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BbJ/ITAPCKO CNMUCAHUE 3A OBLLEECTBEHO 3/1PABE
OPULUMANTHO U3OAHME HA HALUMOHATHMA LEHTBP MO
OBLLIECTBEHO 3[1PABE N AHAJIN3U

LE/N1 U OBXBAT

“BbArapcko cnucaHue 3a obuwectseHo 34pase” € MHOronpoouaHo
CnucaHue, KOeTo BK/YBa Ny6/MKaLuMmn B obnacTTa Ha 34paBHaTa
NOANTMKA M MPAKTUKA, 34PaBHUA MEHUAKMDBHT U MKOHOMMKA,
enuaemMmonorna Ha HeuHOEKLMO3HUTe M 3apasHuTe bonectw,
34paBe Ha HacesleHWeTo/keHuTe/ geuata, NPOMOUMA Ha 34PaBeTo
M npodunakTnKa Ha bonectute, OKONHa cpeaa U 3apase, TPyAoBa
MeAMUMHA, XPaHU U XPaHeHe, KPU3UCHU CUTyauun 1 obLiecTBeHO
3/ paBe, NCMXNYHO 34 pase. CnucaHmeTo Aasa Gopym 3a AUCKYCHUA NO
aKTyanHn npobiemun Ha oblecTBeHOTO 3apaBe B bvbarapua, Espona,
CALL, n ap. cTpaHu. B cneunanHu npunoxeHua ce nybankysat
mMaTepuanu, NOCBETEHM Ha aKTYa/IHN TEMU, NPOYYBaHMA, pe3tomeTa
W [OKAaAM OT MEXAYHAPOAHW W HaUMOHANHW HayyYHu dopymu
M Kpbran macu. CnucaHvMeTo MmMa 3a uesn Aa Nonynsapusupa u
HacbpyaBsa uscnenBaHua, 4OOPU NPAKTUKK, NOANTUKK, yNipaBaeHne
1 obpasoBaHue B obnacTTa Ha obuwecTBeHoTo 3a4pase. M3nusa B 4
KHUMKW FTOAMULLIHO HA 6B/IrapCKM M @aHIIMMCKM €3UK, NyH6ANKYBaHW Ha
WHTEpHeT cTpaHuLaTa Ha HauMoHaNHMA LLeHTBbpP No 06LWwecTBEHOTO
3apase aHanusm (http://ncpha.government.bg)
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CNneaanMnnomMmHO ObYYEHMUE
no MEOULUMUHCKA CAHUTAPHA
OU3UKA 3A PUSULIN U
UWHXXEHEPU B OBJIACTTA HA
OPUSNYECKUTE ®PAKTOPH
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IBereanna llanamanosa®

"Meouyuncku ynusepcumem — Ilneeen
2Hayuonanen yenmsp no 00ujecmaeno 30pase u anaiusu

PE3IOME

B meduyunckama npaxmuka ce u3nonzeam MHO20 Npu-
JIOJICEHUs. HA U3MOYHUYU HA Qu3udecKu pakmopu, oceen
0obpe nosnamume Memoou, U3NOA36aAUU UOHUSUPAUO Nb-
yenue. Haxkou npumepu ca OuaecHOCmMuKa ¢ MazHumen pe3o-
nawuc (AMP), nazepu 6 meduyunama, paouo4ecmomHu noJje-
ma, yimpaseyxk, OnmuiHo JbUeHUe 658 Qu3uomepanuama u
Opyeu npunodicenus. Yecmo uznonseanu usmodHuyU Ha Gu-
3UMeCKU (harmopu npuiazam Hoeu MexHoI02UU KAmo me-
JIEKOMYHUKAYUU, CUCTEMU NPOMUE KPAXCOU, MPAHCHopm,
paoapu, Koumo c»30a8am 00WecmeeHa 3a2pudiceHocm u
exonoeuuHu npobaemu. Meduyuncko-canumapnume Qdu3su-
YU U UHIICEHEPU Ce 3AHUMABAM C OYEHKA HA eKCO3UYUIMa
u npesenyus om me3u gaxmopu 6 pabomnama u OuUMosa-
ma cpeda. Cnedouniommomo obyuenue 8 masu 001ACM Cb-
wecmeysa 6 bvicapus om nauanomo na 80-me eo0unu na
20-u sex.

B cmamusima e nocouena neobxooumocmma cneyuaiucmu-
me CbC C1e00UNIOMHO 0OyUeHUue No MeOUYUHCKA Canumap-
Ha usuxa 0a ce u3PAGHAM KAMo npoghecus ¢ OCManaiume
Meduyuncku uzuyu, pabomewu ¢ UOHUSUPAWU TbUEHUS,
KAmo um ce npusiodcu Hogomo ume, npediodiceno om Eepo-
nelickama gedepayus Ha opeanuzayuume no MeOUYUHCKA
@usuxa (EFOMP) — yuen no meduyuncrka gusuka.

Honvanenuemo PS Ne 14 na EFOMP o6cvoicoa napacmea-
womo yuacmue Ha CHeYUanucmu cv¢ COTUOHA HAYYHA NOO-
20MOBKd, 0OUKHOBEHO HAPUYAHU ,,V4eHU NO MAZHUMEH pe-
30HAHC", 0COOEHO 8 KIUHUYHUME U3CACO8AHUS, 0eUCmEauu
6 NoOKpena Ha cneyuguuHama pois Ha 1eKaps, Omeo8opeH
3a npeeneda/omyumanemo unu 3a revenuemo . Cped mesu
VueHu, OHe3U CbC cepuo3en ONum 8 MeouyuncKkama Qusuxa,
no-0011y HAPUYAHU ,yYeHU NO MASHUMEeH Pe30HANC 8 MeOu-
yunckama Qusuxa“, 6ce nogeue yuacmeam 6 MHO20 0euHoc-
mu, yumupanu no-zope. 3a wacmue 6 bvieapus umame ma-
K08a c1e00UNnIoMHO 00pa3068aHue 3a pusuyu, Koemo ciedsa
0a 00x6awa 6CUUKU HOBU MEXHOL02UU, KOUNMO Ce npuiaeam
8 MeOUYUHAMNA, A COUO U 8 edCeOHeBUeNO Ha Xopamad.

Meouyuncko-canumaprume Qusuyu ceea ce 3aHUMABAM C
HAYYHOU3CIe008AMENCKA OCUHOC, USMEPBAHUS U OYCHKA
Ha excnosuyusma, pazpabomeane Ha CMAaHOApmu U 3aKo-
HOOameaCcmeo 6 001acmma Ha HeUOHUUPAWUme Ib4eHus,
wiyma, eubpayuume, mukpoxiumama. Te umam sHanusma
da cv3oasam memoou 3a OyeHKd Ha Qusuyeckume Qaxmo-
pu, u3nrvueaHu om nogume mexuonocuu, kamo 5G, AMP,
paouovecmoma, YimpaszeyK, MAZHUMHU noiema u 0d pas-

POSTGRADUATE TRAINING
IN MEDICAL SANITARY
PHYSICS FOR PHYSICISTS AND
ENGINEERS IN THE FIELD OF
PHYSICAL FACTORS

Michel Israel'?, Mihaela Ivanova?,
Tsvetelina Shalamanova?®

Medical University, Pleven
2National Centre of Public Health and Analyses, Sofia

ABSTRACT

Many applications of sources emitting physical factors
are in use in the medical practice besides well-known
methods with application of ionizing radiation. Some
examples are magnetic resonance imaging (MRI)
diagnosis, lasers in medicine, radiofrequency fields,
ultrasound, optical radiation in physiotherapy and other
applications. Commonly used sources of physical factors
apply new technologies as telecommunication, anti-theft
systems, transport, radars that create public concern
and ecological problems. Medical sanitary physicists
and engineers are engaged in exposure assessment and
prevention from these factors in the working and living
environment. Postgraduate education in this field exists
in Bulgaria from the early 80’s of the 20th century.

The main purpose of this paper is specialists with
postgraduate education in medical sanitary physics to be
levelled as a profession with the other medical physicists
working with ionizing radiation applying for them the
new name proposed by the European Federation of
Organisations for Medical Physics (EFOMP) — Medical
Physics scientist (MP scientist).

The EFOMP addendum PS No.l4 discusses the growing
involvement of specialists with strong scientific
background, commonly named “MR scientists”,
especially in clinical research, acting in support to the
specific role of the physicist responsible for the evaluation
/reporting or for the treatment. Among these scientists,
those with a strong background in medical physics, in
the following named as “Medical Physics MR Scientist”,
are increasingly involved in many activities cited above.
Fortunately, in Bulgaria we have such postgraduate
education for physicists that is possible to cover all new
technologies being in practice in medicine, also in daily
life of the people.

Medical sanitary physicists are involved now in research
activities, measurements and exposure assessment,
development of standards and legislation in the field of
non-ionizing radiation, noise, vibration, microclimate.
They have the knowledge to create methods for evaluation
of physical factors emitted by new technologies, as
5G, MRI, also with application of radiofrequency,
ultrasound, magnetic fields, and to develop the best
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pabomeam Hai-000pume NPAKMUKU 3d NPEeBEeHYUsL HA MeOU-
YUHCKUSL NEPCOHANL U 3d XOPAMA, U3N0JNCEHU HA me3u (Dak-
mopu.

Tasu wacm om meduyuHckume @usuyu He e 0OXeaHama
om MedxHcOyHapooOHa npogecuonanina Kiacugurxayus u me
mps6ea 0a umam cvuama npoGecuoHarna 3auwuma Kamo
ocmaunanume, KOUmMo U3NOA36AM UOHUUPAWU JIbUEHUS 8
npaxmuxama cu. Mearcdynapoonume opeanuzayuu no meou-
yuncka ¢usuxa, kamo IOMP, EFOMP, mpsbtea oa eéxiouam
MEOUYUHCKAMA CaHUMapHa Qu3uka 6 Kiacupukayuama Ha
npogecuume, kamo ,,MP scientists“(“yuen no meduyurcka
Qusuxa®), u 0a uznoOA36aAM CHUUME USUCKEANUS 30 YUeOHA-
ma npoepama 3a mesu c1e0OUnioOMHU QuU3UylU, KaKmo u 3d
ocmananume MeOUYUHCKU Qu3uyL.

KurouoBu 1ymMmu: MeuIHCKa CaHUTapHA (U3NKA,
CIEIINIUIOMHO O0ydeHHe, ‘YUeH 10 MEIUIIHHCKA
¢uznka“, [OMP, EFOMP

BbBEOEHUE

MHoro npriokeHus Ha (pU3nYecKu GaKkTOPH ca U3BECTHU OT
nosede oT 4000 roguHY IpH JICYCHUETO Ha Pa3TUIHH 3a00I5-
BaHUSI, M0-CIELHUAIHO AEHCTBUETO HA KIIMMATUYHUTE (PAKTO-
pH, MarHUTHOTO IIOJIe, CTbHYEBaTa panuanus. [Ipes mocnen-
Hute 100 roquHU pa3IMYHU TEXHOJOTMH C MPUJIAraHeTO Ha
(hU3UYeCKU eHepruyu CTaHaxa OCHOBA 3a I10-100pa JTUarHOCTH-
Ka M JICYCHHE Ha MHOXECTBO 00JIeCTH.

JlmarHocTukara ¢ mpHilaraHe Ha sJ{peHO-MarHUTECH PEe30HaHC
(SIMP) mo romsiMa cTENeH N3MECTH KOMITIOTBPHUS TOMOTpad u
IpeMaxHa pHCKa OT O0JIbYBAHE Ha TALIMEHTUTE C HOHU3UpaLIH
JIBUCHHUA. y.TITpaSByKOBI/ITe TCXHOJIOTUHU B MEAUITMHATA I103BO-
JMXa PaHHOTO AMArHOCTUIMpaHe Ha 3200 1sIBAaHKS HA BBTPELI-
HUTC OpraHu, BKJIIFOYHUTEIIHO U Ha IJI0Ja ITpU 6peMeHHl/I JKCHH.

Tepanusita ¢ HEHOHM3MpPAIIM JIBYCHUS (MAarHUTHHU II0JETA,
€JIEKTPOMATHUTHH BBJIHHU OT Pa3iIMYHM YECTOTHH OOXBaTH,
OIITUYHH JIBUCHHUS, JIA3EPH, CBIIO U YITPa3ByK) ce Mpuiara B
MHOXKECTBO YPEAH U ChOPBKCHUS BbB (DU3HOTEPANHATA, Bb-
BEJICHM B IpaKkTHKaTa npe3 nocineguaure 50 ronnau. EnqHospe-
MEHHO C TOBAa, PaJAMOYECTOTHUTE €JIEKTPOMATHUTHU BBIHH,
OINITUYHUTE U JIA3EPHUTE JIBYCHHUS U TIOBUILIEHOTO aTMocdep-
HO HaJsraHe ce M3M0I3BaT MacOBO B XUPYPrusiTa, OHKOJIOTU-
aTa, oPTaIMOJIOrUsATa, JEPMATOIOTHATA, YPOJIOTHATA, CHIIO
U B KO3METUYHUTE [IEHTPOBE.

OusngeckuTe (GaKkTOpu ca YHUBEpCaTHH (PaKTOPH HA cCpe-
JaTa, B KOSTO YOBEK paboTH, )KMBEe WIW IpeOMBaBa, OIIC
MOBEYe MOpaJH TEXHOJIOTUUTE, KOUTO YOBEK BHBEXK/A B TO-
CJIE/IHUTE TOJMHH, KaTO HAPUMEpP B TEICKOMYHHUKAIUSTA,
eHepreTuKara, TPaHCIOPTa K MHOTO JIPYTH.

[To To3u HauuH TEe3u (GAaKTOPU OT ,,IPUCHIIM 32 YOBEKA M
eBOJIIOIMATA Ha OMOJOTMYHUTE BHJIOBE Ha IJiaHeraTa (ec-
TECTBCHHUTE (PU3UYECCKH CHEPI'HH) CC MPEBPBIIAT BHB BbH3-
MOXHHU BpeAHH (aKTOpH Ha cpelara, BIHSCIIA KAKTO Ha
YOBCKa, Taka W Ha npupojaara. Karo Opoii ¢paktopu, BUIOBE
TEXHOJIOTHH, B KOUTO T€ C€ MpHUjarar, Te ca MHOTO MO-ITUPO-
KO pa3nmpocTpaHeHHu B )KUBOTA Ha YOBEKa, OTKOJIKOTO HOHU-

practices for prevention of medical personnel and for the
people exposed to such factors.

This part of the medical physicists is not covered by
any international professional classification, and they
should have the same professional protection as the
others that use ionizing radiation in their practice.
The international medical physics organizations, as
International Organization for Medical Physics (IOMP),
European Federation of Organisations For Medical
Physics (EFOMP) should include the medical sanitary
physics in the classification of professions, as “MP
scientists”, and to use the same curriculum requirements
for these postgraduate physicists as for the others
medical physicists.

Key words: medical sanitary physics,
postgraduate education, MP scientist, [OMP,
EFOMP

BACKGROUND

Many applications of physical factors have been known
for more than 4,000 years in the treatment of various
diseases, in particular the action of climatic factors, the
magnetic field, solar radiation. Over the last 100 years,
various technologies with the application of physical
energies have become the basis for better diagnosis and
treatment of many diseases.

Magnetic resonance imaging (MRI) diagnostics largely
displaced computed tomography and eliminated the risk
of exposing patients to ionizing radiation. Ultrasound
technology in medicine has allowed early diagnosis
of diseases of internal organs, including the fetus in
pregnant women.

Non-ionizing radiation therapy (magnetic fields,
electromagnetic waves of different frequency bands,
optical radiation, lasers, as well as ultrasound) is applied
in many devices and equipment in physiotherapy,
introduced in practice over the past 50 years. At the same
time, radio frequency electromagnetic waves, optical
and laser radiation and elevated atmospheric pressure
are widely used in surgery, oncology, ophthalmology,
dermatology, urology, as well as in cosmetic centers.

Physical factors are universal factors of the environment,
where a person works, lives or resides, mostly because
of technology, which man has introduced in recent
years, such as in telecommunications, energy, transport
and many others.

In this way, these factors from ,,inherent” to man and
the evolution of biological species on the planet (natural
physical energies) become possible harmful factors of
the environment, affecting both man and nature. As a
number of factors, the types of technologies in which
they are applied, they are much more common in human
life than ionizing radiation.
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3UpaAlIUTE JIBYCHUS.

Bcnuko ToBa M3MCKBa CCPHUO3CH MOAXOA IIpU OILCHKATa Ha
CKCIIO3UIUATA U pHUCKA HaA (1)I/ISI/II{GCKI/IT6 q)aKTOpI/I, KaKTO "
noaxoAau 3a MpeBeHUUs, HOI[O6HI/I Ha TE3u, NpruJIaraHu 3a 3a-
muTa OT ﬁOHHBHpaH.II/ITe JIBYCHUA.

CNEUMANHOCTTA “MEOULUMNHCKA
®U3NKA” — HOBU OENHOCTU U
N3NCKBAHUA

[lox HaMMEHOBAHKMETO “MEIULIMHCKA (PU3UKA” IBJITO BPEME Y
Hac ce pasdupaiiie 00y4eHHUETO M0 (HU3UKA HA CTYACHTHTE I10
MEJIUIIMHA, CTOMATOJIOr sl U (hapMaiiusi, a B [0-MaJika CTETIeH -
1 B 00J1acTTa HA MEAMLIMHCKATA PAIMOJIONHsl, PEHTI€HOJIOT U,
HyKJIeapHa MEIHIIMHA, ChIIO HA PaJHoOHONIOTHsTa U pajiua-
nuoHHaTa 3anuTa. ChbBpeMeHHaTa IepUHULMS Ha HOHSITHETO,
npexacraBena ot [IOMP (International Organization of Medical
Physics), BKJ1r0YBa MO-IIMPOKO OIMCaHKUE Ha 00acTTa:

“Meouyuncka guszuxa” npeocmasnsiga “Kionw om npuiodic-
Hama u3uka, ¢ KOUmo ce 3aHuMasam mMeOuyuHcKkume Qu-
3uYY, OUNJIOMUPAHU C YHUGEPCUMEMCKA CMeneH Ulu pas-
HOCMOUHA, U CReYUATU3UPawu 6v8 QuU3uUKama, KOUmMo KioH
U3NON36a4 HAYYHU (21A6HO (DUUYHU) NPUHYUNU, MemOoOu U
MEXHUKU 6 NPAKMUKama u u3cie08aHusma 3a npedomepa-
msasane/npesenyus, OUACHO3A U Jle4eHUue Ha Y08ewKUme 3a-
00NIA6aHUS, CHC CNEYUATHAMA Yel NOO0OPABAHe HA Y06eul-
Komo 30paee u brazononyuue.”

[Tpn HACTOAMIOTO pa3BUTHE HA MEAUIIMHCKATa HAyKa U TIPaK-
THKa, KaKTO ¥ HAa (U3UYHUTE METOIH, NpUIaraHu OT Hed,
MEIUIUHCKUAT (PU3UK MMa MHOTO IIMPOKA TaMa OT 3aJbl-
KEHUs, a MMEHHO:

° )la y4dacTBa B €Talla Ha IJIaHUPAaHEC Ha METOAUTE, allapa-
TypaTa 1 Apyra TCXHHUKa, KOSATO MCAUIIUTE 1I€ ITpujiarat B
ornpeacji€cHa MEAUIIMHCKa 06J'IaCT;

* Jla mombupa u MOAIbprKa Ta3W TEXHUKA, C LIEN J1a Ce MIPH-
yara n30paHuAT METOJ | J1a C€ TOCTUTHE MCKAHUAT Pe3yil-
TarT;

e Jla yyacTBa B MHTEPAWCHUILUIMHAPHUS EKHII MPH OIpe-
JIeNIsTHE HAa METOJIUTE, CPEeICTBaTa, CTOWHOCTHTE Ha (H-
3U4ecKuTe (PaKTOPH, U3MOI3BAHU B HAyKaTa 3a eKCIIEePH-
MEHTAJIHU W3CIEIBAaHUSA U B IpPaKTHKaTa 3a Tepamus U
JINAaTHOCTHUKA;

« Jla onpenesnst MUHUMAJIHUTE JI03H M IPYTH €HEPTHIHN T1a-
paMeTpH Ha BB3JCHCTBHETO Ha YOBEKa ¢ (PU3NUECKH (aK-
TOpH, C IIeT JOCTHraHe Ha ePeKT OT BB3JCUCTBHETO TPU
Hal-MaJika Bb3MOYKHA €KCIIO3UIIHS;

* Jla ompezmensi MAKCHMAaJIHO JOIMYCTHMHUTE J03HM Ha BbH3-
JIecTBHE ¢ (PU3NIECKH CHEPTrUH KaKTO BBPXY MallHeHTH-
Te, TaKa U BbPXY MEIUIIMHCKHUS TIEPCOHA, C 1IeT Oe3omac-
HOCT Ha XOpaTa, HAMHUPAIIHU CE B yCIIOBUS HA Bb3ACHCTBHE;

* Jla pa3paboTBa METOAM 3a W3MEpBAHE, OLICHKA U JO3H-
METpHsl Ha Bb3JeHcTBaunTe Gu3ndecku GpakTopu BbpXy
YOBEKa, KAKTO M JIa OCUTYPsIBA U3BBPILIBAHETO HA TE3H U3-
MepBaHHS;

All this requires a serious approach to the assessment
of exposure and risk of physical factors, as well as
prevention approaches similar to those applied to
protection against ionizing radiation.

MEDICAL PHYSICS SPECIALTY - NEW
ACTIVITIES AND REQUIREMENTS

The term ,,medical physics® has long been used in
our country to teach physics to students of medicine,
dentistry and pharmacy, and to a lesser extent - in the
field of medical radiology, radiology, nuclear medicine,
as well as radiobiology and radiation protection.
The modern definition of the term presented by the
International Organization of Medical Physics (IOMP)
includes a broader description of the field:

“Medical Physics” is “a branch of Applied Physics,
pursued by medical physicists with a university degree
or equivalent, and specializing in physics, which branch
uses physics principles, methods and techniques in
practice and research for the prevention, diagnosis
and treatment of human diseases with a specific
goal of improving human health and well-being.”

In the current development of medical science and
practice, as well as the physical methods it uses, the
medical physicist has a very wide range of duties, namely:

» To participate in the planning stage of the methods,
equipment and other equipment that physicians will
apply in a particular medical field;

» To select and maintain this technique in order to apply
the chosen method and achieve the desired result;

e To participate in the interdisciplinary team in
determining the methods, equipment, values of
physical factors used in the science of experimental
research and in the practice of therapy and diagnosis;

* To determine the minimum doses and other energy
parameters of human impact with physical factors, in
order to achieve the effect of the impact at the lowest
possible exposure;

* To determine the maximum permissible doses of
exposure to physical energy on both patients and
medical staff, for the safety of people in exposure;

* To develop methods for measurement, evaluation and
dosimetry of the influencing physical factors on the
person, as well as to ensure the performance of these
measurements;

* To participate in the assessment of the impact of
physical factors on humans and the environment,
in the introduction of new methods, systems and
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e Jla yyacTBa mpu OIICHKATa HA BB3IACUCTBHETO HA (H3H-
yeckuTe (aKTOpU BBPXY YOBEKA M OKOJHATA cpena, MPU
BBBEXJ[aHE HA HOBU METO/IM, CUCTEMH U TEXHOJIOTUH, Bb3-
JeiicTBany upe3 GU3NUCCKU CHEPIUH BhPXY HACCICHHUETO;

* Jla Opae BOJEII CIICIIHANHCT B pa3pabOTBAHETO U IPHUIIA-
raHeTo Ha CPEACTBA 3a 3al[UTa Ha pa0OTEIIUTE OT Bb3-
JeficTBreTo Ha pU3WYHU (PaKTOPH HA paboTHATA Cpena;

e Jla yuactBa B pa3pabOTBAaHETO M MPHJIATAHETO HA HOP-
MU U 3aKOHOJIATEJICTBO B 00JacTTa Ha 3al[UTaTa OT Bb3-
JeficTBreTO Ha (u3nuecku (HaKToOpu B paboTHATA Cpeaa u
B HACEJICHUTE MECTa.

[Tpe3 2012 r. EBpomneiickata ¢enepanusi Ha OpraHU3aAUUTE
no menuuuHcka ¢usnka (EFOMP) myOnnkyBa nOKyMeHT,
orpesessl] NOJIUTHKaTa 3a AepUHIpPAaHEe HA HOBH JICHHOCTH
B o0JjacTTa Ha MEJUIIMHCKaTa (U3MKa, KOUTO CIeaBa Ja 10-
BezaT 10 oboraTsBaHe Ha M3MCKBAHUSTA 32 KBaJU(PUKALMS
W TIO3HAHMS Ha MeqUIMHCKUTE (pu3uiy. EnHa oT ocHOBHUTE
MIPUYMHY 32 TOBa Oelle MacoOBOTO M3IOJ3BaHE Ha ChOPBHKE-
Hus ¢ SIMP 3a quarHocTuka, 4acT OT TSX ChbBMECTHO C KOM-
MIOTBPHU TOMOTpadu u Apyru TexHoioruu. Taka mpes 2020
r. Ocnre BBBezicHO nombiiHeHUe PS No.14 (1), kpaeTo ce mpe-
MOpBYBA JIBYCTEIEHEH MOAX0 KbM I'apaHTHPaHeTo Ha 6e30-
[IaCHOCTTa B MarHuTHO-pezonancuara (MP) oopasna quarso-
CTHKa, C BhBEIKIAHETO HA ,,0TTOBOPHUK 110 MP Ge3omacHocT™
(MR Safety Expert, MRSE), ananornuHo Ha T0o31 B 00JIacTTa
Ha HoHM3MpaIuTe JbueHus — ,,Radiation Protection Officer,
RPO” u ,,Radiation protection expert®, RPE. ®ynkuuure Ha
RPE u MPE morat ga ce u3nbJIHIBAT OT €IHO U CHILO JIHIIE,
U B JICYEOHHUTE 3aBEJCHUSI TOBA HAM-JIOTMYHO € Jla € Me/IHU-
IMHCKHM (PU3MK, HO KBaJIM(pUKAIMATA CE JaBa MO Pa3InIHU
npouenypu (a y Hac ¥ ot pa3nuyHu uHCTUTYnuu - RPE ot
AreHnusra 3a siipeHo peryiupase, a MPE ot M3).

I_[I/ITI/IpaHOTO JOITBJIHEHHUE CC OKa3a HCO6XO,I[I/IMO CIICa:

» Ilyonuxysaneto Ha JIupextusa 2013/35/2013 3a 3amura
Ha paboTenuTe OT Bh3ACHCTBHETO HA CNCKTPOMATrHUTHH
npueHus (2);

* pa3BUTHETO U IMPUJIATAHETO HA HOBU ChOpHKeHUs ¢ SIMP
(MRI), kato PET/MRI, LINAC/MRI, interventional MR,
SPECT/MRI, parallel transmit RF systems, kakTo u Bb-
BexIaHeTo Ha MHOro mHreH3uBHU MRI cucremu (7 T),
BBB Bph3Ka C HOBUTE M3UCKBAHUS 3a OC30MACHOCT Ha T1a-
LUCHTUTE U PaOOTEIUTE;

* myb6nukyBaneto Ha EC RP 174 “European Guidelines on
Medical Physics Expert” mpe3 2014 t., xpaeto EBpomeii-
CKaTa KOMHCHS IIPETOPbYBa ,,...Thil KATO CUCTEMHUTE, U3-
J'bYBAIIN HEHOHHU3UPAIIH JIBYEHHS ChbBMECTHO C HOHU3H-
pammu, ctaBaT Bce noBeue (kato PET/MRI, SPECT/MRI),
Jla ce BKJIFOYH €KCIIEPTHT 1Mo MeannuHcka ¢pusnka (MPE),
MMall MOAXOISIIY 3HAHHUS 110 OTHOIICHHWE Ha MEIUIIMH-
CKOTO MPHJIOKEHUE Ha NpyTH prsmuecku Gaxtopu’ (3);

* 3HAYMTEIHO pa3MIUpPSIBAHE HA BHCOKOCICIMAIU3HPA-
Hu SIMP rtexnuku, xaro cnekrpockomnusi, diffusion and
perfusion weighted imaging, functional imaging (fMRI),
susceptibility weighted imaging (SWI), morphometry,

technologies that affect the population through
physical energy;

* To be a leading specialist in the development and
implementation of measures for protection of workers
from the impact of physical factors of the working
environment;

» To participate in the development and implementation
of exposure limits and legislation in the field of
protection against the impact of physical factors in the
work environment and in settlements.

In 2012, EFOMP published a Policy Statement
No.14 document setting out the policy for defining
new activities in the field of medical physics, which
should lead to the enrichment of the qualification and
knowledge requirements of medical physicists. One of
the main reasons for this was the widespread use of MRI
equipment for diagnostics, some of them in conjunction
with computed tomography and other technologies.
Thus, in 2020 Addendum to PS No.14 (1) was introduced
a two-step approach to ensuring safety in magnetic
resonance (MR) imaging, introducing MR safety officer
(MR Safety Expert, MRSE), similar to that in the field
of ionizing radiation — ,,Radiation Protection Officer,
RPO” and ,,Radiation Protection Expert”, RPE. RPE and
MRSE functions can be performed by the same person,
in clinics it can be the medical physicist. Qualification is
given under different procedures, and in our country by
different institutions — RPE by the Nuclear Regulatory
Agency; MRSE by the Ministry of Health.

The cited addition turned out to be necessary after:

* publication of the Directive 2013/35/2013 on the
protection of workers from exposureto electromagnetic
radiation (2);

* development and implementation of new MRI
facilities, such as PET/MRI, LINAC/MRI,
interventional MRI, SPECT/MRI, parallel transmit
RF systems, as well as the introduction of the most
powerful MRI instrumentation (7.0 T -scanners), in
connection with the new requirements for patient and
worker safety;

* publication of EC Radiation Protection No.174
“European Guidelines on Medical Physics Expert”
in 2014 , where the European Commission
recommends... as systems that emit non-ionizing
radiation together with ionizing radiation become
more and more (such as PET/MRI, SPECT/MRI), to
involve the Medical Physics Expert (MPE), who has
appropriate knowledge of the medical application of
other physical factors® (3);

» significant expansion of highly specialized MRI
techniques, such as spectroscopy, diffusion and
perfusion weighted imaging, functional imaging
(fMRI), susceptibility weighted imaging (SWI),
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CEST contrast, Arterial Spin Labeling (ASL), synthetic
MRI, etc., KOMOMHHPAHOTO H3MOJ3BAHE HA MHOIO OT
TE3W TEXHUKH TP IUIAHUPaHe Ha XMPYpruvyHa Hameca,
paxuorepanusi WM MyJITHMOJaliHa oOpas3Ha JUarHo-
CTHKa, CHIIO U HAPACTBAILIOTO NpuiiokeHne Ha Artificial
Intelligence (Al) B quarHocTHuYHaTa pajuoIOTUs, KaKTO
1 M3M0JI3BAaHETO Ha KOJIMYECTBEHN 00pa3Hu OnomMapkepH,
OCHOBaHM Ha JaHHU OT SAIMP (4).

B®3 ocHoBa Ha TOBa fonbiaHenrne EFOMP npaBu npenopski,
CBBP3aHU ¢ HEOOXOAMMOCTTAa MEIUIIMHCKUTE (QU3UIH Aa CE
o0ydJaBat ogpoOHO B m3uckBaHusTa Ha lupexTuna 2013/35/
EK, xakTo ¥ 3a mpuiaraHe Ha Ipyru GpU3nYecKH (akTOPH B
MeIUIIMHCKATa MPaKkTUKa. ExHa oT mpenopbKuTe BKIIOUBA U
oOorarsBaHe Ha 00y4YEHHETO MO CHENHUATHOCTTA ,,MEANIINH-
cKa (M3MKa™ ¢ HOBUTE M3UCKBAHMS, U3BBH TE3H, CBBP3AHU C
KJIMHUYHOTO IPUIIOKCHUE Ha HOHU3UPAIINTE JIBUCHNU .

CNnegAnnIOMHO OBYYEHME MO
MEOUMUNHCKA CAHUTAPHA ®U3UKA B
BbJIFTAPUA

[TonoxxutenieH e GakThT, ue B bbiarapus chiiecTByBa Clie-
JIMIIJIOMHO OOyueHue 3a (GU3MLK M UHKEHEPH, KOETO I0-
KpUBa 4acT OT IUTUPAHHUTE JON'BIHUTEIHU H3UCKBAHUS
Ha MEXAYHapoaHuTe opranuzanuu. OCBeH MeIHIIMHCKA-
Ta paJHoJOTHYHA (PU3MKA, KOSTO MOATOTBS QUMLK 32
JTpUENICYeHHETO, oOpa3HaTa AMArHOCTHKA, HyKJIeapHaTa
MEIHIMHA, CHINO 32 IEIUTEe HAa PaAHOOHOTIOTUATA U Paau-
al[MOHHATA 3alllTa, y HAaC ce IPOBexkaa o0yueHue 1o me-
AUIMHCKA cCAaHUTapHA QU3NKA, KOETO BKJIIOYBA 3HAHUS 110
MPHJIOKEHHE, HeONAronpusiTHU e()eKTH, TPaHUYHU CTOM-
HOCTH, 3allUTa OT HEHOHU3NPAIU JbUeHHS (BKJI. ONTHYHH
U Ta3€pHH TBUCHU ), IIYM U BUOpaIuu B paboTHATA U OKOJI-
HaTa cpejia, SNIEKTPUYHY 3apsi/ii ¥ eJIeKTPHUEH TOK, aTMOC-
¢depHO HamsiraHe (IMOBHINCHO, MOHWIKCHO), TPAaBUTAIIM,
yckopeHus u ap. o roiasMa cTemeH Ta3u CHeruain3anus
OTTOBaps Ha KBaJupuKauusaTa Ha health physicist, KosTo ce
npuiara B CAIll 3a ¢pusuim, padoremniu B 001acTTa Ha Me-
JIMIMHCKATa HayKa U MPaKTHKa.

ToBa cienauIuIoMHO OOydYeHHE € periaMeHTHpaHo B Ha-
penda Ne 1 ot 22.01.2015 1. 3a mpuaoOMBaHe Ha CICI[UA-
HOCT B CHCTEMara Ha 3J[paBeona3BaHeTo (5).

Crneumnanuctute, npemuHaru npe3 CIO nmo MenummHcka
caHMTapHa (DU3HKa, ca C BUCOKAa CTENEH HAa KOMIICTEHT-
HOCT B 00JIACTTA HA U3MEPBAHEMO U OYEHKAMA HA Gu3u-
yeckume gaxmopu (MEXaHUYHU TPENTEHUS, MUKPOKJINMAT,
@JIIEKTPUYECKH TOK, MAaTHUTHH II0JeTa, eJICKTPOMAarHUTHH
BBJIHH, ONITHYHHU — MOJUXPOMATHYHH U Ja3ePHU JIBYCHHUS,
HOHHM3aIUs HA BB3AYIIHATA Cpela U APYTH), OyeHKama Ha
EeKCNO3UYUAMA U PUCKA 0T 8b30EUCMBUENO UM, 8b3MONC-
Hume HeOIAONPUAMHU 30pABHU eeKkmu, Memooume U
cpedcmeama 3a HAMAAA8aAHe HA 8b30eUCMEUETNO UM.

EnHoBpeMeHHO c TOBa, Te ca KBaIU(PHUIMPAHU 3a OYEHKA
HA YCR08UAMAa HA mpyo U OYeHKama HA PUckd om ekcno-
3uyus Ha Quauvecku enepeuu 8 pabomHama u 6 OKOIHaAmda
cpeda. Te ca moATOTBEHU OCHOBHO Ja paboTIT 6 obracmma

morphometry, CEST contrast, Arterial Spin
Labeling (ASL), synthetic MRI, etc., combined use
of many of these techniques in planning surgery,
radiotherapy, or multimodal imaging, as well as the
growing application of Artificial Intelligence (AI)
in diagnostic radiology, and the use of quantitative
imaging biomarkers based on MRI data (4).

Based on this addition, the EFOMP makes
recommendations regarding the need for medical
physicists to be trained in detail in the requirements of
Directive 2013/35 / EC, as well as for the application
of other physical factors in medical practice. One of
the recommendations includes enrichment of the
training in the field of ,,medical physics“ with the new
requirements, other than those related to the clinical
application of ionizing radiation.

POSTGRADUATE TRAINING IN
MEDICAL SANITARY PHYSICS IN
BULGARIA

It is a positive fact that in Bulgaria there is
postgraduate training for physicists and engineers,
which covers some of the cited additional requirements
of international organizations. In addition to medical
radiological physics, which prepares physicists for
radiotherapy, imaging, nuclear medicine, also for the
purposes of radiobiology and radiation protection,
we conduct training in medical sanitary physics,
which includes knowledge of application, adverse
effects, limit values, protection from non-ionizing
radiation (including optical and laser radiation), noise
and vibration in the working and living environment,
electric charges and electric current, atmospheric
pressure (increased, decreased), gravity, accelerations,
etc. To a large extent, this specialization corresponds to
the qualification of health physicist, which is applied
in the United States for physicists working in the field
of medical science and practice.

This postgraduate training (PGT) is regulated by the
Ordinance Ne 1 of 22.01.2015 on the acquisition of a
specialty in the health care system (5).

Specialists who have passed the PGT in Medical
Sanitary Physics have a high degree of competence in
the field of measurement and evaluation of physical
factors (mechanical vibrations, microclimate, electric
current, magnetic fields, electromagnetic waves,
optical - polychromatic and laser radiation, ionization
of air environment, etc.), the assessment of exposure
and the risk of their impact, possible adverse health
effects, methods and means to reduce their impact.

At the same time, they are qualified fo assess working
conditions and assess the risk of exposure to physical
energy in the workplace and the environment. They
are prepared mainly to work in the field of hygiene as a
preventive discipline in medicine and therefore have a
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Ha XueueHama Kkamo npopuiakmuyna OUCYUniIuna 6 meou-
yuxHama v Opaju TOBa UMAT CEPHO3HO MSCTO 3a paboTa B
HAay4YHU UHCTUTYTH M y4eOHU 3BCHA, KOHTPOJHU OPraHu
Ha M3, MOCB, MTCII, B ciayx0u 3a TpyJ0Ba MEIUIINHA,
OpraHu 3a KOHTPOJI, U HE M0-MaJIKO 3a 00CJIy)KBaHe Ha Me-
JMUIMHCKH 3BCHA, K'BACTO CE€ MpHiaraT Gu3nuecku GpakTopu
B MArHOCTHKATA U TepamusiTa — KaOMHETH 10 (U3HKAIHA
Tepanusi U pexaOuauTanus, KIMHUIHU 3BCHA C MPHUIIOKE-
HUE Ha JIa3¢PHU YCTPOMCTBA, KOBMETUUHH LICHTPOBE H [IP.
B ToBa OTHOIICHHE T€ 10 TOJsIMA CTCIICH OTTOBAPST Ha HO-
Bute usnckBanus Ha EFOMP 3a “Medical Physics Scientist”
(,,y4eH mo meaunuHCcKa (pU3MKa™), HO HAMAaT ChOTBETHATA
KJIMHHMYHA TOJrOTOBKA, KOSITO € HeoOxonuma 3a pabora B
obnactta Ha MP 00pa3Ha nuarHocTuka.

Bbrpekun de crennanucTHUTE IO MEIMIHMHCKA CaHUTapHa
¢u3nKa TOHSKBAE OTTOBApAT Ha mpernopbkata Ha EFOMP
3a o0yueHHe B o0JlacTTa Ha HEHOHM3UPALIUTE JIBUCHHUS,
0COOEHO OTHACSIIM ce A0 0E30MaCHOCTTa Ha TEXHOJIOTHHUTE
U ChOPBHKEHUSATA, T HE Ca JOCTATHUHO ITOATOTBEHH 3a U~
PEKTHOTO MM BKJIIOYBAHE B KJIMHUYHHUTE 3BEHA C IPUJIaraHe
Ha JIMP rexHonoruu.

NMPENOPBKU

3a YCHBBPIIEHCTBAHE HA CIEAIUIUIOMHOTO OOYyuYeHHE H
Clla3BaHE Ha CBPOICHCKUTE M3MCKBAHUS 3a Pa3lInpsiBaHE
Ha 3HaHUATA Ha MEAUIIMHCKUTE QU3HUIM B 00JIaCTTa Ha He-
HOHM3MpALIUTE JIBYCHUS U ApYyTrH (uzndecku (GakTopH, €
HEOOXOJIMMO CJICIHOTO:

* HeoOxoxuMo e na ce ch3gaze HOpMaTuBHA Oa3a Ha M3,
KOSTO Jla periiaMeHTHpa BKJIIOYBAHETO HA MEAMLIMHCKH
¢u3uLM B 3BEHATa 0 MarHWTHO-PE30HAHCHA JIMArHO-
CTHKA U J]a PErJIaMeHTHPA 3a/IbJDKCHUETO 32 KOHTPOJ Ha
Ka4ecTBOTO Ha anapaTypara 3a MPT, Bkitounrtento 6e3o-
MIACHOCTTA 32 TTAlUeHTHUTE, IIEPCOHAJIA ¥ HACEIICHHETO;

* Jla ce pasmrpu 0OyYEHHETO 10 MEIUIIMHCKA CAHUTapHa
¢u3nka B obmactTa Ha oOpa3HaTa TUArHOCTHKA C MPHIIa-
ra"e Ha (puznyecku enepruu — IMP, ynTpa3Byk;

*  3aBBPIIMINTE CICAIUIIIOMHO 00y YCHHUE 110 ,,MCTUIIMHCKA
canuTapHa Qu3nKa“ Ja nojxy4aBar JMIUIOMAa 3a ,,Me/IHu-
LUMHCKH (U3KK™ C HaAy4YHA HACOYCHOCT, KAKTO € Ipe/IIIoKe-
nueto Ha EFOMP;

« JlBere crenuainzanuy 10 MEAWLIMHCKA (usnka aa ycb-
BBPIICHCTBAT CBOMTE IIPOI'PAMU Taka, 4e Jla UMaT HIAKOH
o0y pa3znenu B 00ydeHHETO, 00XBaIIAI CHbBMECTHOTO
IpujaraHe Ha HOHM3MpAIU JTbUYEHHS U IPYTH GU3HUCCKH
(axTopy Ha cpenara B KIIMHUYHATA IPAKTHKA, [NIAaBHO He-
HOHU3UPAIIHN JIBUYCHNUS;

* B HanmoHanHaTa KiacupuUKaus Ha MPOPECUUTE, CTICIIH-
AJHOCTUTE M0 ,,MEAMIIMHCKA PaJUOJOrudHa (Pu3nka™ u
,,MEJUITNHCKA CaHUTapHa (PU3MKa* Aa ce OTHACAT JIO CIie-
UAJTUCTH ¢ 00pa3oBaTeTHA CTEMeH Hal-MajKo ,,Maruc-
TBp®, a He ,,0aKaaBbp™, KAKTO ca BbBeAeHU mpe3 2012 1.

serious place to work in research institutes and training
units, control bodies of the Ministry of Health (MH),
Ministry of Environment and Water (MEW), Ministry
of Labour and Social Policy (MLSP), occupational
health services, control bodies, and not less for servicing
medical units, where physical factors are applied in
diagnostics and therapy - offices for physical therapy
and rehabilitation, clinical units with application of
laser devices, cosmetic centers, etc. In this respect, they
largely meet EFOMP‘s new requirements for “Medical
Physics Scientist”, but they don’t have clinical training
that is necessary for MR imaging work.

Although specialists in ,,medical sanitary physics“ meet
some of the EFOMP‘s recommendation for training
in non-ionizing radiation, especially on the safety of
technology and equipment, they are not sufficiently
prepared for their direct inclusion in clinical units using
MRI technology.

RECOMMENDATIONS

In order to improve the postgraduate qualification and to
comply with the European requirements for expanding
the knowledge of medical physicists in the field of
non-ionizing radiation and other physical factors, the
following is necessary:

» To establish an Ordinance of the Ministry of Health,
which regulates the inclusion of medical physicists
in MR imaging units and regulates the obligation
to control the quality of MRT equipment, including
safety for patients, staff and the population;

* To expand the training in medical sanitary physics in
the field of image diagnostics with the application of
physical energies - MRI, ultrasound;

e Graduates of postgraduate training in ,,medical
sanitary physics to receive a diploma in ,,medical
physics® with a scientific focus, as proposed by
EFOMP;

» The two specializations in medical physics to improve
their programs so that they have some common
sections in the training, covering the joint application
of ionizing radiation and other physical factors of the
environment in clinical practice, mainly non-ionizing
radiation;

* In the national classification of professions, the
specialties in ,,medical radiological physics“ and
,,medical sanitary physics“ should refer to specialists
with an educational degree of at least ,,Master and
not ,,Bachelor®, as introduced in 2012.
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3AKINIOYEHUE

B 3akitodenue, CleAIMIIIOMHOTO 00y4eHHE 10 MEIUIINH-
cKa (U3MKa y HaC MMa TPaguIli{ U € OCHOBAaHO Ha HEOOXO-
JIMMOCTTA OT CHEIHAINCTH — (UMK B PA3THUYHHA 00JIACTH
Ha MEAMIIMHCKATa HayKa U TpakTUKa. YacT OT TAX HaMupar
CBOETO MSCTO B KIIMHMKUTE — B OTACICHHATA MO JUATHO-
CTHKa W Tepamnus C MpujiaraHe Ha HOHU3MpAIIH JTBYCHUS
(Te3u, 3aBBPIIUIN ,,MEIUITNHCKA PaguoJIOTHIHa (HHU3nKa™),
JIOKATO ,,MEAUIIUHCKUTE CAHUTAPHH QUNLU" — B pa3INYHU
Hay9YHU 1 KOHTpoiHHU 3BeHa Ha M3, MTCI, MOCB, cBbp3a-
HU C IPHJIOKEHHITA HAa U3NIecKuTe (PakTOpH B MEIUIIU-
HaTa WJIMU C IPUIIAraHeTO UM B TEXHOJIOTUHU B paboTHATA U B
OKOJTHATa cpeja.

Heo0xoaumo e pa3zpaboTBaHETO HAa HOBH ITPOTPaMH 10 JBe-
T€ CIHEeLMAJHOCTH [0 MEJUIMHCKA (HU3HKa, 32 Aa Ce OTTO-
BOpHU HAa U3HUCKBAHMSTA HA MPAKTUKATA, KAKTO M HA HOBHUTE
HACOKH, MpeasIokeHH B JokymeHTH Ha EFOMP.

Heo0xonmmo e chImo a ce M3paBHAT IpaBaTa Ha MEIUAIIIH-
CKUTE (U3UIH OT JBETE CIICI[UANIN3aIiH, KaTo ,,MCIAIIIH-
CKUTE CaHUTApHH QU3NOH 1a ObJAT BKIIOYCHH B KJacH-
¢ukanuaTa Ha mpodecuuTe, KaKTO TOBA € HAINpaBEHO 3a
»MEITUIINHCKUTE PaJTHOTOTUIHU (HUBHIIHN .
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LEHTBP 3A YINPABJIEHUE
HA NMPOEKTHU - KNNIO4YOB
MHCTPYMEHT 3A YCINELUHU
NMPOEKTHU OEUMHOCTU HA
BUCLWUUTE YHUITULLIA

SIlnuTa YepHoroposa

Llenmwvp 3a cumynayuoHna mexHuka U MeOUYuUHcKd
anapamypa, Meouyuncku ynusepcumem — Bapna

PE3IOME

Buveeoenue: Ilpoovnocunama 7 200Uy pamxosa npozpama
, Xopuzonm 2020 3a 6e36b3me30H0 punancupane Ha uscie-
dosamencku Npoekmu cmana U3MOYHUK HA 02POMHA 6a3d
OGHHU 34 AHANU3 HA HAYYHUME NOCTUICEHUS. HA MeNCOYHA-
PpOoOoHu u 6vreapcku uncmumyyuu. Ha nuso EC naii-eonsamo
npoYeHmHo yuacmue 8 npoexkmume umam oopazosamenti-
me opeanusayuu, 0okamo 8 bvieapus me ca edsa na mpema
nozuyus, ¢ 0saa 25,3%. Pezynmamume nokazeam, ye Komne-
menyuume Ha U3C1e008aMeNCKUmMe KOIeKMUBU 88 GUCULUME
yuunuwa (BY) 6 cmpanama ca daneu noo cpeonoesponeii-
CKOMO HUBO U NbMAM KbM NOBUULABAHE HA YCNe8aeMOCmmd
HAa npoexmHume NPeonoHCeHuUss MUHABA Npe3 PA3IUYHU Me-
Xauusmu 3a NOOKpena Ha ekunume. 3acmanany Ha npaza Ha
nosama 7-eoouwna PII ,, Xopuszonm Eepona“, ¢ ambuyuama
0a ce nosUWIU KAUeCcmeomo HA HAYYHaAma npooyKyus, e Ha-
noocumenno BY 0a ananuzupam v3modcnocmume cu 3a uH-
CMUMYYUOHAIHA NOOKPENa HA NPOEeKMHAMA OeUHOCM.

Ien: Ilerma na mosa usciedsane e 0a ce npoyuam QyHKyuu-
me Ha MeHcOYHAPOOHUume oducu 3a ynpasieHue Ha npoeKmu
(OVII) u oa ce nanpasu oyenxa Ha 0etiHOCMMa Ha YeHmpo-
geme 3a ynpasgienue HA NPOEKMU 8b8 GUCUIUME YUUIULA 8
bvreapus.

Mamepuan u memoou: Hzevpuieno e numepamypHo npo-
yusame no kaouosume oymu. ,,project management office”,
,role of PMO*, ,,type of PMO*. Jlumepamypromo npoyusa-
He e nposederno 6 Google u Scopus 6aszama oanHu.

Pesyamamu: [lenmpogseme 3a ynpagienue Ha NPoeKmu 6b6
BY upes onpedenenu oeiinocmu mocam oa noonomazam Ha-
VUHUME eKUNU 6b6 6CAKA (PA3a HA JHCUHEHUS YUKDIL HA NPO-
exma.

3axntouenue: Onmumusupanemo Ha Oeunocmume HA YeH-
mposeme 3a ynpasieHue Ha npoeKmu e no0odpu yCio8usima
3a pazeumue Ha NPOEKMHA 0eUHOCM U uje Oboe NPeonoCcmas-
Ka 3a pazepvujane Ha HAyuyHus NOMEeHYUal Ha u3cie008ame-
CKUme exunu, peCneKmu6Ho uje nosulil YyCnegaemocmma Ha
NPOEKMHUMe NPeonoHCeHUS.

KurouoBu 1ymMu: neHTHp 3a yIpaBieHUE Ha IPO-
eKTH, yIIpaBJIeHUE Ha IIPOEKTH, POJIA HA LIEHTHPA 32
yIIpaBJCHHE Ha MIPOEKTH, BUIOBE IIEHTPOBE 3a yIIpa-
BIICHHE HA IIPOEKTU

PROJECT MANAGEMENT
CENTER -A KEY TOOL FOR
SUCCESSFUL PROJECT
ACTIVITIES OF HIGHER
EDUCATION INSTITUTIONS

Yanita Chernogorova

Center for simulation technology and medical
equipment, Medical University of Varna

ABSTRACT

Introduction: The 7-year Framework Program Horizon
2020 for research projects has become a source of a
huge database for analysis of scientific achievements
of international and Bulgarian institutions. At the EU
level, the largest percentage of projects’ participation
have educational organizations, while in Bulgaria they
are only in third place. The results show us that the
competencies of research teams in higher education
institutions (HEIs) in Bulgaria are far below the
European average and the way to increase the success
of project proposals goes through various mechanisms
to support teams. At the beginning of the new ,, Horizon
Europe* program, with the ambition to increase the
quality of scientific production, HEIs are obliged to
analyze their opportunities for institutional support of
project activities.

The purpose: The purpose of this study is to investigate
the functions of the International Project Management
Offices (PMOs) and to evaluate the activities of the
Centers for Project Management in HEIs in Bulgaria.

Material and methods: A literature study was conducted
on the key words: , project management office”, , role
of PMO*, ,type of PMO* in the Google and Scopus
database.

Results: The Centers for project management in HEIs
can support the research teams in each phase of the
project life cycle through certain activities.

Conclusion: The Centers for project management are
an important tool for supporting the scientific activity
in HEIs, and the optimization and expansion of the
range of services offered by these units will improve the
environment for project development.

Key words: Center for Project Management,
project management office, project management,
role of the project management office, types of
project management offices
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BbBEOEHUE

IIpe3 2021 roxwHa ce MOAMMUCBAT MOCIEIHUTE TIOTOBOPHU 3a
(mHaHCHpaHe Ha MPOEKTH MO pamMKoBa mporpama ,,Xopu-
30HT 2020%. TIponsmxkunara 7 rogunu (2014- 2020 r.) mpo-
rpama 3a 06e3Bb3Me37H0 (UHAHCUPAHEe Ha HU3CIEI0BATEICKH
MPOEKTH, CTaHa U3TOYHUK HA OrpOMHA 0asa JIaHHM 3a aHa-
JIU3 Ha HAyYHWUTE IMOCTUIKCHUS HAa MEXIyHapOJHU U ObJI-
rapcku uHCcTATYIHH. EBpomneiickuar cwio3 (EC) cp3nane u
MOJAbPKAa UHTEPHET CTPAHMIA ChC CTATHCTHYECKU JTaHHH
32 BCHYKHU (PMHAHCHPAHU MPOSKTH U YUYACTHUIIM 110 PAMKO-
Ba mporpama ,,Xopu3oHt 2020, NapopManinoHHOTO TabI0
MpEJICTaBsi Pasnpe/e/ieHUeTO Ha YYaCTHHIIMTE [0 THUIl Ha
opraHu3anusTa, KIacuGUuIupaHo B CISAHUTE IPYyIH: 00pa-
30BaTeIHM, YaCTHU; M3CIIEJOBATEIICKH; MYyOJIUUYHHU; TPYrU
opranuzanuu (1).

Quaypa 1. PasnpedeneHue Ha y4acmHuyume rno mur Ha
opeaHu3ayusma

INTRODUCTION

In 2021, the last contracts for financing projects under
the Horizon 2020 Framework Program will be signed.
The 7-year (2014 to 2020) program for grant funding of
research projects has become a source of a huge database
for analysis of scientific achievements of international
and Bulgarian institutions. The European Union (EU)
has created and maintains a website with statistics on
all funded projects and participants under the Horizon
2020 Framework Program. The dashboard presents the
distribution of participants by type of organization,
classified in the following groups: Educational
organizations (higher and secondary education);
Private organizations; Research organizations; Other
organizations; Public organizations (1).

Figure 1. Distribution of participants by type of
organization

YuyactHuum no Tun Ha opraHusauusaTa [/ Participants by type of organization

3.9 3.2

A

= O6pazonaTenHH OpraHMIaLMK
= YacTHH cpraHMIayMK

= MacnegopaTencki OpraHHIagmm

H [pyrd opraHvaayMu

B MyBawuxm opraHusaymm

Ha ¢ona na obmara 3a EC cratucruka (¢ur. 1), Ta3n 3a cTpa-
HaTa HU € C Pa3JIMYHO JSUIOBO CHOTHOIICHHWE HA y4acTHE B
paMKoBaTa Iporpama 1o THI OpraHu3anuy. JJokato Ha HUBO
EC Ha#f-royisiMo mpoIeHTHO y4acThe B IPOEKTHTE UMaT 00-
pa3oBaTeIHUTE OpraHW3alMM, TO B bbirapus Te ca egBa Ha
TpeTa mo3unus ¢ s 25,3%, BogeHu ot dactHuTe (32,7%) 1
HayuHute (29,8) opranumzanuu. [lyOnwmdHWTE OpraHU3alHH
ca ¢ yuactue ot 7,1%, a ocrananute 5,1% ca 3a apyru op-
rauu3anuy. PesynratuTe moka3BaT, ue€ KOMIETEHIIMUTE Ha
M3CIIE0BATEICKUTE KOJIEKTHBH BbB BUcIIMTE yumniia (BY)
B CTpaHara ca Jjajied IoJ CPeTHOEBPONEHCKOTO HIUBO U ITBTSIT
KBM IIOBHIIABaHE yCIEBAEMOCTTA HA MPOEKTHHUTE IpeJo-
JKEHNS MUHaBa NPe3 pa3IMuYHU MEXaHU3MU 3a MOAKpera Ha
CKHITNTE.

Higher or secondary education
Private for profit

Research organizations

Others

Public body

Against the background of the general EU statistics (fig. 1),
those for our country have a different share of participation
in the framework program by type of organization.
While at the EU level the largest percentage of projects’
participation have educational organizations, in Bulgaria
they are only in third place with a share of 25.3%, led
by private (32.7%) and research (29.8) organizations.
Public organizations have a participation of 7.1%, and the
remaining 5.1% are for other organizations. The results
come to show us that the competencies of research teams
in higher education institutions (HEIs) in the country are
far below the European average and the way to increase
the success of project proposals goes through various
mechanisms to support teams.
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JlbpkaBara NpeiBHIKIa MEXaHM3MH 3a IOJIIOMaraHe pas-
paboOTBAHETO HA MPOCKTH OT OBJITAPCKU KOJCKTHUBU 10 CB-
poreiicku nporpamu, KakTo M IPOBEXJIaHETO Ha KOHCYII-
Taluu IPU U3INBJIHCHUETO U OTUUTAHCTO HA TE3U MPOCKTH.
[TogoOHM MepKHM ca MOXBaJHHU, HO IMPENBHJ MaladuTe Ha
NOTPEeOHOCTUTE CHBCEM PE30HEH € BBIIPOCHT: B CHITHO KOH-
KypeHTHaTa oOpasoBaTesiHa cpena, BY morar nu na 3ano-
JKaT CBO€TO HAy4YHO pa3BUTHUC, pa3q1/1Ta1711<1/1 CAUHCTBCHO Ha
Ibp)KaBHA MOAKpPENa UIM MMAaT MHCTPYMEHTH, C KOUTO Ja
Jaaar TIAchK Ha TO3M MPOrPEC W Jia MOBUIIAT HAy4YHATa U
MPOEKTHATa CH Mpou3BoaAuTeNnHOCT? OTroBOPET 3a Te3u BY,
KOMTO paboOTSIT 3a HEIIPEKbCHATOTO MMOBHUIIABAHE KAYECTBO-
TO Ha 00pa30BaHMETO, UMMJKA U PEUTHHIa Ha UHCTUTY-
nusaTa, € B TbpCEHETO HE CaMO Ha BbHIIHHW, HO U Ha BHTPCII-
HU MEXaHU3MHU, KOUTO OUXa MOBJIMSIIN TO3H MPOLIEC.

3acTaHanu Ha mpara Ha HoBara 7-roaumiHa PII ,,XopusoHT
EBpomna®, c amOumusTa 1a ce MoBHUINN Ka4eCTBOTO Ha HAy4YHa-
Ta NPOAYKLHUS, € HAJIO)KUTENHO BY na aHanu3upar Bb3MOX-
HOCTHUTE CH 332 MHCTUTYLIMOHAJIHA MOAKpENa Ha MPOEKTHATa
JIEWHOCT, MPeIBUJ KpalHO HE3aJ0BOJUTEIIHOTO IIpeICTaBIHE
Ha oOpa3oBaTeTHUTE HU OpraHu3anuu B npeaxonnarta PII u
Mo YepTaHO HEraTHBHOTO pa3MHUHABaHE OT cpeAHuTe 3a EBpo-
a pe3yaTaTi. B ycnoBusaTa Ha HEOTJIOKHOCT, 4YeCTO Hall-yaa-
YeH € MOAXONBT Ha aJalTUpaHe Ha Beye pa3padOTeHH Mexa-
HU3MH KBM COOCTBEHMTE YCIIOBHUS, BB3MOXXHOCTH U HYXJIH.
B3emaliku mpeaBua T3 YCIOBHOCTH, MOXKEM Jla MPHEMEM,
4e MonOpaHW WHCTPYMECHTH 3a BB3JCHCTBHE, Pa3lHCaHU B
HAITHOHATHH CTPATErHYeCKH JOKYMEHTH, ca IelIecboOpaszHo
cpencTBo, koeto BY morar ¢ siekoTa Ha yaca a puiioxkar, 3a
Jla ToMoOPST BETPEIIHATA CH Cpe/ia 3a YCIEIIHO pa3BUTHE Ha
npoekTHaTa neidHocT. [lo3uTuBuTe OT M300pa 3a JCHCTBUE B
Ta3¥M HACOKa Ca HAKOJKO:

e Mepkure Morat a1a Ob/IaT IPUIIOKEHU BEHATA,
* (CpoOpa3zeHu ca c akKTyaJTHOTO CHCTOSHHUETO Ha Cpeara;

* TlogOopsT UM € OT EKCIICPTEH CKHII, Ha Oa3ara Ha OOIIH-
PCH aHamu3;

e He MPOTUBOPLCHUAT HA HOPMATUBHHUTC AKTOBC HA CTPpAHATA.

OCHOBHHUTE JIOCTOBE 3a BB3/ICHCTBHE HA JbpiKaBaTa ca (u-
HAHCOBM M HOpMAaTHBHU. Hapen ¢ TsX, B CTpaTermuecKuTe
JOKYMEHTH Ca TNPEIBUICHU APYTH MEXaHHW3MHU (Hampumep
CTPYKTYPHH M aJIMUHUCTPATUBHHU PedOpMH), KOUTO MOTaT
nma ca O6asnc 3a pa3pabOTBAaHETO HA AHAJIOTUYHU MOJCIH H
npouecu Ha HUBO yHuBepcuteT. Hanpumep B Hanuonan-
HaTa CTPATerys 3a pa3BUTHE HA HAYYHWTE U3CIICABAHUS 3a
2017 — 2030 . e 06BpHATO OCOOCHO BHUMAHHE Ha POJIATA H
3HAQUEHHMETO Ha IICHTPOBETE, CBBP3aHHU C HAYyTHOHM3CIIE/0Ba-
TeJICKa M pa3BoifHa aeitnoct (2). Te3u 3BeHa purypupat Ha
BCHYKH HHMBA B CHCTEMAaTa — MEXJyHapOJHO, HAI[MOHAIIHO,
pPETrHOHAIHO U HHCTUTYIIMOHANIHO. Bususita nHa Crpaterusita
€ upe3 M3rpaxAaHeTO Ha PEerMOHATHH HAyYHH IICHTPOBE Ja
ce TIOCTUTHE TePUTOpHAJICH OaJlaHC Ha HAyYHUS KallaluTeT,
a CBIIECTBEH MPUHOC B CHTPYIHUYECTBOTO YHUBEPCUTET —
Om3HeC me UMaT Mo-e(eKTUBHO PabOTEIn MEXIUHHHU I10-
CPEIHUYECKH 3BEHA, KaTO LIEHTPOBE 3a TpaHCc(ep Ha TEXHO-
JIOTMM KbM HAyYHHUTE MHCTUTYIMHM U UACHTUYHU OTICIH B
nnayctpuara. [loqo6HN eHTpoBe 3a MPOEKTH (HaydHA JIeii-

Mechanisms to support Bulgarian teams’ performance in
applying for grants for research projects under European
programs have been envisaged by the state, as well as
consultations on the implementation and reporting of
running projects. Such measures are commendable,
however, the desperate needs raise question: In a
highly competitive educational environment, can HEIs
commit to their scientific development relying solely on
government support or do they have the tools to boost
this progress and increase their scientific and project
productivity? For those HEIs that continuously work
for improvement of the quality of education, image and
rating of the institution, the answer is in the exploration
both for external and internal mechanisms that would
influence this process.

At the beginning of the new 7-year FP ,Horizon
Europe®, with the ambition to increase the quality
of scientific production, HEIs are obliged to analyze
their opportunities for institutional support of project
activities. This commitment is further strengthened by
the extremely unsatisfactory performance of Bulgarian
educational organizations in the previous FP and the
negative discrepancy compared to the European average.
In case of urgent response to the circumstances, adapting
of existing mechanisms to own conditions, possibilities
and needs is often the most appropriate approach. Given
the above, we can assume that HEIs can borrow selected
instruments for impact that are part of the toolkit of
national strategic programs, in order to improve their
internal environment for project activities. Choosing this
approach brings several advantages:

» The measures can be implemented immediately;

e Measures are tailored to the current state of the
environment;

* Measures have been selected by an expert team, based
on extensive analysis;

» Measures do not contradict the country’s regulations.

The main levers of influence of the state are financial
and regulatory. In addition, the strategic documents
provide for other mechanisms (such as structural and
administrative reforms) that can be the basis for the
development of similar models and processes at the
university level. For example, the National Strategy
for the Development of Research for 2017 - 2030 pays
special attention to the role and importance of the
Centers related to research and development (2). These
units appear at all levels in the system - internationally,
nationally, regionally and institutionally. The vision of
the Strategy is to achieve a territorial balance of scientific
capacity by developing regional research centers.
Moreover, a significant contribution to university-
business collaboration will be made by more efficient
intermediaries, such as technology transfer centers
at research institutions and identical departments in
industry. Similar centers for projects (scientific) activity
have been established and functioning in all HEIs, but
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HOCT) MMa pa3KpUTHU BB BCHUKHU BY, HO ocera He e npaBeHO
IMpoy4yBaHE Ha ﬂeﬁHOCTHTe UM U JTOKOJIKO U3II'BJIHABAT POJIA
Ha KOHTAaKTHO ¢ OM3Heca 3BEHO.

LEN

LlenTa Ha TOBa M3ClieBaHE € Ja ce npoy4yar QyHKIHUTE Ha
MeXIYHapOoTHHUTE opucH 3a ynpasieHnue Ha nmpoektu (OYII)
U Ja ce HalpaBH OLICHKA Ha JEWHOCTTa Ha LEHTPOBETE 3a
yIpaBJICHHE Ha IPOCKTH BB BUCLIMTE YYHIUIIA B beiarapus.

MATEPUANNI U METOOU

W3BbpHIeHO € NOKYMEHTaJHO MpOoyYBaHE HAa HaJIW4YHATA M
JIOCTBITHA CIIEIMAJIN3UpaHa JINTEpaTypa OTHOCHO opucHUTe
3a ynpaBiieHHe Ha NpoekTH. KirouoBute nymw, u3moin3Ba-
HU B TBPCEHETO, ca: ,,project management office”, ,,role of
PMO*, ,type of PMO®. JIuTepaTypHOTO IpOyuYBaHe € Mpo-
BezieHo B Google u Scopus 0a3ata nanuu. JlanHute oOXBa-
maT AeHHOCTUTE, KOUTOo ce n3pbpiiBar B OYII, paznuunute
THIIOBE CTPYKTYPH U POJISATA UM 3a BUCHIHTE yuuauina. [Ipu
omnpenensHeto Ha neiiHocTute HA OYII B paznuunure dasu
Ha KU3HEHUs [IMKBJ Ha MPOEKTa € MPUJI0KEH KOJIUYECTBEH
aHanu3 Ha 6a3ara Ha npoyuenute OYII ot Torn 20 yHuBepcH-
Tera oT O6a3ara nanuu Ha EC, ¢ Hail-roisim Opoil yyactus B
MPOEKTH 10 paMKoBaTa mporpama ,, Xopu3ont 2020

PE3YNTATHU

[lo3HaTuTe y HAaC IEHTPOBE 3a HAy4YHA/TMPOEKTHA AEHHOCT
BBB BY ca nmonynsipuu B Haykarta 3a yrnpasJeHHe HA IPOCKTH
kato O¢uc 3a ynpasienue Ha mpoekTy (Project Management
Office). B PpKOBOJCTBO 3a cHcTeMa OT 3HAHUS 3a yIpaBJie-
HHUE Ha TPOEKTH Ha MHCTUTYyTa MO yINpaBlieHHEe Ha MPOCKTH
(Project Management Institute - PMI) ce ne¢unnpa nonsirue-
to OVYII karo ,,Opranu3aioHHa CTPYKTypa, KOSITO CTaHAAp-
THU3UPA CBBP3aHUTE C IIPOCKTHUTE MPOIECH Ha YIIPABICHUE U
YJIECHSIBA CIOJIENISTHETO Ha PECYypPCH, METONIOJIOTUHU, HHCTPY-
MeHTH U TeXHUKU (3). lepuHnnnsTa € NOMBIHCHA C KaTe-
ropusupaneTo Ha Tpu Tuna OYII Bb3 OCHOBa Ha CTENEeHTa Ha
KOHTPOJ 1 BIIMSHUE, KOETO UMAT BBPXY IPOSKTHTE: MOIKPE-
ISIIU, KOHTPOJIHU U yIIPaBJICHCKH.

e Tloakpensuuar OYII neficTBa kato xpaHuiIumie (peruc-
TBp) 32 MPOSKTUTE HA OPraHU3AIUATA M OCUTYpPSBa MOA-
Kperna BHMHaru, koraro ¢ HeoOxoauma. Tozm Tun oduc
MPeI0CTaBsd CTAaHAAPTHHU OaHKM, HACOKHU 3a BHEIPSBAHE
Ha Haif-noOpuTe MPaKkTUKH, MPOBEXkaa 00ydeHus u T.H. C
JIPYTH TyMH, UTpae KOHCYJATaTHBHA PO M YNpa)xHsIBa
MHOT'0 HUCKO HUBO Ha KOHTPOJI BBPXY MPOCKTHUTE.

e Konurponupamuar OVII nmpaBu BCHYKO, KOETO MNpaBu
noakpernsuusaT OYII, Ho QyHKIUUTE My ca pa3lIupeHH
4ype3 cujarTa Jia Hajlara Clia3BaHeTo Ha OpraHMU3allMOHHU
HPAKTUKU KAaTO HaIPUMEP METOIOJIOTHU 3a YIIPABJICHUE
Ha MPOEKTH miu crnenuduynu uHCTpyMeHTu. KoHTpo-
nupamusaT OYII ynpaxHsaBa yMepeHO HUBO Ha KOHTPOJ
BBPXY IIPOEKTUTE.

*  Vmopasiaenckuar OYII, kakTo nojackazBa UMETO, UMa Pb-
KOBOJHH IIPAaBOMOINUSL. Ta3u KaTeropus opucH UMaT MHO-
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so far no study has been conducted of their activities and
the extent to which they act as a contact point with the
business.

THE PURPOSE

The purpose of this study is to investigate the functions
of the International Project Management Offices (PMOs)
and to evaluate the activities of the Centers for Project
Management in higher education institutions in Bulgaria.

MATERIAL AND METHODS

A documentary study of the available and accessible
specialized literature on Project Management Offices
was conducted. The key words used in the search are:
,project management office®, ,,role of PMO®, ,type of
PMO*. The literature study was conducted in the Google
and Scopus database. The data cover the activities
carried out in PMOs, the different types of structures and
their role for higher education institutions. In order to
determine the activities of the PMO in the five phases of
the project life cycle, a quantitative analysis was applied
based on the services provided by PMOs of the top 20
Universities acording to the EU database, with the largest
number of participations in projects under Horizon 2020.

RESULTS

The well-known Centers for research / project activity
in universities in our country are popular in the project
management scientific field as the Project Management
Office. The guide to the project management body
of knowledge defines the PMO as ,,a management
structure that standardizes the project-related
governance processes and facilitates the sharing of
resources, methodologies, tools, and techniques™ (3).
The definition is supplemented by the categorization of
three types of PMO based on the degree of control and
influence they have on projects: supportive, controlling
and directive.

* The Supportive PMO registers the organization‘s
projects and provides support whenever needed.
This type of office provides standard templates,
guidelines for implementing best practices, conduct
trainings, etc. In other words, it plays an advisory
role and perform a very low level of control over the
projects.

* The Controlling PMO’s functions are expanded by
the power to enforce organizational practices such
as project management methodologies or specific
tools. This type of PMO acts a moderate level of
control over the projects.

e The Directive PMOs, as the name suggests, has
managerial powers. This category of offices have a
very high degree of control or complete control over
the projects, while providing resources and support
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I'0 BUCOKA CTEIEH Ha KOHTPOJI WIIU IIbJIEH KOHTPOJI BBPXY
MPOEKTHUTE, KATO CHIIEBPEMEHHO MPEAOCTABIT PECYPCH
U MOJIKPENa 3a YIPaBJIEHUETO UM. YTIPABIECHCKHAT O(HUC
HOCH OTTOBOPHOCT 3a PE3yJITATHTE OT MPOCKTHUTE, 3aTOBA
MEHHU/DKBPUTE HA MPOEKTH C€ Ha3Ha4yaBaT OT oduca u oT-
YUTAT ICHHOCTTA CU Ha oduca.

Kareropuzanus na OVII npasar u ot Gartner makap fa noj-
YyepTaBar, 4e HsMa IpUET cTaHaapT U Hail-goopust OVYII e
TO3U, KOITO € MPUroJeH Aa MOAABPKA OpraHU3allMOHHUTE
HYX U Ha HUBO. TO3H, KOUTO KOMIAHUATA MOXKE J1a BB3IpU-
eMe U OT KOMTO Aa peanu3upa nomnsa.

Gartner naeatudunupat 4 tuna OYII, cro06pa3HO HUBOTO
Ha KOHTPOJI, KOETO MOXeE J1a YIPaXXHsIBAT U 00XBaTa Ha aeii-
HOCTHUTE UM (4):

e AxtusHO OYII — nmpoyuBa NpOEKTHH Ka3yCH U MPeJIoxKe-
HUA 32 U3IIBIHEHUETO UM 3a CHOTBETCTBHUSA C LIEIHUTE Ha
OpraHM3aIusTa, 3a MOTCHIIMAIHN PUCKOBE, KaTO 1O TO3U
HAuMH MOANoMara B3emamute pemenus. Cienu craryca
Ha BCHYKH MPOEKTH U MOXE Ja Tpejsiara/lmonucka MepKH
3a aevictBue. To3u Tun OVII e mogxomasii 3a opraHu3ai,
KOHMTO Ca OPHEHTHUPAHHU KbM OM3HEC MPOEKTH.

e OVII3a gocraBka Ha mpoekTH — criopen Gartner none 40%
ot OVII ca 0T TO3U THI, KOETO T NIPaBU Hai-4eCcTo cpe-
HIAHKAT. Te3n CTPYKTYpH ca HATOBAPEHH C IIAHUPAHETO
U KOHTPOJIAa HAa TaKTHYECKOTO U3IIBIHEHUE HA MPOEKTH,
cHOOpa3eHo ¢ ouaKkBaHUsATa Ha OM3Heca. PpkoBouTETUTE
ce HachpyaBaT Aa yIpaBisABAaT IPOAKTUBHO CBOUTE MPO-
eKTH.

e OVII 3a chOTBETCTBUE - OCHOBHATA IIEJI HA Ch3JIaBAHETO
Ha takuBa OYII e 1a ce yCTaHOBAT CTaHIAPTHU MPAKTHKH
3a W3MepBaHe Ha W3ITBJIHEHUETO HA MPOEKTH U TI03HABa-
HE Ha ChCTOSSHMETO Ha KJIFOYOBH MPOECKTHU WHHUITUATHBH.
He cnygaitao, To3u Tun OVYII ca n36op Ha opraHu3anum,
KBJICTO JIUTICBAT JOKYMEHTAIIHS, IPOIICTY PY H/HIIN METO-
JIOJIOTHH.

e lentpanusupan OYII — kakTo MOACKa3Ba UMETO, YIPaXK-
HSIBaT HAK-TOJISIM KOHTPOJ W KOHIEHTPUPAT Hail-MHOro
JeitHocTu. Ch3/1aBaT ce B OpraHu3aliy, KbJIETO HUBOTO
Ha yIpaBJIeHHE HA MPOEKTH € B HAYaJIHO HUBO HA Pa3BU-
THE, a aHTAKUPAHUTE B JAEHHOCTTA CIYXKUTEJIH ca KIIIO-
YOBU 3a OpraHu3alMsATa. 3a Ja ce NPEeBb3MOTHE Ta3u
3aBHCHMOCT U JIa C€ TIOBHINHM €(pEeKTUBHOCTTA, PHKOBOJI-
CTBOTO TIPUBJIMYA HOBH M3ITBJIHUTENIN WM NPECTaBUTE-
JIV Ha Pa3IMYHU OpraHU3aIiH, KOUTO J1a CIOAEISAT CBOUTE
Hai-00pH MPaKTHKH.

Maxkap nBe yBaxaBanu opranusanuu (PMI, Gartner) nma
npemiarar knacudunupane va OVYII, Bce orme smmcsar pam-
KM, KOUTO JIa ONHIIAT IPABIIIHO CIIEHU(PHUKAIINUTE U (YHK-
nuonupaneto Ha OYII (5). BHenpsiBaHETO HAa HOBA CTPYKTYpa
Ha OVII u3uckBa 1006po pazdupaHe Ha OCHOBHHTE XapaKTe-
pPHCTHKH, KOUTO TpsiOBa na ObIAT pa3pabOTeHM W CleioBa-
TEJTHO € TI0JIE3HO Ja Ce OYepTasiT paMKHUTE, B KOUTO MIE ce
OKa3Ba IOJIKpeNa Ha yIpaBieHneTo. B To3n pex Ha Muciwy,
OVII TpsiOBa f1a ce pas3riexaa KaTo JOMbJIBAINa U MOAKPEIs-
II1a eMHUIA, ChOOpa3eHa C OpraHu3allMOHHATA CTPATETHS, a

for their management. The management office is
responsible for the results of the projects, so the
project managers are appointed by the office and
report on their activities to the office.

Gartner also categorizes PMOs, although they
emphasize that there is no accepted standard and
the best PMO is the one that is adapted to maintain
organizational needs at a level that the company can
perceive and benefit from.

Gartner has identified 4 types of PMOs, according to
the level of control they can perform and the scope of
their activities (4):

e The Activist PMO - studies project cases and
proposals for their implementation for compliance
with the objectives of the organization, for potential
risks, thus supporting decision makers. It monitors
the status of all projects and can propose / request
action measures. This type of PMO is suitable for
organizations oriented to business projects.

e The Delivery PMO - according to Gartner, at
least 40% of PMOs are of this type, which makes
them the most common. These structures are
responsible for planning and controlling the tactical
implementation of projects in accordance with
business expectations. Managers are encouraged to
proactively manage their projects.

e The Compliance PMO - the main purpose of
creating such PMO is to establish standard practices
for measuring the implementation of projects and
tracing the status of key project initiatives. Not
coincidentally, this type of Master Plan is a choice
of organizations where documentation, procedures
and / or methodologies are lacking.

* The centralized PMO- as the name suggests, these
PMOs execute the greatest control and concentrate
the most activities. They are created in organizations
where the level of project management is at an early
stage of development, and the employees involved
in the project’s activities are key members for
the organization. To overcome this dependence
and increase efficiency, management attracts
new individuals or representatives of different
organizations to share their good practices.

Although two reputable organizations (PMI, Gartner)
propose a classification of the PMOs, there is still no
framework to correctly describe the specifications and
operation of the PMOs (5). The implementation of a
new PMO structure requires a good understanding
of the main features that need to be developed and it
is therefore useful to outline the framework within
which management will be supported. Taking this into
account, the PMO should be seen as a complementary
and supportive unit in line with the organizational

14 M CneupanHo nsnanue M Tom 13 M Ku. 4 M M BBNTAPCKO CMMCAHME 3A OBLLECTBEHO 3[JPABE M 2021 M BULGARIAN JOURNAL OF PUBLIC HEALTH M M M Vol.13 M Ne 4 M Supplement M



HUBOTO Ha pyHKkunoHanHoct Ha OYII TpsdBa na 6bae QPyHK-
s Ha ctparerusara (6). Hemjo noseue, korato OVYII e nbi-
0OKO BrpaJieH B IIpHeMalliaTa Cu OpraHu3alys clie/iBa JIBeTe
Ja ce pa3BuBat napanento (7). B KoHTeKcTa Ha MOCIETHOTO
U Ha pas3rieflaHuTe MO-rope CTPATerHYecKd U HOPMATUBHU
MIPOMEHU B CEKTOPA, € HAJIOKHUTEIIHO aJalTUPAHETO HA LIEH-
TPOBETE 3a NPOEKTHU BbB BY KbM IpoMeHUTE BbB BBHILIHATA
W/WH BBTpEIIHATA UM CPejia.

[TocTaBeHu mox HapacTBAIIMs HATHCK Ha BBHIIHATA CPEJa,
BY B bbarapus cnensa ga agantupar NpakTUKATE CH 3a
YHpaBJIeHHE HA MPOCKTH Ype3 IMpHJIAaraHe Ha MOAXOISIIN
MPOIIECH M METOOJIOTMH, KaTo YacT OT TSAXHATa ILsJIOCTHA
CTpaTerust U Karo KpuTH4eH (pakTop B pa3BUTHUETO HA KOH-
KYPEHTHHU NpeauMcTBa. EqHO ycnine B OpraHn3ainoHHOTO
yIpaBlieHHE Ha IMPOEKTH, KOeTo rnoseyeto BY ca ocwmiect-
BUJIM BBB BPEMETO, € Ch3/IaBAaHETO M BKJIIOUYBAHETO Ha HOB
cybekTt, OVYII (8), koiiTo MOXKe J1a Ce MOSIBU FUIH CaMOCTOSI-
TEIHO B OpraHu3anus, uiau kato MHoxkecTBo OVYII, Haro-
BapeHU C Pa3IMYHU 3aJaudl MO YIPABICHHWE HAa MPOCKTH H
oOxBar Ha aeriHocTuTe (9). MOnepHN3NPAaHETO HA LEHTPO-
BETE 3a MPOCKTH MOXKE J]a IPEBBbPHE TE€3H 3BEHA B KJIIOUOBH
3a pa3BUTHETO HA YHUBEPCUTETA. 32 IpsAKaTa BPb3Ka MEXY
neitHoctTa Ha OVII M mTpoeKTHUTE pe3yNTaTH Ha OpraHH3a-
nuute uMa penuna u3cnensanus. Cropen Spalek (10) OVII
ca aKTHBEH NOCPEAHMK B OTHOLICHHATA ChC 3aHHTEPECOBA-
HUTE CTPaHM IO MPOEKTa U Ca ONpEJeNICHH KaTO KPUTHUYCH
¢dakrop 3a ycmexa (10). M3cnenBaneTo HASHTUPHUITUPA TPU
oOnacT, B KOUTO ca Ipynupanu (HaKkTOPUTE, BIHUSICIIN BbP-
Xy ycrexa Ha MpoeKTa: (a) METOAH, U3MOI3BAHM MPH yIIpa-
BJICHHETO Ha MpPOEKTH, (0) Xopa, yyacTBamy B MPOCKTH, U
(B) OopraHu3anoOHEeH KOHTEKCT, B KoiiTo OYII, nHTerprpaH B
OpraHM3alMOHHATA CTPYKTYPa, MOXE J1a UTpae BaskHa pOJIs.
B moaxperna Ha mocieHOTO ca M3BOAUTE OT pa3paboTkaTa
Ha Fernandes et al. (11), konTO TBBPASAT Y€ pa3BUTHUETO Ha
paskpuTa HHQPACTPYKTYpa 3a yIpaBJIeHUE HA TPOSKTH, KaTO
nanpumep OVYII wnm nmogobHa cTpyKTypa, HogoOpsBa mpe-
CTaBSHETO M YCIIeXa Ha IPOEKTHTE M CIIEJ0BATEIHO CTOM-
HOCTTA Ha OpraHu3anusTa. EKUIBT pa3BuBa n3ciaeaBaHusITa
cu 1 B nocoka poisita Ha OYII B u3rpaxk1aHeTo Ha CHTPYI-
HUYECTBO MEXIYy YHUBEPCUTETa U OM3HECa KaTO apryMeHTH-
par te3ara, ue OVYII morat na yOensr nnayctpusra, ye BY
€ HaJIeX/IeH NapTHHOP M CHIIEBPEMEHHO Ja IpeHacovar Ha-
YUYHHUTE U3CJIEIBAHUS KbM PEaTHUTE HY X1 Ha OusHeca (12).

Co3aaBaneto Ha OYII Mmoke 1a Obje pernienue 3a HamassBa-
HE Ha HEYCIeXHTE Ha MpoeKTHaTa AeiHocT (8,13), Thil KaTo
MHOT'0 OT I'PEUIKUTE, HAIPABEHHU 110 BpeMe Ha YIIPABJICHHETO
Ha JaJieH MPOeKT, Beue ca OMJIM JIONYCHATH B APYTH MPOECK-
TH, Y€CTO C pa3InYHu eKuIu. TpaHcdepbT Ha HHPOPMALIHS
MEX/y MPOEKTH, IOYKHUTE KOUTO MOTaT Jia Ce M3BJIEKAT U J]a
ce MoydJar ChBETH Ha 0a3aTa Ha HATPYTAH OIMUT, ca 0OEKT Ha
n3ciensane U Ha Nobeoka & Cusumano (14). B mpoyuBaneTo
cu BepXy 210 mpoekTa, Te cTUTAT A0 M3BOJA, Y€ e()EeKTHB-
HOTO YyTpaBJCHHWE HA MHOXKECTBO IPOEKTH H3UCKBA HSIKOH
BB3MOXHOCTH, BKIIOUHMTEIHO OIPE/eIeHH OpraHNn3alnoH-
HU CTPYKTYPH U MPOILECH, KOUTO Ca PAa3JIMYHU OT TE3H, U3-
MOJI3BaHM 32 YIIpaBlieHHE Ha OTAeNHU npoekTH. [lo-nobpara
MPOCJIEAAMMOCT U TorJie]l BbpXy npoektute B OYTL, ynecHsiBa
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strategy, and the level of functionality of the PMO
should be a function of the strategy (6). Moreover, when
the PMO is deeply embedded in the host organization,
the two should develop in parallel (7). In the context of
the latter and of the strategic and regulatory changes in
the sector discussed above, the adaptation of the Centers
for projects management in HEIs to the changes in their
external and / or internal environment is imperative.

Under increasing pressure from the external
environment, HEIs in Bulgaria should adapt their
project management practices by applying appropriate
processes and methodologies, as part of their overall
strategy and as a critical factor in the development of
competitive advantages. One effort in the organizational
management of projects that most HEIs have made over
time is the creation and inclusion of a new entity, the
PMO (8), which can appear either independently in
an organization or as multiple PMOs assigned with
different managerial tasks and activities (9). The
modernization of the Centers for project management
can make them key units for the growth and development
of the university. There are several studies on the direct
relationship between the activities of the PMO and
the project’s results of the organizations. According
to Spalek (2012), the PMO is an active mediator in the
relations with the stakeholders of the project and has
been identified as a critical factor for the success (10).
The study determines three areas in which the factors
influencing project’s success are grouped: (a) methods
used in project management, (b) people involved in
projects, and (c) the organizational context in which
the PMO integrated into organizational structure can
play an important role. These findings are supported
by the work of Fernandes et al. (11), who argue that the
establishment of a project management unit, such as a
PMO or similar structure, improves the performance
and success of projects and increases the value of the
organization. The author also develops its research
towards the role of the PMO in building collaboration
between the university and business, suggesting that the
office can gain the confidence of the industry that the
University is a reliable partner (12). At the same time,
collaboration academia — business can focus research
on real business needs.

The creation of a PMO can be a solution to reduce
project failures (8,13), as many of the mistakes made
during project management have already been made
in other projects, often with different teams. The
knowledge transfer between projects, the lessons that
can be learned and adviced based on experience gained,
are the subject of research by Nobeoka & Cusumano
(14). In their study of 210 projects, they concluded that
the effective management of multiple projects requires
certain capabilities, including particular organizational
structure and processes that are different from those
used to manage single projects. In addition, better
traceability and visibility of projects in the PMO’s
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KOMYHHKaLUITa MEXAY €KUITUTE U TOI MEHUKMBHTA (15).

Hapen ¢ npoyuBaHusTa, H3Iaramiy J0Ka3aTelcTBa 3a pojsiTa
Ha OVII B oprannzanuunre, penuia U3cjieABaHNs MPEICTaBIT
M3KJIIOYUTEITHOTO Pa3HOOOpa3ne KakTo BbB (hopmara, Taka u
BBB (pyHkusaTa Ha OVYII. IlpencraBenn pe3ynTaTy OT aHKET-
Ho npoyuBaHe Ha 500 OVYII nmoka3Bsar, ue Te JEHCTBUTEIHO
Ce pasyin4aBaT 3HAUYUTEJIHO €AWH OT JIPYr M 4e MpOMsSHaTa
HE ce OrpaHMyaBa JI0 Majika Irpyna CBOWCTBA MIIM XapakTe-
puctuku (16). OYII nokas3sa 3HaYNTETHN BapHallUU B MHO-
IO XapaKTepUCTHUKH, KaTO 110 TO3M HAYWH 00pa3yBa 06e30poit
BB3MOXHH popmH, kouto OYII morar na npuemar. Toa pas-
BHBA pa3HO00Opa3me, KOeTo € TPYIHO J1a c€ HaMaJIHl 10 MaJTbK
Opoit Mogenu. Hamprumep npoBeneHo o0MHUPHO JIUTEPaTyPHO
npoyuBaHe uaeHTuduuupa 47 monena na OVYII karo cien
rpynupane ce ceexaat a0 25 moxena (17). Cucrematusupa-
HeTO € Ha 0a3aTa Ha 3 rokaszaTelis: CTPYKTypa Ha 3BEHOTO,
poJIs M 3HAYMMOCT (CTOHHOCT) 3a OopraHu3auusTa. B Tasm
BPB3Ka, BAYKHO € J]a ce MpoydH cTpyKTyparta Ha OYII, xosiTo
Jla ce MpuJiara, KaTo ce B3eMar IpeIBU]] pa3andHuTe GpakTo-
PH, KOUTO MOTaT Aa MOBJIHSSAT Ha HEWHUS yCHEX B OpraHu-
3anmsta (18). Muoro opranm3zamnuu ch3gaBat OYII Oe3 sicHa
el 3a HeroBoTo npuiarane (19) u 6e3 sicHo neduHUpaHe Ha
(YHKIIMUTE U OTTOBOPHOCTUTE B PAMKHMTE Ha OpraHU3aIusi-
Ta. Pa3zHOOOpa3ueTo B OpraHU3allMOHHUTE CTPYKTYPH, LETH
U BB3MOXKHOCTH, KAKTO M HENPEKHCHATO MPOMEHSIIUAT UM
ce XapakxTep, IpaBH HEBB3MOXKHO CH3AaBAHETO HA CTAaHJIap-
tr3upan moxen Ha OVII (8).

ITo oTHOomenue Ha possita Ha OVYII pazHooOpa3ueTo ChIIo
e roysstMo. MHOTO KOMITAaHWH, BHEAPWUIJIM €IUH FUIH TOBEYE
OVII kato 9acT OT OPraHU3aIMOHHOTO yIIpaBJIeHUe Ha TIPo-
eKTH, UM TIPUIIHUCBAT Pa3INYHU ONEPATUBHU, TAKTUYCCKU H
crparerndyecku ponu (20). Ha oneparusno muBo OVYII ocu-
rypsBa OCHOBHA LEHTPAaNIM3UpPaHa MOAKPENa 3a OTACIHH
MPOEKTH M TapaHTHpa Mpo(ecHOHaATN3bM U CHBBPIICHCTBO
MIPH IIpUJIaraHe Ha IMHUPOKO MPHETH MPUHIIUIIN U TPEAIOYH-
TaHU NPAKTHUKU 32 YIPaBJICHNE HAa MIPOEKTHU KbM BCEKH IPO-
ekT (21). Ha Taktudecko auBo OVYII ycnyrute ocurypssar
JIOTTBITHUTEHA J00aBeHa CTOMHOCT Ype3 KOOpAMHHUPAHE Ha
MHOKECTBO MPOEKTH M YIPAaBJICHHWE HAa MEXKIyIPOSKTHHUTE
3aBucuMocTu. M Hakpas, ctparerndeckoro OVYII BkiouBa
BCHYKHU aCMEKTH Ha OMEePaTHBHOTO W TakTHiyeckoTo OYII n
CBINO TaKa pasroJiara ¢ MPaBOMOIIHS J1a AaBa MIPHOPHUTET HA
MPOEKTH, CBBP3aHU C LEITUTE M CTPATErHUTE Ha OpPTaHM3a-
UATa U a2 KOHCYJITHpA BUCIIETO PHKOBOJCTBO IMPH B3eMa-
HETO Ha pEIIeHHs OTHOCHO MOMEHTHAaTa YMECTHOCT 3a HH-
BecTunu B ipoekTH (18). Tyk e BaxHO 1a He ce ObpKaT u J1a
ce HalpaBU pa3TpaHUYCHHE MEXIY AUCKYTHPAHUTE HUBA U
TE3W Ha yIPaBICHUETO Ha opranm3anuara. CTpaTernaecko-
TO yIpaBJICHHE Ha OPTaHMU3AIUATa € TOBA, KOETO TPsOBa ma
omnpeneau HUBOTO Ha (yHkimonupane Ha OYII, cro0pa3Ho
HYXIHUTE CH.

facilitates communication between teams and top
management (15).

Along with studies presenting evidence for the role of
the PMO in organizations, a number of analysis show
the exceptional diversity both in the form and in the
function of the PMO. The results of a survey of 500
PMOs reveal that they significantly differ from each
other and changes are not limited to a small group
of features or characteristics (16). The PMO shows
significant variations in many characteristics, thus
forming a myriad of possible forms that the PMO can
take.This develops a variety that is difficult to reduce
to a small number of models. For example, an extensive
literature study identified 47 models of PMOs,
reducing them to 25 models after grouping (17). The
systematization is based on 3 indicators: structure of the
unit, role and significance (value) for the organization.
In this regard, it is important to examine the structure
of the PMO to be applied, taking into account the
various factors that may affect its success in the
organization (18). Many organizations establish a PMO
without an understandable goal for its implementation
(19) and without a clear definition of the functions and
responsibilities within the organization. The variety of
organizational structures, goals and potential, as well
as their constantly changing nature, makes creation of a
standardized model of the PMO impossible (8).

With regard to the role of the PMO, there is also great
diversity. Many companies that have implemented
one or more PMOs as part of organizational project
management, credit different operational, tactical and
strategic roles to them (20). At the operational level, the
unit provides basic centralized support for single projects
and ensures professionalism and excellence in the
application of widely accepted principles and preferred
project management practices (21). At the tactical level,
the PMO services provide supplementary added value
by coordinating multiple projects and managing inter-
project dependencies. Finally, at the strategic level,
the PMO covers all aspects of the operational and
tactical level and also has the authority to give priority
to projects related to the organization‘s goals and
strategies, and to advise top management in deciding
on current investment opportunities (18). It is important
not to confuse but to distinguish between the levels
discussed and those of the organization‘s management.
The strategic management of the organization is what
should determine the level of functioning of the PMO,
according to institution needs.
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OBCBHXAAHE

LlenTpoBeTe 3a ynpaBJieHUE Ha MPOCKTH TpsOBa Jia ce pas-
[IeKIAT KaTO JOMBJIBALIM U NOAKPEISIIN eIUHUIH, (YHK-
LM Ha cTpaTerusita Ha opraHusauusrta. B To3u pen Ha
MUCJTH, BHEIPSBAHETO HA HOBA MJIM ONTUMHU3UPAHETO HA Ch-
miectByBaiia crpykrypa Ha OYII usucksa 106po pasoupane
Ha (pa3uTe Ha KU3HCHUS [UKBI HA IIPOCKTA OT C/IHA CTPaHa U
sICHA TIPE/ICTaBa 3a paMKara, B KOATO IIE Ce OKa3Ba MOAKpera
Ha yIPaBJICHUETO HA IPOEKTA OT J[pyra CTpaHa.

B maykara 3a ynmpaBiieHHE Ha IPOCKTH HAW-IIHPOKO MPHET €
MOJIENTBT ¢ eTTe (hasu, KOMNTO BKIIIOUBA: MHUIIMUPAHE, [TaHHU-
paHe, U3bJIHEHHE, MOHUTOPUHT U KOHTPOJI, IPUKITIOUBAHE.

B Tabmmma 1 ca mpencraBenu aeiinoctu Ha OVII, xapakTep-
HU 332 YHHUBEPCHUTETH, IPUBJICKIN 3HAUNTEIHU CPEACTBA 32
mpoekTHa jaeiiHocT. Ha 6a3aTa Ha eMIUPHYHHUTE TO3HAHUS
Ha aBTOpa, otnenauTe neiiHoctr Ha OYII ca cBbp3aHm ¢ KOH-

DISCUSSION

Centers for project management should be considered
as complementary and supporting units, a function of
the organization‘s strategy. In this line of thinking, the
implementation of a new or optimization of the existing
structure of the PMO requires a good understanding of
the phases of the project life cycle on the one hand and a
clear idea of the framework in which project management
will be supported on the other hand.

The most widely accepted and well-known is the five-
phase model, which includes: initiation, planning,
implementation, monitoring and control, completion.

Table 1 presents services of PMOs typical for Universities
which have attracted significant amount of funds for
science and manage multiple projects. Based on the
empirical knowledge of the author of the study, the

KpE€THa (ba3a OT )XU3HCHUA TUKBJI Ha ITPOCKTA.

particular activities of the PMO are linked to a specific
phase of the project life cycle.

Tabnuya 1. [JeltHocmu Ha OYTI, cebp3aHu ¢ ¢hasume Ha

JKU3HEeHUs UUKBJT Ha npoeKkma

®asu Ha }KU3HeHuA LUUKDBA

JenHocTu Ha OYIN

UHnuymupare

e OnpepensHe LenuTe Ha NPOEKT];

e  Cb3paBaHe Ha KOHKPeTeH cayyai;

e OnpepensaHe Ha 3anHTepPeCcOBaHUTe nnLa.

MepunoanyHo nsgasaHe Ha MHGopMaLMoHeH 61oeTUH 3a NpeacToALm/
OTBOPEHW KOHKYpPCY;

CbaevicTeue Npy NpeMmnHaBaHe npes BCUYKM CTBMNKU HA BBTPELIHO 0A40-
b6peHure Ha ngenTa;

MpepocTaBaHe Ha MHPOPMaALMA 32 PECYPCHA OCUTYPEHOCT Ha MPOEKTHO-
TO NpeaNoXKeHue;

OcblecTBABaHE HAa KOHTAKTU C MOTEHLMANHN YH4AaCTHULM B NPOEKTU —
BbTPELIHM W BbHLUHM.

MnaHupaHe

e OnpepgensHe Ha 06xBaTa;

e  (Cb3paBaHe Ha NJ1aH Ha NPOEeKTa;

e OnpepensiHe Ha b6ro4KeTa;

e JledunHUpaHe HA YH4aCTHULUTE, POUTE U

CoaeiicTere npu aedrHUPAHETO Ha NON3MTe/Bb34EeNCTBMETO OT UHCTU-
TYLMOHa/Ha re4Ha TOUKa;

MomoL Npu MAEHTUPULMPAHETO Ha PUCKOBETE OT MHCTUTYLMOHA/THA
rnegHa TOUKa;

MpepocTaBsAHe Ha AeTaaHa MHOOPMaLMA 33 aKTyalHUTE Pecypcu Ha
opraHM3aumaTa;

e YnpaB/ieHWe Ha pecypcuTe;
®  M3nb/IHEHWE HA NNAHMPAHUTE AeNHOCTH;
e  PaspeluaBaHe Ha Bb3HUKHaAN BBNPOCH.

OTroBOpHOCTUTE. .
P CbaelicTBMe NpM NOMb/IBaHe U NoJaBaHe Ha NPOeKTHaTa AOKYMeHTaLUus.
U3nbaHeHue MoaKpena Npu ynpasieHMeTo Ha pecypcuTte (NpuaobusaHe Ha o6opya-
e PasnpegensHe 1 ynpasieHue Ha cpes- BaHe, MaTepuanu, ycayru);
cTBaTa; AAMUHUCTPATUBHO yrpasBaeHne Ha NPoeKTa;

CbxpaHeHue Ha AOKYMEHTH;
CbaeicTene Npu U3roTBAHE Ha OTYeTH;
CbaelicTene Npu oanTw;

KoHcynTaums npu Bb3HWKBaHE Ha BbMPOCK CBbP3aHU C UHTENEKTYa Ha
cob6CTBEHOCT;

CbaeincTene npu nogasaHe Ha 3aABKM 3a NaTEHTK;
MomoLy, Npu pasnpocTpaHeHne Ha pesynTaTuTe;

Momolw, Npu opraHU3npPaHeTo Ha CbOUTUSA, CBBP3aHM C NPOEKTHaTa
OeNHOCT U 4p.

MOHUTOPUHT U KOHTPON
e [lpocneassaHe Ha pasxoaute/6roaKeTa;

e [IpocneasasaHe U3MNbAHEHMETO Ha Ael-
HOCTUTE;

o [apaHTMpaHe Ha cna3BaHeTo Ha NaaHa.

KoHTpon npu nspasxonsaHe Ha cpeAcTBaTa;

CbxpaHeHue Ha 3aABKM 1 0406peHUs 3a NpoMsaHa Ha 06xBaT, 61oKeT,
OeWHOCTU 1 Ap. KNoYoBM NapamMeTpu Nno NpoekKTa;

Cb3paBaHe Ha BbTPELWHW NpaBnaia 3a MOHUTOPUHT U KOHTPOA.

MpuknousaHe

e 06w, npernes Ha BCEKM aCNEKT HA MPOEKTA;
e [lpremaHe Ha pe3ynTaTuTe;

e ApxuBMpaHe Ha AOKyMeHTauuATa.

Cb,u,eﬁcmme nnpenoctaBAaHe Ha AaHHU NPU U3roTBAHE Ha d)MHaI'IEH
OTYET Ha NPOEKTa;

MoaabprKaHe Ha PerncTbp Ha NPUKAOYUIUTE NPOEKTY;
ApXuBMpaHe N CbXpaHeHWe Ha AOKYMEHTaLMATA Ha MPOeKTa.
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Table 1. PMO activities related to the phases of the
project life cycle.

5 phases of project management

PMO'’s activities

L]

Initiation

Defining the objectives of the project;
Creating a specific case;
Identification of stakeholders.

Periodic information bulletin for upcoming/open calls;
Assistance in going through all the steps of internal approval of the idea;
Providing information on resource provision of the project proposal;

Making contacts with potential project participants - internal and
external.

L]

Planning

Determining the scope;
Creating a project plan;
Determining the budget;

Defining the participants, roles and
responsibilities.

Assistance in defining the benefits / impact from an institutional point of
view;
Assistance in identifying risks from an institutional point of view;

Providing detailed information about the current resources of the
organization;

Assistance in filling in and submitting the project application

Implementation

Allocation and management of funds;
Resource management;
Implementation of the planned
activities;

Resolving issues.

Support in resource management (acquisition of equipment, materials,
services);

Administrative management of the project;

Storage of documents;

Assistance in preparing reports;

Assistance with audits;

Consultation on issues related to intellectual property;
Assistance in filing patent applications;

Assistance in disseminating the results;

Assistance in organizing events related to project activities, etc.

L]

Monitoring and Controlling

Tracking costs / budget;
Monitoring the implementation of
activities;

Ensuring compliance with the plan.

Control over the spending of funds;

Storage of requests and approvals for changes in scope, budget,
activities, etc. Key project parameters;

Creation of internal rules for monitoring and control.

Closing

Overview of each aspect of the project;
Acceptance of results;
Archiving the documentation.

Assistance and provision of data in the preparation of the final report of
the project;

Maintaining a register of completed projects;
Archiving and storage of project documentation.

3AKINIOYEHUE

IlenTpoBeTe 3a ynpaBileHUE HA NIPOCKTU €A BaXKCH MHCTPY-
MEHT 3a IIOAIIOMaraHe Ha HaydyHara JiedHocT BbB BY, a on-
TUMU3UPAHETO Ha JEMHOCTTAa UM U paslIUpsBAHE KPbIa HA
MpeJIaraHuTe OT TE3W 3BEHa YCIIYTH, LIe MOJ00pH YCIOBUSsTA
3a pa3BUTHE Ha NIPOCKTHA JCHHOCT U 11ie ObJie IPeNocTaBKa
3a pasrpblaHe HAa HAayyHMs [IOTEHLMAJ Ha H3CIIEAO0BaTel-
CKUTE EKUIIM, PECIEKTUBHO LIE MOBUILM YCIEBAEMOCTTa Ha
HIPOEKTHUTE NpeIokeH . OyHKIIMOHUPALIUTE LEHTPOBE 32
npoekTu BB BY ca noaxonsuu cTpyKTypH 3a IpujlaraHe Ha
MEXaHU3MH 3a [IOJKPEIa Ha HayYHUTE KOJEKTUBU ThU KaTo:

18

Hmar u3rpajgeHa aJMUHHUCTpAaTUBHA W YIPaBJICHCKA ®

CTPYKTYpa,

ToBa ca 3BeHaTa ¢ Hal-roJISIM ONMT B YIPABIECHUETO HA .

MIPOEKTH B pAMKHUTE Ha OPTaHU3aNNITa;

CONCLUSION

The Centers for project management are an important
tool for supporting the scientific activity in HEIs, and
the optimization and expansion of the range of services
offered by these units will improve the environment for
project development. This is a prerequisite for developing
the scientific potential of research teams, respectively
for increasing the success of project proposals. The
functioning Centers for project managemnet in HEIs
are appropriate structures for the implementation of
mechanisms to support research teams, due to:

They have an established administrative and
managerial structure;

These are the most experience units in project
management within the organization;

CbXxpaHsaBaT perUCTPH U IaHHH Ha peau3upaHu U JeiCT-
BaIlll MPOEKTH, KOUTO MOTAaT Jia ObJaT: a) U3TOYHUK Ha
nHpopmarnus 3a aHaau3; 0) PEMO3UTOPHYM;

» Store registers and data of implemented and running
projects, which can be: a) a source of information for
analysis; b) repository;
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Mmar noTeHIuana Ja ce NpeBbpHAT B MOCPEIHUIECKOTO
3BEHO IpH KoJlabopanusTa ¢ Ou3Heca;

Hmar NOoTCHIHAJIa 1a Ca KOMYHHKAIIMOHHA TOYKA B XOPU-
30HTAalJia (Mexcz[y GKI/IHI/ITC) U BCpTHUKaAJIa (C aHaJIOTUYHHU
3BCHA HA PETUOHAJIHO 1 HATUOHAJIHO HI/IBO).
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METO[O 3A MOAEJIMPAHE
HA KOHTPACTHO YCUIIEHMU
MAMOIPA®CKUN NU3SOBPAXEHUA:
CUMYNAUNOHHO U3CINEABAHE

Tuxomup [eoprues!, Kpucruna bausznaxosa’,
Sluka baneBa®

Kameopa no meouyuncra anapamypa, eiekmpoHHu U uH-
Gopmayuonnu mexnonozuu 6 30paseonaszeanemo, Meouyun-
cKu ynugepcumem - Bapua
2Kameodpa no Qusuxa u buopusuxa, Meouyuncku ynueepcu-
mem - Bapna

PE3IOME

Buveeoenue: Pannomo omkpusane na paxk Ha 2bpoama e JHcus-
HEHOBAICHO 3a MHO20 diceHu. Mamoepagusima ce cOrvekea ¢
onpedenenu mpyoOHOCMU NPU NO-8UCOKA NIBMHOCI HA 2bp-
oume, nOpaou KOemo 6 maxKueda Ciyyau 3d OMKpUeaHe Hd
Manku apme@akmu ce u3noi36d MexHuKd, HapeueHd KOH-
mpacmuo-ycunena ogyenepeuiina mamoepagus (KVIEM).

Ien: [lenma na mosa usciedsane e 0a ce cb3oaoe Memoou-
Ka, 6a3upana Ha U3HUCIUMenHu UHCMPYMEeHMU 3a NPOeKmu-
pane, cumynupane u uzciedsane na npoyec na KYJ/IEM.

Mamepuan u memoou: 3a yeaima ca cv3oaoenu 08a oOex-
ma: napaneirenuned c¢ pasmepu 75 mm x 60 mm x 50 mm c
10 sonvOnamunu 6 eopnama My wacm u NOAYYUIUHOPUYEH
emopu 0bexm ¢ eucoyuna 45 mm ¢ 6 YuruHOpUUHU KYXUHU,
Koumo ce pasaudaeam no sucouunama cu. Kamo kxonmpacm-
HO Cpedcmeo ce U3N0a36d UOXEKCO. 3a cenepupane Ha penm-
2enosume u300padicenust e usnon3ean sakonvm na beep, cieo
moga e 000ageH Wiym, d 3a NOIYYABAHEe HA U300padiceHue
Kamo pe3yimam Om u3eadcoane ca U3noi36anHu cepus om
Koeghuyuenmi..

Pesyimamu: [lo6vp xommpacm Ha ussadeHume u3zoopa-
Jrcenus bewe nocmuenam npu nucka enepeus 50 kVp, kamo
umauie He3HAYUMenHA PAasiuKkad Medcoy meopemuynume
U cumynupanume me2n08HU KoeuyueHmu, ocucypasauu
Hati-000vbp KOHMpACM.

3axntouenue: Paspabomenama memoouxa na uzcieosamne Ha
KVI[EM we ce uznonszsea 3a onmumu3zupamne Ha napamempu-
me 3a pasnudHu CneyuQuUUHIL CLyyau ¢ pax.

KurouoBu 1ymu: neyenepruiina Mmamorpadus, cumy-
Janyst Ha OIyM, paJiHOJIOrMUeH KOHTPAcT

BbBEOEHUE

PucksT OT cMBPT OT pak Bapupa Mexay 7% u 13% 3a xxenure
B EC, a Hali-qMarHOCTULMPAHUAT BUJ] PAK CPEZ )KCHUTE BB
BCSKa OT/IETTHA €BPOIEHCKa IbpikaBa € pakbT Ha rbpaara (1).
American College of Radiology knacudpunmpa yernpu Tumna
BI-RADS® kaTeropuu 3a MIBTHOCTTAa Ha MJICUHUTE KJIE3H,
0TOeIIsI3aHN CHOTBETHO ¢ OyKBUTE OT A 10 D: moutn usnsiio
MacTHH, pa3npbCHATH 00iacTu ¢ (GpUOporIanIyIapHa TUIBT-
HOCT, XETEPOT€HHO IUTBTHH M M3KJIIOUUTENHO IIBTHH (2).

A METHOD FOR MODELLING
OF CONTRAST ENHANCED
MAMMOGRAPHY IMAGING: A
SIMULATION STUDY

Tihomir Georgiev!, Kristina Bliznakova’,
Yanka Baneva?®

Department of Medical Equipment, Electronic and
Information Technologies in Healthcare, Medical
University — Varna
2Department of Physics and Biophysics, Medical
University — Varna

ABSTRACT

Introduction: Early detection of breast cancer is
vital for many women. Mammography faces certain
difficulties with dense breasts therefore a technique
called contrast-enhanced dual-energy mammography
(CEDEM) is used in such cases for small artefacts
detection.

Aim: The aim of this study is to establish a framework of
computational tools to design, simulate and investigate
the CEDEM process.

Materials and methods: Two objects were created for
this purpose, a parallelepiped with dimensions 75 mm x
60 mm x 50 mm with 10 pits on the top of it and a semi
cylindrical shape for the second object 45 mm of height
with 6 cylindrical cavities which differ in their height.
lohexol was used as a contrast media. The Beer’s law
was used for the X-ray image generation, then noise
was added, while series of coefficients were used to
produce the subtraction result images.

Results and discussion: Good contrast of the subtracted
images was achieved for low energy at 50 kVp and
there was a negligible difference between theoretical
and simulated weighted coefficients that provided best
contrast.

Conclusion: The developed CEDEM framework will be
used in optimising acquisition parameters for a range
of specific cancerous cases.

Key words: dual energy, noise simulation,
radiology contrast

INTRODUCTION

Risk from death from cancer varies between 7% and 13%
for women in EU and the most diagnosed cancer type
among women in every single European state is the breast
cancer (1). American College of Radiology classifies
breasts composition in four BI-RADS® categories from
A to D respectively: almost entirely fatty, scattered areas
of fibroglandular density, heterogeneously dense, and
extremely dense (2). X-ray mammography is the “gold
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PenrtrenoBara mamorpadusi € ,,3J1IaTHUST CTaHAApT™ 3a CKpHU-
HUHT M JUarHOCTHKA HAa MJIEYHaTa ’kje3a, KaTo B CllydauTe
Ha MJICYHH Jje3n kiacudunupanu B kareropust C u D cpe-
1112 OIPEJENIEHU TPYAHOCTH IIPU PAHHO OTKPUBAHE HA TPBAHU
ne3un. Jpyr MeTos, KOWTO MOYKe J1a Ce M3I10JI3Ba BKJIIOYBA Ha-
0aBsiHE HAa PEHTTEHOBH N300paXXEH U IPH JIBE Pa3IUIHU BXO/I-
HU €HEPruu. B HAKOM ciydan npeaBapuTEeNHO C€ MHKEKTHpa
KOHTPACTHO BemecTBo. KpaitHoTo n300pakeHue ce moaydaBa
ype3 MpHiiaraHe Ha aJTOPHTHM 3a H3BaxaaHe (3-5), KoHTo
BOJIM JIO TIOJIy4aBaHe HAa M300pakeHue ¢ MoJoOpeH KOHTPACT
Ha OMpEACTICHN THKaHM . Ta3u TeXHHKA ce HapHya JIByCHEep-
ruitHa (Mau JBOWHO eHepruitna) Mmamorpadus (JJEM), nokato
KOHTPACTHO ycuiieHa JaByeHepruitna mamorpadus (KY/IEM)
ce Hapuua TeXHMKaTa C U3IMOJ3BaHE U HA KOHTPACTEH areHT.
[IpenumcTBara npu KIMHUYHOTO npuioxkenne Ha KYJIEM ca
JIECHOTO IpHJIaraHe, NpuiaraHe B HAKOM CHEUU(HYHU CITy-
Yyau Ha JIC3UH U JIPYTH, KAKTO U TIPU XUMHOTepanus (4).

Jlpyra TexHHKa, KOSTO MOXKE J1a J1aJie JOPHU MO-T00pH pe3yJi-
tatu oT KYJIEM, e enHOeHepruiiHOTO BPEMEBO M3BaXKJIaHE
(EEBN), xoeTo U3Moi13Ba €AMHIYEH EHEPrHEH CIEKThP U U30-
OpakeHUsTa ce TPABST MPEAH U CJIe]] MHIKEKTUPAHETO HA KOH-
TpacreH arenr (3,4). Berpexu ToBa, HEIOCTATHK €, Ue TPY.A-
HO Ce rapaHTHpa HEMOJBMKHOCTTA Ha I'bpJaTa 3a OIpeeseH
MEPHO OT BpEME OT HAKOJIKO MUHYTH CJiell HHXXEKTUPAHETO
Ha KOHTPACTHOTO BemIeCTBO (3,4) U clieoBaTeTHO TPsOBa /a
Ce M3BBPIIH JOIIBIHATETHA 00paboTKa, 3a J1a ce eMTUMUHUPAT
epexture ot nBmxkenune (3), nokato KYJIEM mma mpenum-
CTBOTO JIa TI03BOJIABA MTOJTyYaBaHe HA PA3INYHU H3TIICOH (4).

UscnenoBarencko mpoyyBaHe, BKIouBamo 120 mamueHTu
(5), ycranoBsiBa, 4e 4UyBCTBHUTEIIHOCTTa NpU Mamorpadus u
KYJIEM 3aenHo e mo-BHCOKa, OTKOJIKOTO IpU MaMorpadus
CaMOCTOSITEITHO M HsIMa 3ary0a Ha CHenu(puIHOCT, a KaKTO
YyBCTBUTEITHOCTTA, TaKa M CICIIU(PHIHOCTTA IIPH MaMOTrpa-
¢us u KYJIEM 3aenHO HSIMAT CTaTUCTHYECKA Pa3JIMKa CIIPs-
MO Te3H IpHu Mamorpadus u yATpa3ByK 3aeqHo. Enno mo-cko-
POIITHO MPOYyYBaHE C YUYACTHUIH MPEAUMHO C T'BPJIU C BUCOKA
mabsTHOCT (6) yctanossiBa, ye KYJIEM ce npeactass mo-100pe
0T MamorpadusTa 1o OTHOIICHHE Ha YyBCTBUTEIHOCTTA, Bb-
MPeKH 4e cnennpUuHOCTTa € MaJKo Mo-HucKa. [IpoyuBane,
BioTtouBamio 251 yuactauiu, cpaBuaBa KYIEM c sape-
HO-MarHMTEH PE30HAHC 3a OTKpPHBaHE Ha JIE3UM Ha I'bpiaTa
W YCTAHOBSIBA, Y€ ITbPBOTO MMa MO-BHCOKA CIEIU(PUIHOCT U
nojokuTenHa nmporuo3na croiHocT (I1TIC), mokaTro 4yBCTBU-
TEJIHOCTTA U OoTpuIarenHara nporHosHa croinoct (OIIC) ca
otueteHn karo cpaBHUMHE (7). Texuukara KY/IEM moxe na
Ce M3I0II3Ba U 32 MTU(EepeHIINpaHe Ha 3JI0KAYeCTBEHU OT JI0-
OpoxadecTBeHU Jie3uu. [IpoyuBaHe, BKiIrouBamo 593 ne3uw,
OTKPHUTH TIpU 547 MalMeHTH, OCoYBa, Y€ M3IOJI3BAHETO Ha
KYJEM 3a knacuduiupane Ha BHIAOBETE JIE3UH BOAHU JIO
qyBCTBUTEIHOCT 97,86% u NPV 95,76%, Ho crieriuduuHOCTTa
e Hucka — camo 59,4% (8). B peTpocnekTUBHO MpoyuBaHe C
999 nanueHTH, TMruTajgHaTa MaMorpadus u JByeHepruiiHaTa
Mamorpadusi ¢ KOHTPAcT ca CpaBHEHH 3a pa3rpaHUyaBaHe Ha
cilydau ¢ MyJITH(OKaJIeH MHOTOIIEHTPOB paK OT YHU(OKaJIEH,
KaTO PaKoBHTE 3a00JIsIBaHUS ca MOTBBPACHH OT XUCTONATO-
norus (9). [IpoyuBanero otunta, ye KYIEM mma mo-BUCOKH
croitHocTH 3a wyBcTBUTENHOCT, OIIC 1 TOYHOCT.

FopHnTe IMpoy4YBaHUA pa3KpUBaAT MOTCHIUAIHUTE MPEAUM-
crBa Ha KYJIEM. [lo-Hararbminata paboTta € CBbp3aHa ¢ Orl-

standard” for breast screening and diagnostics and
has certain difficulties to detect early lesions in above
categories C and D; therefore, a more complicated
method can be employed — images are taken using two
different energy settings, which result in generation of
low- and high- energy images. In some cases, a contrast
agent is injected in advanced. The final image is obtained
by applying a subtraction algorithm (3-5) and resulting
image provides a better contrast for given tissues. This
technique is called dual-energy mammography (DEM),
while contrast-enhanced dual-energy mammography
(CEDEM) is called the technique with the use of a
contrast agent. The advantages in clinical application
of CEDEM were easy implementation, application in
some specific cases of lesions, and others as well as
chemotherapy response (4).

Another technique that may provide even better results
than CEDEM is the single-energy temporal subtraction
(SETS) which uses a single energy spectrum and images
are taken before and after injection of a contrast agent
(3,4). However, it has the drawback that it is difficult to
ensure the breast remains motionless for certain time
period of several minutes after injection of the contrast
agent (3,4) and therefore, additional processing has to
be performed in order to eliminate the effects of motion
(3) while CEDEM has also the advantage to allow for
acquisition in different views (4).

A research study involving 120 patients (5) found that
sensitivity for mammography and CEDEM together
was higher than for mammography alone and no
specificity loss, and both sensitivity and specificity
for mammography and CEDEM together were not
statistically different than those for mammography
and ultrasound together. One more recent study with
participants mostly with dense breasts (6) found CEDEM
performed better than mammography in sensitivity
although specificity was slightly less. Study, involving
251 participants, compared CEDEM with magnetic
resonance imaging for detection of breast lesions and
found the former to have higher specificity and positive
predictive value (PPV), while sensitivity and negative
predictive value (NPV) were reported comparable (7).
The CEDEM technique can be used also to differentiate
malignant from benign lesions. A study involving 593
lesions detected in 547 patients reported that use of
CEDEM to classify lesion types resulted in sensitivity
97.86% and NPV 95.76%, however specificity was low —
only 59.4% (8). In a retrospective study with 999 patients,
digital mammography and contrast-enhanced dual-
energy mammography were compared to determine
multifocal-multicenter cancer against unifocal with
cancers being confirmed by histopathology (9). The
study reported that CEDEM had higher figures in
sensitivity, NPV and accuracy.

Above studies revealed the potential advantages of the
CEDEM. Further work is related to the optimization of
both clinical protocols and the whole CEDEM imaging
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TUMU3BUPAHCTO KAKTO HAa KIMHUYHUTE IPOTOKOJIU, TaKa U HA
usiara Bepura 3a u3odpaxenust Ha KYJIEM, koeto ce us-
BBpIIBA Hali-noOpe upe3 u3Ioa3BaHe Ha (paHTOMH.

bsxa mpoexTupaHu cHeNU(PUYHA HUIYUCIUTEITHH (HAaHTOMH,
KOMTO JIa C€ M3IOJ3BaT 3a KIMHUYHH HU3CIIEIBAHUS 34 OITH-
MU3AIHs C KOHTPACT, CII] KOSTO CUMYIIHPAXME PCHTTCHOBH
M300paKCHHS C IIOMOIITA Ha BBTPEIHO pa3padoTeHo coPTy-
epHo mpuiokeHne. M3o0paxeHusaTa 0sxa MOTUPUITUPAHH,
3a J1a BKIIOYBAT (DOTOHEH ITyM U cJIe]l TOBa 00pabOTEHH ITO-
XOSIIO 32 oiy4aBane Ha nu3oopaxenust Ha KYJIEM. Ouen-
KaTa BKJIFOUYBAa U3MEPBAaHUS Ha KOHTPACTA.

LEN

[enta Ha TOBa M3CIIEABAHE € J]a C€ Ch3a e METOANKA, Oa3u-
paHa Ha W3YHCIUTEIHN MHCTPYMEHTH 3a IPOEKTHpAHEe, CH-
MyJupaHe 1 u3ciensane Ha npoueca Ha KYIEM.

MATEPUAIIM U METOOM

®danTomu: M3non3Baxme BBTPEHIHO pa3padOTEHOTO COPTy-
epHo npuioxkenne X RaylmagingSimulator (10) 3a cb3naBane
Ha JiBa W34YHCIUTEeNHU oOekTa. [TbpBUsT 00eKT e mapanere-
nune], Mouesnupan ot cmoina (clear resin). Pasmepure My ca
MpoeKTUpaHu Jna opaar 75 mm x 60 mm x 50 mm, ¢ gecet
BIUTBOHATHHH C pagnyc 4 mm, pa3nojIoKeHH B TOpHATA YacT
Ha oOexTa. [Ipn6ounHara Ha BIIbOHATHHHTE € OT 0.1 MM 10
1.0 MM. Bropust 00ekT ¢ ¢ monynuinHapuyHa hopma ¢ pa-
quyc 50 MM u BucounHa 45 MM. B paMkuTe Ha TO3M 00EKT
nMa 6 IIMHIPAYHE KYXHHH, BCIKa OT KOUTO ¢ paguyc 10
mm ¥ pa3iuyHA BUCOUYUHH — 2 mm, 3 mm, 4 mm, 5 mm, 6
mm, 8 mm. MaTtepuarbsT 3a TO3U BTOPH 00EKT € TIOJIMMETHII-
metakpuiar (IIMMA). Crex ToBa stMUTE Ha IBPBHS O0EKT U
KYyXUHUTE Ha BTOpHUS 00EKT 0sixa ,,3abJIHEHU" C MOXEKCOI.
OcHoBHUTe MaTepuanu, cmoia u [IMMA, 6sxa u30Opanu,
THI KaTo T€ YeCTO Ce M3MO0J3BaT BbB (haHTOMHU, IPEaHA3HA-
yeHu Jga umutupar rppaata (11, 12). Ocen ToBa, HOXeKcol
KOHTpAcCT c€ M3II0J3Ba MIMPOKO B OonHUIUTE. PU3MUECKu-
Te pa3MepH Ha JBaTa (paHTOMa ca TOJJ0OHH Ha pa3MepuTe Ha
KoMIipecupana repaa. OGexTuTe ca nokaszanu Ha ¢ur. 1.

Qduaypa 1. MisducnumenHu gpaHmomu, cb30adeHu 3a
u3cnedsaHemo: (ns80) nbpeu obekm: napanenenuned
u (0sicHo) emopu 0bekm: NomyyunuUHOBbP

chain, which is best performed by using computer
models.

Specific computational phantoms to be used for
contrast-enhanced clinical optimization studies were
designed, then we simulated X-ray images by using
an in-house software application, the images were
modified to include photon noise, and then suitably
processed to obtain CEDEM images. The evaluation
included measurements of contrast.

AIM

The aim of this study is to establish a framework of
computational tools to design, simulate and investigate
the CEDEM process.

MATERIALS AND METHODS

Phantoms: We used in-house software application
XRaylmagingSimulator (10) to create two computational
objects. The first object is a parallelepiped modelled from
clear resin. Its dimensions were designed to be 75 mm x
60 mm x 50 mm with ten pits on the top of it, each of the
pits with a radius of 4 mm. The pits depths are from 0.1
mm to 1.0 mm. The second object has a semi cylindrical
shape with a radius of 50 mm and a height of 45 mm.
Within this object, there are 6 cylindrical cavities, each
of them with a radius of 10 mm and different heights — 2
mm, 3mm, 4 mm, 5 mm, 6 mm, 8 mm. The material
for this second object was polymethyl methacrylate
(PMMA). The background materials: clear resin and
PMMA were selected as they are frequently used in
phantoms designed to mimic the breast (11, 12). Further,
iohexol was used to fill the pits of the first object and the
cavities of the second object. Iohexol contrast is widely
used in hospitals. Physical dimensions of both phantoms
were similar to the dimensions of a compressed breast.
Objects are displayed on Fig. 1.

Figure 1. Computational phantoms created for the study:
(left) first object: parallelepiped and (right) second
object: semi cylinder

H3ooparncenus: OCHOBHUTE TEOMETPHYHM IapaMeTpu Ha
PalMONIOTHYHO YCTPOIMCTBO ca Pa3CTOSHUATA MEXKIY MU3TOY-
HUKa W U30LCHTDHpA, U pa3CTOAHUCTO MCKAY HM3TOYHHUKA U
JIETeKTopa. 32 CUMYJIAL[UUTE TE3H Pa3CTOSIHUS Osixa M30paHu

Images: The basic geometric parameters of a radiology
unit are the distances between the source and the
isocenter, and the distance between the source and
the detector. For the simulations, these distances were
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na 6paat ceorBeTHO 1000 mm u 1300 mm. CumynupaHure
e”epruitnu criektpu ca 50 kVp, 80 kVp, 100 kVp n 120 kVp.
TexHuTe cpenHN €HEpPruy ca M3MOJI3BAaHH 32 MOJICIMPaHe Ha
PEHTIeHOBUTE N300paKEHUS! 38 BCEKU M3UHMCIUTENIEH OOCKT.
Te3u peHTreHOBHM M300pakeHHs ca 00paboTeHH, 3a 1a ChOT-
BETCTBAT Ha PEHTTeHOBA eKCTIO3unUs 0T 1 mGy. POTOHHUAT
rym Oerrie 100aBeH ¢ moMornta Ha ypaBHenue (1):

N=Ne™*+3 &= Poisson (VN) (1),

kb1eT0 N 1 N, ca CbOTBETHO OpOAT Ha (POTOHHTE, TIPEMUHA-
BalIM Ipe3 o0exTa U OposT Ha (OTOHHUTE B U3TOYHHKA, [ €
KOe(pUIMEHTHT Ha 3aTHXBaHe, | € TbJKMHATA HA BT,

Memoo c¢ uzsarncoane: Metonst 3a nonydasane Ha KYJIEM
n300paKeHNs € OCHOBABa Ha JIBYCHEPTHITHHS aJTOPUTHM,
onucaH B (13). TermoBHOTO M3BaXKJaHE MMUKCEN 10 ITUKCET €
MIPIIIOKEHO Upe3 ypaBHEHHUE (2), KbAETO CTOHHOCTTA Ha BCe-
KH IUKce Ha n300pakenneTo PSR 3aBucu ot cToifHOCTTa Ha
MKceTa Ha H300paKeHNeTo Mpu HUcka eneprus PL cuen mo-
OaBsiHE HA IIIyM, CTOWHOCTTA Ha MUKCEIa Ha H300pakeHUETO
npu Bucoka eneprus PH cnen mo6assiHe Ha mrym 1 KoepHITu-
eHT W:

PSR = PL — w.PH )

[Tpn n3uncnsBaHusATa 32 CTOWHOCT Ha W CE TeCTBaxa peuia
gucna Mexay 0 u 4, u Hali-moOpaTa CTOMHOCT € OIpeIesIcHa
EKCIIePHMEHTAIHO. 3a Ta3M Iel OsXa OmpesieseHu aBe 00-
nactu Ha nHTepec (OHI) Ha Besiko n300paskeHue, MOIydeHO
KaTo pe3yiTar OT M3BaxjaaHeTo: n3bpaxme mbpBata OHU
B o0JylacTTa Ha Hal-IBJIOOKATAa BUIBOHATHHA C HOXEKCON 3a
N300paKeHNATAa HA MBPBHUS O0CKT M Hal-BHCOKaTa KyXHHa
¢ MOXEKCOoJ 3a N300paKeHUsATa HA BTOPHUsS 00EKT, a BTopaTa
OHMU u3bpaxme B 30Ha, B KOATO HAMa HOIHO Oa3upaH KOH-
tpact. U nBete OHU ca ¢ pazmepu 30 x 30 nukcena. Kontpa-
ctsT (CK) 3a Besiko n3o0paskeHne ce M34HCisABa M0 ypaBHe-
uue (3) cnenuus HauuH (14):

CK = (CC-C)/DdC 3)

kpaeTo CC e cpennata croifHoct B mbpBute OHU, OC e
cpenHaTa cToifHoCT BbB BTOpuTe OHU.

3a Bcsika eHepruiiHa [Boifka 6e HaMepeH TErTTOBHUAT Koe(hu-
[UEHT W, KOUTO OCUTYpsIBa HAall-BUCOK KOHTPACT. 3a IEIHUTE
Ha CpPaBHEHHUETO, 10 ypaBHEHHE (4) OsXa M3UUCIICHU Teope-
THYHUTE KoepuuueHTH W . Tesn koeuIuenTn 3aBUCAT OT
kKoeumeHTa Ha 3aTuxBaHe UL mpum HUCKa eHeprus m Koe-
¢unmenTa Ha 3aTuxBane pH mpum Bucoka eHeprwus, 3a BCsKa
eHepruiiHa TBOWKa U BCEKH OCHOBEH MaTepHall — YUCTa CMO-
na wiu [IIMMA:

we = (1 /1y C))

PE3YNITATU U OBCBHXAOAHE

®durypa 2 mokasBa CUMYJIMpPAaHUTE PEHTIC€HOBH HM300pake-
HUS ¢ J100aBeH IIyM Ha IbPBHS M3UYHCIHMTEIECH OOEKT, TOo-
JyYeHH NP YSTUPUTE PA3TINIHU €HEPIHH HA PEHTICHOBUTE
npum, nokaro durypa 3 mokaszsa n3o0pakeHHs ¢ 100aBeH
IIYM Ha BTOPHS U3YUCIUTEICH 00EKT 3a ChIINTE CHEPTHH Ha
peHTreHoBuTe J1buu. KakTo ce oyakBaie, yBeIn4aBaHETO HA

M CneuvanHo usgaxve M Tom 13 M Kn. 4 M M BbJITAPCKO CMUCAHME 3A OBLECTBEHO 3[IPABE M 2021 M BULGARIAN JOURNAL OF PUBLIC HEALTH B B M Vol.13 M Ne 4 M Supplement M

selected to be 1000 mm and 1300 mm, respectively. The
simulated energy spectra are 50 kVp, 80 kVp, 100 kVp
and 120 kVp. Their mean energies were used to model the
x-ray images for each computational object. These x-ray
images were processed for correspond to x-ray exposure
of 1 mGy. Photon noise was added using equation (1):

N=Nge*+3,  &=Poisson (VN) (1)

where N and N, are the number of the photons passing
through the object and number of the photons at the
source respectively. p is the attenuation coefficient, 1 —
path length.

The subtraction method: The method used obtain
CEDEM images is based on the dual-energy algorithm,
described in (13). Pixel-by-pixel weighted subtraction
was applied by equation (2), where each image pixel
value PSR depends on the low energy noisy image pixel
value PL, the high energy noisy image pixel value PH,
and a coefficient w:

PSR = PL — w.PH )

In calculations different values of w between 0 and 4 were
tested and the best value was experimentally defined.
For this purpose, two regions of interest (ROI) on each
subtraction result image were defined: the first ROI was
selected inside the area of the deepest iohexol pit for the
images of the first object and highest iohexol cavity for
the images of the second object, and the second ROI was
selected in the area free of iodine-based contrast. Both
ROI had dimensions 30 x 30 pixels. Next, we calculated
average value for the respective ROI, calling them “signal
value” (SV) for average values within the first ROI and
“background value” (BV) for the average value within
the second ROI. Finally, we calculated the contrast value
(CV) for each subtraction result image using SV and BV
for the respective image and the equation (3) (14):

CV = (SV-BV)/BV 3)

Thus, for each energy pair, we determined the weighted
coefficient w that provided the highest contrast.

For comparison purposes, the theoretical weighted
coefficients, w., were calculated by equation (4). These
coefficients depend on low energy attenuation coefficient
uL and high energy attenuation coefficient uH for each
energy pair and each background material — clear resin
or PMMA:

We= 1,/ 1) @

RESULTS AND DISCUSSION

Fig. 2 shows the simulated noisy x-ray images of the
first computational object obtained at the four different
incident energies, while Fig. 3 shows the noisy images
of the second computational object for the same incident
energies. Visual evaluation indicates the increase of
the incident photon energy resulted in lower contrast
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eHeprusTa Ha (POTOHUTE BOJHU 10 MO-HUCKO KOHTPACTHU U3- images, which can be explained with the increased
00pa)keHH s, KOCTO MOJXKE JIa C€ OOSICHH C MOBHUILICHOTO BJIHSI- influence of the Compton scattering.
Hue Ha KoMnThHOBOTO pa3ceiiBaHe.

Qduaypa 2. CumynupaHu peHmeeHo8U U306paxkeHusi ¢ Figure 2. Simulated x-ray noisy images of the first
OdobaseH wym 3a nbpsusi obekm: (A) 50 kVp, (B) 80 object: (A) 50 kVp, (B) 80 kVp, (C) 100 kVp, (D)
kVp, (C) 100 kVp, (D) 120 kVp 120 kVp

A B € D

Qduaypa 3. CumynupaHu peHmeeHo8U U306paxkeHus ¢ Figure 3. Simulated x-ray noisy images of the second
OdobaseH wym 3a emopusi obekm: (A) 50 kVp, (B) 80 object: (A) 50 kVp, (B) 80 kVp, (C) 100 kVp, (D)
kVp, (C) 100 kVp, (D) 120 kVp 120 kVp

Tabauna 1 mokaspa pe3yJiTaTUTE 33 TEIJIOBHUTE KOe(DUI[HEH- Table I displays the results for the weighted coefficients
TH W ¥ W, KOUTO CBOTBETCTBAT HA MAKCHMaIHATa CTOMHOCT w and We, which correspond to the maximum contrast
Ha koHTpacTa (CVmax) 3a BCsIKa eHEpPruiiHa JBOMKA 3a ITbp- value for each energy pair for the first object, while
BUsI 00CKT, JOKATO TaOIuIla 2 MoKa3Ba ChbOTBETHUTE AaHHH, table II shows the respective data obtained for the
MOJIyYCHHU 33 BTOPHUS OOCKT. second object.
Tabnuuya 1. TeenosHu KoeghuyueHmMuU 3a MbP8ust 0bekm Table 1. Weighted coefficients for the first computer
generated object
< UsE 30
5 g £ T 3 i . = . 2
© ] o o v = > & o= O
= z o <3I |53 8 2 % 258 |BSS
=g ¢ ] oS oS e > c s R £C®
f © X o = a0 ] = =0
[ X o ee o ee = o v = =] S
g2 eo g T SEos g z 2 TE 2990 ,|T9E
oo iz 3= eSp g3 o o=z X 28E 2 |28%
1 50 80 1.233 1.244 1 50 80 1.233 1.244
2 50 100 1.314 1.319 2 50 100 1.314 1.319
3 50 120 1.367 1.377 3 50 120 1.367 1.377
4 80 100 1.065 1.060 4 80 100 1.065 1.060
5 80 120 1.109 1.106 5 80 120 1.109 1.106
6 100 120 1.040 1.044 6 100 120 1.040 1.044
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Tabnuuya 2. TeanosHU KoeghuyueHmMu 3a emopusi obekm

Table 2. Weighted coefficients for the second computer

generated object
9 & g 5% 5 ; £ 2 & £3 2e
fs |z |3 |s3i |sif 2 |5 |z |BEs (3o
55 |§% 8% |g%: g% 5 |te |se |55 5%
$g  |EE 5E 58883 § |83 |Bz |%¥8£-|%8i:
1 50 80 1.254 1.259 1 50 80 1.233 1.244
2 50 100 1.342 1.348 2 50 100 1.314 1.319
3 50 120 1.400 1.405 3 50 120 1.367 1.377
4 80 100 1.071 1.071 4 80 100 1.065 1.060
5 80 120 1.116 1.116 5 80 120 1.109 1.106
6 100 120 1.042 1.042 6 100 120 1.040 1.044

CpaBHsABalKYM TEOPETHYHUTE CTONHOCTH Ha W ., TOKA3aHH B
Tabmuma 1 u Tabnuma 2, ¢ U3YNUCICHUTE OT CUMYJIALIASITa W,
ce BIDKJA, Y€ Pa3iIMKUTE ca MAaJKH, KaTo Hal-roiasMaTa OT
Tax e 0,011 3a enepruiinata nBoiika 1 3a mepBus 00exT. Kato
LSJI0, Pa3JIMKNTE U 3a JIBaTa 00EKTa ca IO-rOJEMHU, KOraro
Huckarta eneprus ¢ 50 kVp. Pasnumkure B cToifHOCTHTE Ha
W M W, Ca MO-MaJIKh 33 BTOpHs 00eKT. OOjACHEHHETO €, ue
Hai-IBIOOKaTa BIUTOHATHHA HAa MBPBUS 00eKT € 1 MM, 10-
KaTo Hal-ToIsIMaTa KyXrWHa Ha BTOPUS OOCEKT € C BUCOYHMHA §
MM, [IOPaJN KOETO € T € MO-IIyMOYCTOHYHBA.

Quaypa 4. Mi306paxeHust ¢ Hali-8UCOK KOHmMpacm, rnosy4yeHu
npu u3eaxdaHe Ha usobpaxeHusima ¢ 0obaseH wWym
3a 8csika eHepeauliHa 0solika 3a nbpaeusi obekm:

(A) deotika 50 kVp — 80 kVp,
(B) dsotika 50 kVp — 100 kVp,
(C) deolika 50 kVp — 120 kVp,
(D) deotika 80 kVp — 100 kVp,
(E) dsotika 80 kVp — 120 kVp,
(F) dsotika 100 kVp — 120 kVp

Comparing the theoretical values of w_ shown in Table I
and Table IT with calculated from the simulation w, it is
seen that differences were small with the greatest of them
0.011 for the energy pair 1 for the first object. Generally,
the differences for both objects were greater when the
low energy was 50 kVp. Differences in the values of w
and w_ were less for the second object. The explanation
is that the deepest pit on the first object was 1 mm while
the largest cavity of the second object had height 8 mm
therefore it was more noise resistant.

Figure 4. Subtraction result noisy images with best
contrast for each of the energy pairs for the first
object:

(A) pair 50 kVp — 80 kVp,
(B) pair 50 kVp — 100 kVp,
(C) pair 50 kVp — 120 kVp,
(D) pair 80 kVp — 100 kVp,
(E) pair 80 kVp — 120 kVp,
(F) pair 100 kVp — 120 kVp

durypa 4 nmokaszsa n300paKeHN 3a MbPBUS 00EKT, MOTyUe-
HU 4pe3 M3BAXKJaHE ChC CTOMHOCTHTE HA W, KOUTO Ca M0CO-
YeHHU B Tabnuna 1, 10kato n300pakeHHsTa 38 BTOPHS 00EKT,
TIOJTYUYCHH Ype3 U3BaKJaHe ChC CTOMHOCTH 32 W, IOCOYEHH B
Tabnuma 2, ca mokaszaHu Ha Gur. 5. Bcuuku n3odpakenus ca
BU3yaJIM3MpaHu ¢ rmoMomira Ha Imagel n nzodpakenusra 3a
BCEKM OOCKT MMaT eTHaKBH HACTPOHKH.
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Fig. 4. displays subtraction images for the first object
with values of w as listed in table I, while the subtraction
result images for the second object with values for w
listed in table II are displayed on Fig. 5. All images were
visualized using ImageJ and images for each object had
same settings.
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Quaypa 5. Mzo6paxeHusi ¢ Hali-eUCOK KOHmMpacm, rnosy4yeHu
npu useaxdaHe Ha usobpaxeHusima ¢ 0obaseH Wym
3a ecsika eHepeuliHa 08olika 3a emopusi obekm:

(A) dsotika 50 kVp — 80 kVp,

(B) dsolika 50 kVp — 100 kVp,
(C) dsotika 50 kVp — 120 kVp,
(D) deotika 80 kVp — 100 kVp,
(E) dsotika 80 kVp — 120 kVp,
(F) deotika 100 kVp — 120 kVp

Figure 5. Subtraction result noisy images with best
contrast for each of the energy pairs for the
second object
(A) pair 50 kVp — 80 kVp,

(B) pair 50 kVp — 100 kVp,
(C) pair 50 kVp — 120 kVp,
(D) pair 80 kVp — 100 kVp,
(E) pair 80 kVp — 120 kVp,
(F) pair 100 kVp — 120 kVp

CrneaBaniuTe CTBHIKM Ca CBBP3aHM C €KCIIEPUMEHTAJIHO Ba-
JMUMpaHe HAa MOJCIHUTE: MOJydaBaHE HAa M300PaKEHUS U
TAXHOTO HU3BaAXJAaHEC, KAKTO U C IIO-HATATBHIIHO H0£l06p5lBa'
HE Ha aJITOPUTHMA 33 H3BAXKAaHE. 3a Ta3H LEJ € IPOU3BEICH
(busnYecKu MoIel1, KOUTO ¢ 00JIbYCH Ha PEHTIeHOBa ypea0a
C €Hepruu, KOUTO Ca CUMYJIHpPaHU B TOBA M3CJEIBaHE.

3AKIMIOYEHUE

ToBa m3ciiesBaHe ch3JaBa MPOIENypa 3a W3BBPIIBAHE Ha
CUMYJIMpaHU ONTHMHU3ALMOHHHM H3CIEIBaHUS C H300pa-
JKEHHSI ¢ KOHTPACT, KOMTO IIi¢ ObAaT M3MOI3BAHU 32 OITH-
MHU3alnMs Ha MApaMeTPUTE B HAKOM CHEHU(PHUYHU PAKOBH
ciaydail. PeHTreHoBu m300pakeHUs ¢ A00aBeH myMm Osxa
YCIIEHIHO TeHepHUpaHu B 00paboTeHH M0 MOAXOMSI HAYUH
3a mosy4aBaHe Ha m3oOpaxkeHus Ha KYJIEM. U3o6paxe-
HUATA, MOJyYEHU Ype3 U3BaXKAaHEe P EHEPIUIHU IBOHKH
¢ 50 kVp xaro HHCKa eHEepTHsl, UMAT JOOBP KOHTPACT JOPH
3a MO-MaJIKH KOJMYeCcTBa HOAEH areHT, KaKTO B ciaydas Ha
B/UTBOHATHMHHUTE HA ITBPBUS OOCKT.

BbnazodapHocmu

Tozu npoexm e ghunancupan om npocpamama na Eeponeii-
CKUslL CbI03 3a u3caedsanusi u unogayuu ,, Xopuzowm 2020 no
CHopaszymMeHuemo 3a OMnycKane Ha 6e36b3Me30HU CPeOCmed
,,Mapusi Cxroodoecka-Kropu™ Ne 101008020.
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Next steps are related to the experimental validation
of the models: the acquisition of images and their
subtracted image, as well as with further improvement
of the subtraction algorithm. For this purpose, a physical
model was manufactured and was irradiated on an
X-ray system with energies simulated in this study.

CONCLUSIONS

This study established a framework for performing
simulated optimisation studies with contrast-enhanced
imaging that will be used in a further specific cancer
cases acquisition parameters optimization. Noisy
x-ray images were successfully generated and suitably
processed to obtain CEDEM images. Subtraction result
images of energy pairs with 50 kVp as low energy had
good contrast even for smaller quantities of iodine agent
as in the case of the pits of the first object.
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OLUEHKA HA ®UHUTE
ABUIATEJTHWN YMEHWA,
NMPUOOBUTU NO BPEME HA
CUMYNAUNOHHO OBYYEHMUE
MO NANAPOCKOINCKA
XOJIEUNCTEKTOMMUA

Typraiit Kaauunos!, Jusin T'pbauapos?, Kpucruna
Bausnakoa®, Anekcananp 3narapos’, Hukoua Kosaes!

Kameopa no obwa u onepamuena xupypeus, Meouyuncku
ynusepcumem-Bapna
2Kamedpa no coyuanina Meouyuna u op2anu3ayus na
30paseonassanemo, Meouyuncku ynusepcumem-Bapna
SKamedpa no meduyuncka anapamypa, eiekmpoHuKa
U UHPOPMAYUOHHU MEXHONO2UU 8 30PABEONA3BAHEMO,
Meouyuncku ynugepcumem-Bapna

PE3IOME

Bweeoenue: Ilpes nociednomo decemunemue, biazooapenue
HA pa3sumuemo Ha HOUMmMe MeXHON02UU, CUMYIAYUOHHOMO
06yueHue 6ce nogeue HABIU3A 8 0OPA30BAHUEMO NO XUPYD-
eus. 3a nvpeu nvm 6 bvreapusa npez 2016 2. Meouyuncku
VHUgepcumem-Bapna éveede oOyueHue ¢ 1anapocKoncKu cu-
myaamop ¢ supmyaina pearrnocm. I1o mosu Hauun npudoou-
8aHEMO HA JANAPOCKONCKU YMEHUS MOdce 0d 3anouHe oufe
npeou 3a8bpuiBaHe Ha MeOUYUHCKOmMo obpa3osanue.

Len: [la ce nanpasu oyenka Ha ehexmugHOCMma Ha cumMyna-
YUOHHOMO 00YUYeHUe npu IAnapoCKoONCKa Xupypeus u npuoo-
busanemo Ha QuUHU O8USAMENHU YMEHUs N0 8pemMe HA 1and-
POCKONCKA XONeYUCEKMOMUSL.

Mamepuan u memoou: 3a nepuod om oecem Onu nemuaode-
cem cmydenmu, obyuasawu ce no meouyuna ¢ 3-ma, 4-ma
u 5-ma 200una om obyueHuemo cu, 6sxa 00yyenu Ha CUMYy-
aamop ¢ supmyanna pearnocm Simbionix Lap Mentor 3, un-
cmanupan 6 omoenenuemo no xupypeus, YMBAJI ,,Ceema
Mapuna®, Bapha. Llenma na obyuenuemo e 0a ce u3nviHu
nem nvmu NOC1E008AMENHO YRpadcHenuemo ,,Jlanapockon-
cKa xoneyucmexmomus', Koemo e eOHa om Hati-uecmume ia-
NapoCKONCKU onepayuu u 0a ce OYeHsm YMeHuama Ha cmy-
deumume. Eexmusnocmma na oOyuenuemo e onpeoeyeHo
no nem Kpumepus, Kamo 3d 6CeKu eOUH ce onpeoenu meHoeH-
Yyuama Ha pazeumue ¢ 6CeKu C1ed8auy eKCnepumMenm.

Pezynmamu: Habniooasa ce mpaiina, nocmosinna u 0vp-
3a meHOeHYUsi KbM NOO0OpeHue Ha pe3yimamume Ha yydc-
MHUYUMe CIPAMO 8PeMemo U UKOHOMUYHOCIING 6 O8UdiCe-
HUAMA 8 pamKume Ha nem ONUMa u NIA6HO NOOOOpeHue Ha
pesyamamume CAPAMO ePUKACHOCMING HA KAYMepusayus.
besonacnocmma na kaymepuszayuama HamMaiaéa 3a cmMemra
Ha 8pememo, HO npu nemu ONum ce GUXCOd MeHOeHYUs KbM
noxkausaue, 6e3 mosa 0a Mmosa 0a NOGIUABA HE2AMUBHO HA
spememo Ha npoyedypama.

Obcvacoane: Pesynmamume om moga npoyugamne Hu 0a0o-
Xa HACOKU KOU YMEHUsl €A YCbEbPUEHCMEANU 6CIe0CBUe Ha
obOyuenuemo u 3a Kou Opyeu no020MmoeKama e HedoCmamvy-
Ha u mpa66a 0a ce NpaKmMuKysa no-oviz2o epeme. Bvz ocrnosa

ASSESSMENT OF FINE MOTOR
SKILLS ACQUIRED DURING
SIMULATION TRAINING
DURING LAPAROSCOPIC
CHOLECYSTECTOMY

Turgay Kalinov!, Dean Grancharov?, Kristina
Bliznakova®, Aleksandar Zlatarov', Nikola Kolev*

!Department of General and Operative Surgery,
Medical University — Varna
2Department of Social Medicine and Health Care
Organisation, Medical University — Varna
3Department of Medical devices, electronic and
information technologies in the healthcare, Medical
University — Varna

ABSTRACT

Introduction: Over the last decade, thanks to the
development of new technologies, simulation training
has increasingly entered the education of surgery.
For the first time in Bulgaria in 2016, the Medical
University of Varna introduced training with a
laparoscopic simulator with virtual reality. In this way,
the acquisition of laparoscopic skills can begin even
before the completion of medical education.

Aim: The aim of this study is to make an assessment of
the effectiveness of simulation training in laparoscopic
surgery and the acquisition of fine motor skills during
laparoscopic cholecystectomy.

Materials and Methods: For this purpose, fifteen
students studying Medicine in 3rd, 4th, and 5th year of
their studies, were trained on a simulator with virtual
reality Simbionix Lap Mentor 3, installed in the Surgery
Department, University Hospital of Varna, Bulgaria,
for a period of ten days. The aim of the training
was to perform five consecutive times the exercise
Laparoscopic cholecystectomy, which is one of the most
common laparoscopic operations. The effectiveness of
the training was assessed by using five criteria.

Results: There is a lasting, constant and rapid tendency
to improve the results of the participants in terms of time
and economy in the movements within five attempts and
a gradual improvement of the results in relation to the
efficiency of cauterization. The safety of cauterization
decreases at the expense of time, but on the fifth attempt
there is a tendency to increase, without this negatively
affecting the time of the procedure.

Discussion: The results of this study gave us guidance
on which of the skills the training was sufficient for their
improvement, and which of them the learner needs to
practice for a longer time. Based on them, an adequate
curriculum for training in laparoscopic surgery was
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Ha msx e pazpabomena nooxoosuja yieona npoepama 3a 00y-
yeHue no NanapoCcKonCKa Xupypeus, cv00pazena ¢ pe3yuma-
mume om 0OyueHuemo.

3akntouenue: Upes uznonzeanemo Ha CUMYIAMOPU 3a BUPIY-
AnHA peanHocm cmyoenmume U CneyuaIucmume no Xupypeus
UMAm 8b3MOHCHOCH SHAYUMETHO 0 YCKOPAM YCBOABAHEMO HA
cneyupuuHu NCUXOMOMOPHU 8b3NPUAMUSL U (DUHU dsucame-
HU 08UdNCEHUs, HeOOXOOUMU 3a IANAPOCKONCKAMA XUPYP2USL.

KJirouoBH IyMH: CUMYJIAIHOHHO 00y4eHHe, Jamapo-
CKOIICKa XOJICIUCTEKTOMIS, Simbionix Lap Mentor 3

BbBEOEHUE

[Ipe3 mocieaHOTO JeceTHieTHe MHHHMMAJIHO HWHBAa3MBHATA
XUPYPrust IpUI00H MUPOKO pa3poCTpaHEHHE B MPaKTHKa-
ta (1-3). IIpu HSIKOM XUPYPTrUYHU UHTECPBEHIIMH JIAIAPOCKOII-
CKHUSAT JIOCTBI € 371areH ctanaapt (4). Takaa mamapockorncka
XUPYPrUvHa HHTEPBEHIIHS € XOJICHUCTEKTOMUATA, CBhP3aHa
C OTCTpaHsBaHE Ha >XIbueH Mexyp (5). XoyenucrekToMu-
ATa € oneparnus, KosTo € IMO-IbJI0O0KO 3acerHara OT BbBEXK-
JTAHETO Ha JalapoCKOoICcKaTa TeXHHWKAa. B JnHemHO Bpeme
JIAITapoCKOICKaTa XOJEIUCTEKTOMHUS € Hal-4ecTo W3BBPII-
BaHaTa abJOMHMHAJIHA NpOLeAypa B pa3BUTHTE cTpaHU (5-7)
U ce € NpeBbpHAJIa B CTAHJAPT 3a JICYeHHE Ha 3a00JIIBaAHUS
Ha #JIpuHuA Mexyp (8). ToBa Boam 10 MOBHUIIEHA HYXXJA OT
KBaJIN(UIIMPAHU CIEIHAINCTH. BpemeTo, HeoOXoauMo 3a
oOyueHHe W TpUA0ONBaHEe HA CHENHU(UYHHU JANAPOCKOICKH
YMEHHS, KaKTO U TSXHOTO YCHBBPIICHCTBAHE, € OCTa JIbJI-
ro (9). Toa oT cBOs cTpaHa BOAM /0 CH3AABAHETO HA Or'pa-
HUYEH OpOH CIeNUaNCTH, KOETO € KPaHO HENOCTaThYHO
3a 00cIy’KBaHE Ha HapacTBAIlOTO THPCEHE HA TO3M BUJ XH-
pypruuHa wHTEpBeHLUs. biarogapeHue Ha yCKOpSIBAIIOTO
Cce pa3BHTHE HA HOBUTE TEXHOJIOTMH Tpe3 mnocieauure 10
TOAWHHM, CUMYJIAIIHOHHOTO 00y4eHHe BCE ITOBEYE HABIIN3A B
0o0pa3oBaHUETO 1O XUPyprus. To3u eran Ha CUMYJIAIIMOHHO
oOyueHHe € 3aJBJDKUTENEH B MHOTO YHUBEpcUTeTH B EB-
pomna M 1o CcBeTa, IMpeAr MIIAJUTEe XUPYpP3H Aa 3all0YHaT J1a
M3BBPIIBAT ONEpaluy BbpXy nanueHTH. CUMynaTtopure ca
MHTYWTHBHU M IIpech3JaBaT HaITbJIHO MHTpaolepaTHBHATA
00CTaHOBKa, OTYUTAT T'PEHIKUTE M YCIOXHEHHUSATA, HACTH-
MWIM TI0 BpEMe Ha OIepalusiTa, KaTo MHTEPBEHLINATA MOXKE
Ja ObJe MoBTapsiHa MHOTO I'BTH, JOKATO Obje OBIAJSHA OT
Obmemus Xupypr 1o cpBbpireHCTBO (10-11). 3a mepBH TBT
B boearapus npe3 2016 r. MenuuuHcku yHuepcuteT-BapHa
BbBeJIe 00yUCHHE C JIAIIAPOCKOIICKH CUMYJIATOp C BUPTyallHa
peastHoct. ITo TO3M Ha4YMH NMpHUIOOMBAHETO HA JIAIAPOCKOII-
CKM yMEHHS MOJKE Jia 3allOYyHe OIle MpEeay 3aBbpIIBAHE Ha
MEIUIIUTHCKOTO 00pa3oBaHMe.

LEN

llenra Ha TOBa M3cieABaHE € Ja Ce HAIPaBU OLICHKAa Ha
e(peKTUBHOCTTA HA CHUMYJIAIIMOHHOTO OOYyYEHHUE IO Janapo-
CKOIICKa XUPYPrUsl U IPUI00MBAHETO HA (DMHU BUTATCITHH
yMEHHS 110 BpeMe Ha CHMYJIAllMOHHA JIAIIAPOCKOIICKa XOJle-
HUCTCKTOMMUA.

developed, in accordance with the learning outcomes.

Conclusions: Virtual reality simulators allow students
and specialists in surgery to significantly accelerate
the acquisition of specific psycho-motor perceptions
and fine motor movements necessary for laparoscopic
surgery.

Key words: simulation training, laparoscopic
cholecystectomy, Simbionix Lap Mentor 3

INTRODUCTION

In the last decade, minimally invasive surgery has
become widespread in practice (1-3). In some surgical
interventions, laparoscopic access is a gold standard
(4). Such a laparoscopic surgical intervention is
the cholecystectomy, related to the removal of a
diseased gallbladder (5). The cholecystectomy is the
operation that has been more profoundly affected
by the introduction of laparoscopy. Nowadays, the
laparoscopic cholecystectomy is the most commonly
performed major abdominal procedure in the developed
countries (5-7) and has become the standard of care for
gallbladder disease (8). This leads to an increased need
for qualified specialists. The time required for training
and acquiring specific laparoscopic skills, as well as
their improvement is quite long (9). This in turn leads
to the creation of a limited number of specialists, which
is extremely insufficient to service the growing demand
for this type of surgical intervention. Thanks to the
accelerating development of new technologies in the last
10 years, simulation training is increasingly entering the
education of surgery. This stage of simulation training
is mandatory at many universities in Europe and around
the world before young surgeons begin performing
operations on patients. The simulators are intuitive and
completely recreate the intraoperative field, calculate
the errors and complications that occurred during the
operation, and the intervention can be repeated many
times until it is mastered by the future surgeon to
perfection (10, 11). For the first time in Bulgaria in 2016,
the Medical University of Varna introduced training
with a laparoscopic simulator with virtual reality. This
simulator is now used for acquisition of laparoscopic
skills by Medical students before the completion of
their medical education.

AIM

The aim of this study is to make an assessment of the
effectiveness of simulation training in laparoscopic
surgery and the acquisition of fine motor skills during
laparoscopic cholecystectomy.
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MATEPWAIN W METOOU

3a mepuon OT JAeceT OHU TMEeTHAJECeT CTYICHTH, CIICIH-
amHocT ,,Menuuuna®, ot III, IV u V kypc, ca o0ydenu Ha
CHMYJATOp C BUpTyaiHa peanHocT Simbionix Lap Mentor
3, uactanmupan B [IppBa knmHUKA Mo xupyprus, Y MBAJI
,CBera Mapuna®, rp. Bapna. [lenra Ha 00yueHuneTo € mer
MTOCJICZIOBATEIIHY U3ITBJIHCHHS Ha YIIPa)KHEHHUETO.

VYhnpakHeHUsITa ca OPraHU3UPAHU C MPOABIIKUTEIHOCT 8
yaca Ha AeH. EJHO OT OCHOBHUTE yNpaskHEHHS Ha oOyde-
HUETO € MeT MOCJIE0BaTeIHN U3II'bIHEHH S Ha 3aadata Jla-
MapOCKOINCKA XOJEUCTEKTOMHUS, KOSATO € €/lHa OT Haii-uec-
TO CpEIIaHUTE JIaNapoCKONCcKu onepanuu. IIpoydysaneTo e
ono0peHo ot ernuHaTta komucus Ha MY-Bapna (IIporokon
Ne 026-95/3.12.2020).

CumynatopsT Simbionix Lap Mentor 3 mpemoctaBst moa-
poOHa 3amucaHa nHGOpMAaNHs 3a MPEICTABIHETO Ha BCEKH
YYaCTHHUK Clie]l BCsKa MpoLeaypa, KaTo B JICTalIl OLCHS-
Ba BCEKH CJIEMEHT OT M3BBPLICHATa CHMYJIAL[IOHHA OIepa-
nus. B HavanoTo Ha 3ajadaTa, CBbp3aHa C JIanapoCKOICcKa
XOJICLIUCTEKTOMHU ST, MCHTOPBT O0SICHU M IEMOHCTPUPA PEx
CTYJCHTHUTE JIBa IITH yIpaxkHeHHeTO. [1o Bpeme Ha ympak-
HEHHETO MEHTOPBT IPEIOCTaBU HHCTPYKLUH OTHOCHO TOBA
KaKBH 000peHus TpsaOBa aa u3Bbpumar oOydaemure. Hu-
KO OT y4aCTHHIIMTE HE € UMaJl IPEAHIICH ONUT C IPYTH
BU0BE MEIMIIMHCKH CUMYJIaTOPH. 3a Ja ce onpenesu epex-
THBHOCTTA HA 00yYEHHETO, C IOMOILTA HA OITUTHU XUPYP3H
ca u30paHM CIICJHUTE NIeT KPUTEPHs: (a) BpeMe 3a M3BBPII-
BaHE Ha mporeaypara; (0) 6e30macHOCT Ha KayTepU3aIlus;
(B) eukacHOCT Ha KayTepusanus; (T) UKOHOMHS B JIBHKE-
HUATA; () CPEIHO BpeMe Ha KayTepu3alus 0e3 aJeKBaTeH
KOHTaKT ¢ ThKaHTa MpPU BCEKHU clienBanl onut. OLeHeHa e
TEHJACHIMSATA HAa PAa3BUTHE HAa BCEKU KPUTEPHH BBB BCEKH
ClIe/IBaIl EKCIIePHUMEHT.

PE3YNTATU

Pesynrarure or cumynaropa Simbionix Lap Mentor 3 mo
OTHOIICHHUE HA M30paHUTE IeT KPUTEPHUs 3a OLEHKa ca 00-
oOwenn Ha @urypa 1-5. B 3aBUCUMOCT OT U34MCIICHUSITA CE
orpenelis BbpXY KOM yMEHHU s 00yuaeMHUsIT TPsiOBa Jia MOJI0KH
HOBeYe YCHIINS, 3a J1a I0J00pH Pe3yJITaTUTE CU 10 OTHOIIE-
HHUE Ha JAJICHUS] KPUTEPUHL.

Bpeme 3a usnwsiHeHUe Ha 3adavYama

®durypa | mokaspa cpeiHOTO 0010 BpEMe 3a U3II'bIIHEHUE Ha
JamapocKoIcKara 3ajada 3a AaJeH nopenes onut. Habumnro-
JaBa C¢ TpaﬁHa TECHACHI U KbM HaMaJIdIBaHC Ha BpEMETO 3a
U3MBJIHEHHE Ha Mpoleaypara. JJokaTo mpu mbpBU OMUT TO
e 634 cexyHau, To pu et onut e 348 cexynau. Pazoupa
ce, He caMO BPEMETO 3a U3NIbJIHEHHE Ha MPOLEypPUTE € Ba-
’HO, HO U KaYeCTBOTO Ha U3II'bIIHEHHUE HA 3aJa4aTa.
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METHODS

For a period of ten days, fifteen students studying
Medicine in 3rd, 4th, and 5th year of their studies, were
trained on a simulator with virtual reality Simbionix
Lap Mentor 3, installed in the Surgery Department,
University Hospital of Varna, Bulgaria.

Exercises were organised with a duration 8 hours
a day. One of the main exercise tasks of the training
was to perform five consecutive times the exercise
Laparoscopic cholecystectomy, which is one of the
most common laparoscopic operations. The study
was approved by the Ethical Committee of MU-Varna
(Ne 026-95/3.12.2020).

The Simbionix Lap Mentor 3 simulator presents detailed
information for the performance of each participant
after each procedure, evaluating in details each element
of the performed simulation surgery. At the start
of the Laparoscopy task, the mentor explained and
demonstrated twice the exercise. During the exercise,
the mentor provided instructions in respect to what
improvements the trainees need to perform. None of the
participants had previous experience with other types
of medical simulators.To determine the effectiveness of
the training, the following five criteria were selected
with the assistance of experienced surgeons: (a) time
to perform the procedure; (b) cauterization safety; (c)
efficiency of cauterization; (d) economy of movements;
(f) mean cauterization time without adequate
adhesion contact. The trend of development of each
criterion in each subsequent experiment was assessed.

RESULTS

The results from the Simbionix Lap Mentor 3 simulator
in respect to the selected five evaluation criteria are
summarised in Fig 1-5. Depending on the calculations,
it was determined on which skills the learner should
make more efforts to improve their results.

Time of the procedures

Figure 1 reveals the average total time to perform
the Laparoscopic task per an attempt. A steady trend
towards reducing the time to perform the procedure is
observed. While during the first participants’ attempt
the average total time corresponded to 634 seconds,
for the fifth attempt this time corresponded to 348
seconds, which is nearly twice less than the initial
time. Of course, not only the time of the procedures is
important, but also the quality of performance, which
we will pay attention to in the following graphs.
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@ueypa 1. CpedHo obwjo 8peme 3a U3Mb/IHEHUE Ha
nlanapockorickama 3adada 3a rnopedeH onum

Figure 1. Average total time to perform the Laparoscopic
task per attempt
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UkoHoOMuU4YHOCM Ha d8uXKeHusima

VkOHOMHUYHOCTTA B JBIXKCHHSTA € €IUH OT HaH-BaXKHUTE
€JIEMEHTH TPHU JIANapOCKONCKUTE onepanuu. ToBa mpuaaBa
KaKTO CHTYPHOCT, Taka U Obp3MHA B ONepaTHBHATA MHTEP-
BeHnus. durypa 2 mokasBa cpegHara o0ma JBDKWHA Ha
meTs 32 onuT. Habmiogasa ce ps3ko Mo0OpeHue B JIBHIKE-
HUSITA HA MHCTPYMEHTUTE MEX]Y I'bPBHS U BTOPHUS OIHT.
ToBa j0Kka3Ba, ye y4aCTHHUIMTE HEIIOCPEICTBEHO CIIE/ Ibp-
BaTa MHTEPBEHIIUS YCIISBAT Ja U3rpajsiT 0a3uCHU yMEHHUs,
KOUTO MoIo0psiBaT (pMHATa MOTOPHKA HA PBIIETE U MPHCTHTE.
OT 2-pu 0 5-TH ONMUT TEHJACHIMATA HA ChKpAIlCHHUE B JIBU-
JKEHUsITa Ce 3aMa3Ba, HO C MHOT'O MO-U3IJIa/IeHa KPUBa MEXKTY
OIUTHUTE.

Quaypa 2. CpedHa obwa Ob/mKUHaA Ha Mbms 3a rnopedeH
onum

Economy of motion

Economy in movements is one of the most important
elements in the laparoscopic operations. This parameter
provides both security and speed in the operative
intervention. Figure 2 shows the average total path length
per attempt. It can be observed a sharp improvement
in the movements of the instruments between the first
and second attempt. This proves that the participants
immediately after the first intervention manage to build
basic skills that improve the fine motor skills of the
hands and fingers. From the 2nd to the 5th attempt the
tendency of reduction in the movements is preserved,
but with a much smoother curve between the attempts.

Figure 2. Average total path length per attempt
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E¢pbukacHocm Ha kKaymepu3ayusima

Kayrtepusanus € equH OT Hall-Ba)KHUTE €JIEMEHTH OT Jlana-
pockonickute oneparuu. durypa 3 mokasBa cpenHaTta edek-
THBHOCT Ha KayTHpaHE 3a €IUH ONMUT. Pesynrature OTHOBO
MOKA3BaT 3HAYUTEITHO OAOOpEeHHEe MEX Y |-BH U 2-pH OMUT.
Mexay 2-pu B 5-TH ONHAT yYaCTHHUIINTE HABIW3aT B €IHO
«TLTaTOY, IPU KOETO €(PUKACHOCTTA Bapupa B TECHU I'PAHUIIH
mexay 70 u 72%.

Quaypa 3. CpedHa echekmusHOCM Ha Kaymepusauyusi 3a

Efficiency of cauterization

Cauterization - one of the most important elements
of laparoscopic surgery. Figure 3 shows the average
efficiency of cautering per an attempt. The results
show a significant improvement again between the 1st
and 2nd attempt. Between the 2nd and 5th attempts, the
participants enter a ,,plateau”, where the effectiveness
varies in a narrow range between 70% and 72%.

Figure 3. Average efficiency of cauterization per
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Be3onacHocm Ha Kaymepu3sauusi

TenaennusiTa 3a 0€30MACHOCT HAa KayTepH3alusTa ¢ u300pa-
3eHa Ha Purypa 4. [IporeHTHOTO ChOTHOLIEHHE MEXY 1-BU
U 4-TU ONMHT TIOKa3Ba TCHJCHIIMS KbM HaMallsiBaHEC Ha 0e30-
MacHOCTTAa, OT 63,95% 1o 56,26%. Ilpu netust oNuUT 3amovyBa
MOBHIIIABAHE HA CTCICHTA Ha O0e30mMacHOCT. Ta3u TeHACHIUS
KBbM HaMaJjsiBaHE Ha 0E30MacHOCTTa Ha KayTepU3alusTa Ce
JIBJIKY HA YCUJIMATA HA YYACTHUIIUTE J1a HAMAJISIT BPEMETO
3a U3BBPIIBAHE HA Mpoleaypara. ToBa HU 1aBa OCHOBaHUE J1a
OTOENCIKUM, Ye CKOPOCTTAa HAa YYACTHHUIIUTE CC yBCIMYABa,
HO TOBA € 3a CMETKa Ha 0€30MacHOCTTA.

@ueypa 4. CpedHa besornacHocm Ha Kaymepu3ayusi 3a
rpoeedeH rnopedeH onum

Safety of cauterization

The safety of cauterization trend is depicted in Figure
4. The percentage ratio between the Ist and the 4th
experience shows a tendency to decrease safety, from
63.95% to 56.26%. On the fifth attempt, an increase
in the safety rate begins. This tendency in a decrease
of the safety of cauterization is due to the efforts of
the participants to reduce the time to perform the
procedure. This gives us reason to note that the speed
of the participants is increasing, but this is at the
expense of safety.

Figure 4. Safety of cauterization per attempt
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CuJIHO BIIEYaTIIEHUE MPaBH, Y€ MPHU HETH CHPSIMO YETBBPTH
OIIUT, BPEMETO MpOoAbJIKaBa Aa HaMalidiBa, HO IIbK 3arlo4YBa
Jla ce HaOJII0ZaBa TEHCHIMS KbM IOBUIIaBaHe Ha Oe3omac-
HocTTa. ToBa HM JaBa MHIMKALUM, Y€ HAW-BEPOSITHO CIIE]
NETHU ONIUT, YHACTHUKDBT 3aI104UBa Jia U3I'bJIHABA MHTCPBCHIIU-
sta Obp30, HO TOBA He TPsiOBa Ja O'bje 3a cMeTKa Ha Oe3onac-
HOCTTa. TOBa ¢ OCHOBEH MPHHIUII [IPU pealiHa OnepaTHBHA
HWHTEPBCHIUSA — OIICpalusATa J1a 6"])}16 M3BHpIICHA Bb3MOXHO
Hail-0bp30, HO TOBA J1a He ObJIe 32 CMETKa Ha Ka4eCTBOTO M.

CpedHo epeme Ha kKaymepu3auyusi 6e3 adekea-
meH KOHMaKm cbLC cpacmeaHusima

W3non3BaneTo Ha KayTepa 0e3 npeaHa3HaueHHEe € OMacHO.
To mMoxe 1a joBesie 10 JOMUpP Ha CTPYKTYpa, KOSITO HE iKe-
JaeM Ja Kaytepusupame. To3u KPUTEPUU OICHSIBA HMCH-
HO TOBa - IEJeBaTa KayTepH3alus Ha CTPYKTypa, KOSTO
TpsiOBa na 6pae nmpepsazana. Cien mperiea Ha pe3yJITaTUuTe,
0000menun Ha durypa 5 OTHOBO ce 3a0elsI3Ba PsA3KO MOA0-
OpeHHUe B pe3yNTaTUTE MEXIY I'BPBH U BTOPH OIHT, CIEH
KOCTO YUYaCTHUKDBT HaBJIN3a B «IIJIATO» MEKIY 4-tu m 5-tn
OITUT.

QPuaypa 5. CpedHo speme 3a kKaymepusayusi 3a rnopedeH

It is very impressive that in the fifth versus the fourth
attempt, the time continues to decrease, but there is
a tendency to increase safety. This may be due to the
fact that after the fifth attempt, the participant begins
to perform the intervention more quickly, however, this
should not be at the expense of the safety. This is a basic
principle in a real operative intervention - the operation
should be performed as quickly as possible, but this
should not be at the expense of its quality.

Mean cauterization time without adequate
adhesion contact

The average cauterization time without adequate
adhesion contact per attempt is depicted in Figure 5.
Using the cauter for no purpose is dangerous. It can lead
to a touch of a structure that we do not want to cauterize.
This criterion assesses this - the target cauterization of a
structure that needs to be cut. As seen from the results in
Figure 5, a sharp improvement in the results between the
first and second attempts is observed again, followed by
a ,,plateau” between the 4th and 5th attempts.

Figure 5. Average cauterization time without adequate
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OBCBHXOAHE DISCUSSION

Pesynratute oT MpoBEACHOTO U3CIIEBAHE MOTAT Ja ce 0000-
LISIT KaKTO CJIe/(Ba:

* HaGmonaBa ce TpaiiHa, mocTosHHA U Obp3a TEHACHIIMS
KBM T0JI0OpEHHE Ha Pe3yJTaTUTe Ha YYaCTHUIIUTE CIps-
MO BPEMETO ¥ HKOHOMUYHOCTTA B JIBH)KCHHSITA B PAMKHUTE
Ha IeT OIUTA.

* HaGmromaBa ce mitaBHO TOI0OpEHNE Ha PE3YIATATUTE CIIPSI-
MO epHUKacHOCTTa Ha KayTepusanus. He ce moctura ekc-
nepTHO HUBO OT Hax 80%, HO cleAelKN MOKaYBaHETO HA
KpHUBaTa, CMEeM JIa OTOCIICKIM, Y€ TO3HM pe3ynTaT Ou Mo-
I'BJI 12 CE TIOCTUTHE TIPH 7-MO HIIH 8-MO ITIOBTOPEHHE.
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The results of these studies are summarised as follows:

* There is a lasting, constant and rapid tendency to
improve the results of the participants in terms of
time and economy in the movements within five
attempts.

* There is a gradual improvement of the results in
relation to the efficiency of cauterization. An expert
level of over 80% is not reached, but following the
rise of the curve, we dare to note that this result
could be achieved with the 7th or 8th repetition.
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* bes3omacHocTTa Ha KayTepH3alusaTa HaMajsiBa 3a CMETKa
Ha BPEMETO, HO TIPH METH OMUT CE BHIK/1a TEHJCHITUS KbM
nokayBaHe, 0€3 TOBa J]a TOBA Jia MOBJIMsBA HETAaTHBHO Ha
BpPEMETO Ha MpoLeaypara.

° AZ[eKBaTHI/IﬂT KOHTAKT C ThbKAHUTC IIPU KayTCpu3alusi cc
HO,E[O6p$[Ba IIJIaBHO.

IlocTmxkenusita B ToBa IIpoy4yBaHE O0BE€AOXa A0 CJICAHUTE
HaCOKH:

* BpemeTo 1 IKOHOMMYHOCTTA B JIBUKEHUSTa OMBAT yCBO-
€HH Hail-0bp30 OT cTpaHa HAa yyacTHHKA. TexHHUTE pe3yi-
TaTH 3HAUUTEIIHO C€ MOA0OPSIBAT MEXAY OTACIHUTE IET
OINTA JI0 JOCTUTAHE JI0 EKCIIEPTHO HUBO HA M3BBPILIBAHE
Ha IpoIeaypara.

* EdukacHocrra u 0€30MacHOCTTa Ha KayTepHu3alus ca
YMEHUATA, KOUTO U3UCKBAT ITOBCUYC BHUMAaHHUE OT CTpaHa
Ha Y4YaCTHHMKA. 3a YCBOSBAHETO Ha CKCIIEPTHO HHUBO Ha
YMEHHS B TOBa OTHOIICHHE TPsIOBA Ja Ce OTIEIIH OBEYC
BpeMe U mperu3HocT. duHaTta MOTOPHKA € OT OCHOBHO
3HAYEHHUE CIPSMO T€3H YMEHHUSI, a TSI CE YCBOSIBA 10-0aBHO.

° HO,HO6p${BaHGTO Ha PpE3YJITAaTUTC Ha KayTepusalusd HC
TpHGBa Ja 6”[),&6 3a CMCTKa Ha BPEMCETO. VYMeHusTa TpSI6Ba
Ja ca B CHHXPOH, KOJIKOTO 6T>p30 6”[))16 H3BBpLICHA UHTEP-
BCHIIMATA, TOJIKOBa G(I)CKTI/IBHO u 06e30ImacHo TpH6Ba Ja
MMpOTCUC TH.

Tesu Ba)KHHM HACOKH Ile ObJAT B3ETH [10]] BHUMAHUE [IPH Olie-
HsIBaHE Ha MPHUIO00UTHTE YMEHHS 110 BpeMe Ha 00YUYCHUETO U
HEOOXOIUMOCTTa OT JAOMBIHUTEIHO 00y4eHue, ¢ el IMoI0-
OpsiBaHE Ha CIICITU(PIIHH JATAPOCKONICKH YMEHHU .

3AKNMIOYEHUE

ToBa mpoyuBaHe MMokasa, 4e JamapoCKOICKUSAT CHMYJIaTop
MoOXe e(EeKTHBHO Ja C€ M3IO0J3Ba INPH NpUAOOMBaHE Ha
(GWHYU IBUTATENIHN YMEHUS 110 BpeMe Ha JIallapoCKOIICKa XO-
JEIUCTEeKTOMUS OT CTYJCHTH N0 MeAauiuHa. PesynraTure
OT TOBA IIPOYYBaHe ca 000OIIEHN B HACOKH, U3ITOJI3BAHM 32
OIlIeHKa Ha MPHUAOOUTHTE OT CTYJICHTHUTE 10 MEIMIIMHA Jia-
MIApPOCKOTICKHM YMEHHUSI, 1alii 00yUeHUETO € OMII0 J0CTaThu-
HO 32 TSIXHOTO YCHBBPIICHCTBAHE U KOU OT TSAX 00yJaBaln-
AT ce TpsOBa Jla MpakTHKyBa MO-ABJITO BpeMe. Bb3 ocHoBa
Ha Te3W HAaCOKH € pa3padoTeHa MmoaxoAsa yueOHa nporpa-
Ma 3a 00y4eHHe I10 JIaNapoCcKOIcKa XUPyprus, cho0pa3eHa
¢ pesynrarure oT o0yueHHeTo. Upe3 M3MO0I3BAHETO HA CH-
MYJIaTOpH 32 BUPTYaJlHA PEATHOCT CTYACHTHUTE U CIlelna-
JUCTUTE TIO XUPYPTHs 1€ UMAT BB3MOXKHOCT 3HAYUTEITHO
Jla YCKOPSIT YCBOSIBAHETO Ha CIENH(UIHU TICUXOMOTOPHHU
BB3NPUATHS U GUHU JBUTATEIIHN JABM)KEHUS, HEOOXOANMHU
3a JarapocKoIcKaTa Xupyprusi.

» The safety of cauterization decreases at the expense
of time, but on the fifth attempt there is a tendency to
increase, without this negatively affecting the time of
the procedure.

* Adequate contact with tissues during cauterization is
gradually improving.

The achievements in this study resulted in the following
guidelines:

* Time and economy in movements are assimilated
most quickly by the participant. Their results are
significantly improved between the five attempts to
reach the expert level of the procedure.

» Efficacy and safety of cauterization are skills that
require more attention from the participant. More
time and precision must be devoted to the acquisition
of expertise in this regard.

» Fine motor skills are essential to these skills, and they
are learned more slowly.

* Improving the results of cauterization should not be at
the expense of time. The skills must be synchronized,
the faster the intervention must be carried out, the
more effective and safe it must be.

These important guidelines will be taken into account
when assessing the acquired skills during the training
and the need for additional training in order to improve
specific laparoscopic skills.

CONCLUSIONS

This study showed that laparoscopy training simulator
may be effectively used in acquisition of fine motor
skills during laparoscopic cholecystectomy by Medical
students. The results of this study are summarised in
guidelines used to evaluate the acquired by the Medical
students’ laparoscopic skills, whether the training
was sufficient for their improvement, and which of
them the learner needs to practice for a longer time.
Based on them, an adequate curriculum for training
in laparoscopic surgery was developed, in accordance
with the learning outcomes. Through the use of virtual
reality simulators, students and specialists in surgery
will have the opportunity to significantly accelerate
the acquisition of specific psycho-motor perceptions
and fine motor movements necessary for laparoscopic
surgery.
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NMPUNOXEHUE HA
BAKTEPUUUAHWU NAMIMA
3A DESUHPEKUNA — OLLEHKA
HA EKCMO3ULUUATA U PUCKOBE
3A 3OPABETO

Muxaena UBanoBa', Xpuctuna Ilerkosal, [lets
HBanosal, [geresnua lasamanosal, Mumen U3paen’?

‘Hayuonaren yenmup no obwecmaeno 30pase u anaiusu
2Meouyuncku ynusepcumem - Ilnesen

PE3IOME

Buweedenue: baxmepuyuonume ceoiicmea Ha YImpaguoJe-
mosomo nvuenue (UV) ce usnonzeam om noseve om eOut gex
3a 0e3ungexyus Ha 6v30YX, 00a U NO8LPXHOCMU. Yampasu-
onemosusm — C (UVC) duanazon om onmuuHusi Cnekmup e
useecmen Kamo Hau-epekmueeHn 30 UHAKMUBayUs Ha 8UPYCU
u bakmepuu. B nacmoswama enuoemuuna cumyayus mosu
Memoo e MHO20 NOAEe3€eH, Mbll Kamo KOMOUHUPA 8UCOKA OAK-
mepuyuoHa egpekmugHocm Oe3 U3N0N36aHe HA XUMUKAIU UTU
8 0ONbIHeHUe KoM MpaouyuoHHume memoou 3a Oe3uHgex-
yusi. [Ipyeo npeoumcmeo e 6b3MOACHOCMIMA 30 HENPEKbCHAM
npoyec 6 NpUCvLCMEUEmMo Ha Xopa 6 ,,0e3un@exyupanomo”’
nomewenue. Ilpedumcmeama Ha memooa 800am 00 201AMO
pasHoobpasue na OAKMepUyuOHU USMOYHUYU C PA3TUYHA
KOHCIMPYKYUsSL U XAPAKMEPUCUKYU HA na3apd, npeoHda3nd-
yenu 3a Ouma, 30pasHu U yuebHU 3a8e0eHUsl, d CbUWO U 3d
pabomnama cpeda 6 paziuyHu npouzeodcmed. Ocmasa 6v-
npoCcvM 0anU NPUNOACEHUEMO HA DaxmepuyuoHume i1amnu
e 0e30nacHo npeodsud Ha MHOICECMBOmMO OOKA3AHU 8PEOHU
epexmu om excnozuyusma ¢ UV nvuenue.

Len: LJenma na npoyusanemo e OyeHkda Ha eKCROZUYUSMA HA
UV nvuenue om 6axmepuyudnu iamnu, O0OCMvIHU HA NA3apa
u 6e30nacHOCMma Ha MAXHOMO NPULOAHCEHUE.

Mamepuanu u memoou: Ilpunodxcen e memoo 3a OYyeHKa Ha
OCHOBAMA HA UBMEPBAHUSL HA NIBMHOCMMA HA MOWHOCT HA
UV nvuenue oxono baxmepuyuonu namnu. Hanpaseno e uz-
credsane Ha mpu 8u0a 6AKMepUYUOHU U3ILYGAMENU, HATUY-
HU Ha naszapa. U3mepsanusma Ha nIMHOCIIMA HA MOWHOCH
Ca U3BPUIEHU HA PA3TUYHU PA3CMOSAHUAL OM USMOUHUYUME,
8 3a6UCUMOCT OM MeXHUme KOHCMPYKIMUSHU 0COOEHOCHU,
NPenopvLUaHUs HAYUH HA NPUTONCEHUE U MOYUKUME HA 6b3MO-
Jrcer docmvn 00 uznvusamenume. Pesynmamume ca ananu-
3Upanu om 21e0Ha MoYKa HA 8b3IMOHCHUTNE PUCKOBE 3a 30Pa-
semo om excnosuyusama na UV nvuenue om usciedganume
UBMOUHUYY, 8 3AGUCUMOCT OM MeXHUMe XAPaAKMePUCTIUKU.

Pezynmamu u o6cvacoane: Pesynmamume om HanpageHume
U3Mep8aHus NOKA368am MHO20 UCOKU HUBA HA NILIMHOCIMMA
Ha mownocm na UV nvuenue 3a usmounuyume om ,,omxpum’’
mun. 3Hauumy HU8A HA YIMPABUOIEMOB0 IbUeHUe Cad pecl-
CMPUPaHU CbUWO NPU 8EHMUIAYUOHHUME OMBOPU HA JAMNU
om ,,3aKkpum’ mun, HO C NPeyusHo onpeoenane Ha MACMO-
Mo U HAYUHA HA MOHMANC HA USMOYHUYUME, eKCHO3UYUATNA
Ha X0pa 6 nomeujerusma modxce 0a 6voe uzoeecnama. Ilpeo-
CMasenu ca npeonodceHus: 3a MepKu, Koumo mpabea da ce
63emam 3a uzbseeane Ha excnozuyuama xHa xopa ¢ UVC om
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ABSTRACT

Introduction: The germicidal properties of ultraviolet
(UV) radiation have been used for more than a century
to prevent airborne infections. The UVC range of the
optical spectrum is known to be most effective for
inactivating or killing viruses and bacteria. In the
current epidemic situation, this method is very useful
because it combines high germicidal without the use
of chemicals or in addition to traditional methods of
disinfection. Another advantage is the possibility of
a continuous process in the presence of people in the
. disinfected* room.

The advantages of the method have led to a wide variety
of germicidal sources with different construction
and characteristics on the market, designed for
households, medical and educational units, as well as
for the working environment in different industries. The
question remains whether the use of germicidal lamps
is safe in view of the many proven harmful effects of
exposure to UV radiation.

Objective: The aim of the study is to assess the
exposure to UV radiation emitted by germicidal lamps
available on the market and to evaluate the safety of
their application.

Materials and methods: A method for estimation based
on measurements of the UV radiation levels around
germicidal sources is applied. A study of three types of
germicidal lamps available on the market is performed.
The measurements of irradiance are performed at
different distances from the sources, depending on their
design features, recommended method of application
and points of possible access of humans to the sources.
The results are analyzed in terms of possible health
risks from UV radiation exposure from the studied
sources, depending on their characteristics.

Results and discussion: The results of the measurements
show very high levels of irradiance for , open” type
sources. Significant levels of UV radiation have also
been registered at the ventilation grids of ,,closed type
lamps, but with precise determination of the location
and mounting of the sources, exposure of people in the
premise can be avoided. Suggestions for protective
measures to be taken in order to avoid exposure from
the studied sources, respectively to avoid health risks
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uzcieosanume usmovyrHuyu, cvomeenino oa ce uszbecnam u
puckoeeme 3a 3()[76166‘1110.

3aknwuenue: Tozu edpexmueern memoo Ha Oesungexyus (c
baxmepuyuoHu 1amnu) modxce 0a Ovoe U3N0A36AH 8 nomeuje-
HUsA Ha obwecmeaenu, yueOHU U euebHU 3a8edeHus npu yc-
J08uUe, ue ce U3bPUIBA KOHMPOL HA USMOYHUYUME HATULHU
Ha nasapa, oyemKa Ha MmexHuuecKume Xapakmepucmuru u
npuaazane Ha MepKu 3a 6e30NaACHOCM 8 3A8UCUMOCHT O Che-
YUGuUUHOMOo UM NPULONHCeHUe, Kamo MOHMUPanemo um 6voe
KOHCYIMUPAHO CbC CHEYUATUCH.

Kaio4oBu 1ymMu: yITpaBHOJIETOBO JIbUCHHUE, OaKTe-
pUIHACH epEeKT, eKCIIO3HITHS, Ne3NH(PEKIIHS, PICK 32
310paBeTo

BbBEAOEHUE

JlesnndexnusaTa mpeacTaBiIsBa yHUIIOKABAHE HA MAaTOTCH-
HUTE MHKPOOPTaHW3MH (0aKTepuu, BUPYCH, PYHTH U CIIOPH)
B okorHarta cpena. UV rpueHne € cpes; OCHOBHUTE PU3NUYECKH
METOJY, U3MO0JI3BaHN 32 Je3uHpeKus. bakTepunuHoTo yi-
TPaBUOJIETOBO JIBYCHUEC BKIIIOYBA CIICKTPAJIHUA AUAIIa30H OT
200 nm mo 280 nm, KaTo ropHarta TpaHUIlAa ChOTBETCTBA Ha
roprara rpanuia Ha UVC nuana3on, aepunupan oT Mexay-
HapozHaTa komucus o ocseriienue CIE.

Bakrepunuauute cBoiictBa Ha UV JabueHME Ce€ U3MONI3BAT OT
noBede oT equH Bek (1). Ome mpe3 1877 r. Downes and Blunt
(2) oTKpUBAT CBOWCTBOTO HA CIBHUEBOTO JTHUCHHE JIa CIIUPA
pacTexa Ha MHKPOOPraHu3Mu. [10-KbCHO € YCTaHOBEHO, Y€
CIIOCOOHOCTTAa Ha ONTHUYHOTO JBUCHHE Ia YHHUIIOKABA MHU-
KpOOpFaHI/ISMl/I 3aBUCH OT J03ara, CHeKTpaJ’lHI/Iﬂ Jauaria3oH u
BUJa Ha MuKpoopranusmute. [Ipe3 1930 Gates (3) myonukyBa
IIBPBUST AHATUTUYHO ONPEACICH aKTUBEH CIIEKTBD 3a OaKTe-
PHIIMIHO IEHCTBUE ¢ MaKCHMallHa e(peKTHBHOCT Iipu 265 nm,
KOSITO € OJF3Ka JO MaKCUMyMa Ha U3 TbYBaHe Ha OaKTEePHIIH/I-
HUTE JIAMITH ¢ HUCKO HaisraHe. [Ipe3 chiaTa roquHa TamMIg,
m3apyBamy B UVC nuama3oH, 3a1104Bar J1a Ce U3I0JI3BarT 3a Ha-
MaJIsiBaHEe Ha HUBATa HA TPEHOCHMUTE TI0 BB3TyXa OaKTepUH B
OTIepallMOHHH 3aJI, HO HE Ce IPUJIarar 1o BpeMe Ha OIepariim,
MOopajIv PUCKa 32 OYMTE M KOYKaTa Ha ONIEPAIIMOHHUS ITEPCOHAI.
Jlocera He ca U3BECTHU BUPYCH, BKIIOYUTEIHO KOPOHABUPYCH
SARS, MERS, COVID-19, MuxkpoopranusmMu, Criop, KOUTO
Jla He ca mojaTiauBy Ha yHuioxasane ¢ UVC npueHue.

B nocienauTE TONMHA HHTEPECHT € HACOYCH KM U3TOUHUIIH,
M3IBYBAI OCHOBHO Ha AB/DKMHA Ha BBIHATa A = 222 nm,
MOpaid 3HAYUTEITHO MO-HUCKUS PUCK, B PE3YNITAT Ha MTO-MaJ-
KOTO MMPOHHUKBAHE Ha JTBYCHUETO B YOBEIIKATa KOXKa, IPH aHa-
JornyHa OakTepuiuaHa eGpexTuBHOCT (4). M3mon3BaneTo Ha
TE3U U3TOYHUIIU € CBbP3aHO CHC CHII'BTCTBALI PUCK OT TCHECPU-
paHEeTOo Ha 030H MPH JBJDKUHU HA BhAHATA o 240 nm.

Bakrepununausar epexr za UVC mpueHHE ce mpruiara B MU-
KpOOHOJIOrnYHN OOKCOBE 32 MHAKTUBALMS HA IPEHOCHUMH I10
BB3yXa U HAMHPAIIHX CE MO0 TTOBBPXHOCTH MUKPOOPTaHU3MH,
BUpPYCH U (YHTH, KAKTO U HA OOILIECTBEHN MeCTa KaTo YaKal-
HU Ha OOJMHUIM U JIp. BakTepuuIHN CUCTEMH, N3TbUBAIIH B
UVC nuana3oH, ce N3Mo3Bart 3a 1e3nHPEKINs Ha OTHaAbYHH
U TUTEHHU BOJH, BOJIA 32 XPAaHUTEIHATA U KO3METUYHATA UH-
JIyCTPUS M TUTYBHH OacelHu.

are presented.

Conclusion: This effective method of disinfection (with
germicidal lamps) can be used in the premises of public,
educational and medical institutions, provided that the
control of sources available on the market is performed
including technical characteristics assessment and
establishment of safety measures depending on the
specifics of their application, and consultation of their
installation with a specialist.

Key words: ultraviolet radiation, bactericidal
effect, exposure, disinfection, health risk

INTRODUCTION

Disinfectionisadestructionofpathogenicmicroorganisms
(bacteria, viruses, fungi and spores) in the environment.
UV radiation is among the main physical methods used
to prevent airborne infections. Germicidal radiation
includes shortwave UV spectral range from 200 nm
to 280 nm, the upper limit corresponding to the upper
limit of the UVC range defined by the International
Commission on [llumination CIE.

The germicidal properties of UV radiation have been
used for more than a century (1). As early as 1877,
Downes and Blunt (2) discovered the ability of solar
radiation to stop the growth of microorganisms. Later
it was found that the ability of optical radiation to kill
microorganisms depends on the dose, spectral range and
type of microorganisms. In 1930, Gates (3) published the
first analytically determined germicidal action spectrum
with a maximum efficiency at 265 nm, which is close
to the maximum emission of low-pressure discharge
lamps. In the same year, UVC lamps began to be used
for reducing the levels of airborne bacteria in operating
rooms, but were not used during operations due to the
risk to the eyes and skin of operating personnel. So far
no viruses, including coronaviruses SARS, MERS,
COVIDI9, microorganisms, spores are known that are
not susceptible to destruction by UVC radiation.

In recent years, interest has been focused on sources
emitting mainly at wavelengths A = 222 nm, due to the
significantly lower risk due to the lower penetration
of radiation into human skin, with similar germicidal
efficiency (4). It should be noted that the use of these
sources is associated with a concomitant risk of ozone
generation which occurs at wavelengths below 240 nm.

The germicidal effect of UVC radiation is used in
microbiological boxes for inactivation of airborne and
surface microorganisms, viruses and fungi, as well as
in public places such as waiting rooms for hospitals and
others. Germicidal systems emitting in the UVC range
are used for disinfection of wastewater and drinking
water, water for the food and cosmetics industry and
swimming pools.
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B Hacrosmara enuaeMuyHa CUTyalusi TO3M METOJl € MHOT'O
T0JIe3€H, Thil KaTO KOMOMHHUpPA BUCOKA OakTepuimHa edek-
THUBHOCT, 0€3 J1a ce M3I0JI3BaT XMMHUKAJH WU B JIOIbIHEHNE
KbM OOMYaliHUTE MeTOoau 3a ae3uHdekius. pyro npeaum-
CTBO € BB3MOYKHOCTTA 3a HENPEKbCHAT IMPOIEC, Jaxe MpH
[IPUCHCTBHE HA XOPA B ,,Ie3NHPEKIIUPAHOTO " TIOMEIIICHHE.

KauecTBata Ha TO3M METOA OJOBEAOXA 0 pa3pa60TBaHe n
npeajaraHe Ha ToOJAMO pa3H006pa31/Ie oT 6aKT€pI/IHI/IHHI/I
JIaMIIU Ha mma3apa € pa3jJniucH ,HI/ISaI\/‘IH 1 TCXHUYCCKH Xapak-
TEPUCTHUKH, C LICJTI NPUIOKCHUEC B MEIUIINHATA, 6I/ITa, y‘Ie6HI/I
3aBC/ICHUA, a ChIIIO U B pa60THaTa cpeaa B pa3JIM4HU ITPOU3-
BOJICTBA, O(I)I/ICHI/I NOMCHICHUS U OP. CLH.[CBPCMGHHO ocCTaBa
BBIIPOCHT AaJIU IMPUJIOKECHUCTO Ha 6aKTGpI/IL[I/I,I[HI/IT€ JJaMIIn
e Oe3omacHo 3a XOoparta, mpeAaBuJ Ha MHOXKXCCTBOTO NOKa3aHU
BpeAHU eq)eKTI/I OT C€KCIIO3uIHuATa C uv JIBYCHHUE, BKJIHOYH-
TCJHO U KaHLICPOI'CHCH eq)eKT.

V3TouHNIITEe HAa ONTHYHO JTHYCHHE, KOMTO CE H3IOJ3BAT
Haii-uecTo 3a ae3uHdekus (6) ca: Hg nammnu ¢ HEUCKO HaJIs-
rane (100 — 400 Pa) u cwc cpenno namsrane (1000 Pa). Tesn
THUIIOBE JIAMITH C€ M3I0JI3BaT noseue oT 90 roguHu U B Ha-
CTOSIIIMSI MOMEHT Ca OCHOBHHTE Ha mazapa. C pa3BUTHETO
Ha TEXHOJIOTUUTE 3a MOCTUTaHe Ha OakTepuiuaeH eexT ce
pazpaborBar LED nmammnu, u3apuBaiiy Ha JTbIKUHA HA BBJI-
HaTa A =265 — 275 nm u excumepuu gamnu — KrCl cbe cunna
eMHUCHS B TECEH JUana3oH ABJDKWHU Ha BBIHATA OKOJIO A =
222 nm u KrBr ¢ emucus okono 207 nm. J[pyru u3To4HH-
uH, yusato emucus B UVC nuama3oH MO)Ke Ja ce M3I10/I3Ba 3a
LENUTe Ha Ie3WH(PEKIHATa, Ca KCCHOHOBUTE JIAMITH, KOHUTO
MOTraT Jia ca C HEMPEKbCHATO U UMITYJICHO U3TTBUBAHE.

AKTHUBHUST CIIEKTHP 3a OakTepuiuaHo aevicteue Ha UV 1nb-
4yeHwue ¢ npeacraBeH Ha @urypa 1 (1).

@ueypa 1. AkmuseH criekmbp 3a bakmepuyudHo delicmeue
Ha UV nbyeHue

In the current epidemic situation, this method is
very useful because it combines high germicidal
efficiency without the use of chemicals or in addition to
conventional disinfection methods. Another advantage
is the possibility for a continuous process, even in the
presence of people in the ,,disinfected* room.

The features of the mentioned method have led to the
development and distribution of a wide variety of
germicidal lamps on the market with different designs
and technical characteristics intended to be used in
medicine, households, schools, as well as in the work
environment in various industries, offices, etc. At the
same time the question remains whether the use of
germicidal lamps is safe for humans, given the many
proven harmful effects of exposure to UV radiation,
including carcinogenic effects.

The sources of optical radiation most often used for
disinfection (6) are: low pressure (100 - 400 Pa) and
medium pressure (1000 Pa) mercury discharge lamps.
These types of optical sources have been used for more
than 90 years and are currently the main ones on the
market. With the development of technologies in order
to achieve a germicidal effect, LED lamps emitting in
wavelength range A = 265 - 275 nm and excimer lamps
- KrCl with high emission at wavelengths around A =
222 nm and KrBr with an emission of about 207 nm are
used. Other sources whose UVC emissions can be used
for disinfection purposes are continuous wave (CW) and
pulsed xenon lamps.

The action spectrum for germicidal effect of UV
radiation is presented at Figure 1 (1).

Figure 1. Action spectrum for germicidal effect of UV
radiation

OtHocuTenxa bakrepuumwgHa
edreKTUBHOCT

Relative germicidal effectiveness

24 2

260 280 3

OrnxnHa Ha ernHaTal Wavelenght (n

m)

Ha ¢urypara ca cpaBHEHH aKTUBHUTE CIICKTPH, TOJTYYCHH OT
Gates (3) 3a Bacterium coli, oT MHXeHEepHOTO 00IIECTBO IO
ocseTnenne Ha CeBepna Amepuka (IESNA) (5), or DIN (Un-
CTUTYyTa IO CTaHAApTHU3alMsA Ha [ epMaHus), CIPSIMO OCHOB-
HOTO TeHEpUPaHo JbueHue oT Hg naMmna ¢ HUCKO HaysraHe
(= 254 nm).

38

The figure compares the action spectra obtained
from Gates (3) for Bacterium coli; from the Lighting
Engineering Society of North America (IESNA) (5),
from DIN (German Standards Institute) and the relative
output of a low-pressure Hg germicidal lamp (= 254 nm).
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He3aBucumo oT HauMHaA Ha reHeprupaHe Ha JIBYCHUECTO, Oak-
TEPULUIHUTE U3JIBYBATCIIN MOraT Aa CC pas3aciiAT Ha CIIC/-
HUTE OCHOBHHU KaTCropuu:

e, OTKpuT THN — U3TBYBATENNTE (ITyPUTE HA U3TOUHHKA)
ca OTKPHTH, HSIMA IIPErpaja 3a JIbYeHUEeTo, KOeTO € J0C-
TBITHO 3a MPeOMBaBaIINTE B CHOTBETHOTO MOMEIICHNUE;

e, 3aKkpuT THO - C IPUHYACHA BEHTHJIAIUA — [IPH TE3HU U3-
TOYHHIH M3IBYBALIUTE yPH Ca TIOCTAaBEHU B 3aTBOPEH
KOPITYC, KaTO BB3AYXBT B MOMEIICHUETO C€ Ie3nH(DEK-
[ypa 4pe3 MPUHYACHO JBIKECHUE HAa BB3AYIIHUS TTOTOK
OKOJIO M3bYBaTeNuTe. [IpH Ta3um KOHCTPYKLHUS € BbH3-
MOYKHO JIa C€ PETUCTPHPA YIATPABHOIECTOBO JIFYCHUE TPU
BEHTHJIAIIMOHHNTE OTBOPH HAa M3TOYHUKA FUIH PA3CETHO
JTBUCHHUE OT MMOBBPXHOCTH OKOJIO H3TOYHUKA.

MATEPUATIU U METOAU

1. BakmepuyudHu namnu

B HacrtosmoTo uscieaBaHe ca HalpaBC€HU U3MCPBaHUA U
OIICHKa Ha CJICAHUTC JIaMIIN:

1.1. Jlamna V-TAC moxmen VT-3239, SKU-11208, ¢ momHOCT
Ha usnbuBane 38 W ¢ otiensue Ha O, — OT OTKPUT THIL
C ornen n30sATBaHEe Ha OONBUBAHETO HA MOTPEOUTEIUTE
Ha W3ACTUCTO, TO € CHAOJEHO ¢ TaiimMep, KOMTO 3a0aBs
BKJIIOYBAHETO Ha u3iabuBaHeTo ¢ 10 s. Bepxy kopmyca e
MOHTHpaH JaTYWK 3a JIBHU)KEHUE, KOWTO MPH YCTAHOBS-
BaHE Ha JBM)KCHME B IOMEIICHHETO M3KJIIOUBA JIaMIIATa.
JlekmapupaHUAT OT MPOU3BOIUTENS 00XBAT HA TATYHKA 32
nerkenne ¢ 10 m. [To TexHuuecka crerudurarus 1 6p.
JaMIa ¢ IpeJHa3HauCHa 3a OCUTYPsIBaHE Ha JE3UH(EKITUS
Ha 1oy oT 60 m?.

1.2. 3apsiano 3a Tenedon ¢ 6akTepunuaHa namma ' XTN UV
Sterilizer&Charger — OT OTKPHUT THII, C IPEIHA3ZHAYCHUE
3a €JHOBPEMEHHO 3apexaHe H Ae3UH(EKIHs Ha OBBPX-
HOCTTa Ha TeJe(OH.

1.3. JlaMmmna OT 3aKpHUT TUN ¢ u3abyBama nypa tun OSRAM
T8 UVC, 15W: nmypata € MOHTHpaHa B 3aTBOpEHAa KOH-
CTPYKLUsl C BEHTWJIALIMOHHM OTBOPH B JBara kpas. B
eIMHUSl Kpail Ha JlamraTa € MOHTHPAaH BEHTHJIATOpP 3a
OCUTYpsIBAaHE Ha JIBH)KCHHE Ha BB3JYIIHHS MMOTOK OKOJIO
N3ITBYBATEIS.

2. OyeHsiI8aHU Napamempu

®du3nyecKkuTe NapamMeTpu, U3MOI3BaHN 3a olleHka Ha UV 1b-
YeHHeE, ca: IUTBTHOCT Ha MOILHOCT (Ha eHepruitHus notok) E,
W/m? u 1o1ycTHMO BpEMeE Ha MPECTOM, t, S.

3. Usnon3eaHa anapamypa

W3mepBanusaTa ca uspbpuican ¢ Doromernp/Paguomersp
IL 1400A Ha ¢upma International Light, CAIL, ¢ netexTop
SEL 240, c pa3ceiiBaten Tun W#6642, criekTpajieH Auana3oH
A =190 -290 nm.
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Regardless of the radiation generation method,
germicidal sources could be divided into the following
main categories:

* ,.Open type” - the emitters (tubes of the source) are
not in a housing, there is no barrier to the radiation
that could reach the occupants of the room;

* ,.Closed type* - with forced ventilation - the emitting
tubes of these sources are placed in a closed housing,
and the disinfected is realized by forced movement
of the air flow around the tubes. In such type of
design, ultraviolet radiation could be detected at the
ventilation slits of the source or scattered radiation
from surfaces around.

MATERIALS AND METHODS

1. Germicidal lamps

In the present study, measurements and evaluation of the
following sources were performed:

1.1. V-TAC lamp model VT-3239, SKU-11208, power
38 W with O, emission - open type. In order to avoid
exposure of the product users, it is equipped with a
timer that delays the switching on of the emission
by 10 s. A sensor is mounted on the housing, which
switches off the lamp when motion is detected in
the room. The range of the motion sensor declared
by the manufacturer is 10 m. According to the
technical specification 1 lamp is designed to provide
disinfection for 60 m? area.

1.2. Phone charger GXTN UV Sterilizer&Charger
with germicidal lamp - open type, designed for
simultaneous charging and disinfection of the phone
surface.

1.3. Lamp with emitting tube OSRAM T8 UVC, 15W
— closed type, the tube is mounted in a housing with
ventilation slits at the both ends of the product. A
fan is installed at one end of the lamp to ensure the
movement of air flow around the emitter.

2. Measurement/assessment parameters

The measured parameters used for UV radiation
assessment are: irradiance E, W/m? and maximum
permissible exposure duration, t, s.

3. Used equipment

The measurements were performed with Photometer /
Radiometer IL 1400A, International Light, USA with
detector SEL 240, diffuser W # 6642, spectral range A=
190 - 290 nm.
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4. HopmamueHu oKyMeHmu

OCHOBHHTE HOpPMAaTHUBHHU JOKYMCHTHU, KOUTO TPECTHUPAT U3HUCK-
BaHUs KbM OAKTCPUIUIHHUTE JIaMITH, ca JupekTuBu Ha EC,
CBBp3aHHM C W3UCKBAHMS KbM EIICKTPUYECKH CHOPBIKEHUS,
eJIeKTpOMarHuTHa cbBMecTMocT, CE MapkupoBka, orpanu-
YeHHe 3a yrnorpe0ara Ha ONAcHU BEIIECTBA B €JICKTPUYECKO-
TO W €JIEKTPOHHOTO 000pYyIBaHE, KAKTO M XapMOHHU3UPAHNUTE
CTaHAApPTH 10 Te3u aupekTus (7, 8, 9, 10). 'pannyHu CcTOII-
HOCTH 3a ekcrio3unus ¢ UV irpueHne ca BBBEAECHHU OT pas-
JUYHU CTPaHH U OPraHMU3alNH, KaTo CPEx TSIX mpeolnagaBar
HOPMaTHBHHTE JOKYMEHTH 3a paboTHa cpena. [Ipe3 2004 .
MexyHaponHaTa KOMHUCHUS T10 3allUTa OT HEHOHHW3Wpallu
npueHns (ICNIRP) u3naBa ppKOBOACTBA C TPAaHUYHU CTOM-
HOCTH Ha ekcrio3uiuaTa B UV nuanazos (11). Bnocnenctaue e
BbBesieHa U [lupextuBa Ha EC (12) (TpaHcioHMpaHa H HallHO-
HAJHOTO 3akoHonarenacTBo ¢ Hapexba Ne5/2010 1. (13). Mex-
nyHaponHara enektpudecka komucus (CIE) nznasa cepust ot
CTaHJIAPTH C M3UCKBAaHUsTA 32 O€30MaCHOCT HA PA3JIUYHU TH-
TIOBE JIAaMITH, BKJIIOUYUTEITHO TakuBa, n3apusaniy B UVC qua-
na3oHa. [IpuroxxeHneTo Ha Te3n CTaHAAPTH UMa T00POBOJICH
xapakTtep. OCHOBHUAT CTaHIapT, KOWTO Kacae 0€3011acHOCTTa
Ha Pa3NIWYHH JaMIH, Oe3 Orie]l Ha TAXHOTO MPUIIOKEHUE, €
BZIC EN 62471:2008 (14), xoiiTo BBbBEXAa TPAaHUYHH CTOM-
HOCTH 3a €KCIIO3HUIIMSI C OIITUYHO JTBbUYEHHUE, KAKTO U METO]I 3a
KJ'IaCI/I(l)I/IKaLII/Iﬂ Ha U3TOYHHUIUTE 11O CTCIICH HAa PUCK. Bceuukn
Te3u HopMaTuBHH aokymeHTH (11, 12, 13, 14) umar cxonen
noaxoz 3a 3amura oT UV JrpueHne U BbBEXK AT aHAJIOTUYHU
IPaHUYHU CTOMHOCTH Ha ekcrnosunus 3a UV nuana3oH Ha
cnekTbpa. Te mpencTaBinsBaT ycioBusaTa, IpU KOUTO CE CUH-
Ta, Y€ TOYTH BCHYKU Xopa (padoTemy M HaceleHHe) Morar
J1a Ob/IaT eKCHOHMPAHU MHOTOKPAaTHO 0e3 BpeAHH e(heKTH 3a
37PaBeTo.

I'pannnure Ha excnozunus 3a UV ypueHHE, NaAalo BbPXY
HE3alIUTCHU OYU U KOYKa Ha YOBCK, 3a BCUUKU UTUPAHU HOP-
MaTHBHU JIOKYMEHTH ca OIpeJielieHH 3a KOHWTo U j1a e §8-h me-
puon. B ciryyaii Ha HO-IPOABIKUTEIIHN €KCIIO3UIIMU I'PaHU Y-
HUTE CTOWHOCTH cjeABa Ja Obaar nmpensuncieHu. Ilpensun
MpeAHa3HAYCHUETO W MPHUHIUIA HA W3IOJI3BaHE HA W3CIIE/I-
BaHUTE OAKTEPUIIUIHH JIAMITH HE C€ MPEIIoIara eKCIo3uIHsI
HajBumaBama 8 h, oT KOeTo cieiBa, Ye He ce Hajlara Kope-
KIMs Ha TPAaHUYHATA CTOMHOCT 3a IO-TOJISIMO BpeMe Ha eKc-
MO3UIHUSA. 3a CHEKTPaJHMS AMANa3oH Ha W3IbYBAHE HA Oak-
TEePULUAHNUTE JAMIIU IPAHUYHATA CTOMHOCT Ha EKCIIO3UIUS,
u3paseHa B epeKTHBHA CHEpPreTHYHa 103a, ¢ 30 J.m™.

Ot HU3MEPCHUTE CTOMHOCTH Ha IJIFTHOCTTA Ha MOIIHOCT Ha
YJATPABUOJIETOBOTO JIBUCHUC Ca U3UUCICHU JOITYCTUMUTEC BpPC-
MCHa Ha HpCCTOﬁ, Ha pa3JInvYHU pa3CTOSAHHNA OT U3TOYHHKA.

b = —
max E

KkbjaeTo E e uaMepenara cTOMHOCT Ha MIBTHOCTTA Ha MOUI-
HOCT Ha IbYeHneTo, W/em?;

t e JZOIMyCTUMOTO BpeMe Ha IPECTOH, .

max

B xonkpeTHus ciy4ali, IpU U3IIOJI3BAaHE HA U3TOUHULUTE
OT HaceJIeHUE, TOBA BPEME € CaMO MOKa3aTeIHO 3a PUCKA OT
o0rpuBaHe, THil KaTO HE MOYXKE J]a Ce M3UCKBA U KOHTPOJIMpA
CIa3BaHETO My.

4. Legislation

The main normative documents for germicidal lamps
are EU Directives concerning requirements for electrical
equipment, electromagnetic compatibility, CE marking,
restrictions on the use of hazardous substances in
electrical and electronic equipment, and harmonized
standards under these Directives (7, 8, 9, 10). Exposure
limit values for UV radiation have been introduced by
various countries and organizations, but legislative
documents for the working environment predominate.
In 2004, the International Commission on Non-Ionizing
Radiation Protection ( ICNIRP) published guidelines on
limits of exposure to UV radiation (11). Subsequently,
the European Commission adopted Directive 2006/25/
EC (12) that was transposed into national legislation
by Ordinance No.5/2010 (13). The International
Commission on Illumination (CIE) and International
Electrotechnical Commission (CEN) issued series of
standards with safety requirements for various types of
lamps, including UVC sources. The application of these
standards is voluntary. The main standard concerning the
safety of various lamps, regardless of their application,
is EN 62471: 2008 (14), which introduces exposure limit
values for optical radiation, as well as a method for risk
group classification of sources according to the potential
risk. All these legislative documents (11, 12, 13, 14) have
a similar approach to protection against UV radiation
and introduce similar exposure limit values for the UV
range of the spectrum. They represent the conditions
under which it is believed that almost all people (workers
and the population) could be exposed repeatedly without
harmful effects on health.

Exposure limits for UV radiation falling on unprotected
eyes and skin for all cited regulations are set for any
8-h period. In case of longer exposures, the limit
values should be recalculated. Given the purpose and
principle of use of the studied germicidal lamps, an
exposure duration exceeding 8 hours is not expected,
so recalculation and adjustment of the limit value is
not needed. For the spectral range of germicidal lamps
emission, the exposure limit value expressed in radiant
exposure is 30 Jm-2.

The maximum permissible exposure duration at different
distances from the source are calculated on the basis of
the measured irradiance values.

where E is the measured value of the irradiance, W/cm?;
t . is the maximum permissible exposure duration, s.

In the specific case, when using the sources by the
general population, these exposure durations are only
indicative of the potential risk of UV exposure, as their
observance cannot be required and controlled.
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5. Memod Ha usmepeaHe

W3mMmepBaHusATa ca HallpaBeHH Ha TUIIOBH M3TOYHUIIM, KaTO
MOAXOBT IPH U3BBPILIBAHE HA H3MEPBAHUITA € ONPEIeNICH OT
crienuduKara Ha BCEKH OT TSAX, KAKTO M HaYMHA Ha TSIXHOTO
U3M0JI3BaHE U BB3MOXKHUS JOCTBI Ha XOpa JI0 TSIX 10 BpeMe
Ha n3Ib4YBaHe. MI3TOYHUKBT OT 3aKPUT THII € U3CIIe/IBaH B JIa-
OGOpaTOpHU YCIIOBUSI M IIPM MOHTHPAHE HA MSCTO B O(UCHO
TIOMETIECHHE.

5.1. BakmepuuyudHa namna ,,omkpum mun* V-TAC moden
VT-3239, SKU-11208 ¢ mowjHocm Ha usnwbysaHe 38 W,
¢ omderisiHe Ha 030H (O,) (Puzypa 2)

5. Method of measurement

The measurements were made on typical germicidal
sources, and the approach in performing the
measurements is determined by the specifics of each of
them, as well as the method of use and possible access
of people to them during the emission. The source of the
“closed type” has been tested in laboratory conditions
and when installed on site in an office space.

5.1. ,,0pen type“ germicidal lamp V-TAC model VT-
3239, SKU-11208, 38 W with ozone emission (O,)
(Figure 2)

Queypa 2. V-TAC moden VT-3239, SKU-
11208

ﬁ

Figure 2. V-TAC model VT-3239,
SKU-11208

Hsxonko mammu ot PA3rIC)KAaHUA TUII €4 3aKYTICHU 34 IO~
ImoMaraHe€ Ha ,Z[CSI/IH(i)CKLII/IﬂTa Ha Bb3/lyXa B KJIACHU CTau B
yauiaunoie. I/ISMepBaHI/IﬂTa Ca U3BBPUICHU 34 YCTAHOBABAHC HA
nuBara Ha UV npueHue B OJU30CT J0 U3TOYHHKA, 3a IPOBEP-
Ka Ha JICKJIaprpaHaTa OT OIPOU3BOAUTCIIAI CUCTECMaA 3a 3abaBe-
HO BKJIIOYBAHCE. HanpaBeH € TECT U Ha JaTYHMKa 3a IBHKXCHHUC,
C orjicq yCTaHOBsIBaAHC 0e30IMacHOCTTa Ha U3IOJI3BaHE Ha U3-
JIBYBATCIINTC B IIOMCIICHU A (B KOHKPETHH A cnyqaﬁ KJIaCHH
CTau Ha y‘II/IJ'II/IH.[e). I/I3CH€I[BaHa € 3aBUCUMOCTTAa Ha pa60Ta—
Ta Ha ABETC CUCTCMHU OT OPHUCHTAIMATA HA JIaMIIaTa.

3a oleHKa Ha HaH-HEONATONMPUSATHHUS BB3MOXKEH CIEHApHi
Ha OOJIbYBAHE HA YUYCHHIIHM/TIEPCOHA OT JiaMIiaTa (Hal-JIomr
cilyyai OT IJle[iHa TOYKa Ha Bb3MOXkHa ekcriozunus ¢ UV ib-
YCHHE), U3MCPBAHUSTA Ca U3BBPIICHU HA HUBOTO Ha U3 IhUYBa-
IIUTE [Ty PU, HA PA3JIMYHO PA3CTOSHUE OT TAX.

Pasrnenan e ¥ BbBEICHUST OT yIPABICHUETO HA YUUIIHIIETO
MPOTOKOJ 32 paboTa ¢ OaKTePULIMIHUTE JTAMIIH.

5.2. 3apsidHO 3a meneghoH ¢ bakmepuyudHa namna
XTN UV Sterilizer&Charger (®uaypa 3)

Several lamps of this type were purchased in order
to ensure or contribute to disinfection of the air in
classrooms at school. The measurements were performed
to determine the levels of UV radiation near the source,
to check the system for delayed start declared by the
manufacturer. A test of the motion sensor was also made
in order to establish if it is safe to use emitters in the rooms
(in this case classrooms at school). The dependence of
the operation of both systems on the orientation of the
lamp was studied as well.

To assess the most unfavorable possible exposure scenario
of students / staff to the lamp (worst case in terms of
possible exposure to UV radiation), the measurements
were performed at the level of the emitting tubes, at
different distances from them.

The protocol for using germicidal lamps implemented by
the school management was also considered.

5.2. Phone charger with germicidal lamp GXTN UV
Sterilizer & Charger (Figure 3)

Quaypa 3. 3apsiOHO 3a meneghoH ¢
b6akmepuyudHa namna XTN UV
Sterilizer&Charger

Figure 3. Phone charger with
germicidal lamp GXTN UV
Sterilizer & Charger
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[Topaau nurca Ha JaHHM 3a CIEKTHhpa HA U3TbUBAHE HA U3-
JEINETO B JOKYMEHTaUusATa OT MPOU3BOAMTENS € Halpa-
BeHO u3MepBaHe Ha UV nbpyeHHe Ha €HO pPa3CTOSIHUE OT
M3JIbUBaIATa Mypa, MPU KOETO € YCTAHOBEHO, Ye JlamIaTa
m3npyBa B UVC nuana3on. ['eomeTpuyHuTe 0COOCHOCTH
Ha IIPOAYKTa U pa3MepUTE Ha U3IOJ3BAHUTE NATYULU HE
I103BOJIsIBAT I/I3M€pBaHl/I$I Ha pa3J'lI/IllHl/I paSCTOSIHI/IH [ll/IpeKT-
HO Cpelly M3JbuBaliaTa mypa, HO TOBA HE MPEACTaBIABA
npo0JeM, Thil KaTO MPEIHA3HAYCHUETO U KOHCTPYKIIHSATA
Ha U3JENHUETO HEe Mpeirnoiara eKCHo3UIUs Ha 4YOBEK, JH-
PEKTHO cpelly u3iabuBamiata nypa. [lopanu Ta3u npuuurHa,
M3MEPBAHUATA C 1] OlEHKA Ha €BEHTYyaHATa €KCIO3UIIUS
Ha MOTPEOUTENINTE U U3TOTBSIHE HA MPENOPHKH 32 U3MOJ3-
BaHC, Ca I/ISB"pr_leHI/l ycnope,uHo nu nepneﬂzu/u(yﬂﬂpﬂo Ha
nui3jpyBaliaTa nypa Ha pa3nnqﬂn pa3CTO§IHl/I51 oT Kopnyca
Ha MpOAYKTa.

5.3. Jlamna om 3akpum mun ¢ nypa OSRAM T8 UVC 15 W
(Pueypa 4)

Due to the lack of data on the emission spectrum of
the product in the documentation, provided by the
manufacturer, UV radiation was measured at a single
distance from the emitting tube, to prove that it emits
in UVC range. The geometrical features of the product
and the dimensions of the sensors used do not allow
measurements at different distances directly against the
emitting tube, but this is not a problem, as the purpose
and construction of the product does not imply human
exposure directly against the emitting tube. For this
reason, measurements to assess the potential exposure of
consumers and to make recommendations for use have
been made parallel and perpendicular to the emitting
tube at various distances from the product body.

5.3. Closed type lamp with tube OSRAM T8 UVC
15 W (Figure 4)

®uzypa 4. OSRAM T8 UVC,
15 W

Figure 4. OSRAM T8 UVC,
15W

W3smepBanusaTra Ha UV nbueHHe, U3IBUBAHO OT jaMma OT
,,3aKPUT", TPOTOYCH THUII B TAOOPATOPHHU YCIOBHS ca HaIpa-
BEHU MO MPOABIDKEHNE Ha M3TBUBAIIATA ITypa - OKOJIO KOp-
Iyca Ha JaMIaTa U B JiBaTa i Kpasi, OT CTpaHaTa Ha BEHTHU-
JaTOp M OT CTpaHaTa Ha Mypa, Ha Pa3InYHU PAa3CTOSHUS OT
pemeTkuTe Ha TphOaTa. PesynraTuTe ca perncTpupanu npu
JIBE TIOJIOXKEHNU S Ha JIATYMKA Ha N3MEpBaTelIHaTa armaparypa
— YCTIIOPEIHO HAa MOBBPXHOCTTA HA PELIETKATa U MOJ BI'bJI,
YCTIOPEAHO HA JTAMEIUTE Ha PElIeTKaTa.

B peanHu ycnoBus H3MEpBaHUATA Ca HAMpPaBEHU CIeEA
KOHCYJITHUpPaHE Ha pa3MOJOKEHHETO Ha M3TOYHHUIIUTE ChHC
coOcTBeHrKa Ha o(UCHO oMenieHre. B To3u ciyuait neira
e Jla ce OmpeJeNH Jlajli B MecTaTa Ha JIOCTBII Ha padoTte-
IIUTE B MOMEUICHUETO, NMPHU Cla3BaHEe Ha MPEMOPBKUTE 3a
MOHTAaX Ha JIaMIIUTC, CC PECTUCTPUPAT XUTHCHHO 3HAYUMU
HuBa UV sbucHue.

B®B BCHUKH cityyau pu U3MEPBAaHUSITA Ca CIIA36HU OCHOB-
HuTe n3uckBanus Ha crangapture Ha CIE (14, 15) u npemno-
PBUMTEITHOTO PHKOBOJCTBO 3a J0Opa MPpaKTHUKA MPH MpHJIa-
rane Ha [Jupextusa 2006/25/EO (16).

42

Measurements of UV radiation emitted by a “closed”,
flow type lamp in laboratory conditions are made along
the emitting tube - around the lamp body and at both ends,
on the fan side and on the tube side, at different distances
from the slits on the both sides of the lamp body. The
results are registered in two positions of the sensor of the
measuring equipment - parallel to the surface of the grid
and at an angle parallel to the slits of the grid.

In real conditions, the measurements were made after
consulting the location of the sources with the owner
of the office space. In this case, the aim is to determine
whether significant levels of UV radiation are registered
in the points of the workers access in the room, in
compliance with the recommendations for installation of
the lamps.

In all cases, the measurements were performed in
compliance with the basic requirements of the CIE
standards (14, 15) and the guide to good practice for
implementing Directive 2006/25 / EC (16).
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PE3YNTATU U AUCKYCUA

e Jlamna ,,omkpum mun“ V-TAC moden VT-3239, SKU-
11208, ¢ MmowyHocm Ha usnn4yeaHe 38 W ¢ omodensiHe
Ha 030H (0,)

Pesynrarure OoT HampaBeHUTE M3MEPBAHMS Ha IUTBTHOCTTA
Ha MomHOCT Ha UV npueHue, uznpuBano ot samna V-TAC
moden VIT-3239, SKU-11208, ca npencrasenu B Tabnuna 1.

Tabnuuya 1. lNnbmHocm Ha mowHocm Ha UV nbyeHue,
usnb4yeHo om namna V-TAC moden VT-3239

MscTo Ha usmepBaHe

Place of measurement

1. Hapasctoanue /At adistance L=5.00m
2. Hapasctoguue /At a distance L=4.00m
3. Hapasctoguue /At a distance L=3.00m
4. Ha pasctoadue /At a distance L=2.50m
5. Hapasctoguue /At a distance L=2.40m
6. Hapasctoguue /At a distance L=2.30m
7. Hapasctoguue /At a distance L=2.20m

8. Hapasctoguue /At a distance L=2.10m

Ha pasctoanme /At a distance L=2.00m
9. (aBTOMaTM4HO M3K/IIOYBaHe Ha namnata/
auto switch off of the lamp)

RESULTS AND DISCUSSION

e ,,Open type“lamp V-TAC model VT-3239, SKU-
11208, power 38 W with with O, emission

The results of the measurements of irradiance of UV
radiation emitted by a V-TAC lamp model VT-3239,
SKU-11208 are presented in Table 1.

Table 1. Irradiance of UV radiation emitted by V-TAC
lamp model VT-3239

MABTHOCT Ha MOLLLHOCT Ha
nbyeHneTo, mW/cm?2
Irradiance, mW/cm?2

1.66
2.64
4.30
4.70
6.60
8.00
9.00
12.00

17.97

3abenexcka: M3mepsaHemo e u3sbplwieHo npu MHo20 6a8Ho NpudsuxeaHe
8 nomeujeHUemo csed us4yakeaHe Ha 10-ceKyHOHUsA malimep.

Pesyntatute OT HampaBEeHUTE M3MEPBAHHS MOKa3BaT pas-
JUKa B CTOWHOCTHUTE HA IMJIBTHOCTTA HA MOIIHOCT Ha JIbUe-
HUETO B 3aBUCHMOCT OT OpHEHTanMsTa Ha Jammara. Hexo-
MOTEHHOCTTa Ha IUITBTHOCTTA Ha MOIIHOCT € 3aKOHOMEpHa
MOpaay HECUMETPUIHOTO PA3IMOI0KEHNE HA M3TBbUBAIINTE
nypu. B tabnumara ca mpeacTaBeHH MaKCHMaJIHUTE CTOIi-
HOCTH, PErUCTPUPaHU NIPU OPUEHTAIUs Ha JaT4nKa 3a JIBU-
JKEHHE NEPICHANKYJISIPHO Ha OCTa, 110 KOSITO Ca U3BBPIICHU
u3MepBaHUsATa. [3unciaeHusTa 1MokasBar, 4e NMPEecToAT Ha
BCUYKH ONHCAHU PA3CTOSHUS OT N3TOYHHUKA € HEOIYCTUM.
Jopu Ha pa3cTosgHuE 5 m, U3UUCIEHOTO JAOIYCTUMO BpEME
Ha mpecToii e | s.

CpaBHEHH C NPUIIOKEHUTE HOPMATUBHU AOKyMeHTH (11, 12,
13, 14) cToifHOCTHTE Ha MIBTHOCTTA HAa MOIHOCT HAa UV 11b-
YeHHe HaJBUIIABAT JHEBHATAa I'PaHUYHA CTOMHOCT 3a 8-ya-
COB JIeH (B HOpMaTHUBHHUTE JOKyMeHTH 12 m 13 — 8-yacos
paboten aeH). Cie0BaTEITHO MPECTOSAT C HE3AIUTEHU OYU
1 KO’kKa IPU BKJIIOYEHA JIaMIla, Ha HEITHOTO HUBO, MOXeE J1a
MpeJICTaBIsIBa PUCK 3a 3[paBeTO Ha MoTpedurenute (yue-
HUIIM, IEPCOHAJ, Pa3JIMUHU PYIH HaceleHue). TpsOBa na
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Note: The measurement was performed with very slow movement in
the room after waiting for the 10-second timer.

The results of the measurements show a difference in of
the irradiance values depending on the orientation of the
lamp. The inhomogeneity of the irradiance is expected
due to the asymmetrical position of the emitting tubes.
The table shows the maximum values obtained when the
motion sensor is oriented perpendicular to the axis on
which the measurements were made. The calculations
show that the stay at all described distances from the
source is not permitted. Even at a distance of 5 m, the
calculated maximum permissible exposure duration is
Is.

Compared to the considered standards (11, 12, 13, 14)
the values of the irradiance exceed the limit value for
8 hours per day (in the documents 12 and 13 - 8 hours
working day). Therefore, staying with unprotected eyes
and skin when the lamp is on, at its level, can pose a
risk to the consumers health (students, staff, different
groups of the population). However, it should be noted
that the measured values are recorded while avoiding
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ce orOenexu obaue, ye U3MEPEHUTE CTOMHOCTH Ca pPeruc-
TPUPAHM NPH U30STBaHE HA 3ALIMTHTE HA JlaMIlaTa, a HUMEH-
HO OTJIOKCHUAT CTAPT U AaTUUKaA 3a IBUKCHUEC.

HaHpaBeHI/IﬂT CKCIICPUMCHT 34 TECCTBAHC Ha pa60TaTa Ha IBC-
TC CUCTCMHU 3a 3alllMTa Ha HOTpe6I/IT€J'II/IT€ Ha 6aKTepI/II_[I/II[Ha'
Ta JJaMIla I10Ka3a CJICIHOTO:

- Cucremara 3a OTJIOXEH CTapT JlaBa Bb3MOXKHOCT 3a OT-
JlajieyaBaHe OT U3TOYHUKA [P BKJIIOYBAHE HA U3IIbU-
BaHeTO — 10 s, KOETO MO3BOJIsIBA 0€30MaCHO HAyCKaHEe
Ha MOMEIICHHUETO;

- JlaT4uK®bT 3a JBMIKCHUE, IIPU OMKCAaHATa KOHMUTY paIus
Ha M3TOYHHKA, cpaboTBa MpHU OTBApsHC Ha BpaTaTa Ha
[IOMEUICHUETO U MPH JIBUKEHHUE C HOPMAJIHA CKOPOCT B
nomenieHueTo. [Ipu HeMmoABMIKHO MOJIOKEHUE HA YOBEK,
M3TOYHUKBT Ce BKIFOUBAa 0THOBO cien 10 s. [Ipu 6aBHO
[pUJIBUKBAHE B MOMEIICHUETO, HAW-MaJIKOTO Pa3CcTos-
HHE, HA KOETO CE BKJIIOYBA JATUYUKBT 3a JIBUKCHUE, € 2
m. ToBa 03HauaBa, 4e HE3aBUCUMO OT BI'paJeHUTE 3allu-
TH B U3JICITUECTO CHIICCTBYBA PUCK OT 0OJIBUBAHE HA I10-
Tpedburtenure ¢ UV mpucHuE.

YcTaHOBEHUTE NPU U3MEPBAHUATA BUCOKM HUBA HAa UV 1b-
YEHUE /1aBaT OCHOBAHHE Jla CE CUUTA, Y€ M3TOYHHUKBT HE €
Ge3omacen 3a yrmorpeba B HEKOHTPOJIUPAHH yCIOBUS Ha W3-
npyBaHe. Cria3BaHETO HA BBBEACHUS OT PHKOBOICTBOTO MPO-
TOKOJI 33 U3IIOI3BaHE HA OAKTEPHIIMIHUTE JIAMIIN € HACOUCH
KBbM n305irBaHE HAa 00IBYBAHETO HA YUEHUIIH, YUUTEIN U TI0-
MOIIIEH [IEPCOHA.

He3aBucumo 0T TOBa, MOpaaud PETUCTPUPAHUTE BHUCOKH
HuBa Ha UV 11pucHMe, ¢ He00X0aMMO Jia ce 00bpHE MO-CIie-
[[MAJIHO BHUMAHHE Ha CJCIHUTE MCPKU IMPHU TOJ3BaHE Ha
OaKTCPUIIMIHUTE HM3TBUBATCIH B MOMCIICHUS HA YYHIIH-
IICTO: JIa HE CE M3BBPIIBA JNC3MH(CKIIMS MMPU HAJIUYUC HA
XOpa B MIOMEIICHUSTA; JIAMITUTE J1a He ObJaT OCTaBSIHU 0e3
HAJ30p MpPU HAJIMYKHC HA YUYCHUIHM B CrpajaTa Ha y4HIIH-
IICTO; MEPCOHAIBT, KOWTO U3BBpPIIBA JAC3UH(PEKIUATA, N1a
O'bJIe 3aI103HAT C PUCKOBETE MPHU padoTa ¢ Te3U U3TOYHUIH,
KaKTO W 32 HAYMHUTE 332 U30STBaHE HA PHUCKOBO MOBCACHUE
npu paboTa ¢ TAX, a CHIIO U MPU ChbMHEHHUE 3a 00BUBAHE
¢ UV npueHue na ce mHPOpMUpPA METUIIUHCKOTO JIMIIC HA
YYUITUIICTO.

e bBe3xu4yHo 3apsiOHO ycmpolicmeo ¢ UV
cmepunu3supawa samMna

Pesynrarure OT HampaBeHUTE HU3MEpBAHHS HA MIBTHOCTTA
Ha MotiHocT Ha UV IibueHre, U3 ThYBAHO OT CTePHIIN3UpaIa
JIaMIIa B 0€30/CUUHO 3apsiOHO YCMpPOLUCmE0 ca MPECTaBeHU B
Tabmuma 2.

the protection of the lamp, namely the delayed start and
the motion sensor.

The experiment performed to test the operation of both
consumer protection systems of the lamp showed the
following:

- The delayed start of the system allows moving away
from the source before turning on the emission - 10
s, which gives the possibility for safe leaving room;

- The motion sensor, in the described source
configuration, is activated when the door of the
room is opened and when moving at normal speed
in the room. When the person is stationary, the
source is switched on again after 10 s. When moving
slowly in the room, the minimum distance at which
the motion sensor is switched on is 2 m. This means
that regardless of the built-in protections in the
product, there is a risk of consumers’ exposure to
UV radiation.

The high levels of UV radiation found by measurements
give reason to believe that the source is not safe for use
in uncontrolled conditions. Adherence to the protocol
introduced by the management for the use of germicidal
lamps is aimed at avoiding exposure of students, teachers
and support staff.

Nevertheless, due to the registered high levels of UV
radiation, it iS necessary to pay special attention to the
following measures when using germicidal sources in
school premises: disinfect to be performed without the
presence of people in the premises; the lamps should
not be left unattended if there are students in the school
building; Disinfection personnel should be aware of the
risks connected with work with these sources, as well as
principles for avoiding risk behavior when working with
them, in case of suspicion of exposure to UV radiation to
inform the medical staff of the school.

*  Wireless phone charger with UV sterilization
lamp

The results of the irradiance measurements of UV
radiation emitted by a sterilization (germicidal) lamp
incorporated in a wireless charger are presented in Table
2.
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Tabnuuya 2. lNnemHocm Ha mowHocm Ha UV nbyeHue,
u3TbYeHo om cmepusnusupawa namna 8 6e3KUYHO

Table 2. Irradiance of UV radiation emitted by a
sterilization (germicidal) lamp incorporated in a

3apsi0HO ycmpolicmeo

wireless charger

MscTo Ha MsmepBaHe MABTHOCT HAa MOLLYHOCT Ha
Place of measurement nwyeHuneto, mW/cm?
Irradiance, mW/cm?

1 [ MpeKTHO cpeLyy M3NbYBaLLaTa nypa, B Kopryca Ha usgenuero/

: Directly against the emitting tube, inside the product casing
1.1. Ha pascroanme /At adistance L=0.02m 5.76
2 YcrnopeAHo Ha M3MbYBaLLaTa nypa, MSBbH Kopnyca Ha usgenmeto/

: In parallel to the emitting tube, outside the product casing
2.1. Ha pascroanue fAtadistance L=0.10m 0.51
2.2. Ha pa3scroanue /At a distance L=0.20m 0.15
2.3. Ha pascroanue /At adistance L=0.30m 0.14
2.4. Ha pascroanue /At a distance L=0.50m 0.094
2.5. Ha pascroanue /At a distance L= 1.00m 0.094
3 MepneHAUKYNAPHO Ha M3NbYBALLLATa Nypa, M3BBH KOpNyca Ha

: usgenuero/Perpendicular to the emitting tube, outside the product casing
3.1. Ha pascroanue /At adistance L=0.10m 0.38
3.2. Ha pascroanue /At a distance L=0.20m 0.19
3.3. Ha pascroanue /At adistance L=0.30m 0.15
3.4. Ha pascroanue /At a distance L=0.50m 0.14
3.5. Ha pascroanue fAt a distance L=1.00m 0.12

OTpaseHo AbYEeHME OT A0/HATa NOBBLPXHOCT HA U3AE/IMETO Ha HUBO Ha
4, nypara, 6e3 nocraseH TenedoH/Reflected radiation from the lower surface 0.057
of the product at the level of the tube, without a phone

W3mepBanusATa Ha IIBTHOCTTA Ha Mom[HOCT Ha UV IrpueHme
OT 3apsiTHO YCTPOMCTBO CHC CTEPUIIM3MPAIIa JaMIla MoKa3-
BaT 3HAYUTEIHH CTOHHOCTH Ha JIBYCHHUETO OKOJO KOpITyca
Ha u3geaneTo. CTOHHOCTUTE Ha MIBTHOCTTA HA MOIIHOCT
Ha UV npueHne HaIBUIIABAT JHEBHATA TPAHUYHA CTOMHOCT
3a 8-9acoB JIeH, CHIIACHO U3UCKBAHUATA HA HOPMATHBHUTE
mokymentu (11, 12, 13, 14). JomycTuMOTO BpeMe Ha Tpe-
CTOH, U3YHCIIEHO 32 MAKCHUMAIIHOTO PA3CTOSTHUE OT M3TOY-
Huka L=~ 1 m, cerimacHo tabiauua 2, € mo-Majko oT 1 min.
To3m pe3ynTaT MoKas3Ba, 4e MPeCcTOAT C HE3AIUTCHN OYN H
KO’Ka TIPH BKJTIOUCHA JIAMITa Ha IPOAyKTa, Ha HEHHOTO HUBO,
MOJKe Jia TPEJCTaBIIBA PHUCK 32 3[[paBETO Ha MTOTPEOUTETH-
Te. [IpoayKThT MOXKe N1a ce M3IMOoJN3Ba 3a Ae3WH(PEKIU Ha
MOBBPXHOCTHUTE Ha TesneoHH, HO 0e3 MPUCHCTBHE HA XOpa
B IIOMEIIICHHETO, B KOCTO € BKJIIOUCH.

Ha 6a3ara Ha monyueHUTe pe3yJTaTH Cile[Ba Jia ce MocTa-
BU BBIIPOCHT JIalld MOJOOHO M3Jeiue clienBa jaa Objae u3-
MOJI3BaHO B OUTA, KBJETO TPYIHO MOXKE JIa C€ KOHTPOJIUpa
JIOCTBITBT /IO U3JIBUBAIIOTO YCTPOHCTBO M €KCIIO3HIIUSATA Ha
HACEJICHUETO.

PesynraTture oT HampaBEeHHTE M3MEPBAHUS HA ILTBTHOCT-
Ta Ha MomiHOoCT Ha UV nbueHHe, U3IBUBAHO OT JlaMIila OT
,»,3aKpUT" THII B IaDOPAaTOPHH YCJIOBHUS, Ca MPEACTABEHH B
Tabnuma 3.
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Measurements of the UV radiation irradiance emitted
by a charger with incorporated sterilization lamp show
significant values of radiation around the housing of
the product. The values of the UV radiation irradiance
exceed the exposure limit value for any 8-h period,
according to the requirements of the normative
documents (11, 12, 13, 14). The permissible exposure
duration calculated for the maximum distance from the
source L =~ 1 m, according to Table Ne 2, is less than
I min. This result shows that staying with unprotected
eyes and skin when the studied lamp is on, at its level,
can pose a risk to the consumers’ health. The product
can be used to disinfect the surfaces of phones, but
without the presence of people in the room when the
lamp is switched on.

On the basis of obtained results, the question that arises
is whether such a device should be used in households,
where it is difficult to control access to the source and
exposure of the population.

The results of the measurements of the irradiance of UV
radiation emitted by a ,,closed type lamp in laboratory
conditions are presented in Table 3.
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Tabnuuya 3. lNnemHocm Ha mowHocm Ha UV nbyeHue,
U3TbYEHO om flamna om ,3akpum® mur e
nabopamopHu ycriogusi

MsAcTo Ha M3mepBaHe MABTHOCT Ha MOLLHOCT Ha
Place of measurement JNib4eHMeTo, mW/cm?
Irradiance, mW/cm?
1. OT cTpaHaTa Ha BeHTUnaTtopa/On the fan side
1.1. [0 NMOBbLPXHOCTTA Ha pPeweTka/ 0.001
To the surface of the grid
1.2. Ha pasctoauue /At a distance L= 0.05 m 0.001
1.3. Ha pasctoauue /At a distance L= 0.10 m b pen.dupnpa/
Not registered
2. OT cTpaHaTa Ha nypata/On the tube side
2.1. YcnopeaHo Ha NMOBLPXHOCTTA Ha pelueTraTta/
Parallel to the grid surface
2.1.1. [0 NoBbPXHOCTTA Ha pe-LIJETHaTa/ 1.320
At the surface of the grid
2.1.2. Hapasctoadue /At a distance L= 0.05m 0.436
2.1.3. Ha pasctoauue /At a distance L= 0.10 m 0.058
2.1.4. Hapasctoadue /At a distance L= 0.15m 0.032
2.1.5. Hapasctoauue /At a distance L= 0.20 m 0.011
2.1.6. Ha pasctoauue /At a distance L= 0.25m 0.005
2.1.7. Hapasctoauue /At a distance L= 0.30 m 0.003
2.1.8. Ha pa3sctoaHme /At a distance L=0.35m 0.002
2.1.9. Ha pa3sctoaHme /At a distance L=0.70 m 0.001
2.1.10. Ha pa3sctoaHme /At a distance L=0.80 m 0.001
2.1.11. Haa/Above L=1.0cm He ce peructpupa/Not
registered
2.2. YcnopefHo Ha namenuTe Ha pelletkaTta/Parallel to
the slats of the grid
2.2.1. Ha pascTosHMWe /AT distance L =U.Ubm u.u18
2.2.2. Hapasctoadue /At distance L=0.10m 0.002
2.2.3. Ha pa3scrosHue /At distance L=0.15m 0.001
2.2.4. Ha pascrosHue /At distance L=0.20m Hece f:gr:::;[:::a/Not

Table 3. Irradiance of UV radiation emitted by a ,closed”
type lamp in laboratory conditions

PeSyJ'ITaTI/ITe oT HaHpaBeHI/ITe I/I3MepBaHI/I$[ Ha IJIBTHOCTTA HA
MmotHocT Ha UV i1bueHue, u3npuBaHo OT JlaMma OT ,,3aKpUT'
THII, MOHTHPAHU B O(QHUCHO TOMCIICHHS, Ca MPEACTABCHU B
Tabnuma 4.

Tabnuuya 4. NnemHocm Ha mowHocm Ha UV nbyeHue,
U3TbYEHO om flamra om ,3aKkpum® mur, MOHmMupaHu 8
OQYUCHO romMeweHus1

M#AcTo Ha uamepBaHe/
Place of measurement

B oducHn nomeweHus /In office premises

1.1. Ha pa3ctoaHue /At a distance L= 0.10 m
1.2. Ha pasctoanue /At a distance L=0.20 m
1.3. Ha pascrosHue /At a distance L= 0.50 m
1.4. Ha pascroauue /At a distance L= 0.70 m

2.2. Hapascroauue /At a distance L= 1.00 m
2.3. Ha pascrosuue /At a distance L= 2.50 m

2.4. HaBcwuku paBoTtHu mecta JAE all work places level

WM3TOUHMK Npu BXof Ha opUCHO NOMELLEHWe, Pa3no/ioKeH Ha BUucounHa h = 1.20 m/
Source at the entrance to an office premise located at a height h=1.20 m

U3TOYHMK B 0MC NOMELLLEHWE, PA3NONOKEH Ha BUCounHa h = 1.80 m/
Source inside an office premise located at a height h=1.80m
2.1. Ha pascrosHue, BcTpaHu /At a distance, aside L = 1.00 m

The results of the measurements of irradiance of
UV radiation emitted by a ,closed® type lamp,
installed in office premises are presented in Table 4.

Table 4. Irradiance of UV radiation emitted by a ,closed”
type lamp, installed in office premises

MABTHOCT HAa MOLLHOCT
Ha nbyeHnero, mW/cm?

Irradiance, mW/cm?

0.193
0.013
0.001
<0.001

< 0.001
< 0.001
< 0.001
< 0.001
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HanpaBeHoTo n3cieaBaHe B J1aDOpaTOPHU YCIIOBHSI ITOKa3Ba,
4Ye M3MEPCHUTE CTOWHOCTH Ha ILIBTHOCTTA HAa MOIIHOCT Ha
UV npucHHE, TP TO3M THII JaMIla 3aBUCIT OT Pa3IIOJIOKe-
HHUETO CIIPSIMO OTBOPHUTE B KOXKyXa HA M3TOYHHKA, KAKTO H
OT Pa3CTOSIHMETO 0 Hesl, T.¢ B CIy4asi HAUMHBT HA MOHTAX
€ OT CBIIECTBEHO 3Ha4YeHue. [Ipy BEHTHIIAIIMOHHU OTBOPH
WJIM JIPYTH KOHCTPYKTHBHU OTBOPH HAa CHCTEMATa Ce Perwuc-
Tpupat HuBa Ha UV JIbueHHe, KOUTO HAJ[BUIIABAT JIHEBHATA
IrpaHUYHA CTOMHOCT 32 8-4acoB JIeH, ChIIIACHO W3UCKBAHUS-
ta (11, 12, 13, 14). OT mony4eHuTe JaHHU OT U3CJIeBaHE HA
JlaMIiata ot ,,3aKpUT" THI MOXKE Jla C€ HAllpaBU M3BOIBT, Ue
HE3aBUCHMO OT IpeJHA3HAYCHUETO Ha M3TOYHHKA 32 U3IT0J3-
BaHE B IPUCHCTBUETO HA XOpa B MOMEILICHUETO, Oe30macHaTa
My ymnoTpeba MOXe J1a ce MOCTUTHE TP Clla3BaHe Ha Clie/-
HUTE yCIIOBUSI: M3MepBaHe HAa HuBaTa Ha UV nmpucHUE, 3a 1a
Ce OIpe/IeIIH TPABIITHO MICTOTO HA MOHTHPAHE, Pa3IoIOKe-
HUE (BI'bJ HA MOHTAK) U3BBH 3PUTEIHOTO M0JIe Ha MpeduBa-
BalIWTE B MMOMEIIEHUETO, TaKa Ye Jia ce M30erHe momnajaHe
HAa JIbYCHHE BHPXY HE3AIIUTEHH OYH MM KOXKa Ha XOpa MpH
BKJIIOYCHH M3JIBUBATEIIN.

WzmepBanwusita Ha HuBara Ha UV pueHue Ha pabOTHH MecTa
B O(MCHU NOMEIICHNUS, CJIe] MOHTHpaHe Ha OaKTepULIUIHHU-
T€ U3JI'bUBATENH OT ,,3aKPUT"‘ TUII IOKA3BAT, Y€ MPOBEJICHUTE
MpeaBapUTEeIHU U3MEPBAHMS U KOHCYITAIl[UU ca JOBEIH JI0
n30irBaHe Ha OOJBPYBAHETO HA MEPCOHANA ¢ OAKTEPUIIUIHO
UV npuenue. [1o-BUCOKH CTOMHOCTH ca PETUCTPUPAHU CAMO
B OJTM30CT 10 M3TOYHHIINTE, HA pa3zcTossaue 10 0.50 m oT TX,
KBJIETO HE Ce IpeAnonara npecToi Ha nepcoxai. ToBa o3Ha-
4aBa, Y€ PUCKBT OT OOJ'bYBAHE C JIAMITUTE OT ,,3aKPHUT"* THII
MOXe J[a C€ YIPaBJIsIBa B KOHTPOIUPAHH YCIOBHS.

PesynraTtute OT HampaBeHUTE H3CIEJBAaHUS IOKa3Bar, 4e
IpH pasriielaHuTe U3TOYHUIU CE PETUCTPHUPAT ILIBTHOCTH
Ha MomiHocTTa Ha UV nbueHHe, HaJBUIIABAIIY TPAHUYHHTE
CTOMHOCTH 3a 8-4yacoB nepuoj. Te3n U3TOYHHIM ca JOCTBII-
HU Ha Ia3apa 3a U3MO0I3BAaHE OT HACEIEHUETO, KOETO MOXKE J1a
pa3unTa caMo Ha yKa3aHMITa 3a Oe30MacHa eKCIIoaTanus OT
MIPOM3BOANTEIIS U Ha IEKJIapallnuTe 3a 0e3onacHocT. Bucoku-
Te peructpupany HuBa Ha UV jrpueHune okassar, 4e Te3U U3-
TOYHHIIM HE MOTaT 3a O'bJIaT U3MOJI3BaHU 03 MpeBapUTEIHU
MU3MEPBaHMS, KOHTPOJI U KOHCYJITALUU CbC CIELUAIUCT. YIIO-
Tpebara uM B ,,HEKOHTPOJIMPAHHU'® YCIOBHS MOXeE Jla Ch3/a/e
PHUCK 3a 34paBeTo.

[Ipu HAKOM OT TAX 3a MoAcHIBaHe Ha epexTa Ha UV rpueHme
ce reHepupa U 030H, KOWTO CHIO UMa OaKTEPUIIHICH e(EeKT.
TpsabBa na ce nMa mpeaBu, odaye, ye B TOJIEMHU KOHIIGHTpa-
LUK TOH MOXKeE 1a ObJe TOKCUYEH.

3AKINMIOYEHUE

]_—[aHHI/ITe OT HAYYHHUTC HU3CJICABAHUA U OT IMPAKTUUYCCKUTE
MIPHUIJIOKCHU A TIOKA3BaT, Y€ U3IIOJI3BAHCTO Ha 6aKT€pI/I]_II/II[HI/I
JJaMIIi € U3KJIIOYUTECITHO 6(1)€KTI/IBCH METO/ 3a moJaAromMaraHe
U OCUTYPpsABAHC Ha ,HCSI/IH(I)CKL[I/IHTEI Ha Bb3JyXa U IMOBBPX-
HOCTH B IIOMCIICHHUSA B O6H.IGCTB6HI/I 1 OpoOUu3BOACTBCHHU
crpaau, AC€TCKHU, y‘le6HI/I U J1eueOHu 3aBCACHU .

W3non3BaHeTo HA GAKTEPHUIIMIHH JIaMIId, 00aue, € CBbP3aHO
C PUCKOBE 3a 3/paBeTo Ha xoparta.Clie[0BaTeTHO HAYMHBT Ha
HM3II0JI3BAHETO HAa U3TOYHUIUTEC U HAYUHBT HA MOHTHUPAHCTO
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The study performed in laboratory conditions shows
that the measured values of the UV radiation irradiance
for this type of lamp depends on the location in respect
to the slits in the housing of the source, as well as the
distance to it, i.e in this case the method of installation
is essential. At the ventilation slits or other structural
openings of the system, the registered levels of UV
radiation exceed the exposure limit value for any 8-h
period, according to the requirements of (11, 12, 13,
14). On the basis of data obtained from the study of the
»closed™ type lamp it can be concluded that regardless
of the purpose of the source to be used in the presence of
people in the room, its safe use could be achieved under
the following conditions: measurement of UV radiation
levels to determine the correct place of mounting, angle
of installation outside the field of view of the occupants
of the room, in order to avoid exposure of unprotected
eyes or skin of people when the emitters are turned on.

Measurements of UV radiation levels on workplaces
in office premises after the installation of “closed”
type germicidal emitters show that the preliminary
measurements and consultations have led to the
avoidance of staff exposure to germicidal UV radiation.
Higher values are registered only in the vicinity of the
sources, at a distance of 0.50 m from them, where no staff
stay is expected. This means that the risk of exposure
to UV radiation emitted by ,,closed” type lamps can be
managed under controlled conditions.

The results of the performed researches show that at
the considered sources densities of the power of UV
radiation exceeding the limit values for an 8-hour period
are registered. These sources are available on the market
for use by the general public, who can only rely on the
manufacturer‘s instructions for safe operation and safety
declarations. The high recorded levels of UV radiation
show that these sources cannot be used without prior
measurements, control and consultation with a specialist.
Using them in ,,uncontrolled conditions can pose a
health risk.

In some of them, ozone is generated to enhance the
effect of UV radiation, which also has a germicidal
effect. It should be borne in mind, however, that in high
concentrations ozone could be toxic.

CONCLUSION

Data from research and practical applications show that
the use of germicidal lamps is an especially effective
method to support and ensure disinfection of air and
surfaces in rooms in public and industrial buildings,
kindergartens, educational and medical institutions.

However, the use of germicidal lamps is associated with
risks to human health, and therefore the application of
sources, the way of mounting in the premises should
be controlled. In order to avoid overexposure of
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UM B TIOMCIICHHSTA CJIeABa Ja ObJe KOHTPOJIHUPAH, MOHTH-
paHeTo Ja ObJe KOHCYITHPAHO ChC CICIHUAIKCT, IPH KOETO
Jla C€ OCUTYPH J0 OOUTATEIIUTE Ha CHOTBETHUTE ITOMEIIICHU ST/
o01IecTBEHH MecTa J1a He gocturar HuBa Ha UV JrbueHue Haj
IPAaHUYHUTE CTOMHOCTH 33 €KCIO3HUI[HS, KOETO MOXE Jia Ce
JIOKaxce camo ¢ u3MepBanus. [0 OTHOIIEHHE HAa XapaKTepHc-
TUKHUTE HA U3IBYBATEIINTE, TE TPAOBA JIa OTTOBAPST HAK-MaI-
KO Ha CIEIHUTE M3UCKBaHUs: 1a u3asuBarT B UVC nuanasoH
Ha ONTHYHUS CIIEKTHP, KOUTO € C MaKCHUMaJTHa OaKTepHIIHIHA
e(heKTUBHOCT; 1a ca CHAOACHM C JOKYMEHTAIIHS 33 CIIeKThpa
1 MOIIHOCTTA Ha U3JIBYBAHC, J1a Ca HAJIMYHU JaHHH OT HpO-
M3BOMUTENS MO0 OTHOIICHHE HAa KyOaTypaTa Ha MOMEIICHHUE-
TO, 332 KOCTO Ca MPEeIHA3HAYCHU ¥ BPEMETO Ha EKCIIO3UIIUSI 32
MOCTUTAHE HA OMpeE/eiCHA OaKTepUIIUIHA CPEKTUBHOCT; Ja
OTTOBAPSAT HAa U3UCKBaHUATA Ha JoKyMeHTHTE Ha EC.

Te3u ycnoBus He MOTaT a OBAT ClTa3eHU MPH U3TIOI3BAHE
Ha OaKTEPHUITUIHU JIaMITH B OWTa — Te U3IIBYBAT MHOTO BH-
cokn HUBa Ha UV II'bUYCHHE W HAYWHBT HA MPUIOKCHUETO
UM HE MOXKe Ja 0Bh/ie KOHCYITHPaH 3a BCEKH OTACICH CITy-
gaif. Ome moBede JHIcaTa Ha ceTHBa IpH YoBeka 3a UV
JTPUCHHE (JOBEITKOTO OKO PETHCTPHpPA CAMO BHAMMOTO JI'b-
YeHWe) MOXKE J1a TOBene A0 MOICHIBaHE Ha PUCKOBETE 3a
3IpaBeTO, CBHP3aHU C TIOTCHIIMATHATA €KCIIO3UINS Ha OaK-
TePULIHIHO JIFUCHUE.

[ToBaurHaruTe BBIPOCH OT HACEIEHHETO, Pa3INYHU CTpa-
HU U OpaHM3AIMH M0 OTHOILICHHE Ha Bb3MOXKHHUTE PUCKOBE
3a 37paBeTO OT M3IOJI3BAHETO HAa OAKTEPUUIHM JIAMIIH 32
LeJauTe Ha aesuHdekiusaTa, ca pasmienanu or C30, Mex-
JlyHapoJIHaTa KOMHUCHSI MO 3alIMTa OT HEHOHU3UPAIIHU JIbye-
Hus (ICNIRP) u MexayHaponHata KOMHCHS 1O OCBETIIE-
nue (CIE) u ['mo6annara aconuanus no ocserienue (17, 18,
19, 20), xouTO ca MpeACTaBUIIN CTAHOBHUIIA IO OTHOIIECHHE
Ha PHCKOBETE 3a 3/IpaBETO INpPH yIpPaBJIEHUE HA pUCKa OT
COVID-19 ¢ momomTa Ha OaKTEpUIIUIHU TaMIU. TeXHUTE
CTAHOBHIIA BKJIFOUBAT CIEJHUTE OTPAHHYCHUS TIPU H3OI3-
BaHe Ha OaKTEePHIIMJIHHUTE JTaMITH:

- Tewmorart na ce H3mo3BaT 3a Ae3UH(GEKINS Ha BB3AyXa H
MOBBPXHOCTH B IOMEIICHI I, HO HE CJICI[BA JIa CC U303~
BaT 3a AMPEKTHO OOJPYBAHE HA KOKAaTa W OUHUTE C IIET
TIe3UH(CKITHS;

- VYmnorpebaTa UM € CBBbp3aHa C PUCKOBE 3a 3/PaBETO, U
CIIe[OBAaTEIHO HAYMHBT Ha W3MOI3BAHETO HAa WM3TOY-
HUIMTE, HAYUHBT HA MOHTHPAHETO UM B MOMEIICHUS
cienBa Aa ObJAT KOHTPOJIUPAHH, KOHCYJITHPAHU CbhC
CHEIHMAJIUCT, PU KOETO JIa C& OCUTYPH JI0 OOUTATEIHUTE
Ha ChOTBETHHUTE IMOMEIICHUS/O0IECCTBEHN MECTa Ja He
JIOCTUTAT HUBA Ha YJITPAaBUOJETOBOTO JbUCHHE HAJI Ipa-
HUYHUTE CTOMHOCTH 34 €KCITO3UITNS, KOETO MOKE Ja Ce
JIOKaKe C U3MEPBaHUS;

- He ce mpenopbuBa W3MON3BAHETO HAa OAKTEPHUIIUIHU
JIaMTK B JIOMAIIHU YCIIOBUSI, TOPaJN Bb3MOXKHUTE PU-
CKOBE 32 3/IpaBeTo.

Pe3yJ’ITaTI/IT€ OT HaIIMTE H3CIICABAHWUA Ha 6aKT€pI/IHI/I,Z[HI/I
JIaMIIU, IIpejlaraiv Ha ma3apa y HacC, CbOTBETCTBAT HA OC-
HOBHUTC ITOJIOKCHHU A B TC3W CTAHOBHIIIA.

residents in the corresponding premises / public places
the installation should be consulted with a specialist.
That could be proven only by measurements. With
regard to the characteristics of the emitters, they must
meet at least the following requirements: to emit in
the UVC range of the optical spectrum, which has the
maximum germicidal efficiency; to be provided with
documentation for the spectrum and power of radiation;
available from the manufacturer regarding the cubature
of the room for which they are intended and the exposure
time to achieve a certain germicidal efficiency; to meet
the requirements of EU documents.

These conditions cannot be met when using germicidal
lamps in households - they emit very high levels of UV
radiation and the method of their application cannot be
consulted on a case-by-case basis. Moreover, the lack of
human senses for UV radiation (the human eye registers
only visible radiation) can lead to an underestimation of
the potential health risks associated with exposure to
germicidal UV radiation.

The issues raised by the population, various countries
and organizations regarding the possible health
risks connected to the use of germicidal lamps for
disinfection purposes have been addressed by the
WHO, the International Commission on Non-lonizing
Radiation Protection (ICNIRP) and the International
Commission on Illumination (CIE) and The Global
Lighting Association (17, 18, 19, 20). They presented
opinions on the potential health risks in managing the
COVID-19 incidence using germicidal lamps. Their
opinions include the following restrictions on the use of
germicidal lamps:

- They can be used to disinfect indoor air and surfaces,
but should not be used to directly irradiate the skin
and eyes for disinfection;

- Their use is associated with health risks, and
therefore the use of sources, the way they are
installed in premises should be controlled, consulted
with a specialist, thus ensuring that to the occupants
of the premises / public places do not reach levels of
ultraviolet radiation above the exposure limit values
which can be demonstrated by measurements;

- The use of germicidal lamps at home is not
recommended due to possible health risks.

The results of our research on germicidal lamps
available on the market in our country correspond to
the main points in these opinions.
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HupexTtnBa 2014/35/EC oT 26 deBpyapu 2014 rogmHa 3a xap-
MOHM3UpaHe Ha 3akoHoaaTencTBaTa Ha AbpXaBuUTe YNEeHKU 3a
npefocTaBsiHe Ha Nasapa Ha eNeKTPUYECKN CbOPBXEHNS, Npea-
HasHayeHu 3a M3non3BaHe B ONpeAeneHy rpaHnLm Ha Hanpexe-
HMeTo

Directive 2014/35 / EU of 26 February 2014 on the harmonization
of the laws of the Member States relating to the making available
on the market of electrical equipment intended for use within
certain voltage limits

OupexTtnea 2014/30/EC ot 26 dpeBpyapu 2014 roanHa 3a xapmo-
HM3MpaHe Ha 3aKkoHoAaTencTBaTa Ha AbpPXKaBUTe YNEHKN OTHOC-
HO enekTpoMarHutTHaTa cbBMecTMMocT (OB L 96, 29.3.2014 r.,
cTp. 79—106

Directive 2014/30 / EU of 26 February 2014 on the harmonization
of the laws of the Member States relating to electromagnetic
compatibility (OJ L 96, 29.3.2014, pp. 79-106

IupexTtnBa 2011/65/EC Ha EBponeinckust naprnameHT un Ha Cb-
BeTa oT 8 toHn 2011 roanHa OTHOCHO OrpaHWYeHMeTo 3a yno-
TpebaTa Ha onpeeneHy onacHW BellecTBa B eN1eKTPUYEeCcKOTO
1 enekTPOHHOTO obopyaBaHe

Directive 2011/65 / EU of the European Parliament and of
the Council of 8 June 2011 on the restriction of the use of
certain hazardous substances in electrical and electronic
equipment

Hapepnba 3a cblecTBeHNTE U3UCKBAHNUA U OLEeHsIBaHe Ha CbOT-
BETCTBMETO Ha eNEKTPUYECKN CbOPBXEHUS, NpeaHasHaYeHn 3a
M3Mon3BaHe B B ONpeferieHy rpaHuLy Ha HanpexeHueTo, npu-
eTa ¢ MMC Ne 47/2016 ., 1B. 6p.23/2016 r.,u3m. [1B. 6p.32/2016 1.

Ordinance on the essential requirements and conformity
assessment of electrical equipment intended for use within
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NMPOYYBAHE HA CITYYAHU
HA EKCNMO3nuusd HA
HACEJNIEHUETO, U3NNOXEHO HA
lwyMm n BUBPALIUU OT PEJICOB
TPAHCIMOPT

Ilersn UBanoBa, Muxaeja UBaHoBa

HaquH[lﬁl@H yernmvbp no 061/{46(,’}’1’1667-10 3’0]9&66 u anaaiusu

PE3IOME

Buwveeoenue: [pes 2020 2. e npuema [Jupexmusa 2020/367/EC
3a usmenenue Ha npunodxcenue I kvm Hupexmusa 2002/49/
EC no omnowenue na ycmanogsiganemo na Mmemoou 3a oyen-
Ka Ha 8DEOHOMO 8b30eUCmaUe HA WYMA 8bPXY OKOIHAMA Cpe-
oa. B ooxymenma, 3a yerume na oyenkama na peoHume 6v3-
oeticmeusi, cre0Cmeue Ha eKCno3uyusma Ha HaceneHuemo
HA HAOHOPMEH WYM, Cce 83eMam Npeosud cieoHume 8peoHuU
epexmu: ucxemuurna 601ecm HA CbPYEmo, CUieH OUCKOM-
@opm, cepuosHu cCMyueHus Ha CHHA.

Len: Ilpoyusane na excnosuyuama Ha HaceaieHuemo Ha wym
u ubpayuy om Ho8 peacos mpancnopm, npu U3paicoaHemo
Ha KOUMO He ca Cna3eHu Cbujecmseyeaujume mexHuyecku us-
UCKBAHUSL 30 OMCMOAHUS HA PETICOSUS N O HCUTUWHUME
cepaou.

Mamepuanu u memoou: Hanpasenu ca usmepsanus Ha
wyma u subpayuume 8 anapmamenmu, pasnoioxceHu 8 cepa-
ou 6 bauszocm 00 mpacemo Ha peicos mpaucnopm. Hszmep-
BAHUAMA HA WYMA CA U3BbPUIEHU Npe3 mpume 4ydaco8u 30HU
Ha OeHOHOWUemo, cvelacHo usuckeanusma na Hapeoba Ne
6/2006 2., cvomeemno OeH, geuep u nowy. Excnozuyusma uva
wym e onpedeiena upes U3YUCieHue, BKIOUEAUO eKEUBA-
JIEHMHUMe HU8A HA WyM, NPOOBANCUMETHOCIMMA HA eKCNo-
BUYUAMA HA PA32NIeAHCOAHUS USMOYHUK U POHOBUME HUBA HA
wiym npes epeme Ha Muxus nepuoo, npe3 Koumo npesosHume
cpedcmea He npemunagam. Oyenkama Ha eubpayuume e us-
8bpULeHA Ype3 U3Mep8aHe U UHUCIABAHEe HA CPEeOHOK8AOpa-
MUYHU CIMOUHOCIU HA YCKOPEeHUemo 8 OKMAsHU 4eCmomHuu
JIeHmu, Cv2aacHo usucksanusma na Hapeooa Ne 9/2010 e.

Pe3yﬂmamu: Pe3yﬂmamume om npoy4eaHemo nokaseam, 4e
Hueama Ha wWym 6 no4mu 6CUYKU U3CAe08aAHU anapmamenmu
He omeoeapsam Ha cpdrHudrume cmotiHocmu Ha eKcno3uyus
CH2IACHO 3AKOHOOAMeICmMEOmo. H3MepeHume cmotiHocmu
ca Hao epaHudnume cmotiHocmu Ha EeKCno3uyus 3a Hcuiunia
3a pasiudyHume oyeHeru 4acoeu 301U Ha ()EHOHOIMMerO.

3aknrouenue: Hzmepenume UCOKU HUBA HA WM NPe3 O€Hs.
600sim 00 Ouckom@opm y obumamenume, a npe3 HOWMA
npeuam Ha NbIHOYeHHUs UM CoH. 1lo omHowenue Ha eubpa-
yuume 8 U3CICOBAHUME JHCUTUWA CA YCMAHOBEHU BUCOKIU
CMOUHOCMU 3a HAKOU OM U3CAEOBAHUME YeCHOMHY TEeHMU,
Koemo Mooice 0a e npeOnoCcmasKa 3a OUCKOMpOPM U puUckosge
3a KOHCMPYKYuAma na cepaoamd.

KaiouoBn AYMHU: 1I1yM, IOKA3aTeCJIk 3a IyM B
OKOJIHaTa cpeaa, BI/I6paHI/II/I, T'paHUYIHU CTOﬁHOCTI/I,
JKCJIC30IIBTCH TPAHCTIOPT
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CASE STUDY OF EXPOSURE
OF THE GENERAL PUBLIC
TO NOISE AND VIBRATION

FROM RAILWAY
TRANSPORT

Petya Ivanova, Mihaela Ivanova
National Centre of Public Health and Analyses

ABSTRACT

Introduction: In 2020, Directive 2020/367/EU was
adopted to amend the Annex I1I to Directive 2002/49/EU
as regards the establishment of methods for assessing
the harmful effects of noise on the environment. The
document takes into account the following adverse
effects: ischemic heart disease; high annoyance, high
sleep disturbances.

Aim: Study of the population exposure to noise and
vibration generated by new rail transport, during
which construction the existing technical requirements
for distances of the rail road from residential buildings
have not been met.

Material and methods: The report presents results
of noise and vibration measurements in apartments
located in buildings adjacent to the railway. Noise
measurements were performed during the three time
zones of the day according to the requirements of
Ordinance Ne 6/2006, respectively day, evening and
night. Noise exposure was determined by calculation
including the equivalent noise levels, the time
duration of exposure to the considered source and the
background noise levels during the quiet period, with
the corresponding duration during which vehicles do
not pass. The assessment of vibrations was made by
measuring and calculating of the rms values of the
acceleration in octave frequency bands, according to
the requirements of Ordinance Ne 9/2010.

Results: The results of the study show that the noise
levels in almost all surveyed apartments do not
correspond to the exposure limit values according to
the legislation. The measured values are above the
exposure limit values for housing for different evaluated
time zones of the day.

Conclusion: The measured high noise levels during
the day lead to discomfort in the residents, and at
night they interfere with their full sleep. With regard
to the vibrations in the studied dwellings, excessive
values have been established for some of the examined
frequency bands, which may be a prerequisite for
discomfort.

Key words: noise, environmental noise
indicators, vibrations, limit values, rail transport
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BbBEOEHUE

IymsT € akTop, KOWTO CHI'BPTCTBA YOBEKA MPE3 LEIHUS MY
xu1BOT. Clly’)kKM My J1a cé OPUEHTHpa B OKOJIHATa cpela U 3a
ocChIIlecTBIBaHE Ha KOMyHuKanus. OT apyra cTpaHa, BUCOKH-
Te HUBA Ha IlIyMa MOraT Ja ObJaT BpeIHHU, JOpU OMacHU 3a
3paBETO HA YOBEKA, HO ChUIO TAKA U HUCKU HUBA HA IIIYM MO-
rar ja ObJaT Jpa3Helln U Ja cb3nasar auckomdopt. MHoro
ca N3TOYHHUINTE U (PAKTOPUTE, KOUTO 3acsATar MIyMa, Bb3IpH-
emaH ot xopara. Cunra ce, 4e IbTHUAT Tpa(uK € OCHOBHUSIT
MU3TOYHUK HA IIIyMOBO 3aMbpCSBaHE, KaTO MpPe3 CIEeIBALIOTO
JIECETHJIETUE C€ OYAaKBa HUBATa Ha IITyMa Ja Ce yBEJINYaT Kak-
TO B I'PaJICKUTE, TaKa U B CEJICKUTE PAWOHH, TOPAJH pa3BUTHE-
TO Ha ypOaHU3aIUsITa U MOBUILICHATA HYKJAa OT MOOMIIHOCT.
[IIyMBT OT IPEBO3HUTE CPEACTBA OTYACTHU 3aBUCH OT CPEAATa,
B KOATO C€ U3CJIe[Ba PA3IPOCTPAHEHUETO MY, U II0-CIELHa-
HO Ka4eCTBOTO Ha MbTHaTa MH(pacTpyKkTypa. [Ipu BHacsiHE Ha
HOB U3TOYHMK 3a JaJIeHa Cpella ce U3UCKBA UHTErpUpaH IO~
XOJ IIpY U3CJIECBAHE HA U3IbYBAHUS LIIYM.

IymsT OoT Tpaduka Bpean Ha 3APABETO MO MHOTO HAYHMHU.
[TpoabIKUTENHUAT CTPEC, CBBP3aH C IIyMa, MOXKE Jja H34ep-
IIM YOBEIIKHUTE (PU3MYECKU PE3EpBH, Jla HAPYyIIH PETyIaTop-
HUA KananuTeT Ha QYHKIIMUTE Ha OPTaHUTE U 110 TO3U HAUMH
Jia orpanuyu TsxHara eexruBHOCT (1).

OrneHkaTta Ha IIymMa B ypOaHU3MpaHaTa Cpeia ce M3BHpIIBA
chIITacHO M3ncKkBaHuATa Ha Jupexmusa 2002/49/EO ua EB-
ponelickus mapaameHT u Ha CbBeta ,,OmHOCHO oyeHKama u
ynpaenenuemo Ha uiyma 6 okonanama cpeoa” (2).

[Ipe3 2020 r. ¢ npueta Jupexmusa (EC) 2020/3676v6 6pv3-
Ka ¢ YCMAaHOBA8AHEMO HA Memoou 3d OYeHKA HA 8peOHUme
6b30€UCmEUs. HA WYMA 8 OKOIHAMA cpeod, Kvm J{upexmuea
2002/49/EO,, Omnocno oyenkama u ynpagieHuemo Ha wymd 8
oxonnama cpeda’(3).

3a menuTe Ha OLIEHKATa ce B3eMaT MPEIBU/] CJICTHUTE BPEAHH
BB3/ICHCTBUS Ha IIyMa: HCXeMHUuHa 6onecT Ha cbpiieto (IHD),
CBHOTBETCTBaAIA Ha KojoBe oT BA40 no BA6Z nmo MKB-11
Ha C30, cunen nuckompopt (HA), ceprnoznu cmyiieHns Ha
cpHs (HSD). Be3npuerute B 1upeKkTHBaTa METOIU ca OOLIH
32 BCUYKH CTPAaHU WICHKH U IIe 1a1aT Bb3MOXKHOCT 3a OICH -
BaHE Ha BpeTHUTE €(DEKTH OT IIyMa 3a TEPUTOPHUSTA HA IEITHS
EBporeiickn cbi03, KaKTO ¥ M3YUCISIBAHETO HA 3aryouTe OT
3a00JIsIBaHMSL, IBJDKAIIN CE HA IIyMa, H3Pa3eHH upe3 MoKasa-
tex DALYs (3ary0eHu TOAMHY 3IPaBOCIOBEH KHUBOT) (4).

Bubpanuure B ypbaHU3MpaHUTE TEPUTOPUH CHIIO ca PakTop,
KOWTO MOJKE J1a TIpeIM3BUKa TUCKOM(OPT, a MPH BUCOKH HUBA
MO’KE 12 ca IPUYHHA ¥ 32 MaTEpUaIHU pa3pyIeHN s, KOUTO Ja
Ch3/1aBaT AOIBIHUTEIHN PHCKOBE 3a 3/IPaBETO.

B eBponenckoTo 3ak0HOAATEICTBO HE ChILIECTBYBA HOPMATH-
BEH JJOKYMEHT, perjlaMeHTHpaIl] HAJHYUEeTO Ha 10J00eH (ak-
TOp B HAaCEJIEHUTE MeCTa, Thil KaTO ce CUMTAa, Ue He Ou cresiBa-
JI0 1a UMa U3TOYHUK, KOWTO J]a T'H Ch3/IaBa.

LEN

[IpoyuBaHe Ha eKCHO3WLIMATA HA HACEJIEHUETO HA IIYM H
BHOpAIlUU OT HOB PEJICOB TPAHCIIOPT, MPHU H3TPaXKITaHETO
Ha KOMTO HE ca CIa3eHU ChIIECTBYBALIUTE TEXHUUYECKH U3-
WCKBAHUs 332 OTCTOSHUS HAa PEJICOBUS MBT OT KUJIUIHUTE
crpaju.

INTRODUCTION

Noise is a factor that accompanies us throughout life. It
serves us to orient ourselves in the environment and to
communicate. On the other hand, high noise levels can
be harmful, even dangerous to human health, but also
low noise levels can be annoying and uncomfortable.
There are many sources and factors that affect noise
perceived by people. It is considered that road traffic is
the main source of noise pollution, and noise levels are
expected to increase in both urban and rural areas over
the next decade due to the development of urbanization
and the increased need for mobility.Vehicle noise
depends in part on the environment in which its
distribution is studied, and in particular the quality of
road infrastructure. When introducing a new source
for a given environment, an integrated approach to the
study of emitted/radiated noise is required.

Traffic noise harms health in numerous ways.
Protracted noise-related stress can exhaust human
physical reserves, disrupt the regulatory capacity of
organ functions and hence limit their effectiveness (1).

The noise assessment in urban environments is
carried out in accordance with Directive 2002/49/EC
of the European Parliament and of the Council on the
assessment and management of environmental noise

Q.

In 2020, Directive 2020/367/EC (3) was adopted
establishing assessment methods for harmful effects of
environmental noise. This document is amendment to
the Directive 2002/49/EC.

For the purposes of the assessment, the following
adverse effects of noise shall be taken into account:
ischaemic heart disease (IHD) corresponding to codes
BA40 to BA6Z of the international classification ICD-
11 established by the World Health Organisation; high
annoyance (HA) and high sleep disturbance (HSD).
The assessment methods adopted in the Directive are
common for all Member States and will make it possible
to estimate the burden of disease due to environmental
noise in the disability-adjusted life-years (DALYs) (4).

Vibration in urban areas is also a factor that can cause
discomfort, and at high levels can cause material
damage that creates additional health risks.

There is no regulation in European legislation regarding
the presence of such a factor in settlements, as it is
considered that there should be no source to provoke
them.

AIM

Study of the population exposure to noise and vibration
generated by new rail transport, during which
construction the existing technical requirements for
distances of the rail road from residential buildings have
not been met.
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MATEPWAIN W METOOU

W3cnenBaHeTo € HANpaBeHO BBB BpPB3Ka C MHOTOOpPOWHH
KaJIOM OT Tpaxk/iaHu, CBBP3aHH ChC CHJIEH JMCKOM(pOPT
W CMYILICHHUS Ha CHHS, NPUYUHEHU OT LIYM OT HOB PEJICOB
TPaHCIOPT.

[TpoyuBaneTo oOXBalla U3MEPBAHUS HA IIyM M BUOpaLnu B
17 anaprameHTa, KOUTO CE HAMUPAT B Crpajyd B HEMOCPEA-
cTBeHa OJM30CT 70 TpaceTo Ha pencoB TparcmopT (1.5 m).

Yact ot alMapTaMEHTHUTEC Ca C IIpsiKa BUAUMOCT KbM PEJICOBUA
II'bT, @ UMA U TAKHMBA, KOUTO €a C U3IJICA KbM BBTPCIICH ABOP.
AHapTaMCHTI/ITe Ca pasIoJIOKCHU Ha pa3JIMYHU €TAXKHU B KU~
JIMIITHUTEC Crpajau.

3a cpaBHEHHE € HalpaBeHa OIICHKAa Ha EKCIO3MIMITa Ha
IIyM W BHOpaluu U B Crpajia, pasnojokeHa Ha MO-TOJSIMO
pasctosinue oT pencoBus nbT — Ha 3.00 m. Ilocnennurte ca
pasriexaaHu KaTo ,,KOHTPOIU®.

Wym

W3cneaBaneTo e MpoBeeHO NPY HOPMAJIHH EKCIIII0ATallHOH-
HU YCJIOBHSI HA U3TOYHHUKA Ha IIIYM, B pEaJicH padOTEH PEIKUM
U MIPU HAJIMYKE HA YJIMYHO JABM)KCHHUC (IPEMUHABAIIN aBTO-
MOOUJIH, TPOJICH U XOPa).

W3mepBaHusiTa ca MPOBEJACHN B Pa3jMYHU YaCOBE Ha JICHO-
HOIIUETO, B reprona ot 6.00 h 1o 21.00 h, 3a na ce o6xBaHar
BCHYKH 3HAYMMU [IYMOBU ChOUTHUS OT BH3JICUCTBUETO HA U3-
TOYHUITUTE YPE3 CHOTBETHUTE MOKA3ATENHN 3a [IYM.

OreHKaTa Ha SKCIO3UIMATA Ha ITyM B JKMJIHUINATA € U3BBP-
nIeHa Ha 6a3aTa Ha U3MEpBaHUS Ha EKBUBAJICHTHOTO HUBO Ha
nryma B dB(A), HarmpaBeHM MHOTOKPATHO B €/1HA TOYKA, B CTas
OT KUJIUINETO, TIPU 3aTBOPEHHU IPO30PIH HAa MOMEIIECHUETO.
O1eHsiBaHUTE TTOMEIIECHUS ca 0OUTaeMH U 003aBEACHH.

W3MmepBaHusATa ca HallpaBEHU IPe3 TPUTE YaCOBU IEPUOAA HA
JICHOHOIIIMETO TpH clla3BaHe Ha M3WCKBaHMATa Ha Hapenba
Ne 6/2006 r. ra M3 u MOCB (5).

[leproauTe eH, Beyep U HOII ca ¢ BpeMeTpacHe ChOTBETHO:
e J5eH-12wyaca-otr7 1o 19 u,;

e Beuep - 4 yaca— ot 19 10 23 u,;

e HoII - 8 yaca—or 23 10 7 4.

[Ipu u3MepBaHUsATa, B CHOTBETCTBHE C H3UCKBAHHITA Ha
BJC 15471 (6), e onpeneneHo MaKCUMaJIHOTO €KBHUBAJICHT-
HO HUBO HA MPOHUKBAIIUS IIIYM, H3TBYBAHO OT U3CJICBAHUS
U3TOYHMK L, 1O BpeMe Ha Bb3HUKBAHETO M JEHCTBHETO
MY, 1 HUBOTO Ha (JOHOBUS IIYM IPU OTCHCTBUE HA IIYM OT
M3TOYHUKA. 3a M3YMCIsIBAHE Ha JBJITOCPOUYHHUTE EKBHBa-
JIEHTHU OCpelHeHu nokazarenu L | L L e usnon3Ban

nen’ * Beuep’ T HoI

metoa cerinacuo BJIC ISO 1996-1:2016 (7)

W3zuncnourennara nponeaypa € B CjleaHara IocCJIeA0BaTCI-
HOCT:

* N3uucnsiBaHe eKBUBAJCHTHOTO HUBO Ha U3JIBUCHUS MPO-
MEHJIMB MPEKbCHAT IIYM OT U3TO4YHHUKA Leq, B KoeTo ce
BKJIFOUBAT BCHUYKH HM3MEPEHU CTOMHOCTH B TOYKAaTa Ha
BB3ICUCTBUEC.

MATERIALS AND METHODS

The study was conducted in connection with numerous
complaints from citizens related to severe discomfort
and sleep disturbances caused by noise, generated by the
introduction of a new source.

It covers measurements of noise and vibrations in 17
apartments, which are located in buildings near the track
of rail transport (1.5 m).

Some of the apartments have direct visibility to the
railway, and there are some that overlook the courtyard.
The apartments are located on different floors in
residential buildings.

For comparison, an assessment of the exposure to
noise and vibration was made in a building located at a
greater distance from the railway - 3.00 m as well. These
apartments are considered as “controls”.

Noise

The survey was performed under normal operating
conditions of the noise source, in real operating regime
and in the presence of additional background noise
generated by traffic (passing cars, trolleys and people).

The measurements were carried out at different times of
the day, in the period from 6.00 am to 9.00 pm, in order
to cover all significant noise events from the impact of
the sources by corresponding noise indicators.

The assessment of the noise exposure in the dwellings is
performed on the basis of measurements of the equivalent
noise level in dB(A), repeatedly at one point, in a living
room, with closed windows of the room. The assessed
premises are habitable and furnished.

The measurements are made during the three hour
periods of the day in compliance with the requirements
of Ordinance Ne 6/2006 on environmental noise
indicators... (5)

The periods day, evening and night are defined as
follows:

* day - 12 hours - from 7 a.m to 7 p.m;
» evening - 4 hours - from 7 p.m. to 11 p.m;
* night - 8 hours - from 11 p.m to 7 a.m.

The measurements in accordance to the requirements of
BNS 15471 (6) serve for determination of the maximum
equivalent level of penetrating noise emitted by the
studied source L, during its occurrence and operation,
and the level of background noise in the absence of noise
from the source. A method according to BNS ISO 1996-
1: 2016 is used to calculate the long-term equivalent

averagesL L . L we ).

The calculation procedure is in the following sequence:
e Calculation of the equivalent level of the emitted

variable interrupted noise from the source Leq, which
includes all measured values at the point of interest.
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* OmpezernsiHe Ha SKCIIO3UIMATA Ha LIy M, Ha KOSITO Ca H3JI0-
KCHH XUBCCHIUTC B U3CJICABAHUTC XUJINIIA, KOATO € OII-
pezernsiia 3a mokasareaute 3a guckoMmdopt. Excriosuriu-
sATa Ha IIyM C€ U3YUCJIABa HA 6a3aTa Ha CKBUBAJICHTHUTC
HHUBA Ha IIyM OT U3TOYHUKA, BpEMETO Ha B’bS[leﬁCTBHe Ha
MN3TOYHHMKA M HMBATa Ha IIYM NOPE3 TUXUA NEPUOA, IPE3
KONTO OTCBHCTBA HN3TOYHHKA, CbC CHOTBETHATA NPOABIIKU-
TEITHOCT.

° HpI/I HN34YUCJICHHUATA CC U3II0JI3Ba CJICHaTa (I)opMyna:

s ag10 0t e
Legr=101g= " dg °’
eq, T g zi-"‘Ti

KBIETO Leche orpenens 3a JIeH, 3a Beuep U 3a HOIIL.

e Ilpy u3uMCIISIBAHETO HA IOKA3aTEIMTE 3a AUCKOMQOPT
(L7, L, L ) ca oT4eTeHH W cnenudukara Ha ChOT-
Beuep HOIIL

BETHHUS MEPHOX — AeH, Beuep, Houl. Kato 3a Beuep u HoI
ca MpuOaBeHN CHOTBETHUTE KOPEKIUHU (XapaKTepHU KO-
PEKLIMK Ha HUBOTO, B 3aBUCUMOCT OT KaTErOpusATa Ha 3BY-
KOBHSI M3TOYHHUK U BpemeTo oT aeHoHomruero, B/IC ISO

1996-1:2016 (7).

3a u3MepBaHe Ha HUBAaTa Ha LIyMa € U3IMO0JI3BaHa anaparypa
- lymomep tun 2238 ,MEDIATOR” ¢ koHieH3aTOpEH MU-
kpodon Tun 4188.

Bubpauuu

OI_[eHKaTa Ha BI/I6paHI/II/ITe € U3BBPUICHA HA Oaszara Ha U3Mep-
BaHUs Ha BI/I6p0y0KOpeHI/IGTO B m/sz, o TpU B3aUMHOIICP-
NEHAUKYIIAPHU OCHU: BEPTUKAJIHA - Zu XOPU3OHTAJIHU — X
n Y, Ha IoJa Ha IMOMCIICHUATA, KaTO IIPpU MPEMHUHABAHC HA
CAHO TPAHCHOPTHO CPEACTBO IO PEJICOBHA NBT € OTUUTAHA
10 €1Ha CTOMHOCT OT TEpUOKTaBHATA JICHTA 3a BCAKa U3CJICI-
BaHa 4€CToTa.

OreHKaTa 3a ChOTBETCTBHE HAa BHOPAIIMUTE € HAIIPaBeHa OT
U3MEPEHUTE M M3YUCICHU CPEIHOKBAAPATHYHH CTOWHOCTH
Ha BUOPOYCKOPEHUETO B OKTABHU YECTOTHH JIGHTH ChC CPE-
HOTEOMETPUYHH uecTotH 1, 2, 4, 8, 16, 31.5, 63 Hz. Ilomy-
YEHUTE CTOWHOCTH Ca CHIIOCTABEeHU ¢ MAKCHMAJIHO JOITYCTH-
MuTe 3a BuOpamuu, mocouenu B Hapemxba Ne 9/2010 1. (8).

MaxkcruMaJiHo JIonycTuMaTa CTOHHOCT Ha BUOpaIMKTE Ce Oll-
penesis mo cienHara popmyJia:

Vimon=KI1.K2.V,
KBIETO:

VﬂOH € MaKCUMaJIHO JoIlyCTUMara CTOMHOCT Ha BI/16paIlI/II/ITe,
CBhIVIACHO CJICAHUTEC HOPMHU:

V - MakCHMallHO JIONyCTHMara CTOWHOCT Ha BUOpanuuTe
npe3 HomTa (0T 23,00 mo 7,00 4.) cprimacHo Tabmuma Ne 1
ot Hapenba Ne 9/2010 r (8);

K1 - KOpeKIHMOHHUSAT KOe(HUIIMEHT 3a BPEMETO OT JICHOHO-
IIHETO;

K2 - KOPCKIIMOHHUSAT KOG(I)I/IL[I/ICHT 3a NPOABJIKUTCIHOCTTA
Ha BL3I[€I710TBPI€ Ha BI/16paHI/II/IT€ Ipe3 ACH:.

» Determination of the noise exposure to the occupants
of the surveyed dwellings which is decisive for the
indicators of discomfort. Noise exposure is calculated
on the basis of equivalent noise levels from the source,
the time of exposure to the source and the noise levels
during the quiet period during which the source is
absent, with the corresponding time.

* Calculations are carried out using the following equation:

,>_.iN AT 10 0leq,i

Leqr =10lg = ——
Ly il

where L i is determined for day, evening and night.

* When calculating the indicators of discomfort (L,
S—— the specifics of the respective period are
taken into account - day, evening, night. Appropriate
corrections are applied for evening and night (Table
A.l1 — Typical level adjustments based on sound
source category and time of day BNS ISO 1996-1:
2016 (7)).
Equipment used to measure the noise levels is Integrating
Sound Level Meter 2238 , MEDIATOR* with condenser
microphone type 4188.

Vibrations

The assessment of vibrations is performed on the basis
of vibration acceleration measurements in m/s?, on three
mutually perpendicular axis: vertical - Z and horizontal
- X and Y, on the floor of the premises, and one value
of the third octave band for each frequency tested is
reported on passing a vehicle on the track.

The vibration assessment is made by the measured
and calculated rms values of the vibration acceleration
in octave frequency bands with geometric mean
frequencies 1, 2, 4, 8, 16, 31.5, 63 Hz. The obtained levels
are compared with the vibrations limit values - specified
in the Ordinance Ne 9/2010 for the maximum permissible
vibration values in residential premises (8).

The maximum value of vibrations is determined by the
following equation:

Viim =K1.K2.V,
where:

Vlim is the vibrations limit values according to the
following:

V - Vibrations limit values at night (from 23.00 to 7.00)
according to Table No 1 of Ordinance Ne 9/2010 (8);

K1 - the correction factor for the time of day;

K2 - the correction factor for the duration of vibration
exposure during the day.
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®dopMmyrara e B3eTa 0] BHUMaHUE, KaTO 3a HOI HOPMHU-
T€ ca MPHUETH JUPEKTHO OT Tabiuiara 3a BUOPOYCKOpEHHE,
THI KaTO CTOWHOCTTA HA KOPEKIMOHHUs KoeduiueHt K1, B
3aBUCUMOCT OT BpeMeTo Ha JeHoHomueto, € K1 = 1. Kope-
KITMOHHUAT KoeunueHT K2 3a mpobIKUTEITHOCTTA HA BB3-
JeficTBIE HA BUOpAIIMUTE Mpe3 ACHS HIMa OTHOIICHHUE.

[Ipu ompernensHe Ha HOPMHUTE 3a JICH Ca NPUETH CIETHU-
T€ CTOMHOCTH 32 ChOTBETHUTE KOSPUIIMECHTH:
KI=178uK2=1.

3a u3MepBaHe Ha BUOpAIMHUTE € M3IMO0J3BaHa CIeHaTa ara-
paTypa - KOMIUIEKT BUOpom3MepBaTenHa amaparypa 3513 ¢
6moxoBe 2511 u 1621, mue3zoenekTpudeH naTtauk, tum 4370 -
,,Briel & Kjer”, Jlanusi.

PE3YNTATU

Pesynmamu om usmepeaHusima Ha wyma

PesynraruTte OT HampaBeHUTE U3MEPBAHUS U U3UHUCICHHS Ha
HUBaTa Ha lIyMa ca npejacTaBeHu B Tabiuna 1 u Ha Qury-
pa 1. JlaHHWTE ca CHCTEeMaTHU3UPAHU O €TaXKH, IEPUOIU OT
JICHOHOIIIETO, CbOTBETHO JIEH, Beuep U Houl. Pa3znenenu ca
YCIIOBHO 32 JIBETE PA3CTOSHUS OT M3TOYHMKA JIO CI'PaJUTE.
Pesynrarute ca npeacTaBeHH KaToO HHTEPBAIN OT MUHUMAJ-
HaTa ¥ MaKCHUMajJHaTa M34YHCIeHa CTOMHOCTH Ha CKBHBa-
JICHTHOTO HHBO Ha IIyMa.

Tabnuuya 1. MIamepsaHusi u U34UCIIEHUS] HAa HUBama Ha Wyma

The formula is taken into account, as for the night the
limit values are accepted directly from the table for
vibration acceleration, as the value of the correction
factor K1 depending on the time of day is K1 = 1. The
correction factor K2 for the duration of vibration during
the day does not matter.

When determining the norms for a day, the following
values are accepted for the respective correction factors:
Kl =178 and K2 = 1.

The following equipment is used for vibration
measurement - Vibration measuring set 3513 with
equipment units 2511 and 1621, piezoelectric sensor,
type 4370 - ,,Briiel & Kjar®, Denmark.

RESULTS

Noise measurement results

The results of the measurements and calculations
of noise levels are presented on Table 1 and Figure
1. The data are systematized by floor, period of the
day, respectively day, evening and night. They are
conditionally divided for the two distances from the
source to the buildings. The results are presented as
intervals of the minimum and maximum calculated
values of the equivalent noise level.

Table 1. Measured/calculated noise values

Ne MsacTo Ha usmepsaHe WU3MEPEHU/U3YUCNEHUHUBA HA LLYMA
Place of measurement MEASURED/CALCULATED NOISE VALUES
L., dB(A)
OeH / Day Beuep / Evening | How, / Night
| N3mepBaHe B crpagu Ha 1.50 m ot pencos nbT / Measurements
in buildings at a distance of 1.5 m from the railway
Etaxk 1/ Floor 1 40.5 38.9 37.2
Etax 2/ Floor 2 41.2+45.4 39.2+44.1 38.1+41.2
Etax 3/ Floor 3 34.5*% +44.6 35.4+43.7 37.0+41.4
Etax 4/ Floor 4 41.5 40.5 37.8
Etax 5/ Floor 4 36.4+49.1 37.4+47.8 32.9:42.2
1l M3mepBaHe B anapTaMeHTH C U3ries Kbm BbTpeLleH asop /
Measurements in buildings that overlook the courtyard
Etax 1/ Floor 1 36.3 38.2 32.1
Etax 3/ Floor 3 29.9* 28.0* 29.7*
1 U3mepsaHe B crpagym Ha 3.0 m ot pencos nbT / Measurements in
buildings at a distance of 3 m from the railway
Etax 1/ Floor 1 40.3 40.6 -
ETax 4/ Floor 4 34.3 33.1* 32.1
FpaHuuHa cToliHocT, dB (A) Hapeg6a Ne 6, 1B, 6p. 58/2006 r./ 35 35 30
Limit value, dB (A) Ordinance No.6, SG, Vol.58/2006

* OmbenazaHume us4ucaeHu cmolHocmu Ha
eKeusas1eHMHOMOo HUBO HA WYyMd Cbomeemcmaeam Ha
2paHuyHume, cvenacHo Hapedba Ne6/2006 e. (5)

* The marked values of the equivalent noise level
correspond to the limits according to Ordinance
No 6 /2006 (5)
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Quzypa 1. Peaynmamu om u3mepsaHusima Ha wyma 8 Figure 1. Graphical presentation of the noise
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PE3YNTATU OT USMEPBAHE HA
BUBPALIUA

W3uncnennTe CpegHOKBAIPATUYHU CTOWHOCTH Ha BHUOPOY-
CKOPEHHETO B OKTABHU YECTOTHH JICHTH Ca MPEICTaBEHU Ha
tabnuna 2. [IpencraBeHu ca TaHHHU caMo 3a OCTa Z, 10 KOSITO
ca yCTaHOBEHH Hal-BHCOKH CTOMHOCTH Ha BUOPOYCKOpEHHE-
TO.

VIBRATION MEASUREMENT
RESULTS

The results of the calculations of rms values of the
vibrations in octave frequency bands are presented on
Table No 2. Data are presented only for the z axis, on
which the highest values of the vibration acceleration are
established.

Tabnuuya 2. Table 2.
CpeAHOKBaApaTUYHM CTOMHOCTU HAa BUBpaLMUTE, B OKTAaBHU YECTOTHU JIEHTU CbC
cpeaHoreomeTpuuHu yectoTH, B Hz, Bubpoyckopenue, x10 m/s2 no oc Z/ RMS
M#CTO Ha M3MepBaHe Values of the vibration acceleration in octave frequency bands with geometric
Place of measurement mean frequencies, Hz, vibration acceleration x10° m/s? axis Z
1 2 4 8 16 31.5 63
An. 1, Etax 1***  / Ap. 1, Floor 1*** 1.00 6.07 4.69 8.28* 12.08* 31.56* 131.91*
An. 2, Etax 1 / Ap. 2, Floor 1 3.20 15.78* 44.65* 37.90* 61.85* 138.29 173.21*
An. 3, ETax 1** / Ap. 3, Floor 1** 5.00 2.39 6.84* 10.63* 22.54* 56.96* 126.59*
An. 4, ETax 2 / Ap. 4, Floor 2 40.25* 12.42* 12.41* 21.47* 50.00* 135.74* 173.21*
An. 5, ETax 2 / Ap. 5, Floor 2 1.00 7.11 11.92* 25.18* 37.75* 98.49* 173.21*
An. 6, ETax 2 / Ap. 6, Floor 2 4.79 3.76 6.10* 18.55* 41.21* 141.42* 173.21*
An. 7, ETax 2 / Ap. 7, Floor 2 5.94 7.07 14.07* 26.57* 39.46* 114.65* 150.00*
An. 8, ETax 3 / Ap. 8, Floor 3 3.07 5.74 8.94* 16.44* 34.93* 22.38* 101.83*
An. 9, Etax 3 ***  / Ap. 9, Floor 3*** 0 2.78 9.11* 14.58* 23.45* 62.05* 160.08*
An. 10, Etax 3 / Ap. 10, Floor 3 0.40 9.43* 11.05* 16.25* 45.22* 111.84* 162.48*
An.11, ETax 3 / Ap. 11, Floor 3 1.50 5.31 9.64* 19.05* 56.65* 105.95* 144.57*
An. 12, ETax 4 ** / Ap. 12, Floor 4 ** 0.00 2.39 8.19* 21.75* 43.59* 41.09* 71.24*
An. 13, Etaxk 4 / Ap. 13, Floor 4 9.11 9.11* 18.03* 23.09* 70.89* 162.48* 150.00*
An. 14, Etax 5 / Ap. 14, Floor 5 2.17 2.66 7.61* 9.43* 32.79* 100.50* 143.53*
An. 15, Etax 5 / Ap. 15, Floor 5 4.47 3.46 3.85 31.06* 15.68* 60.70* 18.56
An. 16, ETax 5 / Ap. 16, Floor 5 1.84 3.97 7.35% 25.83* 34.66* 80.62* 121.47*
An. 17, ETaxx 5 / Ap. 17, Floor 5 5.00 8.02* 12.45%* 17.15* 20.62* 48.05* 115.76*
Hopma geH / limit values day 19.58 13.88 9.79 9.79 19.58 39.16 78.32
Hopma HolLw, / limit values night 11 7.8 5.5 5.5 11 22 44

* cmolHocmume ca Had MakcumanHo donycmumume;

** anapmamermume ce Hamupam 8 czpadama Ha
pascmosHue 3 m om peacosus mbm;

*** anapmameHmu c us2sned KoM 8bmpeweH 08op.

ANCKYCHUA

[Ipu usmepBaHusTa B pailoHa € yCTAHOBEHO, Y€ B MHOI'O OT
ciaydanTe (OHOBHSAT IIYM HAJBHINABA JOIYCTUMHUTE CTOIi-
HocTH, onpexneneHu B Hapenba Ne 6/2006 r. (5). ToBa Boam
U JI0 TIO-BHCOKA EKCIIO3HIIHS Ha IIyM Ha HACEJICHUETO B pa-
ftona. M3MepeHnTe CTOIHOCTH Ha (POHOBHAT IIYM ca B IU-
amaszoHa oT 26 mo 41 dB(A). IIpu u3BbpmBaHe Ha OlEHKATa
Ha IIyMa, H3TBYCH OT JaJIeH U3TOYHHK, € JOCTaTHYHO Ja Ce
OTKpHUBA pa3lInKa MeX/Iy HUBaTa Ha (DOHOBUS IIYM H TO3H OT
n3touHmKa ot 6 1o 10 dB, 3a 1a ce TBBPAH, YE U3TOTHHUKBT CE
qyBa U JOMUHUPA HaJ OCTaHAJIHUTE 3ByIU. B ciryuas ycraHo-
BEHATa pa3linKara e B fuamnaszoHa ot 7 1o 13 dB(A).

YcTaHOBEHUTE €KBUBAJCHTHU HMBA Ha mymMa npyu usMEpBaHe
B XXUJIUITHUTEC IMMOMCUICHHU A HaABHUIIABAT ONIPEACIICHUTE I'pa-

* values are above the limits;

** the apartments are located in the building at a dis-
tance of 3 m from the railway.

*** apartments overlooking the courtyard

DISCUSSION

The performed measurements in the surveyed zone
have shown that in many cases the background noise
exceeds the permissible values specified in Ordinance
Ne 6/2006. (5) This also leads to higher exposure to noise
of the population in the area. The measured values of
background noise are in the range from 26 to 41 dB (A).
When assessing the noise from a source, it is sufficient to
detect a difference between the background and source
levels of 6 to 10 dB to claim that the source is heard and
dominates over other sounds. In this case, the found
difference is in the range of 7 to 13 dB (A).

The established equivalent levels of noise measured
in residential premises exceed the limit values for the
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HUYHU cTOMHOCTH 3a mokazarenute L L wuL (Hapex-
JeH Beuep HOIIT
6a Ne 6/2006 r.) 3a TpuTe Ieproia Ha ACHOHOIIKETO, 3a 11 oT

N3CJICABAHUTE allapTaMCHTH.

B yetupu orT u3cienBaHuUTE anmapTaMeHTH ca HaJBUIIECHU
caMO T'pPaHUYHUTE CTOMHOCTH 3a HOKa3aTenHTeLm, Lmep, B

TOBA 4YHCJIO € U CIHUH OT ,,KOHTpOJ’IHI/ITe“ anapTaMeHTH, Ha
Ppa3CToOAHUC 3mort peiicoBud IbT.

Camo B ABa OT U3CJICABAHUTC allapTaMCHTU € HaJBHUIIICHA
CAWHCTBCHO I'PAHUYHATA CTOMHOCT 3a MOKa3aTes LHoLu’ KaTto
CAWUH OT TAX € OPUCHTUPAH KbM BBTPCIIHUA ABOP, a APYT'Usd €
B ,,KOHTpOJ’IeH“ alrapTaMeHT, CbC ClICHAJIHA ITYMOU30JIalus.

M3mepeHoTO MAaKCMMalHOTO HUBO L,  Ha niyma, KOETo ce
JTIOCTHTA 33 KPaThK MEPHOJ OT BpeMe, IIpe3 HOITHUTE YaCOBE
MOJe J1a TPEeIU3BHKA BHE3ANMHM CHOYKJAaHUS, CEMBaHE WM
CTpsiCKaHe, ThH KaTO NMPH MOBEYETO M3MEpPBaHUs HAJ[BUIIIA-
Ba 45 dB(A). YcraHOBeHU ca eIMHUYHU IIIyMOBU HUBA 710 50
dB(A).

He e ycraHoBeHa 3aBUCHMOCT Ha U3MEPEHUTE CTOMHOCTH OT
eTaka Ha CcrpajiaTa, Ha KOMTO ca U3BBPIICHU U3MEPBAHUATA,
HO MO-BUCOKHUTE CTOMHOCTH Ca PETUCTPUPAHHU HA I10-BUCOKH-
Te eTa)kKM U Ha MeCTaTa, KbJETO UMa 3aBOU MJIN pa3KIOHEHHE
HA JINHUSTA.

HaHpaBCHI/ITC CpaBHCHUSA Ha CTOMHOCTUTE Ha CKBHBAJICHT-
HOTO HUBO Ha IIyMa, UBMCPCHU B U3CJIICABAHUTEC U ,,KOHTPOJI-
HUTE" alapTaMCeHTH, IMOKA3BaAT 3HAYUTCIIHO ITO-BUCOKHN CTOM-
HOCTHU B U3CJICABAHUTC allapTAMCHTH.

BbB BCHUKM M3ClI€IBAaHM IIOMEILEHUS CE OTKPUBAT CTOMW-
HOCTH Ha BHOPOYCKOPCHHMETO, HAJBHUIIABAIIN MaKCHMaTHO
JIOTTYCTUMHUTE CTOHHOCTH 32 BHOPAIIMH 3a HOII W/WIIH 3a JIeH,
cweriaacao Hapemba Ne 9/2010 1. 3a MakCUMaTHO AOMYCTHMH-
T€ CTOWHOCTH Ha BHOparuuTe. (8)

MaxkcrumanHUTE CTOMHOCTH ca YCTAHOBEHU MO OCTa Z, KaTo
CTOMHOCTH Haa TPaHUYHUTE Ca YCTAHOBCHHU U IO TPUTE OCHU
- X, Y, Z. llpaBu Bnie4aTiIieHUE, Y€ HA IT0-BUCOKUTE €TAXKH CE
YCTaHOBsBAT CTOMHOCTH Haa rPaHUYHUTE B OKTABHUTE YCC-
TOTHH JICHTHU CHC CPECAHU T€OMETPUYIHU YECTOTHU HAL 4 Hz.

Ilo BpEMC Ha UBMCPBAHUATA Oere IMOTBBPACHO, Y€ Bn6pau1/1-
HUTC CC pa3snpoCTpaHABAT U KbM KHUJIHUIIATA, KOUTO HC Ca C
BUJAUMOCT KbM PEJICOBOTO Tpace.

[Ipu KOHTPOIHUTE KUIIHILA CHILO ca UBMEPEHU HAJHOPMEHU
BHOpaIny, HO TJIABHO TI0 ocTa Z, a 3a ocute X,Y - 3a [MO-BH-
COKHUTE YeCTOTHU (OKTAaBHU YECTOTHHU JICHTH CHC CPEITHO T'€O-
MeTpudHa yectoTa 31,5 u 63 Hz).

3AKINIOYEHUE

B 3axitoueHme, pesyiTaTHTE OT HAIPaBEHOTO MPOYyYBaHE
MOKa3BaT, 4e HE3aBUCHMO OT Pa3NOJIOKEHHETO Ha JKUIIHIIA-
Ta B 3aBUCHMOCT OT €Taka, HUBAaTa Ha IIyM B IIOYTH BCHYKH
M3CIIeIBAaHH KIJIUILA HE OTTOBAPST HAa YCTAHOBEHUTE HOPMH,
KaTO M3MEPEHUTE CTOMHOCTH ca HaJl TPaHMYHHTE HUBA 32
JKHJTUIHY IIOMEICHUS 32 Pa3INYHATE OLCHSBAHH ITEPUOIU
Ha JICHOHOIIKeTo. V3MepeHnTe BUCOKM HUBA Ha LIyMa IIpe3
JCHS BOIAT 0 AUCKOM(OPT U pa3ipasHEeHHe y KUBECIINTE,
aTIpe3 HOIITa ca IPUYHHA 32 HAPYIICHUS Ha ChHSI, CeIIBAHUS,
CBHOYKIaHHS M ABMXKEHHS Ha TsuioTo. ChriacHo PrroBoa-
cTBaTa 3a HOMIHUS IryM 3a EBpoma (9), Hail-ysS3BUMUTE TPY-
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indicators L s Dt e (Ordinance Ne 6/2006(5)) for
the three periods of the day for eleven of the surveyed

apartments.

In four of the surveyed apartments only the limit values
for the indicators L - Levening are exceeded, including one
of the “control” apartments, at a distance of 3 m from the
railway.

Only in two of the surveyed apartments, only the limit
value for the indicator Lnight is exceeded, as one of them is
oriented to the courtyard, and the other is in the ,,Control*

apartment, with special sound insulation.

The measured maximum noise levels L, ., which are
reached in the studied apartments in short periods of
time, can cause sudden awakenings, startling or arousals
at night, as in most measurements they exceed 45
dB(A). Single noise levels reaching up to 50 dB (A) are
established.

The dependence of the measured values on the floor of
the building on which the measurements were performed
has not been established, but the higher values have been
registered on the higher floors and on the places close to
a bend or branch of the line.

Comparisons of the values of the equivalent noise level,
measured in the surveyed and ,,control* apartments, show
significantly higher values in the surveyed apartments.

Calculated vibration acceleration values in octave
frequency bands with geometric mean frequencies 1, 2,
4,8, 16, 31.5, 63 Hz, exceeding the maximum permissible
values for night and/or day, according to Ordinance Ne
9/2010 (8), are detected in all studied premises.

The maximum values are established on the Z axis, as
values above the limit are established on all three axis -
X, Y, Z. It is noteworthy that on the higher floors values
above the limit in octave frequency bands with geometric
mean frequencies above 4 Hz are established.

During the measurements, it was confirmed that the
vibrations propagate to the dwellings that are not visible
to the track as well.

In the control dwellings, excessive vibrations were also
measured, but mainly on the Z axis, and for the X, Y axis
for the high frequencies (octave frequency bands with
geometric mean frequency 31.5 and 63 Hz).

CONCLUSION

In conclusion, the results of the study show that regardless
of the location of studied apartments depending on the
floor, established noise levels in almost all surveyed
premises exceed the limit values for the noise indicators
for dwellings - day, evening and night. The measured
high noise levels during the day lead to discomfort
and annoyance in the residents, and at night they are
reason for sleep disturbances, arousals, awakenings,
body movements. According to Night Noise Guidelines
for Europe (9) vulnerable groups such as children, the
chronically ill and the elderly are more severely affected.
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M OT BB3JCHCTBUETO Ha IIyMa Ca CIEJHUTE: Iella — T UMaT
MO-BHCOK TIpar Ha CbOYKIaHE OT BB3PACTHHUTE, MO-MaIKO
YYBCTBUTCJIHHU Ca KbM HOIIHHUA HIYM, HO IMPEKapBaT MMOBEYEC
BpPEME B JICTJIOTO U Ca W3JIOKEHH IMO-IBJITO BpeMe Ha HOII-
HUTE HUBA Ha IIyMa [0 BpEME Ha ChH. 3a Apyrute eeKTH,
o0Oaue, senara Morar jia Ob/1aT MO-peakTUBHH OT Bb3PACTHHU-
Te. Bp3pacTHU X0opa — Te ca MO-MOJATINBH KbM CMYIICHHSI
Ha CbHS, ThHM KAaTO MPHU TAX C BB3PACTTA CTPYKTypaTa Ha
CBHs cTaBa mo-¢pparmMeHTHpana. ToBa ce OTHACS CHIIO U 3a
OpeMeHHUTE 1 XPOHUYHO OonHuTE. /Ipyra puckosa rpymna ca
paboTenuTe Ha CMEHHU, Thil KATO CTPYKTYpaTa Ha ChHS UM €
noa CTpecC nmopaau aaanTaquuTe Ha HUPKAJHUTE UM PUTMU.

IIo oTHOmMIECHME Ha BI/I6paL[I/II/IT€ B U3CJICABAHUTC XKHUJIMIIIA Ca
YCTaHOBCHHU HAJHOPMCHU CTOMHOCTH 3a 4acT OT nu3cjacaBa-
HUTC YCCTOTHH JICHTHU, KOUTO MOrart aa 6’I>L[aT npeanocraBka
3a I[I/ICKOM(l)OpT 1 PUCKOBC 3a KOHCTPYKIIUATA Ha Crpajara. B
Ta3u Bpb3Ka Ca HGOGXO,Z[I/IMI/I 6’LH€HII/I H3CJic/iBaHud, CBbp3a-
HU CBHC 3/IpaBrMHATa Ha CrpaIHUTC KOHCTPYKIHUH.
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YNPABNEHUWUE HA SHAHUATA U
+AHTEPHET HA HELLIATA®
B MNPEXOOA KbM OBLIECTBO
5.0 B OBJIACTTA HA
30PABEONA3BAHETO
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Kpucruna Bansnakosa’

'Bapnencku ceo60den ynusepcumem, Bvacapus
Meouyuncku ynusepcumem-Bapna, Bvaeapus

PE3IOME

Bwveeoenue: Ynpasienuemo na suanuemo (Y3) 6 30paseo-
nazeanemo e om Hapacmeauo 3HaYe e KaKmo 3a yueHume,
maxa u 3a npakmuyume ¢ mazu oonacm. Cucmemume 3a Y3
we mpsabea 0a 6vOAM HACOUEHU 6Ce noseue KvbM AKMYdiu-
3upane Ha 3HaHuAmMa 8 peanno epeme. Heobxooumocmma
OM UHOBAMUBHO YNPABIEHUE HA 3HAHUAMA 6 00IACMMA HA
30paseonaseanemo Hapacmea 6vpP30 U NPeOUMCmeama Ha
 Anmepnem na newama* (IoT) mocam oa ce uznonzeam 3a
ycvevpuleHcmeane Ha cucmemume 3a V3. Llenma e cucme-
Mume 3a ynpasieHue Ha 3HAHUAMA 0d AHATUZUPAN 02POMHO
KOIUYECmE0 OaHHU, 0a ONMUMUIUPAM npoyecume u 0a op-
2aHU3Upam pecypcume no-eheKmusHo 1 o Mo3u HA4uH Od
nooobpsm npuxooume Ha 30pagrume opeanuzayuu. 1oT ce
pasenesxicoa Kkamo cied8awusm asicen Gaxmop, Koumo ou
NOBIUAN HA NOMOKA OM 3HAHUS U OU NPOMEHUL HAYUHA, NO
KOUMO QYHKYUOHUPAM 30PAGHUINE MPEICU U OPSAHUZAYUL.

Ien: Ilenma Ha mo3u 00K1a0 e 0a npedcmasy NOMeHyuaLd
na loT 6 konmekcma na nododpsisane Ha npoyecune Ha 3HA-
HUSL U 8Bb3MOJICHUME NOLONCUMENHU eheKmu om npuiaeane-
mo na loT 6 cexmopa na 30pageonaszeanemo.

Pesyamamu: Paspabomen e xonyenmyanien mooei, KOUmo
unmezpupa npoyecume 3a Y3 u cucmemume 3a Y3 ¢ npe-
oumcmeama na I1oT, koumo mocam 0a 6voam epexmueHo
npuLacanu 8 30pageond38anemo — Cusypua npeonocmagra
3a nasauszane 6 Obuecmeo 5.0 .

3axnrouenue: 3nauenuemo na Y3 napacmea ¢ obwecmso,
KOemo nocmass xopama 6 yeHmvpa u Habanea Ha UHOBAYU-
ume npu peuwlasanemo Ha coyuaiHume npooIemu 8 ciedsa-
wus eman Ha pazeumue Ha obwecmsomo - Obwecmso 3.0,
HACOYeHO KbM BUCOKO KAYECME0 HA HCUBONI, NOCHUICUMO
upes nanpeouanu cucmemu 3a 30pasnu zpudicu. Obujecmso
5.0 e obwecmso, hoxycuparo 8vpxy uoseka, a 30paseonas-
8aHemo e 0OMeUuHvm, KOUmo npuopumemHo mpaoea oa ce
8b3N0N360 OM ABAH2APOHUME MEXHOI02UU.

KurouoBu 1ymu: ynpapiieHHe Ha 3HAHHUETO,
,AHaTepHeT Ha Hemara™ (IoT), 3apaBeomnasBane,
nnayctpus 4.0, obmectBo 5.0, TEXHOIOTUU

KNOWLEDGE MANAGEMENT
AND INTERNET
OF THINGS TOWARDS
SOCIETY 5.0 IN
HEALTHCARE DOMAIN

Teodora Bakardjieva', Antoniya Dimova?, Kristina
Bliznakova?

YWarna Free University, Varna, Bulgaria
*Medical University-Varna, Bulgaria

ABSTRACT

Introduction: Knowledge management (KM) in
healthcare is of growing importance to both scientists
and practitioners in this field. KM systems will need
to be increasingly focused on updating knowledge in
real time. The need for innovative health knowledge
management is growing rapidly and the benefits of
the Internet of Things (loT) can be used to improve
KM systems, with the aim of knowledge management
systems analyzing vast amounts of data, optimizing
processes and to organize resources more efficiently
and thus improve the income of organizations. IoT is
seen as the next important factor that would influence
the flow of knowledge and change the way health
networks and organizations operate.

Aim: Numerous studies and researches have been
carried out in order to improve the systems of KM
through IoT. These challenges and issues are addressed
from various aspects of IoI, such as applications,
technologies, social and environmental impacts, etc.

Results: A conceptual model was developed that
integrates KM processes and KM systems with the
advantages of loT, which can be effectively applied in
healthcare - a prerequisite for entering Society 5.0.

Conclusions: The importance of KM is growing in a
society that puts individual at the center and emphasizes
innovations in solving social problems towards the next
stage of society - Society 5.0, aimed at a high quality of
life, achievable through advanced healthcare systems.
Society 5.0 is a human-focused society, and healthcare
is the domain that should prioritize the use of cutting-
edge technologies.

Key words: Knowledge management, Internet of
Things (IoT), Healthcare, Industry 4.0, Society
5.0, Technology
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BbBEOEHUE

JururannaTta TpaHchOpMaLUs B 34paBEONa3BaHETO € OCTO-
SIHEH TIPOLIEC, KOWTO TMOBHIIIABA 3HAYEHHETO Ha YIIPABJICHUETO
Ha 3HaHueto (Y3) u ,Murepuer na nemata™ (IoT) (1, 2, 3).
KakTo BCsika 9acT OT Hamus HBOT U 3ApaBHATA OOIIHOCT €
MO-CBBp3aHa OT BCsKOra ¢ TexHosioruure. Tazum oOmact u3-
WCKBa JOCTBI JI0 MHOBAaTHBHO CIIOZCIISIHE HA 3HAHUS, aKTya-
nTu3upaHa MHGOPMAIUs 32 3/IpaBHU YCIYTH ¥ KIMHUYHU pe-
3yJTaTH, 3a J1a ce B3eMaT WHPOPMHUPAHU PEICHUS U Ja Cce
MPEAOCTaBs KauecTBEHA I'PHKa 3a MAIlMEHTHTE, TP CHOIIO-
JTaBaHE HA M3WCKBAHUATA 32 CHTYPHOCT M TIOBEPUTEITHOCT (4).

VIpaBiIeHHeTO Ha 3HAaHUATA B 3[PaBeOa3BaHETO € OT 0co0e-
Ha BaYKHOCT, ThI KaTO 3/IpaBHUTE CIEIIMAJIUCTH Ca U3NPABEHU
IIpe/i TIOCTOSTHHO TTPETOBapBaHe ¢ MH(POPMAIHs, HO HE BUHATH
pasrnosarar chbC CHCTEMH, KOUTO UM ITIOMarar Jja HaMepsT aKTy-
anHaTta uHpopManus. HeobxoxumocTTa OoT OBp3a, TOUHA, Ha-
BpEMEHHA U JIOCTBITHA HH(OpPMANHs € BCE MO-ToJIsIMa B 3/[paB-
HaTa WHAYCTPHS M CICNHAINCTHTE ca yOeleHH, 4e OT Ta3H
nH(pOpMaINS 3aBUCH ChCTOSIHUETO HA TEXHUTE MA[HECHTH.

V3 B enHa opraHuzamus ce OTHACs JI0 Ipolieca Ha ChOupaHe,
OpraHu3MpaHe, CbXpaHsBaHEe U  CIOJCIJISIHE HA 3HAHUS B e/[HA
opranuzanus. Cucremure 3a Y3 ca OT pelaBamio 3Ha4eHHUe
B pa3iIMYHUTE UHAYCTPHH, HO OOCIMHIBAHETO HAa OpraHu3a-
[IMOHHHUTE 3HaHHS € OT 0COOCHA BAXXKHOCT B CBETa Ha 3/pa-
BEOIa3BAHETO, KATO CE 3aMOYHE OT CIIOACISHE HA 3HAHUS OT
BBTPEIIHN CHEIUAIN3NPAHN EKHUIIH, 0 TJI00ATHU XPaHUIH-
IIa HA 3HAHUS B IsAJaTa 3apaBHA cdepa (5). MHoro micnen-
BaHMS TIOKA3BaT, Y€ UIMEHHO Y3 Cce MPEeBbpPHA B HaH-BaKHUS
pecypc Ha BCsika OpraHU3alMs U Hal-BaXXKHUSIT MHCTPYMEHT
3a HelHus pactex (0, 7). Big Data, [0T, cBbp3anuTe ycTpOid-
CTBa M BHCOKOIPOM3BOJUTEIHUTE KOMIIIOTPU Ca B OCHOBATa
Ha M3TOYHUIIMTE Ha JaHHM 32 MU(PPOBU M300paKEHUS, CHX-
paHeHue Ha enekTpoHHH gocuera (EHR), renomHu nanHu u
MHOXXECTBO MeauuMHCKH Oasn nanHuu (8). IoT mma mHoro-
OpOIHY IPUIIOKEHUS B 3[paBHATa MHAYCTpuUs. TexHomorusta
MOJKE JIa Ce U3II0JI3BA 3 IIPEIOCTaBsIHE Ha BUCOKOKAYECTBEHH
MEIUIIMHCKN YCIYTH C TOMOIITa HAa WHTEIUTCHTHH MEIH-
LUHCKH ycTpolcTBa. TexHonorusra, Hapeuena VHTepHeT Ha
mepunuHckuTe Hema (IoMT) Moxke 1a moMorHe 3a HabIIoe-
HHUE U TOJABPKAHE HA )KM3HEHOBAKHU JIJAHHW, KOUTO MOTaT
Jla IOMOTHAT IMPU B3EMAHCTO Ha KIIMHUYHU PCIHICHUA. Nwmen-
HO 4pe3 IoT MEIUIUHCKUTE U3ACIINA U MECIUITUHCKUTE YCIIy-
' MOrat Ja CTaHat IOo-AOCTBHIIHU 3a HACCIICHUCTO, THU KaTo
MHOT'0 MTOTPEOUTEIICKU MOOMITHU YCTPONCTBA ca U3TPAJICHH C
Near Field Communication (NFC) u paguouecToTHa HMIeHTH-
¢ukamus (RFID), u no3BonsiBaT ycTpoiicTBara Jia CIOACIST
nadopmanust ¢ UT cucremu. [oMT morke 1a HaMaan HEeHYX-
HUTE OOJIHWYHM MOCELICHUS U TEKECTTa BbPXY CHCTEMHUTE 3a
37 paBeola3BaHe, KaTo CBbP3Ba MAUEHTUTE C TEXHUTE JICKapH
¥ TI03BOJISIBA IIPEXBBPIISTHETO HA MEAWIIMHCKH JAHHU IIPE3 3a-
muTeHa Mpexa (9). Hsaxon opranm3anuu ca MHOTO TIO-HATIPe
OT IPYTH CaMo 3apajau Mo-100pe pa3BUTHUTE CHCTEMH 32 Y3 1
M3MOJI3BAHETO HAa TEXHUTE pecypcu oT 3HaHus (10).

LEN

W3BbplieHN ca MHOXKECTBO MPOYYBAHHS WM H3CICABAHUS
¢ orien monoOpsBane Ha cucteMute Ha Y3 upe3 lol. Tesn
MPEIU3BUKATENICTBA U IIPOOJIEMH Ce Pas3riiekaaT OT pa3iind-
HU acniekTH Ha 10T, KaTo MpHUII0KEHHUsI, TEXHOJIOT UK, COIUAI-

INTRODUCTION

The digital transformation in healthcare is an ongoing
process that increases the importance of knowledge
management (KM) and the Internet of Things (IoT) (1,
2, 3) and the healthcare community is more connected
than ever with technology. In order to make informed
decisions and provide good patient care, this area
requires access to innovative knowledge sharing, up-
to-date information on health services and clinical
knowledge paying attention to security and privacy (4).

Knowledge management in healthcare is of particular
importance, as healthcare professionals face a constant
overload of information, but do not always have
systems in place to help them find the right and up-
to-date information. The need for fast, accurate, timely
and accessible information is growing in the healthcare
industry and experts know that the successful treatment
of their patients depends on this information.

KM in an organization refers to the process of
obtaining, creating, collecting and sharing knowledge
in the organization. KM systems are crucial in a lot of
industries, but pooling of the organizational knowledge
is most crucial in the field of healthcare, starting from
knowledge sharing within in-house teams to global
knowledge repositories across the world healthcare
industry (5). Many studies show that KM has become
the most important resource of each organization
and the most important tool for its growth (6, 7). Big
data, IoT, connected devices and high-performance
computers are the basis of the main sources of data
for digital images, Electronic Health Records (EHR),
genomic data and many medical databases (8). [oT
has numerous applications in the healthcare industry.
The technology can be used to provide high quality
medical services using intelligent medical devices.
Also called the Internet of Medical Things (IoMT), the
technology can help monitor and maintain vital data
for clinical decisions. Through I[oT medical devices
and medical services can become more accessible to
the people, as many consumer mobile devices are built
with Near Field Communication (NFC) and Radio
Frequency Identification (RFID) that allow devices to
share information with IT systems. IoMT can reduce
unnecessary hospital visits and the burden on healthcare
systems by connecting patients with their physicians
and allowing the transfer of medical data over a secure
network (9). Some organizations are far ahead of others
only because of better developed KM systems and
proper use of their knowledge resources (10).

AIM

Numerous studies and researches have been carried out
in order to improve the systems of KM through IoT. These
challenges and issues are addressed from various aspects
of IoT, such as applications, technologies, social and
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HHU U CKOJIOTHUYHH B’b3}1€l710TBI/I)1 u T.H. ]_IeﬂTa Ha TO3U AO0KJIag
e Ja npeacrasy norexnuana Ha [oT B koHTekcTa Ha 10100psi-
BaHC Ha NPOUECUTC HAa 3HAHUSA U Bb3MOKHUTC MMOJIOKUTCIIHU
edexTu ot npuiaranero Ha loT B cexTopa Ha 31paBeonasBa-
HETO.

MATEPWAIN U METOOU

[Ipunaranero Ha [oT B 3apaBeona3BaHeTo € MPEANIOCTABKA 32
u3nbiHeHUe Ha LlenuTe 3a ycTOMYMBO pa3BUTHE 32 HABJIU3a-
He B O6mectso 5.0 (11, 12). ITosiBaTa Ha UIKOHOMHUKH, OCHOBA-
HU Ha 3HAHHETO, OT/IaBa 3HAUCHHE MMEHHO Ha €()EeKTHUBHOTO
yrpaienne Ha 3HaHueTo (13). Y3 e mpu3Hat KaTo KJII0YO0B
YIIPaBICHCKH MTPOIIeC, HEOOXOINM 3a Ch3JaBaHe, CIOACISIHE,
ChXpaHsABaHE, H3MOJI3BAaHE U YIIPABJICHNUE HA 3HAHUATA U UH-
¢dopmanusaTa Ha eqHa opranu3amnusa. ToBa € CbBKYITHOCT OT
CHUCTEMHH MOJXO/IH 3a IMOIIOMaraHe Ha MoTOKa Ha HH(popMa-
1S U 3HAHUS KBM M MEXKIY TOUHHUTE XOPa B TOYHOTO BpEMeE
(B mpaBwitHUA (HopMaT Ha TpaBUIIHATA IIEHA), Taka 4e Te J1a
MoraT Ja AEWCTBAT Mo-e(eKTUBHO M Ja MOCTUTHAT KOHKY-
PEHTHO TIPETUMCTBO.

ToBa e ToukaTa Ha cBbp3BaHe Ha Y3 ¢ ,,JIHTepHeT Ha HewaTa™.
Enna ot ocHoBHUTE 1€ HA Y3 € MpOUECHT Ha MPEeLU3upaHe
HA JIaHHU, KOUTO UJBAT OT Pa3IMYHU U TIOHSKOTa HEHACK /-
HU m3TOYHHUIH. [loHacTosIEeM enHa cucTema 3a Y3 € B ChC-
TOsTHUE J]a 00paboTBa OTPOMHO KOJTMYECTBO aKTyaJIM3alllH B
peaHO BpeMe, 1a CHHTE3Hpa JaHHU OT PAa3IHYHN H3TOTHHIIH
U J1a IOCTHTA JI0 HOBH 3HAHUS MMEHHO ITOPaJH U3IOJI3BAHETO
Ha [oT. IoT mpomeHs HauMHa, 1O KOUTO ce ynpaBiisiBa 3HaHHE-
TO B OpraHU3AIMHUTE, U3UCKBAMKN HOBA CTpATErus 3a yIpa-
BIIEHUE Ha 3HAHUITA U OTBOPEH TOAXO[ 32 HachpuaBaHE Ha
MOTOLUTE OT 3HAHUSI, KOUTO Cca MPEANOCTAaBKa 32 MHOBATHB-
HOCTTa Ha opranm3anuute (14).

V3 ce poxycupa BEpXY JKU3HESHUS ITUKBI HA HHPOPMAIIHATA 1
CBTPYOHUYECTBOTO HA XOpaTa MPHU CHOACITSHE Ha MPO3PECHUS
1 neicTBUs. JIUTUTATHUAT CBBP3aH CBST JHEC J1aBa BH3MOXK-
HOCT Ha 3ApaBHUTE OpraHU3anuu 1a GopMUpaT HOBH YCIYTH
B MpeKa, OJIN3KU JI0 CHKEITHECBHUTE MOTPEOHOCTH Ha MAIUCH-
TUTE. 3HAHUSATA B PEATHO BPEME MOraT Jia OCUTYPSIT yI00CH
U OBP3 JOCTBHII JIO YCIYTH, UACHTUPHUIIMPAHE HA TPOOICMHU
U MPOAKTUBHO pa3pellaBaHe Ha MPOOIEMHUTE Ha MMAlUCHTA.
Tbil KaTo Bce MOBEYe YCTPOMCTBA U ,,HEIlla* ca CBbP3aHHU, T€
CIOZICTIAIT BCE MOBEUE JAaHHW KaTo TH IPEBEXkAaT B pa3dupa-
eMU KOHTeKCTH. [I0BTOpHOTO M3MoI3BaHe HA 3HAHUS B ME/TH-
[UHCKUTE XPAHIIAIIA TO3BOJISABA B3EMaHETO Ha PEIICHUS OT
JIeKaps J]a ce OCHOBaBa Ha ToJIsIM 00eM TEOPETHIHH JaHHH H
MPaKTUIECKH YPOIH, KAKTO M HH(POPMAINS B PEaHO BpEME,
MOJIy4eHa OT CEH30pH MJIH OT JPYTH YCTPOMCTRA.

CunepretuuHoTo usnonssane Ha loT u Y3 ynecHsBa omne-
patuBHaTa e()EKTHUBHOCT B 3[paBHUTE OPraHU3aLHUU U OII-
penenst TpancopmanusTa KbM cMapt obdmectso (12, 15).
CBeTHT € BbB BEKa, B KOWTO 3HAHHUETO € OCHOBHOTO Ipe-
JIMMCTBO 3a ycliexa Ha XopaTta M opranuzanuure. Kpuzara
Ha COVID-19 cp3aane noTpeOHOCT BCHUKY MHIYCTPUH Ja
YCKOPST TpanchopMmalusita KbM HU(POBU KOMYHHUKAILIUU U
CHO/IeJIsSIHE Ha ChIBbpPKAHHE W 3aTOBAa € HE0OXOJUMO Ja ce
pa3paboTsAT paMKH 3a yIpaBJCHHE Ha 3HAHUSTA, B KOUTO
Morat Jia ObJJaT MHTErPUPAHU KOHKPETHHU TEKYIIH TEXHO-
JIOTUYHH MTPEIN3BUKATEIICTBA.
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environmental impacts, etc. The purpose of this article is
to present the potential of IoT in the context of improving
knowledge processes and the possible positive effects of
IoT implementation in the health sector.

MATERIAL AND METHODS

The implementation of [oT in healthcare is a prerequisite
for the implementation of the Sustainable Development
Goals and entry into Society 5.0 (11, 12). The emergence
of knowledge-based economies attaches particular
importance to effective knowledge management
(13). KM is recognized as a key management process
required to create, share, store, use and manage the
knowledge and information in the organization. It is
a set of systematic approaches to support the flow of
information and knowledge to and between the right
people at the right time (in the right format at the right
price) so that they can act more efficiently and achieve
a competitive advantage.

This is the point of connecting KM to the Internet of
Things. One of the main goals of KM is the process of
refining data that comes from different and sometimes
unreliable sources. Currently, a KM system is able to
process a huge amount of real-time updates, synthesize
data from various sources and gain new knowledge
precisely due to the use of IoT. The IoT is changing the
way knowledge is managed in organizations, requiring
a new knowledge management strategy and an open
approach to promoting the flow of knowledge that is a
prerequisite for organizational innovation (14).

KM focuses on the life cycle of information and the
cooperation of people in sharing insights and actions.
The digitally connected world today enables healthcare
organizations to create new online services close to
the daily needs of patients. Real-time knowledge can
provide convenient and fast access to services, problem
identification and proactive patient problem solving.
As more and more of our devices and ,things*“ are
connected, they share more and more data and translate
it into understandable contexts. The re-use of knowledge
in medical repositories allows physician decision-making
to be based on large number of case studies and learned
practical lessons, as well as real-time information
obtained from sensors or other devices.

The synergistic use of IoT with KM facilitates
operational efficiency in healthcare organizations and
determines the transformation to a smart society (12,
15). Nowadays the knowledge is the main asset for the
success of people and organizations. The COVID-19
crisis has created a need for almost all industries to
accelerate the transformation to digital communications
and content sharing, and it is therefore necessary
to develop knowledge management frameworks in
which specific current technological challenges can be
integrated.
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PE3YNTATH

OcHOBHHUTE TTONI3H OT Y3 B 3/[paBEOMa3BaHETO Cca: MOATIOMa-
raHe B3eMaHETO Ha WH()OPMHUPAHM pPEIIeHUs, H30srBaHe Ha
3JI0ynoTpeOH U IPEIIHY JHarHO3K U HachpyaBaHe Ha MHOBA-
nuute. [IpunaraneTo Ha cucTeMu 3a Y3 B 3ApaBHUTE Opra-
HU3allMU Ch3/1aBa KyJITypa Ha IIOCTOSHHO Pa0OTeNo ChTPY /-
HUYECTBO U MPO(ECHOHAINUCTUTE B Ta3H OOJIACT ca CKJIOHHH
Jla ce aHTXKHUPAT C HEMPEeKbCHATO 00ydeHne u o0pa3oBaHUE.

@ue. 1. KoHuenmyaneH moden 3a yrnpaerneHue Ha 3HaHusima
u ,MlHmepHem Ha Hewama“ e npexoda KbM
Obuwecmeo 5.0

RESULTS

The main benefits of KM in healthcare are to
support informed decision-making, to avoid abuse
and misdiagnosis, and to encourage innovation.
The implementation of KM systems in healthcare
organizations creates a culture of continuous
cooperation and innovation and professionals in this
field are open for lifelong learning and education.

Fig. 1. Conceptual KM Model with loT Advantages in
Healthcare on the Eve of Society 5.0

10T benefits

Efficient

access to knowledge & information and
faster decision — making

3amuTeH ype3 0JI0KYEHH TEXHOJIOTHsI
macos ckpuitnuur / Blockchain-based
secure mass screening

Enhanced internal communications

Personalized medicine & robot
assistants

Sensor-based in-home 24/7 online monitoring
and remote prediction

Edge
computing with cloud for assessment and
treatment

Deep Learning & Al for patient data
identification

Support decision-making Human-centered society

Avoid malpractice

Encourage innovation

Improve efficiency Healthy & safe lifestyle

KM processes: Creating knowledge,
Securing/Combining knowledge,
Distributing/Retrieving knowledge

KM systems: Document
management, Content management,
Databases, Data warehouses, Wikis,

Social Networking

Super smart society

Open innovation &
entrepreneurial spirit

Society 5.0
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Ha ¢urypa 1 e npencraBeH KOHIENTYaJeH MO C MPEAUM-
crtBa Ha loT B 31paBeona3BaHeTo B Ipexoia KbM 00IECTBO Ha
3HaHueTo 5.0. MonensT onucsa noteHnuana Ha lol B koHTe-
KCTa Ha MoJ00psiBaHe Ha MPOIECHTE Ha yIpaBJjeHUE Ha 3Ha-
HUSATA U BB3MOXHUTE IIOJIOKUTEIHU e(l)eKTl/l OT BHEApsiBaHEC-
To Ha [oT B cexTopa Ha 3apaBeona3BaneTo. M3mex 1y nonsure
ot IoT ca edukaceH u ObpP3 1OCTHIT A0 WHPOPMALHS, KOETO
BOJM 710 OBp3M pelleHHst; 6a3upaHo Ha CEH30pU OHJIAMH Ha-
OJroieHre W JAMCTAHIIMOHHO MPOTHO3MPaHe (HarnpuMep MpH
IIaIMUEHTUTE C ,Hl/Ia6€T), UHTCIIMI'CHTHU U3YUCIUTCIHU I1JIaT-
(GopMHU, KOMTO M3IMOJI3BAT U3YHMCIUTEIHN 00JAlM 32 OLCHKA
Ha CbCTOAHUECTO HA AaJICH NAIIUCHT U KOPEKIUA HAa HCTOBOTO
neyenue. [IpeanoxeHara KOHUENLMS HHTETpUpa MPOLIECH 32
Y3 u cucremute 3a Y3 ¢ npenumctBata Ha [oT, kouto morar
Jla ce M3Noi3Bar 3a e()eKTUBHO IpuiaraHe Ha Y3 B 31apaBe-
OMa3BaHETO — MpeAnocTaBka 3a HaBnu3aHe B O6mecTBo 5.0.
OCHOBHUTE ICHHOCTH, HEOOXOIMMHU 32 M3TpakaaHe Ha Oazara
JIAHHMU OT 3HAHMsI, ca Ch3J[aBaHE Ha 3HAHMS, U3IOJI3BaHE HA
3HAHMS U pa3npocTpaHeHue/u3Bianyane Ha 3Hanus (16).

ANCKYCHUA

[Ipenm3BuKkarencTBaTa 1Mo OTHOIICHHWE Ha IMPOLECHTE 3a Y3
(ch3maBaHETO, CHXPAHCHHWETO, CIOACISHETO W H3IOI3BaHE-
TO/TIOBTOPHATA YIIOTpeOa Ha 3HAHHUS) B 3PaBEONA3BAHETO Ca
TOJIEMH, TIOPaJM CIOKHOCTTA Ha chepaTa, Bb3CHCTBUETO HA
MEUIIMHCKUTE TPEIIKH, 3HAYUTSTHOTO HapacTBaHe Ha ooema
Ha 3HaHUATA B MCAMIITUHCKATa 06J'laCT 1 NOBHUIICHUTE pa3dxoau
3a 3apaBeonasbane (17).

Cpen chIIecTBYBaNIUTe BE3MOKHOCTH 3a TIpHJIarane Ha Y3 B
3IpaBeonasBaHeTo ca: 6morose Web 2.0, yuknuTa, HHTpaHETH,
CHCTEMH 3a IIOJKpena Ha B3¢MaHETO Ha KIMHUYHU PELICHHS,
CJICKTPOHHH CUCTEMH 3a 31PaBHU J0cHeTa U Ap. 3a ja ce pea-
JM3Mpa IBJIHOLCHHO IpUJIaraHe Ha Y3 B 37paBeona3BaHeTo,
BCHYKH 3aMHTEPECOBAHU OPTraHu, TIOJIUTHUIIH, U3CIIEI0BATEIH,
3[paBHU CIICHHAIUCTA W JOCTaBYMIIM Ha 3JpaBHU YCIYTH
TpsiOBa Ja ce chOepaT M Jla U3UTpasT CBOSATA POJIs, 32 Jla ce
BB3MOJI3BAT OT BH3MOKHOCTHUTE 32 MOIOOpsBaHE Ha KayecT-
BOTO Ha 3/1paBHUTE I'prkH (18) .

VYnpasnenuetro Ha 3HaHusATa U [0T Urpast crparernyecka u
ornepaThBHa (QYHKIIMS KaTO MMO3BOJISIBAT IIPUJIArAHETO Ha IIH-
(GpOBUTE TEXHOJIOTHH J1a paOOTH 3a MPUOOIIABAIIA BU3HS KbM
OomectBo 5.0. [ToBcemMecTHOTO HaBJIM3aHE HA M3KYCTBEHHS
WHTENEKT U I10sSBaTa Ha aBTOHOMHHU 00y4YaeMHU TEXHOJIOTHH
Ch3/1aBaT YHUKAJIHATA POJISl HA YOBEKA KaTO YYaCTHHK B Ch3-
JITaBaHETO Ha 3HAHWE, B3EMaHETO Ha PEIICHUs, CIPABSHETO C
npo0OiieMu 1 HetpekbcHaTo o0yueHue (19, 20).

bbp3ara eBostorysi Ha HHGOPMAIIIOHHUTE U KOMYHHUKAI[HOH-
Hute TexHonoruu (MKT) cp3gaBa apacTudHU MPOMEHH B 00-
ecTBOTO U ukoHoMuKata (21). Cuura ce, ye Y3 e OuzHec KOH-
LEMIHs, KOSITO MOXKE Jla JIOHECE MOBHILEHA PEHTAOMIITHOCT 3a
OpraHM3alUUTE U JOOPUTE MPAKTUKH HA Y3 MOrar Jia moMor-
HAT Ha BCSIKa CTPYKTYpa MPH Ch3IaBAaHETO HA TaKa HapeuyeHaTa
,,OPTaHU3AI[HOHHA TTaMET, KaTO C¢ HAChpYaBaT WHOBAI[MOH-
HUTe mpouecu (22). SIcHO e, 4e ¢ BHeIPSIBAaHETO HAa CHCTEMUTE
3a Y3 npu uznonssane Ha [oT 1ie HacTHOAT 3HAYUTEHU MIPO-
MEHH B KOPIIOpaTHBHATA KYJITypa, KOETO IIe ce OTpa3d U Ha
yIpaBlIeHCKaTa CTPYKTypa Ha 3paBHUTE opranu3anud (23).

The figure presents a conceptual model with the
advantages of I[oT in healthcare in the transition
to a knowledge society 5.0. The model describes
the potential of IoT in the context of improving
knowledge management processes and the possible
positive effects of IoT implementation in the health
sector. Among the benefits of IoT are the efficient
and fast access to information, which leads to quick
solutions; sensor-based online monitoring and remote
prediction (e.g. patients with diabetes), intelligent
computing platforms that use cloud computing to
assess a patient‘s condition and adjust their treatment.
The proposed concept integrates KM processes and
KM systems with the advantages of [oT, which can be
used for effective implementation of KM in healthcare
- a prerequisite for entering Society 5.0. The main
activities needed to build a knowledge base are
knowledge creation, knowledge use and knowledge
dissemination/retrieval (16).

DISCUSSIONS

The challenges regarding the processes of KM
(creation, storage, sharing and use/reuse of knowledge)
in healthcare are great due to the complexity of the
field, the impact of medical errors, the significant
increase in medical knowledge and increased
healthcare costs (17).

Among the existing possibilities for application of
KM in healthcare are: blogs Web 2.0, wikis, intranets,
systems for support of clinical decision-making
processes, electronic systems for health records and
others. In order to fully implement KM in healthcare,
all stakeholders, policy makers, researchers, health
professionals and healthcare providers need to come
together and play their part in seizing the opportunities
to improve the quality of healthcare (18).

Knowledge management and IoT play a strategic
and operational function, allowing the application of
digital technologies to work for an inclusive vision
of Society 5.0. The ubiquity of artificial intelligence
and the emergence of autonomous machine and deep
learning technologies create the unique role of human
as a participant in the creation of knowledge, decision
makers, problem solvers and learners (19, 20).

The rapid evolution of information and communication
technologies (ICT) has brought about drastic changes
in society and industry (21). There is an opinion that
KM is a business concept that can bring increased
profitability to organizations and good practices of
KM can help any organization in creating the so-called
»organizational memory“ by encouraging innovation
processes (22). It is clear that with the introduction
of KM systems using IoT there will be significant
changes in the corporate culture, which will affect the
management structure of the organization (23).
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WHTerpauusita Ha Te3U TEXHOJIOTMH C MAIIMHHO O0y4YeHHUe,
WHTEIUTCHTHH alITOPUTMH, 3[IpaBeH 00JIaK, aHaJIu3 Ha TroJie-
MU JJaHHU | J1p., GOpMHUpAT BU3MATA 3a HOBaTa 3/paBHA MH-
nycrpus Health 4.0, agantupana ot npunnunure Ha Industry
4.0. Kounermmmsara Health 4.0 numa 3a 1ien ga mocTUrHe mo-ro-
JSIMO yYacTHE Ha MAIMCHTHUTE U JINIATa, KOUTO CE TPIDKAT 3a
TAX, KOETO € B ChOTBETCTBHE ¢ Mpexoxa kbM Obmectso 5.0 B
3npaBeomnasBaneTo (24). C apyru 1yMu, TOBa € TIOAXO, OpH-
EHTHPAH KBM XOpaTa, KbM YOBEIIKHUS PACTEX U Ce CTPEMH J1a
M3II0JI3Ba TEXHOJIOTUYHUTE WHOBALIMHY 32 IOCTUTAHE HA TPH-
0011aBaIlo, yCTOHIMBO M OBIACTABAIIO 001mecTBo (25). IIpo-
MsHaTa € B I0COKa MallMeHTUTE J1a ObJaT M0-CaMOCTOSATETHH,
JIeKapuTe 10-00JIeKYeHH, JUArHO3UTEe IMO-TOYHU, KOETO Ja
MO3BOJHM Pa3pabOTBAHETO Ha CIELUATHU NEePCOHATU3UPAHU
Tepanuu. B xomOuHanus ¢ Metoau 3a Y3, Mo3BOJIsBAIIM HA
XopaTra W KOMIIOTPUTE Ja T€HepupaT, pa3lpocTpaHsBaT M
W3IIONI3BAT KIMHUYHHUTE 3HAHWS MO0 HA-TOOpHs HAuWH, IIe
0bJc CH3IaICHO TOBa HOBO HUBO Ha WH()OMAIIMOHHUTE TEX-
HOJIOTHH B 31paBeona3BaneTo — Health 4.0 (26). B To3u mpe-
XOII, OT PEIIaBaIlo 3HAYCHHE € TAIIHEHTUTE, TUIaTa, KOUTO CE
TPIKaT 3a TSAX U 3IpaBHUTE PaOOTHHIIN, 1a OBIAT ITIOCTABCHH
B IIEHTHPA HAa HHTEIUTEHTHOTO W CBBP3aHO 3paBEONa3BaHe.
BaxxHo e na ce B3eMaT mpeaBH] TEXHUTE XapaKTEPHCTHKH,
HYK]IH, CIOCOOHOCTH M OTPaHUYEHUSI TIPH MPOEKTUPAHETO U
MpHJIaraHeTO Ha UHTEJIUTEHTHU ¥ B3aMMOCBBP3aHU 3/IPaBHU
rpuxu (27).

3AKINIOYEHUE

Heo6xopuMocTTa OT WHOBAaTUBHO YIPaBIICHUE HA 3HAHUATA
B 00J1aCTTa Ha 3/IpaBeola3BaHETO HApacTBa ObP30 U MPEAUM-
crBara Ha [ol morar na ce u3nos3Bar 3a yCbBbPLICHCTBAHE Ha
cucteMuTe 3a Y 3. 3a1adyuTe Ha CUCTEMUTE 32 Y3 ca CBbp3aHu
C aHAJIM3UPAHE HA OIPOMHO KOJIMYECTBO JaHHU W loT muar-
(dbopMHTE UMAT MTOTEHIIMAJIA 1a ONITUMHU3UPAT IPOLIECUTE U Ja
peopraHu3upar pecypcurTe no-epeKTHBHO U 110 TO3M HAuYWH
Jia nooopsT npuxonure. IoT ce pasriexa KaTo cieBamusT
6as3uceH (pakTop, KOHTO OM MOBIHSI HA MTOTOKA OT 3HAHUS U
OM TIPOMCHHII HaYMHA, [0 KOMTO (YHKITMOHUPAT 3IPaBHATE
MPEKH 1 OpPTaHU3aIIH, C OTJICH HICHTHUPHUIIIPAHE HA TOTPeO-
HOCTHTE HA MAIIMEHTUTE U TIXHOTO 00CITYKBaHE.

JlurnranHarta TpancopMalys ch3aaBa HOBH 3aIljIaxy 3a Mo-
BEPUTEJIHOCTTA U JOCTOBEPHOCTTA Ha JJAHHUTE Ha IAllUeHTHU-
Te U Jekapute. CUrypHOCTTA MPH MTPUIIATaHETO HAa CHCTEMHU-
TE 32 ynpaBJeHUETO Ha 3HaHusATa U [0, oT renHa Touka Ha
B3€MaHE Ha PEIICHUS B 3ApaBeola3BaHETO, € OT I'bPBOCTE-
NEeHHO 3HadeHue. KayecTBOTO 1 6e30acHOCTTa Ha TPUIKHTE,
MPEIOCTABSIHU 32 MALMEHTHTE, MOrar Ja ObJIaT 3HAYUTEITHO
MOAOOpEHN Ype3 M3IMON3BaHE Ha MOAXOASIIN W yAOOHHU 3a
noTpeduTens HHCTpyMeHTH. CucteMute 3a Y3 B 3IpaBHUTE
OpraHusanuu noamnoMarat HaBJIM3aHCTO HAa aBaHTapaAHH TECX-
HOJIOTHH U ca OCOOCHO TIOJIE3HH 32 3/IpaBHATa CHCTEMa, Thii
KaToO NpeaAoCTaBAT aJITOPUTHM 3a 6’bp3 1 HABPpEMCHCH OOCTBIL
JI0 HeoOxonMara HH(popMaIus.

[MpennoxeHUSIT KOHLENTYyaJleH MOJEN IPEACTaBsl TsACHATa
BpPB3Ka M B3aMMOCBBP3aHOCT MEXK Iy moi3ute oT Y3 u lol B
o0yacTTa Ha 3ApaBEONa3BaHETO - MPEANIOCTABKA 32 HABIIN3a-
HE B COLMAJHOTO 001ecTBO 5.0., HACOYEHO KBM I10-BHCOKO
Ka4€CTBO Ha XMUBOT, NIOCTHXXUMO YPE3 HANIPECAHAIN 3ApaBHU
CHCTEMH.

The integration of these technologies with machine
learning, intelligent algorithms, health cloud, big data
analysis, etc., form the vision of the new Health 4.0
health industry, adapted from the principles of Industry
4.0. The Health 4.0 concept aims to achieve greater
participation of patients and carers, which is in line with
the transition to Society 5.0 in healthcare (24). In other
words, it is a people-centered approach to human growth
and seeks to use technological innovation to achieve an
inclusive, sustainable and empowering society (25).
The change is in the direction of patients to be more
independent, medical doctors more relieved, diagnoses
more accurate, which will allow the development of
special personalized therapies. Combined with KM
methods that allow people and computers to generate,
disseminate and use clinical knowledge in the best
way, this new level of IT in healthcare will be created
- Health 4.0 (26). In this transition, it is crucial that
patients, carers and healthcare professionals be placed
at the heart of smart and connected healthcare. It is
important to take into account their characteristics,
needs, capabilities and limitations in the design and
implementation of smart and interconnected healthcare
27).

CONCLUSION

The need for innovative health knowledge management
is growing rapidly and the benefits of IoT can be used
to improve KM systems. The tasks of KM systems are
related to analyzing a huge amount of data and IloT
platforms have the potential to optimize processes and
reorganize resources more efficiently and thus improve
revenue. The IoT is seen as the next major factor that
would influence the flow of knowledge and change the
way health networks and organizations operate in order
to identify patients‘ needs and care.

The digital transformation poses new threats to the
confidentiality and reliability of patient and physician
data. Security in the application of knowledge
management systems and IoT from the point of view
of decision-making in healthcare is of paramount
importance. The quality and safety of care provided
to patients can be significantly improved by using
appropriate user-friendly tools. KM systems in
healthcare organizations support the entry of innovative
technologies and are especially useful for the healthcare
system, as they provide an algorithm for fast and timely
access to the necessary information.

The proposed conceptual model presents the
interconnection between the benefits of KM and IoT
in the field of healthcare - a prerequisite for entering
the social society 5.0., aimed at a higher quality of life,
achievable through advanced healthcare systems.
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ONPEOQENAHE HA UHTEH3UTETA
HA ENNEKTPOMAITHUTHOTO NOJIE
N 30HATA HA Bb3[OEUCTBMUE,
OTUYUTAUKU CMELUNDUKATA HA
5G TEXHOJNOIMMATA

[Bereauna Mlanamanosal, Mumiesa Uzpaen'?,
Xpuctuna [Merkosal, Buktopust 3apsidosal,
Muxaena UBanoa®

‘Hayuonanen yenmup no obwecmseno 30pase u anaiusu
Meouyuncku ynusepcumem — Ilnesen

PE3IOME

Buwveeoenue: Bvsesicoanemo na nosama 5G mexnonocus e
nPUOPYICEHO Om NPobIeMU, CEbP3AHU C OYeHKAMd HA eKC-
nosuyusma Ha eaekmpomacHumuu noiema. Cvujecmeysa
Heobxooumocm om paspabomeane Ha Memoo 3d OYEHKA Hd
EeKCNO3UYUAMA NO OMHOWECHUE HA USUCKEAHUAMA HA 3AKOHO-
damencmeomo Ha Bvieapus u cvobpasen ¢ Hogume mejexko-
MYHUKAYUOHHU MEXHOLO2UU.

Len: Jla ce pazpabomu adanmupan Memoo 3a uz4ucieHue Ha
UHMEH3Umen HA eNeKMpPULHOMO NoJe U NALIMHOCH HA MO~
HOCM 34 OYeHKa HA XUSUCHHO-3AWUMHAMA 30HA OKOJI0 Npu-
emMo-npeoasamennyu CMaHyuu, 6 Cbomeemcmeue ¢ U3UCK6a-
HUAMA HA e8ponelicKkume NpaKmuky u cCmanoapmu OmHoOCHO
nosama 5G mexnonoeus u HayuoHAIHOMO 3aKOHOOAMENCHISO.

Mamepuan u memoou: ITvpsusm eman na enedpssare Ha 5G
usuckea Haoepaxcoare Ha cvwecmsygawume moouirnu 2G /3G
/4G mpedrcu, koemo nopacicoa MHO20 Onacenus OMHOCHO 6b3-
MOJICHOCIIMA 2PAHUYUMe HA U3NA2AHe HA eleKMPOMAZHUMHO
none (EMII) oa 6woam npesuwenu. Tosa e ocobeno eapHo 3a
cmpanu kamo bvwazcapus ¢ no-pecmpuxmu6ro 3akonooamel-
CME0 Om PbLKOBOOCMEAMA HA MEICOYHAPOOHU OP2aHU Kamo
Meswcoynapoonama xomucus 3a 3awuma om HeuoOHU3Upauyu
avuenust (ICNIRP) u Hncmumyma na umdicenepume no enex-
mpomexuuxa u erekmponuxa (IEEE), upes Mecoynapoonus
Komumem no eaexkmpomazuumua oezonacnocm (ICES). Me-
mooume 3a OYeHKAa Ha eKCROZUYUAMA ca CbOOPA3EeHU OCBEH C
HAYUOHATHOMO 3aKoHo0ameacmso u ¢ usuckeanuama na IEC
62232 Ha Meowcoynapoonama enekmpomexHuyecka KOMUCUsl
(IEC) u IEC Texnuuecku 0oxnao (TR) 62669, exniousawu u 5G.

Pesynimamu u oocvacoane: Paspabomen e adanmupan me-
Mmoo 3a uzducIenue Ha UHIMEH3UmMem Ha e1eKmpUYHOmo noje
U NIBMHOCM HA MOWHOCM 34 OYEHKA HA XUSUEHHO-3aWuUm-
Hama 30HA OKOJlO npue/wo—npedaeameﬂﬂu cmanyuu, 6 Cvoni-
eemcmeue ¢ UUCKGAHUSIMA HA e8PONEUCKUmMe NPAKMUKU U
cmanoapmu omHocHo Hosama 5G mexHono2us u HAyuoHaI-
HOMO 3aKOHOOAMEICMEO.

3axntouenue: Aoanmupanemo Ha Coulecmey8auama memo-
OUKA We HAnpasu 6b3MONCHO U3BLPUIBAHEMO HA OYEHKAMA
HA eKCNo3UYUsAmMa U uje CnomocHe 3da He30nacHomo 8beedic-
oane na obexkmume ¢ naiuvue na 5G cucmemu.

KumrouoBu nymu: 5G, meton, EMII, 6uiimpopmuHT,
Massive MIMO, xurueHHo-3a1iuTHa 30Ha,
cumynanus Ha EMIT

DETERMINATION OF
RF FIELD STRENGTH AND
SAFETY ZONE, REGARDING
THE SPECIFICITY OF THE 5G
TECHNOLOGY

Tsvetelina Shalamanova®, Michel Israel?,
Hristina Petkova?, Victoria Zaryaboval,
Mihaela Ivanova'

National Centre of Public Health and Analyses
2Medical University - Pleven

ABSTRACT

Introduction: The introduction of the new 5G
technology is accompanied by problems related to the
exposure assessment of electromagnetic fields (EMF).
There is a need for an exposure assessment method
corresponding to requirements of the Bulgarian EMF
legislation and specificity of the new telecommunication
technologies.

Objective: To develop an adapted numerical
calculation method for safety zones evaluation around
telecommunication transmitters with the respect of
European practices concerning the new 5G technology.

Materials and methods: The first stage of
implementation of 5G requires upgrading existing
mobile 2G / 3G / 4G networks, which raises many
concerns about the possibility for EMF exposure limits
to be exceeded. This is especially true for countries
like Bulgaria with more restrictive legislation than
the guidelines recommended by international bodies
such as the International Commission on Non-lonizing
Radiation Protection (ICNIRP) and the Institute of
Electrical and Electronics Engineers (IEEE), through
the International Committee on Electromagnetic Safety
(ICES). The methods of exposure assessment comply
with the requirements of IEC 62232 of the International
Electrotechnical Commission (IEC) and IEC Technical
Report (TR) 62669 including 5G.

Results and discussion: It is developed an adapted
numerical calculation method for safety zones evaluation
around telecommunication transmitters, with the respect
of European practices concerning the new 5G technology
and national legislation.

Conclusion: The adapted existing method will make it
possible to perform exposure assessment and will help
the safe introduction of base stations with 5G systems.

Key words: 5G, method, EMF, beamforming,
Massive MIMO, safety zone, simulation of EMF
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BbBEOEHUE

Iletoto mokonenne moOwiIHH Mpexku (5G) mpencraBisBar
clefBamiaTa CThIKA B TEJICKOMYHHKAIIMOHHUTE CTAaHIApTH,
3HAYUTEITHO HAIXBBPISAHKH BB3MOXXHOCTHUTE Ha CBINECTBY-
Bamute Moomtau 2G / 3G / 4G crannmaptu. bnaromapenue
Ha criennukara Ha 5G TexHoiorusaTa, karo Massive MIMO
(Multi-Input Multiple-Output) u outimpopmunra (hopmupa-
HE Ha JIbya), € BB3MOXKHO JIa Ce 3a0BOJSAT HEMIPEKHCHATO Ha-
pacTBamuTe HYXIM Ha MOTPEOUTEINTE HA MOOUITHU MPEXKH,
KaKTO U T€3H, HAJIOKeHN OT MHOBATHUBHY KOHIETIIINN U TTPHIIO-
KEHUS KaTO TeJIeMeIUIINHA, TeIeXUPYPIusi, aBTOHOMHH aBTO-
MOOWIH, MHTENINTeHTHHU IrpajioBe. BpBexaaneTo Ha HOBata 5G
TEXHOJIOTHS € MPUIPYKEHO OT MPOOIEMHU, CBBP3aHU C OIICH-
KaTa Ha eKCIO3MINATA Ha elekTpoMarauTHH nojieta (EMIT).
PazBuTneTo Ha crnenupuUKaMU 3a Ta3d TeXHOJOrus, Non-
Stand Alone (NSA) npe3 mapt 2018 1. 1 5G Standalone Access
(SA) ipe3 centemBpu 2018 1., ipenmonara KoMepcruaaInu3alms-
Ta Ha 5G A2 MPOABIIKY IO /IBa HAYWHA: KAaTO HAATpakIaHEe
Ha cpiecTByBamuTe 4G Mpeskn NSA, KakTO U HE3aBUCHMO
BHenpsiBaHe Ha HH(ppacTpykTypara Ha 5SG New Radio (NR).

[IppBUAT eTamn oT BHeApABaHEeTO Ha 5G M3UCKBA HAATpaXK/aa-
He Ha chliecTByBamuTe MoouiHu 2G / 3G /4G Mpexu, KOeTo
MOpaXKJia MHOTO BBIIPOCH OTHOCHO BB3MOXKHOCTTA Jia ObIaT
Ha/IBULICHU TPAaHUYHUTE CTOMHOCTH Ha €JIeKTPOMarHuTHaTa
€KCIO3UIIHSL.

JIBe MEKIyHApOJHU OpraHu3zanuu - MexayHapoaHaTra Ko-
MHCHS 110 3amuTa ot Heonmsupany rTpucHus (ICNIRP) (1)
U UHCTUTYTHT Ha MHIKEHEPHUTE 110 EIEKTPOTEXHHUKA U EJIeK-
tponuka (IEEE) (2), pazpaboTBaT HacOKM 3a OIICHKA Ha eKC-
MO3UIIUATA OT EJICKTPUYECKU, MATHUTHU U €IEKTPOMArHHUT-
HHU M0JIeTA.

PernameHTHT 3a OorpaHn4yaBaH€ Ha CJICKTPOMAarHuTHaTa €KC-
no3unauAa, NpucT B EBpona, € Ha OCHOBAaTa Ha NPECIOPBKUTE
Ha MexayHapoaHaTa KOMUCHS 32 3alMTa OT HEHOHU3UPAILO
npuenne (ICNIRP). Ilpemopwskute Ha ICNIRP ca my6mu-
KyBaHH 1pe3 1998 1. u ca BKIIOYEHH B 3aKOHOJIATEJICTBOTO
B MHOIO cTpaHu. EBpONEMCKUAT CBIO3 Ch3haAc NpPErnopbKa
1999/512/EO 3a olieHKa Ha €KCIIO3UIIKS Ha HAacelIeHueTo (3) u
Hupextusa 2013/35/EU 3a orieHKa Ha €KCIIO3HIIHS Ha paboTe-
muTe (4). HoBute npenopsku Ha ICNIRP 2020 (5) obxBammar
MHOT'O MPHJIOKEHHUsT kKaTo SG TEXHOJIOrMHUTE, HO BCE Ol HE
ce MpuJIarat MUpPOKO B €BPOIEUCKOTO 3aKOHOIATEIICTBO.

EBponeiickara xomucus B ,,5G for Europe: An Action Plan*
M3THKBA 3HAUCHUCTO HA TOBA BCHYKHU CBPOICUCKH JIBPIKABH
Jla IpUBEIAT B CHOTBETCTBUE CBOUTE TIOJTUTHUKH U 3aKOHO/A-
TencTBO 3a m3narane Ha EMII, 3a 1a Hachpyar e()eKTHBHOTO
BHenpsiBaHe Ha 5G (6).

Besika ctpana BpBexkaa npernoprskata Ha EC u ICNIRP kxato
MUHUMAaJIHN W3WUCKBAaHUS 3a 3aIIWTAa HAa HACEJICHUETO OT
EMII, koeto i n1aBa mpaBo Aa BbBEAE U NO-CTPOrU U3UCKBa-
HUS.

Hsixou eBponeiicku crpany, karo bwearapus, llonma, Uranus
U Jp., ca ONPENEIUIIN O-PECTPUKTUBHO HALIMOHATIHOTO 3a-
KOHOJIaTEeJICTBO 3a 3alllUTATa Ha 3[JPaBETO HA HACEJIIEHUETO OT
excniosunus ¢ EMIIL.

INTRODUCTION

The fifth generation of mobile networks (5G) represents
the next step in telecommunication standards,
significantly exceeding the capabilities of existing
mobile 2G / 3G / 4G standards. Thanks to the specifics
of 5G technology, such as Massive MIMO (Multi-
Input Multiple-Output) and beamforming, it is possible
to meet the ever-growing needs of mobile network
users, as well as those imposed by innovative concepts
and applications such as telemedicine, telesurgery,
autonomous cars, smart cities. The introduction of the
new 5G technology is accompanied by problems related
to the assessment of exposure to electromagnetic fields
(EMF). The development of specifications for this
technology: Non-Stand Alone (NSA) in March 2018, and
5G Standalone Access (SA) in September 2018 suggests
that the commercialization of 5G continues in two
ways: as an upgrade of existing 4G NSA networks, and
independent implementation of the 5G New Radio (NR)
infrastructure.

The first stage of 5G implementation requires upgrading
the existing mobile 2G / 3G / 4G networks, which raises
many questions about the possibility of exceeding the
electromagnetic exposure limits.

Two international organizations, the International
Commission on Non-lonizing Radiation Protection
(ICNIRP) (1) and the Institute of Electrical and
Electronics Engineers (IEEE) (2), are developing
guidelines for estimating exposure to electric, magnetic
and electromagnetic fields.

The regulation on limiting electromagnetic exposure
adopted in Europe is based on the recommendations
of the International Commission on Non-lonizing
Radiation Protection (ICNIRP). The ICNIRP guidelines
were published in 1998 and have been incorporated into
legislation in many countries. The European Union has
established Recommendation 1999/512 / EC of EMF
exposure limit values for the general public (3) and
in Directive 2013/35 / EU exposure limit values for
workers (4). The new ICNIRP guidelines 2020 (5) cover
many applications such as 5G technologies but still not
implemented broadly in European legislation.

The European Commission in its 5G Action plan
emphasizes the importance of all European countries
aligning their EMF exposure policies and legislation to
promote the effective deployment of 5G (6).

Each country introduces the EU and ICNIRP
recommendations as minimal requirements for the
protection of the population from EMF, which gives it
the right to implement stricter requirements.

Some European countries, such as Bulgaria, Poland,
Italy and others have defined more restrictive national
legislation for the protection of public health from
exposure to EMF.

The national document introducing exposure limit
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B Hamara cTpaHa HOPMATHBHUSAT JOKYMEHT, BBBEXKAALLl
FPAaHUYHU CTOHHOCTH (MPEICIIHO IONMYCTHUMH HHBA) 3a 3a-
nuTa Ha HacelieHueTo, ¢ Hapenoa Ne 9/1991 na M3 u MOC,
1B, 0op. 35, ¢ usmenenue u nombinenue B /B, 6p. 8, 2002
r. (7). HapenOara periamMeHTHpa rpaHUYHUTE CTOMHOCTH 32
OMpE/IEICH YeCTOTCH AUANa30H 3a CTAl[MOHAPHU KOMYHHU-
KAallMOHHH HU3TOYHHUIM, U3JIbUYBAIllM B HACCJICHUTEC MECTa, a
HE 3a KOHKpeTHa TexHonorus. ChriacHo Ta3u Hapenba Te-
JICKOMYHUKAIIUOHHUTC CHOPBIKCHUA NIPEMUHABAT IIPC3 IBa
erarna Ha 3[[paBeH KOHTPOJI.

[IppBUAT eTanm W3UCKBa MpeAM MyCKaHe Ha OOCKTa B €KC-
mroaramys Ha 0a3aTa Ha TEXHHYECKH MPOCKT, MONACH OT
coOcTBeHHKa Ha O00CEKTa, Ja Ce HM3YMCIAT XUTHECHHO-3a-
muTHATE 30HH (X33) OKOJO M3IBPYBAIUTE CHOPBKCHUS
0 YTBBPACHA KbM HapeabdaTa MeTonuka. M3mon3sa ce KoH-
CepBaTHUBECH MOJIEN 3a OICHKA, KOMTO HAJIIICHSBA peallHaTa
eKCITO3UIHS U He OTYUTa crielu(prKaTa Ha CHBPEMEHHHUTE
TENCKOMYHUKAITHOHHH TEXHOJIOTHH.

Bropust eran - “npobna excrimoatanus’. IIpu nmposexma-
HETO HA KOHTPOJIA HA TO3H €Tall, Ype3 MPaKTUUECKO U3Mep-
BaHe Ha eynlekTpomaruuTHuTe noseta (EMII) okoio chopb-
KEHUsITA C€ OLEHSBA Jalld T€ OTrOBapsST HA XUTHCHHHUTE
HOpPMHU, YCTAHOBEHH B HapeadaTa v Ialid € cria3eHa ornpese-
JieHaTa XUT'MEeHHO-3al[MTHATa 30Ha.

3a yectotu ot 300 MHz no 30 GHz, cpriacHo HamieTo 3aKo-
HOZIATEJICTBO, C€ HOPMHPA BEJIMYMHATA “TUIBTHOCT Ha MOII-
HocT” (S, uW/ecm?). [Ipuerata rpaHHYHA CTOWHOCT 3a TE3H
yecToTH y Hac e 10 pW/em?. 3a cpaBHeHHe pedepeHTHATa
croifHocT B mpenopbkara Ha ICNIRP 3a auamazona 2000
MHz 10 300 GHz e 1000 uW/cm?.

Kakrto ce Bmwxnma, npemopruBanute HOpMu OT ICNIRP ca
MHOTOKPATHO T0-BUCOKH OT MPEJEIHO NOMyCTHMAara CTOM-
HOCT 3a HaceJIeHHUE, PeriaMeHTHpPaHa B 3aKOHOIATEJICTBOTO
Ha HallaTa CTpaHa.

Enun ot hakTOpHUTE, KOUTO MOTAT Ja UMAT BaKHO 3HAUCHUE
BBPXY MacOBOTO BHeApsiBaHe Ha 5G Mpexwure, ca mpoodJe-
MHTE, CBBP3aHH C OIICHKATa Ha €JIEKTPOMArHUTHATA €KCIO-
sunusi. To3u ¢akT Oerre 0T KJIIF0Y0BO 3HAYCHHE ITPH OLIEHKATa
Ha npegumiHuTe 3G 1 4G TEXHOJIOTHH, HO CUTyalUsITa W3-
TJIeXK /1A TO-HEBB3MOXKHA MTPU HAATPAXKTAHETO HA CATOBE U C
5@, 0co0eHO B I'bCTO HACEICHUTE PANOHM.

[Mopaau HaIMYMETO HA pa3IMYHU TEXHOJIOTHH € HE0OXOIHMO
Jla ce orieHn komOuHupanara excrio3uuust Ha EMII. Konsen-
LMOHAJIHUTE MOAX0/IH, OCHOBAaHU Ha TEOPETUYHA OLIEHKA ITPH
MaKCHMaJlHa MOIHOCT, MOTaT Jia JIOBEAAT 10 MHOTO TOJIEMH
XUTHEHHO-3aIUTHU 30HU, KOUTO JIa YCIOXKHST MHCTaIAllU-
ATa HA W3TBUYBAIIUTE CHCTEMH B KOHKpPETHO MsicTo. OcBeH
TOBa, TPsI0Ba 1a ce nMa npeaBua U cnenngpukara Ha SG New
radio (NR) (8), kosTo ce XapakTepu3upa ¢ UHTECIUT'CHTHHU
TexHosoruu karo Massive MIMO (Multi-Input Multiple-
Output) n 6uiiMpopMHHTa ~-TEXHUKH 32 GOpPMUpaHE Ha JIbya
(9), mpu KOMTO JIBYBT CE HACOUBA TaM, Kb/IETO UMa MOTpedu-
TEJ, a HE C€ U3JTbYBa HENPEKHCHATO B IIPOCTPAHCTBOTO, KAK-
TO TOBA CE CIy4YBa IPH KOHBEHIIMOHAJIHUTE CEKTOPHH aHTe-
HU OT ITPEJUIIIHU OKOJIeHHs. ToBa 03Ha4YaBa, 4e OlleHKaTa Ha
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values (maximum permissible levels) for the general
public protection is Ordinance No. 9 of 14 March 1991
— Exposure limit values for Electromagnetic Radiation
in Residential Areas and for Determining Safety Zones
Around Electromagnetic Sources (7). It regulates the
limit values for a certain frequency range for stationary
communication sources broadcasting in populated areas,
and not for a specific technology. According to this
ordinance, telecommunication sources pass through two
stages of health control.

The first stage requires calculation the safety zones (SZ)
of emitting stationary sources, before putting the site into
operation. The assessment is based on a technical project
submitted by the owner of the site, according to the method
approved by the Ordinance. On this stage a conservative
evaluation model is used, which overestimates the actual
exposure and does not take into account the specifics of
new telecommunications technologies.

According to the current national legislation at the
second stage of control for each stationary source of EMF
emitting in the environment onsite measurements of the
electromagnetic fields (EMF) have to be performed.
It is assessed whether they meet the permissible levels
established in the ordinance and whether the specified
safety zones are observed.

For frequencies from 300 MHz to 30 GHz, according
to national legislation, the parameter e ,,power density*
(S, uW/em?) is standardized. The accepted limit value
for these frequencies in our country is 10 uW/cm?.
For comparison, the reference value in the ICNIRP
recommendation for the frequency range 2000 MHz to
300 GHz is 1000 pW/cm?.

As it could be seen, the recommended exposure values
by ICNIRP are many times higher than the maximum
permissible values for the general public, regulated in the
legislation of our country.

One of the factors that may be important in the mass
deployment of 5G networks is the problems associated
with the assessment of electromagnetic exposure. This
fact was crucial in the evaluation of previous 3G and 4G
technologies, but the situation seems more complicated
when upgrading sites with 5G, especially in densely
populated areas.

Due to the presence of different technologies, it is
necessary to assess the combined exposure to EMF.
Conventional approaches based on theoretical assessment
at maximum power can lead to very large safety zones,
which will complicate the installation a specific place. In
addition, the specifics of 5G New Radio (NR) (8), which is
characterized by intelligent technologies such as Massive
MIMO (Multi-Input Multiple-Output) and beamforming
(9), should be taken into account. This means that the
beam is directed to the user and doesn’t emit continuously
in space, as it happened in the conventional sector
antennas from previous generations. For that reason, the
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CKCIIO3uATa Bb3 OCHOBA HAa TPAJUITUOHHU S KOHCCPBATUBCH
MOXO/I, IPU KOSTO TEOPETUYHATA MAaKCUMAaJIHA MOIIHOCT C€
npeaaBa BbB BCSIKa Bb3MOXKHA MOCOKA 32 JIBJIBI MEPUOA OT
Bpeme, e HepeanucTtuuHa (10).

LEN

Jla ce pa3paboTu aganTUpaH METO/ 3a ONpEIeisiHE I'PAHU-
aTa Ha XWTHEHHO-3aI[UTHUTE 30HU OKOJIO HPHUEMO-IIpe-
JlaBaTEIHU CTAHIUHU, C OTYMTaHe Ha crneuupukara va 5G
CTaHJapTa, KaTo C€ B3eMe MHPEJBU] MO-PECTPUKTUBHO-
TO 3aKOHOJATEJICTBO Ha bbirapus, a MeTOAMUTE 3a OLCHKA
Ha eKCIO3UIHUATA ce choOpassar ¢ m3uckBaHusita Ha [EC
62232(11) ma MexayHapogHaTa EJICKTPOTEXHUYECKA KO-
mucus (IEC) u IEC Texauuecku noknan (TR) 62669 (12),
BKJIfouBamuy u 5G.

MATEPUANNI U METOOU

5G cTaHIapTHT LI ce pa3BUBa B TPU JHMAaNa3oHa, 3a Jia ce
OCUTYPH IIHUPOKO IOKPUTHUE U J1a TOAIbPKa BCUUKH IUIaHHU-
panu ycnyru: nox 1 GHz, 1-6 GHz u van 6 GHz (13). B bea-
rapusi Komucusra 3a peryiaupaHe Ha ChbOOLIEHUSITA JI0 MO-
MEHTa € MpeJoCTaBuiIa JIHLIEeH3uH 3a 5SG pasnpocTpaHeHue
B yecToTHHUs auanazoH oT 3500-3700 MHz. B pesynrtar Ha
TOBa TPsIOBA J]a MOXKE Jla C€ HAIIPaBHU OIIEHKA Ha eJIEKTpoMar-
HUTHATa eKcro3unus 3a 5SG TeXHOJIOTHUTE, KaTo Ce B3eMaT
IpeaBu To3u 00XBaT M M3moia3BaHeTo Ha Massive MIMO
aHTeHH ¢ HOpMUpPaHe HAa HACOUYCHH JIBUH.

1. OnpenesisiHe rpaHulaTa HAa XUTHEHHO-3alUTHATA
30HA (30HATa HA Bb3/elCTBHE) 0KOJIO NMPHEMO-TIpeaa-
BaTeJHu ctanuuu (IIIC).

JleficTBaIoTO 3aKOHONATEICTBO 3a 3alllUTa Ha Hacele-
HHUETO OT eJNeKTPOMarHuTHHU mosieta y Hac € Hapemba Ne
9/1991 r. XuruenHno-3ammurHara 30Ha (X33) ce ompemens
o0 yTBBpPACHATa ,,MeTonuka 3a M3YMCISABAHE HAIperHa-
TOCTTa M IUTBTHOCTTA Ha CHEPTMHHHSA MOTOK Ha €NeKTpo-
MarHUTHUTE TOJIETa OKOJIO M3TBYBAIIM O0EKTH, paboTermu
B ooxBara oT 30 kHz mo 30 GHz”(14). CbriiacHO Ta3u Me-
TOAMKA MAaKCUMAJHHAT pasmep Ha X33 3a 4eCTOTHHU JIeH-
i B nuana3oHu 10 1 GHz ce ompemenst mo dopmyiara:

JING P -
R, =—FlelFlélt [1],
Eﬂl
KBIETO:
E € TpeAeNHO JONYCTMMO HHMBO Ha HWHTEH3UTE-

max

Ta HA EJEKTPUYHOTO TI0Jie B HAcelleHa TepUTOpus, V/m
(E.. =./3775_. , 1yk S uW/ecm?, e IIBTHOCT Ha

MoIHOCT 32 auanasona ot 0,3 1o 30 GHz, S = uW/em?);

max’

X

G e KoeUITMEHT Ha YCUIIBaHE, B ITBTH;
P e momHOCTTA Ha BXO/1a HA aHTEeHATa, W,

k e koeuIeHT, OTYNTAI B3aMMOJEHCTBUETO MEXK/Ty TpsIKa-
Ta ¥ oTpa3eHara BbjHa. [Ipu usuncnenusra k = 1.41

exposure assessment based on the traditional conservative
approach, in which the theoretical maximum power is
transmitted in each possible direction for a long period of
time, is unrealistic (10).

OBJECTIVE

In this report we present an adapted method for
determining the boundary of the safety zone around
base stations, taking into account the specifics of the
5G standard. The aim is to take into account the more
restrictive legislation of Bulgaria, as the methods of
exposure assessment comply with the requirements
of IEC 62232 (11) of the International Electrotechnical
Commission (IEC) and IEC Technical Report (TR)
62669 (12) including 5G.

MATERIALS AND METHODS

The 5G standard will be developed in three frequency
bands to provide coverage and support for all planned
services: below 1 GHz, 1-6 GHz and above 6 GHz (13). In
Bulgaria, the Communications Regulation Commission
has so far granted 5G distribution licenses in the 3500-
3700 MHz frequency band. As a result, it should be
possible to estimate the electromagnetic exposure to 5G
technologies, taking into account frequency range and
the use of Massive MIMO antennas and beamforming.

1. Determination of the boundary of the safety zone
around base stations (BS)

The current national legislation for the general public
protection from electromagnetic fields in our country
is Ordinance No. 9/1991. SZ are determined according
to the approved ,,Method for calculating the strength
and power flux density of electromagnetic fields
around emitting sources operating in the range from
30 kHz to 30 GHz“. (14) According to this method,
the maximum safety distance for frequency bands in
the range up to 1 GHz is determined by the equation:

R i

H3IDGP
E

FlolFlelk 1]

where:

E, .. is the maximal permissible level of electric field,
V/m up to 0.3 GHz. For the frequency range from 0.3 to
30 GHz the maximal permissible level is expressed in

power density S_ ., uW/cm®.
G is the gain, dBi;
P is the maximum input power to the antenna, W;

k is the coefficient presenting the interaction between the
direct and reflected wave. In the calculations for the
worst case scenario of exposure k is considered equal
to 1.41.
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F(¢) u F(0) ca cToifHOCTH, U3UKUCIEHH WUJIM OTUYETCHU Chb-
OTBETHO OT XOPHM30HTaJHATa W BEepTUKAJHATAa Jauarpama
Ha HU3JIBYBAHE 3a pasliekJaHaTa IMOCOKa, OMpejeieHa C
a3UMYTaJIHUA BI'BI () ¥ bI'bJIa HA HakJIOHA 0. [Ipu uzuncie-
nusita F(@) u F(0) ce nmpuemar 3a paBHU Ha enuHuULA (Hail-
JIOIII CITy4aif).

XUTHeHHO-3aIUTHA 30Ha 3d YeCHONHY JIeHMU 6 OUANA30HU
nao 1 GHz ce onpedens no ¢hopmynama:

KBJETO:
G e KoeHIHMEHT Ha YCUIIBAHE, B IIBTH;
P e MomHOCTTa Ha BXO/a Ha aHTEHAaTa, W,

F e xoeduiueHT, oTUUTAIl PEaNHUTE YCIOBHS Ha Pas3lpoc-
TpaHEHHE Ha eJIeKTPOMarHMWTHATa BBIHA (OTpaxkeHue u/
WIN TIOTJThIIAHE) — IIPH M3YUCICHHETO Ce U3I0J3Ba MaK-
cuMatHaTta cToifHocT Ha F = 1,6 (Haii-nomm cirygaii).

[Ipu u3nbuBaHe B JBa YSCTOTHHU JMANa30Ha: MOA U Hax |
GHz, X33 ce onpenens mo Gopmysa [3], kaTo npu u3vucie-
HHUSTA CC B3UMa MAKCUMAJTHUAT KOS(DUIIMEHT Ha YCHIIBAHE 32
CHOTBETHHS Y€CTOTCH JUATIA30H.

2 2 m [3]
R __=q4R +R ’

‘max 1 max 2 max

2. Cnennduxu Ha 5G TeXHOJOTUsITA

XapaKTepuCTUKUTE Ha HOBaTa TEXHOJOTHS M3WCKBAT ITOJ-
X0Jl, KOWTO HE € MPEeJBUJIEH OT HacTosllara MeToauka. 13-
YUCIUTEITHUTE MPOIEIYPH TPSAOBa 1a ce KOPUTHPAT, KaTo ce
B3€MaT MPEABUJI PA3TUIHU (HaKTOPH, BIUSCIIN HA OIIEHKATa
Ha eKCIO3UIIUSTA.

Enun or ¢dakropure e Massive MIMO (mMIMO) texHo-
JIOTUATA, MPH KOATO C€ M3JIBUBAT PEAMIA TECHU JBYHU, UH-
NUBUJIYaJTHO HACOYEHM KbM 1I€JIeBH YycTpoucTBa. Tasu
xapaktepuctTuka Ha mMIMO aHTeHHTE ce pa3inyaBa OT
KOHBEHI[MOHAJTHUTE TEXHOJIIOTUH 3a TeJleKoMyHuKanus. ToBa
JUHAMHUYHO (POKYyCHpaHE Ha €HEeprusiTa B Pa3jIMuHU OT/IEIN-
HU NTOCOKH OKa3Ba BIMSHUE Ha JEHCTBUTETHATA €KCIIO3UIINS,
3al[0TO MPEeNOCTaBsl yciayra Ha pa3U4YHU MOTPeOHTeNnH B
pasznuuHu Teorpadcku  Mectononoxkenus. CremnoBaTreirHo
(dbopMHpaHEeTO Ha JbYa BKIIOYBA JOMBIHUTEIHA MPOMEH-
JIUBOCT TIPH OMpEJeNssHe Ha MOIIHOCTTA, AOMpPHUHACAIIA 3a
peaniHara ekcrno3uuus. IIpoMeHINBOCTTa Ha MOIHOCTTA CE
JUbJDKH Ha JiBa (hakTopa: BapHualus Ha Tpaduka U OCpeHEHO
10 BpeM€ IIPOCTPAHCTBEHO pa3lpeleiieHUue Ha NpeaBaHara
morHocT niau EIRP (edexkTrnBHa exBHMBajeHTHa HM3TbYEHA
MortrHocT) (11, 12).

ITo BpeMe Ha U3TBYBAHETO HA AHTEHHATA CUCTEMA YCUIIBaHe-
TO Ha aHTEHAaTa, IOCOKaTa Ha JI'bua U IpeJaBaHaTa MOIHOCT
ca BapHpally 10 BpeMe, a3UMYT U BepTukana. OcpeqHeHara
no Bpeme EIRP 3aBucu ot nerepmunnpanu paxropu (P
Foe 1 Gy, ) # dakTopu (F
MPOMEHIUBU.

TXM?

oL 1 FG), KOHTO Morar Ja Ob1aar

F(@) and F(@) are values calculated or obtained
from the horizontal and vertical emission patterns,
respectively, for the considered direction, determined
by the azimuthal angle ¢ and the elevation angle 0 (the
angle between emission direction and the horizontal
plane); In the calculations for the worst case scenario
of exposure F(@) and F(0) are considered equal to 1.

The maximal dimension of the safety zone for
frequencies above I GHz is determined by the following
equation:

R

T

Where:
G is the gain, dBi;
P is the maximal input power to the antenna, W;

F is a coefficient taking into account the real conditions
of propagation of the electromagnetic wave
(reflection and/or absorption) - for the worst case
scenario of exposure F = 1.6.

When the source transmits in two frequency ranges:
below and above 1 GHz, the R _ is determined by the
equation [3]. All calculations take the maximum gain
for the respective frequency range.

2 2 3
R =R +R._ 0Pl

max 1 max 2 max

2. Specificity of SG technology

The characteristics of the new technology require
an approach that is not provided by the current
methodology. The calculation procedures need to be
adjusted taking into account various factors influencing
the exposure assessment.

One of the factors is the Massive MIMO technology,
which emit a number of narrow beams individually
directedtotargetdevices. This feature of Massive MIMO
antennae differs from conventional telecommunication
technologies. This dynamic focusing of energy in
different directions affects the actual exposure due
to providing a service to particular users in different
geographical locations. Therefore, beamforming
involves additional variability in determining the
power contributing to the actual exposure. Power
variability is due to two factors: traffic variation and
time-averaged spatial distribution of transmitted power
or EIRP (equivalent isotropic radiated power). (11, 12)

During system operations, the antenna gain, beam
direction and transmitted power are varying in time,
azimuth and elevation. The time-averaged EIRP
depends on deterministic factors (P, F,,.and G, )
and factors (F,, and F;) which can be deterministic
for BS using fixed beams or variable in azimuth and
elevation for BS using steerable beams such as Massive

MIMO.
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Ocpennenara o Bpeme EIRP e uzuunciena no ¢popmyna [4]:
EIRP 0, 9) =P, xF . xG, . *xF. 0,9)xF_ (6,0 [4],
KBJIETO

0 e azumyT;

( € BEPTUKAJICH HAKJIOH;

PTXM - MaKCHMMaJIHa U3JIbU€Ha MOIIIHOCT;

FTDC — KOC(l)I/IIII/ICHT, npeacTaBjadgBalll TCXHOJOT'MIHU A pa60—

TCH HUKDBJI HAa CUI'HaJia,

G, s - MAKCHMAJIHOTO YCHJIBAHE B IVIABHHMS JIUCT HA IMarpa-
Mara 3a (pukcHpaHa JUarpaMa WIX 3a ONpEelieH b4 B

JANHAMHWYCH PEKUM,
F 9, - HOpMaJiu3upaHaTta Iip€aaBaHa MOIIHOCT,
PDL

F. (0, 9) — HOpMaM3HpaHaTa IPOMEHJIMBA YaCT Ha yCHIIBaHe-
1o F,, (0, ¢, 1), ocpenneno 3a naTepsan ot Bpeme T.

t € BpeMeTo;

Te HUHTEPBAJIBT OT BPEME, U3II0JI3BAH 3da OCPECIHABAHE HA BPC-
MCTO.

KoedumnueHTsT Ha padoTeH UKBI F . pc TIPENCTaBIsBA MaK-
CHMAJTHOTO BpeMe, M3IOI3BAHO 3a MpelaBaHe Ha CHUTHAIHN 32
JAJICH TIEpUOA TIPH ITHJTHO HaTOBapBaHE Ha crcTeMaTa. ToBa
3aBUCH KAaKTO OT m3moi3BaHaTa TexHonorus (GSM, UMTS,
LTE-TDD, LTE-FDD wunu NR), Taka 1 OT mpuiaraHeTo Ha
TEeXHOJOTHsATa OT oneparopa (12).

PasnuuHATE MOETH aHTEHH JaBaT Bb3MOKHOCT 3a IpHJIara-
HE Ha MIOBEYE OT €HA TEXHOJIOTHS, B 3aBHCUMOCT OT HYXKH-
Te Ha onepaTtopa. Ilopanu ToBa BE3HMKBAa HEOOXOAMMOCT OT
JIeKJIapupaHe OT CTpaHa Ha MPOEKTaHTa (orepaTopa) KaKkbB
METO[ 32 MpeIaBaHe Ha JaHHUTE IIe CE M3II0JI3Ba BHB BCEKH
KOHKPETEH CiIy4ail.

3a LTE-FDD u NR-FDD npuGnusutenHata CTOHHOCT Ha
Focel

3a LTE-TDD u NR-TDD npuGnusutennata CTOIHOCT Ha
FTDC ce onpenesnst ot popmysiara

F.oc=TDL/(TDL+TUL)  [5],
KBIAETO:

TDL e oOmiata npoab/OKUTEIHOCT HA CUTHAJIA, ITpejaBaH OT
[TIC x»M noTpeduTen;

TUL e ofmara npoaAbIKATEIHOCT HA TIEPHOJIa OT BpeMe, 13-
TI0JI3BaH 3a npeaasane ot norpeduren kpm HIIC.

Hanpumep nipu TDD koHdurypamnusita uMa euH nepuos oT
Bpeme (UL — mpenaBaHeTo Ha JaHHHU OT MOTPEOUTENST KbM
aHTeHara) 3a Tpu nepuona (DL — mpenaBaHeToO HAa JaHHU H
cnyxeOHa WHpOpManus OT aHTEHAaTa KbM MOTpeOUTens),
KOETO BOJHM JI0 KoeUIMEHT Ha paboTeH uukbi ot 75%. Tu-
nuYHKMTE cTolHOCTH Ha F . ca mexny 0,75 u 0,8. Koraro
TOYHATa CTOWHOCT HE € MOCoUeHa, MPUOIU3UTEIHA CTOMHOCT
ot 0,75 (r.e. 3/ (3 + 1)) ce monryuaBa ot ypasHenue [5] (12).
CrnenoBaTenHO 3a PEOyKIHMS Ha MaKCHMalIHAaTa MOIITHOCT,

npu otuntane Ha TDD ce u3non3Ba ciegHaTa popmyna:

The time-averaged EIRP is calculated using equation [4]:

EIRP (8,9) =P, X Frc X Gy s X Fop (0,0) < F (8,9) [4],
where

0 is the azimuth;
¢ is the elevation;

P v 18 the maximum transmitted power in downlink

(deterministic factor);

F . pc 18 a scaling factor representing the technology duty

cycle of the signal (deterministic factor);

G,, 5 Is the maximum gain in the main lobe for fixed
beam or boresight for steerable beams (deterministic

factor);

FooL (0, @) is the normalized downlink transmitted power
FooL (0, ¢, ) averaged on the time interval T;

F. (0, @) is the normalizeq Var‘iable part of the gain F_ (0,
o, t) averaged on the time interval T;

t is time;
T is the time interval used for time averaging.

The duty cycle factor F_ . is the maximum time used
to transmit signals for a given period at full system
load. This depends on both the technology used (GSM,
UMTS, LTE-TDD, LTE-FDD or NR) and the application
of the technology by the operator. (12)

Diverse antennae models allow the application of more
than one technology, depending on the needs of the
operator. Therefore, the used method of data transmission
should be declared by the operator in each case.

For LTE-FDD and NR-FDD, the approximate value of
Focisl

For LTE-TDD and NR-TDD, the approximate value of F
TDC is determined by equation [5].

F.pc = TDLATDL + TUL) [5],
where:

TDL is the total duration of the downlink signal per
frame;

TUL is the total duration of the time period used for
uplink per frame.

For example, in the TDD configuration, there is one time
period (UL - transmission of data from the user to the
antenna) for three periods (DL - transmission of data and
service information from the antenna to the user), which
leads to a duty cycle factor of 75%. Typical F. . values
are between 0.75 and 0.8. When the exact value is not
specified, an approximate value of 0.75 (i.e. 3/ (3 + 1))
is obtained from equation (5). (12) Therefore, to reduce
the maximum power, the following formula is used when

taking into account TDD:
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Prcduccd:PmaX'FTDC [6]’

KBbJACTO:

Fipc € KOEDUIHMENT, OTpassaBaml crienuduKara IpH U3Mon3pa-

HeTo Ha TDD npoTokoJ 3a IPEHOC Ha JaHHMU.

®DakTopHT 32 HAMAIISIBAHE HA MOIIHOCTTA C€ M3BJIMYA OT CTa-
THCTUYECKHS aHAJIM3 Ha OCpPEIHEHATa [0 BpeMe IpeaaBaHa
MOIITHOCT W CIICIOBATEITHO HE BKIIOUYBA JCTCPMUHUPAHH (aK-
TOpPHU KaTo KOe(UIINEHTA HAa PAOOTHHS KB Ha TEXHOJIOTH-
saTta. JleicTBUTENHAaTa MakCMMaJIHA TpeJaBaHa MOUIHOCT Ce
M3BJIMYA OT MaKCUMaJlHaTa MpeaaBaHa MOIHOCT (0OMKHOBe-
HO ChOTBETCTBAIAa HA HOMHHAJIHATA MAKCHMAaJIHA TIpeIaBaHa
MOIIIHOCT, aKO HsIMa 3ary0a 1o ¢uuepHara JUHHS).
P = I:)TXM X |:TDC X FPR [7]’

TXAM

KbaeTo P .\ — aKTyajlHaTa MaKCMMajHa MOIIHOCT, a F, e
KOC(PHUIIMEHTHT HA HAMAJISIBAHE HA MOII[HOCTTA.

KoepunueHTsT Ha HaMaIsIBaHEe HA MOIIHOCTTA CE 331aBa OT
orepaTopa, KaTto MpH JIMIcA Ha JaHHU TO3W KOS(PHUIHNEHT ce
CYHuTAa 32 paBeH Ha 1.

KakTo mosicnuxme, anteHHUuTe eleMeHTH Ha mMIMO anHTe-
HUTE Ce€ U3MOJ3BAT 32 MPOCTPAHCTBEHO MYJITUILIEKCUPaHE Ha
MOTPEOUTENH, KATO OPOST HAa CHBKYIMHOCTUTE OT ITOJMACHBH
€ CTPOro ONpEICIICH, B 3aBUCHMOCT OT KOH(HUTypalusiTa Ha
eJIEMEHTHUTE Ha JTaJicH Mojien anTeHa. OT MaKCHMAaITHUS Opoi
HAa €THOBPEMEHHO M3IIBUBAIINTE JTHYU, KOUTO BCSIKA aHTCHA
00pa3yBa, 3aBHCH TEOPETUIHOTO pasIpe/eeHre Ha obmara
MOITHOCT. MOIIHOCTTa, C KOSATO BCEKH MOAMACHB 0Opa3yBa
JT'BYH, € TEXHOJOTUYHO OTpaHWYCHA B3 OCHOBA Ha OCpEIHE-
HaTa Ha 00IUs OpOi MOIMAaCHBH MOIITHOCT.

C npyru nymu, ONpeaesssHETO Ha 30HAa Ha BB3JCHCTBHE Ha
mMIMO antena B TDD kondurypanusra e cioxHO U U3HC-
KBa KOMIUIEKCHA OLICHKA.

OTunTaliku BCUYKH CIETUPUKHU U HaKTOpH, KOUTO Os1xa 00-
cpaeHH, popmyna [2] mpumodrBa ClIeTHUS BUI:

_ JES.G}.BLPga FrocFror , [8].

Ramig = F

B

PE3YNTATU OT NMUINOTHO NPUJTATAHE HA
METOOA U OBCBXAOAHE

PexxuMbT Ha M3TBPYBaHE HAa aHTEHATa INpeArojara peayBa-
HE Ha PeXHM, B KOWTO aHTEHATa THPCH IOTPeOUTEN, Hape-
9eH ,,broadcast” i pexuM, B KOMTO aHTeHaTa KOMYHHUKHUPA C
YCTaHOBEH KJIHUEHT — ,,service™.

TpsiOBa 1a ce 00bpHE BHUMaHUE, Y€ B 3aBUCUMOCT OT peKHUMa
Ha U3IbYBaHe Ha anTeHaTta (broadcast, service) UMa pa3IuvaHH
napamerpu Ha gopmupane Ha Jipua. [Ipu pexxum broadcast,
JUarpamaTta Ha M3JbYBAHE € MO-IIHPOKa, C el 1a 00XBaHe
MaKCHUMaJIHA ILJIOII Ha Bb3MOXHHU HOTpeGl/lTeﬂl/l, HO yCuJiBa-
HETO € MO-MaJKo, MOpagnu HEOOXOIUMOCTTA SAMHCTBEHO JIa Ce
npenajae ciyxe0Ha nHGOpMaIIKs 32 Bb3MOXKCH KIIUCHT.

B cj1y4dasd Ha U3JIbYBAHC B PCIKHUM service XAPAKTECPUCTHUKUTEC
Ha [uarpamMara ca pa3jinvHH. Torasa I pOYHHATA Ha JIb4a €
MHOTI'O TACHA, nopaaun O6CJ'Iy)KBaHeTO Ha CAMHUYCH KJIIMCHT,
a YCHUJIBAHETO € IMO-BUCOKO, C IICJI KAY€CTBCHO IMMpEAaBaHC HA
HCKAaHHUTC JaHHU OT HOTpe6I/IT€J'I$I.
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rcduccd:PmaX'FTDC [6]’

where:

F.pc 18 a coefficient that reflects the specifics of using the

TDD protocol for data transmission.

The power reduction factor is derived from the statistical
analysis of the time-averaged power transmitted and
therefore does not include deterministic factors such as
the technology life cycle factor. The actual maximum
transmitted power is derived from the maximum
transmitted power (usually corresponding to the nominal
maximum transmitted power if there is no loss on the
feeder line).

P

TXAM = I:)TXM x I:TDC x FPR [7]’
where P_ i's the actual maximum power and F,_ is the
power reduction factor.

The power reduction factor is set by the operator, and in
the absence of data, this factor is considered equal to 1.

As we have explained, the antenna elements of Massive
MIMO antennas are used for spatial multiplexing of
users, and the number of the beams is defined, depending
on the configuration of the elements of a given antenna
model. The theoretical distribution of total power
depends on the maximum number of simultaneously
emitting beams that each antenna could generate. The
power with which each beam is technologically limited is
based on the average power of the total number of beams.

In other words, determining the dimension of SZ of a
Massive MIMO antenna in a TDD configuration requires
a complex assessment.

Taking into account all the specifics and factors that have
been discussed, equation [2] is converted as follows:

Roigee JE'S.G?-ELP:L’. ITJ::-:PP.:L_F , [8]

T Semax

RESULTS OF A PILOT APPLICATION OF
THE METHOD AND DISCUSSION

The antenna broadcast mode implies the presence of
alternation of a mode in which the antenna searches for a
user called ,,broadcast and a mode in which the antenna
communicates with an established client — ,,service.

It should be noted that depending on the mode of
transmission of the antenna (broadcast, service) there are
different parameters of beams. In broadcast mode, the
antenna pattern is wider to cover the maximum area of
potential users, but the gain is less, due to the need only
to transmit service information about a potential client.

In the case of service mode, the characteristics of the
antenna pattern are different and the beam width is very
narrow due to the service of a single client, but the gain
is higher, in order to qualitatively transmit the required
data to the user.
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HampaBunu cMme ChIOCTaBKa MEXAY TCOPETHUYHUTE H3UHC-
JeHus1, 0a3upaHu Ha CTaHJIAPTUTE, U CUMYJIUPAHO M3JIbUBa-
He B HMJiealiHa cpeza. VzducineHusiTa ca HarpaBeHH Ha Oa3za-
Ta HOMHHAJIHA MOILHOCT, NOpajaX JIUIICA HA pealHH JAAHHU
OT CTaTHUCTUYECKU aHaJIW3 OT MOHHUTOPHMHT HAa MpeXaTa Ha
omeparop. B cmetkute cme 3anoxunu FPR xoedunmenT na
penyKims Ha MOIIHOCTTa fa € 1, karo cme otuenu FTDC ¢
koedumueHt 0,75.

[TpumepHuTE M3UMCIIEHHS ca HanpaBeHU 3a 5G aHTeHa THII
AEQE c¢ Homunanna momrHoct 200 W, ¢ Bb3MOXHOCT 3a 6
Oposi eTHOBPEMEHHO H3JTBbYBAINX ToaMacuBu. HoMuHaHaTa
MotHocT 3a mMMIMO aHTeHa e pa3zieneHa Ha MAaKCUMAJIHUS
Opoif eTHOBPEMEHHO U3THYBAIIN [TOJJMACHBH 32 THIIA aHTCHA
(200/6=33,33 W), kato BBB (hopmyna (8) e BKIIOUCHO U YCHII-
BaHe 26,1 dBi Ha KOHKpPETHHS THY B PEIKUM service.

CreaBamure (GUrypu MPEACTaBsIT CUMYJALUU Ha EJeKTPO-
MarHuTHOTO MOJIe, U3Ib4eHO OT 5G aHTeHa, MpU pa3mpoc-
TpaHeHHe B HJleasiHa cpena (CBOOOIHO MpOoCTpaHCTBO). Bu-
3yaJd3alusTa Ha IpaHMLaTa Ha BB3JCHCTBHE € HAlpaBeHa
TIpH TIOTJIe]] OTIOpe HAa HUBO HEHTHp aHTeHa. Ha gurypa | e
MpeICcTaBeHa CHUMYJIAlus B pekuM Ha ThpceHe (broadcast),
KOSITO J1a BU3yaJM3UpPa Bb3MOXKHHTE 30HU Ha Bb3ICHCTBHE B
IIPOCTPAHCTBOTO.

Quaypa 1. Busyanuzayus Ha epaHuyama Ha eb3delicmeaue
rpu noaned omeaope Ha HUBO UeHMbP aHmMeHa

We have made a comparison between theoretical
calculations based on standards and simulated emitting
in an ideal case. The calculations are made based on
nominal power, due to the lack of real data from statistical
analysis from the monitoring of the operator‘s network. In
the calculations we set FPR power reduction coefficient
to be 1, as we reported FTDC with a coefficient 0.75.

The simulation calculations are made for a Massive
MIMO antenna type AEQE with a nominal power of
200 W, with the possibility of 6 simultaneously emitting
beams. The nominal power for this 5G antenna is divided
by its maximum number of simultaneously emitting
beams (200/6 = 33.33 W). As in equation [8] the used
gain is 26.1 dBi, of the specific beam in “service mode”.

The next figures present simulations of the
electromagnetic field emitted by a 5G antenna for the
ideal case of propagation (free space).Visualization of the
safety zone was made at view above the level of antenna
center. The figure shows a simulation in “broadcast
mode” to visualize possible safety zones in the space.

Figure 1. Visualization of the safety zone at view above
the level of antenna center.
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Busyanuszayus na epanuyama na 6v3oeticmsue npu cmpanu-
yen nozned (paspes npes yeHmvpd Ha U3NBYEAHE HA aHMme-
Hama)

Korarto cpe3bT Ha cuMynamnusTa € BEpTHKAJIHO Mpe3 HEHTHpa
Ha aHTeHaTa, He ce HAOJI0/1aBaT MAaKCUMAIHUTE CTOHHOCTH,
MopaJii TOBA Y€ JIBYMTE, KOUTO ce 0(hOpMIT, ca YeTeH Opoii
U pEaJTHUST MAaKCUMYM HE ChBIaJIa ¢ GU3NUECKUS a3UMYT Ha
anTenara (pur.2).
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Visualization of the safety zone in side view (through the
antenna's radiation center).

When the section of the simulation is vertical through
the center of the antenna, the maximum values are not
observed, because the beams that are formed are an even
number and the real maximum does not coincide with the
physical azimuth of the antenna.
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@ueypa 2. Busyanusayus Ha epaHuyama Ha eb30elicmeue
rpu cmpaHu4eH noaned (paspes npes ueHmbpa Ha
usnbyeaHe Ha aHmeHama)

Figure 2. Visualization of the safety zone in side view
(through the antenna‘s radiation center)
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Busyanuszayus na epanuyama Ha 6vb30elicmeie npu Cmpanu-
uen noaied npu pesicum broadcast/Oouacpama envelope (pasz-
pes 6cmpani Ha 7 M Om aHmena)

Koraro ce4eHHETO € M3MECTEHO BCTPaHM OT LEHTHPA, YC-
nsBaMe Jia yCTAaHOBUM KaKBH Ca Pa3CTOSHUSATA, HA KOUTO Ce
HaOJIlo1aBaT MaKCUMAJIHUTE CTOMHOCTH, KOUTO CIHH JIbY €
BB3MOXKHO J1a TeHepupa (dur.3).

@ueypa 3. Busyanusayusi Ha epaHuyama Ha eb3deticmeue npu
cmpaHuyeH roerned npu pexxum broadcast/Ouazpama
envelope (pa3pe3 ecmpaHu Ha 7 M 0m aHmeHa)

Visualization of the safety zone in side view in broadcast
/ antenna pattern envelope (section on the side, 7 m from
the antenna).

We are able to determine the distances where the
maximum values that a beam can generate are observed
when the section is shifted away from the center.

Figure 3. Visualization of the safety zone in side view in
broadcast / antenna pattern envelope (section on
the side, 7 m from the antenna)
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Buszyanusayus na epanuyama ma v3oeticmsue npu no2ueo
omeope Ha HUBO YEHMbD AHMEHA NPU pedlcum service/oua-
epama SsbBeam-0106
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Visualization of the safety zone when viewed from above
at the center antenna level in service mode / antenna
pattern SsbBeam-0106.
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@ueypa 4. Busyanusayus Ha epaHuyama Ha eb30elicmeue Figure 4. Visualization of the safety zone when viewed

rpu rnoaned omeaope Ha HUBO UeHMbP aHmeHa rnpu from above at the center antenna level in service

pexum service/duazpama SsbBeam-0106 (paspes mode / antenna pattern SsbBeam-0106 (side

ecmpanu na 44 m om anmena) section 44 m from the antenna).
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3a J1a MOXKeE SICHO J1a Ce BHJIM Pa3JinKaTa MEeXAy PasInyHUTE
PCKUMU Ha U3JIBYBAHE, HAIIPABUXME CUMYJIallud U Ha €AU-
HUYCH JBY B PXKHUM service. [loka3aHoTo mo-mgony u3zodpa-
JKEHHUE JI0Ka3Ba TEOPETUUHHUTE U3UUCICHHSI, KATO MAKCHMaJl-
HUTE CTOMHOCTHU HE HaJaBUIIaBaT U3YUCJICHUTC, @ HAITPOTUB
nMa pasyinka oT okosio 10%, KosiTo MOTBBPIKIaBa, ue hopmy-
jlaTa € Bb3MOXHO Hal-KOHCEPBAaTHBHA.

To be able to see the difference between the modes of
transmission, we did a simulation of a single beam in
service mode. The image below proves the theoretical
calculations, as the maximum values do not exceed the
calculated ones. On the contrary, there is a difference
of about 10%, which confirms that the formula is as
conservative as possible.

Ha pasctosinue 44 m otkpuxme Mmakcumyma Ha X33 npu cu- At distance 44 m we found the maximal of the safety zone
mynarusita (hur.S). on the simulation (fig.5).
®ueypa 5. Busyanusayus Ha epaHuyama Ha eb3delicmeue Figure 5. Visualization of the side view safety zone in
rpu cmpaHuYeH noaned npu pexum service/Ouazpama service mode / antenna pattern SsbBeam-0106
SsbBeam-0106 (pa3spe3 ecmpaHu Ha 44 m om aHmeHa) (side section 44 m from the antenna).
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Ona3BaHeTO Ha OOIIECTBEHOTO 3[[paBe € ChUIECTBEH PaKTOP
[IPY HAaBJIU3aHE, pa3slIUPABAHE U PAa3BUTHE HA HOBU TEXHOJIO-
T'UH. KOHTpOH’bT IIpU BBBCKJIAHCTO HA TEXHOJIOTUATA Tpﬂ6Ba
Ja ObJIe JOCTATHYHO CTPUKTEH, TaKa Y€ Jia Ch3a/e YCIOBHS
3a 6e30MMacHOTO U BBBEXK/AHE, HO B CBHIIOTO BPEME 113 OCUTY-
psiBa a/ieKBaTHA OIICHKA HA EKCMO3UIHATA, OTYUTAHKH BCHY-
KU crienn(HUKH Ha Ta3u HOBA TEXHOJIOTHSI.

BbBexxnanero Ha HOBaTa 5G TEXHOJIOTHS € HPUIPYKEHO OT
po0JIeMH, CBBbP3aHH C OIIEHKATa Ha EKCIIO3UIUTA Ha eJIeK-
tpomarauTHu nosiera (EMF) u onacennst OTHOCHO BB3MOX-
HOCTTa TpaHuIMTe Ha u3narane Ha EMII na O6baar npesu-
meHu. ToBa e 0coOeHO BSIPHO 3a CTpaHu KaTo bearapus c
MO-PECTPUKTHBHO 3aKOHOAATEIICTBO OT HACOKHTE, IPETIo-
PBYaHHM OT MEXIYyHAPOAHM OpPTaHU KaTo MexkayHapoaHara
KoMUcCHS 3a 3amuTa ot Herionusupamu ipueHust (ICNIRP) u
WHucTuTyTa HA HHXXEHEPUTE 110 €ICKTPOTEXHUKA U €JIEKTPO-
Huka (IEEE), upe3 MexayHapogHUs KOMHTET IO €JIEKTPO-
marantHa 6e3omnacuoct (ICES).

Anmantupanara ,,MeToauKa 3a M3UUCIISIBAaHE HAIIPETHATOCTTA
U IIBTHOCTTA HA EHEPTUHHUS TOTOK Ha €JIeKTPOMarHUTHH-
T€ MoJeTa OKOJIO M3IbuBaIIy 00ekTH (14) e HampaBu Bb3-
MO’KHO M3BBPIIBAHETO HA OICHKATa HA €KCIIO3UIUATA U IIe
CITIOMOT'HE 32 0€3011acCHOTO BHBEKJIaHE HAa OOCKTHUTE C HAJH-
gue Ha 5G cucremu B bbparapus.

3AKNMIOYEHUE

CrIecTBeH po0IIeM e 3aKOHOaTeNICTBOTO Ha brarapus mmo
otHomienue Ha EMII, koeTo e mo-pectpuktuBHo oT Ilpe-
nopbkata Ha EK (3) u npenopskute Ha ICNIRP (5), u He
OTYMTA NPEJU3BUKATEIICTBATA HA HOBUTE TEXHOJIOI'HH U €B-
poreiickure NpakTuKU. BbB Bpb3ka ¢ ToBa € HeoOXoauMa
MPOMSIHAa Ha HOPMaTHUBHUTE U3NCKBAHMS U XapMOHU3HpaHe-
TO UM CBIJIIACHO €BPONEHCKNUTE N3UCKBAHMSL.

HeobOxonumo e cp3maBade Ha 00I[a KOHIEIINS U ITOJTUTHKA
Ha Oazara Ha merctBamus ot 2016 1. I1nan 3a gelicTBue Ha
EK ,,5G 3a EBpomna®, kosTO Ja TOCTaBH paMKa 3a IPEICTO-
SIIATE JACHCTBHS 10 BBBEKJIAHETO HAa HOBATa TEXHOJOTHS,
HEOOXOAMMUTE HAYYHU W3CICABAHMS U JOKA3aTeJICTBa, pe-
3yATAaTH OT U3MEPBAHUSA, KAKTO U TUAJIOT 3a HH(OPMHIpaHE
Ha HACEJICHUETO.
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Protecting public health is an essential factor in the entry,
expansion and development of new technologies. The
control over the introduction of the technology must be
strict enough to create conditions for its safe introduction,
but at the same time to ensure an adequate assessment of
the exposure, taking into account all the specifics of this
new technology.

The introduction of the new 5G technology is
accompanied by problems related to the assessment of
exposure to electromagnetic fields (EMF) and concerns
about the possibility of exceeding the limits of exposure
to EMEF. This is especially true for countries like
Bulgaria with more restrictive legislation than guidelines
recommended by international bodies such as the
International Commission on Non-lonizing Radiation
Protection (ICNIRP) and the Institute of Electrical and
Electronics Engineers (IEEE) through the International
Committee on Electromagnetic Safety (ICES).

The adapted ,,Method for calculating the strength and
power flux density of electromagnetic fields around
emitting sources operating in the range from 30 kHz to
30 GHz (14) will make it possible to perform exposure
assessment and will help the safe introduction of base
stations with 5G systems.

CONCLUSION

A significant problem is the legislation of Bulgaria
regarding EMF, which is more restrictive than those in
Council Recommendation (3) and ICNIRP Guidelines
(5) and does not take into account the challenges of
new technologies and European practices. This leads to
the necessity of changing the national legislation and
requirements and to harmonize them with European
ones.

A positive result would be the creation of a common
concept and policy based on the current EC Action
Plan ,,5G for Europe®, which would set the framework
for the forthcoming actions for the introduction of
new technology, the necessary research and evidence,
results from measurements, as well as the dialogue for
informing the general population.

4. Directive 2013/35/EU of the European Parliament and of the
Council of 26 June 2013 “On the minimum health and safety
requirements regarding the exposure of workers to the risks
arising from physical agents (electromagnetic fields) (20th
individual Directive within the meaning of Article 16(1) of
Directive 89/391/EEC) and repealing Directive 2004/40/EC".

5. ICNIRP. Guidelines for limiting exposure to electromagnetic
fields (100 kHz to 300 GHz). Health Phys 118(5):483-524;
2020
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BHEOPABAHE HA EJIEKTPOHHA
CUCTEMA ,,QA-TRACK PLUS”
3A KOHTPOJ1 HA KAYECTBO
B ITbYETEPATNUATA,
CbIMACHO HALUMOHATIHOTO
3AKOHOOATEJNICTBO B
BBJITAPUA

Cranncaas boxukos, Kapuna Murtaposa,
®ununa Bacuiesa

Omoenenue no nvueneuenue, YMBAJI “Ce. Hean Puncku'
EANl, Cogusa

PE3IOME

Bweeoenue: B nocieonume HAKOIKO 200UHU UHDOPMAYUOH-
HUmMe MexXHOI02Ul HABIU3AM 6Ce NO-HACMOSMENHO & Chepa-
Ma Ha MeOUYUHCKama Qu3uxa u KOHKpemHo 6 0baacmma Ha
KOHMPOLA HA KAYeCmEomo Ha paduoio2udHama anapamypa.
Yacm om me3u mexnonozuu ca yed 6asupanu npuiodceHus
30 AOMUHUCIIPUPAHE U KOHMPOT Ha Oetinocmu. EOno maxoea
npunogcenue e QATRACKPLUS.

Len: Jla ce npeocmasu npunosicenuemo QATRACKPLUS u
He208Ume 8b3MOICHOCIU  3d OP2AHUZUPAHEe HA OeUHOCmmd
nO KOHMPON HA KA4ecmeomo, Cb2AACHO HOPMAMUEHAMA
baza 8 6vr2aAPCKOMo 3aKOHOOAMEICMBO.

Mamepuan u memoou: [locouenu ca ocnognume uneHose no
Hapeoba Ne 2 na Munucmepcmeomo Ha 30paseonassanemo
3a YCnosusma u peda Ha OCUZypsasane Ha 3auuma Ha Juyd
npu MeOUYUHCKO 001bUBaAHe, NPU KOUMO MOdice 0d ce USNOI3-
60 NPULONCEHUEMO.

Pesynmamu: [Ipeocmasgenu ca mooynume Ha NpuioiceHue-
mo — 3anuceane HA 2pewKuy, Cepeusnu 3anucu, mecmose u
MAXHOMO ONUcanue U CMAmucmurd, 62padeH KaieHoap u
Opyau 8b3MOANCHOCTNU 30 NOA36AHE.

3aknouenue: QATRACKPLUS, xamo 6esniamen cogpmyep
3a opeanusupane Ha OeUHOCMmMa N0 KOHMPOJL HA KA4eCmeo-
mo, omeosaps Ha ecuuxu usuckeanus om Hapeoba Ne2 na
M3. Moeam 0a 6v0am cvbcmaseHu pa3iuiuHy mecmose, 0CeH
OCHOBHUMeE CNOMeHamu 6 Hapedbama.

Karo4oBu 1ymMu: KOHTPOJ Ha KauyecTBO, Hapenoa,
ye0 IpuioKeHme

BbBEOEHUE

CerimacHo JOKyMeEHTanusaTa, yed OasmpaHusaT codryep
»QATRACKPLUS “ npenoctaBsi Bb3MOKHOCTH 3a M3IOJI3-
BaHE B aJMHUHUCTPATHBHHU U MPAKTHUECKH OOJIACTH Ha pa-
0ora B MenunuHCKaTa Qu3nKka. B agMIHUCTpaTHBHATA YacT
ce BKIIIOUBA - TONIPHKKA Ha MHOKECTBO MOTPEOUTEIICKH
rpynu (HampuMmep aIMUHUCTPATOPH, (QHU3UIHU, EKCIEePTH
M0 MEIUITMHCKA (pU3WKa, aCUCTEHTH, TePalleBTH U AP.) ChC
cnenuGUIHA 332 MOTPEOUTENH U TPYIH MPUBHIICTHH, KaKTO
1 KOH(UTypHpyeMa CHCTEeMa 3a yJOCTOBEpsIBaHE Ha TOTpe-

IMPLEMENTATION OF
QATRACK+ WEB BASED
SYSTEM FOR QUALITY
CONTROL IN RADIATION
THERAPY, IN ACCORDANCE
WITH THE NATIONAL
LEGISLATION IN BULGARIA

Stanislav Bozhikov, Karina Mitarova,
Filipa Vasileva

University Hospital “St. Ivan Rilski”, Sofia
Department of Radiation Therapy

ABSTRACT

Introduction: In the last few years, information
technologies have become more and more insistent in
the field of medical physics and specifically in the field
of quality control of radiological equipment. Some
of these technologies are web-based applications for
the administration and control of activities. One such
application is QATrackPlus (OQATrack+).

Purpose: To present the QATrack+ application and its
possibilities for organizing the quality control activity
according to the normative base in the Bulgarian
legislation.

Material and methods: The main articles of Ordinance
Ne 2 of 5 February 2018 of the Ministry of Health (MoH)
on the conditions and procedure for ensuring protection
of persons in case of medical radiation, under which the
application can be used, are indicated.

Results: The modules of the application are presented
- error recording, service records, tests and their
description and statistics, built-in calendar and other
usage options.

Conclusion: The web application QATrack+, as a free
software for organizing quality control activities, meets
all the requirements of Ordinance Ne2 of the MoH (2).
Various tests can be made in addition to the main ones
mentioned in the regulation.

Key words: quality control, ordinance, web
application

INTRODUCTION

According to the documentation, the web-based
software ,,QATrackPlus® provides opportunities for use
in administrative and practical areas of work in medical
physics. The administrative part includes - support for
multiple user groups (eg administrators, physicists,
medical physics experts, assistants, therapists, etc.)
with user- and group-specific privileges, as well as a
configurable user authentication system. Regarding the
documentation of the current work of medical physicists,
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ourens. [lo oTHOIIEHHE HA BOJIEHE HA JOKYMEHTALMS 110 U3-
II'bJIHEHHE Ha TeKyllara padoTa Ha MEAMIIMHCKUTE (U3UIH
EKCIIEPTH Ca BKJIFOYEHH CIHUCHLU C TECTOBE, Bb3MOXKHOCTH
3a M0JI3BaHe Ha CKPHUIITOBE 32 ObP30 U3UMCIISIBAHE HA PE3yli-
TaTH, BbBEXK1aHe Ha 0A30BH CTOMHOCTH, ONpEJeNIsTHE HAa HUBA
3a jeiicTBue U T.H. Jpyru npenuMcrara Ha TO3U codryep
ca: jepuHUpaHe Ha COOCTBEHM IpaBHJia 32 MOBTOPEHHUE Ha
TECTOBE, C Bb3MOXKHOCT 3a BKJIIOYBAHETO MM B KaJIeHIApeH
rpaduk (CeAMHUYCH, MECEUEH, TOJIyTOMIIeH WU TOJUIICH);
Ch3/1aBaHE HA CEPBU3HU CHOUTHSI, C LIEJI KAaUeCTBOTO Ha pado-
Ta Ha JIMHEWHUS YCKOPUTEN U KOMITIOTBPHUSI TOMOrpad), Kak-
TO W BrpajJIcHH JUarpamu ¢ aHajlu3u Ha JaHHM 32 aKTyaJlHU
YHCJIEHU PE3YJITaTH OT TeCcTOBe. JJaHHHUTE ce BhBEXK/IAT JIECHO
U uMa Obp3 Mperiies 3a UHTerpUpaHe Ha TECTOBH IMPOLEy-
pu BBB GOPMYJISIpH 32 BbBEK/JaHE Ha AaHHU upe3 html unu
BPB3KH KBbM BBHIIIHA JOKyMeHTaus (3).

ITo Hapen6a Ne2 3a ycioBusTa 1 pesa 3a OCUTypsiBaHE 3alIuTa
Ha JinaTa mpu MmeguiHcko oonsuBane QATRACKPLUS mo-
KpuBa ciienHuTe wieHose: Y. 32, am.(4), Ui 36, axn. (6) u an.(7)
u uneHose: 38, 40,41 1 CbOTBETHUTE MPUIIOKEHUS KbM HEsl.

LEN

Jla ce nmpencraBu  IpUIOKEHHETO Ha  codryepa
QATRACKPLUS 3a opranusupaHe Ha IeHHOCTTA 110 U3Mep-
BaHE Ha JO3UMETPUYHHUTE U MEXaHUYHHUTE XapaKTePHUCTUKH
Ha paJMoJIOrMYHATA anapaTypa o ChbOTBETHUTE YICHOBE Ha
Hapen6a Ne2 ma M3, KakTO ¥ BB3MOKHOCTUTE MY Ja CIIECTsI-
Ba BpPEME U YOBEILIKH PECypC.

MATEPUANN U METOAU

KonTtpomnsr Ha xauectBo (QC) € cucrema OT pyTHHHHU TEXHHU-
YEeCKH JICHHOCTH 3a M3MEpBaHe M KOHTPOJI HA IMapaMeTpu Ha
paauosornyHa anaparypa. Tol ocurypsiBa U3I'bJIHEHUETO HA
PYTHHHH U IIOCJIENOBATEIHU IIPOBEPKH, TapaHTHPANKH MpH-
€MCTBEHOCT Ha M3MEPBAHMSTA, KOPEKTHOCTTa M IIBJIIHOTATa
Ha JAHHUTEC, KAKTO U I/IIIeHTI/Iq)I/IHI/IpaHe U OTCTpaHsABAaHC Ha
rpemku. JIeWHOCTUTE MO KOHTPOJ Ha KauecTBO (QA) BKIIOY-
BaT TECTOBE 3a H3M'BJIIHEHHUE, Pa3padOTEeHH OT CHOTBETHUTE
MEIUIIMHCKN (UMM EKCIIEPTH B CHOTBETHHUTE O00JACTH.
[TpurexkaBaHeTo Ha apXUB € HEOOXOAMMOCT, KOSITO 1aBa Bb3-
MO’KHOCT IO BCSIKO BpeMe Jia O'bjie J0CThIIHA HH(pOpMaIUsITa
OT U3MHMHAJIH TECTOBE 32 ITPETJIe]] U IoceBall ananus (4).

QATRACKPLUS e ye6 0azupaHo TpHIIOKEHHE, HAITUCAHO
Ha ardopma Django, pa3pabOTEHO HA MOMYJISPHHS €3UK
3a mporpamupatne Python. OcHoBHaTa (yHKIIMOHAIHOCT Ha
MPUJIOKEHUETO € Ja ObJaT 3alnucaHy, MPOBEPEHH U aHaJIH-
3UpaHu Ha0Op OT JAaHHHU, U3IMOJI3BAKU yeO Opay3ep, KbJICTO
npunoxenneto QATRACKPLUS e noctenno. [Ipunoxenue-
TO € MHCTaNIMpaHo Ha chpBbpHA utatpopma UBUNTU ummn
Ipyra chpBBbpHa cucteMa. [logpoOHa MOKyMEHTAITHS MOXKE Ja
0pae HamepeHa Ha opurmanans caidt Ha QATRACKPLUS .

Crneundukanusita Ha UHCTAIMPAHATA BEPCUS B OT/CJICHUETO
e:

OnepanuonHa cuctema — UBUNTU server 18.04 LTS
VYeo copBuc 3a xoctBaHe - Apache 2.4, Bepcust QATrackPlus 3.1.

experts include lists of tests, opportunities to use scripts to
quickly calculate results, enter baseline values, determine
levels of action, etc. Other advantages of this software
are: defining your own rules for repeating tests, with
the possibility of including them in a calendar schedule
(weekly, monthly, semi-annual or annual); creation of
service events in order to ensure the quality of operation
of the linear accelerator and computed tomography, as
well as built-in diagrams with data analysis for current
numerical test results. Data is easy to enter and there is a
quick overview for integrating test procedures into data
entry forms via html or links to external documentation

Q)

Following the Ordinance Ne 2 as of 5 February 2018 of
the MoH on the conditions and procedure for ensuring
protection of persons in case of medical radiation
QATrack+ covers the following articles: Art. 32, para (4),
Art. 36, para. (6) and para (7) and Articles: 38, 40, 41 and
the respective appendices to it.

AIM

To present the application of the QATrack+ software for
organizing the activity for measuring the dosimetric and
mechanical characteristics of the radiological equipment
according to the respective articles of Ordinance Ne2
of the MoH, as well as its possibilities to save time and
human resources.

MATERIAL AND METHODS

Quality control (QC) is a system of routine technical
activities for measuring and controlling the parameters
of radiological equipment. It ensures the performance
of routine and consistent checks, ensuring continuity of
measurements, accuracy and completeness of data, as
well as identification and elimination of errors. Quality
assurance (QA) activities include performance tests
developed by relevant medical physicists and experts in
the relevant fields. Having an archive is a necessity that
allows information from past tests to be reviewed and
analyzed at any time (4).

QATrack+ is developed in the popular Python
programming language using the Django web framework.
The main functionality of the application is to record,
verify and analyze a set of data using a web browser
where the QATrack+ application is available. The
application is installed on a UBUNTU server platform
or other server system. Detailed documentation can be
found on the official QATrack+ website.

The specification of the installed version in the Radiation
therapy department is:

Operating system - Ubuntu Server 18.04 LTS

Web hosting service - Apache HTTP Server Version 2.4
QATrackPlus version 0.3.1.
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METOOM

ITo Hapen6a Ne2 ca 3a70KeHU CICAHUTE WICHOBE, KOUTO HHE
YCIISIXME YCIIEIIHO Ja UMIUIEMEHTHPaMe B HAIIETO OT/ele-
HHE.

Yn. 32, an. (4) 3a écsxa paduonocuuna anapamypa ce cv30a-
8a docue, Koemo ce CoXpausiea 6 CMpyKmMypHOmMo 36eHO HA
JleyebHomo 3a8edeHue 00 OPaKys8anemo Ha anapamypamad.

Yn. 36. (1) Jleuebnomo 3asedenue opeanuzupa mexHuiecxka
HOOOPBIICKA U PEMOHM HA U3NOL36AHAMA PAOUOTOSUYHA
anapamypa ¢ nepuoOuyHOCM Cb2IACHO NPEeOnUCAHUAMA
Ha npou3zeooumels, Ho He nogeye om 6 meceya.

an. (6) 3a ecaka Oelinocm no pesusus, PeMOHM, mex-
HUYECKa N0OOPBICKA U Op. HA padUoI0cUYHAMA and-
pamypa ce u320mes NUCMeH NPOMOKOI, 8 KOUmo ce
snuceam: oamama, ONUCaHue Ha U3BbPUIeHama Oeli-
HOCM, U36bPUIEHU OONBIHUMENIHU MeCMOo8e, 3aKII0-
yeHue no mexHuieckama 200HOCM Ha anapamypamd,
UMeHa u NOONUC HA TUYEMO, U3EbPULUILO OCTIHOCTNMA.

an. (7) B cayuai Ha noomana Ha OocHO8HU uacmu HA
anapamypama 6 npomokona no ai. 6 ce ombenss-
eam cepuitlHume Homepa Ha NOOMeHeHama U Ho8ama
yacm, a KoM OOKYMEHMayusama Ha anapama ce 0o-
basam OOKyMeHmu ¢ He208ume mexHu4ecKu Xapax-
mepucmuKy U, ako e NPpUuioHCUMo — Oekiapayus 3d
cvomeemcmaue, CbeAacHo 3aKona 3a mexnudecKume
u3UCK8aHUus KoM npooykmume ai. (8). [Ipomoxonrvm
no an.6 u OoKymernmume no ai.7 ca HepazoeiHa 4acm
om oocuemo no 4n. 32, an.4.

Yn.38 (1) Ilyckosomo usnumeane ce npogexcoa Henocpeo-
CMBEHO c1ed NpedsapumenHono NPUeMHO UNUMBEAHe U
uma 3a yenu:

2. lonyuasane na 6a306u cmounocmu Ha u3uKo-mexuuye-
ckume napamempu om Ipunodscenus Ne6, 7 unu 8, Heoo-
XOOuUMU 30 CPABHABAHE C pe3ymamume om nOCIe08aui-
me nepuoOudHY U3NUMEAHUSL.

3. 3a nyckosomo usnumeane ce u320mes NPOMOKOJ, 6KIIOY-
sawy:

1. Haumenosanue u adpec na obekma — ieueOHo 3a6ede-
Hue, omoenenue, Kabunem;

2. udeHmu@uKayuoHHu OAHHU 304 NPOBePABAHAMA aANd-
pamypa, 6KIOUUMENHO NPOU3EOOUMEN U CePULIHU HO-
Mepa Ha OCHOBHUNE KOMNOHEHMU,

3. OauHu 3a u3nonzeanume cpedcmed 3a uUsmepsawe,
BKIIOYUMENHO CePULIHU HOMePA U HOMepama Ha cep-
mupukamume/npomoxkonume om Mempor0SULHUSI
KOHMPOJI HA CPeOCmEOmo 3a uzmepgane u iabopa-
mopuama, u30aia cepmupukama/npomoxona;

METHODS

Ordinance Ne2 includes the following articles,
which we managed to successfully implement in our
department.

Art. 32, para. (4) A dossier is created for each radiological
equipment, which is stored in the structural unit of the
medical institution until the equipment is scrapped.

Art. 36. (1) The medical institution organizes technical
maintenance and repair of the used radiological
equipment with periodicity according to the
manufacturer's instructions, but not more than 6
months.

Para. (6) For each activity of audit, repair, technical
maintenance, etc. a written protocol shall be
prepared on the radiological equipment, in which
shall be entered: the date; description of the
performed activity, performed additional tests;
conclusion on the technical suitability of the
equipment, names and signature of the person
who performed the activity.

Para. (7) In case of replacement of main parts of the
equipment in the protocol under par. 6 the serial
numbers of the replaced and the new part shall
be noted, and to the documentation of the device
shall be added documents with its technical
characteristics and, if applicable - declaration of
conformity, according to the Law for the technical
requirements to the products para. (8). The
protocol under para 6 and the documents under
para 7 shall be an integral part of the dossier
under Art. 32, para 4.

Art. 38 (1) The commissioning test shall be carried out
immediately after the preliminary acceptance test and
shall aim at:

2. Obtaining basic values of the physical and technical
parameters from Annexes Ne6, 7 or 8, necessary for
comparison with the results of subsequent periodic
tests.

3. Areport shall be drawn up for the commissioning test,
including:

1. name and address of the site - medical
establishment, ward, office;

2. identification data for the inspected equipment,
including manufacturer and serial numbers of the
main components;

3. datafortheused measuring instruments, including
serial numbers and numbers of the certificates /
protocols from the metrological control of the
measuring instrument and the laboratory, which
has issued the certificate / protocol;
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4. cnucvk Ha Hanpaeenume usmepeaHusl C¢ nojydeHume
pesyaimamu, 6KJAI04YUMENHO YCI068U Ama Ha usmepsane,

5. manpasenu koncmamayuu 3a cbomeemcmsue Ha mex-
HUuYeckume napamempu Ha ypedbama ¢ mexHuiecka-
ma cneyuguxayus Ha ypeobama u ¢ U3UCKEAHUAMA HA
yn. 31 u 32;

6. 3aKnI0YeHUe 3a BBLIMOICHOCIMA 30 KIUHUYHO U3NOA3-
6aHe Ha anapamypama u npenopvKu 3a ONMUMUIAYUS
Ha pedicuma Ha paboma,

7. Oama, MSACMO UMe U NOONUC HA uszevpuiuiume usnum-
s8daHemo.

Yn. 40. (1) Ilo épeme na kiuHuyHamMa eKCNA0AmMayus Ha ana-
pamypama ce npogexcoam nepuoOudHuU USNUMEAHUS 3d
Nno00BPIICAHEe HA KAYeCcmeomo u 6e30nacHocmma Ha ouae-
HOCMUYHUS U IeueOHUs npoyec.

(2) Ilepuoouunume usnumeanus ce npogexrcoam no npo-
epamama 3a KOHMpOA Ha Kavecmeomo no ui. 37.

(3) Cmotinocmume Ha Qu3uko-mexHuweckume napame-
mpu, NOIYUeHU NpU NePpUOOUYHUME USNUMBAHUS, Ce
cpasusigam ¢ 6azo8ume CMOUHOCMU OM NYCKOGUMe
uznumeanus no 4i. 38, an. 1, m.2.

(4) 3a scaxo nepuoouuHo uznumeare ce U320M8s NPOMo-
KOJl, cvOvporcawy ungopmayuama no ya. 38, ar. 3 u
3aKAI0UEeHUe OMHOCHO 8b3MOJICHOCMMA 304 KIUHUYHA
eKCnioamayus Ha anapamypamd.

Yn. 41. (1) H36vHnaanoo uznumeane Ha paouoiocudnama
anapamypa ce npogsexicod cieo:

1. pemonmu u noomsaHa Ha eremeHmu Ha anapamypama,
KOUMO NPSKO BAUAAN 6BbPXY PEACUMA HA paboma uiu
BbPXY PAOUAYUOHHANA 3AWUMA,

2. npu ycmanoGeHUu MeXHUYEeCKU HeU3npasHocmu uiu
npobremu npu paboma ¢ anapamypama,

3. Koeamo anapamypama He e u3noN36aHa noseue om 6
Meceya.

(2) H38vHnianogume usnumeaHus ce npoeexicoam no peod Ha
us. 38.

Ilpunoscenue Ne 8 kom un. 32, an. 1, m. 3. uzuko-mexnuye-
CKU USUCKBAHUS U NPOSPAMA 3a KOHMPOT HA KA4eCmEono
Ha ypedbume 3a 1vueieyeHue

OT cp3mafeHaTa IporpaMa 3a OCUrypsiBaHe Ha KauecTBOTO B
OTAEJIEHHETO Ce CIe[Ba 0COKaTa Ha M3I'bJIIHEHUE Ha CHOT-
BETHUTE JIEWHOCTH, 1T0Ka3aHu Ha ¢urypa 1 u gurypa 2.
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4. list of the performed measurements with the
obtained results, including the conditions of
measurement,;

5. findings for compliance of the technical parameters
of the system with the technical specification of
the system and with the requirements of art. 31
and 32;

6. conclusion on the possibility for clinical use of the
equipment and recommendations for optimization
of the operating mode;

7. date, place, name and signature of the testers.

Art. 40. (1) During the clinical operation of the equipment,
periodic tests shall be conducted to maintain the
quality and safety of the diagnostic and treatment
process.

(2) The periodic tests shall be carried out under the
quality control program under Art. 37.

(3) The values of the physical and technical
parameters, obtained during the periodic tests,
shall be compared with the basic values from the
commissioning tests under art. 38, para. 1, v.2.

(4) For each periodic test a protocol shall be prepared,
containing the information under art. 38, para.
3 and a conclusion regarding the possibility for
clinical operation of the equipment.

Art. 41. (1) Unscheduled testing of the radiological
equipment shall be carried out after:

1. repairs and replacement of elements of the equipment,
which directly affect the mode of operation or the
radiation protection;

2. in case of established technical malfunctions or
problems when working with the equipment;

3. when the equipment has not been used for more than
6 months.

(2) H3zevHunaanosume usnumeamnuss ce nposeicoam no
peoa na un. 38.

Appendix Ne 8 to Art. 32, para. 1, item 3. Physical
and technical requirements and program for quality
control of the radiotherapy systems

The direction of implementation of the respective
activities shown in Figure 1 and Figure 2 follows from
the established program for quality assurance in the
department.
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Que. 1. Cxema 3a delicmeue rnpu npoghunakmuka

Figure. 1. Scheme of action in prevention
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testing
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AWBMETDMUHMTE
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Que. 2. Cxema 3a delicmeue npu U38bHPEOHU CriupaHusi

Figure 2. Scheme of action in case of emergency
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Ha ¢wur. 2 Bmxname mporenypara 3a JeHCTBHUS PU U3BBHH-
PEIHM CIIUPAaHUS M OCHOBHUTE CTBIKHU 3a U3I'BIHEHHE IPH
U3BBHpENHA cUTyalus. BexHara ce 3ammcBa cepBH3Ha Oe-
nexxka B QATRACKPLUS, koeto e mokazaHo Ha ¢ur. 3, u
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In Figure 2 we see the procedure for actions in
case of emergency stops and the main steps for
implementation in case of emergency. A service
note is immediately saved in QATrackPlus, which
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ce yJIocToBepsiBa MpodJieMbT, KOITO € yctaHoBeH. Ciielr ToBa
ce CBBpP3BAME CBHC CEpBU3a, KOMTO 0OCIyKBa MallUHATA.
Cren [uarHOCTULMpPaHE OT MHI)KEHEPUTE M CHOTBETHO H3-
BBPIICH PEMOHT, Ce IpaBH MIPOBEPKA U CE TECTBa MalIHATA.
Tosa cwbimo ce 3anucBa B nporpamata QATRACKPLUS u
ce mpaBsT HEOOXOAMMHTE TECTOBE 32 KOHKpETHara IoBpe-
na. ExkcriepTsT MenuuuHCKH GU3MK TpsOBa Ja MOTBBPAM B
QATRACKPLUS, ye ca HampaBeHH BCHYKH HEOOXOIMMHU
MPOLEyPH OTHOCHO BB3HHUKHAJIUS MPOOJIEM U Jia 3aBbPLIH
craryca Ha nposepeH. [1o To3n HaYMH Beve € MPUKIIoYEeHA
Ta3M CepBU3HA OPBUKA, HO € 3arla3eHa B 0a3ara 1 MoXe Ipu
BCsAKa €Ha 1Mojo0Ha CUTyalus Jja ce CIIECTH BpeMme 3a OT-
CTPaHsIBAHETO H.

Ha ¢ur. 1 e mpencraBena mporeaypara 3a ISHCTBHE 0 BpeMe
Ha TmepuoAnYHa npoduiakTuka. V3BepmIBaT ce mpeaBapu-
TEJTHU TECTOBE MPEIH IIpedaBaHe Ha WHKCHEPHUTE, 3a J]a TMa
0a3uc Ha MalllWHATa TIPEIU U CJe]] U3BhpIICHaTa MPOodUIaK-
THKa. 3alIUCBaT CE€ Pe3yJITaTUTE OT OCHOBHUTE TECTOBE, KOU-
To ca HeoOxomumu B QATRACKPLUS, a ciex npenaBane Ha
MAaIIMHATA OT HHXKCHEPHUTE, PE3YIATATHTE OTHOBO CE 3aIIHCBAT.
Taka uma pe3ynaTaTu Ipeau U ciel NpoduilakTUKaTa, KOeTo
HOCH HH(POPMATHBHOCT OTHOCHO CHCTOSTHIETO HAa MAIlTHHATA.

PE3YJNTATH

PesynTarure ca onucaHu B IOCIIEIOBATEIHOCT HA YJICHOBETE
OT Hape/0ara, U3IbJIHEHUETO Ha KOMTO CE OCHILIECTBSIBA C
nomotnra Ha QATRACKPLUS, kakTo cienBa:

1. Tlo Y. 32, an. 4. — Cbc ch3/1aBAaHETO HA TECTOBETE CE 3a-
JlaBa U 00CKT, OTTOBApSI HA UMETO Ha ChOTBETHATA Pa-
JIHOJIOTHYHA anapaTypa, YMUTO XapaKTePUCTUKU OUBAT
OIMCAaHU — MACTO, 1aTa Ha HHCTAJalUsl, CEPUEH HOMED U
T.H.

2. Tlo un. 36 u . 38. TPHIOKEHHETO MO3BOJISIBA CH3/a-
BaHE Ha MOJAPOOHO omucaHa OeekKa 1Mo OTHONICHUE Ha
CHOTBETHATA CEPBU3HA MPOIIEYypPa, U3BBPIICHA OT Cep-
BU3HHUTE MH)KEHEPHU, KAKTO U MOCJEIBALIUTE ICHHOCTH,
W3BBPIICHH OT MEAUIUHCKUTE (usuuu excreptu. Ha
¢wur. 3 e mpencrtaBeHa mpuMepHa OelekKa, Ha KOSTO €
BIiMcaHa nH(OpPMAIUs, KATO MO-Ba)KHATA €:

2.1. MecTomnonoXeHue Ha CepBu3a;

2.2. PapnonornyHa ypeada 3a cepBu3;

2.3. Onncanue Ha mpobiema;

2.4. llpenuuiau nogoOHu NpodIeMH, aKo UMa TaKUBA;

2.5. Jlunara, yuyacTBaIly NPy OTCTpaHsIBaHE HA Mpooiie-
Ma;

2.6. [IpoAbJIKMTETHOCT HAa JEHHOCTTA B YaCOBE;

2.7. 3BbpiIeHa mpoBepKa OT MEIUIIMHCKH (PUBHK E€KC-
nepT, yJ0CTOBepsiBallla T'OJAHOCTTa Ha ypendara 3a
eKCIUIoaTallHs;

2.8. CbOTBETHUTE JAaTH U YacOBE HAa U3BBPIIBAHE Ha
JIEMHOCTUTE.
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is shown in Figure 3, and certifies the problem that
has been identified. Then we contact the service
that maintains the machine. After diagnostics by the
engineers and respectively performed repairs, the
machine is inspected and tested. This is also recorded
in the QATrackPlus program and the necessary tests
are performed for the specific fault. The medical
physicist must confirm in QATrackPlus that all
necessary procedures have been performed regarding
the problem and complete the status of the inspected.
In this way, this service order has already been
completed, but it is kept in the database and can save
time for its removal in any such situation.

Figure 1 shows the procedure for action during periodic
prophylaxis. Preliminary tests are performed before
handing over to the engineers in order to have a basis
for the machine before and after the maintenance. The
results of the basic tests required in QATrackPlus are
recorded, and after the machine has been handed over
by the engineers, the results are recorded again. Thus,
there are results before and after maintenance, which
brings information about the condition of the machine.

RESULTS

The results are described in sequence of the articles of
the ordinance, the implementation of which is carried
out with the help of QATrackPlus, as follows:

1. Under Art. 32, para. 4. - With the creation of the tests,
an object corresponding to the name of the respective
radiological equipment is set, the characteristics of
which are described - place, date of installation,
serial number, etc.

2. Under Art. 36 and Art. 38. the application allows the
creation of a detailed note regarding the relevant
service procedure performed by the service
engineers, as well as the follow-up activities
performed by medical medical physicists. In FIG. 3,
a sample note is presented, on which information is
entered, the most important being:

2.1. Location of the service;

2.2. Radiological service equipment;

2.3. Description of the problem;

2.4. Previous similar problems, if any;

2.5. The people involved in fixing the problem;
2.6. Duration of the activity in hours;

2.7. Carried out by an expert medical physicist,
certifying the suitability of the system for
operation;

2.8. Relevant dates and times of the activities.
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®uz. 3. CepesuseH NPOMOKO/ 3a CbomeemHama cepeusHa
npouedypa, usebpLieHa oM CeP8UHUME UHXEHePU

Figure 3. Service protocol for the relevant service
procedure performed by the service engineers

QATrack+ Reports

Service Event 42 - 23 Aug 2021 03:47

Report Information ::
Report Type:
Generated:

View on site:

Service Event Details

11 Mow 2021 02:40:16

23 Aug 2021 03:47
This report includes details of all

Service Event 42
Report Description:
Service Events from a giventime
peried for selected units

Service Event #42

Work Description:

Initiated By: No associated QC Session
Related Service Events: No ossociated Service Events
Group Members Involved: No linked group members

Work Durations: No work durations

Return To Service 30 Aug 20210330 sb
Comments:

Parts Used: No Parts Used

Return To Service QC: MNOCTORHHOCT HA KANWGPOBKA

Filter Details ::
Service Date:
Site(s):
Unit(s):

23 Aug 2021 - 23 Aug 2021

OTgenedne no NvuenedyeHne -
TrueBeam STX
Service Type:

Service Area; Misc,

Site :: OTAeneHune no J/ivyeneyeHue

Service Date Unit Service Area Service Type  Service Time Lost Time Status
23 Aug 2021 TrueBeam Accelerator Extensive Not Set Not set Approved
5TX
Created By: sb (sunslaviEhotmail .com) 23 Aug 2021 03:43
Last Modified By:

Problem Description: Mpd NpUCTUraHe Ha paboTpa ANAPATA & B He paboTHO CheToAHME BGM [obaseHo & Macno

Safety Precautions: MayWeHTHTE C& MIBMKBAT 38 CNEOBAWMWAT AeH

30 Aug 2021 00:32

CwmAHA Ha yacT

3. Tlo un. 38., IIpunoxenue Ne 8:

Ha ¢ur. 4. ca moka3aHn BCHYKH BHIOBE TECTOBE, KOUTO H3-
I'bJIHABaME. Te ca B HAKOJIKO pa3AeiCHUs: JHEBHHU, MECEUHH
u rogumHu. TecToBeTe Morar ja ObaT IPyHHPAHH B TPYTIH

WJIM B CIUCHIH. (3)

3. Under Art. 38., Annex Ne &:

In Figure 4. all types of tests that we perform are shown.
They are in several divisions: daily, monthly and annual.

The tests can be grouped in groups or in lists. (3)
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@ue. 4. Budose mecmose, koumo ce usnbrHasam (3) Figure 4. Types of tests performed (3)
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Que. 5. BreexdaHe Ha 0aHHU 3a 8epugbuKayUOHHU Figure 5. Data entry for verification measurements -
usmepsaHus — WL test W-L test
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Ha ¢urypa 5 ca mokazanu pe3ynrari, KOUTO 3aIIICBaME ITPH Figure 5 shows the results that we record when measuring
n3MmepBaHe Ha WL test. IIpeaumcTBO Ha porpamara e, 4e ce the WL test. An advantage of the program is that a
n00aBst pehepeHTHa CTOIHOCT, KOSTO, aKO € MO-BUCOKA WIIH reference value is added, which, if higher or lower, glows
MO-HUCKA, CBETU B OPAHIKEBO UJIU YEPBEHO, aKO HE € B KpH- orange or red if it is not in the benchmark criterion. Table
Tepuii Ha pedepeHTHa croiiHocT. Ha Tabnuua 1 ca mpencra- 1 presents the detailed results of the daily Winston-Lutz
BEHU Pa3r'bHATH PE3YJITaTH OT eXeaHeBHa mpoBepka WL test (W-L) test.
(Winston Lutz test).
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Ta6bnuya 1. Pesaynmamu om exedHesHa niposepka - WL test

Table 1. Results of daily routine inspection — W-L test

U3oueHTp. aAnameTbp PedepeHTHa [ata / Data U3oueHTp. anameTsbp PedepeHTHa
rentpm / croitHocT / maca / croitHoct /
Isocenter diameter gantry Reference value Isocenter diameter mass Reference value
0.83 1 11/4/2021 - 13:01 0.46 1
0.83 1 11/5/2021 - 8:30 0.54 1
0.81 1 11/8/2021 - 8:17 0.68 1
0.84 1 11/9/2021 - 8:29 0.98 1
0.8 1 11/10/2021 - 8:04 0.72 1
0.84 1 11/11/2021 - 7:57 0.93 1

['enepupaHeTo Ha MPOTOKOI MOXKE Jia ce BUIU Ha (urypa ©.
ITporpamata QATRACKPLUS uma Bb3MOKHOCTTA J1a TeHe-
pupa rpaduKu U TabNKIK, CTATUCTHKA HA JaHHKUTE. B mpoTo-
KOJIa ce BUK/Ia Isi1aTa MH(OpPMAIKst OTHOCHO TECTa, B CITydast
TOBa ca MOCTOSTHHOCTTA Ha jo3ara (Output) Ha BCUUKU eHep-
ruu, kouto u3nonazsame (10MV, 8MV, 10FFF, 6MV u 6FFF).

@ue. 6. [lpomokon 3a uzebpuieHa rnposepka om meo. husuK

ekcriepm 8 nbyenedyeHuemo (3)

The generation of a protocol can be seen in Figure 6.
The QATrackKPlus program has the ability to generate
graphs and tables, data statistics. The protocol shows
all the information about the test: in this case the dose
outputs of all the energies we use (10MV, SMV, 10FFF,
6MYV and 6FFF).

Figure. 6. Protocol for an inspection performed by a

medical physicist expert in radiotherapy (3)
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OBCBHXOAHE

W3non3BaHeTo Ha €JIEKTPOHEH JTHEBHUK, KAKBOTO € Mpe/cTa-
BeHoTo npuioxeane QATRACKPLUS, naBa Bb3MOKHOCT 3a
M3MBbJIHEHUE Ha 4jeHoBe oT Hapenba No2, cBbp3aHU ¢ KOH-
TpOJia Ha Ka4eCTBOTO Ha PaJIMOJIOrMUHATA anaparypa.

[TpearMCTBO Ha MPUIIOKEHUETO € U BB3MOXKHOCTTA 33 OBbp3
aHaJIM3 Ha IAaHHUTE OT MPOBEPKUTE, TOYHOCTTA Ha U3ITbIIHE-
HUETO UM, IEPHOJUYHOCTTA, C KOSTO Ca BKJIIOUCHH, U3IIBJI-
HsIBallK¥ IIporpamara 3a KOHTPOJI Ha KauecTBOTO. Ch3/1aBaHe
Ha eHa o0mia 6asza JaHHM C PEe3yJITaTUTE OT TECTOBETE, 3a-
noxxeHu B Hapen0ata, KakTo U JOI'BJIHUTEIIHN TAaKHBaA, MOXKE
Ja Ob/ie B TOJI3a MPH CPaBHSBAHE HA JaHHU OT MPOBEPKH Ha
paanoJoruyHaTa arnaparypa Mexay LeHTtposere. ToBa raBa
BB3MOXHOCT 32 0OMEH Ha HH(OpPMAIKS, JIECHO MPETrJIeK 1aHe
Ha JJaHHU B PEaJTHO BpeMe, KaKTO U Bb3MOXXHOCTH 32 YChBBP-
IICHCTBAHE.

3AKINIOYEHUE

LlenTpanu3upaHeTo Ha BCHYKH JaHHHU OT W3MEPBaHUs 110
KOHTPOJ Ha KayeCTBOTO C IOMOINTAa HAa MPUIOKEHHETO
QATRACKPLUS naBa Bb3MOXKHOCT 32 BBBEXJaHE, aHATU3
W IIperJie/l Ha JIaHHH, CIIECTsIBA BpeMe, YBelInvaBa sICHOTaTa
o onpesensiHe Ha rpeurky. ToBa mopax/ja KOHUEMIHITA 32
MPOCIIE/ISIBAHE HA OCUTYPSIBAHETO HA KAYE€CTBO, KOSITO MO3BO-
JsBa HA OTTOBOPHMTE JIMIA A3 HAOJIIOJaBaT U3MI'BIHEHUETO
Ha [POIIECUTE U € OTIIPABHA TOUKA TP U3rPAXKTAHETO HA 15
JIOCTHA U e(eKTHUBHA CHCTEMA 32 YIIPaBIICHHE.
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DISCUSSION

The use of an electronic diary, such as the presented
QATrackPlus application, enables the implementation of
articles of Ordinance No2 related to the quality control of
radiological equipment.

An advantage of the application is the ability to quickly
analyze the data from the inspections, the accuracy
of their implementation, the frequency with which
they are included in the implementation of the quality
control program. Creating a common database with the
results of the tests set out in the Ordinance, as well as
additional ones, may be useful when comparing data
from inspections of radiological equipment between the
centers. This allows for the exchange of information,
easy viewing of real-time data, and opportunities for
improvement.

CONCLUSION:

Centralizing all data from quality control measurements
with the help of the QATrackPlus application allows for
data entry, analysis and review, saves time, increases
clarity in determining errors. This gives rise to the concept
of quality assurance monitoring, which allows those
responsible to monitor the implementation of processes
and is a starting point in building a comprehensive and
effective management system.
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