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Pe3ome

Ha cerofHsLLHNIA fieHb coxpaHseTcs npobnema neveHns natonornieckinx CybanuTenmanbHbIX KanuinsapHbIX CTPYKTYP, B YaCTHOCTY KanunnsapHO
aHrnognennasuu koxu. OfHUM M3 NEPCNEKTUBHBIX METOLOB ee YCTPAHEHUS paccMaTpuBatoT (pOTOTEPMONN3 Na3epHbIM U3NYYEHNEM KenTo-
3€MeHOr0 CNeKTPanbHOro 4nanasoHa Ha 0CHOBE CENeKTUBHOTO MOMMOLLEHNSt NUTMEHTOM, reMOrIoBHOM, KpOBW B COCYAaX, B AANbHEMLIEM 1X
CKNepo3npoBaHUN 1 perpeccui. Ljenb — npoBecTY cpaBHUTENbHOE 3KCTIepUMEHTaNbHOe 1CCnenoBaHme in vitro Ha MoaenbHbIX 0ObekTax Ans
NOATBEPXKAEHUS CENEKTUBHOCTI «3EMEHOro» Nas3epHOro U3ny4Yerns CoaepxalLMmin reMornobuH TkaHsMu, B YaCTHOCTH, cy6anuTennanbHbIx
cocyancTbix cTpykTyp. Mamepuan u memodsl. B pabote ncnonb3oBanu akcnepuMeHTanbHbIA 06pasel; TBEpLOTENBHOMO NAa3epHOro annapara
Ha 0CHOBE NOMyNPOBOAHNKOBbLIX ANOAO0B, FEHEPUPYIOLLEro Na3epHOe U3NyYeHNe 3eNeHOro CreKTpanbHoro AuanasoHa ¢ ANNHONM BOMHbI 525
HM, BONM3N Nuka NornoLLeHus remornobuna n okcuremornobuHa. MogenbHbIMM 0BbeKTaMu CyXunn oxnaxaeHHble 06pasLibl NEYeHM, KoXN
1 KOMOMHMPOBAHHBIN U3 HIX MpenapaT NabopaTopHLIX KWUBOTHBIX MUHWU-CBUHEN CBETMOTOPCKOM nonynauui. B nccnenosanum npoBefeHo
CpaBHEHME pe3ynbTaToB BO3AENCTBIUS YKa3aHHOTO «3ENeHOr0» NasepHOro U3Ny4YeHUs Ha faHHbIE 06BEKTbI HA OCHOBaHUM MOPCHONOTrMYECKHX,
MaKpPOCKOMNYECKUX 1 MMCTONMOTMYECKUX UCCREA0BaHMIA 30H NoBpexaeHns. Pesynbmamsl. B pesynbrate uccnenosaqns Obinv onpeaeneHsl
XapaKTepHble Pasnuyns 30H NOBPEX/AEHNS Ha MOAENbHbIX 0ObEeKTax, NeYeH 1 Koxu. Ha neveHn oTMeyeHbl nokanbHO Bonee BbipakeHHbIE
W3MEHEHNS, HAaNM4Me MUHYCOBON AECTPYKLIN B BIAE Y3KOTO KNMHOBUAHOTO KpaTepa ¢ OTHOCUTENBHO HELUMPOKUMI 30HaMK1 KOMMAKTHOTO 1 fye-
CTOrO HEKpO3a, C YETKUMM rpaHuLiaMu Mexay COBOM N HeM3MEHEHHBIMM OKpYXaloLLMMKU TkaHamK. Ha koxe npucyTcTayeT 06bem MUHYCOBOM
AECTPYKLMM 3HAYMTENBHO MEHbLUErO pasMepa C 30HON Nepudepuyeckoit koarynauum B 3-5 pas wupe 1 6e3 KOMNAKTHbIX 1 AYENCTbIX CrOeB,
a Takke 6e3 YeTKUX rpaHnL, C Hen3MeHeHHbIMM TkaHaMu. B cryyae komMBuHMpoBaHHOTO 0BpasLa «3eneHoe» nasepHoe U3nyyeHue, MeHblle
NOrMOLLaeMoe KOXel, NPOXOANT Yepes Hee, 4To obecneynBaeT BO3AENCTBIE Ha NOANEXALLYI0 NEYeHb, FAe 06pa3yloTCcs N0 CPABHEHNIO C KOXKeN
Donee BbipaxeHHbIe TepMUYeckie n3mMeHeHus. 3akmoyeHue. MoaTBepKaAeHa CeNneKTMBHOCTb BO3NENCTBUS «3EMEHOr0» Na3epHOro U3MyyeHns
C ANVHOW BOMHbI 525 HM Ha cofepxalyye reMornobuH Tkaku. [laHHbI (hakT nepcnekTUBeH Ans CENeKTUBHOrO POTOTEPMONN3a NaToNornyecknx
cybanuTenuanbHbIX KanunApHbIX CTPYKTYP, YTO NO3BOANT 06EeCneYNTb NPELIN3NOHHOCTb IEYEHNS NP MUHAMANbHOM NOBPEXAEHNM TKAHEN KOXN.
KntoueBble cnoBa: nasepHoe n3nyyeHne «3eneHoro» CnekTpa, cenekTBHas oToAeCTPYKUMS, KanunnspHas aHrMoavcnnasns KOxu, Moaenb-
Hble 0BBEKTBI MEYEHN W KOXI MUHN-CBUHEN, MOPKONOrNYeCckoe NCCReaoBanue.
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Abstract

Currently, medical specialists still face problems while treating pathological subepithelial capillary structures, in particular, capillary angiodysplasias
of the skin. One of the promising techniques for their removal is photothermolysis by laser light of yellow-green spectral range which is selectively
absorbed by pigments, hemoglobin, blood in the vessels with further vessel hardening and regression. Purpose. To make a comparative trial
in vitro at experimental models so as to confirm the effect of selectivity of «green» laser light at hemoglobin-containing tissues, in particular, at
subepithelial vascular structures. Material and methods: An experimental solid-state semiconductor laser, generating green light with wavelength
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525 nm which is near the absorption peak of hemoglobin and oxyhemoglobin, was used. Experimental models were cooled samples of the
liver, skin and a preparation combined of them as well as laboratory minipigs of Svetlogorsk population. In the trial, the researchers compared
changes developed after the irradiation of abovementioned objects with «green» laser light. To make comparison, morphological, macroscopic
and histological findings from irradiated zones were analyzed. Results. Specific differences in the damaged zones of experimental models as well
as in the liver and skin were found. While examining the liver, one can see locally more pronounced changes and a minus destruction looking
like a narrow sphenoid-shaped crater with relatively narrow zones of compact and cellular necrosis, clear boundaries between them as well as
unchanged adjacent tissues. On the skin, one can see a minus destruction of much smaller size with zone of peripheral coagulation 3-5 times
wider and without compact and cellular layers; there are also no clear boundaries with unchanged tissues. In the combined sample, green laser
light — which is less absorbed by the skin- penetrates through it, thus affecting the underlying liver where one can see more pronounced thermal
changes, if to compare with the skin. Conclusion. The selectivity effect of «green» laser light with wavelength 525 nm at hemoglobin-containing
tissues has been confirmed. This conclusion is a promising finding for applying the selective photothermolysis in pathological subepithelial
capillary structures which will ensure precise treatment with minimal damage to skin tissues.

Key words: laser light of «green» spectral range, selective photodestruction, capillary angiodysplasia of skin, model objects of minipig liver
and skin, morphological examination.
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BBEOEHUE

Ha cerogHsWHMI OeHb coxpaHsieTca npobrnema ne-
YeHUs KanunNnsapHOW aHrMoaMCnnasun KOXu y B3pOCIbIX
n peten [1-3].

HecmoTps Ha xopolwwne pesynbTaTbl eYeHns pas-
NWYHBIMW BUOAMW NA3epPHOro U3Ny4yeHus crneumanucTb
OTMEYalT HeYO0BNETBOPUTENbHBIN KIIMHUYECKUIA 1 3C-
TETUYECKWUIA Pe3ynbTaT NIeYeHns, 00yCrnoBMneHHbI GoTo-
JOECTPYKUMEN HE TOMbKO coaepXaLlimx remornobuH kanms-
NSPHBIX CTPYKTYP, HO M HE MPOrHO3MPYEMbIM TEPMUYECKUM
noBpexaeHnem koxu [4, 5]. Bce 310 oTpuatenbHoO ckasbl-
BaeTCs Ha pe3ynbraTax JIeYeHNS U MOXET CIYXKUTb MPUYm-
HOM pa3BnTUSA pybLOBO AedopMaLMi KOXHBIX MOKPOBOB,
TMNEPMUrMEHTALMN U OPYrUX HEraTUBHbIX NOCNeaCTBUN
B 30He Bo3aencTBums [6]. OdaHHbIN hakT QUKTYeT BbIGOP
TaKOro N1a3epHOro M3nyveHus, KoTopoe 0becneymnT cenek-
TVBHOE BO3AENCTBME Ha CybanuTenmasnbHble COCyanCTble
CTPYKTYpbl MPY MUHUMANbHOM TEPMUYECKOM MOBpEeXae-
HUW KOXW, BKMKOYAsi 30Hy ee pocTa [6].

B HacTosiLLee Bpems O4HUM M3 NepPCneKTUBHLIX U pe-
3yNbTaTWBHbIX METOAOB YCTPAHEHUS KanunnspHoW aH-
rMoaMCnnNasnn Koxn paccMmaTtpusaioT )oTo4ecTpyKLmMo
nasepHbIM U3MyYeHNeM XenTOo-3e/1eHOr0 CNeKTPanbHOro
AvanasoHa Ha OCHOBE M30MpaTENbHOIO NOMMOLLEHNS 1asep-
HOTO W3My4YeHNss NUTMEHTOM, reMOrnoBMHOM, KPOBU B CO-
cydax, B JallbHENLEM UX CKIEPO3NPOBaHWUM U perpeccun.

3BeCTHO, YTO pe3ynbTaT BO3AENCTBUS CBETa Ha B1o-
Nornyeckyto TkaHb OnNpeaensitoT TP OCHOBHbIX akTopa:
ANVHa BOMHbI U3MyYeHns, ANUTENbHOCTb BO34ENCTBUSA
1 NNOTHOCTb NOMOLLEHHOW 3Heprun. Hanbonee BaxHbIi
napamMmeTp fasepHOro U3nyyvyeHus — 310 AnvHa ero Bon-
Hbl, KOTOpasi onpenensieT rnyoOuHy ero NPOHUKHOBEHNS
B BMOTKaHb U CEeNEKTMBHOCTb MOMMOLLEHUS pa3nnyHbIMM
ee anemeHTamu, xpomodopamu [3].

Na3zepHoe n3nyveHne xenTo-3eeHoro CrnekTpanbHoro
[Mana3oHa MMEET KPMBYH) MOIOLLEHUS reMOrnobMHOM
C OBYMS NTOKanbHbIMW MakCuMymaMmu, 3efieHoe OKOMo
520-540 n xenToe 570-580 HM, B MEHbLLEN CTENEHN OHO
NOrnoLaeTcs MenaHMHOM U He3HaYMTENbHO BOAON [6].
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OpHako MMeHHo 3eneHas AnvHa BomnHbl 520-540 HM
MoYTW B PaBHOWM CTEMEHM OKa3sblBaeT M3bupartenbHoe
BO3[eNCTBME Ha reMornobuH 1 OKCUreMOornobuH, 4To
npeacTaenseT HambonbLWA MHTEPEC ANS Lenn cenek-
TUBHOrO hOTOTEPMONM3a CybanuTenmanbHbIX Kanunnsp-
HbIX CTPYKTYP, MPENMYLLECTBEHHO COAEPXALLMX KPOBb
CMELLAHHOTO XapaKTepa.

MATEPWANT N METO[bI

CpaBHUTENbHOE 3KCMEPUMEHTanbHOE UCCNEAOBaHME
in vitro Ha obpasuax neYeHn 1 KOX1 MUHU-CBUHEN CBET-
fioropckow nonynsaumm 6bino BeIMOMHEHO ANS NOATBEPX-
[IEHMS CENEKTUBHOCTY «3€MeHOro» Na3epHoOro 13ny4YeHums
coaepXaLiymMmu remorniobuH TKaHaMm, 4To Heobxognmo
Ans 3 PEKTUBHON HOTOLECTPYKLMM CyOanUTENMAbHBIX
KanunsipHbIX CTPYKTYP KOXW.

O6bekTamm nccnenosaHms Gbinmn BolGpaHbl OXNaXaeH-
Hble 06pasLbl NEYEHN 1 KOXM BUONOrMYecknx Mogenen,
nabopaTopHbIX KUBOTHLIX MUHU-CBUHEN (Sus salvanius)
CBETNOrOPCKON nonynauuu, npegoctaeneHHbix ®rbYH
«HayyHbIn LueHTp BruomeanumHckmnx TexHonormn ®MBA
Poccumny». MuHu-cauHby (Sus salvanius) MerT Hanbonb-
LLlee CXoACTBO N0 aHAaTOMUYECKOMY CTPOEHMIO 1 PU3MO0-
NOrMM C YenoBeKOM. TKaHb MeYEeHN C OTHOCUTENbHO Of-
HOPOAHOW CTPYKTYPON M 3HAYNTENbHBIM COAEPXKaAHMEM
remornobrHa MOXHO cYMTaTb ONTUManbHbIM 0ObEKTOM
ANS N3y4YeHUs1 CENEKTUBHOCTU «3€MEHOro» NasepHoro
U3My4YeHUs reMornobrHOM, a KOXy — CO 3HAYNTENbHO
MeHbLUMM ero cogepxaHnem, 06bekTom cpaBHeHus [7].

NabopaTopHbIe XNBOTHbIE, MUHWU-CBUHBW ObINN 1C-
nonb30BaHbl B konuyectse 3 ocobel B Bo3pacte 8 me-
csueB. 3abop aKkcneprMeHTansLHOro Matepuana, nevyeHn
N CBETNON KOXM M3 00MnacTu XnBoTa MUHU-CBUHEN AN
MCCnenoBaHUs OCYLLECTBNSANM B MOMEHT 3abMBKM CBU-
HbW, Aanee cpasy 0bpasLbl NoMeLLany B OXNaxaeHHbIN
[0 5 rpagycos no Llenbcuto dusnonornyeckuin pacteop.
He Gonee yem 4yepes OBa Yaca oxnaxaeHHble obpasupbl
TKAHEN MWUHMW-CBUHEN Obinu 3a4encTBOBaHbI B 3KCMEpU-
MEHTanbHbIX UCCNea0BaHUsAX.
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B pabote ncnonb3oBanu akcnepuMeHTanbHbIA 06-
paseL TBEPAOTENbHOIO Na3epHOro annapara Ha OCHOBE
MoNynpOBOAHMKOBBIX AVNOAOB, FEHEPUPYIOLLMX U3NyYeHne
B 3e/IEHOM CMeKTpasibHOM AuanasoHe ¢ ANVHOW BOSHbI
525 HM, BOMKM3W N1Ka NOrnoLLeHnst reMornobuHa 1 okcu-
remornobuHa, cneunansHo paspaboTaHHbIN Ans Lenen
mMeauumHbl B MHcTUTyTe 0bwen dunsnkm um. A.M. MNpo-
xoposa PAH [8].

Wcnonb3oBanu «3eneHoe» nasepHoe M3nyyveHue
C OSIMHON BOSHbI 525 HM € NOCTOSIHHBIMW NapaMmeTpamu
YyacToTbl cnegoBanus umnynecos 10 My v gnametpom
na3epHoro naTHa Ha nosepxHoctn 0,8 mm. B pabote me-
HAMW CreayoLMe napameTpbl: YETbIPE pexMMa cpeaHen
MoLHocTu: nepebii — 0,5 BT, BTOpon — 1 BT, Tpetun —
2 BT v yetBepTbit — 3 BT; ANUTENBHOCTb MMMYyNbca —
2, 51 10 mc 1 akcnosmuuto Bosaenctaunsa — 5, 10 n 30 ce-
KYHA, @ TakKe UX pasfyHble COYETaHUs.

B pabote 6bino BbINOMHEHO TpW CEpUM UCCrenoBa-
HUSA NS CPABHUTENBHOMO N3YYeHWs Pe3ynbTaToB BO3OEN-
CTBUSI «3EMIEHOTO» J1A3ePHOrO U3My4YeHUs C ANMHON BOMHbI
525 HM Ha oxnaxaeHHble 06pasLibl NEYEHN, KOXM 1 KOM-
OVHMpPOBaHHLIV Npenapat, COCTOSLLMIA 13 KOXW W NOA, Hell
neveHn. B nepBon cepuu akcnepuMeHTa nasepHbIM 13ny-
YeHMEeM C pa3HbIMK PeXMMammn OCYLLECTBIAN BO3AENC-
TBWE Ha 0OpasLibl KYCOYKOB NEYEHN Yepes ee Karmcyny.
Bo BTOpOW Cepun Ansi CpaBHEHUS AENCTBOBanM Ha 06-
pasLbl KOXW C UCMOMb30BaHUEM PEXMMOB NpeablayLUei
cepuu. B TpeTbel cepun Ha obpasubl KOMOMHMPOBAH-
HOro nMpenapaTa 4Yepe3 KOXy Ha NevyeHb OCYLLECTBIIANN
BO3LEVCTBME Na3epHbIM U3NYYEHNEM C TaKUMM Xe pe-
Xumamu. Bo Bcex cryyasix Ha NoOBEPXHOCTW OOBEKTOB MC-
cnepgoBaHust opmMmnpoBany 30HbI BO3AENCTBUS TOYEYHO
KOHTAKTHO HEMOABWXHbLIM NATHOM J1a3€PHOI0 M3NyyYeHus
C NPVYMEHEHNEM Pa3NNYHbIX COMETAHMIA €r0 NapameTpoB.

HenocpencTBeHHO MpuW BbINOMHEHUW 3KCNEPUMEHTA
“3yyanu Bu3yanbHO onpeaensiemMmbie MakpocKkonmyeckme
M3MEHEHMS B 30HE BO3LEMCTBUS HA NOBEPXHOCTY 06pas-
La: BbIpaXXEHHOCTb TEPMUYECKUX U3MEHEHUN, pasMep
1 hopMy MUHYCOBOrO AedekTta, Kpatepa, LWMPUHY 1 Xa-
paKTep 30HbI NepudepUYecKoro KoarynsumoHHOro noe-
pexpeHus. B fanbHenwem BbINOSHAAN rMCTOMOpdono-
rM4yeckoe UCCrnefoBaHne COOTBETCTBYIOLLMX NpenapaToB
C MOpPOMETPUYECKON OLEHKOW. Ha ocHoBaHuM cpas-
HUTENbHOrO aHanM3a pe3ynbTaToB MaKpOCKOMMYECKOro
1 TUCTONOMMYECKOro UCCrefoBaHMs 30H NOBPEXAEHUS
MOAEeNbHbIX 06BbEKTOB OLIEHMBANMN 3PEKTUBHOCTL «3ene-
HOrO» J1a3epHOro n3nyyeHns (525 Hm) Ans Lenv cenexkTme-
HOM (DOTOAECTPYKLMMN COAEPXKALLMX FeMOrNoOMH TKaHew,
B YaCTHOCTW, CyBanuTenmanbHbIX COCYANCTbIX CTPYKTYP.

Ob6pa3subl TKaHel ¢ 30HamMy nasepHOro BO3nei-
CTBWS ANS TMCTONOIMYECKOro MccnegoBaHns pukeupo-
Banu B 10% HenTpansHoM dopmanuue. [anbHenwwyto
006paboTKy OCYLLECTBMSANN B aBTOMATUYECKOM pexunme
B annaparte Ans ructornorm4yeckort NpoBoAKM upmel
Excelsior («Termo Scientificy, Benukobputanus) n 3a-
nueanu B napadguH Ha annapate EC350 («Micromy,
lepmanus). C napaduHoBbIX GMOKOB Monyyanu cpesbl

TonwwmHon 2-3 MkM Ha mukpotome HM 355S ¢ cucre-
MoWi nepeHoca cpe3oB STS («Termo Scientificy, Benu-
kobpuTaHus). MonyyeHHble rMcTonorMyeckue npenaparsl
fenapaduHMpoBanu, 3aTem OoKpalUMBany reMaToKCumm-
HOM 1 3031HOM. [0TOBbIE OKpaLLEHHbIE MMCTONOrMYeckme
npenaparbl No4 MOKPOBHbLIM CTEKNOM NpOCMaTpuBani
B Mukpockone CX41 («Olympus», Anoxus). Anga nony-
YeHus MuKkpodpoTorpaduin rmcTonornyeckne npenaparbl
OblnNy 0TCKaHMPOBaHbl Ha Mukpockone Pannoramic Midi
(«3DHISTECH», BeHrpus) ¢ nporpaMmmHon 06paboTkoi
130BpakeHusl, Ans oLeHKM MOPOMETPUYECKVX NapaMeT-
POB TEPMUYECKOTO NOBPEXAEHUS TKaHEN.

PE3YJIbTATDI

B nepBoy cepun aKCnepuUMeHTansHOro nccnegosa-
HUS Ha oBpasuax KyCOYKOB neyveHn Bbin yTOUHEH Xapak-
Tep TEPMUYECKOrO BO3AENCTBUS 1 OnpeferneH AnanasoH
PEXMMOB «3€NEeHOro» na3epHoro uanyyeHus (525 Hm),
HeobxoauMbIn Ans adheKTUBHOWM POTORECTPYKLIUN CO-
Aepxallen remornobuH TKaHu.

Pesynbrathl nccnefoBaHus nokasani, YTo M3MEHEHNs
Ha NeYeHN Ha4MHaOT XOPOLLO ONpPeaensTLCSA NpK UCMOMb-
30BaH1M N1a3epHOTO U3MTy4EHUs C MakCuMarbHO SHEProem-
KUMW NapameTpamm Nepeoro pexvma (mowHocTts — 0,5 Br,
anutensHocTb uMnynbca — 10 mc 1 akcno3nums — 30 c).

AbdhekT TepmMmyeckon hoToAECTPYKLMN YCUIMBAET-
CSi B COOTBETCTBUM C YBENWYEHNEM MOLLHOCTM, @ TaKxe
Bonbluei ANUTENbHOCTM MMMNYNbCa M 3KCNo3uuum napa-
METPOB BTOPOr0, TPETHENO M MaKCUManbHO BbIpaxXeH npu
YeTBEPTOM pexmme (MoLLHocTb — 3,0 BT, 4nMTEnsHOCTb
umnynsca — 10 mc 1 akcnonuusa — 30 c).

Bo Bcex crnyyasx onpegensiemMble XapakTepHble 13-
MEHeHUs B 30HaxX BO3AEVCTBUS Ha NeYeHN COXPaHAITCS,
MPUCYTCTBYIOT Y4acCTK1, NpeaCcTaBneHHbIe OTHOCUTENBHO
LUMPOKMM U rnyBOKMM KpaTepoM C OKalMISOLLEN Bbipa-
)KEHHOWN 30HOW KOarynsumm ero CTEHOK.

Ha cooTBeTCTBYHOLLUMX MMCTONOMMYECKUX Npenaparax
OTMEYaeTCs MUHYCOBas AEeCTPYKUMS B BUAE KpaTepa, no-
BEPXHOCTb CTEHOK KOTOPOrO MECTAMM BbIMOSTHEHA TOHKUM
CIIoeM KOMMaKTHOro KoarynsuMoHHOTo Hekposa, Aanee
rnog HUM crnoi Bonee LWMPOKOro SHENCTOro HeKPo3a, Nog,
KOTOPbIM PacnofnoxeH OTHOCUTENbHO Y3KUI y4acToK ro-
MOTEHHO KOarynpoBaHHbIX TKaHEN C YETKUMU rpaHnLaMu
nepexoAa B HeU3MeHEeHHbIe TKaHEeBbIE CTPYKTYPbI.

Ha ocHoBaHuM aHanm3a MakpOCKOMWYeCKUX U ruc-
TOMOPONOrMYECKMX UCCNeaoBaHUN NepBO aKCnepu-
MEHTanbHOW cepun Bblna onpeaeneHo, YTo «3eneHoe»
nasepHoe nany4veHue (525 Hm) Npu BCex MCNOMb30BaHHbIX
B 9KCMEPUMEHTE napameTpax Co BTOPOro No YeTBepThIi
pexuM rapaHTMpoBaHo obecneuvBaeT apdekT HoTo-
LEeCcTpyKUMW codepxallent reMornobunH TKaHu neyveHu.
Mpumepbl NpeacTaeneHsl Ha puc. 1-4.

Bo BTOpOWI Cepum akcneprmeHTa Bbifio OTMEYEHO, YTO
Ha KOXXeTepMuyeckne U3MEHEHNS HaYMHAIOT XOPOLLO On-
penenaTbCs TOMbKO Npy UCMonb3oBaHUU Hambonee ar-
PECCUBHBIX MO 3HEPrETVKM NAapaMeTPOB BTOPOTO peXxnumMa
(1 Br, 10 mc, 30 c).
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C yBenMYeHMeM 3HepreTM4YecKon akTUBHOCTY BO3AEN-
CTBUS MPY TPETbEM U YETBEPTOM PEXUME MPOSBNEHNS
hOTOAECTPYKLMM HAPaCTatoT U CTAHOBSATCSA XOPOLLIO onpe-
[ensieMble BU3yarnbHO W Ha TMCTONOTMYECKUX npenaparax.
MuHycoBasi [ecTpyKLms TKaHel ¢ obpa3oBaHMeM kpatepa
OTMEYaETCS TOMbKO NPY CaMbIX arpeCCUBHBIX SHEPreTuYe-
CKUX NapameTpax yeTsepToro pexuma (3 BT, 10 mc, 30 c).

Bo Bcex cnyyasx B yyacTkax BO3LENCTBUS HA KOXe
npUCyTCTBOBaNa OTHOCUTENbHO LUMpOKas U rnyboko

Puc. 1. Makponpenapat ne4enu, pexum 2 (1 Br, 10 mc, 30 c¢). Iny-
Gokne gedekThl, KpaTepsbl AuaMeTpom Ao 1,5 MM, Mo Kpato Kopuy-
HEBO-XENTOro LBeTa KoarynsuMoHHbIA BEHYWK, 00U AnaMeTp
nospexaexus o 3,0 mm

Fig. 1. Liver macropreparation, mode 2 (1 W, 10 ms, 30 s). Deep
defects, craters up to 1.5 mm in diameter; coagulation rim along
brown-yellow edges; total damage diameter up to 3.0 mm

Pwuc. 2. TncTonormyeckuii npenapart neyenu, pexum 2 (1 Bt, 10 mc,
30 c). B 30He Bo3aencTBUS onpeaensetcs rmyookui AedekT Tpey-
ronbHO hOPMbI, ANAMETPOM Ha MOBEPXHOCTH 1,5 MM, 1 NMPOHMKato-
LUMIA Ha rnyBuHy Ha 761,6 MkM. Ha NOBepXHOCTM KpaeB CTEHOK Ae-
dekTa y3kuit 4o 138,1 MKM KOPUYHEBOTO LIBETA CIOW KOMNAKTHOIO
HEKPO3a, Moz, HAM LUMPOKUIA 0 367,6 MKM Y4acTOK C BbIpaXXeHHON
BaKyonm3aumen TkaHu. banoyHas cTpykTypa MecTamu CoxpaHeHa.
Okpacka reMaToKCUMITMHOM 1 303UHOM. YBenuyeHne %100

Fig. 2. Histological preparation of the liver, mode 2 (1 W, 10 ms,
30 s). In the irradiated zone, a deep triangular defect with diameter
1.5 mm on the surface which penetrates up to 761.6 um deep.
On the surface of edges of defect walls, there is a narrow layer of
compact necrosis up to 138.1 pm of brown color; under it, there
is a wide area up to 367.6 um with marked tissue vacuolization.
Hepatic cords are in place. Staining with hematoxylin and eosin.
Magnification x100
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pacnpocTpaHeHHast 30Ha KoarynsuMOHHbIX U3MEHEHWI
0€3 YETKMX rPaHNLL C OKPYXKaOLLWMMU TKaHEBBIMU CTPYKTY-
pamu. MNpumepbl NpeacTaBneHsbl Ha puc. 5 1 6.
CpaBHUTENbHLIM aHanuM3 pes3ynbTaTtoB MNepBoW
1 BTOPOW CEpUM IKCMEPUMEHTANbHOMO UCCMEN0BaHNS

Puc. 3. Makponpenapart ne4enu, pexum 4 (3 Bt, 10 mc, 30 c). BbI-
paxeHHas AeCTPYKLMUS TKaHW B BUAE BOPOHKY C LLMPOKVM A0 2,0 MM
KpaTepoMm B LEHTpe, Kpas KOPUYHEBO-XENTOro LBeTa LUMPUHON
[0 1,5 MM, 06LLas 30Ha TEPMUYECKOTO NOBPEXAEHMS B AMaMeETpe
0o 5,0 mm

Fig. 3. Macropreparation of the liver, mode 4 (3 W, 10 ms, 30 s).
Expressed tissue destruction looks like a funnel with a wide crater
up to 2.0 mm in the center; edges are of brown-yellow color up to
1.5 mm wide; total zone of thermal damage is up to 5.0 mm

Puc. 4. Tvctonornyeckuin npenapat neyvenu, pexum 4 (3 BT, 10 mc,
30 c). B 30He Bo3aeiicTBNS rMyOoKMin fedhekT 3a0CTPEHHON Tpey-
ronbHON POpPMbI, 3aHUMAIOLLMIA Y4aCTOK Ha NOBEPXHOCTU AnameT-
poM A0 1,2 MM M MPOHMKAKLLMIA Ha ry6uHy 1,7 MMm. Mo kpasv cTe-
HOK fiedpekTa TEMHO-KOPUYHEBOTO LIBETA Y3Kasi 30HAa KOMMAKTHOTO
KOarynsiLlMoOHHOro HeKpo3a, MakCMManbHOW TOMLWMUHbI OT 64 MKM
80 134,4 MkM, noZ HemM y4acToK C BblpaXeHHOW Bakyonusauuein
TKaHW, S4ENCTOro Hekposa, TonwmuHon ao 306,3 mkm. banoyHas
CTPYKTypa MecTamu XOpoLLIO coxpaHeHa. Okpacka reMaTtoKCUIMHOM
1 903vHOM. YBenuyenne x100

Fig. 4. Histological preparation of the liver, mode 4 (3 W; 10 ms;
30 s). In the affected zone, there is a deep defect of a pointed tri-
angular shape which covers the surface area with diameter of up to
1.2 mm and penetrates as deep as 1.7 mm. Along the defect wall
edges, there is a dark brown strip of compact coagulation necrosis
with maximal thickness from 64 ym to 134.4 ym; under it, there is
an area with pronounced tissue vacuolization, cellular necrosis, up
to 306.3 ym thick. Hepatic cords are well in place. Staining with
hematoxylin and eosin. Magnification x100
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nokasan, 4Yto Npu OAMHAaKOBbLIX NapaMeTpax Bo3den-
CTBUSI «3€MEHOrO» N1a3epHOro nanyyeHnst (525 Hm) obino
OTMEYEHO 3HAYUTENbHO MEHbLUEE MUHYCOBOE (HOTO-
[EeCTPYKTUBHOE BO3AENCTBME Ha KOXY MO CPaBHEHUIO
C NeYeHblO 1 onpeaeneHbl XapakTepHble 0COBEHHOCTH
NX NOBPEXOEHNN.

Ha neuyeHn onpepenexo 6onee nokasnbHO BblpaXeH-
HOEe BO3[elCTBMe, YTO COOTBETCTBEHHO 00yCnaBnmBaet
opmupoBaHue bonbLUIEN MUHYCOBON AECTPYKLN C 06-
pas3oBaHWEM KpaTepa W YeTKO onpedensieMbiX rpaHuy
crnoes Koarynsaumm (puc. 1-4).

Ha koxxe 0TMeYeHO Hanmyme MeHee BblpaXeHHbIX MU-
HYCOBbIX JECTPYKTMBHbIX MOBPEXOEHWIA, HO 0Opa3oBaHMe
Bonee pacnpocTpaHeHHow, B 3—5 pa3 BonbLUen LWNPUHBI
1 MOYTK FOMOFEHHOIO XapakTepa 30Hbl KOarynsiLmMOoHHbIX

Puc. 5. Makponpenapat koxu, pexum 3 (2 BT, 10 mc, 30 c). Koxa
B 30HE BO3AeWCTBUS NPUNOAHSTA B BUAE apeosibl AnameTpom
10 3,0 MM, B LieHTpe crierka enToBaToro LBeTa yrnybnexue 6e3
Kkpatepa

Fig. 5. Macropreparation of the skin, mode 3 (2 W, 10 ms, 30 s).
Skin in the irradiated area is raised in the form of areola up to 3.0
mm in diameter; in the center, there is a depression without a crater
of slightly yellowish color

“3MeHeHUN, 6e3 OTHETNMBON rPaHULbl C HEMOBPEXAEH-
HbIMMW TKaHAMU (puc. 5, 6).

B TpeTtben cepum akcnepumeHTanbHoro nccnegosa-
HUS, B Cryvae kKoMBGuHMpoBaHHOro obpasua, bbinu nay-
YeHbl 0COBEHHOCTM BO3AENCTBUS «3ENEHOr0» NasepHoro
N3NyyYeHns ¢ ANNHON BOSHbI 525 HM Ha neveHb Yepes
KoXy. OTYETNMBBLIN 3PPEKT TEPMUYECKUX U3MEHEHUIA
Ha NeyYeHn Nog MMHUMAnbHO NOBPEXAEHHON KOXew Bbin
OTMEYEH TOMbKO HauMHas C MakCMMarbHbIX SHepreTuyec-
Kux napametpoB BToporo pexuma (1 BT, 10 mc, 30 ¢), uto
npeacTaBneHo Ha puc. 7-9.

Puc. 6. TcTonormyeckuin npenapat koxu, pexxum 3 (2 Br, 10 mc,
30 c). B 30He BO3OencTBMA NNockoe yriybneHne ¢ paBHOMEpPHbI-
MU KOArynsyMoHHbIMWU N3MEHEHNUSMU AEPMbI LUNPUHONA 1,3 MM
1 Ha rmyBuHy Ao 1,1 MM, 4TO NPUAAET 30HE NOPaXEHNs 3aKpyrIeH-
HbI BUA. YeTkne rpaHuLbl nepexoda KoarynsiLMOHHbIX U3MEHEHUN
B HEM3MEHEHHbIE TKaHW He BU3yanuaupyrotcs. Okpacka remaTok-
CUNHOM 1 3031HOM. YBenu4yerune x100

Fig. 6. Histological preparation of the skin, mode 3 (2 W, 10 ms,
30 s). In the treated area, there is a flat depression with uniform
coagulation changes in the dermis 1.3 mm wide and up to 1.1 mm
deep which shapes the treated area round. One cannot see clear
boundaries of transition of coagulation changes into unchanged
tissues. Staining with hematoxylin and eosin. Magnification x100

Pwuc. 7. Makponpenapat kombuHMpoBaHHoro obpasua, koxa v neveHb, pexum 2 (1,0 BT, 10 mc, 30 c): a — Ha KOXe N3MeHeHVs B BUAE He-
3HAUMTENBHON AreBaLym 1 NErKoro NOXENTEHNS B 30HaX BO3AENCTBUS; 6 — Ha NeYeHu, Noa KOKEN, TOXe ONPeaenstoTcs 30HbI TEPMUYECKOTO
noBpexaeHns B Buae HebonbLumx yrnybneHwii ¢ 6enoBaTon 1 NOACYLIEHHOW NOBEPXHOCTHIO

Fig. 7. Macropreparation of the combined sample (skin and liver), mode 2 (1.0 W, 10 ms, 30 s): a— changes on the skin look like insignificant
elevations with light yellow coloring in treated areas; 6 — on the liver and under the skin, there are also zones of thermal damage looking

like small depressions with whitish and dried surface
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Puc. 8. TncTonornyeckuin npenapar Koxu, KOMOMHUPOBaHHbIN 06-
paseu, pexum 2 (1,0 Br, 10 mc, 30 c). 3oHa Bo3aencTBMS NMeeT
NPaBUMbHYH TPEYromnbHY0 (hOPMY C 3aKPYrMEHHBIM BHU3Y KOHTY-
pom pa3mepamu 1500 Ha 1500 mMkM, NpeacTaBneHa ynioTHEHHbI-
MV TOMOFEHU3UPOBAHHBIMU TKAHSIMW KOarynsiLMOHHOTO HeKpo3a,
TOMNbLKO B LIEHTPAmNbHOM 4acTh y4acTok HeGonbLUIOoro AedhekTa TKaHMU.
Okpacka reMaToKCMITMHOM 1 303UHOM. YBenuyeHne %100

Fig. 8. Histological skin preparation, combined sample, mode 2
(1.0 W, 10 ms, 30 s). The irradiated area has a regular triangu-
lar shape with rounded contour at the bottom and size 1500 and
1500 mkm; the area consists of compacted homogenized tissues
of coagulation necrosis; a small tissue defect is only in the central
part. Staining with hematoxylin and eosin. Magnification x100

Pwuc. 9. TncTonoruyeckuii npenapar neveHun, kKoMGMHMpoBaHHbIN obpasel, pexum 2 (1,0 BT, 10 mc, 30 c¢). a — 30Ha BO3ECTBIS UMEET Tpe-
YronbHyt )opMy C MOMOTMMM KpasiMi 1 pacronoxeHa Ha npoTshkeHun 509,8 Mkm ¢ MakcumanbHon rmy6uHoi 177,8 mkm. HenocpeactseHHO
noA, 30HOW BO3ENCTBYUS PacnosioxeHa TOHKas MO0ocka TKaHU NeYeHU C MpUM3HaKkamm MArkom Koarynsiuum, ynnoTHEHWE TKaHuW, HapyLleHne
GarnoyHoii CTPYKTYpbI, iApa renatoLmToB coxpaHeHbl. Okpacka reMaToKCUIMHOM 1 3031HOM. YBenuyeHue x100. 6 — doparMeHT npeasiayLero
npenapara npu 60nbLIEM YBENUYEHUN, AEMOHCTPUPYIOLLMIA 30HY MSATKOA KoarynsiLmy TONWmMHON 116 MKM, C KOMMNaKTHbLIM PacrnonoXeHnem
renaToLMTOB C COXPaHMBLUMMUCS SAPaMM 1 HE Ha BCEM MPOTSHKEHUM NPOCIEXUBAKLLMMACA TPaHMLAMM LMTONNa3mMaThyeckoin MembpaHsbl
renatoumToB. Okpacka reMaToKCUIIMHOM 1 303MHOM. YBennyeHue x400

Fig. 9. Histological preparation of the liver, combined sample, mode 2 (1.0 W, 10 ms, 30 s). a — irradiated area has a triangular shape with
gently sloping edges; it spreads over 509.8 pm with maximum depth 177.8 um. Directly under the irradiated zone, there is a thin strip of liver
tissue with signs of soft coagulation, tissue consolidation, impaired cord structure; hepatocytic nuclei are preserved. Staining with hema-
toxylin and eosin. Magnification x100. b — a fragment of previous preparation at higher magnification. There is a zone of soft coagulation,
116 um thick; compact arrangement of hepatocytes with preserved nuclei; cytoplasmic membrane of hepatocytes is not observed along all
boundaries. Staining with hematoxylin and eosin. Magnification x400

Puc. 10. Makponpenapat kombuHMpoBaHHOro 06pasLia, koxa 1 neveHb, pexum 3 (2 Bt, 10 mc, 30 c). a — B 30He BO3AENCTBUSA KOXa nNpunog-
HsATa apeonoii AnameTpom Ao 2,0 MM, B LIEHTpe XenToBaTtoro Lgeta yrnybnexve go 0,5 mm B gnametpe, 6e3 Buaumoro kpatepa; 6 — rny-
6okme u wupokme Jo 1,5 MM KpaTepbl, CTEHKN TEMHO-KOPUYHEBOTO LIBETA, BOKPYT CBETNO-KOPUYHEBBIN KOArynsLMOHHbIA 06040K, AnameTp
obuero nopexaexus o 3,0 mm

Fig. 10. Macropreparation of combined sample, skin and liver, mode 3 (2 W, 10 ms, 30 s). a — in the irradiated zone, skin is raised and has a
shape of areola up to 2.0 mm in diameter; in the center of the yellowish spot there is a depression up to 0.5 mm in diameter without any visible
crater; 6 — deep and wide craters up to 1.5 mm, walls are dark brown, light brown coagulation rim; total damage diameter is up to 3.0 mm
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Puc. 11. Tuctonornyeckuii npenapat KoXu, KOMOUHUPOBAHHbIN
obpaseu, pexum 3 (2 BT, 10 mc, 30 c). B 30He Bo3geicTBMA on-
pepensetcs wupuHon o 502,9 mkm n rnybuHoi fo 376,1 Mkm
AedeKT AepMbl HENPaBUbHOW POPMbI C 3a0CTPEHHBIM AHOM.
Kpas gedekta ¢ WMPOKON 30HOW KOArynsiuMOHHbIX U3MEHEHWI
aepmbl 8o 740,5 mkm. B Hel Ha yyacTke wupuHon fo 233,7 MKM
NPUCYTCTBYIOT HEMpaBuIbHOM hopMbl KpynHble nonocTu. Okpacka
reMaToKCUINHOM 1 3031HOM. YBenuyeHue x100

Fig. 11. Skin histological specimen, combined sample, mode 3
(2W, 10 ms, 30 s). In the irradiated area, there is a dermis defect of
irregular shape with a pointed bottom of 502.9 microns wide and up
to 376.1 microns deep. Defect edges with a wide strip of coagulation
changes in the dermis up to 740.5 microns. It has large cavities of
irregular shape up to 233.7 ym wide. Staining with hematoxylin and
eosin. Magnification x100

Bblpa)KeHHOCTb XapaKkTepHbIX NPOSIBNEHWA TEpMUYE-
CKOrO NMOBPEXAEHNS KOXM U NOA HEW COOTBETCTBYHOLLETO
yJacTka neyeHu yBenunymBanacb npu bonbluen aHepre-
TUYECKOW aKTMBHOCTM BTOPOrO, TPETbEro U 0COBEHHO
YEeTBEPTOr0 pexumma LaHHOro NasepHOro Usny4vyeHus.
Bo Bcex cnyyasx Ha Koxe NpucyTcTBOBana 3HaunTeNsHO
MEeHbLLIasi MUHYCOBasi AECTPYKLUMS C HeBGOMbLUMM KpaTe-
POM, HO OTHOCWUTENbHO LUMPOKUMU TEPMUYECKMI 30HA-
MK, Ha neveHn 6ornee BbipaXeHa MUHYCOBas AECTPYKLMS
B BWAE OTHOCUTESNbHO rMyBOoKOro 1 y3Koro kpartepa ¢ Ha-
MYMEM Ha ero CTeHKax onpeaeneHHbIX KoarynsuoHHbIX
Y4aCcTKOB TEPMUYECKOro nospexaeHus. MNpumeps npea-
cTaBneHbl Ha puc. 10-12.

Ha ocHoBaHUM pe3ynbTaToB TPETLEN CEPUN NCCIEnO-
BaHus1 ObIW NOATBEPXKOEHbI Pa3NMuna xapaktepa Tep-
MWUYECKUX OECTPYKTUBHbBIX U3MEHEHUIA KOXU U NeYeHu,
a Takke ObINIo onpegeneHo, YTo Koxa obecneymsaeT go-
CTaTOYHOE MPOXOXAEHNE «3EMIEHOro» NasepHOro nsnyye-
HUS (525 HM) ANna OTOAECTPYKLMM NOANEXKALLEN NEYEHN
c bonee BbIpaXXeHHbIMU TEPMUYECKUMMN U3MEHEHUSMI
MO CPABHEHWIO C KOXEN Hag Hew.

OBCYXOEHWUE PE3YJIbTATOB

Ha ne4yeHn dopmupoBaHue bonee nokarnbHbIX C Bbl-
Pa)KeHHbIM MWHYCOBbLIM XapaKTEePOM LECTPYKTUBHbIX
M3MEHEHWN B BUAE KNMHOBUAHOMO AedekTa — kpatepa,
1 ¢ 0bpa3oBaHNEM Ha CTEHKAX HE LUMPOKMX y4aCTKOB KOM-
MaKTHOrO 1 IMENCTOro HEKPO3a C OTYETNMBLIMU rpaHNLa-
MU Mexay coboii U C OKPYXKatLWMMK TKaHAMU CBA3aHO

Puc. 12. luctonornyeckuin npenapat neveHn, KOMOUHUPOBAHHLIN
obpasel, pexum 3 (2 BT, 10 mc, 30 c). B 30He Bo3geiicTaus onpe-
aensierca ry6okui o 2300 MKM 1 wuprHon 10 879,7 MKM KIMHO-
BUOHOM hopmbl AedpekT. Kpasi aedpekta ¢ y4acTkamm KoarynsiumoH-
HbIX U3MEHEHUI, TOHKUM [0 71 MKM CIOEM KOMMNAKTHOMO HeKpo3a
1 NOA HAM YHaCTKOM LUMPUHOW A0 213,7 MKM S4eMCTOro Hekposa
C BbIpaXXeHHO Bakyonuaaumeii TkaHu. OKpacka reMaToKCUITMHOM
1 303vHOM. YBenunyenue x100

Fig. 12. Liver histological specimen, combined sample, mode 3
(2 W, 10 ms, 30 s). In the irradiated zone, there is a sphenoid-
shaped defect up to 2 300 microns deep and up to 879.7 microns
wide. Defect edges demonstrate coagulation changes, thin layer
of compact necrosis up to 71 um, and under it, a zone of cellular
necrosis up to 213.7 pm wide with marked signs of tissue vacuol-
ization. Staining with hematoxylin and eosin. Magnification x100

C OTHOCUTENbHO BOMNbLIMM NOMOLLEHNEM pacCcMaTpuBae-
MOrO Na3epHOro M3ny4veHusi remornobuHom B obpasuax
neyeHu.

Ha koxxe Hanmnune 3Ha4YnTENbHO MEHBLIMX MUHYCOBBIX
[OECTPYKTUBHbIX U3MEHEHMIA C Bonee LIMPOKOW 30HOM ne-
pudepuyeckon koarynsumm 6e3 obpasoBaHNs y4acTKoB
KOMMaKTHOIO M SI4ENCTOro HEKPO3a U OTCYTCTBUEM HETKUX
PaHWLL C OKPYXKaOLLIMMU TKaHAMM CBUOETENLCTBYET O He-
3HAYMTENBHOM MOMTOLEHNN JAHHOMO M3MYy4YeHNst TKaHSIMK
KOXM.

B cnyyae komBuHupoBaHHOro obpasua apdekT npo-
XOXKOEHMS NTA3ePHOr0 N3MyYeHUs Yepes3 TKaHb KXW Mpu
MeHbLLEM ee NoBpexaeHnn 1 bonee BbipakeHHON oTo-
JOEeCTpyKUMe noanexaLlen nedyeHn Takke noaTeepaaet
CENEKTUBHOCTb «3EMEHOroy» Na3epHoOro U3nyyYeHns ¢ onu-
HOW BOIHbI 525 HM coepKaLlyM reMornoOuH TKaHSM.

3AKNKOYEHUE

PesynbtaTthl 3KCNEpUMEHTANbHOMO UCCnefoBaHUs
NOATBEPAUIN CENEKTUBHOCTL BO3OENCTBUS «3ENEHOro»
Na3epHOro UsnyyeHus ¢ AnMHOW BOSHbI 525 HM Ha co-
fAepxallyne reMornobuH TKaHu neveHy no cpaBHEHMIo
C KOXeW.

Xapaktep 1 06beM TEPMUYECKNX KOArynsLMOHHbIX
1 MWHYCOBBIX AECTPYKTUBHbLIX U3MEHEHWUI HA NEYeHU
1 KOXe onpefeneH CenekTMBHOCTbI0 BO3AENCTBUSA «3e-
NEHOro» NasepHOro U3nyvyeHus ¢ ANUHOM BOMHbI 525 HM
1 NPOrpeCcCcyBHO 3aBUCUT OT UCTONb3YEMOrO ero 3Hepre-
TUYECKOro pexuma.
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INasepHoe nanyyeHne ¢ AnNMHOW BOMHbI 525 HM 3ene-
HOrO CMeKTpanbLHOro AvanasoHa BONM3W NUKOB NOrMo-
LWweHusa remornobrHa n okcuremornobuHa, B npegenax
onpeaeneHHbIX SHEPreTUYECKNX NapameTpoB MOXET BbiTb
NepcnekTUBHbLIM ANS Lenen CenekTUBHOrO (poToTepmMo-
nu13anaTonormyecknx cyoanuTenmanbHbIX KanunnsapHbIX

CTPYKTYP.
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