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ABSTRACT

Theoretical principles of approaches to solving the problem of reducing
injuries and improving working conditions are considered. It is shown that
the complexity of the issue of ensuring an effective level of employee safety
requires the use of multifactorial research methods. The presented results in
the theoretical research proved the necessity and possibility of using the
theory of systems analysis in combination with the theory of automatic
control and the theory of reliability to achieve this goal. It is determined that
the working conditions and tasks set by managers to employees in the 21st
century are increasingly becoming formalized (determined). Workers on
safety issues must follow rules that limit their activity, and this has an impact
on their behavior. It is determined that the working conditions and tasks set
by managers to employees in the 21st century are increasingly becoming
formalized (determined). Workers on safety issues must follow rules that
limit their activity, and this has an impact on their behavior. It has been
proven that possible disturbances and opposition to the implementation of
these rules and restrictions should be taken into account. It is necessary to
register all errors and deviations from the normal condition of the employee,
starting with the most minor ones. It is shown that the safety management
system is based on the efficient and error-free operation of the subsystem
"employee", which is probabilistic (by the nature of its origin), that is, errors
can occur in the work. It is pointed out that it is necessary to take into
account all the components of the dualistic management scheme of the
occupational safety and health management system. It is emphasized that it
is necessary to revise all instructions on labor protection taking into account
the risks of non-compliance with safety requirements and taking into account
their consequences. Attention is drawn to the fact that automatic control
systems in automatic control systems must be implemented in the production
to ensure the registration of error-free operation of workers, and provide
them with assistance in case of difficult production situations.
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Beryn. IlutanHs 3acTocyBaHHS TeOpii CHCTEMHOTO aHAI3y [0 BHPIMICHHS MTPOOIeMH
3MEHIICHHS TpaBMaTH3My Ta Mpo(ecifHUX 3aXBOPIOBaHb HAa BHUPOOHHIITBI, MiAHIMAETHCS BXKE HE
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nepmmid pas. AKTyalbHICTh MpoOJeMy TpaBMaTu3My Ha BUPOOHMIITBI A7l YKpaiHM 3a OCTaHHIH pik
HaOyBae HOBOTO 3HAYEHHS uepe3 HWoro 3pocraHHs Ha T mapaemii COVID-2019. € Bimomumu
HACTYITHI cTaTUCTHYHI faHi: [1] KiNBKICTh HEMACHUX BUMAIKIB 32 9 wmicsamiB 3 mouatky 2020 poxy
ctanoBuTh 3231 (3 HUX 296 3i cMepTENPHUMHU HAcTiKaMH) y TIOPiBHSAHHI 3 aHAJIOTIYHUM MEPioaoM
2019 poky — 2602 (3 Hux 281 3i cMeprensHUMHU Hacminkamu. Takox Jlepknpani YkpaiHu HABOJHTH
CTPYKTypy BHpOOHHUYOro TpaBMaru3my 3a I miBpiuus 2020 poky. Cepen MpyUYrH HENIACHUX BUITAIKIB
31 CMEPTEIbHUM HACTIIKOM TEpeBaXkaroTh opraHizamiiiHi (58,7%), 1m0 MOB’s3aHe 3 HEXTYBaHHSIM
NpaliBHUKaMH BHMOTaMH 3 OXOPOHH Mpami Ha miampuemctsi. Jpyri 3a MacoBOIO YacTKOIO MPUYWH
HEIMaCHUX BHUMAAKIB TIOCITAIOTh TNCHXOQI3WUHI, TEXHOTEHHI, NMPHUPOIHI, CSKOJOTiUHI Ta COIliadbHI
npuunnu (26,4%). Ha tperbomy micti — texuiusi (14,9%).

Bennka yacTka HeIIaCHUX BHIIAJKIB, IO MPUXOAUTHCS HA OpraHi3amiiiHi MPUYMHN 3aJICKHUTh
BiJl TakWX CKJIQJIOBUX, SK HE3HAHHS NPALiBHAKOM IHCTPYKII 3 OXOpPOHH TIpalli, IOCaJOBUX
IHCTpPYKIIi#f a00 HEXTyBaHHS HUMH, TIOPYIICHHS MPaBIJI OE3MEeKH W TEXHOJIOTIYHOTO Tporecy. Bei i
Horo nii MaroTh WMOBIpHiICHUI XapakTep. KpiM Toro WMOBipHICHHH XapakTep MOXe MaTu U BIUJIMB
HaBKOJIMITHBOTO CEpeloBHIa Ha Oe3neKy. Buxoisuu 3 1pOro pamioHaIbHO BHUKOPHUCTOBYBAaTH B
CHCTEMI YIpaBIiHHSI OXOPOHHU Ipalli pU3UK-Opi€HTOBAHUH ITiIXiI.

Moxna posrmsgatdé CYIIB3 sk cucteMy Ha pi3HHX piBHSIX: Ha JIepKaBHOMY, Ha piBHI
HiAIpUeEMCTBa a0o foro miapo3ainy [2].

CVYIIb3 miampueMcTBa MOXHA TPEACTABUTH y BUTIAAi puc.l. Buxomsum 3 miei cxemu
00’exToM ympaBmiHHA besnekoro mparii € migcucrema «lIpariBauk» B ocHOBHOMY Bij Hel 3aJI€KUTH,
4y OyIyTh BUKOHYBATHCS TpaBuiia O€3MeKH, 4Yd Hi. YTOpaBiiHHs migcuctemoro «lIpamiBHuUK» 3apa3
3MIACHIOETHCS. B OCHOBHOMY IIEHTPATi30BaHO, TOOTO 3 TOPH IO TpalliBHUKA 0€3 ypaxyBaHb TOTO, IO
KOXKEH TPAI[iBHUK € B CBOIO YepPry, CUCTEMOIO B SIKil € CBOT 3aBJaHHS Ta YMOBHU (DyHKITiOHYBaHHS. LIs
cucrema «[IpaliBHUK», Ma€ BIACHI OpraHd KepyBaHHS Ta BUKOHAHHS, OCHOBH SIKUX PO3TJISIIAIOTHCS Y
(hizioorii Ta ICUXOJIOTIT JIFOJUHHU.

KepyBaHHA MB3 Ha gepXaBHOMY piBHi

'

KepyBaHHs MB3 Ha perioHanbHOMY piBHi

'

KepysaHHA B3 Ha pisHi nignpMemcTsa

KepiBHMK BUCOKOrO piBHA

'

KepiBHUK HM3bKOrO piBHA

'

MpayiBHUK

Puc. 1. Kepysanus npoghecitinoio beznexoro ma 300p08 sim 3a PiGHIMU YRPAGLIHHSL

KepyBanus migcucremoro «[IpaiiBHUK» MOXHA 3/IMCHIOBATH BUKOPHUCTOBYIOYH TEOPIIO
CHUCTEMHOTO aHali3y, elEMEeHTH Teopil HaIIHHOCTi, Teopii aBTOMATHYHOTO YIPABIIHHS Ta PHU3HK
opieHToBaHWH miaxig. He Bci eleMeHTHM AaHWX TEOpili MOXYTh OYyTH 3aCTOCOBAHO JI0 OKPEMOIO
JIIOJIMHHM, aJie MOXKYTh OYTH 3aCTOCOBaHI JUIsl TPYIU MPAI[iBHUKIB, SK €IEMEHTa CHCTEMH YITPaBIIiHHS
(06’exta ynparminHs). KepyBaHHs 3a TaKMX YMOB BiOYBA€ThCS 13 BEJIMKUM HAOOPOM OOMEKEHb, SIKi
MalTh METy 3pOoOWTH i3 JIOAWHU (TpaIliBHUKA) ifeanbHy «MAallliHY» JJIi BHKOHAHHS TEBHUX
BUpoOHMUNX QyHKUiH. Ha mpakTuili Take € HEMOXIMBHUM, Yepe3 y’Ke CKIIaAHy OyIOBY JIIOJCHKOTO
Oprasiamy, ajge HaOJIM3UTUCh JO TAKOTO 1/1eajbHOI0 KEepPyBaHHS Ta BUKOHAHHS MOXKIIMBO, 3aBISKH
BUKOPHCTaHHS TIEBHUX MPABUJI T4 YMOB.

CuCTeMHUI MiAXiJ B OXOPOHI Ipalli 03Ha4ae KOMIUIEKCHE JTOCHIDKEHHS BCIX CKJIAJOBUX YaCTHH
CVYIIB3, BpaxoByrOUHM i BHYTpIIIHIN CTaH CHUCTEMM 1 30BHIIIHIA BIUMB Ha cucremy [3]. Cuctemuuit
aHai3 — BHUABIICHHS Ta YpaxXyBaHHS BCiX 3B’A3KIB MK €JIEMCHTAMH Ta 3 30BHIIIHIM CEPEIOBHUIICM,
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BUBUCHHS OKPEMUX €JIEMEHTIB, BU3HAYCHHSI POJICH X €JIEMEHTIB, @ TAKOX BUSBIICHHS BIUIMBY CHCTEMHU
Ha okpeMi enemeHTH [4]. Tak sk 00’€KTOM KepyBaHHS € TPAIliBHUK, TO BaYKIMBO 3HATH, IO 3aCTABIISIE
foro mpuitmMatH pimeHHs iATH Oe3meyHo 4u Hi, sk BumBae CYIIB3 piBHA miampueMcTBa YH
JIep’KaBHOTO PiBHS Ha HBOTO, SIKI B3a€MO3B’SI3KM Ta KaHaW iHGOpMAaMii iXyTs 1O MpaliBHUKA Ta BiX
HBOTO, SIKUI BIUTMB MAlOTh 3IIHCHIOBATH Ha TpamniBHuKa iHMI ckianoBi CYIIB3 — kepiBHUKH, ¢axiBii 3
OXOpOHHM Tpami Ta iHmi, sKy iH(OpMAIil0 MalOTh BOHH OTPUMYBATH /IS SIKICHOTO KEpyBaHHS.
BukopucTanHs CHCTEMHOTO aHaji3y JO3BOJISIE YIOPSAKYBaTH iHpopMalilo Ta epeKTUBHO NPOSKTYBaTU
Ta yNpaBJIATH CKIAAHUMU CUCTeMaMu, A0 akux MoxkHa BigHectd CYIIB3 ta migcuctemy «lIpamiBHUK».

OpmHUM 3 TIPUHIUIIB CUCTEMHOTO TiIXO0Ty € MPUHIIAII METH: MeTa Mae OyTH BUMIPIOBAHOIO Ta
nocsokHOo0, v Bunanky CYIIb3 meToro € 3HIDKEHHS KiJTbKOCTI HEIIACHUX BHITAKiB HA BUPOOHHIITBI Ta
BUTIAJIKiB TPOQeCciHOI 3aXBOPIOBAHOCTI MPALliBHUKIB.

Teopist HagitHOCTI cTaHOBUTHCS akTyaiabHOIO It CYIIB3 xomm Mu po3risgaeMo miacucTemMy
«IIpamiBHuK» AK gacTuHy cuctemMu «llimmpueMcTBOY, M0 BU3HAYAE YCHIMIHE (QYHKIIOHYBaHHS JaHOI
cucTemH, ii 6e3aBapiliHICTb, Ta JOBrOTPUBAJICTH iICHYBaHHSI.

JlJis BCHOTO MiANPHEMCTBA YCIIIIHE KEPyBaHHS OE3MEKOI € 3alOpyKOI EKOHOMIYHOIO
yCHixXy, aje Ajsl COLiyMy, AJsl IKOTO XHTTS Ta 310POB’Sl CBOIX WIEHIB Ma€ MEpPIIOUYEProBe 3HAUCHH,
po3poOka epeKTUBHOTO KepyBaHHS NpodeciiiHo Oe3MeKOo € OJHOK 3 MPIOpUTEeTHUX 3aaad. Ha
JaHui 4yac eeKTHBHE YMPaBIiHHA YacTO OTOTOXKHIOIOTH 3 aBTOMATUYHUM YIIPABIiHHAM, OCOOJIHBO
TOJIi, KOJIM 0araTo CKJIaJOBHX YaCTHH B CHUCTEMi, Oarato moTokiB iHdopmarii u camoi iHdopmariii, K
30BHI CHCTEMH TaK 1 BcepeAuHi. [OMy JOIIIBHO BHUKOPHCTOBYBATH TEOPII0 ABTOMAaTHYHOTO
ynpaBininHsg i B cucteMi CYIIB3. barato po3moB BeaeTbcs 1 Mpo Te, HAa CKUIBKH TIHOOKO
BIIPOBA/KYBaTH aBTOMATH3aIlil0 y CHCTEMHU KepyBaHHA mianpueMcTtBoM [5]. Ha maHumit wac €
pO3poOKHM aBTOMaTH3amid okpemMux cekTopiB misbHOCTI CYIIB3, Hampukmamg: mo BIPOBAKEHHIO
ABTOMATH30BaHMX CHCTEM KOHTCHT aHajlidy Mo MNHUTaHHAX Oesneku [6], MO0 BHUKOPUCTAHHIO
HAKONMYCHUX 3HAHb JUIS IUIaHyBaHHS OE3IeKH, MO aHamizy pododoro micus 3 OesmedHocTi [7, 8],
ABTOMATHYHHUX CHCTEM IO aHalli3y NOBEAIHKM Ta HAJAaHHIO MOINEPEIKYBaJIbHUX CHUTHATIB IS
3aro0iraHHs TpPaBMYBaHHSA B CepeloBHUIl JiroauHa-MaimmHa [9]. CTBOpeHHs 3arajbHOI MOJENi
apromatnyHoro ynpasiminas CYIIB3, BrmpoBajkKeHHsT aBTOMAaTUYHOTO KEPYBaHHS B il €JIEMEHTH Ta
00’eHaHHs iX B 0HY cucTteMy aBToMatnuHoro kepyBanHs CYIIB3 € akTyanbHOO 3a1auero.

Taxk six ocHoBHUM enemeHToM CYIIB3 € moguna abo rpyna Jiroael, To CUCTeMa BiTHOCUTHCS
JI0 CaMUX CKJIaJHUX CHUCTEM — COIlalibHUX. BHXOsUM 3 TOTO, 0 MOBEIHKA JI0AEeH BU3HAYAETHCS
BUCOKHM CTyIIEHEM HerepeadadyyBaHOCTi, TO LI CHCTEMH CIiB BiTHECTHM IO KJacy CHCTEM, IO
CaMOOPTaHI3yl0ThCS 200 CUCTEM, 110 PO3BUBAIOTHCS, 1 e pPOOUTH iX ympaBiiHHA ckiaagHuM [10]. Tax
sk CYIIB3 omikyethcs mpodeciiiHoo Oe3NeKoro, i BCepelrHi CUCTEMH € COIiaIbHO-C€KOHOMIUHI
BigHocuuu TO B oMy CVYIIB3 cnix kinacugikyBaty SK coliagbHO-eKOHOMIYHY CHCTEMY.

HacraB dac Oinmbllie yBaru OpHUIUIMTH MTiACHCTEMI, Ky YTBOPIOE TPAIiBHUK Yy 3arajibHii
CHUCTEeMI KepyBaHHs OXOPOHOIO Mparli Ha BUpOOHUITBI. HeoOXimHO 30cepeuTHCh Ha KOMIIEKCHOMY
KepYBaHHI I[IEF0 CUCTEMOI0, 3BKYIOUHN Ha 11 3HAYCHHSI 711 YCi€l CHCTeMI YIPaBIiHHS MiATPHEMCTBOM.

OO0’eKT AocCTiIzKeHHs] — MpOLec yIOCKOHAJCHHS 3aXOJiB Ta 3ac00iB KepyBaHHA OE3MEKOI0
NpaIiBHUKIB Ha M1 IMPHEMCTBI.

IIpeamMer paochaiKeHHT — METOMU aHamily e(QeKTUBHOCTI 3aXHCTy TMpalliBHUKA BiJ
HETaTHUBHOTO BIUIMBY HEOE3MEYHUX Ta LIKIAJTMBUX YAHHUKIB y CUCTEMI KepyBaHHs O€3MEKOI0 Iparii.

Mertoau pociimkeHHsi. B po0OoTi BHKOPHUCTOBYBAJIMCh TEOPETHYHI JOCITIKCHHS, SKi
3aCTOCOBYIOThCS B YKpaiHi i B IHIIMX KpaiHax CBITY, Ui KOMIUIEKCHOTO MiAXOAy 1O aHalizy
YIOCKOHAJIEHHS CHCTEMH KepyBaHHA O€3NeKOro Mpaii Ha BUPOOHHULTBI, Y TOMY YHCI METOIU
CHCTEMHOTO aHANI3Y Y TIOETHAHHI 13 TEOPiI0 aBTOMATUYHOT'O KEPyBaHHSI.

Pe3yabTaTi 10CTiTKEeHHS.

1. KoHuenTtyaabHi HiAX0aH 10 ONUCY MiICHCTEMH «IPAMIBHUK»

BignoBigHo A0 Teopii CHCTEMHOro aHami3y, 3ajJeXHO BiJ BIUIMBY Ha OTOYEHHS i XapakTepy
B3a€MOJII1 3 IHIIMMU CHCTEMaMH, QYHKIIIT CHCTEM MOXKHA PO3TAIYBAaTH 32 PAHTOM HACTYITHUM YUHOM
[11]: macuBHe icHyBaHHs; MaTepiaa sl IHIIMX CHUCTEM; OOCIYrOBYBaHHS CHCTEM OLIbII BHCOKOTO
MOPSZIKY; MPOTUCTOSIHHS 1HIIUM CHCTeMaM (BIKHMBAHHS); MOTJIMHAHHS 1HIIMX CHCTEM (EKCHaHCisf);
MIEPETBOPCHHS 1HIITUX CHCTEM 1 CEPEIOBHUII (AKTUBHA POJIH ).

[TacuBre icmyBanHs mimcucremu «llpamiBauk» y CYIIB3 moxe mpuBecTH 1o aBapii abo
HEIaCHOTO BHMaAKy. Sk Marepian s iHIIKUX cucTeM mifcuctema «lIpaumiBHUK» Moxe OyTH
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BUKOPHUCTaHa, 3BaXKYIOUM HAa XapakTep BUPOOHWYOI mismibHOCTi. Hampukian, psaryBanbHi pobotw,
KOHTPOJIbHI TePeBIpKM TOMIO. TakoX MiACHCTEMY MOXYTh 3aCTOCOBYBATH Il OOCIYyTOBYBaHHS
cucTeM O1LIbIII BUCOKOTO MOPSIKY. Ha cydacHOMy BHPOOHHIITBI /1€ IHKOJIM BHHUKAIOTH CUTYAIlii, KON
3’SIBNISIETHCS. HEOOX1THICTh MMPOTUCTOSHHS 1HIIUM CHCTeMaM (BHKMBaHHS, KOHKypeHinist). [lizcucrema
«lIpamiBHUK» caMa HE TIOTJIMHAE 1HIN CHCTEeMH (EKCITaHCiI) ajie KOJMW OO0 IN€l MiICHCTeMH
MIPUETHYIOTHCSA 1HIII (YTBOPIOETHCS TPYIIA), TO I TPyIa MOXKE «IIOTITMHATID 1HIII MiJICHCTEMH, a Iaji
poOHTH iX IepeTBOpEHHS (aKTUBHA POJIb).

Bynp-sika cuctema Moke po3risaaTUcs, SK miacucreMa 1o iHmoi. Tak y cucteMi KepyBaHHS
T AIPUEMCTBOM, CUCTEMa KepyBaHHs O€3IeKOI0 Tparli € MiJCHCTEMOIO 3arallbHOI CHCTEMHU KepyBaHHS
M AIPUEMCTBOM, a Y IiH MiACHCTEMI MOYKHA 3HANTH OKpeMi MiJCHCTEMH, Y TOMY YHCIII TIPaIliBHAKA, 5K
MiICUCTEMY, SIKa YTBOPIOE 00’ €KT YIpPaBIiHHSA (PHC.2) Y CHCTEMi OXOPOHH IIpaLli.

Bxin 1 e
E— 3BOPOTHI 3B’S30K
Opran kepyBaHHS A
A4

Bxin 2 Buxing

- " .
. OO0’ €eKT yIpaBIiHHA >

Bxix 3 y .p

—— (pariBHUK)

30BHIIIHI} BIUINB

Puc. 2. Cxema 06’ ecxmy xepysanns niocucmemu «lIpayisHuxy, aK 4acmunu cucmemu KepyeanHs
OXOPOHOI0 Npayi i3 360POMHIM 36 A3KOM

3a J0mMOMOroI0 3BOPOTHOIO 3B’s3Ky curHai (iHdopmariis) 3 BuUXOLy cHCTeMH (00 €KTa
YIpaBIIiHHS) TIEPEIA€ThCS B OpraH ynpasiiHHA. TyT el curHai, 1mo MicTuTh iH(popMarliro npo poooTy,
BUKOHAaHY 00’€KTOM YIIPaBJiHHS, a TaKoX 1HOMAI iHQOpMaIlilo Mpo 30BHINIHIKA BIUIUB, MOPIBHIOETHCS 3
CHUTHAJIOM, 1110 32JIa€ 3MICT 1 00CsIT poOOTH (HAIIPUKIIa, TaH). Y pa3i BAHUKHEHHS HEY3Tr0/DKEHOCTI MiXkK
(aKTUYHUM 1 IUTAHOBUM CTaHOM POOOTH BXHMBAIOTHCS 3aXO0M II0J0 HOTO YCYHEHHSI.

3BopoTHiM 3B’s13k0M B CYIIB3 Ta B mifcucremi «[IpamiBHUK» MOKe BHCTYNaTH iH(OpMAIis po
TIOPYIICHHST BUMOT TPaBHII OE3MEKHU, KUIBKICTh Ta BHHM HEIIACHUX BHIIA/IKIB, TPOQECIHIX 3aXBOPIOBAHb,
€KOHOMIYH1 BTpaTH, sIKi 3a3HAJIO MiANPHUEMCTBO, SIK HACJI1IOK HEBUKOHAHHS BUMOT O€3IeKH.

OCHOBHMMH (PYHKIIISIMH 3BOPOTHOTO 3B SI3KY €:

1. Tlporuais TOMy, 110 POOWUTH caMa CHUCTEMa, KOJM BOHA BHXOJWTH 3a BCTAHOBJICHI MEXi
(Hampukiaz, pearyBaHHs Ha 3arpo3y HEraTUBHOTO BIUIMBY Ha CTaH 310pOB’s);

2. KomrmeHcaniss 30ypeHb 1 HiATpUMaHHA CTaHy CTIMKOI piBHOBarW CHCTEMH (HampUKIam,
HETIONIaJIKK B POOOTI yCTaTKYBaHHS, SIKi MOXKYTh ITPU3BECTH JI0 TPABM);

3. CuHTe3yBaHHS 30BHIIIHIX 1 BHYTPIIIHIX 30ypeHb, SIKI IParHyTh BUBECTH CHCTEMY 3i CTaHy
CTIMKOI piBHOBAru, 3BeJCHHS LUX 30ypeHb O BIAXWICHb OJHI€] a00 AEKIIBKOX KEPOBaHUX BEIMYNH
(Harpukiniaa, BUPOOJICHHS KOMaHJ Ha IMOSIBY HEraTUBHOTO BIUIMBY IHIIHMX TPAIiBHUKIB 1 3HHKCHHS
SIKOCT1 YBard Ta MOTIPIIEHHS SIKOCTI MPOJYKIIii, IO BUITYCKAETHC);

4. BupoOneHHA KepiBHHX BIUIMBIB Ha OO0’€KT YyHpaBiiHHA (TIpamiBHHKa) 3 IOTaHO
(dbopmanizoBaHUMH 3aBJAHHIMH.

[opymieHHst 3BOPOTHUX 3B’S3KIB B COIIaBHO-EKOHOMIUHUX cucTteMax, sikoro € CYIIB3, 3
PI3HUX MPHYMH Belle N0 THKKUX HAcHiakiB. OKpemi JIOKalbHI CHCTEMH BTPAdalOTh 3JATHICTH JI0
€BOJIIOLIl 1 TOHKOMY CHpPUHHATTIO HAaMIiY€HUX HOBHX TEHJCHIIH, MEPCIEKTUBHOTO PO3BUTKY Ta
HAYKOBO OOIPYHTOBAHOI'O MPOrHO3YBaHHS CBOET AisUIbHOCTI Ha TPUBAJIMH Iepiol vacy, ePeKTUBHOMY
MPUCTOCYBAHHIO JIO MOCTIHHO MiHJIMBIX YMOB 30BHIIITHHOT'O CEPEIOBHIIA.

OcCoOnHBICTIO COLaTbHO-€KOHOMIYHHAX CHCTEM € Ta OOCTaBMHA, IO HE 3aBXKIU BIAETHCS
YITKO BHCJIOBUTH 3BOPOTHI 3B’SI3KM, AKI B HHUX, SK NPaBWIO, JOBri, MPOXOIATH 4Yepe3 LITUH psix
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NPOMDKHUX JIaHOK, 1 YiTkmid iX mepernsa yckmagHeHuil. Cami KepoBaHI BEJMYMHH HEPIIKO He
MiTal0TECSA SICHOMY BH3HA4YEHHIO, 1 BaKKO BCTAHOBHUTH 0O€3llid OOMEXeHb, IO HAKIAAAlOThCI Ha
napaMeTpu KepoBaHWX BenMWdnH. He 3aBkiau Biomi TakoXX AiMCHI NMPUYMHU BUXOAY KEPOBaHUX
3MIHHHX 32 BCTAHOBJICHI MEXIi.

Ha BupOOHUIITBI OiNBIINOI0 YACTHHOIO iCHYE AETEPMIHOBAHMHA (PKOPCTKWH) 3B’S30K, SKHMA
OJTHO3HAYHO BW3HAYA€ MPUYMHY 1 HACIHIOK, A€ YITKO 0OyMOBIIEHY (OPMYIYy B3a€MOJii €lIEMEHTIB.
BusnavaeThest mil 3B’A30K 4epe3 BUpOOHWUE 3aBIaHHS AJS KOXKHOTO TpaiiBHUKA. AJie y OESKUX
BUAaX poOOTH, iCHye WMOBIpHMHA (THYYKHii) 3B 530K, SIKHH BH3HAYa€ HESBHY, HETIPSAMY 3aJIe)KHICTh
MIX eleMeHTaMU CHUCTeMH. Teopis WMOBIPHOCTI MPOIOHYE MaTeMaTHIHUH arapar A JOCHTiKSHHS
IIUX 3B’S3KiB, 3BaHUI «KOPEILITIHHUME 3aJIEKHOCTIMI.

[IpauiBHuK y 3aranpHii cucTeMi KepyBaHHs O€3MEKOro IMpalli Ha MiINpUEMCTBI, € 0a30BOIO
T JICICTEMOIO, Ha SIKii OyTyeThesl ycsa HanOymoBa KepyBaHHS. JlouHa HE € MEXaHIYHOIO0 CUCTEMOIO, a
TOMY iif mpuTaMaHHI He3BWYaiHI GopMH BiqHOCHH. JlJIsl MpUBENCHHS JTIOAMHH 10 HEOOXiTHOTO CTaHy
KA MOTpeOye YCHIINIHOTO BHUKOHAHHA BHPOOHHYOTO 3aBIaHHs, ii BiIOMparoTh 3a mpodeciiiHuMu
03HAaKaMH, HaBYalOTh, OOMEXYIOTh MPaBUJIAMH TOIIO, 1[0 MPU3BOAUTE /IO CTAHOBHIIA, KOJIU JIFOAWHA
CTa€ MPaKTUIHO TigcucTeMoro «lIpariBHuK» 13 KOPCTKO BU3HAYSHHNMH BUMOTaMH, alle IPH HassBHOCTI
MOKJIMBUX WMOBIPHUX BiXUJICHD Y TIOBEIHII Ta BUKOHAHHI 3aBJIaHb.

Kpurepiem, 3a SIKUMU IPOBOAUTHCS OL[IHKA BiAMOBIAHOCTI (DYHKIIIOHYBAHHS CUCTEMH Oa)KaHOMY
pe3yibTaTy (METH) MpH 3aJaHuX OOMEXKEHHSX /IS TMpaliBHUKA € Horo mpodeciiiHi KOMIETEeHTHOCTI.
EdexTrBHICTh cHCTEMH, BU3HAYAETHCH (EKTHBHICTIO POOOTH KOXKHOTO il €JIeMEHTy, y TOMY YHCIHi i
migcucteM «[IpalliBHUKW», i BU3HAYAETHCS CITIBBITHOIICHHSAM MiX 3aJaHUM (ILJIbOBUM) MOKAa3HUKOM
pe3yibTaTy (DYHKIIIOHYBaHHS CUCTeMH (TIACUCTEM) 1 pakTHIHO peanizoBaHuM. DYHKIIIOHYBaHHS OYIb-
SKO1 JOBUTBHO 0OpaHoi miacuctemu «lIpaiiBHuK» monsrae B mepepoOili BXiMHUX (BiIOMIX) MapaMeTpiB
1 BIIOMHUX MapaMeTpiB BIUIMBY HABKOJMIIHBOTO CEPENOBUINA B 3HAUCHHS BHXITHHUX (HEBiIOMHX)
napaMeTpiB 3 ypaxyBaHHSIM (PaKTOPiB 3BOPOTHOTO 3B SI3KY.

Buxonsan 3 TOro, Mo yci piBHI KepyBaHHsS CHHPAIOThCS Ha 00’€KT KepyBaHHS, TOOTO Ha
JIIOJIMHY, 3 IIbOTO MOXKHA 3pOOUTH BUCHOBOK, IO JIFOJIMHA (TPAI[IBHUK) € CAMOIO TOJIOBHOO JIAHKOIO Y
cUCTeMi KepyBaHHs, 0e3 AKOi Hema ceHcy Yy Iwiel cucremi B3arami. Ha pucyHky 2 mnokaszaHa
€JIEMEHTapHA JIaHKa KePYBaHHS, sIKa BUXOJUTh Ha JIOMUHY (IIPalliBHUKA) Ta HA HBOMY 1 3aMHUKA€THCSL.

3a I0mOMOro 3BOPOTHOrO 3B’s3Ky cMrHai (iH(opmaris) 3 BUXOLy MHiJICHCTEMH CHCTEMH
(00’exTa ympaBiiHHS) TEpEeNacThcsi B opraH ympaeiiHHA. CHTHaN, 0 MICTUTh iHpOpMaIii mpo
poOoTy, BUKOHaHy 00’€KTOM yHpaBIiHHS (TPAIliBHUKOM), TOPIBHIOETHCS 3 CUTHAJIOM, IIIO 33]a€ 3MICT
1 o0csr poboTu (HarpukiIan, IiaH, 3aBJaHHsA). Y pa3i BUHUKHEHHS HEY3IOPKEHOCTI MiX (akKTHYHHUM i
TUTAHOBUM CTaHOM pOOOTH BXXHMBAIOTHCS 3aXOJHM IIOJ0 HOr0 YCYHEHHSA. YTPaBIiHHS CHCTEMOIO
MOB’S13aHO 3 TIOHATTSIMH MIPSIMOTO i 3BOPOTHOTO 3B’SI3KY, OOMEKEHHSIMHU.

3BOPOTHIN 3B’S130K NPU3HAYEHO JJIsl BUKOHAHHS HACTYIHUX OIEpaliil: MOpiBHSIHHA JaHUX Ha
BXOJIi 3 pe3yJbTaTaMy Ha BUXOJIi 3 BUSBIEHHSM iX SKICHO-KiJIbKICHMX BiJIMIHHOCTEH; OIliIHKa 3MICTY i
XapakTepy BIIMIHHOCTI; BUPOOJICHHS PIIICHHS, SIKE BUTIKA€E 3 BIIMIHHOCTI; BIUIMB Ha BBeACHHS [11].

Obwmexenns: mist migcuctemu «lIpamiBHUK», 3a0€3MeUyIOTh BiAMOBIIHICTH MiX BHUXiZHUM
CHUTHAJIOM ITIICUCTEMH Ta BUMOTOIO JI0 HHOT'O, SIK JO BXOJY B HACTYNHY CHCTeMy (TiJCHCTEMY), sIKa €
«CrnoxxuBagem». CriokuBadem y cucteMi CYIIB3 moxe OyTu — iHIIA JIFOMHA, MAIlIMHA, SJIEMEHTH
cepeioBHINa TOMmO. SIKIIO 3ajjaHa BUMOTa HE BHUKOHYETHCS, OOMEXKEHHsS HE MPOITyCKae HOro vepes
cebe. OOMEXKEHHS, TAKUM YWHOM, BiJlirpae pojib Y3roJDKeHHS (YHKLIIOHYBaHHS JAHOI CHCTEMHU 3
nsMu (morpebamu) «CrioxkuBauay. Y migcucteMi «[IpailiBHUK» MOXYTh BUHUKATH (QYyHKI[IOHABHI
npoOJIeMHI CUTYallii, SKi OB’ 3aHi 3 BIIMIHHICTIO MiXK HEOOXiTHUM (Oa’kaHMM) BUXOJIOM 1 ICHYFOUUM
(peansHNM) BxogoM. Taka mpoOiemMa BUPILIYEThCS MUIIXOM KOpUryBaHHs migcuctemu «llpariBHUKY,
SKILO 1€ MOXIIMBO, SIKIIO Hi, TO 3aMiHOIO Ha HOBY (MA€ThCs HA yBa3i 3aMiHOI0 OJHOTO NpalliBHUKA Ha
IHIIOTO, 1110 MOYKE BUKOHYBAaTH BUMOTH 10 3a0€31eYeHHI0 OE3MEeKH ).

CraH cuCTEMH BU3HAYA€THCSA CYKYITHICTIO ICTOTHUX BJIACTUBOCTEH, SIKUMU CHCTEMa BOJIOZIE B
KO)KeH MOMeHT uacy. Hampukinazn, € cuctema ynpaBiiHHS OXOPOHOIO Ipali MiAnpHeMCTBa, abo
SIKOTOCh IIPO3iIY, sSKa MOBHHHA 3a0e3meunTd Ha Buxoai 100 % mokasHuk 3 Oe3lekd mpaili Ta
30epeKeHHS 3I0pPOB’S TIPAIliBHHKIB, aji¢ y pPEabHOCTI € 3BITH i3 TpaBMyBaHb Ta TMpodeciifHOTO
3axXBOPIOBaHHs MpaliBHUKIB. Lle o3Havae mo npobiema €, ii MacmiTad BU3HAYa€ThCsI 00’ €MOM TpaBM
Ta 3aXBOpPIOBaHb. T00TO, BUHHWKAE 3aBIaHHSI — BUPIMINATH IO mpobiemy. ToMy HEOOXiTHO BBOIHUTH
oOMexeHHs y npoliec GyHKI[IOHYBaHHS 1€l cucTeMu. AJle Ha MPaKTHIIl, 3aBAaHHs e CKIaaHime, 00
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Tpeba poOUTH KPOKH IO TONEPEHKCHHIO TPaBMYyBaHb Ta 3aXBOploBaHb. Lle o3Havae, mo HEoOXigHO
BUKOPHUCTOBYBATH HMOBIPHICHI IiIXOAH Ta pOOUTH MPOTHO3YBAaHHS MalOyTHIX TOMIH.

Ha pucynky 3 npezacraBneHa cxema eJIeMEHTAPHOI JIAHKH YIPABIiHHS 31 3BOPOTHAM 3B’ A3KOM,
SKa IIUPOKO BHUKOPUCTOBYEThCA HA MPAKTUI B CHUCTEMi YyNpaBiiHHA mpodeciiiHor Oe3nekorn i
3mpopoB’sim (CYIIBE3).

IHpopmauiinHa 6a3a |« . <
»> Kopekuisa 2
AaHNX
A 4 .
N Hi
BukoHaBuum
«MexaHizm»
BupobHuye CtaH npodeciitHoi
P > pod , Hopma?
3aBAaHHA (B3) 6e3neKkn Ta 340p0B’s
4 (NB3)
r' N
Tak
KoHTponb

Puc. 3. Cxema cucmemu ynpasninus npoghecivinoi b6esnexu ma 30opos’ss (CYIIB3)

Bupobuuue 3aBmanns (B3) Bm3Hauae HeoOXximHmi crtaH TpodeciiiHoi Oe3meku i 370poB’s
(T1B3), a omxke I1B3 = f (B3).

Cxema cucremu ynpapiiaHs npodeciiinoi 6e3mexu Ta 3q0pos’st (CYIIB3) npamtoe HacTymHIM
4yiHOM. BupoOHIYE 3aBIaHHS BUIAETHCS MPAIiBHUKOBI, 1 HOTO XapakTep BH3HAa4Ya€ HEOOXiHUI piBeHb
npodeciiinoi Oe3mexku 1 3mopos’st ([163). Pieenp I1b3 Oyzp-fkoro 3aBaaHHS IOBHHEH BIiAMOBINATH
HopMaMm. SIKmio BiH BifmoBimae HopMmaMm (Tinka «Tak», puc.3), TO cucTeMa MpaIioe B 3BUYAHHOMY
pexumi, ii cTaH KOHTPOMIOEThCs. SIKio * He Biamoigae (Tinka «Hi», puc.3), To HEOOXiTHA KOPEKIIis.
Bup i crymiee Kopekilii BU3Ha4aeThes (haxiBIeM, 1 Jalli BKIFOYAETHCS BUKOHABUMN «MEXaHI3M», SKHUH
BUKOHYE 10 Kopekiito. [Ipu Kopekiiii BUKOpUCTOBYEThCS iHQopMariiiina 6a3a TaHHX, sSKa JJOIoMarae y
BUOOp] HANOUIBII ONTHMAIIFHOIO MEXaHi3My peaiizauii MeToziB i rianiB. ClI0BO MeXaHi3M B JlankKax,
TOMYy IO IIe MOXe OyTH He TpPHUCTpid, a OpraHi3amidiHW{ 3axif abo mo-HeOynp iHIne. 3MIHHIOCS
3aBJlaHHs Y TpalliBHUKa — 3MiHmwIUCs Bumorn 10 CYIIB3 i T. a.,1 T. .

VY npeacrapiieHili cxeMi € TPH TO3HIIIT, AKi MalOTh iICTOTHE 3HAYCHHS IIPH YIPaBJiHHI. A came:
HOpMa, KOpeKuis 1 KoHTpousib. Bei HopMaTuBHI nokasHuku yrpasiinaa CYIIB3 yMoBHO moainsroTbest
Ha JIBi KaTeropii — anpiopHi i anocTepiopHi.

Jlo ampiopHoi Kareropii BIIHOCATbCS INKIAIMBI 1 HeOe3meuHi (aKTOpH, 3HAUCHHS SKHX
BU3HAYEHI, i HA HUX BCTaHOBJICHI TPaHUYHI PiBHI IO JOMYCTUMOCTI. 3a Kiacudikaui€ro, mo icHye, ix
MOXHA TOAUIMTH Ha Taki TUOM: OpraHizauiiifi, ¢i3uuHi, XiMiyHi, 0i0JOTiYHI Ta MCHMXO(]i3i0N0riyHi.
BukopucToBytoun 11i TOKa3HWKH, MOXHA BBECTH IHJWKATOpH pIBHIB HeOe3lekn, ski OymyTh
XapaKTepu3yBaTH SIKICHE 3HAUCHHS PU3UKY. ATIPIOpHI TOKa3HUKHU, MOXHA i IOTPIOHO BUKOPHCTOBYBATH
JUTS TIOTIEpe/PKEHHST HeIAaCHUX BHIAJKIB 1 aBapiit. Ha TemepimHiii yac, 1ie Moxxe OyTH peanizoBaHO 3a
JIOTIOMOT'OF0  BTUICHHS PHU3UK-OPIEHTOBAHOIO MiAXOay. PiBeHb pH3UKYy € Kpalow arnpiopHO
iH(pOpMaIIi€ro, sika MOBUHHA OYTH BpaXxOBaHa y CHCTEMI KepyBaHHs O€3IIEKOr0 Ha BUPOOHHUIITBI.

AnocTepiopHi 3HaYeHHSI BU3HAYAIOTHCS 32 PE3yJIbTaTaMH, BUMAKIB, SIKi B)KE MarOTh Micle 1 iX
BUKOPUCTOBYIOTh JUII CTATHCTUYHOI OOpOOKM pe3yibTaTiB TpaBMaTH3My, 3a iX 3HAYCHHSIM
PO3paxoOBYIOTh TOKa3HMKH PHU3WKIB TpaBM, 3aXBOPIOBaHb a0b0 IHINIMX MOMIA HAa MalHOyTHE Ta
BUKOPHUCTOBYIOTH Y IJTAaHYBaHHI Ta pO3po01i 3aX0/1iB 3 OXOPOHH IpaLli.

HaiiBaxxnuBimmM y 1iii cucreMi € HasBHICTh TaKHX ITOKA3HUKIB, sIKi IOBUHHI 30upatucs B 6a3i
JAHMX 1 IOCTIMHO OHOBJIIOBATHCH.

JUJ1s1 TEXHOI'€HHUX CUCTEM HOPMAMUGHUL NOKA3HUK MEXHIYHUX XAPAKMepUcmux € KpuTepiem, 3a
SKAM OLIHIOIOTH 1X MOKJIMBOCTI 3aCTOCYBaHHS HA BUPOOHHMITBI. 3HAIOUN XapaKTEPUCTHKHU NMPUCTPOIB,
HUMU KEePYIOTh, BUKOPUCTOBYIOUH CHCTEMH aBToMaTndHOTO yrpaniiaas (CAY). Ile Habarato crporrye
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CKJIaZHI TEXHOJIOTIYHI MpoLecH. AJle BUHHKAIOTh NHUTAHHS: YM MOXHaA, BHKOpucTtoBytoun CAY,
YIOpaBISATH JIOABMH B TWTAHHSAX oOpraizaimii mpodeciiiHoi Oesmekn? Ym HE M0 IOTO MParHyTh
KEPIBHUKH TiAMPUEMCTB? SIKIIO TMIMTH 10 HOPMATHBIB 3 OE3MEKH, SK IO BUMOT, 110 HaKIadatoTh IIEBHI
PaMKH MOBEIIHKU MEPCOHAy, TO e CHJIBHO Haralye mapaMeTpy YIpaBiHHS B TEOpii aBTOMAaTUYHOTO
ynpaBmiHas (TAY). OnmHak, Take TOHSTTS SK <JTIOACHKHN (haKTOp», SKWH BH3HAYAE WMOBIpHICHHI
XapakTep TOBEIIHKH JIOAWHU 1 HOTO HemependadyBaHICTh Ha JAESKHX YAaCOBHX BiJpi3Kax dacy, He
JIO3BOJISIE  BUKOPHCTOBYBAaTH MareMaTWYHUU amapaT TAY 1ns BupilieHHS nNpoOjeM yHpaBIIiHHS
TIEPCOHAJIOM 3 MUTaHb Oe3meku. [IpoTe, BAKOPUCTOBYIOUM aHANIOTH B MigX0Jax /10 ACSKUX 3 HUX, MOXKHA
JIOMOTTHICSI TAPHUX PE3YINIbTaTiB, OCOOIMBO KOJIM JIFOJIFHA i€ Y TIEBHUX OOMEXEHHSX y TTOBEIIHIII.

[Mozumis «Kopexkiis» crany 00’ €KTy yABISETbCS JOCUTH CKIaIHUM eneMeHToM. [1oB’s3aH0 11e
3 THM PI3HOMaHITTAM METOMIB 1 MiAXOAIB, SIKi BXKE PO3pOOJIEHI i MOXKYTh OyTH BHUKOPHCTaHI Ha
MpakTuii. ToMy, IS TIO3HUIliS BiTHECEHA IO €KCIEPTHOI OIIHKN Ta BHOOPY HAWOLIBII ONTUMAIIEHOTO
MiIXOMy TPH BUPIMIEHHI MPOOJIeMH, IO BHHHUKAE, 3 OE3MEKOI0 IMpari. 3 i€l MO3WIiE 1 BHOOpOM
METOJIy peryJitoBaHHs (KOpEKIlii), TICHO NOB’s3aHa TMO3MIIisl BUKOHABYOro mpuctporo. Lli aBi mo3wmiii
TOBUHHI PpO3TJIsLIATHCS Pa3oM. PeKOMEHAyeThcsi BHUKOPHCTOBYBAaTH Ha Wil TO3UIIT MIXKHapOAHI
migxonu Ta craHgaptd, Hanpukiaa, OHSAS 18001 (ISO 45001) ta ISO31010, ski KOTIOMOXYTH
BUOpaTH METOJI OLIIHKU PU3UKY TPaBMaTHU3My Ta aBapii.

Tpersa nosuuist — «KoHTposby. «KoHTponby», SIK 3BOPOTHUI 3B’S30K B CHCTEMi yNpPABIiHHI, €
Ba)XITUBOIO JIaHKOK0. EQexTrBHICTH 1€l mo3uilii 0arato B 4oMy BU3HAYae, mparie3aatHicts Beiei CYIIB3.

Amnamizyroun npuniun poborn CVYIIB3, nmerko 3po3ymiTH, IO BOHA aHAIOTIYHA MPOIECY
ABTOMATHYHOTO PETyJIOBaHHS. ABTOMAaTHYHE pPETYNIOBAaHHA — L€ MiATPUMKa MOCTiHHOI Aeskoi
3a/1aHoi BENTMYMHH, IO XapaKTepu3ye mporec, abo 3MmiHa ii 1Mo 3aJaHOMY 3aKOHY, 3MiMCHIOBaHAa 3a
JTIOTIOMOTOF0 BUMipIOBaHHS CTaHy 00’€KkTa a0o Mif0unX Ha HHOTO 30YpeHb 1 BILTUBY Ha OpPTaH 00’ €KTa,
o peryitoe [11]. HeoOxinHO 3BepHYTH yBary, 1o mpolec yIpaBIiHHS Oe3MeK0 Ha ITiIPUEMCTRI,
MPAKTHUYHO BiIOYBA€ThCS «aBTOMATHUYHO», TOMY III0 B KOXHIH JIFOJMHI BiJl NPUPOJIU 3aKJIajcHa
BHYTpIIIHS cHUCTeMa camMo30eperkeHHs. Ha mpakTwili aBTOMATUYHWM YTPABIIHHSIM BBaYKAETHCA
yOpaBiiHHS 0€3 JIIOJIMHYU, OJHAK BUKOPHUCTOBYIOYM IIEH MiJIXiJl O TaKOro CKJIAIHOTO 00 €KTYy
ynpasiiHHs, skuM € 1153, MokHa po3pOoOUTH MaTeMaTH4Hy MOJEINb 3 MOJANBIINM 11 3aCTOCYBaHHSM
TIPH BiJIOBITHUX 0OMexeHHsIX, 11 BrockoHanenas CYIIB3 mianmpuemcraa.

3aaHOr0 BETTMYMHOKO € BcTaHoBNeHa HopMa [1B3, 3miHa siK01 BilOyBa€eThCs B 3aJICKHOCTI Bijl
YMOB, B SIKUX BUKOHY€ETBCS 3aBIaHHs 1 XapakTep mpaii. [lapameTpu mpoiecy npaii KOHTPOJIIOKOTHCS
npuiIajamMy, BKJIIOYAETHCS MeEXaHi3M, L0 MiATPUMYE HOro CTaH, 3a KOMaHIOK JIOAMHH abo
MPUCTPOEM IO HOTO KOHTPOJIIOE.

Cucrema ynpamiaas CVYIIB3 nHa miampuemcTBi Mae ckmagHy OynoBY 1 CKIamaeThesl 3
JIOKQJIbHUX CHUCTeM, O0’€IHAaHUX B €IMHY CHCTEMYy. BcCi eJIeMEeHTH Takoi CHUCTeMH IIOB’si3aHi
iHnpopmauiiiHoto mepexero. CYIIB3 mae iepapxiuHy OynoBy, sika BU3HAYa€ PiBHI BiANOBIAANIBHOCTI 1
BuKOHaHHS. CucremMa KOMOIHOBaHa 1 CKJIaJAeTbCsl 3 IpHJIAliB, HPUCTPOIB Ta MEXaHi3MiB, sKi
KOHTPOJIIOIOTHCS, 1 32 pe3yJbTaTaMK KOHTPOJIIO MPUHAMAOTh PIlICHHS JIFO/IH.

VY teopii aBTomMarnuyHoro ympaBimiHHI (TAY) ocHOBHMUM 3aBHaHHAM € 100yaoBa
MaTeMaTH4yHOi Mojeni. MaTteMaTHyHa MOJeNib BKJIOYaE B cebe omuc 00’€KTy YIpaBIiHHS 1
¢dynkuionanpHuX 6J10KkiB CAY. PoOUTHCS 1€ 3 METOIO0 IPOTHO3YBaHHS MOBEIHKH 00’ €KTY YIpaBIiHHS
1 TIONIYKiB JIOCATHEHHS! IIOCTABJICHUX 3aB/IaHb TP PI3HUX YMOBaX.

PosrnsineMo 06’ext ympasiinas (OY) B CVYIIB3. Im Mmoxe GyTH MeTeoposoriddi yMoBH
po00Y0T 30HH, SIKi KOHTPOIIOIOTHCS TPHIANAMH, IIi TIOKA3HUKH JIETKO BUBOJSATHCS Ha TPHIAIU
KOHTPOJIIO Ta BHKOHaBYi npuctpoi. lle ereMeHTapHa cucTeMa ympaBIiHHS 10 33JaHUX MapamMeTpax
TEMIIEpaTypy, BOJIOTOCTI 1 T.I. Y MiA CHCTEMi BXKE € HaJaro/pPKEHI TEXHOJIOTii aBTOMATHYHOTO
peryiroBaHHs mNapamMeTpiB MikpokmiMaTy. llpukmag — MOBHE KOHIMIIIOBaHHS METEOPOJIOTTUHHX
napametpiB npuMinieHHs. CKIagHile 3 CHCTEMOLO, Jie PeryJIioBaTH HEOOX1IHO YaCTOTHI 1 JMCKPETHI
IIYMH, SKi BHHUKAIOTh 0 CTOXAaCTHYHHM 3aKoHaM. B mbpoMy BUIAgKy NpoLec peryaioBaHHS Mae
3aIi3HIOBaHHS, BEJIMYMHA SIKOTO BU3HAYAETHCS MOXKIIMBOCTSAMHU BUKOHABYOTO «MEXaHi3My». SIKIIo e
MEXaHi3M Ma€ B CBOil CUCTEMI JIFOJIMHY, a, SIK IPABUJIO, TAK BOHO 1 €, TO TOJi HEOOX1THO TOBOPUTH TIPO
HaliBaBTOMaTH4YHE 1 pydHe perymoBanHsa. Kepyrounm mpuctpoem (KII) B CYIIB3, € momuHa, i 11e
JyXe yCKIIAJHIOE MPOLEeC YIPaBIiHHS.

VY npakrtumi 1163 BUKOPHCTOBYIOTHCS TIOHATTS ONTUMANBHI Ta JOMYyCTHMI HapaMeTpu. SIKImo
BUKOPHCTOBYBAaTH MEXKI IIMX 3HAYCHb, & HE TUIbKM OOMEKEHI 00JIacTi, TO TOAI MOKHA HPUNAHSIBIIH
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SKYCh CEpPEIHIO BEIMUMHY B Jiana30Hi ONTHUMAILHUX apaMeTpiB a00 PiBeHb 3HAUEHHS TOMYCTHMOTO
pIBHS B IHTEPBaTi MOXJIMBO PEECTPOBAHMX TPHIIAJAaMH 3HAYCHb, BU3HAYUTH HEY3TO/DKECHY MOMUIIKY
(OMUJIKY peryItOBaHHSA).

Y CVYIIB3 mig MpUHIMIIOM YOPaBIiHHSA PO3YMIIOTH (OPMYBaHHS KEPYIOUMM IMPHCTPOEM
kepyrodoro BruiuBy U(t) Ha mifcrtasi iHdopmariii mpo BrutkBu g(t) i z(t) (muB. prc.4), NpUKIAACHUX 10
CVIIB3, i peakmii cuctemn Ha HuX Y(t). CxemaTHuHO I cxeMa mpezcraBieHa Ha puc.4. Keposana
(Buxigna) BenmumHa Y() mopiBHIOEThCS 3 ii 3amaHuM 3HadeHHsM ((t) (TaHka «HOpMay», puc.3),
kepyrounii BrutuB U(t) (JTaHKa «KOpekIiisy, puc.3), CipsMOBaHE Ha YCYHEHHS BHHHUKIIOTO BiIXHUICHHS
((t) = 0) abo 3MeHIIIeHHSsI HOTO JI0 ISSIKOTO JOIYCTUMOTO 3HAYCHHS Ejon.

BusHaueHHs BiIXWICHHS Y BUKOHAHHI 3aB/IaHHs, BU3HAYa€eThes 3a popmyoro (1) [12]:

&) = g(t) —y() )

Z(t)

t °
gt . u(t) oy y(®)

Puc. 4. Cxema ynpasninnsa CYIIB3 3 ypaxy8aHHAM KepyrOu020 6NIUBY

Buxigna Bennunna Y(t) B CYIIB3 BH3HAYA€ThCS 3aJaHUMKU HOPMAaTHBAMH, sIKi 3aJIekKaTh Bil
Kepyrouoro BmuuBy U(t), a came XapakTepUCTHKH YMOB BHUKOHAHHS BHPOOHHYOrO 3aBIaHHS, SIKi
MOBHHHI 3a0e3meuyBaT KOM(POPTHI YMOBH TIparli.

VY texuiunux npuctposix CAY peectpye cam (PakT MOsIBU MOMMIIKH, BXXKUBAE 3aXOiB sl ii
JMKBimaIii i M0 BIACTUBICTH (TOYHICTH) BBAXKAIOTH T'OJOBHOIO mepeBaroro CAY, me poOmsTs i B
CVYIIB3. [lo HeAomiKiB X CHCTEM BIIHOCSATH CXMIIBHICTB iX 10 KOJMBAaHb MPH YMPaBIiHHI, a TAKOX
BHYTPIIIIHIO CYIEPEWINBICTD, OB’ sI3aHY 3 TIOSIBOIO KEPYOUOro BILIUBY U(t).

Y CVYIIB3 000B’13KOBUM €JIEMEHTOM € HasBHICTh 3BOPOTHOT'O 3B’ 513Ky (33).

3aBmannsa CYIIB3 ninsaTs Ha Tpu Tpymnw, sKi Ha BiaMiHy Bix CAY, MarOTh iHIIHA TTOPSAIOK:

1) 3aBmaHHs 11eHTU(IKALLIT;

2) 3aBJaHHS aHANTI3Y;

3) 3aBIaHHS CHUHTE3Y.

B nepury wepry B CYIIB3 BuzHauatoTh (iAeHTH]IKYIOTh) MIKiAIMBI i HeOe3neuHi gaxkropu B
po0ouiii 30HI, MOTIM IX aHai3yIOTh, BUKOPHCTOBYIOYM Pi3HI METOJH, a TMOTIM CHHTE3YIOTh ijei
(ciocoOu 1 TeXHOJIOTIT), IO T03BOJIAIOTH 3MEHIIHUTH J0 MiHIMAIEHUX PIBHIB PU3HKH.

Cytaicts ananizy CYIIB3 mosnsirae y BH3HAuUCHHI 3aKOHY 3MiHM BHXiAHOI BemumduuHH Y(t) 1o
3ajiaHoMy BXijHOMY BIUTHBY X(f) 1 omepaTopy cuctemu (puc. 5).

x(t) y()
—>| OIIEPATOP CYIIb3 ——

Puc. 5. Cxema pozmawyeanns onepamopa y cucmemi CYIIb3

[lig onepatopom CAY po3ymiroTh 3aKOH, BianoBigHO 10 sikoro CAY mnepeTBOpro€e BXIigHHIMA
BB X(t) B Buximnwmit Y(t). Take »x 3aBmanHs ctoith i mepex CYIIB3, a came — BU3HAYHUTH
(GYHKI[IOHATIBHI XapaKTePUCTUKH CHUCTEMH <« JIIOJMHA-MAIlIiHaY. Y MaTeMaTHYHOMY BITHOIICHHI
OIepaTop CUCTEMH SIBJIsiE cO0010 nTudepeHiianbHe PiBHAHHS a00 cucteMy auQepeHianbHuX PiBHSHB,
a takox nepenaBanpHy ¢yHkuito CYIIB3. Onepatop CVYIIB3 € ii maremarnuna moxens. Illono
omeparopa B cuctemi CYIIB3, nepeaapanbHa GyHKINIS BU3HAYAETHCS BUXOSIYH 3 ICUXO(i310J0TTUHIX
0COONMBOCTEH MIJICHCTEMU «IPAI[iBHUK», PIBHS 3HAHb 1 3aCBOEHOTO Habopy KBamidikamiiHUX
KOMIIETEHTHOCTEH 3 0JTHOTO OOKY, a 3 iHIIOro 60Ky — CTyNeHeM Horo HaJiiHOCTI.

CyrtHicTs imeHTHOIKAI] Momsrae y BusHaueHHi oneparopa CYIIB3 mo imomum Bxigaum X(t) i
BuxigauM Y(t) BemmumHaMm. Bximma Bemmumba X(t) € iHdopmaimier0 Tpo BIUIMB IIKIUIUBAX 1
HeOe3nmeyHnX (akTopiB poOOYOro cepeloBINa, a BHXigHa BenuunmHa Y(f) — MOXIMBI HEraTHBHI
HACJIiIKH [OTO BIUTUBY, SIKi BU3HAYAIOTHCS! BCTAHOBJICHUMH HOPMAaTHBAMH.
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HeratuBHUMU HacTiIKAMH TaKOX € MIOMUWJIKH, SIKi IPUITYCKAOTHCS JIFOIUHOI TIPU BUKOHAHHI
3aBJIaHHS.

Ho ¢yskmii HamidHOCTI poOOTH IIFOMWHU B Oe3MepepBHIA TUMYAcOBiH 007acTi, mo Mae
Oe3nepepBHUI  XapaKTep, BIIHOCATHCS CIIOCTCPEXKCHHS, KOHTPOJIb 1 3MIIICHHS, WiJ Yac SKUX
WMOBIPHICTB TIOSIBY TIOMIJIKY 3 BUHH JIFOJMHM B iHTepBaii dacy t (mpu 3aganomy E;) BU3HadaeThCS SIK

PE2IE)=C) (1), (2)
ae £(t) — 4yacTOTa TOSBY MMOMHIIOK 3 BUHH JIFOJIMHU B MOMEHT 4acy t (1ieil moka3HUK aHaJIOTIYHMIA
IHTEHCHBHOCTI BimMoB (t) B KiacwuHiii Teopii HazmiitHocTi); Ei — momis, mo ckimagaeTbes B

06e3moMHITKOBOi poboTH mpoTsroM dacy ti, E» — momis, mo ckimagaeTbes B TOSABI TOMUIIKHY JIIOJIUHU B
inTepBaii yacy [t, t + t] [12, 13].
3aranpHa BUpa3 Ui OOUMCIECHHS HMOBIPHOCTI 0€3MOMMIKOBOT pOOOTH JFOAWHHI Ma€ BUTIISL

t
—[e(t)dt
R (t)=1 o ©)
ne Rn(t) — #iMoOBipHICTh Oe3MOMUIKOBOT poOOTH NtoAuHK. Lle piBHSHHS BUpakac HMOBIPHICTBH

0e3MOMHUIIKOBOT POOOTH JIFOMUHM B iHTEepBaii vacy [0, t] i [t, t +t].

2. oka3nuku HagiiHOCTI po6oTH mincucrtemu «IIpaniBHIKY.

CraHaapTHi MiIX0AH Y TEOPil HAXIMHOCTI, 100 MOKA3HUKIB HAIIHHOCTI poOOTH JIFOJIUHH, 5K
eJIeMEHTa CUCTEMH «II0IUHA-MAIIHAY» € CEPEAHIN Yac 70 MOSBU MOMWIIKH 3 BUHH JIIOJIUHH, CEPEIHIN
4ac JI0 MOSBY MEPIIOi TOMUIIKY 3 BUHU JIFOIWHU, CEPEIHIN Yac MK TOMHJIKAMU 3 BUHH JTIOAWHA [ 14].

CepenHili 4yac 10 MOSIBU IMOMIJIKY 3 BUHM JHOAWHHM. [lel moka3HUK aHAJIOTIYHUN CepeIHbOMY
HapoOiTKy Ha BiIMOBY B KJIACHYHIii Teopii HaIIiHOCTI i BUKOPUCTOBYETHCS MpPU BUPILICHHI 33734 B
Oe3nepepBHOMY PEXKHMi, KOJMW 3’SIBIIIOTHCS TIOMWJIKH, MOMIOHI HE MOTATYBaHHIO JIiTaka [0
MOCAAKOBOI CMYTH IIPY TOCaALi a00 MEPEBUIICHHS 3a/1aHOT0 THCKY B AJIMBHOMY 0aKy pakeTH.

Cepeoniii wac 0o noseu neputoi nomMuiaxu 3 eunu aoo0unu. 1lef TOoKa3HWUK aHaJOTIYHUH
cepeIHhOMY HApOOITKY 10 MEePIIoi BiIMOBY B KIIACHUHIH Teopii HAAIITHOCTI 1 BAKOPUCTOBYETHCS B THX
BUIIAJIKaX, KOJIU MOsIBA MEPIIO] TOMUJIKH 3 BUHH JIFOAWHH I'PAE€ BUKIIIOYHO BAXKIIUBY POJIb.

Cepeouiil uac mioc nomunxkamu 3 eunu A0ounu. llei MOKa3HUK aHAJIOTIYHHN CepeHHLOMY
HapoOITKy Ha BiJIMOBY, 1110 BUKOPUCTOBYEThCS B KJIACHYHIH Teopii Ha{IHHOCTI 1 3aCTOCOBYETHCS B THX
BUIAJIKaX, KOJIM MOMIJIKU 3 BUHM JIIOJUHU HE € Iy’K€ CepHO3HUMHU (HANPHUKIIAA, U1 OLIHKH YacTOTH
nosiBu ie(heKTiB JIeTanei Ha BUPOOHUiH JTiHiT 3 BUHU TIOMIJIOK JIFOJIMHH).

VY KOKHOMY KOHKPETHOMY BHIIQJIKy TOBWHEH OyTH 3poOieHuil BHOIp OJHOTO 3 BapiaHTiB,
KU BIJNOBiIa€ HEOOXiMHIN Mipi HAAIHHOCTI BUXOASYM 3 MOMUIMBHX HACHTIIKIB MTOMUJIKU JIOAMHH.
Bubip meii poOuTbCs BUXOASUH 3 aHAJI3y BCIX MOXKJIMBHX PU3HKIB.

[ToMunku TFOAMHU MOXHA PO3IMOIUIMTH 32 TPHOMa PIBHAMH, 1 HA KOXXHOMY PIBHI MOXKJIMBE iX
nonepepkeHHs. Hanpuknan, Ha piBHi (1) MoKHA 3amo0irTH MOMMIIKAM JIFOJMHU, Ha piBHI (2) MOXXHA
YHUKHYTH HeOa)XKaHWX HACIiAKIB MOMHJIOK, II0 KOPUTYIOTh HENpaBWibHE (DYHKIIOHYBaHHS CHCTEMHU
BHACIIZIOK TOMMJIOK, BHECEHHWX 3 BWHH JIIOJMHU, Ha PiBHI (3) MOXHA BUKIIOYUTH IOBTOPHE
BUHHUKHEHHS TUX M 1HIIUX CUTYaIlil, 0 TPU3BOJISATH JI0 TIOMHIIOK JIFOJNHH.

Buau noMunox, mo A0mycKaroThCs JIIOAUMHOI0, MAOTh Taky Kiacudikamiro [12, 13]:

1. TloMHIIKH POEKTYBaHHSA: 0OYMOBJIEHI HE3aJ0BUIBHOIO SKICTIO poeKTyBaHHs. Hanpukian,
KEpYIOUH MPHUCTPOi Ta 1HJAWKATOPH MOXYTh OYTH pO3TallOBaHiI HACTUIBKHM JajeKo OJUH BiJl OJTHOTO,
110 oneparop Oyze 3a3HaBaTh TPYIHOLIIB IPU OAHOYACHOMY KOPUCTYBaHHI HUMHU.

2. OnepaTropchKi MOMMJIKH: BUHHKAIOTh NPU HENPAaBWIBHOMY BUKOHAHHI MEpPCOHAJIOM, IO
00CIIyroBy€E, BCTAHOBJICHUX TPOIIEAYp a00 B THX BHIAJKaX, KOJH MPaBHIbHI MPOIEIYpPH B3araii He
nependadeHi.

3. IloMuIKy BUTOTOBIICHHS, MAlOTh MiCLIe HA €Tarli BAPOOHHULITBA BHACIIOK:

a) HE3a/IOBUILHOT SKOCTI pOOOTH, HATIPUKIIA, HETIPABHIHLHOTO 3BAPIOBAHHS;

0) HeMpaBWIBHOTO BUOOPY MaTepiaiy;

B) BUTOTOBJICHHS BUPOOY 3 BIIXWJICHHSM BiJl KOHCTPYKTOPCBKOI JOKYMEHTALIi1.

4. TloMWIKH TEXHIYHOTO OOCIYTOBYBaHHS: BHHUKAIOTh B IPOLECi eKCIuTyaTtalii i 3a3Buvai
BHUKJIMKAHI HESKICHIM PEMOHTOM 0O0JIaTHAHHS a00 HEIPaBUILHIM MOHTaKEM.
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5. BHeceHHs TOMUJIKU: K MPABHWIIO, 1€ TIOMUJIKY, JUIS SIKUX Ba)KKO BCTAHOBUTH MPUYHHY X
BUHUKHEHHS, TOOTO BU3HAYNTH, YN BUHUKIIM BOHH 3 BUHU JIFOJIMHU 200 XK TOB’s13aH1 3 001aTHAHHSIM.

6. IloMHuIKM KOHTPOJIIIO: TIOB’sI3aHi 3 TMOMHJIKOBUM TPUHAMaHHSAM SK TiIHOTO eleMeHTa abo
MPUCTPOIO, XapaKTEPUCTUKH SIKOTO BUXOSTH 32 MEXI JOIMYCKiB, a00 3 MOMUIIKOBOIO BiIOPaKOBKOIO
TiHOTO TPUCTPOIO 200 eJIeMeHTa 3 XapaKTePUCTHKAaMH B MeXaX JOIyCKiB.

7. IloMusIKM 3BEpHEHHS: BUHUKAIOTh BHACIIIOK HE3aJ0BUILHOTO 30epiraHHs BHpPOOiB abo iX
TPaAHCIIOPTYBaHHSI, 3 BIIXUJICHHSIMH BiJ] peKOMEHIaIlili BUpoOHUKa [14].

Cepell OCHOBHHMX MPUYMH MOMHUIIOK JIFOAMHU MOKHA BHIUINTH HACTYIIHI:

— He33/I0BUIbHA MIATOTOBKAa ab0 HHM3BbKA KBamiikallis OOCIyTOBYIOUOTO IEPCOHANY, KOJIH
omepatopu abo ¢axiBmi 3 TEXHIYHOTO OOCITYTOBYBAaHHS HEIOCTAaTHHO IIATOTOBJICHI J0 BUKOHAHHS
MOCTaBIICHOTO 3aBIAHHS;

— TIPOXO/DKEHHS TEPCOHANy, IO OOCIyroBYy€, HE3aJOBUIBHUM MPOIEIypaM TEXHIYHOTO
o0cyroByBaHHS a00 eKCILTyaTaIllil;

— HEIOJIIKM B Opraizariii pooo4yoro Miciisg abo He3aI0BLIbHI YMOBH TIpalli;

— HE33J0BiBbHUI CTaH OCHAIIEHHS HEOOXiAHOO anapaTyporo Ta iHCTPYMEHTaMH;

— HEIOCTAaTHE CTUMYJIIOBAHHS Ta MOTHBAIliA omepaTopiB abo (axiBIiB 3 TEXHIYHOTO
00CIyroByBaHHS, 110 HE JIO3BOJISE TOCSITTH ONTUMAJILHOTO PiBHS SKOCTI iX poOOTH.

Cytnicte cuaresy CVIIB3 momsarae y BusHaueHHi Bximnoi BenmumHd X(f) omeparopa
(cTpyKTypH i TapamMeTpiB) 3a OakaHHUMHU 3MiHAMK BHUXiqHOT Bemauau Y(t).

Jronunaa B cucremi ynpasniaas CYIIB3, Takox BiApi3HAIOTHECA OJHA BiJ OJHOI, K €IEMEHTH
CAY Bipi3HAIOTECS MiX €000l TO (i3UuHIN NMpHUPOAl, KOHCTPYKIIi, MOTYyXHOCTI i T.n. OpHaK,
omucyBaHi MatemMaTHdHUME MonensiMu (MM) omsoro i Toro x Buay B CAY, BOHH € OJHAKOBHUMH
nmuHamigaAME naakamu ([J1). Y koxHO1 nuHaMiuHOi maHku B cuctemi CAY Moxke OyTH Ivmie omHa
BXiZiHa 1 onHa BuXimHa BenmuumHU (puc. 6 a). Ha Bigminy Big CAY B CYIIB3 npu onHiit BXigHi
BenuuuHi X(t) Ha BUXO/1i MOYKHA OTpUMATH J1Bi 1 Oibie Buxiguux Y(t) Beawuun (puc. 6 6).

LRyt i X

Puc. 6. Cxema ounamiynux aanok
a — 6 cucmemi asmomamuynozo ynpaeninusa (CAY),
0 — 6 cucmemi ynpagninusa npogeciiinor 6esnexoio ma 300pos’sam (CYIIE3)

Buxonsan 3 Bumie ckazanoro B cuctemi CYIIB3 HeoOXiqHO BUKOPHCTOBYBATH 1HTETPOBAHUMA
MOKa3HUK MaTeMaTnyHux moxeneit (MM), skuii HalOimbImI MOBHO MIr OW BH3HAYHUTH CYTHICTB
MPOIIECIB, 110 MPOTIKAIOTh 3 MpaIiBHUKOM. HeoOXiqHO BiJ3HAYMTH, IO MPAI[iBHUK HA BUPOOHHIITBI
3HAXOJIUThCS B cucTeMi Tuiy «JltomnHa-MarmmHay, a 11e 03HaJae, 1o BiH 000B’SI3KOBO Ma€ KOHTAaKT 3
TEXHIYHUM MPUCTPOEM B TOMY UM 1HILIOMY BHUTJISII, i HOTO POJIb — KEPYBaHHS MAIIMHOIO (IIPUCTPOEM
i/ abo ioro eaeMeHTaMu).

IMepenasanbroro dyrkitieo (IO - W(S)) nanku 1 CAY Ha3uBatOTh BiHOIICHHS TIEPETBOPECHHS
Jlanmaca Y(S) curnainy Ha Buxoai cuctemu Y(t) mo meperBopenns Jlarutaca X(S) curnamny Ha Bxomi X(t)
TIPY HYJIBOBHX MOYaTKOBUX yMoBax. [lepenaBanbha ynkiis W(s) Mae Bursi, [12]:

S+b
W)= 1O _ Bsthy (4)
X(s) a,s“+as+a,
e ai, az, ao, b, bo — mocTiitni KoedilieHTH; S — OnepaTop.
3riIHO 3 BU3HAYCHHSIM (4) BUIUIUBAE, 10
Y(s)=W(s)X(s), ®)
a TaKOX
w(s) =26, (6)
A(s)
ne  A(S)=a,8° +a5+ay; B(S)=Dbs+b, — noninomu Bixss.
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Cxemu CVYIIB3 mpencraBisiioTh COOOK KUIbKA 3’€HAHUX MK COOOI JAMHAMIYHHUX JIaHOK.
TunmoBuMH 3’ € THAHHAMU JIAHOK (pHC. 7) €:

- mocaigoBHe (puc. 7a);

- mapanenbHe (puc. 70);

- 3YCTpiuHO — mapainenbHe (puc. 7B).

® — @-0-0-0=

L) 'II'=>

0-0-0- 0=
a) 0) 6)

Puc. 7. Tunu 3’eonanusn ounamivnux aanox (JI)

a — nocnioogne; 6 — napanenvie; 8 — 3yCIMPIYHO-NApaenbie (OXONIeHHs IAHKU 360POMHUM 38 S3KOM)

, AR

=>.ﬁ>.=>

[Ipu mocnigoBHOMY 3’€aHaHHI nuHaMivyHKX JaHOK ([JI) (puc. 8) BuXigHA BenMYMHA KOXKHOT 3
JIAHOK Y1 1 Y2, KPIM OCTaHHBOI JIAHKH, € BX1JHOI BETMYNHOI HACTYITHOI JJAHKH.

20 wye) P was) PO ws) -

Puc. 8. Ilocnioosne 3’eonanns ounamiunux aanox (/1)

Y CVYIIB3 mnocnigoBHe 3’¢nHaHHsA AuHaMmivHuX JaHoK (I1JI) € Oimpmr He edeKTHBHIMIOI
CXEMOI0, TOMY IO BiJICYTHIH 3BOPOTHIN 3B’SI30K 1 KOHTPOJIb Pe3yJbTATiB yIpPaBIiHHL. AHaIOTiYHA
CXeMi: HaYaJIbHHUK — 3aCTYITHUK HavyaJlbHUKa (KEPIBHUK BiJIiTy) — OpHUTraup — IpalliBHUK.

ExBiBanenTHa nepenaBainbHa ¢yskiis W nocnigosHo 3’eqnanux | manok B TAY nopiBHIoe
no0yTKy nepenaBabHuX GyHKIiH (I1D) nux naHok:

W :Wl 'W2 'W3‘...'W| (7)
[Ipu nmapanensHOMY 3’€mHaHHi (prc. 9) Ha BXiJ BCiX JIAHOK HaJIXOJWUTH OJHA W Ta X BXiJHI
BennunHa X(t), a iX BUXi/IHI BeIMYUHH Y1, Y2 1 Y3 MiJICYyMOBYFOTHCS.

y1(t)

W,(s)

Wy (s)

X(t), Y)Y

ya(t)

Ws(s)

Puc. 9. Ilapanenvne 3’ eonanns ounamiunux rarnox ¢ CYIIH3

ExBiBaneHTHa nepenaBaibHa QyHKIis W mapanensHo 3’eqHaHuX | JTaHOK DOpIBHIOE CyMi iX
nepeaaBalbHUX (YHKIIIHI:

W =W, +W, +W; +...+W,. (8)
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Tpere TumoBe 3’emnanHs (puc. 10), 3BaHe 3ycCTpiuHO-TApaJENbHUM, HPU3BOIUTH JO
YTBOPEHHsI 3aMKHYTOI CHCTEMM 1 CKJIAJAeThCs 3 ABOX JAHOK. JlaHKa 3 mepenaBajbHOIO (DYHKIIEO
Wi(S) yTBOpIOE MpsiMuii TAHIOT (3B’30K) Tepeadi CHUrHAMIB, a JIaHKa 3 TepeJaBalbHOK (DYHKIIIEO
Woc(S) 3miiicHIOe 3BOPOTHIH 3B’ S30K.

() o O

* Yoc

Woc(S)

Puc. 10. Tunose 3ycmpiuno-napanenvhe 3 €OHaHMS 3 360POMHIM 36 SI3KOM

ExkgiBanentna nepenaBanbha (ynkiis W(S) 3ycTpidHO-TIapaieabHOrO 3’ €IHAHHS JJAHOK
BH3HAYAETHCS 32 HOPMYIIO0 3aMUKaHHSI

W_ (s
W)= Wal) ©
1EW,, (8)Woc (S)
Ie Wi(S) — mepenaBaipHa (YHKIS JaHKH, IO YTBOPIOE MPSAMHUI JAHIIOr (3B’SI30K) Tepemadi

CHUTHAJIIB;

Woc(S) — mepenaBanbHa GyHKIIIS JAHKA 3 3BOPOTHUM 3B’ SI3KOM.

VY Bupasi (9) 3HaK «+» BIAMOBIAE HETATHUBHOMY 3BOPOTHOMY 3B'SI3KY, a 3HAK «-» BIJIIOBiJae
MO3UTUBHOMY 3BOPOTHOMY 3B’S3KY.

OmHMM 3 OCHOBHHX METONIB aHaNi3y HAIIMHOCTI poOOTH JIOAWHH € TMOOyZoBa JepeBa
MoBipHOCTeH. [lpn BEUKOpHCTaHHI IIFOTO METOAY 33JA€THCA JesiKa YMOBHA HMOBIPHICTh YCHIIIHOTO
a00o TMOMMWIJIKOBOTO BHKOHAHHS JIIOJMHOI KOXKHOI BaKJIHMBOI omepanii abo WMOBIPHICTh TOSBU
BimoBimHOI Toil. Pe3ymprar KoXKHOI moxii 300pakyeThesl Tikamu JepeBa WMoBipHOCTeH. [loBHA
HWMOBIPHICTh YCITIIITHOTO BUKOHAHHS IIEBHOI OMeparlii 3HaXOIUThCS IiJCYMOBYBAHHSM BiJIITOBITHUX
HMOBIpHOCTEH B KiHIIEBiM TOUI HUIAXY YCIINIHUX pe3yJbTaTiB Ha Jliarpami JepeBa WMOBIPHOCTE.
Lleit MeTox 3 JEsIKMMH YTOYHEHHSIMH MOJKE BpaxoBYBaTH Taki (pakTopu, sk CTpec, BUKIMKAaHUH
HECTa4yel0 4Yacy, €MOLiliHEe HaBaHTAXECHHs, HABAHTAXKEHHS, L0 BUKJIMKAaHE HEOOXIAHICTIO il y
BIJINIOBi/Ib, pe3yJIbTaTaMU B3a€MOJIIN 1 BijiMOBamMu o0OyajgHaHHs. JlaHul MeToxa 3a0e3nedye XOpolry
HAOYHICTh, @ TMOB’S3aHI 3 HUM MaTeMaTH4HI OOYMCICHHS TMPOCTi, IO B CBOI YEPry 3HIKYE
HWMOBIPHICTh TIOSIBM OOYHCITIOBAJIBHUX MOMHIOK. KpiM TOro, BiH [TO3BOJISE€ CHEINiCTy OI[iHUTH
YMOBHY MMOBIpPHICTb, SIKy B 1HIIOMY BHUIIaJKy MO)KHa OTPHMATH TiIBKU 3a JIOTIOMOTOI0 BUPILLIEHHS
CKJIaTHUX WMOBIPHICHUX PIBHSHb.

[Ipuknan. Hexaii npauiBHUK (onepaTtop) BUKOHYE JiBa 3aBJaHHS — CIOYaTKy X, a MoTiM — V,
Opyd IbOMY BiH MOXXE€ BUKOHYBAaTH iX $K NpPaBWIbHO, TaK 1 HENpPaBWIbHO. [HIIMMHU cIoOBaMmH,
HETPaBIIIFHO BUKOHYIOTHCS 3aBJIaHHS — €IMHI TIOMHJIKH, SIKi MOXYTh 3’ SIBJISITUCS B JIaHIl CUTYaITil.

HeoOxigHO TOOYAyBaTH JepeBO MOXIHMBUX Ppe3yJbTaTiB 1 3HAWTH 3aralibHy HMOBIPHICTh
HENpaBWJIBLHOTO BUKOHAHHA 3aBiaHHs. [lepenOavaeTses, 1m0 3aBIaHHA CTATUCTHYHO He3aiexHi. s
BUPILIICHHS TOCTABJICHOTO 3aBJIaHHS, BHKOPUCTOBYEMO JIEPEBO MOXKIIMBUX PE3YJIbTATIB 300pakeHOMY
Ha puc. 11. BBegeMo HaCTyIIHI MO3HAYCHHS:

PS — iMOBipHICTh YCHIIIHOIO BUKOHAHHS 3aBAaHHS,;

Pf — liMOBipHICTh HEBUKOHAHHSI 3aBJIaHHS;

S — ycmiliHe BUKOHAHHS 3aBJIaHHS;

f — HeBUKOHAHHS 3aBIaHHS;

PX — IMOBIpHICTb yCTIIITHOTO BUKOHAHHS 3aBIaHHA X;

Py — iMOBIpHICTh BUKOHAHHS 3aBJIaHHS Y,

Px ‘— iMOBIpHICTh HEBUKOHAHHS 3aBIAAaHHS X

Py ‘— iMOBipHICTh HEBUKOHAHHS 3aBAaHHS )’
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S
y /
X \
y' f
XI
y' £

Puc. 11. Jlepeso moocnusux pesyrsmamis

3rigHo pric.11, IMOBIPHICTD yCIITHOTO BUKOHAHHS 3aBIaHHS JOPIBHIOE

Ps = Px Py.
AHanoriyHo BUpa3 IJisi IMOBIPHOCTI HEBUKOHAHHS 3aBJIaHHS:
Pf=Px Py ‘“+ Px’ Py + Px ‘Py’ =1 -PxPy. (10)

€IMHIM CTIOCOOOM YCITIIITHOTO BUKOHAHHS CHCTEMHOTO 3aB/IaHHS € YCITIIITHE BUKOHAHHS 000X
3apnanb X i Y. CaMe TOMy HMOBIPHICTh ITPABHJILHOI'O BUKOHAHHS CUCTEMHOT'O 3aBJIaHHs BU3HAYAETHCS
sk PX Py.

Taxum unnoMm, cuctema CYIIB3 moBuHHA po3risaaTrcs, SIK CKIIAJHA CHCTEMa YIPAaBIIiHHSA, B
SKIf MapajenbHO 3 JIIOAWHOI MPHUCYTHI MamuHK 1 MexaHi3mu. KoxeH enemeHT B cuctemi CVYIIB3,
HEOOXiZIHO PO3IIIAAATH SIK eJIEMEHTapHy AWHAMIYHY JIaHKY, L0 CKIAJaeTbcsi 3 OJHOTO OOKy 3
BHYTPIITHBOI CUCTEMH THUITY <JTIOJJUHA — MAIIIWHAY 1, 3 IHIIOT0 OOKY — 30BHIIIHIX 3B’S3KiB, BKIIOYEHUX
B 3arasibHy cxemy CVYIIB3. Ha puc.12 mpexncraBieHa cxeMa eJIEMEHTApHOI JIMHAMIYHOI JIAHKH
JIyalicTUYHOI ccTeMH, a Ha puc.13 3aranphuii Burnsg CYIIB3 B ayanicTudHOMY BapiaHTi.

B cucremi, mpeacraBneHoi Ha puc. 13, MpakTHYHO BCi €JIEMEHTH MAlOTh JBa BHIH, SIKi
BH3HAYAIOTHCS HAIEKHICTIO J0 JTIOAWHHM (TIPAiBHUKY) a00 MamIuHi (IPUCTPOr0, MEXaHI3My Ta 1HIITHM
IHCTpyMEHTaM JIisTIbHOCTI TpaliBHUKa). HopMaTwBu Oe3meku OKpeMo sl JIIoJed Ta pedeH, i
BiJIMIOBIITHO METOM KOPEKIIil, BUKOHABYKX MPHCTPOIB, KOHTPOIIO Ta iHpopMamiiHuX 0a3 JaHUX.

[Hdopmartiitna R Kopexitist
0a3a JaHux <
v
BuxonaBunii Hi
«MEXaHI3M»

x(t) l l y(t)
BupoGHuue i Cran I163 W _}CTaH W, Hopma
3aBJAHHS i TpaniBHIKA ‘ HaIHHOCTI i

E oOnasHaHHS |;
+ 11343 i
e - Tak
4 4
KonTposns

Puc. 12. [lyanicmuuna mooen» CYIIE3

B cucremi, mpencraBnenoi Ha puc. 13, mpakTHYHO BCi €NEMEHTHM MalOTh ABa BUAM, SKi
BH3HAYAIOTHCS HAJICKHICTIO 10 JIOMWHH (MIPaIliBHUKY) a00 MamuHi (IPUCTPOIO, MEXaHI3My Ta 1HIITUM
IHCTpYMEHTaM MisUTBHOCTI TIparliBHHKa). HopmaTuBh Oe3mekd OKpeMo I JIIonel Ta pedel, i1
BIJIMIOBIIHO METOAM KOPEKIIii, BUKOHABYHMX MPHCTPOIB, KOHTPOJIO Ta iH(popMaIiiftHuX 06a3 JaHuX.
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Zn(t)
KepiBauk W, [Mpuctpiii — [IEOM W, | !
[0
' | 3actynnuk kepisauka Ws [puctpoi — [TIEOM W,
Vi(t) Va(t)
_______ . 28 o ——
| PoGiraux [Tpuctpiii i i PobGiTHUK ITpuctpiit ]
! Ws W Lol Wy Ws ]
hl T
v ocC
Y(t) Kontpomas

Puc. 13. 3acanvuuii euenno CYIIBE3 ¢ dyaricmuunomy eapianmi

OOroBopeHHs1 pe3yJbTATIB TEOPETHUYHHUX AOCTiMKeHb. BUKOHaHI TEOPETUYHI JOCIiHKEHHS
JIO3BOJIJTM BU3HAYHUTUCH Yy ToMy, 1m0 mifacuctema «llpariBauk» y 3arambhiii cucremi CYIIB3 Ha
MiANPUEMCTBI € OCHOBHOIO JIAHKOIO, SIKIM CIIJ MPUIINATA Oulblie yBark. 3acTOCYBaHHS HayKOBHX
MiAXOMIB, 5IKi 00’ €THYIOTH TEOPIF0 CHUCTEMHOTO aHANI3y, TEOPil0 aBTOMATUYHOTO KEPYBAHHS Ta TEOPIFO
HaIIHHOCTI, BIATIOBIIHO 0 BUBYEHHS €(DEKTUBHOTO KEpPYBaHHsS CHCTEMOIO 3a0e3TedeHHS 3MEHIICHHS
PHBHKIB TPaBMaTU3My Ta MPOQeciiHOTO 3aXBOPIOBAHHS JIOBEIH, 110 TijcucTeMa «IIpaliiBHUK» € qyxke
CKJIQJIHOI0 JIaHKOI0, JI0 sIKOI TOBHMHHI OyTH 3acCTOCOBaHI METOOW KEpPyBaHHS i3 ypaxyBaHHSIM
HMOBIPHICHOTO XapakTepy MOBEIiHKM Ha MMEBHOMY eTari pododoro mukiy. Li Bigxunenns (Gopmymu 1-
3) HeoOxiHO 00paxoByBaTH Ta BUKOPHCTOBYBATH Yy 3axoax 3 nokpamieHHs podoru CYIIB3.

PobGotonaBenp y TemepilmiHix yMOBax TOCIOJAPIOBAaHHS, MOBHHEH BHKOPHCTOBYBATH YCi
MOKJIMBOCTI IIOZ0 BU3HAYEHHS CTaBJCHHS miacucrteMu «llpamiBHUK» 10 BHKOHAHHS MHTaHb 3
Oesneku mpati Ta mpodeciiHoi ririeau 3a gonomMororo Bukopuctanus CAY, sika 103BOJISIE BipTyabHO
BU3HAYUTH BiJIOBIIHI MaTeMaTH4Hi Mojaesi Wy Ta CliporHo3yBaTH MOAAJIbIIN HACIIIKH.

BukoHanuii BuIlE aHami3 TMOKa3aB, 110 Ui cTBopeHHs edektuBHol CYIIB3 HeoOximHO
BUKOPHCTOBYBAaTH HE 3BUYAlHY OJHOCTOPOHHIO CXEMy, a JyaJiCTHUYHY, B SKil MapayesIbHO MPUCYTHI
«TOACHEKHN (akTop» 1 «TexHIYHuH (dakTop». 3a mux ymoB KoHTposib CYIIB3 Moxe 3amyckaTucs B
py4HOMy a0o0 HamiBaBTOMaTHYHOMY DPEXHUMi, a8 «TEXHIYHUH (aKkTop» B OyAb-KOMY pPEeXHMi, 3a
Bubopom moanHu. CYIIB3 B cucteMi «IOAMHA-MaIIMHAY MPALIOE B MIEBHUX MEXKaX, BCTAHOBICHUX
pobotoro. «Cnabkoro» TaHKow € moau (mpauiBHUKK). ToMy iX mpuaaTHICT 10 Oe3nedHoi poOoTH
CJIiJl BU3HAYATH IUISIXOM TpodeciiiHoro Bimoopy. Y 1boMy BHIAJKy poOOTa TaKMX CHCTEM MOBHHHA
OyTH IiZ MOCTIHHUM KOHTPOJIEM, OCKUIBKHU (hi310JI0OTTUHHUIA CTaH JIIOJUHNA Ma€ TEHACHLIIO 3MiHIOBaTHCS
3 94acoM, a iHO/i i PanToBo, 110 MOXKE MPU3BECTH JIO HECTIOAIBAHUX CUTYAIIiH.

BucHoBku. 1. Po3risHyTO TeopeTHuHI 3acajid IMOAO IMiAXOMIB Y BHPIIICHHI MNPOOIeMH
3MEHIICHHSI TPaBMaTH3My Ta TMOKpAallleHHs yMOB mpaili. [loka3aHo, 110 CKJIaJHICTh MHUTaHHS MO0
3a0e3neueHHs eEeKTUBHOIO piBHS O€3MEeKH MpaliBHUKIB, BUMAra€ 3acTOCyBaHHs Oarato)akTOpHHX
METOJIIB JocipKkeHHs. HaBeneni pe3yabTaT y TEOPETUYHOMY JIOCIIIHKEHI TOBEJIM HEOOX1IHICTh Ta
MOJJIMBICTh BUKOPUCTAHHS TEOpil CHCTEMHOTO aHali3y y IOEJHAHHI 13 TEOpIEI0 aBTOMATHYHOTO
KepyBaHHsI Ta Teopii HaAIMHOCTI U1 JOCSTHEHHS 1€l MeTH.

2. BuzHaueHo, 110 BUPOOHWYI YMOBH Tpalli Ta 3aBIaHHS, sIKi BUCYBAIOTbCS KEPIBHUKAMH JI0
NpaliBHKUKIB, y 21 cTopiuyi, Bce OuIbIIe Ha0yBarOTh (GOPMaTi30BaHOTO (JETEPMIHOBAHOTO) BHIIISTY.
[IpauiBHUKKM Ha BUPOOHULITBI LIOAO MUTaHb OE3MEYHOIO IMOBOKEHHS, NMOBWHHI JOTPUMYBATHCH
npaBul, SKi OOMEXYIOTh iX aKTHUBHICTh, a Lie Hak/IaAae BiJOMTOK Ha iX MOBeNiHKY. Buxomsum 3
aHaiizy, Tpeba BpaxOBYyBaTH y TAKOMY BHITAJIKy 30YPEHHI Ta MPOTHIIIO 00 BUKOHAHHS ITUX MTPaBUI
Ta oOMexeHb. HeoOXigHO BpaxoByBaTH ycCi TOMMJIKH Ta BIIXHJICHHS BiI HOPMAJIBHOTO CTaHY
NpaniBHUKA MOYMHAIOYH i3 CAMHUX HE3HAUYHUX.
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3. BuzHaueHo, 1m0 cucTeMa KepyBaHHS Oe3mekoro 0asyeTbcss Ha e(eKTHBHIM Ta
0e3MoOMIITKOBOT po0OTI mimcucTeMu «lIpamiBHIKY, sika HOCUTh HMOBIpHICHHHA XapakTep (3a MPHUPOI0I0
CBOTO TIOXO/KEHHS), TOOTO TOMHIIKA MOXKYTh MaTh Miciie y po6oTi. Lle mpu3BoanTh 10 HEOOXIAHOCTI
BpaxyBaHHS YCiX CKIamoBUX ayaiicTuuHoi cxemu kepyBanHs CVYIIB3. HeoOximHo mepernsHyTH yci
IHCTPYKIIIi 3 OXOpOHHM TMpari i3 ypaxyBaHHSM pH3WKIB HE BHKOHAaHHS BUMOT O€3MeKH Ta 3
ypaxyBaHHSM 1X HACIIJKiB.

4. CucreMu aBTOMaTHYHOTO KOHTPOJIIO Y CHCTEMaX aBTOMATUYHOTO KePYyBaHHSs, [IOBUHHI OyTH
BTIJICHI Ha BUPOOHMIITBI JUIsi 3a0€3IEYCHHS peecTpailii O0e3MOMUIKOBOI POOOTH MpalliBHHKIB, Ta
HaJaHHA iM JIOIOMOTH y pa3i CKJIaJHUX BUPOOHUYNX CUTYAIlill.
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ABSTRACT

Background: Stroke is a devastating disease. It is a major cause for the
neurological admission to hospitals all over the world. Limited
knowledge among the critical care nurses about stroke in general and
specifically about the risk factors, signs, and symptoms of stroke usually
is a main source of delayed prompt stroke management and non-
compliance with follow-up rehabilitation. Therefore, there is a need for a
study that examines the impact of these factors in order to promote
stroke management and improve nursing care outcomes.

Aim: This study aimed at measuring the knowledge of Jordanian nurses
working in critical care units toward stroke patients.

Methods: This cross-sectional study used the descriptive approach in order to
measure the knowledge of the Jordanian nurses working in critical care units
regarding stroke patients in the Jordanian hospitals. Data were collected
from Jordanian critical care units' nurses from seven hospitals; five private
and two public hospitals. Critical care units’ nurses were selected
conveniently based on specific inclusion criteria. Eligible participants were
required to complete self-reported questionnaires about knowledge in
addition to completing demographic questionnaires. The descriptive and
inferential statistics were conducted using the SPSS software.

Results: A total of (200) Critical care units’ nurses from public and private
hospitals participated in the study. The nurses in this study exhibited poor
knowledge on the study scales. There were statistically significant
differences among nurses according to the type of hospital on the one scales
(P< .05). There is a negative relationship between the knowledge and years
of nursing practice in ER or ICU (P=.013).

Conclusion: The measures of knowledge among the nurses in critical care
units in the Jordanian hospitals towards stroke patients seem to be highly
poor. Nurses in critical care units seem to have acceptable information, but
inadequate to correctly enhance stroke awareness. There is a gap that
should be stuffed via planning and implementation of educational and
instructional programs focused on hospital nurses as well as community
sectors in order to improve the stoke focus and experience and avoid the
delay in accessing the medical help which would, in return, improve stroke
management and reduce its effect in Jordan.

Citation: Eslam Abd Alkreem Allsassmah. (2020) Measuring Knowledge of Jordanian Nurses Working in
Critical Care Units toward Stroke Patients. World Science. 8(60). doi: 10.31435/rsglobal_ws/31102020/7214
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in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Introduction. The prevalence of stroke among general population has increased over the past
few decades (Jordan high health council, 2018). As a result, nurses provide specialized care to patients
suffering from stroke more frequently. Critical care nurses (CCNs), including nurses working in the
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emergency departments, receive stroke patients, who are either newly diagnosed or under investigation
(Mason, Rideway & Barton, 2013). Among the concerns at this point is the level of knowledge about
stroke, which influences how nurses provide their care to this type of patients. It is, therefore,
important to emphasize the need of nurse educationists to prepare nurses to care for patient with
stroke. This study aimed to measuring the knowledge of nurses working in critical care units toward
hospitalized stroke patients in Jordan.

The magnitude of the problem of stroke is very high and requires raising awareness among
nurses in Jordan and other parts of the world. A stroke occurs approximately every 40 seconds and one
person dies from a stroke approximately every four minutes in the United States (Niemi, McErlane,
&Tillett, 2013). Stroke is the fifth leading cause of death in the United States (Stroke Organization,
2015). In addition, stroke is a leading cause for serious long-term disability in the United States. Over
4 million individuals in the United States are living today with the effects of a stroke (Stroke
Organization, 2015).Reports show that 17 million people die from heart attacks and strokes worldwide
with approximately 11.569.538 events of incident ischemic stroke (63% in low and middle-income
countries), and 5.324.997 events of incident hemorrhagic stroke (80% in low-income and middle-
income countries) in 2010 (Krishnamurthi et al., 2013). In the USA, Stroke is the fourth leading cause
to death and disability in elderly with an estimated cost of US$73.7 billion in 2010 alone (Mosca et al.,
2011). According to the association of neuroscientists, brain stroke is the third leading cause to death
in Jordan, accounting for 12% of deaths making it among the most prevalent conditions causing major
disabilities and deaths (Jordan high health council,2018).

The common issue among stroke patients in the intensive care unit (ICU) is the unstable
condition, which may lead to life threatening as well as a more serious situation. Warning signs,
treatment modalities and other issues concerning those patients are extremely important issues that
should be taken into consideration by CCNs in order to practice safely, avoid unnecessary
complications and promote better standardized care to stroke patients.

Problem Statement.

To the best of the researcher’s knowledge and experience, there are no studies investigating
nurses’ knowledge toward stroke patients in Jordan. However, there are studies investigating other
issues concerning stroke patients in Jordan. In their qualitative study, Abo Kamel and Mohammed
(2014) explored caregivers' perception and evaluation of a home caregiver program entitled by "There
is patient in our home". They found that women were "inadequately prepared" for their caregiver role
before patient discharge from hospital. At home, women expressed "incompetency” in performing
care-giving activities. Eshah (2013) explored knowledge of cerebral and cerebrovascular strokes risk
factors among 224 Jordanian adults using a self-report questionnaire. He found that the most common
risk factors were inactivity 74%, overweight and obesity 59%, and smoking 34%. Moreover, only 30%
of the study participants were able to enumerate three or more risk factors. The most commonly
recognized risk factors were smoking 76%, hyperlipidemia 60%, and obesity 53%. Participants lacked
basic knowledge about stroke. As seen above, the studies in Jordan addressed different topics other
than the purpose of the present study.

In brief, the knowledge of CCN in Jordan toward stroke patients are still scarce and Jordanian
researchers and educators can only get their information from international literature. Therefore, we
conducted the present study, which aimed to measuring the knowledge of CCNs about stroke patients
in Jordan.

The Study objective.

This study aimed to measuring the knowledge of Jordanian nurses working in critical care
units toward stroke patients.

The significance of the study.

Nurses working at critical care units are key actors in the specialized care provided to stroke
patients during the unstable period of their disease. Nurses can be lifesavers, and yet they can cause
serious harm when having limitations in their knowledge of the disease process, including the risk
factors and warning signs of stroke during the early phase (Baker, 2012). Therefore, nurses in the
critical care areas play a significant role in reducing death and disability rates among people suffering
from stroke. However, some nurses may not be prepared to meet the challenges of this complex
condition (Mason, Rideway& Barton, 2013).

CCNs are members of the teams, which plan, implement and evaluate the care provided to stroke
patients (Strume et al., 2013). It is, therefore, essential that nurses be knowledgeable about stroke care to
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make a difference with regard to helping patients and families. As the need arises, CCNs are required to
upgrade and upscale their knowledge about stroke patients in order to provide safe care and sustain a
culture of collaboration and commitment to patients (Niemi et al. 2013). This is especially true when
knowing that the prevalence of cerebrovascular risk factors among the Jordanian population is a cause of
a significant concern to health care system (Eshah, 2013). In this context, knowledge about the disease
warning signs, risk factors and treatment is important to promote a better care to patients.

As literature contains a very scarce knowledge about CCNs knowledge toward stroke patients
in Jordan, this study is expected to provide nurse curriculum planners and educationists with
information that assist in future educational plans concerning caring for stroke patients.

The Research Questions:

The following research questions will guide the study:

1. What is the level of Jordanian critical care nurses' knowledge about stroke patients?

2. Are there differences in the levels of knowledge toward stroke patients among the nurses
working in private and public Jordanian hospitals?

3. What is the relationship between nurses' demographic factors, including gender, age, years
of experience, nurses' academic degrees, and knowledge of stroke patient?

The definition of variables.

The Theoretical definition.

Stroke is “the sudden death of some brain calls due to the lack of oxygen when blood flow to
the brain is impaired by blockage or rupture of an artery and a focal (or at times global) neurological
impairment of sudden onset that lasts for more than 24 hours (or leading to death), and has a presumed
vascular origin” (World Health Organization, 2010).

Critical Care Nurse is a “licensed professional nurse responsible for ensuring that acutely
and critically ill patients and their families receive optimal care” (AACN,2012).

Knowledge refers to “comprehending the facts, ideas, and information, gained through
experience, instruction, and learning for a distinct use” (Merriam-Webster Online Dictionary, 2009).

Operational Definition.

Critical Unit nurses is operationally defined as a registered and associate nurse in a critical
care unit (ICU and ED). The sample for this study will consist of (125) critical care nurses in the
Jordanian hospitals.

Knowledge refers to the nurses' stroke knowledge test (SKT) regarding stroke, which will be
used to measure CCNs’ knowledge. It consists of 22 items. The format of the questionnaire includes
statements with dichotomy responses (True/False). This questionnaire is scored by the individuals'
percentages of the correct responses.

Methodology.

The methods and procedures employed in analyzing the respondent answers. This study used
the quantitative approach in order to measure the knowledge of Jordanian nurses working in critical
care units toward stroke patients.

The Study Design.

A descriptive quantitative design was used in this cross-sectional study in order to measure the
knowledge of the Jordanian nurses working in critical care units regarding stroke patients. A
guantitative approach was employed to increase the potency and effectiveness in generating reliable
findings through adopting a self-reported questionnaire in collecting data. The questionnaire has the
strength of aggregative information from sizable amount of respondents in a comparatively short
amount of time while maintaining a value-effective approach (Polit and Hungler, 2010) advised that
this format, concerning questionnaires, is not appropriate for getting exhaustive data.

Setting and Sample.

This study is conducted in emergency departments and ICU on two types of hospitals. The
information for this study was collected from public and private hospitals in Jordan. The purposive
sampling technique was used to recruit Jordanian CCNs. There have been total of seven hospitals; five
private and two public hospitals.

Sampling is that the method of choosing a small amount of individuals who represent the
entire study population. In quantitative studies, the investigator aims to recruit a sample that enhances
the generalizability of findings (Polit&Beck,2010). In this study , nurses working in the ED and ICU
were the target population, whereas ED nurses operating in Jordan at totally different health care
sectors were the accessible population.
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Convenience sampling was also used to choose the study participants. This sampling
technique is one of the first strategies of non-probability sampling in quantitative studies
(Polit&Hungler, 2010). In non-probability sampling, the researchers choose the participants by
nonrandom strategies at intervals using specific planned criteria. It is assumed that the information
gained from the study sample reflects the population perspective or responses (Polite &Hungler,
2010). Whereas likelihood techniques will limit the accessibility to the specified sample because of its
nature of choice, convenience sampling is far easier and more sensible technique to access the
specified sample size (Vehovar et al., 2016). ICU and ED nurses who were eligible to participate in
the study complied with the subsequent criteria.

The statistical analysis of data.

Data analysis were done by using the descriptive statistics (frequency, percentages, mean (M),
and Standard Deviations (SD)). The inferential statistics were performed using t-tests. Correlation
coefficients were also used to spot possible variations among some demographic variables. All
employed nurses in the seven hospitals at the time of conducting the study were invited to participate
in the study. All nurses, who were willing to participate, were included in the study.

The following is a presentation of the characteristic of the study sample.

Table (1) illustrates the characteristics of the nurses who completed the study questionnaire,
including hospital type, gender, the highest academic degree and job description.

Table 1. The characteristics of the sample

Factor Frequency Percentage %
Gander Male 84 35.6%
Female 116 49.2%
Hospital Type Public 91 45.5%
Private 109 54.5%
Level of education Diploma degree 55 23.3%
Baccalaureate degree 133 56.4%
Masters degree 12 5.1%
Area of practice ICU 104 44.1%
ED 96 40.7%
Job description Registered Nurses 145 61.4%
Associate Nurses 55 23.3%

Among the participants, there were 84(35.6%) male and 116(49.2%) female nurses. The ratio
between both genders in the units that participated in the study was comparable to that obtained in the
study, whereas male nurses represented 42% and female nurses were 58% of the total number of
critical units care nurses.

Nurses from public hospitals who participated in this study were 45.5%, while 54.5% were
working in private hospital.

The age of the nurses ranged between 25 and43 years old with a mean of 31.15 years of age
(SD 4.55). The above explained data given in Table 2 also show that the majority of nurses were
below 29 years. The overall nursing practical experience ranged between 2 years and 17 years with a
mean of 6.06 years. On the other hand, the estimated range of nurses' experience in the ICU or ED
range was2 — 15 years, with a mean 4.54 years.

Table 2. Participant' age, general nursing practice, and practice in the ER or ICU
Factor Minimum | Maximum M SD
Age 25 43 31.15 4.55
Nursing Practice (In years) 2 17 6.06 3.67
Critical Care nursing practice (In years) 2 15 4.54 3.05

Additionally, On the participation in studies examining problems related to stroke and stroke
management, seventeen nurses reported that they took part in stroke analysis. Forty four nurses
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reported that they had personal experience of stroke in the past, and ninety two nurses stated having
family member, who suffered from stroke (Table 3).

Table 3. Practice variables related to stroke patient

Statement Yes
Frequency Percentage
Education on stroke management in the past 3 years 42 17.8%
Attended stroke conference last years 20 8.5%
Participated as a respondent in any stroke research 17 7.2%
Personally undergone any personal experience of stroke 44 18.6%
Any family member who suffered from stroke 92 39%

Research Questionl

"What is the Jordanian critical care nurses’ knowledge toward stroke patients?"

The first component of the questionnaire was knowledge. It consisted of (22) items
investigating the current level of stroke knowledge among critical care nurses.

The total mean score for knowledge test was 12.23 (SD = 5.684) accounting for approximately
(55.6%) of correct responses, and the total scores ranged between 1 and22 (4.5% - 100%) for the
nurses. More than half of the participants (n = 119) achieved a score of 1lout of 22 or less, 80
participants obtained a score between 12 and 21 (54.5% — 95.4%), and only one participant obtained a
score of 22 (100%).

Reliability was calculated using the Kuder Richardson 20 (KR 20) for total knowledge test and
the result was .876. The KR 20 was adopted as the appropriate measure for a dichotomous tool
(Thomas et al., 1999). Mostly, the characteristics of the selected sample as well as the characteristics
of the test items can influence alpha coefficient. Nurses in this study represented a group of
homogenous participants that achieved similar total scores on the scale. On the knowledge test, items
tested knowledge about the etiology of stroke, pathology and diagnosis, acute assessment and
prognosis, as well as the nurses’ role in the care provided to stroke patient. The test consisted of 22
items as illustrated in Table 4.

Table 4. Results of nurses on the knowledge test ranked as per the correct responses

Items No. of %
correct
responses
1 2 3
19. Over 30% of acute stroke patient who are admitted to hospital die in the 41 20.5%
first three months post stroke.
3.1t is possible to reliably distinguish cerebral infarction from cerebral 49 24.5%
hemorrhage on the basis of clinical history and examination.
14. A stroke due to cerebral infarction typically appears as a white area on a 69 34.5%
CT scan.
11. Shoulder pain is a rare complication after stroke. 71 35.5%
8. The right cerebral hemisphere is almost always dominant for speech in 74 37%
right-handed individuals.
21. Despite good physical recovery, many people experience lower levels of 78 39%
social activity after stroke.
20. Reduced consciousness is a predictor of poor recovery. 91 45.5%
22. Most mood complication go unrecognized by health professionals. 91 45.5%
2. People with atrial fibrillation are not at increased risk of stroke. 91 45.5%
13. The majority of stroke are due to brain infarction rather than hemorrhage. 97 48.5%
4. Perceptual problems only occur if a stroke patient has weakness loss. 97 48.5%
6. An intact gag reflex indicates a safe swallow. 98 49%
7. A patient with dysphasia after stroke will always be able to understand the 101 50.5%
written word.
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Continuation of table 4

1 2 3

17. The barthel activities of daily living index is a measure of functional 105 52.5%

dependency.

9. Emotionalism (pathological crying) is an untreatable complication of 106 53%

stroke.

12. Carotid surgery can significantly reduce the risk of further strokes in 119 59.5%

patients with severe symptomatic carotid stenosis.

1. The majority of patients have had a transient ischemic attack prior to their 121 60.5%

stroke.

16. Silent aspiration can be detected with video fluoroscopy. 121 60.5%

15. Agnosia is a condition in which the patient loses the ability to recognize 124 62%

objects.

5. Dyspraxia is due to muscle weakness. 138 69%

18. Persistent urinary incontinence following a stroke is a predictor of poor 147 73.5%

prognosis.

10. Inability to understand the spoken word is called expressive dysphasia. 169 84.5%
*n=200

Research Question 2

Is there a difference in the knowledge toward stroke patients among nurses working in
private and public hospitals?

This question has been answered using the independent t-test where the one group are
compared in relation to their scores in order to identify whether there are any statistically significant
differences among participants with regard to the issue investigated in this study and for the total
scores on the one main elements of the questionnaire; knowledge. The F value for Levene's test was
38.338(p< .001) for the knowledge test. Because the significance value is less than .05, it can be
assumed that there is a significant difference the one group (Table 5).

Table 5. The results of Levene's test for knowledge Scales.

Levene's Test
F P
Knowledge 38.338 .000

Scale

As for knowledge scale, there was a significant difference in the scores for public (M = 10.15,
SD =4.28) and private (M = 13.96, SD = 6.12) at the significance level of(p =.000). The results of the
independent t —test indicate that there is a statistically significant difference between participants due
to the type of hospital on the knowledge test (Table 6).

Table 6. the results of t-Test and level of significance for the knowledge Scales.

Factor Hospital N M SD t-test P
Governmental 91 10.15 4.28
Knowledge Private 109 13.96 6.12 -5.153- 000

Research Question 3

What is the relationship between nurses’ demographic factors (e.g., gender, age, years of
experience, nurses’ academic degrees, and knowledge toward stroke patients?

Table7 shows that there is a statistically significant positive correlation between nurses, who
have more years of nursing practice in ER or ICU, and knowledge level towards stroke patients. The
results reveal that there is a statistically significant negative correlation between the two variables
(r=-.176-, p=.013).
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Table 7. Correlations between the mean score on the scales and the characteristics of the
participants

Knowledge
Factor R Sig
Age -.051- AT7
Gender 042 .558
Highest level of nursing education completed -.104- 144
Years of nursing practice in ER/ICU -176 .013

Discussion the results.

This study measured the knowledge of Jordanian nurses working in critical care units toward
stroke patients. This chapter focuses on the most evident findings of this analysis.

In short, this study has achieved the following:

1. It measured the level of Jordanian critical care nurses' knowledge about stroke patients.

2. It explored the impact of gender, age, years of experience, nurses' academic degrees and
sort of hospital on critical care unit nurses' knowledge regarding stroke patients.

The Jordanian critical care nurses' knowledge toward stroke patients.

As the care provider and the most in-touch health professional with the stroke patients, it is
necessary that nurses recognize many issues concerning this health condition. These include knowing
the etiology, pathology, diagnosis, acute assessment and prognosis of stroke. In addition, nurses
should know the proper interventions and the timely decisions when caring for stroke patients in order
to promote better health outcomes. Early identification of the stroke and initiation of the prompted
interventions can help avoiding more adverse complications (Demel et al., 2018). Within the current
study, the majority of participants responded correctly when asked about the widely observed signs
and symptoms of stroke, such as abrupt weakness or numbness on one body side, abrupt confusion,
light headedness or unsteadiness or an abrupt visual problem. The results of the correct answers
reflected nurses’ knowledge in this particular topic; however, other issues of concern have been found
to require further consideration and attention concerning knowledge.

Nurses' knowledge of the stroke-related complications.

It was found in this study that more than 50% of the participants’ answers indicated low level
of knowledge among nurses with regards to complications of stroke. Although reported good level of
knowledge in the common sign and symptoms, this finding showed that participants weren't
knowledgeable about the complications. In addition, nurses reported that dizziness, weakness, and
numbness were the most frequent signs. Similarly, these signs were also identified in a study
conducted on health professionals as similar findings were reported in Jordan by Madae’en et al.
(2013). The knowledge of stroke symptoms by participants was low, in that the participants weren't
able to differentiate between symptoms of stroke and the decoy symptoms. Paralysis of the whole
body, brain paralysis and numbness, tingling sensation all over the body are the decoy symptoms used
in this study to examine knowledge level. Similar findings were reported in other hospital-based
studies by Shehata et al. (2016) in Egypt. In this study, knowledge about the complications of stroke
was low. Jenkins et al. (2018) also conducted a public-hospital-based study in a developed country and
found comparable findings. As can be seen, knowledge about the symptoms among nurses and the
general population has been reported in this study and the literature to be relatively low, which could
inevitably lead to incompetent practice. Therefore, emphasis should be put on improving nurses’
knowledge about both the real and the decoy symptoms so that better practice and patient outcome
could be achieved. The major concern here is that nurses’ knowledge in this study has been compared
with the general population, and not with the health professionals. This necessary means that nurses’
knowledge was only comparable to the general population. A serious point of concern that requires
attention by nurse managers and educationists.

Nurses need to receive training to improve their knowledge and experience about stroke
patients. The literature emphasized the importance of training and education in this area. Pothiban et
al. (2018) stated that job status as a health professional, who were exposed to stroke patients, was an
indication of a better knowledge of stroke. Komolafe et al. (2014) reported that trained nurses were
more familiar with the stroke than non-trained nurses. The limited knowledge of stroke signs reported
among the participants in this study might be attributed to the fact that more than a quarter of the
working participants didn't receive educational courses about stroke.
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Nurses' knowledge of the risk factors and diagnosis of stroke.

Although the overall knowledge of risk factors was low, transient ischemic attack prior to their
occurrence was identified as the most important risk factor; 34.5% of the participants were aware of
that. Similar results have been reported by Owolabi et al. (2018) in Ghana and Nigeria, and Marshall
et al. (2013) in Australia. These studies also investigated the knowledge of stroke in patients with high
blood pressure. In these studies, high blood pressure was classified as a risk factor for stroke. The
results contradict with recent published studies conducted by Wang et al (2013) in China, where fewer
participants, less than (50%), identified other risk factors for stroke, including diabetes, family history
of stroke, smoking and malnutrition. This response was also evident in the study of O’Donnell et al.
(2016), which found that participants who identified other risk factors for stroke were fewer.

The knowledge of stroke diagnosis was related to nurses’ experience in this study. Participants
with 8 to 15 years of experience were more familiar with the diagnosis of stroke than those with 2 to 7
years of experience. Comparable findings have been found by Shehata et al. (2016), who examined
knowledge among hospital workers in Cairo University Hospital. In their study, participants with more
than 9 years of experience were more likely to identify a specific diagnosis of stroke compared to
those with less than 9 years of experience. The same thing applies to education, in that the participants,
who had more education, were more knowledgeable regarding the risk factors and diagnosis than
those with lower levels of education. The reason for this correlation could be that nurses with higher
education will be experience a range of educational and training sessions and would achieve better
ways to obtain knowledge. For example, Islam et al. (2017) reported that people with various
educational backgrounds might act differently to interventions directed to stroke patients, emphasizing
that higher levels of education correlated with better practice and knowledge.

General nurses’ knowledge of stroke.

The general knowledge of stroke is related to the definition of stroke, the affected organ by
stroke, participants' knowledge regarding the cause of stroke, and the difference between a stroke and
a heart attack. Approximately half of the participants defined stroke as a paralysis of the whole body
(48.5%). This has also been reported among Nigerian adolescents compared with adults in different
studies by (Komolafe et al., 2014). Although 45.5% of the participants indicated that stroke occurred
in the brain, 48.5% responded that the majority of strokes were due to brain infarct instead of
hemorrhage, and only 45.5% said that it occurred among people with atrial fibrillation who were at
increased risk of stroke. This response was also seen in other studies by O'Donnel et al. (2016) and
McDermott et al. (2018), who had their studies conducted among the general population. In these
studies, participants also confused stroke and heart attack. They perceived all heart diseases as a result
of hypertension and, therefore, they thought that these two diseases were similar.

It is also important to realize that this perception has changed because the emergency treatment
for stroke and heart attack differs. Some participants in the study by Khalema, Goldstein and Lucas
(2018) in south Africa focused on impairment and disability. This view is consistent with the present
study where the majority of the participants (37%) stated that the right cerebral hemisphere is almost
always dominant for speech in the right-handed people. While (84.5%) suggested that the inability to
understand the spoken word is called expressive dysphasia. The findings in the present study revealed
that there is a positive relationship between the general knowledge of stroke and the level of education.
In a study conducted on Cairo university hospital workers by Shehata et al. (2016), they found similar
results. These studies also found that the participant's level of education was a predictor of knowledge
about stroke. Participants with a higher level of education had a greater knowledge of stroke.

The nurses' knowledge about intervention for stroke patients.

The findings of the present study revealed nurses intervention to stroke patients based on the
information obtained from the findings of the questionnaire and the relevant literature. The results
showed that there is a lack in nurses' knowledge regarding stroke, especially in managing stroke
patients. One reason for this could be attributed to the lack of guidelines for training nurses in this
field (William et al. 2018) which, in turn, affects the role of nurses in managing stroke which is still
unclear Baatiema et al. (2017). Although (39%) of the participants indicated that despite the good level
of physical recovery, many people experience lower levels of social activity after stroke. Training
nurses demonstrated high levels of improvements in knowledge and in the ability to recognize and
treat stroke patients Edward et al. (2017). Furthermore, nurses with knowledge are more self-confident
and therefore more willing to make decisions regarding the management of patients. Similar findings
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which reveal a positive relationship between the overall knowledge of stroke and level of education
among employees in Cairo university hospital were reported by Shehata et al. (2016).

Currently, there's no consensus on the amount of knowledge nurses need in order to provide a
better care and gain favorable outcomes for patients; therefore, this level of knowledge should be
determined (Thomas et al., 1999). This findings indicated that nurses couldn't match the proposed passing
score, reflecting little information regarding stroke patients (Farraga et al., 2017) although these results
were higher than some reported results (Shehata et al., 2016). The results of the statistical analysis for the
response of the study sample confirmed that the nurses responsible for providing the critical care for stroke
patients have the lowest percentage of knowledge on each of the diagnosis, risk factors, complications, role
and culture; that's why they have an educational program with regard to patients with a stroke.

Difference in knowledge towards stroke patients among nurses working in private and
public hospitals.

It was obvious that critical care unit nurses in each health care sectors had some differences in
their responses toward stroke patients. The findings showed that there are borderline variations
between critical care unit nurses in public and private hospitals in terms of knowledge towards stroke
patients. Nurses in private hospitals perceived their knowledge above that of the nurses in public
hospitals. With regards to the findings of previous studies conducted in Cairo, there have been
variations between health care sectors in terms of stroke knowledge (Shehata et al., 2016).

Shehata, et al. (2016) reported the variations between health care sectors in public hospitals in
terms of stroke knowledge. The study found that the level of knowledge among nurses in public
hospitals was low. The results revealed that there are significant variations between health care sectors
in terms of uncertainty regarding treatments, inadequate preparation and lack of support for nurses.

In this study, borderline variations were found between public and private hospitals. However,
there were statistically significant differences between the responses of the sample individuals in favor
of the nurses working in private hospitals, in that they had more knowledge towards stroke patients in
comparison with those working in public hospitals.

The Relationship Between Nurses' Characteristics and the Knowledge toward Stroke
Patients.

There were three significant relationships between the study scales and nurses characteristics.
However, very limited studies have examined the relationship between gender as well as knowledge of
stroke patients.

The possible rationale for not considering gender among factors influencing stroke patients
was associated with the comparatively massive proportion of male nurses participating in these
studies. This proportion would then interfere significantly with the results of those studies (Jenkins, et
al., 2018). Typically, in the present study, education was extremely related to the knowledge of stroke.

The literature suggests that older respondents of (27) years and above scored high marks on
knowledge scale, indicating an association of (p=0.03); this is supported by a study conducted in
Bangladesh among nursing students (Islam et al., 2017). There was also an association between the
older respondents of forty years as well as experience and knowledge about stroke patients (p=.003).
This finding corresponds with the study conducted by Farraga, et al. (2017) on the Egyptian
population. However, other researchers found contradicting results, indicating that there is a negative
correlation between knowledge score and demographic variables, such as age and education in Iranian
population (e.g. Haghighi, et al. 2010). This means that as nurses get older, their knowledge on stroke
patients decreases. Other studies showed that there were no significant differences in nurses' stroke
information among subgroups, nurse's experience years and ranks (Shehata et al., 2016).

The results revealed that the years of experience didn't influence nurses' knowledge toward
stroke patient in the present study. However, Shehata, et al. (2016) reported an inverse correlation
between years of experience in nursing and information regarding stroke patients. In other words,
nurses might experience decreased complications towards patients stroke.

The information regarding the years of experiences among the participants are contradictory.
The low participation of nurses with three or less years of experience corresponds with the low variety
and the low number of young nurses recruited in hospital and reflects the falling interest of young
people in nursing as a career (William et al., 2018).

Another domain of the study was related to correlating the knowledge of nurses with their
demographic variables in an attempt to identify how nurses gain their information. Therefore, the
knowledge of nurses was correlated to their job as nurses (registered or associate), their qualification
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(Academic Degree; Diploma, Bachelor or Master degree), their specific work experience in taking
care of stroke patients, also to whether or not they have received specialized training in nursing stroke
patients (Edward, et al. 2017).

Stroke could be a major reason for impairment among the adult population worldwide. Since
the prevalence of stroke is predicted to extend within the close future, the impact of chronic
impairment can create a challenge to the future care and rehabilitation of stroke patients. Additionally,
the study conjointly explored whether or not the demographic variables had an impact on the
participants' level of knowledge towards stroke.

The study motivation was related to the fact that the lack of knowledge towards stroke has
been recognized as a limiting cause for the early presentation at hospital, delayed immediate initiation
of stroke management, and consequently the state of discontentment and frustration among stroke
patients. However, it should be emphasized that not only do knowledge apply; in fact other factors are
concerned. These factors could also be related to purpose, awareness, personal interest, traditional
values, workplace policy, availability of stroke prevention instrumentality, policy relating to the
utilization of stroke prevention guidelines, or the nurse patient ratio.

Recommendations. The following recommendations were cited in order to improve the
critical care unit nurses' knowledge regarding stroke patients:

1. In-service training and refreshing courses about stroke should be designed for Jordanian
nurses. This should provide them with up-to-date knowledge to understand stroke which can be
translated into practice.

2. Further interventions studies should be conducted in order to examine the level of
Knowledge after nurses participate in service-training programs.

3. A guideline for nurses should be developed and implemented in all the hospitals. This will
encourage the nurses to ensure that each stroke patient receives the correct treatment for stroke since
the time of admission.

4. A replication study is recommended in other settings in order to promote the
generalizability of the findings mentioned above.
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Beryn. Hdocein ArtutepopuctryHoi onepauii Ha Cxonai YkpaiHu mokasas, IO B CTPYKTYpi
cydacHOi OOHOBOi XipypriyHOi TpaBMH 3 BOTHEMAIGHUMH TOPAHEHHSMHU Ne(eKTH M'SKUX TKaHUH
crioctepiratotecs y 64,9-68,2%, 3 Hux 36,4-37,5% CympoBOKYIOTECS MaJlM Ta CEPETHIM PO3MIpOM
nedexris, a 28,5-30,7% — ue Benmuki i qyxke Benuki aedektu [1, 2, 3]. [Joci He pO3pOOICHO HITKHX
MIPUHLIMIIB COPTYBaHHS Ta €BaKyallii I JudepeHIiiioBaHoTo JTiKyBaHHS MOPAHEHUX 3 AePeKTaMH
M’SIKUX TKaHWH. BubOip Metomy 3akputTs Ae(eKTiB y mopaHeHHX 3 00MOBOIO XipYpridHOI TPAaBMOIO
3aJIeKUTh BiJ JOCBiAY Xipypra Ta TEXHIYHOTO OCHAILIEHHS PiBHS MEIUYHOI gonoMord [4, 5, 6].

Merta: NOKpalMTH pe3ylbTaTd HAJAHHS XipypriyHoi JOMOMOTH TIOPaHEHHM M’ SIKUMHU
TKaHWHAMHU JNe()eKTH NUITXOM BBEACHHA IUQepeHIiiioBaHO] XipypriyHOi TaKTHKH 3aKPUTTS paH Ha
PIBHSAX MEIMYHOI TOIOMOTH.

Marepian Ta Mmetoau. 3aranbHi CaHiTapHi BTpaTH XipypriuHoro npogimo 3a nepioxa 3 2014 no
2018 poxm AHTHTEepOopuCTHUYHOI omeparii / Oneparii o0'eqrannx cun y 30porHux Crinax YKpaiHu
cxianmu a0 3776 nopanenux [2, 4, 6, 9]. B BilicbkoBo - MeaumIHOMY KIiHIYHOMY TeHTpi [liBIeHHOTO
periony (BimmineHHi XipypriuHoi iHgekuii) 3a med TepMiH Oyno mpoBedeHO 136 pPEKOHCTPYKTHO-
BIIHOBITIOBAJILHUX OMNEPAaTHBHHX BTPydYaHb. 3 HUX TPaBMHU KiHIIBOK croctepiramucs y 73 (54,3%),
rojoBu Ta xpebta Oymu B 37 (27,5%), rpynuoi xmitku B 13 (10,1%), xxuBota B 8 (5,1%) Ta Tazy B
5(3,0%). Bubpanumu muist gociimkeHHss Oy TOpaHEHi, IO OTPUMAlM YHIKOKCHHS Y BHTJISII
nedekTiB M’ IKUX TKaHUH TPyTHOT KIIITKH, )KUBOTA, Ta3y 1 KiHmiBok. CepenHiii Bik cranoBus 33,7 + 4,1
poky. IlepeBakHa OULTBIIICTH MOPAHEHHX OTPUMAIHM OCKOJKOBI mopaneHHs — 114 (83,8%), kynboBi —
18 (13,7%) Ta BubyxoBi 4 (2,5%). [30;1p0BaHa GolioBa Xipypriuna TpaBma crocrepiranacs y 75 (55,5%),
muoxuHHa B 31 (23,2%) noeanana 30 (21,3%). Jominyrounmu Oynu tpaBmu Tynyoa y 34 (25,0%),
crerna y 30 (22,4%), rominok y 24 (17,9%), mreda y 17 (13,0%), nepenmrivust y 12 (8,5%), kucti y
10 (6,7%) 1 ctynHi y 9 (6,5%). 3a xapakTepuctukamu y 91 (66,7%) BunaakiB mopaHneHHs OyH CIIMUMHU,
HACKpi3Hi cnoctepiranmucs y 34 (25,3%) mo 9(6,9%) tanreHmianphux Tta 2 (1,1%) cmimi. s
BU3HAYEHHsSI OCHOBHUX METPUYHHUX XapaKTEPHCTHK paH, JTOBXHHHU (HAWOUIbIIA BiACTAaHb MK KiHISIMH
paHn), MUpUHA (HaROLTBIIMi eprieHAnKyIsIp 1o | Bigpizka h) i rmubuHa (HaHOLTBIINI TepIeHANKYIISP
BiJ| IUIOIIMHU 110 AHa paHu d) Oynaum Bumiproethes. ILmoma panu (S) B KBaJpaTHUX CaHTUMETPAx
BU3Havaacs 3a ¢popmynoro: S =1 x h/ 2, ne | — noxuna panu, h — mmpuna panu. [Ipu nposenenHi
TUTAHIMETPHYHAX JIOCII/DKEHD JeeKTy paHH, KpiM 3araibHOi IDIONI paHd, BU3HA4Yalu 00'eM Aedekty
paHu B KyOiuHUX caHTUMeTpax Ha ¢opmyna: V=1 xh/2 x d /4, ne h — mupuna pany, d — rimubuna
panu. BusHauenHs1 audepeHiiiioBanoi XipypriqHoi TaKTHKA 3aKpUTTs Je(eKTiB M SIKUX TKaHWH OyJio
3IiiiCHEHO Ha OCHOBI MeTpHYHOI KiacH(ikalii BOTHENAIBHUX ITOpaHEHb, PO3p00IeHOT B YKpaiHChKil
BIICHKOBO-MeIMYHIN akazeMii [5]. MerpuuHa knacuikaris Oyia CTBOpeHa NUIAXOM aHaji3y KIiHIKO-
aHATOMIYHHMX Ta KJIIHIKO-CITiZeMIONIOTIYHOI XapaKTePUCTUK OOMOBOI XipypriuHOi TpaBMH, IUIOII Ta
CTYICHIO Ypa)KeHHs1, BpaXxyBaHH: 0COOJIMBOCTEH aHATOMIYHOI 00JIacTi.

B xomi poGotm OyB TpOBeACHWH TMOPIBHAIBHUA aHANl3 METPUYHHX XapaKTEPUCTUK
BOTHEMAIBHUX TIOpaHeHb. BiAmoBimHO 10 po3poOieHoi kiacudikamii nedekTiB M SKAX TKaHWH,
HEBEJIMKi BOTHEMalbHI MopaHeHHs crocrepiranucs y 24 (17,7%), cepenni y 73 (54,2%), Benuki y
32 (23,9%) Ta Hagsenuki y 7 (4,2%) BunankiB. CTpykTypa BUOYXOBHX TPaBM 3HAYHO BiApi3HsuIacs
BiJl OCKOJIKOBHX Ta KYJIbOBHX ITOPaHEHb Yepe3 301IbIICHHS IO Ta 00CSTY MOLIKOHKEHHS KiHIiBOK,
niepeBakaHHsI BEJMKHUX 1 Ay’Ke BEMUKUX JepekTiB M’ sakuX TkanuH (y 2 p <0,001 BigmosigHO). 3HAUHOT
pI3HUII MiXK CTPYKTYpOIO OCKOJKOBHX Ta KylboBHX paH He Oymo (x 2 = 4,13; p = 0,248).
BumienaBeeHi pe3ynbTaTy JO3BOJIMIIM PO3MEXKYBATH XipypriyHUi, COPTyBaJbHHN Ta €BaKyallMHUI
NPUHIMIIA HAa PIBHAX MEIUYHOI JOIMMOMOTH 3aJIeXHO Bij MICIs TPaBMH, 3 BpaxyBaHHIM METPHUYHUX
xXapakTepucThK. [loeTHaHHS METPHUYHHMX XapaKTEPUCTHK JIeEeKTiB paHH 3a IUIOMICI0, 00'€eMOM i3
JIOKaJi3aliel0 paH B OAHIA kiacuikamii JO3BONMIO 3alpONOHYBAaTH KOMIUIEKCHHUHM MiaXin A0
COPTYBaHHS IIOPAaHEHUX 3a PiBHEM MEAMYHOI JOMOMOTM Ta BWU3HAYEHHS IOAAIBLIOI XipypridHoi
TAKTHUKHU 3aKPUTTS NePEKTIB M’ SIKUX TKaHWH. BilMOBITHO 7O COPTYBAIBLHHUX Ta €BaKyalliHHUX IiTeH
MOPaHEHUX 3 BOTHENAJbHUM IIOPAaHEHHSM CTOMHU Ta KHUCTI (TPETs 30HA IMOLIKOHKEHHS) JIIKyBaJld Y
cnenianizoBanux Henrpax Il Ta IV piBus. IlopaHeHnum i3 cepeaHIMH Ta BEIMKUMH MOPAaHEHHSIMHU
TyJ1y0a, CTEroH, Hir, meya i nepeamuniyds 3adesneuyBanacs Ha fgormomora Il i 11 piBHSAX, BETMKUMH i
Iy’)ke BETUKMMH paHaMM 3a3HAYCHOI JIOKajisamii B creriamizoBaHuxX KiiHikax IV pisasa. Ilpu
HEBEJIUKUX MOpPaHEeHHSIX 0e3 MOIMIKOMKEHHS TNTMOOKMX CTPYKTYp IEpBHHHE XipypriuHe JiKyBaHHS,
BUCIYCHHI HEKPOTHYHHMX TKAHHMH, PEBi3is IMOIIKOHKEHHUX aHATOMIYHHX CTPYKTYp, (aciioTomis Ta
JIpCHYBaHHS, a TAaKOX ITOBTOpPHE XipypriuyHe JiKyBaHHSA Oynu 000B’s3KOBUMH. llopaHeHWM, SKHX
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CKepyBaJld Ha TepIli Ba PiBHIi, HAKJIaJald IEpPBUHHI Ta BiICTPOYCHI IBH, nmepeBaxHo Ha Il ta na 1l
piBHI, 3a BiICyTHOCTi O3HAaK 3amaJIeHHs. Y TIOPaHEeHHX 13 iH(eKIiiTHO-3anaIbHIMU 3MiHAMHU PaH IiCIs
MIEPBUHHOTO XipyPTivHOTO JiKyBaHHS MEPBUHHI IIBY HE HAKJIAJAIMCEH 1 MKIpHI UTACTHYHI OTepariii He
npoBoAuaucs. JepekTr TKaHWH 3aroroBajiiics BTOPUHHHM HATATOM IIiJ] MOB'SI3KOI0 1O HaKJIAJACHHS
BTOPHHHMX MBIB Ha [V piBHI . ONTUMaNBHUIN CIOCIO 3aKPUTTS MOBEPXHEBUX JE(PEKTIB CEPEIHBHOTO
po3mipy 3 Ae]iluToM TOHOPCHKHX pecypciB Oyia ayToAepMOIDIACTHKA DPO3IMICTUIEHUM KIIAITEM.
[lepeBarn MeTomy: OJHOMOMEHTHICTH 3aKPUTTS, HU3BKWMH piBeHb TpPaBMAaTUYHOCTi, TEXHI4YHA
npocrota. llmacTuka MicUEBUMH TKaHMHAMH BHKOPHCTOBYBaJlacsl y TOPAaHEHHX 3 TIIMOOKHMH
nedeKkTaMu HEeBeTUKUX MIITHOK, 3a0e3MeTyBald PYXJIMBICTh KPaiB IIIIXOM JIOCTaTHROI MOOimi3amii Ta
Bukopuctanusa [DKK 1 m’s3iB. TpuBamicTs iKyBaHHS 3HAYHO CKOPOTHIIACS TpH 3acTocyBaHHI NPWT-
CHUCTEM Ta YyIbTpa3BykoBoi KaBitauii. I[lopaHeHMX 3 BeNMKUMH JeQeKTaMH M'SKUX TKaHWUH
esakytoBanu 1o Il ta IV piBHA. i 3akpuTTs paH, BUKOPHUCTOBYBAJIH IUIACTHUKY MTOBHOIIAPOBHMH
MICIIEBUMH KJIANTAMH, SIKi 3a0e3medyBain Kpail (GyHKIIOHAbHI Pe3yIbTaTH, ajle Maji BUIIUN PU3HK
YCKJIaJAHEHb, 30Kpema. HanmipHi aedexkTd M'IKMX TKaHWH BUMAararoThb BHCOKOCIEIiani30BaHOTO
nikyBaHHs Ha [V piBHi. BcraHoBieHO, 1110 BIpoBaKeHHS AuQepeHIiHoBaHOI XipypriuHOi TAKTUKU Y
HNOpaHeHMX TpH JedeKTax M'SKMX TKAHHH Ha PIBHAX MEIUYHOI JIOMOMOTH MOJIMIIYIOTHCS
(GYHKLIOHANBHI Pe3ybTaTH, 30UIBIIYIOThCS MOKa3HUKH 3a10BUTRHUX 3 46,9% 1o 53,7%, 3MeHIIMIach
BiJTHOCHA KIJIbKICTh He3a70BIIbHUX 3 18,8% mo 11,6%. YacTka nmopaHeHHX, sKi Oy 3BUILHEHI 3 JIaB
30poitanx Cun Ykpainu Takox 3menmmiach 3 28,1% no 21,7% (p <0,05).

OOroBopeHHsi. My mMmiITBEpIWIA HAyKOBY TiNoOTe3y AESKUX BUeHuUX [6, 7, 8] mpo Te
MOJKJIUBICTD 3aKPUTTSI BOTHENAIBHUX TOPAHEHb [UIIXOM HaKIIaJCHHS MIEPBUHHUX BiICTPOUYCHUX LIBIB
Ha 5-7 mo0y 3a BimcyTHOCTI o3Hak iH(ekmii Ha II Ta Il piHi. CTOpOHHI TiNa pH IbOMY TIOBHHHI OYTH
BUJAAJICHI, SKIIO MEAWYHI Ta TaKTHMYHI OOCTAaBUHM [O3BOJISIIOTH Ta € AOCBII IPOBEAEHHS TaKHX
orepariii 3 HeOJUMOBIUMHK MarHiTamu. JIOCTiHKEHHS MATBEPIUIN HeoOXiauicTh [5, 9, 12, 13, 14, 15]
BUKOHATH KOMIUICKC PEKOHCTPYKTHBHI Ta BiJHOBIIOBAaJIbHI BTPYYaHHs Ui YCYHEHHS BEJMKHX Ta
Iy’)Ke BeNWKAX JedeKTiB M akux TkanuH Ha [V piBHi. [locHimKeHHS CTald OCHOBOIO IS
BJIOCKOHAJICHHSI OpraHi3allii Xipypri4Hoi JOMOMOTH MOpPAaHEHUX A0 PiBHS MEIUYHOI JOMOMOTH, IO
3HU3UIIO PiBEHb yCKIaaHeHb 3 65,3% mo 37,9% (p o <0,05).

BucnoBku.

1. 3anpornoHoBaHa Ta peajizoBaHa audepeHLioBaHa TaKTHUKA JIIKyBaHHS AE(EKTIB paH Ha
PIBHAX MEAWYHOI JOMOMOTH, IO J03BOJISIE BH3HAYATH MEAMKO-EBaKyalilHy MeTy y TOpaHeHHX 3
0OMOBOIO XipypPriYHOIO TPABMOIO.

2. KniniuHi Ta oprasizamiiai oco0IuBOCTI Xipypriunoi gormomoru Ha PiBHI 3 onTumalbHi B
00cs131 ocTatouHol 00poOku ApidHuX (17,7%) Ta cepeanix pau (54,2%) m'skux TkaHuH (< 50 cMm 2).

3. OCHOBHHMM 3aBJaHHSIM XipypriuHoi jgonomMoru Ha PiBHI 4 € peKOHCTPYKTHBHE Ta BiJHOBHE
JikyBaHHS 00IOBOI XipypriyHoi TpaBMHU Ta OCTaTOYHE 3aKPUTTS BEIHMKHUX 1 TyKE BEIHUKHUX JC(PEKTiB
M’sIKUX TKaHuHU (28,1%).
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At this time, the problems of development and improvement of selective
nutrient mediums and quick, affordable bacteriological methods of C.
difficile isolation are especially relevant.

The comparative study of the efficacy of the known commercial nutrient
mediums for isolation of toxin-producing strains of C. difficile was
carried out and composition of a new, original selective nutrient medium
was proposed. Unlike existing analogs, the proposed nutrient medium is
suitable for the simultaneous isolation of the agent from the clinical
material and detection of toxin-producing properties due to its high
growth properties, optimal transparency and density.
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Beryn. Entepokoniti, 0o6ymosiieni Clostridioides difficile-indexmis (CDI) i goci 3anuiarTbest
CEpHO3HOIO MTPOOJIEMOI0 OXOPOHH 3I0POB’Sl B YChOMY CBITI. Y Oarathox kpaiHax CDI odiriiiHo BH3HAHO,
SK HO30KOMiaJIbHy, €eKOHOMIYHi BTpaTH BiJl AKOi JOCUTH CYTT€EBi, BPaXOBYIOUM BUTPATH Ha JIarHOCTHUKY
Ta JikyBaHHS. 3a nanumu LlenTpy koHTpomo Ta mnpodinaktuku 3axBopioBanb (CDC), Tinbku y
Crionyyenux IItatax y 2017 poui CDI criocrepiranace y 223 900 sunazkig, 12 800 — 1ie Oyiiu Bunaaku 3
JIeTaJIbHUM KiHIIEM, BUTPaTH Ha OXOPOHY 3/10pOB’A, OB’ A3aHi 3 uM, ckiaimu 1 mipa. gomr. CLHA [1].

VY €spomi Ha nouatky 2000-x 3axBoproBanicTs Ha CDI Oyna y 10 pasiB HIKYO0I0, HIXK 3apas.
INounnatoun 3 2007 poky, koiam OyB 3apeectpoBannid mnepmwuii Bumagok CDI, crnpuunHeHwit
emigemiunuMm mramoMm 027, eBponeiicbki kpainu Ta CIIIA, BpaxoByHOUHM MiJBHUIIEHY HEOE3MEKY
HOBOTO, Ha TOM Yac, emiJeMiYHOTrO LITaMy, BBEJIU OOOB’S3KOBY PEECTpalil0 BAKKHX 3aXBOPIOBAHb,
obymoBiiennx CDI, po3poOuii Ta BIPOBAJIMIN HU3KY MPOTHEIIIEMIYHHX 3aX0/iB [2, 3].

Humni 3axBoproBanicte Ha CDI y €Bpomneiiceknx kpainax ckimamae 10,0 — 30,0% cepen Bcix
aHTHO10TUKOACCOIIMOBAHUX J[iapeid, Ta MOKHU 0, Ma€ TCHICHINIO JT0 301IBIICHHS YaCTOTH 1 TSXKKOCTI
3axBOpIOBaHHs [4-6].
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VYV kpaimax Asii, 30kpema y Kwutai, ocTaHHI OOCHiPKEHHS TIOKa3ylOThb TaKy camy
3axBoproBaHicTh Ha CDI, sk i B eBponeichknx Kpainax. HoBi JocCHipKeHHS, MPOBEACHI MOKa3aln
3axBoproBanicte CDI na piBHi 31,1 % [7].

B Vkpaini odimilina peectpaniss CDI BigcyTHs, TOMYy BiACYTHI 1 OQiliifiHi NOKa3HHUKH
3aXBOPIOBAHOCTI, @ TAKOK CMEPTHOCTI.

Clostridioides difficile (C. difficile) — rpam mo3uTHBHA pyxXJIMBa CHOPOYTBOPIOKOYA MATHYKa,
oOmiraTHuil aHaepoO, MPeACTaBHUK (PaKyIbTaTHBHOI MiKpO(IOpH KHUIIKIBHUKA. 3a TaKCOHOMIYHOIO
KkIacu(ikalero HaIeKUTh 10 ciMeiicTBa Peptostreptococcaceae, poay Clostridioides. JTo 2016 poky
C. difficile posrisimanu, sixk npeactaBuuka pomy Clostridium, ame micast mpoBeAeHHsS CEKBEHYBaHHS
16S p PHK ta pubocomansroro 6inka, C. difficile Ta C. mangenotii 6yyio BimHeceHO 10 OKpemMoro
pony Clostridioides [8, 9]. [IpeacTaBHUKH ILOTO BUIY MOXKYTh NMPOAYKYBaTH €K30TOKCHHH 1 OyTH
NaTOTeHHMMH JUTIS JIFO/Ieil 1 TBapyH.

C. difficile — e ocHOoBHHUM 30yIHHKOM aHTHOIOTHKOACOI[IHOBAHMX Miapeil Ta TOJOBHHUM
eTioNoriyHuM (aKTOPOM PO3BUTKY IMceBaoMeMOpaHozHoro kouity ([IMK), mo uwacto BuHMKae y
BUTIAJIKY 3HUIIEHHs (IOpU KHUIICYHHUKA Yepe3 BUKOPHCTAaHHA aHTUOIOTHKIB 200 XiMioTeparneBTHYHHX
npemapatis [10, 11].

lonoBny pons y maroreHesi CDI Bimirpae Takwii ()akTOp MaTOTEHHOCTI, SK 3JaTHICTh
30yJHHKA 10 TPOAYKIii 1BOX ek30ToKCUHIB: TOKCHHY A (TcdA) i Tokcuny B (TcdB) [12]. Tokcun A
Ta TOKCMH B MaroTh CHIBHY HUTOTOKCHYHY Ta 3amanbHy mifo. Lli TokcuHm € QepmeHTamMu
TIIOKO3WITpanc(epazaMy, IO KaTami3ylTh iHakThBamiro OinkiB Rho, sxi BiamoBimaroTe 3a
Oprasizaifito aKTHHOBOTO ITUTOCKENEeTy Ta (YHKIIO emiTemianpHoro ©Oap’epy [13, 14].
I'moxo3umipyBanHs OinkiB Rho mpu3BoanuTh 10 NMe3arperaiii akTHHOBOTO IIUTOCKENETY, 301IBIICHHIO
MPOHUKHOCTI MeMOpaH, BTpaTi Oap’epHOi (yHKIIi, CKIICIOBaHHI0O KIITHH Ta ix 3armOemi [15].
BHacnifgok pyiHyBaHHS eMiTeNialbHIX KIITHH BUHUKAE OPYIIEHHS BOJAHO-EIEKTPOIITHOTO OOMIHY B
oMy, 110 crpusie cekpeuii piaunu y kumkosuit mpoctip. Tokcunu C. difficile 3patHi iHgyKyBaTH
aronTo3 Ta HEKPO3 eMiTeNialbHUX KIITHH, OepyTh Y4acTh Y TKaHE3aXHCHUX 3alajbHUX MpOIecax,
CTHMYJIIOIOTh MAaCHBHI KIITHHHI peakuii y BUDIAA HeWTpodinbHOI iHQiIMbTpamii 3 miABHIICHHSIM
aKTUBHOCTI Ta BUBiNbHeHHAM 1uToKiHiB (IL-8, IL-6, IL-1p, nefikotpieni B4, intepdepoy y) [16, 17].
IcHye Takox OiHapHUN TOKCHH, ajie Ioro poJib 10 KiHIlM He BuBuYeHa [18].

3a 1aHUMU JEeSKUX JOCIITHHUKIB, CAMUM HaJiHHUM, 3 MOKJIMBICTIO IIMPOKOTO BUKOPUCTAHHS B
NPaKTUYHIA MEIWIHI, 3aJUIIAEThCS KYJIbTypaldbHuil (OakTepionoriunuit) meto aiarHoctuku CDI.
Aute, Gaxtepionoriune Buaiensst mrramis C. difficile 3 BunmoposkHeHs XBOpPHX TMOB’S3aHO 3 PSIOM
TPYJHOIIIB, B TOMY YHCIIi 3 HEBEIMKOI KUIBKICTIO 30y/THUKA B KUINKIBHUKY Yepe3 HasABHICTh PiJIKUX
4acTUX BHIOPOKHEHb. KpiMm TOro, 0Oe3 BH3HAUYEHHS TOKCUTCHHHUX BIACTUBOCTEH BHJIIIEHUX
30yJHHKIB, OaKTEepiONOTIYHHHA MeTOoN He MOoKe OyTH BHUKOPUCTAHWH, SK CAMOCTIMHUH, s
NPOBEICHHS AIarHOCTHKH.

TakuM YMHOM, MUTaHHS PO3POOKH Ta YJOCKOHAJICHHS CEJIEKTUBHUX CEPEIOBHUII T MIBUIKUX,
JMOCTYIHHUX MeToiB BusBieHHs TokcuHie C. difficile 3amumaerbes akTyamsHuM.

Marepiaau i Metoan.

Marepianom ans mociikeHb Oynu 3pa3ku OioTnuHOoro matepiany (dexainii) BimiOpaHi Bix
xBopux 3 nposiamu CDI.

Binbip Matepiany 3miliCHIOBAIM y CTEPHIbHY IUIACTHKOBY €MHICTH B 00’emi 5-10 mon.
HocmipkeHHI0 miuisaraad 3pasku piakux ¢exaniid. [Ipy HEMOXJIMBOCTI JOCTaBKH 3pas3KiB 0
naboparopii IpoTarom 2 rojuH, ¢pexaii BigOUpany y TpaHCIOPTHY PoOipKy-TaMIIOH 3 cepe/IOBUIIIEM
EiiMca B 00’eMi He MEHIIT HiXK 5 MIT.

3 meroro Buninenns C. difficile mocmimkyBanuii matepian y ximekocti 0,1 M 3 po3BeneHb
103-10° Bucisanu Ha cenexrtuBHUi Qpykrosuuii arap — Clostridium Difficile Agar (CDA) (HiMedia,
Innis) 3 cenexruBHoro A06apkoro FD 010 (HiMedia, Iunais), arap llemnepa 3 5,0 % oeeuoi kposi (bio
Me¢érieux, @panuist) Ta Ha KpoB’AHUH caxapHuii arap (3 2,0 % rmokos3u ta 10,0 -15,0 % xposi). Yamku
3 mociBamu nomimranu B anaepoctart 3 GEN box anaer. [aky6aris 37°C 5 ni6.

[MapanenbHO TPOBOAMIM BHCIB Ha TMONEPENHHO PO3IUIABICHE Ta OXOJIoJLKeHe g0 45°C
cepenosuire Binmbcona-bnepa (1o 181 mpoOipku 3 KOXKHOTO po3BeaieHH:). [1o oaHii mpobipIii KOKHOTO
po3BeneHHs nporpiBaiu Ha BoasHiH OaHi mpu 80°C Ha 20 xB. [akyOarist 37°C 48 ron.

[Monepeanto imeHTUGIKALIO 130Jb0BAHUX KYJIBTYP, III0 BUPOCIH Ha INIIBHUX CEPEIOBHIIAX,
pobuiy 3a XapakTepHOI MOP(OJIOTIEI0 KOJIOHIN, HASBHICTIO CIENU(IYHOTO 3amaxy Kpe3omy

RS Global 8(60), October 2020 35



WORLD SCIENCE ISSN 2413-1032

«HaBO3Yy», pe3yJbTaTaMH MIKpocKomii Ma3kiB, modapboBanux 3a ['pamom (HasSBHICTH KPYITHHX
3-6 x 1,3-1,6 HM rpaMIO3UTHBHUX MAIWYOK 3 OBATBHUMHU CYOTepMiHATBHAME criopamMu) [19].

Ha cepenosumi Binbcona-bnepa nmpo HasgBHICTh KIOCTPHUAIA CBIAYMIN YOPHI KOJIOHII y TOBII
arapy (HasiBHICTb CyIb(OUTPEAYKTA3H).

Husa imentudikanii mikpooprani3miB BukopuctoByBanu APl cuctemm BupoOHHITBa bio
Meérieux, ®@pamntis (Rapid ID 32A — identification system for anaerobes).

Pe3yabTaTu qociixKeHHs.

[Ipu po3poOiii HOBOTO CENEKTUBHOTO CEPENOBUINA TS BUIUICHHS! TOKCHHIIPOAYKYIOYHX [ITaMiB
C. difficile 3 kminHiuHOrO Marepiamy, 3a OCHOBY OyJO B3ATO CKJIal KOMEPIIHHOTO CepelOBHIIa
Clostridium Difficile Agar (CDA) (HiMedia, Inmisi) 3 cenektuBaoto nob6askoro FD 010 (HiMedia,
Inpist), mommpeHoro B YkpaiHi. Jlo OCHOBHOTO CKJady BXOAMIM HACTYIHI KOMIIOHEHTH: IMpOTeasa
nenToH, riapodocdar muHATpi0, Kamito airigpodocdar, cymbhar MarHiro, XJIOPHCTHIA HATPIH,
¢pykTo3a, arap, aHTHOIOTMKM IMKJIOCEpHH Ta UedokcuThH. ns Toro, mob cepemoBuiie OyIo
He3a0apBICHUM Ta TPO30pUM (TIPUAATHAM ISl IPOBEJCHHS peakiii iMyHONpenumniTanii) 1o cKiIaay He
Oy/no BKIIOYEHO epuTpouuTapHy mobaBky (7,0 % eputpouutiB OapaHa). 3 METOH IOKpAIICHHS
POCTOBHX SKOCTEH Ta BHBYEHHS BIUIMBY PI3HMX KOMIIOHEHTIB PIIKMX >KHUBWJIBHHX CEPEIOBHIN Ha
inTeHcuBHicTh pocty mtamis C. difficile monepeanbo HaMu MPOBOAMIIUCH JOCTIDKEHHSI, SIKi TOKa3aJIH,
10 JI0JaBaHHS JI0 )KUBWJIBHUX CEPEIOBUII TAKUX PSUOBHH, SIK PO3YMH TIIFOKO3H, TPIKIPKOBUN €KCTPAKT
Ta Bikacos B KoHueHrpamisx 1,0 %, 2,0 % Ta 1,0 % Bigmosiano, cnpusie intercuBHocTi pocty C. difficile
Ta CTATUCTUYHO JOCTOBIPHOMY 30UTBIIIEHHIO KUTBKOCTI MiKpOOHHX KIITHH MOPIBHSHO 3 KOHTPOJBEHUM
cepenoBuineM. ToMy, IIIOKO3a, APLKIDKOBUIM €KCTPAKT Ta Bikacod B KoHueHTpamisx 1,0 %, 2,0 % Ta
1,0 % BianoBigHO, TaKOX OyJIM BKIIIOUEHI HAMU JO OCHOBHOT'O CKJIA/ly CEPEIOBHILA, SIKE PO3POOIISETHCSL.

Ha mepmomy erami po3poOKH cepemoBHINA TPOBENSHO TOPIBHSIIBHE BHBUEHHS POCTOBUX
SIKOCTEH 3amporoHoBaHoro cepenopuiia ta cepenoruia Clostridium Difficile Agar (CDA) (HiMedia,
Iapist). [y mporo roTyBaiiii MiKpoOHi cycrieH3il T0OOBHX KyJbTYp KITHIYHOTO Ta My3eHHOTO IITaMiB
C. difficile (1,0 3a McF, 6,5%10” KYO/mi), poOrI psi CEpiliHUX JIeCATUKPATHUX PO3BEICHD 1 BUCIBAIM
no 0,1 M1 Ha YaIIKyK 3 AOCIIHKYBaHUMH arapamu. KyibTHBYBaHHS MPOBOAMIH 48 TOMUH B aHAEPOOHHX
YMOBAX, MiCJI 9OTO MiJIpaxOByBaU KiIbKICTh KOJIOHIN. Pe3ynbTaTy npeacrapieHi B Tabumii 1.

Ta6nuis 1. ITopiBHAHHS POCTOBHUX SKOCTEN 3alIPOIIOHOBAHOIO Ta KOMEPIIIHHOIO CEPEIOBHIIIA,
g sunuienns C. difficile.

Kinpkicte MikpoOHux kit KYO/mi, (M £ m)
106 10° 104 103
% S o S o S o S
: N = N = N = ~N =
IToxuBHI cepenoBuIa @ @ @ @ @ @ o @
S S S S S S S S
© o © o © © © ©
@) @) ) @) &) @) ) @)
L L < < ™ [3¢]
- =) =) =) o S S ~ >
Clostridium v v v v v v ) )
oo X X X X X X 3 3
Difficile ) = @ o o o & &
S S o S S S
agar & 3| 2| 3| F | g ¢
(HiMedia, Tunis) - - - - - < 2 &
N—" N—" N—" N—" N— N—"
wn wn < < ™ [32] [32]
=) =) = o = =) =)
— — — — — — —
X X X X X X X
3anpornoHoBaHe - o = = = = o o
S S (=) (=) (=) (=) — S
CCpeAOBHIIC T 7 7 I T 1 1
o o 0 o — o N
aQ Z NE) w N < —
N N N N N N N

Ipumitka: C. difficile 281 (mysetinuit rram), C. difficile Mol (xminiunmii i305sT).

OTpumMaHni pe3yJIbTaTH 3aCBiTIHIIN, IO 3aIIPOITIOHOBAHE HAMH CEPEIOBHUIIEC MAa€ KPallli pOCTOBI
SAKOCT1 MOPIBHSIHO 3 KOMEPUiHHMM cepeloBHIIEM. PicT KOJOHIM KIIHIYHOTO Ta MYy3€HHOro IITaMiB
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C. difficile BinbGyBaerbcst 3 possemenns kymbtypu 10° (KYO/mn), Tomi sk Ha KoMepuiliHomy
CepeNIoBHILI — NpU NociBHIM 1031 He Menme, Hix 10* (KYO/Mi). TakuM 4MHOM, 3aIipONOHOBaHUMA
CKJIaJ CepefOBHUINA TMiABUINY€E UYyTIUBICTH METOAY 1 MO3BOJSE BHUABIATH 30yIHWKAa TPU 3HAYHO
MEHIIIi HOTo KIJIBKOCTI B KJIiHIYHOMY Matepiaii (p < 0,05).

Juia mepeBipKHM CENEeKTHBHUX SAKOCTEH B3ATOTO 3a OCHOBY KOMEPIHOTO CepeIoBHUINa
rOTyBaJI MIiKpOOHI cycrnensii 1000BuxX KynbTyp pedepenc- mrami Escherichia coli ATCC 25922,
Staphylococcus aureus 25923, Shigella flexneri /ICK 170 Ta KOHTPOJBHUX JaOOPATOPHUX IITAMIB:
Proteus mirabilis 461, Clostridium perfringens 12, Peptostreptococcus spp., Clostridioides difficile
281 (1,0 3a McF, 6,5*107 KYO/mi1), poOun cepiro IecATHKPaTHHX pO3BeAeHb i BUciBamm 1o 0,1 miu
Ha Jamky. Pe3ynpraTi BUpaxoByBanu yepes 48 roauH KyJIbTHBYBaHHS B aHACPOOHUX YMOBAX.

OtpumaHi pe3ynbTaTH CBiIYaTh PO HEAOCTATHIM CENEKTUBHHH e(eKT KoMepuiitHOTOo
cepenosuia. KomOiHamis aHTHO10THKIB TUKIIOCEpPHHA Ta Ie(DOKCUTHHA HE 3aTPUMYE PICT aHAEPOOHHUX
KOKIB (TIEITOCTPEITOKOKIB).

Ha nmpyromy erami 3 METOHO MiJBUIICHHS CEJICKTHUBHOI SKOCTI CEPEAOBHUIN JJIs BHIIIJICHHS
C. difficile, mpoBemeHo BHBUEHHS AHTHMIKPOOHOI MAii MO BIJHOIIEHHIO IO MENTOCTPENTOKOKIB Ta
mrramiB C. difficile anTubiotrka amokcuimtina, 6eTaakTaAMHOTO Mperapary MHPOKOro CHEeKTPy il 3
TPYNU TCHIIWIIHIB, SIKUH XapaKTepU3y€eThCsS BUCOKOI aKTHUBHICTIO MO BiJHOIICHHIO JI0 aHACPOOHHX
KOKiB 1 mm3pkoto — go 1ramiB C. difficile. BuBuenns anTUMikpoOGHOI mii MPOBOIMIH
3araTbHOMIPUUHATAM METOJOM CEpPiHHUX pPO3BEACHb Y HAIIBPIAKOMY TiOTJIIKOJEBOMY CEpEIOBHIIIL.
Pesynpratu HaBeneHi y Tabmuti 2.

Tabnusg 2. AKTHBHICTE aMOKCHIMIIIHA 10 mTaMiB Peptostreptococcus spp. ta C. difficile

MiHiMaITbHI iHTI0YIOYi KOHIICHTpAIlli aMOKCHITHITiHA
g'[TaMH MIK (/1) Iramu C. difficile MIK (1/71)
eptostreptococcus spp
Ne 1(my3eitauit) 0,008 Ne 258 (my3eiinuii) 0,032
Ne 1( xmiHIYHUI) 0,016 Ne 1(xniniuHMi) 0,128
Ne 2( xniHiyHMH) 0,004 Ne 2(kniHiuHMiA) 0,064
Ne 3( xniniyHmiA) 0,008 Ne 3(kniniunmiA) 0,064

OtpumaHi pe3yNbTaTH J03BOJIMIIN BU3HAYNTH HAIMEHIINI piBEeHb KOHIEHTpALli aHTHO10THKA
amokcurmtina (0,016 Mr/im), skuid 3aTpuUMye PicT BCiX NEpeBipeHUX IMITaMiB aHAePOOHMX KOKIB 1 He
npurHiuye pict mramiB C. difficile Beenenns amoxcunmnina B kinbkocti 0,016 mr/m mo ckiamy
3aIpOIIOHOBAHOTO HAMHU CEPEIOBHINA JTO3BOJIMIIO INBHIIMTH HOTO CENEKTUBHY [0 MOPIBHSIHO 3
aHajorom (taom. 3).

Tabnuus 3. TlopiBHSHHS CKJIaJy Ta CEJIEKTHBHUX SIKOCTEH 3allPOTIOHOBAHOTO CEPE/OBHUINA Ta
cepenosuiia Clostridium Difficile Agar (HiMedia, Irist)

HaiimenyBanHa Ta 3anpornoHoBaHe .IHIU’IE

. . HiMedia;
O/WIHHUIL BHMIPY CEPENOBHIIC Clostridium difficile Agar Base
Tunosa hopmyna r/n r/n

1 2 3

[IpoTeasa nentox 40,0 40,0
[ippodocdar quHATpIs 5.0 5.0
Kanis muruapodocdar 1,0 1,0
Cynbgat Marsis 0,1 0,1
XnopucTHii HaTpii 2,0 2,0
DpykTo3a 6,0 6,0
Arap 15,0 15,0
pH 7,4 £0,2 npu 25°C 7,4 £0,2 npu 25°C
[mroko3a 1,0
Bikacon 1,0
JpiKIpDKOBUI €KCTPaKT 2,0
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[IponoBxeHHs Ta0umii 3.

1 2 3
Iukmocepus 0,5 0,5
IedhokcuTun 0,016 0,016
AMOKCULTUIIIH 0,016

Koumip cepenosuiia

0J1i10-’)KOBTHUH, TpO30pe

LIOKOJIAJTHUI KOPUYHEBUU

KouTtpoJan sikocTi:

Xopomuit picT,
cipo-0is1oro KONBOPY
KOJIOHI1

- [To3uTUBHUN KOHTPOJIb:
Clostridioides difficile

Xopommii picT, Cipo-0110T0 KOIBOPY
KOJIOHI1

- HeratuBHi KOHTpOITI:
Staphylococcus aureus
Escherichia coli
Shigella flexneri
Clostridium perfringens
Proteus mirabilis
Peptococcus
Peptostreptococcus

Hemae pocty Hewmae pocty

Pict Bix

Hemae poct .o .
pocty MOOJMHOKHUX KOJIOHIN 0 IOMIpHOTO

Sk cBigUaTh pe3yNbTaTH TAOJHUIN 3 CEJICKTHBHA Jisl CEPENOBMINE, IO PO3POOISIETHCs Oya
BHILOIO 1 BIAMOBIAJIa HEOOX1JHUM BHUMOTAM.

3 Meror BUSBIEHHS TOKCHH mpoaykytounx mramiB C. difficile BuBuamace MoxiuBicTh
BUKOPHUCTAHHSI 3alPOIIOHOBAHOTO CEPEAOBUINA JIJIsl IOCTAHOBKU PEaKIlil MPeruIiTanii 31 cnenupiaHum
aaturokcunom C. difficile Tlepesipkoro Bimomux TBepaux cepemosuin aias BupornyBanus C. difficile
OyJI0 BCTaHOBJIEHO, IO TIPOBEJCHHIO peakKIlii IMYHONpPENWMiTaIlii MOXYTb 3aBaKaTH HaaMipHA
HIUTBHICTH cepeoBuINa (KiTbKicTh arapy Outbiie 1,5 %) Ta HasBHICTH B CKJIaJli CEPEIOBHUII KPOB’ THUX
EpUTPOIMTApHUX JTO0ABOK, SIKi 320apBIIOIOTH cepeioBHIle, a00 OapBHUKIB (HEHTpaIbHUI YEPBOHHUHN Ta
in.). CxJiaj] 3arpoTIOHOBAHOTO CEPEIOBUIIA BiAPI3HABCS BiJl BiIOMHUX aHAJIOTIB BiJICYTHICTIO OapBHUKIB
Ta BMICTOM arapy He Oinbiie, Hik 1,5 %. Ilpu goTpumManHi 1MX yMOB, cepeJoBHILIE OYyJI0 MPUAATHUM
JUTS TIPOBEICHHS Peakilil mpermimiTariii 3i crerudiganum anturokcutom C. difficile (tabm. 4).

Tabmuns 4. [lopiBHANBPHA XapaKTEPHCTHKAa PO3POOJIEHOTO CEpe/OBHINA Ta CEpPeIOBHINA
Clostridium Difficile Selective Agar (Canada)

3anponoHoBaHa KOPUCHA Canada, USA;
HaiimenyBanus ta MOJEIb BD BBL™;
OJIMHUII BUMIPY Clostridium difficile Selective
Agar
1 2 3

r/n r/n
IIporeasa nentoH 40,0
lippodocdaT quHaTpis 5.0
Kanist muruapodocdar 1,0
Cynbbar MarHis 0,1
XJIOpUCTHH HATPIH 2,0 2,0
Ppykro3za 6,0
Arap 15,0 20,0
pH 7,4+ 0,2 npu 25°C 72402
[mroko3a 1,0
Bikacon 1,0
JpiIUKOBHI €KCTPaKT 2,0
HCHTI/I‘{HI/.I'I‘/'I rigpomis3ar 320
TBAapUHHO1 TKAHUHH '
MasHit 6,0
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[TponoBsxeHHs Taduuili 4.

1 2 3
Monoxkaist pocdar 1,0
Hinatpis docdar 5,0
dakTopu pocty 3,3
Heiitpansauii uepBoHHiA 0,03
Iuknocepun 0,5 0,25
LedbokcuTnn 0,016 0,016
AMOKCULIMIIH 0,016

Kontpons sikocti

Pict Big momipHOTO 110
PSICHOTO; BiJT OJIiT0-)KOBTOTO JI0
SICKPaBO-)KOBTOTO

- [I03UTHUBHUI KOHTPOJIb:
Clostridioides difficile

Xopoumii picT, cipo-6inoro
KOJIbOPY KOJIOHI{

- HeratuBHi KOHTpOJII:
Staphylococcus aureus
Escherichia coli
Shigella flexneri
Clostridium perfringens
Proteus mirabilis

Hewmae pocty Hewmae pocty

PicT Bix
IMOOJUHOKHUX KOJIOHIN J10
MIOMIPHOTO

Peptococcus Peptostreptococcus Hemae pocty

Peakrtist iMyHOIIpeIUITiTAIlli 3 AHTHTOKCHHOM
HeMOoXITUBICTh BUSIBICHHS
crernuQpiuHuX JiHIH
MpenuITiTarii

ITo3uTHBHUI KOHTPOIIB:
TOKCUT€HHHUHN IITaM
Clostridioides difficile
HeraTuBHuii KOHTPOJIb
HETOKCUT'€HHHI IITaM
Clostridioides difficile

Criertuivni minii
MIPETHITI TaIi1

BincyTHicTh crienudigHux
TiHI} nperumiTarii

BincyTHicTh crienudigHux
TiHIA nperumiTanii

BucHoBku. IIpoBeneHi JOCHIPKEHHS JO3BOJIMIM IUISXOM YJIOCKOHAJICHHS KOMEPIIHHUX
cepenosun s Buaienns mramis C. difficile, po3podutn ckmam HoBoro cepemoruiia. Ha Bigminy
BiJl ICHYIOUMX aHAJIOTIB, 3allPOIIOHOBAHE CEPEIOBUINE 332 PaxXyHOK ONTUMAIBHOI MPO30pOCTi Ta
IIUTBHOCTI, TPUAATHE JUIS JETeKIlii TOKCUTeHHUX BJIACTUBOCTEW INTaMiB B peakmii crenudigaoi
IMYHOIIPELHUITITAIlIl 3 aHTUTOKCHHOM. 3alpOINIOHOBAHUN CKJIaJl CEPEIOBHUINA IS BUIIICHHS IITaMiB
C. difficile 3 kiHiYHOTO MaTepialy TaKOX Ma€ BHCOKY CEJICKTUBHY JIIIO.

Jana po3poOka Moxe OyTH 3aCTOCOBaHA y KIiHIYHIHM J1a00paTOpHiil MPaKTHII ISl BHIIJICHHS
yuctux KyneTyp mrramis C. difficile 3 kiminiuHOro Matepiaay Ta BCTaHOBJIEHHS TOKCHHOIPOTYKYIOUHX
BJIACTHBOCTEH, 1110 TIOKPAIIUTh SKIiCTh JIabopaTtopHoi miarHoctuku CDI.
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Received: 28 August 2020 Introduction. Systemic lupus erythematosus (SLE) is a chronic

Accepted: 11 October 2020 autoimmune disease characterized by various manifestations and clinical

Published: 31 October 2020 course, many aspects of the etiology and pathogenesis of which remain
unclear. Recently, the interest of researchers in studying the role of

KEYWORDS cytomegalovirus (CMV) and Epstein - Barr virus (EBV) has been

: growing in the occurrence and course of a number of human diseases due
zﬁgenrjn;g{;l%g\)};fue;ythematosus, to their ability to _affect almost aII_ organs and_ systems of thg body,
Epstein Barr virus. causing the formation of latent, active or chronic infection, which can

often cause temporary disability, disability or even death, however, for
the patients with SLE, despite the possibility of approaching the difficult
problem of diagnosis and treatment of this disease, this issue is given
insufficient attention, as evidenced by isolated studies.
The aim of the study. Detect cytomegalovirus and Epstein - Barr infection in patients with systemic lupus
erythematosus and its dependence on gender and age of patients.
Materials and methods of research. The study involved 120 patients (15 men (12.50%) and 105 women (87.50%)
aged 18 to 69 years with SLE, who were in the rheumatology department of the Communal Non-Commercial
Enterprise of the Lviv Regional Council "Lviv Regional Clinical Hospital" in 2014-2019. To diagnose CMV and
EBV infection by enzyme-linked immunosorbent assay, antibodies of IgM and 1gG to viruses were detected in
blood serum, and viruses were detected by polymerase chain reaction. According to the results of virus detection,
formed groups of the patients, namely: patients with active CMV infection, active EBV, active CMV and EBV,
without active CMV and EBV. All patients with SLE included in the study were subsequently stratified by age
according to the classification of the World Health Organization (2015), according to which the following age
limits were determined: young age, middle-aged, elderly, senile. Statistical analysis was performed on a personal
computer in MS Excel and Statistica 6.0 using descriptive statistics. The frequency of cases of active CMV and
EBV infection was calculated mathematically by the binomial coefficient of I. Newton.
Research results and their discussion. We found in the vast majority of patients with SLE (117 patients, 97.50%)
increase in the titer of specific antibodies to CMV. Only in 3 patients (2.50%) the titer of antibodies to this virus
was within normal limits. Analyzing the frequency of EBV infection in patients with SLE, we recorded an increase
in the titer of specific antibodies to the virus in 119 patients (99.17%). Among the examined patients with SLE in
all (100.00%) found an increase in the titer of antibodies to CMV and / or EBV, of which 97.50% - infected with
CMV and 97.17% - infected with EBV. The active phase of CMV and / or EBV infection was detected in 54.17%,
of which 23.33% - active CMV infection, 17.50% - active EBV infection and 12.50% - a combination of active
CMV and EBYV infection simultaneously, which indicates a high frequency of CMV and EBV infection in patients
with SLE and reflects the urgency of the problem of diagnosing herpesvirus infection in them. We found that active
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CMV, EBYV infections and their combinations are present only in women (64 patients, which is 60.96% of the total
number of women with SLE), of which 28 patients (26.67%) there was only active CMV infection, in 21 patients
(20.00%) - only active EBV infection and in 15 patients (14.29%) — combination of active CMV and EBV
infection. 41 women (39.05%) and all (100.00%) men were not found to have active CMV and EBV infection,
which indicates that men at the time of the survey were significantly more likely to have this infection in the
integration phase. The most frequently active EBV infection was detected in patients with SLE of young age (17
cases, 24.64%), and in middle-aged patients 3 cases (6.52%) were recorded, which indicates a significant (p <0.05)
difference in the frequency of cases of active EBV infection in patients of both groups. Only 1 case (20.00%) of
active EBV infection was detected in elderly patients.

Conclusions. All patients with systemic lupus erythematosus are infected - 97.50% with cytomegalovirus and 97.17%
with Epstein-Barr virus infection, that was confirmed by the increased titer of antibodies to them. Among the
mentioned patients 53.33% of them had the active phase of infection (23.33% - cytomegalovirus infection in the
replication phase, 17.50% - the Epstein- Barr virus infection in the replication phase and 12.50% - their combination).
The prevalence of active viral infection in patients with systemic lupus erythematosus depends on gender (active
cytomegalovirus, active Epstein-Barr virus infection and their combination are significantly more common in women)
and age - they are probably more common in young patients.

Citation: O. Abrahamovych, U. Abrahamovych, S. Guta, M. Farmaha, L. Kobak. (2020) Cytomegalovirus and
Virus Epstein- Barr Infection in Patients with Systemic Lupus Erythematosus and its Dependence on Gender and Age
of Patients. World Science. 8(60). doi: 10.31435/rsglobal_ws/31102020/7225

Copyright: © 2020 O. Abrahamovych, U. Abrahamovych, S. Guta, M. Farmaha, L. Kobak. This is
an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are
credited and that the original publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these terms.

Introduction. Systemic lupus erythematosus (SLE) is a chronic autoimmune disease
characterized by various manifestations and clinical course, many aspects of the etiology and
pathogenesis of which remain unclear. Recently, the interest of researchers in studying the role of
cytomegalovirus (CMV) and Epstein - Barr virus (EBV) in the occurrence and course of a number of
human diseases due to their ability to affect almost all organs and systems of the body, causing the
formation of latent, active or chronic infection, which can often cause temporary disability, disability
or even death has been growing [4, 5]. However, these viruses in the patients with SLE, despite the
possibility of approaching the difficult problem of diagnosis and treatment of the main disease, are not
sufficiently studied, as evidenced by only isolated studies [1, 2, 3].

The aim of the study. Detect cytomegalovirus and Epstein — Barr virus infection in patients
with systemic lupus erythematosus and its dependence on gender and age of patients.

Materials and methods of research. In a randomized way with the preliminary stratification
by SLE, established based on the diagnostic criteria of the American College of Rheumatology (ACR,
1997), 120 patients (15 men (12.50%) and 105 women (87.50%) aged 18 to 69 years, who were
treated in the rheumatology department of the Communal Non-Commercial Enterprise of the Lviv
Regional Council "Lviv Regional Clinical Hospital" in 2014-2019 were involved to the study.

CMV and EBV infection was diagnosed using enzyme-linked immunosorbent assay,
immunoglobulin M antibodies (Immunoglobulin M - IgM) and immunoglobulin G antibodies
(Immunoglobulin - 1gG) to viruses were detected in blood serum, as well as viruses were detected (CMV
— urine, blood; EBV - mucous membranes of the oral cavity, blood) by polymerase chain reaction.

According to the results of virus detection, the groups of patients were formed, namely: patients
with active CMV infection (increased IgM to CMV and detection of deoxyribonucleic acid (DNA)
virus), active EBV (increased IgM to EBV and virus DNA detection), active CMV and EBV (increase in
IgM content to CMV and EBV, virus DNA detection), without active CMV and EBV (IgM to viruses
were within reference values, no virus DNA detected). All patients with SLE included in the study were
subsequently stratified by age according to the classification of the World Health Organization (2015),
according to which the following age limits were determined: young age (from 18 to 44 years), middle-
aged (from 45 to 59 years)), elderly (from 60 to 74 years), senile (75-89 years).

To achieve the goal of the study, we took three steps: the first step was to analyze the CMV
and EBV infection in patients with SLE; the second - the analysis of CMV and EBV infection in
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patients with SLE depending on gender; third - the analysis of CMV and EBV infection in patients
with SLE depending on the age of patients.

Statistical analysis was performed on a personal computer in MS Excel and Statistica 6.0
using descriptive statistics. The frequency of cases of active CMV and EBV infection was calculated
mathematically by the binomial coefficient of I. Newton.

Research results and their discussion. First step. In accordance with the aim of the study,
analyzing CMV infection in patients with SLE, we found (Table 1, Fig. 1) that in the vast majority of
patients with SLE (117 patients, 97.50%) the titer of specific antibodies to CMV was increased. The
titer of antibodies to this virus was within the normal limits only in 3 patients (2.50%). Among the
patients with SLE with the increased titer of antibodies to CMV, we recorded the IgM antibodies titer
increase, which may indicate an acute phase of infection (primary infection, chronic infection
exacerbation, or reinfection) in 43 patients (36.75%), namely: 38 patients - simultaneous IgM and IgG
antibodies and in 5 patients - only IgM antibodies titer increase.

The rest (74 patients, 63.25%) showed an increase of only the IgG antibodies titer, which may
be a sign of infection or the immunity to it ("immune memory").

Table 1. Frequency of detection of antibodies to cytomegalovirus in patients with systemic
lupus erythematosus (n; %)

Name of antibodies to CMV Number of patients, n = 117
absolute amount, n %
IgM antibodies to CMV 43 36.75
IgG antibodies to CMV 74 63.25

M IgM antibodies

M IgG antibodies

Fig. 1. Frequency of detection of antibodies to CMV in patients with SLE

Analyzing the frequency of EBV infection in patients with SLE (Table 2, Fig. 2), we recorded
the increase of the specific viral antibodies titer in 119 patients (99.17%), namely: the increase of the
IgM to viral capsid antigen (VCA) EBYV titer, appearing in the acute phase of the disease or in the
exacerbation phase, was recorded in 36 patients with SLE (30.25%), in the remaining 83 patients
(69.75%) the titer of IgM antibodies to VCA EBV was within the normal limits.

Table 2. The frequency of antibodies to Epstein-Barr virus detection in patients with systemic
lupus erythematosus (n; %)

L Number of patients, n = 119
Name of antibodies to EBV
absolute amount, n %
Antibodies to IgM VCA EBV + 36 30.25
Antibodies to IgM VCA EBV - 83 69.75
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B Antibodies to IgM
VCA EBV +

B Antibodies to IgM
VCA EBV -

Fig. 2. Frequency of detection of antibodies to EBV in patients with SLE

The increase of the IgG antibodies to early antigen (EA) titer, being a marker of active
replication of the virus, was found (Table 3) in 82 patients (68.91%), and IgG antibodies to nuclear
antigen (NA) (produced throughout life) titer increase, usually detected 2-4 months after the acute
phase was found in 118 patients (99.16%).

Table 3. Frequency of Epstein-Barr virus various markers detection in patients with systemic
lupus erythematosus (n; %)

Name of EBV markers Number of patients, n = 119
absolute number, n %
Antibodies to IgM VCA EBV 36 30.25
Antibodies to 1gG EA EBV 82 68.91
Antibodies to IgG NA IgG 118 99.16

In general, we found (Table 4 and Fig. 3) that 28 patients with SLE (23.33%) had active CMV
infection and 21 patients (17.50%) had active EBV infection. In 15 patients with SLE (12.50%) a
combination of active CMV and EBV infection was detected. The active CMV and/or EBV was not
found in the remaining 56 patients with SLE (46.67%), only the increase of the CMV/ EBV IgG
antibodies content was detected.

Table 4. Frequency of active cytomegalovirus and/or Epstein — Barr virus infection detection
in patients with systemic lupus erythematosus (n; %)

Phase of CMV and/or EBV infection Number of patients, n = 120
absolute amount, n %
Active CMV infection 28 23.33
Active EBV infection 21 17.50
Active CMV and EBV infection 15 12.50
No active CMV and EBV infection 56 46.67

m Active CMV

m Active EBV

Active CMV and EBV

®m No active CMV and EBV

Fig. 3. Frequency of detection of active CMV and/or EBV infection in patients with SLE
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Thus, among the examined patients with SLE in all (100.00%) of them we found the increased
titer of antibodies to CMV and/or EBV, among which 97.50% - infected with CMV and 97.17% -
infected with EBV. The active phase of CMV and/or EBV infection was detected in 54.17%, 23.33%
of them - active CMV infection, 17.50% - active EBV infection and 12.50% - combination of active
CMV and EBYV infection. This fact indicates a high frequency of CMV and EBV infection in patients
with SLE and reflects the herpesvirus infection diagnosis problem urgency in them.

The results of the second step of our study, which is devoted to determining the prevalence of
CMV and EBYV infection by gender, are shown in the Table 5.

Table 5. Features of cytomegalovirus and Epstein-Barr virus infection depending on the
gender of patients with systemic lupus erythematosus (n; %; p)

Patients with systemic lupus erythematosus
Phase of CMV infection and / or EBV infection ngen, I\/I_en,
n =105 n=15
n % n %
Active CMV infection 28 26.67 0 0.00
Active EBV infection 21 20.00 0 0.00
Active CMV and EBYV infection 15 14.29 0 0.00
No active CMV and EBV infection 41 39.05 15 100.00

We found that active CMV, EBYV infections and their combinations were present only in
women (64 patients, which is 60.96% of the total number of women with SLE), 28 patients (26.67%)
of which had only active CMV infection, 21 patients (20.00%) - only active EBV infection and 15
patients (14.29%) — combination of active CMV and EBV infection. 41 women (39.05%) and all
(100.00%) men were not found to have active CMV and EBV infection, which indicates that men at
the time of the study were significantly more likely to have this infection in the integration phase.

The results of the third step of this study, which aims to determine the frequency of CMV and
EBYV infection depending on the patient's age, are shown in the Table 6.

Table 6. Features of the active cytomegalovirus and Epstein-Barr infection determination
depending on the age of patients with systemic lupus erythematosus (n; %; p)

Age of patients with SLE
Phase of CMV infection and / or Young_patlents, Mldd_le—aged Elderly patients,
EBV infection n=69 patl_ents, n=>5
n=46

n % n % n %

Active CMV infection 21 30.43 7 15.22 0 0.00
Active EBV infection 17 24.64 3* 6.52 1 20.00
Active CMV and EBYV infection 10 14.49 5 10.87 0 0.00
No active CMV and EBV infection 21 30.43 31 67.39 4 80.00

Note. * - statistically confirmed difference with the number of cases in young patients (p <0.05).

According to the information presented in the Table 6, the number of cases with active CMV
infection was significantly (p <0.05) more common (21 cases; 30.43%) in young patients with SLE.
Slightly less cases of this infection were detected among the middle-aged patients (7 cases; 15.22%),
and no cases of active CMV infection were detected in elderly patients (0.00%).

The most frequently active EBV infection was detected in young patients — 17 cases (24.64%),
and in middle-aged patients - 3 cases (6.52%; p <0.05). Only one case (20.00%) of active EBV
infection was detected in elderly patients.

Active CMV, combined with active EBV infection, was the most often diagnosed in young
patients with SLE (10 cases; 14.49%), less often in patients with SLE of the middle age (5 cases; 10.87%)
and was not detected in elderly patients. However, we did not find a significant difference between the
incidence of active CMV and EBV infection in patients with SLE of different ages (p> 0.05).

According to our information active CMV, active EBV infection and a combination of active
CMV and EBYV infection are most common in patients with SLE aged 18 to 44 years.
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Conclusions. All patients with systemic lupus erythematosus are infected - 97.50% with

cytomegalovirus and 97.17% with Epstein-Barr virus infection, that was confirmed by the increased
titer of antibodies to them. Among the mentioned patients 53.33% of them had the active phase of
infection (23.33% - cytomegalovirus infection in the replication phase, 17.50% - the Epstein - Barr
virus infection in the replication phase and 12.50% - their combination).

The prevalence of active viral infection in patients with systemic lupus erythematosus depends

on gender (active cytomegalovirus, active Epstein-Barr virus infection and their combination are
significantly more common in women) and age - they are probably more common in young patients.
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Introduction. The pedagogical process in the field of physical culture and sports, including
the system of long-term training of both athletes of high-class and the sports reserve, is entirely based
on the multilevel hierarchy of the training process control system [3,4]. It is an extremely complexly
organized phenomenon; its effective management comprehensively depends on the possibility of
systematic monitoring. The basis of the management of the efficiency of athletes training system
should include three main levels, which allow to fully integrate the entire system, taking into account
the clear hierarchical sequence of opportunities for improvement and determination of the optimal
relationships between the controlling and controlled elements of the system.

One of the aspects of research in this direction is the study of the interrelations of physical
qualities, the regularities of their elements connections, manifested under competitive conditions, with
technical skill, state of the body systems, means and methods of implementing of a specific technical
action, taking into account the achieved level of physical fitness. Hence, the study of the monitoring
problem in the field of physical culture and sports is relevant today, it is not fully studied and requires
further study.

The objective of the study is to characterize the problems and present the importance of
developing a unified monitoring classification system in the field of physical culture and sports.

The main presentation of the material. The problem of monitoring application in the
management system of long-term sports training is one of the most difficult in sports and the most in
demand. After all, it's not a secret for anyone that the last decades have been characterized by an
unprecedented increase in sports achievements and their high density at a sub-record level, an
enforcement of competitive struggle at major intercontinental competitions, a significant increase in the
volume and intensity of loads, etc. All this requires, of course, both a revision of the forms and principles
of the structure of sports training to optimize the training process, as well as the possibility of a correct
assessment of the development of motor qualities and technical-tactical skill of athletes [1, 2, 3, 4, 5, 6].
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Current sport, in particular competitive activity in many sports, is characterized by short
duration of technical and tactical actions that require the athlete to maximize muscular efforts in a time
deficit, so the monitoring system allows to correctly evaluate the efficiency of the training system.
Optimization of the training process using innovative approaches implies the purposeful achievement
of the planned result with a minimum expenditure of time and energy [5,6]. Let us consider the
proposed stages of the innovation process in the system of highly qualified athletes training (Fig. 1).

STAGES OF THE INNOVATION PROCESS IN
THE SYSTEM OF TRAINING HIGHLY
QUALIFIED ATHLETES

e nation m,m.’,’,',',’.’fi"i'r‘o’fﬂfli’{;"f’i,e
ofjmm!el ";",{lr"ae;“’,’u edu(amm{ql process of
of competitive activity
4 highly qualified athletes
Monitoring of competitive
Development o e g‘,f P he
of technologies for activity r‘u determine the
the educational process effectiveness of the
and model characteristics implementation of the
of various aspects of . vrfi e
training innovation process

Fig 1. Optimization of the educational and training process using innovative stages of the training
system for highly qualified athletes.

As can be seen from Fig. 1, monitoring is one of the basic stages of the innovative process of the
athletes training system. Along with it, model characteristics of competitive and training activities, the
development of technologies integrating all aspects of the educational and training process with various
types of athletes training and, of course, the introduction of the results of innovative development into
the educational and training process of the long-term system of training athletes are given.

During recent years, a significant expansion of the of competitions calendar in all sports has
been observed. Competitions are the basis of the sports peculiarity, and therefore their specific role in
the process of athletes training is extremely high. It should be noted that with increase in
qualifications, the importance of competitions increases appropriately. During the competition,
demands made to the athletes cause the maximum specific stress of functional systems. Therefore, the
need to increase the effectiveness of the training process is beyond doubt, since the further growth of
technical and tactical skills is based on the athletes potential of the specific performance power and the
feasibility innovations in the system of sports training. Figure 2 shows the main components of the
innovative process for high-class athletes training.

The issues of the sports training development are the subject of interest of a number of
scientific teams and scientists of various scientific profiles, as well as experienced teacher-trainers.
With regard to sports, this means interrelations between theory and practice by combining three
components: integration, interactivity and intermodality (Fig. 2). The fruitfulness of the long-term
training system depends directly on the interconnection of current knowledge of the training system
using present day technical means with a mandatory monitoring system for feedback and orientation to
the model characteristics of highly qualified athletes. The selection of effective training means and
their distribution within a particular stage (period, cycle) in order to achieve the required sports result
with minimizing the training work to the possible limit depends on these factors. Thus, the volume and
intensity of the load is considered as the main criterion for optimizing of the training process.
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< INNOVATIVE APPROACHES TO SPORTS TRAINING >
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Fig. 2. Three-component innovative approach to sports training

For a long time, the topical problem of the present-day system of athletes training under
current conditions has been the problem of the effectiveness of regulatory control of such a complex-
structural algorithmic system due to the lack of development of a unified classification of monitoring.
Thus, the organization of monitoring in the field of physical culture and sports is stipulated by solution
of a number of the following vulnerable factors:

* Definition of monitoring indicators;

* Selection of monitoring participants;

* Frequency of monitoring data collection;

* Determination of the procedure for evaluating the selected indicators;

» Accumulation of quantitative data and their processing;

* Development and testing of the model on the basis of collected monitoring material;

» Making management decisions based on the received data;

* Development and establishment of proper standards for various types of training: general
physical training, special physical training, technical and tactical training, competitive activity, etc.

It is important to emphasize that one of the fundamental tasks of the system of long-term
training of athletes during the educational and training process and competitive activity is a complex
control, including the measurement and assessment of various indicators in micro, meso and macro
cycles of training in order to determine the multifaceted level of the athlete's readiness at each stage,
including psychological, medico-biological, physiological, sociological and other directions of
examination. Thus, in order to objectify the control of the athlete's state, it is vitally important to use
various instruments, measuring devices, sensors and other systems that register and analyze
information about a working athlete in the shortest possible time intervals with mandatory feedback in
order to make the necessary corrections into the planned training process [4]. It is necessary asp to
note the age-related patterns of the organism development as a whole and individual functional
systems and, first of all, such factors as heterochronism and sensitivity of development periods, the
degree of variability and conservatism of qualities and properties in the process of natural growth and
under the influence of directed training, the significance of individual rates of biological maturation in
the general system of sports training. The leading position will be aimed at obtaining the necessary
minimum of information, the so-called "feedback™ about the athlete's state, since it is unthinkable to
talk about the management of the training process without taking it into account. Therefore, basic
attention should be paid to this particular factor in the overall management system.

Currently, dynamic study of present-day sports includes five types of control signs and
parameters of athletes' states: in-process control, operational control, stage complex examinations, in-
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depth comprehensive examinations and examinations of competitive activity. For monitoring
organizing and conducting, it is necessary to determine objective criteria for each of the listed types of
control, taking into account the different types of the trainees state. Each type of control is carried out
with the help of all kinds of tests and standard indicators, that is confirmed by the facts indicating the
unequal informativeness of identical tests in their different controlling.

Summarizing the above stated material, it is necessary to conclude the following: the outlined
above-described tendencies to strive to objectively assess the impact of physical activity on the
athlete's body led to the development of factors for optimizing the educational and training process
using innovative stages of the training system for highly qualified athletes based on a three-component
innovative approach to sports training. Despite the significant backlog of scientists on theoretical
aspects, at present a unified system of classification of monitoring in the field of physical culture in
general and sports in particular has not been created. Consequently, we consider the prospects of
future studies in association with the development of monitoring technology in the field of physical
culture and sports.
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