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NATOrEHETUYECKOE OBOCHOBAHUE ®U3NOTEPANEBTUYECKUX METOAUK
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Pe3stome. BeedeHue. AyrMeHTaLMs MOMOYHbIX Xenes ABnseTcs Hanbonee 4acTbiM 3CTETUHECKUM XMUPYPrUYECKUM
BMeLlaTenbCTBOM. OfHAKO 3HAONPOTE3NPOBAHME C UCMONb30BAHNMEM CUIIMKOHOBbLIX MMIAHTOB 3a4acTyH COMPOBOX-
[aeTCs PSAOM HeraTMBHbIX NOCNEACTBUN B NOCNEONEPALMOHHOM Nepruoae, CBA3aHHbIX B TOM YUCIIE C BbIpaXeHHbIM
6oneBbIM cMHAPOMOM. OZHWUM 13 BO3MOXHbIX NyTei pelleHns AaHHON Npobnembl SBNSETCA BHYTPUMbILLEYHOE
BBefeHue BOTYNOTOKCUHA C NOCMEAYIOLMM UCNONb30BAHNEM 3IEKTPOMArHMTHOIO BO3A4ENCTBMA B 06/1aCTW 3HA0-
npoTeanpoBaHus. Ljesb uccnedogaHusi — OLeHNTb 3(PEKTUBHOCTb KOMOUHUPOBAHHOTO MPUMEHEHMS BHY TPUMbI-
LIEYHOro BBeAEHUS BOTYNOTOKCUHA C NOCNEAYIOWMM UCMONb30BAHNEM SNIEKTPOMArHUTHOTO BO3AENCTBUS C LiENbIO
CHWXEHWS BbIpaXXEHHOCTM GONEeBOro CMHAPOMA Y NaLMEHTOK Nocne ayrMeHTaLum MonoYHblx xenes. Mamepuanbi
u memodsl. ViccneaoBaHne 0CHOBaHO Ha pesdynbTatax 06cneaoBanus 89 nuL XeHCKOro nona, nepeHecLunx sHLo-
NPOTE3MPOBAHNE MOMOYHBIX XeNe3 CUIMKOHOBLIMW UMNNaHTaMn. Bee xeHLWuHbl bbinv pa3aeneHsl Ha 4 rpynnbl ¢
y4eToM NoAXoAa K MCnonb30BaHMI0 6OTYNOTOKCMHA TMNa A U aNeKTpOMarHUTHOro nons ¢ yactoton 448 k', B xoge
Habno4eHNs OLEeHMBANN MHTEHCMBHOCTL 601EBOr0 CUHAPOMA MHTPAONEPALMOHHO, @ TakxXe B PaHHEM W NO3AHEM
nocneonepayyoHHbIX nepuogax. Pesynbmamsi ucciiedogaHusi. YCTaHOBIEHO, YTO KypC ANeKTPOU3NONornieckoro
Bo3fenctaus npenapatom INDIBA, npoBoAuMbIi B NepBY0 Heento nocre 3CTeTUYECKOro 3HA0NPOTE3NPOBAHUS
MOIOYHBIX JKEnes, CyLeCTBEHHO NoBbIaeT 3hpekTMBHOCTL 06e360MMBatOLLErO AENCTBMS BOTYNOTOKCMHA. YacToTa
W BbIpaXeHHOCTb nerkoro 601eBoro CUHAPOMa B 9TON NOArPpYNne NaLUMEHTOK Ha 1-e U 2-e CYTKM OKa3bIBAETCH MEHb-
we Ha 51,7% (p <0,01) n Ha 41,8% (p <0,01) no cpaBHeHuO C pe3ynbTaTami UCMNOb30BaHNS MKLb BOTYNOTOKCHUHA.
CTaTUCTMYECKMIN pacyeT NO3BONMUI BbISBUTL CUMbHYIO CBA3b MEXAY KYPCOBLIM UCMONb30BaHNEM 31EKTPOPU3NONO0-
rnyeckoro Bosgeiictaus INDIBA nocne BBefeHWs DOTYNOTOKCMHA C BbIpaXXEeHHOCTb0 60neBoro cuHapoma Ha 1-¢, 2-e
W 7-e CyTKM peabunntaymoHHOro nepuoga nocne aHAONPOTE3MPOBaHUA MONOYHbIX xenes (p <0,01). 3aknroyeHue.
MpeAnoXeHHbIA KOMANEKC peabunuTaLMoHHbIX MePONPUATIIA NOCNE 3CTETUYECKOTO SHAONPOTE3MPOBAHNS MOMOY-
HbIX Xerne3 OKka3blBaeT CTAaTUCTUYECKN 3HAYMMBbIA NaTOreHeTUYeCKN 060CHOBAHHDIN BbIPAXEHHBIA U AANTENbHBbINA
obesbonuaroLmin 3¢ eKT B nocneonepaLuoHHOM nepuoae.
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PATHOGENETIC RATIONALE FOR PHYSIOTHERAPEUTIC METHODS
FOR PAIN RELIEF AFTER BREAST ENDOPROSTHETICS
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Abstract. Introduction. Breast augmentation is the most common aesthetic surgical intervention. However,
endoprosthetics using silicone implants is often accompanied by a number of negative consequences in the postoperative
period, including severe pain. One of the possible ways to solve this problem is the intramuscular injection of botulinum
toxin followed by the use of electromagnetic influence in the field of endoprosthetics. Purpose of the study: to evaluate
the effectiveness of the combined use of intramuscular injection of butolotoxin followed by the use of electromagnetic
influence in order to reduce the severity of pain in patients after breast augmentation. Materials and methods. The
study is based on the results of a survey of 89 females who underwent breast replacement with silicone implants.
All women were divided into 4 groups, taking into account the approach to the use of botulinum toxin type A and an
electromagnetic field with a frequency of 448 kHz. During the observation, the intensity of the pain syndrome was
assessed intraoperatively, as well as in the early and late postoperative periods. Results of the study. It was found
that a course of electrophysiological effects with INDIBA, carried out in the first week after aesthetic endoprosthetics of
the mammary glands, significantly increases the effectiveness of the analgesic effect of botulinum toxin. The frequency
and severity of mild pain in this subgroup of patients on days 1 and 2 is less by 51.7% (p <0.01) and 41.8% (p <0.01)
compared to the results using only botulinum toxin. Statistical calculations revealed a strong connection between the
course of use of the electrophysiological effect of INDIBA after the administration of botulinum toxin with the severity
of pain on the 1st, 2nd and 7th day of the rehabilitation period after breast replacement (p <0,01). Conclusion. The
proposed set of rehabilitation measures after aesthetic endoprosthetics of the mammary glands has a statistically
significant, pathogenetically substantiated, pronounced and long-lasting analgesic effect in the postoperative period.

Key words: mammary gland augmentation; endoprosthetics; pain syndrome; butolotoxin; electrophysiological effect.

BBEJEHUE

Xupyprdyeckasi onepauusi, npegycMaTpuBatoLlas yCTaHoBKY
CUIMKOHOBbIX MMMNIAHTOB B TKAHW TPYAM W MOMOYHON Xenesbl ¢
LeNbi YBENMYeHMs ux obbema 1 ynyyileHnst oopmbl, CuMTaeTcs
O[IHOW 3 CaMblIX YaCTO BbIMOMHAEMbIX MNACTUYECKUMU XUPYPramm
[9]. MeauuUmHcKve n3genums B BUAE UMMNMAHTOB MOMOYHbIX Xenes,
COZIEPXaLLMX MMApOrenb CUMKOHA, BOLLMM B PYTUHHYIO MPaKTUKY

XMpYproB 1 Hanbonee 4acTo NCMOMb3YITCS B HACTOSILLEE BPEMS
Y XEHLLMH Npu yBenuuMBaioLLleit Mammonnactuke [13].

HakannuBatoTcs cBefieHusl, YTO 3HLONPOTE3MPOBAHUE Tpyan
CUIMKOHOBBIMW UMMTAHTaMM COMPSKEHO C PSAOM HeraTuBHbIX
nocneacTBAN B NOCMeonepaLyioHHoM nepuoge, BnioTb 4O pas-
BUTUS OCMOXHEHWI [4].

VImMetoTCst Takke JaHHbIE O TOM, YTO B MOCMEONepaLMOHHOM Nne-
puofe nocrne ayrMeHTaLuy MOMOYHBIX Xenes C UCMoNb30BaH1eM
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CWIMKOHOBBIX WMMMAHTOB Y KEHWMH KOHCTaTUpyeTcs 6oneBoil
CWHAPOM Pa3fNYHOI CTEMEHW BbIPAXXEHHOCTH, UMEIOLNN CBS3b
C 00bEMOM YCTAHOBMEHHbIX MMMTAHTOB M BO3PACTOM NaLMEHTOK.
3aKOHOMEpHO, YTO KIMHWYECKMEe NPOSIBIEHNs 6ONEBOrO CMHAPO-
Ma nocne onepauun Ha rpyau CONPOBOXOAKOTCS CTPaxoM, YyB-
CTBOM HexXBaTK/ BO3AyXa, HEBO3MOXHOCTbIO BAOXHYTb MOMHOV
TPYAbl0, OObILIKOW, Taxukapauewl, NOSbEMOM apTepuarnbHOro
[aBfeHNsl, pasnnYHbIMKU BereTaTUBHbIMW NposiBReHnamu [3].

BoneBon cuHOpPOM SBMSETCS XapaKTEPHbIM CMYTHUKOM MO-
CreonepaumoHHOro nepuoga nocne ayrMeHTauMm MOMOYHbIX
XEnes, Npu 3TOM €ro NpOSIBNEHNUS CYLLECTBEHHO HApYLLAKT Kave-
CTBO XXU3HW 11 CHUXAIOT MO3UTUBHOE BOCMIPUSATHE Jaxe OTIINYHOMO
3CcTeTUYecKoro adekta, yAOBNETBOPEHHOCTb XEHLMH nocne
AaHHOro BUAa BMeLaTensCTaa [14].

[Mpu LeneHanpaBneHHON OLEeHKe UHTEHCUBHOCTM U BblpaXeH-
HOCTV DONeBbIX OLLYLLEHMI B NOCNEONepaLioHHOM nepuoge no-
Cre pasnuyHbIX XMPYPrUYeCcKnX onepauyii Ha MOMNOYHON Xernese
BbINO yCTAaHOBMEHO, YTO MOCMe PeayKLUMOHHON MaMMOMIacTUKK
W KNaccu4ecko MacTaKTOMMM WX yactota cooTBeTctyeT 20 u
30% COOTBETCTBEHHO, B Cryyasix MacTaKTOMMM C NocneaytoLlen
PEKOHCTPYKLMEN C 1CMONb30oBaHWeM umnnaHTa — go 52% Ha-
onopeHni [1].

K pa3sutuio nocneonepawyoHHoi 60nm B 06n1acT MOOYHO
Xenesbl NpUBOAUT MpsiMas TpaBMaTU3aLuMs HEPBHbIX CTBOJOB
(Npw pa3pesax TkaHeM, HAMOXEHWUN y3MOBbIX LUBOB), NOKaNN3yo-
LLMXCS B HEMOCPEACTBEHHON BIM30CTI OT ONEpPaLMOHHOTO NoNs €
YYETOM XMPYPruyeCKOro JOCTyNa, a TakKe UX BTOPUYHAs TpaBma-
TM3aumMsa nNpu (OPMUPOBAHMM OTeka, BOCMANUTENbHON peakLum
B obrnactu BMmelaTenbCTBa, B pe3ynbTate B CPokn 1-7 CyTok
nocne onepauun BO3HWKAET CTOWKWA OONEBON CMHAPOM B 30HE
COOTBETCTBYKL e HHepBauyum [10, 15].

B xope yrny6neHHbIx nccneaoBaHuii 6bino NpoAEMOHCTPUPO-
BaHO, YTO OCTPO BO3HMKLLAS MHTEHCWBHAS BONb Nocne onepawumn
Ha MOIIOYHOW Xenes3e W YCTAHOBKM MMMNAHTOB siBRseTCA obnu-
raTHbIM (PaKTOPOM PasBUTUS XPOHUYECKOTOo HONEBOro cMHLpoMa
B nocneonepaumoHHomM nepuoge [11, 12]. Ana npegoTBpaLlyeHns
TaKOro MOPOYHOrO NYTU U CHKEHWS OCTPOIA Bomm nocne Mammo-
nnacTukW LenecoobpasHo 1CNonb30BaTh BECL apCeHan CPeacTs
KynupoBaHust ©oneBoro cuHapoma B 3T0T nepuog, [2, 7).

PassuTie 60neBoro cHapoma B NoCneonepaLyoHHOM nepu-
0fie NOCMne XMPYPruieckoil ayrMeHTaLm MOMOYHbIX KENE3 BbisiB-
NAETCS y ABYX M3 TPEX XEHLUWH, NepeHeclunx BMeLaTenbCTBO,
npw 3TOM 60NN 3HAYUMO CHUKAIOT Ka4eCTBO JKM3HW peKoHBanec-
LUeHTOK 1 WX YLOBNETBOPEHHOCTb OT onepauun. O4eBMAHO, YTO
MeponpuUsTHS, HanPaBMEHHbIE HA CHUKEHWNE €0 UHTEHCUBHOCTH,
MMEIT NaToreHeTNYeCKylo HanpaBeHHOCTb 1 BECbMa BaXHbl B
nepeyHe KoMnnekca MeponpuaTUin peabunutaum.

[Mocne aCTETUYECKOTO 3HAONPOTE3UPOBAHNS MOMOYHbIX Xe-
Ne3 CUIMKOHOBBIMM MMMIAHTaMM LieNblo MEPONPUSATHIA Mo peabu-
NTaLUM NpU3HAKOTCA CKopeWLlast TpyLoBas v coumarnbHas agan-
TaLusl, NOBbILLEHNE Ka4eCTBa XM3HW PEKOHBANECLEHTOK.

BaxHas ponb B nepeyHe MeTogoB U cnocobos peabunuTa-
UMW NOCRe XMpYPru4eckoro SHAOMPOTE3NPOBAHUS MOMOYHbIX
Xenea NpuHagneXuT NonHoLeHHoMY 06e360nMBaHNK0 1 MOMHO-

My KynupoBaHWio DoneBoro CUHApOMa B MOCREOnepaLyoHHOM
nepuode nocne nNoAoOHbLIX onepawuuii Ha MOMOYHOI xenese [2].
VIMeHHO McyepnbiBatoLLee nocneonepayoHHoe obesbonmeaHmne
KynupyeT TWUMOBOW NaToNOrMYECKU NPOLECC — CTPECC-0TBET Ha
OnepaLMoHHYI0 TpaBMy, YTO B pe3ynbTaTe 3Ha4YNMO CHUXAET Ya-
CTOTY THOWHO-BOCMANMUTENbHbIX OCMOXHEHWNA, TEMATOM U CEPOM,
AblXaTenbHbIX PACCTPOICTB M OPYTUX OCMOXKHEHMI, CYLLECTBEHHO
HapyLaKLWMX Ka4eCTBO KN3HN W YOOBMNETBOPEHHOCTb OT BbINOM-
HEHHOTO 3CTETMYECKOro BMeLLaTensCTBa.

C uenbto obecneyvenus peabunnuTaLmoHHbIX MEPONPUSTIIA B
nocneonepayyoHHoM nepuoae, NpoUnakThkM U KynupoBaHus
foneBoro cuHapoma nocne ayrMeHTauuu rpyau CUAMKOHOBBIMA
nMnnaHTamMu LienecoobpasHo MCMonb3oBaHWe METOLOB (nano-
Tepanuu, B 4aCTHOCTU MMKPOTOKOBOE BO3AencTBue. lMokasaHo,
4TO MWKPOTOKOBAsi Tepanusi CocoBCTBYET YNyYLLEHUO BHYTpU-
KNeTOYHbIX MPOLECCOB, OKa3biBaeT NPOTWBOBOCMANMTENBHOE
JeNcTBue, HopmanuayeT rugpobanaHc, yBennyMBaeT CHHTE3
W HaKOMMEHWe MaKpO3PrMyeckux coedunHeHuin. C yyeTom TOro
takTa, 4T0 6OMb B 30HE XMpYpruyeckoit onepauuu onocpeno-
BaHa pa3BMTMEM BOCMANUTENbHON peakLuu, B uaearnbHbIX YCro-
BMSX — CTEPUIbHOMO acenTU4eckoro BOCManeHusi, BbI3BaHHOMO
HEM30EKHbIM PaspyLLIEHNEM KNETOYHbIX KOMNapTMEHTOB U MeM-
BpaH. MIMeHHO 3TV NpOAYKTHI, CoLepxallme apaxmMaoHOBYIO KUC-
noTy n ee MeTabonuTbi-thoconunuasl, Hapsay ¢ Meguatopamu
BOCManeHuns NPUBOAST K HEM3DEXHOM BOCNAnUTENLHOM peakLum,
OTEKY 1 TUMOBLIM HApPYLUEHUIM MUKpOLMPKYNsaLmun. MukpoToko-
Bas Tepanus B 3TUX Clyyasix WMeeT BblpaXEHHOE naToreHeTu-
Yeckoe 3Ha4eHwWe, okasbliBas NPOTUBOBOCTANNTENLHOE LeNCTBUE,
Kynupysl HapyLIEHUS MUKPOLMPKYNALWN B TKaHSX B 30HE onepa-
uum [5, 6].

B nocnepgHue rogbl Anst YyCKOPEHHOTO KymMpOBaHWS BOCHanu-
TenbHbIX M3MEHEHWI TkaHen u 6oneBoro CUHAPOMa B nocneone-
PaLMOHHOM Nepuoae NPeanoxeHo MCMomnb3oBaHne anekTpomar-
HWTHOrO BO3aeicTBuMs YactoTon 448 kI, koTopas akTUBM3UPYET
NOHHbIN 0OMEH, B pesynbTaTe Yero eCTECTBEHHbIE pereHepauy-
OHHbIE MPOLIECCHI B KNETKax NPOTEKAKT 3HAYNTENBHO 3 deKTnB-
Hee. Takve chmanoTepaneBTUYECKe annapaTtbl 06ecneyumBaiT B
nocneonepayyoHHOM NepuoLe BOCCTAHOBIEHNE ANEKTPUYECKOrO
noTeHumMana KnetoyHoil mMembpaHbl, ynyywatoT ee NpoHWLae-
MOCTb, aKTWBMPYKT BbIpaboTKy KonmareHa, ynyyawT MUKpo-
UMPKYSUMIO M TPOUKY TKaHEW, OKasblBAKT MPOTUBOOTEYHbIN
athpekT, CcnocobCTBYIT peopraHu3aumy remaTom, a Takke
nponudepauny CTBOMNOBbLIX KneTok [8]. YkasaHHble CBOWCTBA
NPeACTaBNSAIOTCH BECbMA 3HAYUMBbIMK ANS LOCTUXKEHWS Lenei
peabunuTauy nocne 3HLOMPOTE3MPOBAHUS TPYAN U HYXOAKOTCS
B M3y4eHuM.

LEJIM UCCNEAOBAHUA

OueHuTb 3DEeKTUBHOCTL KOMGMHMPOBAHHOTO MPUMEHEHNS
BHYTPUMBILIEYHOTO BBEEHUS| BOTYMOTOKCMHA C MOCreayoLwmm
UCMONb30BAHUEM  MEKTPOMArHUTHOMO BO3LEUCTBUS C LENbIO
CHWXEHMS BbIPaXXEHHOCTY GONEeBOro CHAPOMaA y NaLlUeHTOK Mno-
Crie ayrMeHTaLmy MOJTOYHBIX Kenes.
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MATEPWAIbI U METOAbl UCCNEAOBAHUA

HayuyHas paboTa B pamkax HaCTOSLLEr0 AMCCEPTaLMOHHOTO
1CCNEeNO0BaHNS 3annaHMpoBaHa 1 BbinofiHeHa B nepuop 2023-
2024 rr. Ha Kadeape xupyprdeckux 6onesHein Ne 2 neyebHoro
takynbTeTa CamapkaHLCKOrO rocyfapCTBEHHOTO MeAMLMHCKOro
YHMBEpCUTETA.

Cbop matepwana Ans pOpMUPOBaHUS TPYNM KIMHWYECKMX
HabnogeHnit ocywlecTeneH B nepuog 2021-2024 rr. B 0TAENEHMM
nnactuyeckon xupyprim knuHukn «Relax Med Servis», Camap-
kang, Pecnybnuka Y3bekucTtaH.

B rpynnbl HabmogeHust 6biny BKIOYEHbI 89 KEHLWWH, nepe-
HeCLMX 3CTETUYECKOE 3HOOMPOTE3MPOBaHME MOMOYHBIX KEere3
CWIIMKOHOBBLIMI MMMIaHTaMM.

YcnosusiMu (KpUTepusiMU) BKIKOYEHWS B HacToslllee uccne-
[0BaHWe cunTanu: Bo3pacT oT 25 fo 50 net, Hanuune KruHu-
YeCKM 3HAYMMOW TUMOMACTWW, aCUMMETPUM MOJIOYHbIX Kenes,
OTCYTCTBWE paHee onepauuii B 0611acTi rpyan 1 MOMOYHBIX Xe-
nes, 4OBPOBONBLHOE COrnacue NaLMeHTKM Ha y4acTue B Hay4YHOM
1CCNesoBaHNM Mo OLEeHKe 3hEKTUBHOCTN peabunuTauymoHHbIX
MeponpuUsTAA B NOCAEONepaLMOHHOM Neproge.

YCroBusIMU (KpUTEPUSIMA) UCKIHOYEHUS M3 UCCTeJ0BaHNS SiB-
nannce: BospacT 4o 25 n 6onee 50 neT, HanuuMe XPOHNYECKNX
MH(EKLMOHHBIX 3aboneBaHuin, a Takke MX 0BOCTpeHue, uile-
Muyeckas 6onesHb ceppua, obCTpyKTUBHbIE 3aboneBaHus ner-
KnX, AblxaTenbHas HEeJoCTaTOYHOCTb MHOON CTEneHu, KOXHbIE
WH(EKUMOHHbIE M HeuHEKUMOHHbIe 3abonesaHunst B obrmactu
rpyam, rnep- u runokoarynsauus, BWY, nepeHeceHHble renatu-
Tbl B, C, Ty6epkynes, 6epemeHHOCTb NBOro cpoka, nakrauus,
CMONb30BaHNe KapaMOCTUMYSTOPOB, TpoMbodnebuT, oTkas ot
B0OPOBOMBHOTO COrMacKs Ha y4acTue B Hay4HOM UCCIef0BaHNN
no oueHke AP PeKTMBHOCT peabunnTaLmOHHbIX MEPONPUATUI B
nocneonepaLyoHHOM nepuogae.

B rpynny knunnyeckux HabnogeHuin Ne 1 Obinmn BKMKOYEHDI
23 xeHWwuHbl (25,8%), nepeHeclune 3HOOMPOTE3MPOBAHUE MO-
MOYHBIX Xere3 CUIIMKOHOBBIMW MMMMaHTamu, y KOTopbix 3a 14 cy-
TOK 4O BMelaTenbCTBa OCYL|ECTBASANM BBeAeHWe B musculus
pectoralis major npenapata 60TynoTokcuHa TMna A Ans [ocTu-
XEHWS ee JeHepBaLun 1 NpeaoTBpaLyeHus 6oneBoro cuHapoma
nocne BMeLaTenbCTBa.

B rpynny knuHnyeckux HabniogeHnin Ne 2 6binv BKHOYEHb
24 xeHwWwwHbl (26,9%), Takke nepeHeclue 3HAONPOTE3MPOBa-
HWEe MOMOYHbIX Xene3 CUNMKOHOBLIMU UMMMaHTaMi U BBEAEHME
B musculus pectoralis major npenapata 60TynoTokcuHa Tuna A
3a 14 cyTOK J0 BMeLLaTENbCTBA C LENb €€ AeHepBaLum 1 npea-
oTBpalLeHus BonesBoro cMHAPOMa, nMpy 3TOM B AaHHOW rpynne B
nepuog 1, 2, 3, 4, 5, 6, 7-e CyTku nocneonepawynoHHOro nepuoaa
LOMOMHUTENBHO OCYLLECTBAANM (hU3MOTEPaneBTNYECKOe BO3LEN-
ctue annapaTtom INDIBA — anekTpoMarHUTHbIM NoneM YacTo-
TON 448 KI'L.

B rpynny knuHnyeckux HabniogeHnii Ne 3 6binu BKMOYeHb
22 XeHWWHbl (24,7%), Takke nepeHeclue 3HAONPOTE3NPOBa-
HWe MOJIOYHbIX JXENE3 CUSIMKOHOBLIMU UMNIAHTaMW 1 BBEAEHUE
B musculus pectoralis major 3a 14 cyTok 0O BMellaTENbCTBA

aKBMBaneHTHoro obbema nnauebo — 0,9% pacTBopa HaTpus
xnopuaa, a Takke B nepuog 1, 2, 3, 4, 5, 6, 7-e cyTku nocne-
OMepaLMOHHOro Nepuoaa UM NPOBOAMIM (Pr3N0TEPaNeBTUYECKOE
Bosgeiictue annapatoMm INDIBA — anekTpoMarHuTHbIM nonem
yactoTtom 448 kl'u.

B rpynny knuHnyeckux HabnogeHuin Ne 4 Obinn BKMKOYEHDI
20 xeHwWwH (22,4%), Takke NepeHecLINX SHAONPOTE3NPOBaHNe
MOJIOYHbIX Kefie3 CUIMKOHOBbIMM MMMNaHTaMn W BBEEeHWe B
musculus pectoralis major 3a 14 cyTok A0 BMeLLATENbCTBA 3KBU-
BaneHTHoro o6bema nnaue6o — 0,9% pacTBopa HaTpus Xnopu-
pa. dusnotepanesTuyeckoe Boaencteune annapatom INDIBA —
3NEKTPOMarHUTHLIM nonemM yactoTon 448 k'l He BbINOMHANOCH
MO OPraHN3aLMOHHbBIM MPUYKHAM.

pynny KnuHMYeckux HabnogeHnin Ne 1 cumtani KOHTPONbHOM.

C uemblo [OCTUXEHWS [eHepBauum W 0be3nBUXMBaHNS
musculus pectoralis major 1 yMeHbLUEHUS UHTEHCUBHOCTK 60-
NEBOrO CMHOPOMA B paHHME CPOKM MOCNe onepauun o Xvpyp-
TM4eCKON ayrMeHTaLmm MOMOYHbIX Xenes 3a 14 cyTok 40 BMeLLa-
TenbCcTBa nayueHtkam 1-n u 2-i rpynn (scero 47 HabntogeHwi)
BHYTPUMbILIEYHO B YKa3aHHYIO MbILLLlY, B A€CATU YCIOBHbIX CEK-
TOpax MblLULbl, COOTBETCTBOBABLUMX TOYKaM BBEAEHUS, BBOAWM
npenapart 6oTynotokcuHa Tuna A «BoToke» no 200 EJ (100 Ex
cnpasa 1 cresa) B kOHUeHTpauun 1:25 (1 mn npenapata B 25 mn
0,9% HaTpus xnopuaa) He Gonee 2,5 Mn B OfHY TOYKY BBELEHNS
(no Epmunosoit E.B. u gp., 2022). MauwneHTtkam rpynn 3 u 4 (Bce-
ro 42 HabniogeHns) BBOAMICS NO TOW Xe CXEME 3KBWUBANEHTHbIN
obbem nnaue6o — 0,9% Hatpus xnopuaa.

B nocneonepauymoHHOM nepuoge y nauneHTok 3-1 v 4-i rpynn
(Bcero 42 HabniopgeHnst) Ans yCKOPEHHOM peabunuTauum n Boc-
CTaHOBMEHNS TKaHEW WCMoMb3oBanu (pr3noTepaneBTUHECKoe
Bo3gencTeie anmapatom INDIBA active 801 (Vcnanus). TNpep-
HasHayeH Ans BO3OENCTBUS Ha KOXKY W MbllLeYHble BOMOKHa. Pe-
KOMeHZ0BaH Ans paboTbl ¢ NOBEPXHOCTHLIMU TKAHSMU, 0OUNBHO
cHabxeHHbIMW cocyaamn. AnnapaT obecneumBaeT BOCCTaHOBME-
HWe 3MEeKTPUYECKOro NOTEHLMana KNeToYHo MeMbpaHbl, ynyuiie-
HWe MPOHWLIAEMOCTH KIETOYHOM MeMOpaHbl, BOCCTAHOBMEHNE W
noaaepkaHue HopMarbHOW KNeTo4YHON (PU3NONOrK, akTMBaLmio
BbIpaboTKK KonnareHa, ynyylleHne MAKPOLIMPKYNSLMM 1 TPOGUKM
TkaHel. McnonbaoBaHne npubopa MMeno Tpu NPOTMBOMOKA3aHUS:
BepeMeHHOCTb, 1CMONb30BaHUE KapAMOCTUMYMSTOPOB, TpoMGo-
bnebuT, KOTOpbIE BbINN BHECEHBI B KPUTEPUM UCKITIOYEHNS.

cnonb3oBaHHbI pexim paboTbl Npubopa y KeHLWWH B no-
CcreonepaLuoHHoM nepuoge nocne 3HOONPOTE3NPOBaHUS Mo-
NOYHbIX Xene3 obecneynBaeT BO3geNCTBME METOLOM paguoya-
CTOTHOW KNETOYHOM 3nekTpoTepanui Ha Yactote 448 kly. OH
NPUMEHANCS B NEPBYI0 HEAENH0 NOCne onepaLyn, eXeaHEBHO, Ha
obnactb rpyau, akenosuums 15 MuHyT.

Mocne onepauun B NePBY0 Hedento exefHEBHO, BO BTOPYIO
HeZernw Yepe3 AeHb, a Takke Ha 15-e u 30-e cyTku, u 3, 6, 9,
12 mecsLeB cnycTsl BO BPEMSI KOHTPOIbHBLIX OCMOTPOB 1 0bcne-
[OBaHW aHanuauposanu obLuee COCTOSHWE PEKOHBANECLEHTOK,
WHTEHCUBHOCTb 6ONEBOro CUHAPOMA, HaNMUuMe U BbIPAXKEHHOCTb
OblXaTeNbHbIX PacCTPOCTB, BO3MOXHOCTb aKTUBMU3aLMK, TPYao-
1 paboToCcnocoOHOCTb.
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C Lenbio OLEHKN NHTEHCUBHOCTW 6OMNEBOro CHHAPOMA MHTpa-
OnepawyoHHO (aHaMHECTUYECKM) U B NOCIIEONEPALIMOHHOM Nepyo-
peHa1,2, 3,7, 14-e cyTku, Yyepes 1, 3 1 6 MecsaLeB nocrne BMeLLa-
TENbCTBA MUCMONb30BaNM aHKETY-OMPOCHWK YACTIOBON LUKanbl 6onm
(Numeric Pain Scale), npeanoxenHyio McCaffery M. n Beebe A.
B 1993 r., NO3BONSIHOLLYIO OLEHUTL NHTEHCUBHOCTb GOMEBBIX OLLY-
weHni B 6annax ot 0 go 10. Bennumy 1-3 Ganna cuutanu 6o-
NEBbIM CMHOPOMOM NErkon CTeneHn (HempusTHble Bonesble OLLy-
LeHms1), 4-6 6annoB — CUHAPOM CpPeaHen CTeneHn (yMmepeHHas
Bonb); BennuuHa 7-10 6annos cooTBeTcTBOBaNa 6ONEBOMY CHH-
LPOMY BbICOKOIA CTEMEHU, CUNbHOR Bonn.

MonyyeHHble pe3ynbTaThbl obpabaTbiBany 06LENpUHATLIMK
MeTo4aMn BapuaLMOHHON CTaTUCTUKN.

PE3YNbTATbI N OBCYXOEHUE

WHTEHCKBHOCT GONMEBOrO CHHAPOMA B aHanM3upyemblxX MoA-
rpynnax, a Takke B KOHTPOIbHOW NOArpynne NaLumeHToK B TeYeHue
MecsLa nocne BbIMOMHEHHOrO 3CTETUYECKOTO 3HAOMPOTE3NPOBAHMS
MOMOYHbIX Kene3 CUMMKOHOBLIMW MMMaHTaMW NpUBOAUM B Tabnu-
Le 1, JaHHbIE KOTOPOIA MO3BONSIOT 3aKMOYNTb, YTO CPEaV NOArpyn-
Mbl JKEHLUWH, Y KOTOPbIX BBEAEHWe 6OTynoTokcMHa Tuna A coyeTa-
NOCb C KYpCOM 3reKTPOdmM31onornieckoro BO3AENCTBISA, yxe K uc-
X0Ay NMepBbIX CYTOK NOCNeonepaLyoHHOro neproaa npesanuposan
BoneBol CUHAPOM NErkoi 1 yMepPeHHoM cteneHn — B 76,4 n 11,3%
HabnioaeHnin. OQHOBPEMEHHO B TOT Xe CPOK CPeay NaLWeHToK, no-
nyyaBLUVX UL BOTYNOTOKCUH, YaCcTOTa NErKOro 1 yMmepeHHoro bo-
NeBOro CMHApOMa okasanack Ha 51,7% Huxe (p <0,01) n Ha 25,4%
Bbilwe (p <0,05) cooTBETCTBEHHO. B KOHTpONbHOI rpynne, roe 60-
TYNOTOKCUH He BBOZMIICS!, 3NEKTPO(M3MONOrMYECKOro BO3LENCTBHS
He ObIrno, npeobnagan BblpaXeHHbIA 1 yMepeHHbIN BoneBol CHA-
pom — B 45,7 1 36,8% KnuHU4eckux HabmoaeHnin CoOTBETCTBEHHO
(tabn. 1).

OnHOBPEMEHHO B TOM Xe MaccvBe KMMHWYEeCKUX Habnioge-
HWW Ha 2-e CYTKM Mocrne 3CTETUYECKOTO 3SHAOMPOTE3MPOBaHMS
MOJIOYHbIX KENe3 B nogrpynne HabnoaeHwi, roe peabunuraum-
OHHblE MeponpuATUS BKMOYanu BBefeHWe npenapata 6oTyno-
TOKCUHA W 9NEKTPO(U3NONOrNYECKOe BO3LOENCTBUE, OTCYTCTBUE
Bonesoro cuHgpoma koHcTaTupoBaHo B 11,3% cnyyaes, a 6onb
NErKOM U YMEPEHHON MHTEHCUBHOCTM — y 74,5 1 11,1% naup-
€HTOK COOTBETCTBEHHO. B TOT ke CpoK B rpynne cpaBHeHWs, rae
“Cnonb3oBancs Nub 6OTYNOTOKCKH, YacToTa nerkoro 60nesoro
cuHapoma okasanack Ha 41,8% meHbLe (p <0,01), a ymepeHHom
Bonu — Bbiwe Ha 28,2% (p <0,05). Kak v B nepsble CyTku, K UC-
X0Ay BTOPbIX B rpynne KOHTPONS, r4e WCMonb30Banu uwb nna-
Lebo 6e3 anekTpoh3noNornieckoro Bo3aencTBIs, npeobnaaan
BbIPAXEHHbIN 1 yMepeHHbI 6oneBble CMHAPOMbI — COOTBETCT-
BEeHHO B 32,6 1 43,6% cnyyaes.

CnycTsa Hefento nocreonepayuoHHoro nepuoga ©Gonesoi
CWMHAPOM B aHann3upyeMon rpynne nauueHTok, B peabunutaum-
OHHbIE MeponpuUsATUS KOTOPbIX BKMoYanu BeedeHne 60TynoTok-
CWHa 1 KYpC 3neKkTpodn3nNonornyeckoro BO3AENCTBIS, NpaKkThye-
CKuM 0TCyTCTBOBaN — 78,2% HabntogeHuit. Manasi MUHTEHCMBHOCTb
BbisBnsAnace B 21,8% cnyyaes. B ToT xe cpok B nogrpynne na-

LMEHTOK, MOJy4aBLUMX TOSIbKO GOTYNOTOKCHH nepes onepauyen,
Cnyyam oTcyTCTBMs 6ONEBOro CUHApoma BbisnAnuck Ha 21,9%
pexe (p <0,05), npu atom B 6,1% cnyyaes oTmevancs bonesoi
CWHAPOM YMEPEHHON UHTEHCUBHOCTH.

K ncxogy BTOpON W YeTBEPTON Hefenu nocneonepaLyoHHoro
nepuoga B MOArpynmne XeHLLUMH, NofyyaBwmx npenapat 6oTyno-
TOKCUMHA U KypC 3neKTpodmM3noNoriyeckoro BO3AENCTBIS, NOSTHOE
oTcyTcTBMe 6ONEBOrO CMHAPOMAa OTMEYEHO COOTBETCTBEHHO B
89,2 1 94,5% cnyyaes, 4to okasanocb bonblwe Ha 10,7 n 9,1%
(p >0,05) coOTBETCTBEHHO, YEM B Te Xe CPOKW B NOArpYNne XeH-
WKH, nonyvaBlux MMwb 6oTynoTokcuH. CraTtucTuyeckue pas-
NM4MS B 4acToTe U BbIpaXEHHOCTW BonMeBoro cuHapoma crabon
WHTEHCMBHOCTW B 9TUX [BYX MOATpynnax nauneHTok Ha 14-e
30-e cyTku mocne onepauuu Takke AOCTAranu COOTBETCTBEHHO
10,7% (BenuumHbl napameTpos 21,5 1 10,8%) u 9,4% (BenU4MHbI
napametpoB 14,9 n 5,5%), ogHako pasnuuns okasanucb Takke
CTaTUCTNYECKN He3HauMMbIMK (p >0,05).

PesynbTaTbl NPOBEAEHHBIX NCCMeL0BaHWI NO3BOMSKOT 3aKHO-
UNTb, YTO KYpC 3MeKTPOdU3NONOrMYeCckoro BO3AENCTBIS npena-
patom INDIBA, npoBoauMbli B NEPBYIO HEAENO EXEAHEBHO, T.€.
CeMb MpoLeayp nocne aCTeTNYECKOr0 SHAONPOTE3NPOBAHNS MO-
MOYHbIX Xenes, CyLLEeCTBEHHO MoBbIWAeT APPEKTUBHOCTL 06€e3-
BonuBarowero gencTeus BBeAeHUs npenaparta HOTYNOTOKCMHA
Tuna A 3a 14 cyTok 00 BMeLlaTenbCTBa. YCTaHOBMEHO, YTO Mpw
X COBMECTHOM MCMONb30BaHMM YaCTOTa U BbIPaXEHHOCTb NErkoro
Bonesoro cuHapoma Ha 1-e u 2-e CyTKW OKa3biBaeTCs MeHbLUe Ha
51,7% (p <0,01) n Ha 41,8% (p <0,01) cooTBETCTBEHHO MO CpaBHe-
HWKO C pesynbTaTamu UCMOMb30BaHNS NLb HOTYNOTOKCUHA.

MaTtoreHeT4eckn 00YCroBNeHHbIM hakTopoM, obecrneynBato-
LL¥M NPOTMBOBOCTANuUTeNbHOE 1 06e3bonuBatoLLee AeiCTBIE, PaH-
HIOK0 peabunutauuio, SBNSETCS UCTOMb30BAHHOE HaMM 3EKTPOdU-
310M10MNYECKOe BO3AEICTBIE SMEKTPOMArHUTHOrO Mons annapara
INDIBA. YcTaHOBNEHO, YTO Cpean XEHLUMH, Y KOTOpbIX BBEAEHME
DOTynoTOKCHMHA COYETANOCh C KYPCOM 3MeKTpOoU3NONonI4eCKoro
BO3LENCTBYS, Y)KE K MCXOAY MepBbIX CyTOK Npesan1posan bonesoi
CUHOPOM Ierkoii 1 ymepeHHown ctenenn — B 76,4 n 11,3% Habnioge-
HWA. Ha BTOpbIE CYTKM MOCME SCTETUYECKOrO SHAONPOTE3MPOBAHNSA
MOJIOYHbIX Xene3 B 3TOM e MacCuBe MalMeHToOK OTCyTCTBIe Bone-
BOTO CMHApOMa KoHcTatupoBaHo B 11,3% cnyyaes, a onb nerkoi
NN yMEPEHHOW MHTEHCUBHOCTV — Y 74,5 1 11,1% naumeHToK.

CnyCTs Hefeno B aHanW3vpyeMmon rpynne nauueHTok, pea-
OUNUTaLMOHHbIE MEPONPUATUS Y KOTOPLIX BKIHOYaNN BBEAEHME
DOTynoTOKCMHA 1 KypC 3MeKTpoU3MONOrM4eCcKoro BO3LeincTBuS,
Bonb npakTuyeckn otcytcTBOBana B 78,2% HabnoaeHuit, a Ma-
nasi ee VHTEHCMBHOCTb BbisiBNsinack B 21,8% cnydaes. K ucxo-
[y BTOPOM U YeTBepTON Heenu nocrneonepaunoHHOro nepuoaa
B NOATPYNne XEeHLUMH, NonyyaBLUMX npenapat 60TynOTOKCUHA U
KypC 3nekTpoU3NONOorMyeckoro BO3LENCTBUS, MOMHOE OTCYT-
cteue bonesoro cuHapoma otMedeHo B 89,2 n 94,5% cnyyaes
COOTBETCTBEHHO.

Pe3ynbTaThl NPOBEAEHHBIX MCCMEA0BAHMIA MO3BONSKT 3aKmHo-
UNTb, YTO KYPC SNEKTPON3NONOrMYECKOro BO3LEeNCTBUS npenapa-
Tom INDIBA, npoBoZ/MbIii B NEPBYHO HEAETO NOCNE 3CTETUYECKOrO
SHOOMPOTE3MPOBAHUS MOMOYHBIX JKENe3, CYLLECTBEHHO MOBbILIAET
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Tabnuuya 1
IuHamuka 60NeBOro CMHEPOMa NOCNe ayrMeHTaLun rpyau ¢ y4eTOM 3N1eKTPoGM3NONOrMYeCcKoii Tepanmm
B nocneonepauuoHHOM nepuoae
Table 1
Dynamics of pain after breast augmentation, taking into account electrophysiological therapy in the postoperative period
0, 1 1 0,
CDFiﬁzt i?:. Kypc npoueayp INDIBA/ Yacrota BbisiBneHus 6onesoro cuHapoma, % / Frequency of detection of pain syndrome, %
days ' INDIBA treatment course HeT / no nerkoro / slight yMepeHHoro / moderate | BbipaxeHHoro / severe
1 EcTb, 6e3 60TynoTokcuHa / 58 247 36,7 32,8
Yes, without botulinum toxin
Ectb, Ha doHe 6oTynoTokcKHa / 46 76,4 11,3 7,7
Yes, with botulinum toxin
Het / No 0 17,5 36,8 45,7
2 Ectb, 6e3 6oTynoTokcuHa / 8,9 32,7 39,3 19,1
Yes, without botulinum toxin
Ectb, Ha dhoHe 6oTynoTokcKHa / 11,3 745 1,1 3,1
Yes, with botulinum toxin
Het / No 0 23,8 43,6 32,6
7 Ectb, 6e3 6oTynoTokcuHa / 56,3 37,6 6,1 0
Yes, without botulinum toxin
EcTb, Ha dhoHe 6oTynoTokcuHa / 78,2 21,8 0 0
Yes, with botulinum toxin
Het / No 34,7 38,4 26,9 0
14 Ectb, 6e3 6oTynoTokcuHa / 78,5 215 0 0
Yes, without botulinum toxin
Ectb, Ha choHe 6oTynoTokcuHa / 89,2 10,8 0 0
Yes, with botulinum toxin
Het / No 61,2 38,8 0 0
30 EcTb, 63 60TYynoToKCHHa / 85,1 14,9 0 0
Yes, without botulinum toxin
Ectb, Ha choHe 6oTynoTokcKHa / 94,5 55 0 0
Yes, with botulinum toxin
Het / No 67,9 321 0 0

ahpekTBHOCTL 06e3b0NMBatoLLEro AencTeus 6oTynoTokeuHa. Mpu
KOMBWHMPOBaHUM [aHHbIX METOAOB 4acToTa U BbIPaXeHHOCTb
nerkoro 6oneeoro CMHApPOMa Ha 1-e 1 2-e CyTkM OKasblBaeTcs
MeHbLe Ha 51,7% (p <0,01) n Ha 41,8% (p <0,01) no cpaBHeHMI0 C
pe3ynbTaTamu UCMOMb30BaHUs MuLb B0TynoTokcuHa. CTatuctude-
CKIIA pacyeT NO3BOMWA BbISBUTb CUIbHYHO CBA3b MEXIY KypCOBbIM
1cnornb3oBaHneM anekTpodmanonornyeckoro Bogenctans INDIBA
nocne BBeAeHWst 6BOTYNOTOKCUHA C BbIPXEHHOCTLI0 BONEBOrO CiH-
Apoma Ha 1, 2 1 7-e CyTk1 peabunuTaLmMoHHOro nepuoga nocne aH-
[0NpOTE3MPOBaHMS MOSTOYHbIX enes (p <0,01).

BbIBO[bI

nes3 ABNSETCS OCHOBHOM 3ajayel aCTETUYECKOI Xupypruu, obec-
neynBatoLLEN CKOpenLyo TPYAOBYIO U couparnbHy agantauuio
navWeHTOK.

2.Tpn  KOMOMHWPOBAHWM WHBLEKLUMOHHOrO BBEAEHWS 6o-
TYNOTOKCUHA U 3nekTpomarHuTHoro nons annapata INDIBA we-
TEHCUBHOCTb DONMEBOro CMHOpOMa B TEYeHWe MepBoro Mecsua
Habnogexns 6onee yem B 90% cnyyaeB OTHOCKUNACH K NETKOM
CTENeHH, 4YTO CBUAETENLCTBYET 06 1cyepnbialoLLen AeHepBaLum
musculus pectoralis major, cONPOBOXAAKLLENCSH BbIPAXKEHHBIM
aHanbreTn4yeckum apexkTom.

3AKNIOYEHUE

1. AnekBaTHas aHanresus B paHHEM ¥ no3aHEM nocreonepa-
LIMOHHbIX nepuodax nocne aHaonpoTe3npoBaHNA MOJNOYHbIX Xe-

Takum 06pa30M, npueeAeHHble pe3ynbTaTbl y6ep,14Teanb| B
nnaHe Toro, 4to I'IpeJJ,I'IO)KEHHbIl;l KOMMIEKC pea6MﬂMTauMOHHbIX
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MEPONpUATUIA MOCMEe 3CTETUYECKOro SHAONPOTE3UPOBaHUS MO-
MOYHbIX Xene3 B BUOE MAPEHTEPANbHOTO BHYTPUMBILLEYHOrO
BBEEHNS npenaparta OOTYNOTOKCKHA, a Takke Kypca SnmekTpo-
(PM3NONOrNYeCKoro BO3AENCTBIS SNEKTPOMArHUTHbIM NONEM OKa-
3blBaeT BbIPAXEHHbIN W AnUTENbHBLIN 06e360nMBatoLLMin ahdekT
B NOCEOnepaLyMoHHOM Nepuoge.

AONONHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECN CYLYECTBEHHBIN BKIag
B pa3paboTKy KOHLEeNUMM, NPOBEAEHNE WUCCNENO0BaHMS W NOATO-
TOBKY CTaTb, MPOYnu 1 ofobpunn (uHanbHyl0 BEPCUID nepea
ny6nmkaumen.

KoHchbnukt uHTepecoB. ABTOpbI AeKnapupyloT OTCYTCTBUE
SIBHbIX U NOTEHLManbHbIX KOH(IMKTOB MHTEPECOB, CBSA3AHHbIX C
nybrnukaumen HacTosLLen cTaTbi.

WUcTouHuk douHaHcupoBaHus. ABTOpLI 3asBNsoT 06 OTCyT-
CTBUM BHELIHEro (PUHaHCMPOBaHUS Npu MpOBefeHun Wccnepo-
BaHus.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
MONy4YMnM NUCbMEHHOE Corfacye NayyneHToB Ha nybnvkaumio me-
BULIMHCKUX OaHHbIX.
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W3MEHEHWUA FTEMOOUHAMUWKW NMPU PA3BUTUW ObIXATENIbHOW
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Pestome. AkmyanbHocmsb. Nonck apdekTBHbIX NPeanKTOpoB TskecTn TeueHnst COVID-19 aenseTtcs BaxHOM
npobnemMon MEANLIMHCKON HayKN Ha COBPEMEHHOM 3Tane. B maToreHese TSeNnoro Te4eHNst HOBOW KOPOHABUPYCHOM
NH(EKLMM CYLLLECTBEHHOE 3HAYEHNE UMEKT U3BMEHEHMUS COCTOSIHUSA reMoanHamuki. jesb uccnedoeaHus — Bbl-
SBUTb N3MEHEHMS remoauHamukm y naumentos ¢ COVID-19 npu nporpeccupytollei ablxaTenbHOM HeJOCTaTOYHOCTU.
Mamepuanbi u memodsl. Viccnegosanue BuinonHuny y 100 naumeHToB 060€ro nona ¢ BHe60NbHUYHON NONNCErMeH-
TapHOW BUPYCHO-OakTepnanbHon nHeBMoHMen Ha hoHe COVID-19. MNpocneKkTnBHO NauMeHThl Obiny pa3aeneHbl Ha
2 Tpynnbl C Y4eTOM pa3BUTMS TSHKENOW AblXxaTeNbHOM HeJocTaTouHOCTH. B 1-10 rpynny Bownm 50 nayneHToB, KOTOPbIM
He noTpe6oBanacb MexaHM4Yeckas BEHTUNALMS, BO 2-10 BOLUMW NALMEHTbI, KOTOPbIM 1160 NpoBoAMNach Ha MOMEHT
MCCNEA0BAHMS MeXxaHnyeckas BeHTUnauus, nnbo notpebyertcs B 6yayuiem. HabntogeHue ocyllecTBnsny ¢ nomo-
L0 KOMMMeKca annapaTHO-NPOrpaMMHOr0 HeUHBA3MBHOTO UCCNEeL0BaHUS LeHTpanbHON reMoguHaMUKN METOL0M
06bEMHOIN KOMMPECCUOHHOM OCUMINOMETPUN. Pe3ynbmamel. Y naluneHTOB C NPOrpeCcCcUpPOBaHNEM AbIXaTesbHOM
HEA0CTaTOYHOCTM Ha POHe HOBOW kopoHaBMpycHoM uHdekuum COVID-19 meHbLe 3HaYeHne yaapHoro obbema u
nHaekca B 1,27 1 1,16 pa3 cooTBETCTBEHHO 40 NPOH-N03nLMK, a Takxe B 1,3 1 1,23 pasa nocne npoH-no3uuum co-
OTBETCTBEHHO MO CPaBHEHWIO C BOMbHbIMK rpynnbl 6raronpusaTHOro TeveHuns. Momumo 3aToro, BO 2-i rpynne nokasa-
Tenb 06beMHON CKOPOCTM BbIOpOCa B MOMOXEHNN Ha CMHE MeHbLue B 1,26, Ha xuBoTe B 1,22 pasa. [logatnuneocTb
COCYANCTON CTEHKM N peakLms npekanunnsapoB y nauneHToB, KOTOpbIM NoTpeboBanack MexaHuyeckas BeHTURALNS
nerkux, Hmxe B 1,19 n 1,81 pas cooTBETCTBEHHO A0 NPOH-No3unuuK, a Takxe B 1,28 n 2,04 pasa COOTBETCTBEHHO
nocne NPOHUPOBaHUS. BbI80o0dbl. Y NALMEHTOB C NPOrPECCMPOBAHNEM TSKENON AbIXaTeNbHON HEJOCTaTOYHOCTH Ha
hoHe HOBOW KOpoHaBMpYcHoil uHgekLmn COVID-19 BbiSiBNEHbI N3MEHEHNS YaapHOro 06bema 1 MHaeKca, 06 bEMHON
ckopocTy BbiBpoca, NOAATANBOCTI COCYANCTON CTEHKU.

KnioueBble cnoBa: npeauKTopbl; AblXaTenbHas HeQOCTAaTOMHOCTb; NPoH-No3uums; COVID-19; remoguHamuka.
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Abstract. Background. The search for effective predictors of the severity of COVID-19 is an important problem in
medical science at the present stage. In the pathogenesis of the severe course of a new coronavirus infection, changes
in the state of hemodynamics are essential. Aim: to identify hemodynamic predictors of decompensated respiratory
failure in patients with COVID-19. Materials and methods. The study was carried out on 100 patients of both sexes
with community-acquired polysegmental viral-bacterial pneumonia against the background of COVID-19. Next, the
patients were divided into 2 groups based on the development of severe respiratory failure. The 1st group included
50 patients who did not require mechanical ventilation, the second included patients who were either undergoing
mechanical ventilation at the time of the study or will be undergoing it in the future. The studies were carried out
using a complex of hardware-software non-invasive study of central hemodynamics using volumetric compression
oscillometry. Results. In patients with progression of respiratory failure against the background of the new corona-
virus infection COVID-19, the value of stroke volume and index is 1.27 and 1.16 times less before the prone position,
as well as 1.3 and 1.23 times after the prone position according to compared with patients in the favorable group. In
addition, in group 2, the volumetric ejection velocity in the supine position was 1.26 times less, and in the stomach
position it was 1.22 times less. The compliance of the vascular wall and the reaction of precapillaries in patients who
required mechanical ventilation were lower by 1.19 and 1.81 times before proning, and by 1.28 and 2.04 times after
proning. Conclusions. In patients with progression of severe respiratory failure against the background of the new
coronavirus infection COVID-19, changes in stroke volume and index, volumetric ejection velocity, and vascular wall

compliance were identified.

Key words: predictors; respiratory failure; prone position; COVID-19; hemodynamics.

BACKGROUND

MATERIALS AND METHODS

Coronavirus disease 2019 (COVID-19) is an extremely con-
tagious disease produced in humans by the severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) [15]. Due to mild
symptoms and high contagiousness, the infection quickly spread
throughout the world [14]. 81 percent of COVID-19 patients had
cold-like symptoms and moderate pneumonia, 14 percent had se-
vere respiratory syndrome, and 5 percent had critical respiratory
failure, septic shock, and/or multiple organ dysfunction or failure;
the overall fatality rate was 1%. [18]. Approximately 17 to 35% of
hospitalized patients with COVID-19 are treated in the intensive
care unit, most often due to hypoxemic respiratory failure and the
development of ARDS, and between 29 and 91% of patients in in-
tensive care units require invasive ventilation. [7]. More than 75%
of patients hospitalized with COVID-19 require supplemental oxy-
gen. [12, 17]. A number of risk factors for severe COVID-19 have
been identified, among which the patient's age and comorbidity
are of leading importance — factors that determine the prognosis
of in-hospital mortality of hospitalized patients [2, 6]. Therefore, it
is extremely important to research the pathophysiological features
of patients, identify risk factors of disease progression, prognosti-
cate severity for clinical diagnosis and early initiation of adequate
treatment, which is crucial to improve the survival of critically il
patients.

AIM OF THE STUDY

To identify changes in hemodynamics in patients with
COVID-19 with progressive respiratory failure.

A prospective non-randomized study was performed in
100 patients. The study was performed in the City Clinical Hospital
Ne 1 in Chita, Russian Federation. The investigation was carried
out after approval by the local ethical committee of Chita State
Medical Academy (protocol Ne 102 of 15.05.2020) according to
the local treatment protocols.

The study was carried out in two stages. First, a hemodyna-
mic study was performed in patients of both sexes with commu-
nity-acquired polysegmental viral-bacterial pneumonia against the
background of COVID-19, aged from 35 to 87 years, in intensive
care units, with various types of respiratory support. The diagnosis
was made according to the temporary methodological recommen-
dations of the Provisional Guidelines of the Russian Ministry of
Health on prevention, diagnosis, and treatment of novel coronavi-
rus infection COVID-19. The patients were diagnosed with at least
50% viral-induced involvement of lungs using chest computed to-
mography. The patients were prescribed the standard treatment
according to the current version of the Provisional Guidelines of
the Russian Ministry of Health on prevention, diagnosis, and treat-
ment of novel coronavirus infection COVID-19. During the study,
patients at various stages of respiratory support were randomly
recruited. Respiratory support through a face mask with a flow
of 5-7 liters was provided for 40 patients, death was recorded in
8 of them. Non-invasive artificial pulmonary ventilation was per-
formed in 41 patients, of which 23 died.Mechanical pulmonary
ventilation was performed in 19 patients who subsequently died.

Next, the patients were divided into 2 groups based on the
dynamics of respiratory failure (Table 1). The first group included
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50 patients who did not require mechanical ventilation, the second
group included patients who were either undergoing mechanical
ventilation at the time of the study or would be undergoing it in the
future. The need for mechanical ventilation during hospitalization
was a sign of decompensation.

The non-inclusion criteria included neoplastic diseases, se-
vere immunodeficiency, unstable hemodynamics, vasopressor
infusion, signs of hypovolemia, uncontrolled hypertension (SBP
above 200 mm Hg).

Hemodynamic studies of two groups of patients were per-
formed using the integrated hard- and software system for non-
invasive central hemodynamic study by volumetric compression
oscillometry «<KAP TsG Osm-Globus» (Russia).

The following sets of parameters were recorded: blood pres-
sure, cardiac activity and vascular parameters. The first block
included data on systolic (SBP), diastolic (DBP), mean (SBP),
oscillometric ‘true’ systolic (OTSBP), pulse (pBP) and stroke
(StBP) blood pressure, pulse blood pressure velocity (PBPV).
The second set consisted of indicators of pulse, cardiac output
(CO) and cardiac index (ClI), stroke volume (SV) and stroke in-
dex (SI), volume ejection rate (VER), left ventricular contractile
power (LVCP) and energy expenditure (EE) per 1 liter of car-
diac output per minute. The third block was presented by the
linear blood flow rate (LBFR) and pulse wave velosity (PWV),
vascular compliance (VC), total peripheral resistance (TPR) and
normalized peripheral resistance (NPR) as well as NPR actual/
NPR estimated ratio (FS). All parameters were obtained from
the software and hardware readings and calculated according to
the instructions. The indicators recorded in patients in the laying
position belong to the 1st group of parameters, the data recorded
on the stomach belong to the 2nd group.

The authors followed the International Committee of Medical
Journal Editors (IC MJE) guidelines and the Statistical Analysis
and Methods in the Published Literature (SAMPL) guidelines when
conducting statistical analyses. The normality of the distribution
of characteristics was assessed using the Kolmogorov—Smirnov
test. Taking into account the distribution of characteristics that dif-
fered from normal in all studied groups, the data obtained were
presented as the median, first and third quartiles: Me (Q1; Q3).
To compare two independent groups on one quantitative charac-
teristic, the Mann-Whitney test (U) was used. Nominal data were
described with absolute values and percentages. Comparisons
of nominal study data were made using Pearson’s x? test. For
small samples, preference was given to the Pearson chi-square
test with likelihood adjustment. If the number of expected obser-
vations in at least one cell of the four-field table was less than
10, the chi-square test with Yates’ correction for continuity was
used to compare two independent groups of nominal data. If the
number of expected observations in at least one of the cells of
the four-field table was less than 5, Fisher’s exact test is used to
compare two independent groups of nominal data. The prognostic
model was built using logistic regression [3]. To establish the dia-
gnostic value of the prognostic model, ROC analysis was used.
Statistical processing of the study results was carried out using

the IBM SPSS Statistics Version 25.0 software package (Interna-
tional Business Machines Corporation, license No. Z125-3301-14,
USA).

RESULTS

When comparing the indicators recorded before the prone po-
sition, it was found that in patients of the 1st group, systolic and
pulse blood pressure was higher than in patients of the 2nd group
by 1.04 times at p=0.05, 1.13 times at p=0.023. The values of
stroke volume and stroke index are also higher in patients who
did not require mechanical ventilation, 1.27 times at p <0.005 and
1.16 times at p <0.005 (Table 2 and 3).

The parameters of the volumetric cardiac output velocity and
left ventricular power are greater in group 1 by 1.26 times at
p <0.005 and 1.23 times at p <0.005 than in group 2. The comp-
liance of the vascular wall and the FS coefficient in the group
where respiratory failure did not progress were 1.19 times higher
at p <0.005 and 1.81 times higher at p <0.005, respectively.

When comparing the pulse rate measured before the prone
position maneuver, the indicators were 1.2 times lower in patients
of the 1st group than in the 2nd group with p <0.005.

Table 1
Characteristics of patient groups (M[25;75])
Parameter Group 1, Group 2, Statistical
n =50 n= 50 significance
Age, years 63,00 68,00 p=0,049
[58,19;62,70] | [64,05;67,46]
Height, m 1,67 1,67 p=0,812
[1,66;1,70] [1,66;1,69]
Weight, kg 80,00 80,00 p=0,364
[82,26;88,84] | [79,19;85,46]
BMI, kg/m? 30,04 29,24 p=0,266
[29,25;30,97] | [28,38;30,33]
Hypertension 36/50 (72%) 36/50 (72%) p=0,87
CHD 21/50 (42%) 33/50 p=0,011
(67,3%)
Chronic heart | 16/50 (32,7%) 30/50 p=0,005
failure (61,2%)
Chronic 6/50 8/50 p=0,742
obstructive (12%) (16,3%)
pulmonary
disease
Diabetes 8/50 (16%) 12/50 p=0,423
mellitus (24,5%)
Chronic kidney 4/50 (8%) 8/50 (16,3%) p=0,336
disease
Neurological 6/50 (12%) 16/50 p=0,011
diseases (33,3%)

p — statistical significance of indicators.
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Table 2

Comparison of vascular and cardiac performance indicators
in patients with critical respiratory failure

Group 1, Group 2,
Parameter n =50 n= 50 p
Systolic blood 128,00 123,00
pressure, [126,35;131,73] | [117,54;123,73] p=0,050
mm Hg. Art.
Pulse blood 52,00 46,00 p=0,023
pressure-1, [51,49;56,59] [44,20;48,90]
mm Hg. Art.
Pulse-1, 69,00 [68,70; 84,00 p <0,005
beats/min 73,83] [84,73;91,44]
Pulse-2, 73,00 88,00 p=0,001
beats/min [73,70;78,26] [86,57;94,20]
Stroke 89,00 70,00 p <0,005
volume-1, ml [85,43;93,10] [64,67;71,00]
Stroke 86,00 66,00 p=0,007
volume-2, ml [78,07;84,66] [65,83;74,70]
Stroke index-1, 44,00 38,00 p <0,005
ml/m? [44,67;48,96] [34,81;38,13]
Stroke index-2, 43,00 35,00 p=0,022
ml/m? [40,72;44,22] [35,14;40,00]
p — statistical significance of indicators.
Table 3

Comparison of vascular and cardiac activity parameters
in patients with critical respiratory failure

Parameter Group 1, n=50 Group 2, n=50 p
Volumetric 272,00 215,00 p <0,005
ejection velocity — | [277,56;309,86] | [203,44;221,13]
1, ml/s
Volumetric 244,00 200,00 p=0,016
ejection velocity — | [243,81;267,70] | [207,31;232,89]
2, ml/s
Left ventricular 3,20 2,60 p <0,005
contraction [3,38;3,86] [2,36;2,64]
power — 1, W
Compliance of the 1,52 1,28 p <0,005
vascular wall — 1. [1,51;1,63] [1,24;1,36]
ml/mm Hg. Art.
Compliance of the 1,47 1,15 p <0,005
vascular wall — 2. [1,42;1,53] [1,19;1,32]
ml/mm Hg. Art.
FS-1 0,58 0,32 p <0,005
[0,51;0,60] [0,21;0,32]
FS-2 0,55 0,27 p <0,005
[0,45;0,53] [0,17;0,30]

p — statistical significance of indicators.

When comparing the group of indicators recorded after the
prone position maneuver, stroke volume and stroke index were
higher in patients of the 1st group by 1.30 times at p=0.007 and
1.23 times at p=0.022 than in the 2nd group.

The value of the volumetric cardiac output rate and vascular wall
compliance was greater in the group where respiratory failure did
not progress, by 1.22 times at p=0.016 and 1.28 times at p <0.005.
We also found that in patients where mechanical ventilation was not
required, the FS coefficient was 2.04 times higher with p <0.005.

When comparing the pulse rate measured after the prone po-
sition maneuver, the indicators were lower in patients of the 1st
group than in the 2nd group by 1.21 times with p <0.005.

When comparing the group of indicators recorded after the
prone position maneuver, stroke volume and stroke index were
higher in patients of the 1st group by 1.30 times at p=0.007 and
1.23 times at p=0.022 than in the 2nd group.

The value of volumetric cardiac output velocity and vascular
wall compliance was greater in the group where respiratory fai-
lure did not progress by 1.22 times at p=0.016 and 1.28 times
at p <0.005. It was also found that in patients where mechanical
ventilation was not required, the FS coefficient was 2.04 times
higher at p <0.005.

When comparing the pulse rate measured after the prone po-
sition maneuver, the indicators were lower in patients of the 1st
group than in the 2nd group by 1.21 times with p <0.005.

DISCUSSIONS OF THE RESULTS

Previous studies have placed [8] importance on identifying
and confirming factors that predict COVID-19 progression. Fac-
tors including age, comorbidities, immune response, radiographic
data, laboratory markers, and indices of organ dysfunction may
individually or collectively predict worse outcomes. Not all facts
studied are conclusive evidence predicting severe disease, some
are presumptive, and others are still preliminary and need fur-
ther study. However, the difficulty of predicting the severity of
COVID-19 disease is underscored by the fact that SARS-CoV-2
appears to have tropism for several tissues, including primarily
the respiratory tract [9]. SARS-CoV-2 affects multiple organ sys-
tems, including the respiratory, cardiovascular and urinary sys-
tems, causing pneumonia and respiratory failure in patients [9,
11, 16].

Considering the fact that the treatment of respiratory failure is
closely related to the use of prone position, we decided to study
the hemodynamic state before and after proning of patients. Any
change in the position of a patient in critical condition can cause
different responses, which indicate a breakdown of adaptive
mechanisms.

Patients whose respiratory failure did not progress had lower sys-
tolic blood pressure, pulse blood pressure, and pulse. This is probably
due to changes in the block of cardiovascular parameters. Placing
patients in a prone position caused an increase in intrathoracic
and intra-abdominal pressure, which interferes with venous return
and likely reduces ejection volume flow (EVF) [5].
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Changes in stroke volume and index, the volumetric velocity
of ejection, were observed both before and after the prone po-
sition. Probably, a significant decrease in the indicators of this
block is due to the fact that patients in group 2 had more signifi-
cant changes in the lungs (Tables 2 and 3). Extensive pneumonia
caused by the new coronavirus infection COVID-19 led to damage
to many alveolar units and disturbances in micro- and macrocir-
culation. A common complication in such patients is the develop-
ment of pulmonary embolism [10, 13]. Often against this back-
ground, indicators of pulmonary hypertension increased [4], which
in turn affected the speed and indicators of stroke volume. Also,
against the background of a new coronavirus infection, ischemic
and inflammatory processes occurred in the myocardium, which
could also affect the indicators of cardiac block.

Compliance decreased statistically significantly both before
and after the prone position. SARS-CoV-2 has a destructive effect
on the cardiovascular system, which can be explained by both a
direct cytotoxic effect on the endothelium and immune-mediated
damage to endothelial cells. Angiotensin-converting enzyme 2,
expressed on the endothelium, serves as a receptor for viral en-
try into the cell. The result of this interaction is an imbalance in
the functioning of the renin-angiotensin system, which disrupts
the regulation of vascular tone, stimulates proliferation and has a
pro-inflammatory effect. Interleukin 6, which plays a key role in the
development of cytokine storm, mediates a wide range of inflam-
matory changes that cause disturbances in the structural and func-
tional organization of blood vessels [1]. An indirect sign of changes
in hemodynamics in group 2 is reflected by the FS coefficient; it in-
dicates the reaction of precapillaries to changes in cardiac output.

CONCLUSIONS

1. In patients with progression of respiratory failure against the
background of the new coronavirus infection COVID-19, the value
of stroke volume and index is 1.27 and 1.16 times less before
the prone position, as well as 1.3 and 1.23 times after the prone
position according to compared with patients in the favorable group.

2. In addition, in group 2, the volumetric ejection velocity in the
supine position was 1.26 times less, and in the stomach position
it was 1.22 times less.

3. The compliance of the vascular wall and the reaction of
precapillaries in patients who required mechanical ventilation
were lower by 1.19 and 1.81 times before proning, and by 1.28
and 2.04 times after proning.

AONONHUTENBbHAA UHOOPMALINA

Bknap aBTOpoB. Bce aBTOPLI BHECIM CYLLECTBEHHbI BKNa
B pa3paboTKy KOHLENUWM, NpOBEeAEHUE UCCNEA0BaHMS W NOLro-
TOBKY CTaTbW, MPOYnu 1 ogobpunn rHanbHy BEPCUID Nepeq
nybrnkaypen.

KoHdnukt uHTepecoB. ABTOpbI AEKNapupylT OTCYTCTBUE
SIBHbIX W MOTEHLMamNbHbIX KOH(MIUKTOB UHTEPECOB, CBA3AHHbIX C
nybnukaLmen HacTosILLEN CTaTbMm.

WUcTouHuk uHaHcMpoBaHus. ABTOpbI 3asBNsItOT 06 OTCYTCT-
BMM BHELLHETO (DUHAHCUPOBAHMS MY NPOBEAEHNN UCCIIELOBAHNS.

WHdopmupoBaHHOE cornacue Ha nyGnukauui. ABTOpbI
MoJTyYnnn NMMCbMEHHOE Cornacue nauueHToB Ha nybnukaumio me-
ONLMHCKUX OaHHBIX.
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Pestome. [lnarHocTuke OKKNIO3NOHHbBIX KOHTAKTOB, @ Takxe X BOCNPOU3BEAEHNIO CTOMATONOM NpuaaioT 60nbLioe
3HayeHne. IMEHHO OT TOYHOCTU BOCCTAHOBNEHUS OKKITIO3MOHHbIX KOHTAKTOB 3aBWUCUT KA4YECTBO NPOBEAEHHOrO fle-
yeHuns. B HacTosLee Bpemsi HET cnocoba, KoTopbIn Bbl rapaHTUPOBan TOYHbIN, BbICTPLINA, 3PMEKTUBHDIA pe3ynbTar,
noaToMy Mbl paspaboTani 1 3anaTeHToBanu aBTopCkuiA CNocod NonyyeHns pacTpoBbixX N306paxXeHMIn OKKI030rpaMm.
Mbl npoBENN NaTEHTHbIN NOUCK BCEX NMOXOXMX CNOCOBOB OLIEHKM OKKITIO3UM U OKKITHO3MOHHbBIX B3aMOOTHOLLEHNI
B AOCTYMHbIX HAM UCTOYHMKAX UTepaTypbl. [lanee Mbl CPaBHUAN HaLL aBTOPCKUIA CNOCOB NONyYeHUst pacTpOBbIX
n300paxeHui OKKN30rpaMm C ApYriumMu N3BeCTHbIMU MeTogamu. B peynstaTe npoBEAEHHOrO UCCnefoBaHNs Hamu
Obina gokasaHa ahPeKTMBHOCTb NPUMEHEHMS aBTOPCKOro cnocoba nonyyeHns pacTpoBbIX M306pakeHUI OKK30-
rpaMm B KIIMHUYECKOW CTOMATONOIMYeCKON NpakTuKe.

KnioueBble cnoBa: okknto3orpadus; nnowlaab OKKM3NOHHbIX KOHTAKTOB; NMNaHLWETHbIA CKaHEP; ANArHOCTHUKa;
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Abstract. Dentists attach great importance to the diagnosis of occlusive contacts, as well as their reproduction. The
quality of the treatment depends on the accuracy of the restoration of occlusal contacts. To date, there is no way that
would guarantee an accurate, fast, effective result. Therefore, we have developed and patented an author’s method
for obtaining bitmap images of occlusograms. We conducted a patent search for all similar methods of assessing
occlusion and occlusive relationships in the literature sources available to us. Next, we compared our author’s method
of obtaining bitmap images of occlusograms with other known methods. And as a result of the conducted research,
we have proved the effectiveness of the author’s method of obtaining raster images of occlusograms in clinical dental
practice.
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BBEJEHUE

[narHocTuka OKKMK3MOHHBIX KOHTAKTOB, aHamm3 pasnnyHbIX
MOSTOXEHNA HUXKHEN YeoCTU, UCCNEeA0BaHNE COCTOSHAS MbILL
1 BUCOYHO-HWXKXHEYETIOCTHOrO CyCTaBa BaXHbl B CTOMATONOrNye-
CKOW mpakTuke. Ha atanax obcrnefoBaHust nauMeHToB 40 U no-
Cne NpOBeEeHHOr0 CTOMATOMOrNYECKOTO fIeYeHUs CTOMAaTomor
npuaatoT 60Mbluoe 3HaYeHne BOCMPON3BEAEHNIO OKKMHO3MOHHBIX
KOHTaKTOB. IMEHHO OT TOYHOCTM BOCCTAHOBIEHNS OKKITHO3WNOHHBIX
KOHTaKTOB 3aBMCMUT Ka4yeCTBO NPOBEAEHHOr0 neveHus [1-3].

®r3nonornyeckyro OKKkM3No 0becneynBaT OKKMHO3NOHHbIE
KOHTaKTbl JeBaTernbHbIX 3yO0B, KOTOPbIE XapaKTepuaylTcs Hanu-
uMeM Ha KeBaTeSTbHOM MOBEPXHOCTU 3yOOB BEPXHEN W HIDKHEN
cuccyp n Gyropkos [2, 4].

BoccraHoBneHWe yHKLNN XeBaHUS — 3TO OAWH U3 OCHOB-
HbIX Pe3ynbTaToB Ka4eCTBEHHO MPOBEEHHOr0 CTOMaTonornye-
CKOTO neyeHns, Oyab To OpTONEaNYECKOE, OPTOLOHTUYECKOE WUITH,
B MeHbLUEN Mepe, TepaneBTuyeckoe neyenue [1, 7, 13]. Hapy-
LIEHNE UMM HenpaBuUIbHOE BOCCTAHOBMEHME penbeda OKKMHo-
31OHHOTO naHAwadTa [11] BedeT K YBENUYEHUIO TPEBOXHOCTH
naumeHTa n3-3a HapyLUEHUS XM3HEHHO BaXHOM (DYHKLMM XeBa-
Hus [4]. HecmoTpsi Ha MHOroobpasiie BO3MOXHbBIX COBPEMEHHBIX
MCCNEAO0BaHNA CTOMATONOTMYECKOTO MaLMeHTa, CYLLECTBYHOLMX
Ha AaHHoe Bpemsi [8, 14], MeToabl onpeaeneHus xeBaTeNbHON
3 heKTUBHOCTU OCTAKTCH MakCUManbHO MHGOPMATUBHBIMU U
B MOJTHOW MEpe XapaKTepU3ylLWyMIN Ka4yeCcTBO BOCCTaHOBMEHMS
yHKUMM keBaHms [5, 6, 12]. TOUHOE BOCCTAHOBNEHWE OKKITHO3N-
OHHbIX KOHTAKTOB W OKOMOKOHTAKTHbIX 30H NpU CTOMATONornye-
CKOM NeYeHNN, SBNISIETCS OOHON W3 CMOXHEeAWMX 3aday B pabo-
T€ Bpaya-CcTomatorora, U Anis ee peleHns bbinu paspaboTaHbl
pasnnyHble YCTPOMCTBA, BOCMPOW3BOAALLME ABWKEHWS HUXKHEN
YencTy, a Takke NpeanoXeHbl pasnuyHbie cnocobel onpeaene-
HWS 1 rKcaLn B3aUMOOTHOLLEHWI YentocTel. ECTb MHOXECTBO
€nocob0B perncTpaLnmi OKK3uK, TakKe eCTb HECKOMbKO CMoco-
BoB nepeHoca penbeda OKKMO3MOHHON MOBEPXHOCTU Ha NEpPCo-
HanbHbIA KOMMBIOTEP W Aanee B Nporpammy Ans onpegeneHus
MIOWaAM OKKITO3WOHHOM noBepxHocTh. OpHako npobnema Bce
elle He peleHa. A.B. MalwkoBbiM npeanoxeH cnocob nonyde-
HWS1 pacTpOBbIX M300paXeHWA C MOMOLLbIO HeraTockona, oTo-
annapata u Wwratuea. M3obpaxkeHne OKKM3orpamMmbl Mpu 3TOM
pasmMeLLanocb Ha Heratockone, ganee ortorpacmpoBanoch 1
nepeHOCUIIOCh B NepCOHasbHbIA KOMMBKTER ANS NOCMeayLEero
aHanwuaa [2, 9]. Ha Haw Barnsig, 310 HeyaobHo, TpebyeT Hanuuns
JONONHNTeNbLHOro 0bopyLoBaHUs B BULE Heratockona 1 kayect-
BEHHOrO hoToannapara v BCE PaBHO HE rapaHTUpYET MonyYeHne
MOEHTWNYHBIX M30BpaxeHui.

/3 nutepatypbl N3BECTEH CMOCOD CO3A4AHMS OKKMHO3MOHHBIX
KOHTaKTOB U 3yOHbIX MPOTE30B, MCMOMb3YIOLWA MOMYYEHHYID B
MonocTK pTa OKKI030rpammy, N0 KOTOpOoW DOPMUPYIOT Ha run-
COBOVI MOAENM MIOCKOCTb, B KOTOPOW NeXaT KOHTaKTHble TOYKM
nepneHankynspHo ocu 3yba, u co3gatoT NMOLLaaM OKKMHO3MOHHBIX
KOHTaKTOB B 3aBMCUMOCTU OT CTEMEHU aTpoum KOCTHON TKaHM
4entocTyh, Mo KOTOPOW BOCCTAHABNMBAKT OKKIO3MOHHbIE KOHTAK-
Tbl, WX JOKANW3aLMio M MowWagb OKKMO3MOHHON MOBEPXHOCTM

nckyccTBeHHbIx 3ybos [10, 11]. Hegoctatkom AaHHoro cnocoba
SBMAETCA METOA OKKI030rpamMMbl N0 ONPEAENEHNI0 NONOXEHUS
OKKIMIO3WNOHHbIX KOHTAKTOB MpW MEPEHOCEe Ha TMMCOBYKD MOAEN,
Mo KOTOPOIA MOMy4akT YCMOBHYK MIOCKOCTb C PacrnonoXeHeM
KOHTaKTHBIX TOYEK, YTO He obecneuynBaeT TOMHOE BOCMpOW3BE-
AEHNE OKKITIO3MOHHBIX MOBEPXHOCTEN MCKYCCTBEHHbIX 3y00B M
onpefeneHne napameTpoB MEXOKKMIO3MOHHOMO MpOCTPaHCTBa
napbl aHTaroHMpyloLLMx 3y6oB, a Takke He NO3BONSET NomyvaTb
TOYHbIE NApaMeTpbl MCKYCCTBEHHOrO penbeda OKKIHO3MOHHbIX
MOBEPXHOCTEN aHTaroHMpyoLLmMx 3y60B.

B cBs31 ¢ He0OXOAMMOCTbIO TOYHON ANArHOCTYKM, NONYYEHNS
Ka4yeCTBEHHbIX PacTPOBbIX N306paXeHWin OKKM30rpaMM, aBTop
nocunTana, YTo HyxHo paspaboTaTb HoBbI «Cnocob nonyyeHus
MOEHTUYHBIX PACTPOBbIX M30BpaxeHuit okkosorpammy [12].

LIENb NCCNEQOBAHUA

OnpegenuTb 3hheKTMBHOCTb aBTOPCKOro crnocoba nonyye-
HWS MOEHTWUYHBIX PACTPOBbIX M30BPAXEHWIT OKKITIO30rPamMM.

MATEPWAIbI W METOAbl UCCNEOBAHUA

Ha kacdegpe opToneanyeckon CTOMaTonNorMm ¢ Kypcom Knu-
Huyeckoi ctomatonorin ®re0Y BO «BonrTMY» M3 PO 6binu
NPOBELEHbI UCCINENOBaHUS, HanpaBneHHble Ha OUeHKYy addek-
TMBHOCTW pa3paboTaHHOrO aBTOPOM AaHHOW cTaTbk «Cnocoba
MONyYeHUs WAEHTUYHbIX PacTPOBbIX W30OPaXKeHU OKKIMI030-
rpammy» [10], a Takke NpOBEPKY BO3MOXHOCTM WCMONb30BaHMS
Mony4yeHHbIX 13obpaxeHuit B paspabotaHHoi Mawwkosbim A.B.,
Yenypsiesoit O.C., Lemonaesbim B.W. n gpyrumn «Mporpamme
ANS N3MepeHs NoLLazeil OKKIT03MOHHbIX KOHTAKTOB MO pacTpo-
BOMY u3o6paxeHuto» [12].

B KkayecTBe MCXOAHbIX AaHHbIX Anst paboTbl B «[porpamme
LN M3MepeHns nnolageil OKKMIO3MOHHbIX KOHTAKTOB Mo pac-
TPOBOMY M300paXEHNO» MCMONb3YIOTCH CKAHWPOBaHHblE W130-
BpaxeHns OKKMK30rpaMM MaumeHTa B LEHTParbHOM OKKITHO3WM.
Okknto3orpammy Mbl MOMy4anu ¢ NOMOLLbK pa3paboTaHHoOro Ha
kacheape OpTONEAMYECKOW CTOMATONOTMM C KypCOM KMWMHWYe-
ckoi ctomaTonoruu cnocoba [2]. [lanee B COOTBETCTBUM C pas-
paboTaHHbIM «CnocoboM nonyyeHus MOEHTUYHBIX PacTPOBbIX
1300paxeHnn OKKIMI3orpamMm» AMs BbISIBMEHUS OKKITO3WMOHHbBIX
KOHTaKTOB NpeABapUTENbHO MOMyYanu B NOMOCTW pTa OKKMK30-
rpamMmy KOHTaKTHbIX Touyek 3yboB. B kauectBe matepuana nns
PerucTpaLuu OKKITIO3WNOHHBIX KOHTAKTOB MCMoMb3oBanu 6aswc-
Hblil BOCK TonwmHon 2,0+£0,2 MM B BMAEe MAacTUHbI PO30BOrO
ugeta ¢ pasmepamu 180x90x%1,8 mm, LIBET 1 ONTUYECKUE CBOWCT-
Ba KOTOPOro JaloT BO3MOXHOCTb JOCTUXKEHUS TOUYHOWN TapyupOBKM
TOMLWWHbI NAACTUHbLI MO U3MEHEHUSIM B COOTBETCTBUW C OKKITHO-
3VOHHbIMI MOBEPXHOCTAMM 1 MOMYYeHUs LIBETOBLIX XapakTepu-
CTWK MO Pa3HOBUAHOCTM TONLLUMH Ha OTmevaTke penbeda OKKIH-
3MOHHbIX NMOBEPXHOCTEN aHTaroHupytowmx 3y6os. [ns npugaHns
XECTKOCTW BOCKOBYK NNacTUHYy 3akpennsny Ha NPOBOMOYHOM
kapkace, N30rHyTom no copme 3y6HOro psiga, NMOTHO NpUXMMas
Mo KpasiM MPOBOSIOYHOTO Kapkaca. 3aTeM [JaHHY KOHCTPYKLWKO
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nogorpeBanu Ha BoasHoi 6aHe A0 TemnepaTypbl NOMOCTW pTa
35,5-37,5 °C, obecneuunBas nonyyeHue nerkogedopmMmnpyemoro
oTmeyaTka OKKITHO3MOHHONM NOBEPXHOCTYU aHTaroH1pyoLwux 3y6os.

Kapkac ¢ BOCKOBOM MiacT/HOW BBOAMAM B MONOCTb pTa 4
NO3WLIMOHUPOBAIM ero OTHOCUTENBHO 3yBHOro psifa BEpXHel Ye-
NKCTK, 3aTEM NALMEHT CMblkan 3yObl C MaKCUManbHLIM YCUIMeM
B MOMOXEHWN LIEHTPaNbHOM OKKMKO3UM, NMPY KOTOPOM BO3MOXHO
MakCcyManbHOe COKpaLleHue KeBaTenbHON MyckynaTypbl. Mony-
YEeHHYH0 OKKII030rpammy BbIBOAUMM U3 MONOCTU pTa, OXMaxaanu
1 nonyyanu UKCUPOBAHHBIA OTMNEYATOK OKKITHO3MOHHBIX NOBEPX-
HOCTEW M OKKMIO3MOHHBIX KOHTAKTOB aHTaroHMpYHLLmMX 3y60B.

[anbHeniume onepauum No UKCaLMn 1 N3y4eHno OKKMO3N-
OHHbIX KOHTAKTOB @HTaroHMpytoLwmx 3yboB npoBOgUIM BHE NOMo-
CTn pTa, 6e3 yyacTus naumeHTa.

Ons nonyyeHuss «M/OeHTUYHbIX pacTpoBbIX M30BpaxeHuii
OKKIto30rpamMm» Heobxogumo co3faTb 3aroToBKY. OTO MPOCTO
caoenatb Aaxe B AOMALHMX ycnosusx. Heobxognmo B3dTb nuct
nnoTtHon 6enon bymaru hopmata A4, onpegennuTb LEHTp nucTa 1
HapucoBaTh KpecT. JIMHUM [OoMXHbI BbITb CTPOrO NEPNEHANKYNSP-
Hbl ApYT APYryY, TO CTb Yribl Mexay nuHuamu ctporo 90°. Mocrne
3TOro HeobXoAMMO MPOBECTM YEpe3 LEHTP FOPU3OHTasbHY0 K
BEpTUKaNbHYK IMHWM K Kpato NucTa, Aanee oTCTynuTb OT LieHTpa
50 MM M NOCTaBMTb TOYKW Ha FOPU3OHTANM W BepTUKanu, nocrne
COeaNHNTL 4 TOYKM 1 NONYYNTh KBaZpaT co ctopoHamu 100 Mm.

[anee B JaHHOM KBappaTe HeoOXoOWMO pa3mMecTUTb Momy-
YEeHHYK paHee OKKMo3orpamMmy, 3akpenuTb ee Mpo3paqHomn nnn-
KOW NEHTON W MOMECTUTb AaHHYHK KOHCTPYKLMIO Ha CTEKMOo cka-
Hepa NNaHLIETHOro HaCTONLHOMO AN CKaHUPOBAHWS JOKYMEHTOB
OKKMI030rpamMmon BHU3 Ha CTekNo, a nucT benoii bymaru gomxeH
ObITb CBepXy. 3aTeM Hago OTKPbITL MPOrpamMmy [nsi CKaHMpOBaHMS
1306paxeHNin Ha NepcoHanbHOM KoMmbloTepe. B Hawem cnyyae
Mbl WCMONb30BaNM MMAHLIETHbIA HACTOMbHBIA CKaHep NS cka-
HupoBaHusa fokymeHToB Kyocera ECOSYS M2530dn KX u npo-
rpamMmy Ans ckaHupoBaHus usobpaxenuin ABBYY FineReader 14/
FineReader.exe, Takxe MOXHO 1CNONb30BaTh NHOBYI0 AOCTYMHYIO
nporpammy Ansi CKaHupoBaHus n3obpaxenns. Heobxognmo Bbl-
BpaTb B HacTpoikax «[lonHougeTHbINY, «PoTox. [lanee BbibpaTth
komaHay «CkaHupoBaTby» W Mony4nTb «PacTpoBoe MaeHTU4YHOEe
1306pakeHNe OKKIMI30rpaMMbl» Ha 3KpaHe NepCOHANbHOro KoM-
nbloTepa. I1onyyYeHHble N30BpaxeHNst MOXHO MCMOMb30BaTh ANs
AMarHoCTUKM COCTOSIHUS 3y60B 1 3yBHbIX PSAOB A0, Ha aTanax
nocne NpoBefeHHOro neyveHus. BockoBas nnacTuHka ckaHupyeT-
Csl Ha NPOCBET, B pe3ynbTaTe Yero Ha CkaH1poBaHHOM 13obpaxe-
HWW OKKIMIO3MOHHbIE KOHTAKTbI Pa3nnuyatoTcs Mo pKoCTU, kKoTopast
3aBUCUT OT MIIOTHOCTW CMbIKaHMWsl 3yGOB-aHTaroHNCTOB.

B xoge uccnepmoBaHust Gbino obenegoBaHo 50 nayueHToB
B Bo3pacTe 18-35 net o6oero nona ¢ MHTAKTHbIMKU 3yBHBIMUK psi-
Aamy, 300POBbIM MapOLOHTOM 1M OPTOrHATUYECKUM MPUKYCOM.
MonyyeHo 150 okkmto30rpamm, 3auKCMpOBaHO CpefHee Bpems
C MOMEHTA W3roTOBIEHNUS OKKIHO30rpaMMbl A0 MOSTyYEHUs OKKITHO-
3MOHHOMO OTreYaTka Ha MOHUTOPE MEepCOHaNbHOMO KOMMbIOTEpa,
NPUroHOro Ans aHanusa B pa3paboTaHHON HaMK nporpamMme Ans
OnpefeneHus NioLaan OKKIO3MOHHON NoBepxHocTW. [lanee faH-
Hble 3aHOCMMNICh B TabnuLbl M aHanuanposanucs. CTatuctudeckas

obpaboTka pe3ynbTaToB UCCNEA0BaHNS NPOBOAMNACH C MOMOLLbK
nakeTa NpuknagHbIx nporpamm Statistica, Microsoft Office. Lindpo-
Bble JaHHble 0BpabaTbiBany Ha NepcoHanbHOM KOMMbIOTEPE METO-
AOM BapuaLuoHHoi cTatuctukn. Mcnonb3osann t-kputepuit CTblo-
AeHTa, KoadduumeHT koppensauun (r) MupcoHa. [loBepnTenbHbIN
WHTEpPBan co CryyailHbiM OTKMOHEHWEM COCTaBnsn He bonee 5%
(p <0,05). Mpy n3y4eHNn pe3ynbTaToB UCCNeL0BaHNS UCMONb30Ba-
NNCb NPUHLMMLI HAYYHO-A0Ka3aTENbHON MeanLMHbI [2, 6].

PE3YNbTATbI U UX OBCYXAEHUE

Mpy Nony4eHu OKKMKO30rpamMm B XOA€E NPOBOAMMOrO Mccne-
[0BaHus No pa3paboTaHHOW aBTOPOM METOAMKE W AanbHenLweln
obpaboTke ¢ nomowbto «Cnocoba NonyveHUs MOEHTUYHbBIX pac-
TPOBbIX M306PaKEHNA OKKMIO30rpamMmy, MoCneayLWero nepeHo-
ca nomnyYeHHbIX M30BpaxeHuii B «Mporpammy ansi U3MepeHust
MoLagen OKKITIO3MOHHbBIX KOHTaKTOB MO pacTpoBOMY 13obpaxe-
Huto» [12] B cpeaHeMm bbino 3atpayeHo 155 cekyHa, a npu paboTe
no mMetoauke, npeanoxeHHon A.B. MalukoBeIM, Ha Ty xe paboTy
3aTpayeHo B cpepHeM 725 cekyHg, 4To Ha 570 cekyHa Gonblue,
yeM MonyyeHne pacTpoBbIX M30DPaKEHW OKKMKO30rpaMmM C UC-
nonb30BaHMEM aBTOpckoro cnocoba. Mpu 6onee BbICOKOH CKOpO-
CTV paboTbl Ka4eCTBO PaCTPOBbLIX M30OPaXKEHMI He MOCTpPaaano
11 NOBTOPSIEMOCTb BbIpocHa. To eCTb NonyyeHue 13obpaeHnit ¢
CMONb30BaHNEM aBTOpCKOro «Cnocoba nonyyeHns UAEHTUYHBIX
pacTpOBbIX N306PaKEHN OKKMIO30rpamMm» MOXKET NOBbLICUTb MpO-
13BOAMTENBHOCTL B 4,7 pasa Mo CpPaBHEHMIO C APYTMMW CMOCO-
6amu, ucnonbdyembimu paree (p <0,001), Hanpumep, cnocobom
JoueHTa Kkadelpbl OPTOMEAWNYECKOW CTOMATOMOrMW C KypcoM
KrnuHu4eckoi ctomatonoriv BonrTMY A.B. Malukosa.

3AKNIOYEHUE

B pesynbTaTe npoBeAeHHOro UCCNeAoBaHus bbina aokasaHa
adpekTnBHOCTL aBTOpckoro «Cnocoba MmomyyeHus pacTpoBbIX
1306paXEHNA OKKIIO30rpamMmy A AUArHOCTUKK XeBaTeNbHOM
adpekTnBHOCTU. Tak, Npu NOMyYEHUN PacTPOBbIX N300pakeHUi
OKKIt030rpamMm C MOMOLLbI0 crnocoba, NpeaioXeHHoro aBTopoM
[aHHOI CTaTbi, BpeMS Ansl NepeHoca ¢ BOCKOBOW PemnpoayKLumu
penbeda OKKIIO3NOHHOW MOBEPXHOCTM B LUMGPOBY MOAEmb
cokpalyaetcs Ha 570 cekyHa, 4To B 4,7 pasa bbICTpee Mcrnosnb-
3yeMoro paHee metoga. Takum 0bpasom, NPUMEHEHWE AAHHOrO
asTopckoro cnocoba nosbiwaet K[ Bpaua-ctomatonora, co-
KpallaeT BpeMEHHbIE 3aTpaThl, a paboTa B LIeNoM MOXET CTaTb
yaoOHeit, aewesne, npolle, 3eKTUBHEN, AOCTYMHen. B cBa3n
C 3TUM MOXHO PEKOMEHAOBaTb AaHHblii «Crnocob nomyyeHns
MOEHTUYHBIX PACTPOBbIX M30BPaXeHt OKKIo30rpamm» 4ns aua-
THOCTUKY KeBaTENbHON 9PGPEKTUBHOCTI U UCMONB3OBAHUS B KK~
HWYECKOI CTOMATONOrNYECKOI NPaKTHKeE.

AOMONHUTENBHAA UHOOPMALIUA

ABTOp npountan 1 ogobpun GuHanbHyl Bepcuio nepeq
ny6nukaumen.
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WUcTouHuk douHaHcupoBaHus. ABTop 3asBnseT 0b oTcyTcT-
BWM BHELLHETO (PUHAHCUPOBaHMS MW NPOBEAEHNN UCCTIEfoBaHNS.

WUHdopmupoBaHHoe cornacue Ha nyb6nukauumto. ABTop no-
NYYnIM NMMCbMEHHOE Cornacue NauMeHToB Ha nybnukauuo Megn-
LIMHCKMX aHHBIX.
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Pestome. AkmyanbHocmb paboTbl 06ycnoBneHa BapmabenbHOCTbH HayYHbIX NPEACTaBAEHNA O MEXaHU3MaX
Pa3BUTUS HEMPOKOrHUTUBHOIO AeduuuTa, acCoLMnpoBaHHOro ¢ paaoM NCMXonaTonornyeckux coctosHuin. Octa-
€TCS MHOTO BOMPOCOB O (DYHKLMAX OTAENbHbLIX CTPYKTYP W CUCTEM MO3ra, @ Takxe LieHTpanbHOW HepoaNHaMUKK
B Pa3BUTUN KOTHUTUBHOTO CHUXEHWS. HanmeHee n3yyeHHbIM B COBPEMEHHON HellpoHayke 0CTaeTcs BOMpoC O
BIMSIHMM €30praHn3auuy BEpTUKanbHO OPUEHTUPOBAHHLIX CTPYKTYP | byHKUMOHaNbHOro 6noka mo3ra (PBM) Ha
(hopMUpOBaHNE HENPOKOTHUTUBHOIO Aedmumta Npy NCUXMYECKOR NaTonornm LWn3odpeHnyeckoro cnektpa. Leab
uccnedogaHus 3aknoyanacb B OLEeHKe (YHKLMOHANbHOrO COCTOSHUSA NEPBOro 3HepreTnyeckoro 6noka mosra u
onpegeneHny ponu HapyLeHUn HeMpogUHaMNYECKNX KOMMNOHEHTOB JeATEIbHOCTU B Pa3BUTUN HEMPOKOTHUTUBHOTO
peduumta npu ncuxonatonorun. Mamepuansi u memodsi. O6cnefosaHo 40 nauneHToB, CTPagatoLLMX XPOHUYECKON
napaHougHoN LWu3odpeHnen, n 38 30opoBbIX UCMbITYEMbIX, CONOCTABUMbIX MO BO3PACTY, FEHAEPHOMY COOTHOLLEHMIO
1 obpasosaTenbHOMY ypoBHI0. Pernctpaums 330 ocywecTBnsanack MOHOMONSPHO N0 MeXAYHapOAHOW cucteme
10/20 ¢ nomoLbto 21-kaHanbHOro annapaTHO-NPOrpamMMHOro koMnnekca «Tenenat-1». C NOMOLLbI0 BU3yaibHOrO
CneKTpanbHOro MeTo4oB aHanuaa u3yyannuch kak Hecneuuguyieckue usndeckue napameTpbl a-putmMa — UHAEKC,
yactoTa M amnnnTyaa, Tak 1 usnonornyeckne 0COBEHHOCTN o-OCLUMNAALUIA — PerynspHOCTb, aBTOPUTMUYHOCTD
(Mogynsauum) n cTabunbHOCTb oi-putMa. YHKLMOHANBHOE COCTOSHME PeTUKYNsapHoi hopmauumn (P®) onpepensnu
no napameTpam naTeHTHbIX NePUOLOB CUHXPOHM3ALIMKN, [ECUHXPOHNU3ALMWN W TMyBKUHBI AEeCUHXPOHN3aLMK B npobe
C OTKpbITUEeM/3aKkpbiTeM rnas. TOHYC Kopbl onpeensny No COOTHOLWEHWNIO 3HaYeHW NHAEKCOB anbda- u AenbTa-
puTMOB. lopor Cya0pOXHOW FOTOBHOCTM MO3ra pacCYUTbIBaN NoO KOMYECTBY 3apernCTPUPOBaHHbIX BCMbILIEK B
doHoBon J3I. KonebaHus yacToTbl 6a30Boro anbda-putma, npesbiwatowme 0,5 M, pacLueHnBanich kak npruaHak
HeCcTabunbHOCTM OCLMNAATOPHOM aKTUBHOCTW MO3ra. Pe3yibmamabl. YCTAHOBMEHO, YTO HapyLLEeHMs NO3HaBaTeSbHbIX
(OYHKLMIA NpU LUM30MPEHUM CBSA3aHbI HE TOMbKO ¢ AucdyHKUmMein kopbl (I n Il ®BM), Ho Takxe ¢ AesopraHusauuen
BepTUKaNbHO OPUEHTUPOBAHHbIX CTPYKTYp | ®BM. BbisBNeHa fe3opraHu3aLms peTukynspHomn dhopmaLny u ansda-
perynupytoLLen CUCTeMbl, CHKEHUE TOHYCa U akTUBaLMKM Kopbl Mo3ra. OBOCHOBaHO BO3MOXHOE NaToreHeTUYeckoe
BIIMSIHWE 3TWX NATOU3NONOrMYECKUX HakTOPOB Ha POPMMUPOBAHUE HENPOKOTHUTUBHOTO aedmumnta. OnpeaeneHsl
Hanbonee MHMoOpMaTUBHbIE AnarHocTuyeckne AAM-NpU3Hak HapyLLEHNS HEMPOANHAMUYECKNX KOMMOHEHTOB [esi-

TENbHOCTU MO3ra.

KnioueBble cnoBa: napaHougHas W13odperus; anekTposHuedanorpadus; cnekTpanbHbIi aHanns; HepoaNHaAMMKa;

HEMPOKOTHUTUBHBIN LePULMT.
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Abstract. The relevance of this article is due to the variability of scientific ideas about the mechanisms of development
of neurocognitive deficit associated with a line of psychopathological conditions. Many questions remain about the
functions of individual brain structures and systems, as well as central neurodynamics in the development of cognitive
defects. The question of the influence of the disorganization of vertically oriented structures of the first brain functional
block (BFB) on the formation of neurocognitive deficit in mental pathology of the schizophrenic spectrum remains the
least studied in modern neuroscience. The present research was aimed to assess the functional state of the first brain
energy block and to determine the role of disorders in the neurodynamic components of activity in the development
of neurocognitive deficit in psychopathology. Materials and methods. 40 patients with paranoid schizophrenia and
38 healthy subjects matched in age, gender ratio and educational level were examined. EEG by monopolar according
to the international system 10/20 using a 21-channel system “Telepat-1" was registered. With the help of visual and
spectral methods of analysis, both nonspecific physical parameters of the a-rhythm — index, frequency and amplitude,
and physiological features of a-oscillations — reactivity, regularity, autorhythm (modulation) and stability of the a-rhythm
were studied. The functional state of the RF was determined by the parameters of the latent periods of synchronization,
desynchronization, and the depth of desynchronization in the eye opening/closing test. The tonus of the cortex by the
ratio of the values of the indices of alpha- and delta-rhythms was determined. The threshold of convulsive readiness
of the brain was calculated from the number of recorded flashes in the background EEG. Fluctuations in the frequency
of the basic alpha rhythm exceeding 0.5 Hz were regarded as a sign of instability in the oscillatory activity of the brain.
Results. It has been established that impairment of cognitive functions in schizophrenia is associated not only with
cortical dysfunction (Il and Ill BFB), but also with disorganization of vertically oriented structures of the | BFB. Revealed
disorganization of the reticular formation and alpha-regulating system, decreased tone and activation of the cerebral
cortex. The possible pathogenetic influence of these pathophysiological factors on the formation of neurocognitive deficit
has been substantiated. The most informative diagnostic EEG-signs of disorders in the neurodynamic components of
brain activity were determined.

Key words: paranoid schizophrenia; EEG; spectral analysis; brain functional block; neurocognitive deficit.

BBEOEHUE

CoBpeMeHHas UMBUNM3aLMS GasupyeTcs Ha 3HaHUAX W
06paboTke 3HauMTEMbHLIX 06BHEMOB MHopmauun. Mpu aTom
00bEM M CKOPOCTb HAKOMMEHUS! HOBbIX 3HaHWA, HEOBXOAMMbIX
ANS YCMELIHOro (hyHKLUMOHNPOBaHUS 06LLeCTBa U AEATENbHOCTH
OTZeNbHOTO UHAMBMAA, SKCMOTEHLMaNbHO Bo3pacTaeT. IMeHHO
Mo3TOMy COBPEMEHHOMY YeNoBEKY AN TOT0, 4Tobbl 0CTaBaThCs
NpoecCMOHamNbHO KOMNETEHTHbIM W pa3BMBaTb CBOW WHTEN-
NEKT ¥ NHHOBALIMOHHOE MblluNieHne, Heobxoaumo npuobpeTaTh

Bce Oonblume 06beMbl 3HAHWA Ha MPOTSKEHUM BCEN KU3HM
[1, 10, 11].

Mpu aTOM coBpemeHHast cuctema obpa3oBaHus npuobpe-
TaeT XapakTep JMYHOCTHOOPUEHTUPOBAHHOTO 0OYyYEHWs, npu
KOTOPOM KOTHUTWMBHOE pa3BUTWE HanpaBNeHO Ha KayeCTBEHHOe
npeobpa3oBaHie BCEX MO3HaBATEMbHbIX MPOLECCOB. B Bek MH-
(hopMaLMOHHBIX TEXHONMOMIA YeNOBEKY HEAOCTaTOMHO BrafeTh
TONbKO 3HAHMSIMU U YMEHNsIMU, HeobxoamMmMo Takxke obnagatb Ta-
KAMM Ka4yeCTBaMI BbICLUEHA HEPBHOM AeATENbHOCTH, Kak MBKOCTb
MbILUNEHMS!, BbICOKAS afanTMBHOCTb K M3MEHSIIOLMMCS YCIOBU-
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SIM, CTPEMIIEHWE K CaMOODy4eHW0 M BOMEBLIMM KayecTBaMu B
JOCTUXeHWU nocTaBneHHoi uenu [17].

BmecTe ¢ Tem aHanu3 nuTepaTypbl Moka3biBaeT, YTO Hapy-
LUeHWe No3HaBaTenNbHbIX (YHKLIMIA aCCOLUMPYETCS CO 3HaUNTENb-
HbIM KONM4ECTBOM HEBPOMOTUYECKMX, MCUXUYECKUX U NCUXOCOMa-
TUYecKnx 3aboneBaHuii, X pacnpoCTpaHEHHOCTb YBENUYMBAETCS
B CBSA3M C MocTapeHuem Hacenexns. MHorve opmbl ncuxonaTo-
noruu, OTHocALMeCs Kk cepe Tak HasbiBaeMon 6OMbLLON NCHUXK-
aTpuu, B BOMbLUMHCTBE CRyvyaeB TaKke aCCOLMMPOBaHbI C Heil-
POKOTHUTUBHBLIM LEULIMTOM, KOTOPbIA HEPEAKO HOCUT XPOHWYe-
CKUIA WHBANMAM3VNPYIOLLWA XapakTep 1 NPUBOAMT K BbIpaXEHHOM
npodheccroHanbHoOM U coumanbHoi aesagantaunn. Haubonee
pacnpocTpaHeHHbIM 3aboneBaHneM 13 3TON KaTeropum SBnseTcs
Wn3odpeHus.

B HacTosilee BpemMsi B Mupe HacuuTbiBaeTcs okono 50 MiH
YenoBeK, CTpafaloWMX pasnmyHbIMU hopmammn LemeHummn. Yuc-
N0 NALMEHTOB C BbIPAXEHHBIMU KOTHUTUBHBIMI PacCTpOCTBaMN
kaxzble AecsTb neT Bo3pactaeT B ABa pasa, U k 2050 rogy ux
obuiee yncno Bo Bcex ctpaHax mupa gocturHet 130 mnH [13].
HapylueHus no3HaBaTenbHbIX yHKUMiA BeTpeyvatotes ¥ 20% ae-
TEl N MOAPOCTKOB. ATO MPUBOAMT K TPYAHOCTAIM B 00YyYeHWw,
[EBVAHTHOMY MOBEEHMIO, NCUXO3MOLMOHAMNBHBIM HapyLLEHUSM
W, KaK CNeacTBue, K couuanbHon gesagantauum [2, 3, 14].

B aTol cBA3M B KOTHUTMBHOW NCUXOMU3MONOMAN pacTeT UH-
TEPEC K U3YYEHUI0 MEXAHW3MOB HapYLUEHUS! KOTHUTUBHBIX (PYHK-
UM, @ TakKe WX POnM B pa3BuTMM TpygHocTel obyyeHns u me-
XaHW3Max PasBUTUS HEMPOKOTHUTMBHOTO Aedmumta. Npobnema
U3y4eHns GMONOrMYECKMX OCHOB HapyLLUEHWS MO3HaBaTemNbHbIX
(YHKUMIA (0COBEHHO Npu TsKenbix hopMax MCKUXonaTonorum)
BbIABMHYNACh B HEMpOHayke B YMCo Hanbonee akTyanbHbIx [10,
11]. dopMmpoBaHME HENPOKOTHUTUBHOMO AeduunTa, BO3HUKAK-
LLero B Xofe passuTHS LWN30(PEHNYECKOro npoLecca, SBnseTcs
OQHOM M3 Hanbonee CMOXHbIX 1 ManousyyeHHbIX npobnem co-
BPEMEHHON Heipoburonorum.

CornacHo DSM-V, k KOTHUTMBHbIM PacCTPOCTBaM OTHOCST
CHUXEHWE NO CPaBHEHWNIO C NMPEMOPONAHBIM YPOBHEM OLHOW MK
HECKOMbKMX BbICLUMX MO3roBbIX (DYHKLWIA, 0becneynBaroLLmx npo-
LLlecChbl BHWUMaHMWS, BOCMPUSATUS, COXpaHeHusl, npeobpasoBaHus
1 nepegayun uHcdopmauuu [27].

C no3uuuit KOHLenUun 0 Tpex CTPYKTYPHO-(PYHKLNOHAMBHBIX
Bnokax mo3sra no A.P. Jlypusi B popMUpOBaHUM HENPOKOTHNTYB-
HOro AeuumTa 3aMHTEPECOBaHbI CTPYKTYPbI BCEX BIOKOB MO3ra,
OfHaKO creuunduka u MexaHU3Mbl HapyLLEHUIA Ha YPOBHE Kaxao-
ro U3 HKX 0CTalOTCS Mano uayyeHHbiMu [14, 19]. Mo aToit npuiumHe
YCTaHOBEHWE 3aKOHOMEPHOCTEN W paclndpoBKa MEXaHU3MOB
[e30praHn3ann  KOrHUTUBHO-MbICIIMTENbHBIX  (DYHKLWA, yyac-
TMe B WX naTtoreHese BepTukanbHo (I ®EM) u ropusoHTansbHO
(Il'w 1l ®BM) opraHn3oBaHHbIX 0TAENOB MO3ra SBRSETCH OAHOM
13 Hanbonee CMOXHbLIX M WHTEPECHbIX MPOOGMEM Herponcuxo-
norum, UMEKoLLen Kak TeOpPeTMYECKOe, TaK W MpaKTNYecKoe 3Ha-
yeHue.

AHanus 0OCTYNHOM HEMPOMNCUXOMNOrMYecKon nuTepaTypbl no-
kasblBaeT, 4TO NaTOreHeTWYECKoe 3HayeHue [e3opraHusaLum
LleHTparnbHON HerpoanHamukL, kotopas ocylectensetcs | ®bM,

B MexaHu3max pa3BuTUs HeMPOKOrHUTUBHOTO AeduumTa npm Lum-
30(hpEHNN 1 APYrMX NCUXONATOMNOTMYECKNX COCTOSIHUSX SBNSETCS
TaKkKe ManousyyeHHon npobnemoit. B nutepaType cyuiectByet
HEMHOro nybrnmkaLmi, NOCBSLLEHHbIX UCCNEA0BAHMIO HEMPOAM-
HaMWK1 NPU HapyLIEHUU KOTHUTUBHBIX DYHKLMI [2, 18].

MapagurmMa «HeWpOKOTHUTUBHOTO AeduunTay, NpeasioKeH-
Has B KoHUe XX Beka A. Breier, paccmaTtpuBaeT HapyLleHue Kor-
HUTWBHbIX (OYHKLMIA KaK «TPETBI KITKOYEBYHO rPynny CUMMTOMOBY
WK130PEHNM, HapsaY C NO3NUTUBHBIMU 1 HETATUBHBIMI KITMHNYE-
CkMMK cumnTomamu [26]. B nocneaHee Bpemsi yCTaHOBMEHO, YTO
HEeNpPOKOTHUTMBHBIN AeduumT npu LWu3odpeHnn HabnopaeTcs y
94% nauuneHTOB, NPOSIBNSETCA Ha PaHHUX CTagWsX, NepcucTupy-
€T Ha MPOTSHKEHNUN BCero nepuoaa 3abonesaHus U coxpaHseTcs
B COCTOSIHUM pemmuccum [13].

B npaktuyeckon HeMponCUXOMOrn WU3y4YeHUo MeXaHU3MOB
HENPOKOTHUTUBHOTO CHWXEHWS W, B 4ACTHOCTU, PONN HeMpoau-
HaMWYECKMX acneKTOB HapyLIEHWS MO3HaBATENMbHbIX (YHKLMIA
MaLMeHTOoB C NCUXONAToNorMen OTBOAMTCS HE3aCIy)XEHHO Maro
BHUMaHNS. OBBEKTUBHOE HEMpOonCUXOnorMyeckoe Kccnenosa-
Hue paboTbl MO3ra Ha OCHOBE CMCTEMHOTO HEMpOLMHAMWNYECKOTO
noaxofa, OCHOBOMOMOXHUKOM KOTOPOro B 0bnactu ncuxogmamo-
norum Bbin A.A. YXTOMCKMIA, OCTaeTcs HeODOCHOBAHHO Mano
BOCTPebOBaHHLIM COBPEMEHHbIMW  UCCReAoBaTeNsaMu, a cam
TEPMUH «HEMpoauHaMuKay ynoTpebnsetcs B HeMpOHay4HOMN nu-
TEpaType BCe pexe.

IMpoayKTUBHOCTL UCCNeaoBaHNiA LepebpanbHbIX ANCHYHKLMIA
B HEMPONCHUXONOTV CBA3bIBAKT C CUCTEMHBLIM MOAXOLOM, CyLU-
HOCTb KOTOPOro COCTOWT B NOCTPOEHWN LIENOCTHOM KapTUHbI 06b-
eKTa UccrneoBaHWs Ha OCHOBE BbIABMIaeMOro CUCTEMHOIO NPUH-
LMna v OCYLLECTBIIEHNS UCCMES0BAHNS HA OCHOBE STOrO MPUHLM-
na. HaunHas ¢ knaccuyeckux pabot A.A. YXTOMCKOrO, NoKasaHo,
4TO TOMIOBHOM MO3r MpeacTaBnseT cobOoM CroXHyH Henpoawn-
HaMWUYECKyl0 CUCTEMY, MOCTOSHHO CTPEMSALLYIOCS K MHTErpaLumn
1 K CTEePEeOTUNHOCTY 06 beAMHEHHOI AeaTeNnbHOCTH [6, 24].

CornacHo COBPEMEHHbIM MPELCTaBNEHNAM TONOBHOA MO3T
paccmaTpyBaeTCs kak CroxHas MH(OPMaLMOHHO-BbIYMCTINTENb-
Has cuctema ¢ GOMbLUMM YNCIIOM PABHOBECHbIX, HO W3MEHYM-
BbIX COCTOSIHUIA. YCTOMYMBOCTb MO3ra B MpeAenax HeKoTopo-
ro  (PYHKUMOHANBLHOTO YPOBHS SBMSIETCS HEMPOLMHAMMYECKMM
MpOLIECCOM, MOAJEPXMBAKLWMM (DU3NONOTMYECKE NapaMeTpbl
noCcpefCcTBOM roMeocTaThyeckon perynsauuun. lNpouecchl romeo-
CTaTUYECKON Perynaunn KOppekTUpYIoT BCE BHYTPEHHME (PITHOK-
Tyauun COCTOSIHUS LieHTpanbHoW HepBHoi cuctembl (LIHC) okono
cpefHero ypoBHs [9].

HayuyHo-TeopeTnyeckoln ©a3oil HaCTOSLLEro MccrefoBaHus
HEeNpONCUXONOTMYECKMX MEXaHW3MOB Pa3BUTUS HEMPOKOrHWUTMB-
Horo geduuumTa ABUnKC: koHuenuus A.P. Jlypus o Tpex CTpykTyp-
HO-(byHKLMOHanbHbIX 6rokax mosra [14, 19], yuenue W.IM. Mag-
noBa 00 OCHOBHbIX HepoAMHaMUYecknx 3akoHax [23] n Teopus
AoMUHaHTbI A.A. YXTOMCKOro [24].

CornacHo koHuenuuu A.P. Jlypus, Bce ncuxmyeckue npoec-
Cbl U pa3nuyHble BUAbl CO3HATENbHOW AEATENbHOCTM YenoBeka
B HOpMeE 1 Mpy naTonorMn LenecoobpasHo paccMaTtpusath ¢ no-
3ULMIA PYHKLMOHANBHOW PONK TPEX CTPYKTYPHO-(DYHKLMOHAMbHBIX
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Bnokos moara: | @M — 6ok, obecneunBatoLLmMin perynsumuo To-
Hyca n ypoBHsi bogpcTBoBaHus; || ®BM — Brok nonyyenus, ne-
pepaboTku 1 XxpaHeHust nhdopmauuy; Il @bM — Gnok nporpam-
MUPOBAHWS, PErynsLmm 1 KOHTPOMS NCUXUYECKON AEATENBHOCTH.

Yrobbl 06ecneunTs HopManbHY CKOPOCTb W KauyecTBO Hei-
POKOTHUTUBHBIX NPOLECCOB, HEODXOAUMbI ONTUMANbHBIA TOHYC
KOpbl M afeKBaTHbI ypoBeHb BogpcTBOBaHNS. TONBKO NPy TakoM
HEeNpOAMHaMNYECKOM COCTOSIHWM FOSTOBHOM MO3T MOXET Haumyy-
wum obpa3om npuHumaTb U nepepabatbiBaTbh MHMDOPMALMIO,
BbI3bIBaTb B NaMsATU HyXHble u3bupaTenbHble CUCTEMbI CBSA3EN
1 accoupaLm, NporpaMMmUpoBaTh AEATENBHOCTb.

O TOM, YTO ANS OCYLIECTBMEHUS OpraH130BaHHOM 1 3ddek-
TUBHOW KOTHWTUBHOM AESTENbHOCTM HEoOXOAWM OMTUMArbHbIA
TOHYC Kopbl, ykasbisan eue V.M. MaBnos, onuMcaBLLMin OCHOBHbIE
HeMpoaMHaMUYEeCKe 3aKOHbl. Tak, COrMacHO HerpoauHamuye-
CKOMY «3aKOHY CWUIbI», B COCTOSIHUM CHUKXEHHOTO TOHyCa KOpbI
HapyLLaeTcs HOpManbHOe COOTHOLUEHME BO30YANUTENbHBIX W TOp-
MO3HbIX NPOLECCOB, a Takxe UX NOABMXKHOCTb, HEODX0AMMbIE ANs
OCYLLECTBMEHUS OPraHM30BaHHOMO NPOTEKAHWS MCUXNYECKON es-
TenbHOCTU [23].

MepBbiii 3HEpreTYecknin BroK Mo3ra BKMKOYAET CTPYKTYpb
MO3roBOro CTBONa, 06pa3oBaHNst MEXYTOYHOrO Mo3ra U Meamo-
BasanbHble oTAenbl TOBHON 1 BUCOYHOM Kopbl (puc. 1).

Ha pasHbiIx ypoBHsX nepBoro Grioka mMosra BbIAENAT Tpu
OCHOBHbIX 3HEPreTUYeCcKMX MCTOYHWKA, 0DecneymBatoLLmMx pery-
NpyIOLLME BANSIHUS Ha KOPY Mo3ra, noaaepxaHne paboyero To-
Hyca 1 ypoBeHb BoapCTBOBAHNS.

Puc. 1. MepBbiit hyHKUMOHANBHBIN Gnok Mo3ra: 1 — kopa ronos-
HOro mMo3ra; 2 — 3puTenbHbIA Oyrop; 3 — runotanamyc;
4 — mocT; 5 — npogonrosarbliit MO3r; 6 — Bocxopaswas P®
CTBONA MO3ra; 7 — MO3XKe4OoK

Fig. 1.  The first functional block of the brain: 1 — cerebral cortex;

2 — visual tubercle; 3 — hypothalamus; 4 — brainstem;
5 — medulla oblongata; 6 — ascending brainstem RF; 7 —
cerebellum

OCHOBHbIM WMCTOYHWUKOM MOALAEPXaHWS TOHyCa U akTuBaLuu
Kopbl MO3ra SIBRSETCH PeTuKynspHas cdopmauus (P®) ctsona
Mosra. Bocxopsllas M HuCXoLAWas PETUKYNsPHbIE CUCTEMbI
CTBOMI@ MO3ra COCTaBMAT eAuHbINA camMoperynvupyioLLminca anna-
paT, obecneynBaloLuil nepepacnpeseneHne ToHyca u akT1eaLum
KOpbl MO3ra B 3aBWCUMOCTW OT YPOBHS €r0 (hyHKLIMOHANBbHON aK-
TUBHOCTM B ONpefeneHHbI Neprnog BpeMeHu. Ipu 3ToM akTuBu-
pY'OLLME W TOPMO3HbIE BNUsIHUS PO 3aTparmBatoT BCe CEHCOpPHbIE,
[BUraTenbHble, PeYeMbICIIUTENbHbIE W MHbIE (DYHKLMM MO3ra.

BTopon knioyeBoit CTpyKTypoi nepsoro 6noka mMosra, OTBET-
CTBEHHOWN 3a NOAAEP)aHWe 3HepPreTMMECKOro craTyca mMoara, To-
HyCa M aKT/BaLuMu KOPbI, SBASETCS HEMPOHHbBIA annapar runoTa-
namyca, perynupytLmuin 06MeHHble MPOLIECCHI OpraHn3ma.

TpeTuit SHepreTUYeCKNUii MCTOYHMK CBS3aH C TanaMuUyeckon
CUCTEMOMW, KOHTPONUPYIOLLEN NOCTYNNEHWe B MO3T NONUMOZanb-
HOW WHopmaum. CeHcopHble MoTOkM BepbanbHoOW U HeBep-
BanbHo NHopMaLK, BO-NEPBbIX, MOAAEPKNBAKOT aKTUBALMOH-
Hble MPOLeCChbl U TOHYC KOPbI, a, BO-BTOPbIX, 3pUTENbHbIN Byrop
MOPOMYHKLUMOHANBHO TECHO CBS3aH C IMMOUYECKUM KpYyrom
[Meineva, No KOTOPOMY NPOUCXOANT LIMPKYMALNS SHEPreTUUYECKNX
UMMYNbCOB, CBA3AHHBIX C KOPOW rorfioBHOro Mosra [19, 25].

Bocnpustve noboit MHGOpMaLUmMu Bbi3bIBaET pearnpoBaHune
B BUJeE OPUEHTUPOBOYHOTO pedirekca, kotopsiit no W.M. Maenosy
SIBNSETCS BaXHENLEM (PAKTOPOM MO3HABATENbHON AesTenbHOC-
TW, TECHO CBSI3aHHbIM C paboToi kak P®, Tak u Tanamuyeckon
CUCTEMbI MO3ra. BaXHbIM MCTOYHMKOM akTvBaLuW W nogoepxa-
HWS TOHYCa KOpbl MO3ra CIyXU T Takke pevyeMbICrinTensHas aes-
TENbHOCTb YeNioBeKa, ero MeHTaNbHbIE MMaHbl U OCMbICNIEHNE
nepcnekTuBbI, KOTOPbIE POPMUPYIOTCS B MpoLiecce LieneHanpas-
NEHHOW KOTHUTUBHOW JEeATENbHOCTH.

Takum 06pa3om, B HOpMe BCE YPOBHY NEPBOTrO (PYHKLMOHAIb-
Horo 6noka mo3ra W BCe €ro dHepreTMyeckne UCTOYHWKM TECHO
B3aWMOCBSi3aHbl 1 paboTaloT BO B3aWMOLENCTBUM C BbICLUMMM
oTaenamn kopbl. OHW He TONMbKO TOHWU3WPYKOT KOpY, HO U camu
WCMBITLIBAKOT CO CTOPOHbI KOPKOBLIX OTAEMNOB MO3ra MOAYNvpY-
folme BnusiHWA, obecneynBas Takum 0bpasom apekBaTHbIN ypo-
BEHb KOTHUTMBHOTO (DYHKLIMOHMPOBAHNS.

KorHuTuBHBIN pecypc paccMaTpuBaeTcst B NCUXO(U3N0Norum
kak oOLLMiA (PaKTOpP YCMELUHOCTU PELIEHMst KOTHUTWBHBIX 3afay,
koTopblit 0BecneunBaeT BocnpusTie BepbanbHoi 1 HeBepbanb-
HO 06pa3HON MHGOPMALMKM, aHanu3 1 COOTHECEHUE BOCTPUHM-
MaeMomn HGOpMaLUK C XpaHsLLecs B 4ONTOBPEMEHHON NaMsTL
u npuHaTue pewenns [6, 8, 9, 20]. CornacHo akTUBaLWOHHOM
Teopun aHca A3eHKa YpOBEHb TOHYCa U aKTMBaLWM Mo3ra siB-
NAETCA LeHTpamnbHbIM OOBACHUTENbHBIM MOMEHTOM  BUSIHUS
VHOMBMAYaNbHbIX Pa3nuinin Ha APEEKTUBHOCTL KOTHUTUBHOW fe-
arensHocTi [4, 25]. 3akoH Mepkca-[loacoHa ycTaHaBnMBaeT uH-
BEPTUPOBaHHyo U-00pasHyto 3aBUCUMOCTb MEXAY YCMELLHOCTbIO
BbINOMHEHUS KOTHUTUBHOW 3afa4y M YypOBHEM TOHYCa W akTuea-
U mosra. OnTMManbHbIM YCHOBMEM KOTHUTWUBHOW YCMELIHOCTY
SBNISIETCS HEKOTOPbIA CPEAHUIA YpOBEHb TOHyCa M akTuBaLuu
KOpbl MO3ra, Y4TO MONyYuro NOATBEPXKAEHUE B paHee NpoBEAEH-
HbIX HaMK UCCefoBaHUAX 3PEEKTUBHOCTU BOCIPUATUS CRYXO-
BOW HeBepbarnbHon nHdopmaumm [7].
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Mo AaHHbIM I, Ali3eHKa, Npy HeJOCTAaTOYHOM aKTUBALMM KOpbI
MO3ra KOnM4YecTBO OWWMOOK Yy WCMbITYeMbIX NpK MPeabsBIEeHUN
KOrHUTMBHbIX 3aAay yBENM4YMBaeTCA B 3 pasa Mo CPaBHEHMIO C
naumeHTamu ¢ ONTUMasnbHbIM YPOBHEM TOHYCa U akTuBauum [4].

A3BECTHO, YTO OKpYXaloLnin MUP, KaKUM Mbl ero 3HaeM, 6a3u-
PYeTCs Ha HaLLWX KOTHUTUBHbIX CTPYKTYpaXx, KOTOpble NpeacTaBns-
toT coboil HecneLnduyeckie, HO YNOpSA04EHHbIE penpeseHTaLmun
npefLecTsyloLLero onbita. ChopmmpoBaHHbIe B MPOLECce NHAK-
BMAYanbHOrO pasBuUTWS MO3HaBaTeNbHble CTPYKTYPbI NOALEPKM-
BalOT MPOLIECCHI KOTHUTUBHOWN CaMOPErynsLuu U BHYTPEHHUE Me-
XaHW3Mbl CamMOKOHTPONS. MpOLEecC KOrHUTUBHONM Camoperynsaumum
npegnonaraeT pa3BuTie N COBEPLLEHCTBOBAHWE NO3HABATENbHbBIX
CTPYKTYP ¥ MOHATMIA, KOTOpblE SBASIOTCA MPOAYKTOM Hay4eHus.
OyHKUMOHANbHAsA POfib CUCTEMbI KOTHWTMBHOM Camoperynsium
3akntoyaetcs B ee cnocobHocTv obecneumath LenecoobpasHyto
AEATENbHOCTb B TOM HanpaBfieHuW, KOTOpOe Mbl cyuTaeM npa-
BUIbHBIM B KOHKPETHbIX YCNoBUAX. TO €CTb Mbl BefieM cebs Tak,
kaK NpeanuCbIBaOT HaLLW KOTHUTUBHbIE CTPYKTYpbI. [pu aTOM KOr-
HWTMBHbIE KAaYecTBa NCUXUYECKU 3A0POBOTO MHAMBMAA [AKOT HaM
BO3MOXHOCTb YNpaBnsTb COGCTBEHHbIM NOBeeHMEM 1 0becneyn-
BaloT MHOroo6pasne MeXIMYHOCTHOTO B3aMMOAENCTBIUS W KOPPeK-
LMK He3aEKTUBHBIX KOTHUTUBHBIX CXeM [5].

Mpwn wmr3opeHnn 1 gpyrux opmax ncuxonaTonornm B pe-
3ynbTaTe [e3opraHusauun U3MoNornyeckux MexaHu3MoB Hen-
POKOTHUTUBHOTO CAMOKOHTPONS CHUXAKTCS CMOCOBHOCTY K KOTHU-
TUBHOW camoperynauun. ChopmmupoBaBLLasACS B Xoae pasBUTUS
LIN30(PEHNYECKOrO NPoLiecca KOrHUTUBHAS CUCTEMA CTaHOBUTCS
WHBapWaHTHOW, eNCTBYET, HepeaKo, aBTOMATUYECKM, ManoauHa-
MWUYHa 1 HecrocobHa BOCMPUHMMATB OMbIT M NpKUcnocabnmeaTbes
K MeHstoWwmMMcs o6CToATeNbCTBAM. YTpaunBaeTcs cnocobHOCTb
NpUAEpXKMBaTLCS CTaHOApTOB NOBEAEHMS, AENCTBUS NaLneHTa
NoAYMHEHbI, CKOpee, BHELLHUM CTUMYMaM, YeM MexaHu3Mam no-
3HaBaTenbHoON camoperynsuum [12].

LIENb NCCNEQOBAHUA

Llenb nccnegosanus 3akmoyanack B O30 -oLeHke (yHKLMO-
HamNbHOrO COCTOSIHWSI OCHOBHbIX CTPYKTYP SHEpreTudeckoro 6noka
Mo3ra 1 060CHOBaHWM NaTOreHeTUYECKOrO 3HAYEHIS HapYLLEHWIA
HepOAMHaMNYECKUX KOMMOHEHTOB [eATENbHOCTU B Pa3BUTUM
KOrHWTMBHOTO AeuLMTa NpK NCUXONaTonorum.

MATEPUAIbI U METOAbI

ObcnegoBaHo 78 uvenoBek, M3 koTopbix 40 MauUMEHTOB,
CTpajalLLMX XPOHUYECKOW NapaHOMAHON LWK3oMpeHnen, ac-
COLIMMPOBAHHOWN C HENPOKOTHUTMBHBIM Aeduuyntom, n 38 3g0-
POBbIX UCMbITYeMbIX. CpefHWUA BO3pacT NUL, OCHOBHO rpynnbl
coctaBun 37,7+3,3 roga, cpedHsis ANMTENbHOCTb 3abonesa-
Hns — 13,4 rofa, XeHwmHbl cocTaBnnm 55%, MyxunHbl — 45%.
KoHTponbHas rpynna coctosnia u3 38 300poBbIX UCTLITYEMbIX,
COMOCTaBMUMbIX MO BO3PACTY, rEHAEPHOMY COOTHOLLIEHWIO U COLN-
anbHOMY MONOXEHWIO: CPeAHUIA BO3PACT MCMbITYEMbIX COCTaBMN
38,6+3,7 net, MyxunHbl cocTaBunmn 52,6%, xeHwmuHbl — 47,4%.

B kayecTBe OCHOBHOrO MeTofa WUCCNeAoBaHMUs LieHTpanbHOM
HeNpOAMHaMMKN W TOKamnbHbIX OMHAMUYECKUX LiepebpanbHbix
CMCTEM WCMONb30Banach KOMMbTEPHAs 3MeKTpo3Huedanorpa-
tus. B3I perncTpupoBanu ¢ NOMOLLbIO 21-kaHanbHOro annapar-
HO-MpOrpaMMHOro KoMnnekca «Tenenat-1» 0Te4ecTBEHHOrO Npo-
13BOACTBA € YacToTomn auckpeTusauum 400 I'y. Pernctpauns 33r
OCYLLECTBMIANACh MOHOMOMSAPHO MO MEXAYHAPOAHOW CcucTeMe
«10%-20%» oT poHTanbHbix (F3-F4), ueHtpanbHbix (C3-C4),
TemeHHbIX (P3-P4), 3atbinoynbix (01-02), nepenHeBUCOYHbIX
(F7-F8), cpenHeBucouHbix (T3-T4) u 3agHeBUCOYHbIX (T5-T6)
KOPKOBbIX 30H. PethepeHTHbIM 3IEKTPOAOM CIyXUnu 06benHeH-
HbI€ YLUHbIE KITUMCBI.

B noctpeasnbHbl nepuof NpoOBOAWIICS BU3yanbHbIN W Cek-
TpanbHbll aHanu3 BesapTedakTHbIX y4acTkoB J3I, AnuTenb-
HOCTb KOTOPbIX yCTaHaBNMBanack 3KCnepuMeHTarnbHo. YuuTbiBas
VCKITIOYUTENBHYI0 POfb aL-pUTMa B MHGOPMALIMOHHO-aHanuTnye-
CKOV JesATEeNbHOCT MO3ra, a Takke ero TECHyK MopdodyHKLo-
HarbHY CBSA3b C (PPOHTOTaNAMUYECKON CUCTEMON — KITHOYEBOW
CTPYKTYpOW nepBoro 6roka moara, OCYLIECTBAANCS AeTann3npo-
BaHHbI aHanu3 napameTpoB anbda-4acToTHOro AnanasoHa Kak
OfHOW 13 6a30BbIX PErYNMpYOLLUX CUCTEM MO3ra. AHanM3npoBa-
NNCb Kak Hecneuuduryeckme uanyeckne napameTpbl o-BOJSTHO-
BOrO mpouecca (MHAeKc, YactoTa v aMmnnnuTyaa), Tak 1 dusnono-
rmyeckne 0COBEHHOCTU oL-OCLMNASLMIA (PerynsapHOCTb, aBTOPUT-
MWYHOCTb (MOAYNALMN) U CTABUNBHOCTb OL-PUTMA).

®yHKuMoHanbHoe cocTosiHne PO onpeaensnock no napame-
TpaM NaTeHTHbIX NeprogoB CHXxpoHu3auum (B8 Hopme 0,4-1,0 ¢),
pecuHxponusaumm (8 Hopme 0,01-0,03) u ry6uHbI eCUHXPOHU-
3aumm (B Hopme 5-6-kpaTHas) B npobe «OTKpbITb rnasa — 3a-
KpbITb rnasan.

TOHYC KOpbl MO3ra OMPEAEensncs No COOTHOLEHMI YacToT-
HbIX WHAEKCOB anb(a- M AenbTa-puTtMOB. B HOpme 3HaueHus
TOHyCa KOpbl MO3ra BapbupyloT B auanasoHe 12-15. WHaekc
NapoKCM3MarbHOCTK OLiEHMBANCA MO KOMWUYECTBY BCMbILLEK B
thoHoBor O3T'. bonee ByX BCMbILLEK B MUHYTHOM 0Tpe3ke Q-
3anucy MpWHATO paccMaTpuBaTh Kak MpW3HaK MOBbILEHMS CTe-
MEeHN NapoKCU3ManbHOCTA WK CHXKEHUS Mopora CyOOPOXHOM
FOTOBHOCTW MO3ra. ®PYHKLMOHaNbHas CTabunbHOCTb OCLUNNATOP-
HOW aKTWBHOCTM MO3ra OLeHWBanach no CTENEHN YCTONYMBOCTY
(boHOBOI yacToThl anbda-putma: konebaHusi anbha-4yacToThl,
npesbiwatowme 0,5 'y, pacLeHnBaTCA kak NpusHak HecTabunb-
HOCTU OCLMNNATOPHOW akTuBHOCTU Mosra [15, 16, 21, 22]. [Ans
0bpaboTkm faHHbIX Q3T Ucnonb3oBanock NporpaMmmHoe obecne-
yeHne WIN-EEG, Bepcusi 1.3, paspaboTaHHas B IHCTUTyTe Mo3ra
yenoseka PAH. CtaTuctnyeckuii aHanms BCex NOMy4YeHHbIX gaH-
HbIx npoeoauncs nocpeacteom naketa STATISTICA, Bepcusi 6.0.
[loCTOBEPHOCTb MOMYyYEHHbIX PesynbTaToB OleHWBanacb no t-
kputepuio CTblofeHTa.

PE3YNIbTATbl UCCNENOBAHUA

OYHKUMOHANbHOE COCTOSHUE KMKOYEBbIX BepTUKaNbHO Op-
raHu3oBaHHbIX otaenos | ®BM oueHuBanoch AuddepeHLm-
POBaHHO C Y4ETOM WX (DU3MOMOMNYECKO PONN B MOALEPXKaHUM
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TOHyCa KOpbl 1 ypoBHs 6ogpcTBoBaHUs. CpaBHWUTENbHAs OLeH-
ka HeMpoLMHaMMKW MO3ra B OCHOBHOM M KOHTPOMbHOI rpynnax
npoBoAMNach Ha OCHOBe KOMMbloTepHoW O3l Kak CUCTEMHOrO
MEeTOAA MUccnepoBanusa Mosra. PesynbTatel 33M-nccnenosaqus
(PYHKLMOHAMNBHOTO COCTOSHUS HECTEeUUMDUYECKNX CUCTEM, TOHY-
ca Kopbl W Mopora CyJOpOXHOM rOTOBHOCTW MO3ra NpeacTaBne-
Hbl B Tabnuue 1.

Y UCMbITYyEMbIX OCHOBHOW BbIOOPKM NATEHTHBIA NEpUo
AecnHxpoHmsaum npu OF mpeBbllan HOPMATUBHBIE 3HAYEHUSs
B 2,3 pa3a (p <0,05), a naTeHTHbI Nepuos CUHXPOHM3ALIMM OKa3an-
Csl BbllLie HOPMATUBHbIX 3Ha4eHui B 1,6 pasa (p <0,05). Mpu atom
rnybuHa CUHXpOHM3auun y 6OMbHBIX LIM30MPEHNER Okas3anach
B 1,22 pa3a Huwxe HOpMbl. COBOKYMHOCTb MOMYYEHHbIX AaHHBIX
CBMAETENbCTBYET O HapyLIeHWN (DYHKLUMOHANBHOTO COCTOSHUS
BOCXOZALLEN aKTUBMPYIOLLEN U BOCXOASLLEN TOPMO3SLLEN CUCTEM
cTBONa Mo3ra.

Mcxops n3 cpegHuX HOPMATMBHBIX 3HaYeHWi anbda-uHoek-
ca y 380poBbix ucnbiTyembix 50-60% 1 HOPMATUBHBIX 3HAYEHNN
penbTa-uHaekca 4-5%, 3HaveHne koadhduuneHTa ToHyca U ak-
TUBALMM KOPbI MO3ra COCTaBNAT B HopMme 12,2. B npoBefeHHbIX
HaMW 1CCNeS0BaHNAX Y UCMbITYEMbIX KOHTPOMBHON rpynnbl cpea-
HWe 3HayeHns koauLMEHTa TOHyCa W aKTUBaLMKU KOpbl MO3ra
coctaBum 12,5, 4to CoOTBETCTBYET (HM3MOMOrNYECKON HOPME.
Y uCMbITYeMbIX OCHOBHOW TpynMbl 3HAYeHUs KOdPULMeHTa
TOHyCa KOpbl MO3ra COCTaBunM 4,5, 4To JOCTOBEPHO HIXKE HOp-
MaTuBHbIX 3HauyeHuit B 2,3 pasa (p <0,001). CHuxeHve 6a3oBbix
3HaYeHWil TOHyca KOpbl MO3ra Co34aeT NpeanochInku 4e30praHu-
3aUuM HEMPOU3NONOTMYECKUX MEXaHN3MOB WHAOPMALMOHHO-
aHarnMTUYeCcKoNn LesTenbHOCTU Mo3ra.

OyHKLMOHamNbHOE COCTOSIHWE MOHTO-TMNOTaNaMU4ECKOro OT-
Aena Mo3ra OLEeHMBaNOoCh MO KOMNYECTBY BCMbILLEK, 3aperucTpu-
poBaHHbIX B hoHoBOM J3I. B HOpMe KOMMYecTBO BCMbILEK Ha
3NeKTposHLUedanorpamMmme He NpeBbILLAET 2 3a 1 MUHYTY 3anuciu.
Y nauueHToB C NCUXONATONOrMen cpefHee KONMUYeCTBO BCMbILLEK
cocTasuno 5,1 B MUHYTY, YTO NpeBbILAN0 HOPMATUBHbIE 3HaYe-
HWUS| KOHTPONbHOW rpynnbl B 2,5 pasa (p <0,04) n ykasbiBano Ha

TEHOEHLUMI0 K YMEPEHHOMY, HO [JOCTOBEPHOMY MOBBILLIEHUIO CTe-
neH NapoKCM3ManbHOCTK MO3ra.

YyuTblBas MCKMIOUNTENBHYID POMb o-pUTMa B MHOpMa-
LIMOHHO-aHANNTUYECKON JesTeNbHOCTU MO3ra, a Takxe ero Tec-
HYI0 MOPMOMYHKLMOHAMBHYIO CBA3b C (DPOHTOTaNamu4eckon
CMCTEeMON — KIKYeBOI CTPYKTYpOW nepBoro Broka mosra, npo-
BeAeH JeTann3vpoBaHHbIi aHanu3 napameTpoB anbda-4yacToT-
HOro AnanasoHa kak 0OfHOM 13 Ba3oBbIX perynmpyloLwmnx cucTem
moa3ra.

AHanuaupoBanuchb kak Hecneumduyeckue usnyeckue na-
paMeTpbl 0.-BONHOBOTO Mpouecca (MHAEKC, YacToTa M amnmu-
Typa), Tak W uamnonornyeckne 0COBEHHOCTU o-OCLNMNALMIA
(perynsipHoCTb, aBTOPUTMUYHOCTb (MOZYNALMM) N CTABUNBHOCTD
o-puTMma).

OYHKLMOHAMbHBLI  CTATyC Tanamuyeckon CUCTEMbl Mo3ra
ONpesensncs Ha OCHOBE aHann3a OCHOBHbIX NapaMeTpoB anbga-
4aCTOTHOW perynupyloLLen cucTembl Mo3ra: anbda-uHaekca (%),
cpepHeit vactotsl (M) v amnnutygsl (MKB) anbda-putma, wu-
puHbI anba-auanasoHa (), rnybuHbl aecuHxpoHusaumn 3T,
PerynsipHocTH anbda-putMa, MOAynsauMM U cTabunbHOCTU anb-
tha-putma.

CpaBHWTEMbHBIA aHann3 napameTpoB o-puTMa, MpefcTas-
neHHbIN B Tabnnue 2, otpaxaet C KNYeBbIX KOTHUTUBHBIX OT-
[EenoB MO3ra B HOPME W Mpu naTonoruu.

Y nny ¢ ncuxonaTonoruelt Bce napameTpbl anba-akTus-
HOCTW CYLLECTBEHHO W3MEHeHbIl. 30HanbHOe CHUXEHUE 4acToTbl
o-puTMa Himke 9,15 KOCBEHHO CBMAETENLCTBYET O AE3UHTErpa-
UMW HEMPOYHKLMOHAMbHBIX CTPYKTYP, WUrpaloLnX KMKYeByHo
ponb B paboTe mo3ra. Konebanus yactoTbl 6a30Boro anbga-put-
ma, npesbiwatowme 0,5 I, yka3blBatoT Ha HeCTabuUIbHOCTb OC-
LMNNSTOPHOW akTMBHOCTM, 0becneymBaroLLen B ronoBHOM MO3re
Ba)KHeWLLNe perynsaTopHble NpoLecesl.

Hapsgy ¢ atum, Ha O3l BbISBNEHO yBennyeHne B 2,5 pasa
(p <0,04) konuyecTtBa BCMbILIEK, YTO YKa3blBAeT Ha TEHOEHLMO
K MOBbILLEHWIO MPW LWW30PEHUN CTENEHU NAapOKCM3MANbHOCTH
FOfIOBHOTO MO3ra.

Tabnuya 1

CpaBHMTeanbIVI aHanus Knw4eBbiX NnapameTpoB HeﬁpOAMHaMMKM y nuy OCHOBHOW U KOHTpOﬂbHOVI rpynn

Table 1

Comparative analysis of key parameters of neurodynamics in persons of the main and control groups

[MokasaTtenu HelpoanHamukm /
Indicators of neurodynamics

HopmatunBHble 3HayYeHus /
Normative values

OcHoBHas rpynna /
The main group

KoHTponbHas rpynna /
The control group

1N pecuHxponnsaumu / LP desynchronization

0,01-0,03 ¢

0,070,002

0,02+0,012

NN cuHxpoHuaayum / LP synchronization

0,4-10c

1,61£0,009

0,75+0,03

KoachdnumeHT rnybuHbl fecuHxpoHusamm /
Depth factor desynchronization

5-6-kpaTHoe CHuxeHue /
5-6-times reducing

3—4-kpaTHoe CHuxeHue /
3-4-times reducing

5-B-kpaTHoe CHIxKeHue /
5-6- times reducing

KoadpdpnumeHT ToHyca v aktuaumm 12,2 4,50+2,58 12,50+2,15
kopbl Mosra / The coefficient of tone
and activation of the cerebral cortex

Benbiwkw / Flashes He 6onee 2 ¢/ No more 2 sec 5,140,85 1,8%0,25
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Tabnuua 2
CpaBHUTENbHbIN aHanu3 hoHoBbIX napameTpoB A anba-pUuTMa y NUL, OCHOBHOI U KOHTPONbLHOW Fpynn
Table 2
Comparative analysis of background parameters of the EEG alpha rhythm in individuals of the main and control groups
MapameTpsbl a-putma / o-rhythm parameters OcHosHas rpynna / The main group KoHTponbHas rpynna / The control group
WHpeke, % I Index, % 38,66,6 65,7
Yacrora, 'y / Frequency, Hz 8,8 10,1
Llnpura anbta-guanasona, Iy / 7,2-12,1 8-13
The width of the alpha range, Hz
Amnnutypa, MkB / Amplitude, uV 49,8 62,2
PerynsapHocTb, 'y / Regularity, Hz 1,9 0,47
Mogynsuum / Modulations - ++
CrabunbHocTs / Stability -— +++

OBCYXAEHWUE PE3YNbTATOB

B CcOBpemeHHON Hempomncuxonorm cTpaTerisi UCCNemoBaHms
MeHTasnbHbIX PECYPCOB YeroBeka 6a3npyeTcst Ha OCHOBE MOHUMa-
HWS1 MO3ra Kak rnobarnbHoON HeMpOAMHaMNYECKON CUCTEMBI, COCTO-
SLLEeN N3 MHOXECTBA HEMPOHHBIX CETEN, PEXMMbI (DyHKLMOHUPOBA-
HWS KOTOPBIX MoAynupytoTes cTpykTypamu | ®BM. AHaTomuueckm
HEMpOCeTN COCTOST 13 MHOXECTBA HEMPOHOB PasnnyHbIX MO3rOBbIX
MOZYnel, B3aMMOENCTBYIOLLMX Takum 06pa3om, 4Tobbl B pesynb-
TaTe UX (yHKLMOHMPOBAHMS CO3AaBasnCs ONTUMArbHbIA KOTHUTUB-
HbI pe3epB, obecneunBatoLLyii LeneHanpasneHHyto No3HaBaTeb-
HYI0 W MOBEAEHYECKYI0 aKTMBHOCTb WHAMBMAA. VIMEHHO moaTomMy
HelpoaMHaMM4yeckas CuctTema SIBMIIETCS OCHOBOW NS MCCTeAoBa-
HWS1 HApYLUEHW MCUXWMYECKMX MPOLIECCOB, MEXAHW3MOB pas3BUTUS
KOrHUTMBHOTO AeduumTa, HEraTMBHOM W MO3UTUBHOWM CUMMTOMATK-
kv, HabnogaeMoil B pamkax (pOpMMPOBaHMUS LLIM30(PEHNYECKOTO
npoLiecca 1 Apyrux NcuxonaTonornieckux coctosHui [20].

CornacHo [1ByXKOMMOHEHTHOM Mofenu, cymmapHas 93l pac-
CMaTpuBaeTCs kak pesynbTaT B3auMOAENCTBUS CUHXPOHU3NPYHO-
LWen U AEeCUHXPOHUMPYIOLLEN cucTeM Mo3dra. Ha anekTposHLe-
thanorpamme OTpaxaeTcs aKTMBHOCTb HEMPOHOB KOpbI, KOTOPbIE
HaxoL4ATCS NOA MOCTOSHHBIM BIUSHUEM 3TWUX PETYMMPYIOLLMX CU-
CTeM moa3ra.

®yHKLMOHamNbHOE COCTOSIHNE KOpbI FONOBHOMO MO3ra onpeje-
nsetcs 6anaHcoM peunnpoKHO B3aMMOLENCTBYIOLNX AECUHXPO-
HWU3WPYHOLLMX M CUHXPOHU3MPYIOLLMX CYOKOPUTMKANBHBIX CTPYKTYP.
CKOpoCTb B3aNMOZENCTBUS aKTUBMPYIOLMX N TOPMO3SLLMX BAMSI-
HUA PO Ha KOpKOBble FOPU3OHTASIbHO OpraHW30BaHHbIe CTPYK-
Typbl Mo3ra (Il ®BM u lIl ®BM), onpegensemblie N0 NaTEHTHbIM
nepuoaam CUHXpOHWU3aLWM U AECUMHXPOHU3aLuW anbga-putma,
oKasanacb CyLLECTBEHHO CHIKeHHOI. [JoCTOBEpHOE yBENuYeHNe
NaTEHTHbIX NEPVUOZOB MPW BbINOMHEHUM MPOObI HA OTKPbIBAHME W
3aKpbIBaHWe rna3 B COYETaHWN C HEMOMHbIM NOAABIEHNEM allb-
tha-putMa y 6ONbHbIX LWKM30(PEHNEN YKa3bIBaIOT Ha HapyLUeHue
(DYHKLMOHaNbHOM cHanaHCUPOBAHHOCTN [ECUHXPOHU3UPYIOLLEN
(aKkTMBMpYIOLLEN) M CMHXPOHU3MPYIOLEN (TOPMO3Silyen) cucTem

ctBona mosra. CHuxeHue (yHKLMOHANbHOMO COCTOSIHUSA 3TUX
0a30BbIX MOZYNMPYIOLLMX CUCTEM CO3AaET NPeanoChIkM AN 3a-
MeZJIEHNs CKOPOCTU MCUXMYECKUX MPOLIECCOB.

Y 10 ucnbiTyeMblx OCHOBHOM BbIBopkn (25%) Ha I3l peru-
CTPMPOBaNUChb NaTTEPHbI AWU3PUTMUM, KOTOpPblE XapakTepu3osa-
nnCb 6€3A0MUHAHTHBIM COYETAHMEM BOSTH PA3NINYHbBIX YaCTOTHBIX
AnanasoHoB. MaTTepHbl AM3pUTMIKM 0BYCNOBMEHBI OOHOBPEMEH-
HbIM MOBbILLIEHVEM aKTUBHOCTW CUHXPOHM3NPYIOLLEN U JECUHXPO-
HU3MpPYIOLLEN cuCTeM. Takue HenpoaMHaMUYECKUE COCTOSHUS
06bIYHO NPOSBRAKTCA BbIPAXEHHBIM KOTHUTUBHBIM CHUKEHUEM.

CpefHue 3HayeHUs WHOEKca o-putMa Y  WCTbITYyeMbIX
KOHTPObLHOM rpynMnbl OKa3anuch B AUanasoHe HOPMaTUBHbIX 3Ha-
yeHun — 65,7%. Y nuy OCHOBHOWN BbIOOPKN CPEeAHME 3HAYeHNs
anba-nHaekca He npesbiwany yposHs 38,6%, yto B 1,7 pasa
HVKe, YeM B rpynne 300POBbIX UCTBITYEMBIX.

YMeHbLUeHWe npefcTaBneHHocT B O3l JOMMHMpYKOLLEro
anba-puTMa kak yHKLMOHANBHOrO fiapa OCUMINATOPHON ak-
TMBHOCTW MO3ra NpaBOMEPHO TPaKTOBAaThb kak (akTop, Heratus-
HO BNWSIIOLLMIA Ha KOTHUTUBHbIE PYHKLWK. JTobble HapyLeHns B
rOMOBHOM MO3re MOPJONIOrMYECcKoro U yHKLMOHANbHOO Xa-
pakTepa NpUBOASAT B NEPBYIO 04EPEAb K CHUKEHUIO MHAEKCA oL
puTMa, 00bI4HO Hke ypoBHS 50%, MnW NOMHOM ero pegyKuum.

3BeCTHO, YTO YacToTa oi-puUTMa SBRSIETCA HENpodu3noso-
TM4eCKUM YCNIOBMEM W NPEeSNOChINKOA 3¢hHEKTUBHOCTM KOTHUTUB-
HOW AeATeNbHOCTH, a ee 3amenneHue obycnoBneHo Ae3opraHu-
3alMeil TanamMmn4eckom CUCTEMbI MO3ra U HapyLLEHUEM KOPTHKO-
Tanammyeckux B3aMMoaencTBuil.

MMokasaTenu WWpuHbl o-AnanasoHa u BapuabenbHOCTH ero
amMnanTyabl SBASIOTCH Mapkepamu HelpoanHamuyeckon nna-
CTUYHOCTU, a CnefoBaTenbHO, 3hMEKTUBHOCTU NO3HABATENBHOM
JesATenbHOCTW. B rpynne nauneHToB, cTpagatoLmx LWn3odpeHrm-
€l1, faHHble NoKasaTesNy CyLeCTBEHHO OTNMYAKTCA OT HOpMaTHB-
HbIX 3HA4YEHWN B CTOPOHY 3aMefeHUs 1 NEBOCTOPOHHENO YacToT-
HOro caBura o-puTMma.

Mogynsumm a-putma SBNSAKTCS BaXHENLWMM KaYeCTBEHHbLIM
KpUTEPUEM 3MEKTPO3HLedanorpaMmm, OTHOCSLLMXCS K OpraHu3o-
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BaHHOMY anbga-Tuny. Hanuume mMoaynsuui B COCTOSHAN OTHO-
CUTEMNbHOTO MOKOSI CBUAETENbCTBYET 00 ONTMManbHOM B3anMo-
[ENCTBUM TpexX PErynsaTopHbIX CUCTEM MO3ra: akTUBMPYHLLEN
AECUHXPOHM3NPYIOLLEN CUCTEMBI CTBONA MO3ra, CUHXPOHU3NPY0-
Leit TOPMO3HON CUCTEMBI Tanamyca U HWXKHUX OTAENOB MOCTa,
a Takke CUCTEMbl HEOKOPTMKANIbHOTO KOHTPONS MpOLECcCoB Ae-
CUHXPOHM3aLMM 1 CUHXPOHM3aLuu [14].

10T napameTp A3 TOHKO OTpaxaeT AMHAMUKY aHcambne-
BOW OpraHn3auui KOPKOBOM HEMPOHHOW aKTUBHOCTU, 0OBEM K
«BPEMSI KWU3HWU» HEMPOHHOTO aHCaMbns, YTO ABMSETCH BaXHOM
NPeANOCHINKON AN HOPMAnbHOTO KOTHUTUBHOTO (hYHKLMOHMPO-
BaHust Mo3ra. B npoBeaeHHbIx Hamu 3l -1ccrnenoBaHnsx y BCex
WCMbITYeMbIX OCHOBHO BbIGOPKM MOAYNALMM ai-puTMa nubo non-
HOCTbK) OTCYTCTBOBANM, NGO HOCUNN HENOCTOSHHBIN, (parmeH-
TapHbIA XapakTtep.

CnepoBaTenbHO, CHWXEHWE YacTOTbl, PETYNSAPHOCTM, OTCYT-
CTBUE MOAYMSALMIA, HapyLIeHWe MPOLEeCCOB CUHXPOHU3ALMN-ae-
CUHXPOHU3aLUMK anba-putMa CBUAETENbCTBYIOT O Le30praHu-
3auumn anba-perynmpytoLei cucTemMbl Mo3ra, TECHO CBSI3aHHON
C NepBbIM (OYHKLMOHAMbHLIM BI0KOM Mo3ra. BbisiBneHHas Hamm
MHOrOBEKTOpHasl Ae30praHn3aums anbda-putma uMeet Gesyc-
NOBHOE 3HaYeHNe B MEXaHN3Max PasBUTHS KOTHUTUBHOTO CHIXe-
HWUS Npu WK3odpeHnn, a Takke Npu Apyrvx ncuxonaTtonornye-
CKMX COCTOSIHMSIX.

YBenuyenue Ha 3l konuyecTsa BCMblleK B 2,5 pa3a Bbille
HOPMAaTMBHbIX 3HAYeHWU yKasbiBaeT Ha AWUCKYHKLMIO CTBOMO-
Bo-Tanamuyecknx otaenos | ®BM. CornmacHo COBpeMEHHbIM
npeAcTaBneHnsM, HelmpoguHaMmuyeckas CTpykTypa, obycnosmnu-
BalOLLAs BO3HUKHOBEHWE BCMbILLEK, (DOPMUPYETCS B pesynbTaTe
CHWXEHNS (DYHKLIMOHAMBHOTO COCTOSIHUS 3aAHUX OTAEMOB rMno-
Tanamyca 1 CTBOMOBbIX CTPYKTYP W rUnepakTuBaLum Hecneuugm-
Yeckux n cneumndudecknx saep 3putensHoro byrpa [6, 25].

Takum 06pa3om, pesynbTaTbl NPUBEAEHHbIX HamMu Wccne-
[OBaHWA MOKa3bIBAKOT, YTO Y MALMEHTOB, CTpafatoLiuxX LK30-
(bpeHven, NMeeT MecTo (DyHKLMOHAmNBHOE CHUKEHNE KITHOYEBbIX
OTAEnoB nepBoro Groka mo3sra, obecneynBatoLLMX aKTUBaLMOH-
HO-3HepreTuyeckne (YHKLMM B AEATENBHOCTM FOIOBHOTO MO3ra.
Mockonbky cTpykTypbl | ®BM AeTEPMUHMPYIOT YHKLMIO BHUMA-
HWS, WHAMBULYamNbHbIE NepLenTUBHbIE BO3MOXHOCTW, NaMATb 1
BOCTYNM K KOTHUTWMBHbIM pecypcaM Yepe3 perynsiyui ToHyca W
aKTMBaLMIO KOpbl MO3ra 1 OmpefensioT, Takum obpasom, addek-
TUBHOCTb KOTHUTUBHOTO (PYHKLIMOHMPOBAHMS, TO Ae30praHn3aLns
9TUX OTAENOB MO3ra Co34aeT NPeAnoChINKM CHUXEHNS KOTHUTHB-
HOro pecypca.

OnbIT paboThl ¢ NauMeHTaMi NCUXOHEBPOMOrNYECKOTO CreK-
Tpa MoKasbiBaeT, YTO AN HWX XapaKTEPHbl MHTENMNEKTyanbHas
MacCUBHOCTb, HECMOCOBHOCTb K «MCUXMYECKOMY HaMpsKEHMIO»,
OTCYTCTBWE MOTUBOB W Lieneit B NOBELEHWM, «aTOHUYHOCTbY NCK-
XvKku, 6rnarogyline, acrnoHTaHHOCTb, PacCTPOCTBO BHUMAHWS B
COYETAHWM C MPOSIBNEHUEM WHEPTHOCTM, CKIIOHHOCTM K CTEpeo-
TMNUSM, PaHTa3NPOBAHUIO N pacCyx4aTenbCcTBy. Hapsay ¢ aTum
Yy NauWeHToB, CTpagatoLux WKn3odpeHnen, Spko NpeacTaBneHbl
CTPaHHOCTY MbILLMIEHNS W NOBEEHMS, HEaeKBAaTHOCTb BbICKA3bI-
BaHW 1 AENCTBWIA.

[MaTocusnonorns 3TUX NCUXONATONOrMYECKkX (PEHOMEHOB
OCTaeTCa HeJoCTaTOMHO WM3yYeHHOW. PeaynbTaThl MpOBELEHHBIX
HaMW 1CCreJ0BaHNA NO3BONSIOT CAENAThb BbIBOA, YTO YKa3aHHbIE
HapyLleHna B 3HAYUTENBHON CTEMNEHU onpeaenanTca I'IepBVNHOVI
LeeKTHOCTbIO NOLKOPKOBBLIX CUCTEM, COCTaBMAKLLMX SHEpreTu-
YecKyl0 OCHOBY MCWXWYECKOW AesTenbHOCTW. B TepmuHax Hent-
POMCUXONOMAN COBOKYMHOCTb YKa3aHHbIX MPU3HAKOB XapakTepu-
3yeT HEMPOKOrHUTUBHLIA JeuLNT, CBA3AHHbLIN C (YHKLUMOHAMb-
HbIM CHWXEHWEM 3SHepreTu4eckoro Ornoka Mo3ra U CHWXEHWEM
YPOBHs1 B0LpCTBOBAHNS.

3AKNIOYEHUE

[MpoBefeHHbIE HAaMW UCCNEOOBAHNS BbISBUMM HEM3BECTHBIE
paHee CBEAEHUS O 3HAYEHWW HapYLUEHWA HelpoauHaMUYeCcKux
KOMMOHEHTOB AESATENbHOCTN B PasBUTUKM KOTHUTWBHOMO Aedu-
UuTa Npy napaHOUAHOW LWM30PEHNN, UMEIOLME HE TOMBKO Te-
OpeTUYECKOE, HO W MPaKTUYECKOE 3HaYeHWe. YCTaHOBMEHO, YTO
npy NCUXONaToNOrMM UMEETCs MHOTOYPOBHEBAs Ae30praHM3aums
| ®BM, obecneumBatoLLero Becb cnekTp 6asoBbix HEAPOAMHAMM-
yecknx npoueccoB. CHUXeHUE aKTUBALMOHHO-3HEPreTUYECKMX
W APYTMX HeMpOLMHAMWYECKMX COCTaBMsLMX paboTbl mo3ra
€037aeT NPeanochINkN K HapYLUEHWK0 KOHLEHTpaLU BHUMaHMS,
BOCMPUATUS MHPOPMALWKN, YXYALIEHUIO NaMSTH, CHKEHWIO CKO-
POCTU NCUXWYECKUX MPOLLECCOB. [le30opraHun3auns aTux cocTap-
NALWMX KOTHUTUBHOTO pe3epBa Hen3BEXHO NpUBOAUT K opMu-
POBaHMIO rNyBOKON KOTHUTUBHOM AeULMTapHOCTH.

BblBOAbI

1. BbisIBNIEHbl JOCTOBEPHble MPW3HaKM Ae30praHu3aunm He-
cneunguyecknx CUCTEM MO3ra: NaTeHTHbIN Nepuofs LECUHXPO-
HW3aumKn yBenuyeH B 2,33 pasa; NaTeHTHbIA Nepuog nepexoaa B
PErucTp CUHXpPOHU3aLmMKM yBenuyeH B 2,14 pasa, a ko3hULMEHT
rny6uHbI JECMHXPOHN3aLMK CHUKEH B 1,22 pasa, YTO yka3biBaeT
Ha CYLLEeCTBEHHOE HapyLUeHWe aKTUBALMOHHbBIX MPOLECCOB KOpbI
moa3ra.

2. [okasaTenu TOHyCa U 3HEPreTKM Kopbl FOIOBHOTO MO3ra
B OCHOBHOI1 BbIOOpKe Okasanuchb B 2,8 pasa Huxe HOpMaTUBHbIX
3HaYeHWt, YTO SABMSAETCS OOBEKTUBHLIM MPU3HAKOM CHIBKEHMS
YPOBHs1 60PCTBOBAHNS.

3. Y nauueHToB C NCUXOMATONOTWEN BbISBIEHA YMEPEHHas,
HO [JOCTOBEpHAs TEHOEHUMS K YCWUNEHUI0 NapoKCU3MasnbHOM
aKkTuBHOCTU. KonuyecTBo BCMbllek Ha O3 npeBbllano Hop-
MaTWBHble 3Ha4eHus B 2,5 pasa, YTO yKasbiBAeT Ha CHUXEHUE
(DYHKLMOHANBHOTO COCTOSHWS 3afHWX OTAENOB runoTanamyca u
HWKHE-CTBONOBBLIX CTPYKTYp NMpM akTWBALWW Hecneunguieckmx
1 cneumduyecknx saep aputensHoro byrpa.

Takum 06pasom, I3 -nccnefoBaHe 0CHOBHBIX HEMPOAMHAMM-
YeCKMX KOMMOHEHTOB AeATENbHOCTY MO3ra, OMPeaenstoLX KOTHH-
TUBHbIN PECYPC U YMCTBEHHYH paboTOCNOCOBHOCTL MHAMBKAA, MO-
XET 0Ka3aTbCsl BECbMa MOMe3HbIM B 00BEKTMBU3ALNN HapYLLEHWI
KOrHUTWMBHO-MbICIUTENbHBIX (PYHKLMA 1 BbIGOPE NaToreHeTYeckm
LienecoobpasHoil Tepanuy NCYXonaToNorN4ecknx paccTponcTs.
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AONONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpOB. BCce aBTOPbI BHECIM CYLLECTBEHHbIN BKNA4
B pa3paboTky KOHLEnuuu, NpoBeAeHne UCCreaoBaHus U Nogro-
TOBKY CTaTbW, NpOYNU 1 0g00pUnM (UHANbHYI0 BEPCUo Nepeq
nybnukaymen.

KoHchnukT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SBHbIX U MOTEHUManbHbIX KOH(IMKTOB WHTEPECOB, CBSA3AHHbIX
¢ nybnvkauueit HacTosILENR cTaTbi.

WUcTouHmnk mHaHcupoBaHus. ABTOPbI 3a8BNAKOT 06 OTCYTCT-
BWM BHELLHETO (DUHAHCUPOBaHMS NPpY NPOBEAEHNN UCCIIELOBAHNS.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
MONy4YMnM NUCbMEHHOE Cornacye NayyneHToB Ha nybnvkaumio me-
ONUMHCKAX AaHHBIX.
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Pestome. Kputnueckas nwemus, yrpoxaroLiasi KOHeYHOCTAM, — Hanbonee pacnpocTpaHeHHas opma 3abonesaHus
nepudgepuyecknx apTepuit, KoTopas CBsizaHa Co 3Ha4YMTENbHON 3ab60NeBaEMOCTbLI0, CMEPTHOCTBIO 1 UCMONb30BaAHNEM
PECYPCOB 3A4paBOOXPAHEHMS. OTO KMUHUYECKUIA CUHOPOM UWEMUYECKON BONW B MOKOE UM NOTEPM TKAHEN, Hanpumep
HEe3axXuBaloLLMX 3B UMW FraHrpeHa, CBA3aHHbIN ¢ 3aboneBaHnem nepudepuyecknx apTepuin. XpoHuyeckas uemms
yrpoxatowlen notepu koHeuHocTu (XUYTK) nmeeT BbICOKMI KpaTKOCPOYHBIN PUCK NOTEPU KOHEYHOCTEN U CEPAEYHO-
COCYAUCTbIX COBbITUI. HenHBa3MBHas N MHBA3WBHAas aHruorpagus noMoraeT onpeaeniTb BO3MOXHOCTb M NOAXOA K
apTepuanbHoN peeackynspusaumu. Yacto npegnaraeTcs NOAX04 «CHavana SHA0BaCKYNSAPHbIA», OCHOBaHHbIN Ha 6onee
HW3KOM pUCKe NpOoLeAypbl, OAHAKO NPy onpeAeneHHbIX hopmax 3aboneBaHns flyyLle BCEro neyYnTb OTKPLITYH XMUpYp-
rMYeckyto peBackynspusaumio. bannoHHas aHrmonnacTka u CTEHTUPOBaHWE COCTaBMAKT OCHOBY 9HA0BACKYNAPHbIX
METOZOB, MPN 3TOM CTEHTbI C IEKAPCTBEHHBLIM NOKPLITUEM W GaNMOHbI C NEKAPCTBEHHBLIM MOKPbITUEM 0becneunsatoT
HW3KYI0 BEPOSTHOCTb MOBTOPHOM peBackynspu3saumn. KombuHaums aHTerpagHoro v peTporpagHoro noaxXo40B MOXET
MOBBICUTb YCMEX MPW NPOTSXKEHHON TOTAbHON OKKIHO3MKM. AHTMOMNACTIKA HIKE KONEHa, HanpaBrieHHas Ha aHrMoCcoMbl,
MOXeT NPUBECTY K Bonee GbICTPOMY 3aXXMBAEHMIO PaH, HO CK 3TO HE YAanoch, TO COXPaHAeTCs Ntobon NPSMON NOTOK
kpoBm B cTony. [MOpMaHbIe XMpyprvvyeckne MeTofbl, Take Kak CTEHTUPOBaHKUE NOAB3A0WHON apTepum 1 beLpeHHas
9HAAPTEPIKTOMMS, 0OBIYHO MCMOMB3YKOTCS A1 CHIKEHWS ONEPALMOHHOTO pucka. LLyHTMpoBaHue HKHIUX KOHEYHOCTEN
Hanbonee apeKTUBHO NPU UCMIONBb3OBAHUM SMUHHOW OLHOCErMEHTAPHOM ayTOrEHHO BeHbl XOPOLLEro kKavyecTBa
AnameTpom He MeHee 3,5 MmMm. Hebonblume amnyTaumm yacto TpebytoTcs 13-3a NOTEPU TKaHe B pamkax cTpaTernm
neyenus. bonbluve amnyTayum (Ha ypoBHE NOABIKKM UK BbILLE) OrPAHNYMBAIOT (DYHKLMOHAMBHYH HE3aBUCUMOCTb, 1
VX NpeAO0TBPALLEHIE SBMSAETCS KIMHOYEBON LIENbIO TEPANN KpUTUYECKON ULIEMMM HIKHUX KoHeuHocTen (KUHK)/XYTIK.
MegaukameHTO3Has Tepanus Nocne peBackynspusaLmm HaueneHa Ha hakTopbl pucka atepockyieposa u oLeHnBaeT
3a)XMBIIEHME PaH W HOBbIE UM PELMAMBUPYIOLLME 3aboneBaHNs, OrpaHNyMBatoLL e KPOBOTOK.

KntoueBble cnoBa: 3aboneBaHns nepudepuyecknx apTepuil; 3HA0BACKYNSPHbIE BMeLLATeNbCTBA; COCYANCTbIE
BMeLLaTeNbCTBA; COCYANCTbIE 3ab0MneBaHNs KOHEYHOCTEN; COCYANCTas XUPYPIUS; KPUTUYECKas ULLEeMUS, YrpoxatoLyas
KOHEYHOCTU; BaNNOHbI C NEKapCTBEHHBIM MOKPbITUEM; CTEHT C NleKapCTBEHHbIM MOKPLITUEM.
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Abstract. Critical limb threatening ischemia (CLTI), the most advanced form of peripheral artery disease, is associated
with significant morbidity, mortality, and health care resource utilization. It is a clinical syndrome of ischemic pain at rest
or tissue loss, such as non-healing ulcers or gangrene, related to peripheral artery disease. CLTI has a high short-term
risk of limb loss and cardiovascular events. Non-invasive or invasive angiography helps determine the feasibility and
approach to arterial revascularization. An “endovascular-first” approach is often advocated based on a lower procedural
risk; however, specific patterns of disease may be best treated by open surgical revascularization. Balloon angioplasty
and stenting form the backbone of endovascular techniques, with drug-eluting stents and drug-coated balloons offering
low rates of repeat revascularization. Combined antegrade and retrograde approaches can increase success in long
total occlusions. Below the knee, angiosome-directed angioplasty may lead to greater wound healing, but failing this,
any straight line flow into the foot is pursued. Hybrid surgical techniques such as iliac stenting and common femoral
endarterectomy are commonly used to reduce operative risk. Lower extremity bypass grafting is most successful
with a good quality, long, single-segment autogenous vein of at least 3.5 mm diameter. Minor amputations are often
required for tissue loss as part of the treatment strategy. Major amputations (at or above the ankle) limit functional
independence and their prevention is a key goal of CLTI therapy. Medical therapy after revascularization targets risk
factors for atherosclerosis and assesses wound healing and new or recurrent flow limiting disease.

Key words: peripheral artery disease, endovascular, vascular intervention, vascular disease extremities, vascular
surgery, critical limb threatening ischemia, drug coated balloons, drug-eluting stent.

Tabnuua 1

Knaccudmkauus cumntomoB 3abonesaHuii nepucepuyecknx
aptepun: ®oHTeHa, Pesepdopaa u A.B. MokpoBckoro

INTRODUCTION

Critical limb threatening ischemia is a clinical syndrome of
ischemic pain at rest and/or ischemic tissue loss such as non- Table 1
healing ulcers or gangrene, related to peripheral artery disease Peripheral artery disease symptom classification: Fontaine
of the lower limbs. It differs from acute limb threatening ischemia, ~ stages, Rutherford categories and A.V. Pokrovsky classification

which is a sudden loss of limb perfusion (defined as within Fontaine classification Rutherford classification

14 days) typically due to embolus or in-situ thrombus. In contrast, Stage Symptoms Category Symptoms
critical limb ischemia occurs over several weeks to months, but

is at the extreme end of the spectrum of chronic limb ischemia ! Asymptomatic 0 Asymptomatic
(Rutherford classification 4-6, Fontaine IlI/IV, A.V. Pokrovsky I Intermittent 1 Mild claudication
IV — Table 1). Its importance is due to the much higher risks claudication 2 Moderate claudication
of limb loss and cardiovascular events than asymptomatic —
peripheral artery disease and intermittent claudication [1, 2]. 3 Severe dlaudication
The poor prognosis demands more rapid assessment, a greater Il | Ischemic rest pain 4 Ischemic rest pain
role for wound care, and the earlier use of revascularization [3]. v Ulceration 5 Ischemic ulceration
As a result, a multidiscipline approach involving specialists in or gangrene (minor tissue loss)
endpvascular revascularization, open .sur_gicelll revasculari_zation, 6 Ischemic gangrene
podiatry, wound care, and other specialties is often required to (major tissue loss)

maximize patient outcomes.

A.V. Pokrovsky classification

DEFINITIONS Stage Symptoms

Definitions of CLTI aim to identify patients who are risk of ! Asymptomatic or pain in calf muscles (>1 km)
major limb amputation without specific treatment such as revas- lIA Intermittent claudication (>200 meters)
cularization or wound care. Traditionally CLTI is defined as rest B Intermittent claudication (>200 meters)

pain or tissue loss (ulcers, or gangrene) supported by ischemia
defined by the hemodynamic criteria of low ankle or toe pressures, .
or low transcutaneous oxygen (TcO,) values. Ankle pressure cri- v Ulceration or gangrene

]} Intermittent claudication, rest pain
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teria range from less than 40-70 mmHg, toe pressures less than
30-50 mmHg, TcO, less than 20-40 mmHg. Higher cut points are
often used for tissue loss on the assumption that greater perfusion
is required for wound healing, but expert consensus on these he-
modynamic criteria differs between guidelines [2, 4-7]. The original
definitions were designed to standardize entry criteria for clinical
trials of CLTI in patients without diabetes to permit comparisons
across studies [4, 6] or to assess the likelihood of wound hea-
ling [8]. However, their value as diagnostic tests of CLTI in clini-
cal practice are more controversial [2, 5, 9]. Defining specific cut
points of toe pressure or TcO, for the clinical diagnosis of CLTI is
difficult because of the considerable overlap in values among CLTI
patients who do or do not progress to major amputation or cardio-
vascular events (Figure 1) [10, 11]. One trial suggests they don’t
impact the decision for revascularization [12]. Other definitions of

% M TcO, <35 mmHg

1001 TcO, = 35 mmHg

80
£ 60+
c
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g
s 40

20 1

0° Revascularization No Surgery o
or amputation
% Il Toe Pressure <38 mmHg
100 4 Toe Pressure 238 mmHg
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2 60 -
[
8
&
se 40+

20 ~

. B N

Revascularization
or amputation

No Surgery

Puc.1. PesynbTaTbl nepekpbitna TcO, 1 AaBneHus Ha nanew cTo-
Nbl Yy NayMeHTOB, HYXAAKOWMNXCA B peBacKynspusauuu
nnu amnytauumn no nosoay KUHK, n y naumenTos, nony-
YawLwmx MeauKaMeHTO3HOe neyeHue (no JaHHbIM Y66uHka
u ap. [11])

Overlap in TcO, and toe pressure results between patients
requiring revascularization or amputation for CLI and
patients managed medically (from data in Ubbink et al. [11])

Fig. 1.

CLTI incorporate wound infection and osteomyelitis in addition to
ischemia [13].

For clinical purposes rest pain or non-healing wounds may
suffice as a definition to justify the use of expensive techno-
logy (angiography and revascularization) which are fundamental
to the clinical treatment of this condition.

NATURAL HISTORY OF CLTI

Patient outcomes in critical limb ischemia are largely deter-
mined by morbidity and mortality due to cardiovascular events
and functional impairment due to limb loss. Although, over the
whole spectrum of PAD, cardiovascular events such as myocardi-
al infarction and stroke occur in 30-50% of subjects over a 5 year
period, patients with CLI face this risk over a one year period [1, 2,
14] — an outcome worse than many cancers or severe heart fai-
lure. Similarly, although the risk of major amputation (at or above
the ankle) is less than 5% over 5-10 years in patients with clau-
dication, it is at least 30-50% in the first year in patients with CLI
who do not have revascularization [2].

ASSESSMENT AND INITIAL TREATMENT

The clinical presentation of CLI depends on the degree of
ischemia, the presence of infection, and co-existing neuropathy
[1]. Ischemic pain is usually worse when the patient is supine and
often requires narcotics for analgesia. It may waken patients from
sleep and prevent them from walking. Infection can increase pain
even without severe ischemia. Neuropathy can contribute to tis-
sue injury or mask pain from an ulcer.

Current guidelines recommend measuring the ankle pressure
or ankle brachial index [1, 2, 5], although medial calcinosis may
yield artificially high values in which case toe pressures may in-
dicate arterial obstruction. TcO, or skin perfusion pressures may
indicate the likelihood of wound healing.

The primary goal is to preserve limb function. Revasculariza-
tion is a fundamental strategy to limb preservation, but in some
patients, this does not improve limb function and mobility. For
example, cognitive impairment, non-ambulatory status prior to
CLI, and severe comorbidities portend a poor prognosis even with
revascularization [15]. When revascularization is considered, ar-
terial imaging identifies the targets and mode of revascularization.

Duplex ultrasound, and non-invasive angiography with com-
puterized tomography (CTA) or magnetic resonance (MRA), can
demonstrate arterial obstruction. Duplex ultrasound does not re-
quire contrast but requires specific training and may not image
the tibial arteries very easily. In infra-inguinal disease, vein map-
ping is required to determine the feasibility of surgical bypass with
autogenous vein.

CTA requires iodinated contrast and may cause contrast
nephropathy in patients with impaired renal function. Heavily arte-
rial calcification can create artefacts that limit CTA particularly in
distal disease. Non-contrast time-of-flight MRA is prone to artifact
with non-laminar flow typical of atherosclerotic plaque, and con-
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cerns of nephrogenic systemic fibrosis from gadolinium contrast
limit its use in advanced kidney disease [16]. CTA and MRA are
sometimes inadequate to assess the smaller tibial arteries. Ne-
vertheless, CTA and MRA can help localize disease targets and
help plan the mode and approach to revascularization.

Due to limitations in imaging distal arteries non-invasively, in-
vasive angiography is often used to clarify the potential for revas-
cularization and should be considered prior to major amputation.
Invasive angiography uses iodinated contrast and provides the
highest spatial resolution. Diagnostic cases can use as little as
30 mL of contrast for both legs with conventional and digital sub-
traction angiography.

Initial treatments include control of pain, which may require
narcotics, pressure relief of ulcers, sheepskin boots to increase
superficial collateral supply, and tilting the bed downward to in-
crease limb dependency and perfusion [2]. Pain relief may re-
verse sympathetic-mediated vasoconstriction. Although some of
these measures only marginally improve perfusion, they may re-
duce the discomfort associated with CLI while planning definitive
treatment.

ENDOVASCULAR REVASCULARIZATION

In many centers, endovascular revascularization is the fa-
vored approach to CLI, because of lower morbidity and morta-
lity compared to open surgery (Figure 2). The optimal treatment
strategy (endovascular versus open surgery) will depend on ana-
tomical factors, comorbidities, patient preference and operator
experience and skill. Although claudication can be relieved by in-
flow revascularization (aorto-iliac and femoral), CLI is often asso-
ciated with multilevel disease and usually requires outflow (tibial)
revascularization as well as treating inflow disease. Much of the
evidence for endovascular treatment of inflow disease is based
on studies of patients with claudication or a mix of claudication
and CLI [52].

INFLOW AND FEMORAL-POPLITEAL DISEASE

Aorto-iliac disease can be approached from the ipsilateral or
contralateral common femoral arteries, or brachial and radial ar-
teries. Rarely a retrograde approach from the popliteal artery can
assist crossing superficial femoral artery occlusions which cannot
be traversed antegrade [3] (Figure 3). The retrograde popliteal
approach requires access from above from the contralateral or
antegrade common femoral artery, then turning the patient prone
on the table and using ultrasound with a micro puncture needle to
access the popliteal artery at or just above the knee joint. Small
sheaths (4-5 French) provide access for a wire which can be
snared from above once it traverses the occlusion. A wire that
is exteriorized above and below and occlusion provides a rigid
rail to assist pushing catheters and balloons through an occlusion
(the “dental floss” technique).

Avariety of systems are used to cross lesions including 0.035",
0.025",0.018", and 0.014" diameter wires and balloons. Concerns
of recoil of ostial lesions and dissections associated with occluded
or calcified disease has led to the almost universal practice of pri-
mary stenting in iliac disease [17]. Balloon expandable stents of-
fer greater radial force and a more precise deployment (especially
useful in ostial locations), whereas nitinol self-expanding stents
may useful in long tapered lesions. Covered stents are useful for
life-threatening perforations of the iliac artery during endovascular
treatment. Their value in preventing restenosis is uncertain [3],
due to concerns of increased rates of stent thrombosis and the
potential to jail and occlude branch vessels.

Common femoral disease often involves the profunda and
SFA origins. Endovascular treatment alone can achieve durable
results with acute dissection of the common femoral artery from
arterial closure devices. Stents are avoided in this region due to
the repeated flexion and extension of this artery and potential for
stent fracture, as well as jailing the profunda artery — an important
collateral in the event of SFA occlusion [84-86, 91-93]. Preserva-

| Critical limb Ischemia. Non-Healing Ulcer. Rest Pain |

'

| MRA, CTA or invasive angiography shows lesion treatable by endovascular approach |

Yes
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Yes

No

v
| Lesion treatable by open surgery at acceptable operative risk |

No

y Y

Endovascular revascularization | |

Surgical revascularization

Consider primary amputation |

\ 4

| Wound care & atherosclerosis risk factor modification |

Puc. 2.
Fig. 2.

Anroput™ noaxoAa K peBackynsipusaunm y 60nbHbIX C KPUTUHECKON ULLEMMEN KOHEYHOCTEN
Algorithm for the approach to revascularization in patients with critical limb ischemia
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Puc. 3. MMopaxon k apTepuanbHoMy AOCTyny npw dHAOBAaCcKynsp-

HOWN peBacKynapu3aLmm HNKHUX KOHeYHOCTeW

Approach for arterial access for endovascular revascu-
larization of the lower limbs

Fig. 3.

tion of both branches with balloon angioplasty alone can be difficult
with complex calcified plaques, and often surgical endarterectomy
with patch angioplasty offers a more durable result. Hybrid endo-
vascular-surgical approaches using endovascular approaches for
iliac or superficial femoral disease and endarterectomy for common
femoral disease are increasingly used [18]. New developments in
atherectomy and drug coated balloons have renewed interest in
endovascular approaches for common femoral disease, although
this paradigm needs formal testing in clinical trials.

The SFAis the longest artery in the leg and subject to flexion,
compression and torsion. These forces are particularly important
close to the knee and the common femoral artery. Balloon angio-
plasty offers similar results to stenting in short lesions (<100 mm)
when there is good arterial expansion without flow limiting dissec-
tions [19]. Minor dissections often heal without long-term sequela.
Nitinol self-expanding stents offer better long-term patency in
longer lesions [20] and re-expand after external radial compres-
sion. Stent fracture is thought to increase instent restenosis, but is

much rarer with the newer self-expanding stent platforms [20-23].
Recent drug-eluting stents designs offer a lower rate of restenosis
compared to bare-metal self-expanding stents [24].

Drug-coated balloons offer lower rates of restenosis than bal-
loon angioplasty alone in patients with SFA disease and claudica-
tion [25-27]. Drug-coated balloons also prevent restenosis when
used prior to bare-metal stent deployment [28], and offer more du-
rable treatment of instent restenosis of the femoral artery[29]. The
evidence supporting drug-eluting stents and drug-coated balloons
is much stronger than for covered-self expanding stents, which
have uncertain effects on restenosis and stent thrombosis [30].

Chronic total occlusions of the SFA are common in sympto-
matic PAD [87-90]. A variety of techniques and devices for cross-
ing total occlusions and re-entering the true lumen in the distal ar-
tery are available, but few have been tested in randomized trials.
These include hydrophilic wires to dissect through the intima or
the medial (“subintimal”) layers of the artery. Specialty catheters
include those with dissection devices, vibrational energy, drilling
heads, and laser capabilities to penetrate the fibrous cap and
length of occluded plaque. Intravascular ultrasound can confirm
an intraluminal location of a wire in an occlusion (Figure 4), and
other devices to redirect a 0.014" wire from a dissection plane
into the distal true lumen can facilitate crossing femoral artery
occlusions. A number of atherectomy devices are also available
to debulk lesions and may have utility in niche areas such as
heavily calcified lesions resistant to balloon and stent dilation
[3]. However, a meta-analysis suggested no clear benefit from
using atherectomy devices alone compared to balloon angioplas-
ty [31]. Recent interest in the use of atherectomy combined with
drug-coated balloons requires further testing, particularly in areas
where stents are avoided (over the knee and hip joints). Given
the high risks of major amputation, stenting over the knee joint is
sometimes required to maintain patency. A number of specialty
stents with greater durability to repeated flexion are designed for
the popliteal artery in particular [23].

TIBIAL DISEASE

There is rarely a justification for tibial interventions in clau-
dication. However, wound healing and relief of CLTI is more de-
pendent on establishing straight-line flow into the foot. Therefore
below-knee popliteal and tibial artery interventions are more com-
monly pursued in CLTI.

Access is more limited for distal tibial disease as a contrala-
teral common femoral approach or brachial approach are often too
distant for most equipment based on 130-150 mm shaft lengths.
An antegrade femoral approach also gives more “pushability” to
drive through long occlusions. The retrograde tibial approach
can be used for tibial and popliteal occlusions which cannot be
crossed antegrade (Figure 3), but if unsuccessful may create a
non-healing ulcer at the access site. The retrograde pedal or ti-
bial artery approach uses ultrasound and a micropuncture need-
le for access and the dilator of the micropuncture kit or a small
sheath for wire access. Access from above (e.g. antegrade
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Puc. 4.

BryTpucocyaucToe ynbTpa3BykoBoe uccrenosanme (BCY3HN)
McnonbL3yeTcs ANSA OLEHKU BHyTpuapTepuanbHoOro pac-
NONMOXeHUa Npu NpPpoxXoXxpeHuun AHMTeanOﬁ OKKIHO3UWn:
A — katetep BCY3U (C) BupeH yepe3 metneobpasHyro
NpOBONOKY B OKKMIO3UPOBAaHHOM CerMeHTe cpepHeii no-
BEPXHOCTHOW GeapeHHOI apTepuu. Npunerawowmin nposos
ABNAETCA BHeapTepuanbHbIM. I'Ioaepxuoc'ruaﬂ Gep,peHHaﬂ
aptepusn (MBA) yka3biBaeT Ha AuCTanbHYl NOBEPXHOCT-
Hylo 6epeHHyl0 apTepuio 3a npegenamu okkno3uu; B —
n3obpaxeHne BCY3W, nokasbiBatowee katetep (C) B cepe-
[VHe apTepun, pagom ¢ 6eapeHHoli BeHow (BB). inametp
apTepuu coctaBnsan 6,1%6,2 MM, YTO COOTBETCTBYET Cpeae
U UHTUME U, BEPOATHO, 3aBbillaeT 3TanoHHbIN AnameTp
npocBeta; C — pacKkpbITUe CTEHTa Nochne yCnewHoro ne-
peceyeHns OKKM3MpoBaHHON apTepum; D — okoHvaTenb-
HbIIi pe3ynbTaT aHrmorpadgum

Intravascular ultrasound (IVUS) used to assess the intra-
arterial location while traversing a long occlusion: A — the
IVUS catheter (C) is seen over a looped wire in an occluded
segment of the mid superficial femoral artery. An adjacent
wire is extra-arterial. SFA indicates the distal superficial
femoral artery beyond the occlusion; B — IVUS image
showing the catheter (C) in the middle of the artery and
adjacent to the femoral vein (FV). The diameter of the artery
was 6.1x6.2 mm, which represents to media and intima
and likely overestimates the reference lumen diameter;
C — stent deployment after successfully traversing the
occluded artery; D — final result on angiography

Fig. 4.

femoral) allows a retrograde wire to be snared and exteriorized
above and below the tibial or popliteal occlusion to provide a
rigid rail to drive catheters and balloons through an occlusion
(Figure 5, 6, 7).

The value of angiosome directed revascularization versus
restoring any straight-line flow into the foot is debated. The for-
mer assumes that revascularization of a tibial artery supplying the
angiosome of the ulcer or gangrenous region (Figure 8) is more
likely to promote healing than non-angiosome revascularization

6/b

s

//’ i

AHTerpaaHbIi 6egpeHHbI AOCTYN Yepe3 obwyo GeapeH-
Hyto apTepuio (OBA) cnpaBa. UHTpaonepauuoHHas aHruo-
rpacms: a — OBA, rny6okas G6eppeHHas aptepus (FBA),
NPOKCMManbHbIA aHacTomMo3 rnyboko GeapeHHO-NOAKO-
neHHoe wyHTuMpoBanue (F6MMLW); 6 — MGMLL, auctanbHbIA
aHacToMO3; B — CIIeNoi CerMeHT NOAKONIEHHON apTepum
(MkA); r — nepegHsas GonbwebepuoBas aptepus (MBBA),
OKKIHO3US apTepUii ToNeHn

Antegrade femoral approach through CFA on the right
side. Intraoperative angiography: a — CFA, DFA, proximal
anastomosis DfPB; b — DfPB, distal anastomosis; ¢ —
blind segment of PopA; d — ATA, occlusion of the arteries
of the leg

e

B/C /d
Puc. 5.

Fig. 5.

which relies on increased collateral flow to an ischemic region. In
observational studies, wound healing was greater and amputation
lower with angiosome-directed compared to indirect (non-angio-
some) tibial revascularization [32]. However, these observations
may be confounded. Indirect revascularization, may be a marker
for more complex tibial disease, which may be associated both
with no option for angiosome directed revascularization and poorer
limb salvage. In one study, changes in foot microcirculation as-
sessed by skin perfusion pressure improved regardless of whether
the angiosome related tibial artery or the non-angiosome related
artery was revascularized [33]. Although it makes intuitive sense to
use an angiosome directed treatment wherever possible, if this is
not successful, any straight-line flow should be better than none.

Primary balloon angioplasty of tibial disease provides a
good response in most situations. Long balloons are specifically
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JTanbl onepauun: a — pekaHanusauns nepegHen 6onbleGepLOBON apTepui ¢ UCNONbL30BaHNEM MOANMULIMPOBAHHOTO KaTeTepa;

6 — TpaHcKonnaTepanbHas pekaHanusaums 3agHen 6onble6epLyoBoi apTepun Yepes KOMMYHUKAHTHYO BeTBb Masion 6epLoBon
apTepuu; B — peTporpagHas pekaHanmsauus 3agHein 6onble6epLoBOi apTepum; I — pekaHanu3auus UcToka 3agHen bonbluebep-
LIOBOW apTepuu BCTPEYHbIMM NPOBOAHMKaMMU NPy noAAepkKe MOAUDMLIMPOBAHHOTO KaTeTepa; A — peKaHanu3auus natepanbHou

NaHTapHOM apTepuu
Fig. 6.

Stages of the operation: a — recanalization of the anterior tibial artery using a modified catheter; b — transcollateral recanalization

of the posterior tibial artery through the communicating branch of the small tibial artery; ¢ — retrograde recanalization of
the posterior tibial artery; d — recanalization of the origin of the posterior tibial artery with counter conductors supported by
a modified catheter; e — recanalization of the lateral plantar artery

designed to treat the often diffuse tibial disease with prolonged in-
flations. Stents are reserved for poor balloon results (re-occlusion,
recoil to more than 50% stenosis, flow-limiting dissection). Tibial
arteries are about 2.5-3.5 mm in diameter, and are usually trea-
ted with balloon expandable coronary stents with a spot-stenting
philosophy. Proximal lesions are somewhat protected by the bulk
of the calf muscle, but can theoretically be crushed by external
compression. Stent crush is more likely with extensive stenting
and stents in the distal calf. Poor outflow theoretically increases
the risk of stent thrombosis and may reduce the enthusiasm for
stenting. Randomized studies in tibial arteries show better paten-
cy and less need for reintervention with drug-eluting compared to
bare-metal coronary stents [34-36], with one trial showing lower
rates of amputation [35].

Compared to conventional balloon angioplasty, drug-coated
balloons for tibial interventions provided promising results in ear-
ly series and single center trials [37]. However, restenosis rates
were higher than drug-eluting stents in one small trial [38], and
the multicenter randomized IN.PACT DEEP study raised concerns
because of a trend to more amputations in the drug-coated versus
standard balloon angioplasty arms (8.8% versus 3.6%, p=0.08)
[39]. Reasons for the lackluster results compared to femoral-
popliteal disease include reduced drug delivery due to drug coa-
ting after balloon wrapping and poor drug-release characteristics.
Further randomized trials will explore their value in tibial arteries.

Atherectomy in tibial arteries is of uncertain value beyond
balloon angioplasty and stenting [31]. Long segment tibial
atherectomy could cause embolization which decreases out-
flow and distal perfusion. One recent report showed greater
acute success, but no difference in amputation, repeat revas-

Puc. 7. KoHTponbHas aHrmorpacus — npsimasi peBackynsipusaums
cTonbl U Tpodmyecknx gedekton
Fig. 7.  Control angiography — direct revascularization of the foot

and trophic defects

cularization or mortality with laser assisted versus conventional
angioplasty [40].

Wire perforation of the tibial arteries is usually easily treatable
by low-pressure balloon angioplasty, but larger perforations may
require longer balloon inflations or covered stents to avoid a com-
partment syndrome which can cause ischemic muscle and nerve
injury and threaten the viability of the lower limb.

OPEN SURGICAL REVASCULARIZATION

The goals of surgical revascularization are to provide straight-
line flow into the foot, promote wound healing, and to limit the level
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of amputation. Open surgery has higher risks of peri-operative myo-
cardial infarction, death and stroke than endovascular revascula-
rization. However, in critical limb ischemia, the potential loss of limb
and function may favor surgery when endovascular therapy is not
possible or not successful and patients otherwise have a reasonable
2 year survival [18]. Risk scores can help risk-stratify CLTI patients
having infrainguinal bypass surgery. For example, the PREVENT III
risk score includes dialysis, tissue loss, age =75 years, and coronary
artery disease [41]. A higher score associates with a lower risk of
survival free from amputation. In addition to patient risk, assessment
includes vein mapping of saphenous vein to determine available
autogenous conduit. This is particularly important in patients who
may have had vein harvested for coronary artery bypass in the past.

Multilevel disease is often treated with hybrid revasculariza-
tion using endovascular techniques to treat inflow disease (e.g.,
iliac stenting), and surgical revascularization for femoral or infrain-
guinal disease (Figure 4) (e.g., common femoral endarterectomy,
and femoral popliteal bypass) [18]. Rarely, occlusion of the distal
aorta and iliac disease may require aorto-bifemoral bypass, cont-
ralateral femoral to femoral bypass [84-93], or axillary-femoral
bypass [18] (Figure 5, 6, 7).

Common femoral endarterectomy may extend into the pro-
ximal SFA or profunda artery. Closure is usually achieved with a
bovine or synthetic patch to reduce restenosis, or sometimes
with primary closure without a patch [18]. Complications include
wound infection (particularly in obese patients), hematoma and
lymph leak. This procedure offers a high long-term patency rate
(>90%) and considered superior to endovascular treatment par-

ticularly for heavily calcified disease involving the SFA and pro-
funda origins.

As with endovascular treatment, infrainguinal bypass relies on
good inflow and outflow. The three types of saphenous vein by-
pass are reversed (translocated) vein, nonreversed vein, and in
situ bypass where vein branches are ligated and the distal ends
mobilized and anastomosed to the artery. The latter two configura-
tions require excision of the valves with a valvulotome, which can
sometimes injure the vein conduit. Observational studies suggest
similar outcomes with all three configurations [18, 42]. Limb sal-
vage and graft patency are best with good quality, long, single-seg-
ment, autogenous vein with a diameter of at least 3.5 mm [43-45].
In the PREVENT III trial, bypass grafts with these characteristics
had a low 30day failure rate (less than 2%), and high secondary
patency and limb salvage at one year (approximately 90%) [45].

In pooled analyses, autogenous saphenous vein provided
better long-term patency than prosthetic grafts for above- and be-
low-knee grafts [44, 46, 47]. Prosthetic grafts of heparin-bonded
polytetrafluoroethylene may provide better outcomes than older
prosthetic grafts [48] with comparable results to autologous vein
in a one retrospective study [49]. Cryopreserved cadaveric vein
has poorer long-term patency results [50].

AMPUTATION

Minor amputations such toe, ray (toe and metatarsal), or
transmetatarsal amputations require an adequate blood supply
into the foot to maximize healing and are usually part of the treat-
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HuTpoaniocep

Puc.9. 3HpapTepaktomma uz OBA cneBa ¢ nnacTuKoii ayToBEHO3HOI 3annaToii (a); 3aBeAeHNe MHTPOAbOCepa B MPUTOK ayTOBEHO3HOM
3annartbl (6). BoinonHeHa oTKpbITas aHAapTepaKTOMMUA U3 06Lwei GeapeHHON apTepuUm C NNacTUKOW ayTOBEHO3HOM 3annaTo. Mpu
BbleNeHUN ayTOBEHO3HOTO KOHAYMTA COXPaHeH KPYNMHbINA NPUTOK, 3aBeAeH UHTpoAbocep

Fig. 9. Endarterectomy from the CFA on the left side repair with an autovenous patch (a); insertion of the introducer/sheath into the inflow

of the autovenous patch (b). An open endarterectomy was performed from the common femoral artery with autovenous patch
repair. When the autovenous conduit is isolated, a large inflow is preserved, and an introducer is inserted

ment plan for gangrene or tissue loss after successful revascu-
larization. Generally, minor amputation does not limit functional
independence or require a prosthesis.

Major amputations (at or above the knee) limit functional
independence and require a prosthesis to walk. Although pre-
venting major amputation is a key goal, amputation may be
indicated for failed revascularization, patients with extensive
tissue loss or infection, patients unfit for surgical revascular-
ization with no endovascular options, and potentially non-am-
bulating patients. Up to one third of below-knee amputations
may require further surgery or an above-knee amputation due
to poor healing [53]. A patent popliteal pulse reduces the failure
rate of healing to less than 10%. More than 90% of above-knee
amputations heal, but only about 20% of amputees regain full
mobility with a prosthesis compared to 60% with a below-knee
prosthesis [53, 54]. Factors related to poor prosthesis use and
function after major amputation include increasing age, bilat-
eral or above-knee amputations, dementia, and poor function
prior to amputation [54].

WOUND CARE

Wound care principles include improving perfusion into the
limb, treating infection, avoiding pressure on a wound, debride-
ment, and adequate nutrition (Figure 9, 10). Debridement of
devitalized or infected tissue by scalpel, collagenases, or even
maggots [55], promotes wound healing. Antibiotics may be re-
quired to treat infection to prevent osteomyelitis. Avoiding pres-
sure on the wound (e.g., off-loading the foot) also assists wound
healing [56]. The local temperature of the limb can be increased
using sheepskin (Rooke) boots and may improve superficial col-
lateral flow to help perfuse a limb [57]. Negative pressure dres-
sings (e.g., vacuum-assisted) increase capillary flow and help

Puc. 10. St. localis Ha MOMEHT BbINUCKN. AKTUBHO rpaHynupyowas
paHa npaBoW NATOYHoOI o6nacTu. Ha TpeTbu cyTku nocne
peBackynsipusauun BbINONIHEHA 3TanHas HEeKPIKTOMUA
Tpochmyeckoit A3BbI NPaBoOW NATOYHOW o6nacTu. [lanee
aBa kypca NPWT-tepanuu. PaHa ouuctunacb, aKTMBHO
rpaHynupyer. MauueHT BbinucaH Ha ambynaTopHoe neye-
Hu1e Ha 62-e CyTKW rocnuTanu3aumm.

Fig. 10. St. localis at the time of discharge. Actively granulating
wound of the right heel area. On the third day after
revascularization, a staged necrectomy of the trophic
ulcer of the right calcaneal region was performed. Next
two courses of NPWT therapy was done. The wound has
cleaned up and is actively granulating. The patient was
discharged for outpatient treatment on the 62nd day of

hospitalization

drain wounds [58]. Hyperbaric oxygen therapy offers no advan-
tages for amputation prevention, but may improve the more sub-
jective endpoint of wound healing in diabetes [59].
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In patients where there are no revascularization options, in-
termittent pneumatic compression may assist wound healing and
prevent major amputation [54]. To date, cell-based therapies such
as infusion of bone marrow derived mononuclear cells have not
prevented major amputation in patients with no revascularization
options [60].

MEDICAL THERAPY AND SURVEILLANCE
AFTER REVASCULARIZATION

Failure of endovascular and surgical treatment of CLTI due
to thrombosis, neointimal proliferation, or progression in athero-
sclerosis demands close surveillance of patients by providers with
vascular expertise. Surveillance also includes intensively treating
risk factors for atherosclerosis to reduce the high risk of cardio-
vascular events.

Recurrent ischemic pain in the leg, lack of progression in
wound healing, or a decline in ABIs are indicators of restenosis or
occlusion. Duplex ultrasound of bypass grafts is commonly prac-
ticed to identify graft stenoses for revision and preserve long-term
patency. However, this practice was not associated with lower am-
putation or better patency in one randomized trial [61], and there
are no randomized trials of its value after endovascular therapy.
Our practice after endovascular therapy includes a history and
exam, and to use duplex ultrasound in the femoral artery parti-
cularly after treating long segment disease or when symptoms or
poor wound healing raise concerns of patency [62, 63].

Evidence for therapies to prevent thrombosis or restenosis
after endovascular interventions is sparse and often extrapolated
from studies of coronary artery interventions. Low-dose aspirin is
usually given for life to prevent thrombosis of a treated segment,
but also other cardiovascular events. The duration of clopidogrel
to prevent occlusion of segments treated by endovascular tech-
niques is uncertain. Most clinical trials of bare-metal stenting use
dual-antiplatelet therapy for 1-3 months [19-21, 24], but data
extrapolated from medical studies of patients with peripheral ar-
tery disease, could justify longer treatment [64]. Clinical studies
from Japan suggest that cilostazol may reduce in-stent restenosis
[65-67], but this is not yet incorporated in recent guidelines of
revascularization for CLTI.

The value of anticoagulation for lower extremity bypass is con-
flicting with some trials showing benefit over aspirin for autoge-
nous vein versus prosthetic conduit and vice-versa [18]. Given the
increased risk of bleeding, most surgeons reserve anticoagulation
for graft thrombosis, or hypercoagulable disorders. There is no
benefit of adding clopidogrel to aspirin for graft patency [68].

Evidence for the value of intensive atherosclerosis risk factor
reduction is derived largely from observational studies and sub-
groups of patients with PAD in clinical trials. For example, PAD
patients who stop smoking have fewer cardiovascular events than
those who continue smoking [69, 70, 84, 92, 93]. Antiplatelet the-
rapy with aspirin [71, 72] or clopidogrel [73, 85], and angiotensin
converting enzyme inhibitors [74] decrease cardiovascular events
in patients with PAD. Intensive statin therapy consistently lowers

cardiovascular events in PAD patients compared to no statin or
low intensity statins [75-77]. In observational studies of patients
receiving revascularization for PAD, statin therapy is associated
with lower risks of cardiovascular events [63, 78-80], and limb
loss [63,81,82, 84-93]. In population studies, intensive risk factor
modification in patients with peripheral artery disease is impro-
ving, but still lags behind its use in patients with symptomatic co-
ronary disease [83].

CONCLUSIONS

Patients with CLTI have a high risk of limb loss without revas-
cularization and a high short term risk of cardiovascular events
compared to less severe forms of chronic peripheral artery di-
sease. Revascularization is indicated if it will prevent limb loss
and preserve ambulation and function, while intensive medical
therapy targets the risk factors for atherosclerosis progression
and cardiovascular events. Endovascular revascularization offers
a lower initial risk than open surgery, but recurrent disease from
restenosis is common in patients with CLTI. New drug-eluting
balloons and stents offer better longer-term outcomes after some
endovascular revascularizations, but further long-term data on du-
rability is required in order to assess their overall benefit given the
increased costs of initial treatment. Close follow-up focusing on
wound care and prevention, risk factor management, and surveil-
lance for new and recurrent disease is required.
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Pestome. benkn SARS CoV-2 npeactaBnstot coboi MOneKynbl ¢ MAacCon OT HECKOSTbKMX OECATKOB 40 HECKOMbKNX
TbICSAY @MUHOKMUCNOTHbBIX 0CTATKOB. CyLLEeCTBYIOT CTPYKTYPHbIE U HECTPYKTYPHble 6enku. K nepBbiM 0THOCATCS LUK-
MOBbIV FANKONPOTENH, Unn S-6enok (S), manbii MembpaHHbIn 0bonoyeyHbln 6enok (E), membpanHbin 6enok (M) u
HykneonpoTeuH unwn Hykneokancug (N). Bropas rpynna coctouTt n3 16 HecTpykTypHbIx 6enkoB (Nsp1-16, Bkntoyas
nonunpoTemnHsl pennukassl RPP 1a u 1ab) n 10 BcnomoraTenbHbIx hakTopoB ik 6ENKOB OTKPbLITON pamKn CHUTbI-
BaHus (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 1 14). benkn S, E n M, pacnonoxeHHble CHapyxu 1 B MeMOpaHe BUPUOHa,
Y4acTBYIOT B KOHTaKTE BUPUOHA C KIETKOM W NPOHUKHOBEHWUM B Hee. [lpyre 6enku yyacTByIOT B 3axBaTe BHYTpUKe-
TOYHbIX MEXaHU3MOB U UX UCMONb30BaHNUK B COBCTBEHHbIX MHTEPECaX BUpYCca. bonblMHCTBO aTuX 6enkoB cogepxat
MHOTOYUCIIEHHbIE MOTUBbI, FOMONIOTNYHbIE YErI0BEYECKUM Berkam, B TOM YnCne TakuM BaxXHbIM, Kak MHTEPRenkuH-7.
Bo3MoxHO, aTa romonorus sBnseTcs BaxHbiM (0akTopoM, NO3BONSAIOLNM «0OMaHyTb» UMMYHHYI0 CUCTEMY Ha Ha-
YanbHbIX CTagMaX MHAEKLMM 1 CNPOBOLMPOBaTb ayTOMMMYHHbIN OTBET BnocneacTaun. fomonorus 6enkos SARS
CoV-2, ¢ ofHoIt CTOPOHbI, M 6EeNKOB BKYCOBbIX M 0BOHATENbHBIX PELENTOPOB — C APYron, BO3MOXHO, 0O BACHSAET
MPWUYMHBI HAPYLIEHUS BOCTIPUATIS BKYCOBBIX 1 0OOHATENbHBIX pa3apaxuTenen, xapaktepHoro ns COVID-uHdekymum.

Kniouesble cnoea: COVID-19; SARS CoV-2; romonorus 6enka; peLenTtop-CBA3bIBAOLLNA JOMEH; UHTEPNENKUH-7;
peuentop ACE2; BpOXAEHHbLIN UMMYHUTET; ay TOUMMYHUTET; 0BOHSHME; BKYC.
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Abstract. SARS CoV-2 proteins are molecules with a mass of several tens to several thousand amino acid residues.
There are structural and nonstructural proteins. The former include Spike glycoprotein (S), small membrane envelope
protein (E), membrane protein (M), and nucleoprotein or nucleocapsid (N). The second group consists of 16 nonstructural
proteins (Nsp1-16, including replicase polyproteins RPP 1a and 1ab) and 10 accessory factors or open reading frame
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proteins (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 and 14). Proteins S, E and M, located outside and in the membrane of
a virion, are involved in the contact of the virion with a cell and penetration into it. Other proteins are involved in the
hijacking of intracellular mechanisms and their use in the virus’s own interests. Most of these proteins contain numerous
motifs that are homologous to human proteins including such important ones as Interleukin-7. Perhaps this homology
is an important factor in deceiving the immune system at the initial stages of infection and provoking an autoimmune
response later. The homology of SARS CoV-2 proteins on the one hand and taste and olfactory receptor proteins on
the other hand may possibly explain the causes of the impaired perception of taste and olfactory stimuli characteristic

of COVID infection.

Key words: COVID-19; SARS CoV-2; protein homology; receptor-binding domain; interleukin-7; ACE2 receptor;
congenital innunity; autoimmunity; sense of smell, sense of taste.

INTRODUCTION

Why is the new SARS CoV-2 coronavirus so infectious? Why
many cases of COVID-19 infection are so severe? Why many
patients are reported with complete loss of smell and taste?
Answers to these questions should be received as soon as
possible. The COVID-19 pandemic, which has plagued humanity
for almost two years now, does not allow us to follow the usual
course of encyclopedia authors: wait, carefully sift through ideas
and facts, and wait for new ones to come. In this case (which
should not become a precedent), one has to pay attention not
only to firmly established experimental data, but also to some
hypotheses.

The study of the proteome of the original (“canonical”’ or
Wuhan) variant of SARS CoV-2 proceeds in two directions.
Using 3D models, the researchers can determine how the spike
protein binds to the ACE2 receptor [1]. This knowledge will help in
creating binding blockers.

The alignment method compares the primary structures
of millions of proteins [2]. The method allows you to detect the
homology of SARS CoV-2 proteins with proteins of humans and
other organisms [3]. Probably, the information on homology
makes it possible to understand the mechanisms of the virus
bypassing the innate immunity system (evasion) at the early
stages of the development of the infectious process and the
process of provoking an autoimmune response at later stages.

The issue of mutations in SARS CoV-2, and especially of its
S protein, is becoming increasingly important. With the help of
mutations, the virus “learns” to avoid immune responses [4].

Table 1
SARS CoV-2 proteins: structural and nonstructural
Group Proteins

Structural Spike glycoprotein, S

Envelope small membrane protein, E
Membrane protein, M

Nucleoprotein, N
Nonstructural ORF3a, ORF6, ORF7a, ORF7b, ORF8, ORF9b,
ORF10, ORF14, RPP 1a, RPP 1ab

ORF, open reading frame. RPP, Replicase polyprotein.

SARS CoV-2 proteins vary significantly in length — from
several tens to several thousands amino acid residues. They are
traditionally divided into structural and nonstructural (Table 1).

STRUCTURAL PROTEINS

Spike glycoprotein
Spike (S) protein molecule consists of 1273 amino acid residues:

MFVFLVLLPLVSS

FTVEKGIYQTSNFRVQPTESI
VRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSV
LYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVR
QIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN
YNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCY
FPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKK
STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDI
ADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVL
YQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLI
GAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTS
VDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF
AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLS
STASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLND
ILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRAS
ANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV
VFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGT
HWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPL
QPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKE
IDRLNEVAKNLNESLIDLQELGKYEQYIKWP

TSCCSCLKGCCSCGSCCKFDEDDSEP

VLKGVKLHYT
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Table 2
SARS CoV-2 S protein domains

Subunit Positions Domain
S1 1-13 Signal peptide (N-terminus)
14-305 N-terminus domain (NTD)
306-318 Uncharacterized fragment
319-541 Receptor-binding domain (RBD)
542-787 Uncharacterized fragment
S2 788-806 Fusion peptide (FP)
807-911 Uncharacterized fragment
912-984 Heptapeptide repeat sequence 1 (HR1)
985-1162 Uncharacterized fragment
1163-1213 | Heptapeptide repeat sequence 2 (HR2)
1238-1273 Cytoplasm tail (CT)

See Table 2 for color code. Receptor-binding motif (RBM)
Sys — Yss Underlined. Hereinafter, the primary structures of
SARS CoV-2 proteins are given according to Uniprot database [5].

S protein molecule consists of subunits and domains
(Table 2).

The Receptor-binding domain (RBD) continues to be of great
interest to the researchers. RBD boundaries are estimated dif-
ferently by different authors, namely: Ry,q — Fs4q (refs. see [3])
or Tys3 — Tspg [1]. Within this region, the Receptor-binding motif
(RBM,35.506) @nd amino acid residues Nysg, Luss, Tazkr Esgar Qagss
and N, are considered critical for binding affinity [6]:

SNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGS
TPCNGVEGFNCYFPLQSYGFQPTNGVGYQPY.

At the border between subunits S1 and S2, the S protein mo-
lecule forms a loop. The authors believe that the loop is a key
component in determining virus stability and transmission [7].

There are more than two dozen hepta- and octamers homolo-
gous to human proteins in the S protein molecule. Localization of
these n-mers is shown in the Table 3.

Of all the regions listed in Table 3 that are homologous to hu-
man proteins, only two, KLNDLCF 444 54, and DEVRQIAg5.4¢, are
located in RBD and none are located in RBM.

Table 3 shows that heptamer KLNDLCF 544 59, is homologous
to motif in the interleukin 7 (IL-7,,4.455) Molecule. In severe cases
of COVID-19 patients have increased level of IL-7 [8, 9], which is
highly associated with disease severity [10]. IL-7 administered to
critically ill COVID-19 patients has been associated with a return
of lymphocytes to normal levels [11]. As a vaccine adjuvant, IL-7

Table 3
Localization of homologous hepta- / octamers in the S protein and human proteins
Subunit SARS CoV-2 S protein domain In S protein In human proteins
S1 Signal peptide (N-terminus),_, none -
N-terminus domain NTD 505 DKVFRSS .45 Zinc finger protein 528,75 5
FLPFFSNG;s 44 OTU domain-containing protein 6A,gs.(o
VSGTNGT4.76 Lysosome-associated membrane glycoprotein 1,177
SLLIVNN 46422 ATP-binding cassette sub-family A member 104y g5
FKNLREF ;6.1 Isovaleryl-CoA dehydrogenase, mitochondrial;; g5
TRFQTLL 3604 Disheveled-associated activator of morphogenesis 2,5, 557
KIYSKHT y5.908 Uncharacterized protein C10rf105;_5
SSSGWTA 54960 Uncharacterized protein KIAA1109 (Fragment)g;g.616
Uncharacterized fragmentsgq 315 none -
Receptor-binding domain RBD .54 KLNDLCF 546.50 Interleukin-7 49455
DEVRQIA5.411 Histone-lysine N-methyltransferase 2C 5344536
Uncharacterized fragmentsy, 77 VYSTGSNg3s5.64¢ Neural cell adhesion molecule L1-like proteingy; s,
IGAGICAg45.672 Hepatitis A virus cellular receptor 2,95 o
SPRRARS.656 Hermansky-Pudlak syndrome 1 protein,sg 564
RRARSVAS 4, 59 Amiloride-sensitive sodium channel subunit alphayy_yq
S2 Fusion peptide FP;gg.406 none -
Uncharacterized fragmentgy;.o44 VTLADAG 6,43 Non-receptor tyrosine-protein kinase TNK14.445
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Ending of the table 3
Subunit SARS CoV-2 S protein domain In S protein In human proteins
GLTVLPPgs;.g63 FH1/FH2 domain-containing protein 3g7,.q7¢
LPPLLTDgg1.567 Maestro heat-like repeat-containing protein family member 9,5, 55
Heptapeptide repeat SSTASALgs4.045 408 ribosomal protein S13,,3.14
sequence T HR1g 554
LVKQLSS ;.45 E3 SUMO-protein ligase PIAS1 4, 50
Uncharacterized fragmentggs. (g, KVEAEV Qqg6 474 Emilin-3gy5.63

TGRLQSLggg.1904 Neuron navigator 354,161
LIRAAEL 151018 Unconventional myosin-XVllla,ss,.1355: SP-A receptor subunit

SP-R210 alphaSgg, g

LDKYFKN1152-1158

Follistatin-related protein 1q.155

Heptapeptide repeat
sequence 2 HR2,q3.1213

NASVVNI 4173117

Thyroid adenoma-associated proteing.1o2s

EIDRLNE g,.11gg

Protein SETSIPg,;o; Protein SET5,4,

Transmembrane tail TM 5144937 none

Cytoplasm tail CT35.1073 DEDDSEPV 557.1264

Unconventional myosin-XV14.1421

[3, adapted]. Hereinafter, the primary structures of human proteins are given according to Uniprot database — Homo sapiens [5].

Table 4

Localization of homologous hepta- /
octamers in the transmembrane domaing_;; E protein
and human proteins [3, adapted]

In E protein In human proteins
VNSVLLF, Heterogeneous nuclear ribonucleoprotein Lyg,.497
VNSVLLFL,,,, Ran-binding protein 6,9q.4¢¢
NSVLLFL,g., Lysosomal amino acid transporter 1
homolog;ss.13
SVLLFLA 45, Cytochrome P450 2B6,.y;

Cytochrome P450 2B7, ,;
GPI ethanolamine phosphate transferase 3; 4,

LAFVVFL,, Solute carrier family 15 member 4,35 4

VFLLVTL 54,
LAILTAL,, 5,

Alpha-(1,3)-fucosyltransferase 10, 54

Transient receptor potential cation channel
subfamily M member 6444 49 ;
Transient receptor potential cation channel
subfamily M member 3,g5.474

TALRLCA,; ,,° Protein disulfide-isomerase TMX3;_,4

Heptamer TALRLCA;.,, is located at the junction of the transmembrane domaing 54
and internal domain 39-75.

could enhance the immune responses to vaccines against SARS
CoV-2 [12]. IL-7 is beneficial cytokine to the pathophysiology of
COVID-19 [13]. At the same time, IL-7 induces SARS CoV-2 re-
ceptor ACE2 expression in human vascular endothelial cells [14].
In patients with COVID-19, respiratory failure is associated with

an increase in systemic blood pressure, probably due to modula-
tion of the renin-angiotensin-aldosterone system by SARS-CoV-2
infection [15].

Heptamer DEVRQIA,y5.441 is homologous to motif in the His-
tone-lysine N-methyltransferase 2C (HLNMT 2C,550.4556)- Histone
methylation plays an important role in such a critical process as
the epigenetic regulation of genes [16].

Presumably, IL-7 is an outpost defense trigger. When cell
destruction begins in COVID-19, IL-7 turns on the last reserve
of life, activating immunological memory cells. SARS CoV-2
tricks the immune system into presenting a motif homologous
to IL-7.

S protein is involved in the organization of virion assembly in
the intermediate compartment ER-Golgi [17].The C-terminal trun-
cation of the protein S molecule results in a variant that easily
passes through the Golgi complex to the plasma membrane in a
pre-activated conformation, causing increased syncytium forma-
tion [18].

Envelope small membrane protein

Envelope small membrane (E) protein is the shortest (75 ami-
no acid residues) of all SARS CoV-2 structural proteins.

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCA
YCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLY

Transmembrane domaing 54 is underlined. Hereinafter, n-mers
homologous to human proteins are highlighted in red.

Only a small part of it, namely heptamer M, - Y, protrudes
from the virion outwards.
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E protein contains eight hepta- / octamer homologous to hu-
man proteins (Table 4).

Homologous n-mers merge into a single 2octamer, which is
almost entirely located in the thickness of the envelope of the
virion. A random selection of 28 letters in a word would require an
astronomical number of iterations: 202 = 2.7 - 103, (This number is
slightly less than the mass of the Earth, measured in nanograms.)

The degree of homology within this 28-measure can be
represented as follows:

VNSVLLFLAFVVFLLVTLAILTALRLCA,

where the size of the letters corresponds to the frequency of the
viral hepta- / octamers in the human proteome.

Besides, the protein E transmembrane domain contains an
octamer and a heptamer, homologous to the proteins of some gut
bacteria Lactobacillus sp. and even cereals, including corn Zea
mays, sorghum Sorghum bicolor, wheat Triticum aestivum, and
barley Hordeum vulgare (Table 5).

Table 5

Localization of some of homologous n-mers
in the E protein and human gut proteome [3]

In E protein In bacterial and plant proteins
AFVVFLLVY,; 5 Lpp126 large-conductance mechanosensitive
channel: Lactobacillus caseig,g;; L. paracaseig; g7;
L. florumgy g,
TLAILTA;5 | Uncharacterized proteins: Zea maysgq.45,; Sorghum
bicolory; 4,7; Triticum aestivum, ., Hordeum
vulgareg; g4

E protein is integrated into the human cell membrane; later it is
transported closer to the endoplasmic reticulum and the Golgi apparatus,
where viral replication occurs [19]. E protein can affect the properties of
S proteins and contribute to the assembly of viral particles [20].

Membrane protein

Membrane (M) protein consists of 222 amino acid residues,
and its structure contains six heptamers homologous to human
proteins (Table 6).

MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYAN
RNRFLYIIKLIFLWLLWPVTLACFVLAAVYRINWITGGIAIAMACLY
GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP
LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSY
YKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

Four heptamers are located close to the N-terminus of the
molecule, merging into a single decamer V,, — Q,o. Taking into
account the number of homologous amino acid residues, this
decamer can be represented as follows:

VEELKKLLEQ.

Table 6

Localization of homologous heptamers
in the M protein and human proteins [3]

7bIn M protein In human proteins

VEELKKL,g.46 Glutaredoxin-related protein 5,
mitochondrials 144

EELKKLL,q.; GDP-fucose protein O-fucosyltransferase 2,4 546

ELKKLLE,,. Cullin-1455 541

LKKLLEQ,4.4 Filamin-A-interacting protein 154,

LLESELV 3543 Leucine-rich repeat-containing protein 71,5 45

AGDSGFA 54 144 Myosin-14354 365

Outside of the decamer, there are two homologous heptamers.
Protein M is a candidate for participation in mimicry processes.

Like E protein, M protein can affect the properties of S proteins
and contribute to the assembly of viral particles [20].

S, E, and M proteins cause Golgi fragmentation; disruption of
the Golgi apparatus appears to be a critical component of SARS
CoV-2 replication [21].

Nucleoprotein

The nucleoprotein (N-protein) consists of 419 amino acid
residues and contains eleven heptamers homologous to human
proteins (Table 7).

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNSSPDDQ
IGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAGLPYGA
NKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPK
GFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARM
AGNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAA
EASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQ
GTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAI
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKADETQA
LPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA

Some of the heptamers fuse into several rather long frag-
ments, including the decamer A;; — A,g,, and 13-mer S,g, — S,
It increases the likelihood of the protein involvement in provoking
an autoimmune response. Protein N is located completely inside
the SARS CoV-2 virion and cannot participate in mimicry, but can
be involved in provoking an autoimmune response.

In comparison with SARS-CoV, SARS-CoV-2 contains six
times more acetyl-lysine residues. This suggests that acetylation
of N proteins plays crucial roles in SARS-CoV-2 functions [22].

NONSTRUCTURAL PROTEINS

All nonstructural proteins of SARS CoV-2 (ORF3a, ORFG6,
ORF7a, ORF7b, ORF8, ORF9b, ORF10, ORF14, RPP 1a, and
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Table 7

Localization of homologous heptamers in the N protein and human proteins [3]

In N protein

In human proteins

RPQGLPN,

GATOR complex protein WDR59,¢; 74

RGQGVPly,

Putative uncharacterized protein encoded by LINC00346,, 4,

NSSPDDQ;,;

NEDD4-binding protein 2.4,

GKMKDLSg.105

Chromodomain-helicase-DNA-binding protein 1-like;7q.776

VLQLPQG 4,165

Presting, g

AEGSRGG, 7476

snRNA-activating protein complex subunit3,

SRGGSQA 75 15

Ras-associating and dilute domain-containing proteinggg o,

KADETQA/5.35¢ Myopallading o

LLPAADL .40 Probable E3 ubiquitin-protein ligase HERC1,464.1104
SKQLQQS 104410 Codanin-1,54 565

SMSSADS 10416 Protein PRRC2B, 6.4,

RPP 1ab) are located completely inside the SARS CoV-2 virion
and, by definition, cannot be involved in the process of mimicry.
What remains to consider the possibility of their implication in
provoking an autoimmune process [3].

ORF3a protein
ORF3a protein molecule consists of 275 amino acid residues:

MDLFMRIFTIGTVTLKQGEIKDATPSDFVRATATIPIQASLPFG
WLIVGVALLAVFQSASKITLKKRWQLALSKGVHFVCNLLLLF
VTVYSHLLLVAAGLEAPFLYLYALVYFLQSINFVRIIMRLWLCW
KCRSKNPLLYDANYFLCWHTNCYDYCIPYNSVTSSIVITSGDG
TTSPISEHDYQIGGYTEKWESGVKDCVVLHSYFTSDYYQLYS
TQLSTDTGVEHVTFFIYNKIVDEPEEHVQIHTIDGSSGVVNPVME
PIYDEPTTTTSVPL

In the ORF3a protein molecule, there are five heptamers
homologous to human proteins (Table 8).

Table 8

Localization of homologous heptamers
in the ORF3a protein and human proteins [3]

In ORF3a In human proteins
protein
VGVALLA 45, Manganese-transporting ATPase 13A1476 650
LLVAAGLgs.10; | Glycerophosphoinositol inositolphosphodiesterase
GDPD2129-135
KCRSKNP 3,.135 Vacuolar protein sorting-associated protein
1 3A2066-2972

SVTSSIV,gy.465 Protein piccoloyy7g.57¢5

TQLSTDTy7.555 Septin-14,1g.404

The heptamers scattered along the entire length of its
molecule do not form long n-mers anywhere else. ORF3a
does not appear to be involved in provoking an autoimmune
response.

ORF6 protein
ORF®6 protein molecule consists of 61 amino acid residues:

MFHLVDFQVTIAEILLIIMRTFKVSIWNLDYINLIIKNLSKSLTENKY
SQLDEEQPMEID

In the molecule, there is no heptamers homologous to human
proteins.

ORF7a protein
ORF7a protein molecule consists of 121 amino acid residues:

MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPF
HPLADNKFALTCFSTQFAFACPDGVKHVYQLRARSVSPKLFIRQ
EEVQELYSPIFLIVAAIVFITLCFTLKRKTE

In the ORF7a protein molecule, there are only two heptamers
homologous to human proteins located in close proximity to each
other (Table 9).

Table 9

Localization of homologous heptamers
in the ORF7a protein and human proteins [3]

In ORF7a protein

In human proteins

VAAIVFL 5, 110
FTLKRKT 110120

Transmembrane protein 255Bg; o,

Cytosolic 5'-nucleotidase 3As; 4,
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It is possible that ORF7a is involved in provoking an
autoimmune response.
ORF7b protein

ORF7b protein molecule consists of 43 amino acid residues:

MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCHA

In this polypeptide, there are only one heptamer homologous
to the human protein (Table 10).

Table 10

Localization of the homologous heptamer
in ORF7b and a human protein [3]

In ORF7b protein
IFWFSL,g 5,

In human protein

Olfactory receptor 7D4 5, 15,

Table 12

Localization some of homologous hepta- / octamers
in ORF9b protein and human proteins [3]

In ORF9b In human proteins
protein
LVDPQIQL ., Valine-tRNA ligase, mitochondrialggs 140,
MENAVGR .5 Neprilysingg.4s
LGSPLSL,g5, | Stress-responsive DNAJB4-interacting membrane
protein 15743
GSPLSLNg.55 E3 ubiquitin-protein ligase HERC2,535 4539
TEELPDE,, 4, KH homology domain-containing protein 445 474
ELPDEFWWgs4; | Maestro heat-like repeat-containing protein family
member 2B, g3.41

The ORF7b protein may be involved in provoking an autoimmune
response and, in particular, contribute to olfactory dysfunction.
ORFS8 protein

ORFS8 protein molecule consists of 121 amino acid residues:

MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSK
WYIRVGARKSAPLIELCVDEAGSKSPIQYIDIGNYTVSCLPFTINC
QEPKLGSLVVRCSFYEDFLEYHDVRVVLDFI

In this polypeptide, there are three heptamers homologous to
human proteins (Table 11).

Table 11

Localization of homologous heptamers
in the ORF8 protein and human proteins [3]

In ORF8 protein
LVFLGIl, 4,
LGITTV, 4,

In human proteins

Zinc finger protein 486, 55

D-2-hydroxyglutarate dehydrogenase,
mitochondrialg,.p6q

KLGSLVWV gy 40 Sodium leak channel non-selective proteings 4

In this case, two heptamers merge into a decamer L, - V.
Due to the fusion of two heptamers into a decamer L, - V5, the
ORF8 can be involved in provoking an autoimmune response.

ORF9b protein

ORF9b protein molecule consists of 97 amino acid
residues:

MDPKISEMHPALRLVDPQIQLAVTRMENAVGRDQNNVGP
KVYPIILRLGSPLSLNMARKTLNSLEDKAFQLTPIAVQMTKLAT
TEELPDEFVVVTVK

In the ORF9b protein molecule, there are six hepta- / octamers,
homologous to human proteins (Table 12).

Some of these hepta- / octamers merge into octamer L,5— N
and decamer Tgy — V.

Octamer ELPDEFVVg, g, is homologous to the Maestro heat-
like repeat-containing protein family member 2B, which may
play a role in the sperm capacitation [23]. Male reproductive
dysfunction has been proposed as a likely consequence of
COVID-19 [24].

After the destruction of the SARS CoV-2 virion, ORF9b can
take part in provoking an autoimmune response. This protein
plays a special role in hijacking mitochondrial metabolic processes
in COVID-19 infection [25].

ORF10 protein

ORF10 protein (traditional name, but more correctly:
polypeptide) molecule consists of 38 amino acid residues:

MGYINVFAIPFTIYSLLLCRMNSRSYTAQVGIVNFNLT
In the molecule, there is no heptamers homologous to human
proteins.
ORF14 protein

ORF14 protein (synonym: ORF9c) molecule consists of 73
amino acid residues:

MLQSCYNFLKEQHCQKASTQKGAEAAVKPLLVPHHVVATVQEI
QLQAAVGELLLLEWLAMAVMLLLLCCCLTD

In the molecule, there is no heptamers homologous to human
proteins.
Replicase polyprotein RPP 1a

Replicase polyprotein 1a (RPP 1a) consists of 4405 amino
acid residues.
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MESLVPGFNEKTHVQLSLPVLQVRDVLVRGFGDSVEEVLSEARQHLKDGTCGL
VEVEKGVLPQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVL
VPHVGEIPVAYRKVLLRKNGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQEN
WNTKHSSGVTRELMRELNGGAYTRYVDNNFCGPDGYPLECIKDLLARAGKASCT
LSEQLDFIDTKRGVYCCREHEHEIAWYTERSEKSYELQTPFEIKLAKKFDTFN
GECPNFVFPLNSIIKTIQPRVEKKKLDGFMGRIRSVYPVASPNECNQMCLSTLM
KCDHCGETSWQTGDFVKATCEFCGTENLTKEGATTCGYLPQNAVVKIYCPACH
NSEVGPEHSLAEYHNESGLKTILRKGGRTIAFGGCVFSYVGCHNKCAYWVPRA
SANIGCNHTGVVGEGSEGLNDNLLEILQKEKVNINIVGDFKLNEEIAIILASFSAS
TSAFVETVKGLDYKAFKQIVESCGNFKVTKGKAKKGAWNIGEQKSILSPLYAFA
SEAARVVRSIFSRTLETAQNSVRVLQKAAITILDGISQYSLRLIDAMMFTSDLATN
NLVVMAYITGGVVQLTSQWLTNIFGTVYEKLKPVLDWLEEKFKEGVEFLRDGW
EIVKFISTCACEIVGGQIVTCAKEIKESVQTFFKLVNKFLALCADSIIIGGAKLKAL
NLGETFVTHSKGLYRKCVKSREETGLLMPLKAPKEIIFLEGETLPTEVLTEEVVLKT
GDLQPLEQPTSEAVEAPLVGTPVCINGLMLLEIKDTEKYCALAPNMMVTNNTFT
LKGGAPTKVTFGDDTVIEVQGYKSVNITFELDERIDKVLNEKCSAYTVELGTEVN
EFACVVADAVIKTLQPVSELLTPLGIDLDEWSMATYYLFDESGEFKLASHMYCS
FYPPDEDEEEGDCEEEEFEPSTQYEYGTEDDYQGKPLEFGATSAALQPEEEQE
EDWLDDDSQQTVGQQDGSEDNQTTTIQTIVEVQPQLEMELTPVVQTIEVNSFSG
YLKLTDNVYIKNADIVEEAKKVKPTVVVNAANVYLKHGGGVAGALNKATNNAM
QVESDDYIATNGPLKVGGSCVLSGHNLAKHCLHVVGPNVNKGEDIQLLKSAYE
NFNQHEVLLAPLLSAGIFGADPIHSLRVCVDTVRTNVYLAVFDKNLYDKLVSSFL
EMKSEKQVEQKIAEIPKEEVKPFITESKPSVEQRKQDDKKIKACVEEVTTTLEE
TKFLTENLLLYIDINGNLHPDSATLVSDIDITFLKKDAPYIVGDVVQEGVLTAVVIP
TKKAGGTTEMLAKALRKVPTDNYITTYPGQGLNGYTVEEAKTVLKKCKSAFYI
LPSIISNEKQEILGTVSWNLREMLAHAEETRKLMPVCVETKAIVSTIQRKYKGIK
IQEGVVDYGARFYFYTSKTTVASLINTLNDLNETLVTMPLGYVTHGLNLEEAAR
YMRSLKVPATVSVSSPDAVTAYNGYLTSSSKTPEEHFIETISLAGSYKDWSYSG
QSTQLGIEFLKRGDKSVYYTSNPTTFHLDGEVITFDNLKTLLSLREVRTIKVFTT
VDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFYVLPNDD
TLRVEAFEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYL
ATALLTLQQIELKFNPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRE
TMSYLFQHANLDSCKRVLNVVCKTCGQQQTTLKGVEAVMYMGTLSYEQFKKG
VQIPCTCGKQATKYLVQQESPFVMMSAPPAQYELKHGTFTCASEYTGNYQCG
HYKHITSKETLYCIDGALLTKSSEYKGPITDVFYKENSYTTTIKPVTYKLDGVVCT
EIDPKLDNYYKKDNSYFTEQPIDLVPNQPYPNASFDNFKFVCDNIKFADDLNQL
TGYKKPASRELKVTFFPDLNGDVVAIDYKHYTPSFKKGAKLLHKPIVWHVNNAT
NKATYKPNTWCIRCLWSTKPVETSNSFDVLKSEDAQGMDNLACEDLKPVSEE
VVENPTIQKDVLECNVKTTEVVGDIILKPANNSLKITEEVGHTDLMAAYVDNSSLT
IKKPNELSRVLGLKTLATHGLAAVNSVPWDTIANYAKPFLNKVVSTTTNIVTRCL
NRVCTNYMPYFFTLLLQLCTFTRSTNSRIKASMPTTIAKNTVKSVGKFCLEASFN
YLKSPNFSKLINHIWFLLLSVCLGSLIYSTAALGVLMSNLGMPSYCTGYREGYLN
STNVTIATYCTGSIPCSVCLSGLDSLDTYPSLETIQITISSFKWDLTAFGLVAEWFL
AYILFTRFFYVLGLAAIMQLFFSYFAVHFISNSWLMWLIINLVQMAPISAMVRMYIF
FASFYYVWKSYVHVVDGCNSSTCMMCYKRNRATRVECTTIVNGVRRSFYVYA
NGGKGFCKLHNWNCVNCDTFCAGSTFISDEVARDLSLQFKRPINPTDQSSYIV
DSVTVKNGSIHLYFDKAGQKTYERHSLSHFVNLDNLRANNTKGSLPINVIVFDG
KSKCEESSAKSASVYYSQLMCQPILLLDQALVSDVGDSAEVAVKMFDAYVNTF
SSTFNVPMEKLKTLVATAEAELAKNVSLDNVLSTFISAARQGFVDSDVETKDV
VECLKLSHQSDIEVTGDSCNNYMLTYNKVENMTPRDLGACIDCSARHINAQVA
KSHNIALIWNVKDFMSLSEQLRKQIRSAAKKNNLPFKLTCATTRQVVNVVTTK
IALKGGKIVNNWLKQLIKVTLVFLFVAAIFYLITPVHVMSKHTDFSSEIIGYKA
IDGGVTRDIASTDTCFANKHADFDTWFSQRGGSYTNDKACPLIAAVITREV
GFVVPGLPGTILRTTNGDFLHFLPRVFSAVGNICYTPSKLIEYTDFATSACVL

AAECTIFKDASGKPVPYCYDTNVLEGSVAYESLRPDTRYVLMDGSIIQFPNT
YLEGSVRVVTTFDSEYCRHGTCERSEAGVCVSTSGRWVLNNDYYRSLPGV
FCGVDAVNLLTNMFTPLIQPIGALDISASIVAGGIVAIVVTCLAYYFMRFRRAF
GEYSHVVAFNTLLFLMSFTVLCLTPVYSFLPGVYSVIYLYLTFYLTNDVSFLA
HIQWMVMFTPLVPFWITIAYIICISTKHFYWFFSNYLKRRVVFNGVSFSTF
EEAALCTFLLNKEMYLKLRSDVLLPLTQYNRYLALYNKYKYFSGAMDTT
SYREAACCHLAKALNDFSNSGSDVLYQPPQTSITSAVLQSGFRKMAFP
SGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLI
RKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPG
QTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSF
CYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAA
VINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDM
CASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQSAVKRTIKGT
HHWLLLTILTSLLVLVQSTQWSLFFFLYENAFLPFAMGIIAMSAFAMMFVKHKH
AFLCLFLLPSLATVAYFNMVYMPASWVMRIMTWLDMVDTSLSGFKLKDCVMY
ASAVVLLILMTARTVYDDGARRVWTLMNVLTLVYKVYYGNALDQAISMWALIISV
TSNYSGVVTTVMFLARGIVFMCVEYCPIFFITGNTLQCIMLVYCFLGYFCTCYFGL
FCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKNSIDAFKLNIKLLGVGGK
PCIKVATVQSKMSDVKCTSVVLLSVLQQLRVESSSKLWAQCVQLHNDILLAKDT
TEAFEKMVSLLSVLLSMQGAVDINKLCEEMLDNRATLQAIASEFSSLPSYAAFAT
AQEAYEQAVANGDSEVVLKKLKKSLNVAKSEFDRDAAMQRKLEKMADQAMTQ
MYKQARSEDKRAKVTSAMQTMLFTMLRKLDNDALNNIINNARDGCVPLNIIPLT
TAAKLMVVIPDYNTYKNTCDGTTFTYASALWEIQQVVDADSKIVQLSEISMDNSP
NLAWPLIVTALRANSAVKLQNNELSPVALRQMSCAAGTTQTACTDDNALAYYN
TTKGGRFVLALLSDLQDLKWARFPKSDGTGTIYTELEPPCRFVTDTPKGPKVK
YLYFIKGLNNLNRGMVLGSLAATVRLQAGNATEVPANSTVLSFCAFAVDAAKAY
KDYLASGGQPITNCVKMLCTHTGTGQAITVTPEANMDQESFGGASCCLYCRCH
IDHPNPKGFCDLKGKYVQIPTTCANDPVGFTLKNTVCTVCGMWKGYGCSCDQL
REPMLQSADAQSFLNGFAV

In the RPP 1a molecule, there are eleven octamers (Table 13)
and more than a hundred heptamers homologous to human proteins.

Some of the octamers are found in more than one hu-
man protein, some fold into long n-mers, for example 16-mer
EDIQLLKSAYENFNQH, 5 114, 14-mer EVEKGVLPQLEQPY g5
and 13-mer SVEEVLSEARQHL;, 4. The question of the participa-
tion of this large molecule in provoking an autoimmune response
requires further study.

Replicase polyprotein RPP 1ab

Replicase polyprotein 1ab (RPP 1ab) consists of 7096 amino
acid residues. In the RPP 1ab molecule, there are 210 hepta- /
octamer homologous to human proteins. Some of them fold into
long (more than 15 amino acid residues) n-mers. The role of this
huge molecule in provoking an autoimmune response also re-
quires study.

EVASION AND PROVOCATION OF AUTOIMMUNE RESPONSE

Based on the fact that the external SARS CoV-2 proteins are
the first to contact host's immune system, while the internal proteins
are only the second, it would be reasonable to divide the proteins
of the virus into external and internal proteins. The difference from
the generally accepted classification (structural / nonstructural) is
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Table 13

Localization of homologous octamers
in RPP 1a and human proteins [3, adapted]

In Replicase ;
. In human proteins

polyprotein 1a

SVEEVLS;, 4 FLJ00176 protein (Fragment)yg).os6

SEARQHL 4 46 Cytokine-inducible inhibitor

of signaling type Vg5 10
EVEKGVLPg, Bifunctional heparan sulfate
N-deacetylase/N-sulfotransferase 1,141

ESGLKTIL;4.397 Annexin A7 04 411
REETGLLM;,4.734 Estrogen-related receptor gammay 4,

GGSCVLSGy4gg.1107
DIQLLKSA 1571134

Sorting nexin-27 1511

Echinoderm microtubule-associated
protein-like 14545

RRSFYVYA, 4312438 Transmembrane protein

adipocyte-associated 1,y5.53

AKKNNLPF 733 9740 Acyl-CoA:lysophosphatidylglycerol
acyltransferase 1,gq.906
YNYEPLTQ3500.3507 DNA helicasegq 506
SLKELLQN550.3537 Centromere protein l,gq.s03
DTSLSGFKs471.3675 Solute carrier family 12 member 7gg5.400,
PEANMDQE ;315.4319 Arachidonate 5-lipoxygenase-activating

proteins, g

minimal. The first group includes proteins S, E and M, the se-
cond — all the others, including the N protein. We will consider
proteins of the first group as participants in the processes of mi-
micry and the second as provocateurs of an autoimmune response.

External proteins and mimicry

In the IT terminology, the word evasion means bypassing an
information security device to deliver malware without being de-
tected by the recipient. Virologists have long been familiar with
viral immune evasion, having a variety of expressions to describe
it, such as: to avoid the immune response, to outwit the immune
system, to outmaneuver your hosts, to subvert the host cellular
response, viral mimicry, camouflage, subversion and piracy. The
growing virulence of SARS CoV-2 indicates that the virus’s ability
to deceive the innate immune system improves with some new
mutations.

To mislead the immune system, the virus could have hijacked
some regions of the genetic code from previous hosts. That
makes its proteins similar to human proteins. Knowledge of the
homology between the virus and human proteins might help un-
derstand the mechanisms of mimicry in the moment of infection
and during the subsequent autoimmune response.

For evasion to occur, the virus must appear in front of the
immune system and tell it: don’t shoot! | am one of you! The tra-
ditional naming of a password is not suitable for such a message,

since a password, by definition, must be known by a very limited
number of people or devices. Virology needs a term for a univer-
sal password, known to an unlimited number of participants on
both sides of the information exchange. There is a suitable term in
IT — shibboleth. Reported to a computer security system without
distortion, the shibboleth allows an intruder (person or device) to
gain access to the desired resources.

The word shibboleth, borrowed from the Bible (Judges 12:
5-6), is used by linguists and literary men (see Shitbroleeth in
episode 16 of Ulysses by James Joyce), from whom psycholo-
gists and psychiatrists adopted it. Dr Dmitry Kormilets in a private
communication suggested using this term in virology as well. In
our interpretation, shibboleth is an area of the surface of viri-
on, according to which the immune system must mistakenly re-
cognize the virus as a part of the host organism and turn off the
mechanisms designed to inactivate and / or destroy the intruder.

Some viral proteins are homologues of human proteins. It ap-
pears they have been hijacked from the host and included in their
own genomes [26].

Tables 3-6 show a lot of motifs common to the external SARS
CoV-2 proteins and humans. Which of them are directly involved
in mimicry, it is now impossible to say. One can only point to the
motifs in the most functionally important regions of the external
proteins of SARS CoV-2 and human proteins. In addition, those
regions of the external proteins of SARS CoV-2, in which the fre-
quency of occurrence of homologous regions is the highest, de-
serve special attention.

Perhaps this is how the SARS CoV-2 protects its most impor-
tant site (RBD) from the immune system.

The narrow region of the E protein transmembrane domain
contains a variety of motifs homologous to proteins from humans,
food, and intestinal bacteria (Tables 4 and 5). In this regard, the
participation of E protein in mimicry seems to be the most pro-
bable.

In the structure of M protein, there is also a high “concentra-
tion” of motifs homologous to human ones (Table 6). In the pro-
tein M, four heptamers homologues of human proteins are fused
into a decamer V,;—Q;q. The hydrophilic composition indicates a
possible contact with the extracellular environment and the host's
immune system. This outer protein is the second most likely can-
didate for the role of mimicry organizer.

Provoking of Autoimmune Response

The most likely candidate is ORF9b protein. In its small mo-
lecule, regions which are homologous to human proteins account
for 34.0% (33 out of 97), the highest value of this indicator among
all internal proteins. The biggest structural difference is found bet-
ween SARS CoV-2 RF9b protein and similar bat and pangolin
proteins compared to other SARS CoV-2 proteins, which indicates
active mutagenesis [27].

The polyprotein molecules RPP 1a and RPP 1a b are huge,
as is the number of homologous motifs in them. The possibility
that the motifs take part in provoking an autoimmune response
has not yet been proven. Enzymes and especially enzymes of
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the cell cycle are evolutionarily highly conserved. In the process
of disintegration of microorganisms, permanent inhabitants of the
human intestine, peptides homologous to human proteins must be
released into the intestinal lumen. Perhaps it is they who interact
with the host’s immune system and tune it to non-resistance to
virion proteins.

Dysfunction of olfactory and taste receptors

ACE2 protein has been found at high levels in the human
olfactory epithelium. May this explain COVID-19-associated olfac-
tory dysfunction [28]?

In the RPP 1a molecule, heptamers SCGNFKV ., and
AIFYLIT 7559741 @re homologous to human Olfactory receptor pro-
teins 52N2,4, 405 and 2W15, 55, respectively. ORF7b contains a hep-
tamer homologous to the Olfactory receptor protein 7D4 and may
be involved in provoking an autoimmune response, contributing to
olfactory dysfunction. In the RPP 1a, a heptamer LKTLLSL 555 1552
is homologous to the human Bitter taste receptor T2R55,4,_17-

In S protein, the octamer RRARSVAS, 440 iS homologous to
the Amiloride-sensitive sodium channel subunit alpha,y;_,s, Which
is involved in salt taste perception [29].

If homologous motifs in the SARS CoV-2 molecule can trig-
ger an autoimmune response, then these facts may explain why
COVID-19 disease so often affects the sense of smell and taste.

Mutations

Mutations are a mechanism for escaping immune responses
[4]. Among the SARS CoV-2 proteins, protein S has been studied
for mutations. Of the external proteins, it is the most susceptible
to mutation [27].

The differences of human S-proteins from Asia, Africa, Europe,
North America, South America and Oceania from the reference
sequence of the SARS CoV-2 Wuhan-Hu-1 protein, China, are
described. There were found 9654 mutations, which correspond
to 400 different sites of mutations. RBD alone contained 44 mu-
tations [30]. Of course, far from all of the effects of these muta-
tions have now been studied. Fortunately, not all of them matter.
In theory, the mutation can increase, decrease, or not affect the
immune response to the S-protein [4].

The Dg,,G mutation changes the conformation of the S protein
[4]. SARS CoV and SARS CoV-2 recognize the ACE2 receptor
through their S proteins. In the N-terminal domain, the sequences
MESEFR 55,155 and SYLTPG,,;.5, are specific for human SARS
CoV-2. In RBD, the structural determinants for recognizing hu-
man ACE2 are the VGGNY 5449 and EIYQAGSTPCNGV 74453
sequences, as well as the disulfide bridge connecting C,q, and
Cygg [31]. Note that none of the motives mentioned above coincide
with regions homologous to human proteins.

S protein of SARS-CoV-2 variant Delta contains eight muta-
tions, namely TR, Gy4,D, Assgisry RiggGy LusoR, TazgK, PegiR,
and DgsoN [32]. S protein of variant Omicron, the most aggressive,
contains many mutations, namely VoA, Tgsl, G140, Vs, Yiudd,
YigsB, GizoD, Sazils Sa7P, SazsF, KyysN, NyggK, GygeS, SN, Tz,
EgA QuosR, GygS, QugsR, NigrY, YispsH, NegsY, NezgK, and PegH,

several of which overlap with those in the Alpha, Beta, Gamma, or
Delta variants [33,34]. Due to the huge and continuous stream of
data, the topic of mutations in SARS CoV-2 proteins can only be
considered in periodicals for now.

CONCLUSION

Judging by the degree of homology between SARS CoV-2
proteins and humans, the main means of bypassing innate im-
munity (shibboleth) should be the E protein, while the main provo-
cateur of the autoimmune response is the ORF9b protein. Accor-
dingly, the attention of researchers and especially — developers
of vaccines against SARS CoV-2 should be paid primarily to these
two proteins. It also should be taken into consideration that vac-
cines affecting such homologous regions can damage proteins of
the human body.
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Pestome. 5-rugpokeutpuntodan (5-HTP) ncnonb3oBancs ans neYeHus HePBHbIX U NCUXMATPUYECKNX 3aB0NeBaHuNiA,
BKNtoYas fAenpeccuto, 6eCCoHHMLY, anHO3 CHa, XPOHWYECKYI0 Liedhanruio, MO3XeYKOBYI0 aTakcuto. B To xe Bpems bbina
Npou3BeAeHa OLEeHKa NpuMeHeHns 5-HTP gns neyeHns Takux peBmatonornyecknx 3abonesaHui, kak pubpomuanrus
(®M), peBMaTONAHbIN apTPUT U OCTE0APTPUT. HapyLLeHus cHa Npy CUHAPOMAaX, CONPOBOXAAKLLMXCH XPOHUYECKOM
Bonbto, OKa3blBalOT CYLLECTBEHHOE HErAaTUBHOE BAMSHWE HA COLManbHble acnekThbl, NPoBOLMPYOT 6onee paHHee
pasBuUTME aTEPOCKIIEPOTUYECKUX NOPAXEHNA CEPAEYHO-COCYANCTON CUCTEMBI, @ TAKXE MOTYT NPUBOAMUTBL K PA3BUTHIO
Jenpeccuu n TPeBOXHOCTH. 10 AaHHOI TemMaTuKe UMeeTcs 6 cTaTel, B KOTOPbLIX ONuUcaHbl pesynbTaThl neveHuns 346
nauueHToB. Bospact BapbupoBan ot 40 fo 51,1 roga, fons xeHwuH coctasuna ot 22,2 fo 84%. fosuposka 5-HTP
cocTaensina ot 60 mr 4o 4000 mr/neHb, ANMTENbHOCTL HAbNoAEHNsI BapbupoBana oT 4 10 12 Heaenb. B ctaTbsix
OTPaXeHO ynyuyLleHne pasnnuyHbIX CUMNTOMOB (h1BpoMUanTum, BKIOYas CHKEHWE MHTEHCUBHOCTYM 60K, ynyJleHne
KayeCTBa CHa, HaCTPOEHMS 1 06LLero Camo4yBCTBUS, CHUKEHUE TPEBOTU, YCTaNoCTH, YMEHbLUEHNe KONMYEeCTBa YyB-
CTBUTENbHbIX ToYek. MpeanonoxnTensHo, ahdekT cBsazaH ¢ MeTabonnamom 5-HTP B CEpOTOHMH, KOTOPbIN CHUXaET
4yBCTBUTEMNBHOCTb HEPBHBIX OKOHYaHMI K 60NEBLIM CTUMYNaM, U SBNSETCS NPeKypcopoM MenaToHuHa. MoboyHble
adhdekTbl Obinn nerkummn n BapsupoBanu ot 8 0o 30%. 3ToT 0630p nokasbiBaeT, YTo 5-HTP aBnseTcs MHoroobe-
warwwmm n 6esonacHbiM METOAOM NeveHus mbpommanrun. OgHako 3T AaHHble He0BX0AMMO BOCNPOM3BECTY B
Oypywwmx bonee obLWMPHBIX MCCNEA0BaHNAX, B KOTOPble OyayT BKMOYEHbI 4pYrue peBMaTUYECKME COCTOSHUS.
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Abstract. 5-hydroxytryptophan (5-HTP) has been used to treat neurologic and psychiatric diseases, including depression,
insomnia, sleep apnea, cerebellar ataxia, and chronic cepheadaches. On the other hand, it has been prescribed in
a few rheumatic disorders including fibromyalgia, ostheoarthritis, rheumatoid arthritis. Sleep disorders in syndromes
accompanied by chronic pain have a significant negative impact on social aspects, provoke an earlier development of
atherosclerotic lesions of the cardiovascular system, and can also lead to the development of depression and anxiety.
There are 6 articles in this field, including 346 patients. Age varied from 40 to 51.1 years old, and female gender ranged
from 22.2 to 84%. The 5-HTP dosage went from 60 mg to 4.000 mg a day. The study follow-up ranged from 4 weeks
to 12 months. All of these articles demonstrated improvements in diverse fibromyalgia (FM) symptoms, including
decreased pain intensity, improved sleep quality, improved mood and overall well-being, decreased anxiety, decreased
fatigue, and decreased number of tender points. Presumably, the effect is associated with the metabolism of 5-HTP
into serotonin, which is believed to decrease the sensitization of nerve endings associated with pain receptors. In
addition, serotonin is a precursor of melatonin. Side effects were mild and varied from 8% to 30%. This review shows
that 5-HTP is a promising and safe therapy for fibromyalgia. However, the data needs to be reproduced in future more

extensive studies, including other rheumatic conditions.

Key words: 5-hydroxytriptophan; 5-HTP; triptophan; rheumatic diseases; fibromyalgia.

INTRODUCTION

Tryptophan is an essential amino acid and a precursor of the
neurotransmitter serotonin. Tryptophan metabolites, such as sero-
tonin and melatonin, are thought to participate in regulating mood,
sleep, pain sensituvity, and tryptophan is used to treat insomnia,
sleep apnea, and depression [8]. 5-HTP is an aromatic aminoacid
naturally synthesized from the essential aminoacid L-tryptophan.
In addition to depression, the therapeutic administration of 5-HTP
is effective in treating various medical disorders, including fibro-
myalgia, ostheoarthritis, insomnia, cerebellar ataxia, and chronic
cepheadaches [3].

Treatment of sleep disorders is one of the key aspects of the-
rapy for rheumatic patients with chronic pain syndromes such as
fibromyalgia (including that syndrome as a variant of long COVID
and post-COVID health disorders), osteoarthritis, and rheumatoid
arthritis. Insomnia has a significant negative impact on social as-
pects, the development of atherosclerotic cardiovascular diseases,
and the onset of anxiety and depression. Given an aging popula-
tion, constant use of electronic devices, and increased levels of
stress, the problem of safe correction of sleep disorders becomes
particularly challenging and relevant, where 5-HTP may find its
place [1].

Tryptophan serves as the sole substrate for the synthesis of
the biogenic amine serotonin, which is primarily produced in the
distal parts of the gastrointestinal tract (90%) and to a lesser extent
in the central nervous system (10%) [1]. Furthermore, tryptophan

bioavailability could contribute to the activity of inflammatory
system [19], that is often deeply disturbed in rheumatic patients.
T-reg lymphocytes alter bioavailability of tryptophan by their en-
zyme indoloxidase (IDO), thus regulating T17/Treg balance and
intensity of some autoimmune reactions as well [6, 7]. A signifi-
cant portion of tryptophan is obtained from protein-rich food and
metabolized in the gastrointestinal tract by gut microbiota, for-
ming a range of biologically active molecules, including ligands
for aryl hydrocarbon receptor. Tryptophan is also converted into
kynurenines by immune system cells and epithelial cells of the
intestine [1, 2]. 5-HTP may play a role in autoimmune diseases.
In fact, in a mouse model for psoriasiform dermatitis, Hu et al.
showed that 5-HTP reduced the cumulative scores and epidermal
thickness and also reduced local and systemic inflammation bio-
markers, including interleukin-6, the differentiation of IFN-y- and
IL-17A-expressing and related cytokine production (TNF-a, IL-6,
IL-17A, and IFN-y) in splenocytes [10]. Therefore, it is reasonable
to speculate if 5-HTP may play a role in rheumatic diseases, in-
cluding fibromyalgia and inflammatory conditions.

Theoretically, application of this amino acid and its derivatives
in autoimmune disorders may result in some unequivocal sequels,
because of its different influences on tryptophan bio-availability
under various states of T-regs in concrete patients [6, 7]. For
example, there were series of studies documenting a connec-
tion between consuming of tryptophan dimers and provocation of
eosinophilia-myalgia syndrome (EMS) in patients and experimen-
tal animals [4, 21]. Moreover, it was postulated that such dimers
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may incorporate into primary structure of proteins thus creating
neoantigens and promoting autoimmunity [4].

Therefore, there is a need to review existing data on practical
use of 5-HPT in rheumatology in order to evaluate its perspective.
This study aimed to systematically review the articles that used
5-HTP to treat rheumatic diseases.

LITERATURE REVIEW

A systematic search of articles published in PubMed/
MEDLINE, EMBASE, elibrary.ru and Scielo from 1966 to Oc-
tober 2023 using the following MeSH entry terms: “5-HTP”
OR “5-hydroxytryptophan” OR *“tryptophan” AND ‘“rheumatic”
OR “rheumatologic” OR “systemic lupus erythematosus” OR
“lupus” OR “fibromyalgia” OR “rheumatoid arthritis” OR “spon-
dyloarthritis” OR “Sjogren’s syndrome” OR “ myositis” OR *
systemic sclerosis” OR “vasculitis” OR “Takayasu disease” OR
“Wegener’s disease” OR “granulomatosis with polyangiitis” OR
“Kawasaki's disease” OR “polyarteritis nodosa” OR “Livedoid
vasculitis” OR Churg-Strauss” OR “eosinophilic granulomatosis
with polyangiitis” OR “osteoarthritis” OR “gout”. The Russian
equivalents were used for analysis of elibrary.ru database. The
search had no language restriction. The reference lists of the
selected articles were analyzed to identify other publications.

Two authors (JFC and AL) initially performed the literature
search and independently selected the study abstracts. In the
second stage, the same reviewers independently read the full-
text articles selected by abstracts. The authors followed PRISMA
guidelines [15]. Finally, a standardized form was designed to ext-
ract the information from relevant articles, including authors, year
of publication, number of patients studied, demographic data,
disease duration, study follow-up, 5-HTP posology, outcomes,
and side effects. The same work with cyrillic sources was per-
formed by Russian team members.

Table 1 summarizes the search results on 5-HTP treatment in
fibromyalgia subjects [5, 9, 11, 14, 17, 18].

There are 6 articles in this field, including 346 patients. The
countries that produced these articles were Italy (n=3), followed
by Spain (n=2), Canada, and the United Kingdom (n=1). To date,
we did not meet any academic or scientific publications in Rus-
sian, describing the studies related to the use of 5-HTP in rheu-
matology.

Most studies had a randomized controlled design trial as the
study design (n=2), followed by double-blinded (n=1), prospective
(n=1), open trial (n=1), and case report (n=1). Age varied from 40
to 51.1 years old, and female gender ranged from 22.2 to 84%.
The 5-HTP dosage went from 60mg to 4,000 mg/day. The study
follow-up ranged from 4 weeks to 12 months.

All these articles demonstrated improvements in the diverse
FM parameters, since pain intensity, sleep quality, well-being,
anxiety and mood symptoms, tender points count, and fatigue.
Side effects were mild and varied from 8 to 30%.

This is the first study to systematically review the therapeutic
effects of 5-HTP in all rheumatic diseases. Serotonin is the neu-

rotransmitter that mediates slow-wave sleep and plays an essen-
tial role in pain perception. Moldofsky and Warsh have proposed
that primary fiboromyalgia syndrome may result from an insufficient
concentration of circulating tryptophan, which then fails to provide
adequate serotonin for maintaining slow-wave sleep [12].

Serotonin (5-hydroxytryptamine), which was discovered in the
blood over 40 years ago [13], has subsequently been located in
many parts of the body and has been shown to exert numerous
effects on several body systems, including the brain and the gast-
ro-intestinal tract, Reports of reduced blood serotonin concent-
rations in patients with FM and the symptomatic relief of these
patients using tricyclic antidepressants, which probably act by
blocking the reuptake of biogenic amines at nerve terminals, have
implied the potential value of serotonin in the treatment of patients
with FM [16].

In the absence of supplementation with 5-HTP, the amount
of endogenous 5-HTP available for serotonin synthesis depends
on the availability of the amino acid tryptophan and the activity of
various enzymes, especially tryptophan hydroxylase, indoleamine
2,3-dioxygenase, and tryptophan 2,3-dioxygenase. In addition,
the amount of 5-HTP reaching the central nervous system is af-
fected by the extent to which 5-HTP is transformed to serotonin in
the peripherical tissues [20].

Thus, in the context of treating rheumatological conditions
such as fibromyalgia and osteoarthritis, 5-HTP may have several
potential advantages.

1. Mood correction: rheumatological conditions can be accom-
panied by depression or mood disturbances. 5-HTP, a precursor
to serotonin which plays a key role in mood regulation, may help
increase serotonin levels in the brain and improve quality of life in
patients with rheumatological conditions.

2. Sleep improvement: Pain from rheumatological conditions
can significantly disrupt a patient’s sleep quality. Serotonin is
a precursor to the melatonin, one of the main regulators of the
sleep-wake cycle. 5-HTP may help increase melatonin levels
and improve sleep quality in patients with rheumatological con-
ditions.

3. Reduction of pain sensitivity: Serotonin is involved in the
regulation of pain signals. It is believed that increasing serotonin
levels may decrease the sensitization of nerve endings associa-
ted with pain receptors. 5-HTP, as a precursor to serotonin, may
contribute to increasing its levels and thus reducing pain sensiti-
vity in patients with rheumatological conditions.

This systematic review showed that all studies that evaluated
5-HTP supplementation in fibromyalgia showed at least one be-
nefit, with mild or absent adverse effects. This study’s strengths
are (1) the inclusion of studies with patients with international cri-
teria for rheumatic diseases; and (2) the inclusion of all kinds of
study designs for using 5-HTP in rheumatic diseases, except re-
views, animal studies, and in vitro studies. In this way, the authors
believe all published cases of 5-HTP in rheumatic patients were
collected.

Some limitations were observed in this study. For instance,
no comparison between classical treatments used in rheumatic
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Table 1
Studies of 5-HTP in fibromyalgia
Author, Stu'dy Co- N Age (years Dlseqse 5-HTP dose Follow-up Outcome Side effects
reference | design untry old)/gender | duration (mg/day)
Gbémez- Pilot Spain | 23 51.9+7.2 7.7£6.3 | NA plus magne- | 12 weeks 5-HTP improved: NA
Centeno pros- years sium + Sleep Quality
etal., pective 100% females and coenzyme * Functional capacity
2022 [9] Q10 * Global well-being
of patients.
Martiznez- | Rando- | Spain | 22 4915y, NA 60mg plus 16 weeks 5-HTP improved; NA
Rodriguez |  mized, 100% females magnesium + Trait anxiety (p=0.001),
etal., controlled 60 mg + Self-image perception
2020 [11] trial (p=0.029)
* Mood disturbance
(p=0.001)
Eating disorders
Sharma Case UK 1 40 NA Gradually 4 weeks She has FM and severe Well tolerated
& Barrett, report Ca- increased depression, and after tryp- until 2g/day.
2001 [18] nada Female to 4g/day tophan, she improved her When she
in 2 weeks symptoms. She has been used 4g, she
gainfully employed for more | felt irritability,
than 1 year and remains on agitation,
the drug regimen of tryptop- | racing thoughts,
han 2 g, lorazepam 1 mg, | preoccupation
and oxazepam 25 mg daily | with thoughts
of suicide,
and dysphoria
Sarzi- Open Italy | 50 | 46.6 (27-60) NA 100 mg TID 12 weeks 5-HTP improved: 30% has
Puttini study * Number of tender points a side effect
etal., 86% Females * Anxiety
1992 [17] + Pain intensity
+ Quality of sleep
+ Fatigue
Caruso Double- | ltaly | 50 | 47.8(31-60) NA 100 mg TID 4 weeks * 90% of the physicians 6 5-HTP vs. 3
etal., blinded + and >85% of the patients placebo had
1990 [5] | placebo- 14% females assessed the mild side
controlled « efficacy of SAMe as being effects
trial “very good” or “good.”
+ 18/97 became
asymptomatic.
* The complaint score
dropped
« from 20.3 to 4.5
+ The score of the mental
state rating (feelings)
dropped from
+31.7t0 16.1
Nicolodi Rando- Italy | 200 NA NA 400 mg. 12 months | The combination of MAQOIs | Stomachache
& Sicuteri, | mized, 4 group: with 5-HTP significantly (8%)
1996 [14] | controlled a) amitriptyline, improved fibromyalgia
trial b) pargyline or syndrome as determined
phenelzine, by Visual Analogic Scale,
¢) 5-HTP, whereas the other
d) association of treatments yielded
pargyline poorer benefits.
(or phenelzine)
and 5-HTP
200 mg
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diseases was available for the studied condition. In addition, the
number of participants was low, and the follow-up was short for
the diseases except for osteoarthritis. More important, just one
rheumatic disorder was studied — fibromyalgia. It is reasonable to
evaluate the effect of 5-HTP in other painful conditions associated
with anxiety or depression. Therefore, future studies should
include larger patient samples with more long-term observation,
enabling a better understanding of the course of SAMe in
rheumatic conditions.

CONCLUSION

A few articles in the literature evaluate the effects of 5-HTP in
rheumatological diseases, and only fibromyalgia was assessed.
In Russian scientiific literature this item still is out of scope.
Nevertheless, almost all analyzed studies demonstrated that
5-HTP use is efficacious in treating signs and symptoms of this
rheumatic disease (pain, FM scales, functioning) and with rare
and minor side effects. So, 5-HTP emerges as an exciting option
to be explored in the rheumatological field.

AONONHUTENBbHAA UHOOPMALINA
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Pe3tome. 3nokayecTBeHHble HOBOOGPa30BaHUs ABMSAKOTCA B HACTOSLLEE BPEMS OOHOMN W3 rNaBHbIX MPUYNH CMEPTHOCTY
B BOMbLINHCTBE CTPaH MUPa, B CBA3M C YeM KpaiHe 0CTPO CTOMT BOMPOC pa3paboTku HOBbIX NekapCTBEHHbIX CPeaCcTB
ANs neyveHns paka. Cpean BO3MOXHbIX NEPCNEKTUBHBIX HanpaBneHnn 60pbObl ¢ HAM 0bpalyaeT Ha cebs BHUMaHue
“cnonb3oBaHWe Npenapartos, COAEPKaLLNX OHKONMUTUYECKNE BUPYChI, M NpenapaToB Ha OCHOBE panamuumHa. OH-
KONWUTUYECKWNE BUPYChI, MPEUMYLLECTBEHHO NOpaXatoLue pakoBble KNETKW, OKa3biBAKT NPAMON LUTONUTUYECKUI
ahekT, paspyLuas 3noKa4YeCTBEHHYH ONYX0Sb, @ TaKXe CTUMYNMPYIOT NPOTUBOONYXONEBLIA UMMYHUTET OpraHu3ma.
PanamuunH npeactasnseT cobon MOLHbIN MHIMBUTOP curHanbHoro Nyt mrOR — mechanistic (paHee mammalian)
target of rapamycin. [JokaszaHo, 4To panamuuyH 1 ero aHanory MoryT 3 eKTUBHO NPUMEHATLCS AN TEYEHUS U Npo-
MNaKTUKKL paKa, a Takxe BNUATb Ha NPOLeCCh CTapeHus. B T0 Bpems kak kaxaas rpynna npenapatos B OTAESIbHOCTH
“meeT onpeaeneHHble HefoCTaTkK, CYLECTBYET BOSMOXHOCTb UX HUBENIMPOBAHMS NMPU COBMECTHOM NPUMEHEHNH,
KOTOpOE B psfie UCCIefoBaHNii NoKasano XopoLUniA TepaneBTuYeckuii peaynsrat. CuHepruaHoe 4elcTBrUe OHKONUTY-
YeCKMX BUPYCOB M panamuLmHa CBA3aHO, NPeX e BCero, Co CNocOBHOCTbIO NOCAEAHEro CTUMYNMPOBaTb PENNKALMI0
BMpYCa B NOPaXeHHbIX UM KNeTKax, NpOosiBNsAs B HENOPaXEHHbIX CBOI COBCTBEHHDIN LMTOCTaTUYECKUn 9 dekT. CTu-
MYNMUPOBaHWE pennmkaLuum MOXeT NPOUCXOaMTL Yepes akTueaunio Akt unu yepes nogasneHne mTORC1-3aBucumon
npoaykuun nHtepdepona | tuna. Takxe katanutuieckne nHrnbutopel mTORC1 n mTORC2 ycunusatoT pennmkauunio
BMpYyCa NPOCTOro repneca B pakoBbix kneTkax no ocv elF4E/4EBP. MexaHu3mbl 4eACTBNS OHKONUTUYECKUX BUPYCOB,
panamuyyHa n ux KoMBGUHaLMM Ha 3N10Ka4eCTBEHHbIE KNETKM PaCCMOTPEHbBI B AaHHOM nuTepaTypHOM 0630pe.

KntoueBble cnoBa: mTOR; panamuuuH; pananoru; OHKOIMTUYECKME BUPYChI; KaHLLepOreHes; pak; CTapeHue;
NPOTMBOOMYXONeBbIA MMMyHUTET; T-VEC; BUpYC MUKCOMBI.
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Abstract. Malignant neoplasms are currently one of the main causes of death in most countries of the world, and
therefore the issue of developing new drugs for the treatment of cancer is extremely acute. Among the possible
promising ways to combat it, the use of drugs containing oncolytic viruses and drugs based on rapamycin attracts
attention. Oncolytic viruses (viruses that mainly affect cancer cells) have a direct cytolytic effect, destroying a
malignant tumor, and also stimulate the antitumor immunity of the body. Rapamycin is a potent inhibitor of the mTOR
-mechanical (formerly mammalian) target of rapamycin signaling pathway. It has been proven that rapamycin and its
analogues can be effectively used for the treatment and prevention of cancer, as well as affect the aging process.
While each group of drugs individually has certain disadvantages, there is a possibility of leveling them when used
together, which in a number of studies has shown a good therapeutic result. The synergistic effect of oncolytic viruses
and rapamycin is primarily due to the ability of the latter to stimulate the replication of the virus in the affected cells,
showing its own cytostatic effect in the unaffected ones. Replication stimulation can occur through Akt activation
or through suppression of mTORC1-dependent interferon type | production. Also, the catalytic inhibitors mTORC1
and mTORC2 enhance the replication of the herpes simplex virus in cancer cells along the elF4E/4EBP axis. The
mechanisms of action of oncolytic viruses, rapamycin and their combinations on malignant cells are considered in
this literature review.

Key words: mTOR; rapamycin; rapalogs; oncolytic viruses; carcinogenesis; cancer; aging; antitumor immunity; T-VEC;

myxoma virus.

AKTYAIIbHOCTb

B nocnepHue AecATMNETUS Hay4YHO-TEXHWUYECKMIA MpOrpecc,
B TOM uucrie M B 06nacTi MeuLMHbI, WarHyn faneko Bnepes.
OTO NO3BOMMMO 3HAYNTENBHO YNYULLMTL KAYECTBO XKU3HW NoAE
B GOMbLUMHCTBE CTPaH, a Takke YBENUYUTb €€ MPOJONKMTENb-
HocTb. OfiHaKO AaHHble AOCTUXEHWS OKasanuch ANaneKTUYECKM
CBSi3aHbl C HOBbIMU TPYAHOCTAMM. B YacTHOCTW, 4enoBeyecTBO
CTONKHYNOCb CO CTApeHWeM HaceneHusi, W, COOTBETCTBEHHO,
Tak HasblBaeMbiMi GonesHsamu umBunusauun. Camoii rpo3Hon
naTomnormein cpeamM HuX, HECOMHEHHO, SIBMSIOTCS 3M0KayecT-
BEHHble HOBOOOPAa30BaHMsl, yCTynatwme nNo CMEpPTHOCTU MNMLb
CEepAEeYHO-COCYANCTbIM 3aboneBanusM. Mo MHEHMIO akagemuka
AMH CCCP W.B. [1aBblaoBcKkoro, «kaxablid yMpeT OT paka, HO He
Ka)KAblil 1O HEro JOXMBET», YTO NOAPa3yMEBAET, MO CYTH, HEWU3-
BEXHOCTb Pa3BUTUSI OHKOMOMAW NPK 3HAYUTENBHOM YBENUYEHUM
NPOAOIKATENBHOCTW XM3HU NPKU OTCYTCTBUW Jpyrux 3abonesa-
HWI. HECOMHEHHO, YTO YNCIIO OHKOMOMMYECKNX NaALMEHTOB B BrK-
XKaiilve rofibl OyAET HEYKMNOHHO pacTu, U, criefoBaTenbHO, MOUCK
HOBbIX CMOCOOOB WX fleYeHMst B HACTOSILLee BPEMS aKTyaneH Kak
HUKOrAa.

Xupyprudeckoe BMeLLATENbCTBO, fyYeBasi U XMMUOTEpanus
XOpOLLUO 3apekoMeHaoBanu cebst M cTanu «30M0ThIM CTaHAap-
TOM» JIEYEHIS OHKONOMMYECKIX HOBOOGpa3oBaHuiA. B To xe Bpems
Janeko He Bcerda Aaxe KOMOWHMpOBaHHAs Tepanusi npoXoanTt
ycneLwHo, 0coBeHHO Ha No3aHNX cTagusix oHkonorn. Kpome Toro,
ONst Hee CYLLECTBYET psii MPOTMBOMOKA3aHW, 4acTo BCTpeyalo-
LMXCS Y MWL, MOXWMOro BO3pacTa, a NocNeACTBIUS Takoro NeyeHus
ObIBAOT OYEHb TSKENMbIMU U CAMU MOTYT NPUBECTU K NIETanbHOMY
ncxopy. K nepcnekTBHbIM anbTepHaTUBHbIM HanpaBneHusiM Te-
panui 3110Kka4ecTBEHHbIX HOBOOBPA30BaHNI B HACTOSILLEE BPEMS
MOXHO OTHECTU BMPOTEPanuio C NPUMEHEHUEM OHKOMUTUYECKNX
BMPYCOB, a Takke Tepanuio ¢ MCMOMb30BaHKeM panamuLiHa

€ro aHanoros. MexaHu3Mbl [EACTBUS OHKONMTUYECKMX BUPYCOB,
panamuLHa U UX KOMOWHALMM Ha 3MOKa4eCTBEHHbIE KNEeTKU U
aHanu3 BO3MOXHOCTW WX MPUMEHEHWs KaK pasfenbHo, Tak U B
KOMBWHALMM NPOBOAMTCS B [JaHHOM NUTEpaTypHOM 0630pe.

PANAMULWH

PanamuunH sIBNsieTCs NPOAYKTOM XM3HEAEsTeNbHOCTM Oak-
Tepuin Buga Streptomyces hygroscopicus, koTopble Bbinm 0bHa-
pyxeHbl B 1964 rogy Ha octpoBe [lacxu (Pana-Hyw) kaHagckom
akcneguumen nog pykosoactesom CiopeHa Cerana [1, 37].

[pyroe pacnpocTpaHeHHOe Has3BaHue panamuuuHa —
cuponumyc. Mo cBoel CTPYKType OH SBMSIETCS MakponUnuaoM,
KOTOpbIi B HACTOSILLEE BPEMS MOMYYaKT C UCTONb30BAHUEM TEX-
Homornn GuocuHTEe3a. B xofe MCMbITaHWA BbISCHUNOCh, YTO pa-
namuuuH obnagaeT YHUKanbHbIMU UMMYHOCYNPECCHUBHBIMU, MPO-
TMBOTPUOKOBLIMU U MPOTUBOOMYXOMNEBLIMIA CBONCTBAMU, KOTOPbIE
ObICTPO HaLLMM LIMPOKOe NMPUMEHEHWE B KIMHUYECKON MpaKTHKe,
OfHaKo [JanbHeiilune WCCREAOBaHWs NoKasanu, 4To MpUYKHa
JaHHbIX 3 eKToB ropasfo ¢yHOaMeHTabHee, YeM kasanocb
Ha nepBbIit B3rnaa [1, 37].

mTOR U EFO ®YHKLUU

B 1994 rogy Obin obHapyxeH 6enok, SBNSOWMIACA Heno-
CPEACTBEHHON MULLEHBIO AeicTBNS panamuumHa, — Mechanistic
(paHee mammalian) target of rapamycin (cokpalieHHo — mTOR).
Benok mTOR npepncTaBnsieT cobov cepuH / TPEOHMHOBYIO NPO-
TeuHkHa3y cemeiictea PI3K-kuHas, koTopasi obpasyeT katanu-
TUYeCKylo CyObeanHNLY OBYX PasnuyHbIX BENKOBbIX KOMMIEKCOB:
mTORC1 n mTORC2. 3Tn chepmeHTbI PochopunupytoT apyrue
Oenkn, opmupyst TEM CaMbiM BHYTPUKMNETOYHYI CUTHANbHYHK
cetb mTOR [1, 34].
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YctaHosneHo, 4to mTORC1 wrpaeT LeHTpanbHyl ponb B
koHTpone GanaHca mexay aHabonuamom u katabonmsmom B OT-
BET Ha YCMOBUS OKpYXatoLen cpedbl. Tak, OH akTUBMpyeTCs npu
MOJSTYYEHUM KMETKOM [OCTAaTOYHOTO KOMMYECTBA SHEPTUM, amu-
HOKWCMOT, KUCNOPOAa, Nof AelcTBMEM (PaKTOpOB pocTa (B TOM
uncne crepougHblx ropmoHos). Ctpecc u nospexaenve [OHK,
HanpoTtuB, nogaenatT akTuBHocTb MTORC1 [1, 37, 42]. Cam
mTORC1, B cBOWO 04epedb, CTUMynupyeT TpaHcnsaumo MPHK,
CNocobCTBYET CUHTE3y NMUNWAOB W HYKNEOTWAOB, CABUrAeT Me-
TaboNM3M rMoKO3bl OT OKUCIUTENBHOTO (HOCHOPUNMPOBAHNS
K FIMKonu3y, a Takxke nogaenset cOopky npoTeocoM, buoreHes
nn3ocom u aytodbarmio. Takum obpasom, mTORC1 perynupyet
CBSA3b MeXAay NuUTaHWeM n pocTom knetkm [1, 37, 42)].

mTORC?2, B cBOW 04epesb, aKTUBUPYETCS Takxke Nog AencT-
BWeM (PaKTOpPOB pocTa (B TOM YMCNE MHCYNWUHA) U CTUMYNUPYET
NepecTpoiKy LIMTOCKENEeTa, MUrpaLuio KNeToK, MOHHBIA TpaHc-
nopT, perynupyet mMetabonuam rmoKo3bl U NOAABNSET anonTos.
Takum 06pa3om, OH OTBEYAET 3a BbIKMBaHWE KNETOK ¥ Nponude-
pauuto TkaHen [1, 37, 42].

FTMNEPAKTUBALIUA NYTU mTOR, CTAPEHUE
W KAHLIEPOT'EHE3

Wtak, ouesugHo, yto mTOR perynupyeT npouecchbl xwu3-
HeesaTenbHOCTW KNeTKW W BCEro opraHvama Ha rnybovanem
ypoBHe. lMpumMeyaTensHo, YTO AaHHbBIA CUrHambHbIA NyTb CBOK-
CTBEHEH MPaKTUYECKN BCEM dykapuoTam. B xoae akcnepumeHToB
BbINo yCTaHOBNEHO, 4TO UHrMBUpoBaHue nyTn mTOR panamuum-
HOM MPUBOAUT K 3aMETHOMY YBEMWYEHUKD NPOLOMKUTENBHOCTM
XM3HU BCEX MOZJENbHbIX OPraHM3MOB W KyMbTyp YeNl0BEYECKMX
KneTok. AHanormyHbIM apdekTom obragaet Takke orpaHuyeHne
konnyecTBa nuTaHus 6e3 HegoedaHws, YTO HaBeno uccrego-
BaTenen Ha MbiCfb O B3aUMOCBA3N LaHHbIX aBneHnn [4, 7, 37].
CyuTaetcs, 4To B AMKOW NPUPOAE, rAe KUBOTHbIE CTarKMBaOTCS
C MOCTOSIHHOW HEODXOAMMOCTbIO MOMCKa MWLM 1 NepUoAamm ro-
nogaHusi, aktueHocTb mMTOR MmeeT BONHOOOpa3HbIA XapakTep,
B TO BPEMSI Kak COBPEMEHHbIE NMIOAMN W TabopaTopHbIe KIBOTHbIE
NULLEHBI JAHHOTO CTPecca, B pesynbTaTe Yero B WX opraHu3max
Habnopaetcs ctabunbHas runepaktusauus mTOR [6, 7, 42].
Bbino nokasaHo, Hanpumep, YTO KpaTKOBPEMEHHas runepakTi-
Bauuss mTORC1 npuBoanT K runeptpochum MbilL, 3a CYET po-
CTa KNeToK, 04HaKO AanbHenwas runep@yHKLUMs 4aHHOTO pery-
natopa meTtabonuama npUBOAMT K aTpouu Mbiwl 1 BbICTPON
CMepTH, NPEeAnoNOXNUTENbHO W3-3a MofaBneHus ayTodarum w,
CrnefoBaTenbHO, HapyLeHWsl MpoLeccoB PEMOAENMpOBaHMs
MBILLEYHON TKaHW. ITO ABMSETCH OAHUM M3 BO3MOXHbIX 00BSAC-
HeHWn BnusHUA runepdyHkyn mTOR Ha npouecchl CTapenus
opraHuama [7, 42].

[pyras Teopusi — «KBa3MNPOrpaMMUPOBAHHOE CTapeHey.
OHa rnacuT, 4To CTapeHne eCTb He OTKMKYMBLIASICS BOBPEMS
nporpamma pocta. Tak, mTOR, kak Bbin0 ckasaHo Bbille, OTBe-
YaeT B TOM yucre 3a PoCT KNETKM, OAHAKO, BbINOMHMB CBOK MPo-
rpammy, OH NPOJOMXaeT CBOe AeNCTBIe, YTO NPUBOAUT K Tak Ha-
3bIBaEMOI KNETOYHOM runepdyHKUmN. Takas ycuneHHas paborta,

kak npaBuno, rybutenbHa NS KNETKM, @ Ha YPOBHE OpraHu3ma
nposiBNseTCs Kak ctapenue [1, 11].

lMokasaHo, YTo runepakTuBrpoBaHHbin mMTOR yepes psg npo-
MEXYTOYHBIX 3BEHLEB MPUBOANT K TaKUM SIBMEHWAM, Kak Ypes-
MepHas cTumynauus buocuHTesa benka B kneTke, nogaBneHue
aytocarum n cOopkn NPOTEOCOM, YTO MOXET NPUBOAUTBL K OKMC-
NMTENBHOMY U MPOTEOTOKCUYECKOMY CTPECCY, W, Kak CNeACTBME,
K KNeTO4YHOMY CTapeHuto. 3T, B CBOK 04Yepeab, BedeT k 6onesHu
AnbLreimMepa, aTpouy MblLL, 13BaM W racTpuTy, aHemMuu, 3a-
forneBaHNsAM CyCTaBOB U BbiMaZeHW0 BOMOC, CTapyeckon runep-
nurMeHTauumn koxu. Benuka ponb runepaktusaumm mTOR B nato-
reHese caxapHoro guabera 2-ro Tuna, OXUpeHus, aTepocknepo3a
nt.a [1,3,7, 38, 42].

OueBunaHo, 4To ecnu runepdyHkums mTOR npuBoaNT K CTOMb
OONbLLOMY KONMYeCTBY acCOLMMPOBaHHLIX CO CTapeHneMm 3abo-
NeBaHWN, OHa BefeT W K caMoMy CTapeHuto opraHuama. Kpome
TOTO, YCTaHOBMEHO, YTO B OpraHMaMax NOXWbIX JIOAEN aKkTuB-
HocTb MTOR geAcTBUTENBHO BbILLE, YEM B OpraHu3Max Moro-
OblX, YTO NOATBEPKOAET BbIABMHYTOE Npeanonoxexue [1, 7).

Momumo npovero, runepaktuaums mTOR MoxeT ctumynu-
poBaTh KaHLeporeHes, Ha YeM HeobXxoanUMo ocTaHoBUTbCS Gonee
nogpo6bHo.

YcraHosneHo, yto mTORC1 aktusupyet cepmeHT S6K (pu-
BocomanbHas npoTenHkMHa3a), KOTOpbIM B CBOK 04epedb ¢hoc-
opunupyeT 1 aKTUBMPYET Heckombko cybcTpatos, cnocobcert-
Bytowmx TpaHcnaumn MPHK, Bkmiovasi elF4B (monoxuTenbHbli
perynsatop cea3biBaHus 5'cap komnnekca). Takke S6K nosbiwaeT
3 ekTMBHOCTL TpaHcnsauun cnnancupoBaHHbix MPHK (EJK) 3a
cyet ee Blaumopgenctaus co SKAR (KOMNOHEHTOM 3K30H-Mepe-
X0AHbIX komnniekcos) [27]. Kpome Toro, S6K nopasnsieT geicrane
Oenka 3anporpaMMuUpoBaHHON kneTouHon cmeptn (PDCD4 —
nHrnbutopa elF4B) [14]. B posepieHune, cam mTORC1 uHrmbu-
pyeT peicTsue komnnekca 4EBP (Gerka, cBsasbiBatoLlero ayka-
puoTUdeckuit hakTop uHMLMaLmuu TpaHenauun elF4E) [19]. Bee
BbILUENEPEYNCIIEHHOE MHAYLMPYeT cuHTe3 Gernka B knetke. Kpo-
Me TOro, YCTaHOBIEHO, YTO MOMMMO MOBbILIEHMS 0BLLEr0 YPOBHS
TpaHcnaynm, mTORC1 0CO6EHHO CUMBHO CTUMYNMPYET TpaHC-
nauuo MPHK, GoraTbix NUpUMULMHOBBIMU @30TUCTbIMU OCHOBA-
HWSIMK, KOTOpble KOAMPYKOT TPaHCNALMOHHbIe U pubocoMarbHble
Oernku, a Takke reHbl meTabonuama [41].

N3bbiTouHOe HakonneHne Benka B KNeTke MPUBOANUT K yXyd-
LIEHWNIO €r0 YKNaaKk1, a Takke MOBbILLAET PUCK BO3HUKHOBEHMS
pasnnyHbIX NaTONOMM4YECcKUX ero Mogndmkalni (kapooHunmposa-
HWe, IMUKMPOBaHMWE W IMWNKOKCUAALMS, CluMBaHWe BenkoB ¢ xupa-
vy, ¢ OHK n mexay cobon). Bce 310 NpuBOAMT K Tak HasbiBae-
MOMY MPOTEOTOKCUYECKOMY CTPECCY W HapYLIEHWIO HOPMasbHOM
pabotbl knetku [1, 7].

Kpome Toro, ycuneHHast TpaHcnsumus TpebyeT AONONHNTENb-
HbIX 3aTpaT aHeprun. CTpeMsICb BOCMONHNTL ee HeAOCTaToK, MU~
TOXOHAPWUM BbICTPO BLIXOANAT U3 CTPOS U BbIAENSIOT B LMTOMNA3My
KneTku cBoO6OAHbIE paauKkanbl (akTUBHbIE hOpMbI KuCnopoda M
asoTa). CBoboaHble pagukarnbl MOBLILAT TOKCUYHOCTb MOHOB
Xenesa v Meu, BO3HWKAET OKUCAMTENbHbIA CTPECC, NPUBOAALLMIA
k nospexaeHuno AHK, 6enkos n membpaH [1, 7].
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LIMTOKMHbI, hakTOpbI pOCTa, HYT- Mewm6paHHbie pewentopsl / PanamuumH / Rapamycin
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Immune cells (CD4+ | | | | AyTocbarus / Buioreres nusocom /| | CBopka npoTeocom
T-cells, CD8+ T-cells, ..l. o Autopha Lysosome Proteosome
: phagy biogenesis assembly
B-cells, APC)
eFss | | eFsE | I T T
CTumynsiyns cuHTesa benka / .
AkTuBauus, anddepeHyn- Stimulation of protein synthesis 0603Haq.eva.
Symbols:
poBKa, co3peBaHue, Murpa- E 2
WS, MpOAYKLMS LMTOKNHOB KapBonunupoBaHue, rukupoBaHue, npsmas cBssb /
naHtutenu T.o./ CLUNBaHNE, MOBPEXAEHME MATOXOHAPUI | [ X X enhance or increase
Activation, differentiation, Carbonylation, glycation, crosslinking, e e
maturation, migration, mitochondrial damage MGMT H NDRG1 | oBparHas casiab /
production of cytokines and < + + inhibit or decrease
antibodies, etc. OKUCTMTENbHBIil 1 MPOTEOTOKCMYECKMI N MospexaeHue AHK /
ctpecc / Oxidative and proteotoxic stress DNA damage UHble CBSau /
+ other interactions
KneTouHoe crapenue / Cellular aging | p53
Y v v v
/IMMyHHbIt 0TBET / CrapeHue opraHuama / I TNFa |->| TKKB |—|-| TSC |—|—| Rheb I-—
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XpOHMHeCKoe Bocnanexue /
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/ \ A v
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Puc. 1. Cgsizb curHanbHoro nyt mTOR ¢ npoueccom kaHueporeHe3a (coctaBneHo bapaHoBbim U.A.). IL-2 — nHTepnelikuH-2; IFNy — uH-
TepthepoH ramma; AMK — aHTUreHnpeacraBnstowme knetkn; S6K — pubocomanbHas S6-kuHasa; 4EBP — Genok, cBA3bIBaKOLWMIA
¢hakTop MHMLUMaumn TpaHcnaumK aykapuot 4E; SKAR — KOMNOHEHT 3k30H-nepexoAHbIX komnnekcoB; PDCD4 — Genok nporpam-
MupyeMoii kneTouyHou rnbenu 4; elF4B — chakTop nHUUMaLum TpaHcnsAumMm aykapuoT 4B; elFAE — chakTop MHMLMaUmMK TpaHCRALUKN
aykapuot 4E; ATG14L — cBsA3aHHbIN ¢ ayTodbarueii komnnekc 14; ULK1 — unc-51-nogo6Has kuHa3a, akTuBmMpytowas aytodarmio 1;
TFEB — daktop TpaHckpunumu EB; ERK5 — kuHa3a, perynupyemas BHekneTouHbIM curHanom 5; MGMT — O6-ankunryaHuHoBas
DHK-ankunTtpaHcdepasa; NDRG1 — N-myc, perynupyembiii Huxke no TedeHuio 1; p53 — cBsizaHHbIN ¢ TpaHcgopmaumen Genok
53; TNFa — dakTop Hekpo3za onyxonu anbda; TSC — komnnekc Ty6eposHoro ckneposa; Rheb — romonor Ras, oboraileHHbIN B
moz3re; IL-1 — nHTepnelikun-1; SGK — kuHasa, perynupyemas coiBopoTtkoi/rntokokoptukouaamm; Akt — RAC-anbcha cepuH/Tpeo-
HUH-NpoTenHkMHa3a; Fox01/3a — pa3aBoeHHbIN 6nok 01/3a
Fig. 1.  The connection of the mTOR signaling pathway with the process of carcinogenesis (compiled by Baranov I.A.). IL-2 — interleukin-2;

IFNy — interferon gamma; APK — antigen-presenting cells; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic Translation Initiation
Factor 4E Binding Protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell death protein 4; elF4B —
eukaryotic translation initiation factor 4B; elF4E — eukaryotic translation initiation factor 4E; ATG14L — autophagy related 14;
ULK1 — unc-51 like autophagy activating kinase 1; TFEB — Transcription factor EB; ERK5 — extracellular signal-regulated kinase
5, MGMT — O6-alkylguanine DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related
protein 53; TNFa — tumor necrosis factor alpha; TSC — tuberous sclerosis complex; Rheb — Ras homolog enriched in brain;
IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase; Akt — RAC-alpha serine/threonine-protein kinase; FoxO1/3a —
forkhead box protein O1/3a
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B Hopme noBpexaeHHble MOMEeKynbl W OpraHoMAbl AOMXHbI
YHUYTOXATbCA MpU MOMOLM npoTeocoM W aytodarun. OgHako
mTORC1 6nokupyeT 3Th npouecchl. OH noaaBnseT aencTBre Ta-
kWX BaxHbIX akTueaTopoB aytodarum, kak ULK1 (kuHasa) u kom-
nnekc ATG14L [24], nogasnseT geicTBue daktopa TpaHCKpun-
UMN NU3ocoManbHbIX Tuaponas u membpanHbix 6enkos (TFEB)
[29], a Takke CHWxaeT akTWBHOCTb komnnekca Erk5, yto npuso-
BMT K YMEHbLUEHMIO konnyecTBa benkoB-LuanepoHoB, obecneym-
BatoLmx conauHr Genka, n HapylwaeT cbopky npoteocom [35].
OTO TOMbKO YCyrybnser NpOTEOTOKCUYECKUA W OKUCTIUTENbHbIN
CTpecchl, KOTOPbIE, B CBOK 04eEPesb, MPUBOAAT K NOBPEXAEHNIO
monekyn [HK u, cremoBaTenbHO, K 3MOKaYeCTBEHHOMY mnepe-
poxaeHuto kneTok. MNogaeneHne metuntpaHcgepassl MGMT u
perynatopHoro 6enka NDRG1 Takke cnocobCTByeT HakonneHnto
owwubok B reHome [13].

Kpome Toro, kaHLeporeHesy crnocobCcTBYeT runepaKkTyBMpo-
BaHHbIA komnnekc mMTORC2. OH aktusupyeT SGK (knHasy) —
uHrnbutop cyberpata FoxO1/3a, yto npepoTBpallaeT anonTos
kneTku [16]. Bmecte ¢ atTum mTORC2 aktuBupyeTt Akt (kntoueBon
3(hheKTOp CUrHanM3aununM UHCYNUHA), KOTOPbIA LOMOMHUTENBHO
nogaenset cyberpat FoxO1/3a, a Takke CTUMynupyeT nponu-
tepaumio [36]. Kpome Toro, mTORC2 cnocobeTByeT cekpeLyn
nHTepnenkuHa-1 (IL-1), KOTOpbIA aKTUBMPYET aHrnoreHes B pac-
TyLei onyxonu [25].

TNFa (caktop Hekposa omnyxonu a) cnocobeH Bbi3biBaTb
ObICTPbI Temopparyyeckuin Hekpo3 psiga onyxonei. OpHako
OH Xe MOXeT B 6OMbLIOM KONMYeCTBe BblAENATbCs CTapeioLm-
MK knetkamm n aktueupoatb mMTORC1 yepe3 wHrnbuposaHue
TSC (komnnekc TyOepo3HOro ckneposa — rnaBHbIA UHMMOBUTOP
mTORC1), obpasys NOpoYHbIA Kpyr. OTO MPUBOAUT K XPOHWYe-

CKOMY BOCManeHno B OpraHuamMe noxunbix MoAen, YTo camo no
cebe MOXeT BbI3blBaTb HEKOTOPble 3aboneBanus [1, 5, 37].

VHTEpECHO, YTO MyTauumm, CBA3aHHble ¢ HepocTaTkom TSC,
NPMBOLAT K Pa3BUTUIO MOMMUCUCTEMHOMO ONyXoneBoro 3abonesa-
HW1s — Ty6epo3HOro ckneposa [2]. Heobxoanmo Takke ynoMmsiHyTh
0 PONW LUMPOKO M3BECTHOTO Tenepb Oenka p53, KOTOpLIA akTUBK-
pyeT TSC 1 Tem cambIM NOAABNSET OMyXoneBbIA pocT [21].

Kpome Toro, B HacTosiLiee Bpems cuutaetcs, yto mTOR saBns-
€TCS1 LIeHTpasbHbIM PETYNSTOPOM UMMYHHBIX peakuuit. B yactHocTh,
mTOR, no-uaumomy, (PYHKUMOHMPYET Kak LieHTparbHbIA y3en B
CUrHarnbHOM Kackage, KOTOPbIii HAMPaBMSET MHTETPALMIO Pa3nnYHbIX
(hakTOpOB BHELLUHEN CPeabl B UMMYHHYO Mukpocpeay [33, 37].

Tak, pacnosHaBaHWe aHTUreHoB T-KNETOYHbIM PELenTopoM,
LMTOKMHBI, PaKTOPbl POCTa, HYTPUEHTbI U KOCTUMYMALMS NpHUBO-
BaT K aktuBaumm mTOR B CD4* T-kneTkax yepe3 MemOpaHHble
peLenTopbl, 4TO, B CBOIO OYepedb, BedeT K UX akTuBauuu, oud-
(bepeHLMpoBKe, Nponndepaummn, a Takke K NpuobpeTeHunio ne-
pudbepuyeckoit TonepaHTHOCTH. AHanormyHble npoueccsl B CD8*
T-kneTkax Be4yT TaKKe K UX akTuBaLuu, AndepeHLpoBKe, Mur-
pauuu n opmuposaHuio namsTu [33, 37].

HekoTopble Apyrue akTopbl BHEKNETOYHOW CUrHanuaauuu
Takke npu nocpegHnyectBe MTOR BbI3bIBAKOT aKTUBALWO, CO-
3peBaHue, pacnpoCTpaHeHne aHTUreHNPE3EHTUPYIOLLMX KIETOK,
NPOZYKLMIO UMW LIUTOKMHOB 1 MOMekyn koctumynsauum [33, 37].

B B-numdoumTax 3T0 NPUBOAMT K WX aKTWBaLMW, CO3peBa-
HWH0, AN depPEHLMPOBKE, MPOAYKLAN UMW @HTUTEN U BbhKMBAHWIO
[33, 37].

Kpome Toro, mTORC1 ctumynupyet cuHTe3 T-knetkamu uH-
TepnenkuHa-2 (IL-2) n caktopa Hekposa onyxonu-y (TNFy), Tak-
e UrpatoLLmx BaXHYH porb B perynsuun MMMyHHoro oteeTa [28].

Tabnuya 1

WUHruomtopsl mTOR, ofo6peHHbIe YnpaBneHWeM No KOHTPOMIO 3a NPpoAyKTamMu nuTaHnsa u nekapcteamu (FDA)
Ana neveHus paka yenoseka (CLLA) [32]

Table 1

mTOR inhibitors approved by the Food and Drug Administration (FDA) for the treatment of human cancer (USA) [32]

lMpenapat (ToproBoe Ha3BaHwe) /
Drug (trade name)

lNokasaHus / Indications

[ata yTBepxaeHus /
Approval date

Cuponumyc (PanamyH) /
Sirolimus (Rapamune)

JiumdbaHrnoneiommnomatos / Lymphangioleiomyomatosis

Asryct 2000 . /
August 2000

Temcvuponumyc (Topusen) /
Temsirolimus (Torisel)

MoyeyHo-kneTouHbIN pak / Renal cell carcinoma

Mait 2007 r. / May 2007

OBeponumyc (AduHutop)/ /
Everolimus (Afinitor)

+ MoyeyHo-kneTouHbI pak / Renal cell carcinoma. Mapt 2009 .,
+ MporpeccupyoLnin pak MonoyHoi xenessl HR+ / asryct 2012r.,
Advanced HR+ breast cancer. cespanb 2016 1./
* [MporpeccupytolLe HeMpPOIHAOKPUHHBIE OMYXONY NOMAKENYA0YHON Kenesbl, March 2009
XENyA04YHO-KMLLEYHOTO TpakTa unm nerkux / Progressive neuroendocrine August 2012,
tumors of pancreatic origin, of gastrointestinal or lung origin. February 2016

* AHrnomuonunoma noyku / Angiomyolipoma of the kidney.
+ CybaneHanMarnbHas rmraHTokNeTouHas acTpoLMToMa, accoummnpoBaHHas
¢ komnnekcom TybeposHoro ckneposa (TSC) / Subependymal giant cell
astrocytoma associated with tuberous sclerosis complex (TSC)
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PaznuyHoe BnusiHe Ha pakoBble KNETKW panamuuuHa, KaTanuTuyeckux uHrmbutopoB mTOR u ux coyetaHus ¢ MHrMGUTOpamm

aytocparun. S6K — pubocomanbHasa S6-kuHasa; 4EBP — Genok, cBsisbiBarowmin haktop MHMLMALMKU TpaHCnsAuMKU dykapuoT 4E;
elF4B — ¢pakTop nHuumaumm Tpancnauum aykapmort 4B; elF4E — cpakTop nHuumaumm Tpancnauum aykapuot 4E; Akt — RAC-anbcha
cepuH/TpeoHUH-npoTenHkuHasa; SGK — kuHasa, perynupyemas cbiBopoTkoii/rniokokopTukoupamu; FoxO1/3a — pa3aBoeHHbIN

6nok O1/3a
Fig. 2.

Different effects of rapamycin, mTOR catalytic inhibitors and their combination with autophagy inhibitors on cancer cells. S6K —

Ribosomal S6 Kinase; 4EBP — Eukaryotic Translation Initiation Factor 4E Binding Protein; elF4B — eukaryotic translation initiation
factor 4B; elF4E — eukaryotic translation initiation factor 4E; Akt — RAC-alpha serine/threonine-protein kinase; SGK - serum/
glucocorticoid regulated kinase; Fox01/3a — forkhead box 01/3a

/IMeHHO 3TO NO3BONMMO MCNONb30BaThL panaMULMH B Ka4ecT-
Be MMMYHoCynpeccopa. Bce BbllenepeyncrieHHble B3aMMOCBS3N
HarnsgHo npeAcTaBneHbl B Buae obobLuatowein cxembl (puc. 1).

WHIMBUTOPbI mTOR
B MPOTMBOONYXONEBOW TEPANWUU

Takum obpasom, oueBuaHo, 4To MTOR oka3biBaeT gBOsKOE
[efCcTBMe Ha NpoLEecC KaHLeporeHesa, ¢ O4HOM CTOPOHbI aKTh-
BUPYS, a C ApYron — nogaenss ero. IMeHHo 310 Bbi3Bano Tpya-
HOCTU Npw pa3paboTke NPOTMBOOMYXONEBON TEpAnuM Ha OCHOBE
panamuuHa. B nepByk o4epenb, 3To kacaetcs nogbopa apek-
BaTHbIX A03 npenapata. Kak 6bino ckasaHo Bbiwe, MTOR sB-
NAETCA OOHWUM U3 BaXHEWLUMX PEerynsTopoB MMMYHHOTO OTBETA.
PanamuuyH, Mcnomnb3yemblil kak UMMYHOCYMPECCAHT MpuW TpaHC-
NMaHTaLuu OpraHoB, MOAaBMsET TaKKe WM MPOTUBOOMYXONEBbIA
UMMYHUTET N MOXeT CTUMYNUpoBaThb kaHueporeHes [31, 33]. K-

TEPECHO, YTO NOAABNATL NPOTUBOOMYXONEBbI MMMYHUTET MOXET
TaKke aucbanaHc cobCTBEHHON MUKPOBKOTLI YenoBeka [8].
OpHako 3T0 He MeLuaeT NPUMEHsITb panaMuLMH 1 ero aHano-
T B Tepanuy 3noka4yecTBeHHbIX HOBOOBpa3oBaHuil 3a CYeT TLia-
TenbHOro noabopa adeKTUBHbIX 03, UCXOAS U3 COOTHOLLEHNS
Bpeda W nomb3bl AN NaLMeHTa B KaX4OM KOHKPETHOM Cryyae,
4TO, B CBOK 04epesb, CTAHOBUTCS BO3MOXHLIM Gnaropapst 4o3o-
3aBuCUMOMY 3ddekTy panamuumHa. Bo-nepBbix, pasHble 4O3bl
panamuusHa Heobxogumbl ans nogasneHns mTOR B pasHbix
KNETOYHbIX NIMHUSAX; BO-BTOPbIX, Pa3Hble A03bl panamuLmHa nogas-
nswT docdopunupoBanne pasHbix cybetpatos mTOR; v B-Tpe-
TbWX, CYLLECTBYET pasHasi YyBCTBUTENbHOCTb [BYX KOMMIEKCOB
(mTORC1 1 mTORC2) k panamuyuHy [31]. MHTepecHo, yTo 3a-
rafloyHble CBOMNCTBA JO3MPOBKM panamuumHa MoryT GbiTb 06bsic-
HEHbl B 3HAYMTEMNbHOW CTENEHU KOHKYpPEeHLWen Mexzy panamu-
LuHOM U thocchaTuaHom kucnoton 3a mTOR. PanamuuuH v goc-
haTugHas KucnoTa okasblBaloT MPOTUBOMONOXHOE AENCTBUE Ha
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mTOR, B pe3ynbTaTe Yero panamuumuH gectabunmaupyer, a goc-
thatugHas kucnota ctabunuanpyet oba komnnekca mTOR [31].

B xope pa3paboTki NpoTMBOOMYXONEBOI Tepanuu npenapa-
Tbl Ha OCHOBE panamuuMHa NpeTepneny 3HauYUTENbHYK 3BOJTHO-
umto [32]. PanamuumH 1 ero aHanoru (pananoru) SBAsioTcs UH-
rnbutopamm mTOR nepBoro NokoneHus:, KOTopble M3bupaTensHO
nogasnatoT akTuBHocTb MTORC1 nyTem cBs3biBaHus ¢ FKBP-12
1 obpasoBaHns TPOMHOro komnnekca ¢ mTOR. PanamuuuH siB-
nseTca annoctepuyeckum uHrmbutopom mTOR, oH nogasnset
HekoTopble yHkun mTORCA1, Takue kak docdopunupoBaHme
npoTenHKMHa3bl S6K1. KnuHuyeckoe npumeHeHWe panamuuyHa
OTpPaHN4YeHO M3-3a ero Noxol pacTBOPUMOCTW B BOLE W Hedo-
CTaTO4HON CTabMNBHOCTY, ANS MPEOAONEHNs 3TOr0 HepoCcTaTka
(hapmMaLeBTMYECKUMM KOMMaHMAMM Obinn paspaboTaHbl aHanorm
panaMmuumHa ¢ ynyyleHHbIMW (hapMakokMHETUYECKUMI CBOWCT-
Bamu [32, 37].

Pananorn OTAMYaloTCs MO CBOMM XWMMYECKMM CBOWCTBAM
C TOYKM 3pEeHMs pacTBOpUMOCTM W MeTabonnama. Hanpuwmep,
TEMCUPONIMMYC, MPONEKAPCTBO panamuunHa, U puaadoponumyc
pacTBOPUMbI B BOZE U MOTYT BBOAUTLCS BHYTPUBEHHO, TOrAa Kak
panamuLH 1 3BEPONUMYC 0bragatoT HWU3KOM pacTBOPUMOCTBIO,
1 MO3TOMY MPUrOAHbI TOMBKO ANS NepopanbHoro npuema. Pana-
NOrV NPOXOANIN KIMHUYECKME MCTbITAHMS MPU PasfNyHbIX 3110Ka-
4eCTBEHHbIX HOBOOBpa3oBaHusX 1 yxe 6binu ogobpersl FDA ans
neveHns onpegeneHHbIX TMNoB paka [32, 37].

OgHako B psge crnyvaes uHmbnTopsl MTOR nepBoro noko-
NEHNs NoKasanu HeAOoCTaTOuHYK 3(PGEKTUBHOCT U MPOSBUMK
fonee LMTOCTATUYECKOE, HEXENW LMTOTOKCUMYECKoe AEMCTBUE
[32, 37]. STomy Hawencs psg obbsicHeHMIA. Bo-nepBbix, pananory
BrnokumpytoT B 6onbLueit cteneln mTORC1 v npakTuyeckn He 6mo-

AlA
S
: & &
(o]
S |Pax/ Cancer /
& Be3 Tepanu CMepr OT paka /
g | without panamymnom /  Death from cancer
i,;,_ apamycin therapy
g
C =~
5/B Bospact / Age
= A :
S '
8 |Pax/ Cancer /@ ' - -
g —
a
&4
8 Cmeptb 01 CC3/
2 ! Death from CVD
2 '
- 1 >
Bospacr / Age
Puc. 3. TunoteTnyeckas cxema npodpunakTMyeckon Tepanuu pa-
nammuuHom. CC3 — ceppaeyHo-cocyancTble 3aboneBaHms)
Fig. 3.  Hypothetical scheme of preventive therapy with rapamycin.

CVD — cardiovascular diseases

kupytoT mTORC2. Bo-BTOpbIX, XOTS panamuuyH uHrbupyet S6K,
OH He MOMHOCTbI MHMMBMpYeT docopunmpoanme 4EBP, uto
[enaeTt ero HeadeKTMBHLIM B BIIOKMPOBAHUM K3M-3aBUCUMOA
TpaHcnsaumm B 6OMbLUMHCTBE TMNOB KneTok. Kpome Toro, nogas-
neHne mTORC1 akTuBMpyeT ayTodhario, HO Takxke akTUBUPYET W
OuoreHe3 nM30COM 1 MUKPOMWHOLMTO3, YTO MOXeT CrnocobCTBO-
BaTb BbIKVMBAHMIO PAKOBbIX KMETOK B MIOXO BACKYNSPU30BAHHOM,
BenHon nuTaTenbHbIMM BELLECTBAMW OMYXONEBOW TKaHu (Hanpu-
Mep, NP1 ONyXonu NOMKenyaoYHON Xenesbl), YTO NpeACTaBneHo
Ha pucyHke 2 (2) [32, 37].

BtopbiM nokonennem wuHrnbutopoB mTOR sBnsietcss psig
AT®-KoHKYpeHTHbIX MHrbutopo (TORKIs), npeacTaBnstoLmx
coboi Hu3KoMonekynsipHble aHanorn AT®, koTopble KOHKYpUpY-
toT ¢ AT® 3a 3aHATME aKTMBHOrO caiTa kiuHasbl mTOR 1 6noku-
pytoT kak mTORC1, Tak ¥ mTORC2. Ux Takxke Ha3blBaloT kKatanu-
TYeckUMn MHMMBUTOpamu. KpynHomacluTabHble WX MCnbITaHWs
ele He NpoBefeHbl, W AMs NMEeYEHNs paka OHW He OfoBpeHbI.
Kpome Toro, ocraetcst npobnema n3bbITOMHON akTMBaLUu ayTo-
taruu n nuHoumTo3a (3). MepcnekTMBHLIM B 3TOM CBETE BUAMUTCS
KOMOWHMPOBaHHOE MPUMEHEHME KaTanMWUTUYECKUX WHMMOUTOPOB
mTOR u uHrmbutopos aytodarum (4) (puc. 2) [32, 37]. Kpome
TOro, paspaboTtaHbl MHMMOMTOPE MTOR TpeTbero nokoneHus,
KoTOpble NPeAcTaBnstoT COBON KOHBIOTMPOBaHHbIE PanaMULMH 1
kaTanuTuyeckne uHrmbutopsl mTOR. HoBble coeunHeHns Hasbl-
BatoTcsl Rapalink. OHu nposiBnsitoT 66nbLUyt0 9dPEKTUBHOCTL 1
CTabuMnbHOCTb 3a CYET ABYX TOYEK MPUNOXEHMS, TakKe HaxoasaT-
€S Ha CTaguu ucnblTaHui [32].

Kpome TOro, HeOBX0AMMO OTMETUTD, YTO UHIMOGMTOPBI MTOR
0C0OEHHO 3hhEKTMBHBI B OMYXONsiX, XapaKTEPU3YHLWMXCS My-
Tauusmm B reHe mTOR (OMIM 601231), conposoxgatoLLmmucs
MOBbILIEHHOW €ro 3Kkcrpeccuen. BbisBneHne AaHHbIX MyTaLui
TpebyeT reHeTU4ECKOro nccneaoBaxus [17].

Ewe ogHMM nepcnekTUBHbIM HanpaBneHWeM SBNSETCS npo-
chunakTuka paka npu nomowyn pananoros. Kak yxe 6bino ckazaHo
BblIlUE, paKk — 3TO BO3pacTHoe 3aboneBaHue, 1, 06pasHo roeops,
3amMennsas CTapeHue, panamuuyH MOXeT OTCPOYNTb W pa3BnThe
paka. Takum 0Bpa3om, CMEPTb MOXKET HAaCTYMUTb 1 OT UHbIX NpU-
YWH, HanpuMep OT CepaeyHO-cocyanCTbIX 3abonesanni (puc. 3).
OTmMevaeTcst, YTO panamuuyH B aHHOM cnyyae 6onee acpdekTu-
BEH Ha paHHWX cTagusx paseuTus 3abonesanus (Ha aTane npeg-
paka) [10]. MpeanoxeHo NpodunakTUYECKOEe NTeYeHne panamuLm-
HOM 1151 BbIBLUMX KypuNbLUMKOB [18]. MHOrMe nayneHTbl no Bcemy
MUpY yke NpuHumatoT pananoru off-label, ogHako panamuuuH Bce
e, Cyas No BCEMY, HWUKOTAA He CTaHeT «TabreTkon OT cTapo-
CTW», BEb HEBO3MOXHO Npeayragatb Bce NoboyHble aGdekTbI
OT BbIKITIOYEHNS CTOMb BaXHOO 3BEHa perynsaynv metabonmama,
kak mTOR [1, 10, 11].

OHKONUTUYECKWUE BUPYCbI

[pyrim, He MeHee NepcnekTUBHBIM HanpasneHnem B 6opbbe
C pakoM, SBMSKOTCA OHKONUTUYECKWNE BUPYChI, KOTOPbIE NpenMy-
LLLECTBEHHO MOPaXatoT KINETKM 3MOKA4ECTBEHHOI OMYyXOMH, HO OT-
HOCUTENbLHO NPeHebperatoT HopMarnbHbIMM KneTkamu [23].

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N1 2024

ISSN 2658-6584




0B30PbI

71

BrepBble naes ncnonb3oBath BUPYChI Anst 60pbObl C pakom po-
Jurnach B Havase NpoLLoro Beka, O4HAKO aKTUBHbIE 1CCIefoBaHMS
Havanuch mwb B 1960-x rogax v NpogomKatoTcs no cen AeHb [23].

CunTtaetcs, YTO NPOTUBOOMYXONEBLIN APPEKT BUPYCOB pea-
nu3yeTcs Yepes ABa OCHOBHbIX MexaHuama [30]:

1) NpsiMoe UMTOTOKCUYECKOE AENCTBUE BUPYCa;

2) CTUMynALWs NPOTMBOOMYXOMEBOr0 MMMYHUTETA OpraHn3ma.

B HacToslLLee Bpems B Ka4eCTBE OHKONMUTUYECKMX Npeanara-
€TCs M NpUMEHNETCS BOMbLLOE KONMMYECTBO Pa3fnyHbIX BUPYCOB
[23], B TOM yncne:

+  [HK-Bupychbl: afeHoBUpYC, BUPYC KOPOBLEN OCMbI, BUPYC rep-
neca, napsosupyc H1;

«  PHK-Bupycbl: peoBupyc, Bupyc Kokcaku, ceHekaBupyc (BUpYyC
ponuHbl CeHeka), NONMOBMPYC, BUPYC KOpW, BUPYC BOnesHn
Hblokacna, BUPYC BE3UKYNSAPHOro cToMaTnTa U T.4.
OTgenbHble U3 HUX SBASOTCS Gonee UM MeHee NepecnexkTyB-

HbIMU A1 KIIMHWYECKOTO NPUMEHEHMs. B Lienom MoXHO BblaBu-

HyTb psig TpeboBaHmMi K OHKONMTUYECKM Bupycam [22, 30]:

1) BbIpaXeHHbI OHKOTPONU3M BUPYCOB;

2) LUMPOKMI CNEKTP KNETOK-MULLEHE;

3) BbICTPOE pacnpoCTpaHeHne BUpyca B OMyXOmu;

4) 3thheKTMBHOE [OCTUXKEHWE BMPYCOM MeTacTaTU4eCKUX

04aros;

5) cTabunbHOCTb reHOMa;

6) moctaToyHbIi 00beM reHoma [Ans BCTpauBaHMs TpaHC-

rEHOB;

7) BbICOKasi UMMYHOTEHHOCTb;
8) [OCTYNHOCTb MPOTWBOBMPYCHBIX MpPenapaTtoB Ha Cryyai
HebnaronpusTHOroO TEYEHs 1 T.4.

3a cyeT Yero nposiBNsSEeTCS MOBbILIEHHAS TPOMHOCTL psaa
BMPYCOB K ONYXOMEBbIM KneTkam? OTOMY Takke ecTb psf 06b-
SICHEHMI.

1) B onyxoneBbix KneTkax MOXeT ObiTb HapylieHa cucrtema
MPOTVWBOBMPYCHOI 3almTbl. Hanpumep, npotenHkuHasa R (PKR)
ABNAETCH KPUTUYECKM (haKTOpPOM, KOTOPbI MOMOraeT B yCTpa-
HEHWW BHYTPUKNETOUHbIX BUPYCHBIX WH(pekuuin. PKR moxeT oT-
CYTCTBOBaTb B HEKOTOPbIX PaKOBLIX KNeTkax, YTo cnocobcTByeT
MOBbILLEHHOW pennukauun B HUX Bupyca [40].

2) Bupycbl MoryT ucnonb3oBaTb CNOCOGHOCTL PaKOBLIX Krle-
TOK K MMMYHHOMY YKMOHEHWK. Tak, B PaKkOBbIX KMeTkax MOryT
ObITb NOLABNEHbI KIIOYEBLIE CUTHAMbHLIE MYTW, YTO HapyllaeT
pacnosHaBaHWe BUpYCHbIX YacTuy, toll-nogobHbIMM pelentopamu
(TLR). Takke B onyxoneBbix KneTkax nofaBfieHbl MpoanonToTy-
yeckne mexaHuambl [23].

3) Kpome TOro, onyxonesble KNeTKU MOTYT JKCMPECcCUpoBaTh
Ha CBOEil MOBEPXHOCTY U3BbITOYHOE KONMYECTBO PELIENTOPOB, Ye-
pe3 KoTopble BUPYCbl MOTYT NPOHUKaTL B Hee. Hampumep, Bupyc
npocToro repneca 1 (BIr-1) ncnonb3yet meanaTop NPOHKUKHOBE-
Hus Bupyca repneca (HVEM) n HekoTopble HEKTUHbI 415 TPOHMK-
HOBEHWS B KNETKW. OTW MOBEPXHOCTHbIE PELIENTOPbI CBEPXIKC-
NPEeCCUPYITCS Ha HEKOTOPbLIX PaKOBbIX KNETKax, BKIOYAs KNETKM
MenaHoMmbl [44].

3a) MectHbin acppekT: GM-CSF BbI3bIBaET anon-

TO3 OKPYXalOLLWX OMyXONeBbIX KNeToK /
3a) Local effect: GM-CSF causes apoptosis of

4) Perpeccus onyxonu /

) 4) Tumor regression
surrounding tumor cells -
1) CenekTuBHOE MPOHIUK- - ey A
HogeHve BIT-1 (T-VEC) 4 / O\
B ONyXONeBYIO KneTky / / d \
. . 2) AnonToTnyeckue
1) Selective penetration | 7\ /
of HSV-1 (T-VEC) into the ~ CMYXONIEBbLIE KNETKN CS) N /
tumor cell BbigenaoT GM-CSF / ~ = ~ q ¥- -T
2) Apoptotic tumor /
cells secrete GM-CSF
 m—
/ R
@
/ CD8+ T-knetku /
\ J o CD8+ T-cells
N R
36) CuctemHblit adpdpekT: GM-CSF akTmBupyeT LeHAPUTHbIE KNETKM, KOTOPbIE aKTUBMPY-
tor CD8+ T-knetkm /
3b) Systemic effect: GM-CSF activates dendritic cells that activate CD8+ T-cells
Puc. 4. Mexanusm pgencteus npenapara T-VEC. BMNI-1 — supyc npoctoro repneca 1; T-VEC — tanumoren naxepnapensek; GM-CSF —

rpaHynoumTapHo-MakpodaranbHbIi KONOHMECTUMYNUpYOWKii dakTop; AK — neHApUTHBIE KNeTKKn

Fig. 4.
macrophage colony stimulating factor; DC — dendritic cells

Mechanism of action of T-VEC. HSV-1 — herpes simplex virus 1; T-VEC — talimogene laherparepvec; GM-CSF — granulocyte-
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BbigensioT Tpu NOKONEHUst OHKONUTUYECKNX BUPYCOB [15]:

1) HaTWBHbIe (rEHETUYECKN HEMOANMULIMPOBaHHbIE) BUPYChI;

2) mMoaMduLMpOBaHHbIE BMpYChbl, obnajarowme noBbIleH-
HbIM OHKOTPOMU3MOM,;

3) MoandULMPOBaHHbIE BUPYChI, HECYLLWE TPAHCTEHbI, KOAM-
pylOLLME LIMTOKMHBI MNW (PepMeHTbl (TpaHcreH — dpar-
mMeHT [HK, nepeHoCUMbI npy MOMOLM TEHHO-MHXEHep-
HbIX MaHUNynsayni B FeHOM Kakoro-nubo opraHuama c
Lienblo ero Moaudukamm).

Heobxoaumo 0TMETUTb, 0OHAaKO, YTO NpeacTaBUTeNU NepBoro
MOKOSEHUs MPAKTUYECKN HE UCTIONb30BANMMCH B KITMHUYECKOI npa-
KTVKe 1 NpeACTaBnstoT, ckopee, UccneaoBaTenbCekuin nHTepec [19].

MpencTaBuTenem TPETbEro MOKOMEHUS SBMASETCH, K npume-
py, MoanduumpoBaHHbin BMNI-1 ¢ BHeapeHHbIM B Hero reHom GM-
CSF, a Takxe yMeHbLUEHHOM HEMPOTOKCUYHOCTLIO (npenapart T-
VEC) [30]. F'eH GM-CSF koagnpyeT OAHOMMEHHbIA Benok — rpaHy-
noumMTapHo-MakpodaranbHO-KONIOHNECTUMYNUPYIOWWIA  (akTop.
AMeHHO 3TOT npenapaT Ha OCHOBE OHKONMUTUYECKIX BUPYCOB Nep-
BbIM Obln 040bpeH Ans neveHus MenaHomel B EBpocotose, CLUA
u Asctpanuu. lNpeanaraeTca ucnonb3oBaTb €ro 1 nNpu Apyrux
BMaax onyxonein. KpaTko pacCMOTPUM €r0 MexaHW3M AercTBUS
(puc. 4) [22].

MMepBbiM WaroM SBRSETCA BBeAeHWE npenapaTa U Cenek-
TUBHOE NMPOHWKHOBEHWE BUpYyca B Onyxonesylo knetky (1) [22].
3atem nopaxeHHas Knetka HauMHaeT cuHTeaupoeatb GM-CSF u
BblOENATb ero npw anontose (2) [22]. GM-CSF nposiBnseTt coe
[ENCTBME Ha [BYX YPOBHSAX. Ha MEeCTHOM ypOBHE OH Bbl3blBaeT
anomnTo3 OKpyXatoLwux onyxonesbix kneTok (3a) [22]. CuctemHbIM
agpektom aBnseTcs aktmeaums CD8* T-knetok nocpeacTsoMm
CTUMYNMPOBAHNS LEHOPUTHBIX KNETOK, Y4TO YCUNMBAEeT NpoTUBO-
OMyXOMNEBbIA UMMYHUTET C AONTOBPEMEHHOW UMMYHONOTYECKOM
namsTbio (36) [22]. Bee 9T0 NpMBOAMT K anonto3y v nn3ucy ony-

XOMneBbIX KNETOK W, B KOHEYHOM CYeTe, K Perpeccy camoi onyxo-
nm (4) [22].

OpHako npw pa3paboTke mpenapaToB, OCHOBAHHbIX Ha OT-
LefbHbIX OHKOMUTUYECKMX BUpYyCax, Obin BbiSBNEH psf 3aTpys-
HEHWI, Cpean KOTOPbIX MOXHO BbIAENNUTL TOKCUYECKOE AeiCcTBIE
BMPYCOB Ha MakpoOpraHuaMm, Hu3Kytl OMOLOCTYMHOCTb, Tpya-
HOCTW B MOHWUTOPUHTE MEPEHOCUMbIX TPaHCTEHOB, HeoOXoam-
MOCTb 0CODOro An3aiHa KIMHUYECKUX WCMbITaHWiA, Npobnembl
BrobesonacHoCTI, CBA3aHHbIE C NEPCUCTEHLMEN BUpYCa, U T.A.
oM obbscHaeTcs TOT bakT, 4To 3a 60 neT uccnegoBaHwiA
NNLWb eAMHNYHble NpenapaTbl Obinn 0g00peHbl ANs KNUHNYeCKo-
ro npuMeHeHus [22, 23].

TaK, cTaHOBUTCS 0YEBMAHBIM, YTO NpenapaThl kak Ha OCHOBE
OHKONUTUYECKMX BUPYCOB, TaK 1 HA OCHOBE panamuLiHa SBNsioT-
C$1 KpalHe NepCnekTUBHBIMU B NEYEHUN 3MOKAYECTBEHHbBIX HOBO-
00pa3oBaHwil, OBHAKO U TE U ApYrie UMeKT psif HeJoCTaTKOB, Or-
PaHN4MBAKOWMX UX SPDEKTUBHOCTb M KITMHUYECKOE NPUMEHEHNE.
B cBA3N C 9TUM BbIABUrAOTCS NPEASIOKEHNS MO UX COYETAaHHOMY
1CNOMNb30BaHNI0, PaLMOHaNbLHOCTb KOTOPOro ByaeT paccMOTpeHa
Lanee.

PALNOHANBHOE COYETAHUE
OHKOJIUTUYECKUX BUPYCOB
W AHANOroB PANAMULINHA

B 2005 romy uccnepoBaTenu 0BHapyXunu, 4YTO 3BEPONU-
MyC noBbiwaeT 3EKTUBHOCTb OHKOMUTUYECKUX BUPYCOB Npu
Tepanuu paka TONCTOW KMLUKW, OOHAKO Kak WMEHHO OH MOBbl-
wan adeKTMBHOCTb NeyeHust, Obio He coBCEM MOHSATHO [20].
B 2007 rogy 6bIno BbISBMEHO, YTO panaMWLMH yBENINYMBAET TPO-
MW3M BUpYCa MUKCOMbI K PaKOBbIM KNeTKaM 4YenoBeka u, Takum
06pa3om, yCunmBaeT OHKOIUTMYECKYH BUpOTepanuio [26, 39].

PanamuuyH / Bupyc mukcomsl /
Rapamycin PI3K Myxoma virus ]
I 1 +
Yepe3 TSC n Rheb /
Via TSC and Rheb™ | N M-T5
mTORC1 Akt
| Yepes S6K n mTORC2
Via S6K and mTORC?2 Nl PIKE-A
< -
PocT kneTok / Mponudepayys 2 anonTo3 ¢ Pennukauws Bupyca /||
Cell growth Proliferation apoptosis V' [ Virus replication
<4 <4 +
KaHueporeHes / Carcinogenesis

Puc. 5. Cxema coyeTaHHOro NpMMeHeHNs panamMm1LUHa U OHKONUTUYECKOrO BUpyca MUKCOMBI (cocTaBneHo bapaHoBbim U.A.). TSC — kom-
nnekc Ty6eposHoro cknepo3a; Rheb — romonor Ras, o6oraweHHbIi B Mo3re; S6K — pubocomanbHas S6-kmHasa; Akt — RAC-
anba cepuH/TpeoHUH-NpoTenHkUHasa; PI3K — dochonHosntng-3-knnasbl; M-T5 — aHkupuHoBbIi nosTop M-T5; PIKE-A — PI3-
KWHa3HbIN 3HXaHcep, akTuBupyowmun AKT

Fig. 5. Scheme of combined use of rapamycin and oncolytic myxoma virus (compiled by Baranov I.A.). TSC — tuberous sclerosis

complex; Rheb — Ras homolog enriched in brain; S6K — Ribosomal S6 kinase; Akt — RAC-alpha serine/threonine-protein kinase;

PI3K — phosphoinositide 3-kinases; M-T5 — ankyrin repeat

M-T5; PIKE-A — PI3-kinase enhancer activating AKT

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N1 2024

ISSN 2658-6584




0B30PbI

73

WccnepoBaHue nokasaro, YTo AUKKA LITaMM BUPYCa MAKCOMB
HeceT reH M-T5, kogupytoLwmnit OBHOMMEHHBIN Benok, KOTopbI ak-
TuBMpyeT Akt (kHasy), 4To B CBOK 04Yepeb NOAABMSET anonTo3 1
CTUMYNMpYeT nponudepaLymio kneTk1, cnocobeTBys pennukalmmn
Bupyca. B opraHusame yenoseka Obin HargeH 6nuskuit aHanor
M-T5 — 6enok PIKE-A, Takxke aktusupytowumin Akt [26, 39, 42]. W3-
BECTHO, YTO B psiAe 3nokavecTBeHHbIx onyxoneit PIKE-A, u, cne-
posatenibHo, Akt, UMEIOT NOBbILIEHHYI aKTUBHOCTb. MICKYCCTBEH-
HO ObIMM NOMyYeHbl WTaMMbl BUPYCa MUKCOMbI, MNLIEHHBIE TeHa
M-T5. Takue WTaMMbl UMEIOT MOBbILIEHHbIA OHKOTPONM3M W npa-
KTUYECKM He MopaxatoT 3[40poBble KNETKW. B To e Bpems cyLiecT-
BYIOT OMYXONM C HU3KOWM akTUBHOCTBIO Akt, B OTHOLIEHMM KOTOPbIX
[aHHble WTaMMbl SBNS0TCS ManoaddekTueHbIMM [29, 39, 43].

BbisicHunock, yto mTORC1 v Akt HaxogaTcs B CNOXHbBIX aH-
TarOHUCTUYECKNX B3aUMOOTHOLLEHUSX, OMOCPEAOBAHHBIX Yepes
PS4 NPOMEXYTOYHBIX 3BEHbEB. Takum 0Opa3om, panamuuuH, no-
aaensasg mTORC1, no npuHUuny oTpuuaTenbHON 06paTHON CBS3N
CTUMYNUpYeT akTMBHOCTb Akt [12]. 370 06BACHSET hakT NoBbI-
LeHNs 3¢ HEKTUBHOCTM Tepanmm BUPYCOM MUKCOMbI B COYETaHUM
C panammLMHOM W Takxe COrnacyeTcsi C TeM yNOMSHYTbIM BbliLLe
(haKkTOM, YTO MOHOTEpPanMsl panamMuULHOM OKa3blBaeT LMToCTaTy-
Yyecknit aGhekT Ha onyxonu. Tak, panamuLMH 1 BUPYC MUKCOMbI
SBNSAIOTCH BECbMA MEPCNEKTUBHBIM CUHEPTUAHBIM COYETAHUEM.
PanamuuuH cTumynupyeT pennukawnio Bupyca B NOPaXeHHbIX UM
KneTkax, a B HemopaxeHHbIX NPOSIBNSET CBON 00bIYHbIA S GEKT,
TOPMO3$5 KNETOYHbINA pocT [26, 39]. [laHHas B3anMOCBA3b Harnsa-
HO NpeACTaBneHa B BuAe CXembl (puc. 5).

Mo3xe aTa koMBuHaLKs Bbina Takke NpUMEHeHa K BUPYCY OCro-
BaKLmHbI, BIT, BUpYCY BE3WKyNSIPHOTO CTOMaTUTa U ageHoBupycy [46].

Kpome Toro, pamamuumH MOXET CTUMyNMpoBaTb pennuka-
LMI0 OHKOMMTMYeCKuX BupycoB, Hapywas mTORC1-3aBucumyro
npoaykunio nHTepdepoHa (V®H) | tuna, obnapatowero npotu-
BOBMPYCHbIMK cBoMCTBamMu [9]. B To xe Bpems He creayeT 3a-
ObiBaTth, 4To MOH | TMNA MMeeT M NPOTUBOONYXONEBLIN AP PEKT,
4TO [enaeT KpaiHe BaXHbIM MOAOOP paLMoHanbHbIX AO3MPOBOK
npenapaTto.. [1oka3aHo Takxe, YTO KaTanUTNYECKNe MHMMBNTOPSI
mTORC1 u mTORC2 (Ho He panamuuuH) ycunuBatoT pennuka-
o BII B pakoBbIx kneTkax no ocu elFAE/4EBP [45].

HeobxogumMo OTMETUTb, YTO KOMOMHALWW OHKOMMTUYECKNX
BMPYCOB C panamuuyHoM yxe Obimu onpoboBaHbl 1 XOpOLIO 3a-
pekoMeHzoBany cebs B page UcCneaoBaHuii Kak in vitro (Ha Kynb-
Typax OnyxomneBbIX KNeTok Yenoseka) [26, 28], Tak u in vivo (Ha
nabopaTopHbIX Mblwwax) [26].

OpHako HeobXoauMMo MOMHWTL 00 MMMYHOCYMPECCUBHOM
(yHKUMM panamuumuHa. HeagekBaTtHble ero 4o3bl MOTYT HE TOfb-
KO HUBENUpoBaTb MPOTWBOOMYXOMEBLIN UMMYHWUTET, YCUNMBae-
MbI OHKOMUTUYECKUMM BUPYCaMU, HO U CAENaTb MakpoopraHuam
ys3BUMbIM [ns camux BupycoB [1]. Kpome Toro, nokasaH psg
nyTei, Yepea KOTOPbIE MOXET ObITb peanu3oBaHo NPOTUBOBUPYC-
Hoe [eiicTBMe panamuuuHa. Cpean HUX akTMBaLWs HaTypasnbHbIX
KWnnepoB, CTUMynsauus BbipaboTkn uHTEpdepoHa-a u T.4. [34].
OT0 HeobxoANMO Y4MTbLIBaTL NPU KOMBUHUPOBAHWM panamuLmHa
C OHKONUTUYECKMMM BUPYCaMM U HE [OMycKaTb BCTYMNEHNS UX B
QHTaroOHWUCTUYECKME OTHOLLEHWS APYT C APYFOM.

3AKNIOYEHUE

Kak oHkonmMTIYeCKME BUPYChI, Tak 1 panaMuLmH 6bInn OTKPbITI
Bonee nonyseka Ha3af, OLHAKO KMMHUYECKOE UX NPUMEHEHWE Ha
[aHHbI MOMEHT SBNSIETCS OrpaHUYeHHbIM. JTO CBSA3aHO C PSLOM
X NOBOYHBIX 3EKTOB, TPYAHOCTLH LO3NPOBaHUS NpenapaTos,
noTpeBHOCTLI0 B 0CODbIX An3aiHax KIMHWYECKMX WCCREa0BaHWiA
n T.0. B TO e Bpems BO3MOXHOCTb NPEOJONeHNs HeLOCTaTKOB
1 NOBbILWEHNS SPGEKTUBHOCTN NEYEHUS MOXKET 3aKMioyaThes B
COYETAHHOM MPUMEHEHWW MpenapaToB 3TUX AByX rpynn. Takue
KOMOMHMPOBaHHbIE CXEMbI ye Bbin onpoboBaHbl U XOPOLLO 3a-
pekomeHzoBanu cebs B psge uccrnegoBaHuin. MexaHuam cuHep-
rMgHoro agpdpekta KOMOUHMPOBAHHOM Tepanuu CBsi3aH, Mpexae
BCEr0, CO CMOCOBHOCTBI0 panamuuMHa MoBbIlwaTh TPOMKU3M psiaa
OHKONMUTUYECKUX BUPYCOB K OMyXONeBbIM KMeTkaM U CTUMYIUPO-
BaTb WX pennnkaumo, Hapywas mTORC1-3aBucuMy0 NpogyKLM0
N®H | Tuna. Kpome atoro, katanutuyeckie uHrmbutopsl mTORC1
1 mTORC2 ycunuBatoT pennukaumo Bupyca npocToro repneca B
pakoBbIx kneTkax no ocu elF4E/AEBP. [anbHeniwume nccnenosa-
HWS JOMXKHbI ObITb HanpaBneHsl Ha NOAOOP KOHKPETHBLIX coveTa-
HWN 1 9PPEKTUBHBIX JO3NPOBOK MpenapaToB Ha OCHOBE panamu-
LyHa unm apyrux nHrmutopos mTOR 1 OHKOMMTUYECKNX BUPYCOB,
4TO, BO3MOXHO, MOMOXET YEMOBEYECTBY CAeNaTh eLle OAMH Luar B
HanpaBneHu OKOHYaTenbHo Nobeabl Haf pakoM.

AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECN CYLYECTBEHHbIN BKNag
B pa3paboTKy KOHLENLWM, NpoBefeHe UCCNeaoBaHns 1 NOaro-
TOBKY CTaTbW, NPOYnM 1 08obpunn duHanbHyl0 Bepcuio nepeg
ny6nukaumen.

KoHchbnukT uHTEpecoB. ABTOPbI AeKNapupyloT OTCYTCTBUE
SBHBIX U MOTEHUManbHbIX KOH(IUKTOB WHTEPECOB, CBSA3aHHbIX
¢ nybnukauyen HacTosiLLel cTaTby.

WUcTounuk domHancupoBaHmsa. ABTOpbI 3asBnsioT 06 oTCyT-
CTBUM BHELUHEro (PUHaHCUPOBaHUS MpU NpOBEAEeHUU Wccneno-
BaHus.
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Pestome. BeedeHue. Heiponatus manbix BonokoH (HMB) — cocTosiHue, BO3HMKatoLLee npu HacneaCTBEHHbIX, MeTa-
Bonnyecknx, ayTOMMMYHHBIX, HGEKLMOHHBIX W Apyrux 3abonesanusx. [JaHHble 0 BO3MoxHoN ponn HMB B natoreHese
nocTkougHoro cuHapoma (MKC) egununyHel. Lesb — 0630p nutepatypbl 0 HeponaTum Manbix BOMOKOH B NaToreHese
NOCTKOBMAHOTO CHAPOMA U 0606LLeHNe MHOTONETHETO OnbiTa paboThl aBTOPOB C NaLUeHTamMu, UMEIOLMMIU NOCTBU-
PYCHbIE UMMYHOTOTMYECKINE OCNOXHEHUS. Pe3ynbmambl. Cpeam 3BeHbeB natoreHesa [KC BblgensoT aHTUreHHyo
MUMUKPUIO BUPYCHBIX YacTuy, ¢ Genkamn yenoBeka, akTyBaLyio Koarynsumm n Hempornum, ANUTeNbHOE NPUCyTCTBUE
peaunayanbHbIX BUPYCHbIX YacTUL, B OTAENbHbIX 06MacTsX LIeHTpanbHON HePBHOW CUCTEMBI. [10BbILIEHIE BbIpaboTKK
Hecneuuduyecknx aHTUTEN nossonset paccmatpusathb [KC kak ummyHonornyeckunit npouecc. OTCyTCTBME «30M0-
TOr0 CTaHAapTa» UHCTPYMEHTANbHOW ANArHOCTMKM Npu pasHoobpasumn knnHudeckux nposienenun MNKC satpyaHset
NOCTaHOBKY AuarHo3a. Heitponatuyeckas 6onb 1 BeretatusHas gucdyHkums npu MNKC Ha oHe HopManbHbIX noka-
3atenen anektpoHenpomuorpacmm (SHMI) moryT GbiTb 06bsicHeHbI Hanuunem HMB B cTpykType natoreHesa MKC.
OTa runoTesa NoATBEPXAAeTCS AaHHbIMU KOH(OKaNbHOM MAKPOCKOMWK 1 BUOMCUN KOXM C ONpeaerieHMeM noTHOCTM
WHTpaZepManbHbIX HEPBHbIX OKOHYaHUI Y nauueHToB, cTpagatowmx MKC, a Takxke KIMHUYeCKUMU HabioaeHUIMM
aBTOPOB CTaTbu. 3ak/royeHue. PaccMOTpeHne HeilponaTui ManblX BOSIOKOH B Ka4eCTBe BaXXHOr0 3BeHa NaToreHesa
NOCTKOBMAHOMO CUHAPOMA OTKPbIBAET HOBbIE FOPU3OHTbI A5 AMArHOCTUKW NOCTKOBUAHOIO CUHAPOMA.
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Abstract. Introduction. Small fiber neuropathy (SNF) is a condition that occurs due to hereditary, metabolic, autoimmune,
infectious and other diseases. Data on the possible role of SNF in the pathogenesis of post-Covid syndrome (PCS) are
rare. Aim: To review literature on small fiber neuropathy in the pathogenesis of post-Covid syndrome. Summarize the
authors’ many years of experience working with patients with post-viral immunological complications. Results. There
are several stages in PCS pathogenesis including antigenic mimicry of viral particles with human proteins, activation of
coagulation and neuroglia, and the long-term presence of residual viral particles in certain areas of the central nervous
system. Increased production of nonspecific antibodies allows us to consider PCD as an immunological process. The
lack of a gold standard for instrumental diagnostics, given the variety of clinical manifestations of PCS, makes diagnosis
difficult. Neuropathic pain and autonomic dysfunction in PCS patients combined with normal electroneuromyography
(ENMG) indicators can be explained by the presence of SNF in the structure of the pathogenesis of PCS. This hypothesis
is confirmed by data from confocal microscopy and skin biopsy with determination of the density of intradermal nerve
endings in patients suffering from PCS, as well as by the clinical observations of the authors of the article. Conclusion.
Consideration of small fiber neuropathy as an important stage in the pathogenesis of post-Covid syndrome opens new

horizons for the diagnosis of post-Covid syndrome.

Key words: post-Covid syndrome; small fiber neuropathy; new coronavirus infection; COVID-19; SARS-CoV-2.

BBEOEHUE

30 anBaps 2020 roga BcemwpHas opraHusaunsi 3gpaBoOX-
paHenns (BO3) obbsiBuna 06 onacHOCTY pacnpocTpaHeHus Ho-
BOWM KOpOHaBupycHoM uHdekuun (HKW), koTopas B ganbHemwem
YHeCrna XusHW no MeHbLUENn Mepe 7 MIH YenoBek, a cymmap-
HOe yucno 3aboneslunx coctaBuno bonee 771 mnH [55]. 5 mas
2023 roga 6bino obbsiBNeHo 06 oduUManbHOM 3aBepLUeHNN
naHgeMun, HO Bpaym M No celt AeHb HOPHOTCA ¢ NOCNEeACTBUSMM
aToro 3aboneBaHus: UMMYHONOTMYECKUMM, HEBPOMOMUYECKUMM,
pecnupaTopHbIMU, CepLeYHO-COCYAUCTBIMU U KOTHUTUBHBIMU Ha-
PYLUEHWSIMM, KOTOPbIE MOTYT CYLLECTBEHHO BMWSATL Ha KAaYecTBO
KN3HU W eXegHEBHYI0 aKTMBHOCTb nauueHToB [40].

CornacHo npefcraeneHuam akcneptoB BO3, y 10-20% na-
umeHToB, nepeHeclumx HKW, moxeT pa3BuBaThbCs COCTOSIHUE,
HasblBaemMoe nocTkoBuaHbIM cuHgpomom (MKC, post-COVID-19
condition, post-COVID-19 syndrome, long-COVID) [56]. MpakTu-
KyloLie BpayW WCMbITbIBAIOT HeMarble TPYOHOCTU B BeAeHUM
nofoBHbIX 60MbHbIX. 3-32 0COBEHHOCTEN TEYEHUS HOBBIX LUTAM-
moB HKW (6eccmMnToMHOE TEYEHME UMK TEYEHME MO TUMY OCTPbIX
pecnupaTopHbIX BUpYCHbIX Hdekunin (OPBU) B nerkoi copme,
6e3 noTepu 060HsAHNS) ObIBAET CNOXKHO YCTAHOBUTD FNaBHbIN KpU-
Tepun MKC — ¢Bs3b ¢ nepeHeceHHbIM 3abonieBaHmem. KnuHuve-
CKWe MPOSIBMEHMS 3TOr0 CUHAPOMA HECMELMPUYHBI U BKMOYAOT
NPOSIBMEHUS], XapakTepHble ANs NCUXMATPUYECKUX, HeBponornye-
CKMX, SHAOKPUHHBIX U HEKOTOPbIX ApYrnx 3abonesaHuii, NoaTomy
OH Hepefko CTaHOBWTCS AMArHO30M MCKMKYeHUs. [10-npexHemy
BeJeTcs MOWCK «30M0Toro ctaHaapta» AuarHoctuku [KC, no-
CKOMbKY He B NOSHOW Mepe U3yyeHbl 3BEHbs MaToreHesa 3Toro
cocTosiHus. OfHOM M3 runoTes, koTopas Morna 6bl 06bACHUTL
BO3HUKHOBEHWE OOMbLUMHCTBA CUMNTOMOB, SIBMSIETCS Helipona-

TUs Manbix BonokoH (HMB). B gaHHOM 0630ope cymMMmUpoBaH Halw
ONbIT MHOroneTHen paboTbl C NaLMeHTamMu, UMELLMMI NOCTBU-
PYCHbIE, B TOM Y1CIE NOCTKOBMAHBIE IMMYHONOMYECKINE OCHOX-
HEeHWs, KOTOpble BHavane uccnegoBannch Ha 6ase nabopatopum
Mo3aunku aytoummynuteta Cl6IY, a 3atem — B LiEHTpe Mo n3y-
YeHMo ayTOMMMYHHbIX 3a00neBaHmi U NoCcneaCcTBuMIA HOBOI KOpO-
HaBupycHom nHdekumn KBMT um. H.W. Muporosa CII6I'Y.

MOCTKOBWUAHbLIA CUHAPOM: KNTMHWUYECKOE ONUCAHUE

CornacHo [Jenbguitckomy koHceHcycy BO3, MKC passusaet-
€Sy NaUMEeHTOB C NOATBEPXAEHHON unu npegnonaraemoil HKA,
yalle BCEro B Te4eHne 3 MecsLEeB Mocrne nepeHeceHHoro 3abo-
neBaHus. XapakTepHble CUMMTOMbI, NpeacTaBneHHble B KOHceH-
cyce, OOMKHbI COXPaHATLCS N0 MeHbLUed Mepe 2 Mecsla U He
MOryT ObITb 0OBSACHEHBI ApYrAM AnarHo3om [16].

PacnpocTpaHeHHOCTb MOCTKOBWMAHOMO CUHOPOMA He 3aBu-
CUT OT TsXeCcTM M npogosmkutensHoct HKW u BcTpevaetcs
npy 6ECCUMNTOMHOM TEYEHUM, ¥ MOMOALIX NALMEHTOB U Aaxe Y
petein. CnoxHoctb auarHocTukn MKC oveBmgHa B cnyyae Gec-
cumnToMHoro Tevennss HK — HeBO3MOXHO MOATBEpPANTL (hakT
3aboneBaHust Nocne aNVMWHALMK BUpYyCca U3 OpraHuama 1 cBs-
3aTb C HUM CUMMTOMbI, KOTOPbIE NPOSIBNSIOTCS B TeYeHNe 2—-3 Me-
caues nocne sabonesanus [54]. MpeanonoxeHo, yto ot 10 go
60% naumeHToB, nepeHeclumx HKW nerkoi nnu cpegHeTsxenon
CTEMEHN, UCMbITbIBAKT MposiBNeHns, xapaktepHole ans [KC,
Ha npoTshkeHun 12 Hegenb unn 6onee [10]. CornacHo Halwemy
OMbITY, UMEHHO BECCHMNTOMHOE UK ManoCUMNTOMHOE TeYeHne
HKW Beget k passutuio MKC. 310 MOXHO 06BACHUTL TEM, UTO
NauMeHTbI, TEHETUYECKN CKITOHHBIE K TSXKENOMY TEYEHUIO BUPYC-
HbIX W OaKkTepuanbHbIX WHGeKUMA, pa3snsaoT B cnyvae HKA
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Knaccuyeckyro BUPYCHYK MHEBMOHMIO TSKeNoro TeveHus. Mpu
BnaronpusatHom ucxope atoro npouecca MKC unn nHble nm-
MYHOTMOTMYeckne OCMOXHeHUs He opmupytotes. CylwectyeT
W WHas rpynna naluueHTOB, A€ MMeeTcs UMMYHOMOornyeckas
npeapacnonoXeHHOCTb K BbIPaXEHHOMY WMMYHHOMY OTBETY.
Takne 6onbHble nepeHocat HKW nerko, Ho moryT cdopmmpo-
BaTb [1KC, koTOpbIA 3aTeM LNMTCA HEAenu, Mecsubl U Laxe
rogbl. Cpean BonbHbIX, MOMyYaLWMX UMMYHOMOTMYECKOE Ne-
yeHne no nosogy INKC Ha 6a3e noctkoBuaHoro uentpa KBMT
um. H./. Tuporosa, bonee yem 3a aBa roga pabotbl He Gbino
BbISIBIIEHO HU OAHOrO MauueHTa, KOTOPbIA B OCTPOM Mepuose
HKW Haxoanncs Obl B peaHuMaLlny Unn Hyxaancs B akTMBHOM
pecnuMpaTopHoON MOAAEPXKKE, YTO MOXeT KOCBEHHO MogTBEp-
AWTb AaHHOe NpeacTaBreHue.

MatoreHes MKC no-npexHemy TpebyeT BCECTOPOHHEro U3y-
yeHus. PaccmoTpum TesucHo Te 3BeHbs natoreHesa [KC, koto-
pble NPeACTaBNAOTCS HaM Hanbornee CyLLeCTBEHHbIMU.

HekoTopble cneyunanucTbl CBS3bIBAKOT MPOrpeccMpoBaHue
MKC ¢ HenocpencTBEHHbIM AeNCTBMEM BUpYCa, TOrAa Kak Apy-
rMe OTMEYalT MPeuMyLLEeCTBEHHYI0 POfb UMMYHOMOMMYECKUX
OCNOXHeHWN. MepBas runoTe3a MOXET 0OBACHATL aHOCMUIO —
B ODOHSATENbHOM 3MUTENAN BO3MOXKHO ANUTENbHOE NpUCYTCT-
BMe pe3nayanbHbIX BUPYCHbIX YaCTWL, Bbi3biBas BOCMAneHue M
notepro 0BOHAHUS, YTO NPOAEMOHCTPUPOBAHO B JKCMEPUMEHTAX
in vivo [15]. Takke Ha hOHE NEPCUCTEHLMMU BUPYCHON MHAEKLN
BO3MOXHO pasBWUTME MEHWHTUTa WK aHuedanuta [26]. BTopas
TOYKa 3peHNs NpeanonaraeT akTMBaLM0 UMMYHHOTO OTBeTa, Be-
pOsITHEEe BCEro, N0 MEXaHW3My aHTUrEHHON MUMUKPUK ¢ Benkamm
yenoseka [13], unu HENOCPELCTBEHHOE NOPaXeHWe CTPYKTYp op-
raHnama Ha (poHe ANUTENbHO NMPOTEKAlOWEro CUCTEMHOTO Ael-
cTBUS MegmaTopoB Bocnanexus [11]. Mpu atom opmupytoTcs
Takue OCMOXHEHWS, KakK HerponaTus Manbix BOMOKOH, OCTpas 1
XpOHMYecKas AeMUenuHM3MpytoLwmre nonuHenponatun [36, 48].
CylLecTByIOT JaHHble 00 aKTUBaLWW HerpornumM, kotopas npo-
BOLMpYET NEPCUCTMPYIOLLEE BOCMAMNEHNE B HEPBHOW TKaHW Aaxe

nocne anumuHauuu Bupyca [49]. He MeHee BaxHbIM acnekTom
ABNAIOTCA pa3suBatolmecs Ha doHe HKW aktuBauus koaryns-
UMM, MUKPOTPOMBO3 M Backynutbl [5, 37], kOTOpblE MOryT cro-
€obCTBOBATH PA3BUTUIO KOTHUTUBHBIX 1 MCUXMYECKUX HapYLUEHWIA.
KocBeHHO 3Tu NpoLecchl NOATBEPXAAOTCS CHUXKEHMEM mMeTabo-
NNYECKON aKTUBHOCTMW FONOBHOrO Mo3ra v aucperynsauuen FAMK-
3pruyeckux Lienei, 0BHapYXMBaIOLLNXCS Y MaLNeHTOoB ¢ xarnoba-
MU Ha aHOCMUIO, MO3rOBOW TYMaH ¥ XPOHUYECKYH0 ycTanocTb [51].

B pokymeHTe BO3 xapaktepHble ans MKC knuHnyeckue npo-
SIBNEHNS NPeLCTaBMeHbl CIMCKOM, OHAKO Hall OMbIT NO3BONSET
BbILENUTb TPYU OCHOBHbIE TPYMMbI CUMMNTOMOB: TPUNMONOLOBHbIE
CUMMTOMbI, HENPOMATWK MasbIX BOMIOKOH M CUMMTOMbI CO CTOPO-
Hbl UHC (puc. 1).

lMepBas rpynna KruHUYeckux HabmogeHnn BKNKYaeT Takue
MMMYHOIOMMYECKME NPOSIBIIEHMS!, kak konebaHus TemnepaTypbl B
ananasoHe ot 34,0 go 37,5 °C, nocTosiHHOe WK BONHooOpasHo
BO3HUKaloLLee rpunnonogobHoe cocTosHMe, apTpanrum u muarn-
U1, TEHAUHUTBI, 03HOD, cnabocTb. BTopas rpynna KnMHUYeckux
nposiBieHMn MoxeT ObiTb 00ycrioBfieHa pasBuMBalOWMMCS Ha
(POHE CUCTEMHOTO AENCTBUSI MeANaTOpoB BOCMAmNEHUs nopaxe-
HWEM MasbIX HEPBHbIX BONOKOH W BKIto4aeT B Ccebs CEHCOPHbIE
(GoneBsble) v BereTaTMBHLIE NPOSBNEHUS. T1aLMEHTbI MOTYT Onu-
CblBaTb Knaccuyeckne xanobbl, XapakTepHble Ans MouHenpo-
naTui, — XOKEHWe WNK NonsaHWe Mypallek B KACTSX M CTonax,
NPEUMYLLECTBEHHO B HOYHOE BPEMS UMK NOCAe Harpysku. Bere-
TaTMBHbIE MPOSIBNEHUS MHOroobpasHbl M BkMovatoT B cebs op-
TOCTaTUYeCKNe peakuun, CUHKOMamnbHble COCTOSIHUS, OAbILIKY,
HapyLUeHUs (YHKLUMM KEeNyAOYHO-KULLEYHOrO TpakTa, CYXOCTb
CNM3NCTLIX 06onoYek, rmnepruapo3 [44]. Henb3s ncKnioumnTb, YTO
aHOCMUS W areBans Takke MOryT ObiTb NPOSIBMEHMEM Helpona-
TUM, OHAKO 3TOT BOMpoc TpebyeT AanbHemWmnx UccnegoBaHuil.
HakoHel, TpeTbl rpynny COCTaBMSKT HEMpONCUXMYeckne Ha-
PYLLEHNST — HernpexoasLlas ycTanocTb, Aenpeccusi, TPEBOXHOCTb.
BbioensieTcst 0cobbIf TUM KOTHUTMBHOW LNCHYHKLAM, ONMCHIBAEMBIN
KaK «MO3rOBOV TYMaH», — CHVDKEHME BHUMAHWS, KOHLEHTpaLuK,

Ipunnonogo6Hble CUMATOMbI:
cybdebpunuter, mmanruu,
apTpanrum, TEHANHUTBI, 03HOG,

cnabocTb

Flu-like symptoms:
subfebrility, myalgia, arthralgia,
tendinitis, chills, weakness

CuMNTOMBI €O CTOPOHbI LIHC:
Tpesora, genpeccus, HapyLleHue
NamMATU M BHUMAHUSA, KTYMaH B
ronose»

Symptoms from the central
nervous system:

Anxiety, depression, impaired
memory and attention, «brain fog»

Puc. 1.

HeliponaTtia mMaibix BO/IOKOH:
Helponatudeckas 6onb (AHMI otp.),
BereTaTueHas AucdyHKUMA (Taxukapams,
konebaHue Afl, HapylweHne dyHKLmK KT,
ofbilIKa, USMEHEHUE LIBETA KOMKM, CYXOCTb
C/IU3UCTBIX, Pa3MbITOCTb 3peHMs)
Small fiber neuropathy:
Neuropathic pain (ENMG neg.), autonomic
dysfunction (tachycardia, fluctuation in blood
pressure, impaired gastrointestinal function,
shortness of breath, skin discoloration, dry
mucous membranes, blurred vision)

Fig. 1.

Tpy OCHOBHbIE FPYNMbI KNTMHUYECKUX NPOSBNEHNA NOCTKOBUAHOTO CUHAPOMA
Three main groups of clinical manifestations of post-Covid syndrome
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REVIEWS

ckopocTu 06paboTku WH(opMaLUKM, HapyLeHUe MCMOMNHUTENb-
HbIX (yHKLMI [1].

BO3 obbssuna nangemuio HKM 30 axBaps 2020 roga, T.e.
ANUTENBHOCTb WU3YYeHUst MOCTKOBMIHOMO CUHAPOMA COCTaBnsieT
MeHee 4 NeT Ha MOMEHT HanucaHusi cTaTbW, MO3TOMY LOCTO-
BEPHbIX CBEAEHWA O MPOJOMKMTENBHOCTI 3TOr0 COCTOSHUS HET.
OcnoxHeHusi, HanomuHatowme MKC, Habmoganucs vy naumex-
TOB, NepeHecnx Takne nHdekumn, kak MERS n SARS-CoV-1,
KoTopble Takke OTHOCSITCS K CeMEeNCTBY BbICOKOMATOreHHbIX KO-
POHaBWPYCOB: MUANTIAS, YCTaNOCTb, HEMPONCUXUYECKNE OTKMOHE-
HWSI COXPaHAKTCS Y MaLWEHTOB O HACTOSLLEr0 BpeMeHU. ABTO-
pbl Habmoganu noctrepneTnyeckux 60MbHbIX C NOJOOHON CUM-
NTOMAaTMKOM, Ybsi MPOJOMKMTENBHOCTb 3aboneBaHns CoCTaBnsAna
8 net n Bonee. 3Tn HabnoaeHUs NO3BONSIOT NPEANONOXKUTL, YTO
MKC moxeT MMETb NPOLOSMKUTENBHOCTL OT HECKONIbKUX MECSLEB
[0 HecKonbKux neT [54].

HEMPONATUA MANbIX BONIOKOH
KAK NPOABNEHUE NOCTKOBUAHOIrO CUHAPOMA

HeiponaTust manbix BonokoH (HMB) — ato usbupatensHoe
nopaXeHne MUEeNUHU3MPOBaHHbIX A-fenbTa BOMOKOH M Hemue-
NNHU3MPOBaHHbIX C-BOMOKOH, KOTOPbIE B CYMMe COCTaBMSIOT [0
80-90% Bcex nepuepuyeckux HEPBOB 1 OTBEYAIOT 3a Nepeaavy
BoneBbIX, TEMNEpaTYypHbIX CTUMYNOB W (YHKLIMOHNPOBaHWE Bere-
TaTUBHOW HEPBHOW CUCTEMbI.

CornacHo npoBefeHHoMy B Hupepnavgax B 2013 rogy uc-
CcnefoBaHnto, YactoTa BeTpevaemoctn HMB coctasnset 52 cny-
yas Ha 100 TbIC., @ YacToTa HoBbIX cryyaeB — 12 Ha 100 Tbic. B
rog [35]. Mpegnonaraetcs, YTO C YBENUYEHNEM OCBELOMITEHHO-
CTM 0D 3TOM COCTOSIHUW PacmpoCTpaHEHHOCTb ByaeT pactu. He-
ckonbko Yawe HMB BcTpevaeTcs y xeHwmH [34]. My6nmkytoTes
OTAEnNbHbIE KNMHMYeckue Habnogenns HMB y geten [19, 29, 43].
YacToTa nposiBNeHnin HeiponaTtun Manbix BonokoH npu MKC He-
13BECTHA BBUAY Maroii M3y4eHHOCTM 060MX COCTOSHNI.

B kauecTtBe yacTbix npuinH HMB MoxHO 0603HauMTh MeTa-
Bonuyeckne HapylueHus, B 0COBEHHOCTM caxapHblil Auabet [24],
HO Takxe U fgeduuut BuTammuHa B,,, xenesogeduunt [7, 14].
K aToMy COCTOSIHWIO MOTYT NMpUBOAMTL HacnencTBeHHble 3abo-
neeaHust: 6onesHb ®abpu [14, 23], 6onesHb BunbcoHa [47], ce-
MeWHbI amunongos [3]. BoisieneHa Takke B3aumocssisb HMB ¢
BWY-undekupen [17], renatutom C [31], CUCTEMHBIM KNeLLEeBbIM
Boppenunosom (6onesHbto Jlaima) [32]. K Tokcnyeckum daktopam
pa3BUTUS HeponaTuM OTHOCAT ankoronb [25], HeMpoToKcuue-
CKMe nekapcTBeHHble cpeacTBa, xumuotepanuio [9, 50]. HMB
HepeaKko obHapyx1BaeTCs Mpy ayTOMMMYHHbIX 3ab0neBaHusx 1
VMMYHOMOMMYECKUX COCTOSIHUAX, Kyda OTHocaTes dhubpomuan-
rUsl, CUCTEMHAs KpacHas BOMnYaHka, Capkonzios, UHble CUCTEMHbIE
3aboneBaHus coegunuTensHom Tkanm [20, 39]. MpumepHo B 50%
CMy4yaeB NpUYMHA OCTAETCS HEYCTAHOBNEHHON, TOTAA roBOpST 06
nanonatuyeckon HMB [21].

C pocTom uHTepeca k HMB BbISIBAAIOTCS WHbIE NPUYKHBI, CMO-
CoOHble MPUBECTM K 3TOMY COCTOSIHUIO, U HOBasi KOPOHaBMpYCHas
WHekums — ogHa 13 Hux. CylecTBytoT HabmoaeHs, YTo nepe-

HeceHHas Tsxenas unu cpegHetskenas HKA moxeT nposoLmpo-
BaTb HeWpomaTWio ChycTs Mecsy OT Hadvana 3abonesanus [33].
[pyrve uccregoBaTtenu yTBepXgatT, YTO OHa MOXET MaHude-
CTWpoBaTb BO BpeMs 6onesHn [2]. Henb3s UCKMOUMTb, YTO BaKLn-
Hauus ot HKW MoxeT npoBouupoBaTh pasBUTME KPaTKOCPOUHBIX
ayTOMMMYHHbIX OCROXHEHUI, a Takke HMB [22, 53].

MatoreHe3s HMB po cux nop HesiceH, HECMOTPS Ha TO YTO
W3BECTHbI OTAEmNbHble €ro 3BeHbs. Tak, y mauueHToB o6Hapy-
XMBAIOTCA  aHTUCYNbGaTUAHbIE aHTUTENa, WMMYHOrMOBYMMHbI
M npoTuB TpUCynb(UPOBAHHOMO AuCaxapuaa renapaHa, UMMy-
HormobynuHel G npoTuB chaktopa pocta ¢ubpobnactos [27].
MpocnexuBaeTtcs BO3MOXHas cBa3b Mexagy HMB w nospexae-
HMEM WOHHbLIX KaHanoB [45]. AHTWTENa NPOTUB MHAYLMPYEMOrO
nHTEpdhepoHoM ryaHosuHTpudocdata ([TP), cBssbiBaKOLLErO
Benka MX1, MoryT B3auMOAECTBOBATbL C ONpefeneHHbIM TUNOM
KanbLMeBbIX kaHaMoB, KOTOPbIE HAXOAATCA B MO3re, acTpoLuTax,
NUpaMUaHbIX KNeTkax, HepoHax, Mo3roBbIx apTepusix [12]. YcTa-
HOBMEHO, YTO y MaLMEHTOB C AereHepaunen MeXno3BOHOYHOTO
ANCKa N XPOHWYECKON GOMbI0 B CMIMHE MOBBIWEH YPOBEHb aHTU-
Ten nNpoTuUB UHAYLMpyemoro uHTeptepoHom I'TO cBs3biBatoLLEro
Benka MX1, KoTOpble W MOTYT Bbi3biBaTh 6OMb Yepes B3auMMO-
[ENCTBUE C KambLWeBbIMM KaHamamu, HO 3TOT Bonpoc Tpebyer
AanbHenwero n3yyenns [41]. Y nayweHTos, ctpagatowmx HMB,
TaKkke OblNy HangeHbl aHTUTENa NPOTUB LUTOKepaTUHa 8 — 3Be-
Ha B maToreHe3e XPOHUYECKOWN AEMMUENMHU3MPYIOLLEN Helipona-
T — 1 apebpuH-nogobHoro Benka, KOTOPbIV UrpaeT BaxHYH
ponb B POPMMPOBAHUM CUHAMCOB, 3HOOLNTO3€e W (DYHKLMOHMPO-
BaHUM LmMTOCKEneTa HelpoHos [12]. Mpegnonaraetcs, 4To ayTo-
MMMYHHOE MOBPEeXAEHEe MOXET ONocpefoBaThes Yepes (akTop
Hekposa onyxonei a (PHOa) u unTepnenkuubl (W) -2, -6 n -8
[6, 52]. N3BeCTHO, YTO pasfnnyHble reHeTUYeCKe BapuaHTbl ne-
puchepuyecknx NOTEHLMaN3aBUCMbIX MOHHBIX KaHanoB MrpatT
ponb B POPMMPOBaHUM HelponaTnieckon 6onm, 1 0cO6EHHOCTH
MX (PYHKLMOHMPOBAHUSI MOTYT 0OBSCHATL BO3HWMKHOBEHWEe HMB
[45]. Mpu ayTONCMM NaLMeHToB, CTpagaBLUKMX NOCTKOBUAHBIM CUH-
APOMOM, ObifT BbISIBNIEH HEBPUT C MEpUBaCKynspHbIM Makpoda-
ranbHbIM UHUNBLTPATOM, HO BUPYCHBIE YaCTHLbl B TKaHSX OTCYT-
ctBoBanu. Takum 06pa3oM, BOCNANUTENbHbIA UMMYHHBIA OTBET
COXpaHsINCs Aaxe nocrne NonHon anumuHauum supyca. Cyulect-
BYIOT TaKKe [aHHble, YTO 4O YETBEPTU HEMPOHOB JOPCANbHOTO
KOpeLLKa, KOTOpble SBMAKTCS NEPBbIMU HEAPOHAMU B MyTSX YyB-
CTBUTENbHOCTH, akcnpeccupytoT MPHK, kogupytoLLyio peLenTopsl
k SARS-CoV-2 n AMN®2-6enky. Mpu paseutim Kpocc-peakTUBHOMO
MMMYHHOrO OTBETa aKTUBMPYeTCs BbipaboTka aHTUTEN, KOTOPbIE
MOryT MOBpeXaaTb HepBHYK TkaHb [42]. Pestomupys, cnegyet
OTMETUTb, YTO, HECMOTPS Ha BEPOATHBIA UMMYHOMOMNYECKMIA Na-
ToreHe3 HMB kak npu MKC, Tak 1 npu gpyrux HO30Morusx, kakux-
NMOO YHMKANbHBIX M CNELMMUYECKNX ayTOaHTUTEN BbISBMEHO He
Bbino, YTo He no3sonseT HaseaTb HMB knaccuyeckum aytoum-
MyHHbIM mipoueccoM. bonee koppekTHO Gbio 6bl IMEHOBaTH €ro
MMMYHOMOMMYECKUM MposiBrieHneM, a B cnydvae [KC — nocteu-
PYCHbIM UMMYHOOTMYECKUM CUHAPOMOM.

B pamkax knuHudeckux nposisnenuit MKC knuHudeckue nposie-
nexns HMB npeactaBnsitTcs kak HapyLIEHWe YyBCTBUTENBHOCTM
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W KaK BereTaTueHas AUCyHKLUMS. MaLneHTbl ONUCbIBAKOT NoKanbl-

BaIOLLYI0, XTy4yto UM CTpensioLLyto 60Mb, OHEMEHWE, OLLYLiEHNE

TaKTUMbHbIX CTUMYNOB Kak OOMeBbIX (annoguHWs), napectesnu,

rnep- UM runoanbre3nio, HapyLUueHue TemnepaTypHoOi YyBCTBU-

TENbHOCTU W Apyrue cumMnToMbl [38]. XapakTepHbl nopaxeHus au-

CTarbHbIX OTAENOB KOHEYHOCTEN MO TUMY KHOCKOBY U «MEPYaTOK»,

HO OMMCaHbl W MPOSIBNEHUS TaHIMMONATUN B BUAE NTOKanM30BaH-

HbIX HEMPOTSHKEHHbIX HAPYLLEHWUIA YyBCTBUTEMBHOCTW Ha pasnny-

HbIX y4acTkax Tena [6]. MopaxeHne BereTaTMBHOM HEPBHOW cuCTe-

Mbl npy HMB MOXET BbI3bIBaTh OPTOCTATUYECKYIO MUMNOTEH3MIO, CY-

XOCTb 11a3 M CrmancTbix 060104eK POTOBOM NOMOCTM, HApPYLLEHNS

CO CTOPOHbI MOYEMNONOBOW CUCTEMbI (MMMOTEHLMS, CYXOCTb Ba-

ranuwa, Au3ypusi, HedepxaHue), XemnyAouHO-KULLEYHOro TpakTa

(HepepxaHue kana, Anapes U KOHCTUNaLKs, NCeBAO0OCTPYKLMS

KWLLEYHWKA), «MPUIMBBI», HApyLLIEHUs akkomogaumu, cepaLebue-

Hue [34]. B HOBBIX MCCNeaoBaHMsX NOKas3aHo, YTO HeMporeHHas

po3aLiea MOXeT ObITb 0AHMM 13 nposiBnieHnin HVIB [28].
[OwnarHoctuka HMB 3aTpydHeHa no psgy npuyuH. Bo-nep-

BbIX, KMWHWYECKME MPOSIBIIEHUS LUMPOKO BapbUpYKT, T.K. Hel-

ponaTusi nopaxaeT Kak BereTaTuBHble, Tak U YyBCTBUTEIbHbIE

BOMOKHa. Bo-BTOPbIX, AMarHOCTUYECKMe KpuTepun paspaboTaHbi

TONbKO ANS HEMponaTuM OucTanbHbIX OTAENOB KOHEYHOCTEN No

TUMY «HOCKOBY» UM «MNepyYaToKk», HO HEe AN NOKanM30BaHHbIX Mo-

paxeHni [46]. B-TpeTbux, 4OCTOBEpHas AMArHOCTHKA BO3MOXHA

TONbKO B COYETaHUM HEWHBA3WBHbIX METOZOB 1 BUONCUM KOXM,

koTopasi SBMSETCA TPYLOEMKOW MHBA3WBHOW MpoOLEedypoi, HO

CUMTAETCS «30M0TbIM CTaHAapToM» [18].

[unarHoctnyeckne meponpusTis, BO3MOXHble npu HMB

[38, 46]:

1) KONMYeCTBEHHAs OLEHKa MasbIX BOJTOKOH:
* Broncus Koxu;
¢ KOHpOKarbHast MUKPOCKOMWS;
2) (OYHKLMOHANbHAs OLEHKa MasblX BOIOKOH:
* KONMWYECTBEHHOE CEHCOPHOE TECTUPOBAHWE;
* MUKpOHeiporpadgus;
* BbI3BaHHble HOLMLENTUBHbIE NOTEHLMANbI;
3) TectTnpoBaHue yHKLMIN BEreTaTMBHOM HEPBHOW CUCTEMBI:
* WccnepoBaHue TepMoperynalum;
* KONMW4YECTBEHHOE CEHCOPHOE TECTUPOBAHUE;
* KONMWUYECTBEHHOE UCCNEe0BaHNe akCoHamnbHbIX pediek-
COB, OTBEYaIOLLMX 3a NOTOOTAENEHNE;
* WCCNefoBaHNe KOXHbIX CUMNATUYECKUX peakLui;
* WCCnefoBaHNe SNEKTPOXMMUYECKNX NOTEHLMANOB KOXY;
* TecT-HerpouHamnkatop (Neuropad®);
* BapuabenbHOCTb pUTMa cepaLa.
CyLyecTByioT CrieaytoLLne OUarHOCTUYECKNe KpUTepum:

*  go3moxHass HMB — cuMNTOMbI U KNWHWUYECKUE NPOSIBMEHMS
NOBPEXAEHNS ManblX BOMOKOH;

+ geposimHasg HMB — HopmanbHas NpOBOAMMOCTb MKPOHOXHO-
O HEPBa B COYETAHUM C CUMMTOMAMM W KITMHUYECKUMIA MPO-
SBMNEHNAMI NOBPEXAEHNS MarbIX BOJOKOH;

* nodmeepxdeHHas HMB — HopmarbHas npoBOAUMOCTb WKPO-
HOXHOTO HepBa B COMETaHUM C CUMMNTOMAMM U KIIMHUYECKUMM
MPOSIBIEHNAMU MOBPEXAEHNS MarblX BOJIOKOH, @ TakKe CHU-

XEHUE UHTPasnuTennanbHOM MAOTHOCTU HEepBHbIX BOIOKOH

n/unu aHoMarnbHble TEMMNEepaTypHbIE MOPOTA KONMYECTBEHHO-

ro ceHcopHoro TectupoBaHusi (QST) [38].

MpumeHeHWe cpady HECKOMbKMX AMArHOCTUYECKNX TECTOB Cy-
LLIECTBEHHO MOBLILIAET BEPOSTHOCTb NPABUILHO YCTAHOBMEHHOTO
AmnarHosa. Hanpumep, npeanoxeHo ncnonb3oBatb kKOMOGUHALMIO
4 MeTod0B: KONMYECTBEHHOTO CEHCOPHOMO TECTMPOBaHMs, Buon-
CWM  KOXM, WCCNEROBaHWS 3NMEKTPOXMMNYECKUX MOTEHLMANOB
KOXW 1 BbI3BaHHbIX Ta3€PHON CTUMYNAUMEN MOTeHUManoB Ans
Hanbonee JOCTOBEPHOIA AnarHocTukm [18].

Mbl xoTenn 6bl coenaTb akUeHT Ha [BYX MeTofgax AvarHo-
ctvkn HMB npm TKC, ans kKoTopbIX CyLYECTBYET MeXayHapoaHas
CTaHgapTu3auus.

MepBblil — BUONCKS KOXW C UCCNedoBaHUEM WHTpaanuaep-
MaribHOW MMOTHOCTU HEPBHbLIX BOMOKOH, YTO MPUHSATO CYUTATb
«30M0TbIM cTaHaapToM» auarHoctukn HMB. K ee nonoxurens-
HbIM CTOPOHaM OTHOCWTCS! XOPOLUWA YPOBEHb A0Ka3aTENbHOCTMH,
BO3MOXHOCTb MPOBEPKM PE3yNbTaTOB HECKOMbKAMK cneumanu-
CTaMW-rcTonoramm, NpocTota noacyeTos. K Hegoctatkam — He-
00X0AMMOCTb NPOBEAEHUS! MHBA3MBHON MPOLEAYPbl U Hanuuns
creuranuanpoBaHHON rMCToNorMyeckon nabopatopuu. Takke y
naumeHTa MOXeT He ObiTb MOPaXeHWUt HEPBHbIX BOMOKOH B Me-
CTe B3ATUS GuonTaTa, YTO NMPUBEAET K NOXHOOTpULATENBHOMY
pesynbTaty. o HeonybnnkoBaHHbIM AaHHbIM aBTOPOB, aHanu3
Buoncum koxm y naunentoB ¢ MKC nokasan, yto Gonee 60%
BONMBHBIX UMENN CHIXKEHUE NIOTHOCTW MarbiX HEPBHBIX BOMOKOH
HWXe BO3PACTHBIX W TEHAEPHbIX HOPM.

Bropoit — koHokanbHas Mukpockonus porosuubl (KMP) —
BO3MOXHOCTb HeuHBa3uBHOM oueHkn HMB. MokasaHo, 4To npw
HKW HabntogaeTcst CHXeHWEe KOnMYecTBa HEPBHBIX BOMOKOH, a
Takke pOCT YnCra 3penbiX U HE3PENbIX AEHAPUTHBIX KNEeTOK Mo
CPaBHEHWIO C KOHTPOILHOW rpynnoil. Henb3s UCKNYUTL, YTO KO-
POHaBMPYC MMEET BO3MOXHOCTb aKTUBMPOBATbL FMManbHbIe KneT-
ki, MpOBOLMPYS aTaky WMMYHHOW CUCTEMbl Ha HEWpOHarbHble
TKaHu [8].

[anHble KMP cornacytotcs ¢ 0TAeNbHbIMM KIMHUYECKUMU Ha-
BriogeHuaMu: npu aytoncum naumenTa, ymepuero ot HKW, o6Ha-
py)XeHa runepakTUBaLmMs Helpornun n Herpodarus B OTAENbHbIX
obnactsx mosra [4]. B Gonee kpynHom uccnegosaui 184 naum-
€HTOB aKTMBaLWs MuKpornuu Habmoganacs B 42,9% cryyaes, C
obpasoBaHueM MukpornuanbHbix y3enkoB B 33,3%, actpornvos
Bbin 0BHapyxeH B 27,7% cnyyaes [30].

3AKNIOYEHUE

OTHoCUTENbHO HefaBHee MOSBREHWE MOCTKOBUAHOTO CUH-
ApOMa MHOTOE OCTaBMSET HESACHbIM: PacnpoCTPaHEHHOCTb,
BnusHue Teyenns HKW Ha nocneaylowylo TSXeCTb CUMMTOMOB,
ONTUManbHbIe METOAbI ANArHOCTUKM... [TaToreHe3 NocTKOBMAHO-
0 CMHApOMA Takxe OCTAeTCs He [0 KOHUA M3yyeHHbIM. Pac-
CMaTpPUBAIOTCH HECKOMbKO BO3MOXHbIX BapUaHTOB BO3AENCTBUS
Bupyca SARS-CoV-2 Ha HepBHyt0 CUCTEMY YenoBeka, BKoYas
ayTOMMMYHHOE MOBPeXeHUe, akTUBaLuio MUKPOrNNK, Hapy-
LeHWe Koarynauuv, AnuTenbHoe NpucyTCTBME pesngyarbHbIX
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BMPYCHbIX YacTuL, B 0TAeNbHbIX obnactax LIHC. Bce ynomsiHy-
Tble BapuaHTbl BO3AENCTBUS BUpYca CnocobHbl hopmMupoBaTh
HenponaTuio ManblX BOMOKOH, KOTOpas, Mo HalieMy MHEHWIO,
NeXWT B OCHOBE TakMX CUMMNTOMOB MOCTKOBWUAHOTO CUHAPO-
Ma, kak AM3aBTOHOMWS 1 HerponaTtuyeckue Gonu. MoHnmaHne
natoreHesa naToNoOrMYecknx MpOLLECCOB, NEXalynx B OCHOBe
MOCTKOBWAHOIO CWHAPOMA, OTKpbIBAET BO3MOXHOCTM paspa-
BOTKN HOBbIX METOAOB [MArHOCTUKM U FIEYEHNS, NOBbILIAKLLUX
KayeCTBO XWU3HM NaLMEHTOB.

AONONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. BCce aBTOPbI BHECIM CYLLECTBEHHbIN BKIA4
B pa3paboTky KOHLenuuu, NpoBeAeHNe UCCreaoBaHUs U Noaro-
TOBKY CTaTb, MPOYAM 1 08obpunn (uHanbHyl0 BepCuio nepes
nybrnukaypen.

KoHchnuKkT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHbIX U MOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB, CBSI3aHHbIX
¢ nybnukauueit HacTosLLEN cTaTb.

WUcTounuk dmHaHcupoBaHmus. PaboTa BhinonHeHa 3a cyeT
rpaHTa Poccuiickoro HayyHoro coHga PH® Ne 22-15-00113 ot
13.05.2022, https://rscf.ru/project/22-15-00113.

WUHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
NoNy4MnM NUCbLMEHHOE cornacue nayueHToB Ha nybnukaumio me-
BVLMHCKUX OaHHbIX.
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Pestome. Cnubupckas s3sa (@aHTpakc) 0THOCUTCA K 0060 OnacHbIM UHMEKLMSM C BbICOKOI NETanbHOCTbIO, 4OCTUral0-
Lei Npn HECBOEBPEMEHHOM ANarHOCTUKE M OTCYTCTBIUM aTUOTponHOM Tepanin 90%, a npu nerouHon ghopme — 100%.
Mo gaHHbiM BO3, exerogHo B MUpe pernctTpupyeTtcs oT ABYX 4O ABaALATH Tbicsy CryvaeB COUPCKON S13BbI y Ntoaei,
B TOM YMCIE C NeTanbHbIM UCXO40M, Yalle B pa3BuBalowmxcs ctpaHax. B asrycte 2023 r. 6bina BbisiBNeHa BCMbILKa
cubumpckoit 51386l B KasaxctaHe. B Poccuu 3a nocnegHue 15 net exerogHo pernctpupytotes okono 10-30 cnyyaes a1oro
3abonesaHus y nogen, npu 3Tom nocnegxue Asa 6binu 3adukcupoBaHsl B MapTe 2023 r. B YyBawuu. HecmoTps Ha
HW3Kyto 3aB0NeBaEMOCTb B LENOM, PUCK BO3HUKHOBEHMS BCMbILIEK COMPCKON S3BbI B CTPAHE 0CTAETCs BbICOKMM W3-3a
B0nbLUIOro YMcna NOYBEHHBIX CHBMPES3BEHHBIX 04aroB Kak 3aperncTpupoBaHHbIX, Tak 1 HeYYTEHHbIX, CaMONPOU3BOSbHOM
CaHaL/u KOTOPbIX OXNAaTb HE NPUXOLMTCS. BCKPLITUIO Takux 04aroB MOryT Cnocob6CTBOBATL BO3POCLUME B HACTOsILLEE
BPEMS PUCKW TEXHOTEHHbIX U MPUPOAHbIX KAaTacTpod, a Takxe yCTONYMBbIE TEHAEHLMM B OTHOLUEHUM NOBbILLEHUS TEM-
nepaTypHoOro pexuma. 310 NOATBEPXKAAET BCMbILLKA CUOUPCKOM 53BbI B FAMano-HeHeLKOM aBTOHOMHOM OKpyre B utone
2016 r., npoBoLMpYIOLMM (haKTOPOM KOTOPOM CYMTAETCH aHOManbHO BbiCOkasi Temnepatypa (bonee 34 °C B TeueHune
HECKOMbKMX AHeR). [oBbILLEHNe aKTyanbHOCTH A4aHHOTO 3ab01eBaHMs CBA3aHO TaKXe C pe3KMM BO3pacTaHWeM B CO-
BPEMEHHbIX YCNOBUSAX Yrpo3bl 6UOTEPPOPHU3MA, NOTEHLMANBHBIM areHTOM KOTOPOro SBASeTCS BO36yanTenb Cubupckoi
3Bbl. BcnegcTeme BbICOKOW YCTOMYNBOCTY CMOP BO3BYANUTENS BO BHELLHEN CPeAe, adpo30ibHOT0 MexaHn3ma nepegaym
3aboneBaHus, BO3MOXXHOCTM MOMYyYEHNS aHTUOMOTUKOPE3NCTEHTHbIX LUITAMMOB U LUTAMMOB, BbI3bIBAIOLLMX 3aboneBaHe
B MIMMYHHOM OpraHuame, Bo30yauTtenb cMbUpckoii 1386l ABNSETCS 0AHUM U3 Hanbonee BEPOATHBIX MHAEKLMOHHbBIX
areHToB, KOTOPbIE MOrYT ObITb MCMONb30BaHbI ANS CO34aHNS GUONOrNYECKOr0 OPYKUS.

KnioueBble cnoBa: cubupckas s13Ba; anuaeM1ononisi; naToreHes; KNMHUYECKUE NPOSIBNEHNUS; AUArHOCTUKA; NeYeHue;
npounakTMKa; BakLMHbl NPOTUB CUBMPCKOIA S3BbI; BUONOrMYECKoe OpyXKUe.
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Abstract. Anthrax refers to particularly dangerous infections with high mortality, which, with untimely diagnosis and
the absence of etiotropic therapy, can reach 90%, and with the pulmonary form — 100%. According to WHO, from two
to twenty thousand cases of anthrax in humans are registered annually in the world, including fatal cases, more often
in developing countries. In August 2023, an anthrax outbreak was identified in Kazakhstan. In Russia, over the past
15 years, only about 10-30 cases of this disease in humans have been registered annually, while the last two ones
were recorded in March 2023 in Chuvashia. At the same time, the risk of anthrax outbreaks in the country exists due
to the large number of soil anthrax foci, both registered and not accounted for, spontaneous sanitation of which cannot
be expected. The exposure of such foci can be facilitated by the currently increased risks of man-made and natural
disasters, as well as stable trends in increasing the temperature regime. This is confirmed by the outbreak of anthrax
in the Yamalo-Nenets Autonomous Okrug in July 2016, the provoking factor of which is considered to be an abnormally
high temperature (more than 34 °C for several days). The increased relevance of this disease is also associated with
a sharp increase in the threat of bioterrorism in modern conditions, the potential agent of which is the causative agent
of anthrax. Due to the high resistance of the pathogen spores in the environment, the aerosol mechanism of disease
transmission, the possibility of obtaining antibiotic-resistant strains and strains that cause disease in the immune body,
the anthrax causative agent is one of the most likely infectious agents that can be used to create biological weapons.

Key words: anthrax; epidemiology; pathogenesis; clinical manifestations; diagnosis; treatment; prevention; anthrax

vaccines; biological weapons.

3MUOEMUONOrUA CUBUPCKOW A3BbI

Cubupckas si3Ba pacnpocTpaHeHa MOBCEMECTHO MOYTU Mo
BCEMY 3eMHOMY Luapy W perncTpupyetcs Besae, kpome Ansicky,
IpeHnaHgmm n octpoBoB CesepHoro Jlegosutoro okeaHa. [lo
AaHHbIM BcemmpHoil opraHusauun 3gpaBooxpaHenust (BO3), mu-
POBOI1 ypOBEHb 3ab0NEeBaEMOCTY Niogen OLiEHNBAETCS OT ABYX 10
ABapuaTi Teicsy cryyaes B rog [7, 9]. B nocneaHue gecatuneTus
cubupckas f3Ba OCTAETCA aKTyanbHOW NS PasBUTbIX CTpaH, B
TOM 4ncne u Poccuitckon ®egepauun [13], rae BCTpeyaeTtcs B
eUHUYHBIX cnyyasx [14], noTeHUManbHO BO3MOXHbIX B npefernax
OTAENbHbIX PEMVOHOB CTpaHbl. Tak, B Poccun B cpegHeM B rog
peructpupyetcs okono 10-30 cnyyaes cubupckoit S3Bbl y Yeno-
Beka, Npu 3TOM nocrefHune Asa bbinu 3aduKCUpoBaHbl B MapTe
2023 ropga B Yyeawwun. B 2023 rogy cnyyaun cubupckoit s3Bbl
KMBOTHbIX 3aperncTpupoBaHbl B NaTh cyobekTax Poccuitckoin ®e-
aepauun: B Yysawckon Pecnybnvke, TamboBckon, PssaHckon,
Boponexckoi obnacTsx u B Pecnybnuke Toisa. Mo gaHHbIM BOS,
exerogHo B Mupe Habntopaetcs 250-300 Benblwek cubupckoi
S13Bbl CPEAM XWBOTHBIX WM OKOMO OAHOTO MUIIIMOHA XMBOTHBIX
nornbatoT. K cubupcko S3Be BOCMPUMMYMBLI MHOTUE KUBOTHbIE,
npexae BCero TpaBosAHbIe — KPYMHbIA 1 MENKWiA poraTthbli CKOT,
Bepbniogpl, oneHun (0cobeHHO ceBepHble), Nowwaau, ocnbl U Ap.
3apaxeHune XMUBOTHbIX Yalle BCEro MPOUCXOAUT OpanbHbIM Me-
XaHU3MOM [BYMS MyTAMU: anMMEHTapHbIM, MY NoegaHun HGK-
LiMPOBaHHbIX KOPMOB, B TOM YNCIE KOCTHOM MyKU, TPaBbl WIN NO-
YBbl, UM BOLHBIM — MPK BOZOMOE U3 BOLOEMOB, 3arpsi3HEHHbIX
cTOKamMu MpeanpusaTUid, nepepabaTbiBalOWMX Cbipbe KUBOTHOTO
NMPOUCXOXAEHUS, UN TPYHTOBLIMK BOAAMU, COOOLLaWMMIACS C
MOYBEHHbIMM O4aramm cubupckoit s3Bbl. OBs3aTenbHbIM yCro-

BMEM MpU OparnbHOM MexaHW3Me SIBNSIeTCS MOBPEXLEHWe cru-
3UCTON Xenyao4Ho-kuwweyHoro Tpakta (XKKT), yto HabntopaeTcs
npw ynoTpebneHumn rpy6oi NuLLM niv npy BocnanuTenbHbIX 3a60-
neBaHusxX. Pexe 0OCyLeCTBASETCS TPAHCMUCCUBHBIA MEXaHWU3m
nepepayn. MepeHocymkamn MOryT ObITb CIEMHM, MyXU-Xuranku,
B POTOBOM annapaTte KOTOpbIX BO3OYyAWTENb COXPaHSET XM3He-
€nocobHOCTb [0 5-7 OHEN, KoMapbl, MOLLKM, @ TakKe pasnnyHble
BuAbl knewen. [ng cubupckoil A3Bbl XapakTepHa CE30HHOCTb,
Hanbonbluee YUCNO BCMbILIEK PETUCTPUPYETCA B TEMNOE BPEMS
rofa, c Masi No CeHTA0pb, NpM BbiNace XMBOTHBIX HA NacTouwax,
OfHaKO eOVHWYHbIE BCMbILIKM CMOMPCKOM $13Bbl BO3MOXHbI U B
3UMHee Bpemsi MpW WUCMOMb30BaHUU UHULMPOBAHHBIX KOPMOB.
BonbHble XMBOTHbIE BbIAENANT BO3OYAMTENb CO CIIOHOW, MO-
4OW, Kanom, BCe OpraHbl 1 TKaHu nornbLuero ot cubupckom s3Bbl
XMBOTHOTO COZIEpXaT OrpoOMHOe KonnyecTBo Hauunn. Tak, 1 mn
KPOBM Taknx XMBOTHbIX cogepkmuT 10° MUKpOGHbIX kneTok. OT
BONbHBIX XMBOTHBIX U MIOAEN, NPU 3aXOPOHEHUN TPynoB nornb-
LUMX KMBOTHbIX BO3bYaUTENb CUBMPCKON A3BbI NOMAaeT B OKpY-
XaloLLy'o Cpeay, Npexae BCero B noysy. Tam oH 0bpasyeT cnopbl
M MOXeT COXPaHsTbCA Ha MPOTSKEHUM OYeHb ANMTENBHOrO Bpe-
MEHM, 0CTaBasiCb BbICOKOBUPYMEHTHbIM, 4TO ONPEAENseT cTaLmo-
HapHOCTb crbupckoi s13Bbl. B Poccuiickon ®epepaumm npaktunye-
CKW Kbl NATHIA HACENEHHbIN NYHKT UMEET TEPPUTOPUANBHYIO
CBS3b CO CTaLMOHapHO HebrarononyyHsiMn No cubrpckon si3se
NyHKTaMW, Ha TEPPUTOPUN KOTOPbIX NMEKTCS 3aXOPOHEHNS Tpy-
MOB XMBOTHbIX, MaBLLUKX OT cubupckon s3sbl [10].
Mo nokasaTensm 3nNM300TMYECKOro mnpouecca cubupckoi
A3Bbl TEPPUTOPUIO POCCUM pasfensioT Ha TpU 30HbI:
1) 30Ha CNOpPaAM4EecKoro NPOSIBNEHNs — TEPPUTOPUS CEBEP-
Hee 56° wwupotbl (MypmaHckasl, JleHuHrpagckas, Mckos-
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ckasi, Horopozckas u gpyrue o06nactu) v BoCTOuHble pait-
OHbl 3abaiikanbs;

2) 30Ha MEPVMOANYECKOTO MOSIBIIEHNS — TEPPUTOPNS MEXIy
56 un 52° wwupotbl (MockoBckasi, CmoneHckas, Hwxero-
poackasi, Mpkytckas n Kemeposckas obnactu, TatapcTaH
v ap.);

3) 30Ha yCTOMYMBOrO MOSBMEHMS — OT 53° LUMPOThI 4O HOX-
HbIX rpaHuy (Kypckasi, BopoHexckas, PocToBckas, Bonro-
rpaackas u gpyrue obnactu).

B obLyeit cTpykType 3abonesaemocTtu cubupckoi 53ebl 3abo-
neBaHus cpeaw nioaeit coctaBnaT 1-2%. MexaHu3Mbl 3apaxe-
HWS YenoBeka pasHOOOpa3Hbl: MOTYT OCYLLECTBAATLCSA KOHTaKT-
HbliA, OpasibHbIiA, adPOreHHbI U TPAHCMUCCUBHBIN MEXaHW3Mbl
nepegayu, Npy 3TOM OCHOBHbIM SBASIETCS KOHTAKTHbIN MEXaHWU3M,
koTopblnt coctaBnseT 90-99% Bcex cnyyvaes UHMULMpOBaHUS [4,
5]. Kak npaBuno, B. anthracis nonagaet Ha KOXHble NOKPOBbI Ye-
NoBeKa Npu NpSIMOM KOHTaKTE Npu yxoge 3a BOMbHbIMI XNBOTHbI-
MU, ux yboe, pasgenke Tylm, a TaKkke npu COMPUKOCHOBEHUM C
MOYBOIA, BOAOW, ChIPbEM KUBOTHOMO MPOUCXOXAEHUS W FOTOBLIMM
U3OEnUSMU U3 Mexa, KOXW, LWepCTu, WeTuHbl. OnucaHbl cryyau
3apaxeHust npu nporysnke B6OCMKOM MO 3apaxeHHol Moyse, Mpu
yoape KUpKOW, 3arpsi3HEHHOW MH(UUMPOBAHHOW 3emnen, npu
MCNOMNb30BaHNN KUCTOYEK Ans OpUTbS 13 3apaxeHHOM LLETWHBI,
npu BBeAeHUM neyebHOro npenaparta urnamu, 3arps3HEHHbI-
MK cnopamn Bo30YAWTENS, MPW HOLIEHUW MEXOBbIX, KOXaHbIX
W LUEPCTAHBIX M3AENUIA, MH(ULMPOBAHHBIX cropamu. Tak, BO
BPEMS PyCCKO-AMOHCKOM BOMHbI (1904-1905 rr.) cpeamn conpart
pycckoln apmun Ha [anbHem Boctoke 6bina onucaHa BCrbllLKa
CnBMpCKoM 513BbI (OKOMNO ThbiCSYM 3a60NEBLUKX), CBSI3aHHAs C Mo-
CTaBKOW OBYMHHBIX MOMYyLIYDOKOB M Nanax, 3apaxeHHbIX crnopamu
B. anthracis. Kak yxe roBopunocb, 06si3aTefbHbIM YCIOBUEM ANS
3apaXeHUs SBMSAETCS HapyLUEHWe LieSIOCTHOCTU KOXHbIX MOKPO-
BOB, Hanuuue Ha Koxe Makpo- unn MukponospexaeHuin. Opanb-
HbI MEXaHW3M (anuMMeHTapHbI NyTh) Nepefayn BOMOXEH Mpu
ynoTpebneHnn MHULMPOBAHHBIX MSICA 1 MACONPOZYKTOB, MOMO-
ka 6e3 [JOCTaTO4YHOI TepMUYECcKoi 0BpaboTku. TpaHCMUCCUBHBIN
MEXaHM3M nepeaayn OCyLLEeCTBISETCA NpU YKyCe KPOBOCOCYLLMX
HacekoMblX. [1ns a3poreHHoro MexaHu3ma nepegayu, peanu-
3yeMOro BO3AYLIHO-MbINEBLIM MyTEM, HEOOXOAMMO Hanuune B
BO34yXe asapo3ons cnop B. anthracis, KOTOpbIA CO3QaeTCs Ha
npeanpusaTuax no 06paboTke Cbipbst XMBOTHOMO NPONCXOXKAEHNS,
MCMONb30BaHWUM OpraH1Yeckux yAoOpeHn, coope yTUNbChIpbS 1
7.0. 3aboneBaemMocTb CMOMPCKOI 3BOW Cpeau ntogeit HOCUT cro-
pagnyeckuii xapakTep C OTAEMbHbIMIA FPYNMOBLIMM BCMbILLKAMM,
Mpu 3TOM YEeMOoBeK SBMSETCA AMMAEMUONOrNYeckM Tynikom. Kak
npaBuIo, 3apaxeHne 4YenoBeka OT YenoBeka He Habrogaetcs,
4enoBeKk He SBMSETCS UCTOYHMKOM WMHeKLun. IT0 MoxXeT ObiTb
CBSI3aHO C HECKOMbKUMU MPUYMHAMM: KPATKOBPEMEHHOCTLIO W
Cnaboi WHTEHCWMBHOCTLIO BblAENEHNs BO3OyaUTENS U3 OpraHms-
Ma 60MbHOTO, N3MEHEHVEM €ro CBOWCTB, OTCYTCTBMEM XapaKTep-
HbIX Ans 3aboneBaHNs MexaHW3MOB nepegayun Mexay nogemu. Y
Ntoaen B CBA3N C 0COOEHHOCTAMN UX TPYAOBOW AEATENBHOCTU U
ObITa MOXHO BbIAENUTL TPW TUNA 3ab0neBaHui CUOMPCKON S3BOM:
NpoeCCHOHaNbHO-CENbCKOXO3ANCTBEHHbIE, KOTOpble COCTaBMs-

toT Bonee 60%, NpodeccMoHanbHO-MHAYCTPUanbHbIE — OKOMO
20% w HenpodheccuoHanbHble (CryvanHo-6bIToBbIE) — OKOMO
15% [6]. Mpu 3ToM ANns MPOdheCccMoHanbHO-CENbCKOXO3ANCTBEH-
HOrO 1 HenpogeccoHanbHOro TUMNOB 3ab0neBaHNs XxapakTepHa
CE30HHOCTb: OHU Yallle BCTPEYalTCH B NETHE-OCEHHUI Nepuoa
 COBMafalT C COOTBETCTBYIOLMMI 3MNU300TUSMU Y AOMALLIHNX
XMBOTHBIX. [poeccnoHanbHO-NHAYCTPUANBHBIA TUM HE 3aBUCUT
0T BpemeHu roga. lNpodeccuoHanbHO-CeNbCKOX03ANCTBEHHbIN
TUN CMBMPCKON S3Bbl XapakTepeH Ans nogen, paboTaiowmx B
00LLEeCTBEHHOM XWBOTHOBOACTBE, U3 MEXaHU3MOB Nepeaaym ocy-
LECTBNSETCS Yalle KOHTaKTHbIN, BO3MOXEH OparbHbIii (anuMeH-
TapHbIN) NyTb, PEAKO TPAHCMUCCUBHBIN. 3apakeHne NPOMCXOANT,
kaK npaBuno, BereTatueHbIMK chopmamu B. anthracis. MocnegHsas
BCMblLLKa cubupckon 53Bbl Ha Amane B uone 2016 r. [6, 15] oT-
HOCUTCS K MPOdEeCCMOHANbHO-CENbCKOX03ANCTBEHHOMY TUMY, TaK
KaK MCTOYHMKOM MHDEKLW Bblnm oneHu, 1 3abonenu oneHeBoabl
W YNeHbI NX CEMEN.

[MpodeccnoHanbHO-MHAYCTPUAnbHbIN TUM XapaKkTepeH ans
niopei, paboTatLLmx Ha NPoN3BOACTBaX No nepepaboTke Cbipbs
XMBOTHOrO npoucxoxaeHus. [ins atoro Tuna cubupckon 3Bkl xa-
paKTepHbI KOHTAKTHBIA W a3POreHHbIN MeXaH13Mbl Nepegayn, 3a-
paxeHue MPoMCXoaNT cnopoBbiMK dhopMamu Bo3byauTtens. Bnep-
Bbl€ 3TOT TUM CUBMPCKON A3BbI BbIN onncaH B cepeamHe XIX Beka
B AHITIUM Ha NPeanpUATUSAX TEKCTUNBHOM NPOMBILNEHHOCTH, 13-
BECTEH TakxKe Nof Ha3BaHMAMU «Oone3Hb COPTUPOBLLMKOB LLep-
CTWy, «BonesHb TpANUYHUKOBY. MocneaHss Gbina pacnpocTpaHe-
Ha B Poccumn y cOOpLYMKOB CBAMOYHOTO TPSAMbS, 3arpS3HEHHOTO
BbIAENEHNSIMM M HaBO30M XWBOTHbIX. HenpodeccuoHanbHbIi
TMN HabnogaeTcs: y NoAei, UMEBLLMX KOHTAKT C OOMbHbIM Xu-
BOTHbIM B YaCTHOM CEKTOPE WNW Cly4anHo; npu ynotpebnexun
B MWLLY WHMULMPOBAHHOTO Msca WK MPOAYKTOB, 3arpsi3HEHHbIX
MoYBOW, Cofepxallel Crnopbl; Mpu UCMOMb30BaHWM MEXOBbIX 1
APYrVX N3genun.

B CanutapHo-anugemuonoryeckux npasunax Cl 3.1.7.2629-10
«MpodhrnakTuka cMBMPCKON S13BbI» [AKOTCS ONpeaeneHus creay-
IOLLIMX MOHSITWI, BaXHbIX ANS MPOBELEHUS 3NMAEMUONOTNYECKOTO
HaA30pa W NpoBefeHNs NPOTUBOCUBMPES3BEHHBIX MEPONPUSTUR:
3MM300TUYECKUIA 0Yar, 3NMAEMUYECKUIA Ovar, CTaLMOHapHO Hebna-
roMoMyYHbI MyHKT, NOYBEHHBINA 04ar 1 yrpoxaemasi TEppUTopus:

«OMM300TUYECKMIA OYar — MECTO HaXOXAEHWUS| NCTOYHMKA
unn pakTopoB nepegayn Bo30yauTENs WHGEKUMM B TeX rpaHu-
Ljax, B KOTOPbIX BO3MOXHa nepefadva Bo30yauTens BOCMpUMM-
UMBLIM KMBOTHBIM WUNW NOAAM (yuacTok nactbuiia, Boaomnow,
XMBOTHOBOZYECKOE MOMELLEHNE, NpeanpusaTe no nepepaboTke
MPOAYKLWM XNBOTHOBOACTBA U Apyrue).

AnuaemMnyecKknii ovar — TeppuTopns, Ha KOTOPOM 3aperu-
CTPWUPOBAH Cnyyai unm cryyan 3abonesaHns nogen.

CtaumoHapHO HeOnaronoslyyHblit MYHKT — HaceNeHHbIN
MYHKT, XMBOTHOBOAYECKAsH hepma, nacTbuie, ypouuile, Ha Tep-
PUTOPUM KOTOPOTO OBHAPYXeH 3aMM300TUYECKUIA 04ar He3aBUCUMO
OT CpOKa AaBHOCTW €70 BO3HMKHOBEHNS.

MouBeHHbII oYar — CKOTOMOTUIbHUK, GuoTEPMUYECKas SMa
W Lpyrue MecTta 3axOpOHEHNS TPYMOB XMUBOTHbIX, NABLUMX OT CU-
OupcKon A3BbI.
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Yrpoxaemas TeppuTopuUs — X1BOTHOBOAUECKME XO3SINCTBA,
HaceneHHble NYHKTbI, aAMUHUCTPATUBHbIE PaNOHbI, TAE UMEETCS
yrpo3a BO3HMKHOBEHWSI Criy4aeB 3abonieBaHusi XKWBOTHbIX MMM
Ntoaen cmbnpekoit A3B0IY.

B HacTosiiee Bpems B Poccuu 3apeructpupoBaHo 8 Thicsy
CMOMpPES3BEHHBIX CKOTOMOTMITBHUKOB, Ha CaMOM e Aene unudpbl
ohuLManbHON CTAaTUCTUKIA CUIBHO 3aHWMXEHDI, Tak Kak BO MHOTUX
panoHax CyLlecTByeT BOMbLIOE KOMMYECTBO HEYYTEHHbIX CKOTO-
MOrunbHUKoB. B PO HacunThiBaeTcs Gonee 35 Thicsy cTaumoHap-
HO HebraronomnyyHbIx No CBUPCKON S3Be NyHKTOB [4, 8] ¢ NnouBEH-
HbIMU ee o4yaramu, OOMbLUMHCTBO M3 HIX PacnonoXeHo B Cubupu

1 Ha tore Poccuun. HaceneHHbIi NyHKT, B KOTOPOM OZHaXAbl BO3-
HWKNO 3aboneBaHMe YenoBeka MMM KMBOTHOTO, CYMTAETCs Moc-
TOSHHO HebnarononyyHbIM No cubupckoii si3Be. Takum obpasom,
OCHOBHbIMKU UCTOYHUKaAMK VIHCbeKLWII/I Ang 4vernoBeka ABNAKTCA
OpraHnam 60MbHOMO XMBOTHOMO W MOYBEHHLIE OYarn CUBUPCKOM
s138bl. B HacTosillee BpeMsi NPOBOAMTCS MAccoBasi BaKLMHaLWs
XMBOTHBIX, MO3TOMY PONb MOYBEHHBIX 04AroB CMOMPCKOI A3BbI B
nogaepxanuv B. anthracis kak Buga B Npupoae urpaeT peluato-
Lyl porb. B ecTeCTBEHHbIX YCMOBUSX OHU CaHWUPYIOTCS KpanHe
MeaJfleHHO, hakTopamu, CnocobCTBYIOWMMM CaHaLMK, SBNSKT-
CSl MHCOMSILMS, aHTaroH3M MUKPOOPraHu3MoB, OakTepuungHoe
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MaToreHes cnbupensseHHoi MHdeKkunn y mnekonutarowmx (CynotHuukun, http://supotnitskiy.ru/lbook/book4-2-2.htm): 1 — Hus-

KOYPOBHEBOE NpopacTaHue 1 POCT B y4acTke MHULMPOBaHUSA BeAYT K NOKaNbHOMY OTEKY U HEKPOTUYECKOMY MOPaXEHMIO KOXKM;
2 — HM3KOYpPOBHEBOE NpopacTaHKe M POCT B YYacTKe MH(ULIMPOBAHNS BeAyT K MaCCUBHOMY BbINOTY, OTEKY CTU3UCTON U HEKPO-
TUYECKOMY NOPaXEHMNIO KULWEYHUKA; 3 — numdoreHHoe U remaToreHHoe pacnpoctpaHeHue B. anthracis. MAPKK (mitogen-activated
protein kinase kinase) — mutoreH-akTuBMpoBaHHbIW 6enok kuHasbl kuHasbl; TNF — dhaktop Hekpo3sa onyxoneit; IL — uHTepneii-

kuH (Dixon T.D. et al., 1999)
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LeNCTBIe HEKOTOPbIX pacTeHUn. B cBSA3M € 3TUM 0YeHb BaXHbIMU
NPeACTaBMSIOTCS U3YUYEHNE U aHanu3 CUBMPEsS3BEHHBIX MOYBEH-
HbIX 0YaroB B 3aBMCMMOCTW OT MOYBEHHO-OMOKNMMATUYECKMX
reorpaduyeckmx akTopos 1 npobrema nx LeKoHTaMUHaLMN.
[Ons gekoHTamMHaLMM NOYBEHHBIX O4aroB UCMOMb3YIOT pas-
NNYHBIE XUMUYECKWe npenapathbl, Haubonee 3EKTUBHLIMA
OKasanucb Cyxasi XJOpHas M3BECTb, CMELlaHHas C MOYBOM B
cooTHoweHun 1:10 u cmoyeHHas 3atem Bogon, U 5% dop-
Marnbferua npu ABykpaTtHoi obpaboTtke (ocTpoB [provHapg —
Gruinard). WmetoTcs nepcnekTuBbl NpUMEHeHUst BUonornyeckux
MeTogoB 00e33apaxuBaHusl MOYBEHHbIX o4aros. [ns aToro Mo-
YT WCMONb30BaTbCA MUKPODObI — aHTaroHWCTbI BO3ByauTENns
cnbupckoin A3Bbl. K HUM OTHOCATCS aKTMHOMMUETBI, B. subltilis,
B. mesentericus, B. mycoides. Bo3aMOXHO nCnonb30BaHue cre-
UMcmnyeckmx cnbupesaBeHHbix GakTepuodaros, ogHako B npu-
pofe BCTpeyalTcs YCTOMYMBbIE K HUM LTaMmMbl B. anthracis.
Bo Bcepoccuitckom HAW BeTepuHapHOii caHUTapum, rurieHsl u
aKonorum paspabotaH MeTod AeKOHTaMUHaLMK CMBMPES3BEHHBIX

CKOTOMOTUITbHUKOB MYTEM BbIKUraHUs, KOTOPbIA LUMPOKO NpuUMe-
HsieTcs B KaHage [6, 8].

MATOIEHE3 CUBUPCKOW A3BbI

BxogHbIMM BOpOTaMu npy cubUpCKoii 13Be Yalle BCEro SBMsi-
I0TCS MUKPOMOBPEXAEHNS KOXW, pexe Bo3OyauTeNb MOXeT no-
nagaTtb B OpraHu3M Yepes noBpexaeHHyo cnmsuctyo XKT unu
yepes anuTennit BEPXHUX AblxaTenbHbix nyTen (puc. 1). BaxHbim
(haKTOpPOM B pasBUTUW MH(EKLMM sBNseTcs dopma Bo3byaute-
ns, nonasLias B opraHu3M (cnoposasi unu BeretaTueHas). He-
KOTOpOE BpeMs Mocre MPOHUKHOBEHWUS B OPraHU3M Cropbl BeayT
cebs Kak MHepTHble Tena (B YaCTHOCTM, He CMOCOBHbI K agreaunn),
npu 3TOM OHW 3aXBaTbIBAIOTCA Makpodaramu u LOCTaBNAOTCS
UMU B pErMoHapHble nuMdaTuyeckue yanbl, roe cnopbl MOryT
BbISBNATLCS yKe Yepe3 4-5 yacoB nocne 3apaxeHus. [Janee
HayMHaeTCs MpoLecc MpopacTaHus Crop B BEreTaTuBHble KneT-
Ki, KOTOPbIA MOXET MPOMCXOAUTb Kak B MeCTe BHEAPEHUSI, TaK

Cutancous Intestinal Pulmonary
Low-lovel oormlm‘uon ond Low-lovel gormination at
Qrowth ot ono sito lead to local oNo 3it0 L0ads 1O MAssivo
odoma and noceotic losion. offusion, mucosal Toxomia
cdoma, and nocrotic losion. " s
Sl Edoma toxin Lo}hol toxin
° Y. 5;" I°% Do
A e i
/-
Macro o o, <
phage > d/y- P
Bacillus N
Bactorial viwlono:iaﬁ(gg,,\_
Capsulo O, +H30,;~ —=> TNF-a+intorloukin-18
Exotoxing (€02t OXY DN ?  +other cytokines
Other factors intermediotes) v
Regional lymph nodo Shr"k
* Doath
3. Rogional hemorrhagic lymphadenitis
Lymphatic or * / Pulmonary
homatogenous @ Sopticomia, toxomia lymphatic blockago
spodd .
"0 A N
/\ Pulmonary
s odoma
Doath . Doath Doath

Fig. 1.

Pathogenesis of anthrax infection in mammals (Supotnitskiy, http://supotnitskiy.ru/lbook/book4-2-2.htm): 1 — low-level germina-

tion and growth at the site of infection lead to local swelling and necrotic skin lesions; 2 — low-level germination and growth in the
site of infection lead to massive effusion, swelling of the mucous membrane and necrotic lesions of the intestine; 3 — lymphog-
enous and hematogenous spread of B. anthracis. MAPKK — mitogen-activated protein kinase kinase; TNF — tumor necrosis factor;

IL — interleukin (Dixon T.D., et al., 1999)
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W B pervoHanbHbIX numdoysnax. B makpodarax BeretaTusHble
KneTk1 gensTcs, y Hux obpasyroTcs kancynbl, 4To cnocobeTByeT
nx 6bICTPOMY BbIXOZY M3 (haroLMTOB C NOCNEaYIOLWMM Pa3MHOXe-
HWeM B IMMaTUYECKON CUCTEME, NMpU 3TOM Kancyna npensTcT-
BYeT (parouuTo3y BeretatuBHbIX opM. PasamHoXeHne Bo3byau-
Tens B 06nacT BXOAHbIX BOPOT M pernoHanbHbIX NuMdoy3snos
1 BblpaboTka UM 3K30TOKCMHA SBASHOTCA MPUYNHON HapyLUEHMS
MPOHNLIAEMOCTN COCYA0B, HApYLUEHNS MUKPOLIMPKYNALMM, MeCT-
HOrO CEPO3HO-reMopparuyeckoro oTeka, BOCManeHus, Hekposa 1
noTepu YyBCTBUTENBHOCTU B BOPOTAX MHQEKLMM.

Mpy Hanbonee YacTo BCTpeYaroLencs KOXHON opme B rmy-
Bokux cnosix Aepmbl 06pasyeTcs odar remopparniyeckn-HekpoTH-
4eckoro BocrnaneHust ¢ GypbiM MUTMEHTOM (reMOCUAEPUHOM) W
pasBMBaeTCs PerMoHanbHblil numdageHnT. Mpu anumeHTapHOM
nyT! 3apaxeHus BHedpeHwe B. anthracis BO3MOXHO Ha BCeM
npoTsikeHnn XKKT, yalye 3T0 NPOMCXOAMT B TOHKOM KMLLEYHUKE,

npy 3TOM BaxXHbIM (DAKTOPOM SBMAETCA HANMYME MUKPOMOBPEX-
[EHUIA ANUTENNS KWLLEYHWKA B pe3ymnbTaTe BOCMANMUTENbHBIX
3aboneBaHuit. lpu a3pOreHHOM MeXaHU3Me 3apaxeHusi Cropbl
3axBaTbIBaAOTCS anbBEONAPHbIMU Makpodaramu, KOTopble nepe-
HOCAT WX B TpaxeobpoHXManbHble U MeanacTuHarnbHble numda-
TUYECKUE Y3Mbl, TAe OHW npopacTaloT B TeyeHue 1-3 aHen (unu
COXpaHsIloTCs B anbeeonax unu numdoysnax go 60 gHen), Ha-
PYLIAKT UX GapbepHyt PYHKLUMIO N MPOHMKAIOT B KPOBEHOCHOE
pycno. B pesynbTate npogyKLMn 9K30TOKCHMHA Pa3BMBaAKOTCS OTEK
1 HEeKPOTUYECKME W3MEHEHMS, remopparivyeckuin MeanacTUHWUT
W NNEeBpUT C MOCreayloLeid reHepann3saumei npoyecca u Bo3-
HWKHOBEHMEM BTOPUYHOM TreMopparnyeckon CubupesiaBeHHOM
MHEBMOHMM C [anbHenWwnM CMepTeNbHbIM UexogoMm. Mpu Beex
bopmax 3apaxeHus npu reHepanu3auuy npoLecca BO3MOXHO
pasBuTHe CUOMPES3BEHHOTO Cenciuca, KOTopbI MoXeT ObiTb nep-
BWYHbIM M BTOPUYHBIM. XapaKTepPHO hOPMUPOBAHME CEMTUYECKIX

dopmbl cMbUPCKON A3BbI
Forms of anthrax

Hapy»Hasa uau
JlokanuzoeaHHas Local

(KOMKM ¥ CAU3UCTBIX)
(skinand mucous)
KepSynxynesnes, sgemerosmes, Syanesnes,
Ipusunenongres

Cerbunculous, edemstous, bullous,

MepBu4yHo-
cenTuyeckas
Primary septic

|

BropuuHas MNepeuuHas

&

eryzipeloid
Secondary Primary
BucuepanbHasn Visceral
JlerouHas, Kuwe4Has
Pulmonary intestinal
BropuyHo-
cenTu4yeckasn
Secondary septic
Puc.2. ®opmbi cubmpckoi A3BbI (COCTaBNEHO aBTOpamm)
Fig. 2.  Forms of the anthrax (compiled by the authors)
-
Puc. 3. O6pazoBaHue cubupessseHHoro kapoyHkyna. (URL: redkie-bolezni.com)
Fig. 3.  Anthrax carbuncle formation. (URL: redkie-bolezni.com)
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CumnTombl (Mpy KokHOM hopme, Hambonee pacnpoctpaHeHHor) / Symptoms (for the cutaneous form, the most common)

VHKy6aLmoHHbI nepuog;: 12-14 gHeit / Incubation period: 2-14 days

1. MNosiBnsieTcs 3yasilee
KpacHoBaToe MSTHO,
Moxoxee Ha yKyc
Hacekomoro / An itchy,
reddish, insect bite-like
macula appears

4. [pn pacyecbiBaHUm
ny3bIpek cpbiBaeTcs,
obpasyeTcs s3Ba ¢
YepHbiM aHom / When
scratched, the vesicle
breaks off, forming an
ulcer with a black bottom

7. BosHukaeT oTek,
KOTOPbI HAYMHAET
BbICTpO pacnpocTpa-
HaTbCA / An edema
begins to spread
quickly

@ ®

Teuenue / Course of the disease

PocT s3Bbl npogomkaeTcs 5-6 gHen /

Ulcer growth continues for 5-6 days There is no pain syndrome

Puc. 4.
Fig. 4.

Pa3BuTtie cuMnTOoMOB Npu KOXHON hopme CMOUPCKON A3BbI

04aroB B pasHblX OpraHax M TKAHSX C OCTPbIM CEPO3HO-reMop-
paryyeckum, remMopparumyeckum, pexe — uOPUHO3HO-TeMop-
parMyeckum BocnaneHueM, 3amelleHnem nMMAQONaHON TKaHW B
ceneseHke 1 nUMgoyanax Makpodaramm 1 HezaBepLUeHHbIM da-
roynto3om Bo30yamTens. HapacTatoLas TOKCUHEMNS MPUBOLANT K
CWHTE3Y 60MbLIOrO KONMYeCTBa NMPOBOCNANUTENbHBIX LUTOKMHOB,
npexae Bcero gaktopa Hekposa onyxonu (PHO), uHTepnenkmnHa-1
(N-1) n gpyrvx, 1 BbI3bIBAET MOBbILLEHWE NPOHNLAEMOCTM COCY-
[0B, Pa3BUTWE reMopparuyeckux NPosiBNEHWA, OTeka U remocTa-
3a B opraHax v TkaHsix. Bce 910 B UTOre MoXeT NpuBecTH K pas-
BUTMIO MH(EKLIMOHHO-TOKCUYECKOTO LLUOKA, CMHAPOMA AWNCCEMU-
HUPOBAHHOTO BHYTpPMCOCYANUCTOro cBepTbiBaHus (ABC-cuHapom)
1 K rnbenn 60nbHOro.

Takum 0bpa3om, B naToreHese cMOUPCKOI A3BbI HanbonbLuas
ponb NpWHALNeXWT AeNCTBUIO TOKCMHa B. anthracis, npu atom
CenTUYecKoe TeYEHNE MOXET BO3HWKHYTb UMM Kak pesynbTat nep-
BWUYHOW reHepanu3aunm, v Kak OCNoXHEHWE NoKasibHOM opMmbl
C pPasBMTMEM BTOPUYHOW reHepanuaaLmum.

KNMMHUYECKUE NPOSABNEHUA CUBMPCKOW A3BbI

MMpoJOMKMTENBHOCTL MHKYOALMOHHOMO nepuoga npu cubup-
CKOW 513Be MOXET COCTaBMNSATb OT HECKOMbKNX YacoB 40 14 aHen
(vawe 2-3 oHs1). Mpu 3apaxeHun BereTaTMBHbIMIA hopMamm UH-
KyOaLMOHHBIA nepunog 0b6bIYHO KOPOTKMIA, MPU 3apaXeHUN Cropo-

Bonesoit cuHapom oTcyTcTByeT /

Development of clinical manifestations in cutaneous anthrax

3. PasBuBaetcs Besu-
Kyna — nysblpek, Ha-
MOSTHEHHbIN CEPO3HBIM
COAEPXKMMbIM, 3aTEM
kpoBblo / A vesicle
develops -— a bubble
with serous contents

2. Koxa Ha nopaxeHHOM
y4acTke ynnoTHseTcs,
3y yeunveaetcs / The
skin on the affected area
thickens, the itching
intensifies

@

5. MNoaHnmaeTcs Tem-
nepatypa, nosiBnsoTCs
rornoBHas 6onb, pac-
CTPOMCTBO annetuta /
Temperature rises, hea-
dache, loss of appetite

6. Kpas 73Bbl Ha-
YMHaIOT NpUnyxatb,
00pasys Bocnanutenb-
HbIi Banuk / The edges
of the ulcer begin

to swell, forming an
inflammatory edema

8. [1Ho 513BbI Bce Gonee
3anafaer, no kpasm
06pasyroTcs HoBble
Be3ukynbl / The bottom
of the ulcer becomes
deeper, new vesicles
are formed

9. A3Ba pmocTuraet
pasmepa 8-15 mm
(cnbnpesaBeHHbIi
kapbyHkyn) / The
ulcer reaches a size
of 8-15 mm (anthrax
carbuncle)

[Tpu 6naronony4yHoM TeyeHUn BonesHu cnycts 5-6 gHern Temnepary-
pa CHXaeTcs, CaMoYyBCTBIE YNyYLIAETCs, YMEHbLIAETCS OTeK, paHa
3axwuBaeT ¢ obpasoBaHnem pybua / With a successful course of the
disease, after 5-6 days the temperature decreases, health improves,
swelling decreases, the wound heals with the formation of a scar

Puc. 5.
Fig. 5.

CunbupessBeHHbIN kapoyHkyn. (URL: www.sibmedport.ru)
Anthrax carbuncle. (URL: www.sibmedport.ru)

BbIMM chopmamn — 6onee NPOLOIKUTENBHBIA. [Py KOHTAKTHOM
nyT Nepegayn 1 KOXHoON opme 3abonesaHns MHKYOALMOHHbIN
nepuog coctasnseT 2-14 fHeid, Npu asporeHHOM W anuMmeH-
TapHOM 3apaxeHWn MOXET COKpaLyaTbCH A0 HECKOMbKMX YacoB.
Bbigensior KOXHYI, WHransuynoHHylo (NeroyHyt), racTpouHTe-
CTMHarmbHYI0 (KWLLEYHYI0) WM CEenTUYecKyl (opMbl CUBMPCKOM
3Bbl, NOCNEAHSAS MOXET ObITb NEPBUYHON U BTOPUYHON (pUC. 2).
B mexayHapogHyto knaccudmkauno bonessenn (MKB-10) Bkriio-
yeHbl koxHas dopma (A22.0), neroyHas dopma (A22.1), xeny-
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BOYHO-kMLeYHas copma (A22.2), cubupessBeHHas centuuemns
(A22.7), ppyrvie copmbl cubupckon s3Bbl (A22.8) u cubupckas
s13Ba HeYTOYHeHHas (A22.9).

Yale Bcero BCTpeyaeTcs koxHas opma, koTopas cocTas-
naet 95-99% Bcex crnyyaes cubupckoi A3Bbl. B 6onbluMHCTBE
CNy4yaeB NOpPaxaeTcs Koxa BEPXHUX KOHeyHocTen (okono 50%
BCex cnyyaes) u ronosbl (20-30%), pexe — Tynosuwa (3-6%)
1 Hor (1-2%), Npu 3TOM CTpagatoT B OCHOBHOM OTKPbITbIE y4acT-
kn koxu. KoxHyto ¢opmy MpuHSTO mogpasgensTb Ha kapOyH-
kynesHyto (coctaBnset 99,1% cryd4aeB KOXHbIX MPOSIBIEHWN),
apematosHyto (0,4%), Bynnesnyto (0,4%), apusnnenongHyto unm
poxuctonogobHyto (0,1%). Yxe K KOHLY NepBbIX CYTOK pa3BuBa-
€TCS BbIPKEHHBIA WHTOKCUKALMOHHBIA CUHAPOM, MPOAOIKak0-
Wuincs 5-7 pHei: nuxopajka C NOBbILEHEM TeMNepaTypbl [0
38-40 °C, 03H00, ronosHas 6onb, cnabocTb, paccTPONCTBO CHa,
CHWXeHWe annetuta. CHayana B MecTe BHeapeHust Bo3byaunTe-
nsa obpasyeTcs KpacHOBATOE 3yAsLlee MATHO, MOXOXee Ha YKyC
Hacekomoro (puc. 3). TATHO Yepe3 HECKOSbKO YacoB MepexoauT
B nanyny, ganee B Be3ukyny AnameTpoMm 2-3 MM, COAepKaLLyto
CEPO3HYI0, 3aTEM KPOBSIHUCTYIO XMAKOCTb. Besukyna nubo npu
pacyecbiBaHWM, MO0 CamMonNpOM3BOSIBHO BCKPbLIBAETCS, NPY 3TOM
obpasyeTcs A3BoYKa C TEMHO-KOPUYHEBBLIM UM YEPHBIM AHOM U
MPUNOAHATLIMI KPasiMU, OKPY)XEHHA BEHUYMKOM BTOPUYHbBIX My-
CTyN, 3a CYeT KOTOpbIX OHa yBenuumeaetcs. Koxa BOKpyr s3Bbl
0TEYHa W rMNepeMnpoBaHa.

Yepes cyTku s3Ba gocturaet pasmepa 8-15 mm. OgHoBpe-
MEHHO C YBENMYEHWEM Pa3MEpOB S3BOYKW MPOMCXOAWT YBEnU-
YeHMe W YNMOTHEHWE PervoHanbHbIX NMMMATUYECKNX Y3rOB,
KOTOPbIE COXPaHAKT NOABUXHOCTL M 6e30onesHeHHOCTb. Yepes
2-3 Hefenu BCMEACTBME HEKPO3a LiEHTpanbHas 4acTb $13Bbl
npeBpaljaetcs B 6e3b0onesHeHHbIN MAOTHBIA CTPYM, KOTOPbIA
ObICTPO YepHeeT U yBennunBaeTcs B pasmepax (puc. 4). Ctpyn
BO3BbILIAETCS HaJ MOBEPXHOCTbIO KOXM, OKPYXEH BbIPaXEHHON
30HOW TUNEpPEMUM 1 BbIMMSAAMT Kak YepHbl Yromnek Ha kpacHOM
hoHe («yronb B OTHe»), YTO 1 MOCAYXWUIO OCHOBAaHWEM ANS Ha-
3BaHus 3aboneBaHnst — aHTpakc (yronb). Mexay YepHbIM CTpy-
MOM W KPacHOW 30HOW MMEETCS XenToBaTas kailma, YTo genaet
A3By TpexuseTHoi (puc. 5). K yetepToit Hegene npowucXxoaut
OTTOPXeHWe CTpyna u obpa3oBaHue KpaTepoobpasHoi S3Bbl C
rpaHynMpyLWMUM SHOM 1 THOWHBIM OTAENSEMBIM; B AaTbHENLLEM
MPOMCXOANT €€ BTOpUYHOE pybLeBaHue.

Ob6blyHO 0BpasyeTcs oguH KapbyHkyn, HO UX MoxeT 6biTb
HECKOMNbKO, WHOTAA KOMWYecTBO MX MoxeT pocturath 10-20 n
Bonee, paamepbl kapOYyHKYIOB MOTYT KonebaTbCst OT HECKOMbKNX
MWUIIIMMETPOB A0 [ECATW CaHTUMETPOB B AuameTpe. [MaBHbIM
OTNNYMTENBHBIM MPU3HAKOM CMBUPes3BEHHOro kapbyHkyna sBns-
eTcs 0TCYyTCTBUE DONE3HEHHOCTW B 30HE HEeKpo3a, NpaKTU4Yecku
OesbonesHeHHa Takke 30Ha OTeka. [ns 34eMaTo3HON (hopMbl
XapaKTepHO pa3ssuThe 06LIMPHOMO oTeka 6e3 BuaMMoro kapOyH-
kyna, npu 6ynnesHon cpady 0bpasytoTcs My3bipn ¢ remopparnye-
CKIM COAEPXMMbIM, NPY SpU3NNENONIHON Pa3BMBaeTCs apUTemMa
c 6enoBatbiMM Ny3bIpsiMK, NOCIE BCKPbITUS KOTOPbIX 06pasyoTcs
Hernybokue ObICTPO NoAchIxatoLye A3BbI. JleTanbHOCTb NPy KOX-
HOW chopmMe Npu OTCYTCTBUW NEYEHUST MOXeT foxoauTb 40 20%,

npu neveHnn xe cHuxaetcs Lo 2-3%. [ns kuweyHon ¢opmbl
cnbmMpCKoW S13BbI XapakTepHa 0bLas UHTOKCKUKaLus, ocTpast pe-
Xywas 6onb B anuractpanbHoi obnacTtu, psoTa U NOHOC C Mpu-
MeCbto KpOBM. A3bIK Cyxoit 1 0bnoxeH 6enbiM HaneTom. Jleroy-
Has hopma CcMBMPCKOM A3BbI NPOTEKAET 04YeHb Tsxeno. Ha doHe
BbICOKOII TEMMepaTypbl NOSBAATCA 60MM NPy AblXaHUW, LnaHo3,
OAblLLKa, Xpunbl, Kallenb C NEHUCTON KPOBaBOW MOKPOTOM. YBe-
nnyeHne nepnbpoHxmanbHbIX NUMQATUYECKNX Y3M0oB NpensTcT-
BYET OTTOKY NIMMbI N NMPOBOLMPYET OTEK NErknX. XapakTepHbIM
SBNAETCH 04eHb BbICTPOE YXyALLEHUE COCTOSAHUS BOMBHOO U Ha-
pacTaHue U3MeHeHW B nerkux. CMepTHOCTb Jaxe Npu NeYeHun
coctasnseT 8o 90% cnyyaes. CenTuyeckas unm reHepanu3oBaH-
Has hopma BCTpeyaeTcs peako. [Ins Hee XxapakTepHO CHUXeEHWe
TEMnepaTypbl Tena, passuTie MHPEKLMOHHO-TOKCUYECKOTO LLIOKA,
rMNoKCUK, alumao3a, NonmopraHHoi HegoctaTouHocTh 1 ABC-cuH-
ApOMa, CMepTb HacTynaeT Ha 2-3-i AieHb Npu SBMEHNUAX OCTPOro
konnanca.

BO3BYAUTENb CUBMPCKOW A3BbI
KAK BUONOrM4YECKOE OPYXUE

Teppopusm B HacTosiLiee BpeMsi SBASETCA OOHOM U3 CaMblX
OCTpbIX W aKkTyanbHbIX npobnem, npuobpetas B COBPEMEHHOM
Mupe rnobanbHbIil, MexayHapoaHeln xapaktep [6, 17]. BecbMa
3aMaH41BbIM A MHOTOYMCIIEHHbIX TEPPOPUCTOB SBMSETCS UC-
nonb30BaHMe OBUONOTMYECKOro OpYXMs, KOTOpOe MpeacTaBns-
€T coboi He MEHbLLYI OMacHOCTb, YeM ApYrie Buabl Opyxus
MaccoBoro nopaxeHnus. [losBunocb noHsTue 6uoteppopusma,
TO €CTb Yrpo3sbl NPUMEHEHUs CPEACTB MaCcCOBOr0 MOpaXeHus
Bronornyeckon (bakTepronornyeckon) Npupoasl B TeppopucTu-
yeckux Lensx. B HacTosilee Bpemsi HacuUMTLIBAETCSA HE MeHee
40 MHEKLMOHHBIX areHTOB, KOTOPbIE MOTYT ObITb MCMOMb30BaHbI
B kayectBe Guonorudeckoro opyxus. Cpean HuX HanbonbLuyto
yrpo3y MpencTaBnsioT HECKONbKO BO3byauTeneir, B TOM uucne
B030yauTenb cubupcKoii S3BbI.

MocnegHnit oTBeYaeT GONbLIMHCTBY TpeboBaHuMi, npegbsB-
NSIEMbIX K NOTEHLMANBHOMY areHTy B1ONOrMYeckoro Opyxus: oH
nopaxaeT YenoBeka W XUBOTHbIX, Oka3blBaeT ObICTPOE AeiCTBIE,
obnapaet BbICOKOW BUPYNEHTHOCTLH), KpalHe YCTOMYMB BO BHELL-
HeW Cpefie, NPOHWKAET B OPraHW3M PasmuyHbIMK MyTAMU, NETKO
KynbTUBMPYETCS B MabopaTopusix, BO3MOXHA CENEKLNS yCTONYM-
BbIX K aHTMOMOTUKAM LWTaMMOB. Hanbonee BeposiTHbIM Cnocobom
NPUMEHEHNs1 Takoro OpYXUst SIBMSETCS pacrblNeHne a3po3ons,
COAEepKaLLero cnopsl, YTo NpuBeAeT k npeobnagaHuio nerouy-
HoW chopMbl 3aboneBaHNs C BbICOKOW neTanbHOCTb. CornacHo
OnpedeneHHbIM pacyeTam, Npy pachbifeHnn cubupesisBEHHbIX
cnop Ha nnowaam 20 kM2 B TeYeHWe 2 4acoB Haf ropogoM C NaTh-
MUIIMOHHBIM HACENEHNeM PUCKY 3apakeHns OyAeT NOABEPrHYTO
500 Tbics4 YenoBek, Npu 3TOM NPOrHO3MpyeMoe uncno 3abones-
LUKMX MOXET cOCTaBUTb 250 ThICAY YENOBEK, U3 HNX CO CMepTenb-
HbIMU ucxogamu — 125 Toicay [6].

lMepBoe cepbes3Hoe ucnonb3oBaHWe B. anthracis B kavecT-
Be O1onorMyeckoro opyxusi ObiNo NPOBEAEHO HauMoHanUcTamm
npotus abopureHoB FOAP u Pogeann (3umbabee) ans nogaene-
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HUs ocBoboauTenbHOro auxeHus B 1978-1980 rogax. Mpomso-
wepwas B anpene 1979 roga kpynHas BCMblLKa CMOUPCKON S3Bbl
B CBepanosckon obnacty Gbina cBsisaHa, N0 OCHOBHON BepcuM,
C aBapuiiHbIM Bbibpocom cnop Bo36yauTens u3 nabopatopum Bo-
eHHoro ropoaka (CsepanoBck-19) yepes noBpexaeHHble (usb-
Tpbl, MO APYro BepcUM — C BPaXeckon Ausepcueir. B nonb3y
nocrnegHen roBopuT ToT akT, YTO 3apybexHble pagumocTaHLum
€o06wWunmu 06 anmaeMnn UMEHHO CBMPCKON S13BbI 5 anpens, B TO
BpeMs kak nepsblit guarHo3 6ein noctasneH 10 anpens [16]. Mo
ouumManbHbIM AaHHBIM, 3@ BCe BpeMs anuaeMun nornbnm 64 ve-
noBeka, No HeouumanbHeIM — Bonee Thicaum.

B 1993 rogy sinoHckon cektoit Aym CrHpuke Gbina npeanpu-
HSTa nonbiTka BuoTeppopa pacnpocTpaHeHnem B. anthracis B
ochucax, koTopasi, K cyacTblo, okasanacb 6esycnewHon. o co-
crosHuio Ha 2001 rof kak MUHUMYM 17 CTpaH yxe pacnonaranu
roToBbIM 6aKTEPUONOrMYECKUM OpyXneM. MOCTOSHHO BepyTCs
pa3paboTKi HOBbIX FEHETUYECKM MOAN(ULMNPOBAHHBIX LWTaMMOB
B. anthracis ¢ noOBbILEHHON BUPYNEHTHOCTbLIO, NONUAHTUOMOTY-
KOPE3NCTEHTHOCTbIO, CMOCOBHOCTLIO Bbi3biBaTL 3aboneBaHue B
VMMYHHOM OpraHu3me (Takue KynbTypbl Ha3blBaKTCH BaKLWHO-
PE3NCTEHTHBIMM); NPOBOASATCA paboThl MO BCTPAMBAHMIO TEHOB,
KOOMPYIOLLMX CUHTE3 CHOMPES3BEHHOTO TOKCMHA, B FEHOM ApYriX
MWUKPOOPraHnaMoB, Hanpumep B. cereus v B. thuringiensis, ad-
(PEKTMBHbIE BaKLMHBI NPOTUB KOTOPbIX OTCYTCTBYIOT.

B ceHt6pe 2001 roga B CLUA Obin npeanpuHsaT akt 6uo-
TEpPpPOpM3Ma pacChINKoi MOYTOBLIX OTMPaBMEHWIA, COAEepXa-
Wwux cnopbl Bo3byguTens cubupckom $3Bbl, B pe3ynbTaTe
yero 22 venoseka 3abonenu (11 U3 HUX — KOXHOW HOPMOM
cubmpckon f3Bbl M 11 — neroyHon), 5 yenosek nornbnu. 3o
caenano O4eBWAHOM MOTEHUMAnNbHYK OMacHOCTb NPUMEHEHMS
B. anthracis B ka4yecTBe areHTa 6uoteppopu3ma 1 npuBMeEKNo
MOBbILLEHHOE BHUMaHKE K npobneme, B pesynbTaTe yero bbinu
pa3paboTaHbl 3hPeKTUBHbIE METOALI NeYeHNs, NPOUNaKTUKKN
1 3KCnpecc-auarHocTuku cubupckon s3sel. B 2001 rogy Tonbko
Ha 13y4yeHue reHoma B. anthracis ogHWM 13 Hay4HbIX LIEHTPOB
CLUA 6bino BbigeneHo 200 Tobicsy gonnapoB. OgHaKo onacHbI-
MU SBAISIKOTCS HE TOMbKO akTbl BUOTEPPOPU3MA, HO U XanaTHoe
OTHoOLEHWEe npu paboTe ¢ 0cob60 onacHbIMK Bo3byauTensmu B
cneumanuanMpoBaHHbix nabopatopusix. lMocne cobbituit 2001
roga noa npeanorom 6opb6bsl ¢ Goteppopusmom B CLUA v apy-
X CTpaHax Bbinn co3gaHbl MHOrOYMCIEHHbIE LieHTpbI Broso-
rMYECKMX MCCNeaoBaHnii — nabopaTopun No NpeaoTBpaLLEHMo
ouoteppopuama. Mo coctosHuio Ha 2006 rog Tonbko B CLUA
ouumansbHo HacuuTbiBanoch 6onee 400 Takux yupexaeHwi,
OCYLLECTBNSAOWMX CEKPETHbIE Mporpammsl [leHTaroHa. B nioHe
2014 ropa B rocyaapcTBeHHOM nabopaTopun No NpeaoTBpalLe-
Huto BuoTeppopusma B Atnante (CLLUA) ¢ B. antrhacis pabo-
Tanu B 00bIYHOW, He NpeAHa3Ha4YeHHon Ans paboTsl ¢ 0c060
onacHbiMM B030yauTensmu, nabopaTtopuu, mpu 3TOM uccne-
Ayemble 0bpasubl He BbINK HENTPanM30BaHbl, YTO MOLBEPTO
Yrpo3e 3apaxeHns 75 4yenoBek, HaxoasaLwumxcs B nabopatopuu.
B mae 2015 roga u3 BoeHHoW nabopatopuu nNpu NONMroHe B
wrate tOta, CLUA, B pesynbtaTe MPECTynHOW XanaTHOCTU
00bI4HOM moyTon B 24 nabopatopun 11 WTATOB, @ Takke B

5 cTpaH (HOxHas Kopesi, ABctpanus, KaHapa, Benukobputa-
HWS, AnoHus) BbiNW OTMpaBNEHbl XKUBbIe cnopbl B. antrhacis
(Bcero 68 nochbInok).

Takum 06pa3om, nogobHbIe nabopaTopuu camm MOryT CTaHo-
BUTbCS MCTOYHWMKOM HOBbIX YrpO3 pacnpocTpaHeHus Bo3byauTe-
NS, NpUYeM B MMPOBOM MacLuTabe.

NPUHLMNbI NABOPATOPHON AUATHOCTMKU

[Ona addekTmBHOM Tepanun cMBUPCKOM S3Bbl Heobxoauma
nocTaHoBKa [uarHo3a B KpaTyalluuMe CpOKW, OfHaKko Bpayam
pesKo NPUXOLAMUTCS CTanKUBaThCs C 3TON MHAEKLMeNn, YTO CHUXa-
€T WX HaCTOPOXEHHOCTb B €€ OTHOLLEHWW. pu KoxHOM dopme
nHdekummn B 10-40% cnyyvaes BonbHbIM CTaBAT AMarHo3bl «kap-
OyHKyN», «YpYHKYN», «YKYC HACEKOMOro» W [pyrie noxoxue u
OTMPaBNSHOT HA XMPYPIUYECKOE NeYeHne. 3HaUUTENbHYI0 CIOX-
HOCTb NpefCcTaBnseT pacno3HaBaHWe reHepanusoBaHHbIX HopM
cnbupckoit s3Bbl. Tpu Manenwem nogo3peHnn Ha cuBUpPCKyHo
3By He0b6Xx0aAMMO NpoBeaeHNe NabopaTopHOM AUarHoCTukM [1, 3,
12], koTOpas OCyLLeCTBASETCS B CTPOrOM COOTBETCTBUM C AENCT-
BYIOLLMMM MHCTPYKLMSIMA U NpaBuUiamn (METOGNYECKUE YKa3aHMs
MYK 4.2.2413-08, MYK 4.2.2941-11). [Ins Hee 1cnonb3yTcs Mu-
Kpockonuyeckuia, baktepuonornyeckuit, 6ronornyecknii MeToabl,
CepoanarHocTuka, anneproguarHoctuka v MonekynspHo-6uo-
noruyeckue metofpl [11], B 4aCTHOCTU MeTOAbI MONEKYNSPHOMO
TMNMPOBaHMS [2, 5]. [laHHble MUKpOBMONornyeckme MeToabl no-
3BOJIAOT NOATBEPANTL 3TMOMOTMIO 3aboneBaHus, B TO BpeMS Kak
BuoxmMmmyeckme 4aKT BO3MOXHOCTb OLEHUTb CTEMEHb €€ TSxKe-
CTW. [Insi NpsiMbIX METOAOB AUArHOCTUKI CUBUPCKOI S13BbI (MMUKPO-
ckonuyeckoro, BakTepuonoruyeckoro, 6GUoONOrMYeckoro METOL0B
1 9KCMPECC-ONarHoCTVKM) UCCreayeMbiM MaTepuarnom SBRslTCs
COAEPKMMOe Be3uKyn, kapbyHkyna, OTTOPrHYTbIA CTPYM, MOKPO-
Ta, ekanuu, KpoBb, CMMHHOMO3rOBAsi XWAKOCTb, CEKLMOHHbIN
maTepuan. Matepuansl OT TpynoB cregyeT 6paTb U uccnefoBatb
kaKk MOXHO paHbLUEe MOCfie CMepTu, Tak kak Tam BbICTpo pa3su-
BaeTCs NMOCTOPOHHAS MUKPOIIOpa, YTO 3aTPyAHSET BblAeneHue
UMCTOM KynbTypbl. 3a60p KIMHWYECKOrO MaTepuana npou3BoaaT
B NeyebHo-npocunakTuieckux yupexaeHusx (NMY) B sawmtHom
ofexze npuw nocTynnexun 6oNbHOTO A0 Havana aHTMOMoTHKoTe-
panuu cornacHo MYK 4.2.2941-11, ans aT0ro 1CnonbayT cne-
UManbHbIA KOMMNEKT — «yKnafky YHMBEpcanbHyl Ans 3abopa
maTepuana oT NoAen 1 n3 06BbEKTOB OKpyxatolei cpedpbl Ans
nccnenoBaHns Ha 0cobo onacHble WHMEKLNOHHbIE BonesHN».
MepcoHan nabopatopuin LomkeH ObiTb 06ecneyeH cneLoaekLoNn
1 CPeACTBaMM WHAMBUAYaNbHON 3alUThl ANs NpoBegeHus paboT
C MUKpoopraHuamamu |l rpynnbl naToreHHoCTy.

NEYEHWE U NPO®UNAKTUKA CUBUPCKON A3Bbl

KomnnekcHas Tepanusi GonbHbIX CMOMPCKOI S3BOM BKIHOYa-
€T ABa OCHOBHbIX HanpaBfiEHWS: STUOTPOMHYIO AaHTUMUKPOBHYIO
U cneunduyeckyto aHTUTOKCUMYECKYID Tepanuio 1 Hecneuudu-
YEeCKY0 CUMNTOMAaTUYECKYI0 W MPOTUBOLLOKOBYIO Tepanuto. [ns
neyeHns cnubupckoil s13Bbl B Poccum Mcnonb3ayoTes cregyoLme
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aHTMbakTepuansHble npenapatbl: 6eTa-nakrambl (6eH3MNNEHM-

UMNIVH, aMIALWNIKH), TETPaLMKIUHbI (TETPALMKIWH, AOKCULIM-

KIH), (TOPXMHOMOHBI (LmnpodnokcaLH, nedokcaLmH, odnok-

cauuH), pudpamnuumH. [lo HegaBHEro BPEMEHU OCHOBHBLIM Mpe-

napaTtoMm Ans neyeHus cubupckoi S3Bbl ABAANCS NEHULUNNNH,

O[lHaKo B HaCTOsILLEee BpeMsi B CBS3M C MOSIBMIEHWEM LUTAMMOB,

npoayuupytolmx beta-nakramasbl, €ro crnegyet WCMonb30BaTh

TONbKO MpU NOLATBEPXAEHHON K HEMY yyBCTBUTENBHOCTU. K mpe-

napataMm pes3epBa OTHOCATCA aMWHONMKO3NAbI (FeHTaMULMH,

AMUKaLIMH, CU30MULMH), TaK Kak PE3UCTEHTHOCTb K aHTUBUOTHKaM

9TON Tpynnbl pa3BMBaeTCs MEANEHHO. BO3MOXHO npumeHeHue

KaK OTAemnbHbIX MpenapaTos, Tak W WX KOMOMHaLWA, Hanpumep

MEeHULUNInHa M TeTpauukivHa, yunpodiokcauuHa u pudamnu-

umHa. Wcnonb3oBaHne aHTUOMOTWKOB Hambonee adekTUBHO

npu KOXHOM chopMe CUBMPCKOM 3BbI, MPK CenTuyeckon opme

PEKOMEHIYETCS NPUMEHATL KoMOMHauuW npenapatoB. Bo Bcex

Cnyyasix NieyeHne crnegyet HauMHaTb Kak MOXHO paHbLue OT no-

SBIEHNS NEPBbIX KMMHUYECKMX CMMNTOMOB 3abonesaHus. [Mpw

pasBUTAN Cencuca W TOKCUHEMUM MPUMEHEHWE aHTUMMKPOOHBIX

npenapaToB MoXeT ObiTb HEIPMEKTUBHBIM U Laxe YXYAWWTb
cocTosiHue BonbHOro u3-3a rbenu MukpoboB M 0cBOGOXOEHNS

BOnNbLLIOro KONMYeCTBa eLLe He YCMEBLLErO BbINTW 13 KNETOK 9K30-

TOKCWHA. [Ins HeMTpanu3ayum TOKCUHA NPU CPEAHETSKENOM W TS-

XENnoMm TeuyeHun cubupckoir 53l TpebyeTcs BBegeHWe BOnbLLNX

[03 NpOTUBOCUOMPES3BEHHOTO NOLIAAMHOMO UMMYyHOrNoOynuHa,

KOTOpbIA COLEPXWT aKTUBHbIE ramma- 1 0GeTa-rnobynmHoBbIE

(bpaKunm, BbIAENEHHbIE U3 CbIBOPOTKW KPOBMW TMNEPUMMYHU3NPO-

BaHHbIX nowagen. MoMMMO HelTpanusaumm TOKCWHa, npenapart

WHMMBMpYeT npopacTaHue crnop 1 obpasoBaHue Kancyn (yrHete-

HWe CUHTe3a rnyTamuHnonunenTuga). B nocnegHee Bpems wc-

Monb30BaHMe CMOMPES3BEHHOTO MMMYHOTMOBYNMHA NpekpaLleHo

B CBSI3W C YaCTO Pa3BMBALLMMICS anneprmyeckuMm peakLmnsmm.

PaspabaTbiBaloTcs NpOTMBOCMOMPES3BEHHbIN YENOBEYECKUIA UM-

MyHOrnoOynuH, UMMyHOrnobynnH Ha ocHoe Fab-thparmeHToB,

npenapaTtbl Ha OCHOBE MOHOKIOHAMNbHbIX aHTUTEN K NMPOTEKTWB-

HOMY @HTUreHy, neTanbHOMy hakTopy M MOMMrTyTaM1HOBOM Kar-

cyne B. anthracis, WHTMBUTOPOB KNETOYHbIX PELLENTOPOB NPOTEK-

TUBHOTO @HTUreHa u Apyrue.

Hecneundunyeckas npodunaktuka cubupckon s13Bbl y nto-
J€el BKMOYaeT KOMMIEKC BETEPUHAPHBIX I MEeAWKO-CaHUTapHbIX
meponpuatuit (CaHuTapHo-anngemuonoruyeckue npaeuna Cll
3.1.7.2629-10). B Hux Bx0AUT:

*  BaKUWMHaLWS BOCMPUMMUMBLIX KUBOTHBIX, KOTOpas SBNSETCS
3EKTUBHOIM, HO He obecrneumBaeT MOMHON ANUMUHALN
B030yauUTens 13-3a ero AnUTeNbHOr0 COXpaHEHNs B MOYBE;

*  BbISIBMIEHWE, yYeT U INKBMAALMS CNOMPEA3BEHHbBIX 04aroB;

¢ CaHMTapHO-3NMAEMWUONOTMYECKUIA KOHTPONb B Hebnaromno-
NYYHBIX MO CUOMPCKON S13BE MYHKTaX, @ TakKe Npu 3aroToBKe,
00paboTke, TPAHCMOPTUPOBKE U XPAHEHNN ChIPbS KMBOTHOIO
MPOUCXOXKOEHMS;

«  mpodunakTuyeckas, Tekyllas u 3akmounTenbHas Ae3nHpek-
LKSi, CKUraHWe, a He 3aXOPOHEHWE TPYMOB 3apaXeHHbIX Xu-
BOTHbIX 1 CbIpbS,

¢ CaHWTapHO-MPOCBETUTENbHAs paboTa ¢ HaceneHmem n T.n.

OKCTPeHHas npounakTika NpoBOLUTCA NPY NOSBIEHNN CIly-
yaeB CUOMPCKON S3BbI CPeay KUBOTHBIX UK NI0LEN, a Takke npu
yrpo3e a3po30IbHOTO 3apaxeHus npu Guoteppopuame. Ee npo-
BOAST B 30HE BO3HMKHOBEHWS aKTWBHOIO ovyara Cubupckoii s3Bbl
npy NOMOLLM aHTUOUOTUKOB pasHbIX rPynn He NO3aHee NATU AHEN
nocrne BO3MOXHOTO 3apaxeHnsi — KOHTaKTa ¢ UHULMPOBAHHLIMU
XMBOTHBIMM WM NPOAYKTaMM KMBOTHOBOACTBA. K nmpumeHeHuio
PEKOMEHIOBaHb! pUaMnULMH, JOKCULMKIUH, aMMULMITINH, OK-
CauMnvH, LMnpodnokcaLuH nepopansHo; reHTaMULUH BHYTPK-
MbILLIEYHO B MaKCUMarnbHbIX 403aX B TeYeHue natu gHen. Moxert
MCMONb30BaTLCA TakXKe NoLaANHbIA MMMYHOrMoOOYIMH NPOTHBO-
cnbnpessBeHHbIR: B3pocnbiM B Aose 20—-25 mn, nogpocTkam oT
14 no 17 net — 12 mn, getam — 5 mn (METOANYECKNE PEKOMEH-
paunn MP 0100/3556-04-34).

OnTumanbHas NPOLOIKUTENBHOCTb AKCTPEHHOW Npodunak-
TUKVM MPW NOJO3PEHNN HA a3POTEHHOe WHMLMpOBaHMe crbup-
CKOWM 513BOM TOYHO He onpeaeneHa. B 2001 rogy B CLUA nrogsm,
MoABEPrHyBLUMMCS PUCKY TaKOro 3apaxeHus, bbina npoBeaeHa
9KCTPeHHast NpohunakTuka KypcoMm aHTUMUKPOBHOrO npenapara
(umnpodpriokcaLnHa, [OKCULMKIINHA UM aMOKCULIIAMHA) B TeYe-
Hue 60 gHei, Ang Yyero ObINO UCMONb30BaHO 3,75 MITH TabneTok.
HeobxoanMocTb ANnUTENbHON NPEBEHTUBHOWM aHTMOMOTMKOTEpa-
nnn cBa3aHa ¢ 3HPEKTOM OTCPOYEHHOTO MPOPACTaHWs crop B
nerkux. Cnopbl MOryT AMMTENbHO, HA MPOTSHKEHUM HECKOMbKWX
Hegenb (0o 8 Hepenb n Gonee) nepcuCTUPOBaTL B anbBeEONax, B
TO BpeMsl Kak aHTMOMOTWKM aKTUBHbI TOMbKO B OTHOLLEHWN Bere-
TaTUBHBIX KITETOK 1 MpOpacTatoLLnx Crop.

[ns 3abnaroBpeMeHHON NpounakT1kn cubUpCKon A3Bbl UC-
MONb3yTCH BaKLMHbI (DOPMUPYIOT UMMYHUTET NPOAOMKMTENb-
HOCTbH 10 0AHOro rofa). B HacTosiwee Bpems B Poccun 3aperu-
CTPUPOBaHbI M UCTONb3YHOTCA 1BE BaKLMHbI:

1) BakumHa cnbupessBeHHas xnBas Cyxas Ans NOAKOXHOrO 1

CKapU(UKaLWNOHHOTO NPUMEHEHMS, COREPXKMT XMBbIE CMO-
pbl BakuuHHoro wramma CTU (no HaseaHuio CaHuTapHo-
TEXHUYECKOro WHCTWTYTa, B KOTOPOM Obina paspaboTaHa
BaKLHa);
BaKUuHa cubupesiaBeHHas KOMOMHMPOBaHHAs xuakas ans
NOAKOXHOIrO MPUMEHEHMS, COOEPXUT CMEChb XMBbIX CNOP
BaKLMHHOro wrtamma CTU-1 1 04MLLEHHOTO KOHLEHTPUPO-
BaHHOTO MPOTEKTUBHOTO CUOMPES3BEHHOTO aHTUreHa, ag-
copBupOBaHHOTO Ha MMAPOOKUCH amiOMUHIS.

Pa3paboTaHa Takxe BakLmHa 115 a3p030SbHOr0 NPUMEHEHNS.

K KOHTWHreHTam pucka, NoanexaiyuM npodunakTuieckum
npu1BKBKaM, OTHOCSTCS:
¢ 300BETPAbOTHUKM U Opyrve nuua, npoecCHoHanbHO 3aHs-

Tble NpeayboHbIM COAEPKaHNEM CKOTa, a Takxke yooem, CHS-

TUEM LUKYP U pasmenkon TyL;

*  JMua, 3aHsTble COOPOM, XpaHEHWeM, TPaHCMOPTMPOBKON W
nepBrUYHON NepepaboTKOi CbPbSt XKMBOTHOTO NPOUCXOXAEHUS;
*  COTpyAHuKn nabopatopuii, paboTatowme ¢ matepuanom, no-

[03pUTENIbHBIM Ha MHpUUMpoBaHMe Bo3byautenem cubup-

CKOM $13BbI;
¢ JiNua, BbINOMHsIOWMe onpefeneHHble paboTbl Ha 3H300THY-

HbIX N0 CMOMPCKOI S13BE TEPPUTOPUSIX (CENMbCKOXO3ANCTBEH-

N
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Hble, arpo- 1 rMapoMenMopaTuBHbIe, CTPOUTENbHbIE U Apyrue
paboThl, CBI3aHHbIE C BLIEMKOW 1 MEPEMELLEHUEM TPYHTa;
3aroTOBUTENbHbIE, MPOMbICIOBbIE, TE€0MNOrMYeckne, u3bicka-
TenbHble, SKCNEANLNOHHBIE);

*  BOEHHOCMYXaLlye Npu Hanuuun 3nuLeMUornormnyeckmx noka-
3aHUM.
3a pybexom MCnomnb3ylTCs XMMUYECKNE BaKLMHbI HA OCHOBE

MPOTEKTMBHOTO aHTUreHa, BbipabaTbiBaeMoro GeckancynbHbIM

HenpoTEONNTUYECKUM aBUPYNIEHTHbIM WTaMMoM B. anthracis,

ancopbupoBaHHOTO Ha rMAPOOKACK antoOMUHUS WK KBacLaXx.

Hanbonee n3BECTHbIMW BakUMHAaMK U3 3TOW Tpynnbl SBMASIOTCS

amepukaHckas BakumHa AVA — Anthrax Vaccine Adsorbed (6ec-

kancynbHbiin wWramm V770-NP1-R) 1 anrnminckas AVP — Anthrax

Vaccine Precipitated (aBupyneHTHbIit wtamm Sterne 34F2) ¢ yse-

nnyeHHbIM Ha 30% Konn4ecTBOM neTanbHOro akropa.
CyLecTBylOWME BaKLMHBI, HECMOTPS Ha 3H(EKTUBHOCTD,

VMeIT psf HEAOCTATKOB, YTO BbI3bIBAET HEODXOAMMOCTb Npo-

BeEeHUs AOMOMHUTENbHbIX PaboT Mo MX COBEPLUEHCTBOBAHUIO,

HanpaBfieHHbIX Ha MOBbILIEHNE WMMYHOTEHHOCTU W CHUXEHME

peakToreHHOCTW. [ns MOBbIWEHWUS MMMYHOTEHHOCTH pekombu-

HaHTHbIX BaKLWH NpeanaraeTcs Ucnonb3oBaTh Ans WX CO3AaHus

B. subtilis, B. brevis n apyrve, CUHTe3upytoLiMe KancybHble no-

nunenTugbl B. anthracis. PaspabatbiBatoTCs BaKLMHbI HA OCHOBE

pekombuHaHTHoi [HK, nonueaneHTHblE BaKLUMHbI, B TOM YuCne

M OT cubupckol $3Bbl, W Ap. BomblWwWHCTBO MccnegosaTenei

CXOLSATCS BO MHEHMM, YTO B MOSTHOLEHHOW XUMWYECKOW BaKLWHE

BOMKHbI BbITb @HTUTEHbI, HanpaBMneHHble Ha BbipaboTKy B opra-

HU3ME aHTWUCNOPOBOrO, aHTUKANCYMbHOTO W AHTUTOKCUYECKOro

UMMyHUTETA.

3AKNIOYEHUE

B coBpemeHHbIX ycroBusx cubupckas si3Ba COXpaHsieT rro-
DanbHblii HO30apean W NpoJoMmKaeT OCTaBaTbCs aKTyarbHO
npobnemoit Ans MHOTUX CTpaH, B TOM uucne u Poccuiickon de-
Aepaumv. BakumHauus BOCMPUMMYMBBIX XWBOTHbIX He obecne-
uMBaeT AnuMMMHauuMKM Bo3ByauTens M3 ODBEKTOB OKpYXatoLew
cpefbl. Henpeackasyemoe no AnNUTENbHOCTU BbIKMBaHUE CMOp
B. anthracis B no4Be no3BonsieT BO3DYAMTENIO COXpaHATb HE
TONbKO XM3HECNOCOOHOCTb, HO W BUPYNIEHTHOCTb. Ha Tepputopum
CTpaHbl COXPaHSOTCA TUNEePIHOEMUYHbBIE 04ark, akTMBaLMs KOTo-
PbIX MOXET NPOU3ONTK Kak B pe3ynbTaTe CTUXMIAHbIX 6eACTBUI 1
KMMaTUYECKIX M3MEHEHWI, TaK M aHTPOMOTEHHOTO BO3AENCTBUS
1 TEXHOTeHHbIX katacTpod. He crnegyeT 3abbiBath 1 06 yrpose
3aB03a MHMULMPOBAHHOMO CbIpbSi KMBOTHOTO MPOUCXOXOEHNS
Ha TeppuUTOPWI0 CTpaHbl 13 CTpaH BnmkHero 3apybexbs, a Tak-
Xe BO3pacTaHuu yrposbl GuoTeppopuama. TpeBory Bbi3biBaeT
nosiBNeHNe B NpUpoae He TONbKO aHTUOMOTUKOPE3UCTEHTHBIX, HO
1 BaKLMHOPE3UCTEHTHbIX LWTaMMOB B. anthracis. Bce aTo ceupe-
TENbCTBYET O HEOOXOAMMOCTU CO3AaHUS KOMMIEKCHOW mporpam-
Mbl o Bopbbe ¢ cbupckon S3B0K, HaNpaBEHHON Ha COBEPLLEH-
CTBOBaHWE METOL0B €€ ANarHOCTUKM, NeYEHNs U NPOPUNaKTUKN,
a Takxe BbISIBIEHWE U CaHALMIO NOYBEHHbLIX 04aroB CUBMPCKON
13BbI.

AONONHUTENBHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECIM CYLLECTBEHHbIN BKA
B pa3paboTky KOHLENuuM, NpoBeAeHne UCCReaoBaHus W Nogro-
TOBKY CTaTbW, NpoYnu 1 0o0punn huHanbHylo Bepcuio nepes
nybnukaymen.

KoHchnukT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHBIX W MOTEHLMANbHbIX KOH(MMKTOB MHTEPECOB, CBA3AHHBIX C
nybnmkaLmen HacTosLLEN CTaTbMm.

WUcTouHmnk mHaHcupoBaHus. ABTOpPbI 3a8BNAKOT 06 OTCYTCT-
BMM BHELLHETO (DUHAHCUPOBaHMS MY NPOBEAEHNN UCCIIELOBAHNS.
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Yme. npuka3zom u.o. pekmopa
®rEQY BO CrierfiMy Muxadpasa Poccuu om 23.06.16

HACTOALLWE NPABUIA ONnA ABTOPOB
ABNAOTCA U3OATENBCKUM JOrOBOPOM

Ycnosus HacTosLwero [lorosopa (aanee «[Jorosopy) sBnstotcs
nybnunyHon odepToii B COOTBETCTBIM C M. 2 CT. 437 [paxgaHcko-
ro kogekca Poccuickoin ®epepaumun. [JanHblid [Jorosop onpege-
nseT B3aUMOOTHOLIEHUS Mexay peaakuuen XypHana «Russian
Biomedical Research» (ganee no Tekcty «XypHan»), 3aperu-
CTpupoBaHHoro ®epepanbHon cnyx6oi no Hapsopy B cdepe
CBSI3W, MH(POPMALMOHHbIX TEXHONOMMIA N MaCCOBbIX KOMMYHIKALIIA
(POCKOMHA3OP), ceugetensctso: M Ne ®C77-74228 ot 02 Ho-
76ps 2018 r. (paHee M Ne TY78-01869 ot 17 mas 2016 r), ume-
Hyemoit B AanbHenwem «Pefakumsy» n SBASIOLERcs CTPYKTYPHbIM
noapasaenerdnem ®r6QY BO CM6IMTIMY Munsapasa Poccuu,
aBTOPOM /UM @BTOPCKAM KOJIIEKTMBOM (MM MHBIM NpaBoobna-
Aatenem), UMeHyeMbIM B JanbHenWweM «ABTOPY, MPUHABLLAM My-
BrmyHoe npegnoxexne (0chepTy) 0 3akntodeHumn Jorosopa.

ABTOp nepepaet Pepakuuu ons u3gaHus aBTOPCKUMA opu-
TMHan WM pykonuch. YKasaHHblii aBTOPCKUA OpuriHan pon-
XEH COOTBETCTBOBATb TpeboBaHMSAM, yKkasaHHbIM B pasgenax
«MpepacTtaBneHue pykonucu B xypHany, «OchopmneHue pykonu-
cuy. Mpn paccMoTpeHUn NOMyYeHHbIX aBTOPCKUX MaTepuanos
XypHan pykoBoacTeyeTcst «EAMHbIMU TpeboBaHMAMM K pykonu-
cAM, NpeacTaBnsemMbiM B GUOMeAnLMHCKME XypHanbl» (Intern.
committee of medical journal editors. Uniform requirements for
manuscripts submitted to biomedical journals / Ann. Intern. Med.
1997; 126: 36-47).

B XypHane neyatarTcs paHee He onybnukoBaHHble paboThl
no npocunto XypHana.

XypHan He paccmatpuBaeT paboTbl, pe3ynbsTaThl KOTOPbIX
no 6onbluen Yyactn yxe Bbinn onybnMKoBaHbl UM OMUCaHbI B
CTaTbsAX, NPEACTABMEHHbIX UMK NPUHATLIX AN ny6nukauun B
APYyrve nevaTHble WK SNEKTPOHHbIE CPEACTBA MAcCOBOW WH-
topmaumu. MpefcTaBnss cTaTbio, aBTOP BCeraa LOMKEH CTa-
BWTb PEAaKLMio B N3BECTHOCTb 060 BCEX HampaBneHWsX 3TOM
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He3aBepLUEeHHbIX CCMe0BaHUIA, a Takxke CTaTby C HapyLUEHM-
em «[lpaBun 1 HOpM rymaHHoro obpauienus ¢ buoobbekTamu
nccneaoBaHumy.

Pa3meLyeHne nybnukalnii BO3MOXHO TOMbKO Nocre nosyye-
HWS MONOXUTENBHOW PELIEH3NN.

Bce ctaTbu, B TOM 4yucre cTaTbu acnMpaHToB U JOKTO-
paHTOB, Ny6nuKyTCA 6ecnnarHo.

MNMogava cTaten B XypHan «Russian Biomedical Researchy»
OCYLLECTBNSETCA N0 aApecy dNeKTPOHHOM NoyThl avas’@mail.ru
¢ nomeTkoi «ans Russian Biomedical Researchy.

TpeGoBaHus k oTnpaBKe cTaTel

lMepen 3anofiHeHNeM aHKETbl aBTOpaM PEKOMEHAYeTCs Noa-
rOTOBUTb BCe HeODOXOAMMblE ANS BBOAA [aHHble, a TaKXe Bbl-
Opatb aBTOpa (B Cryyae konnekTuea aBTopoB craTbk), OTBET-
CTBEHHOIO 3A TEPEMWCKY. [Ons ycnewHoro 3anonHeHns
aHkeTbl He0OX0ANMO MMETb BCHO yKa3aHHY MH(OpMaLnio 1 Ha
PYCCKOM, W Ha aHrnuinckom asbikax!!

Bce Ha3BaHWA Ha aHIMNUINCKOM 53bIKe, BKNOYAs Ha3BaHMA
CTaTbM, HA3BaHUS YUpeXAEHUN, UX NoApa3feneHnit JOMKHbI
NpUBOAMTLCS C 3arnaBHbix OykB (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg
State Pediatric Medical University) n HenpeMeHHO B cOOTBET-
CTBMW C ouuManbHbIMM HaumeHoBaHusMKU 6e3 camopes-
TeNbHOCTMU.

AHKeTHble JaHHble Bcex aBTopoB — ®UO (monHoCTh), yue-
Hasi CTENEeHb, 3BaHMe, OMKHOCTb, MECTO paboThl (kadeapa, oT-
JeneHne), Ha3BaHWe yYpexaeHns, agpec yypexaenus, e-mail,
TenedoH, ®O aBTopa, OTBETCTBEHHOIO 3a Nepenucky, U T.4. —
3anoJHSTCA B COOTBETCTBYHOLIMX MONSAX (OPMbI 3asiBKY.

Pestome, kntoyeBble CIOBA U Ha3BaHWe CTaTbu — TaKxe 3a-
MNOJSTHAKOTCSA OHMNaMH.

CraTbsl NpeaocTaBnseTcs B 3MeKTPOHHOW opme (hann
MS Word Bepcun He cTapie 2003, T.e. ¢ paclunpeHnem doc, 3a-
apXMBMPOBaHHbIA B hopmart .zip, .rar).

®ann ctatby HasbiBaeTca Gamunvei nepBoro aBTopa, Ha-
npumep, MeaHos.doc unu Petrov.doc.

CtaTbs JOMKHA COOTBETCTBOBATL Mpasunam 0 opMneHns
cTatei K nybnukaLuum (CM. Huxe).

K kaxpgon ctaTbe npunaraetcs aiin OkcnepTHoro 3a-
kntoyennst (33). [ns astopos CMGIMTIMY 33 moxeT TOMbKO
noanMCbIBaTLCA aBTOpamu CTaTb, nevaTb Heobs3aTenbHa.
[ns aBTopoB gpyrux yupexaenuin — 33 ocdopmnsetcs 0bs-
3aTeNlbHO MOMTHOCTbIO, C NevaTsaMu (Kpyrnas nevatb yuypex-
OEHUs) U MOANMCAMM PYKOBOAWTENEN W KOMUCCWIA [aHHOro
yupexnaeHns. 3anonHeHHbIR, NOANNCAHHbBIA U «OneYaTaHHbIny
O3 Ans oTnpaBKu OHNANH NPeABapUTENbHO CKaHUPYEeTCS Unu
totorpacupyetcs. Obpasel I3 MOXHO 3aNpoCHTL MO aApecy:
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OTnpaBneHHble aHKeTHbIE AaHHbIE aBTOPOB, cTaTbs, I3 no-
cTynatT Ha E-mail aBTopy-oTnpaBuTento (4ns NOATBEPXKLEHNS U
npoBepky oTnpaBkK) 1 Ha E-mail pepakuum screenter@mail.ru Tex-
HUYeckoMy peaakTopy xypHana «Russian Biomedical Researchy,
C KOTOPbIM OCYLLECTBNSETCS BCS AanbHenwas paboTta no nogro-
TOBKe CTaTby B Neyatb. Bce BONpock! N0 0TNpaBKe CTaTel MOXHO
afipecoBaTb Ha 3MEKTPOHHbIA agpec scrcenter@mail.ru TexHu-
yeckoMy peaakTopy xypHana «Russian Biomedical Research»
Mapun AnekcanapoBHe MaxoMoBoMn.

Pykonuchk cuntaetcs noctynuellei B Pefakumio, ecnv oHa
npefcTaBneHa KOMMEKTHO M 0copMileHa B COOTBETCTBUW C
onucaHHbIMU TpeboBaHnsamu. MpeaBapuTenbHOE paccMoTpe-
HU1Ee pyKOnucH, He 3aka3aHHOM Pefakumen, He SBnseTcs hakToMm
3aKIIYeHns Mexay CTOpoHaMu nagatenbckoro Jorosopa.

Mpu npenctasneHun pykonucu B XKypHan ABTOpPblI HECYT
OTBETCTBEHHOCTb 3a PacKpbITUE CBOMX (PUHAHCOBLIX U APYrux
KOH(IUKTHBIX MHTEPECOB, CMOCOOHBIX OKa3aTb BAMSHME HA UX
paborty. B pykonucu fosmkHbl ObITb YNOMSHYTbI BCE NULa U opra-
HU3aLWW, Oka3aBLUMe (PMHAHCOBYIO NOAAEPXKKY (B BUAE rPaHTOB,
obopypoBaHus, NeKapcTB UnM BCETO 3TOr0 BMECTE), a TaKke
ApYyroe 1HaHCOBOE WU NINYHOE yYacTwe.

B koHUe kaxaon ctatbu 06513aTenbHO yKa3biBaTCS BKag
aBTOPOB B HamnucaHWe CTaTbW, WCTOUHWKM (DMHAHCMPOBAHMS
(ecnn nmetoTCs), OTCYTCTBME KOH(NMKTA UHTEPECOB, Hanuyne
cornacws Ha nybnukaLmio co CTOPOHbI NaLeHTOoB.

MpaBuna opopmneHuns ctaten kK nybnukayum

CrtaTba NnpepocTaBnsAeTcA B ANEKTPOHHOMN hopme (ainn
MS Word Bepcumn He ctapwe 2003, T.e. ¢ pacwupeHuem doc,
3aapXvMBMpOBaHHLIN B hopmar .zip, .rar), wpudt — 14, nHtep-
BasT — MONYTOPHbINA.

®ann crtatbu HasbiBaeTcqd no damunun nepsoro aeTopa,
Hanpumep, MBaHos.doc unu Petrov.doc. Hukakux apyrux cnos B
Ha3BaHWW He JOMKHO ObITh!

OpWeHTUMPOBOYHbIE pa3Mepbl CTaTbi, BKMKYas ykasaTenb
nuTepaTtypbl, Tabnuusl n pestome, — 10-12 cTpaHuy TekcTa
yepe3 nonTtopa uHTEpBana unn 20-25 Thicsay 3HakoB ¢ npobe-
namu. PekomeHayemblit pasmep 063opa — 18-20 cTpanuny «ma-
LKMHoNMCHoro» Tekcta unu 35-40 Thicay 3HakoB ¢ npobenamum.
lpUMepHOe 4YNCRO NUTEPATYPHbIX CChINOK ANS SKCMEepUMEH-
TanbHom cTatbk — 20, Ans 0630poB 1 NpobnemHbix cTaten — 50,

®aitn cTaTbyn JOMKEH coepxaTh

HA PYCCKOM U AHTIMACKOM S3bIKAX:

« 3arnasue (Title) gomkHo GbITb KpaTkum (He Gonee 120 3Ha-
KOB), TOYHO OTPaXarloLWyM CoepaHune CTaTbi.

+ CsepgeHus 06 aBTopax (mybnukytotes). [ins kaxgoro aTopa
YKa3bIBaKTCS: (haMunus, UMS M OT4ECTBO, MECTO paboThl,
noYTOBbLIA agpec mecta pabotbl, e-mail, ORCID, SPIN-kog.
damunum aBTOPOB PEKOMEHOYETCS TpaHCIMTEPUpPOBaTh TakK
Xe, KaK B npedplaywiux nybnukaumsx, unu no cucteme BGN
(Board of Geographic Names), cm. canT http://www.translit.ru.

*  Pestome (Summary) (1500-2000 3Hakos, unu 200-250 cros)
noMeLLalT nepeq TeKCTOM cTaTbi. Pesiome He Tpebyetcs

npu nybnukauun peLeH3nin, 0TYETOB O KOH(EPEHLMSX, UH-
(hOpMaLMOHHBIX MUCEM.

ABTOpCKOE pestoMe K CTaTbe SBMSETCH OCHOBHBIM UCTOYHM-
KOM MHOpMaLMN B OTEYECTBEHHBIX W 3apyDbexHbIX MHGOp-
MaLMOHHbIX cucTeMax M Basax [AaHHbIX, WHOEKCUPYHOLLMX
XypHan. PesioMe JoCTynHO Ha caiTe xypHana «Russian
Biomedical Research» n uHgekcupyetcs ceTeBbiMU MOUCKO-
BbIMW cMCTeMamu. V13 aHHOTaLun JOImkHa BbITb MOHSATHA CyTb
NCCNEROBaHNs, HYXHO N obpalatbCs K NONHOMY TEKCTY
cTaTbu Ans nonyyeHus 6onee nogpoGHON, MHTEPECYlOLLEN
ero WHgopmauuv. Pestome JOMKHO uanaraTb TOMbKO Cylue-
CTBEHHbIE (haKTbl paboThbl.

PekomeHayemas CTpyKTypa kak aHHOTaLuWu, Tak 1 camMom cTa-
o IMRAD (ans opuruHanbHbIX UCCNEaoBaHWUA CTPYKTypa
obsi3aTenbHa): BBegeHue (Introduction), matepuansi 1 MeTo-
abl (Materials and methods), pesynbTathl (Results), obcyx-
aeHne (Biscussion), BbiBoabl (Conclusion). Mpeamert, Temy,
Lienb paboTbl HYXHO yKasblBaTb, ECMIN OHW He ACHbI U3 3arna-
BMS CTaTbW; METOS WNWN METOAONOrNI0 NpoBefeHus paboThbl
LienecoobpasHo OnMChbIBaTb, ECAIM OHW OTAMYAKOTCS HOBU3HON
NN NPEACTaBMSOT MHTEPEC C TOYKW 3PEHMS AaHHOI paboThl.
06bem TeKcTa aBTOPCKOro pe3roMe onpefensiercs comep-
XaHnem nybnvkauum (06beMOM CBeEHUI, NX HAay4YHON LieH-
HOCTbO W/UMN NPAKTUYECKUM 3HAYEHMEM) U JOMKEH ObITb B
npegenax 200-250 cnoe (1500-2000 3HakoB).

Kntouesble cnosa (Key words) oT 3 go 10 kno4eBbIX CrioBs
WM CNIOBOCOYETAHMIA, koTopble ByayT cnocobcTBOBaTH Mpa-
BMIMbHOMY NEPEeKPECTHOMY MHAEKCUPOBAHWMKO CTaTbu, NMOMe-
LAtOTCA MOA Pe3toMe C MOA3aronoBKOM «KMKYEBblE CrioBay.
VicnonbayiiTe TEPMUHBI M3 CICKA MEAULMHCKIMX NPEAMETHbIX
3aronoBkoB (Medical Subject Headings), mpuBeaeHHoro B
Index Medicus (ecnm B 3TOM CnnCKe eLye OTCYTCTBYKT Noa-
xoasiume 0603HaYeHNs 4N HeJaBHO BBEAEHHbLIX TEPMUHOB,
nonbepute Haubonee 6nuskue 13 umetowmxcs). Kniovesble
CMoBa pa3fensitoTcs TOYKOM C 3ansToil.

TekcT cTaTbyt MOXET ObITb HanMcaH NGO Ha pycckom, 6o
Ha aHIMWUNCKOM A3blke, Takxe BO3MOXHA Nybnnkaums cratb
C NOMHbIM NepeBofoM. Ha pycckoM U aHIMUIACKOM S3bikax He-
00X0AMMO NpesocTaBuTL BCE PUCYHKN 1 TabnuLbl (3aronoBKm
1 BCE HaAMMCM JOIMKHbI IMETb NepEeBOA).

CTpyKTypa OCHOBHOTO TEKCTa CTaTbi: BBEAEHWE, M3MOKEHWE
OCHOBHOTO MaTtepuana, 3akmtouyeHue, nuteparypa. [ns opuru-
HanbHbIX UCCNefoBaHUn — BBEAEHWe, METOAMKA, PesynbTathl
ncenenoBaHms, 0bcyxaeHve pesynstaros, nutepatypa (IMRAD).
B pasgene «meTomuka» 0053aTeNbHO yKa3biBalTCS CBeAe-
HWS O CTaTUCTUYECKO 06paboTKe 3KCMEPUMEHTANbHOTO WUn
KNWHUYeckoro matepuana. EguHuUbl u3mepenus fatotcs B
cooTtBeTCTBUN ¢ MexayHapoaHon cuctemon eamnuy, — CU.
damunun NHOCTPaHHbLIX aBTOPOB, LNUTUPYEMbIE B TEKCTE pY-
KOMMCK, MPUBOASTCS B OPUMMHANBHON TPAHCKPUMLMK.
Tabnuubl 1 pUCYHKU NPUBOLSATCH HEMOCPEACTBEHHO B Tene
CTaTbll, Kaxgbli 43 KOTOPbIX MMEET HOMep U HasBaHue ¢
00s13aTeNbHBIMU CCINKAMK Ha HUX B TEKCTE CTaTbU — B KOH-
TEKCTE MPEANOXEHNs (HanpuMep: «...KaK Moka3aHo Ha pu-
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CYHKE 1...») UMK B KOHLe NPeAnoXeHus B Kpyrmbix ckobkax
(Hanpumep: «...BbISIBIIEHa MOMOXMTENbHAS KOPPENsALMOHHAS
cBA3b yMepeHHo ctenenu (r=0,41) mexay yposHem TTT ma-
TEPU U HOBOPOXAEHHOTO (puc. 2)»; npockba yunTbiBaTh, YTO
B MeyaTHO BepcuM XypHana pucyHku GymyT Bocnpow3so-
JMTbCS B YepHO-DenioM BapuaHTe.

«  Cnmcok nutepaTtypbl 06s3aTenbHO B and)aBUTHOM MOpSIAKe:
CHayana BCce OTEYECTBEHHbIE, 3aTEM MHOCTPaHHbIE aBTOPbI C
BONONHUTENBHBIM TPAHCIUTEPUPOBAHHbIM CIUCKOM (METOAMKaA
TpaHcnUTepaLun onmcaHa nogpobHO HIKeE).

TekcT cTaTbu [OMXeH ObiTb MOATOTOBMEH B CTPOroM CO-
OTBETCTBMM C HACTOALMMU NPaBUIAMU U TLATENbHO BbIBEPEH
aBTopoM. B cnyyae o6HapyxeHWs 3Ha4UNTENbHOMO KONU4yecTBa
onevyaTtok, HeOpEeXHOCTel, MyHKTyaLMOHHbIX 1 opdorpadu-
4eckux OWMOOK, HepacwngpPOBaHHbLIX COKpaLLEeHW, OTCyTCT-
BWSI OCHOBHbIX KOMMOHEHTOB 1 APYTMX TEXHNYECKUX AeeKTOoB
oopMIieHNs CTaTell peaakuus BO3BpallaeT CTaTbl aBTopy
Ans popabotku. Heborblume MOrpewiHoCTM peaakuus MOXeT
ncnpaBuTb cama 6Ge3 cormacoBaHus C aBTopoM. Kpome Toro,
pefakums octaBnseT 3a coboil NpaBO OCYLLECTBIIEHNS NUTepa-
TYPHOTO pefakTUpOBaHuUs cTaTeil.

CokpaLueHnui, kpome obleynotpebnsaemblx, cnegyet usbe-
ratb. CoKkpalleHus B Ha3BaHUu CTaTbu, Ha3BaHUsAX Tabaui u pu-
CYHKOB, B BbIBOZIax HegonycTumsl. Ecnn abbpesmatypbl ncnons-
3Y0TCS, TO BCE OHU AOMXKHbI ObITb HEMPEMEHHO pacLUMdpPOBaHbI
MOMTHOCTBIO NPV NMEPBOM WX YMOMMHAHUM B TeKcTe (Hanpumep:
«Hapsgy ¢ gaHHbiMu 0 POH (pe3nayarnbHo-opraHnyeckon He-
JocTaTto4HocTy), obycnosnusatowen passutue MKC (runepkuHe-
TUYECKOrO CUHAPOMA), paclUMpeH AnanasoH UCcnefoBaHWiA Mo
9HJOTEHHOV NPUPOAe AaHHOTO CUHAPOMAY.

Bce uutupoBaHus npoun3BoasaTcs cnegytowum obpasom:

®UO aBTOpa, rog M3gaHus 1 npoyas MHpopmaLlns He yno-
MUHaKTCH B TekcTe. BmecTo aToro ykasbiBaeTcs CChifika Ha
MCTOYHUK NIUTEPATYpbI B BUAE HOMepa B KBagpaTHbIX Ckobkax
(npumep: «Ps4 nccnegoBaTteneit 0TMeYaeT pasnyHble HapyLue-
HUS peyeBbIX PYHKLWA Npu anunencuu B JeTckom Bospacte [17,
21, 22].»), KOTOPbIA BKIOYEH B pacCTaBMNEHHbIA B angasnTHOM
nopsigke CMCOK MCTOYHMKOB B KOHLIE CTATbH.

Bce ccbimku JOMKHBI UMETb COOTBETCTBYHLLWNA MCTOYHNK
B CMKCKe, @ KaX/blil UCTOYHUK B CMIUCKE — CChINKY B TEKCTE.

B Buae ncknoueHus B Tekcte MoryT npuBoguntbest MO koH-
KpeTHbIX aBTOpoB B hopmaTte . O. damunus, rog u aaxe Hasga-
HWe MCTOYHWKA, HO MpW 3TOM BCe paBHO 0bs3aTenbHa cebinka
(B kBagpaTHbIX CkobKax B KOHLE NMPEASIOXEHNs) Ha UCTOYHMK,
BKMKOYEHHDIN B CIMCOK TUTEPATYypbI.

(Hanpumep: «B 1892 rogy Benukuit dpacTt [amMunbTOHCKUIA
onucan B cBoeM BeccmepTHoMm Tpyae «O6 OTKpbITUM TPETbEro
yXa y yenoeeka» TpeTbe (HenapHoe) yxo» [34].)

Nutepatypa (References)
YuntbiBas TpeOOBaHUS MeXOYHApPOAHbLIX CUCTEM LMUTUPO-
BaHUsi, CIMCOK NNTepaTypbl NPUBOAUTCS HE TONbKO B 0BbIYHOM

BME, HO TakXe U BOMOMHUTENBHO B TPAHCIIUTEPUPOBAHHOM (CM.
TpaHcnuTepaums).

B cTatbe MpuBOAATCS CChINKM HA BCE YNOMUHAEMbIe B TEK-
CTe VCTOYHMKM.

damunuu ¥ MHULManbl aBTOPOB B MPUCTATEMHOM CMUCKE
NPUBOLATCS B andaBUTHOM NOPSAKE, CHa4ana pycckoro, 3aTem
naTuHCKoro andasura.

B onucanuu ykasbiBaloTcs BCe aBTOPbI NybavkaLum.

Bubnnorpaduyeckne cChinku B TekcTe CTaTbu JaloTCsA B
KBagpaTHbIX CkobKax.

Ccbinku Ha HeonybnMKoBaHHbIe paboTbl He AOMYCKaATCA.

Cnucok nuTepaTtypbl KOMNEKTYyeTCA B Crieayiowem no-
psaake:

HopmamugHbie akmbi

[Mpukasbl, HOPMATUBHbIE aKTbl, METOAUYECKWE MUCbMA U NPO-
YMe 3aKOHHbIE aKTbl, NAaTEHTbI, NON€3HblE MOAENM HE BHOCATCS B
CMUCOK NuTepaTypbl, 0hopMNAOTCS B BiAe CHOCOK. CHocka —
npuMeYaHue, NomeLlaeMoe BHW3Y CTpaHWLbl (MOCTpaHUYHas
CHOCKa). 3HaK CHOCKW CTaBAT Lndpoit nocne parMmeHTa 0CHOB-
HOro TeKCTa, rAe ecTb yNOMWHaHMEe 06 3TUX UCTOYHMKaX. Peko-
MeHAyeTCs CKBO3Has HyMepaLus CHOCOK MO TEKCTY.

MumepHem-pecypc

1. HTepHeT-pecypc, roe ecTb HasBaHue WCTOMHMKA, aB-
TOp — BHOCUTCS B CMIMCOK NUTepatypbl (B nopsagke andasura) ¢
ykasaHuem Aatbl obpaLyeHus (CM. Huke npumep 0opMAEHUs).

2. Ecnv eCTb TOMbKO CCbinKa Ha CailT — BHOCWTCS B CMIUCOK
nuTepaTypbl B KOHLE, C yka3aHneM AaTbl 0bpalleHus.

LLernos /. Hackonbko Benuka ponb Mukpodbnopbl B 61ono-
rM1 BUAa-xo3anHa? XXuBble CUCTEMbI: HAYYHbIA 3MEKTPOHHbIN
KypHan. [HocTyneH no: http://lwww.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (nata obpauieHus 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at: http://www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

Kruea

ABTOp(bl) Ha3BaHWe KHWMM (3HAK TOYKa) MECTO M3AaHus
(aBOETOYME) Ha3BaHWe W3aaTenbCTBa (3HAK TOYka C 3ansTom)
rog u3aaxus. Ecnu B kauecTBe aBTOpa KHUIM BbICTyNaeT peaak-
TOP, TO Nocne amunuu cnegyet peg.

AinamassH 3.K., Hosukos bB.H., 3aiHynuHa M.C., Manux-
ka ['K., Pabuesa WU.T., TapacoBa M.A. AkyluepcTBo: y4ebHuk. 6-e
n3g. Cro.; 2007.

MpeobpaxeHckuin b.C., TemkuH A.C., luxaues A.l. bonesHu
yxa, ropna u Hoca. M.: MeanuuHa; 1968.

PapanHcknin B.E., pep. MepuHeonorus: yyebHoe nocobue.
M.: PYIH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[maea u3 kHu2u

ABTOp(bl) Ha3BaHWe rna.bl (3Hak To4ka) B kH.: unu In: nanee
onncaHme KHurv [ABTOP(bl) HAa3BaHWe KHWM (3HaK TOYKa) MECTO
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INFORMATION

W3faHus (ABOETOYME) Ha3BaHWE U3LaTENbCTBA (3HAK TOYUKA C 3a-
nATON) rof nagaHus] (4BOeToume) CTp. OT U1 Ao.

KopoGkos "A. Temn peun. B kH.: CoBpemeHHble npobnembl
tuanonorum v natonorum peyn: ¢b. Tp. T. 23. M.; 1989: 107-11.

Cmambs u3 xypHana:

ABTOp(bl) Ha3BaHWE CTaTby (3HAK TOYKA) HA3BaHMWE XypHana
(3HaK ToYKa) rog n3gaHus (3HaK TouKa C 3ansToil) TOM (€CIu eCThb
B KpyrMbiX CKoOKax HOMep KypHamna) 3aTem 3HaKk ([4BOETouMe)
CTPaHuLbl OT 1 A0.

KuptoweHkos A.M., Coun M.I, VisaHosa MM.C. MonukucTos-
Hble AU4HUKK. AKyllepcTBo 1 ruHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Mllerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound. Obstet. Gynecol. 2012; 39 (5): 574-80.

Tesucni doknados, mamepuarbl Hay4YHbIX KOHbepeHYul

babuin AW., Neeawos M.M. HoBbili anroputm HaxoxaeHus
KyNbMUHaLMK SKCNEPUMEHTANBHOTO HUcTarMa (MuHumeTpus). I
cbe3sp oTopuHonapuHr. benapycu: Tes. gokn. MuHck; 1992: 68-70.

CanoB W.A., Mapurywkut [.H. Akywepckas TakTuka npu
BHYTpWyTpo6HOM rnbenu nnoga. B kH.: Matepuansi IV Poccuin-
ckoro dpopyma «Matb n guts». M.; 2000; y. 1: 516-9.

Asmopecepamei

Metpoe C.M. Bpems peakuum u cnyxoasi agantauus B
HOpMe 1 Mpu nepudepudecknx nopaxexnsax cnyxa. Astoped.
Anc. ... kaHa. meg. Hayk. Cl16.; 1993.

[Mpouee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

TpaHcnumepayus

Cnncok nuTepatypbl NOAAETCS B BYX BapyaHTax: NepBbli Ha
A3blke OpurMHana (Pycckosi3blYHbIE MCTOMHUKA KUPWUMMMLEN, aH-
rMosi3blYHbIE MaTuHULEN), BTopo — (References) B pomaHckom
andasuTe (415 Scopus 1 Apyrux MexayHapoaHbix 6a3 AaHHbIX,
MOBTOPSIS B HEM BCE UCTOYHUKM NUTEPATYPbI, HE3ABUCUMO OT TOrO,
VIMELOTCS NN CPEAM HNX MHOCTPaHHbIe). ECrin B cnivcke eCTb CCbINKM
Ha MHOCTPaHHbIE NyBnMKaLyn, OHY NONTHOCTbLIO MOBTOPSIKOTCS B M-
CKe, TOTOBSILLEMCS B POMAHCKOM andasuTe.

B pomaHckom andasute Ans pycCKOSA3bIYHbIX MCTOYHMKOB
TpebyeTca cnepytowas cTpykTypa 6ubnuorpaduyeckoit ccbin-
ku: aBTOp(bl) (TPAHCNMTEpPaLMS), [NepeBO Ha3BaHUS KHUTW UK
CTaTbi Ha AHTTIMNCKUIA A3bIK], HA3BaHWE UCTOYHMKA (TPaHCNNUTe-
pawys), BbIXOAHbIE AaHHblEe B LMPOBOM hopmarte, ykasaHue Ha
A3bIK cTaTbyt B ckobkax (in Russian).

Mpumep:

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.

Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

TexHonorus NOAroTOBKM CCbINOK C UCNONb30BaHUEM CU-
CTeMbl aBTOMaTUYECKOI TPAHCAIUTEPALIMKU U NepeBOAYMKa:

Ha caiite http://www.translit.ru moxHo 6ecnnaTHo Bocnonb-
30BaTbCA NPOrpaMMoil TpaHCNUTEpaLMK PyCcCKOro TekcTa B Na-
TuHULy. [porpamma o4eHb mpocTas.

Bxogum B nporpammy Translit.ru. B okoLLke «BapuaHTbI» Bbl-
Bupaem cuctemy TpaHcnutepauyun BGN (Board of Geographic
Names). BcTaBnsiem B cneuuansHoe none Becb Tekct 6ubnuo-
rpacum Ha PyCCKOM SI3bIKE W HAXKMMAEM KHOMKY «B TPAHCUTY.

Konupyem TpaHCIUTEpUPOBaHHbIN TEKCT B FOTOBSALLMIACS CMn-
cok References. [epeBoaynm Ha aHIMUACKIIA A3bIK Ha3BaHWE KHIA-
I, CTaTbi, NOCTAHOBIEHNS U T.4., NEPEHOCUM €ro B roTOBSLLMNA-
cs cnucok. BHMmaHme! Heobxogum aBTOpCKMiA KOPPEKTHBIA Ne-
PEeBOA Ha3BaHWs. ABTOMAaTUYECKWA NepeBOA, NpeanonaratoLyni
BO3MOXHOE WCKaXEHWe CyTU Ha3BaHWs CTaTby, HEJONYCTUM.

OBbeanHsieM onucaHns B COOTBETCTBUM C MPUHATLIMM Npa-
BUNAMN U pedakTUpyeM CrucoK. B KOHLEe CCbinku B Kpyribix
ckobkax ykasbisaetcs (in Russian). Cebinka roToBa.

MpuMepbl TpaHCAWUTEPALMM PYCCKOSA3BIYHBIX WCTOYHWUKOB
nuTepaTypbl AN aHrN0sA3bIYHOTO 6noka cTaThbm.

KHuea: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel'st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Peri-
neology tutorial]. M.: RUDN; 2008. (in Russian).

masa u3 kHueu: Avtor (y) nazvanie glavy (znak tochka) [The
title of the article in english]. In: Avtor (y) nazvanie knigi (znak
tochka) mesto izdaniya (dvoetochie) nazvanie izdatel'stva (znak
tochka s zapyatoy) god izdaniya]. (dvoetochie) str. ot i do.

Korobkov G. A. Temp rechi [Rate of speech]. V kn.: Sovremen-
nye problemy fiziologii i patologii rechi: sb. tr. T. 23. M.;1989:107-
11. (in Russian).

Cmames u3 xypHana: Avtor (y) nazvanie stat'i [The title of the
article in english] (znak tochka) nazvanie zhurnala (znak tochka)
god izdaniya (znak tochka s zapyatoy) tom (esli est’ v kruglykh
skobkakh nomer zhurnala) zatem znak (dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. S. Polikis-
toznye yaichniki [Polycystic ovary]. Akusherstvo i ginekologiya.
1994; N 1: 11-4. (in Russian).

Tesucbi doknados, Mamepuaribi HayYHbIX KOH(hepeHyul

Babiy A. I, Levashov M. M. Novyy algoritm nakhozhdeniya
ku'minatsii eksperimental'nogo nistagma (minimetriya) [New
algorithm of finding of the culmination experimental nystagmus
(minimetriya)]. Ill svezd otorinolaringologov Resp. Belarus': tez.
dokl. Minsk; 1992: 68-70. (in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya taktika pri vnu-
triutrobnoy gibeli ploda [Obstetric tactics in intrauterine fetal
death]. V kn.: Materialy IV Rossiyskogo foruma «Mat'’ i ditya». M.;
2000; ch.1:516-9. (in Russian).
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Asmopecghepamsi

Petrov S. M. Vremya reaktsii i slukhovaya adaptatsiya v norme
i pri perifericheskikh porazheniyakh slukha [Time of reaction and
acoustical adaptation in norm and at peripheral defeats of hea-
ring]. PhD thesis. SPb.; 1993. (in Russian).

OnucaHue NHmepHem-pecypca

Shcheglov |I. Naskol’ko velika rol' mikroflory v biologii vi-
da-khozyaina? [How great is the microflora role in type-owner bi-
ology?]. Zhivye sistemy: nauchnyy elektronnyy zhurnal. Available
at: http://lwww.biorf.ru/catalog.aspx?cat_id=396&d_no=3576 (ac-
cessed 02.07.2012). (in Russian).

Mpumep cnucka nuTepaTypbl, BKAKOYaKOLWeEro TpaHcnu-
TepUPOBaHHbII BapuaHT:

NUTEPATYPA

1. Kodwmagm W.A. TeHeTnyeckas yCTOMYMBOCTb K 3apaxeHnto BUY n
passutuio CMAA B nonynsumsx Poccum n conpepenbHbIX rocy-
papcte. AeToped. auc. ... kaHa. 6uon. Hayk. M.; 2008. JocTyneH
no: http://www.dnatechnology.ru/ files/images/d/0b136b567d25d4b
e1dfa26a8b39ec2b9.pdf (nata obpaiyeHus 18.09.2014).

2. FlynnE., Eyre S., Packham J. Childhood Arthritis Prospective Study
(CAPS), UKRAG Consortium, BSPAR Study Group, Barton A,
Worthington J., Thomson W. Association of the CCR5 gene with
juvenile idiopathic arthritis. Genes Immun. 2010; 11 (7): 584-89.

nT.A.

REFERENCES

1. Kofiadi I.A. Geneticheskaya stoychivost’ k zarazheniyu VICh i razvitiyu
SPID v populyatsiyakh Rossii i sopredel’nykh gosudarstv [Genetic re-
sistance to HIV infection and development of AIDS in populations of
Russia and neighboring countries]. PhD-thesis. M.; 2008. Available
from:  http://www.dna-technology.ruffiles/images/d/0b136b567d25d-
4be1dfa26a8b39ec2b9.pdf (accessed 18.09.2014) (in Russian).

2. FlynnE., Eyre S., Packham J. Childhood Arthritis Prospective Study
(CAPS), UKRAG Consortium, BSPAR Study Group, Barton A,
Worthington J., Thomson W. Association of the CCR5 gene with
juvenile idiopathic arthritis. Genes Immun. 2010; 11 (7): 584-89.

Etc.

[ns ecex cmamell, umeroujux DOI, uHdekc Heob6xo0dumo
yKa3bleamb 6 KoHUe 6ubnuozpaghuyecko2o onucaHusl.

OTBETCTBEHHOCTb 3A TMPABUIIbHOCTb BWUBINO-
FPAOUYECKUX OAHHbIX HECET ABTOP.

ABTOPCKOE NPABO
Pegakums oTbupaet, rotoBuT K nybnukauuu n nybnmkyet

nepefaHHble ABTOpamu Matepuansl. ABTOPCKOe NpaBO Ha KOH-

KPETHYI CTaTblo NPUHAANEXNT aBTOpam cTaTbi. ABTOPCKMI r0-

Hopap 3a mybnukauum cTaTei B XXypHane He BbiNnaynBaeTcs.

ABTOp nepepaet, a Pegakuus npuHuMaeT aBTopckue maTtepua-

Nbl Ha CNegyrLLmMX YCNOBUsIX:

1) Pepakuun nepepaetcs npaBo Ha OOpMIIEHWe, U3AaHue,
nepegauvy XXypHana ¢ onybnukoBaHHbIM MaTepuanom ABTo-
pa 4ns uenen pedepuposaHus ctaten 13 Hero B Pechepa-
TMBHOM XypHane BUHUTW, PHIL, n 6a3ax gaHHbIX, pacnpo-
cTpaHeHwe XypHana/aBTopCKMX MaTepuanos B neyYaTHbIX 1
3MEKTPOHHbBIX N3LaHUSX, BKMKOYas pa3meLleHune Ha BbiGpaH-
HbIX NBo co3gaHHbIX Pegakumen cantax B cetn VHTepHeT
B Liensx AoCTyna K nybnukaumy B MHTEPAKTUBHOM PEXUME

ntoboro 3anHTEPECOBAHHOrO NuLia 13 Ntboro MecrTa 1 B Nko-
6oe Bpems, a Takxe Ha pacnpocTpaHeHue XypHana ¢ ony-
BnmkoBaHHbIM MaTepuanoMm ABTopa no NoAmnuCKe;

2) TeppuTOpus, Ha KOTOPOWN paspeLlaeTcs UCMonb30BaTh aBTop-
ckuit matepuan, — Poccuiickas ®efepaums 1 ceTb VHTEpHET;

3) cpok gevcteus JoroBopa — 5 net. 1o ucteveHnn ykasa-
HOro cpoka Pepakums octaBnset 3a coboit, a ABTop noa-
TBEPKAaeT beccpoyHoe npaBo Pefakuuu Ha NpoaomKeHue
pasMeLLeHs aBTOPCKOro MaTepuana B ceTu MHTepHeT;

4) Pepakuus BnpaBe No CBOEMY YCMOTPeHUo 6e3 kakux-nnbo
COrnacoBaHuin ¢ ABTOPOM 3akIoyaTh AOrOBOPLI U cornatle-
HWS C TPETbUMW NNLAMW, HanpaBNEeHHbIE Ha JOMOMHUTESb-
Hble Mepbl MO 3alluTe aBTOPCKUX W U3AaTeNbCKUX Npas;

5) ABTOp rapaHTupyeT, YTo uUcnonb3oBaHue Pepakumen npe-
[OCTaBMEHHOTO UM Mo HacToswemy [loroBopy aBTOPCKOro
MaTepuana He HapyLuMT npas TPETbUX nuL;

6) ABTOp OCTaBnsieT 3a coboii NPaBo MCMONL30BaTh NPELOCTaB-
NeHHbIN No HacTosLeMy [loroBopy aBTOpPCKWiA MaTepuan camo-
CTOSTENbHO, NepesaBaTh NpaBa Ha HEro No A0r0BOPY TPETbUM
nuLam, eCnu 3To He NPOTUBOPEYNT HacTosemy [lorosopy;

7) Pepakuusi npegoctaBnseT ABTOPY BO3MOXHOCTb 6€3B03-
ME3HOro MolyYeHUst CNpaBkn C NEKTPOHHBIMM agpecamu
ero oguumansHoi nybnukavmm B cetn MHTepHerT;

8) npw nepenevaTke CTaTbW UK €€ YACTW CChIfka Ha NEPBYIO
nybnukaumio B XXypHane oba3atensHa.

NOPAOOK 3AKNIOYEHWA 0OrOBOPA

3aknmtoyeHnem [loroBopa €o CTOpOHbI Pepakuuy sBnsietcs
onybnukoBaHWe pykonucu aaHHoro ABTopa B XypHane «Russian
Biomedical Research» v pa3melLeHue ero TekcTa B cett VIHTepHeT.
3akntoyeHnem [loroBopa co CTOpOHbl ABTOPa, T.€. NOMHbIM 1 6e3-
OroBOPOYHbLIM NPUHATUEM ABTOPOM YCnoBwit [loroBopa, SBNseTcs
nepefaya ABTOPOM PYKOMMCKM W 3KCMEPTHOTO 3aKMIOYEHUS.

PELIEH3WPOBAHUE

CraTby, NOCTYNMBLLME B PeAaKLMI0, 0653aTENbHO peLeH3N-
pytotcs. Ecnu y peuieH3eHTa BO3HWKaKT BOMPOCHI, TO CTaTbsl C
KOMMeHTapusMi peLieH3eHTa Bo3Bpallaetca Astopy. [latoii no-
CTYNMEHUs CTaTbU CYNTAETCS JaTa nonyyeHus Pegakumein OKoH-
yaTenbHOro BapuaHTa cTaTbi. Pegakums octaBnseT 3a coboil
NpaBO BHECEHWS PEAAKTOPCKMX M3BMEHEHUI B TEKCT, HE UCKaxato-
LMX CMbICTTa CTaTby (MUTepaTypHas U TEXHOMOrMYeckas npaska).

ABTOPCKWE 3K3EMMNAPbI XXYPHAA

Pepakuus 06s3yetcs Bbigath ATOpy 1 3k3emnnsp XypHana
Ha Kaxgy'o ony6nmKoBaHHYK CTaTbio BHE 3aBMCUMOCTY OT YMcna
aBTopoB. ABTOpbI, NpoxuBatowme B CaHkT-Netepbypre, nony-
yatoT aBTOPCKWIA ak3emnnap XypHana HenocpeacTBeHHO B Pe-
Aakuun. ViHoropoaHum ABTopam aBTOPCKMIA 3k3emnnap »KypHana
BbICbITAETCS Ha agpec aBTopa no 3anpocy OT aBTopa. JK3emMnns-
pbl CMELBLINYCKOB He OTNPaBnAoTCH aBTopam.

ALPEC PEOAKLMK

194100, Cankt-MeTepbypr, JinTosckas yn., 2
e-mail: scrcenter@mail.ru. Cant xypHana: http://www.gpmu.org/
science/pediatrics-magazine/Russian_Biomedical_Research.
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W3AATEJIbCTBO NEAUATPUHECKOI0 YHUBEPCUTETA

NPEACTABNAET

METABOJIMYECKNIA CUHLIPOM

CaHKT-TMeTepGYPrKAA rOCYAAPCTBSHHBIA
NEANATPUYECKMIA MeIMLIMHCKNI YHUBEPCHTET

METABOJINYECKUH
CUHPOM

Nop pen. akap. PAH A.B. WABPOBA

1100 peo. akao. PAH A.B. lllabposa

Monorpadust mocBsiieHa 0OHON 13 BeAyLIUX Mpo0IeM COBpe-
MEHHOI'O 3/IpaBOOXPAHCHUS — METa0OIMYEeCKOMY CHHAPOMY.
Hpe]lCTaBJ'IeHBI HUCTOPUYCCKUC ACIICKTBI M3YyUCHUA MmeTrabomnye-
CKOTO CHHJIpOMa M acCOLIMUPOBAHHBIX C HUM 3a0o0JieBaHUil cep-
IIC‘IHO-COCYIIHCTOﬁ CUCTEMBI, KPUTCPUU NUATHOCTHUKHU, DIIUACMHU-
OJIOTMUYECKHE JJaHHBIC, TPOAaHATU3UPOBAHA POJIb TAKUX (PAKTOPOB,
KakK MI/IKpOGI/IOM KUIICYHWKA, aTUIIOKHUHBI, OKCI/IIIaTI/IBHBIﬁ CcTpecCC,
HapylIeHUE MHUIIEBOr0 MOBEACHHS B IATOICHE3¢ META00INIECKO-
ro cuHapoMa. PaccMOTpeHO BiIMsSIHUE META0O0IMYECKOTO CHHIPO-
Ma Ha OpPOHXOJIETOYHYIO MATOJOTHIO, TaCTPOIHTEPOIOTHICCKYIO
IIaTOJIOTHUIO, ITOJIOBBIC ,ZII/IC(byHKI_II/II/I. Omnncansl TMEPCICKTUBHBIC
METO/Ibl 00C/IC0BaHUS MAIMEHTOB ¢ METa0OIMYECKUM CHHIPO-
MOM, COBpEMEHHBIE MOAX0ABI K Tepanuu. Monorpadus Oyner nH-
TepecHa BpadyaM TepaneBTUYECKUX CIeIUaJbHOCTEH, HayYHbIM
pa6OTHI/IKaM, npenoagaBarejiAM, acnvpaHTaM, CTyACHTaAM MEIU-
IMUHCKHUX BY30B.

Teepnprit meperet, 496 cTpanwuil.

[IpuobpecTu u3ganMe MOKHO B MHTEpHET-Mara3uHe JIabupuHr:
https://www.labirint.ru/books/777643/

FOJIOOQAHUE B JETCTBE WU bOJIE3HU B CTAPOCTU

VIBEPCUTET
i LEATP 110 NERMATP

1. . Xopouwnusuna, 1.0. Heanos

TONOAAHUE B AETCGTBE
W BOJNIE3HU B CTAPOCTH.

Ha npumepe manonetHux xurenei
6nokupoBanHoro Jlenunrpana

Canxr-erepbypr, 2020

JILII. Xopowununa, /{.0. Heanoes

Knawnra MOCBANICHA MaJIOM3YUYCHHBIM MCIAUIUHCKUM Hp06ne-
MaM Yy JIFOJIEH CTapUIMX BO3PACTHBIX I'PYIII, NEPEKUBIIUX B JIET-
CTBE JUIMTENbHBIC MEPHOMAbI TOJONAHUS. ABTOpaMH H3ydYaroTCs
OTJaJICHHBIE TIOCIIEICTBUS JJIUTEIILHOTO TOJIOIaHUS JIeTeH U IO/~
poctkoB B OnokupoBanHoM Jlenmnarpane (1941-1944). Jlurepa-
TYpHBIH 0030p W NOJTYUYCHHBIEC TaHHBIC CBUACTEILCTBYIOT 00 0CO-
OCHHOCTSAX COMATHYCCKHUX 3a00JIeBaHUN Yy OBIBIIMX MaJOJCTHUX
XKuTeneil OmoKupoBaHHOTO JICHMHTpaja, CTaBIIMX HBIHE B3pPOC-
neiMu. KHUTa TIepen3aaercs MoBTOPHO, TEKCT €€ JIOTIOJIHEH U UC-
MpaBJicH.

Wznanvie MOXeT ObITh HHTEPECHO MATOJIOTaM, BpadaM-KINHH-
UCTaM, CIICHAJINCTaM [0 OpPraHHM3allMU 3JPAaBOOXPAHCHUS H
BCEM IpayKJlaHaM, HHTEPECYIOIUMCS UcTopuel oroka bl JIeHuH-
rpaja.

2-¢ u3nanme, nepepaboTaHHOE U TOTIOTHEHHOE.

Teepnprit meperiet, 176 cTpanwuil.

[TpuobpecTu U31aHNEe MOXKHO B MHTEpHET-Mara3une JIaOupuHT:
https://www.labirint.ru/books/777647/
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