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ARTICLE INFO ABSTRACT
Received: 11 July 2020 Chronic pelvic pain syndrome is a combination of multiple chronic
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Published: 30 September 2020 such as: prostate, bladder and vaginal pain syndromes as well as the
possibility of treating non-infectious instances of the said syndromes
KEYWORDS with manual therapy. The study proves that manual therapy combined
chronic pelvic pain syndrome, with shock wave therapy can successfully aid patients with treatment-
prostate pain syndrome, bladder pain ~ resistant manifestations of chronic pelvic pain syndrome, in particular,
syndrome, vaginal pain syndrome, prostatic, bladder and vaginal pain syndromes, who haven't been able
manual therapy, shock-wave to achieve their desired results through conventional treatment.
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Beryn. Ilpu nikyBaHHI MeTogaMu MaHyalbHOI Tepamii MaToJIorili MOINEepeKOBO-KPHUKOBOTO
BiJiTy XpeOTa I0BOJII YacTO AOBOJIUTHCS OOPOTHCS 3 XpoHiYHNUM Ta3oBUM OojieM (XTB). Ane naneko
HEe 3aBXau 1iel Oib BUKIMKAaHWUN 3axBOPIOBaHHsAMH XpeOta. He pinmko XxpoHiuHWi Ta30BUil Oillb
MOEHYE B COO1 YHCIICHHI CUHAPOMH XPOHIYHOIO CEYOCTATEBOIO 0OJII0, MEXaHI3MH BUHUKHEHHS STKUX
HaI3BUYAHO PI3HOMAaHITHI 1 JaJIeKO HE 3aBX/IH J0Ope BUBYCHI.

XTB nokanizyerbcs B 00J1aCTi Ta3y, HE TOB'SI3aHUNA 31 3JIOSKICHUMH HOBOYTBOPEHHSIMH, MOXE
3yCTpiyaTHcs SIK y YOJIOBIKIiB, TaK i B KIHOK [3]. Mi>kHapo/He TOBapuCTBO 3 IPOOJIEM HETPUMAaHHS cedi
(ICS) B 2002 p. mano HactymHe popmyitoBaHHS cCHHIpoMY TazoBoro 6omo (CTh): «Ilepcuctyrounii abo
peLMIMBYIOUMI Ta30BUI Ok, acoUifoBaHU i3 CUMITOMaMH TUCHYHKLI] HWKHIX CEUOBMX IIUIAXIB,
KUIIKOBHMH, CEKCyalbHUMH 1 TiHEKOoJOriYHUMHU JuchyHkmismu. [Ipu 1ibomy iHGeKmidHI areHTH adbo
SBHI MATOJIOT1YHI TIPOLIECH, SIKI MOTIIM O CIPUYMHUTH 00JTi, He BCTaHOBiIEeH» [ 1, 3].

3rigHo 3 «KimiHiyHUME HacTaHOBaMU» [3] CHHAPOM XPOHiIYHOTO Ta30Boro 6o (CXTBH)
BKJIFOYAE YPOJIOTIYHUHN, TIHEKOJOTIYHUHN, aHOPEKTAILHUN, HEPBOBUN, M I30BHil Oinb. B cBOIO uepry
YPOJIOTIYHUN OULTh TIPOSBISAETHCSA OOJHOBUMH CHHIPOMAaMH: CEUYOMIXYPOBHM, YPETPATLHUM,
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MPOCTATHYHUM, MOIIOHKOBUM, TeHUIbHUM [3]. ['iHekosnoriunmii OOJILOBHI CUHApPOM OyBae
BariHAJILHUM, BYJIbBApPHUM, TAKUM, 1110 PO3BUHYBCS Ha (OHI eHAOMETPUTY [3].

B Toif xe wac XpoHiuHHI Ta30BUi Oih MOXXE OYTH BHKIMKAHWNA CHHIPOMAaME HETa30BOTO
001110, SIK TO HEBPOJIOTIYHUM, YH YpOJIOTiuHUM [3].

XpoHiYHMIA Ta30BUH OiJb, TIOB'I3aHMIA 13 MATONOTIAMU XpeOTa, YCIINTHO JIIKYETHCI METOIAMH
MaHyaJbHOI Tepartii, ajie, SIK IIoKa3ye JiKapchka MPaKTUKa 1 MATBepIKYIOTh HAyKOBi mkepena [3, 11,
12], GaraTo CHHApPOMIB Ta30BOTO OO0, CIPHYMHEHUX 3aXBOPIOBAHHSAMH OpraHiB Ta3y, TaKOX
BIICBHEHO MiAJAIOTHbCS MaHyalbHOMY JiKYBaHHIO. AJDKe 1 mpu xBopoOax xpeOTa i mpu 0Oaratbox
CHH/IPOMAax Ta30BOTO OO0, TOB’SA3aHMX 13 3aXBOPIOBAHHSMH OpraHiB Ta3y, HasBHI OJIOKyBaHHSA B
cyriobax xpe0Ta, sIKi 1 € OMHIEI0 3 TPHYWH JaHUX MmaTojorii [7, 10].

XBopuid, sikuii i3 OOJIIMU B HWKHIM JUISHIII CITUHHU 3BEPTAETHCS IO OPTOIEAa-TPaBMaToJIora
MaHyaJbHOTO TepareBTa, MEepIl 3a BCE MparHe 3 JONOMOTOI0 IpOQiIBHOTO CremiamicTa mo30yTHCs
po0JIeM Y TIOTIEpEKOBO-KPIYKOBOMY BT XpeOTa, TOMY HE 3aBXKIH O3BYYY€ BCi CKaprH U Mepertik
BXKE JIIarHOCTOBAHUX 3aXBOPIOBaHb B 001acTi Tazy, M0 HOro TypOyIOTh HE OJHMH PiK 1 BiJ HUX BiH
0e3yCIIIITHO JIKYEThCSA. AJIE YacTo, KOaU X60poda 0peanie masy HEeiHpeKYIH020 NOXOONCEHHS | MAE
36'30K 13 3MIWEHHAM PO3MAULY8ANHA XPeOYie 00UH 8IOHOCHO 0OHO20 MA 3AWEMIECHHAM NO8 A3AHUX i3
HUMU HEPBOBUX 3AKIHUEHb, came MAHYAIbHUL mepanesm 30amen ycniutno nodonamu neoyey [7, 10].
Slkpa3 Ha JesKUX 13 TaKMX BUIAJKIB 1 Oy/ie 30cepe/KeHa yBara B JaHili CTaTTi.

XpoHIYHMIA Ta30BUH Oiibh MOE€NHYE B cOOi YHCIEHHI CHHAPOMH XPOHIYHOTO CEYOCTaTEBOTO
Ooito, B maHIN ITyOJTiKaIii MU 30CEpeInMOCs JIMIIC Ha KUTBKOX i3 HHUX, 30KpeMa: MPOCTaTHIYHOMY,
CEUYOMIXYPOBOMY 1 BariHaJbHOMY, Ta PO3TJISTHEMO MOXKIIMBOCTI JIIKYBaHHS X MaHyaJIbHUMH METOaMHU
y pasi HeiH(eKIiHHOTO BHHUKHEHHS IIIX CHHIPOMIB.

Meta aaHOro J0CJiIKeHHsI — BUBUUTH PE3yJIbTaTU BIUIMBY MaHyajJbHOI Teparmii Ha 00JIbOBi
CHUHJIPOMH BHYTPIIIIHIX OpTaHiB Ta3y, sKi JOPMYIOTh CHHIAPOM XPOHIYHOTO TA30BOTO OOJIO.

Marepianau i MmeToauU.

[IpoBeneHO peTpOCTIEKTUBHUI aHaTi3 pe3yIbTaTiB JIKyBaHHS METOJJaMH MaHyallbHOI Teparrii B
MII «Yxpaincekuit TpaBMOIIEHTp» 3araioM 52 MaIi€eHTiB i3 CHHAPOMOM XPOHIYHOTO Ta30BOTO 0OITIO,
JIOKaJIi30BaHOTO Y BHYTPIIIHIX OpraHax Ta3y, B nepion 3 kBiTHa 2016 mo kBiteHp 2020 poky. [3 HuX
yposoriunuil Oinb y 22 nauieHTiB (42,3%) nposBiIsBCS MPOCTATUYHUM OOJBLOBUM CHHIPOMOM, y 21
ocobu (40,4%) — cedomixypoBruM OOJILOBUM CHHAPOMOM; TiHEKooriunuil 61k y 9 nauientok (17,3%)
OyB BHKIMKAaHMH BariHAIbHUM OOJLOBUM CHHAPOMOM. YCi XBOpPi JOCHIIHUIBKOI TPYIH, OKpiM
XPOHIYHHX OONBOBUX CHHIPOMIB, IIOKANIi30BaHUX Y Ta30BUX OpraHax, Malld pi3HI MaToJorii
MOTIEPEKOBO-KPIKOBOTO 1 4acTO TPYTHOTO BifiniB xpedta. KoHTponbHa rpyna ckiamana 53 ocoow,
K1 CTpaKJJaJIM Ha Pi3HI MATOJIOT] MOMepeKOBO-KPKOBOTO Bigiiny xpeoTa i He mamu CXTh.

O6crexenns xgopux y ML «Ykpaincekuit TpaBmouieHTpy» nepeadadano MpoBeACHHS OTIISTY
OpTOIEIOM-TPAaBMATOJIOTOM MaHyaJIbHUM TEPareBTOM, a TaKOX, MPH HEOOXiIHOCTI, AJsl YTOYHEHHS
nokamizamii maronorii, BukoHaHHS peHTreHy, KT, MPT mimpoBux ninsHok xpeOrta. ManyanbHa
JIarHOCTHKa BKJIIOYANla PYYHY JIarHOCTHKY PYXOMOCTI 1 «CyrJiioO0BOi TIpu» IyTrOBiJPOCTKOBHX
(dacetkoBux) cyrnobiB 3a IOMOMOTOI MACHBHUX PYXiB 1 3MillleHb B Pi3HHUX IUIOLUIMHAX Biced pyxy
xpeOTa, CreliaNnbHi MPUHOMHU JOCTIKEHb (YHKIIIOHAIBHOTO CTaHy M’ S30BOi cepu 1 PyXOBOTO
CTEpPEOTHITY 3 METOI BU3HAYCHHS JINISTHOK (DYHKI[IOHANBHOI OJIOKaIi PyXOBUX CErMEHTIB XpeOTa [7,
8, 15]. BumiproBaHHs iIHTEHCHBHOCTI 0OJIHO 3/1IHCHIOBAIIOCS METOOM OILIHKH 0O0JhOBHX BIIUYYTTIB 3a
JIOIIOMOT 010 Bi3yanbHOi aHanoroBoi mwkanu (BAILD). [lo3uTuBHUM pe3ynbTaToM JIiKyBaHHS BBaXKaJIoCs
3HIKEHHS 00JIbOBOTO cuHapoMy Ha 80% 1 OibIiie.

VY nmauifi myOsikaiii cTaBUIOCS 3aBAaHHS IOCIIIUTH GMIUE MAHYALLHOL mepanii Ha 601b086i
CUHOPOMU BHYMPIWHIX 0p2anie¢ masy, fAKi € CKIA008UMU CUHOPOMY XPOHIYHO20 mMA3068020 000,
WAAXOM NOOONAHHA NAMON02IT NONEPEKOBO-KPUICOB020 8I00iNy Xpebma.

JlikyBaHHS 37iiiCHIOBAIIOCS 32 aBTOpChKO Meronukor C. @dpanka [5, 6], B OCHOBY SIKOi
MIOKJIa/ICH] Kpallli JOCSTHEHHS €BponelchKoi mkonu ManyansHoi Tepanii K. Jlesita [10], po3suneHi i
JIOTIOBHEH] BJIACHUMHM HAIPAIIOBAaHHAMHU aBTOPA 1 AOCSITHEHHSMH YKpaiHCBKHX KoJjer. €Bpomenchka
nikojia MaHyaneHoi Tepanii K. Jleita 6a4nTh niepelyMOBH IS MAaHYaJILHOTO JIIKYBaHHS B MOPYIICHH]
¢GyHKIT pyxoBoi cuctemu. HalOunbIn ajgeKBaTHHM METOM JIIKYBaHHS 3BOPOTHHX (PYHKIIIOHATIBHUX
oOMexenb pyxy — e Manimynsmii [10, c¢. 20]. Mera MaHIMyNsIMiHHOTO JIiKyBaHHS IIOJSTaE Yy
BigHOBNIEHHI (YyHKIIi Ccyrmoba B THX MICISX, J€ BOHa 3arajgpbmoBaHa (Omoxomama) [10, c. 23].
O06’exToM MaHITyJAMIi € (QyHKIIIOHATBHI MTOPYIICHHS, B OCHOBHOMY OJIOKyBaHHS B cyriiooax. Ilig

6 7(59), September 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

OJIOKYBaHHSIM PO3yMilOTh OOMEKEHHSI PyXy B pyxoBoMy cermeHTi [10, c. 20]. ABTOpchbKa METOIUKA
C. ®panka 3axuilieHa HAYKOBUMH My OJTIKAIlisIMU B €BPOTICHCHKiil HAyKOBii MeanuHii mepiouiti [5-8].
CyTp MeTomy ToJsTae B 3aCTOCYBaHHI NMPHUHOMIB MaHyaJhbHOI Teparmii (MoOimizamii, MaHImymsmii,
Tpakuii, gopcoBanoi ¢uekcii, macMBHUX BIpaB) B MOEAHAHHI, 32 MOTPEOH, 3 YAapPHO-XBHUIILOBOIO
tepamiero (YXT). BuxopucrtanHs 1uX IBOX KOMIIOHEHTIB Yy OJHIA METOMAHWIN IO3BOJSE 3400YyTH
CHHepreTHyHMiA edekt [5-8].

Bkazana metoauka micist 3i0paHoro aHamHe3y nepeadayvae:

* YTOYHEHHSI MaJbNAI€El0 1, 32 MOTpedu, natunkoM Y XT sokanizariii 6JJOKOBaHUX CETMEHTIB i
TPUI'€PHUX TOUOK.

* Buxopuctanaa YXT, 3a norpedu, A 3HWKEHHS 00JIbOBOI YyTIMBOCTI B IUTFOBHX 30HAX,
MOKpaIeHHs TpopiuHOI (PYHKIIIT HEpBa, MOCUIICHHS KPOBOOOITY Ha JTUISIHIIN OJIOKOBAHOTO CETMEHTA 10
XOIly HEpBa, KW TypOye, B M’SIKHX TKaHWHAX, Y BUPOCTKaxX KICTOK, CyrJio0ax i MicUsx, Jie HepB
BXOJMUTh y BY3bKi KaHamu (IIpH LOMY pIBEHb €Heprii Mae YTpPHUMYBaTHUCS B MaKCHMaTbHHUX
KOMQOPTHHUX JJIsI AI[iEHTa MEXKax).

* 3acTocyBaHHS TNPUHOMIB MaHyalbHOI Tepamii Ha [AUITHKax xpedTa B HACTYIHIH
MOCITIIOBHOCTI: TIOCTYTIOBE 3MEHIIIEHHS 3MIMIEHHS W poTamii OKpeMuX XpeOIiB Ayry BUKPUBJICHHS Ta
TOpPCii CErMEHTIB L€l YT B 30Hi iX PYXJIHBOCTI.

* [lepionnune MOBTOpEHHS BKa3aHUX MPOLEAyp A0 OTPUMAHHS TMO3UTHBHOTO KITiHIYHOTO
pesynbTary [5-8].

Janwii MeTO/T YCIIIIHO MPaKTUKYETHCS MTPOTATOM OCTaHHIX 1T’ ATHAAISTH POKIB YIS JTIKyBaHHS
TaKOX 1 HeIH(PEKIIHHUX OOTBOBUX CHHIPOMIB BHYTPIIIHIX OPTaHiB Ta3y, SKi € CKJIaJOBUMH CHHIPOMY
XPOHIYHOTO Ta30BOTO OOITIO.

Pe3yabTaTH TA iX 00roBOpEeHHA.

VY mepion i3 kBiTHA 2016 mo kBireHb 2020 poky AochmigHWIBKA Tpymna i3 52 mamieHTiB i3
CHUHJIPOMOM XPOHIYHOT'O Ta30BOT0 OOJIIO, JIOKATI30BAHOTO Y BHYTPIIIHIX OpraHax Ta3y, IPOXOuiia
JiKyBaHHS MeTOJaMH MaHyaibHOI Teparii B ML «Ykpaincekuii TpaBmoneHTpy». Jlo rpymu BXOOmmu
XBOpI 3 yposoriunum Oosem: 22 4oi. (42,3%) 3 npocratnuanM 6onboBuM curapomoM (ITBC) Ta 21
yoJ1. (40,4%) — 3 cedyomixypoBuM 00sb0BuM cubapomoM (CMBC), a takox 9 marientok (17,3%) 3
TiHEKOJIOTIYHIM 00JieM, BUKIMKAaHUM BariHaisHUM OonboBuM cuHapoMmoM (BBC). ¥V mocmimkenHi
B3sIM y4yacTb 32 (61,5%) donosikiB BikoM Bix 33 mo 72 pokis, cepenHiit Bik 59 pokis; i 20 (38,5%)
JKIHOK BIKOM BiJ 22 10 68 pokiB, cepenHiit Bik 50 pokiB. CepenHiil BiK yCiX Halli€HTIB CTAHOBHUB 55
POKiB. Yci XBOpi JOCHIAHUIBKOI TPYNH, OKPIM XPOHIYHMX OOJBOBUX CHHAPOMIB, JIOKAJi30BaHUX B
Ta30BUX OpraHax, MaJH Pi3HI MMaTOJIOTii TOMEPEeKOBO-KPIKOBOTO Biaminy xpedta. KonTponbHa rpymna
ckiagana 53 ocodu, 3 Hux 32 (60,4%) donogikiB i1 21 (39,6%) xiHka. Bik nmarieHTiB: 40JIOBIKIB — BiJ
30 mo 71 poky, cepenHiii Bik — 59 pokiB; xiHok — Big 20 10 68 pokiB, cepenniii Bik — 50 pokis.
3aranpHUN cepelHii BiK MamieHTiB — 55 pokiB. Yci XBOpi KOHTPONBHOI TPyNH CTpa)KAaid Ha Pi3Hi
MATOJIOTI1 MOTMIEePEeKOBO-KPMIKOBOTO BTy XpeOTa i skojeH i3 namieHnTiB He maB CXTh.

Ho mouatky nikysanHsi B ML] «Ykpaincekuii TpaBMoLieHTp» yCi XBOPi TOCIIIHUIIBKOT IPyNn
MaJIi BCTAHOBJICHUU HIMUMH MeAWYHUMHU 3akiagaamu niarHo3 CXTh uu KOHKpeTHUX HeiHeKIinHuX
3aXBOPIOBaHb BHYTPIIIHIX OpraHiB Ta3zy, IOB’S3aHUX 13 NPOCTATHYHHM, CEUOMIXYpPOBHUM Ta
BariHaJbHUM OOJILOBUMHU CHHJIpoMaMu. KpiM TOTro BCi BOHM Majiyd HETraTUBHHN JIOCBiJ TPUBATICTIO 1-
10 pokiB JiKyBaHHS IIMX TATOJIOTIM Yy PI3HUX MEIWYHUX 3aKIaJaX METOJ[AMH, He TIOB’SI3aHUMH 3
MaHyaJIbHUM BIUIMBOM.

[lpu omuTyBaHHI NAI€HTIB JOCHITHHUILKOI I'PYNH BHUSBHIOCS, IO Y BCIX XBOPHUX JEOIOT
0O0JILOBOT'O CHHIPOMY CIIOYATKY BiJIOYBCS B IOMEPEKOBO-KPXKOBOMY BT XpeOTa 1 JIHIIe 3 9acoM
(0,5-3 poxwu) nposiBuBcsi CXTH wiTkoi a00 HEUiTKOT JIOKamizarii.

3a mepiox NiKyBaHHS MAaLli€HTH SK TOCTITHULIBKOI, TaK i KOHTPOJBHOI TPyl NPOWLUIM Bix
OJTHOTO JIO IT’SITH KypCiB MaHyallbHOT Tepartii, KOXeH i3 SKHX BKJIIOYaB BiJl JIBOX JO JICCSTH CEaHCIB.
MeToro MaHyaJIbHOT'O BIUIMBY OYJIO JOCSTHEHHS BiJCYTHOCTI OOJBOBOTO CHHAPOMY UM 3HMIKEHHS
fioro xoua 6 Ha 80%. Bkazanuii pesynpraT Bramocs orpumatd y 19 3 22 xBopux (86,4%) Ha
npocTaTHuHui OonboBHN cuHApoM, y 19 3 21 mamienta (90,5%) 3 cedomixypoBuM OOIHOBUM
cuapomMoM 1y 8 3 9 ocib (88,9%) 3 BariHanbHUM OOJHFOBHM CHHIPOMOM. YCEpEeIHEHHN MOKA3HUK
ckiagae 88,6%. Ilpu npoMy B KOHTPONBHIM Ipyli MOBHICTIO M030aBUTHCS OOJILOBOTO CHHAPOMY YU
3HM3UTH Horo iHTeHcuBHICTh Ha 80% 3mornu 94,3%. TproM marfieHTam i3 MpoCTaTHIHUM OO0JIIbOBUM
CHUHIPOMOM, JBOM 13 CEUYOMIXYpPOBHM Ta OJHIM XBOpid 13 BariHaJbHHUM OOJIbOBUM CHHAPOM HE
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BIAJIOCSl JOCSTTH 3HIDKEHHSI 0OJBOBOrO CHHIpoMYy Xoda 0 Ha 80%, OTKe € MeBHE YMCIO KIIHIYHHX
BUNAIKiB (B HamoMmy gociimkeHHi ue 11,4%), ne manyanbpHe BTpydYaHHS HE MOXKE Ha JAaHOMY eTali
TTOBHOIO MipOIO BUPINIUTH ITOCTaBJIcHE 3aBAaHHsA. BkazaHi mecTepo XBOPUX MarOTh 3HAYHI TO3UTHBHI
3pYLICHHS B JIIKYBaHHI, ajle BOHM HH)K4Yi TOCTaBJICHUX PyOexKiB, X04a iCHYIOTh CIIOCOOM B paMKax
BUKOPHCTOBYBAHOTO METOMy iX MIABHIIMTH — II€ 30KpeMa 3aMiCTh pajialbHOTO amapaTta yaapHO-
XBHJIBOBOI Tepamil 3aCTOCyBaTH MOTYXHIMUK (oxycoBaHwii amapat YXT, mo M03BONWATH 3HU3UTH
00JIBOBY YYTIIUBICTh B IIUTHOBHX 30HAX.

3arajgbHa TPUBAIICTh JIIKYBaHHS B MAIli€HTIB JOCHITHUIIBKOI TPYMU CTAHOBWIJIA BiJl OJTHOTO
MICSAIISA IO OJHOTO POKY 1 YOTHPHOX MICHINB, Y XBOPUX KOHTPOJBHOI TPYIIH — BiJl MICSIIS 10 POKY.
3aranpHi CTATHCTUYHI JaHi 3 mepebiry JiKyBaHHS Mmoka3zaHo B Tabm. 1.

Tabmums 1. JlikyBaHHS CHHOPOMY XPOHIYHOTO Ta30BOT0 OO0 METOAaMH MaHyaIbHOI Tepamii

Hocnigannpka rpyma (CXTh) KontponbHa
Yponoriuauii 611h I'HekosoriyHui pyna |
Sih (marosnorii
" . " : " IMMKBX)
[Ipocratnunuii | CeyomixypoBuil Barinansuuit
00boBHIA 00boBHIA 00bOBHIA
CUHJIPOM CHHJPOM CUHJIPOM
K-cTh mamieHTiB, 90II. 22 (42,3%) 21 (40,4%) 9 (17,3%) 53
CepenHsl TpUBAJICTh 7 4 3 6
00JIbOBOT'O CHHJIPOMY, P.
K-cTb KypciB niKyBaHHS, 1-5 1-5 1-5 1-5
TIT.
K-c1b ceanciB y kypci 3-10 3-10 3-10 2-8
JIIKYBaHHSI, IIT.
3aranpHa KUTBKICTh 3-50 3-50 3-50 2-40
JKyBaJIbHHUX CEAHCIB,
IIT.
[HTencuBHicTH 60O IO 4-8 4-9 3-9 4-10
mwkaim BAII mo
JIiKyBaHHS
InrencuBHicTs | L KYPC 3-8 4-8 3-8 4-7
GO0 IO 2 Kypc 3-6 3-7 2-7 3-5
mkaini BAII B | 3 kypc 2-5 2-5 2-5 3-6
npoueci 4 xypc 1-4 1-3 2-4 2-4
JKYBAHHS! 5 Kypc 0-3 0-2 0-2 0-2

3 HaBe/IEHOI CTATUCTUKU MO>KHA 3pOOUTH HACTYIIHI BACHOBKH:

e CXTB, 3okpema IIBC, CMBC Ta BBC, ycninHo mifiaeTbcsi MaHyalbHOMY JIiKyBaHHIO

e ManyanbHi MeToAM 374aTHI mojonatu TsoxkoBwiikoBHi ¢opmu [IBC, CMBC i BBEC 3
HETaTHUBHUM JIOCBIJIOM JIIKYBaHHS 1HITUMH METOJIaMH

e Manyanbae nikyBanHs CXTB € mocratHho TpuBayMM mporecoM i motpedye 3-50
JKyBaJbHUX CEaHCIB

e 3arajgpHa TpuBalicTh MaHyajabHoro jikyBanHs CXTDB ckiamae Big ogHOro Micsis 10
OJTHOTO POKY 1 YOTHPHOX MICSIIB

e ManyanbpHa Tepamisi 3laTHA IOBHICTIO MojoiaTtu abo 3HM3uTH Xoua 06 Ha 80% O0onboBi
cunapomu ipu CXTh

e [Ipouec manyansHoro nikysanHs CXTbB TpuBamimmii 3a 4acoM 1 TpyJOBHUTpaTaMu, HiX
aHAJIOTIYHUI MpoIIec JIIKYBaHHS MaTOJIOTIH MOMepeKoBO-KprxkoBoro Bijiny xpeora (ITKBX)

OTxe, TpOBeNEHE OCTIPKEHHS MITBEPIMIO OIUIBHICTh KOHCEPBATUBHOTO JIKYBaHHS
MeTomamu MaHyansHOI Teparii CXTbh. B mopiBHSHHI 3 IHITUMA METOAAMM JIIKYBaHHS 3aCTOCYBaHHS
MaHyaJbHOI Tepamii s i€l METH Mae psJ CYTTEBHX II€peBar: Le 1 BIACYTHICTh IMOOIYHOI Aii,
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0e3MeyHicTh, MPOCTOTA Y BUKOPUCTAHHI, JOCTATHRO HMIBUKE TOCATHEHHS pe3yJIbTaTy, HeIHBa3UBHICTB,
€KOHOMIYHICTh, €)ECKTHBHICTD.

TakuM ymHOM, METOJ MaHyaJbHOI Tepamii B TMOE€JHAHHI 3 yAapHO-XBHIJIBOBOIO TEPAIi€ro
JIO3BOJIIE HAZaBaTH JOMOMOTY XBOpUM 31 CTiikumu 1o nikyBaHHs mposiBamu CXTB, 3o0kpema,
MPOCTATHYHOT0, CEYOMIXYPOBOTO Ta BariHAILHOTO OONBOBUX CHHIPOMIB, SIKi HE OTpUMaId 0a)KaHOTO
pe3ynbTaTy IpU BUKOPHUCTaHHI TPAAUIIIHIX METOIIB JIIKyBaHHS.

Kniniunui eunaook Nel

3rimno 3 «KoiniuHuMu HactaHoBamu» [3] npoctatmuynmii  OonboBuilt cuHapom (I1BC)
BU3Ha4yaeTbea sK «llepcuctytoumii abo penuanByO4YMii Oimb B 00JACTi TPOCTAaTH, TPU SKOMY
BIIMIYAIOThCSI CHMIITOMH CTaTCBUX PO3JIAIIB 1 MOPYIICHHS CEYOBHITyCKaHHS. BinmcyTHe iHdekIiiine
YpaXXCHHsI UM sIBHA MATOJIOTist opranay [11].

HamienT K., yonoBik, 45 pokis, cneniagict IT. Bnepmie 3BepayBcs B ML «YkpaiHcbkwii
TpasmornieraTp» B ymmHI 2016 p.

DS: Hezananpauii XII/CXTB (BiACyTHICTh JEHKOIMTIB y CiMEHi, IPOCTATHYHOMY CEKpETi,
TpeTiit mopuii ceui). [IpocTaTuuHmMit 0OTBOBUI CHHIPOM.

Ckapeu. Ilporsrom 8 micsriB 06071p0B1 BITUyTTS B 00JacTi Ta3a 3 BiAmadero B JIIBE CTETHO.
TsoxkicTh, TUCKOMMOPT, HUIOYI 00JIi B IPOMEXHHI, MOIIOHIII, TOPYIIEHHS TPOLIECY CEYOBHITYCKaHHS,
BiJJYyTTSl HETOBHOTO BUTIOPO>KHEHHSI CEUOBOT'0 MiXypa, MOTiPIICHHS SPeKIIii.

Anamnes saxeoprosannus: IlanieHT OB’ A3y€ MOYATOK 3aXBOPIOBAHHS 3 MAJIOPYXJIMBOIO CHISYOIO
po0OTOI0, BUCOKUM PIBHEM CTpECy, MepeoxoaomkeHHsM. ClraOkuii po3MUTHIA Oillb B Tasi 3 SIBUBCS B
muctonazi 2015 p. i MOCTYNOBO MiJICKIIIOBABCS Ta 33 MICSIb 3MyCHUB XBOPOTO 3BEPHYTHUCA B MOJIKIIHIKY,
Jie 3MIACHWIM KIHIYHI JOCTDKEHHS, SKi BUKTIOYWIN 1H(QEKIiHHUA XapakTep 3aXBOPIOBAaHHS Ta
MTOCTABMJIM JIIaTrHO3 TIPOCTATHT 1 MPOBETM OE3yCIHIIIHE JIKYBaHHS, SKE BKIIIOYAIO MEIMKAMEHTO3HI
3aco0wu, (iToTeparniro, Macax, aKkylmyHKTypy. Uepe3 4 micsill nepekBaidhikyBaau JiarHo3 Ha: CHHIPOM
XPOHIYHOTO Ta30Boro 0omto Ha ¢oHi xpoHiuHOTro mMpoctratuty (XII/CXTB), npoctatnunuii 600BUI
curnpom (I16C) 1 mpomoB)uiM MeTuKaMEeHTO3HE JTIKYBaHHS, SKE HE a0 OYiKyBaHHWX pe3yJbTaTiB.
UYepes 8 MicsIiB Biji IOYATKY 3aXBOPIOBaHHS TallieHT 3BepHYyBCsi B ML «Ykpaincekuii TpaBMoIieHTp»
Ha KOHCYJIBTAIIIIO JI0 OPTOIE/Ia-TPaBMaToJI0ra MaHyalIbHOTO TeparieBTa.

Kniniuni oaui: llpu ornsai OpToneaoM-TpaBMAaTOJIOIOM MaHYyaJbHHM TEpPaleBTOM OyJiH
BUsIBIIEH] QyHKIIOHAIBHI 070K B pyxoMux cermentax Thl1-Th12 rpyanoro Bimmimy ta L1-L2, L2-
L3, L5-S1 momepekoBo-KpmxkoBOro Bimuiiay xpedra. MPT miarBepauio mpotpysii MikxpeOueBux
muckiB Th11-Th12 rpymHoro Bimminy Ta L1-L2, L2-L3 nonepekoBo-Kpr:K0BOTO BiIiiy Xpeodra.

Jixysanus: B munHi-cepnai 2016 p. mpoBeneHO TepIivii Kypc MaHyallbHOI Tepamii, sSKui
BKJIIOYAB 5 CEaHCIB MaHyalbHOI KOPEKIii (yHKIIOHATbHUX OJIOKIB B pyxoBux cermentax Th11-Th12
rpynHoro Bimmimy ta L1-L2, L2-L3, L5-S1 nomnepekoBo-kpmxoBoro Bijainy xpedTa. Llum kypcom
BIaJoCcs 3HATH OsIoKyBaHHs B pyxoBux cermMeHTax Thl1-Th12 ta L5-S1. Jlemo 3HU3MINCS TSOKKICTS,
JTUCKOM(OPT, HHUIOYI OONi B Ta3i, MPOMEXHHI, MOIIOHIII, IOJISTTINUBCA IPOILEC CEYOBUITYCKAHHS.
InTeHcHBHICTH OOJIIB y Ta3l ¥ MpoMexuHI 3HU3WIACA 13 5 oaumHuUNb 110 3 mo mkam BAILL. Ipyrum
KypcoM i3 TpboX ceaHciB y BepecHi 2016 p. Oyno momonaHo O6imokyBanHsA B cermeHti L1-L2, Huroui
0omi B Ta3zi, MPOMEXUHI, MOIIOHII, CTErHi, 3HUKIIO BIIYYTTS HEMOBHOTO BHUIIOPOKHEHHS CEYOBOTO
Mmixypa. TpeTiM KypcoM i3 1BoX ceaHciB y nucronai 2016 p. pozonokoBaHo cermeHT L2-L.3, 3Hukmm
TSDKKICTB 1 uckoMbopT, BiJHOBUIIACH epekiis. KontponsHe ormutyBanHs B 2017, 2018, 2020 pokax
HiATBEPIUIIO Oly’KaHHS Halli€HTa.

Kniniunuii eunaook N2

3rigao 3 «KniniunuMmu HactanoBamm» [3] cedomixypoBuii OonboBuit cuHiapoMm (CMBC)
BU3HAYAETHCS SIK «binb, 1m0 JOKami3yeTbcs B HAIJIOHHIM 00macTi i 3’ABISETHCS MPHU HAIIOBHEHHI
ceuoBoro Mixypa. CynpoBOKYETHCS NPUCKOPEHMM CEYOBHUITYyCKaHHSM B JICHHMH 1 HIYHMH dac.
BincyTHe iHdekiiiiHe ypaxkeHHs 4 siBHA martoJioris oprana [1, 4]. YV ¢opmMymoBaHHi €BporeHChKOro
toBapuctBa 30 BuBueHHS CMBC/IL] (ESSIC) ocnoBHa yBara mpuaiisieTsCcsi Jokajizamii Ooito B
cedoBoMy Mixypi [17]».

Mauient M., 9os0BiK, 67 pokiB, npodecop H/II. Briepmie 3BepryBCcst B ML «Ykpainchkuit
TpasmornieHTp» B rpynHi 2018 p.

DS: XponiuHe 3amajeHHS CEYOBOTO MiXypa, IHTEPCTHLIANbHUI LUCTUT, CEUOMIXYPOBHIl
OonpoBHUl cCHHAPOM. LlUTONOTIYHI TOCTIKEHHS HA JICHKOTUIAKII0 HETaTHRHI.
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Ckapeu: binb B 007acTi ce4oBOT0O Mixypa 3 Biagauero B Max, MEpioAnYHE HEKOHTPOJIbOBAHE
MiATIKAaHHS cedi, IKOMY TIepeAy€e Pi3KUil MOTAT N0 cedoBUIycKaHHA. CIIOHTaHHE CEYOBUALICHHS MOXKe
cTaTucs B OyIb-IKOMY MicIli B Oyab-sIKui gac 6e3 ¢i3uaHol HanpyTru. boili B CIiHI Ha piBHI HOTIEPEKyY
1 KpwkiB. Bilb MiICUIIOETBCS TpU HAMOBHEHHI CEYOBOIO MiXypa 1 MOCHaONIOEThCS MpU HOro
CTIOPO’KHEHHI, a MOTIM 3HOBY HIBHIKO Hapoctae. Yacti mizepHi cedoBmityckanHs: BaeHb — 20-30
pasiB, BHOYI — 2-5 pas3iB. [lepeBakaHHs KiIbKOCTI HIYHOT c€4i HAJ ICHHOIO.

Anamnes 3axeoprosanns: Ta3oBi 001 B 00J1aCTi CEUOBOTO MiXypa BIepie 3’ sIBHIUCS 7 POKiB
Tomy y Bili 60 pokiB. Toai * OyB MOCTaBIEHHWH AiarHO3: LIUCTUT, HETPUMAHHs Cedi, SSIKUH 3roJ0M
TparcpopMyBaBCS B IHTEPCTHIIIMHUNA ITUCTHT, CEUYOMIXypOBHI O00mpOBHI cuHApOM. baratopa3oBo
IPOXOIUB KOHCEPBATUBHE KYpPCOBE Ta €Mi30AMYHE MEAMKAMEHTO3HE JIIKYBaHHS, CIPSMOBaHE Ha
BiJTHOBJIGHHS CJIM30BOTO MIAPY CEYOBOI'O MiXypa, MPUTHIYEHHS HEBPOJIOTIYHOI TiEepaKTHBHOCTI, B
TOMY YHCII 13 3aCTOCYBaHHAM aHTHUTICTAMIHHUX 3ac00iB. PeryisipHO BUKOPHCTOBYBaB albTepHATHBHI
1 TOTIOMIXKHI METOIM JIIKYBaHHSI, TaKi SK ITOBEIIHKOBA TEpaITisl, TPCHYBAaHHSI CEUYOBOTO MIXypa, HIi€Ta,
aKyIyHKTypa, TinHo3, (iziorepamis. He3Bakaroun Ha MOCTiMHE W IUTAHOMIPHE JIIKYBaHHS 3yNHUHUTH
nporpecyBansi CMBC/IL| ne Baamocs. Tomy 3BepHyBcsi B ML «VYkpaincekuii TpaBmMoneHTp» 3
METOI0 BUIIPOOYBATH III€ OAWH METOJ JIIKYBaHHS.

Kniniyni Oani: Tlpu ormsimi opToNeAOM-TPaBMATOJIOIOM MaHYyalbHHM TEPalieBTOM BHUSBJICHI
¢yHKUioHaNBHI O0J0KKH B pyxomux cermeHTax Th4-ThS, Th5-Th6, Th10-Thll, Th11-Th12 rpyanoro
Bigmimy Ta L1-L2, L2-L3, L5-S1 mnomepekoBo-kpmxoBoro Bigairy xpedta. MPT mocmimkeHHs
BUsIBIUIO TapamemianHi mpoTpy3ii Th4-ThS, Th5-Th6, Th6-Th7, Th10-Thll rpyzmsoro Bimmimy i
mudy3Hi mupkyasapHi npotpysii L2-L3, L3-L4, L4-L5 monepekoBo-KpHXKOBOTO Billy XpeOTa Ta
rprki Mbkxpebreux auckis Th11-Th12, L1-L.2.

Jlikysanns: B rpymui 2018 p. — motomy 2019 p. mpoBeaeHO Mepmuil Kypc MaHyaIbHOL
Tepamii, sakuii BKiIouaB 10 ceaHciB MaHyanbHOT Kopeklii (yHKIIOHambHHX OJIOKIB Y PYXOBHX
cermedtax Th4-Th5, Th5-Th6, Th10-Th1l, Th11-Thl2, L1-L2, L2-L3, L5-S1 rpymHoro i
MOTIEPEKOBO-KPIKOBOTO BiAminiB xpebTa. llepmmmM xypcom Bmamocs 3HSATH (YHKITIOHATBHI OJOKH
Th5-Th6, L2-L3, L5-S1. IntencuBHicTh 605110 B 00aCTi CEUOBOTO Mixypa ociabma 3 6 10 4, a 60110 B
criuHi — 3 4 10 2 3a mkanow BAIIL. 3uusunacs yactoTa JeHHUX cedoBunyckanb 0 10-15 pasis Ha
JIeHb, 0c1abJI0 HEKOHTPOIIbOBaHE MiATIKAHHS cedi B IeHHI W HiuHI roguHan. [pyruit Kypc MaHyalbHOT
Teparii 3 6 ceaHciB mpoBeneHo B kBiTHI 2019 p. Bynu 3uaTi dyHkuionaneHi 6ok Th4-ThS, Th10-
Th1l. [HTeHcuBHICTH 00O B 001aCTI CEUOBOrO Mixypa ociabna 3 4 110 3, a 6osro B criuHi —3 2 110 1 3a
mkanoro BAILL. 3Hm3unacs dacTora AEHHUX CEUOBHITYCKaHb 10 8-10 pa3iB Ha JeHb, 3MEHIIHIOCS
HEKOHTPOJILOBAHE TIATIKAHHS cedi B JIeHHI W HiuHI roguHu. TpeTii Kypc MaHyalnbHOI KOpeKIii 3 3
ceaHciB nposejieHo B uepBHi 2019 p. Bys 3uatuit pynknionansauii 6mok Th11-Th12. IaTencuBHicTh
0010 B 001acTi ce4OBOro Mixypa ociabmna 3 4 10 2, a 6omro B cimHi — 3 2 10 1 3a mkanoro BAILL
YacToTa JEHHUX CEYOBHUIyCKaHb He nepeBuiyBajia 10 pa3 Ha AeHb, HEKOHTPOJIBOBAHE MiATIKAHHS
cedi B JICHHI 1 HiYHI TOAMHA 3HAYHO CKOpOTWIiIocs. UeTBepTuii Kypc i3 ABOX ceaHciB y ceprmHi 2019 p.
3HsB (yHKIioHaMBHMH Onok L1-L2, iHTeHCHBHiCTH OOJII0O B 0OOJIACTI CEYOBOTO Mixypa 1 CIHHHU
3aJMILINIIACS HE3MIHHOIO — BiANOBIAHO 2 1 1, yacToTa JEHHUX CEYOBMITyCKaHb cTaHoBHIa 7-10 pasis,
HEKOHTPOJILOBAaHE IMIATIKAHHS cedi B JEHHI 1 Hi4HI roguHu npunuHmiocs. [I'stuit kype i3 aBOX
ceanciB y xoBTHI 2019 p. miaTBepAuB BiACYyTHICTH (Di310JIOTIYHUX OJIOKYBaHb CErMEHTIB XpeOTa,
IHTEHCHBHICTb 0O0JII0 B 00JIaCTI CEYOBOr0 MiXypa i CIIMHM BiJUyBayiacs Ha PiBHI OJMHMIII 33 IIKAJIOO
BAILI, yacrtora I€HHUX CEYOBUIYCKaHb CTaHOBHJA 7-8 pa3iB, HEKOHTPOJIBbOBAHE MiATIKAHHS cedi B
JIeHHI ¥ HiuHI ToauHu Oyno BincyTHe. KoHTponbHi onuryBaHHs B Tpyani 2019 p. i munai 2020 p.
MiATBEPJIUIIA 3aKPITUICHHST DIBHS, JOCATHYTOTO 3a IIJICYMKaMH IT'SITOTO KypCy JIKyBaHHA. 3a
pe3yJabTaTaMH II'ATH KYpCiB JIIKYBaHHS BAAIOCS NOCATTH HOKpaleHHs cTaHy Ha 85%. InnepBaris
CEUOBOro Mixypa, AiadparmMu Tasza, ypeTpd, 30BHIIIHBOrO C(iHKTEpa CEYOBHMBITHOTO KaHAILY
3MIACHIOETBCS HEpBAMM 3aKiHUEHHS SKMX 3Haxoastees Ha piBui Thl11-Thl2, L1-L2, S2-S4.
Po30650KyBaBIIM BiNOBIZHI CETMEHTH 1 3HSBILIM 3aIIeMJICHHS] HEPBOBHUX 3aKiHY€Hb, BAAJIOCS JOCATTH
3HAYHOTO IOJIETIIEHHS CTaHy XBOPOT'0, X04a OBHOTO OYXaHHS JIOCATTH i HE BAAIOCS.

Kniniunuii 6unaook Ne3

3rimao 3 «KmiHivAMME HactaHoBaMm» [3] BariHampHUN OonpoBHit cuHIpoMm (BBC)
BU3HaudaeTbes sik: «llepcuctyrounii abo peuuAMBYIOUME €IMi30AWYHUN Oinb y BariHi, MpHU SKOMY
BIIMIYaIOThCSI CUMITOMH PO3JIaJiB CEUYOBOTO TPAKTY 1 CTaTeBWX po3iajiB. BincyTre iHdekiifine
ypakKeHHS UM sSIBHA MaToJIoTis opraHay [1]. IIpaBmibHMIA AiarHO3 BariHi3My MOKe OYTH TOCTaBIICHUN
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JUIIE TOMi, KONM HasBHI JBa KOMIIOHEHTH — CEKCyaJbHHH OONHOBMU po3ian 1 MHUMOBIJIbHE
CKOpOYCHHS M’ 5I31B Ta30Boro nHa [2, 9, 13, 14, 16].

IMamienTka A., kiHka, 32 pokm, eKoHOMICT, MaTu 1BOX mited 10 1 8 pokiB. Bmepre
3BepHyJiacs B M1 «Ykpaincekuii TpaBmorneHTp» y 6epesni 2017 p.

DS: Barinanpuuii 60np0Buii cuaapom (BBC), mombanris, aromOaizaris.

Ckapeu: Hapocraroui Hutod9i 00JIi B TIOMEPEKy, JIOKATi3yIOThes cripaBa. HeKOHTpoIIbOBaHi
0oITicHI CrTa3Mu MiXBH i Ta30BOT0 JHA NP CIIPO0i 31iHCHEHHS CTATEBOTO aKTy, BBEJICHHI TaMIOHa a0
MBI YU IPOBEACHHI MHEKOJIOTiYHOTO JocHiKkeHHs. [Ipy npunuHenHi cipoOr MPOHUKHEHHSI crla3M
caM c0o00I0 MTPOXONTb.

Anamnes 3axeoprosanns: boil B momepeky BIEpIe 3’ IBHIIHCSA 5 MICSIIB TOMY, Yepe3 MiCsIb
JI0 HUX TIpUETHATNCS CHa3MH MiXBH W Ta30Boro AHa. [louaTok 3aXBOPIOBaHHS MAI[iEHTKA TIOB’S3YE 3
PEMOHTOM Yy KBapTHpi, KM BOHA MPOBOAMIIA CAMOCTIHHO, TEPEMIIIYIOYN MPH IIBOMY TSKKI MeOIIi.
Boi B momepeky mocTynmoBO HApOCTAIH, a CIIa3MH M SI31B MIXBH HACTUIHKY TOCHIIMIIHCS, IO CTAaTCBUIH
aKT CcTaB He juile OOMICHHMM, a M 30BCIM HEMOXXJIMBUM. IHTEHCHBHICTE Ooiro mo mkami BAIIL B
TIoTiepeKy ckiaaana 4, BariHanbHuid 00mboBHid cuHIpoM — 8. [lanienTka nepebyBana B TapMOHIHHOMY
U001 TpotsaroM 11 pokiB 1 BariHi3MoOM HikoH He cTpaknana. IIpu 3BepHEHHI B HOJIKIIHIKY OyB
MIOCTAaBJICHUH JiarHO3 OCTEOXOHJPO3 Ta BTOPMHHMK BariHI3M 1 MPU3HAYEHO MEIWKAMEHTO3HE,
¢izioTepaneBTHYHE JIKYyBaHHS Ta NCHXOTEPANCBTUYHY KOPEKIif0. TpuMicsiuHe JiKyBaHHS HE Ao
MMO3UTHBHUX PE3YNBTATiB, TOMY XBopa 3BepHynacs B ML «Ykpaincekuii TpaBMOTICHTPY.

Kniniuni oani: Tlpu ormsami opToreoM-TpaBMaToJIOTOM MaHyalbHUM TEPAaNeBTOM BHSBIICHI
¢byHKIIOHANBHI 0J0KH B pyxomux cermMeHtax Th9-Thl2 rpynHoro Biaminy xpeOTa, CiocTepira€ThCs
30UTBIICHHST ¥ YIIUTPHEHHS TOIIEPEKOBOTO JIOPIO03Yy, BUSABIEHI (DYHKIIOHAIBHI OJIOKM B PYXOBHX
cermenTax L3-S2 momepekoBo-KpmxkoBoro Bimainy xpebOrta. PyxmmBicTh XpebTa B OOKOBOMY i
NepeIHbO-3aJHFOMY HalpsiMKax oOMexeHa. [Ipu 3milficHeHHI MaHIMyNALii B pyXoBOMYy cerMeHTi S1-
S2 BusiBIEHa PYXJIUBICTD, 110 CBIAYMTH PO HasABHICTH oMOaizanii. [IpoBeneni pearreniBcbke, MPT
1 KT mocmimkeHHs miATBEpANIN HAIBHICTD OJTHOCTOPOHHBOT IMpaBoOivHOI Trombaizarii S1.

Jlikysanns: B Oepesni-kBitHI 2017 p. mpoBeaeHO mepHiMii Kypc MaHyallbHOI Teparii, sSKUi
BKJIIOYAB 6 CeaHCiB MaHyalibHOT KOpeKIlii (QyHKIiOHATbHUX OJIOKIB y pyXxoBuXx cermeHnTtax Th9-Th12
rpyasoro Bimminy ta L3-S2 momepexoBo-kpkoBoro Biaminy xpebra. PesympraToM meprioro Kypcy
MaHyaJbHOI Tepallii cTalla IOBHA BiJICYTHICTh O0OJILOBOTO CHHAPOMY B TIOTIepeKy (IHTEHCHBHICTH OO0
0 mo mxami BAII) i 3HauHe 3HWKEHHsS 1HTEHCHBHOCTI BariHaJbHUX CIIa3MiB, CTaB JIOCTYITHUM
Oomroumii cexcyanpHUH akT (iHTeHcuBHICTH Oomo 4 mo mxkami BAIIl). IloBHicTO 3HATO
¢yHKIiOHANBHI OOKKM B pyxoBux cermMeHTax Th9-Th12. B wepBni 2017 p. mepen mpoBeneHHIM
JIPYroro Kypcy MaHyaJIbHOI Teparii iHTeHCUBHICTh 00Jito B monepeky 3 0 3pocna jno 2, BariHaJIbHUN
00JIBOBHI CHHJIPOM 30epir iHTeHCUBHICTh 4, BariHalbHI Cla3MH TpuBaW. [pyruii Kypc ckiaaaBcs 3
4-x ceaHCiB, B Horo xofi Oy MOBHICTIO 3HATI QyHKUiIOHANIBHI OJ0KK cermeHTiB L3-S2 monepekoBo-
KPHYKOBOTO BiJily xpeOTa, Ooyli B TMOMEPEKy, iIHTEHCHBHICTh BariHAJIHHOTO OOJIHOBOTO CHHAPOMY
3HU3WIIACS 0 2, 3aJMIIAMCh He3HAYHI BariHajbHi cria3Mu. TpeTiit Kypc MaHyallbHOT KOPEKIii 3 TBOX
ceaHnciB BifgOyBca y BepecHi 2017 p. Ilepex HuM 3a BiACYTHOCTI OOJIO B TONEPEKy MaB MicCIe
He3HauHui 070K y cermeHTi L5-S1, iHTeHCHBHICTh BariHaJIbHOrO OOJLOBOTO CHHIPOMY 3aNMIIAIACh
Ha piBHI 2. TperiM KypcoM OyJI0 MOBHICTIO MOAOAHO OJIOKYBaHHS B XpeOTi, BariHAJIbHUH CIa3M i
BariHanbpHUi 00NbOBHI cuHApoM. KoHTponbHe onuryBanHs mnarieHTkH B 2018, 2019 i 2020 pokax
MiATBEPIUIIO BIACYTHICTh 3ralaHuX O0JIbOBUX CHH/APOMIB 1 BariHaJIbHOTO CHa3My.

B maHomy KIIiHIYHOMY BUMAJKy MPHUYMHOIO 3aXBOPIOBaHb Oyiia BpOJpKEHa aHOMANis XpeOTa —
moMOaizamis S1, 1m0 npoTikana 0e3CHMMITOMHO, JOIOKH 3HAYHMM (DI3UYHUM HABAaHTKCHHSAM HE
0yJ10 CIPOBOKOBAHO 3pYIIEHHS B cerMeHTi S1-S2, sKe mpu3Besio A0 3alleMIICHHs HEPBOBUX 3aKiHYEHb
HEpBiB, KOTpi iHHEPBYIOTh MiXBy W Aiadparmy Taza — 1€ 1 BUKJIMKaJIO BariHaIbHUK OOJIBOBUI
CUHJIPOM 1 CHIa3M.

BucHoBku. JlaHUM JOCHIIPKEHHSIM IOBEACHO, IO METOAaMH MaHyallbHOI Teparii MOXHa
yCHiIIHO OOPOTHCS HE JIMIIE 3 MaToJorisiMU XpedTa i cyrio0iB, a i 3 6ararbMa CHHAPOMaMH Ta30BOT'O
0OJIF0 CHPUYMHEHHMH HEIHQEKIIMHUMI 3aXBOPIOBAHHSMH BHYTPIIIHIX OpraHiB Tasa, ajpke 4acTo
BOHH TaKOXX BUKJIMKaHi OJIOKYBaHHSAMH B cyriio0ax xpeora.
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An important factor in the development of diseases of the human body is drug abuse, which
leads to complete disability, mental health disorders and high mortality [2, 9, 13]. Among the various
types of drug addiction, opium addiction is considered the most malignant. The opioid epidemic has
grown rapidly and became one of the most serious medical and social problems of our time [5, 6, 12].
In opioid-dependent individuals, significant changes are observed in the tissues and organs of the oral
cavity, in which the prevalence of periodontitis is ten times higher than in those who do not use
narcotic substances [1, 11]. At the same time, insufficient attention is paid to the study of
inflammatory processes in the oral cavity and parodontium in drug addicted individuals, and also the
mechanism of exposure of new narcotic substances has not been studied well [3, 14]. It should be
noted that an important role in the pathomorphogenesis of periodontitis is played by the epithelium
condition of the mucous membrane of the gums and vascular disorders, which are one of the primary
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reasons of the inflammatory-dystrophic changes in the tissues and organs of the oral cavity [4, 7, 8].
However, in the medical literature there is no data on the development and peculiarities of the course
of the pathological process in the mucous membrane and in the hemomicrocirculatory bed of the
gingiva in the dynamics at different terms of the opioid analgesic.

The aim of the study the dynamics of changes in morphometric parameters in the thickness of
the epithelium of the gums, the height of the connective tissue papillae and the diameter of the lumen
of arterioles, capillaries and venules in dynamics in two, four and six weeks of action of the opioid
analgesic in the experiment.

Materials and methods.

Studies were performed on 46 outbred white male rats, 4.5 — 6.0 months old. Group | - intact
animals (10), group II — animals were administered daily opioid analgesic nalbuphine at increasing
average therapeutic doses every 14 days, calculated for rats ranging from 0.212 mg/kg to 0,252 mg/kg
for six weeks. Accordingly, rats were removed from the experiment after in two, four and six weeks.
The containment and handling of the animals was carried out in accordance with the recommendations
of the "European Convention for the Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes”. For histological and morphometric studies, semi-thin sections (5-7 pm)
from the amputated upper and exarticular lower jaws of rats were used. Histological preparations were
made according to the conventional method, preliminary decalcification of the hard tissues of the
dental organ, using dyes hematoxylin and eosin, as well as azan by the method of Heidenhain.
Morphometric examination and micrographs were performed using a MICROmed XS-4130
microscope. Further measurements were performed using ImageJ v.1.51 [10]. It was determined the
average values of the thickness of the epithelium of the free gingival margin and of the gingival
sulcus, the height of connective tissue papillae, as well as the diameter of the lumen of the components
of the hemomicrocirculatory bed (HMCB) - arterioles, capillaries and venules of the superficial
vascular bed of the mucous membrane of the gums. ANOVA analysis of variance with Tukey's test
for post-hoc was used to determine the significance of the difference between three or more groups of
animals. The difference was considered significant at a value of p <0.05. All statistical calculations
were performed using RStudio v software. 1.1.442 and R Commander v.2.4-4.

Results and discussion.

Morphometric indicators after two weeks of opioid action were characterized by different
dynamics (Fig. 1). The thickness of the epithelium of the free gingival margin increased to an average
of 157,67 + 20,97 um (the difference is statistically significant when compared with the indicator of
the intact group, p = 0,003), as did the index of the thickness of the sulcular epithelium — 74,43 +
12,44 um, although this increase was not statistically confirmed compared to the intact group (p =
0,51). And the papillae height decreased to 56,20 + 4,67 um (significant difference, p = 0,012).

The diameter indicators of the hemomicrocirculatory bed components in this term also had
different dynamics. Thus, the diameter of the arterioles decreased to 9,71 + 1,05 um. And capillaries
and venules increased in diameter compared to intact group indicators to averages of 5,65 £ 0,68 um
and 18,27 + 2,65 um, respectively. All indicators had statistical significance of changes compared to
the corresponding values of indicators of the intact group (p <0,0001) (Fig. 2).

Thus, after two weeks of the experiment it was morphometrically found that the mean values
of the components of the gingival mucosa were statistically different from those of animals of the
intact group, except for an insignificant increase in the thickness of the epithelium of the gingival
sulcus. and venules), which was due to the action of opioid analgesics in the early stages.

Morphometric indices after four weeks maintained the dynamics of the previous period. Thus,
the values of the thickness of the epithelium of the free gingival margin and the sulcular epithelium
reached the maximum of 165,74 + 27,52 and 79,98 + 13,02 wm, respectively. This increase was
confirmed statistically when compared with the intact group (p <0,001), and the sulcular epithelium —
when compared with the previous term (p = 0,013). The papillae height also repeated the dynamics of
the previous term and decreased sharply (47,48 + 4,88 um). Such a sharp decrease in this indicator
was statistically significant both when compared with the value of the intact group (p <0,001), a
decrease of the average value on 11,87 um) and when compared with the previous term (p <0,001, a
decrease of the average value on 8,72 um) (Fig. 1).

The indicators of the lumen diameter of the hemomicrocirculatory bed components in this
subgroup did not have pronounced dynamics compared with the previous term, however, they had
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differences compared to the intact group. In particular, the diameter of the arterioles came close to the
meaning of the intact group and was 10,42 = 1,41 pum, remaining significantly smaller than the intact
animal index (p <0,0001). And the diameters of capillaries and venules remained at the level of
indicators of the previous term and were 5,76 £ 0,76 pum and 18,90 &+ 2,73 um, respectively, however,
also had a statistical significance of changes compared with the corresponding values of indicators of
the intact group, p < 0,0001 (Fig. 2).

Thus, after four weeks of opioid analgesic, differences in morphometric parameters of the
gums were found, which were reflected in a significant increase in the average values of epithelial
plate thickness, a significant decrease in connective tissue papillae, and a statistically confirmed
decrease in the diameter of the lumen and arterioles. due to the action of nalbuphine in the subacute
period of opioid exposure.

180 -
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i gingival margin
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‘ Connective tissue papillae
60 - | |
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Fig. 1. Dynamics of morphometric indices of the thickness of the epithelium of the gingival and the
height of the connective tissue papillae of rats during the six weeks of opioid action.

Most morphometric indicators after six weeks of opioid exposure were characterized by a
sharp change in the dynamics vector (Fig. 1). The average thickness of the epithelium of the free
gingival margin decreased compared to the previous term — 124,70 + 27,02 um. Such dynamics are
statistically significant when compared with the intact group and the previous study period (p <0,001).
A similar trend was observed with the indicator of the thickness of the sulcular epithelium - a sharp
decrease on 22,74 um compared with the previous term till 57,24 + 12,79 pm, which was confirmed
statistically when compared with intact animals (p <0,001), and with a previous term (p <0,001). But
the average value of the connective tissue papillae height retained the previous tendency to decrease -
its index in this term decreased on 1,82 pum and was 45,66 = 7,83 um (the difference compared to
intact animals is statistically significant, p <0,001).

The diameters of the hemomicrocirculatory bed components during this term had small
dynamics. The diameter of the arterioles increased on 2,88 pm compared to the indicator of the previous
term and was 13,30 + 2,36 um, this increase was statistically significant both in comparison with the
indicator of the intact group (p <0,0001) and when compared with indicator of the previous term
(p <0,0001). The capillary diameter also increased slightly to 6,13 £ 0,80 pm, this increase was
statistically significant both in comparison with the intact animal index (p <0,0001) and when compared
with the previous term indicator (p <0.0001). Venules diameters remained almost at the level of the
previous term, their average value was 19,11 + 2,71 um, however, had statistical significance of changes
compared with the corresponding indicators of the intact group, p <0.0001 (Fig. 2).
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Fig. 2. Dynamics of morphometric indices of the lumen diameter of the rats gingival
hemomicrovessels during six weeks of opioid action.

Thus, at the end of the sixth week of opioid exposure, a significant decrease in the average
values of the thickness of the gum epithelium, a statistically significant decrease in papillary height and a
significant increase in the diameter of the lumen of hemomicrovascular compared with similar indicators
of intact animals.

Conclusions.

1. Morphometrically, it was found that after two weeks of opioid action, the difference in the
components of the periodontium was statistically significant compared with similar values of intact
animals, indicating reactive changes in the gingival mucosa due to imbalance between the links of the
preparation.

2. Opioid administration for four weeks resulted in metric changes in the components of the
gums of animals, which showed statistically significant differences from the corresponding indicators
of the intact group of animals, due to the progression of reactive changes and the development of acute
inflammation in periodontal tissues.

3. After six weeks of opioid action, morphometrically, a sharp change in the vector of
dynamics was observed, which was manifested by statistically significant changes in the values of
gum components compared to similar indicators of intact animals, indicating a rapidly progressing
course and transition to inflammatory-dystrophic process.
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Beryn. boni Ta aucdyHKuii Kp:koBO-KIIyOOBOTO cyrioba JOBOJIi 4aCTO 3yCTPivarOThCs cepel
NIaTOJIOTiM MONEPEKOBO-KPHKOBOTO Bigainy xpeOTa. binb kpuxoBo-kiy6oBoro cyrioda (MES2 ICD-
11, Bepcis 04/2019) — e Oinb, 110 BHHUKAE B HOro crpykrypax. Ilpu muchyHKIIT K KPHIKOBO-
KiyboBoro cyrmoba (MES5, FB10, NB53.2, NB53.6 ICD-11, Bepcis 04/2019) wmae wmicre
HENpaBWIbHE IOJIOXKEHHS HOro CTPYKTYpP YHM BIIXWMJICHHS B IX PYXOBi, BHACHiIOK YOr0 MOXKE
BUHHUKATH a00 HE BUHUKATH OLIb [25].

Kpmxoso-kiry6osuii cyrinod (KKC) 3’eqnye B Tazy HmKHIN Bijin xpedTa 3 000Ma Ta30BUMHU
KicTKaMH B Ta3oBe Kinble. Lle mapuuii cyrno6. Bin He nuimie HaliMeHII BiOMUH B JIIOJCBKOMY
oprasismi, ajge i Mae HAaHMEHIIHH Jiarna30H pyXy: KyT IOBOPOTY CKiaaae MeHme 4° i 3mimenHss ao 1,6
MM [25, 35, 36]. OcHoBHa ¢yHKIS cyrnoOy — omipHa, BiH MiTPUMYE BEPXHIO YacTHHY TyiyoOa i
3MeHIIye HaBaHTaxeHHs pu xoainHi. KKC ykpinsenuiil nepeAHbor0 i 3aJHb0I0 KPH)KOBO-KITyOOBUMH,
KPH>KOBO-OCTHCTOIO, KPHXKOBO-OYTrOPHOIO 1 MDKOCTHUCHOIO 3B’ SI3KaMH, sIKi B CyMICHIH /ii 0OMeXyIOTh
pyX Tasza HaBKOJO PI3HHX Ocel Kpmxka i pyx B cyriobi mpu xoxi. Cyriao0 Ji€ B KOMIUIEKCI 3
IPYAOIONEPEKOBOI0 (ACIIIEI0, BEIUKUM CITHUYHUM, TPYIICBHIHUM M’SI3aMH 1 HAWIIUPIIUM M’SI30M
cnunu [1, 6]. Tomy mpaBoMipHilIe TOBOPUTH MPO KPHUKOBO-KIYOOBUH KOMIUIEKC Yy CKJIAAi BIacHE
KKC i mintpumyrounx Horo 3B'SI30K, MPH IbOMY KOXKEH 13 KOMIIOHEHTIB KOMIUIEKCY MOXe OyTh
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okepenoM 6omo [1, 23]. OTxke, Oinb B KPMIKOBO-KIYOOBOMY CYrio0OOBI MOXKE BHKIMKAaTH abo
3amajbHUAN MPoIleC B caMoMy Cyrii000Bi [25] a60 HecTabiIbHICTh CyT00a yepe3 ciradKicTh 3B'I30K UM
po3puB Karcysu cyrinoba [25].

B MeauuHi#l CHINBHOTI JOBrO TOYMJIMCS JUCKYCIi IIIOJ0 YacTKH KPHXKOBO-KIIyOOBOTO
00JHOBOTO CHHAPOMY B 3arajlbHOMY YHCJIi BHIAAKIB OO0 B MOMEPEKOBO-KPIKOBOMY BiiIiI XpeOTa
(IIKBX) [10, 25, 38], Ha ChOTOIHI X 3aralbHOBM3HAHO, IO y TAIEHTIB i3 CTIHKUMHU OoissMH B
norepeky 13% CcTaHOBJIATH caMe KPIKOBO-KIIyOoBi [25, 27]. 32 JaHMMU XK 1HIIUX JHKEPET KPUKOBO-
kiry0OoBi Oouti ckinanaroTh 10-30% ane Bxke Bij ycix 00JIh0BHX CHHIPOMIB XpeOTa B mistomy [1, 8, 24].

Ckapru moB’si3aHi 3 MaTOJOTISIMH KPMXKOBO-KITyOOBHX CyTJI00iB JOBONI PI3HOMaHITHI: 1€ 1
0071 B HIDKHIA YaCTHHI TOMEPEKOBO-KPIKOBOTO BiAIITY XpeOTa OMHOCTOPOHHI, YA JTBOCTOPOHHI, 3
ippajaiii€ro B OJHY YM JIBI HWKHI KiHI[IBKA a00 0e3 Hei. XpoHiuHi 00 B MONEPEKY JIOKATi3yHOThCS
MepeBaKHO B OOKOBUX YacTHHAX Tasa, B Maxy, HIKHII 9acTHHI KWBOTA, BIAJAIOTH B CiTHUII, KOJIHA,
CTBOPIOIOTH BiTYYTTS «MIOB3aHHS MYPAIIOK IO TiTy». PI3HOMaHITHICTh CKapr 3alie)KHUTh BiJl JHKepea
MOXO/KEHHS OO0, a B KPWKOBO-KIYOOBOMY KOMIUIEKCI Ile HE JHWIIe Cyrio0. 3Bakaloud Ha
HEOJHO3HAYHICTh THUIOBUX CKapr, BUWICHUTH KPIKOBO-KIyOOBI Oomi cepen BCiXx OO0JLOBHX
CHH/IPOMIB TIOTIEPEKOBO-KPIKOBOTO BIAMLTY XpeOTa HempodiibHOMY JiKapio OyBae CKIIaJHO, 10 TOTO
kK «rectd Ha auchynkiito KKC MaroTh HM3bKY HaIIMHICTh, €TAJIOHHUH CTaHIAApPT A AUCHYHKIT
KKC He pocrymHuii, TOMy JIOCTOBIPHICTH TECTIB Ha Ilel po3nax He Bimoma» [25]. 3a3Buuyaii B
MEAWYHIA TPaKTHIll TIarHOCTHYHHUMH METOJaMH JOCHIKEHHsSI TaTOJIOTIH KPHUKOBO-KIyOOBHX
Cyrio0iB chmykaTh MPOBOKAIlifiHI KIiHIYHI TectH i/a00 miarHOCTHYHI ONOKagW 3 JIOKATbHUM
AHECTETHKOM, SKi TPOBOIATHCA IMifl PEHTreHONOoriYHMM KoHTpoiem [41]. B Vkpaini Halvacrime
BUKOPHUCTOBYIOTh I1'SITh MPOBOKAIIHHUX TECTIB: KOMIIPECIHHUH, AUCTPAKIIIHAN, TIPYKHOCTI CTETHa,
I'ancnena i Ilarpika [41]. Tpu i Ginblie NO3UTUBHUX BiANOBiZEH MarOTh BUCOKY UyTIHUBICTH (85%) i
cnenugivHicTh (79%) Ta J03BOJISIOTH TOBOPUTH PO HasBHICTH came O6omo KKC [25, 41].

Opromneny-TpaBMaToiory MaHyaJbHOMY TEpaleBTy JiarHocTyBath Ooyi 1 auchyHKIi
KPHYKOBO-KITyOOBOTO Ccyriioba 3HaA4HO Mpoctime, 00 B mporeci MoOuTizamii # MaHIMy Al Ha MhOMY
CyrJI000B1 BUBHAYAETHCSI HASIBHICTH HOTO OJIOKYBAHHS 1 3MIIlIEHHS.

Cepenl BUBHAHUX METOJIB JIIKYBaHHsI OOJILOBHX CHHIPOMIB B KPHKOBO-KIyOOBHX CyTiio0ax
BUKOPHCTOBYETHCS:

e BuyTpimHboCyrI000Bi aHecTe3yro4i iH'ekiil [25]

e ManyanbHa Teparis (0COOJMBO MOKa3aHa MPU HASBHOCTI TiOMOOUTBHOCTI CyriobiB) [4,
13, 19, 25]

¢ Xiponpakrtuka [20, 25]

e Ocreomnartis [25, 32]

e Kinesiomoris [9, 18, 25]

o Konkperni crabimizyroui BmOpaBu Tpu OONSIX B Ta30BOMYy Tmosici (0coOMMBO Ticis
BaritHocTi) [25, 33, 34]

e Tonkopeduexcoreparmis [11, 25]

Brpasu mi1st miaroHajgpHuAX M’s13iB TymyOy [25, 29]
Ie'extii kopTukocTepoinis [25, 28, 30, 31]

Ie'extii penony [25, 39]

PagiogactorHa Heitporomis [3, 5, 12, 25, 37, 40]
Iponoreparis [7, 21, 25]

Xipypriuna canaitisi [22, 25]

Xipypriuna immo0iizaiis (apTpozes) cyrinoba [2, 25]

Ha cporogni He icHye [OCHIJDKEHb, fKi O BHBYaIM NOPIBHSUIBHY €(EKTUBHICT Ta
TEpaneBTUYHY LIiHHICT PI3HUX METOMIB JIKYBaHHS OOJBOBOIO CHHAPOMY  KPHIKOBO-KIyOOBOIO
cyrioba [25]. Xouwa jeski eKCHEpTH BBAXKAlOTh, IO HAHOINBIIOrO yCHixy B 0OOpOTBOI 3 Ii€ro
MATOJIOTIEI0 MOXHA JIOCATTH cHenu(DiYHUMU TpEeHYBaHHAMH cTabinizaiii MonepeKoBO-KpHKOBOTO
Bigainy xpeOta Ta in’ekuismu xkoptukoctepoiniB y KKC [25]. [Ipaktukyroui jikapi HOBUHHI 3HATH,
10 BHYTPIIIHBOCYIJIOOOBHM OiNb IPH ypakeHHI KPHIKOBO-KIyOOBOro cyriioba HE € OIHOPITHOO
MIATPyNo0 Tomyssaiii Oomro B momepeky. Jleski mamieHTH 3 0OolleM B IbOMY CYIJIOO1 Kparre
MiANAIOTBCA  JIIKYBaHHIO  (i3MYHUMH ~ BOpaBaMH, J€SKi —  BHYTPIIIHBOCYTTIOOOBUMHU
KOPTHUKOCTEPOiTHUMHU IpernaparaMu abo iH'eKkisiMu (HEeHOTy, a AesKi IHIIMMH METOAaMH JIiKyBaHHS,
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30KpeMa TaKUMH SIK MaHyajbHa Tepamis 4d mposoTeparis. JlekoMy Moxe 3HamoOWUTHCS XipypriuHe
BTpy4aHHd [25]. | SKIIO OAWH 3 BUKOPUCTAHUX METOJIIB BUSBUBCS HE JOCTAaTHHO €(PEKTHBHHUM, BapTO
CIIpoOyBaTH 1HIIIHA.

B ML «VYkpaiHCbKHII TpaBMOLCHTP» JIKYBaHHS XBOpUX 3 OOJSIMHU KpPHUIKOBO-KIyOOBOTO
cyrio0a 3iHCHIOETHCSI METOIOM MaHyaJIbHOI Tepartii.

MeTa O1aHOr0 AOCTIIKEHHS — BUBUWTH pE3ylIbTaTH BILNIMBY MaHyajbHOI Tepamii Ha CTIHWKi
0011 KPIKOBO-KITyOOBOTO Cyrinoda.

Martepiaim i meroau. IIpoBeneHO pETPOCHEKTHBHUM aHai3 pe3yJbTaTiB JIiKyBaHHS
MeTogaMu MaHyanbHOI Teparii B ML «Ykpaiacekuit TpaBmonieHTp» 3aranom 65 maifieHTiB i3 Oomsmu
B KPIKOBO-KITyOOBHX cyriobax y mepiox 3 Oepesns 2018 p. mo tpaBenb 2020 p., yci BOHH Majiau
TaKOK Pi3Hi MATOJIOTi] MONEePEeKOBO-KPMKOBOTO Biaairy xpebTa. KonTponbsHa rpymna cknagana 66 ocio,
AKi cTpakaany Ha pizHi natonorii [IKBX i He Manu ypakeHb KpHKOBO-KITyOOBOTO CyTi00a.

Oo6ctexxennst xBopux y MII «Vkpaincekuii TpaBMoLeHTp Tependadaio MpOBEACHHS OTIISIY
OpTOMNENOM-TPABMATOJIOTOM MaHyaJIbHUM TEpareBTOM, a TaKOX, MPH HEOOXiAHOCTI, A YTOUYHEHHS
nokamizamii marosorii, BukoHaHHs peHtreny, KT, MPT uinboBux nminsHok xpebra. ManyanbHa
JIaTHOCTHKA BKJIIOYAJla PYYHY [iarHOCTHKY PYXOMOCTI 1 «CYTJIOOOBOi TpHM» IYTrOBIIPOCTKOBHX
(daceTkoBux) cyrinobiB 3a IOMOMOTOK MAaCHBHUX PYXIB 1 3MillleHb B PI3HHUX IUIOLIMHAX Bicel pyxy
XpeOTa, CheliajibHi MPUAOMH JOCHTIKCHb (YHKIIOHAILHOTO CTaHy M’si30BOi cepu 1 pyXxoBOro
CTEPEOTHITY 3 METOIO BU3HAYEHHSI IUISTHOK (DyHKIIIOHANBHOI OJIOKaJH PyXOBUX CErMeHTiB XxpeOTa [16,
17]. BumiproBaHHA iHTEHCHBHOCTI OOJIIO 3AIHCHIOBAJIOCS METOJOM OITIHKM OOJIHOBHX BIAYYTTIB 3a
JIOTIOMOT 010 Bi3yanbHOi aHanoroBoi mkanu (BAIL). [To3uTHBHUM pe3ynbTaToM JIiKyBaHHS BBaXKaloCs
3HIKEHHS 00J150BOro cuHapomy Ha 80% i Oibie.

JlikyBaHHS 31ilicHIOBaJOCS 32 aBTOPChKOI0 Metoaukoo C. @panka [14, 15], B ocHOBY sikoi
MOKJIAJICHI Kpallli TIOCSITHEHHS €BPOIEHChKOI 1Ko ManyaibHoi Teparii K. Jlesita [26], po3BuHEHI it
JIOTIOBHEH] BJIACHUMH HAMpAIIOBAaHHAMHU aBTOPA 1 JOCATHEHHSMH YKpaiHCHKHX KOJer. €Bponenchka
mkoJa MaHyanbHOT Teparnii K. JleBita 6aunTh nepeyMoBH ISl MAaHYyaJIbHOTO JIIKYBaHHS B IOPYIIEHHI
¢byHKIIT pyxoBoi cucreMu. HaliOinpin ajgekBaTHUIT MeTOJ| JIKYBaHHsS 3BOPOTHHX ()YHKIIIOHAJTHHHX
oOMexeHb pyxy — le MaHimyssmii [26, ¢. 20]. Mera MaHIinyJismidHOTO JIiKyBaHHS IIOJIATaE Y
BimHOBIIEHHI (yHKIIT cyrmoba B THUX MICIsSX, NIeé BOHA 3araibMmoBaHa (OmokoBana) [26, c. 23].
O06’exToM MaHinmyssinii € QyHKIOiOHANBHI MOPYLICHHS, B OCHOBHOMY OJIOKyBaHHA B cyriobax. Ilig
OJIOKYBaHHSIM PO3yMilOTh OOMEXEHHS PyXy B pyXOBOMY cerMeHTi [26, ¢. 20]. ABTopcbka metoauka C.
dpaHKa 3aXHUIICHA HAYKOBMMH ITyOJIIKAI[iIsIMHA B €BPOIEHCHKIM HAyKOBil MeanuHii nepioaui [14-17].
CyTb MeTOomy MOsrae B 3aCTOCYBaHHI NPUHOMIB MaHyanbHOI Tepamii (MoOumizamii, MaHImysswii,
Tpakmii, GopcoBanoi ¢uiekcii, MacMBHUX BIpaB) B TOEJHAHHI, 32 MOTPEOH, 3 YAapHO-XBHUILOBOIO
tepamiero (YXT). BuxkopucranHs WX JBOX KOMIIOHEHTIB Yy OJHIA METOIMII JO3BOJISIE 3100yTH
cuHepretHuHuii epekr [14-17].

Bxkazana meroauka micist 3i0paHoro aHamHe3y niepeadayvae:

* YTOUHEHHSI MaJbIalli€ro 1, 32 MoTpedu, qarunkoM Y XT jokamizariii 0JJOKOBaHHUX CErMEHTIB i
TPUTEPHHUX TOUOK.

* Bukopuctanns YXT, 3a notpeOu, 1 3HIWKEHHSI 00JIbOBOT YYTJIMBOCTI B IUJILOBUX 30HAX,
TOKpaleHHs TpoiuHoi GYHKIIIT HepBa, TOCHUIICHHSI KPOBOOOITY Ha JIUISHII OJIOKOBaHOTO CETMEHTA 110
XOJly HEpBa, KW TypOye, B M’SIKHX TKaHHWHAX, Y BUPOCTKax KICTOK, Cyrjiodax i MICIAX, ¢ HEPB
BXOAWTh Y BY3bKi KaHamu (MPH LbOMY pIBEHb €HEprii Mae YTpUMYBaTHCA B MaKCUMAaJbHHX
KOMQOPTHUX JIJISI TAI[IEHTA MEXKaxX).

* 3acTocyBaHHs TNPUHAOMIB MaHyalbHOI Tepamii Ha [AUITHKax xpedTa B HACTYIHIH
MIOCJIITOBHOCTI: MOCTYIOBE 3MEHILEHHS 3MIILEHHS i poTalii OKpeMUX XpeOLiB Jyr BUKPUBJICHHS Ta
TOpCii CerMeHTIB Li€l Iyr' B 30HI iX PyXJIHBOCTI.

* [lepionnvHe MOBTOpEHHS BKa3aHUX MPOIENYp O OTPUMAHHS IMO3UTUBHOIO KIiHIYHOTO
pesynbTary [14-17].

JaHuii MeTOJ] YyCHILIHO MPAKTUKYETHCS MPOTATOM OCTAHHIX 1T ITHAAUATH POKIB JUISl JTIKYBaHHS
TaKOX 1 HeIH(PEKIIHHUX 00JIBOBHUX PO3JIA/IiB KPHIKOBO-KJIYOOBUX CYIIIO0IB.

Pe3yabTaTH Ta iX 00roBOpeHHsI.

VY mnepiox i3 Oepesnst 2016 mo TpaBens 2020 poky AOCHiAHMIBKA Ipyma i3 65 mamieHTiB i3
MATOJIOTISIMH KPHUYKOBO-KJITYOOBUX CYTJI00iB, SIKI BKIIOYAIH CyrJI00HI 00JIi Yepe3 3amajbHi MPOLECH B
caMoMy CyriIo0oBi abo 0ol MOB’s3aHI 3 TUCHYHKINEK Cyriioda MpoXoausia JIKYBaHHS METOIaMH
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MmanyanbHOi Tepamnii B ML «Ykpaincekuit TpaBmouentp». Jo rpynu Bxomunu 33 xinok (50,8%)
BikoM Bix 18 mo 76 pokiB (cepenniii Bik 54,6 pokiB) i 32 gonosikiB (49,2%) Bixkom Bix 20 1o 78 pokiB
(cepenniit Bik 61,5 pokiB). 35 (18 gomosikiB i 17 xiHOK) marmienTiB (53,8%) Manu BCTaHOBIECHUI
IHIIMMHU JIIKyBaJlbHUMHK 3aKjIaJaMH JiarHO3 1 HETaTMBHUH [OCBiJ JIKyBaHHS HE MaHyaJbHUMHU
METOJaMH TIATOJIOTil KPWKOBO-KIIyOOBUX CYTJO0IB mpoTsaroM 6 wmicsmiB — 5 pokie. 30-tm (14
4oJIOBIKiB 1 16 kiHOK) XBOpuM (46,2%) BiAMOBIAHMIA NiarHO3 BCTAHOBJICHUHN 1 IIEPBUHHE JIIKYBaHHS
npusHaueHe B ML «Ykpaincbkuii TpaBMOLIEHTPY.

KonrtponbHa rpyna ckinagana 66 oci0, 3 Hux 32 gomnosikiB (48,5%) 1 34 xinok (51,5%). Bik
Mari€edTiB: 9onoBikiB — Big 20 go 71 poky, cepenHiii Bik — 59 pokiB; xiHOK — Bix 18 mo 78 poxkis,
CepemHii BiK — 54 poKw.

3a mepiox JiKyBaHHS MAI€EHTH SK JOCHITHHULBKOI, TaK i KOHTPOJIBHOI IPYyI MPOHIUIA OAWH
Kypc MaHyaJlbHOI Teparrii BiJl ABOX IO IECSATH CEaHCIB TPHUBAJICTIO BiJl OAHOTO TIDKHS IO OJHOTO
Micsamsg. MeTolo MaHyaJlbHOTO BIUTHBY OyJI0 JOCSATHEHHS BiJICYTHOCTI OOJIbOBOTO CHHAPOMY YH
3HWKEHHSI oro xoua 0 Ha 80%. Y MociHUIBKIM rpyli BKa3aHUH Pe3yJIbTaT BAAIOCS OTPUMATH y 59
BUMNAJAKIB 3 65, mo cranoBuTh 90,8%. I3 Hux y 30 xinok (91%) i 29 yonosikiB (90,6%). Skino
OITIHUTH CTATUCTUKY cepela 0ciO, I AKUX JIKyBaHHSA OYyJI0 IEPBHHHUM 1 THX, XTO BXKE JIKyBaBCS Bif
JIAHOI MAaTOoJIOTIi B IHIIMX MEIUYHHMX 3aKJIaJax HE MaHyaJlbHHMMU METOJAMH, TO: MO30aBJICHHS Bij
oomro Ha 80% 1 6inbie nocsarium 28 3 30 mamienTi (93.3%), cepen Hux 13 3 14 vonosikis (92,9%) 1 15
3 16 xinok (93,8%) 3 uncna nepBuHHUX XBopuX. Cepen ocil, sKi BXKe JIIKyBaJIUCS 1HIIMMH METOJIaMH,
OaskaHoro pesynbraty mocsrim 31 3 35 mamientis (88,7%), cepen Hux 16 3 18 womnosikis (88,9%) 1 15
3 17 xiHok (88,3%).

[Ipu oMy B KOHTPOJBHIN TPYyTi MOBHICTIO TT030aBUTHUCS OONBOBOTO CHHAPOMY Y 3HU3UTH
fioro iHTeHCUBHICTH Ha 80% 3a OJIMH JIKyBAIBHUN Kypc 3MOTIIH 56 3 66 marienTiB (84,8%), cepen HuX
28 3 32 vonogikiB (87,5%) Ta 28 3 34 xinok (82,4%).

3 HaBe/ICHOI CTATUCTUKU MO>KHA 3pOOUTH HACTYITHI BACHOBKHU:

e bonboBi cuHApOMH Ta JAUCHYHKII KPHKOBO-KIYOOBHX CYTJIOOIB YCHIIIHO MiJIA€THCS
MaHyaJTbHOMY JIIKyBaHHIO B OCi0 Pi3HOTO BiKY i CTaTi

e ManHyanpHi METOAW 37aTHI IOMOJIATH TSHKKOBWIIKOBHI ()OPMH TIATOJIOTiIH KPHIKOBO-
KJIyOOBHUX CYTJIOOIB 3 HEFaTHBHUM JIOCBIJIOM JIIKYBaHHS IHIIIMMH METOJaMH

e ManyanpHe JIIKYBaHHS TIIaTOJIOTIH KPWKOBO-KIYOOBHUX CYIJIOOIB  KOPOTKOYACHIIIIE
MOPIBHSHO 3 IHIIMMH METOJIAMH JIIKYBaHHS

e ManyanbHa Teparisi 3j1aTHa MOBHICTIO MOJ0jaTH a0o 3HM3MTU Xo4a O Ha 80% O0JIbOBI
CHUH/IPOMH Ta TUCHYHKIIIT KPHKOBO-KITyOOBUX CYTI00IB

e [Ipomec  MaHyanpHOro  JIIKYBaHHS  TATOJIOTIH  KPHIXKOBO-KIYOOBHX  CYIJIOOiB
KOPOTKOUYACHIIMKA Ta MEHII TPYJOEMKHHA, HIXK aHAJIOTIYHUM TMpOIeC JIKYBaHHS MaTOJOTiH
MOTIEPEKOBO-KpIK0oBOro Biainy xpeora ([TIKBX)

OTtxe, mpoBeleHE IOCIILKEHHS MIATBEPIMWIO AOLUIBHICTh KOHCEPBAaTHBHOTO JIIKYyBaHHS
METOJJaMU MaHYaJbHOI Teparrii 00JhOBUX CHHAPOMIB Ta JUCPYHKIIII KPIKOBO-KIyOOBHX CyTio0iB. B
TIOPIBHSIHHI 3 IHIIMMHU METOJ[AMU JIIKYBaHHS 3aCTOCYBaHHsI MaHyalbHOI Teparii sl i€l MeTH Mae psij
CYTTEBHX TIepeBar: 1e 1 BiJICyTHICTh MOOIYHOT Jii, Oe3MeYHiCTh, TPOCTOTa Y BUKOPUCTAHHI, JI0CTATHHO
HIBUJKE TOCATHEHHSI pe3yybTaTy, HeiHBa3UBHICTh, EKOHOMIUHICTbh, €)EKTUBHICTB.

TakuM YWMHOM, METOJ MaHyajbHOI Tepamii B IMOEIHAHHI 3 YJAapHO-XBHJILOBOI TEpaIli€ro
JIO3BOJISIE HA/IABATH JIOTIOMOTY XBOPHM 31 CTIHKUMH JIO JIIKYBaHHS MPOSBaMH OOJILOBHX CHHJPOMIB Ta
JucyHKIIT KpHKOBO-KITyOOBHX CYTJI00iB, SKi HE OTpUMai 0a)KaHOTO Pe3yJIbTaTy MPH BUKOPUCTAHHI
TpagULiHHUX METOJIIB JIiIKyBaHHS.

Kniniunuii eunaook Nel

Manient b., 4yonoBik, 44 pokm, cnopTuBHUM TpeHep. Bnepme 3BepHynacs B MII
«Yxkpaincekuii TpaBmoneHTp» y #oBTHI 2018 p.

DS: Crnonauib03 MonepekoBO-KpUKOBOI'0 BiIILIy XpeOTa, TUChYHKINS KPHUKOBO-KITyOOBOTO
cyrioba.

Ckapeu: binp B HWKHIN 4acTHUHI MOINEPEKOBO-KPKOBOIO BiAily xpeOTa B pailoHi Kpmxa,
Bilac B Max i MpaBe CTErHO. [HTEHCHBHICTH OOMIO 3pocTae Michs CTaTUYHUX HABaHTAXEHb,
3MEHIITYETHCS TPH Pyci. bilb TPOBOKYETHCS NMpU HAXWIISTHHI BIIEPEd, TPH ITOBOPOTI Tazy, CrpoOi
MiAHATUCA 3 M’ SIKOTO HU3BKOTO KpiCJia YU TIOBEPHYTHUCS B TIOCTETTI.
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Anamnes 3axeopiosannsi: bomi B HIDKHIA YacTHHI CIOIMHM BHHHUKJIM B PE3YNbTaTi TPaBMU
orpumanoi B JTII B uwepBri 2018 p. Ilporsrom Micams micis TpaBMH OOl He ciialmanm, a
T ICFUTIOBAJICS, TAIlIEHT 3BEPHYBCS B JIIKYBaJbHHM 3aKian i Ticis oOCTEXEHHS Ta TOCTaHOBKH
JiarHo3y MpOUIIOB Kypc MEIUKAMEHTO3HOTO JIKYBaHHs 3 HE3HAUHUM MOJIETHICHHSIM.

Kniniuni oani: Tlpu ormisimi opTOIeAOM-TPaBMATOJIOTOM MaHYaJIbHHM TEParleBTOM BHUSBIEHI
rinepiopno3 [IKBX, ¢ynkmionansai 6mokm B pyxommx cermeHTax L4- L5, L5-S1 momepexoBo-
KPIDKOBOTO BiAlTy XpeOTa Ta (yHKIIOHAIBHHH OJOK B MPaBOMY KPHXKOBO-KIIyOOBOMY CYTIOOI.
JiarHo3 cmoHIMIB03 MOMEPEKOBO-KPKOBOTO BiAginy XpeOTa OyB BCTAaHOBICHMH 1 MiATBEpAKEHUN
pentreHiBcskuM 1 MPT mocrmimkeHHSIME 10 TpaBMH i OOTFOBOTO CHHIPOMY HE BHKJIMKAB, TOMY OLTb
MOKHA TMOB’SI3aTH 3 JUCQYHKINEI KPHKOBO-KITyOOBOr0O cyrioba. InTeHcuBHICTH Gomto B 30Hi FOrtin,
naxy, CTeTHi CTAHOBHUTH 8 OJMHUIb 3a miKkanoo BAILIL.

Jixysaunsa: Y xostHi-mucromani 2018 p. Oyno mpoBeneHo 4 ceaHCH MaHyalbHOI KOPEKIIii
¢yHKIIIOHATPHUX OJIOKIB B pyxomux cermeHTax L4- L5, L5-S1 momepekoBO-KpM>KOBOTO BimJIiTy
xpeOTa Ta (PyHKIIOHAILHOIO OJIOKY B MIPaBOMY KPHIKOBO-KIyOOBOMY cyriio0i. B xo/i X BUKOHAHHS
MOCTYINIOBO BAANoCS 3HATH OJOKyBaHHsS cyriio0iB B pyxomux cermentax L4- L5, L5-S1 Ta B
MPaBOMY KPHKOBO-KITyOOBOMY CyTii00i. [HTEHCUBHICTH OOTBFOBOTO CHHIPOMY TIPH [IEOMY 3HU3UJIACS
no piBast | omuHumi 3a mkainoo BAII. Yepe3 noBrorpuBaiie BiApS/KEHHS MAli€HT MPHUIIMHUB
JKyBaHHsI, TOCATTH MIOBHOTO 1M030aBiIeHHs 00110 He Braiocs. KoHTpoiabHEe OMUTYBaHHS depe3 pik B
muctomafi 2019 p. 3acBiAUNIO HAIBHICTH MEPIOTUIHOTO OOIHOBOTO CUHAPOMY (3-5 MHIB y MicsIp) i
nuie B 30H1 Fortin 3 inTeHcuBHicTIO 1 oguHuLi 3a mkanow BAIIL. Omxe, nell KiIiHIYHAA BUIAL0K
MO’KHA BB)KaTH YCHIIIHUM.

Kniniunuii eunaoox Ne2

MamienTrka K., xinka, 23 poku, monoga mama. Briepmre 3Beprynacs B ML «YkpaiHcbkwuii
TpasmouenTp» y uepsHi 2019 p.

DS: KommieHcaTopHuU# Tinepiop03, 0071b0BUN CHHIPOM KPHIKOBO-KIYOOBHUX CYIJIO0IB.

Ckapeu: boni B monepeky, B 00J1aCTi KpHKOBO-KIIYOOBUX CYTI00iB, CIAHHIIB i CTOI.

Anamnes 3axeopioganns: boii B monepeky Bnepiie 3’sBuiics y 4epBHi 2018 p. Ha 9-My THkHI
BariTHOCTI, MPOTATOM BCi€i BariTHOCTI 0O0JIi MOCTYIIOBO HAPOCTAIM, OXOIUTFOBAIM BCE OUIBIII JUISHKA
HIDKHBOI YaCTHHH CIIMHHM, PO3MOBCIOKYBAINCH Ha CiTHMLI Ta cTony Hir. [licns TpaBMaTHYHMX HOJIOTIiB
0011 HEe TIPUITMHIITICS 1 3MYCHII 3BEPHYTHCS 10 JIIKYBAJILHOTO 3aKJajy, Jie OyB BCTAHOBIICHHH JiarHO3
0O0JILOBUIT CHHJIPOM KPHIKOBO-KIYOOBHX Cyriio0iB. OCKIJIbKM HEMOBJISI 3HAXOJMTHCS Ha TPHUPOIHOMY
BUT'OJJOBYBaHHI I'PYJHUM MOJIOKOM, TO OyJI0O PEKOMEHAOBAHO JIKyBaTH CHHAPOM KPH>KOBO-KIIyOOBHX
Cyry00iB METOJIOM MaHyalbHOI Teparlii, abu He 3allKOAWTH 3J0POB’I0 MajlloKa MEAMKaMEHTO3HHUMHU
3acobamu. Tomy martienTka 3BepHyjacs B ML «Ykpaincekuit TpaBMoneHTp».

Kniniuni oani: Tlpu orysii opTONEA0M-TPaBMATOJIONOM MaHYyaJlbHHM TEPArieBTOM BHUSBJICHI
MiBUIIEHUH JIOpI03, (PYHKIIOHAIFHUI OJIOK B PyXOBUX cerMeHTax L4-L5 monepexkoBo-KpHKOBOTO
Biiny xpe0Ta, (yHKI[IOHATBHHNA OJIOK 000X KPMXKOBO-KITyOOBUX CYyriio0iB. IHTEHCHBHICTH 0oIro,
JIOKaJIi30BaHOTO B MOTIEPEKYy, 30H1 FOrtin, cigauiax ckmagana 6-7 3a mkamoro BAII, B ctonax Hir — 4.

Jlixysanus: 3 iHTepBaIOM B Tpu JHI OyJlo MpPOBEIEHO [Ba CEaHCH MaHYyaJIbHOI KOpEKIUil
¢dyHKLiIOHANBHUX OJIOKIB B pyXoBUX cerMeHTax L4-L5 nonepexoBo-KprmkoBOro Bifaiiay xpeodTa i 000x
KpIKOBO-KITyOoBHX cyrno6iB. [licis mepmioro ceaHcy Bci OOJNIbOBI  BIUYTTS 3HH3WJIHCH JIO
IHTeHCHBHOCTI 2 3a mkanow BAILI, npyruM ceancom MaHyalibHOI KOPEKIIl BCi 00JIi TIOBHICTIO OYiIH
3HATi. KOHTpOJbHE ONMUTYBaHHS MaLi€HTKH depe3 pik B 4epBHI 2020 p. 3acBigumio BiJCYTHICTh
00JIbOBOT0 CHHIPOMY KPHKOBO-KJIYOOBHX CYTJI00iIB.

Kniniunuii 6unaook Ne3

ManienTka H., :kinmka, 69 pokiB, npaurorounii nencionep. Ilocriiinuii mamient MI]
«Ykpaincekuii TpaBmonienTp» 3 kBiTHA 2016 p. 3BaXkaroum Ha MHOXKHMHHICTB HaToJioriii xpeOra.
Konkperne 3Beprenns B qrotomy 2020 p. Oyiio mos’s3aHo 3 O0ISME y TPABOMY KOJIHHOMY CYTJIO0I.

DS: IucdyHKuis KprmKOBO-KIyOOBOro Cyrioda, TIOMOOI i airis.

Ckapeu: HapocTaroui HuI041 00J1i B IOTIEPEKY, JIOKai3yl0Thes 3ae0inbioro cnpasa. [locriitni
0011 B mpaBOMY KOJIHHOMY Cyrjio0i, OCOOJIMBO B ITOJIOKEHHI JIe)Kauyd Ha CIMHI, HEMOXJIHMBICTh
3adikcyBaT 0€300J1iCHE MOJIOXKEHHS HOrM. HeBIEBHEHICTh XOAM, HAKYJIbI'yBaHHS Ha IMpaBy HOTY,
NOCTiiiHE HaNpy>KeHHs BCHOTO TiJla IPH XOMiHHI.

Anamunes 3axeoproganns: bom B TomepeKky 1 KOJIHHOMY CYIJIOO0i BHUHHUKIN MPaKTHIHO
OIHOYACHO Ha movarky Jiororo 2020 p., mosBy iX MHaIlieHTKAa IOB’SI3y€ 3 HE3HAYHUM (Di3UIHHM

22 7(59), September 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

NepeBaHTaXEHHSIM Ha poOOTi, a TAKOXK 3 MEPEOXOJOPKEHHAM. 3a J1Ba THXKHI IHTEHCUBHICTH OOJILOBOTO
CHH/IPOMY CKJIajia B TOTIEpEeKy 3, a B MPaBOMy KOJMiHHOMY cyriio0i — 7 mo mkani BAII i xBopa Oymna
3Mmy1ieHa 3BepHyTUCcs B MII «Ykpaincbkuit TpaBMOLIEHTD.

Kniniuni oani: KicTkoBo-cyrioboBa cucTeMa 30KpeMa IONEPEKOBO-KPHKOBOTO  BiAIiTy
xpeOTa TAMiEHTKH Ma€ YUCJICHHI JereHepaTuBHO-TUCTpodiuHi 3MiHM migTBepmkeHni MPT:
JIIOMOOIIIIAITII0 Ta CIIOHINIB03, YCKIAAHEHI IPOTPY3iaMu MixkxpeOiieBux auckis L1- L2, L2- L3, L3-
L4, L4-L5, L5-S1; remanriomy Tina xpebust L1, nepuHeBpaibHy KiCTy KPHKOBOTO KaHaily, 3MiHH B
npoekii Tin xpeOuiB B cermenTi L4-L5 3a paxyHOK XHpoBOi TpaHCPOpMAaIil 4epBOHOTO KiCTKOBOTO
MO3Ky BHachimok imemii mo tumy Modic Il. TIpu orysai opromeaoM-TpaBMaToOIIOrOM MaHyalbHUM
TEpaneBTOM BHUSBIICHI: MEpeEKic Ta3y, (GyHKIIOHAIbHI OJ0KH B pyXoMux cermenTax L1-L.2, L4-L5, L5-
S1 momepekoBO-KPHKOBOTO BiAgiry XpeOTa, CIIOCTEepiracThesl YUIUTBHEHHS! ONIEPEKOBOTO JIOPAO3Y,
PYXJIHBICTh XpeOTa B IepeAHbO-33/THHOMY HaIPAMKaX OOMeKeHa.

Jlikysanns: Jlo mpu3HadeHHs peHTreHorpadii KOIiHHOTO Cyrio0a, 3BaKaroyr Ha IEPEKic Ta3a
Ta MHOXKWHHICTh aHOMaJlili B MOMEPEKOBO-KPIKOBOMY BiZIiIl XpeOTa, sIKi MOXKYTh OyTH MPHUYHUHOIO
00JILOBOTO CHHAPOMY B KOJIIHHOMY CYTJ1001, CTpaTeris JiKyBaHHS OyJia HACTYITHOIO:

e MaHyallbHa KOPEKIIisl KOJIHHOTO Cyriioba

e MaHyallbHE YCYHEHHS IIepeKocy Ta3a

® KiTbKOMa C€aHCcaMH MaHyajJbHOI Tepamii 3HATTS (QYHKIIOHATBHUX OJIOKIB B PYyXOMHX
cermenrtax L1-L2, L4-L5, L5-S1.

[Ticns mpoBeneHHsST MPOTATOM JIBOX THXKHIB BKa3aHHWX MPOLEAYpP IHTCHCHUBHICTH OOJBOBOTO
CHUHIIPOMY B TIPaBOMY KOJIHHOMY CyTJ00i 3HM3Mnacs 3 7 1o 5 mo mkam BAILLL, a iHTeHCHBHICTD 00110
B TIOTIEpeKy 3anummiacsd He3MminHoo — 3 mo mkaimi BAIL. IlpoBenena pentrenorpadisi mpaBoro
KOJIHHOTO Cyryio0a SBHHX KiCTKOBO-TPaBMATHYHHX 1 AECTPYKTHBHUX 3MiH B CyIJIoOi HE BHSBHIIA.
BukonaHi JiKyBaJIbHI MpoUenypH i 3HATTS (DYHKIIOHATBHUX OJIOKIB B PYXOBHUX CETMEHTax XpeOra
JTO3BOJIVIIH TTAII€HTII YTOYHUTH JIOKaTi3aIlito 00JiB B MOMEPEKOBO-KPIKOBOMY BiJIilli XpedTa — OiTh
30CepeIMBCs HIDKYE 3aJHBOI BEPXHBOI KIyOOBOi octi B 30Hi Fortin [41, 42], mo mano miacTaBu
TIOB’S13aTH HOTO 3 MOXKITMBOIO TUC(YHKIIIEI0 KPUIKOBO-KIyOoBOTO cyrio0y. [IpoBeneni mobimizaris i
MaHInyJIsIis B 00J1acTi 000X KPHXKOBO-KIYOOBHX CYTJIOOIB MIATBEPAMIIN iX 3a0JIOKOBAHICTbD, a 3HATTS
X OJIOKIB MEPIINM K€ CEaHCOM MaHyallbHOT KOpEKIii JO3BOJMIIO 3pasy K ICHs CeaHCy 3HauyHO
MOKPAIIUTH PYXJUBICTh XpeOTa B MepelHbO-33JHROMY HAIPSIMKaxX, BiI4yTH MOCia0iieHHs OOJiB B
noriepeky i xomini. Yepes Tpu AHI OyJ0 BUKOHAHO MOBTOPHY MaHyallbHY KOPEKIil0 000X KPHKOBO-
KITyOOBUX CYTIIO0IB, SKOI BAANOCA JOCSITTH IOBHOTO 3HATTS OONIB K y XpeOTi, Tak i B KOJiHi.
KonTponsHe onuTyBaHHS NamieHTKH depe3 6 micsmiB B ceprHi 2020 p. 3acBiM4miio BiACYTHICTh OOIiB
CIPUYMHEHHUX TUCHYHKIIEI0 KPHKOBO-KITyOOBUX CYTIIOOIB.

Janwii KITIHIYHUA BUIAJIOK CBiAYWTH, II0 Y XBOPUX 3 MHOXUHHHMH ITaTOJIOTiSIMU KiCTKOBO-
XpeOeTHOI CHCTEeMH TeBHI OOJIbOBI CHHIPOMH, JIOKATi30BaHI B OKpEMHUX CYIII00ax, MOXKYTb OyTH
CIPOBOKOBAHUMH JIECTPYKTUBHUMH IIPOLIECAMHU, SIKI MAIOTh MicCIle B OJTHOMY a00 JIEKIIBKOX CYTao0ax
YU OpraHax, i IaJieKo He 3aBKIU caMe B THX, JIe BIUyBA€ThCS O1JIb.

BucHoBku. J[aHUM JOCHIPKEHHSIM JOBEACHO, 1110 METOAaMU MaHyaJIbHOI Tepallii B IO€IHAHHI
3 YAapHO-XBWJILOBOIO TEpari€l0 MOXKHA YCHIIIHO OopoTHcs 3 OONBOBUMH CHHAPOMaMH Ta
JTUCHYHKITEI KPHKOBO-KITyOOBUX CYTJI00iIB.
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Beenenue. IlonutpaBma sBIsieTCA OJHUM U3 TSXKENBIX BHIOB MHOKECTBEHHONW M COYETaHHOM
TpaBMBI, TIOITOMY OKa3zaHHE B MAaKCHMAIbHO KOPOTKHE CpPOKH KBaJU(HUIMPOBAHHONH U
CIICLUAJIU3UPOBAHHON MEIHWLIMHCKOM MOMOIIM — Ba)KHEWINas 3aJadya MEIULIUHCKOrO MepcoHaa.
[IpoGiieMa TOBpEXKICHMI OpPraHOB OpPIONIHONH M TPYAHOM IOJIOCTEH, a Takke 3a0pIOIIMHHOTO
MPOCTPAHCTBA COIMPOBOXKIAETCS, MPEXKAE BCEro, BBICOKOHM JeTambHOCTBIO: 5-10% B cimydasx
u3onupoBanHoit u 20-30% — npu MHOMKECTBEHHBIX IOPAKEHHUAX. 3a CIOKHOCTSIMH TUATHOCTHKH
3aKpBITOH a0JOMHHAIBHOW U TOpaKaIbHOW TPaBMBI CIIEAYIOT OIIMOKH B BBIOOpE Jie4yeOHOW TaKTHKH,
0COOCHHO MpPH HAJIWYMK CHUHIAPOMAa B3aUMHOTO YTSDKETCHHUS (CoueTaHWe IOBPEXKAECHUH OpPraHoB
OpIOIITHOM TIOJIOCTH C TpaBMaMd TOJIOBBI, TpyAu u Tp.). OcOOEHHO cepbe3Hble MPOOIeMBbl JeUSHUS
TaKUX MMALMEHTOB BO3HUKAIOT IIPU Pa3BUTUHN HAPYLICHUM )KU3HEHHO BaXKHBIX OPTaHOB U CUCTEM, IIIOKa
WU «TPaBMaTU4ECKO# Oone3nm» [1-4].

OpmHOW W3 aKTyallbHBIX TPOOJIeM XHPYprHHM W PEaHHMATOJOTHH B HACTOAIIEE BpPEMS
octaercs cuHApoM TnonuopranHor HemoctarouHoctn (CIIOH). Ortmomarorenes CIIOH TecnHo
CBSI3aH C pa3BUTUEM THOMHO-CENTUYECKUX OCIOKHEHUU. 3BECTHO, UTO MEXaHUUYECKAsl TpaBMa yxkKe
B MEPHOJ] IOKa BHI3BIBACT HAPYIICHHS AEATEIBHOCTH OPTaHOB M CHCTEM XKU3HEOOECTIeUeHHsI, B TOM
YUC€ W 3alIUTHBIX MEXAaHU3MOB, YTO MPUBOAUT K PAa3BUTUIO B PAaHHEM MNOCTTPABMAaTHUYECKOM
NEepHO/ie PA3IMYHBIX OCIOKHEHHH. B oTedecTBEeHHOW M 3apyOeKHOW JUTeparype MaToJIOrndecKue
COCTOSIHHSI, BO3HMKAIOIIME B OCTPOM IIEPUOJE TPaBMbl, TPAKTYIOT Kak paHHHUE OCIJIOKHEHUS.
[IpodunakTrike THOWHO-BOCHAIUTENHHBIX OCIOXHEHHWH TPU 3aKPBITHIX IOBPEXKACHUAX TPYIHOM
KJIETKH, Ha Halll B3[JISI, HE OTBEACHO JI0CTATOYHOro BHUMaHus [5-8].

Jleyenne CIIOH momxHO OBITH KOMITIEKCHBIM M HAIlPaBJICHHBIM Ha MPOQUIAKTHKY Pa3BUTHS
Pa3IUYHBIX OCJIOKHEHHWM, NOpeXKIe BCEr0 THOMHO-BOCHAIUTENBHBIX, a TAaKXKE Ha KOPPEKLUIO
HapyIICHWH CHCTEM TrOMeOcTa3a M BOCCTAHOBIIEHWE (PYHKIWH >KM3HEHHO BaxXHBIX opraHoB [10,11].
I'nmaBHO# 3ajauecii neyeHUs1 TaKUX OONBHBIX SBJSIETCS OOecHeueHHe reMocTasa, MpenynpeKaeHue 1
JIeYEeHUE OCIOKHEHUH paHHETo MOCIE0NepaiiOHHOTO NEPHUO/Ia.

enb0 JaHHOrO HCCIECAOBAHUS SBUJIOCH YTOYHEHHUE HEKOTOPHIX MEXAHU3MOB pa3BUTHS
MOCTTPABMATUYECKNX T'HOWHO-BOCIIAJIUTENBHBIX OCJIOXHEHHH B paHHEM IOCTTPaBMAaTHUYECKOM
MIEPUO/IE TIPU FKCIIEPUMEHTAIBHOM MTOJINTPaBME.

MarepuaJibl 1 MeTOABI HCCJIE0OBAHUI. DKCIIEPUMEHTAIbHBIE UCCIEAOBAHUS IPOBEICHBI Ha
mabopaTOPHBIX KUBOTHBIX MPHU MOIEIUPOBAHWH TPABMBI TPYIH W JKUBOTA W OBUIM HANpaBJICHBI Ha
W3yueHHEe MeXaHOTeHe3a IMOBPEXKJCHUH, POJIH WHHUIMAIMKA HEKOTOPHIX (aKTOPOB HMMYHHOTO M
SHAOTEIUANBHOIO MPOUCXOXKACHUS B BO3HUKHOBEHUM MECTHBIX M CHCTEMHBIX OCIOXHEHHH B
MaTOreHe3e TPaBMAaTHYECKOW OOJIe3HHU.

B kauecTBe 3KCIIEPUMEHTAIILHOTO MaTepralia U 00bEKTa UCCIICIOBAHUI HaMU OBbLIM BBIOPAHBI
Oeple KpBICH! oMmyJsIuu Buctap o6oux nmomoB maccot 190-290 r.

Ilepen BBegeHHMEM B OMNBIT BCE >KUBOTHBIE B TE€UEHHE 7 CYTOK HAXOIWIUCh B KIETKaxX
KapaHTHHHOTO TOMEIICHUSI B CTAHIAPTHBIX YCIOBHIX (C ecTeCTBEHHOW 12-4acoBOl CMEHOW CBeTa M
TeMHOTHI, 1ipHu t=200C), moayyanu oIWHAKOBOE JO3MPOBAHHOE YMEpEHHO-KaJlopuitHoe muTanue. Mim
ObUT oOecriedeH JIOCTYII K MUIIE U Boje. B TeueHune Henenu nepea NpoBeICHUEM ONBITOB KHBOTHBIX
JBaXIbl (PUKCHPOBAIN B Ja0OpaTOpPHOM CTaHKE C LENbl0 MX afanTtanud. HemocpeacTBeHHO mepen
OTIBITOM KPBIC (PMKCHPOBAIH B CTAHKE 32 TOJIOBY U KOHEYHOCTH.

ConeprkaHre, yXo ¥ METOJBI IKCIIEPUMEHTAIBHON paboThl C JKUBOTHBIMH COOTBETCTBOBAIIN
obmenpuusateiM  Hopmam  (ML.II. 3amamnrok, 1983; B.D. Mockanenko, 2005) u mnpaBumiam,
MPEyCMOTPEHHBIM «EBpoOIeckoi KOHBEHIIMEW MO HaJ30py M 3alUTE MO3BOHOYHBIX KHUBOTHBIX,
KOTOPBIE HCITOJIB3YIOTCS B JIKCIIEPUMEHTANBHBIX W JPYyrux HaydHbIX nensx» (CrpacOypr, 1986),
HupextuBoit Cosera EBponeiickoro CoapyxectBa ot 24.11.86 r. n pacnopspkenueM M3 YkpauHsl
Ne 32 o1 22.02.88 .

Tymas TpaBMa TpyIHOM KJIETKH M KHBOTa BOCIpon3BoAmiach y 20 GeIbIX KPbIC-CaMIIOB JINHUH
Bucrap maccoii 250-310 r. B yciioBusix o01iero ode30oauBanus keraMudoM (12,5 mr/100 T Maccel Tena)
MyTEM HAHECEHUS CEPHUHU JO3UPOBAHHBIX YAapOB Ha 00JACTh TPYAHOM KIETKH W YKMBOTA MPU TOMOIIH
YHHUBEPCAIBHOTO YCTPOICTBA ISl HAHECEHHWS TpaBM JabOpaTOPHBIM >KUBOTHBIM, pa3pabOOTaHHOTO B
kmuauke [11]. Tlonmoxenme mo3atopa TpeThe. JKWBOTHBIM KOHTPOJIBHOH TPYIINIBI  ITPOBOIMIIN
CTUMYJIMPYIOIIYIO ONEepanuio (JIaIpOTOMHIO), B HCCIIEAyEeMbIE CPOKHM JKHBOTHBIM OOEUX TpyII
BBITIOTHSUTH PENlariapoTOMHUIO, M OCYIIECTBILTH 3a00p KpoBu (1,5 Mir) mist uccienoBannii. 3a00p KpoBU
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JUIE M3YYCHUS KHUCIOTHO-OCHOBHOTO coctosHus (KOC) BBIMOMHSUTM W3 aOpThI, HIKHEW TOJIOH U
BOPOTHOM BeH, Juist uccnenoBanus ypoBHs AHTH—JITIC—IgG — 3 cuctemMbl HIKHEN MOJION BEHBI.

[IpoTokon SKCIIEpIMEHTOB Ha JKUBOTHBIX yTBepkaeH Kommccueit mo GMOSTHKE COTIIACHO C
npaBwiaMu MeXITyHapoJTHOW KOHBCHIIMM TIO 3alllUTE TMO3BOHOYHBIX YKUBOTHBIX, HCIOJIB3YEMBIX B
AKCIIEPUMEHTAIBHBIX U IPYTHX HAYYHBIX IEIX.

Yposens AHTH-JIIIC-IgG kphIC HCceqoBav C WCHOJIB30BAaHHEM KOMMEPYECKOTO Habopa
JITIC u3 Guomacchl rpaMoTpuniatenbHbix OakTepuii Escherichia coli K235 (USA). [lunamuky AHTH—
JIIC-IgG onenuBanmu uepe3 12, 24 u 48 4vacoB mocjie MOICIUPOBAHUS TPaBMBI (Y BBDKHBIIMX
*knBoTHBIX). AnTHTena k JIIIC E. coli K235 kmacca G ompemensiim MeTogoM TBepAodaszHoro
nuMMmyHOpepMmeHTHOro aHanmmza (TUDA). Onrryeckyro IDIOTHOCTh KOHEYHOTO — MPOIYKTa
(hepMEHTaTUBHON PEaKIUK OINPEISIsUId C MOMOIIBI0 UMMYyHO(GepMeHTHOro anainu3aropa AKNU-1101
nipu JuirHe BoiHBI 492 HM, ypoBeHb AHTH—JIIIC—IgG BeIpakanu B eMWHUIIAX SKCTHHKIIHAU.

Jua nzyuenns sxctpakuun O, 6panu mo 0,4 M kposu u3 HIIB, aopTst (A) u BB, onpenensinm
ypoBeHb remoryioouna (Hb) nmo yHuguimpoBaHHoi MeTOMKe, 00OpaTHBIN JIorapu(M KOHIIEHTPALUN
noHoB Bojopoaa (pH), maprumansHoe naminenue kucinopoaa (pOz) u caryparuio Oz ¢ MOMOIIBIO
KHCIIOTHO—OCHOBHOTO ananu3aropa ABC — 1 "Radiometer” ([lanust). DKCTpaKIuO pacCUUTHIBAIN O
cragmapTHeiM  opmymam: 1 — comepxanme O B apTepuanbHON W BEHO3HOH KPOBH:
SO,=(Hbx1,39x%carypamnuu O2)+(p02x0,0031); 2 - obmryto sxcrpakuuio Oz (CEO2) onmpenensiu mo
pasuuiie Oz B aopre (A) n mmwknueit nonoit Bere (HIIB): CEO2=[ SOz A - SOz ung ] / SO2 4; 3 -
skcrpakimo Oz B mumeaputenbHoM KaHane (EO: k) omenmBanu mo pasHune O. B aopte (A) u
BopoTHOH BeHe (BB): EO2nk=( SO2 A - SOz 88 ) / SO2 .

Bech nomydeHHbIi B pe3yibTaTe MPOBEACHHOTO MOP(OIOTHIECKOTO HUCCIIEAOBaHUS (P POBOI
MacCHB JaHHBIX 0Opa0aThIBAJICS METOJaMU MaTeMaTHYeCKONH CTaTUCTHKH C HCIIOJb30BaAHUEM
BapUaIOHHOTO aHaiu3a. [Ipu WMCMONB30BaHUM METOJIOB BApUAIMOHHOW CTATUCTUKU BBIYUCIISLIH
CPEIHIOI apU(PMETHIECKYI0, CTEIeHb IUCIIEPCHH, CPEIHEKBAJAPATUYECKOE OTKIOHEHUE, CPEIHIOI0
OIMMOKY pa3HUIIbI, BEPOSITHOCTh pa3indus. BepoaTHOCTh pa3nnius MeXIy IByMs CPEIHUMH TPH MATbIX
BbIOOpKaxX onpeaessuiy 1o tadauie CThioJieHTa ¢ coOmoieHreM ycioBus (ni+nz-2). [Ipu onpenenenuu
CTETIeHN BEPOSTHOCTH JIOIyCKaI TOYHOCTH p<0,05, 4T0, KaKk M3BECTHO, COOTBETCTBYET P>95,0%.

Pe3yabTaTsl n 00cyxeHHE.

VY KpbIC KOHTPOJBHOM Tpymiel yepe3 12 gacoB mocne ctumynupymomeit onepauuu EROzosu,
cocrapuna B cpegem 20,11+0,9%, a EOow - 28,1+0,81%; uepes 24 gaca - 26,08+0,87% wu
29,7£0,67%; uepes 48 gacos - 28,4+0,72% u 31,6+0,32% (tabdm. 1).

Tabnuna 1. DxcTpakuus Kuciuopoaa y kpbic, Mtm

ITokazareins EROz06m., % EOQuu ,%
Cpokn KonTponeHas OcHoBHas rpymnmna, KonTponbeHas OcHoBHas
rpynmnma, (n=15) rpynmnmna, rpymnma,
(n=5) (n=5) (n=15)
1 2 3 4 5
1 2 3 4 5
12 gacoB 20,11+0,9 41,5+1,75* 28,1+0,81 27,9+0,22
24 yaca 26,08+0,87 48,31+0,65* 29,7+0,67 34,8+0,31*
48 yacos 28,4+0,72 52,28+0,37* 31,6+0,32 17,53+0,43

IIpumeuanue: * - TOCTOBEPHOCTD pasauuuii ¢ koutpoiem ( p<0,05).

VY xpeic ocHOBHOH rpymmbl EROsosw, B EOa B cpegHeM cocTaBmid: 4epes 12 dacos -
41,5+1,75% wn 27,9+0,22%; uepe3 24 wyaca - 48,3£0,65% wu 34,840,31%; uepe3 48 wuacoB -
52,28+0,37% u 17,53+£0,43% (tabdun. 1).

Kak BHIHO W3 TIPUBENCHHBIX JaHHBIX, yBenuueHHEe EROzesw Y KPBIC OCHOBHOW TPYIITBI
BBISIBUJI BO BCE CPOKH HAOIIOJICHUS, MPUUYEM YK€ depe3 12 4acoB Mociie MOJCIUPOBAHHS TSHKEIOH
tpaBmbl DK atoT mokaszarens B cpemem Ha 100,4% (p=0,001) mpeBbIman TakoBOH y KHBOTHBIX
KOHTPOJIBHOM Tpymbl, a uepe3 24 u 48 yacoB cooTBeTcTBEHHO Ha 85,2% u 84,1% (p=0,001). EO2n.
ObUTa HEIOCTOBEPHO CHIDKEHa 4epe3 |2 4YacoB mociie MOAEIMPOBAHUS TSDKENOW TPaBMBI, 3aTeM
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MOBBIIIANIACH M Yepe3 24 Jaca B CpeJIHEM IpEeBHIIIaia moka3atesb Bo 2 rpymnme Ha 17,2% (p=0,053).
Uepes 48 uacoB wW3y4aeMblii TOKa3aTelb BHOBb CHIDKajJcs W B cpemHeM Ha 44,5% wmeHbine
noKasaTesell KOHTPOJIBHOM IPyIIbl B 3TH cpoku uccienoanus (p=0,001).

B xone mpoBeneHus SKCIIEpUMEHTANBHBIX HCCIEIOBAaHUN yCTaHOBJIEHO, YTO Yepe3 12 mocie
MOJICTIMPOBAHHS TSHKETIOW TpaBMBI y KHUBOTHBIX ypoBeHb AHTH—JIIIC-IgG B cpemnem 67,3 % ObIT
HIDKEe KOHTPOJIBHBIX MOKazaTenel. Jlanee HaOIr0Aamoch BeIpaXeHHOEe CHIbKeHue ypoBHSI AHTH—JITIC—
19G B KpOBH KpbIC U Yepe3 24 yaca KOHIEHTpaHs UX cocTaBisiia 52,2 % OT UCXOAHOTO YPOBHS.

B nocnenyromem Habmonanock cHmwkenne konuentpanuu AHTU—JIIIC-IgG B mna3me kpoBu
n depe3 48 wacoB ypoBeHb aHTHTEN B cpemHeM Ha 89,7% ObUT HIDKE IMOKa3aTellell KOHTPOIIBHOM
TPYIIBI )KUBOTHBIX (Tab. 2).

Tabnumna 2. Conepxanne antuten knacca G k numomonucaxapuay Escherichia coli K235 B
CBIBOPOTKE KPOBH KPBbIC, SKCTHHKIMH (M+m)

I'py1IibI 5KUBOTHBIX
CpokK uccieI0BaHus
b KonTposbHas (n=5) Ocnosnas (n=15)
12 yacos 0,0532+0,003 0,0174+0,002*
24 vaca 0,0662+0,005 0,0074+0,003*
48 yacos 0,0658+0,004 0,0068+0,004*

[Ipumevanue. * — TOCTOBEPHOCTH pasiuumii ¢ KoHTposeM (p < 0,05).

Takum oOpazoM, yxe yepe3 12 dYacoB mocie MOJEIHPOBAHUSA TSDKEIOW TpPaBMbBI TPYAH
KHIICYHUK TEPSAET CBOIO OaphepHYI0 M 3alllUTHYI (QYHKIHIO, MIPOUCXOIUT HE MAacCCHBHOE
MOCTYIIEHUE B KPOBOTOK KHUINIEYHOH SHIOTOKCHHA KUIIIEUYHBIX OAKTEpHid, HA CBA3BIBAHHE KOTOPBIX B
KPOBH HEJOCTATOYHO IUPKYJINPYIONINX aHTHTEN.

BoiBoabl. Peskoe camkenne konnentpanuu AHTU—JITIC-IgG B miasme KpoBU KphIC yepes 24
1 48 4YacoB MOCJEe MOJEIMPOBAHUS TATOJIOIMYECKOIO COCTOSIHUS OOBSCHSAETCS TeM, 4TO Ha (hoHE
CHIDKCHUS KHUIICYHOW OSKCTPAKIUM KHCIOPOJa, Pa3BUBAIOIIETOCS B OTBET Ha TPaBMy B paHHEM
MOCTTPAaBMATUYECKOM  TEPUOJe, HapyllaeTcss IPOHUIAEMOCTh  KHUIIEYHOro  Oapbepa, 4TO
COIMPOBOX/IACTCS MACCHUBHBIM ITOCTYIUICHUEM OJHIOTOKCHHA KHIICYHBIX OaKkTepuid B CHUCTEMHBIH
KPOBOTOK, KOTOPBIH SBIISETCS WHAYKTOPOM KacKaTHBIX MMMYHOIIATOJIOTHYECKUX PEaKIUii OpraHnu3mMa
1 3aITyCKAIONINX B P[] MATOJIOTMYECKAX KPYTroB ¢ mocienyrmuM pazsutueMm MODS u ciocobcTByeT
Pa3BUTHIO PAHHUX THOMHO-BOCTIAJIUTENIBHBIX OCIIOKHEHHM.
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Received: 27 July 2020 The authors established the relationship between the indicators of
Accepted: 25 August 2020 immunohistochemical examination — proliferation markers (Ki67) and
Published: 30 September 2020 mitotic count (pHH3) with the indicators of positron emission
tomography — SUVmax. The identified patterns of cancer cells
KEYWORDS differentiation and their metabolic activity are promising for the
oropharyngeal squamous cell diagnosing and screening of tumours of varying degrees of progression
carcinoma, and origin, which will allow forecasting the course of the disease at all
tumour differentiation, metabolic stages of diagnostics. The study intends to assess the level of
activity, immunohistochemistry, oropharyngeal squamous cell histopathological differentiation by
positron emission tomography. immunohistochemical diagnostic methods, and their metabolic activity

using positron emission tomography.

1. Study of the activity of metabolic processes of transformed oropharyngeal cancer cells using positron
emission tomography;

2. Determination of tumour proliferative potential by the number of positive stains to Ki-67 (%) and pHH3 by
immunohistochemical diagnostic methods;

3. ldentification of the relationship between morphological changes of oropharyngeal cancer cells and their
metabolic activity.

Materials and methods. We studied 130 samples of squamous cell carcinoma of the oropharyngeal area. We
determined the level of metabolic activity — SUVmax — by positron emission tomography (PET) at the
preoperative patient treatment stage. In the postoperative period, the proliferation index (Ki67) and the mitotic
count (pHH3) were determined by histological and immunohistochemical methods. Upon assessment of the level
of differentiation of tumour cells, patients were divided into three groups: Group | - patients having tumour cells
in the G1 phase of mitosis (28 patients); Group Il — tumour cells in the G2 phase of mitosis (48 patients); Group
Il — tumour cells in the G3 phase of mitosis (54 patients). We evaluated PET results according to the
Maximum Standard Unit Value (SUVmax).

We determined the relationship between morphological changes and metabolic activity of tumour cells by 2-
fluoro-[18F]-2-deoxy-D-glucose accumulation and immunohistochemical examination.

Results. We established a statistically significant difference between the groups (p<0.001 according to the Kruskal-
Wallis test for all indicators). Thus, with decreasing Me level, the differentiation of SUVmax of tumours
significantly (p<0.05) increases, which indicates an increase in the degree of malignancy of tumours. We evaluated
the results of immunohistochemical examination by Ki67 and pH3 markers in the study groups. Comparing Ki67
and pHH3, a statistically significant difference was found between the groups (p<0.001 according to the Kruskal-
Wallis test for all indicators). Thus, with a decrease in the Me level, the differentiation of Ki67 increases
significantly (p<0.05), and an increase in pH3 indicates an increase in the degree of malignancy of tumours.
Conclusions. We statistically proved the relationship between Ki67, pH3 and SUVmax in oropharyngeal
squamous cell carcinoma. We established the possibility of preoperative forcasting of the level of tumour
differentiation and the use of pHH3 immunohistochemical marker as a reliable criterion for assessing the level of
tumour differentiation, including hardly diagnosable squamous cell carcinoma.
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Introduction. Differentiation of tumour cells is a central aspect of histopathological
classification of malignant neoplasms. The stages of differentiation are strongly related to the
metabolic activity of the transformed cells and the tumour behaviour. It is known that undifferentiated
tumour is more aggressive than its more differentiated analogue [1]. Tumour differentiation is directly
related to the expression and function of genes that determine the metabolic activity and direction of
development of transformed cells [2]. The mechanisms of differentiation of tumour cells, as well as
the relationship of morphological changes in cells with their metabolic activity are poorly studied.
Besides, the level of metabolic activity of transformed cells underlies the diagnosis and evaluation of
the degree of tumour differentiation, which plays a huge role in the treatment of cancer patients [3].

Treatment of oropharyngeal tumours is a time-consuming and unresolved problem of modern
oncology. Anatomical and functional features of this area are the tendency of malignant tumours of
this localization to rapid infiltrative growth, while early metastasing to lymph nodes cause severe
disease and create difficulties in diagnosing and treatment [4]. Diagnostics of oropharyngeal
neoplasms includes two stages: preoperative and postoperative. Diagnostics in the preoperative period
helps to establish the location and size of the tumour, without determining its degree of malignancy.
Preoperative diagnostics of oropharyngeal tumours is performed using positron emission
tomography (PET) and computed tomography (CT). These methods belong to non-invasive
diagnostics — one of the priority areas of medical research [5, 6].

The immunohistochemical marker — Ki67 — is an important marker for the verification of
malignant tumours, which is determined to establish the proliferation index of tumour cells. Ki67
belongs to the nuclear antigens that are involved in the regulation of the cell cycle and are found in
cell nuclei in G1-, S- and G2 phases of the cell cycle, as well as during the mitotic phase [7]. Ki67 as a
monoclonal proliferation marker gives a positive reaction in G1A, G1B, S, G2 and M-phases of the
cell cycle, but is not detected in GO, G1T, Gla, G1b phases. Nowadays, antibodies to Ki67 have
become the standard for assessing the proliferative activity of transformed cells [8]. It is proved that
the increase in the expression of this marker is directly proportional to the formation of the aggressive
phenotype of many malignant tumours [9]. In particular, the high level of Ki67 expression is a
prognostically unfavourable factor for breast, ovarian, prostate cancer, melanocytic tumours,
gastrointestinal stromal tumours [8, 10, 11].

Phosphohistone H3 (pHH3) may be another proliferation marker. pHH3 is a histone protein
that is part of DNA chromatin, and plays an important role in chromosome condensation and cell cycle
progression during mitosis and meiosis after phosphorylation of serine-10 and serine-28 residues.
Phosphorylation occurs during the late G2 phase before the onset of prophase, while
dephosphorylation occurs slowly from late anaphase to early telophase. Therefore, in the metaphase
histone H3 is always strongly phosphorylated, which is manifested by a positive test for pHH3, while
in the interphase there is minimal or no expression of pHH3 — a property that allows pHH3 to be
detected only in mitotically active cells [11]. For this reason, we hypothesized that pHH3 may be a
better prognostic marker than the Ki67 marker and better detect tumour cell metastasis.

The research objective is to assess the level of squamous cell histopathological
differentiation of cells (Ki-67, pHH3) with oropharyngeal carcinoma by immunohistochemical
diagnostic methods, and their metabolic activity using positron emission tomography (SUVmax).

Materials and research methods. The study involved 130 patients with oropharyngeal
squamous cell carcinoma. Among patients, men accounted for 75% (98 men), women - 25% (32
women).
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Diagnosis of the detected pathology was performed in the preoperative period using PET/CT
examination using Philips Gemini PET/CT-System series C. The PET method determined the level of
metabolic activity — SUVmax [12, 13].

In the postoperative period, pieces of transformed tissue were taken from the tumour for
histological and immunohistochemical examinations. The fixation was performed in a 10% solution of
neutral formalin. Proliferation index (Ki67) and mitotic count (pHH3) were determined by histological
and immunohistochemical methods.

In determining the degree of differentiation of tumour cells we used the classification of
Anneroth et al. and Bryne et al. [14], presented in Table 1.

Table 1. Evaluation of the level of differentiation of tumour cells
Number of points

Criterion

1 2 3 4
The level of keratinization S50 20 50 5_ 20 0_5
(% of cells)
Polymorphism of nuclei > 75 50_75 25_ 50 0-25
(% of mature cells)
Mitotic count 0-1 2-3 4-5 >5
groups of widespread areas of
Clearly infiltrating dissociated cells in
Type of invasion demarcated | infiltrating areas I inal
edges cells (n<15 groups or as single
cells) cells (n>15 cells)
Inflammation as a result of
lymphoplasmacytic severe moderate insignificant no inflammation

infiltration

Taking into account the criteria shown in Table 1, we analysed the phases of the cell cycle of
the studied tumours, with: 4-8 points — tumours with cells in G1 phase of the cell cycle; 9-12 points
— G2 tumours; 13-16 points — G3 tumours.

Assessing the level of differentiation of tumour cells, we divided patients into three groups:
Group | — patients with tumour cells in G1 phase of mitosis (28 patients); Group Il — tumour cells in
G2 phase of mitosis (48 patients); Group 1l — tumour cells in the G3 phase of mitosis (54 patients).

The mitotic activity of tumour cells was assessed by the proliferation index Ki67 and pH3,
which we determined by immunohistochemistry.

During the immunohistochemical study, we used paraffin blocks to prepare histological
sections with a thickness of 4 um, which were obtained using a rotary microtome HM 355S, Section-
Transfer-System, Walldorf.

Upon removal of paraffin and rehydration of sections, we performed temperature unmasking
of antigens. We performed incubation of sections with primary antibodies in humid chambers for 30
minutes at 23-25°C, followed by staining of the test sections with hematoxylin-eosin in Ventana
BenchMark machine (Ventana Medical Systems, Ventana, USA), and application to SuperFrost Plus
slides. Ki67 monoclonal antibodies (monoclonal, murine anti-Ki67 antigen) were used as primary
antibodies. We studied stained preparations on a digital light microscope Leica DM 6000 B, Leica
Microsystems CMS GmbH using x5, x10, x20, x40, x100 lenses.

Reaction with the pHH3 marker was performed using rabbit polyclonal antigen and was
determined in the number of positive nuclei counted during pHH3 staining.

We performed statistical processing of the results using the Kruskal-Wallis test to compare
indicators in the three groups. We used Dunn’s multiple comparison test during a posteriori
comparisons [15]. The critical level of significance was ocrit = 0.05.

To determine the values of SUVma, we analysed the constructed Receiver Operating
Characteristic curves (ROC curves). We assessed the reliability of the test by the area under the ROC
curve [15].

We determined the threshold for making a decision on the test by Youden index Inex=Max.
We evaluated the prognostic characteristics of the test at the appropriate threshold by the specifics
(95%) and sensitivity (95%) of the test.
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We used the ROC curve method to assess the prognostic characteristics of the Ki67 and pHH3
markers [16].

Results. Analysing the morphological characteristics of tumours with cells at different stages
of the life cycle, we found significant changes between the study groups.

The results of studies showed that at least 50% of mature cells we found in tumours with cells
in G1 phase of the cell cycle (Group I) (Figure 1).

Fig. 1. Squamous cell carcinoma of the oral cavity in G1 phase
(hematoxylin-eosin staining, x50 magnification).

The level of keratinization of tumour cells of squamous cell carcinoma was not less than 20%.
Moderate-expressed (weak) polymorphism was visualized on histological sections. There was a clear
growth of solid fields. We found a small number of cells that are in the stage of mitosis in the tumour
tissue — from 0 to 3 cells in the field of vision. Lympho-plasmacytic infiltration is expressed by
moderate inflammation (Figure 1).

In the tissues of squamous cell carcinoma, the cells of which are in G2 phase of the cell cycle
(Group 1), the level of keratinization was not less than 5% (Figure 2).

o S L Ay %o e

Fig. 2. Oral squamous cell carcinoma cells in the G2 phase
(hematoxylin-eosin staining, x100 magnification)

The number of mature cells was not less than 25%. Histological sections showed moderate
polymorphism of nuclei. We established that infiltrative growth is characteristic of G2 tumours. This
growth was expressed in the localization of small groups of cells, but there were at least 15 cells in the
group. The sections revealed a moderate number of mitotic cells, and a slight inflammatory reaction or
its complete absence (Figure 2).
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The results of the study of squamous cell carcinoma in Group Il patients, having the
transformed cells in G3 phase, showed at least 25% of mature cells (Figure 3). This group includes
tumours with a low level of keratinization and pronounced polymorphism of the nuclei. The number of
mitotic cells was 5 or more in the field of vision. As for the G2 phase, invasive processes in the form
of small groups of cells were observed in G3 phase. However, there were less than 15 cells in the
group or single cells were detected in G3 tumours. Inflammation was not observed (Figure 3).

Fig. 3. Oral squamous cell carcinoma cells in G2 phase
(hematoxylin-eosin staining, x50 magnification)

The metabolic activity of tumour cells was determined by the standardized uptake value
(SUV) in PET [17].

With the help of PET diagnostics we determined both the minimum and maximum SUV in
patients of all study groups [18]. The mean SUVwin in all patients was 5.8; the mean SUVmax Was 48.7.

Analysing the standardized uptake values — SUVnin and SUVnax depending on the degree of
tumour differentiation revealed changes in these values in different groups of patients. Thus, in the
group of G1 tumours the minimum value of SUVnin is 5.6, while the maximum value of SUV nax is 27.
In Group Il patients — with G2 tumours — the minimum value of SUV i, is 7, the maximum value of
SUVmax is 28.2. In the group of G3 tumours, the minimum value of SUVmin is 5.7, the maximum value
of SUVmax— 48.5 (Table 2).

As the results of the study presented in Table 2 show, SUVnax increases as the cell cycle of the
tumour cells progresses.

Table 2. The value of standardized accumulation (SUV) of squamous cell carcinoma of the
oral cavity in the Me format (Qi+Qm)

Me (Qi+ Qui) Significant difference
Index Gl G2 G3 between groups
(n=28) (n=48) (n=54)
25.7% 28.2%% 48.5%*
SUVimax (18.6:333) | (22.5:30.1) (43.8:55.0) <0.001
5,6#$ 7'0*$ 5’7*#
SUVimin (3.2-8.3) (4.5:13.1) (3.8:11.0) <0.001

Note:* — statistically significant difference compared with G1 tumours, p<0.05; # - statistically
significant difference compared with G2 tumours, p<0,05; ® - statistically significant difference
compared with G3 tumours, p <0,05.

We analysed the SUVmax index in the primary tumour and determined the dependence of the
SUVmax index on the main characteristics of the oncological process, such as the depth of invasion of
the tumour process, histological structure, and tumour differentiation [19].
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The comparison of SUVmax revealed an increase in the value of this indicator with a decrease in
the level of differentiation of tumour tissue (p<0.001 according to the Kruskal-Wallis test). The lowest
value of SUVmax Was observed in the group of patients with G1 tumours, and the highest — in patients of
G3 group. An intermediate value of SUVmax Was observed in patients with tumours with cells in G2
phase of the life cycle. The values of this group were statistically lower than the indicators characteristic
of G3 group, and statistically higher than the indicators characteristic of G1 group (Figure 4).
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Fig. 4. The value of SUVnax depending on the degree of differentiation
of squamous cell carcinoma of the oral cavity

Analysis of the degree of differentiation of squamous cell carcinoma of the oral cavity
revealed a low or medium degree of differentiation of transformed cells in patients with G2 and G3
tumours. For patients with G1 tumours, we observed a high degree of tumour cell differentiation,
which indicates a favourable prognosis in the treatment of squamous cell carcinoma of the oral cavity.

During the analysis of samples according to SUVmax, We revealed the adequacy of the frecasting
model (however, AUC=0.78, which is 95%, Bl is 0.70-0.85, statistically significant value, p<0.001
exceeds 0.5). Figure 5 shows the ROC curve of the test, which indicates an important prognostic value of
the indicator. The ROC curve of the test shows the degree of differentiation of tumour tissue (G3, G2 vs
G1) by SUVmax, and indicates the forecasting of the tumour process [20]. Figure 5 indicates the sensitivity
and specificity of the test, as well as the optimal decision threshold (according to Youden Index).

SUV max
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i Specificity: 86.4
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20
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20 40 60 80 100

100-specificity

Fig.5. ROC curve of the test for forecasting a high degree of tissue differentiation (G3, G2 vs G1) by SUVax
Note: the optimal decision threshold, sensitivity and specificity of the test are indicated.
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When choosing the optimal threshold, we set a critical value of the indicator — SUVci, which
equals 14. In case of exceeding this value, G2 or G3 phases of the life cycle of tumour cells are
predicted. At this threshold, the sensitivity of the test is 71.7% (95% Bl 61.8-80.3%). At the same
time, the specificity of the test is 86.4% (95% Bl 65.1-97.1%).

In the second stage of experimental studies, we observed the degree of differentiation of
tumour cells in patients with G3 tumours. The forecast was favourable (not the case) for patients with
G1 or G2 tumours.

We also revealed the adequacy of the forecasting model during the analysis of the studied
samples according to SUVmax. However, AUC=0.70 95% CI 0.61-0.78. Figue 6 shows the ROC curve
of the test. Its result allows asserting the importance of the quality of this indicator in the forecast of
oncogenesis.

SUV max
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Sensitivity: 68.5
Specificity: 70.1
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Fig. 6. ROC curve of the test for forecasting a high degree
of tissue differentiation (G3, G2 vs G1) by SUVnax
Note: the optimal decision threshold, sensitivity and specificity of the test are indicated.

When selecting the optimal threshold (according to the Youden Index), we established the critical
value of the indicator, sensitivity and specificity. SUVit is 17.2. It should be noted that exceeding this
value forecasts G3 phase of the life cycle of tumour cells. At this threshold, the sensitivity of the test is
68.5% (95% BI 54.4-80.5%), while the specificity of the test is 70.2% (95% Bl 57.7-80.7%).

The next step was to establish a relationship between Ki67, pHH3 markers, which indicate the
differential state of oropharyngeal carcinoma cells, and the metabolic activity of these cells, which was
established by PET-CT in oropharyngeal squamous cell tumours.

Correlation analysis was used to determine the relationship between Ki67 and pHH3 and SUV max
[21]. In this regard, the results of Spearman’s Rank correlation coefficient and the level of significance of
its difference from O were expressed in the form of a correlation matrix presented in Table 3.

Table 3. Correlation analysis of Ki67, pHH3 and SUV max

Indicator Ki-67 pHH3 SUVmax
Ki-67 0.814 (p<0.001) 0.214 (p=0.019)
pHH3 0.814 (p<0.001) 0.301 (p<0.001)
SUVmax 0.214 (p=0.019) 0.301 (p<0.001)

Analysis of the results showed a strong positive correlation between the proliferation index
(Ki67) and the mitotic count (pHH3) (r=0.814 at p<0.001). At the same time, we found a weak
positive correlation between SUVmax and Ki-67 (r=0.214 at p=0.019) and pHH3 (r=0.301 at p<0.001).
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As Figure 7 shows, a strong positive correlation is observed between Ki67 and pHH3. It
follows that changes in the proliferation index of tumour cells directly depend on their mitotic activity.
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Fig. 7. Correlation analysis of Ki67 and pHH3

Therefore, we found the following during the method of tracing ROC curves for the analysis
of the prognostic characteristics of tumour cells. In the presence of 50.0% of positive cells in the test
sample, which are determined by the level of Ki67 marker, we detected a medium or low level of
differentiation of oropharyngeal squamous cell carcinoma.

The pHH3 also indicates the differential state of tumour cells. Thus, 4 mitoses in the test sample,
determined using pHH3 marker, indicates a medium and low level of differentiation of these tumours.

An increase in the SUVmax value greater than 14 indicates an average level of differentiation of
the studied tumours, and when the value is over 17.2 — a low level [22]. During the assessment of the
relationship between the studied immunohistochemical markers, we established a positive correlation
between Ki67 and pHH3 (r=0.814 at p<0.001) and a weak positive correlation between SUVmax and
Ki67 (r=0.214) at p=0.019) and pHH3 (r=0.301 at p <0.001).

Discussion. The obtained results indicate not only the complexity of assessing the functional
status of cells involved in the tumour process in the oropharyngeal area, but also the importance of
identifying key diagnostic criteria, in particular, such as metabolic activity of tumour cells. Taking into
account these results will allow forecasting the level of differentiation of transformed squamous cell
carcinoma in the preoperative stage, followed by the choice of effective treatment tactics.

The dependence of SUVmax 0n the level of differentiation of tumour cells has also been found
for lung cancer [23], tumours of the stomach and esophagus, lymphoma, endometrial cancer [24]. The
results of these studies, including ours, may be the basis for creating the latest diagnostic classification
of tumours based on the results of PET research.

In addition, immunohistochemical markers, in particular pHH3 and Ki67 levels, make it
possible to accurately determine the aggressiveness of tumours, regardless of individual features of the
tumour or laboratory features of material staining.

Conclusions. 1. In our work, we statistically proved the possibility of predicting the degree of
differentiation of oropharyngeal carcinoma cells by the level of intake of 2-fluoro-[18F]-2-deoxy-D-
glucose by tumour tissues. The results indicate the dependence (p<0.001) of SUVmax and the level of
differentiation of transformed cells. 2. The proliferation index Ki67 and pHH3 depend (p<0.001) on
the number of mitotic cells in the tumour tissue and the level of histological differentiation of the
tumour. 3. We proved that pHH3 marker can be used as a reliable criterion for assessing the level of
tumour differentiation, which may form the basis for the diagnosis of squamous cell carcinoma. 4. We
found a direct relationship between Ki67, pHH3 markers and the results of PET-CT in oropharyngeal
squamous cell tumours.

Prospects for further research. In our opinion, further study of the patterns of differentiation
of cancer cells and their metabolic activity is a promising area for the diagnosing and screening of
tumours of varying degrees of progression and origin, including oropharyngeal tumours. This gives
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the prospect of their implementation in practice. An important area is also the creation of a new system
for studying the degree of tumour differentiation depending on SUVmax, Which indirectly indicates the
level of tumour differentiation. For morphological diagnosis and detection of tumours of different
origin, it is important to determine the proliferation potential of tumours by the number of positively
stained cells to Ki67 (%) and pHH3 of oropharyngeal carcinoma.

o

~

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

Well, L., Salamon, J., Kaul, M. G., Farschtschi, S., Herrmann, J., Geier, K. 1., Hagel, C., Bockhorn, M.,
Bannas, P., Adam, G., Mautner V. F., Derlin T. (2019) Differentiation of peripheral nerve sheath tumors in
patients with neurofibromatosis type 1 using diffusion-weighted magnetic resonance imaging. Neuro
Onco., 21 (4), 508-516.

Liu J. The dualistic origin of human tumors (2018) Semin Cancer Biol., 53, 1-16.

Rudas, M.S., Nasnikov, I.Yu., Matyakin, G.G. (2007) Pozitronno-photon emission computed tomography
praktike. Uchebno-metodicheskoe posobie [Positron-Emission Tomography in Clinical Practice. Manual].
Moscow: Central Clinical Hospital UDP RF [in Russian].

Cohen E. E. W., Bell R. B., Bifulco C. B., Burtness B., Gillison M. L., Harrington K. J., Le Q.-T.,
Lee N. Y., Leidner R., Lewis R. L., Licitra L., Hisham M., Mell L.K., Raben A., Sikora A.G., Uppaluri R.,
Whitworth F., Zandberg D. P., Ferris R.L. (2019) The Society for Immunotherapy of Cancer consensus
statement on immunotherapy for the treatment of squamous cell carcinoma of the head and neck (HNSCC).
J Immunother Cancer, 7 (1), 184-215.

Jin S., Li D., Wang H., Yin Y. (2013) Registration of PET and CT images based on multiresolution
gradient of mutual information demons algorithm for positioning esophageal cancer patients. Journal of
applied clinical medical physics, 14, 1, 50-61.

Osipyan, E.O., & Mudunov, A.M. (2017). Computer and Magnetic Resonance Imaging in Assessing the
Local Spread of Tumors of the Oral Cavity and Oropharynx as the Main Factor in the Choice of Treatment
Tactics (literature review). Opuholi golovy i shei, 7 (4), 53-62. doi: 10.17650/2222-1468-2017-7-4-53-62
[in Russian].

Sun X., Kaufman P. D. Ki-67: more than a proliferation marke. (2018). Chromosoma., 127 (2), 175-186.
Cheng N. M., Fang Y.-H. D., Tsan D.-L., Lee L.-Y., Chang J. T.-C., Wang H.-M., Ng S.-H., Liao C.-T,,
Yang L.-Y., Yen T.-C. (2018) Heterogeneity and irregularity of pretreatment 18F-fluorodeoxyglucose
positron emission tomography improved prognostic stratification of p16-negative high-risk squamous cell
carcinoma of the oropharynx. Oral oncology., 78, 156-162.

Mehanna H. McConkey C. C., Rahman J. K., Wong W.-L., Smith A. F., Nutting C., Hartley A.G., Hall P.,
Hulme C., Patel D. K., Zeidler S.V., Robinson M., Sanghera B., Fresco L., Dunn J. A. (2017) PET-NECK:
a multicentre randomised Phase Il non-inferiority trial comparing a positron emission tomography—
computerised tomography-guided watch-and-wait policy with planned neck dissection in the management
of locally advanced (N2/N3) nodal metastases in patients with squamous cell head and neck cancer. Health
Technology Assessment. 21.17. doi: 10.3310 / hta21170

Majdoub M. (2018). Prognostic value of head and neck tumor proliferative sphericity from 3’-deoxy-3’-[18
F] fluorothymidine positron emission tomography IEEE Transactions on Radiation and Plasma Medical
Sciences, 2 (1), 33-40.

Sayan A., Gonen Z. B., llankovan V. (2017) Multiple metastases to bone from squamous cell carcinoma of
the oropharynx: unusual findings on positron emission tomography-computed tomography. British Journal
of Oral and Maxillofacial Surgery., 55 (10), 1044-1045.

Kulikov, E.P., Zakharkina, T.V., Chernitsyn, K.1., Redkin, A.N. Ryzhikh, O.V. (2015). Combined Positron-
Emission and Computed Tomography in the Diagnosis of Primary Metastatic Affection of the Lymph
Nodes of the Neck. Rossiyskiy onkologicheskiy zhurnal, 20, 4, 6-8 [in Russian].

Disselhorst, J. A., Bezrukov, 1., Kolb, A., Parl, C., & Pichler, B. J. (2014). Principles of PET/MR imaging.
J Nucl Med, 55(Supplement 2), 2S-10S.

Burkhardt, A., & Morgenroth, K. (2000). Oralpathologie. 3. Mundhdhle, angrenzendes Weichteil-und
Knochengewebe (Vol. 3). Springer.

Casali, C., Cucca, M., Rossi, G., Barbieri, F., lacuzio, L., Bagni, B., & Uliano, M. (2010). The variation of
prognostic significance of Maximum Standardized Uptake Value of [18F]-fluoro-2-deoxy-glucose positron
emission tomography in different histological subtypes and pathological stages of surgically resected Non-
Small Cell Lung Carcinoma. Lung cancer, 69(2), 187-193.

Lell, M., Mantsopoulos, K., Uder, M., & Wuest, W. (2016). Bildgebung der Kopf-Hals-Region. HNO,
64(3), 189-210.

Khudzhebekova, M.M. (2014). The Role of Positron-Emission Tomography with 18F-FDH in Determining
the Degree of Malignancy of non-Hodgkin’s Lymphomas. Radiologiya-praktika, (1), 31-37 [in Russian].

38

7(59), September 2020 RS Global


https://pubmed.ncbi.nlm.nih.gov/?term=Well+L&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Salamon+J&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Kaul+MG&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Farschtschi+S&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Herrmann+J&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Geier+KI&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Hagel+C&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Bockhorn+M&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Bannas+P&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Adam+G&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Mautner+VF&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Derlin+T&cauthor_id=30496452
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+J&cauthor_id=30040989
https://pubmed.ncbi.nlm.nih.gov/?term=Cohen+EEW&cauthor_id=31307547
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+X&cauthor_id=29322240
https://pubmed.ncbi.nlm.nih.gov/?term=Kaufman+PD&cauthor_id=29322240
https://pubmed.ncbi.nlm.nih.gov/?term=Fang+YD&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Tsan+DL&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+LY&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Chang+JT&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+HM&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Ng+SH&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Liao+CT&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+LY&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+LY&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=Yen+TC&cauthor_id=29496044
https://pubmed.ncbi.nlm.nih.gov/?term=McConkey+CC&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Rahman+JK&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Wong+WL&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+AF&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Nutting+C&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Hartley+AG&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Hall+P&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Hulme+C&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Patel+DK&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Zeidler+SV&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Robinson+M&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Sanghera+B&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Fresco+L&cauthor_id=28409743
https://pubmed.ncbi.nlm.nih.gov/?term=Dunn+JA&cauthor_id=28409743

WORLD SCIENCE ISSN 2413-1032

18.

19.

20.

21.

22,

23.

24,

Leijenaar, R. T., Nalbantov, G., Carvalho, S., Van Elmpt, W. J., Troost, E. G., Boellaard, R., ... & Lambin,
P. (2015). The effect of SUV discretization in quantitative FDG-PET Radiomics: the need for standardized
methodology in tumor texture analysis. Scientific reports, 5, 11075.

Nakamura, K., Kodama, J., Okumura, Y., Hongo, A., Kanazawa, S., & Hiramatsu, Y. (2010). The SUVmax
of 18F-FDG PET correlates with histological grade in endometrial cancer. International Journal of
Gynecological Cancer, 20(1), 110-115.

Konurbaev, T.R. (2014). Effect of Tumor Metabolism on the Standardized Level of Accumulation of
Radiopharmaceutical 18F - FDG (SUV) in Positron-Emission and Computed Tomography in Patients with
Esophageal and Gastric Cancer. Sovremennye problemy nauki i obrazovaniya, 1. Retrieved from
https://www.science-education.ru/ru/article/view?id=11231 (accessed Jun 11 2018) [in Russian].
Cappabianca, S., Porto, A., Petrillo, M., Greco, B., Reginelli, A., Ronza, F., De Rimini, M. L. (2011).
Preliminary study on the correlation between grading and histology of solitary pulmonary nodules and
contrast enhancement and [18F] fluorodeoxyglucose standardised uptake value after evaluation by dynamic
multiphase CT and PET/CT. Journal of clinical pathology, 64(2), 114-119.

Demina, E.A., Leonteva, A.A., Tumyan, G.S., Ryabukhin, Yu.E., Medvedovskaya, E.G., Trofimova, O.P.,
... & Kokosadze, N.V. (2017). The Importance of Positron-Emission Tomography in Optimizing the
Therapy of the Spread Stages of Hodgkin’s Lymphoma with the Use of the Intensive EACORP-14
Program. Klinicheskaya onkogematologiya. Fundamental'nye issledovaniya i klinicheskaya praktika, 10(2),
150-157. doi: 10.21320/2500-2139-2017-10-2-150-157 [in Russian].

Schimmelpennink M. C. Vorselaars A.D.M., Veltkamp M., Keijsers R.G.M. (2019) Quantification of
pulmonary disease activity in sarcoidosis measured with 8F-FDG PET/CT: SUVmax versus total lung
glycolysis., EINMMI Res., 9 (1), 54-61.

Watanabe Y., Kurihara H., Itami J., Sasaki R., Arai Y., Sugimura K. (2017) Relationship between the
uptake of '8 F-borono-L-phenylalanine and L-[methyl-** C] methionine in head and neck tumors and
normal organs. Radiat Oncol., 14 (1), P. 17-24.

RS Global 7(59), September 2020 39


https://pubmed.ncbi.nlm.nih.gov/?term=Schimmelpennink+MC&cauthor_id=31197630
javascript:;
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Watanabe+Y&cauthor_id=28088230

WORLD SCIENCE ISSN 2413-1032

MAHYAJIBHA TEPAIIIA B JITKYBAHHI BUBUXY
CKPOHEBO-HU’KHBbOIIEJ/IEITHOI'O CYIVIOBA 1
NOI'o MEHICKA

Cepein @pank,
Opmoneo-mpasmamonoe, manyanvruti mepanesm, M1| « Vkpaincokuii Tpasmoyenmpy, Kuis, Yrpaina,
ORCID ID: https://orcid.org/0000-0002-0053-6898

Muxaiino @pank,
Iumepn, manyanvnuii mepanesm, ML « Vkpaincoxuii Tpasmoyenmpy, Kuis, Yxpaina,
ORCID ID: https://orcid.org/0000-0001-5145-9290

T'eopzini @pank,
Iumepn, manyanvnuii mepanesm, ML « Vkpaincoxuii Tpasmoyenmpy, Kuis, Yxpaina,
ORCID ID: https://orcid.org/0000-0003-2377-1337

DOI: https://doi.org/10.31435/rsglobal_ws/30092020/7198

ARTICLE INFO ABSTRACT
Received: 20 July 2020 The treatment of temporomandibular joint and meniscus dislocation
Accepted: 29 August 2020 belongs to the field of dentistry and maxillofacial surgery and is
Published: 30 September 2020 considered to be a lengthy and complex process. In this paper, the
authors attempt to link the occurrence of such dislocations with
KEYWORDS pathological conditions of the upper segments of the cervical spine and
temporomandibular joint prove that manual correction of the affected segments of the spine
dislocation, dislocation of the significantly  accelerates and facilitates the treatment of

temporomandibular joint meniscus, temporomandibular joint and meniscus dislocations.
temporomandibular joint disc

displacement, cervical spine, manual

therapy, shock-wave therapy.

Citation: Sergii Frank, Michael Frank, George Frank. (2020) Manual Therapy in the Treatment of
Temporomandibular Joint and Meniscus Dislocation. World Science. 7(59). doi:
10.31435/rsglobal_ws/30092020/7198

Copyright: © 2020 Sergii Frank, Michael Frank, George Frank. 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.

Beryn. CkponeBo-HikHbomenenauin cyriod (CHIIC) posramoBanuii mepes; HKHBOIO
YaCTHUHOIO ByXa 1 MpHU3HAUYEHWH A 3abe3neueHHsa pyxy HikHbOI menenu. CHILC mae mapripHy
OyZIOBY — KOJIH POT LIIMPOKO BiJIKPUBAETHCS, CYTIIO00Ba ToJliBKa (MUIIEIOK) BUXOAUTH 13 CYrIIO00BOI
SIMKH 1 BUCyBa€eThes Briepe. [Ipy 3akpuBaHHi poTa MHIIEIOK oBepTaeThest Ha Mmicte. B ICD-10: 2019
BUBUX CKPOHEBO-HW)KHBOIIENETHOTO Cyriioda 1 Horo MeHicka onucano B po3aiii S03.0.

Po3nagn ckpoHEBO-HIKHBOLIEIETTHOIO cyryioba — 30ipHMH TepMiH, IO BKIIOYae B cede
pI3HOMAaHITHI TMATOJIOTIYHI CTaHW B CYIJIO0i, cepel HUX 3BHYAHMN BHBHUX CaMOTO CYTJio0a, BHBHX
Jcka (MEHICKa) BiJl HOTO 3MIILIIEHHS aX JI0 TIOBHOTO PO3PHBY, JIeT€HEpaTHBHI 3MiHH B CyTII001 Ta Horo
ankino3 [12, 15, 17, 23]. BuBux CHILC craeThcs, Km0 TpH BiAKPUBaHHI pOTa MUIIEIOK
BUCYBAETBbCS HAATO IaJieKO, 3acTpsArae B IOJOKEHHI Mepea Cyrao00BUM TOpPOMKOM 1 HE MOXKe
NOBepHYTHCS Ha Miclle. Take Haifyacrilie TparuIsIeTbes 4epe3 MOCHaOlieHHS 3B'S30K, sSKi MaroTh
YTPUMYBAaTH MUIIEIOK Ha Micii. Ilpu 1isoMy CycimHI M'SI3M 9acTO OXOIUTIOIOTH CYIOMH 1 BOHHU
YTPUMYIOTh MUILIENOK Y 3MIIIEHOMY TOJ0KEHH.

Bupuxu CHIIC cknamatote 1,5-5,7% yciX BUBUXIB, TPAILIAIOTHCS yacTiine B xiHOK 20-40
pOKiB, 00 3B'SI3KOBHIA amapar ix Cyrio0iB HEIOCTAaTHRO MIITHUHM, a HIKHBOIIEIICITHA IMKa CKPOHEBOI
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KicTku minka [29, 34, 35]. B 3anexHOCTi BiJi HaNpsSMKYy 3CYyBY TONIBKH HM)KHBOI HIETENH BHUBHXH
OyBaroTh mepenHi i 3aaHi. OCTaHHI TPAIUIIOTHCS PIAKO 1 3a3BUYAl MPH yaapax y miadopians, mpu
IIEOMY HIWDKHS Iesiena 3mimyeTses Hazan. Ilepemni suBnxu CHILC OyBaroTh Jacrimie, iX CpHInHIE
HaJMipHE OITyCKaHHS HIKHBOT IEJICNH MiJ] 9ac KPUKY, PU Kalllli, Mo3iXaHHi, CMiXO0Bi, B poreci ixi,
MU JKApChKUX MAHIMyNAMIAX 3 BIAKPUTAM POTOM — 30HAYBaHHI NUIYHKY, 3yOomikyBaHHI [34].
Pospizastors omHOcTOpoHHI W ABoctopoHHi BuBMXxM CHILIC. KimiHidHO TIpM OIHOCTOPOHHBOMY
BUBUXY TOTEPHIIIMI HE B 3MO31 3aKPUTH POT, MiAOOpiAAs 3MillleHe BIepes y 370poBuid Oik, Ooii B
NPUBYIIHUX 00JacTsAX OLIbII BUpaXKeHi 3 ypaxkeHoro Ooky. IIpu IBOCTOpOHHBROMY BHUBHXOBI 4epe3
HEMOXXJIMBICTh 3aKpUTH POT JIIOJUMHA HE MOXE HOPMAJIbHO TOBOPUTH, TYpOYIOTH IBOCTOPOHHI
MIPUBYIIIHI 0OJIi, TilTepcamiBaris, mI0opiaas 3COBYEThCS BIIEPEd, MOMOBXKYIOUH OoBan oommadas [34].
Icnye ninmii psng metoxmiB nikyBanHs BuBuxiB CHILIC, 3okpema [immokpata, Xomoposuua I1.B.,
bnexwmana I'.JI., I'epmryni FO. /1., [lomecky B., anme 3aranpHuUil iX TpUHINT OJHAKOBHI: IMiJT MiCIIEBOIO
aHeCTe31€10 aIEKBATHO PO3TATHYTH 3B'SI3KOBO-M'SI30BHH amapar, MOCTaBUTH Ha MICIIe TONIBKH HIKHBOT
HieJiend Ta 1MMOOUTI3YBaTH HIDKHBOILEICIIHUN Cyryio0 Ha Kinbka TwkHIB [2, 8-10, 34]. V pasi
3BUYallHOT'O BUBUXY BiI0OYBAE€ThCS HOro MEMOBIITBHE BIIPABIISIHHA 0O€3 JIiIKapchbKoro BTpy4aHHs. OqHak
TaKUM XBOPUM CJIiJ IPOHTH Kypc JIKYBaHHS B KIIIHII OPTOIEANIHOI cToMaToiorii [2, 34]. CxanHi i
uesnpapHi Bupuxu CHILC vacro nikytoTh Xipypriudo [11, 14].

BuBux meHicka siBisic co0OI0 3CyB MEHICKa 3 TIOBEpXHI CYIiI000BOI TOMIBKH 1 3aKIMHIOBAaHHS
HOro MiX eNeMEeHTaMH CKpPOHEBO-HIDKHBOIIENEHOTo cyrinoda [3]. Bmepmre BuBMX MeHicka OyB
onmcannit ArHangane B 1887 pori [13]. BuBux MeHicKa 3yCTpidaeThbes 3HAYHO Piflle, HiXK BHBHX 1
MiZIBUBUX HWKHBOI WIENeNy. 3TiqHO 3 JaHMMHU JOCHipKeHHS [3] cepel 3axBOPIOBaHb CKPOHEBO-
HIDKHBOLLETIETIHOTO Cyryio0a Ha BUBHMX MeHicka npunagae 12,4% 3BepHeHb. llpy BuBHXY Iucka B
OLTBITOCTI BHUMAAKIB BiH 3MINIYEThCS Hamepen, ane 3pigka OyBae i 3amgHe smimeHas [12, 23, 31].
KuiHivHI cMMOTOMHU 3aeXaTh BiJl HaPSAMKY 3MIlIEHHsS TUCKA Ta HOTO TSHKKOCTI. 3MilllEHHS MEHiCKa
Harepe/ BUKIMKae 0OMEXEHHs BIJKPUTTS HIENenH, OiTb y cyriio0ax, KialaHHs MPH BiJKPUBaHHI poTa.
3aHe 3MIMIEHAS CTBOPIOE AUCKOMQOPT Ta 0OMEKEHHS IPH 3aKPUBaHHI POTa 1 TOCTPi OKIFO3iHHI 3MiHH
[12, 27]. BuBux MeHiCka MOXKe BapilOBaTHCS Bij 3MIIICHHS JWCKa Brepen abo Haszax 1 ax 0 HWOro
noBHoro mepenomy [12, 27, 30]. Ilepenom mucka CKPOHEBO-HMXKHBOIIEICITHOIO Cyrjoba €
MaJIOBIZIOMHUM MATOJIOTTYHUM CTaHOM 4epe3 HOro BEeNMKY PIAKICTh 1 TPAIUIAETHCS 3a3BUYail y Jopei
crapmroro Biky [12]. Ha BuBMXHM MeHiCKa CTpak[Iar0Th MAmi€eHTH BikoM 31e0utbmoro 15-30 pokis, mpu
IIbOMY JKIHKH BTpHuYi YacTiie 3a 4oJioBikiB [4]. Jlerkornpaeni BuBuxu MeHicka CHIL[C 3ycTpivatoThest
yacTilne, HiK TSOKKOBIpPaBHI W HeBnpaBHI (3acrtapimi) [4]. JlikyBaHHA maTonorii cnpsMOBaHe Ha
BiJIHOBJICHHSI HOPMaJIbHOTO IOJIOXKEHHs aucKa. «Cxema JiKyBaHHS BUBHMXIB MEHICKa BKIIOYaE B cebe
YCYHEHHS €TiOJOTiYHOro (akTtopa, MIOTIMHACTUYHI BIpPaBH, 3aCTOCYBaHHS OPTONEIWYHHUX 1
OPTOJIOHTHYHMX amnapariB y KOMIUIeKci 3 (izioTepamiero; opTonequyHe JIKYBaHHS, CIPSIMOBAaHE Ha
BIIPAaBJSIHHSA MEHiICKa B Horo (isionoriyHe TOJOKEHHS 3 HACTYITHHUM BiJTHOBJICHHSM CHJIM 1
CHUHXPOHHOCTI CKOPOUYCHHS HAapHUX >KYBAIBHMX M'S3iB, 3HATTSAM ClasMy M'SI3iB, BiJHOBIICHHSM
TUTABHOCTI 1 Y3rOJ/DKEHOCTI PYXiB CYTJI000BUX TOJIOBOK HMXKHBOI IIENICHH Ta 3ar00iraHHAM PEIUIUBIB.
[licns nocsirHeHHs1 cCBOOOAM PYXiB y CyIrJIo0i XBOPOMY BUTOTOBIISIETHCS 1HIMBIAYyaIbHUNA MOAN(IKOBAHUN
OpPTOIEIMYHUI arapar Uil KOPUCTYBaHHs NpoTsroM 4-6 micsui» [4-6, 7 €.13]. V Bumaaky HEBIPaBHHX
BHBHXIB MEHICKa JIOBOJIMTHCS 3aCTOCOBYBATH Xipypriune Brpydanus [4, 13, 18, 25, 26].

3a3BHuail BUBUXH CKPOHEBO-HIKHBOIIIEIEITHOTO CYriio0a Ta HOro MeHICKiB € KOMIETEHITIE0
CTOMATOJIOTIB, ajie SKLIO TJISIHYTH Ha MUTaHHS LIMpIIE 1 30CepeAMTHCsS Ha iHHepBauii cyrioba, To
BIJIKPHUBAIOTHLCS JTOJATKOBI MOXIJIMBOCTI B IUIaHI MaHyajbHOIO JIIKYBaHHs JaHOI maroJiorii. « OCHOBHI
mokepena iHHepanii CHILC — ByniHO-ckpoHEBHA, )KyBalbHUHN Ta KprIIonoiOHui HepBu. Kpim Toro,
30BHIILHS TOBEPXHA KaIlCyJIM iHHEPBYETHCS TJIOUYKOIO JIMLBOBOTO HEPBA. Y IHCKY Ta Kalcyli cyrioda
NPOXOJATh CHMIIATHYHI BOJIOKHA BiJ CIUIETIHHA HABKOJIO IIOBEPXHEBOI CKpOHEBOI apTtepii, sKi
BUXOJISITh BiJl BEPXHBOIO HMIMWHOTO CHUMITATHYHOIO By3sa. OcoOinBO OaraTa iHHEpBAIlS B 3aIHBOMY
Biini qucka. OUEeBUAHO MICIEBUI Oib CIIPUYMHEHHWA TUCKOM TOJIIBKH Cyrjio0a Ha IO JJISHKY.
KonuenTpanis HepBOBUX 3aKiHUeHb HasBHA B MIiCIISIX KpiMJIeHHS M s131B. baraTa pediexkcorenHa 30Ha i
B repeanboMmy Biguim karmcymu. B 3omi CHILIC mnepexpeniyroThbcsi HEpBH: BYIIHO-CKPOHEBHIA,
BEITUKWM BYITHUHM, Majduii TNOTWIMYHMA Ta BYIIHA TUIOYKA Baryca, siKa MaE€ aHacTOMO3U 3
s3ukornotTkoBuM. CKilafHa iHHepBalis cyrio0a yCKIaAHIOE TUQepeHLiiHy MiarHOCTUKY OOmudds i
menem» [1, c.12]. Orxe, ockinbku iHHEepBaris CHILC 3ailicHIOETBCS Bi TPETHOI TiIJIKHA TPilidacToro
HEpBa, a SAPO HOro MoBepXHEBOi (00IHOBOI M TAKTUIBHOI) YYTIMBOCTI € HMPSIMHM IPOJOBKCHHIM

RS Global 7(59), September 2020 41



WORLD SCIENCE ISSN 2413-1032

3aJHIX POTiB CIUHHOTO MO3KY i BOHO MPOXOJHUTH 4Yepe3 MICT MO3KY, MPOJOBIYBaTHH MO30K Ta JABa
BepPXHi HIUiiHI CerMeHTH CUHHOrO0 MOo3KYy [16, 36], To JIoriuHO MPUIYCTUTH, 1110 OJOKYBaHHS came
muitanx cerMeHTiB Cl, C2 1 6mmxaporo C3 Moke OyTH TICHO TOB’Si3aHE 3 BHBHXOM SIK CaMOTO
CHIIC, Tak 1 ocobnuBo Horo MeHicka. A KOHCepBaTHBHE UM Xipypriute jikyBaHHs BuBuxiB CHILC i
MeHicka 0e3 3HATTA OJIOKyBaHHS MIMHHMX CETMEHTIB xpeOTa Oyne TpuUBaIMM 1 HETOCTaTHBO
edextuBHUM. TOMy 3aCTOCYBaHHS MaHyaJIbHOI KOpEKIlii Ha OJOKOBaHOMY IIMWHOMY BiJUTiN XpeOTa
npu BuBuxax CHILIC i MeHicka BUAaeThCA BKpaid palioOHAIEHUM.

Meta 1aHOTr0 AOCJTiIzKEHHS] — BUBUUTH PE3yJbTAaTH BIUIMBY MaHyaJlbHOI Teparlii Ha BUBUXU
CKPOHEBO-HIDKHBOIIENEITHOTO CYTI00a Ta HOro MeHicka.

Marepiaju i MeTOaH.

[IpoBeneHO peTpOoCIIeKTUBHUI aHali3 pe3yIbTaTiB JiKyBaHHS METOJaMH MaHyallbHOI Tepartii B
ML «Yxpaincekuit TpaBmonieHTp» y mepiof i3 kBiTHS 2016 mo numens 2020 poky 3arajJbHUM YHCIOM
19 marieHTiB 13 BUBHXaMU CKPOHEBO-HIKHBOIIECIICITHOTO CyTii00a i #ioro MeHicka, 3 HuX 12 xBopux i3
BUBUXOM CKpPOHEBO-HIDKHBOIIEIEHOTO cyrioda 1 7 — i3 BHBHXOM MEHICKAa CKpPOHEBO-
HWKHBOIIICJCITHOTO Cyriio0a. Yci XBOpi  JIOCHIAHUIIBKOI TpPYHH, OKPIM BHBUXIB CKpPOHEBO-
HIDKHBOIIIETISITHOrO cyriioba 1 HOro MeHicka, MalM pi3HI HaTOJIOTii IMMHHOTrO Bimmiry xpeOra i
JKyBaHHS BKJIIOYAJIO TIOPS] i3 BIOPABISHHSAM BUBUXIB MaHyaJIbHY KOPEKIIO IIJTbOBUX AUISHOK IIHI.
Kontponbna tpyna 3 20 oci6 y ToH ke mepioa Mpoxoawia KOHCEPBAaTHUBHE JIIKYBAaHHS BHBHXIB
CKPOHEBO-HIDKHBOIIENEITHOTO CYriioba 1 MeHicKa TpaauIlifHUMH MeToJaMHu 0e3 BHUKOPHUCTaHHS
MaHyaJIbHOI KOPEKIIii ITUHHOT0 BiIIITy XpeOTa.

O6crexenns xpopux y ML «Ykpaincekuiit TpaBmolLeHTp» nependavano mpoBeACHHs OTIISAY
OpTOIEIOM-TPAaBMATOJIOTOM MaHYyaJIbHUM TEpareBTOM, a TaKOX, MPH HEOOXiAHOCTI, Al YyTOUYHEHHS
mokamizamii martoiorii, BukoHaHHA peHTreHy, KT, MPT minpoBuUX IUISHOK 0OMMYYs Ta Xpeora.
Manyanbna giarnoctuka CHILC Bkirodana: BU3HaUeHHS CTaHy CyrJIo0OBOi TOIBKH 330BHI 1 3 00Ky
CIIyXOBOT'O TIPOXOJY B CIIOKOI 1 IIPU PYCi HMKHBOT IICJICIH, MaJIbIAIII0 JOCTYITHUX XYBaJIbHUX M’531B
JUTsL BU3HAYEHHS 1X TOHYCY, BUSBJICHHS HAasSBHOCTI cra3My Ta OOJBOBHX 30H; MPOBEACHHS MPOO i3
HaBaHTAKEHHSM JIJIsl aHATI3Y PyXiB HIDKHBOT IIEJIEH 1 OI[IHKH MTPUKYCY.

ManyainpHa JiarHOCTHKa XpeOTa mependadana pydHy JiarHOCTHKY PYXOMOCTI 1 «Cyrio6oBoi
Trpu» IYTOBiAPOCTKOBUX ((paceTKOBUX) CYrII00iB 32 JONOMOTOIO MTACHBHUX PYXIB i 3MIIlIeHb y PI3HUX
TUTOIIMHAX Bicel pyXy XpeOTa, a TakoX CHemialibHI MPUAOMH JIOCHTIHDKEHb (PYHKIIOHAIEHOTO CTaHy
M’s130B01 cpepr i pyXOBOTO CTEPEOTHUIY 3 METOI BU3HAUCHHS IUISTHOK (QYHKI[IOHAIBLHOI OJIoKamu
PYXOBHX CErMeHTIB xpebta [19-22, 28]. BumiproBaHHs iHTEHCUBHOCTI OO0 3IICHIOBAIIOCS METOIOM
OIIIHKK OOJFOBHX BIUYTTIB 3a JIOMIOMOTOK) Bi3yanbHOI aHamoroBoi mkamu (BALLD). IlozutuBHUM
Pe3yJIbTaTOM JIIKYBaHHSI BBAXKAJIOCS 3HMDKEHHS 00JIbOBOr0 cuHapoMy Ha 80% i OubIire.

Y oaniti pobomi cmasunocst 3a80anHs QOCIIOUMU MONCIUBULL 36 30K PEYUOUBYIOUUX SUBUXIE
CKPOHEBO-HUNCHLOUWELENHO20 CY21004a i 11020 MEHICKA 3 NAMONOIUHUMU CTNAHAMY GEPXHIX Ce2MeHMi6
wuiHo2o Gi00iy Xpebma ma GU3HAYUMU CMYNIHbL 6NAUSY MAHYAIbHOI Kopekyii xpebma Ha Xio
qikysanns eusuxie CHIIC.

JlikyBaHHS 31ificHIOBaJIOCS 3a aBTOpchbKo0 MeTtoaukoro C. @panka [19-22], B ocHOBY siKoi
MIOKJIa/ICH] Kpalli JOCATHEHHS €BpONeHCchKol mKoau ManyanbHol Tepamnii K. Jlesita [28], po3BuHeHi i
JIOTIOBHEH1 BJIACHUMH HAIpAIIOBAaHHAMH aBTOPA 1 JIOCATHEHHSMH YKpalHCHKUX KoJjier. €Bporenchka
nikojia ManyaneHoi Tepanii K. Jleita 6a4uTh niepelyMOBH JUIsi MaHYaJIbHOTO JIIKYBaHHS B TTOPYIICHHI
¢byHKLUii pyxoBoi cuctemu. HaiOinbn agekBaTHUH MeETOX JiKyBaHHS 3BOPOTHHX (DYHKIIOHAJIBHHX
oOMexxeHb pyxy — e MaHimymsmii [28, c. 20]. Mera MaHINyJsIIIHHOTO JIIKYBaHHS IIOJISTaE Y
BigHOBJIEHH] (yHKIT cyrjioba B THUX MICIsIX, Jie BOHa 3arajbmoBaHa (OyokoBana) [28, c¢. 23].
O06’exToM MaHinmyssiOii € QyHKIOiOHANBHI MOPYLIEHHS, B OCHOBHOMY OJIOKyBaHHA B cyrioOax. Ilig
0JIOKYBaHHSIM PO3yMilOTh OOMEXEHHS pyXy B pyXoBoMy cermeHTi [28, c. 20]. ABTopcbka metoauka C.
dpaHka 3aXHUIICHA HAYKOBUMH Iy OITiKaI[isIMUA B €BPOIIEHCHKIM HAYKOBIH MeanuHiit nepiouii [19-22].
CyTb MeTOAy MOJSITae B 3aCTOCYBaHHI NPUHOMIB MaHyanbHOi Tepamii (MoOimizamii, MaHIMyJsLii,
Tpakuii, GopcoBanoi ¢uekcii, macMBHUX BIpPaB) B INOEAHAHHI, 32 MOTPEOH, 3 YAapHO-XBHIIbOBOIO
tepamieto (YXT). BuxkopucraHHs LUX JBOX KOMIIOHEHTIB Yy OJIHIM METOIMIIN I03BOJISIE 3100yTH
cuHepreTruHmii edekr [19-22].

Bkazana metonuka micist 3i0paHoro aHamHe3y nepeadayvae:

* YTOYHECHHS TabIAIEIo 1, 3a MOTpeOH, AaTankoM Y XT jokaimizariii 0JIOKOBaHMX CETMEHTIB i
TPUI'€PHUX TOUOK.

42 7(59), September 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

* Bukopuctanns YXT, 3a motpeOu, Ui 3HIKEHHSI 00JIbOBOT YYTJIMBOCTI B LIJTBOBUX 30HAX,
MoKpamieHast TpohiuHoi (HyHKIIT HepBa, MOCHIEHHS KPOBOOOITY Ha AUISHIII OJIOKOBAaHOTO CETMEHTA 10
XOIly HepBa, SIKUH TypOye, B M’SIKMX TKaHWHAX, ¥ BIIPOCTKaxX KICTOK, Cyrjo0ax i Micusx, Je HEpB
BXOAWTh Y BY3bKi KaHaimu (MPH LbOMY piBEHb €HEprii Mae€ YTPUMYBaTHUCS B MaKCHMalbHHX
KOM(OPTHUX IS TIAITIEHTA MEXKaX ).

* 3acTocyBaHHA TPUHOMIB MaHyalbHOI Tepamii Ha JUIIHKax XxpedTa B HACTYIHIN
TIOCHTITOBHOCTI: TMOCTYIOBE 3MEHILICHHS 3MIIllEHHS i poTallii OKpeMuX XpeOIiB Jyrd BUKPUBJICHHS Ta
TOpPCii CerMeHTIB Li€l JyT'H B 30Hi iX PYXJIUBOCTI.

* [lepiognyne TOBTOPEHHS BKa3aHHX MPOLENYp A0 OTPUMAHHS ITO3UTUBHOTO KIJIIHIYHOTO
pesynbTary [19-22].

JaHuii MeTOJ] yCHILIHO MPAKTUKYETHCS MPOTITOM OCTaHHIX I’ ITHAAUATH POKIB JUIS JIIKYBaHHS
takox 1 BuBuxiB CHII[C Ta fioro MeHicka.

Pe3yabTaTH Ta iX 00roBOpEHHSI.

VY nepiox i3 kBiTHs 2016 mo numens 2020 poky AochigHUIBKa Tpyna i3 19 maimieHTiB 3 erko- i
TSDKKOBIPABHUMYU BHBHUXaMH CKPOHEBO-HIKHBOLIETICITHOTO Cyryioda i Horo MeHicka Ta MaToNOTisIMU
BEPXHIX CErMEHTIB IMUHHOrO BiAMLITy XpeOTa MpOoXoawia JIKyBaHHSI METOJaMH MaHyaJdbHOI Teparii B
MII «VYkpaincekmii TpaBmonentp». I3 19 xBopux 12 oci6 (63,2%) Manu BHBHUX CKPOHEBO-
HIDKHBOIICIICIIHOTO Cyriio0a, cepen Hux 8 marieHTiB (66,7%) — omHoctoponHiii i 4 (33,3%) —
JIBOCTOpPOHHIH; 9 mauienTiB (75%) — nepenniii 1 3 (25%) — 3aaniil; rpyna Hanivysana 9 (75%) iHOK y
Bimi Bix 15 mo 75 pokiB (cepemHiii Bik 36 pokiB) i 3 4oI0BiKiB y BiIli Bix 18 mo 79 pokiB (cepemHiii Bik 39
pokiB). 8 i3 12 xBopux (66, 7%) cTpakaaiyd Ha PEIMIUBYIOUMIA BUBHX CKPOHEBO-HUKHBOILEICITHOTO
cyrioba, 3 Hux 6 (75%) xiHOK 1 2 (25%) 4onoBikiB. 7 (36,8%) i3 19 mariieHTiB TOCTITHUIBKOI TPYITH
MaJIi BUBUX MEHICKa CKPOHEBO-HIKHBOIIIEIEITHOTO Cyriio0a, 3 Hux 6 (85,7%) — nepenniii i 1 (14,3%) —
3ajHiiA; B rpyni 0yno 5 (71,4%) xiHok BikoM Bif 17 mo 56 pokis (cepeaniii Bik 32 pokwu) i 2 (28,6%)
4oINoBiKiB BikoM 24 i 32 pokiB (cepenniii Bik 28 pokiB). 4 (57,1%) i3 7 XBOpUX CTpaKIaau Ha
PEeLUIMBYIOUNI BUBUX MEHICKA CKPOHEBO-HI)KHBOILEJIECITHOTO Cyrio0a, 3 Hux 3 (75%) xinku i 1 (25%)
4oJ10BiK. Bel marienTy 1ociIHUIbKOT TpyIu Maitu aiarHoctoBani B ML «Ykpaincekuii TpaBMOIieHTPY»
MaToJIOTii BEPXHIX CErMEHTIB MMWHOTO BifIity XpeOTa, miarBepmkeni MPT. Oproneanune JTiKyBaHHS
BHUBHUXIB CKPOHEBO-HMKHBOIIEICITHOTO CYIJIo0a i HOro MeHicKa MOJSTalio B /ISKBATHOMY PO3TATYBaHHI
3B’SI3KOBO-M’130BOT'O arapary cyrio0a, BOpaBIIsSIHHI MHIIENKa IIEJIeNd B CYTJI000BY SIMKY Y4 MEHiCKa B
Horo ¢izionoriuHe MoJoKeHHs. 3aMiCTh MOJANbINOI TPAIUIIHHOT TPHUMYCOBOI TPUBAIOT iIMMOOLTi3ail
cyrioba MpoBOIUIIACS MaHyallbHa KOPEKIlis OJIOKyBaHb BEPXHIX CErMEHTIB MIMHHOTO Bimiry XxpeOTa
Cl, C2, C3, po30i10KyBaHHS SKHX BiIHOBIIOBAIO CKJIAAHY HOpPMajbHY (i3ioyOriuHy iHHEpBaLiio
cxmanoBux CHIC. BigHoBnena HopmanbHa ¢izionoriuda inHepsaitiss CHILC B cBoro yepry nocTymnoBo
NoBepTaja CUIy W CHHXPOHHICTh CKOpPOYEHb IMapHHUX >KYBAIbHHX M SI3iB, 3HIMaja cra3Md M si3iB,
BiJTHOBJIIOBAJIA TIABHICTh 1 Y3TOJDKEHICTh PyXiB CYTNIOOOBHX TOJIBOK HIDKHBOI IIEJIENH Ta 3armodiraia
peuunuBaM BuBUXiB. CeaHCH MaHyaJbHOI KOPEKLii BEPXHIX CErMEHTIB IIMHHOIO Bigaily XpeOTa
TpuBayM 10 noBHoOro 3HATTA OnokiB Cl, C2, C3, ix kijbKicTh cTaHOBWJIA Big 1 10 5, a 3araibHa
TPUBAJIICTh JIKYBaHHS BiJ OAHOTO mpuiomy 110 1-2 micsuis. Ilopanemmii MOHITOPHHT CTaHy Mali€HTIB
yepe3 KoXkHi 6 MicsiB cepeli 8 0ci0 i3 pennAnBYIOYMM BUBUXOM CKPOHEBO-HI)KHBOLIEIEITHOTO CYTiio0a
Ta 7 0cib i3 pelUIMBYIOYUM BUBHXOM MEHICKa CKPOHEBO-HIDKHBOIIENEITHOTO CYTrJIo0a BUSBHB MIPOTSITOM
JIBOX POKIB CIIOCTEPEIKEHb 10 OJTHOMY PELUANBY KOXKHOT MaToIIorii, BianosigHo 12,5% Ta 14,3%.

KonrtponbHa rpyna ckiagana 20 oci0 i3 Jerko- 1 TSKKOBIPAaBHUMH BUBHUXAaMH CKPOHEBO-
HWKHBOIIIEJCIIHOIO Ccyrjoba 1 #Woro MeHicka, 3 Hux 12 ocid0 (60%) i3 BHBMXaMH CKpPOHEBO-
HWKHBOIIIEICITHOTO cyriio0a, 9 (75%) oaHocroponHix i1 3 (25%) nBocTopoHHiX, 8 (66,7%) nepeaHix i
4 (33,3%) 3amgHix; B ckiaai rpynu Oyino 9 (75%) xinok Bikom Big 17 mo 82 pokiB (cepenHiil Bik 35
pokiB) i 3 (25%) yonoBikiB BikoM Big 16 mo 73 pokiB (cepenHiii Bik 32 poxu). 7 (58,3%) i3 12
CTPaXKIaJIU Ha PELUIUBYIOUNN BUBHX CKPOHEBO-HIKHBOIIECICITHOTO cyriio0a, 3 Hux 5 (71,4%) xiHOK
12 (28,6%) yonosikiB. 8§ (40%) i3 20 XBOpMX MajH BHBHXH MEHICKa CKPOHEBO-HHKHBOILIEIECITHOTO
cyrioba, 3 Hux 7 ocib (87,5%) — nepenni i 1 ocoba (12,5%) — 3agniit. Y cxmani rpynu 6ymno 6 (75%)
KIHOK BikoM Bijl 15 o 70 pokiB (cepenniit Bik 33 pokn) i aBoe (25%) wonoBikiB BikoMm 19 i 41 pokis
(cepenniif Bik 30 pokiB). 5 xBopux (62,5%) cTpaxnaiu Ha pelUANBYIOYNI BUBUX MEHICKa CKPOHEBO-
HIDKHBOLIETIETHOro cyraoba, 3 Hux 4 (80%) xinku i 1 (20%) uomnosik. OpTonenuyHe IiKyBaHHS
BUBHUXIB CKPOHEBO-HIKHBOIIEICITHOTO Cyriioda i Horo MeHiCKa B KOHTPOJIBHIM Ipymi HOJSArajgo B
aeKBaTHOMY pO3TATYBAaHHI 3B’SI3KOBO-M S30BOTO amapary cyrioba, BIPaBISIHHI MHIIETKA B
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Cyri000BY SIMKY 4 MCHICKa B HOro (hi3ioJoriyHe MOJOXKEHHs Ta iMMOOLTI3aIii HIKHBOIIEICITHOTO
cyrinoba Ha KigbKa TIDKHIB 13 MOJANBIINM BCTAHOBICHHSM OOMEXKYBAIBHHAX amapaTiB pi3HHX
KOHCTPYKITIH Ha TepMiH Bifg 2 10 6 MicsriB. TakuM YMHOM JIKyBaHHS BHUBUXY HIDKHBOI IMETCTIH
TpuBaJIO Bix 2-3 m0 6-8 wmicsimiB. KibkicTh peluamBiB 3a JBa POKH CIOCTEPEIKEHb CTAHOBHJIA 5 Y
rpyni 3 7 peuuAMBYIOUMX BHBHXIB CKPOHEBO-HIDKHBOIIENEITHOTO cyrioba i 4 B Tpymi 3 5
PEIMINBYIOYNX BUBHXIB MEHICKa CKPOHEBO-HIKHBOIIENIETHOTO Cyriioba, BiamoBigHo 71,4% ta 80% .

3 HaBeACHOI CTATUCTHKH MOPIBHSUIHOTO JIKYBaHHS XBOPHX IOCTIIHHUIBKOI 1 KOHTPOJIBHOI
rpym MOXHA 3pOOUTH HACTYITHI BUCHOBKU:

o BuBHXU CKPOHEBO-HIKHBOIIEICITHOTO Cyrioda i HOro MeHicKa YCHIIIHO MiINaloThCs
MaHyaJbHOMY JIKyBaHHIO NIPH TIO€AHAHHI BOPABIISHHS HIDKHBOI IIENEIN 3 ITOIaBIIOI0 MaHyalbHOO
KOPEKLIEI0 MATONOTil BEPXHIX CErMEHTiB MIMHHOTO BiAgiTy XpedTa

o [loemnaHHsS MaHyaJIhHOTO JIIKYBaHHS BHBHXY HIDKHBOI IIENENHU 3 MaHYaJIbHOI KOPEKIIIEI0
MIMAHOTO BiIAUTY XpeOTa ycyBae MmpuuMHy BUBHXY — nopyueHHs iHnepBauii CHILIC, sike Bene mo
nocnabIeHHs 3B’ I3KOBO-M SI30BOTO amapary cyrioda

e ManyanbHe JIKyBaHHS BHUBUXY HIDKHBOI IIENienu 03BoJisie B 5-10 pasiB CKOPOTHTH
3arajdbHHUNA TEPMIH JIKyBaHHS 1 B 7-8 pa3iB — KUTBKICTh PEIUANBIB

OTxe, TpOBelNEHE TOCTIKEHHS MiATBEPIWIO JOULIBHICTh KOHCEPBATUBHOIO JIIKYBaHHS
MeTojaMu ManyanbHOi Tepanii BuBuxiB CHILC i #ioro MeHickiB. B MOpiBHSAHHI 3 IHITUMH METOIaMH
3aCTOCYBaHHA MaHyaJdbHOI Tepalrii I IIi€i METH Ma€ psO CYTTEBHX IIepeBar: Il i BiIICYTHICTH
noOiuHoi aii, Oe3Mme4HiCTh, NPOCTOTAa Yy BHUKOPUCTAHHI, WIBHJKE JOCATHEHHS pe3yJbTaTy,
HEIHBA3UBHICTh, CKOHOMIYHICTh, €(DEKTUBHICTb.

TakuM ymHOM, METOJ MaHyaJbHOI Tepamii B TMOE€JHAHHI 3 yAapHO-XBIJILOBOIO TEPAIi€ro
JTO3BOJISIE HANIABaTH JIOTIOMOTY XBOPUM 13 JIETKO- 1 TSDKKOBIPABHUMH, a TaKOX PEIHUIUBYIOUYAMH
BUBUXaMH CKPOHEBO-HIKHBOIIEICITHOTO Cyrioda i Horo MeHicka, sKi He OTpUMald OakaHOTO
pe3ynbTaTy pHU BUKOPUCTaHHI TPAAUIIIHHIX METOIIB JIIKyBaHHS.

Kniniunuii eunaoox Nel

IamienTka M., kinka, 32 poku, MeHemkep. Brepme 3BepHynacs B ML «YkpaiHcbkuii
TpaBmorieHTp» y TpaeHi 2016 p.

DS: /IBocTopoHHi#  mepenHid  TSHKKOBIPABHUM — PEIUIMBYIOYMA  BHUBHUX  CKPOHEBO-
HWKHBOIIIEJICITHOTO CYTJI00a.

Ckapeu: CunibHMI OUTb Y BEPXHBOMY BIIJIUII HABKOJIOBYIIHHMX 00JlacTel, HEMOXKIIHUBICTh
3aKpUTH POT, PSACHE CIMHOBUIIIEHHS TIPU CYXOMY SI3HIli, HEBUPa3HA MOBA, 3CYHYTE BIEPE i 100D IS

Anamnes 3axeoprosannsn: Ilpm InikyBaHHI 7-TO HIDKHBOTO KOPIHHOTO 3y0a 3 MIMPOKO
BIIKPUTUM POTOM CTaBCSl BUBMX CKPOHEBO-HWKHBOIIEIETHOTO cyrioba. XBopa CTpaxkJIae Ha JaHy
PEIHIMBYIOYY TATOJIOTiII0 § POKiB, BUBUX YacTO NMPOBOKYETHCSA KalllIEM, CMiXOM, Pi3KUMH pyXaMHu
HWKHBOI IIENeI, 3a3BUYail TparuiseTsesi 3-4 pasu Ha pik. [licis KOXKHOTO 4eproBOTO BHpPABIISTHHS
cyrio0a 3 HACTYIHOK HOoro iMmoOumizaimiero TpuBae 2-3 MicsSuHa peaduliTallis B CHEHiaJbHOMY
¢ikcyrouomy anaparti. Llporo pa3y yepe3 nBi roaunu micis BuBuxy CHILC B kabineri cromarosora
naiieHTKa Briepuie 3sepHynacs B ML « YkpaiHCbKui TpaBMOLICHTDY.

Kniniuni Oani: llpm ormsmi opTOneIOM-TpaBMAaTOIOrOM MaHyalbHHUM TeparneBTOM OyB
JIIarHOCTOBAaHUN  JBOCTOPOHHIM  MEpeNHId  BHBMX  CKPOHEBO-HIDKHBOIICICITHOTO  Cyryio0a,
MiATBEP/DKEHUH KUIBKOMa MOMEPEeJHIMA OJHOTUIIHUMH pe3yJbTaTaMH PEHTI€HOrpaM i TOMOTrpam
HIDKHBOI 1IeJIeNH, BUKOHAHUX y 00KoBil mpoekuii. KpiM Toro Oynu BusiBieHi QpyHKIIOHATBHI ONOKH B
pyxomux cermenrax Cl, C2, C3 muiiHoro Biaiiry xpeoTa.

Jlikysannsi: B 1eHb 3BEpPHEHHS I MICIEBOIO aHECTe3i€r0 OyB aJIeKBAaTHO PO3TATHYTHH
3B"s13k0BO-M'si30BHi anapat CHILIC Ta nmocraBneni Ha Miclie TOJMIBKH HIKHBOI mienend. IMMoOimizartis
cyrnoba He npoBojpiacs. byna 3ailficHeHa TakoX MaHyallbHa KOPEKIIisl OJIOKYBaHb BEPXHIX CErMEHTIB
mmmiHoro Bigainy xpeora C1, C2, C3. IamieHTiii HagaHi peKOMEH AIii HaiOIMKYi KijlbKa JHIB BXXHUBATH
JMIIe piAKy DKy, He 34IHCHIOBATH Pi3KMX PYXiB HIKHBOIO INesenoro. IIpoTsrom OBOX HACTYMHHUX
THKHIB 13 iHTepBasiamu 3-4 1HI OyII0 IpOBeJeHO Iie 4 ceaHCcH MaHyallbHOI Kopekiii cermeHTiB Cl, C2,
C3 mmitHoro BiITy XpedTa JI0 MOBHOTO iX po30JoKyBaHHs. bomi B cyriio0i MpUNMHUITKCS BiIpasy k&
TiCTsl BIIPABJISIHHA BUBHXY, CIIa3MH M S3iB MPOXOIWIN MOCTYIOBO, CHJIA 1 CHHXPOHHICTH CKOPOYEHBb
MapHUX KYBaJIbHUX M’SI31B Ta IUIABHICTD 1 Y3rOMKEHICTh PYXiB CYTJIO0OBHX TONIBOK HM)KHBOI IIENETTH
BiJTHOBITFOBAJTUCS IO Mipi pO30JIOKYBaHHS BEPXHIX CETMEHTIB IMUHHOTO BIIIUTY XpeOTa. MOHITOPHHT
ctaHy namieHTka poTsrom 2016-2020 pokiB permmuByrounx BuBrxiB CHILIC He 3adikcyBas.
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Kniniunuit eunaook N2

IManmienTka B., )kinka, 20 pokiB, cojicTka TaHIIOBAJIBLHOI0 aHcamM0.110. Briepiiie 3BepHyBCs
B ML «Yxkpaiucekuii TpaBmorieHTp» y ciuni 2018 p.

DS: Ilepeaniii npaBOCTOPOHHIN PEIUINBYIOUMH BUBUX MEHICKAa CKPOHEBO-HIKHBOILEJICITHOTO
cyrioba.

Ckapeu: bomi B obmacti mpasoro CHIIC, ski MOCHITIOIOTECS TIPU PYXOBI HIDKHBOI IIENETIH,
MOCTiiHE KJIallaHHS B IPaBOMY CyIJI00i, panToBe OJOKYBaHHS Cyrio0a 3 pi3KUM OOJTI0UMM KIIAL[aHHSM
1 OOMEXXEeHHSIM BIIKpHUBaHHS POTa, 3UT3aromoAiOHUI PyX HWKHBOI IIETENH, BTOMICHICTh KyBaJIbHUX
M’s131B, O17Tb 1 OOMEXKEHHS pyXJIMBOCTI B IIUHHOMY BLAILT XpeOTa.

Anamnes 3axgoprosanns: IlanieHTKa MOB’sI3y€ MOYAaTOK 3aXBOPIOBAHHSI 3 MAJiHHSAM Ha pETeTHLIT
B yumHi 2017 p. i TpaBMyBaHHSM IIIEUYOBOTO CYT00a Ta MMHHOTO BiAgiry xpeOTa, 30KpeMa aTJIaHTa.
Yepes Micsnp micis TpaBMH Novanocs HapocTatoue knanansas B nmpasomy CHIIC npu BigkprBaHHI poTa
1 60 B cyriio0i, HECUMETpPUYHE BIAKPUBAHHS POTA, 3MIMIIEHHS HIDKHBOI MIEJIETH BITIBO 1 MepeKic 3BepXy
mo Hu3y. Pentren, MPT 1 KT He BusBWIM martojoriii y cyrinodi, Oymo TpoBemeHO Kypc
¢izioTepaneBTHYHOTO JiKyBaHHS 0e3 mokpamieHb. Y BepecHi 2017 p. mpoiuuia MicsSuHHH Kypc
OCTEOIATHYHOTO JIKYBaHHS TICIIS SIKOTO MPHUITUHMUIIOCS KIIAllaHHA B Cyriio0i i mocmabummcs 6o, ane
BKE B JIUCTOMNAJI CHMIITOMATHKa ToYaja HapOCTaTH 3 HOBOI CHJION, 30UIbIIUIACS aCHMETPUYHICTh
0o0MHMYYsl, TOTIPIIMIUCS CIAyX 1 3ip, OOMEXWiacs PyXJIHMBICTh IMUHHOTO BigAlTy XpeOra, pi3Ko
nocuucs 6o B mpaBomy CHILIC. Byna nposenena nBokontpactaa aprporpadis i MPT CHILC, Ha
OCHOBI SIKMX TIOCTABJIEHO [iarHO3: TMepelHii NPaBOCTOPOHHINI BUBHX MEHICKa CKPOHEBO-
HIDKHBOIIENIETTHOTO CYT700a 1 peKOMeHZOoBaHa XipypriuHa omepariss — MeHickekTowmis. Ilepen ii
MPOBEACHHAM TMAIiEHTKA 3BEpHYIAcs Mo KoHCybTalio B ML «Vkpaincekuii TpaBMOLIEHT.

Kniniuni Oawni: Tlpu orisimi  opTONENOM-TPaBMATONIOTOM MaHyallbHUM TepaneBToM OyB
MiATBEpPKEHUH AiarHo3 TepefHiil MpaBOCTOPOHHIH BHBHX MEHICKa CKPOHEBO-HIKHBOIIEIEITHOTO
cyriio0a i BusiBieHi 610kyBaHHs BepxHix cerMmeHTiB Cl, C2 mmiiHoro Biaginy xpeora.

Jlikysanus: JlikyBaHHsS TATONOTIi CHpPSMOBaHE HA BiAHOBJICHHS HOPMAaJIbHOIO MOJIOXKEHHS
nmucka (Mmenicka) CHIIC, mis mporo mepin 3a Bce HEOOXIHO MOKPAIIUTH MOro iHHepBaiii. ToMmy
crioyaTKy OyJI0 MPOBEJIECHO JIBa CEAaHCH MaHyalbHOI KOpeKIii OnokyBaHb cermentiB C1, C2 muitHOTO
Bifiry XpeOTa, IO JO03BOJIIO B MOJMANBIIOMY IOCHUTH 0€300JIiCHO i3 3aCTOCYBaHHSM MICIEBOL
aHecTe3il MaHyaJlbLHUMH METOJaMH BiJTHOBUTH HOPMAaJIbHE ITOJIOKEHHS MEHICKa MK MHUIICIKOM
HWDKHBOI IIENENN Ta CYTJI000BOI0 SIMKOIO 1 CYTrNIOOOBHUM TOpOUKOM OapaOaHHOI YaCTHHH CKPOHEBOL
KicTku. Hanani HacTymHUME TphOMa CeaHCaMM MaHyaJIbHOI KOPEKIlii OyJH MOBHICTIO PO30JIOKOBaHi
cermentn Cl, C2 mmiiHoro Bijainy xpeOTa, NOBEpHEHa HOpMaibHa (Di3ioyOridyHa iHHEpBAIlis
3B’A3KOBO-M’S[30BOT'0 amapara cyrio0da, o JO3BOJIWIO BiJIHOBUTH CHIIy i CHHXPOHHICTh CKOPOYEHHS
NapHUX JKYBaJbHUX M'SI3iB, 3HSATH CIIa3M M'sI3iB, BIJHOBUTH IUIABHICTH 1 Y3TOJDKEHICTh PyXiB
Cyri1000BHX TOJIBOK HIDKHBOI IS Ta 3alMo0irTH penuauBaM. B maHoMy KIIIHIYHOMY BHIAAKY
MaHyaJIbHUMH METOJIaMH  BAAJOCS YHUKHYTH: XIPYPridYHOTO BTpPYYaHHS, JIOBFOCTPOKOBOTO
amapaTHOTO JiIKyBaHHsI, @ TAKOK 3HAYHO CKOPOTHUTH i MOJIETHINTH TEPMiH peadimiTarrii.
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Introduction. It is known that the degree of obesity, determined by body mass index (BMI),
and waist circumference are parameters associated with vitamin D3 deficiency [1]. An increase in the
number of overweight people leads to an increase in the prevalence of vitamin D deficiency, which is
associated with its deposition in subcutaneous fat and inaccessibility to the central bloodstream [2].

Deficiency of D-hormone leads to a decrease in the absorption of Ca2 + in the intestine and
increase its leaching from the bones to maintain stable plasma concentrations, which is realized
through the development of secondary hyperparathyroidism, increased parathyroid hormone synthesis
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and the resulting activation of resorption and osteoporosis. It should be noted that the disruption of the
normal functioning of the neuromuscular system may be due to a decrease in the level of D-hormone,
because the conduction of nerve impulses from the motor nerves to the striated muscles and the
contractility of the latter are Ca-dependent processes [3].

Also, the processes of calcium absorption and the required level of physical activity require
adequate levels of vitamin D in the blood. Low serum vitamin D levels are associated with muscle
weakness, increased bone fragility, and falls and fractures [4].

Vitamin D deficiency is associated with the development of diffuse muscle pain, muscle
weakness, which is mainly observed in the proximal muscle group, as well as a decrease in the speed
of movement. This symptomatology is due to the development of muscle atrophy, mainly muscle
fibers of type Il [5].

The proximal variant of muscle weakness in severe vitamin D deficiency may also be due to
the development of secondary hyperparathyroidism and, accordingly, chronic hypophosphatemia [6].

Chronic hypophosphatemia can be caused by hormonal disorders, chronic diuretics, or other
causes. The clinical picture depends on the time during which the depletion of phosphorus in the body,
as well as the intensity of its deficiency. Chronic mild and moderate hypophosphatemia may be
asymptomatic for a long time or manifested by bone pain and muscle weakness [7], altered mental
status [8]. Occasionally, patients with mild hypophosphatemia may complain of weakness. In this
case, it remains unclear whether the weakness is secondary to this condition, or is caused by the
underlying disorder leading to the disease [9].

Since physical training and their impact on the body of a healthy person depends on the
condition of muscles, including respiratory muscles, in patients after surgery, motor activity on
pathogenetic changes is equated to the process of physical activity in healthy people, which is why any
negative changes in the physiological state of the muscles are an obstacle to the implementation of the
program of accelerated recovery after planned operations (ERAS-program).

Given that the adaptive capacity of the organism in many cases is determined by the nature
and state of energy metabolism, it is of particular importance to address the issue of their optimization
in determining patients with sarcopenic obesity. Thus, when determining patients at the stage of
screening for vitamin D insufficiency / deficiency in the abdominal type of distribution of adipose
tissue on the background of only excess body weight on the measured BMI, it is safe to say that the
accumulation of fat in patients is due to reduced m ' muscle mass. This makes it important to study
their level of adaptation and energy potential at the initial level, which is directly related to the
possibility of implementing the ERAS protocol.

It is known that phosphorus is involved in the formation of nucleic acids, nucleotides,
phospholipids and other compounds, is involved in energy storage and transmission, in enzymatic
processes, stimulates muscle contraction and is necessary to maintain the activity of neurons [10].
About 70-80% of phosphorus in the body is associated with calcium, forming the skeleton of bones
and teeth, 10% is in the muscles and about 1% in the nervous tissue. The remaining part is contained
in all cells of the body as a store of energy. Normally, about 1% of all phosphorus is in the blood [11].
Therefore, it was important to predict the possibility of implementing a program of accelerated
recovery in patients was to determine the content of phosphates (inorganic phosphorus compounds) in
the blood both at the screening stage and in the first three days of the postoperative period.

The aim of the study was to determine the adaptation potential in patients of surgical profile
with excess weight in different variants of perioperative intensive care in the implementation of the
ERAS protocol.

Materials and Methods. The basis of this study is the analysis of the results of a
comprehensive clinical-instrumental and laboratory dynamic examination and evaluated the
effectiveness of the proposed method of prevention and treatment in a cohort prospective randomized
open clinical study in 122 patients with surgical herniological profile for a period of 1 day to 1 month
after operation. Ethical aspects of the work were approved at a meeting of the commission on
biomedical ethics of Kharkiv National Medical University of the Ministry of Health of Ukraine
(document Ne8 dated 10.12.2019). All patients signed an informed consent to participate in the study.

The study was conducted by random sampling. Patients of all groups were examined before
surgery in accordance with the unified clinical protocol approved by the Ministry of Health of
Ukraine, which was adapted to the ERAS program. The anamnesis was carefully studied, in particular,

48 7(59), September 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

the postponed surgical interventions, features of the premorbid background, concomitant diseases, use
of drugs. The study included patients with ventral hernias of the anterior abdominal wall, which were
determined by the classification of J. P. Chevrel and A. M. Rath (SWR classification) (1999). The vast
majority, 80%, had hernias of large and giant sizes), the other 20% - medium hernias.

The conditions for selecting patients for the study were age 18-60 years, increased BMI (25.0-
29.9) lasting more than 10 years, the presence of primary ventral hernia, obtaining informed consent,
the absence of severe metabolic and somatic acute and chronic diseases, including number of kidney
diseases, absence in the anamnesis of blood diseases, oncological diseases, aggravated heredity,
alcoholism, mental disorders, allergic reactions, blood transfusions, use of immunocorrectors,
glucocorticoid drugs, uniformity of examination, diagnosis and preoperative preparation of the patient,
condition of patients on the ASA scale - Il - 100% of patients.

All patients were examined 10 days before surgery. The conditions for admission to the study
under the conditions of compliance with the inclusion criteria were fences 10 days before the blood
test to determine the analysis of vitamin D concentration.

Exclusion criteria were age 18 and over 60 years, consultation with an endocrinologist about
hyperlicemia, consultation with a dietitian or family doctor for weight gain, daily use of medication
for any comorbidities, the patient's disagreement with the study. In order to randomize patients,
anesthesia and surgical treatment were considered, including the size of the hernia and the degree of
degenerative changes in the abdominal wall, which can lead to complications. General characteristics
of patients are shown in table 1.

Table 1. General characteristics of patients, n =122, M+

Indicator Value
Adge, years 54,2+59
Body weight, kg 91,6+8,9
Height, cm 175,2+12,1
IMT 28,1+£1,7
Duration of anesthesia, hours 2,060,04
Duration of operation, hours 2,29+0,19

Patients were divided into 3 groups. Group |, control group, 32 patients hospitalized before
elective surgery for primary ventral hernia, by all criteria coincided with patients of groups Il and I11,
but did not have in the complex of perioperative intensive care additional drugs that would promote
the full introduction of ERAS -program.

Group Il included 44 patients who were prescribed 7,000 IU / day of vitamin D (colecalciferol
14 drops) for 10 days 10 days before the planned operation to determine vitamin D deficiency / blood
concentration <30 ng / ml - day with subsequent transition to prophylactic doses - 1000 IU (2 drops/day)
daily for a long period under control of body weight and vitamin D levels in the blood. The frequency of
use is due to the pharmacodynamics of the drug - it is known that the maximum concentration of 25
(OH) D in serum is observed 12 hours after a single dose and returns to baseline after 72 hours. The
threshold value for inclusion of the patient in the study, namely the level of 25 (OH) D in the blood
<30 ng/ml, was determined on the basis of data from modern medical professional organizations [12].

Group Il included 46 patients who were prescribed 7000 IU / day of colecalciferol for
treatment for 10 days and then 10 days before the planned operation in terms of determining the
deficiency / deficiency of vitamin D - blood concentration <30 ng / ml transition prophylactic dose -
1000 MO daily for a long period under the control of body weight and vitamin D levels in the blood.
Also to the IT algorithm, patients of group I11 were prescribed a solution of sodium salt of D-fructose-
1,6-diphosphate hydrate intravenously 150 mg / kg of ideal body weight 2 times a day at a rate of 10
ml per minute in the first 3 days of the postoperative period in the same mode introduction.

Prior to inclusion in the study, each patient received informed consent, in which the checkpoints
were the day 10 days before surgery, the 1st, 2nd, 3rd day of hospital stay, as well as the possibility of an
active outpatient visit (contact by phone) within 30 days after surgery. At these stages, indicators were
recorded that, according to many researchers, may hinder the timely implementation of ERAS. Thirty
days after surgical treatment of the primary ventral hernia, all subjects underwent an active outpatient
visit (telephone call) to assess quality of life using the SF-36 questionnaire.
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To determine changes in the body, to determine the level of inorganic phosphorus
(phosphates) was measured by photocolorimetric method on the analyzer KFK-2MP, the reference
range of 0.87 - 1.45 mmol / |.

Patients' response to surgical stress was determined, which is important for predicting the
implementation of the ERAS-program. Evaluated on the basis of hemodynamic parameters - systolic
blood pressure, heart rate - level of adaptation (AP) formula Baevsky RM in the modification of
Bersenev AP (1987, 1997) [13]:

AP (points) = 0,011 » heart rate + 0,014 < systolic blood pressure + 0,008 « diastolic blood
pressure + 0,014 « age (years)+ 0,009 * body weight (kg)— 0,009 « height (cm)— 0,27.

AP < 2,1 — satisfactory adaptation, AP = 2,11 — 3,2 — stress in adaptation, LA = 3,32 — 4,3 —
unsatisfactory adaptation, AP > 4,3 — failure of adaptation.

Methods of parametric statistics were used to process the obtained data (Glanz S., 1999).
Statistical processing of data that were entered into Excel spreadsheets was performed. The
significance of the obtained data was checked using Student's t-test (for n <100) at a given level of
reliability p = 0.95. To be able to use the Student's t test, the Fischer-Snedekor test was calculated - the
ratio of the larger variance to the smaller. All mathematical operations and graphical constructions
were performed using the software packages "Microsoft Office XP": "Microsoft XP Home" and
"Microsoft Excel XP" on a personal computer.

Results of the research. Since one of the main factors regulating phosphorus metabolism is
parathyroid hormone, which is produced in patients with secondary vitamin D levels due to prolonged
sarcopenic obesity, the possibility of implementing an accelerated recovery program in patients I, Il
and 111 can be considered by studying the dynamics of phosphorus in the blood (Table 2).

Table 2. Dynamics of blood phosphate levels in patients of groups I, Il and |11

Phosphate level, mmol / | Group | Group 1T Group III
n=32 n=44 n=46

Average starting level 1,08+0,19 mmol / 1

1 day 1,10+0,22 1,20+0,26 1,42+0,08

2 day 1,10+0,21 1,19+0,24 1,42+0,09%°

3 day 1,09+0,18 1,21+£0,19 1,45+0,08*°

Note: * p<0,05 — probable differences in relation to the average starting level,
° p<0,05 — probable difference in relation to the figures of the control group.

When analyzing the data shown in table 2, it can be noted that at the time of screening, the
average values of blood phosphates in all patients were in the range of control values, with the
minimum values of this indicator in groups I, Il and Il was 0.91 mmol /1, 0.89 mmol /| and 0.87
mmol / I, and the maximum - 1.25 mmol /1, 1.29 mmol / | and 1.25 mmol / I, respectively, the average
initial concentration was 1.08 = 0.19 mmol / I.

Subsequently, in group | during the first three days of intensive care according to the classical
program of accelerated recovery for patients with primary ventral hernias, the indicators of this
indicator did not differ from the screening and were 1.10 £ 0.22 mmol /1, 1.10 = 0.21 mmol / | and
1.09 = 0.18 mmol /| on the 1st, 2nd f-th day of treatment, respectively. Given the dynamics of
phosphatemia in patients in this group, it can be concluded that surgery, anesthesia and perioperative
therapy alone do not affect phosphorus metabolism in the body.

In turn, in subjects of group Il on the 1st day of hospital stay the level of phosphate in the
blood serum was 1.1 £ 0.26 mmol /I, which was 10% higher than at the screening stage and in
patients | groups. on the 2nd and 3rd day of hospital stay the dynamics of this indicator was the same
and its indicators were 1.19 = 0.24 mmol /1 and 1.21 = 0.19 mmol /I, respectively. In this case, a
larger difference was found between the min-max digits of the studied marker compared with group 1.

A completely different clinical and diagnostic picture was observed in patients of group III.
Thus, on the first day of intensive care, the concentration of phosphates in the blood was 1.42 +
0.13 mmol / I, which was 24% higher than the indicators of phostatemia at the screening stage and on
day 1 of treatment in patients of group I.

Subsequently, on the 2nd and 3rd days of hospital stay, the serum phosphate concentration
was 1.42 + 0.09 mmol /1 and 1.45 + 0.08 mmol / I, which is probably (p <0.05) exceeded the average
baseline level and probably (p <0.05) exceeds the level of this indicator daily in group I.
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When comparing the dynamics of phosphatemia in the studied groups Il and 11, the average
values were exceeded by 20%, and if in group Il no patient was determined by the number of phosphate
levels in the blood, which would be in the upper limit of reference values, i.e. 1,45 mmol /I, in contrast,
in group 111 in 30% of patients blood phosphates exceeded the upper limit of normal values.

Thus, it can be concluded that additional administration of colecalciferol to overweight
patients lasting more than 10 years with preoperative screening deficiency / vitamin D deficiency has a
positive effect on phosphate metabolism in the body and additional phosphate donor administration
makes it more stable and long-lasting.

Given the fact that the total need for phosphate cannot be predicted by serum levels due to the fact
that phosphate moves between many parts of the body, the concentration of total phosphorus consists of
inorganic phosphorus (phosphates) and phosphorus basic organophosphorus compounds, and given the
presence of subjects preliminary data on the possible development of sarcopenic obesity, it is important to
determine the energy potential of cells and the level of adaptation, which is a general criterion for the
interaction of energy potential and functionality of the patient. To do this, we studied the level of adaptation
in patients of groups I, 11 and I11 on the 1st, 2nd and 3rd days of intensive care by calculating the adaptive

potential of the organism by the method of Baevsky RM in modification Bersenev AP (1997) (table 3).

Table 3. Adaptive potential in patients of groups I, Il and 111
AP < 2,1 — satisfactory adaptation, AP = 2,11 — 3,2 — stress in adaptation, LA = 3,32 — 4,3 —
unsatisfactory adaptation, AP > 4,3 — failure of adaptation.

Characteristics of Group I, n =32
adaptation 1 day 2 day 2 day The entire
postoperative
period
<2 — satisfactory 8 (25%) patients | 8 (25%) patients | 14 (44%) patients
adaptation 1,9+0,2 1,98+0,1 1,96+0,1
2,1-3,2—stressin 10 (31%) patients | 10 (31%) patients | 10 (31%) patients
adaptation 2,78+0.4 2,97+0,2 3,1+0,1 2,96+0,2
3,21-4,3 — unsatisfactory | 14 (44%) patients | 14 (44%) patients | 8 (25%) patients
adaptation 3,9840,3 4,1+0,2 3,924+0,2
>4,3 failure of adaptation 0 0 0
Characteristics of Group II, n =44
adaptation 1 day 2 day 2 day The entire
postoperative
period
<2 — satisfactory 20 (45%) 20 (45%) patients | 18 (41%) patients
adaptation patients
2,1 3,2 —stress in 10 (23%) 14 (32%) patients | 18 (41%) patients
adaptation patients 2,75+0,2
3,21-4,3 — unsatisfactory 14 (32%) 10 (23%) patients | 8 (18%) patients
adaptation patients
>4,3 failure of adaptation 0 0 0
Characteristics of Group ITI, n = 46
adaptation 1 day 2 day 2 day The entire
postoperative
period
<2 — satisfactory 26 (57%) patients | 40 (87%) patients | 42 (91%) patients
adaptation 1,82+0,04 1,74+0,06 1,71£0,02
2,1-3,2—stressin | 14(30%) patients | 6 (13%) patients 4 (9%) patients
adaptation 2,4+0,09 2,3+0,1 2,3+0,18 2,17+0,07*
3,21-4,3 — unsatisfactory | 6 (13%) patients 0 0
adaptation 3,28+0,07
>4,3 failure of adaptation 0 0 0

Note: * p<0,05 — probable difference in relation to the general indicator of adaptive potential of groups

land II.
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In the analysis of data obtained in determining the adaptation potential of patients of groups I, Il
and 111 during the 1st, 2nd and 3rd days of the postoperative period, the probable (p <0,05) relationships
between the ability of patients to perform ERAS- program and components of intensive care.

Thus, when calculating the total number of points of adaptation potential for the entire
observation period in patients of group 111 was found a probable (p <0,05) difference from groups I
and 11, while between groups | and Il there was no statistically significant difference, their total scores
were 2.96 + 0.2 points and 2.75 + 0.2 points, respectively, indicating adaptation stress in patients in
these groups throughout the follow-up period. In contrast, in group Ill, the overall indicators of this
indicator were 2.17 + 0.07 points, which was defined as satisfactory adaptation.

Analyzing the percentage of patients in group | with the appropriate number of points that
characterize the adaptation as satisfactory / stressful / unsatisfactory, it can be noted that the first 48
hours of the postoperative period, internal redistribution by type of potential did not differ and was
determined by 25% / 31% / 44% of patients. general description as "adaptation stress". On the 3rd day of
intensive care, the redistribution of satisfactory / stress / unsatisfactory was slightly better, 44% / 31% /
25%, but in general in the study during the entire observation period the adaptive potential of the whole
group as a general indicator of patients was at the level of stress. adaptive capabilities of the organism.

Analyzing the percentage of patients in group Il with the appropriate number of points that
characterize the adaptation as satisfactory / stressful / unsatisfactory, it can be noted that on the first
day of treatment, when the distribution was 45% / 23% / 32%, almost 1/3 of patients had
unsatisfactory adaptability, however, in contrast to group | (25%), satisfactory adaptation of the
organism was determined in 45% of them. On days 2 and 3, hospital stays were positive only between
stress / unsatisfactory performance, which was 32% and 23% and 41% and 18%, respectively. The
overall adaptive potential of the whole group as a total indicator of patients was at the level of stress
adaptive capacity of the organism throughout the observation period.

The percentage of patients of group Il in the form of sharply positive dynamics of its
indicators every following day of intensive care was interesting. Thus, on the 1st day of treatment the
ratio of adaptive characteristics as satisfactory / stress / unsatisfactory was in 135, 30% and 57% of
patients, respectively, on the 2nd day - 0%, 13% and 87%, on the 3rd - 0 %, 9% and 91% of subjects.
Given that in this group of patients the overall indicators of adaptation potential 2.17 + 0.07 points
were probably (p <0.05) lower than in groups | and Il against the background of relatively small
differences between the indicators in the range of variations of patients daily , we can argue about the
most successful of the proposed options for perioperative therapy, which undoubtedly contributes to
the implementation of the program of accelerated recovery and can be used in everyday practice.

Discussion of results. Important is the fact that a significant element that promotes accelerated
recovery in the postoperative period in the presence of sarcopenic obesity in the patient is the level of
phosphatemia, which is indirectly a possible factor in predicting the energy potential of body cells.
Additional administration of phosphate-containing drugs during the period when the patient needs to
exercise, including during the introduction of ERAS-protocol in overweight patients after elective
surgery, in which screening determines vitamin D deficiency / deficiency, is an important element of the
patient's treatment algorithm. violation of the content of vitamin D causes metabolic changes, which in
100% of cases involve a violation of phosphorus metabolism in the body. It can also be predicted that the
additional introduction of a phosphate source operates on the principle of feedback, ie increasing the
level of phosphate in the blood reduces the secretion of parathyroid hormone.

Conclusions.

1. Based on current data, metabolic changes in the body, which are caused by the influence of
the secretory function of adipose tissue as an independent endocrine organ, have a significant impact
on the prognosis of the postoperative period. In patients with a surgical profile of overweight lasting
more than 10 years, it is important to determine the level of vitamin D, phosphorus and calculate
adaptive capabilities when planning patient management tactics after elective surgery, which directly
affects the possibility of ERAS implementation and quality of life as remote treatment prognosis.

2. An increase in the amount of secretory active adipose tissue in the body is accompanied by
a decrease in the bioavailability of vitamin D, a decrease in the level of 25 (OH) D in the blood
increases the level of parathyroid hormone. The introduction of a planned surgical profile in
overweight patients at the screening stage 10 days before surgery to determine the level of 25 (OH) D
in the blood is a key point in deciding the possibility of a perioperative period under the ERAS
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program. Additional use to its classic protocol of colecalciferol (positive effect on long-term effects
and is significant in the prediction process) and sodium D-fructose-1,6-diphosphate hydrate solution
(directly affects the effect of rapid recovery after elective surgery) improves the quality of motor
activity of patients after operations, increases their adaptive capacity by restoring lost muscle function.
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Beryn. Onixokpunros, abo BpOCiaui HIrOTh, € HAHMOIUPEHINM 3aXBOPIOBaHHIM HIrTiB [3],
B ICD-10 Bepcis 2019 p. onmcyerses kogom L60.0, B ICD-11 Bepcis 2019 p. — xomom EE13.1. B
3araipHI TOMYJSIMii 1S TaToJorisi crocrepiraeThes B 2,5-5% HaceneHns [3, 4] 1 Jokami3yeTbes
3/1e01IBIIOr0 Ha BEJIMKOMY Majiblli HOTH [1, 3], ypaskeHHs OAHOTO 4M JIBOX JaTepalbHUX KPaiB SIKOTO
TpaIuISIEThCS BJIBIUI YacTille, HK MeaianbHOT yactuau [3, 4, 6]. OHIXOKPHIITO3 OLIBII MOIIUPEHUN Y
40JI0BiKiB (62%), Hix y x)iHOK (38%), Xoua JaHa Heayra OyBae B MAIIEHTIB YCIX BIKOBHX TpYI, alie
HalixapakTepHima BoHa Juia Aite 1 miamitkie go 20 pokiB [19, 20]. [Ipuunnamu 3aXBOprOBaHHS
BBXKAIOTh 3aKPYIJIEHE OOpi3aHHS HITTIB YacTO HEMPHIATHUMHU JJIS I[bOTO iHCTpyMeHTamu [3, 5, 23],
oHixoarito (cTocoBHO HIrTiB pyk) [19, 20], rinepriapos [3, 19, 20], HOCIHHSI HEBIAMOBIHOTO B3YTTS
[3, 19, 20], mpsmy tpaBmy [3, 19, 20], Giomexaniuni 3minu [2, 3, 4, 19, 20], maTtojoriune
BUKPHBJICHHS HirThOBOI Iactund [3, 17, 19, 20, 23], xipypriuni stporensi ctanu [19, 20], Haamipry
Bary [3, 19, 20], moBmuii 3a inmm nepwii nanerp [ 19, 20]. 3pigka OyBae i BpoKeHUH OHIXOKPHUTITO3,
HOro TIOB’SI3yI0Th 13 BHYTPIIIIHLOMATKOBOIO TPABMOIO UM CIAJIKOBOIO Tiepenadeto [16, 19, 20].

IcHye ummano Teopid, SKi NOSCHIOIOTh NPUYMHM BHUHHUKHEHHS OHIXOKPHIITO3Y, OJHAK
HalMomupeHima nojisirae B TOMy, IO BPOCTaHHS HIITS BiAOyBa€eThCs, KOIM Kpai HIrTbOBOI IUTACTHHU
CBOIM TOCTPUM KiHIIEM IPOKOIIOE M’ SIKY TKaHUHY 1 BPOCTA€ B JIATEPAIbHUN HIrTHOBUHM BaJHK, KM
0TOuyeE i1 3BepXy 1 3HHU3Y, BUKIHMKAIOUM NPH LbOMY OOJI0Ye 3amajieHHs i TPU3BOISYN A0 YTBOPECHHS
rpanyisnidHoi TkaHuHU [3, 6, 15]. JlogaTkoBe * HaBaHTa)KCHHS Ha TPaBMOBaHY 30HY IIe¢ OlibIe
CIipusie TakoMy TpoHuKHEeHHIO [3, 5]. lle momaTkoBe HaBaHTaXKCHHS MOXE OyTH OB’ S3aHUM SK 13
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30BHIIIHIMH (aKTOpaMH, HANpHKIaA TICHUM Ta HE3PYYHUM B3YTTSM, TaK 1 3 CyTO BHYTPIIIHIMHU
YUHHUKAMH, SIKi TMpUTaMaHHI KOHKPETHOMY JIOACHKOMY OpTaHI3MOBI TyT 1 3apa3, Hampukian i3
OKMPIHHSIM YH TIEPEKOCOM Tasa. SIKIIo MpH OKUPIHHI MOMAaTKOBE HaBaHTAKCHHS depe3 301IbIICHHS
MacH TiJla Jli€ TIEPEBAXHO MO BEPTUKAIBHIN OCi, TO MPU MEPEKOCI Ta3a 3pOCTaE IMOCTiHHE KPOK 3a
KPOKOM [[if0Y€ HaBaHTa)XeHHS Ha OJHY HOTY, a BiJITIOBIIHO ¥ MMajemnp, i He JIUIIe 110 BEPTUKAJI, a 1 i
KyTOM TI€peKoCy Ta3a. 30BHI pe3yibTaTH BIUIMBY MEPEKOCY Ta3a Ha HIKHIO KIHIIIBKY MOXHA
Bi3yalli3yBaTl MO KOCHUX OJHOOIYHMX HATONTHAX Ha cromi. Takuil e HEBHINMHUN OKY MepeKic
3arOCTPEHOT0 KiHISl HIrTsl BigOyBaeThcs i B OOKOBiM mMa3yci JaTepalbHOrO BajMKa, MPH LBOMY
HECHMETPUYHO 3MIHIOETHCS OOKOBHMM IMPOMIKOK MK KIiHIIEM HITTS 1 M SKOIO TKAaHHMHOIO OOKOBOI
nasyxu, 10 CIpUsi€ MEePBUHHIN TpaBMaTH3alii. TakuM 9MHOM HepeKic Taza 4acTo MOKHA PO3TIISAaTH
HE JIMIIE SK OOJATKOBE HABAaHTAXCHHS, IO IMiJCHIIOE TMPOrPECYBaHHS OHIXOKPHIITO3Y, a 1 sIK
HEePIIONPUYNHY HOTO BHHUKHEHHS.

Banuk

Bamux —
JaTepanbHHi |

MPOKCUMATBHUAMN

Bannuk
.
narepaabHUi

bokosa
mnasyxa

\ Bokosa

Bokosa ctopona /
nasyxa

HIITBOBO1 TUTACTUHHU

Banuk
JIHUCTAITBHUHN

Puc. 1. Cxema nanoys

Bpocnuii HIroTh BUKIHMKAE Oib y Majblli Ta CIPUYUHIOE Pi3HUH CTYMiHb AUCKOMMOPTY: Bif
HE3pYYHOCTEH MpH XOMiHHI aX JI0 BTpPaTH MOMJIHMBOCTI XOIWTh B3arajii — 3aJeKHO BiJ cCTaiil
3axBoproBanHa. B 1937 p. Xeitdin kmacudikyBaB oHiXokpunto3 Ha Tpu crafii [13, 20], B 2002 p.
Mo3eHa nomoBHUB Kiacudikaiito d4erBepToro cragiero [20, 21]: | — 3amanpHa cramis
(XapakTepu3y€eThCs HASBHICTIO CPUTEMM, HE3HAYHMM HAOpsSKOoM 1 0oJieM NpU HATUCKaHHI Ha
natepanbHUd HirthoBuH Banmk) [13, 20]; Il — cramis abcuecy (mocuieHHS OO0, HaOPAKY,
301JIbIIEHHS] CPUTEMH, TINEepPECcTe3isi, MOXIIMBI BUTIKAHHSA CHUPOBATKU Ta iH(EKIs, rineprpodidHa
CKJIaJIKa TEPEBUIIYE HIrThOBY IUIACTHHY 1 Mae po3mip monan 3 mm) [13, 20]; Il — wa widt cranii
CUMITOMH YCKIIQJHIOIOTECS TPaHYJIAIIMHOI TKAHWHOKI 1 XPOHIYHOIO TinepTpodi€ro HIrTbOBOTO
BaJIKa, SIKI 3HAYHOK MIpOI0 MOKPWBAKOTh HIrThoBY TuitacTuHy [13, 20]; IV — cepiio3Ha XpoHiuyHa
JnedopMaltist HirTiB i3 yTBOPEHHAM JUCTaNbHOI rineptpodii [20, 21].

JliarHO3 OHIXOKPUNTO3y BCTAHOBIIOETHCS Ha OCHOBI KITIHIYHUX OCOOJIMBOCTEH 1 HE TOTpedye
nabopaTOpHUX YK PEHTTCHOJIOTIYHUX JOCITI/KEHb; JIIKYBaHHS, 3aJ€KHO BiJ CTajil 3aXBOPIOBaHHS,
3IIIHCHIOETBCS KOHCEpBAaTUBHE 4M Xipypriune. KoHcepBaTuBHE JiKyBaHHS pekomeHoBaHO Ha |-ll
CTaIisIX 3aXBOpIOBaHHs, Xipypriune — va I1-1V [1, 14].

Cepen KOHCEpBaTMBHHMX METOJIMK JIKYBaHHS OHIXOKPHMIITO3Yy MOYKHAa Ha3BaTH BBEICHHS
BaTHOTO THOTY, 3yOHOT HUTKH, IIMHU 3 BIHJIOBOI TPYOKH il BPOCIHUI Kpai HIrTs, MO0 BiJUIIUTH
Horo Bijg OOKOBOT Ma3yxwu JIaTepalIbHOTO BaJIMKa, KYJH BiH Bpic. BUKOPHCTOBYIOTh TaKOX MPOLEAYPY
TeimyBaHHs, NpU SKIA i3 JOIIOMOTOI0 CTPIYKH, CKPYYEHOI HABKPYI Maiblis, NParHyTh BiJBECTH
BpakeHy OOKOBY Ma3yXy JaTepajbHOr0 BajJMKa BiJ KOHTAKTY 3 BPOCTAIOYMM KpaeM HIrtTs. Takox i3
JIOTTIOMOTOFO €JTACTUYHOT IIPOBOJIOKH, BBEJICHOI Uepe3 MPOKOJIM B HITTEBl Ha HOTro AMCTAILHOMY KiHIII,
NParHyTh MOCTYIIOBO PO3PIBHATH HIrTHOBY IiacTuHy. Lle nanmexo He BCi cmocobu KOHCEpPBATUBHOIO
JKyBaHHS OHiXOKpunro3sy [3, 6, 15, 25].

[cHYIOTB pi3HI TEXHIKM XIpypriyHOrO BTPYYaHHsS ISl JIIKYBaHHS OHIXOKPHIITO3Y KiHIIEBOIO
METOI0 KOXKHOT 3 SIKHX € TIOBHE BiJIHOBJICHHSI HIITBOBOTO amapary sK i3 (yHKIIOHaIbHOTO, TaK 1 3
€CTETUYHOr0 OOKY, KPIM TOTO CTaBHTHCS 3aBJAHHS SKOMOTA IIBUALIOTO MOBEPHEHHS 10 HOPMAaJIbHOT
KUTTEMISUTEHOCTI 3 HU3HKOIO0 JaCTOTOI0 pelUauBiB. Ha chOromHI HEMae HayKOBHUX JTOKAa3iB iCHYBaHHS
€IMHOI TeXHIKH, sika O 3a70BOJIbHSJIA 11 BUMOTH — B KOXXHOMY BHIIAZKY Lie Ipoieaypa Budopy [20].
BogHouac B aMepuKaHCHKiM 1 €BpOIEHCHKIA MEIUIIMHI HAaWYacTillle BiJIAarOTh TepeBary (GeHou-
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CIHUPTOBIM TexHONOTii, 60 BOHa JOOpe BUBUEHA 1 BiANpalnbOBaHA, AEMOHCTPYE BUCOKI MOKa3HUKHU
edextuBHOCTI Big 80% 10 95% mpu HU3BKOMY piBHI peruanBiB [20], mpUAHATHA TSI BUKOPUCTAHHS
MpH CYNMyTHHOMY JiabeTi, He BHUMarae CKJIaTHUX IHCTPYMEHTIB, Ma€ IMIMPOKUI CIEKTp ITOKa3aHb,
BCeOIYHO BHCBITJIEHA B JEpPMATOJIOTiYHIN 1 MoAiaTpuuHid MeawuHii mitepatypi [11, 14, 20], ame
BOJIHOYAC BUKOPHCTOBYE TOKCHYHHN (heHOI, mepeadavyae HAATO TPUBAINN TepMiH peadimiTarii Big 2
1o 5 trxHiB [1, 20] 1 € JOCHTH TPaBMATHYHOIO IJIs MaIieHTa. Jlemo piamie B MoaiaTpUIHIN TPaKTHIT
BUKOPUCTOBYIOTh 3aMicTh ()EHONIy TiIPOKCHA HATpilo, MOTO TOKCHYHICTh 1 pYHHIBHHMH BIUIMUB Ha
TKaHUHM HIDKYUM, aje Hwk4uil 1 JikyBanbHud edext [20, 22]. € me oauH peareHr, SKUH
3aCTOCOBYIOTh TIPH XIMIUHIA YaCTKOBIH MaTPUKCEKTOMII — TPHUXJIOPOTIIOBa KHCIOTa, aie il
BUKOpHCTaHHS Outbil ooMmexeHe [3]. IcHye GaraTo mMpuXHIFHUKIB IPOCTOTO MEXAHIYHOTO BUAATCHHS
MAaTpUIli KIOPETKOIO ab0 CKaJIbIieneM, el eeKTUBHUIA CITOCIO YaCTKOBOT MEXaHIYHOT MATPUKCEKTOMIT
Jla€ MEHIIle YCKIIAAHEHb, iH(}IKyBaHb 1 Mae KOPOTIIMH TepMiH 3aroeHHs [20, 24], ame Oomoumii i
BUKIIMKae 3HaYHE 9yrcio peruanbis [20]. BiaciueHHs ypakeHOTO HITTS 1 TOTalbHa MAaTPUKCEKTOMIS €
paluKalIbHUM BHpILICHHSM MpOOJEeMH BpOCTaHHS HITTS 1 BUKOPUCTOBYeTbcss Ha |V cranii
3axBoproBaHHs [3]. TexHika BHCIUEHHS HIFTHOBOTO BajMKa i3 M’SKUX TKaHWH HE CTOCYEThCS
Oe3mocepenHRO HITTSA, BOHA TOJSATae y BUAANEHHI 3HAYHOI YACTHHH YPOKEHUX M SKHX TKaHUH i3
MOBHUM 30€peXEeHHSM HIrTbOBOI CTPYKTYpH 1 OyBa€ KOPHCHOIO MpHY NeBHUX naTouorisx [3]. [amri HoBi
METOJIM MATPUKCEKTOMII: eJIeKTpOKayTepH3allisl, pajio4acTOTHA a0JiAllis, a0JAllis BYIJICKACIOTHUM
na3epoM — eeKTUBHI, alle IOCUTh BapTicHi [3, 12, 15, 20, 23, 26, 27].

Bubip crmocoOy iKyBaHHS OHIXOKPHIITO3Y 3aJISKWTh BiJ CTaiii 3aXBOPIOBAaHHS, 3arajlbHOTO
CTaHy TMAlli€HTa, CYMyTHIX MaTOJOTiH, MpodeciiHuX ynomoOaHb JiKaps Ta MoOaxaHb 1 (iHAHCOBHX
MOJJIMBOCTEH XBOporo. B MeamuHoMy T1ieHTpi «YKpaiHCBKHII TpaBMOLEHTP» TPH JTiKyBaHHI
XBOPOOJMBHX CTaHIB, BUKIIMKAHUX MEPEKOCOM Ta3a, MOOKHO BimOYBa€eThCs W MO30aBIIEHHS TAIIEHTIB
BiJ] TAKOTO OOJIFOYOTO ¥ TSHKKOBHIIIKOBHOTO Ta YACTO PEIMIAMBYIOUOTO 3aXBOPIOBAHHS SIK OHIXOKPHUIITO3.

Meta 1aHOr0 AOCTiIKEHHS] — BUBUUTH Pe3yJIbTaTH BIUIMBY MaHyalbHOI Tepamii Ha mepeodir
OHIXOKPHIITO3Y.

Marepianau i MmeToau.

[IpoBeneHo peTpOoCIIeKTUBHUI aHai3 pe3yabTaTiB JIIKyBaHHS METOJIJaMH MaHyallbHOI Teparii B
ML «Ykpaincekuii TpaBmonentp» y mepiox i3 ciuns 2019 mo Oepesenp 2019 poky 3arambHUM
quCIIoM 65 mamieHTiB i3 oHixokpumro3oM |-l cramii Ta imiomaTuunuM ckomio3zoMm. Bubipka XxBopux
3MIACHIOBANACS IMUISIXOM IPOBEJICHHS MEIWYHOrO OISy YYHIB JBOX 3arajibHOOCBITHIX IIKUI M.
KueBa 3amis BUABIEHHS CKOJIOTHYHHMX BiJXWJIEHb 1 OHIXOKpUITO3y. Behoro Oymo ormsHyTo 1635
niteit BikoM Bin 6 10 17 pokiB. Cepen HUX iMiOMATHYHUMA CKONIO3 1 CKONIOTHYHY MOCTaBy Manu 164
yuHi, Ha oHixokpunrto3 l-ll cranii crpaxkaano 65 miteit (3 Hux 38 Ha penunuByrouwmii), |l cranii
peruauBytounii — 1 autuHa. Bei 66 XBOpUX HA OHIXOKPUITO3 JAITEH Majdd CKONIOTHYHI BIAXWUJICHHS 1
CTpakJaJli Ha TIepeKic Tasy.

O6crexenns xBopux y ML «Ykpaincekuii TpaBmoueHTp» nepeadadano MmpoBeIeHHs OISy
OpTONEIOM-TPABMATOJIOTOM MaHyaJIbHUM TEpareBTOM, a TaKOX, MPH HEOOXiTHOCTI, ISl YyTOUHEHHS
nokamizanii maronorii, BukoHanHs peHTreny, KT, MPT (crocoBHo matonoriii xpe6Ta). [liarnos
OHIXOKPHIITO3Y BCTaHOBIIIOBABCSI HA OCHOBI KIIIHIYHUX 0coOnuBocTel 1 Ha crafgisx -1 He moTpeOyBaB
nabopaTopHUX UM PEHTICHOJIOTIYHHUX JOCHiKeHb. MaHyallbHa K JiarHOCTHKa XpedTa rnepeadadana
PYYHY JiarHOCTHKY PYXOMOCTi 1 «CyrJIoOOBOT Tpu» IyrOBiPOCTKOBHUX ((aceTKOBHX) CYIIo0iB 3a
JIOIIOMOTO0 TIACHBHUX PYXIiB 1 3MillIeHb Yy Pi3HUX IUIOIIMHAX Bicell pyXy XxpeOTa, a TakoX creliaabHi
MPUHOMH JIOCITI/DKEHb (PYHKIIOHAJLHOTO CTaHy M’s30BOI CepH i PyXOBOIO CTEPEOTHITY 3 METOO
BU3HAYEHHS JUUISTHOK (DYHKIIIOHATBHOT OJIOKaM pyXOBUX cerMeHTiB xpebta [7-10, 18]. BumiproBanus
IHTEHCHBHOCTI OOJIIO 3/TIHCHIOBAJIOCS METOJIOM OI[IHKM OO0JhOBUX BIAYYTTIB 32 TOMIOMOTOI0 Bi3yaJIbHOT
a”anoroBoi mkanu (BAILD). ITo3uTHBHUM pe3ysbTaToOM JIIKYBaHHS BBa)KAIOCS 3HIKEHHS OOJIBOBOTO
cunapomy Ha 80% i Oisblire.

YV oawmiti pobomi cmasunoca 3a60amHs OOCTIOUMU MONCTUBUL 36 SI30K PEYUOUBYIOYO20
OHIXOKPUNTNO3Y 3 NEPEKOCOM MAa3d NpU HAAGHOCTHI i0IONAMUYHO20 CKONIO3Y MA GUSHAYUMU CIMYNIHb
BNAUGY MAHYANLHOI KOPEKYII nepeKkocy masza Ha AiKY8aAHHs OHIXOKPUNIMO3Y.

JlikyBaHHS OHIXOKPHIITO3Y 3MIMCHIOBAIOCS B KOMIUICKCI 3 JTIKYBaHHSM 1M10MATHIHOTO CKOJIIO3Y
1 CKJIaJIaJIo JIMIIIE TIEBHY HOTO JOJII0 — B YaCTHHI YCYHEHHS IepeKocy Tasza. JIikyBaHHS 3A1HCHIOBANIOCS 32
aBTOpChKOI0 MeTomukoro C. @panka [7-10], B 0oCHOBY SIKO1 TOKIJIAICH] KpaIlli TOCATHEHHS €BPOIEHCHKOT
mKkom MaHyanmeHOi Tepamii K. Jleira [18], po3BuHEHI W MOMOBHEHI BIACHUMH HAarpaIffOBaHHIMHU
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aBTOpa 1 IOCATHEHHSIMH YKPaiHChKHX KoJier. €BponelchKka 1mKkoia ManyaibHoi Teparii K. Jlepita 6a4nth
MepeyMOBH Ui MaHyallbHOTO JIIKyBaHHS B TOpymIeHHI (yHKmii pyxoBoi cuctemu. HaitOimbimn
aJIeKBaTHUA METOJ| JIKYBaHHS 3BOPOTHHX (DYyHKIIIOHATFHUX OOMEXEHb pyXy — I Masimymsmmii [18,
c. 20]. MeTa MaHiMyJISLIAHOTO JTiKyBaHHS IMOJISITAa€ y BiIHOBJIEHHI (YHKUII cyrnoda B TUX MicLsiX, /e
BOHa 3arasbMoBaHa (OmokoBaHa) [18, c. 23]. O6’ekToM MaHIMyJsIMii € (QyHKIIOHANBHI TOPYIICHHS, B
OCHOBHOMY OJIOKyBaHHSI B cyrioOax. Ilim OJOKyBaHHSM pO3yMIIOTH OOMEXEHHS PYXy B PYXOBOMY
cermenTi [18, c. 20]. ABtopceka metoaumka C. DpaHka 3axuIleHa HAyKOBHUMHU IyOmiKalisiMd B
€BPOTICHCHKIN HayKkoBid MemuuHill nepioauti [7-10]. CyTh MeTOAy moySrae B 3aCTOCYBaHHI ITPUAOMIB
MaHyaJlbHOI Teparii (MoOimizarii, MaHimymsmii, Tpakmii, (opcoBaHoi d¢urekcii, TaCHBHUX BIIPaB) B
TIOEAHAHHI, 3a TOTPeOH, 3 yAapHO-XBIIKOBOIO Teparieio (Y XT). BukopuctaHHS MX TBOX KOMITOHEHTIB
y OJIHIM METOHMII J103BOJIsIE 3100y TH cuHepreTHuHuil edekt [7-10].

Bxkazana meroaunka micist 3i0paHoro aHamHe3y niepeadadae:

* YTOYHEHHS TaNbIAIi€elo 1, 3a MoTpeoH, AaTankoM Y XT jokamizallii 6JJ0KOBaHMX CETMEHTIB 1
TPUTCPHHUX TOUOK.

* Bukopucranns YXT, 3a motpeOu, Ui 3HWKEHHS! O0JILOBOT UyTIMBOCTI B HIJHOBUX 30HAX,
MoKpamieHas TpohiuHoi (HyHKIIT HepBa, MOCHIICHHS KPOBOOOITY Ha JIUISHII OIOKOBAaHOTO CETMEHTA IO
X0y HepBa, SKUW TypOye, B M’SIKMX TKaHWHAX, y BIIPOCTKaX KIiCTOK, Cyryiobax i1 MicCIsix, e HepB
BXOAWTh Y BY3bKi KaHaimu (MpH IbOMY piBEHb C€HEprii Mae YTpUMYBaTHCS B MaKCUMalbHHX
KOM(DOPTHHUX IJIS TIAI[IEHTa MEXKaxX).

* 3acTOoCyBaHHA TPUHOMIB MaHyalbHOI Tepamii Ha JUIIHKax XxpedTa B HACTYIHIN
TIOCTITIOBHOCTI: MOCTYIOBE 3MEHILICHHS 3MIlllEHHS i pOTallii OKpeMuX XpeOIliB AyTd BUKPUBICHHS Ta
TOpCii CErMEHTIB IIi€1 TyTU B 30H1 iX PyXJIHBOCTI.

* [lepionnyHe MOBTOpEHHsS BKA3aHUX MPOLENYpP OO OTPUMAHHS IMO3UTHBHOTO KITIHIYHOTO
pesyiabtaty [7-10].

JaHuii MEeTOJ] YCHILIHO MPAKTUKYETHCS MPOTATOM OCTAHHIX 1T SITHAJISTH POKIB JUISl JIIKYBaHHS
TaKOX 1 OHIXOKPHIITO3Y.

Pe3yabTaT Ta iX 00roBOpeHHs.

VY mepion i3 ciuns 2019 no Gepesens 2019 poky nocnmigHunbka rpyna 3 65 maiieHTiB i3
onixokpunro3oM |-l cranii npoxonuna nikyBaHHS MeTogaMu MaHyanbHOI Teparii B ML «YkpaiHcbkuit
TpaBmoueHTp». Bubipka XBopHX 3AiHCHIOBANACS MISIXOM IIPOBEACHHS MEIUYHOTO OISy YUHIB IBOX
3arajibHOOCBITHIX KT M. Kr€eBa 3a/1/1s1 BUSBJICHHS CKOJIIOTUYHHUX BIIXUJICHD 1 OHIXOKpUITO3Yy. Behoro
Oyno orsiHyTO 1635 miTeid BikoM Bix 6 1o 17 pokiB (cepenHiit Bik 12 pokiB). Cepen HUX i1i0MaTUIHUIA
CKOJI103 1 cKomioTHYHy nocTtaBy Manu 164 yusi (10%), Ha onixokpuntos |-l cranii crpaxnano 65 (4%)
niredt, 3 Hux 38 (58,5%) — Ha peumamBytouni, Il cragii — 1 autuHa (0,06%). Bei 66 xBopux Ha
oHixokpunTo3 (100%) Manu CKOJTIOTHYHI BIAXHMIICHHS 1 CTpaXkaanu Ha nepekic taza. OauH xsopuii 3 111
CTaJliEf0 PEIUINBYIOUOTO OHIXOKpUNITO3y OyB CKEpOBaHMN Ha XipypriuHe JikyBaHHS, 65 miteit i3 I-11
CTaJi€l0 3aXBOPIOBAHHS OTPHMYBalId MaHyaJbHY KOpEKILil0o mnepekocy Taza B MLl «YkpaiHcbkuit
TpaBmorieHTp». B gocmigaunekiii rpyni Oyno 24 ngisunnku (37%) i 41 xmomuuk (63%). Y 11 giBuarok
(45,8%) 1 23 xnomuukiB (56,1%) OyB aiarHocToBanuii oHixokpunto3 Il craxii, y 13 giBuarok (54,2%) i
18 xmomuukiB (43,9%) — onixokpunTos | cramii. ¥ 38 mireit (58,5%), i3 Hux y 12 giuatok (50%) i 26
XJIOMIUKIB (68,4%), criocTepiraBes pelyIUBYIOUNI OHIXOKPHUIITO3.

JIikyBaHHSI OHIXOKPUNTO3y Ta iJIONMATHYHOTO CKOJIIO3Y 3/IMCHIOBANOCS B KOMIDICKCI, aie
JIMIIE B Ti YaCTHHI JOMOKH HIIOCS MPO YCYHEHHS MEPEKOCy Tasa, IKUH BUKIHUKAE SIK CKOJI03 TakK i
OHIXOKpHITO3. B naniii podoTi JociipKyBanacs MpaBOMipHICTh TPUIYIICHHSI, IO TEPIIONPHYHNHOO
abo OJHIEI0 3 NMPHYMH BHHUKHEHHS BPOCTaHHS HIITS € caMe TepeKic Tasza, a/pke BiH CIPHUYUHSE
MiIBUILICHE HaBaHTAKEHHS Ha OJHY 3 HIl, a OT)KE W Ha Iajielb, He JIMIIE B HAPSIMKY BEpTHKaJIbHOT
oci, a i mig KyToM y OiK mepekocy Ta3a i TOMy 3Milllye CHMETPUYHE PO3TalllyBaHHs 3arOCTPEHOTO
Kparo HIirTs B OOKOBIH Ma3yci laTepalibHOrO BAIMKA, 1110 W BUKIUKAE MPOKOII i MOPYIICHHS IUIICHOCTI
M’SIKOi TKaHWHH JIaTepanbHOro Banuka. [loganbii sk MaHimyssamii Ha OJIOKOBaHMX CErMEHTax xpeoOra
CHPSIMOBaHi JIMIIE Ha YCYHEHHS CKOJIOTHYHHMX MOPYIICHB 1 JI0 JIIKyBaHHS OHIXOKPUITO3y HE Maiu
CTOCYHKY. 3a3BWuaii HOPMAaJIbHE IIOJIOKEHHS Ta3a BIJHOBIIOBAJIOCA 1-2 #HOro MaHyaabHUMH
KOPEKI[isIMH, MOJajbllie JIIKYBaHHA OyJI0 CHOpsMOBaHe Ha OOpoThOy 31 ckomo3oMm. JKomHux
JOJATKOBUX MPOLEAYP IIOAO0 BPOCIOro HIirTs He mpoBoauiocs. OQHaK IpOTAToM 2-3 THXKHIB y BCIX 65
Bumnaakax oHixokpunrosy (100%) Bci mposBu 3aXBOPIOBaHHS MOBHICTIO 3HUKINA. CTaHOM Ha KiHEIb
mepioay KOMITIEKCHOTO JTiKyBaHHS B OepesHi 2019 p. penuanBy He BHHUKAIH. 3a Mepio T MOJaIBITOTO
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crioctepexxeHHs 3 Oepesns 2019 p. mo cepriens 2020 p. BkitoyHO BiaMiueHo 6 (9,2%) mOBTOpHUX
3BEpHEHbB MAII€HTIB 13 peUANBAMA BPOCTAHHS HIT'TS, IO OJHOMY BHUTIAJKY B 6 TMAII€HTIB, IPH I[HOMY
BCi BOHU OyJIH TOB’sI3aHi 3 MOBTOPHHUM IIEPEKOCOM Ta3a, SIKUH 3a3BHYail 9acTO TPAILISETHCS B TPOIIECi
pocty nutuHH. Ilicas oaHOpa30BOi MaHyanbHOi KOpeKHii Ta3a 1 BiAHOBICHHS HOPMAJIBLHOTO
(h1310JT0TIYHOTO TTOJOKEHHS HOTO KICTOK MPOTITOM TIDKHS 3HUKAIHU TPOSBU OHIXOKPUTITO3Y 0e3 OyIb-
SKOTO JIOJMATKOBOTO BTpy4aHHs. Bei x iHmm 59 (90,8%) i3 65 manientiB npotsrom 2019-2020 pp. i3
IHTEpBAJIOM OJWH pa3 Ha 6 MICALIB MPOXOJMIN MOHITOPUHI CTaHy, BHIIAJAKH MOBTOPHOIO MEPEKOCY
Ta3a 1 peUUANBY OHIXOKPUIITO3Y B HUX HE 3a()iKCOBaHI.

3 HaBeJeHOI CTaTUCTHKH JIIKyBaHHS XBOPHUX JOCIIIHUIBFKOI TPYyIH MOXKHA 3pOOHUTH HACTYIIHI
BUCHOBKHU:

e [lpunymeHnHs, 110 NEPLIOIPUINHOIO a00 OAHIEI0 3 IPUYMH BUHUKHEHHS BPOCTAHHS HII'TS €
came MepeKic Tasa, 3HalIIIO CBOE MiATBEPAKCHHS

e MaHyanbpHa KOpPEKLisl MepeKocy Ta3a € e()eKTUBHUM METOAOM IIBUAKOTO i 6e300iicHOro
1M030aBIIEHHS Bil OHIXOKPHIITO3Y

e [lpu wMaHyanpHI KOpeKmii TMepeKocy Ta3a pEUUIUBH OHIXOKPHIITO3Yy BHACTIIOK
MOBTOPHOT'0 HOTO Mepekocy Tpamnsuiucs B 9,2% Bunaakis npotu 58,5% mpu TpaauuiiiHoMy JliKyBaHHI

e [linTpumaHHsS Taza B HOpManbHOMY (i310JIOTIYHOMY CTaHi 3amolirae penuauBaM
OHIXOKPHIITO3Y

o ManyajabHa KOPEKIIis MePeKOCy Ta3a BIBiUl CKOPOUYYE 3arajibHUi TEPMiH 1M030aBICHHS BiJ
OHIXOKPHIITO3Y 1 B 6,4 pa3y 3HIKY€E PEIHIUBU

OTxe, TpoBeACHE IOCITIHKEHHS MiATBEPIMIO NOIIIBHICT 1 €(EeKTUBHICTP BHKOPHUCTAHHS
METO/IiB MaHyaJlbHOI Tepanii B 00poThOi 3 OHIXOKpHNTO30M. B MOpIBHSHHI 3 IHIIMMH METOAAMH
3aCTOCYBaHHS MaHyalbHOI Tepamii AJs [i€l METH Mae pAJ CYTTEBUX Mepemar: 1€ i BiJCYTHICTh
nmoOiyHOi  Aii, O€3MeYHicTh, MPOCTOTA Y BHUKOPUCTAHHI, IIBHIKE JOCATHEHHA pE3yJIbTary,
HEIHBa3WBHICTh, EKOHOMIYHICTh, €(EKTHUBHICTh. TakMM HYHHOM, METOJ] MaHyallbHOi Tepamii B
MOEIHAHHI 3 YJapHO-XBUJIBOBOIO TEpAIli€r0 J03BOJISE HagaBaTH Jornomory xsopuM i3 I-ll cramiero
OHIXOKPHIITO3Y, a TAKOX 3a1100iraTi peunanBaM 3aXBOPIOBAHHS.

Kniniunuii eunaoox Nel

HanienT K., 12 pokiB, xjionumnk, y4eHb mkoau. Brnepme 38epayBcs B ML «YkpaiHchkuii
TpaBMoIeHTp» B ciuHi 2019 p., ckepoBaHMii Ha JIKYBaHHS MiCJII METUYIHOTO OTJISTY B IIKOJI.

DS: Iniomatuanuii ckomios, oHixokpurro3 |l cranii, mepekic Taza.

Ckapeu: TIpoTsAromM IBOX POKIB PEIMIMBYIOYE BPOCTAHHS HIrTS BEJIMKOTO MAJIbLA JIIBOT HOTH,
MOYEPBOHIHHS, HAOPSIK, HATHOEHHSI, CUIILHI 00JIi B MICIIi HAOPSAKY, HEMOXKIIMBICTh HOCHTH B3YTTS I10
po3Mipy, HaKyJIBryBaHHS Ha JIiBy HOTY, O0JIi B HO31 Bij cTerHa 0 cronu. boui B mwi i B criuHi Ha piBHI
norepexa.

Anamnes 3axsoproeanms. Briepiie BpOCTaHHS HITTsS 3 MOYCPBOHIHHIM MAaJbIls, HAOPSIKOM 1
HarHO€eHHsIM 3’siBHI1ocA y Bini 10 pokiB. Byrno npusnaueno sikyBanHsa komnpecamu 3 Jumexkcugom. 3a
1-2 TrxHi 3ananeHHs BOABaJOCs 3HSTH, ajie Yepe3 OMH-/IBa Micsii BOHO ITOBepTajocs 3HOBY. [lovanu
TypOyBaTH 0O HE JIHIIEe BEITMKOTO MANbIIS JIiBOT HOTH, @ i 30HU Bijl CTETHA JI0 CTOIH 3 BUBEPTAHHSIM
cTOomM Beepeauny. Jlomanucs mepioguyHi 00l B 1IHi 1 B CITUHI. 3 BPOCTAHHSM HITTs OYB CKEpOBaHUH y
NOJiKMiHIKY «OXMaauT», A€ NPOMIIOB KiJibKa KypCiB JIa3€pHOTO JIIKYBaHHS OHIXOKPHIITO3Y, ajie
PELMIMBY 3aXBOPIOBaHHS NEPiOAMYHO MOBTOpIOBajiKcs. Ha MenuunomMy orsiai B mkoji B ciuni 2019
p. OpTOTIEIaMH-TPABMATOJIOTAaMH MaHyallbHUMH TepaneBTamu ML «YkpaiHchkuii TpaBMOLIEHTDP» OyB
MOCTaBJICHUH JIIarHO3: 11i0NaTHYHUM CKOIi03, oHixokpunTo3 |l crazii, mepekic Ta3a Ta s geramizanii
JiarHo3y ¥ moJajbIloro JiKyBaHHA OyJIO PEKOMEHIOBaHO 3BEPHYTHCS B LICHTP.

Kniniuni O0ani: Tlpu 00CTEXKEHHI XBOPOro B IOJOXKEHHI JIe)Kauyd HaA YKHUBOTI CIIOCTEpIraBcs
JIBOCTOPOHHIH MeEpeKic KICTOK Ta3a, TOOTO BIAXWICHHA Ta3a BiJg TOpPH3OHTaNl Yy (QpPOHTANbHIN
TUIOILMHI, 31 CKpy4yBaHHSM. 3a paXxyHOK IIbOTO IpaBa HOTa Bi3yaJbHO 3/1aBajacsi KOPOTILIOIO 32 JIiBY
Ha 2 CM, XOYa aHATOMIYHO KiHI[IBKH Oynu ojHakoBi. Uepe3 mepekic Taza B3aeMOIEpPIICHIUKYIISIPHA
oMy BiChb XpeOTa, BiJHOBIIOIOYH CTPOr0 BEPTHKAJIbHE ITOJIOKEHHS IIiJ] JIEF0 CHJI TpaBiTalll,
BUKPHBJIISUIACS, CTBOPIOIOYM MTPU OMY HEPIBHOMIPHHH PO3MONii HABAaHTAXXKEHHS B CEpeAMHi XpeoTa i
HA UTUIIKOBUN THUCK Ha JIEsIKi HOTO TOYKH, 1110 ¥ BUKJIMKAJIO CKOJIOTHYHI 3MiHU XpeOTa. Ha crormi miBoi
HOT'H CIIOCTEPIraBcsl CKOIIEHUH BCEpeNHY HAaTONTEHb, CTONA BUBEPTAJIACsS BCEPEAUHY, Ha BEIIUKOMY
NaJbLi JiBOi HOTH Bi3yalli3yBaslocs BPOCTaHHS HIr'TA B cTafii abcuecy, HaOpsK, epuTeMa, rinepecresis,
rinepTpo(iyHa cKiIagKa epeBuIlyBaia HirTboBY IUIACTUHY Ha 3,5 MM.
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Jlixysanna: B ciuni-moromy 2019 poky mpoBeneHo O1H Kypc MaHyaJIbHOI KOPEKIii i3 5 ceaHciB.
Ilepmmmy 1BOMa ceaHcaMH METOJAMH MaHyaJlbHOI Teparii, 3aKiaJiecHIMH B aBTOPCHKid metomumi C.
®panka, 0yJ0 MOIONIAHO TiepeKic Ta3a. Bike mepen OpyriM CeaHcOM Bi3yajbHa PI3HHIL MK ITSITaMH B
TIOJIOKEHH] JIe)Kaul Ha JKMBOTI CKopoTwiacs 3 2 cMm 1o 0,5 cM, croma JiBoi HOrM BCEpeIWHY HE
BUBepTaacs, ocinabdbmu 6o B HO31 1 cruHi. [lepen TpeTiM ceancom 1’ siti 000X HIr Oyl Ha OHOMY PiBHI,
cTomr 000X HIr — MapaielnbHIMHU. TpeTii — I ATHI CeaHCH MaHyallbHOI KOpeKiii Oynu ChpsiMOBaHI Ha
TO/IONIaHHSL CKOJNIOTHYHUX BHUKPHBIEHb xpeOTa. Kypc JKyBaHHS CKOMIO3y 1 OHIXOKDHIITO3Y TpPHBAaB
3arasioM 40 JHiB, 3 HUX JIIKYBaHHS 000X MaTOJIOTiH BOAHOYAC CKIIaaajio 2 CeaHCH 3 TIEPEPBOIO B OJJMH JICHb
(Bcboro Tpum gmi). CriocTepeXkeHHS 3a MPOIECOM peadimiTarii OHIXOKPHUNTO3Y BIPOAOBXK BCHOTO
COPOKAJICHHOTO KypCy JIKyBaHHS CKOJiO3y TIOKa3ajH, IO BCi 3amajbHI TPOSBU BPOCIOrO HITTS
NPUITMHUIIACS 32 JBa TIDKHI 3 TIOYaTKy JIKYBaHHSA i OUTbII HE BigHOBIIOBATHCS. [IOBTOpPHO mami€eHT
3BepHyBCs B ML «Ykpaincekuii TpaBmorieHTp» depes 6 MicsiiB y ceprHi 2019 p. 3 peluaInBoM BpOCIOTo
HITTS, HA OOCTEKEHHI B OPTOIEIa-TPaBMATOJIOTa MaHyaJIbHOTO TepareBTa OyB 3HOBY BHSIBIICHHH IIEPEKicC
Tasa, IO i MPU3BEJIO 10 BiHOBICHHS OHIXOKPHITO3Y. OTHIM CeaHCOM MaHyalbHOI KOPEKIlii KiCTOK Ta3a
BJAJIOCS BITHOBUTH HOTO HOpMaibHe ()i310JIOTiYHE MOJOKEHHS, Yepe3 THKACHb MPOSBH OHIXOKPUITO3Y
3HHUKJIM 1 BIIPOJIOBXX HACTYITHOTO POKY HE 3’ sBisutics. OTxe, B IPOLECi pOCTy OpraHi3My IOJI0KEHHS Ta3a
HEPIJIKO BTpayae CTaOLIBHICTH 1 TpaIusieThesl Horo mepekic. batbkam auTuHM Tpeba peTesbHO 3a UM
CJIIZIKYBATH 1 B pa3i peUUANBY BYaCHO 3BEPTATUCS JI0 MPOGIILHOrO CIeialicTa, IIMM BAACTHCS 3aro0irTH
PO3BUTKY i IPOTPECYBaHHIO HE TUIHKH CKOJIO3Y, a i CYITyTHHOTO HOMY OHIXOKPHIITO3Y.

Kniniunuii eunaoox Ne2

IMauienTka B., 8 pokiB, AiBunHKA, yueHHHs mKoaH. Briepiue 3BepHynachk B ML «YkpaiHchKuit
TpaBMOIIeHTp» B ciuHi 2019 p., ckepoBaHa Ha JTIKYBaHHSI ITiCIISI MEMYHOTO OTJISTY B IITKOJI.

DS: CkomiotnyHa moctaBa, oHixokpunTo3 | crafii, mepekic Taza.

Ckapeu: TIpoTsrom poky TypOye MOYEpBOHIHHS 1 HAOPSAKIIICTh BEIMKOTO MaJIbIls IPABOI HOTH,
0coONMBO TpHM HATUCKaHHI Ha HBOTO 1 HOCIHHI B3YTTSA MO HO3i. HeMoXIWBicCTH BiABiIyBaTH
TaHIIOBAJHHUIA TYPTOK Yepe3 OUTh Y TalbIli.

Anamnes 3axeopioganns: B nepiiomy knaci 6aTbKu 3BepHYJH yBary Ha (JOpMyBaHHS B AUTHHU
CKOJIIOTHYHOI TIOCTaBH, TOMY 3allACaliil JIBUMHKY B TAHIIOBAIGHHN TypToK. [licnst Micsius 3aHsTh
JIUTHHA TT0YaJIa CKapKUTUCS HA TIOYEPBOHIHHS, HAOPSAKIIICTP 1 OUTh BETTMKOTO MAJIBIIS MIPaBOi HOTH B 30H1
BUXOJy 3arOCTPEHOTrO KIHI HIrTs 3 OOKOBOI Ma3yxW JIaTepalbHOrO BalMKa 3 BHYTPIIIHBOTO OOKY
naJyibl. 3a PEKOMEHJIAIEI0 AUTSIYOrO JIiKaps JIBYMHII MIOJCHHO POOWIM BaHHOYKH XBOPOTO HaJIbIlS
noyeproBo pozunHamu KMnO, i NaCl, 3a TwxneHp-aBa Oib, TOYEPBOHIHHSA W HAOPAKIICTh MAIBIT
NPOXOAMIN, JUTHHA TIOBEPTAIacs 0 3aHATh y TYPTKY 1 BCe HOBTOpIOBasIocs 3HOBY. Ilicist piuHux cnipob
a/IanTyBaTHCS JI0 3aHAThH TAHISIMH BiJI HUX JIOBEJIOCS BiIMOBUTHUCS Yepe3 PEIMANBYOUNIA OHIXOKPHIITO3.
Ha Meamunomy ormsii B mikosi B ciuni 2019 p. crnerianictamu ML «YkpaiHChkuit TpaBMOLIEHTP» OyB
TIOCTABIICHUN /iarHO3: CKOJIOTHYHA TMOCTaBa, OHiXokpurto3 | cramii, mepekic Taza i i geramizarii
JiarHo3y Ta IMOJAJIbILIOro JIIKYBaHHS PEKOMEHIOBAHO 3BEPHYTHCS B LICHTP.

Kniniuni  oaui: Tlpm oOCTeXEHHI JUTHHU OPTOIEIOM-TPAaBMATOJIIOTOM MaHYaJlbHUM
TepaneBTOM OyB BHSBJICHHUN NPaBOCTOPOHHINM MepeKic KicTok Ta3a. JliBa Hora Bi3yalbHO 3A€ThCS
KOPOTIIOK 32 TpaBy Ha | cM, Xoua aHATOMIYHO KIiHIIIBKM OJHaKoBi. BOKOBe IiBOCTOPOHHE
BUKPHBIICHHSI XpeOTa (YHKI[IOHAILHOTO XapakTepy 0e3 Mop(hOoJOriYHUX 3MiH B TPYIHOMY BiJUILII
HiATBEp/PKEHE TAHOPaMHHUM PEHTI'CHIBCHKAM 3HIMKOM. Ha BelMKOMY Tamblli MpaBoi HOTH BPOCIWH
HITOTb, CIIOCTEpIraeTbca epureMa, He3HauHud Oinme (3 mo mkani BAI) npum HaThckaHHI Ha
JlaTepaJbHUN HITThOBHUI BaJIUK.

Jixysanns: B ciuni 2019 poky mpoBeAEHO OJUH KypC MaHyalbHOI KOpeKiii i3 3 ceaHCIB.
[lepmmmM ceaHcoM MaHyaJbHUMH METOAAMH, 3aKJIaJleHUMHU B aBTOpchbkii Meronuni C. dpanka, 0yio
YCYHEHO TepeKic Taza — rmepen APYrUM CEaHCOM ITSITH 000X Hir Oyl Ha OJHOMY DiBHi, a CTOIH
3aUIIAINCS TTApaTeIbHUMK B TIOJOXKEHHI JIe)Kadn Ha JKUBOTI. 3aBJISKU BiJIHOBICHOMY MPABHILHOMY
MIOJIOKEHHIO Ta30BUX KICTOK MEPIIMM CEaHCOM BAAIOCS BHUPIBHATH BEpTHKAJIbHY Bich XpeOTa, a
HUISIXOM TE€PEpPO3NOALTY TOYOK NMPHKIIAJACHHSI HaBaHTaKEHHA /10 3a0JOKOBAHUX CETMEHTIB APYTHM 1
TPETiM ceaHcaMH BJAJOCS 3MEHIIUTH JIYyrd OOKOBOTO BUKPHBIICHHS XpeOTa ax JI0 iX IOBHOTO
BHpIBHIOBaHHA. OTXe, TMEPIIMA CeaHC MaHyaJbHOI KOPEKIi KICTOK Ta3a OyB CIpsSMOBaHUN Ha
JKyBaHHS OHIXOKPUITO3Y 1 CKOJIIOTUYHOI TOCTABH, APYTHUH 1 TPETiil — NuIle Ha JIKyBaHHS OCTaHHBOI.
Jlo 3akiHueHHS Kypcy JiKyBaHHs, skuii TpuBaB 10 AHIB, BCi MPOSBHU OHIXOKPHUIITO3Y 3HHUKIH 1 B
MTOIAJTEIIIOMY HE TIOBTOPIOBAJIMCS 32 BBECH IIEPiO] MOHITOPUHTY CTaHY 3I0POB’S MAIIEHTKH MPOTATOM
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1,5 poky 3 inTepBanom 6 MicauiB. [liBunHKA BiTHOBWIIA 3aHATTS B TaHIIOBAILHOMY TYpTKy. batbkam
Oynm HagaHi PEeKOMEH[AIll IOTWKHEBO KOHTPOJIOBATH BIJICYTHICTH MEPEKOCY Taza B AWTHHU: B
TTOJIOXKEHHI JIe)Kadd Ha JKMBOTI HA TBEPHiM MOBEPXHI BUTATHYTI MBIl HIr MMOBHHHI ImepeOyBaTH Ha
onHOMY piBHi. [lopylieHHs i€l 3aKOHOMIPHOCTI € MapKepoM IMOBTOPHOTO BUKPUBIIEHHS KICTOK Tasa,
10 B CBOIO YePTy CBIYHATH PO HEOOXITHICTH IPOBEACHHS HACTYITHOTO KypCy MaHyallbHOI Tepartii.
BucHoBku. MaHyansHa Tepalis B moeqHanHi 3 Y XT, pa3oM i3 iHITUME METOIaMH, MOXE OyTH
e(eKTUBHUM 3aC000M y O0pOTHO1 3 OHIXOKPUNTO30M. ByJsio ToBeneHo, o NepeKic Ta3a MOXKHA BBaKATH
OJIHI€IO 3 TIPHYMH, YU HABITH MEPIIONPUYNH BUHUKHEHHS OHIXOKPUNTO3Y. BimTHOBIIEHHS MpaBHIBHOTO
TIOJIOXKEHHSI TA30BHX KIiCTOK MaHyalbHHUMH METOJaMH IPU3BOJHUTH JIO BiJJHOBICHHS CHMETPUYHOTO
pO3TalTyBaHHS 3arOCTPEHOTO Kparo HITTS B OOKOBii mMa3ycl JIaTepaabHOTO BaHMKa, a OT)KE 3arodirae
MOPYIICHHIO IUTICHOCTI M’SKOI TKaHMHH JIaTepalbHOTO BalWKa, K€ I MPU3BOJAWTH 110 TMOSBU
OHIXOKPHITO3y. TakuM 9MHOM, BHITPABIISIOYA MaHyaJIbHOIO KOPEKIIi€I po30aTaHCyBaHHs KICTOK Ta3a —
M030aBIIEMO HITTHOBHUI amapaT BiJf OHIXOKPUNITO3Y HABITh HE JOTOPKYIOUHCH JI0 XBOPOTO MANIBIIS.
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ARTICLE INFO ABSTRACT

Received: 22 July 2020 The energy supply of the body has an energy price, which is paid, in

Accepted: 09 September 2020 particular, by the myocardium. This price depends on the circulatory

Published: 30 September 2020 conditions, which can also be affected by iatrogenic factors, such as
subarachnoid anesthesia (SA) in the prone position. Decreasing of a

KEYWORDS vascular tone under the influence of SA requires the myocardium to

increase energy consumption to maintain an adequate cardiac index (CI).
With a resistive type of circulation, autoregulation of blood circulation
may become untenable, that requires artificial maintenance of vascular
tone with the al-adrenomimetics, that also contribute to an increase in
energy expenditure by the myocardium. All this makes the assessment of
blood flow energy relevant.

The aim of the study was to study the effect of SA in the prone position on the energy of circulation.

65 patients underwent transpedicular stabilization of 1-2 segments under SA in the prone position have been
examined. On the eve of the operation, the prognostic index of hemodynamic instability (PIHI) has been
determined by the N. Lysohub’s method. At three stages (the position on the back after performing SA, 5 and 20
minutes after turning on the prone position), kinetic (systolic index, ejection fraction, heart rate and Sl), dynamic
(effective, or average, AP — APe, central venous pressure, the difference between them — systemic perfusion
pressure and specific peripheral vascular resistance) and hemic (blood oxygen content) indicators have been
determined. Based on these indicators and the energy potential of oxygen (the energy obtained by glucose
oxidation by 1 mol of oxygen), the following energy parameters have been calculated: flow power index (FPI),
tissue power consumption index (TPCI), oxygen reserve (OR) and circulatory reserve index (CRI). APe was
maintained at least 60 mm Hg during anesthesia by infusion and, if necessary, by administration of the al-
adrenomimetic phenylephrine. Patients have been retrospectively divided into 2 groups: patients of the VF1
group (n = 25) needed phenylephrine administration, and patients of the VF2 group (n = 40) did not need it.

The following results have been obtained. The minimum PIHI in the VF1 group was 0.1, which made it
possible to expect a high probability of hemodynamic instability, while in the VF2 group it was no higher than
0.05. The integral kinetic parameter CI in the groups did not differ significantly, but the energy consumption
and their efficiency between the groups significantly differed. FPI in the VF1 group was significantly lower
than in the VF2 group, although TPCI did not differ significantly between the groups. TPCI compliance with
tissue needs was determined by OR, which was significantly lower in the VF1 group. The final parameter CRI
was significantly lower in the VF1 group, although CI did not differ significantly from the VF2 group level.
This indicates energy insufficiency of circulation in patients with a resistive type of circulation against the
background of SA in the prone position, so with this type, the presence of which is confirmed by a high PIHI,
preference should be given to another type of anesthesia.

energy of blood circulation,
subarachnoid anesthesia,
prone position.
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Introduction. Today, it does not require additional evidence that for the vital activity and
preservation of the integrity of a living organism, it needs a constant flow of energy from the outside at a
sufficient speed. It had long been established that at rest, an organism weighing about 70 kg requires
about 1800 kcal of energy per day, which is about 90 W [1, 2]. This power must be developed, for
example, when lifting a weight of 9 kg to a height of 1 m in 1 second. This example provides a visual
representation of the minimum rate of continuous energy consumption by the body [3].

The necessary speed of energy production is provided by aerobic oxidation of substances
obtained from food, so in the process of evolution, a perfect system of oxygen transport (SOT) was
formed, one of the links of which is the circulatory system (CS). However, the CS, which must bring an
adequate supply of energy to the tissues by means of transport of the carrier of potential chemical energy
(PCE) — oxygen, itself needs energy for its functioning, and the ratio between the consumed and
delivered energy (“energy price of energy supply") must be optimal. In other words, the target parameter
of CS regulation is the volume velocity of blood flow (cardiac output — CO), and the means of
regulation is the blood flow power (BFP). If there is a violation of the regulation of CS, maintaining an
adequate CO and, consequently, satisfying the energy needs of tissues become impossible [3].

latrogenic drop in vascular tone during subarachnoid anesthesia (SA) is one of the reasons for
the violation of CS regulation. This situation can be aggravated by changing the position of the body.
All this leads to violation of conformity of volume of circulating blood (VCB) to volume of vessels
that can be supported by the body during SA only with increase in force and rate of heart contractions.
This increases power consumption by the myocardium, while his ability to do this can be in varying
degrees limited. It is known that SA, performed using the same technique and reaching the same level,
does not lead to circulatory disorders in some patients, while in others it causes severe destabilization
[4]. The only reasonable explanation for this fact, from our point of view, is that the autoregulation of
CS in different individuals is carried out with the predominance of different mechanisms, which,
however, provide an adequate supply of energy to tissues under average daily loads. It is only when
conditions go beyond the average limits that these differences are revealed. This view is confirmed by
published research results, according to which there are three types of circulatory regime: resistive,
capacitive and balanced [5]. Apparently, it is in the resistive type of blood circulation that SA leads to
the destabilization of hemodynamics. Recently, a method was found for predicting a high probability
of developing circulatory instability in SA in the prone position by calculating the predictive index of
hemodynamic instability (PIHI). If its level exceeds 0.5, the probability of hemodynamic
destabilization during SA in the pront position is very high [6, 7]. latrogenic correction in this case
should consist in artificial filling of the vascular bed (infusion), if this measure is ineffective — in an
artificial increase in vascular tone with ai-adrenomimetics. In any case, all regulatory influences, both
spontaneous and artificial, will affect the energy of blood circulation and its effectiveness.

The aim of the study the effect of subarachnoid anesthesia in the prone position on the energy
of blood circulation.

Materials and methods. The course of SA in the prone position has been studied in 65 patients
operated for degenerative diseases of the spine. On the eve of the operation, in all patients PIHI has been
calculated using the method developed By N. Lizogub and co-authors [6, 7]. All patients have been
undergone the same surgical intervention (transpedicular stabilization of 1-2 segments) under SA,
performed using the same method, which consisted of the following. V. subclavia has been catheterized
in the operating room, then volemic preparation has been performed with a balanced crystalloid solution
in the volume of 6.38+1.14 ml/kg. SA was performed with 0.5 % hyperbaric bupivacaine solution
administered in the L2-L3 interval in a sitting position through a G25 needle for 20 seconds, after which
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the patient was laid on his back for 5-7 minutes, and then turned on proone position. The study was
performed up to 20 minutes after turning on the pront position. In the case of a decrease in effective
(average) blood pressure (APe) to 60 mm Hg, the administration of phenylephrine was started using a
syringe pump (10 mg in 50 ml of saline solution) at the speed necessary to maintain APe.

Depending on the presence or absence of the need to use ai-adrenomimetics, patients have
been retrospectively divided into 2 groups. The group VF1 (n=25) included patients whose
hemodynamic stabilization was possible only with the help of the ai-adrenomimetic phenylephrine,
and the group VF2 (n=40) — patients who did not require the use of vasopressors. The
characteristics of patients are presented in table 1, which shows that the destabilization of blood
circulation occurred more often in young men with excessive body weight. Probably, the type of blood
circulation in patients of the VF1 group is unbalanced (more often — resistive), and in patients of the
VF2 group — balanced (a combination of resistive and capacitive types).

Table 1. Distribution of patients by groups

Body
. Bod
Age, years, Body Height, surfaZe mass Men Women
Group Mic mass, kg, sm, area. m2 index, n (%) n (%)
M+o M+o M7ic5 : kg/m?,
M+to
VF1 42,0 95,0 173,3 2,19 31,6 16 9
(n=25) +5.4 +99 +7.0 +0,15 +1,9 (64,0£9,6) (36,04£9,6)
VF2 459 72,0 174,9 1,96 23,5 17 23
(n=40) +8,7 +8.7 +6,2 +0,14 +25 (42,5£7,8) (57,5£7.8)
p 0,046 <0,001 >0,3 <0,001 <0,001

Since the energy parameters of blood circulation are determined by mechanical (kinetic and
dynamic) and hemic parameters [3], they have been determined during SA at three stages: 1) in the
back position after performing SA; 2) 5 minutes after turning on the prone position; 3) 20 minutes
after turning on the prone position (table 2).

Table 2. Blood circulation indicators
Kinetic Dynamic
Sl, EF, HR, CI SPP, SPVR

Hemic
Hb, Ht, So,, po,, Co,, To,, Vo,

Energy
IBFP, ITPC, OTP, OCP, OR, ICR

Kinetic parameters (determined by echocardiography): stroke index (Sl), ejection fraction
(EF), heart rate (HR), and cardiac index (Cl). Dynamic parameters: systemic perfusion pressure (SPP),
i.e. the difference between APe and central venous pressure, and specific peripheral vascular
resistance (CPVR), calculated according to the Poiseuille-Franck law. Blood content (Co,), transport

(To,) and consumption (Vo,) of oxygen have been calculated based on the measured concentrations of
hemoglobin, hematocrit, hemoglobin saturation with oxygen (So,) and partial pressure of dissolved
oxygen (po,) in the conventional way, the amount of oxygen was measured not in units of volume, but

in units of mass (mol). Hemic parameters of arterial blood have been determined by taking capillary
blood with its preliminary arterialization by placing the fingers of the hand in water at a temperature of
39 °C. The energy potential of oxygen (EPO) is determined from the final equation of complete
aerobic glucose oxidation and is equal to 480 kJ per 1 mol of oxygen.

Using mechanical and hemic parameters, oxygen and energy transport parameters have been
calculated: blood flow power index (IBFP, W/m?), tissue power consumption index (ITPC, W/m?), oxygen
transport and consumption pressure (OTP and OCP, kJ/mol), oxygen reserve (OR, dimensionless value)
and circulatory reserve index (ICR, W/m?). IBFP reflects the useful work of the myocardium, OTP and
OCP — the energy of the myocardium, which is accounted for by transport and consumption of 1 mole of
oxygen, respectively. OR shows the correspondence of oxygen consumption by tissues to their needs, its
calculation is based on the final equation of anaerobic glucose oxidation with the production of lactate.
The integrating energy parameter is the ICR, which is equal to the product of IBFP and OR and takes into
account all multidirectional undefined fluctuations in the mechanical and hemic parameters of oxygen
transport. A decrease in the IBFP corresponds to a certain degree of circulatory failure. The reference
values of energy parameters have been previously determined in the study of CS of healthy volunteers.
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Results of the research. The PIHI of patients in the VF1 group was 0.53+0.42, that is, the
spread of its values was significant, but only in 8 patients it was below 0.1, in the rest it exceeded 0.3.
In the VF2 group, the PIHI was less than 0.05, that is, this parameter has a reliable prognostic value
for the course of SA in the prone position.

There were no significant changes in such Kinetic parameters as Sl and EF during the study, while
these parameters significantly differed in the groups of patients when compared with each other and when
compared with reference values (Fig. 1). CI did not show significant differences when comparing groups
of patients, although in the VF2 group in stage 2 the CI decrease was significant, but not to critical values.
In both groups of patients, Cl was significantly lower than the reference values: according to the study
stages in the VF1 group, it was 2.840.4, 2.7+0.4 and 2.8+0.4 I/min-m?, in the VF2 group — 3.0+0.4,
2.8+0.4 and 2.9+0.4 I/min-m?. The absence of significant differences between groups of patients in Cl in
the presence of significant differences in SI and EF reflects a compensatory reaction in the form of
tachycardia, which was not significantly inhibited by SA and vasopressors (in the VF1 group).
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Fig. 1. Kinetic parameters during SA, M+m
(here and further: —— p < 0,05 compared to the previous stage, ---- p > 0,05 compared to the
previous stage, 0— p > 0,05 between groups, VI — group of healthy volunteers).

In contrast to kinetic, dynamic indicators were subjected to significant changes throughout the
study, which had a certain effect on the level of energy parameters (Fig. 2). At the beginning of the
study, SPP in the VF1 group was significantly higher (95.9+12.5 mm Hg) than in healthy individuals
(89.5£8.2 mm Hg) and in the VF2 group (85.4+10.3 mm Hg), between the latter there were no
significant differences in SPP. At stage 2, SPP significantly decreased in both groups, becoming
significantly lower than in healthy individuals, and in the VF1 group it decreased more despite the
administration of vasopressors (to 71.5+8.1 mm Hg versus 75.5£7.8 mm Hg in the VVF2 group). This
dynamic was stable and continued until the end of the study: in the VF1 group, the SPP decreased to
65.545.3, and in the VF2 group — t0 69.9+£5.4 mm Hg.
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Fig. 2. Dynamic parameters during SA, M=m.

The SPVR at stage 1 was significantly different when compared both between groups of
patients and when comparing groups of patients and healthy individuals (2743+490, 2279+291 and
2100+127 dyn-s-m*cm®, respectively, in groups VF1, VF2 and in healthy volunteers). At stage 2,
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SPVR decreased significantly in both groups, and in the VF1 group more significantly despite the
administration of vasopressors, and thus this parameter has become the same in both patients and
healthy (respectively 2125+295, 21444265 and 2100+127 dyn-s‘m?-cm™®). Further the dynamics of
SPVR in both groups of patients were the same (in the group VF1 — 19144265, in the group VF2 —
19234253 dyn-s:-m?cm™®), but patients in the group VF1 received phenylephrine.

The described dynamics of mechanical parameters of blood circulation can be explained in
such way. Patients of the VF1 group are characterized by an unbalanced circulatory regime with a
predominance of resistive type of regulation, whereas patients of the VF2 group had a balanced type
of blood circulation. In patients of the VF1 group, there seems to be some tension in blood circulation
compensation, manifested by a tendency to arterial hypertension, a decrease in Sl and CI, and an
increase in SPVR. Primary may be a slight decrease in the contractile capacity of the myocardium
(CCM) with a compensatory increase in the SPVR, or an increase in the SPVR for various reasons
(hypertension, psychoemotional stress, etc.) with insufficient compensation from the CCM. A greater
risk of this state, according to the results of our study, occurs in younger people with an increased
body mass index. In any case, we can say that these patients have formed a certain blood circulation
regime that meets the needs of tissues for oxygen in everyday life with average physical activity.
Under the influence of SA, there is a decrease in SPVR, the increased level of which is compensatory
without anesthesia. With insufficient myocardial reserves, arterial hypotension and a decrease in ClI
develop, which forces to compensate for the decrease in SPVR with the help of a;-adrenomimetics [7].

Support of blood circulation in patients of the VF1 group using vasopressors prevented a
significant decrease in the integral kinetic index — CI (there were no significant differences in the CI
level between the groups of patients), but other mechanical parameters of blood circulation in the VF1
and VF2 groups differed significantly (except for SPVR at the 2" stage of the study), which could not
but affect the energy efficiency of oxygen and energy transport.

IBFP at the 1% stage of the study in both groups did not differ and was significantly lower than in
healthy individuals: in the group VF1, it was at the level of 606126 mW/m?, VF2 — 578+124 mW/m?, in
healthy individuals — 678+90 mW/m? (Fig. 3). This did cause a lower Cl against the background of
increased SPVR, and the increase in SPP in patients of the VF1 group was not sufficient to maintain Cl. In
other words, the myocardium of patients in this group did not have sufficient reserves to overcome the
increased SPVR. As the vasoplegic effect of SA developed, the TPVR decreased to the reference level, but
the strength of myocardial contractions remained at the same level (Sl and EF, as well as heart rate, did not
significantly change), which has led to a significant decrease in SPP. The described changes were reflected
in a significant decrease in IBFP at the 2" stage of the study, especially in the group VF1 — up to
434491 mW/m?, (VF2 — up to 479+92 mW/m?). It is noteworthy that the dynamics of IBFP is due to
changes in dynamic parameters, the kinetic parameters changed slightly, this illustrates the insufficiency of
assessing the state of the CS only using CI. At stage 3, the IBFP in the VF1 group was already significantly
lower (404475 mW/m?) than in the VF2 group (459+86 mW/m?).
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Fig. 3. Blood flow power during SA, M*m.

A low IBFP may mean that most of the myocardial energy is spent directly on oxygen
transport and less on other transport needs, i.e. the oxygen (energy) cost of tissue energy supply
increases. This price is reflected by indicators such as OTP and OCP, but for their determination,
hemic indicators of oxygen transport are necessary (Fig. 4).
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At the beginning of the study, the blood oxygen content was the same in both groups, not differing
from the level of healthy volunteers (Cao, — 8.53+0.54 mmol/ml, Ca.yo, — 2.2120.23 mmol/ml). At stage

2, there was a tendency to decrease Cqo, (to 8.17+0.49 in the VF1 group and to 8.24:0.40 mmol/ml in the
VF2 group) and increase Cao, (to 2.29+0.27 in the VF1 group and to 2.27+0.16 mmol/ml in the VF2
group). At stage 3, Czo, in both groups has become almost the same (2.40+0.16 and 2.26+0.14 mmol/ml,
respectively), what is significantly lower than the level of healthy individuals, but the dynamics of Ce.o,

in the patient groups was different. In the VF2 group, this indicator has not been changed, and in the VF1
group it continued to increase (to 2.40+0.16 mmol/ml), becoming significantly higher than the initial level.
Against this background, tissue oxygen consumption has not been changed significantly throughout the
study, although it was lower than in healthy individuals, as was oxygen transport. Thus, we can conclude
that when the oxygen transport fluctuates within certain limits, the tissues extract all the oxygen they need
from the blood, regardless of the level of its delivery. This is illustrated by the dynamics of OTP and OCP.

OTP, equal to the ratio of SPP to Cao,, shows the work of the myocardium, accounting for the
movement of 1 mole of oxygen, OCP is equal to the ratio of SPP t0 Ca)o, and shows the work of
moving the consumed part of the oxygen. If at the beginning of the study these parameters differed
from the level of healthy (OTP — 1.40+0.17 kJ/mol, OCP — 5.46+0.84 kJ/mol) insignificantly, then
they significantly decrease (OTP to 1.09+0.11 kJ/mol in the VF1 group and to 1.17+0.11 kJ/mol in the
VF2 group; OCP — to 3.65+0.40 and 4.13+0.35 kJ/mol, respectively). A decrease in these parameters
means that more and more of the myocardial energy is spent directly on the movement of oxygen, that
is, the energy price of tissue energy supply is increasing.

Against this background, the ITPC that repeats the Vo, dynamics, changed little for the same
reason that Vo, did not change much, but the ITPC compliance with the energy needs of tissues in the

VF1 group was violated, as evidenced by changes in the OR (Fig. 5).
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In the VF2 group, OR did not significantly differ from the level of healthy volunteers during
the entire study, although the kinetic and dynamic parameters of patients in this group differed from
the reference values. This can be regarded as the transition of an organism with a balanced type of
blood circulation to a more economical mode of life, although the reasons and mechanisms for this
transition are not clear. It can be assumed that the use of adrenomimetics in patients of the VF1 group
increases the need for tissue energy, which can not be met at the same level of ITPC.
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Changes in all parameters of blood circulation are summed up in the ICR. Already at the first
stage of the study, in patients with an unbalanced type of blood circulation (group VF1), this
parameter was significantly lower (445+175 mW/m?) than in healthy individuals (617+145 mW/m?).
This means that the useful work of the myocardium is not sufficient to fully meet the energy needs of
tissues, which is confirmed by a reduced OR. In the future, the ICR decreases in both groups, but to a
greater extent — in the VF1 group. In this group, at the end of the study, the ICR decreased to
202+65 mW/m2, and in the VF2 group — to 370158 mW/m?.

The total dose of phenylephrine required to maintain APe at least the target level (60 mm Hg)
in patients of the VF1 group was 5.86+2.85 mcg/kg.

Naturally, the question arose about the predictive value of parameters of the initial state of the
kinetics, dynamics and energy of blood circulation. To solve this issue, we studied the relationship of the
initial ICR with PIHI and the dose of phenylephrine required to maintain blood circulation. The results
were such as the next. The correlation coefficient of the initial ICR with the dose of phenylephrine was -
0.80+0.07, while the association of PIHI with the initial ICR was absent (-0.23+0.19). From this, as well as
from other results obtained, it follows that PIHI, the calculation of which is based on kinetic and dynamic
indicators of blood circulation, with great accuracy allows to predict the instability of hemodynamics when
performing SA in the abdominal position. The severity of hemodynamic instability can be predicted with
high probability when taking into account the initial energy indicators of blood flow.

Thus, for evaluating the state of CS traditional mechanical indices (SI, Cl, SPP) is not enough, it is
necessary to consider the energy circulation and energy supply of tissues. The energy approach to the study
of CS during SA in the prone position allows to identify differences in the efficiency of energy supply to
tissues depending on the initial blood circulation regime, which determines the response of CS to SA.

Conclusions. 1. One of the main compensatory reactions of the circulatory system when the
supply of oxygen to tissues deteriorates is an increase in vascular tone. The increased severity of this
reaction is characteristic of an unbalanced type of blood circulation with a predominance of the
resistive component. The blockade of this reaction against the background of SA violates the
compensation of blood circulation, especially in its resistive type.

2. In order to fully assess the effectiveness of the CS, it is necessary to take into account its
energy characteristics.

3. Energy analysis of blood circulation during SA in the prone position has been shown that
with the initial unbalanced blood circulation mode with a predominance of the resistive component,
artificial increase in vascular tone with as-adrenomimetics does not allow to maintain the
correspondence of the energy supply of tissues to their needs, so to choose the optimal anesthetic aid,
it is necessary to determine the type of blood circulation before surgery by calculating the predictive
index of hemodynamic instability (PIHI) by Lyzohub.
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ARTICLE INFO ABSTRACT
Received: 23 July 2020 Statins are the integral medications for the management of patients with
Accepted: 10 September 2020 acute coronary syndrome including unstable angina (UA) with multiple
Published: 30 September 2020 pleiotropic effects. However, the influence of statins on the coagulation
system is controversial. Our study aimed to explore the effects of
KEYWORDS atorvastatin and rosuvastatin in high doses on some coagulation parameters
. . (prothrombin pool (PP) and soluble fibrin-monomer complexes (SFMC)
Unstable angina, atorvastatin, concentration) after a 7-days follow-up period in patients with UA. We
rosuvastatin, coagulation, recruited 50 patients aged 55 to 70 years with progressive UA. Standard
prothrombin pool, soluble fibrin therapy according to ESC guidelines 2020 was recommended for all
monomer complex. patients. Before treatment onset, they were divided into 2 groups: group A

— 26 patients were prescribed atorvastatin, group R — 24 patients with
rosuvastatin treatment. The blood samples to analyze the concentration of
PP and SFMC were collected twice — before the treatment onset and 7 days
after. We revealed significant decrease in PP concentration (p=0,02) and
increase in SFMC concentration (p=0,01) in group A patients while there
were no significant changes of investigated parameters (p=0,94, p=0,57
respectively) in group R. Additionally, we have noted significant negative
correlation between baseline PP concentration and direction of PP changes
(r=-0,803, p<0,001) as well as PP changes direction and SFMC
concentration after treatment (r=-0,655, p<0,001). Thus, we may consider
that atorvastatin and rosuvastatin are characterized by different influences
on coagulation in patients with progressive UA with standard basic
treatment. The rebound coagulation system activation after anticoagulant
discontinuation is more pronounced in UA patients against a background
of atorvastatin treatment in comparison with rosuvastatin.
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Introduction. Statins (3-hydroxy-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors) are considered a cornerstone in prevention and treatment of atherosclerosis and its
complications [1, 2], as it was shown that this group of medicines reduces the risk of major vascular
events [3] as well as cardiovascular and all-cause mortality [4].
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While the enormous targeted investigations were performed to analyze the data regarding the
direct pharmacological hypolipidemic mechanism of statins [5], the plethora of statins’ pleiotropic
effects was revealed [6]. Most of them are explained by the anti-inflammatory properties of statins [7].
Thus, statins adjust two main pathogenetic mechanisms of coronary artery disease progression,
particularly dyslipoproteinemia and inflammation. It was found that even short-term treatment with
statins influence on coronary heart disease, which is of high importance regarding the management of
patients with acute coronary syndrome [8].

Far less attention is paid to the influence of statins onto the hemostasis, though the latter
imbalance occupies a fitting first place especially in case of coronary artery disease destabilization,
when atherothrombosis occurs [2].

Traditionally, acute cardiovascular events are reckoned to be connected tightly with the
formation of platelet-rich thrombi. But the insufficient effect of even double antiplatelet therapy and
finally results of autopsy findings with fibrin-rich thrombi that cause myocardial infarction suggest the
underestimated role of the coagulation with thrombin as the central enzyme [9] and its precursor
prothrombin. Consequently, it stands to reason that anticoagulants are mandatory medicines for the
management of patients with acute coronary syndrome [2]. Soluble fibrin monomer complex (SFMC)
which is famous for its diagnostic potential in patients with myocardial infarction and unstable angina
(UA) [10] is one of the coagulation cascade intermediate products with further fibrin polymer
formation as the direct way to thrombosis occurrence [11].

Ancillary effects of statins on the coagulation system were described in several reviews but
with a note about rather controversial results of studies. There is some data about the influence of
statins on thrombin and fibrin [12, 13].

Thus, the main target of our study was to investigate whether the difference between statins
regarding changes in blood plasma coagulability exists. Among all types of statin, it was chosen
atorvastatin and rosuvastatin as the most widely used representatives of this group which vary in their
lipophilicity, elimination half-life, potency, and the mevalonic acid pathway influence [14]. For this
purpose, we have analyzed 2 parameters: SFMC and prothrombin pool (PP) which reflects the
concentration of all molecules with epitopes of prothrombin origin [15]. A 7-days follow-up period
(36 hours after anticoagulant withdrawal) was of high interest for us as just at this time the risk of
thrombotic events increases.

Materials and Methods. In our prospective observational study, we recruited 50 patients aged
between 55 and 70 years old (19 females (38%)) which were hospitalized to the cardiology department
with an established diagnosis of progressive unstable angina. Also, we included only those patients who
had not been taking statins for at least 3 months (mainly, because of low compliance with treatment).

The protocol of the study was approved by the Research Ethics Committee of the Bogomolets
National Medical University. The patients gave written consent to participate after the explanation of
the survey design.

All patients received conservative standardized treatment according to the current ESC
Clinical Practice Guidelines [2], particularly anticoagulant (enoxaparin 1 mg/kg twice daily 3 days, 0,5
mg/kg twice daily 2 days subcutaneously), acetylsalicylic acid (ASA) 75 mg once daily, clopidogrel
75 mg once daily, bisoprolol in dosage depending on heart rate (HR) and blood pressure (BP) once
daily, angiotensin-converting enzyme inhibitor (ACEi) (enalapril/ramipril/perindopril in individual
dosage), nitrates in infusion once daily and 20 mg in tablets twice daily, pantoprazole 20 mg once
daily. But depending on statin therapy which was prescribed the patients we formed 2 groups. The
patients of group A have been treated with atorvastatin 60 mg per day, while the patients of group R
were recommended rosuvastatin 20 mg per day. Such a dosage is believed to be equivalent to these
medicines [16]. The follow-up period was 7 days.

The exclusion criteria were conditions with a possible thrombophilic state such as heart
defects, persistent atrial fibrillation / atrial flutter, cardiomyopathies, non-ischemic myocardial
injuries, heart failure 11B-111 stage, endocrinological disorders, active infection, chronic diseases in the
period of exacerbation, blood diseases including coagulopathies, anemia of II-11l stage, glomerular
filtration rate less than 60 ml/min./1,73 m2, hepatic dysfunction, malignancy, traumas, and bleedings
within 6 months before this study, myocardial infarction or stroke within 1 year before this survey.

Immediately after admission the patients passed the general clinical examination with
anamnesis gathering, ECG at rest registration, qualitative troponin | test.
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If according to the preliminary information the patient met inclusion criteria we collected blood
samples for hemostatic parameters under investigation (PP, SFMC) before initiation of treatment. We
controlled above mentioned hemostatic parameter after 7 days of treatment (36 hours after enoxaparin
discontinuation). Blood samples were taken by phlebotomy in sodium citrate, centrifugated, aliquoted,
and frozen until use. We determined SFMCs concentration by colorimetric orthophenanthroline method.
We used ELISA immune assays with primary and secondary antibodies following the manufacturer’s
instructions (Santa Crus Biotechnology, CA, USA) to evaluate PP concentration.

Also, we performed echocardiography as well as a basic routine blood analysis set (hepatic
and renal panel, complete blood count, lipidogram) and hs-Troponin | test.

We used SPSS (version 22, IBM Corp, USA) for data analysis. Test for normality was
provided with the Shapiro Wilk test. We presented numerical data as the median with interquartile
range (Me(IQR)), while nominal variables were reported in absolute values (percentage) and
compared by using the chi-squared test (x2). We used the Mann-Whitney (U) test for unpaired samples
and the Wilcoxon test (W) for paired samples to weigh the differences between numerical variables.
The correlation between variables was examined with the use of Pearson or Spearman correlation
depending on the type of variables. P-value <0,05 was considered statistically significant.

Results. In our survey we included 50 patients (age 66,0 (60,0-67,0) years, 19 females
(38,0%)) with progressive UA. In general, both groups are comparable, and some peculiarities of the
investigated population are reported in further tables.

Baseline characteristics of patients are presented in table 1. There was no significant
difference between groups including preliminary treatment. The latter is rather important while taking
into account multiple indirect influences of medicines onto coagulation. Relatively low compliance
with the treatment should be mentioned in recruited patients.

Table 1. Baseline characteristics of patients

Parameter Group A Group R p
Age, years 63,0(60,0-67,3) 66,0 (64,0-67,0) 0,39
Females, n (%) 8 (42,1) 11 (57,9) 0,27
BMI, kg/m?, 30,6 (27,2-32,7) 28,3 (26,7-30,0) 0,06
Preliminary treatment

RAASI, n (%) 18 (69,2) 19 (79,2) 0,07
Diuretic, n (%) 6 (23,1) 7(29,2) 0,75
CCB, n (%) 2(7,7 2(8,3) 0,89
B-blocker, n (%) 13 (50,0) 14 (58,3) 0,14
ASA, n (%) 8 (30,8 11 (45,8) 0,38
Nitrate, n (%) 2 (1,70 5 (20,8) 0,23

BMI — body mass index; RAASI — inhibitor of renin angiotensin aldosterone system;
CCB — calcium channel blocker, ASA — acetylsalicylic acid

Table 2 represents 3 main groups of criteria according to which the diagnosis was established,
particularly clinical features, biochemical marker (hs-cTn) and ECG changes while admission. Though
in general two groups are consistent, hs-cTn concentration tends to be higher in group R.

Table 2. Diagnostic criteria of unstable angina among the groups

Parameter | Group A | Group R [ p
Complaints while admission

Typical pain, n (%) 16 (61,5) 17 (70,8) 0,12
Atypical pain, n (%) 6 (23,0) 6 (25,0) 0,72
Dyspnoe (equivalent), n (%) 21,7 1(4,2) 0,24
hs-cTn, pg/ml 21,95 (17,72-28,62) 27,00 (22,25-30,95) 0,08
HR, beats/min. 76,0 (70,0-83,0) 72,0 (70,0-78,0) 0,17
ST-segment depression, n (%) 16 (61,5) 20 (83,3) 0,09
T wave variability, n (%) 15 (57,7) 17 (70,8) 0,38
New-onset LBBB, n (%) 2(7,7) 0 0,49
hs-cTn — high sensitive cardiac troponin; HR — heart rate; LBBB — left bundle branch block
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Chest pain was the prevailing complaint in observed patients (90,0%). 33 patients (66%)
suffered from typical retrosternal pain which was provoked by minimal physical exertion or even at
rest, others described the discomfort in cardiac region (6, (12,0%)), in scapular region (6, (12,0%)),
dyspnoe as the only possible equivalent of pain (3 (6%)) or just general fatigue which occurs suddenly
(2 (4%)). Other additional complaints included dyspnoe (70,4%), palpitation (59,8%), headache
(40,5%), dizziness (40,8%). In general, regarding complaints the groups were comparable.

The results of basic biochemical tests, echocardiography and BP while admission are
demonstrated in table 3. Lipidogram parameters of both groups patients were above recommended

targeted levels for high-risk patients while other biochemical characteristics were within normal ranges.

Table 3. General baseline laboratory and instrumental characteristics

Parameter Group A Group R p

TC, mM/L 6,03 (4,85-6,82) 4,99 (4,57-6,61) 0,16
LDL-C, mM/L 3,45 (2,19-4,66) 3,02 (2,62-3,35) 0,11
HDL-C, mM/L 1,20 (1,07-1,67) 1,42 (0,97-1,84) 0,64
TGs, mM/L 2,27 (1,60-2,83) 1,97 (1,26-2,27) 0,08
ALT, IU/L 0,75 (0,65-0,92) 0,75 (0,65-0,83) 0,19
AST, IU/L 0,60 (0,50-0,70) 0,55 (0,50-0,64) 0,45
GFR, mL/min/1,73 m? 60,0 (47,0-81,0) 59,5 (45,0-71,0) 0,55
Glucose, mM/L 4,8 (3,9-5,8) 5,0 (4,3-5,6) 0,38
WBC, x10%L 7,8 (6,8-8,2) 7,8 (5,8-9,6) 0,53
RBC, x10%/L 5,0 (4,5-5,3) 4,8 (4,3-5,1) 0,13
Hb, g/L 145,0 (132,0-148,0) 138,0 (133,0-146,0) 0,17
Platelets, x10%/L 256,0 (201,0-292,0) 243,5 (170,0-384,0) 0,94
EDV, mL 118,0 (109,0-129,0) 113,0 (100,0-121,0) 0,34
ESV, mL 43,2 (33,7-68,0) 42,0 (39,0-63,0) 0,54
IVS, mm 1,21 (1,11-1,40) 1,21 (1,10-1,24) 0,32
EF, % 55,5 (50,0-61,0) 61,0 (55,2-63,0) 0,14
sBP, mmHg 150,0 (140,0-160,0) 1475 (120,0-160,0) 0,91
dBP, mmHg 90,0 (82,0-92,5) 86,0 (80,0-93,0) 0,52

TC — total cholesterol; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; TGs — triglycerides; ALT — alanine transaminase; AST — aspartate
transaminase; GFR — glomerular filtration rate; WBC — white blood cells; RBC — red blood cells;
Hb — hemoglobin; EDV — end-diastolic volume; ESV — end-systolic volume; IVS — interventricular
septum; EF- ejection fraction; sBP — systolic blood pressure; dBP — diastolic blood pressure

The investigated patients were characterized by hypertensive left ventricular hypertrophy with
preserved ejection fraction. Also, while admission the normal blood pressure was registered only in 6

patients (12%).

To sum up all above-mentioned the groups were comparable by main characteristics.
The dynamic changes of investigated hemostatic parameters are shown in table 4.

Table 4. The concentration of prothrombin pool (PP) and soluble fibrin-monomer complexes

SFMC) before the treatment and after 7 days follow-up period

Variable Group A Group R pt |p*
n=26 n=24
Before After p* |Before After p*
PP, 0,163 0,158 0,02 |0,166 0,168 0,94 10,62 |0,001
rel.units/mL |(0,158-0,175) |(0,151-0,164) (0,158-0,178) {(0,157-0,174)
SFMC, 15,5 18,0 0,01 |19,0 18,5 0,57 10,01 |0,31
ug/mL (10,0-17,0)  [(15,8-21,0) (15,0-22,5) [(16,0-22,7)
PP — prothrombin pool; SFMC — soluble fibrin monomer complexes; before — at baseline; after —
after 7-days follow-up period; * - paired-test (W) in each group as compared to baseline; § - p of
intergroup comparison at baseline (unpaired U-test); # - p of intergroup comparison after follow-up
period (unpaired U-test)
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Before treatment PP concentration did not significantly differ between groups in contrast to
SFMC concentration which was higher in group R. The same baseline trend was regarding hs-cTn
concentration. However, after treatment, we registered the opposite relationship between the
investigated parameters of groups. Thus, while the SFMC’s concentration between groups was
compatible, the PP concentration in group R was significantly higher than in group A. At the same
time there were no significant changes of PP (-0,59 (-2,46-2,90)%) and SFMCs (-0,36 (-19,6-8,6)%)
concentration in group R unlike group A in which we noted significant decrease in PP concentration
by 4,9% (-4,9( -10,8-1,84)%) and increase in SFMC concentration by 10,8 (2,7-21,3)%.

We have noticed intragroup differences in direction of changes that are presented in Table 5.
A percentage of SFMC changes with the upward direction was significantly higher in group A.
Meanwhile, no significant difference was noted in group R, though the downward trend of PP
concentration in group A was in 65,4% of patients.

Table 5. Peculiarities of coagulation parameters changes among

Variable Group A Group R
Decrease, Increase, Decrease, Increase, p
n (% of group) n (% of group) n (% of group) n (% of group)
PP,
rel.units/mL 17 (65.4) 9 (34,6) 13 (54,2) 11 (45,8) 0,42
SFMC,
ug/mL 5(19,2) 21 (80,8) 12 (50,0) 12 (50,0) 0,02

Finally, we have checked correlations between investigated parameters in observed groups. In
terms of group A it was found strong negative correlation between PP concentration before treatment
and direction of PP changes (r=-0,803, p<0,001), direct correlation of mild strength between PP and
SFMC concentrations before treatment (r=0,626, p=0,001) as well as concentrations of PP before
treatment and SFMC after (r=0,447, p=0,02). Also, negative relations of mild strength were noticed
between PP changes direction and SFMC before treatment (r=-0,530, p=0,005) as well as after
(r=-0,655, p<0,001).

In the group R we have noticed direct correlation between PP concentration before and after
treatment (r=0,912, p<0,001) as well as SFMC concentration before and after (r=0,746, p<0,001).
Though there were no significant relations between PP and SFMC concentrations before and after
treatment, we have noted indirect relations between directions of PP and SFMC concentration changes
(r=-0,585, p=0,003).

Discussion. The results of our study confirm several statements regarding statins’ influence on
organism and drug-drug relations, however, with some practical supplement.

Currently, there is no doubt in the short-term positive effects of high-dose statin therapy on the
course of ACS. Zhi-Jian Liu et al. reported a significant decrease in high sensitive C reactive protein
and malonaldehyde as markers of inflammation and oxidative stress respectively in patients with acute
myocardial infarction and successful primary percutaneous coronary intervention received high-dose
atorvastatin therapy in comparison with moderate after only 7 days follow-up period [17].

However, as far as we know almost no data is regarding the effects of statins on blood plasma
coagulability after a short follow-up period as most investigators have described the data regarding a
more prolonged period of statins’ treatment. In general, it was mentioned that a decrease in thrombin
generation is highly suggestive [18], especially in patients with hypercholesterolemia [19]. Tonu S. et
al. registered a significant increase in prothrombin time after 8 weeks of treatment with atorvastatin
and rosuvastatin in low doses [20]. Fenton et al. found out that simvastatin downregulated thrombin
generation as prothrombin fragments F1+F2 in the blood plasma of type 2 diabetes patients were
lowering after the treatment period [21]. On the other hand, it was reported no influence of statin on
thrombin generation in patients with ACS [22].

The data regarding statins’ influence on fibrinogen concentration as the source of SFMC are
not less controversial. However, predominantly it was shown the impaired fibrinogen cleavage,
decrease the amount of fibrinopertides after statin treatment, changes of fibrin clot characteristics [12].

In our study, we have registered a significant decrease in PP concentration and an increase in
SFMC concentration in patients with progressive unstable angina after 7 days atorvastatin course
unlike in patients after the rosuvastatin course no significant changes of both parameters were noted.
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At first glance, a decrease in PP concentration is considered to be a good prognostic sign. However, an
increase in SFMC concentration is supposed to be a marker of increased risk of thrombotic
complications. We presume such condition may be connected with the “exhaustion” of PP after
intensified coagulation with the active formation of SFMC. Such a decrease in coagulation potency
may be in consequence of rebound thrombin generation after anticoagulant discontinuation [23].

The negative correlation between PP concentration before treatment and direction of PP
changes as well as the positive relation between the concentration of PP before and SFMC after
treatment come in support of our assumption.

In terms of rosuvastatin, a few peculiarities should be defined. Some pleiotropic effects of
statins are supposed to be connected with the nonsterol isoprenoid pathway. It was shown the reduced
expression of ubiquinone, dolichol synthesis, and protein prenylation pathway in recombinant yeast
strain with human HMGR by atorvastatin whereas rosuvastatin caused diverse effects (expression of
BTS1, COQ3, RER2 and downregulation of COQ2, CAT5, SEC59) [14]. Such finding direct to the
possibility of intragroup distinctions between accessory effects of statins.

Another point that should be mentioned is drug interactions between clopidogrel as medicine
for double antiplatelet therapy and statins. While rosuvastatin is transformed by CYP2C9, clopidogrel
and atorvastatin are metabolized by CYP3A4 isoenzyme of cytochrome P450 (CYP) [24]. The latter
peculiarity of atorvastatin may cause an increase in major adverse thrombotic events [25]. The
observed trend in the rosuvastatin group may be connected with either the above-mentioned facts.

We are inclined to qualify the absence of dynamic in group R after enoxaparin withdrawal as a
better trend than a decrease in PP along with an increase in SFMC concentration.

Conclusions.

1. Statins are characterized by different influences on coagulation in patients with UA.

2. The rebound thrombin generation after enoxaparin discontinuation is less marked in UA
patients against a background of rosuvastatin treatment in comparison with atorvastatin.

3. Rosuvastatin should be preferable to atorvastatin for patients with unstable angina if there
was no previous statin treatment.
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Relevance of the research: The increasing competition on the world gymnastics board
assumes that the championship will be maintained for those athletes who will be able to combine the
multi-structural complexity with virtuoso technical performance along with a special expressiveness,
emotionality, artistry. Therefore, an even better approach is required for the special motor training,
based on the principles of individualization and advanced development in ever-changing conditions in
which any modern gymnastics operates (1, 2, 5, 6, 7, 8).

The aim of the research — the improvement of the level of sports and technical training of
young gymnasts through the use of rational means and training methods.

The task of the research - experimental justification of the program of special-physical and
technical training of gymnasts-artists at the stage of sports improvement.

Organization of research. The study involved 34 young gymnasts, including 16 gymnasts
of the 1st class and 18 — CMS, divided into two groups of 17 people each. One of them was
conditionally named experimental (EG), while the second one was named control (CG). The
research was conducted in two stages.

The realization of experimental method was designed for 12 months and included two stages.
The first stage of gymnasts’ training for exercises with objects lasted from September 2018 to April
2019. This stage involved the development of special-technical skill (STS) only through the means of
special-physical (SPhT) and dynamic training. The training process provided performance of
exercises, directed towards the development of dynamic and static equilibrium, the ability of speed
and accuracy of reaction, differentiating the parameters of movements, the reproduction of rhythm.

The second stage of preparation was held from June to September 2019. According to the
results obtained on the basis of intermediate testing, the coaching staff was asked to continue the
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directional development of SPhT and STS in the process of forming the technique of performing
competitive elements and connections, combinations with objects in general.

The program of the experiment also included elements of self-competitive exercises with
objects relevant for rhythmic gymnastics, which were performed by gymnasts using the right and the
left sides of the musculoskeletal apparatus (MS) at the same time. The work with the object involved a
symmetrical or asymmetrical nature of execution. Implementation of the proposed exercises was
carried out in pairs, groups. Successful perception in the process of training sessions was ensured in
compliance with all theoretical norms of educational activity. (2, 5, 7)

Study results. The peculiarity of the experimental technique was observed in the following:

- purposeful improvement of the development mechanisms of special-physical and technical
preparedness by the means of summing-up and preparatory exercises;

- technically correct, unmistakable performance of basic and profiling elements, as well as
competitive exercises with objects;

- execution of competitive exercises with objects began after establishing a reliable increase in
the level of development of special physical qualities;

- performance of all exercises by the gymnasts of the SPhT and SMT leading and non-leading
sides of the MS.

The pre-learned complex is performed by a group of gymnasts to the music, without pauses
and stops. Synchronicity, consistency and a complete accuracy of movements are necessary in terms
of the assessment of quality. In addition to the level of mastery of basic skills the complex allows to
check the degree of functional motor asymmetry, stability and variability of the technique, compliance
with the standards, ability to work in group exercises, ability to use small space of the site, ability to
catch rhythmic accents.

To assess the performance, it is enough to use a 5-scale system, "+" and "-", added to the
main assessment allow to make it more subtle, as well as to note even minor differences between the
performers.

Complexes with all other objects are compiled using the same principle basis
(L.A. Karpenko 2003).

Comprehensive special-physical training was carried out in two forms (3, 4, 7):

- SPhT complexes;

- circuit training on the SPhT.

Special-physical training is mainly carried out in different parts of training sessions:

- at the beginning of the training session;

- at the end of the training session;

- as fragments throughout the whole training session.

With the purpose of control, development and further improvement of the motor abilities of
athletes, the complexes of special physical exercise recommended by L.A. Karpenko (2003) were used.

Special physical exercise complexes were recommended for performing at the end of the
training session. All exercises include an average dosage (number of repetitions in the set, number of
sets). Gymnasts who are lagging behind in any indicators were advised to increase the number of
performed exercises, aimed at the development of this particular motor ability; and vice versa, it was
possible to exclude the exercises or reduce their dosage to a minimum, if the level of development of
this motor ability was high enough.

At the same time, the effectiveness of the experimental method of training of young gymnasts
for exercises with objects was determined by three criteria:

-degree of development of SPhT (Figure 1);

-quality of performing competitive exercises with objects (Figure 2);

-effectiveness of competitive performance.

The degree of development of SPhT and SMT was determined by testing conducted before
and after the pedagogical experiment. In accordance with the results of preliminary testing of the
special-motor qualities, it was found that there are no significant differences between the results of
control exercises performed by EG and CG gymnasts (Figure 1, Table 1).

Comparative analysis of the data obtained from preliminary and final testing shows a reliable
increase in the results in all control exercises of EG and CG gymnasts.
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Fig. 1. The results of 4 control tests of SPhT for the gymnasts of experimental and control groups.

Table 1. The results of preliminary and final control tests on the SPhT of experimental (EG)
and control (KG) group gymnasts (M+£9)

EG CG

Ne Control Tests (score) t P
IX-2018 | IX-2019 | 1X-2018 | IX-2019

1 | Jump rope twist 5,5+0,20 | 8.10,21 | 5,7+0,14 | 5.8+0,17 2,95 |<0,01

2 | Split between two chairs 7,0£0,27 | 8,7+0,32 | 6,3+0,15 | 7.0+0,14 | 2,65 | <0,05

3 | Holding legs without 814032 | 8,6:04 | 7,96031 | 794022 | 1,7 |>0,05

gripping: forward, to side
180° equilibrium with grip:
forward, side, backward

90° leg raises on gymnastic
wall for 30 sec.

Double under jump rope drills

7,8+0,22 | 8,8+0,22 | 8.0+0,30 | 8,1+0,27 1,8 | >0,05

7,7£0,17 | 9,240,21 | 7,7+0,23 | 8,45+0,3 1,65 | >0,05

8,1+0,32 | 9,7+£0,23 | 8,0+0,30 | &,5+0,32 2,5 | <0,05

for 30 sec.
7 Zi‘;‘:;")’ard tilt with grip 74021 | 976027 | 7,5¢030 | 8,2:031 | 27 |<0,05
8 | Forward tilt with a bench 7,0£0,19 | 8,7+0,21 | 7,0+0,19 | 7,4+0,22 2,1 <0,05
9 | Running 30m. 7,35+0,2 | 8,27+0,2 | 7,25+£0,2 | 7,78+0,3 1,75 | >0,05
10| SPhT Average 7,32+0,2 | 8,87+0,2 | 7,26+0,2 | 7,68+0,2 | 2,45 | <0,05

At the same time, at the final stage of scientific research, the absolute result of experimental
group gymnasts exceeds the control data by an average of 10.8%.

To determine the quality of competitive exercises with objects at the end of the pedagogical
experiment, a method of expert assessments is used. Signs of the standard technique proposed by
L.A. Karpenko (2003) were used along with the scale of errors for each element, which allowed
agreement on the opinion of experts. As a result the following was concluded:

1. Regarding all the control exercises and official competitions, the results of EG gymnasts are
reliably increased and most significantly exceed the data of the control group by the end of the
experiment (Figure 2).

2. With an equal number of technical errors, CG gymnasts made significantly more errors of
coordination nature (Table 2, Figure 3).

3. EG gymnasts mostly make insignificant technical errors, while CG gymnasts make
significant ones, mainly in terms of technique itself (1, 2, 7).

Since the main task in preparing young gymnasts for exercises with objects is the quality of
their performance at the competitions, the results of the championship of the Specialized Children's
Youth Sports School of the Olympic Reserve were analyzed at the end of the experiment. The CMS
standard was met by 8, MS standard by 9 EG gymnasts, while only 4 CG gymnasts met the
requirements of CMS and 3 CG gymnasts met the requirements of MS. This fact also confirms the
effectiveness of the developed method.
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Fig. 2. The results of the 4th rhythmic gymnastics competition for both examined groups of gymnasts.

Table 2. Results of preliminary (X-2009) and final (X - 2010) competitions of Experimental

(EG) and Control (CG) gymnasts groups
Ne | Types of all-around EG G t P
X-2018 X -2019 X-2018 X -2019

1 | Ribbon 19,21 21,81 18,95 20,81 2.2 <0,05
2 | Hoop 19,08 21,81 19,15 20,24 2.6 <0,05
3 | Ball 19,23 22,30 19,35 20,91 2.8 <0,05
4 | Mace 19,97 22,53 19,10 20,81 3.2 <0,01
5 | Average 19,04 22,11 19,13 20,71 2.1 <0,05

Conclusions. In accordance with the result of the work done, special physical qualities were
determined and the level of technical skill required for gymnasts to successfully work with objects was

revealed:

- it is proposed to classify errors in the manipulation of objects made by gymnasts during

exercises with them;

- the disadvantages of the existing training method of gymnasts were identified; an
experimental method of training 12-14 year old gymnasts for exercising with objects was developed:;

- the high effectiveness of the application of the experimental method was proved in
comparison with the method that is widely used today.

b Score
23
——

22 s e E—1
21 ——

.-- — [ — — - - _. N -.

Y
20
19
18
Ribbon Hoop Ball Clubs average for

—=— Experimental group

technical
training
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Fig. 3. The results of concluding (main) all-around competitions for both examined groups
(September 2019)
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Relevance of the research. In recent years, the state policy of the Republic of Uzbekistan has
given priority to promoting physical culture and various sports, promoting a healthy lifestyle among
the population, and ensuring the country's worthy performance in the international sports arena. This is
confirmed by a Decree of the President of the Republic of Uzbekistan "On measures for further
development of physical culture and sports” dated 3 June 2017 presidential decree of the Republic of
Uzbekistan Ne 2821, dated March 9 2017 year, "About preparation of athletes of Uzbekistan to the
XXXII summer Olympic and the XVI1 Paralympic games in 2020 in Tokyo (Japan)", the decree of the
President of the Republic of Uzbekistan from 24.01.2020 year "On measures on further improvement
and promotion of physical culture and sport of the Republic of Uzbekistany, previously published
resolution of the Cabinet of Ministers of the Republic of Uzbekistan from 13.02.2019 year "On
approval of the national concept for the development of physical culture and sports of the Republic of
Uzbekistan for the period 2019-2023 of the years", at the moment approved the draft of a legal
document Cabinet of Ministers of the Republic of Uzbekistan from 2019 year "On measures for
further development of triathlon in the Republic of Uzbekistan™. In our opinion, these legal acts are
evidence of the Republic's leadership's concern for the health and physical development of the
country's population, as well as they provide an opportunity for people of all ages to engage in their
chosen sport, thereby ensuring mass participation in physical culture and sports (1, 2).

The development and popularization of triathlon in Uzbekistan is one of the significant factors
that stimulate the interest of the General population in this sport. Nowadays, the significance of triathlon
is rapidly increasing as a sport that is a multi-sport race, consisting of continuous sequential passage of
its participants through three stages, each of which comes from an independent cyclical sport.

Regular triathlon classes help reduce the risk of heart disease, prevent diabetes, strengthen the
muscle corset, develop coordination abilities and vestibular apparatus, increase the body's immune
system and increase the life expectancy of those involved.

But it should be remembered that high-performance sports have specific requirements for the
physical fitness of athletes, functional capabilities and physique. Therefore, there are certain
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differences in the content and methods of physical training in a particular sport, for athletes of
different ages and qualifications. In the course of the above, the issues of methodology for testing
individual components of functional and physical fitness of a triathlete, evaluating their interaction and
searching for integral characteristics of the effectiveness of adaptation of the athlete's body to large
and near-limit training and competitive loads become particularly relevant. Also of interest are the
issues of methods of restorative means that increase the body's performance and search for integral
characteristics of the effectiveness of adaptation of the triathlete's body to high volume and intensity
training and competitive loads (4, 5, 7).

In recent years, the following types of physiotherapy have become widely used in sports and
health practice: massage, acupuncture, vibration stimulation, electrical stimulation, laser, magnetic and
magneto-laser stimulation, and others (6, 7).

In order to achieve stimulating effects for those engaged in physical culture and sports, we
studied the results of studies by Osipova N.V., Antipova T.K., Balabokhina T.V., Brook T.M.,
Titov V.A., which revealed the most pronounced response of the cell in restoring its functions under
the influence of NIMLI, which is a combined version of exposure to magnetic and laser radiation, that
is, low-intensity magneto-laser radiation (LIMLR) (5, 7).

The aim of the research. To determine the influence of LIMLR on the functional
capabilities and physical indicators of young triathletes who are members of the national team of the
Republic of Uzbekistan.

The task of the research. 1) Analyze physiotherapy tools and methods for restoring the body
of athletes; 2) Specify the features of the use of restorative and stimulating tools and methods in the
process of training triathletes at the stage of improving sports skills; 3) Determine the effectiveness of
the use of magnetic laser stimulation methods on the body of young athletes.

Organization of research. When choosing the parameters of changes in the functional state, we
took into account the work of N.V. Osipova, T.V. Balabokhina, T.M. Brook, V.A. Titov, as well as the
results of our preliminary research. Based on this, the following indicators were selected: standard
deviation (SDNN), variance (D), mode (Mo), mode amplitude (AMoSDNN), voltage index of regulatory
systems (SI), total power of the spectrum (TP), activity indicator of regulatory systems (AIRS).
Cardiointervalogram were carried out before the cycles and after cycles of magnetic-laser exposure (5, 7).

Study results. Changes in the functional state of young triathletes under magneto-laser
exposure, in order to prevent fatigue and improve performance, are shown in table 1.

It should be noted that six of the seven parameters decreased their values by 3.28-23.68%. The
increase in mod values (Mo) by 20.01 MS, or 2.08%, can be explained by the fact that the athlete's
body takes a more stable level of functioning for these conditions.

Tests that reveal the level and monitoring of the overall physical fitness of young triathletes were
selected as indicators of the effectiveness of the influence of LIMLR. For an objective interpretation of
the results obtained, the relative changes in the test parameters of the subjects under magneto-laser
stimulation of performance were considered (table 2). For the convenience of analysis and interpretation
of these indicators, the levels of their changes were considered in relative form — in %.

Table 1. The parameters of the functional condition of young triathletes when the magneto-
laser effect

Parameter value Parameter change
Ne Parameters -
before the course after the course absolute relative %

1 SDNN 63,31 51,04 -12,27 -18,09
2 D 3751,05 3140,70 -610,35 -16,22
3 Mo 743,24 763,25 20,01 2,08

4 '?,X/g%?\m;' 37,08 33,42 3,66 110,14
5 Sl 64,25 62,13 -2,12 -3,28

6 TP 3181,13 2601,87 -579,26 -18,68

7 AIRS 4,87 3,64 -1,23 -23,68
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Table 2. Levels of relative changes (%) in the results of test indicators for monitoring physical
fitness during magneto-laser stimulation of performance of young triathletes

Youths
Ne Indicators Control group (n=15) | Experimental group (n=15)
% %
1 | Running 5000 m -11,0 -22,1
2 | Running 30 m -7,9 -13,7
3 | Long jumpcm -1,7 0,08
4 | Pulling up the torso 4,2 21,0
5 | The index of physical readiness 0,13 19,5

As a result, a clear superiority of the experimental group (EG) over the control group (CG)
was revealed. The most noticeable improvements were noted in the EG endurance tests (by 22.1%).
The smallest shifts were observed in the speed-power test — jump from a place (by 0.08%). Significant
ranges of differences were found in strength tests (21.0 %). The total indicator of physical fitness
monitoring — the level of the physical readiness index (PRI), in EG athletes increased by 19.5 points,
which indicates a positive effect of LIMLR on the body of young triathletes. In CG, even a decrease in
PRI was noted (0.13 points).

Functional tests and tests were used to make a more objective assessment of the effectiveness
of the LIMLR method. The results obtained are presented in relative form in table 3.

Table 3. Relative changes (%) in the results of functional tests and tests during magneto-laser
stimulation of performance of young triathletes

Ne Tests Control group Experimental group | Differences between
(n=15) (n=15) CGand EG
% %
1 | Harvard step test 3,81 5,81 2,00
2 | PWCirp 15,26 17,48 2,22
3 | Rufier functional tests -9,52 -11,81 -2,29
4 | “to failure " 13,46 17,78 4,32

The largest differences between the groups were observed in the “to failure " test (the
maximum possible number of squats) and amounted to 4.32 %. Improvements were also noted in other
indicators we considered: Rufier functional tests (2.29 %), the Harvard step test (2.00%), and PWC170
(2.22 %). These differences allowed us to note the higher capabilities of the EG subjects who
underwent a course of magneto-laser stimulation.

Thus, as a result, the subjects who underwent a cycle of magneto-laser stimulation had a clearly
positive effect, which was expressed in subjective feelings of good recovery by the next training day, a
sharp decrease in muscle pain, improved sleep and muscle relaxation, and good tolerance of training
loads. All the athletes of the experimental group completed the planned training loads in full.

Conclusions. The results of our research show that the use of low-intensity magneto-laser
radiation (LIMLR) as a stimulating and physiotherapeutic agent is appropriate for professional sports.
However, the method of using LIMLR for athletes should differ due to the specific goals of their
physical activity and the tasks of solving the latter.

The effect of low-intensity magneto-laser radiation is advisable to carry out taking into
account the tasks of the stages of training of the athlete, as well as taking into account the duration of
the stimulating effects. At the same time, a complex solution of stimulating and therapeutic tasks is
possible, in particular, immunostimulation and recovery of performance. At the same time, it is
desirable to take into account that immunostimulation also has a positive effect on the functional state
and physical qualities of the athlete.
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Beryn. YV momnepenHix ormsmax [2, 3] MU JOCHIAMIM PO3BUTOK HaHO(apMallii B Takux
HampsMKax, SK po3poOka HaHouiKiB (NAnodrugs) Ta HAHOPO3MIPHI CHUCTEMH JOCTAaBKH JIIKiB
(nanoscale drug delivery systems, nanoDDSS). B 11i#t cTaTTi IpOIOBKHUMO OIS CYYaCHHX iHHOBAITi
y HaHo(apmManii Ta AESKUX BAXKIUBUX HAIPSIMKIB PO3BUTKY HAHOTEXHOJOTIH, sIKI MalOTh NMPHUKJIAJIHE
3aCTOCYBaHHS B PI3HUX 00JIACTAX MEAULIUHH.

CporojiHi HaHOMEIHUIIMHA — II¢ aKTUBHA 3pocTaioda 00JIaCcTh JOCHTIKeHb., 3a ocraHHi 40
POKiB KUJIBKICTh BUBEJCHUX HA PUHOK (papMalleBTUYHHUX NPOIYKTiB (TeparneBTUUHUX areHTiB Ta HOCIiB
AKTUBHHX JIIKAPHCKUX DPEUYOBHH), SIKI PO3pOOJIEHI Ha OCHOBI HAHOCTPYKTYp ab0 3 BHKOPHUCTaHHSIM
HAHOTEXHOJIOTIH, 3HaYHO 3pocia. Tak, 3a JaHUMH aHANITHKIB, Y 2016 polli 00’eM r100aIbHOTO PHHKY
mpernaparis, BUpOOIB Ta JOCIKEHb Yy rajiy3i «HaHOMEIWIIMHA» nepeBuinue 112 mipa., a g0 2023
POKY TIpH CydacHHX Temrax 3pocTy y 12,6% Ha pik, sIK o4iKyeTbcsl, focsirae 261 mapa. gomi. [13].

Po3BuTok HaHOOiOTEXHONOTIT Ta HaHO(apMmaulii Mae BETUYE3HUH MOTEHLaN, BKIIOYAIOYN
BUKOPIHCHHS TIPAKTUYHO KOKHOI BiTOMOi XBOpOOW JIOAWMHHU (B TOMY YHCI, CTapiHHS) Ta 3aXUCT
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JIIOJICBKOTO OPraHi3My BiJl OyJb-SKOTO BiJJOMOTO YH HEBIJJOMOTO TOKCHHY, MIKpOOpraHizmy abo
30ymHuKa iH(eKmii yepe3 mocuiieHHs iMyHHOI cucteMu. OKpeMHil TpeaMeT «HaHOMEIWIINHA» BiKe
3’SBUBCSI B MEAWYHUX YHIBEPCUTETaX 1 KOJEIDKaX, CTAaBLIM HEBII'€EMHUM KOMIIOHEHTOM O0araTtbox
HaBYAIBHUX IPOTPaMm.

Mera pgociaigkeHHs. MeToro poOOTH € MAOCHIHKEHHS CyYacHHUX TEHACHIIH PO3BHUTKY
HAHOTEXHOJIOT1H Ta IHHOBAIi} y apMalii Ta MEeTUIIHHI.

MeTtonu gociaimkeHHsi. AHali3 JiTepaTypu (IEpLIOAXKEpeN), MOPiBHSUIBHUI aHami3 pi3HUX
METOAWYHUX MiAX0/iB, KOHTEHT-aHalli3 TEKCTiB.

PesyabTaTu gociaigkenHs. J(oHemaBHa OUMBIICTH €KCIIEPHMEHTIB y HAHOMEIHWIlIHI OyiH
30CepeKeHi Ha MOMIMIIeHHI MPo(]iliB ICHYIOUHX JIKIB Ta BAOCKOHAJIIEHHI CHCTEM iX JOCTaBKH, IPOTE
OCTaHHIM YacoM CIIEKTP HAMpPSAMKIiB, JO SKHX JOKIAAAl0Th 3YCHJUIL BYEHI Ta KIIIHILIKUCTH, 3HAYHO
posmmpuBcs. Po3rissHeMo fiekinpKa IiKaBUX CTIPSMYBaHb PO3BUTKY HAHOMEAWIIMHU Ta HaHO(apMarlii,
B KX CKOHIICHTPOBaHa HAMOIIbINA KiJTbKICTh IHHOBAITIH.

1. MoHiTOpiHr i KOHTPOJIb JOCTABKH, PO3MOALIY Ta BHKOpHCTaHHS JikiB. B
aJIMiHICTpYBaHHI HAHOJIIKIB 3apa3 BUKOPUCTOBYIOTHCSI HAHOPO3MIpHI PUCTPOi — TiOPUIHI CUCTEMH 3
HaHoyactkamu (HY). [IpocroTa Mmoaudikarii ximii moBepxHi HY n03BoMs€ mpuemHyBaT 10 HAX Pi3HI
MoJIeKyH HamimoBaHHs (targeting) ta tepameBTudHi Mosiekyid. CKIaaHi HAHOCTPYKTYpH MOXKYTb
OyTH 3i0paHi 3 BUKOPUCTAHHIM Pi3HUX «OyIiBEIbHUX OJOKIB» 3 BEIHMKOIO KUTBKICTIO (QYHKIIH — He
JUIIe Teparii, a i IPUIUTIOBaHHs, BUSBICHHS Ta OTPUMaHHS 300pakeHb, 300py Ta mepenadi JaHUX i
T. iH. NanoDDSs, mo MicTaTh i Aifo4i MONEKYNH, 1 Bi3yadi3yrodi areHTH, MpHU3HA4YeHI came st
KOHTPOJIIO TOYHOT, aAPECHOI JOCTABKY HAHOMIKIB 0 MICIIS TPU3HAYCHHS.

[Ipu macuBHOMY HaIiIfOBaHHI (DYHKI[IOHATi30BaHI MiTbOBHMH KomMmoHeHTamu HY
HAKOMMYYIOThCSI, M0 TPU3BOAUTH 10 OINBII BHCOKOTO TPAMIEHTY [if040i pPEYOBHHU B TIEBHUX
TKaHUHAX, OpraHax abo B MyXJIMHI — Y TMOPIBHSAHHI 3 HOpMAIbHIUMU TKaHUHAMU (€(EKT MOCHICHOTO
NPOHUKHEHHS Ta YTPUMaHHS), a OTKe W Oinbmioi egexTuBHOCTI Teparii. 11{o6 koHTpomoBaTu nei
MIPOIIEC, BUKOPUCTOBYIOTHCS Pi3HI MPUCTPOI Ta METOIM Bi3yaizallii:

— HAHOEJIEKTPOHHI 010CEHCOPH Ta HAHOPO3MIpPHI MIKPOYINH;

— siJIEpPHO-MarHiTHUI Pe30HaHC (MarHiTHI YacTKN);

— IJTa3MOHHUH pe30HaHC (HAHOYACTKHA METAliB);

— JeTekTyBaHHS crenudidHoi ¢uryopecneHmii HebioreHHoro (KBaHTOBI TouYku) abo
OiorenHoro (ayopecuitorunii 01JI0K) MOXOKCHHS.

AKTHBHE HAI[UTFOBaHHS MOXX€ BiJOyBaTHUCS 3 BHUKOPUCTAaHHSIM OUIBII  CKJIAIHUX
«iHTenekryanpHux» miathopm (smart DDSs). Hanoposmipai 1uiaTGopMu MaiOTh PO3LIMPEHY
(YHKIIOHANBHICTh, BKJIIOYAIOYM BHYTPIIIHE Ta 30BHIIIHE CTUMYJ-pearyBaHHS Ha MaTOJIOTIYHY
o0acTh 3 BUCOKMM CTYIIEHEM HalliIeHOCTI (NMPUIIIFHOCTI) Ha KOHKPETHI TKaHWHH, KIITHHH a0
peuenTtopu. KoHTpons y ctumynn-pearyrounx HaHomardopmax BigOyBaeThes:

— BHYTpINIHIA: 32 paXyHOK BOYZOBaHWX HAHOPO3MIPHHX MEPEMHUKadiB — TPUTepiB (TaKUX,
sIK pH, OKMCHO-BiTHOBHHI TIOTEHITIaN, ()epMEHTATHBHA aKTUBHICTh, TEMIIEPATypa);

— 30BHIIIHII: 3a [OMOMOTOI0 MPHUCTPOIB, SIKi JJO3BOJSIOTH 3AIHCHIOBATH >KOPCTKHUH
MPOCTOPOBO-YaCOBUI KOHTPOJb AKTHBHOCTI (CHCTEMH, LI0 CHPAlbOBYIOTH Ha €JIEKTPOMArHITHI,
TeMIIepaTypHi, CBITIIOB1, MarHiTHI, paiialiiiHi Ta yJIbTpa3ByKOBI TPUTEPH).

«Po3yMHI» 30HIM NAlOTh MOXKITMBICT HE TUIBKH MPOCTEXKYBATH PyX Ta METa0ONi3M JIKiB B
oprasizmi, a ¥ KepyBaTH 330BHI NpOIIECOM iX BUBIIbHEHHS a00 akTuBallii. JlociigHUKaMH BxKe
PO3pOOIIEHO EJIEKTPOXIMIUHI POTOKOJIH JUISi MOHITOPHHTY B PEalbHOMY 4aci KIHETUKH BHIIIJICHHS 3
tepaneBTHYHUX HY nikapchkux peuoBuH [11]. [TocTiiiHUI KOHTPOJIB Y PEKUMI pEabHOTO Yacy TOTo,
HAacKUIbKM JA00pe TallieHTH pearyloThb Ha TEpaleBTHYHI BTPyYaHHs, J[JO3BOJsiE MMifiOpaTu
1HAMBIyaNbHi 103U MpenapaTiB 1 ONTUMI3yBaTH JIiKyBaJbHI POTOKOJIH.

2. Po3pobka Ta nocraBka BakuuH. lle okpemuii nHanpsimok DDSs. Bakuwnu marote Oytn
CTaOlNBHUMH Ta MIAJHUMH (IiATH MPH BBEIEHHI MEHIIMX 1103). B AKOCTI miuatdopMHHUX TeXHOJIOTiH
JUIL PO3POOKH CYYacCHUX BaKLMH BUKOPHCTOBYIOThCS 30ipHI HaHOIIIAT(GOPMH, IO MAIOTh YHIKaJIbHI
BJACTHBOCTI Ta MNpuIaTHI 10 Moaudikaiii. 3apa3 IOCHITHUKH HaMararThCs BHKOPHUCTOBYBATH
CcyOONMHMYHI aHTHT€HH, 10 € Habarato OibIn Ge3NMeYHMMH Ta MEHIN iIMyHOTEHHHMH (IuB. pHC. 1).
Jns ontuMizanii poOOTH IMX aHTHI'€HIB-HOCIIB MalOTh 3HAYCHHS PO3Mip, OBEPXHEBI BIACTHBOCTI,
MOJTIMEPHA KOMITO3HUIIIS Ta CTPYKTYpHA apXiTEeKTypa HAHOCUCTEM.
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Conjugated
Antigen

Inert
Nano-bead

Puc. 1. Teepoa inepmna kynvka 3 nosepxnego-aocopbosanum anmueerom [12]

Jisa TpaHCTIOPTYBaHHS HAHOBAKINH (BipyCHBIX cucteM Ha ocHOBI HU) 3acTOCOBYIOTHCS pi3HI
TEXHIKH:

1) renernuna imyHizais uuisxom BeeneHHs JIHK-BakumH (MikpoiH'eKIlisl, eIeKTporopaiis,
COHOMoOpaIlisi, 6amicTHIHa TpaHC(EKIIis, T Ji€F0 BUCOKOTO THCKY, Y CKIIAMl KHBOTO OaKTepiallbHOTO
BEKTOPA, YIIAKOBKA B JIIIIOCOMH, Y CKJIaJli OJITUIEKCIB);

2) BUKOPUCTaHHSI aJbIOBAHTIB — JIOMIOMDXKHHUX PEUOBHH, SIKi MiICHIIIOIOTH Ta/ab0 MOIYIIOI0Th
IMyHHI BiINOBiZi Ha aHTUTeH (eMyJbcii, HY, iMyHOCTHMYJIOIOYi KOMIUIEKCH Ta JIMOCOMH, SKi
HAI[UTIOIOTH acOIIOBaHI aHTUTEHH Ha aHTITCHIIPE3SHTYIOUH KIITHHN);

3) Bukopuctanass H4 — DDSS MoxyTh ¢oKyCyBaTH BIUIMB a/'FOBAHTIB Ha KIFOYOBI KIITHHU
IMyHHOI CHCTEMH Ta OOMEXYBAaTH CHUCTEMHHM pO3IMOMIA aj'fOBaHTa, IO JO3BOJISE MIHIMI3yBaTH
no0iuHi edekTu;

4) BUKOPHCTAaHHS TPAHCTEHHHX POCIMHHUX BaKUMH (0OpaHWIl TeH KOAYETHCS sl 0OpaHOTO
aHTHUTeHY 1 MOAM(DIKYEThCS, IO MPHU NEpOpPATLHOMY HPUHOMiI BHUKIIMKAE CHIIbHY IMyHHY BiJAIOBiJb
opraHismy).

Jly’ke TIepCIEeKTHBHUM HAlpsMKOM € po3poOKa TpUBHMIpHHMX HaHoBakuuH (3-dimensional
nanovaccines). Hanopo3MipHi CTpmKHi B PiZIKOMY PO3UMHHUKY BBOASATHCS IiJI IIKIPY MAIliEHTA, /16 BOHU
CaMOCTIfHO 30MparOTbCsi B TPUBUMIPHY CTPYKTYypy. CTpWKHI CKIQJAIOThCs 3 cepii HaHO-MIp, sKi
BUBLIBHSIOTh CUTHAIIbHI XiMIUHI MOJIEKYJTH ¥ aHTHTeHH, 1[0 aKTUBYIOTH JCH/APHUTHI KIIITHHA BCEPEIUHI
opranizMy. Lli KIITHHH TOIMPIOIOTECS B OpraHi3Mi, MOMEpe/pKaodYn OiTi KpOB'SHI TUTBI Ta
BUKJIMKAIOUU IMYHHY BiINOBi/b. JlaHWi MeTOJ BakIMHAI MOXKe BUKOPUCTOBYBATHCS ISl JIKYBaHHS
Pi3HHX 3aXBOPIOBaHb, OCKUIBKHU XIMIUHI PEUOBHHU Ta aHTUTEHH B HAHOCTPIKHIX MOYKHA 3MIHIOBATH [4].

3. PerenepaTuBHa MeaumHa. HaHOTEXHOJIOT1i BUKOPUCTOBYIOTBCS ISl TKAHMHHOI 1HXKEHEpil
(tissue engineering) — mpoTe3yBaHHs Ta BiJHOBJIEHHS TKAHWH i OpPraHiB Ha MICIli: IS 3pOCTaHHS Ta
npotiepaltii cTOBOYpOBUX KJIITHH 3aCTOCYBYIOTHCS KapKacH 3 OIOCYMICHHMX 1 3JaTHUX O10JIOTIYHO
pyiHyBaTHCs TMOJNIMEPHUX HAaHOMATepiamiB, a A MaHIiIyJIIOBaHHS CTOBOYPOBMMH KIITHHAMH —
JIOCTaBKa T'eHIB Ha OCHOBI HaHOMarepianiB. BukopucranHs OiomarepialiB 3 HaHO-TEKCTYPOBAHUMU
XapaKTEepUCTUKAMU TIOBEPXHI JO3BOJISE IMITYBaTH Pi3HI BUY MMO3AKIITHHHAX MATPHIIb, IO MIPUCKOPIOE
pereHeparlito TKaHWH MPAKTHYHO Ha Oyb-SIKMX MOBEPXHSX (HAMPUKIAA, CyANHHOI, CEPLIEBOI, XPSIIOBOT,
CEYOBOI'0 MiXypa 1 TKaHHH TOJIOBHOTO MO3KY), IPUTHIUYIOUM BOAHOYAC iIMYHHI peakuii Ta 3armodiraroun
indexrism. Hanpukiaza, cuatetndni Gocdaru kanpiiro (CaPS) 3 HAHOMETPHYHUMHU PO3MipaMH MarOTh
1HIMBiTyanbHI XapaKTEepUCTUKU MOBEPXHI Ta KOJOiAHY cTaOIbHICTB, 10 3abe3nevyye BUKOPUCTaHHS
OlokepaMiky U1 peKOHCTPYKLIT Ae(heKTiB KiCTKOBOI TKAHHHHU.

HanompucTpoi Takok MOXYTh 3axHIIATH TepecajpkeHi opraHu: repdopoBaHa TOpamu
noBepxHsi HY mporyckae ManeHbki MoKy (Taki, SK KHCEHb, TIFOK03a Ta 1HCYIIH) 1 MepeKkopKae
MPOXOIKEHHIO BEJIMKUX MOJIEKYJI, TAKHX SK IMyHOTrTI00yiH|. Lli BMacTHBOCTI MOXHa BUKOPUCTOBYBATH
JUISL JIIKyBaHHS IIyKpPOBOTO Jia0eTy, HaNpHUKIaA, MPpY IMIUIAHTALIl M IWKipy MAIi€eHTOBI MiKpOKAIICyI,
0 MICTATH KIITHHH MiAnuIyHKoBoi 3amozu. HU 3abesmeuars iMmyHoizomsmito (immunoisolation)
TaKoro iIMIUIAHTATy, KIPUXOBYIOUI» HOTO BiJ iIMyHHOI cucteMu moaunu [20].
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4. Hanooiocencopu. Hanocencopu/nanobiocerncopu  (nanobiosensors), pospobieni 3
BUKOPHCTAaHHSIM HAHOPO3MIPHUX HaHOMAaTepialiB, MalOTh BHCOKWH pIBEHb UYTIWBOCTI MO0
JIETEeKTYBaHHS XIMIYHAX pEYOBHH (HaBITh MOOIWHOKMX MOJIEKYN), OioMoiiekyn abo Oiomapkepis,
OakTepiii um BipyciB. IIpu po3poOii HaHOOI0CEHCOPIB BUKOPUCTOBYIOTHCS apXiTEKTYPH, 3aCHOBaHI Ha
dbynkiionatizoanux nosepxusax meranesux HY (ZnO, CdS, Au), ontudnux pe3oHaTtopax (ONTHYHE
BOJIOKHO), MEXaHIYHUX HPUCTPOSX, HAHOAPOTAX, alTaMepax, ByTJIeleBUX HaHOTPyOKax, rpadeni Ta
HaHOBOJIOKHaX. HaHnobioceHcopHu [0MOMaraioTh pO3Mi3HABATH, BIOBIIOBATH Ta KOHIICHTPYBATH
610MOJIEKYITH, 110 JIFOTh K KOHTPACTHI PEUOBHMHH IS Bidyasizaliii mij yac giarHocTHkH (in vitro ta in
Vivo) Ta imeHtndukaiii Oaxrepiit. Impopmalliro IOHO HAIBHOCTI KOHKPETHOro OioMapkepa abo
OioMoeKyIH BOHH MEePeIaloTh IIITXOM 3MIHH KOJBOPY, ENEKTPHIHOTO CTPyMY a00 (hIyOpecIieHitii.

3 yacoM HaHOO10CEHCOPH CTaHyTh HACTIIBKM HaAiWHUMH, IO OyAyTh CTBOpEHI JlabopaTopii-
Ha-kpucrani (lab-on-a-chip devices) mwis mBuIKOro Ta IEMICBOr0 CKPUHIHTY 3aXBOPIOBaHb, BUSBICHHS
10HIB MeTaniB (MIKpOETIEeMEHTIB) 1 HiMMX KIITHH (BipyciB, OakTepiil, pakOBHX KIIITHH), a TaKOX
MPOBENIEHHS IIMPOKOTO CIEKTPY aHaji3iB Ha 06a3i Mi3epHUX 3pa3KiB TKAaHWH/PiJUH MAIi€HTA.

5. Hiarnoctuxka. HY MOXyTh BHKOPHCTOBYBATHCS IJIsi 30HAYBaHHS KIITHHHAX PYyXiB i
BUSIBIICHHSI MOJIEKYJSIDHUX 3MiH Ta/ab00 OKpeMHX MOJIEKYJ, TOB'S3aHHX i3 MATOJOTIYHUMH CTaHAMH
(disease marker molecules). Hepinko HaHOKOMILIEKCH MICTATh SIK JIKapChKi Mpenapatd, Tak i
Bi3yalli3yloui areHTH (HamnpuKiIa], KOHTPACTHI PEYOBHHU, OAapBHUKM IS ONTUYHOI peecTparii,
maraiTHi HY i 1. 1.). Taki HaHOCHCTEMH BKJIFOYAIOTH JI0 CBOTO CKJIaMy JAaTYMK 300pakeHb (MeTaeBi
HAHOYACTKHU, KBAaHTOBI TOYKH, (uroopodopu i T. iH.) Ta KOPHCHE HABAHTAXECHHA — O0l0aKTHBHY
MoJieKyy (Tmentuz, OijIoK, HYKJIETHOBY KHCIIOTY a00 TepaleBTHYHMU mpemapar). Take MoeaHaHHS
JTIO3BOJISIE  OTPUMYBATH 300pa)KeHHA O10pO3MOAminy JiKiB, BH3HA4aTH MaciiTabu 3aXxBOPIOBaHHS,
MIPOBOJIUTH IIITHOBY TEPAIIiO Ta BOJHOYAC OIIHIOBATH ii €()eKTUBHICTb.

Hanonpuctpoi, mo IMIJIaHTYIOThCS (HANpHKIAA, «TaOJIETKW», IO KOBTAIOTHCS, IS
Bizyanizauii — swallowable imaging ‘pills’), 103BOJSIOTH MPOBOJUTH JIarHOCTUKY TKAHUH Ta OPTaHiB
iN-vivo y peasbHOMY Yaci, a eK30cOMH — poOUTH HaHoOiomncio (Nano-biopsy) myxmiuH. Bee 11e pazom
CTBOPIOE HOBUH MIXTaTy3eBHi HANPSIMOK PO3BUTKY MEIUIIMHU Ha CTUKY MOJIEKYJISIPHOI Bizyamizarfii
Ta HAHOMEJUIIMHU — «TePAHOCTHKY» (Teparis + miarHoctuka, theranostics), sika iHTerpye B €HHY
cucteMy crnenuivHi IITHOBI JIarHOCTUYHI TECTH Ta IIbOBY Teparito. Hampuknaza, choromHi Bxke
po3po0IIOI0ThCsT  TepaHocTHuHI mpemapat  (theranostic agents) — HoBuii Kiac 30HJIB, IO
JIO3BOJISIIOTH OJIHOYACHO TIPOBOANTH MiHIMAJIBHO 1HBA3HBHY Bi3yasli3allifo IiTbOBIH AiasMHI iN ViVO Ta
MOHITOPHHT Tepartii (Z0CTaBKH/BUBIIbHEHHI/BUBEICHHS JIIKiB) B PEXKUMI PEaTbHOTO Yacy.

TexHouorii «opraH-Ha-mikpocxemi» (0Organ-on-a-chip), mo 3acHoBani Ha MiKpOMIIIOiTHUX
HPUCTPOSIX, BXKE BUKOPHCTOBYIOTHCS JOCIIIHUKAMHU Ta KJIHII[ICTAMH SK HOBa MOJICNb «OpraHy in
vitro» st imitamnii Mopgosorii i QyHKIi KITHH, @ TEXHOJIOTIs «Ti0-Ha-Mikpocxemi» (body-on-a-
chip) — must MozemrOBaHHS B3a€EMO/IIT IIUTICHUX OpraHiB Ta cucteM. L{i TeXHOJIOTIT BiIKPUBAIOTH HOBI
TIEPCTIEKTUBA BUBYEHHS Jii BXKE BIiJOMHX JIKiB Ta BaKIMH, a TaKOXX PO3POOKHM HOBHX areHTIB —
XiMiOTepaneBTUYHUX, O10JOTTYHUX, IMyHOTEPAIEeBTUYHUX 1 T. JI.

6. HanorokcukoJiorisi. Ti cami BinacTuBocTi, mo pooiste HY npusabimBumu 11 Tepartii ta
nmiarHocTHKH (po3Mip, (opma, XapaKTEpUCTHKH IOBEPXHi, BKIIOYAIOYM 3apsii H iHIII acleKkTH),
MOXYTh 3arpOXKyBaTH 370pOB'0 Talli€HTa, TOMY 3apa3 (opMyeThCsl e OJMH HOBHH HAMPIMOK
MEIUIIMH — «HAHOTOKCHKOJoris» (nanotoxicology). Ils ramy3sp JOCTIDKYe peakiiii KHUBUX
OpraHiaMiB Ha HaHomIpenapaTH (piBeHb BIUIMBY, HpO(disli CHCTEMHOro HAKONWYEHHS Ta BUAUICHHS,
PO3MOIiN y TKAHWHAX 1 OpraHax i T. iH.), pO3pOOKOI0 OLIbII €PEKTUBHUX 1 MEHIII TOKCHYHHMX HAHOJIKIB
1 CXEeM JIIKYBaHHS Ui OKPEMHX IaIli€HTIB, BABYEHHSAM TOKCHYHOCTI BiaxomiB 3 HY Ta ix BIUIMB Ha
JTOBKOJTIIITHE CEPEIOBHIIE, BKIIFOUAIO4YH Boay Ta Oioty [17].

7. Hanogirodapmaneruka. ditonpenapatd i 10Ci € OCHOBOIO OUIBIIOI YaCTHHU Cy4acHOT
(bapmaxonorii, ane KiIbKICTh PO3pOOJICHHX YHIBEpCAIBHUX areHTiB 3 JIIKAPCHKUX POCIHH JOTErep
3aJIMILIAETHCS IOBOJI HE3HAYHOIO Yepe3 CYTTEBI OOMEXKEHHS: X HU3bKa Ta HECTiHKa 010J0CTYHHICTh
(uepe3 morany BOJIOPO3UMHHICTH Ta/ab0 HenmoBHY abcopOLi0), HeCTaHIAPTU30BAHUI MEPioN BIUIUBY,
HIBUAKHA Ta MIUPOKUH MeTaboJ1i3M, a 1HOMI W HAsBHICTh MOMITHUX MOOIYHUX edekTiB. IHTerpariiero
MPHUHLKIIB HAHOTEXHOJIOII B Mpolec BHPOOHUITBA €(PEKTHUBHMX (ITOMIKIB Ui IMOAOJaHHS
3a3HaYCHUX HEAONIKIB 1 MOBHOI peamizamii moTeHwmiady ¢ITOMOJEKYN K JIKapChKUX 3aco0iB
3aiiMaeThes HanodiTodapmanesTrka (nanophytopharmaceuticals).

RS Global 7(59), September 2020 87



WORLD SCIENCE ISSN 2413-1032

VY mpoueci po3poOKH HaHOQITONIKIB BHKOPHCTOBYIOThCS pisHi Tumu HY: momimepni HY,
tBepai mimigai HY, maraitai HY, metanesi Ta Heopraniuai HY, KBaHTOBI TOYKH, IMOJTIMEPHI MIIIEIH,
docdommaHi Mirenn, KOJIOiaHI HaHOJIImocoMHU, AeHapuMepHu. PizHi Tumum HY BHTOTOBISIOTHCS 3a
JIOTIOMOTOK0 PI3HOMAHITUX METOJIB, TaKWX SK METOJ| TOMOICHi3allii BHCOKOro THCKY [19, 6],
KOMITIEKCHHIM MeToJ Koarepsarltii [19], MeTox ocamkeHHS Ta KOMIUIEKCHOTO ocapkeHHS [19], MeToxn
HAaHOOCQ/DKeHHS abo BHUTiICHEHHS po3unmHHUKA [19, 1], MeTon emynbryBaHHA-mu(]y3ii pOZUMHHHKA
[19], meron naakpuTuunoi piguau [19, 10] Ta MeTox camo306ipku [19].

Sk moxka3ywoTe octaHHi focuimkeHHs [8, 16, 18], moemnanns HY 3 ¢itodapmaneBTivHUME
MperaparaMn TMoKpamiye iX (apMakoKiHETHYHUN mpodinb, 010A0CTYMHICTh 1 010aKTHBHOCTH, IO B
pe3yNbTaTi MiIBUIIYE TePAeBTHYHIN MTOTEHIIal. BueHi TakoX MOCTIIHO AOCHIKYIOTh €(heKTUBHICTh
JOCTaBKM (IiTONIKIB 3 BUKOPUCTAaHHsAM pi3HMX HaHoHociiB. Hampuknan, B |IBAT (International
Institute of Biotechnology and Toxicology, Padappai, India) mocmimkyeTbcsi MOraHo po3YMHHHUEA Y
BOJIi HAHOEMYJIbroBaHuii eranonosuii ekcrpakt Phyllanthus amarus Schum & Thonn [5]. Pesynbratu
EKCIIEpUMEHTIB IOKa3ald, 10 NpU MEepopalbHOMY MNpUHOMi HaHO(iTONmpemapaT BHUSBIAE Kpally
renaronpoTeKTOpPHy akTHBHICTH, HiX Phyllanthus amarus Schum (100 mr/kr macu Tina), a Takox
3HAYHO HWKYY TOKCHYHICTb.

8. «3enennii» cunres. JlocmimKeHHS MOXKIUBOCTEW cuHTe3y MertaneBux HY 3
BUKOPUCTAHHIM DPOCIMHHHUX EKCTPakKTiB Ta MiKpoopraHi3miB Oyno Bu3HaHO e(EKTUBHHM 1, IO
BAXJIMBO, <«3EJIIEHUM» CIIOCOOOM TIOJANBIIONO BHKOPUCTAHHA MIKPOOPTaHi3MIB B SIKOCTI
«Hano¢abpuk» [21]. PocnmuHHI €KCTpaKTH MICTATH BiTHOBIIOBAJIBHI Ta CTaOIIi3yr09i MOJEKYJIIH, TOMY
IpH J0JaBaHHI COJICH MeTalliB 3a3BHYail JIal0Th HAHOPO3MIpHI 4acTku. [IpobieMaMu 3aJIAIIAFOTHCS
KOHTpoJIb po3MipiB HU (BukopucTaHHS 4acTOK i3 3aJaHUM PO3MIPOM CTBOPIOE JIKH 3 KpPalliMH
BIIACTHBOCT:MI, Hi cymimr HY pi3HOTO po3Mipy) Ta BiITBOPIOBAHICTH PE3YIIbTATIB.

9. HanopoOortorexnika. IlpoekryBanHs Ta BUTOTOBJIEHHS MiHiaTiopaux (Binm 0,1 mo 10
MIiKpOHIB) HaHOOIOCHCTEM — OJAWH 3 HaWOUIBII BpaKalOUMX HANpPSIMKIB AOCHiIKEHb B 00MacTi
HaHOOIOTEXHOJIOTI Ta MeAMYHOro mpmiaanodymayBanus. «Hanopoboru» (nanorobots, nanobots,
nanoids, nanites, nanomites) ckiaamaroThCs 3 PI3HUX KOMITOHEHTIB, MOOYIOBAHUX 3 HAHOPO3MIPHHX
a0 MOJICKYJISIpHHX KOMITOHEHTIB: JKEpeNno >KWBJICHHS, OyepHuil Oak s TMaivBa, JATIHKH,
JBUT'YHH, MAaHIITyJIATOPH, OOpPTOBI KOMITIOTEpH, HACOCH, HaIipHI pe3epByapd Ta CTPYKTypHa
nintpuMka. BOHM Tako)K MOXyTh OyTH OCHAIEHI MIKpOKaMepow, eJIEKTPOJaMH, Ja3epoMm,
TEHEPaTOPOM  YIIbTPa3BYKOBUX CHTHANIB, «XBOCTOM» JJIsi IUTaBaHHS, MOTOPOM Uil PYXY,
MaHimynsTopaMu Ta/abo MeXaHIYHUMH «HOTaMm» s 3abe3meueHHs MoOinsHOCTI [9]. Ha croroami
B)KE€ 3aIPOIIOHOBAHO JIEKLIbKA THUITIB HAHOPOOOTOTEXHIYHUX CHCTEM, HANPUKIIA: HAHOMAHIITyJISTOPH
3 MOXIIMBICTIO MaHIITyJTIOBaHHS HAHOPO3MIPHUMHU JIaHUMH; OiOHAHOPOOOTOTEXHIYHI CHUCTEMH Ha
ocHoBi OuikiB 1 JIHK; HaHOPOOOTOTEXHIYHI CHUCTEMH 3 MAarHiTHUM HaBEACHHSM; HAHOPOOOTH Ha
OCHOBI OakTepiii. Taki mpuIaau MOXYTh BUKOHYBaTH O€3Iid 3aB/aHb: 3aITyCK MPOIECiB (HAPUKIA/,
BUBUTFHEHHSI JIIKiB y TIOTPiOHOMY MICIIi), MaHIITyIFOBaHHS, PyX, CHTHaIi3ais, 30ip JaHuX Ta 00poOKa
iH(opMallii, TociiHKeHHs, CyMicHa po00Ta IEKIIbKOX HAHOOOTIB («pOto») 1 T. JI.

Bxe cporogHi iMIUIaHTOBaHI HAaHOPOOOTH BMIiIOTH O€3MEPEpPBHO BiJCTEXKYBaTH pPIiBEHb
TJIIOKO3U B KPOBi, @ HAHOCEHCOPH B KaTeTepax IepenaroTh JaHi Xipypram. CrenianizoBaHi CEHCOpPHi
HAHOPOOOTH Ta «MOJEKyJIsIpHI Marmmuu» (Molecular machines) MoXyTe 3HAXOAWTH B OpraHi3Mi
JIOJIMHU MOJIEKYJIU-MapKepH Ui JIarHOCTHKH Ta MOJICKYJIU-MIlIeHI JUIsl JIIKYBaHHS 3aXBOPIOBAHb,
TaKuX sIK pak, giabet, arepockiiepo3, reMoinis i T. 1. Ajie HAHOPOOOTH MOXKYTh HE TIIbKU BUSBIATH
naroJorii/nedexTy, ane W BUAANSATH/KOPUTYBATH IOUIKO/PKEHHS 32 JIOTIOMOTOK0 HaHOMAaHIMYJISIIIH,
MPOBOJIMTH XIpYyprivHi omepanii (Ha o4yax, MIKpOCYJIMHAX Ta BHYTPIIIHIX OpraHax), poOuTH Oiorcito
nyxiivH 1 T. 1. EdQexkTuBHICTP IHMX IHCTPYMEHTIB WiABHIIYE NOBEpPXHEBa (QyHKIIOHATI3ALIs,
«Oloorizamis» — cTBOpeHHs OioHaHopoOoTiB (bionanorobots) Ha ocHOBI TpaHC(HOPMOBAHHX
OakTepiif, aBTOHOMHE J>XHBJICHHS, BMIHHS POOUTH CaMOJIarHOCTHKY, IHMCTaHIlIHHE KEpyBaHHS Ta
30BHIILIHS Mepeada JaHHIX.

Kpim Toro, B mepcrexTuBi 3’sBIATbCA (3apa3 BOHH BKE PO3POOISIOTHCA) HAHOEIEKTPOHHI
NPUCTPOT, SIKI 3MOKYTh BUKOHYBATH TICBHI )KUTTEBO BaXKIUBI JUIS OpraHi3My (QYHKIIT — CBOTO pojay
«IITYYHI KIITHHW»: MiKpo6iBopu (Microbivores) — mryuni MexaHiudi (aromuTh; pecriporuTi
(respirocytes) — mTy4Hi MexaHiuHi epuTpouuTH; neHTtippodoTu (dentifrobots) — cromaromnoriuni
HaHopoOoTH; KinoTronuTH (clottocytes) — mryuni Mexaniuni TpomOoIUTH; hapmanuTu (pharmacytes)
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— mpucTpol Ui JOCTaBKM (papMalleBTHYHMX mpenapariB; xpomamwionuta (chromallocytes) —
HAHOPOOOTH /ISl JOCTABKH I'e€HIB 1 MPOBEIEHHS XPOMOCOMHOI 3aMicHOI Tepartii [15].

Hanpukman, wmikpoOGiBopu 3MOXYyTh Okl eDEeKTUBHO, HIK Makpodard, 3HHUIIYBATH
XBOPOOOTBOPHI MIKPOOPraHi3MH — 32 PaxyHOK OiNbII TPUBaJioi HHUPKYJsHii. SIK O4iKyeThCsl, BOHU
OynyTp B 1 Trc. pa3iB mIBH[IIE OYUINATH OpraHi3M Bix Oaktepiemii, HiXK (aromuTH 3 MiATPHUMKOIO
anTuOioTHKiB. llpn mpOMy TpH «IepeTpaBleHHD» 3aXOIDICHHX MIKpoOiB MikpoOiBopu OyayTh
cnoxkuBatd 10 200 mikoBart OesnepepBHOI MOTYKHOCTI KOXHHH, 1 He OyIyTb CTBOPIOBATH
HIKIIJMBUX BIIXOMIB, OCKIJIbKM BHJIYYaTUMYThCS 3 LUPKYJALIl «IIPUPOAHUMHI» Makpodaramu.
®apmaruti (IuB. puc. 2) OyAyTh MOCTaBISATH JIKH y BaXKOJIOCTYIHI MICII, JONA0YM iMyHHI
Oap’epu. Lli wanopobotm (po3mip 1-2 MK) 3maTHI TEPEeHOCHUTH y CBOiX Oakax mpenaparw,
3a0e3MeuyBaTy IiIbOBY JIOCTABKY JIIKAPCHKHUX 3aCO0IB y TOYHO BH3HAYCHUH Yac B KOHKPETHI KIITHHHI
a00 HaBiTh y BHYTPIMIHBOKIITUHHI MICI IPU3HAYEHHS. Y IPABIIHHSA MEANYHOIO HAHOCHCTEMOIO Oye
3MIMCHIOBATHCS 32 JOMOMOTOI0 MEXaHIYHHX CHCTEeM I COPTYBaJbHMX HacociB. Taki HaHOPOOOTH
OyayTh 3abe3meucHi MOJCKYSPHHMU MapKepaMu ab0 XeMOTakCHUHHMH ceHcopamu (chemotactic
SeNsors), siki rapaHTyBaTUMYTh TOYHE HaIlTFOBaHH:. J[)KepeaoM KHUBJICHHs Uil HUX CIYTyBaTUMYTb
IJII0KO3a Ta KHCEHb, OTPUMaHI «HA MiCLi» — 3 KPOBi, KMIIKOBOi PiiMHM 4M riasomnasmu. Ilicms
BUKOHAHHS 3aBJaHHS HAHOPOOOTH OyAyTh BHIalieHi 3 OpraHiaMy a0o0 BiHOBIJICHI IUIIXOM
«HaHO(epe3y» (3a A0MOMOTroI0 IISHTPI(yryBaHHS).

Puc. 2. apmayumu 6 0ii na yinvositi kiimuni [14].

VY cdepu 3acrocyBaHHST HAHOPOOOTIB, SIK OYIKYETHCS, OyIyTh BXOAMTH: JIIKyBaHHS XBOpPOO
mkipu (y ckinaai KpemiB), BipycHHX/OakTepianbHUX 1H(EKUili Ta apTepiocKiIepo3y, BiJHOBIECHHS
HOPMaJIbHOT MIiKpO(IOpH MOPOXKHUHU poTa Ta emaii 3y6is (nanodentistry), mikpoxipypris (CyauH,
MyXJIMH 1 T. 1H.), pyHHAIlis] HUPKOBUX KaMEHIB 1 T. II.

BucHoBku. IIpu BHKOpPHCTaHHI HAHOTEXHOJIOTIH BXKE 3apa3 3HAYHO IIJBUIIYETHCS
e(eKTHBHICTh JIKYBaHHS — 3a PaxyHOK 3MEHIICHHS TEpaneBTHUYHO e(eKTHUBHOI 103u Ta/abo
3HW)KEHHSI PHU3UKY BUHUKHEHHS CUCTEMHHX MOOIYHUX e(ekTiB. OOpa3HO KaKy4H, BOHU JAIOTh 3MOTY
«IPU3HAYMTH MOTPIOHUH mperapar HoTpPiOHOMY IMAIliEHTOBI B MOTPIOHHH MOMEHT». Y IMEPCIEeKTHBI
JOCHITHUKH OYiKYIOTH PO3pOOKY HaHOMAaTepialiB, IO HE PO3MI3HAIOTHCS IMyHHOIO CHCTEMOIO Ta
MOJYJIIOIOTh IMYHHY BiJIIOBi/Ib; IITYYHUX OpraHes, KJIiTHH, (epMeHTIB 1 reHiB A5 3amicHOI Tepamii
XBOPOO, sIKi MMOB's13aHi1 3 Ae(iuToM HEepMEHTIB, OPYIICHHIM CHHTE3y OLIKIB a00 MyTalii€io reHis. Ha
yep3i TakokK po3poOka OIOMIMETHYHHMX «PO3YMHHX» OlomarepialiiB, siki OyayTh pearyBaTy Ha 3MiHH B
OTOYEHHI Ta CAMOCTIHHO ()OPMYBaTH 310POBI TKAHUHH, CTUMYJIIOIOUM KOHKPETHI pereHepaTHBHI MOi1
Ha MOJICKYJIIPHOMY PiBHI.

B Maii0yTHROMY JOCIIAHMKKM OYiKYIOTh BEJIMYE3HOrO MiJiioMy B 001aCcTi HAHOOIO0TEXHOJIOTIH
Ta MEIMYHOI HaHOPOOOTOTEXHIKH, IO NPH3BEAE OO CYTTEBUX 3MIiH Yy MiAXOAaX IO JIKYBaHHS Ta
30epekeHHs 310poB’s moauHu. Ha nyMKy ¢yTyposoriB, IIBUAKHHA PO3BUTOK HAHOTEXHOJIOTIH MOXKe
NPU3BECTH 0 PAJAUKAIBHOI 3MIHM HE JIMIIE MaTepialbHOI KYJIbTYpH Ta CHOCOOY HTTS, a i caMoro
Giomoriunoro Buay HOmo Sapiens, sikuit crane BHIOM, 110 OIOTEXHOJOTIYHO CaMOPO3BUBAETHCS —
Nano Sapiens [7].
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Introduction. Sport nutrition (SN) — represents dietary supplements and food supplements
consisting of complexes of carbohydrates and proteins, vitamins, minerals, micro- and macronutrients,
as well as plant extracts, produced mainly for people who lead an active lifestyle and exercise [1]. The
intake of SN is aimed at improving sports performance, increasing strength and endurance, enhancing
health, increasing muscle volume, normalizing metabolism, achieving optimal body weight, and
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overall increasing life quality and expectancy [2,3]. Unlike regular foods that can be digested for
hours, sports supplements require minimal time and effort to digest. SN products belong to the
category of dietary supplements, their proper use is only a supplement to the basic diet, which consists
of ordinary foods, but not its complete replacement. Many dietary supplements from the range of SN
are used for the prevention of diseases - products for joints and ligaments [3,4]. They can also be a
supplement to the diet, of general non-sports people [5].

Materials and methods. The subject of the study is the analysis of the range of SN that were
on the market in the world, as well as in Ukraine in the pharmacy network "Your Health and Beauty"
online store "Med-magazin.ua" in 2018-2019; data from specialized sources, Internet sites. Object of
research: sports nutrition market in the world and Ukraine, in particular the online store "Med-
magazin.ua" and the pharmacy network "Your Health and Beauty". The study used the following
methods: system analysis, comparison, statistical, graphical.

Results. Along with the growth of the market for fitness and sports services, its actual satellite
- the SN market - is also actively developing [5, 6]. According to research companies, the average
annual growth of the global SN market in the next five years will be from 8.1% to 11.0%, which in
absolute numbers can reach $ 90 billion worldwide [7].

Stages of formation and development of the world market of SN are presented in table. 1. [2].

Table 1. Stages of formation and development of the world market of SN are presented in table.

Stages | Years of development Achievements relative to SN

I 1930s The first studies of SN

Il 1965 At the University of Florida, a team of scientists had developed a
sports drink for the school football team

i 1970s Research centres have opened to study athletes training and their
nutritional needs

v 1980s They are considered the date of origin of the SN industry

\ 1990 - present Formation and development of SNs that are developed and
manufactured based on scientific research in various fields

According to an international report from the European Health & Fitness Market, it is estimated
that 62.2 million citizens are currently engaged in fitness in Europe, including 1.2 million Ukrainians [7].
Total revenues from fitness clubs amounted to EUR 26.6 billion (+3.8% in constant currency). The
number of members increased by 3.2% to 59,055. Currently, the top 30 fitness club operators have 14.1
million members, amounting to 23.5% [7]. With a 5.3% increase in membership to 10.6 million,
Germany has strengthened its position as the country with the highest membership levels followed by the
UK (9.7 million), France (5.7 million), Italy (5.3 million) and Spain (5.2 million) [7].

Currently, the global SN market is actively developing and valued at more than $ 10 billion.
USA [7]. Research by experts of the Ukrainian Information and Analysis Platform FitnessConnectUA
shows that in 2019, fitness consumers are more than 1 million people or 2.9% of Ukraine's population
[8]. The annual turnover of the fitness services market of Ukraine is approximately USD 201.8
million. USA. In the near future, according to experts, these figures will increase. We support the
opinion of the experts of the FitnessConnectUA platform who believe that the reference point for the
development of the fitness and sports industry of Ukraine is the Republic of Poland. It should be noted
that in 2016, the coverage of such services in this country was 7.2% of the population, and in 2019 -
7.9%. In comparison, a similar average European indicator is 10.3% [9].

Discussion. At present, there are tens of thousands of SN items under analysis in the sphere of
circulation, and their nomenclature is constantly increasing every day, making it impossible to
establish an exact figure [10]. SN classification is a tool of generalizing and ordering them, as well as
a major action for further scientific research in the creation of new products [10]. Therefore, the issue
of unified SN classification is relevant [11]. In the European countries, according to the
recommendation of the Scientific Committee on Food of the European Commission of 2001, all foods
for athletes are divided into 4 categories:

e category A - carbohydrate-rich energy nutrition products;

e category B - hydrocarbon electrolyte solutions;

e category C - proteins and protein components;

e category D - dietary supplements (essential nutrients and other food components) [12].
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It should be noted that in Ukraine there is no unified classification of SN, which makes it
impossible to assess the rationality of the range of products, compliance with consumer demand and
forecasting development. Most scientists use the classification, initiated by prof. E.S. Tokaev - the
basis is the division of products into 4 groups according to their purpose: drinks, products of a given
chemical composition, etc. Most often SN is grouped by purpose (for weight adjustment, muscle mass
development, acceleration of the body's recovery processes, protection of joints and ligaments,
regulation of water-salt metabolism, etc.) or by composition (protein, protein-carbohydrate,
hydrocarbon-mineral, vitamin-mineral, biologically active additives) [11].

In Ukraine, along with the increase in the number of pharmacies, the range is being constantly
expanded, and supplemented by new groups and types of goods [13]. A considerable number of them
belong to the category under the conditional name "goods that pharmacy establishments and their
structural subdivisions have the right to buy and sell " (Order of the Ministry of Health of Ukraine
dated 23.11.2015 No. 764 «On Amendments to the List of Goods Authorized to Purchase and Sell by
Pharmacy Establishments and Their Structural Units »). According to which pharmacies and their
structural units have the right to sell "Functional Foods, Foods for Special Dietary Use (Including
Baby Foods, Nutrition for Athletes and Seniors" [14]. Previously, this group occupied only 1-2% from
the total turnover of a pharmacy, but now its percentage is constantly growing and is about 10—12%.
Despite the active growth of the domestic market, the main consumer of SN is professional athletes,
and it is distributed through special trading networks [3, 15].

We have analysed the current state of SN circulation on the example of a network of pharmacy
shops “Med-magazin.ua” Your Health and Beauty”, which has a wide range of goods (including SN)
that may be needed to support a healthy lifestyle. [16]. In our opinion, the implementation of SN in the
pharmacy chain stores is advisable, since pharmaceutical specialists are able to provide the correct
recommendations for the use of SN for the prevention of many diseases and as a supplement to the
diet. At present, such networks operate in Kyiv (13), Kharkiv (4), Odessa (1), and Brovary (1). These
goods can be ordered through the Med-magazin.ua online store. On the platform of the pharmacy
network «« Med-magazin.ua » Y our health and beauty» (as of 11/15/2019) in the interactive "Thematic
sections" section "For sports and active recreation™ offers a category - SN, where it is possible to place
an order for a SN in 6 parameters: price (from 12-00 to 3913-00 UAH); weight (45 offers);
manufacturer (20 manufacturers); taste (54 offers); release form [15]. We emphasize that it is possible
to order SN through the online store "Med-magazin.ua", and it is possible to make a purchase only in
pharmacies "Med-magazin.ua" Your health and beauty ".

In recent years, the domestic market of Ukraine is very saturated with goods for athletes and
SN. Both imported and domestic analysed products of different manufacturers are available on the
market [16]. A retrospective analysis of the countries producing the range of SN products distributed
in the pharmacy network "Your Health and Beauty" in the online store "Med-magazin.ua" allowed us
establishing that the vast majority of goods are imported [19]. In Ukraine, only 10.0% (2 companies:
Levobol and Fitness Factor) are produced. The analysis shows that the bulk of this product group is
produced by foreign producers 90.0% (18 companies) in countries such as: USA (75.0%), Poland
(10.0%) and USA / Germany (5.0 %) (Fig. 1).

mUSA

10,0

@ Poland

1 | Ukraine

75.0 0 US A/Germany

Fig. 1. Analysis of the range of sports nutrition by countries
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At the time of the analysis, there are 20 SN manufacturers present in sales, with predominant
(57.1%): Weider (USA / Germany, 14.8%), Kevin Levrone (Poland, 13.85%), Optimum Nutrition
(USA, 7,6%), Universal Nutrition (US, 7.1%), BioTech (US, 7.1%), Dymatize (US, 6.7%). Fewer
(42.9%) companies are such as: Levobol (Ukraine), Scitec Nutrition (USA), Fitness Factor (USA) by
0.5%% accordingly (Fig. 2).

14.8
13.8

?

Kevin Levrone |

Universal Nutrition |

Dymatize

Solgar Vitamin

BSN

Ultimate Nutrition
Nutrex Research
FORM LABS Naturals

Fitmess Factor

Levobol

2.0 4,0 6.0 8.0 10,0 120 14,0 16,0

> 2

Fig. 2. Ranking of the range of sports nutrition by manufacturers

The next stage of our study was to analyse the structure of the assortment of the study group,
which showed that SN are available in 5 forms (Fig. 3). Preference is given to solid forms (96%),
which are the absolute leaders, respectively, liquid forms make only 4% [17]. Among the solid dosage
forms, the leaders are powders (dry mixtures, 65.0%), capsules occupy the middle position (21.0%),
the least present are tablets (6.0%) and bars (4%). Powders and capsules have been found to be the
most attractive forms for the use of SN [17].

Tablets Bars

6% 4%
Capsules “
21%

Liquid form /

4%

Powder
65%

Fig. 3. Analysis of sports nutrition by release forms

As a result of the analysis of solid forms of SN by weight, 45 proposals were found. The
predominant weight of SN is 0.500 kg, which is 18.8% of the total (Table. 2).
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Table 2. Analysis of proposals of solid forms of SN by weight

Weight | Quantity % of Weight | Quantity, | % of Weight | Quantity | % of
(kg, 9) (packs) total (kg, 9) (pcs.) total (kg, 9) (packs) total
1,800 6 4.5 1,000 7 5.3 1,080 1 0.8
0,400 2 15 0,908 1 0.8 0,360 4 3.0
0,907 4 3.0 5.400 1 0.8 5,500 1 0.8
1,814 3 2.3 0.435 3 2.3 0,080 3 2.3
2,270 11 8.3 4,695 1 0.8 7.250 1 0.8
4,500 1 0.8 0.3 5 3.8 0.045 1 0.8
0,500 25 18,8 | 4,540 3 2.3 0,303 1 0.8
2,390 1 0.8 0,892 1 0.8 0.100 2 1.5
0.900 10 7.5 2,347 1 0.8 0.525 1 0.8
1,818 1 0.8 0.215 1 0.8 0,03 1 0.8
2,300 1 0.8 0,250 2 15 0.200 1 0.8
1,320 1 0.8 5,040 2 15 0.025 1 0.8
2,273 1 0.8 0.750 4 3.0 0.060 1 0.8
2,722 2 15 2,336 2 15 2.268 1 0.8
2,200 3 2.3 6.8 6 4.5 0.540 1 0.8
Z=
100%

According to the results of the analysis of the volume of liquid SN the advantage of 500 ml
(66.7%) SN has been established, namely: L-Carnitine + Chrome Pear - apple Fat Burner BioTech 500
ml (USA); Thermo drine liquid Grapefruit fat burner BioTech 500 ml (USA) et al.

Analysis of the taste of SN has revealed that there are currently 54 options. Leading positions
occupy such flavours of SN as: vanilla (17,1% share or 20 pieces on sale); chocolate and strawberries
(equal in value - 14 pcs, 12,0%%).

The results of the analysis on the distribution of SN by action on the platform "Med-
magazin.ua" Your health and beauty " has found that predominate (62.7%) - proteins (42.9% - Casein
Protein Vanilla Weider 500 g, USA/Germany)) and fat burners (19.8% - L — carnitine Xtreme
Dymatize 60 caps, USA) (Fig. 4).

Protein
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Fig. 4. Analysis of the distribution of sports nutrition by action

The conducted researches allow confirming the still high potentials of further expansion in the

field of SN production both in Ukraine and abroad [9, 18].
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Conclusions. The main areas of SN application include the influence on improving the life of a
person engaged in sports and increasing the life quality and expectancy. In the 30th years of the
twentieth century, the first studies of SN were conducted. The average annual growth of the global SN
market in the next five years will be from 8.1% to 11.0%. The range of SN that is in circulation in the
online store "Med-magazin.ua" of the pharmacy network "Your Health and Beauty" (as of 20.11.2019)
has been researched. For sale there are 20 manufacturers, most of them imported. The necessity of
import substitution has been proved. In Ukraine, only 10.0% of the analyzed products (2 companies:
Levobol, Fitness Factor) are manufactured, and 90.0% are imported (18 companies). The bulk of this
product group is produced by foreign countries - the USA (75.0%), Poland (10.0%) and the USA /
Germany (5.0%). It has been researched that the majority of imported SN- - are products of the USA and
Europe: Weider (USA / Germany, 14,8%), Kevin Levrone (Poland, 13,8%). Least items on sale are:
Levobol (Ukraine), Scitec Nutrition (USA), Fitness Factor (USA) at 0.5%9% respectively. The analysis of
the assortment has made it possible to determine that SN are available in 5 forms. Vast majority is in
solid forms (96%) and liquid is only 4%. The leader is a solid aggregate form - powders 65,0%. SN in
capsules make 21.0%, tablets 6.0% and bars 4%. Analysis by weight (45 offers) showed that solid SN
forms mostly have a weight of 0.500 kg (18% of the range). The leading positions (41.1% share) occupy
the flavours of SN: vanilla (17.1%); chocolate and strawberries (equal to 12.0%%% respectively). The
distribution of SN by designation had established a clear superiority of protein (62.7%).
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For the synthesis of oligomers of the novolac type, oxybenzene and its alkyl derivatives are
used as starting components. Formaldehyde is used as the second component. A technology has been
developed for obtaining oligomers in a melt, in which there is no wash water. The resulting oligomer
contains a minimum amount of unreacted oxybenzene.

To obtain mixed oligomers, along with oxybenzene, its alkyl-substituted derivatives were
used. The presence of alkyl groups in the oligomer has a plasticizing effect, which is important during
the processing of plastics.

When carrying out the synthesis reaction of the oligomer in the melt, paraform is used as the
second component, which depolymerizes when heated and releases formaldehyde. Formaldehyde,
when formed, immediately reacts with oxybenzene and its alkyl-substituted derivatives and forms
methylol derivatives:
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In the production of novolac, the reaction is carried out in the presence of an excess of
hydroxy derivatives of benzene. The reaction temperature and catalyst concentration affect the
reaction rate, while the duration affects the average molecular weight of the oligomer.

In the synthesis of mixed oligomers, as the second component, together with oxybenzene, we
used 1-hydroxy-2-methyl-, 1-hydroxy-3-methyl- and 1-hydroxy-4-methylbenzene.

Since the oxybenzene derivative is used in excess, and, besides, the rate of the condensation
reaction is higher than the rate of the addition reaction, the oligomers practically do not contain
methylol groups, which is confirmed by a spectroscopic study.

The intensity of the absorption bands characteristic of methylol groups in the region of 1030
cm-1 first appears, and then gradually decreases and by the end completely disappears.

The process of interaction of oxybenzene and its methyl-substituted derivatives with
formaldehyde was studied. The results are shown in Figure 1. The molar ratio of oxybenzene and its
methyl derivative in the mixture was 0.5: 0.5, the reaction temperature was 40-100 °C. The molar ratio
of the mixture of oxybenzene and its methyl derivative to formaldehyde was 1.15: 1, respectively.

As can be seen from the data in the figure, the course of the reaction is influenced by both the
temperature and the duration of the reaction. With increasing reaction time and temperature, the
conversion increases. For example, in the interaction of oxybenzene and 1-hydroxy-2-methylbenzene
with formaldehyde at 40 ° C, after 20 minutes the degree of conversion is 58.8%, at 60 °C - 67.3, at
80 °C it increases to 82, and at 100 °C it reaches 87%.

, CH0H  HOH,C , CH-O-H,C , CHa\
- H0 -CH,0
+ —_— —_—
_ CHOH  H{ _ CHz
'HZO
s |

In the course of the reaction, formaldehyde can interact with the already formed methylol
derivative, or with the oligomer. In parallel, methylol derivatives interact with each other, or with hydroxy
derivatives of benzene, or with oligomers. During this interaction, along with the addition reactions,
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polycondensation reactions proceed in parallel. The addition in the molecule of the oxy derivative occurs
with the participation of active hydrogen atoms in the ortho and para positions to the hydroxyl.
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Fig.1. Change in the degree of conversion of oxy- and 1-hydroxy-2-methylbenzene (a), oxy- and 1-hydroxy-
3-methylbenzene (b) and oxy- and 1-hydroxy-4-methylbenzene (d) with formaldehyde in the melt.

In the case of oxybenzene and 1-hydroxy-3-methylbenzene, the conversion degree increases in
the following sequence: 55.1> 64.3> 79.3> 83.6%; in the case of oxybenzene and 1-hydroxy-4-
methylbenzene - 59.8> 69.4> 84.0> 88.8%.

Schematically, the condensation process in an acidic medium can generally be expressed as
follows:

(X + 1) [ CeHsOH + C6H4CH30H] + XxCH,O0 — xH,0 +
H[- (CeHsOH ) — CH; — ( CeH2( CH3)OH ) —CH> - ]- CéH3(CH3 )OH ,
where x =10 - 14

The degree of polymerization of the novolac oligomers obtained in the melt is 10-14. As can
be seen, at the increase of the process duration, the amount of formaldehyde that doesn’t enter the
reaction decreases. The intensity of the decrease is higher in the initial stage. For example, if during
the course of the reaction at 40 °C in the case of oxybenzene and 1-hydroxy-2-methylbenzene, after 2
minutes the amount of formaldehyde not reacted is 91.1%, after 5 minutes it decreases to 74.7, after 10
minutes - 59.5, after 15 minutes -48.9, and after 20 minutes to 41.1%; at 60°C, respectively 77.6>
60.7> 43.4> 39.5> 32.7%; at 80 °C - 71.0> 49.2> 32.9> 23.2> 18.0%; and at 100 °C - 57.7> 36.7>
20.9> 15.5> 12.3%. A similar trend is observed in the case of other oxides.

Mixed oligomers dissolve in alcohol, acetone, dimethylformamide, tricresol, etc. When interacting
with hexamethylenetetramine at 180-200 °C, they are structured and turn into resite, which have a spatial
structure. At the same time, they completely lose solubility in the above solvents and do not melt.
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The works (1-6) describe epoxy polymers based on diglycidyl ethers of various bisphenols.
Continuing researches in the field of this interesting, practically important class of polymers we
considered interesting to synthesize polymers with increased thermal properties. Their presence in diol
component of cyclic groups of aromatic as well as alicyclic nature largely determines the properties of
structured polymer, contributing to the increase of thermal parameters of polymers. Components
containing various cyclic groups were used as hardeners. Table 1 given below offers structural
formulas of diglycidyl ethers of various bisphenols. The impact of structure of cyclic groups, as well
as bisphenol groups substituted in phenyl nuclei on the properties of polymers were studied. Since the
thermal and heat resistance of polymers, in addition of chemical structure of bisphenols depend also
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on the structure of the used hardener, to improve thermal parameters of polymers, both heat resistance
and thermal resistance we used hardeners of various chemical nature. In the synthesized by us
diglycidyl ethers, six of them were used for the first time. According to the external view, they are
transparent products of the light yellow color, are well soluble in aromatic hydrocarbons, alcohols,
ketones and other organic solvents. Diglycidyl ethers were cured with amine and anhydride hardeners.
Methyltetrahydrophthaleic anhydride and 4,4!-diamino diphenylesulfone were used as hardeners.

Table 1. Characteristics of glycidyl ethers

Structure of glycidyl ether Softening | concentration of | Molecular mass
temperature,| epoxy groups, %
°C computed | found |theoretical determined
by
ebulioscopy
1 2 3 4 5 6 7
1 61 21.23 19.00 405 424
—CH— —OCH,— CH— CH
<<\:/> 2 \o/ 2>
2
2 CHs 69 20.04 18.86 429 406
—CH—| \—OCH —CH™—¢H
O Vo~
2
3 C 57 18.14 17.41 474 502
—CH— \—OCHZ— CH—CH,
A=
2
4 71 20.62 20.02 419 422
—CH— —OCH,—CH— CH
O T
\CH3 ’
5 e 75 19.23 18.6 449 505
—CH— \—OCHZ— CH— CH,
| C/\ o
\CH3 i
6 _/\C' 50 17.58 17.01 448 560
—CH— —OCH,— CH—CH
@ (e
\CH3 g
7 55 21.9 17.0 392 480
\ / N
° 2
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Continuation of table 1.

1 2 3 4 5 6 7
8 __ 75 204 | 175 | 420 505
— —OCH,— CH— CH,
\ / </
(0]
2
9 e 45 18.6 181 | 561 420
—<\ —OCH,— CH_CH2>
< > Ny
2
10 65 109 | 151 432 612
— \ /—OCHZ— CH— CH,
Ot
2
11 o 65 186 | 174 | 460 472
— \ /—OCHZ— CH— CH,
Ot
2
12 83 187 | 140 | 458 508
- —OCH,— CH— CH,
) (L))
13 o 75 179 | 153 | 486 530
- —OCH,— CH— CH,
OO

When curing with anhydride, 0.85 mol of anhydride was taken per mol of glycidyl ether. When
cured with a diamine 10-15 weight percent of the diamine was taken. Introduction of an accelerator,
when we used anhydride (0.1 mass part of triethylamine per 10 weight parts of glycidyl ether)
significantly accelerates the curing process and improves the properties of the obtained products.

Glycidyl ether heated to its softening temperature is placed in polymerization glass and a
hardener is added. The mixture is thoroughly mixed until a homogeneous mass is formed and it is
placed in heating cabinet. Curing is carried out at the following temperature regime: 120° - 2 hours,
140° — 2 hours, 160° — 2 hours, 180° — 2 hours, 200°C — 10 hours. The degree of curing is
determined according to the content of the polymer after its extraction with acetone. The properties
of the obtained polymers are given in Table 2. Figure 1-2 shows thermo mechanical curves and
thermograms of some polymers. Thermo- mechanical and thermo-gravimetric analysis of polymers
showed that epoxy polymers based on bisphenol diglycidyl ethers with cyclic groups are
characterized by high thermal and heat resistance of the cured polymers. The structure of the cyclic
group exerts no significant influence on the thermal and heat resistance of the cured polymers.
However, the presence of substituting agents in ortho-position at the phenyl hydroxide in bisphenol
affects these parameters. They are somewhat lower for polymers obtained on the base of alkyl- and
halogen-substituted bisphenols.
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Table 2. Properties of structured polymers based on bisphenol glycidyl ethers and their alkyl-
and halogen —substituted derivatives *).

Structure of glycidyl ether Deformation by Temperature of
10% weight reduction by
10%, °C™
A B A B

145 155 275 270
—CH— /—OCHZ— CH_CH2>
2

2 H3 140 152 260 240

—CH— —OCHZ— CH ™ CH,
2

cl 138 140 266 260

\

—CH— —O0CH,— CH— CH
C G
4 \ 145 152 253 260

—CH— —OCH,— CH— CH,
@ ()=o)
AN 2

5 _/:H3 155 160 280 310
—CH —OCH,— CH— CH,
| <\ /N >
“cH,
6 ___C 200 | 210 290 280
— —OCH,— CH— CH,
N\ / L/
(@]
\ 2
CH,
7 - 170 195 260 260
— —OCH,— CH— CH,
\ / No >
\/ 2
8 ,CHs 225 200 300 330

9 - 160 195 290 300
- —OCH,— CH— CH,
Q=)
2

10 /CH3 175 190 300 310
@@ /—OCHZ— CH— CH2>
*) Hardener — methyltetrahydrophthalic anhydride, B — diaminodiphenyl sulphon

dlamlnodlphenylsulphon
**) The mass reduction temperature was determined from the thermogravimetric curve at a
temperature rise rate of 465°C.min.
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Fig.1. Thermomechanical curves of epoxy polymers: a) hardener — diaminodiphenylsulphon,
b) hardener —methyltetrahydrophthalate anhydride (the numbers on the curve correspond to the
polymers in Table 2)

Polymers cured with 4,4'-diaminodiphenolsulphon, depending on the nature of the group
substituted in the phenyl nucleus, are characterized by different heat resistance. So, if the polymer
based on substituted bisphenol-4,4* —(hexahydro-4,7-methyleneinden-5-ylidene) of diphenol decreases
in weight by 10% at 400 °C, the presence at a methyl group in the ortho-position to the phenolic
hydroxyl of bisphenol, or presence of chlorine atoms, reduces the temperature of weight reduction by
10%, respectively, up to 325-315 °C.

For a polymer based on non-substituted bisphenol, a decrease in weight by 40% is observed at

435 ° C. While polymers based on methyl and chlorine-substituted bisphenols suffer reduction in
weight at 390 and 360 °C.
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Fig.2. Thermogravimetric curves of epoxy polymers: a) hardener — diaminodiphenylsulphon, b) hardener —
methyltetrahydrophthalic anhydride (numbers in curves correspond to polymers of Table 2).

Heat resistance of polymers depends also on chemical nature of the hardener. Polymers cured
with diaminodiphenylsulphon are characterized with high thermal resistance than polymers cured with
methyltetrahydrophthalic anhydride. Thus, temperature of weight reduction by 10% for a polymer
based on bisphenol with indan group that is cured with 4,4 *-diaminodiphenyl sulphon equals to
425°C, while for a polymer cured with methyltetrahydrophthalic anhydride it equals to 340°C.

The heat resistance of polymers is also influenced by the structure of the hardener. Thus, when
curing diglycidyl derivatives of bisphenols with anhydryl-type hardeners, depending on their chemical
structure, the thermal resistance of polymers is significantly different. The presence of cyclic
structures in curing agent molecule noticeably increases their thermal resistance compared to the case
when the curing agent has an aliphatic structure. So, if a polymer based on bisphenol with an indan
group in the molecule, cured with maleic anhydride, suffers decrease in mass by 40% at 380°C, the
same polymer cured with methyltetrahydrophthalic anhydride decreases in mass by the same amount
already at 460°C, that is, at 80°C higher. A similar trend is observed in the cases of other bisphenols.

Above 600°C all polymers decompose without the formation of coke residue, which is
generally typical for other types of polymers based on bisphenols with groups of the norbornane type
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As seen from Fig.1 a and b, cured epoxy polymers based on bisphenols with norbornane type
groups have a rather high heat resistance compared to conventional epoxy polymers based on dian and
other bisphenols. Thus the glass transition temperature (deformation by 5%) of an epoxy polymer cured
with an amine-type hardener is 235°C (Fig,1a, curve 10), while the glass transition temperature of epoxy
polymers based on dioxydiphenyl propane, dioxydiphenyldimethyl methane, phenolphthalein and other
bisphenols cured by the same hardener is much lower (80, 103, 100 and 120°C, respectively).

The volume of the cyclic grouping does not significantly affect the glass transition
temperature. However, the presence of groups substituted in the phenolic nucleus of bisphenols has an
effect. They lower the glass transition temperature of polymers. So, if epoxide polymer based on
bisphenol with an indan group, cured with diaminodiphenyl sulphon, is deformed by 10% at 235°C,
methyl and chlorine substituted bisphenols of the same bisphenol are deformed by the same amount
already at 225 and 190°C, respectively. A similar dependence is observed in the case of other
bisphenols (Table 2). Replacing the amine hardener with anhydride does not violate this relationship
(Fig. 1b, Table 2).

Polymers based on chlorine-substituted oligomers are characterized by non-inflammability.
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Intense growth of the population requires increase of agricultural products, especially of cereal
crops but agricultural designation lands suffer constant decrease thanks to the increased urbanization and
intensification of industry. The only way to provide the population with farm products is application of
nitrogen-containing chemical fertilizers in increased doses (mainly of ammonium nitrate and carbamide).
But due to good water solubility of nitrogenous fertilizers their significant part is lost as a result of
evaporation and wash-off. Alongside with tremendous economic loss it results in global environment
contamination and creates heavy ecological conditions for normal existence of population and fauna.
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Regular application of such fertilizers makes unfavorable impact on soil and environment
(1-3). It can condition misbalance of nutrients used by plants, while accumulation of nitrates in great
quantity negatively affects human and animal health (4-5).

Efficient way to resolve these problems was creation of absolutely new type fertilizers, the so-
called “exchange fertilizers”, which were developed in USA, by the Geological Service (6).

Principle of the application of exchange fertilizer differs cardinally from that of commonly
used fertilizers, which are well soluble in ground waters and are easily washed off. Exchange
fertilizers consist of hardly soluble ingredients which are released as plant nutrient components and are
consumed by plants according to need, due to buffer effect of chemical reactions going on in soil.

The system offered by us is based on the principle that natural ion-exchangers, e.g. zeolites are
able to add calcium ion released from Apatite, which is goes on till complete dissolution of Apatite
(8,9). The simplified scheme for this system is as follows:

P-Apatite+ (NH4, K)-zeolite = Ca-zeolite + (NH4*, K*) + H ;PO4

Exchange fertilizers are highly efficient for assimilation of nutrients by plants, thus helping
plants to assimilate nutrients more efficiently and to decrease washing-off the nutrients and
environment pollution.

At the application of exchange fertilizers productivity is increased compared to that when
common soluble fertilizers are used. (www.zeoponic.com).Thus, for example Barbarick and his
collaborators (7) proved that productivity of sorgurum-sudangrass in some systems was increased by 4
factors. One of the modifications of this fertilizer was commercialized by Zeoponic Inc (see
www.zeoponic.com) and was spread worldwide. Irrespective of these positive results the exchange
fertilizers are not perfect for wide application in agriculture. The main problem is that it doesn’t
contain much nitrogen (it contains approximately 2.5 mass%) in the form of ammonium ion in zeolite
acting in exchange process (NH.- form of zeolite).

Development of ecologically safe fertilizers is attributed vital significance for our survival.

The submitted project enables us to develop such fertilizers.

Among the nitrogenous fertilizers mainly ammonium nitrate (NH4sNO3) and carbamide (H2N-
CO-NHy) are used in agriculture. Carbamide contains up to 46% nitrogen, while nitrate — 35%. But
both of them are rather well soluble in water. While introducing into soil their significant part is easily
and swiftly washed off at the impact of ground and rain waters, which results in tremendous economic
loss, contamination of environment (water reservoirs, lakes, seas, ponds, wells and heavy diseases in
the population and animals. At the same time, as a result of evaporation, while reaching the high strata
of atmosphere it results in destruction of ozone layer that protects the globe.

According to our opinion one of the efficient ways to overcome these problems is
application of polymer fertilizers which are hardly soluble in water. When introduced into soil, at
the impact of destructive microorganisms the fertilizer suffers conversion and passes into the form
easily assimilated by plants. This process proceeds slowly and a plant manages its assimilation. At
the same time, in the vegetation period a plant is provided with dosed and (in case of capsulation)
autonomous feeding and it is developed normally, which is a prerequisite of obtaining ecologically
pure product and increase of productivity.

Biodegradation of spatial polymer at the impact of destructive microorganisms of soil is
complicated and requires a long time. We have implemented a target-oriented synthesis of polymers to
receive linear structure polymers where labile peptide bonds are preserved. To realize target-oriented
synthesis of polymers and to determine reaction mechanism and optimal conditions of synthesis we
studied the process kinetics and reaction regularities.

Some kinetic regularities of interaction of amide component and aldehyde were studied when
the reaction was carried out in the solution at 50-70°C at carbamide/formaldehyde molar ration 1:2,
correspondingly.

Various factors affect the process of carbamide and formaldehyde interaction reaction. These
are: process duration, temperature, molar ratio of starting components, amide component structure and
composition, concentration of the solution. At the increase of temperature, conversion rate and
reaction speed are increased. Thus, for example, after 15 minutes, conversion level at 50°C reaches
29.23%, at 60°C — 43.58% while at 70°C it reaches 71.79%. Besides the reaction length makes
influence on the conversion level. Conversion level increases together with the reaction duration.
Practically, reaction is completed in one hour.
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We studied the effect of carbamide and formaldehyde ratio on the reaction process. At the
increase of formaldehyde quantity, conversion level and speed increase markedly. Already after one
minute of the reaction carbamide-formaldehyde ratio equals to 1:2 mol and conversion rate is 5%. At
the increase of this ratio up to 1:4, conversion level after 30 minutes increases from 60 to 77%.

Some kinetic regularities of the interaction of amide components and aldehyde in the solution
were studied at constant temperature, at 50, 60 and 70°C, when carbamide/formaldehyde ratio was 1:2.
It was shown that reaction speed was increased with the increase of temperature and duration. 1-3
tables show kinetic parameters when the reaction was carried out at 50, 60 and 70°C:

Table 1. Kinetic parameters at the reaction carried out at 50°C*

t, min X a-x a(a-x) a(a -xt K, I/mol.sec. P, %
1 0,00053 0,001892 3,6991 - 10°F 3,2194 - 10* 2,3884 - 10! 2,71
3 0,00015 0,00180 3,5100 - 10° 6,3180 - 10* 2,3741 - 10 7,69

5 0,00024 0,00171 3,3345 - 10°® 10,0035 - 10* 2,3900 - 10 12,30
10 0,00042 0,00153 3,9835 - 10°® 17,9000 - 10* 2,3463 - 10t 21,53
15 0,00057 0,00138 3,6910 - 10°® 24,2190 - 10 2,3535- 10 29,23
20 0,00069 0,00126 3,4570 - 10°® 29,4840 - 104 2,3402 - 10t 35,38
25 0,0008 0,00115 3,2425 - 10°° 33,6375 - 10* 2,37,83 - 101 41,02
30 0,00088 0,00107 3,0865 - 10° 37,5570 - 10* 2,3431 - 10% 45,12
45 0,00108 0,00087 3,6965 - 10° 45,8055 - 10* 2,3578 - 10t 55,38
60 0,00122 0,00073 3,4235 - 10°® 51,2460 - 104 2,3806 - 10t 62,56
aver. 2,3652 - 10!

Table 2. Kinetic parameters at the reaction carried out at 60°C*

t, min X a-x a(a-x) a(a -xt K, I/mol.sec. P, %
1 0,0001 | 0,00185 | 3,6075-10° 2,1645 - 10* 4,6210 - 10* 5,12
3 10,00026 | 0,00169 | 3,2955-10° 5,9319 - 10* 4,3837 - 10! 13,33
5 0,0004 | 0,00155 | 3,0225-10° 9,0675 - 10* 4,4116 - 10* 20,51
10 | 0,00066 | 0,00129 | 2,5155-10° | 15,0930 -10* 4,3728 - 10! 38,84
15 |0,00085| 0,0011 | 2,1450-10° | 19,3050 -10* 4,4030 - 10! 48,58
20 [0,00099 | 0,00096 | 1,8720-10° | 22,4640-10* 4,4076 - 101 50,76
25 [0,00109 | 0,00086 | 1,6770-10° | 25,1550-10* 4,3831-10% 55,89
30 ]0,00118 | 0,00077 | 1,5015-10° | 27,0227 -10* 4,3660 - 10 60,51
45 |0,00136 | 0,00059 | 1,1505-10° | 31,0635-10* 4,3781 - 10 69,74
60 |0,00147 | 0,00048 | 9,3600-107 | 33,6960 -10* 4,3625 - 10! 75,38

aver. 4,4038 - 10!

Table 3. Kinetic parameters at the reaction carried out at 70°C>

t, min X a-X a(@-x) a(a -x)t K, I/mol.sec P, %
1 0,00028 | 0,00167 | 3,2565-10° | 1,9539-10* 14,3369 - 10! 512
3 0,00065 | 0,0013 | 2,5350-10° | 4,5630-10* 14,2450 - 10! 13,33
5 0,00089 | 0,00106 | 2,0670-10° | 6,2010-10* 14,3525 - 10t 20,51
10 | 0,00122 | 0,00073 | 1,4235-10° | 8,5410-10* 14,2840 - 10! 38,84
15 0,0014 | 0,00055 | 1,0725-10° | 9,6525-10* 14,5047 - 101 48,58
20 0,0015 | 0,00045 | 8,7750-10" | 10,5300 - 10* 14,2450 - 10! 50,76
25 | 0,00158 | 0,00032 | 7,2150-10" | 10,8225 -10* 14,5900 - 10! 55,89
30 | 0,00163 | 0,00032 | 6,2400-107 | 11,2320 -10* 14,5121 - 10! 60,51
aver. 14,3837 - 10!

X) t —time in minutes, a-formaldehyde content in grams, at 100% conversion; x-formaldehyde quantity
in grams, which is converted at this moment.

According to the Arrhenius formula number of molecules reacting in one second equals to a
o - E . E .
number of molecules attacking in one second multiplied by -"&F, that is g = 4. ¢ ®F, from it

E
lgk = 1gA — = where K is reaction speed constant, E-reaction activation energy, A- Arrhenius factor.

Volumes of reaction activation energy and probability factor are computed and
E average = 7940.05 cal/mol = 7.94 kcal.mol. A = 0.0223 cal.mol*10 2 I/mol.sec.
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Effect of various factors, such as initial components molar ratio, amide component structure
and composition, concentration was studied on the reaction of carbamide/formaldehyde interaction
reaction. Reaction process is affected also by initial concentration of components. It is shown that
increase of initial concentration of carbamide in reaction medium from 0.1 to 5 mol/l, increases
reaction speed and conversion level. Thus, e.g. when initial concentration of carbamide is 0.1 mol/l,
after 1 hour conversion level equals to 62.50%, when initial concentration is 1 mol/l — it is 66%, but
when this concentration is 5 mol/l — conversion level equals to 78%.

The sequence of introduction of the initial components in the reaction area was studied.
Carbamide is a multifunctional component and in case of simultaneous application of the initial
components, a polymer with a spatial structure may be formed. When the aldehyde is gradually
introduced into the reaction area the probability of reaction of aldehyde with the secondary hydrogen
atom decreases, affecting the spatial structure of the polymer. When aldehyde is gradually introduced
into the reaction area, there is always an excess of urea and the likelihood of the aldehyde reacting
with the secondary hydrogen atom decreases.

It has been shown that by the increase of the initial concentration of aldehyde, the reaction
rate increases.

The molar ratio of the initial components — carbamide and formaldehyde — greatly determines
the chemical structure of the polymer obtained. When the molar ratio of the initial components —
carbamide and formaldehyde is 1: 1,5-3,5, even when the pH is reduced to 4-4,5, it is possible to form
a polymer with a spatial structure, which is highly undesirable for its use as a plastic material (due to
poor flow which makes difficult its thermal treatment, it is also undesirable to use it as a fertilizer of
prolonged action, since the period of adaptation and, consequently, that of biodegradation for
degrading microorganisms is prolonged.

At such a ratio, methyl derivatives (mono-, di- and trimethyl derivatives) are formed at the initial
stage of the reaction. Methylol groups are characterized by unstable and high reactivity. In the post-
reaction phase, reactions may occur when the methylol group will react with the urea-free NH; group.

-CH20H + -NH; — -CH2 - NH —
Methylol groups interact with each other to form a dimethylene ether group, which then disintegrates.
-CH,0OH + -CH,OH —-CH; - O - CH; - — -CH> -) + CH,0O

The methylol group interacts with the imine group. At this time a spatial structure is formed

~CHy NH— + = CHOH —= —CH, ~"N~CH,~

As studies have shown, a high prolongation effect is achieved when the molar ratio of urea
and formaldehyde is 1: 1. At this time a linear structure polymer is formed in which the peptide bonds
-CH, - NH — are retained.

The simplified structure of the linear polymer is expressed as follows:

- HNCONHCH;[ NHCONHCH; ], — HNCONHCH; —

A study of the nature of the catalyst has shown that strong acids, such as sulfuric acid,

hydrochloric acid, and phosphoric acid, accelerate the process much faster than formic or boric acids.
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Hns 3 dexkTuBHOCTH Mpolecca CYIIKH CETbCKOXO03IHCTBEHHONH MPOIYKIHU PEKOMEHAYeTCs
NPOBOAMWTH CYIIKY B TEJIMOCYIIMIFHOM YCTPOHCTBE C MOJNMKApOOHATHBIM MOKPBITHEM, T.K.
UCIIOJIb30BaHHUE TeIMOCYIIIIKN (T/c), KaK TOKa3ajW HCCIEOBaHUs, COKpamaeT BpeMs CYIIKH
yIIy4dllIaeT COXPaHHOCTh apoMara, IIOJIE3HBIX BEIIECTB M BKYCOBBIX KauecTB, oOecreyrBaeT
CTEPWJILHOCTh NPOIYKIMH, a TaKKe 00JeryaeT XpaHeHHWE BBICYIICHHOTO MPOAYKTa (HE MPOUCXOIUT
[opyYa U XpaHUTCS AoJblie 00bl4HOro). Kak mokasanu 3KCIEpUMEHTHI, HCIIOIb30BAHUE HECIOXKHBIX
reJIMOCYIIUIIBHBIX YCTAHOBOK KaK B MEJIKUX KPECThIHCKHUX X035 CTBaX, TaK U TOPOACKUMU SKUTEIISIMHU,
JaeT SKOHOMUIO CPEACTB, PU3NIECKOTO TPYAa, IAAUT IKOJIOTHUIO (HEe IPOUCXOAUT BBIICICHUS TeIlIa U
VIJICKHUCIOr0 ra3a B OKpykatomlylo cpeny). [lorpeburens momydaeT 3KOJIOTMYECKH YUCTBIE M
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BBICOKOKAYECTBEHHbIE  MPOAYKTHl  NHTaHUsA.  lcrmonb3oBaHME  BBICOKMX  TemmepaTyp (B
JIEKTPOCYIIMIIKE U AyXOBbIX IIKa(dax) Al IPUTOTOBICHUS CyXO(hPYKTOB 4aCTO BEAET K Pa3pyLICHHUIO
BUTAMUHOB. A CYyIIKa CBHIPbSl €CTECTBEHHO-COJHEYHO-BO3AYLIHBIM IIyTEM Ha OTKPBITOM BO3AyXe
OOBIYHO 3aHMMAET JUIUTENHHOE BpPEMsl, YTO TaKKe He JY4IIUM 00pa3oM CKa3bIBaeTCs Ha KayecTBE
IPOAYKTa M €ro BUTAMHUHHOM cocTaBe. Ho cymika B r/c ycrpoiicTBax, Kak IOKa3aJl aHAJIN3 JaHHBIX
CYLIEHBIX NMPOAYKTOB HAa BUTAMHHBI, SBJSIETCS CaMbIM OINTHMAJIbHBIM, T.K. MAKCUMAaJIbHO BBICOKUM
COXpPaHSACTCSl BUTAMUHHBIN COCTaB, a TAKKE MOTPEOUTENBCKUE U BKYCOBBIC KauecTBa MpoaykToB [1, 3].

[IpoBeneHue coNHEeYHO-BO3IYIIHOM CYIIKH CBSI3aHO C MIOTOJHBIMHU YCIOBHUSAMH, TaK KaK CyIIKa
CEIIbCKOXO03HCTBEHHBIX(C/X) MPOIYKTOB MPOMCXOAMT JIMIIb MPH BHICOKOW TeMIepaType W HHU3KOW
BJIKHOCTH BO31yxa (B coiHeuHble scHble OHM). [Ipn HemoctaTtke Teria MPOAYKLUS ITOIy4aeTcs
HEBBICOKOTO KauecTBa. CyIIKa 3TUM METOA0M TpeOyeT JOBOJILHO MPOJOKUTENBHOTO BpeMenu (4-15
nHeit). Bo Bpemst cymikn He0OXOAUMO CIEANTh, YTOOBI HA IIPOIYKLMIO HE CEJIM HACEKOMBIE, HE IT0Maa
Bjara (JOXxb, poca), mbulb. IIpu cUIbHOM BeTpe, Ha HOYb M NP NPUOIMKECHUM HEHACThbs €€ Ha/lo
yOupaTh B 3aKpBITOE MIOMEILICHUE, B CIy4ae HEOOXOJUMOCTH 3aIIMIIATE OT MyX M APYTHX HACEKOMBIX,
3aKpbIBasl, Harpumep, Mapiied. Ilocie CylKu Moiay4aroTcs CTOMKHE IUIIEBBIE ITPOIYKThI, KOTOPHIE
MOYKHO XPaHUTh B JOMAIIHHUX YCIOBHUSIX U 0€3 ONaceHHH HCIOIb30BaTh J0JII0E BPEMsl, B HUX XOPOLIO
COXPAHSIOTCS NMUTATEJbHbIC BEIICCTBA. B JTMYHOM MOJCOOHOM XO3siCTBE, Ha (epMe IeIeco00pa3HO
UMETh XOTS Obl MPOCTYIO TEIHOCYIIMJIBHYIO YCTAHOBKY C TEM, YTOOBI MaKCHMAaJIbHO XOPOILIO
MPOBECTHU CYIIKY C/X MPOIYKIHUH C MUHUMAIbHBIMU moTepsmu [1, 3].

Ha ocHOBe U3BECTHBIX B MUPE COIHEYHBIX CYIIMIOK ObUla pa3paboTaHa U NPOLUIA UCIIBITAHUE
TeMOCYIIMJIbHAS yCTAHOBKA C TMOJMKApOOHATHBIM TIOKPBHITHEM, NpeAHA3HAUCHHAs Uil CYIIKU
(G pyKTOB, OBOIIEH, TPUOOB, JIEKAPCTBEHHBIX PACTCHUAHN U JIp.

OCHOBHBIC 3JIEMEHTBl COJHEYHOTO BO3JyXOHAarpeBaTelsl CICAYIOLIUe: IOIJIOMIA0INAs
COJIHEUHYIO PaJHallfio MPO3pavyHOe TOKPBITHE, OOBIYHO BHIMOJIHSAEMAas W3 MOJMKapOoOHATa, CTEKIa,
MOJIMATHIICHA | JIp., 00eclieunBarollee MaKCUMalbHOE TIOTJIOUICHHE COJTHEYHOTO M3ITyUYCHUs U KaHall,
M0 KOTOPOMY MpOXoauT Bo3ayX. [Ipo3pauHoe mOKpwITHE OOBIYHO AENAIOT M3 CTekia. B manHO#
YCTaHOBKE OBUI MCIIOJIb30BaH moyukapOooHat. IlomukapOoHaT o0JiagaeT XOpoIleHd CTOMKOCTBIO K
aTMOC(EepHBIM BO3JICHCTBHUSAM, OTHOCHTEIILHO HEIOPOTO U MMEET BBICOKYIO MPO3pavyHOCTb [2, 5].

[Imactmacca 0OBIYHO MEHEE MOABEPKEHA MOJIOMKE, JIeTKa U B BUAE TOHKUX JIMCTOB HEOPOra.
OpHako OHa, KaK MpaBUiIO, HE 00JIaZaeT CTOJb BHICOKOW yCTOWYMBOCTBIO K BO3EHCTBUIO MOTOAHBIX
¢dakTopoB, Kak moiukapOoHar. Emie ogHMM mNperMyIecTBOM MOJHKapOOHATa MO CPaBHEHHIO C
IUTACTMACCOHN SIBJISIETCS TO, YTO TOJIMKApOOHAT HE MPOITyCKAeT Majarolliee Ha HEero AJITMHHOBOJIHOBOE
(TeroBoe) M3MydeHUE, UCITyCKaeMOe MOTJIOLIAIOIIEH MIACTHHOM, MPU 3TOM CHHXKAIOTCSI TEIUIOBBIE
NoTepU MyTeM u3NydeHus: Ooniee 3PPEeKTUBHO, YEM B clydae IIACTMACCOBOTO MOKPBITHS, KOTOpOE
MIPOMYCKaeT YacTh JITUHHOBOJIHOBOTO N3TYYEHHS.

[losTOMYy B ONBITHBIX KOHCTPYKLHUSIX B Kau€CTBE NMPO3PAYHOIO MOKPBITHS OBLIT HCIIOJIB30BaH
coroBblii monukapOonat (IIK). CoroBblii monukapOOHAaT — IUIACTHK, KOTOPBI HPOM3BOAWUTCS M3
BBICOKOKaYECTBEHHOTO TOJNMKapOOHAaTa METOJIOM JKCTPY3HH, YTO MOApa3yMEBaeT paciiiaBlicHHE
rpaHyji TIJIacTHKa M BBIJABJIMBAaHHE 3TOHM Macchl uepe3 ocobyio ¢opmy (¢punbepy), KoTopas
OTIpEAEISAET CTPOEHUE U KOHCTPYKIHUIO JIUCTA.

OcHoBHBIC TpenMyTIecTBa cotoBoro [1K:

e (CBepxBbICOKas yaapHas NPOYHOCTH (COTOBHIA MojukapOoHat mpu manoMm Bece B 200 pa3
MIPOYHEE CTEKJIa U B 8 pa3 MpoyHee aKpUIIOBBIX TIACTHKOB);

e Bricokas TEpMOCTOMKOCTb;

e BrIcokas OorHECTOMKOCTD,

e UpesBpIuaiiHas JIETKOCTh, MAJIbIH yAEIHHBIN BeC (COTOBBIA MOTUKapOOHAT BECUT B 16 pa3
MEHBIIIE, YeM CTEKJIO M B 3 pa3a MEHBIIIE, YeM aKpHJI aHAJIOTUYHOHN TOJIIMHBI);

¢ BrIcoKHe TEIUION30IALMOHHBIE CBOMCTBA, HU3Kas TEIIONPOBOJHOCTH;

Brlcokas cBETONPOHHUIIAEMOCTE;

Xopormas IryMo- ¥ 3ByKOHU30JISIIHS;

Brlcokas xumMudeckas ycTOHUNBOCTS;
[IpouHocTs Ha U3rKO U HA Pa3pHIB;

VY CTOHYMBOCTD K aTMOC(EPHBIM BO3ACHCTBHSIM,;
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e JloNTOBEYHOCTh, HEM3MEHHOCTh CBOWCTB (TapaHTHUHHBIA CPOK CIIY>)KOBI H3AETUH U3
nonukap6onara 10-12 ner);

e be3omacHOCTh OCTEKJIEHHs (MOoMuKapOOHAaT He pa3OuBaeTcs, He OaéT TpeUlwH, a
CJIeTOBATEIHHO, OCTPHIX OCKOJIKOB IPH YAape);

e 3amuTa OT ynbTpauoICTOBOrO U3NYYCHUS (CIICIHATBHBINA 3aIIUTHBINA CIION MPETSTCTBYET
MIPOHUKHOBEHHIO HanOO0JIee BPeIHbIX ISl BHYTPeHHET0 oMerieHns Y O n3mydeHuil);

e Xopomye KOHCTPYKIHOHHBIE BO3MOXXHOCTH, JIETKOCTh JIMCTOB IO3BOJIIET CO31aBaTh
JIETKHE ¥ OPUTHHAIIBHBIC KOHCTpYKImH [7, 9].

Puc. 1. Honuxapbonam

B mpeminoxeHHOM yCTpOWCTBE NEHCTBYET €QWHBINA IMpHeM, padoTalolleil Ha eCTECTBEHHOM
TATE: BO3AYX IMOCTYMaeT W HarpeBaeTcsl B CYUIMIBHOW KaMepsbl, I/ie Ha TepQOopupOBaHHOM MOAJOHE
pa3MmenaeTcsi BBICYIIMBAeMblii 00beKT. HarpeTslii BO3MyX IBUKETCS B CYHIMJIBHON Kamepe CHH3Y
BBEPX uepe3 CIIoW Marepuaia U yAasieTcsi U3 KaMepbl Yepe3 BBITSKHYIO TpyOy. CTEHKH CyIIMIBHOM
KaMephl BBIKpallleHbl B YEPHBIN 1BeT. B mpoliecce MOTNIOMIEHUs Ty4HcTas SHEpIrus MpeBpaiaercs B
TETJIOBYIO M BBI3BIBACT HArPEeB ATOro o0bekTa [4].
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B skcnepuMeHTanbHOW YCTaHOBKE [UIS HWCCIEAOBAHUS KHWHETUKH CYIIKH  CENbCKO-
XO3STICTBEHHOH TIPOAYKIUN PEATN3YETCs] COTHEYHO-PaINallMOHHO-KOHBEKTUBHBIN CTI0c00 00paboTKn
npoaykTa. «[lapHUKOBBIA 3(dekT» obecneunBaeT TeMrepaTypy moja crekioM Ha 15-25°C Bhimre
TEMIIepaTypbl OKPY Karolei cpebl.

CoJHeYHasl yCTaHOBKA COCTOUT M3 IBYX KOPOOOB 1 ¥ 2, MOKPBITHIX moiukapooHaTom (puc.3.)
Bo3nyx B kamepe mporpeBaeTcs HEMOCPEACTBEHHO OT COJHIIA Yepe3 MONMKapOOHATHOE TOKPHITHE U
OOKOBBIE TOBEPXHOCTH.

B BepxHeil yactu kamepbl | mMeeTcs BHITSDKHas TpyOa 4 Ui yCHJICHHS KOHBEKIHH, a B
HIDKHEW 9acTH BXOJ U CBEXEro Bo3ayxa 5. PexxnM paGoThl BO MHOTOM OIPENENIeTCs UPHHON H
BBICOTOM BEeHTWISIIMOHHON TPYOBI, peTryIMpPYyIOIIel HHTEHCUBHOCTh BO3yX000MeHa. Pa3HOCTH BBICOT
MEXIY HIKHHM BXOJIOM BO3JlyXa W BEPXHUM KOHIIOM TPYOBI COCTaBISICT MPUOIM3UTENBHO 2.2 M. 3a
CYeT Pa3HOCTH TEMIIEpaTyp M JaBICHWN YBEIMYMBAETCS KOHBEKIHS B JAaHHON KOHCTpyKIWHU. Bech
KOPITYC BBIKPAIlIeH B YEPHBIHA IBET JJIs yCHIIeHHs TerioBoro 3¢ dexra. B kamepe mmeercs MOAI0H U3
cuTa 3, KyJa 3arpyxaeTtcs BbICyIIMBaeMasl IpOAyKLHSI.

B
4

&
"\
|

4 . N A7

] \\\
“ N O
:

- o
R,
P

/ «

/ bt

Na /
3 if

{9 /
i N i A
, :

S

Sk
¢ ® \0"/

Puc. 3. Konsexmusnas eenuocyuuixka
1 — cywunvuasn kamepa, 2 — 6xo0Hoe omeepcmue.; 3 — HOOOOH ¢ NPOOYKmMoM, 4 — evimsdicHas mpyoa,
5 — 6xo0H0e omsepcmue.

[IpenBaputensHO 00paOOTaHHOE U HAPE3aHHOE CHIPhE YKIAIBIBAETCS BHYTPh YCTAaHOBKH, ITOCTIE
yero kopoO 1 ¥ kopoO 2 HaKpbIBAlOTCA moyMkapOoHaToM. B cityuae HeoOXoauMocTH Kamepa 1 MoKeT
MOKPBIBATHCSI METAJUIMYECKAM JIUCTOM WM JAPYTUM MaTepualioM (JUIsi CYIIKH HEKOTOPBIX BHJIOB C/X
MPOAYKIIMH U JICKAPCTBEHHBIX PACTCHUH HEOOXOAMMa CPaBHUTEIIEHO HEBBICOKAS TEMITEPATypa CYIITKH 32
HENTUTEILHBIA MPOMEKYTOK BpeMeHH). | enocymmika BEICTaBIISIETCS Ha coHIe. Bo3myx, HarpeToIid u
[UPKYJIUPYIOMINN B TEITUOCYIIIIIKE 00ECIICYMBACT BRICOKYIO CKOPOCTh M KadecTBO Cymku. ColHeuHast
SHEpPrusl MOIJIOMIAETCS CAMHMM MPOAYKTOM HEMOCPEACTBEHHO W BHYTPEHHUMH CTEHKAMU KaMEphl,
OKpaIIeHHBIMU B YUEPHBIH IBET, B KOTOPOH HAXOIUTCS BBHICYIITUBAEMBIN MaTepHall.

Tak Kak CHM3y CYIIMJIKAa OTKpPbITA BEHTHJIALIMOHHBIM OTBEPCTHEM S5, a CBEpXY COEIHUHEHA C
BEPTHKAILHON TpyOOil 4, TO cO3/MaeTcss BHYTPH CYNIMJIKMA BO3MymrHas Tsra. Llupkynsamus Bo3myxa
OCYIIECTBIISIETCS 32 CUET €CTECTBEHHOM TSTH, IPY STOM HCIIAPHBIIIASICS BlIara BEIHOCHTCS C BO3TyXOM
B atMocdepy. Korna ckopocTh BeTpa y BBIXOJHOTO OTBEPCTHS TPYOBbI BO3PACTACT, JIABIICHUE B ATOM
MecTe majgacT. bornee BBICOKOE AaBlieHWE BHYTPH KOpoOa OYKBaIbHO «BBITAIKHBACT» BO3AYX H3
CYIIWJIKU B TpyOy. YCHIIeHHas KOHBEKIMS BO31yXa COBMECTHO C HarpeBoM jeiaeT 3()(eKTUBHBIM
IPOIIECC CYIIKHU U TIPH 3TOM HE 3aTPaYMBACTCs AIEKTPOIHEPT sl Ha BBITSDKHYIO BEHTWIAIHO [4, 6, 8].
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BBenenue. Meron [lucranmmonnoro 3onmupoBanus 3emum (/133) Pamgmo-TermnoBu3opHOi
Texunonorun (PTT), mpUMEHUTENHFHO K TEOJIOTMH, MOXHO HCIIONB30BATh JUISl TOUCKA TOJ3EMHBIX
BOJIHBIX, YTJIEBOJOPOAHBIX U PYAHBIX pecypcoB. [ morcka pyIHBIX 3aJIeXkKel IIIaTHHOBOW TPYIIIEI, B
0COOCHHOCTH — IMaJUIaIns, TIOCTYKMIO HETaBHEE OTKPHITHE €r0 3HAYMTEILHBIX 3aracoB Ha Emanckom
Mecropoxacaun. (BopoHexckas o6macth, Poccust). 910 MeCcTOpokIeHHEe U OBLIO MCITOJIB30BAaHO KaK
TECTOBBIN y4yacTOK Ui oTpabotrku meroma PTT ¢ ganmbHelmiel IEnbE0 TEOJIOTMYSCKOTO ITOUCKA
aHAJIOTUIHBIX MECTOPOKICHUHN Ha IPYTUX TEPPUTOPHUSIX.
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B nmokemOpuiickom ¢yHmaameHnTe BOpOHEKCKOTO KpUCTANTUYECKOTO MACCHBa YCTaHOBJICHBI
ynprpamadut-mMapuTOBEle M Ma(dUTOBBIE KOMIUIEKCH €JIaHCKOTO THIA, C(HOPMHUPOBABIINECS B
YCIIOBUSIX PEaKTHBAIIMK TO3IHEapXeickux cTpykTyp [7] "daiiku cyabOUAHBIX IIATHHOMIHO-MEIHO-
HHKEJICBBIX MECTOPOXKACHHH BopoHexckoro kpucramminueckoro maccusa (Yepuviuwosa M.H. 2006)".
Oco0oe 3HaYeHHE HWMEET IMPOCTPAHCTBEHHOE KApTHUPOBAaHHE CTOIO000pa3HBIX HHTPY3UH U Jaek,
KOTOPbIE SIBJISIOTCS] BXKHEHIIUMY MHIMKATOPAaMH PYAHBIX 3aJI€KeH IIaTHHOMIHO-MEIHO-HUKEIEBbIX
MECTOPOXACHUH, CoiepKaINX HalliIa ui.

[Mannanuit penkuit u geuuutHeii MeTayml. Ero cnpoc Ha MUPOBOM DPBIHKE MPEBBIIIAET €T
n00b1ay. Ob6nazaer KpaiHe BBICOKOM 3HAYMMOCTBIO HE TOJIBKO 33 CUET BBICOKOW CTOMMOCTH, HO U
Omarozaps  BO3MOXHOCTSAM  INOTEHLMAIbHOI'O  MCHOJb30BaHMs. Hampumep, B aBuauuu
ABTOMOOMJIECTPOSHHH W BOEHHBIX pa3paboTkax. OcHOBHBIE OOHAPYKEHHBIE 3allachl PACTIONOKEHBI B
Poccun u FOxHOI Adpuke.

PaguoTernioBsle AUCTAaHIMOHHBIE METOBI HCCIIEA0BAaHUN N3y4YalOTCsl YIEHBIMU BO BCEM MHUPE
oonee 70 yer. Haumnas ¢ 1960 r. mpuMeHSIOTCS IS PELICHUsI TPUKIIAAHBIX 337a4, B TOM YHCIIE IS
u3ydeHus mnoBepxHocTh 3emim [8] "PaawoTeruioBoe JMCTaHIMOHHOE 30HIUPOBAHHE 3EMJIH:
¢busugeckue ocHOBBI. Tom 1. ¢.20-26 (Illapkos E.A. 2014)".

B kauecTBe MCXOIHBIX JAHHBIX HCIOJIB30Bajach WHPOPMALUS, TMONyYCHHAs CO CIYTHHKOB
3eMJiu B paJMOTEIUIOBOM JIMANa30He 3JIeKTPOMAarHUTHBIX BOJH. HTepIpeTanus TepMoInHAMUYECKUX
AHOMAJIMH BBINOIHSIACH C UCIIOJB30BAHUEM PE3YJIbTAaTOB UccnenoBanuil Ynen-koppecnonaenra PAH
UYepusmmoBa H.M. u Yepnsimosoit M.H. [3-7] "CynbsdumHbie IUIATHHOWIHO-MEIHO-HUKEIEBBIC
MecTopoXxaeHus Emanckoro tuma (reosiorus, 3aKOHOMEPHOCTH pa3MEILIeHHs, MHHEpaJoro-
TEOXUMHUYECKHE  OCOOEHHOCTH  pyna). |l eomoro-reHeTwdyeckas  MOAenb  (POPMHPOBAHHA.
(Yepuviwos HM. 1998)", "Mamonckuit u EnaHckuil Tumbl CynbOUIHBIX IUIATHHOUIHO-MEIHO-
HUKeNeBbIX MectopoxneHnii BKM (Yepuwviwos H.M., Yepnvuuosa M.H. 2008)", "OcobeHHoctn
pacrpenencHis M MOJENb MeXaHu3Ma (PaKUUOHHUPOBAHUS METAUIOB IUIATUHOBOW TPYNNbI B
Cynmb(OUIHBIX HHUKENEBBIX pyHaxX enaHckoro Ttuma wecrtopoxkaernidt. Crates 1. CynbsdumHble
HUKEJIEBBIE PY/Abl €AHCKOTO THUIAa MECTOPOXKIACHUH U 0COOEHHOCTH pacHpeesieH!s] B HUX METaJJIOB
iatuHoBoW Tpymmel. (Yepuoiuwose H.M., Yepnviwosa M.H. 2011)", "IlnaTHHOHOCHBIE U 30JI0TO-
IUIATUHOHOCHBIE ~ (popmanu  BOPOHEXCKOro  KPUCTAIMYECKOIO  MAcCHBAIPH  PAa3IUYHBIX
TE€OUHAMHUYECKUX pexuMax (opMupoBaHus nokemOpuiickoir nurtochepsl. (Yepuviuwos H.M.,
Yepnviwosa M.H. 2012", "Jlaliku cynb)UIHBIX TIATHHOUIHO- MEIHO- HUKEJEBBIX MECTOPOXKICHUIN
Boponexckoro kpucrammmueckoro wmaccuBa. (Yepuwviwosa M.H. 2006)". Jlns o0paboTku
CIIyTHHUKOBBIX CHUMKOB HCIIOJIb30BAJICS IPOrPaMMHBIN KOMIUIEKC COOCTBEHHOM pa3paboTKH.

Meron Pagmo-TemnoBusopHoit Texwonoruum. Meron Panuo-TeroBruzopnoit TexHonmoruu
SBJSIETC TIACCUBHBIM MeTofioM JluctanumonHoro 3onaupoBanust 3emun (/133), ocHOBaHHBIN Ha
pErvucTpalyy H3Ty4aeMOH TEIUIOBOW SHEPrHM, KOTOpas MPEACTABICHA HENPEPBIBHBIM CIEKTPOM
3JIEKTPOMATrHUTHBIX BOJIH M BBIpayKaeTcsi (PH3MUIECKUM MapaMeTpoM — paarosipkocTHas temieparypa [T,].

NHTEeHCHUBHOCTh COOCTBEHHOI'O HM3IY4YeHMSA, KaK B ONTHYECKOM, TaK W paJHOAMANa3OHE, B
COOTBETCTBHHU C mpuOmmkenueM Panes-Jxunca u 3akonom Kupxroga, xapaktepusyercst SpKOCTHOR
temneparypoit [AT] T, [ns paguoauanasoHa 371€KTPOMAarHUTHBIX BOJH — SIBIIETCS PaiUOSIPKOCTHON
temreparypoit. Omnpenensiercs npousBeneHueM koddduimenta uznydenus [KU] x cpempl Ha ee
addextunyto Temmeparypy [DT] T,r. To ecth, u3Mepsiercss paguosipkocTHas temreparypa: T,=kT,
[9] "CBUY-pagromeTpust BOIHOI MOBEPXHOCTH U MOYBOTPYHTOB." (LLlymko A.M. 1986)".

Ormmune meroga PTT ot nmpyrux wmertomoB JI33 3amoskeHO B airopuTMe 00pabOTKH
CIIYTHHKOBBIX MaTE€pHaloB B IOJNy4YEHHE KOHTpacTa pPajHospKOCTHBIX Temrepatyp [AT,], um kak
CIIE[ICTBUE — CYMMAapHOH IUIOTHOCTM TEIUIOBOTO TIOTOKA, IMO3BOJISIOIIETO pPAaccyUTaTh BCe
HEOJTHOPOJHOCTH 3€MHOM KOpPBI. TEXHOJIOTUS MO3BOJIET allPOKCHMHUPOBATh JOCTATOYHOE MHOKECTBO
TOYEK, HECYIIUX HCXOJHYIO alpHOPHYI0 WHQOPMAIMIO O CTPYKTYPHOU TeOJOrHYeCKON JHMTOJIOTHH,
MOBBIIIATH KOHTPACT TEMIIEPAaTYPHOM YyBCTBUTEIBHOCTH U Pa3peIIalONlyi0 CIOCOOHOCTh MaTepPHaoB,
M KakK CJIEJCTBHUE — MONy4yaTh OOBEMHYIO paJno-TEIJIOBU30PHYIO TEIUIOBYI0 MOZETHL HCCIEoyeMOi
IUTONIA/IM B 33JaHHOM pacueTHoM Macmitabe [2] "Basics of Thermal Imaging Technologies and their
experience. (Stepchenko V. N. et al. 2018)".

Hcnonb3yloTest Ciy THUKOBBIE MaTepHalibl B MUKPOBOJIHOBOM JHAMa30He.

Puzuka npouecca Pacno3HaABaHUsA PYIHBIX 00Pa30BaHMIl C MCIIOJb30BAHHEM TeXHOJIOTHii
PTT. TexToHMYECKHE CTPYKTYpPhI 3aJEP)KHUBAIOT TEIIO, KOTOPOE BBIACISCT MAHTHA M SIPO 3EMITH.
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OHeprusi  TEIUIONEPEHOCA  MPOUCXOAUT  TOCPEACTBOM  JJICKTPOMATHUTHBIX  BOJIH,  KOTODBIC
pacipocTpassroTcs (C BBIIEIEHUEM TEIIOBOW DHEPTUH) U3 TIYOHH 10 HANPaBJICHUIO OT sApa 3eMiu U
TepseT ee 4JacTh Ha ()OHE, B TOM YHCIIE PYTHOM COCTaBJSIOMIEH 3aBUCAIIEH OT Kod(duIreHTa
manyuenuss [KU]. [lo BenwumHEe STHX TMMOTEPh MBI MOXXEM CYAHTh O KOJUYECTBE W KaveCTBE
pyZJocolepKalux MmopoA. B KIacCMUeckoM TMOHMMaHWUM  pyJHBIE TOPOABI  COCTOAT W3
METaJUIOCOIEPKAINNX KOMITOHEHTOB, OOJIQAAalONMX COOCTBEHHBIMH KOX(PQHUIMEHTAMH HW3ITyICHHUH
(TIOTTIONICHUHT) TIOHSTHIX K TIOBEPXHOCTU 3eMJIM U3 TIYOMH MaHTHU C Pa3JIMYHBIX €€ TOpU30HTOB. Ha
MPaKkTUKE Mbl HAOJIOJaeM 3TH KOMIIOHCHTHI KaK TOTEPH paJUOTEIUIOBBIX KOHTPAcTOB Ha (oHe
CTa0HMJIBHBIX XapaKTEPUCTHK PAJUOTEINIOBBIX IeOPH3MISCKUX MOJICH BMEIIAIONINX MOPOA. DTH MOTEPH
COCTOAIT M3 MaTephalioB (30JI0TO XPOM H Ip.) U UMEIOT COOCTBEHHBIE KO3(D(DUITMEHTHI M3ITydeHHS B
npeaenax [e = 0.01...0.02]. [To cpaBHeHHIO ¢ 6a3aIbTOM, y KOTOPOTO 3TOT KOA(PQUIIMEHT COCTABIISACT
[e= 0.7]. Takum oOpa3om, KOHTpacT pamuosipkocTHOW Temmeparypbl, A Ts=x AT> ¢ukcupyer
3aMOJTHEHNE PYAHON COCTABISIOMIEH OoJiee «TOpSYMMMI» 30JI0TOM (MAJjIafueM), B CpPaBHEHHE C
«IPOXJIAJHBIMIY BMEILAIOIIMMH ITOPOJIaMH: TPAHUT, 0a3aibT, riuHa [€ ~ 0.7...0.95] (Tabmuna 1.).

Tabnuua 1. Tunosie K03 GUIMEHTH H3TYYEHHSI MATEPUAIIOB €]

KauecrBeHHasn Koagpdpuuymenr
usetocuHTe- |O603Ha-| Marepuan / n3nyyeHus
Wkana
3UpoBaHHanA YyeHue nemeHT (A =8..14 um)
wKana
Min Max
0,01 Au 3on070 0.01 0.1
0,02 Ag Cepebpo 0.02 0.2
Mg Marnui 0.02 0.1
Cr Xpom 0.02 0.2
Ccd Kagmuit 0.02
0,05 W Bonbdpam 0.03
Pd MNannagni 0.05
Cu Meapb 0.05 0.1
Hg PTyTb 0.05 0.15
0,08 Fe Heneso 0.05 0.2
Ok Ni Hukenb 0.07 0.08
Pt MnatuHa 0.08
Mo, MonubaeH, 01
Zn LMHK ’
Al ANIOMUHUI 0.1 ‘ 0.3
Be Bepunaunii 0.18
Sb Cypbma 0.28 ‘ 0.31
Bi Bucmyt 0.34
Pb CeuHel, 0.4 ‘ 0.43
05 IpaHuT 0.4
0.7 Ti TutaH 0.5 | 0,6
basanbT 0.7
Yronb 0.8 | 0.9
0,9 Mecok 0.9
Bopaa, Keapy, 0.93
9,85 [nuHa, Mpasui,
" 0.95
Mpamop 6enbiii
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CrnenyeT mOHMMAaTh, YTO TOPHBIE MOPOJBI COCTOST U3 PA3IMYHBIX MHUHEPAJIOB M 3JIEMEHTOB,
YTO JaeT COYETaHHE KOMIIOHEHTOB Pa3IMYHbIX 00pa30BaHMi, HALIPUMED: CIOUCTYIO TEKCTYpY THEICOB
1 aM(pHuOOIIUTOB.

KannOpoBka Monenu BBINOIHAETCS I KaKIOro OOBEKTa MOWUCKOB, B 3aBHCUMOCTH OT
M0JIE3HOT'0 UCKOIIAeMOI'0 ¥ T'€0JIOr0-TEKTOHMYECKHUX YCJIOBUI PErHOHa.

PesyabTaTsl ncciaegopanuii merogom Paguo-Tensiopusopnoii TexHoJiorum.

[lo pesynbratam wuccnenoBanmii Metogom PTT B macmrade 1:5 000 (rOpu30HTaNBHBIN H
BEPTUKANbHBIA) Ha TUIomand EJaHcKoro MecTOpOXIeHHS IOCTPOEH TpexMepHeld KyO u 18
BEPTUKAIBHBIX pa3pe3oB ¢ maroM 100 m. llar nccnegoBanuil MOKET OBITH PA3IUMYHBIM, UCXOIS U3
MacmTaba HMCCIEJOBAaHUM, IMOCTaBIEHHBIX 3aJad W IPOCTPAHCTBEHHBIX Pa3MEPOB KapTHPYEMBIX
CTPYKTYp B TeOJOrMYecKoM MaccuBe. PacmojokeHue paspe3oB mMokasano Ha Puc.3.a. I'myOumna
uccienoBanuii: 10 ropusonrta -3000 M B abcomoTHBIX oTMeTKaX. Jluauu paspe3oB G 1 — G 9 W-E
HanpaBieHus, JuHuU pa3pe3oB V 1 — V 9 S-N HampapieHus. B kauecTBe WUIIOCTpAalMK B JaHHOM
pabote npuBeneHb! BepTHKaibHbIe pa3pe3bl G 3 u V 1 (Puc.1., Puc.2.), npoxoasmiue yepe3 HHTPY3HIO,
KOTOpasi BKJIIOYAaeT IJIaBHOE PYIHOE TeNlo, cojepXkallee Nalaauidl U COMYTCTBYIOIIUE METAJUIbI.
Kpowme Toro, moctpoeHo 3 TOpH30OHTANBHEIX cpe3a (cnaiica) mo ropm3oHTam: +100 M, -500 M, -2200 m
B a0COJIFOTHBIX OTMETKaX.

['maBHOE pynHOE TENO XOPOLIO OKOHTYPHUBAeTCd IO pe3ysbTaTaM CIEKTPaJbHOTO aHaIu3a B
BUJIE TEPMOINHAMUYIECKON aHOMAIINH, COOTBETCTBYIOIICH CTOI0000pa3HOM 3aIe i HOPUT-THOPUTOBOM
¢as3er. PynHoe Teno mamaet Ha BocTok mox yriaom 88°. Ha ceBep - 86°, T.e. MpaKTUYEeCKHA BEPTUKAIHHO.
Pazmep mo Beprukamu: 900-1300 M, ceuennem 100-300 M B mHTepBane ruyomH — 120+-1420 m (B
aOCOIOTHBIX OTMETKax). Bmemiaromye mopoabl: HOPUTHL, HOPUTHI C OPTONMHUPOKCEHUTOM, IAMOPHTHL,
rpaHouopuThl [5] "OCOOEHHOCTH pacTpeielleHHsI 1 MOJIENb MeXaHu3Ma (PPaKIOHIPOBAHUS METAIIOB
TUIATHHOBOW TPYMIBI B CYJIb(QUIHBIX HUKEJEBBIX PyJax €NaHCKOTO THIla MecTopokiacHuil. Craths 1.
Cynb(uaHble HUKEIEBbIC PY/Ibl €TaHCKOTO THUIIa MECTOPOKACHUN 1 0COOCHHOCTH Pacrpe/ieNieHns] B HUX
METAJUIOB IUIATUHOBOW rpymmbl. (Yepusiuoe H.M., Yepnoiwosa M.H. 2011)". [lo nepudeprn 3anexu
BBIJICTISIFOTCS] BKPAIUICHUS! PY/Ibl B HOPUTAX M OpPTOIMpOKceHuTax. Himke pyaHoro Tena 3aduKcupoBaHa
Jaiika, YTO TIOATBEPXKIAAeT MHOTO(GAa3HOCTh HMHTPY3WH, a TIIyOMHHBIM (MaHTHHHBIN) XapakTep
(opMUpOBaHHMS 3aTIEKN XOPOILIO WILTIOCTPHPYETCSl Ha ropu3oHTaIbHOM cpese (Puc.3.d), rae «kopeHby
PYIHOTO Tela pactpocTpaHsercs: Ha riryouny -2200 m u 6oree.

Crnenyer OTMETHTB, YTO CTOJN0OOOpa3HBIA XapakTep pyIHBIX Tel W 30H EnaHckoro
MECTOPOKACHUS MOATBEPKAEH I'€0JIOTHYECKUMH HccineqoBaHusIMu 10 rryounsl 1500 M. Conepxanue
Pd no pamseiM [5] "OcoOeHHOCTH pacrpeneneHus M MOJENb MeXaHu3Ma (paKuIMOHUPOBAHMS
METAJUIOB [UIATUHOBOW TPYIIBI B CYJIb(OUAHBIX HUKEJIEBBIX PyJlaX €IaHCKOI'0 THIIA MECTOPOXKICHHH.
Cratbst 1. CynbuaHble HHKENIEBBIE PyJbl €JIAHCKOTO THIIA MECTOPOXKICHHH M OCOOCHHOCTH
pacrpene/ieHnsi B HUX METaJUIOB IUIATHHOBOW rpymmsl. (Yepuviuos H.M., Yepnvimosa M.H. 2011)"
cocrapnsier 0,031-1,14 1/T. Baxnelmme pyJaHbIE MHHEpAIbl: TJIABHbIE — MUPPOTHH, TEHTIAHJHWT,
XaJIbKOITUPUT; BTOPOCTENEHHBIE M pPEIKUE: HUKEIWH, KOOATbTHH, apCEHOMUPUT, MUPUT, BHUOJAPHT,
apreHTONEHTIaHIUT, XPOMIIIUHENNUIbI, WIBMEHUT, TATAHOMAarHeTUT, MarHeTUT, 30JI0TO, IJIaTHHA U
ap. [4, 5] "Mamonckuii u EnaHckuil THOBI CyIbQUIHBIX IUIATHHOMJHO-MEIHO-HUKEIEBBIX
Mecropoxaeaniit BKM (Yeprviuioe H.M., Yepnviuioea M.H. 2008)", "OcoOeHHOCTH paciipeneeHus U
MOJIeNIb MeXaHu3Ma (PPaKIMOHUPOBAHHS METAJUIOB TUIATHHOBOHM TPYIIEI B CYIb(QHIHBIX HUKEIEBBIX
pyaax emanckoro tuna mectopoxaeHuid. Crares 1. (Yepuviwos H.M., Yepnviwosa M.H. 2011)".

[IpocTpaHCcTBEHHO-TEHETHYECKAsT  CBA3b  30JI0TO-IDIATHHOMETAJUIBHOTO  OPYAEHEHUS C
reoIMHAMHYECKIM PEKUMOM HauOoiee WHTEHCHBHOW OSHIOTEHHOW aKTHMBHOCTH W CTPYKTYypHOU
JuddepeHInanuyd 3€MHOM KOpBI, 00YCIOBIMBAIOT W (QopMUpoBaHHE (OPMAHOHHO-TEHETHUECKUX
TUIOB TUIATHHOCOAEPKAIINX MECTOpPOXKIACHUH W pynomposisienuii BKM [6] "IlnatuHoHOCHBIE U
30JI0TO-IJIATHHOHOCHBIE popManii BOpOHEKCKOTO KPHCTALIMYECKOIO MAacCHBAa MPH Pa3IHMYHBIX
reoAMHAMHYECKHX pexuMmax (opMmupoBaHus nokemOpuiickoir surtocdepsl (Yepuwviuos H.M.,
Yepnviuwosa M.H. 2012)".

AHanu3 MHOTOYHCIIEHHBIX TOPH30HTAIBHBIX CPe30B ¢ maroM 50 M 1 MEHBIIIEe TTOKa3bIBAET, YTO
dopMupoBaHHE 3ANCKH TPOMCXOAWIO IPH BUXPEBOM JBIKCHHH BOCXOJSIIMX KOHBEKTHBHBIX
MIOTOKOB 110 HANpaBiAIOIIEH, B BUAE CHHpPANM NPOTHB YAaCOBOM CTpenkH. [laHHBII MexaHH3M
IPUBOIUT K BOPOHKOOOPAa3HOMY BHJY HHTPY3UM, YTO HaOJIIOJAETCsl Ha BEPTUKAIBHBIX pa3pe3ax
(Puc.1., Puc.2.).
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ENAHCKOE MECTOPOXAEHUE E— R

NOUCK PY[ NNATUHOUAHO-MEQHO-HUKENEBbLIX-MANNALUEBbLIX MECTOPOXAEHUN
W OPYITUX CONYTCTBYOLWUX METANIOB

BEPTUKANbHbIN FEEOTEPMUYECKUWA PA3PE3 G 3

WcxopHblit paspes TeMaTU4ecKoe KOHTPacTUpoBaHue B

,aam u_mu!’u"j_.l'l‘!lu'll."ﬂ'.“‘.i y ! B XN A ) - h 100w
Wi " I , R

. rnaBHoE
;:Jl;vnuos

1000w

Moo

- 12000

1300m

M 1:5 000 M 1:5 000
INerenpa:
JIuHUA ypoBHA mops I:] PyaHoe Teno rnasHoe [ Mnatuna, Meab, Hukenb, Mannaawii ] *
| TIMHWM rpaHNL NULEH3UOHHOTO yYacTka m PynHoe Teno BTopoc [ 3onoro, Cepe6po, Poaui, Ocmuii, Upnann, PyTenun,

CeneH, Tennyp, MonuéaeH, Mbiwbsik, Cypbma, BucmyT, CBuHel ] *
Tny6uHa ropu3oHTanbHoro cpesa
* Microunmk: "BECTHUK BIY, CEPUS: FEONIOTMR, 2011, Ne 1, IHBAPb-MIOHb"
wmopens

annos @ rpynnet 8
& pynax Tuna #". Unen-kopp. PAH H. M. YepHbiwos, M. H. Yepbiwosa

Puc.1. Enanckoe mecmopooicoenue. BepmuxanvHulil 2ceomepmuneckuii paspes G 3 3anao-60Cmox.

*[lepeuenv onemenmos npugeoern no Oannvim [5] "OCOOEHHOCTH pacmpeneseHdus | MOJEIb
MexaHu3Ma (PaKIMOHUPOBAHHS METAJIIOB IIATHHOBOW TPYIIBI B CYJIb(QUIHBIX HHUKENEBBIX PYAax
enaHckoro Tuna mectopokaenuid. Crates 1. (Yepnviuos H.M., Yepnvimosa M.H. 2011)"
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ENAHCKOE MECTOPOXOEHUE weron Az

NOUCK PYA NNATUHOUAHO-MEQHO-HUKENEBbLIX-MANTAQUEBbLIX MECTOPOXAEHUA
W OPYITUX CONYTCTBYOLWUX METAJNIOB

BEPTUKANbHbIA FEOTEPMUYECKWUIN PA3PE3 V §

10 TemaTudeckoe KOHTPacTUpOBaHue c
0w

WUcxoaHbin paspes c

M 1:5 000 M 1:5 000

INerenpa:

TuHus ypoBHs mopsa D PyaHoe Teno rnasHoe [ MnatuHa, Meab, Hukens, Mannaaun ] *

PynHoe Teno BropocTtenerHoe [ 3onoto, CepeGpo, Poauii, Ocmuii, Upuamia, PyTenui,

I TIMHWK rPaHML TULEH3NOHHOIO YYacTKa m
CeneH, Tennyp, Monu6aeH, Mbiwbsk, Cypbma, BucmyT, CBuHey ] *
nyGuHa ropu3oHTanNbLHOrO cpe3sa
* Netounmk: "BECTHUK BIY, CEPUSI: FEONOMUS, 2011, Ne 1, IHBAPb-MIOHbL"
L W Mogens meTannos # rpynnbl B
@ pyRax THna #". Unet-xopp. PAH H. M. Yephbiwos, M. H. YepHbiwosa

Puc.2. Enancxoe mecmopooicoenue. Bepmukanvhuiii ceomepmuyeckuii pazpes V' 5 1we-cesep.

* [lepeuenv snemenmos npueeden no Oannvim [5] "OCOOCHHOCTH pacmpeieieHHss W MOJENb
MexaHu3Ma (PaKIHOHUPOBAHUS METAIJIOB IUIATHHOBOHM I'PYIIBI B CYIb()UAHBIX HHUKEIEBBIX pyAax
enaHckoro Tuma mectopokaenuid. Crarbs 1. (Yepnoiuos H.M., Yepuviuosa M.H. 2011)"
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ENAHCKOE MECTOPOXOEHUE T e

MOWUCK PYA NANATUHONAHO-MEQHO-HUKENEBbLIX-NANNAQUEBbLIX MECTOPOXOEHUA
1 OPYIrnux COnyTCTBYHOWKUX METANNOB

A) ®PAIrMEHT CNYTHUKOBOIO CHUMKA
B PAMOHE MECTOPOXAEHWA

B) MOPU3OHTAMbHbIVN FTEOTEPMUYECKWUN CPE3
[H=+100 m oT ypoBHA mopA ]

-

M 1:5 000 M 1:5 000

C) FOPU3OHTANbHbLIV FTEOTEPMUYECKWUA CPE3 D) FOPU3OHTAJbHbIA FTEOTEPMUYECKWUIN CPE3
[H =-500 m or ypoBHA mMopsA ] [H=-2200 m oT ypoBHa mopA ]

M 1:5 000 M 1:5 000

Nerenpa:

| TNMHUM rPaHUL NMUEH3UOHHOTO Y4aCTKa

- H Nueum p

—o I Nukum p TecToBbIX

P pa3p G3, Vs

Puc.3. Enanckoe mecmopooicoenue. A — nunuu paspe3os na cnymuukogom chumke, B, C, D —
20pU30HMAbHble 2e0MePMU1ecKUe Cpesol.

BeiBoabl. Pe3yinbrarel mpencTaBieHHOW pabOTHl MO3BOJISIOT KOHCTATHPOBATH, YTO METOX
33 PTT cnocoOeH BBISBIATH PyAHBIE MECTOPOXKICHHSA, B TOM YHCJE, IUIATHHOMIHO-MEIHO-
HUKEJIEBbIe-TAJUIAJUEBbIE U JIPYTHMX COIYTCTBYIOIIMX METaUIOB. JTO HArJSIAHO IEMOHCTPUPYIOT
BEepTHKalbHBIE TeoTepmuueckue paspessl (Puc. 1., Puc. 2.0) u ropusonrtansnsie cpessl (Puc.3.).

IlonHBIN aHanMW3 MaTepuanoB, B TOM YHCIE, MPEICTAaBICHHBIX B HACTOAIICH CTaTbe, MO3BOJISIET
CIeNaTh CIeAYIONIUE BIBOIBI:

RS Global 7(59), September 2020 121



WORLD SCIENCE ISSN 2413-1032

- riyOunHHas, Oojiee ONHOTO KWJIOMETpa CTPYKTypa, B BUAE CTONO000pa3HOH 3ajeku B
MOTIEPEYHUKE — OKPYTIION (OpMBI;

- IIEHTpaJIbHAsl OCh OCHOBHOTO PYTHOTO TeJla HaXOAWTCS B Mpeenax 0m3kux K yriay 90 rpamycos;

- 3aJIe3Kb (POPMHUPOBATIACH MO HAMPABISIONICH B BUJE CIUPAIIHU, TPOTHB YaCOBOH CTPEIKH;

- OTCJICKUBACTCS IMyTh (POPMHUPOBAHUSI PYAHON 3aJI€KH U3 MAHTUIHBIX TIYOHH 3eMITH;

- M0 KOX(pPUIMEHTY H3ITYYCHHUSI 3JIEMEHTOB T'€OJIOTHUECKOTO pa3pe3a M COOTBETCTBYIOIIAM
cnekTpam nBetoBoil mkanbl (0Tabmuma 1) MOXXHO MPENNOJIOKHUTB, YTO T'€OJIOTHYECKasi CTPYKTypa
uMeeT pyAHOe 00pa3oBaHHE, COACPIKUT DIIEMEHTH MJIATWHOBOW Tpymnnbl MeTamioB [2] "Basics of
Thermal Imaging Technologies and their experience. (Stepchenko V.N. et al., 2018)".

['eomoruyeckue HCCIEIOBAHUS TIO3BOJIIOT YTOYHHTH COJCPYKAHHE 3JIEMEHTOB B pPyIHOU
3anexu [1, 3-7] "T'eonorus MIIU (Jlebeoes U.11. u dp., 2009)", "CynbhuaHbie MIaTHHOUTHO-MEIHO-
HUKENIEBbIE MECTOPOXKJCHHs Enanckoro Tuma (Teojorus, 3aKOHOMEPHOCTH —pa3MeleHHS,
MUHEPaJIOr0-TeOXUMUYEeCKHe OCOOEHHOCTH pyxd). ['‘eonoro-reHeTnveckass Mojelb (HOPMHPOBAHUS
(Yepnouuwos HM., 1998)", "Mamonckuii u Enanckuit THOBI CyIb()HUIHBIX IUIATHHOMIHO-MEIHO-
HHUKeNEBBIX MecTopokaeHnit BKM (Yepuviwos HM., UYepnviosa M.H., 2008)", "Ocobennoctu
pacmpenencHuss W MOJENIh MeEXaHu3Ma (PpakIMOHHPOBAHUS METAJIOB IJIATHHOBOW TPYMIbI B
Cynb(UIHBIX HHUKENEBBIX pyAax ejJaHckoro tura mecropoxkiacHuit. Cratbs 1. (Yeprwviwos HM.,
Yepuviwosa M.H. 2011)", "IInaTHHOHOCHBIE M 30JI0TO-TIATHHOHOCHBIE (opMaruu BopoHemKCcKoro
KPUCTAUIMYECKOTO  MAacCHUBANPH  Pa3MYHbIX TCOJMHAMHYECCKHX  peXnMaxX  (HOpMHUpPOBaHUS
nmokemOpuiickorr jutocdepsl (Yepuviuwos H.M., Yepnviwosa M.H. 2012)", "Jlaiku cynbQuIHBIX
TUTATHUHOMTHO-METHO-HUKEJIEBBIX MECTOPOXKICHHH BOpOHEXKCKOTO KPHCTAIUIMYECKOTO MaccuBa
(Yepuviuosa M.H. 2006)".

Ha reorepmuueckux paspe3ax BbIAETICHA CTONO000Opa3Has pyaHas 3ajexb, COJCpKaIias
najutaguii Ha BOpPOHEKCKOM KPHCTAJUIMYECKOM MAacCHBE, YTO TIO3BOJISIET PEKOMEHJOBATh JaHHBIN
METO/ Uil TIOUCKOB Py METaUIOB IUIATHHOBOW TPYIIBI, 30J0Ta U COMYTCTBYIOIIMX METAJUIOB HA
JPYTUX TCPPUTOPHSIX.

Meton /133 PTT sBisercss 3kojorudecku Oe3omacHbiM. [103BOJISIET ONTHUMH3MPOBATH
9KOHOMHYECKHE M DKOJIOTHYECKHE PUCKU TIPU MPOSKTUPOBAHUH U pa3padOTKe MECTOPOXKICHUH.
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Beryn. BaxiuBe 3Ha4YeHHS B ajanTailii OpraHi3aMy JIIOJUHH JI0 BIUIMBY Pi3HUX (DakTopiB
BiJlirpae cepleBo-cyauHHa cuctema [1, 5, 6, 8, 9, 10, 12]. Ockinbku BioMo, 110 mig 4ac (GizuvHOl
poboTtu motpeda MpaIrorInXx M SA31B Y KUCHI 3pOCTa€e, TO B OpraHi3Mi JIFOAWHH BiIOYBAETHCS 3aITyCK
¢izionoriunux MmexaniszmiB. Lle, B cBoro uepry, BIIMBaEe Ha MPUCTOCYBaHHS CHCTEMH KPOBOOOIry 10
M's130BOi p0oOOTH, 30LIBINYI0OUH 4YacToTy ceprieBux ckopodeHb (UCC), miaBHIMYIOYH CHUCTONIYHUH
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(CAT) 1 3menmyroun miactomiwamid tuck Kposi (LJAT) [1, 2, 4, 8]. OmauM 3 TOKa3HUKIB PiBHS
ajanTanii opraHiaMy 10 (i3MYHUX HaBaHTAXCHb MOXXHA BBaXKaTH TPHUBAIICTh BiTHOBICHHS JI0
BHXITHOTO PiBHS BUIIICBKA3aHUX IMOKAa3HUKIB [3].

MeTo10 HAIIOTO JOCJTIAKEHHSI € BCTAHOBICHHA €(DEKTUBHOCTI BIUIUBY 3aHATh CIOPTOM Ha
(byHKLIOHATBHI MOXKIIMBOCTI CEPLIEBO-CYAMHHOI cicTeMHu AiBdaT 17-21 pokiB.

Martepian i meronm aociaimkenb. Y mochipkeHHI Opanmu ydacte 69 miBUaT- CTYIEHTOK
3aKkjaaiB BUIIOI OCBiTM M. Binnumi, siki mpoxxuBaioTb B Mexkax [lominbecekoro periony. 3 ycix
nmocmimkeHux 15 giBuar He 3aiimanmcs cnoptoM — rpyna OI'8, a 54 cryaeHTkH 3aiiMaiics CIIOpTOM Ta
OyJi pO3MOJIiIEeH] 32 PeKUMOM eHepro3ade3edeHHs M’ s130B0i poOOTH Ha HACTYMHI rpymu: Tpyma OI'9
— ¢yroomicTku, Oackerdomictku; rpyma OI'10 — Bomeitbomictkm; rpyma OI'll — cnoprcMeHKH
MUKIIIYHAX BHUAIB criopty; rpyna OI'12 — akpoGatku, rimHacTky; rpymna OI'l3 — cmoprcMeHkH, fKi
3aliMaroThCs €AMHOOOpCcTBaMu. KBamidikallis CIOPTCMEHOK BiJIITOBiIaa piBHIO KaHAWIATa B MacTpu
CTIOPTY Ta MEPIIOro CIIOPTHBHOTO PO3PSTY.

¥Yci gocminn mpoBoamnu y BimmosimHocTi M0 Komeenmii Pamgu €Bpormm «lIlpo 3axmer mpas
JIOJUHM 1 JIFOJCHKOI TiHOCTI B 3B'I3Ky 3 3aCTOCYBaHHSAM JOCATHCHb OIOJIOTIl Ta MEIUIIUHU:
Kongentiis mpo mpasa mognan Ta O6iomenumuay (ETS Ne 164)» Big 04.04.1997 p., i ['enscincekoi
nexnapaiii - BcecBitHhoi Meamunoi acorgarmii (2008 p.). KoxeH mociijkeHud miANHCyBaB
iH(QOpMOBaHy 3rofly Ha y4acTb y JOCIiKEHHI.

3 MeTOI BUBYEHHS BIUIMBY 3aHATh CIIOPTOM Ha (YHKIIOHAJIbHI MOXKIMBOCTI CEpIIEBO-
CYAMHHOT CHCTEMH BHKOPUCTAaHO METOMKY, 3amporoHoBany 0.M. ®ypmanom [2].

Cmamucmuunuu

MaTeMaTUYHOI CTaTHCTHUKH.

ananiz

Hns

BUKOpUCTOBYBaH t-kputepiit CTbloeHTa.

Pe3yabTaTu aociigxkeHHs Ta ix odrosopennsi. Y crnoprcMeHok rpyn OI'9 (dhyTrbomicToxk,
Oackerbomictok), O'11 (mpeacraBHUIL HUKIIYHUX BUAIB ciopty), OI'13 (e4uHOOOPOK) BiTHOBICHHS
YaCTOTH CEPIIEBUX CKOPOYEHbB MICIS T030BaHOI (hi3MIHOI pOOOTH Ha BEOeproMeTpi MOTYXHicTio 1 BT
Ha | Kijorpam Macu Tija Bifi0ynocs uepe3 3 XBHIMHH BiJHOBHOTO Tiepiony (Tadi. 1).

OTpUMAHUX JaHUX
BCTaHOBJICHHA

3I1HCHIOBAIN
BIpOTiTHOCTI

pizHUILI

32 JIOIIOMOIOK0 METOJIB
CepeIHIX

3HA4YCHb

Tabnuus 1. BigHOBIEHHS YacTOTH CEPIEBUX CKOPOYEHBb IICHS J030BaHHUX (i3WYHUX
HaBaHTaXeHb Y JiB4atT 17-21 poKy 3 pi3HOIO PYXOBOIO aKTHBHICTIO

YacToTa cepleBHX CKOPOUEHb, X +S
Tovim [MoTyxHicTh bi (o) TTicIIs HABaHTAKEHHS
pynt poboTu HABaHTAXKe ozpazy gepes 1 yepes 2 yepes 3
HHS XBUITHHY XBHITHHA XBUJIMHA
1 128,93 111,87 96,13 86,40
ors I Brxr 77,13 D930 | a303ker | g e +3,70*
(n=15) 2 Brxr + 1,46 176,67 151,27 128,73 108,60
+],85%** +3,16%%* +3,00%%* £3 39% %
1 121,30 105,60 90,60 76,70
019 1 Brxr 73,80 N £ 60 +],95%%* +1,08
(n=10) 2 Brxrt + 1,41 166,50 131,50 113,40 97,00
1 Brxrt 130,20 108,00 92,30 82,00
ori1o 75,10 +3,35%%* +]1,84%** +1,84*** +1,73*
(n=10) 2 Brkrt +2.38 174,60 140,90 120,70 99,70
D DTHE® D, 71%%* 12,60%** +3,68***
1 Brkrt 115,38 97,92 86,23 77,77
oril 73,00 £ ATHH* 43,1 % 4D 33HH* 4233
(n=13) > Brog +0,86 158,31 122,00 102,31 89,31
] D]k +3 Dk +) 85%k 4D PGk
1 Brxr 127,73 106,36 92,00 81,55
ori2 76,36 +3,39%** +3,19%** +1,90%** +1,80*
(n=11) A +1,50 171,73 14318 12155 99,91
1 Brxr! 123,30 104,70 90,40 81,50
ori3 180041 62 |_E3STHE* 4 DHHE 4D DTHH* .16
(n=10) 2 Brxrt ’ ’ 169,90 141,60 120,00 98,20
i2’07*** i3’14*** + 3]68*** + 2’49***

[pumitka. BiporizHi BiAMIHHOCTI CcepeIHBOrO 3HAYEHHS BiHOCHO
HaBaHTaXeHHS: * — p<0,05; ** — p<0,01; *** — p<0,005.

BCIIMYMHHA 3ap€€CTp0BaHOI pi(o)
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VY niByar, ski He 3aiimamucs cnoprom (tpyma OI8), y cnopremenok rpyn OI'10
(Bomeitbomictox) Ta rpymu OI'13 (akpobaTok, TiIMHACTOK) M’si30Ba pobOoTa SIKUX 3a0e3MmedyeThest
3aBASKM aKTHBi3alii aHaepoOHOro amaktaTHoro wertadomismy [11], BimHOBmeHHs YCC micms
JI030BaHMX BEIIOEPrOMETPUYHMX HABAHTAXEHb MOTYHIcTI0O 1 BT Ha 1 kijmorpam macu Tina uepes 3
XBHJIMHH HE 3apPEECTPOBAHO.

Bognowac, He3areHO Bif CHOPTHBHOI Cliemiani3allil mcis HaBaHTaXKEeHHS IMOTYXHICTIO 2 Bt
Ha | kr macu BimHoBnenHss YCC B yciXx rpymax AOCHiIKEHHX AiBYaT HPOTATOM 3 XBUIHMH HE
3apeecTPOBAHO.

BucnoBku. [losutnBaa nuHamika BigHOoBIeHHS UCC micis HaBaHTaXeHb MOTYXKHICTIO 1 BT
Ha | Xr MacH Tiia HalKpalle MposIBIIIACS Y CHOPTCMEHOK, SKi 3aiMaIOThCS ITPOBUMH Ta IUKITIYHUMH
BUJAaMU CIIOPTY, (pi3nuHa poOOTH SKHUX IMOB’s3aHa 31 3MIIIAHUM PEXKHMOM €Hepro3adesleueHHs Ta y
€IMHOOOPOK, BWUKOHAHHA M S130BOi pOOOTH SIKMX 3a0e3NeduyeThcsl TepeBaXHO aHaepOOHUMHU
(TfakTaTHUMH) TIporiecaMu eHepro3zadesnedeHHsa. OJHAK, y HECIOPTCMEHOK, y CHOPTCMEHOK-
BOJICHOOJIICTOK Ta y CIOPTCMEHOK, SKi 3aiMalOThcs CKJIaJHO-KOOPAMHAIIMHUMH BHIAMH CIOPTY
(M’s130Ba poOoTa AKHX 3a0e3MeuyeThCcs aHAepOOHNUM (anakTaTHUM) MeTaboiizMom), BigHoBiIeHHsT YCC
TSt T030BaHUX (PI3MYHMX HABaHTaKEHBb TPUBAE HAWOBIIIE.
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1. Introduction.

Software selection problem based on the formal methods is very actual [1-3]. As a rule, this
tasks are formalized as models of multi-criteria decision making (MCDM). The peculiarity of this
problem lies in the fact that the evaluation criteria, is generally defined by linguistic expert. This
requires the use of special methods, in particular, the theory of fuzzy sets.

One of the problems MCDM - this is a problem taken as interrelation between criteria, i.e. the
problem is non-additivity. Using these criteria such as the simple arithmetic mean, a weighted
arithmetic mean, the geometric mean and a weighted geometric mean, median, mode, and others can
lead to incorrect result. One of the approaches to solving this problem is the use of non-additive
criteria, in particular, a fuzzy measure. The concept of fuzzy measure, based on the work of Choquet
[4] in 1974 introduced by M. Sugeno [5]. In 1989, M. Sugeno [6] proposed the concept of A fuzzy
measure and a new method of aggregation is the Sugeno integral.

In general, a fuzzy measure allows one to take into account the effect of the mutual influence
of criteria. The main difficulty lies in identifying this measure. There are several approaches to solving
this problem [7 -9]. One of the approaches to solving this problem is the formalization of the expert's
preferences based on the use of Shapley coefficients and maximization of entropy. Another approach
to identifying a fuzzy measure [10] is an approach based on minimizing the squared differences
between the Choquet integral and global estimates of alternatives.

In this paper, we will use the Sugeno aggregation function based on the fuzzy A Sugeno
measure.

2. Preliminaries.

Let's consider the basic concepts of the theory of fuzzy measure.
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Fuzzy measure. Consider a variety of criteria X = {xq, x5, x3 .... }. P(X). is a collection of all
potential subsets that can be built on base of X

A fuzzy measure is a mapping pu(X): — [0,1] that satisfies the following two conditions:
() u(@) =0and u(X) =1
(if) if AcB then u(4) <)u(B)

In general, a fuzzy measure is non-additive

A fuzzy measure u(A) of a subset of criteria A has the meaning of a weighting coefficients
and indicates the degree of importance of a given subset of criteria.

If u(A U B) = u(A) + u(B) then the measure is additive

If u(A U B) > u(A) + u(B) then the measure is super - additive

If u(AU B) < u(A) + u(B) then the measure is sub - additive

Fuzzy A- Sugeno measure: A set of criteria X = {x4, x5, X3, ... x, } IS given and consist of n
criteria and a real number A € (—1, ®). A fuzzy A- Sugeno measure is a function g,(X): = [0,1] that
satisfies the following two conditions:

g9,xX)=1
If A, B cTthen g;,(ALB) = g,(A) + g,(B) + 19,(A)g,:(B)
andANB=0

The parameter A can be determined from the equation
Ar+1=[L g+ 1)

If —1 <X < Othen Y-, g; > g(X) — super-additive measure
If A = 0then Y, g; = g(X) - additive measure
If A > 0then Y7, g; < g(X) - sub- additive measure

Sugeno Integral:

Suppose a g fuzzy measure is defined on a set X, then the Sugeno integral for the function
f:X - [0, 0o] will have the form

| rdg = max (min¢r G, g )

subject to the condition

flr) < flx2) < f(X3) oo f(xn) fX) = 0

Consider software selection problem by 4 criteria X = (xq,x5,%3,%4), Which  x;-
functionality, x,- cost, x3- reliability, x, - convenience

To set the linguistic expert assessments, define following linguistic terms:

Very low -0.2, Low -0.4, Medium - 0.5, High -0.7, Very high -0.9

3. Problem solving.
Software alternatives and criterion values obtained from experts are presented in a matrix

Table 1. Criteria values for various software alternatives

X1 X, X3 X4
A, 0.7 05 0.4 0.9
A, 0.2 0.4 0.7 05
As 0.7 05 0.9 0.4
A, 05 0.4 0.7 0.9
As 0.2 05 0.9 0.7

Given expert evaluation of fuzzy measures for the individual criteria
9:(x1) = 0.7, g,(xz) = 0.5, g;(x3) = 0.5, g;(x4) = 0.7
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Sugeno equation for 4 criteria is
4

A+1= H(igi +1)
i=1

We have:
A+1=(0.7141)(0.51+ 1)(0.51+ 1)(0.72+ 1)

After simplification, we obtain an algebraic equation

0.1224% + 0.8423 + 2.142* + 1.44 =0

After solving the equation in Matlab, we get the following roots:

=0

Ay = —2.49 + 1.75i

Az = —2.49 — 1.75i

Ay = —0.97

We choose the root Ae(—1, ), we have A = —0.97

The result shows the presence of a generally negative relationship between the criteria, i.e.
sub-additivity takes place.

Let's calculate fuzzy measures for all subsets of criteria

9.(9) = 0.

9a(x1,%3) = g (x1) + g1(x2) + Ag,(x1)g,(x2)=0.8605

9i(xq,x3) = g, (x1) + g1(x3) + 19,(x1)g,(x3)=0.8605

9a(x1,x4) = g1(x1) + g1(x4) + Ag5(x1)g,(x4)=0.9247

9a(x2,x3) = ga(x3) + gs(x3) + 19,(x2)g,(x3)=0.7575

9i(x2,x4) = g1(x2) + g2(x4) + Ag,(x2)g,(x4)=0.8605

9a(x3,x4) = ga(x3) + ga(xs) + 19,(x3)g,(x4)=0.8605

9i(x1, %2, %3) = ga(x1,%2) + 95 (x3) + A9, (1, %2)9(x3)=0.9432

9a(x1, %2, %4) = g3(x1,%2) + g1(x4) + A9, (x1,%2) 9, (x4)=0.9762

9a(x1,x3,%4) = gy (x1,x3) + g5 (x4) + 49,(x1,x3) g, (x4)=0.9762

9 (x2,x3,%4) = g;(x2,%3) + g, (xs) + A9, (x2,%3) g, (x4)=0.9432

9a(x1,%2,%3,%4) = 1

The results of calculation showed fuzzy measure of paired relationships among the greatest
strength has relationship between x; and x, and the weakest among x, and x5 the sets consisting of 3
criteria are the most interference criteria x; , x5, x4, and the smallest x, , x5, x4

Calculate values of Sugeno integral for all alternatives:

¢, = ffdg = max (min(x3,g,1(x1,x2,x3,x4)) , min (xz'gﬁ(x1»x2»x4)),
min (xq, g (x1, %4)), min (x4, g,(x4))) = 0,7

C; = ffdg = max (min(xl'g/l(lexZJx&xél-)) , min (xz'gﬁ(xz»x3»x4)),
min (x4, g;(x3,x,)), min (x3,9,(x3))) = 0,6

Cs3 = ffdg = max (min(x4, g,l(xl,xz,x3,x4)) , min (xZ'g/l(xl'XZ'x?)))r
min (x1, g,(x1,%3)), min (x3,g,(x3))) = 0,4

Cy = ffdg = max (min(xl,g,l(xl,xz,xg,,x‘})) , min (xZ'gl(x2ix3'x4))r
min (x4, g,(x3,x4)), min (x3, g,(x3))) = 0,7

Cs = ffdg = max (min(xl,g,l(xl,xz,xg,,x‘})) , min (xZ'gl(x2ix3'x4))r

min (x4, g,(x3,x4)), min (x3, g,(x3))) = 0,6

We have:

¢,=0,7 €,=0,6 C;=0,4 €,=0,7 C5=0,6

Thus are best alternatives A; and A,

4. Conclusions.

The article is devoted to the problem of modeling the software selection process. The main
attention is paid to the problem of mutual influence of selection criteria. To solve this problem, was
proposed an approach based on the use of Sugeno fuzzy measure and Sugeno integral. The problem of
software selection with the 4 criteria was solved.
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Beryn. TexHonmoriuai mpoiecd 3BaplOBaHHA IIMPOKO MOLIMPEHI B NPOMHCIOBOCTI,
OYIiBHUIITBI Ta IHIIMX Tally3sSX HAapOJAHOrOo rocmojapctBa. Jlo mkimmmBux BUpPOOHHYMX (HaKTOPiB
3BapIOBAILHOTO BUPOOHHMIITBA BiTHOCUTHCS Ya/IHUH a3, 37aTHUI BUKIMKATH OTPYEHHS JIIO/ICH.

Metoau 1 3aco0u 3axHCTy JIIOJUHHM, SIKi ICHYIOTh, SIK MPaBWJIO JO3BOJISIOTH HOPMai3yBaTH
MOBITPSIHE CEPEAOBUILE BUPOOHWYMX NPHUMILIEHb, MO0 AOTPUMYBAJIUCH TPAHUYHO JIOIYCTHUMIi
KOHIIEHTpaIlii po0o4oi 30HH.

BuMoru o HaJlifHOCTI TEXHIYHUX 3aC00iB 3aXUCTY HOCSTH K MPABHUIIO JOKaJIbHUI Xapakrep,
1 TOIIMPIOIOTHCSI Ha OKpPEeMi TEXHIYHI 3aco0M: BEHTHWISALIMHI CHUCTEMH, HPUCTPOi CHUTHANI3aLil,
iHaUKaIii abo 3aco0u 1HAWBIMyambHOTO 3axucTy (mpoTturasu). Ha chOTrOmHINIHIA JE€Hb BiACYTHS
METO/IMKa MiHIMI3allii PU3HKY, [0 BPaXOBYE HasBHI 3aCO0M 3aXHCTy KOMIUIEKCHO. B pe3ynbrati 1iporo
yTpyIaHEeHe (HOpMYITOBaHHS 00'€KTUBHUX BUMOT LIOZO0 AOIYCTHMOTO PU3UKY OTPYEHHS YaJHUM ra3oM
SK Ha 3aKOHO/aBYOMY, TaK i Ha HOpMaTHUBHOMY piBHsX. Lle B cBoro 4epry oOMexye eheKTHBHICTH
3ac001B 3aXHUCTY, IKi BAKOPUCTOBYIOTHCSI KOMILIEKCHO. TOMY YIpaBIiHHS PH3HKOM OTPYEHHS JIFOAMHU
YaJIHUM T'a30M B 3BapIOBATLHOMY BUPOOHUIITBI 3aJIMIIAETHCS BXKITUBUM 1 aKTYaJILHIM 3aBJIaHHSIM.

AHaJIi3 cucTeM OMIHKU PU3HKY OTPYEHHSA Ya/{HUM I'a3oM 3BapIOBATbHHKIB

Ha croroanimHii eHs po3po0JICHO P METOMIB OLIIHKH PU3UKY, IO JO3BOJISIOTH BU3HAYATH
X KUTBKICHI 1 SIKICHI XapaKTEPUCTUKH 3 METOO BXXHUTTSI PEBEHTUBHUX 3aXOIiB OE3MEKH.

AHati3 pu3uKy IPOBOIUTHCA Y TaKiil MOCIIIOBHOCTI:
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1) BU3HaYeHHs BHYTPILIHIX Ta 30BHIMIHIX YMHHUKIB, 0 30UTBIIYIOTh UM 3MEHIIYIOTh CTYIiHb
MIEBHOTO BUJYy PH3HKY;

2) aHaJi3 BUSABICHIUX YNHHUKIB,;

3) OLIiHIOBaHHS NIEBHOTO BUJLYy PU3HUKY;

4) BCTaHOBIIEHHS JTOMTYCTUMOTO CTYTIEHS PHU3HKY;

5) aHasi3 OKpeMHX OMepalliii o0 0OpaHOTO CTYIIEHS PU3HKY;

6) po3po0Ka 3aX0/IiB 11010 3HUKEHHSI CTYTICHS PU3HKY.

Ha pusuk ¢dopmyBaHHS Ta BUHHUKHEHHS TpodeciiHUX 3aXBOPIOBaHb 3BapHUKIB BILIMBAIOTH
TaKi YUHHHUKH: BiK, CTaX 3arajlbHUM Ta CTaXX POOOTH Y KOHTAKTi 3 MHAJIOM, a TaKOX CEpeIHE MUIOBE
HaBaHTaXeHHS [1].

Hns mobynoBu rpadika 3aeXHOCTI pU3MKY (OpMyBaHHS Ta BHHUKHEHHS 3aXBOPIOBAHHS
MAJIOBOI €TioJoTii Bil MHOXKMHH YMHHUKIB, 10 BIUTMBAIOTH, OYJIM BUKOPUCTaHI MEIWYHI CTAaTHCTUYHI
JlaHi, mpuBeAeHi B Tabm. 1 (mani momo pu3uKy mpodeciitHoi 3aXBOPIOBAHOCTI B3ATI 3 aHANI3y IbOTO
siBMIIa 3a ocTaHHi 10 pokiB, BUKoHaHOTrOo [HCTUTYTOM Meauiau mpami AMH Ykpainn) [2].

Tabmuns 1. CratucTuuHi naHi, AKi XapaKTepU3yIOTh PHU3HK MpodeciiHoi 3aXBOPIOBAHOCTI
3BapHUKIB [2].

Bik mpauiBauka, | 3araibHui cTax Crax pobotu y Cepenne nuiose Puzux

POKH pobotu KOHTAaKTi 3 HaBaHTa)XCHHS Ha npoeciiHoro
MpariBHUKA, POKH ITAJIOM, POKH Oprasizm 3aXBOPIOBAHHA,

MpalliBHAKA, MT %

32 10 4 12 15

32 10 8 15 21

40 20 10 20 27

45 23 15 18 29

50 27 20 22 37

55 33 27 18 41

Ha ocHosi Tabmuni 1 mobynoBanuii rpadik 3aexHOCTI pu3MKy (popMyBaHHS Ta BUHHKHEHHS
3aXBOPIOBAHHS MMHJIOBOT €TIONOTIT BiJi MHOXXKHHW YNHHUKIB, 1110 BIUTMBAIOTH (pHC.1).

= = N N w w H H
(6] o (6] o (6] o (6] o (6]

Pu3uk npodeciiHoro saxsoptoBaHHA, %

o

0 5 10 15 20 25 30

CTaxk pobOTH Yy KOHTAKTI 3 MUIOM, POKM

Puc. 1. 3anesicnicmo pusuxy popmysants ma UHUKHEHHS NPOYECiiH020 3aX80PIOGAHHS Y
36APIOBANILHUKIS 810 CIAJICY POOOMU Y KOHMAKMI 3 NULOM.

AHanizyloun cuTyaniro B YKpaiHi 3 0a3010 JaHUX 1 JOCTYIHHMH METOAWKAMHU PO3PaxyHKiB
PHU3HKIB, CIIiJ BII3HAYUTH IX MPAKTUIHO MOBHY BIJICYTHICTH i Opi€HTAIlif0 Ha O0COOJWBO HEOE3MMEeUHi
00’extH [3].
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Ha cporognimHiii 1eHb OCHOBHI METOJAM OLIHKM PHU3HMKY [4]: MO3KOBHH LITYpM, METOX
Henbdi, meton anamizy BuaiB i HachiakiB BimmoB (FMEA — Failure Mode Effect Analysis), metoxy
Mapxosa, metox aHanizy nepesa HecnpaBHocTel (FTA — Fault Tree Analysis), anani3z nepesa momii,
metoa Paitn—KiHHi Ta iHmi. Y Aedkux BUMaAKaX BUKOPHCTOBYIOTh KiIbKa METOJIB OLIHKHA PHU3HKY.
Orminka pu3MKy MoXke OyTH BHKOHAaHA 3 PI3HUM CTyNEeHeM TIHOWHU 1 JeTamizallii 3 BUKOPHUCTaHHIM
omHOTO 200 MEKITEKOX METOMIB PI3HOTO PiBHS CKiIagHOCTI. Popma OIMIHKY Ta ii BUXiTHI JaHI TOBUHHI
OyTH CyMiCHIi 3 KpUTEPIsIMH PU3HKY, BCTAHOBICHUMH NIPU BU3HAYEHHI cpepr 3aCTOCYBaHHS.

B poGoti [5] HaBomuThCs METOJ aHali3y PHU3WMKY 1 HaAiHHOCTI BITpsIHUX TYpOiH i
eJIeKTpOCTaHIliil Ha ocHOBI cTanmaptHoro merony FMEA (failure mode effect analysis). [adopmarris
mpo 3001 B cucTemi oOMekeHa 3HaHHSIMH 1 KBati(ikamiero ekcrieptiB. Ll ymoBa He rapaHTye TOYHY
OLIHKY (aKkTOpiB pU3MKy Ta BHU3HAUeHHs ix mpioputeTiB. JlaHa poOoTa He BpaxoBye crenuiky
CHCTEM 3aXWCTy JIFOJWHHU BiJl 9aJHOTO ra3y B 3BapIOBAIbHOMY BHUPOOHHITBI. B pesymprari mporo
BUKOPHUCTAaHHS JaHOTO METOJy YCKIQJAHEHO /i KUIBKICHOI OINHKM pPH3UKIB Ta ITiIBUIICHHS
HaIHHOCTI 3a3Ha4eHUX cHCTeM. bimkua 3amaua BupimeHa B poOoTi [6]. YpaBmiHHS pU3UKaMH TPU
JIKyBaHHI TMAaIli€EHTIB B MEAWYHOMY 3aKiali 3HIMCHIOEThCS Ha OCHOBI Meromy FMEA.
IneHTHOIKYIOTECS pi3HI PU3HWKH, TOB'S3aHI 3 YTHII3AIli€l0 MEIUYHUAX BiIXOIB 1 3 TpaBMYBAaHHSIM
moanHU. PEeKOMEHIyEeThCs KOMIUIEKC 3aXOfiB IIOJO0 3HW)KEGHHS BHSBICHHUX pH3UKiB. OqHaK
BUKOPUCTOBYBAaHUI METOJ 3IIIHCHIOE SKICHY OLIHKY DPH3UKIB, 1[0 Ma€ HU3bKY TOYHICTh 1 HU3BKY
edexkTuBHICTH yrpaBmiHHA. KinbKicHA OIliHKA PU3UKY CUCTEMH, IO CKIAAETHCA 3 JEKiTHKOX MOYJIIB,
HAaBOIUTHCSA B pobotax [7; 8] Ha ocHOBI Mertony MapkoBa. OCHOBHHH HENOINIK IIOJNSTac B
HEeoOXiHOCTI iH(popMalii mpo HMOBIPHICTH MEPEXOAY CHCTEMH 3 OAHOTO CTaHy B iHIIE (TIpare3aaTHe,
TMOTipIIIeHe, HeTIpale3aTHe). Y peaJbHUX BUPOOHHYUX YMOBAX YacTO CIIOCTEPIraeThes neinuT Takoi
iH(hopMarrii, gepe3 Mo YCKIaTHEHO 3aCTOCYBaHHS JTAHOTO METOIY i OOMEXEHa TOYHICTh PO3PaXyHKY
py3uKy. bBimbIn BHCOKa TOYHICTH JOCSTaeTbess B poboti [9]. OuiHIOETBCS PHU3MK TpU POOOTI
TEXHOJIOTIYHUX CHCTEM TpHHY0J00YBHOI MPOMHCIOBOCTI Ha OCHOBI cTanAapTHOro Metoay FTA (fault
tree analysis). AHami3yroTbcs 3001 B poOOTI ApOoOMIBHO-3MINIYBaJBHOIO IEXy Ha JIUISHKAaX
JIpoOJeHHs, 3MIlyBaHHS 1 KOHBEEPHHX CHCTEM. YIPaBIiHHA HAJIHHICTIO, OOCIYroBYBaHHSM 1
0e3MeKOor0 MIiABHUILYE MPOIYKTHBHICTH MPOIIECY BUAOOYTKY B IIUJIOMY. AHANOTIYHUHA MiAX1A 341HCHEHO
B poborti [10], e BUKOHYyeThCs aHali3 JepeBa BiIMOB 3 METOIO BH3HAYCHHS KPUTHYHUX UYMHHHKIB,
JFOJICBKUX TIOMWJIOK 1 onTHMi3amii XapakTepucTHK mporecy. JlaHi poOOTH TakoXX HE BPaxOBYIOThH
crieudiky CUCTEM 3axXUCTYy JIFOJUHHU BiJl 4aJHOrO razy. TuM Oinblie, BOHU HE MICTATh KOHKPETHUX
BIIOMOCTEH TpO MiABUINEHHS HAMIMHOCTI IUX CHCTEM. bBiNbIl JOCKOHANWI MiAXiJ 3IiHCHEHO B
poborax [11; 12], B skux BUKOPHCTOBYeThCs kKoMOiHamis MeTofiB FMEA i1 FTA. Pesyneratu ogHOTO
METOJIy € BUXIJIHUMHU JaHUMHU JUIS iHIIOTO. JlaHi METOAM TaKoXK HE Nal0Th KOHKPETHHX PIIICHb 11010
MIiJBUIICHHS HAIIHHOCTI CUCTEM 3aXHCTy BiJl aHOMaJIbHOTO IMOBITPSHOTO cepenoBuina. HaOmkeHe
pILICHHS JaHOTO 3aBIaHHS HABOJUTHCS B po0OoTi [13], e OLiHIOETHCS BIUIMB OKPEMOTO €JIEMEHTa Ha
BUXIJIHUI TapaMeTp CUCTEMH B LILIIOMY.

AHai3 iCHYIOYHX aHAJIOTIB J03BOJIMB copmMyioBaT pobiaeMy. BoHa momnsrae B Tomy, o B
JaHW{ Yac BIICYTHIN aHaMiTWYHUI Miaxin, sKuid Ou BpaxoByBaB CHEIM(IKy CUCTEM 3aXHCTY JIIOAUHU
BiJ] YaIHOT'O Ta3y B 3BapIOBAIbHOMY BUPOOHHUIITBI.

OcHoBHa YacTHHA.

Meta po6oTH: i BUIIEHHS OC3IIEKH CUCTEMH 3aXHCTY JIFOJIUHH BiJl YaJHOTO ra3y.

Y BUpPOOHMYOMY NPHUMIIIEHHI pO3TAlIOBAaHO N poOOYMX MiClb, SKi MarTh OJHAKOBE
3BaplOBaJibHE OOJIagHAHHS. PO3risgaeTscs CUTyallisi, KOJIM OJHOYACHO 3ajisHi BCI PoO0OYl MicCIs.
3BaproBasibHE 00J1aTHAHHS Ha POOOYMX MICIISX MPAIIOE B OJTHAKOBOMY Ta HE3MIHHOMY PEXHMI.

CucremMa 3axWCTy JIIOJEH BiJ YaAHOrO rasy BKIIOYAE 3arajlbHOOOMIHHY NPHUILUIUBHY
BEHTWISLIIO 1, 3araiskHOOOMIHHY BUTSKHY BEHTWIALIIO 2 Ta MICLEBY BHUTSDIKHY BEHTWILALIIO 3 Ha
KO)KHOMY poOouoMy MicIii, TuB. puc. 2. [lnaHOBUIT TepMiH eKcIutyarallii CHCTEMH 3aXHUCTy CKIIAIae
4,8-10° ron. (1 pik 3a yMOBH JIBO3MIHHOI pOOOTH).

VIMOBipHICTh BiIMOBM CHCTEMH 3aXHMCTy BiJ YaJHOTO ra3y 3aleXHUTh BiJ OKA3HHKIB
HAJIMHOCTI OKpPEMHUX €JIEMEHTIB, AMB. Ta0J. 2. 3HaYCHHS IHTEHCUBHOCTEH BIJIMOB €JIEMEHTIB CUCTEMH

obpami 3 [14-17].
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Puc. 2. Qynxyionanvua cxema cucmemu 3axucmy npayi6HUKI6 38apro8aibHoi OLIAHKU 8I0 YAOHO20
2azy (wonomu b6e3 cuenanizamopa 2aszy).

Tabmuns 2. [loka3HUKH HATIHHOCTI €JICMEHTIB CHCTEMH 3aXUCTY
ITomii X IHTEeHCUBHICTD TTOIN Kinpkicth pobounx micip
(1/ron.) (n)

BiagMmoBu 3araabHO 0OOMIHHOL
MPUTUIMBHOT BEHTHIISLIIT 4,2-10°

BinmoBu 3aransHO 0OMiHHOT
BUTSKHOT BEHTHWIALIT -6
28-10

BinmoBu MicLIEBOT BUTSKHOT
BEHTHJISIIIIT HA OKPEMOMY 29.10 -6
pobodyoMy Mici '

Ha puc.3 moOynoBaHO AepeBO BiIMOB CHCTEMHU 3aXUCTY JIFOJIMHU BiJl YaTHOTO Ta3y,
BPaxOBYIOUHM HAsBHICTh 3aXHMCHOI MaCKH 3BaprOBaJIbHUKA 0€3 CHTHAJI3aTopa rasy.

BimMoBa CHCTEMH 3aXHCTY
Bl 9afHOTO Tazy

Bimmoma MicIeBol BHTTKHOT BeHTHIAIMIL

Binmora xo04a § Ha omHOMY poSodoMy MicIi

Binmoea

3araneH0 00MIHHOL 2aramEOGMIHHOT

BHTTKHOT
BEeHTHIALIT

MPUIITHEHOL

BEeHTHIATHT

Binmoea

MiCLIEBO] BHTAAKHOT
BEHTHIALIT Ha

pododoMy Mici 1

Bigmoea
MiCILIeBOT BHTAXKHOT

BEHTWIALII Ha
poGogomy Mici n

Puc.3. [lepeso 6iomos cucmemu 3axucmy aoo0unu 8i0 4aono2o 2azy (woiomu be3 cuenaiizamopa 2asy)

RS Global 7(59), September 2020 133



WORLD SCIENCE ISSN 2413-1032

VIMOBipHICTB BiIMOBH CUCTEMH 3aXHCTy PO3PaXxOBY€EThCS Ha MiJCTaBi AepeBa BiAMOB (puc. 2)
3a popmysioro (1):

P=1-(1-P )(1-P, )(1-P; ), @)

ne P1 - IMOBIpHICTh BiIMOBH 3araJikHOOOMIHHOT IPUILTMBHOT BEHTWIIALI; P, - IMOBIpHICTb BiIMOBH
3araJlbHOOOMIHHOT BUTSDKHOI BEHTHJIALIT; P; - HMOBIPHICTh BIAMOBH MICLIEBOI BUTSIKHOT BEHTHJIALIT

xoua 0 Ha OZJTHOMY POOOYOMY MICIIi.
Benmuuna P; po3paxoByeThcs 3a (OpPMYIIOL0:

n
P3:1—i1i[1(1—P4), )

ne P4 - IMOBIpHICTh Bi/]MOBH MiCIIEBOT BUTSDKHOT BEHTIIALIT HAa OKpeMoMy pobouomy wmici (1 - n).

MmogiprocTi Pl, P, i P4 PO3PaxOBYIOThCS 3a IOIOMOTOr0 Gopmysu (3):

—t-A,
P (t)=1-e""™, 3)
J€ X — YMOBHE NO3HA4YeHHS MOXiH; t — TpUBANICTh €KCIUTyaTalii eJeMEeHTy, XX - IHTCHCUBHICTb

nmoJIiK X (JaHa BeTMYrHA 3ATAIIAE€THCS TIOCTIHHOO ITiJ] 9ac eKCILTyaTaitii).
[ligcraBnstoun meBHi uncenbHI 3HaueHHA y Gopmynu (3) ta (1), BIAMOBIAHO, OTPUMAEMO:
P, =00199; P,=00180; P,=00152; P;=0,0739. VIMOBipHiCTh BifMOBH cHCTEMH

3axucTy (nuB. puc. 1) mopiBHIOE
P=1-(1-0,0199)(1-0,0180)(1-0,0739) = 0,1086 ~1,09-10"

OCHOBHMM TIOKa3HHKOM Y 3BapIOBAJIbHUX TEXHOJOTIAX € Te, IO BCi MOKAa3HUKH PU3HKIB
MaloTh He NepeBMIyBaTH pusuk pisus 1078[18, 19].

Pu3KK OTPY€HHS 9aHUM Ia30M 3HAYHO NepeBUILye AomycTuMy Benruuny (107°) [18, 19].

Heo0OxinHa po3poOka 3axoiB Ta 3ac00iB 3aXUCTY Bij] YaJHOTO razy.

Jns ymockoHaleHHS METOJIUKH Ta CTaHJAPTHOIO 3aco0y OIHKK YaJHOTO Ta3dy Ha poOovMX
MICIISIX CHCTEeMa 3aXUCTy JOMOBHEHA CUTHAJII3aTOPaMH YaJHOTO Ta3y, siIki BMOHTOBAaHI B LIOJIOMH, pUC. 4.

2 4 1

Agﬂ / /.

Puc. 4. Dynxyionanvha cxema 3axucmy npayieHUKie 36apro8aibHol OLISIHKU 8I0 YAOHO20 2a3y (WOAOMU 3
cueHanizamopom 2azy): 1 — 3aeanbHooOMIHHA NPUNIUBHA EHMUTAYIS, 2 — 342ANbHOOOMIHHA GUMSIICHA
seHmunAyis; 3 — Micyesa UMSICHA BEHMUIAYISA HA POOOYOMY Micyi, 4 — CUSHATI3amop YaoHo20 2a3y
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. . . -6 .
[HTeHCHBHICTE BimMOB curHamizatopa ckiagae 18-107° 3rigHo macmopTHHX JaHUX Ha
CHTHAJI3aTOp YaJHOTO ra3y. /lepeBo Bi]MOB CUCTEMH MOKa3aHE HA PHUC. 5.

BiIMOBa CHCTEMH 3aXHCTY
Bil 9amHOTO rasy

BinMopa 3axHCTy Ha
poGodony micmi 1

BinMoBa 3aXHMCTy Ha
podotoMy Mici n

BincyTHicTs BeHTHIAL{T HA poGodoMy Micti 1

A

Bimvoza
CHTHami3aTopa Ha
poSodomy
wicri 1

Binmoea
CHTHaNi3aTopa Ha
poGodomy
Micmi n

Binmoea

Binvoea Binmosa

MicIIeBO] BHTAKHOL
BEHTHIIAIL Ha

pobodomy mici 1

Binvoea

Binmopa
3aralbOSMIHHOT
BHTSDKHOL
BeHTHITALI

Binmoea

MicTieBol BHTAKHOL
BeHTHIIAIN Ha

poGodomy Micti n

3aranbHO OGMIHHOT
TIPHITTHEHOL

saransodMiHHOT
BHTAAKHOT
BeHTHIIAIL

3aranbHO0OMIHHOT

TIPHIITHEHOL

BeHTHIIAIT
BEHTHIIALI

Puc. 5. Jlepeso 6iomos cucmemu 3axucmy JT0OUHU 8I0 YAOHO20 2a3y (WOIOMU 3 CUCHATIZAMOPOM 2A3y)

VIMOBIpHICTb BiZIMOBH JIOMOBHEHOT CHCTEMH 3aXHCTY PO3PAXOBYEThCSA 33 (hOpMYIIOO (4):
n
P =1-11{L-Py) 4
1=

e PG - IMOBIPHICTP BiTMOBH 3aXHCTy Ha OKPEMOMY POOOYOMY MicIIi,
Po =P R, (5)

e P7 - IMOBIpHICTB BiZMOBH BEHTHJIALI Ha OKpeMoMy poGodomy Micti, Pg - fiMoBipHicTs BiaMOBH
curHajizatopa (po3paxoBy€eThCs 3a 10IoMOrow Gopmyiu (3)),

P, =1-(1-R)-(1-R,)-(1-F,). (6)

[lincTapiistoun MeBHI YMCENbHI 3HaueHHs B (opmynu (3, 6, 5, 4), BIANOBIIHO, OTPUMAEMO:
P, =0,0009 ; P, =0,0523; P, =0,0005.

VIMOBIpHICTD BiZIMOBH JIOTIOBHEHOT CHCTEMH 3aXHCTY TOPIiBHIOE
P, =1—(1-0,0005)° =0,0022 ~ 2-10°°

OOroBopeHHs1 pe3yJbTaTiB OUMiHKM PU3MKY. BUKOHaHWI aHai3 METOIIB OLIHKH PU3HKIB,
MIOKa3aB JOCTaTHBO HIMPOKY I'PYyNy METOZIB Ta MiJXOJiB, IIOJO0 OLIHKU PU3HKIB. ABTOpH BpaxyBasll
Te, 10 3a 6araTo poKiB J0 IMOSIBH TEOpii PU3MKIB, 1H)KEHEPH BUKOPUCTOBYBAJIH TEOPIIO HAIIMHOCTI
CHCTEM, a TOMY 3alpOINOHYBAIM 3pOOUTH OIIHKY PH3UKY 13 BHUKOPUCTAHHSIM METONy OIIIHKH
HaAiiHOCTI cucTeM Ta oOnagHaHHS. BHUKOHaHHI PO3paxyHKH IOKa3ajid, IO AJs OLIHKH PHU3HKIB
MOJKHa BUKOPHCTOBYBATH KJIACHYHI IPUHAOMH Teopii HaJ[IHHOCTI CHCTEM, a caMe HaIiHICTh CHCTEM i
iX eneMeHTIB BUXOJISYM 13 HMOBIPHOCTI BHXOHYy iX 3 Jaay 3a neBHHH yac poboru. OTpumani
Pe3ybTaTH AO3BOJISIOTH MPOJOBKUTH JOCIIIKEHHS 3 BU3HAYEHHS PU3HKIB 13 BUKOPUCTAHHAM Teopii
HaAIHHOCTI cHUCTeM Ta ix eneMeHTiB. LlikaBUM acriekToM y HbOMY HampsMi € po3paxyHOK HaAilHHOCTI
JMIONWHA SIK eJNeMEHTa cucTeMu ‘‘JlomuHa-MammHa” Ta BU3HAYEHHS PHU3UKY HEBUKOHAHHS ik
JIIOAMHOIO B YMOBAX HasBHOCTI HeOe3MeK, TaKUX K YaJHHUN Ta3 Ta iHIIKX.

BucHoBku. BukoHaHi IOCTI[UKEHHS Ta OLIHKA PHU3HMKIB OTPYEHHS YaJHUM Ta30M, JOBEJIH
MO>KJIUBICTh BUKOPHCTAHHS METOIB TEOpii HAIIHHOCTI IS OIIHKK HeOe3MeK Ha pOOOYMX MiCIISIX.

RS Global 7(59), September 2020 135



WORLD SCIENCE ISSN 2413-1032

Puzuk OTPYEHHA YaJHUM Ta3oM IIpU 3aCTOCYBaHHi 3aXHCHOI MacCKH 3BaproBaJIbHUKA, AKY

0o0Ja/lHAaHO CHTHAJNI3aTOPOM YaJHOTO Ta3y 3HAYHO 3HHM3WBCS, OJHAK II€ e HE BIANOBITaE
MIPUITYCTIMOMY PiBHIO O€31eKu Ha poO0IoMy MICIT.

JocnimkeHHs HEOOXiHO MPOJOBXKHUTH 3BAKYIOYM Ha Te, IO 3aCTOCOBaHI iHJUBIAYyalbHi

3aco0M 3aXUCTY y BHIIIAAI BOYZOBaHOTO CHTHAI3aTOpa YagHOTO Ta3y y IIOJOM 3BaplOBajbHUKA, IIIe
HE TapaHTYIOTh HEOOXigHOTO pPiBHS Oe3meku mpariBHUKa. CIif pO3TISHYTH MUTAHHSA 3aCTOCYBaHHS
JOJATKOBUX 3aXO0JIiB Ta 3aC001B 3aXHUCTY.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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I[MocTanoBka mnpo6jaeMu. AKTyalbHICTh MpoOJeMH OOYMOBIEHAa THM, IIO OJHIEIO i3
BOXJIUBHUX 3aJad, SIKy BHUPIIIYIOTH TMEPEBI3HUKM 1 EKCIEAUTOPH NpH OpraHizamii MiKHApOIHHX
aBTOMOOUTPHUX TmepeBe3eHb maprioHHuX BaHTaxiB (MAIIIIB) € Bubip edexkTuBHUX MeTOAIB
oprasizaiiii nepeBe3eHb BaHTaXiB. [ LBOro MIOLIJBHO OLIHHUTH KOXKEH METOA 3a KPHUTEPisiMHU
epextuBHocTi MAIIIIB (qacoBumu, pinancoBumu Touio). Jyxe BaKIMBUM (iHAHCOBUM KPUTEPIEM €
cobOiBapricts | kM mpoOiry aBrorpancnoptHoro 3aco0y (AT3) mpu MAIIIIB. Otxe, mocmiuKeHHS
co6iBaprocti MAIIIIB i BusiBiieHHs BIUIMBY (QakTOpiB Ha Hel, Takux AK: npooir AT3, excrutyarariiiHi
Butpatu Ha MAIIIB, o0car maprii BaHTaxiB, IO HEPEBO3SATLCSA € y)KEe AKTyaJIbHOI 3a1auycio.
dakTopHe nociimkeHHs cobiBapTocTi 1 kM npobiry AT3 npu MAIIIIB BukoHaHe pi3HUMH METOAAMHU
aHaJizy: MHOXHHHOI perpecii, HEJTIHIHHOI MHOXHHHOI perpecii Ta 3a HEHPOHHUMH MepeXaMu
JTIO3BOJINTH BU3HAYUTH ONTUMAaILHY MoJenb 1ist MATIIB.

AHaJi3 ocTaHHIX pocaimxkendb i myGaikamiil. [Iutanas mocnimkenHs cobiBaprocti MAITIIIB
3aBXKIM MaJlo BaroMe 3Ha4YeHHs 1 3HAXOOWIOCh B LIEHTPl yBaru sIK BITUYM3HAHHUX, TaK 1 3aKOPHAOHHUX
HayKoBIIiB. KokeH 3 aBTOpIB MPOTIOHYE CBOI HAYKOBI pO3POOKH IIOI0 BUOOPY KPUTEPiiB €PEKTHBHOCTI
MAIIIIB. barato HaykoemiB: IlonomaproBa H.B., IBacimmua H.B., Haropuuii €.B., Ipamenko H.I1O.,
eBuenko [.B. Ta iHOI MpONMOHYIOTH BHKOPUCTAHHS B AKOCTi (DiHAHCOBHUX KPHUTEPiiB €PEKTUBHOCTI
MAIIIIB: BuTpatH, IpuBEACHI BUTPATH, IPUOYTOK, COOIBAPTICTH NIEPEBE3CHD.

RS Global 7(59), September 2020 137



WORLD SCIENCE ISSN 2413-1032

B poGori [1] Bu3HAueHO SKICHMM 1 KUIBKICHMI B3a€MO3B 530K MK MapaMeTpaMu
TEXHOJIOTIYHOT'O TPOLIECY MepeBe3eHb Ta IMOBIPHICTIO BUOOPY BHIY CIIONY4YCHHS NPH BUKOHAHHI
30BHIIIHLOEKOHOMIYHOI [iSUTBHOCTI, KpPiM TOT'O PO3pOOJIEHO MPOTHO3HI MOJIENi BaHTaKOMOTOKIB Y
MDKHApOIHOMY CHOJy4eHHi. 3TigHo 3 [1], 3aranpHi BUTpaTH 3aMOBHHKA, 00yMOBJIEHI HEOOXiTHICTIO
TPAHCTIOPTYBaHHS BAaHTAXY B MDKHAPOJHOMY CIIONYYEHHI € KpUTEpieM eeKTUBHOCTI CXeM JAOCTaBKH
BaHTaXY PI3HUMH BUAAMU Ha3€MHOT'O TPAHCIIOPTY Y Mi>KHAPOJHOMY CIIOJTyUEHHI.

B pobGoti [2] oOrpyHTOBaHO i CHUCTEMAaTH30BaHO KOMILUICKC YHMHHUKIB, SKi BIUIMBAIOTh Ha
e(eKTHBHICTh MIKHAPOIHUX MEPEeBE3eHb aBTOMOOUTEHIM TPAaHCIOPTOM; PO3pO0ICHO KOHUENTYaIbHY
MOJIETb MapKETUHTY HaJaHHS TPAHCIOPTHOI ITOCITYTH; 3aIIPOTIOHOBAHO METOIMKY PO3PAaXyHKY LiHOBO]
nomtukd. [lpu BupimeHHI TpoOiieMH MiIBHINEHHS €()EKTUBHOCTI MIKHAPOIHHUX TIEPEBE3eHb HE
BpaxoBaHI IHTEpECH YYaCHHUKIB JIOTICTUYHOI CHCTEMH «BaHTKOBIAMPABHUK — TPAHCIOPT —
cnoxuBay». KpiM 1poro, npu BU3HAUCHHI €eKOHOMIYHOTO CTaHy CHCTEMH HE BPaxOBaHO iMOBIpHICHHI
XapakTep TOCTaBKU BAaHTaXy y MDKHAPOJAHOMY CIIOTYYEHHi.

B po6ori [3] BucBiTieni npobiemu (GopMyBaHHS COOIBAPTOCTI MIKHAPOTHHX MEPEBE3CHb,
JIOCITI/DKEHO Pi3HI PO3PaxyHKOBI MeToan (OpMyBaHHS COOIBapTOCTI MIKHAPOIHUX TEPEBE3CHb,
3aMpOIIOHOBaHI OCHOBHI HANpsIMH 3HWKEHHS COOIBapTOCTI TEpeBe3eHb 1 BILTUB COOIBapTOCTI Ha
Tapu(u Ha BAHTAXKHI TIEpEBE3EHHS.

B poGori [4] Bu3HaueHO, 10 COOIBAapTICTH TMEPEBE3CHHS € KpUTEpiEM e(EeKTUBHOCTI
paiioHaIBHOTO (DYHKITIOHYBaHHS JIOTICTHYHOTO JIAHIIFOTA JOCTABKW BAHTaXKIB aBTOMOOLILHAM TPaHCIIOP-
TOM, Y MDKHApPOTHOMY CIIOJYYeHHI He MOYKHa HE BPaxOBYBaTH, IO Ii BUTPATH ITIOB’SI3aHi 3i CTPOKOM
JIOCTaBKK BaHTaXy. [Ipw 3MiHI CTPOKY JOCTaBKH CyMapHi BHTPAaTH MOXKYTh 30UIBIIyBaTHCS i HAaBIIAKH.
ToMy IONLUTPHO BCTAHOBUTH y3araJbHIOIOUMM ITApaMeTPOM CTPOK BUKOHAHHS JOCTaBKH BaHTaxy. L{imboBa
¢byHKIIS Tiepedavac ONTUMI3AIIO MMapaMeTpiB: BiACTaHb MepeBe3eHH 1 o0csar mapTii. s mepeBizHUKa
HacamIepesi Ma€ 3HaueHHsS co0iBapTiCTh AOCTaBKU. OIHUM 3 HAWOLIBII BOKIIMBUX KPUTEPIiB 3 MOTISITY
CIIOXKMBAa4a TPAHCHOPTHUX TIOCTYT BHCTYNAIOTh CyMapHi BUTPaTH Ha JOCTaBKY MPOAYKIIi BiJ CKIamy
NOCTa4aIbHHIKA 0 CKJIa/ly CIIO’KHBAYa, SIKi TIPUTIAIAI0Th Ha OJJMHHULIIO POAYKIIT [4].

Mera nocaimkenHsa — mocuiautu BB npodiry AT3 mpu MAIIIIB, excruryatamiiftHUX
ButpaT Ha MAIIIIB, oOcsary maprii BaHTaXiB, 110 IEPEBO3ATHCS HA cobiBapTicTh 1 kM mpobiry AT3
npu MAIIIIB.

Buknag ocHoBHOro wmarepiany pgociimkennsi. CoOiBapTicTh mepeBe3eHb — OJUH 3
HaWBaKJIMBINIMX EKOHOMIYHMX ITOKA3HHUKIB, SKUH BiZOOpaXka€ B TPOIIOBOMY BUMIPI €(EKTUBHICTb
BUTpAT yCiX BHUJIIB peCypciB Ha MEPEeBi3HO-EKCILTyaTalliifiHy poOoTYy.

I[Ipu MAIIIB nyxe BaxiIMBUM KpuTepieM € cobiBapricte 1 kM mpobiry AT3, ska
BU3HAYAETHCS 32 (POPMYJIOLO:

Sem = %, TpH/KM @

e C, — excruryaraniiiai Butpatu Ha MAIIIIB, rpH;

L — Bizcraus MAIIIIB, kM.

BaxumBumu (akropamu, 110 BIUIMBaIOTh Ha codiBapricTh 1 kM mpobiry AT3 nmpu MAIIIIB
(Skw) €: excrnyaramiiini Butpatn Ha MAIIIB (Ce), 10 SKUX BXOIATh BUTPATH Ha MaJIbHE, BUTPATH Ha
MIDKHApOJHI NepeBe3eHHs, cTtpaxoBku Tomo; Biactanb MAIIIB (L); oOcsr mapTii BaHTaxiB, IO
nepeBo3ATHCS (Qp).

Hnst GpakTopHOTO HOCTIDKEHHS Sy, BHUKOPHCTOBYEMO METOAMKY KOPEJSALiHHO-PErpeciiHOro
ananmizy. llell aHanmi3 BUKOHYEThCS Ha MPHUKIAJI CTATHCTHYHHUX JAHUX, IO XapaKTepU3yIOTh BAHTaXKHI
nepeBe3eHHs 3a HanpsiMoM Ykpaina — Himeuuuna.

06’ eM BUOIpKH T Sy PO3PAXOBYEMO 32 TAKOIO (DOPMYJIOIO:

n =t?g?/e?, (2)

e 0 — CepEeIHbOKBAIPATUYHE BIIXUJICHHS CIIOCTEPEIKEHb CYKYITHOCTI;
t — MOKa3HMK AOCTOBIPHOCTI ISl 3a7JaH01 JOBipUOi HKMOBIPHOCTI fy;
€ — IPUITyCTUMA NTOXHOKa BHOIPKOBOT CepeTHBO.
CepeHbOKBaIpaTUYHE BIAXUIICHHS BU3HAYAEMO 32 ()OPMYIIOIO:
Y (xp—%)2
1_1( n ) (3)

g = _,
n

ne Xn — YMCENbHE 3HAYEHHS N-TO BUMIPY;
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X — cepenHe apuMETHIHE 3 YCIX BUMIpiB;

N — KiIBKICTH BUMIpIB.

[Ipuiimemo Taki 3Ha4YeHHsS: AOBipYOi HMOBipHOCTI o= 0,95, Tounicte € = 0,5 TpH/KM mpH
t=1,96. Po3paxoBaHi MOKa3HWKH I IT'SITHAALSATH CTaTHCTUYHHMX 3HAYCHb CcOOiBapToCTi 1 KM
npodiry AT3 ans Hampsmy Ykpaina — Himewumna (2018 p.) craHoBmsath: X = 27,70 rpH/KM,
o =2,036rpH/kM, o?= 4,15 (pu/km)?, n=63. ODKe, I TNOJAIBIION0 KOPEIAIiiHO-
perpeciiHoro aHamizy Sy, BiAOMpaeMO CTAaTHCTHYHI 3HA4YCHHS TOKa3HHWKIB, MO0 OyIyTh
JOCHIDKYBATUCh 13 63 peliciB Hanpsimy Ykpaina — HimeuunHa.

3a gomomororo mporpamu STATISTICA 10 [5], BukoHaeMo aHajIi3 MHOKHUHHOI perpecii.

Bubepemo Sy, K 3ayexkHy 3MiHHY, a 3MiHHI, IO 3aJHIIWINCS — B SIKOCTI MPEIUKTOPIB.
Oninky kKoeillieHTiB TPOBOAMMO 32 METOIOM HaMEHIINX KBaJpaTiB.

HaBenemo yMOBHI TTO3HaYEHHSI, 110 BUKOPHCTOBYIOThCs B porpami STATISTICA 10:

MHoxecT. R — koeiIlieHT MHOKUHHOT KOPEJIAIIii;

R2 — xBagpar koediuieHTa MHOXXHMHHOI KOpENslii, YacTille Ha3MBa€Tbci KoedillieHTOM
JICTepMIiHaIliT;

Ckoppekt. R2 — ckopuroBanwmii KoeQillieHT JeTepMiHaIlii, SKuif BU3HAYA€ThCA 32 (HOPMYIIO0:

Ckopp.RZ=1— #(1 —R?) (4)

e N — YUCIIO CIIOCTEPEIKEHDb B MOJICIII;

p — 4mcno mapaMeTpiB Mozeli (YHCI0 He3ale)XHUX 3MIHHHX IUTIoC 1| ToMy, IO B MOJAETH
BKJIFOUCHHH BUTLHUI YJICH).

CrangapTHas oOIIMOKa OIICHKH — CTAaTUCTHKA, $Ka € MIpPOI0 pO3CiIOBaHHS 3HAYCHb
CIIOCTEPEKEHb MIOJI0 PETPECiifHOT MPsMOT;

CB. uJieH — OIliHKa BUTFHOTO WiIeHa perpecii, 3HaueHHs KoedimieHTa Bo y piBHSHHI perpecii;

Cr. ommOka — craHAapTHa MOXMOKAa OI[IHKM BUIBHOTO YIeHa — CTaHAapTHA IOXHOKa
koedimienTa Boy piBHSIHHI perpecii,

t — 3HaueHHs t-KpuUTEpilo, KU BUKOPUCTOBYETHCA ISl MEPEBIPKU TIiMOTE3W PO PiBHICTH
BIJIBHOTO 4JIeHa perpecii;

F — 3nauenns F-xpurepito dimepa;

CC — 4HCJIO CTYIIEHIB cBoOOM F-kputepiro;

P — piBEeHb 3HAYMMOCT!I.

PesynbraTi po3paxyHkiB MHOKHHHOI perpecii S, =f(Ce, g, L) HaBeaeno ua puc. 1.

7 =
2~ PesynbTaTbl MHOMECTEEHHON perpeccum: Jannsie 2018 l B | -
FesyneTaTs MHOE. DeTDeCChM
SaE.neper. 1 S5HM, TEH/HM Muomecr. B = . 33574532 F = ZZ%g,441
BZ= , 33150874 oo = 2,539
Wmeno maBn.: &3 CxopperrT RZ= , 39107638 p = 0,000000
CrannsprHad omsbma oneHE=m: , 205504405
C= _=memE: 29, 258326278 Cr_ omaBxa: ,3493043 & 5%9) = B83,t42 p = 00,0000
Ce, rpm Ber==1 54 g, T Bera=-,601 L, = Bera=-1, 2
(EmnenexHs IHauwmmeie BeTal
Gy 2 |
Brinenasbiib pryposeHs: 05 @ QK
BricTpEIR l JonoaHUuTEnsHD ] Ocrarku/npegckasaHHee/Hatniogastpie SHAYEHMA ]
Wrorosan tafnuua perpeccum ]
Mo Ipynnar

Puc. 1. Pesynomamu muoocunnoi peepecii S, =f(Ce, g, L)
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[IpencraBisieMo pe3ynbTaTd y BUIIISLII HiICYMKOBOI Tabmui (Tabm. 1).

Ta6muus 1. IlizcymkoBa Tadauis MHOXHHHOI perpecii S, =f(Ce, g, L)

MTorw perpeccui AnA 3aBMCUMON NepeMeHHon: SkM, rpriem (JadHele 2018) T'
R= 99574532 R2= 99150874 Croppexr. R2= 99107693
F(3.59)=2296 4 p=<0,0000 Crang. owwnbka oueHkn: 205650

BETA | Cr.Ow. B Cr.Ow. t(59) p-3Hau.
M=63 BETA B
Ce.uneH | 29.25833| 0,349804 | 83,6420 0.000000
Ce, rpH 1.54306] 0,018596| 0,00064 00000058 82,9758 0,000000
Q.7 -0.00742 0.012091 -0,00642 0.010461 -0,6134 0.,541978
L, km -1.16450) 0,018672| -0,01875 0,000301| 62,3666 0,000000

B tabmuii 1 HaBeeHi 3HaYCHHS KOS(IIIEHTIB TAKUM YHHOM:

y nepiiomMy ctoBmuuky — BETA — crangapTiu3oBasi koe(illi€eHTH PerpeciiHOTO PiBHAHHS;

y IpYyTrOMy CTOBITYHKY — cTaHAapTHI moMuiiku bETA;

B TPETHOMY CTOBIUMKY — TOYHI OIIIHKH HTApaMeTpPiB MOJEIT.

Omxe, pe3ynbTatil perpecii Sy, Taki: Bo = 29,25833, B: = 0,00064, B> = -0,00642, Bz = -0,01875.
OTtprMaHa MozeTTs MHOXKHHHOI perpecii cobiBaprocti 1 kM npobiry AT3 mpu MAIIIIB:

Skm = 29,25833 + 0,00064 - Ce — 0,00642 - g — 0,01875 - L (5)

Takox, B TaOnuii | HaBelEHI CTAaHAAPTHI TOMWIKH JUIS KoedilieHTiB B, 3HadYeHHs t -
KpUTEpIit0 1 p — piBHA 3HAYUMOCTI. 3HaYUMi KOe(]ilieHTH BHUCBITIIEHI 4epBOHMM KoibopoM. OTike,
OTpUMaHy MOJISJTb JOCIIIKYEMO Jalli.

[ToGynoBaHo miarpaMu po3citOBaHHS 1O 3MiHHUX, PETpeciiiHi KOeQilliEHTH SIKUX BUSBUINCS
3HauuMi. B skocti 3miHHEX BuOepemo cmoyatky L, a motim C.. B pesynbrari moOymoBaHO ABi
niarpamu (puc. 2).

Sk, rpHia vs. L, 1 Sim, rpion vs. Ce, rpH
SEM, rprikm = 28,086 + 22E-3 7L, i SkM, rpHiom = 16,540 + 27E-3* Ce, rpH
Koppenauus “r= 01354 Koppenaums : r = 65269

SKM, TRHE
3
]

Sk, romio
N
3
' o!
@
o
o
o

° 3 o e
o 26
2% o @ o0 ©®O o 90 ®mo o /s,"m"wﬂwo o 00 @0 @
25 =
25 34000 38000 42000 46000 50000 54000 55000
1200 1300 1400 1500 1800 1700 1800 1600 26000 40000 44000 48000 £2000 56000 £0000
L.xa 0.95 [loe MHT. Ce, rpH 0,95 floe MHT.
el Al Kl =R ST F ¥ -3
a) 0)

Puc. 2. Jliaepamu poscirosanmsi:
a) — 013 3MIHHUX Sy ma L, 6) — 05 3minnux S ma Ce.

Jlyis TOpIBHSAHHS BHUKOHAHO aHaJi3 HEJIiHIHHOI MHOXHMHHOI perpecii. Ilporenypa aHamisy
CXO’Ka 3 aHAITi30M MHOKHHHOI perpecii, ajje BUKOPHCTOBYEMO HeliHiiHY (yHKIIiIO MepeTBOPEHHS /X,
PesynbraTtu HaBeneHi B Tabnwili 2.

Tabnuis 2. Pe3ynbraTu HeNiHIHOT MHOXHHHOT perpecii Sy

KMTorm perpeccui ANA 3aBUCKMMOIA NepeMeHHOR. SKEM, rpH KM
R= 99877853 R2= 99755856 Croppexr. R2= 989747717
Fi2.60)=12258, p<0,0000 Crang. owwnbrka ouedkn: 10927

um— |
-

BETA Cr O B Cr.Ow. (60} p-aHau. |[E
MN=63 BETA B
Ce.quneH | 2912251 0,.315963 92,170 0,00
SaRWA 1.63879] 0,009825| 0,27289| 0,001743] 156,572 0,00
SQRW3 -1.16459| 0009828 -1.47172| 0012420 118,493 o.00 -
-« 3
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3a pe3ynbTaTaMu po3paxyHKiB, OTPUMAaHO HEJHIHHY MHOXHHHY PEerpeciiiHy MOJeNb Sy

Sew = 29,12251 + 0,27289 -+/Ce — 1,47172 - /L

(6)

[opiBHSHHS pe3yNbTaTiB OTPUMAHKUX PI3HUMH METOAaMH aHaIIi3y HaBeAEeMO y Tadmmii 3.

Tabnuns 3. Pe3ynbraTs AOCHIKEHD S« PI3HUMH METOAAMH aHANIZY

Mertou anamizy

[TokazHuku . Hemniniitna MHOKHHHA perpecis
MHox1HHa perpecis
dyHkuii neperBopenns vx

Cs. wiieH 29,258 29,122

Cr. ommOka 0,349 0,316

R2 0,991 0,997

F-kpurepiit 2296,441 12257,81

cc 3,59 2,6

p 0,000000 0,000000

t 83,6 92,1

OTxe, 3a pe3ynbTaTaMu AOCITIIKEHb S., PI3HUMH METOJaMH aHali3y IMOKa3ye, M0 aHaji3
HeJTiHiHOT MHOXMHHOT perpecii GpyHKIii mepeTBopeHHs VX fae GiNbII MPOXYKTUBHI pe3yIbTaTH.

[TpoaOBKUMO JAOCHIKCHHS Sy, 32 HEHPOHHUMH MepexaMmu. 3a TonmoMororw 0yioky HefiponHi
MepexKi po3paxoBaHi pe3yabTaTH BimoOpakeHo B TabmuIli 4 i Ha pucyHKY 3. 3HAUEHHS Bar MOJEINI Sy
3a HeHPOHHUMH MEPEKaMH HaBeJIeHI B Ta0JIuIIi 5.

Tabnuus 4. [lincymku Moneni Sy, 32 HEHPOHHUME MepexaMu

Wroru mogenedt (JanHee 2018)
N | Apxutextypa | lpousgogutent Kowp. Tect. Ouwmbka | KowrponeHas | Tectoean | Anroputm | DyHKuwA -7 akue. -7 aKTnB.
HOCTs 06YY.  |NPOM3BOANTENEH|NPOM3BOMTENEH  0DYYeHUA oLLmbKa ownbka | obyyeHuA | ownbkn | CKpBITHX Help. BLIXOHEIX
0CTh. 0CTh. Heiip.
381 MLP 3-10-1 1,000000 1,000000 0,000002 0,000005 BFGS 145/ Cym. keanp. Twnepbonuueckan TomgecTBeHHan
Tabnunsg 5. 3HaueHHs Bar MoJeli Sy, 32 HEHPOHHUMH MepeKaMu
Beca (fJaxkuie 2018) Beca (Qannsie 2018) Beca {[laHHsie 2018)
CoeMHEHHRA 3HaveHuA Coepnnenua 3navenna CoenuHeHHA 3Hauexua
10.MLP 3101 BeCoB 10.MLP 3-10-1 BECOB 10.MLP 3-10-1 BECOR

Beca D 10 MLP 3401 |BecalD 10.MLP 3-10-1| 3 |Beca ID 10.MLP 3-1041
1 [ Q.7 CKpiTuit Hefipok | -0,04524| 123 L. kM —> CKpbITHIl HeiipoH 8 045679 130 Ce, THC. PH. —> CKpbITuIl HeiipoH 10 1,08562
2 L, ki —> cKpoiTwiil Heilpo 1 0,04391) |24 Ce, TUC. IpH. > CKPbITIi HeiipaH 8 0,58881) u| 31 BXOAHOE CMBLLEHVE —> CKPbIThIil Heiipon 1 0,10228
3 Ce, THC. TPH. ~> CKPBITH Heiipon 1 073451 |25 g. T > CKPLITHIi1 Helipon 9 0,00724 | 4|32 BXOAHOE CMELLEHME —> CKPBITHIl HeilpoH 2 -0.07878
4 g, T > CKpBITHiil Heiipon 2 0,04946| |26 L. kM —> cKpbITEIA HeiipoH 9 -1.07648 133 EXOAHOE CMELLEHME > CKPBITHI HellpoH 3 -0,30513
B L, KM ~>» CKpHITHIil HeilpoH 2 -0,70905| |27 Ce, TMG. TPH. > CKPBITBIA HelipoH 9 1,02868 |34 EXOJHOE CMELLEHNE —> CKPbITHIl HeilpoH 4 -0,30784
6 Ce, THC. TPH. > CKPBITIil Hefipox 2 067577 |26 g, T - CKPbITeIl Heiipon 10 012492 4135 BXO/JHOE CMELLEHWE > CKPBITHIil HellpoH 5 0,22291
7 g. T > CKpbITHIil Hefipon 3 0,03638) |29 L, kM —> CKpbITHIi Heiipox 10 0,19496 , |36 BXO/HOE CMELLEHUE —> CKPhITI HellpoH 6 0,02838
8 L, KM > CKpLITBIl HEpoH 3 043991 |30 Ce, THC. rpH. —= crpoiTaiil Heitpor 10 1,08562 137 BXOJHOE CMELLEHUE —> CKPLITI HeilpoH 7 -0,08706
9 Ce, THC. TPH. —>» CKPBITHIl Hefipon 3 0.22332| |31 EXO[HO® CMELLEHVE —> CKPHITHIA HefipoH 1 010228 ||38 BXOJHOE CMELLEHUE —> CKPhITHI HeilpoH 8 0,00625
10 Q. T-> CKpbIThlil Heiipon 4 0,06693| |32 BXOLHOE CMELLLEHNE > CKPLITHIA HeipoH 2 -0,07878) ||39 BXOAHOE CMELLEHNE —> CKPbITIA HeilpoH 9 0,12999
1 L, KM ~> CKpHITsIil HeilpoH 4 -0,76698) |33 BXOJHOE CMELLLEHUE > CKPBITHIA HElpoH 3 -0,30513) ||40 BXOHOE CMELLeHHe —> CKpbiTbIA Heipon 10 -0,03064
12 Ce, THC. TPH. > CKPbITEIA Hefipox 4 053487 |34 BXOLHO® CMELLLEHNE —> CHPBITHIA HelipoH 4 030784 |41 CKPBITEIA HEAPOH 1 > SKM, rpHikM -0.73393
13 9. T > CKpwITHiil Heilpon 5 -0,01492) 35 EX0JH08 CMELLEHNE > CKDBITHI HefipoH & 022291 |42 CKPBITHI HEMPOH 2 > SKM, rPH/kM 0.71185
14 L, ki —> cKpoiTwiil Heilpak 5 107180 |36 EX0JHO8 CMELLEHIE > CKDBITHII HefipoH 6 002838 |43 CRPBITBIA HeipoH 3 > Sk, rpH/k -2,00183
15 Ce, T, IPH. ~> CKPBITwil HeilpaH 5 074648 |37 BXO/HOE CMELLLEHIE > CKPBITHIiI HeiipoH 7 0,08706 |44 CRPBITBIA HeipaH 4 > Skm, rpH/km 088286
16 0. T~ CKPBITHIil Heilpak 6 0,02488] |33 BXO/IHO@ CMELLZHYE —> CKPBIThI HeiipoH 8 0,00625 {45 CKPHITHIi HEPOH 5 > Sk, rpHikm 141910
17 L, km —> CKpwiTuiil Heiipon 6 0.44633] |39 EXUAHOE CMELLLEHIE —> CKDBITHIA HEApoH 9 012999 |46 CRPBITHI HRIPOH 6 —> SkM, rpH/KM 046212
18 Ce, THC. TH. —> CHPLITHI HeilpoH B -0.38279] 40 BXOAHOE CMELLEHHE —> CKDbITEIA Hefipon 10 -0,03064 |47 CKPBITHIA HEMpOH 7 = Skm, rpH/ku 0,33056
19 9. T-> CPBIThil Helipo 7 0.02547] 41 CPBITRIE HelipoH 1> Skm, rpn/km -0,73393) |48 CKPBITHI HEMpoH 8 —= Skm, rpH/ku 0,66255
2 L. kM > CpuTalil Heiipon 7 D124 f42 CKPLITLIT HEipoH 2 —> SKM, rpH/im 071185 ||49 CKPLITHII HeiipoH 9 —> Skm, rprkm -1,02179
il Ce, THe. TpH. > CRpWITl Helipon 7 0.68272) 43 CKBITBI HedipoH 3 —= Skm, rpu/km -2,00183) ||50 CKpbITHIil HellpoH 10 —> Sku, rpHikm -0,04771
%E & T2 EKP*"“"‘E‘ ”E‘E‘P“H 5 E%EEE 44 CKPLITBIA HefipoH 4 —= Skm, rph/km 0,86286 || 51 CKPHITOE CMELLLEHHE —> SKM, TpH/kM 0,07566
I e r: et e % Pe et 4 aanan I

Ha pucynky 3 mpencrasieHo rpagik 3ajJeXKHOCTI MPOTHO30BAHMX 3HAYECHb S, BiJl BXIAHUX
napametpis L Ta C., po3paxoBaHoi 3a HEHPOHHUMH MEPEKAMHU.
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L. ¥m (Bxog), Ce, Tuc. rpH. (Bxog), Skm, rpr/km (Beixoa)
[38.MLP 3-10-1]

S SO
o

(e AP WS

45
<44
B <39
[C]<34
B <29
B <24
<19

Puc. 3. I'pagix nosepxni modeni Sx, =f(L, Ce), pospaxosanoi 3a netiponnumu mepexcamu

Orpumana mozens Heiipomepexi Su =f(L, Ce) € HesiBHOIO. 3B'SI30K BU3HAYAETHCS MATPULISIMH
BaroBUX Koe(illieHTiB Mi>k HeHpOHaMHU.

BukoHaeMo nmociipKeHHs nepen0dadeHux 3HaueHb 1 3anuiikiB S, =f(L, Ce), po3paxoBaHux
PI3HUMH METOJIaMH aHaJIi3y.

Pesynbratu po3paxyHkiB Sy, =f(L, Ce) TppoMa MeTOaMU aHali3y MpeICTaBJICHI BiIMOBIIHO
JUIS: MHOXKHHHOI perpecii (puc. 4); HenimiliHOT MHOXMHHOI perpecii ¢yHKuil meperBopeHHs +/x
(puc. 5); HelipoHHHX MepexK (puc. 6).

-|FF'_.:|=EGEI-HI:E JHEMEHHA W OCTITEH
ZHAEMHIMAER NEQEMEH.. M, I'PH"!IM
a6 T T T T T T T
)
04 b o ]
) “ )
8 o
0.2 =1 o ]
) ) o o
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z SR RREEE I SR S S ki
F ':I.D ' Ful E =
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§ o o =}
02 o & -3 . ]
% =]
)
04t o o 1
-0E . . . L L . L
25 26 27 28 28 30 31 3z 33
NpafcE. sHaUEHAA |':|.95 DDE.WHT,
gl « O

Puc. 4. Jliaepama posciosanns 3anuwkie i nepedbauenux 3Hauens Sy, 0Jis MHOMCUHHOIL peepecii
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MpeacEszsHHEIS IHEYEHWA W OCTSTEN
JIEMCUMER NEPEMEH.. 30M, TDH D
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Puc. 5. [liaepama posciroeanns 3anuwikis i nepeddaueHux 3HaueHb 0Jisl HeNiHIlIHOI MHOMCUHHOT

peepecii pynxyii nepemeopennsn \'x 012 S

0,005

0,000

Skm, rpHlen - DoTaTim

-0,005

Owarpamma paccemHuA 4nA Sem, rpiem - Coramon v S, rprfem - Beixog,
TabBnuua nakHex3 2vB3c
Sem, rpriem - Ooratea = -0,0002+7,5807E-6%x; 0,85 Joe. MHT.
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Puc. 6. [iaepama posciroeanns 3anuwkis i nepeddaueHux 3HaueHb Sy, 051 HEUPOHHUX Mepedic

BucHoBKkH. AHai3 3JIMILIKIB TPOrHO3YBAaHHS € KJIIOYOBHM B OLIHII aeKBaTHOCTI abo SIKOCTi
mozeni. 3a gonomoror nporpamu STATISTICA 10 Oymo mnpoBeaeHO (akTOpHE IOCIHIIKEHHS
cobOiBaprocti 1 ¥kM mpobiry AT3 npu MAIIIB pizarME MeToAaMH aHali3y: MHOXWUHHOI perpecii,
HeNiHiHOT MHOXKMHHOT perpecii (yHkuii mepeTBopeHHsS VX Ta 3a HeHpOHHMMH Mepexamu. 3a
pe3ynbTaTaMu JOCIiIKEHb MOXKHA 3pOOMTH BUCHOBOK, 10 HAWMEHIII 3aIMIIKYA PY BUKOHAHHI aHaIi3y

3a HEMPOHHUMH MepeKaMu, TaK SIK BOHH CaMOYIOCKOHAITIOIOTHCS 1 HAAAal0Th OLTBII TOYHUN pe3ybTar.
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Today, we are increasingly aware of the serious impact of man on the environment, satisfying
basic needs such as nutrition-in the form of production costs, long-range deliveries and the associated
carbon footprint, and last but not least the limit of production resources. This is what requires the
search for a new, more rational approach in the field of agriculture and in particular the plant growing
in the agri-food industry.

Like modern cities, agriculture in the near future will grow not only as a volume, but also in
height (1). According to studies of Global Vertical Farming the world market of vertical farms was
estimated at 2.23 billion dollars in 2018 and is projected to reach 12.77 billion dollars by 2026,
increasing by 24.6% from 2019 to 2026 (9).

Vertical farming is a revolutionary approach used to produce food and medicinal plants in
vertically stacked layers with a theoretically limitless height, similar to a skyscraper. It facilitates the
production of huge quantities of quality fresh food without relying on favorable weather, large
quantities of water, skilled labor and favorable soil qualities. Moreover, it ensures a secure extraction
and consistency in the production of crops during the year, absolutely independent of external factors
such as intermittent climate, diseases, pest attacks, etc.

Vertical farms will continue their development on economic grounds, given the challenges
facing mankind in the future. For example, in the UK, the country's food security forecasts are not
positive-the UK population is growing by around 0.6% a year in parallel with the expectation that the
shortage of agricultural areas suitable for cultivation will be €2 million hectares to 2030 the situation is
similar in the larger European countries, and in Bulgaria the depopulation of the Bulgarian village will
still require the use of new, rational approaches.

In the next two years, the German starter Infarm will equip in the EU countries a network of
modular vertical leaf vegetable farms. The company has already discovered over 50 farms in Berlin,
including large retail chains. By the end of 2020, mini farms will appear in a number of cities in
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Germany, and also in Paris, London and Copenhagen. Thanks to its modular construction, farms can
be installed in kitchens of restaurants, canteens, commercial halls and even small shops. Since the
beginning of 2020, IKEA has published in its product catalog and portable, home vertical farm, with
the potential for production of 40-60 kg of vegetables and spices monthly.

Farms use the principle of aquaponics, where there is no need for soil-all the necessary
substances are obtained from a nutrient solution. Sunlight has been replaced by LEDs. The complete
absence of natural light inside the vertical farm is an opportunity for full control of the light spectrum
used. Current by GE have developed a lighting solution that ensures that each individual plant will
receive a personal dose of optimum light to ensure constant and even growth in intensive conditions.
They used three light spectrum for growth based on a combination of different wavelengths:

* Reproducing: To promote the growth of leaves and fruits (with a greater part of the
wavelength);

» Vegetative: To promote the structure of plants and leaf mass (with dominance of blue
wavelengths);

* Balanced: To promote overall presentation of growth (with a more balanced light spectrum).

The cost of powering LED grow lights is one of the biggest challenges that a vertical farm
must overcome in order for its production to be competitive with the fruits and vegetables from a
traditional farm. For this, solar panels can be built nearby to generate solar energy. Nowadays, many
experiments to grow the same plants with less light are currently underway. In Middle Eastern
countries, the transition to vertical farming is a no-brainer, for example, a vertical farm in Saudi
Arabia can use solar energy at a low cost. At present, most of the vegetables are imported from other
countries, so if there are local crops, there will be higher incomes at the regional level.

Jones Food Company LTD. Begins to offer a fully automated system for growing crops in
ideal, clean conditions.

Fig. 1. The fully automated vertical farms of Jones Food Company with individual, offers lighting.

The techniques used in their farm do not require the use of pesticides, chemicals, herbicides,
fungicides-natural or synthetic, as used in traditional agriculture. The plant model provides safe and
clean growth in a sealed and controlled environment in which there is practically no risk of diseases of
plants causing pathogens. In addition, Infarm technology allows the farm to be operated remotely.

—

Fig. 2. Fully automated and robotic cultivation of vegetables, allowing minimization of the costs
of resources and labour (8).
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The status of the crop is fed into the cloud, and company employees can regulate the degree of
illumination and other indicators remotely. Large databases help the company adapt the level of
illumination, temperature, pH and nutrient composition for each plant. All this helps monthly in one
module of area 2 sq. m. to be raised to 1200 plants.

In the beginning of 2019 the old man attracted 25 million. Dollars. Investors in the project became
Balderton Capital, TriplePoint Capital, Mons Investments, Cherry Ventures, QUADIA and LocalGlobe.
Earlier, the company received a grant of 2.5 million euro. Dollars by the European Commission.

Meanwhile, at the end of 2019 the largest vertical farm in the world was completed (10). It
was built by the American company Crop One Holdings together with Emirates. The vertical farm will
provide products to the customers of Emirates Flight Catering, as well as to the remaining 105 airlines
and 25 lounges at the Inter-National Airport in Dubai.

77w

The joint venture is worth 40 million dollars. The area of the installation is 40 thousand sg. m,
and it is that the production of leafy vegetables is estimated at about 3000 tons per year, as the used
water will be 99% less than that in conventional greenhouses.
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Fig. 6.

The demand for a vertical agricultural industry is expected to grow rapidly in the next decade
due to the increasing popularity of organic food. In addition, the vertically arranged structure of these
farms reduces the need for additional construction work and land. Reduces the use of machines
necessary for traditional agriculture. On the face is the optimum use of the vertical space. A balanced
use of energy, mainly from renewable sources, contributes to the growth of the vertical agricultural
market. The technologies used in the sector allow to monitor the growth and harvesting of plants,
which further stimulates the interest in these markets market. However, large initial investments are
needed for proper construction, adjustment of the internal vertical installation, for the construction of
lighting and irrigation systems, software services, etc. However, the increase in urban population and
the development of technology in this field are expected to provide lucrative opportunities for growth
of the participants in the vertical agricultural market.

In Bulgaria there is enormous potential for development of vertical farming, especially in the
former urban industrial zones, where there are many abandoned production buildings and halls (6),
which have good opportunities for urban agriculture, not only as a building stock but also with its
infrastructure security. Such an initiative and the development of funding programmes from the
European funds would help revitalise these non-urban spaces, while stimulating the opening of new
jobs in an innovative and high-tech industry.
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