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N3YYEHUE PAHEBOW BAAAUCTUKU U MAKPOCKOMUYECKUX USMEHEHUWA NPU DKCNEPUMEHTAAbHOW
OTKPbITOW TPABME FTAA3A C MOMOLLBIO BbLICOKOCKOPOCTHOMW BUAEO- U $OTOPUKCALLUU

1 PreBOY BO «BoeHHO-MeAULMHCKAS akaaemms umeHn C.M. Kuposan MO PP, r. CaHkt-TMeTtepbypr, 194044, yA. AK. Aebeaesa, A.6

Pe3siome. B paboTe yKa3aHa aKTyAAbHOCTb OTHECTPEABHOM OTKPbITOM TPABMbI TAQ3A BO BPEMS BOEBbLIX AEMCTBUM [6], B ObITY [7] M HO MPOM3BOA-
ctBe [3]. OB03HA4YEHA 3HOYMMOCTb MOAHATOTO BOMPOCA AA BOEHHbIX OCDTAABMOAOTOB, MOCKOABKY CPEAM OrHECTPEAbBHbIX MOPAXKEHMM OPraAHA
3PEHK NO YacToTE NPEOBACACET OTKPBITAS TPABMA rAA3aA [2,5]. AAS MCCAEAOBAHMS OCOBEHHOCTEM ACHHOM TPaBMbI B BMeaA nm. C.M. Kupo-
BA ObIAC PA3PABOTAHA IKCMEPUMEHTAABHAS BOCMPOM3BOAMMASR CTAHAQPTU3OBAHHAN MOAEAb OTHECTPEABHOM OTKPBITOM TPCBMbI TAQ3A TMNA B
(6e3 nHopoaHoro t1eaq) [1]. B cBA3n ¢ BOABLLMM PA3ZHOOBPA3MEM OrHECTPEABHbIX MOBPEXAEHMIN TAQ3A MO TUMAM, 30HE, THKECTH, MO MOBPEX-
AEHUMIO BHYTPEHHMX CTPYKTYP [4,8] BO3HUKAQ HEOBXOAMMOCTb GOMKCALMM MIMEHEHMM MPU CO3AAHUM MOAEAU. DTO MO3BOAWUT MOITAMHO AOKY-
MEHTUPOBATH AMHAMMKY ObICTPOTEKYLLLETO MPOLLECCA. AA STOTO ObIAO MPOAOAXKEHO MCMOAL30BATL BLICOKOCKOPOCTHYIO dDOTO/BMAEO CbEMKY.
TaKMM OBPA30M, B HOCTOSLLLEE BPEMS CYLLLECTBYET HEOOXOAMMOCTbL B PA3PABOTKE METOAMKM CDOTO/BUAEO 3AXBATA M3OOPTXKEHMM MOAEAU-
POBAHMS OTHECTPEABHOM OTKPBITOM TPABMbI FAC3A. MICCAEAOBAHME BbIAO PA3AEAEHO HO HECKOABKO ITAMOB, KAXKAbBIM M3 KOTOPBIX BKAIOYOAA B
cebs onpeAeAeHHble 30Aa4M. B mpolecce paboTbl ObiAM NMPOBEAEHBI QHAAM3 AUTEPATYPbI, MOAEAUMPOBAHNE OTHECTPEABHOM OTKPbLITOM TPCBMbI
FAQ3Q PA3AUYHBIX TUMOB, BU3YTAM3ALMS M3MEHEHMIM MOCPEACTBOM CKOPOCTHOM DOTO/BMAEO CoMKCAUMU. B pesyabTate OblAd pa3paboTaHa
METOAMKA BbICOKOCKOPOCTHOM JOOTO/BMAEO COUKCALMM, O TAKXKE BbINMOAHEHO OMUCOHWE MAKPOCKOMUYECKUX M3IMEHEHMM OrHECTPEAbHOM
OTKPBITOM TPABME FAQ3Q PA3AMYHbIX TUMOB. MCCAEAOBAHME BbIMOAHEHO HA 6A3e ABYX YYPEXAEHWUI. YOCTb PABOT - B TOCYAQPCTBEHHOM HAYYHO-
MCCAEAOBATEABCKOM UCTILITATEABHOM MHCTUTYTE BOEHHOM MeANLMHBI MO PP, Apyras YaCTb MPOBOAMAACH HO KaddeApe OADTAABMOAOTHUM UM.
npod. B.B. BoAkOBO BOEHHO-MeAMULMHCKOM akaaeMmm nmeru C.M. Knuposa B 2018-2020 rr.

KAlo4eBble CAOBA: OTHECTPEAbHAS OTKPbITAS TPABMA FAQ3d, BICOKOCKOPOCTHAS POTO/BUAEO COUKCALLUA, MOAEAL, METOAMKA.

Kopylov R.R. 1(8884-4294) 7dorovisov D.R. 1(5753-3051)

STUDY OF WOUND BALLISTICS AND MACROSCOPIC CHANGES IN EXPERIMENTAL OPEN GLOBE TRAUMA USING
HIGH-SPEED VIDEO AND PHOTO RECORDING OF VIOLATIONS

1 S.M. Kirov Military Medical Academy of the Ministry of Defense , St. Petersburg, 194044, Academica Lebedeva sir., 6, Russia

Abstract. This study focuses on such an important topic as gunshot open globe injury received in the course of combat operations [6], at
home [7] and at work [3]. This fopic is relevant because gunshot open globe injury is the most common injury for military ophthalmologists [2,
5]. An experimental reproducible standardized model of a type B gunshot open globe injury (without a foreign body) was developed fo study
the features of this injury in S.M. Kirov Military medical academy [1]. Due to the wide variety of gunshot injuries to the eye in appearance and
internal structure [4, 8], it became necessary to record changes during the experiment. Therefore, it was decided to use high-speed photo
and video shooting. Thus, it is possible to conclude that there is currently a need to develop a technique for photo and vide o recording of an
image of a gunshot open globe injury. The study is divided into several stages, including specific tasks. The study includes literature analysis,
modeling of various types of gunshot open eye injury, and visualization of changes using high-speed photo and video fixation. The result of this
study is the developed method of high-speed photo and video fixation and description of macroscopic changes in various types of gunshot
open globe injury. The study was carried out on the basis of two instfitutions. The first part of the work was carried out in Institute of military med-
icine, the other part was conducted at the Department of ophthalmology named after Professor V.V. Volkov, S.M. Kirov Military medical
academy in 2018-2020 years.

Keywords: gunshot open globe injury, high-speed photo / video fixation, model, technique.

LeAb paboTtbl. PaspaboTtat MeToamKy dOOTO/BUAEO COMKCAUMM CTAHAQPTUIUMPOBAHHBIX, BOCMPOM3BO-
AMMbIX moaeaert OOTE PA3AMYHBIX TMMOB, HOHECEHHbLIX CHAPSAOM M3 MHEBMATUYECKOrO OPYXXMS B DKCMNEepuU-
meHTe. OnpeAeAmnTb HEOBXOAMMbIM NEePEYEHb OBOPYAOBAHMS, YTOYHUTL UX MAPAMETPbI.

MaTepuanbl U MeToAbl. B npouecce paboTbl BGbIAM NPOBEAEHbBI AHAAM3 PYCCKOA3bIMHOM M AHIAOA3bIYHOM
AUTEPATYPDI, MHTEPHET pecypcos eLIBRARY.RU n PubMed., MOAEAMPOBOHUE OTHECTPEABHOM OTKPBITOM TPOB-
MbI TAQ3Q PA3AMYHbBIX TUMOB, BU3YAAM3ALMS MIMEHEHMIN MOCPEACTBOM CKOPOCTHOM POTO/BUAEO COMKCALMM.
AAS MOAEAMPOBAHMA OTHECTPEABHOM OTKPBLITOM TPABMbI TAQ3A MCMOAB3OBAAMCH MYABTUKOMMAPECCHUOHHAS yC-
TAHOBKA, CHApsgabl TMNA Gamo Hunter u MOAMAOUUMPOBAHHbBIE APOTUKM, BAAAMCTUYECKMI XPOHOTPAdD, XXMBbIE
KPOAMKM U KPOAMKU-KOAOBEPDI. AAS CbEMOK MCMOAb3OBAAMCH OCBETUTEABHAS CUCTEMA M3 5 CBETOAMOAHBIX
Aramn Gauss elementary 150 BT, kamepesl Iphone 7, Sony RX100 V, Phantom Miro 310.

BbICOKOCKOPOCTHAS CbeMKA MPOBOAMACCH MPU CAEAYIOLLIMX MAPAMETPAX:

* POCCTOSHME OT AYABHOTO CpPEe3Q BMHTOBKM A0 ODOBEKTA COCTABAIAO 25 CM (PACCTOSHME BbIBPAHO B
npouecce NPAKTMYECKMX UCMITAHUIA HO OCHOBAHWMM MUHUMOABHOTO KOAMYECTBA OTKAOHEHMIM CHAPSAC OT ero
M3HAYAABHOM TPAEKTOPUM);

* OOTI TMN A: BOCMPOM3BOAMACQCH HA 3 KPOAMKAX (6 TAQ3), MCMOAb3YEMBIM CHAPSIA: CTAABHOM LLIAPUK,
HOKQOYKO OAAAOHA BMHTOBKM: 1 KOMMOPECCHS, CPEAHAS CKOPOCTb CHAPSAQ: 46 m/c. OCTOAbHBIE MAPAMETPSI
YHUAOULMPOBAHDI;

* OOTI ™1 B: BOCAPOM3BOAMAQCH HO 3 KPOAMKAX (6 TAQ3), MICMOAB3YEMbIM CHAPIA: MOAMCOULLUPOBAHHBIN
APOTUK, HOKAYKO BAAAOHA BMHTOBKM: 1 KOMMOPECCHS, CPEAHAI CKOPOCTh CHAPAAQ: 24 m/c. OCTAAbHbIE NAPO-
METPbI YHUPULIMPOBAHbI (MPUBEAEHBI BbiLLIE);

* OOTI Tvn C: BOCNPOM3BOAMAOCH HO 3 KPOAMKAX (6 TAQ3), UCMOAb3yeMbIM CHAOpsa: Gamo Hunter, Ho-
KOYKQ OAAAOHAO BMHTOBKM: 2 KOMMPECCUM, CKOPOCTb CHAPIAQ: 68 m/C. OCTOAbHbIE MAPAMETPbI YHUAOULMP O-
BOHbI (MPUBEAEHDI BbILLE);

* OOTI TMn D: BOCMPOM3BOAMAQCH HA 3 KPOAMKOX (6 TAQ3), MCMOAb3YEMbIM CHAPSA: CTAOABHOM LLIAPUK,
HOKQO4YKA BAAAOHA BMHTOBKM: 3 KOMMPECCUM, CKOPOCTb CHAPAAQ: 92 m/C. OCTAAbHbIE NAPAMETPbI YHUADULLU-
POBAHbI (MPUBEAEHbI BbILLIE);

¢ BAOAAUCTUYECKMM TAOXOMETP YCTAHABAMBAACS HO MOKCUMOABHO BAM3IKO K OBBEKTY U MAKCUAMOABHO AQ-
AEKO OT AYAQ BUHTOBKM (OOBACHEHME B TEKCTE);
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* OcBellleHne 0becneymBaAOCh 5 CBETOAMOAHBIMU AOMMNAMM C CYMMAPHbBIM CBETOBbIM MOTOKOM 8000
AM (OBbSCHEHME B TEKCTE);

¢ Kaomepa Phantom Miro 310 doMKCUPOBAAQCH HA LUTATUMBE, OOBLEKTUB ObIA HAMPCOBAEH HA OObEKT, pacC-
cTosHME 40 CM, MEXAY OOBEKTOM M OBBEKTUBOM — 3ALLIMTHbIM IKPAH, CKOPOCTb Cbemkm — 10000 fps;

e Kamepa BbIAQ MOAKAIOHEHA K KOMMBIOTERY C NPOrPAMMHBIM ODECNEYEHNEM.

Pe3syAbTaTbl. CDOBHMB KOMEPSHI B MPOLLECCE ChEMOK MPU CTPEABDE MO TAA3AM KPOAMKOB-KOAOBEPOB B
KoAmyecTBe 6 WTyK (12 rAa3), T.e. MO 4 rAQ30 AA CbEMKM HO KAXKAYIO KOMEPY, C UCMOAb3OBAHMEM PAHEE MO-
AOBPAHHOTO 0BOPYAOBAHMS ObIAM MOAYHEHBI CAEAYIOLLIME PE3YALTATHI:

1) IPhone 7 (240 fps): TpaekTopms NOAETA CHAPSAQ M COM CHOPSA HE BUAHbBI, KUHETUKY U BUA MOAYYEH-
HOWM TPQBMbI (KOHTY3MOHHbBIM PA3PbIB MAM MPOHUKAOLLLEE PAHEHUE 6E3 MHOPOAHOTO TEAQ) OMPEAEAUTH MO BU-
AEO0 HEBO3MOXHO.

2) Sony RX100 V (960 fps): TpaekTtopus MOAETA CHAPIAQ M CAM CHAPAA MPOKTUYECKM HE BUAHBI (CMO-
30HHbIM CAEA), BO3MOXHO AMAPADEPEHLMPOBATL BUMA TPABMbI (KOHTY3MOHHBIM PA3PLIB MAM MPOHUKAOLLLEE PO-
HeHne 6e3 MHOPOAHOIO TeAd), HO CKOPOCTb CbEMKM HEAOCTATOYHA AAS BU3YOAM3ALMM KMHETUKM TPOBMbI TAQ-
3Q.

3) Phantom Miro 310 (650 000 fps): ToaekTopma MOAETA CHAPSACQ U CAOM CHAPSA OTYETAMBO BMAHBI, BO3-
MOXHO AMPIEPEHLMPOBATH BUA TPABMbI (KOHTY3MOHHBIM PA3PbIB MAM MPOHUKAKOLLEE PAHEHWE BE3 MHOPOA-
HOTO TEAQ), AETAABHO MPOCAEXMBAETCS KMHETUKA TPOABMbI TAQ3Q.

Ha oCcHOoBE MOAYYEHHbIX AQHHbBIX MOXHO CAEAQTb BbIBOA, YTO M3HOYAAbHBIM BbIOOP Kamepsl Phantom Miro
310 AAS CBEMOK TAKOrO BObICTPOMPOTEKAIOLLLENO NpoLecca Kak doopmmposarHmre OOTT aBageTcs 0OOCHOBAH-
HbIM M OMTUMOABHBIM.

Ha ocHoBe MHAOPMALMKM MOAYYEHHOM B MPOLLECCE CbeMOK ObIAO MPOBEAEHO OMMCAHWME POAHEBOM
BAAAUCTUKM U MOKPOCKOMUYECKMX M3MEHEHMM MPU SKCNEPUMEHTAABHOM OTKPLITOM TPABME TAQ3A:

OOTT TMn A. Ha BMAEO MOXHO YBMAETb CAEAYIOLLIME MPOLLECCHI: B MOMEHT KOHTAKTA PAHALLLErO CHAPSAQ
MPOUCXOAMT CXKATUE N AEKOMIPECCHUS TAC3QA, BO3HUKAIOT KOHTY3MOHHbIE BOAHBI. [TpW KOHTAKTE CHAPSAQ C pO-
roBULLEM OHA AECDOPMUPYETCS M TepeT NPO3PAYHOCTb. CHAPAA ABUFOACS MPAMOAMHENHO, ©6€3 OTKAOHEHMS OT
NEPBOHAYAABHOM TPAEKTOPUM AO MOMAAQHMA. B CAEACTBME HEAOCTATOYHOM KMHETUHECKOW DHEPIUU, DAACTU-
4ECKMX CBOMCTB rAQ30, OOPMbI CHOPIAQ OH YAOPIETCH O MOBEPXHOCTb TAQ3HOTO 9OA0KA, «MPOCKAAb3bIBAET) MO
HEMY M MPOXOAMT MO KACATEABHOW. HO 30 CYeT NnepeAdym raa3y CBOEM KMHETUHECKOM SHEPTUM, YTO 3AMETHO
MO CHWMXXEHHOM CKOPOCTU CHAPIAQ MOCAE MOMNAAQHMS, M BO3HMKHOBEHMUS 3ATYXAIOLLIMX KOAEDAHMM (MPOAOAXKM-
TeAbHOCTb 0,096 CEKyHAbI) MPOUCXOAMT U OPMUPYETCH PA3PLIB B NAPAONTUYECKOM 30HE POroBumLbl (Ha 12
4OCOB). Pa3pbIB NPOM3OLLIEA B MECTE KOHTOKTA. B pe3yAbtaTte BbICOKOTro BIA dyepes aAedpekT CTeHKM rAQ3a Npo-
MCXOAMT BbIBPOC XPYCTOAMKA M OAHOMOMEHTHO: XXMAKOTO COAEPXKMMOTO BAATM NEPEAHEN KOMEPSLI U BA3KOTO
CTEKAOBUMAHOTO TEAQ, XMAKOCTU C MPUMECHIO KPOBM U MUITMEHTA. TPAEKTOPUA CHAPIAQ M3MEHMAACH MOCAE
KOHTOKTAO C FTAG30M: CHAPSA NPUOBPEA BPALLLATEABHBIE ABVKEHMS. [TOCAE MPOBEAEHMI CbEMKM BOBIAO NPOBE-
AEHO MOKPOCKOMMYECKOE MCCAEAOBAHME, MOKA3OBLUEE: TAA3 COXPOHMA CBOIO DOPMY, HO 12 YOCOB HEAU-
HEWMHbIM PA3PbIB POrOBULLBI B MAPAOMNTUHECKOM AMAMETPOM 3 MM. TTOBPEXAEHMS BHYTPEHHUX CTPYKTYP: PA3PbIB
KAMCYAbl XPYCTAAMKA, PA3PYLLUEHNE NEPEAHEM KOMEPDI TAO30, MOBPEXAEHNE POTOBULLBI, UBAUTUE CTEKAOBMA-
HOrO TEAQ B 3AAHIOKO KAMCYAY.

OOTI TMn B. HO BUAEO MOXHO YBMAETb CAEAYIOLLIME MPOLLECCHI: CXKATUE U AEKOMMPECCUS TAQ3Q, Bbi-
6pPOC BHYTPUTAQ3HOTO COAEPXMMOTO M KPATKOBPEMEHHDBIE KOAEBAHMA. CHAPAA ABUTAACH MPIMOAMHENHO, Be3
OTKAOHEHMUA OT NEPBOHAYAABHOM TPAEKTOPWM A0 MOMAACHMSA. B CAEACTBME HU3KOM KMHETUHECKOM SHEPTUM U
AAACTUHECKMX CBOMCTB FAQ30 TOABKO HOKOHEYHMK CHAPAAQ nepdopmpyeTt ckaepy. OBbEM rAQ3a HE U3MEHMA-
C4. B MOMEHT KOHTOKTO HOKOHEYHMKA CHAPAAQ CO CKAEPOM KMHETMYECKAS DHEPIMI CHOPIAQ PABHOMEPHO
PACNPEAEAIETCS BO BCE CTOPOHbI MO MOBEPXHOCTU TAQ30 B BUAE YAOPHOM BOAHBI PA3AMYMMOCTb BOAHBI 3ABUCUT
OT YPOBHY BI'A, €CAM HU3KOE — XOPOLLO BU3YAAMIMUPYETCH, BBICOKOE —MAOXO, HO OHA BCETAQ €CTb. [loCAe nep-
dOPALUM HOKOHEYHNUKOM CTEHKM FTAQ3A M BO3AEMCTBUSA IOOKM PAHSILLLETO CHAPAAO — MPOUCXOAMT YETKO PACHO-
3HOBOEMOE COTPACEHME M CMELLLEHUE BCETO TAQ30 C MOCAEAYIOLLMM BO3BPALLLEHMEM K MCXOAHOMY MOAOXKE-
HWIO. TAQ3 AEMUCTBYET KOK MPYXMHA, BbITOAKMBAA CHAPSA HAPYXY 30 CHET MPOAAMEHTA AGBAEHMS, BbI3BAHHOIO
BHYTPUIAQ3HBIMM TKAHAMM U XKMAKOCTBIO, M HAMPSXKEHUEM CKAEPHLI B OOAACTU AMMBA. KnHEeTHUYeckas aHeprug,
nepeAaHHas rAa3sy, CO3AQET ObICTPO 3aTyxatolme KoaebaHus (no cpasHeHuto ¢ OOTN tmun A — 0,076 cek.) 1
obecrneymBaeT OTOPACHIBOHME CHOPSAC B OOPATHYIO CTOPOHY. [poBUTME CKAEPbI MPOU3OLLAO B MECTE KOH-
TAKTA. TPAEKTOPUI CHAPAAD MIMEHUAOCH MOCAE MOMAACHMS, B PIAE CAYHOEB CHAPSA HAYUMHOA BPALLLATLCS, B
APYTMX — AETEA MO MPSAMOM TPAEKTOPUM B OBPATHOM HAMPABAEHMM Be3 BPALLEHMSA. BbIAG BU3YAAM3MPOBAHA
(HUTbY CTEKAOBUAHOIO TEAQ, TAHYLLLASCS 30 OTCKOUYMBLLMA CHAPSAOM, YTO MOATBEPXKAQET HaAmume OTI. CTekao-
BMAHOE TEAO COAEPXKAAO DAEMEHTbI KPOBU U MUTMEHTA. TTOCAE MPOBEAEHU CbEMKM BbIAO MPOBEAEHO MOK-
POCKOMUYECKOE MCCAEAOBAHME, MOKA3ABLLEE: TAQ3 COXPOHUA CBOKO GOOPMY, BIA Tn -2, B 2 MM OT AMUMOBA on-
PEAEAIAOCH AMHEMHAS PAHA C PBOHHBIMM AAQMTUPOBAHHBIMM KPAAMM MPOTHKEHHOCTL A0 2 MM. B nepeaHen
Kamepe rmdoema, XpyCTaAMK NPOo3pa4Hbii, YHOCTUYHBIM FEMOTDTAABM, B MPOAOAXEHMM TOAEKTOPUM ABUMXKEHMS
PAHALLETO CHAPAAQ TPOCCUPYIOLLLUIM CAEA TeMA. B mecTe paHeHWs AOKOABHOS OTCAOMKA CETYATKM C PA3Pbl-
BOM.
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OOTI Mn C. HO BMAEO MOXHO YBUAETb CAEAYIOLLME MPOLLECCHI: CXATUE U AEKOMMPECCHUS TAQ3Q, Bbl-
BPOC BHYTPUIAQ3HOTO COAEPXMMOTO M 3ATYXAOLLME KOAEDAHMA. CHAPAA ABUIAACH MPIMOAMHEMHO, BE3 OT-
KAOHEHMS OT MEPBOHAYOABHOM TPAEKTOPUM. CHAPIA YAQPAETCA O MOBEPXHOCTb TAQ3HOIO 96A0KA, NpobueaeT
CTEHKY TAQ3Q, NOrpPy>XAEeTCs BHYTPb M OCTAETCH TAOM. BbICTpOEe pACLLUMPEHUE NEPEAHMX OTAEAOB FAQ3A KOM-
NEHCUPYET yMeHbLUEHNE OObeMA, BbI3BBAHHOE BAOBAEHMEM CHAPJAOM YHACTKA B OBAACTM AMMOBAQ. MNocae-
AYIOLLLEE TOTPYXEHME CHAPSAQ B MOAOCTb KOMMEHCUPYETCHS MMMYAbCHBIM BbIXOAOM OOABLLIOTO KOAMHYECTBA
COAEPXMMOTO MOAOCTU TAQ3A YEPE3 PAHEBOM AEDEKT. B MOMEHT HOYOAQ KOHTAKTA CHAPSAQ M MOTOKA BO3AY-
XA NEPEA HUM CO CKAEPOM KMHETUYECKAS DHEPIUI CHAPIAC PACMPEAEAIETCS BO BCE CTOPOHbI MO MOBEPXHO-
CTW FAQ30 B BUAE OAHOHAMPABAEHHOM YAQPHOWM BOAHBI. [TOCAE MOrPY>XeHMs B MOAOCTb TAQ3Q MPOUCXOAMT HETKO
PACMO3HABAEMOE COTPICEHME M CMELLIEHME BCETO TAQ30, OBOPA30BAHME MHOXECTBA PA3HOHAMPOBAEHHbIX
YAQPHbBIX BOAH HO MOBEPXHOCTU BCASACTBME OOPA3OBAHUS BPEMEHHO MYABCUPYIOLLLEM MOAOCTU, CXXUMAHME U
AePOPMALMA TAO3O C YMEHBLLEHWEM €ro Pasmepa. Mo 3ToM NpUiMHE 0BPAa3yeTCs NOTOK KAETOYHOTO AETPU-
TA, YHOCTEM CTEKAOBMAHOIO TEAQ, BPBI3M KPOBU (M3BEPTAIOLLIMXCA) YEPE3 PAHEBOM AECOEKT, HTO MOATBEPXKAQET
HaAmume OTl. CHapsA OCTAOHABAMBAETCH B MOAOCTM MOCPEACTBOM MPAAMEHTA AQBAEHMUS, BbI3BAHHLIM BHYTPM-
TAQ3HBIMM TKOHAMM U XKMAKOCTBIO, M MOTEPEN KMHETUHECKOM SHEPIUM B PE3YABTATE KOHTAKTA CO CKAEPOWM B 06-
AQCTM AMMOBQA. [TOCAE YraCaHUs KOAEBAHMM TAa3a (0.2 CEKYHAbI), OH BO3BPALLLAETCS K MCXOAHOMY MOAOXKEHMIO,
C BOCCTOHOBAEHMEM JDOPMbI. Hepes paHeBOM AedDekT MPOAOAXKAETC MCTEYEHUE BHYTPUIAQ3IHOTO COAEPXM-
MOTO. Pa3pbiB MPOU3OLLIEA B MECTE KOHTAKTA. [TOCAE MPOBEAEHMA CbEMKM BbIAO MPOBEAEHO MAKPOCKOMMYE-
CKOE UCCAEAOBAHUE. [AQ3 COXPAHUA CBOKO GOopMy, BIA Tn -3. XpYCTOAMK BbIBUXHYT B MEPEAHIOIO KOMeEpPY. Po-
HO AMMOQ C PBAHBIMKM HEQAQMNTUPOBAHHBIMM KPAAMM 2X2 MM. TpKM BCKPBITUM TAQ3HOTO S6A0KA OMPEAEAIETCH
OTCAOMKO COCYAMCTOM OBOAOYKM, CETHATKM, FEMOTDTAABM.

OOTl MmN D. CHOpSA ABUIAACS MPSIMOAMHENMHO, 6€3 OTKAOHEHMS OT MEPBOHAYAABHOM TPAEKTOPMKM. 3a
CYeT AOCTOTOYHOM KMHETUHECKOM 3HEPIMM CHOAPSA YAQPIETCHS O MOBEPXHOCTb FAQ3HOrO 906A0Ka, nNpobusaet
CTEHKY FAQ3Q, NOTrPY>KAETCS BHYTPb M MPOOKMBAET MPOTUBOMOAOXKHYIO CTEHKY TAQ3d. B MOMEHT HOYOAQ KOHTAKTA
CHOPSAQ CO CKAEPOM KMHETMHECKOS IHEPIUS CHAPIAQ POBHOMEPHO PACMPEAEAIETCH BO BCE CTOPOHbI MO
MOBEPXHOCTM FAQ3Q B BUAE YAQPHOM BOAHBI. [TOCAE MOrPY>XEHUI CHAPSAQ B MOAOCTb TAQ3A — MPOUCXOAMUT HETKO
PACMO3HABAEMOE COTPACEHUE U CMELLLEHME BCETO rAA3d. [pY MPOHWMKHOBEHMM CHAPAAQ B MOAOCTb M NPOBU-
TMK KAMCYAbl C MPOTUBOMOAOXKHOM CTOPOHbI — OBPA3YIOTCA PA3ZHOHAMPABAEHHbIE YAQPHbIE BOAHbBI, raciLLme
APYT APYra. B MOCAEACTBUM TAQ3 BO3BPALLLAETCH K MCXOAHOMY MOAOXKEHUIO. KMHETHMYEeCKas SHePTMs, NepeAaH-
HOS TAQ3Y, CO3AQET 3aTyXaoLLMe KOAEDAHMS (MPOAOAXUTEABHOCTBIO 0,09 CEKYHA) M 3HAYUTEABHO CMeELLLaeT
FAQ3HOE 9OA0KO K3OAM OT MEPBOHAYAABHOM TOYKM. PA3PbIB MOOM3OLLIEA B MECTE KOHTOKTA.

Bbla€AEHbI 3TAMbI B3AMMOAENCTBMA CHAPSAQ C TAQ30OM UCMBITYEMOTO XMBOTHOTO: 1 — aedoopmaLmg
CHAPAAOM CTEHKM TAQ3A M HAYAAO CDOPMMPOBAHMS TMAPOAMHOMMHECKMUX BOAH, COMPOBOXKAOETCS CHIKEHMEM
MPO3PAYHOCTH POTrOBULLEI MO MepEe €€ AEPOPMALMU, 30KAHIMBAETCH NEPAOPALMEN TAO3A CHAPIAOM; 2 —
ABVDKEHME B MOAOCTM TAO3Q, B MOMEHT AOCTMXKEHUA CHAPSAOM MPOTUBOMOAOXKHOM CTEHKM TAQ3A M3 BXOAHOTO
OTBEPCTUS (B PE3YALTATE PE3KOrO MOBbILLIEHWS B[ A) HOYMHAETCH SKCMYABCUA KPOBU, MUTMEHTA U CTEKAOBMAHOTO
TeAQ; 3 — POPMUPOBAHNE BLIXOAHOTO OTBEPCTUSA: IHEPTUI MEPEACHHAS CHAPIAOM TAQ3Y (B MOMEHT OOPMMU-
POBAHMS OTBEPCTUM) MPUBOAMT K MOOAOAXKAIOLLLEMYCH UCTEYEHMIO CT AO MOMEHTA CHMXKEHUA BIA 1 HOCTYNAEe-
HUA COCTOSHMA DHEPreTUYECKOrO MOKOSA, TEM BPEMEHEM CHAPIA MPOAOAXKAET ABMKEHME MOA AEUCTBUEM
COBCTBEHHOM KMHETUYECKOM DHEPTUM B 3ABUCUMOCTM OT KOHTOKTUPYIOLLLIMX TKAHEM.

MocAe NPOBEAEHMI CbEMKM BbIAO MPOBEAEHO MAKPOCKOMUMYECKOE MCCAEAOBOHME, MOKA3OBLUEE: TAC3
COXPAHUA CBOIO GOPMY, TN-3, BXOAHOE U BBIXOAHOE OTBEPCTUA — PBAHBIE PAHbLI C HEAAQMTUPOBAHHBIMM KPAS-
MU AO 4 MM, B CTEKAOBMAHOM KAMEPE TOTAAbHBIM TEMOMDTAABM. [TOCAE BCKPbLITUA TAQ3HOTO 1BA0KA — MACCHB-
HOS9 OTCAOMKA COCYAMCTOM OBOAOHKM, OTCAOMKA CETHATKM.

BbiBOABI. BbIAO PA3PABOTAHA METOAMKA GOOTO/BUAEO COUKCALLMM CTAOHAOPTU3MPOBAHHbLIX BOCMPOM3BO-
AMMbIX moaeaen OOTE pPA3AMYHBIX TMMNOB, HOHECEHHBIX CHAPSAOM M3 MHEBMATUYECKOTO OPYXMA MO TAQ3AM
KPOAMKOB-KOACQBEPOB U XMBbIX KPDOAMKOB. DTA METOAMKA BbICOKO MHAOOPMATUBHA, AETKO BOCMPOM3IBOAMMA U
MOXET ObITb MCMOAB3OBAHA AAS M3y4eHUS HE TOAbKO OOTI, HO U APYTMX TPABM FAQ3a. TAKXe MOSBMAACH BO3-
MOXHOCTb AGABHEMLLIETO HE DMMUPUYECKOTO, A HAOYYHO-OBOCHOBAHHOTO M3y4EHMS NATOTEHE3A AQHHBIX TPOBM.

Ha akCnepUMEHTAAbHbBIX XXMBOTHbIX C MOMOLLLBIO PA3PAOOTAHHOM METOAMKM dDOTO/BUAEO PETUCTPALLMS
M3Y4UMAM POHEBYIO DAAAUCTUKY M MAKPOCKOMUYECKME M3IMEHEHMS B PA3HBIX MoaeAsx OOTT. Mo AaHHbIM dOOTO-
M BUAEOM3ODPOKEHUN AETAAM3MPOBAHBI TPAEKTOPUI MOAETA CHAPAAQ M OCOBEHHOCTU PAHEBOW BAAANCTUKM
npu Kaxkaon BocnpousseaéHHom moaeam OOTI. OnNMCAHbI XAPAKTEPHbIE MAKPOCKOMUYECKME M3IMEHEHMS TAC-
30: POPMA TAQ3Q MOCAE PAHEHMS; HaAMYME, POPMA, PAZMED M AOKOAAM3ALLUS BXOAHOTO U BBIXOAHOTO OTBEP-
CTUS, QAQMNTUPOBAHHOCTb KPAEB PAHbI, BEAMYMHA BrA, MoBpEeEXAEHWE POroBULbI, MOBPEXAEHUS BHYTPEHHMX
CTPYKTYP — COCTOSiHME MEPEAHEN U 30AHEM KAMCYAbl, COCTOSHME XPYCTAAMKA (HOAMYME PA3PLIBA KAMCYAbI,
MOMYTHEHUE, PA3PYLLEHUE) U €T0 AOKAAM3IALMSA, M3AUTUE CTEKAOBUMAHOIO TEAC (BO BHELLIHIOIO CPEAY MAM CTRYK-
TYPbI TAQ30), COCTOSHUE CETYATKM M COCYAUCTOM OBOAOYKM (HOAMYME, MPOTIKEHHOCTb OTCAOMKM).

MNMoAy4YeHHbIE AQHHbBIE AOKA3AAM 3GAOEKTUBHOCTD METOAMKM MOAEAMPOBAHMA OOTT.
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MECTO SHAOCKOMUYECKUX BMELLATEALCTB B XUPYPITUU LLLUTOBUAHON U OKOAOLLUTOBUAHDBIX
XEAE3

1 PIBEBOY BO «BOEHHO-MEAMUMHCKAS akaaemms umern C.M. Knuposay MUHUCTEPCTBA 060POHbI Poccuiickon Peaepaliim, r. CaHKT-
Metepbypr, 194044, ya. Akaaemunka Aebeaesa, A. 6, Poccus
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Pesiome. K HOCTOSILLLEMY BPEMEHM B XMPYPTUM LLIUTOBUAHOM XXEAE3bI HOKOMAEH OOABLLIONM OMbIT MPUMEHEHMSA PA3AMYHbBIX BOPUAHTOB MUHUAMOAb-
HO MHBA3MBHbBIX BMELLIATEABCTB, B TOM YMCAE C MPUMEHEHNEM SHAOBUAEOXMPYPIMHECKMUX U POBOT-OCCUCTUPOBAHHBIX TEXHOAOTUN. OAHAKO,
YTBEPXXAEHHbIX PEKOMEHAALLMI (MPOTOKOAOB) MO MPUMEHEHMIO AGHHBIX BMELLIATEABCTB, MO-MPEXHEMY, HET, O MOKA3AHUS 1 MPOTUBOMOKA3AHMS
K HUM OCTAIOTCS MPEAMETOM AMCKYCCUM M OMUPAIOTCA HO OMbIT OTAEAbHBIX AOBTOPOB. MCXOAS M3 OBO3HAYEHHbIX MO3MLMM, LLEAbIO HALLETO MC-
CAEAOBOHMUS BMAOCH OMPEAEAEHNE KPUTEPUEB OTOOPA BOABHbBIX XMPYPIMYECKUMMM 30DOAEBAHUAMM LLIUTOBUAHOM M OKOAOLLLUTOBMAHBIX XXEAE3
AASl OOOCHOBQAHHOTO BbINOAHEHMS ONTUAMOABHbBIX MUHUMOABHO MHBA3MBHbIX onepaT1BHbIX BMELLUATEAbLCTB. B ctatbe MNPOAHAAM3MNPOOBAHDI PE3YALTA-
Tbl KOMMAEKCHOrO OBCAEAOBAHMA M A€YEHUA 417 NALMEHTOB C XMPYPIMYECKUMM 3ABO0AEBAHMIMM LLIMTOBUAHOM M OKOAOLLIMTOBMAHBIX XKEAE3, KOTOPbIE
BObIAM MPOOMNEPUPOBAHBI C MPUMEHEHNEM PA3AMYHBIX MUHUMOABHO MHBO3MBHBIX AOCTYNOB. OBCASAOBAHME BOAbHBIX MPOOBOAMAM B PAMKOX MEXAYHO-
POAHBIX MPOTOKOAOB M KAMHUYECKMX PEKOMEHAALIMM. O XAPAKTEPY MPUMEHIEMBIX MUMHUMOABHO MHBO3MBHBIX METOAMK MALMEHTbI OblAM pa3Ae-
AEHbl HO YeTbipe rpynmnbl: 1-10 (N = 151) COCTABMAM NPOOMNEPUPOBAHHBIE C MCMOAb3OBAHUEM MMHUMOAABHO MHBA3MBHOIO HE3HAOCKOMMYECKOTO
AOCTYNQ; 2-0 (N = 141) — C NPUMEHEHUEM MUHUMAABHO MHBA3MBHOTO DHAOCKOMMUYECKU-ACCUCTUPOBAHHOTO AOCTYNd; 3-t0 (N = 110) — TpaH-
CAKCUAAIPHOTO TPAHCAPEOAIPHOTO SHAOCKOMUYECKOTO AOCTYNA; 4-t0 (N = 15) — TPAHCOPAABHOIO TPAHCBECTUOYAIPHOIO AOCTYNA. YCTOHOB-
AEHO, 4TO OCHOBHBIMW KPUTEPUAMM, ODYCACBAMBAIOLLIMMM BbIOOP PALMOHAABHOTO MUHMMOABHO MHBA3SMBHOIO BMELLIATEABCTBA, ABAAIOTCS:
PA3MEP Y3AOBbIX OOPA30BAHUI M OObEM LLIMTOBUAHOM XKEAE3bI; AYTOMMMYHHOE BOCNAAEHNE TMPEOUAHOM TKAOHW HO dOOHE Y3AOBOrO TOKCUYe-
CKOTro U AMAPAY3HOTO TOKCHUYECKOTO 3000; 3arpyAMHHOE PACMNOAOXEHME 3000; HEOOXOAMMOCTb BbIMOAHEHMS LLEHTPAABHOM AMMADAAEHIKTO-
MUM TP METACTATMHECKOM MOPAXKEHMM /\MMCbOTMHeCKMX Y3AO0B. HpMMeHeHMe YCTAHOBAEHHbIX KpUTEPMEB HO OCHOBE KOMMAEKCHOIO MCMOAL3O-
BOHMS COBPEMEHHbIX AMATHOCTUHECKMX METOAMK Y BOABHBIX XMPYPIMHECKMMU 30O0AEBAHMIMM LLIUTOBUAHOM M OKOAOLLLUTOBUAHBIX XXEAE3 MO3BOAIET
0BOCHOBATH BbIGOP OMTUMAABHBIX ONMEPATUBHBIX BMELLIATEABCTB, M30EXATh HEOMPABACHHbIX ONEPALMM, YMEHBLLIMTL YHOCTOTY CMELMAOMIECKMX OCAOXK-
HeHl/\lZ, MUHMMUMBMOOBATE ONEPAUMOHHYIO TOABMY, CHM3UTb CPOOKM I'Ipe6bIBOHM$| GOAbHbIX B CTAUMOHAPE, YAYHLLUTb KOCMETUHECKME PEIYABTAThI U
MOBbICUTb KAYECTBO >KM3HU BOABHBIX.

KAlo4eBble CAOBQ: LLIMTOBUAHAOS XXEAE3A, OKOAOLLIUTOBUAHBIE XXEAE3bI, 3000AEBAHUS LLIMTOBMAHOM M OKOAOLLIMTOBMAHbIX XXEAE3, XMPYPTMS LLIMTOBMA-
HOM 1 OKOAOLLIMTOBUAHbIX XEAE3, MUHUMOABHO MHBA3MBHAS XMPYPTMA, SHAOCKOMMYECKAS TMPEOUAIKTOMMS, BUAEOACCUCTUPOBAHHAS TUPEOU-
ASKTOMMUA.

Krivolapov D.S.7, Ajvazova T.1.1

THE ROLE OF ENDOSCOPIC INTERVENTIONS IN THE THYROID AND PARATHYROID SURGERY

1 S.M. Kirov Military Medical Academy of the Ministry of Defense , St. Petersburg, 194044, Academica Lebedeva str., 6, Russia

Abstract. Nowadays, in the thyroid surgery a great experience of using different variants of minimally invasive approaches, including
endovideosurgical and da Vinci surgical robotic technologies. However, there are still no approved recommendations (protocols) for the
application of these approaches; indications and contraindications remain the subject of debate and rely on the experience of the individual
authors. Based on the indicated positions the purpose of our study was to determine the criteria for selecting patients with surgical diseases of
the thyroid and parathyroid glands for the reasonable implementation of optimal minimally invasive surgical interventions. The article analyzes
the results of a comprehensive medical examination and treatment of 417 patients with surgical diseases of the thyroid and parathyroid
glands, who were operated by using various minimally invasive procedures. The medical examination of patients was conducted under inter-
national protocols and management guidelines. The patients were divided info four groups based on the nature of the minimally invasive
techniques used: the 1st (n = 151) includes the patients, who underwent minimally invasive nonendoscopic thyroidectomy; the 2nd (n = 141) -
is a minimally invasive video-assisted thyroidectomy; the 3rd (n = 110) —is an endoscopic thyroidectomy with the use of axillo-bilateral-breast
approach; the 4th (n = 15) —is a transoral endoscopic thyroidectomy vestibular approach. It was stated that the main criteria that determine
the rationale for minimally invasive interventions on the thyroid gland are: the nodule size and the thyroid volume; hyperfunctioning thyroid
and clinical thyroiditis; substernal extension; extrathyroid extension and the necessity of implementation of central neck dissection due to
central and laterocervical lymph node metastases. The application of the determined criteria based on the intfegrated use of modern diag-
nostic techniques for patients with surgical diseases of the thyroid and parathyroid glands can justify the selection of optimal surgical interven-
fions, avoid unreasonable operations, to avoid increasing of the frequency of specific complications, reduces surgical frauma and duration of
stay in hospital, improves cosmetic outcome and enhances the quality of life of the patients.

Keywords: thyroid gland, parathyroid glands, thyroid diseases, thyroid surgery, minimally invasive surgery, endoscopic thyroidectomy, video-
assisted thyroidectomy.

Pa3BUTUE DHAOBUAEOXUPYPTUHECKOM TEXHUKM U KEACHUE XUPYPIOB YAYHLLIMTL KAYECTBO XXM3HM Mpoone-
PUPOBAHHbIX, YCKOPUTb MX TPYAOBYIO M COLMOAABHYIO PEABUMAUTALMIO HO JOOHE YBEAMHYEHUS YUCAQ OOAbHbIX
FOOAAMKYAIPHBIMM HEOMACQ3UIMM, PAHHUMM CTAAMAMM PAKA LLMTOBMAHOM XeAesbl (LLLK) 1 nepBuyHbIM runep-
NAPATUPEO30OM TMPUBEAU K LUMPOKOMY PACMPOCTPAHEHUIO B XMPYPrn LUK M OKOAOLLIUTOBMAHBIX XXEAE3
(OLLLX) MUHMMOABHO MHBA3MBHbLIX BMELLIATEABCTB C MCMOAB3OBAHMEM SHAOCKOMUYECKMX U POBOTUIUPOBAHHbIX
TexHoAorun [1, 12, 15, 16, 17]. OBLuensBeCTHbIMM aoCcTynamm kK LXK 1 OLLK B mocaeaHmne 20 AT CTOAU MUHMK-
AOCTYMbl HO MEPEAHEN MOBEPXHOCTU LLIEU, MOAMbILLEYHBIE, MEPEAHUE TPYAHbIE, MAPAAPEOAIPHbIE, MO30AM-
YLUHbIE, TDOHCOPAAbBHbIE, PA3AMYHBIE BAPMAHTBI POBOT-OCCUCTUPOBAHHDLIX [2, 3, 4, 5, 11, 14]. HamnbBoAabLLee npu-
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