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Emnipuunum nusxom me y 1972 p.
John Charnley, BunaxigHHK mepioro meMeH-
THOTO EHJONpPOTE3a KYIbIIOBOTO CYIJIooa,
BCTAHOBHUB, IO MICJIs BIPOBAHKEHHS (ITbT-
parttii oBITpsl B orepariiHii KUTbKICTh 1H(]e-
KIIIHHUX YCKJIQMHEHb IIICIsA EHIO0NPOTEe3y-
BaHHs KYJIBIIOBOrO Cyryioba 3HH3WIACH 3 9
1m0 1% [0]. BuBueHHs 3B’S13Ky MiX BMICTOM
YacTOK Ta MiKpOOiOJIOTIYHOI YUCTOTOIO I10-
BITpsl B omepauniiiHux TpuBae i nonuHi [0].
[Ipore, B3a€MO3B’SI30K MK KIUIBKICTIO Ta
CKJIAJIOM MIKPOYacTOK, 10 TepeOyBalTh y
3Ba)KCHOMY CTaHI B TIOBITpi OIEpaIiiHoi,
MIKpOOIOJIOTIYHO YHCTOTOIO0 TIOBITPS Ta
KUIBKICTIO 1H(EKIIHHUX YCKIATHEHb TICIIs
orepariiii BUBYCHHUI HEJJOCTATHBO.

3a JaHWUMH CydYacHUX JITEPaTypHUX
oxepen, mikpouactku (MY) Ta HaHOYACTKH
(HY), mocriiitno mpucytHi B atMochepHOMY
MOBITP1 Y BUTJISMII CTIHKUX aepo30JIiB, MAIOTh
CYTTEBUN BIUIMB Ha TOMEOCTa3 JIIOJCHKOTO
OpraHi3aMy SK CaMOCTIHI YWHHHKH, TaK 1
OTIOCEPEIKOBAHO SIK HOCIT MAaTOreHHOI MiK-
poduiopu. €nunoi kinacudikaiii yacTok, 3Ba-
KEHUX y TOBITpi, HE cTBOpeHo. Haituacrime
BUKOPUCTOBYIOThCS HACTYIHI po3MipHi (pa-
KIIi1 4aCTOK Y MOBITPI:

Baransuuit mun (total suspended par-
ticles, TSP) — cyma 3BaXXeHHX pPEUYOBHH:

In the year 1972 John Charnley, the
inventor of the first cement hip endoprosthe-
sis, found empirically that after implementa-
tion of air filtration in operation room, the
number of infectious complications after hip
replacements decreased from 9 to 1% [1].
Study of relationship between the concentra-
tion of particles and microbiological purity of
air in operating room lasts to nowadays [2].
Although, relationship between the number
and composition of micro-particles, suspend-
ed in the air of operating room, microbiologi-
cal purity of air and number of infectious
complications after operations are still not
studied properly.

According to contemporary literary
sources, microparticles (MP) and nanoparti-
cles (NP), constantly present in the air of the
atmosphere in form of stable aerosols, have a
significant effect on the human body homeo-
stasis not only as independent factors, but
also indirectly as carriers of pathogenic or-
ganisms. There is no unified classification of
particles suspended in the air. The most fre-
quently used are the following size fractions
of particles in the air:

General dust (total suspended parti-
cles, TSP) — the amount of suspended sub-
stances: includes all particles contained in the
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BKJTIOYA€ BC1 YACTKH, IO MICTSTHCS B MOBITP.

PM (Particulate matter) -10: MY 3 ae-
POAMHAMIYHUM J[laMEeTpOM MeHIe Hik 10
MKM.

PM-2,5: MY 3 aeponuHaMiYHHM JTia-
METPOM MEHIIIE HiX 2,5 MKM.

PM-1: MY 3 aepoauHaMiyHUM AiaMe-
TpoMm MeHmIe Hix 1,0 MKMm.

I'py6a ¢pakuis (Coarse particles) —
po3Mipu Bix 2,5 10 10 Mxm.

Haiinpionimia gactka (Ultrafine parti-
cles), abo manouactka: MY 3 aepoauHamiu-
HUM JlilaMeTpoM MeHIIe Hixk 0,1 MKM.

HaHoyacTkaMu npUMHATO Ha3UBaTU
TBepAi 00’ ekt Aiamerpom meHiie 0,1 MxM, a
MikpoyacTkamu — po3mipamu Bix 0,1 go 100
MKM.

Kniniune 3Ha4yeHHs B NpoQiaKkTHUIN
1H(EKIIHHUX YCKIIaIHeHb IIICIs  Omeparlii
Ma€ JOCIIDKEHHS YacTOK, PO3MIpH SKUX JI0-
PIBHIOIOTH JlIaMETPy KIIITHH MAaTOTCHHUX Mi-
KpOOPTraHi3MiB, a TaKOX KPYITHIIINX YaCTOK,
Ha TOBEPXHI SKUX MIKpPOOpTaHi3MU 37aTHi
0Ca/KyBATHUCS Ta MEPEeMIIlyBaTUCS Ha 3HAUHI
BiJICTaHi, IO MOPHU3BOAUTH O MOMJIMBOTO
KOHTaMiHYBaHHs OIlepauiiHoi paHu, Xipypri-
YHUX IHCTPYMEHTIB Ta PYKaBUYOK Tij] Yac
omepaiii. ¥ 30H1 ONepaiiiHoro CTOJIy 3arpo-
3JIMBUI PO3MIp YaCTUHOK (y TOMY YHCII Oak-
Tepid 1 TpUOKIB) 3HAXOIUTHCS B Mekax Bif 1
no 30 MkM i3 cepenHiM 3HaueHHSIM 10 MKM
[0].

Boiue MY iHTEHCHBHO BHBYA€EThCH,
PO IO CBIJYUTH BEIMKA KUTBKICTh MyOiika-
i 3 JTaHOT TeMH TPOTATOM OCTAHHIX POKIB.
[Ipote, ix posib BHBYEHa HemocTaTHbO. Ha
BIIMIHY BiJ MakpooO’ekTiB, MU maroTh Ha-
CTIIbKHM HE3HAYHY IIBUJIKICTh TPaBITAI[IHOTO
OCITaHHS, IO TEePECyBAIOThCSA B TOBITPI y
BUIIAIKOBUX HAIMpPSMKax 3a 3aKOHaMU Opoy-
HIBCBKOTO PYyXy Ta 3 MOBITPSHUMH MOTOKAMHU
Ha 3HAYHI BiJCTaHi, a ApiOHI ¢pakiii B3arai
HE OCiJIal0Th, a ICHYIOTH y BUTJISZI CTIHKOTO

air.

PM (Particulate matter)-10: MP with
an aerodynamic diameter less than 10 mi-
crons.

PM-2.5: MP with an aerodynamic di-
ameter less than 2.5 microns.

PM-1: MP with an aerodynamic di-
ameter less than 1.0 microns.

Coarse fraction (Coarse particles) —
sized from 2.5 to 10 microns.

The smallest particle (Ultrafine parti-
cles), or nanoparticles: MP with an aerody-
namic diameter less than 0.1 microns.

Nano-particles are solid objects with a
diameter of less than 0.1 microns and sizes
from 0.1 to 100 microns.

Clinically essential for prevention of
infectious complications after operations is
the study of particles, equal in size to the di-
ameter of cells of pathogens, as well as big-
ger particles, on the surface whereof micro-
organisms are able to sediment and move
over considerable distances, which leads to
possible contamination of operating wounds,
surgical instruments and gloves during the
operation. As for the area of the operating
table, threatening sizes of particles (including
bacteria and fungi) is in the range from 1 to
30 microns, with a mean value of 10 microns
[3].

Impact of MP is being intensively
studied, as evidenced by the considerable
number of publications on the topic over the
recent years. However, their role is not ex-
plored completely. Unlike macro objects, MP
have such imponderable speed of gravitation-
al sedimentation that travel in air randomly,
according to the laws of Brownian motion,
and follow the air flows over considerable
distances; smallest factions never settle at all,
existing in the form of stable aerosol. NP are
able to pass through the intact skin and mu-
cous membranes, they are found in the blood
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aeposomto. HY 31aTHI mpoHMKATH uepe3 He-
MOIIKO/KEHI MIKIPYy, CIW30B1 OOOJOHKH, iX
3HAXOATh Y KPOBI, IJIa3Mi, BCEPEIWHI KJIi-
TUH, BOHM MPOHHUKAIOTH KPi3b I'€MaTOCHIIe-
daxiyauil Ta TUTaICHTapHUA Oap’e€pu, TpHUBa-
JO TEpPCUCTYIOTh B OpraHax 1 TKaHWHAX,
Bkmovatoun UHC, a vacTku po3mipamu me-
Hire 20 HM He TiAAraroTh (parouutosy (puc.
1). BimuB nanux o0’€KTiB Ha iMyHHUH, 0i0-
XIMIYHUW Ta 1HII CTAaTyCH OPTaHi3My BHUBYE-
HUN MO3ai4HO Ta MOTpedye MOJANbIIOTO A0-
cmimkennas. HemoctaTHro po3pobiieHa Takox
METO/I0JIOTiSI BUBUEHHS BIUTMBY MIKpPOYacTOK
Ha 3JI0pOB’S JIIOJAWHU, OCKITBKHA iX BILTUB
3aJIe)KUTh HE JIMIIE BiJl JTO3W, KOHIEHTpAIii
Ta XIMIYHOTO CKJIany, a i BiJ CTyNeHs TUC-
nepcHOCTi, (hOpMH, 3apsaay YAaCTOK Ta IUISAXIB
iX HaaxoukeHHs. Hampukian, BCTaHOBIIEHO,
mo HY giokcuay ThTaHy MarOTh KaHIIEPO-
TEHHY Ji10, TOAl SK JIOKCHJ THUTaHy Yy 3BHU-
YalfHOMY CTaHi € HETOKCHYHOIO 1HIU(EpEeHT-
HOIO CITOJIYKOIO, IO IIUPOKO BUKOPUCTOBY-
€Tbca y (apMaleBTHUHINH Ta mapproMepHO-
KOCMETHYHIN MMPOMHUCIIOBOCTI, MPUIOMY Hac-
TKU JACHJPUYHOT Ta BEPETEHOIO110HO1T hopMH
MaroTh BUILY TOKCHYHY IO B MOPIBHSHHS 3
yactkamu cepuuanoi Gopmu [0].

CxnamHICTh BUBYEHHS TOJISITAE TIIE U Y
TOMY, III0 YaCTKH PI3HUX PO3MIpIB MO Pi3HO-
My ce0e HpOosBIsAIOTh. 30KpeMa, BCTaHOBIIE-
HO, m0 HY 3maTHi MpOHWKATH B KIITHHH,
npoxoaath Oyap-ski Oap’epu (remaToeHIle-
daniyanii, TUIaleHTapHUi), BUOIPKOBO HAaKO-
NUYYIOTbCA B PI3HUX TUNAX KIITHH Ta TEB-
HUX KmitaHHEX cTpykTypax [0,0,0,0,0,0]. HY
3/1aTHI 0 TPAHCIUTO3Y KPi3b €MiTeMalIbHI Ta
EHJIOTeIIalIbHI KIIITHHH, PO3IOBCIOKYIOTHCS
M0 XOJAYy JCHIIPUTIB Ta aKCOHIB y HEpBax,
[UPKYJIIOIOTh B KPOBOHOCHUX Ta JiMpaTud-
HUX CyIWHaX, BOJOMIIOTH TPOIHICTIO JI0 TIEB-
nux TkanuH [0,0].

plasma, inside the cells, they penetrate the
blood-brain and placental barriers, persist for
a long time in organs and tissues, including
the CNS, and the particles sized less than 20
nm are not subject to phagocytosis (fig. 1).
The impact of these objects on the immune,
biochemical and other statuses of human
body is studied incompletely and requires
further study. Methods for study of micro-
particles' effect on human health are elaborat-
ed insufficiently, since their influence de-
pends not only on the dose, concentration and
chemical composition, but also on the extent
of dispersion, shape, charge of the particles
and ways of arrival. For example, it is defined
that the NP of titanium dioxide are of car-
cinogenic effect, while titanium dioxide in
normal condition is non-toxic indifferent
compound, widely used in pharmaceutical,
perfume and cosmetic industry, at that parti-
cles of tree-like and fusiform shape have the
highest toxic effect in comparison with spher-
ical particles [4].

The difficulty of study is in the fact
that particles of different sizes display them-
selves in a different way. In particular, it is
established that NP are able to penetrate cells,
overcome any barriers (hematoencephalic,
placentary), is randomly collected in cells of
different types and certain cell structures [5,
6, 7, 8, 9, 10]. NP are able to transcytosis
through epithelial and endothelial cells, dis-
tributing along the dendrites and axons of the
nerves, circulating in the blood and lymph
vessels, are tropic to certain tissues [5, 11].
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Puc. 1. Cxema nuisixiB HAAXO0/’KeHHS, PO3MOALTY Ta BUBEJACHHS MIKPOYACTOK y OpraHis-

Mi Jiroaunu [0]

Pic. 1. The scheme of ways of arrival, distribution and excretion of micro particles in the

human body [0].

Xoya maHl JiTepaTypu CBiaYaTh, IO
6e3nocepenniii BrumB HY ta MY Ha 3710-
pOB’Sl JIIOJMHHM BHUBYCHHUN HEIOCTAaTHHO, IIE
MEHIII BUBYCHUM € MUTAHHS MPO TPAHCIOP-
TYBaHHS Ha 1X MOBEPXHI MaTOreHHOi MIKpod-
Jopu — OakTepiid, BipyciB, TPUOKIB Ta iX aco-
1iarii.

Memoro pooomu Oyno 3’sICyBaHHS
pOJII MIKpOYACTOK PI3HUX PO3MIpIB, 3BaXKe-
HUX y TOBITpi OomepariiiHux, y mepeHeceHH1
MAaTOTEHHOI Ta YMOBHO-TIATOT€HHOI MiKpod-
JIOpH Ha TOBEPXHIO OINepauiiHoi paHH, iH-
CTpyMEHTapiii Ta pykaBHI Xipypra, 0a3yro-
YHCh Ha JTAHUX JIITEPATypH.

[ToBiTpsi — HECHPHSATIMBE CEPEAOBHU-
e U1 PO3MHOXEHHS MIKPOOPTaHI3MiB BHa-
CIIOK BIJICYTHOCTI TIOXXUBHHUX PEYOBHUH 1
HEJIOCTAaTHLOTO BMICTYy BoJiorH. KpiMm Toro,
MOBITPS BUIBHO MPOITYCKAa€ COHSYHE CBITIIO, B
TOMY 4YHCIi ynbTpadioneroBe, L0 BOJOIIE
BUPAKEHOIO MIKPOOOIIUIHOIO JTIETO.

Although literature sources mention
that direct impact of NP and MP on human
health is not completely explored, the matter
of transportation of pathogenic organisms —
bacteria, viruses, fungi and their associations
of surfaces thereof is studied even less.

The aim of this research was to ex-
plore the role of micro particles of different
sizes, suspended in air in operating rooms, in
transfer of pathogenic and conditionally
pathogenic microphlore on the surface of
surgical wound, tools and surgeon's gloves,
based on data of literature sources.

The air in an unfavorable environment
for reproduction of microorganisms due to
lack of nutrients and low content of moisture.
In addition, the air freely transmits sunlight,
including ultraviolet, which has vivid micro-
biocide effect.
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KutTe3naTHicTh MIKpOOpPraHi3MiB B
MOBITPI  3a0€3MEUYyI0Th 3Ba)K€HI YaCTUHKH
BOIM, CIU3y, MUY 1 (parMeHTIB TPYHTY.
ATmochepHe TOBITPS 1 TOBITPS 3aKPHUTHX
MPUMIIIEHb 3HAYHO PI3HATHCS 32 KiTBbKICHHUM
Ta SIKICHUM CKJazioM Mikpodiopu. bakrepia-
JbHA 3a0pYAHEHICTh >KUTIOBUX IMPHUMILICHbD
3aBXKAM BUIE, HDK aTMOC(HEpHOro MOBITPS,
IO CHOPaBEIJIUBO 1 BIJHOCHO MATOTCHHHX
MIKpOOPTraHi3MiB, SIKi MOTPAIISIOTH B TTOBIT-
Ps BiI XBOPHX JIIOJICH, TBAPUH 1 OaKTEPIOHO-
CiiB.

Mikpodiopy MOBITpsI YMOBHO TMOJi-
JSIFOTH Ha TOCTiMHY (pPe3UeHTHY) 1 TUMYAco-
BY, SIKY BUSIBIISIOTH criopaanyHo. Haiibinpia
KUIBKICTh MIKpOOIB MICTHTBCS B HaBKOJIO3€-
MHHX IIapax atmocepu. Y Mipy BijjaneHHs
BiJ] 3¢MHOT IIOBEPXHi MOBITPS CTA€ YUCTILIUM.

[TocTiiina mikpodmopa aTMocepHOTo
MoBITPsE OPMYETHCS TPYHTOBHUMH MIKpPOOP-
raHiaMamu. bulbmi-mMeHIn perymsipHo B i
CKIan  BXOIATh  Micrococcus — roseus,
M.flavus, M. candicam, Sarcina flava, S.
alba, S. rosea, Bacillus subtills, B. mycoides,
B. mesenterieus, Buau Actinomyces, rpudu
poxiB Penicillium, Aspergillus, Mucor Ta iH.
[0]

TumuacoBa mikpoduiopa armochep-
HOTO TOBITPS TaKOX (OPMYETHCS 32 PaXyHOK
MIKpOOPTaHi3MiB TPYHTY 1 BH/IIB, 110 HAIXO-
JSTh 3 OBEpXHI BojoiM. Mikpodiopa mosi-
Tps Ay)XXe AWHaMi4Ha, Oe3MepepBHO 3MiHIO-
€THCS 1 OHOBIIIOETHCS Yepe3 KOJMBAHHS 1HTE-
HCHBHOCTI COHSYHOI pajialii Ta TeMmneparyp,
BIUTMB atMochepHuX omaiiB 1 BiTpy. Haii6i-
JBITY KUTBKICTh MIKPOOPTaHI3MIB MICTUTh
MOBITPSI KPYIMHUX TMPOMHUCTOBUX MicT. [ToBiT-
ps K TIOJIB, JICIB, JIYKIB, a TAaKOX HaJa BOJ-
HHUMH TIPOCTOPAMH, Y BiIJIaJICHH] BiJl Hacele-
HUX IMYHKTIB BiJPi3HA€THCS MOPIBHSIHOIO YH-
CTOTOI0. 3HAYHMX 3MiH 3a3Ha€ Mikpodopa
MOBITPS 3aJI€KHO BiA mMopu poky. Makcuma-
JBbHY KUTBKICTh MIKpOOiB BUSBIIAIOTH B JIITHIN

The viability of microorganisms in the
air is ensured by suspended particles of water,
mucus, dust and fragments of the soil. At-
mospheric air and air of closed premises dif-
fer strongly in quantitative and qualitative
composition of the microphlore. Bacterial
contamination of residential premises is al-
ways higher than one of atmospheric air; it is
true as well regards pathogenic microorgan-
isms that enter the air from sick people, ani-
mals, and bacteria bearers.

Microphlore of the air is conditionally
subdivided into constant (residential) and
temporary, sporadically revealed. The largest
number of microbes is found in the layers of
the atmosphere nearest to the Earth. With
distance from the Earth's surface, air becomes
cleaner.

Constant microphlore of air is formed
by the ground organisms. More or less regu-
larly in includes Micrococcus roseus, M. fla-
vus, M. candicam, Sarcina flava, S. alba, S.
rosea, Bacillus subtills, B. mycoides, B. mes-
enterieus, Actinomyces, fungi of the genera
Penicillium, Aspergillus, Mucor, etc. [12].
Temporary microphlore of the atmospheric
air is also formed at the account of microor-
ganisms of the soil and species coming from
the surface of the water. Microphlore in the
air is very dynamic, constantly varies and
updates through fluctuations in the intensity
of solar radiation and temperatures, the influ-
ence of precipitation and wind. The largest
number of microorganisms exists in the air of
the large industrial cities. Air of fields, for-
ests, meadows, as well as one of water spac-
es, distant from settlements, is comparatively
pure. Microphlore changes significantly de-
pending on seasons of a year. Maximum
quantity of microbes in being revealed in
summer, and the minimum — in winter.
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4ac, a MiHIMaJIbHY — B 3UMOBHI yac.

KonTtaminariiss moBiTpsl MaToreHHUMH
MIKpPOOpTaHi3MaMH BIJIOYBA€ThCS Kparelb-
HUM IUBIXOM B CKJIaJi aepo30IiB, IO YTBO-
PIOIOTHCS TIPH PO3MOBI, Kalllli, YXaHHI, JH-
xaHHi. KpiM Toro, Mikpooprasismu moTpan-
JSI0Th B TOBITPA 3 JYCOUYKAaMH EIITENio 3
IIKIPHUX TOKPUBIB, MUJIOM 13 3a0pyAHEHUX
OJIAITY, MOCTIIBHOI OUTM3HH, TEpeB’sI309HOTO
Marepiany.

MikpoopraHi3Md B TIOBITpI 3HaXo0-
ISAThCS B CTaH1 aepo30i10. Aepo30iib — KOJIoi-
JHa CHCTE€Ma, IO CKIAJaeTbcs 3 MOBITPA,
KparnejaboK PiIuHU a00 TBEPAMX YACTHUHOK, 1
BKJIIOYa€ pi3Hi Mikpoopranizmu. Ilpu uxanHi
Moke yrBoproBatucs a0 40 000 xpanens.
Po3mip aeposonpHHX yacTok Bapiroe Bimg 10
10 2000 uM.

Buninsrors Tpu ocHOBHI (a3u OakTe-
plaJbHOTO aepoO30JII0 B 3aJICKHOCTI Bif pO3-
MIpY YacTOK, €JIEKTPUYHOTO 3apsny, IIBHJI-
KOCTI pyXy: KpaljIMHHY, TWJIOBY Ta Kpar-
JTUHHI SAEpIIs.

Kpannunna, abo kpynHosiiepHa dasa
npeJcTaBieHa JpiOHUMH KpaIUISIMU PO3Mi-
pom nonax 100 mxMm. Bona cknamaetscs 3
OakTepialbHUX KIITHH, OTOYEHUX BOJHO-
COJILOBOIO O0O0JIOHKOI0. YacTHHKM 0CiIaroTh
JIOCHUTh IIBHJKO: TPUBAIICTh MepeOyBaHHS B
MOBITPl CTAHOBHUTH KiJIbKa CEKYHI, a IIBH]I-
KICTh MepeMillIeHHs - B cepeHboMy 30 cM /c.

Kpanenbni saepiis, abo apioHosIepHA
(aza, yTBOPIOETHCS NMPU BUCUXAHHI YaCTUHOK
nepmoi (as3u 1 CKIagaeThes 3 6aKTepiaTbHUX
mo 36eperym
3B’sI3aHYy BOJY Ha CBOiM IMOBEPXHI 1 BUIBHY
BOJIy BCEpeIMHI KIITHH. Y MiK (a3l YaCTUHKH
MalTh HaWMEHIIl PO3MIpH, JIETKO MepeMi-
LIYIOTbCS TOTOKaMH TOBITPS, TPUBAJIUM 4Yac

KJIITHH, TUIBKH ~ XiIMIYHO

nepeOyBaloTh B HbOMY B IIJIBIIICHOMY CTaHi
Ta MOXYTh NEPEHOCUTHUCS HA 3HAYHI BiAcTa-
Hi. [IpiGHosinepHa da3za — 1e HaWOIbII CTii-
Ka ¢asza, AiamMeTp OUIBIIOCTI YAaCTUHOK HE

Contamination of the air by pathogens
occurs by droplets in the aerosols that are
formed when talking, coughing, sneezing,
and breathing. Moreover, microorganisms get
into the air with the scales of the epithelium
of the skin, dust from contaminated clothing,
bedding, and dressing material.

Microorganisms exist in the air in
form of aerosol. Spray is a colloid system
consisting of the air, the liquid droplets or
solid particles, and includes a variety of mi-
cro-organisms. Up to 40,000 droplets could
be produced by sneezing. The size of aerosol
particles varies from 10 to 2000 nm.

Three basic phases of bacterial aero-
sol particles are distinguished depending on
size, charge, speed of particles: drop, dust,
and droplet nucleus.

Droplet or nuclear phase is represent-
ed by tiny drops sized over 100 microns. It
consists of bacterial cells, surrounded by wa-
ter-salt shell. The particles subside fast
enough: duration of their stay in the air con-
sists of only a few seconds, and the speed of
movement -30 cm/s in average.

Drop like nucleus, or small-nuclear
phase is formed while drying of the first
phase particles and consists of bacterial cells,
which retained only chemically linked water
on their surface and free water inside the
cells. In this phase, the particles are of the
smallest size, easy to move by air flows, re-
main suspended in the air for a long time and
can cover long distances. Small-nuclear phase
is the most stable one, size of the most parti-
cles does not exceed 5 microns, and the parti-
cle sedimentation rate is an average of 0,013
cm/sec. At that their velocity does not exceed
30 cml/s, so they can disperse over long dis-
tances.
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MEPEeBHIYE 5 MKM, a MIBHAKICTH OCiIaHHS
YAaCTUHOK CKJIazae, B cepeanbomy, 0,013 cm
/c. Ilpum 11bOMY MIBHAKICTH iX TI€pPECyBaHHS
nepeunrye 30 cM /c, TOMy BOHH MOXYTh
po3ciroBaTtrcs Ha Benuki Biactani. L{g ¢aza
SBIISIE HAWOLIBIITY emifieMioNoriyHy HeOe3re-
Ky, TOMY IIO B ii CKJaJi MOMHUPIOETHCS O1Tb-
micte  30yAHMKIB  TOBITPSHO-KpameIbHUX
iH(eKIIi, 0COOJMBO MAIOCTIMKI 10 30BHIIII-
HIX BIUMBIB (HAMPUKIAJ, 30yTHUK KOKIIIO-
nry).

[TunoBa ¢aza — BenMKi TBEPJIl YaCTH-
HKH po3MipoMm Bix 50 1o 500 MkMm, 1110 TIIBH-
KO OCIaloTh, B PE3YyIbTaTi YOTO YTBOPIO-
€TbCSA MW, 3JATHUH JIETKO IMAHIMATHCSI B
noBiTps. bakTepii MOXyTh mepexoauTu 1o ii
CKNady 3 mepmmx ABoxX das. Ii Baxnuea Bia-
CTUBICTh — 3JATHICTH JIEFKO 3MIAMATHCS ITifT
BIUTMBOM HAaBITh MaJIMX CTPYMEHIB TOBITPS.
B 3anmexHoCT1 BiJ po3Mipy 4acTOK 1 MIBUIKO-
CTl TIOBITPSIHUX TEYiH, MBHUAKICTH 1X mepemi-
IIEHHA 3HaXxoauTbcst B Mexax 0,5-30 cw/c.
s ¢asza GaxTepialbHOT0O aepo30iI0 IepeBa-
’Ka€ B TIOBITP1 )KUTJIOBUX Ta CIYKOOBUX MpH-
MIIIEHb 1 3 HEIO PO3CIIOIOTHCS MATOTEHHI MiK-
pOOpraHi3MH, CTiiKi 0 BHCYIIYBaHHS (MiKO-
OakTepii, KIocTpuIii, CTapiIOKOKH, CTPEITO-
KOKH, Tpubun). BoHa € Hag3BU4aitHO HeOe3I1e-
YHOIO B OINEpalliMHUX I 4Yac MPOBEACHHS
oTiepalliii, OCKUTbKA MOXE CTaTH MPUIHHOIO
paHHIX Ta BIATEPMIHOBAHUX I1H(EKIIHHUX
ycknaanens [0].

[Tatorenna Mikpoduiopa MPaKTHYHO
HE 3yCTPIYa€eThCs B MOBITPI y BIIBHOMY CTaHi,
a HAaTOMICTh MPAKTHYHO 3aBXK/IH 3HAXOIUTHCS
Ha oBepxHi MY. 3okpema, BioMoO, 110 PO3-
MIpH BIpPYCIB KOJIMBAIOTHCS B MEXKaxX 10%8-10®
M, pO3Mipu OakTepiii — 107-10* w, MIKpOC-
KOMi4HKX TpubKiB — Bix 10™ M (puc. 2). TTot-
peOyIOTh BHBUEHHS 3aKOHOMIPHOCTI BiJHOC-
HOTO pO3Mipy MAaTOreHHOI Mikpodaopu Ta
MUY, 31aTHUX 10 i1 IEPEHOCY.

This phase represents the largest epidemio-
logical risk because most pathogens of air-
borne infections, especially irresistible to
external effects are spreading with the content
thereof (eg. pertussis pathogen).

Phase of dust stipulates large solid
particles ranging from 50 to 500 microns,
which quickly settle, resulting in a dust able
to easily return to the air. The bacteria can
move into its structure thereof from the first
two phases. The ability to easily set up under
the influence of even small jets of air is its
important feature. Depending on size of the
particles and velocity of airflows, speed of
movements is within 0.5-30 cm / sec. This
phase of bacterial spray air prevails in the air
of residential and service premises, scattering
pathogens resistant to drying (mycobacteria,
clostridia, staphylococci, streptococci, fungi).
It is extremely dangerous in surgical rooms
during operations, because it could cause
early and postponed complications [12].

Pathogenic microphlore is not ob-
served in the air independently, but almost
always is located on the surface of MP. Par-
ticularly, it is knows that sizes of viruses var-
ies in limits 10®-10° m, sizes of bacteria —
107-10"* m, sizes of microfungi — from10™° m
(pic. 2). The patterns of relative size of path-
ogens and MP able to move them need to be
studied.
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Pic. 2. The pattern of relative sizes of MP and ways of transformation thereof [50]

Konnentpanis MY y moBitpi mpumi-
[IEHb MEIWYHOTO MPU3HAYCHHS, BKIIIOYAIOUN
oTiepalliifHi Ta MmajaTyd IHTCHCUBHOI Teparii, y
psAnl KpaiH perjaMeHTOBAHO BiIMOBITHUMHU
Tiri€eHIYHUME CTaHAApTaMU YUCTOTH TOBITPS
[0, O, O]. 3okpema, B YkpaiHi mpuMIilIEHHS
KJIacU(]iKYyIOThCS 3a TPYyNaMH MO0 MaKCHUMallb-
HO JOIMYCTUMIH KITBKOCTI YaCTOK 1 KOJOHIEY-
TBOprorounx oauHuIb (KYO), To06TO XUTTE-
3MaTHUX MIKPOOPTaHi3MiB, y TOBITpi. Mak-
CHUMAJIbHO JTOMYCTHUMa KiIbKICTh YaCTUHOK 3a
KJIaCaMH YMCTOTH BHU3HAYAETHCS BIAIIOBIIHO
no JICTY T'OCT HUCO 14644-1:2004 «Ywucri
MPUMIIICHHS 1 OB S13aHi 3 HUMU KOHTPOIBO-
BaHi cepenoBumia. Yacruna 1. Kmacudikaris
yucrotn mnositps (FOCT HCO 14644-1-
2002, IDT)». Kareropis «ocoOIuBO 4HCTE»
(OY) mpumimieHHs BiANOBIAAE TEPMIHY «IHC-
T€ TpuMilIeHHsS», Bu3HaueHomy JICTY
I'OCT HUCO 14644-1:2004. OcobnuBo

Concentration of MP in medical
premises, including operation rooms and in-
tensive care chambers in some countries is
regulated by proper hygienic standards of air
cleanliness. [130, 014, 150]. Particularly, in
Ukraine premises are subdivided into groups
according to maximum allowable number of
particles and colony forming units (CFU), i.e.
viable microorganisms in the air. Maximum
allowable number of particles for different
cleanliness classes should be determined ac-
cording to GOST 1SO 14644-1: 2004 "Clean
premises and associated controlled environ-
ments. Part 1. Classification of air cleanliness
(GOST ISO 14644-1-2002, IDT). "Premises
of "very clear" (very good) category corre-
sponds to the term "clean room™ defined by
GOST ISO 14644-1: 2004. Especially clean
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gucti (OY) ta gyucrti () npumiiieHHs 3a Ma-
KCUMaJbHO JIOMYCTUMOIO KUIBKICTIO YaCTOK
MMOBHHHI BiAMOBiAaTH YKCTHM 30HaM «Kiacy
8 ISO». MakcumanbHO AOMYCTUMA KUTBKICTh
4acToK (po3mipoMm >0,5 Mkm) y 1 M MOBITPS
He noBuHHA nepesuiryBatu 3 520 000 [0].

Mikpo06ionoriuHe JOCITIKEHHS MOBi-
Tps B JIKYBaJbHHUX 3aKiafax YKpaiHH 3TiIHO
TIIOYUX HOPM TPOBOJATH OAWH pa3 Ha KBap-
Tal TPU TOTOYHOMY CaHITApHOMY HarJsmdl
LHEHTPOM JlepxaBHOTO CaHiTapHO-
eMiIeMIONIOTIYHOTO HArJsAy; OJWH pa3 Ha
MicsIb OaKTEPIOJOTIYHUMH JTA0OpATOPISIMHU
JiKapeHb 1 3a eMiIeMiONIOTIYHUMHU TOKa3HH-
KamMu. B cucrtemi ririeHiYHUX 1 MpoTHemie-
MIYHHX 3aXOJliB MPH MOTOYHOMY CaHITapHO-
My Harlisi BU3HAYAIOTh 3arajibHe MiKpoOHe
YHCIO TOBITPS Ta KUIBKICTh CaHITapHO-
noka3oBux MikpoopraHizmiB (CIIM) B 1 M
noBiTps. [Ipu morounomy Harmsimi no CIIM
BIJIHOCSITH 30JIOTUCTUH CTa(UIOKOK, CTPEITO-
KOKHM, TpaMHETaTHWBHI OakTepii i rpudm (B
arTeKax).

B moBiTpi JmiKapHSHUX NPUMIIIEHb
JIOMIHYIOTh 30JIOTHUCTHH CTa(iIOKOK 1 CTpen-
TOKOKH. CHiBBITHOIIEHHS MIKpPOOPTaHi3MiB
cTaHoOBUTH B cepenuboMy 70% 1 30% Biamo-
BimHO. [Ipu ibomy B 1 M MOBITPS OTIepaIliii-
HHUX, MicasonepaintHuX rajar,
peB’A30YHUX, BIAJUIEHb peaHiMarlii, Mojaoro-

Iie-

BUX 3aJliB CTa()iJIOKOKHM 1 CTPENTOKOKH IIO-
BUHHI OyTH BIICYTHI.

VY 3B’s3Ky 13 3pOCTaHHAIM YacTOTH 3a-
XBOPIOBaHb, 10 BUKJIMKAIOTHCS TPAMHETaTH-
BHUMH OakTepisMHU, B HOPMATHUBU BKJIIOUEHO
BH3HAUYeHHs iXx Kinbkocti B 1 M° MOBITPS JTi-
KapHSHUX MTPUMIIIEHb.

B sxocTi momaTKOBHX KPHUTEPIiB SK
MOKa3HUK 3aIUJICHOCTI Ta BIJICYTHOCTI BOJIO-
roro NpuOMpaHHS PO3LIHIOIOTH MPUCYTHICTD
CIIOPOYTBOPIOIOYHX TAINYOK, & TOKa3HUKOM
MiJBUIICHOI BOJOIOCTI — I[BUIEBUX TPHUOIB
[0]. [Toka3uuk moranoi OCBITACHOCTI — BijI-

(EC) and clean (C) premises according to
maximum allowable amount of particles
should meet the requirements to clean zones
of "Class 8 ISO». The maximum allowable
number of particles (>0,5 microns in size) per
1 m 3 of the air shall not exceed 3,520,000
[130].

Microbiological studies of the air in
the hospitals Ukraine under current regula-
tions is performed on quarterly basis while
routine sanitary supervision by the center of
the State sanitary and epidemiological sur-
veillance; once per month by bacteriological
laboratories of hospitals and if required by
epidemiological indicators. In structure of
hygienic and anti-epidemic measures current
sanitary surveillance should define total bac-
terial count of the air and the quantity of sani-
tary indicative microorganisms (SIM) in 1 m?
of the air. SIM for the purpose of routine sur-
veillance include Staphylococcus aureus,
streptococci, gram-negative bacteria and fun-
gi (in drugstores).

Staphylococcus aureus and strepto-
cocci prevail in the air of hospital premises.
Interrelation of microorganisms in average
consists of 70% and 30% respectively. At that
in 1 m 3 of the air of operating rooms, post-
operation rooms, and rooms for manipulation,
intensive care and delivery rooms there must
be no staphylococci and streptococci.

Due to the increasing rate of diseases
caused by gram-negative bacteria, definition
of quantity thereof in 1 m 3 of the air of hos-
pital premises has been included into the reg-
ulations.

Additionally signs of dusting and lack
of wet cleaning are spore-forming rods dis-
covered; mold fungi indicate excessive mois-
ture [120]. Lack of light is indicated by ab-
sence of pigment forms of bacteria (some-
times this figure may be subject to determina-
tion on the task TB specialists).
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CYTHICTb MIrMeHTHHX (opm OaxTepiit (iHOII
el TOKa3HUK MOXKe OyTH BHU3HAYCHHM 3a
3aBAaHHAM (QTHU31ATPIB).

3rifHO pekoMeHmamii Acoriarii iH-
KEHEPIB MEIWYHUX 3aKiaiiB SmoHii, s
HiATPUMAHHS YUCTOTH TOBITPS B OIepariiii-
Hill Ha HaJI)KHOMY DiBHI, KPAaTHICTb MOBITPO-
oOMiHy oBHHHA OyTH He MeHIIe 15 3a ronu-
HY,
MOTIK TOBITPS, @ TAKOXXK OOMEXHUTH KUITBKICTh
MepCcoHaNly Ta BIIKPUBaHHS ABEpel B omepa-
MIMHIA T 9ac mpoBeneHHs omepartii. J{ms
GbimpTparii MOBITPS CiJ  3aCTOCOBYBAaTH
HEPA (High efficiency particulate air, Buco-
KOC(EeKTHBHI MOBITPsAHI) QUIBTPH, K1 3a0€3-

HEOOXiTHO 3a0e3NeyuTH JaMiHApHHMA

NEYyI0Th MIKpOOIOJIOTiYHY YHCTOTY (CTEepH-
JbHICTB) pinbTpoBanoro mosiTps [0, 0].

V. Gorenoi, M. Schonermark ta A.
Hagen y pesynbrari ananizy 1030 mitepaTtyp-
HUX JDKEpel TN BUCHOBKY, IO JT0/IaBaH-
HS aHTUOIOTHKY B IIEMEHT TIPH €HIOIPOTE3Y-
BaHHI B O€IHAHHI 3 CUCTEMHOI aHTHUOIOTH-
Kompo(inakTuko eQeKTUBHINIE 3a JIUIIe
CHCTEMHY aHTHOI0THKONPO(IIAKTUKY TUTBKU
B OMNEpaliifHuX, HE OONaJHAHUX CHCTEMaMU
JaMiHapHOI mojayi crepuiabHOro mositps [0].
3 bOT0 MO’KHA MPUITYCTHTH, 110 00JIaTHAHHS
OTIepaIiifHOI CUCTEMOIO MOJa4yl CTEPUIHLHOTO
MOBITPSE 32 €QEKTUBHICTIO MPOPUIAKTHKA
JIOKaTbHUX 1H(EKIIHHUX YCKIaAHEHb HE I10-
CTYNa€eThCS JOAABAHHIO aHTHOIOTHKA B Iie-
MEHT.

Psin aBTOpiB BBaXXalOTh CHCTEMY IIO-
Jadi CTEpUIIBHOTO TOBITPS B OmepariiiHii
OIHUM 13 (akTopiB, MO €HEKTUBHO 3HIKY-
I0Th  YacTOTYy iHDeKIIHHuX
ycknagaens micis onepartii [0, 0, 0]. 3okpe-
Ma, Evans [0] miakpecitoe HEOOXiTHICTh IMO-
JANbIIOT0 BHUBYEHHS €(QEKTUBHOCTI TaKUX

JJOKAJIBHHUX

CHCTEM Ta BKa3y€ Ha HEJOLUIBHICTh 3aCTOCY-

BaHHS  yNbTpadioneToBOro  ONPOMiHEHHS
yepe3 NOTEHIIHHI PU3UKH TS 3M0POB’° S Tep-

COHAJy Ta MOB’5I3aHi 3 IIMM BUTpa-

According to the guidelines of the As-
sociation of Engineers of medical institutions
in Japan, to maintain air cleanliness in operat-
ing room at the proper level, the multiplicity
of air exchange must be at least 15 per hour,
it is necessary to ensure laminar air flow and
limit the number of staff and events of open-
ing the door of operating room during the
operation. For air filtration HEPA (High effi-
ciency particulate air, high-efficiency air)
filters should be applied to ensure microbio-
logically pure (sterile) filtered air [140, 016].

V. Gorenoi, M. Schoénermark and A.
Hagen, having analyzed literature sources
came to conclusion that adding antibiotics to
the cement while arthroplasty, combined with
system antibiotic prophylactics is more effec-
tive than just system antibiotic prophylactics
only in operating rooms, not equipped with
laminar sterile air supply systems [017]. Con-
sidering the mentioned above we could make
an assumption that for efficient prevention of
local infectious complications, equipping
operation room with sterile air supply system
is not worse that adding antibiotic to bone
cement.

Some authors believe that system of
sterile air supply to operation room is one of
the factors, which could efficiently decrease
the frequency of local infectious complica-
tions after surgery [18, 19, 20]. In particular,
Evans [18] emphasized the need for further
study of the effectiveness of such systems,
and stresses the inadvisability of UV irradia-
tion due to potential risks to the health of
stuff and associated costs. In the USA only
30% of hospitals where knee joint replace-
ment is performed, are equipped with sterile
air laminar supply systems, although over
75% of total amount of such surgical opera-
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ta. Y CIIA nume 30% nikapeHb, 110 BUKO-
HYIOTh €HJIONPOTE3yBaHHS KOJIHHOTO CYTJIO-
0a, o0aiHaH1 cCUCTEMaMU JJaMiHapHOT mo1avi
CTEpUJILHOTO TOBITPS, MPOTE B HUX BUKOHY-
I0Th MoHax 75% Bia 3araipbHOI KIJIBKOCTI Ta-
KHX omeparii. 3arajJoM TakKUMH CHCTEMaMu
OCHAIIIEHI omepaliiiHi 3 PiYHOI0 KUIBKICTIO
orepauiid eHI0NpPOTe3yBaHH KOJIHHOTO CYT-
7106a moHaz 25, He3aJexHo Bif GopMu Biac-
HOCTI Ta BigoM4oi HanesxHocTi [0].

Cama o co0i cTeputizallis moBITPs B
oTiepaIiiiHiii He rapaHTy€e BIACYTHOCTI MiCIs-
omnepamiiHuX 1HQEKIMIHHUX YCKIIaTHEHb, aje
CYyTTEBO 3HMXKYE IX 4acTtory. HeBuBueHuM
3QJUINAETBCA TMUTAaHHA TPO  KOpEJAIiitHi
3B’A3KM MK KoHIeHTpauiero HY ta MY, ki-
aekicTio KYO B noBiTpi onepauiifHux Ta ya-
CTOTOI0  MiCHSONepaifHuX  iH(EeKUIHHIX
YCKJIaAHEHb. 3 I1HIIOTO OOKy, BIJOMO, IO
obnagHaHHsA U1 yapTpadiabTpalii Ta KOH-
TUITIOHYBAHHS TIOBITPS B OMEpaIllifHUX BXO-
nuth 10 cranaapty ISO 14644-1. B neit xe
yac B YKpaiHi BiJCYTHI JOCHIJUKEHHS IIPO
BIUIMB YNbTpadinpTpanii Ta KOHAULIOHYBaH-
HS TOBITPS B ONEpaliiHUX Ha YacTOTy IIic-
JsIonepalifHuX 1HQEKIIHHUX YCKIIaJHEeHb.

BucnoBok. Ockinibku B YKpaiHi Bce
nie He HalyJo IIMPOKOr0 PO3MOBCIOIKEHHS
YCTaTKyBaHHS JJIs1 yabTpadiibTpallii Ta KOH-
TUITIOHYBaHHS TIOBITPS B OmNepariiHux (Ha-
BiTh y CIHA Tineku 30% opTromeanuHux
olepaliiHuX, B SKUX BUKOHYIOTH €HIOMPO-
Te3yBaHHS, OOJIAHAHI TaKUM YCTAaTKyBaH-
HSIM), BBXKAEMO JIOIUIBHUM BUHECTH Ha 00-
TOBOpPEHHs 1H(GOPMAIIiIO TIPO POJIb MiKpodac-
TOK Yy IEpPEHECEHHI MaTOreHHOi Ta YMOBHO-
MaTOTeHHOI MIKpO(IIOPH Ha TOBEPXHIO OIle-
pamiifHoi paHu, IHCTpYMEHTapiil Ta pyKaBHII
Xipypra njsi TOTo, 100 po3poOUTH HOBI 3a-
cobu mpodTAKTUKH THQEKIIHHUX yCKIIaa-
HEHb CHJIONPOTE3YBaHHA CYIJIO0IB Ta 1HIIMX
opToneAnYHUX onepaniil. g Bu3HaYeHHSA
poni MY [OIIBHO BHBYWTH KOPEJSIiiHI

tions are performed thereby. In general such
systems are installed in operation rooms with
annual quantity of knee joint replacements
exceeding 25, irrespective of property form
and hierarchical subordinance [21].

Air sterilization in operation room it-
self does not guarantee the absence of post-
surgical complications, although reasonably
decreases their frequency. Not properly stud-
ied is still the matter of correlation between
concentration of NP and MC, quantity of
CFU in the air of operation rooms and fre-
quency of post-surgical complications. On
the other hand, it is known that equipment for
air filtration and conditioning in operating
rooms is stipulated by the standard 1SO
14644-1. At the same time Ukraine lacks in
researches regards the influence of ultrafiltra-
tion and air-conditioning in operating rooms
on a frequency of postoperative infectious
complications.

Conclusion. Inasmuch equipment for
air ultrafiltration and air conditioning in oper-
ation rooms is not widely distributed in
Ukraine (even in the USA only 30% of or-
thopedic operating rooms where arthroscopy
is performed are equipped thereby), we con-
sider it expedient to propose for discussion
information regards the role of microparticles
in movement of pathogenic and conditionally
pathogenic microphlore on the surface of
operation wound, tools and gloves of a sur-
geon with the aim to develop new means for
prevention of infectious complications while
arthroplasty and other orthopedic operations.
To define the role of MP, it is expedient to
examine correlations between concentration
of NP and MP, quantity of CFU in the air of
operation rooms and quantity of infectious
complications.
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3B’s13KH MK KoHIeHTpamiero HY ta MY, ki- This may lead to a better understand-
aekictio KYO B mosiTpi onepaniiinux ta 4a- ing of the need in implementation of air ultra-

CTOTOI0  MiC/sIONepallifHnX  iHbeKUiiHuX filtration in orthopedic operation rooms.
yCKIaAHEeHb. MOXKIMBO, 1€ MPU3BEIE M0

KpaImoro po3yMiHHsS HEOOXiTHOCTI BIpOBa-
JDKEHHS yabTpadinbTpanii moBiTps B OpTOIe-
JTUYHUX OTNEPAliifHUX.
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POJIb MIKPOUYACTOK Y IIEPEHECEHHI [TATOTEHHOI MIKPO®JIOPU
B ITIOBITPI OPTOITEJVUYHMX OITEPALIIMHUX
Bacrok B.JI1., Bacunpunmun 5.M., Baciok 10.B.
bykosuncoruii deporcasnutl meouunuil yHisepcumem

ABTOpaMU TpoaHajIi30BaHO HAYKOBI IMyOJTiKallii, TpUCBIYEHI BUBYCHHIO POJI MIKPO-
YaCTOK PI3HUX PO3MIPIB, 3BAKEHUX Yy TOBITP1 ONEpalliifHuX, y MEePEHECEHHI MaTOreHHOI Ta
YMOBHO-TIaToreHHo1 Mikpodopu. Ha aymky aBTOpiB, BIpOBapKeHHS yIbTpadinbTparii mo-
BITpsI B OMEpAlIfHUX MOXE CTaTH 3aX0J0M MPOQIIAKTUKH 1HTpAOIepaIiiHoro KOHTaMiHY-
BaHHS ONEpaIiifHOi paHu , pyKaBUYOK Xipypra Ta XipypriyHoro iHCTpyMEHTapiio, 110 3MEH-
IIy€ 4acTOTY Micasonepaiiaux iHQekuiiHuX yckiaaaHeHb. MoxInBo, 1ie mpu3Bene 10 Kpa-
IIOTO PO3YMIHHS HEOOXIAHOCTI BIPOBAKEHHS yabTpadinbTpaiii MOBITPS B OPTOMEIUIHUX
orepariiHux.

KiarouoBi cigoBa. MikpodacTUHKH, HAHOYACTUHKH, YIbTpadiIbTpallis MOBITPS,
HEPA, npodinaktrka iHhEKIIIHHUX YCKIIaTHEHD.
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