaHEBOro Mpo-
Liecca B 30Hax BO3AeNCTBUS.

O6pasubl TKaHENW C 30HaMW nasepHoro Bo3gen-
CTBMS AN TMCTONOIMYECKOro UCCneaoBaHuns UKCcMpo-
Banu B 10% HeWTpansHOM hopmanuHe. [anbHenwyto

06paboTky OCYLLECTBNSANM B aBTOMATUYECKOM PeEXNME
B annaparte 415 rucTtonormyeckon NpoBOAKM (PUPMBI
Excelsior (Termo Scientific, Benukobputanus) u 3anvea-
nv B napadwmH Ha annapate EC350 (Microm, l'epmanus).
C napacumHoBbIX 6110KOB Monyvanu cpesbl TOMNLWUHOM
2-3 MKM Ha mukpotome HM355S ¢ cuctemon nepeHoca
cpesoB STS (Termo Scientific, Benukobputanus). Mony-
YeHHble rucTonornyeckne npenapartbl genapauHupo-
Banu B NoCriefoBaTeribHbIX CMEHaX pacTBOPOB KCMMona
1 CNUpTa, a 3aTeM OKpaLLMBasiv reMaToKCUIIMHOM 1 303K-
HOM. [OTOBbIE OKpaLLUEHHbIE MMCTONOrMYeckne npenapa-
Tl 3aKM0Yanum noj nokpoBHOE CTEKNO U NpocMaTpuBasu
B Mukpockone CX41 (Olympus, Anonus). Ans nonyyeHns
MUKpodoTorpacbmin rtMCTONOrMYECKUE npenapats! Obinm oT-
CKaHWMPOBaHbI Ha CKaHMpYoLLEM MUKpockone Pannoramic
Midi (3DHISTECH, Benrpus). MpuHUMn CkaHMpoBaHMS
Mo3BONMI co3aaThb NoNHoLeHHoe n3obpaxeHue, koTopoe
MOXHO ObINO MHOMOKpaTHO YBENU4YMBaTbL, MpoCMaTpuBas
OTAEeNbHble (pparMeHTbl B BbICOKOM KayecTse. [1porpam-
MHas obpaboTka n3obpaxeHus No3eonsna NPoBOANUTb
M3MEPEHNS 1 KONWYECTBEHHDLIV aHanu3 npenapara, nos-
TOMY MMCTONOrMYECKoe NCCenoBaH1e 30H Nas3epHoro Bo3-
[EeNCTBUSA NPOBOAWIN C OLIEHKON MX MOP(OMETPUYECKNX
napameTpoB W 3aMepPOM Y4aCTKOB NOBPEXAEHHbIX TKAHEN.

PE3YIIbTATbI

Ha ocHoBaHuUM pe3ynsTaToB MOPGONOrnyeckoro Mak-
POCKOMWUYECKOro NCCnefoBaHWs 30H BO3AEVCTBUSA Nasep-
HOro n3ny4veHns (525 Hm) Bbiny OTMEYEHbI NPUHLUMNUanb-
Hble 0COBEHHOCTU U3MEHEHWI B TKaHSIX B TEYEHWE BCETO
nepvoaa HabngeHun 3a BUONOrMYeckUM MOSENAMMU.
MpuMepbl pe3ynsTaToB B pasfnuyHbIe CPOKW NOCHE BO3-
[AEeNCTBUS Na3epHOro U3nyyeHns ¢ napaMmeTpamm pexum-
MOB ¢ 1-ro no 4-i Ha 06pa3Lbl rpebeLUKkoB Kyp npeacTas-
neHbl Ha puc. 4-11.

Ha ocHoBaHuM MOPdONorm4eckoro MakpoCcKonmu4eCcKko-
ro UccrnenoBaHWs 30H BO3AEWCTBUS Na3epHOro N3MnyveHns

Puc. 3. Obpasen makponpenaparta rpebelika. CBepxy TOYeUHble
30HbI BO3AENCTBUS Na3epHOro uanyyenus (525 Hm) ¢ Gonbummm
3HepreTUyeckMMU napameTpamu (3-1 u 4-i pexum), Nog HUMKM co-
OTBETCTBYHOLLME 30HbI CKAHUPOBAHWEM

Fig. 3. Scallop macropreparation. Up are points after laser irradia-
tion (525 nm) with high energy parameters (modes 3 and 4); under
are corresponding zones treated with scanning mode
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Puc. 4. MpebeLuok, 0-11 cpok, pexum 1-2. 30Hbl BO3AENCTBUS na-
3epHoro uanyveHus (525 HM) Npu ncnonbL3o0BaHUM pexumos 1 1 2
C MEHbLUEN 3HEPreTUKOA NP TOYEYHOM HAHECEHWUN U B pexumMe
CKaHMpOBaHWA NpefcTaBneHsbl 6enosaToro LpeTa yyacTkamn poB-
HOTO KOXHOIO NOKpOBa

Fig. 4. Scallop, term 0, mode 1-2. Zones of exposure to laser light
(525 nm) treated with modes 1 and 2 and less energy in dotty and
scanning modes look like whitish areas with smooth skin layer
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Puc. 5. MpebeLwuok, 0-i1 cpok, pexum 3—4. 30Hbl BO3AENCTBUSA Na-
3epHoro nanyyeHus (525 Hm) Npy TOHEYHOM HaHeceHUM ¢ GonbLLK-
MM SHEPreTUYECKMMI NapamMeTpaMu PEXNMOB 3 1 4 NpeacTaBneH.l
HeOONbLUMMM KOPUYHEBOTO LiBETA KpaTepamu B anameTpe He 60-
nee 1,5 MM, c y3kum, He 6onee 1,0 MM, xenToBaTbiM 060AKOM.
B cnyyae ckaHMpoBaHWs npu 3-M PEXMME Ha KOXe onpesensioTcs
yyacTku 6eno-xenToro UBeTa, Npu 4-M pexume MectamMmu CBETNO-
KOPWYHEBBIE KOPOYKW, MOBEPXHOCTb Y4aCTKOB POBHAs

Fig. 5. Term 0, mode 3-4. Zones of exposure to laser light (525 nm)
irradiated in dotty mode and high energy of modes 3 and 4 look like
small brown craters no more than 1.5 mm in diameter and narrow,
not more than 1.0 mm, yellowish rim. After scanning in mode 3, zones
of white-yellow color are seen on the skin; after scanning in mode 4,
there are zones with light brown crusts; surface of zones is smooth

Puc. 7. MpebeLwok, 12-e cyTku, pexum 3—4. 30Hbl BO3AENCTBUSA Na-
3epHOro uanyyeHus (525 Hm) 6enoro LBeTa ¢ POBHOW NOBEPXHOCTHH);
HE3HAYNTENBbHOE CHUXEHWE NMOBEPXHOCTU KOXM, BOCMANUTENbHbIE
MPOSIBNEHNS B OKPY)XaIOLLMX TKAHSAX OTCYTCTBYIOT (€AWMHWYHBIE [ITy-
60okne nedekTbl — pesynbTaT NoBpeXAEHNS ApYrol 0Co0bio)

Fig. 7. Scallop, 12 days later, mode 3-4. Zones of exposure to
laser light (525 nm) are of white color with smooth surface; slightly
depressed skin surface; no signs of inflammation in adjacent tissues
(single deep defects are results of injury made by other animals)

C ANVHOIA BOMHbI 525 HM BbInu onpeaeneHbl XapakTepHble
0CODEHHOCTM TEPMMYECKOrO NOBPEXAEHNS 1 npoLecca
paHeBOWn pereHepauum.

Cpasy nocne HaHeCceHMs 30H BO34ENCTBUS NMPU BCEX
CNOMb30BaHHLIX NapaMeTpax PEXMMOB U3MNyYeHNUst OTMe-
YeHbI CXOAHbIE MO XapaKTePY M3MEHEHNS], BEIPAXXEHHOCTb
KOTOPbIX HECKOMbKO YBENNYMBAETCA Npy GonbLueit 3Hep-
reTUYeCKon aKTUBHOCTW.

Mpwn Toue4YHOM HaHeceHWUn Habnoganu dopMmMpoBa-
Hue Hernybokmx AedekToB — KpaTepoB U OTHOCUTESb-
HO ObicTpoe, K 12-M cyTKam, BOCCTaHOBMNEHWE B BUAE

Puc. 6. I'pebeLuok, 12-e cyTku, pexum 1-2. Bce 30HbI BO3aeicTBUSA
na3epHoro usnyyenus (525 Hm) umetoT 6enoBaTylo POBHYKO No-
BEPXHOCTb KOXXHOTO MOKPOBA, B OKPY)KaOLMX TKaHSX NMpU3HaKOB
BOCManeHus Het

Fig. 6. Scallop, 12 days later, mode 1-2. All zones of exposure
to laser light (525 nm) have whitish smooth surface; no signs of
inflammation in adjacent tissues

L ulie

Puc. 8. 'pebeLuok, 30-e cyTku, pexxum 1-2. Bo Bcex 30Hax Bo3gen-
CTBMS Na3epHOro uanyyenns (525 HM) CoXpaHaeTcs OTHOCUTENBHO
poBHasi, 6enoBaToro LBeTa NOBEPXHOCTb, AedopMaLmst KOXHOTO
NOKPOBA ¥ BOCNANMTENbHbIE NPOSIBNEHNS HE ONPEaensioTcs

Fig. 8. Scallop, 30 days later, mode 1-2. In all zones of exposure
to laser light (525 nm), relatively smooth, whitish surface; no skin
deformation and inflammation

GenoBaTbIx TOYEK Y4aCTKOB MOBPEXAEHHOTO KOXHOTO
MOKpOBa.

MoBEPXHOCTb KOXHOMO MOKPOBa NpY CKaHUPOBaHUM
cpa3sy npuobpertana 6enoBaTbI LBET U CTaHOBWACh 60-
fee POBHOW MO CPABHEHMIO C OKPY>XKaoLLEN KOXKEN, YTo
COXpaHsNoch B TEYEHWE BCEro cpoka HabnoaeHns, BKMto-
yas 30-e v koHTporbHble 90-e CyTKu.

Takum 0b6pa3oM, BO BCEX Cryvasix HE3aBMCMMO OT UC-
norib3yeMoro pexuma u cnocoba HaHeceHus nasepHo-
ro MsnyyeHus Kk 12-m cyTkam 6GbINno OTMEYEHO BOCCTa-
HOBMEHWe NOBEPXHOCTM KOXHOMO MOKPOBa C Hanuunem
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Puc. 9. Mpebeluok n makponpenapart rpebetuka, 30-e cyTku, pexum 3—4: a — BCe 30HbI BO3LENCTBUS NasepHoOro usnyyexus (525 Hv)
coxpaHstoT BenoBatblii LBET C POBHOM NMOBEPXHOCTLIO, AedhOpMaLm KOXKHOTO NOKPOBA M BOCMANMUTENbHLIX UBMEHEHUI HET; 6 — AaHHble
M3MEHEHMNS COXPaHSIOTCS W NyYlle ONpeaenstoTcs Ha POBHO NOBEPXHOCTU Makpornpenapara rpebeluka

Fig. 9. Scallop and scallop macropreparation, day 30, mode 3—4: a — all zones of exposure to laser light (525 nm) are still in whitish color
with smooth surface, there are no skin deformations and inflammatory changes; 6 — the abovementioned changes persist and are better
seen on smooth micropreparation surface

Puc. 10. 'pebeLuok, 90-e cyTku, pexum 1-2. B 30Hax BO3nenCTBus
nasepHoro uanyyeHus (525 HM) oTMeyaeTcst cTonkuit agddekT be-
Noro LBeTa U BbIpaBHMBAHMWS MOBEPXHOCTH, AedopMaLi KOXHbIX
MOKPOBOB ¥ BOCMANMTENbHbLIX NPOSBMEHNIA HET

Fig. 10. Scallop, 90 days later, mode 1-2. In the areas of exposure
to laser light (525 nm), there is persistent white color and smooth
A9 surface; no skin deformations and no inflammattions

Puc. 11. T'pebeLwok n makponpenapat rpebeluka, 90-e cyTku, pexum 3—4: a — BO BCEX 30HaX BO3AENCTBUS Na3epHOro nanyyveHus (525 Hm)
coxpaHsieTcst apdrekT Henoro LBeTa B y4acTkax Nerkoro 3anageHnst NOBEPXHOCTU KOXU, AehOPMUPYHOLLMX U3MEHEHMWIA U BOCTANIMTENbHBIX
NpOSsIBIEHWA HET; 6 — Ha Makponpenapate rpebeLuka B 30HaxX BO3AENCTBUSA OTYETNVMBO ONPEAEnsoTCs y4acTkm Benoro LBeTa ¢ pOBHOM
NOBEPXHOCTbHO

Fig. 11. Scallop and scallop macropreparation, day 90, mode 3—4: a — in all zones of laser irradiation (525 nm), effect of white coloring
persists at the areas of slight depression on skin surface; there are neither deformations nor inflammations; 6 — white areas with smooth
surface are clearly seen at the treated zones on scallop macropreparation

©enoBaTtoro uBeTa B 30HaX BO34ENCTBUS, @ Takke npu
BCEX CpoKax HabnoaeHWs oTcyTcTBOBanNM nepudokans-
Hble BOCMaNUTENbHbIE U3MEHEHUS.

OcobeHHOCTY xapaKkTepa U3MEHEHWI 1 pereHepaTue-
HOro npoLecca B 30HaxX BO3AEWCTBUSA NasepHOro nanyye-
HUSA 525 HM BbINW YTOYHEHBI HA OCHOBAHMW PE3YnbLTaToB

48

rMCTOMOPONOrMYECcKoro ccneaoBaHns makponpenapa-
TOB rpebeLUKoB.

Mprmepbl MyUKpodoTorpadomnii rMCTONOrMYECKMX npe-
napaTtoB C 30HaMV CKaHUPOBaHWS Na3epHbIM U3NyYEeHNEM
C Hanbornee 3HepreTNYeCKy arpeccBHLIMI NapameTpami
4-ro pexuma npefcraeneHsl Ha puc. 12-19.



JlasepHas meguunHa. — 2020. — T. 24, Ne 4

Laser medicine. 2020, vol. 24, Ne 4

Puc. 12. Mukpodotorpadumsa npenapata rpebeluka, 0-i Cpok.
B 30He BO3AeiCTBUA NasepHOro usny4venus (525 Hv) otmevaercs
COXpaHeHWe POoroBbIX Macc Ha NOBEPXHOCTW U Msirkasi koaryns-
LIMSi MHOFOCTOHOTIO MOCKOro 3NUTENMUS B BUAE CTUPAHUS rpaHuL
KNeToK C OTCYTCTBMEM siiep NPpU coxpaHeHun 6asanbHoi Memb-
paHbl. B nognexatwen cTpome 3akpbiTUe NPOCBETOB KanuImsipos,
CINUsiHAE 1 TOMOTEHN3aLIMs KOMnareHoBbIX BOMOKOH. [MyBuHa on-
penensieMbix M3MeHeHun coctaenset okono 350 mkm. Okpacka
reMaToOKCUIIMHOM U 303MHOM. YBenuyenue x100

Fig. 12. Microphotography of scallop preparation, term 0. At the ex-
posure zone to laser light (525 nm), there are horny masses on the
surface and soft coagulation of stratified squamous epithelium look-
ing like erased cell borders with no nuclei but with preserved basal
membrane. In the underlying stroma, capillary lumens are closed,
collagen fibers fused and homogenized. The depth of changes is
about 350 microns. Staining with hematoxylin and eosin. Magnifi-
cation x100

Puc. 14. MukpodpoTorpadms npenapara rpebeluka, 7-e cyTku. He-
6onbLuoe yriybneHne Ha NOBEPXHOCTU BbIMOMHEHO HEKPOTUYECKU-
MU Maccamu 13 poroBoro crosi. basarbHble KNeTouHble CTPYKTYpbI
3MUTENNS COXPaHEHbI, HaZ HUMK onpeaensatTes AnddepeHumpo-
BaHHbIE KNETOYHbIE CTPYKTYpPbI anuTenus. B cybanutenmanbHbix
OTAEenax COXpaHsTCA CnaBLLKECS MPOCBETHI KanWUNApoB, He3Ha-
YnTeNbHbIN OTEK CTPOMbI. OKpacka reMaToKCUAMHOM U 303UHOM.
YBenuuenue x200

Fig. 14. Microphotography of scallop preparation, 7 days. A small
depression on the surface caused by necrotic masses from the
stratum corneum. Basal cellular structures of the epithelium are
preserved; differentiated cellular structures of the epithelium are
seen above them. Collapsed capillary lumens and slight stromal
edema persist in subepithelial regions. Stained with hematoxylin
and eosin. Magnification x200

Puc. 13. [Ins cpaBHeHus1 MykpodhoTorpacms doparmMeHTa npeabl-
Zyliero npenaparta ¢ y4acTKOM HEM3MEHEHHOW TkaHu rpebeLuka.
HewnameHeHHas TkaHb rpebeLuka ¢ XopoLUo onpeaensieMblMu KneT-
KaMW MHOTOCHOWHOIO MIIOCKOrO 3NMTENMUs U 6OMbLLMM KOSIMHECTBOM
B NOAJIEXALLEN CTPOME MOSHOKPOBHLIX KanWUmmsipoB C paclUMpeH-
HbIM npocBeToM. Okpacka reMaToKCUITMHOM W 303MHOM. YBenu-
yeHue x200

Fig. 13. For comparison, microphotography of a fragment from
previous preparation with an area of unchanged scallop tissue.
Unchanged scallop tissue with well-defined cells of stratified squa-
mous epithelium and a large number of full-blood capillaries with
an expanded lumen in the underlying stroma. Staining with hema-
toxylin and eosin. Magnification x200

Puc. 15. MukpodoTorpadms npenapata rpebetuka, 21-e cyTku.
OnuTenuin ¢ BblpaxXeHHbIM runepkepaTo3oM, 6asanbHble 1 Kne-
TOYHbIE CTPYKTYPbI €ro auddepeHumpoBaHel. B cybanutenvans-
HbIX OTAENax COXPaHSTCS CNaBLLMMMUCSA NPOCBEThI Kanunnspos,
TaM e onpeaenseTcs 30Ha C KOMNAKTHLIM PaCMONOXKEHNEM Kpyr-
HbIX KONMareHoBbIX BOMOKOH, 3@ KOTOPOW CriedyeT 30Ha PhIXIomn co-
€AVMHWUTENBHON TKaHW C OTEKOM M TOHKMMW BOTIOKHaMM KomnareHa.
Okpacka reMaToKCMITMHOM 1 303UHOM. YBenuyeHne x200

Fig. 15. Microphotography of scallop preparation, 21 days. Epithe-
lium with marked hyperkeratosis; its basal and cellular structures
are differentiated. In subepithelial zones, there are collapsed cap-
illary lumens; there is also a zone with compactly arranged large
collagen fibers followed by loose connective tissue with edema and
thin collagen fibers. Stained with hematoxylin and eosin. Magnifica-
tion x200
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Puc. 16. [ins cpaBHeHns MukpodoTorpadms parMeHTa npeapl-
AyLuero npenaparta C y4acTKOM HeU3MEHEHHON TkaHW rpebeLuka.
HeunsmeHeHHas TkaHb rpebeLuka ¢ MHOTOCMOMHBIM NIIOCKUM 3Mu-
Tenvem 1 BonbLIMM KOMWYECTBOM MOSTHOKPOBHbBIX Kanuinsapos
C LUMPOKMM NPOCBETOM B cybanuTennansHoi 3oHe. Okpacka rema-
TOKCUITIMHOM 1 3031HOM. YBennuerne x200

Fig. 16. For comparison, a microphotography of a fragment of previ-
ous preparation with unchanged scallop tissue. Unchanged scallop
tissue with stratified squamous epithelium and a large number of
full-blood capillaries with wide lumens in the subepithelial zone.
Stained with hematoxylin and eosin. Magnification x200

Puc. 18. Mukpodotorpacdmsi npenapata rpebeluka, 90-e cyTku.
OnNUTENUIA ¢ TUNUYHBIM TUNEPKEPaTO30M, Ero KNeTOoYHbIe CTPYKTY-
pbl, BKNoYas G6asarbHble, ONpesensoTes oT4eTnnBo. B cybannte-
NnanbHbIX OTAENax NPOCBEThl NOYTH BCEX KanUIMsipoB CraBLUMECs.
B cyGanuTenmanbHol 30He OTHOCUTENBHO LUMPOKAs U BbIpaKEHHAs
CTPYKTYPHO 30Ha KonnareHn3aunn ¢ KOMNakTHbIM pacrnonoXeHnem,
napannenbHbIX AMUTENMI0, KPYMHbIX KOrnareHoBbIX BOMOKOH. 3a aToi
30HOV CReayeT Y4acToK PhIXIIO COEAMHUTENBHOM TKaHW C OTEKOM
1 TOHKUMU, XaOTUYHO HaMpaBIeHHLIMW KOnnareHoBbLIMW BOTTOKHAMMU.
Okpacka reMaToKCUITMHOM 1 303UHOM. YBennyeHue x200

Fig. 18. Microphotography of scallop preparation, day 90. Epithelium
with typical hyperkeratosis; its cellular structures, including basal
ones, are clearly defined. In the subepithelial regions, lumens of
almost all capillaries are collapsed. In the subepithelial zone, there
is a relatively wide and structurally marked collagenized zone with
compactly arranged large collagen fibers parallel to the epithelium.
This area is followed by an area of loose connective tissue with
edema and thin, chaotically directed collagen fibers. Stained with
hematoxylin and eosin. Magnification x200

50

Puc. 17. Mukpodotorpacms npenaparta rpebetuka, 30-e cyTku.
HebonbLUoi rnepkepartos aNUTENMs, OTYETNNBAs KNeTouHas and-
hepeHumaums anuTenus, BkNtoyas 6asanbHeIn cnon. B cybanute-
NnanbHbIX OTAEeNax NPpoCBEThI KanunigapoBs cnasLlnecs. HOA anuTe-
NEM 30HA C KOMMAKTHBIM PacronoXEHEM KPYTMHbIX KOMareHoBbIX
BOJIOKOH, 32 HEN Y4aCTOK PbIXMOA COEAUHUTENBHON TKaHU C He-
GonbLIMM OTEKOM 1 arnee croii bonee TOHKMUX KOnmareHoBbIX BO-
TOKOH, U3MeHeHns oTMevatoTest Ao rmybuHbl 390 mkm. Okpacka
remMaToKCUIIMHOM 1 303MHOM. YBennyeHune x200

Fig. 17. Microphotography of scallop preparation, 30 days. Slight
hyperkeratosis of the epithelium, clear differentiation of epithelium,
including basal layer. In the subepithelial parts, capillary lumens
are collapsed. Under the epithelium, there is a zone with compactly
arranged large collagen fibers; behind — a zone of loose connective
tissue with slight edema; further, there is a layer of thinner collagen
fibers. Changes were observed up to the depth of 390 microns.
Stained with hematoxylin and eosin. Magnification x200

Puc. 19. [ins cpaBHeHus MukpodoTorpadms parMeHTa npeasl-
Zyuiero npenapara C y4acTKOM HEM3MEHEHHOMN TKaHW rpebeLuka.
Y4acTok Hen3MeHeHHOM TkaH rpebeluka ¢ 60MbLMM KONMYEeCTBOM
MOJTHOKPOBHbIX C LUMPOKVWM NPOCBETOM Kanunnspos B CTPOMe, Noj-
Nexallen MHOrocnoHoMy nrnockomy anutenumio. Okpacka reMaTok-
CUMUHOM 1 3031HOM. YBenuyeHue %200

Fig. 19. To compare, microphoto of a fragment of previous prepa-
ration with an area of unchanged scallop tissue. An area of un-
changed scallop tissue with a large number of full-blood capillaries
having wide lumens in the stroma and underlying to the stratified
squamous epithelium. Staining with hematoxylin and eosin. Mag-
nification x200
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Ha ocHoBaHuM aHanu3a pesynsTaToB MMCTOMNOrMYecKo-
ro MCCrefoBaHnst Ha TKAHEBOM YPOBHE ObINTM OTMEYEHDI
M YTOUHEHbl XapakTepHble N3MEHEHNS N OCOBEHHOCTM
npoLiecca pereHepauumn TKaHen Npu Bcex 3aencTBO-
BaHHbIX B MCCNEOOBaHUN PEXMMAX Na3epHOro manyye-
HWUS C ANUHOW BOMHbI 525 HM. OCHOBHblE pe3ynbTaThl
MCNONb30BaHWS Hanbonee 3HepreTMYecky arpecCuBHbIX
napameTpoB 4-ro pexuma 0603HaueHbI HIKE.

Bo Bcex cryyasix 0TMEYEHO MUHMMAIbHOE MOBPEX-
LeHne 6a3anbHbIX KNETOYHbIX CTPYKTYP 30HbLI pocTa anu-
TENWs, KOTOPble, COXPaHSs CBOI XM3HECMOCOOHOCTb,
obecneynBaoT BO3MOXHOCTb LIEHTPanbHOW anuTenuaa-
LMK C 7-X CYTOK [0 NOMHOr0 BOCCTAaHOBNEHNs anddepeH-
LMaLMM KNETOYHbIX CTPYKTYP anNuUTENUs k 21-m CyTKam.

Ha Bcex aHanusuMpyeMbix cpokax HabnwogeHus
B cybanuTenunansHon 30He NpUCYTCTBYET apekT 3a-
KPbITUS NOMHOKPOBHBIX C LUMPOKMM MPOCBETOM Kanui-
nspoB..

B cybanuTtenuanbHomn 30He k 21-m cyTkam onpege-
nseTtca hopMmMpoBaHUE yyacTka KOMNaKTHO pacrono-
XKEHHbIX KPYMHbIX KOMNareHoBbIX BOIOKOH, OpraH13aums
KOTOpbIX NpogomkaeTcs 4o 30 CyTOK M MOMHOCTLIO 3aBep-
waetcs K 90-m cyTkam.

Bce onucaHHble U3MEHEHWS B OTAANEHHbIE CPOKY,
k 30-M 1 0cobeHHO k 90-M CyTKaMm, He TONbKO COXPaHSoT-
Cs1, HO OTMevaeTcs elle bonbluee BOCCTAHOBIEHWE 3NN~
TenmanbHbIX U cybanuTenuasnbHbIX TKaHEBbIX CTPYKTYP:
3nUTEeNUA paBHOMEPHOW TOSLUMHBI, NPOCBETbLI COCYAMC-
ThIX CTPYKTYP 3aKpbIThl, IPUCYTCTBYET CMON KonnareHosa
3 KOMNAKTHO PacCMoNOXeHHbIX U NapanmnesibHbIX KoXe
KPYMHBIX BOSTOKOH.

BbipaX€HHOCTb TEPMUYECKUX AECTPYKTUBHBIX U3Me-
HEHWI B 30HE BO34ENCTBMS NPV OQHON N TOMN Xe MOLL-
HOCTW M3nyyeHus — 3 BT HapacTaeT ¢ yBennyeHnem
9HEpPreTU4ecKon akTUBHOCTW, 3aBUCALLEN OT AnUTENb-
HOCTW MMNynbCa W 3KCMNO3ULIMW Na3epHOro U3nyveHusl.
Xapaktep TepMUYECKUX MOBPEXOEHWUIA MPW 3TOM NOYTU
HE U3MEHSIeTC — ANUTENMUiA NoBpeXaaeTcs MUHUMasb-
HO, y4acTok hoToAecTpyKUMmM cybanuTenManbHbIX Tka-
HEBbIX CTPYKTYP MMEET OTHOCUTENBHO YETKYHO rpaHuLy
C NoanexalnmMm, HeM3MEHEHHBIMU TKaHSMK Ha rnyouHe
350-390 MKkm.

Takum obpasom, pesynsratbl MOPONOrMYECKOro
MaKpOCKOMWYECKOro M rMCTONOIMYECcKoro ncecnegoBa-
HUA onpegenunu, 4To adhdekTnBHas oToaeCTPYKLMS
cybanuTenuanbHbIX COCYANCTbIX CTPYKTYP Guonoruye-
CKoW mogenu obecneyvBaeT MOLLHOCTb Na3epHoOro us-
nyyexus — 3 BT ¢ ananasoHoOM AnuTensHOCTH Umnynbca
ot 2 o 10 mc 1 akcnosumumen ot 5 go 10 ¢ npu ckopoctu
CKaHupoBaHus npumepHo 1,0 cw/c.

OBCYXOEHWUE PE3YJIbTATOB

OcobeHHOCTb BO3AENCTBUSA Na3epHOro UsnyyeHus
C ANUHON BOMHbI 525 HM 3akntovaeTcs B NpenmMyLLecT-
BEHHOM MOBPEXAEHUN CyOaNUTENnanbHbIX COCYANCTBIX
CTPYKTYp rpebeLikoB npu MmHUManoHoM obpaTumom
NOBPEXAEeHUN 3NUTENus, BKIOYas 30HY ero pocra.

310 0becneynBaeT cTonkoe nobeneHme U BbipaBHUBa-
HUEe MOBEPXHOCTM KOXW B 30HaX BO3AENCTBYS 3a CHET 3a-
KPbITWUSI MOMHOKPOBHbLIX C LUMPOKMM NPOCBETOM COCYAOB
B Cyb6anuTenmansHON 30He, B AanbHelweM o6pa3oBaHme
Tam napasnnernbHO OpraHn30BaHHOW NOBEPXHOCTU Cros
KOnnareHo3a, a Takke COXpaHeHWe 30HbI pocTa AnNUTenust
N 3aNUTeNU3aLmnlo paHeBow NMOBEPXHOCTU B du3Monoru-
yeckme cpoku 6e3 obpasoBaHus pybLoBoi AedopMaLmn
KOXHbIX MOKPOBOB.

[aHHbIN adhheKT BO3OENCTBUS OCHOBAH Ha CENEKTUB-
HOM MOTTOLLEHUM UCMONb3YEMOTO «3€NEHOro» Na3epHoro
U3Ny4YeHUsl C ANUHOI BOMHbI 525 HM NPenMyLLEeCTBEHHO
Xpomodopamu KpoBu (remornobruHoM, okcuremornobu-
HOM) cyBanuTenuanbHbIX COCYA0B, Aanee 1x 3anycTeBa-
HUM U KOMNMareHnsaumm, a Takke MUHUMAIbHLIM NOro-
LieHVeM ApYrMMn XpoModpopamm TKaHel KOXM.

Pesynbrathl 3kCnepMmMeHTansHOro uccneaoBaHus
NOATBEPANNU Lienecoobpas3HOCTb MCNONb30BaHUS Na-
3EPHOTO M3NyYeHns C ANUHOM BOMNHbI 525 HM Ans uenen
CEeNneKTUBHOM (hOTOAECTPYKLMM CyDanuTenmasbHbIX naTo-
NOrNYEeCcKNX COCYOMCTLIX CTPYKTYP, BKMNOYas aHrmogumen-
nasuio KanunnspoB KOXM.

SAKITKOYEHUE

JKcnepuMeHTansHo 060CHOBAHO, YTO «3eMeHoey na-
3epHOE M3My4YeHne C AIMHON BOMHbI 525 HM obecneyn-
BaeT CeNEeKTUBHY0 (DOTOAECTPYKLMIO CyOanuTenuanbHbIX
COCYAMCTbIX CTPYKTYP NPW MUHMMaNbHOM 0B6paTuMomM
MOBPEXOEHNN KOXHbIX NOKPOBOB 6e3 06pa3oBaHus ae-
chopmupytoLmx py6LOB.

[ns acbchekTmBHOM hoTodecTpyKLmMM cybanuTenuans-
HbIX COCYAMCTBLIX CTPYKTYpP 4OCTATOYHO UCMOSb30BaHue
MOLLHOCTW fa3epHoro usnyveHus — 3 BT ¢ guanasoHom
ANUTENbHOCTM uMnynbca oT 2 fo 10 Mc, aKkcnosuumen
oT 5 a0 10 ¢ 1 CO CKOPOCTLIO CKAHWPOBAHWS! NPUMEPHO
1,0 cm/c.

CenekTnBHas hoToaeCcTpyKUUS Na3epHbLIM U3NyyYeHu-
€M C ANMHON BOMHbl 525 HM, coveTas NPeLn3MOHHOCTb
BO34ENCTBUA Ha remMornobuH cogepxalume cybanutenu-
anbHble NATONOTMYECKNe COCYANCTbIE CTPYKTYPbI C MUHW-
ManbHbIM TPABMaTU4YECKUM KOMMOHEHTOM 3nUTeNnus, nep-
CMEKTMBHA AN NEYEHNsT KanMNNAPHON aHrMogMcnnasmm
KOXMW, M NPUMEHEHWE ee AOMKHO 06ecneymnTb JOCTUKEHNE
ONMTMManbHO BO3MOXHOTO KIMHUYECKOrO 1 3CTETUYECKOTO
pesynerara, 4Tto TpebyeT NoaTBEPKAEHNS AanbHENLLMMM
KMUHNYECKUMU UCCNEeNOBaHNSIMUA.
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