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as a result of experimental opioid exposure.

morphology, mucosa,
laryngeal cartilage, rat.

Citation: Ivasivka Kh. P., Paltov E. V., Masna Z. Z. (2021) Characteristics of the Structural Components of
the Mucosa and Cartilage of the Larynx of Rats in Normal. World Science. 3(64). doi:
10.31435/rsglobal_ws/30032021/7505

Copyright: © 2021 Ivasivka Kh. P., Paltov E. V., Masna Z. Z. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

PesynpraTtu crarti BiANOBITAOThH MJIaHY HAYKOBUX AOCHIKeHb JIBBIBCHKOTO HAI[iOHAILHOTO
MEIMYHOTO yHiBepcuTeTy iMeHi Jlanmia ["aauibKkoro i € 4aCTUHO HAYKOBO-IOCIITHOT TeMH Kadeapu
HOpMaJIbHOT aHaToMii «Mop(hodyHKIIOHAIbHI OCOOIHMBOCTI OpraHiB y Ipe- Ta MOCTHATAJIbHOMY
nepiojlax OHTOT'€HE3y, MPH BIUIMBI OIIOINiB, XapyoBUX J00ABOK, PEKOHCTPYKTHBHHUX OIEpallisfiX Ta
oxupiHH» (HoMep aepxpeectpartii 0120U002129) srmpogosxk 2020 — 2024 pp.

Beryn. /lana Tema € akTyanbHOIO y 3B’SI3Ky 3 THUM, IIO y €KCIIEpUMEHTaIbHiN Mopdomorii
IIUPOKO BUKOPHCTOBYIOThCS Ja0OpaTopHi TBapuHH. HaifOumeil MmMpPOKO B  eKCHepruMeHTax
npencTaieHi uypu [1 - 4]. IcHye psi poOIT B SIKMX aBTOPU IETAIbHO BHCBITIIOIOTH MOP(HOIOTIUHY
HOPMY pi3HHX OpraHiB IIypiB Ta 3MiHH B OpraHax MpH marojoridaux craHax [5 - 8]. ¥ pobGorax
JIeSIKUX aBTOPIB MPHUCBSIYCHUX MMUTAHHSM OpPTaHiB JIWXalbHOT CUCTEMH, BUBUCHHS CIIU30BOT OOOJIOHKU
Ta XpSIIOBOr0 KOPCETY TOpTaHi IIypa € HeJOCTaTHRO BUCBITIIEHUM. Buie3azHaueHe oKkpecieno MeTy
Hamoi poOOTH, M0 ToiAraga y BUBYEHHI OCOOJIMBOCTEH oOprasizauii CTPYKTypHMX KOMIIOHEHTIB
CJIM30BOi OOOJOHKH Ta XPSALIOBOrO KOPCETY TOPTaHi Iypa B HOPMi.

BBaxkaeMo, 110 JaHe JOCHIDKEHHS € aKTYaIbHUM SIK 3 TOYKH 30pYy EKCIEePUMEHTAILHOI
MOpQOJIOTii, TaK i 3 MPAKTHYHOI TOUYKH 30Dy .

Martepiaan Ta MeToaM AocilKeHHs1. MartepiajaoMm JIOCIIKEHHS CIyTyBajd CTaTeBoO 3piii,
0e3nopoHi Hrypr—camili B KUTbKOCTi 15- T TBapuH, macoro 80 T, BikoMm 4,5 micsmiB. Yci TBapuHH
3HaXOAMJIMCh B yMOBAaXx BiBapiio i poboTa, 1110 cToCyBajacs MUTaHb YTPUMaHHA, AOTISILY, MapKyBaHHS
Ta BCl 1HIII MaHIMyJSAil TPOBOAUIUCS i3 JOTPUMAHHSIM IOJIOXKEHb «CBPOMENHCHKOI KOHBEHLII Mpo
3axXHMCT XpeOETHHX TBapWH, SIKI BUKOPUCTOBYIOTBHCS JIJISI €KCIIEPUMEHTAIBHUX Ta 1HIIUX HAYKOBUX
ey [Crpa30Oypr, 1985], «3aranbHuUX eTWYHHMX TIPUHIMIINB EKCIIEPUMEHTIB Ha TBapUHAXY,
yxBaneanx [lepmmmM HarionanmsauM kourpecoM 3 Oioetuku [Kui, 2001]. Kowmiciero 3 6ioeTuku
JIbBIBCHKOTO HALIOHANBHOI'O MEIUYHOIO YHiBepcUTeTy iMeHi JaHuna ['anuipKoro BCTaHOBJIEHO, IO
MPOBEJICHI HAYKOBI JOCIIPKEHHS BiJIOBIJAalOTh €THYHUM BHUMOTaM 3TigHO Hakazy MO3 Vkpaiau Ne
231 Big 01.11.2000 poky (mpotokon Ne 10 Big 26.12.2011 poky).
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[lepen nmpoBeaenHsM 3a60py OiomnciiiHOTO MaTtepianxy TBApHUHY BUBOIMIN 3 EHKCIICPUMEHTY 32
JIOMIOMOT010 AUOYyTHIIOBOTO edipy. Sk MaTepian i MiKpOCTPYKTYPHOTO AOCIHIIKEHHS BUKOPUCTAIN
CIM30BY Ta Xpslli TopTaHi mrypiB. [icTonoriuHi mpenapaTu TOTYBalM 3a 3araJbHONPUHHSITONO
METOJMKOIO 3 BUKOPHCTaHHAM OapBHMKA T€MAaTOKCHIIIHY, €O3MHY Ta a3aHy 3a MeTonoM [ aiineHraiina,
PAS-peakitis 3a Mak-Manycom Ta AubiiraHoBHii cuniit 3a Crigmanom [9, 10].

PesyabTtaTtu jgocaimkenns. B pe3ymbraTi MIiKpOCKOMIYHOTO JIOCTIKEHHS IOIIAPOBOI
oprasizanii CTIHKM rOpTaHi IHTaKTHOI IpyMH HIypiB HaMu OyJI0 OTPUMAHO HACTYIHI pe3yIbTaTH.

Ha rictomoriunomy 3pi3i ropraHi miypiB OyjJ0 BCT@HOBJECHO, IIO CTiHKa LBOTO OPTaHy
CKIIATIAETHCS 3 TPHOX O0OOJOHOK: CIIM30BOi, (hiOPO3HO-XPSAIIOBOi Ta aaBeHTHINI. Ha Mexi 3 riIoTkoro
PO3TaIIOBYETHCS 10Ope BUpaXeHHUH HAArOpTaHHUK (puc.l), Big OIYHMX MOBEPXOHB SIKOTO BiAXOIATH
CKIIQJIKM CIIN30BOi OOOJIOHKH (4YepIrakyBaTO-HAATOPTaHHI CKJIAIKH), IO TATHYTHCA JI0 POTOBUX
BiZJPOCTKIB YepIaKyBaTUX XPSILiB.

b e 20N
Puc. 1. 3piz naocopmannuxa wypa é nopmi. I emamoxcunin ma eosun Mikpoghomoepaghisn. 36. x 100.
1 — cruzoea obonouka; 2 — enacua naacmunxa,; 3— 3a103uU 8 OCHOBI HA02OPMAHHUKA.

BectubymsipHi ckiafku cim30Boi 00OJIOHKH Y IIypiB He BupakeHi. CrpaBa Ta 31iBa Ha OOKOBIH
CTiHIII OpraHy JIOKAIIi3yIOThCS IILTYHOUYKH TOpPTaHI, KOKEH 3 SIKMX Y IypiB MICTHTh JWBEPTUKYIN. 3a
IUTYHOUYKaMH TOPTaHI PO3TAIIOBYOTHCS TOJIOCOBI CKJIaAKHM. [0jl0COBa INIMHA Y IIypiB BY3bKa,
HaIpaBJIeHa BEHTPOJOpCcalbHO. Hibkde rolocoBHMX CKIIAJIOK PO3TAlIOBYEThCS MIAr0JI0COBA JUISHKA,
cnu3oBa OOOJIOHKA SIKOI TOHKA, BJIACHA IUIACTHHKA MIIHO TIPUPOCTae a0 CTiHKM roprani. Cim3oBa
000JI0HKA TOPTaHi y IIIypiB BUCTEIEHA HEOAHOPITHAM eITiTelialbHAM TUIACTOM, TIPEJICTABIEHA TIEPEBAKHO
0ararorapoBiM IUIOCKAM a00 OIHOIIAPOBUM OaraTOpsiTHUM TPU3MAaTHYHUM BiiUacTHM emiTeltieM.
IMepeans 1 BepXHs YacTHWHA TJIIOTKOBOI TIOBEPXHI HAATOPTAHHWKA, BEPXHS TIOJIOBHUHA MEPETHHOI YACTHHU
ropTaHi, 3Ha4YHa YaCTWHA 3aJIHbOI CTIHKHM TOPTaHi Ta 4epHaKyBaTO-HAaJrOPTAHHUX CKJIAJIOK, Ta 3HAYHA
YacTHHA TIOBEPXHi TOJIOCOBUX CKJIAJIOK BKPUTI OArarolapoBUM IUIOCKUM emiTernieM. J{iUIsHKr ropraHi, siKi
HE 3a3HAIOTh 3HAYHMX MEXaHIYHMX HABAaHTAXEHb BKPHTI OHOIIAPOBHM OaraTOpsHHM BiHYaCTUM
emiTenieM. Y BEHTPaJbHIl YacTHHI TOpTaHi OUIBIIICT MPU3MATUYHHUX EMITETIOUUTIB HE MICTITh
MIKpOBOPCHHOK Ta Biiiok. Cnu30oBa OOOJIOHKA MiJTrOJIOCHUKOBOI AUISHKM BHCTEIEHAa OararomiapoBUM
BiiffuacTum emitenieM. EnitenmiansHuil miacT po3TalioBy€eThCsl HA TOHKIHM, YiTKO KOHTYpOBaHii OazalibHil
MeMOpaHi, TiJ] SIKOF0 JIOKAJII3YEThCsl BlIACHA ITUIACTHHKA CIIM30BOi OOOJIOHKH, IIO IMPEJICTABIICHA ITyXKOKO
BOJIOKHUCTOIO CITOJYYHOIO TKaHWHOK. OCHOBY HAaJ[rOPTAaHHHWKA YTBOPIOE IUIACTHHKA 3 €JIaCTHYHOL
XPAIIOBOI TKAHUHH, HAJIXPSIIHHUIIA SKOT IEPEXOANTH y BIIACHY IUIACTHHKY CIIM30BOi 000JIOHKH (pHC. 2).

Y 2 A‘

57 O /R S e v 2 .
Puc.2. 3piz naocopmannuxa wypa é nopmi. I emamoxcunin ma eosun Mixkpogpomoepaghisn. 36. x 100.
1 — cruzoea obonouxa Haoeopmannuxa, 2 — 61ACHA NIACMUHKA HA02OPMAHHUKA, 3— elacmudna
XpAw068a MKAHUHA Y 6IACHIT NIACMUHYT CIU3080i 0DOIOHKU.
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EnitenianpHuii Ii1acT HAATOPTaHHKUKA Y HIYPiB HA Pi3HUX HOTO MOBEPXHAX Ma€ Pi3Hy OyAOBY.
Ha rimoTkoBiif moBepxHi HAATOpTaHHUKA IIIypiB 3HAYHA YACTHHA EMiTeNIaIbHOr0 TUIACTY MIPEICTaBICHA
OaraTomapoBUM IUIOCKUM EMITEIEM, 0 MICTUTh HE3HAYHY KUTBKICTh POTOBOI PEYOBHHH. Y OKPEMHX
IIypiB TOHKUI KEpaTMHOBUH MIap iHKOJIM JOCSATAE BEPIUIMHM TJIIOTOKOBOI IOBEPXHI HAaArOpTaHHUKA.
bazanpHa mMeMOpaHa HaArOpTaHHMKA Ha IJIOTKOBIM NMOBEpXHI YTBOPIOE CKIaaku. BepxHs Tperuna
amiKaJbHOI TOBEPXHI T'OPTAaHHOI YAaCTHHM HAATOpPTaHHMKA BKpUTa 0araToIIapOBUM IUIOCKUM
emiTemnieM, 10 HE MICTUTh POroBOi PeyoBHMHH. Y Oa3aibHIM YaCTHHI TOPTAaHHOI MOBEPXHI emiTeNii
OJTHOINIAPOBUH OaratopsaHuil BidyacTuid. Mik BEpPXHBOI Ta 0a3allbHOK YaCTUHOK TOPTAHHOI
MOBEPXHI HAATOPTAaHHUKA PO3TAIIOBYETHCS MITSHKA EMiTEIalbHOTO IDIACTY, IO MICTUTH ITEPEBAKHO
KyOiuHi a0o HEBHCOKI CTOBMYACTI emiTemonutd. ba3ampHa MeMOpaHHa TOPTAHHOI YaCTHHH
HaATOpTaHHHUKA CKIIAJ0K HE yTBOpIo€. EmiTenmianbHUi MiacT ropTaHHOI MOBEpXHI HAATOPTAHHUKA €
TOHIIIUM HIXK Ha TIIOTKOBiH MOBEPXHi.

BrnacHa niactuHKa cinu30BOI OOOJOHKM HAArOPTAHHMKA YTBOPEHA IIyXKOI BOJIOKHHCTOIO
CIOJIYYHOIO TKaHUHOIO, 10 MICTUTh YUCEIbHI CyIMHH Ta 3HAYHY KiJIbKICTh KOJIar€HOBUX, EINaCTHYHHX
Ta PETUKYJSPHUX BOJOKOH. KomareHoBi BOJIOKHA TTIOTKOBOT YaCTHHM TOBCTIIIIi PO3TAIIOBaHI B PI3HUX
HanpsMkax (puc. 3).

Puc.3. 3piz naocopmannuxa wypa 6 nopmi. Azan. Mikpoghomoepaghis. 36. x 100.
1 — konazenosi 60NOKHA 61ACHOT NIACMUHKU HAO2OPMAHHUKA,

2 — enacmuyHa Xpswoea MKAHUHA Y GIACHIT NAACMUNYT CTU30601 000IOHKU.

VY ropraHHiil YacTHHI KOJAareHOBI BOJIOKHA TOHII, PO3TAILOBYIOTHCS MEPEBAXKHO MapajieIbHO
JI0 TIOB3JIOBXHBOI BIiCI HaaropraHHuka. KoJiareHOBI BOJIOKHA BJIACHOI IUIACTUHKU HAJIrOPTAHHUKA,
MPOHUKAIOTh y 3OBHIIIHIA BOJIOKHUCTHHA AP HAAXPSIIHUII €IaCTUYHOrO Xpsia. Y OCHOBHIHM
PEUOBHHI €IACTHYHOIO Xpslla HaArOpTaHHUKA PO3TALIOBYETHCS 3HaYHA KUIBKICTh PAS-mo3utuBHHX
peuoBuH (puc. (puc. 4; 5) Ta mOMipHA KIJIBKICTh KHCIHMX TIJIIKO3aMiHOINIIKAHIB, IO TaKOX
PO3TaIlIOBYIOTECS B IUTOILIA3Mi XOHIPOIHTIB (puC. 6).

IomipHa KiIBKICTh MO3UTUBHUX PEYOBHH PIBHOMIPHO PO3TALIOBYETHCS B KOJIAT€HOBHUX BOJIOKHAX
Ta OCHOBHIM PEYOBHHI BJIACHOI IUIACTMHKH HAJTrOPTAaHHHMKA, a TaKOX TOHKMM OIHOPIJHUM IIApOM Ha
MOBEPXHI EIITEeiI0 3HAYHOT YaCTHHH HaIrOPTAaHHUKA, a TAKOXX B OCHOBI 0a3aJibHOT MEMOpaHH.

Puc.4. 3piz naocopmannuxa wypa 6 nopmi. PAS — peaxyis 3a Max — Mawnycom. Mikpoghomoepaghis. 30.x200.
1 — 3nauna xinexicmo PAS — nosumughux pewosun y 0CHOBHIl pevo8UHi enacmuyHo20 Xpaua
HAO2OpMAHHUKA, 2 — 00HOPIOHe posmautysanta PAS — nosumuenux peuosun y enacriii niacmunyi
CU30801 0O0NOHKU HAOOPMAHHUKAL.
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—
Puc.5. 3piz naoecopmarnnuxa wypa 6 nopmi. PAS — peakyis 3a Max — Manycom. Mikpoghomoepagpisi. 36. x 100.
1 — 3nauna xinvkicmo PAS — no3umuenux peuosur y OCHOBHIU pedo8UHI e1acmuiHo20 Xpaua;
2 — 3nauna Kinbkicme PAS — nosumusnux pevosun 6 yumoniasmi ceKpemopHo20 enimeniio Kinyesux
81001116 34103 8 OCHOBI HA02OPMAHHUKA.
S -

36. x 100. 1 — nomipna xinekicms KUcaux 21ik03amiHONIKAHIB Y MAMPUKCE eNACTNIUYHO20 XPAUWA,
2 — nOMIpHA KibKICMb KUCTUX 2NIKO3AMIHOTIKAHIE Y YUMONIA3MI XOHOPOYUMIE HA020PMAHHUKA.

[To6n13y OCHOBM HaAropTaHHWKA y BIJIACHIM IUIACTMHII CIM30BOI OOOJIOHKM JIOKANIi3yETHCS
3Ha4YHa KUIBKICTh KIHIEBHX CEKPETOPHMX BiAIiIIB TpyOUacTO-ajbBEOJIIPHUX 3aJI03, EK30KPUHOLUTH
SKUX TIPEJCTABJICHI IMEPEBAXKHO CIM3UCTHMHU KJIITHHAMH, SKI MICTATh 3HAYHY KUIbKICTH PAS-
HO3UTHBHUX pEYOBMH (pUC. 7) Ta KHUCIHMX T[JIKO3aMiHOINIIKAHiB, IO aIbIMHOBHM CHHIM

< 5250

Puc.7. 3piz naoeopmannuxa wypa 6 nopmi. PAS — peaxyis 3a Max — Manycom. Mikpoghomoepadhis.
36. x 200. 1 — 3uauna xinokicmo PAS — no3umusHux pe4o8uH y 0CHOBHIU pe1OBUHI e1ACTNIUYHO20
xpawa; 2 — 3Hauna Kinvkicms PAS — nosumugrux pe4osur 6 yumoniasmi CeKpemopHozo enimeinito
KIHYesux 8i00iNi6 347103 8 OCHOBI HA020PMAHHUKA.

Cepo3Hi KIITHHH B 3aj103aX HaJropTaHHMKAa IMOOIAMHOKI, 3yCTpidaroThCs pinko. HaBkomo
BUBIJIHUX MPOTOKIB 327103 MICIISIMH Bi3yami3ylOThCs JTIiMQOiaHI KIITHHA. Takok TIMPOIUTH MICTATHCS
y CTpOMi, piamie y TpOCBiTax MpOTOKiB 3amo3. OkpiM JiM(OIMTIB B CTPOMI HaJArOpPTaHHUKA
Bi3yalizyroTbcss  (DiOpoOnacT, MOOAWHOKI Makpodarw, HEWTpodiiu, IIa3MaTU4HI KIITHHH,
TICTIONMTH, PiJilie TKAaHWHHI 6a30(iIH.
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Puc.8. 3piz naoeopmannuxa wypa 6 Hopmi. Anvyuarosuti cuniti 3a Cmiomanom. Mikpogpomoepais.
36. x 200. 1 — kucni eniko3amMiHOSAIKAHY Y MAMPUKCT eTACMUYHO20 XpAwd, 2 — KUCTI
2NIKO3AMIHO2TIKAHU 011 OCHOBU HAO20PMAHHUKAL.

KonareHoBi BoiOKHa BIIACHOT TUIACTHHKH CIIM30BOi OOOJOHKH OCHOBH HAATOPTAaHHUKA YITKO
KOHTYpOBaHi, 3a0apBIIOIOTBCS a3aHOM Y SICKpaBO cuHii komip (puc. 9). Ha moBepxHi cin3oBoi
00OJIOHKM TOpTaHi He CIOCTEepiraloch CTOPOHHIX HamapyBaHb. He peecTpyBamu AUCTpoidHHX Ta
HEKPOTHYHHX 3MiH emiTenionuriB. Cin3oBa 000JI0HKA BEPXHBOI YACTHHU YEPIaKyBaTO-HAATOPTAHHUX
CKJIaJOK BHCTEJICHA IIEPEBAXKHO OaraToIIapoOBMM IJIOCKUM emiTedieM. Y HIKHIA vacTuHI
YepIIakyBaTO-HAATOPTAHHUX CKJIAJIOK JIOKATI3yIOThCs KyOiuHi a00 HU3BKI MPU3MATHYHI EMiTEeNiOHUTH.
CrionyyHa TKaHWHA BJIACHOI MJIACTUHKH YEpIaKyBaTO-HAATOPTAHHOI CKIIAIKU MIiCTHUTh KPOBOHOCHI Ta
miMpaTHIHI CYIVHH, KOJAreHOBI Ta €NacTHYHI BOJOKHA, a TaKOX NPiOHI KIMHOMOMIOHI XpsIi, II0
YTBOPEHI €J1aCTUYHOIO XPSIIOBOI TKAHMHOIO, AU(Y3HO PO3CisSHI eIeMeHTH JTiM(pOiqHOT TKAaHUHH, 110
NpeCTaBlIeHi B OCHOBHOMY, MAJIMMH Ta CEpelHIMH JTIMQOIHUTAMH. a TaKOX MICTHUTh PETHUKYJSpPHI
KJIITUHY, TTIOOJMHOKI TUTa3MOIIUTH, HEUTpod1sin, Makpodaru Ta TKaHUHHI 0230 1LIH.

- FRTITTEY S Y\ . 5 x

., '\ ,(,l_. n- » -
Puc.9. 3piz naocopmannuxa wypa é nopmi. Azan. Mikpoghomoepaghis. 36. x 200.
1 — uimko KoHmMYPOBAHT KONA2EHOBI BOIOKHA GNACHOI NIACMUHKU OCHOBU HAO2OPMAHHUKA.

s B3 =

CnmzoBa 000JI0HKA NIYHOUYKIB rOpTaHi BUCTENICHa TOHKHM IIAPOM EIiTeNil0, M0 MiCTHTh

Puc. 10. 3piz unynouxa eopmani wiypa 6 nopmi. I'emamoxcunin ma eozun Mixpogpomoepapis. 36. x 100.
1 — cnuzosa oborouka waynouxa copmani; 2 — CyOuHU y G1ACHIU NAACMUHYL CTU30601 000IOHKU,
3— xinyesi cekpemopHi 8i00iNU 3A7103.
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BrnacHa miacTMHKa IUTYHOYKIB MICTUTh YMCEIBHI TPyO4acTO-aJIbBEONISIPHI 3aJI03H, CEPO3HO-
CITM3UCTHHA CEKPET SIKUX 3BOJIOXKYE CIM30BY OOOJIOHKY TOpTaHi. Y BJIACHIN TUIACTHHIN CIIM30BOI OOOJIOHKH
IDTYHOUKIB FOPTaHi PO3TAIIOBYIOTHCS CYIAUHH, 9ITKO BIIOPSIKOBAaHI TOHKI KOJareHoBi BosokHa (puc. 11),

OCHOBHA PEUYOBHHA CIIOIYYHOI TKAHWHU MICTUTB MOMIpHY KUTbKiCTh PAS-1103uBHUX pedoBuH (puc. 12).
W TNl 3

Puc.11. 3piz waynouxa copmani wiypa 6 Hopmi. Azan. Mikpogpomoepaghis. 36. x 200.
1 — uimKxo KOHMYPOBAHI KOAA2EHOBI BOJIOKHA BNACHOI NIACMUHKY CIU3080] 0O0IOHKU ULTYHOUKA

HYl

TS

eopmati; 2 — cyOuHu y 61AcCHIil niacmu

R 3
N

CU30801 00010HKU.
wﬁ : Y

SRS s N m——
Puc.12. 3piz wunynouxa copmani wyypa 6 nopmi. PAS — peaxyis 3a Max — Mawnycom. Mixpoghomoepagpis.
36. x 200. 1 — 3nauna xinvkicmo PAS — nozumuenux peuosun y 0CHOGHI pevwouni Xpsauja, 2 — 3HaAUHA
Kinokicms PAS — nosumuenux peuosun 8 yumonaasmi enimenito KiHyegux ceKxpemopHux 6iooinia 3an03;
3 — 3nayna xinvkicms PAS — nozumuenux peyogun y OCHOGHIL peyosuHi 61acHoi RAACMUNKY CTU30601

000NIOHKY WLTYHOUKA 20PMAHI.

3HavHa KUIbKICTh KHMCJIMX TJIIKO3aMIHOJIIKAHIB JIOKQII3YEThCS B IIUTOIIA3MI CIITEIII0 KiHIICBUX
CEKPETOPHHX BiJIUTIB CEPO3HO-CIMBUCTUX 3aJI03, 10 PO3TAIOBYIOTHCS Y BIIACHIN TUIACTHHIN IUTYHOUKIB
rOpTaHi Ta UTOIIa3Mi OOJMHOKUX TKaHMHHKUX 0a30(iiB (puc. 13). V urypiB HUTyHOUKH rOpPTaHi MiCTSTh
3arjMOJICHHs (JIMBEPTUKYJIIH ), IO Y Kay/abHiN YacTHHI 0OMEKEeHI OJI0OCOBUMH CKJIa IKaMU.

;mw s i
i v

2

Puc.13. 3piz wunynouxa eopmari wyypa 6 Hopmi. Anvyuarnosuii cuniii 3a Cmiomarnom. Mikpogpomoepaghisi.
36. x 200. 1 — 3nayna KinbKicms KUCIUX 2TTKO3AMIHOSTIKAHIB Y MAMPUKCE Xpsawa, 2 — 3HAYHA KITbKICTb
KUCTUX 2TIKO3AMIHO2IKAHIG ) 8 YUMONAA3MI enimeito KiHYesux ceKpemopHux 6i00inie 3a103.

V TOI0COBHX CKJIAJIKaX, [0 PO3TAIIOBYIOTHCS MO3aay IUTYHOUYKIB roprasi (puc. 14), HasBHi
HOMEPEYHO-IOCMYTOBaHI M’s30Bi BOJIOKHA, a TaKOX YiTKO BIIOPSIKOBaHI KonareHosi (puc. 15) Ta
€JIaCTHYHI BOJIOKHA TOJIOCOBOI 3B’ SI3KH.
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CnmzoBa 000JIOHKAa BIIBHOI YacCTHHU TOJIOCOBHX CKJIQJOK BHCTeNleHa OaraTomiapoBUM
TUIOCKUM a00 HU3BKUM KyOiuHUM emitenieM. Ilix 0a3aibHOI0 MEeMOPaHOIO PO3TAIlIOBYETHCS BJIaCHA
TUTACTHHKA CITU30BO1 0OOJIOHKH, OCHOBHA PEYOBMHA Ta BOJIOKHUCTI CTPYKTYPH SIKOi MIiCTSTh MOMipHY
KiJTbKicTh PAS-no3uTuBHEX pedoBHH (prc. 16), a TakoK KUC TiKo3amMiHorIiKanu (puc. 17).

Bracna mmacTiHKa CIM30BOi OOOJIOHKH TOJIOCOBOI CKJIAJKH TOAUISETHCS HA ITOBEPXHEBUH,
NPOMDKHUM Ta TIuOOKuil mapu. [loBepxHeBUI Mmap BIACHOT IJIACTUHKH CIHU30BOi OOOJOHKH
TOJIOCOBHX CKJIaJIOK MICTUTh 3HA4YHY KiJIbKICTh OCHOBHOI PEYOBMHH Ta APiOHI MOOJMHOKI KOJareHOBi
BOJIOKHA. Y MPOMIKHOMY IIapi MICTATHCS MEPSBAXKHO €1aCTUYHI BOJIOKHA. [ TMOOKHMH map royiocoBoi
CKJIaJK{ YTBOPIOIOTh KOJIAr€HOBI BOJIOKHA, 10 PO3TAIlIOBAaHI UIJIBHUMU MapaJIeIbHUMH PSAAAMU.
IIpomixkHuil Ta TIHOOKWI IIapy MICTATH CHOTYYHOTKAHWHHI BOJIOKHA TOJIOCOBOI 3B’SI3KH. Takox
OCHOBHA PEUYOBHHA CIIONYYHOI TKaHWHHU MICTHTH INimM(poinHI enemeHTH, (HiOpodIacTH, MOOTUHOKI
JMiM(OINTH, TIA3MATHUYHI KIITHHU, TKAHUHHI 0a30(]isin, HEPBOBI 3aKiHYCHHS.

Puc.14. 3piz wnynouxa copmani wyypa 6 nopmi. I emamoxcunin ma eozun Mixpogpomoepagpia. 36. x 100.
1 — cruzoea obonouka winyHouxka copmati; 2 — cauzoea 060a0HKa 2010¢0801 ckiadku,; 3 — Kinyesi
cekpemopHi 8I00inuU 34103, 4 — HONepeuHO-NOCMY208aHI M 'A308i B0IOKHA.

Puc.15. 3piz winynouxa copmani wyypa 6 nopmi. Azan. Mixpogpomoepagpis. 36. x 100.
1 — konazernosi 6o10KHA 671ACHOT NIACMUHKU CIUZ0801 0DOJIOHKU 20/I0C0801 CKIAOKU, 2 — KONA2EHO6I 60NOKHA
GNIACHOT NIACMUHKU CTU3080i 0DOJIOHKU ULLYHOUKA 20PMAHI, 3— NONEPEUHO-NOCMY208AHI M 3061 B0JOKHA.

] S ot RO = 2
Puc. 16. 3pi3 wnynouxa copmani wypa 6 Hopmi. PAS — peakyis 3a Max — Manycom.
Mikxpogomoepaghia. 36. x 100. 1 — 3nauna xinvxicms PAS — nozumugnux pewoun y 0CHOBHIL peuosuHi
xpawie copmani,; 2 — 3HauHa KinbKicmo PAS — nozumugnux pewosun y 61acHitl niacmuryi ciu3080i
000I0HKU 20710C0801 CKNAOKU.
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Puc.17. 3piz winynouxa copmani wypa 6 Hopmi. Anvyuarosuii cuniii 3a Cmiomanom.
Mikpoghomoepadhis. 36. x 100. 1 — xucni enikozaminoenikanu y 61ACHIN RAACMUHYL CIU30801 000NOHKU
20]10C0801 CKNAOKU, 2 — KUCT 2/IKO3AMIHOTIKAHU ) YUMONAA3MI XOHOPOYUMIG 2IANiH08020 XpAud,
MAmpuKci xpawa, 3 — KUci 2iKko3amMiHOIIKaHu )y enimenii Kinyesux ceKpemopHux 8i00inie e1acHoi
NIACMUHKY NI020I0CHUKOBOT OLIAIHKU.

[To6nu3y po3TamIOBYIOTHCS BIAPOCTKH YEpIaKyBaTUX XPSIIiB. XPSIIOBY ONOPY T'OJIOCOBUX
CKJIaJ0K (POPMYIOTH BIAPOCTKU UYEpIIAKyBaTUX XPSIIiB Ta MACUBHHN MIUTOBUIAHWN XpSI IO SIKOTO
NPUIISITAE OCHOBA KOJKHOI 3 TOJIOCOBHX CKJIAIOK. JliSHKM BJIACHOI IUIACTHHKU CIIM30BOI OOOJOHKH
TOJIOCOBOi CKJAJK{, M0 TMPWIATAIOTH IO TIATIHOBUX XPAIIIB MICTSATh YHCENBbHI CYIOUHH PI3HOTO
KaJriopy, 110 HAIIOBHEHI MIOMIPHOIO KiITBKICTIO KPOBI.

[To3amy romocoBUX CKIaAOK PO3TALIOBYETHCS MiATOJOCHUKOBA MAIISHKA, CIU30Ba O0OJOHKA
SIKOi BHCTEJICHA 0araTOpsIHUM NPU3MATHYHMM BifYacTHM eIiTelieM. BracHa IutacTUHKA CIIM30BOT
00OJIOHKH MICTHTh CEPO3HO-CIU3UCTI 3aJI03H, MIOMIPHOI IIUPUHHA KPOBOHOCHI Ta JiM(aTHUHI CyIUHH,
HE3HAYHy KUTBKICTh (DiOpoOIacTiB, TOHKI, YITKO BHOPSAAKOBAHI KOJAreHOBI BOJIOKHA, KIIITHHHI
eneMmeHTH nu(y3HOI JTiMQOiTHOT TKAHWHU, HEPBOBI 3aKiHUECHHS.

®i0po3HO-XpsmoBa OOOJOHKA yTBOPEHA 3 TIATIHOBOTO Ta ENAaCTHYHOTO XPAIIiB, a TaKOX
MICTUTh 3HA4YHY KUIBKICTh BOJOKHHCTOI CIIOJMYYHOI TKAaHWHH Ta YHCENbHI MONEepeYyHO-IOCMYTOBaHi
M’s3U.  XPAIIOBHI CKeNleT TOpTaHi y IIypiB NpPEACTaBICHUH IIUTOBHJHUMH, TEPCTHEBUIHUM,
YepraKkyBaTHMH, PKKOBWIHUMHU, HAJATOPTAHHUM Ta KIMHOBWAHUMHU Xpsmiamu. Hanroprannuii Ta
KIMHOBH/IHI XAl YTBOPEHI €TaCTUYHOI0 XPSIIOBOI0 TKAHMHOIO, a IIMTOBH/HI Ta NMEPCTHEBUIHUI —
riaiHOBUM XpsteM. UeprakyBaTi XpsIili MICTUTh €IeMEHTH SIK TialiHOBOTO TaK 1 €1aCTHYHOTO XPAIIa.

Marpukc TiaJiHOBHX Ta €TaCTUYHHX XPAIIiB c(hOPMOBAHMIT OCHOBHOIO PEUYOBHHOIO, IO MICTUTh
3HaYHYy KUTbKICTh PAS-TIOZUTHBHUX PEYOBHH, a8 TaKOX MOMIPHY KUIBKICTh KHCIUX TJIKO3aMiHOTJTIKaHiB.
Kapkac i3 TOHKHX KOJIarGHOBHMX BOJIOKOH CJIa00 Bi3yalli3ylO€ThCsi Ha (POHI IHTCHCHBHO 3a0apBIICHOTO
MaTpuKcy. XOHIPOIMTH PO3TAIIOBYIOTECS B JIaKyHaxX, 1HKOJIM (DOPMYIOTh HEBENIMKI 130r€HHI IPYIH, 10
MICTSTh NEPEBAKHO MO J[BA XOHAPOLUUTH. B UTOIIIa3Mi XOHIPOLMTIB Po3TaIloBy0ThCsl PAS-nI03uTHBHI
PEUOBMHH Yy BUIJISIAI NIpiOHMX 3epeH Ta ApiOHO3EPHUCTI BKIIFOYEHHS KHCIMX TIIIKO3aMiHOTIIIKaHiB.
HanxpsimHuis rialiHOBUX Ta €1acTUYHMX XPSIiB MICTUTh 3HaYHY KUIbKiCTh PAS-IO3UTHBHMX pEevyOBUH,
a TaKOX MIOMIPHY KUTBKICTh KHCIIUX TIIIKO3aMIHOTTIKaHIB, Y eIaCTUUHMX XPsIlaxX HasBHA 3HAYHA KUIbKICTh
EIIACTHYHUX BOJIOKOH. XOHJIPOILIMTH, IO PO3TAIIOBYIOTHCS OE3MOCEPEHBO IMijl XOHIPOreHHUM IIapOoM
HAJIXPSIIHUII MAOTh BUIOBKEHY, JOCUTh YaCTO BEPETEHOMOAI0HY (hopmy.

Xpsimi  3akpimiieHi MK cOoOO0 CHHAECMO3aMH, CYIJI000BUM 3’€QHAHHSAMH, a TaKOX 3a
JIOIIOMOTO0 YHCENIbHUX M’sI31B Ta 3B'I30K. M’s130BUH anapaT ropTaHi NpeICTaBICHUN TUIATATOPaMH,
KOHCTPUKTOpaMH Ta JOBIMMH M’si3aMH TOPTaHi, MONEPEYHO-TIOCMYIOBaHI BOJIOKHA SIKHUX YITKO
KOHTYpPOBaHi, MICTSTh OBaJIbHI, MepupepudHo posMilieHi sypa. [lonepyHo-mocMyroBaHi BOJOKHA
PO3TAIOBYIOTHCS MIXK XPSIIaMH, & TAKOXK MPOHUKAIOTh Y TOJIOCOBI CKIIAJKH.

AJIBEHTHIIIE TOpPTaHi YTBOPEHA IyXKOK CIOJYYHOIO TKAHWHOK, IO OKPIM OCHOBHOI
PEYOBHHH, KIIITUHHUX €JIEMEHTIB, TAKOXK MICTUTh YHCENbHI KOJAareHOBI BOJIOKHA.

BucnoBku.

1. B pe3ynbTaTi MpOBEAECHOTO MIKPOCTPYKTYPHOI'O IOCIHIPKEHHS OYyJI0O BCTaHOBIEHO, IO
CTIHKa TOpTaHi IIypa B HOPMi CKJIAJAa€ThCs 3 TPbOX OOOJOHOK: CIU30BOI, (iOPO3HO-XPAIIOBOI Ta
anmBeHTHUIli. Ha MeXi 3 TIIOTKOIO PO3TAIOBYETHCS MTOOpE BHUPAKCHHUHN HAATOPTAHHUK, Bl OIYHHX
MTOBEPXOHB SKOTO BIIXOMATH CKJIATKH CIU30BOT 000JIOHKH (YepIiaKyBaTo-HAATOPTAHHI CKIIATKH).

2. BectuOymsipHi CKIagku ciau30BOi OOOJIOHKM y LIypiB He BupaxeHi. CnpaBa Ta 37iBa Ha
OOKOBiil CTiHIII OpraHy JOKali3ylOTbCsS LUTYHOUKH TOPTaHi, KOXKEH 3 SKUX Yy IIypiB MICTHTh
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JUBEPTHKYJI. 3a IUTYHOUYKaMU TOpPTaHi PO3TAIIOBYIOTbCA TOJIOCOBI CKIIQAKH. [ojocoBa ImijvHA Yy
HIypiB By3bKa, HampaslieHa BEHTPOJOPCATBHO.

3. Hwkde romocoBHX CKJIaJOK PO3TAIIOBYETHCS MiATOJIOCOBA JISAHKA, CIM30Ba OOOJOHKA
SKOi TOHKA, BJIACHA TUTACTMHKA MIITHO MPHUPOCTAE M0 CTiHKHU TroprtaHi. Cim3oBa 000JI0HKA TOPTaHI y
IIypiB BUCTEJIEHA HEOHOPITHIM eITiTeNiaJbHIM IIJIACTOM, MPEICTaBICHA MIEPEBAYKHO OaraTomapoBUM
TUIOCKUM a00 OJHOIIAPOBUM OaraTopsAHUM MPU3MATHYHUM BIHYaCTHM CEIITEIIEM.

4. Tlepeans i BepxHS YacTHHA TJOTKOBOI TOBEPXHI HAATOPTaHHHMKA, BEPXHS IOJIOBHHA
NepeAHbO1 YaCTHHU TOpTaHi, 3HaYHa YaCTHHA 33JHBOI CTIHKU OpTaHi Ta 4epraKkyBaTo-HAATOPTaHHUX
CKJIQJIOK, Ta 3HaYyHa YacTHHA IIOBEPXHI TOJOCOBHX CKJIQJOK BKPUTI OaraTomapoBUM IIIOCKHM
emitemieM. JIUITHKA TOpTaHi, SKi HE 3a3HAIOTh 3HAYHUX MEXaHIYHUX HaBaHTAXCHb BKPHUTI
OJHOIIAPOBUM OaraTopsaHAM BIHYaCTHUM eImiTellieM. Y BEHTPaJbHIM YacTHHI TOpTaHi OiTBIIICTH
NpU3MAaTHYHHUX ~CIITENIONUTIB HE MICTITh MIKPOBOPCHMHOK Ta Biliok. Cnm3oBa 000JIOHKa
MirOJIOCHUKOBOT IUJITHKY BUCTEJICHA 0araTomapoBUM BiUACTHM CITiTEITiEM.

5. YV HWKHIA YacTHHI 4YeprnaKkyBaTO-HAATOPTAHHHMX CKIAJOK JIOKANi3yIOThCs KyOiuHi abo
HU3bKI Tpu3MaThyHi emitemionurn. CHolydyHa TKaHWHA BIACHOI IUIACTHHKH YepIHaKyBaTo-
HAJATOPTaHHOI CKJAJKH MICTUTh KPOBOHOCHI Ta IiM(paTHUYHI CyIWHHU, KOJAreHOBI Ta eIacTUYHI
BOJIOKHA, a TAKOXK APiOHI KIIMHOMOAIOHI XPSIIIi, 0 YTBOPEH| €IACTUIHOIO XPSIIIOBOI0 TKAHWHOKO.

6. CnamzoBa 000JIOHKAa BUIPHOI YACTHHU TOJOCOBMX CKIIQJIOK BHCTENieHa OararolrapoBUM
IUIOCKUM a00 HU3BKUM KyOiuHUM emitenieM. [lix 0a3aibHO0 MEMOPaHOI PO3TAIIOBYETHCS BllacHA
TUTACTHHKA CIIM30BOT 0OO0JIOHKH, OCHOBHA PEUYOBHHA.

7. XpsIoBy OMOPYy TOJOCOBHX CKIANOK (DOPMYIOTh BIIPOCTKH YepraKkyBaTHX XpSIIiB Ta
MAaCHBHHH MIMTOBUIHHUN XPSII O SKOTO NPHIISTae OCHOBAa KOXKHOI 3 TOJIOCOBUX CKIAMOK. JisHKH
BJIACHOI TUTACTHUHKHU CITU30BOi OOOJIOHKHU TOJIOCOBOI CKIIAIKH, IO MPIIISATAIOTH J0 T1aiHOBUX XPSIIiB
MICTSITh YMCENbHI CyTUHH Pi3HOTO Kaiopy.

8. ®DiOpo3HO-XpsIIOoBa O0OJOHKA YTBOPEHA 3 TI1aiHOBOTO Ta €JIACTHYHOIO XPSIB, a TaKOX
MICTHTh 3HAUHY KiTBKICTh BOJIOKHHUCTOI CIOJYYHO! TKAHHHH Ta YMCENbHI MONEePEeYHO-IOCMYTOBaH] M SI3H.
XpsIoBUi CKeJeT TOpTaHi y IIypiB MPEICTaBICHUH IMTOBUIHUMH, IIEPCTHEBUIHUM, YEpPIIaKyBaTHMH,
PIKKOBUTHUMH, HAJrOPTAaHHAM Ta KIMHOBHIHUMH Xpsiiamu. HaaropraHHMil Ta KIMHOBHIIHI XpSIi
YTBOPEHI €IaCTHYHOIO XPSIIOBOI0 TKAHMHOIO, a IUTOBHIHI Ta NEPCTHEBHIHUN — TiaJIHOBUM XPSILEM.
UYepniakyBaTi XpsIIIi MiCTHTh €JIEMEHTH $SIK T1aJIIHOBOTO TaK 1 €JIaCTUYHOTO XPSIIIIA.
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Introduction. Mortality associated with polytrauma defined as severe multiple and combined
injury with injuries 1SS-based severity (Injury Severity Scale) >16 points, remains as high as 15-24% [1,5].

The estimation of skeletal injuries contribution to pathophysiology of polytrauma is promising for
predicting of outcomes and complications and treatment optimization [1, 4]. In particular, it is important
to state and clarify the indications for the application of the concept of staged treatment “Damage Control
Orthopedics, to determine the optimal timing for surgery so that the operation would not become a
“second blow” resulting in deterioration of immunological disorders and complications [1, 4, 5, 6]. The
pathophysiological significance of skeletal injuries should be considered for prediction and prevention of
complications, development of intensive care methods and optimization of surgical treatment tactics for
polytrauma. Fractures of long tubular bones and pelvic bones with a severity > 2 points (AIS damage
scale) contribute to phenomenon of mutual burden of injuries associated with polytrauma [1].

The severity of injury often conceals the drawbacks of diagnosis and treatment, which in turn
impacts the objective assessment of medical care [2, 3].

The most common drawback of medical care in patients with skeletal polytrauma is the lack of
a transportation route patient and no clear protocol [2, 3].

All abovementioned factors contribute to relevance and necessity of Theses study, resulting in
improvement of prediction, prevention and intensive care of embolic complications.

Study Objective — to improve the results of treatment of patients with skeletal polytrauma by
substantiating of prognosis and prevention of various complications associated with inter-hospital
transportation and at the intensive care unit.
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Materials and Methods. The study involved patients with skeletal polytrauma who were
treated at the Odessa Regional Clinical Hospital (third level of medical care) and medical institutions
of Odessa region (2nd level of medical care).

The total number of patients was 240. Most were males - 135 (56.3%), and 105 (43.7%)
patients were females. All patients were divided into two groups: control group (n = 120) - patients
with skeletal polytrauma, who received medical care according to generally accepted
recommendations and study group (n = 120) - patients with skeletal polytrauma, who received medical
care in compliance with the proposed clinical route of patients, which can be used at the second and
third tiers of medical care and medical protocol for inter-hospital transportation of patients with
skeletal polytrauma (scheme 1-2).

Inclusion criteria: patients with skeletal polytrauma; age of patients - from 18 to 65 years;
written informed consent for participation.

Exclusion criteria: refusal to participate in the study; age of patients over 65 years; no
adequate contact with the patient (e.g., severe brain injury, cerebral circulation disorders, dementia,
diabetic encephalopathy); individual intolerability of drugs used during the study; the history of blood
clotting disorders (overdose of anticoagulants, vitamin K antagonists) or detection of such disorders
during the study, administration of drugs that affect blood clotting.
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Fig.1. Skeletal trauma patient clinical route.
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Fig.2. Medical care protocol: inter-hospital transportation for patients with skeletal polytrauma
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Control and study groups were randomized according to the location of fractures and type of

injury (Table 1).
Table 1. Total Traumas in patients from study and control groups
. Groups
Fracture location; type of trauma Control group, n | Study group, n Total
Lower leg bones open fracture/ femoral bone open 12 13 25
fracture
Lower leg bones closed fracture/ femoral bone 45 44 89
closed fracture
Femoral bone closed fracture/ pelvic bones fracture 40 40 80
Multiple pelvic bones fracture 23 23 46
Total 120 120 240

Also, patients in both groups had similar severity of injuries (Table 2).

Table 2. Case severity in both groups based on different evaluation scales

Severity scale Group
Control group, n (grades) Study group, n (grades)
ISS (>16) 19,26+3,1 20,98+3,0
AIS (>3) 3,50+0,6 3,58+0,7
TS (>8) 9,1+0,8 9,1+0,7
CRAMS (<8) 6,78+0,8 7,03+0,9
PTS (>9) 16,56+4.,16 16,86+4,11

Different rating scales were used to evaluate the severity of patient’s condition, including
Trauma Score (TS), Circulation Respiration Abdomen Motor & Speech system (CRAMS),
Abbreviated Injury Scale (AlS).

Medical care in patients with skeletal polytrauma was based on the following tactics:
1. Urgency of care (unacceptable delays or delays of specialist’s assistance) 2. Constant monitoring;
3. Continuity of resuscitation care; 4. If necessary, involvement of specialists of any other profiles
providing emergency care.

Basic concepts of polytrauma treatment were taken into account: the “golden hour” rule; surgical
resuscitation and “damage control”; poly-organic failure; traumatic disease and orthopedic resuscitation.
The following factors influencing the decision regarding early surgical control of bleeding were considered:
1) the mechanism of injury, 2) the severity of injury, determined by injury assessment systems (shock
index; TASH-assessment (Trauma Associated Severe Hemorrhage) predicting the possibility of massive
transfusion based on 7 parameters: systolic blood pressure, hemoglobin level, presence of intra-
abdominal fluid, fractures of tubular bones or fractures of pelvic bones, heart rate, excessive acids or
alkaline levels, and gender, 3) the physiological condition of patient and his response to resuscitation.

We carried out prevention and correction of the “deadly triad”: acidosis, hypothermia, and
coagulopathy. Also, we recommended the following clinical route of a patient with skeletal
polytrauma, which can be used at the second and third tiers of medical care.

For the correction of hemorrhagic syndrome, we were using fresh frozen plasma, tranexamic
acid, vitamin K, and — in case of prior treatment failure - a concentrate of prothrombin complex under
the control of blood clotting and thromboelastography.

For prevention and treatment of fatty embolism (FE), we have recommended the following
strategy: adequate immobilization using a vacuum mattress (pre-hospital stage), adequate analgesia
(paracetamol, dexketoprofen, opioids, regional anesthesia), correction of traumatic/hypodynamic
conditions), orthopedic resuscitation. Within the next few hours after admission, the fractures of long
tubular bones and pelvic bones had to be fixed thus eliminating the foci of endotoxicosis, dissolution
of demulsified fat (essential phospholipids - 15-20 mg/kg/day), albumin transfusion, corticosteroids,
oxygenation, respiratory support, prevention of thromboembolic complications (administration of low
molecular weight heparins).
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All patients with skeletal polytrauma were receiving infusion therapy (solutions of balanced
crystalloids and colloids) based on blood circulation volume deficiency (BCV), if necessary - at all
stages of inpatient treatment. Infusions were performed through peripheral (size - G16-18) and central
venous catheters.

Statistical processing was performed using the statistical program "STATSOFT
STATISTICA 6.0". To assess the reliability of results of various indicators in patients, Pearson's
criterion 2 has been calculated. The probability of mean differences was assessed using 95%
confidence interval (95% CI). The calculation of sensitivity and specificity was performed using a
four-field table. Permission to conduct the study was obtained from the Bioethics Commission.

Results and discussion. Intensive care at the stage of preparation for transportation had its
own specific features. Intensive care at the second stage of medical care in patients with skeletal
polytrauma included the following stages: correction of hypovolemia and anemic syndrome,
hemostatic therapy, oxygenation and respiratory support, antibacterial therapy, prophylaxis and
treatment. Surgical osteosynthesis has been conducted if necessary.

We found that the later the patients with skeletal polytrauma were transferred to the 3rd tier of care,
the higher were the frequency of embolic complications and mortality level. A close correlation was found
(r=0.96, p <0.05) for the relationship between transport time and the incidence of embolic complications.

In the treatment of patients with skeletal polytrauma at the 2nd tier, we found that the
frequency of diagnostic errors and embolic complications was 47% and 23%, respectively.

The main errors of medical care in patients with skeletal polytrauma were the following:
undiagnosed dominant trauma (23.2%) and its complications (31.2%), underestimation of severity
(30%), insufficient amount of medical care (39.2%).

We have conducted retro- and prospective search and identified the following errors in the
provision of medical care in patients with skeletal polytrauma at the second tier of medical care (Table 3).

Table 3. Medical care errors at the pre-hospital stage — skeletal polytrauma patients

Medical care errors Number (%)
Incomplete laboratory investigations/imaging 98 (81,7%)
Case severity underestimated 36 (30%)
Injury volume underestimated 10 (8,3%)
Polytrauma complications not detected 47 (31,2%)
Concomitant disease not detected 23 (19,2%)
No supporting monitoring by other specialists 47 (39,2%)
Patients treated outside BAIT ward 56 (46,7%)
No adequate treatment 47 (39,2%)
Untimely surgical osteosynthesis 59 (49,2%)
Patient’s transportation without prior intensive care 12 (10%)

As shown in Table 1, the main errors at the hospital stage were: incomplete laboratory and
instrumental investigations (81.7%), untimely surgical osteosynthesis (49.2%), management of
patients outside Department of Anesthesiology and Intensive Care (46.7%), lack of dynamic
monitoring of by specialists (39.2%), lack of adequate therapy (39.2%), undiagnosed complications of
polytrauma (31.2%), undiagnosed comorbidities (19.2%) and underestimation of the severity of the
patient’s condition (30%).

In our opinion, this is a result of several factors, namely: low level of qualification of doctors,
poor organization of medical care for patients with polytrauma, deontological issues, corporate
relations, lack of objective internal and external audit and low level of logistics in some hospitals.

In our study, we analyzed the provision of medical care in patients with skeletal polytrauma in
the resuscitation at the second tier of medical care and studied the structure of medical errors. We
found that errors were related both to diagnostic and therapeutic issues (Table 4). Most errors are
related to the lack of local protocol and clinical route for patients with polytrauma, poor assessment of
severity of the patient’s condition (ISS, and AIS scales), disrupted water-and-electrolyte balance, lack
of adequate prevention and poor diagnosis of venous thromboembolic and fatty embolism (Table 4).
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Table 4. Structure of diagnostic errors at the Resuscitation Ward at the second tier medical
care in patients with skeletal polytrauma

Errors Number (%)
No local protocol or clinical route for polytrauma patients 18 (15%)
Severity underestimation based on ISS or AIS scales 68 (56,7%)
Peripheral microcirculation underestimated 58 (48,3%)
No central venous pressure control 46 (38,3%)
No coagulation status monitoring 120 (100%)
No electrolytes level control and acid/alkaline balance monitoring 120 (100%)
No regular imaging 88 (73,3%)
No hydration balance control 24 (20%)
No venous thromboembolism prognosis scale 88 (6,7%)
No fatty embolism prognosis scale 120 (100%)

At the third tier, there were no diagnostic errors that affected the outcome of treatment of
patients with skeletal polytrauma (Table 5).

We found that the lack of adequate intensive care reduces patient’s survival rate from 89% to
82%, with the 1.5 fold relative risk of death increase.

We have confirmed that the most common errors were the following: inadequate correction of
hypovolemia and anemia (51.7%, and 81.7%, respectively), inadequate correction of coagulopathy
(63.3%), inadequate prevention of thromboembolic complications (70%), untimely prevention and
diagnosis of fatty embolism (51.7%), inadequate correction of water-and-electrolytes balance
disorders (100%).

Table 5. Diagnostic errors in resuscitation ward at the third tier — skeletal polytrauma patients

Errors Number (%)
No local protocol or clinical route for polytrauma patients 0 (0%)
Severity underestimation based on ISS or AIS scales 2 (56,7%)
Peripheral microcirculation underestimated 2 (48,3%)
No central venous pressure control 0 (0%)
No coagulation status monitoring 0 (0%)
No electrolytes level control and acid/alkaline balance monitoring 5 (%)

No regular imaging 0 (0%)
No hydration balance control 0 (0%)
No venous thromboembolism prognosis scale 0 (0%)
No fatty embolism prognosis scale 3 (%)

In the treatment of patients with skeletal polytrauma at the 2nd tier, we found that the
frequency of diagnostic errors and embolic complications was 47% and 23%, respectively.

It was found that the later the patients with skeletal polytrauma were transferred to the 3rd tier
of medical care, the higher was the frequency of embolic complications and mortality.

Thus, the main directions for reducing mortality in patients with skeletal polytrauma can be
divided into organizational, diagnostic and therapeutic.

The proposed measures resulted in decrease of thromboembolism complications from 25.8%
to 15% (x2 = 13.07, p = 0.001) in the study group, similar reduction in fatty embolism rate was from
19.2% to 3.3%, y2 = 15.07, p = 0.001).

Conclusions.

1. After inter-hospital transportation of patients with skeletal polytrauma, the following
complications were detected: fatty embolism (11.6%), anemia (51.7%), acute respiratory failure
(20.3%), pneumonia (13.4%), bedsores (3%).

2. The optimal terms of transportation to the hospital of the third tier are the first and second
days after osteosynthesis of injured segments (r = 0.96, p <0.05).

3. The main errors at the hospital stage (resuscitation ward, surgical department) in patients with
skeletal polytrauma were: incomplete laboratory and instrumental investigations (81.7%), untimely
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surgical osteosynthesis (49.2%), undiagnosed complications (31.2%), underestimation of the severity
(30%), inadequate correction of hypovolemia, anemia, and coagulopathy (51.7%, 81.7%, and 63.3%,
respectively), inadequate prevention of thromboembolic complications and fatty embolism (70%, and
51.7%), inadequate correction of water-and-electrolytes balance disorders and dyselectrolytemia (100%).

4. Based on the study results, a clinical route and algorithm for medical care in patients with

skeletal polytrauma were developed and implemented, which allowed reduction of the incidence of
venous thromboembolism from 25.8% to 15% (x2 = 13.07, p = 0.001), and fatty embolism reduction
from 19.2% to 3.3% (y2 = 15.07, p = 0.001).
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BBenenue. Caxapuerii amaber (CJI) sBisieTcss ONHMM H3 HaumOoJiee paclpoCTPaHECHHBIX
3a00JIeBaHUH TIO/KETYTOYHON Kelle3bl, TPEOYIOMMM CIEIUPUISCKON (apMaKoIOTHISCKONW Teparuu
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B CBS3M JAeUIUTOM BBIPAaOOTKM WHCYJIMHA W/WIM CHIDKEHHEM ero s¢¢exta (MHCYIUHO-
PE3UCTEHTHOCTHIO), YTO BEJCT K BHIPAXKEHHOH JIeCTa0uIN3alyy YIJIeBOJHOTO, IUIUAHOTO, OEIKOBOIO,
HYKJICMHOBOT'O M HEPreTHYECKOro 0OMeHa.

Hedexr ¢yHkumy Oera-KIETOK, B TOM YHWCJIE CHIDKCHHE CEKpElMH HHCYJIMHA W CHIDKCHHE
3pdexTBHOCTH TpeBpallleHus] IPOMHCYIMHA B HHCYJIMH, SBISIETCS OOHUM U3  KIIFOUEBBIX
MaTo(U3NOIOTHISCKUX (PAKTOPOB, JIexkamux B ocHoBe Tureprimkemun mpu CJI 2 tuma. Tak, mokasaHo,
YTO0 y MAIMEHTOB C BIepBble BbIABICHHBIM CJI B ciyuae mpeBblmieHus ypoBHS HBAlc 9%, He
¢dynkumonupyer 62% [B-kietok [22]. He MeHee BaKHBIM MEXaHM3MOM HAPYILIECHHUs TIIMKEMHUYECKOTO
xoHTposst ipu CJI 2 tuna siBisieTcss HapylIeHHEe CEeKpeUMH KOHTPUHCYJIMHOBOIO FOPMOHA — IJIIOKAroHa,
BBIACISIEMOI0 IAHKPEAaTHYECKUMH alib(pa-KJIeTKaMu B KAuecTBE INPOTHUBOACHCTBUS CHIDKCHHIO YPOBHS
TJIMKEMHH U ACHCTBYIOIIETO 32 CYET CTUMYIISIIMH TIPOIYKIIUH TIFOKO3bI ITeueHbto [14].

JlaHHBIE KINMHUYECKUX HAOIIOACHUN B pa3HbIX MOIYJISIIUAX CBUAETEIBCTBYIOT, YTO BO MHOTUX
crydasx y manueHToB ¢ CII 2 Tuma He ymaercsi JOOMThCS CTaOWIBHON KOMIIEHCAIMH YTJIEBOIHOTO
oOMeHa, 4yTo OOYCIIOBHJIO MHTEpPEC K PACIIMPEHUIO MPUMEHEHHUS! KOMIUICKCHOH TepanmiH caxapHOro
nuabeTa ¢ MCTONB30BaHMEM HOBBIX KJIACCOB MPOTHUBOJMAOETHYECKUX CPENICTB, NEHCTBYIOIIUX Yepes
pasIn4yHble MEXaHU3MBL. DTO TO3BOJISIET AOOUTHCS JIyUIIEro KOHTPOJIS TIIMKEMHH U NPEdOTBPATHTh
pasBUTHE OCJIOXXHEHHH, TO €CTh OO0ECHEeUNTh pEIICHHEe OCHOBHBIX 3a/Ja4 COBPEMEHHOH
MPOTUBOINA0ETHUECKON Tepanuy, 3a(pUKCHPOBAaHHBIX B IMOCIEIHUX PEKOMEHJAIMAX MEKITyHAPOIHBIX
U Hal[MOHAJBHBIX accommanuii nuaberonoros B EBporne u Amepuke (ADA, EASD) [11, 16, 23, 33,
48]. IlpemapatoM NEpBOW JHHHUM Yy HEJABHO IHAarHOCTUPOBAHHBIX MAIMEHTOB O€3 3HAYMMOMN
THIIEPTIINKEMHH OCTaeTCs METQPOPMHUH, OJHAKO TPU HEAOCTATOYHON IPPEKTHUBHOCTH MOHOTEPAIUU
metdopmuHoM ADA/EASD pexkoMeHIyIOT paccMOTpeTh [00aBJICHHE AaroOHHCTOB PEIENTOpPOB
rimokarononogoonoro mentupa-1 (ITI1-1) # WHrHOMTOPOB HATPHI-TIIFOKO3HOTO TPAaHCIIOPTEpa
(H3KTI'2) kak 4acTh ABOWHOM M TPOIHOI Tepanuu Ha 0cHOBe MeThopmuHa [3].

B mocnennue romel B seuenmn CJ] 2 Tuma ocoboe BHUMaHUE YAETSETCS CHW)KEHHIO PHCKa
KapANOBACKYJISIPHBIX OCJIOKHEHHH, YeEMY B YHCIIE IPOUMX (PaKTOPOB CIOCOOCTBYET CHIMKEHHE MACCHI TENa
M KOIMYEeCTBa a0JOMHMHAIBHOrO >kupa B opranmsme [12, 31]. OpHako MHOTHE TPAAMIIMOHHO
UCTIONb3yeMble MPOTHBOMA0ETHYECKUE TpenapaThl MOTYT BBI3BIBaTh YBEIMYCHHE Beca, KakK 3TO
HaOnroaeTcss B CIOyYasx C MHCYJIMHOM, CyJib(QaHWIaMHIaMH M THA30IMAWHIuOHaMu. llostomy
COBPEMEHHBIMH MEKIyHApOAHBIMHA PEKOMEHIALMSAMH YTBEP)KICHO NPUMEHEHHE POTHBOANA0ETHUECKUX
cpenctB 2-3 NHMHHUM, KOTOpblE CHOCOOCTBYIOT YMEHBIICHHWIO Macchl Tejla TP HU3KOM pHCKE
TUIIOTJIMKEMUH M CHIDKEHWH PHUCKA PA3BUTHS COCYIUCTHIX OcioKHeHHH. K TakuM cpexcTBam OoTHOCATCS
MHKPETHHOBBIE TIpenaparsl M HMHIMOWTOPBl HATPHUEBO-TIIIOKO3HOIO KOTpaHCIOpTepa-2, AEHCTBYIOLIHME
HE3aBHCHUMO OT UHCYJIMHA, ITyTEeM BIIUSHHS COOTBETCTBEHHO HA ICHTPAIBHBIC MEXaHU3MbI HACBIIICHUS U
OaJlaHC CeKpely HHYJIMHA U TITFOKaroHa WM 3a CUeT BbIBE/ICHHs N30bITKA TJTF0KO03bI oukamu [18, 40].

LleHHBIMM ~ AMAarHOCTUYECKUMH MHCTPYMEHTaMH Ul ompeneneHus 3((EeKTUBHOCTH
KOPPEKIHH METab0JIMYecKOro craryca M (yHKUMH O- M [-KIETOK IOKETyJOYHOH >Kele3bl y
nanueHToB ¢ CJl sBnsercs OlleHKa KOHIGHTpalMd WHCYJIWHA W TiokaroHa, C-mentuaa u
npouHcynuHa [8, 22, 27].

C-nentua. Omnpexnenenue ypoBHs C-mentuzia B CHIBOPOTKE KPOBU IIMPOKO HMCIIONB3YETCS B
KavyecTBe ToKaszarenss (QYHKIMH B-KIETOK MOJKEeNYJOYHON jkene3bl. BwisicHeHo, uto C-mentuja He
SBJISIETCS] HEAKTHBHOW MHEPTHOW MOIIEKYJIOH, a o0sianaeT coOCTBEHHOM Onosiorndeckol ynkmuen. C-
METITH] C BBICOKOH a)UMHHOCTBIO CBS3BIBACTCS C KJIETOYHBIMU MEMOpaHaMH, B pe3yJIbTaTe MPOUCXOAUT
JI0303aBUCHMAsl aKTHBAIlMsI MHOXKECTBEHHBIX CHUTHAIIBHBIX ITyTel BO MHOTHMX THIAX KJIETOK,
AKTUBHPYIOIIAsi TPAHCKPHITIIMIO TCHOB M BEAyIlasi K M3MeHeHn o (eHotuna kietok [2]. M3secTHO, 4TO
C-mentua 00JaaeT TPOTHBOBOCTIANUTEIBHBIMHU, IUTONPOTEKTUBHBIME M aHTHATIONTOTHYECKHMH
s¢dexkTamMu B KIIETKAaX Pa3IMYHBIX THUIIOB, a TAKXKE MPOSBISIET AaHTUOKCUIAHTHBIE, AaHTUTPOMOOTHYECKUE
U TpoTuBoarepockiepoTndeckue coiictBa [50, 53]. Beeaenue C-mentuaa yCHIMBACT YTHIIU3AIHIO
TJIIOKO3bI, yIYYIIaeT MEeTa0OJIMYECKHid KOHTPOJIb M CIOCOOCTBYET YIYUIICHHIO COCTOSHHSA HpHU
nuabernueckor Hedponatuu u Hediponatuu [6]. Pe3ynbrarsl, mojydeHHbIE HA KUBOTHBIX MOJCIAX H B
KJIMHUYECKUX UCCIIEJIOBAHMUSX, MTOKA3aId, YTO ypoBeHb C-TIENTHIa OTPakaeT BBIPAOOTKY SHIOTEHHOTO
WHCYJIMHA U KOPPETUPYeET C IINTEIIEHOCTRIO M BO3PACTOM JeOr0Ta 3a00JIeBaHMs THaOETOM.

VYpoBuu C-nentuaa B BEHO3HOH KPOBH MOXKHO M3MEPATh B KPOBH HATOIIAK; HU3KUE 3HAUCHUS
C-nentuzia cBsA3aHbl C XYIIIUM IJIMKEMHYECKUM KOHTPOJIEM H, CJIEAOBATEIbHO, C IOBBIIICHHBIMU
sHayeHusiMu HbAlc. Kpome TOro, BO3MOXKHO HCCIEAOBaHHE CTUMYJIMPOBaHHOW cekpenun C-
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nentuaa. MeTopl CTUMYJISIIIMY BKIIFOUAIOT MCIIOJIB30BaHUE TIIIOKaroHa, BHYTPUBEHHOMN /TiepopaibHON
TJIFOKO3bI, TOJOyTaMuaa, Cylnb()OHUIMOUYEBHHBI, TIFOKAarOHOMOA00OHOTO MenTHaa 1, aMMHOKHCIOT MU
npreMa cMermanHoi mum [27, 36]. Yposens C-memTma MOXeT OBITH H3MEPEH TakKe IIpH
NPOBEJICHUH OPAJBHOIO TECTa Ha TOJEPaHTHOCTh K rimoko3e (75 r ol'TT), mpu 3TOM pe3ysbTaThl
onpexneneHus C-nentuaa, npu oroope mpod mexay 0 u 120 MUH, 3HAYUMO KOPPEIMPYIOT C CeKperueit
urcyauna npu CJI 2 tuma [35].

pouncyaun. VHTaKkTHBIA NPOWHCYJIMH HA4YMHACT BBINCTATHCSA B KPOBOTOK TOTAA, KOTAa
JUCHYHKLMS SHIOIIIa3MaTHUECKOTO PETHKYJIyMa OeTa-KIeTOK MOKeTyIOoYHOH skene3bl pocturaet 11
craauu pa3Butys. [loBblICHHE KOHIIEHTpAIMK B KPOBH MHTAKTHOIO MPOMHCYIMHA y marmeHToB ¢ CJI 2
THIIA ONHCAHO M KJIMHWUYECKU IOATBEPXKICHO KaK BBICOKOCTICHM(HUUHBIN IIOKA3aTeNlb HHCYJIMHO-
pesucteHTHOCTH [37, 43]. IHTaKTHBII MPOUHCYIINH CIIOCOOSH CHIDKATh YPOBHH TIIFOKO3bI, H €I0 CEKPELIHs,
OYEBUIIHO, MMEET aJalTHUBHOE 3HAUCHHUE, IIOMOTas IOJJICP)KUBAaTh I'OMEOCTa3 IVIIOKO3bl HA CTAaIHUU
npenuadera, OJHAKO YCWICHHOE 00pa30BaHKE MPOMHCYIMHA BEJET K UCTOILEHUIO PE3EPBOB U PA3BUTHIO
nuchyHkimm 6eta-kiaeTok [1]. B mpoCcreKTHBHBIX AMUIEMHOTIOTHYECKUX UCCICIOBAHUSX Y TIAIIMEHTOB Oe3
quabera ObUIO TIOKAa3aHO, YTO TOBBIIICHHBIC YPOBHU TPOMHCYJIMHA HATOIIAK M IOCIE MpHUEMa MHIIH
SBISIFOTCSL TIpeanKTopoM pasutust CJI 2 Tuna B Teuenue mnociemyromux 2-7 net [49]. TMoebimieHne
KOHIICHTPAIIMM UHTAKTHOTO MPOWHCYJIMHA B TIJIa3ME MOXKET OBITh CBSI3aHO CO CKPBITBIM pasButieM CJI 2
THIIA, KOTJa TJIFOKO30CHIDKAIOIIee JISWCTBHE TPOMHCYJIMHA TIOMOTaeT OpraHM3My TPEAOTBPATUTH
MOBBIIIICHHE YPOBHS TJIFOKO3bI M KIMHHYECKOE TposiBieHHe 3aboneBanms [5, 31, 37]. Ilobiienue
KOJIMYECTBA MPOMHCYJIMHA B KPOBH AacCOLMHUPYETCS C aTepoOCKIEPO30M U CEpIEYHO-COCYIUCTHIMU
3a00JI€BaHUSIMU, B YAaCTHOCTH OHO SIBJSUIOCH TPEAMKTOpPOM HH(AapKTa MHOKapia W HHCYJIbTa B
KPYITHOMACIITAOHBIX TIPOCTIEKTHBHBIX KJIMHHYECKUX M SUIEMHOIOTMYECKUX HCCieqoBaHusx [41].

I'imrokaron. YV mrozneit OCTPOBKH HOAXKEIy IOYHOH JKeJe3bl cocToAT npumepHo u3 40% aneda-
u 60% OeTa-KIeToK, N3MEHEHHUE COOTHOIIECHHS KOTOPBIX MOXKET OBITH (PaKTOpPOM, YYAaCTBYIOIIMM B
natorere3e CJ] 2 tuna. B HacTosmiee Bpems onucan nporiecc aeauddepeHImpoBky OeTa-KIETOK JI0
anb(a-KJIETOK, 3TO CBA3BIBAIOT C MMApaKPUHHBIM BO3JECHCTBHEM Ha WHCYJIMH-TIPOAYyLUpYoLe OeTa-
KJIEeTKH. V3MEHEHHe COOTHOUICHHS MEXIYy HpPOCTPAaHCTBEHHO NepeMellaHHbIMU aibda- u Oeta-
KJIETKAMH MOJKET OBITh CBS3aHO TAaKXKe C OOJbIIEeH BOCHPUUMYUBOCTHIO 0ETA-KJIETOK K amoITo3y W
GomblIell yCTONYMBOCTBIO alb(a-KIETOK K KIETOYHOMY cTpeccy [7].

CaxapHblil [uadeT 2 Thna XapakTepU3yeTcsl CHIPKEHHBIM 3()(heKTOM MHKPETHHOB, TOBBIILIEHHON
KOHLEHTpaled IJIFOKaroHa HaTOU[aK W HApYLIEHHOM IOCTIPAHJUAIBHOM CEKpeLued INIFOKaroHa.
['mnepriitokaroHeMus CrioCOOCTBYET YCHIJICHHIO MPOAYKIUH TJFOKO3bI MEYEHBbIO (B OCHOBHOM 32 CYET
[JIFOKOHEOreHe3a) W pas3Buthio rumnepriukemun [26, 51]. TMomararor, 9to H30BITOYHAS CEKPEIHS
rmokarona npu CJ[ 2 Tuma MoeT OBITh CIEICTBHEM PE3UCTEHTHOCTH anb(a-KIEeTOK K IMOJAaBICHUIO
CEKpPEIHH [IFOKaroHa MHCYJIMHOM M BRICOKMMH KOHIICHTPAIMSMH TTFOK03bI [19].

MexaHu3Mbl, JeKalue B OCHOBe runepriokaronemun npu CJI2, eme He NOIHOCTHIO
BBIICHEHBI. ToOT akTt, uro runepritokaronemuss npu CJ{ 2 tuma ycyryGusercs npu nepopaibHOM
npreMe TIIFOKO3bl, HO HE MpPU BHYTPUBEHHOM BBEJICHHU TJIOKO3bI, CBHJETEIBCTBYET O TOM, YTO B
BO3HMKHOBEHHMHU IOCTIPAHANAIBHONW THUIEPIIIIOKATOHEMHH HIPAIOT POJb (PaKTOphl, oOpasyrommecs
Opyd  CTUMYJSIOUM KETYJOYHO-KUIIEYHOrO TpaKTa IUTATENbHBIMU BEIIECTBAMH, B YaCTHOCTH
WHKpeTHHBI. [loJlyueHbl JaHHBIE, 4YTO TJIOKAaroH MOXET CEKPETHPOBAThCA TaKKe KICTKaMHU
KHIIEYHHKA, 1aKe TIOCIIE TIOJTHOM TTaHKpeaTskToMun [29].

Knnnnyeckne wucciegoBanusi. B CBI3M C BBUSICHEHMEM IATOTCHETHYECKOTO 3HAYCHUS
JmucOananca WHCYyMHA ¥ Tmokarona nipu CJ1 2 tura, B mociienHee BpeMs BO MHOTHX paboTax il OTICHKH
3G GEKTOB MPOTUBOAMAOCTHYESCKUX CPEICTB Ha (YHKIMIO O- M [P-KIETOK IOKEIYIOUHON IKee3bl
NPUMEHSIETCsl OLleHKa ypoBHeH C-nienTra, IPOMHCYJIMHA U IIIOKaroHa B CHIBOPOTKE KpoBH. Ha naHHBIE
TIOKa3aTeJIM MOYKET BIIMSATH TEPAIusl perapaTaMi HHKPETHHOBOM TPYTITBI U Tindio3uHamu [25].

[penapaTsl, KOTOpBIE NIEHCTBYIOT HA OCHOBE MHKPETHHOBOTO d((eKTa, TaKue KaK arOHUCTHI
perenTopoB ritokaroHonooouoro nentuaa-1 (apl'TII-1) 1 MHMHOUTOPHI AUNEITHAMINCITHIA3HI-4
(uAI1I1-4), cnocoOHBI OKa3bIBaTh HEMOCPEACTBCHHOE BIMSHHE HAa CEKPELHI0 TIIIOKAaroHa anibga-
KJIETKaMH, CIIOCOOCTBYsI HOpMau3anuu XapaktepHbix uist CJ] 2 Tuma MmoBBIIIEHHBIX KOHIIEHTPAIMH
[JIFOKAaroHa U yJIy4IICHHIO COOTHOLICHHS MHCYJIHH / TIIOKaroH [34].

Oddexr 12-nenensHoro npuema aplTIIl-1 nmparmyTnga Ha CEKpenMi0 TIIOKaroHa u
WHCYJIMHA W3YYaJId B TIPOCIICKTUBHOM CpaBHUTEIRHOM HccienoBannu y 24 6ombHBIX CJI 2 THIa c
OXKMpEeHHEM. Y POBHH TJIIOKaroHa J0 W IMocie JiedeHus onpenesum mo u depe3 30, 60 u 120 muayT
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nocie efpl. Pe3ymbTaTel mokasand, 4To Iocje JieueHus OOUmMH ypOBEHb TJIOKaroHa CHU3WICS TI0
CPaBHEHMIO C HCXOIHBIM, IPH 3TOM OTMEYEHBI [IOCTOBEPHbIC pa3IM4Msi B IOCTIPAHAMATIBHBIX
ypoBHsAX TiiokaroHa depe3 30 muH u wepe3 60 muHyT. [Imomaap moj KpUBOW TIIFOKaroHa mocie
JeyeHus ObUTa 3HAYMTENBHO HWXKE, 4eM A0 JyedeHus. OOmuilt ypoBenp C-menTuia yBEIUUMIICH,
Bo3pociu ypoBHHU depe3 30 muH), gepe3 60 muH 1 120 MyuH. 3HAYNTENTHFHO YBEIWYMIACH TUTOIIA T IO
KpHBOii KoHeHTparuu C-merrruma [45].

Wurnburopsl HaTpuii-3aBHCUMOTO KoTpaHcmopTepa rmokodbl 2 (MH3KTI2), ocHoBHBIM
MEXaHU3MOM JICHCTBHUS KOTOPBIX SIBISAETCS CTUMYJIALMS TIIOKO3YPHH, TAaKKe MOTYT IIOBBIIIATH
CEKPELUIO IVIIOKaroHa M SHIOT€HHOE 00pa3oBaHME IVIFOKO3bl B nedeHu. Ilo naHHBIM MeTa-aHanusa,
MOHM)KEHHE YPOBHS INIMKEMHMH HATOLIAK IOJ BIMSHUEM Ipuema nanarinrdo3vHa U KaHaranpos3uHa
COIPOBOXK/IAJIOCH NMApalOKCATIEHBIM POCTOM MPOAYKIIMU 3HAOT€HHOM TTIOKO3bI, TIOBBIIIEHUEM YPOBHS
[JIFOKaroHa HAaTOINAK M MOCTIPAaHANAIBHO U CHIDKEHHEM COOTHOILICHUs MHCYIHH / riitokarod [9, 15].
Tak, mociue gedeHus SMIaraugIoO3NHOM y MAaLUEHTOB, Ha (JOHE YCUIICHHUS TTIIOKO3YPUH, HAOII0alI0Ch
yBeJIUYEHNE KOHICHTPALMK TIIOKaroHa B Ijia3Me HaTOLIaK W MOBBIIICHHE YHIOTEHHOTO 00pa30BaHuUs
riroko3el [21]. C ucnonb30BaHHEM METO/Ia CTa0MIBHON U30TOMHOM METKH OBLIO MOKa3aHO, YTO Y JIUIL
0e3 muabera, mepeHecHnx He(HPIKTOMHUIO, KOMIIEHCATOPHBIM OTBET IMEYEHH Ha OCTPYIO TIIFOKO3YPHIO,
BBI3BaHHYIO OAHOKpaTHBIM BBeaeHueM 10 mr mH3KTI2, Opi1 ocnabieH mo cpaBHEHHUIO C JIIOJbMH C
OCTAaTOYHBIMHU HAaTHUBHBIMHU MMOYKAMH, YTO MO3BOJIMIIO MPEANON0KNUTh, YTO JUISI KOMIIEHCAIIUH TTOTEPH
TJIFOKO3BI ¢ MOYOHM TPOMCXOMUT ormocpenoBaHHas mHruOuTopoM H3KTI2 crumynsamus mpoayKuuu
[JIFOKO3BI B MEYCHU 4epe3 d(PdepeHTHbIe MoYeuHbIe HEPBbl (TaK Ha3blBacMas MOYCYHO-NCUYCHOTHAS
oce) [10]. B menom, cpeau BEpOSTHBIX MPUYMH TOBBILMICHUS YPOBHS TJIIOKAaroHa IoJ| JACHCTBHEM
nH3KTIT-2 paccMmarpuBaroT pedieKTOPHYIO PEakIfi0 Ha CHIDKEHHE YPOBHS TIIMKEMHH B KPOBH,
BBI3BIBAIOIIYIO LIEHTPAJIbHYIO CTUMYJIILMIO CEKPELMH IJIIOKaroHa anbga-kieTkamMu. Bo3MoKHBIM
MEXaHHU3MOM CTUMYJISIIIU CEKPEINH TIIIOKaroHa sBIseTCs MPsIMOe MHTMOMPOBaHKUE YKCIIPECCUU TEHOB
H3KTT-2 B nankpearnieckux anbga-kierkax [4].

OmnyOnuKoBaHbl Pe3ybTaThl aHAIM3a TPEX PAaHIOMHU3HPOBAHHBIX, IUIAE00-KOHTPOIUPYEMBIX
JIBOWHBIX CIICTIBIX MCCieoBanuid (asel 3, B koTopbix manuentam ¢ CJlI 2 tuna Haznadamuch nH3KTI2:
(1) xkanarmudoszus 100 u 300 Mr B BUie MOHOTEpAITHH B TeUeHHE 26 Helelnb; (2) kanarmuduo3ud 100 u
300 Mr B kauecTBe [IOMOJHEHHSA K Tepanmud METGOPMUHOM U TNpenaparamH Cyib()OHUIMOUYEBUHBI
(IICM) B Teuenune 26 Henenp; (3) xanarmuduo3ua 300 Mr mo cpaBHeHHIO ¢ cutarauntuHoM 100 mr B
Ka4yecTBe JoNojHeHus: kK MeTgopmuny + [ICM B Teuenue 52 Henenb. B 3THX UCCIeI0BaHUSIX JICUCHUE
KaHArJU(IO3MHOM B LEJIOM AaCCOLMHPOBAIOCH C YIYYIIEHHEM TAaKMX CyppOraTHBIX MOKa3aTenei
¢yHkmu PB-kierok, kak nokazatens HOMA-B, orHomenne npowHcynvwH / C-mienTuji ¥ OTHOIICHHUE
wromianer mo kpusoii (AUC) C-nentraa / TIMKEMHUN TIPU TPOBEAECHHH TECTa ¢ IPHEMOM CMENTaHHON
vty [42, 44, 52]. C ucnonp30BaHHEM TeX KE METOIMYECKHX MOJAXOJ0B, aBTOPaMH paHee ObLIo
nokaszano, uro uHruoutopsl HIII1-4 BUINArTUNTHH M CHTArJMITHH W aroHUCTHI penenropa [TII-1
JIMPArIyTU]T U 9K3EHATH/I IEMOHCTPUPOBAJIHN yJIydllieHHe MokasaTenell QyHKuun 6era-kietok [38].

XoTs JedyeHWe KaHTIM(IO3MHOM U CHUTArJHUITHHOM BBI3BIBAJIO CXOJHOE YBEIUYCHHE
NOCTIIPaH/IMATIbHONM CEKPELMH MHCYJIMHA BO BPEMs OPAIbHOTO TIItOKo30TosepanTHOro tecra (ol TT),
cooTHOIIeHHe MPOUHCYIHH / C-enTH HATOIIAK NPH JICYCHUH KaHArIM(IIO3HHOM OBLIO HMXKE, YeM
MIPH JICYEHUH CUTATIUIITHHOM, 3TO ITO3BOJIMJIO TPEAINONIOKHUTh, YTO JICYCHHE OKAa3bIBACT PA3TUYHOE
BJIMSIHUE Ha TPOIECCUHT MpOWHCYNIWHA. [lomararoT, 4To ynydllleHHe rokazaTeneid (QyHKIuH Oera-
KJIETOK, HaOIofaeMoe Yy IalMeHTOB, MNOJTYYaBLUIMX KaHArJU(JIO3HUH, SBISETCS BTOPHUYHBIM IO
OTHOIIECHUIO K YJIy4YIICHWIO KOHTPOJIS YPOBHS TJIOKO3bI B IUIa3Me, a HE PEe3yNbTaTOM TMPSIMOTO
BO3JICHCTBHS KaHArTuQIIO3NMHA, TaK KaK Yy TMAalMeHTOB C HOPMODJIMKEMHEW He Ha0IoIanoch
M3MEHEeHUH MoKasaTesel CeKpely HHCYIIMHA 01 BIMSHUEM JiedeHHs KaHaraudiaozuaom [38].

B npocreKTHBHOM OIHOLIEHTPOBOM OTKPBITOM HCCIeOBaHMU y 19 mamueHToB ¢ auabeToM
2 TUIa K JICYSHUIO MeT(hOpMHUHOM 100aBisun unpariudosud (50 mr/cyt). Uepes 24 Hemenu WHACKC
Macchl Tella, YPOBEHb TIJIIOKO3bl B IUIa3Me Haromak 1 HDAlc 3HAUMTENbHO CHU3BHIIMCH, TaKKe
YMEHBIIMJIOCH 110 CPAaBHEHHUIO C HCXOAHBIM YPOBHEM COOTHOILIEHHE NPOUHCYIHMH / C-TIeNTH]I HATOILAK
W 4epe3 2 yaca Iociie mpueMa CMENIaHHOW MUIIA. DTH JaHHbIE IOKA3bIBAIOT, YTO UNpariudio3nH
OKa3bIBaJI OJIAarOTBOPHOE BIHAHME Ha (QYHKIHIO OeTa-KiIeTok [32].

[Ipeanonarator, uyro komOuHamms wuHrHOuTOpoB H3KTI-2 u mnpemapatoB Ha OcHOBe
MHKPETUHOB MOTCHLUUAJIBHO MOXKET MPOSBIATh CHHEPIH3M, IIOCKOJBbKY MHKPETHUHBI CIOCOOHBI
0yiokupoBaTh 00yciaoBiacHHY HHrHOMTOpamMu H3KTI-2 mOBBIMIEHHYIO NPOAYKIMIO SHIOICHHOH
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III0KO3bI M rmokarona [17, 25]. IMoka3zaHo, 4TO YpOBHHM TIJIIOKaroHa Ipu TNPOBEICHUH TecTa Ha
TOJIEPAHTHOCTh K CMEIIAHHOW THIIE YBETUYHUBAINCh MPUOMM3UTENbHO Ha 10% mpH MCIIONBb30BaHAN
Jamarnugo3uHa, HO HE MOBBINAINCH IPU JICUCHUHM CAKCATJIMOTHHOM WJIM KOMOHMHaIen
cakcarjaunTHHa H ganarmuguosuHa [21]. B KkpymHBIX paHAOMU3UPOBAHHBIX KOHTPOJIUPYEMBIX
KIMHHUYECKUX MCCAeI0BaHMsIX (a3bl 2-3 MPOIEeMOHCTPUPOBAHO, YTO KoMOuHaIus uHruouropos JIII-
4 ¢ onokaropamu H3KTI-2 ymydrnana ravkeMudeckuii KOHTpoJb y manuentoB ¢ CJI 2 Tuma, mpu
sToM cHikeHue HDALC Obuio OonbIIMM, YeM NPH HMCHONB30BAHUM KaXIOro Iperapara 1o
ornensHocT [21, 28]. B wucciaemoBanuun DURATION mokaszana Oombinas 3(P¢HeKTHBHOCTh
KOMOMHAIMHU dK3eHatHaa ¢ panaraudiaosuraom [13]. B mmamne6o-koHTpOIMpyeMOM HCCIIEAOBAHUH
AWARD-10 xomOuHaius ganariango3dHa 1 9K3eHaTHIa Oblila 3HAYUTEIbHO 0ojiee 3 (PEKTUBHOM B
OTHOLICHWW CHIDKEHHSI MAacchl TeJla W YMCEHBIICHUS PHUCKa BO3HHUKHOBEHHS Npenunabera, yem NHpu
IpHrEMe OIHOIO M3 ITHX JIEKapCTBEHHBIX cpencTs [30].

BrisicueHo, uyto Oonee Bbicokue ypoBHH C-menTuaa MOTYT IPOrHO3UPOBAaTh OTBET HA
aronuctsl [TII1-1. Tak, npu MCMOIB30BAHUM JHPATIyTHIA YIYULICHHE TOJEPAaHTHOCTU K TIIOKO3E
acCOLIMMPOBAIOCH C TOBBIIIEHHEM PAaHHEro MHCYJIMHOBOro oTBeTa Bo Bpems ol TT, a ypomenn C-
NEeNTUAAa B CHIBOPOTKE IIOCIE CTUMYISALMH TJIOKarOHOM HPOSBISUI CUIIBHYIO KOPPEISLHUIO C
yIydlIeHHeM paHHeH cekperuu uHCynuHa [46]. KiauHnveckas 3HAYUMOCTH 3TOTO HAOIIOACHUS
TIOJTBEPIKIACTCS. MCCIICAOBAHUSAME, TMOKA3bIBAIOIIMMH, YTO CBHIBOPOTOYHBIM ypoBeHb C-mientuaa u
BenuunHa otHomeHus C-nentuaa kK kpeatmnuny B Moue (UCPCR) mocie mnpuema mumm
NPOrHO3UPOBAIK cTeneHb cHmkeHus HbAlc mocie navana neuenus aronuctom I'TII-1 [47]. ¥V 620
noJyJaomux WHCYTUuH OonbHbIX CJI 2 THma KIMHWYecKne OuoMapkepbl AUCHYHKIHH [-KIETOK
(cHmkeHHBI ypoBeHb C-meNTHAA B CHIBOPOTKE KPOBH M MOYE M BBICOKHE THUTPHI ayTOAHTHTEN K
OCTPOBKOBBIM KJIETKAaM) B PErPECCHOHHOM aHaJlu3e ObUIM HE3aBUCHUMBIMH IPEIUKTOPAMHU
HNOHIKCHHOTO TTUKEeMUYECKOro oTBeTa Ha Tepanuto apl TII1-1 [24].

VY nanuenTos, npuHuMarmux uHruOuTopel H3KTI-2, ypoBens C-nentuaa MOXKET MOMOYb
BBISIBUTh MALMEHTOB, IOJBEPKEHHBIX DPHCKY IHA0ETHYECKOro KEeTOalMa03a, XOTS IpU NpHEMe
uH3KTI -2 uuskuit yposerp C-nientuia oOHapy»)UBajcs He BO Beex ciydasix [20, 39].

Takum 00pazoM, HOBBIE KIIACCHI MPOTHBOAMA0CTUIECKUX TPETapaToB HA OCHOBE HHKPETHHOB
M WHTHOMTOPOB HATPHUH-3aBUCHMOTO KOTPAHCHOPTEpa IJIOKO3bI-2 HE TOJBKO  yJIy4INAlOT
TJIMKEMUYECKUH KOHTPOJb, HO W MOIYJIMPYIOT (QYHKIHMIO OeTa- M anb(a-KIETOK, CIIOCOOCTBYS
BOCCTAHOBJIEHHIO COATaHCHPOBAHHOW TJIFOKO303aBUCHUMOM CEKpEeIMH HWHCYJIMHAa M TJIOKaroHa.
LleHHBIM  OPEUMYILECTBOM  3THX  MpEnapaTtoB  SBIAETCS — yiaydlleHHe  nepudepuueckoi
WHCYJINHOYYBCTBHTEIBHOCTH, MOHM)KEHUE Macchbl Tena, YMEHBIIICHUE NPOSIBIICHUN
TJIIOKO30TOKCHYHOCTY M CHIDKEHHE PUCKA KapAHOBACKYJISIPHBIX OCIIOKHEHUH.

J1J1st OLIEHKH COCTOSIHUS SHAOKPUHHON (QYHKIIMH TOJKEITY IOUHOM JKeJIe3bl B HACTOSIIIEE BPeMs
pacuipsieTcsi UCIOJb30BaHUE OMOMapKepoB 3KCKpeluu uHCynuHa (C-mentria ¥ NpPOUHCYNIMHA) U
IJIIOKaroHa, 0OJaJaromero NMPOTHBOMOJIOKHBIMUA HHCYNIMHY (GYyHKUusAMH. OcTaeTcsi HEAOCTaTOYHO
WCCIIEIOBAHHBIM BOIIpOC O BiusHUM npuMeHenus npenaparos apl TII1-1 u uH3KTI-2 na yka3aHHble
ouomMapkeps! y nanuentos ¢ CJ1 2 Tura.

Lesnio nanHo# padoThl ObUIA CPaBHUTENBHAS OLEHKA OCOOCHHOCTEH CEKPEeTOPHOIN QyHKINH
anb(a- u 6era-KIEeTOK MOPKETyI0YHON kene3bl y mamueHTtoB ¢ CJ] 2 Tuma mpu HCIONh30BaHUU
npenapatoB apl TII1-1 u uH3KTI-2 myTtem ananuza ypoBHe# C-menTuiia, MHCYJIHHA, TPOMHCYIIHHA,
IJIIOKaroHa, a TaKXkKe BIWSIHMSA Ha KOJMYECTBO OOIIEro M BHUCIEPAJIBHOIO JKMpa B OpraHU3Me
MaIEeHTOB C AekoMrieHcupoBaHHbIM CJ] 2 Trma.

Martepuanbl 1 Metoabl. O0cnenoBano 43 nanuenta CJl 2 tuna, B Bo3pacte 49,24+4,15 jer,
22 MyX4uH U 21 KeHIIWH, KOTOPbIE MPOXOJUIIH JIEYCHHE B OTACJICHUN BO3PACTHON SHIOKPHUHOIOTHH
u  KauHu4Yeckoil ¢apmakonorun ['Y "HMHCTUTYT SHIOKPMHONOTHM W OOMEHa BEIIECTB HM.
Kommccaperko HAMH VYkpaunsr". ¥ mamueHToB He Oblla JOCTHTHYTa KOMIICHCAIIUS YTJIIEBOJIHOTO
o0MeHa Ipy MpeIIeCTBYIOMEH MOHOTEpanui MET(HOPMHUHOM.

VY naumeHToB poBOIWICS (PU3NKAIBHBIA OCMOTP, H3MEPSUTICH aHTPOIIOMETPUIECKUE [TOKA3ATEIH
(poct, macca tema, UMT). C wucrnonb3oBaHHEM MeTojla OHOIJIEKTPHYECKOro MMIIenaHca (aHaam3aTop
TANITA) ompenensiii OCHOBHBIC XapaKTEPUCTUKHA KOMITO3UIMH TeJla: CONIEpYKaHWE OOIIero JKupa B
opranuzme (OXK%), nomo BuctepanbHoro xupa (AXK%) (ot 1 1o 59 ex). YpoBHH TIMKO3UIHPOBAHHOTO
remorsiobmna (HbAlc), C-nemruma (pedepentnsie 3Hadenws 0,81 - 3,85 ur/mi), rmokaroHa
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(petbepentrrie  3Hauenust Ao 209 Hr/m), npouHcynuHa (pedepentHele 3HaueHus 0,5-6,1 mvmonn/)
OLICHMBAJIY TI0 JTAHHBIM aHAJN30B, BBIIOJIHEHHBIX B CepTU(GUIIMPOBAHHBIX JTabopaTopusix T. Kuesa.

23 maruenTtaM ObuTO HasHadeHo JeueHre HH3KTT-2 (mamarmmudmaosun) B mo3e 10 mr 1 pas B
cytky; 20 nanmentoB npuaumainu apl TII1-1 (muparmrorua) 1,8 mr 1 pa3 B cyTku B Teuenue 12 mec.

Craructryeckyto 00pabOTKy pe3yJabTaTOB IMPOBOIMIA C TIOMOIIBIO CTaHAAPTHOTO TMaKeTa
anaymm3a StatSoft. [ Bcex BKIIOYEHHBIX B aHAIN3 KOJIMYECTBEHHBIX ITAPAMETPOB MPOBE/ICHA TIPOBEPKA
THIIOTE3bl HA TPEAMET COOTBETCTBHS (DaKTUUYECKOTO paclpeieieHus KaKIOro M3 HCCIEeTyeMbIX
ToKazaTelned KpuTepusiM HopMaibHOro pacmnpenenenust Llanupo-Yuika. Pasnuny mokaszateneid mo u
HocyIe JISYEHHs OLICHUBAIN C MCIONb30BaHueM t-kpurepus CtplomeHTa (nmm t-kputepus Bukokcona B
Clly4ae HEHOPMAJIBHOTO PACTIPEIENICHHsT) U CYUTANHN JocToBepHOM mpu p<0,05.

B Tabnuuax mnpencTaBieHbl CHEAYIONIME CTAaTHCTHYECKHE ToKazaTenu: M — cpenHsis
BEIIMYMHA, G — CPEJHEKBAJAPATHYECKOE OTKIOHEHHE, M — cpedHss ommOka, Min u max —
MUHUMAaJIbHBIE M MaKCHMAalIbHbIE 3Ha4eHUs B BbIOOpKe, 95% I — 95% moBepurenbHBIN WHTEpBa
(meBbIit ¥ mpaBbli), p — BenuunHa Koddduuuenta t Creionenta (wiu Buiikokcona). B oTaenbHbIX
TabNMIax MpeACTaBlIeHbl JaHHBIC, U KOTOPBIX paclpelelieHue OTINYaIoch OT HOPMaJIbHOTO; 31eCh
WCIIOJIb30BaHbl TAKUE XAPAKTEPUCTUKH, Kak Menuada, | u III kBapTuip, MOrpemIHOCTb MEIHUAaHBI
(cranmaprHoe oTkIIoHeHHE — SD), 95% 1.

Pe3ysabTaThl M MX 00cy:kaeHue. B Tabn. 1 u 2 nmoka3aHbl MOTyYEHHBIE PE3yIbTATHI ISl TPYIIIT
nmanuedToB, npuanMaBmux tepanuo HH3KTI-2 mamarmudmosun (n=23) wu apl TIII-1 nparmortng
(n=20), mo u mocte neueHus B TeueHue 1 roxa.

Havanphple xoHmeHTpanmuy C-mienTria W TIIOKaroHa ObUTM HECKONBKO HIDKE Y MAalldeHTOB
rpymmsl ganarmidirosnna, yeM B rpymme Juparmotuaa (p<0,01); MenuaHa ypoBHS MPOMHCYJIMHA TAKKe
ObL1a HIDKE B rpymie nanarauduosuna (3,911 3,4-5,2]), dem B rpyme suparmoreia (5,6 [N 3,9-6,7]).

B o6enx rpynnax namuenTtos ¢ CJ] 2 Tuma ¢ 7eKOMICHCUPOBAHHBIM YTIIEBOJHBIM OOMEHOM Ha
¢doHe mpeamecTByIoOIIero npuema MeThopmuna (ucxoausiii ypoenb HbAlc cocrasmsn B cpemnemMm
8,35% wu 8,72%), nupuMeHeHHe HCCIeoyeMbIX mpenapaToB obecneumno cHikenne HDALc
(cootBerctBeHHO 110 7,11% u 7,18%; p<0,001). Kpome Toro, B Tpymmnax MalUeHTOB, MOITYy4aBIIHX
JeueHne Aanariu@iIo3nHOM WU JUPATrIIOTHIOM, depe3 12 MecsneB 3ad)MKCHPOBAHO CHIDKEHHE %o
BHUCIEpasibHOro upa (p<0,001).

B rpymne panarmudiosuna (tabnm. 1, la) mocne JiedeHHs BBISBICHO CHIDKCHHE YPOBHS
MPOMHCYJIHA, YKa3bIBasi HA BO3MOXKHOE YMEHBIICHHE TIepUPEePUIECKON HHCYTHHOPE3UCTEHTHOCTH, B
OTBET Ha KOTOPYIO, MO JAHHBIM JINTEPATYPbI, MOKET KOMIIEHCATOPHO ITOBBIIIATHCS BBIICICHHE B
KPOBOTOK HHTAKTHOTO mpouHcyuHa [37, 43].

Tabmuma 1. ITokazarenun y nmanuentoB ¢ CII 2 Tuma A0 ¥ MOCIHe JEUEHUs ¢ UCIIOIb30BAaHUEM
nanarnuduiosuna (n=23) (ropmanvroe pacnpedenenue coenacko kpumepuro Lllanupo-Yuixka)

C-nmenTua, HeAlc, % I'mrokarom, %0 o011Iero % BHCLEPATBHOIO
HI/MJT /M1 JKupa JKupa
JI0 ocJie JI0 ocJie JI0 ocJie JI0 | mocie JI0 ocJie
M 2,17 2,07 8,35 7,11 167,3 | 168,4 | 33,42 | 31,53 14,07 11,89
o 0,68 0,70 1,25 0,51 22,79 | 20,15 6,61 | 6,44 3,294 2,879
m 0,14 0,15 0,26 0,11 4,75 4,20 1,12 | 1,37 0,69 0,60
min 0,92 0,88 6,60 6,10 125 129 23,1 | 22,8 I 6,8

max 341 | 3,46 11,3 7,9 202 200 49,6 | 46,9 20,5 18,8
95%
A 1,88 | 247 | 781 8,90 157,4 | 159,7 | 30,47 | 28,68 | 12,65 10,64
JIEBBIN
95%
A 1,77 2,37 | 6,89 734 | 1772 | 177,1 | 36,37 | 34,38 15,5 13,13
IIpaBbIil
p p=0,620 p<0,001 p=0,858 p=0,858 p=0,02

Craructuueckast oOpaboTka: p — t-xputepuit CThrofeHTa AN JOCTOBEPHOCTH Pa3IUUMs
MoKa3aTeJsied 10 U Mocie JICYEHNUsI.
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Tabmuua la. [Tokazatenu y nanuentoB ¢ CJI 2 Tuna 10 W mocie JIeYeHHUsl ¢ UCIOIb30BaHUEM
nanarmudiosuna (n=23) (pacnpedenenue omauuaemcs om HOPMATLHOSO CO2NACHO KPUMEPUIO
Hlanupo-Yuika)

ITpouncy.sun,
IIMOJIB/JI
IIo rocie

Mennana 3,9 3,2
I xBapTHIBL 3,2 2,1
III kBapTHIIB 6,5 47
min 2,5 1,4
max 7,2 6,9
95% JIU neBsbIit 3,4 2,6
95% U mpaBerit 52 4
p p<0,001

Cratuctuueckast o0paboTka: p — t-kpurepuii BunkokcoHa.

B rpynme nuparmoruaa (tabi. 2) y HanMeHToB TOCIIe JISYeHUS] CHU3WIICS YPOBEHB TIIIOKaroHa
(p<0,001). D10, OYEBHUAHO, CBSI3aHO C MHKPETHHOBBIM 3¢dekrom anamora ['TII-1, momaBisFonM
CEKpELHIO TIIIOKaroHa.

Tab6nuna 2. [Tokazarenu y manuenToB ¢ CII 2 TUma 10 W HOCJE JCUSHUS C UCIOIb30BaHUEM

apI'TITI-1 smparmoruna (N=20) (ropmanvroe pacnpedenenue coznacno kpumepuio Lllanupo-Yuika)
C-nenrun, I'i1rokaron, % o0uIero % BuCLEPATHHOTO
HBAlc
HI/MJT /M1 sKupa JKupa
10 |mocne 10 nociie 10 nocie| o |mocie 10 nocie
M 1,47 | 2,05 8,72 7,18 | 187,1 |1615] 37,95 | 34,7 15,96 12,71
o 0,70 | 0,69 1,52 0,54 | 21,76 |1547| 9,23 | 7,95 3,39 3,36
m 0,16 | 0,16 0,35 0,12 4,99 355 | 217 | 187 0,80 0,79
min 091] 11 6,2 6,0 144 125 | 235 | 221 10,5 8,9
max 3,5 | 3,78 11,6 7,8 242 198 | 52,6 | 49,7 24,5 22
95% 1
. 1,83 | 1,72 7,98 6,92 154 | 33,36 | 30,75 14,28 11,04
JIeBBIH
0
95/021}/1 2,31 2,39 9,45 744 | 1976 |168,9| 42,54 |38,65 17,65 14,37
TIpaBbId
p p=0,714 p<0,001 p<0,001 p=0,266 p=0,007

Cratuctuueckass oOpaborka: p — t-kputepuii CThrOfIeHTa UIsl JJOCTOBEPHOCTH Pa3IHUIHS
IIOKa3aTeJied 10 U II0CJIE JIeUECHHU.

Tabnuna 2a. [lokazarenu y namuentoB ¢ CJl 2 Tumna A0 1 1ocie JISUYeHHsI C UCIOIb30BaHHEM
apI'TITI-1 muparmotuma (N=20) (pacnpedenenue omauuaemes om HOPMAILHO20 CO2NACHO KPUMEPUIO
Ulanupo-Yuixa)

IIpouHCyJIMH, TMOJIB/IT

10 mocje
Memuana 5,6 5,09
1 kBapTUIIL 3,9 3,3
11T xBapTHIIB 6,8 6,1
min 2,39 1,45
max 18,33 12,66
SD menuaHbl 0,96 0,69
95% JIU neBbIit 3,9 3,3
95% JIM nipaBsbiid 6,73 5,9
p p=0,111

Craructrueckast 00paboTka: p — t-kpurepuii Buikokcona.

I[J'IH TOTO, YTOOBI 06Hapy)KI/ITB BO3MOKHBIE OCOOCHHOCTH H3MEHCHUS ypOBHefI C-HCHTI/I,Z[a n
TJIIOKaroda 1moJ BJIMSIHUCM HpOBOI[I/IMOﬁ TCpalruu, B Ka)I(I[Oﬁ rpynmne nanueHTHL ObLIN BBIACICHBI 2
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NOATPYNIBl B 3aBHCUMOCTH OT YPOBHS MPOWMHCYJIMHA KaK Ba)XHOTO IIOKas3aTelsl COCTOSHUS
WHCYJIMHOCEKPETOPHOH (QYHKIUH MOIKETYJOYHOH JKeNle3bl, MOBHIIICHHE KOTOPOTO aCCOLUUPYETCS CO
CTCTICHbIO  MHCYJMHOPE3UCTCHTHOCTH, PAa3BUTHEM aTepocKiepo3a M CepledHO-COCYIUCTHIX
3aboneBanuii (Tadm. 1, 2).

B rpynme pamarmidmosnHa OBUTH BBIAETEHBI ITOATPYIIIBI ¢ BBICOKMM W HHU3KAM HCXOIHBIM
YPOBHEM TMPOMHCYJIHHA, COOTBETCTBEHHO 6,85 (95% I 6,52-7,18) mmons/m u 3,6 (95%U1 3,2-4,0)
nMoJb/1 (Tabn. 3,4). AHaJOTMYHO, B TPYMIIEC JUPATIIOTHAA BBIACICHBI MOATPYIIEI ¢ MEAUAHOW YPOBHS
npouHcyimHa 6,8 (95%1U1 6,2-7,9) mmons/1 1 3,9 (3,8-5,4) mMonb/11, COOTBETCTBEHHO (TalI. 5,6).

Cpenn TanMeHTOB, TIONYYaBHIMX TEPANMI0 Janariu(IO3WHOM, BBICOKHH  YPOBEHB
NPOMHCYJIMHA 10 JICYCHHS AaCCOLMUPOBAJICA C Oojiee BBICOKUMH KOHIIGHTPAIMSMU TIJIIOKaroHa
(p<0,001) u C-menrruaa (p<0,01), yem B MOATPYIIIE ¢ HU3KUM ITPOUHCYIIHHOM.

[locne mpoBenennoro neuenus npemaparoMm WH3KTI2 B moarpymmax MmanmueHTOB Kak ¢
BBICOKMM, TaK M C HH3KHM YpPOBHEM NpouHcynuHa (Tabn. 3, 3a), He OOHapyKEHO IOCTOBEPHBIX
U3MCHCHUI ypoBHei Titokarona, C-nentuaa u npouncynuna (p>0,05).

Conepxanue ob1ero >xupa B opranusme (%) mocie JUIMTENFHOrO IpueMa JamnariuguiosuHa
YMEHBIIMJIOCh B HOArpyHne ¢ HU3KUM mnpouHcyauHoMm (p<0,001); % BucoepaipHOro >Kupa
JIOCTOBEPHO CHU3MJICS B 00enx moarpymnmax (p<0,05).

Tabnmumna 3. [lokazaTenu B MOATPYMIIE MAIMEHTOB C BHICOKUM YPOBHEM IPOWHCYJIMHA IO H
HOoCJIe JICUSHHUSI C UCIMONb30BaHueM nanariuduiosuna (N=6) (ropmanvnoe pacnpedenenue coenacHo
kpumeputo Lllanupo-Yunxa)

C-nenruzn, HeAlc T'aroxaromn, % o0uIero % BucuepaabHoro |IlpouncynnH,
HI/MIT /M JKHpa JKHpa TIMOJTB/TT
I0 |mocime| pgo |mocime| g0 | mochne | mo | mocie 0 rocJje o | mocine
M 2,71| 2,74 | 862 | 7,10 | 193 | 190,3 | 33,48 | 31,45 | 16,35 13,42 6,85| 6,03
c 0,49| 0,46 | 1,81 | 0,53 | 6,42 | 6,77 | 3,897 | 3,642 | 2,64 1,46 0,31| 0,995
m 0,20 0,19 | 0,74 | 0,21 | 2,62 | 2,77 | 1,74 | 1,49 1,08 0,59 0,18| 0,41
min 209| 2,12 | 6,6 6,5 184 179 28,9 | 26,2 13,8 11,5 6,5 472
max 341| 346 | 113 | 7.8 202 200 | 38,9 | 375 20,5 15,2 7,2 6,4
22}2/;),1'1)‘/51[1/1 2,20| 2,25 | 6,72 | 6,55 | 186,3 | 199,7 | 28,64 | 27,63 | 13,58 11,89 6,52 | 4,49
95% 'HE/I 3,22| 3,21 |1051| 7,65 |183,2|197,4 | 38,32 | 35,27 | 19,12 14,94 7,18 | 7,08
TIPABBIN
p=0,930 p=0,096 p=0,5 p=0,397 p=0,039 p=0,103

Cratuctuueckass oOpadorka: p — t-kputepuii CThIOfIeHTa ISl JOCTOBEPHOCTH pa3IHYHUs
IIOKa3aTeJIed 10 U II0CJIE JICUECHHU.

Tabmuma 4. TlokazaTenu B MOATPYIIE TAIIIEHTOB C HU3KUM YPOBHEM NPOWHCYJIMHA JI0 U
HOCJIe JICUYEHHs C MCTob3oBaHueM aamnarinudiaosuna (N=17) (nopmanvhoe pacnpederenue coenracho
kpumepuro Lllanupo-Yuixa)

%

C-nentng, HeAlc Fmoxkaron, BHUCLEPATBLHOTO Hpouncymn, Macca Tena

HI/MIT /M IMOJIB/J
AKHpa

pi(¢] I1I0CJIC pi(e] IIOCJIC 0 IIOCJIC pi(e] I10CJIC a0 I10CJIC a0 I1I0CJIC
M 100 | 1,84 |8.26] 712 |158.2] 160.7 |13.36| 1131 | 3.6 | 2,88 | 8461 | 8141
o 0.65| 062 |1.05| 052 |1014| 1733 | 282 | 274 |078| 090 | 840 | 8.40
m 0.16 | 015 0.26] 013 | 464 | 420 | 0.60 | 058 |019| 022 | 2,04 | 2.04
min 092 088 |68 61 | 125 | 129 | 7 68 | 25| 14 | 662 | 629
max 31 | 206 |98 79 | 195] 192 | 20 | 188 |52 | 47 | 101 | 99
igﬁlgﬂ 1652| 2317 |7.72| 6,85 |1484| 1518 |1217| 101 |320| 242 |8029 | 77,00
f{;ﬁé}f 1519| 2,155 [8.80| 7,39 [168.1| 169.6 |14,61| 12,53 |4,00| 335 |8893 | 8573
m 0=0,501 p<0001 | p=0,699 0=0,019 0=0,019 0=0.275

Cratuctuueckas obpaborka: p — t-kputepuii CThrofieHTa IS JOCTOBEPHOCTH pa3IHuHMs
ToKasareseH JI0 W 1mociie JICUCHHUSI.
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Tabnuna 4a. Ilokazatenu B MOArpyNIe MalWEHTOB ¢ HU3KHUM YPOBHEM IMPOMHCYJIUHA A0 H
Hoclie JieueHHuss ¢ Hucmoib3oBanueM mamariaudiosuna (N=17) (pacnpederenue omauuaemcs om
HOpManbHo20 coz2nacho kpumeputro Lllanupo-Yunka)

% o01ero xxupa

110 ocJie
Mennana 34,45 31,45
I kBapTHIIL 30,1 27,6
111 xBapTHIIB 49,6 46,9
min 23,1 22,8
max 89,5 87,1
SD mennanbl 6,12 6,08
95% I nes 45,5 42,7
p p<0,001

Cratuctuueckas o0padorka: p — t-kpurepuii BunkokcoHa.

B rpymnme mnanueHToB, MOJNy4YaBIIMX TEPaNUi0 WHKPETHHOMHMETHKOM (JIMPAriioTHA), B
ormnuue ot Tepanuu MH3KTI-2, kypc neueHuss mpuBea K JOCTOBEPHOMY CHIKEHHUIO YPOBHS
TJIIOKaroHa B 00eux MOArpyNmax manueHToB (Tabm. 5, 5a). YMeHblIeHHE KOHUEHTPALUH TIIIOKaroHa
0 CpaBHCHUIO C HCXOAHBIM YPOBHEM Ooiee BBIPpA)XCHO B IMOArpyIinie € BBICOKMM IMPOUHCYJIMHOM
(camxenne Ha 33 nr/mi wim Ha 17% OT MCXOJHOTO), MO CPAaBHEHUIO C TAKOBBIM B IOIATPYIIE C
HU3KUM OpouHCYIMHOM (Ha 19 nr/mut nim Ha 11%). CHUXeHHUe TIIIOKaroHeMHHM CBS3aHO ¢ JeficTBUEM
HHKPECTUHOMUMECTUKA U CBUACTCILCTBYET O IOJIOXHUTCIBHOM BJIUAHHWU Ha (bYHK]_[I/IIO OCTPOBKOBBIX
KJIETOK, COCTOSIIEM B BOCCTAHOBJICHUHU OanaHca MEXIy CEKpelel HHCYIMHA U [MIIOKaroHa.

Y TNanMeHToB TOATPYIMBI C HUA3KAM TPOWMHCYIMHOM Mo BiusHWeM Tepanmu apl T111-1
JIOCTOBEPHO CHM3WJIACh KOHIIGHTpalus MpouHCyIuHa B KpoBH (p<0,05), uTo MOXeT yKka3bplBaTh Ha
CHIJKCHUC AaAallTUBHOI'O BBIJACICHUA MPOUHCYJIMHA Ha (I)OHG CHWXeHusA Trimkemuu. Ilo JaHHbIM
JUTEPaTypbl, BOSMOKHBIMH TNPUYMHAMH CHIDKEHHS BBIACJICHUS] MHTAKTHOTO MPOMHCYJMHA MOTYT OBITH
TaKKe YJIydIIeHUE TIIIOKO30YYBCTBUTEIBHOCTU WM (DYHKIMH 3HIOINIA3MAaTHYECKOTO PETUKYIyMa Oera-
kieTok [1, 37, 43]. B a10i1 jxe moarpyIine CHU3WIACh KoHIeHTpanus C-MenTra, yKasplBas Ha CHIDKEHHE
CEeKpELMU MHCYJIMHA, KOTOpask KOMIICHCATOPHO YCHJIMBAETCS MPU HAJMYMU WHCYJIMHOPE3UCTEHTHOCTH. B
TO K€ BpeMsi, B IOATPYIIIE C BEICOKUM IPOMHCYJIMHOM CEKpeLHs HHCYJIMHA MPAKTUYECKN He U3MEHMIIACh.

Tabnuna 5. TlokazaTenu B MOArpPYMIE MAEHTOB C BBICOKMM YPOBHEM MPOHMHCYJIMHA JIO H
nocne sedeHuss ¢ ucrnonpzoBaHueMm aplTIll-1 no u mocne nedenus ¢ ucnonp3zoBanuem apl TIII-1
muparmotuaa (N=10) (hopmanvroe pacnpedenenue coenacto kpumepuio Lllanupo-Yunxa)

[0)

C-nentun, I'miokaron, | % odmero /o Macca Tena,

HBAlc BHCLEPAJIb-

HT/MIT TIT/MIT JKHpa KT

HOIO KHpa
JO |mocie| [0 |mocie| [0 |mocie| Qo |[ocie| A0 | mocie | 0 | mocie
M 199 | 2,31 | 8,67 | 6,98 |198,8|165/4 | 37,4 | 34,46 |1588 | 12,44 | 97,07 | 89,72
c 088 | 0,77 | 197 | 0,64 | 225 16,91 10,98 | 957 | 3,07 | 2,79 | 1146 | 1184
m 0,29 | 0,26 | 0,66 | 0,21 | 75 | 564 | 366 | 3,19 | 102 | 0,93 | 482 | 3,95

min 091 | 144 | 6,2 6,0 157 | 139 | 235 | 22,1 | 10,5 8,9 80 75,5
max 35 378|116 | 7,6 242 | 198 | 52,6 | 49,7 | 20,7 | 18,3 | 122,4 | 107,8
95%
AN 1,32 | 1,72 | 7,15 10,18 |181,5|152,4 (28,96 | 27,1 | 13,52 | 10,3 | 89,95 | 80,62
JIEBBIN
95%
AN 267 | 292 |6,456| 7,47 |216,1|178,4|48,84|41,81|18,24| 14,59 | 108,2 | 98,82
HIpaBblil
p| p=0,424 p=0,009 p<0,001 p=0,007 p<0,001 p<0,001

Cratuctuueckass oOpaborka: p — t-kputepuii CTbrOfIeHTa ISl JOCTOBEPHOCTH pa3THUUs
ITOKa3aTelIeil 1O U IOCJIC JICUCHHS.
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Tabnmua Sa. [Tokasatenn B MOATPyIIE MAMEHTOB C BEHICOKAM YPOBHEM MPOUHCYIIMHA JI0 ¥ TIOCTIE
nedeHus ¢ ucnonszoBanueM apl TII1-1 no u mocne nevenns ¢ ucnons3zoBanueM apl TII1-1 nuparmoTtra
n=10) (pacnpedenenue omuvaemes om HopmanbHo2o coenacio kpumepuio Lllanupo-Yunxka)

I pouHCYIHH, IMOJIE/I

JI0 nocje
Mennana 6,8 6,1
1 kBapTHIIB 6,4 5,9
111 xBapTHIIb 7,2 6,45
min 6,2 4,98
max 18,33 12,6
SD mennanbl 1,62 0,94
95% JIU neBbli 6,2 5,8
95% JIU npaBbrit 7,91 6,78
p p=0,004

Cratuctuueckast oopadoTka: p — t-kpurepuii BunkokcoHa.

Tabnuna 6. TTokasarend B MOATPYIIE MAIMHEHTOB ¢ HU3KHM YPOBHEM IMPOWHCYIHHA 10 W
mocie aedeHus ¢ ucrnonszoBanueMm apl TITT-1 muparmiotuaa (N=10) (ropmanvroe pacnpedenenue
coznacro kpumepuio Lllanupo-Yunxa)

C-nenruy, HeAlc Fmoxaron, Macca Tena, Kr
HI/MJT /Mt

a0 I10CJIC o0 I10CJIC pi(e} pi(e} I10CJIC I10CJIC
M 105 | 182 8.76 736 176.6 157.9 1035 94,31
o 057 | 054 1.08 0.39 152 13.95 14,79 16.78
m 018 | 017 0.34 0.12 488 441 4.67 5.31
min 12 11 71 6.6 144 125 82.4 64.9
max 2.8 2.78 106 78 201 174 1226 116
95% 11 154 | 144 7.99 7.08 165,6 147.9 92,88 82,3
JICBBIN
95% 1 235 | 220 9,53 7.63 187.6 167.9 114 1063
IPaBbId
p p=0,006 p<0,001 p<0,001 p<0,001

Cratuctuueckass obpaborka: p — t-kputepuii CTbrojieHTa Uil JOCTOBEPHOCTH Pa3IUYHs
rokKaszareJyiel J10 ¥ TocJie JIEYEHUSI.

Tabmuma 6a. Iloka3aTenu B MOATPYIIE MAIMEHTOB C HU3KHUM YPOBHEM MPOWHCYJIWHA 0 U
nociie jedenust ¢ wucnonp3oBanuem apl TII-1 muparmoruna (N=10) (pacnpedenenue omauuaemcs
HOpMabHO20 co2nacho kpumepuro Lllanupo-Yuika)

Hpggg;}h’}l;nﬂ, % obmero xupa % Bncgcepf);gbﬂoro

JI0 mociie JI0 mociie JI0 mociie
Mennana 3,9 3,3 35,95 31,95 14,85 11,75
1 KBapTHIIb 3,9 2,8 32,4 30,8 13,6 10,7
11T kBapTHIIL 4,3 3,6 443 36,7 17 12,8
min 2,39 1,45 30,3 27,8 12,6 9,8
max 5,6 53 52,4 46,1 24,5 22,5
SD mennannl 0,35 0,44 2,92 2,47 1,45 1,41
95% JIM neBbIit 3,8 2,7 32,3 30,7 13,0 10,1
95% JIU mpaBbIit 54 5,09 47,6 45,1 19,8 14,2
P p=0,002 p=0,002 p=0,002

Cratuctuueckas 00padoTka: p — t-kpurepuii BunkokcoHa.

BuiBoasl. 1. Jlnurensueiid npueM npenaparoB rpynn ntH3KT-2 win apl'TII-1 naunenTamu ¢
nexommencupoBanabiM CJ] 2 Tuma criocodcTBOBan HopManu3anuu ypoBHst HbAlc B cpennem Ha 1,2-
1,5% (p<0,001) u cHmKeHn0 % BUCHIEpATBHOTO Xupa (Ha 2,2-3,3%).

2.B nByX BBIICJICGHHBIX HAMHU IOJATPYIIAX TMAlUEHTOB ¢ HU3KMM HM C BBICOKUM ypPOBHEM
npouHcynuHa, nox siausaueMm aplTIII-1 nuparmoTuaa mocne JiedeHHs OTMEYalIoCh JIOCTOBEPHOE
CHIDKCHHE YPOBHS TJIOKaroHa IO CPaBHEHHIO C HCXOAHBIM YPOBHEM, OCOOCHHO B MOATpYyIINE C
BBICOKUM TNPOWHCYNHHOM. JlaHHBIH 3(dekT MoxeT OBITH CBsI3aH C TOPMOXKEHHEM CEKPELUHU
TIIIoKaroHa aroHucTom perientopon I'TITT-1.

3.V manueHToB MOATPYNIBI C HU3KAM IPOMHCYIMHOM IOA BiMsHHEM Tepammu apl TIIT-1
JIOCTOBEPHO CHHW3HWJIACh KOHIICHTparws NpoWHCYInHA B KpoBu (p<0,05), 9TO MOXKET yKa3plBaTh Ha
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CHWJKCHHUC aIallITUBHOI'O BBIACIICHWS IPOUHCYJIMHA HA (bOHe CHMKCHUS TTIMKECMHH. OI[HOBpeMeHHO B ATOM
K€ MOATPYIIIC CHU3WIACh KOHLICHTPAIUA C-HGHTI/II[a, YKa3bIBad Ha CHUKCHHUC CCKPEIIMU MHCYJINHA.

4. Cpenu manuenTtoB, noiy4daBmmx tepanuto HH3KTI-2 manarnnugno3us, BEICOKHI YpOBEHb

NPOUHCYJIMHA 10 JICUYCHUSI ACCOIMUPOBAIICS ¢ 0ojiee BBICOKMMH KOHIICHTpAIUsAMHU Titokarona u C-
HenTHIa, YeM B TMOATPYINE C HHU3KMM NPOMHCYIMHOM. Ilocime 12 MecsieB JedeHHs B 00enx
MOJTPYIIax MalMeHTOB He HaOI0Jaloch JTOCTOBEPHBIX M3MEHEHHH KOHIIEHTpAIWU Titokarona, C-
nentuaa u npourcynuna (p>0,05).
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1. Introduction. The topicality of the issue of uterine hyperplasia, in particular, uterine
fibroids, is accounted for by the social significance of the disease. Its incidence rate is constantly
growing and makes up from 30 to 50% in women older than 35 years and, according to the data of
autopsy, - up to 80% [1,2]. Not only does this pathology cause a decrease in working capacity and the
deterioration of women’s quality of life, it often leads to infertility, misbirth and preterm labor [3].

No doubt, the peculiarities of development and progression of hyperplasia are determined by
the reserve potential of various systems and organs, including the hepatobiliary system. The liver plays
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a major role in the maintenance of homeostasis, first of all, owing to an important stage in estrogen
metabolism — “the first passage through the liver” — as well as in the realization of the positive effect
of hormone replacement therapy [4].

Therefore, the problems that arise in case of hepatobiliary pathology in women affected by
uterine fibroids, including the assessment of the role of hepatocytes and their functional lesion from
the point of view of reproductive health and the risk of menopausal metabolic syndrome, need to be
solved. The data concerning the improvement of the ways of correction and prevention of systemic
disorders in women affected by hepatobiliary pathology remain quite controversial [5].

The aim of research is to analyze the results of instrumental examinations of the functional
capacity of hepatocytes in women affected by uterine fibroids and functional disorders of the
hepatobiliary system.

2. Research materials and methods. We have carried out a clinical and paraclinical analysis of
case records from the gynecological department of Ivano-Frankivsk Regional Perinatal Centre for the
period from 2015 to 2020 and selected 150 women aged between 35 and 45 and divided them into the
following groups: Group 1 (basic group) — 60 women affected by uterine fibroids and with a positive
hepatological anamnesis; Group 2 (comparison group) — 60 women affected by uterine fibroids but
presenting no functional hepatic disorders; Group 3 (reference group) — 30 women of reproductive age
with an unaffected menstrual cycle and no signs of hyperplasia of the reproductive system organs.

The research was carried out in compliance with the bioethical principles and the legislatively
established standards and requirements regarding clinical/biomedical research, including the
provisions of the Declaration of Helsinki (1964-2013), the Constitution of Ukraine and the Civil Code
of Ukraine (2006), the Basics of Healthcare Legislation of Ukraine (1992), Guidelines for Clinical
Research from the Ministry of Health of Ukraine No. 42-7.0:2005 “Medicines. Appropriate Clinical
Practice” (2005), the Typical Regulation on Ethics Commissions in Medical Institutions Conducting
Clinical Tests (Order No. 690 of 23.09.2009 by the Ministry of Health of Ukraine).

To assess the hepatobiliary function, we used the results of additional examination methods,
including instrumental examinations (ultrasonography and rheovasohepatography). Rheohepatography
was executed with the use of a RG-4-01 rheograph, with simultaneous recording of an
electrocardiogram on an empty stomach, after 10 to 15 minutes of decubitus and while holding breath
in shallow inspiration. The active electrode was placed on the skin along the mid-clavicular line on the
right costal arch, the passive one — 1.0-1.5 cm below the boundary of the right lung, in the middle
between the paravertebral line and the posterior axillary line. The ultrasonography of the small pelvis
organs, with the calculation of the ovarian-uterine index, and the ultrasonography of the liver, kidneys,
the thyroid gland and the mammary glands were executed with the use of linear and sectoral sensors
for the Aloka-630 apparatus (Japan).

The methods of descriptive statistics of quantitative variables included the measures of central
tendency — the assessment of the mean and the standard deviation (M+m). Categorical variables are
represented as the absolute number of cases in a group and the percentage — n (%). In our statistical
analysis, we calculated the significance level (p), considering 0.05 as the critical level.

3. Research results. According to the results of our complex clinical, laboratory and
instrumental examinations, a certain type of chronic hepatobiliary pathology was found in 68 patients
(56.67%). Chronic hepatitis of cholestatic etiology was diagnosed in 31 cases (25.8%) and chronic
cholecystopancreatitis in 5 women (4.2%) affected by uterine fibroids. The prevailing type of dyskinesia
was hypotonic, found in 32 patients (43.8%). Hypertonic dyskinesia was found in 9 patients (7.5%) and
mixed dyskinesia — in 25 women (34.2). Hypotonic biliary dyskinesia and mixed dyskinesia were found
more often in women from the basic group whereas hypertonic dyskinesia prevailed in the comparison
group. Primary dyskinesia made up 24.5 % of all types of dyskinesia (18 cases).

It should be noted that in the basic group, 58 patients (96.67+2.32)% were diagnosed with
biliary dyskinesia, 39 women (65.00+6.16)% - with acalculous cholecystitis, 17 women
(28.33£5.82)% - with calculous cholecystitis, 23 women (38.33+6.28)% — with chronic hepatitis, 5
women (8.33+3.57)% — with chronic cholecystopancreatitis and 23 women (38.33+6.28)% — with
nonalcoholic fatty liver disease, which indicates a statistically significant increase in the incidence of
biliary dyskinesia, inflammatory processes in the gallbladder and lesion of liver parenchyma in the
said category of women. In contrast, only 5 women from the comparison group (8.33+3.57)% were
diagnosed with hepatobiliary pathology (all of them suffered from biliary dyskinesia and one of them
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(1.67+1.65)% also had chronic acalculous cholecystitis), and these nosological data were obtained
only after thorough examinations in the course of implementation of this diagnostic program.

The aggregate of clinical and anamnestic data and the results of objective, laboratory and
instrumental examinations of women from the reference group reveal only 3 cases (10.00+5.48)% of
biliary dyskinesia and 2 cases (6.67+4.55)% of manifestations of diffuse lesion of liver parenchyma
according to the ultrasonographic data.

According to the results of liver ultrasonography, hepatomegaly of the right lobe was found in
44 patients (36.7%), 26 of which (21.7%) belonged to the basic group. The sizes of the left lobe were
normal and did not differ from the data of the reference group. The examination of liver parenchyma
revealed diffuse changes and unchanged liver outline and vascular pattern in 4 (6.6%) women from the
comparison group and 22 (36.7%) women from the basic group. The obtained data of the ultrasound
attenuation coefficient exceeded the reference values and made up (64.22+1.00)% and (54.16+0.06)%.
The diameters of the common hepatic artery, the proper hepatic artery, the portal vein and the common
bile duct were normal.

Women from the examined groups presented ultrasonographic signs of cholesterolosis of
gallbladder distinguished by significantly thickened gallbladder walls, reduced contractility and increased
volume (up to (19.9£2.9) cm? in the basic group and up to (16.8+3.1) cm® in the comparison group). The
gallbladder contractility was reduced to (32.6+5.2)% in the basic group vs. (38.8+6.4)% in the reference
group. This can be accounted for by structural changes in the hepatobiliary organs as a result of disorders of
lipid metabolism due to hormonal disorders. The gallbladder homogeneity coefficient was decreased in
both groups but more significantly in the basic group (2.12+0.23) in comparison with the reference group.
The decreased homogeneity of the gallbladder walls is caused by the inclusion of esters of cholesterol into
its structure. These processes are most characteristic of cholesterolosis of gallbladder and the disorder of the
motor and evacuative function is an additional proof of that. Pathological changes in the gallbladder of
women affected by uterine fibroids go together with fatty liver infiltration. The established structural
disorders of hepatobiliary organs suggest that they should be regarded as manifestations of dysmetabolic
processes and dystrophic changes of the liver. 26.7% of women from the basic group presented
ultrasonographic signs of fatty hepatosis. In this case, one can assert that hepatosis is not a disease but a
syndrome reflecting significant metabolic disorders of the liver.

In view of the above mentioned considerations, we studied the condition of the regional blood
flow in the livers of 60 women affected by uterine fibroids and 30 healthy women from the reference
group, using rheohepatography.

The analysis of rheohepatograms of women affected by uterine fibroids shows that the initial
data of blood filling of hepatic vessels (Pl) were extremely decreased both in the comparison group
and the basic group (0.69+0.03 and 0.46+0.05 respectively) in comparison with the reference group
(0.78+0.06) (p<0.05).

We also noted an increase in the vascular tone of the great arteries (Vb) to (0.47+0.06) U vs.
(0.96+0.14) U in the reference group, with a simultaneous decrease in the tone of the resistance
arteries (Vm.n.) to (0.52+0.08) U. The decreased tone of the resistance arteries, alongside with
reduced blood filling of hepatic vessels, led to pathologic intrahepatic perfusion and the manifestations
of the hepatocyte “deprivation” syndrome, which were among the major factors of the development of
hepatic dysfunction. At the same time, one could observe decreased venous outflow, with the diastolic
index dropping to (42.68+2.10) U in the comparison group and (41.32+1.12) U in the basic group vs.
(56.52+4.12) U in the reference group (p<0.05).

4. Discussion of the research results. The above mentioned data suggest that uterine fibroids
with concomitant hormonal and metabolic disorders deeply affect hepatic hemodynamics and decrease
the blood supply of the liver as a result of pre- and postcapillary resistance [6, 7].

Alongside with cytolysis, cholestasis and hepatocellular insufficiency, the analysis of the
obtained results of instrumental examinations of the livers of women affected by uterine fibroids
reveals ultrasonographic signs of fatty hepatosis, disorders of the motor and evacuative function of the
gallbladder and other disorders [8].

Rheohepatography is a rather simple and affordable method of diagnosing the severity of liver
lesion in patients affected by uterine fibroids and enables the assessment of the degree of microcirculation
disorders in the liver and its malfunction, which are characterized by capillary resistance to blood flow and
desolation of capillaries as a result of the development of juxtacapillary circulation [9, 10].
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Prospects of further research. Analysis of the recovery of the reproductive function and the
incidence of reproductive losses in women affected by concomitant hepatobiliary diseases.

7. Conclusions.

1. Patients affected by uterine fibroids have preconditions for the development of functional
disorders of hepatocytes as they present significant disorders of hepatic hemodynamics, decreased
blood supply of the liver, as a result of pre- and postcapillary resistance.

2. The obtained results show that deep functional disorders of hepatocytes in women affected
by uterine fibroids require pathogenetic correction by introducing drugs with hepatoprotective,
antioxidant and angioprotective effects.

Conflict of interests: The authors confirm that there are no conflicts of interest.
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Aim of study was to make a mathematic model of prognosis of presence of latent herpesvirus
infection in children with acute rotavirus gastroenteritis using clinical and paraclinical predictors.

Introduction. According to the World Health Organization, rotavirus infection (RVI) remains
one of the leading causes of gastrointestinal diseases in children of younger age [3]. There is a large
number of publications in the available literature devoted to the study of various aspects of rotavirus
infection in children [5, 6]. During last decade a numerous researches devoted to influence of herpesvirus
infection on clinical and laboratory parameters of infectious diseases in children have been presented [1,
2, 9]. Several authors found differences in the clinical picture and in the results of paraclinical
examination of children with intestinal infections in the presence of concomitant herpesvirus infection [2,
7]. According to these scientists, concomitant herpesvirus infection complicates the course of intestinal
infection, contributes to the prolongation of its clinical symptoms, and is associated with increased
monocytes count on a background of reduced neutrophils count in the peripheral blood [2, 8, 10].

The various methods of diagnosing of herpes infection available to a practitioner are quite
informative but costly. That is why various researchers are looking for new, cost-effective ways to detect
co-infection with herpes viruses. The literature describes a method for diagnosing the presence of
intracellular agents, including herpesviruses, by detecting not only specific markers by enzyme-linked
immunosorbent assay (ELISA) and polymerase chain reaction (PCR), but also due to the immune
response of patients. The method consists in determining the levels of pro- and anti-inflammatory
cytokines (IL-1B, IL-4, IL-6, TNF-a, y-interferon and lysozyme) in the blood of children [4].
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Nevertheless, this method requires the determination of cytokine content, which requires additional
venous blood sampling and entails additional financial costs. The above indicates the need to develop
easy-to-perform, cost-effective and accurate methods for diagnosing herpes virus infection in children.

Materials and methods. To achieve this goal, 104 children aged one to three years, with
moderate and severe intestinal infections of rotavirus etiology were examined, for which they received
appropriate treatment at the Regional Children's Infectious Hospital in Kharkiv. Patients were divided
into 2 groups: 1% group included 33 children who did not have herpesvirus co-infection and 2" group
included 71 children with concomitant course of RVI and latent herpes infection. In second group 17
patients had RVI on the background of cytomegalovirus (CMV) infection, 23 children with Epstein-
Barr virus (EBV) and 31 patients with herpes virus type 6 (HHV). Children in these groups were
comparable by gender, age, severity of the disease and other parameters. The Commission on Ethics
and Bioethics of Kharkiv National Medical University (Protocol No. 7, dated 11 September 2018)
Research was conducted in accordance with the World Medical Association’s Helsinki Declaration.

Verification of the diagnosis of RVI was carried out by isolating rotavirus antigen from the
feces of patients by enzyme-linked immunosorbent assay (ELISA) and the corresponding IgM
antibodies in the blood. The presence of herpes virus infection was set in the presence of appropriate
IgG antibodies in the serum of children and in the absence of IgM (ELISA) and nucleic acid (PCR) of
1, 2, 4, 5 and 6 types herpes viruses. The cohort of the study included children only with latent CMV,
EBV, HHV®6 infection.

Statistical analysis. Determining the associations of indicators with the binomial dependent
variable was performed using multiple logistic regression analysis with the calculation of coefficients
B, standardized coefficients 3 (odds ratio) and their 95% confidence intervals (CI). Maximal likelihood
method of was used to include or exclude variables in stepwise analysis. A multiple binomial
regression equation was developed for the model to calculate the probability of occurrence of the
desired event as a percentage. The threshold value of the level of significance in the work was taken as
0.05 (p = 0.05) with the exact value of the level of significance "p" with three decimal places. The
following software was used to maintain the data bank and perform the above calculations: database
maintenance in the Microsoft Excel 2013 software package and statistical calculations in the IBM
SPSS 25.0 software package for Windows.

Results. In order to find independent predictors of mono-RVI and concomitant RVI and
herpesvirus infection, regression analysis was performed. The analysis included clinical and paraclinical
parameters, including age of patients, time of onset and maximum indicators of the main symptoms of
RVI, the results of clinical analysis of blood of the acute period (AP) of the disease, as well as the level
of ketone bodies. The stepwise exclusion method with the maximum likelihood identified only the most
reliable indicators, which turned out to be independent predictors of latent herpesvirus infection (table 1).

Table 1. Independent predictors of presence of concomitant herpesvirus infection in examined
patients

Indices Odds ratio 95 % ClI for OR p
Lower Upper

Maximal daily number of vomiting 0,382 0,201 0,729 0,003
Maximal increase in body temperature, ° C 0,027 0,003 0,246 0,001
Tlm_e o_f onset pf catarrhal symptoms since the 22252 0,828 598,022 0,065
beginning of disease, days

Urine ketone bodies, "+" 3,577 1,668 7,671 0,001
Leukocytes of AP, 10%/L 0,488 0,308 0,773 0,002
Rod-shaped neutrophils of AP, % 3,794 1,115 12,904 0,033
Eosinophils of AP, % 3,195 1,054 9,683 0,040
Constant 1,678 0,007

According to the data provided in table 1, the maximum daily frequency of vomiting and the
maximum increase in body temperature, significantly affected the likelihood of herpesvirus infection:
respectively, OR =0.382 [95 % CI 0.201-0.729], p = 0.003 and OR = 0.027 [95 % CI 0.003-0.246],
p = 0.01. Thus, the increase in the patient's body temperature was significantly associated with an
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increase in the odds of having a herpesvirus infection by 97.3%, and an increase in the maximum daily
frequency of vomiting — by 61.8%.

At the same time, the analysis included in the model an indicator of the duration of catarrhal
symptoms since the clinical manifestation of the disease: OR =22,252 [95 % CI 0,828-598,022],
p =0,065. Although this predictor significantly increased the chances of herpesvirus infection, its
value was determined at the limit of set significance level.

The number of ketone bodies in the urine was determined as a significant predictor of
concomitant herpesvirus infection (OR = 3,577 [95 % CI 1,668-7,671], p = 0.001). Thus, an increase
in the number of ketone bodies in the urine by one "+" was associated with a 3.5-fold increase in the
odds of presence of concomitant herpesvirus infection.

Three variables of common blood count were included, which were determined as significant
independent predictors of latent herpesvirus infection. Thus, the increase in leukocytes was associated with
a half-less probability of infection with herpes viruses: OR =0.488 [95 % CI 0.308-0.773], p =0.002.
Noteworthy, the neutrophil count significantly (p =0.033) increased the odds of having a herpesvirus
infection in patients with RVI in almost 4 times: OR = 3.794 [95 % CI 1.115-12.904]. The increase in the
number of eosinophils in the examined patients was also associated with an increase in the odds of having a
latent herpesvirus infection in 3 times: OR = 3.195 [95 % CI 1.054-9.683], p = 0.040 (table 1).

Probability (P) of presence of concomitant herpesvirus infection in patient is calculated by

formula:

exp?

P 1+ expY

There exp is exponent (constant =~ 2,718) and Y — is a regression equation result, which is
calculated in this case by subsequent formula:

Y=139,83-0,961x[Max. daily vomiting]-3,599x[Max. body temp., ° C]+
+3,102x[Onset of catarrhal symptoms since disease beginning, days]+
+1,275x%[Urine ketone bodies,"+"]-0,718x[Leukocytes of AP, 10%/L]+

+1,333x[Rod-shaped neutrophils of AP, %]+1,162x[Eosinophils of AP, %].

Approbation of model was performed in patients hospitalized to Kharkiv Regional Children's
Infectious Hospital, who were not included in study cohort.

Example: Danilo K. 20 months, was admitted to the hospital on the second day of illness with
complaints of fever up to 38.3 ° C, weakness, decreased appetite, moderate nasopharyngitis, vomiting
3 times and loose stools 5 times. The boy became acutely ill when the above complaints appeared in
the morning. In the admission department, the patient's condition was estimated of moderate severity.
Obijectively: the child is lethargic; skin is pale and clean. Visible mucous membranes are pale pink, the
tongue is covered with a white plaque. Cries with tears. The mucous membrane of the oral cavity is
moderately hyperemic. Nose respiration was somewhat difficult with moderate mucous secretions.
The abdomen is bloated, rumbling, during palpation the child is worried. Preliminary diagnosis: Acute
gastroenteritis of moderate severity. Mild nasopharyngitis.

Therapy: diet, oral rehydration, sorbents, biologics, antipyretics, salt drops.

Examination of fecal masses by ELISA revealed rotavirus antigen. Bacteriological
examination of feces — pathogens were not detected. In urine, the number of ketone bodies was "++".

On the second day of the child's stay in the hospital laboratory study was performed: common
blood count: RBC — 4.2x10*/L, HGB — 136 g/L, WBC — 7.3x10%L, eosinophils — 1 %, rod-
shaped neutrophils — 1 %, segmented neutrophils — 23 %, lymphocytes — 58 %, monocytes —
17 %, ESR — 15 mm/h. The obtained results are included in the formula

exp(139-83-0961x[3]-3.599x[38.3]+3.102x[1]+1.275X[2]-0.718X[7.3]+1.333X[1]+1.162X(1])

= 1+exp(139.83-0.961x[3]-3.599X[38.3]+3.102X[1]+1.275%[2]-0.718x[7.3]+1.333x[1]+1.162X[1]) ~
_exp*019? 74700
T 1+exp20109 1474700

=0.8819.

To determine the probability of a patient having a concomitant herpesvirus infection in
percentage, it is needed to multiply  the obtained number P) by
100.00 % = 0.8819 x 100.00 % = 88.19 %.
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Based on the results, it was concluded that the presence of herpes virus infection in this child
is 88.19%. The presence of infection with one of the viruses of the herpes group was confirmed in a
blood test for DNA (PCR) and IgM and IgG (ELISA) for herpes viruses types 1, 2, 4, 5 and 6. 1gG to
EBV (VCA) was detected in serum. Other indicators were negative.

Conclusions: Thus, the study showed a model for predicting the presence of herpes virus
infection (EBV, CMV and HHV®) in children with RVI. The sensitivity of this model to the detection
of mixed herpesvirus infection is 98.60 % and specificity — 45.45 %. The accuracy of the prognostic
model is 81.73 %.

Prospects for further research. Prospects for further research include increasing the sample
of patients, identifying and including additional anamnesis, clinical course and laboratory parameters
in order to improve the specificity of the developed model.

Conflict of interest. The authors do not declare a conflict of interest.
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in 3 stages: on the eve of surgery, 7 days after it and on the 21st day of the
postoperative period. Patients were divided into two groups: group Kk -
patients received general anesthesia with narcotic analgesics and
benzodiazepines in premedication for 40 minutes, maintenance of
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before surgery. Estimation of the depth of analgesia was monitored using
ANI (Analgesia Nociception Index, index of analgesia with nociceptive
effect), evaluation of the depth of sedation - by BIS (Bispectral index,
Bispectral index). Patients in both groups were statistically comparable by
gender and age. Given the comparative analysis of changes in
neuropsychological testing on the FAB scale, the average in the group using
dexmedetomidine increased by 13.3% relative to baseline. After a
comparative analysis of neuropsychological testing on the MMSE scale, the
indicators in the group using dexmedetomid while in the group with the
"classical" method of anesthesia, they did not change significantly. Based
on the data obtained, it can be argued that the use of dexmedetomidine, as a
component of multimodal analgesia, has a positive effect on the state of
cognitive functions in the post-anesthetic period.
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Introduction. The term "postoperative cognitive dysfunction” (POKD) was proposed in 2001
by L.S. Rusmussen to characterize postoperative cognitive deficit and identify cognitive impairments
that may develop in the early and persist in the late postoperative period, clinical manifestations of
which are memory impairment and other higher cortical functions (ie thinking, speech, etc.), and
confirmed by neuropsychological testing in the form of a decrease in results compared to baseline by
at least 10%, which causes problems with learning, reduced mental capacity and mood [1]. The
anesthesiologist in ophthalmic surgery is initially faced with reduced cognitive function. This can be
explained by both visual impairment and previous painful manipulations, prolonged and ineffective
treatment [2]. Factors that increase the risk of developing PKD include the following anamnestic
factors [3]: age over 60 years; alcoholism; smoking; decreased vision and hearing; hypertension;
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previous cognitive impairment and mental disorders; APOE gene polymorphism. At the same time,
the frequency of PKD significantly increases in the elderly with cognitive impairment. The iatrogenic
factors in the development of PKD [4,5] include the following: use of opioids and benzodiazepines;
prolonged and deep sedation; unusual situation; social isolation and loneliness; invasive methods of
therapy and monitoring; immobilization; prolonged mechanical ventilation.

In our study, we observed the severity of PKD depending on the type of anesthesia in patients
with initial cognitive deficits as a consequence of decreased vision [6]. The ability of the body to adapt
to change in this case, Y. Stern in 2002 described as a cognitive reserve: the ability of the brain to
optimize or maximize its productivity through a differential set of neuronal responses, leading to the
use of alternative cognitive strategies. Since neuronal reactions in the brain associated with cognitive
reserve are a normal response to the complication of the cognitive task, it means that cognitive reserve
is present in both healthy and in conditions of brain pathology and is manifested in the activation of
the neural connection [7]. Objective: To analyze and evaluate the severity of PKD depending on the
type of anesthesia in patients with initial cognitive deficits as a consequence of decreased vision.

Material and methods of research.

We monitored 77 patients who underwent surgery for end-to-end keratoplasty during 2017-
2018. Among them were 45 men and 32 women aged 22 to 78 years. The study was conducted in
three stages: on the eve of surgery; in 7 days after surgery; in 21 days after surgery. Assessment of
cognitive status was performed using neuropsychological testing on the scale of frontal dysfunction
(Frontal Aststation Battery, FAB), short scale of mental status assessment (Mini-Mental State
Examination, MMSE) [8]. Interpretation of the results of neuropsychological testing was performed as
follows. For MMSE scale: 28-30 points are considered normal; pre-dementia disorders - 24-27 points;
mild dementia - 20-23 points. For the FAB scale: 16-18 points - the norm; 12-15 points - moderate
frontal dysfunction; 11 and less points - signs of frontal dementia. Anesthesia - surgical risk of patients
was assessed as 1-2 class on ASA. Group k (n = 45) consisted of patients who underwent anesthesia
according to the following scheme: premedication 40 minutes before surgery - sibazone 10 mg,
fentanyl 0.1 mg, and intravenous ondansetron 4 mg, dexamethasone 4 mg, ketorolac 30 mg; induction
was performed with propofol 2-2.5 mg / kg fractionally until the clinical effect of tafentanil 0.005%
0.1 mg; relaxation on the background of atracurium besylate 0.3-0.6 mg / kg, tracheal intubation was
performed; anesthesia support: oxygen-sevoflurane mixture Fi0250-55%, sevoflurane 1.4-1.8 vol.%
on exhalation (1-1.5 MAC) in low gas flow.

In group d (n = 32), patients received premedication for 40 minutes intravenously:
ondansetron 4 mg, dexamethasone 4 mg, ketorolac 30 mg and infusion of dexmedetomidine
0.3 mg/ kg. Induction: propofol 2-2.5 mg/ kg fractionally until clinical effect, fentanyl 0.005% 0.1
mg. Relaxation and maintenance of anesthesia were performed as in group k. The depth of anesthesia
and the level of analgesia were monitored according to BIS- (Bispectral index, Bispectral index) and
ANI - (Analgesia Nociception Index, monitoring index of nociceptive action) monitoring. In both
groups, the indicators did not differ significantly and were within the optimal values [9].

Statistical processing of the study results was performed using the license package Statistica
v.6.1 (Statsoftlnc., USA) (Ne AGAR909E415822FA). The analysis of quantitative data was performed
taking into account the distribution law according to the criteria of Liliefors and Shapiro-Wilk. In
cases of normal law, the arithmetic mean (M), its standard error (m), Student's criterion for
independent samples (t) were used, in other cases the median (Me), interquartile range (25%; 75%),
Mann-Whitney criteria were used. (U) and Wilcoxon (W). The probability of differences in relative
indicators was estimated by the Pearson Chi-square criterion (x2). Differences at p <0.05 (5%) were
considered significant [10].

Results and discussion.

To assess the impact of anamnestic data on the development of cognitive deficits in the
postoperative period, it is necessary to consider the distribution of patients by age groups in the clinic
KP "DOKOL" for the period from 2017 to 2018. As can be seen, patients older than 60 years account
for 32.4% of the total number of patients.

At the beginning of the study, both clinical groups were statistically comparable (p> 0.05) in
terms of age and sex characteristics, baseline hemodynamics and cognitive functions (Table 1).
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Table 1. General characteristics of patients in the control and main groups at the beginning of

the study
Indicator Group k (n=45) Group d (n=32)

male 26/ 57,8 19/ 59,4
Gender, abs./% female 19/ 42,2 13/ 40,6
Age, years, M+tm 49,9+2.4 48,8+2.5
SBP, mm Hg, M+m 136,4+3,5 126,54+2,7
DBP, mm Hg, M+m 79,7+1,8 74,4+1,7
MMSE, point, Me (25%; 75%) 24 (23; 25) 24 (23; 25)
FAB, point, Me (25%; 75%) 14 (13; 15) 15 (13; 16)

Note. p> 0.05 for all comparisons between the %2, Student and Mann-Whitney groups for
unrelated samples.

The fact of visual impairment in this study is not in doubt, as this is the main complaint when
admitted to the hospital for surgery for end-to-end keratoplasty.

When analyzing the depth of anesthesia and analgesia during surgery, no significant
differences were observed (p> 0.05), while the number of narcotic analgesics used was significantly
lower in the group using dexmedetomidine (Table 2).

Table 2. Comparison of the average number of used narcotic analgesics, BIS and ANI during
surgery in the study groups, M + m

Group The amount of narcotic analgesic, ml | Indicator ANI, C.U. BIS indicator,
C.U.

K (ni= 45) 5,26+0,26* 60,6+4,8 36,4+1,3

D (n,= 32) 4,52+0,26* 56,2+3,2 35,4+1,1

Note. * - p <0.05 between groups, in other cases p> 0.05 (t-test)

When testing on the eve of surgery, the distribution of the score of cognitive function did not
differ significantly by study groups (p> 0.05), and the indicators mostly met the criteria before
dementia on the MMSE scale (57.8% and 68.7%, respectively, in groups k and d) tapomeric frontal
dysfunction on the FAB scale (75.5% and 62.5%) (Fig. 1).

Group D 2427
w points
n
S  Groupk
=
0% 20% 40% 60% 80% 100%
Group D m 16-18 points
2 E12-15 points
W Group K =11 or less points
0% 20% 40% 60% 80% 100%
Number of patient, %

Fig. 1. The initial state of cognitive functions on the MMSE and FAB scales: p> 0.05 for all
comparisons between groups by the criterion y*
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Fig. 2. The state of cognitive functions on the scales MMSE and FAB on the 21st day of the
postoperative period: * - p <0,001 compared with the indicators in group d (by criterion x°)

Analysis of neuropsychological testing data on the 21st day of the postoperative period
showed changes in both groups. As can be seen from Fig. 2, in group k there were patients with
indicators above 27 points on the MMSE scale, however the overwhelming number of patients
remained with existence of a mild dementia (57,8%). The average score did not change significantly
compared to baseline (p> 0.05) and amounted to 23 (22; 25) points. Other dynamics of indicators in
the post-anesthesia period was observed in the group with the use of dexmedetomidine. The number of
patients with MMSE scores meeting the criteria for mild dementia decreased from 10 (31.3%) to 4
(12.5%), and the overall score increased from 24 (23; 25) points to 25 (25; 25) points, ie by 4.2% (p
<0.001 according to the W-test of Wilcoxon). Changes in frontal dysfunction according to the FAB
test in the remote postoperative period were also more pronounced in group d. The majority of
surveyed patients in this group (75.0%) received scores on testing above 16, which meets the criteria
of the norm (Fig. 2). The average score increased from 15 (13; 16) points to 17 (15; 18) points (p
<0.001 according to the Wilcoxon W-test), ie by 13.3%. In the control group of patients using the
standard method of analgesia during surgery in the vast majority of subjects, the score on the FAB test
met the criteria of moderate frontal dysfunction (12-15 points) (Fig. 3) and averaged 14 (13; 16) points
(p>0.05 compared to baseline). As a result, when compared between the groups of scores on the state
of cognitive functions on the scales MMSE and FAB before surgery (p>0.05) after 21 days, the state
of function was significantly better in patients of group d (p <0.01) (Fig. 3).

MMSE FAB
p<0,01
30 - p<0,001 20 7 v v
vy |
25 A I T '|' = OGroupk 15 1 T T J' OGroup k
L 2 imil 117
" 17 25| oGroupd | o, 15 14
E 20 - 24 | 24 23 £ 10 - 14
o ©
o o
15 A 5 A
10 T O T
On the eve of In 21 days On the eve of In 21 days
the operation the operation

Fig.3. Dynamics of indicators of cognitive functions on MMSE and FAB scales in groups k and d: Me
(25%; 75%); p - the level of statistical significance of the difference between the groups.

RS Global 3(64), March 2021 43



WORLD SCIENCE ISSN 2413-1032

Conclusions. 1. Taking into account the data of the comparative analysis of changes in the

indicators of neuropsychological testing on the FAB scale, the indicators in the group using
dexmedetomidine increased by 13.3% relative to baseline.

2. After a comparative analysis of neuropsychological testing on the MMSE scale, the average

in the group using dexmedetomidine increased by 4.2% relative to baseline, while in the group with
the "classical” method of analgesia, the average scores did not change significantly.

3. Based on the data obtained, it can be assumed that the use of dexmedetomidine as a

component of multimodal analgesia has a positive effect on the state of cognitive functions in the post-
anesthesia period.

10.
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stress-limiting anesthesia, was determined that the surgical stress response is the most significant
dexmedetomidine. inducer of dysfunction of various organs. and systems. To date, it has been

established that general anesthesia in its classical sense does not allow
achieving complete protection of the patient from surgical trauma. More
complete protection can be achieved by combining general anesthesia with
regional blockages and adjuvant drugs with stress-protective properties. In
the present study, we compared the severity of the surgical stress response
and pain syndrome in patients operated on under conditions of
multicomponent balanced general anesthesia (group K) with patients who
received a stress-limiting anesthesia regimen (group DB). In both groups,
multicomponent anesthesia was performed, in group K, sibazone was used
for sedation, in group DB, dexmedetomidine was used. Also, patients of the
DB group underwent regional blockade (blockade of the pterygo-palatine
fossa) before surgery. The main criteria for evaluating the results were:
hemodynamic stability, blood glucose, the level of venous blood leukocytes
and the severity of pain according to the VAS in the postoperative period.
Both schemes made it possible to avoid pronounced fluctuations in
hemodynamic and gas exchange parameters at all stages of the study. When
analyzing blood glucose and leukocyte counts, it was found that patients in
the control group had a more significant deviation of both indicators from
the preoperative level than in the stress-limiting anesthesia group. In the
study of pain syndrome, it was determined that in the control group the
level of pain according to the VAS was higher at all stages of the study
compared to patients in the group of stress-limiting anesthesia.
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Introduction. Today, despite the fact that anesthetic science has reached significant
development, surgical interventions are still accompanied by an unacceptably high rate of
complications and even death. More than 230 million major surgeries are performed worldwide every
year. Depending on the country and the hospital, about 4% of patients die before discharge from the
hospital, 15% develop serious postoperative complications, and 5 to 15% of patients are re-
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hospitalized within 30 days. It was calculated that in half of the cases, lethality and serious
postoperative complications could have been prevented [1].

After a comprehensive study of the factors affecting the prolongation of hospitalization and
rehabilitation (Kehlet H., 1997; Kehlet H., Wilmore D., 2002), it was determined that the surgical stress
response is the most significant inducer of dysfunction of various organs and systems. (pain, metabolic
disorders, pulmonary and cardiac dysfunction, gastrointestinal disorders, coagulopathy) [2, 3]. The stress
response is hormonal and metabolic changes that occur after injury (including surgery) or injury. It is
part of the systemic response to trauma, which includes a wide range of endocrine, immunologic, and
hematologic effects. Although it seems that the stress response evolved to help the injured individual
survive by catabolism of its own energy sources, it is now believed that such a response is not necessary
in modern surgery [4]. The main links of the stress response are shown in Figure 1.

secretion of pituitary
hormones

The endocrine link of
the stress response

insulin resistance

cytokine production
Systemic response to

surgery

acute phase reaction,
neutrophilic
leukocytosis

Immunological and
hematological links

Activation of the
sympathetic nervous
system

proliferation of
lymphocytes

Fig. 1. The main links of the stress response. [4]

Now the issue of protecting the patient from surgical trauma and the adequacy of anesthesia
are in the focus of attention of modern scientists [5,6]. Sometimes it seems that no technique can
effectively block all aspects of the trauma response, and therefore the widespread use of the term
stress-free anesthesia in surgery is invalid. So, at present, there is not a single drug or technique that
can fully protect the patient from the occurrence of a stress response to surgical trauma [5].

In order to fully protect patients from surgical aggression, in different years, combined
anesthesia, neuroplegia, potentiated, dissociative, antinociceptive and total intravenous anesthesia,
polynarcosis, and NLA were proposed and used. However, they all have inherent, along with positive
qualities, and certain disadvantages that do not allow to achieve ideal protection of patients. Thus,
narcotic analgesics used in general anesthesia block nerve substrates that maintain a state of vigor, but
leave intact or do not significantly affect the nociceptive sensory system and the processes of integration
of pain reactions. Even with deep anesthesia, a certain part of nociceptive impulses from the surgical
wound can enter the central nervous system and activate the autonomic apparatus, causing multiple
unfavorable changes in the organism of the operated patients, which is regarded as “lack of anesthesia”.

At the beginning of the 20th century, the outstanding physiologist L. Orbeli said that the first
link to which attention should be paid is the pain sensitivity apparatus itself. Limited data indicate that
the quality of postoperative pain relief can affect the outcome of the operation, reducing cardiac,
pulmonary and metabolic complications [7]. It is difficult to separate the contribution of postoperative
pain per se from surgery-induced immunosuppression, and there is little empirical evidence on the
effect of postoperative pain on immune function. In any case, it is obvious that the immune and
nervous systems interact bilaterally and influence each other [8]; therefore, pain relief can affect the
immune response in the postoperative period [9]. That is, if conditions are not created to exclude an
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irritating agent that causes pain, then stress protection cannot be achieved. However, in many cases
this may not be enough, it is necessary to influence the sympathetic nodes. Only by applying an
integrated approach can you achieve favorable results.

Thus, strong, selective and controlled analgesia is at the heart of anesthetic management, the
key to protecting the structure and function of vital systems during and after surgery.

Analysis of numerous literature data allows us to assert that, once it has arisen, the pathological
pain syndrome is not caused by an afferent influx from the irritation zone, but has much more complex
mechanisms. The experience of neurosurgery also shows that by interrupting afferent conduction at any
level of the ascending sensory pathways or by destruction of certain central structures associated with the
integration of pain, it is impossible to fully achieve positive results. Therefore, blockade of nociceptive
impulses and central analgesia alone is probably not enough to prevent overreaction of the sympathetic
nervous system and adrenal glands, as well as adverse reactions from the organs and systems of operated
patients. There is not, and probably will not be, a single drug that provides all the components of general
anesthesia and adequate protection of the patient from surgical aggression. This is possible only when
using multidirectional pharmacological agents. In this regard, it is considered expedient to block
autonomic reactions additionally at the level of effectors. This explains the interest in the use of drugs
that can selectively block efferent pathways and effectively prevent unwanted autonomic and
neuroendocrine reactions to surgical trauma. More complete protection can be obtained by a combination
of general, local anesthesia with stress-protective drugs [10]. Thus, using anesthesia, it is possible to
influence the stress response of the body to surgical trauma by afferent blockade (various options for
local anesthesia), central modulation (general anesthesia) and acting on the endocrine and autonomic
nervous systems (various adjuvant drugs for anesthesia) [11]

The aim of this study was to assess the efficacy and safety of the proposed scheme of stress-
limiting anesthesia in ophthalmic surgical patients with corneal transplantation.

Materials and methods.

The study included 76 patients who underwent corneal transplantation on the basis of the
Dnepropetrovsk Regional Clinical Ophthalmological Hospital. The patients were divided into 2
groups: control (group K) - 45 people and the main (group DB) - 31 people. A description of the
groups is provided in Table 1.

Table 1. Description of study groups (M + m).

Indicator Group K Group DB
Age, years 49,6124 55,5+3,3
Gender (m /1) 26/19 18/13
ASA class 1-2 1-2

Both groups were homogeneous in age and gender.

The applied method of anesthesia in group K was multicomponent balanced anesthesia
according to the following technique: premedication - ondansetron 4 mg, dexamethasone 4 mg,
ketorolac 30 mg, sibazone 10 mg, fentanyl 0.1 mg intramuscularly 40 minutes before the intervention.
Induction with propofol 2-2.5 mg / kg fractionally until clinical symptoms of anesthesia are achieved,
fentanyl 0.005% 0.1 mg. Intubation of the trachea after relaxation against the background of
atracurium besylate 0.3-0.6 mg/kg. Maintenance of anesthesia: oxygen-sevoflurane mixture with
FiO2 50-55%, sevoflurane 1.4-1.8 vol. % on exhalation (1-1.5 minimum alveolar concentrations of
MAC) with a flow of not more than 1 |1/ min. The BIS values were maintained at the level of 30-40,
during the operation, a bolus of fentanyl 0.1 mg intravenously was used when hemodynamic reactions
appeared. Intraoperative monitoring of patients included: non-invasive measurement of blood
pressure, heart rate, pulse oximetry, determination of the concentration of oxygen, carbon dioxide and
inhalation anesthetic in the inhaled and exhaled air, registration of the bispectral index (BIS) in on-line
mode. All patients underwent peripheral vein catheterization, the rate of intraoperative infusion did not
exceed 3-5ml/kg/hour. In the postoperative period, anesthesia was carried out by the planned
administration of ketorolac 30 mg 2 hours after the intervention.

In the DB group, we applied the scheme of stress-limiting anesthesia. Multicomponent balanced
anesthesia was supplemented with blockade of the pterygo-palatine fossa, and dexmedetomidine was
used as an adjuvant. The introduction of the drug was carried out according to the following scheme: for
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premedication, instead of sibazon, dexmedetomidine was used intravenously in a stream at a dose of
0.5 pg / kg for 10 minutes, then the administration of the drug was continued during the operation at a
maintenance dose of 0.5 ug / kg / h in the form of a continuous infusion.

The main criteria for evaluating the results of the study were: hemodynamic stability during
surgery, the number of consumed narcotic analgesics, the severity of postoperative pain syndrome
according to VAS and the incidence of postoperative nausea and vomiting (PONV), and blood was
taken from a peripheral vein to study the parameters characterizing stress response (peripheral blood
leukocytes and glycemia). The fixation of the results was carried out in 4 stages:

1. Beginning of the operation;

2. The most traumatic stage of the intervention ("open sky");

3. End of the operation;

4. 6 hours after surgery.

For statistical processing of the research results, the software package Microsoft Word,
Microsoft Excel and Statistica v 6.1 (Statsoft Inc., USA) (No. AGAR909E415822FA) were used. The
analysis of quantitative data was carried out taking into account the distribution law, assessed by the
Shapiro-Wilk criterion. In the case of a normal distribution, the arithmetic mean (M), standard error
(m), Student's tests for related (T) and unrelated samples (t) were used, in other cases, the median
(Me), interquartile range (25%; 75%) were used., Mann-Whitney test (U). The difference between
comparable values was considered significant at p<0.050 [12].

Results and its discussion.

Table 2. Parameters of hemodynamics and gas exchange in patients in the study groups, (M £ m)

. St_age/ Star't Open skies stage End of operation After 6 hou_rs
indicator operations after operation
K DB K DB K DB K DB

MiPHg 80,6+2,2 | 69,0+2.0 | 68,8+1,9 | 60,2+1,7 | 68,0+2,1 | 57,5+1,4 | 87,5+£1,6 | 81,3£2,2
p 0,095 0,096 0,954 0,172
HR . 72,8+1,9 | 61,3+£1,9 | 68,3+2,2 | 58,0+£1,8 | 68,7+2,0 | 55,9+1,7 | 75,2+1,5 | 68,7£1,6
beats/min
p 0,986 0,850 0,805 0,971
SpO2, % 98+0,2 | 98,7£0,2 | 98,7+0,2 | 98,5+1,8 | 98,4+0,3 | 98,2+0,3 - -
p 0,943 0,860 0,994
EtCO,

32,2+0,6 | 30,1+0,6 | 33,5+0,6 | 31,1+0,7 | 35,8+0,6 | 33,2+0,8 - -
MM PT.CT.
p 0,597 0,414 0,093

The indices of hemodynamics and gas exchange at the stages of the study are shown in Table
2. Based on the data in the table, it can be seen that both schemes of anesthetic management allowed
keeping the basic vital signs within the normal range.

Before and at the beginning of surgery (stages 2 and 3), the glucose level in both groups was
practically the same, glucose 2 in group K was 5.36 = 0.2, in the DB group 5.27 + 0.09 (p = 0.750 Mann-
Whitney test), glucose 3 - 5.64 +0.23 and 5.57 = 0.09, respectively (p = 0.819 according to Mann-
Whitney test). However, at the “open skies” stage (stage 4), the glucose level in the control group was
higher than the glucose level in the stress-limiting anesthesia group, 6.37 +0.27 versus 5.71+0.12
(p =0.043 according to Mann's test). Whitney). A similar trend persisted 6:00 after the end of the
operation, when the glucose level in the control group was statistically significantly higher than in the
DB group, 7.72 + 0.6 versus 5.86 £ 0.17 (p = 0.005 according to Mann's test -Whitney). This may
indicate a more pronounced tension of the endocrine-metabolic link of the surgical stress response in
group K compared with group DB. Figure 3 shows the dynamics of the level of leukocytes.
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Glycemic dynamics in study groups
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Fig. 2 shows the dynamics of blood glucose levels in the studied groups.
Note: * - p<0.05 according to the Mann-Whitney test.

Dynamics of leukocytosis in the
study groups
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Fig. 3. Dynamics of the level of leukocytes in the study groups
Note: * - p<0.05 according to the Mann-Whitney test.

The figure above shows that the preoperative level of blood leukocytes in the stress-limiting
anesthesia group slightly exceeded the level in the control group, 8.61 + 0.50 versus 7.25 + 0.52, but
no statistically significant difference was found (p = 0.960 by Mann-Whitney test). At the most
traumatic stage of the intervention, there was a decrease in the level of leukocytes in both groups:
group K - 6.25 + 0.52, group DB - 7.05 £ 0.47 (p = 0.790 according to the Mann-Whitney criterion),
which is possibly associated with exposure to on the body of general anesthesia. 6 hours after the
operation, the level of leukocytes in the control group crossed the normal limit and amounted to
9.21 + 0.65, while in the stress-limiting anesthesia group, the level of leukocytes remained within the
normal range (8.1+0.47) and even decreased in compared with the preoperative level (p =0.026
according to the Mann-Whitney test). Such changes in the leukocyte formula may indicate a greater
severity of the inflammatory component of the operational stress response in the control group
compared to the stress-limiting anesthesia group.

When analyzing the severity of postoperative pain, it was found that immediately after
awakening, patients in both groups did not experience any discomfort associated with pain. 2 hours after
surgery, patients in both groups experienced minor pain within 1-2 points according to VAS, which is
quite acceptable in the postoperative period. However, already 6 hours after the intervention, despite the
planned administration of ketorolac, the control group patients complained of severe pain, on average
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6 + 0.41 points on the VAS, which could indicate insufficient pain control in the postoperative period and
required local blockade anesthetics, and in some cases even the introduction of narcotic pain medications.
Whereas in the stress-limiting anesthesia group, pain remained mild and no additional anesthesia was
required. The next morning, in the control group, the pain level decreased to 4 points, while the patients in
the main group no longer experienced any discomfort associated with postoperative pain.

An expression of pain on the VAS

p<0,05

p<0,05

VAS, points
(V8]

1 2 3 4

Fig. 4. The severity of pain according to VAS in the study groups
Note: p<0.05 according to the Mann-Whitney test.

Conclusions.

1. The use of stress-limiting anesthesia in patients with corneal transplantation is safe and does not
cause pronounced fluctuations in hemodynamic and gas exchange parameters in the intraoperative period.

2. The addition of the pterygo-palatine fossa block and the drug dexmedetomidine to the
anesthesia scheme allows more reliable control of the operational stress response in ophthalmic
surgical patients.

3. The scheme of stress-limiting anesthesia allows to control postoperative pain without
additional use of narcotic analgesics and blockades in the postoperative period.
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One of the businesses that has been severely affected by the pandemic is
the hotel business. More than 75% of which suffered significant revenue
cuts and 46% of hotels and restaurants had to lay off staff in full.

There are 262 accommodation facilities in Imereti, where 1179 people are
employed. Studies have shown that the number of employees in all hotels
has been significantly reduced, while 10% of small hotels have closed
altogether. Overall, from the first wave of the pandemic to the survey period,
65.8% of hotel staff were laid off (free leave was granted): small hotels
reduced service staff by 71%, medium-sized hotels by an average of 65%.
Hotel revenue for the first 10 months of 2020 decreased significantly
compared to the same period in 2019 (reduced by 75%).

It was found that due to delays caused by the coronavirus, additional
financial resources were needed to save the business and 34% of the hotels
applied to financial institutions.

The state is trying to support small and medium-sized businesses with
measures such as deferral of rent, subsidies, deferral of taxes.

Quarantine zones and coveted hotels were opened in a number of hotels,
which helped maintain employment and income for sector representatives
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Introduction. The coronavirus (Covid-19) pandemic is the global health crisis of our time.
Since its appearance late last year, the virus has spread to all continents except Antarctica. The
incidence of the disease is increasing daily in Africa and South America, and Europe has become the
epicenter of the virus. Every day people lose their jobs and income. They do not know when the world
will return to normal life. The World Health Organization estimates that 25 million jobs could be lost.

According to the World Tourism Organization, 2020 was the worst year in the history of
tourism: the international tourism industry suffered an estimated loss of $ 1.3 trillion, with 1 billion
fewer visitors to various destinations around the world than in 2019, with international traffic down
74%. The crisis has put between 100 and 120 million direct tourism jobs at risk, most of them in small
and medium-sized enterprises. (UNWTO World Tourism Barometer, 2021).
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Tourism has a significant impact on the Georgian economy and social life. Revenues from
tourism in 2019 amounted to 3527 million GEL, including accommodation enterprises - 1314 million
GEL, which is 37% of revenues (National Statistics Office of Georgia, 2021). This figure will be
reduced by almost 90% in 2020.

One of the businesses that has been severely affected by the pandemic is the hotel business.
After Georgia closed its borders, hotel owners relied on domestic tourism, but after declaring self-
isolation, it became more difficult for them. One part of the hotels could not withstand the conditions
and closed; others continued to struggle. "Most affected were hotels and restaurants, more than 75% of
which suffered significant revenue cuts" and "46% of hotels and restaurants had to be completely
(100%) laid off" (1, Georgian companies facing Covid-19 pandemic, 2020).

As long as Georgia's borders are closed and the country's population is in self-isolation, hotel
owners are looking for ways to support their business. So far, no data are available on the maintenance
of hotels during the pandemic.

There are hotels that are open to receive doctors, volunteers, business travelers. Some hotels
are used as quarantine zones, others as a coveted hotel since the onset of the second wave of the
pandemic, to receive individuals who have a mild form of coveted infection.

The research is due to the lack of information about what damage the pandemic has caused to
the hotel business in Imereti and what its development prospects are.

The survey was conducted in December 2020 using the online survey method.

Hotel Business and Employment. Imereti has a total of 262 accommodation facilities (3181
rooms and 7716 beds), of which the largest share - 42.4% with the number of rooms with five or less
and the smallest - 12.6% with 21 or more rooms. These are mainly family hotels, which are created on
the basis of existing residential houses (especially in Kutaisi) and have become a source of good
income. Imereti has the largest share of this type of accommodation in Georgia (see Table 1).

Table 1. Accommodation facilities by number of rooms

Region Five and less 6-10 rooms 11-20 rooms 21 and more
Georgia 980 704 543 480
Imereti 111 70 48 33

Source: Georgian National Statistics Office (2020)

According to the National Statistics Office of Georgia, more than 3.5% of the total number of
employees in the country come from hotels and restaurants, and on average 44.2% of employees in
accommodation and catering enterprises come from hotels (Georgian National Statistics Office 2020).

The number of employees in the enterprises engaged in providing accommodation in Imereti in
2019 was 1179 people, which is 8.2% more than the previous year, and in 2020 these data decreased
sharply to about 700 people or decreased by 40.3% (Georgian National Statistics Office 2020).

The dynamics of employees in enterprises engaged in the provision of accommodation and food
delivery activities in 2017-2019 are given in the table (see Table 2). According to these data, 1.6% of
employees in Imereti are employed in hotels and restaurants (hotel - 0.7%), the number of employees in
Imereti (157,204 thousand people) is 12% of employees in Georgia (1286.9 thousand people).

Table 2. Number of employees in enterprises engaged in the provision of accommodation and
food delivery activities in 2017-2019

2017 2018 2019 Average | 2020 1st | 2020 2nd
quarter | quarter
1 2 3 4 5 6 7

Total employees in Georgia 1,286.9] 1,296.2 | 1,295.9 1293
Number of employees in enterprises | 42154 | 45,663 48634 45484 38661 30215
engaged in the provision of
accommodation and food delivery
activities, total person
Including the provision of 17507 | 20293 22632 20144 15484 12149
accommodation,
Total employed, in Imereti, person | 157204 | 164824 | 156548 | 159525
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Continuation of table 2.

Among them, the number of 2,730 2,451 2,536 2572 2045 2045
employees in the enterprises
engaged in the provision of
accommodation and food delivery
activities, in total

Employed in accommodation 1134 1089 1180 1134
enterprises, person
Percentage of employees in 4153 | 44.44 46.54 44.1

accommodation enterprises from
the number of people engaged in
accommaodation and food delivery
activities

Source: Data from the National Statistics Office of Georgia, 2020
Research Results.
Thirteen hotels (5% selectively) participated in the study. If the study was representative, 8

guest rooms with a range of 5 to 10 were surveyed, 2-2 hotels with a number of rooms of 11-20 and 21
and more, respectively (see Figure 1).

70%
60%
50%
40%
30%
20%

10%

0%
5-10 11-20 21 and over

Fig. 1. Hotels participating in the study by number of rooms

Studies have shown that the number of employees in all hotels has been significantly reduced,
while 10% of small hotels have closed altogether. Overall, from the first wave of the pandemic to the
survey period, 65.8% of hotel staff were laid off (free leave was granted): small hotels reduced service
staff by 71%, medium-sized hotels by an average of 65%.

The average hotel occupancy before the pandemic was 85.8%, 17% of hotels failed to resume
operations after the first wave of the pandemic, and 33% of hotels closed after the second wave, with
small hotel occupations ranging from 10% to 20% and medium hotels 20-30%.

Therefore, the revenue of hotels for the first 10 months of 2020 has significantly decreased
compared to the same period of 2019 (reduced by 75%).

It was found that due to the delays caused by the coronavirus, additional financial resources
were needed to save the business and 34% of the hotels applied to the financial institutions, 17%
refused and 16.6% did not need it, the rest have not applied yet, but they intend to.

Although staff salaries were reduced in some hotels, the majority of respondents indicated that
they needed additional funding to pay their salaries, as they said that the revenues could not cover
(reimburse) the payroll as well as other existing obligations (see Figure 2).
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M To fulfill other existing
obligations

M to pay salaries

Fig. 2. The need for additional funding

It is noteworthy that after the first wave of the pandemic, the hotels that underwent inspections
in compliance with mandatory safety recommendations, compliance with international norms and
WHO standards, gradually resumed operation throughout the country.

After the lifting of the pandemic restrictions in Imereti, as mentioned above, 83% of the
hotels were opened and thanks to the activation of domestic tourism and business people in the
region, the average occupancy of these hotels was up to 40% before the second wave of the
pandemic. Their average workload for the study period is 20% and this is mainly at the expense of
people on a business trip to Imereti.

B Domestic tourists

B On a business visit to Imereti,
domestic tourists

B On a business visit to Imereti

Fig. 3. Hotel guests

Respondents noted that before the pandemic, the geography of visitors was quite wide: Russia,
Ukraine, Israel, Azerbaijan, Turkey, Armenia, Kazakhstan, Belarus, Saudi Arabia, Latvia, Lithuania,
Poland, Germany, Czech Republic, Netherlands, Sweden, France, Italy. Japan.

And now the majority of visitors are domestic tourists: families, friends, co-workers who have
been trying to get out of town on weekends to places with open spaces, views, good cuisine and
recreation areas (Khasaia, 2020).

Since the beginning of the second wave of the pandemic, the state has rented a total of 33
hotels and arranged cove hotels there, a total of 6 cove hotels in Imereti (Kutaisi and Tskaltubo)
(https://lwww.moh.gov.ge/), including one survey participant.

Covid Hotels and other steps to save business.

The state is trying to support small and medium-sized businesses with measures such as
deferral of rent, subsidies, deferral of taxes.
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"In order to reduce the risks to the health of the population and the spread of infection, the
government has begun to establish quarantine areas, which to date provide temporary isolation of
persons belonging to risk groups"” (Report of the Government of Georgia against Kovid-19).

When selecting hotels for quarantine zones, priority was given to airports close to airports and
border checkpoints, as well as accommodation facilities away from densely populated areas in the
capital and different regions of the country. As well as the necessary infrastructure and services
(including three meals a day).

The government provided transportation of citizens from the borders to the hotel. In the case
of long distances, food delivery was ensured in transport. Also, the hotel staff was provided with
special medical equipment and other necessary activities were carried out. 200 hotels participated in
the project, including 56% small, 33% medium and 11% large (Georgian National Tourism
Administration, 2020).

An average of 69-77% of the rooms were constantly occupied. A single tariff was set for all
hotels - 59 GEL (including VAT), of which 25 GEL for three meals a day. This has helped to maintain
jobs and incomes for sector representatives as well as people employed in the sector.

The existence of quarantine zones contributed also to the financial support of the
representatives of such fields as: transport service, catering and food distribution, production of local
agricultural products, etc. The state budget spent for quarantine zones is 32.5 million GEL (Report of
the Government of Georgia against Kovid-19, 2020, p. 34).

Analysis of current events in the world has clearly shown that even the health systems of
developed countries in the face of a pandemic face the greatest challenge. Accordingly, the preparation
of the Georgian healthcare system and the prevention of possible collapse caused by its reset was
identified as a critical priority of the government at an early stage. To achieve this, it was necessary to
move the healthcare system to a pandemic regime.

Almost a month after the first case of the new coronavirus was confirmed in Georgia, the
country faced a new challenge. Along with the cluster spread of intense infection, a new threat has
emerged - the threat of uncontrolled internal spread of the virus, during which it is impossible to trace
the primary source of infection and therefore take the necessary preventive measures to isolate,
maximize and track existing and potential contacts.

Therefore, the Ministry of Health of Georgia has developed a detailed treatment plan for the
mildly infected. According to the plan, severe cases are treated in a hospital, relatively mild cases
(asymptomatic) - the so-called. In "Covid-hotels™ and treatment of light cases - in a place of residence
where there are appropriate conditions. Where there are no proper conditions, "Kovid-hotels" are used.

The medical component has been strengthened in coveted hotels, in the process of managing
light patients who continue treatment at home, family doctors from insurance companies have also
been involved. "There is also a" Central Online Clinic "which systematically monitors the homes of
patients and those in contact with those in self-isolation, and in case of aggravation of the situation,
appropriate response” (Covid-Hotels. Bisness Media Georgia, 2020).

Thus, in so-called cove hotels, this is a somewhat intermediate stage between hospital and
home treatment. A patient who is in a mild clinical condition, in the age group of 19 to 65 years, does
not have any chronic comorbid disease that could complicate the coronavirus and worsen his
condition, will be transferred to the so-called. Covid Hotel, where he will continue medical
supervision, since in practice, in such a case, the patient does not even need active medical
intervention. He needs isolation, calm. These conditions are created in Covid hotels.

Other business support measures include subsidizing the loan interest used by 2,200 hotels, as well
as property tax exemptions by 2021, deferring income taxes by 6 months, and so on (Murusidze, 2020).

It is also noteworthy that the Ministry of Economy and Sustainable Development, the National
Tourism Administration, has launched a new project - "Hotel Support Program 2020" to support the
small and medium tourism private sector. Within the framework of the project, the owners of small
and medium-sized accommodation (maximum 20 rooms) in Imereti or Guria regions had the
opportunity to master the skills of managing an online sales platform, "Knowledge Development
Services, better formation and promotion of tourism offer - one of the largest tourist destinations in the
world. Using the booking.com website platform ”(Georgian National Tourism Administration, 2020).
There are 229 such accommodation facilities in Imereti.
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Conclusions. Despite the pessimistic forecasts, hotel owners are trying to see the positive in
the created situation. Many believe that after the crisis, new opportunities will open up and it will be
easier / cheaper to open new facilities. While part of the hotels are waiting for help from the state, the
other part is trying to act independently and try to save the business by reducing costs and staff. Some
managed to get a payday loan with zero interest.

In the long run, the demand for travel will increase, as if we look at the trends of the last ten
years, tourism has become an integral part of our lives. Many believe that the main obstacle is closed
air traffic. We can talk about sorting out the situation only after removing the self-isolation and fully
opening the boundaries.

People will start traveling when all restrictions are lifted and infrastructure is fully restored
(including museums, cultural parks, theaters, galleries, attractions, etc.).

Georgia will resume domestic and international tourism in compliance with mandatory safety
recommendations, in line with international norms and WHO standards. Implementing the relevant
recommendations and protocol standards created for the tourism industry (hotels, restaurants,
transport, travel companies and guides) ensures the safety of both international visitors and locals.
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BBenenue. OJHOPOMHOCT HW3MEPSEMBIX TAPAMETPOB B 3HAYUTENILHOW Mepe OmpesenseT
XapakTep MOJyYeHHBIX Pe3yJIbTaTOB, YTO MOXKET CTaTh MPHINHON JJaOOPaTOPHOTO CMEIIIEHHS, 110 TIPUYHHE
HE/IOCTATOYHOM JT0CTOBepHOCTH. [103TOMY NpM TpOBEACHUM KBaTM(HKAIMOHHBIX WCIBITAHHN OICHKA
CTaHJAPTHOTO OTKJIOHEHHS OJTHOPOHOCTH KOHTPOJILHOTO 00pa3ia MPUHAMAET PEIIAFOIIYIO POJIb.

OcHoBHast 4YacTh. KpuTepum OLEHKHM OJHOPOJHOCTH OCHOBaHO Ha CpaBHEHHU
MEXKIK3EMIUIIPHOTO CTAaHJAPTHOTO OTKJIOHEHUS! Sg CO CTaHJApTHOM HEONpeneNEHHOCTHIO OLIEHKH
KOMIIETEHTHOCTH O, TaK 4TOOBI yIOBJIETBOPSIIOCH YCIOBHE

S <030 (1)

Koa¢pdpuument 0,3 ykaspiBaeT, 4TO NpPU YIOBICTBOPSCHUH KPUTEPHUS, MEKIKIEMIUIIPHOES
CTaHJApTHOE OTKJIOHEHHWE HE TPEBBICUT 3HAUCHHs CTAaHIAPTHOH HEONpPEAEIEHHOCTH OLEHKH
KoMIieTeHTHOCTH OoJee uem Ha 10% [1, 2].

VY noBiIeTBOpEHNE KPUTEPHS JAHHOW BEIMYMHBI ¢ OOJBIION BEPOSITHOCTHIO 00ECTIEYMBAET, YTO
B MEXJIa0OPaTOPHBIX KBATH(DUKAIIMOHHBIX HMCIBITAHUAX PE3yJIbTaThl TECTUPOBAHMS YYaCTBYIOLIHMX
naabopaTopuii OynyT B Tpenenax JONYCTUMBIX TPaHMI] W KPUTEPUH OLECHKH KOMIIETEHTHOCTH
nabopaTopuu OCTaHETCs B MpejiesiaX 00bEKTUBHON OICHKH.

PaccMoTpuM  TIpEIJIOKEHHYIO METONUKY Ha MpUMEpe aHaiu3a JeleHUs 1o  (pakimsam
CTPOMTENILHOTO TpaBus (TlecKa), KOTOPBIA ocylIecTBisieTcs cornacHo crangapram ASTM 136-14, TOCT
8269,0-97, rme uccinemyemasl mpoda ICIUTCS Ha JBE MOPLMH, KaKAas IMOJBEPracTCs MHOTOKPATHBIM
M3MEPEHHUSIM, U 110 pe3yJIbTaTaM U3MEPEHHUIT IIPOBOANTCS CTaTUCTHYECKast 00paboTKa TaHHBIX [2].
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JlaHHBIE JUIS OLIEHKH OJHOPOIXHOCTH UMEIOT BUJL Xy

t — cootBercTByeT mpode (t=1,2 -+ g);

k - cootBeTcTBYeT Uccneayemoit nmopimu (K = 1,2).

ITo pe3ysbpTaTaM JaHHBIX JABYX MOPLUH ONPEICISIOT CPEHEE 3HAUCHHE TTPOO

%, = (xe1 + x¢2)

rae

)
Y TMAaIa30H aMIDTUTY bl
W = |xt,1 - xt,Zl ; 3
Taxoke BEIYUCIIIOT o01Iee cpeaHeaprudmernaeckoe mpood 1o MOPIHsIM
_ X
X=X t/ g (4)
U €T0 CTaHAapTHOE OTKIIOHCHUE
Y
S. = (xt - x) 5
* \/ 2 -1 ©)

Heo6xonumo Takke BBIYUCIUTH CTAaHAAPTHOE OTKJIOHEHHE MEXIy MpobaMy Ui 4Yero criepsa
HaXOJT Cpe/lHee 3HaUeHUe Tuana3zoHa aMIUIuTY T
— wt
Wt = Z ? (6)
IJIe: M YUCIO MapauieNbHBIX Ha0mojeHuit (n = 10), B TOCIEACTBHM HAXOIAT CTaHAAPTHOE

OTKJIOHEHHE MekKIy MpoOaMd M CTaHAAPTHYIO HEONPENENEHHOCTh, TJle CyMMHUpoBaHue Y, W7
MPOU3BOJUTCS MO0 CyMME KBapaToOB JHana3oHa aMiumTya npoo6 (t=1,2 ...g)

5= [E, )

[pumeuanne. C nemnpio momydeHus 6ojiee TOUHBIX PE3yJIbTATOB BEIYMUCIICHUS JJIs1 HAXO0XKICHHS
CTaHJAPTHOTO OTKJIOHEHHSI UCIIOJIb3YEeM KJIACCHUECKUI METO BBIUUCICHHUS IO GopMyIie

W, — W,)? /
S = ( t t 7I
v \/ 2 (g-1) "
ITocne BeIUUCTAIOT MEXKIKZEMIUIIPHOE CTAHIAPTHOE OTKIOHEHUE
S2
S = w/5;% -/, ®8)

PesysabTaThl HccaegoBaHus. lccienoBaHHe M BBIYMCIIEHHE CTAHIAPTHOTO OTKIOHEHHS
KOMIICTEHTHOCTH O TPOM3BOAUTCS Ha OCHOBE MPOBEICHHBIX MHOTOKPaTHBIX u3MepeHuid [1, 2].
Pacuer cTaHZAapTHOrO OTKJIOHEHMS KOMIETEHTHOCTH O Ui KOHKPETHOTO  pe3yJibTara
Mex1abopaTopHbIX HcmbiTanuii [2] mpoBemennoro B Mapte 2020 roma B ['py3um mnposaiiiepoM
npodeccuonanbaoro tectupoBanus (PT) mpeacrasnser npunucHoe 3HaY€HHE, KOTOPOE ONpPENETICHO
JUTsE BBIOOPKH 1 coctaBmio 6 = 10,012 kg.

W3 mnoxarotoBiaeHHBIX M pacGacoBaHHBIX, A MEXIadopaTopHbIX wucnbiTanud  10-n
KWJIOrPaMMOBBIX NPoO TpaBus (IlecKa) B NPOHYMEPOBAaHHBIX B MEIIKAaX C OOIIEM KOJIMYECTBOM 25
MEIIKOB B CIIy4aifHOM mopsake Obuth BhIOpaHbl 5 memkoB (20%) Ha mpumep Nel Ne7, Neld, Nel7,
Ne21. B kakiaom Mernke aen€HabiMU 110 topiwsM (1-2) B mpoGe BoiaesitoT Gpakmuu 19, 14, 12,5,
<12,5 (MM) myTem AecATUKPATHBIX mpoceuBanun (n3mepenuii) [3]. TIo 3TUM JaHHBIM PACCYUTHIBAIOT
cpeaHee apu(METHUECKOE M CTaHAAPTHOE OTKJIOHEHHE MOPLUUH M P00, a TakkKe 3HAYCHHS MEX
npoOHOTO cpeHeapu(PMETHUECKOTO U CTaHJAPTHOTO OTKIJIOHEHHS I10 BhICIIEE YKa3aHHBIM (opMyliamMm
(2-8). OxoHvaTenbHBIE CyMMapHbIE Pe3yJIbTaThl BEIYMCICHHHN TTOKa3aHbl 1 Ta0uI. 1.

Tabmmma 1.
Mermoxk 1 Merok 7 Merok 14 Meitoxk 17 Merok 21
[MapameTp BbIUKCIICHHS |(PpAKIHsT (k) (k) (k) (k) (k)
Obuee cpearce £=0108 | £=01175 | £=0125 | x=011 £ =01
3HAaYCHUE BHIOOPKH
CrannapTHOE
OTKJIOHEHHUE 00IIUX S, =0,006 | S, =0,0044 | S, =0,0064 S, =0,005 S, =0,005
CPEIHUX BBIOOPKH 19mm
MEXIPOOHOE CTaHIapT- _ _ _ _ _
HO® OTKITOHEHME Sw=0,00075|Sy, =0,00052| S, =0,0011 | Sy, =0,0007 | S, =0,00035
— 10/ -

Mesxorsemmiaproe S, =0,00597| $,=0,00438 |, =1.6-10-6 |s, =2.5- 10-5|5s = 2:4910°(5)
CTaH/IAPTHOE OTKJIOHEHHUE
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OO0cy:xaenue pe3yJbTaToOB.
C moMmoInkio 3HaYeHNH PUBENEHHBIX B Ta0J. 1 MOXKHO paccuUTaTh KPUTEPUU OJTHOPOJTHOCTH
po0 19 MMm-oit paktuii mis memka 1.
Ss19 <0,3019 S¢19 = 0,28-107°%; &, = 0,012.

Kpurepun onnopognoctu 0,00597 < 0,3-0,012 = 0,0036 He ymoBieTBOpsieT TpeOOBaHUS
kputepus (1).
3axaouenue. O6pa3ier 19 MM-0it poOBI TS MeTka | HeOTHOPOAHbIE.
[To moy4eHHBIM JaHHBIM POBEPUM KPHUTEPHH OJTHOPOAHOCTH oOpasma 19 mm-oii dpaxium,
UCIBITyEMOro Meuka 14.
Si14 <0,354 S¢14 =1.6-107°%, 6, =0,012.

Kpurepuii omnopoanoctu 1.6-107° < 0,3:0,012 = 0.0036 ynosneTBopseT TpeGOBaHHUs
kputepus (1).

3axmouenue. O6pasusl 19 MM-0it TpoOkI U1 Memka 14 oqHopoaHbIE.

AHaJIOrMYHO MO 3TOW CXEMe MPOBEPSETCs MOKa3aTear OJHOPOJHOCTH Ui BCEX MEIIKOB IS
BcexX (ppakuuii.

[IpoBaiinepy npuaércsi NPOBECTH KOPPEKTHUPYIOIINE MEPONPHATUS Ui MPOO KOHTPOJIBHOTO
o0pasua, KOTopble He YJOBJIETBOPSIOT KPUTEPUSIM OJHOPOJHOCTH B JaHHOM ciiydae ajist 19 mMMm-oit
b paxmm.

BoiBoabl. B cratbe Ha mNpakTHYECKOM IPUMEPE PpPaccMaTpUBaeTCS METOJMKA OLECHKH
OJTHOPOAHOCTH PE3YJIbTAaTOB UCTBITAHUI AJISl IOJATOTOBKH KOHTPOJILHOTO 00pa3iia MexnabopaTOpHBIX
KBaJTM(PUKAUOHHBIX UCTIBITAHUH, YTO SBJISETCS OJHOH W3 KIIOUEBBIX MOMEHTOB IIPH OIpPEICTICHHU
CTaTyca KOHTPOJILHOTO 00pasia.

Urnopuposanue 3Toro TpeOOBaHUS MOXKET IPUBECTH K OIIMOOYHBIM BBIBOJIAM JUIsl HEKOTOPBIX
nabopaTtopuii, ydyacTBYIOIIMX B MEXJIA0OPAaTOPHBIX HCIBITAHUAX, O HEOOXOJUMOCTH TPUHSITHS
KOPPEKTUPYIOLIUX ICUCTBUM.

[Ipemio’xkeHO W NpakTUYECKH OOOCHOBAHO NPEUMYIIECTBO HCIOJIb30BAHUS KIACCHUYECKON
dopMynbl UIA  pacdeTa CTaHAAPTHOTO OTKJIOHEHUS MeXIy oOpaslamMu II0 CpPaBHEHHIO C
MpeJIaraeMbIM METO/IOM.
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BBeaenme. Kpucrammuzarop (puc.l) npencrasnser coboil onnH u3 Hauboee BaXKHBIX Y3IIOB,
OTIpENIeIIIONINX paluoHanbHyl0 pabory MHJI3 u onTuManbHOE KadecTBO HENPEPHIBHOJUTOMN
3arOTOBKH.

Kpucrannuzatop BeImonHAeT (PyHKIIUIO IpHeMa KUIKOTO MeTajlia, MOMaJaolero B Hero u3
MIPOMEKYTOYHOTO KOBIIIA, & TAKKE IIEPEBOJA YACTH KHUIKON CTaJIU B TBEPAOE COCTOSIHUE TOCPEACTBOM
0TBOJIa TeIUIa OXJaxaromeil Bogoi. [Ipyn 3ToM B KpUCTaJUIM3aTOPE MPOUCXOIUT HOPMOOOPA30BaHUE
3arotoBku. B xome mpebbBanms Metaimia B Kpuctamwtuzatope oT HJI3 orBoamtcs ot 15% mo 35%
Bcero Teruia [1, 2], koTopoe akKyMyJIupOBaHO METaJLIOM.
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Puc. 1. l'unvzoewviii kpucmanruzamop copmosoi MHJI3 OAO «EM3» (8 coope)
1 — cmanvhoil koxcyx; 2 — Opoccenvroe yempoucmeo, 015 pAcnpeOeneHUst CMA3Ku (Macio) no Spamam
eunb3vl, 3, 7 — HUNCHSSL U 8EPXHSISL KDIUUKA KPUCIATIUZAMOPA C YWIOMHEHUAMU, 4 —
noooepoicusaiowgue poauxu, 5 — koarekmopa I1-i cexyuu 3BO, 6 — nodeoodswuti 600y nampybox

Puc. 2. Jlemanu kpucmaniuzamopa (eunvsa ¢ obeyaiikoi 6 coope)
1 — meonas cunvsza; 2 — obeuaiixa

Y CoBepIIEHCTBOBAHUE KOHCTPYKIMU KPUCTAILIU3ATOPOB OXBATHIBAET METOABI ONTUMM3ALUU
TEIIOOTBOZA W YIPABJICHUS OJHOPOJHOCTHIO TOJIMUHBI 3aTBEpAEBAIONICH OOOJIOYKH CITUTKA,
(hopmupyrOlIEHcs B KPUCTAIUTH3AaTOPE; MPEOTBpalicHUs jJedopMalui THIb3bl KPUCTAIM3aTopa B
nporiecce SKCIUTyaTallid; YBEJIWYCHUS] CPOKa CIY»KObl THIB3BI, ONEPAaTHBHOE W3MEHECHUE CEYCHUS
3arOTOBKH U TIp.
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Kpucrannusarop npeacraBiser co00i BOJOOXIIAKAAEMYIO IIPOTOYHYIO THIIB3Y 1 (pUCYHOK 2)
U, CIIeIOBaTeIbHO, MaTepuall, U3 KOTOPOrO OHA M3TOTaBJIMWBACTCS, JODKEH OBITh TEIUIONPOBOAHBIM.
[TosTOMY 47151 M3TOTOBJICHUS THIIB3 UCIIOJIB3YETCSl MEb, CIUIAB MEIU C CepeOpOM WIIM CIUIaB MEAH C
XpOMOM M LUPKOHHEM, KOTOpBIE OOECIEYMBAIOT BBICOKYI0 HHTEHCHBHOCTh OTBOJA TEIUIA OT
nmoBepxuoctu HJI3.

Bce KoHCTpYKIMH KPUCTAIIM3aTOPOB MOKHO OOBETUHNUTE B TPH OOJBIINE TPYIIEL: OJOYHEIE,
THIIB30BEBIE M cOOpHBIE. Bee oHM B 3aBUCcUMOCTH 0T (hopMBI TexHOIorndeckoir ocu MHJI3 moryT ObITh
NPSAMOJTUHEHHBIMH U PaAHATbHBIMU.

brounble KpUCTAIM3aTOPBI H3rOTABIMBAIOTCS U3 LIETIbHOKATAHHBIX MIIH JIMTBIX MEJHBIX OJIOKOB €
TormmuHOW creHoK 150...175MM. B cTeHKax mNpOCBEpIICHBI OTBEPCTHS, IO KOTOPHIM TIPOXOIWT
oxXJaxnamomas  Boja. Kpuctamimzaroppl  Takoro - TUNAa  XapakTEpU3YHOTCS — CPaBHUTEIIBHOMN
JIOJITOBEYHOCTBIO, OTCYTCTBUE CTBIKOB MEXIy CTEHKaMH OOECleYrBaeT JOCTATOYHO BBICOKYIO
HaJIeKHOCTh WX B pabote. B To ke BpeMsi OHM OpPOrH B M3rOTOBJIEHHMH. B mporecce skciutyatanuu B
TaKOM MOHOJIUTHOH KOHCTPYKIMH BO3HMKAIOT TEPMHUYECKHE HAIPSDKEHUS, BBI3BIBAIONINE AehopMaliin
CTEHOK W 00pa3oBaHHME B HHUX TpemH (OCOOEHHO MO yriam). Bce B KOHEYHOM HWTOTE CHIDKAET
npousBogurenbHocts MHII3 n yxynaet kadyectso HJI3. PEeMOHT TakuxX KpUCTaJLIM3aTOPOB 3aTpyIHEH. B
HACTOsILIEeE BPeMs B MACCOBBIX ITPOMBIIIIEHHBIX MacIITa0aX TaKUe KPUCTAIUIN3ATOPbI HE IPUMEHSIOTCS.

['Mp30BBIE  KPUCTAIM3ATOPHl W3TOTABIUBAIOTCA W3 IECNBHOTSIHYTBHIX MEIHBIX Tpyo C
tomuuHON cteHku 10...20 mm. W3 TpyOHOH 3aroTOBKM pa3iMYHBIMH METOAaMU OOpabOTKH MeTalia
JABJICHHEM TIOJIYYaloT JeTalb C 3aJaHHBIM MPO(UIIeM MOIEePEeYHOro CeYeHUs], Ha3bIBAEMYIO THIIB30i,
KOTOpasi W SABISETCS BHYTpPEHHEW pabodeil CTeHKON KpucTamumzaropa. Oxiaxmaromasi BoAa C
BBICOKOH CKOPOCTBHIO (cBbIMIe 12 M/c [2]) ABMKETCS MEXKITY KOPITyCOM W THIIB30H 10 3a30py MIUPHHON
3...5 MM, obecrieuriBasi MHTEHCUBHBIN W PaBHOMEPHBIA OTBOJ] TEIDIOTEL. Heo0XoanMo OTMETHTB, 9TO
KOpOoOJIeHUE THIIB3bI IPEIOTBPAIACTCS TAKKE YCTPOHCTBOM pedep JKEeCTKOCTH.

['mip30BBIE  KPUCTAIUIM3ATOPHl  TMOJNYYHJIM IIMPOKOe pacmpocTpaHenune Ha MHII3,
OTJIMBAIOLINX CPaBHUTEIHHO HEOONBIIME MO CEYCHHIO COPTOBBIE 3arOTOBKH TPEHMYIECTBEHHO
KBaJpaTHOTO CEYEHHSI ¢ MaKCHUMAaIbHBIM pa3mepoMm cTtopoH 180 — 200 MM, a Takxe Ui OTJIUBKH
KPYIJIBIX, MOJIBIX U ApYTrux npoduieil. boapmmum 10CTOMHCTBOM TaKUX KPUCTAILIM3aTOPOB SIBISIETCS
BO3MOXXKHOCTb JIOCTHKEHHS! BBICOKMX CKOpPOCTEH pa3iMBKM BCJIEACTBHE OOJBIION HHTEHCHBHOCTH
TEIUIOOTBOJA 4Yepe3 TOHKHUE CTEHKH THIIb3bl, OTCYTCTBUS CTHIKOB B paOouell MOBEPXHOCTH CTEHKHU,
KOTOpBIE YacTO SIBJIAIOTCS IPUYMHON 3aBUCAHHS CIUTKA, HEOOJBIIOTO pacxo/ia MeJ, JISTKOH 3aMEeHEI
M3HOIIEHHBIX TWIb3, a TaKXe MPOCTOTa KOHCTPYKIMH M CPaBHUTEIHHO HEBBICOKAS CTOMMOCTb.
OpHaKoO THJIB30BbIE KPUCTAIIM3ATOPhl HE IMPHUIOAHBI H3-32 HENOCTAaTOYHOW >KECTKOCTH MEIHBIX
TOHKOCTEHHBIX TWJIb3 JJISl PAa3IUBKH NPSAMOYTOJIBHBIX M KPYHHBIX KBaJpaTHBIX CEUEHHH, a TaKKe
NPAaKTUYECKU HE BOCCTAHABIMBAIOTCS IIPH PEMOHTAX.

COopHBIE KPUCTAIIIM3ATOPhI U3TOTOBIISIOTCA U3 YETBHIPEX OTAETBbHBIX MEIHBIX IUTUT, KaXIas U3
KOTOPBIX JJIs1 OOJIBIIIEH KECTKOCTH KPEITUTCS MINMMIbKaMHU Ha OT/CIBHOM CTAILHOM 1nTe. B 3aBucuMocTH
OT TOJIIUHBI TUTUT KPUCTAIUTU3ATOPHI JIENATcs Ha TOHKO- (15...25 mm) u tonctoctennbie (50...100 Mm).
Co0OpaHHble BCce BMECTE U CTAHYTbIE 10 OOKOBBIM I'paHsM 00JITaMu OHH 0Opa3yIOT M3JI0KHHUIYY C MEIHOM
pabouell TOBEPXHOCTHIO, PACHOJIOKEHHYIO B CTaIbHOM Kopmyce. sl CHATHS —TeMepaTypHBIX
HalpsDKEHU B IUIMTAX, BBI3BIBAIOLUIMX MX Je(opMamuy, u A MpefoTBpaiieHus oOpa3oBaHus 3a30POB
MEXIy CTEHKaMH TUIUT CTATHUBAIOIIHE OONTHI CHAOKEHBI IPYKHHHBIMI KOMITEHCATOPaMHU.

Takue KpUCTAUIM3AaTOPHl NIMPOKO MPUMEHSIOTCS ISl OTIMBKHM TPSMOYTOJBHBIX JHCTOBBIX
3aroTOBOK — CIISI00B M KPYIHBIX OJIFOMOB, TaK KakK BBICOKasl )KECTKOCTh CTEH MO3BOJISET BhIJECPKUBAThH
0e3 nedopmanun oueHb OonblIoe GeppocTaTHIECKOe JaBICHHE.

COopHasi KOHCTPYKLMsS II0 MEpe H3HOCa MOBEPXHOCTH MEAHBIX IUIMT obOecneuyuBaet
BO3MOXHOCTb HEOJJHOKPATHBIX €€ PEMOHTOB IIyTeM MPOCTPOKKU W HUTU(POBKU padoyel MOBEPXHOCTH
TUTAT C TIOCJIEAYIONINM FX MCIIONB30BAHNUEM, UTO JaeT OOIBIITYI0 SKOHOMHIO MEIH.

XapakTepHOW 0COOEHHOCTHIO COOPHOTO KPUCTAIIN3AaTOPA SBISIETCS BOSMOKHOCTh U3MEHEHHS
IIMPUHBI OTIIMBAEMOM 3arOTOBKH. JTO IOCTHTaeTCs MepEMEIEHHEM y3KUX CTEH BCTABICHHBIX MEXKIY
HIMPOKKMH, C TIOMOIIBIO PA3THMYHBIX MEXaHMUECKUX HIIH JIEKTPOMEXaHUIECKUX MTPHUBOJIOB.

[Ipy BBICOKHMX CKOpOCTSIX pa3iMBKH (CBbILE 3 M/MHH) Ha COBPEMEHHBIX copToBhix MHIJI3,
PEKOMEHIyeTCsl MPUMEHSTh KpUCTau3aTopsl anuHoi > 900 MM. B MupoBoOii M oTeuecTBeHHOU
IpaKkTUKE IpPH pPAa3JIUBKE COPTOBOM 3aroTOBKU HaubOosiee cTaOWIbHBIE PpE3YyJbTAaThl PA3IUBKU
MTOJTY9ICeHBI Ha THIIB30BBIX KpHCTaIH3aTopax mmuHoi 1000 M.

Omnpenenenue 3aKOHOMEPHOCTEH TENJI000MEHAa MEX[IY 3arOTOBKOM M KPHUCTAJUIM3aTOPOM B
HACTOSIIIUI MOMEHT SBIAETCS aKTyaJbHOW 3afadeil. Ee BakHOCTh ocTaeTcsi BeCbMa BBICOKOH,
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MOCKOJIBKY OT YCJIOBHH TEIJIO00MEHa B KPHCTAIIM3aTOPE 3aBUCUT CKOPOCTH BBITSIKKH, KaueCTBO
MOBEPXHOCTH U MakpocTpyKTypsl HJI3.

PesyabTaTbl ucciaegoBanuid. Cremayer OTMETUTb, UYTO Je(EKTBHl 3apoXkIaromieics B
KPUCTAJUIM3aTOpPEe KOPOUYKM 3arOTOBKM HEBO3MOXKHO HCIIPABUTH IOCIEIYIOIIUMH  YCIOBUAMHU
oxnaxaeHus. Ha BeIXxozie n3 KpucTayuin3aTopa KOpouKka CIUTKA AOJKHA ObITh PABHOMEPHOH TOJIILMHbL
W BBLICPKUBATh (EPPOCTaTHUECKOE NABJICHUE XHIKOW CTajH, 4TOOBl NMPENOTBPATUTH MPOPHIBHI
Mmetamna. Jns sToro TpeOyercs OopraHu3alMsg HHTEHCHMBHOTO W HENPEPHIBHOTO TEIIOOTBOAA OT
JKUJIKOM CTaJIM K OXJIAXJAOIEN BOIE B KPUCTALIIM3ATOPE.

Teoperuuecku, tonmmba kopku HJI3 3aBucur OT BpeMeHH NpeObIBaHMS CIMTKA B TUIIb3E
KpucTauiu3aropa. TeM He MeHee, INIOTHOCTh TEIUIOBOTO IOTOKA PEIKO SABISETCS OXHOPOIHOW, H
BapbUpyeTCs KakK B IIONEPEYHOM, TaK U B IIPOAOJILHOM HalpaBieHusxX. IIponecc oOpa3oBaHus KOPKU
3aBUCHUT OT XMMHYECKOI'0 COCTaBa CTalli, IEPErpeBa MeTaslla, YCIOBUI MCTEUEHUs] METalia B THIIb3e
KpUCTAJUIM3aTOPa, THUIA CMa3KH, KOHCTPYKIIMH THIIb3bl KPUCTAIIM3aTOpa.

PocT kKOopouKku 3aroTOBKHM OIpenensieTcs BeIMUYNHONW TeIIO0TBOAa B THIIb3€, IIPOHCXOIALIETO
10 CJICIYIOIIUM dTanaM (PUCYHOK 3):

— IPOBOJIUMOCTB 4epe3 KOPKY CIIUTKA;

— TIPOBOJIMMOCTD 4epe3 rapaucax (mpu ucronszoBanuu LLIOC) nim cMasky;

— HPOBOJMMOCTb U M3JIy4YEHHUE 4Yepe3 ra30BbIA 3a30p MEXAY KOPKOH CIHWTKA M CTEHKOU
THJIB3Bl KPUCTAJIN3ATOPA;

— MPOBOJUMOCTL YCPE3 CTCHKY TI'MJIb3bl KpUCTAJIM3aTOpa W KOHBCKIUA Ha IMOBCPXHOCTU
pa3zzena THIb3bl U OXJIaXKAAIOMEN BOBI.
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Puc. 3. Cxema nepedauu menia om Kpucmaniuzyiouelicss Cmaiu K oXaaxcoaowell 600e
dm, dg, df, ds, dl — momwyunsr cmenxu cunvsbl, 2a308020 3a30pa, crOs CMA3KU, KOPKU U HCUOKOU CINATU
coomsemcmeenno, R1, R2, R3, R4, R5 — conpomuenenue mennosomy nomoxy oxaasicoarouetl 600bl,
CMEHKU 2UTb3bL, 243068020 3A30Pd, CMA3KU, KOPKU, KDUCIATLIUZYIOUe20Cs MEMALLA COOMBEMCMBEEHHO;
T0, T1, T2, T3, T4, T5, T6 — memnepamypa oxaaxcoaoweii 600wt (30 — 35 °C), cmenxu 2unv3vi co
CMOPOHBL OXIANCOArOUell 600bl, CMEHKU 2Ub3bl CO CHOPOHbBL 3ameepoesuteli KOPKU, CMA3KU,
nO8epXHOCMU 3ameepoesuieti KOPKU, COTUIYC, TUKBUDYC coomeecmeenno, Q — mennogou nomox

Kaxnplii U3 BBIIIENEPEUUCICHHBIX ATANlOB BJIEYET 32 COOOH CONPOTHUBICHHUE TEILUIOBOMY
MOTOKY M pocTy Kopku HJI3.
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Haunbonpiee conpoTuBiieHre OTBOY TeTlla OKa3bIBAIOT ra30BbIi 3a30p Mexay kKopkoit HJI3 n
crenkoit rib3el (R3) — 35,5% u npoBoauMocTh uepe3 TBepayio kopky (R5) — 25,1% [3]. Takum
o0pazom, poct kopku HJI3 B kpucTaminzarope 3aBUCUT, MPEKAE BCET0, OT JUHAMUKU 00pa3oBaHUs
ra3oBOTO 3a30pa.

["a3oBEIi1 3230p hopMUpPYETCS KaK pe3ynbTaT KOMILIEKCHOTO B3aMMOACHCTBHUS ABYX (PaKTOPOB:
yCaJK{, BOSHUKAIOUICH 110 Mepe OXJIaXKACHUsI KOPKU, IPU KOTOPOH CTajlb OTXOAUT OT CTEHOK TMJIb3bI
KpHcTaln3aropa W (eppoCTaTUUECKOro JaBICHUsl CcTonda Jkuakoro Metamna. Jledopmanus
(BBIMyYHMBaHUE) KOPKH, B TMEPBYIO OuYepelb, 3aBHCHUT OT COCTaBa CTAIM W TEMIIEPaTypbl KOPKH.
CrnenmoBarelbHO, BETMYMHA 3330pa, TOJIIMHBI KOPKH, a, 3HAYUT, U TEIUIOBOTO TOTOKA U3MEHSIIOTCS B
3aBHCHUMOCTH OT CKOPOCTH pasjMBKH [4-7], XUMHYECKOTO cOCTaBa cTajiu, Tuia cMasku (Maciao/IIIOC),
KOHYCHOCTH Y COCTOSIHHUS THJIB3bI KPUCTAJLTU3ATOPA.

Bozaymnesiii 3a30p, npexae Bcero, oOpasyeTcs B yIiax CIHTKa, TOE OXJIAXKICHHUE SBISETCS
HanOoJiee ObICTPHIM Oaronaps 2-X MEpHOMY TEIIOBOMY TOTOKY (PHCYHOK 4).

KECTKHH XONOAHbIH yroj

Puc. 4. Mexanuzm 06pa306aHuﬂ 2a306020 3a3opa 6 yeiax 3acomoeKu npu ee 3am6ep()eganuu 6 cujib3e
Kpucmajiiuzamopa

Ilocne dopmupoBaHust 3a3opa MepeHoc Temja MO yriaM ciuTka cHmkaercs. [lo mepe
yAaJIeHUs] y4acTKa CIMTKAa OT MEHHCKA 3a30p PaclpoOCTpaHsAeTCsl OT YIJIOB K CepeluHe TI'paHei,
OJTHAKO, BEJMYWHA 3a30pa 10 TIpaHsAM SIBISETCS MEHbBIIEH, YeM M0 yriam (4To oOyCIIOBIUBAETCS
BBIITyYUBAaHUEM KOPKH IOJ1 IeHCTBHEM (PeppOCTaTHIECKOTO JaBICHHS).

[17I0THBIM KOHTAKT MEXy KOPOUKOM CIIMTKA U CTEHKOW TMJIb3bl HAOJIOAAETCS Ha yYacTKe, IIe
¢deppocTatuueckoe jgaBieHue Oosibine ycwiuii  ycanku. HeomHOponHbId 3a30p NPUBOAMT K
COOTBETCTBYIOILEH HEPABHOMEPHOCTHU B TOJILIMHE KOPKHU U TaKOMY Ae(deKTy (opMbl, KaK pPOMOUYHOCTb.

TennoBoil MOTOK MakCHMMaJIeH B palilOHE MEHHCKa MeTajula B KpHCTAIM3aTope, TAE 3a30p
MEXJY KOPOUYKOH CIMTKAa W CTCHKOH TWiIb3bl HauMeHbIIMH. OOBIYHO MakcUMallbHas TeMmIleparypa
CTEHKHU TWJIb3bl HaOmomaeTcs Ha 150 — 250 MM HIKe MEHUCKA MeTallla B TMJIb3€ KPHCTaJIn3aTopa
[8]. TIpu cxopoctsx pasnuBku 1,5 — 2,5 M/MHH TEIUIOBO# MOTOK B 30HE MEHHCKA COCTaBIIseT 2,5 —
3,5 MBT/™M2. KoaddummenTts! TemmooTaauu ot CTeHKH K Boje B nuanazone 25000 - 30000 B1/(M%°C)
JIOCTUTAIOTCS MPH CKOPOCTU MPOTEKaHUs BOJAbI 5 — 6 M/c [6, 7] U 00ecreynBarOT CHATHE TEIIOBBIX
notokoB. [lpu 3TOM Temmeparypa BHYTpEHHEW W Hapy»KHOU TMOBEPXHOCTH T'HIIB3bI HE TPEBBINIACT
260°C u 100 — 150°C cooTBeTCTBEHHO [8] 1 HAXOIUTCS HIKE TeMIIepaTyphl pekpucTam3aruu (350
— 375°C) MeaHBIX CIUIABOB, IPUMEHIEMBIX JJIsl U3TOTOBJICHUS THIIB3 KpHCTaumu3aTtopoB [9-12]. Ipu
YBEJMYEHNH CKOPOCTH Pa3iIMBKH 10 3,5 — 5 M/MUH TEIUIOBBIE MOTOKM AOCTHUTAIOT BEIWYHMHBI 4 —
6 MB1/M? [13-15]. 3HAuuTENBbHBIA POCT TEIUIOBBIX IOTOKOB Ha yPOBHE MEHMCKA IIPUBOIMT K
TIOBBINIICHHUIO TEMIIepaTyphbl HAa BHYTPEHHEH MOBEPXHOCTH THIIL3bI B 30HE MeHucka a0 300 — 340°C,
T.e. MPAKTUYECKH NPUOIIDKACTCS K TEMIIEpPaType PEKPHUCTAIUIM3AIMA MEIHBIX CIUIABOB U MOXKET
MPUBECTH K 00pa30BAHHUIO TPEIUH B MEJIU ¥ KOPOOJIEHUIO CTEHOK THJIB3bI.

Bennunna cpeaHero TemiaoBoro motoka ((cp.) B THIIB3E KPHCTALIM3aTOpa MOXKET OBITH
BBIYHCIICHA TIO0 clienyoneii hopmyre:

F.c-AT
qu. = S ' (1)
rae (ep. — CpemHHMH TerioBOM MOTOK; F — pacxom Boapl Ha Kpucrammusatop; AT — mepeman

TCMIICPATYPbl BOAbBI HAa BBIXOJAC W BXOAC KPUCTAJUIM3ATOpA; C — yACJIbHAA TCIIJIOCMKOCTH BOJBI; S -
rmjaomanb MOBCPXHOCTU KOHTAKTAa MCKIY HJI3 u runs3oi KpucTajyim3aTopa.

64 3(64), March 2021 RS Global



WORLD SCIENCE ISSN 2413-1032

JlaHHBIll TapaMeTp TMO3BOJIACT CPaBHHBATh MEXAYy COOOH THIIB3bl KPHCTALTU3aTOPOB
Pa3IMYHBIX KOHCTPYKIUM M aHAJM3UPOBATh BIUSHHUE MEPEMEHHBIX ITApaMETPOB MPOIECcca Pa3IuBKU
CTaJIi Ha X0/l 3aTBep/ieBaHus kopouku HJI3.

[Ipu yBenmn4eHnH CKOPOCTH Pa3IMBKH OOIIMI TEIUTOBOW TOTOK IMOBBIIIAETCA 32 cUeT Ooiee
TUIOTHOTO KOHTAaKTa KOPOYKH CIUTKAa CO CTEHKaMH TWIB3Bl KpUcTaumsaropa. OIHAKO BBHUIY
MEHBIIIETO BPEMCHH HAXOXKICHHS CIUTKA B THIb3€C KPUCTALIM3ATOpa YJC/IbHAs BEIMYMHA
TEIUIOO0TBO/A YMCHBIIACTCA.

HeoOxomumo ormetuth, uto Oosee 50% Terma OTBOAMTCS B BEPXHEH 4YacTH THIIB3BI
KPUCTAJUIM3AaTOPa, HWKHSS 9acTh, IIPH 3TOM, paboTaeT B OOJNBIIEH CTETIeHN KaK MOAMOPKA ISl KOPKH
HJI3. B pabore [16] m3ydanoch BIMSHHE Ta30BOr0 3a30pa B HWKHEH YacTH KPHUCTAIUIA3aTOPA,
BBIPQXCHHOE Yepe3 BEIMYNHY KOHYCHOCTH CTEHOK Ha IJIOTHOCTH TEIIOBOTO MOTOKa (PHCYHOK 5). C
YMEHBIIIEHUEM 3a30pa, T.C. YBEIHMUYCHUEM KOHYCHOCTH, IJIOTHOCTh CHaudaia JMHEWHO BO3pPAcTacT U
JIOCTUTAEeT CBOET0 MakcuMyma mnpu 3HadueHuu 0,8%. [lpu nanpHelinieM yBETUYEHUHM KOHYCHOCTH
pocTa TeIIOBOTo MOTOKA HE MPOUCXOAUT. ITO CBA3aHO C TEM, UTO MPU TAKOW BEIUYMHE KOHYCHOCTH
ra3oBOro 3a30pa MPAKTHUECKH HET, ¥ TEPMUYECKOE COMPOTUBICHHE OOOJOYKH CIIUTKA SIBIISICTCS
OTIPEACTIAIONINM. JTa 3aKOHOMEPHOCTh KOPPECIOHIUPYETCS C JAaHHBIMH WU3MEPEHUS TEeMIIepPaTyphl
CTEHKH U TEIUTOBOTO MOTOKA IO BhICOTE THIIB3HI [8, 12, 13-18]. [lo3TOMYy OCHOBHBIE TEXHOIOTHYECKUE
N3MCHCHUA B KOHCTPYKIOHWU THUIIB3, O6CCHC‘II/IBaIOHII/IC YBCIMYCHUC TOJIIIHWHBI O6OJ'IO‘IKI/I n c¢c
PaBHOMEPHOCTD, IPOBOISIT B BEPXHEH YaCcTU TWIb3 Ha paccTostHUH 50 — 350 MM OT ypOBHS MEHHUCKA.
Crenmyer OTMETUTB, YTO HEKOTOPOE YBEJIMUYSHHE TONIMHBI 000JI0YKH Ha BBIXOJE U3 KPUCTALIM3aTOpa
B BbICOKOCKOpOCTHRIX MHJI3 nocturaror 3a cueT yBeaudeHus AauHbl ruib3bl 10 900 — 1000 mm
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Puc. 5. Buusinue KOHYCHOCMU CIMEHOK 2Ulb3bl KPUCMAIUZAMOPA HA NIOMHOCMb Menioso2o nomoka [18].

PasnmuBka cramu npu 0ojiee BBICOKHMX CKOPOCTSX IPHUBOAMT K 3aMEUICHHIO IPOILECCOB
3aTBEPACBAHMS B TMJIb3¢ KPUCTAIUIM3ATOPA, COKpaIllas TOJNIIMHY M IPOYHOCTh Kopku HJI3, ocobeHHO
B yriax (PUCYHOK 6) M yBEJIMYMBAET BEPOSATHOCThH MPOPHIBOB METAJJIa MO/ KPUCTAJUIU3ATOPOM.

TPEIHHA pacTarusarouiee HanpaAKeHHe

BPALLAIOLHI MOMEHT

Puc. 6. Mexanusm obpazosanus mpewunul 6 yerny HJI3 npu nogviuenuu ckopocmu paziuexu
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Tonmmuaa 1 mpopuIs KOPKH, B 3HAYUTENBHOW CTEIIEHH, 3aBUCAT OT COAEPXKaHMS YTIepona B
CTalii U, TAaKUM 00pa3oM oT (pa3oBoit auarpamMmsbl. [y 0OBIYHBIX MPOLIECCOB HEIIPEPHIBHON PA3IUBKU
CO CMa3KOH I'Mjb3bl KpUCTAIM3AaTOpa (OTKPBITAs CTPYsI), MAKCUMAaJIbHOE BOJIHOOOPAa3HOE HapacTaHHUE
KOPKHM M MUHHMaJbHbIE CKOPOCTH IEpeHoca TeIula HaO0JatoTCsl IPH COJIEPKaHUH yriepoJa OKOJIo
0.10 % [19, 20]. O6pa3oBaHKe BOJHHCTONH KOPKH CIUTKA MPOUCXOAUT B PE3yJIbTaTe HAMPSDKCHUIA,
BO3HMKAIOIINX BCIIEACTBUE mpeoOpasoBaHus (TpaHcopmanuu) ¢asel & B Y. [lpu comepxanumn
yraepoga B 0.1 % cranp HCHBITHIBAET MakCHUMajbHOE mpeoOpa3oBaHHe (asbl & B Y B TBEPAOM
COCTOSIHUM, 110 CPAaBHEHUIO CO CTAJIIMU € O0JIee BBICOKUM COZEPKAaHHUEM yIieposa.

Ha BbICOKOYIIepoaucThIX MapKax CTaId KOpPKa CIWTKAa B KpPHUCTAIM3aToOpe HMeeT Oonee
CTaOMIIbHYIO TOJNLIMHY U O0Jiee INIaAKYI0 TIOBEPXHOCTb.

XapaKTepHOW OCOOCHHOCTBIO SIBISIETCS JIOKaJlbHOE YTOHEHHE KOPKHM B YIJIOBBIX 30HAX
HOIIEPEeYHOro cedeHus: 3aroToBku (yxumuH). Kopka HJI3 HM3KOyriepomucThIX MapoK CTanyd Ha
BBIXOJI€ W3 KPHUCTAJUIN3AaTOpa HMMEET JIOKaJbHblE TOHKHE OOJIAaCTH, KOTOpPbIE MOTYT IPUBECTH K
MpOpHIBaM MeTaa.

JlokanpHOE yYTOHEHHE KOPKH CJIMTKA, OOYCIIOBICHHOE 3THMHU IEPEMEHHBIMH 3HAYCHHSIMH,
MOJKET MPUBECTH K 00Pa30BaHUIO IOBEPXHOCTHBIX TPEIIMH HIIU ITOPHIBOB.

J7st Toro 4yToObl YMEHBIIHTH pa3Mep ra3zoBOTO 3a30pa W YBEIMYUTH TEIUIOOTBOJ OT 3arOTOBKH,
MPY TIOCTOSIHHBIX TEHJCHIMAX YBEJIMUEHHS CKOPOCTEH pas3fiMBKM Ha COBPEMEHHBIX copToBbix MHIJI3,
THJIB3bI KPUCTAIUTH3aTOPOB BBITIOJHSIOT € MapabOoIMYeCKOi MHOTOCTYIIEHYATOM KOHYCHOCTRIO [8, 12 — 17].

KoHyCHOCTD I'M/Ib3 KPUCTAUTH3ATOPOB PACCUMTRIBACTCS CieaytommM obpaszom [20]:

MT =[(W, -W,)/W ]/(100/L), 2
rae MT — konycHocts ruib3bl, %/M; Wi, W2 — paccTosiHue MEXAy CTEHKaMH B BEPXHEH M HIKHEH
YacTH TWIB3bl COOTBETCTBEHHO, MM; L — IIMHA KOHYCHOT'O y4acTKa TIIb3bl, M.

Pacuer KOHYCHOCTH THIIB3 KPHCTAIUTM3aTOPOB BEChbMa BayKeH JISl ONpEeNICHHS BO3MOXHOCTH
otBoja Teruta ot HJI3 B runb3ax ¢ paznuyHoi reomeTprel paboydei moiocTy.

Heo0xomumMo OTMETUTH, YTO YBEJIMYEHHE KOHYCHOCTH CHOCOOCTBYET YBEIMUYCHHIO
TEIUIoNepeaud, MOCKOIBKY YyIy4IIaeTcss KOHTaKT MeEXJTY KOPKOW CIIMTKAa W CTEHKOW THIIB3BI
Kpuctawm3aropa. OmHaKo 4Ype3MepHas KOHYCHOCTh YBEIUYMBAET CONPOTHBICHUE BBHITATHBAHUIO
CITTKA, TIMKH TETUIONePE/IauH, a TAKXKE YCKOPSET U3HOC TMIIb3bl B ¢ HIKHEH yacTu [18].

Ilo pe3ymbraTaM ONBITHO-NIPOMBILUICHHBIX ONPOOOBAHWI, OCHOBHBIE THIBI KOHCTPYKLHUH
reoMeTpudeckoi QGopmbl (Mpoduis) TUIb3 KPUCTALIM3ATOPOB MOXKHO KJIacCU(UIIMPOBATH IO
CIEJYIONIMM TPHU3HAKAaM: XapakTep HW3MEHEHUS KOHYCHOCTH II0 TpaHsSM W yIjaM THIb3bl B
BEPTUKAIBHOW IIOCKOCTH NO xony nBwxeHust HJII3, reomerpuueckas ¢opma rpaHeid runb3bl B
MIONIEPEYHOM CEUEHHH, BETMUMHA KOHYCHOCTH B HIDKHEH M BEPXHEH YacTsIX THUIIB3bI.

Ha pucynke 7 mpHBEAGHO CpaBHEHHE TIeoMeTpHyeckux mnpodwied Tuib3 Qupm-
npousBogureneii «Europa Metalliy (Uramust), «KME» (I'epmanusi), «Shinko Metal Product»
(Anonus), «Abax» (KHP — ®panrus — I'epmanusi), SaarMetal (I'epmanus) 1 AXK «BHUMeTMarm»
(Poccust), I3MEpEHHBIX 10 CEpeIMHE TpaHel it 3aroToBKU cedeHueM 120%120 mm.

O60011as npuBeIeHHBIE JaHHBIE, CIeIyeT OTMETUTh, YTO T€OMETPUIECKUN NPOQUIb TUIb3bI
MOYKHO YCJIOBHO pa30HTh Ha YETBIPE yyacTKa:

| — yyacTok, pacrojoXeHHBIH HaJ] YPOBHEM MEHHCKa B THIIb3e MpoTskeHHocThio 100 — 150
MM B IIpoIiecce JIUThst (ero mpoQuiIs onpeaessieTcs, TIaBHbIM 00pa3oM, TEXHOJIOTHEH M3TOTOBICHUS
THJIB3BI U, KaK [IPAaBUIIO, UMEET MOBBILIEHHYIO KOHYCHOCTb);

Il — yd4acTok, pacroJIOKEHHBIH HEMOCPEJCTBEHHO II0JI MEHHUCKOM MeTaljia B THIb3E H
uMeroni npoTspkeHHocTs 150 — 250 MM (Ha 3TOM ydYacTKe MPOMCXOTUT MaKCHMANbHBIN OTBOJ
Temia, a TBepAasi KOpOoyka TOJIbKO HAaYMHAeT (POPMHUPOBATHCS U JIETKO MOAAAETCS Pa3iIMyHOIo pona
nedopManin);

Il — ywactok mnpotspkeHHocThio 300 — 350 MM, pacronoxeHHsld 107 y4yactkom Il u
oOecrieunBaloINi HapalMBaHUEe TBEPIOW KOPOUKH B 3arOTOBKE IO Mepe €€ MPOABMKEHMS BHHU3 (Ha
3TOM y4acTKe, COOCTBEHHO, (hopmupyercsi reomerpuueckas popma HII3);

IV — HikHSAS YacTh THIIB3BI TPOTsDKeHHOCThI0 250 — 300 MM (Ha 3TOM ydYacTKe MPOWUCXOIUT
00pa30oBaHKE YCTAaHOBUBIIMXCS Ta30BbIX 3a30POB MEXIy BHYTPEHHEN MOBEPXHOCTHIO riib3bl 1 HII3 kak
MO yriaM, TaKk W 10 TpaHsM, YTO OKa3bIBAET CYLIECTBEHHOE BIMSHHEC HAa YCIIOBHUSI 3aTBEpICBAHUS
3arOTOBKH).
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Puc. 7. Cpasnenue npouneil 2uivb3 pazmuinsix upm-npoussooumenci

BeiBoabl. [loutn Bo Becex riccnefOBaHHBIX HAMHM KOHCTPYKIMAX T3 ydacTku |l u 111 nmenn
3aKOH W3MEHEHHUS KOHYCHOCTH, KOTOPBIH ObUT OJIM30K K pacuyeTHBIM 3HAYCHHAM, yYWUTHIBAIOIIUM
yca/Ky 3arOTOBKH IIPH 3aTBep/ieBaHNU. VICKITIOUeHNEe COCTaBMIIa TPEXKOHYCHAS THIIh3a KOHCTPYKIIUU
“BHUNMeTmam™”, mMmeromas BBIMYKJIblE IPaHW Ha TEPBOM M BTOPOM YYacTKE, KOTOPHIE IUIABHO
NEPeXoAT B IUIOCKOCTh Ha TPEeTheM yuyacTke. He3HaunTenbHBIE OTIMYMS B KOHQHUIYpaLUH STHX
YYaCTKOB y Pa3JInUHBIX PUPM-IIPOU3BOAMTENEH ClieyeT OOBIACHATh HEKOTOPBIMHU OTJIMYHEM B BEIOOpE
0a30BBIX MCXOJHBIX MMapaMeTpPOB JUIA PAcUeTOB, C OJHOW CTOPOHBI, U OTPAHUYECHUSMHU B TOYHOCTH
uaMepennii npoduist Tunb3bl, ¢ apyroil. Mmenno ywactku Il m Il Moryr paccmarpuBarbesi Kak
«mapabonuyeckue» (B OTIMYME OT MPSIMOJIMHEWHBIX JIBYXKOHYCHBIX THIIB3 TPaJUIIHOHHBIX
KOHCTPYKIMiA). B 3aBUCHMOCTH OT TE€XHOJIOTMH M3TOTOBJIECHHUS TMJIb3 KOHYCHOCTh Ha 3THUX yYacTKax
MOYKET MEHSTHCS TMOO0 CTYNeHYaTo, JTU0O0 IIIaBHO (B COOTBETCTBHHU C PACUETHON 3aBUCHMOCTHIO).

HauOonpime paznuuus B KOHQUIYpaLUH THIB3bl B BEPTUKAJIBHOM CEUEHUH UIS PAa3THYHBIX
mpou3BoAMTeIcH HaOmoAaroTCs Ha |V yuactke. DTo 00bsICcHsAETCS TeM (PaKTOM, YTO UMEHHO Ha 3TOM
YYacTKe IIOSIBJISIETCS] BBICOKAsl BEPOSITHOCTh BO3HMKHOBEHMS HEPABHOMEPHOTO BO3IYIIHOIO 3a30pa
MEXIYy 3aroTOBKOM M THiIb30M Kpucraiwmszaropa. COOTBETCTBEHHO IOSIBIEHHE Ia30BOrO 3a30pa
TOPMO3HUT POCT TBEPAOI KOPOUKH, a MPH HEPAaBHOMEPHOM ra30BOM 3a30p€ IO TpaHsIM U yriiaMm (4YTo
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NpeACTaBiIsieTcsl Hanboiee BEPOATHBIM) MOXKET MPOUCXOAUThH AedopManus NpoQuis 3ar0TOBKH, YTO
NPUBOIUT K Pa3BUTHUIO JAedekTa THIa «poMOnUHOCTEY. HemoctaTouHoe oXJaskaeHHe 3arOTOBKH U3-3a
TMIOSIBJIEHUS Ta30BOTO 33a30pa MOXKET TAaK)Ke MPUBECTHU K IMOAIIABICHUIO TBEPJAOW KOPOUKH Ha BBIXOZE
u3 Kpuctayumsaropa (B yriax HJI3) u, kak ciencTeue, K MPOPBIBY KAIKOTO METalIa.

Buanmo, mMeHHO OSTOMY, s pa3padOTIMKOB M TIPOM3BOJMTENEH T'Hib3 (Hampumep, «Europa
Metalli», «Abax») mnpeanoynTarOT WMETh B HIDKHEH YaCTH THIB3bl TOBBIIICHHYIO KOHYCHOCTB
(IpeBBILIAIOLIYI0 pacyeTHBIE 3HAYCHHS, COOTBETCTBYIOIIME Mapadolie), KOTopas Kak Obl rapaHTHpyeT
KOHTAaKT 3aroTOBKU C IOBEPXHOCTHIO HIDKHEH 4acTW Tuib3bl. BMecTe ¢ TeM, Kak MOKa3bIBAaeT OMBIT
SKCIDTyaTalliy TaKUX THIIh3, OCHOBHOM NMPUYWHON WX BBIBOJIA M3 AKCIDTyaTaIlUH SIBIISIETCS] CPAaBHUTEIHHO
OBICTPBII W3HOC B HIDKHEH YacTH, KOTOPBIH HAYMHACTCS C WCTHPAHWS 3alIUTHOTO H3HOCOCTOHKOTO
TIOKPBITHS, @ 3aTeM M HEMOCPEACTBEHHO Tela MEOHOW Tuib3bl. [IpyM 3TOM BennumHAa M3HOCA MOXKET
cocTaBysITh OT 1,5 10 2,0 MM ¥ CYILIECTBEHHO KOJ€OJeTCs Mo MEepUMETPY T'Milb3bl. DakTHYECKH TaKOH
M3HOC HIDKHEH YacTW TWIB3BI CO3MaeT ONaronpHATHBIC YCIOBHUS Uil GOPMHUPOBAHHS «POMOUYHOCTH» B
3arOTOBKE, MOCKOJIBKY W3HOC THIIB3BI B yIJIax JAcT BO3MOXHOCTH Je(hOPMHPOBATHCS TBEPAOH KOPOUKE
3aTOTOBKM W 3aHATH IOJ JCHCTBHEM BHYTPEHHHX HANPSDKEHHH TaKOe YCTOMUMBOE IOJIOKEHHE, TPH
KOTOpOM JiBa (WUIM TPHW) yTJa 3aTrOTOBKH YIPYTCS B COOTBETCTBYIOIIME WM YTJIBI THIB3BL Y MEHBIICHHE
CKOPOCTH W3HOCA HIDKHEH YacTW THIIB3bl YAAETCS JOCTUTHYTH TOJNBKO IyTeM PalMOHAIBHOTO 1Oxdopa
CKOPOCTH BBITSTUBAaHHSI 3arOTOBKM B 3aBUCHMOCTH OT MapaMeTpoB JIUThs (BENMYMHA TeperpeBa Haj
TeMITEpaTypoi JIMKBUTYC, XUMUYECKHI COCTaB CTallH, YCIOBHS U TUI CMa3KH, yPOBEHb MEHHCKA MeTaJla,
TIOJIO’KEHHE TPOMEXKYTOUHOIO KOBIIa HaJ MEHHCKOM Mertamta). OnmHako clexyeT Iojaratb, 4YTO
TIOBBIIIIEHHAsT KOHYCHOCTh THJIB3BI B HIDKHEH €€ YacTH HaKJIaJbIBaeT CEphe3HbIC OTPaHMUYCHUS B IUIAHE
TIOBBIIIIEHUSI CKOPOCTH JIMThSI M KAYeCTBa TeOMETPUIECKOHN (DOPMBI 3aTrOTOBKH.

Henp3ss HEe oTMeTuTh, 4YTO OONBIOIAsS YacTh pPa3padOTYMKOB M TPOU3BOAUTENEH THIIB3
NPUACPKUBAIOTCSI MHEHHUS, YTO B HIDKHEH YacTH TWJIb3bl KOHYCHOCTH JOJDKHA OBITH MEHBIIE, YeM
paccunTaHHasi B COOTBETCTBHHU C YCAIKOW 3arOTOBKH. JTOT MOAXOJ Kak Obl yUUTHIBAET YMCHbBIICHHE
CTETNEeHH YCAJKU B CPaBHEHUM C pacUeTHBIMU JaHHBIMH, YTO 0OECleYrBaeT YMEHBIIEHHWE CKOPOCTH
W3HOCA TWIB3bl B HIDKHEH YacTH Jake B CIy4yae YBEIHMYEHHUS CKOPOCTH BBITATHBAHUS 3arOTOBKH JIO
MaKCHMAJIBHO JIOIYCTHMBIX, & TaK)K€ YCTPAHSIET BO3MOXKHOCTh «YTSKKW» THIIB3bI B HWKHEHW YacTH,
KPBIIIKOM KpHcTaiuu3aTopa Tpu ero coOopke. Tak, HCMONB30BaHWE THIB3 C YMEHBIIICHHOM
KOHYCHOCTBIO B HIDKHEH uX dacTu B ycioBmsix OAO «EHakmeBCKHiI METAUTypruuecKuii 3aBoa» (Ha
cedeHun 3arotoBkH 120%120 MM) MO3BOJIUIIO MIOBBICUTH CPETHIOI0 CTOMKOCTH T3 B cpeaHeM Ha 30-
40% B CpaBHEHUH C AaHAJTIOTUYHBIMH THJIH3aMU C TIOBBIITIEHHOW KOHYCHOCTBIO.

Taxum 00pa3oM, POIIECCH OTBO/A TEIlIa OT MOBEPXHOCTH TBEPIOW KOPOUYKH 3aTrOTOBKH Yepes3
CTeHKH TWIB3bl KPHCTAIUIM3aTOpa HWMEIOT ONpeAessiollee 3HAaUYeHWe C TOYKA 3PEHUS JHHAMUKH
HapacTaHUs TBEPAOU (a3bl U, Kak CIENCTBHE, ()OPMHUPOBAHUS MTOBEPXHOCTHBIX M TIOJIIOBEPXHOCTHBIX
nedekroB. /s obecrmeueHusi Bbicokod mpousBoautenbHocTH MHJI3 m Tpebyemoro kauecTsa
TIOBEPXHOCTH 3aroTOBKH, Beaympe ¢Gupmbl (mpomsBoaurenn MHII3) crpeMsTcs K ONTHMH3AIMN
TeOMETPHUYECKOH (HOPMBI THITH3bl KPUCTAIIM3ATOPA, OTXOAS OT KIaCCHYECKUX KOHCTPYKIHiA. braromaps
stoMy A coproBeix MHJI3 nmocturHyTo mosblmeHne ckopoctd BwiTsruBanug HJI3 B 1,2-1,5 pasza.
Buaumo, yeunust B 00:1acTi co31aHHUST ONTUMATIBHOM TeOMETPUIECKON (POPMBI THIIB3bI KPUCTATIIH3AaTOPa
OyIyT NPOAOIDKATHCS, YTO TO3BOJIMT Pa3IUBATh CTaJb C €IIe OOJBIIMMHU CKOPOCTAMH.
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