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Abstract

The article presents the results of a study on optimizing the conditions for determining low concentrations of
ammonium ions using the indophenol method proposed by Berlo. During the experiment, it was found that the
optimal conditions for the formation of a colored complex (A 660 nm) are the concentrations of reacting substances
- sodium salicylate - 0.05 M; sodium hypochlorite - 0.05 M and sodium nitroprusside, which is the catalyst for this
reaction, - 0.05 M. The influence of pH, temperature and time of thermostating on the intensity of the colored
complex has been established. The recommended pH is > 11, and the temperature of the thermostat is 40°C for 5
minutes. The calibration graph for the determination of ammonium ions is linear in the concentration range of 0.3
— 10 mg/l. The detection limit calculated according to criterion 3o is 0.1 mg/l. The relative error of determination
in the specified range of concentrations of ammonium ions does not exceed 10%.

AHHOTALUA

B craTtee MpCACTABJICHBI PE3YJbTAThl UCCICAOBAHUA 11O ONITUMU3ALNN yc.HOBI/Iﬁ OIpCACIICHNA HU3KUX KOH-
I_[eHTpaLII/Iﬁ HMOHOB aMMOHUS C IPUMCHCHHUEM I/IH,I[O(l)eHOJ'IBHOFO MeToAa, MPEAJIOKCHHOI'O BGpJ'IO. B X0J€ J3KCIIC-
puMeHTa OBLIO YCTAaHOBJICHO, YTO ONTUMAJIbHBIMH YCJIOBUSMU 06p330BaHI/IH OKpAIICHHOTI'0 KOMIUICKCa ( A 660 HM)
SIBIISTIOTCSI KOHIICHTPAIMK PEarupyroIIuX BenlecTB — canumiata Hatpus — 0,05 M; rumoxiiopura Hatpus — 0,05
M u HUTpOTIpyCCHIa HATPUs, ABJIAIOIIErOCs KaTaau3aTopoM 3Toi peakiwn — 0,05 M. Ycranosneno BnusHue pH,
TEMIIEPATYPHI U BpEMEHU TEPMOCTATUPOBAHMSI HA UHTEHCUBHOCTb OKPAIIEHHOT0 KoMIuIekca. Pekomennyemsie pH
> 11, a temneparypa Tepmoctarupoanus 40°C B Teuenue 5 MunyT. ['pajydpoBOUHBIH IpaduK 1S ONpeIeIeHs
MOHOB aMMOHMUS JIMHEeeH B jauanazone koHueHtpanuit 0,3 — 10 mr/n. [Ipenen oOHapyKeHUs, paCCYMTAHHBIN 110
kputeputo 3o, coctaisiet 0,1 mMr/n. OTHOCHUTENbHAS OMIMOKA ONPE/IEICHUs] B YKa3aHHOM JIMana3oHe KOHIICHTpa-
UMH HOHOB aMMOHHUS He npeBbimaeT 10%.

Keywords: ammonium ions, spectrophotometric determination, indophenolic method, sodium salicylate, so-
dium hypochlorite, sodium nitroprusside, optimal reaction conditions.

KaroueBble ciioBa: aMMOHHﬁ-HOHLI, CHGKTpO(i)OTOMCTpI/I‘ICCKOC OIpCACIICHHC, I/IHHO(I)CHOHLHLIﬁ Mmerona, ca-
JIMOUJIAT HATPUA, TUIIOXJIOPUT HATPHUA, HUTPOIIPYCCUL HATPHS, OLITUMAJIBHBIC YCJIOBUA MMPOBCACHUA PECAKIIUU.

1. BBeaenue
AMMUHaK BHECEH B CITMCOK TOKCHUYHBIX COEIMHE-
HUU B BOJHOM U ra30BoO cpeax. AMMHUAK CyIIECTBYET
B Bojzie B 1ByX popmax (NHs" - non ammonust u NHs —
00BETMHEHHBI aMMHaK), KOTOPBIE B CYMME COCTaB-
JSAIOT 00mMi aMMOHHUUHBIN a30T. COOTHOIICHUE THX

KOMIIOHEHTOB HaXOJAWTCS B 3aBUCHMOCTH OT pH, Tem-
neparypsl U HaJIU4YUs BBICOKUX KOHLEHTPALUN COJIEH.
B npupoaHoil Boxe oOImias KOHIEHTpamus aMMHaka
yke B KoHIeHTpanuu 0,25 MI/I1 MOXeT MpeAcTaBIIsATh
OTTaCHOCTH ISl PBIO U IPYTHUX BOIHBIX KUBOTHBIX. BEI-
COKHME KOHILEHTpallud aMMHUaka B IMUTbEBOH Bojae M
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JPYTHX BOJHBIX Pecypcax MOTYT IIPUBECTH K HeOJaro-
MPUATHBIM TOCIEACTBUSAM ISl YENIOBEKA U OKpYIKaro-
uieit cpenst [1,2]. B cBs3M ¢ 5TUM aMMHaK SIBISIETCS Be-
IIECTBOM, KOTOpPOEE 003aTEIBHO KOHTPOIUPYIOTCS B
COOTBETCTBHHM C 3KOJIOTHUECKUMH CTaHAapTamH. [ua-
Ma30H JOMYCTUMBIX KOHICHTPAI[MH NOHOB aMMOHHUS B
TIPeCHOH 1 MUTHeBOI Boze coctapiser 0,5 - 3,0 mr/m, B
3aBUCHMOCTH OT yCTaHOBJICHHBIX HOPM PETYJINpPOBa-
HUS ¥ OTIPEJEIICHHBIX PETHOHAIBHBIX OCOOCHHOCTEH.

B Hay4HOIi nuTepaType HpencTaBiIeHo OoblIoe
KOJIMYECTBO METOI0B omnpenencHust NHs -HOHOB B pa3-
JIMYHBIX TPUPOJHBIX U TEXHOTEHHBIX 00BEKTaX: CIEK-
TpodoTomerpuueckue [3-7], aneKTpoxummuyeckue [8-
12], xpomarorpaduueckue [13,14], KanuIApHBIHA
anektpodopes [15,16], a Takke MpemIokKeH psA Mpo-
TOYHBIX METOJIOB aHAJIN3a C PA3INYHBIMH TUIIAMH JIC-
TEKTHPOBAHUS aHATUTUYECKOTO CHUTHAJNIA: CHEKTPO(o-
tomerpudeckuMu [17], amexkrpoxmmudeckumu [18]
xpomarorpadpumaeckumu [19,20] u dmyopumerpude-
ckumi [21,22]. [Ipu Be160Ope TOTO, WA JPYTOTO METO1a
OIpesielieHUs] MOHOB aMMOHUS, B ITIEPBYIO OdYepe.b,
HE00X0IMMO 00paTUTh BHUMAaHUE HA COCTAB MATPHUIIbI
U BIMSHHUE MEIIAIOUINX KOMIIOHEHTOB Ha pPe3yJbTaThl
aHanu3a.

Hecmotps Ha Gounblioe pazHoOOpasue METOHOB
MHIUKAIlMM aMMHaKa 1 HOHOB aMMOHHUS Ha CETOTHSIII-
HUH IeHb HanOoJIee TOCTYIHBIM OCTaeTCsl CHEKTPOdo-
TOMETPHUYECKUI METOI.

OmHMM W3 TEpBBIX CHEKTPO(HOTOMETPHUUECKHUX
METOJIOB OIIPEAEICHHUS CONCP)KAaHNUsI aMMHaKa U HOHOB
aMMOHMsI cuuTaetrca Meron Heccnepa [23,24], ocHo-
BaHHBII Ha 00pa30BaHUU OKPAIICHHOTO KOJJIOUIHOTO
pacTBopa TpH B3aMMOJAEHCTBMM aMMHAKa CO IIENOY-
HBIM pPacTBOpOM TeTpaiomomepkypata(ll) xamms -
K2[Hgdd]:

2NHj3 + 2HgJs?> — NH2Hg2J; + 5J

[Ipuyem npu ManbIX KOHLIEHTPAIMSIX HOHOB aM-
MOHHS 00pa3yercsi CBETIO- KOPHYHEBBIH KOMILIEKC
NH2Hg>OJ, mpum Oosee BBICOKHX — KOPHUYHEBBIN
NHHQ2J2°H>0, 1 mpu BBICOKMX — TEMHO-KOPUIHEBBIN
NH2Hg2Js. M3mepenne onTryeckoi ITUIOTHOCTH pac-
TBOpa MOJYYEHHOT'O KOMIUIEKCHOTO COEIMHEHHS MpOo-
BOJAT Tipy JutiHE BOTHBI 400 -425 HM (A7 KOJIMIeCTB
< 0,2 mr NH3) u ipu 550 — 580 um (@it ~ 1 wmr). s
HU3KUX KOHIEHTpPAlHUi HMOHOB aMMOHHS ONTHYECKas
IUIOTHOCTH PACTBOPOB COXPaHIETCS MOCTOSHHOM 1T~
TenbHOE Bpems. KoneGaHus TeMmepaTypsl IpakTHde-
CKH HE BJIHSIIOT Ha Pe3yJbTaThl onpeieneHus [24].

B TO Xe Bpems, ONpeneiIeHnI0 HOHOB aMMOHHMS
merosoM Hecciepa Moryt Memarh anudaTuieckue 1
apoMaTU4YeCKUe OKpAILICHHbIE COENAUHEHMs, aAMUHBI,
anbJEerubl U KETOHbI, YaCTUYHOE OCAXACHHUE OKpa-
IIEHHOTO KOMIUIEKCa, COOCTBEHHAs OKpacka camMoro
peaxtuBa Heccnepa. IIpu BceM 3TOM, pTyThCcOAEpKa-
mui peaktuB Hecciiepa siBisieTcss BHICOKOTOKCUYHBIM.

Beptno Obu1 ipennoxkeH 6osiee TyBCTBUTEIHHBIN
METO/]I, OCHOBaHHBI Ha 0OPa30BaHUH CTOHKOTO WHIO-
(heHOTBHOTO KOMIUIEKCA, SBIIOMIETOCS IPOIYKTOM
peaxkuy B3aMMOJIEHCTBHS (eHOJIa B IPUCYTCTBUU TH-
MOXJIOPUTA HATPHS C aMMHaKoM [25]. Peakuus katanu-
3UpyeTcss B IPUCYTCTBUM HHUTPOIPYCCHJA HaTpHs
[5,26]. OnmHako, nUTepaTypHBIE JTaHHBIE 00 YCIOBHUIX

o0pa3oBaHuss MHIO(PEHOILHOTO KOMIUIEKCA KpaiHe
MIPOTHUBOPEUYUBBHI.

B cBsi3u ¢ 9THM onTHMU3anys yCIOBUi 00pa3oBa-
HUSI 3TOT0 KOMIUIEKCHOTO COCTMHEHHH SIBIISIETCSI HE00-
XOIUMBIM 3TalloM HCCIICIOBAHUH, MO3BOJISIOIINX I0O-
BBICUTH UYBCTBHUTEIILHOCTH CHEKTPO(OTOMETpHHUE-
CKOTO OIPEAENCHUs HU3KNX KOHIEHTPALUH HOHOB
aMMOHUSL.

Llenp HACTOAIIErO MCCIEIOBAaHMS 3aKII0OYACTCS B
H3YyYEHHUH BIMSHUSA KOHLEHTPALUH pearupyromux Be-
miecTB ¥ pH Ha BeNn4MHy ONTHYECKOMN TNIOTHOCTH, SB-
JISIOIIYIOCS] aHANUTHUECKUM CUTHAJIOM.

2. MaTtepuaJjibl H METObI
2.1. O6opynoBanue U peaKTHBBI

B pabote ncrnonp30Bany peakTUBHI ¢ KBaH(pHKa-
UeH «9aa» U «X9». PacTBOpBI TOTOBMIIN C IPUMEHE-
HHEM OWIUCTHUTMPOBAHHOM BOJBI, TOJXYYEHHOH B
cTexisiHHOM Onmuctmniitope bC-6.

W3mepeHne ONTHYECKON IUIOTHOCTH PAacTBOPOB
OCYLIECTBIISUIM C MOMOIIBIO crekTpodoTomerpa CD-
46 (JIOMO, Poccus, ciekTpalbHbIi Auana3oH ot 190
no 1100 M) u cnextpodorokonopumerpa KDOK-3
(ciextpanbHbIil auana3zo ot 350 1o 850 HM) B coOT-
BETCTBHHM C MHCTPYKIMAMH 110 UX 3KCITyaTalluu.

Wsmepenue pH mnpoBoauin ¢ HCHOJIB30BaHUEM
noHoMepoB TunoB OB-74 u U-130 co cTekIssHHBIM
anekTpoaoM DCJI-63I" u cpaBHUTENBHBIM XJIOPU[-CE-
pebpsHbIM AekTponom DBJI-1M3.

B3BemmBanyue NpoOM3BOIMIN HA AHATUTHYECKHUX
Becax BJIP-20 r (muckperHocts 0,1 mr).

B pabote Takke HMCHONB30BaJHMCh aBTOMAaTH4e-
CKHE OJIHOKaHaJIbHbIE 103aTopHl (JIeHnumeT) nocTosH-
Horo oowema: 0,05; 0,1; 0,2; 0,5 u 1mu (Thermo Fisher
Scientific), mmpuier MeauMHCKHE 0HOpa3oBbie 1-10
MII ¥ Xxpomarorpadugeckue Ha 10 MKIL.

b ucnonk3oBaHbl xuMH4Yeckass mocyna |l
KJlacca ¥ Ipyroe odmenadopaTopHoe 000pyI0BaHHE.

2.2. llpuroroBieHHe PAaCTBOPOB H MOJEIbHBIX 00-
pa3uoB

IlIpuzomoenenue 0,1 2/n pacmeopa uonoe ammo-
nusa: 0,0297 r NH4Cl nomemmanu B MEpHYIO KOJIOY BMe-
cruMocTeio 100 Mu1 1 moBOOWIIM OOBEM KOJIOBI IO
metku 0,1 M pactBopoM cousiHO# kuciotsl. Paboune
pPacTBOPHI TOTOBMIIM €KEIHEBHO IOCIIE0BATEIBEHBIM
pasb6asnenuem 0,1 /11 pacTBOpa HOHOB AMMOHUSI.

IlIpuzomoenenue 0,005 — 0,1 M wenounozo pac-
meopa caruyunama vampus: 0,04 — 0,8 r canunmaara
HATPHSI TIOMEIAIN B MEPHYIO KOJIOY BMECTHMOCTBHIO 50
MJ1, pacTBOpsiIM B 30 MJI I€MOHU30BaHHOM BOJBI, J0-
6asisii 5 M 0,5 M pacTBOpa THApOKCHIa HATpUs U
JIOBOJMIIM 00BEM KOJIOBI 10 METKU JIEMOHW30BAHHOM
Boz0i1. PacTBOp ycToiuuB B TeueHue 2 - 3 Helenb npu
temneparype 5-10 °C.

Ilpuzomoenenue 0,08 M pacmeopa numponpyc-
cuoa nampus: 0,596 v Nay[Fe(CN)sNO]-2H20 nome-
[AJIA B MEPHYIO KOJIOY BMECTUMOCTBIO 25 MII M JTOBO-
IIVITH 00BEM KOJIOBI 0 METKH JIEMOHU30BAaHHOI BOIOH.
PacTBOp ycTOWUYHNB B TeUeHUE TeUCHHE 2 - 3 HEIeb IPH
temmeparype 5-10 °C.

Ilpuzomosenenue cmemianno20 Wie104HO20 pac-
meopa canuyuiama HAMPUA U HUMPONPYccuod
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nampusa: 0,04 r camuuunara Hatpus u 0,005 r HUTpO-
npyccuia HaTpys IIOMEIIaId B MEPHYIO KOJIOY BMECTH-
MocThio 50 M, pacTBopsax B 30 MJT JE€MOHU30BAaHHOM
BOABI, mobasmsn 5 mi 0,5 M pacTBopa THApOKCHIA
HaTpHsl U JOBOJIWIN 00BEM KOJIOBI O METKH JE€HOHH-
30BaHHOHM BOJOW. PacTBop ycroiumB B TeueHue 2 - 3
Henexb npu Temrepatype 5-10 °C.

Ilpuzomoenenue 0,05 M pacmeopa zunoxno-
puma nampua: 0,05 M pacTBOp runoxjiopura HaTpUs

TOTOBHJIM IOCIICJOBATEIbHBIM pa30aBICHHEM HCXOJ-
HOTO KOMMEpPYECKOro Ipemnapara THIIOXJIOPHUTA
Hatpus. CojepikaHUe aKTUBHOIO XJOpa B MCXOJHOM
pacTBOpE THUIOXJIOPUTE HATPHS YCTAHABIMBAIH HO/10-
MeTpU4eckuM MetomoM B cooTBercTBuH ¢ ['OCT
11086-76.

2.  Pe3yabTaThl H 00Cy:KAeHHE
@eHo B MPUCYTCTBUH THIIOXJIOPHTA U aMMHUAaKa
00pa3yeT HHI0()EHOIBHBII KOMILIEKC!

NH3 + NaOCl — NH:Cl1 + NaOH

CsHs5—OH + NH2Cl + NaOH — HO-CgHs+NH> + NaCl + Ha0

HO.

NH, + NAOC_ o:<:>:NH+ NaCl + H,0

O:<:>:NH +NaOCl ——m= O:<:>:NCI + Nacl
0 NCI + @OH+2N30H4 oGNQDNam(}HH@

B kadecTBe kaTanuzaTopa 3TOHM peakiuu Mpeasio-
JKeH HUTPONPYCUA HaTpus [5,26].

W3BecTHO 0OMBIIOE KOJUYECTBO MOAUDUKAIUIA
METO/a, Korjia BMecTo (heHoIa IpuMeHsoT 1-Hadrou,
2-MeTHI-8-TUIPOKCUXMHOJUH, TBAsKOJ, KPE30Jbl, 8-
TUAPOKCUXHUHONMH, TUMOJI U canuuuinar [27-30]. Mo-
TUQHUIUPOBAHHBIE METOIBl OTIHYAIOTCS M30HMpaTeNb-
HOCTBIO U BBICOKOH YyBCTBHTENBHOCTHIO. He MemaroT
OTIpeNIeIICHUIO MeJIaMUH, JUIHaHaAMU, KapOaMuz, [u-
aHypoOBasi KHCJIOTa U APYTHE a30TCOACPKAIINE COCIU-
HeHHsA. MemaroT cynb(QuI-nOHEI 1 CEPOBOIOPOI, BOC-
CTaHOBHTEIH, CITIOCOOHBIE pearupoBaTh C TUIIOXJIOPUT-
HOHAMH.

Ha ocHoBanum aHanm3a JIUTEPATYPHBIX UCTOYHH-
KOB Ui CHEKTPO(OTOMETPUUECKOTO OIMpPEISIICHHUS
HMOHOB aMMOHUS ObIIa BEIOpaHa Hanboee BHICOKOTYB-

CTBHUTEJbHAS peakius 00pa3oBaHusi HHAO(GEHOIBHOIO
a4 4
kommiekca (Amax = 660 HM, &705 = 10* n1-Momb cM ),

I I | T T 1
0 0,02 0,04 0,06 0,08 0,10

Konuenrpauus p-pa canuuuiara Harpus, M
Puc. 1. Bruanue konyenmpayuii pacmeopa
canuyunama Hampus Ha 8eIUYUHy ONMUYECKOol

+
naomnocmu (C CNH, = 0,05 mM,
4 =660 1m).

KOTOpasi MPOTEKAET MpH JO0ABICHHH K MOHAM aMMO-
HUS TUIOXJIOPUT-UOHOB U CaJIMIIAJIAT-HOHOB. BBese-
HUC B PCAKIMOHHYIO CMECh HUTPOIPYCCHIA HATPHUS
YCKOpSIET NPOTEKaHNe peakuuu o0pa3oBaHus HHAO]e-
HOJILHOT'O KOMILIEKca.

Jns m3ydeHus: BIUSHAS KOHIIEHTPAINH pearupy-
romux BeuecTs K 2 ma 0,04 MM pacTBopa HOHOB aM-
MOHHMS TobaBisiy 0,5 MIT METOYHOTO pacTBOpa CajH-
mwtata Hatpus (koHHeHTpanus coiu ot 0,005 mo 0,1
M; 0,05 M NaOH), 50 Mk pacTBOpa HUTPOIIPYCCHIIA
HaTpus (koHNeHTpanus ot 0,005 xo 0,08 M) u 50 mMxn
pacTtBopa runoxijoputa Hatpus (konunentpamus 0,005
10 0,15 M). CMmenraHHBIN pacTBOp HarpeBaJIU IIPHU TEM-

neparype 60 C B TeueHHe 5 MUH, OXJIXKIATU U U3Me-
PAIH ONITHYECKYIO IDIOTHOCTD MpH A = 660 HM.

Ha pucynkax 1 u 2 npexncraBieHbl pe3yJbTaThl
9KCIIEPUMEHTA 10 YCTAaHOBJICHHUIO 3aBUCHMOCTH OITH-
YEeCKOW IUIOTHOCTH PACTBOPA OT KOHLEHTPALMHA CajH-
LUJIaTa HaTPUsl 1 HATPOIIPYCCHUIa HATPHAL.

I ! I I ! 1 1 1
0 0,02 0,04 0,06 0,08 0,10

Konuenrpauus p-pa nurponpyceunjia narpus, M
Puc.2 Bruanue konyenmpayuii pacmeopa
HUMpoOnpyccuoa HAmpust Ha 8eIUYUHY ONMUYECKOUL

naomuocmu (CNH, = 0,05 uM, 1 = 660 1m).

!
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U3 rpaduyeckux 3aBHCUMOCTCH, MPEICTABICH-
HBIX Ha 3TUX PUCYHKAX, CICIYET, YTO ONTUMAIBLHBIMU
KOHIICHTPAI[MSIMA ~ CAJMIWIATa W HHUTPOIpPyCCHIA
Hatpus sBisttores 0,05 u 0,04 M, cooTBETCTBEHHO.

[Ipu yBenwueHWHM KOHIEHTPAIMH THUIOXJIOPUTA
Hatpus 6onbmie 0,05 M HabmogaeTcs pa3pynieHIe HH-
nopenompHOro komiuiekca (Puc. 3). IMostomy mms

JANbHEUIINX SKCIIEPUMEHTOB B KAaYeCTBE ONTHUMAaJlb-
HOW OblTa BBHIOpAaHA KOHICHTPALMS THIIOXJIOPHUTA
Hatpus 0,05 M, oOecrieunBaroIas MaKCUMAIILHYIO OII-
TUYECKYIO TUIOTHOCTb.

Bmmsiane pH Ha 0oOpa3oBaHme KOMIUIEKca yCTa-
HaBJIMBAJIM IIyTeM BBEACHHUS B PACTBOP €IKOTO HATPHSL.
PesynbraThl SKCIIEpUMEHTA MIPEICTaBIICHBl HA PUCYHKE
4,

A A
U,S_ 0,6
0,4
0,3 0,4
0,2+
0.1- 0,3
I I I [ | |
HH
0 005 010 015 020 025 o024 P
Konuenrpauus p-pa NaClO, M 6 7 8 9 10 11 12 13

Puc.3 Bauanue xonyenmpayuii pacmeopa 2unoxaopuma

Hampus Ha 6€JIUYUHY Oi’lml/t‘leCKOZZ njiomuHocmu
+
(CNH, = 0,05.1uM, 1 = 660 ru)

Breuto ycraHoBIICHO, uTO 3G eKTUBHOE 00pa3oBa-
HHe MHI0(EHOIBHOT0 KOMIUIeKca npoTekaet mpu pH >
10. (Puc.4).

C menpi0 ONTUMHM3AIMK YCIOBHH 0Opa3oBaHUSA
AQHATUTHYECKOH (HOPMBI OBLIO M3YyYEHO BIHMSHUE TEM-
nepaTrypsl Ha BEJIMYMHY aHAJIUTHYECKOTO CHUTHajla B
nuanazone temnepatyp ot 20 °C go 60 °C Ha cTanzapT-
HBIX pacTBOpax HOHOB aMMoOHus. st aToro k 2 mi 0,04
MM pacTBOpa HOHOB aMMOHWS prOaBisuy 0,5 MIT 1I1€-
JIOYHOTO PACTBOpPA CATMIMIATA HATPHS (KOHIIEHTpaIHs

A
057

041

0,3

1 T T T 1
20 30 40 50 60

a

Puc.4. Brusnue pH na éenuuuny onmuueckou
+
naomuocmu (CNH, = 0,05 mM, 2 = 660 nm).

comu 0,05 M), 50 mxn 0,04 M pacTBOpa HUTPOIpPYC-
cuna Hatpus 1 50 Mk 0,05 M pacTBopa rHIoxJIopuTa
HaTpH.

[ToydeHHBIE PacTBOPHI HATPEBAIN B TEPMOCTATE
B nuanazone temueparyp ot 20 °C no 60 °C B TeueHue
5 MuH, a 3aTeM OXJIAKIAIH IO KOMHATHOW TemIiepa-
Typbl. ONTHYECKHE IUIOTHOCTH TOJYYEHHBIX PacTBO-
poB m3MepsuTH Ha criekTpodoromerpe CD-46.

Pe3ynpTaThl 3THX 9KCIIEPUMEHTOB MIPEACTABICHBI
Ha pUCyHKax 5a u 56, COOTBETCTBEHHO.

0,50
0,48
0,461
0,44

0,42
0,40 | |

2 3 4 5 6
Bpems, mun

o

Puc.5. Brusinue memnepamyput (@) u epemenu mepmocmamuposanus (6) (t = 40°C) na eenuuuny onmuuecxo
niomuocmu (CNH4+ = 0,04 mM, 1 = 660 nm).

Kaxk BugHO 13 osTydeHHBIX pe3yabTaToB (Puc.5a),
HauuHas ¢ temmeparypsl 40°C, MakCUMalbHAS BEIU-
YHHA OITUYECKOH INIOTHOCTH MPAaKTUIECKH HE N3MEHSI-
ercs. [Toatromy temmepatypa 40 °C Obuta BeIOpana B
KaueCTBE ONTUMAaJIbHOM.

Jst onipeienieHust MUHUMAJIBHOTO BpeMeHHn o0pa-
30BaHUsI MHIO(PEHOIHLHOTO KOMIUIEKCA TIPOBOJIMIIM Ce-
PHIO DKCIIEPHUMEHTOB NPH Pa3IHYHBIX BPEMEHaX Tep-
MOCTAaTUPOBAaHMUS PAacTBOPOB NpH (UKCHPOBAHHOMN
temneparype 40 °C. s storo k 2 mn 0,04 MM pac-
TBOpPA NOHOB aMMOHHUS ITpuOaBssiin 0,5 MII IETOYHOTO
pacTBopa canuIiaTa HaTpus (KOHLEHTpAIWS COJIN

0,05 M), 50 mxa 0,04 M pactBopa HHTpOIIpyCCHIA
Hatpust 1 50 mxn 0,05 M pacTBOpa THIOXJIOpHUTA
Hatpusl. [lonydeHHbIE pacTBOPBI HAarpeBajlud B TEPMO-
crare ripu 40 °C B TeueHne 2 — 6 MHH, a 3aTeM OXJia-
KO 10 KOMHATHOM TeMIIepaTypbl U M3MEPSUIM MX
OINITHYECKHUE TIOTHOCTH.

Taxoke OBIJIO yCTaHOBIIEHO, YTO BpeMsi, HE0OX0Au-
MOE€ JUIS TIOJIHOTO NPOTEKaHUsI (POTOMETPHUUECKO pe-
aKuu He npesbiniaeT 5 MunyT (Puc.56)

HaiineHnHple onTUMasbHBIE YCIOBHS NMPOBEICHUS
XpOMOl"eHHOﬁ PC€aKIrM MO3BOJIMJIIN COKPATUTH BPEMS
peaknuu B 5-10 pa3 mo cpaBHEHHIO C OMMCAHHBIMU B



Norwegian Journal of development of the International Science No 77/2022 7

JUTEpaType, YTO MO3BOJIMIO MCHOJIB30BATh 3Ty pPeak-
MO JIJISl SKCIPECCHOTO ONpe/IeeHHsI HOHOB aMMOHUS
B IIPUPOJIHBIX M TEXHOTCHHBIX 00BEKTaX BO BHeNnabo-
PaTOPHBIX YCIOBUSX, a TAKXKE CO3JaHUE TECT-CUCTEMBI
Uil OOHApyXEHUS] MHKPOKOHLIEHTPAIMi aMMHaKa B
BO3IYILIHOU cpenie.

B xone ncmpITaHnit OKUIO0 YCTAHOBIICHO, YTO OTIpe-
JEICHUI0 MOHOB aMMOHHUS pa3pabOTaHHBIM METOIOM
MPaKTUYIECKH HE MEMIAf0T (TOPHUI-, XIOPUA- CYIb(aT-
, HUTpaT-, KapOOHAT- MOHBI, a BIMAHHE HOHOB MQ?",
Ca?*, Fe3* MOKHO yCTpaHHTh JOOABIECHHEM B PEaKI[H-
onnyto cmech OJITA (Tpunon b).

Jnst mepeBoJia ra3000pa3HOro aMMHaKa B HOHHYTO
(hopMy B KauecTBe IMOTJIOTUTEIBHOTO PACTBOPA MOYKHO
HCTIONIb30BaTh OMIUCTHIUINPOBAHHYIO BOXLY, COJISTHYIO,

R'=0.9933

0.1+

v =0.0730 + 0.1335x

CEpHYIO B 0pTOPOCHOPHYIO KUCIOTHI PA3ITUYHON KOH-
LCHTPAIIHY.

Jlis mocTpoeHus TpayupOBOYHON 3aBUCUMOCTH
ONTHYECKOW TIOTHOCTH OT KOHLEHTPALMH HOHOB aM-
MOHWUSI UCTIONIb30BANIN CTAHAPTHBIC BOJAHBIE PACTBOPHI
HOHOB aMMOHU ¢ KoHneHTpauusmu 0,3; 1,0; 2; 4; 6
mr/a. TunudHas rpajgyupoBOYHAS 3aBUCHMOCTh MPE/i-
CTaBJICHa Ha PHCYHKE 6.

[IpaBHIBHOCTD pe3ymbTaTOB pa3padOTaHHOW Me-
TOJUKHU TPOBEPSIIaCh METOJIOM «BBEICHO-HAWICHOY.
JlobGaBKH pacTBOpa MOHOB aMMOHHS BBOJUIIM HEIO-
CPEJICTBEHHO B aHAJHM3UPYEMBI PAacTBOP, MOCIE YEro
UX TIIATSIFHO MEPEMEIIUBAIN U TPOBOIUIN aHATIH3.

Kak BUIHO U3 TIOJTyUCHHBIX PE3yJIbTaTOB, BBEICH-
HbIe W HalineHHble 3HaueHust NH4 - noHOB ymoBiIeTBO-
putensHO coBnanaioT (Tabmmma 1).

0 I | I
0 1 2 3

| | | |
4 5 6 7

Konuentpanus nonos NH, , Mr/i
Puc. 6. I'padyuposounas sasucumocms 0iisi ONPEOeieHUsi UOHO8 AMMOHUS 8 BOOHBIX PACMEOPAX

Tabmuma 1
Pesynbratel onpenenennst NH4*- noHoB B MosienbHbIX pactBopax (N =5, P = 0,95).

Oopasen Beegeno NHs* M/ Ha“ﬂ;:;:]Nm S sr, %

N 0 0,262 + 0,020 0,017 6,272

Nel (0,25 wrvr NH4) 05 0,764 + 0,021 0017 | 2,190
N 0 0,506 + 0,017 0,013 2,65

Ne2 (0,50 wrvr NH4) 05 1,04 + 0,068 0,055 | 57267
N 0 1,036 = 0,079 0,063 6,128

Ne3 (1,0 mr/n NH4) 1,0 2,038 + 0,084 0,067 | 3,298

PaspaboTanHasi ciekTpooTOMETpUIECKass METO-
JIMKa 00eCIIeYnBaeT TUaIa30H ONpeaesIeMbIX KOHICH-
tparwmit ot 0,5 no 10 mr/n. [Ipexen oGHapykeHUs co-
craisiet 0,1 mr/a (30). Bpems ananusa — He 6osee 10
MuH. 3MepeHne aHaIMTUYeCKOro0 CUrHajla B BUANMOM
obnactu cniekTpa npu A = 660 HM MO3BOJSET UCIIOIb-

30BaTh 0OoJiee MPOCTOE 00OpyIOBaHUE, HApUMEP (PO-
toanekrpokonopumeTp KOK-3 ¢ kroBeTamu ¢ OoubIiei
JUIMHON ONTHYecKoro myTH (1o 50 MM), 9TO, B CBOIO
ouepenb, obecreynBaeT OONBIIYI0 YyBCTBUTEIHHOCTD
OTIpeIeIIeHIsI aMMHaKa.

B Tabnume 2 npuBeneHB METPOJOTHYECKHE Xa-
PaKTepUCTHKH Pa3pabOTaHHONW METOANKH.
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Tabmuma 2
PesynbraThl ciektpodoTomerpudeckoro omnpeaencuus NH4*- noHOB B 10k neBoii Boae
(n=5,P=0,95).
IIpo6a Baexeno Haitneno NH,", mr/x F-3nauenue t-3HayeHue

NH4*, mr/a CD-46 K®K-3

Nol 0 0,53 +£0,05 0,48 £ 0,04 1,64 1,97

- 1 1,58 £ 0,07 1,50 £ 0,07 1,83 2,22

No2 0 0,39+ 0,03 0,38 £ 0,03 1,18 0,72

- 1 1,36 £ 0,07 1,39 £ 0,07 1,50 0,82

No3 0 1,10 £ 0,06 1,06 £ 0,05 1,41 1,38

- 1 2,05+ 0,08 2,11 +0,09 1,99 1,44

PazpaboTanHas MeToanka Oblia anpoOUpoBaHa Ha PeIbHBIX 00BEKTaX C MPOBEPKOH MPABIILHOCTH PE3YJib-

TaTOB METOAOM «BBeAeHO-HaineHo» (Tabnuma 3).

Tab6muma 3

Pesynbrathl onpeneneHns HOHOB aMMOHUS B MMTheBOH Boge (n =3, P = 0,95).

poba Breneno NH4*, Mr/ia Haiigeno NH4*, mr/a
0 <110
Nel 0,50 0,50 £ 0,04
1,50 1,51 £ 0,09
0 0,23 £ 0,03
No2 0,50 0,70 £ 0,07
1,50 1,65+ 0,08
0 0,16 £ 0,02
Ne3 0,50 0,65+ 0,06
1,50 1,61 £ 0,08
0 <110
Ne4 0,50 0,51 £ 0,04
1,50 1,50 £ 0,07
0 <I10
Ne5 0,50 0,50 £ 0,04
1,50 1,49 +£ 0,07

3akJ/oueHue

[IpoBeneHHBIE HCCIIEIOBAHUS TO ONTHMH3AIUH
YCIIOBHH MPOBEACHUS HHIO(PEHOIBFHOTO CrIoco0a orpe-
JICIICHNSI HOHOB aMMOHHUS CHEKTPO(POTOMETPUICCKUM
METOJIOM MPUBEIH K CIEAYIOIUM 3aKITIOYSHUHSIM:

1 OnTuManbHBIMA KOHIEHTPAIUSMHU PEarupyro-
IIUX BEIIECTB SIBJISIOTCSI:

Canurunat vatpus C7HsNaOs - 0,05 M

Hurponpyccun narpus Naz[Fe(CN)sNO] — 0,05

T'unoxnoput natpus NaClO — 0,05 M

2. Temneparypa TepmocTtatuposanus 40 °C

3. Bpems TepMocTaTupoBaHusi — 5 MUHYT.

4. JIuHEWHOCTh TpagyHpOBOYHOrO rpaduka Ha
nonsl ammoHus: 0,3 — 10 mr/m. [Ipexen oOHapyx eHuUs,
paccunTaHHbIH 10 KpuTepuio 36, cocrasisier 0,1 mr/m.
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Abstract

In the State Budgetary Institution of Public Health of the Novosibirsk Region (Russian Federation) "Clinical
City Hospital No. 1" (Regional Vascular Center), a calculator for stratification of the total risk of cardiovascular
complications after acute myocardial infarction was invented. In a recent open Non-Randomized Parallel Group
Study, an approach has been developed for determining the annual prognosis of a patient with myocardial infarc-
tion. The calculation of "personal coefficients of risk factors" allows assessing the significance of each factor in a
particular patient, personifying rehabilitation and secondary prevention. This innovative approach solves the prob-
lem of low reproducibility of numerous prognostic risk scales TIMI, GRACE, PURSUIT, CADILLAC, RECORD.
A significant drawback and the reason for the low information content of many assessment methods is that they
were developed on the basis of the European and American populations without taking into account the specific
factors of the countries of Eastern Europe, the CIS and the Russian Federation that affect the prognosis of patients

with ACS.

Keywords: calculator; stratification of total risk of cardiovascular complications; acute myocardial infarc-

tion.

Description

The study included 1,000 patients admitted with
STEMI in the Department of Myocardial Infarction at
the Regional Vascular Center within the period from
November 2017 to September 2018. In which 724
(72.4%) were male and 276 (27.6%) were female with
an average age (57.5 = 9.5) years. The diagnosis of
acute myocardial infarction was established by a set of
criteria in accordance with the Fourth universal defini-
tion of myocardial infarction. The study included pa-
tients with myocardial infarction type 1 according to
the clinical classification of this definition. The points
of reference are: 1st - the day of admission to the hos-
pital, 2nd - the day of discharge, 3rd - 12 months after
the development of MI. At all three stages of the study
(reference points), a general clinical examination was
conducted using an assessment of complaints and clin-
ical status. In addition a laboratory examination with a
general and biochemical blood test, a general urinaly-
sis, an ECG (on the day of admission at the prehospital
stage and / or upon admission to the hospital), X-Ray
of chest organs. Echocardiography (Echo-CG) was per-
formed during hospitalization (5-10 days) and after 12
months using the Esaot Maylab 90 diagnostic complex

for ultrasound studies in accordance with the recom-
mendations of the American Echocardiographic Soci-
ety.

Selective coronary angiography was carried out in
accordance to the method of F. M. Sones (1959) and M.
Judkins (1967), on days 1-3 from the development of
symptoms of acute coronary syndrome (ACS) using an
Allura CV20 angiographic device from Philips with
image fixation on a computer. The risk assessment of
unfavorable hospital outcomes was carried out using
the TIMI (Thrombolisis In Myocardial Infarction) scale
for STEMI - TIMI Risk Score STEMI (Morrow DA,
2000) and GRACE (Global Registry of Acute Coronary
Events, 1999-2009): Grace Score 1.0, which allows to
predict the risk of deaths at hospital stages with con-
servative tactics and a 6-month risk of adverse out-
comes and an updated Grace Score 2.0, which allows
assessing the one-year and three-year risk. Statistical
analysis was carried out using the "Statistical Package
for the Social Sciences" (SPSS), version 22.0 (2013)
and a Microsoft Excel IBM spreadsheet, as well as us-
ing the author's odds ratio calculator with the advice of
a Doctor of Physical and Mathematical Sciences, Head
of the Department of Applied Mathematics Novosi-
birsk State University of Architecture and Civil Engi-
neering (NGASU), prof. Yu. E. Voskoboinikova.
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Evaluating the information given by the GRACE
scale in assessing a one-year risk of an adverse vascular
event in patients with STEMI. It was found that in 55%
of cases, patients at high risk on the GRACE scale did
indeed have a fatal or non-fatal cardiovascular event
during the observed period (1 year); in patients with in-
termediate risk, the prognosis was confirmed in 25% of
the cases. Sensitivity coefficient = 0.39, specificity co-
efficient = 0.55. accuracy factor = 0.43

The calculator is a mathematical formula (regres-
sion model) programmed in an Excel spreadsheet pro-
cessor, to determine the annual forecast of STEMI. The
author's mathematical model of multivariate forecast-
ing was first built. Correlation analysis of the data was

performed to quantify the relationship between these
factors and outcomes. Of the 16 factors, the following
six factors are significantly correlated with outcome
(with variable numbers assigned to them):

X1 is the patient's age;

X2 - admission tachycardia;

X3 - left ventricular ejection fraction;

X4 - anterior localization of myocardial infarction;

X5 - fasting blood plasma glucose before dis-
charge;

X6 is the BaCPIT measured on admission.

The calculated pair correlation coefficients for
these factors are shown in Table 1.

Table 1
Calculated pair correlation coefficients

y initial x1 X2 X3 x4 x5 x6

y initial 1 — — — — — —
x1 0,295 1 — — — — —
X2 0,223 0,164 1 — — — —
x3 0,289 0,081 -0,073 1 — — —
x4 0,246 0,140 -0,029 0,141 1 — —
x5 0,248 0,213 0,112 0,101 0,234 1 —
X6 0,268 0,061 0,158 -0,072 0,164 0,076 1

Note that these variables are weakly correlated
with each other, and this prevents the appearance of the
multicollinearity effect of the regression model, which
negatively affects the accuracy of the calculated model
coefficients. Therefore, all of the above variables can
be included in the desired regression model.

Since the dependent variable Y - takes only two
values (1 - an unfavorable outcome, a conventional des-
ignation of uu, 0 - a favorable outcome, a conventional
designation of a BI), a logistic regression model was
adopted as a mathematical model that calculates the
probability of an unfavorable outcome.

In general terms, this model is defined by the ex-
pression:

1
D(X)=m,

6
Where Z(X):ﬂo+éﬁj'xj; B, - un-

known coefficients of the regression model; X;- inde-
pendent variables (factors) of the model.

It can be seen that the value P(X) can vary from
0(z(X)=—00)to1(z(X) =+ o0)and therefore
the value P(X) is interpreted as the probability of an
unfavorable outcome.

To predict the values of a variable Y (0 or 1), the
following rule is used:

y 0, ecmu p(x)< C,
|1, ecau p(x)>C,,
Where C, —threshold value (0 < C <1).

It is obvious that the accurate characteristics of the
regression model Cp depend on the choice of the

threshold value. The choice of this value will be dis-
cussed later.

For the variables defined above, the logistic model
is:

1

P(X)= 1+ e—[ﬂ0+ﬁlxl+ﬂ2xz+,B3X3+,B4X4+ﬁ5><5+ﬂeXe]

Since the coefficients /3, are unknown, the cor-

responding estimates are calculated b i for them and

the sample (experimental) logistic regression equation
takes the form:
1

A(X) =
p(X) L+ o [P0 DX, by X0, B b X

Where P(X)- assessment of the probability of

an unfavorable outcome.

Typically, the least squares method is used to cal-
culate beta scores. Unfortunately, the Excel spreadsheet
processor does not have a built-in function that allows
you to directly calculate beta scores, or to evaluate the
precision of the calculated scores. Therefore, finding
these estimates was carried out using the
REGRESSION module of the statistical package IBM
SPSS version 22, where this possibility exists.

To check the adequacy of the logistic model, three
characteristics are used

- Sensitivity coefficient K .ye - AN @ssessment of

the probability of correct prediction of an unfavorable
outcome;
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- Coefficient of specificity K eney - AN assessment - Accuracy coefficient K - an assessment of
of the probability of correct prediction of a favorable  the probability of correctly predicting an unfavorable
outcome; outcome and correctly predicting a favorable outcome.

To calculate these coefficients, we will use the fol-
lowing four-field table (see table 2).

Table 2
Four-field table for calculating the probability coefficients of the accuracy of the prediction
Initial Prediction result In total
Favorable result BU (0) unfavorable result HA (1)
B (0) a — number of patients B and | b —number of patients B and pre- | a + b — the total number of
prediction result B diction results H1 patients with B
HU ¢ — number of patients HA and | d—number of patients H1 and pre- | ¢ + d — the total number of
(1) prediction result B diction result HU patients with HA
Then the coefficients of sensitivity and specificity C L .
are calculated as follows: of the threshold ~ P value for prediction using a lo-
q gistic model is of great importance. In literature, it’s
- . C
v e d recommended to choose the value P from the con-
a dition of the maximum value Ko . For this choice,
cney a+b’ it is necessary to calculate the values Koo at dif-

ferent values of the threshold value C P For this, the
following calculations were performed.
K = a-+d Regression equations (1.4) were constructed
mu A tb+c+d using the REGRESSION module of the SPSS pack-
: age for a spatial sample of 124 patients, and then, by

- .. a,b,c,d
Obviously, the values of quantities ™ "~ changing the threshold values CP, the coefficient
and consequently, the magnitude of the coefficients K._(C.)
mou p

K'—ly(f’K K

was calculated (as a function of the
cney  ~mou depend on the threshold of ( A

Cp value included in condition (2). How to choose threshold "), and then the value P at which the
this threshold? On the first hand, with underesti- function K, (Cp) took the maximum value was

mated values, we obtain highly sensitive prediction found. Figure 3.7 shows the values of the function
of Hu or a high prediction with a small probability

(risk) of missing uu, but this can lead to unreasona- Koo (Cl’) . Graphically, it can be determined that
ble treatment with the use of expensive drugs and é -0
possibly serious side effects. On the other hand, with for P "7 the accuracy coefficient takes the

. C L e maximum value. Note that the accuracy of such a
overestimated values ~ P, we obtain highly specific A y

prediction, but the risk of missing nu with all the en-

C
. X X raphical calculation of P is quite sufficient for
suing consequences increases. Therefore, the choice grap d

the practical construction of logistic models.
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Figure 1 - Graph of the values of the accuracy coefficient

Let's move on to calculate the coefficients b i in

the equation (1.4) of the logistic regression. To do this,

we turn to the REGRESSION module of the SPSS sta-
tistical package. The results of this module are shown
in Figure 3.8 and in a more convenient form are shown
in Table 3.

MepeMeHHble B ypaBHEeHHH

B 3Hau. Exp (B)

lWar1® VARD00DD2 047 063 1,048
VARO0D0D3(1) -,389 061 678
VARODDO5(1) -1,900 029 150
VARO0006 445 031 1,560
VAR00007 074 054 1,077
VARO0008 093 025 1,097
KoHcTaHTa -2,472 028 ,084

a. MepemeHHbIg, BBASHHbIE Ha Wware 1: VARDD002, VARD0D003, VARDDOOS5, VARODOOE, VARDODOO7,

VARO00008.
Figure 2 - Screenshot with the results of the REGRESSION module
Table 3
The calculated coefficients of the regression equation
coefficient value P-coefficient value

b, 2,474 0,028

0,047 0,063
b, -0,389 0,061
b, ~1,900 0,029
b, 0,445 0,031
b, 0,074 0,054
by 0,093 0,025
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Table 3 shows the calculated coefficients and
shows the corresponding P-values for these coeffi-
cients. Having set the significance level, we see that all
the reduced P-values are less, and therefore, all the cal-
culated coefficients are significant and can be included
in the regression equation (1.4).

Where

We then substitute the calculated coefficients in
equation (1.4). We receive the following logistic
model:

Z(X)=-2.474+0.047X, —0.462(1— X,) —1.900(1— X,) + 0.878 X, +

+0.380X, +0.312X,

Substituting the function, we obtain the logistic regression equation:

1

p(X)=
l1+e

Using a sample of patients participating in the study, we determine the coefficients K e K

_[—2.474+0.047 X;1—0.389(1-X,)-1.900(1-X53)+0.445 X ,+0.074 X5+0.093X6]

K at

cney ' mou

the accepted value of the threshold Cp = 0.35. Figure 3 shows the results of forecasting using the constructed

model.
Tabnuua knaccudukaupm®
[MpeAacka3zaHHble
VAROOODO1 MpoUEHT
Haf)HDOAE'HHble 00 100 NPpagMnNbHbIX
War1 VAROODOD1 .00 51 23 689
1,00 14 36 72,0
OfWwan NnpouUeHTHaA AoNA 68,5
a. 3HaueHMe oTceyeHuAa - 350

Figure 3 - Screen copy of the prediction results for the constructed model

The obtained values will be entered in table 4.

Table 4

Four-field table for calculating coefficients

Prediction results
results favorable result unfavorable result Total
BU (0) HHU (1)
BU (0) 51 23 74
HHU (1) 14 36 50

Using the formulas, we calculate:

K,, X0k, = % ~0.69.
_36+51_ 87 _

o 124 124
Considering another characteristic used in the
analysis of the logistic model, called characteristic
curve (or ROC-curve), which shows the dependence of
the number of correct uu predictions on the number of
incorrect mu predictions and is a locus of points in a
Cartesian coordinate system with coordinates:

Yroc (Co) =K. (C,).
Xeoc (Cp ) =1- K., (C,)

which depend on the threshold value. The ideal
predictive model should be T'(G in Russian)-shaped and
pass through the upper left corner with coordinates
(0,1). The closer the characteristic curve goes to this
point, the higher the prediction efficiency. Figure 4
shows the values.

The ROC curve for the model (1.10), which is be-
low the ideal ROC curve, and this indicates the average
quality of the logistic regression (3).
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Figure 4— Logistic model ROC curve plot

The characteristic curve can be quantified by cal-
culating the area under it - the AUC coefficient. Ap-
proximating the ROC curve with cubic splines and cal-
culating the definite integral (area under ROC curve),
we get a value equal to 0.780. The approximate scale of
AUC values reflecting the quality of the prediction is as
follows:

AUC =0,9-1,0 — excellent quality;

AUC = 0,8-0,9 — high quality;

AUC =0,7-0,8 — good quality;

AUC = 0,6-0,7 — medium quality;

AUC = 0,5-0,6 — bad quality.

It is observed that the constructed model is of good
quality. Notice, that the ROC curve in the form of a
straight dotted line in Figure 4 has an AUC = 0.5.

Conclusion: By generalizing the presented accu-

racy characteristics ( K e K K, . . AUC coef-
ficient) of the constructed model (1.9), we can conclude

cney '

A 8 C D E

that this model is sufficiently effective to predict out-
comes with unfavorable outcomes.

Verification of the adequacy of the constructed re-
gression equation

Although the P-values given in Table 3 indicate
the significance of the calculated coefficients, the ade-
quacy of the constructed regression equation was
checked, which included the following test.

A new spatial sample of 80 was formed from the
database of outgoing patients of the cardiology depart-
ment of the RSC No. 1 at the GBUZ NSO "GKB No.
1" in September 2019, and the calculation of the prob-
ability of an unfavorable outcome and the calculation
of the outcome in accordance with the formula (1.9) (at
Cp = 0.35). A fragment of the table is shown in Figure
5.

4 Homep |y ucxoasl soszp |MCCnocr] @B 1 noxk MM  rmwoxk1 | CRP1 Bopo:(rzr;ocn ﬂpom:::::amuu
5| 4 1 | 67 | 0 | © 2 672 14391 1 1
i 2 0 41 0 0 1 7,63 1.44 0,16 0
7 3 1 54 0 0 2 592 | 26,12 0,82 1

|‘:igure 5 :Fragme'ni of the Excel proEessor table for caTc[JIating‘omcomes in the control group

Table 5 shows the number of initial values of the variable Y and the number of calculated (predicted) values,

as well as the percentage of coincidence of these values.

Table 5

Four-field table for assessing the effectiveness of forecasting

Observed (initial) values of Predicted (calculated) variable values Y Total num- Percentage of
a variable Y 0 1 ber matches
0 33 17 50 66
1 8 22 30 73
Total percentage of matches 80 69
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The data in the table allow us to conclude that the
proposed predicting method is characterized by high
sensitivity and acceptable specificity. Of the 80 exam-
ined patients with NSTE-ACS, adverse events within
12 months from the date of NSTE-ACS actually oc-
curred in 30 people (according to the prognosis of the
proposed method, it should have occurred in 22 peo-
ple), there were no adverse events in 50 patients (of
which, according to the proposed method should not
have had in 33 people). Thus, the sensitivity of the pro-
posed method for predicting unfavorable outcomes was
73%, favorable outcomes - 66%.

Thus, our multivariate model is more informative
for predicting a favorable or unfavorable long-term out-
come for a particular STEMI patient.

Conclusion: By generalizing the given accuracte

characteristics (K, K K _ ., AUC-

cney ' mou

coefficient) of the constructed model (1.9), we can con-
clude that this model is sufficiently effective to predict
outcomes with unfavorable outcomes.

Let's make one important remark. Although the
constructed logistic regression equation can predict
outcomes quite accurately, it does not calculate the “in-
dividual” contribution of each disease to this predicted
outcome.

The coefficients of equation (1.9) are "averaged"
coefficients of the influence of each disease (factor) on
the outcome and not taking into account the character-
istics of each patient. Obtaining such information about
the impact of each disease on the outcome (especially
the unfavorable results) would allow the development
of an “individual” treatment plan for a particular pa-
tient, paying more attention to diseases that signifi-
cantly affect the outcome.

To define such a disease, we introduce a function
determined by the formula:

F(X) =0.047x, +0.462X, +1.900X, +0.878x, +0.380x +0.312x,

Note that lowercase letters denote specific (ob-
served) values of the factors of a given patient, as op-
posed to capital letters in the model equation (1.9.),
Which denote variables. Summing up the influence of
all diseases of a given patient on the outcome allows us
to name this function as the function of “severity of pa-
tient's risk factors” or “function TFRP”. Denoting the
value of this function for a particular patient as S and
introduce the following "Personal disease coefficients”,
which reflect the relative contribution of each patient's
disease to the value of the TBII function:

0.047x,
S, =——— — influence of (1.13)
the patient's age;
g _ 0:462x,
, = ———— —effect of left (1.14)
ventricular ejection fraction;
s _ 1.900x,
3 = —— —effect of left (1.15)
ventricular ejection fraction;
0.878x,
S, =——— —influence of
(1.16)
the anterior localization of myocardial
infarction;

0.380x,
5 = ——— — the effect of
S (1.17)
fasting plasma glucose before dis-
charge;
0.312x, .
S, :T — impact of (1.18)

BuCPII measured on admission.

Despite the computational simplicity of the con-
structed model and coefficients (1.12-1.18), for their
effective application in practice, convenient and under-
standable software is required. It was developed and
implemented in an Excel spreadsheet processor and
was named “Patient's Personal Calculator”.

Figure 6 shows a fragment of the interface for en-
tering the values of 6 factors included in the constructed
regression model. Cells D1-D7 contain the coefficients
of the model and DO NOT HAVE TO CHANGE them.

Figure 7 shows a fragment of the interface that
shows the results of the prediction of an unfavorable
result.

Figure 8 shows a fragment of the interface, which
shows the results of calculating personal coefficients.

Figure 9 shows a graphical representation of the
calculated personal coefficients (including the patient's
age).

Figure 10 shows a graphical representation of the
calculated personal coefficients (excluding the patient's

age).
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A B C D E F G
1 KOHCT -2,474
2 VAR00002 047 x1
3 VAR00003(1) -0,389 x2
A VARO0005(1) -1,900 %3
5 VARO000R 0,445 xA
6 VAR0000T 074 x5
7 WVAROOODS 0,093 %6
8
9 1 2 3 4 5 6
10 Bospacr |YCC noct ®B Jlox UM lnwokosa| CRP1
11 61 0 0 2 5,2 3,71
12 McxogHble gaHHble ANA KanbKynatopa (6 BennumH)
Figure 6 - Fragment of Excel for entering the initial data
|ncpcr= 0,35
Mcxop HE BENAFONPUATHBLIN
Z(X) P(Z) |Y npegck
-0,273 0,43 1
Figure 7 - A fragment of Excel for displaying the results of calculating the results
13
Cnaraemblie | lNepcoHanbHbIE

14 T6N KosdPuLMeHTbI

15 1 BO3p 2,867 2,867 0,419

16 2 YCC noct| -0,389 0,000 0,000

17 3 ®B -1,9 0,000 0,000

18 4 nok UM 0,89 2,152 0,315

19 5 lnok 0,386 0,386 0,056

20 6 CRP1 0,34503 1,431 0,209

21 -0,275 6,836 1,000

22

Figure 8 - Excel fragment for displaying the results of calculating personal coefficients
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Figure 9 - Graphical representation of personal odds
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nok UM
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Figure 10 - Graphic representation of personal odds

From these figures, it is seen that data entry and
interpretation of calculating results will not present dif-
ficulties for ordinary computer users.

Discussion:

The developed method for assessing annual out-
comes after acute myocardial infarction with persistent
elevation of the ST segment on an ECG using an annual
prognosis calculator with personal risk factor coeffi-
cients is of good quality (AUC coefficient is 0.780),
while the GRACE risk model has a low predictive abil-
ity for high risk 55%, and for intermediate 25%, respec-
tively.

As is known, clinical guidelines recommend the
use of the TIMI and GRACE risk scales. Both scales
are comparable for predicting inpatient mortality, and
GRACE for STEMI also provides predictive value at 6
months after discharge. A number of researchers pro-
pose to include an assessment of LVEF, the presence of

multivessel disease, and the completeness of coronary
revascularization.

This paper compares the results of assessing the
one-year prognosis after a myocardial infarction using
the author's “personal patient calculator” with the
GRACE risk measurement. As already mentioned, the
prognosis was confirmed in 55% of patients with high
risk on the GRACE scale, and in patients with interme-
diate risk, the prognosis was confirmed in 25% of the
cases. According to the author's calculator, the predict-
ing accuracy was almost 79% for unfavorable results,
and 70% for favorable results.

Thus, the proposed author's "personal patient cal-
culator" is more informative for predicting a favorable
or unfavorable long-term outcome for a patient with
acute myocardial infarction. High informative content,
specificity, sensitivity and accuracy of the author's
method is due to the fact that he takes into account not
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only cardiovascular death and myocardial infarction,
like GRACE, but also stroke, hospitalizations due to re-
peated ischemia, unscheduled coronary and non-coro-
nary revascularization, developed on the basis of a sur-
vey of Russian patients, taking into account a one-year
period, and not just the first six months, like GRACE,
since there is a high risk of a fatal and serious non-fatal
event in patients after M1 persists for a year. The pro-
posed formula makes it possible to predict the contri-
bution of each risk factor to a long-term outcome,
which implies personalized work with each patient and
modeling the outcome in terms of time and changing
components of its prognosis.

The GRACE model has three levels of risk - high,
moderate and low. It turns out that patients with a mod-
erate risk of an unfavorable outcome are a group that is
not very clear for a practitioner in terms of secondary
prevention, and this is the main goal of risk metrics.

It should be noted that the proposed calculator is
easy to use, as it is implemented in an Excel spreadsheet
processor, so any practitioner can use it.

Conclusion:

This study demonstrates the role of the proprietary
calculator for the annual prognosis of the risk of unfa-
vorable cardiovascular events with personal coeffi-
cients of risk factors in patients after undergoing
STEMI. The author's calculator was developed on the
basis of data from Russian patients and takes into ac-
count a one-year period, and not only the first six
months, as when using the GRACE scale, since a high
risk of cardiovascular events in patients after STEMI
persists for a year. The calculator takes into account the
total cardiovascular risk: cardiovascular death, acute
myocardial infarction, stroke, hospitalization for ische-
mia, unscheduled coronary and non-coronary revascu-
larization. The proposed method allows you to person-
ally simulate the outcome in real time for each patient,
which ultimately will affect the quality of life in pa-
tients who have had myocardial infarction.

PRINCIPLES AND CONSTANTS OF THE GOLDEN PROPORTION AS A CRITERION IN
DONOSOLOGICAL DIAGNOSTICS OF THE FUNCTIONAL STATES OF THE BODY AND IN THE
ASSESSMENT OF THE PROBABILITY OF THEIR CHANGES

Abstract

Karabayev M.,
Gasanova N.,
Batirov M.,
Kosimova G.

Fergana Medical Institute of Public Health, Uzbekistan

DOI: 10.24412/3453-9875-2021-77-1-19-27

A functional state is a complex of properties of an organism that determines the level of its vital activity. The

construction of human functional structures is based on the laws of nature. The golden proportion is a universal
natural law and the highest manifestation of the structural and functional perfection of the organism, and has
properties and principles: self-development, self-organization and self-regulation, balance and stability. It is found
in the anatomical and physiological parameters of the human body, is a method for finding an extremum in solving
problems of their optimization. Proceeding from the fact that the functional state of the cardiovascular system is
an integral indicator of the general state of the body and its adaptation, as a process of searching for the optimal
functional state, we studied this indicator in 43 young people. At the same time, it was found that the subjects
under conditions of functional rest and in a satisfactory state of compensatory-adaptive capabilities, i.e. in prenos-
ological conditions, their adaptive potential lies in the range of two values of the golden proportions (F = 1.618;
F2 = 2.618). Thus, the golden proportions form the boundaries of the functional corridor, outside of which there
is a change in the prenosological state of the body, namely, with an adaptive potential of less than 1.618, a physi-
ological norm takes place, and with more than 2.618, premorbid states. In this regard, it is proposed a scale for
assessing the functional state, as well as an index of the likelihood of developing a premorbid state in an individ-
ual's body, based on the principles and constants of the golden ratio. The discriminatory ability and sensitivity of
the proposed scale to the functional states of the organism were assessed.

Keywords: functional state, adaptive potential, health levels, golden ratio constants, harmonization, optimi-
zation, assessment scale.

The relevance of research a result of the inconsistency of the body's capabilities,

International standards for the provision of medi-
cal care provide for the implementation of preventive
measures aimed at preventing the occurrence of dis-
eases already at the stage of their initial manifestations.
At the same time, the existing system of primary pre-
vention is still devoid of the most important element -
objectification of the assessment of the functional state
of the body at the level of a pre-morbid state, when, as

the prerequisites for the development of the pathologi-
cal process arise. Such a gap in the system of primary
prevention is intended to fill the methodology of
prenosological diagnostics, according to which the de-
velopment of clinical forms of diseases is preceded by
quite definite disorders of the functional state (FS) of
the body, in which the nonspecific component of the
general adaptation syndrome manifests itself in the
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form of varying degrees of tension in the regulatory
systems. FS is a systemic response of the body, ensur-
ing its adequacy to the requirements of the activity. The
assessment of the FS of a practically healthy person is
an object of prenosological diagnostics, in which the
main criterion of health is not the presence or absence
of diseases, but the level of the organism'’s adaptive ca-
pabilities [1,2]. At the same time, two levels of degrees
of tension of adaptation mechanisms are used as objec-
tive signs:

- prenosological, which is characterized by the
tension of regulation mechanisms;

- premorbid, which is characterized by a decrease
in the adaptive capabilities of the body.

At the same time, under the influence of negative
factors that go beyond the functional and adaptive ca-
pabilities of the body, the presence of qualitative tran-
sitions in the state of physiological functions is also a
regularity. They cause a number of changes in func-
tional systems, change the regulatory and adaptive sta-
tus of the body, determining the state of human health.
Thus, the transition to each new gradation of adaptation
is accompanied by qualitatively new changes in the FS.

In general biological terms, health can be defined
as a harmonious unity of all kinds of metabolic pro-
cesses in the body and manifested in the optimal func-
tioning of its organs and systems [5]. The human body
adapts to environmental conditions by changing the
level of functioning of individual systems and the cor-
responding tension of regulatory mechanisms. At the
same time, the FS of the body is a complex and integral
characteristic reflecting the level of adaptation of regu-
latory systems in the current conditions of existence. In
essence, the principle of the mechanism of physiologi-
cal adaptation is to ensure the harmony of opposites, as
a result of which the optimization of the relationship of
the organism with the environment and the efficiency
of functioning is ensured.

Thus, the concepts of "functional state” and "reg-
ulatory-adaptive status of the organism™ in modern
physiology are considered as an integral part of individ-
ual health and as one of the important criteria of health.

Monitoring the health of healthy people, that is,
prenosological control, is a practical step towards dy-
namically assessing the state of adaptation and regula-
tory systems, identifying the very initial manifestations
of their overstrain and, through their prevention, ensur-
ing the preservation of the health of healthy people. The
level of formalization of knowledge in prenosological
diagnostics is currently quite high, therefore it is possi-
ble to use strict mathematical procedures and statistical
methods for recognizing states in it. However, the ex-
isting approaches to the synthesis of criteria and algo-
rithms for prenosological diagnostics do not fully use
the capabilities of modern methods of mathematical
data analysis. When developing integral criteria for as-
sessing FS (functional state), empirical approaches pre-
vail, in which the criteria are built by arithmetic combi-
nations of recorded indicators. Classes of states accord-
ing to individual criteria are distinguished by an expert
method, and there is still no unified methodology and
criteria for a reliable assessment of the levels of func-
tioning of the human body [3]. Therefore, they are

highly specific to any one state of the organism, and the
revealed information does not allow, in most cases, to
integrally assess the state of the organism as a whole.
These shortcomings are largely due to the lack of sci-
entifically substantiated methodologies, criteria and de-
cision-making algorithms in the prenosological assess-
ment of human FS, taking into account the principles
and mechanisms of their formation, optimization, sta-
bility and change. The solution to this problem requires
taking into account that the functioning of multilevel
systems, to which a person belongs, is faced with the
tasks of not only optimizing the opposites of a particu-
lar parameter, but also their optimal coordination. The
body is a self-organizing system, it chooses and main-
tains the values of a huge number of parameters,
changes them depending on the needs, which allows it
to ensure optimal functioning. Harmony is a criterion
for the viability of a system, a way of functioning of
any system, which consists in the rhythmic flow of op-
posites into each other [4]. Thanks to the active and
continuous work of regulatory systems, the body opti-
mizes its relationship with the factors affecting it. And,
in the case of a decrease in the adaptive reserves of the
body, its unstable state is generated and the FS transi-
tion through the bifurcation point to a new level - to the
corresponding maladaptive state. Thus, a living system
is capable of restructuring, moving to a new homeo-
static level, while activating some regulatory systems
and inhibiting others. In other words, health can be con-
sidered as the severity of adaptive reactions. As you can
see, in the issue under consideration, the influence of
the principles and optimization factors is great. This is
due to the fact that the essence of optimization, which
underlies the development of the biological world [5],
is the desire to obtain the maximum positive adaptive
result with minimum energy and plastic costs. Mala-
daptive. Efficiency of functioning is the main feature of
the adapted system, while the harmony of functional re-
lationships is a universal fundamental principle that en-
sures the optimal functional state and maximum adap-
tive capabilities of the organism. In this regard, one of
the most important tasks is to identify the criteria of
harmony, in accordance with which individual "simple"
systems are combined into stably functioning living
systems. One of the manifestations of such a structural
and functional balance is its compliance with the
“Golden Section” rule [4]. Studies on the study of the
morphological and functional balance of the body indi-
cate that at various levels of organization of living sys-
tems, the specified golden proportion is revealed as an
indicator of proportionality and harmony. It is believed
that the principle of the "golden ratio” is the highest
manifestation of structural and functional perfection in
nature, including medicine. The mathematical principle
of the proportion of the golden section, the unity of ad-
ditivity and multiplicativity, fully corresponds to the
law of harmony - the unity of form and content. To date,
the laws of the golden ratio in many areas of medicine
have been scientifically proven, in particular, it has
been revealed [6,7,14] that the golden proportion is the
criterion of optimality in the choice of the parameters
of many morpho-functional indicators for the human
body. For example, in anatomy, these are the vertical
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proportions of the body, the ratio of the linear dimen-
sions of bones and other formations. Also, many studies
have been carried out to determine the "golden section"
of the cardiovascular, sensory, respiratory and other
systems. The meaning of the harmonious functioning
of the body, according to V.D. Tsvetkov [7] is that the
systems subordinate to him, act on the principle of sys-
tem optimization in relation to the minimum energy
consumption. In the process of adaptation of the organ-
ism to changed conditions and while ensuring homeo-
stasis, that is, during the period of self-organization and
functioning, it tries to minimize its energy expendi-
tures, aimed at ensuring stable states or functions, and
searches for an energy extremum. At the same time, the
optimal search algorithm is the natural partition of the
space on which the search takes place, in the golden
proportion (1 / F = 0.618). In the adaptation system, as

in any “seeking”, self-organizing natural system, a cer-
tain minimum number of search steps is “planned”. To
find extrema, he can use the Fibonacci number system
depending on the numbers of the golden ratio. In work
[8] it is shown that in the range from physiological rest,
with characteristics of satisfactory adaptation, to the
maximum allowable physical stress at the border of ad-
aptation breakdown, the ratio of a number of functional
indicators of the organism is in the range of two values
of the "golden ratio". The revealed patterns give the au-
thor a reason to consider the golden proportions of the
cardiorespiratory system as a universal tool for as-
sessing the FS and the adaptive capabilities of the or-
ganism. Based on this, a fundamentally new idea of the
boundaries of fluctuations of functional indicators, des-
ignated as a corridor reflecting the volume of the body's
adaptive capabilities, was formulated:

Functional rest
0.618 +n >»
n - any integer

The proportions of physiological
indicators
Adaptation corridor

Failure of Adaptation
0.618+n+1

Thus, the golden proportions of physiological in-
dicators act as markers of transient states. The revealed
phenomenon of golden proportions represents a new di-
rection in assessing the adaptive capabilities of the hu-
man body. In the light of the above, it can be argued
that the problem of reliably determining a specific place
of the functional state of a certain person in the space
between norm and pathology, i.e. establishing the be-
longing of a given person to a certain class of functional
states is an urgent task of prenosological diagnostics.

When solving this problem, it becomes necessary
to use a special scale, which is the most important tool
for processing and fixing information about the object
under study and designed to ensure its optimal pro-
cessing. Thus, the main purpose of the scaling proce-
dure is the ability to assess the processes under study.
The above facts and provisions made it possible to for-
mulate the following objectives of our research:

Goals and objectives of the study and their
practical significance.

-Development, based on the principles and con-
stants of the golden ratio, scales and criteria for as-
sessing functional states and verification of prenosolog-
ical levels of the body's health; -Based on the survey
data of the most informative, morpho-functional indi-
cators of a practically healthy contingent of young peo-
ple, to assess the possibilities of the proposed criteria
and scale; - To develop methods and criteria for as-
sessing the index of functional stability of the organism
and the likelihood of its qualitative change. For practi-
cal health care, prenosological diagnostics, in accord-
ance with the proposed scale, allowing an early assess-
ment of the level of health and risk factors, opens the
way to increasing the effectiveness of health-improving
measures and significantly complements the preventive
principle in medicine.

Subject of research: In accordance with the goals,
the subject of our research was the levels of the organ-
ism's adaptive potential as markers for assessing its
functional state, as well as scales and criteria for their

verification and interpretation.Metomasl 1 0GBEKTHI HC-
CJICAOBaHUs.

When developing methods for quantitative assess-
ment of the level of health, the correct assessment of
the functional states of the body and systems that ensure
the vital activity of the body as a whole is an important
task. Since medicine deals with physiological pro-
cesses, it operates, as necessary, with different numeri-
cal indicators, and connections between different char-
acteristics. Currently, in medicine, many scales and cri-
teria for assessments and classifications are used, for
various conditions [9,10]. Back in the 10th century, Av-
icenna gave a comprehensive classification of health
levels [11], considering six classes of the functional
state of the body. This classification is consistent with
the modern one, which is based on the degree of tension
of regulatory mechanisms (normal, moderate, pro-
nounced, pronounced and overstrain) [1,12]. If we take
into account that the assessment of the prenosological
status is aimed at objectifying the adaptive activity of
the organism in the process of maintaining health and
the formation of prenosological states, then the position
of the theory of adaptation can be used as the basis for
predicting the development of health. Adaptation as a
functional property of biological objects, along with
homeostasis, is one of the basic concepts of biology.
RM Baevsky and AP Bersenova proposed a classifica-
tion of the FS of the body, according to the index of
functional changes, based on ideas about homeostasis
and adaptation [1,2], providing for the allocation of
four levels of health and criteria for their assessment -
the higher the conditional IFCh (index of functional
changes) score, the higher the likelihood of developing
pathological abnormalities. On their basis, they were
the first to create a scale for prenosological assessment
of functional states and the degree of tension of regula-
tory systems.

Note that measurement in its broadest sense can be
defined as assigning numbers to objects or events ac-
cording to some rules. These rules should establish a
correspondence between the properties of the objects in



22 Norwegian Journal of development of the International Science No 77/2022

question and the numbers. In the theory of measure-
ments, it is customary to distinguish four main types of
scales: names, order, interval and relations. In this case,
measurements carried out using the first two scales are
considered qualitative and nonparametric criteria are
used for their processing, and measurements made on
the last two scales are quantitative in this case, paramet-
ric criteria are applied. In each scale, the properties of
numbers assigned to objects or phenomena are strictly
defined. In this regard, we have chosen the interval
scale as a model of the scale for assessing FS.

In mathematical statistics, interval estimation is
the result of using a sample to calculate the interval of
possible values of an unknown parameter, the estimate
of which must be constructed. This should be distin-
guished from a point estimate, which gives only one
value. An interval scale is a scale that classifies accord-
ing to the principle "more by a certain number of units
- less by a certain number of units." The use of an in-
terval scale is also possible in the case when, using a
certain criterion (measurement standard), it is possible
to determine the magnitude of the difference in features
not only by the type of more or less, but also by how
many units one object or phenomenon differs from an-
other. A unit of measurement is set for this measure-
ment. The number assigned to the research object in
this case represents the number of units of measurement
that it has. The scale of intervals is a fully ordered series
with calibrated intervals between ranks, with the count-
ing starting from an arbitrary value from the chosen
value (there is no absolute zero). As a result, a conclu-
sion on the state of health is formed.

Below is one of the options for the scale, such a
simplified interpretation of prenosological diagnoses.

Standard rating scale Simplified rating scale

Physiological state:

1. Norms High level of health;

2. Optimum Optimum level of health;

3. Pre-nosological Good health with some

condition - 1 deviations that can be easily cor-
rected;

4. Prenosological The level of health is medio-
cre, yet

condition - 2 complete recovery of health is pos-
sible;

5. Premorbid Poor health with signs

Condition of diseases that are still compensated

due to high voltage regulation systems;

6. Pathological condition The probable presence
of pathology.

As you can see, medical rating and prognostic
scales have their own characteristics, principles and ap-
proaches to construction. Drawing up a scale for as-
sessing the functional state, first of all, requires the
choice of its model, type, criteria and quantitative indi-
cator of the boundaries of the intervals. As a rule, many
of them are of the interval type. An interval scale also
has a characteristic of the distance between individual
scale gradations, measured using a certain unit of meas-
urement, that is, quantitative information is used. From
the existing scales of functional states, we have adopted
an interval scale and built its following model, which
follows from modern concepts and corresponds to the
views of Avicenna:

Modern . . . . 1-prenosology | 2-prenosology .
Option Physiological Phy5|_olog|cal Condition Condition Premorbid Pathology
norm optimum fortunes
[1,2] stress Overvoltage
. , . . . . the body is .
Avicenna's body is body is healthy, the body is body easily sick the body is
version healthy to the | but not to the not healthy, accepting b sick to the
7 S . ut not to .
[11] limit limit but not sick health the limit limit

Thus, the scale we recommend has 6 physiological
states - “corridors” and 5 possible qualitative transi-
tions.

The next task is to determine the indicators char-
acterizing these intervals, i.e. translate this verbal scale
into a numerical one. It should be taken into account
that the construction of a scale for assessing the func-
tional state should be based on indicators acting on the
principle of optimization and harmonization of the state
of the body. Therefore, as an indicator of the scale of
verification of the functional state of the organism, we
have chosen the adaptive potential of its cardiovascular
system that meets these requirements.

Since the functional state of the organism is sub-
ject to the hierarchical principle, i.e. Since a qualitative
transition from one state to another is continuous, the
upper boundary of each interval of the corridor is sim-
ultaneously the lower boundary of the next. Therefore,
the scale proposed by us, with 6 intervals of states, is

characterized by 12 boundaries, of which 5 are com-
bined values. In accordance with the objectives of the
study and taking into account the conclusions of [8], the
numerical characteristics - the boundary indicators of
the intervals of the proposed scale, we have determined
based on the principles and constants of the golden ra-
tio. In this case, we were guided by the fact that the n-
step Fibonacci plan (Fn) is the optimal plan for finding
the local minimum of the free energy consumption of
the system in n-steps. Using this plan, biological sys-
tems receive the smallest errors in their work (in the
search for and adaptation to the changed conditions of
existence). This position explains the fact of the ex-
traordinary frequency of finding in the structures and
functions of biological systems of the "golden ratio"
and the corresponding "golden" numbers. The number
system for various structures and functions of a living
organism cannot be determined by any one proportion,
but it can use many different options, which are based
on the golden ratio. Based on these provisions, in order
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to establish the values of the minimum and maximum
boundaries of the functional corridors of the projected
scale, on the basis of the constants of the golden ratio,
we built two harmonic series of variability numbers,
namely:
F, FL, P2, P F4 PP (1)
F2/2, F312, F42 , F°2 (2)
Taking into account the above principles of con-
structing the proposed scale, from the numbers of series
(1) and (2), we have compiled the following boundaries
of the projected 6 intervals of functional states:

(F°+F2/2); (F? /2 + FY); (F*+ F3[2);
(F32 = F?); (F° =+ F42); (FY2 + F3).

Taking into account the values of the constant of
the golden ratio F = 1.6180033, the following numeri-
cal indicators An of the boundaries of 6 intervals of the
scale are established:

A1 A2 A2 Az As As As As As Ag As A7
(1+1,309); (1,309+1,618); (1,618+2,118);
(2,118+2,618); (2,618+3,427); (3,427+4,236)

Thus, the scale we propose has the following cri-
teria for the indicators of assessing states (table 1.):

Table-1
functlon. 1 interval 2 interval 3 interval 4 interval 5 interval 6 interval
intervals
m(I):dSe:-rn physiological | physiological 2- premorbid pathological
option 1] norm optimum prenosology | prenosology fortunes fortunes

Avicenna's body is body is the body is body easily the b_ody 1S the body is
. healthy, but . sick .
version healthy to the not healthy, accepting sick to the
L7 not to the . but not to the L
[11] limit L but not sick health . limit
limit limit
Adaptation . . breakdown
levels [13] excellent Good Satisfactory Tense Unsatisfactory adaptations
Indicators
the pro-
posed A1 As Ap Az Az Ag As As As Ag Ag A7
scales in 1,0+1,309 1,309+1,618 | 1,618+2,118 | 2,118+2,618 | 2,618+3,427 | 3,427+4,236
conditional
units
Functional
corridor, in
conditional 0,309 0,309 0,500 0,500 0,809 0,809
units

The values of the boundary indicators of the scale
presented in Table 1, as well as the intervals of func-
tional states generally correspond to the principles and
constants of the golden ratio and the golden wurf [6-8],
namely:

1. There is a constancy of the ratios of the values
of the boundary indicators of each state of the scale,
equal to the constant of the golden ratio - An/ An-2 =
1618 =F,

where n is 3,4,5,6,7;

2. The ratio of the values of the maximum and
minimum boundaries of odd intervals correspond to the
numbers of the golden wurf-1.309; and even intervals
are 1.236, i.e. the ratio of the constant of the golden ra-
tio to the golden wurf.

3. The width of the functional corridors of the
scale also has its "golden" features, namely, the ratio of
the width of the subsequent, even interval to the previ-
ous even interval and, similarly, the ratios of odd inter-
vals correspond to the constant of the golden ratio - F =
1.618.

The most important characteristics of rating scales
are their discriminatory ability and calibration, the first
of which characterizes the ability of the scale to divide
the subjects into groups, depending on any factor, and
the second, the degree to which its indications corre-
spond to the actual results, i.e. the reliability of the as-
sessment. For these purposes, in accordance with the
criteria of the developed scale, the individual indicators

of the examined persons were analyzed - their adaptive
potential, health levels according to Apanasenko and
the state of the cardiovascular system (CVS) according
to the Robinson index, assessed using the following
methods. Among the entire spectrum of methods for
analyzing the adaptive potential of a person, based on
the assessment of various parameters of vital activity,
the most informative are those that characterize the ac-
tivity of the CVS - the main indicator of all events oc-
curring in the body. The formation of other systems
largely depends on the state of this system, since, par-
ticipating in metabolic processes, the circulatory sys-
tem determines the further viability of the entire organ-
ism as a whole. In addition, this system plays a leading
role in providing adaptation processes.

We calculated AP, in arbitrary units - points, ac-
cording to the formula of R. Baevsky [1], which uses
data on pulse rate (PR), blood pressure (SBP - systolic,
DBP - diastolic), age (A), height (H ) and body weight
(BW):

AP= 0,011 PR+0,014 SBP+0,008 DBP+0,014
A+0,009 -0,009 H-0,27.

This version of the formula for calculating AP was
obtained by the author as a result of applying the re-
gression analysis technique on an information array in
2000 surveys. The AP values reflect the result of the
organism's adaptive reactions and its value, using the
proposed criteria, make it possible to classify PS and
health levels of the examined. To assess the level of
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physical health, we used the express method of GLAp-
anasenko [13].

A scale of somatic health that distinguishes five
levels of health: low, below average, average, above av-
erage, high, calculated in terms of body mass, VCL /
mass, lung capacity, hand dynamometry, heart rate and
systolic blood pressure.

The results obtained for all of the above indicators
are evaluated in points. Summing up the scores for all
five indicators and comparing them with the scale, de-
termines the level of physical health.

We determined the quantitative assessment of the
body's energy potential by the Robinson index (IR)
[13]. IR = (HR x BP syst.) / 100, characterizes the level

of metabolic and energy processes occurring in the
body and systolic work of the heart and, together with
the adaptive potential, is the most sensitive marker of
the state of the CVS and the adaptive mechanisms of
the human body. At the same time, the IR score - ex-
cellent indicates, accordingly, a high; good - about the
normal functional reserve of the CVS; average - insuf-
ficient, bad and very bad - different levels of dysregu-
lation of the CVS.

The individual indicators of the surveyed, ob-
tained by us, in terms of their adaptive potential, health
levels and CVS state, were analyzed and verified based
on the criteria of the proposed FS scale. The results of
this analysis are presented in Table 2.



25

Norwegian Journal of development of the International Science No 77/2022

9 T L 9 < - - 81 8 LIl 124 61 134 210,
R - . R . . R . . . . . uonipuod Sk 7t
ON umopyeaig [eardojoed 9%TY LTV’
- - - - - - - - - - - - ON Asoggsnesun | s enqioward | Lzp'e 8197
= £ [ 1 4 < * " - - o1 £ L 01 asud Sa 819°C S11°C
I 81 9 T s ® = zl 8 L 91 I LT Aopeysueg Sa 811°T 819°1
S I . . . - . 9 . - N i 9 pood N 8191 60€°T
: : = s s = = = s : 2 : : (rumdo N4 60E°1 0l
xeu ury
s[in | skog
‘a5e1aAe ‘adesane 1oL
wR[axy | pood ieae | peq | peqAidp | ydy o 2r0e dfeioae 0 MO[3q MO wap
Jo [Enu04 10pLUO))
aandepy [LITRITOR] sauepunoq
S[PAYT UoNEIJISSE]) _ov_hmu [BUONUN g
10pLI0d
HosuIqoy 01

FUIPI0DIE WIIISAS IB[NISEAOIPIED DI JO WIS ML

oyuaseuedy o) Suip1oaoe §j2A3] ijLay

waan 3o

UDAIT S101BIIpUL YA
pakaans sannueng)

Z31qeL.




26 Norwegian Journal of development of the International Science No 77/2022

Personalized analysis of these data, in the light of
existing ideas about the functional state and adaptation
mechanisms, allow us to state the following:

1. Of the 43 examined, only 6 (13.9%) individuals,
the FS of the body corresponds, according to our scales,
to the physiological norm with good adaptation and a
normal level of regulatory mechanisms. At the same
time, they all have an average level of physical health
according to Apanasenko and high CVS reserves ac-
cording to the Robinson index. Among the girls sur-
veyed, 20.8% are in this state, and 5.3% of the boys..

2. Of the surveyed, 27 (girls-16, boys-11) are in a
prenosological state, with sufficient functional capabil-
ities and satisfactory adaptation. However, the levels of
their physical health have certain variations with the
prevalence of the average level. Corresponding varia-
tions are observed in the states of CVS, where 67% of
these individuals have normal values;

3. Of the surveyed 10 persons (girls-3, boys-7),
have a prenosological level of functional state, but with
a tense adaptation mechanism and significant mobiliza-
tion of functional reserves to maintain homeostasis of
the body. All of them have low levels of physical health

and variations in the Robinson index, with the preva-
lence of the level of bad and very bad.

At the same time, for the criterion of such an anal-
ysis, we propose the functional state stability index
(FSSI), and inversely proportional to it, the probability
of a qualitative change in the functional state, the prob-
ability of a qualitative change in the functional state
(PQFS), the value of which, in% can be calculated by
the formulas:

FSS'Z{(Amax,i— APxo )/ (Amax,i - Anmin,i ) }X 100 (3)
; PQFS=( 100- FSSI) (4) , Amaxi, Amini vValues of the
maximum and minimum boundaries of the i-th func-
tional interval, where the adaptive potential of the AP«
is fixed, about k-examined. Note that quite often, when
conducting expert assessments, it becomes necessary to
use a special type of ordinal scales - verbal-numerical
scales. Such scales include a verbal description of the
selected gradations and the corresponding numerical
values. The most famous and widely used in practice is
the Harrington scale [15], which has universal applica-
tion. So for example, adapted by us for any, separately
taken, one functional interval, for the assessment of
FSSI and PQFS, it has the following form.

Ne Numerical value of FSSI (in%) indicators FSSI value PQFS indicators PQFS
1 80-100 Very high 20-0 Very low

2 64-80 High 37-20 Low

3 37-64 The average 64-37 The average
4 20-37 Low 80-64 High

5 0-20 Very low 100-80 Very high

In accordance with these approaches, first of all,
the individual indicators of the FSSI were assessed,
which showed that 8 persons (girls-4 and boys-4), out
of all surveyed, have very high; 1 (girl) - tall; 22 (girls-
15 and boys-7) -medium; 1-low and 11 (girls-4, boys-
8) - very low levels of functional stability of the body.
Using the individual FSSI values obtained for each sub-
ject according to formula 3, the PQFS were estimated,
which are presented in table. 3.

Note that the integral indicators of the FS, such as
the levels of its reserve, stability and the probability of
change are interrelated, namely - the more the reserve
of the FS, the higher the levels of its stability and the
less the probability of change (deterioration); and vice
Versa.

Ta61.3
meaning _ Of these, the Iik_elihood of quality
Indicators Total of sur- transition have:
VIFS on .
formula 4 VIF_S on veyed with from from from D—2_ to From premorbid to
v % Harrington data VIFS FN D1 premo_r_bld. pathology
' inD-1 | inD-2 condition
80-100 Very high 11 2 8 1 -
64-80 High 1 - - 1 -
37-64 The average 22 - - - -
20-37 Low 1 - - - -
0-20 Very low 8 - - - -

Based on these provisions, we analyzed the results
of prenosological assessment of the FS of the surveyed
presented in Table 3 and found that 12 (27.9%) of the
surveyed individuals have high levels of probability of
qualitative changes in functional states, namely: 2 of
them transition from physiological norm in the D-1
state; 8- from D-1 to D-2 state; and in 2 surveyed there
is a risk of developing pre-morbid conditions, that is, a

transition to a premorbid state. At the same time, 31
(72.1%) persons from the surveyed contingent, having
below the threshold levels of the probability of a change
in FS, do not have a risk of deteriorating their health.

Conclusions

Thus, the developed scale and its criteria, and al-
gorithms for assessing the indicators of the adaptive po-
tential of the CVS, allow us to classify practically
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healthy individuals, according to the levels of the func-
tional state. Its sufficient sensitivity and discriminatory
properties are confirmed by the presence of a correla-
tion between the scaling results and the indicators of
those examined by the level of health and functional re-
serve of CVS.

The proposed scale, its criteria and methods of
analysis, also make it possible to assess the levels of FS
stability, within certain functional intervals and the
likelihood of their qualitative changes in the direction
of deterioration. As a result, it becomes possible to
quantitatively assess functional states, their reserves
and predict the occurrence of premorbid conditions,
that is, to carry out prenosological monitoring of the
health of healthy people and to determine the contin-
gent of persons at risk of deteriorating health.
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Abstract

With the development of the COVID-19 pandemic, the number of patients with a combined infection -
COVID-19 + HIV infection - increases critically. This article is devoted to the study of the interaction and risk
factors of fatal outcomes in this combined infection. A link was found between the fatal outcomes of combined
infection - COVID-19 + HIV infection from a high viral load of HIV and a decrease in CD4+ lymphocytes in
peripheral blood, which in turn depends on the rejection of antiretroviral therapy.

AHHOTALUA

[pu pazeutin margemun COVID-19 xputudecky Bo3pacTaeT KOJMYESCTBO MAIIEHTOB C COYCTAHHOH HH]ECK-
ueit - COVID-19 + BUY undexnus. Vzyyenuto B3auMoBIUsHUAS U (PaKTOPOB pHCKa JIETAIBHBIX UCXOJOB MPU
9TOW coueTaHHOW MHQEKIINU MOCBSAIICHa JaHHAas cTaThsi. OOHApyKeHa CBA3b JICTAIBHBIX MCXOO0B COUYETAHHOM
unpekueii - COVID-19 + BUY nndekuns ot BbicOKoi BUpycHOi Harpy3ku BUY u camxenust CD4+ nmumdonn-
TOB B nepugepruuecKoii KpOBH, YTO B CBOIO OYEPEb 3aBHCUT OT OTKa3a OT aHTUPETPOBUPYCHOI! Teparnuu.

Keywords: COVID-19, HIV infection, immune status, antiretroviral treatment, severity of course,
Kuarouesbie ciioBa: COVID-19, BUY nH(ekms, HMMYHHBIH CTaTyc, aHTHPETPOBUPYCHAS TEPAITUs, TSHKECTD
TEUCHMs, JICTAIbHBIE NCXO/IBI.

BBenenne.

Bo BTopoii monoBuHe 20 Beka MOSIBUIICA Psii HO-
BBIX OIACHBIX BUPYCHBIX HHPEKIHI, HEKOTOPBIE U3 KO-
TOPBIX UMEIOT TEHIEHIMIO K IMHPOKOMY pacrpocTpa-
HEHUIO0, HO MacIITad pacrpoCTPaHEeHUS JIMITH OJTHOU U3
HHMX MOKHO OILICHUBATh Kak MaHaeMuio — 310 BUY uH-
¢dbexnms. B nepBrie gecatunerns 21 Beka oHa 3a Ipy-
rO¥ MOSIBUJIMCH TPY HOBBIE OMACHBIC KOPOHABHPYCHBIE
uHbekuny, - «arunuuHas nHeeMoHus (SARS CoV);
OmKHEBOCTOUHBIN pecniuparophblid cuaapoM (MERS

CoV) u COVID-19 (SARS CoV 2), Ho nuiiis nocie-
Hs1sl IproOpera cCloCOOHOCTh JIETKOH Iepesadn oT de-
JI0BEKa 4enoBeKy M Becemmpras Oprannzanus 3apaBo-
oxpanenus (BO3) o6bsaBuna mangemuto COVID-19 B
mapTte 2020. IMeHHO Halo)KeHNE aKTUBHOW MTaHIeMUN
COVID-19 Ha Bsuotekyiyro nangemuto BUY ungex-
LU 1 00YCIOBIMBAET AKTYaJIbHOCTh TeMHI [1].
[Matoduznonoruss COVID-19 no xoHma eme He
n3ydyeHa. M3BecTHO, 4TO MH(MEKIUsS XapaKTepH3yeTcs
JIOKAJTbHBIM M CUCTEMHBIM BOCIIAIHUTEIEHBIM OTBETOM
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MMMYHHOH CHCTEMBI MaKpOOPraHHW3Ma - «IIUTOKHHO-
BBIH IITOPM», IO CYTH LIOK, KOTOPBIH IIPUBOJIUT K 3H-
JOTEJIMONATHH OpPraHOB-MHUIIEHeH (JIerkue, KHIIed-
HHK, TOJIOBHOHW MO3T, CEpAIE, IIOYKU U JIPYTHE), OTEKY
TKaHEH U TMIIEPaKTHBAIMN KOATyJIAIMOHHOTO KacKaa,
YTO MOXKET MPUBECTH K Pa3BUTHI0 MHUKPO- M Makpo
TpoM60308B, - T.c. JIBC [2-4].

OnHNM 13 TATOTHOMOHUYHBIM IIPH3HAKOB, XapakK-
TEPU3YIOMNX TKEIOC TECUCHHE W HEOIArompHsTHBIN
kinHUYeckuit nporuos npu COVID-19, sBngercs nuMm-
(oreHus1, KOTopast YaCTO BCTPEYACTCS Y MALUEHTOB C
BUY, 1 MOKeT OBITh CBsI3aHA C MOBBIIICHHBIM YPOBHEM
JIETAJILHOCTH, OCOOEHHO Yy JIIo/Ieil ¢ HU3KMM ypOBHEM
CD3+, CD4+ u CD8 - T-num¢ouuro. dakropom
pHCKa, CIIOCOOCTBYIOLINM JIETAIIBHOMY HCXOXY NpH
BUY wuHbpexmun SBISETCS BBIPAXKCHHAS HMMYHOCY-
npeccust (cHmkeHne konmdecTBa CD4-mumMdorron
Meree 200 B | MK KpOBH) WJIM TIOBBIIICHHAE KOJIMYeE-
ctBa PHK BIY B ntazme xposu 6omee 100 000 xorrwid
B | M1, BCIIEACTBHE KOTOPOTO BO3HHMKAET yrpo3a pas-
BUTHS Psiia ONMOPTYHUCTHUECKUX 3a0osaeBaHuii [5,6].

AMepHKaHCKHe LEHTPBI M0 KOHTPOIIO U npodu-
naktuke 3aboneanuii (CDC) u MexnynapoaHoe 00-
mectBo 00prObI co CITN/Jom paccmarpusator JIXKB c
HU3KHM coziepxanueM CD4- mumdonuTos unu 6e3 aH-
TUpeTpoBUpYyCcHOU Tepanuu (APT) kak moTeHIMaIbHO
MPEIPACIIONIOKEHHBIX K 0o0Jiee TSDKEIOMY TEUECHHIO
COVID-19.

Her HMKaknxX MOKa3aTeNbCTB TOTO, YTO KaKHe-
mbo aHTHpeTpoBUpyCHBIC mpemapatsl (APBII) ak-
TuBHB IpoTUB SARS-COV-2, mosToMy HET HUKaKuX
npeanochUIok (onoBoi 3amuTsl JIXKB, monydarormmx
APT [7].

B mnacrosimee Bpems BO3 pexkomenayer JDKB
MPUHUMATh T€ K€ MEPHl MPEJOCTOPOXKHOCTH, YTO H
HACEJICHHUIO B LIeJIoM. [8].

Bzaumoneiicteue SARS-CoV-2 u BUY, narore-
HETHYECKHE OCOOCHHOCTH, KIMHUYECKHE HPOSBICHUS
COUYCTaHHOU WH(EKINH SBISIOTCS aKTYaJbHOW TEMOMH
uccienoBannii. CTpeMHUTENBHOE PaclpoCTpaHEHHE
SARS-CoV-2 3ak0OHOMEpHO MPUBOAMT K YBEITHUCHHIO
KOJIMYECTBA MalueHTOB ¢ couyeTanHod (COVID-19 +
BUY) undexnmeii.

Ecnu s BIY mexaHu3Mbl B3aUMOJIEUCTBUS BU-
pyca ¢ IMMYHOKOMIIETCHTHBIMHU KJIETKAMHU U3YyYEHBI U
XOPOILIO OIUCaHbI B IuTepaType, To st SARS-CoV-2
9TH MCCJIEJIOBAHUS TONBKO HavyaTel. OHM HEOOXOIMMEI
JUTst pa3paboTKu B OrbKanIeil mepcrneKTHBe KIIMHUYe-
CKHUX PEKOMEHJALUN IS OKa3aHUs MEAMLIMHCKOMN I10-
Mot BUY-napummpoBanssiM nanueHTam ¢ COVID-
19. BUY-uHdexuns no-npexxHemy siBIseTcs] OAHON U3
OCHOBHBIX TJIOOQJIBHBIX IPOOJEM OOIIECTBEHHOTO
3IpaBooXpaHeHus: 6osee 80 MITH YenoBek ObLIH HHDU-
nupoBanel BUY ¢ MOMeHTa Hadana ero perucTpanuy,
O6onee 35 wmH ymepau. M3 40 wmua  BUY-
MHQHUIUPOBAHHBIX MAIlMEHTOB B MHUpPE 3HAYMTENIbHAs
4acTh XWBa Olarofapsi aHTHPETPOBHPYCHOH Tepamuu
(APT) [9,10].

APT — sBnsieTcssi OCHOBHBIM MHCTPYMEHTOM JO-
CTIDKEHHS BHPYCHOW CYNPECCHH, CHIKECHHUS Mepeaadn
MH(EKIMH, MPEeaOTBPAIeHUs] TPOTpecCupoBanus 0o-
JIE3HU U CMEPTH, B CBSI3U C UEM NpHUBEP>KEHHOCTh APT
npuobpeTaeT 0codoe 3HaYCHHE.

O/HOBpEMEHHOE pa3BUTHE NaHIEMUI HEN30EHKHO
BBI3bIBAET UX HETaTUBHOE B3aHMOJAECHCTBHE, a Xapak-
TepHbId 111 BUY-undekunn uMMyHOICGHUIUT Tpe-
moJylaraeT 0ojee TsDKENbIe MPOSBICHUS KOMOPOHMIHO-
CTH, B OCOOCHHOCTH Ha ()OHE CHMIKECHHS Ka4eCTBa OKa-
3aHMA CIIELUATN3UPOBAHHON METUIIMHCKOM TOMOILIH B
YCIIOBHSIX KapaHTHHHBIX orpanmdenuii [11,12].

B nacTosimee Bpemsi BO3HMKA€T MHOXECTBO BO-
MIPOCOB O B3aWMHOM BIUsTHIH HHpHIupoBanus SARS-
CoV-2 nu BUY. B pocrynHOW HaydHOW JMTeparype
HUMEIOTCSI €TMHUYHBIE COOOIIECHHS O KIMHUYECKOM Te-
YCHUU CcOueTaHHOW martoyorun — BUY-unbekuuu u
COVID-19, onHako mpencTaBieHHbIE AaHHBIE HOCST
onucaTelbHbIM XapakTep M IMOPOH IPOTUBOPEUUBEI
[13].

Heas ucciegoBaHus: M3y4eHHe 0CcOOEHHOCTEH
coueranHoro TeueHuss COVID-19 u BUU-undexmm n
(haxTOpOB prCKa HEOIATOMIPHUATHBIX HCXOIOB.

Marepuansl u Meroabl. MccnenoBanue nposo-
muock ¢ Mapta 2020 mo mexabps 2021 roga. [Ipoana-
JU3UPOBaHbI JaHHbIC 49 MalMEeHTOB TOCHUTAIU3HPO-
BaHHBIX B rocrutanu miist COVID-19 r. Anmatel, ume-
oux BUY  wuHbexnuio. [JuarHoz COVID-19
noareepxaanca [P tectupoBanueM maska U3 HOCO-
rII0TKH, auarno3 BUY undekiyn noareepixaancs kaxk
B [IP, Tak u B UDA Tectax. [IpoBeaen ananus pas-
JIMYHBIX ITapaMeTPOB, KOTOPbIE MOTJIM ObI BIUSTH HA
TEUCHHE U MCXOJ COYCTAaHHOM MHQEKINH, TAaKUX KaK
BO3pacT, rnoj, craausi BUY-undexim, cocTosHIS M-
MYHHUTETa, IPIMEHEHUE U NPHUBEPKEHHOCTU K aHTH-
perpoBupycHOi Tepamuu (APT) m TshkecTs TeueHHS
COVID-19.

Jns xapaktepuctuku Tedenuss BUY unbexnun
ONpeNeNIAINCh  IOKa3aTeNnd HMMYHHOTO — cTaTyca
(CD4+-mumpounTsr) u BupycHo#t Harpysku BUY. s
xapaktepuctuku TeueHuss COVID-19 BemonHsnace
KOMITBIOTEpHAs TOMOTpadusi OPraHoB IPYHON KIETKH
(KT OT'K).

Craructnyeckast 00paboTka MaTepHaa MpoBOAH-
nach B mporpamme IBM SPSS Statistics v28.0.0.0 ¢ BI-
YHUCIIEHUEM CpEIHEro MOoKa3aTelst B IPYyINIe M CTaH-
JapTHOW OMIMOKM CpPEIHETo, JOBEPUTEILHOTO WHTEp-
Basa. Jnst CpaBHEHUS JaHHBIX M3yYaeMBIX TPYIIT IPH
HOPMAaJIbHOM pacIpeAeiIeHuH MPON3BOANIOCH BBIUNC-
neane kputepus T CTploeHTa IS HECBSI3aHHBIX
rpymi (t-test) ¢ JaaTbHEHIITIM BBIYHCICHUEM JOCTUTHY-
Toro ypoBHs 3HauuMOocTH (p). Ilpu pacnpenenennu, ot-
JIUYHOM OT HOPMAaJIBHOTO, NMPUMEHSUINCh HElapaMeT-
pudeckue kputepun U ManHa-YuTtHu U kputepuit W
BunkokcoHa /i1t HertapHBIX BBIOOPOK C OIIpeeIeHIeM
BEJIMYHMHBI Z U TOCTUTHYTOTO YPOBHSI 3HAYMMOCTH ().

PesysbTaThl 1 X 00cysKIeHHe.

VY Bcex 49 nanmentoB BUY-undekuuns Obua mep-
BbIM 3a00JeBaHHEM, K KOTOPOH MpPHUCOEIUHMIACH
COVID-19.

B 1 rpymnmy wumcciemoBaHuss MBI BKMIOUMIH 13
YMEpPIINX MaIMeHTOB C coueTaHHOH nHpekimen (BITY
+ COVID-19).

Bo 2 rpynmy Bomu 36 BBI3IOPOBEBITUX W BBITH-
CaHHBIX U3 CTAI[MOHApa Ha aMOYJIaTOPHOE HAOII0IeHUE
MaMeHToB ¢ codertaHHoW wuHpekumerd (BUY +
COVID-19).
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Crax JDKB B 1 rpynne uccinenoBaHus COCTaBHI
6,8+20,91, Bo 2 rpynmne - 5,62+0,72 roxa. Paznuuue no
9TOMY IOKa3aTelto HeJocToBepHo (p=0,31).

Cpemamii Bo3pacT B 1 rpymrme uccieroBaHHs CO-
crasmn 40,948,71, Bo 2 rpymme - 40,0+10,24 rona. Paz-
Jmgue Takxke HepoctoBepHO (p=0,805)

B | rpynme moctoBepHO mpeobiiagain MyKINHBI
(84,6+10,42; p<0,001). JIOCTOBEPHBIX pA3NHUHI TIO

oy Mexxay 1 u 2 rpynnamu He BbISIBICHO (Kodddu-
nueHt [upcona 3,471, npu p=0,062, TouHslil KpHUTE-
puit @umepa 0,095).

JlaHHBIE pacnpeesiCHNs MAEHTOB 00eNX Py
o crerieHu Tspkectd COVID-19 npencraBneHs! B Tad-
qune 1.

Tabnuma 1
Pacnpenenenue nauneHToB ¢ couyeTaHHOW MH(peKueH o crenenu tshxectn COVID-19
IIPU NOCTYIUIEHUH B TOCIIUTAb.
2 rpynmna 1 rpynmna
Crenenp Tsoxkectn KBU n=36 n=13 p
n M+m, % n M+m, %
Jlerkas* 13 26,5+7,32 4 30,8+13,32 0,71
Cpennsis 24 49,0+8,44 5 38,5+14,04 0,39
Tsoxenas 12 24,5+7,03 4 30,8+13,32 0,57
Bcero 36 100 13 100

e DBBUTO MPUHATO pELICHUE O TOCIHUTANIU3AIUN BeeX 00JbHBIX ¢ couetaHHOi (COVID-19+BUY) undek-

uei

Crpykrypa u yactora KimHHYeckux nposiBieHmit COVID-19 y mamueHTOB ¢ codeTaHHOW WH(peKuuei

(COVID-19+BUWY) npencraBiens! B Tabmuie 2.

Tabmuma 2
CrpykTypa 1 9acToTa KinHHueckux nposisiexunit COVID-19.
2 rpynmna 1 rpynma
Crenens Tsxectn KBU n=36 n=13 p
n M=+m, % n M+m, %

Jluxopanka 31 86,1+5,85 9 69,2+13,32 0,25
VToMaseMocTh 28 77,8+7,03 11 84,6+10,42 0,59
ITneBMOHUS 24 66,7+7,97 9 69,2+13,32 0,87
Oppinika 13 36,1+£8,12 8 61,5£14,04 0,12
OPJIC 10 27,8+7,57 6 46,2+14,39 0,26
Hnapes 5 13,945,85 5 38,5+14,04 0,11
CepaeuHast HEIOCTATOYHOCTh 4 11,1+5,31 3 23,1+12,16 0,37
Aputmus 3 8,3+4,67 1 7,7+7,69 0,94
Bcero 36 100 13 100

Hannuue onmopryHucTudeckux nHpekuuit y nauuentos ¢ BUY undexuneii, 3adonesmmx COVID-19, He-
CKOJIBKO Yallle PerucTPUPOBAIOCh Y yMepuux (Tpymnma 1), oIHaKo pa3nndue He ObIJIO CTAaTUCTHYECKH JTOCTOBEp-

HBIM (Tabmuma 3)

Tabmuma 3
YacroTa OMMOPTYHUCTHYECKUX HHPeKmi y narmueHToB ¢ BUY nndexmueit, 3a6omesmmx COVID-19.
2 rpynna 1 rpynna
Crenens Tsoxectn KBU n=36 n=13 p
n M=m, % n M+m, %
TyGepkyes 1 2,8+2,78 2 15,4+10,42 0,25
ITHEeBMOIIUCTBI 1 2,8+2.78 1 7,7+7,69 0,55
Bceero 2 3

Teuernne COVID-19 nposiBisuiocs BapnabesbHO-
CTBIO MTOKa3aTeNel 1abopaToOpHBIX TECTOB, YTO B COYE-
TaHHUH C TOJTMMOP(U3MOM KIMHHUKH PECIUPATOPHON
HHPEKIMA 3aTPYAHSIO KIMHUYECKYIO JIHArHOCTHUKY
Havasa 3a00JeBaHusl.

370, MO HallleMy MHEHHIO, TpeOyeT pa3paboTKy U
BHEAPCHWE CTAHAAPTHBIX  ONPEACICHHN  Cliydast
COVID-19, uto o cux nop He caenano B Kazaxcrane.

Hanmmume cumMnroMaTHKu pecripaTopHOil MH(GEKIHH,
JOJDKHO TPAKTOBATHCS KaK MPEINOI0KHUTENbHBIA CIIy-
yaiit COVID-19.

OTCyTCTBHE [IOCTOBEPHBIX pAa3IHUUNl MEXIY
rpynmamu 1o COVID-19 Ha MOMEHT ycTaHOBJIECHUS
JMarHO3a ¥ TOCTINTAN3AIIH YKa3bIBAET, C OJHOM CTO-
POHBI Ha COTIOCTaBUMOCTH TPYTIIL, C IPYTOif — Ha TO 4TO
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HEOJIaronpHUsTHBIC TCUYCHUE M UCXO/BI COYCTAHHOM HH-
(hexiun 3aBucenu e ctoiapko oT COVID-19, ckonbko
ot BUY undekumn.

Amnanus pacrpenenenus ucxogos COVID-19 B 3a-
BUCUMOCTH OT cTtaanu BUY-nHpEKIH BBIABHI JOCTO-
BEpHOE YBEIMUYCHHE JICTAIHHOCTH IIPH 3apaKeHNUH BU-
pycom SARS CoV 2 B 4 cragun BUY-undexmm

(66,7+14,21%, Xwu-xkBagpar Ilupcona 17,212, npm
p<0,001).

Uzyuenue pacnpenencuus JIXKB B HaOmr0 1aeMbIx
TpyIIax B 3aBUCHMOCTH OT KoimdectBa CLI4+ mumdo-
LIUTOB ¥ BUPYCHOH HArpy3KW NpH YCTAHOBJICHUHU JHa-
rHo3a BUY-nHpeKInn 10CTOBEPHBIX Pa3InInii He BBI-
sieriio (p>0,05), 9TO TOBOPUT O COIIOCTaBUMOCTH HC-
CIIeAyeMBbIX TPyl (Tabmuma 4).

Tabmnuma 4
ITokazaTenu IMMYHHOT'O cTaTyca Ha MOMEHT ITOCTaHOBKH auarHoza BUY-undekuun
2 rpymnmna 1 rpymnmna B
[MTapamerpsr n=36 n=13 ManHa-Yurau U HITKOKCOHA 4 p
w
Me Me
CD4+, KIIeTOK/MKJI 299,0 406,0 196,0 287,0 -0,861 | 0,389
BH, xonuit/mn 8012,0 492567,0 140,0 770,0 -1,352 | 0,176

[Tpn m3y4yeHnn nokasarenaeld UMMyHUTETa HAa MOMEHT ucxona COVID-19 Obu10 BBISIBIEHO, T0CTOBEPHO 00-
nee HU3Kas BUpycHas Harpyska (BH) B rpynne BepkuBimux (p=0,006) (tabauua 5).

Tabmuma 5
[Toxa3zaTenn UMMYHHUTETa Y OONBHBIX COYETAHHON MH(EKIed Ha MoMeHT ucxoga COVID-19.
2 rpymnmna 1 rpynna
IMapamerpsr n=36 n=13 ManHa-Yurau U Buokcona z P
w
Me Me
CD4+, KneToK/MKI 325,0 83,0 57,0 78,0 -1,561 | 0,118
BH, xonmit/mn 50,0 105372,0 52,0 613,0 -2,731 | 0,006

AHanu3 IUHAMUKH TT0Ka3aTesneil IMMYHHOTO CTa-
Tyca B 3aBucumoctu oT ucxoga COVID-19, BeisBun
nmocroBepHoe cHkeHne C/14+ muMQOuToB B rpyme

ymepmux (rpymnma 1) Ha 247,0 knetok/mka (p=0,028).
JlaHHBIC IpeICTaBICHBI B TA0IHLE 6.

Tabmuua 6
[MTokazaTenn IMMYHHOTO cTatyca y 00JbHBIX ¢ coueTaHHOM nHpekiueln (COVID-19+BNY)
B 3aBHCHMOCTH OT UCXO/a
2 rpynna 1 rpynna Manna- Buuikok-
IMapameTpsI n=36 n=13 Vurau COHa z p
Me Me U w
CDA4+, k1eToK/MKII 24,0 -247,0 137,0 228,0 -2,197 0,028
BH, komuii/mi -6256,0 -3879,0 230,5 869,5 -0,079 0,937

IIpu m3ydenun npusepxeHHocTH K APT BbIsB-
neHo, 4to 9 u3 49 (18,4+5,59%) 60NbHBIX NPEKPaTHIN
APT, BclieicTBHE UX COIUAIBLHOM Jie3ajanTaiuu. AHa-
JIU3 paclpeesieHus NalueHTOB 110 UCX01aM B 3aBUCH-
MocTH OT mofrydeHusi APT BBISIBUII JOCTOBEpHOE YyBe-
mmaeHne BepkuBaemoctd npu COVID-19 y i, moiy-

APT (8,16+3,95), koappuuunent Iupcona 4,765 npu
p=0,028, Tounsiii kpurepuit @ummepa 0,043 (Tabnuia
7).

UyBCTBUTEIBHOCTD cocTaBmia 88,9%, creruduy-
HOCTh 38,5%, mporHOCTHYECKAas IEHHOCTh MOJIOXKHU-
TesbHOro pesynsrata — 80,0%, mporHocTuueckas LeH-

YaBIIUX AHTUPETPOBUPYCHYIO TEpamnuio  HOCTh OTPHULATENBHOTO pe3yibraTta — 55,6%. CHike-
(65,31+6,87%) 1o cCpaBHEHHIO C TEMH KTO HE MMOJy4al  HHUE aOCOIOTHOTO PHCKa COcTaBHIO 35,6%.
Tabmuma 7
Hcxoapt COVID-19 y 6ospHbIX coueranHoit ¢ BUY nHpeknuel, B 3aBUCHMOCTH OT NpuBepx)eHHocTr K APT
. «3o0n0T0M cTaHIapT» (MCTHHA)
Kpurepuii
Brokun Ywmep
D¢ dexTnBHOCTS TEpaIUU TIOA-
it Me- ITpu nomy4ennoit APT, npousoren
Uccnenyemblit Mme TBEPIKICHA BEKMBAaHUEM (HC- cnfe TenZHmﬁ Hexon (J;onleo oo
TOA — 3 dexTHB- [Momyyan | THHHO-TIONOXXUTEIBHBIN pe3yIib- p .
HOCTb aHTUPETPOBU- Tar) JKUTEIBHBIA PEe3yIbTaT)
pyCHOI Tepanuu a= 32 b=8
He nonyuuBiuii Tepanuu nauu- CMepTenbHBIA UCXO[ Y HE MOy~
He mosry- | eHT BBDKWII (JIOKHO-OTPHIATEIh- gapmx APT (uctuHHO-OTpHIIA-
qan HBII pe3yJIbTaT) TEJILHBIA Pe3yIbTaT)
c=4 d=5
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Amnanu3 TMHaAMUKH U3MeHeHus kojmdectBa CJ(4+
TUM(OIUTOB B meprdeprUueCKOi KPOBH Y MAIUCHTOB C
coueranHoil mHpeknueit (COVID-19+BUY) BbisBHI

JOCTOBEPHOE CHIDKCHHE B TPYIIE HE IMMOJYYaBIIMX
APT (p=0,003) (Tabnuua 8).

Tabmuma 8

[oxazaTenst UMMYHHOTO CTaTyca y HanueHToB ¢ coueTanHoi nHpekmueit (COVID-19+BNY) B 3aBUCUMOCTH OT
NpUBEpPKEHHOCTH K APT

He nonyuyan | Ilomywan BIIKOKCOHA
IMapamerpsr n=9 n=40 ManHa-Yurau U HUTKOKCOM z P
w
Me Me
CD4+, KIIeTOK/MKII -250,0 24,0 70,0 115,0 -2840 | 0,003
BH, xonwmii/mn 8486,0 -7456,0 116,5 936,5 -1,640 | 0,102

3akiouenne.

ITo mepe passutus nangemun COVID-19 Gyzner
3aKOHOMEPHO HapacTaTh KOJUYECTBO MAllUEHTOB C CO-
yeranHoi ¢ BUY undeknueit, uro TpeOyeT n3ydeHus
0COOCHHOCTE! TEUEHUS, TSKECTH U UCXOJ0B COUETaH-
HOM MH(QEKIMH, C LETbI0 BBIPA0OTKH ONTUMAaJIbHBIX
MOJAXOJI0B K AUATHOCTHKE, JICYEHUIO U BEICHHUIO TAKHX
MalHEHTOB.

Kpurndyeckn Ba)KHON SBISETCS PaHHsS IHATHO-
ctuka COVID-19 y nmarmmenToB ¢ BUY undekiueii.

OnTUManbHeIM ABISAETCA FOCHUTANIM3ALNS Maly-
eHtoB ¢ couetanHoil (COVID-19 + BUY) uadexuneii.

He6naronpusitasie ucxoasr COVID-19 y i,
)uBymmx ¢ BUY-unbekuueit, 3aBUCAT OT BEICOKO BH-
pycHoii Harpy3ku BUY, cumxenus CD4+ numdorm-
TOB B IepH(eprUUECKOil KPOBH, YTO B CBOIO OUEpPEb 3a-
BHCHT OT 0TKa3a OT aHTHUPETPOBUPYCHOH Tepamnuu.
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Abstract

Ultrasound in the Emergency department (ED) has long been recognized as a powerful complementary tool
for diagnostics of the emergency abdominal and / or pleural cavities diseases, and in 90% of cases it is the basic
method of the patient examining. The article presents the results of epidemiological research of 1000 Emergency
ultrasonography (EUS) in the ED of the multidisciplinary hospital.

Results. The main groups of patients who underwent urgent sonography were persons with a previous diag-
nosis of 1) acute pancreatitis (25.5%), 2) blunt and stab wound of the abdominal cavity and extraperitoneal space
(24.4%), 3) acute appendicitis (16, 9%), and 4) acute cholecystitis (12.7%).

The main task of EUS in the ED is a visualization of pneumo- and / or hemothorax, free fluid in the abdominal
cavity, including - between the loops of the intestine, in the omental sac, pelvis, as well as intestinal peristalsis,
the degree of it expansion, visualization the nephrolithiasis or ovarian diseases, including apoplexy and cysts.
Unsatisfied results of the US due to the large number of artifacts was recorded in 4.6%.

Conclusions. Urgent sonography at the early hospital stage is one of the main additional diagnostic methods
at the stage of the emergency department of the hospital. This article will useful for sonographers, emergency
physicians, surgeons as well as public health managers.

AHoTanis

V3]l y Biamginenni HeBinknaaHoi qomomoru (EJl) maBHO BH3HAHO MOTY)KHUM JOTIOMiXXHUM 3aCO00M JIIs TTia-
THOCTHMKH HEBIIKJIaTHUX 3aXBOPIOBAHB YePEBHOI Ta/ab0 MmiIeBpaibHOI HOPOKHUHY, a B 90% BUMAIKiB € OCHOBHUM
METOJIOM OOCTEKEHHS MAaI€HTIB. Y CTaTTi HaBEIEHO Pe3yNbTaTH emiemionorianoro aocmimxeras 1000 Excr-
pernHoro Y3/1 (EVY3I) 8 O/l 6araronpodinbHoi iKapHi.
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PesynpraTn. OCHOBHUMHM IpyIiaMy NALEHTIB, IKMM OYyJI0 IPOBEICHO HEBIAKIIAAHY COHOrpadito, Oyiau ocodou
3 monepeaHiM aiaro3oM: 1) rocrpuii mankpearur (25,5%), 2) Tyna Ta K0J0Ta paHa YepeBHOI MOPOKHUHH Ta T10-
3a04yepeBHHHOTO npocTopy (24,4%), 3) roctpuit anenauuur (16, 9%) i 4) roctpuii xoneunctut (12,7%).

OcuounMm 3aBpanasM EY3 B EJI € Bi3yanizamist THEBMO- Ta/ab0 TeMOTOPAKCY, BUTBHOI PiJHA B YepeBHIN
MOPOXXHHHI, Y TOMY YHCIIi — MK IETISIMHU KUIIKH, B CAIbHUKOBIA CyMIIi, MAJIOMY Ta3y, & TaK0OXK ITEPUCTAIBTHKI
KAIIEYHHKA, CTYTIeHs HOTOo pPO3MIMpEeHHS, Bidyamizamis HedpomiTiazy abo 3aXBOpIOBaHb S€YHUKIB, BKIIOYAIOUN
amnoruiekcito Ta kictu. HesanososneHi pesynsratu CIIIA depe3 BenmKy KinbKicTh apTedakTis 3adikcoBano y 4,6%.

BucHoBku. Yprentaa V3]l Ha paHHROMY TOCITITAIFHOMY €Talli € OJHIM 3 OCHOBHUX JOAATKOBUX METOIIIB
JIarHOCTUKY HA €Tali HeBiAKIaaHO1 JormoMord JiikapHi. Ls ctarts Oyne kopucHa it coHorpadis, JTikapiB HEBiA-
KJIaJHOT IOIIOMOTH, XIpYypriB, a TAKOK KEPIBHUKIB TPOMAJICHKOTO 3/I0POB’S.

Keywords: emergency medical care, Emergency department, Emergency ultrasonography, epidemiology.

Kuio4oBi cjioBa: HeBiIKIIagHA MEAMYHA JOTIOMOTa, BiAIIEHHS HEB1IKIIaHOT TOIOMOTH, HeBinkIagHa Y3/1,

eI eMIOoIoris.

Beryn. YaptpasBykoBe mocmimxens (Y3[) y
BIJIIJICHHI HEBIOKITATHOI IOMOMOTH (TpUIMaIbHUX
BiJIIJICHHSX) B’)KE JABHO BU3HAHO TIOTYXHHUM JIOJJATKO-
BUM IHCTPYMEHTOM JUISl JiarHOCTYBaHHSA TOCTPHX 3a-
XBOPIOBAaHHAX OPraHiB YepeBHOI Ta/abo0 IeBpasbHOI
MOPOXXHHH, 1 B 90% BHIaIKiB € 0a30BUM METOIOM 00-
CTeXEHHsI nanieHTa. B HaBeneHild poOOTI MK MOHATTAM
yprentHoi conorpadii (YC) npencrasieHo winecnps-
MOBaHe YJIbTPa3ByKOBE JOCIIXKSHHS JUIsl PO3B’ sI3aHHS
KOHKPETHHX 3aB/IaHb, SIKi BUPIIIYIOTh HA pAHHBOMY I'O-
CHITaJILHOMY €Talli IpU FOCTPHX 3aXBOPIOBAHHAX 200
TpaBMax. BiamoBigHo pekoMeHaIisiM AMEepHUKaHCEKOT
KOJIETii JTiKapiB €KCTPEHOI MEINIHOI JOMTOMOTH ITTOKa-
3aMH IS IIPOBEJCHHS yPreHTHOI coHorpadii BU3HAHO:
a) TpaBMy, 0) BariTHICTh, B) 3aXBOPBaHHSA cepIsd (€XO0-
Kapuiorpadis), r) XBOpoOH KOBYHOBUBITHUAX HUIAXIB,
1) XBOpOOH CEHYOBHBIHUX HIIAXIB, €) TPOMO03 rinbo-
KUX BEH KIHLIIBOK, €) 3aXBOPIOBaHHS M’ SIKMX TKaHUH Ta
M’sI30BO-CKEJICTHOI CHCTEMHM, ) MATOJIOTIYHI CTaHH
OpTraHiB IIEBpaIbHOT OPOKHUHH, TAKOK COHOrpadiy-
Hut FAST-mpoToKOn BKIIOYEHO 10 KEpiBHULTBA
«Advanced Trauma Life Support» [1,2,3,4,5].

B VYkpaini HagaHHS MEIUYHOI JOTIOMOTH TIaIli€H-
TaM i3 HEBIOKIATHUMH XipYpTiYHUMH 3aXBOPIOBaH-
HSMU OpraHiB YEpeBHOI NMOPOXHUHM pEalli3yloTh, y
TOMY YHCIIi, 3TITHO CTAaHIAPTIB Ta KIIHIYHUX IPOTOKO-
miB, 3aTtBepkeHnX Hakazom MiHicTepcTBa OXOpOHHU
3mopoB’st Yikpainu Ne 297 Bin 2 xBiTaa 2010 p. [6]. Bin-
MOBIZIHO HaBeJleHOMY JIOKyMeHTY Y3/l opraHiB uepes-
HOI TMOPOXHHWHU BHKOHYIOTH MAlliEHTaM i3 TOCTPUMHU
3anajbHUMH 3aXBOPIOBAHSIMH, a CaMe T'OCTPUM alleH-
JUILUTOM, TOCTPHM XOJICHIUCTUTOM, TOCTPUM IaHKpea-
THUTOM, 5IKi 00’ €JHAHHI MMOHATTSAM «TOCTPHU JKUBITY, a
TAKOX MAII€HTaM 3 KJIIHIYHUMH O3HAKHMU TOCTPOI He-
MPOXITHOCTI KUMIOK, IIPH MiI03pi Ha IEPUTOHIT, HaIlie-
HTaM 3 TOCTPOIO IIUTYHKOBO-KHIIKOBOIO KPOBOTEYEIO,
UPPO30M IIEUiHKH, TIPH 3ameMIeHUX Ktax Y3/1.

MeTo10 NpeCcTaBIeHOrO IOCIiKEHHs 0YyiI0 BH-
3HAUCHHs emijeMioyiorii ypreHTHuX coHorpadii Ha
PaHHBOMY TOCHITaJIHHOMY €Tami B GaraTonpodinbHii
JIKapHi.

Marepiaxa Ta meroau aociaigxkenHnst. [IposeieHo
perpocniekTHBHAN aHai3 YC Ha paHHbOMY TOCIIiTaNIb-
HOMY eTalli MarieHTaM 3 a) TOCTPHUMH 3aXBOPIOBaH-
HSIMH OPTaHiB YepeBHOI MOPOXKHUHH, 0) TpaBMaMH, B)
3aXBOPIOBaHHSIMHM a00 TpaBMaMHM OPTaHiB IIEBPaJIbHOL
NOPOXXHUH B npuiiManbHoMy Bignineni KHIT “Kuis-
ChKa KIIIHIYHA JIKapHS OIMIKOT MEAMYHOT JOITOMOTH .

TadopmaniiiHoro 6azoro 6yB XKypHanmy ypreHTHHX yilb-
TPa3BYKOBUX JOCIHIKeHb 3a nepion 3 03.10. 2020 p mo
24.01.2021 p.

AHini3oBaHO pesynsTatu obctekeHHs 1000 ocib,
3 HUX 543 (54,3%) xiHok Ta 457 (45,7%) donoBiKiB,
BikoM Bix 18 mo 88 pokis., sskum mpoBommwiu Y3/l Ha
amapati GE Versana Essential, KOHBEKCHUM JTaTYUKOM
S Mru. Ha paHHbOMY TOCIITaIbHOMY CTalli.

Po3nonin namieHTiB rpynu JOCIIKEHHS 32 BIKOM
MIPOBEJCHO BiANOBIAHO Kiacudikauii BeecBiTHROI Op-
raHizanii OXopoHH 310pOB’s, a came Bik 25-44 pp - Mo-
nmomuii., 45-60 pp. - cepenHiit, 61-75 pp. - moxunuii, 76-
90 pp. — crapeuwuii [7].

B po6oti 3aCcTOCOBaHO MEIMKO-CTATUCTHIHI Me-
TOJM AOCTIJDKEHHS, 30KpeMa METO/IN 3BEJICHHS Ta Ipy-
myBaHHA. CTaTHCTHYHY OOpOOKY AaHHX NPOBEICHO B
nakeri “Statistica 14”.

Pe3yabTaTi Ta ix o6roBopenns. B rpyni nocii-
JDKEHHS! yPreHTHY coHorpadiro marjieHTam 3 mnorepes-
HIM giarHo3oM [ocmputi naukpeamum OyJa0 TpoOBe-
neHo 255 (25,5%) ocobawm, 3 Hux 131 (51,4%) 4onosi-
kam Ta 124 (48,6%) xinkam. B mpezncrasneniii rpymi
TanieHTiB BikoM 25-44 poku Oyno 98 (38,4 %), y Tomy
gucni 64 donomika Ta 34 xiHku, 45-60 p.p. - 63
(24,5%), 3 HUX 37 YONOBIKIB Ta 24 XKIHKH, MAIlI€HTIB
crapuie Hix 60 pokis Oyno 67 (25,4 %), 3 Hux 15 4o-
JIOBIKIB Ta 48 KIHOK.

CepenHiit yac 10 MpoBEIECHHS 00CTEKEHHS 3 MO-
MEHTY JoCTaBkM Opuranoro Excrpenoi meanvnoi mo-
rmoMoru craHoBuB 88,7 + 30,96 xB.

3a pesynbraTtamu obcrexenHs: y 23 (9,42%) na-
LIEHTIB ypreHTHe coHorpadidne HOCIHiIKeHHs OyIo
MaJIoiHpOpPMaTHBHUM Yepe3 METEOPU3M OpTraHiB ILIy-
HKOBO-KHIIIKOBOTO TpakTy, y 3 (1,22 %) — yapTpasBy-
KOBI O3HaKM TOCTPOTO IAHKPEATUTy HE BHSBIIECHO,
O3HAKH 20Cmpo20 nankpeamumy B TOEJHAHHI 3 O3Ha-
KaMH JKOBYHO-KaM’ SIHOI XBOpOOHW Bi3yaii3oBaHO y 5
(2,05%), >xupoBOro remaTo3y IEYiHKH, XPOHIYHOTO
TIaHKpeaTHTy B cTaiil 3aroctpenns —y 2 (0,8%), kictu
TOJIOBKH M IITYHKOBOT 3aJ1031 BUSIBJIEHO Yy | marfieHra.

3 MeTor0 TpoBeNeHHA AU(DEpeHIifHOI TiarHoC-
THKY 20CMpO20 NAHKpeamunty 3 IHIIMMH 3aXBOPIOBaH-
HsMHU 00CTEXKEHO 3 MAIliEHTIB, 3 HUX 3 a) mepdopallieto
MTOPOKHUCTOTO OpraHy - 1, 6) cmaiikoBoro XBopobOoro
OpraHiB YepeBHOI MOPOKHUHH — 1, B) 3 TIBOOIYHOIO HU-
PKOBOKO KOJIIKOIO - 1.

[MarmieHTam 3 OMEPEHIM AiarHO30M 20CmpUil X0-
neyucmum YC nposenero 127 (12,7%) ocobam - 45
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(35,4%) uonosikam, 82 (64,6%) xinui [Tpn npoBexeni
JIOCJIIJPKEHHS BU3HAYAIM HU3KY O3HAK - HAsIBHICTH KOH-
KPEMEHTIB B JKOBUHOMY MiXypi Ta >KOBYHOBHBIJHHX
NUIXaxX, O3HAKW OimiapHOI rimepTeHsii, XolecTepiHo-
BOTO CJIaJXy, IOTOBIICHHS CTiHKU JKOBYHOTO MiXypa,
PO3LIMPEHHSA KOBYHHMX IIPOTOKIB Ta MOTOBIIEHHSA iX
CTIHOK, HasIBHICTh KiCTO3HUX 3MiH, BUTbHOI PiINHH Ha-
BKOJIO MiXypa, IO3UTHBHOTO COHOTPaidHOTO CHMII-
Tomy Mepi.

3a pe3yabTaTaMu JIOCTIJDKEHb YJIBTPa3BYKOBI
03HAKH 20Ccmpo2o Xoleyucmumy BUBIeHO y 119 oci0,
3 HUX y 76 (63,1%) xiHok Ta 44 (36,9 %) - 40JIOBIKIB.
HanieHTH MOJIOAOTO BiKy Oyno 28 (23,5 %) oci0, 3 HuX
14 gomnoBikiB Ta 14 xiHOK, BikoM 45-60 pokiB — 29
(23,3%) oci0, 3 Hux 11 JonoBikiB Ta 18 *KiHOK, 1 Hali-
YHCETBHIITY TPYITy CKJIaIH 0COOH BikoM moHaxn 61 po-
KiB — 62 (51,3 %), y T.4. 19 JomnoBikiB Ta 43 *KiHOK.

3a pesyibpTaTaMu OOCTEKEHHS y 5 MAli€HTIB BH-
SIBIICHO O3HAKH XPOHIYHOTO TeTAaTUTY, y 2 - TeraToJie-
HaJIbHOTO CHHAPOMY, IUPO3Y IEHiHKH.

VY 17 (13,7%) naiieHTiB AOCTABICHHUX 3 TPUBOLY
20cmpo2o xoneyucmuniy pe3ynbTaTH YPreHTHOI COHO-
rpadii Oynu ManoiHpOpMaTUBHUM Yepe3 3HaAYHUN Me-
TEOpU3M KHIIKiBHUKa, y iHmmX 3 (2,4%) - coHo-
rpadBYHHUX O3HAK TOCTPOTO XOJICHUCTHTY HE BHSIB-
JIeHO.

VY 40 (32,2%) - Bi3yami3oBaHO O3HAKH YKOBYHO-
KaM’sSIHOi XBOPOOH, TOCTPOT0 KaIbKyJIbO3HOTO XOJICIIH-
CTHTY, 3 HAX y | BUSBIIEHO IepHUBE3iKaIbHUH abcrecc,
y 3 (2,4%) - xonectepuHoBHii ciamk. O3Haku 0e3-
KaM’sSTHOTO XOJICIUCTHUTY BizyaiizoBaHo y 5 ( 4,03%)
MALi€HTIB.

VY 11 (8.06%) martieHTiB npoBoauIN audepeHiiia-
JBbHY JIarHOCTHKY MEXaHi4YHOI Ta MapeHXiMaTo3Hol
JKOBTSIHUIII, 3 HUX Y 4 BHSIBJIIGHO O3HaKH OiyiapHoi Ti-
nepTeHsii.

CepeJ 1OCTaBIEHHX 3 IPUBOJY 20CHIPO20 X0eyU-
cmumy Y3 CyImyTHI 03HAKH XPOHIYHOTO MaHKPEATHTy
Bizyaii3oBaHo y 8 (6,3%), rocTporo naHkpearury -y 3
(2,4%), xponiunoro remaruty — y 2 (1,6%), xpoHiu-
Horo xoxenuctury —y 7 (5,6%), mikponedpodiriazy —
y 1 (0,8%), xictn mpaBoi Hupku —y 1 (0,8%).

V 5 nariienTis, 3 HUX 4 4OJIOBIKIB Ta 1 *KIHKH, Bi-
koM 41 — 65 pokiB, mpu 0OCTEkKEH]I BUSBICHO O3HAKH
renaruTy, HMpo3y NeYiHKH, IenarociuieHoMeralii, po-
3IIUPEHHS X0JICZ0Xa, HASIBHOCTI BIJIbHOT PIIUHH B KH-
reHi MopicoHa Ta MopoXXHUHI Maioro tasy [8].

Cepenniii yac 1o mposeaeuus Y C marieHtam 3 mo-
HepeHIM J1arH030M 20Cmputl X0ieyucmum BiJi MOMe-
HTY HAaJXO/DKCHHS OO 3aKJIaly OXOPOHH 3/10pOB’s
ckianas 76,7 = 35,5 xa.

[pu nino3pi Ha cocmpuii anenOuyum YpreHTHY
coHorpadiro BukoHaHO 169 (79,9%) nmamienTam, 3 HUX
135 (79,8%) xinkam Ta 34 (20,2%) yonoBikam.

JudepennuianbHy 1iarHOCTUKY TOCTPOTO alleH M-
IUTY 3 iHIIMMH TOCTPHMH 3aXBOPIOBAHHSIMH OpPTaHiB
YepeBHOI MOPOKHUHM Ta M03aYEPEBHHOIO MPOCTOPY
npoBeneHo 55 (32,7%) matienTam, y Tomy uucai 13 go-
JIOBiKaM, y SIKHX COHOTpadiro CpsMOBYBaIH Ha Tude-
PeHILIHHY MIarHOCTUKY 3 MPaBOOIYHOI0 HUPKOBOIO KO-
aikoro - y 8 (61,5%), rocTpuM HaHKpEeaTHTOM - y 2,
nepQopali€ro MOPOKHNUCTOTO OpraHy - y 1, KHIIKOBOIO
KoJlikoto — y 1, craiikoBoto xBopoboro — y 1. B rpymi

KIHOK, siKa ckirananach 3 42 (24,8%) mauienris, aude-
pEHLIabHY A1arHOCTUKY 3 MPaBOOIYHIO HUPKOBOIO KO-
Jtikoto mpooanim — 18 (42,8%), anoruiexciero sseuHuKa
— 6, PO3PHBOM KICTH S€9HHKA — 12, TOCTpUM HaHKpea-
TUTOM — 3, IEPEKPYTOM KiCTH S€9HUKA — |, CITAHKOBOIO
xBOpoOorto - 1, xBopoboro KpoHa B crazii 3aroctpeHHs
-1

B nponoBx nepuioi roivHy 3 MOMEHTY TOCTaBKU
TIAII€HTIB B 3 IOMEPEAHIM 11arHO30M TOCTPHIA arleHIn-
T OpUragaMu eKCTpeHOi MEANYHOT TOTTIOMOTH YPreH-
THY coHorpadiro BukoHore 114 (67,5%) ocobam, B nie-
puri 30 xB - 46 (27,2%).

[Tpn mino3pi Ha rocTpe reHiKOJIOTiYHE 3aXBOPIO-
BaHHS mpancaboominarery YC manoeo mazy 3Miiic-
HeHo 20 xiHkaM, 3 HuX 18 Oymu y Bimi 18-37 pokiB Ta
2 — y Bimi 65 Ta 68 poKiB.

JleB’ATHOM MaIli€eHTKaM MOJIOJIOTO BiKy YPTeHTHY
coHOTpa(iro MPOBEAEHO BIPOAOBX rmepmux 30 XBU-
JIH, PEITi - BIPOAOBXK IEPIIoi TOAWHH TepeOyBaHHSA
B JiKapHi. 3a pe3yibTaTaMid OOCTEXCHHS BUIBHY pi-
JIMHY Bi3yaJi30BaHO y 8, KICTY sl€4HUKa - Y 2.

VY 2 manieHToK BikoM 65 poKiB Ta 68 poKiB, y SKHX
Ha paHHBOMY TOCHITAIBHOY eTami OyJo BUSBICHO
O3HaKaMH BUIbHOI PIAMHY YEPEBHIH MOPOKHUHI MicCIs
PO3LIMPEHOr0 BUKOPHUCTAHHS 1HIIHMX JOJATKOBUX Me-
TOMiB 0OCTEKEHHSI KOHCTaTOBAaHO O3HAaKU Cr sieuHUKa,
y iamoi - Cr IHUHKA MaTKH.

pu mpasmi Y C 3xiticaroBany Bigmosigao FAST-
npoTokoiry. JlocmimkeHHs: mpoBeneHo 244 TpaBMOBa-
HUM ocobaMm, 3 Hux 167 (68,4%) gomoBikam Ta 77
(31,7%) xinka. Ilpu 3akpuTHX TpaBMax IPOBEICHO
233 oOcTexeHHs1, Npy BiAKpUTHX - 11, 3 HUX 6 ocTpa-
MKITATUM 3 KOJIOTO-Pi3aHUMH ITIOPAaHEHHSIMH Ta 5 — 3 Ky-
neBuMH. [TOKa3HUKK FeMOJMHAMUKHU Y BCiX MAI[IEHTIB
Ha MOMEHT MOCTYIUICHHS 3HaXOJUJIKCh B MeXax HO-
PMH, 1[0 0OYMOBIIIOBAJIO POBEACHHS AOCIIIKSHHSI.

3a pesynbTaTaMu JOCHIJKCHHS BH3HAYaId a)
FAST-neratuanit 'y 188 (77,05%) mnamienris, 0)
FAST-nosutuBuuii - 29 (11,9 %), B) FAST- cymHis-
uuit - 27 (11,2%). I[TneBMoTOpaKce Bizyasi3oBaHO y 5
MIAIE€HTIB, TiApOTOpaKkc — y 12, rizpomHeBMOTapaKkc —
y 2, migmkipHy eMpizeMy IpHu 3aKpUTii TpaBMi Ipy/I-
HOI KJIITKH - y 2, TeMaToMy HUPKH — Yy 1, migKancyibHy
reMaToMy CeJIe3iHKH — Y 2 TPaBMOBaHHX.

VYpreutHy conorpadio BIPOJOBXK MEpIIOl ro-
JIMHYU 3 MOMEHTY HaJXOKEHHs 10 TIPUHMaIIbHOTO Bijl-
JinenHs nposeaeHo 148 (60,9%) TpaBMOBaHMM, 3 HUX
36 (24,3%) — BripooB:K mepiux 30 XBUIHH.

3 TpUBOAY 2oCcmpoi KuwKo8oi HenpoxioHocmi
yIbTPa3BYKOBE JOCIiKeHHs BUKoHaHe 47 (4,7%) na-
LieHTaM, 3 HUX 16 vosoBikam Ta 31 xiHni. Xipypriuai
orepanii Ha opraHax 4epeBHOI MOPOKHUHU B aHAMHE31
OyJio KOHCTaTOBaHO y 2 3 HUX. [Ipn nocumimkeHi omi-
HIOBAJIMCS J[IaMeTP TOHKOI Ta TOBCTOI KHIIKH, KiJb-
KICTh PIMHM B TPOCBiTi TOHKOI KHIIKH, TOTOBIICHHS
Ta €XOCTPYKTYPY KHILIKOBOT CTIHKH, MOTOPHY aKTHBHO-
CTi, HasIBHICTP BiJIBHOI PiIMHN B YEPEBHIA MOPOKHUHI.
VY Jroze#t MTHROTO BiKy 30CepeKyBAIUCH HAa BUSBIICHI
O3HAaK HOBOYTBOPEHb Y MPOCBITi a00 CTiHII KUIIKH, a
caMe CTOBIIEHHI KHMIIKOBOT CTiHkM moHaj 0,4 cM, mo-
pylIeHHs ii momapoBoro audepeHIiloBaHHS B Micili
ypasKeHHs, HEPIBHOCTI, TOPOUCTOCTI ypaskeHoi Aijs-
HKH.
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[Tonan noIOBMHY BCiX YpreHTHUX cOHOrpadiii ma-
IIEHTaM 3 03HAKaMH TOCTPOI KHIITKOBOT HEITPOXiTHOCTI
BUKOHaHE oco0aM JiTHROro BiKy (61-90 pokiB) — 24
(51,06%), 3 Hux 18 xiHkaM, 6 JoJIOBikaM. Y TMaIli€HTIB
HaBeJCHOI TpynH OyJio Bi3yai30BaHO O3HAKU iHIIMX
MATOJIOTIYHUX 3MiH, a caMe CTeaTorenaro3y, XpoHid-
HOTO XOJICIUCTUTY, XPOHIYHOTO TTaHKpeaTuTy. Y 3 ma-
II€HTIB KOCTATOBAHO 3HAYHWII ITHEBMATO3 KHIIKIB-
HUKa, Y 4 — HasABHICTh BUTBHOT PiIMHA B YEPEBHIiH 1O-
POXHHHI Ta TOPOXKHKHI MaJIoTo Ta3y, y 1 — aHeBpu3Ma
YEepPEBHOT'O BIJIILTY OPTH.

BripooBx mepiioi roIuHE MICHA HaIXOIKCHHS
JI0 IPUAMATBHOTO BiIIUICHHS COHOTPadito MPOBEICHO
20 (54,05%) marientam.

[Ipu mimo3pi Ha neppopayiro noposchucmozo op-
eamny, K TOMaTKOBHUH MeToJ1 oOcTexkeHHs, Y C peaiizo-
BaHO 28 (2,8%) mamienTam, 3 HuX 20 4oJioBiKaM, 8 xi-
HKaM, BikoM Bif 22 10 82 pokiB. JlocmiKeHHs 30cepe-
JUKYBalld Ha Bisyaiizallii rasy Ta BUIbHOI piWHH B
YepeBHiH MOPOKHUHI, TOTOBIICHHI Ta 3MEHIIIEHH] €X0-
TeHHOCTI CTIHKM OpraHy B AUISHI BUPa3KOBOTO nede-
KTy, IEpEPBaHHs 30BHINIHEOTO KOHTYPY.

3a BIKOBOIO O03HAKOI HAaHYMCENBHIIY TpyIy
CKJIJIN TAIlieHTH BikoM 25- 44 pokiB — 12 (42,8%), 3
Hux 10 4osoBikis, 2 xinok. Y 3 (10,7%) ocib HaBene-
HOT IPYIIH BUSBIIEHO O3HAKH HAsIBHOCTI BIJIBHOI PiIHHU
B YepeBHIN MOPOXHUHI, y 1 — 03HaKku nepdoparii mo-
POXXHHUCTOTO opraHy. B rpymi mamieHTiB Bikom 45-60
pokiB Oymo 8 (28,6%) ocib - 7 donoBikiB, 1 iHKa; Bi-
KoM 61-75 pokiB - 5 (17,8%), y sskux OyIno Bizyauizo-
BaHO KHPOBOH T'enaTo3 MediHKH, KiCTY HUPKH, TacTpo-
JyOoJIeHOCTa3, KOHKPEMEHT >KoBYHOro mixypa. Cepen
ocib BikoM 80 pokiB Oyio 2 marfieHTiB Ta | marfiexr Bi-
KOM 22 pOKH.

3a pe3ynbTaTaMu OOCTEIKEHHS BUIbHY PIIMHY B
4YepeBHiil MopokHUHI BizyaiizoBaHo y 9 (32,1%) naui-
eHriB, y 4 (14,2%) orasn Oyjio yCKIaJHEHO Yepe3
O3HAKH ITHEBMATH3AIIi.

Brponox mepmioi TOAWHA OOCTEXKECHHS HPOBE-
JIEHO %5 TAII€HTIB.

3 mimBpor0 Ha ecocmpy HUPKOSY KOJIKYy Ha paH-
HBOMY TOCIITaJIEHOMY eTami mociimkero 22 (2,3%)
MaLi€HTIB, 3 HUX 9 YOJIOBIKIB, 13 JKIHOK.

B rpymni namienTis BikoMm 110 25 pokiB 0yiio 8 oci0,
a caMe 5 XIHOK Ta 2 yosoBika. Y 6 (66,7%) naiieHTis
HABEJICHOI IPYNHU BUSBICHO Y3 03HAKH TiApoHedpo3y,
30inbIIeHHs Y3 po3MipiB HUPOK Ta iX nudy3Hi 3MiHH,
03HaKK HedposiTasy. Y 2 Mali€HTIB €X03MIHH B HHp-
Kax Ta CEYOBHUBIIHUX HUISIXaX OYJIM BiJICYTHI.

HajtuncensHinry rpymy 3a BIKOBOIO 03HAKOIO
Oysm ocodu BikoM 26 - 44 pokiB - 8 mawieHTIB, 3 HUX 5
JKIHOK Ta 3 4OJIOBIKiB, Y 7 3 HUX OYJIO BUSIBJICHO ITI€IIO-
€KTa3i10, MiKpOHE(POJIiTia3, eXONO3UTHBHI YTBOPEHHS
B HUpKax. [')pyna 45 - 60 pokiB ckiaganacek 3 3 marjieH-
TiB - 2 4OJIOBIiKiB, | — )IHKH, Y IKHX HasIBHOCTI €XOIIO-
3UTHBHUX YTBOPEHb HE BizyasizoBaHo. Cepen marjieH-
TiB 61-75 pokiB Oy7o ormsaHyTO 2 — 1 HonoBika Ta 1 xi-
HKY, y SKHX BHSBJIEHO O3HAKH CEYOKaM sTHOI XBOpOOH,
30ipIIeHHS Ta TU(Y3HI 3MIHN B HAPKaX.

3 nonepenHiM diacHo30m OugepmiKyiim mogcmoi

Kuwiky Ha oOcTexxeHHs Oyio HarpasieHo 7 (0,7%) na-
II€HTIB, 3 YOJIOBIKIB Ta 4 xiHOK. [Ipu oOcTexeHHi 30-
CepePKyalrCh Ha BUSBIICHI O3HAKHU TUBEPTHKYIITY: 1)

JU(y3HOTO TIMOEXOr€HOro ITOTOBILEHHS CTIHKH KH-
LIKH, 2) TiIepexoreHHol CTPYKTYpy HAaBKOJIO KUPOBOT
KIIITKOBHHH, 3) Bi3yali3allii TUBEPTIKYJIiB i3 30HOKO 3a-
najieHHs1, 4) 03Haku abcIiecy YepeBHOT MOPOKHUHU [9].

Cepen 00CTeKEHHX 3 IPUBOY JTUBETHUKYIITY ITa-
LIE€HTIB MOJIOJIOTO BiKy Oyio 4, cepeanporo — 3. Bopo-
JIOBX TIEPIIOl TOXWHHN 3 MOMEHTY MOCTYIUICHHS HOCITi-
JOKCHHS TIPOBEIICHO S5 marienTaM. B HaBeneHi rpyti y 2
TAIEHTIB OTJA OyB ManoiH(GOpMaTHBHUHN Yepe3 3Ha-
YHUU METEOPU3M.

[Tpn mocTyruieHHI XBOPUX 3 MiO3POIO HA ULTVH-
KOBO-KUWKOBY Kpogomeyuy Y3 IOCHIJDKEHHS MpPOBe-
nene 16 (1,6%) mamientam, 3 HUX 7 40JOBiKaM, BIKOM
79,4+11,7 pokiB Ta 9 *KiHOK BikoM 65,6+14,2 pokiB.

I'pyny mamienTiB 25-44 poku ckiamamd 2 KiHKH,
y 1 3 HUX BHSBIJICHO O3HAKU BiJIBHOI PITUHU MIXKIIETa-
JISHO Ta i JIIBUM KyIOJIOM nadparMu.

Haitaucensimoro Oyiio rpyma narieHTiB BikoM 61-
75 pokiB — 6, y ckiazi 3 4oJI0BIKiB Ta 3 *kiHOK. 3a pe-
3yJAbTaMH OOCTEKECHHS y 3 TAIli€HTIB Bi3yalai30BaHO
O3HaKH BUIBHOI PITUHU B YEPEBHIH MOPOXKHUHI, y 1 -
CIUICHOMET a0, y 2 - O3HAKHU TiJPOTOPAKCY.

[ManienTiB Bikom 45-60 pp Oyno 2, y SIKMX 03HAaK
BIJIBHOT PIIMHU B YEpEBHiil MOPOXKHUHI, 10320YEPEBHU-
HOMY IPOCTOPi Ta B MaJIOM Ta3y He BUSIBJIEHO. Y 2 ma-
LIEHTIB BHSBJICHO YJIBTPAa3BYKOBI O3HAKH IpaBoOid-
HOTO T1IPOTOPAKCY.

B rpymi 76 — 90 pokiB y 1 mamieHTa BUSBJICHO
O3HAKH aHEBPU3MHU YEPEBHOTO BiJILTy A0PTH.

Briponox mepInoi romquHu MiCHsA HaIXOKCHHS
1o mikapHi obctexxeHHs nposenene 60,0% (9) marien-
TaM.

[Ipu KIMIHIYHUX O3HAKAX 20CMPO20 Me3eHmepia-
JIbHO20 Mpom603y COHOrpadito, BIPOTIAHICTH SKOI 3a
JaHUMU JiTepatypu ckiamgae 97% [10], mposeaeno 17
(1,7%) nauientiam — 10 >xinkam ta 7 yonosikam. [Ipen-
CTaBJIEHY IpyIy CKJIaJajy MalieHTy Bikom 61-75 pp -
5, 3 HUX 3 XIHKHU Ta 2 YOJIOBIKiB, Ta 76-90 pokiB - 12 -
7 KIHOK Ta 5 4onoBikiB. OOCTE)KEHHSI CIIPSIMOBYBAJIH
Ha Bi3yalli3aIlilo OKIIF03ii BEpXHiX OpIKOBHX CYHHH,
MIEPUCTANBTHKY KUIIKiBHUKA, HASBHICTH PiIUHH B TIPO-
CBITi KUIIKH Ta/a00 B YepeBHiN MOPOKHHHI, THEBMATH-
3aIif0 KAIIKIBHAUKA .

3a pesysbraTamu oocTexeHHs y 6 (35,3%) martie-
HTIB oryisit OyB MasoiHpopMaTHBHUIN Yepe3 3HAUHY Ki-
JIBKICTh apTe(aKTiB Ta MTHEBMATH3AIIII0 KUILIKIBHUKA, Y
5 — BUSIBIICHO O3HAKH BIJIBHOT PiAMHY B YepEBHiil HOPO-
JKHUHI y 2 MaIi€HTiB, HOBOYTBOPEHHSI NEYIHKH Ta BH-
CXIJTHOT'O BTy TOBCTOTO KUITKUBHHKA.

AHegpizmu cyOuH uepegHoi NOPOICHUHU BUSIBICHO
y 2 4onoBikiB BikoM 83 Ta 55 pokiB, 3 HUX y 1 Bi3yauni-
30BaHO IyJIbCYIOUY aHEBPH3MY YEPEBHOTO BiJIlTy a0-
PTH y 1HIIIOTO - aHEBPi3MYy IIEYiHOBOI apTepii.

3 mpuBOAY MiO3PU HA HOBOYMEOPEHHS OP2AHi6
uepesHoi NopodcHuKy Ta/adbo Majoro Tazy ypreHTHY
coHorpadiro Bukonane 8 (0,8%) marienram, 3 HEX 6
KIHKaM, 2 40JIOBiKY, BIKOM 55 - 79 pokiB. Y marfieHTiB
HaBe/ICHOI TPyNH TONEpPeAHIMU IiarHo3aMu Oyiw, y
TOMY YHCI - HOBOYTBOPEHHS IMOTEPEKOBO-000I0BOT
KHIIKA — y 1, IpsSAMO{ KUIIKHK — y 2, IEYiHKH — TAaKOXK Y
1. 3a pesynbraTaMu 0OCTeKeHHS OyJIO Bi3yali30BaHO
BIJIbHY PIJJMHY B uepeBHii nopoxxauni y 3 (37,5%) na-
LI€HTIB.
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3 MeToro Bi3yalizallii abcyeccy uepegroi nopodic-
HuHY JUI1 00CTEeXKEHHS OyJI0 HAaIPaBJICHO 2 MAalli€HTIB,
3 HUX 1 kiHKY BikoM 36 pokiB Ta 1 4osoBika Bikom 80
POKiB. BiAMmoBigHO OTpHMaHUX PE3yabTaTIB - Y 1 0coOu
BHSBIICHO IT03a0YEPEBUHHUM a0cIiecc, y 1HIIIOT — HasB-
HICTh BUTRHOI PiTMHU MiX NETIIIMA KUIIKABHHUKA. Yac
110 oOcTexeHHs ckianas 35 xB Ta 135 XB BIIIOBIITHO.

OpHoro 4oJioBika BikoM 43 pokiB Oyio obcre-
’KE€HO TIPH HASBHOCTI KIIIHIYHUX O3HAK MPUBAI020 304-
enennss mxanun. OOCTEKEHHs BHUKOHAHE BIIPOJIOBXK
MEPIIOT TOAMHY MICIIS HAIXOIKEHHS IO MPUIMAaTBHOTO
BiggineHus.

3 KIIIHIYHUMH O3HAKAMH nepumonimy abo neivei-
onepumonimy ornsuyto 7 (0,7%) mamientiB, 1 4oj0-
BiKa Ta 6 IHOK, 3 HUX y BIJUIUICHH] peaHiMariii Ta iH-
TEHCUBHOI Teparii o0cTexeHo 1, Kyau marienra 0yio
TOCITTAi30BaHO BiApazy IIiciAs HAAXOKEHHS 10
MPHUIAMAIFHOTO BiJTIJIEHHS Yepe3 TSKKICTh CTaHy.

3a pe3yapTaTaMu 00CTeXKeHHs y 3 marieHTa 0yio
Bi3yaJli30BaHO HAasSBHICTh BIJILHOI PiJMHH B YEepEBHIN
nopoxuuHi. Cepel permtu 00cTexKHUX: y 1 - orysig OyB
MaJioiH(pOPMaTHBHHH Yepe3 3HAYHUIT METeOpH3M, y 3 -
O3HaK BUIbHOI PiZIMHU B YEPEBHI MOPOKHUHI HE BUSB-
JICHO.

Bcix xBopux 0yino 00CTEKEHO BIPOIXKOBXK Iep-
mIoi TOIWHM TepeOyBaHHS B 3aKiadi OXOPOHHU 3J10-
POB’sL.

3 TpUBOAY KUIU HepeHOi CMinKU OTISHYTO 8
(0,8%) xiHOK, 3 HUX BikoM 46 — 72 poku — 4, BikoM 60-
75 pp — 4 ocobu. B HaBenmeHi TpyIi 3 03HAKaMH a) IMa-
XOBHX KWJI IJISl TIPOBEJCHHS OOCTEKECHHS HAIPaBIICHO
2 manieHTiB, 0) BEeHTPAIBLHUX — 3, T) IicasonepaniiHux
—y 1, o) nynkoBux —y 2. JIBi kunu OyJid HEBIPaBHUMI.

JlocmipKeHHs CIPSAMOBYBAIM Ha Bi3yalli3allito K-
KK B IPYXKOBOMY MIIIKY, BUIBHOI PIJUHU B TPHIKO-
BOMY MIIIIKy Ta B YEpEeBHI MMOPOXKHUHI. 3a pe3yibTa-
TaMH 00CTE)KEHHS - B | BUNIAIKY OTJIsix OyB MasioiH(po-
PMaTHUBHUH, B 2 - BUSBICHO O3HAKH BUIGHOI PiTUHH B
YepeBHil MOPOXHUHI, B 2 — Y3 03HAKH KUIITKOBOi HE-
MPOXITHOCTI, B | — B AUISHIN KWJIH Bi3yalli30BaHO TiMo-
exoreHe yrBopeHHs. OOCTeXEeHHS MPOBEACHO BIIPO-
Jox 40 Ta 72 XBHJIMHH TICIS IIOCTYILICHHS.

3 momepeaHiM JiarHo3oM eenamum 0yia0 o0cTe-
JKEeHO 4 manieHTam, 3 HUX 3 4oJIoBiKiB Ta 1 xiHKy. Bik
nauieHTiB ckianas 67+12,34 poku. Y 2 naui€eHTiB Bu-
SIBJICHO O3HAKH TeNaToJliEraibHOr0 CHHAPOMY, ¥ 1 3
HHUX 3 O3HAKaMU XPOHIYHOTO TemaTuTy, y 1 — mupposy
MeYiHKa, HASBHOCTI BUIBHOI PIZIMHU B YePEBHIiM MOPO-
>kHUHI [8].

[Ipu HamXOPKEHHI MalieHTa 3 MOTepeaHiM Oiae-
HO30M 20Ccmpuil cuemoioim POBOIUIIN YIIETPa3BYKOBE
JIOCIIIKSHHST HUPOK, TICUiHKH Ta )KOBYOBUBITHUX IIUIS-
xiB. ['pyma oOceTexeHnx ckiagana 4 marieHTiB - 3 xi-
HOK Ta 1 "onoBika, BikoMm 45-60 pokiB —y 3, 18 pokis
— vy 1 xinku. 3a pe3ynpTaTaMu 00CTEKEHHS BUSBICHO
BUJIbHY PIMHY B YE€PEBHIN MOPOKHUHI — y | martienTa,
KicTy HUPKH — y | marjienra.

[Tpu xmiHiYHUX 03HaKax acyumy YC BUKOHAHE 6
(0,6%) martienTam, 3 HUX 3 J)KiHKaM Ta 3 4OJIOBiKaM, ce-
penHiii Bik sikux cxianaB 50,4+£14,9 poxu. V BikoBii
rpymi 25-44 pp Oyno 4 nauienTis, 60-75 pp. - 2 narmie-
HTIiB. B ipoIoBsk mepmioi rouHU MiCIs HAIXOMKESHHS
JTOCIIJIKSHHS TIPOBEJICHE 2 TAI[iEHTaM.

B ycix BUmagKax miaTBepKEHO KIIIHIYHI O3HAKU
HasIBHOCTI BUIHHOT PIIMHU B YEPEBHII MOPOKHUHI.

Bisyamizauiro kicmu ypaxyca nposeneto 2 (0,2%)
qoJioBikaM 22 Ta 26 pokiB BimoBiaHO. B 000X BUmaI-
Kax HIDKYe MyIKa Mo CepemHil JIiHii )KUBOTa BHU3HA-
YaJIi HasABHICTh aHEXOTCHOTO YTBOPEHHS (KicTa).

VbTpa3ByKOBY Bi3yami3allito m sKux mrxanui Ha
pPaHHBROMY TOCHIiTANEHOMY eTari mpoBeaeHo 3 (0,3%)
MarieHTaM, y TOMY 9HCIi 2 3 MPUBOILY iHQINBTpaTy
M’SIKUX TKaHUH B JUISHIN TEPEIHbOI YePEBHOT CTIHKU
Ta abcuecy B MaxoBill AUISHII. AHEXOTeHe YyTBOPEHHS
HIDKHBOT TPETHHU MPAaBOro CTErHA Bi3yalli3oBaHo y 1.

3 IpUBOLY 20Cmpo2o mpombo3y cmesHo8oi apme-
pii Ha 0OCTeXeHHs 0YJI0 HampaBieHo | malfieHTa - xi-
HKY 30 pokiB. JlocmimkeHHS MPOBEACHO B a) B-pexkmmi,
0) KOJHLOPOBOMY Ta B) CHEPTETHYHOMY JIOIIIICPOBCH-
KOMY KapTyBaHHI. BU3Ha49a/m HassBHICTh aTepOCKIIePO-
THYHUX OJSAIIOK, TPOMOIB, pO3IIApyBaHHS IHTHUMH,
aHEBPHU3MHU. 3a pe3yJIbTaMHt JOCIiHKSHHS BUSBJICHO 1H-
¢binpTpamnio M’ IKUX TKAaHWH CTETHA Ta TOMIJIKH.

[pu nopywenni ynxyii Ouxanns 00CTSIKCHHS Jie-
reab YC BukonyBanu Bifmnosigno BLUE -mporokomy
[11] 5 (0,5%) nmauientam, 3 HUX y 4 BUSBICHO O3HAKU
riipoTopakcy, y 1 - KoHcomiaarlii JereHeBOi TKAaHUHH.

Oo0roBopenHsi pe3yjabrartiB. OTpuMaHi pe3yib-
TaTH BiMOBIIAIOTH PE3yJIbTaTaM JOJIKSHb 1HITUX aB-
TOpiB, MO0 OCOOIMBOCTEH MPOBEICHHS yPTCHTHHX
cororpadiii [12]. ITinTBeppkeHO, IO MTPOBEICHHS yp-
TeHTHO1 coHorpadii, ke 3AIHCHIOI0TE 0e3 moTepeTHbO1
MATOTOBKU TAIli€Ta, mependadae MoTpedy a) yBaxk-
HOTO BHBUCHHS iCTOPii XBOPOOH Ta MEIMYHIMH 3aKITIO-
YCHHSMH 1HIIUX MEIUYHUX (DaxiBI[iB Ta MOIEPEIHIX
pe3yabTaTiB JOAATKOBUX METOJIB OOCTEkKEeHHs, 0) 3a-
CTOCYBaHHS BIJIIOBIIHMX TPaHCAIOCEPIB, 30KpeMa Ba-
riHaJBHUX, B) BUKOPUCTAaHHs 3acO0IB 3aXHCTy TpaHC-
Jrocepa Bijg 3a0pyaHEHHs O10JOTIYHUME PECUOBHHAMHU
Ta 30BHILIHIM OpYIOM.

[ToxazaHo CTPYKTYpY 3aXBOPIOBaHb, sKi 00YMOB-
JIOBAIM TPOBEICHHS YPreHTHOI coHorpadii Ha paH-
HBOMY TOCIITATBHOMY: TOCTpUH MaHKpeaTut -25.5%,
3aKpHTa TpaBMa XHuBoTa — 244 (24,4%), rocTpuii ane-
HOuouT — 16,9%, rocTpuii xonemuctit — 12,7%, roctpa
KHIIKOBa HENMpoXinHicTh — 4,7%, nepdopanist mopox-
HHUCTOTO oprany — y 2,8%, TpancabioMiHambHe obcTe-
JKHHS BHYTPIIIHIX )KUHOYUX IOJIOBUX OpraHiB —y 1,8
%, HEIpKOBa KoJlika —2,2%, IUTyHKOBa KHIIIKOBA KPOBO-
Teua —1,6%, rocTpuii Me3eHTepiabHuUI TpoMO03 — 1,7
%, renarut, uupo3 — 0,5%, HOBOYTBOpPEHHSI OpraHiB
YepeBHOI IOPOKHUHU Ta Masioro ta3y —0,8%, nuBepTi-
KyJiT ToBCTOi Kuiku — 0,7%, KA 4epeBHOI CTIHKH —
0,8%, acrur — 0,5%, curmoinit — 0,4%, rizpoTopakc —
0,4%, Y3 m’saxux TkanuH — 0,3%, nepitonit — 0,3%,
Kicta kpaxyca — 0,2%, abcriec 4epeBHOI IIOPOKHUHH —
0,2%, aneBpizMa cynuH 4yepeBHOI mopoxxHuHA —0,2%,
OKJTIO3isl cTerHOBOI apTepii — 0,1%, TocTpa MHEBMOHIs
— 0,1%, cuHOPOM TPHUBAIOrO 3AaBJCHHS TKAHHH —
0,1%.

Yacroty apredakTiB y HE MiATTOBICHUX TAIli€H-
TiB OyJI0 KOHCTaTOBaHO y 4,6% MalieHTiB, 3 HUX HaW-
YHCEBHINTY IPYIy CKagalld OMOOH, SKHUX JTOCTABJICHO
3 IOMEPETHIM iarH030M TOCTpuit XonerucTiT (13,7%).

VYpreutHoi coHorpadist Ha paHHBOMY T'OCITITaJIb-
HOMY eTami nepeabavae BIPOBADKEHHS BiJIOBITHIX
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conorpadivnux nporokoiis, a came E-FAST, BLUE,
FATE a6o FEEL, sixi 103BOJISIIOTE Bi3yaulizyBaTH Kili-
HIYHI IPOTOKOJIM TIEPBUHHOTO Ta BTOPUHHOTO OTJISIAY
B CHCTEMI €KCTPEHOT MeINIHO1 JonoMory, a came ABC
ta ABCDE.

BucHoBkH. YV HamoMy AOCIHiIKEHHI HAIUCEIh-
HIIIAMHU TPYyTIaMH Tali€HTIB, SKAM IPOBOIIIIN ypPTeH-
THY COHOTpadifo Ha PaHHPOMY TOCIITATBHOMY €Talli,
Oynu ocobu 3 morepeTHiM niarHo3oM 1) rocTpuii maH-
kpeaTur (25,5%), 2) BIIKpHTI Ta 3aKpHUTI TpaBMH depe-
BHOI TIOPOKHMHH Ta I103a04€PEBUHOTO HPOCTOPY
(24,4%), 3) roctpuit anenauuut (16,9%), 4) roctpuit
xoneructt (12,7 %). KinpkicTh KiHOK, SIKUM 31iiic-
HIOIOTH YPreHTHY COHOrpadito Ha paHHbOMY rOCHiTa-
JHHOMY €Talli, He CYyTTEBO MepeBaXkae KiJIbKICTh J0JI0-
BiKkiB — 54,3% Ta 45,7% BigmosigHo. OCHOBHAa METOIO
ypreHTHOi coHorpadii Ha pPaHHBOMY TOCIITaIbHOMY
eTari MoJsrae y Bi3yamizalii cTaHiB, sKi MOTPeOYIOTH
eKCTPEHOT0 MEIWYHOTO, y TOMY YHCIi XipypriqHOTO
BTpy4aHHs. [Ipy TpaBMi 30cepemKyI0ThCs Ha BUSABIICH]
O3HaK PiIMHU B relaTopeHaIbHOMY, TelaTOCIICHAb-
HOMY TPOCTOpax, MajioM Ta3y, MOPOXKHHHI MepiKapay,
HAsBHOCTI Y3 03HAaK MHEMO- Ta TE€MOTOPAKCY, BiIO-
BinHO FAST — mpoTokouty.

IlepcneKkTHBYU MOJAJBIINX AOCHIAKEHb. Y3ara-
JIBHUTH Pe3ybTaTH IHTEPBEHIIIH IMiJ] KOHTPOJIEM YJIbT-

pa3BYKy.
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Abstract

It is almost impossible to find a person in the world who would not have had any dental problems at least
once: caries, toothache or any other disease.

However, most of the patients are in no hurry to go to the dentist; in most cases, an inadequate visit to a
specialist leads to the loss of teeth. Medicine at the present stage of development makes it easy to solve this prob-
lem; now there are various prostheses that allow replacing lost teeth [1].

According to statistics, the need of patients for prostheses is up to 95%. One of the most popular among
prostheses are bridges, they are used in 42-89% of cases [2, p. 34; 3, p. 127].

This design contributes to the complete restoration of lost teeth, which helps to maintain the correct diction,
taste and restore the aesthetic dental appearance. However, in addition to positive aspects, these prostheses also
have negative ones, they can affect the state of the periodontium.

The study of this effect is especially important in connection with the increase in the number of patients
requiring prosthetics.

AHHOTAUUA

B Mupe npakTtuiecky HEBO3MOXKHO HAMTH YeIOBeKa, Y KOTOPOTo He ObUTIO OBl XOTh pa3 mpobiem ¢ 3ydaMu:
Kapuec, 3yOHast 60J1b U Kakoe- 0o Apyroe 3adosieBanue. OqHako OoJblias 9acTh OOJIBHBIX HE CIIEHIUT 00pa-
maThCAd K CTOMATOoJIory, B OOJIBIIINHCTBE CJIy4yacB HECBOCBPEMECHHOC o6pameHI/Ie K CIEUAIMCTY IPUBOJUT K I10-
Tepe 3y0oB. MenuIlHa Ha COBPEMEHHOM 3Talle Pa3BUTHS MO3BOJISET JIETKO PELINTh JaHHYIO MpobiieMy, ceifuac
CYIIECTBYIOT pa3IMYHbIe IPOTE3bI, MO3BOJIIONINE 3aMEHUTH yTpadeHHbIe 3yOrI [1]. CormacHo cTaTuCTHKE, HYX-
JAa€MOCTbD IMAlTUCHTOB B IPOTE3aX COCTABJIACT 10 95%. OI[HI/IMI/I 13 CaMbIX INOITYJIAPHBIX CPEAU MTIPOTC30B ABIAKOTCA
MOCTOBHIHBIC MPOTE3bI, MU TOIB3YIOTCS B 42-89 % ciydaes [2, c. 34; 3, c. 127]. /laHHAs KOHCTPYKIHS CIIOCO0-
CTBYCT IOJIHOMY BOCCTAHOBJICHUIO YTPAUCHHBIX 3y6OB, 4YTO IOMOI'a€T COXpaHCHUIO HpaBI/IHBHOﬁ JUKIOHWH, BKYCO-
BbIX OIIIaneHI/Iﬁ 1 BOCCTAHOBJICHUIO 3CTETUYCCKOI'O BU1a 3y60B. O)IHaKO KPOME MNOJIOKUTEIIbHBIX MOMCHTOB, J1aH-
HbI€ KOHCTPYKIIUH UMCIOT U OTPULATCIIbHBIC CTOPOHBI, OHU MOTYT OKa3bIBaTh BJIMAHNUEC Ha COCTOSIHUC TKaHEeH mMa-
pomonTta. V3ydueHne MaHHOTO BO3JEHCTBUS OCOOCHHO aKTyallbHO B CBSI3W C YBEIMYCHHEM YHUCIIAa TAIUEHTOB,
HYXIAOMNUXCA B IPOTE3UPOBAHUU.

Keywords: periodontium, etiology, local causes, orthopedic constructions, bridge prosthesis.
KuroueBble cioBa: MMapoOAOHT,2TUOJIOTHA, MECTHBIC IPUYNHBI, OPTONCANICCKUE KOHCTPYKIINU, MOCTOBHU/I-
HBIN [IPOTE3.
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BBEJEHHE. B nacrosiiiee BpeMsi OTCYTCTBUE
3y0OB SIBJISIETCSI paclpOCTPaHEHHBIM SIBJICHHEM U OC-
HOBHOM NpPUYMHON OOpalleHus K Bpadyy- OpPTONEIY.
CornacHo cratuctuke BO3, nanHas nmatomorus 3aTpa-
ruBaeT 10 75 % xuTenel B pa3HBIX PETHOHAX MHPA.
MHorue aBTOpPHI CYUTAIOT, 9YTO HECMOTPSI Ha BCE JOCTH-
JKeHHSI MEIUIMHBI B JICICHUN CTOMATOJIOTHYECKHX 3a-
0oyeBaHUI KONMMYIECTBO MAIMEHTOB C YaCTUYHO yTpa-
YeHHBIMH 3y0amMu OyneT ToipKo pactu [4, c. 399].

Yaine Bcero npu npoTe3upOBaHUM OPTOIIEIbI HC-
MOJB3YIOT MOCTOBUJIHBIE TPOTE3bl. MOCTOBUAHBIC
MPOTE3bl SIBJIAIOTCS HECHEMHBIMH KOHCTPYKLUSIMHU,
MO3BOJISIIOIMMH  3aMEHUTh OTCYTCTBYIOIIME 3YOBI.
OHHM MOTYT COCTOSITh M3 OJJHOI MIJIM HECKOJIBKUX KOPO-
HOK, COCIIMHEHHBIX MEXTy co00ii [5; 6].

MenuiiHa He CTOUT Ha MECTE, C KaXKIBIM T'OJIOM
K MIPOTE3aM MpEeIbsBIAeTCS Bce OobIe TpeOOBaHMUH,
HE TOJIBKO K WX U3TOTOBJICHHUIO, HO M K WX BIFSIHUIO Ha
TKaHU mapojoHTa [7, c. 33].

MATEPHUAJIBI U METOJBI. [Ipu Hanucanuu
CTaThHU UCIOJB30BAJICS TCOPETHUCCKHUIT aHaH3 U 0000-
MIEHUEC JAaHHBIX HAYYHBIX TPYJOB OTCYECTBCHHBIX U 3a-
py6e)KHLIX YYC€HBIX 1O BJIUAHUIO MOCTOBHUIHBIX ITPOTE-
30B Ha COCTOSIHUE MapOJIOHTA.

PE3VYJbTATbBI UCCJIEJJOBAHUS. Mocro-
BUOHBIC IPOTE3bI MMOJIB3YKOTCA MOIYJIAPHOCTHIO 11O HE-
CKOJIKAM TIPUYHHAM:

- OHH HeCcheMHBIC. HeKOTOpBIM MAlMeHTOB Ts-
JKEII0 MPUBBIKHYTh K CHEMHBIM MPOTE3aM MCHXOJIOTH-
YECKH.

- OBICTpast afanTanus MaueHToB. bolbHBIE OBICT-
pee NMPHUBBIKAIOT K MOCTOBHUIHBIM IIPOTE3aM, TaK Kak
OHH MMEIOT HEOOJIBIION pa3Mep U X KOHTAKT CO CIIHU-
3UCTON MUHUMAJIEH.

- (pynkimoHaneHbIe cBoOMCTBa. [IpoTe3 momoraer
IIOJIHOCTBKO BOCCTAHOBUTLH KEBATCIIBHBIC q)yHKHI/II/I u
COXPAaHUTH OKKJIFO3UOHHBIC OTHOIICHUA.

-3cTeTrka. [IpuMeHeHne pas3IHMYHBIX METOJOB U
TEXHOJIOTHH MO3BOJSAET JOOUTHCS BRICOKOTO ICTETHYC-
CKOTO BHJIA.

HecmoTps Ha Bce MOOKUTETHHBIE MOMEHTBI, MO-
CTOBHIHEIC IPOTE3HI IMEIOT CBOM MUHYCHI. Y CTAHOBKA
TAKOTO BHJIA IPOTE3a BO3MOXKHA TOJNBKO IOCTIE Mpera-
PHPOBaHHUS ONOPHBIX 3yOO0B- MPOLENYPHI IPU KOTOPOH
MIPOMCXONUT yaJIeHIe TOBEPXHOCTHBIX TKaHeH 3yba u
npuaaHusa eMy HeobOxoaumoin ¢opmsel. CoriacHo uc-
CJIC/IOBAHUSIM JIaHHAS NPOLIENypa MOXKET IPHUBECTH K
TUTICPEMUHN COCY0OB U UBMCHCHUIO HEPBHBIX 3JIEMEH-
TOB TyJsbNbl. Takike MOXeT HaONI0JaThCs acenTHye-
CKO€ BOCIMAaJICHUE MyJbIHI [§].

Hcnonp3oBaHMe Takoro BHJIA IPOTE30B MOXKET
MPUBECTH K CIIETYIOIINM OCJIOKHEHHSIM: TEPMHYECKUI
OKOT' TYJbOBI, OOBIYHO BO3HUKAET H3-32 OIIMOKH
Bpaua; TpaBMaTUYECKasi OKKITIO3HUs, OOJIbIIasl HATPY3Ka
Ha TKaH! MMapoOJOHTA MOKET MPUBECTHU K PA3BUTHUIO T1a-
POIOHTHUTA U MTAPOJOHTO3a; MBIIICYHO-CYCTaBHAsA ANUC-
(yHKIMS, BCIEICTBUE HELEIECO00Pa3HOTr0 UCIIONb30-
BaHUWA JAHHOTO IIPOTE3a; MOTEPA MUKPOIIOABUKHOCTH,
[I0CJIE YCTAHOBKH JAaHHOW KOHCTPYKLUH TEPSIETCS IPU-
poaHass MHUKPOINOABHXKHOCTH, YTO TAKXKC HETaTHBHO
CKa3bIBAa€TCSl HA COCTOSIHMM napojoHTa [9; 10].

Camoe 4yacToe HEraTMBHOE BIIMSHHE MOCTOBHI-
HOT'O IIPOTEe3a - Heperpy3Ka TKaHeH MapoJoHTa, 4TO MO-
XKET MPOU30UTH 110 HECKOIBKUM IIPHUYHHAM:

- ommOKa MpU MOAETMPOBAHNHU 3yOOB- HEIOCTA-
TOYHOE y/aJleHHe TKaHeil 3y0a mocie yCTaHOBKH KO-
POHKH NPHUBEJET K 3aBBIIICHUIO IIPUKYCa U NIEPETPy3Ke
napojoHTa. [IpyunHOi MOKET cTaThb HEAOCTATOYHBIN
OIIBIT Bpaya WJIN €r0 TOPOIUINBOCTD;

- HEJIOCTATOYHOE YMCIIO OMIOPHBIX 3y00B. JlaHHBEIE
3yObl OepyT Ha ceOsi Harpy3Ky BCEX OTCYTCTBYIOLIMX
enuHML. HerpaBuibHOE ycTaHOBIIEHHE YUCa HEOOXO-
JMMBIX OMOPHBIX 3y0OOB MOXKET CTaTh CIEJICTBUEM He-
MIOJTHOTO cOOpa aHaMHe3a WIIK TOBEPXHOCTHOTO 00cIIe-
JIOBaHUSI.

- ommO0YHOE ITaHMPOBaHWE NpoTe30B. MHOTHA
3yOHOH psAx MOXET MMeTh Oounbimne AeeKTs, MpHU
MIPOTE3UPOBAHUH ITO CIIELyeT NPUHUMATh BO BHUMA-
aue [11, ¢. 40; 12, c. 101;13, c. 302].

OTpHuaTeIbHOE BO3JICHCTBHE HAa TKaHMW Mapo-
JIOHTA MOXKET OKa3bIBaTh KOPOHKA C HEIPaBHIbHBIMHU
kpasmu. [Ipu ycTaHOBKE KOHCTPYKIIMH UMEET OO0JIbIIIoe
3Ha4YCHUE TOJIIIMHA M PACHOJIOXKEHUE Kpas KOPOHKH,
OHH JIOJDKHBI OTBeYaTh (PU3MOJOIMYECKUM Iapamer-
pam 3y0oaecHeBoro xenooka. OHU UMEIOT 3HAYUTEIIb-
Hble oTn4Ms. Ecny He npuHUMAaTh 3TO BO BHHMAaHME,
COIJIACHO HCCJICOBAHUAM Pa3IMYHBIX aBTOPOB, MOXKET
Hayatbcs BocnayneHue [14, c. 72]. MHeHHe ydeHBIX
pacxoAsATCs 1O IMOBOAY PACITIONOKEHHS Kpasi KOPOHKH,
HEKOTOPbIE M3 HUX I10JIaraloT, YTO NPEIOTBPATHTh BOC-
TIAJTUTENNBHBIN TIPOLECcC B MAPOJOHTE BO3MOKHO, €CITH
Kpail KOpOHKH OyJeT OTCTOSATh Ha 1,5 MM OT JIecHEHI.
HexoTtopsie nccienoBaTeny CYUTAIOT, YTO Kpast IECHBI
U KOPOHKH JIOJDKHBI OBITh Ha OZHOM ypoBHE [15, c.
152].

3AKJIIOYEHHUE. MocToBuIHBIN NPOTE3 SABIS-
€TCsl OJTHOM U3 CaMbIX YaCTO UCIOJIb3YEMBIX KOHCTPYK-
i npu nporte3upoBaHuy. OH 06s1a1aeT GOIBIINM KO-
JIMYECTBOM IIOJIOKHTEIBHBIX XapakTepucTuk. OIHaKo
mpu Oosee AeTaqbHOM M3YYeHHH MOXKHO BBISIBUTH OT-
pHLAaTeIbHBIE CTOPOHBI €r0 IPUMEHEHHs, Harpumep
TpaBMaTHUYeCKask OKKJIIO3US, MOTePs] MPUPOJAHONH MHK-
POTIOZBIXHOCTH H, CAMOE YacTOe -TIeperpy3Ka TKaHen
nmapojioHTa. Bece 3To Oka3piBaeT HEraTHBHOE BIIMSTHHE
Ha COCTOSIHHE MapO/IOHTa U MOXKET CTaTh MPUYMHOM 3a-
6oneBaHuil mapogonTa. [IpHUNHON HEKOTOPBIX BHIIIE-
Ha3BaHHBIX OCJIEICTBUN MOXET CTaTh OIIMOKa Bpaya,
9TOT0 MOYKHO M30€KaTh, MMOAX0I O0jIee OTBETCTBEHHO
¥ BHUMATEJIBHO K IPOLECCY NMPOTE3UPOBAHUSA a CAMOE
TJIABHOE -T€CHO COTPYAHMUYAThH C MAapOJOHTOJIIOTOM HE
TOJIBKO TIOCIIE ,a YK€ JI0 IPOTE3NPOBAHUS, YTOOBI eIe
OoJblIe He YCYTyONsITh HMEIONIMECS MPOOIIEMBI C Ta-
POJIOHTOM.
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National security of the state, its economic, social and demographic well-being depend on the level of health
of the population. The Human Immunodeficiency Virus (HIV) and the Acquired Immunodeficiency Syndrome
(AIDS) epidemic illustrate a global global health problem. The prevalence of HIV infection has a significant im-
pact on population change, HIV infection is included in the list of socially significant diseases. Over the past 5
years, the number of patients with human immunodeficiency syndrome has decreased in Russia. This article is
devoted to the analysis of the dynamics of the incidence rates of the population with acquired immunodeficiency

syndrome for the period 2016-2020.
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JIeMus CUHIpoMa nprodperenHoro ummyHoaedunurta (CIINJ) wutrocTpupyroT rio0anbHY0 MPOoOieMy MUPO-
BOro 37paBooxpanenus. [lopaxxéunocts BUU-nH(ekiuei oka3pBacT 3HAYUTEIHHOE BIMSHUC HA U3MCHEHHUC YHC-
JICHHOCTHU HaceneHus, BUU-uH(peknus BXOAUT B MEPEUCHb COIMATBHO 3HAYUMBIX 3a00JIC€BaHUN. 3a MOCIeIHUE 5
net B Poccrnn CHU3MIIOCH KOIIUECTBO 3a00IEBIINX CHHAPOMOM HMMYHOIE(HUINTA YeTIoBeKa. JJaHHas cTaThs I10-
CBSIIICHA aHAIN3Y AUHAMHKY [TOKa3aTesel 3a00J1eBaeMOCTH HACEIICHHS CHHAPOMOM IIPHOOPETECHHOTO HIMMYHOIE-

¢ummra 3a mepuoxn 2016-2020 rr

Keywords: AIDS, HIV, demography, statistics, sexually transmitted infections, sex education, dynamics.
KuoueBbie cioBa: CIIN/, BUY, nemorpadus, craTHCTHKA, ITOJOBBIE HHPEKITNH, CEKCYaIbHOE BOCIIHNTA-

HHC, JTMHAMHKa.

C cepenuHbl BeKa aKTyalbHBIM SIBISETCS H3yde-
HHE BHUPYCHOW OOJIE3HH, C KOTOPHIM YEJIOBEYECTBO
paHbllle He CTAJIKUBAJIOCh U, KOTOPOE CTaJ0 OAHOM U3
Hanbosee OMacHBIX OOJNE3HEH denoBeuecTBA — CHH-
npom ummyHonedunuta genoseka (CITN/T). Bo3oyau-
TeneM JaHHOTO 3aboneBanus sBisercs BUY - madek-
. Ilepsenii cirygait CITIM]/] 6ptm 0OHAapy>KEHBI B
koHme 70-x romoB 20 Beka B A¢puke, HO B HacTOsIIEE
BpeMs MacIuTaObl 3a001€BaHNS CTANIN TIaHETaPHBIMU.
[Mpoueccy pacnpocTpaneHus 3a00aeBaHKs 10 MHEHUIO
uccieoBareiel, crocoO0CTBOBAIM MPOLECCHl T100a-
mzanu. BUY-uH(ekuus sBiseTcs peTpoBHPYCOM
MPUBOASIIMM K COCTOSHHUIO UMMYHOJeHUIUTA, KOTO-
PBIit XapakTepu3yeTcs ociaadiieHneM QYHKIMA HMMYH-
HOM cHUCTeMBbI yenoBeka [3, c. 58].

CIIN/ Ha3bIBalOT CHHAPOMOM B CBA3H C TE€M, YTO
XapaKTepU3yeTCsl OTPOMHBIM KOJIMYECTBOM MpHU3HA-
KOB, CBSI3aHHBIX C pa3BUTHEM 3a00JICBaHUHM, BBI3BAH-
Heimu BUY. CITUJom Ha3bIBAIOT MTOCIIEAHIOIO CTAUIO
pa3BUTHS HHYEKINHU, 1 IMEHHO MO3TOMY HCCIIEI0Ba-
TEJIH NpeJyIaraloT pacCMaTPUBATh €r0 HU KaK aBTOHOM-
Hoe 3a00JIeBaHue, a CIIeACTBUE, KOTOPOE CIIOCOOCTBYET
Pa3BUTHIO APYTHX WH(PEKIUOHHBIX 3a00I€BaHHN.

B nauane snupemMun y 3a00J€BIINX OBLIH BBISB-
JICHbI BHYTPUBEHHBIE IICUX aKTHBHBIE BEIIECTBA, HO Ha
CErOJHAIIHUN JIeHb Hapsally ¢ HApKOMaHUEH BCTalU
po0OJIeMbl CeKcyaIbHOTO XapakTepa. CTOUT OTMETHTH,
9TO BBICOKMI mporeHT BUY-urpuIupoBaHHBIX
HaOJII0aeTCs CPey 3aKITFOUCHHBIX.

Uzydenuro pazsurus BUY-urdekunn OpuIo0 1M0-
CBSIIIIEHO MHO>KECTBO HCCIICIOBAHUH, B KOTOPBIX BBIjIE-
JISTFOTCSL 9TAITBI €€ MYTAIlUH:

1) BUY pacrio3HaeT, MpUKPETIseTCs U IPOHUKAET
B T-nmumdonur («T-xennep») uMMyHHON cuctembl. T-
XeJIep ynpaBisieT COBMECTHBIMU IEHCTBUAMU APYTHX
BUJI0B IMMYHHBIX KJIETOK;

2) renom BUY BcTpanBaetcs B reHoM T-mumdo-
[T YeJIOBEKa M HAaUWHAET BOCIPOM3BOIUTHCS (CHHTE-
3UPOBATHCS);

3) unpunupoBaHHyto T-KIETKy aTakyloT KICTKH
UMMYHHOH cuctembl T-KHJUIEphl, OHa MOTHOaeT;

4) pasmMHOXuBIIHEcs B Hel Bupycsl BUY BbIxo-
JUIT U3 Hee B KPOBOTOK M MOpakaroT HOBbIe T-miMpo-
IIUTHI UIMMYHHOH CHCTEMBI uesioBeka [5, c. 47].

Wnky06armonnstii nepuog ot BUY no CITH/la mo-
KET PacTSIHYThCA OT 5 MecsteB 110 6 aet. [lepsrie mpu-
3HAKH 3a00JI€BaHUS UICHTHIHBI IPU3HAKAM TIPOCTYIBI
Y TPHIIIA, KOTOPBIE MOTYT BAPHPOBATH OT HECKOJIBKHX
JHEeH 1o rona. B nanpHeimeM MoKeT HacTynmuTh (hasa,

KOTOpasi XxapakTepusyercs Kak deccumnromHas. [1po-
rpeccupoBaHue 3a00J€BaHMs NPUBOANUT K TAKMM CBH-
JIeTeIbCTBYIOIUM CUMIITOMAaM KakK JINXOpajKa, BocIa-
neHne JUM(Ooy3I0B, IETpeccHsl, BOCIAICHNAE TIOTKH,
MOpaXCHUE KOXH M CIM3HUCTHIX, KOTOPBIE MPUBOAAT K
NMMYHOJE(PHUIUTHOMY COCTOSHHIO, a, CIIE0BATENbHO,
K JICTAIIbHOMY HUCXOJY.

e [lyrsamu nepenadn MHGEKIUU ABIAIOTCS CIie-
JyIOIIHe:

e CekcyanbHble KOHTAKTHI;

e [lonbp3oBaHME OBITOBBIMU ITPEAMETAMH, HA KO-
TOPBIX MOTIJIa OCTaThCsl KPOBb MH(UIIMPOBAHHOTO Ye-
JIOBEKa;

e Ilpu mnepenuBannn BUY-nHpuIMpOBaHHOIM
KpOBH;

e Bo Bpems GepeMeHHOCTH U POJIOB, TIPH IPYI-
HOM BckapminBaHnu BUY-mHQuUImMpoBaHHas Math
MOXET IIepeaaTh peOCHKY.

[epeuncanm otaensHO ocobennoctu CITN/1a:

1) mpuoOpeTeHHBII WMMYHOAC(HUIIUT BBHI3BAaH
KOHKPETHBIM B030yIuTENleM, KOTOPBIH XapaKTepu3y-
eTcs AMUIECMUYECKIM PaclpoCTpaHEHUEM;

2) 3TO MOYTH NpHLEIbHOE NMOpaXKeHUe Hanbomee
BXHBIX Ui MMMYHHOW 3alllUThl OpraHu3Ma JumdQo-
UToB T-XemnepoB («ITOMOITHUKOBY);

3) 3T0 mEpBOE AMUAEMHOIOTHUECKOe 3a00/IeBaHNe
YeJIOBEeKa, BBI3IBAEMOE PETPOBHPYCAMH;

4) CIT1/] o KNMMHUYECKUM U JTa00paTOPHBIM 0CO-
OEHHOCTSIM HE TOX0X Ha JPyTHe NIPHOOPETEHHbBIE M-
MyHoaehuuTH [4, c. 7].

CIIM/ - He ToJIBKO BUpYCHAsl SIUAEMHUS I CO-
nuanpHas Oosesnb, CIIMJl -3T0 MHOrodakTopHBII
HpOIIeCC, B KOTOPBII BHOCAT BKJaJX KyJlbTypHBIE, AY-
XOBHO-HPaBCTBEHHbIE, 00pa30BaTeIbHO-BOCIIUTATEb-
HBIE PETyNIATOPHI TIOBEACHHUS YeloBeKa B ooOiiecTse. 3a
HeoObr4aitHo kopoTkoe Bpemst BUY-CITN/] ctanu mpo-
6rmemoii HoMep oauH Ui BcemmpHON opraHu3aiuu
3apaBooxpaneHuss 1 OOH, oTTecHUB Ha BTOPOE MECTO
Cep/IeYHO-COCY/ICThIE W OHKOJIOTMYecKue 3aboJeBa-
HUSL.

Uucno 3aperucTpupoBaHHBIX ciaydaeB BHY-
nHdekuun n ymepimux napunupoBanHsix BUY cpenun
rpaxkaaH Poccun B mocnenuue 20 yier ObIcTpo Hapac-
TAao.

Ienbio nccnegoBaHMs CTAIO0 U3Y9IEeHHE ITOKa3aTe-
nett 3a0oneBaemocty HaceneHus CITN ]I B Poccuiickoi
Oeneparn Ha iepuoxa 2016-2020 rr. (Tabauma 1).
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Tab6nuna 1.
Junamuka 3a0oneBaemoctr Hacenenus Poccun CITN /I 3a mepuon 2016-2020 rr.
Ton IToka3zarens TToka3arenb HATJISITHOCTH IToka3arens pocta IToka3arens npupocra
CIINA, % (ITH), % (ITP), % (I1I1), %
2016 10,34 100 - -
2017 10,44 100,97 100,97 0,97
2018 8, 65 83,66 82,85 -17,15
2019 8,01 77,47 92,6 -7,4
2020 7,90 76,4 98,63 -1,37

B Tabnmie oTpaxkeH aHAIN3 AMHAMUKH ITOKa3aTe-
neit grcna 3abonesmmux CITU/L. ITo maHHBIM, KOTOpBIE
MIPECTABJICHBI B Ta0JIHIE MOKHO CKa3aTh, UTO 3a II0-
ciemgaue roabl yucio 3abonesmmux CIIMom cokpartu-
sock. CaMblii BEICOKHI ITOKa3aTENb 3a ITOCIIEIHUE 5 JIET
npuxoautcst Ha 2017 r. u coctaBnser oH 10,44%, yto
Ha 0,1% Boimie, yem B npeapaymem 2016 r., mokaza-
Tenu koToporo coctasisuiu 10,34%. IToxasarenu npu-
pocta B 2017 roxy coctaBunu 0,97%. B 2017 roxy, no
JaHHBIM MUH3/]paBa yBeJIU4YEHHE CKOPOCTH POCTa HO-
BhIX ciiyuyacB BUY-uH(beknuu HaOI01aI0Ch BO MHO-
rux pernonax Poccun, (TriBe, Mopaosun, Kapadaeso-
Uepxecun, CesepHoit Ocetun, Mockse, Brnagumup-
ckoif, TambOoBckoi, Spocnackoii, Caxamuackoit u Ku-
poBckoit o6aactu) [1]. Hambosee BBICOKHIT YpPOBEHB
MOpakKeHHOTO HaceleHus Habmromaetcs B rpymme 30-
39 ner, 2,8% poccuiickux My>XK4HH B Bo3pacTe 35-39
JIET KWIM C YCTaHOBJIEHHBbIM JuarHozoMm BIHY-
unpexyn, uro npuseno k CIIN/I. Yucno xeHmuH co
CIIM oM B Bo3pacTHO# rpynme 25-29 ner okono 1%
6511M 3apakeHsl BUY, emiie Bbliie 1015 )KEHIUH B BO3-
pactHo# rpymme 30-34 1. — 1,6% [2].

K xonuy 2017 roga U3 uucia 3aperucTpUpOBaH-
HBIX ymepnu noutu 23% OompHbIX BUY-undexnueit
— 276 660 uenosek. Tonpko 3a 2017 rox morndim 31
898 uenoBek, mpu4eM B MOJIOIOM Bo3pacTe (B CpeIHEM
38 ner). I[lo mamueM Poccrara, B 2017 rogy BUY-
WHEKIH cTaia MPUIUHON 0oJee IMMONOBHHBI BCEX
cMepTeit 0T MH(EKIHOHHBIX Oose3Hei. [IpuunHamu
TAKOTO POCTa CTajla HEJOCTaTO4Has MH(OPMHUPOBAH-
HOCTh HacelleHHs, a Tak)Ke POCT HapkoMaHuH. IMeHHO
9TU (aKTOPBI CIOCOOCTBOBAIH BHICOKOMY MTOKa3aTEIIo
3ab0eBaeMoCTH HaceaeHusl [4].

B 2018 rony 3ameuaercst ynajgok gucia 3a00jeB-
X CHHIPOMOM IPHOOPETCHHOTO HMMYHOIC(HUIIHTA.
Hudpsr causmmcs 10 8,65%, a MokeT yObUIb cocTa-
Bun — 17,15%. Tlokasarens pocra B 2018 roxgy pas-
Hsuics 82,85%, na 18,12% nwmxke, yuem B 2017 1. JlanHOE
CBSI3BIBAIOT C TEM, UTO, €CIH pPaHbIIC OOJIBIIHMHCTBOM
BBISIBIICHHBIX OOJIEHBIX OBLTH HAPKOMAHBI, KOTOPEIC 3a-
Pa3swINCh B pe3yIbTaTe HEeMEIUIIMHCKOW HHBEKIINN —
o1 uriel, T0o B 2018 1. 50,3% mporeHTa 3apa3mimch mo-
JIOBBIM IIyTeM M TONBKO 46 % TpPOIEHT — 3a cYeT
HapKoTHKOB. Jlanpmie Mbl BuauM, uto B 2019 r. Ten-
JICHIINS CHIKCHHUS TTOKa3aTeslell COXpaHMIACh, U TPO-
LEeHT yKcia 3aboaeBmux cocraBui 8,01%. DTOT rox
MOCTYXHJI CHI)KEHHEM MHOTHX 3abosieBaHumit. CTOUT
OTMETUTH, YTO TaKasl TeHJEHIMs MPOU30ILIa BO MHO-
roM u3-3a nangemMun COVID-19. KoHTakTHEIE OrpaHu-
YEHUS] U CAaMOM3OJISILUS, CBA3aHHbBIE C HEH, TTO3BOJIMIH

COKpPATUThL YHCIIO 3a00eBImnX. JJaHHOE MmoATBepKIa-
ercs v B 2020 1., rAe 0OUIHii MPOIEHT 3a001eBACMOCTH
HaceneHus coctaBmi 7,90%, a OTpUIIATENBHBIN TOKa-
3arens mpupocta cocraBui 1,37%. Koneuno, manme-
MHs, CBS3aHHAsI C PacHpOCTpaHEHHUEM KOPOHOBHPYC-
HOW MH(EKIINH, HAHECJIa YPOH MHOTUM cepaM KHU3He-
JIEATEILHOCTH, HO TO, YTO BMECTE C HEll IMOIUIX Ha CIIa /]
Cephe3HbIC 3a00JICBaHUsI HENb3sl YITYCKATh.

IlonBoast UTOrM CTaThU O JUHAMHKE ITOKa3aTelel
3a00J1eBAEMOCTH HACEJICHHS CUHAPOMOM MPHOOPETCH-
HOTO0 UMMYHOC(hHUIINTA CTOUT OTMETUTH, YTO 3a 5 JIeT
MBI HaOJIF01aeM U3 Tojia B TOJ CHIDKECHHE JAaHHOrO 3a-
0oJeBaHMUA, YTO HECOMHEHHO T'OBOPHT O MpopaboTKe
BOIIPOCOB KACAIOIIUXCSI CEKCYaJlbHOTO BOCIHMTAHHSA,
OCHOBaHHBIX Ha HHPOPMHUPOBAHHOCTH HACEIICHHS CTa-
THCTHYECKHUMHU JaHHbIMU. Ha cerogHsInHuii JcHb,
MIPEJCTABIICTCS OCOOCHHO BaKHBIM COXpPaHEHHE Ta-
KOU TCHICHIIMH.
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This paper provides detailed information on various types of renewable energy sources (RES). A comparative
analysis of the existing types of renewable energy sources is given, their advantages and disadvantages are re-
vealed. Identified more economical and energy-efficient types of RES sources for use in the climatic conditions
of Azerbaijan. Detailed information is provided on several power plants installed in different countries of the
world, in particular, on various types of power plants operating based on RES. The work done in Azerbaijan in
this area is shown, statistical data are provided. Particular attention is paid to the sources of solar, wind, wave, and
geothermal energy, as well as the use of biomass energy (BM).
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1. Introduction

As is well known, due to the technogenic and an-
thropogenic development since the beginning of the in-
dustrial period, the environmental situation on Earth
has deteriorated and become catastrophic. On the one
hand, this is due to the pollution of the soil, water, and
atmosphere with various types of hazardous waste, on
the other hand, it has to do with the use of conventional
fuels in liquid, gas, and solid form, for the generation
of heat and electricity. Thus, the use of these types of
fuel causes the emissions of large amounts of green-
house gases (GG) into the atmosphere, which have a
thermal effect in the near-earth layers of the Earth’s at-
mosphere. Taking into consideration the above, since
the middle of the last century, scientists and experts
from most countries pay great attention to the wider use
of environmentally friendly and inexhaustible RES in
the power supply of the future generation. Besides, it is
necessary to abandon conventional types of fuel as
much as possible. In that connection, as the future en-
ergy carriers, special attention is paid to hydrogen gas
and combustible gas mixture (CGM), biogas, as well as
liquid artificial fuels such as methanol, ethanol, dime-
thyl ether, and other biofuels. As raw materials, for the
production of these types of fuel, special attention is
paid to the use of inexhaustible raw materials such as
water (for the production of hydrogen and combustible
gas mixture), various types of BM (for the production
of methanol, ethanol, biogas, etc.) and various types of
solid combustible waste (SCW). The latter is also con-
sidered to be an inexhaustible energy source [1]. As the
world’s population grows year by year, their need for
energy, various industrial and food products steadily in-
crease, which, in its turn, leads to an increase in waste.
However, presently, very serious efforts are underway

worldwide to minimize the amount of various hazard-
ous waste, as well as greenhouse gases. Annually, con-
ferences and symposiums relating to the decrease of en-
vironmental pollution are held, different preventive and
restrictive measures and decisions are made in different
countries, especially in developed ones [2]. As is well
known, the process of the use of RES for heating and
power supply takes place without combustion, there-
fore hazardous waste is not released into the environ-
ment. However, this is not to say that the use of RES is
not harmful to the environment. The use of these energy
sources has both advantages and disadvantages. Con-
sidering this fact, a comparative analysis of the main
types of RES and the possibilities of their use is pro-
vided below.

2. Promising types of RES and their classifica-
tion

In general, renewable energy sources are the fol-
lowing:

- solar radiation (solar power);

- wind energy (wind power);

- river and stream energy (hydropower);

- tidal energy (in seas and oceans);

- wave energy (in seas and oceans);

-geothermal energy;

- dissipated thermal energy: the warmth of the air,
the water of oceans, seas, and reservoirs;

- biomass energy BM (bioenergy).

BM energy, in its turn, includes the following sub-
categories:

- plant-based BM formed in the process of photo-
synthesis and containing various plant species;

- animal-based BM types, consisting of waste
products of various types of domestic animals, includ-
ing poultry;
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- peat (under the international classification, it re-
fers to the category of plant-based BM);

- organic solid combustible waste (SCW) formed
as a result of anthropogenic activity;

- organic waste formed, in the pulp and paper,
wood processing, forestry, and wood harvesting;

Summarizing all the above RES, three main
global types can be distinguished:
- solar energy;
- earth energy;
- the energy of the orbital motion of the planet.
Table 1 shows the classification of the existing
types of RES [3].
Table 1

Classification of the existing types of RES

Solar radiation energy

Photovoltaic converters (PVC), solar panels
Various types of solar collectors (SC)

High-temperature solar power plants (HTSPP)

Solar power plants (SPP)

Wind mechanical power plants (WMPP)

Wind energy Wind-power plants (WPP)
Mini-hydropower plants (MHPP) operating on small rivers and streams (ca-
Hydropower nals, waterfalls, etc.)
Tidal energy Tidal power plant
Wave energy of seas and \Wave power plant
oceans P P

Geothermal energy

Geothermal power plants (GPP)

BM energy (bioenergy)

Thermo-chemical, physicochemical or biochemical processing of the liquid,

gasiform, and solid biofuel

The main types of promising RES are presented
below. In this sense, solar energy comes first. As can
be seen from Table 1, for the use of solar energy two
types of energy converters (EC) are used: 1) EC which
directly or indirectly converts the solar radiation energy
into electricity; 2) EC which directly or stepwise con-
vert the radiant solar energy into the thermal one. Pho-
tovoltaic converters (PVC) are used for the direct solar
energy conversion into power energy, and they are con-
nected in the solar panel in sequential and parallel com-
binations, the solar panels themselves are connected in
the same way forming a solar power plant (SPP). Para-
bolic (PC) or parabolocylandric (PCC) concentrators
are used for the step-by-step conversion of radiant solar
energy into power energy. Power generating plants re-
fer to the high-temperature solar power plants (HTSPP)
group. PC are high-temperature EC, and they are meant
to obtain a temperature up to 3000° C and parabolocy-
landric concentrators are average temperature EC and
give a temperature up to 500° C. In some HTSPP flat
heliostats are used as energy converters that concen-
trate the rays of the sun and direct them to a steam boiler
mounted on a tower, where water is converted to steam

at high pressure and critical temperature. Then, all pro-
cesses occur as in a conventional thermal power plant
(TPP). When using parabolic and parabolocylandric
concentrators, such processes continue in the same
way. The output power of the SPP depends on the num-
ber of solar panels used, and the power of HTSPP de-
pends on the number of PC, PCC, or heliostats [4].

Silicon-based photovoltaic cells are most widely
used in solar power plants as primary energy convert-
ers. Figure 1 shows a general view of a solar power
plant based on PVC, and figure 2 shows a general view
of an HTSPP based on flat heliostats.

Solar energy is also used for the production of hot
water and heat. In this case, various types of solar col-
lectors such as flat solar collectors (FSC) and vacuum
tube collectors (VTC) are used. Depending on the type
of heat carrier, the solar collectors are also divided into
two groups: liquid and air. In this case, both ordinary
water and substances with phase transitions (antifreeze,
ethylene glycol, ammonia, etc.) are used as liquid heat
carriers. The maximum heat carrier temperature for
FSC is 85°- 90° C, and when using VTC collectors it is
up to 250° C [5].
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Figure 2. A general view of heliostat-based HTSPP.

The largest solar power plant in the world is the
Bhadla Solar Park plant installed in the Bhadla village,
Jodhpur region of Rajasthan (India) which has a total
capacity of 2.25 GW [13].

The advantages of using solar energy, as men-
tioned above, include inexhaustibility, environmental
friendliness, ease of converting solar power into other
types of energy, simplicity of design, noiselessness, etc.
The inexhaustibility of solar power reserves is also
because the remaining expectancy of the Sun's life is
about 5 billion years. As for environmental benefits,
this is mainly because the use of solar power does not
lead to the release of emissions into the environment,
and this is a crucial step in the fight against the climate
crisis.

Indirectly, global warming has led to several other
global environmental disasters (massive forest fires,
river flooding and flooding of surrounding residential
settlements, climatic anomalies, dried water sources,
desertification of land, etc.). The use of solar power
plays an important role in the prevention of such natural
disasters. SPP with a capacity of 1 MWT generates 2
min. KW*h of power per year, which prevents the emis-
sion of carbon dioxide into the atmosphere, which is

emitted when using 11000 t of the natural gas, 1100-
1500 t of oil, and 1700-2300 t of coal in the conven-
tional TPP.

As for the disadvantages of using solar energy,
first of all, the coefficient of performance of most solar
power plants, especially photovoltaic converter-based
SPP, is small, and the cost of 1 kW of the generated
electricity is relatively high. Another disadvantage is
the variation in the solar radiation intensity (SRI) flow-
ing on the surface of the earth in a wide range, and a
stochastic (arbitrary) change in semi-cloudy sky states,
which hurts the operation of photovoltaic converter-
based SPP. Their output parameters vary widely which
requires additional measures such as the use of stabiliz-
ing and energy storage systems which require addi-
tional financial costs. Thus, energy generated by this
type of solar power system in good weather conditions
is accumulated in electrochemical storage batteries and
is used at night, as well as in unfavorable weather con-
ditions. Since the electric current generated by the pho-
tovoltaic converter-based solar power system is a direct
current, its indirect transformation over long distances
is impossible. For this purpose, firstly, it should be con-
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verted to 220 V or 380 V with the use of a phase in-
verter system and, later, using a transformer to high
voltages and to transmit this voltage over the required
distance, as in conventional TPP or hydroelectric power
plants. It requires extra costs, so the final price of the
generating energy becomes high. Scientific and tech-
nical aspects of the efficient use of solar power have not
been yet sufficiently studied, and a lot of research is
needed [6].

As Table 1 shows, the second widely used type of
renewable energy source is wind energy. Wind energy
is the oldest type of energy used by mankind. Thus, in
ancient China before AD, a rotary-type wind turbine
with the horizontal axis of rotation and wooden blades
was created [4]. Later, numerous windmills and me-
chanical wind pumping units were created. From the
beginning of the last century up to the 70s, in Azerbai-
jan, especially in summer cottages located in Baku city,
numerous low-speed wind turbines (WT) were estab-
lished most of which functioned as pumps.

In general, wind energy is the conversion of me-
chanical wind energy in the form of a stream (airflow)
into another type of mechanical energy, rotational mo-
tion, using a wind wheel (WW) which is a mechanical
energy converter (EC), and in the future, the direct use
of this energy in the mechanical pumps or compressors,
or by transferring rotational motion from a wind wheel

power. Therefore, as Table 1 shows, wind turbines are
divided into two groups: wind mechanical power plants
and wind power plants.

However, low-energy wind power plants with
both horizontal and vertical axes of rotation are called
wind-power units (WPU) in the references. According
to the design of WW, wind turbines are divided into the
following groups: horizontally and vertically axial, ro-
tary and carousel type, Savenius type, low-bladed (no
more than 4 blades), high-speed, multi-bladed (up to 24
blades), low-speed ones, etc. However, as the WT ca-
pacity increases, this classification, which was used
earlier in the references, is not fully justifiable. Thus, if
earlier low-power WT (up to 30 kW) with the number
of blades less than 4, including WPU referred to high-
speed categories (with a WW rotation speed of 150-200
rpm and more), two or three-blade modern wind power
plants cannot belong to this category. Since the number
of rotations of the WW of such wind power plants is
30-50 rpm, they are low-speed. Therefore, in such types
of WPP, the WW rotation speed using a multistage
multiplier is increased to the number of rotations re-
quired for an electric generator (1500-1800 rpm). Fig.
3 shows a general view of a low-speed mechanical
(pumping and compressor units) WT, and Fig. 4 shows
a general view of a modern high-power wind power
plant.

to the shaft of an electric generator, obtaining electrical

\

Figure 3. Diagrammatic representatioh 0

\
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Figure 4. The general view of industrial three-bladed WPP.



48 Norwegian Journal of development of the International Science No 77/2022

The largest wind power plant in the world is the
plant installed by Max Bogl, a German engineering
company not far from Stuttgart. Wind generator GE 3.4
MW with a rotor diameter of 137 m was installed on a
tower with a height of 178 m. The total height from the
ground surface to the top of the blade reaches a record
246,5m [7].

The main advantages related to solar energy also
refer to wind energy and wind power installations. A
distinctive feature is that all types of WT are mechani-
cal devices subject to vibration. For this reason, they
have special requirements. Since they must be provided
with an orientation system in the direction of the wind,
braking system, and systems to automatically change
the angle of attack of the blades. Vibrations in the hor-
izontal direction must be minimized and, in general,
WT must be resistant to strong winds and capable of
operating in the wider range of instantaneous wind
speeds. The last requirement is because, unlike SPP,
WPP generates alternate current, therefore, strict re-
quirements for current frequency change are set for
many consumers of the alternate current, especially for
consumers with reactive resistance. Since voltage fre-
quency generated by the electric generator of the WPP
may differ by a maximum of 10-15% from the indus-
trial frequency (50 Hz). For this reason, special
measures are taken, automatic control systems are used
on the WPP. When the current frequency reaches the
maximum permissible level, power plant operation au-
tomatically stops.

P

The use of wave energy is another type of RES
that is of great significance both in other world’s coun-
tries and in Azerbaijan. Since the water density is 813
times greater than the density of air, the specific density
of the energy created by the wave is much higher in
comparison with the density of wind energy. Therefore,
since the middle of the last century, the use of this en-
ergy has been in the spotlight of all developed coun-

Figure 5. A general view of the hybrid SWPP. )

Despite all the environmental benefits and inex-
haustibility, the use of wind power also has several dis-
advantages. Thus, firstly, unlike solar power, wind en-
ergy is completely unevenly distributed throughout the
planet, including the territory of Azerbaijan. From this
point of view, the use of wind power is a localized phe-
nomenon. Efficient use of wind power in Azerbaijan is
possible only in the territories belonging to zone A,
which includes the Absheron Peninsula and adjacent
territories, as well as regions located in the narrow
coastal strip of the Caspian Sea. In the territories be-
longing to zone C (lowland of the Kura River) wind en-
ergy can be effectively used only in certain altitudes.
Another disadvantage of using wind energy is the noise
of the majority of WT, especially WPP, in some cases,
it causes the death of birds. There should be no obsta-
cles in the vicinity of the WPP installation area [6].

As for the coefficient of performance (CF), the
WPP CF is much higher than that of SPP, the maximum
value of which is up to 46%. Due to the generation of
the alternating current of the WPP, the long-range
transmission of this current becomes a lot easier. More-
over, industrial WPP can operate in parallel with the
grid. Since the solar and wind power changes depend-
ing on the time, differ from each other, and solar power
plants operate only during the daytime and do not op-
erate at night, recently much attention is paid to the hy-
brid one, that is, combined solar and wind power plants
(SWPP). Figure 5 shows a general view of one of these
plants.

—— >
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tries. The first functioning, commercial plant is Aguca-
doura Wave Farm with a capacity of 2,24 MW located
on the outskirts of Povoa de Varzim in northern Portu-
gal which is 150 m long, 3.5 m wide, and it has a ser-
pentine structure [4]. Later, many wave power plants
with different structures were created. Figure 6 shows
a general view of the Australian Oceanlinx, figure 7
shows a general view of the Danish Wavestar.



Norwegian Journal of development of the International Science No 77/2022 49

Figure 7. Wavestar (Denmark).

The advantages of the wave power plants are sim-
plicity of use, large wave energy reserves, and constant
renewability. The disadvantage is constructive instabil-
ity to the high pressures of the watering dam. For this
reason, most wave power plants have a short service
life and require very high material costs.

Another type of RES is a geothermal energy
source with huge reserves that are of great interest to
the energy of the future. Geothermal energy is the en-
ergy released from the heat of the bowels of the earth.
This energy has been released from our planet for mil-
lions of years. It must be borne in mind that the cooling
rate of the earth’s core over a billion years does not ex-
ceed 4000° C, and the temperature in the Earth’s core
exceeds 6500° C. The temperature decreases gradually
towards the surface.

There is a lot of heat energy in the Earth’s crust,
the exact number of which is hard to determine. How-
ever, under serious estimates, if you limit it to a depth
of 3 km, you can get 8x10'" GJ of geothermal energy
from this layer.

2% of the geothermal energy existing in the
earth’s crust is constantly released and amounts to
840x108kW, which is considered technologically avail-
able for production.

The heat carrier temperature above 150° C is con-
sidered to be more economically efficient for produc-
tion of the electric power from geothermal sources.
Since the heat carrier with such temperature can be sent

directly to the turbine. Devices are using geothermal
waters with lower temperatures in which the geother-
mal water heats the heat carrier with a phase transition
(freon, halon, ammonia, ethylene glycol, etc.) having a
low boiling temperature and circulating along the sec-
ond contour. At the same time, the generated steam ro-
tates the steam turbine and the latter rotates the electric
generator shaft. However, the output power of power
plants functioning with this principle is not so great and
amounts to 10-100 kW. Therefore, the cost of the en-
ergy produced in such power plants is slightly higher in
comparison with geothermal heat power plants using
water with higher temperatures [8].

As for the assessment of sources of the geothermal
energy, then, in this regard, it can be pointed out that if
you use only 1% of the thermal energy available at a
depth of 10000 m, you can replace 100 times all types
of conventional fuel (oil, gas, coal, etc.) that are cur-
rently being produced by mankind all over the world.
However, it can lead to non-renewable depletion of the
earth’s crust and environmental pollution.

In Azerbaijan, the thermal energy from the deep
layers of the earth has not yet been used, but there are
some sources of geothermal water with relatively low
temperatures that can be used efficiently. Table 2 shows
the data about the physical and energy characteristics
of thermal waters in these sources of thermal water. As
can be seen from the above sources of thermal water,
only at Khachmaz-thermal and Khachmaz-Palchig-Oba
sources the water temperature is above 550° C [9].
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Table 2

Physical and energy features of thermal waters
of the geothermal water sources existing on the territory of Azerbaijan

Names of the geothermal water Temperature, °C Heat capoacity, C/ Relative density,
sources (kg’C) kg
Khachmaz-Thermal 56,0 4179,6 0,9962
Khachmaz Palchig-Oba 75,0 4191,2 0,9928
Khachmaz-4™ section 44,0 4175,2 0,9906
Gabala-Gamarvan 39,2 4173,9 0,9851
Gakh-llisu-upper Beshbulag 30,0 4174,3 0,9700

In general, depending on the water temperature of
thermal sources, the energy of this water is used for dif-
ferent purposes. Thus, from hot water, sources of ther-
mal water with a temperature below 55° C, it is appro-
priate to directly obtain heat energy, or electrical energy
in a stepwise form, using heat pumps, and water from
sources with a temperature above 55° C is best used di-
rectly for hot water supply and heating. Thus, as can be
seen from sources of thermal water specified in Table
2, only thermal waters from Khachmaz-Thermal and
Khachmaz Palchig-Oba sources can be used directly
for hot water and heat supply. It is appropriate to use
thermal waters of the last three sources only for the pro-
duction of electric power applying the thermal pumps.

As indicated above, in this case, it is possible to
build a mini geothermal power plant with a capacity of
10-100 kW. In the first case, using a geothermal power
plant, the thermal energy of water is gradually con-
verted into electrical energy and for this, an energy car-
rier (steam) with a critical temperature under a high
pressure, which is necessary for the normal operation
of the steam turbine. Several substances with a phase
transition (ammonia, freon, ethylene glycol, halon, an-
tifreeze, etc.) capable of boiling at low temperatures are

-

used as energy carriers. The transformation ratio of
such a system is very high and can even be 500-700%.
This means that the amount of the final energy received
is 5-7 times more than the energy consumed for the op-
eration of the compressors of the thermal pump, which
indicates the potential of this method application. When
using the temperature of geothermal water in the GPP,
for heating and hot water supply, the used water (cold
water) from the opposite side is re-entered into the
source of geothermal water. For example, Figure 8
shows a general view, and Figure 9 shows a block dia-
gram of the GPP, in which the lines of hot (direct-flow)
water are shown in red, and cold (counter-flow) water
lines are shown in blue. The diagram shown in Figure
9 is usually used in installations intended for hot water
supply and heating.

When using thermal pumps and a multi-circuit
system, eventually, the water temperature in the geo-
thermal source is not only non-decreasing, on the
contrary, due to the use of the heat carriers with a phase
transition and low temperature of boiling, the tempera-
ture of the water returning from the system may be
higher than the initial temperature (water temperature
at the inlet of the thermal pump).

R —— -— .'
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Figure 8. A general view of GPP.
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Production Well

3. The statistics of the use of renewable energy
sources in Azerbaijan

As in many countries of the world, as well as in
Azerbaijan, the most promising, from the point of view
of the actual use of renewable energy sources, are solar,
wind, and wave energy. At the same time, the use of
solar and wind energy is implemented in two
directions: scientific and practical. Since the middle of
the last century, numerous studies have been carried out
in the field of the use of solar and wind energy and
several promising practiced plants have been developed
at the"Heliotechnics" laboratory (the present name is
"Conversion of Renewable Energy Types") of the
Radiation Research Sector of the Azerbaijan SSR (the
present name is the Institute of Radiation Problems of
the National Academy of Sciences of Azerbaijan).
Some of them are: “the solar and wind electrolysis plant
for production of high-purity hydrogen and oxygen
from pressurized water”, “the solar and wind anti-
corrosive systems for protection of the main oil and gas
pipelines from electrochemical and bacteriological
corrosion”, “the two-unit wind turbine for heating
greenhouse type premises”, “the high temperature solar
plant with parabolic concentrator” for production from
various types of hydrocarbons combustible gas mixture
with up to 50% of hydrogen content which uses ordi-
nary water vapor as an oxidizing agent, “the hybrid so-
lar-wind plant for hot water and heat supply”, “the two-
module solar plant with flat solar collectors for dehy-
dration and thermal treatment of crude oil”, “the solar
energy plant with parabolic concentrator for production

Figure 9. Structural diagram of GPP.

Injection Well

of combustible gas mixture from plant-based BM”,
“plant with flat solar collectors for pre-sowing irradia-
tion of cotton stems with concentrated sun rays”, “He-
liothermostat”, “Helio kitchen”, “Various modifica-
tions of the wind-electric plants with vertical axis of ro-
tation”, "Damless mini-hydropower plants operating
from lowland rivers", "Pneumatic wind-pump plant”,
"Wave power plant”, "Hybrid solar-wind biogas plant
for biogas production from biomass and organic
waste", etc., some of which were applied on a semi-in-
dustrial scale in different climatic conditions of the Ab-
sheron Peninsula. The results obtained from experi-
ments have been published in refereed international sci-
entific journals [5-9]. Other plants which are still at the
level of patents can also be successfully applied not
only in the remaining regions of Azerbaijan but also in
territories liberated from the occupation of Armenia in
2020, territories that have large resources of solar and
wind power.

As for the practical side of the use of renewable
energy sources, the main works performed in this direc-
tion are owed by Nakhchivan State Energy Agency,
“Azerishig” OJSC, ‘“Azalternativenergy” LLC, and
“Tamiz Shahar” OJSC. Table 3 shows statistical data
on the technical potential of renewable energy sources
existing in Azerbaijan, and the table shows similar data
on the total generating capacity of power plants estab-
lished up to 2015. As table 3 shows, solar energy ac-
counts for 85.52% of the total RES balance. Wind en-
ergy potential is 7,68 times less as compared to solar
energy [10].

Table 3

Statistical data on the technical potential of renewable energy sources in Azerbaijan

Technical potential
The name of RES MW Percentage, %
Solar 23040 85,52
Wind 3000 11,14
BM types and organic waste 380 1,41
Mini-hydropower plants 520 1,93
Total: 26940 100,0
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Besides, since the airflow to the WW WPP enters
in a horizontal direction, they have a much higher prob-
ability of darkening each other as compared to solar
panels. Therefore, individual WPP should be installed
at a large distance, relative to one another, which hurts
the overall efficiency of wind energy use, and thus, in
the overall balance, the share of SPP, in comparison
with WPP, is increasing significantly.

Unfortunately, even though most of the territory
of Azerbaijan is located on the shores of the Caspian

Sea, wave energy is not yet used in our country. For this
reason, tables 3 and 4 do not contain any information
about the use of this energy. Several promising types of
wave power plants have been developed, however, they
are still at the patent level. When allocating funds, mod-
ern and cost-effective wave power plants can be in-
stalled in the future. Thus, both tables do not contain
any data on geothermal energy, as well as energy ob-
tained from solid combustible waste.

Table 4
Data on the total generating capacity of power plants established in Azerbaijan up to 2015, MW
State autonomous and Power plants
rivate producers of Total per-
P eIectFr)ic Sower Total TPP HPP sPP | wpp | BM | _° tag'z, %
«Azerenerji» OJSC 6935 5881 1055 - - - 86,69
Nakhchivan State 237 147 68 22 ) ) 2.96
Energy Agency
Electricity producers:
(BP, SOCAR, Azersun 722 722 - - - - 9,03
Holding)
«Tamiz Shahar» OJSC 37 - - - - 37 0,46
«Azerishigy OJSC 52 - - - 52 - 0,66
«Azalternativenergy»
LLC 16 - - 13 3 1 0,20
Total, MW 7999 6750 1132 35 62 38 100
Percentage, % 100 84,2 14,1 0,4 0,8 0,5 -

As table 4 shows the main organizations produc-
ing electric power in Azerbaijan, with the use of renew-
able energy sources up to 2015, were Nakhchivan State
Energy Agency, “Azalternativenergy” LLC, “Tamiz
Shahar” OJSC, and “Azerishig” OJSC. HPP (water en-
ergy), SPP (solar energy), WPP (wind energy), and BM
energy are the main types of renewable energy sources.
Certainly, the use of HPP has an advantage over other
types of renewable energy sources. However, there
have been significant changes in the use of RES since
2015. A significant process has been achieved, espe-
cially in the field of waste management [11].

According to the data provided by the Ministry of
Energy, 408 million kWh of electricity was generated
at the WPP and SPP in Azerbaijan in 2013-2019. So, if
these power plants generated 1.6 million kWh of elec-
tricity in 2013, then this indicator was 149 million kWh
in 2019, which showed an increase of 93 times over the
past 7 years.

Growth in electricity production was also ob-
served at bioelectric power plants (BPP) operating
based on various types of BM and SCW in the period
2013-2019. During this period, 1.19 kWh of electricity
was produced at the BPP, and the total energy produc-
tion increased by 46.3% as compared to 2013 [7]. There
was an increase in the use of renewable energy sources
in 2020. So, the hydropower plants, wind power plants,
and the Solid Waste Incineration Plant operating in
Azerbaijan generated 151.9 million kWh of electricity
in January-May 2020, which is 0.7 million kWh more
than the same data in 2019.

In general, the statistics on the use of renewable
energy sources in Azerbaijan up to 2020 is as follows:
hydropower capacity of 1135 MW (22 plants, including
12 MHPP), wind power capacity of 66 MW (5 plants,

1 hybrid), bioenergy capacity 38 MW (2 plants, 1 hy-
brid), solar power capacity 40 MW (9 plants, 1 of them
is hybrid). During this period, a hybrid power plant was
installed in Gobustan, consisting of a WPP with a ca-
pacity of 2.7 MW, an SPP with a capacity of 3 MW,
and a BPP with a capacity of 1 MW, and there are 2
SPP with a total capacity of 27 MW in the Nakhchivan
AR.

Currently, the total production capacity of electric-
ity in Azerbaijan is 7,556 MW, and the capacity of re-
newable energy sources, including large hydropower
plants, is 1,276 MW, which is 17% of the total capacity.
The goal is to increase the share of renewable energy
sources to 30% in the total energy balance by 2030. To
achieve this goal, on January 9, 2020, the Cabinet of
Ministers of the Republic of Azerbaijan signed Imple-
menting Agreements between the Ministry of Energy
and the “ACWA Power” Corporations from Saudi Ara-
bia and “Masdar” from the United Arab Emirates on the
implementation of pilot projects for the development of
renewable energy sources in Azerbaijan. According to
these agreements, it is envisaged to implement pilot
projects with ACWA Power for the construction of a
wind farm with a capacity of 240 MW and with Masdar
for the construction of a solar power plant with a capac-
ity of 230 MW. According to a report prepared by
“VPC”, to achieve the set goal of 30%, it is necessary
to install new wind and solar power plants with a total
capacity of 1,500 MW, of which 440 MW in 2020-2022
and 460 MW in 2023-2025. It is considered expedient
to integrate 600 MW into the network within 3 years,
including 2026-2030.

At present, in Azerbaijan, as well as in all coun-
tries of the world, various measures are being taken to
broaden the use of renewable energy sources, contracts



Norwegian Journal of development of the International Science No 77/2022 53

are being signed with various reputable foreign compa-
nies, and large investments are being made in this area
[11].

In conclusion, we can say that there are a lot of
RES reserves in Azerbaijan, such as solar, wind, wave,
geothermal, wave and energy of small rivers, and the
use of these inexhaustible and environmentally friendly
types of energy can play an important role in guaran-
teed energy supply for the future generation.
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The work is devoted to the issues of cleaning the inner surface of the pipeline. Here are the types of contam-
ination, the main methods of cleaning pipelines and the features of the use of various cleaning devices.
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When transporting crude oil, various problems
arise that significantly complicate the pumping of pe-
troleum products and require effective technologies to
prevent them.

One of the most frequent problems in the transpor-
tation of hydrocarbons is the problem of contamination
of the pipe space with various sediments.

The problem is not given due attention, which
leads to negative consequences and causes a decrease
in system performance, a decrease in throughput, and
an increase in pressure. Pollution can lead to the for-
mation of blockages, as a consequence, to serious dam-
age to the linear part and equipment on oil pipelines,
ultimately, to deterioration of technical and economic
indicators of transportation and huge losses. This deter-
mines the urgency of the problem of high-quality clean-
ing of sediments inside the pipes of main oil pipelines.
During operation, the consumption of pipelines is grad-
ually reduced due to: accumulation of paraffin deposits,
increased roughness of the walls of pipelines due to
their internal corrosion and accumulation of corrosion
products and mechanical impurities; as well as accumu-
lation of water in the lower points of pipes and block-
ages in the upper points of pipes. In addition, the col-
lection of contaminants in oil pipelines will lead to a
deterioration in the productivity of the pumped product
due to their deposition by mechanical impurities [1].

The composition of deposits in the network also
differs from the duration of the pipeline operation, as
well as from the physic and chemical properties of the
oil product. Deposits on the inner walls of pipes most
often include paraffin, resinous substances, oils, me-
chanical impurities such as (corrosion products and
clay, lime inclusions, sand particles, etc.). Some other
substances: low molecular weight resins, naphthenates,
and other polar oil compounds, as well as surface-ac-
tive, demulsify that pass into the oil phase during oil
preparation, emulsify the outer layer of the sludge.

When pumping paraffin oils, impurities accumu-
late on the walls of the pipeline, reducing the flow sec-
tion of the pipeline, affecting the pumping perfor-
mance, and can lead to complete blocking of the pipe-
line and stopping pumping. The main factors affecting
the deposition of paraffin are: physical and chemical
properties of the pumped oil product; change in temper-
ature (cooling) of the oil during pumping; change in

dissolved gases; the nature of pumping modes (pressure
change and stop) [2].

The solidification process begins especially at the
walls of the pipes and systematically expands towards
the center. The deposition of paraffin along the diame-
ter of the pipelines is also abrupt: there is a small
amount of paraffin at the bottom of the tube than on the
road. This is due to the fact that the upper part of the
pipe has the lowest temperature and mechanical impu-
rities remove paraffin from the lower walls of the pipe-
line. To maintain the flow in the pipeling, it is necessary
to take preventive measures in order to avoid paraffin
deposits or to clean oil pipelines from other contami-
nants. Currently, almost both methods are used.

Preventive measures include : exclusion of injec-
tion of paraffin suspension accumulated in the collec-
tors into the pipe; perform annual cleaning of tanks
from oil residues; use of heat treatment with a high
amount of paraffin oil, consisting in heating the oil to a
certain temperature at each degree and its gradual cool-
ing; mixing oil with a high content of paraffin with oil
that has low viscosity ; mechanical mixing and pump-
ing of supercoiled oil so that paraffin crystals together
with the resins adsorbed in them could not stick, stick
to the walls of the pipeline and be transported by oil
flows.

The most advanced and effective way to clean the
inner surface of the pipeline for paraffin deposits is me-
chanical cleaning with special scrapers, the cleaning el-
ements of which are all types of discs, knives, and wire
brushes. Scrapers of various structural schemes differ
in the efficiency of removing deposits from the walls of
pipes in terms of wear resistance and permeability.
Wear resistance is characterized by an effective clean-
ing length of the tube. Today, with regular cleaning of
pipelines, metal scrapers can cover a distance of up to
100 km without excessive wear. The permeability of
the scraper is characterized by the ability to pass
through various obstacles inside the pipeline: flanges,
junctions, reinforcing rings, valves, and so on. Rubber
spherical separators have good maneuverability. Such
a cleaning scraper is made of wear-resistant rubber with
rounded plastic and metal cutters that are pressed into
the outer shell of the scraper. The scraper has a valve
through which the working fluid is pumped. Under the
influence of the pressure of the working medium, the
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outer diameter of the scraper increases, and the cutters
begin to protrude above the surface. The cutters are ar-
ranged in such a way that the scraper, located inde-
pendently of the place of the pipeline excavation, can
clean the entire inner cavity of the pipes from contami-
nation. It also uses braided rubber balls with a metal
steel chain [3].

For the continuous passage of the scrapers, a cer-
tain pressure and a flow rate of at least 1.2 - 1.5 m/s are
required. Therefore, the staff on duty should carefully
monitor the pumping mode. He also needs to constantly
monitor the progress of the scraper along the length of
the pipeline. Various monitoring devices are usually
used to control the movement of the scraper.

Basically, there are three types of cleaning of the
inner surface of the oil pipeline: periodic - for removal
of paraffin deposits, including accumulation of water
and gases in order to preserve the capacity of oil pipe-
lines and prevent increased internal corrosion of pipe-
lines; targeted - are intended to remove various sealing
residues after the end of repair work on the linear part
of the main oil pipelines; preliminary diagnostics - de-
signed to ensure the necessary degree of cleaning of the
inner surface of oil pipelines in accordance with the
technical characteristics of flow control devices.

Cleaning is carried out according to the instruc-
tions developed and approved by the chief engineer or
the chief personnel of the operating organization for
each section of the main oil pipelines. Regular and pre-
diagnostic cleaning of the pipeline is carried out mainly
by passing at least two cleaning devices in accordance
with the regulations for cleaning the inner surface of oil
trunk pipelines [4-5].

One of the main tasks of in-line pipeline cleaning
is to increase the processing capacity, as well as to in-
crease the reliability of main pipelines. There are sev-
eral ways to implement this technology: one of them is
to purge the main oil pipeline with a gas flow using

purge plugs, and you can also use the flushing method.
The next method is to clean the inner cavity of oil pipe-
lines using special in-pipe devices, these include the
following (cleaning piston, scrapers, separator piston,
etc.). Any oil pipeline used in oil production is subject
to corrosion, so special inhibitors will be introduced to
prevent chemical influences. An important step in the
effective conduct of in-line washing is the choice of a
cleaning device.

The method of selection depends on the types of
pollution of the main oil pipeline. The main direction
and principles of the scrapers' work are cleaning the in-
ner surface from debris and dirt residues during the
overhaul of the main pipeline. Such debris can be: slag,
electrodes, etc.).

Cleaning pistons are used after commissioning
and during operation. These cleaning pistons have spe-
cial polyurethane cuffs and discs designed to reduce the
load on the piston from the inner wall of the pipeline

[6].
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