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[anoBHi kojeru!

HaBuanbHo-HaykoBHil 1eHTp pamianiiinoi Oesneku KuiBcbkoro
HalioHaJgbHOro yHiBepcutTeTy iMeHi Tapaca IlleBuenka Ta
Bceykpaincbke 00’eqHaHHS MeIMYHUX (DI3UKIB Ta 1HXKEHEPIB LIUPO
BISYHI HAIIUM CIOHCOpaM 1 kojeram, a came T1OB «HBO
«Teneontuka», TOB «Toprosuit aim «Omera-Kuis», npodeccopy
[Mununenko Mukoni IBaHOBMYY 3a MHIATPUMKY B oOpraHizamii Ta
nposeneHHi B 2020 poui IX MibxnapoaHoi koHpepeHuii «Meandyna
¢i3uka — cydacHuil craH, mpoOyiemH, HIUIAXH pO3BUTKY. HoBiTHI
TEXHOJIOT'11».

3aBasdkk  IXHBOMY  3aXOIUICHHIO  MEIWYHOK  (Di3WKOIO,
MPOBA/DKCHHSM IHHOBAIIMHUX TEXHOJOTIH Ta YYJOBUM JIFOJICHKUM
SKOCTSIM MM MaJd  MOXJIMBICTh  HAAPYKyBaTH  Marepiaiu
koH(pepeHii, a Bu Tpumaru ix 3apa3 y pykax.

HaBuanpHO-HayKkOBUil 1eHTp paaiaimiiiHoi Oe3nexkun KwuiBchbkoro
HaI[lOHAJIBHOTO YHiBepcuTeTy iMeHi Tapaca IlleBuenka 3anpornrye y
2021 poui Ha KypcH miaBUIIeHHS KkBamidikamii «Pamianiiina 6e3neka
MIpY 3MIIICHEHHI OKpEMUX BHUIIB TISUTBHOCTI B Cepi BUKOPHUCTAHHS
saepHoi eHeprii» http://rb.univ.kiev.ua/ 3a nanpsimamu:

1. BupoOHHIITBO JKEpes 10HI3YI0UOr0 BUIIPOMIHIOBaHHS.

2. BuxopucraHHS  JpKepedl  1OHI3yI0YOro  BHIIPOMIHIOBaHHS

(MenuIIMHA, TPOMKCIIOBICTh, HAYKOBI JOCIIDKEHHS IHINI Tamy3i

HapOJHOT'0 TOCIIOAPCTRA).

3. [lepeBe3eHHS paioaKTUBHUX MaTepiaiB.

4. TToBO/KCHHS 3 PalioaKTHBHUMH BiIXOJaMH.

3amponryeMo Ha KypcH MiIBHIIEHHS KBamiikarii MeaquaHuX
¢i3ukiB «3a0e3meueHHs IKOCT1 B PalioJIorii».

Marouu y CBOEMY PO3IOPSIKEHHI KOMIIETEHTHUH MepCOHal,
MapTHEPChbKI ~ CTOCYHKH 3  MPOBIIHUMH  BITYM3HSHUMH,
MDKHApOIHUMU OpTaHi3aIisiMK 1 (paxiBISIMH B Taly31 paiamiiHo1
Oe3meky Ta BHKOPUCTOBYIOYH KpalllMi CBITOBHI  JOCBIf,
akymyiboBaHuH y Hopmax Oesnmeku MAI'ATE, MixkuapomaHoi
KOMICiT 3 paioJIOTIYHOr0 3aXUCTy, IHIIUX MDKHApPOJIHUX
oprasizailiif, MU MparHemMo 3MIIHUTH CBOIO MTO3UILIIO SK HAIIHHOT O
MoCcTa4aIbHUKA TTOCIYT 13 3a0€31CUCHHS palialliiHol Oe3MeKH.

3 moBaroro Oprkomiter KoHpepeHuii



1. HapuyaHH#A Ta NiAroTOBKAa MeANYHUX (i3ukiB
Education and training of medical physicists

HNICJIAIUIIIIOMHA ITTIIAIN'OTOBKA IH)KEHEPIB-
®I3UKIB TA ME/IMUHUX ®PI3UKIB HA OCBITHIN

BA3I XAPKIBCBKOI'O HALIIOHAJIBHOI'O

YHIBEPCUTETY PAJIOEJEKTPOHIKHA
A.C. Makienko'?", J1.O. ABep’sinoBa®, B.Il. Ctapenbkuii'
YTV «Iucmumym meduunoi padionozii ma onxonozii im. C. I1. I'puzop ‘céa
Hayionanvnoi akademii meouunux nayx Yrpainuy, Xapkis, Yxpaina
2 Xapxiscokuii padiomexuivnuii konedaic, Xapkie, Yipaina

8 Xapxiscokuil Hayionansnuil yHigepcumem paodioenexmpouixu, Xapxis,
Vkpaina *+380631052015, makienko.alla@gmail.com

AHoTtanisi. Ha ceoroai y 3B°53Ky 31 3pOCTaHHIM KUTBKOCTI XBOPHX Ha
paK Ta BUKOPHUCTAaHHAM HOBITHBOT'O Ta Cy4daCHOro 06HaZIHaHH5[ BHUHHKA€E
norpeda y kBamidikoBaHMX MeIWYHUX (i3MKax Ta iHkeHepax-(i3uKkax.
Tomy Bxke 6arato pokiB MPaKTHUKYETHCS MiJATOTOBKA IUX CIIEIIAICTIB Y
paMKkax crerianpHocTi «biomennyana imkeHepis» y XHYPE 3a yuactio
Y «IMPO im. C. I1. I'purop’eBa HAMH Ykpainu», 1o Ma€e mo3uTHBHI
MIPaKTHYHI Pe3yJIbTaTH.
KmrouoBi cioBa: menuunuii Qi3uk, iHKeHep-(QI3UK, OMPOMIHEHHS,
TIPOMEHEBA Tepaltis, TO3UMETPIs.

3a pmanuMm MiHIicTepcTBa OXOpPOHHU 370pOB’S  YKpaiHa
3HAXOJIUTHCS CEepeJl IEP>KaB 3 BUCOKUM PIBHEM 3aXBOPIOBAHOCTI Ha
pak. llopiuro 61u3bK0 65 THCSIY 0CIO MTOMUPAIOTH Bix paky, a 140
TUCSAY JII3HAIOTHCS MPO CBOIO XBOpoOy. Ilpu mpomy B ocTaHHI
JECSITUIIITTS. CIIOCTEPIraeThCs TEHJIEHI[IST 3HM)KEHHS CEPeIHBOTO
BiKy xBopux. Ha mpuknaai paky rpynHoi 3ayio3u B YKpaiHi y
2018 p. miarHoctoBaHo 14872 HOBUX BHIIQJKIB, IO CTAaHOBUTH
77,5 wa 100 Tuc. HacenmeHHs. 3arajibHa KUIBKICTH IMOMEPIUX
npotsarom 2018 poky ckimana 5679 xinok (29,6 na 100 TwHC.
HACEJIeHHs), TPHU IboMy 9,4% Briepilie BUSBICHUX MPOKUIN MEHIII
gk 1 pik [1]. Crae 0OueBUAHOIO BaXKJIHMBICTh PAHHBOI J1arHOCTUKU
Ta JIKyBaHHS, 110, SK HACHiAOK, 3YMOBIIOE TMOTpedy y
KBai(PIKOBAaHMX MEOUYHUX (I3UKAX JUId HaJaHHS TEXHIYHOT



JIOTIOMOTH y  TOKpPAalIeHHI SKOCTI  poOOTHM  JIIKyBaJIbHO-
JIarHOCTUYHUX IIEHTPIB OHKOJIOTIYHOTO Mpoditto [2].

Menuunuii Qi3uk Ta iHxeHep-Pi3UK — 11e GaxiBenpb 3 BUIIOK
(I3UKO-TEXHIYHOIO OCBITOIO, SKWW TIpalloe y CHiBOpami 3
MEIMYHMM  TIEPCOHAJIOM B JIKYBAIBHHX  YCTaHOBAX,
yHIBEpCHUTETaX, HABYAIBHUX 200 HAYKOBO-IOCIIIHUX IHCTUTYTax
[3, 4]. Bonu poOisiTh BenMKUii BHECOK y Oe3reyHe Ta e(eKTHBHE
MIPOMEHEBE JIKyBaHHs MAIli€HTIB, SKi XBOpI Ha pak. 3HAHHS B
obnacti (pi3uKH, 0COONMBO pamialiiHOT (I3UKHU, Ta PO3YMIHHSA
TOTO, SIK BHUIPOMIHIOBAaHHSI B3a€MOJIi€ 3 TKaHMHAMH JIFOJWHU, a
TaKOX CKJIQJHHUX TEXHOJIOTIH, SIK1 3aCTOCOBYIOTHCS CHOTOHI JIJIst
JIKYBaHHS pPaKy, AyXKe€ BaXJMBI A YCIIIIHOTO IPOBEICHHS
npoMeHeBoi Teparii. O00B’sI3kM MeANYHOTro (i3MKa Ta IHKEHepa-
¢13uKa 1MoB’sA3aHi 3 1’ IThMa OCHOBHUMU O0JIACTAMU:

- JIO3UMETPIEIO,

- IJTAaHYBaHHSM JTIKYBaHHSI,

- KOHTPOJIEM SIKOCTI,

- BuOopoM oOJ1aTHaHHS,

- pamiariiHoro 0e3nexoro [5].

B XapKiBCbKOMY HaIllOHAJTLHOMY YHIBEpCHUTETI
panioenektponiku (XHYPE) na kadenpi 6iomeanunoi iHkeHepii
(BMI) mpoBomuTbest miAroTOBKAa (haxiBIiB 3 OIOMETUYHOT
1HKeHepii. 3a poKu HaBYaHHS Ha I1ii Kadeapi CTyJeHTH BUBYAIOTh
0a30B1 JUCIUIUIIHM, K1 MMOB’s3aHI 3 (PI3UKOI0 Ta MEIUIIUHOIO -
3aranpHy (i3UKy, aHaTOMIiIO Ta (izioJoriro, 6ioXimito, 610 i3uKy.
Oco0mMBO BaXJIMBUM JUIS Taly3i pajialliiHOi OHKOJIOTIl €
BHUBYCHHS CUCTEM MEIUYHOI Bi3yallizallii Ta IpOMEHEeBO1 Tepanii.

Cremianicta moTpiOHO TOTyBaTM HE TUIBKM Yy Tamly3i
TEOPETUYHMX 3HAHb 3 CJCKTPOHIKH, (i3uku, 0i0pi3UKH,
MaTeMaTUKH, KOMII'IOTEPHMX TEXHOJOTiH. IX moTpibHO HaBUMTH
eKCIIePUMEHTAIbHIN poboTi, BMIHHIO 00CITyroByBaHHS
oOnaHaHHs, MpalfoBaT Ha HbOMY Ta YCYBaTH HECHPaBHOCTI.
Tomy oTpumaBIIM NOTPIOHI Ta KOPHUCHI 3HAHHS, CTYIEHTH Ha
TPEThOMY Ta YETBEPTOMY Kypcax MpOXOATh MPAKTUKY Ha 6a3i Y
«IHCcTHTYT MeauuHOT paiosorii Ta onkosorii iM. C. I1. I'purop’esa
HAMH Vkpaiau» y BIIJIUIEHHI NPOMEHEBOi Tepamii, Trpymi



KJIHIYHOT TOMOMeTpii Ta HEeHTpatbHii Jaboparopii panmiamiitHoi
Oe3meku Ta J03UMETpil MeauuHOro ompomiHeHHs. Ha mpaxrumi
KOXEH CTYJCHT 3ay9a€ThCs 10 POOOTH BIIIUICHD Ta 3HAMOMUTHCS
3 000B’I3KaM1 METUYHUX (i3UKIB.

VY  BigmiieHi MpPOMEHEBOi Tepamii NpaIioe JTHIHHUHA
npuckoptoBay Clinac 600 C, ramma-TepaneBTHYHHMN amapar
POKYC-AM, pentrentepaneBruyni amapatu PYM-17, PTA-02;
rpyna KIiHIYHOI TOMOMETpii O0OCIyroBye pEHTTEH-CUMYJIISTOP
«Acuity», ruianyBaieHy cuctemy Eclipse.

[lepenik 3agau menuyHoro ¢isuka abo iHxXeHepa-(Qi3uKa y
BigauieHHsax Y «IMPO . C. I1. I'purop’eBa HAMH Vkpainu»:

- CKJaJaHHS IUJJaHy HIpPOMEHEBOI Tepamii, BHUOIp pexUMIB
(bpakIlOHyBaHHS MO PaAlo0i0JOTITYHUM KPUTEPISIM;

- TIPOBEACHHS Ta KOMITIOTepHA O0O0poOKa pe3yibTaTiB
TONOMETPIi;

- pO3paxyHOK PO3MOAUTY MOTIWHEHUX /103 Y TUI1 XBOPOTO;

- TO3MMETPHYHE TUTAHyBaHHS;

- aHaJlI3 Ta BUBYEHHS CEPEIHbOPIUHUX Ta KOJIEKTUBHUX J103;

- abCOTI0THA Ta BITHOCHA JA03UMETPIs;

- KaiOpoBKa Mmy4YKa OMPOMIHCHHS;

- MPOBEICHHS IHAMBIAYAJIBHOTO JO3MMETPUYHOTO KOHTPOJIIO
OTIPOMIHEHHS Y MEJMYHHX MPAI[IBHUKIB;

- IPOBEJICHHS ()aHTOMHHMX BUMIPIOBaHb;

- KOHTPOJIb pajliaIlifHOT O€3MeKH;

- JIOCIDKEHHs ILIOJI0 BHUBYEHHS OCHOBHUX IOKAa3HHKIB, SKI
BIUIMBAIOTh Ha (OPMYBaHHS 03 TAIliEHTIB MPU TPOMCHEBIH
MIarHOCTHII, OI[iHKa JO30BHX  HaBaHTaXXEHb  IIAI[I€EHTIB,
BCTAHOBJICHHSI ~ HAIIOHAJbHUX  JIIarHOCTUYHUX PIBHIB  JUIS
HaWOLIBII MTOIITUPEHHUX BUIIB PEHTICHOIIarHOCTUYHHUX
JNOCTiPKeHb, HayKoBe OOIPYHTYBaHHS MLUISXIB ONTUMI3aIlii
MEMYHOTO OTPOMIHEHHS MAI[IEHTIB Ta IEPCOHATY Ta IHIIIE.

be3 wmemumunux ¢i3UKIB Ta iHXeHepiB-(QI3MKIB JiKapi
IIPOMEHEBOI1 TepaIlii, K1 BIINOBIIAIOTH 3a JIKYBaHHS OHKOXBOPUX,
HE 3MOXYTh 3a0€3MEYUTH BHMCOKI BHUMOTM TOYHOCTI, TapaHTIii
IKOCTI Ta Oe3lmeKd CKIagHUX TEXHOJIOTiH, 3AifiCHIOBATH
BIJMOBIaNbHI (PI3MKO-MaTeMaTU4HI PO3paxyHKH, HAMPHUKIAd, 3



MeTOI0 OOpOOKM Ta aHalily JIarHOCTMYHHX 300pakKeHb,
JIO3MMETPUYHOTO  IUIAHYBaHHS 1  KOHTPOJIO B  IpoIeci
MIPOMEHEBOTO JIIKYBaHHSI.

CryneHtd, sKi TPOWIIIM MPAKTUKY IICIsS TPETHOTO Ta
YEeTBEPTOTO  KYpPCIB,  OBOJIOJIBAIOTH  IIHPOKHM  CIIEKTPOM
HEOOXIJTHUX TEOPETHYHUX 3HAaHb Ta MPAKTUYHUX HABUYOK IS
poOOTH Ha TOYATKOBUX IH)KEHEPHHX ITOCAAAX KIIHIYHUX BIILICHb
ta nabopatopiii. Ilornmbnena miAroToBKa WX CTYICHTIB Yy
Ipoleci HaBYaHHS Yy Marictparypi e Oulbliie HaOMMXKye iX 10
PO3YMIHHSI 3a7a4, TOKJIAJACHUX Ha MEIWYHUX (I3UKIB, Ta iX
yCHIIHOTO  BHKOHaHHA. Takox Ha ©0azi Y «IMPO
im. C. II. I'purop’eBa HAMH Vkpainu» cTyaeHTH NOpHuilMaroTh
y4acTh y HAYKOBHUX JOCIIPKCHHSX, Ha OCHOBI SIKUX MUIIYTh Ta
3aXMINAI0Th aTecTalliiiHi poboTu OakagaBpiB Ta MaricTpis.

Taka migroroBka MeIMYHUX (PI3UKIB Ta 1HKEHEPiB-(PI3UKIB
MPaKTUKY€ETbCS BXKe MoHaA 15 pokiB. 3a 1eil yac Oynu BUMYIIEH1
BHCOKOKBaJTI()IKOBAHI  CIHEIIATICTH, SKI 3apa3 MpalioTh
IHmKeHepaMu-Qi3UKaMi, MEIUYHUMU (I3UKaMH, 1H)KEHEepaMu-
pamiosioraMy, HAyKOBUMHU CITIBpOOITHUKAMH, 3aBiayBadyaMu
abopaTopii.
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MDKHAPO/HI PEKOMEH AL 3 TUTAHb
MEJAYHOI ®13MKH B YMOBAX ITAHIEMIi COVID-19

JLL AcaamoBa’, €.B. Ky.iu
Kuiscoruii nayionanvnuil ynisepcumem imeni Tapaca Illesuenka, Kuis,
Vkpaina, +380445213284, radbez@gmail.com

AHoTanisgs. MibKHapoaHI peKOMEHallii 3 MUTaHb MEAWYHOI (i3UKU B
ymoBax mnanuemii COVID-19 o06'ennyrorb Matepianu aias OOMiHY
3HaHHSAMH Ta MIATPUMKHA 3yCHWJIb MEIUYHUX (Ii3UKIB 3 METOI0
crpumyBanHs  posnoBcromkenns  COVID-19 ta  3abesneuenns
Oe3repepBHOCTI HaJaHHS MeAUMYHHX mochyT. L{i pekoMenpanii ctBopeni
JUIS JIOTIOMOTM MEAMYHUM (axXiBISIM, sKi 3IIHCHIOIOTH JISUTBHICTH B
rajxy3i MPOMEHEBOi Teparii, SAepHOT MEAUIMHHU, JiarHOCTHUYHUX
300pakeHb TOINO, MMiJ] Yac ri00anbHOi maHjeMii. BoHM BKIIOYAOTH
pPO3IUIM 3 MUTaHb BUKOPHCTaHHS KOMITIOTEpHOI ToMorpadii rpymanol
kimitaHd it oiiHkd COVID-19, moxnuBoro aediiuTy OCHOBHHX
pazgiopapMaleBTHYHKMX MPenapaTiB I Biyalizailii yepe3 mpoodieMu 3
JIOTiCTHUKOIO, TII00aTbHI OOMEKEHHS TOBITPSHOTO PYyXY TOIIIO.

Kurouogi ciioBa: Mmequuna ¢izuka, MeauuHuit ¢izuk, nangemis COVID-
19.

VY rpyani 2019 poxy HOBHUI 3pa3ok KopoHaBipycy 2019-
nNCoV/SARS-CoV-2, mio Bukiukae xBopody COVID-19, 6yio
11eHTU(IKOBAHO 13 3pa3KiB HIDKHIX AUXATBHHUX NUISIXIB KLTbKOX
namieHTiB 'y micti Yxanb, Kuraii [1]. KoponaBipycHa xBOopoOa
COVID-19 - ne marorenna BipycHa iH(EKIis, siIKa IHTEHCHBHO
PO3MOBCIOMKYEThCSA.  BBakaeTbcs, 1110 MEpelaeTbCcsi  BOHA
pecmipaTOpHUM MUIAXOM IIiff Yac TICHOTO Ta HE3aXHILEHOTO
KoHTakTy. 3 mortoro 2020 poky BcecBiTHs opraHizallisi OXOpOHU
3nopoB’ss (BOO3) oronocuna Haa3BUYaiiHy CUTyallil0 B raiysi
OXOPOHH 3[IOPOB’ s, 1110 BUKIIMKA€E MDKHAPOIHE 3aHENOKO€EHHS, a 11
o6epesns orosocmina COVID-19 mnangemiero [2]. 3aranbHy
KUTBKICTh MIATBEPKEHUX BUIIAJKIB, CMEpTEH, MOB'SI3aHUX 3
COVID-19, mnocrpaxkaanux KpaiH Ta 3arajibHy JeTalbHY
CTaTUCTMKY MO’KHa 3HaiiTh Ha caiiti BOO3 - KopoHnaBipycHa
xBopoba (COVID-19) [2]. Vci chepu cycninbeTBa, BKIIOYAOYU
CUCTEMH OXOPOHU 3[I0POB’S, 3a3HAIIM 3HAYHUX HACIIIKIB.
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30kpema, MocTayalIbHUKA MEAMYHHUX TOCTYT Y BCbOMY CBiTi
3MyIIEHI BUPINIYBaTH CKJIAJHI TUTaHHA, NpUAMaTH BKpai
BIJIOBIaNIbHI TA )KUTTE€BO HEOOXIIHI PIICHHS B YMOBaX MaHIEMil.
Hanpuknan, mBHUAKO aaanTyBaTH CTaHAAPTHI MPOLEAYPU s
JIOTIOMOTH  TamieHTaM 13 3axBoproBanHsM Ha COVID-19,
MIPOJIOBKYIOYH HAJIABATH MOCIIYTH IHITMM XBOPHM, BiIIOBIIHO JIO
MDKHApOJTHHUX Ta JIEPKABHUX PEKOMEH[AIlld, HasBHUX PECypciB,
pexomenaani BOO3 moao mporpam 3amobiranas Ta 60poTeou 3
iHpexismu [3].

Menu4Hi TOCITYrH TPOJOBXKYIOTH HAJIaBaTHUCS MPOTATOM
yciei maHzaeMii, Xoya 1 3 KapAMHAJIBHUMHU 3MIHaMU I0JI0
BHU3HAYEHHS NPIOPUTETHOCTI JOMIOMOTH Ta 3a0e3MeueHHs 0e3MeKn
namieHTiB Ta nepcoHainy. Came Ha MeIWYHUX (I3MKIB, JIIKapiB-
pamioyioTiB, PEHreH-Ta00pPaHTIB TOKIATAEThCS 3a0e3TMeUeHHs
SIKICHOT'O TPOBEJIEHHSI TPOMEHEBOT JIarHOCTUKHU Ta Teparii.

baraTo MbKHapOAHHUX YCTaHOB OTIPUITIOIHUIIN CBOI Mepe0Bi
HalpaioBaHHsS B yMOBaX NaHAeMii, 30KpeMa 1 IOJ0 MHTaHb
MenuyHo1 pi3uku. OaHa 3 Halmepmux MmyOsiKaIii, MPUCBIYCHUX
pajiamiiHiid OHKOJIOT1], BUHIIUIA 3 TIOYATKOBOTO CMIIEHTPY KPHU3H,
a caMe 3 KUTalChKOTO OHKOJIOTIYHOTO IIEHTPY XyOei B Yxani [4].
VY Hilf ONMHUCYIOTHCS HOBOBBEIEHHS B MPOIEAypax BIICTEKEHHS,
KOHTPOJIFO 3a PI3HMMH eTallaMH MposBY 1HQEKINli, 3araabHUl
pobounii mpolec B OHKOJIOTIYHOMY IIEHTPi, a TOJIOBHE,
JNEMOHCTPYETHCS, K Ii KPOKH MOXYTh 3aXMCTUTH MallI€HTIB Ta
MepPCOHAI ITiJT Yac MKy Crajiaxy XBOPOOH.

OkpiM JpyKOBaHUX MaTepiayliB, MDKHApOJHI OpraHizarii
AKTUBHO MPOBO/ISATH OHJIAMH CEMIHApHU Ta KOH(PEPEHIIii 3 METOIO K
HAWMIBUALIOTO MOIIMPEHHS TOCBIAY cepell CBITOBOI mpodeciiinoi
CHUIbHOTH. 30Kpema, i Oaxarouux JOCTymHI BeOiHapu
MixunapoaHoi arexiiii 3 aromuoi eneprii (MAI'ATE) [5, 12].

MunbiOHH JOCHIIKEHb MPOBOJATHCA HIOPIYHO Y BCHOMY
CBITI A JIarHOCTUKM XBOPUX HA pak, JEMEHIII0, CepIEeBO-
CyOIMHHI Ta iHmI 3axBoptoBaHHA. MAI'ATE po3pobusno
KEpIBHUIITBA JUIS BIAAUICHD SIEPHOI MEIUIIMHY MO0 JOMIOMOTH
IIpU ajanTauii npoueayp 3 METOI MiHIMI3allli pU3UKY 3apaXKeHHs
COVID-19 cepen mnaiieHTtiB, nepcoHany Ta HaceneHHs [6]. Lli
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KEpIBHHMIITBA TaKOXX NPUAULIOTH 3HAUYHY YyBary WMOBIPHOMY
nediuuTy OCHOBHUX paaioapManeBTUYHUX MpernapariB st
Bi3yanmizamii uepe3 mpoOIeMH 3  JIOTICTUKOIO, TJo0aibHE
OOMEXEHHSI TOBITPSHOTO pPyXy. Y MOKYMEHTI BHKIAIArOThCS
pexoMeHfamii, mo 0a3yloTbcs Ha THIOBIA Mpoueaypi, sKy
MPOXOJUTh TAIlIEHT Yy BUIUICHHI SACPHOI  MEAWIIMHH,
3alpOIIOHOBAHO PEKOMEHJIAIlii Ha OCHOBI THIIOBOI «IOJOPOXKi»
MaIiEHTa BIIUICHHSIM.

MAT'ATE B naptuepctBi 3  IlpomoBosmbuoro 1
cutbchbkorocnonapcbkoro  Opranizamiero  OO0'ennanux  Harriit
MPOTNIOHYIOTH KpaiHaM CBOIO MATPUMKY, €KCTIEPTHI 3HaHHS 1010
BUKOPUCTaHHSI HAWOUIbII TOYHHUX JAaOOPATOPHUX METO/IB
BUSIBIICHHSI, BIJICTe)KCHHS, BUBYCHHS KOPOHABIpyCy, 30Kpema,
MOJTIIMEPa3HO1 JAHITIOTOBOT PEaKIlii 13 3BOPOTHOIO TPAHCKPHUITITIEIO
B peasibHOMY 4vaci (3T-I1JIP B peanbHOMY Haci) [7].

3T-IIJIP B peanpbHOMY dYaci - 11e¢ 3aCHOBAaHWUW Ha SIEPHUX
TEXHOJIOTIIX ~ METOJ  BUSBICHHS  IPUCYTHOCTI  TIEBHOTO
TEHETUYHOTO MaTepialy Oyab-sIKOTO MaTOTeHY, B TOMY YHCII U
Bipycy. Ha mepmiomy erari BUSBIEHHS T€HETHYHOTO MaTepiany
BHUKOPHUCTOBYBAJIM PpaIiOaKTUBHI 130TOIHI MapKepH, ajie¢ B
pe3ynbTaTi MOAAIBIIOTO BAOCKOHAJIEHHS IILOTO METOAY 130TOIIHI
MITKH Oy 3aMiHEH1 CTeIlalbHUMU MapKepaMH, HaiJacTiIe 1e
¢bnyopecueHTHi OapBHUKU. 3a JOMNOMOIOI LBOTO METOIY
MO>KJIMBO MOOAYUTH pe3yJIbTaTH IPAKTUYHO BiIpasy, L€ B MPOIEeCi
nocmimkenus. [Ipore, mpu mposeaenni 3Buyaiinoi OT-ITLIP
pe3ynbTaTH AOCTYIHI TUIBKH IICIS 3aBEPIICHHS JIOCITIHKEHHS.

s Toro, mo6 MiHIMI3yBaTH BIUIMB Ha MEpcoHal, 06araTo
MPaIiBHUKIB BIJJIUJICHb TIPOMEHEBOI OHKOJIOTI mepenuin (e 1e
OyJI0 MOKIIUBO) Ha IUCTaHIIHY poOOTY, BKIIIOYAIOUX BIpTyalibHe
BIBIMyBaHHS JIiKaps, T[UIAaHyBaHHA Ta TEpPEeBIpKy IUIaHy
nikyBaHHs [8]. [Hdopmaris mpo pecypcu Ta HACTaHOBU MO0
npoBeAeHHs mpouenyp B ymoBax nanaeMmii COVID-19 noctynHi
yepe3 mpodeciiini ToBapuctsa [9-13]. Ha manuii yac mOCTiiHO
3’SBISIOTHCS HOBI BUMAIKHU 3axBopioBaHb Ha COVID-19 y Bchomy
CBITI, TOMy MeAW4Hi (I3MKHM, JiKapi-paaiosoru npodeciiiHo Ta
MOCTYIOBO HAJIAIITOBYIOTH CBOIO pOOOTY B HOBHX YMOBAX.
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BaxnuBo BiI3HAYMTH, IO MeETa BCIX MDKHAPOIHUX
peKOMEH/alliil He TMoJsrae B TOMY, 10O 3aMiHUTH Oynb-sKi
JoKanpHI a00 HaliOHAJIBHI NMPUHIMIK Ta TpaBUiIa YW HAAATH
BHUEPITHUX TIOPaJ IWIOAO BCIX ACHEKTIB MPAKTUKA MEIMYHOT
¢i3ukn. BoHU Npu3HAYCHI BUKIIOYHO SIK MMOPaja IS MEIUIHUX
3akiajiB mig yac naggemii COVID-19.
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PEDAGOGICAL ASPECTS OF TEACHING STUDENTS
ON THE COURSE «MEDICAL PHYSICS» AT KHARKIV
NATIONAL MEDICAL UNIVERSITY
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Department of Medical and Biological Physics and Medical Information
Science, Kharkiv National Medical University,
4380968058405, liliya-batyuk@ukr.net

Annotation: The concept of the organization of the educational process
in teaching of medical physics at the Kharkiv National Medical
University is considered.

Keywords: medical physics, medical hardware and software diagnostic
complex, doctor, competence.

At the initial stage of training medical personnel (I and Il
courses of Kharkiv National University (KhNMU)), the role of
physics is invaluable. The physics has contributes to the formation
of such qualities of thinking of a future doctor as competence in
choosing treatment approaches, flexibility, criticality, provides the
information models that take into account physical processes
occurring in the tissues and cells of the body and are actively used
in medical practice. Physics as one of the fundamental disciplines
likes as well as anatomy, chemistry, biology, and other specialized
subjects, provides the necessary knowledge for conducting
complex examinations of patients [1].

The purpose of the article is the development and theoretical
substantiation of pedagogical and methodological support for the
training of medical specialists, which the study of the course of
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Medical and Biological Physics at KhNMU. Such support includes
a professionally oriented basic physics course for future
physicians, recommendations for the purposeful introduction of the
main groups of technical devices and concepts of the Medical
Hardware and Software Diagnostic Complex (MHSDC) into the
content of special medical disciplines (Medical Informatics), as
well as the provision of research and experimental work of medical
students in the framework of their coursework preparation.

The cycle of work of a teacher with students includes the
following main functions.

The first is the installation function, which is based on an
introduction to the topic, setting goals, objectives, and a description
of the practical usefulness, essence and interrelation of the main
sections of the content material, recommendations for working
with teaching aids. For the full assimilation of the material, it is
necessary to provide students with textbooks and workbooks,
terminological dictionaries [2], which would not be overloaded
with unnecessary information, carried only the most necessary
informational loads, had multifunctional, allowed the student to
find the information that is of interest to him which have signs of a
certain pedagogical technology and provided conditions for
independent learning. Our lecture aids can be used as synopses,
where the student will find the necessary comprehensive answer
for each item of the work program [3, 4]. The second function is
control and correction. It consists in ensuring control over the
implementation of educational actions in the independent work of
students, conducting individual consultations and implementing
appropriate corrective actions. The third function is evaluative and
expert advisory. It involves testing, assessing the knowledge and
skills of students, organizing a dialogue to identify their main
difficulties, the teacher's demonstration of correct actions,
interaction, reference ways of working in the position of an expert
or consultant. Among the methods that provide a significant
strengthening of the developmental and professional role of
training medical students in their professional education in medical
physics, it is possible to single out a specially organized
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implementation of individual and group research projects that
include the main components of the MHSDC. It should be
remembered that overloading with theoretical material can have
the opposite effect, when, instead of a well-balanced understanding
of the fundamentals of the subject, the student ceases to understand
it at all. As a result, interest in studying the subject decreases, the
overall academic performance of the student decreases, and interest
in the study of medicine in general disappears [5].

The fourth function is pedagogical and educational. Given
the lack of a clear understanding by students of what position they
will work in after graduating from a medical university and
uncertainty about social guarantees that should be provided by the
state, the most important in the formation of high motivation for
learning is teaching talent. The ability of the teaching staff of the
University to interest the student in mastering the profession of a
doctor, become a model for the student, a mentor to whom the
student can turn for help.

Summarizing the few studies from the perspective of the
presented problems of teaching Medical Physics and taking into
account the specifics and complexity of teaching students at a
medical university, a system of methodological conditions was
proposed, which involves the phased inclusion of information in
the I and Il course of study at the Department of Medical and
Biological Physics and Medical Information Science of KhNMU ,
possessing a certain developmental potential, as well as scientific
and methodological significance for future medical professionals.

Building the content of the Medical Physics course, taking
into account the principle of a tiered approach at this stage of
training, ensures the selection of educational material, both by
students and teachers, in terms of algorithms of its information
capacity, and allows differentiating the depth of presentation of
individual issues depending on their methodological and
professional significance for narrow -directed specialization of the
future doctor. The main directions of the course section regulate the
content of Medical physics topics (“Radiation physics”, “Basics of
dosimetry”, “Medical and biological applications of quantum-
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mechanical phenomena”, “Electrodynamics”, “Fundamentals of
medical equipment”, etc.) [6] and time, allotted for their study, and
also distributed of the material between the basic and additional
components of the course.

The condition of the motivational-target factor in the
selection of educational material corresponds to the content of the
course of Medical Physics and the possibility of its presentation,
the psychological characteristics of students, associated, in
particular, with their future professional activities of a doctor.
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INPABOBE PET'YJIIOBAHHS1 BUKOPUCTAHHSA
JOKEPEJI IOHI3YIOYOI'O BUITPOMIHIOBAHHS B
MEJUIIUHI B YMOBAX COVID-19
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AHoTanisi. Te3n mpucBsiueHI JeIKUM 0COONMBOCTM (DopMyBaHHS Ta
peamizamii  HaiOHAJNBHOI JiepKaBHOI MONITHKH B cdepi Oe3nexu
BHUKOPHUCTaHHS SIIEPHOI eHeprii, 30kpemMa B chepi OXOPOHHU 370pPOB’S B
ymoBax mapaemii COVID-19. OanuM i3 TpiOpUTETHUX 3aBJaHb
ChOT'OJICHHSI € BHMBYCHHS Ta TMOIIUPEHHS IIEPEAOBOIO JOCBILY IS
MeIMYHUX (DaxiBIiB, SIKI MPAIIOIOTh y Taly3sX MPOMEHEBOI Teparii,
SJEpHOT MEINUIIMHA Ta JIarHOCTUKH, 30KpeMa IpH KOMI'FOTEpHIH
ToMorpadii rpyTHOI KIITHHH, IO HIMPOKO 3aCTOCOBYETHCS MPH MiN03pi
Ha KOpPOHaBIpyCHY iH(DEKIIit0.

Annotation. These are devoted to some features of formation and
implementation of the national state policy in the field of safety of nuclear
energy use, in particular in the field of health care in the conditions of the
COVID-19 pandemic .One of the priority tasks today is to study and
disseminate best practices for medical professionals working in the fields
of radiation therapy, nuclear medicine and diagnostics, in particular in
chest computed tomography, which is widely used in suspected
coronavirus infection.

KarouoBi cjioBa: TIpiOpUTETHI 3aBHaHHSA, MEOUIHMHA, MEIUYHE
OIPOMIHEHHS, JDKEPEIO 1OHI3YI0WOro BHIIPOMIHIOBAHHS, pIiBEHBb
HeOe3meKy, Jep)KaBHA TOJNITHKA, MPAaBOBE DPETYIIOBAHHS, pajialiifHa
Oesmeka, IO3BUIbHA AisUTBHICTE, manaeMis, COVID-19.

Key words: priority tasks, medicine, medical irradiation, source of
ionizing radiation, level of danger, state policy, legal regulation, radiation
safety, permitting activity, pandemic, COVID-109.

AKTHBHE  BIPOBA/DKCHHS  IHHOBALIMHUX  MEIUYHUX
TEXHOJIOTIH 3 ~ BHMKOPHMCTaHHSIM  JDKEpel  IOHI3yK4oro
BUIIPOMIHIOBaHHS BIUIMHYJIO Ha 30UIbIIEHHS B KUIbKAa pa3iB
KOJIEKTUBHOI 103U OINpOMiHEHHs HaceleHHs. CbOrojHi Jukepena
10HI3YI0YOTO BHUIPOMIHIOBAaHHS IIMPOKO BHKOPHUCTOBYIOTHCS HE
TUIBKU B IPOMEHEBIH Tepanii Ta peHTTeHOIIarHOCTHI, a i y IHIITNX
ramy3six ~MeIUIMHHU. PO3BUTOK OTpuMana iHTEepBEHIHA
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panionoris, I[IET Ta psig HOBUX JIKyBaJIbHUX Ta MPOQLIAKTHUHUX
pamiariifHux TexXHoJIoriH [1].

3 ypaxyBaHHSM HasBHOTO MDKHApOJHHUH  JOCBiny,
CIUPAIOYUCh HA KOMILJICKC HAI[IOHAJBLHUX TPABOBHX HOPM IIOJIO
MiABUIICHHS e(EKTUBHOCTI il O0OMEKYBAIBHUX IPOTOKOJIIB
MOBEIIHKY TPOMAJISIH IiJI 4ac MaHaeMii, HaIifHOTO 3a0e3MeYCHHS
npaB (QBUYHUX Ta IOPHIUYHUX OCI0 TMiJ dYac KapaHTUHY,
KaGinerom MiHnicTpiB VYkpainu OyJao 3aTBEpPKEHO HH3KY
HEBIIKJIAJIHUX IUIECIPIMOBAHMX 3aXOJIB IIOJ0 BHUBAKEHOTO
pearyBaHHsl CYCIUIbCTBA Ha TOMIUPEHHS B CBITI TJIOOAIBHOT
TpaHcHaIrioHanpHO1 3arpo3m - emigemii COVID-19. 3oxpewma,
BiMOB1IHO A0 cTaTTi 29 3akony Ykpainu “IIpo 3axuct HaceneHHs
Bi 1HQekuiiHuX xBopoO” y mnocraHoBi KaOinery MiHicTpiB
VYxpainu Big 22.07.2020 Ne 641“TIpo BCTaHOBJIEHHS KapaHTUHY
Ta 3aMpoOBa/HKEHHS TIOCWJICHUX TMPOTUEMIIEMIYHUX 3aXOJIB Ha
TEPUTOPIi 13 3HAYHUM TOUIMPEHHSM TOCTPOi pecmipaTopHOT
xBopoou COVID-19, cnpuunnenoi koponasipycom SARS-CoV-
2”7 [2].

Ha mo3aueproBux 3acimannsx Jlep:kaBHOI KOMICii 3 MUTaHb
TEXHOTEHHO-EKOJIOTTYHOT Oe3MeKku Ta HaA3BHUYAMHHX CHUTYaIIlH,
obnmacHux Ta y M. KueBi komiciit, Oynmu yxBaneHi pimeHus “TIpo
cTaH 3a0€3MeUYCeHHS CaHITAPHO-CIiIEMI0JIOTITYHOTO OJIArOTIONy dst
HaceJeHHs YKpaiHu®, 1m0 Oe3MocepenHbo CHpsSMOBaHI Ha
CTPUMYBAaHHS Ta MOJAJIBIY CTA0LTI3aIliI0 eMMiIeMIYHOT CUTYallii B
KpaiHi Ta Ha ii KOpJOHaX.

3riIHO 10 BUMOT YacTHUHHU TPeThoi CcT.32 3akoHy Ykpainu
“Ilpo BUKOpPHUCTaHHS sIIEPHOI eHeprii Ta panianiiHy Oe3meky”
JIIeH31aT Hece BCIO MOBHOTY BIAMOBIIATBHOCTI 3a paaialliiHuM 1
¢bi3UYHUN 3axuUcT Ta O€3MeKy SAEpHOi YCTaHOBKH, 00'€KTa,
MPU3HAYCHOTO I MOBO/KEHHS 3 Pa/JloaKTUBHUMHU BiIXOJaMH,
HIIOTO JpKepesia 10HI3yIouOoTO BUIPOMIHIOBAHHS, 30KpemMa  y
MeIMYHIN cdepi, He3aIeKHO BiJl MiSTILHOCTI Ta BiAMOBIAAIBHOCTI
MOCTaYaIbHUKIB 1 OPTaHy JEP:KaBHOTO PErYNIOBaHHS SJIEPHOI Ta
paaianiiHoi 6e3mexu.

Pazom 3 TiM, B ymoBax noumpenss nangemii COVID-19 B
CBITi Ta YKpaiHi y BIINOBIIHOCTI 3 NOJ0XkeHHAMU KoHBeHLii mpo
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GI3UYHUN 3aXUCT SASPHOTO MaTepialy Ta AIEPHUX YCTaHOBOK, HA
JlepxaToMperytoBaHHs YKpaiHH TMOKJIAACHI OO0OB’SI3KHM I0JI0
3a0e3neueHHss Ha BCIX pIBHAX Oe3MepepBHOCTI BUKOHAHHSA
GyHKIIH Jep)KaBHOTO PpEryjqiOBaHHS SACPHOI Ta pamialiifHoi
Oe3rekn, 30KpeMa W TpPU BHKOPHCTAHHI JDKEpPEN I0HI3YI0UOTO
BUIIPOMIHIOBAHHSA B c()epi OXOPOHH 370POB’.

Jlemo  yCKJIAMHIOWOTH  CHUTYyallifo i3  3a0e3MeYCHHIM
0e31eYHoro BUKOPHUCTAHHSI JoKepen I0HI3YI0UOTO
BUIPOMIHIOBAHHS B MEIUIIMHI PSJ TUMYacCOBHUX OOMEKEHb,
3aTBEP/PKEHUX Y IPOTOKOJIaX MOBEAIHKH (PI3UYHUX Ta FOPUIUUHUX
ociO B yMoBax maHjaemii. 3a3HaueHi OOCTaBUHM HE TOBHUHHI
CYTTEBO BIUIMBATH Ha Mepedir CTPOKIB 3BEPHEHHSI 32 OTPUMAHHIM
aJIMIHICTpaTUBHUX MOCIYT Ta HaJaHHS LUX HOCIyr, 6e3yMOBHE
JNOTPUMAaHHS BUMOT SIJIEPHOI Ta panianiiHoi Oe3neku y cdepi
BUKOPHUCTAHHS sIepHOI eHeprii B meauiuHi. OnHak, 1 B yMOBax
KapaHTHHY MepCcoHall, 0 Mae 000B’SI3KH pearyBaHHs Ha aBapiiiHi
CUTYyaIlll 3 PU3UKOM pafdiaiiifHoro ¢akTopy HeOe3INeKH, y pasi
HEOOXITHOCTI, 3000B’S3aHUN [ISTH 3TITHO aBapiiHUX IIJIaHIB
00’€kTiB, 3 ypaxyBaHHSIM MEIUKO-0I0JIOTITYHOT HAI3BUYANHOL
CUTYaIIil MPUPOJHOTO XapaKTepy AEP>KaBHOTO PIBHSI.

B ymoBax mommpenns nangemii COVID-19 paximmBoo €
pons MAI'ATE mono momganbimioro miABUIIEHHS €(EKTUBHOCTI
3a0e3MeyeHHs MIPaBOBOTO pEryatoBaHHS 0e31evHoro
BUKOPUCTAHHS  JDKEpEJN  10HI3YIOUOrO  BHUIIPOMIHIOBaHHS B
MeIuIMHI. 30KpeMa, B 4epBHI MmoToyHoro poky MAI'ATE
MIATOTOBHIIO Ta PO3MOBCIOINIIO HOBE aKTyajbHE KEPIBHUITBO IS
Aiii MemuuHUX (Bi3MKIB B CydacHUX yMoBax kapantuny [3]. Oxpim
OoCHOBHOI iH(popmMmarii po saepHi abo pamianiiHi HaI3BUYANHI
CUTYyaIlli, 3a3Ha4eHe KEPIBHUITBO PO3POOIEHO SK JOMOMDBKHUN
nociOHUK uid 1uX (axiBIiB IIOJ0 pearyBaHHA Ha SACPHY YU
paaioNoriuHy aBapiiHy CUTYAILIIO.

HaBuanbHO-HayKOBMIM ~ LIEHTp  pajiamiiiHoi  Oe3meku
KuiBcpkoro HamioHambHOrO — yHiBepcuTeTy imeHi Tapaca
[leBuenka pa3zom 3 BceykpalHCBKUM 00’€IHAaHHSAM MEIMYHHUX
¢3ukiB Ta iHxeHepiB (BOM®I) axkTuBHO [0JIy4yuBCS 10
mismeHOCTI MAT'ATE momo mopmomanus mangemii COVID-19.
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daxiBi X yctaHoB 6epyTb y4dacts y BeOiHapax MAI'ATE, mo
00'€THYIOTh eKCIIepTiB Ui OOMIHY 3HAaHHSAMH Ta MIATPUMKH
3yCWIb JJIsi CTPUMYBAHHS PO3IMOBCIO/DKEHHS KOPOHABIPYCY,
3a0e3reyeHHs] Oe3MepepBHOCTI HAJAHHS OHJIAWH TIOCIYTr 3
HaBYaHHS Ta MiIBUINEHHS KBamidikamii 3 pamianiiinoi Oe3nexu B
yMoBax maHjemii [4-6], mommMpeHHs TepenoBOro NOCBiAY IS
MeIUYHUX (axiBIiB, SKI MPALIOIOTh y Taly3sfX MPOMEHEBOL
Teparii, SAEPHOI MEAWIMHU Ta JIarHOCTHKH (KOMIT'IOTEpHA
ToMorpadis TPyAHOI KIITHHU UIMPOKO 3aCTOCOBYETHCA TIPH
nigo3pi Ha COVID-19).

3a pe3yapTaTaMd y4dacTi B 3a3HAuUCHUX BeOIHapax
nigrorosyeHo oriisia pekomenaaniiit MAI'ATE mono mogonanHs
nangemii COVID-19. 3Baxaroun Ha MIOpIYHE TPOBEACHHS B CBIT1
noHay 30 MJTH MIarHOCTUYHUX JTOCHTIHKEHb OHKOXBOPHX, 0CI0 13
CEpUEBO-CYAMHHUMU 3axBoproBaHHsAME Toilo, MAI'ATE 3 Metoro
MiHIMB3anii pusuky 3apaxeHHss COVID-19 cepen mnarieHTis,
MePCOHATY Ta HACEJICHHS PO3POOMIO METOIUYHI peKOMEH Al Ta
MPaKTUYH1 HACTAHOBU T (axiBI[IB BIIUICHB SACPHOT METUIIUHA
[7].

3Bakaloul  HAa  0OCOOJNMBE  3HAYECHHS  IOPUIAUYHOIO
CYIIPOBOIKEHHS HOPMaTHUBHO-TIPABOBOTO 3a0e3MeYeHHS
(yHKIIOHYBaHHS JEp>KaBHOT cHUCTEMH (I3BUYHOTO 3aXUCTy B
yMoBax maHzaemii, HaBuanpbHO-HayKOBHH IEHTp paaialiiHOT
oe3nexkn KuiBChKOro HaIliOHAJILHOTO YHIBEpCUTETYy iMeH1 Tapaca
[IleBueHKka TOCTIMHO TOIMPIOE IHGOPMAIII0O TIPO  3aX0JU
MAI'ATE Ta BiamoBigHI peKOMEHIalii cepel YKpaiHCBKUX
¢daxiBiiB, fAKI BUKOPHUCTOBYIOTH JDKEpela  10HI3yIOUOro
BUIIPOMIHIOBaHHS B PI3HUX Tally3six, 0coOauBo B chepi oXopoHU
3710pOB’4.

CIIMCOK BUKOPUCTAHUX JKEPEJI
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KAPAHTUHHI MEJ®I3UYHI ACOIIAIIIT

LIIL. Ipsinayenko
Inemumym sioepnux 0ocnioscens HAH Yxpainu, Kuis, Yxpaina
+380675380114, korohi00@gmail.com

AHoTanisi. B po6oTi po3risiiaroTbest cripoOu i HEOOX IHICTh BpaxXyBaHHS
Ta BUKOPHCTAHHSI HAyKOBO-TEXHOJOTIYHOTO JOCBIIY TMPH PO3B’SI3aHHI
MEIMKO-COLIaIbHUX MPo0IeM Maciitady Bij camoi3onsiii ocodu 10
IJIaHeTapHOI rrodami3artii. Po3risgaroTecs, Maiike TMBOBIDKHI, aHAJIOT1T
BUHUKHEHHS, PO3BUTKY Ta pEryllOBaHHS saepHO-(DI3NMYHOI ramy3i i
HaWOCTaHHIIINX TOiH Imepediry BCecBiTHROI KOPOHABIPYCHOI MMaHAeMii 3
KPUTHYHOIO 3JICXKHICTIO Bil OCBIUEHOCTI, IH(DOpMAaTH3aIlii Ta COIiaabHOT
cBimzomocTi cycminbeTBa. OO’€KTHBHOIO PEANBHICTIO CTa€ 3POCTAHHA
comiaapHO-IpodeciiiHoi  ydacti MemuyHHX (3UKIB Y CympoOBOII
3I0POBOT0, OE3MEYHOr0, CBOOITHOTO KUTTS 1 PO3BUTKY CYCITUIHCTBA.
KarouoBi caoBa: rmoOamizamis, saepHa  30pos,  IaHIeMis,
iHbopMmaTH3allis, MemuyHa  Qi3uka, TpodeciiHuiA  HAYKOBO-
TEXHOJOTTYHUI CYIpPOBiI.

Bce HOBe — 11 myxke noOpe 3a0yre crape. IIpanaBus
OaHanmbHa TpHUKa3ka Oyna y3arajdbHeHa BENIUKUM (Qinocodom
l'erenem mporojomieHHSIM TOCTYIY JIOJACTBA IO CHipaii 3a
HAsiBHOCTI HEOOEPHEHOTO IHTENEKTyalbHOTO, TEXHOJOTIYHOIO 1
MaTepialbHOTO PO3BUTKY. 3 TMOASKOI0 32 4yJOBY (iI0CO(CHKY
3HAX1IKy CKOPHCTAEMOCS HEIO.
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VY 1918 poui y Borwrouy €Bpory NpUIIIOB Tpul, 10 pedi,
KaXyTh, TeX 3 Kuraro, sikuii 3a0paB KUTTA JCKUIBKOX JIECSATKIB
MUTBHOHIB Jrozedl. PiBHO dYepe3 cTo pokiB (HalymroOaeHImui
aQHANITUKAMH TIEPIOJ MIAJCKTHUYHOI CIipalii) KOpPOHAaBipyCHa
iHbekmis yepe3 Ti x Kwuraii, €Bpomny i ...rmobamizamioo Hakpuia
Bcro riaHety. J{ns Hac B YkpaiHi 11e ¥ 1m1e Ta cama KpuBaBa BiliHa.
Ha 3apa3 odimiiitna cratuctuka BOO3 cBimuuTh 1ipo 6€3 Mayioro
MUTBHOH XepTB covid-19, mo, Ma0yTe, BCe X B JIECATKH pasiB
Menma 3a 1918 pik. Ile mpsmuii pe3yapTaT HUBUIIZAIIITHOTO
MOCTYIy JIIOJICTBA, 0O 3a EKCIIOHEHIIATHhHOTO KOHTAKTHOTO
po3BUTKY 1H(IKYBaHHS OyB OW TOBTOpPEHMH, SKIIO HE
MIEPEBUIIICHUH, pe3yJIbTAaT CTOPIYHOT TaBHUHHU.

Jamni, s Uit MeHe, B3arajil MIOYNHAEThCS SIKAaCh, JI03BOJIBTE
TaKe CJIIOBOCIOJIYYCHHS, Medi3uuHa MicTUKa. S Maro Ha yBa3i He
MPOCTO AaCOIIaTUBHI Mapajeni MIOJ0 ABOX MPUPOJHHUX SBUI —
SJIEPHOTO BUIIPOMIHIOBaHHS ¥ BipycHOi iH(ekIii, a i oJHaKOB1
MeTOAH 1 3aco0M, HEOOXIaH1 IS MOBOIKEHHS 3 HUMH. Bcel Mu 3
BaMH 0avmJIM KPACUBI1 BIPYCHI KYJIBKH 31 IIMTMYKAMH PI3HOMAHITHOT
¢opmu. Hixto, HaBITh 3 (i3UKIB, HE OAUYUB YACTUHOK SIEPHOTO
BUIPOMIHIOBAHHSA, XO04Ya 3a JOMNOMOTOK iX TYyYKiB 3
MIPUCKOPIOBAYiB, MOBIpTE, POOIATH Uya0BI (HUTLTPH, HABITH 1 IS
...muBa. Lli HEBUaUMI «MeAdi3uUHD» YaCTUHKHU 1032 CYMHIBOM
CMepTelIbHO  Hebe3meuHi 1  BUMAaralThb  «IIAaHOOJIUBOTO»
MTOBODKCHHS — HA 8i0CMAHi i 8 3acobax inOugioyaibHO20 3aXUCY .
[ToBipTe, 11€ IpsiIMa MTATa 13 BUMOT pajialiiHoi Oe3reku. Ae sk
Ka)XyTb — Kpallle OJIMH pa3 Mo0aunuT, HK CTO pa3 MOYyTH.
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Dt

3apa3 Bci MU 0Oauumo
CBITJIMHHU 1 BiZ€O KOBITHHX,
SIK ix Ha3HUBalOTh,
MeIpaiBHUKIB B
3aXUCHOMY OJs131. 3 JIOCBiIY
HOCIHHS KOXXHHMM 3 Hac
MPOCTOT MACKH MOKHA TUTBKU
3JI0TQIyBaTUCS, SK BaXKKO
npaifoBaru, 6a OuIbIIEe, IOCh
pOOMTH B IHHX I30JTFOI0OYUX
KocTIomax. S xouwy s
HNOPIBHSHHS HAaBECTH
cBiTIMHM 40-pi4HOT TaBHUHU
OO0 JIKBimamii HAacIiaKiB

uc.l AEC Tpu Maiin Aitnenn,  pamiamiiHoi  aBapii  Ha

CIHIA (1979 p.). 0JIHOMY 3 OJIOKIB aTOMHOI
€JIeKTPOCTaHIll B .CIHA

(Puc.1). Maiixke B  KOCMIYHHX
ckaanapax mgroau mBabpaMud MHIOTh
npuMitieHHs. [Ipodnuio ciM pokiB 1
Tpanunace amapis Ha UYAEC. Tyr,
BuOauTe, OyJ0 BXXE HE JO ITiJJIOTH.
Po3kumani  cMEpTOHOCHI  yJIaMKH
TEIUIOBUIUIAIOYMX  €JIEMEHTIB  Tpeba
Oyno mpubOparu. He mBabpamu, ane Tex
HexuTpuMu — Jjomaramu  (Puc.2),
OJSITHEH1 BIANOBIMHO coymatu (came
TOAl 13  TOJUTBYACBKUX  (UIBMIB
MPUHIIUIO JI0 HAc CJIOBO — Kibopr)
HaMarajucs, Kpaiie B MexXax TPUILSTH
CeKyH]l, MHIAXOMUTH IX Ha Jdaxy i
CKUHYTU BHHU3. XOJKa, BuOaute, Oyna
OollHa ¥ 3aKpHuBajla TPUPIYHUN TEepMiH

Puc. 2 HAEC
(1986 p.).

npu3oBy. He 3mir o0iliTH Ie OJIHY CBITIMHY IIOAO IUX TMOMIiH
1986-ro poky. UYepe3 oaHy TINOTETHUHY HeOe3MeKy IiJ

3pyHHOBaHMM  pPEaKTOpPOM  Ilaxrapi
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dopcoBaHO POOWIHM  TYyHENb
JUIS  CTBOPEHHSI  KUIbKaMeT-
PpOBO1 OETOHHOT MPOKITAIKH 1T
yeTBepTUM OokoM. Bike Tomi
MOJIOJII JTFOM KOPHUCTYBAJIHCS
3acobamMu  IHAWBITyaTbHOTO
3aXUCTY, K aHTUTIPHKIA]] IS
CHOTOJHIIIHBOI KOpPOHABIpyC-
Hoi curyamii (Puc.3).

Sk nmporunexHUN NpUKIAL,
SKIIO HE HaCTiIyBaHHS, a
YCBIIOMIICHOT HEOOX1THOCTI, S
HaBely Cy4YacH1 CBITJIMHU JBOX KWUTaWCHKUX MIBYAT, SIK1 TUIbKH
3BUIBHWJIKCS BiJ 3aCO0IB 3aXUCTY Micisi, MaOyTh, OaraToroMHHOL
mpaili B KoBimHux ymoBax (Puc.4).

Ane HaiOUTbIIe BpakeHHS, sSK€ W BMOTHBYBAJIO IO
nonoBinb, mpusBena iHpopmaris 31 Crnomydenux Illrarie mpo
CTBOPEHHSI ~CEKPETHOI TpynH aMEpUKAHChKUX BUYCHHX 1
MUTBbSIpAEpIB, siKa pocyBae «MaHXeTeHChKui mpoekT o Covid-
19 [1]. TIlicns mopxBiliHOTO Tepekiamxy s JIO3BOJIO  coOi
dbparmenTapae 1uTyBaHHSA. Ili BYeHI Ta iX NPUXWIBHHUKHU

=

Puc.3 Po6otn nHa HAEC (1986 p.).

Puc. 4 Kuraiicpki MececTpH MiCIs 3MIHM.

Ha3MBAIOTh CBOIO POOOTY "MaHXETTEHCHKUM IPOEKTOM EHOXU
13osALil", BiacuiIarouud 10 poOOTH Ipymu BueHHMX 4aciB J[pyroi
CBITOBOT BiifHH, sIKi Opajia yyacTb B po3po0ii aromHoi 6ombu. Ha
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el pa3 BYEHI OO'€AHYIOTh MI3KM 1 Tpoll, 00 BHUTATTH
KBIHTECEHIIIIO 3 HEOPTOJOKCAIBHUX 1/IeH, 310paHuX 3 YChOTO CBITY.
Bonu nasuBatoth cebe Scientists to Stop Covid-19 (Bueni 3a
synuaky Covid-19), i B X YHCIO BXOIATh XiMIKH-0i0JIOTH,
iMyHOO10JI0TH, Helpooioor, XpOHOOIOJIOT, OHKOJIOT,
racTpOeHTEpOJIor, emigeMionor i BueHHWil-saepHuk. "Hemae
CYMHIBIB, 1110 S HATMEHII KBaJIi(ikoBaHMM 3 HUX", - TOBOPHUTH TPO
cebe 1 Ipo BYCHHX, IO BXOJATH B MPOEKT, Oiostior Maiikir Pocoar,
naypear HoOGeniBcpkoi npemii 2017 poky. I'pyny ouomtoe Tom
Kexunn, 33-piunuil jikap, sSIKHi cTaB BEHUYpHUM IHBECTOpOM. Y
HBOTO BHUSBHWJIOCS JIOCUTh BUCOKHX 3B'SI3KIB, 100 BIUTMHYTH Ha
pimenHss ypsny y BiitHi mpotu Covid-19. Po3noimaroun mpo
nuiaxu Joktopa Keximia, rasera 3a3Hayae, 110 CIIOYAaTKy BIH
3aXOIMBCS  IHBECTHUI[IIMH, OCOOIMBO B 00JacCTi MEIUKO-
OloyoriyHMX HayK. BiH BBaxkaB, 110 3MOXE€ HAJATH OUIBIITHI
BIUIUB, SKIIO OyJae BHSBISITH TEPCIEKTUBHAX BYEHUX 1
JornoMaratd iM BUpIIIYBaTU MpoOJeMU - SK HAyKOBI, TakK 1
(biHaHCOBI, HIXK SIKIIO caM Oyjie 3aiiMaTucs JOCTiKeHHsIMH [2].

Ha miarBepkeHHs HE TUIBKM AacOIIaTUBHUM 3B’s3KaM
saepHOi 1 MeauuHoi (I3UKM HaBeay CBDKI MPUKIAIU 1X
npoaykTuBHOI B3aemomii. Tak nHaykoBii [liBHIYHO-3aXimHOTO
yHiBepcutety (Lminotic, CIIIA) oTpuManu HaJACTINWKI 10 pajiamii
PEUYOBHMHHU, BBIBIIM aTOMU CEJIEHY BCEpPEAMHY  MOJEKYJ
MPUPOJHOTO MIrMEHTY MenaHiny. lle moeaHaHHS 103BOJMIIO
3aXUCTUTH OKpPeMi KIITHUHH 1 MIKPOOPTaHI3MH BiJl CMEPTEIbHUX
7103 10HI3YIOUOTO BHIPOMIHIOBaHHS. Bimomo: B MIKipi JIOAMHU
MeJaHIH BUCTYIAE B POJIi TOJOBHOTO 3aXUCTy BiJ pajiamii - BiH
eheKTUBHO BJIOBIIOE Y D-BUNPOMIHIOBAHHS.

Jlana BIIacTUBICTh HaBiITh 3Mycuia crmiBpoOiTHUKIB NASA
PO3IIIIHYTH TPUPOAHI JDKeperaa MeNaHiHy sIK OAMH 13 3ac00iB
3aXHUCTY BiJ] KOCMIUHOT pajiarii.

Bueni cnpoOyBanu 3po3yMiTH, fKa 3 H'SITHU HPUPOIHUX
PI3HOBHIIB IIbOTO MIrMEHTY - KOBTHUH (peoMesIaHUH, KOPUUHEBUI
eyMellaH1H, YOpHI aJuIOMeJNIaHiH 1 HeilpomenaHiH abo x OexeBuit
nioMeJaHiH - HalKpaiue HIOTJIMHAE PEHTICHIBChKE
BUIIPOMIHIOBAHHA. . ..
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3aBnsaku ceneHomenaniny (Puc.5) Bmanocs yHUKHYTH TOSIBH
0e3miui nmomkomkens B JIHK kmitmH (3axuct Bim pamiamii B

Puc. 5 Kmitunn mroauan, o6po0diteH:
HAHOYACTHHKAMII CeJIeHOMETaHIHy

CepeHbOMY TIpaIfioBaB y 2-3 pa3u Kpaile, HbK IpU BUKOPUCTaHH1
eyMmenaHiH (eoMenanuHa). BiuTbln TOro, KIITHHU MPOJOBKHIN
PO3MHOXYBATHCSl TUTBKM B THX BHUIAJKaxX, KOJW B MICI IX
iCHyBaHHS Oy/I HAHOYACTHHKH 3 ceJleHOMeaHiny [3].

CIINCOK BUKOPUCTAHUX J’KEPEJI

1. Po6 Koymenn / The Wall Street Journal 1
https://www.wsj.com/articles/the-secret-group-of-scientists-and-
billionaires-pushing-trump-on-a-covid-19-plan-11587998993

2. https://www.inopressa.ru/article/28 Apr2020/wsj/scientists.html

3. Mark Heiden/ New biomaterial could shield against harmful radiation
/! https://news.northwestern.edu/stories/2020/07/new-biomaterial-could-
shield-against-harmful-radiation-selenomelanin/

27


file:///C:/Users/aslamova/Downloads/Роб%20Коупленд%20/%20The%20Wall%20Street%20Journal
https://www.wsj.com/articles/the-secret-group-of-scientists-and-billionaires-pushing-trump-on-a-covid-19-plan-11587998993
https://www.wsj.com/articles/the-secret-group-of-scientists-and-billionaires-pushing-trump-on-a-covid-19-plan-11587998993
https://www.inopressa.ru/article/28Apr2020/wsj/scientists.html
https://news.northwestern.edu/stories/2020/07/new-biomaterial-could-shield-against-harmful-radiation-selenomelanin/
https://news.northwestern.edu/stories/2020/07/new-biomaterial-could-shield-against-harmful-radiation-selenomelanin/

2. PagianiiiHui 3axucT
Radiation protection

ASSESSMENT OF DOSE LOADS AND RADIATION
RISKS OF PATIENTS AFTER PET/CT SCANNING

D. Zaredinov?, M. Li* ™
IMinistry of Health of the Republic of Uzbekistan
2 *Tashkent Institute of Postgraduate Medical Education Tashkent,
Uzbekistan, +(99)(890)9084737, marina.li@uzliti-en.com

Abstract: this article presents data on positron emission tomographic
studies, combined with computed tomography, radiation doses and risks
of patients who underwent diagnostic examinations at the private
PET/CT center "New Life Medical" in Tashkent. This center is the first
in Uzbekistan, opened in 2018. Equipped with its own cyclotron and a
department for the production of radiopharmaceuticals.

Key words: positron emission tomography, computed tomography,
single irradiation, PET/CT diagnostics, effective patient dose,
radiopharmaceutical, oncological morbidity.

Relevance. The implementation of the state Program for the
further development of the oncological service and the
improvement of oncological care for the population of the Republic
of Uzbekistan for 2017-2021, approved by the decree of the
President of the Republic of Uzbekistan dated April 4, 2017 No.
PP-2866, contributes to increasing the acceptability of the positron
emission tomography (PET) diagnostic procedure for the
population [1]. One of the most common methods of radionuclide
diagnostics today is positron emission tomography combined with
computer tomography (PET/CT). PET/CT allows you to study not
only metabolic processes in tumors, but also to visualize the
morphological structure of various neoplasms. Hybrid PET/CT
technology combines functional and anatomical imaging, provides
a clear picture of the body's functioning and is widely used for
oncological imaging and detection of inflammatory diseases, as
well as in some neurological, cardiological examinations and
vascular imaging. World experience shows that according to the
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results of PET scanning, the treatment plan is changed for 43.1%
of patients [2].

The capabilities of PET/CT-diagnostics largely depend on
the arsenal of radiopharmaceuticals (RFP): different compounds
and radionuclides are required to study different organs and
diagnose different diseases. The injected RFP is quantitatively
determined by the degree of accumulation in the studied organ or
in the entire body of the patient. The PET method has found the
greatest application in oncology for the diagnosis and staging of the
disease, as well as for planning and evaluating the effectiveness of
anticancer treatment [3].

However, the high diagnostic information content of this
method is associated with high doses of radiation to patients [4].
But it should be noted that in terms of the effect on the body, PET
examination is not more harmful than the usual CT scan, and the
possible benefits of early diagnosis may be equal to the saved life
[5].

The effective dose is used in the radiation protection system
as a measure of the risk of long-term consequences of exposure to
ionizing radiation. It is calculated taking into account the relative
biological effectiveness of different types of radiation and different
radiosensitivity of organs and tissues. In medical exposure, this
value makes it possible to compare the patient's exposure levels for
different diagnostic methods, which is especially important in
combined studies.

According to foreign sources of information, the effective
doses in PET/CT - diagnostics reach 20-30 mSv per study, while
the equivalent doses in individual organs and tissues may exceed
the effective dose by several times [6].

In Uzbekistan, there is no information on the structure of
diagnostic procedures and on the radiation doses of patients during
PET/CT examination, because the development of this area of
nuclear medicine has just begun.

The aim of the investigation was to assess the dose loads
and radiation risks of patients during hybrid diagnostic PET/CT
studies.
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Materials and research methods. For the research, data
from the private PET/CT center "New Life Medical" in Tashkent
were used. This center uses a radiopharmaceutical -
fluorodeoxyglucose (18F-FDG), which contains the radioactive
isotope Fluorine-18.

Information was obtained by interviewing the personnel of
PET diagnostics departments, analyzing work logs, PET/CT
scanning protocols, which contained information about the RFP
activities administered, patient radiation doses.

The effective dose of patients from a combined PET/CT scan
was determined as the sum of the doses of internal radiation from
the injected radiopharmaceutical and external radiation from the X-
ray CT scan. The internal dose of the patient also depended on the
RFP activity, half-life and the radiation energy of the radionuclide.
The dose of external radiation to the patient was determined by the
scanning area of the patient's body and the parameters of the CT
examination.

The effective dose (mSv) of internal irradiation of the patient
from the injected RFP was calculated by multiplying the value of
the activity of the RFP (MBq) administered to a patient by the dose
coefficient (mSv/IMBq). The dose coefficient is the effective dose
from the administration of 1 MBq of the given RFP to the patient.
For 18F-FDG, the dose factor is 0.019 mSv/MBq [7-8].

Determination of the standard effective dose (mSv) of
external exposure from CT scanning was determined by
multiplying the DLP value (dose length product - the product of the
dose by the length, mGy cm) by the dose coefficient of the
investigated area of the human body (mSv/(mGy cm).

Results and discussion. At present, medical cyclotron of the
private PET/CT center "New Life Medical" produces only one
radioactive isotope Fluorine-18, although the technical capabilities
allow the production of other short-lived radioactive isotopes, if
necessary and with a minor upgrade of the cyclotron. Then the RFP
is synthesized - 18F-FDG, which is used for the diagnosis of
cancer.
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In 2019, a PET/CT scan was performed on 2600 patients with
malignant neoplasms or suspected of having them. According to
age, patients were distributed as follows: up to 18 years old - 90
patients (3.5%), 18-64 years old - 1898 people. (72.9%), 65 years
and older - 615 people. (23.6%). The scatter of 18F-FDG activities
administered to patients in the study of the patient's whole body
was from 100 to 351 MBq, on average - 280 MBq. The average
effective dose received by patients with a single PET/CT scan was:
up to 18 years old - 7 mSv, 18-64 years old - 20 mSv, 65 years and
older - 22 mSv.

The effective doses of internal irradiation of patients in whole
body studies ranged from 3.8 to 7.4 mSv.

Modern PET/CT - devices allow you to obtain a combined
image of the distribution of RFP in the patient's body and CT
scanning in one procedure. The X-ray CT image during PET
examination is used to correct the attenuation (weakening) of
radioisotope radiation in the patient's body, as well as to
anatomically link the distribution of the RFP to certain organs. The
latter implies that the CT scan area cannot be smaller than the PET
scan area, most often they coincide. These tasks are performed in a
low-dose CT scan mode. The diagnostic mode allows for complete
CT diagnostics, but generates a higher radiation dose for the
patient. External radiation doses from CT scans for whole body
PET/CT scans were in the range of 6-25 mSv.

The radiation risk of long-term stochastic (carcinogenic and
hereditary) consequences for the health of a patient of a certain age
group during medical exposure was calculated on the basis of the
effective dose using the nominal International Commission on
Radiological Protection (ICRP) risk coefficients adjusted for age-
related radiosensitivity and amounted to: for patients under 18
years old - 91.77- 10-5 (9.1 cases per ten thousand people), 18-64
years - 102.6-10-5 (10.2 cases per ten thousand people), 65 years
and older - 12.54-10-5 ( 1, 2 cases per ten thousand people).

According to the international scale of radiation risks, the
data obtained can be classified as a low lifetime risk to a patient's
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health associated with medical intervention in the form of
diagnostic tests or treatment procedures.

Conclusions:

As a result of the work, the effective doses of patients with a
single PET/CT examination of the whole body were estimated,
which averaged 17 mSv.

The contributions of doses from internal and external
radiation to the total radiation dose of a patient during a single
PET/CT examination were evaluated. External exposure due to CT
scanning makes the greatest contribution to the total dose of
radiation to the patient in the study of the whole body: from 65 to
80%.

The obtained calculations of radiation risks to the health of
patients with PET/CT scanning were assessed as low according to
the international scale.

According to the current regulatory and legal documents of
the Republic of Uzbekistan on ensuring the radiation safety of the
population, the appointment and conduct of medical
radiodiagnostic and radiotherapy procedures should be justified,
since radiation can cause radiation damage to the patient's health.

Thus, the assessment of dose loads during a single PET/CT
examination is extremely relevant and necessary for calculating the
annual effective dose.
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METOIUYHI ITPOBJIEMHU BITPOBA/KEHHSA
KYJbTYPHU BE3IIEKHN
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AHoTamisgs. Y poOOTi O0OroOBOpIOIOTHCSA MPOOJIEMH  METOAMYHOI
MIATPUMKA TIPOIIECY BIIPOBAKEHHA KyIbTypH Oe3meKkrd 1 NUmsixu i
BUPIIIICHHS.

KamouoBi cioBa: Kkynprypa Oesmekw, MeTOAWYHE 3a0e3MedeHHs,
Oe3meyHe JiKapHsIHE CepEOBHUIIIE.

CpOro/iHi MPaKTUYHO MOBCIOHO BU3HAHO, IO (POPMYBaHHS
BCEOCSIKHOT ~ KyNbTypu Oe3mekd € HEeOoOXiZHOK YMOBOIO
e(peKTUBHOTO 3a0e3Me4YeHHs JOBrOCTPOKOBOI O€3MEKH MPaKTUYHO
B ycix cdepax [1, 2]. OxopoHa 300pOB’si He € BUHITKOM [3].

Xou cBITOBa CHUIbHOTA BiA3Hauuna Bxke 30-Ty PIYHHUIIIO
CTBOPEHHSI KOHIIETIIT KyabTypu Oe3mneku [4], a HampaltoBaHHs 3
KyJIBTYpH O€3MEKH CATaloTh COTEHb BUJaHb, aje 1€ MepeBaXKHO
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I'PYHTOBHI Tipani uig ¢axiBLiB 3 MPOMHUCIOBOI O€3MEeKH, OXOPOHU
mpairi, 6e3neKu MmaIfienTis [5].

MAT'ATE, ske Oyno iHIDIaTOpoM  po3poOKH  Ta
BIIPOBA/DKEHHS y cdepi BUKOPHUCTAHHS SIEPHUX TEXHOJOTiH
KOHIICTIiT KyJIbTypH Oe3meku 1 sike chopMyBajo NPAKTHIHO
HAIOCKOHAIITY TEOPETHYHY 1 METOAUUHY 0a3y MIOA0 KYIbTypH
Oesmekn [6], TakoX JOCI HE OMNpamIoBalio  JIOKYMEHTa,
NPUUHATHOTO 32 00CATOM 1 MPOCTOTOIO JJISi IIMPOKOTO 3araiy
MpaliBHUKIB PI3HUX PIBHIB OCBITH Ta MPAKTUYHOI'O JOCBIY.

VY 3B’SI3Ky 3 IIUM HaBITh BITUM3HSHI aTOMHI €JIEKTPOCTAHIIIT
[7] Ta miampueEMCTBA AaTOMHOI €HEPreTMKM IHIIMX KpaiH
HAMaraloThCsl 3allOBHUTH IF0 HECTady, MPOMOHYIOYH CBOI
METOUYHI IOKYMEHTH 3 KYIbTYpH O€3MEKH.

ToOTro  3anumuaroTbCs  HAA3BHYAWHO  BUTPeOYBaHUMU
MPaKTUYHO Yy BCIX cdepax JIOJACHKOT AISUIBHOCTI JTOKYMEHTH 3
METOJIMKH BIIPOBAPKEHHS 1 MOKPAIICHHS KyIbTYPH OC3MEKH.

3Baxkatroun Ha 1e, y 2016 pori MikHapoaHa opraHizaiis
mpari (MOII) Bumana kepiBHULITBO 3 (OPMYBaHHS KYJIBTYPH
OXOPOHH Tpaili [8], ae cyTh HOTO 3BOIUTHCS JIUIIIE IO TIOSICHCHHS
TOTO, SIK OCTaHHI KOHBEHIlli Ta iHmIl mokymeHTH MOII moxxHa
BUKOPHUCTATH JUIsI TIOCTIHHOTO MIABUIIICHHS KYJIBTYpH O€3MeKu Ta
Tiri€eHH Tparti.

binbil po3mumpeHe TpakTyBaHHS IPOLECY BIIPOBAIKEHHS
KyJIbTypH O€3IEKH Ta Tiri€Hu Mmpalll HaJa€ y CBOEMY HEJaBHbOMY
BHJIaHHI BpUTaHCHKUN IHCTUTYT OXOpPOHHU Tparli 1 370poB’s [9].
Cepen 1HIIOrO B I[bOMY KEpIBHULTBI HABOJATHCA NPUKIIAAN
HQJICKHUX MPAKTUK MOKPAILIEHHS KYJIbTYypH O€3MEeKH B OKPEMHUX
KOMITaHIsIX.

bnu3pke 3a CTPYKTYpOIO KEpPIBHULTBO 3 YIPOBAIKCHHS
KynbTypu Oesnieku MixHapoaHoi mamatu cyaHoruiaBctsa [10].
IIpu npomMy Benuka yBara B HBOMY OPUIUIAETCS KyJ'ILTypl
3BITYBaHHA, 1 HacamIepe]l peecTpaiii Maibke IHIMICHTIB. Aje
3arajloM JOKyMEHT Haraaye 3asBy L€l MDKHApOJHOI IHCTUTYLIi
PO MPUXUIBHICTD KYJIbTYpi O€3MEKH.

AnanoriyHe 3a TEMaTUKOIO BHJAHHS JeNapTaMeHTy
tpancropty CIHA [11] Takox mae Oulbllle MPOCBITHULBKY, HDK
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NPAaKTUYHY COPAMOBaHICTh. [I03UTHBHUM y HBOMY € QJITOPHTM
PO3pOOKH CTpaTerii 3 MOKpAIICHHS KYIbTYPH O€3MeKH.

KepiBauurBo  MixHapomHoi — acowmiamii  cOIiaIbHOTO
3abesrmeueHns, Bimome sk «VISION ZERO» [12], xou i
IpU3HaYeHEe A POPMYBaHHS KyJIbTypu O€3MEKH, OJTHAK MICTUTh
JIUIIIE 3araibHi peKOMEHaIlii o0 ii jopMyBaHHS.

Benmuka poOora 3 aHamizy A0cBimy Oaratbox ramy3ed 3
VIIPOBAUKCHHS KYJIbTYpH OE3MEKH IpEACTaBlIeHa B TOCIOHUKY,
MIrOTOBJIEHOMY JUTsl TIpalliBHUKIB HadTora3oBoi chepu Pocii, e
TaKOXX BHKJIQJCHO CKIATHI I PO3YMIHHS TOHSTTSA MPOCTOIO
MoBot0 [13]. Ta 3HOBY X Taku 1 Il JOKYMEHT CTpaxKJae Ha
BIJICYTHICTh KOHKPETHUX MIAXO/AIB /10 MOOUI3aIii JIFOJICHKOTO
YUHHHUKA Ha KOPUCTH O€3MEKH.

[Ipn Tomy, mo BOO3 y Oararbox BHIIagKaX JIEMOHCTPYE
MPUXWIBHICTD KYJIbTYpi O€3MEKH, OKPEMOTO JOKYMEHTA PO Te, K
pPO3BHBATH TaKy KyJbTYPy Ha KOpPHUCTh Oe3Mmeri MaIieHTiB i
MePCOHAIy, IIOKX IO HE TPeACTaBUIIA.

PexomennoBani BOO3 kOHTpOJIbHUI TIEPENTIK 3 XIpypriqHOT
Oe3MeKr, KOHTPOJBHUN Tepenik 3  Oe3MeYHuX  IOJIOTIB,
KEpIBHUIITBO 3 TIri€HU PYK B OXOPOHI 3JI0POB’SI MOKHA BBaXKATH
JUIIE OKPEeMHMH IHCTpyMeHTaMu (GOpPMYyBaHHS O€3MEYHOTO
JIKApHSHOTO CEPeIOBHUIIIA.

Branorw crnpo0oro 3aoBHUTH L0 MPOTAIMHY B MEIUYHIN
chepi € cnutbHa po3poOKa  BIAMOBIAHOTO  KEPIBHUIITBA
AMEpHUKaHCHKUM KOJIEIKEM KEpIBHUKIB OXOPOHU 3JI0pOB’S 1
Hamionansaum ponmom 6e3neku marieHTis [ 14].

MoskHa TOTOJUTHUCS 3 aBTOpaMH 3a3HAYEHOTO JOKYMEHTa,
0 BiH € KOPUCHUM IHCTPYMEHTOM JUIsl KEPIBHUKIB 3 OLIIHKU Ta
MPOCYBaHHS B JIKApHSHUX 3aKiagaX KOHIEMIi KyJIbTypu
6e3neku. [IpoTe a5 METUYHOTO MEPCOHANY LIeH JOKYMEHT HaBpsij
gy OyJie IIHHUM.

Takum yrHOM, 00’€HABIIN MMO3UTHUBHI €JIEMEHTH KOXKHOI 3
BULIETIEpPENIUeHUX pOOIT, € MOXJIMBICTh Yy HalOmmKIomMy
MaiOyTHROMY YKJIACTH HaA3BUYAiHO BUTPeOyBaHMI MPAKTUKOIO
CBO€PITHUM «OykBap» 3 (OpPMYBaHHS 1 MOKpAIIEHHS KYJIbTYpH
Oe3MeKu.
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ITPO JEAKI ACHHEKTH HAJJAHHSA 103BOJIY
(CAHITAPHOTI'O ITACIIOPTY) HA POBOTH 3
PAJJIOAKTUBHUMMHU PEHOBMHAMM TA IHIIUMU
JOKEPEJIAMMU IOHI3YIOYOI'O BUITPOMIHIOBAHHSA

O.M. Pyo6an, C.B. bipwokos, /I.O. baiipauenko,

C.B. KoBainoBa
Tonosue ynpasninua Jlepocnpoocnocusciysxcou 8 m. Kuesi, m. Kuis

AHoTanis. BiqmoBinHO 10 3aKOHOABCTBA J03B1J Ha POBEIEHHS pOOiIT
3 JDKepenaMH  IOHI3yI04WOro BHIIPOMIHIOBAHHA €  JIOKYMEHTOM
JIO3BUIBHOIO Xapakrepy. Bumaua mo03Boiy (CaHITapHOIO IacIopTy)
3MIHCHIOETBCS dYepe3 IEHTPH HaJaHHSI aJMIiHICTPAaTUBHUX TIOCHYT,
yTBOpeHi 3rigHo i3 3akoHoM Ykpainu «llpo agMiHicTpaTHBHI HOCITYTH».
KarouoBi ciioBa: 03BN, caHITapHHI MacmopT, aaMiHICTpaTHBHA
MoCIyTa, JHKEPENOo 10HI3YI0Woro BUIIPOMIHIOBAHHS, pajiiaiiiHa Oe3reka.
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JepxaBHa ciyx0a Ykpainu 3 muTaHb 0€3MEYHOCTI XapuOBUX
MIPOJTYKTiB Ta 3aXUCTy CIIOKHBAYiB (mami —
JlepKIpoICTIOKUBCITYK0a) BIAMOBIIHO [0 TOKJIAJICHUX Ha HeEl
3aBllaHb y BUIAJKaX, BCTAaHOBJICHHUX 3aKOHOJABCTBOM, BHJA€
JOKYMEHTH JI03BUIBHOTO XapakTepy, mepeadadeHi 3akoHOM
VYxpainn «lIpo Ilepenik AOKYMEHTIB IO3BUIBHOTO XapakTepy y
cdepi rocnioapebkoi aisuibHOCT Bix 19.05.2011 Ne3392-VI (mani
— 3akoHn) [1].

3akOHOM JI0 BHINEBKA3aHOTO TMEpEeiKy JIOKYMEHTIB
JO3BUTBHOTO XapakTepy BKIIOUEHO JI03BUI HA MPOBEACHHS OYIb-
SKUX JTIaTHOCTHYHUX, EKCIIEPUMCHTAIFHUX, BHUIPOOYBATBHHUX,
BUMIPIOBaJIbHUX pPOOIT Ha MIJAOPUEMCTBAX, B YCTaHOBAX,
OpraHizailisix, IISUIBHICTh SKHX TIOB'SI3aHAa 3 BHUKOPHUCTAHHSIM
010JIOTIYHUX areHTIB, XIMIYHOT CHPOBUHH, TPOIYKIIii Ta pEUOBHH 3
JDKepellaMy 10HI3YI0YOTo Ta HEIOHI3YI0YOro BUIPOMIHIOBAHHS 1
panioaKTUBHUX PEYOBHH.

lNonoBue ympasmiaHaSa JlepKIpoacmokuBCIyx0ou B M. Knesi
€  TEepUTOpIAIbHUM  OpraHoM  JlepKmpoacrioKUBCITYKOH,
MTOBHOBAKEHHS SIKOTO TIOIIUPIOIOTHCS Ha TepUTOpito Micta Kuepa.

VY BigmosimHocTi 10 3akoHiB Ykpainu «[Ipo mo3BuibHY
cucteMy y cdepi rocmomapcbkoi nmismeHOCT» Bim 06.09.2005
Ne2806-1V [2], «IIpo amminictpatuBHi mocayrm» Bix 06.09.2012
5203-VI [3], posmopsmxenns Kabdinery MinictpiB Ykpainun KMY
BIJI 16.05.2014  Ne523-p  «Jleski  nHTaHHS  HAJaHHSI
aJMIHICTpAaTUBHUX IMOCIYT OpraHiB BHKOHABUOI BIAIu 4epe3
LHCHTPU HaJaHHs aaMiHicTpaTHBHUX mocayr» [4], TosmoBHe
yIOpaBIiHHS ~ 3[IHCHIOE  BHAA4y JOKYMEHTIB  JTO3BUIBHOTO
Xapakrepy, B T.4. J03BOJIy (CaHITApHOTO MAacHopTy) Ha poOOTH 3
pajioaKTUBHUMM  pPEYOBMHAMU Ta  IHIIMMH  JDKEpeJIamMu
10HI3yrouorOo BUIpOMiHIOBaHHS (nami - [[IB), uepe3 micbkuii Ta
pailoHHI IEHTPU HAJAHHS aMIHICTPATUBHUX MOCIYT.

VY BiANOBIAHOCTI 10 3aKOHY HaKa30M [ '0JIOBHOTO yIIpaBIIiHHS
Big 16.12.2019 Ne55-AI' 3aTtBepmkeHa iHQopmalliiiHa KapTka
aJIMIHICTpaTMBHOI TMOCIYTM 3 BHJA4l J03BOJY (CaHITapHOIO
nacropra).
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Indopmaniitna kapTka MictuTh iHpopManio npo ['onoBHe
YIIpaBIIiHHSA, SIK Cy0’€KT HaJaHHS aAMIHICTPATUBHOI MOCIYTH, Ta
LIEHTPH HAJaHHSA aaMIHICTPAaTUBHUX TMOCIYr (HAaMEHYBaHHS,
MICIIE3HAXO/DKCHHS,  peXuM  poboTtwm,  TenmedoH,  aapeca
€JIEKTPOHHOI MOIITH Ta BeO-CaliTy), HOPMATUBHO-TIPABOBI aKTH,
SKAMH PETJIAMEHTYEThCS HalaHHS aaMIHICTPaTUBHOI IOCIYTH,
BUYCPIHHUHA TIEPeIiK JOKYMEHTIB, HEOOXIIHUX JJIsi OTPUMAaHHS
aJIMIHICTPATHBHOI MOCIYrH, HOPSJOK Ta CIocid iX mogaHHA,
TEpPMIH HaJaHHS Ta YMOBH OTPUMAaHHS aJMIHICTPATUBHOI IOCIYTH,
pPO3MIp Ta MOPSAOK BHECEHHS TUIaTH (aIMIHICTPATUBHOTO 300pY)
3a aIMIHICTPATUBHY MOCIYTY, MOJJIHMBI CIIOCOOM OTpPUMAaHHS
BiMOBI (pe3yyIbTaTy).

Takox y iHpopMaIiiiHiil KapTii HaBeIeHUH NepestiK MiICTaB
JUTS BIIMOBH y HaJlaHH1 aIMIHICTPATUBHOI TOCITYTH.

Buznauenuii cTpok HaJaHHS aaMIHICTPATUBHOI MOCITYTH 3
BHJIa4l T03BOJIY (CaHITApHOTO MacrnopTy) cTaHoBUTH 10 poboumx
JTHIB.

HopmatuBHMMH aKTamMH, L0 pErVIaMEHTYIOTh HOPSJIOK
BHIaul J103BOJY (caHiTapHOTO macropTa) € «OCHOBHI caHITapHi
mpaBujia  3a0e3leueHHs  pamianiiHoi  Oe3nmeku  YKpaiHwy,
3atBepkeHi HakazoM MO3 Vkpaiau Big 02.02.2005 Ne54 (mami —
OCIIY-2005) Ta J[lepkaBHI caHiTapHI TpaBWjIa 1 HOPMHU
«['irieHiYHl  BUMOTH /10 BIAIITYBaHHS Ta  EKCIUTyaTarii
PEHTIeHIBCBKMX KaOIHETIB 1 TPOBEACHHS PEHTTCHOJIOTTYHHUX
nporeayp», 3arseppkeHi HakazoMm MO3 Ykpainu Big 04.06.2007
Ne294 (nami — [ICanlliH 6.6.3.150-2007) [5, 6].

V BimmosigHocti Ao 1.1.13 OCIIY-2005, mo3Bimt -
JO3BUIBHUM JOKYMEHT, IO BHJAAETHCS JEPKABHOIO CaHITAPHO-
enigeMionoriynoro ciyx6o0t0 MO3 Ykpainu y popmi caHiTapHOTO
MacnopTy Ha MPaBo MPOBEIEHHS POOIT 3 pKepeslaMu 10HI3YIOUHX
BUIIPOMIHIOBaHb B YCTaHOBaX YKpaiHH, SKUH 3acBiauye
BUKOHaHHA  BHUMOT  CaHITApHOTO  3aKOHOJIABCTBA  IL[OJI0
3a0e3neueHHs! MPOTUPATIallIfHOTO 3aXKCTy MEPCOHANy B pOOOUYMX
OPUMIMIEHHAX 1 Ha pobouyMx MiclAX, a TaKoX II0JI0
POTHPAAIAIIIfHOTO 3aXUCTy HaceleHHs Bif AisuibHOCTI 3 B [5].
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3rigno m.1.5 ICaulliH 6.6.3.150-2007, canitapHuii macnopT
— JI03BUI  JIep’KaBHOI  CaHITApHO-CIMIIEMIOJIOTIYHOT  CITY>KOU
YkpaiHu Ha MpaBo MPOBEACHHS POOIT 3 JKEpeIaMH 10HI3yI0YOTro
BUIIPOMIHIOBAaHHA B JIIKYBAJbHO-TIPO(MUIAKTUYHUX  3aKJanax
(hi3BUYHEMHE 0co0aMu - Cy0'€eKTaMu MiANPUEMHHUIIBKOT TisJILHOCTI,
SKi 3IMCHIOIOTh PEHTICHOJIOTIUHI TPOUEAYPH, IO 3acBigdye
BUKOHAaHHS  BHMOI'  CaHITApPHOTO  3aKOHOJABCTBA  IOJIO
3a0e3leueHHsT MPOTHUPATIalifHOTO  3aXWUCTy TIEpCcoHAy Ta
naiienTis [6].

lNomoBHuM ympaBninHsaM 3a miepiox 2017-2019 pp. Oymno
BUJaHO 527 no3BoiB (caHiTapHUX MactopTiB). 3a 8 micsaiz 2020
POKYy 3a pe3ylbTaToM po3risiamy 271 3asBU Ta JAOJAHUX JI0 HUX
JOKYMEHTIB Cy0'€eKTaM TOCIOJaproBaHHs BUAaHO 153 m03BOJIB
(caniTapaux macnopTiB) Ta HagaHo 118 BigMoB 3 ix BUgadi.

VY 3HayHIi KUIBKOCTI OOIPYHTOBAHOIO MIJACTaBOIO JUIs
B1IMOBH B 0(hOpMJIEHHI I03BOJTY (CaHITApHOTO MacrmopTa), Oyso He
HaJaHHS  CY0'€KTOM  TOCIOJApIOBaHHS  JOKYMEHTIB, IO
nepeabayeHi  iHQOpMaIIHHOI  KapTKOIO  aaMIHICTPATHUBHOL
MOCIYrH, B T.4. KOMi JOKYMEHTIB, IO MiATBEPKYIOTh PIBEHb
3HaHb TIEPCOHAIIOM HOPM 1 MpaBWJI 3 palialiiHoi Oe3meKu,
HEOOXITHUHN JIsI pOOOTH 3 JDKEpPEITaMH.

Cnin Big3HAYUTH, IO BUMOTH JIO TPOBEJCHHS HAaBUYaHHSA 1
IEepeBIPKK 3HAaHb 3 IHWTaHb PamialiiiHOl OC3MEKH y MepCoHAy 1
MOCaJIoBUX 0Ci0, K1 3a0e3MeuyroTh paaiaiiiay 06e3neky, cyo’ eKTiB
JISUTBHOCT1 3 BUPOOHUIITBA, BUKOPUCTAHHS JDKEpENl 10HI3YI0UOTO
BUIIPOMIHIOBaHHS TOWIO, Bu3HaueHl [lopsnkom mpoBenecHHS
HABYaHHS 1 MEPeBIPKU 3HAHb 3 MHUTaHb pajdialliifHOl Oe3neku y
MepcoHaiy 1 mocaioBux ocid cy0’eKTiB OKpEMUX BUIB AiSITBHOCTI
y cepi BUKOPUCTAHHS SIIEPHOI €Heprii, 3aTBEpHKCHUM HaKa30oM
JlepxaBHOT 1HCHEKIil SACPHOTO PETYIIOBaHHS YKpaiHU Bij
02.10.2014 Ne143 [7].

Takox BIAMOBM HamaBaJINCh HA IIACTaBl HETaTUBHOI'O
BHUCHOBKY 3a pe3yJIbTaTaMH OOCTE)KEHb NPUMILIEHHS CYO'€KTIiB
TOCIIO/IapIOBAaHHSA, B SIKUX MPOBOIATHCS POOOTH 3 JDKEpelnaMu
I0HI3YIOUMX BUIIPOMIHIOBAHb MEAWYHOTO, MPOMHUCIOBOTO abo
HAyKOBO-JIOCTITHOTO XapaKkTepy.
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[Tepire 3a Bce 1€ CTOCYETHCS MPUMIIICHB, IO MOTPEOYIOTh
MPOBEJICHHS! PEMOHTHHX pOOIT, He 00JIaIHAHUX BEHTUIISAIIHHIMHU
CUCTEeMaMH 3T1IHO BUMOT HOPMAaTHBHUX JIOKYMEHTIB, B SIKHX HE
JTOTPUMYIOTBCS BCTAHOBJICHI BHMOTH JI0 CTAaIllOHAPHUX 3ac00iB
paniariifHoro 3aXucTy.

VY BiamoBimHOCTI 10 BUMOT craTtei 22, 23 3akoHy YKpaiHu
«[Ipo 3abe3rnedeHHs CaHITapPHOTO Ta CMiAEMIYHOTO OJIAroImoTyddst
HaceneHHs» Bin 24.02.1994 Ne4004-XII, y mporeci ekcruryaTamii
BUPOOHMYMX, TMOOYTOBUX Ta IHIIUX TMPUMIIIEHb, CIHOPY/,
o0nasiHaHHS, YCTaTKyBaHHS, TPAHCIOPTHUX 3aco0iB,
BUKOPHUCTAHHS TEXHOJIOTIM iX BIIACHUK 3000B'SI3aHHUI CTBOPUTHU
0e3meuH1 13/10pOB1 YMOBH Ipalli Ta BIAMOYMHKY, 10 BIJNOBIIAI0Th
BUMOTaM  CaHiTapHUX HOpM. [ligmpueMcTBa,  yCTaHOBH,
oprasizaiii, 1m0 BHUPOOJAIOTH, 30€piral0Th, TPAHCHOPTYIOTh,
BHUKOPHUCTOBYIOTh PAII0aKTUBHI PEUOBHHHM Ta JHKEpEsIa I0HI3YIOUNX
BHIIPOMIHIOBaHb, 3JIMCHIOIOTH I1X 3aXOPOHCHHS, 3HUIICHHS YU
YTHIII3a11if0, 3000B's13aH1 JOTPUMYBATH HOPM padiaIlifHOT Oe3ITeKH,
BIIMOBIIHUX CaHITAPHUX TMPABWII, a TAKOX HOPM, YCTAaHOBJIECHUX
IHITUMHU aKTaMHU 3aKOHOJIaBCTBA, 10 MICTSITh BUMOTH PaiallifHOT
oe3meku [8].

CIIUCOK BUKOPUCTAHUX JKEPEJI
1. 3akon Ykpainu «lIpo Ilepenik TOKyMeHTIB TO3BLUTBHOTO XapakTepy y
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nistieHOCTI» Big 06.09.2005 Ne2806-1V.
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Ne5203-VI.
4. Posnopsmxerss Kabdinery MinictpiB Ykpainn KMV Bix 16.05.2014
No523-p «/lesiki muTaHHS HaTaHHS aJMIHICTPATUBHUX TMOCIYT OPTaHiB
BHUKOHABYOI BJAJH Yepe3 EHTPH HAJAHHS aJIMiHICTPATUBHUX MTOCIYT».
5. Hakaz MO3 Vxkpaiam Bim 02.02.2005 Ne54 «IIpo 3aTBepikeHHS
Jep)KaBHUX —caHiTapHUX npaBuwil  «OCHOBHI caHiTapHi IpaBuia
3a0e3medeHHs paaiamiitHoi 6e3mekn Y KpaiHu.
6. Hakaz MO3 VYxkpaiau Bixg 04.06.2007 Ne294 «IIpo 3aTBeprKeHHS
JepkaBHUX caHITapHHX NpaBmI 1 HOpM «['iri€eHiYHI BHMOTH JIO
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7. Hakaz [lep>kaBHOI iHCIIEKWii SACPHOTO pEryaroBaHHS YKpaiHU Bij
02.10.2014 Ne143 «IIpo 3aTBepmxenHs [lopsaxky npoBeaeHHs HaBYaHHS
1 mepeBipKH 3HaHb 3 MUTAaHb pajialiifHol Oe3leku y TepcoHamy i
MocafioBUX 0ci0 cy0’€KTiB OKpeMUX BHIIB JiSIIBHOCTI Yy cdepi
BHUKOPHUCTAHHS SIIEPHOT SHEPTii.

8. 3akoH Ykpainu «IIpo 3abe3rneucHHs] CaHITAPHOIO Ta EMiJeMIYHOrO
Onaronoiyuds HacenmeHHs» Big 24.02.1994 Ne4(004-XI11.

OLIHKA TO30BUX HABAHTAKEHbD ITAII€HTIB ITPA
KOMII'IOTEPHIM TOMOT' PA®II

JLJI. Craanux?, O.B. Hocux?, O.1. BoryciaBebka?
LAY «lncmumym meduunoi padionozii ma ouxonozii im. C.I1. I'puzop c6a
HAMH Yxpainuy, m. Xapxis,
2[lepaicasna incnexyis s0eprnozo pezynosanns Yrpainu, m. Kuig

Anotanis. Buxopucranas KT anapatiB mnependavae mpoBemeHHS
KOMITJIEKCHOTO KOHTPOIIO SKOCTi, aHaJi3y pPEeXKUMIB ONPOMIHEHHS
MaIieHTiB, BepUQIKAI0 JTO3MMETPUYHUX MapaMeTpiB Ta OILIHKY
JI030BUX HABaHTa)XEHb ITAIIEHTIB. MeTO0 poOOTH € OIliIHKAa J030BHX
HaBaHTAKEHB MAIIEHTIB Tl cTaHAapTHUX TpoTokoiiB KT mocmimkeHs.
B VYkpaini Oyno mpoBefeHO HamioHaibHe aHkeryBaHHS KT-meHTpiB.
Jo3u martienTiB mpoananizoBano B omuamIsIx CTDI i DLP. Ananis
JI030BUX HaBaHTAKCHH IAINIEHTIB ITOKa3aB CYTTEBHH po3Kum (mo 5,5
pasiB) sk 3HadeHb CTDI, Tak i DLP, mnsg ycix BUAIB AOCTIIKCHB.
Cepenni 3aaueaas CTDI ta DLP mns KT ronoBu, rpyaHo0il KITITHHE Ta
YepEeBHOI MMOPOKHUHU ONM3bKI 10 103 marfieHTiB mpu KT -mocimkeHHsx
B MpOBIAHUX KpaiH cBiry. s omrumizarlii J030BHX HaBaHTaKEHb
MMaIli€eHTIB HacamIepen HEOOXIMHO 3alpoBaguTH  JO3UMETPUYHUIN
koHTporrb CTDI T1a DLP Ha erami iHcramsamii oOnamHaHHS Ta y
MTO/IAJTHIIIOMY TIPOBOJIUTH iX TEPIOAMYHUN KOHTPOIb.

KarouoBi cioBa: xomm’torepHa ToMorpadis, J030BI HABaHTAKEHHS
nauientis, CTDI, DLP.

AxtyanbHictb. Komm'rorepna tomorpadis (KT) crana
OJIHUM 3 OCHOBHUX METOJB Bepu(ikallii HU3KH 3aXBOPIOBaHb 3a
pPaxyHOK BHCOKOI J1arHOCTHYHOI iH()OPMATUBHOCTI. 32 OCTaHHIO
nekany KT amaparu Oynau 3HaYHO yJOCKOHAaJEH], 3’ SIBUJINCS HOBI
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MeTOM 0OpPOOKH 300paKeHb, IO JTO3BOJIMIO POLUIMPUTH CIIEKTP
Bukopuctanus KT B miarnoctuni. OnHak, 1€ MTPU3BENO [0
30UTBIIEHHS KOJCKTUBHUX ©€(EeKTUBHHX JI03 TMAIi€HTIB, W,
BIJIOBIIHO, paMialliiHUX PU3UKIB BUHUKHEHHS OHKOJOTTYHUX
3axgoptoBanb  [1, 2]. OkpiM  1BOrOo, BHUKOPUCTAHHS
BHCOKOTEXHOJIOTTYHOTO O0JiajHaHHs Tiepefdadae MpOBEICHHS
KOMIIJIEKCHOTO KOHTPOJIFO sKOCTI pobotrn KT-amaparis, anami3
PEKUMIB OTIPOMIHEHHS TALIEHTIB, BEPUQIKAIIIO T03UMETPHIHUX
rapamMeTpiB Ta OI[IHKY J030BUX HaBaHTaXXEHb MaIlieHTIB. Tomy B
rajysl  paialifHOro  3aXMCTy MAlI€HTIB  BIPOBAJKEHHS
nosumertpii KT-gociikenb € 0AHUM 3 IPIOPUTETHUX MUTAHb.

Meta po60TH — OIIIHUTH J030B1 HABAHTAKCHHS TAIIEHTIB
JUTsl CTaHAapTHUX MpoTokoiB KT mocmimkeHs.

Marepianu Ta meroau. B Ykpaini Oysio mpoBeneHo nepiie
HamioHaneHe aHkeryBaHHsT KT-uentpiB. IlinrotoBneHo Ta
HampaBJIeHO 3 BUAM NUTAIBHUKIB 11040 Xapakrepuctuk KT-
ckanepiB, cTpyktypu KT mocnimkeHb, pexuMiB OMPOMIHCHHS
MAII€HTIB Ta MO3MMETPUYHUX MapaMeTpiB. byno 3i0paHo OiTbII
500 amker 3 112 xaGinetiB KT, mo ckmamgae Oinpmr 25% ycix
amapartiB (ycix GopM BIIACHOCTI) 1 ABIIIE COOOI0 PEMPE3ECHTATUBHY
BHOipKy. Jlo3m marieHTiB mpoananizoBaHo B oauHuIsx CTDI
(mo3oBuit HACKC KoM toTepHOro Ttomorpady) i DLP (mo0Oyrok
N03a-J0BXKHHA CKaHyBaHHS) IS YOTHPbOX  CTAHJAPTHUX
nporokoiiB: KT romoBu 6e3 KOHTpacTy; pyTHHHE TOCIHIIKEHHS
rpyaHoi  kimituHU; oaHodaszHe KT-gocmimkeHHsS  4yepeBHOT
MOPO)KHUHMA Ta MaJOro Ta3y W OHKOINPOTOKOJ. AHKETH, IO
MICTHJIM HETIOBHI 200 HEKOPEKTHI a1, OyJI1 BUKITIOYEH] 3 aHai3y.

Pesynpratn  mocmimkenr Ta ix  oOroBopeHHs. 3a
pe3ynbTaTaMd  aHKETyBaHHS BCTAHOBJEHO, W0 B  KpaiHU
BUKOPUCTOBYeThCs Oimpin 460 ckanepiB, 3 skux Outst 60%
3HAXOJUThCA Yy TPUBATHIA BIACHOCTIL, IIO HE JO3BOJISE
BIIMOBIIHUM UYWHOM TPOBOJUTH ONTHUMI3ALliI0  paialiitHOT
0e3MeKkH MarieHTiB. 3a KUIBKICTIO PAIIB JIETEKTOPIB JAOMIHYIOTh
CKaHepH, 1110 MatOTh MaTpHIIO 3 16 psaiB neTekTopis/ 3pi3iB - 48%,
MeHIl 16 3pi3iB - 20%, 64 3pizu - 22%, 128 1 6i1b11Ie 3pi3iB - MEHIIIE
3%. Pa3oM 3 Tum, HEOOX1IHO BIA3HAYUTH, 1110 B CBITOBIH MPaKTHUII1
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CKaHepW, MO0 MaloTh 16 3pi3iB 1 MEHII, MNpPaKTHYHO HE
BUKOPUCTOBYIOTBCS JJIS 1IarHOCTUKHU HU3KH MATOJNOTIH [3].

AmHai3 1aTi BUTOTOBJICHHS Ta IHCTAJSAIII anapaTiB MOKa3as,
o 6utst 60% Tomorpadis Oynu BurotosieHi mounayn 10 - 15 poki
Hazaz, i Tibku 16% amapaTiB - MEHII IT'STH POKIB. Y TOMU K€ Yac
3a 1aHUMH aHKeTyBaHHS 43 % TomorpadiB Oyiu iHCTaNbOBaHI B
MEIMYHHUX YCTAaHOBAaX YKpaiHM MeHII 5 pokiB. Pi3HMIL B pokax
BUTOTOBJICHHSI Ta IHCTAISMIl CKaHEepiB TOB'A3aHI 3 THM, WIO
outeiricts KT-amapatis, siki Hanxoas9Th B YKpainy, Oyiu eKiIbKa
pokiB y BuUKopucTanHi. lle moTpebye mocuiaeHHs 3aKOHOJABYOT
6a3u Ykpainu mojo koutpoito KT anaparis.

AHani3 1030BUX HaBaHTa)KEHb IMAallIEHTIB MIOKa3aB CYTTEBUM
po3kuf (1o 5,5 pasiB) sik 3Hauenb CTDI, Tak 1 DLP, mis ycix Buais
nocmimkenb. Cepenni 3naderds: CTDI ta DLP g KT ronosu,
IPYAHOI KIITMHU Ta YEepPEeBHOI MOPOXKHUHU OJIU3bKI /10 03
nanieHTiB npu KT-mocmipkeHHSIX B MPOBIIHUX KpaiH CBITY
(BemukoOputaniss, Himeuuuna, CIIA, Ttomo) [4]. Mix TuM,
cepenHi 3Ha4eHHss DLP nnst orkonporokony y 2,0 -2,3 pa3u Buiie
3a 703 y BKa3aHUX KpaiHaX, II0 IOB’S3aHO 3 HEKOPEKTHUM
BHOOPOM pexuMIB AociHipkeHHs . HeoOXiqHO akIeHTyBaTH yBary
Ha Te, mo B Ykpaini 3HadeHHss CTDI ta DLP, 1o BUCBiUyOThCS Ha
MoHuiTopi mig yac KT mponienypu, He € BepudikoBaHUMHU, TOOTO HE
OynM MATBEP/DKEHI METOJAMH JIO3MMETPii 3 BUKOPHCTAHHSIM
crielialbHUX 1OHBBaIIMHUX Kamep g BuMiproBanb it KT Ta
¢dantomiB. Tomy, st onTumizanii J030BUX HaBaHTAXEHb
MaIi€HTIB HAacaMIlepe] HeOOXiTHO 3alPOBAJAUTH JTO3UMETPUYHUN
koHTpoib CTDI ta DLP nHa erami iHcTanmsuii oObnagHaHHA Ta y
MOJAATBIIOMY ITPOBOJUTH iX MEPIOTUYHUA KOHTPOJIb.

BucHoBkwu.

1. HeobxinHo 3a0e3neynTy BOPOBAKEHHS B PAKTUKY IPOrpaMu
KOHTpoJIto sikocTi KT-amapariB, sika TOBUHHA BKJIFOYaTH KOHTPOJIb
TexHiuHoro crany KT-ckaHnepy, mporpamMHOro 3a0e3nedeHHs,
MIPOBEJICHHS] KOMIUIEKCY I03UMETPHUYHUX BUMIPIOBAHb.

2. Po3pobutu HanioHanbHi cranaapTHi npotokonu KT nocnimkens
Ta pekoMeHallii mojo ontumizanii nporokonis KT-nocmikens
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3. OpranizyBatu nmpoBeleHHsT  Bepudikamii  3HAYCHB
nosumerpuyanx BenuunH CTDI i DLP sk Ha ertami iHCTanmsmil

oOnagHaHHs, TaK i y pa3i 3aMiHM IPOTPaMHOT0 3a0€3MeYeHHS IS
KT.
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DIELECTRIC BIOMARKERS FOR ASSESSING
RADIATION DAMAGE TO BLOOD CELLS BEFORE AND
AFTER RADIATION THERAPY
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Kharkiv National Medical University, Kharkiv, Ukraine,
+380968058405 liliya-batyuk@ukr.net
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Annotation. The paper deal with the use the parameters of dielectric
permittivity of erythrocyte of healthy donors and cancer patients before
and after radiation therapy as biomarkers for building a model of a
medical test system that allows tracking the dynamics of changes in the
state of blood cells of patients during treatment.
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Disruption of hydration processes and changes in the water
balance in cells and tissues of body after exposure to ionizing
radiation is one of the many problems that arise with the use of
radiation therapy during treatment and its solution is impossible
without an analysis of the adaptive and compensatory mechanisms,
the clarification of which in the clinic is difficult. In this regard,
experimental studies are of particular interest. Measurement of the
dielectric parameters of a cell can become a used test in assessing
the functional response of the body to radiation therapy [1, 2]. It
can be used to study morph-functional changes in cells that occur
in response to changes in the structure and viscosity of membranes,
as well as to the metabolism of pathogenic agents (hypoxia, trauma,
inflammation, etc.) which as a rule, usually cause the development
of one or another type of edema after therapy. The parameters of
interest to the doctor, quite often, cannot be measured directly, and
the information necessary for the doctor for the correct therapy of
oncological disease can be obtained only if the corresponding
mathematical models are implemented. The availability of modern
personal computers allows at present to implement rather complex
mathematical models and methods of medical diagnostics and
radiation therapy. Since the content of erythrocytes is a liquid
hydrophilic system, which includes water (65%), the structural
rearrangements of the membranes cause a change in the ratio of
free and bound water and are accompanied by changes in the
dielectric parameters of cells. These changes are recorded by
microwave dielectrometry in the frequency range corresponding to
the dispersion region of water molecules and allow the use of the
dielectric permittivity of biological objects as a physical criterion
in assessing structural disturbances caused by various factors [3, 4].

The objective of this study are to develop firstly is physically
based model of registration of the changes of parameters the
dielectric permittivity for erythrocytes under the influence of
radiation therapy; secondly, showing how you can to use our data
to evaluate the model; and to establish practical correction factors
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based on a few simple media parameters for the simple test-system.
The calculations were based on the Debye model. The study of the
dielectric characteristics of the suspension of erythrocytes and the
shadows of erythrocytes of donors and cancer patients before and
after radiation therapy in the temperature interval from 1 to 50 °C
was performed the method of microwave dielectrometry of the
resonator type at a frequency of 9.2 GHz. The study had been
involved the group of patients with breast cancer and lung cancer.
The group with breast cancer (62 people) received postoperative
radiation therapy in the classical fractionation mode - a single focal
dose per tumor was 6 Gy, the total focal dose was 45 Gy. A group
of patients with lung cancer (36 people), received radiation therapy
as an independent course in the classical fractionation mode: a
single focal dose per tumor was 1.8-2.2 Gy, the total focal dose was
45-50 Gy.

The linear dependence of the real (&') and imaginary (&")
parts of the complex dielectric constant on the erythrocyte
concentration indicates that the dielectric properties of the solvent
do not depend on the cell concentration. After calculations the
dielectric relaxation time of water molecules z and the change in
the free activation energy of the dipole relaxation of water
molecules in the studied systems was found using the relation given
in [5]. It is shown that the structural transitions of erythrocyte
membranes of cancer patients in the temperature range of 8-15°C,
18-21°C, 32-35°C and 42-46°C are accompanied by a change of
the water permittivity of the membranes and the ratio of free and
bound by erythrocytes water. The obtained values dependence of
the dielectric relaxation of water molecules from temperature
suggest the existence of an aqueous phase, similar to the phase of a
bulk solution, but with a relaxation time that is less than the time
of reorientation of water molecules in solution. With the
development of the tumor process, there is an increase in the
hydration of erythrocyte membranes (increase in the thickness of
the hydrate layer), which slows down the diffusion of water
through the membrane. After radiation therapy, the degree of
hydration of erythrocyte membranes decreases as a result of their
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structural and molecular rearrangements. The mathematical model
is a system of differential equations, which was solved under
different initial and boundary conditions [6]. The parameters that
were obtained in experiments and published in scientific articles
were used as input parameters of the model [7]. The output
parameters of the model were also compared with experimental
data, for example, the intervals of change of temperature-dependent

the dielectric parameters &, and f (the static dielectric constant

and the frequency of the dielectric relaxation of water in the
solution) the suspensions and shadows of erythrocytes patients
obtained during calculations and experiments were compared.

The obtained results contain and illustrate three main points
characteristic of test development:

1. At primary processing of the dielectric data obtained by
taking parameters of cells before and after radiation therapy, the
approximation of the measured data important.

2. Identification of mathematical models at the theoretical
level, that is, the construction of models based on well-known
theoretical premises of the "behavior” of the objects under study
and adequate only within a fairly narrow class of problems.

3. ldentification of the parameters of a mathematical model
or the search for the most adequate model for a given criterion by
establishing "hidden™ parameters of the object or process under
study, which are the parameters of the frequency of dielectric
relaxation of water molecules in erythrocyte membranes, which the
model opens access to. Moreover, as a rule, the model parameters
identified on the basis of laboratory measurements have the most
essential medical meaning. The data obtained are biomarkers of the
model for the integral assessment of structural changes that occur
at the erythrocyte-water interface and can be used as a test system
that characterizes the dynamics of changes in the state of patients'
erythrocytes during treatment.
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Summary: In this article, we want to demonstrate dynamic observation
by PET/CT imaging with F-FDG of a rare case of malignant
chemodectoma of the neck atypical localization.

BBenenue. Ilaparanrnmmoma 1med WIA XEMOACKTOMA -

3a00J€BaHUe,  pa3BUBAIOIICECS,  MPEUMYIICCTBEHHO, M3
PELENTOPHBIX KIETOK KapoTUIHOTO riioMyca u ganglion nodosum
Oy JatoIIero HEpBa, SIBJISTFOIIAXCSI POU3BOTHBIMH

Me30/IepMaJIbHBIX 3JIEMEHTOB TPEThel ka0epHOM AYTU U HEPBHBIX
AJIEMEHTOB, TPOUCXOMAIIUX W3 HEPBHOTO TPEOHS SKTOJEPMBI,
KOTOpBIE JAalOT Hayajgo Xemopenenropam kietku [1, 2]. B
OOJIBIIMHCTBE CIy4aeB UMEET 100pOKAaueCTBEHHOE TEUEHUE, XOTH
BCTPEUAIOTCA U 3JI0KAYeCTBEHHBIE (POPMBI, KOTOpPHIE TPYIHO
nojaroTcst Moposnornyeckoil Bepuduxamyu [3].

XeMoIeKTOMa — peIKkoe BHEOpraHHOE 3a00JI€BaHNE TOJIOBBI
u meu, coctaBmsomee 0,5-0,6% Bcex omyxoned AgaHHOM
JIOKAJIM3aIliK, B OCHOBHOM BBIsIBIIsTtOIeecs y jui| ctapiie 40-50
JeT W PenKo y TMOXUIbIX Jojaed [3]. 31mokadyecTBEHHbIE
XeMOJIeKTOMBbI HaOmomaroTcst 'y 15-20% OGompaBIX. B 2-9%
XEMOJIEKTOMa MOXET MAaJIWTHU3UPOBAaThCd C 00pa3oBaHUEM
MeTtacta3oB [4]. Haimmune Meracta3oB B TMMQaTHIYECKUE Y3IIbI, a
TaKkkKe HaIWYUEe  OTAAJIEHHBIX  METacTa3oB  TOBOPUT O
3JI0Ka4€CTBEHHOM XapaKTepe OMYyXOJIH U UMEET HeOIaronpusITHbII
MIPOTHO3.

Boigensitor kapoTuIHbIE MaparaHriioMbl, MararaHrJIMOMBI
ONy>KIaroIIero HepBa (BarajibHble) U aTUIIHYHBIEC TAparaHrIHOMBI.
Kapotunneie mararanrivoMsl HaOIIOAArOTCsT HaMboJIee 4acTto —
62-90% u3 Bcex ciaydaeB 3a0o0sieBaHUil. BaranbHble U aTunMYHbIE
naparaHriIuMbl HaOIIOAAI0TCS 3HAYUTEIbHO peske [3, 5-8].

KapoTtunnsiii rmomyc npeactaBisieT coboi XeMoperenTop,
CTUMYJIMUPYEMbI THIOKCHEW, THIEpPKAlHUEH ¢  alHI030M.
Boeigenstor 3 Tuma omnyxosieil KapOTHAHOTO TIOMYca: ceMeilHas
(10-15%), cnopaguyeckas (80-85%) W rumepruIacTUYECKasi,
KOTOpasi pa3BUBAETCS y MAlUEHTOB C XPOHUYECKOW THUIIOKCHEH
(BeIcOKOTOpHBIE paiionbl, XOBJI, mopoku cepauna u ap.) [9], a
Takke 4 BapuaHTa pocta: 1) He U3MEHAIIEH 00IacTh Pa3BUIIKU
oOriell COHHOM apTepHu; 2) paclpoCTPAHSIOMIMIACS Ha HAPYKHYIO
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COHHYIO apTepuio; 3) 3axXBaTbIBAIOIIMI BHYTPEHHIOD COHHYIO
apreputo; 4) OKyTbIBalOIIMM Bce coHHble aptepuu [10].
[TaparaHravoMbl aTUIWYHOW JIOKAJIW3allMM PACIOJIAraroTCs Ha
OOKOBOI MOBEPXHOCTH €W BOJIM3U COCYAMCTO-HEPBHOTO ITydKa,
HO BHE ero QgacuuanbHoro ¢gyriaspa. OHM OTIMYAIOTCSI YIOPHBIM
MECTHBIM peluaNBUPOBAaHUEM u 6onee YaCThIM
MmeTacrazupoBanuem [10].

OmmOKku Mpy MEPBUYHON JTUATHOCTUKE MaparaHrinoM IIeu
nocturatoT  90%, dYTO CBA3aHO W C PEAKOCTHIO JIAHHOTO
3a00J1€BaHUs, U C HEIOCTATOYHBIMH 3HAHHUSMHU TPAKTUYECKUX
Bpaueii 00 oroil rpynme OoibHBIX. B crnenuanbHbBIN
WHCTPYMEHTAIBHBIN KOMILIEKC 00CIIEIOBAHHUS B HACTOSIIIEE BPEMSI
Bxomar Y3U, KT, MPT, anruorpadus, paauou30oTONHOE
uccnenaoBanue, opoaxockormus [11, 12].

Marepuansl u Meroabl. IIpencraBnsieM KIMHUYECKHN
ciydait  nBykparHoro (ot  21.01.2019r. wu 22.07.2019r.)
oOcreioBaHusl TMalMeHTa MeTOAOM [lO3UTPOHHO-IMUCCHOHHOM
ToMOTpauu, COBMEIIEHHONW C KOMITBIOTEPHOUW ToMmorpadueit c
HCII0JIb30BaHUEM (bTOPIE30KCUTITIOKO3HI, MEYEHHOI
pamoakTHBHEIM atoMoM *°F (mamee ITDT/KT ¢ BF-dJI).

[Tatment E., MyxumHa 45 JeT C  JUMarHo3oMm:
«3nokavyecTBeHHass xemojekromMa men ciea Stll (T2NOMO)y,
nepenéc omepatuBHoe JedeHue (04.09.2018r. — dyrasapHo-
daciuanbHOe HCCEYEHHE KIETYATKH MIeH) M IOCIEeAYIOIIYIO
JTUCTaHLIMOHHYIO A% (S:3% 0 Teparnuio. Jlanusbie
MIOCTOIEPAILIMOHHOTO MATOTUCTOJIOTMYECKOT0 u
MMMYHOTUCTOXMMHUYECKOTO  HUCCIICJIOBAaHMS:  3JI0KaYeCTBEHHAs
naparaHriiuomMa HHU3KOM  crerneHu  AUPPEpeHIUpPOBKH, B
BBIJICNICHHBIX JUMQOY31aX METacTaTHUYeCKOro TMOpPAKEHUS He
BbIsIBIIEHO. Jlanee naruenty nposeaeno uccinenosanue [I9T/KT ¢
BE-®/II or 21.01.2019r., mpu KOTOpoM B MHapaBepTeOpaIbHO
cneBa, BJ1oyb Tesl C1-C3 mo3BOHKOB OmNpeenseTcss MArKOTKaHOe
oOpa3oBaHMe, C  HEYETKMMH  HEPOBHBIMU  KOHTYpaMmH,
MaKCHUMaJbHBIMH pa3Mmepamu a0 S58x12x7mM, cmemarouee
COCYJIUCTBIM MYy4YOK BJIEBO M C HEPABHOMEPHOUN aKKyMYyJsluen
P®IT (SUVmax 2,05), 4to paciieHeHO, Kak MeTaboIHUeCcKHd MaJo
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aKTUBHOE OOpa30BaHUE IIEH CJICBA, HE HMCKIIOYAIONICE PEIUANB
3aboneBaHus (pUCYHOK 1).

Puc.1. TIDT/KT ¢ ¥F-®T or 21.01.2019r.

[Mocnenyromee VIBTPa3BYKOBOE TPHUIUIEKCHOE
uccienopanue cocyaoB meu ot 04.02.2019r. matosioruu He
BBISIBUIIO, W TMAIUCHT CHENU(UIECKOTO JICYCHUs] HE TOJIydall,
xanmo0 He mnpeabsBIsul. [Ipu  KOHTPOJIBHOM  HCCIICIOBAHHUH
IIDT/KT ¢ l8F-CI)Z[F ot 22.07.2019r. onpenensieTcss MATKOTKaHOE
o0Opa3oBaHue ¢ HEYETKUMHU KOHTYpaMH OT OCHOBaHUS 4epera 70
tenmra C4 TO3BOHKA ClieBa, MaKCUMAJIBHBIMU pa3MepaMu [0
74x16x14 mm, ¢ nuddy3abiM HakotuieHHeM POIT (SUVmax 3,53),
YTO PacClEHEHO, KaK OTpUIaTeIbHAs TMHAMHKA B BUJIC YBEINYCHUS
MeTabO0INIECKO aAKTHBHOCTH u pasmepoB panee
HabromaBiierocs oopasosanus (Puc. 2).
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Puc. 2. TIDT/KT ¢ ¥F-®T or 22.07.2019 1.

PesyabTarel uM  oOcyxneHus. Kietkm  omyxousen
HEUPOIHIOKPUHHOMN CHCTEMBI XapaKTEPU3YIOTCS
TUIEepIKCIIpeccuell pelenTopoB COMATOCTaTHHA, YEM OIPABAAHO
npuMmeHeHne P®OII Ha OCHOBE CHHTETHYECKMX aHAJIOrOB
COMATOCTaTHMHA B UENSIX JUArHOCTHKU STHUX HOBOOOpa30BaHUI
[14, 15, 13]. B cBs3u ¢ 3TUM, PEKOMEHIYETCS BCEM IMAIHCHTaM C
H50 (ocobenHo mipu  BbICOKOIU(DPEpEHIMPOBAHHBIX U
ymeperHoauddepeniupopadsabix H20) Bemomaauts [19T-KT ¢
68Ga-DOTA-TOC, DOTA-NOC, DOTA-TATE (DOTA
KOHBIOTaThl ~ pELENTOpPOB  COMAaToCTaTMHA Uil  OLICHKH
pPEeLenTOPHOrO CcTaTyca M YTOYHEHHUS pPaclpOCTPaHEHHOCTH
mporecca [15, 16].

18F-®JII" siBasieTcss mpermapaToM Ui HECTEHU(PUISCKOI
MeTaboJIMYeCKON BU3yallM3aluH, MO3TOMY Hed(phEeKTUBHA MpH
Boicokoiu(pdepernmpoBannpix  HOO,  omHako  ycmemrHo
UCIIOJIb3YeTCA TUIS JMArHOCTHKU pacnpocTpaHeHHOU
HelpoOmactoMbl U (PEOXpPOMAIUTOMBI,  3JI0KAYECTBEHHOMU
naparanriuomsl  (ocobenHo ¢ SDHB-myramueit B TeHe),
nuskoauddepenupoBannsix  HI30. I[I9T-KT ¢ 18F-OAT
pexomenayetcs B ciydae Huskoaupdepennupoanubix HOO unu
HEJOCTYIMHOCTH OoJiee crenupuvecknx paauodapmienapaTon
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[17]. B Hanrem KIMHHYECKOM ciydae 3aXBaT OIMyXombto SF-dJIT
Obul  00yCJOBIIEH HHM3KUM  YpOoBHEM  Ju(p(EpeHIIMPOBKU
OIlyXOJIEBOM TKaHM M IPOrpeccHpoBaHUEM 3a0ojeBaHUs — 3a 6
MeCAIeB 3axBaT onyxoipio BF-OJII" yBemmumncs na 58% (poct
SUVmax ¢ 2,05 no 3,53).

3akmouenne. Meronx IIDT/KT ¢ BF-®JI' oxasancs
nHpOpMaATUBEH pu Hu3Ko M hepeHIMPOBaHHON
3JI0KAQUYECTBEHHOW XEMOJIEKTOME, I03TOMY MBI CYHMTAeM, YTO
JaHHBIA ~ METOJl  PaTMOHYKIHUIHON  JHArHOCTUKU  MOKHO
pexomMeH10BaTh npu Hu3koupdepenunposanusix HOO ¢ nenbio
KOHTpOJISl MPOBOJMMOM Tepamnuu, BbIOOpa JaJbHEHIIEeH TaKTUKH
BeJIeHUsT W JieueHus mnanueHTta. OJHAKO HYKHBI JajbHEHIIne
WCCIIeIOBAHUSI.
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OHIHKA SIKOCTI PEHTT'EHIBCbKHUX 30BPA’KEHD 3A
€BPOIIEUCbKUMMU KPUTEPISIMHU

B.II. Crapenbknii'?, O.B. Hocuk!?, B.I. Meabuuk?
Xapxiscoruii nayionarvruii meduynuii yuisepcumem, Xapxis, Yxpaina
2TV «Inemumym meduunoi padiono2ii ma onkonozii
im. C.II Ipucop’eea HAMH Yxpainuy, Xapkis, Yxpaina
AHoTanis. OG0B’ SI3KOBUM €1€MEHTOM KOHTPOITIO SIKOCTI € TIepioAnIHUI
aHaJli3 PEHTreHorpaM JKapsSMHU eKCIEepTaMU 3a KPUTEpISIMH  SKOCTI
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JIarHOCTHYHUX peHTreHorpadiynmx 3HiMKiB. B poboTi npoBeaeHo BizyalibHy
OLiHKY peHTreHorpaM(miBkoBux Ta muppoBux) OI'K rpymoro
JOCBITYEHUX PEHTTEHONOTIB 32 00paHUMH KPUTEPISIMH .

Karouosi ciioBa: pentrenorpadisi, AkicTb 300paxkeHb, KpUTEPii SKOCTI
300pakeHb.

Beryn. Pentrenorpadis opraniB rpyanoi xiitku (OI'K)
3TUIIAETHCSA HAMBKITUBIIIMM METOJIOM B JTIATHOCTHIII MTATOJIOT1T
JeTeHb Ta cepefoCTiHHSA. 3 moHax 19 MIH. PEHTTeHOJOTIYHUX
NOCTIKeHb, BUKOHaHMX B YkpaiHi 3a 2018 p., dyactka
NpoQUIAKTUYHUX Ta AlarHOCTHYHUX JociypkeHb OI'K ckiana
omuzpko 6,5 muH. Ilpote B VYKpaiHi NpomOBXKYe ICHYBaTu
npoOieMa HEeSKICHUX 3HIMKIB, IO TMOB'S3aHO 3 BIJCYTHICTIO
MporpaM KOHTPOJIIO SIKOCTI PEHTreHOrpadiyHUX OCHIKEHb Ta
METOJUKA OO0’ €KTUBHOI OIIHKH PEHTTEHIBCHKUX 300paKeHb. Y
MPOBITHUX KpaiHaX CBITY 0OOB’S3KOBUM €JIEMEHTOM KOHTPOJIIO
SAKOCTI € TEpIOJUYHMM aHalli3 pEeHTreHorpaMm  JHKapsMu
eKCIepTaMHU 3a KPUTEPISIMU SKOCTI JIATHOCTUYHUX PEHTTeHOrpapuHmX
3HIMKIB [1, 2].

MeTta po60TH — OIIHUTH SIKICTh PEHTTEHIBCHKHX 300pa’KEeHb
3a €BPOMNEHCHKUMHU KPUTEPISIMHU.

Marepiain Ta Meroau. B poGoTi mpoBeneHO BI3yalbHY
OIIIHKY peHTreHorpam(miiBkoBux Ta mudposux) OI'K rpymoro
JOCBIYEHUX PEHTTEHOJIOTIB 3a oOpaHuMu KputepisimMu. Ha koxxeH
anapart Oyio BifniOpano He meHnie 30-TH peHTreHorpaM MaIliEHTIB.
AHaji3 SKOCTI PEHTTeHIBCBKMX 3HIMKIB TpoBoauBcs 3a 10-ma
OCHOBHUMH KpuTepisiMu 3anpononoBanumu €C y KepiBHUITBI 3
SIKOCTI peHTreHorpapiyHuX 300pakeHb. BUKOHAHHS KOXKHOTO 3
KpPUTEPIiB OI[IHIOBAJIOCS €KCIIePTaMHt 3a JBOOATBHOI0 CUCTEMOIO: 1
— KpuTepilt BUKOHYETbCs; 0 — KpuTepiii He BUKOHYEThCS. Takum
YUHOM, IPY BHUKOHAHHI BCIX KpUTEpIiB MaKCHMaJlbHa OIlIHKa
3HIMKY ckiazgana 10 GamiB. Jlanuit mMeToj O03BOJIAE OJEpkKaTH
00’€KTHBHUI BUCHOBOK y BUSBJICHUX Hemomikax [3].

Pe3yabTaTH A0CTiIZKeHb Ta iX 00roBopeHHs. B pe3ynprari
aHaJi3y 3HIMKIB BUKOHAaHHMX Ha aHAJOTOBUX (TJIIBKOBHX) amapaTax
BCTAHOBJICHO, M0 3HIMKM MalTh HaWHIKYY JiarHOCTHYHY
IIHHICTh — Yy3aranbHeHui Oan ckmagaB S5,1. Hwuspka sKicTh
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300pakeHHs MOB’3aHa 3 BUCOKUM PIBHEM 3HOMICHOCTI araparis,
HU3BKOIO SIKICTIO PEHTTE€HOJIOTIYHUX IUTIBOK, BHUYEPIIABIINX CBil
pecypc expaniB. To6To maitke 50% 3HIMKIB MOKYTh TIPU3BOIUTH
SIK 10 XMOHO TIO3UTHBHUX TaK 1 70 XHOHO HETaTHBHUX PE3YJIbTATIB
TIarHOCTUKM ¥ TIOBMHHI BIIOpaKOBYBAaTHCS. Y3araJbHEHHH Oan
upoBUX 3HIMKIB ckiaB §,6. Lle cBimunTh Mpo XOpOmMiA CTaH
amapariB, BHUKOPHUCTaHHS Cy4YacCHHX CHCTEM Bi3yamizamii 3
IUPOKUM JHHAMIYHUM Jialla30HOM, HI0 MPAKTUYHO BHKIIIOYAE
BUIAJKU B11OpakyBaHHs 300paxenb. Onnak 10-15% 3HIMKIB He
BIJINOBIIal0OTh Y TMOBHIA MIpl yCciM KpUTEpisiIM W NOTpeOyIOTh
MOAANBIIOI  ONTUMI3allll, HUIAXOM  YCYHEHHS  IPUYUH
CHCTEMaTHYHOTO  HEBUKOHAHHS  OKPEMHUX  KpUTepiiB  Ta
MPOBEACHHSIM JIOJIATKOBOI MOCT 0OpPOOKH 300pakeHb.

BucHoBkwu.
1. HeBinmoBimHicth 50% TMOKa3HHUKIB 300payKEHHS BIIMIYEHO IS
AQHAJIOTOBUX arapaTiB , M0 MPU3BOJUTH JO0 BTpPaTH HEOOX1ITHOT
J1arHOCTUYHOT iHdopmarrii npu peHTreHorpadigHOMYy
TTOCJIIIKEHHI.
2. KinpkicHa oI1iHKa SIKOCT1 pEHTI€HOTpaM €KCIIepTaMu JI03BOJIUTh
00’€KTUBHO OIIHUTH AKICTh AIarHOCTUYHUX 300paKEeHb.
3. Ilpu ontumizanii perarrenorpadii OI'K nmepexyciMm HE0OXigHO
yCyBaTH TMPUYMHH CHUCTEMATUYHOTO HEBUKOHAHHA OKPEMHUX
KPUTEPIiB JUIsl TPYIH 300paKeHb.
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OPTAHIBALIS PAJIALIIAHOIO 3AXUCTY
MEPCOHAJIY IPU EKCILUTYATALIIT CKAHYIOUOT'O
IOHHOTI'O MIKPO30OHIY

C.B. Jlucouyenko'?, B.B. Libuenxo?, O.I. Kyxapenkol?,
M.T. Toamauos?
Ynemumym eucoxux mexnonoziti Kuiscbko2o nayionanviozo ynieepcumemy
imeni Tapaca llleguenxa, Kuis, Ykpaina
2[Jenmp ronexmueno2o kopucmyeanns Kuiscokozo nayionanwrozo
yuisepcumemy imeni Tapaca llleeuenxa i pipmu "T.M.M."” TOB, Kuis,
Vrpaina, 0503534382, lysoch@gmail.com

AHoTanig. 3anporoHOBaHI 3ax0[M OPraHi3alliiHOrO XapakTepy IIo
pajianiifHoMy 3aXHCTY 1 IPOBEIEHO MOHITOPUHT PO3IOJILTY 10HI3yI0UOTO
BUITPOMIHIOBaHHS B €KCIIEPUMEHTAIBHOMY 3aJIi YHIKAIIbHOI YCTAHOBKH
CKaHYIUOro 10HHOTO MiKpo30HIy. [lokazaHO 3MEHIIEHHS MOKJIHBOIO
PIBHS OIPOMiHEHHS TIEPCOHANY Ha POOOUYMX MICISX 10 (POHOBOTO PiBHS.
Annotation. Organizational measures on radiation protection are
proposed and the distribution of ionization fields in the experimental hall
of the unique installation of the scanning ion microprobe is monitored.
There ductionofpossible staff irradiation level in the workplace to the
background level of radiation has been shown.

KirouoBi ciioBa:  pajiamiiiHuii  3aXWMCT, NPUCKOPIOBaY, PIBEHBb
OTIPOMIHEHHSI.

Keywords: radiation protection, accelerator, irradiation level.

Ckanyrounii ioHHui Mikpo3oHa (CIM) e yHIKambHOMO
YCTaHOBKOIO B YKpaiHi, 10 A03BOJISIE IPOBOIUTH HA CYy4aCHOMY
pIBHI JOCTI/DKEHHS Y PI3BHOMAHITHUX Taly3sX HayKH Ta TEXHIKH,
TaKuX 5K €JICKTPOHIKa, MaTepiaJ03HaBCTBO, 010JI0TisA TOIO (pHC.
1). Ceoromui CIM BHKOPHUCTOBYETBCS CIUIBHHM HayKOBHM
LEHTPOM, 3aCHOBHUKaMH sAKoro € KwuiBchkuil HamioHaIbHUN
yHiBepcuteT iMeHi Tapaca IlleBuenka ta gipma TOB «T.M.M.».
OCHOBHUMH HaNpsIMKaMH poOOOTH IIEHTPY € IiJIBUIIECHHS
e(EeKTUBHOCTI MPOBEIECHHS HAYKOBUX JOCIIKEHb Ta CTBOPEHHS
CIPUSATIMBUX YMOB JJIsl MIATOTOBKM (DaxiBILIIB BUCOKOTO PIBHS —
MaricTpiB i KaapiB BUIIOi kBaidikarii (KaHIUATIB, JOKTOPIB) 3
MDKJIUCHMIUTIHADHUX HayK. 3a MOpIBHSAHO HEBEIMKUH dYac 3
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MOMEHTY MOYaTKy poOiT B IHeHTpi Oylo BUKOHAHO 3HAYHY
KUIBKICTh B&KJIMBHUX JIOCHIDKEHb Y Tally3siX HaIiBIPOBITHUKOBOL
€JIIEKTPOHIKH, 010JIOT1], MATOTOBICHI MariCTpu 3a CHEIiaTbHICTIO
«BHCOKI TEXHOJIOT1D».

Pucynox 1. 3aranpHuil BUTIAL EKCIIEPUMEHTAILHOTO 3aiTy
YCTAHOBKU CKaHYIOUMH 10HHHI MIKPO30H]T

HaBeneni Bume ocoOmmBocti ycraHoBku CIM, a came
VHIKQJIBHICTh KOHCTPYKIlli 1 BHUKOPUCTaHHS B HAaBYAJILHOMY
nporieci 00yMOBITIOIOTh HEOOXI1qHICTE MIPOBEACHHS
OpratizaiiifHiX 3aXx0/iB 3 METOI0 0€3yMOBHOTO BUKOHAHHSI BUMOT
HPBY-97 [1] ta OCIIY-2005 [2]. [dns uporo, pasoMm 3i
CHIBPOOITHHUKAMU HaBYaJIbHO-HAYKOBOTO IIEHTPY pajiaiiiiHol
6e3nexu KuiBcbkoro HalioHalIbHOTO yHIBEpCUTETY iMeHi Tapaca
[leBuenka http://rb.univ.kiev.ua/ 6ynu po3poOieHi oprasizaiiiHi
3aX0/lM, a TaKOXX MPOBEICHO MOHITOPUHI Ta aHaji3 pPO3MNOALTY
I0HI3YIOUMX IIOJIIB MO IUIOLII eKCcHepuMeHTaabHoro 3aiy. Cepen
OCHOBHHUX OpraHi3allifHUX 3aXOMJiB 3a3HAUMMO HACTYIHI: JUIs
CHIBpOOITHUKIB KaTeropii «A» 000B’S3KOBI IIOpIYHE HABYAHHS Ta
nepeBipka 3HaHb 3pajialiifHol Oe3MeKH; MOoPIYHEe MPOXOKEHHS
MEIWYHOTO  OIUIAJY; TIOBHE OOMEXEeHHS JOCTymy J0
eKCIepUMEHTAIbHOT 3aJIi 0Ci0 MiJ Yac poOOTH NpHUCKOpOBaua,
KpIM TepcoHaly Kareropii «A»; BUKOHAHHS IHCTPYKLIA 3
panianiifHoi Oe3neKku Mmij yac eKCIulyartalii ycTaHOBKHU; po3poOka
IHCTpYKIii Ta BUKOHAHHS i MiI Yac aBapidiHUX CHUTYaIlill,
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BCTaHOBJICHHS KOHTPOJIbHUX DIBHIB, JO3UMETPUYHUN KOHTPOJIb
M1 Yac BUKOHAHHS poOIT; OTpUMaHHS J03BUIbHUX JIOKYMEHTIB Ha
MPaBO BUKOHAHHA poOIT; peecTpallist pKepesa BUIPOMIHIOBAHHS
Ta OTPUMaHHS CaHITAPHOTO MACIIOPTY.

Sk 00OB’SA3KOBI JIOAATKOBI 3ax01u, OYJIO BH3HAYCHO
MPOBEACHHS IHCTPYKTaXiB Ui CTYACHTIB, acIipaHTiB MpH
KOKHOMY iX mepeOyBaHHI B ekcriepuMeHTansHoMy 3aii CIM Ge3
BBIMKHEHHSI IIPUCKOPIOBaYa.

[Ipn MOHITOPUHTY 10HI3YIOUUX BUIIPOMIHIOBaHb
BpaxoByBaJIoCh, o CIM e mxepenom, 1o renepye mpoToHH 1 a-
YaCTUHKH 3 eHepriero 10 1,8 MeB Ta 3a neBHUX yMOB HEHTPOHIB,
raMmMa Ta  pPEHTICHIBCBKOTO  BUIIPOMIHIOBaHHS. TUIIOBUI
eKCTIEpUMEHT Ha IPUCKOPIOBadi MPOXOIUTH B JiBa eTand. [leprmii
eTarn BKJII0Yae po3poOKy Malu Ta pexumMy onpomiHeHHs. [pyruii
— OTMIPOMIHEHHS 3pa3Ka MepCOHAJIOM KaTeropii «Ay. SaepHi peakii
Ha MillEHI Ta B eJleMEHTaX KOHCTPYKIil MpUCKOpIOBaya, 1
BI/IMOBIIHO BUHHUKHEHHS HECTIMKUX PATIOAKTUBHHUX EJICMEHTIB
MOXJIMBE TIPH €HEpPrii my4yka MpoTOHIB Mopsaaky SMeB i1 Oinbie.
[Ipu mpoBeneHHI HAYKOBO-AOCTIAHMX POOIT 3 BUKOPUCTAHHSIM
CIM npu B3aemojii My4Yka TMPOTOHIB ab0 O-YaCTHHOK 3
PEUOBUHOIO, BUHUKAIOTh KBAHTH PEHTIEHIBCBKOTO Ta ramma
BHUIPOMIHIOBaHb. TOMy TIpH TPOBEACHHI MOHITOPUHTY OCHOBHY
yBary OyJI0 TpPHUAUIEHO TIONIIYKY MICIlb, B SKHX 3a3HaucHe
BHUIIPOMIHIOBAHHS 3HAYHO TIEPEBUIIYE IMPUPOIHIA pamiamiiHui
¢on. Ha cxeMi po3MillieHHS OCHOBHHUX €JIeMEHTIB ycTaHOBKH CIM
(puc. 2) 3ipoukamu MoKa3aHi 3HalACHI [IEHTPYU BUHUKHEHHS TaKOTO
ompoMmiHeHHsA. Sk 1 chmig Oyno OYIKYBaTH, TaKUMH MICISMU
BUSABMUIMCA eJeMeHTH YycTaHoBkM CIM, Ha SKUX MOXIJIUBE
B3a€MOJIII MDK IIy4KOM 3apsi/DKEHMX 4YacTOK 3 eJIeMEHTaMu
YCTAaHOBKHM. 3 ypaxyBaHHSM OCTaHHbOIO OyJIO IpOBEJEHE
NEepeIUIaHyBaHHA PO3MIIIEHHS pPOOOYMX Micllb  IEepCcoHay
Kateropii «A» (Mo3Ha4eHO Ha puc. 2 niTeporo «A»). B miacymky
I JI03BOJIMJIO 3POOUTH piBEHb ONPOMIHEHHS IEpPCOHAIy Ha
poOouMX MicUAX MiJ Yac MPOBEIEHHS poOIT 3 3aCTOCYBaHHSAM
MIPUCKOPIOBauaHAOIMKEHUM 10 (POHOBOTO.
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Pucynok 2. - Cxema po3MilIeHHS OCHOBHHUX elleMeHTIB ycraHoBku CIM
B eKCIHepHUMEHTAIbHOMY 3aii. 1 — mpucKoproBad 1oHIB, 2 — MarHiTHa
KBa/pyToNbHa JliH3a, 3 — KaMepa Bi3yalbHOTO KOHTPOIIO Mydka ioHiB, 4 — 90°
MarHit, 5 — mWinuHA crabimizauii mydka, 6 — Kpyrsii 00’€KTHI anepTypH, 7 —
NPSIMOKYTHI 00 €KTHI LIIIMHY, 8 — KyTOBHH KoniMaTop, 9 — elneKkTpoMarHiTHa
crcTeMa CKaHyBaHHs My4ka ioHiB, 10 — MinieHeBa kamepa, 11 - my4ok MpoToHiB,
1110 [1a/1a€ Ha 3pa30K, «A» — po0oui MicCIIs epCOHaTY KaTeropii «Ay», ®.- eHTpu
BUHUKHEHHS PEHTT€HiBCbKOT'O BUIPOMiHFIOBAHHSI.

CIIUCOK BUKOPUCTAHUX JKEPEJI
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MEJUYHUX PI3UKIB
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Xapxiscoruii meduunuii nayionansuuil ynisepcumem, Xapxis, Ykpaina,
2TV «lucmumym meduunoi padionozii ma onkonozii
im. C.II Tpueop’ee6a HAMH Yxpainuy, Xapkis, Yxpaina,
$Xapriecoxuii nayionanvruii ynisepcumem padioenexmpouixu, Xapxis,
Ionisusna paodiayias — ye niomiHb
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TEXHOTEHHOI O€3MeKH 1 MOpYyLIIeHHS Oe3NeKu Mpaimi MiTbHOHU
MO THHYTh, CTPaX-JalOTh dYepe3 TpaBMU Ta mpodeciiini
xBopobu. JlroacTBo came depe3 i MpoOJIeMH IMOPOKY 3a3HAE
30MTKIB Ha COTHI MUTBSIP/IiB JI0JIapiB.

[Touryk HOBHIX MiIXOJIB JO 3amOOIraHHs BiliH, KatacTpod,
BUPOOHMYOTO  TpaBMaTu3My 1  mpodeciiHux  XBOpoO
NPOJOBKYETbCA.  JIBaamsaTh  pokiB  ToMy  MDKHapOIHUM
areHTcTBOM 3 aToMHO1 eHepreTuk (MAI'ATE) O6yB cpopmoBanumii
HOBUM KOHIIENTYaJIbHUN MIX1J 7O BU3SHAUYCHHS O€3MEKH aTOMHHUX
enekrpoctanuii (AEC) sk mNOHATTA, WO MICTUTh Yy coO1
JNETEPMIHAHTH 3araJIbHOMIONCHKOI 1 TpodeciiiHOl KyIb-TYpH.
[Tonsarrs texuiku 1 mcuxosorii 6e3neku AEC mepepocnu B
KOHIICTIIIIIO KYJIbTypu O€3NeKku, sika ChOTOJHI CTajla OJHUM 13
(GyH1a-MEHTaIbHUX IPUHIUIIB 3a0e3neueHHs 0e3neKu y saepHii
rany3i. Omke, MAT'ATE nemo Bumepenusno iHII MDKHApOAHI
oprasizauii y cepi BUKOPUCTaHHS KyJIbTYPOJIOTIYHUX IIHHOCTEN
MPH BHPIMICHHI KOHKPETHHX TMPUKIAJHUX 3aBJaHb y cdepi
3a0e3neyeHHs Oe3MmeKH.

3roJIoM BUSBWJIOCS, IO TyMaHi3allisi CHUCTeMH Oe3NeKdu €
MPOSIBOM 3arajbHOCBITOBUX TeHJCHINN. lle miarBepmxye Takox
aHaJi3  HampalBaHb, OTPUMAHUX y XOJl TPOBEACHHS
MixHapoaHOTO POKY KyabTypH cBiTy (2000 pix), MibKHApOIHOTO
poky miamory wmbk mmBiUtzamiamu (2001 pik) 1 wHa Cawmiri
tucsaoitTs (6—8 BepecHs 2000 poky), 3 MepeoCMHUCIICHHS POJIi Ta
Miclsl KYJIbTYpH B JKWTTI JIIOJUHHU, CIM’i, Cy4acHOI IMBUII3aIlii.
Came B pe3yabTaTi I[bOTO aHAJI3y 3 SABIAIOTHCS TaKi TEPMIHHU, K
«KYJIBTYpa MUPY», «KYJIbTYpa MDKHAPOIHOT O€3MEKU», «KYIbTYpa
HaIlOHaNBbHOT Oe3nekny. L{i clioBoCcnoay4eHHsS — CBiUEHHS TOTO,
o0 came JIIOJUHI, fSKa MOKJIMKaHa MPUAMAaTH BiINOBITAIbHI
pIIIEHHS, 10 MOXKYTh MaTH CEpHO3H1 HACTIIKU i OE3MEKH, sKa
Oe3nocepelHbO Oyzne BUKOHYBaTH HeOe3MedHi omepanii 4u
OTIOCEPEIKOBAHO BIUIMBATH Ha OE3MEKy, NeNeryrThCs IpaBa
KOHTPOJIIO 32 OE€3MEKOI0 Y BUTIISII CAMOKOHTPOIIIO.»

Lle He3anepeunuit pakT, BUSHAHUI Y BCbOMY CBITi: MeIMYHA
paaionoris — KITiHIYHA CHeIiadbHICTh, 10 3MIHIIA MEUITIHY.
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CyyacHa MeaWYHAa NpPaKTUKAa NPOCOTaHA padialliiHUMH
TexHoJorisiMu. Hapaszi miopiyHo y CBiTi MPOBOJUTHCA TOHAA 2
MJIpA. PEHTI'CHIBCBKUX 1 SACPHOMEAMYHHMX IIarHOCTUYHUX J0-
CIIiIKEHb, 1 OUIbIIe HDK 6 MITH. paaioTepaneBTHIHUX MPOLEAYP, 1
15 TeHACHLIS Wae Bropy. Taka curyallis 3yMOBJIEHA, BOYECBH/Ib,
MPOBIAHOIO POJUTIO  PAAIONIOTIYHOTO OOCTEXKEHHS XBOPOTO B
YCTAQHOBJIEHHI YW WIiATBEP/HKCHHI JiarHO3y, CIIAKyBaHHI 3a
nepediroM 3aXBOprOBaHHs, €()EKTUBHICTIO OOpaHOTO JIIKYBAaHHS 1
MO>KJIMIBHM PO3BUTKOM YCKJIJIHEHb, TOOTO MOKHA CTBEPKYBATH,
10 HHUHI POJIb PAJIONOrii y HaJaHHI aJeKBaTHOTO JIKyBaHHS
BU3HAYaJIbHA.

Menuuna paniosioris cTBopeHa (¢i3ukamMu, 1 Tomy 0e3
¢13UKiB He Moxe icHyBaTu. lle oueBuaHuii Qakr, ame yacom
3a0yTuii. Xouya mMpoMEHEeBa Teparmis <CKUBE» Ha MeX1 0ararbox
JTUCITUTLTIH, 11 3aeXHICTh BiM G13uKK HadcuiapHima. [1ix mum mu
Ma€eMO Ha yBa3l HE TUIbKH 3aJ€KHICTh B MIATPUMKU KIIHIYHOT
¢biBukK, OO0 TEepeKOHATHCsA, M0 ONPOMIHEHHS KEePYEThCS
0e31eyHo Ta TOYHO, ajieé HacaMmIepe  3aJIeKHICTh BiJl HAYKOBOI Ta
JOCIITHUIIBKOT CTOPOHHW (i3WKHM B3arajai Ta MeIu4yHOl (i3uku
okpema. HeoOximHO BBakaTH 1 MOBakaTh MeIWYHY (i3UKy 5K
($h13UKY B MEIUIIMHI, 00 MIAKPECIUTH 11 BAXKIIUBICTB.

[IpomeneBa Ttepamis (IIT) € onmHiero 3 HAWCKIAAHIMUX 1
HaOUIbI BUCOKOTEXHOJIOTTYHUX rany3eil Meauumuu. He meHm sik
IIOJIOBUHA BCIX XBOPUX Ha pak MOTPeOyrOTh NMPOMEHEBOI Teparii
[1]. Cepen noBiTHIX MeToAiB IIT MokHa Ha3BaTH MOy ILOBAHY 3a
IHTEHCUBHICTIO Ta 00’eMHO MoayaboBaHy IIT, crepeorakcnuny
pamioxipyprito 1 Tomotepamito. IlpomeneBa Tepamis i
KOHTpOJieM 300pakeHb 3abe3rneuye TOYHHI MOHITOPUHT MIIlIeH] B
peKUMI peajbHOro uacy, L0 JO03BOJISE BHUKOPHUCTOBYBAaTU
aBTOMAaTHYHY KOPEKLIIO IMIABEICHHS CTPYMEHs TIpU pyxax
xBoporo. CTBOpeHi Mo€AHaHI METOAU HO3UMETpil in ViVO Ta Ha
(banTOMI 17151 IEepeBIpKH 3a0e3MeyeHHs 0e3/J0raHHOCTI JTIKYBaHHS.
IT-cucremu s I1T, 30kpeMa OHKOJIOT1YHI iH(POPMaILliiHI CUCTEMU
(OIC) 1 cucremu nnanyBanHs JjikyBaHHs (CILJI) mpomoBxyroTh
PO3LIMPIOBATUCS 1 YCKJIaJHIOBAaTHCA, 1100 BHOpAaTUCS 3 JOCHUTH
3HaYHUMHU oOcsiramMu iHpopMarlii, HeoOXiTHUMH JUISI CTBOPEHHS
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Kpamux MoJeneil onTuMi3anii JiKyBaHHS 1 epexory 10 OuThIIoi
iHTerparlii BCiX HEOOXITHUX CKIIAJOBHUX MPOLIECY Ta 3a0e3MeUCHHS
O11b1101 e(heKTUBHOCTI pOOOTH.

AJle TpuBaroya IIBHJKA €BOJIOISI TEXHOJOTIH MPU3BOIUTH
HE TUTBKH 70 KOHTUHYyMa HOBHX PO3pPOOOK, ajie 1 HOBUX MTPOOIIEM.
CucTteMH CTalOTh BCE OUIBII aBTOMATH30BAHMMH, CKIATHUMM 1
KPUTHYHO 3aeKHUMH Bi MPOTpaMHOTO 3abe3leueHHs. Ixmi
MOTCHINHHI TOYKH BIiIMOBH a00 OOMEKEHHS 3BUYANHUX
J1ana3oHIB  KJIIHIYHUX eKCIUTyaTal[liHUX TapaMeTpiB  CTalTh
MEHUI HTYITUBHO 3p03yMUTUMHU. OTKe, KOXKHE 3 LIUX JOCATHEHb
CTBOPIOE CBIM BJIacHMM TmOoTeHINiaN Tipobiaem. Tomy, 100
rapaHTyBaTu Oe3NeKy 1 BHCOKY SKICTh JIKyBaHHs, KOKEH Hece
BIJIMOBIIAJIBHICTh PETEIHHOTO CHUCTEMHOTO TPUHHSATTS, OIIIHKH,
KJIIHIYHOT peastizarlii Ta KOMIIJIEKCHOTO KOHTPOJTIO stkocTi (KAT).

BinnmoBigHuii pecypc mnepcoHaly 1 MOAAbIIe HaBYAHHSA
KPUTHUYHO HEOOXIH1 ISl PO3BUTKY 1 O€3MEYHOI0 BIPOBAIKEHHS
OyIb-sIKOT HOBO1 TEXHOJIOTIi SIK NPIOPUTETHI 3aBAaHHA. Y
MMPOMEHEBIN Teparrii — MYJIbTUIUCIUIUTIHAPHIN 1 KOOTIepaTUBHIN
CHEIIaTbHOCTI, IO BHKOPHUCTOBYE JJisi JIIKYBaHHS CKJIaJHE
oOyagHaHHsA, — BUMOTH 1 PEKOMEHJAIlli MIoa0 3a0e3reyeHHs
SIKOCTI 00OB’S3KOBO MAalOTh TPYHTYBATHCS Ha BCIX CKJIQJIOBHX:
MEIUYHUX, PI3UYHUX 1 TEXHIYHUX, OCKUThKH 111 actiekTu [IT ticHo
B3a€EMOIIOB’sI3aH1. A 1€ 03HAYa€, 10 MAIOTh 3HAYECHHS SIK YUHHUKU
CTOCOBHO Taii€eHTa (J1arHOCTHKA, PIMICHHS, ITOKa3aHHS IS
OTNIPOMIHIOBAHHS, TOJAJBIITNN AOTJISI), TaK 1 Ti, 1[0 HAJIEKATh 10
TexHIYHUX acrekTiB mpoBeaeHHs [IT. I Bci BoHum marTth OyTH
o0’extamu ans  koutpons skocti (KS). [loku He Oyxe
ycBiioMJieHo, 1o 3abe3neueHHs sikocTi B IIT € HarampHUM [ist
nocarHeHHs1 Oe3neku 1 eeKTUBHOCTI JIKyBaHHS, HE 3 SBHUTHCS
PO3yMiHHS HEOOXITHOCTI CHCTEMHOIO MiIXO0Qy /10 3a0e3neueHHs
axocti (35). Lle moTpeOye BIpoOBaIKEHHSI BCEOXOIMHUX MPOTpam
341, mo BpaxoByroTh Bci acniektu mpouecy [1T.

B panioTepanii Hacniiku aBapiiHOTO ONPOMIHEHHS MOXKYThb
OyTH AyXe CephO3HUMU. ABapiifHUM ONMPOMIHEHHSM BiAMOBITHO
10 MiXKHapOAHUX OCHOBHUX CTaHJApPTIB O€3MEKH JUTsl 3aXUCTY Bif
lOHIBUBHOT paxiamii 1 Oe3MeYHOro MOBOKEHHS 3 JDKepeliaMu
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pamiaiii €, 30kpema, Take: «Oyab-sKe TepaneBTUIHE OMPOMIHCHHS
a00 He TOro maiieHta, a00 He THX TKaHUH, a00 3a JOIIOMOIOIO
MOMMJIKOBOTO  pajiodapmipenapary, abo B 1031 uyu 3 ii
(bpakIioHyBaHHSIM, ICTOTHO BIIMIHHHUX BiJl MPU3HAYCHUX JIIKAPEM,
1 Ki MOXXYTh TPHU3BECTH JI0 HAIMIPHO TOCTpUX ab0 BTOPUHHHX
edexriBy [2, 3].

[linBuieHHs piBHSA paaiOTEpPANeBTUYHUX TEXHOJOTIA Ta
MIArOTO-BKU (DaxiBIIB JIO3BOJIIE 3HAYHO OOMEXKHTH HETaTHBHI
HACJIIIKU TPOME-HEBOTO JIKYBaHHS Ta 3a0€3NEUYUTH HaJEXKHY
e(eKTUBHICTh HAJJaHHS OHKOJIOTTYHOT IOTMTIOMOTH FPOMAJISTHAM.

MAT ATE 3MIACHIOE rJI00AILHUN MOHITOPUHT
TEXHOJIOTIYHOTO CTaHy pajloTepaneBTUYHUX LIEHTPIB B PI3HUX
KpaiHax CBITY, akTyaJibHa 1H(OopMallisg peAcTaBieHa B 6a3i JaHUX
Hupextopii panmiorepaneBtnuanx 1neHTpiB (DIRAC) [4]. 3a
naaumu DIRAC vy cBiTi 3apa3 BUKOpuCTOBYeThCst 14217 amapariB
nuctaHniiHoi mpomeneBoi Tepamii (AI1T), nmpuyoMmy KinbKicTh
anmapariB [IT mopiuno 3pocrae Ha moHan 6,3%. HatomicTe B
VYkpaini BiIOyBa€eThCsl JIMIIE CKOPOUYEHHS PaIIOTEPAreBTUYHUX
MOTY)KHOCTEH [5], 1m0 CBIIYMTH TIPO BIJACYTHICTh TaKHUX
MIPIOPUTETIB Y TATy31 OXOPOHU 37I0pOB’s1 YKpaiHu.

Taxk, 3a manumu DIRAC B Vkpaini B 2019 p. Oyno nume 83
anmaparie JIIIT (ramma-tepaneBTHYHMX amapariB Ta JIHIHHUX
MIPUCKOPIOBAYIB), Ha AKUX IMPOMIIUIN JIIKYBaHHS TPUOJIU3HO 45 THC.
XBopuX. | 1€ € MaKCHMaJIbHO MOXJIMBA KUIBKICTh IMAIlIEHTIB, SK1
MOXYTb 3apa3 OyTu nposrikoBaHi B Ykpaini. Toxi sk, 3a JaHUMU
Hamionansnoro Kannep-peectpy VYkpainu [6] cepeaHbopiuHa
KUTbKICTh HOBUX BHIAJKIB paky B YkpaiHi csarae 140 tuc., T06TO
cepell HUX npuHaiiMHi 70 TUC. MalieHTIB MOTPeOYIOTh MPOMEHEBOT
tepamii. Skmo y 2014 p. piBeHb OXOIUIEHHS IPOMEHEBUM
nikyBaHHsAM OyB Ha piBH1 40%, 1o Bxe y 2019 poui BiH BHaB 10
30%. ToOTo OMM3BKO TOJOBHUHHM XBOPHUX, SKI MOTpeOyBayu
IIPOMEHEBOTO JIiKyBaHHs, y 2019 poui fioro He oTpumanu.

Mix tum, cutyarlis 3 [IT ctaHOBUTBCS y:Ke HANPY>KEHOIO Y
3B’SI3KY 3 THUM, IO cepel 55 HasgBHUX amapariB JUCTAHIIHHOT
raMma-Teparii TpeTuHa NoTpebyoTh nepesapsaku mkepena °Co,
TOOTO JIIKyBaHHS OHKOXBOPUX Ha TaKuUX amaparax €
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HeepexktuBHUM. 3 2016 p. crapi raMMa-TepaneBTUYHI amaparu
MOCTYIIOBO BUBOMATHCS 3 eKCIUTyaTamii, 1, Ha JKajib, HE
BiOyBa€eThCs X EKBIBaJIEHTHA 3aMiHa Ha JIHIAHI MPHCKOPIOBayi
a00 Ha cydacHi raMMarepaneBTH4HI anapatd. B pe3ynbraTi mapk
panioTeparneBTUYHOTO OOJIaAHaHHS B YKpaiHi HEYXWIBHO CKOPO-
yyeThes (puc. 1).

120 ~

100 ~

80 A

60 -

0 T T T T T T
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B KiNbKiCTb ramma-anapatis & KifbKiCTb NiHIMHMX NPUCKOpPIOBaYiB

Puc. 1 — luramika 3min kinbkocTi amapatis JIIIT B Ykpaini

Bcei i HeraTtuBHI TEeHJEHIIIT HE MOXYTh HE BIUIMHYTU Ha
piuHI 00CSTH TPOMEHEBOTO JiKyBaHHA. Ha puc. 2 mokaszana 6-
piuHa JUHAMIKa 3MiH KUIBKOCTI TAIli€HTIB, $KI OTpUMalu
JIKYBaHHS Ha araparax poMeHeBoi Tepamnii. BcraHoBneHo, 1o 3a
OCTaHH1 POKHU KUIBKICTh MPOJIIKOBAaHUX MALIEHTIB 3HU3MIACh Ha 13
TUCSY, L0 CBIJYUTH IPO MOTIPUIEHHS SKOCTI KOMIUIEKCHOTO
JIKYBaHHS OHKOXBOPMX B YKpaiHi 3 BIINOBIIHUM 3HIKEHHSIM
MOKa3HHUKIB BIKUBAHOCTL. MK THM, mounHatouu 3 2014 poky
KUIBKICTh TIOMEPIIUX BiJ paKky B YKpaiHi 30uibmmiace B 1,4 pasu.
Ile oOymoBiIeHO GaraTbMa HEraTUBHUMHU YMHHUKAMHU, Cepell IKUX
OUEBUJHOI € HHU3bKa JOCTYNHICTh Ta SKICTh IPOMEHEBOTO
JIKyBaHHS B YKpaiHi.

66



60000

40000

20000

2014 2015 2016 2017 2018 2019
piK piK piK piK piK piK

MPOAIKOBaHO Ha NPUCKOPOBaYax

| I'IpOI'IiKOBaHO Ha raMmma-anapartax

Puc. 2 — Jlunamika 3MiH KiJIbKOCTI MaIi€HTIB, ki orpumanu AI1T
B YkpaiHi.

Sx BUIHO 3 pucC. 2, CHIBBIIHOMIEHHS KUTBKOCTI TAIlI€HTIB,
MPOJIIKOBAaHUX HA raMMa-TepaneBTUUHUX anaparax Ta Ha JIIHITHUX
MPUCKOpIOBauax cKiafae: TUIbKUM 23% TaIi€HTIB OTpPUMAIHU
BHCOKOTEXHOJIOTIYHE  CydacHe JIIKyBaHHS Ha  JIHIAHUX
MPUCKOPIOBAYax, TOJAl SK BCI 1HII JIKyBaJUCh Ha amaparax
JTUCTAHIIHHOT raMMa-Teparii 3a crpomennmu 2D TexHoorisiMu Ta
HaBITh 32 BIICYTHOCT1 KOMIT FOTEPHUX CUCTEM ILJIAHYBaHHSI.

Jlpyroro 3a 3HaYUMICTIO TPOOJIEMOIO, sIKa TOB'sI3aHa 13
3a0€3MeYeHHAM SKOCTI IPOMEHEBOT Teparii OHKOJIOTTYHHX XBOPHUX
€ MArOTOBKA KaJapiB BUCOKOTO PiBHA KBamiikamii 1yisl BiAAUICHb
MMPOMEHEBO1 Teparrii, 0CcoOJMBO cepell MeAUYHUX (GI3HKIB 1
IHKEHEPIB JJI BIIIUIEHb POMEHEBOT TepaITii.

B Vxkpaini migroroBka ¢axiBmiB 3a cnemianbHicTio 105
«[IpuknagHa ¢iduka Ta HaHOMAaTepialW» NPOBOAUTHCA B 17
3aKJIaJ(iB BUIIO1 OCBITH TOTYIOTh, OJIHAK JIMILE TPU YHIBEPCHUTETU
3agBUJIM Ha0ip Ha OCBITHIO mporpamy «MenndyHa ¢i3ukay.
KinbkicTh HaOpaHMX CTYIEHTIB Ui MIArOTOBKM (haxiBLiB 3
MeANYHOI (I3MKH Mi3epHa, BpPaxXxoBYIOUM MOTpeOM YKpaiHu, —
Tulbku 12 OGakanaBpiB Ta 10 wmarictpiB. BodeBuap BiACyTHE
Jep)KaBHULIbKE  OaueHHs  BAXJIMBOCTI  PO3BUTKY  Ii€l
CHeLiaNbHOCTL. AHaNi3 OCBITHbO-TIpOECIHHUX MporpaMm 3a
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cnemianpHicTiO 105, ne npeacraBieHa MeauvHa ¢i3uka, MOKa3ye,
[0 3MICT Ta OOCSAr BHUKIQJaHHSA IUCLMIUIIH, OB S3aHUX
0e3mocepeIHbO 3 POOOTO0 y MPOMEHEBIH Tepartii, aOCOTIOTHO HE
3aJJ0BOJIbHSIE TOTPeO ramys3i. BimcyTHs BinmoBiiHA NpakTHYHA
MiAroToBKa. I, Haxkanb, He (akT, MO CTYACHTH, SKi OTPUMAIOTh
OCBITY 3a JIaHOT CHeUiaTbHICTIO, OYIyTh MPAIIOBATH Y MEAUIHHUX
3aKiaJax y BIUIUICHHAX NPOMEHEBOI Tepamii Ta MpoMEeHEBOi
JIarHOCTUKY MEIMYHUX 3aKJIAIB YKpaTHH.

B Toli e yac y pamok crenianbHocTi 163 «biomennuna
IHKeHepisi» B XapKIBCbKOMY HalllOHaIbHOMY YHIBEPCHUTETI
pamioenektponiku (XHYPE) auctumiina «Cucremu mpoMeHeBO1
Teparii» 3aifHs1a T0CTOMHHE MICIle cepel] AUCUMILIIH MpodeciiiHol
Ta TPAKTUYHO! ITIATOTOBKM Ta BHKIAJMAETHCS Y TOMY YHCII
aHTJIINCHhKOI0 MOBOIO. He 3Bakaroum Ha Te, MO CIEIIAIBHICTD
«bloMenuuHa iHXEHEpis» € CYTO IHXKEHEPHO-TEXHIUYHOIO, a He
¢i3uyHOO, came BunyckHuku XHYPE 3a cnemianpHicTIO AaHOi
kadenpu 3a yac HaB4YaHHS HAOyBalOTh MPAKTHYHOTO JIOCBIAY 1
HaWOUTBII YCHINIHO MPAIIOIOTh Ha TOCAAax 1HXKe-HepiB-(Pi3uKiB y
BUITUICHHSX TIPOMEHEBOI Tepamii pI3HUX MEIUYHUX IIEHTPIB
VYkpainu.

BaxnuBum  eneMeHTOM B CHUCTeMi  3a0e3ME4YeHHS
e(eKTUBHOCTI TIPOMEHEBOI Teparii € BIPOBAHKCHHS IMPOrpamMu
KOHTpPOJIO AKOCTI. Lle moBMHHO OyTH HE TUIBKU JTOKYMEHTAJIBHO
odopmiieHa HactanoBa 3 SIKOCTI, a pealbHO IiOYMN MpoIec i3
3QJIYYCHHSIM JI0 TPOBEIEHHS BceOiuHOoro ayauty sikocti IIT
(haxiBIiB HAMBUIIIOTO PIBHS.

MAT'ATE npomnonye ycim kpaiHaMm opraHi3oByBaTH Ha 06as3i
MPOBITHUX MenTuYHKX 3aknaaiB LlenTpu xomnerenii B ramy3i [IT
3 3aJy4€HHSAM BiIOMHUX (haxXiBI[iB I MPOBEACHHS KOMILIEKCHUX
MEePEBIPOK MEIUYHUX 3aKIadiB 3 BIUIIUICHHAMH IMPOMEHEBOL
Teparmii 1010 SKOCTI OpraHi3amii Ta HPOBEACHHS ITPOMEHEBOT
Tepamii Ha yCiX eTamax: BiJ JIarHOCTUKU IyXJIMHHUX
3aXBOPIOBaHb, BU3HAYEHHS MPOTOKOIY TPOMEHEBOI Teparii,
MIPOBEJICHHS MEPEANPOMEHEBOI MiATOTOBKH Ta J03M-METPUYHOTO
TJTaHYBaHHS MPOMEHEBOTO JTIKYBaHHS, SIKOCT1 BIIMYCKY MPOIEAYP
Torto [7].
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OpHuM 3 HalOLTBII BaXXJIMBUX €TalliB MPOMEHEBOI Tepartii €
3a0e3leueHHsT SKOCTI KIIHIYHOI I03uUMeTpii 1 J03MMeTpudHe
rwanyBanns [T, 3a skuii BinnoBinae MeauyHuii Gi3uk (iHXKeHep-
¢bi3uK) BiAIUIEHHS IPOMEHEBOT Tepartii.

MAT'ATE 3 1969 p. BnpoBaausio B IpakTUKy 0araTb0X KpaiH
CBITY  MDKHApOJHY  TporpaMmy  IIOAO  ayguTy  SKOCTI
JO3MMETPUYHOTO KamiOpyBaHHS paJiallifHUX CTPyMEHIB Ha
amapatax JIUCTAHIIIMHOI TIPOMEHEBOI Tepamii — He3aICKHUN
nomrrosuit TJIJ[-aynut MAT'ATE/BOQ?3. 3a nepioa 1969-2019pp.
MATI'ATE 6yno nposeneHo Ouis 13,6 tucau aynuti s 4400
anapaTiB npomeHeBoi Tepamnii 3 2300 oHkojOriuHUX 3aknagiB 135
KpaiH cBITY. Y 3B’3Ky 3 THUM, WI0 Yy4acTb B ayJuTl
MATI'ATE/BOO3 mjis Meau4HHX 3aKjIaaiB € J0OpOBUIBHUM, TO
BIJINOBIAAJIBHICTh MEAUYHUX YCTAHOB KpaiH 3a BUSIBJIICHHS PUYNH
MMOMIJIOK B ITPOMEHEBO1 Teparlii Oysia 10CuTh HU3bKoto. [[s psina
kpain cBity MAI'ATE B pamkax mporpam TeXHIYHOi JOHNOMOTH
OKa3aJl0 MIATPUMKY B CTBOpPEHHI HAIIOHAIBHUX CHCTEM
He3ayie)kHoro momrToBoro TJIJ[-aymuty sikocTi KamiOpyBaHHS
amapartiB TpOMEHEBOI1 Tepartii.

B Vxpaini mikaapognuit TJId-aymur MAI'ATE/BOO3
amapariB IUCTaHIIHHOT MpOMEHEeBOi Teparii OyB BIPOBAKCHUM 3
1998 p., Y «lHCTUTYT MEAMYHOI pajioyiorii Ta OHKOJIOTI IM.
C.IL I'purop‘eBa HAMHY HAMH VYkpainn» € HamioHaabHUM
KOOPAMHATOPOM JaHOI MporpaMu. 3aBISKH BHUKOHAHHIO JIBOX
MDKHapOAHUX TPOeKTIB 3 Y «lHCTUTYT MenuuHO1 pajioiorii Ta
onkostorii im. C.I1. I'purop‘eBa HAMHY» Ta TexHi14HI1#i TiATpUMIT
MAT'ATE B pamkax mux npoekTiB B YKpaiHi Oyma cTBOpeHa
MOXJIMBICTB IIIOJI0O OpraHizailii Ta BOPOBAPKCHHS HAIIOHAJTILHOTO
TJI[d-ayauty sKOCTi AO3UMETPUYHOTrO KaiiOpyBaHHsS Ui ycCiX
amapariB  JMCTAHIIHOT MPOMEHEBOi  Tepamii  MEeIUYHUX
OHKOJIOTIYHMX 3aKJIaIiB YKpaiHu.

B mepion 3 2004 mo 2013 pp. B pamkax BHKOHAaHHS
MDKHapogHUX MpoekTiB 3 MAI'ATE nocsruyrti Taki pe3yiabTaTu:

- Iactutyrom Oyno oTpuMaHe HEOOXiIHE J03MMETpUYHE
oOaHaHHA Ta PO3pOOJECHUNA KOMIUIEKT METOANYHHUX JOKYMEHTIB
1010 OpraHizailii HarioHanbHOro nomrosoro TJI/I-ayaury;
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- B OHKOJIOTIUHI 3akiagu YKpaiHu Oynu Oe3KOIITOBHO
nepefaHi 25 KOMIUICKTIB JI03WMETPUYHOTO OONaJHAHHS, SKi
mictm: kiniHigHuN no3umerp UNIDOS E 3 nBoma ioH3ariitHuMu
KaMepaMu, CTaHAapTHUN BOTHUN (HaHTOM;

- TIPOBENICHO YOTUPU Y4OOBi CEMiHApH 3 MHUTaHb KIIHIYHOL
JO3UMETPIi Ta JTO3MMETPUYHOTO IUIAHYBaHHs, 3arajioMm s 65
MeIUYHHX (PI3UKIB BiAUICHb TPOMEHEBO1 TeparTii.

3aranpHa TexHiuHa gormomora MAI'ATE (y ¢inancoBomy
eKBIBaJIEHT1) Ul 3a0€e3MeUYeHHsI AKOCTI MPOBEIECHHS MPOMEHEBOL
Tepamii Ta oOpradizamii HE3aJeKHOTO KOHTPOJIO  SKOCTI
JO3UMETPUYHOTO KamiOpyBaHHs ckjana Outbin HDK 500 THC.
JI0JIapiB.

B 2017 p. depxaTtomperyatoBanHsa Ykpainu cymicHo 3 MO3
VYikpainu Bunanu criitbHuit Hakas Ne 51/151 «IIpo 3aTBepmkeHHs!
3arajnbHUX MpaBWI pajialiiiHol Oe3MeKu BUKOPUCTAHHS JKepes
I0HI3UBHOTO BHIIPOMIHEHHSI Yy MEIUIIMHI», 3TITHO 3 SKAM
MepeBipka SKOCTI poOOTH arapaTiB AUCTAHIIHHOI TPOMEHEBOT
Tepamii B paMmkax mporpamu MbkHapoaHoro TJI/-aymuty
MAT'ATE/BOQO3 abo HAI[IOHAJIBHOT'O T /I-aymuty €
000B’s3KOBOIO 1 Ma€ MPOBOJUTHCS HE PiAIIe OJHOTO pa3y Ha 2
poxu. Hampukinaii 2018 p. micas ocTaToYHOTO Y3TODKEHHS YCIX
nokymeHTIB B [lepkaromperymroBanns, MO3 ta HAMH VYxkpainu
npo-BeACHHS  HamioHainbHOTO  TJI/I-ayauty  sikocTi  cTano
00OB’SI3KOBUM 3aXOJIOM JJISl yCIX MEOUYHUX OHKOJOTTYHUX
3aKJIa11B HE3aJIEKHO BiJl (POPM BJIIACHOCTI.

Mix 1M, mas naboparopii (LlenTpanbpHa mabGopaTtopis
pamianiiHoi 6e3MeKu Ta J03UMETpii MeTUYHOTO onpoMiHeHHS 1Y
IMPO), ska mnpoBoauth HauioHanbHuii TJI/[-aymuT sKoCTI
KaniOpyBaHHS anapaTiB JUCTAHILIHHOI MPOMEHEBOI Tepamii Jyxe
BKJIMBO HASBHICTH pEPEPEeHTHOT YCTAHOBKU JUCTAHLIAHOT
ramma-Teparii ¢ mxepenom *°Co. Skuio akTuBHicTs mxepena ©°Co
Oyze myxe HM3bKa, a 3aMiHa Pajio-aKTUBHOTO JpKepenia He Oyze
3MiiCHEHa, TO MpoBeaeHHs HallioHansHoro TJI/[-ayaurta crane mig
3arpo3010 3pHUBY.

Xoua 3aBasku TexHiuHid miarpumii MAI'ATE B pamkax
MDK-HApOJHUX  MPOEKTIB  pe3ylnbTaTH  MDKHApOJHOTO 1
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HarionansHoro TJI/[-aymuTy B VkpaiHi cranu 3HAYHO Kpaile, a
KUIBKICTh BHSABIICHHX NMOMWIOK Ipu ompomineHHi TJIJ[-xamcyn
sam3mnack 3 30-53% mo 10-15%, npote HaBiTh Taka KUIBKICTh
MOMMJIOK € HEMPUITYCTHMO BUCOKOIO, a/DKE SIKIIO TaKi ) MOXHUOKH
MalOTh MiClle TpHU ONPOMIHEHHI TMAI[iEHTIB, TO M€ MOXKe
CIPUYMHUTH CEPHO3HI HACTINKA y BHII pagialifHUX YpakKeHb
(mpu TepeBWINEHHI NPU3HAYEHUX M03), ab0 y BiJHOBICHHI
OHKOJIOTTYHOTO Tpo1iecy (TIpU 3aHIKEHUX J103aX).

Takum yuHOM, TpoOsiemMa MIATOTOBKH MOJIOAMX (axiBIIIB,
Kl IUIAHYIOTh TPaLIOBaTH MEIUYHUMHU (PI3UKaMH, a TaKOX
MEepeniAroToBKa MpaIoyuX QIi3UKIB 3 ypaxyBaHHSIM MOCTIHHOTO
OHOBJICHHSI TMApKy amapaTiB MPOMEHEBOI Teparrii, BIPOBAKEHHS
HOBHX CHUCTEM JO3UMETPHUYHOTO TUIAHYBAHHS, 3aIAIIAETHCS TYKE
CEpHO3HOIO.

[HIIUM BaXIMBHM HANpSMKOM B MEIWYHOI Paaiojiorii, ae
y49acTh MeIUYHUX (IBUKIB TyXe HE0OXiTHAa, € JlarHOCTUYHA
paxionorisi Ta Ko 'torepHa ToMmorpadis. Ha »xamp, moci y
BUITUICHHSX PEHTIE€HIBCHKOT IIarHOCTUKH HE TIepen0aveHi mocaau
MenuyHuX (¢i3ukiB. PazoM 3 TWM, BIANOBITHO 7O JOCBIAY
OUTBIIIOCTI ~ PO3BMHEHHMX  KpaiH  HEOOXIAHO  CTBOPEHHS
LEHTPIB/BIAAUIIB MennuHO1 (Di3uku npu obmacHux Jlemapramentax
0XOpoHH 310poB’s. Toml, B YKpaiHi CTaHE MOKIIMBUM OpTaHizallis
MOCTIHHOTO KOHTPOJIO 3a0e3Me4YeHHs] SKOCTI BUKOHAHHS PEHT-
T€HOJIarHOCTUYHUX IOCIIKEHD 3 OL[IHKOKO SIKOCTI
JIarHOCTUYHOTO 300pa)KeHHsI Ta OTPUMaHUX /103 MAallleHTaMu, a
TaKOX BIPOBA/HKCHHSI KOHILIEMIT «HAIOHATIbHUX J11arHOCTUYHUX
pedepentHux piBHIB» (JIPP) s onTumizarmii  pamiamiiiHOTO
3axucTy HaceneHHs. [IpoBeneHHs 3iCTaBICHHs 03 MALIEHTIB 3
HarioHansHUMU JIPP nacTh MOXKIMBICTH BUSBISTH, SKI BUIU
JOCIIJUKEHb € HEAOUUIBHUMH 3a SKICTIO 300paKeHHS Ta
OTPUMAHUMHM MAIlIEHTAMU JI03aMHU.

B Vkpaini npoBeaeHHs ImOpiUHUX (arooporpadidHUX
JOCITI/DKEHb € J0CI O00OB’SI3KOBOIO IPOLEAYPOIO Ui YChOTO
JIOPOCJIOTO HaceleHHs. 3a JaHWMHU MPOBEJCHOTO HallioHAJLHOTO
aHKeTyBaHHS OOJACHUX pEHT-TeHOJIOTUHuX ciayx0 B 2011-
2013pp. B VYkpaini mopiuHo mpoBoAUTbCS Outst 21 MiH
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npo(UIAKTUYHUX Ta A1arHOCTHYHUX (irooporpadiil, mpu HbOMy
cepe/iHe 3HAYEHHS BXIJHUX MMOBEPXHEBHX J03 JOPOCIOTO Talli-
€HTa Ha IUTIBKOBUX (urrooporpadax 3a pe3yibTaTaMu MPOBEICHUX
BUMIpIOBaHb cTaHOBWUJIO 4,1 M3B, a Ha okpemux (arooporpadax
nocsi-rano 25 M3B, ToAi Ik 3rizHo 3 Hopmamu pamianiiinoi 6e3nexu
VYxpainu HPBY-97 npu mnpodinakThdHux OOCTEe)KEHHSIX pidHa
edekTUBHA 71032 HE IOBUHHA repeBuiyBaty 1 m38 [8].

3a mpoBeIeHUMH OLIHKAMH OYIKYBaHHW PU3HK JOAATKOBUX
BUMAJ-KIB  paAlallifHO-IHAYKOBAaHUX  pakiB  JIEreHb  IpHU
BUKOPHUCTaHHI IUIIBKO-BUX (uirooporpadiB Moxe craHoBuTH 3500
BunaaKiB Ha 1 pik. ToOTO Takuii BUI AOCTIIKEHb HE TUIBKU HE J1a€
KOPHCTI JIJIs TAITIEHTIB, a i 3aBJIa€ IIKOJIU.

BOO3 me B 1994 poui pexkomeHAyBala CKacyBaTu
(dbmooporpadiyHIl CKPUHIHT HA TYOEPKYIh03 SIK HEe(PEKTUBHUH 1
€KOHOMIYHO HEeIOUUILHAM, JIOCTaTHELO MPOBOJIUTH
peHTreHorpadito KpUTHYHUM TIpylmaM cepejl IepcoHaly Ta
HaceneHHs [9].

B po6ori E. J. Hall Bkasano: «Penrtrenorpadist rpymHoi
KIITKM, TpU3HAYyBaHa JIIOAAM 3  TIAO3POI0  Ha  SIKECh
3aXBOPIOBaHHS, HECe B COO1 KOPUCTH, sSIKa BOUCBH/Ib TIEPEBEPIIYE
OB’ s13aHUH 3 UM pu3HK. [lomi0He sk 00CTe)EHHS, TPU3HAYyBaHE
JUIS BCE3arajlbHOTO KOHTPOJIIO CTaHY 3/I0pPOB’Sl HACEJIEHHS, TAKOTO
CHIBBIIHOIICHHS KOPHUCTI 1 pU3UKY HE Mae. MUTbHOHHU ILUIKOM
HOPMaJIBHUX 3/I0POBUX IHAMBITYYMIB OMPOMIHIOIOTHCSA 03 Oy/Ib-
SIKOT /1711 HUX KOPHUCTI, TUIbKHM 1100 BUIAJKOBO BUSIBUTH B KOTOCh
13 HUX sfKecb NopymeHHs... | Tomy, Oe3nmepedHo, Ie HE
BUIIPABJOBYE OMPOMIHEHHSI MUIBHOHIB JIIOACH, YV SKUX Pe3yJabTaT
00CTe)XEHHSI BUSBUTHCS HEraTMBHUM. PO3yMHHM KOMIpomicoM
MOke OyTu OOMeXeHHS WIOPIYHOI penmezenozpaghii TPynHOT
KIIITKA TUIBKH 3aB3STHM KypIsiM 1 poOiTHUKaM, uus mnpodecis
MOB’si3aHa 3 PU3UKOM, HANPHUKIAJ, TAKUX SK MIaXTapi ypaHOBUX
KOTIaJIeHb a00 POOITHUKHU a30ecTOBMX BUPOOHUITBY [10].

B Incrutyri ¢Tusiatpii Ta  myIbMOHOJOTI  iMeHi
@.I". SHoBcbkoro mpodecop B.M. Menphuk y 2000 p. mpoBiB
JOCKIIUIMBE  JOCHIPKEHHS  KOpPHCHOCTI  (prmrooporpadigHoro
CKPUHIHTY Ha TYOepKyJab03 1 JIHIIOB TaKOTO BHCHOBKY:
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«...eKOHOMIYHA HEJOULUIBHICTh CKPUHIHTOBOI (urooporpadii
OUEeBHU/IHA, OCOOJIMBO 3a HMHIIIHIX KPU30BHX YMOB. AJDKE Ha
rpoii, BUTpa4eHi Ha BUABIEHHS (urrooporpadiunumM MeTogoMm 1
XBOpPOTO [Ha TyOepKyJIb03], MOKHA BHIIIKYBaTH 22,68 Malli€HTIB,
AKi caMi 3BepHYTHCS 0 JIKaps i3 cHMIIToMaMu XBopoou. Ock 4omy
32 KOPJOHOM BiIMOBHJIHCS BiJl CKpHHIHTOBOT piirooporpadii» [9].

B Hakazi MO3 Vkpainu Bim 17.05.2008 Ne 254 «IIpo
3aTBEpIUKCHHS [HCTPYKIIl MPO MEpioANYHICTh PEHTTEHIBCHKUX
00CTeXeHb OpraHiB TpPyIHOI MOPOXHUHM» YKa3aHO IIpo
HEOOX1HICTh 3a0e3NeyeHHs] MPOBEACHHS MPO(UIAKTUYHUX Ta
JIarHOCTUYHUX PEHTIeHIBCHKUX 00-CTeXEHb OpraHiB TIpyIHOT
MOPOXKHUHU «MeeHux Kamezopiu Hacenenna» Ykpainu (m.2.1),
OJIHaK B camiil [HCTpyKIIii nepepaxoBaHi MPaAKTUYHO BCl KaTeropii
HACEJICHHS, M0 TPHUBOAWTH 1O OOOB'SI3KOBOTO MpPHU3HAYCHHSIM
OCIIKEHHS I BCIX ITAIlI€HTIB.

Hanro BaxknmBOIO B PEHTTEHOIIArHOCTHINI € MpoodiiemMa
KOHTPOJIIO ONPOMIHEHHS YEpPEeBHOI MOPOXKHUHM 1 AUISHKH Tasza
BAariTHUX YW MOXJMBO BariTHUX JKIHOK, OCKUIBKH TIpH
OTIPOMIHEHH1 eMOpPIOHA UM TIJI01y BUHUKAIOTh TSKK1 HACTIIKH IS
HapO/PKEHOT TUTUHU Y BUTJISIIL 370SKICHUX MYXJIMH 1 BaJ] PO3BUTKY
opraniB. Haxxanp He yci peHTI€HOJIOTH 3HAIOTh IIPABUJIO AECATU
IOHIB». MK THM, 1€ IPaBUJIO aKTUBHO 3aCTOCOBYETHCS B KpaiHax
3axony me 3 70-X POKIB MHHYJIOTO CTOPIYYS 1 MOJSITae BOHO B
peKoOMeHIallii MPOBOJUTH JKIHKaM Taki JOCIDKEHHS MPOTATOM
nepmux 10 IHIB MICSYHOTO IUKITY, KOJIM BariTHICTh TapaHTOBAHO
B1JICYTHSI.

Ha >xanp, Taka BOEPTICTh Y HEMIOCIYXY 10 JOBEIECHUX (PaKTiB
CTUMYNIOETbCS B YKpaiHi K JIKapsMHU, TaKk 1 opraHizaTopamu
OXOpOHH  310poB’s.  TUIbKM  BOPOBADKEHHA  KOHTPOJIIO
PEHTTeHIBCHKHX amapaTiB Ta /103 Malli€HTIB Ha PETryIIpHOT OCHOBI,
10 MOBUHHI BUKOHYBAaTH MeAW4HI (I3UKH, JaN0 O MOXIHUBICTH
3MIHUTH CUTYAI[Il0 B PEHTT€HOIIarHOCTHUILIL.

Octannboro yacy MAI'ATE BBena y BKUTOK HOBE IIOHATTS
Kynemypa 0Oe3neku 3aMiCTb ecapanmisi 6Oesnexku. Taka 3aMmiHa
0COOJIMBO TOPEYHA JUTSI MEAULIMHY K HAOUThII T'YMaHHOT LAPUHU
JIO/ICBKOT TPAaKTUKH, KPeIo SIKOI — «HE 3allKOAb» IMAalli€HTY.
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OCKUThbKM ICHYIOTh PH3U-KHA Jii HHU3BKHX JI03 paialliiHOro
ONPOMIHEHHSI y BHIVIII IHIYKIil BHUHUKHEHHS CMEPTEIbHHUX
3MOSIKICHUX MYXJIMH y JAiTeH 1 Topocianx abo YypOoKEHHUX BaJ MpU
ix mil Ha 3apOJOK UM IUTIA, JIIKapi MArOTh YCBIIOMIJIIOBAaTH CBOIO
BIAIMOBIAAIBHICTE 32 3MEHILIEHHS MOKJIMBOCTI BUHUK-HEHHS TaKO1
IITKOJIM SIK JUTSL CYIIIUX, TaK 1 HEHapo DKeHuX. Kyismypa be3nexu €
KaTeTOPIEI0 MOpAIbHOIO, a HE TEXHOJOTIYHOIO, 1 TOMY pOJib
JIOICBKOT MopanbHocmi B 3a0e3redeHHi 0e3neku B bOMY pasi €
0a30B0I0, HAPLKHOIO, (DYHIAMEHTAIBHOIO. A OCKUIBKHM MEIUKH
MOBCSKYAC A1I0Th B MICUXOJIOTIYHOMY IOJI1, IOTTYHO BUIIPABIaHUM
Oyle BU3HAYUTH CTBOPEHHS YyMOB O€3NeKH TNalll€eHTa 3a
PaIioNIOTIUHUX npouenyp KYJbTYPOIO MeOuUHo20
ONPOMIHIOBAHHA.

Tyr nopeuno nHaBectu BuciiB K. Mapkca: «bynb-ski
TEXHOJIOTIUH1 JIOCATHEHHS Hadye O OIIadyloThCs MOPAIBHOIO
nerpanauiero». ToOTo, ski O HOBI TEXHIYHI BIIKPUTTS HeE
BIPOBA/KYBAJIUCS B MPAKTUKy MEIUYHOI pajioyiorii, 0e3
MIIBUIIECHHS KyJIbTYpU O€3TeKH MepcoHany Ta 6€3 BIpOBaKEHHS
CUCTEMH KOHTPOJIIO SIKOCT1 MPOBEACHHS IOCTI/DKEHb 3 3aTy4E€HHAM
MenuyHuX (I3UKiB, TakWW Tporpec Npu3Beae A0 30UTbIIEHHS
HEBUNPABAAHOTO PAIIaI[ifHOTO PU3UKY IS HACEJICHHS.

3aBepIInTH 1IEH OTJISA BCE JK JIOPEYHO IUTATOIO 13 AHTyaHa
ne Cent-Ex3tonepi: « Bipto, HacTaHe JI€Hb, KOJU HEBIIOMO YUM
XBOpa JIOJIMHA BiAAacThCcs B pyku (izukiB... He nmuraroun Hi po
10, i (I3MKK BI3bMYTh y HBOT'O KPOB, BUBEAYTh SIKICh MOCTIHI,
MepeMHOXKaTh iX OJHY Ha iHITY. [1oTiM, 3BIpUBIIUCH 3 TAOJIUIICIO
norapu@miB, BOHM BUJIIKYIOTh OJIHIEIO €IMHOIO MIrynkor. | Bce ik,
SKIIO 5 3aXBOPII0, TO 3BEPHYCS JIO0 CTAPOTO CUILCHKOTO JIIKaps, BiH
TJISHE Ha MEHE KPaeM OKa, MOIIYNa€ MyAbC 1 JKHUBIT, MOCITyXae.
[ToTiM KanuisiHe, pPO3KYpUBIIM TPyOKy, MOTpe migdbopimas i
MMOCMIXHETHCSI MEH1, 1100 Kpalie BraMyBaTu O011b. 3p0o3yMisio, MEHE
3aXOIUTIOE HayKa, ajle MEHEe 3aXOILTIOE 1 MYAPICTHY.
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JEP)KABHE PET'YJIIOBAHHS SIIEPHOI TA PAIALIAHON
BE3MEKHA B YMOBAX INAHJAEMII
COVID-19: BUKJIMKHU, PU3UKH, TPOBJIEMH, PIIEHHS

O.B. BickoB, P.®. Tpinaii;io

leporcasna incnexyis adepHoeo pezymosanta Yxpainu, Kuis, Yxpaiua,
+380342751303, 0.viskov@gmail.com

AHoTanis. Po3risiHyTO MUTaHHS 3MIHCHEHHS JIEP)KaBHOT'O PEryIIOBaHHS
simepHOi Ta pamianiidHoi Oesrekm B ymoBax manzaemii COVID-19 B
KOHTEKCTI JiISUThHOCTI 3aKJIaJliB OXOPOHH 3/I0OPOB 5.
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Annotation. The issue of state regulation of nuclear and radiation safety
in the condition of the COVID-19 pandemic in the context of the
activities of health care facilities is considered.

Karouosi cioBa: [lepxaBue perymosanns, COVID-19, ninen3yBanus,
Jilep>KaBHUI HarJIsi.

3a ocranni 20 pokiB B Ykpaini Oyina BuOyyBaHa JOCTaTHBO
JieBa MOJICITb JCPKABHOTO PETYIIOBAHHS SJICPHOI Ta pamialiiHO1
6e3neku. YiTKy 1 nmIaHOMIpHY poOOTY SIK PEryJI0Y0oro Oprasy,
TaK 1 cy0’€eKTIB IPOBAPKEHHSA JISUIBHOCTI 3 BAKOPUCTAHHS JKEPET
10H13yrouoro BunpomiHtoBanHs ([IB), mopymmno 3anpoBakeHHs
NPOTUIIAHAEMIYHUX 3aXOAIB Yy BIANOBLIb Ha HeOe3meKy
po3noBciomKeHHs KopoHaBipycy SARS-CoV-2.

Tyt chig 3ayBakuTH, IO BIAMOBIAHO O MIFOYUX B KpaiHi
Hopwm pamiariiinoi 6e3neku (HPBY-2005), mennune onpomiHeHHS
BITHOCHUTBCS JI0 paAlallifHO-TIFIEHIYHUX pErjlaMeHTIB JApyroi
Ipyny, a MPOTUpAAIalifHUN 3aXUCT NPU HBOMY Oa3yeThCs Ha
MPUHIMIAX BUIPABIAHOCTI, ONTUMI3allii 1 HenepeBHIeHHs. | oT
JBa 13 IUX TPUHIUIIKA — BHUIPABAAHOCTI Ta ONTUMI3arii Oynau
mignadi cepiiosHomy BumpoOyBanHio mig dac COVID-19. o
3aMpoBa/KEHHSI B MPAKTUKY HIMPOKOTO 3aCTOCYBAHHS EKCIpec-
tectiB Ta [1JIP Tect-cucrem, mis HenpsiMoi miarHocTuku SARS-
CoV-2 BUKOPHCTOBYBAIHUCH @ MIPOJIOBXKYIOTh
BHUKOPHCTOBYBATHCh) peHTreHorpadiuai meroau, 3okpema, KT-
nocimipkeHHss. ®daktuyHo, B okpemux perioHax kpainm KT-
JOCTIIKEHHSI OPraHiB I'PyIHOT KIITUHH MEPEeTBOPUINCH MAJl0 He
Ha CKpUHIHTOBUM METOJI JOCITIIPKEHbB.

ToOto, 3 omHOrOo OOKy, MaeMO O3HaKd MOPYIIECHHS
OCHOBOIIOJIO’KHUX TPUHIIMITIB pajialiiiHoi 0e3rneku, a 3 1HIIOoTO,
HPBY-97 ne npomonye HaMm 3>x0AHOI anbTepHaTuBH. /JlificHO,
BB@XKATH CHUTYAIlll0 «aBapiiiHUM OMPOMIHEHHSM» MM TaKOXX He
MO>K€MO, OCKLUIbKH B Hill BiICYyTHSI OCHOBHA O3HaKa pajialiiHO1
aBapii — BTpaTa peryatoruoro KOHTPOIIIO HAJl JHKEPETIOM.

I TyT mocrae nmUTaHHA MPIOPUTETIB: peanbHa 3arpo3a KUTTIO
1 3g0poB’t0 moaunu Bix COVID-19 um morenmiiiHa mkona ii
3JI0pOB’I0 BiJ] 3aCTOCYBaHHS paJiallifHUX METOMIB JIarHOCTUKH?
HacnpaBai, Mu MOXeMO JIMIIEHh KOHCTaTyBaTH, IO B yMOBax
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naHzeMii, Airo4i B KpaiHi HOPMHU pajialliifHoi Oe3MeKH BUSBUIHNCH
HE/JIOCTaTHRO THYYKUMH. A B CIiI 32 HHUMH, HEIOCTATHBO
THYYKHMHU BUSBUIHCH 1 PETYII0I0Y1 BUMOTH.

Mu MaeMo YCBIOMIIIOBATH, HI0 «MAalldHA» JEeP>KaBHOTO
pPETYJIIOBaHHS € JIOBOJII IHEPTHOK 1 ONEPATUBHO 3MIHUTH
peryirodi BUMOTH Ta MPOLEAYPH Y BiANOBIOs Ha 3arpo3, IIO
IIBUJIKO PO3BUBAIOTHCS — JyXK€ Ba)KKO. TUM OLIbIIE B YMOBax,
KOJIM 1 3aKJIagy OXOPOHH 3/I0POB’S, 1 caM pPETyJIIOIYUi Opra
ONMHUJIIUCH B HETIPOCTIN CUTYaIlIi.

3a crocrepexeHHsIMH JlepiKaTOMpETyIIOBaHHs, I 4ac
COVID-19 mpociiakoByOTHCSI HACTYITHI PU3HUKH MO0 CYO’ €KTIB
MPOBAKEHHS AISUTBHOCTI 3 BUKOopucTtanus JI1B:

- TUMYacoBa, a0o TOCTIifHA BTpaTa KBai(hiKOBAHOTO
MepCoHaITy y JIIEH31aTiB;

- MOTEHIIIHHA BTpaTa KOHTporo Haj /[IB depes ekoHOMIUHI
(piHAHCOBI TpPYAHOILIl, THUMYacOBe 4YHM Ha 3aBXIU 3aKPUTTS
MIANPUEMCTB) Ta OpraHizaiiiiti (IpU3yNUHEHHS HaJJaHHS TTOCIYT 3
HaBYaHHs TMEpPCOHATY, PaaialliIiHOTO KOHTPOJIO, TEXHIYHOTO
0OCIIyrOByBaHHS Ta PEMOHTY, MOBOKeHHS 3 PAB Tommo)
YUHHUKH;

- CBIZIOME BHUMYIIICHE OOMEXEHHS 3aCTOCYBAaHHSI TOJIOXKEHB
HOPM Ta MPaBWJI paaiallifHOT O€3MeKH JieH31aTaMH.

[Ipn ubOMy cam perysaroluuil oprai TakoX OTpPUMaB psif
BUKJIMKIB, 30KpeMa:

- TAMYAacOBY BTpaTy KBaji()iKOBAaHOTO IIEPCOHANY B
PETYIIOI0UYOMY OpraHi;

- OOMEXEHHS MIOA0 MOKJIMBOCTI 3IIMCHEHHS 3aXOJiB
JIepKABHOTO HATJISIY Ta IPUMYCY;

- IOTEHI[IiHa BTpaTa peryioruoro koHTpomwo Haa /J(IB
4yepes BIACYTHICTh €(PeKTHBHOI Ta JOCTOBIPHOI KOMYHIKaIlii MIX
PETYIATOPOM Ta JIIEH31aTOM;

- 3MIACHEHHSI PETyNIOBaHHS B YyMOBaX, KOJIM He BCi
TPaAULINAHI PETYITIOI0Yi MOJIOKEHHSI HOPM Ta TMPaBHJI MOXKIIUBO
3aCTOCYBATH;

- MUTaHHS €THKHU 3aCTOCYBaHHS 3aXO0IB MPUMYCY.
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JlepaTOMpETYIIOBaHHS. HE Ma€ TOTOBUX MPOTOKOMIIB st
TISTIBHOCTI B YMOBAax MaHAEMii, TOMy HepeNalToByBaTH CBOIO
poOOTY TOBEIOCH OTIEPATUBHO. 3a KOPOTKUH "ac OyIIo:

- pO3po0JIEHO TPOIEAYpH Y4YacTi y BeOiHapax, yd4OOBHX
Kypcax Ta IHIIMX HAI[lOHATBHHUX Ta MDKHApPOJHHX 3axoJax 3
METOIO MATPUMKH HAJISKHOT KBaITipiKaIlii MepcoHaIy peryisropa;

- BIPOBA/PKEHO B POOOTY  CHCTEMY  €IIEKTPOHHOTO
JOKYMEHTOOOIry, IIO JO3BOJIJIO TMPAIfOBAaTH JUCTAHIIIIHO,
OTPUMYBATH, MAMHUCYBATH, BIAMPABIATH JOKYMECHTH, TMPUHAMATH
3asBU 1 JIIEH31HHI MAaKETH B €IEKTPOHHOMY BUTJISII;

- po3po6JieHO HOBUH BeO-CallT peryasaropa i3 MakCUMajibHO-
JOCTYITHOIO 1H(OpMaIIi€ro IS JIIIEH31aTIB;

- MPOBEJICHO aHAJII3 PETYITIOIOYNX MPOIICAYP IHCIEKTYBAHHS
Ta JILEH3YBaHHs, HEOOXITHUX pECypcCiB, KOMIETEHIIIH, MOTPIOHUX
JUIS BHUKOHAHHA (YHKII peryjIroBaHHS B HOBHUX YyMOBax,
MIpOBeJIeHa OLIHKA CJIa0KUX 1 CUJIBHUX CTOPIH.

TuM He MEeHIIIe, BBAXKAEMO, 110 IOCSITHYTOTO — HE JIOCTaTHBO.
Jlep>xatoMperymnioBaHHs YKpaiHH HEOOXITHO PO3POOUTH HOBY
KOMYHIKAI[IITHY CTpaTerito Ijs ASUIBHOCTI B yMOBaX MaHAEMIl 3
METOI0 TIOKPAIIICHHS B3a€MO/Iii Ha BCiX PIBHSAX — BCEPEAUHI CAMOTO
PEryJIIoIYoro oprany, 3 JileH31aTaMu, HITUMA OpraHaMu BJIaJId
Ta rPOMAJICHKICTIO.

Jlep>xaToMperyimrOBaHHs YCBIAOMITIOE Ha3pily HEOOXIHICTh
CHpsSIMYBaTH CBOI 3yCWJUIL Ha po3lupeHHs HomeHkiatypu IT-
IHCTPYMEHTIB, 30KpeMa, pO3ropTaHHs iH(OOpPMAIIHHUX CHCTEM
perynstopa Ha BeO-tutaropmax: «Perictp HIB», «O6mix PABy,
«O0miK IHAMBIAYaNbHHX J03 OINpOMiHEHHS», «EnekrpoHHe
TieH3yBaHHsY, «JlepkaBHUW  HarIsaA», TMOpPTald  3HAHb,
JUCTAHIIMHI HAaBYaJIbHI KYpPCH, a TaKO0X MpOIEypHd BU3HAHHS
eKCIIepTiB, 0cid, [0  TOBHOBaXEHb  SIKUX  BiTHECEHO
BIIMOBIAATBHICTD 32 pajialliiiHy Oe3meky y JileH3iara Ta 6arato
HIIIOTO.

[IpakThka JepKaBHOTO pEryliOBaHHS TIOBHHHA TaKOX
nependavyaTé HOBI MOXKJIMBOCTI 3 TIJBHUILNEHHS KOMIIETEHIIH Ta
3HaHb B cdepi paaianiiHoi Oe3meku, Meperiis HaliOHATbHUX
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CTpaTerii 1 TeXHIYHUX MOXKIMBOCTEH, TUTAHYBAHHS IiITOTOBKH
KaJIpiB.

B  kontekcti  mineH3yBaHHs  JlepikaTOMperyIrOBaHHS
YkpaiHu HEOOXiTHO PO3POOHUTH CHEIiadbHI TPOUSAYPU JUIS
OKpEMUX 3aKJIaJliB OXOPOHH 3JI0POB’sl, Ki 3HAXOAATHCS HaA BICTpI
00pOTHOM 3 3aXBOPIOBAHHSMH, 1110 CATAIOTH MACIITA0IB TTAHAEMIi.

3 onmHOrO OOKY, BXJIMBO B MAaKCHMAJIbHO CTHCII TEPMiHH
BHJIATH BiIIOBIIHUAN JIO3BUT Ha BUKOPUCTAHHS HEOOXITHOTO st
JIiKapHi 00JIaIHAHHS YU TEXHOJIOT1, a 3 IHIIOTO — OyTH BIIEBHEHHM,
o 1e 00JaHAaHHA YW TEXHOJIOTiA OyJae BUKOPHUCTOBYBATHCH Yy
0e3neuHuit crocio.

OxkpemMe mpoOeMHe MTUTAHHS — MPOBEIEHHS 1HCTIEKIIMHUX
nepeBipok. Ha cborogHimHii JAeHb peanizyBaTh Hporpamy
MepeBipoK B MOBHOMY 00’€Mi MPOCTO HEMOXKIMBO. Lle moB’s3aHO
13 BBEJICHUMHU OOMEKEHHSMH IIOJO0 CIY)KOOBHX TMOI3I0OK Yepe3
npoOsieMu 13 TPAaHCHOPTHHM CIIOJIYYCHHSIM Ta 3a00poHaMU Ha
B1IBITyBaHHS OKpEMHX MEIUYHUX 3aKJIaIIB.
Jlep>KkaTOMpETyIIOBaHHST  3MIIMCHIOE  TIONIYK  allbTEePHATUBHUX
NUISIXIB ~ TPOBEACHHS  TEPEBIPOK,  30KpeMa,  BiIIAJICHUX,
JTUCTAHIIHHUX, BIPTYaJIbHUX UM €JIEKTPOHHUX.

B Oynp-sxomMy BUmNaaKy, Taki MepeBipkH HE mepenadadeHi
JTIIOYUMH PETYIIOI0YUMH TIPOLIeIypaMH 1 111 POl ypy HEOOX1THO
Oyze neperisaaTy.

HeoOximHo TakoX BOPOBAKYBAaTH MEXaHI3MHU  OUTBIII
peTenbHOT MIATOTOBKUA 1O MPOBEJACHHS IHCHEKIINH — opraHi3alis
BiJleo-KOH(pepeHIii 3 JileH3iaTaMu sl IEPEBIPKU JOKYMEHTIB 1
MIPOBEACHHS CIIBOECI 3 KIIFOUOBHMHU TIEPCOHATISIMU JIIICH31aTiB.

CIIUCOK BUKOPUCTAHUX JKEPEJI
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MNPUBEJAEHHS BIOJOTTYHOTI'O 3AXUCTY 31
SMIHHUM INEPEPI3OM 10 CTAJIOT'O
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Anotanisi. [IpencraBnenunii crnoci® npuBegeHHs 0i0IOTIYHOTO 3aXHCTY
31 3MIHHUM MIEPEPI30M 0 €KBIBAJCHTHOI'O 3aXKCTY 31 CTAJIUM IIEPEPi3oM,
PO3paxOBaHO CBUHIICBHI €KBIBAJCHT 0araToOMyCTOTHOI 3ay1i300€TOHHOT
ITMTA TOBHIMHOW 220 MM y HaOJIMKEHHI PIBHOMIPHOTO PO3MOILTY Yacy
3HAXOMKEHHS JIFOJeH 3a UM 3aXHUCTOM (ILTUTOI0) JUIS TalbMiBHOTO
CHEKTPY BHIIPOMIHIOBAHHS 3 MAaKCHUMAaJbHHUM 3HAYCHHSIM EHeprii
100 xeB.

KuarouoBi cjoBa: 0OaraTomycToTHa IUTATAa, OIONOTIYHHM  3aXUCT,
MPUBEICHHS, PO3MOILI 3HAXOMKEHHS, (DYHKIIIS.

[Ipu mpoBeneHHI pO3paxyHKIB OIOJOTIYHOTO 3aXHCTy Bif
I0HI3YIOUOTO BHUIIPOMIHIOBAHHS, B TOMY YHCII1 PEHTTECHIBCHKUX
KaOiHETIB, BAKJINBE 3HAYCHHSI Ma€ OIIHKA 3aXUCHUX BJIACTUBOCTEH
OTOPO/UKYIOUMX  KOHCTPYKIIM 31  3MIHHOK  TOBIIHMHOIO
MONEPEeYHOro mnepepizy. SICKpaBUM HPHUKIAJOM TaKOTO 3aXUCTy
MOX€ CIIYT'YBaTH OaratomycToTHa rmTa nepekputts tumy [1K [1]
(a Tako 1HIII cTaHAAPTH, MO OynMM 4uMHHI 10 [1]), sKa moBou
4acTO 3YCTPIYA€ThCA B PO3PAXyHKAX 3aXHUCTy PEHTICHIBCHKUX
kaOinetiB. JocmimkenHns [2], ske Oyno mpoBeneHe Jlep»aBHUM
MIANpUEMCTBOM  «JlepaBHUN HAYKOBO-TEXHIYHHH ILEHTP 3
SJIEPHOI Ta paianiiHo1 Oe3MeKkn» MOKa3yTh, 0 0araToMyCTOTHI
IUIUTU TIEPEKPUTTS 3yCTpidaeThCsl B OYyIIBISIX PEHTTEHIBCHKHX
kaOiHeTiB B 61 % Bumaakis. OTke akTyalbHICTb METOJIUKH, SKa
JO3BOJIUTh TEPEBECTH TaKUi 3aXUCT JI0 EKBIBaJIEHTHOTO
CYLIJIBHOTO, TIONSTa€ y MOXKJIMBOCTI OTPUMAaHHS MaKCHUMAaIbHO
HAOMMKEHOTO 10 PEaiCTUYHOTO PO3MOJIiUTYy J030BHUX MOJIB 3a
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3aXMCTOM, Ta SIK HACTIOK MOKe OYyTH Ji€BUM IHCTPYMEHTOM
onTuMi3zalii pagiaiifHoro 3axXucTy.

B [3] npencTaBieHo IpoCcTy METOUKY IPUBEICHHS 3aXUCTY
31 3MIHHUM TIOTIEPEYHUM IEPepi3oM, a came: PO3IIISAaTH TaKHi
3aXHCT 3 TOBIIMHOO PIBHOIO MIHIMAJIbHOMY 3HAYSHHIO TOBIIUHH B
nmonepeyHoMy Tepepizi. Hampuknaa, OaraTomycToTHa IUIATA
MEPEKPUTTS TOBIMUHOIO 220 MM 3 TIOB3J0BKHIMU IMITIHIPUIHUMHA
OoTBOpaMH JiamMeTpoM 159 MM Oyne BUTISAaTH SK MOHOJITHA
3aJ1i300€TOHHA TUTUTa TOBIKUHOO 61 MM (220-159 mm), 300pakenHo
Ha pucyHky 1. IlepeBara mnporo Mmeroay TMNPHUBEICHHS —
HE3JICKHICTh BiJl PO3MOAUTY 3HAXODKCHHS JIIOJIEH 3a 3aXHUCTOM.
Posnoain 3HaxomkeHHS JIOAEH po3yMieTbes, SIK BIPOTITHICTH
nepedyBaHHS 0COOM y MEBHOMY MICII1 31 BCIX MOKJIMBUX BITHOCHO
3axXHUCTy, ab0 fK YacTKa MPOMDKKY dacy nepeOyBaHHS O0COOH Y
MeBHOMY Micili 611 3axucty. [Ipu oMy BaXJIMBO MiJKPECIUTH,
oo MOBa 11¢ Tpo 0co0y, MO OTPUMYE HAUOUTBITY 103y
OTIPOMIHEHHS, 3 YUCJIA THX, XTO MOXE 3HAXOJUTHCH OIS 3aXUCTY.
Posmonin  3HAXOMKEHHS JIIOAEN 3aJIeKUTh Big 3alHATOCTI
CYMDKHOTO TMpUMINIEHHS (HaNmpuKIad: TMOCTiHHEe TepeOyBaHHS
TepcoHany, emnizoauyHe mnepeOyBaHHs). HesanexHicTh MeTony
00ymMoOBJIeHA BUOOPOM HAWTIPIIOTO - KOHCEPBATUBHOTO BapiaHTa.
Jlo HEeAoMNIKIB TaKOro MiAXOAY MOXHa BIIHECTH Te, IO A
MPUMIIIEHb 3 MaJIOI0 3aWHATICTIO (KOPHIOP) Take IMPUBEICHHS
MO>Ke OyTH 3aHAJTO KOHCEPBATUBHUM.

Pucynox 1 — IlpuBemeHHs 0araTomryCTOTHOI IDIMTH TIEPEKPUTTA 32
MeromoMm [3].

B wiit pobGoTi mHpOMOHYETHCS METOAUKA TMPUBEICHHS
010JIOTTYHOTO 3aXUCTY 31 3MIHHHUM IEepepizoM JI0 CTajoro, ska
BpaxoBYye 3MIHHICTb nepepi3y. B ii 0CHOBI J1€KUTh BUKOPUCTAHHS
GyHKIIT po3MoALTy 3HAXOKEHHS Jtojel 3a 3axuctoM. OCHOBHI
HAOIMKEHHS, sIKi BAKOPUCTOBYIOTHCS B METOAMIIL:

1) po3paxyHOK /103U BUKOHYETHCS JUTSI TOUKH;
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2) 3MiHa IHTEHCHBHOCTI BUIPOMIHIOBAHHS, 33 DPaxyHOK
3MIHU BIJICTaHi BiJ JKEpena, a TAKOXK KyTa HaiHHS 10 JJOBXKHHI Ta
BHCOTI 3aXUCTY (MIUPHHI y BUMIAJKY 3aXUCTY 3BEpPXy a00 3HHU3Y) HE
BpaxoBYyeTbCs (3a3BUYail B pO3paxyHKaxX 3aXUCTy OOMPAETHCS
HallMeHIa BiICTaHb BiI JpKepeia BUIPOMIHIOBAHHS IO 3aXHCTY,
1I€ /103BOJISIE 3HAYHO CIPOCTUTH PO3PAaXyHKU Ta POOUTH iX OUIbLI
YHIBEpCAIbHUMH), PaKTUIHO MPHUIMAETHCS, IO TOYKA PO3PAXYHKY
HE BUXOJUTH 3 TICBHOT 130JI03HOT MOBEPXHI, KA 32 HAOIMKSHHIM 2
Mae (GopMmy IUIOHIMHM 3a BIJCYTHOCTI 3aXHUCTy, 3MiHa (popmu
1307103HO1 MOBEPXH1 MOK€e OYTH TUIBKU 32 paXyHOK 3MIHU TOBIIVHU
MONEPEYHOro Mepepizy 010JO0TTYHOTO 3aXUCTY.

3a Takux MPUIYIIEHb 03y, SKy OTpUMaEe HaOUIbII
ONpPOMIHEHA JIOAMHA 32 3aXUCTOM 31 3MIHHUM MONEPEYHUM
nepepizoM y mpojoBxk dacy T Ha MEBHIM BiICTaH1 BiJ JKEpena,
MOJKHA TPEICTABUTH TAKUM YHHOM:

i i

ne: Pi — moTy)KHICTh 1031 B KOHKPETHIN TOYII], sSIKa MO3HAYAETHCS
1HACKCOM I; Ati — 9acTHHA 3arajqbHOTO 4acy T, YIpoJOBXK SIKOTO
JIFOJHA 3HAXOAUTHCS B TOYIN .

Bupaz (1) MokHa mepemucatd HACTY[THUM YHHOM 1
OTpHUMATH:

D=P'T
D= ZP T = ZP f-T—=P=) B-f, (2

1
ne: fi — (byHKulﬂ poanonmy 3HAXOKEHHS IO 3a 3aXHCTOM

(oueBmaHoO, 1m0 Y; f; = 1); P — cepeHs MOTYXKHICTh J03H.

Jyxe 3pydHO TpHU pPO3paxyHKax OIOJOTIYHOTO 3aXUCTY
KOPHCTYBAaTHCSI BEJIMYHOK KPATHOCTI oOcialieHHs (3a3BHYaii
no3Hauaetbcss K), abo oOepuenoro no K BeauwumHOO —
Koe(illieHTOM  TPOXO/KeHHS  (PYHKILIS  MPOXOJDKEHHS  —
transmission function [3], mo3Hauaetbcsi B). ®aktuyno B —
BIHOIIIEHHsI 703U a00 MOTYXHOCTI O3 B TMEBHI TodIll 3a
3aXMCTOM JI0 /03U ab0o TOTYXHOCTI J03M B I Toumi 3a
BIZICYTHOCTI 3axucTy. OTKe Ko mnoaummMo Bupas (2) Ha P, —
3HA4YEeHHs MOTY)XHOCTI J03W B TMEBHIM TOYIl 3a BIACYTHOCTI
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3aXHMCTy, NpUAMAOYM A0 YyBaru HAOMMKEHHS 2, OTPUMAEMO
HACTYIIHUM BHUpa3:

P_ P - fP/P0 ZB "
P LR ®)

1
ne: B — cepenne 3HadeHHs QyHKITIT HpOXOI{)KeHHSI, B; — 10KanbHE

3Ha4YeHHs (DYHKIIT TPOXOKCHHS.

B siBisie co6010 (DYHKIIIO Bifl TOBIIMHY 3aXHUCTY (TIO3HAYHMO
K X) JUIs IEBHO1 €HEPrii BUIIPOMIHIOBAHHS Ta MaTepially 3aXHCTy.
Po30uBmIM 3axMCT 31 3MIHHUM HEepepi3oM Ha Majll YacTUHH, 31
CTaJIOI0 TOBIIMHOIO Xij MOKHA MOpaxyBaTH Bi, maii MOMHOKXHBIIH
Bi Ha 3HaueHHs fi B MeXax YacTUHU 1 NIACYMYBaBIIU IO YCIM
YacTUHAM OTPUMAEMO B, 3 SKOrOo MOYKHa BH3HAYUTH CEPEIHE
(exBIBaJIEHTHE) 3HAUEHHS X.

OcHOBHA CKJIaIHICTh BUKOPUCTAHHS I[LOTO METOY IOJIATAE
y BHU3Ha4YeHHI (QYHKLII pO3NOAUTY 3HAXO/JKEHHS JIoAed 3a
3axucToM. B 3arasbHOMY BHIIagKy ii MO’JKHa BHU3HAYUTH 34
JIOTIOMOTOI0 CIIOCTEPEKEHHS 3a JIIOJUHOIO (HAIlpUKIAJ aHami3
MTOTOKIB JIFOJICH aHATITHYHUMH CUCTEMaMH BiI€OCITOCTEPEIKCHHS ).

Sk mpuKkiaz, po3paxyeMo 3HA4YEHHS X Ul 0araTtonycTOTHOT
IUIUTH, SIKA CIIYTY€ BEPXHIM IMEPEKPUTTSAM B PEHTI€HIBCBKOMY
ka0OiHeTl, [J1&¢ eKCIUTyaTyeThbCS PEHTTCHIBCBKUN  amapaTr 3
HOMIHAIBHOO Harpyroto npuckopeHHs 100 kB. [Tpunycrumo, 1o
3BEpXYy 3HAXOIUThCS Kopuaop. OueBuaHO, 10 B IIbOMY BUIAJAKY
JUTSl TAKMX TIPUMIIIEHBb 3 MAJIOI0 3aHATICTIO (DYHKIIIFO pO3TOALTY
3HAaXO/PKEHHs JI0Ied MO’KHA BBaXkaTH crajnoro. OTxe, KOXKHE
3Ha4eHHs fi = 1/n, 1e n — 11e KUTbKICTh YaCTHH, Ha K1 pO30UBa€THCS
3axucT. Y BHUNaAKy cTajnoi f, mpuiimaroun 10 yBaru 0o/JHaKOBICTb
¢dopMHU TO3I0BXKHBOTO Mepepi3y IUIUTH B OJHIA 3 IUIOLIMH,
JOLUIFHO PO30MBATH IUTUTY 32 MOMEPEYHUM Mepepi3oM (BU IKOTO
BKa3aHUU Ha PUCYHKY |) Ha IPIMOKYTHUKHU IIUPUHOIO Al; 1 cTanoro
BUCOTOMO Xi. BukopucroByroun B(x) npu 100 kB mmst 6erony 3 [3]
OTPUMA€EMO €KBIBaJIEHTHE 3HaUeHHs X = 81 MM 3amicTb 61 MM.

Ile no3Bousisie OIMBIN pPEaTICTUYHO OILIHIOBATH 3aXUCT 13
CKJIaJIHOIO KOHIrypartiero.
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J0 IIMTAHHA OHIHOK 103 OITPOMIHEHHSA
HA POBOYHUX MICIAX

T.O. I1aBjaeHko

Y "Incmumym epomadcwvrozo 300pog s im O.M. Mapszeesa HAMHY", Kuis,
Vkpaina, +380445139412, tpavlenko@ukr.net

Anoramis. Pexomennmamnii MKP3 momo HOBUX H030BHX KOe(iIli€EHTIB
TIPUBEIN JI0 MPOOJIEMHU 3 JIIMITAMH 103 Ta KOHTPOJLHWMH PIBHIMH B
CHTyallil TIaHOBOTO OmpoMiHeHHs. MiKHapoJHa eKCIlepTHa Tpyma
MpoaHami3yBaja BCIO HasBHY IHQOpMAIil0O 1 OIiHIWIA HACTIIKA
3aCTOCYBaHHS WX KOedillieHTiB aus mpakTukd. Komiter craHmapriB
O6esmekn  MAI'ATE, po3risiHyBIIM — JONOBiAB  €KCHEPTiB, HaIaB
peKoMeHJaIii A7 po3paxyHKiB 03 ONPOMIHEHHS Ha pOOOYMX MICIAX i
OLIIHKH JI03 TTePCOHAITY.

KarouoBi cioBa: 1030Bi Koedilli€eHTH, paZoH, TIEPCOHAN, [103a
OITPOMiHEHHSI.

Unenn MiKHApOAHOTO KOMITETY CTaHIApTIB pajialiiiHol
oesnexku (RASSC) MATI'ATE na 47-my 3acimaHHi B JHCTONaAl
2019 p., 3aciyxaBII¥ BUCHOBKU MDKHApPOJHOI €KCIIEPTHOI IPYIH,
HAIIMIIIM  3rOJM  IMIOJAO  3aCTOCYBaHHS  HOBUX  JIO30BUX
koedimienTiB [lybnikanii 137 MKP3 [1] Ta Haganu BinmoBimHi
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peKoMeHamii A HaIlOHAIBHUX PEryasaTOpiB Ta MPAKTHKH.
JIMcKycist 3 IbOTO MUTAaHHS TPHUBaja KiIbKa POKIB.

VY 2018 poui MKP3 omy6:ikyBana HOBI, BUIIII 32 MONEPEH]
KOHBEPCIifHI Koe(illieHTH I pO3paxyHKy 103U BiJ pajoHy, sKi
Oe3rmocepelHbO  BIMBAIOTH HAa OLIHKK 703 OINPOMIHEHHS
nepconainy. Jnst Outemocti pobounx miciie MKP3 pekomennye
BUKOPUCTOBYBATH KOE(DIIIEHT mepexoay [uis paaoHy-222 i Horo
JIIP y 3 m3s/M/Ix ron m° (mpubmmsso 10 M38/WLM), 1mo
exBiBanenTHO 6,7 H3B/bK ToxM® 3 KoedimienToM piBHOBaru 0,4
[1]. Sxmo nmepepaxyBatu Benu4uuHy pedepenTaux piHiB BSS [2]
— 300 bx/M® mns 6yaunkie Ta 1000 Bx/M® m1s po6oumx Mmicip y
JI03H, TO BIANOBIIHI BeIMYUHU OynyTh ckiaaatu 14 ta 13 mM3B/pik.
[Ipu po3paxyHKax /103 ONPOMIHEHHS MEPCOHANy 3aCTOCYBAaHHS
[UX J030BUX KOEQIIEHTIB MOXE€ MNPUBOAUTH JIO BEIUYHH,
Outpmmx 3a mpuBeneHi y GSR wactuna 3 (BSS) [2], i 3nauHO
nepeBuiryBaTi 20 M3B y pik. Lle moTeHIiitHO MOXKe BIUIMBATH Ha
BUpPOOHNYI Mpolecu (KUIbKICTh 3alHATHX JIOAEH) 4Yu TepMiH
HaJaHHS TOCIAYr OJHIEI0 0CO00I0 (HAmpWKIaa, MEIUIMHA) 1

MOTEHIIHO MPUBOJINTH 1o 30UIBIIIEHHS KUIBKOCTI
KOHTPOJIbOBAHUX POOOYUX MICIh Ta JIFOJICH, KIaCH(PIKOBAHHUX SIK
nepcoHal.

s mnpobmema HE CTOCYeThCA ICHYIOYOi  CHTYyaIii
OTIPOMIHEHHSI, KOJIM OTIPOMIHEHHS paJIOHOM KOHTPOJIFOETHCS Yepe3
KOHTpPOJIbHI piBHI, a He A03u. B mpomy Bumaaky Kowmirer
PEKOMEH/IYE KOPUCTYBATHCS TOTOYHUMH KOHTPOJIHbHUMH PIBHSIMH,
SKi BHUPa)XCHI B OJMHUIISIX AKTHBHOCTI pajJioHy- Trazy, a came:
300 Bx/m® ms oyaunkiB 1 1000 Br/M® st pobounx Micip [2].

[Hma cuTyariss CKIAJaeThCsl 3 IUIAHOBAHOK CHTYAII€I0
omnpoMmiHeHHs (epcoHaln). B oMy BUNaAKy A7 pO3paxyHKIB /103
MATI'ATE pPEKOMEHTy€e BUKOPHUCTOBYBATH kKoediieHT
10 M38/WLM i1 poOOUYMX MiCIb, SIKIO IHIIMH KOHBEPCIHHHMA
KoeillieHT He BUMPABAAHUN yMOBaMH Ipalli Ta creuupidyHuMU
XapaKTepUCTUKAMH aepo30JIt0 (HaMpHUKIal, YpaHOBI maxtu). J{ms
odicHUX MpuUMilleHb (HampuKiaa, KaOlHeTH y MEeIUYHHX
3aKJa/lax) 703U ONPOMIHEHHS PO3pPaxOBYIOThCS 3a YMOBH, ILIO
KOHTponbHUiA piBers 1000 br/M3 = 10 M38/pik.
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HeoOxigHo 3a3HauuTH, 01O Kpa'fHI/I MOXYTh CaMOCTIITHO
BCTaHOBJIIOBAHO KOHTPOJIbHI PiBHI, HMKY1 32 pekoMeHoBaHi BSS,
npoTe IIi BEJWYMHU J00pe y3r0):[>KeH1 1 JOCUTHb HM3BKI s
NOJANBIINX MJid [IOJ0 ONTUMIi3amii pamialliiHOTO 3aXUCTY
POOITHUKIB, BKIIIOYAIOYH TTEPCOHAIL.

CIIMCOK BUKOPUCTAHUX T’KEPEJI

1. ICRP, 2017. Occupational Intakes of Radionuclides, Part 3. ICRP
Publication 137. Ann. ICRP 46 (3/4)

2. Radiation protection and safety of radiation sources: international
basic safety standards. General safety requirements part 3 (GSR Part 3)
(IAEA, Vienna, 2014) Pexum JOCTYITY:
https://www.iaea.org/publications/8930/radiation-protection-and-safety-
of-radiation-sources-international-basic-safety-standards.

3ATAJIbHI IPUHIAIIA KOMYHIKALII IIIO10
PAJJOHOBUX PU3UKIB

M.A. ®puswk, M.B. AkcboHo0B, T.O. I1aBjieHko
Heporcasna ycmanosa "[ncmumym epomadcvkozo 300pos s im. O.M. Map3eecsa

Hayionanvnoi Akademii meduunux nayk Yxpainu”,
+38044 513 9412; m.friziuk@gmail.com

AHorauig. IlpeacraBneni 3aranbHI TPUHIMON KOMYHIKaImii MIOA0
PHU3WKIB Bl paioHy SIK HEBiJl'€MHOT YaCTHHY HAI[IOHAJBHOTO TUIAHY .
PosrnmsinyTo cTparterito KOMyHiKailii, 3a3Ha4deHi 3aIlikaBJeHi CTOpPOHH,
KaHamu iH(pOpMyBaHHS, BaXKIMBI AacCMeKTH Ta IMpaBWIa TIPOIECY
KOMYHIKaIlii.

KamouoBi cioBa: KOMyHIKaImis MIONO PH3HWKIB  Bil  PajioHY,
CTEWKXOIepH, TUIAH il MO0 PaJoHy.

Kowmynikaris moao pusukiB — 1ie mpouec iHGopMyBaHHS
O Mpo MOTEHINIH]I HeGe3MeKn ISl HUX CaMHX, 1X BIACHOCTI
abo cycnuibcTBa. HaykoBIlI BHM3HA4YarOTh KOMYHIKAIlO IOJO
PHU3UKIB SIK HAYKOBO OOIPYHTOBaHMH MigXiJ 10 €()EeKTUBHOTO
HajaHHA 1HQoOpMalii B CHUTYyalisIX BHCOKOTO CTpECy, BUCOKOL
CTypOOBaHOCTI 4K poTHpiy [1].
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[Iporiec komyHikamii € HEOOXiTHOI YMOBOIO peamizamii
mpaBa KOXXKHOT JIOAWHM OyTH TpOoiHGOPMOBAHOIO IIOAO il
(baxTOopiB, AKI CTAHOBJIATH HEOE3NEKY s 1i )KUTTS 1 3A0POB'S, Ta
MpaBa Ha y4acTh y MPUHHSTTI PIlIEHb 1010 YIPABIIHHSI PU3UKOM,
MOB'I3aHUM 3 €0 UX GakTopis [2].

Teopis Ta mpakTUKa KOMYHIKalii MIOJO PHU3HKIB MOXKeE
BKJIIOYATH pO3B'SI3aHHS KOH(QJIIKTIB, OIIHKY PHU3HKY, OIHKY
e(eKTHUBHOCTI MpoLecy HaganHs iHpopmarii Tomro [1].

Komymnikariisi o0 pu3uKiB Bif pajioHy € crenudiyHoro
Bumoroto OcHoBuux cranaaptiB 6e3neku MAI'ATE (Bumora 50)
[3]. 3rinHo 3 11i€t0 BUMOTOIO, Ypsi IOBUHEH Ha/laBaTu iH(opmaiiiro
PO paJIOH B MPUMILIEHH1 Ta MOB'A3aH1 3 HUM PU3UKH JUIsI 3I0POB'S.
JUI1st 1IbOTO YpsAZT Ma€ 3a0€3MEeUUTH:

a) 301p iH(popmalii Mpo piBHI paJloHy B )KUTIOBHUX Ta IHIIHUX
OyIIBISX 3 TMOCTIMHUM TepeOyBaHHSIM JIIOJEH 3a JOMOMOTOI0
BIIMOBIIHUX 3aXOJiB, TaKUX SK PEMpPe3eHTATUBHI PaJOHOBI
IOCHIIKEHHS;

0) HaJlaHHS HACEJICHHIO Ta IHIIUM 3aIliKaBJICHUM CTOPOHAM
BiAMOBiMHOT  iHoOpMarii mOA0 PHU3UKIB I 370pPOB',
00yMOBJICHUX OINPOMIHCHHSIM PaJOHOM, BKJIIOYAIOYM MIABHUIICHI
PHU3HKH, TIOB'13aH1 3 KYPIHHSIM.

OnHak  BIANOBINATBRHUNM OpraH BIAAM HE TOBHUHEH
0oOMEXyBaTUCh  MPOCTHM  HajgaHHAM  iHdopmarii, 1100
rapaHTyBatd, w0 iHdopmalls oTpuMaHa Ta B3sTa O YBaru.
KomyHikariiss moao pagoHOBUX PHU3UKIB € OJHUM 3 KIIOUOBUX
HaIpsIMKIB ASUTBHOCTI TUTaHy 1. BoHa moBHMHHA 3/1iICHIOBATHCH
Ha BCIX eTamax Horo peamizaii [4].

EdextuBHa KOMyHIKaIlii WIOJO0 PU3UKIB Mepeadadae
06araTocTOpoHHIH 1HGOpPMaLIHUN MOTIK 32 Y4acTIO CTEHKXOepiB
(stakeholders). Tlo cyri, crefikxoyiaepu — 1€ BCi MOTEHINHHI
YYaCHUKH peai3alii Iany i, HOYNHAIOYH 3 OpPraHiB AepKaBHOT
BJIa/IM, MIHICTEPCTB, PETYJIIOIOUUX OPraHiB, Oi3HECY 1 3aKIHUYIOUU
3MI, rpomackKUMHU OpraHi3allisiMu Ta HaceJIeHHIM (PUCYHOK 1).

Sk BUJHO 3 pUCyHKa 1, 1100 HajaTH NeBHY iHdOpMaIliio 3a
JIOTIOMOTOI0  BIAMOBIIHUX  3aco0iB  PI3HUM  3alliKaBJICHUM
CTOpOHAM, KOPUCHO 3rPYIyBaTH iX BIAMOBIIHO 1O iX mMOTped Ta
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xapakTtepoM ix yd4acrti. Jlep>kaBHiI a00 periOHaNbHI 3alliKaBJICHI
CTOpPOHH, IMOBIpHO, OyAyTh 3a/IisiHI Ha paHHIX eTanax peanizamil
wiany aid. HaceneHHs € KIIIOYOBOIO 3aIiKaBJIEHOIO CTOPOHOIO i
TaKOX JIa€ BKJIMBHI BHECOK HA PaHHIX €Tamax IJIIXOM y4acTi B
TOCITIDKEHHSX PIBHIB paIoHy y OyIMHKAX 1 HaJaHHS TPOMAaJICHKOT
IyMKH (peakiil) Ha TPOEKTH KEPIBHUITB IIOJ0 3aXHCTy Bin
pajoHy Ta iHIm. byniBenbHA MPOMUCIOBICTH IPEACTABIISE
BAXUJIMBUX TAPTHEPIB, OCKUIBKM BOHH OyIyTh HaJgaBaTH
eKCTIEPTHHI BHECOK 3 TOUYKH 30PY MPAKTHYHUX ACTIEKTIB CTOCOBHO
3/1IHCHEHHS IPOTUPATOHOBUX 3aXO0(IB — PEKOHCTPYKIi OyIMHKIB,
BHECCHHS TIOTNPABOK B METOJHM OyIIBHUITBA TOIIO, a TaKOX
MOXJIMBOCTEH BHPIMIEHHS MNpoOJIeMH paJoHy MpU MHPOAAKY
HepyxoMocTi. KpiM Toro, BoHHM OyayTh IIHHUMH BTOPUHHUMH
MOCepeTHUKAMK 1010 KOMYHIKaIIii 3 HaceJICHHSIM.
Excneptu/HaykoBii, HMOBIpHO, OyAyTh 3aJIisIH1 BIIPOJIOBXK BCHOTO
TepMiHy peanizairlii TUIaHy [iid, OCKUIBKM BOHU HAJal0Th
eKCIIEPTHUH BHECOK Ha paHHIX eTanax OI[IHKM pHU3HKIB Ta
PO3pOOKH TMOITUKHU 3aXKUCTY BiJl paJOHYy, a TIOTIM MPAIIOI0Th HaJI
YCYHEHHSM INpPOTalMH Yy 3HAHHIX Ta BJOCKOHAIECHHAM IIi€i
MOJTITUKH.

BynisenbHa ranysb
Hacenenns

ByaiBenbHUKK, apXiTeKTopu Ta iHW.
AnBokaTu, CTPaxXOBUKM Ta iHW.
3aknagu npodeciiiHoi ocBiTH
NabopaTopii 3 BUMiptoBaHHS Rn
MignpuemcTBa 3 NpoBeAeHHSA
NpPOTUPaSOHOBUX 3aXOAIB,

[omoBsnacHukn
Po6oTopasui
MpauisHuky / cninku
OpeHpopasLi

OepxasHi / PerioHanbHi Excnepru / HaykoBuUi

leonoris
LiusinbHa iHxeHepis
PagpiayinHuin saxuct
Enigemionoria

Micuyesa Bnaga
MeawnyHi npauiBHuKK
LleHTpanbHuii ypsag / sigomcTea
Peryntotounit opraH

Pucynok 1 — Jleski KITIO9OBi 3a1iKaBI€Hi CTOPOHH

KomyHikamis 110740 pU3HKIB Bl pPaJOHY € CHUIBHUM
IHTEpecoM TMOJIITHKIB 1 3alliKaBJIEHUX CTOPIH Ha MICHEBOMY Ta
HalloHanbHOMY piBHAX. Llelt mpomec crTukaerbcs 3 OaraTbma
npobieMaMM Ta BHMarae pi3HMX CTpaTeridi Ta MiAXOMiB II0J0
iHpOpMYBaHHS B 3aleXHOCTI Bix ayautopii. HarionanbHi Ta
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perioHanbHi JemapTaMeHTH, MICIIEBI OpPraHu OXOPOHH 370POB'S Ta
HEKOMEpIiiiHI opranizanii MaloTh CHIBIPAIIOBATH I OOMIHY
3HAaHHSIMH, JIOCBIIOM, pecypcamMH Ta inesiMHu, SKi OyayTh
CTHUMYJIIOBATH TIPOBEIEHHS BHMIPIOBaHb pIBHIB paJoOHy Ta
3MIHCHEHHS 3aXHCHUX 3aXO0/IiB.

EdextuBHa crpareris iHGOpMyBaHHS PO PU3UKH BUMArae
BpaxyBaHHS  JeMOorpadiqHOro 1  COIiaTbHO-EKOHOMIYHOTO
KOHTEKCTY HACEJICHHS Ta BHUKOPUCTAHHS SK KUIBKICHHX, TaK 1
SAKICHUX MIIX0IB 10 1H(GopMyBaHHs. BoHa moBMHHA MaTH YITKI 1
JOCSDKHI IUT1 Ta CTBOPUTHU OCHOBY JUISI 3MIHU TIOBEIHKU JIFOJICH.
Jii MmaroTh OyTH 30cepeKeH] Ha IHPOPMYyBaHHI1 ITPO PasIoOH PI3HUX
LUUIbOBUX AayAUTOPIH 1 MEpeKOHAaHHI LUX ayJUTOPId BKUTH
3axoAiB. Lls cTpareris moBUHHA ABIATH COOOIO CITUTBbHI 3yCHIUIS 3a
Y4YacTIO SIK TEXHIYHUX €KCIepTiB (Hampukiaji, (axiBIliB Ta BUSHUX
y Tally31 paaialiifHOTO 3aXKUCTY, CIMiIeMI0JIOTIB), TaK 1 eKCIIEPTIB 3
1HGOpMYBaHHS (Hanpukian, COII10JIOT'IB, MICUXOJIOT'IB,
KypHaiictis) [5,6].

HamionaneHa crpateriss KOMYHIKaIli IMIOJ0 PaJOHOBUX
PU3HKIB 3aBXKIW 3aJICKUATHh Bil (PaKTUUHOI CHUTyalii B KpaiHi
(macmTabiB mpoOemMu, 3aKOHOIaBCTBA, PEKOMEHAAITIN, PIBHSA [IiH,
JIOJICBKUX PECypCiB Ta 1HIIL), 3arajdbHOI METH IUIaHy M 1100
pazoHy (HampWKIaa, 3HWKEHHS CEpeHbOrO PIBHA B KpaiHi abo
MPOCTO BUCOKUX KOHIIGHTpALH palloHy), BCTAHOBJICHUX YaCOBUX
paMoOK, TOCTYITHUX OFOPKETHHX pecypciB Tomo. KomyHikallis Mae
Oytu O6e3mepepBHUM Tporiecom [4].

BaxxnuBuM acrekToM B MpoIieci KOMYHIKaIIii 1010 PU3HKIB
€ TIoTepeaHsl OIliHKAa OO0I3HAHOCTI IIOJI0 PAJIOHOBUX PHU3HKIB B
UUIbOBINM ayauTopii. HacTymHUM KpOKOM € MiIBUIICHHS PIBHS
0013HAHOCTI Ta MiATPUMKA/poIaralja i [0A0 3HUKEHHS
OTPOMIHEHHS JIOJUHH pagoHOM. [l JocsirHeHHs i€l meTu Oye
e(EeKTUBHUM pIlIEHHSM LLUIbOBA, CKOOPAMHOBAHA 1 KOMIUIEKCHA
KaMIIaHig OMHUTYBaHHS Ta IHPOPMYBaHHS, SKa MOXE 3 YacoM
3MIHIOBaTHCh. BOHa BHMarae peTeNbHOTO IUIAHYBaHHS Ta
cTpaTeriunoro miaxoay. HaliBaxnusime, mo me mnorpelye
BUJUIEHHS (IHAHCOBUX 1 JOACBKUX pecypciB [5]. OcHoBHI
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MpaBujIa KOMYHIKAIii I0JJ0 PU3UKIB, 110 MOXYTh OYTH €(heKTUBHO
3aCTOCOBaHI CTOCOBHO JIii paIoHy, BKIIIOYatoTh [ 1]:

- 3QJy4eHHS HACEJICHHS SK MOBHOIIIHHOTO TapTHEPA,
BpaxyBaHHS crienu(}iku ayJUTOPii;

- perenbHE IUIAHYBaHHS 3  HACTYIHOIO  OIIHKOIO
e(EeKTHUBHOCTI ITpOrpam;

- BpaxyBaHHS JYMOK Ta €MOI[IMHOTO CIPUHHATTS PHU3UKY
HACEJICHHSIM;

- YeCHUH, BIIKPUTHII npo1iec 1HHOPMYBaHHS;

- KOOpJIMHAIIISl 3yCHIIb Ta CHIBIPALS 3 PISHUMU MapTHEpaMu;

- BpaxyBaHHs 11oTpe6 3MI;

- 4iTKa, eMOIIIHO 3abapBiieHa N00y0Ba MOBIAOMIIEHb AJIs
HACEJICHHS.

[Io cTocyeThesi KOHKPETHO MMUTAHHS PaZOHY, TO TYT TOJIOBHA
npoOiemMa, sIKy CIiJi BpaxOBYBaTH IPU BIPOBAIKEHHI CUCTEMH
iHQOPMYBaHHS TIPO PHU3UKH, TIOJATAE B HEOOOYIHYI HACENEHHAM
Hebesnexu, nos'szanoi 3 dieto padony [2].

3 MeTol KOMYHIKarii HeoOXiJITHO BHKOPHUCTOBYBATH pi3HI
KaHaJau s HaJaHHS MOBIJOMJIEHb NP0 PHU3UKU BiJ PaJOHY,
HalpuKIaJ, dYepe3 COoIllabHI Mepexi, ceMiHapu, BebOiHapH,
nyosnigHi GopymMH, BUCTYIH TEpe TPOMAJICHKICTIO B IIIKOJIaX Ta
yCTaHOBax, ULUILOBI  pajiokammaHii, kammanii B 3MI,
PO3MOBCIO/KEHHST OpoIlllyp 1 KHIDKOK IMIOIITOK0 Ta 4epe3
oprasizaiii, 0coOMCTI 3yCcTpidi 3 TpoMajsiHaMH OUIs iX JOMIBOK,
SIK1 IPOBOJIATH CITIBPOOITHUKH COIIAJIbBHUX CITY>KO, BUKOPHUCTAHHS
NUISIXIB KOMEPIIHHOT peKJIaMH, a TaKOX MapTHEPChK1 BIIHOCHHU 3
PI3HEMH BiTOMCTBaMH Ta HEYPSIIOBUMH OpraHizarfismu [6,7].

Tpeba maTu Ha yBa3i, IO Aii 010 PaJIOHY HE MPUHECYTh
mBuaKoro Burpamy. [lnan niit € 6araropiunoro mporpamoro Ha 10
1 OUIBIIIE POKIB.

TakuM 4YMHOM, CHUCTEMH KOMYHIKaIlli, sika 3a0e3meuuTh
dbopMyBaHHS HANEXHOTO CHOPUUHATTS PUHUKY BII pPagoOHY
HACEJICHHSAM KpaiHH, € 000B’I3KOBUM Ta BKIMBUM KOMIIOHEHTOM
JUI peantizailii miany A Io10 pagoHy.
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Komnanis  KanGeppa Ilakkapn 3aificHIOE — Tpofax,
YCTAaHOBKY, TapaHTiiiHe 1 micidrapaHTiiiHe o0O0CIyroByBaHHS
ycTaTKyBaHHs BUpoOHMITBA psgy kommanid CIIA, Benmkoi
Bpuranii, Itanii Ta HiMedunHu B ramy3sx aTOMHOI €HEPreTHKH,
sanepHoi (i3MKHM, TPOMEHEBOi Teparmii, SAEPHOI MEAUIIUHH,
PazlioeKOJIOTTYHOTO0 MOHITOPUHTY Ta PaIioJIOTii.

[Mponykmist HiMerbkoi kommanii PTW-Freiburg npusnauena
JUIs  BUPINIEHHS OCHOBHMX 3aBJlaHb II0 TapaHTii SKOCTI
pazioTepartii Ta 3HIKEHHS I030BOTO HABAHTAKEHHS HA TAIIEHTIB
1 mepcoHal.

30uTbIIeHHS 1034 Ha O0’€éM 3JI0SIKICHOT MyXJuHU 0e3
MIEPEBUIIICHHS TOJICPAHTHOI JJO3M HA OTOYYIOUi 3/J0POBi TKAHUHH €
KIIFOYEM JI0 MOJIMIIEHHS KIIHIYHUX pe3ynbTaTiB. CydyacHi BUMOTH
IO TOYHOCTI INABENEHHA HO3M B MeXax 5% BuUMaramrh
MIPOBEJICHHS PETENBHOI TI03UMETPIi 1 KOHTPOJIIO IKOCT1 IPOMEHEBOT
Tepartii - 11e €UHUN Coci0 MIHIMI3YBAaTH PI3HUITIO MK 103010, 0
3allaHOBaHa Ta peajbHO MiABe/ICHA.

[Iporpama ["apanTii sKOCTI B IPOMEHEBI Teparii BHALISIE
JO3UMETPUYHUN CYNPOBiA SK OJHY 3 OCHOBHHX TIO3HUIIIH, IO
3a0€3Mevyl0Th TOYHICTh ITIIBEJACHHS 3aIlaHOBaHOT 03U 1
OTPUMAaHHS OYIKYBAHOTO KJIIHIYHOTO pe3yibTaTy.

Jlo TepaneBTUYHUX anapatiB AJIsl KOHTAKTHOT 1 TUCTaHIIHHOT
MPOMEHEBOT  Tepamii HeoOxigHi Habopu oOmagHaHHA IS
MIPOBEJCHHS a0COJIIOTHOT (kamibpyBaHHs JOKEpeT
BUIIPOMIHIOBaHHs) 1  BimHOCHOI  (mpocTopoBi  mpodiii
PO3MOJIUIEHHS TepaneBTUYHUX MydkiB). OCTaHHIM dYacoM Bce
HIUpIIE 3aCTOCOBYIOTHCSA HAOOPH Ui in-Vivo (TIpsMa J03UMETpist
MaIiEHTA MiJ] 4aC CEeaHCy OMPOMIHEHHS) JO3UMETPIii.

OpHuM 3 KJIFOUYOBUX MPUIIAAIB TP MPOBEACHHI I03UMETPIi €
kniHiyanid  go3umerp UNIDOS webline (BupoOuuntea PTW-
Freiburg), mo € cy4acHMM yHIBEpPCAIbHUM JIO3HUMETPOM 3
MIKpPOIIPOLIECOPHUM  YIPABIIHHAM, SKHA 3HAHIIOB IIHPOKE
3aCTOCYBAaHHS B MEIWYHINA Paiojorii, JO3UMETpii Ta 3aXUCTi BiA
ioHi3ytouyoro BunpoMintoBanHs. UNIDOS webline BukopucroBye
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B SKOCTI JETEKTOpiB pi3HI BUAM IOHI3ALIMHUX Kamep 1
TBEPJOTUIBHUX JIETEKTOPIB, CEpeI AKUX:

« cTaHJapTHA ioHi3aniiiHa dapmep-kamepa 06'emom 0.6 cm® - s
(OTOHIB 1 BUCOKOCHEPTETUYHUX EIEKTPOHIB;

* BOJIOHENPOHMKHA Kamepa Tuiry Semiflex 06'emom 0.125 cm® - st
BHKOPHUCTAHHS Y BOJHUX (paHTOMAX;

* TIIOCKO-TIapanenbHa Kamepa ob'emoM 0.02 cm® - mus M'SKHX
peHTreHiBchbkux mpoMeHiB 70 100 keB;

* ioH13arliitHa Mapkyc-kamepa - Jyist eIeKTPOHIB BUCOKUX €HEPTif;
* JIO3UMETPUYHI JI0/IU 1 AJIMa3HUN TBEPAOTUIBHUM AETEKTOP - JIJIst
CHEIIaIbHUX 3acTOCyBaHb, KOJM MOTPIOHI Mail po3Mipu
JETEKTOPa;

* CT-kamepa NOBXHHOIO 15 cM -1J11 BUMIpIOBaHHS PO3IMOAUIEHOT
71034 B KOMIT'IOTEpHII1 TOMOrpadii;

* mmmiHApMYHAa Kamepa oO'emom 30 cM® i chepuuni kamepu
ob0'emom 1 11 10 11 - 1t KOHTPOJIO €(HEKTUBHOCTI 3aXUCTy MpPHU
BUMIPIOBAaHH1 PI3HUX PIBHIB /103U 1 MOTYKHOCTI AO3H Ha pOOOUYUX
MICIISIX TIEPCOHAITY.

Jlnst  mpoBeneHHsT aOCOJIOTHOI  JO3UMETpii 1 aHami3y
TEpaneBTUYHUX ITy4YKiB, KaJIiOpyBaHHS BHUMIPIOBAILHUX KaMmep
BianoBinHo 10 npotokodiB ICRU, nmpononyerbest monasn 10 TumiB
(anToMiB. DaHTOMU PI3HUX THIIB 3a0€3MEUYIOTh MBHUJKE 1 IKICHE
MIPOBEJICHHS! BCHOTO KOMIUIEKCY I03UMETPUYHOTO 3a0€3MEUECHHS B
paMKax IporpaMu TrapaHTii SKOCTI.

OcHOBHMMM THUIIaMH (DAaHTOMIB, SIKI TPOTIOHYE KOMIIAHIs
PTW-Freiburg, e:

* MexaHizoBaHi BOJHI ()aHTOMHU 3 TphOX-KoopauHaTHUM (MP3),
nBox-koopauHaTHUM  (MP2) 1 omgHo-koopmuHaTHUM (MP1)
MPEeNU3IHIM MMO3ULIOHYBAaHHSAM JIeTEKTOpa 3 TOUHICTIO 10 0,1 MM.
* CnenianizoBaHi MexaHi30BaHI BOAHI (paHTOMH IS JTO3UMETPil
MajHx MOJiB (amapaTtv Ajs CTEPEOTaKcCii, TOMO- Ta MPOTOHHOI
Tepartii).

* CramionapHi BojHI ()aHTOMH [Ji IIBHUJKOTO IPOBEICHHS
a0CcoJIIOTHOT J03UMeETpIi Ha 3aJaHill TTHOUHI.

93



* TBepaoTinbHI TUTaCTHHYACTI (PAaHTOMU, BUTOTOBIIEHI 3 akpuiy (70
kB — 50 MB) a60 3 RW3 (Co® — 25 MB) BoaHOEKBiBaIEHTHOTO
IUIACTUKY TUILY "TBepAa Boja'.
* CnenianizoBani panToMu: U TO3UMETpii B OpaxiTeparmii, ais
BHMIPIB JI03H B MOBITPI.

200-mitpoBuii  amamizatrop go3oBoro mons MP3, 3
KOMI'IOTEPHUM YIIPABIIHHSAM, NPU3HAYEHUH JUIS TPOBEICHHS
MOBHOTO OO0CSTYy BHMIPIOBaHb 1 aHaNi3y MYy4YKiB B IPOMEHEBOI
Tepartii, JUist JO3UMETPIi OyIb-SIKUX TUIIB IPUCKOPIOBAUIB, JKEPET
Co% i Cs'¥’. Mae posmipn aramizoanoro mous 50 x 50 cM B
TOPU30HTAIBHIN ILTOIIHHI, TOYHICTH MO3UIIIOHYBaHHS
loH3amiiHo1 kamepu +/- 0.1 MM, MBHAKICTH MEPEMIIICHHS 5
cm/cex. AHaniz 45 cM npo¢uito 3aiimae nMpuOIU3HO 25 CEKyH.
Cucrema aHanizy TepaneBTHYHUX Iy4yKiB Ha 6a3i panroma MP3
MOCTaBJSIETECS  pa3oM 3 JIBOKAHAJIBHUM  JIOZUMETPOM i
nporpaMmauM nakeroMm MEPHYSTO, skuit Bignosimae 3a
HaKOIMMYEeHHs JaHUX, X 00poOKy 1 Iepejauy B IJIaHYIOUl CUCTEMHU
pi3HUX (HipM-BUPOOHUKIB.

HaiicygacHimmii  aHamizaTop J/030BOTO  TOJISI  MOJEII
BeamScan mae HacTymH1 KOpUCHI (YHKITIT:
- BOy10BaHi EJIEKTPOHHUKA
- BIZICYTHICTh KaOeliB BcepeAnHi1 OyHKepy
- moJiermena Bepudikartis SSD
- BCTAHOBJICHHS PIBHIB OJIHUM JOTHKOM
- mepenava Janux 3a pornomororo WiFi
- woBa cucrema TRUFIX miga monermedHdHs BCTaHOBJICHHS
JETEKTOPIB
- HOBMI BOYZOBaHUI €JIEKTPOMETD.
- 111 OLTBINA MBHUJKICTh BUKOPHUCTAHHS 0€3 BTPATH SKOCTI

Hesin'eMHOI0 yacTHHOIO 3a0€311€YEHHSI KOHTPOIIO SKOCTI B
IIPOMEHEBI Tepanii € MPOBEJCHHA UIOJEHHOTO KOHTPOJIIO
napameTpiB Iydka anapaty. HailOunpn yHiBepcanbHUM IpUiIa oM
komnanii PTW-Freiburg, sixuii crienianbHo OyB po3poOieHuit s
naaux 1inen, € QUICKCHECK webline. Ilpunaag mae uytnuse
noJie 3 13 ioHi3aifHUMU KaMepaMu 1 J03BOJISIE 3a KOPOTKUI yac
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BUMIPATH /103y, TOTYXHICTh JO3M, 4Yac EKCIIO3UIlil, MPOBECTH
aHaJIi3 CHMETPUYHOCTI MOJISI, CTATHYHUX 1 JMHAMIYHUX KIIUHIB.

Oco0muBUM  3aBIAaHHIM Y HporpaMl KOHTPOJIIO  SIKOCTI
MIPOMEHEBO1 Teparii € KOHTPOJb SKOCTI 1 Bepuikaiis IUIaHiB
IMRT. [Ins mmx wine#t xommnanis PTW-Freiburg Bumyctuna
niHiiKy ¢anromiB i matpub OCTAVIUS:

OCTAVIUS® 1 - mnsa mposenennst Bepudikamii IMRT npu
HEPYXOMOMY TaHTPi IPUCKOPIOBaYa.
* OCTAVIUS® II - okroroHanpHui (paHTOM 3 MaTpHIEIO s
Bepudikanii rianis IMRT nig pi3HUMH KyTamMH TaHTPI.
* OCTAVIUS® III - cucrema mis 3abe3nedeHHs Bepudikarlii
IUIaHIB 1 KOHTPOJIIO JIIKYBAHHS B peaJIbHOMY 4aci Ta IMPOBEICHHS
1H-BIBO JI03UMETPIi.
* OCTAVIUS® 4D - nepumii B cBiTi paHTOM, SIKUM 00epTaeThCs
CHUHXPOHHO 3 raHTpi 1 3a0e3neuye Bepudikamito IMRT mnaniB Ha
MiZCTaB1 MPSMUX BUMIPIOBaHb.

Kpim nporo, B apcenani npuiafiis i mporpam PTW-Freiburg
€ TIUPOKUH CHEKTp 3aco0iB I MPOBEACHHS KOHTPOJIO SKOCTI
0araTomeaoCTKOBUX  KOJIMATOpiB,  CHUCTEM  MOPTAIBHHUX
300pakeHb, TPOBENCHHS HE3aJIe)KHOI Bepudikailii, KOHTPOJIO
TTOJIOXKEHHS 1301IEHTpA.

Jlo3umeTpis B MIAarHOCTHYHIA paaiosiorii Mae aHaJoOTidHi
3aBJaHHA 3 JO3UMETpi€l0 B MpoMeHeBii Tepamii. OCHOBHUMU
HanpsIMKaMH €:

* Jlo3umeTpis TAaIi€HTIB TPH TPOBEACHHI JIarHOCTUYHUX
JIOCJIIIKEHb.

* [IpoBeneHHst a0COFOTHOT TO3UMETPIi.

* [IpoBeieHHS KOHTPOJIIO SIKOCTI anaparis.

Jlis mpoBeleHHS [O03UMETpii Mali€HTIB 3aCTOCOBYIOTHCA
anapatu cepii PTW DIAMENTOR. IIpunamu DIAMENTOR
3aCTOCOBYIOTHCSL JUIsl BH3HAUEHHs MOOYTKY /J03M Ha IUIONIY B
niarnoctuuHoi paaionorii. laruuk DIAMENTOR Hagsraetscs Ha
po3Tpyd peHTreH-amapara Micisi BUXIIHOTO BikHa abo ¢irbTpa.
Mopneni DIAMENTOR M2 i M4 KOMIUIEKTYIOTBCS JBOMa
KaMepaMu 1 MOXYTh BUMIPIOBATH JBa PEHTI€H-IIarHOCTUYHHUX
amapata 0JJHOYacHO a00 BUKOPUCTOBYBATHUCS Ha amapaTtax 3 ABoMa
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peHTreHIBCbKUMHU TpyOkamu. OOHIBI MOJeNi MaroTh OIIIi0
MOCIIIOBHOTO iHTep(eiicy s 3B'13KY 3 KOMIT'IOTEPOM, a MOJIEIb
DIAMENTOR M2 moxe OyTd YKOMIUIEKTOBaHa BOYIOBaHUM
MPUHTEPOM ISl IPYKY pe3yabTariB BuMiproBanus. [Ipunaan nanoi
cepii 3aJ0BOJIBHAIOTH BUMOTaM MibkHapoaHoro crtanmapry IEC
580.

Hosumerpu  DIADOS  crmemiansHO — po3poOuiieHi  [uist
NpOBEACHHS  JO3UMETpil B  JIarHOCTMYHOI  pamiororii i
BHUKOPUCTOBYIOTHCS TSI BU3HAYEHHS 03U, IOTYKHOCTI 103U, 1031
B IMITYJIbCI 1 Yacy ONIPOMIHEHHS IIaTHOCTUYHUX PEHTI€H-anapaTiB
BiamoBimHo g0 DIN 6809 1 IEC SC62C. V DIADOS
BUKOPHUCTOBYIOTHCSI HE 10HI3all1l{H1 KaMepH, a HaIIBIPOBIIHUKOB1
nerexkropu. Kpim Burpamry y Ba3i i po3mMipax, 1€ J1a€ HACTYIMHI
TIepeBary:

- 3aBIIKA MAJOMy PO3MIpy, NE€TEKTOpP HE BHOCUTH 30YpECHHS B
OCHOBHI 30HM HaJAlITYBaHHS YIPABIIHHS ONPOMIHEHHSIM 1
ABTOMATHYHOTO KOHTPOJIIO SICKPABOCTI;

- He MOTPeOyIOTh KOPHUTYBaHHS HA NIUTBHICTH TOBITPs, TOOTO HE
moTpiOHO KymyBaTH paJlOaKTHBHI KalmiOpyBasbHI JpKepena U
MIPOBOJIUTH MOTIPaBKY Ha aTMOCHEPHUH THCK 1 TEeMIIEpaTypy;

- HAIMBIPOBIIHUKOBI IETEKTOPY HE BUMAraloTh BUCOKOI HAMPYTH
JUTSI pOOOTH.

Jns MPOBEJIEHHS  KOHTPOJK  SIKOCTI armapariB
3aCTOCOBYIOTHCS Pi3HI CIEIialli30BaHl Ta YHIBEpCaIbHI MPUJIAIH,
camuM 3arpeOyBanuMm 3 skux € NOMEX. lle yniBepcanpHUI
THCTPYMEHT Il KOHTPOJIIO SIKOCTI B JIarHOCTHYHIA PaJioJiorii,
KU J03BOJISIE€ aHANII3yBAaTH BCl TUIIM PEHTIE€H-alapariB, B TOMY
yucli 1 3 BHCOKOYACTOTHHUMH TeHepatopamu. Benukuit
JTUHAMIYHUHN Tiarma30H J03BOJISE MTPOBOJAUTH BUMIPIOBAHHS 1 JJIS
(baroopockomii 3 HU3bKOIO MOTYXKHICTIO J03H 1 A paaiorpadii 3
BHCOKOIO HOTY)KHICTI—O no3u. NOMEX Bu3Havae Hanpyry i cuity
CTpYMYy pEHTTeHIBCbKOI TpyOKH, (akTop ocnalbleHHs 1 Mae
MOJKJIMBICTh BHUMIPIOBATH PO3MOJUICHY IO JOBXKHHI /103y, IIO
3HAHUIIIIO 3aCTOCYBAaHHS B I03UMETPil KOMIT'TOTEpHUX TOMOTpadiB.

OcobnmBa yBara y Bcix po3poOkax xommanii PTW-Freiburg
NPUIUIAETbCA CHUCTeMaM KOHTpouito sikocTi. CepTudikar sikocTi
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ISO 9001 o3nausae, mo po3poOKa, BUPOOHHUIITBO 1 CEpBICHE
00CIyroByBaHHSI MPOAYKIIi 3MIHCHIOETHCS BIAMOBITHO O BHMOT
BHII[OTO MBKHAPOIHOTO CTAHMAPTY SIKOCTI, 3a0€3MeUyI0YH BUCOKY
TOYHICTb, O€31eKY 1 HaAiliHICTh B poOOTI.

CIIUCOK BUKOPUCTAHUX AKEPEJI
1. EnextpoHHUii pecypc, pexum fgoctymy: https://xstrahl.com/ru/
2. EnextponHuit pecypc, pexuM JOCTYILY:
https://www.ptwdosimetry.com/en/
3. EnektponHwuii pecypc, pexum pocrymy: http://www.dosimetrics.de/

T'IIPUJ TUTAHY SIK MATEPIAJ PAJIIAIIIAHOT O
3AXUCTY

I.A. Mopo3os!, M.M. Koporenko?, O.B. Be3nopo:xes?,
A.B. Crenanenxo®, I.C. Ilykpos®

Y Incmumym npo6nem mamepianosnascmea HAH Vxpainu, Kuis, Yxpaina
2 Il «HAEK «Enepzoamomy, Kuis, Yxpaina
8 HTTY «Kuiscokutl nonimexuiunuii incmumym iveni leopsi Cikopcvkozcoy, Kuis,
Vrpaina, +380681000268, igor.morozov.kyiv@gmail.com

Anoramis. [IpencrapieHi eKCiepuMEHTaNbHI aHi MO0 TOCTIHKEHHS
HEHTPOHHO3aXUCHUX  BIIACTHBOCTEH  BOJICHBBMICHUX  MaTepialiB.
[lokazano, mo rigpun tutany IIIM HAH Vkpainn moxe Oytn
anbTepHATHBOIO Matepiamy RX-277 mpu BUKOPUCTaHHI HOTO Y SIKOCTI
3aXUCTY Bl HEUTPOHIB CHCTEMH 30€piraHHA BIANPAIILOBAHOTO SAEPHOTO
manuBa 3amopizpkoi AEC.

KuarouoBi cioBa: rigpun THTaHy, BOAEHB, 3aXWCT BiA pamiallifHOTOo
OITPOMiHEHHSI.

B cucremi 30epiranHs BiANpabOBaHOTO SJICPHOTO IMaJliBa
(3BAII) 3anmopisekoi AEC, a came y 3axuCHIi KpHUIII
TepMETUYHOIO KOIIMKAa, BUKOPUCTOBYEThCS MaTepian RX-277
BupoOHuLTBa CILA [1, 2]. ['010BHO0O DYHKITIEIO IIHOTO MaTepialy
€ 3aXUCT HaBKOJMIIHBOTO CEpelOBUINA BiJ] HEUTPOHHOTO
ONpoMiHEeHHs. 3HayHa BapTicTb RX-277, KOpOTKHH TepMiH
30epiranHs (6 MiCALIB), TPYAHOLII 3 HOro NMPUTOTYBAHHSAM JUIs
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3aJIMBKU B 3aXHUCHY KPUIIKY, BUMAraloTh MOLITYKY HOBHX, JCIIEBUX
Ta e(peKTUBHUX MaTepialliB 3aXUCTY.

OCHOBHUM 3aBJaHHSIM 3aXMCHHUX MaTepialliB € ociaalOieHHs
MOTOKIB HEUTPOHIB 1 (GOTOHIB y peuoBuHi. Helitponu edexruBHO
CHIOBUTLHIOIOTBCS SIJpaMU JISTKUX €JIEMEHTIB (Maca sjpa aTtoma
I'igporeny i HEUTPOHY MPAKTUYHO PiBHI 1 IPH iX 3ITKHEHHI €HEPris
HEUTPOHIB TaCUTHCSA JIO CHEPrii TEIJIOBOTO PyXy aroMiB), a
¢dboTOHHE BUIPOMIHIOBaHHS (TaMMa-KBaHTH)  OCJIAOIIOETHCS
AIpaMM BaXXKUX €JeMeHTIB (MeTaniB, Hampukian) [3]. Taxum
YUHOM, JUISI CTBOPEHHS €(QEKTUBHUX MaTepialiB 3axXUCTy
HEOOXI1ZIHO BHUKOPHUCTOBYBAaTH XIMIYHI €JIEMEHTH 3 PIZHOIO
aTOMHOIO Baroro. TakuM BUMOTaM BiIMIOBIAIOTh CIIOIYKH METAJIIB
3 BOJIHEM — TiJIPMIM METAIIB. IX 0CHOBHOIO OCOOIHBICTIO € BUCOKA
HITBHICTE aTOMIB ['1iiporeny B KpucTaniyHii rpaTiii MeTamy.

SAx BuaHO 3 Tabnwuili 1 rigpua TUTaHY Ma€ OJHI 3 HAWBUIIUX
MOKa3HUKIB MO MIUIbHOCTI ['iporeHy, a BiJHOCHAa HHU3bKa I[IHA
TUTaHy, MPaKTUYHO HEOOMEeXEeHUI TepMiH 30epiraHHs, MpoCTOTa
BUKOPHUCTAHHS POOUTH HOT0 MPAKTUYHO Oe33alepeyHuM JiepoM
y BUOOpI1 Matepiany Jyisl 3aXUCTY BiJl HEUTPOHHOTO OMPOMIHEHHSI.

Tabmmms 1.
Bwict I'inporeny B pisHHX crioirykax [4]
PeuoBuna | IlisbHicTb, | O0’em H2 (1) B Yucao atomis H B
Kr/m® lem?® rizpuaa 1em®, *10%
VH; 4630 1,946 10,53
TiH; 3779 1,685 9,12
AlH; 1480 1,647 8,92
HfH, 11370 1,402 7,58
ZrH; 5680 1,356 7,34
H.0 1000 1,236 6,69
napadin 952 0,753 4,07
Ha, pin. 77,2 0,859 4,65
H; ras. 0,13 - 0,01

B Inctutyti mpob6inem marepiano3HasctBa HAH VYkpainu
(ITIM) po3po06ieHa TeXHOJIOTis OTPUMaHHS TIPULY TUTaHY, KU
BianoBigae ¢opmyni TiHige, TOAl sk 3amopi3bCbKH TUTaHO-
MarHieBuii kom6OiHaT (3TMK) BupoO6IIsB rigpu TUTAHY 13 CKIIaIOM
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TiH1516. (Hapasi, Haxkanb, BHPOOHHMIITBO Ha 3aBOJi B3araii
IIPUIIMHEHO).

3a yuacti JII «HAEK «EHeproatom» Oymu mpoBeIcHI
MOPIBHSUTbHI BUIIPOOYBAaHHS HEHTPOHHO3AaXHMCHHUX BIIACTHBOCTEH
rinpunis turany BupoOHuurBa 3TMK, ITIM Ta RX-277 (nus.
puc.1). byno BukopucraHe OepuiieBe DKEpEIo HEUTPOHIB 13
noTyxHicTio 80 Mk3B/ron Ta mosumerp-pamiomerp JAKC-96. 3
KOXKHOTO Marepiajly CTBOPIOBABCS IIIap TEBHOKO TOBIIUHH (BiCh
abcuuc) 1 BUMIPIOBaJIach MOTYKHICTh 103U BUIIPOMIHIOBAaHHS (BiCh
OpJIMHAT).
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Pucynok 1. 3axucHi BNACTHBOCTI TIAPUAIB THTAaHY 3 PI3HUM
BmictoMm ['imporeny y mopiBHsHHI i3 MaTepiagom RX-277. Jle: 1- ringpun
tutany BupoOHUINTBa 3TMK; 2- Marepian RX-277; 3- rimpua Tutany
ITIM.

3 HaBe/IeHUX JIaHUX BHJIHO, 1110 T'1IPU]] TUTAHY BUPOOHUIITBA
ITIM maitxe BaBiui nepeBuiye marepian RX-277 mono 3axucty
BiJl IOTOKY HEHUTPOHIB 1 MOXe€ pO3IJISAaTHCS 5K ajJbTepHATHBA
Mmatepiany RX-277 (CHIA) nmpu BHKOpHUCTaHHI HOro y SIKOCTi
3aXMCTy Bl MIBUJIKUX HeHTpoHiB cuctemu 3BSIIl cyxoro tumy
3anopizbkoi AEC.
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KpiMm TOoro 3ampomoHOBaHWN TiApUA TUTaHy MOXKeE
MOAU(IKYBaTUCh ~ JOAATKOBUMH  CKIIQJIOBUMH,  HAIpPUKIA]
OOPOBMICHUMH CHOJTYKaMH, i MOXe OyTH BUKOPUCTAHHUH B SKOCTI:

— KOHTEHHEPIB U TPAHCIOPTYBAHHS [KEPENl HEUTPOHIB;

— TpuUCTpoiB Uit  (QOpPMYBaHHA HEUTPOHHHUX ITy4YKiB
MIPOMUCIIOBHX SIIEPHUX PEAKTOPIB;

— @JEMEHTIB KOHTEHHepiB Uil paJiallifHOTO 3aXHUCTy
BIJIIPAIbOBAHUX SIIEPHUX MaTEPiaiB;

— MarepiajliB  3axXUCTy 1 pEryJlol4UX CTEpKHIB s
TPaHCIOPTYBAIbHUX PEAKTOPIB;

— TPUCTOCYBAHHS JJIs 3axXHCTy NPUIAAIB BiJ ramma-
HEHTPOHHOTO BUIIPOMIHIOBAHHS;

—CKJIaJI0OBUX creuoadary (hapTyxu, KypTKH, B3YTTS Ta
TOJIOBHI YOOPH) 0OCITYrOBYIHOUOTO ITEPCOHATY.

CIIUCOK BUKOPUCTAHMUX JXEPEJI
1. Jlinensis I'ocatomperystoBanHs Ykpainu, cepiss EO Ne 000196, p.4,
m.4.4,4.5.1.
2. Shieldwerx LLC, USA (www.shieldwerx.com).
3. I'yces I'.I'. /3amiura OT HOHU3UPYIOIIEIO M3JIyUYEHHUs, TOM 2, 3aIiura
OT M3JIy4EHHUH sIepHO-TeXHUYeCKuX ycTaHoBoK/ ['yce I'.I'., Kinumanos
B.A., Mamkesuu I'.I1., M:, Duepronsaar, 1989.
4. T'mapuner MmetawioB. [lox pegakiueit B. Mromtepa, . breknemka —
Mockga: Aromuzaar 1973.

THIABIIYAJTBHA TA HOMYJIALIITHA
PAJIIOYYTJIMBICTH POCJIMH 3AJIEJKHO BIJ
HASIBHOCTI ABIOTUYHHX CTPECOPIB

O.I'. Hectepenko, H.M. Pammnos, JI.JI. HecTepenko
Tuemumym xknimunnoi 6ionozii ma cenemuunoi inocenepii HAH Yxpainu, Kuis,
Ykpaina, lenabg@ukr.net, lenadgen@gmail.com

AHoTtanist. OcoOGMUBOCTI peakiii pOCIMH Ha CTPECOPH 3YMOBIIIOIOTH HE
JUIIe MIHIUBICTh TOMYJSIii Ta TMOAANbIIMN Bimdip, a # MOXYTh
MIBUIIATH MOXUOKY BUMIpIB Ta BUKPHBUTH PE3YNbTAT, YCKIIAIHUBIIN
IHTEpIpeTaIifto JaHWX eKCIHEpUMEHTY. AHami3 IHIUBiTyalbHHX
CTpaTerii peakmii pOCIMHM Ta Mindip aJeKBaTHUX IHCTPYMEHTIB
CTaTUCTUYHOrO aHaJi3y JO3BOJSATH MIABUIIUTHU SKICTh JOCIiIKEHb.
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KuarouoBi cioBa. lonisytoue onpominenns, Pisum sativum L.,
IHAMBIAYaIbHOI peakiii pocinH, KOMOIHOBaH1 CTPECOpH.

Annotation. Features of the reaction of plants to stressors cause not only
the variability of the population and further selection, but also can
increase the measurement error and curvature the result, as well as hinder
the interpretation of the experiment data. The analysis of individual
strategies of plant reactions and selecting suitable statistical tools allow
to improve the quality of research results.

Key words. lonizing irradiation, Pisum sativum L., individual plant
reactions, combined stressors.

3pocTaHHs 3aralbHUX TEMIIIB 3a0py/IHEHHS HABKOJIUIITHBOTO
CepeloBHUINA HE JHIIAE BUOOPY OpraHi3aMaM, INepecyBaHHS SKHX
obMexeHo. Lle cTocyeThcs mepun 3a BCe POCIHH, BPOXKAMHICTD
SKHX OTIOCEPEJKOBAHO BU3HAUAE SIKICTh JKUTTS HACEIICHHS, aJKe
KOPMOBI1 KYJIbTYpH Ta POCIMHHICTH 3arajoM 3aiMaroTh KIIOYOBE
Micie y TpodiyHomy naHitory. Kpim toro, pedoBuHu, 30Kpema,
OUIKOBI1 arperaT, MOXKyTh HAKOTIMUyBaTHUCS (HAIIPUKIIAJ, Y TOPOCI)
32 yMOB Jii CTpecOpiB Ta SBJSIOTBCS TOKCHYHUMH ISt
JOPDKKOBUX KJIITHH Ta KIITUH CCaBI[IB, MPUHAMAIOTh y4acThb Y
PO3BHUTKY 0ararb0X HEBHJIIKOBHHX XBOPoO [1].

BrnnuB Ha pociuMHY OJHUM UYHWHHUKOM, SIK MPaBUIIO, HE
00MEXYEThCS, TOMY BapTO 3BEpHYTH yBary Ha ix KoMOiHOBaHY a00
nocaioBHy nir0. Jlo OCHOBHMX HeOe3NmeYHHX aOlOTHYHUX
YUHHUKIB KpailHM MO)XHA BITHECTH, 30KpeMa, IOHI3youe
onpoMiHeHHs K Haciuinok aBapii Ha HAEC, 3aconeHHs IpyHTIB,
ionja SKUX MOCTYMOBO 3pOCTAa€ Ta MiIBUILIEHHS TeMIIepaTypu
BHACHIIOK riao0anbHOro notemiinHs. [Ipu poMy npucrocyBanHs
POCIMHHUX OpraHi3aMiB 70 OJHOro 3 (akTopiB Moxke OyTH
MOM(DIKOBAHO IHIIUM, a iX B3a€EMOJIS MOXKE BIAPIZHATHUCS BiJ
aJIUTUBHOI y OIK CHHEPri3My 4Yd aHTaroHisMy. TOMy BHBYEHHS
B3a€EMHOTO BIUIMBY CTPECOPIB uepe3 KPOCCTOK KOMIIOHEHTIB
TPAHCIYKIlii CHUTHaTy PI3HUX CHUTHaJbHUX CUCTeM HalyBae Bce
OLIBIIOT AKTYaJIBHOCTI.

[1in yac nuaHyBaHHS Ta MPOBEJCHHS JOCIIKEHb MOTPIOHO
BpaxyBaTH KiTbKa BaXJIMBUX MOMEHTIB, 1[0 MOXXYTh BIUTMHYTH Ha
BHUCHOBKH, CIIOTBOPUBIIM iX. Hampuiaz, mig yac MOJIENIOBaHHS
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EKCIIEPUMEHTY BiTOMPAEThCS OJHAKOBE 3a OaraThbMa KpPUTEPiIMU
(po3Mip, KouTip, CTaH Ta iH.) HACIHHS JUTsI OTPUMAaHH MaKCHUMAaITbHO
ONHOPIMHUX 1  TMOBTOPIOBAHMX  JAHUX,  BHOKPEMJICHHS
HallXapakTEepHIINX pPeakKlild A1 MOJATBIIOTO iX MOTIMOIEHOTO
BUBUCHHs. OJHAK B MacmTabax BEIMKUX ITIAMPHUEMCTB BiIOIp
POCIMHHOTO MaTepiary 3a3BUYail MPOBOISITH HabaraTo MpocCTile.
Excrpamonsiiss JaHUX EKCIEPUMEHTY B TAaKOMY BHIAQJIKy Ha
MPUPOIHY TOMYJIALi0 a00 BENUKI Pi3HOPiAHI BUOIPKK MOKe OyTH
He KOpeKTHUM. To0To, 1100 HAOIM3UTH eKCIIEPUMEHTAIbHI YMOBHU
0 pealbHUX, HEOOXITHO Yy B3ATOMY «HAaBMaHHS» HACIHHI
BU3HAYUTH HEOJHOPIIHICTh Marepiany, HampUKIaa, 3a WOro
POCTOBUMH pEaKI[isIMH Ta aHali3yBaTH HOTO  BiAMOBITHO.
Bigxunenus nux peaxuid Bii HOPMAJIBHOTO PO3MOIUTY B TAKOMY
BUIIAJIKy MOe OYTH HACI1IKOM, HalpUKIIAI, PO3AUIEHHS POCIHH
Ha pa/ilouyTJIMB1 Ta CTIHKI TPyNHU. Y 3B’S3KY 3 IIUM MU [IPOIIOHYEMO
BU3HAYECHHS MopdoMeTpUIHNX napameTpiB HE JUTS
EKCIIEpUMEHTAJIbHOI TPYIIA 3arajioM, a JJig KOXHOI POCIWHU
IHAMBITYAJIbHO Y KOXKHIM 4acOBii TOYII.

VY Hamux pochigax Oyno MpoaHA30BaHO I1HIWBIAYyadbHI
pocTOBi peaxitii pocaun ropoxy Pisum sativum L. copty Aponic,
o0  Mi/UTaBAIKCS TOCTPOMY BIUIMBY 10HI3yro4uoi pamiarmii
(kouTponsHa Tpyma, SIp, 10I'p ta 151p) y mnoemnnanni 3
3acosieHHsiM (0,22 M) um HarpiBanHam (44 °C) Tta 0e3 HUX
MPOTATOM JIBOX TWJKHIB TICHS BIUIMBY CTPECOBHX (PakTOpPiB
(BuMipH TOBKHHH TOJOBHOTO KOPEHs MPOPOCTKiB Ha lif, 3ii, 7i,
Ot Ta 141 nenp excnepumeHty). llomepenHi pesynbTaTH
0COOJIMBOCTEH peakiliif pOCIuH, 110 PO3PAXOBYBAIUCSA SIK CEPETHE
3HAUeHHS MO TPyIi, Moka3anu Moaudikaiiro paaio0ioOTTYHUX
peakiriii abioTHYHHUMH cTpecopamu [2].

BuxopucToByroun KOpENsIiiiHy MaTpUIIO 3a JOIOMOTOI0
inctpymentiB MS Excel 2010 ta 3aco6u Gephi [3] — makery
MPOrPaMHOTO 3a0€3MEUYEeHHS 3 BIAKPUTUM KOJIOM JUISI MEPEKEBOTO
aHali3y Ta Bi3yami3allii JAaHUX — HaAM BJAOCS BUOKPEMHTH 3
KOXKHOI eKCINEpPUMEHTaJbHOI TPYMu MIATPYNH POCIUH, SKi
MOEIHYBalla CX0ka cTpaterii pocty. byno mokasano, mo sk
KOHTPOJIbHA, TaK 1 AOCTIAHI TPYNH POCIUH, IO MiATaBaIHUCA
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OJTHOMY YH KUIBKOM CTPECOBHM BIUIMBAM, JEMOHCTPYBAIM YITKE
PO3/UICHHS HA OCHOBHY Ta OJHY YH JIBI MEHIIIHNX 33 YUCEITHHICTIO
MIATPYI, KOKHIN 3 AKuX Oyia mMpUTaMaHHA Ta YM 1HIIA CTpaTeris
pocty. Ipuknan takoi Bizyanizamii (Gephi) ta rpadiku (Excel)
POCTY KOKHOT 3 POCIIMH MOKa3aHO HAa PUCYHKY 1.
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Pucynox 1. Bizyamizamiss po3miJieHHS POCIUH Yy MeXaxX OHi€l
eKCTIEpUMEHTAITLHOI IPYIIH HA MirPYIH 3a CHUIBHUMH PUCAMH POCTY. 3I1iBa
— cxema, o0yJoBaHa 3a JOMOMOrOK MaKeTy MPOrpaMHOro 3ade3rneyeHHs
Gephi Ha nipuknazai onpoMineHux y no03i 10 I'p npopoctkie. CrpaBa - nBa
rpadikd. IO JEMOHCTPYIOTh PICT KOKHOI 3 POCIMH Yy MeXaX JBOX
BHOKPEMJICHHUX ITITPYII Ti€T 3K TPYIH, Je: Bich aOCITUC — Yac BiATaJICHHS BiJ
MOMEHTY BIUIMBY CTPECOPAaMH, BICh OPJMHAT — BiJIHOCHA IIBHIIKICTH POCTY.

Pi3Hi crpaterii pocTy MNpOSIBISUIMCA y 3MIiHI YacOBOTO
iHTepBay, HEOOXIAHOTO POCIUHI [ BIAHOBIEHHS 3BHYAHHOIO
(XxapakTepHOTO [UIsi KOHTPOJIIO) POCTY MICHA CTpecy, pI3KOro
3MEHIIICHHS 4K 30UIBIICHHS IIBUJIKOCTI IOJOBXKEHHS KOPEHS,
MPOTSHKHOI 3YNUHKK pocTy Ta iH. Kpim Toro, Oymu ommcani
HNIATPYNH  POCIUH, IO YHCENBHICTIO HE TMepeBHlyBaiu 1-4
0COOMHH, PICT AKMX 3 4YacoM HaOyBaB IHIIOTO XapakTepy Ta
«BHUIIA/IaBy 3 3arajibHOI TEHIEHIIIT, 110 OyJ10 Biomo panime [4]. Ha
OCHOB1 OTpPUMaHUX JaHUX Oy/e sIK BU3HAYEHO OCHOBHI CHiIbHI
pucu GopMyBaHHs BIAMOBiI OpraHi3My Ha CTPECOBUI YMHHUK 3a
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yMOB MoM(iKyr040i Aii 0HOTO 3 (haKTOpiB, TaK i OMUCAHO Ta MO
MOJIMBOCTI ~ KJIaCH(IKOBAaHO  BHIAJKH, 110 €  CKOpile
«BUKIIOYEHHSIMU 3 TMpaBWia», aHDK WOTO 3aKOHOMIPHUMH
nposisamMu. Kpim Toro, Oyne mpoaHami3oBaHO peakilii KOKHOT 3
POCIIHH IPYyITU Ta OTIMCAHO OCHOBHI iX 3aKOHOMIPHOCTI.

TakuM YWMHOM, aHANI3 IHAWBIMTYaIbHUX PEaKIliid pPOCIHH Ha
CTPECOPH Ta MOPIBHIHHA iX 3 CEpeAHIMU MOKAa3HUKAMU TI0 TPYIIi,
Ma€  TPOSICHUTH, SKI  IHCTPyMEHTH  aHaji3y JOLUIBHO
BUKOPUCTOBYBaTM Ta 4YM MOXYTh OTpUMaHi JaHi OyTH
€KCTpanoJIbOBaH1 Ha aHAJIOTTUH1 OUTBII MacIITaOH1 AOCTIH, 110 HE
BKJIIOUAIOTh (PIKCAI[II0 MPOSIBIB peakiii KOXKHOI POCINHU OKPEMO
BIIPOJIOBXK YCbOT'O EKCIEpPUMEHTY, a MarTh B c001 cepeaHi
3HA4YEHHs JJISl TPYIH Y IEBHUI MPOMDKOK dacy.

CIIMCOK BUKOPUCTAHUX JKEPEJI
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BIOCHIP TESTING THE CELL CULTURES GROWTH AT
THE BIOCERAMIC SCAFOLD FOR A BONE TISSUE
REGENERATION TO NANOMEDICINE

O.M. lvanyuta
National Taras Shevchenko University of Kiev
Annotation: Are given the concrete examples of the application
biochips in medicine, ecology and other spheres human activity. The
biochips are used for testing the cell cultures growth at the bio ceramic
substrate of parameters electric impedance sensing. I has described how
to run a cell cultures growth test using the prepared biochips. A control
cell cultures sample and the test clean water sample are mixed with pre-
measured powdered media and injected into separate channels of the
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biochip. Impedance readings from the sensing electrodes in each of the
biochip channels are measured and compared by virtual program.

Advantages are ease of use and rapid response to a broad spectrum
of inorganic and organic chemicals at concentrations that are relevant to
human health concerns, as well as the long-term stability of stored
biochips in a ready state for testing. Applications for detector cell cultures
growth at the bio ceramic scaffold for bone tissue regeneration are of
rapid field-portable testing for nanomedicine

AnoTtauiss HaBeneHi KOHKpETHI PUKIIa i 3aCTOCYBaHHsI 0i04iniB
y MEIUIMHI, eKOJIOrii Ta iHmMX cdhepax ASUILHOCTI JoAUHA. biounnu
BUKOPUCTOBYIOThCS JUIsSi TECTYBaHHS POCTY KIITHHHUX KyIbTYp Ha
OiokepamiuHOMYy cyOCTpaTi mapaMerpiB 30HAYBaHHS EIEKTPHYHOTO
iMmnenancy. OnucaHo, SIK NMPOBECTH TECT Ha PICT KYJbTYp KIITHH 3a
JOTIOMOTO0 IATOTOBIIEHUX OiovimiB. 3pa3oK KOHTPOJIBHHUX KYJIbTYP
KJIITHH Ta JOCIIHKYBAHUH 3pa30K YUCTOI BOIHU 3MIIIYIOTh 13 IIOMEPEIHBO
BHUMIPSIHUM TIOPOLIKOIMO/[IOHUM CEpPEIOBUINEM Ta BBOISATH Y OKpeMi
KaHanu Oiouina. [Toka3HWKW IMITEIaHCy 3 JIETEKTOPHUX ENEKTPOIIiB Y
KOKHOMY 3 KaHajJiB Olodila BUMIPIOIOTbCS Ta IOPIBHIOIOTBCS 32
JIOTIOMOTOI0 BIpPTYyaJIbHOI TPOrPaMHU.

[epeBaramMu € TPOCTOTa BUKOPUCTAHHS T4 IIBUJKA PEAKI(is HA
IMUPOKUHA CHEKTP HEOPTaHIYHUX Ta OPTaHIYHUX XIMIYHUX PEUOBHH Y
KOHIIGHTpAIlIAX, IO BiMMOBINAIOTh MHUTAHHIM 3I0pOB’S JIOAMHHU, a
TaKoXX TpHBajia CTAOUTbHICTH 30epiraHHsl OIOYMITIB Y TOTOBOMY LIS
TECTYBaHHSI CTaHi. 3aCTOCYBaHHS JUISI POCTY KIITHHHUX KIITHHHHUX
KylnbTyp Ha OiOKepaMiYHOMY TIOMOCTI JUIsI pereHepamii KiCTKOBOL
TKaHWHHM € MBUIKAM ITEPEHOCHUM TECTYBAHHSM HAHOMEIUIUHH.

Key words: Biochip, MWCNT/DNA, virtual program.

KuarouoBi ciaoBa: buounnu, BIIBHT/IHK, Bipryanbua
nmporpama.

Biochips one of the basic tools of diagnostics and monitoring
of health in 21 century. Advances in these areas are giving new
methods for unravelling the complex biochemical processes
occurring inside cells, with the larger goal of understanding and
treating human diseases. The requirements for the cell cultures
growth sensor were that it could detect a broad spectrum of
chemical compounds rapidly (within an hour) at concentrations
relevant to bone tissue regeneration and the biological components
would have a shelf-life of at least year. Historically, technologies
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testing with a biological component to biochips (such as antibodies,
enzymes, or nucleic acids) have been specific analyse. The
disadvantage to these types of biosensors is that they will only
detect one type of chemical at a time as multiple sensors are needed
if it is suspected that more than one chemical is present. If a specific
sensor is not in the test standard scenario, cell cultures growth could
easily go undetected.

They allow you to find in a short time to identify thousands
of different Genetic defects, oncogenes, allergens, markers that
correspond to specific diseases, certain viruses, bacteria, cancer
cells, and to identify a wide range of drugs, hormones, drugs,
poisons, pesticides almost any test material - blood, saliva,
perspiration, water, food, air or soil samples. The concept using the
measurement electrical impedance of cell monolayers as a possible
sensor, which is also known as electric cell-substrate impedance
sensing. Over the past two decades it has been shown to be a
sensitive indicator of cell viability. Basically, the cell monolayer
that is adhered to the electrodes on the biochips is exposed to high
frequency and low voltage and amperage alternating current signal.
The confluent monolayer of cells impedes the flow electrons. When
the integrity of the cell monolayer is compromised, the cell-
substrate impedance sensing sensor records a change in the
electrical impedance. We illustrate the principle of cell-substrate
impedance sensing in relation to the cell monolayer on the biochip.
In the near future biochips replace the entire diagnostic laboratories
with their numerous staff and cumbersome, often very expensive
equipment thus will increase to thousands and tens of thousands
times the performance most diagnostic methods and to drastically
reduce the cost of testing.

Biochip is a solid support on which cells are applied sectional
with a substance - reagent. All reagents are arranged in a specific
order and interact with the molecules of the test sample as keys to
locks. When applied to the biochip test sample. In place of the chip
where there is a match (between the analyzed molecules and the
probe molecules, a new product is formed, which is determined on
the basis of the analyzing equipment electrical phenomena
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Modern biochips are different from each other according to
the method of manufacture, since the substrates and probes,
methods of registration of the result of interaction of the reagent
with the sample. To read the results of the reaction are used
converters, sensitizers, lasers and scanners. Their production is
fully automated DNA chips - to identify genes and gene mutations
associated with various diseases; observing gene activity; the
diagnosis of infectious diseases and to determine the most effective
method of antibiotic therapy; the screening of microorganisms.

Among these are electronic devices, nanoelectromechanical
systems (NEMS) devices such as cantilevers, simple metallic and
semiconductor electrodes for amperometric, voltammetric and
detection, optical devices including fibres for absorption,
fluorescence, luminescence and chemi luminescence, mass
sensitive oscillating crystal devices, thermal detection methods that
measure heats of recognition reactions, radio labelling and mass
spectrometry. Of course, certain detection modalities are better
suited to near-patient or clinical diagnostics. Opportunities for
application of biochips are most attractive in the area of human
health. The research and development investments, marketing,
sales and distribution costs, given today’s models for development
of technology-based companies, do not support similar
opportunities in the environment, industrial or bioprocess sectors

DNA microarrays are medium-density cDNAs arrayed on
standard one inch by three-inch glass slides for standard dual-
colour analysis using high-resolution fluorescent detection. Arrays
target cell cultures growth at the bio ceramic scaffold for bone
tissue regeneration disruption, as well as cyanobacterial open
reading frame. This movement towards confocal imaged cell
cultures growth, targeted microarrays is poised to compete with
DNA biochips that use detection technologies other than confocal
imaging

The ILF SHF energy absorption is supposed to be associated
with the rotation of intermolecular structures regarding to C-C
bonds with the transmission junction of hydroxyl groups from one
position with the hydrogen bond into another with the rotation
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levels of metastable states and so on. The possibility of ionization
effects of ILF SHF leading to the formation of O, and OH radicals
at the high impulse power is also considered The resistance (R)
versus temperature (T) change has exponential decrease at the
temperature increase. Such behaviour of the resistance layer from
DNA polymerized molecules networks on Si or Al,Os under the
temperature increase is typical for a semiconductor. The rectified
type of |-V characteristic for the structure metal (Pl/Ir or Cu) - the
layer from DNA polymerised molecules networks on Si has been
confirmed. Similar results for the layer from DNA - cell cultures
growth in networks have been obtained. But both the resistance of
this layer of and its change were less

The change of the resistance (AR) of the layers from DNA
polymerised molecules networks on Si under rise of the microwave
power was increased. Resistance of the layer DNA molecules
networks on Si increases on AR=80 Q). Such a behaviour of the
resistance of these layers could defined by partially breaking part
district or changing of the bonds in DNA polymerised molecules.
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Annotation. Issues of the safety culture development in Ukraine are
discussed.

KarouoBi ciioBa: kynbTypa Oe3neKH, OpraHu peryjiIroBaHHS Oe3MeKu.
Key words: safety culture, safety regulatory bodies.

VY uepBHi 2012 p. aBTOpH IIHOTO NOBIJOMJICHHS HATOTYBAIH
Ta TpoBenu B HamioHanbHOMY IHCTUTYTI  CTpaTeTiuHUX
JIOCTIDKeHb  3acimanHsa  kpyrjmoro  croiny  "lIpoGnemu
BIPOBA/KEHHS KOHIENIIT Ky/IbTypu Oe3neku B Ykpaini", mijg yac
SIKOTO OyJIo OOroBOpEHO THUTAaHHS BIPOBAKEHHS KOHIICTIIIIT
KynbTypu Oesnexku (mami - KB) B VYkpaiHi, mpoaHasii3oBaHO
MDKHapoJHUM Ta BiTYM3HAHUN pAocBin ¢GopmyBanHs Kb B
CYCHUIBCTBI TA PO3IJISIHYTO MPIOPUTETH JEPHKABHOI NOJITUKY Y L1H
chepi [1]. 3a pesynpTaTamu AUCKYCii, B SKii B3SUIM Y4acTh
MPEJICTaBHUKA OpraHiB  JIEp)KaBHOI  BJIQAHW, TMPOMHUCIOBHX
KOMTIIaHii, HEYpSIOBUX OpraHi3alliid, HAyKOBIIl Ta €KCIIEPTH, OyIH
copMyIIbOBaHI BHCHOBKM B SKHX KOHCTATOBAaHO CHCTEMHE
BnpoBakeHHs  koHmenmii Kb wHa  BitTumsHsanx  AEC,
MIITPUEMCTBAX aBIaIlifHOTO TPAHCIIOPTY Ta il MIATPUMKA IHITUMHU
ramy3simu. BoaHouac, Oymo 3a3Ha4yeHo, IO OUTBII IMHPOKE il
MOIIHUPEHHS TalbMYEThCS 3 HACTYITHUX MPUYHUH:

- B Ykpaini He copMoBaHa IIiTiCHa AEpKaBHA IOJITHKA
m1o10 hopMyBaHHs Ta peanizailii crparerii BpoBamkeHHs Kb, sika
0 oxommoBasia yci chepu IIUIBHOCTI JIIOJACH, BKIIOYAIOYH
€KOHOMIYHY JISUTbHICTh, TOOYT, BIIMOYHHOK;

- Ha pIBHI IEHTPAJIbHUX Ta MICIICBUX OpPraHiB BUKOHABYOL
BJIQJIM HEJOCTATHIO YBary NpUIUIAIOTh MUTAHHIM BIIPOBAKCHHS
y npakTuky ocHoBHHX 3acal Kb sk edexkTuBHOro iHCTpymMeHTa
CTBOPEHHS 1 6e3MepepBHOTO MiATPUMAaHHS Oe3MeYHUX YMOB Ipalli
1 )KUTTS TPOMAJISH;

- Jifodi  HOpPMAaTHBHI 1 METOAWYHI JOKYMEHTH 3
yrnpoBa/pkeHHs ocHOBHMX 3acan Kb y mpaktuky Ha
MIAMPUEMCTBAX, OpraHi3aIlisiX Ta YCTaHOBAaX, [0 BUKOPHCTOBYIOTh
TEXHOTE€HHO-HeOe3euH1 TEXHOJIOT'1i, € HeZJOCKOHAIMMH, KOHTPOJIb
3a iX TOTpPUMaHHSM € HeIOCTAaTHIM;
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- HEJOCTaTHI Ail OpraHiB BUKOHABYOI BJaIu y po3poOii Ta
peaiizaliii Jep>kaBHO1 MOJIITUKH y chepi OXOPOHHU KUTTSI JIIOJeH Ha
BUPOOHMIITBI Ta TPOPIUTAKTUKY TOOYTOBOTO TPAaBMAaTU3MY;

- "HenocraTHs yBara nutaHHsM Kb mpunpiiserscs y cdepi
BHXOBaHHS, OCBITH Ta MIPOCBITH;

- TNPUYMHOIO TOBUTPHUX TeMIiB BrnpoBakeHHs Kb Ha
BUPOOHMIITBI € TAKOXK BUCOKHI PIBEHh KOPYMITOBAHOCTI BIIQJAN Ta
«TiHI3aIID EKOHOMIKH.

[leBHi kpoku 13 3ampoBajkeHHs Kb ypsa Vkpainu 3a
OCTaHHE JIECATUIITTS Bce K poouB. Hanpuknaza, 6yB po3poOienuii
1 3aTBEP/DKCHUH TJIaH 3aXO0/IB MO0 3a0€3MeUeHHs BIIKPUTOCTI 1
JOCTYIHOCTI 1H(}OpMaIllii, MOB'A3aHOT 3 BUKOPUCTAHHSIM SIACPHOL
€Heprii, a TAKOK MiJBUIIEHHS PIBHS KYJIbTYpH SJEPHOI O€3MEKH B
aTOMHIN eHepreTulli [2], neski 3aX0u SKOTro MPOJOBXKYIOTh OyTH
aKTyaJTbHUMHU 1 BUKOHYIOTHCS JI0 IIOTO 4acy. byma po3pobieHa i
cxpaneHa Konnenmis pedopMyBaHHS CUCTEMH YIpPaBIIHHS
OXOPOHOIO TIparll B YKpaiHi Ta 3aTBeppkeHuit [nan 3axomiB moa0
ii peanizamii [3]. 3as3naueni Konmernmis 1 I[lman omepyroTh
MOHATTAMH KYJIBTYPH TPOQPUIAKTUKA HEIIACHUX BHUMAAKIB 1
npodeciiiHuX 3axXBOPIOBaHb Ta KYIbTypH OE€3MEKH Ta Tiri€HU
mpaitti, a TaKOXkK 3aMpoBaKYyIOTh 3aCTOCYBaHHS
PU3UKOPIEHTOBAHUX MIAXOMIB Yy pedopMyBaHHI CHCTEMH
YIOpaBIiHHS OXOPOHOIO Mpaii. Alle 3aJIHUIIAIOTHCS BIIKPUTUMU
nuTaHHs aHanizy crany Kb gepxaBHUMU opranaMu perysatoBaHHS
Oe3neKu.

Ha w™bkHapoaniii koH(epeHiii, npucBsdeHiin 30-piuyto
nocmimkennss Kb, 3a3Hauanacsi BaxKIMBICT  €(QEKTUBHOTO
koHTpoato 3a Kb 3 0oky perynsiTopHux opraHiB i po3poOku
iHcTpyMmeHTiB omiHku Kb mis Takoro KOHTpomio i1 eheKTUBHHX
nporpam BaockoHasieHHss Kb s minensiariB. Ha 3a3Haueniit
KoH(pepeHIii Oynu mpeacTaBlieHi IHCTPYMEHTH OLIHKH, IO
0a3yroTbcst Ha 300pi pi3HMX TumiB iHpopmanii mpo Kb Tta
oprasizaiiiiny eeKTUBHICTH [4].

Boanouac, 17151 iepKaBHUX OPraHiB peryatoBaHHs Oe3MeKH y
PI3HUX Taly3X KUTTEAUIBHOCTI B YKpaiHi ouiHka piBHsA Kb He
cTaja IHCTPYMEHTOM MiIBHUIIEHHS piBHA Oe3neku. 30KpemMa, Mpu
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aHaJi31 TEXHOTEHHOI 1 MPUPOAHOI Oe3MeKkH, a TAaKOX SAEpHOI i
panianiifHoi 6e3meKku BiINOBITHUMH OpraHaMu Jep>KaBHOI BIIAJX
crad Kb cucteMHO He aHaTi3y€eThesl.

B ananitmyHOMY OTJISAIl CTaHy TEXHOT'€HHOI Ta MPHUPOJHOT
oe3neku B Ykpaini 3a 2018 pik [5], mo migrorosnenuit JJCHC
VYxpainu 1 po3minieHuil Ha i BeO-caiiTi, iTeHTHdIKOBaHWIA LTI
P IpoOIEeMHUX TUTaHb OE3MEKH KUTTEASIIBHOCT1 y BUPOOHUYIM
Ta 1MoOyTOBI cdepax, sIKi MUIKOM MOXYThb OYTH BiHECEHi IO
MUTaHb KYJIbTYPH TIOBEJIHKM Ha BHUpPOOHUUTBI 1 B MOOYTI,
KOPIIOPATUBHOI 1 TaJIy3€BOi KyJIbTYpH. Ajie B po3auti « BUCHOBKH.
Hlnsixu, cnocobu Ta 3axoau 3 po3B'A3aHHS HpobdieM y cdepi
TEXHOT'€HHOI Ta npupoHoi 0e3nekn» Hi Kb, Hi KynbTypa Oe3neku
KUTTEABUIBHOCTI HE 3TaJyloThCs, 10 CBIIYUTH MPO BIICYTHICTh
CUCTEMHOTro O0aueHHs (pyHAaMeHTalIbHOI poJIi KyJIbTYpU O€3MeKu y
MIJIBUIIEHH] O€3MeKH CYCHIILCTBA, XOUa 3alPOTIOHOBAHI MUISXH,
crocoOu Ta 3aX0JM B 3HAYHIN YaCTHHI BIAMOBIAAIOTH MPUHITUIIAM
KYJbTYpH O€3IEeKH.

JlepaTOMperynoBaHHsl y CBOiX JOMOBIASX MpPO CTaH
siIepHO1 1 pajianiiHoi 6e3neku B Ykpaini (nami — Jomnosiai) y 2012
1 2014 poxax Big3Hayayia, M0 HAMITHJIOCS 3POCTaHHS KOPIHHUX
Npu4rH nopyiieHb B po6oTi AEC, 1mo moB’s3aHi 3 MEepCOHATIOM.
[TonoBuHy 3 HUX CKJIAJAIOTh NMPUYHMHHU, MOB’SI3aHI 31 3HUKEHHIM
piBus Kb, a npyry nonoBuHy — npu4uHM, OB’ s3aH1 3 HEAOTIKAMU
ICHYIOYOTO TIOPSJIKY HaIJISITy 32 BUKOHAHHSAM POOIT.

VY Homnosigax y 2013, 2015, 2016, 2018 pokax Kb B3araii e
3rajyeTbes, xo4a B 3BiTi 2016 poky MpoBEACHUI aHaAII3 KOPIHHUX
MPUYMH BUHUKHEHHSI aHOMalbHUX mojid y poboti AEC B 2000-
2016 pp., 1 3a uei mepioxa Big 6,5% m0 29% KOPIHHUX MPUYUH
BU3HAUEHI SK «IEpPCOHANl Ta CHUCTEMa YIPaBIIHHI», IO
oe3mocepenHpo 1moB’s3aHo 3 Kb.

Y JonoBini 2017 p. eauna 3ragka Kb - 1me BuUKOHaHHS
cniibHO 3 HOpBe3pKkMM areHTCTBOM 3 pajialifHOrO 3aXUCTy
npoekTy «Po3poOka KepiBHMLTBA 3 OLIHKU KyJIbTYpU Oe€3Neku i
JIOICBKUX Ta OpraHi3alifHuX (akTopiB Mia 4yac aHai3y JOCBITY
excrutyaranii». Iloganeima noms wiei po3poOku HeBioMa.
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Y nmomosini 2019 p. y 3BepHeHHi g0 uuTauiB ['omnoBa
JlepaTOMpETyItOBaHHs, 30KpeMa, 3a3HauuB: «3a0e3neveHHs
HAJIGKHOTO pIBHA siiepHOI Ta pajianiiiHoi Oe3meku motpelye
PO3YMIHHA TOHATTA Ta JOTPHUMAHHS KyJIbTypu O€3IeKH,
37IATO/DKEHUX il ypsiay, OpraHy JIep>KaBHOTO peryJlOBaHHS
SAepHOI Ta pamialiitHoi 6e3neKn Ta cy0 €KTIB JAisUTBHOCTI y cdepi
BUKOPUCTAHHA SICPHOT eHeprii». BuciiB Bay4Hui, ane, Ha xaib,
Ha IIbOMY KYJIbTYpa O€3MEeKH 1 BUUEPITYETHCA.

Orxe, H1 JICHC, Hi lepxkaToMperyatoBaHHS HE CTajlH
MIPOBITHUKAMHU KYJIbTYpU O€3MEKH.
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SMEHIIEHHSA PU3UKIB IIIJI YAC JJAT'HOCTUYHUX
JOCJIIZKEHD 13 BUKOPUCTAHHAM IOHI3YIOUOI'O
BUITPOMIHIOBAHHA Y ITAIIIEHTIB
I3 COVID 19

0.0. CTpeannos

Onexcanopiscokuii KOHCYIbmamusHo-0laeHocmuynutl yeump, Kuie, Yxpaina,
+380502198370, strel40v@gmail.com

Anoranisg. [lpencraBneHi jgaHi OIIHKKM PHU3MKIB  padialliiHOrO
OIPOMIHEHHS TiJ Yac JMIarHOCTMYHHUX JOCHIDKCHb 13 BUKOPHUCTAHHSIM
ioHi3yrouoro BunpoMiHioBaHHs y narieHTiB i3 COVID 19. PosrnsHyTo
0COOJIMBOCTI JMHAMIYHOIO CIIOCTEPEKEHHS, JOUIBHICTh BUKOHAHHS
HU3bKOJI030BOT KOMIT IOTEpHOI TOMOrpadii jJereHb B yMOBax MaHaeMil.
KmrouoBi cioBa: xomm’rorepra tomorpadis, COVID 19, ionizyroue
OIPOMIHEHHSI, IIarHOCTHKA.

Ha moment Hammcanus cratuctrudi magHi COVID 19 mo
VYkpaiHi HeBTIIIHI

Mertona koM’ roTepHOi ToMorpadii y J1arHOCTHII 3aaIbHIX
MPOIIECIB JIETEHEBOI MapeHXIMHU IOKa3aB cebe Ie 3aJ0Bro 0
HacTaHHS TaHaeMii. Y mamieHTiB i3 GiOpuIbHOI0 HEUTPOTICHIEO,
HOPMOIO Ha PEHTTEHOTpaMi Ta BiICYTHICTIO MOKPAIIECHHS CTaHY
BIPOJOBX 48 TOJIMH MICIIA eMITIpUYHOT aHTUOI0TUKOTEpaIii METO T
KoMIT'toTepHOi ToMorpadii BusBiIsB 3MiHu B 60% Bumaakis (mpu
OUHAMIYHOMY crocTepexeHHl 50% TNHEBMOHIN BUSABICHUX
METOJIOM KOMI'tOTepHOT TOMOTpadii BUSBIAB 1 pEHTI€HOJOTTYHUN
Meton) y 40% maiieHTiB i3 HOPMOIO IPHU JAOCTIDKEHHI 32 METOJIOM
KOMIT'tOTepHOi ToMorpadii MHEBMOHIS B MOJANBIIOMY BHHHKaIA
mumie 'y 10% BumaakiB, KOMIT'IOTEpHa ToMorpadis BUSBHIACH
3HAYHO  e(eKTHBHIMIA 32  KIACMYHE  PEHTTEHOJIOTIYHE
JIOCJIIIKEHHS.

B Vkpaini BBaxaeTbcs, 10 HaHOUIBIIMI BHECOK Y
dbopMyBaHHS KOJEKTUBHOT €(QEKTUBHOI JO3U MJIs HACEICHHS
po0nATh npodinakTuyHa Gurooporpadis Ta peHTT€HOIIarHOCTUKA,
TOMAl, SK y PO3BHHYTHX KpaiHaX OCHOBHUM J030(OpPMYIOUYHM
JOCII/DKEHHSIM € KOM'ToTepHa Tomorpadis. besymMoBHO, 3HaUHOI0O
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MIpOIO 1€ MOB'SA3aHO 3 TUM, IO I BUJ JOCTIDKEHHS B HAIIN
KpaiHi 111e He OTPUMaB TAaKOTo MOLIMPEHHS SK y KpaiHax €Bpomnu
ta CLA, npote nin yac mangemii COVID 19 meron koMmn'toTrepHOi
tomMorpadii € OCHOBHUM 4epe3 HOro 3JaTHICTh BUSBISATH O3HAKU
ITHEBMOHIi Ha PaHHIX eTarax.
UyTnuBiCTh KOMITTOTEpHOI ToMorpadii y BUSBICHI 3MiH JIETCHb
xapaktepHux st COVID 19 - 92-98%;
gymmBicTs [1JIP 56-83%);

VMoBgipHi npuunan HU3bKO0T uyTHBOCTi ITJIP:
1. HenocraTHs eheKTUBHICTH METOTUKH
2. Pi3HM1s y 4acTOT1 BUSIBIEHHS 00JIaIHEHHS Ta pEaKTUBIB PI3HUX
BUPOOHUKIB
3. Husbke BipycHE HaBaHTAKCHHS MAIIEHTIB
4. He npaBWIbHHUN KIIHIYHUNA BiAO1p TP0O

3apa3 no30¢hopMyroda 4acTKa OMPOMIHEHHSI HACEJIeHHS Bij
KOMIT'IOTEpHOT TOMorpadii mepeBHIlye YcCl I1HIII MeIudHi
MpOIeAYpH 13 BHUKOPHCTAHHSAM IOHI3YIOUOTO OMNPOMIHEHHS 1
TEHJICHIIisI BAKOPUCTAaHHS MPOMEHEBOT A1arHOCTHKH 3POCTAE, came
TOMY TIMTaHHS 3HIDKCHHS JIO3M ONPOMIHEHHS T dac
MIarHOCTUYHOI'O JOCIIHKEHHS € OHUM 13 OCHOBHUX.

VYV mpaktuii OnexcaHapiBCHKOTO TIarHOCTUYHOTO IIEHTPY

JOCTIIKEHHSI TPOBOASTHCS 3 BUKOPUCTAHHSAM KOMII FOTEPHOTO
tomorpady «Toshiba aquilion 16» .
JUis  [iarHOCTHKHM JIeT€Hb BUKOPHCTOBYETHCS HU3BKOJI030BUI
MPOTOKOJI QJalTOBAaHUN Ha NeEpioa MaHAEeMIl MiJ BUSBICHHS
VIIUIbHEHHS JiereHb 3a TuroMm martoBoro ckia GGO Ta crazy
paving.

Ananraiiis MpoBOIMIaCh HACTYITHUM YHHOM:

1. BbyB B3sATHIl MiHIMalbHMI pIBEHb MUIIAMIIEp Y CEKYHAY
TOKOBOTO HAaBaHTA)KEHHS Ha TPYOKy, IO JO3BOJIE€ BUSBIATU
VUIUTbHEHHSI ~ JIETEHEBOi  MapeHXIMH 3  PEKOMEHJI0BAHOTO
BUPOOHUKOM MaHyaly.

2. byB 30inpmieHuil mitTy 0€3 KOMIIEHCATOPHOTO MiABUIICHHS
KUJIOBOJIbTAXY Ha TPYOKY.
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3. EkcmepemeHTasbHO Ticis  iHGOpMOBaHOI 3rogu  Oyio
MIPOCKAHOBAHO PSJ MAIIEHTIB 13 KJIACHYHUM Ta HU3BKOJI030BUM
MIPOTOKOJIOM.

4. 3a pe3ynpTaTaMH CKaHyBaHb - TAIIEHTH IPOCKAHOBaHI i3
HU3BKOJ030BUM MPOTOKOJIOM OTPHMAaJH 3aKJIIOYEHHS, IO He
BIZIPI3HSIIOCS Bill AOCTI/DKEHHS 13 KJIIACHYHUM TIpoToKojoM (Puc.
1).

Puc. 1.

CIIMCOK BUKOPUCTAHUX JKEPEJI
1. Heussel, et all. Pneumonia in febrile neutropenic patients, bone -
marrow and blood stem- cell recipients: use high - resolution CT.J Clin
Oncol 17:796 - 805
2. CrpensiroB O. O. PamionansHa omiHKa TPOMEHEBOTO HABaHTAKEHHS
Ha mamienTa // Pamionoriuamii Bicuuk. — 2019. — Nel -2 (70 — 71). — C.
122.

GROSS BETA ACTIVITY — ANEW APPROACH FOR
IDENTIFICATION OF ILLEGAL CIGARETTES AND
HEALTH RISK PREVENTION

A.Georgieva, T.L. Dimitrova
University of Plovdiv “Paisii Hilendarski”, Plovdiv, Bulgaria,
a.g.hristeva@gmail.com

Annotation. The naturally occurring radioactive isotopes in cigarettes
are one of the most significant cause of the lung cancer of smokers. The
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risk of smoking illegally distributed cigarettes is higher due to the lack of
control during their production. However, there is no direct analytical
method for establishing differences / homogeneities of different batches
of tobacco products. Recent studies of radioactivity in tobacco and
tobacco products show significantly higher activities of B-active isotopes.
We propose the gross -activity to be used as a new reliable indicator for
identification of illegal cigarettes.

Key words: radioactivity, gross beta radioactivity, tobacco, tobacco
cigarettes, lung cancer.

During the past decades, the radionuclides has been identified
to be between the most harmful constituents of the tobacco
products causing lung cancer. So that, the natural isotope !°Po was
included firstly in the Established List of the Harmful and
Potentially Harmful Constituents in Tobacco Products and
Tobacco Smoke in the Federal register of the United States
Government. There is a huge number of naturally occurring
primordial and man-made radionuclides absorbed by tobacco
plants and, most of them are identified by IARC as Group 1
carcinogens [2, 3]. Recently a comparative review on the
radioactivity from tobacco and its absorption by smokers has been
reported [3]. It was found that “°K, *C, 21°Po and ?°Ra are the most
prevalent radionuclides in the smokeless tobacco products. The
authors note much greater activity of p-emitters than those of a-
emitters and conclude that the measured levels of radionuclides
represent significant health risks for the smokers.

Smoking illegally distributed cigarettes brings additional
danger due to the lack of control during the production such as:
external control of the technological process, non-compliance with
the recipe of tobacco products, non-compliance with the maximum
permissible levels of emissions of nicotine, tar and carbon
monoxide in smoke etc. We have investigated cigarettes from 5
illegal trademarks distributed in Bulgaria. Three batches of every
brand were studied. The measured physical parameters of the
cigarettes such as humidity, length and diameter of the cigarette,
length of the tippin, cigarette suction resistance and cut width, have
shown significant deviation from the normative requirements. They
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do not correspond to the declared values from the producer. The
content of the chemical controlled compounds (nicotine, tar, carbon
oxide) are much higher that the maximal warrantable emission
levels and differs notably from the declared values from the
producer. For example, the content of tar in the different samples
vary from 31% to 126% relatively to the warrantable.

The measured gross beta activity of the samples from the
same brand also show large variation of the values and of the
statistical error. That leads to the suggestion that total beta activity
may be used as a faster, cheaper, and reliable indicator for the
identification of illegal cigarettes. However, there is not yet a
relevant standard on the gross beta activity from tobacco and
tobacco products. Additional research on the radioactivity from
cigarette smoke, as well on the long-time effect of the different
tobacco products radiation on the active and passive smokers is
needed.
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INFLUENCE OF PLASMA MICRO- AND CORONARY
DISCHARGE ON THE DEVELOPMENT OF HIGHER
FUNGI MYCELES

Yu. Veremii, B. Sokolovskyi, D. Nikulin, N. Tsvyd,
V. lukhymenko, V. Chernyak, O. Nedybaluk, M. Sukhomlyn,

Eu. Martysh
Taras Shevchenko National University of Kyiv, Ukraine, e-mail: veremii@i.ua

New developments in physical electronics and pulsed
energetics have contributed to significant developments in the use
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of cold plasma at atmospheric pressure in science and technology.
Spatially uniform and well-controlled sources of cold plasma at
atmospheric pressure have become a reality, creating the possibility
of safe and controlled use of plasma in biological objects. This
initiated the creation of a fundamentally new branch of medical
technology - plasma medicine. A relatively new technology is the
use of plasma in biology and agro-industry.

Recently, there have been many attempts to use plasma for
efficient cultivation of various crops. Fungi combine the properties
of plants and animals. Due to the fact that mushrooms have large
variations in species and cultures, we may be interested in
completely different results.

Plasma destruction of spores and fungi for disinfection of the
premises, man, plant or, conversely, increase the growth rate of
mycelium due to cellular stimulation or enrichment of the
environment with plasma products in which the culture grows.
Some types of fungi are used to make medicines and antibiotics.
Therefore, by increasing the growth rate and improving the
conditions for the formation of fruiting bodies of fungi, you can
reduce the cost of drugs. For example, the fungus Cyathus olla
synthesizes salfredin, which in medicine is considered one of the
drugs for therapeutic use in diabetic cataracts [1], and Calvatia
candida - one of the most famous genera of the group of
gasteromycetes, interesting for its antibacterial properties [2]. On
the other hand, Cyathus olla is of agricultural importance because
it is able to destroy dead rapeseed stubble that has been affected by
the causative agent of black rapeseed.

Experiments on the effect of cold atmospheric plasma on the
growth of mycelial colonies of higher fungi were performed on
cultures of Calvatia candida and Cyathus olla. Pure cultures were
obtained from the Collection of Mushroom Cultures of the FCKU
Training and Research Center "Institute of Biology and Medicine"
of the Taras Shevchenko National University of Kyiv. Cultures
were isolated from basidomes by the method of Bukhalo [3] and
incubated on potato-glucose agar (CGA) at a temperature of 23 -
25 ° C. Mycelial colonies were treated on the 6th day of cultivation.
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Controls were inoculated Petri dishes that were not treated with
plasma flow. The effect of plasma is determined by the deviation
of the growth rate, integrity and colony structure of the
experimental samples compared with the control group.

Plasma inactivation of microorganisms has five main
mechanisms of action. These are thermal, electric fields, UV
radiation, direct chemical reactions of neutral reactive forms and
the interaction of charged particles with cell components. Among
these mechanisms, in non-thermal systems of atmospheric pressure
plasma, reactive particles (for example, atomic oxygen, metastable
molecules of oxygen, ozone and OH radicals) usually play a
dominant role in the inactivation process.

To investigate the effect of individual mechanisms of action,
experiments were performed using two types of cold plasma
discharges of atmospheric pressure - microdischarge and corona
discharge, with different gases - air and CO>, the effect of UV
radiation on fungal mycelium was studied separately, and plasma
treatment of nutrient medium was performed. before planting
mycelial colonies.

The design of the microdischarge generator used for sample
processing is described in [4]. It was an axially symmetric system
in which the inner electrode was water cooled. This electrode was
separated from the housing of the system by a dielectric tube.
Working gas (air or CO2) was introduced tangentially to the side
surface through the hole. Copper electrodes (internal in the form of
a wire with a diameter of 1 mm and an external flat electrode with
a thickness of 1 mm) were located at a distance of 1 mm from each
other.

The tip-ring electrode configuration was used to study the
effect of corona discharge on fungal mycelial growth. The inner
diameter of the ring was 12 mm, the diameter of the tip 0.15 mm.
The power supply provided voltage in the range of 0 - 7 kV. The
high-voltage electrode was a tip (cathode), and the grounded
electrode (anode) was a ring. The ring is made of stainless steel and
the tip is made of tungsten.
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To determine the effect of plasma at the microscopic level,
microscopy was performed using a PrimoStar light microscope,
microphotographs were taken with a ScienseLabDCM 520 digital
camera, and Axiovision 4.3.7 image processing program. In fig. 1
presents photographs of cultures of Calvatia candida (Fig. 1, a),
Cyathus olla (Fig. 1, b) and mycelium of Cyathus olla (Fig. 1, c).

The results obtained after cold plasma treatment of the
mycelium of fungi showed that the treatment can accelerate the
growth of the culture without direct thermal damage. During the
experiment, it was found that the average growth rate of mycelium
after plasma treatment by micro-discharge increases in the case of
both fungi, Calvatia candida and Cyathus olla. Therefore, the short-
term effect of plasma on the mycelial colony of higher fungi
partially stimulates the growth rate of this culture. There is a
nonmonotonic dependence of the change in the growth rate of
mycelium on the distance of the discharge aperture to the sample
and the exposure time. In the case of corona discharge, the
dependence of the growth rate on the processing time revealed the
possibility of both accelerating and slowing down the growth of
mycelium. The mechanism of ultraviolet influence on mycelial
growth is excluded. It was found that corona discharge treatment
of the medium alone did not affect the growth rate of Cyathus olla.
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Fig. 1. Photographs of cultures of Calvatia candida (A), Cyathus
olla (B) and mycelium of Cyathus olla (C).
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3. biomennyHa iH:keHepist
Biomedical engineering

BIOLOGICAL EFFECTS OF MICROWAVE
IRRADIATION OF THE CELLULAR COMMUNICATION
OF THE 5TH GENERATION

V.S. Martynyuk, Yu.V. Tseyslyer, V.S. Grygoruk,

V.V. Oliynyk, V.L. Launets, V.V. Zagorodnii, P.F. Virych
Taras Shevchenko National University, Kyiv, Ukraine,
mavis@science-center.net

Annotation. Development and implementation of a new standard for 5G
mobile broadband communication involves the continuous coverage of
areas by a network of transmitting antennas radiating in the range of 10-80
GHz. There are very few clear and scientifically correct answers to
questions about health safety, which gives rise to unscientific speculation
and unreasonable fears. The possible biological effects of microwave
electromagnetic irradiation are discussed.

Key words: 5G mobile broadband communication, biological effects of
microwave electromagnetic irradiation.

The new 5G telecommunications standard is currently being
actively developed and implemented in the world. In the coming
years, they will become the main promising wireless type of
communication. It is assumed that the entire territory of the countries
will be completely covered by a network of transmitting antennas
emitting in the range of millimeter waves of 10-80 GHz. If the
technological problems of deploying such telecommunications
networks are more or less solved, the question of the environmental
and biomedical consequences of a significant increase of the
electromagnetic background in the centimeter and millimeter range
remains open. In this regard, the public of countries where 5G
communication systems are already being tested and deployed is
concerned about the possible negative electromagnetic effects on
human health and the environment. Unfortunately, there are very
few clear and scientifically correct answers that gives rise to
unscientific speculation, unreasonable fears, outright rejection of
new technologies and sometimes the vague allegations of provoking
a coronavirus pandemic and acts of vandalism. Thus, this problem is
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beginning to move into the category of national security issues of
countries implementing such new technologies.

There is a certain array of data on the biological activity of
electromagnetic fields of different frequency bands. Most
researchers believe that relatively low intensity of electromagnetic
radiation does not make a serious threat for the population, but more
than 180 scientists and doctors from 36 countries have appealed to
the European Union to comply Council of Europe Resolution 1815
"On the hidden dangers of electromagnetic fields and their impact
on the environment” and they proposed the idea to create an
independent working group to assess the impact of 5G
communication on human health.

Centimeter and millimeter waves are non-ionizing
electromagnetic radiations with a quantum of energy of 1.2 x 10°-
1.2 x 103 eV. This energy is low and not sufficient to break chemical
bonds and for ionization of molecules [1]. However, some processes
can be altered, for example, by the energy that excite the rotational
modes is 10°-102 eV. Majority of the scientists think that heating is
the major biophysical mechanism that result to different biological
effects after absorption of the EM energy in 10-100 GHz range. But
it is well known that small thermal effects, when the temperature of
biological objects increases by tenths parts of a degree, begin to
appear at intensities exceeding 5-10 mW/cm?. More significant
heating of biological tissues can be achieved only at intensities of
microwave radiation of more than a few tens of mw/cm?[2,3]. In
this regard, experts classify biological effects as thermal and non-
thermal. The threshold intensity of thermal action is considered to be
10 mW/cm?. So, the expected intensities for the new wireless
communication systems 5G are low to do induce any biologically
significant thermal effects [4]. The biophysical mechanisms of non-
thermal action of microwave radiation remain unclear. The
thermodynamic basis of such an effect is completely unclear. To
elucidate the primary mechanisms of action of this physical factor, it
is necessary to take into account quantum effects, which may be key
in launching biological processes at the molecular level [5].

Researchers pay special attention to the activation of free
radical oxidation processes under the action of electromagnetic
fields, which causes damage to biological objects [6, 7]. Activation
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of free radical oxidation realizes to damage of DNA, lipids of
membranes and different proteins, provoke apoptosis and difference
type of cell disorders and damages [8-10] that can realize to
modulation of inflammation [11]. This array of experimental data is
used by experts to justify the harmful effects of microwave radiation
on humans and other biological objects.

But, on the other hand, there is a large array of data that
indicates the beneficial effects of non-thermal microwave radiation
that allows to be used in medicine [12]. According to experimental
data the action of radio frequency and microwave radiation
demonstrate analgesic [13, 14], antistressor [15], anticancer [16] and
radioprotective [17] effects. Researchers insist on the fact that non-
thermal microwave radiation is not harmful to human health and
very perspective for therapeutic treatments [2, 12].

Thus, the question of the harmful and beneficial effects of
microwave radiation remains controversial. The question needs
further careful study. Studies of the action of this physical factor are
complicated by the fact that biological effects depend on the power
flux density and exposition, wavelength and frequency-amplitude
modulation of electromagnetic radiation, site of location and
exposure area, the physiological state of the organism or certain
physiological systems or organs or cells, combined effects of other
physical and chemical factors (ionizing radiation, toxic substances,
etc.).
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APPLICATIONS OF A-HG3S:BR, CRYSTALS FOR
MEDICAL DEVICE ENGINEERING

0O.V. Bokotey , M.I. Chavarha, O.0. Bokotey, A.G. Slivka
Uzhhorod National University, Uzhhorod, Ukraine, bokotey ov@ukr.net

Annotation. The recent advances in optical devices have opened up new
opportunities for sensing and biomedical imaging techniques. It is
interesting to note that the main advantage of optical devices is to obtain
more detailed information about the subject of the study. This study
introduces potential applications of optical parameters of a-HgsS2Br2 in
the creation of optical transducers for medical devices, demonstrates
proof of principle, discusses potential clinical applications.

Anortamisgs. OcTaHHI JOCATHEHHS B 00JacTi ONTHYHUX IPHCTPOIB
BIIKPHIIM HOB1 MOXKITUBOCTI U1l 30HAYBaHHS Ta OlOMEIUYHUX METOIIB
Bisyamizarii. L{ikaBo Bi3HAYNTH, 10 TOJOBHOI MEPEBATrOK ONTHIHUX
TIPUCTPOIB € OTPUMAHHS OUTHIN AeTaidbHOI iH(OpMarlii mpo mpeameT
nociimkenas. B maHiit poboTi mpencTaBieHo MOTEHIIHHI MOKIMBOCTI
BUKOPHCTAaHHS ONTHYHUX MapaMeTpiB KpuctamiB o-HQ:S:Br. mpu
MPOCKTYBaHHI ONTHYHUX TIEPETBOPIOBAYIB JUI MEIMYHHUX MPUCTPOIB,
MIPOAEMOHCTPOBAHO TPUHITUIIOBI TTOJIOKEHHS, 0OTOBOPEHO TMOTEHIiHI
KJIIHIYHI 3aCTOCYBaHHSI.

Key words: nanomaterials, optical devices, biomedical imaging, optical
transducers, biomolecules.

KarmouoBi cioBa: HaHOMaTepiand, ONTHYHI TPHCTPOi, OioMeTuYHE
300pakeHHs, ONITUYHI MePEeTBOPIOBaYi, 010MOIEKYIIH.
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The remarkable progress was achieved in the study of the
physical and chemical properties of HgaX2Y2 (X=S, Se, Te; Y=F,
Cl, Br, 1) crystals [1-5]. Their optical properties such as high
refractive index, photoconductivity, electrooptical effect, optical
activity, optical nonlinearity etc., make them promising
nanomaterials for nonlinear application. Their structural, electronic
and optical properties depend sufficiently on synthesis conditions,
structural defects, and morphological characteristics. From the
structural point of view, the crystal under investigation is well
ordered, and observed that the basic structural unit in the title
crystal is a [SHgs] pyramid. The structure of a-HgsS2Br2 consists
of two sets of octahedral spirals with different radii and twisting
directions. The title crystal possesses an excellent transparency in
the mid-IR spectral range. Due to these features, the mentioned
crystals in nanoparticle form have a wide range of optical
applications in nanophysics and medicine.
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Figurel. Different types of sensors classified on the basis of the
underlying optical phenomenon arising from receptor-analyte
interactions [6]

a-HgzS2Br2 polymorph is a potential nanomaterial for design
of optical transducers, multifunctional elements and imaging
system operating in optical spectra. Nanomaterials based on a-
HgsS2Br» crystals have tremendous potential in addressing the two
major issues faced by our society: the searching for new energy
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sources and improving healthcare. These crystals can be efficiently
used for enhancement of the optical processes in biomolecules by
nanostructured surfaces on their basis. The optical rotation primary
application of biological molecules involves determination of
secondary structures of proteins and nucleic acids.
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Figure 2. Construction of different optical sensors [6]

Obtained data suggest that the optical properties of the titled
crystals should be taken into account in the studies concerning
optical diagnostic methods in medicine [1-3]. At the same time due
to the transparency of corderoite family compounds in the wide
region of the visible and IR-range (from 0.3 to 40 mcm) creates
new opportunities for materials design. They have a great potential
for wide range of possible application in optical devices: elements
for dynamic holography, recording and information storage,
modulators, deflectors and other devices based on the phenomenon
of the interaction of light beams. These data give us fundamental
information and experiences for further studies.
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3ACTOCYBAHHS JO3UMETPII IN VIVO TP
JUCTAHIIMHINA MPOMEHEBIH TEPAIIIT Y XBOPUX
HA PAK TLJIA MATKH

A.C. CimbipboBa, O.M. Cyxina, B.Il. Crapenbkuii,
1.O. Camodaion

Y «Incmumym meduunoi paodionozii ma onxonoaii im. C.I1. I'puzop ‘csa
Hayionanvhoi akademii meouunux nayk Yrpainuy, Xaprie, Ykpaina,
+380994148113, anuta.nesterenko@gmail.com

Anoranis. J{ucranmiiina 3D koHpoOpMHa IPOMEHEBa Tepallisi € OJHUM i3
HalOUThII ehEeKTUBHUX METOIB JIIKYBaHHS XBOPHX Ha pakK TiJla MaTKH
(PTM). ®opma Tina, BIIMIHHOCTI HIUTEHOCTI TKAHWH — YCE II€ JOITYCKAE
JUTIe TpUOI3HI O0YHCIIEHHS, TOMY TUTBKH TpSIMe BUMIPIOBAHHS 03U
MO>KE CBITUYMTH TIPO CIIPaBXKHIN piBEHH MOTJIMHEHOT JO3H.

Annotation. External 3D conformal radiation therapy is one of the most
effective treatments for patients with uterine cancer (UC). The shape of
the body, differences in tissue density - all this allows only approximate
calculations, therefore only a direct dose measurement can indicate the
level of the absorbed dose.

Kuarouori cimoBa: mpomeneBa tepamis (I1T), pak tima matku (PTM),
JI030B€ HaBaHTAXKEHHS, IOBUMETPIi in Vivo.

Key words: radiation therapy, uterine cancer, dose load, in vivo
dosimetry.
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Mertoauka nucTaHuiiHOI KOH(GOPMHOI MpoMeHeBoi Teparrii
13 BUKOPHCTAaHHAM (irypHHX HOJIIB ONPOMIHEHHS Ta TOTPUMAHHAM
NPUHIMIIB X Opi€HTallii, 3aCHOBaHUX Ha JIOCTOBIpPHIH
TO3UMETPUYHINA iHPOpMAITii OO0 PO3MOAUTIB 03 Y 3araJibHOMY
00cCs131 OTIPOMIHECHHS, € OJTHAM 13 HAMOUTBIII €)EKTUBHUX METO/IIB
nikyBaHHs XxBopux Ha PTM [1].

Omny6nikoBaHi goTenep KIiHIYHI JaH1 BKa3yIOTh HA CYTTEBY
3aJIOKHICTh PE3yJbTaTiB MPOMEHEBOi Tepamii Bil TOYHOCTI
MiIBEJIEHHS Ta  BIATBOPEHHS BIJ  CEaHCYy JO  CEaHCYy
JIO3MMETPUYHOTO  IUIAHy ONpPOMIHEHHS Ta  3aIUIaHOBAHUX
norMHeHuX 7103 [2]. OcobrMBe 3HAUEHHS Ma€ J03UMETPist iN VIVO.
®dopma TiNa, BIAMIHHOCTI HIUIBHOCTI TKAHWH — YCE 1€ JOIYCKa€
nuiie npuOiau3Hi 00YUCIIEHHS, TOMY TUIBKH MPsIME BUMIPIOBAHHS
JI031 MO’KE CBITYMTH MPO CIIPABXKHIN piBEHb MOTIMHEHOT 103U [3].
JlozumeTpist in VIVO — 11e mpsMHii METO1 BUMIPIOBAaHHS OTPUMAaHO T
JI03H OMPOMIHEHHS Y XBOPUX Ha PakK, sIKi OTPUMYIOTh IPOMEHEBY
Teparito. MeTa 103uMeTpii in VIVO — mepeBipuTH, 110 MPOMEHEBa
Teparis MPOBOIUTHLCS B 3allJTAHOBAaHOMY 00CS31 Ta 3 ypaxyBaHH M
JI030BOTO HABaHTA)XEHHSI OTOYYIOUMX TKAaHWH Ta OpPraHiB, Kl
nepeOyBaroTh y MOJIi onpomineHHs [4].

Meroto Hamoi poboTH OyI0 BHUMIPATH IHAWBITyaJIbHE
JI030B€ HABAaHTAKEHHS Ha CJIM30BY MPSIMOI KUIIKU 32 JOTIOMOTOIO0
Ao3uMeTpii  IN VIVO Ta TOpIBHATH OTPUMaHi JaHi i3
PO3paxXyHKOBUMHU IMOKa3HUKAMU CUCTEMH IIJIaHYBaHHS.

Jlnst mocsirHeHHsT 1i€el MeTH HamMu OyJio IpoaHaIi30BaHO
pe3ynbTaTH JIikyBaHHS 60 XBOpUX Ha pak Tu1a Matku crafii 1B-11,
SK1 TPOXOJIMJIH JTIKYBaHHSA y BiJAIEHHI TpoMeHeBoi Tepamii Y
«lactutyr menmunoi pamionorii im. C.II. I'purop’esa HAMH
Yxkpainm» 3 2016 mo 2019 poku. Ilicnsonepaniiinuii Kypc
JMCTAHIIHHOT MPOMEHEBOI Teparlii TPOBEIEHO 13 BUKOPUCTAHHIM
miHiitHOro mpuckoproBada Clinac-600C. BukopucroByBanacs
METO/IKa KJIACUYHOT0 (PpaKLIOHYBaHHS 13 pa30BOI0 OCEPEIKOBOIO
no3oro (POMD) 2 I'p 5 pa3iB Ha TwxieHb. CymapHa ocepeikoBa J103a
cknana 40-50 I'p.

Jns  OWIHKM  (PaKTUYHOTO  JI030BOTO  HABAHTAXKCHHS
npoBefieHa Jo3uMeTpis in vivo y 60 xBopux Ha PTM micns
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nepuioro ceancy micnsionepaniinoro xkypey HIIT i B cepenuni
kypey (micis nocsraennst COJI 20 I'p). [ianma3oH norimmHyTo1 1031
Ha nepmoMy ceanci cknas 1,56-2,19 I'p, a npu gocsiraeni 20 I'p
cranoBuB 1,59-2,11 I'p. Ilpu mepmomy BHMiprOBaHHI pa3oBa
MOTJIMHEHA J103a Ha CIu30BY npsimoi kummku y 30 3 60 (50,0 %)
MAIiEHTOK, SIKi OTPUMYBajdM JIKYBaHHS Ha  JIHIKHOMY
npuckoproBaui Clinac-600C Oyna menie 3arutaHoBaHoi, y 18 (30,0
%) - nepeBHIIyBajia TaKy, sika Oyia 3amiaHoBana, ta 'y 12 (20,0 %)
MaIIEHTOK J03a Oyna y Mekax po3paxoBaHUX Moka3zHUKIB. [Tpu
apyroMmy BuMmiproBanHi y 34 3 60 (56,7 %) mamieHTOK 1032 Ha
CIIM30BY NPSIMOi KMIIKU OyJjia MEHIIO0, HK OYyJ0 3aljlaHOBaHo, y
6 (10,0 %) martienTox BHIIE 3a 3arTaHoBany 103y Ta y 20 (33,3 %)
MaliEHTOK Oylna B MeXax pO3PaxyHKOBHUX  ITOKa3HHKIB.
[MopiBHIOKOYM JaHi IN VIVO [103uMeTpii Ha TepIIoMy Ta Ha
JecsaToMy ceanci mpu onpominenHi Ha amapati Clinac 600 moxxHa
BUI3BHAYMTH, 10 HE JWUBJISYMNCh HA TMPAKTHYHO 1MEHTHUYHI
MIHIMaJIbHI 1 MakCUMaJbHI 3HAYEHHs, K CEpeAHE Ta 1 MeauaHa
3HAYEHHS BUIIE MPU IPYTrOMY BUMIPIOBaHHI.

Bucnoku. OTpumani gadi 103UMeTpii in VIVO cBiggath mpo
ICTOTHI BIAMIHHOCTI MDK JI03010, siKa Oyna 3arlaHoBaHa Ta
BHUMIpPSIHOT MOTJIMHEHOKO JI03010 Ha CIU30BY MPSMOI KUIIKH TPH
MPOBEACHHI ITICISOTEPAIIfHOTO OTIPOMIHEHHS XBOPUX HA PaK Tilna
Matku. OTpuMaHi JaHi CBiAYaTh PO HEOOXIIHICTh PETYISIPHOTO
KOHTPOJISI OCEPEIKOBUX 103, Ta PO3POOKH HOBHX MIAXOIIB IO
TOTIOMETPUYHOI MIATOTOBKHU JUTSI IPOBEACHHS MMICISIONEPAI[IHHOTO
KypCy TUCTaHIIIMHOT TPOMEHEBOT TepalTii.
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POWER SPECTRA OF DOPPLER RESPONSE SIGNALS
FROM BIOLOGICAL OBJECTS USING SYNTHETIC
APERTURE ULTRASOUND

1.V. Sheina, O.B. Kiselov, E.A. Barannik
V.N. Karazin Kharkiv National University, Kharkiv, Ukraing,
+380504040340, i.sheina@karazin.ua

Abstract. In the present paper the influence of the dynamic change of the
angles of ultrasonic waves emission in biological objects on spectral
characteristics of the sensitivity function has been examined. The results
obtained allow optimizing specific ultrasonic medical diagnostic methods
that have been implemented using synthetic aperture imaging technique.
AHoTanisg. B po6oTi mochimkeHo BIUIMB AWHAMIYHOI 3MiHH pakKypciB
BHUIIPOMIHIOBAHHSA YJIBTPA3BYKOBHUX ITy4KiB XBWJIb B O10JIOTiYHUX
00’€KTax Ha CIEKTPAJIbHI XapaKTePUCTHUKK (YHKII YyTIUBOCTI.
OpepkaHi  pe3ynbTaTH JalOTh 3MOTYy ONTHMI3yBaTH KOHKpETHI
YIIBTPa3BYKOBI MEIWYHI IarHOCTHYHI METOIWKH, IO Pealli3ylOThCS 3a
JIOTIOMOT'OF0 TEXHOJIOT1i CHHTE30BaHOI allepTypH.

Key words: ultrasound, Doppler spectra, synthetic aperture technique,
continuum model of scattering, sensitivity function, dynamic focusing,
response forming.

KarouoBi cioBa: yiapTpasByK, IOMIIIEPIBCHKUNA CIIEKTP, TEXHOIOTIS
CHUHTE30BaHOI anepTypu, KOHTHHYyallbHa MOJENb PO3CISTHHS, (DYHKITis
YYTJIIMBOCTI, TUHaAMI4YHEe OKYyCyBaHHS, (POPMYBaHHS BiIITyKYy.

Ultrasound Doppler methods are widely used in clinical
practice for the examination of cardiovascular system and soft
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biological tissues. Along with the safety, portability, relatively low
cost and ease of use, the main advantage of medical ultrasound is
its capability to produce images in the real time, which makes it
possible to visualize dynamic structures in the human body.
However, images produced by an ultrasound imaging system, must
be of sufficient quality to provide accurate clinical interpretation.
In conventional ultrasound imaging system the image is acquired
sequentially one image line at a time that puts a strict limit on the
frame rate and the possibility of acquiring a sufficient amount of
data for high precision flow estimation. These constrictions can be
reduced by employing synthetic aperture (SA) imaging. Here data
is acquired simultaneously from all directions over a number of
emissions, and the full image can be reconstructed from this data.
The distinctive feature of SA method is the use of wavefronts, in
particular, plane ones, that differ in the direction of propagation,
with subsequent coherent addition of recorded ultrasonic
responses. SA data acquisition can be used in medical ultrasound
imaging as has been shown by a number of authors [1]. The
properties of B-mode images obtained with a usage of SA imaging
are studied well enough by now. In particular, the dependence of
focusing quality on the number of different angles of plane waves
is established. The spectra of ultrasonic Doppler signals and the
influence on them of the dynamically changed in time of probing
angles, have been far worse investigated.

In the present paper to study this effect we use the previously
developed continuum model [2] of ultrasound waves scattering
from inhomogeneities of mass density and compressibility. In [2]
it is shown that general relationship between the full power
spectrum of the Doppler signal from the region of interest, spectral
characteristics of the correlation function for ultrasound scatterers
and the probing ultrasound field parameters is given by the formula

k* I I

S(w)= 3jdqc(q,a))‘e(q+2k)‘ , Q)
(27)

which is valid for constant movement velocity V of ultrasound
scattereres and stationary ultrasonic field. Here, k is the wave
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vector of the incident and reflected ultrasound fields in the
approximation of plane waves, q is the wave vector of scattering,

 is the Doppler shift frequency of scatterred waves, C(q,®) is
the Fourier transform of the spatial-temporal correlation function
of mass density and compressibility fluctuations, and G (q + 2IZ) IS

the Fourier transform of the sensitivity function, which expresses
the pulsed ulltrasound field properties on the spatial harmonics.

There are two possible ways to form ultrasonic Doppler
signal with the use of the responses received for different probing
angles of dynamically changing sensitivity function. In one of them
the Doppler response is an ordinary sequence of discrete values of
response signals for the sequence of different angles. In this case
the full power spectrum of the Doppler signal can be written as
follows [3]:

4 = . 2
s(wk):(ZkT)sZjdqc(q,@—wj)‘e(q+2k,wj)‘ )
j=—o

Clearly, a change in time of the direction of wave vector and
sensitivity function leads to a corresponding change in the Doppler
angle 4. As a result even at a constant velocity V the measured
velocity V cos$ also constantly changes in accordance with the
change in the value of cos.&. This situation is physically equivalent
to the accelerated movement of ultrasound scatterers, which results
in broadening of the Doppler signal spectrum, as it is shown in [4].
This circumstance is a disadvantage compared to the traditional
techniques of ultrasound Doppler probing.

Another method of forming the ultrasonic Doppler signal
consists in the fact that discrete values are obtained by the
summation of the discrete values of response signals for different
angles for the entire period of angle change T . Taking into account
such a summation, which inherently means averaging over period

T, the sensitivity function G| (F,t) is transformed as follows
TI2
Gy(rt)= [ Gy(rt+t)dt'.

-T/2
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Then the expression relating the full power spectrum of ultrasonic
Doppler response signal to spectral characteristics of ultrasound
scatterers movement and sensitivity function of the system takes
the form:

k
S(a)k):(2

In contrast to expression (2), formula (3) does not contain

convolution in frequency of the spatial-temporal correlation
function of fluctuations and sensitivity function. In this sense
formula (3) is similar to the integral expression for power spectrum
(1) for the stationary probing fields used in conventional Doppler
methods. At the same time coherent summation of responses
provides high resolution typical for SA imaging in the entire range
of the probing depths.
Expression (3) shows that it is possible to achieve higher spatial
resolution without deterioration of spectral characteristics and
undesirable increase in spectral width. The results obtained allow
optimizing specific ultrasonic Doppler techniques that have been
implemented using synthetic aperture imaging technique.

2

(3)

4)3T2J'qu(q,a)k) G(q+2K,0)

T
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ESTIMATION OF ENTRANCE SURFACE DOSE OF
NEWBORN PATIENTS FOR DIAGNOSTIC RADIOLOGY
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The abstract. This results of simulation of diagnostic radiology
procedures are presented. A newborn patient is considered. Two
procedures were studied: skull in lateral and posterior-anterior
projections, and chest in lateral projection and in posterior-anterior
projection.

Key words: entrance surface dose, diagnostic radiology, Monte-Carlo
model, voxel phantom.

Objective. The purpose of this work is to calculate the entrance
surface dose (ESD) for the most widely performed diagnostic
radiology procedures of newborn children.

To fulfill the stated goal of calculating doses on patients during
diagnostic radiology examinations, following tasks were solved:

1. Creation of a model of the X-ray source with specified
voltage in the tube; focus-image distance; size of the irradiation
field for different procedures; thickness of aluminum and copper
filters.

2. Development of the model for calculating the absorbed
dose using the voxel phantom of a child.

3. Calculation of the absorbed dose generated by a model X-
ray source on the surface of a child's phantom in procedures for X-
ray examination of the head and chest organs.

For calculations and visualization of geometry, MCNP 4b
was used.

Phantom description. The calculations were made in the phantom
of a newborn [1]. Each voxel carries the number of the organ to
which it belongs, and each organ has its own material (tissue),
indicating the contents of this voxel, as well as the bulk density of
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the material. Voxels that do not belong to a phantom are filled with
air. Thus, by setting different materials for different voxels, a three-
dimensional model of human can be obtained.

The phantom of newborn contains 349 x 215 x 721 voxels in
directions from left shoulder to right shoulder, from belly to back
and in cranio-caudal directions. Voxel dimensions are 0.663 mm x

0.663 mm x 0.663 mm. Sagittal and frontal cross-sections of the
phantom are shown in Figure 1.

§
2
==
F “,' -bnns tissue
g
=
L

soft tissue

i!i‘iﬁ!ii;g_;,

ERass sl

Fig. 1. Section of the phantom of a newborn male in the sagittal
and frontal planes

Source properties. Tube voltages for the (skull in lateral and
posterior-anterior projections (PA), chest in lateral and PA
projections) are indicated in [2]. Their minimum and maximum
values were selected. During the simulation, the voltage ripple was
not taken into account, since the ripple on modern X-ray equipment
is about 4% [3] and can be neglected [4]. Filtration was taken into
account according to the instructions for use [5], indicating specific
thicknesses and filter materials.

Tube voltage and filter were input in the SpekCalc program
[6]. All the necessary spectra for the X-ray source were obtained.
Spectrum from SpekCalc for 85 kV is shown in Figure 2.
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Fig. 2. Spectrum for a tube voltage of 85 kV (anode angle 10 °,
filter 1,1 mm Al + 0.2 mm Cu) obtained in the SpekCalcV1.0 program

Geometry of model. The geometry of the model is consistent with
the actual procedure for irradiating a patient when performing chest
and head X-rays in the PA and lateral projections [7]. The phantom
is positioned on the final section of focus-image distance so that its
rear boundary is located at 100 cm and 150 cm from the source.

The model of radiation detector is an air plate with linear
dimensions 5x5 c¢cm and a thickness of 0.55 mm. The location of
the detector is on the main axis of the beam directly in front of the
phantom area investigated in these procedures. This model of
detector is consistent with the detector of the ionization chamber
used to determine ESD in real radiology. The visualization of
detector position for the procedure of PA projection of chest
radiograph is shown in Figure 3.
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Fig. 3. The location of the detector near the phantom in the case
of posterior-anterior projection of the chest x-ray (section in the sagittal
plane).

The irradiation field is set based on the type of procedure; its
values are presented in [5]. The collimation system consists of 5
mm thick lead plates, the purpose of which is to form a beam of a
certain size. The size of the collimation window determines the
radiation field that must be obtained for a particular X-ray
procedure.

Results. The entrance dose on the body surface was
calculated in units of uGy. Table 1 shows the results of calculating
the ESD for various input data. For calculations, we used the values
of the current at the anode of the X-ray tube P = 150 mA-s for the
skull in the lateral projection, 130 mA-s for the skull in the
posterior-anterior projection, 60 mA-s for the chest in the lateral
projection and 50 mA-s for the chest in the posterior-anterior
projection [7].
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Table 1.
ESD for skull examinations

ESD, uGy
Projection lateral PA
Anode FID FID FID 100 cm | FID 150 cm
voltage, kV | 100 cm 150 cm
65 1938 4921 1369 4972
85 3874 9861 2755 8933

Table 2.
ESD for chest examinations
ESD during examination of the chest organs, lateral,

nGy
projection Lateral PA
Anode FID FID FID 100 cm FID
voltage, kV 100 cm 150 cm 150 cm
60 524,0 14,17 427,2 1165
80 (65 for 1128 30,55 536,7 1460
posterior-
anterior
projection)

The results obtained are consistent with the data provided by
the standards for X-ray examinations of children [2]. Thus, none of
the results obtained for each examination exceeds the threshold
values.
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OUR EXPERIENCE IN INTERSTITIAL
BRACHYTHERAPY
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The possibilities of brachytherapy are increasing every year.
Tumor stabilization is becoming possible for more and more sites.
For example, methods of irradiation of the affected cervical and
supraclavicular conglomerates have been developed, which cannot
be dealt with by methods of distant irradiation [2, 3].

These are mainly methods of interstitial brachytherapy, when
significant doses are administered locally, which cannot be
administered remotely. Due to the high unevenness of the dose, we,
in fact, cannot say what dose we actually deliver. Moreover, the
dose can vary by several grays at a distance of 1 mm. The same
dose, applied by application and with the help of interstitial
methods, is evaluated in completely different ways from the point
of view of radiobiology.

We actively use intratissue brachytherapy in the treatment of
basaliomas and squamous cell carcinomas of the skin, especially
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when the tumor is located on the eyelids. This helps to preserve the
eye.

With vaginal lesions, when it is impossible to deliver a dose
without additional installation of needles or flexible applicators,
with cervical cancer, when the canal is obstructed or the size of the
tumor does not allow it to be covered with the required isodose
without damaging critical organs. We also use needles for
treatment of the lips cancer. Rectum cancer and anal cancer.
Esophageal cancer. Breast brachytherapy.

Which applicators should be used? According to our
experience, the introduction of needles allows large single doses to
be delivered, edema disappears faster, and wound healing also
occurs faster. And it is more comfortable for the patient, he does
not walk for two weeks with plastic pipes sticking out from under
the bandage. Sometimes, when the patient is of considerable age
and refuses to receive remote irradiation, we use brachytherapy for
lesions of the head and neck.

We are firmly convinced that the way of the insertion of the
applicators should correspond to the task to be solved. They can be
parallel, stand at angles, arbitrarily. Sometimes a parallel, so-called
French method, is unattainable. The problem has to be solved in
accordance with the possibilities. It must be remembered that any
limitation affects the outcome of the treatment.

Where should we normalize the dose? To the edge of the
tumor, to a point, in accordance with the distance from the
applicator? It depends on many factors [1].

We need to monitor the irradiated volume. Or volume,
covered by special isodose. The relationship of these value could
be of help in evaluation of the quality of the dose distribution. This
also applies to gynecology. A lot of questions arises with the
introduction of the Fletchers. It is necessary to react to every feature
of the applicator insertion. We indicate the dose, which changes at
times by one centimeter. What meaning do we give in reality?

Dose gradients within and outside the tumor are essential.
Basically, the criteria for limiting critical organs are related to the
volume of the critical organ irradiation. Also important is the
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volume that isodose covers. It's always important to keep the
irradiated volumes in mind together with the dose meaning.
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MATEMATHYHE MOJEJIOBAHHS 3bYPEHHA PYXY
KPOBI ITPU IHBASUBHOMY BUMIPIOBAHHI
APTEPIAJIBHOI'O TUCKY

K.O. I'epacumenko, 10.®. 3adamra, b.B. banak
Kuiscokuii nayionanenui ynieepcumem imeni Tapaca Lllesuenxa, Kuis,

Vipaina, tinaog@knu.ua

AHoTanisi. [HBa3UBHUI MOHITOPHHT € KIIHIYHAM METOZOM BHMIPIOBaHHS
aprepiaJbHOrO TUCKY. BBeleHHS B CyIuHYy KaTeTepa NpPU3BOAWUTH JI0
30ypeHHs pPyXy KpOBI HaBKOIIO KaTeTepa Ta CIIOTBOPIOE OTPUMAaHHI
MMOKa3HUKH, 10 MiATBEPIKCHO TCOPSTUYHHUMH pO3paxyHKaMu. MeromoM
MaTeMaTHYHOrO MOJCIIOBaHHS Ha OCHOBI JaHUX (a30BO-KOHTPACTHOI
MarHiTOpe30HaHCHOI Tomorpadii Oyl0 BU3HAYEHO MOXHOKY IHBa3WBHOTO
METOAY.

Annotation. Invasive monitoring is clinical method of measuring blood
pressure. The introduction of a catheter into the vessel leads to disruption
of blood flow around the catheter and distort the obtained indicators, what
confirmed by theoretical calculations. Using phase-contrast magnetic
resonance imaging data-based mathematical modelling, an invasive
blood pressure error was determined.

Kurouosi ciioBa: aprepiasibHuil TUCK, IHBa3UBHMIA MOHITOpUHT, MPT.
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[Ipu XipypriyHuX yTpydaHHSX Ta MPH BEJCHI BAXKKO XBOPUX
MaIi€eHTIB HEOOXIAHO TOCTIHHO KOHTPOJIOBATH apTepialbHUN
TUCK, OJHMM 3 METOAIB HOTO0 BHMIPIOBAHHA € TPSMHIA
(1HBa3MBHMIA) METO, KU ITOJISATAE B BEJICHI B KPOBOHOCHY CYAMHY
(Haifyacrimie MpoOMEeHeBa Y1 CTETHOBA apTepii) KaTeTepiB y BUTIISII
WTHIPUYHUX TPYOOK. [laHWiI MeToa Ha CHOTOJHI € OJHUM 3
HaWOUIBII TOYHUX 1 caMe€ TOMY BHKOPUCTOBYETHCSI B MEIUYHIN
MPAKTHUIIl YIS TOBTOTPHUBAJIOTO KOHTPOJIIO B CKIIAJHUX BHUITAIKAX,
a TakoXK I KanmiOpyBaHHs iHmUX npwianis [1]. OueBumHo, 110
BBEJ/ICHHS KaTeTepa B CyAHMHY MOPYLIY€E MOTIK KPOBI Ta PO3MOJILI
TUCKY B Hiif 1, BIIMOBIAHO, BIUIMBAE HA JIOCTOBIPHICTH PE3YJIbTaTIB
BUMIPIOBaHb, IO TPH3BOIUTH JO CHUCTEMATHYHOI TOXHOKH
BUMIpIOBaHb. Sk OyJ10 MoKa3aHo paHille METOAAMH T€MOAMHAMIKH
B JIOBTOXBHJIBOBOMY HAOJIVKEHH1 TaHUH METO/ Ma€ CHCTEMaTHUHY
MOXHUOKY BUMIpPIOBaHb [2].

Tuck BUMIpSHMH 1HBa3MBHUM METOJOM BHU3HAYAE€THCSA
hopmyroro:

,3b? — a?
T
ne p' — copaBkHIE THCK, a — paaiyc Karetepa, b — paniyc
CYJMHH.
. . p-p! b?

BigHocHa noxuOka IHBa3UBHOTO METOAY: € = o = e
Jlis MaricTpaJbHUX CYAWH JaHa NOXMOKa CTaHOBUTH OJIM3BKO
50%, a npu 3MEHIIIeHI pajiiyca CyINHU MOXUOKA TUIBKH 3POCTAE.

Metoio naHoi poOOTH PO3TIASHYTH 3MIHY TOKY KpOBi B
CYIMHI IpU BBEJAEHI B HEl KaTeTepa METOJOM KOMII FOTEpHOIO
MOJIENIIOBAHHS Ta MOPIBHATH OTPUMaHi1 BUMIPIOBaH1 pe3yibTaTu 3
TEOPETUYHUMHU PO3paXyHKaAMHU.

Marepianmm Ta meroau. [l CTBOPEHHS KOMII IOTEPHOI
Mojieni 6yJ10 06paH0 OpSAMOJTIHINHY LLiJ'IHHKy HU3X1THOT aOpTH Ta
NPSMOJIIHINHY AUISIHKY IpOMeHeBoi apTepii. ['eomerpist aoptu Ta
aprepii BiamoBigzae MPT nocmipkeHHs 100pOBONBLS, —SIKi
MIPOBOJIMIIMCS Ha MarHiTHO-pe3oHaHcHoMy Tomorpadi TOSHIBA
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Vantage Titan 1,5T B HamionanpHOMYy IHCTHTYTiI CepIIeBO-
CcyaMHHOI Xipyprii imeni M. M. AmocosBa.

KpoB B njaniii Mojeni po3risAaeTbCs SIK HECTHCIHBA
HBIOTOHIBChKA piguHa 3 rycTHHO0 p = 1300 S—; Ta JAWHAMIYHOIO

B’s3kicTio = 0,005 Ia - c. [IpyxHi BIacTUBOCTI CTIHOK apTepii,
OTOYYIOYOr0 M’S30BOTO CEpElOBUIIA Ta KaTeTepa 3aJaloThCs
napamerpamu Jlame, ki € EKCIIEPUMEHTAIBLHO BU3HAUYCHI IS
AOpTH Ta ceprieBoro M’s3a [3] Ta cepeHIMU I TYMHU.

MexoBa yMOBa Ha BXOJl1 apTepii — yacoBa 3alieKHICTb
LIBUKOCTI KPOB1 MPOTSITOM OJITHOTO CEPLIEBOTO LIUKITY, sIKA TaKOXK
oTpuMana BHaclinok mposeaenoro MPT nocnimkenns. Ha Buxoi
aprepii — nocriiiHa BemumunHa THCKY 13335 [1a (Puc.1).
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Puc.1 3anexHicTh IIBUIKOCTI KPOBI BiJl 4acy B aOpTi Ha piBHI AiadparmMu

MonentoBaHHS TOKY KpoBi B cyauHi B cepepoBunii COMSOL
Multiphysics 5.5. 3agaga po3risganacs sSK akcialbHO CHMETpHYHA. 3
METOI0 3MEHIICHHS BIUIMBY ITOYaTKOBHX YMOB, SIKi Oynu oOpasi
HYJTbOBHMH, aHaji3 pe3yibTaTiB MPOBOAMBCS HAa TPETbOMY
CEpLIEBOMY ITUKJT.

Pe3yabTaTu. B pesynprari MosentoBaHHs Oy OTpUMaHi OIS
pO3IONALTY THCKY Ta MIBHIKOCTEH JJsl BUIBHOI Ta KaTepu30BaHOI
CYAMHHU B MOMEHT CHCTOJIH TPEThOro ceprenoro uukiy (Puc. 2., Puc.

3).
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ti17)=1440 ms Contour: Pressure (Pa) a2

m T T T
x10*
0.05 1.48
0.045F | T 1.47
0.04 b 1.45
0.035f 4 1.44
1.43
0.03F | E
1.42
0.025F . 1.41
0.02} . 1.4
0.015F i . 1.39
o.01f 3 ] 1.38
1.37
0.005p 1 | | E 1.36
op | 1 1.35
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0 0.02 0.04 m
t17)=1440 ms Surface: Velocity magnitude (mfs) a
a4 T T T
o.0st - x10"
0.045 b
004 n 1.4
0,035 B 1.2
0.03F n N
0,025 g
0.0z k- 1 0.8
0,015 1 3 s 0.6
001 - - 0.4
0.005 - g
| 0.2
[ o 1 .
-0.005 1 2 1 L L 0
0 0.0z 0.04 m

Puc. 2. PesynbTaTil IpoBeIeHOr0 MOJIEITIOBAHHS B BIJIbHIHN BiJl KaTeTepa
cyauHi. Ha mpaBoMmy puCyHKY 300pa)keHO PO3MOLT THCKIB Ha MONEPEYHOMY
MepeTHHI CYMHH , HA JIIBOMY — PO3MOLT MIBUAKOCTEH pyxy KpoBi. 1 - cynnHa,
2 — CTiHKa Cy[IHHH, 3 — M 3.
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Time=1440 m$  Contour: Pressure {Fa)
m T T T
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Time=1440 ms  Surface: Velocity magnitude (mis) -
m T T T
0.05} 1
0.045} . 1.6
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1
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Puc.3. PesynbTatn MIPOBEIECHOT O MOJEFOBAHHS B

KaTerepr3oBaHiil cyauHi. Ha mpaBoMy pucyHKy 300pa)keHO pO3MOnin
TUCKIB Ha IONEPEYHOMY IMEPETUHI CyOUHHM , HA JIBOMY — PO3IMOILI
MBUAKOCTEH pyXy KpoBi. | - cynuHa, 2 — cTiHKa CynuHH, 3 — M3, 4 —
TiJIO KaTeTepa.

SIk BUAHO 3 PHUCYHKIB, BIIHOCHAa MOXMOKAa BHMIPIOBaHHS
CHCTOJIIYHOTO THCKY IHBa3UBHOTO METOJIy B paMKax JaHO1 MOJei
y IpyaHid aopTi cTaHOBUTH Onm3bko 15%, Tomi sk pe3ynbTaT
PO3paxoBaHU TEOPETUYHO /Il JaHUX MapameTpiB cyauHu 50%.
BigHocHa  moxuOka  BHMIPIOBaHHS ~ CHCTOJIIYHOTO  THCKY
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IHBa3UBHOTO METOJy B PaMKax JaHOI MOJIell y IPOMEHEBii apTepil
cTaHOBUTH 0113bK0 30%, a pe3yabTaT po3paxoBaHU TEOPETHYHO
I JaHuX napamerpi cyauau 50%.

BucnoBku. OTpuMaHi JaHHI MAaTEMaTHYHOTO MOICITFOBAaHHS
MIATBEP/UKYIOTh TEOPETHYHI PO3PaXyHKH KIIHIYHO 3HAYHOL
MOXMOKM BUMIPIOBAaHHS TMOKAa3HHWKIB apTepiajJbHOTO  THUCKY.
3HayHMii BIUIMB  IHBa3WBHOTO  KaTeTepy Ha  TOKa3HUKH
BHUMIPIOBAHHSI apTEPIAIBHOTO THUCKY € HACIIJKOM B3aeMOJii
MepemKoan (KaTeTepy) 3 MyJIbCOBOI XBUJICK. BcraHoBieHUiU
3B'SI30K MK 30UIBIIEHHSIM MTOXUOKM BUMIPIOBAHHS IIPU 3MEHIIEH1
JiaMeTpy CyIUHU MOe OyTH BUKOPUCTAHUM B KJIIHIYHIA PAaKTUILL1
Ul BpaxyBaHHS TIOXUOKM BHMIPIOBaHb TIpU I1HBa3UBHOMY
MOHITOPHUHTY apTepiaIbHOTO THUCKY.
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BIOMECHANICAL PROPERTIES OF SCAFFOLDS FOR
CARDIAC REPAIR AND REGENERATION

A.A. Sokol
PI «Scientific — pactical medical center for pediatrac cardiology and
cardiosurgery» Ministry of health of Ukraine, Kyiv, Ukraine, +380635889898,
cardiotissue@gmail.com

Anotation. Cardiovascular diseases are the most common cause of adult
morbidity and mortality for many decades, so there is a great need for
appropriate material for bioprosthetics. These scaffolds can be obtained
from a variety of allogeneic or xenogeneic tissue sources and from
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several different species. The aim of this study was to evaluate the
effectiveness of cell removal, maintenance of extracellular matrix
properties and mechanical integrity of the decellularized bovine
pericardium, using five different methods, previously described in the
literature. We performed the complex histological examination, analysis
of residual cellular content and biomechanical evaluation. In this study,
decellularization of bovine pericardium showed that only two of the five
protocols showed adequate biomechanical properties, thus serving as an
alternative to tissue engineering, including heart valve and vascular
patches development.

Key words: bovine pericardium, tissue engineering, decelularization,
bioimplant, biomechanic.

More than 800,000 vascular and cardiac surgeries are
performed annually, so there is a great need for appropriate
material for bioprosthetics. These scaffolds can be obtained from a
variety of allogeneic or xenogeneic tissue sources and from several
different species [1]. The application of decellularization in cardiac
tissue engineering has rapidly progressed in the past 10 years [2].
In 2008 first reported the development of an acellular rat whole
heart via coronary perfusion using the solution containing 1%
sodium dodecyl sulfate (SDS) and 1% Triton X-100 in deionized
water [3]. Today, one of the most common materials for xenoplasty
is a decellularized bovine pericardium. This material is widely used
in cardiovascular surgery, its creation for the correction of acquired
and congenital heart defects (closure of atrial and interventricular
septal defects); creation of artificial tricuspid, mitral and aortic
heart valves; prosthetics and plastics of vessels, valves of heart
valves, pericardial tissue; prevention of adhesions in the
mediastinum; bioprosthetics and plastics of main vessels (plastic of
the original aorta); aortic root plastics. Tissue decellularization can
be performed by using different protocols, detergent extraction or
enzymatic extraction with hypotonic or hypertonic washings and
physical (agitation, sonication, mechanical pressure or freeze-
thawing) treatments [4-8].

Tissue decellularization can be performed by using different
protocols, detergent extraction or enzymatic extraction with
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hypotonic or hypertonic washings and physical (agitation,
sonication, mechanical pressure or freeze-thawing) treatments [9].
However, the decellularization process can modify the natural
extracellular matrix composition, as well as mechanical and
structural characteristics [10]. The decellularization process
reduces cell content as well as extracellular matrix components and
increases thickness without changing the biomechanical properties
of the decellularized tissue compared with the fresh one.
Decellularized human pericardium may be a suitable candidate for
the production of extracellular matrix-derived scaffolds for tissue
engineering and regenerative medicine applications. The bovine
pericardium is most a double-walled sac that covers the heart and
can be used for vascular and cardiac surgery on the chest.

Objective: The aim of this study was to evaluate the effect
of the decelularization process and the biomechanical properties of
bovine pericardial tissue after treatment with decelularization.

Methods: We performed five different decellularization
protocols in bovine pericardial ventral surface sac using the 20x40
mm specimen for mechanical analysis. All pericardium patches
separately should be loaded between 2 steel rods and clamped
vertically into the testing machine (IMADA, MX2 - 110, Japan) for
obtaining maximum tensile strength (Fmax) data. Force was
applied until failure with a rate of 200 mm/min.

The tensile strength was determined by the formula:

}\, = Fmax / S, (2)

where Fmax — the maximum tensile force due to violation of
the integrity of the material, H;

S — the cross-sectional area of the sample, mm?.

Resultates: The worst results of biomechanical abbility were
observed in the samples of Group 3, where despite the almost
complete removal of cells from the tissues, its biomechanical
properties were lost. All other wused approaches for
decellularization had shown more appropriate biomechanical
properties. Tissue tensile strength value in group 2, 3, 4 and 5
samples were approximately the same (p<0,05). However, we have
to admit, that group 4 and 5 samples had shown the highest Fmax
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levels, maximally similar to the control group (p<0,05), that could
be associated with less prolonged exposure of decellularized
solutions. Despite the fact that the values of the maximum tensile
strength in group 1 and 2 samples were almost equal to those in
group 4 and 5. It should be noted, that we stopped decellularization
in group 1 and 2 samples after 42 days of processing. As even after
such long time of cells removing process, the concentration of
nucleic acids in ECM was quite high and the samples needed
further exposure of detergents. However, these findings could lead
to decreasing of Fmax level in the future. As folows, 0.1% SDS and
Trypsin - 1% SDS protocols are optimal indicators of
decelularization with good tissue tensile strength and good
biocompatibility. They may be suitable protocols for further
(collagen-elastin matrix modification and stabilization processing)
studying and producing a suitable device for heart tissue
engineering. These findings provide the following insights for
future research.

Conclusion: In this study, decellularization of bovine
pericardium showed that only two of the five protocols showed
adequate biomechanical properties, thus serving as an alternative
to tissue engineering, including heart valve and vascular patches
development.
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SCATTERED RADIATION IN X-RAY IMAGING:
SCATTERING KERNELS MODEL

A.Y. Danyk, O.O. Sudakov
Medical Radiophysics Department, National Taras Shevchenko University of
Kyiv, Ukraine, AntonDanik@gmail.com

Annotation. Scattering kernel model proposed, tested on a simple
phantom fitting well different kinds of scattering kernels: small and big,
symmetrical and asymmetrical. Kernels asymmetry mostly caused by
irradiation the object near the different tissues’ edges. The model has
shown to be able to fit the asymmetrical kernels by virtue of proposed
models’ “sectoral” member. Scattering compensation procedure results
in up to 50% less error in case of wider kernels application. Nearly ideal
fitting results (same error for original wide kernels and fitted by the
central kernels part) is explained by a phantom simplicity and
homogeneity (in the case of a realistic phantom the model is expected to
give worse result).
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Key words: X-ray image; scattered X-ray radiation convolution
kernels; clustering analysis; segmentation; Monte-Carlo
simulation.

Introduction. Analysis of medical objects shadow images made
using X-rays is called X-ray diagnostics. Like in the case of
ordinary visible light passing through a transparent vase of flowers,
the primary X-ray rays that were not absorbed or scattered form a
clear shadow of the studied object internal structure, while the
scattered rays form a fuzzy and slowly changing pattern in space -
a background that distorts the desired shadow [1]. In the last work
[2] authors proposed a method for correcting X-ray images by
means of "intellectual” deconvolution, which relies on knowing
scattering kernels. The scattering kernel is essentially the X-ray
image obtained by irradiating an object with a pencil beam
(scattered radiation normalized by primary radiation integral),
which means that the area of its measurement is limited by the size
of the used detector. There are few scenarios, when the image under
correction has dimensions more than half the size of the available
kernel. High-quality image correction requires the scattering
kernels to be known in a size twice the size of the corrected image,
and so the last could require an extrapolation.

Scattering Kernel model. Scattering kernel [3, 4] is expected to
be a function with a significant cylindrical symmetry, maximum
value at its center rapidly falling to the periphery. Expression (1)
has been proposed to the role of the scattering kernel model (given
in polar coordinate 6,r):

{Xv y}M_){g, r}

\#ﬁu\\m

1)

Ny Ng ’[\EgiJ Ny . Ng
1(0,1) = Ay + A -exp| Codr +3.Cor 1+ | B e Jear+ et || 1438
= i1 = i1

where, X¢,Yyc.A B,C,0,0 — are the free model parameters; N -

parameter that defines the r polynomial order (starting from r®>);
N — parameter that define an amount of “extra” sectors in kernel,
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m — define the shape of the Gaussian windows for each “extra”
sector.

Numerical Simulation. Proposed model was tested on the
scattering kernels obtained for the mathematical phantom during the
scattering compensation procedure proposed in [2]. Scattering
kernels were fitted (by its central part) to the proposed model (4)
using m=8 and different values for N; =0,...,5 and Np = 0,1. Fig.1
demonstrates an example of the kernel with a specific asymmetry
fitted to the model. Np = 1 and N; = 3 shown to be optimal values
for obtained scattering kernels library.
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Fig.1 Asymmetric kernel: measured values (a), symmetrical model Ng
= 0 (b), asymmetrical model No= 1 (c)

Four set of scattering kernels (scattering kernels libraries) were
tested during the scattering optimization procedure: “wide” kernels
- original values for measured kernels; “narrow” kernels - central
part of the original values for measured kernels with zeros outside;
“fully approximated” kernels - values of the model fitted to the
“narrow” kernels; “approximated corners” kernels — “narrow”
kernels values inside the central part with “fully approximated”
kernels values outside.
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Fig.2 Scattering compensation Error vs Scattering asymmetry
Kernels library size mostly  caused

by irradiation
the object near the different tissues’ edges. The model has shown
to be able to fit the asymmetrical kernels by virtue of “sectoral”
member presence. Scattering compensation procedure results in up
to 50% less error (fig. 2) in case of wider kernels application.
Nearly ideal fitting results (same error for original wide kernels and
fitted by the central kernels part) is explained by a very simple
phantom, in the case of a realistic phantom the model is expected
to give worse result. Scattering kernels parameterization or
approximation to a simple function can be useful not only for
extrapolating kernels as in the scenario mentioned here, but also as
a more efficient interpolation method, for example, in the case of
using “beam-stop” schemes.

REFERENCES

1. Webb S. The Physics of Medical Imaging / S. Webb // CRC Press,
1988.

2. Danyk A. Using clustering analysis for determination of scattering
kernels in X-ray imaging / A. Danyk, S. Radchenko, A. Netreba, O.
Sudakov // Proc. 10th IEEE International Conference on Intelligent Data
Acquisition and Advanced Computing Systems: Technology and
Applications, IDAACS. — 2019. — Vol. 1. — P. 211-215. https:
//doi.org/10.1109/IDAACS.2019.8924353

155


https://doi.org/10.1109/IDAACS.2019.8924353
https://doi.org/10.1109/IDAACS.2019.8924353

3. Danyk A. The problem of scattered radiation in X-ray imaging /
A. Danyk // Bicauk KuiBchKOro HaIioHaJbHOIO YHIBEPCHUTETY iIMeEHI
Tapaca IlleBuenka. Cepist: @izuko-Matematuuni Hayku. - 2018. Vol. 1.
—P. 72-83.

4. Yao W. An analytical approach to estimating the first order x-ray
scatter in heterogenous medium. / W. Yao, K. W. Leszczynski // Medical
Physics. — 2009. — Vol. 36, No. 7. — P.3145-3156. https:
//doi.org/10.1118/1.3152114

156


https://doi.org/10.1118/1.3152114
https://doi.org/10.1118/1.3152114

4. InHoBaniifHi TexXHoJIOTII B MeQUIIUHI
Innovation technologies in medicine

KOMIT’'FOTEPHE IUVIAHYBAHHS [TIOMIPHOI
IHI[YKTI/IBHOi MATHITOTEPMII MNAIIEHTIB
XBOPHUX HA PAK FPYIIHOi 3AJIO3U AITIAPATOM
«MAT HITEPM»

0.1. Moxonbko®’, B.E. Open?, O.JO. Puxaabcbkmii’,

O.1. TacioxeBuy’, J.A. CuBak?®
YKuiscokuii nayionanonuii ynieepcumem imeni Tapaca Illesuenxa, Kuis,
Yrpaina
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AHoranig. KoM’ roTepHe mranyBaHHs TiepTepMmii MaIli€eHTiB XBOPUX Ha
paK TPyAHOI 3a103u OyJ0 TPOBEICHO 3a OIMOMOTOI0 IIPOrPaMHOTO
3a0e3neuenHss Comsol Multiphysics. Po3poOiieHa TexHONOris Moxke
BUKOPUCTOBYBAaTHCh y  KJIIHIYHIH TpakTHIl TPy  IJIaHYyBaHHI
KOMOIHOBAHOTO JIIKyBaHHS, B KOXKHOMY 1HAWBIIyaIbHOMY BUTIAIIKY .
Annotation. Computer planning of hyperthermia of patients with breast
cancer was performed using Comsol Multiphysics software. The
developed technology can be used in clinical practice when planning
combination treatment, in each individual case.

KurouoBi cioBa: Pak rpyaHoi 32,1031, MarHiToTepMis, KOMII IOTEpPHE
IJIaHyBaHHA.

Key words: Breast cancer, magnetothermy, computer planning.

Pak rpyanoi 3ano3u (PI'3) B Ykpaini 3aiiMae nepiie Mmicie
cepell OHKOJIOTTYHMX 3aXBOpPIOBaHb y JKiHOK. JloHenaBHa 1ie
3aXBOPIOBAHHS BpPaKaJlo MEPEBa)KHO KATErOPil0 JKIHOK MOXHIIOTO
BiKy, ajie peajil CbOTOJEHHS KOHCTaTyIOTh, II0 XBOPOOa 3HAYHO
«momonoamanay. PI'3 tpamnsierbes y xkiHok BikoM Bix 13 mo 90
pokiB. Bce vacrimie XxBopo6a Bpakae MarieHTOK pernpoyKTUBHOTO
BiKy. 3a ocTtaHHi 20 pokKiB KiIbKicTh XiHOK Ha PI'3 Bupocna Ha
64%. ImoBipHicTh 3axBopiTH Ha PI'3 30u1bLIyeTHCS 3 BIKOM, ane
HaHOITBIINI BIICOTOK XBOPUX CKJIQAalOTh XKiHKM y Bii 40-50
pokiB. JlaHi HanioHanbHINA iHCTUTYTY paky CIIA cBintgats, mo 5-
piuHa BIDKHMBAHICTH IS BCIX CTajii maiieHTok 3 PI'3 craHOBUTH
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oins 89,7 %. llopoky B YkpaiHi momupae 61mu3pko 5680 KiHOK 3
niarnozom PI'3 [1,2]. Taka TeHAeHINs CTBOPIOE HEOOXITHICTH
MIABUIIATA €(QEKTHBHICTh TPAAMUIIIMHUX METOJIB JIKyBaHHS 3
METOI0 30UTBIIICHHS YaCTKU OpraHo30epiralogmx omnepartii.

OpHuM 13 ciocoOiB MiBUIICHHS e()EeKTUBHOCTI JIIKYBaHHS €
BUKOPUCTaHHS MarHiTOTEPMIii — /il MarHiTHUM TI0JIEM Ha 00J1acTh
nyxiuad [3]. JlaHa mponeaypa, Ha TaHUH MOMEHT HE BITHOCHTHCS
70 METOMAIB TPAAMLIAHOTO JIKyBaHHS, aje BIPOBA/DKEHA B
MEINYHY MPAKTHUKY B JIKYBAIBHUX 3aKjianax, B «HarionansHOMY
Inctutyri  Paky» 30kpema. [l iHiIitOBaHHS  TOMIPHO{
IHAYKTUBHOI riepTepMii BUKOPUCTOBYEThCS anapat «Marairepm»
(Panmip, Ykpaina) y koMmOiHalii 3 MeTOAaMM HEO0aJ IOBAaHTHOT
noniximiorepamnii. [lpuHnun poOoTu anapaTy 3acHOBaHUN Ha
JIOKaJIbHOMY BHUHUKHEHHI BHUXPOBHX CTPYMIB y MYyXJIHHI, IO
CIpHYMHIOE MigBuImeHHs Temmeparypu Ha 1-3°C Ta edexr
OKCHJIATHBHOTO CTpECY.

Po3poOka Meroay KOMII'IOTEPHOTO IIJIaHYBAaHHS JaHOL
MpoIeAypH HEOOXiTHA ISl PO3PaxXyHKY ONTUMAIBHUX PEKHUMIB
po6otu amapara «Maruitepm» (Pagmip, Ykpaina) Ta TexHosorii
teparnii. OTpuMaHi 1aH1 MOXYTh BUKOPUCTOBYBATHUCH ITEPCOHATIOM
NpU  TUTAHYBaHH1 JIIKYBaHHS, B KOXXHOMY IHIWBiIyaJqbHOMY
BUMAJKY. TOMy akTyaJlbHUM € TUTaHHS PO3POOKHU 1 BIIPOBAIKEHHS
y KIIHIYHY MPAKTUKY KOMII IOTEPHOTO IUIAHYBaHHS MOMIPHOT
IHAYKTUBHOI TiNepTepMii MAaIiEHTIB XBOPUX HA pak TPYIHOT
3aJ103u.

Komm'totepue  muiaHyBaHHS — MOMIPHOT  1HIYKTHUBHOT
rimeprepMii Mali€eHTIB XBOPUX Ha pak TPYAHOI 3amo3u OyIo
MPOBEICHO 3a IOMOMOTO0 MporpamMHoro 3abesmnedyenHs Comsol
Multiphysics 5.4, mo ckjiIaganoch 3 MOCIHIIOBHHUX IT ITH €TAIliB.
[lepuuii — Ha ocHOBI MPT 300paxxeHHs MyXJIMHU TPYAHOT 371031
BHU3HAYAIOTHCA T€OMETPUYHI OCOOIUBOCTI: PO3TAIIyBaHHS, PO3MIp
Ta Qopma MyXJIHMHHU, SIKy TJIAHYBalld OIMpoMiHIOBaTH. Jpyruii -
CerMEHTAaLlisl MEIMYHOTO 300paKEHHS MyXJIMHH TPyIHOT 3aJ103U. 3
TPETbOro MO M'THH eTamu CKIajaqucs 3  OOYMCIIeHHS
TeMIepaTypy, BEJIMYMH IHAYKLIi Mar"iTHOTo 1 HampyXeHOCTI

158



EJIEKTPUYHOTO TOJIB Ta HUTOMOTO KOE(DIilli€eHTYy IMOTIUHAHHSA
€JIEKTPOMArHITHOI €Heprii y MyXJIHHI.
[To6ynoBana moens 300pakeHa Ha Puc. 1.

1 1 1 1

mm
5207

5007 5 B
4807 I—I r +
4607 B
4407
4207 r
4007
3807 r
3607 =
3407 B
3207

3007

2807 r
Ss0 400 150 So00

Puc. 1 — momens '3 mobymoBaHa B MpOrpaMHOMY CEPEIOBHUIITI
Comsol Multiphysics 5.4. KommonenTu: 1 — moBitps; 2 — mikipa; 3 —
MOJIOYHA 3aJ103a; 4 — MMyXJINHA; 5 — MOCTIHHUN MarHiT, YepBOHI CTPLIKH
BKa3yIOTh Ha aIljIikaTop amnapary «MarHirepmy»

Bnacniiok BUKOHaHHS MporpaMu OyJiau OTpHUMaHi HACTYIHI
pesynbTaTi. CriocrepiraeTbcs 3MiHa TEMIIEpaTypu SK B 00J1acTi
MyXJIMHU TaK 1 B TpyaHid 3a1031. [1o BiZHOIIEHHIO IO TOYaTKOBOT
TeMIIepaTypHB IyXJINHi, sika craHoBma 37 °C, BHacminoK imiramii
MpoLeaypy Mar”irotepmii amapatom «MariHTepm» TPUBATICTIO
30 xB. criocTepiraeTbCs MiABUIICHHS Ha 2.2 OC, sik 3a3HaueHO Ha
Puc. 2.
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Puc. 2 — po3nonin TeMiiepaTypHUX MOJIB B 00JIACTi MyXJIMHA

BuxopuctanHs = moMipHOi  IHIYKTHUBHOI  TimepTepMii
iHiiHoBanoi amaparom «Maruirepm» (Pammip, Vkpaina) y
KOMOIHAIIIT 3 METOJaMH XIMIOTeparrii JTO3BOJIAIO MiJBUIIATHA Ha
14 9% KUIBKICTh OpraHo30epiratounx 1 PEKOHCTPYKTHUBHO-
BIIHOBITIOBAJILHUX OTIE€palliil Y )KIHOK XBOPUX paK I'PyAHOT 371031

[4].
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EXPERIMENTAL APPROACH FOR DEVELOPMENT OF
MULTICOMPONENT NANOSYSTEMS FOR COMBINED
PHOTODYNAMIC THERAPY, PHOTOTHERMAL AND
CHEMOTHERAPY

Yu.l. Kuziv?!, N.V. Kutsevol*, P.A. Virych,? V.F. Chekhun?
Taras Shevchenko National University, Kyiv, Ukraine
%R.E. Kavetsky Institute for Experimental Pathology, Oncology and
Radiobiology, Kyiv, Ukraine, +380935530402, garaguts.yulia.fox@gmail.com

Abstract. In this investigation we focused on the synthesis and study of
complex nanocomposites containing simultaneously Au nanoparticles for
Photothermal therapy, Chlorin e6 for Photodynamic therapy, and
Doxorubicin  for Chemotherapy loaded into a water-soluble
polyacrylamide-based polymer.

AHoTalig. Y 1bOMYy JOCTIDKEHHI MU 30CEPEAUIMCS Ha CHHTE3l Ta
JOCIIDKEHH] CKIaIgHMX HAHOKOMIIO3WTIB, IO MICTSITE OJHOYACHO
HaHOYACTMHKH 30510Ta it DororepmivunHoi Tepamii, XjIopuH €6 s
®oromuaamMiuaoi  Tepamii Ta JlokcopyOinmH g XiMioTeparrii,
3aBaHTaXXCHI Y BOIOPO3UYNHHUM ITOJTIMEP Ha OCHOBI TOJTiaKpHIIaMITy.
Key words: polymer, gold nanoparticles, Chlorin €6, Doxorubicin.
KuarouoBi cjoBa: momiMep, HAHOYACTHHKH 30JI0Ta, XJIOpUH €0,
JokcopyOimuH.

The investigation of nanosystems for photodynamic therapy
(PDT) is in the focus of current biomedical research. Thanks to the
achievements of nanotechnology, it is possible to develop complex
therapeutic composites to increase the effectiveness of cancer
treatment. Such multi-component drug delivery nanosystems may
contain simultaneously several components, for example, metal
nanoparticles (NPs), photosensitizer, and chemotherapeutic agent
incorporated into the polymer matrix. However, the use of
multicomponent nanosystems requires serious study of the
processes that occur during their preparation and storage to avoid
some aggregation.

The water-soluble star-like dextran-graft-polyacrylamide
copolymer was used as a matrix for the creation of polymer-based
multi-component  drug delivery systems for combined
(photodynamic + photothermal + chemotherapy) antitumor
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therapy. The three-component nanocomposites with incorporated
gold NPs and Chlorine e6 (Ce6) and the four-component ones
additionally loaded by Doxorubicin (Dox) into polymer matrix
were studied in the region of physiological temperatures.

The method of holographic interferometry was used to show
local heating (hypertermia) of solution near Au NPs under laser
irradiation [1]. Thus, confirmed the effectiveness of nanosystems
with gold NPs for Photothermal therapy.

It was shown that the three-component nanosystem Polymer,
Au NPs and Ce6 demonstrated high efficacy in PDT, but the
addition of the fourth component Dox to this composite resulted in
a decrease of anti-tumor efficacy [2]. However, four-component
nanocomposite, prepared “ex tempore”, demonstrated higher
efficacy in comparison with the previously prepared
nanocomposite with the same content of ingredients [2]. It may be
due to the fact, that the molecules of Dox added “ex tempore” are
not completely incorporated into polymer in such short period of
time. The formation of great aggregates in the previously prepared
four-component system Polymer, Au NPs, Ce6 and Dox seem to
cause a decrease in the therapeutic effect in cancer treatment.
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hybrid nanosystems "metal-polymer-fluorophore” with enhanced
optical response for photonics and biomedical applications”);
Ministry of the Education and Science of Ukraine and the
Belarusian Republican Foundation for basic research (project
“Design and physico-chemical properties of novel multicomponent
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BUKOPUCTAHHA PEHTTEHIBCBKHUX
JUDPPAKTOI'PAM UIAA TECTYBAHHA
BPOHEIIJIACTHH 3 SiC
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AHoTauis. PoGora MIPUCBSYEHA BH3HAYEHHIO ¢bi3nIHNX
3aKOHOMIPDHOCTEH  B3a€MO3B'SI3KY MK  MEXaHIKO-MIIIHOCTHHUMH
napaMeTpaMy MpH JUHAMIYHMX HaBaHTA)KEHHSX BUPOOIB 3 peakiiiHO
3B’s13aHOr0 SiC 1 HOro CTPYKTYpHO-TIONITUITHUMH XapaKTEePUCTUKAMH.
Homitun SiC 6H € 0a30BMM TpH OTpUMaHHI €JIEMEHTIB OpoHi 3
peakiiiHO 3B’S3aHOTO KapOiy KpEeMHII0 TpuH HOro HasBHOCTI B
enemenTax 3 SiC. Haith sikmio € 3amumkoBi ¢azu Si abo C — rpadiry,
peani3ytoThesl BUCOKi 3HaueHHst ¢a3 Si abo C — rpadity, peanizyroThes
BHCOKI 3HAYEHHsI TYCTUHU 3pa3KiB Ta MOXIIUBICTh iX BUKOPHCTAHHS 5K
eJIeMEHTIB OPOHBOBOTO 3aXHUCTY.

Kawuosi cnoBa: SiC, rycruHa, peHTreHIBCBKI MPOMEHI, TU(PPaKIis,
MOJIITHIIN, TMHAMIYHI HaBaHTa)KEHHS.

AKTYaJIbHICTh PO3POOKH HEPYHHIBHUX METOIIB KOHTPOJIIO
KepaMiyHUX OpOHBOBHUX MOJYJIB OOYMOBJICHA 3MEHIICHHSIM
e(EeKTUBHOCTI 3aXUCTy OpPOHBOBHMX CTaJCH ITICIS CTBOPEHHS 1
BNPOBA/DKEHHsI OpOHEOIMHMX yTapHHKIB (Kyib, CHapsiiB) i
CepJICYHUKAMH 31 3MIIHEHHX CTajeil abo CHeriabHUX TBEPAUX
MarepiamiB. OOyMOBIJICHO IIe¢ THUM, IO €(OEKTHBHUMA 3aXUCT
MOJIMBHW TUIbKM TP PYWHYBaHHI yJapHUKa, IO BHMAarae
BUKOPUCTAHHS MaTepiaiiB 3 BUCOKMMHU 3HAYCHHSMHU TBEPJIOCTI Ta
ynapHoi  B'3kocTi.  OCKUIBKM  cTaleBa  OpOHA  ICTOTHO
MOCTYNAETbC B TBEPAOCTI OpOHEOIMHMM OCepIsM yIapHHKIB,
BOHA HE MOX€ OyTH OCHOBOIO JUISI CTBOPEHHS e(beKTI/IBHoro
3axUCTy. Y IHUX yMOBAaX HAWOUIbII MEPCHEKTHUBHUM 1 MPAKTUYIHO
Oe3aIbTepHATUBHUM  MaTepialioM Ui CTBOpPEHHs  3aco0iB
oponezaxucty 1o 5-6 A kmacy (OCT P 50744-95) € kepamika Ha
OCHOBI1 peakiliifHo 3B’s3aHoro SiC, TBEpAICTh KO MEPEBHIIYE
TBEpIICTh MaTepiany ocepas Kyii. [Ipum Bu3HaueHHI (Qi3MUHUX
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0COOJMBOCTE MEXaHi3My YAApHOTO BIUIMBY Ha KepamiKy Mae
OyTu BpaxoBaHO, 110 IIe IBOECTAaHMIA mporec. Ha mepmomy erarti,
0 TpHUBAa€ KiTbKa MIKPOCEKYHJ, peali3yeThCsi TeHeparlis,
MOIIUPEHHS 1 BiIOMBaHHS XBWII CTHUCHEHHS B Kepamili, M0
00YMOBITIOE TIOSIBY CYKYITHOCT1 pajliaIbHO PO3TAIIOBAHKUX TPIIIIHH,
JIOKaJIi30BaHMX B IPUIIOBEPXHEBOMY IIIapi KEPaMiKH B OKOJII TOUKH
nomagaHHg ynapHuka. Ha napyromy erami GpoHT pyiiHYBaHHS,
YTBOPEHHH  TpIIMHAMM, T[IOYMHAE TOMIMPIOBATHCA  TIepen
YIApHUKOM BIUVIMO KepaMiku. Y CYKYNMHOCTI TPIIUHU (HOPMYIOThH
KOHOIJ pyHHYBaHHs, KU 3aKIHUYETHCS B 33 HIM TUTONTHMHI OPOHI.
[Ipu ¢dopmyBaHHI BHUMOT J0 CTPYKTYpH Ta CYOCTPYKTYpH
KepaMIYHUX €JEMEHTIB MOTpiOHO BpaxyBaTH, W0 Kepamika
BUKOHY€ /Bl (DYHKIIIT MpU MoMagaaHHl 0aiCTUYHOTO yJapHUKa B
KOMITO3UTHY OpoHIo: 1) BHCOKa TBEpAICTh KepaMiuHUX J00aBOK
CTIIPUYHHSIE PYWHYBAaHHS KOPITYCY yIapHHKAa Ha (parMeHTH, IO
3HIKYIOTb ~ €(EeKTUBHICTb  TOCTpuUly;  2) CIYKUTb IS
MEepepo3NOAUTY YAAPHOTO HABAaHTAXXCHHS I10 OUTBIIIA THIONTI
Marepiany miaKIagKa OpoHi, 3SMEHITYI0OUN €HEPTreTUYHY IIUTBHICTh
YAApHOTO HaBaHTAXEHHS Ha 3aXWCHI Imapu. BmactuBocTi 1
XapakTepucTukd  enemeHTiB 3 SiC  mim  IUHAMIYHUM
HAaBaHTAXEHHAM IOCIIKEH] HETOCTATHEO.

Meta AOCTiTKEeHb. Busnauenns hiBUIHIX
3aKOHOMIPDHOCTEH B3a€MO3B'SI3KY (KOpeJAlii) MDK MeXaHIKO-
MIHOCTHUMH MapaMeTpamMH IpH IUHAMIYHUX HABaHTAKEHHSX
(rycTHOI0) BUPOOIB 3 peaKIliifHO 3B’A3aHOTO KapOimy KPEeMHI0 1
HOTO CTPYKTYPHO-TIOJIITUITHUMHM XapakTepucTukamu [ 1, 2].

MarTepiaan g0CaiIKeHHSI, eKCIIEPHUMEHTAJIbHA YaCTHHA.
[Ipn BUTOTOBJIEHHI 3pa3KiB 3 PEaKIifHO 3B’A3aHOrO KapOiTy
KPEMHII0 BUKOpPUCTOBYBanacs muxta 3 BMmictoMm SiC- 85-95 %.
Cepenl OCHOBHUX JIOMIIIOK OyNIu MPUCYTHI KPEMHIN Ta BYTJIElb.
Bwmict iHmux enemeHTiB ckiagaB menme 0,2%. 3pasku manu
¢bopmy nmapanenenineniB 3 po3mipamu 25x25x30 mMm. [Ipu BubGopi
3pa3KiB BpaxOBYBaJIOCH, 110 MIIHICTh BUPOOIB 3 SiC B CyTTeBiit
MIpi BHU3HA4YaeThCsl T'YCTUHOIO BHUpoOy. ['yctHa Matepiany (p)
3pas3kiB BHOWpanacs He MeHmomo 3,05 r/cM®, 1o 103BOISIIO
BHU3HAYATH XapaKTEPUCTUKH AaKTyalbHUX EJNEMEHTIB 3aXUCHUX
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Oponerunt. BukopucroByBanucs 3pasku 3 rycturoro 3,05; 3,07;
3,1; 3,15; 3,18; 3,2; 3,3 r/em®. JudpakToMeTpryHi JTOCITIHKSCHHS
MPOBOJMIIACS 3 BUKOPUCTaHHAM mudpakromerpa JJPOH-3M.
JudpaxTorpaMmu OTpUMYBaJIM B TUCKPETHOMY PEXHMI IPH TAKHX
napameTrpax CKaHyBaHHs: KyroBuid iHTepBan 20 = (20-150)°, kpok
ckanyBaHHs 0,05° 1 yac excrio3umii B Touti 10 ¢. 3 BUKOPUCTaHHAM
¢uteTpoBanoro  CUkq  BumpowmiHioBaHHA.  Jludpakrorpamu
OTPUMYBAJM IS KOXKHOTO  3pa3Ka BiI JBOX B3a€EMHO
NEPIECHANKYISIPHAX ~ TOBEPXOHb 3  METOI  3’SICYyBaHHS
TOMOT€HHOCTI ()a30BOro CKJIady, a TAKOXK HAsIBHOCTI TEKCTYPH.
PesyabTaTn nocaigkennb, anamis. Pesynbratu BUMipIoBaHb
UTFOCTPY€E PHUCYHOK, Ji€ MPECTaBIeHI AUPPAKTOTPAMU ISl IBOX
opieHTaliil 3paska 3 ryctmHol 3,2 r/cM®. Jlimiz 1 Bizmosimae
BUIbHIN MOBEPXHI 3pa3Kka, a JiHIA 2 — NeprIeHIuKYISpHIA 10 Hel

*“ﬁluu“ u.wu M i e

20 40 60 B0 100 120 140
20(rpan.)

I(v.0.)

Puc. 1. 3anexHicTs 3MiHH aMIDITYJHUX 3HAY€Hb MiKiB IHTEHCHBHOCTI
JudparoBaHUX PEHTTEHIBCHKUX MPOMEHIB BiJ 3Ha4eHb 20 mpu onpoMiHeHHI
B33a€MHO NEPIICHIUKY/ISIPHUX IIOBEPXOHB

JudpakrorpaMu MaroTh CKIAJHY CTPYKTYPY, IO LTIOCTPYE
HEMOHOTOHHA 3aJEKHICTh 3MIHM aMIUTITyJHUX 3HAa4eHb IiKiB
IHTEHCUBHOCTI JU(paroBaHUX PEHTTCHIBCBKUX IPOMEHIB BiJ
3HaueHb 20 TpU OMPOMIHEHHI B3aEMHO MEPHEHIUKYIIPHUX
MOBEPXOHb. B CyTTEBIl Mipi 116 00yMOBIEHO THM, IO IO CKIAay
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KPUCTAIIYHOI TpaTKH KapOiny KPEMHII0 MOXIMBE BXOJDKCHHS
Benmukoi (1o 300) kiapKOCTi mosiTumiB. bylo mpoBeneHo aHaui3
TQpaKTorpaM, IO JI03BOJUIO 1NEHTU(IKYBATH y BIAMOBITHUX
3pa3Kax xapakTep HasBHHX nmoJiituniB SiC, a Takoxk CymyTHIX ¢a3.
[Io CHIBBIAHOIICHHIO IHTETPAIBHUX IHTEHCUBHOCTECH Oyio
PO3paxoBaHO KUTbKICHE CITIBBIIHOIIECHHS MOJITHIIIB 1 CYIYTHIX
(a3 a7 KO’KHOTO THITY 3pasKiB [2].

J1Jis BCTAaHOBJICHHSI B3a€MO3B’SI3KY MDK TEKCTYPOBAHICTIO Ta
T'YCTUHOIO OyJIo TIpOBEACHO KopemsiidHui ananiz Ilipcona mix
IU(ppPaKTOrpaMaMHu  PEHTTEHIBCBKUX IPOMEHIB Yy  B3a€EMHO
MEPIIEHINKYIIIPHAX HAITPSIMKaX.

BucHoBkwu.

1. Tlpn BUKOpUCTaHHI CNIEKTPIB TU(PPAKTOMETPII pEHTI€HIBCHKUX
MPOMEHIB  BCTAHOBIICHO  B3a€EMO3B’SI30K  MDK  HassBHUMH
MOJIITUIIAMU  Ta TYCTUHOI 3paskiB. HailiMenma rycTtuHa
NpUTaMaHHa 3pa3kam, siKi BMilyroTh mositun 3-SiC. 30iUbieHHI0
T'YCTHHH Crpusie 30UIbIICHHS BMicTy 06a3oBoro nomitumy SiC 6H
ta noituny SiC 15R, a Tako 3aauIIKoBoi asu 4ucToro Si.

2. Buicoki 3HaueHHS TYCTHHM 3pa3KiB 3 peakiliiHo 3B’ s13anoro SiC
JOCSTAIOTHCS TPU BHUCOKHMX 3HAYCHHSX KOEDIMIEHTIB KOPESIii
IU(pakTorpaM, OTPUMAHHUX IS B3a€EMHO TEPHEHIUKYISIPHUX
MTOBEPXOHb.

3. HasBuicte 3amumkoBux ¢a3 Si abo C B mporieci BUTOTOBICHHS
CIIEMEHTIB 3 peakiiiiiHo 3B’s3aHoro SIiC crpuse 30UIBIIEHHIO
IXHBOI TYCTHHHU.
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FUNDAMENTALS AND BIOMEDICAL APPLICATIONS
OF CUBIC TL3TAS,

0.V. Bokotey , M.I. Chavarha”, O.0. Bokotey, V.A. Slyvka,

A.G. Slivka
Uzhhorod National University, Uzhhorod, Ukraine, * bokotey ov@ukr.net

AHoTtanmisgs. Y uid poOOTI NPEACTaBICHO MOTEHIIHHI MOMXIHBOCTI
BUKOPUCTAHHS ONTHYHUX HapaMmerpiB kpuctaniB Tl3TaSsy crBopeHHi
MIKPOIH)KEHEpHUX ~ MOJENICH  IMIUTAHTATIB Uil MEOUIMHM  Ta
3aMpONOHOBAHO MEIUYHI HANPSMKUA HOJAIBIIMX JOCHIDKeHb Ta
po3podok. Lle 3HauHO MoKpaIUTh ePEKTUBHICTh CYYaCHUX TEXHOJIOTIH
Ta BiIKpHE aOCOMIOTHO HOBI cdepu 3acTOCyBaHHS. 3aBISKH CBOIM
YHIKQJIbHUM (Pi3UKO-XIMIYHHM BIACTUBOCTSM Kpuctaiu TlsTaSsy popmi
HAHOYACTHHOK MAIOTh IMUPOKHN CIIEKTP 3aCTOCYBAaHHS B HENiHIMHIN
OIITHII.

Annotation. This paper introduces potential applications of optical
parameters of TlsTaS, crystals in creation of the microengineered implant
models for medicine and suggests medical areas of further research and
development. It will greatly enhance the performance of current
technologies and will open up completely new application areas. Due to
their unique physical and chemical properties TlsTaSs crystals in
nanoparticle form have a wide range of applications in non-linear optics
[1-6].

KaouoBi cigoBa: Mozeml IMIUIAHTATIB, HAHOYACTHHKH, OITHYHI
MaTepiand, Ja3epHi TEXHOIOTil, MOHITOPHHT CTaHy 3/I0pOB's

Key words: implant models, nanoparticles, optical materials, laser
technology, health monitoring.

This review discusses some of the landmark efforts in the
field of micro-implant engineering with a particular emphasis on
deregulated tissue organization. Particularly, it could help to better
understand the current disconnect between promising preclinical
data and lack of clinical efficacy of new compounds, as well as
inform dosing strategies and combination therapies to optimize
biological response.
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Figure 1. Map of the human body showing areas of typical artificial
implants currently either already used or under development [1]

A remarkable feature of implantable systems and devices is
that they represent truly multidisciplinary systems that required
collaboration of multiple scientific, engineering, and social fields
with the common goal of further advancement. Fig. 2 presents one
of the examples broad aspect of this research. This device is used
both for medical (to improve vision) and cosmetic (to change eye
color and appearance) reasons [1].

Figure 2. Diabetes-monitoring lens designed by Dr. Babak Parviz [1]
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TlsTaSs crystal [2-6] is expected to contribute in the
development of nanophysics and personalized medicine for health
monitoring and prevention. The mentioned crystals technology
combined with laser technology [4-5] can provide the ingredient
needed to develop low cost consumer implant products. Further
research and development of technology for the various
applications of TlsVY4(Y=S, Se) crystals is discussed. The ternary
thallium chalcogenides materials belong to the TI:XY4 class of
compounds. They are isomorphic and crystallize in space group T¢®
- 143m. The crystal structure is characterized by isolated XY —
tetrahedra in parallel orientation with the X atoms forming a body-
centered cubic lattice, Tl occupies the middles of the edges and
faces of the unit cell [1]. The main feature of ternary thallium
chalcogenides is formation of numerous polymorphic
modifications and existence of isomorphic substitutions in
sublattices. Interest in them is caused by the ability to form
continuous rows of solid solutions that allows use them for
different variations of physical and chemical properties.

The specific feature of mentioned structures is the presence
of [XY4] and [TIY¢] structural complexes. Moreover, these crystals
and their solid solutions are interesting by the possibilities of
applications as the advanced optical materials in modern
nanophysics. This may open new directions in applications of
TIVY4 compounds for medical purpose.
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3ACTOCYBAHHA KOMILIEKCY «I'TIPOT'EJIb-
®OTOCEHCHUBLII3ATOP» VIS ®OTOTHAKTHUBAIIIT
STAPHYLOCOCCUS AUREUS in VITRO

II.A. Bipnu®, O.M. Haxrokal, II.A. Bipuu?, H.B. Kyneso.a'
! Kuiscoxuii nayionanvnuii ynisepcumem ivmeni Tapaca Illeeuenxa, Kuis,
Ykpaina
2 TV «lncmumym omonapuneonozii im. npog. O.C. Konomitiuenxa HAMH
Vrpainuy, Yrpaina, +38631172137, sphaenodon@ukr.net

Anortamis. IlpeacraBieHo pe3ynbTaTH I1HAKTUBAIIl AWKUX INTaMiB
Staphylococcus aureus y cycrensii 3a JOIOMOI 00 TiIpOrelTio Ha OCHOBI
KOIOJIMEPY  NEeKCTpaH-TIOMIaKpUIaMiZl, HACHYEHOTO METHIICHOBUM
CHHIM Yy TIO€THAHHI 3 MOHOXPOMAaTHYHUM YEPBOHHM CBITIIOM 660 HM.
MaxkcumanbHi edextrn ctaHoBIATH 35-50% Big MOYaTKOBOI KiTBKOCTI
KYO npu 103i onpominenns 4,8 Jix/cm®,

Annotation. The results of inactivation of wild strains of Staphylococcus
aureus in suspension by a hydrogel based on a copolymer of dextran-
polyacrylamide saturated with methylene blue in combination with
monochromatic 660 nm red light were presented. The maximum effects
cells death were 35-50% of the initial amount of CFU at an irradiation
dose of 4.8 J/cm®,

KarouoBi ciaoBa: QoroinaktuBamis Oakrepiii, (oroceHcuOinizaTopu,
YepBOHE CBITJIO, METUIICHOBUI CHHIN.

Key words: bacteria photoinactivation, photosensitizers, red light,
methylene blue.

[MutanHs epeKTUBHOT aHTUCENTHYHOT 0OPOOKH B MEAMIIMHI
3aTUIIAE€THCS AKTYaIbHUM 1 HOTO BUPIIIEHHS CTIOHYKAE JI0 TOIIYKY
HOBUX 3aco0iB  BIUIMBY Ha  MaTOreHHYy  MIKpodIopy.
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doToaMHAMIYHA Teparmis € aJbTepHATHBHUM 10 AaHTUOIOTHKIB
Cy4aCHUM METOJIOM IHAKTHUBAILlli TATOT€HHUX MIKpPOOPraHi3MiB, 10
3aCHOBAHMU Ha BUKOPHUCTaHHI Pi3HUX (OTOOI0IOTIUHUX e(EeKTiB,
10 BUKJIMKAIOTHCS 32 JOMOMOTOI0 KOMIUIEKCHOTO 3aCTOCYBAaHHS
CBITJIOBOTO BHITPOMIHIOBAHHSI i doToceHcubiLTIZaTOPA.
[lepeBaraMu TakoTO MITXOAY € BIACYTHICTH CEJIEKTHBHOCTI Ta
PO3BHUTKY pe3UCTEHTHOCTI OakTepiii. CBIiTIO ynbTpadioaeToBOro
Jiara3oHy OJTHAKOBO IIKIUTMBE SIK JJISl POKAPIOTUIHUX, TaK 1 IS
€yKapIOTMYHUX KJIITUH. 3a TEBHUX YMOB CBITJIO 3 OUIBIIOIO
JIOBKUHOIO XBUJIl TAKOXX MOXKE€ BHUSBIISTH aHTUMIKPOOHY Aif0, 3a
YMOBHU IIPUCYTHOCTI y KJIITHHI-MiIeH1 poTocencubutizaropa. Taki
edexktn BUsBICHO s mianazony Bim 350 um g0 600-650 am. 3i
30UTBIIEHHSAM JIOBXKMHU XBWJII 3HUXKY€EThCS €Heprisi (OTOHIB, sKa
HE MO)K€ BUKJIMKATH 30y/)KEHHS BHYTPIIIHBOKIITUHHUX MIIICHEH
Ta IHIIIOBAaTH paguKaibHI mpoiecu. [lepeBaramu 3acTocyBaHHS
Li€T JUISHKA CIEKTPY eJNeKTPOMArHITHOTO BUIIPOMIHIOBAHHS €
MPaKTUYHO BIJCYTHI BIUIMB Ha TKAaHWHU JIOAWHU. Jlis
30UTBIIIEHHST ~ OAKTEPUIIUAHOT AKTHBHOCTI  BHKOPHCTOBYIOTH
€K30TeHHI (OTOCEHCHOLTI3aTOpH, SIKIi MPU TOTJIMHAHHI CBITJIA 3
MOBXMHOK XxBwil Oumeme 650 HM 3marHl IHIMIFOBATH
BUIbHOpaAMKaIBHI TIpotecH [ 1, 2].

Y  IOCHiKEHHSX  BUKOPHCTOBYBAJIM  JWKI  IITaMHU
Staphylococcus aureus, sKki OTpUMyBaJd Ha CEPEIOBHIII
YKOBTKOBO-c0JiboBOTO arapy (JKCA) HacTymHOTO CKIIamy: M’sCO-
nentonnuii arap (MIIA) — 70%, xnopun Harpito — 10%, k0BTKOBa
emyinbcisg B 0,9% NaCl - 20%, pH=7,3.

UyTnuBicTh MIKpPOOpPraHi3aMiB 10 il CBITJIa BiANOBiTHOT
JOBKMHU XBWJII BUBYAIM Yy CyCHeH3ii OakTepii, Ky roTyBajlud y
cepenosuini Mromnepa-XintoHa (r/1): rigposizar kazeiny — 17,5,
riapomizar cepis — 2, Kpoxmaib BojgoposzunHHuid (YA) — 1,5,
pH=7,3. Cycnensito, mo nepedyBajia Ha BOJAAHINA 0aHi MPOTATOM
20 xB mpu 37 °C ans apanTailii MiKpoOpraHi3mMiB J0 3MiHH YMOB,
posnuBanu no 10 M y cTaHIapTHI CKIIsIHI MpoOipku 06’ emoM 20
M. KoxeH pocnmimHMil 3pa30ok MaB KOHTPOJBHUH aHaoOr JUist
OLIIHKM IIBUAKOCTI PO3MHOXEHHsSI OakTepii Ta poO3paxyHKY
BITHOCHO I[hOTO MOKa3HHKA €PEeKTUBHOCTI il cBiTia. Bei 3pasku
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nepeOdyBasin Ha BOJgHIA Oani mpu 37 °C mpoTsAroMm BCHOTO
EKCTICPUMEHTY.

Hociem mmsi METHIIEHOBOTO CHHBOTO CIIYTyBaB KOTIOTIMEp
nexctpan-nomiaxpuiamin [3]. Figporens inxy6yBamm y 6,7*10° M
BOJAHOMY pO3YHMHI METHUJICHOBOTO CHHBOTO  (BiTHOIICHHS
rigporenb: po3unH = 1:29 (W/w)) npotsrom 24 rona. Ilocrynoa
madys3ist  goroceHcuOLTIZaTOPa 3 TIAPOTENIO  JO3BOJISIE
HNIATPUMYBATH CTAa0UIbHY KOHIIGHTpAIifo OapBHUKA Yy CycreH3ii
0akTepiil IPOTArOM TPUBAJIOTO YaCYy.

TecryBanHss  OakTepULIMIHOT AaKTUBHOCTI OTPUMAHOIO
KOMIUIEKCY «T1Iporeib-(poToCeHCHOUTI3aTOp» MPOBOIUIA TUCKO-
TUQY31IHUM METOJOM Ha TBEPIOMY IOKHBHOMY CEpEIOBUIIIL
Miomniepa-XiHTOHa HACTYIHOIO CKJIaay: TiApoJi3aT KazeiHy —
17,5, rigponizat cepus — 2, kpoxMaiab Bogopo3unHHui (UIA) —
1,5, arap mikpoo6ionoriunuit — 17, pH=7,3.

OnpoMiHeHHsSI CycIeH31l MPOBOAMIN MOHOXPOMaTHYHUM
cBiTiioM 3 goBxuHOI0 XxBum 660 uM (Lika-Led, ®otonika ITiroc,
Uepkacu), emiciero 0,1 [x/c Ta 4acoBOIO ITUCKPETHU3AIIEID 2 XB.
Po3paxynok nmo3m ompomineHHs (JI>k/Mi1) MpoBOAMUIN BiTHOCHO
00’emy  cycmensii  Oakrepiit 10w InakTuBariito
koJoHieyTBoprotounx oauHulb (KYO) (%) ouiHoBanu mpu
MOPIBHSHHI ONMPOMIHEHUX 3pa3KiB BITHOCHO KOHTPOJIbHHX, SIKI
nepedyBali B TaKMX CaMHX yMOBaX, ajie HE MiagaBaiucs il
CBITJIA.

[TimpaxyHOK KUIBKOCTI KOJIOHIEYTBOPIOIOUUX OJHUHHIIL
S. aureus y cycriensii npoBoauian y kamepi ['opsieBa. bakrepii
KOHTPACTyBaJId aKpUIMHOBUM MOMapaH4YEeBUM IPU KOHIIEHTpALii
y cycnensii 3,5%10° M npotsrom 3 xB. BapBHuK nIpu 3B sI3yBaHHI
3 HYKJIETHOBUMHU KHUCIOTaMU (Iyopecuiloe y 3eieHid 525 HM
(IHK) ta uepBoniit 650 um (PHK) pinsHkax cnextpy mpu iforo
30ymKeHHl cuHIM cBitiaoMm. [is nmocmimkenHs dayopecueHmii
cycrensii 6akrepiii BukopuctoByBanu Mikpockon Olympus BX53
3 mominectientHuM Onokom X-Cite Series 120 Q i kameporo-
nerekropom Olympus DP72. ®ororpadysamu 10 Benmkux
KBaJpaTiB kamepu lopseBa, mimpaxoByBanu kinbkicTh KYO Ta
pO3paxoByBaJdM 1X KOHIEHTpauito B 1 Mia 3a ¢dopMmyroro:
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N=(m*4000*1000)/q. le m — 3aranpHa kitbKicTb KYO y Benukux
KBaJpaTax KaMmepH, ( — KUIbKICTh OOpaxoBaHUX KBaJApariB.
JHocnian moBTOpIOBaNIM Tpuyi. MaTeMaTHYHY Ta CTATUCTHYHY
00poOKy pe3ynbTaTiB MPOBOIWIA y MPOTPAMHOMY TaKeTi
Originlab 8.0.

limporemi 3 METHIECHOBHUM CHHIM HE  BUSBISIOTH
OakTepuIUIHOT aKTUBHOCTI BigHocHO Staphylococcus aureus na
TBEPIOMY TOXXHBHOMY CepeloBHUII Ta y cycrensii. HatomicTs,
OTPOMIHEHHS JIUISIHKU arapy, CBITJIOM 3 JIOBXXHMHOIO XBHII1 660 HM
3 emiciero 0,1 JIx/c Tta mo3oto 20 JI/cM2 HaABKOJO TiIpOTEIio
yepe3 10 XB micias po3MIlIeHHs MaTepiany, 3a0e3neuye 3aTpUMKY
pPOCTy MIKpOOpPraHi3amMiB Ha ol aiamerpom 10 mMm (miamerp
T1IpOreNnto 5 MM).

JlocmipkeHHsT TIpOBENIeHI y cycrieH3ii S. aureus BUSBHIN
3HUKEHHS KUTBKOCTI KOJIOHIEyTBOPIOIOYUX OJIIHUIIb
MmikpoopranizmiB (KYO) na 35-50% Big mo4aTtkoBOi KUIBKOCTI
yepe3 20 xB 1HKyOyBaHHS 3pa3KiB TiIpOreieBUX IIOB’SI30K Yy
CycreH3il Ta ompoMiHeHHs i3 3arambHor0 03010 4,8 Jx/cM®
(BimHomieHHs Timporenb: cycmensis = 1:9 (w/w)). IlepeBaroro
TaKOTO TMIAXOJy € 3HIKCHHS 3arajJibHOi /103U ONMpPOMIHEHHs (B
Mexax 4-6 J[k/cM?) Ta BUKOPUCTAHHS MOHOXPOMATHYHOTO CBITIIA
660 M 3 HU3bKOIO eHepriero (0,1 JIx/c). lle He mpu3BOIUTH 110
JIOKAJIbHOTO HArpiBy TKaHWH Ta HE BIUIMBA€ Ha pereHepariiifi
MIPOLIECH. BpaxoByrouu TPUBAIHIA qac necopouii
dboToceHcubOUTI3aTOpa 3 TIiOPOreaiB Ha OCHOBI, iX MOYKJIUBO
3aCTOCOBYBAaTH 3aJie)KHO BiJl OCOONMBOCTEH BIIKPUTUX paH.
3BakaOuu Ha BUCOKY IPOHUKHY 3/aTHICTh YEPBOHOI'O CBITJIA Y
TKaHMHY Ta MPO30PICTh BUKOPUCTAHUX TAPOTeIiB, OMPOMIHEHHS
panu Moxe BimOyBatuca 0e3 BHIAJICHHS Marepiany 3
MOIKOIKEHO1 moBepxHi. PoTOAMCOIIaIlisI METUIEHOBOTO CHHBOTO
Ha TIOBEpXHI paHM Ta Yy Tigporeli CTBOPIOE YMOBH, IO
MEPEIIKOHKAIOTh PO3MHOKEHHIO MIKPOOPTaHi3MiB.

TakuMm 4MHOM, TipoTeneBi OB’ I3KU HA OCHOBI KOTIOJIIMEDPY
JEKCTpaH-TIOJIIaKpUIIaMill 3 METUJICHOBUM CHHIM y TO€JHAaHHI 3
YepBOHMM  CBiTIoOM 660 HM  COpPUAIOTH  IHAaKTUBAIii
MIKPOOPraHi3MiB NPH MaJX KUJIBKOCTAX (GoTOoCceHCHOLII3aTopa Ta
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HU3BKHUX JI03aX OMPOMIHEHHS, IO JO3BOJISIE 3aCTOCOBYBATH iX 3
METOIO JTIKYBaHHsI 0aKTepialbHOTO 3apa)KeHHs BIAKPUTHX paH.
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OBI'PYHTYBAHHS JIA'HOCTHKHU I TAKTUKH
JIKYBAHHSA NAIIEHTIB HA XPOHIYHUU
XOJIEDUCTHUT

10.1. KomeBchkuii, B.A. UepHsik
Yuisepcumemcora kninika Kuiscvkoeo nayionanbrnozo ynieepcumemy
imeni Tapaca [llesuenxa, Kuis, Yipaina, (044) 259 00 83

AHoTanis. B cTarTi 00roBoproioThCS 0COOIMBOCTI TIepediry XpOHIIHOT O
xonenuctuty y 101 mamieHTa, SKi TPOXOMMUIM OOCTEXKEHHA 1
KOHCEepBaTHUBHE JIKyBaHHS B Y HIBEPCUTETCHKIH KiiHiII BpoaoBxk 2019
pPOKy. 3 METOI0 TOINIMOIIEHOr0 BHBYEHHS MaTo]i3ioNoridHux pHuc,
NPUTaMaHHUX 33aXBOPIOBAHHIO ITPOBOIMIN JOATKOBE OOCTEKECHHS
MaIlieHTiB, 30KpeMa, coHorpadidHe, €HIOCKOIiYHe, KapaiorpadidHe
JOCIIKEHHS, KOHCYJbTaIlli KapAioliora Ta HEBPOJora 3a KIIHIYHIMHU
MOKa3aHHAMH, a TAKO)K aHKETHE TECTyBaHHs. Pe3ynbTaTv MpoBemeHoro
KOMIIJICKCHOTO OOCTEKEHHS MAL[i€HTIB 3 XPOHIYHUM XOJELHCTUTOM
JIO3BOJIVIIA BU3HAYHUTH OOTSHKIINBI (haKTOpH Tepediry xBopoOu, a came:
HasBHICTh KOHKPEMEHTIB Yy JXOBUYHOMY MiXypi, CYIYTHIO IaTOJOTiIO
CYMDKHHMX OpraHiB TPaBHOTO KaHaJy (CTpaBOXij, MUIYHOK, 12-Tw mana
kumka).  OOroBopeHHS — pe3yibTaTiB  OOCTEKEHHS  JI03BOJIMIIO
BiTOKpPEMUTH TPYILY MMAII€HTIB i OOTPYHTYBATH THM CAMUM HEOOXiTHICTh
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BHUKOPHUCTaHHS OUIBII MIMPOKOTO CIEKTPY CyYaCHUX METOIB JIIKYBaHHS
y TOMY YHCII H XipypriyHOro BTpy4YaHHs.

KawouoBi ciioBa: XpoHIYHHMI XONEHHUCTUT, XPOHIYHUN MaHKPEATHT,
YKOBYHO-KaM’siHa XBOpo0a, Iy0JIeHO-TaCTpaIbHIH pedIroKc.

Xponiunuii xonemuctuT (X.X.) — e XpOHIYHE 3amaJeHHs
KOBYHOTO  MiXypa, SIKE  CYNPOBOJDKYETHCS  3alajbHOIO
iH}impTpamiero 1 pidpo3oM HOro CTIHOK y MO€IHAHHI 31 3MiHaMU
bi3MKO-XIMIYHUX Ta O10XIMIYHUX BJIACTUBOCTEH *o0BYi [1, 6, 7].

X.X. TOCUTB PO3MOBCIOPKEHE 3aXBOPIOBAHHS, 4aCTOTa HOTO
BUHUKHEHHS JopiBHIOE 6-7 BunaakiB Ha 1000 nacenenns. JXinku
XBODIIOTh Yy 3-4 pa3u yacrimie 3a 4osoBikis [5, 10].

J10 YMHHUKIB, 110 IPU3BOJATH 1O po3BUTKY X.X. BIAHOCATH
HU3KY (PaKTOpiB, MO0 BUKIMKAIOTH 3aCTId KOBYI y KOBUYHOMY
MIXypi, 30KpemMa:

1) anaToMmiuHi BapiaHTH OyJOBU YKOBYHOTO MiXypa H >KOBUHHX
MPOTOKIB (MEPErwH, MEePETSHKKH, 10 TPHU3BOMATH IO CTUCHEHHS
YKOBYHUX IISAXIB);

2) 3HMKCHHS TOHYCY KOBYHOT'O MiXypa i KOBYHHX IPOTOKIB, IO
BUKJIMKaHI  €HJAOKPUHHUMHU  MOPYIIEHHSMH,  E€MOLIMHUMH
CTpecaMH, BIUIMBOM 3amlajeHHs CYIMyTHIX OpPraHiB TpPaBHOTO
KaHaiy;

3) MaJIOPyXOMHMIi CIIOCIO JKUTTS, OIMYIICHHS OPraHiB TPaBHOI'O
KaHaJly, BariTHICTh, HEYACTUH 1 BOJHOYAC HAMIPHHI MPUIOM 1K,
4) rilmoTOHIYHO-TIMOKIHETHYHA TUCKIHE31s >KOBYHOTO Mixypa M
YKOBUHHUX MPOTOKIB;

5) nucdyHkIis chIHKTEPiB KOBYHUX MPOTOKIB [3, 4].

Jlo cnpusirounx (hakTopiB BiIHOCSTH:

1) MOIIKOKEHHS. CTIHOK JKOBYHOTO Mixypa (KOHKPEMEHTH,
Mapa3uTH);

2) 3HIKCHHS IMYHITETY;

3) HasBHICTB JHKEpena XPOHIUHOT iH(peKIIii;

4) mapasutapHi  xBopoOu  (JsMOmii, omicropxo3, ame0ias,
ackapinos);

5) eHIOKpHHHI MOPYIIEHHS (OKUPIHHS, TUCMEHOPEs).
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Hlnsaxu iH(}iKyBaHHS )KOBYHOTO MiXypa:
1) BUCXiTHMI — 3 KUILIEYHUKA (I[bOMY CIIPHSE TiMO- 1 aXJIOPripis,
mucynkmis  cinkrepa Opmi, TINOTOHIYHO-TIMOKIHETUYHA
JMCKIHE31s dKOBYHOTO MiXypa i )KOBUHUX MPOTOKIB, IyOJCHOCTA3;
2) HU3XIIHU (TeMaTOreHHU) — 3 BOPOTHOI BeHU a00 MEYiHKOBUX
Cy/IUH;
3) niMpOreHHU — TNpU BHHUKHEHHI TOCTPOTO AalCHIUIIMTY,
T'HEeKOJIOTTYHHX 3alaIbHUX XBOPOOaxX, HArHOEHHSX Y JICTCHSX.
3riHo cy4yacHOi Kiacudikailii po3pi3HsIOTh:
1. 3a xiHIYHOIO (HhOPMOTO:
Xponiunuii  0e3kaM’SIHMHA  XOJIeHMCTHT (3  TIEPEeBaroro
3aMaJIbHOTO MPOIIECy a00 3 IEPEBAror0 MMCKIHETUYHHX SIBHIII).
XpoHIYHHIT KaJbKYJIbO3HHH X0JIEHUCTUT (Bl JIATUHCHKOTO
«calculusy, o 3naunTh Kaminb [2, 8, 9].
2. 3riiHO THITYy AUCKIHE31:
[TopymieHHs: ckopouyyBaiabHOT PYHKIIIT dKOBYHOTO MIXypa:
- TIEPKIHE31s )KOBYHOTO MIXypa;
- TINOKIHE3id J>KOBYHOTO Mixypa — 03 3MIHM HOTO TOHYCY
(HOpPMOTOHIsI), 3 TOHIKEHHSIM TOHYCY (TITOTOHIs).

[Topymenuss TOHyCY COIHKTEpHOTO amapary >KOBYHHX

HUISAXIB:

- rinepToHyc cinkrepa Omui;

- rinepToHyc chinkrepa JIroTKkeHca;
- TiepToHyCc 000X CHIHKTEPIB.

Bci BumenepepaxoBasi enigeMionoriygi, marodiziosoriyti,
KJIIHIYH1 JaHH1 TEPEKOHIUBO JIOBOATH, 10 MTPo0IeMa XPOHIYHOTO
XOJICIIUCTUTY 3aJUIIAE€THCS BEJIbMH aKTyaJbHOI Ha ChOTOJHI 1
3acIyroBy€e Ha MEpUIOYEpProBy yBary TepareBTiB, cOHOrpadicTis,
€HJJOCKOTIICTIB, @ TAKOX JIIKAPIB 1HIIHUX CIEI1aJTbHOCTEH.

Marepiamm i meroan: 3a 2019 pik B YHIBEpCUTETCHKIN
KITHIII Ti7 HarasgoM TepaneBTa OyB 1301 maiieHT, y TOMY YuCIi
101 (7,8%) 3 HUX MaB AiarHO3 XPOHIYHOTO XoJernucTury (X.X.),
MIATBEP/HKEHOTO KIHIYHUMHU Ta IHCTPYMEHTAILHUMU METOJIaMH B
MuHynomy. Bei nmamientu 3 X.X. npoHIIIM TeCTOBE ONUTYBaHHS,
BaXJIMBOIO PUCOIO TAKOTO TECTYBaHHS OyJI0 IPOXaHHS 10 KOSKHOTO
MaIieHTa BKa3aTH HACKUIbKH BUPAXXEHUM OyB Yy HHOTO KOXEH 3
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CUMIITOMIB ~ 3aXBOPIOBaHHs, TOMY  CTYyIiHb  BHPaXCHHS
BHU3HAYajacs MO3HAYKOI «+t». Skmo cuMnroMm OyB Majo
BUPAXCHHU MAIIEHTH CTABHIIN OJIUH «1», CEPEIHbO BUPAKCHUN —
CTaBWJIM JIBa «++», 3HAYHO BUPAKECHUN — CTaBUJIU TPU «+++». Y
pa3i BIICYTHOCTI TOTO YW IHIIOTO CUMITOMY, TAIIEHTH CTABHIIU
THPE «-».

3 MeTor0 yTouHeHHS (ha3u 3aXBOPIOBAHHS (3aroCTpeHHs a0o
pemicis), a Tak0X HasSBHOIO IPOTPECYBaHHS XBOpPOOH, BCi
nanieHTy 3 X.X. OyJu HampaBJieHl Ha COHOrpa(igHe TOCIIKEHHS
opratiB uyepeBHOi MOpoXHUHU. CoHOrpadito OpraHiB 4YepeBHOI
MOPOKHIUHNA BHKOHYBAJIM Ha YIbTpa3BykoBomy ckanepi PILIPS
Clear Vue 350. 3 MeTOI0 YTOYHEHHS CTaHY IITYHKOBO-KHUIIIKOBOT'O
TpakTy 56 nauienTam (55,4% Bix BCi€l KUIbKOCTI NaiieHTIB 3 X.X.)
Oyno 3miiicHeHo  ¢ibporactpoayoneHockomnito (DPIJIC) 3a
nonomororo ergockomny ¢ipmu Karl Shtorz (Himeuunna).

[Ipn BUSBIEHHI KapalairiyHoro cUHApoMy 12 marieHTam
(11,8% Bim Bciei kimpkocTi marieHTiB 3 X.X.) J0JaTKOBO
npoBoauiu enekrpokapaiorpadio (EKI') 1 ormsin xapmionora 3
MeTor  audepeHIioBaHHs  cepreBoi  marojorii.  [lig  gac
nposeaenns EKI 3acrocoByBanu amapar Biomed.

[Tamientam 3 HeBpoTHyHUM 5 (4,9% Bim BCi€l KUTBKOCTI
namieHTiB 3 X.X.) CHHIPOMOM TMPOBOJAWINA KOHCYJIBTAIIIIO
HEBpOJIOTa 3 METOI0 JU(EPEHITIFOBaHHS HEBPOJIOTIYHOT MTAaTOJIOTIi.

[licnst  yrouHeHHs JAiarHo3y 3a  JOMOMOTOI0  BHIIE
MepeiueHnX  IHCTPYMEHTAJIbHUX  OOCTeXEHb  MallieHTaM
MpU3HAYaIocs KOMIUIEKCHE JIIKyBaHHS [4], sike BKIIOYaio B cebe:
1) antubakTepiajgbHy Tepamiio; 2) XOJIEPETUKH Ta XOJEKIHETHUKH
(3aJ1eKHO BiI THITY TUCKiHE3il); 3) cma3MouliTUKy # HiTpath;  4)
CaHATOPHO-KypOpTHE TNepeOyBaHHS; 5) mMalieHTaM 3 KOBYHO-
KaM’SHOI0 XBOPOOOIO PEKOMEHIyBalld OIepaTHBHE JIKYBaHHSA
[8;9].

OOroBopenHst  pesyabtartiB.  [licis  IpOXomKEHHS
TECTYBaHHsI BC1 CKapr'ul I0CHIKYBaHUX HAMHU OYyJIM pO3MOiIeH] Ha
5 KINHIYHUX cHHIPOMIB (Tab.1).
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Tabmuns 1.
OcHOBHI KJIIHIYHI CHHIPOMHU, BHUSIBIICH] Y MAIIEHTIB i Yac

TECTYBaHHS
Kniniunuii cuaapom Hocmimkeni %
nanieaty (N=101)

00IL0OBHIH 94 93,1
JUCTICIITHYHHI 82 81,2
BEreTaTUBHO-IUCTOHIYHHUH 73 72,2
KapAianrigHuii’ 12 11,8
HeBpOTI/I‘-IHI/II\/'IZ 5 49

Mpumitka. IlamienTam 3 KapaiaJrigyHAM CI/IH,Z[pOMOMl JIOJAaTKOBO
MPOBOAMIM  eJeKTpokapiorpadio 1 oOmIsLd Kapjiolora 3 METOlo
mudepeHIifoBaHHEs ceprieBoi matosiorii. IlamieHTaM 3 HEBPOTHUHHM?
CHHJPOMOM  MPOBOJMIIM  KOHCYJIBTAIIFO  HEBpoJora 3  METOI0
ndepeHIiFoBaHHS HEBPOJIOTTYHOT TATOJIOT 1.

[lepeBakxHa OUTBLIICTH Mali€eHTIB Ha X.X. cKapXKuiacs Ha
00JIbOBHMI CHHAPOM, TIPH IILOMY CIIIEHTPOM 000 Oys0 TIpaBe
nigpe6ip’s. bink BUHKKAIA MICIS MPUHOMY 1K1, 0COOIMBO KUPHOT,
CMa)X€HO1, TOCTpOi (BHACTIIOK CTHUMYJAIII DKEIO CKOPOYCHHS
3aMaJIbHOTO JKOBYHOTO Mixypa). BinMideHi TakoX THIOBI
(bi3UKaIbHI CAMIITOMH, XapaKTEePH1 IJIs1 XPOHIYHOTO XOJICIIUCTHTY.
[lin yac 3aHypeHHsI MajbliB JiKaps y mpaBe MiapeOip’st OiLIb
nocuiaoBayiachk (mo3utuBHUN cumntoM Kepa), Takox Biamivamu
MOCUJICHHS OOJIIO MPY OJTHOYACHIN TaibIallli mpaBoro miapedip’s
Ha ITMO0KOMY BUAOXY (IMTO3UTHBHUN cuMIITOM Mepdi).

Y OubHIOCTI BHUMIAMAKIB IAICHTA BiAMIYaId ITOCHJIEHHS
00JI10 MPU KOPOTKOYACHOMY HaTUCHEHH1 peOpOM JOJIOHI JIiKaps Ha
npaBy peOepHy AYry Ha BUCOTI MOAUXY (TMO3UTHBHHUI CHMIITOM
l'aycmana).

[IpoBenenns coHorpadii opraHiB uYepeBHOI MOPOKHUHU
narieHTaM 3 X.X. J03BOJWJIO YTOYHHUTHU XapaKTep OCHOBHOI Ta
HasBHICTh CynmyTHBO1 natoJiorii (Tab.2).
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Tabmuns 2.
Buau cynyTHBOT aToJorii OpraHiB 4epeBHOI MOPOKHUHH,
JiarHOCTOBAHOT MICHIA COHOTpadii y MalieHTiB 3 XpOHIYHIM
xonenucturoMm (N=101)

[TaTonoris opraniB yepeBHOL KinbkicTb %
MOPOKHUHU MAIIEHTIB
XpoHIYHWI Oe3KaM’ THHI XOJCIUCTHT 79 78,2
XpOHIUYHUI MTAHKPEATUT 28 21,7
’KoBuHo-KaM’siHa XBOpoOa 22 21,7
Crearo3 IIeYiHKH 11 10,8
Kicra nmianmmyHKoBoi 31031 4 3,9
Kicra meuinku 2 19

IMpumirka: (%)-BinCOTOK Bij 3arajbHOi KITBKOCTI OOCTEXEHUX
(N=101). ITepenix HO30J0rii y TAOIHUIl MOJAHO 3TiIHO 3 YaCTOTOIO iX
BUSIBIICHHSI.

Pesynbratn coHorpadii BUSBHIN, 110 HAHOUIBIIT YaCTUMH
CYIYyTHIMH 3MIHaMHU B OpraHax 4epeBHO1 MOPOKHUHU TAIIEHTIB 3
XPOHIYHUM XOJIEHUCTUTOM OyiIM KOHKPEMEHTH Yy >KOBYHOMY
MIXypl 1 XpOHIYHMI mnaHkpeatut, 1o ckiaaino 21,7% 1 27,7%
BianmosimHo, P<0,05. Jlns 3py4HOCTI TOpIBHSHHS Tiepediry
3aXBOPIOBaHHS BCl1 JOCIIDKEHI TAIliEHTH OyJd HaMH YMOBHO
MoJIyIeH1 Ha 3 Tpynu:

- rpyma Nel — ne marients 3 X.X. 6e3 konkpemeHTiB (N=79);

- rpyma Ne2 — mie narienTn 3 X.X., [0 MajJd CyMyTHIO YKOBYHO-
KaM’stHy XBopoOy - XKKX, (N=22);

- rpyna Ne3 — e namienTs 3 X.X., 10 MaJIA CYITYTHII XpOHIUHUN
nankpeatut (N=28).

[Ipo BiAMIHHICTH 1 pI3HOMAHITHICTH MPOSBY XBOPOOU caMe y
uux 2-x rpynax mnamieHTiB (rpynmu Ne2 1 Ne3), roBoputh
MOPIBHSHHS YacTOTH Ta BUPAXKEHOCTI BUSBIECHUX KIIHIYHUX
CHUH/IPOMIB, 110 PO3MOIUTHAINCS HACTYTHUM YUHOM (Tab. 3).
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Tabmums 3.

Cryninp BUpaXeHHS KIIHIYHUX CHHIPOMIB Y MAIlI€HTIB 3

XpOHi‘{HPIM XO0JICOUCTUTOM

Kniniunwmii
CHUHJIPOM 1 CTYIiHb
HOT0 BUpaKCHHSI

Boabosnii:
-ci1a00 BUpKEHUH

(+)

-CepeIHbO
BHpaXeHUH (++)

-CHJIBHO
BHpaXKeHUH (+++)

Aucnentuynui
-c1abo0 BUpaXKeHU

(+)

-CepeIHbO
BHpakeHu# (++)

-CHJIBHO
BHpaKeHUH (+++)

BereraTuBHoO-
JUCTOHIYHUI
-c11abo BUpaKEHUH

(+)

-CEPEIHBO
BHUpaKeHUH (+1)

-CHIIBHO
BHUpaXKeHU# (+++)

Kapaianriunmii
-c1a0o0 BUpaXKeHui

(+)

-CepeHbo
BHUpaXKeHUH (++)

[MamienTn 3 xpoHiuauM xonenucturom N=101
(100%)
I'pyma 1
(6e3kam’ stHmiA
XOJIEIUCTHUT)
N=79

N %

24 30,4

33 41,7

22 27,8

15 18,9

58 73,4

6 5,0

25 31,6

55 69,6

19 24,1

7 8,8

5 6,3

180



-CHJIBHO - - 11 | 50,0 8 28,6
BHUpaXKeHUH (+++)

HeBpornunmii
-c11a00 BUpaKEHUN 5 6,3 1 4,5 1 3,5

(+)

-CEepeIHbO 13 16,5 4 | 18,1 2 7,1
BHUpaXKeHUH (++)
-CHJILHO - - 12 | 54,5 8 28,6

BHUpaXeHUH (+++)
Ipumirka: (%)-Bigcorok Bix 3aranbHOi KinmbkocTi obcrexxenux (N).
[Mo3naukoro Bix (+) g0 (+++) BigOOpPa)KEHO CTYIIHb BHPAKEHOCTI
MEBHOTO CHHJIPOMY, TIO3HAYKOIO (-) BiIOOpaXKeHO BiJICYTHICTH MPOSIBY
MEBHOTO CHHAPOMY.

[Ipy mOpIBHAHHI AaHKETHUX JaHUX TNAI[lEHTIB MOXHa
BIIMITUTH 3aKOHOMIpHICTh, 1m0 Yy Tpymi Nel (mamieHTH 3
0e3KaM’sTHUM ~ XOJICLIUCTUTOM) OOJBbOBHM, JUCIENTUYHHMA 1
BETE€TATUBHO-ICTOHIYHUNA CHHJIPOMHU Oy cimabo 4Yd CepelHbo
BHPXKEHI, MPOTe y 2-X IHMHUX rpynax (Mamie€HTH 3 CYMYyTHHOIO
KKX 1 XpoHIYHMM TMaHKpEAaTUTOM) IIi CHHAPOMHU Iepediraan
OUThIl SICKpaBO BUpaxkeHI. Taki 0OOCTaBMHU CIIOHYKadd Hac
MIPOBECTH OUTBII MOTIMNOIICHE JTOCITIIKEHHS.

[Tposenenns ®I'JIC Oyno 3anpononoBaHo st rpym Ne 2 i
Ne 3 3 MeTor yTOYHEHHsS CTaHy CYMDKHUX OpraHiB TpaBHOI
CHUCTEMH: CTPABOXOAY, HIIYHKY 1 12-Tm mamoi kumku. [IpoiTn
OI'JIC Takox BHCIOBUIM OakaHHS 6 TMAIEHTIB 3 XPOHIYHUM
O0e3kam’ssHUM  xosienuctuToM  (rpyma  Nel).  Pesympratn
enpockomniunoro gociimkennas — OI'JIC naBeneni y Tab. 4.

Taomums 4.
Buu 1 KiTbKiCTh MATOJOTIT TPAaBHOT'O KaHATY, IO BUSBIICHI MTiCIA
npoBenenas OI'/IC y narieHTiB Ha XpOHIYHHNA XONEIUCTUT

Hocmimkeni namientu N=56
3axmroueHns OI'JIC I'pyma 1 I'pymna 2
(N=6) (N=22)
N % N %
Peduttokc-e3odarit 1 16,6 1 4,5
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EpurtemaTosna 4 66,6 6 | 27,3
racTporaris

EposuBHa ractponaris - - 13 | 59.1
[Noninu nuTyHKa - - 1 45
XpoHiyaui OyIBOIT 2 33,3 6 | 27,3
JT'P 2 333 | 17 | 77,3
Hyonenocras 3 50,0 | 15 | 68,2
Eposzii LIJITTK - - 7 | 31,8
Pyobuesa nedopmarris 2 33,3 5 | 22,7
LATIK

Bupaska nuOynuau - - 3 13,6
12-11 nanoi KUIIKK

Mpumitka: (%)-BiACOTOK Bij 3arambHOI KitbKocTi obcTexerunx (N).
Mosicuennsi: JAI'P — nyomeno-ractpansHuii  pedumroke; HATIK —
UOY/IMHA JIBAHAISITUIIATIO! KUIIIKH.

Jucnentuynuii cuHApOM, sikuii BusBuBCA y 82 (81,2%)
MAIIEHTIB, CYIPOBOKYBABCS BIIUYTTSAM TPKOTH Y POTi, HyI0TOIO,
BIIPMKKOIO TTOBITPSIM, METEOPU3MOM Yy TIOEAHAHHI 13 3aKpernamu.
VY mnamientiB B saxux micas PIJIC miarHocTtoBaHWW AyoA€HO-
ractpanbauii pediroke (AI'P) y 34(60,7%) Bunankax B 1iuioMmy,
crocTepiranacsi 3MiHa 3aKperiB IPOHOCAMH, 1[0 Ha HAIll MOTJISI,
Oyli0 TOB’S3aHO TOJOBHUM YHMHOM 13 HAKONMHMYEHHSM BEJIHUKOL
MopIii )koBYi y muOynuH1 12-TH 1ajgoi KUIIKK Yepe3 TyoIeHOCTa3.

3actocyBanHsa coHorpadii pazom 3 OPI'JIC mo3Boauio
3pO3yMITH  Ba)JIMBHM MEXaHI3M PO3BUTKY JUCIIENITUYHOTO
CUHJPOMY Yy JOCIIKEHUX IMAIlIEHTIB.

Bin nonsiras y aii HacTynHuX (hakTopis:

1) AMCKIHETMYHHX MOPYIICHHSX Yy JKOBYHHMX LUIAXaX 1 caMoMy
YKOBUHOMY MIXypi, IO IPU3BOJATE 0 (PYHKIIOHAIBHOTO 3aCTOI0
’KOBUI;

2) punukHenH1 JII'P BHacninok GyHKIIOHAIEHOTO 1yOI€HOCTAa3Y;

3) mojpa3HeHHi CIU30BOT1 HUTYHKY »0BYy (ockinbku TP He €
(1310JI0TIUHUM 32 CBOIM MOXOJKEHHSIM);

4) nopymeHH1 QyHKIIT KUIIEYHUKA Yepe3 Macax BEIUKUX MOPIii
KOBYI 1, SIK HACIJJOK LbOTO, (YHKIIOHATbHUNA Mape3 KUIIEeYHHKA
(110 € OJTHOTHITHUM 32 MEXaHI3MOM PO3BUTKY 3 IYOJIEHOCTa30M).
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HaiiGinpim ~ XapakTepHUM  TMPOSIBOM  BereTaTUBHO-
AUCTOHIYHOTO CHHAPOMY OyJIH 3arajibHa claOKiCTh, EPIOAMIHUN
TOJOBHUI OUIb Ta TOJIOBOKPYXKIHHS, TaKUld CHHAPOM MU
miarHoctyBamu 'y 73 (72,2%) mnamieHTtiB. 3rigHO pe3ynbTaTiB
OTIUTYBaHHS, CHJIbHO BUPAKEHUI 1IeH CHHIPOM OYB y MALlIEHTIB 3
cynytHbpoto XXKX i/abo xponiuanm mankpearutom (81,8% 1 57,1%
BiamosigHo, P<0,05).

[NamienTam, mo Manu Tynuil OUTh y AUISHIN CepIis, SIKHi
BUHMKAB IICJS >KMpPHOI 4M cMmakeHoi ki, micis EKIT Oynu
KOHCynbTOBaH1 KapjiosoromM 12 (11,8%). Ilicns BukiroueHHsS
TOCTPOTO KOPOHAPHOTO CHHIPOMY TaKHH XapakTep OO0 MH
PO3LIHIOBAIM SIK KApAiaJriYHMi CHMHAPOM Y TALIEHTIB Ha
XpOHIYHUN XOJEHMUCTUT. Y MeXaHi3MI HOro pO3BUTKY MH
BBakaemMo nucyHkiiro Oiykarodoro Hepsa (Nervus vagus), 1o
BUHUKA€E Yepe3 MOoJpa3HEHHS OKpEeMUX HOro rulok, Kl MarwTh
Oe3nocepeiHii KOHTAaKT 3 3alajbHUM >KOBYHMM Mixypom. Lli
MATOJIOTTYH1 IMIYJIbCH 30Yy/UKEHHS WAYTh y TPYAHY KIITHHY 1
NEepeaaoThCsl M0 TUIKax Baryca, 110 WAyTb IO cepus - Nervus
depressor cordis.

[TopiBHAHO HEBeIMKa Tpyma TMAaIli€HTIB Ha XPOHIUYHUN
XOJICIIUCTUT Majia MPOsBH 00O OUTBIN CXOK1 Ha HEBPOJIOTIUHI 5
(4,9%). Ilicns ornsay IMX MAlli€EHTIB HEBPOJIOTOM 1 BUKIIIOUEHHS B
HUX TOCTPOi HEBPOJIOTIYHOI MATOJIOTIi, BULIEBKA3aH1 MIPOSBU MHU
OLIHIOBAIM $K HEBPOTHYHHMIl CHHAPOM IIpH XPOHIYHOMY
xoneuucTuTi. HalOuabl  XapakTepHUMH  IPOSBAMHU  LLOTO
cuHapoMy Oynu 00JIi 3 ippajialliero y MpaBy pyKy i MpaBy CTOPOHY
mui. Ilicng mpusHadeHHs TepameBTOM BiAMOBITHOTO JTIKYBaHHSA
X.X. MU BiIMiYaJd TOCTYNOBHH perpec IUX CHUMIITOMIB, IO
NEPEKOHJIMBO CBITYMIIO PO 3MEHIIEHHS 3alajlbHOIO BOTHUINA
came y )KOBYHOMY MiXypi.

AHani3 pe3ynbTariB eHA0CKOMIYHOTO OOCTEKEHHS MAIlI€EHTIB
HAa XPOHIYHUH  XOJICHUCTUT BHUSIBUB  OUIBIIMI  BIICOTOK
naTo(i3i0JIOTIYHUX 3MIH NMEPEBAXKHO y LUIYHKY 1 12-TM mamii
KUIIIII caMe y KaTeropii NarieHTiB 3 KOHKPEMEHTAMHU Y )KOBYHOMY
Mixypi - rpyna Ne 2 i XpOHIYHUM HaHKpeaTuToM — Tpymni Ne 3
(Ta6.4). HaiiGinpm wacto 3ycTpivanacs ractpomaris (karap
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IUTyHKA), BiIMiHA moJisirana B TiM, o y nanieHTiB 3 XKKX i/abo
XPOHIYHMM TNaHKPEATHTOM Yy OUIBIIOCTI BUMAJKIB BOHA Oyna He
MMOBEPXHEBOIO (EPUTEMATO3HOK), a TIIMOOKOI0 (E€PO3UBHOIO), I1€
cknaino (59,1% i 60,7% BinnosinHo, P<0,05). IlposiBu opranigyHoi
IyOJIeHaJIbHOT maTojorii ckianu: Oymnb0iT, eposii, pyOueBi 3MiHK
nuOynuHu 12-Tr nmanoi kumku. Skmo B rpymi Nel | (y marmieHTiB
6e3 XKKX i XpOHIYHOTO MaHKPEeaTUTy) HAMH HE BHSIBJICHO YKOTHOTO
BUIIA/IKy €pO3UBHO-BUPA3KOBUX 3MiH, TO y Tpymnax 2 i 3 mopsn 3
npocTum Oyns0iTomM Mu BusiBuiH epo3ii LK (y 31,8% 1y 39,3%
BianosinHo, P<0,05), a Takox Bupaszky LIAIIK (y 13,3% 1y 7,1%
namieHTis BinnosiaHo, P<0,05). Maiike y mojoBHHI BUNAJKIB B
KOXHIM rpyni 3amanpHud mnpomec y mmyHky 1 JIK
CYIIPOBOJIKYBaB JIyOJ€HOCTa3, caMe€ BiH, Ha Hally AyMKy OyB
NPUYMHOIO  30UTHIICHHS  BUIAJKIB  JYOJICHO-TaCTPAIBHOTO
peduokcy (QyHKIIOHAIBHOTO pO3Jaay) Yy maimieHTtiB 1-i rpynu y
50,0% Bumankis, a y 2-i i 3-it rpymi me 6uteme (y 77,3% 1 53,5%
BiamosigHo, P<0,05)!

Takum uymaOM, mnpucytHicTh JKKX 1/abo XxpoHiyHOTO
MMaHKPEATUTY Y TMAaIll€HTIB 13 3amaJbHUM MPOIECOM KOBYHHX
NUISIXIB IEPEKOHINBO CBIIYMTH HA HAITY JYMKY ITPO 3/1aTHICTD i€l
CYITYTHBOI MAaTOJIOTIi 0O0TsHKYBATH TEepedir Mmporiecy 3anajeHHs Y
TpaBHOMY KaHaJl B I[LJIOMY.

BucHoBkn.

1. ¥V 2019 pomui KUTBKICTh MAIIEHTIB 3 XPOHIYHUM XOJICIIUCTHTOM
cranoBuia 101, mo ckmano (7,8% Bix 3araJibHOI KUIBKOCTI
MaIi€HTiB, IO TMepedyBaly Il HarIsAOM YHIBEPCHUTETCHKOT
kiiHikM). Cepell HUX HalOUIbII YaCTUMM CYIyTHIMHU MATOJIOTIMU
y 28 (27,7%) BUABIEHO XPOHIUHUN MaHKpEaTUT 1 y 22 Mmaiie€HTiB
(21,7%) BusBICHO JKOBYHO-KaM’siHY XBOpoOy (3a JaHUMHU
coHorpadii opraHiB 4epeBHOT TOPOKHUHH ).

2. [IpoBeneHHs €HAOCKOMII MallieHTaM Ha XPOHIYHUN XOJEIIUCTUT
JI0BEJIO, 110 HaWOUIbII BHpaxeH! (yHKIIOHATBHI W OpraHiuHi
po3yaau mpolecy TPaBJICHHS y HUTyHKY 1 12-Tu mami kumii
J1arHOCTOBAHI caMe y Ipynax Mali€HTIB 13 CYNyTHbOIO >KOBYHO-
KaM’sIHOI0 XBOpoOOr0 1/ab0 XpoHIUHUM mnaHKpeaTuToM. [loHan
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60% mnamieHTIB MX 2-X TPyn Maju MOriauOIeHuil (epo3uBHO-
BHPA3KOBHI) 3aMaJIbHUI MPOLEC Yy CIAM30BIi 0O0JIOHIN HUTYHKY 1
nonay 30% maim noaidHui mpotiec y cau30Bii 12-Tu nanoi KUk
(P<0,05). Ilpore cnu30Ba WLIYHKY MAI[iEHTIB 3 XPOHIYHHM
xonemucTuToM  0e3  cymytHboi JKKX  i/a6o  XpoHIYHOTO
MaHkpeatury y 66,6% Bulagkax wMaja JUIIe T[OBEPXHEBUHN
3ananbHuii mpouec (P<0,05).

3. PerpocriekTuBHHMIT aHAI3 aHKETHOTO ONMTYBAHHS TAIIEHTIB 3
XPOHIYHUM XOJICIIUCTUTOM JOBIB, 110 OOJHOBUM, TUCTIENTUIHUH 1
BETETATHBHO-UCTOHIYHUN CHHIPOMH OYJIM CHIIBHO BUPAKESHUMH
B171 60% 10 90% mnarieHTiB came 13 CyIyTHbOIO )KOBUHO-KaM STHOIO
XBOp00010 1/a00 XpoHiyHUM naHkpeatutoM (P<0,05). Ilopsa 3 num
Bchoro Big 6% 10 27% maimieHTiB, MO Majdd XPOHIYHUU
XOJICIUCTUT O€3 CYMyTHBOI MaTOJOTil BKa3aau, 0 Ii CHHAPOMHU
Oynu B HUX cuiibHO Bupaxenumu (P<0,05).

4. HasBHICTb KOHKPEMEHTIB Y J>KOBYHOMY MIXypl, a TaKOX
HasBHICTh XPOHIYHOTO TAHKPEATUTy Yy TMAIlI€HTIB 3 XPOHIYHUM
nepediroM XOJEIUCTUTY CIIIJ PO3IIHIOBATH, SK MPOTPECYBaHHS
XPOHIYHOTO 3aMaJIbHOTO TMPOIECY >KOBUOBMUBIIHUX IUISXIB, IO
30UTBIITYE PO3MAITTS KIIHIYHUX IPOSBIB XBOPOOW Ta MiNBHIILYE
4acTOTy MaTo(i3i0JOTIYHUX 3MIH B IHIIMX OPraHax TpaBJICHHS,
30KpeMa y NUTyHKY W 12-tu mamiii kumn. el ¢akt € omHuMm 3
MEPEKOHJIMBUX apTryMEHTIB IO JI0 3aCTOCYBaHHS LUM XBOPUM
OUTBII paJIMKATBHOTO JIIKYBaHHS - XOJICIIUCTEKTOMIl.
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Anorauis. [locraBieno 3amady mporpaMHO-aITOPUTMIUHOI peanizamii
METOJIIB IMMOTOYHOTO KOHTPOJIIO 32 3MiHAMH CTaHy 3[I0POB’S OTPYEHHX
JaJHAM Ta30M B IporpamMHoMy cepemoBuini Java Virtual Machine.
Po3risiHyTO anropuT™M BH3HAYCHHS BETUYWHM BITHOCHOT KOHICHTpAI
OKCH- Ta KapOOKCHTeMOrJo0iHy B TIOTOII apTepiasbHOI KpoBi 3
(doTorieTH3MorpaMu Ha TPHOX JIOBKUHAX XBUJIb.

KuarouoBi cioBa: okcuremorino6in, kapOoKcUreMorio0iH, YaaHuil ras,
(dhotorureTn3Morpama.

IIpy nomasaHHi B JIereHlI YagHOTO Ta3zy YTBOPHOETHCS
KapOOKCUTeMOrI00iH, AKii 3HMXKYE KUIbKICTh OKCHUIE€MOTJIOOIHY,
1110 TPAHCHOPTY€E KUCEHb. Lle MpU3BOIUTH O MIBUIKOTO PO3BUTKY
TiMOKCii 1 HOPYIIEHHIO HOpMaJIbHOTO MeTaboisMy KiituH [1]. Ha
1eil yac BU3HAUEHHS HasIBHOCTI Ta BMICTY KapOOKCUT€MOTJIO0IHY B
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KpPOBI IPOBOJUTHCS IHBAa3UBHUM IUIIXOM B YMOBaxX KITIHIKH 1 15
mpoLeaypa J0CUTh TpuBaia. BUKoprucTaHHS MyIbCOKCUMETPIB HE
J03BOJISIE  BH3HAYMUTH 3HIDKCHHS  BITHOCHOI  KOHIICHTpAIil
OKCUTEMOTJIOOIHY B KPOBI, OCKUTbKY Ha JIOBKUHAX XBUJIb, HA IKHX
TIPAIIoE yJLCOKCUMETP, OKCUTEMOTII001H Ta
KapOOKCHTeMOrJI00iH MaroTh OJIM3bKI CHEKTpabHI BIACTUBOCTI
[2] i TOMY iX KOHIIEHTpAIIii JOAFOThCSI.

ABTOpaMH  3allPpONIOHOBAHO  HEIHBAa3WBHY  METOIHMKY
BU3HAUYEHHS BITHOCHOI KOHIIEHTpalii KapOOKCUIeMOIJIOOIHYy B
aprepianbpHid KpoBi [3, 4] Ta BemeTbcs po3poOka MOOLILHOTO
MPOrPAMHO-AIMAPATHOTO KOMIUIEKCY I €KCIPEC-KOHTPOIO 3a
CTaHOM OTPYEHUX Ha MOXKEXkKaX, B 30HAX 3aAMMJICHHS 1 IIKIJUTUBHX
BUMApIB TOIO. Takuii KOMIUIEKC Oy/1€ KOPUCHUM IIPU IPOBEICHHI1
aBapifHO-PATYBAIBHUX i, TpH HEBIAKIAAHIA  MEIUYHIN
JI0TIOMO31 Ta IHTEHCUBHII Tepanii eKCTpeMaJbHUX CTaHIB.

B nmamiii  po0OOTi mOCTaBiIeHO 3amady MPOTPaMHO-
QITOPUTMIYHOI pealizanii METOJIB MOTOYHOTO KOHTPOJIO 3a
3MIHaMU CTaHy 3/I0pPOB’sl OTPYEHUX YaJHUM T'a30M B IPOTPAMHOMY
cepenosuiii Java Virtual Machine.

OCKUTbKM CTBOPIOBAHHMM TMPHUCTPIM Mpalroe 3 YaCOBUM
PO3IUICHHSIM KaHalliB TO AaHHI 3 (oronpuitmauiB micis AT
HAJXOJTh y BUTJISAL PAAKA 13 TPhOX IT'ATU3HAYHUX YHCEN, 1 3a
nomomororo  kiacy InputStream ta BufferedReader nami
doTomIeTU3MOrpaM  IMIOPTYIOTBCS. B JBOBUMIPDHUNA MacuB
intsAl[i][j]; me “i” Homep psaka, a “j” HOMEp CTOBIII, IO
BiAMOBiae 1HU(PPOBOMY 3HAYEHHIO CHTHAIY A1, A2 Ta A3
BianoBiAHO. [le MoxkHA 3p0OUTH, BAKOPUCTOBYIOYH MPOCTUMA ITUKIT
while, skuit Oyme iMmoproByBaTH IHM(POBI  3HAYCHHS
dorormnerusmorpamu B macuB INtSAll, mokm 006’ekT Kiacy
BufferedReader reader untae HacTymHU# psAIOK, BAKOPHCTOBYIOUH
BKJIaieHU MeTon readLine.

3rilHO XapaKTEePUCTUK JaT4YHKA, SIKAW MPAIoE 3 YaCTOTOIO
200 I'u, gani 6epemo makeramu no 200 3HaYeHB, IO BiAMOBIAAE
OJHI CeKyHJAl pealbHOro yacy. Tomy OynemMo CTBOpIOBaTH
JBOBUMIPHI MaCMBH JOBKHHOIO JBICT1 3HAUYEHB Ta BIAMPABIATH iX
Ha 00YHCIICHHS Y BKJIAJICHUH IUKII. BKIageHuit UK 3amyckae Bei
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BKJIQICHI B HBOTO METOAM, SIKi OyayTh nepeOupaTH Mo MABICTI
3HaYeHb 3arajbHOro MacuBy INtSAll Ta mpucBoroBaTH 1ie 3HAYCHHS
TUMYacOBOMY MacuBy INtS, sIKMii 1m0 3aKiHYEHHI KOKHOI iTeparrii
00pOOJISIETBCS 32 ANTOPUTMOM OOYHCIICHHS BEJMYMH caryparii
Sa0; Ta BimHOCHOI KOHIEHTpaIi kapO okcuremoriobiny SaCoO.
Haiizpyunime mei anropuTM MOXHA peali3yBaTd, pO30HBIIN
KOKHY OIEpalilo Ha OKPEMHUI METOM, SIKM MOXe NMpUiMaTd Ta
nepeaaBaTi MacHBH.

Ha puc. 1 300paxena Onok cxema poOOTH aITOPUTMY
saHaxopkeHHs Sa0; ta SaCO. Bona cknametscs 3 pomba Ta
NPSIMOKYTHUX OJIOKIB, SIKI MpEACTaBlIEHI METOJaMH, IO
BINPABIAIOTh Ta OTPUMYIOTH MacHUB 4YM IHUIY 1H(OpPMALIIO.
PomOoM mo3naueno mertonx rOne, skwii BU3HA4Yae Koe(Dilli€HT
MapHOT KOPEJISIIii, Ta, BUXOSYN 3 Pe3y/IbTaTy, BH3HAUAE 3HAYCHHS
KOMIpKH MacuBy. [1oTiM cripaniboBye nepexia Ha 30BHIMIHINA UK
1 BeCh BHYTPIIIHIN ITUKJI IOYWHAE CBOIO POOOTY 3 TOYATKY, ajie y)Ke
13 HACTYITHIMH 3HAYCHHSIMH HOBOTO MacHBY.

1]

Puc. 1. brnok cxema po0OTH METOIIB alrOpUTMY 3HAXOIKEHHSA
piBHS caTypailii KpoBi KHCHEM

Jns  TecTyBaHHs Oylno HamMcaHO IIporpamy, ska 3a
JIOTIOMOT0X0 BUKOPUCTAHHS MACUBIB Ta METOJIIB, SIK II€ MMOKa3aHO
Ha puc. 1, oGuucnse BenmmunHu Sa02 ta SaCO. Ilpu 06poOii
TecToBUX (aitnie Oynmo orpumano mnoxubky + 0,1% Bin
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pO3paxyHKiB, OTPHMaHHX 3a JIOTIOMOTOIO JIa0OPaTOPHOTO
oOagHaHHS.

Peanizanis onucanoro B 3, 4] anroputMmy BU3HAUYECHHS PIBHS
carypariii kpoBi kucHeM y cepemosuini Java Virtual Machine
J03BOJIMIIA OTpUMATH OXUOKY + 0,1%, 1110 rapHO y3TrOHKYETHCS 13
JaHUMH, OTPUMAHMMH 33  JONOMOIOK  JIAOOPAaTOPHOTO
o0aHaHHS.
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3aCTOCYBaHHS ~MArHITHUX  HAHOYACTHMHOK  (epyM  OKCHIy  SIK
TEparieBTUYHUX 3aCO0IB Ta areHTIB, OPIEHTOBAHUX HA aJ[PECHY JOCTABKY
JiKkiB. MaiOyTHI MOXKIIMBOCTI CTBOPEHHS TEPAaNCBTUYHHX 3acO0IB Ha
OCHOBI MarHiTHUX HAHOYACTHHOK MOB'A3aHi 3 OCTATOYHUM 3’SICYBaHHSIM
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iXHIX TOKCHMYHMX BJIACTHBOCTEH Ta BH3HAYCHHSIM JOBI'OCTPOKOBOT
CTa0IIBLHOCTI.

KirouoBi ciioBa: MartiTHi HaHOYACTMHKM, OKCHJ 3ajli3a, IUILOBA
JIOCTaBKa JIIKIB, TOKCUYHICTD.

JlocTaBka TepanmeBTHYHHX areHTIB 3 BHUKOPHUCTaHHIM
Mar”iTHOTO HAIIUTFOBAHHS CTAHOBHUTh 3HAYHUN IHTEpeC Ui
MequnuHA. [le TOB'S3aHO 3 MOXJIMBICTIO JIMCTaHI[IHHOTO
KepyBaHHS  MarHiTHUMM  HaHoyacTuHkamu  (MHY)  Ta
KOHCTPYKIISIMH Ha 11X OCHOBI NIpHM HaKJIAJE€HHI 30BHIIIHHOTO
MarHitHoro nojs. L{inboBa qoctaBka Moke BiAOyBaTHCS Ha PiBH1
LJIOr0 Oprany abo MeBHMUX KIIITHH, il CHEU(IYHICTD M1IBUIYIOTb,
3aCTOCOBYIOUM JIEKTUH, aHTUTUIA Ta iXH1 ()parMeHTH, LUTOKIHH,
MPOTETHN, TOPMOHH, 3apPsPKEHI MOJIEKYIIN HU3bKOMOJICKYIISIPHIX
cnonyk [ 1]. Hampukian, BUKOpUCTaHHS MarHITHOTO HaIlLTFOBAHHS
B XIMIOTepaIrii MyXJIMH T03BOJISI€ 3HAYHO 3HU3UTH JI03Y Mpernapary
Ta oro no6i1yH1 epexTH, HIBEIIOIYN HecTeU(PIUHNN HETaTUBHUI
BITUB Ha opranizm [1]. B nanuii yac Halimupiie 3acTocyBaHHS B
OloOMeIUIIMHI OTPUMATH YaCTKH HAHOPO3MIPHOTO depyM OKCHIY,
1m0 OOYMOBJICHO iX HHM3bKOK TOKCHYHICTIO 1 CTaOUIBHICTIO
MarHiTHUX XapakTepucTuk [2]. OcoOimBOi yBaru 3aciayroByIOTh
cyneprnapamartitHi HaHouactunku (Gepym okcuay (SPION) [3].
Ha croromui SPION - enuHi MarHiTHI HaHOYACTHHKH, CXBaJIeHI
utst kiiHigHoro BukopuctanHs. Taki SPION, sk marnerur, FesOq
n marremir, y-Fe,Os mumpoko 3acTocoByrOThCS B OlOoHaAyKax i
KIIHIYHUX JOCHIDKCHHSAX I aJApecHOi JOCTaBKH JIKIB [4],
rineprepMii 1 pagioHYKIIIIHOT TepaIrii 3a JOMOMOTOK MarHiTHOTO
noJis [ 5, 6] Ta Ik KOHTPACTHI PEYOBUHU IS MATHITHO-PE30HAHCHOT
tomorpadii (MPT) [7]. MHY depym oxcuay € HaiOLIbII
0araTooOIISOYUMU HaHOTIUIATPOpMaMHU IS KJIIHIYHOT'O
3aCTOCYBaHHs, 0COOJIMBO JIiKyBaHHS paky. Kinbka mpemnapatiB Ha
ocaoBi MHY ¢depym okcuny 6ynu cxsaneni B CHIA 1 €Bpomi amns
Bi3yaltizallii MyXJIMH, a TaKOXX NepedyBaroTh Ha CTail KIIHIYHUX
BUIIPOOYBaHb, sK TepameBTU4HI 3acobu [8]. HoBiTHBOIO
TEH/ICHIIEI0 € CHUHTe3 TIOpUAHUX HEOPraHiYHUX MAarHiTHUX
HAHOKOHCTPYKLIH abo komOiHyBanHs MHY 3 Tpaguuiinumu abo
NEePeOBUMH  TEpaleBTUYHUMHU 3aco0aMM Ui JIOCSTHEHHS
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CUHEPriYHOTO TPOTHIMYXIHMHHOTO edekry. JlokcopyOimH €
MPOTHITYXJIMHHUM TIpenapaToM, 10 HaiuacTille 3aBaHTaXyeTbCs
Ha MHUY; cepen iHIMX MaKIiTaKCeN, METOTPEKCAT 1 eMipyOilHH.
OTtpumano oOHaAIAINB1 pE3yabTATH 110 JIIKYBAHHIO PaKy MOJIOYHOT
3aJ103H, JIETEHIB 1 TOBCTOI KMIITKU JOKCOPYOIIIMHOM, 3aBaHTAKECHUM
na MHUY [8].

He3Baxaroun Ha Te, OI0 BUKOPUCTAHHS MAarHiTHOTO
HAI[UTIOBaHHS 32 JIOTIOMOTOI0 HAaHOYACTHHOK BIIKPUBA€E IITUPOKI
MEePCIEKTUBH, ICHYe psa mpobiem. Jlo HUX BIIHOCSTH PHUBHK
eMOO0JIIl CyAMH MIKPOIMPKYISITOPHOTO pyClia 4epe3 CKYIMYEeHHS
MHY B Mexax CyIMHHOTO PETIOHY B 00JIACTI HAIlUTIOBAHHS; HE
BUPINICHO MUTAHHS MPO MOXXJIMBY TOKCUYHY JiF0 HAHOYACTHHOK,
MEXaHI3MH iX BUBEACHHS 3 opraHiamy ado Oiojgerpaaaiii. Bucoka
e(eKTHBHICTh MAarHiTHOTO HAI[UTIOBaHHS, 10 TMOKa3aHa B
KYJIbTYpax KJIITHH 1 Ha JJa0OpaTOPHUX TBapHHAX, HE 3aBXKIU MOXKE
OyTH JOCSTHYTa IPU BUKOPUCTAHHI TEPANeBTUYHHUX KOMILIEKCIB
Ha OCHOBl HaHOYACTUHOK Y JIOJUHU, OCKUIBKH 4acoM IMOTPIOHO
BUKOPHUCTAHHS Y€ CHJIbHHUX MarHiTHUX TOJIB, 110 HE 3aBXKIU
MoxuBo [1]. Psg mocnmimpkeHb MPOJAEMOHCTPYBAIM TOKCHYHI
edekTH, TMOB'sI3aHI 3 BIUIMBOM HaHOMATEpialiB, BKJIIOYAIOYU
normko/pkeHHs: mitoxouapid ta JIHK, okucmroBanbHHMIT cTpec,
3MIHY peryJsiii KJIITHHHOTO MUKy 1 JeHarypaiito Outka [9].
3actocyBaHHA (epyM OKCHAY 30KpeMa IOB'SI3aHE 3 TaKUMHU
pHU3HUKaMH, K UTOTOKCUYHICTh 13 MOPYLIEHHSIM
MITOXOHIpianbHOT Ta saepHoi Gynkiii [10]. Hapasi mano Bizomo
PO OCHOBHI MEXaHI3MH, BIAMOBIZAIbHI 32 TOKCHYHY JIifO
HaHoyacTUHOK.  [lpumyckarote, 1m0  Tokcumunicte MHY
00yMOBJIIEHA T€HEepalli€l0 aKTUBHUX (HOPM OKCUTEHY, SIKi MOXKYTh
MPUHOCUTHU OPraHi3My, SIK KOPHCTb, TaK 1 LIKOAY, 1 HACTYIIHUM
PO3BUTKOM OKHUCHOTO cTpecy [8, 11]. PizHuug B peakuii opratis Ha
BB MHY oOGymoBnena 6ioposnonuiom. Henarineni SPION B
OCHOBHOMY HaKONMUYYIOThCs y nedinii (86%) 1 cenesinui (6,2%)
BX€ MpoTAroM 1| TOAMHU Micasl BHYTPINIHHOBEHHOI 1H'€KIIIL.
HaiiGinpimi  mobGoroBaHHs  BUKIWKae BKiIroueHHs MHY B
reMoryio0iH epuTpolmTiB. IN ViVO Ha Mumax BUSBICHO, IO
3HU3UTH TOKCHYHICTH JO3BOJSIOTH 0i0CyMicHI MOKpUTTS [9]. V
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pasi Hauitennx MHY pocmimkeHHs: oKa3alu BiICYTHICTh SIBHOT
CUCTEMHOI TOKCHYHOCTI HaBITh MICJS TPUBAJIOro (A0 3 MicsIliB)
BBeneHHA [12]. OcTtaHHe cTalo MEPEeAYMOBOIO Ui KITIHIYHHX
BUIIPOOYBaHb Oe3meyHOoCTI Ha mamieHTax. depymokciron Ha
ocaoBi SPION, cxBaneHuit mist JiKyBaHHS 3aii30Ae(diUTHOT
aHeMii, OyB KIiHIYHO mporecToBaHnii Ha Outbm HDK 2000
narfienTiB. be3neuna s moauHK 103a ckiana 2,9 mr/kr (o Fe)
[13]. Panimre >k Oymo npoaemoHcTpoBano, mo MHY po3mipom 30
HM 3aXOIUTIOIOTBCS MakpodaramMu B CENE3iHIN, TMeYIHIll 1
nimparnunux  Byznmax [14]. MokHa  OpUITYCTHTH, IO
HAaHOYACTUHKU Ha OCHOB1 MarHiTHOro epymy OyayTh BUKIMKATH
MEHIIY 3aHEMOKOEHICTh y IUIaHI O€3MeYHOCTI, HDK I1HII1
HaHOMaTepiaiu, i po3pOOKH HOBHX areHTIB, OPIEHTOBAHUX Ha
BI3yasi3alliio 1 TapreTHy Tepamito myxjiuH. OAHaK, 3aJuIIaroThCs
Takl BaXJIWBI TNHUTaHHS, K HecneuuiyHU po3moaut 1
HeaJleKBaTHE HAKONHWYECHHS AaKTUBHUX pEeYoBHH. MaiiOyTHi
MO>KJIMBOCTI 3aCTOCYBAaHHSI 1 BUPILIEHHS poOJieM, MOB'A3aHUX 31
CTBOPEHHSM TepareBTHYHUX 3aco0iB Ha ocHOBI MHY moB's3aHi 3
OCTaTOYHHUM TPOSICHEHHSAM iX TOKCHYHUX BJIACTUBOCTEH B
BUIMIPOOyBaHHAX IN VIVO Ta In Vitro, a TakoX BH3HAYCHHSIM iX
JIOBIOCTPOKOBOT CTa0LIBLHOCTI. {711 1IbOTO MOXKYTh 3HAJOOUTHCH
MDKIUCIUTITIHAPHI TIAXO0IM, IO TapaHTyBaTHMYTh aJeKBaTHY
BIIMOBIIHICTh JTAOOPAaTOPHUX EKCIIEPUMEHTIB TependadyBaHUM
yMoBaM in Vvivo.
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BIIJIUB 2D-HAHOYACTHUHOK CYJIb®IAY
BOJIb®PAMY HA BUKUBAHICTD TA
MOJIEKYJIAPHO-CTPYKTYPHI XAPAKTEPUCTUKHU
KJITHH KAPIIMHOMM JIETEHI JIBIOIC in VITRO

J.JI. Koaecuuk?, O.M. IIsickoBcbkal, O.I1. THaTIOK?,

I'.L. Jos6emko?, O.J0. MocyaieBcbkmii’,
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Anotanisi. Jlocnimpkeno BB rpadenononionux 2D-Hanomarepianis
Ha OCHOBI cynbdiny Bombdpamy (WS;) Ha BIDKUBAHICTh MyXJIHHHHX
KIITHH Ta 3a(iKCOBAHO X IUTOTOKCHYHY/IIUTOCTATHYHY IO JIMILIE Y
pasi TpUBAJIOro TepMiHy iIHKyOyBaHHSI.

Annotation. The effect of graphene-like 2D nanomaterials based on WS,
on the viability of Lewis lung carcinoma cells in vitro has been
investigated and established their cytotoxic/cytostatic action only in the
case of long-term exposure.

KarouoBi ciaoBa: rpadenononioni 2D-nanomatepianu, Cynbdin
Bonb(paMy, TMyXJIWUHHI KIITHHW, KapuuHoma JereHi Jlproic,
iH(ppadepBoHA  CHEKTPOCKOIIiS,  CHEKTPOCKOINsl  KOMOIHAIIIHOTO
pO3CIitOBaHHS.

Keywords: graphene-like 2D nanomaterials, tungsten sulfide, tumor
cells, Lewis lung carcinoma, infrared spectroscopy, combination
scattering spectroscopy.

Cepen po3MaiTTs HaHOMATEpiaiB cy4acHi aBoBUMIpHi (2D)
HaHOMaTepiau 3 TrpadeHonoi0OHOI CTPYKTYPOIO BHSBISIOTH
yHIKalbH1 (i3M4YHi, XIMIYHI Ta €JIEKTPOHHI BJIACTUBOCTI, IO
0OyMOBIIIOE  MOJKIHMBICTh  iX HIUPOKOTO 3aCTOCYBaHHS B
OloMeqMuHIi MPaKTHUIll, 30KpeMa JUIsl AIarHOCTUKU Ta JIKyBaHHS
pPI3HUX TATOJIOTTYHHUX CTaHiB, B TOMY YHCHII 3JOSKICHUX
HOBOYTBOPEHb.

MOXITUBICTb BUKOPHUCTAHHS HAHOYACTHUHOK JUTST
JIarHOCTUYHUX Ta TePANeBTUYHUX I[iJIeH B OHKOJIOTIT 6a3yeThCs B
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OCHOBHOMY Ha Tak 3BaHoMy EPR-edexri (enhanced permeability
and retention effect) — 3matHOCTI AESKMX MOJIEKYJ IEBHOTO
po3Mipy, B TOMY YHCIi 1 HAHOYACTUHOK, HAKOMMHMYYBATHUCS B
TKaHUHI 3JI0SKICHOI TyXJWHH B OUIBIIINA CTymeHi, aHbK B
HOpMaJbHUX TKaHWHAX Peanizamiss EPR-edexTy oOyMoBIIOETHCS
010JIOTTYHUMH OCOOTMBOCTSIMH 3JIOSKICHOT MyXJIMHH 1, TIEpII 3a
BCE, AHOMAJNbHUM NYXJMHHUM  aHTIOT€HE30M, SKUH €
JIeperyibOBaHUM SIK Y IPOCTOPI, Tak 1y vaci [1].

Cepen 2D-naHomarepiaiis MOJTUBO BUJIUTUTH
JTUXaTBKOTECHIMN TEpexXiIHUX METaliB, 30KpeMa JaUCYIbQi
Bosbpamy (WS2). Hanoposmipamii WS, mae BHCOKYy NHUTOMY
MOBEPXHIO Ta YyJOBI €JEKTPOHHI BJIACTHBOCTI, 5KI 00'eMHI
matepiamu WS2 He paemoHcTpyioTh [2]. OxpiM yHIKaTbHHX
(G13UKO-XIMIYHUX BJIACTUBOCTEH, HaHOMaTepianu Ha ocHOBI WS»
MpOSIBIIAIOTH  1iKaBl  O10JIOTIYHI  BJACTUBOCTI, BKIIOYAIOYH
MePOKCUIA30-TIOTI0OHY AKTUBHICTb, AHTUOKCUIAHTHI Ta
pamionpoTeKTOpHI BiacTuBOCTi Tomo [3, 4]. Pazom 3 1um
HaHOMarepiayii Ha OCHOBI WS> MarTh HHU3BKY O0IOJIOTIUHY
TOKCHUYHICTS [5].

Jlnst  yCImimIHOTO 3acTOCyBaHHS TaKWX HaHOMAaTrepialliB B
OHKOJIOT'11 ¥ TO B IKOCT1 IPOTUITYXJIMHHHUX areHTIB, Y TO B IKOCTI
MPOTEKTOPIB ~ TOKCHYHOI  1ii  MPOTUMYXJIWHHOI  Tepamii
(MegukaMeHTO3HOT a00 TPOMEHEBOi) OJHMM 3  TEPIIUX
HEOOXITHUX Ta BAXKJIMBUX €TAliB € OIlIHKA IXHBOT'O BIUIMBY Ha
BIDKMBAHICTH Ta MpoJtipepaTHBHUN MOTEHIIIAT MyXTMHHUX KITITHH.
Tomy weroro pgaHoi poOotu Oyno mochimutu Brume 2D-
HAaHOYACTUHOK Ha OCHOBI CyNb(iny Bob(ppaMy Ha BUKUBAHICTH Ta
MOJIEKYJISIPHO-CTPYKTYPHI XapaKTEPUCTUKH KIITHH KaplIHUHOMHU
nereni JIproic B gociigax in Vitro.

B po6Goti BukopucroByBanu 2D-nanomarepianmu WS, ski
OyJI0 OTpUMAHO BJIOCKOHAJCHHUM MEXAHOXIMIYHHMM CIIOCOOOM 3
nopouikonoaionoro WSz, ta siki Mmasu rpadeHonoaioHy CTpykTypy
1 ixHii po3mip He mnepeBumyBaB 200 HM [6,7]. B skocti
eKCIEPUMEHTAIbHOT ~ MYXJIMHHOI  MOJIeJl  BUKOPHUCTOBYBAJIU
KJIITUHU KapIIMHOMH JiereHi JIptoic, ki MiATpUMYBaIH B IOBHOMY
noxxuBHoMy cepenoBuili RPMI 1640 nmpu 37 °C y Bonorux
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ymoBax, 5 % COz. LIUTOTOKCHYHUN/TIUTOCTAaTUYHUNA BIUMB 2D-
Hanomarepianis WS, ormiHoBanmM micis iX 1HKyOyBaHHS 3
NyXJIMHHUMH KJIITHHAMHU 1poTsroM 1 Ta 2 mi0 3a 10OMOTroro
cynbpoponaminy B. [l cnekrpockomianx gociuimkeHs (14
MOTJIMHAHHS Ta KoMOiHariitHe po3cisaas (KP)) roryBanu 3pasku
NyXJIMHHUX KIITHH B MajoMy 00’eMi BOaM mTichsi iXHbBOTO 2-
no0oBOro 1HKYOyBaHHS 3 HAaHOYACTUHKAMU B KOHIICHTpAIlii
6 Mkr/mut. 3pasku s [Y cekTpockonii HAaHOCHIIH Ha TTUIOKKH 3
CaFz, a i crmekTpockomii KOMOIHAIIHHOTO PO3CISTHHA - Ha
MIJUIOKKH 3 OaratomapoBoro rpadeny.

BcranoBieno, mo xapakrep BIUIMBY 2D-HaHOYacCTHHOK Ha
ocHoBi WS, Ha BW)XMBaHICTh KIIITHH KapIHHOMH JiereHi JIpioic
CYTTEBO 3aJI€KaB Bl KOHIIEHTpALil I[bOTO areHTy Ta TPUBAJIOCTI
roro mii. Tak, 3a 1-mo6GoBoi iHKyOaiii HaHoyacTHHKH WS> B
nmiama3oHi KOHIICHTpAIIil 0-25 MKr/mn HE MPOSBIISUTA
[UTOTOKCUYHOT/IIUTOCTATUYHOT JII1 CTOCOBHO MyXJIMHHUX KIIITHH.
HaTtomicTh mooBxkeHHs TepMiHY 1HKYOyBaHHS /10 2-X 110 CYyTTEBO
3MIHUJIO XapakKTep BIUIUBY JOCITIIKYBAaHMX HAHOYACTHHOK Ha
BIDKMBAHICTh MYXJMHHUX KIITUH Ta OOYMOBMJIO CTaTUCTHUYHO
noctoBipae (p<0.05) KOHIEHTpaIliitHO-3aJIe)KHE 3MCHIIICHHS
KUIBKOCTI JKMBHUX KIITHH. MaKCUMaJIbHUNA IIUTOTOKCUYHUI/
UTOCTATUYHUN e(EeKT HAHOYACTHMHOK (3MEHIIICHHS KUIBKOCTI
KUBUX KITUH Ha 47 %) Oyno 3adikcoBaHO MpPU KOHIIEHTpAIIIfX,
Onmu3bkux A0 2 MKr/mil. IIpu KOHIEHTpaIisiX HaHOYAaCTHHOK
BHINMX 32 2 MKI/MJI, IXHIA IUTOTOKCUYHUN/TIUTOCTATHYHU I €EKT
HE MOCHJIIOBABCS: KUIBKICTh KMBHUX KIIITUH 3aliUIIagacs Ha piBHI
55 %-65 % Bix Takoi y KOHTPOJI.

Heranpuuit anamni3 criektpiB KP myxXJIMHHUX KITITHH [TOKa3aB,
mo micns  iX  2-mo6oBoi  00poOKM HAHOYACTMHKAMHU  Oyio
3a(hikcoBaHO MPUCYTHICTL cMyT B 06macTi 418 cm™ ta 352 em?, axi

€ XapaKTepUCTUIHUMHU Egg Ta A, Monamu HaHO4aCTUHOK WSp.
HasBHICT MX CMYT' CBITYUTH NPO MPUCYTHICTH JOCITIDKYBAaHUX
HAaHOYACTHHOK Ha MOBEPXHi Ta/abo BcepenuHi KIITHH.

Ha Bigminy Bix cnektpiB KP, ananiz IY cnekrpis
NOTJIMHAHHS BUSBUB JAESKUHA BIUIMB HaHOYACTMHOK WS: Ha
KoH(popMaiiHui ctan (pakiii OUIKIB Ta HyKJIETHOBHX KHCIOT B
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KJIITUHAX Ta 3BY)KEHHS cMyr ¢ocdaTiB Ta aMmigiB. 3MEHIICHHS
nanismmpunu 14 cmyr nornunanas Amin I B o6macti 1651 cvm™® ta
3MEHIICHHS IHTEHCHUBHOCTI CMYTI MOTJMHAHHS CHUMETPHYHOTO
(1239 cm?) ta acumerpuunoro (1084 cm?) BaeHTHOTO KONTMBAHHS
PO2” Moxe mOsICHIOBAaTHCS BIOPSAIKYBAHHSM JIIMIAIB Ta OLIKIB
no0IM3y MOBEPXHI YaCTHHOK. YaCTOTHHX 3CyBiB OCHOBHHX CMYT
MOTJIMHAHHS HE CIIOCTEPIrasocs.

TakuM 4YHHOM, BCTaHOBJIEHO, MmO 2D-HaHOMaTepianu Ha
ocHoBl WS 371aTHI HOTpaIuiATH B MyXJIMHHI KIITHHH Ta/abo
HAKOIMYyBaTHUCS Ha iX MOBEPXHI Yy pa3i iX CyMICHOTO 1HKyOyBaHHS
in vitro. 2D-nHanomarepiaium Ha OCHOBI WS> IeMOHCTpyBau
LIUTOTOKCUYHY/IIUTOCTAaTUYHY JI1I0 CTOCOBHO KJIITMH KaplLMHOMU
nereHi JIptoic Jumie npu JOBroTpuBaiii iHKyOanii. 3naTHicts 2D-
HaHoMaTepianiB Ha ocHOBI WS, He TITbKM aKyMymmrOBaTucs B
MyXJIMHHUX KITITHHAX, aJIe i TIPOSIBIIATH IUTOTOKCUYHY aKTHBHICTh
CTOCOBHO MYyXJMHHUX KJITHH HaJa€ TEpPCHEeKTUBH IXHBOTO
3aCTOCYBaHHS B OHKOJIOTTYHIM MPaKTHULll, 30KpeMa y sIKOCT1 HOCIiB
JUIsl IPOTUITYXJIMHHUX TpenapariB.
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®OTOIHAKTUBALISI STAPHYLOCOCCUS AUREUS in
VITRO MOHOXPOMATHYHUM CBITJIOM HU3bKOI
IHTEHCUBHOCTI
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Anortamis. IlpeacraBieHo pe3ynbTaTH I1HAKTUBAIIl AWKAX INTaMiB
Staphylococcus aureus y cycrensii 3a JOIOMOI00 MOHOXPOMATHYHOTO
CBITJIa HU3bKOI IHTEHCHUBHOCTI JoBXuHaMu XBuiIb 390, 460, 530, 600 Ta
660 mM. bakrepunumHi epeKTH BHABJICHO IS JOBXWUH XBWIb 390
(>70%), 460 (60%), 530 (50%) ta 600 M (23%). He BmimBae Ha
BIDKMBAHHS OAaKTEpiii OMPOMiHEHHS YEpPBOHUM CBITIOM 660 HM.
Annotation. The results of inactivation of wild strains of Staphylococcus
aureus in suspension using low-intensity monochromatic light with
wavelengths of 390, 460, 530, 600 and 660 nm are presented. Bactericidal
effects were detected for wavelengths of 390 (>70%), 460 (60%), 530
(50%) and 600 nm (23%). Does not affect the survival of bacteria
irradiated with red light 660 nm.
Kuarouogi ciioBa: ¢oroinaktuBaiis 6akrepii, horoceHcnOimizaTopH,
MOHOXPOMATHYHE CBITIIO.
Key words: bacteria photoinactivation, photosensitizers, monochromatic
light.

3 TMOYaTKOM BIIKPUTTS aHTUOIOTHKIB CHOCTEpiraBcs
3HaYHUHA Tporpec y JIKyBaHHI 1H(EKUIHHUX 3aXBOPIOBaHb,
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BUKIIMKAHUX OakTepiallbHUMHU 30yIHUKaMH. 3r0JIOM 3’ SIBHIIUCS
PE3UCTEHTHI INTaMH, $KI HE YyTIWBI 10 Jil TPUPOJHUX
anTHOi0THKIB [1]. 3 pPO3BUTKOM OpraHidvHoOi Ximil po3mouaBcs
MOIIYK aJbTEPHATHBHUX 3ac00iB iHAKTHBAIlll MIKPOOPIaHI3MIiB.
Cepen HHMX TOTEHHIHHO e()EKTUBHUMH aHTHOAKTEpiaTbHUMHU
3acobamMu MOXyTh OyTH OKCHOM MeTaliB (IUHKY, THUTaHY),
HAHOYACTUHKMA Cpi0iia, 3010Ta TOmIO. Y MEIWIMHI s
CTepwilizallii MMOBEPXOHb Ta IHCTPYMEHTIB  3aCTOCOBYIOTh
yiabTpadioneToBe  BUIPOMiHIOBaHHS. VOro mepeBaroi €
BIJICYTHICTh y MIKPOOPraHi3MiB CEJIEKTHUBHOCTI Ta PO3BUTKY
PE3UCTEHTHOCTI. AJle TakWii METOJ HE 3aCTOCOBYIOTh IIPH
JIIKyBaHH1 OakTepiabHOT KOHTaMIHAIll TKaHUH JIIoAuHU. CBITIIO 13
OUTBIIIOI0 JTOBKUHOIO XBHWJII TAaKOXK BHSIBJISIE aHTUMIKPOOHY IifO.
Ileit wmeTon iHaKTHBAIll MIKpPOOPTraHI3MIB OTpPHUMaB Ha3BY
doToauHamiunoi Tepamii. Moro edexrTuBHicTH 3abe3meuyerhes
HAsIBHICTIO y OakTepiaJbHUX KIITHHAX CHEUM(PIYHUX PEYOBHH —
(dboToceHcuOLII3aTOPIB, AKI MalOTh MAaKCUMYMH HOTJIMHAHHS Y
TUISTHKAX EJIGKTPOMArHITHOTO CIIEKTPY, SIKUM OIPOMIHIOETHCS
KJIITHHA. 3aBIOJKH 3JaTHOCTI TaKOi CIOJYKH B3a€EMOJISTH 3
OTOYYIOUMMH MOJIEKYJIAMHU, B TOMY YHCI1 KHUCHIO, T€HEPYIOThCS
TOKCHYHI IS KIITHH BUIbHI pamukanu [2]. OcTtaHHI MOXYTb
B3aEMOJIATH 3 MeMOpaHaMH KJITHH Ta IHIIUMH MINICHSIMU,
nopymyrun ix Gyskmii [3].

Juki mramu Staphylococcus aureus otpumyBanu Ha
cepeloBuIlll XKOBTKOBO-cosiboBoro arapy (PKCA) HacTymHOro
ckiany: M’sico-nentoHnuii arap (MIIA) — 70%, xsnopun HaTpio —
10%, sxoBTKOBa emyibcis B 0,9% NaCl —20%, pH=7,3.

UyTnuBicTh MIKpPOOpPraHi3aMiB 10 il CBITJIa BiANOBiTHOT
JOBKWHU XBWJII BUBYAIM Yy CyCHeH3ii OakTepii, Ky roTyBalud y
cepenosuini Mromnepa-XintoHa (r/1): rigposizar kazeiny — 17,5,
riapomizar cepis — 2, Kpoxmaib BojgoposzunHHuid (YA) — 1,5,
pH=7,3. Cycnensito, 1mo nepedyBaia Ha BOAAHINA OaHI MPOTITroM
20 xB npu 37 °C s ajanTanii MIKpOOpraHi3MiB /10 3MiHH YMOB,
posnuBanu no 10 mi y cranaapTHi CKIAHI npobipku 06’emom 20
M. KoxeH pocnmimHMil 3pa30ok MaB KOHTPOJBHUH aHaIOr JUist
OLIIHKM IIBUAKOCTI PO3MHOXEHHsS OakTepii Ta po3paxyHKY
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BITHOCHO I[hOTO MOKa3HHKA €PEKTUBHOCTI il cBiTia. Bei 3pasku
nepeOdyBasin Ha BOJgHIA Oani mpu 37 °C mpoTsAroMm BCHOTO
EKCTICPUMEHTY.

OnpomiHeHHsI CYCHEH3il NPOBOIMIM MOHOXPOMATHYHUM
CBITJIOM 3 IOBXHMHOIO XBuii 390, 460, 530, 600 ta 660 um (Lika-
Led, ®oronika ITnroc, Uepkacu), emiciero 0,1 /x/c Ta 4acoBoro
muckpern3amiero 2 xB. Po3paxyHok no3u onpomineHHs (Jx/mir)
MPOBOMMIIA BiZHOCHO 00’eMy cycmensii Oakrepii 10 M.
InaktuBamito  kosioHieyTBOprorounx  omuHUIEL (KYO) (%)
OI[IHIOBAJIIM TpHU TMNOPIBHAHHI ONPOMIHEHMX 3pa3KiB BIIIHOCHO
KOHTPOJIbHUX, SIK1 NepeOyBaliM B TaKMX CaMHMX yMOBax, aje He
MiJtaBajgncs Iil cBiTiia.

[TinpaxyHOK KUTBKOCTI KOJIOHIEYTBOPIOIOYHMX OJWHHUIL S.
aureus y cycnensii mpoBomwin y kamepi [opseBa. baxtepii
KOHTPACTYBAJIM aKPUIMHOBHM TOMapaHYEBUM TPHU KOHIICHTPAIIil
y cycnensii 3,5%¥10°M mnporsarom 3 xB. Jlna mociimKeHHS
(byopecueHIlii cycnensii 0akTepiii BUKOPUCTOBYBAJIU MIKPOCKOII
Olympus BX53 3 mominecrientaum 6;10k0m X-Cite Series 120 Q i
kameporo-aerekropom Olympus DP72. Jlocmiau MOBTOpPIOBaIM
Tpuyl. MaremaTudHy Ta CTaTUCTUYHY OOpPOOKY pe3ynbTaTiB
nmpoBoaMIK y iporpamuomy makeri Originlab 8.0.

[IpoBeneHni HamMu  JOCHIKEHHS BIUIMBY CBiTJIa Ha
IHAKTUBAIlII0O JUKUX IITaMiB S. aureus y cycmeH3ii mokasaiu
BHCOKY OakTepunuaHy e(QeKTUBHICTH cBiTIa. Tak, mnpu
OTNIPOMIHEHH1 OaKTepiaIbHOT CYCIIeH31i CBITIIOM 3 JOBKHUHOIO XBHUJI1
390 um Ta enepriero 0,1 Ix/c npu no3i onpomiderHs 10-11 Jx/mn
ru"e 50% KVYO. [Tpu Manux g03ax ompoMiHEHHS CIIOCTEPIraeThCs
BHCOKA OaKTEpUIIMIHA aKTUBHICTh CBITJIA, IKa CTAHOBUTH OJIM3BKO
40% Bin mouarkoBoi kimbkocTi KYO. Hacrymne 306inmblieHHsS
€Heprii crpusie MPaKTUYHO JHITHOMY 3POCTaHHIO OAKTEPUITUAHOT
aKTUBHOCTI CBITJIA.

30UTbIICHHS TOBKUHHU XBUJI1 Nepe10ayae 3HIKEHHs eHeprii
(GOTOHIB Ta MPHUCYTHICTh y KIITHMHAX MOTEHUIHHUX MIlIeHeH, sKi
MaloTh MAKCUMYMU TIOTJIMHAHHA Y IIUX AUISHKaX ciekTpy. CBITio
3  goBxuHOKO xBmil 460 HM  3gaTHE — HOTJIMHATHUCS
reMonopQipMHOBUMHU TPYNaMU CKJIAJHUX MPOTETHIB, 1HILIIOIOYU
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KackaJ| peakiliii, CIpsSMOBaHUX HA T€HEPAIil0 BUIbHUX paIUKaIiB.
BusiBneno, mo mo3a ompoMiHeHHss MeHmre 1,5 Jx/mi cnpuse
3aru6eni e 4-5% KYO. 30utbinenns 1031 onpominenHs a0 10
JIx/mut 3a0e3redye IpakTHYHO JIiHIHE 3HMKEeHHS KiTbkocTi KYO
1o 40% Big MOYaTKOBOI MOMYJISAMii 3 HACTYITHMM BHXOJIOM Ha
wiarto. 30UTbIIeHHS J03u ompomiHeHHs Bume 10 Jhx/mn
3abe3rneuye iHaKTHBAIiIO 07113bK0 60% Bill MOYATKOBOI KUTBKOCT1
KYO S. aureus.

[Ipu onpoMiHEHHI1 3€JI€HUM CBITIIOM 3 JOBXKUHOO XBUii 530
HM OyJ10 OTpUMAaHO NOJIOHY /10 CHHBOTO CBITJIA 3aJ]eKHICTh. Jlo3a
ONIPOMIHEHHS 3€JICHUM CBITJIOM, sIKa HEOOXimHa Jyist 1Himiarii
3aru0eni OakTepiil y cycnensii craHoBUThH 2,5-3 Jx/mia (puc.3).
30u1bIIeHHs 103U onpoMiHeHHs A0 10 J[x/mn crpusie piskomy
MIJIBUIIIEHHIO 0aKTEePUITUIHOT aKTUBHOCTI 10 35% Bil MOYaTKOBOL
nonymsiii  KYO. Iloganemie 3pocTaHHs cymapHOi eHeprii
OTPOMIHEHHS HE MPHU3BOJUTH O CYTTEBOI 3MiHU KinbkocTi KYO.
Makcumanbauit piBenb iHakTuBaIii KYO cranosuts 50% mpu 1031
onpominenHs  14-16 Jx/min.  ITlpu  OmpoMiHEHHI  CycrneH3ii
MOHOXpoMaTUYHUM cBitmoM 600 HM 3 emiciero 0,1 Jhx/c
MakcUMajdbHUU edekT nmocsraerbcss npu 1031 4,8  Jhr/mMa i
ctaHoBUTH 20-23%.

[Tpu onmpoMiHeHHi cycrneH3ii S. aureus CBITJIIOM 3 JOBKHHOIO
xBwiIl 660 HM He Oyno BusBIeHO 3MiHM KilbkocTi KYO 'y
CYyCITEeH3I].

[lepeBaroro 3acTOCyBaHHS CBITJIa HU3bKO1 IHTEHCHUBHOCTI €
3HIDKEHHS! HETraTUBHOTO BIUIMBY Ha OTOYYIOY1 TKAHUHH BIIKPUTUX
paH 1mpu 30epekeHHI OaKTepUIIMAHOTO e(eKTy BiTHOCHO
MMaTOreHHUX  MIKpoorpanidmiB. Takui maxig MOTEHIHHO
MOXJIMBO 3aCTOCOBYBATH 3 METOI0 MPHUCKOPEHHS 3aro€HHS
BIIKpUTHX PaH Ta MOIMEPEHKEHHS X OaKTepiabHOT KOHTaMIHAILII.

CIINCOK BUKOPUCTAHUX JXEPEJI
1. Mahmoudi H., Bahador A., Pourhajibagher M., Alikhani M.
Antimicrobial photodynamic therapy: an effective alternative approach
to control bacterial infections // Journal of Lasers in Medical Sciences. —
2018. — VV 9 — 154-160.
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2. Tegos G., Hamblin M. Phenothiazinium  antimicrobial
photosensitizers are substrates of bacterial multidrug resistance pumps //
Antimicrobial Agents and Chemotherapy. — 2006. — V 50 — 196-203.

3. Darabpour E., Kashef N., Mashayekhan S. Chitosan nanoparticles
enhance the efficiency of methylene blue-mediated antimicrobial
photodynamic inactivation of bacterial biofilms: An in vitro study.
Photodiagnosis and Photodynamic Therapy. — 2016. — V 14 — 211-217.

CYYACHI TEXHOJIOI'Ti OTPOMIHEHHS ITIPU PAKY
MOJIOYHOI 3AJ1I03U

M.B. CokoJ0Bcbka, I'.}O. Yopnaii, .M. Peneuska
LISOD - Jlikapus ispainscokoi onxonoeii, m. Kuis, Ykpaina, maris_a@ukr.net

Anoranis. [IpeacrapiieHo cydacHi TEXHOJIOTIT OMPOMIHEHHS MPH paKy
MOJIOYHOT 3aJI03H, SIKi 3aCTOCOBYIOTh B KIIIHIUHIH npakTuii. Po3risayTo
0COOJIMBOCTI KOXKHOT'O BapiaHTy, BU3HAYEHO ITO3MTHBHI Ta HETaTHUBHI
MOMEHTH, TIOKa3H JUIS iX ONTUMAaIIbHOTO 3aCTOCYBaHHSI.

KurouoBi ciioBa: mpomeHeBa Tepariis, pak Mojo4HOI 3aj103u, 3D-CRT,
IMRT, VMAT, Tomotherapy, SRS, SBRT, Proton therapy.

[IpomeneBa Teparmiss — 1€ OAWH 13 OCHOBHHUX METO/IIB
JIIKYBaHHSI OHKOJIOTTYHUX XBOPUX 13aCTOCOBYeThCs Maibxke y 70%
BUMAQJKIB Yy pI3HUX Tporpamax JIKyBaHHS: paJuKalbHa
(nediniTuBHE,  aa’lOBaHTHE, HEOAJ IOBAHTHE  JIIKyBaHHS),
nayiaTuBHA, cHUMITOMaTHYHA. OCHOBHUMH TPUHIMIIAMHU OYb-
SIKOi 3 TIporpam €: 1 — J0CcTaBKa TepareBTHYHOL J03H JI0 MyXJIUHH,
BiJl YOTO 3aJICKATUMYTh JIOKAJbHHHA KOHTPOJb 33 MYXJIHHOIO,
3arajjbHa Ta Oe3peluuBHAa BWKHBAHICTh, 2 — MIiHIMaJbHE
YIIKOJDKCHHST OTOYYIOUMX 3[OPOBHX TKAaHWH, IO BIUIMBATUME B
MOJANBIIOMY Ha SKICTh JKHUTTS maiieHTiB. Came mporpec
TEXHOJIOTIl  ONMPOMIHEHHS, BJIOCKOHAJICHHS amaparypu JUis
peamnizallii NMOCTaBJICHUX 3aBAaHb 1 MOKJIMKaHI 3a0e3nedyBaTu
OCHOBHI MPUHIIUIY TPOMEHEBOTO JIIKYBaHHS XBOPUX.

Pak wmomounoi 3amosu (PM3) € HalimommpeHimoro
OHKOJIOTIYHOIO TATOJIOTIEI0 cepe/l )KIHOYOTO HACENIEHHS TIaHEeTH,
B JIIKyBaHHI KO 3aCTOCOBYIOTh IIPOMEHEBY Tepamito. | came Ha 11k
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MATOJIOTIi  PO3TJISIHEMO  BAXKIUBICTH  TPAMOTHOTO  BHOOpY
TEXHOJIOT11 OMPOMIHEHHSI, 0COOJIMBOCTI KOXKHOTO BapiaHTy. OTxke,
BapiaHTH  MiABEJCHHA  JI03U: ONpoMiHeHHa M3  micns
opranosbepiratounx omepariid (O30) i3 BKIIOYECHHSIM OycTy abo
0e3, OTIPOMIHEHHS IPYAHOT CTIHKH MICIISI paTUKaTbHOT MACTEKTOMIl
(PME), omnpomiHeHHS TmicCis PEKOHCTPYKTUBHHUX OIIEparii
BJACHUMH  TKaHWHAMH,  IMIUIaHTaMH  a00  TKaHUHHUMU
ecraniepamMu, ONPOMIHEHHS 30H PETiOHApHOTO JTiM(OBIATOKY, 1e
CKJIa/IHOIO0 30HOI0 € Tpyla IHTpaMaMMapHOi rpynu J1iMQoBY3iiB
(JIB), Mmertonuku rinogpakuiinoro onpominenHs ado APBI, npu
SKUX 3pOCTa€ pa3oBa J03a ONPOMIHEHHS, OMNPOMIHEHHS IpHU
JIOKaJIbHOMY pPEUMJIMBI NyXJIMHU Ta TNaliaTUBHE JIKYyBAHHS
MeTacTa3iB MyxJuHU. [Ipu TuUlaHyBaHH1 ONpPOMIHEHHS MEBHOT
KIIIHIYHOT 3a/1a41 TOTPIOHO BpaxoByBAaTHU 00’€M KIIIHIYHOI MIIIEH],
00’eM otouyrounx 310poBux TkaHuH (O3T), Akl NOTparIATUMYTh
B 30HY ONPOMIHEHHS Ta MEXI1 iX TOJIEPAaHTHOCTI 10 MPOMEHEBOTO
HaBaHTaXXEHHsI, pa30Bl Ta CyMapH1 JI03H, K1 OyIyTh MiBENIEH1 JI0
JIKYBaJIbHUX 00’ €MiB, TOMOTrpadito po3TairyBaHHs JIOKa MMyXJIUHA
— HWOro OJW3BKICTh 10 TPYAHOI CTIHKH, 10 IIKIPH, BTSITHEHHS
OCTaHHBOT B TATOJIOTIUHHUKA mporec. (OcoOIUBO peTEILHUM
MMOBUHHO OYTH TIJIaHYBAaHHS TaKTHKW OIPOMIHEHHS MPU YPKECHHI
niBoi M3, OCKUTBKH JTOCUTH OJM3BbKO 3HAXOIUTHCS CEPEIOCTIHHSA,
cepue, LAD-perion, 1mo MaTuMe CyTTEBE 3HAUYEHHS HAa PO3BUTOK
KapJiadbHOT TOKCHMYHOCTI B MaWOyTHhOMY Ta Ha WMOBIPHICTh
PO3BUTKY TOCTPO1 KOPOHAPHOT IMATOJIOTIi, CEPIIEBOT HEOCTATHOCTI,
MOPYIIEHb PUTMY, OCOOJIMBO IPH JIIKYBaHH]1 )KIHOK MOJIOJIOTO BIKY.

Ax Bimomo, 3D-CRT € 3010THM CTaHAapTOM MPOMEHEBOT
tepamii PM3 1 Moxe 3acTocoByBaTuch sl OyAb-sKOl 13
BHIIICHAaBeJeHUX KiaiHiuHux 3amad [1]. Tak, micms O30, PME,
PEKOHCTPYKTHUBHUX  omepauii  AUIAHKY  ypaxkenoi M3
ONPOMIHIOIOTh 2Ma TaHTCHIIHHUMHU TOJSIMH 13  METOIO
3a0e3neueHHs ONTUMAJILHOTO, TOMOTEHHOTO MOKPUTTS
3aIlJIAHOBAHOIO JI03010 HEOOXITHUX 00’€MIB MpPH MIHIMAJIBHOMY
HaBaHTaXeHH1 (abo yHuKHeHH1 Horo 3o0BciM) Ha O3T. Ilpu
ONPOMIHEHH1 OycTa JI0IaTKOBY /103y HE JIMIIe HEOOX1IHO MiIBECTH
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Ha 30HY JIOKa BUJAJICHOI IyXJIMHHU, a ¥ BpaxyBaTH IOJATKOBE
HaBaHTtaxeHHs HAa O3T i MiHIMI3yBaTH HETaTUBHI HACIIIKH.
Po3po6neni cyqacui rexniku onpominenus (IMRT, VMAT,
Tomotherapy, SRS, SBRT, Proton therapy) mnoknukaHi
BJIOCKOHAOBaTH oOcHOBHI mnpuHuounu IIT — 3MenmryBatu
HaBaHTaxeHHs Ha O3T He BIUIMBalOYM HA TOMOTEHHICTh TIOKPUTTS
no3zor0 wmimened. 3okpema, IMRT 3a paxyHok Mmomyrsii
IHTCHCHBHOCTI JIOCTaBKH J03H 3 KOXKHOTO TOJIs 3a0e31edye Kparry
KOH(POPMHICTh 703W B MimieHi (B M3, BKIIOYAlOYH 30HU
perioHapHoOro J/BIATOKY) Ta Kpaliuii 3axuct opratiB pusuky (OP)
— MEHIIIC HaBAaHTXKECHHS Ha JIETEHI, ceplle, KOHTpaTrepaabHy M3,
TaKOX J03BOJIsie O€3MEeYHO BKIIOYATH IHTErpPOBAHUN OYyCT,
npoBoaut  APBI, omnpomiHeHHs I1HTpamMaMMapHHX JI/B, IO
CYTTEBO 3HMXKYE YaCTOTY PaHHIX MPOMEHEBUX PEakllii Ta Mi3HIX
ycknagaens [2, 3]. Opnak, 3actocyBanusi IMRT motpebye
TPUBAJIOTO Ta PETEIbHOTO OKOHTYPIOBaHHS yciX 00’€MiB,
IUTaHYBaHHS, MpolLeAypa JIIKyBaHHS TpHUBalilia Ta HOTpedye
MPOTPECUBHINIOTO MpPOTpaMHOTO 3abe3rneueHHs. [lIBummor B
peamizaiii yacy mnpoueaypu Ta KOH(DOPMHINIOW € METOINKa
VMAT, sixa no3BoJsie 3MeHIUTH 103y Ha OP, omHak po3citoBaHHS
Ha O3T e mupmmmM. Tomy, 1aHa TexXHIKa MOKe OyTH JOIUIbHIIIA
Mpu  ONMpoOMiHEHHI OycTa, JOKaabHOTO peuuauBy. [lomioHUMU
MMO3UTUBHUMH MOMEHTaMH B IIBHUJIKIA Ta MPUIIUIbHIA AOCTaBII
JI031 JI0 MyXJIMHU Ta MiHIMaJIbHOMY HaBaHTaxxeHHI Ha OP Bosomie
i Tomotherapy, mpu sxkomy IMRT peamizoByeThest depe3
BILUTONOAIOHE poTaliiiHe ONPOMIHEHHS TMPU IOCTYIIOBOMY
nepeMilleHH1 MallieHTa Yepe3 reHTpi 3a JOMOMOTO0 JTIKYBaIbHOTO
ctona. [Ipote, nanuit anapar Mae 2 BapiaHTH peaiizailii J0CTaBKU
nosu: TomoHelical — poramiiine cripanbHe ONMPOMIHCHHS, SKE
JOLIUTBHIIIE 3aCTOCOBYBATH y BUIAJKY OL1aTepaIbHOTO YpaKeHHS
M3-3, MICIIEBOIOIIMPEHOMY MPOLIECi, MHOXKHHHHUX MeTacTa3ax Ta
TomoDirect — onpominenss slice by slice, sike kpare peanizoBye
cebe mpu HeBenuKoMy o0’eMi MimieHi (paHHi cragii PM3,
OTIPOMIHEHHS JI/B, IPU HAsIBHOCTI IMIUIAHTIB, MPH peippajialii).
[IpoBeneHi MOCHIPKEHHS, SKi MOPIBHIOBAIHM JIKyBallbH1
TEXHIKM 3 METOIO OLIHKH PO3MOJIUTY 103U B MileHsx, Ha OP, i3
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BHU3HAYCHHSM PU3UKY PO3BUTKY BTOPMHHOTO paKy B OIIPOMIHEHHX
TKaHWHAX, TIOKa3aJId, [0 HalOUIbIIe HABAHTAKCHHS HA OTOYYIOUi
TKaHUHH Ta HETOMOTE€HHE OTIPOMIHEHHS JIIKYBAIBHOTO 00’ €MY ITpH
3actocyBanHi VMAT ta Tomotherapy [4-6]. OnHo3HauHuM
JiIepoM Yy MaKCHMaJdbHO e(eKTHBHIM peamizamii OCHOBHHX
npunuunis IIT, 30kpema miHiManbHOMY HaBaHTaxkeHHI Ha OP, €
Proton therapy, onHak naHa TexHiKa € HaJATO TOPOrOBapTICHOO Ta
BiACyTHI neHTpr B Ykpaini. lllogo panmioxipypriunux MeToauk
(SRS, SBRT), To BoHHM JOIJIbHI TIPU pO3Mipi MillieHi He OubIie 4
cM, TOOTO MOXYTh OYTH 3aCTOCOBaHI JIHIIE MPU OOMEKEHHUX
KIIHIYHUX 3aBIAHHSIX — OINPOMIHEHHS OycTy, JIOKaJbHUX
MeTacTa3iB B TOJIOBHUII MO30K, y BiJJIaJieHl OPraHU Ta TKaHWHU
(Ipy HasIBHOCT1 CUCTEMH TPEKIHT KOHTPOJIIO).

OTxe, cydacH1 TEXHOJIOTi HE 3aBXKIH MOXYTh 3a0€3MeUUTH
BHPIIIIEHHSI HEOOXIIHMX KITIHIYHMX 3aBllaHb, a iX 3aCTOCYBaHHS
MMOBUHHO 0a3yBaTHCh Ha OIIHII YCIX MO3UTUBHUX Ta HETaTUBHHUX
MOMEHTIB peai3allii JiKyBaJIbHOTO TUTaHY.

CIIMCOK BUKOPUCTAHHUX J’)KEPEJI
1. NCCN Guidelines. Breast cancer. Version 6.2020. -
https://www.nccn.org/professionals/ physician_gls/pdf/breast.pdf
2. Pignol JP, Olivotto I, Rakovitch E, et al. A multicenter randomized
trial of breast intensity-modulated radiation therapy to reduce acute
radiation dermatitis. J Clin Oncol. 2008; 26(13):2085-2092.
3. Donovan E, Bleakley N, Denholm E, et al. Randomised trial of
standard 2D radiotherapy (RT) versus intensity modulated radiotherapy
(IMRT) in patients prescribed breast radiotherapy. Radiother Oncol.
2007; 82(3):254-264.
4. Han, Eun Young et al. “Estimation of the risk of secondary
malignancy arising from whole-breast irradiation: comparison of five
radiotherapy modalities, including TomoHDA.” Oncotarget vol. 7, 16
(2016): 22960-9.
5. Ranger A, Dunlop A, Hutchinson K, et al. A Dosimetric Comparison
of Breast Radiotherapy Techniques to Treat Locoregional Lymph Nodes
Including the Internal Mammary Chain. Clin Oncol (R Coll Radiol).
2018; 30(6):346-353.
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JONUIBHICTH KOMIIVIEKCHOT'O 3ACTOCYBAHHA
METAMEPHO-CETMEHTAPHOI TA CTAHJIAPTHOI
EJJEKTPOKAPIIOT PA®II B IIATHOCTHIII TA
JIKYBAHHI 3AXBOPIOBAHb CEPIIA

B.II. Hectpyes, C.M. Kamincskuii, B.JI. llITanbko, O.1. I'aii
Yuieepcumemcoxa xninixa Kuiscorozo nayionanwnozo ynisepcumemy
imeni Tapaca Illesuenxo, Kuis, Ykpaina
Kuiscoruil naykoo-0ocnionuil incmumym medurxo-6ionociunux npooaem, Kuis,

Vpaina, +380503114153, vnev@ukr.net

Anoranig. OrmvcaHa akKTyajdbHICTh Ta JOLUIBHICTH KOMIUIEKCHOIO
3aCTOCYBaHHs METaMEpHO-CErMEHTAPHOI Ta CTaHJAPTHOI
enekTpokapaiorpadii B IIarHOCTHUII Ta JIKYBaHHI 1IEMIYHUX CTaHIB Ta
TIOPYIIIEHD Y MIPOBITHUX TIIAXaX CEPIIs.

Annotation. Described the relevance and the degree of complex stasis of
metameric-segmental and standard electrocardiography in diagnostics
and correction of ischemic mills and breakdowns in the wards of the
heart.

KarouoBi ciaoBa: MeraMepHO-CETMEHTapHa elIeKTpoKapaiorpadis,
EIIEKTPOreHe3, eMOpioreHes.

Metoro Hamoi poboTu Oyna po3poOka Ta 3aCTOCYBaHHS 1
BUNPOOYBaHHS y KIIHIYHMX YMOBaX TEXHOJIOTil peecTparrii
eNEeKTPUYHKUX MOTEHIIaNiB cepid [1] 3 ypaxyBaHHSAM METaMepHO-
CerMEHTapHOi iHHepBalii cepHsd Ta OCOONMBOCTEH  HOTO
eMOpIOTeHEeTUYHOTO (POPMYBAHHS.

Tomorpadis BimBeIeHb NpPHU METaMEPHO-CETMEHTApPHIM
eJleKTpoKapiorpadii.

1. Th-2s — niBe mepeacepas

2. Th-2d — npage nepencepas

3. Th-3s — mepeaHs yacTka MibKIEpeCepIHOT TEPETUHKH
4. Th-3d — 3aaHs yacTka MbKIepeacepHOT TePETUHKH

5. Th-4s — niBa 6iyHa Ta mepeHs CTiHKA JTIBOTO IUTyHOUYKa
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6. Th-4d — npaBa OiuHa Ta HepeHs CTIHKA MPABOTO IIUTYHOYKa
7. Th-5S — mepeHs YacTKa MDKIIUTYHOYKOBOT IIEPETUHKH

8. Th-5d — 3aHs yacTka MDKIIUTYHOYKOBOT IEPETHHKH

9. Th-6s — niBa yacTka BEpXiBKH CepIls

10. Th-6d — npaBa yacTka BepXiBKH cepIls

Hammmu  cniBpoOitHEKamMu ~ Oyma  po3poOineHa  Ta
BUIIPOOYBaHAa y MEOWYHIN MPaKTHIl TEXHOJOTIs  peecTpamii
CNIEKTPUYHUX  MOTeHmianiB  cepisd. OCHOBOIO, Ha  SKiid
IPYHTYyBaJlacsi METOJAOJIOTIS peecTpallii eleKTpokapaiorpadiyHux
MOKa3HUKIB, Oysa 0COOIUBICTE €eMOPIOTEHETUYHOTO (POPMYBAaHHS
cepus [5] 31 30epexeHHSIM CBOIX MeETaMEepHO-CereMeHTapux
3B’s13kiB. KpiM Toro BpaxoByBajochb 1 Te, 3 SKHX TIPYIHUX
MeTamepiB QopmyBanucs yci AUIAHKH cepusd. Takox Oynu
MIPOBEICH1 JOIATKOB1 €JIEKTPOHEUPO(D1310J0TTUH1 TOCTIHKEHHS [2]
Ui 3’SICyBaHHS 3 SIKUX TapaBepTeOpalibHUX AUISHOK LIKIPHOTO
MOKPUBY JOLUIBHO 3HIMATH EJEKTPUYHHUI MOTEHI{an Uit
MIZABUIIEHHS PIBHS JOCTOBIPHOCTI Ta 1H(HOPMATUBHOCTI JTaHUX.

[Ipy BUKOpPHUCTAaHHI 3alIPONOHOBAHOT METOJUKH «CTPIUKa»
€JICKTPO/11B HaKJIaJanacs mapaBepTeOpabHO IPABOPYY Ta JTIBOPYY
Bix XpeOTa Ha BiACTaHi 3-5 cM Big cepeHbO1 XpeOTOBOI JiHiT Bif 2
nmo 7 rpymHi xpebimi y MDKXpeOuneBux mHpoMikkax. Peecrparris
EJIEKTPOKAPAI0TPaMH 3IIMCHIOBAJIACS 3BUYaHUM YHHOM.

JlocmipKeHHST TPOBOJWIIOCH 13 3aJIy4CHHSM  KJIIHIYHO
3I0POBUX OCIO, MAII€HTIB 3 KJIIHIYHO MIATBEPIPKEHUMHU JaHUMU
PO 3MIHU y MIOKap/Ii Ta HEOOCTEKEHUX MAIlIEHTIB 31 CKapraMu Ha
OUTb y AUIAHII CepIisl.

VY 3a3HayeHUX Tpyln HPOBOJMIIOCH OOCTEXKEHHA 3
BUKOPHCTAHHSIM TUIbKH CTaHIAPTHOI enekTpokapaiorpadii [3, 4],
a TAaKOX Y KOMIUIEKCI 3 3aCTOCYBAHHSM METaMEpHO-CEerMeHTapHIN
eneKTpokapaiorpadii.

B pesynprari mpoBeaeHOro OOCTEKEHHsS JOBEIEHO, IO
KOMIUIEKCHE eJIeKTpoKapaiorpadiuyHe AiarHOCTUYHE 0OCTEKEHHS 3
3aCTOCYBAHHSIM METaMEpHO-CETMEHTapHO1 eneKTpokapaiorpadii
JOCTOBIpHO OuTbII iH(GOPMATUBHO, HUK MPU 3aCTOCYBAaHHI JIMIIIE
CTaHJapTHOI enekTpokapaiorpadii Ha 12,5%.
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Y nomanpmioMy TpPOBOAWIOCH CHIBCTAaBICHHS JaHHUX
€JIEKTPOTEHE3Y CTaHJIAPTHUX Ta napaBepTeOpaTbHUX
eJIeKTpoKapaiorpadiYHUX BiABEICHD.

Ha mincraBi oTpuMaHuWX JaHWX POOMIM BUCHOBKH TIPO
0i0eneKTpUYHi 0COOIMBOCTI PI3HUX BB MiOKapy.

Kpim TOro, Ha  miacTaBi  JaHUX  KOMIUICKCHOI
eJlekTpokapaiorpadii IPOBOIWIMCH TUHAMIUHI CIIOCTCPEIKCHHS
e(EKTUBHOCTI Ta IUIECIIPIMOBAHOCTI MEIMKAMEHTO3HOT KOPEKITii
IIIEMIYHUX CTaHIB Ta MOPYIIEHb Y MPOBIAHMUX HIIAXaX CEpIs.

BukopucranHs METOJMK CTaHAAPTHOI Ta MeETaMepHOI
eNeKTpokapaiorpadii 103BoJis€ HE TUIBKMA TMIABUIIUTA DPIBEHBb
JOCTOBIPHOCTI Ta IHPOPMATUBHOCTI OTPUMAHUX JIaHUX, & TAKOXK —
ONTUMI3YBaTH €(EKTUBHICTh 1 LUIECHPSIMOBAHICT JIIKYBaJIbHHUX
3ax0/liB Ha TOYAaTKOBOMY PI1BH1 00CTEXEHHS MAalli€HTIB.

BucnoBku. J[ocBin KIIHIYHOI MPAaKTHUKU JIKapiB TMOKa3ye,
10 HAWYaCTIIEe MATOJOTIYHUN TIPOIIEC, SKUW 3aMIIIOB JAIEKO, HE
B1IOMBA€ETHCA Ha KOHTPOJIBOBAHUX MapameTrpax crangaptaoi EKT.
Came TOMY TEXHOJIOTisI KOMILIEKCHOTO €JIEKTpOKapaiorpadiaHOTO
MIarHOCTUYHOI'O OOCTEXEHHS [HO3BOJIMTH 3HAYHO IIIBUIIUTH
SIKICTh, 1H()OPMATHUBHICTh Ta JOCTOBIPHICTb OTPUMYEMHX JTaHHUX
JUIsl PaHHBOTO BWSBJICHHS IMIEMIYHMX CTaHIB Ta MOPYIICHb Y
MPOBIAHUX MNUIAXaX CEepIs, IO HAIaCTh MOMIIMBICTH JIKapsIM
MPOBOJUTH  LUIECHPSMOBAHY  MEIUKAMEHTO3HY  KOPEKIio
BUSIBJICHUX NATOJOTIYHUX 3MiH. Takuil KOMIUIEKCHHM METO]
enekTpokapaiorpadii Moxe BUKOPHCTOBYBATHUCA SIK COCTaBHA
YacTUHAa CKPUHIHTOBUX OOCTEXEHb BEJIMKUX TPyl HaceleHHS,
0CO0JIMBO Yy aMOyNnaTOPHO-MOMIKIIHIYHINA MPaKTULl Ta B yMOBax
CUIbCBKHX aMOyJIaTopiid.
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PRE-IRRADIATION OF A SOLVENT -AWAY TO
RESPECT THE THERAPEUTIC EFFCACY OF SOME
WATER- SOLUBLE DRUGS

M.A. Zabolotnyy?, G.l. Dovbeshko?, V.E. Orel?,

G.I. Solyanik®, L.N. Kirkilevskaya®
! Taras Shevchenko National University of Kyiv, Ukraine
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Annotation. The work is devoted to the study of the processes that
determine the possibilities of the method of increasing the effectiveness
of the antitumor action of already known antitumor drugs without the use
of foreign nano dipurities using high-energy electron irradiation. The
electron energy was 2 MeV. The method is based on the use of the
original technique, which uses irradiation of the solvent (water or saline)
before the introduction of a drug (doxorubicin). Conformational changes
in doxorubicin molecules in irradiated saline were analysed by changes
in their vibrational spectra, which were recorded using an IR-Fourier
spectrometer. Quantum chemical calculations were performed using the
Gaussian program, the method of density functional (B3LYP). The
geometry of the doxorubicin molecule was optimized and its oscillation
spectrum was calculated. To study the pharmacological activity of the
antitumor drug doxorubicin used Lewis lung carcinoma. Cells were
maintained in RPMI 1640 medium with the addition of 10% ETS, 2 mm
L-glutamine and 40 pg / ml gentamicin at 37 © C. Studies have shown
that the use of pre-irradiated saline (0.9% NaCl) for the antitumor drug
doxorubicin significantly alters the conformational properties of its
molecules. The minimum dose of high-energy electron irradiation (2
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MeV) absorbed by the solvent, at which changes in the conformation
states of the drugs dissolved in them are recorded, is equal to 4 kGy.
Key words: irradiation, conformation, electrons, molecule, konium,
doxorubicin.

Introduction. Experience with antitumor chemotherapy has
shown its limited capabilities and low efficacy in the treatment of
locally advanced and disseminated forms of malignant neoplasms.
In this regard, the definition of new biologically active materials,
the study of their physical, chemical and therapeutic properties and
the creation on their basis of effective and low - toxic antitumor
drugs is one of the most pressing tasks of modern pharmacology
and practical oncology [1, 2, 3] an important issue is the choice of
the optimal modifier of therapeutic drugs, which is usually in a
nanostructured state. Note that the modification of drug molecules
by nanosized particles has important theoretical and practical
significance, as it provides the opportunity to obtain
biocompatibility with cells of the body, specific interaction with
living tissues. Preliminary studies have shown the prospects of a
new non-destructive method of modifying both the physical and
therapeutic properties of some antitumor drugs without changing
their chemical composition.

The aim of the work is to study the regularity of the method
of increasing the effectiveness of antitumor action of already
known antitumor drugs without the use of foreign nanodipurities
using high-energy electron irradiation, to reduce the dose of
antitumor drugs and minimize side effects when used in oncology.

Experemental procedure. The studies used saline 0.9%
NaCl (Novopharm-Biosynthesis, Ukraine). Saline, collected in
sterile medical syringes of 20 ml, was irradiated with electrons with
an energy of 2.0 MeV using a linear accelerator ILU-6. The dose
of absorbed radiation ranged from 4 to 80 kGy. Under such electron
irradiation, the solvent temperature changed by no more than 5 C°.
Characteristics of the electron irradiation process of doxorubicin
solutions are given in Table 1.

210



Table. 1.
Position of points of local maxima of absorption spectra

Fluence of the Irradiation time s | Absorbed dose of
electron flux, sm irradiation, kGy

4101 45 ¢ 5
6x1013 60 ¢ 10
1x10* 76¢ 20
2x10% 270 35
4x10 520 70
4x10 580 80

Solutions of doxorubicin (adriblastine) were prepared using
Actavik Italy powder, SpA and saline, bringing the concentration
of the active drug to 5 mg / ml and and Conium (Weleda, Germany).
Drug Conium, contains a number of alkaloids, the main of which
are Coniin (CgH17N), N-Methylconiin (C9H19N), y- Konitsiin
(CeHisN), Conhydrin  (CsHi7NO) and  Pseudoconhydrin
(CgH17NO).

Conformational changes in doxorubicin molecules in
irradiated saline were analysed for changes in their vibrational
spectra, which were recorded using an IR-Fourier spectrometer
(Bruker IFS 66, Germany) and a Shimadzu UV-260 diffuse
knockout spectrophotometer. The accuracy of determining the
wave number was 0.2 cm-1, and the accuracy of determining the
transmission - 0.1%. Processing of IR spectra was performed using
the program OPUS 5.5. Measurements were performed no later
than 10 days after irradiation of saline. The temperature of the
sample was in the range of 20-25 C°.

Quantum chemical studies used the GAUSSIAN program,
which was used to calculate the vibrational frequencies of the
doxorubicin molecule in vacuum and water.

Results and discution. The results of measurements in the
visible and IR regions of the spectra are illustrated by the graphs
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presented in Figs. 1 and Fig.2, respectively. The time between
irradiation of the samples and registration of their vibrational
spectra did not exceed 14-23 days. The measurements showed that
the absorption of the samples in this case was constant. The results
of the measurements in the visible region of the spectrum are
illustrated in Fig. 1, which shows the spectral dependences of the
absorption of doxorubicin molecules in unirradiated and irradiated
(70 kGy) saline.
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o A

-500

100 l 2(‘)0 I 3(‘]0 I 4(‘10 I 560 : G(IJO : TCI)O l B(IJO : 9[‘]0 l'IOID()
A(nm)
Fig. 1. Absorption spectra in the visible region of a doxorubicin
solution dissolved in saline solution not irradiated (curve 1) and pre-
irradiated (curve 2)

The absorption spectrum of the solution obtained without
prior irradiation was analysed using its representation as a
composition of Gaussian functions. The graph of the sum of these
Gaussian functions conveys all the characteristic features of the
experimentally  established spectrum (Pearson's pairwise
correlation coefficient between them is 0.98). The absorption of
radiation in these regions is associated with the excitation of
electrons of the s-, p-and n-orbitals of the ground state and the
transitions of molecules into the excited state. Therefore, studying
the shift of the positions of the maxima and the change in intensity
in this area, we can draw conclusions about the change in the
optical properties of the doxorubicin molecule. The dependence of
the positions of the local maxima of the sectors on the value of the
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absorbed dose in the optical absorption spectra taken immediately
after irradiation of the solvent and the preparation of solutions with
doxorubicin are shown in Table 2.

Table 2.
Dependence of the position of the absorption maxima on the dose in the optical

absorption spectra taken immediately after irradiation of the solvent and
preparation of solutions with doxorubicin

DOX 193,23 225,86 (256,95 [280,64 (393,33 |486,37 (530,18 [545,21
+NacCl,
0 kGy,
A (nm)

DOX 192,50 [235,11 (255,24 291,69 |401,87 |489,76 (529,81 [535,42
+NaCl
70 kGy,
A (nm)

Significant dependence on the amount of absorbed dose is
also shown by the absorption spectra in the IR range, illustrating
the data shown in Fig.2.
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Fig.2. The dependence of the normalized absorption of doxorubicin on

the wavelength in the unirradiated and irradiated solution of 0.9% NaCl at
different doses of absorbed electron irradiation

Curve 1 presented in Fig.2 describes the absorption spectrum
of doxorubicin in non-irradiated saline, curve 2 was obtained about
the absorbed dose of 10 kGy, curve 3 - 35 kGy, and 4 - 70 KGy. As
can be seen from Fig.2 for the above spectra is characterized by a

213



significant non-monotonic dependence of the configuration of the
spectra (the ratio of the amplitudes of high-frequency and low-
frequency maxima) from the absorbed dose. This behavior may be
due to coagulation (clustering) of babstones [5], which can be
realized at high values of the concentration of babstones (at high
levels of radiation).

Studies have shown that the minimum dose of high-energy
electron irradiation absorbed by the solvent, at which changes in
the conformation states of the drugs dissolved in them are recorded,
is 4 kGy. In this case, the radiation-induced changes in the
absorption spectra of the samples exceed the noise effects of
physiological solutions.

Studies of the ability of high-energy electron irradiation of
saline as a drug solvent to modify the pharmacological activity of
the antitumor drug doxorubicin were investigated in vitro using the
Lewis lung cancer cell line (LLC). Studies have confirmed our
previous conclusion [6] that the use of doxorubicin dissolved in
irradiated saline leads to increased cytotoxic / cytostatic effects.
This potentiating effect is most significant at low concentrations of
doxorubicin.

Conclusions.

1. Preliminary irradiation of physiological solution causes a change
in the absorption spectra of doxorubicin dissolved in it in the visible
and IR region of the spectrum. Changes in the spectra of these
spectra are characterized by a significant non-monotonic
dependence of the configuration of the spectra (the ratio of the
amplitudes of high-frequency and low-frequency maxima) on the
absorbed dose.

2. The use of pre-irradiated solvent (0.9% NaCl) antitumor drug
doxorubicin significantly changes their conformational properties.
The minimum dose of high-energy electron irradiation (2 MeV)
absorbed by the solvent, at which changes in the conformation
states of the drugs dissolved in them are recorded, is equal to 4 kGy.
In this case, the radiation-induced changes in the absorption spectra
of the samples exceed the noise effects of physiological solutions.
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3. The modifying effect of high-energy electron irradiation of the
doxorubicin solvent persists for 2-3 weeks.
4. The structural forms were determined, the values of the dipole
moments and the energy of the ground state of alkaloids included
in the konium were calculated: koniyina, N-methylconiine, -
konitsiina, conhydrin and pseudoconhydrin. It has been established
that the conformations of the molecules of alkaloids with the lowest
energy have the maximum possible linear dimensions and the
smallest values (for stable states) of the dipole moment [6].
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TEPMOYACOBI 3MIHU IMIIEJJAHCHUX CIIEKTPIB
TKAHHUH NEYIHKHU, OTPUMAHUX Y IUPOKOMY
YACTOTHOMY JIAITA30HI

T.B. Opuiimak, .M. Taciok., O.I'. ITonaaunens
Tpuxapnamcokuii nayionanoruil yHisepcumem imeni Bacuns Cmeghanuka,
lsano-Dpanxiscox, Yipaina
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AHoTanisg. ExcriepiMeHTaaIbHO BCTAHOBJICHO KOPEJIAIII0 MIXK CTYIICHEM
1 XapakTepoM IIOIIKO/DKCHb TKAHWUH IEYIHKH, BIAMOBIIHUMHU JIO0 HUX
CKBIBaJICHTHUMH CXEMaMHM Ta NapaMmeTpamu immenancy. [lokaszaHo, 1o,
B 3aJI©KHOCTI BiJl TeMIeparypu, mpHu 30epiraHHi 3pa3KiB Ha TOBITpi
3MIHIOETBCS Yac TpaHchopMallii eneKkTpoxiMiuHOi CXeMH, XapakTep SKoi
OB’ SI3aHUI 3 ICHYBaHHSM HEPYWHYIOUOT'O 1 HE3BOPOTHHOTO JIialla30HiB
3MiH CTPYKTYpH TKaHHH.

Annotation. The correlation between the degree and nature of liver tissue
damage, the corresponding equivalent circuits and impedance parameters
has been experimentally established. It is shown that depending on the
temperature, when storing samples in air, the transformation time of the
electrochemical scheme changes, the nature of which is associated with
the existence of non-destructive and irreversible ranges of changes in
tissue structure.

KualouoBi ciaoBa: immenaHc, TemmepaTypa, IediHKa, eJIeKTpUIHA
€KBiBaJIeHTHA CXeMa, JeCTPYKIIisl, MIKPOCKOITis.

Meron immenancHoi cnekrtpockomnii (IC) € omnmm 13
croco0iB, SKU BUKOPHCTOBYETHCS JUISL  XapaKTEPUCTHKU
01000‘€KTIB Ha OCHOB1 IAaCHMBHUX EJIEKTPUYHUX BJIACTUBOCTEH
Mmatepii. [lupokuil cmekTp HOro 3acTocyBaHHS MOB‘S3aHUI 3
IHTeHCUBHUM PO3BUTKOM TaKHUX Tally3ei, sIKk MEAMIIMHA, XapyoBa
npoMucioBicTe [1], TKaHMHHA 1HXKEHepis, KpioxXipypris [2], ne
CTPYKTYpHa ULLUTICHICTh OIONOTIYHMX TKAaHWH Ta JOCHIIKEHHS
BIUTUBY Ha HHUX TEMIIEpaTyp, LMKIIB 3aMOPOKECHHS-BIITaBaHHS,
MEXaHI3MH TOUIKO/DKEHHS, CIPUYMHEHI HUMH, 30KpeMa SBUIIE
“po3unHHOTO edekTy” [3, 4] Ta yrBOpeHHs KpUCTaliB JboAdy [5],
BIJIIrparOTh BaXJIUBY POJIb.
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MeTo0 NpOMOHOBAHOTO JOCHIKECHHS € BCTAHOBIICHHS
BIIMOBIIHOCTI MDK YacOBUMHU TpaHCPOpMAIliIMA  TKAaHUHHU
NeYiHKW CBUHI mpu 30epiranHi i Ha NOBITPI MiJ BIJTMBOM
TEMIIEpaTypu  MPOTSITOM  TEBHOTO  4acy, IapaMeTrpamu
CKBIBAJICHTHUX CXEM Ta iX IMIIEJaHCy, EKCIIEPHUMEHTAILHO
OTPUMAHOTO y HIMPOKOMY YaCTOTHOMY Jlialla30Hi.

[Ipu mpoBeneHH1 AOCTIKEHb, BAKOPUCTOBYBAIHCH KOMIPKH
KOH/ICHCATOPHOTO THUITY, 3pOOJICHUX 13 3BHYAHHHUX INIPHIIIB,
o0‘emoM 2 mu. OO‘€KTOM /1 BUMIPIOBaHHS OYJO BUPILIEHO
oOpatu oOpraHu, 30KpeMa CBUHSYY TIEUIHKY, y 3B‘S3Ky 3
JOCTYIIHICTIO Ta B1IHOCHOIO JICIIEBU3HOI0 MaTepiany, OTpUMaHy
yepe3 5 - 6 roJuH MICIS CMEpPTI TBAPUHU. 3pa3Ku OpraHy y
KOMIpKax MoMilmanuch y repmetrnunuit repmoctar 1/120 CITY nian
BIUIMB TeMmepaTypu npu 2, 8, 12, 25 ta 35°C npoTtsarom 2, 8 ta 14
rojuH. [lapanensHO POBOMIACH ONTHYHA MIKpOCKOTIsS (puc. 3).
IMmnenancHa ciektpu peectpyBanuch criekrpomerpom AUTOLAB
PGStat 30 y mianmazoni wactot 0,01 I'm — 100 xI'y (puc. 1). dus
3MEHILIEHHS  BIUIMBY  aMIUNTYAHMX  3HA4€Hb  HANpyru
BUMIPIOBAJILHOTO CUTHAJy HAa CTaH OPTraHIYHUX TKAHWH, Jiara3oH
MOTEeHITIaTy 3a7aBaBcs B Mexkax 0 — 5 MB. UucenbHe onpaiiroBaHHS
pe3yJbTaTiB BUMIPIOBAHHS JIJI BU3HAYSHHS ITApaMeTPIB eJICMCHTIB
€KBIBAJICHTHUX cXeM (pHC.2) TPOBOJAMINCH 13 JOTOMOTOIO
nporpamuux cepenosui] FRA-2, Origin ta Z-View 2.

Jlana MeroaMKa [03BOJISE EKCIEPUMEHTAIbHO OIHUTHU
CTYITIHb TTOIIKOPKCHHS TKAaHWH Ta BiIOOpa3UTH BIAMOBIIHI 3MIHH
y BUIISAI €KBIBAJICHTHUX CXeM. B pe3ynbrari, BiAMOBIIHO [0
IMIIEIAaHCHOTO CIIEKTPY, OTpPHMaHa IIEeCTU-EJIEMEHTHA CcXema
CBDKOTO 3pa3Ky, 3MIHMJIACh JO IBOX- Ta TPhOX-EIIEMEHTHOI, Y
BUIIAJIKy €KCIIEPUMEHTAIBLHOTO, IO J03BOJISi€E POOUTH BUCHOBKH
Ipo TMOBHE pyHHYBaHHS TKAHUHHUX KOMIIOHEHTIB,  fKi
BIJIIIOBIIAIOTH €JIEMEHTAM CXEMHU.
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Pucynok 1. Cnektpu iMIieIaHCy TKaHHMH MEYiHKU CBIKOTO 3pa3ka
Ta 3paska mij BIMBoM Temrepatypu 35°C mporsarom 2-ox, 8-ox Ta 14
roguH y mianaszoni yactot 0,01 'y — 100 kI, -Z°- ysiBHa yacTuHa, Z° —
JIMCHA YaCTHHA EJIEKTPUYHOrO IMITeaHCy, Y BKJIAII — BHCOKOYACTOTHI
JinstHKY iarpamu. CTPUTKOO MTOKAa3aHO HANPSM 3pOCTAaHHS YaCTOTH
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Puc. 2. EnekTpuuHi eKBiBaJ€HTHI CXEMH CBIKOro 3paska (a) Ta
3paska mifg BrumBoM 35°C mpotsrom 8 (0) Ta 14 romuH (B) BIAMOBIAHO
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Puc. 3. I'icTonorist medinky CBHHI CBIXOI0 3pa3ka (a) Ta 3pa3ka I
BiuBoM 40°C mporsarom 1 rogusu. a) 1 — MEYiHKOBI IUIACTHHKH, 2 —
MDKYaCTOYKOBa BE€HA, 3 — MPOIMIAPKH ITYXKOi CITONY4HOI TKaHWHH, 4 —
MDKYacTOUKOBAa apTepis, 5 — MDKYACTOYKOBA KOBYHA IPOTOKA,
3abapsienHs: 3a Xaptom. 30.: x100; 6) 1 — ne3opraHizoBaHi MEYiHKOB1
IUTACTUHKH, 2 — VIIUTBHEH] TUITHKA MDKYaCTOYKOBUX
CHOTYYHOTKAHWHHUX TIPOMIApKiB, 3 — MDKYacTOYKOBa aprepist, 4 —
MDKYaCTOYKOBA BEHa, 5 — sSBUINA HAOPSKY. 3a0apBIIeHHS: TPUXPOMHE 3a
Maconom. 36.: x100
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USAGE OF HIGH-FREQUENCY ELECTRIC WELDING
IN VASCULAR SURGERY
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Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, 0689002428,
victorchernyak.ohta@gmail.com
2National Medical University named after O.O. Bohomolets,
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Ukraine

Annotation. Possibilities of high-frequency electric welding of living
tissues for treatment of blood vessels are substantiated. An experimental
research on human vessels described the physical and morphological
effects of electric welding on tissues. The obtained data allowed to
introduce technology and original medical devices into clinical practice.
Key words: electric welding, vessels, surgery, experiment.

Introduction. In Ukraine, the treatment of surgical diseases
of vascular origin is relevant, given the independent statistics and
treatment results [1-7]. The application of domestic latest
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technologies in this area, their improvement and development is a
priority of modern medicine and science.

Aim. Research in the experiment and implement in clinical
practice the technology of high-quality electric welding in the
surgery of peripheral and main vessels.

Experimental studies. The features of high-frequency
electric welding, its influence on the condition of the walls of the
perforating veins and the surrounding biological tissues, and the
subfascial space of the lower extremities were studied in the
experiment. Thus, it is proved that a significant advantage of high-
frequency electric welding over diathermy is the effect of strong
adhesion of the vein walls at low temperatures (up to 110 degrees
Celsius) without thrombosis and tissue carbonization. It is proved
that the strength of the connection of tissues in the area of formation
of the electric weld depends on the degree of homogenization of the
tissues that form its substance. The main component of the
substance of the electric weld, which gives it strength, are collagen
fibers of the vein wall. In bipolar welding of biological tissues,
heating is carried out due to the release of heat in an electrically
conductive biological fluid, which is an electrolyte, when an electric
current passes through it. It was found that the solids of biological
tissues surrounding biological fluids or in them are not electrically
conductive, are not heated by electric current, and, therefore, are
always colder than liquids. As a result of these studies, it was found
that from the line of electrode application to the peripheral parts of
the vein layers, three zones of morphological changes are formed.
Based on these studies, high-tech surgical devices and methods of
their use based on the technology of electric welding of living
tissues were created for clinical implementation.

Materials and methods. From 2012 to 2019 among 98
operated patients with the postthrombotic syndrome of the lower
extremities (PTS) subfascial endoscopic dissection of perforating
veins of the legs using high-quality electric welding was performed
in 44 (45.0%).

Sowing from the area of the trophic ulcer is carried out
repeatedly, and after surgical treatment adjusts depending on the
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flora and its sensitivity to antibacterial drugs. In order to prevent
infectious drugs in the postoperative period used LEFLOCIN
(levofloxacin) - an antibacterial drug with a broad spectrum of
action, fluoroquinolone series with pronounced bacterial effects. In
particularly severe cases the Ukrainian drug Grandazole was used -
a combined antibacterial drug, which includes levofloxacin
hemihydrate and ornidazole in vials intravenous of 100 and 200 ml.
TIVOREL (4.2 g of arginine hydrochloride + 2.0 g of L-carnitine)
was also used in this group. The drug was administered
intravenously at a rate of 10 drops per minute, lasting the first 10-
15 minutes, then the rate of administration can be increased to 30
drops per minute. The daily dose of the drug is 100 ml of the
solution. The positive effect of arginine on vascular endothelium
has already been proven [8,9]. In a complex of means of
detoxification drugs of domestic production xylate, reosorbilakt,
sorbilakt are applied.

The antiseptics of choice for ulcers were Dekasan and
betadine, for skin treatment - Gorosten. For conduction anesthesia,
preference was given to local anesthetics with rapid initial action
and long-term surgical anesthesia. The most popular local
anesthetic is domestic bupivacaine (Longocaine).

Results and discussion. The advantages of the implemented
method of high-frequency electro-welded endoscopic subfascial
dissection of perforating veins over other thermal (primarily
coagulation) methods were revealed, namely: thermal damage to
surrounding tissues, sensation of soot by patients in exhaled air,
lack of smoke in the subfascial space, tissue carbonization, vascular
burns, bleeding, etc.

Conclusions.

1. Clinical and experimental study of electric welding has shown
its undeniable advantages in subfascial dissection of the perforating
veins of the leg.

2. Usage of domestic instrumental and pharmaceutical
developments has significantly improved the treatment process.
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CHARACTERISTIC CHANGES IN THE DENSITY AND
SHEAR VISCOSITY OF HUMAN BLOOD PLASMA WITH
VARYING PROTEIN CONCENTRATION

2A.A. Guslisty, E. Alieva, !N. Fudulei, 'S. Kulikov
2Municipal non-commercial enterprice «Odessa Regional Medical Centre of
Mental Health» by Odessa Regional Rada, Odesa, Ukraine;
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10dessa I.1. Mechnikov National University, Odesa, Ukraine

Annotation. This work is to devoted by investigation of the density
and shear viscosity of human blood plasma and their dependence on the
concentration of proteins (albumin, y-globulin, fibrinogen, etc.), which
form the human blood plasma composition. The biomaterial
concentration is varying by dilution the plasma blood with isotonic
aqueous solution. It is shown, that a decrease in the proteins of plasma
blood down to 0.91 of its initial value leads to a drastic change in the
plasma density and to a change in the character of the concentration
dependence of the shear viscosity of blood plasma. These phenomenon is
the result of structural transformations, which was caused by
oligomerization processes, first of all, by the aloumin dimerization. The
conclusion is that the introduced blood substitutes should not exceed 10%
of the blood mass; otherwise, structural transformations of a biomaterial
in blood plasma can be provoked.

Key words: blood plasma, density, shear viscosity, protein
concentration, oligomarization of biomolecules.

In our work we focus our attention to the experimental study
of the plasma density and its dependence on the concentration of
protein. The behavior of plasma shear viscosity was studied too.
From all of protein species, albumin makes a significant
contribution in change of plasma blood features, which were study
(until 65% of all plasma protein component). By that reason, it may
play a dominant role in changes of studying plasma properties. It is
well known that an aloumin molecule in the “dry” state is a “heart-
like” complex about 80 A. When dissolving in water, the rigid
configuration of all three domains is destroyed. As a result, aloumin
molecules transit to quasilinear complexes. The interaction
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between the domains of different macromolecules may result the
appearance of quasilinear complexes, i.e., dimers or, in the general
case, high-order albumin oligomers.

The density of plasma blood was determined by applying the
pycnometric method, and the viscosity was measured by making
use of Hess differential viscosimeter. We used the relative
concentration C/C, and viscosity (77/7,)of the samples, by
normalizing their absolute values to their initial values obtained for
native plasma. Further changes in the concentration were made by
replacing some part of the sample volume with the physiological
saline. Every time, the sample volume was reduced by one percent,
and then it was brought back to the original value. The shear
viscosity measurement by foregoing method was make with

relative accuracy 10~°. The masses of the sample, (M), and the
standard, (M,)were determine on an analytical balance with an
accuracy of 0.2mg. The density of an examined fluid was

determined by the formula: p = M%/I

Figures 1 and 2 demonstrate the measurement results for the
density and shear viscosity of blood plasma diluted with an isotonic

solution:

2, glem?
1022 Ap = 0.00002 g/cm’
' r'y

1.02 A
1.018 -
1.016 -

1.014 1

1.012 ; . <
0.66 0.76 0.86 0.96  C/C,

Fig.1. Dependence of the human blood plasma density on the
relative concentration of proteins in plasma diluted with an isotonic
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NaCl solution immediately after the plasma separation from blood. C,
is the average protein concentration in human blood [9]

My
'

16 A

1.5 A

14

. . . ' . , >
0.66 0.76 0.86 0.96 ciC,

Fig.2. Dependence of the relative viscosity of human blood plasma
on the relative concentration of proteins in plasma diluted with an
isotonic NaCl solution immediately after the plasma separation from

blood, 7, is the shear viscosity of water

As we can see, when relative protein concentration amount
toC/C, ~0.90, then blood plasma density and shear viscosity

drastically change. Such behavior of plasma blood features in range
of this value can be caused by changed of spatial ordering. It is
supposed, that spasmodic change be due to superimpose of
quasiplanar surfaces albumin macromolecules, which has a “heart-
like” medallion form. As a result, the appearance of structure as a
rouleau. The interaction between albumin macromolecules in such
packing is due to dispersing and electrostatic forces (between
heteropolar aminoacid residues) [2].
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MPOBEJIEHHSA TIPOMEHEBOI TEPAIII ITAIIIEHTIB 3
PEHTTEHOKOHTPACTHUMMU BKJIIOYEHHAMUAU

K.B. I'vmeniok, M.b. I'ymeniok, C.I. Kpyabko
Tosapucmeo 3 06MedNCceHOI0 GIONOGIOANBHICHIIO « YKpaTHCOKULL YeHmp
momomepaniiy, Kponusnuywxuil, Ykpaina, K.goptsii@gmail.com

Auotanisi. [lpy npoBereHHiI NpoMeHEBOI Tepamii y NAamieHTIB 3
METaTiYHUMH KOHCTPYKIiSIMH, SIKI BHUKOPHCTOBYIOTBCSI TMiJ 4ac
XIpypriuHoro BTpydYaHHs Ta HEOOXimHI s crabumizallii BiaIOBiIHUX
YAaCTHH TiJIa, MOXXYTh BUHUKATH HETOYHOCTI MPU PO3PAXyHKY PO3IMOILITY
7031 B METajli Ta opraHax HaBKOJO HBOro. HeTOYHOCTI BHKIMKAIOTH
apredakTH, sIKi yTBOPIOIOTHCS ITiJT Yac CKaHyBaHHs marienta Ha KVCT.
ToMy BHWHHMKIA HEOOXIZHICTh NpPOAHANI3YBaTH O3 Ha KPUTHYHI
OpraHH, SIKi 3HAXOAATHCS MOOJIM3Y METAIIYHOI KOHCTPYKIIIi Ta B CAMOMY
MeTali, a TAKOXK MOJIEpHI3yBaTH KPHBY, siKa IepeBouTh 3HaueHHs HU B
(Gi3u4Hy TYCTHHY, JUIsl OTPUMaHHS OUTBII TOYHOTO PO3PaxXyHKY JIO3U Ta
Bukopuctanis MVCT g yac po3poOKH JIKYBaJIbHOTO IIaHY.
Kawuosi caosa. TomoTherapy Tomo HD, MVCT, kVCT,
METaJIOKOHCTPYKIIii, treatment planning system, mo3oBuii po3momin,
nikyBanpHuH IaH, VDT kpusa.

Marepiamin Ta Metoau. B ToBapuctBi 3 00MEXEHOIO
BIIMOBIIATBHICTIO «YKPAiHCHKUM LIEHTP TOMOTeEparii» (mami —
ToMOKITIHIK) /Ui TIPOBEICHHS MPOMEHEBOI Teparii maijieHTaMm 3
METaAJIOKOHCTPYKIIISIMA BUKOPUCTOBYIOTh HACTYITHE 00JIaIHAHHS:

- mepeanpomeneBa migroroska mamienta: KVCT Aquilion
LB, CTrue - MVCT pexuM CKaHyBaHHS pajioTEparieBTUIHOT
yctanoBku TomoTherapy TomoHD.

- po3po0Ka TmaHy JIIKYBaHHS: OKOHTYpPIOBaHHS 00JacTi
OTPOMIHEHHS Ta OpraHiB pu3mKy 3 gonomoror 13 MIM Maestro,
pPO3paxyHOK IUIaHY JIIKYBaHHS Ha CHUCTEMi JO3UMETPUYHOTO
wianyBanus (TPS — treatment planning system) TomoTherapy.

- IPOMEHEBa  Tepalis:  paJioTepaneBTHYHAa  CHCTEMa
TomoTherapy TomoHD.

Jlns  mpoBedeHHS pO3paxyHKy H03U Ha QaHTOMi 3
BUKOPUCTAHHSIM  TUTAaHOBOi  BCTaBKM  BHKOPUCTOBYBAIH
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TBepaoTuIbHUN (antom Cheese phantom Ta TutaHoBi ckoOu B
SIKOCTi BCTABKH.

PesyabTaTn Ta o0O0roBopeHHsi. B jpaniii pobGoti OyIno
MIPOAHAJI30BAaHO PO3MOJLT JO3U B JIIKYBATHHUX IUIAHAX TAIIEHTIB
3 METAJIOKOHCTPYKIIISIMH B IONEPEKOBOMY Bimmiiai xpedra. Ile
narfieHT 3 capkomoro FOiHra Ta 3705KiCHUMH HOBOYTBOPEHHIMHU
Hupku 3 mts B xpeber. Capkoma lOiHra - apyra 3a 4acToTOIO
3TOSIKICHA MMyXJIMHA KiCTKOBOT TKAHMHH, 1[0 BUHUKAE B AUTTIOMY
BiIl, cTaHOBUTE Big 10 10 15% Bix 3arajbHOro 4mcia 3JI0SKICHUX
HOBOYTBOPEHbB KICTOK.

[IpomeneBa Teparmisi OPOBOAMTHCS TICHA XIPypridHOTO
BTpYYaHHS, B nporeci SIKOTO BUKOPUCTOBYIOTHCS
METaJIOKOHCTPYKIIl, M0 HEOoOXimH1 s cralimizamii TeBHOL
TiNTHKA. BHKOpHCTaHHS MeTajJeBHX KOHCTPYKIIH BHUKIHKAE
aprepaktn Ha KT 300pa’keHHSX, CTBOPIOIOTH NpoOJIeMU IpH
BU3HAUEHHI MIIIEHI 1 OpraHiB puU3HKy, MpPH PO3pPaxyHKy
JO3UMETPUYHOTIO TUIaHY 1 J11KyBaHHI MAlll€HTIB.

Jlnst Toro, moO po3poOMTH TIaH JIKyBaHHS HEOOXITHO
MIPOBECTHU MEPEANPOMEHEBY MIATOTOBKY MAIll€HTA, sIKa BKIIIOYAE B
ceOe¢ CKaHyBaHHS TMAIllEHTa Ha KOMIT IOTEepHOMY TOoMorpadi
(KVCT) 3 BukopucTanasaM (iKCyrOuuX IpUCTpoiB, a Takosk MVCT
— 1I€ PEeKUM CKaHyBaHHS Malli€eHTa, SIKUH MO)XHA IPOBECTH Ha
pamioreparneBTuuHiii cucremi TomoTherapy Tomo HD [1].

Ha Bigminy Bim 300paxenr KVCT, Ha  sgkux
PEHTT€HOKOHTPACTHI BKIIOYEHHS MOXXYThb BHMKJIMKATH CEpPHO3HI
apredaktu, MVCT 300pakeHHs MPaKTUYHO TO30aBJICHI JTaHOTO
HEJONIKYy 1 BIZHOCHO YITKO IOKAa3yIOTh IOJIOKEHHS 1 po3Mipu
BKJIIOUEHb Ta opraHiB. CHiBCTaBJICHHsS ABOX THUIIB 300pakKeHHb
JI03BOJIsIE€ OAYMTH YITKI KOHTYpH MeTaiy 6e3 apredaktis (MVCT),
Ta KOHTYPH OpraiB 1mo3a 301010 apredakris (KVCT).

[Ticnst oTpuMaHHs 300pa)xeHb 3a IOTIOMOTOI0 MPOTrPaMHOTO
3abe3neueHHss MIM nikap-pazaiosnior (IpOMEHEBUI TepareBT)
okonTyproe MmimmeHi (GTV, CTV, PTV) i kputuuni opranu. [ani
MeauuHi (I3UKH CTBOPIOIOTH JIOJATKOBI JIOT1YHI CTPYKTYpH.
Takos, B JTaHOMY BHUIAJKYy AOJATKOBUMHU CTPYKTYpaMHU € MeTal i
apTedakTH BiJ MeTaly.
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CtpykTypa «MeTal» BHUKOPHCTOBYBAJIACsi Ui KpPalloro
KOHTPOJIIO Haj PO3IMOJUIOM J03M B MIIlI€HI, 3HWKCHHS /03U B
caMOMy MeTaji, a TaKoXX 3HM)KCHHSM JI03M Ha CIIMHHUHA MO30K,
SIKUI € OCHOBHUM KPUTHYHUM OPTaHOM y BHITAJIKaX OTPOMIHEHHS
xpeora.

B o6Gmacri apredakrtie (HU 1 ¢isuyna ryctmHa B 1UX
obnactsix, orpumana Ha KVCT Moxke BiIpi3HITUCH Bill peasibHOT B
JCCSITKM 1 COTHI pa3iB, MO BIAMOBIIHO BIUIMBAE Ha TOYHICTH
po3paxyHKy n03u) Ha ocHoBi manux MVCT crBoproroThes
crielianbHi CTPYKTYPH, IO BUKOPUCTOBYBAJIWCA U 3aMiHU
3HAYEHHS ILIUIBHOCTI B PI3HUX TKaHMHAX TUla maiieHta. Yum
TOYHILIl 3HAUEHHS TYCTUHU BIANOBIIHUX OpraHiB 1 TKaHUH
MiIOMparoThCss  (PIBUKOM, THM TOYHIIMM OyJde pO3paxyHOK
posmoainy mao03u. JlaHWM MeTOoa Ma€ HENOMIKH- SIK T dYac
OKOHTYPIOBAHHSI, TaK 1 MiJ yac oOpaxyHKy IJIaHy BUHHUKA€E Psij
HETOYHOCTEM.

g toro, o0 MEpeBIpUTH, SKY peajbHy A03y OTpUMANH
OpraHH, ICHy€ MOKJIUBICTb NEPEPaxXyHKY IUIaHY 3 BUKOPUCTAHHIM
nanux MVCT. [Ins mepepaxyHKy 1030BOTO PO3IMOALTY HEOOXITHO:

1. Bubparu mis ckanyBanHus Bcto obmacts PTV (Image-guided
radiation therapy (IGRT) mpoBOAWTBCS It KOXHOTO MAIliEHTa
nepes JIKyBaHHSAM IOJIEHHO 3a JIOTIOMOTOI0 pPeKHMa CKaHYBaHHS
MVCT na pamiotrepaneBTuuHiii cuctemi Tomotherapy) [2].

2. CmicraButH moJiokeHHs marieata Ha MVCT (3
MOJIEPHI30BaHOIO KPHBOIO IVDT) 3 kVCT, SIKE
BUKOPHUCTOBYBAJIOCS ISl TIJIaHYBAHHSI.

3. 3aBanTakuTH JaHi 300paxkeHHs B cremiaasae [13 Planned
Adaptive.

4. TlepepaxyBaTu HO30BHIi pPO3MOJALT Ha OCHOBI 300pakeHb
MVCT Tta nopiBasita 3 posnoaiiom Ha KVCT.

OTpuMaHO HACTYMHI pe3ylbTaTu: J03a Ha MeTal
30utbmmiack 10 10%, nHa PTV Ta kpuTu4Hi opranu cepeins 103a
(Dmean) 3Menmmmtacy a0 5%, B 007acTi 3aMiHM TYCTHH — 032
MPAKTUYHO He 3MiHUIAchk. L{e CBiTUHUTh Mpo Te, 110 He JUIIIE 3aMiHa
UIITFHOCTEH BITMBAa€ Ha TOYHICTH PO3MOJLTY, alleé ¥ HE MEHII
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BXJIMBUM € PO3IIMPEHHS Ta MOJEpHi3alis KpuBux nepesoxy HU
3Ha4YeHb B BIAMOBIIHI TYCTHHHU.

Jlnisi yHUKHEHHSI HETOYHOCTEH, BKa3aHUX BHIIE 1 TIEPEBIPKH
azekBaTtHOCTI poOotn MojaepHizoBaHoi kpuBoi IVDT ¢dizukamu
TOB «YLT» Oymno po3po0ieHO MO3UMETPUYHUN TIUIAH IS
TBEPIOTUIBHOTO (paHTOMA 3 BUKOPHUCTAHHSM THTAaHOBOI BCTAaBKH
Ha ocHOBi Janux MVCT.

B pe3yabTati orpumanu:

Dmeas. 100% =997% (1
_— % = .
Dcalc.point 0 ° M

Dmeas.
—— % 100% = 99.2% (2)
Dcalc.mean
Dmeas— BUMIpsiHa 7034,
Dcalc.point — PO3paxoBaHa J103a B TOYI],
Dcalc.mean — po3paxoBaHa cepeHs 1032
[Tomipsina no3a BigpizHsaacs Bix po3paxoBaHoi < 1 %.
BucnoBku. Ilpu ompomiHeHHI TAaIi€HTIB 3 METaJICBUMH
KOHCTPYKITISIMH I PO3POOKH JTO3MMETPUYHUX ITUIAHIB MOJKHA
BukopuctoByBatu KVCT, arne 3 po3mupenoro VDT (CTto ED, CT
calibration curve), sika 103BOJIMTH BBOAWTH OUTBIII BIpHY IILUTBHICTH
OpraHiB 1 TKaHWH, JO3BOJISIIOYM 3pOOUTH TOYHINIUK PO3PAXyHOK
no3u. st Toro, mo0 YHHKHYTH apTe(akTiB, HETOYHOCTEH IMpH
3aMiHl TYCTHH Ta OTpPUMATH TOYHIIIUHA PO3MOJLT JO3H TIPH
PO3paxyHKy JIIKYyBAIBHOTO IUIAHY MOJXKHA (B JIESKUX BUMAJKaX i
noTpioHo) BukopuctoByBatdt MVCT.

CIIMCOK BUKOPUCTAHUX TKEPEJ
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BAXKJIMBI ACIIEKTH TIPOMEHEBOI TEPAIIIL B
TOMOKJIIHIK 3 TOYKH 30PY ®I3UKA

M_.B. I'vmenok, K.B. I'ymeniok, C.I. Kpyabko
Toeapucmeo 3 06MmediceHO 8I0N0GIOANLHICMIO « YKPAiHCHKULl YyeHmp
momomepaniiy, Kponusnuyvkuii, Yxpaina, gumenick@gmail.com

Anotanig. Merogu IMRT/VMAT (IGRT) — cywacHi meroawm, 1o
3a0e3MevyI0Th TOYHY BiAMOBIIHICTE (OPMHU PO3MOALTY IPUITHCAHOT J031
TPUBHMIPHUM KOHTYpaM MyXJUHH 32 paXyHOK MOJYJTIOBAHHS ITyYKa Ta
KOHTPOJIO iHTEHCHBHOCTI BHUIpOMiHIOBaHHS. OJHAK, IUIS OTPUMAaHHS
XOpOIIMX  Pe3yidbTaTiB 1[I METOAM BHMAaramTh  BiANIOBIAHOTO
npodecioHani3My BCiX 4JIEHIB KOMaHH, 110 OepyTh ydacTh B IMpoIeci
JiKyBaHHsS. PO3risiHyTO MEBHI acrekTH B MPOMEHEBiil Teparlii 3 TOuKd
30py MeauuHOro (¢i3uka, a came: MPUHIUIKA CTBOPEHHS J0JAaTKOBHX
CTPYKTYp, METOIM aBTOMAaTH3allii Npu poOOTI 3 CTPYKTypamu,
0COOJIMBOCTI anapatiB TUCTAHIIIHHOT POMEHEBOT Tepamii Ta iX nepeBaru
3aJISKHO BiJl KJIIHIYHOT CUTYaIIii Ta JIOKaIi3allii MIIIeH .

Kawuosi caosa. TomoTherapy TPS, Monaco TPS, MIM Maestro,
«ioriari» crpykrypu, 4DCT, XVI Symmetry, CTrue™ Imaging
Technology, Tomo HD, Elekta Synergy.

Marepianu Ta meroau. /{111 BUOOpPY HaAWKpPAIIOro METOTY
JIKYBaHHS MEIUYHOMY (DI3HKY 1JIIKapIO-paaioory (IpoOMEeHEBOMY
TepameBTy) HEOOXiTHO PO3YMITH OCOOJIMBOCTI OYyIOBH Ta
MPUHIUAIA POOOTH arapaTiB JUCTAHIIHHOT MPOMEHEBOi Teparii
(mami — AJIIIT) Ta BiANMOBIIHO BUKOPUCTOBYBATH iX TEXHIYHI
BIIMIHHOCTI Ta IepeBard, 10 MOXXYTh B Tid YW IHIIIH Mipi
BIUTUHYTHU SIK Ha KOM(OPT JIIKyBaHHS MAIll€EHTa, TaK 1 Ha SKICTh
KUTTS Ta e(eKT Bif JIKyBaHHS BILIOMY.

PosrmsinyTo oco6nuBocti OynoBu Ta xapaktepuctuk AJIIT,
HassBHUX B TOMOKIIIHIK Ta 0COOMMBOCTI IX BUKOPUCTAHHS 3aJIEKHO
BiJI KJIIHIYHO1 CUTYaIlii.

3 METOI0 O3HAMOMJICHHSI CTYJICHTIB 3 MPOIIECOM IJIaHYBaHHS
MOBEPXHEBO TIOKA3aHO CTajlii CTBOPEHHS IUIaHy Ha MNPUKIaAl
BUKOPUCTAHHS TPOTPAMHOTO 3a0e3Me4eHHs s CTBOPEHHS
KoHTYpiB MIM Maestro ta cuctemu 103MMETPUYHOTO IIIaHYBAHHS
TomoTherapy Treatment Planning System (TPS).
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Jist po3IMIUPEHHS MOKIIMBOCTEH KOHTPOJIIO HAJl PO3IIOALIOM
7103 TiJ Yac CTBOPEHHS IJIaHIB OKa3aHO OCOOIMBOCTI CTBOPEHHS
JOJJATKOBUX IOTTYHUX» CTPYKTYpP Ta MiACTpYyKTYyp. HeoOXigHicTh
BUKOPUCTAHHS JIaHUX CTPYKTYp OCOOJIMBO BHpakeHa B
TomoTherapy TPS, oanak i iHIII CHCTEMHU IUTAHYBaHHS TaKOX
IHKOJIM TIOTPEOYIOTh CTBOPEHHS aHAJIOTTYHUX CTPYKTYP.

[ToxazaHo eneMEHTH aBTOMATH3allii IMPOIECY CTBOPEHHS
IUTAHIB 3 BUKOPUCTAHHSM CIICMiaTbHUX MIA0JIO0HIB, IO CIPOIIYE
po60OTYy METUYHOTO (Pi3MKA B CTAHIAPTHUX KIHIYHUX CUTYAIISAX.

Pe3yabTaTn Ta 06roBopeHHsi. Po3risiHyTO MEBHI KIIIHIYHI
BHUIMAJIKHU 3 JIEMOHCTPAIIIEI0 Pe3yabTaTIB 0OUUCIEHb Ta PO3IMOILTY
703.

Ha 6a31 TomoKIIIHIK JUIsl IPOBEAECHHS IPOMEHEBOI Teparii
MAIIEHTIB BUKOPHUCTOBYIOTHCS JIBa JIHIMHI IPUCKOPIOBayl, sIK1 MK
co0010 BIIPI3HAIOTHCS CIIOCOOOM J0cTaBKu A03U. Bubip, Ha sikomy
amaparti OyJie MpoBeIeHO JIKyBaHHS, 3aJICKHUTh BiJl JIOKAJI3aIlii Ta
CKJIQJTHOCT1 METOTY.

B cuny BimMinHOCTe# B OynoBi arapatu He € 100 BiICOTKOBO
B3a€MO3aMIHHUMH, OJIHAK JUTSI TIEPEBKHOI YaCTUHM JIOKATI3aIliit
o0u/Ba NAIOTh XOPOIIi pe3yJabTaTH 1 BOJAHOYAC PO3IIHUPIOIOTH
MOXxHBOCTI LIeHTpy BIILTOMY.

Tomo HD — noBri, ckimamHi MilieHi, BUCOKI TPai€HTH 1
texuiku Simultaneous Integrated Boost (SIB — ko 3a oauH 1miax
Ha Pi3HI YYaCTKH MiABOJATHCSA Pi3HI JI03M) Ta Ti JIOKai3allii, jae €
BHCOKa HEOOXITHICTh 3aXUCTUTH KpUTHUYHI oprann H&N, Brain,
Spine tomo [1].

Y Bumagky BHUKOPUCTAHHS PaJiOTEPANeBTUYHOI CHUCTEMHU
TomoTherapy, po3moain m03u B MillleHI XapaKTePU3YeEThCA
BHCOKOIO OJHOPIAHICTIO Ta KoHGopMHIcTIO [2]. KputruHi opranu
MaKCUMaJbHO 3aXUIIeHI HaBiTh y THUX BHUMAJAKaX, KOJU BOHU
3HAXOJATHCS B Oe3mocepeiHiid OIM3bKOCTI BiJ MilIeHi. ['0JI0BHOIO
ocobnuBicTio 1iaHiB TomoTherapy € BHucOkuii rpamieHT 103U
HABKOJIO MIIIEHI Ta MOIIMBICTh KOHTPOIIOBATH MaKCHMAalbH1
JI03U B TUX 007IaCTSIX, JIe YacTUHA a00 BC1 KPUTUYHI OPraHu MaloTh
CIIUIbHI IUISHKHA 3 MIIMICHHIO, 0 Ja€ MOJKIIMBICTh 3a0€3IIEUNTH
xopoure onpomineHHss PTV Ta MakcumizyBaTu B MOpPIBHSHHI 3
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IHIIUMU METOJaMHU 3aXUCT OpraHiB, IO 3HAXOJATHCA B 30HI
pu3uKy. JlocTymHa MOKIMBICTh PEKOHCTPYKIIIT (PakTHUHOT 03 Ha
OCHOBI JaHuX ckanyBanHs cuctemu CTrue™ Imaging Technology,
10 € HeOOXIJTHOI0 YMOBOIO IPH AAANTUBHINA paxioTepartii.

Elekta Synergy 3 Agility MLC nae MOXIUBICTH OUTBII
IIBUIKO T SIKICHO OMPOMIHIOBATH OUTBIIICTH JOKaizamid. Takox
BaroMoIo MePeBarol0 € BUKOPUCTAHHS CUCTEM KOHTPOJIIO AUXAHHS
Symmetry B peasibHOMY 4aci. B kom6inarii Monaco TPS 3 4DCT
TEXHOJIOTI€I0, IO BHPOBA/KYIOTHCS B MPakTHKy B LleHTpi,
Bukopucranus Elekta Synergy 3 cucremoro XVI Symmetry
3a0e3reyye BUCOKUHM 3aXMCT 3/I0POBUX TKAaHWH IPU OMPOMIHEHH1
BHYTPIIIHIX MIllIEHEN JIET€Hb, 110 3aJIeXKaTh BT TUXaHHSI.

BucHoBku Ha 6a31 TOMOKITIHIK BUKOPHUCTOBYETHCS CydacHe
oOJlafHaHHg Ta METOAMKH, 10 JAIOTh MOK/IMBICTL 3a0€3MEUNTH
MaIIEHTY MAaKCHUMAaJIbHO sIKiCHE JiiKyBaHHs. KpuTuuHi opranu Ta
CTPYKTYpH MaKCHMaJbHO 3aXHUIIAIOTHCS, M0 3a0e3Medye XOpOoIry
SIKICTB KUTTS OUTBIIIOCTI ITAIICHTIB.

CIIMCOK BUKOPUCTAHHUX J’)KEPEJI
1 Tomotherapy — a different way of dose delivery in radiotherapy /T.
Piotrowski, M. Skorska, A. Jodda, R. Ryczkowski. // Contemp Oncol
(Pozn). — 2012. — Nel. — C. 16-25.
2 Paddick 1. A simple scoring ratio to index the conformity of
Conformity index / Paddick. // J. Neurosurg. — 2000. — Ne3. — C. 219-222.

BILIUB ITEPHOJISALIMHUX JOIIOBHEHb CUT'HAJIIB
MATHITHO-PE3OHAHCHOTI' O BIAT'YKY
YTPAJIEHTHOMY K - ITPOCTOPI
HA IHOOPMATHUBHICTD

10.0. Kusimko, A.B. Herpeoa, O.0. Haryask,

C.I1. Paguenko, P.B. IloropeJio
Kuiscokuii nayionanenui yHieepcumem imeni Tapaca Illeguenka,
*yriy.kyiashko@gmail.com

MarsiTHO — pe30HaHCHa ToMorpadis Ha CbOTOIHIIIHIN IeHb
BBAXKAETHCSA OJHUM 3 HaWKpalluX METOJIB HEIHBa3UBHOTO
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JOCITI/DKEHHSI BHYTPIIHBbOi OyIOBH, CTPYKTYpHU TUIa JIIOJUHH.
BukopucTaHHs THUIIOBHX IPOTOKOJIB BHMIPIOBAaHHS IaHUX Ta
BIJTHOBJICHHA HE 3aBXIU JO3BOJSIE MPOBOJUTH aJaNTOBaHI
JOCITI/DKEHHST JUIsi TEBHUX BHMOT 10 Yacy OOCTEXEHHsS YU
Aetanizanii aHamily mapaMeTpiB NEBHHUX YaCTHH MPOCTOPOBHX
oOmacreii.

PoGoTa mnpucBAiYeHa BUBYEHHIO MOXKIUBOCTI OTPUMATH
Ou1bII iHGOPMATUBHI AaH1 3 TOMOTPaMHU MEHIIOT iIHPOPMATUBHOCTI
Ta BUBUYCHHIO MOXJIMBOCTI BiTHOBJIEHHS JaHUX TOMOTpadiuHOTO
300pa)KeHHsI MpU HasBHOCTI MPOMYCKIB NpU 30MpaHHl JaHUX,
30KpeMa BIICYTHOCTI CHTHajlly B TMeBHIA Toumi K-mpoctopy,
MOTPIOHUX i MOOYAOBH 300paskeHHsA. Y POOOTI BUKOPUCTAHO
peanbHe ToMmorpadiuyHe 300pakeHHS TOJIOBH JIIOJAUHH. 3a
JOTIOMOTOI0 ~ pO3pOOJICHOTO0  TMPOTPaMHOTO  3a0e3MmedyeHHs
peaizoBaHa  HpouLeAypa  MHPOIMYCKIB BUMIPIOBaHb  Ta
pekoHCTpyKIlii. Po3poOiena Meroawka 3amoOBHEHHS JaHUX
MIPOITYCKY BHUMIpIOBaHb IHTEPIIOIOBAHUMH JTAHUMU.
Bukopucrano jyist iHTEpHoIsIii 1aH1 3 TOYOK, SIKI 3HAXOIATHCS B
OKOJII TOYKH, JIe¢ TPOIYIICHO BHUMIpIOBaHHA. [[s1 BiZHOBICHHS
TOYKH, OOMpaKCS AaHi TPHOX CYCIIHIX HaHOMMKYMX TOYOK B K-
npoctopi. JlaHWil TMiAXia BiXHOBICHHS BTPAYE€HOTO BHMIPY
MIIXOIUTh TaKOXX JUIsl 3MEHIICHHS BIUIMBY apTedakTiB Ta IS
NPUILBUIIICHHS Yacy 30MpaHHS JaHUX TOMOrpadidyHOro
300pakeHHSI.

Jlnst MonentoBaHHS OyB MPUAHATHN CUTHAN BIATYKY, SIKAN
onucyeTbes Bupazom 1.[1]

S(kxlvkym) :SOZp(Xa,yb)_ei(kX|Xa+kmeb) (1)
ab

ne S, KOHcTaHTa, Ky, =1Gxyt, (Y - TipoMarirHe
BIJJTHOLIECHHS; Gy, - MONEPEYHi rpaJlleHTH MarHiTHUX IOJIB; Ty -

IMITYJTbCHI 4aCOBI XapaKTEPUCTHKH).

Jlis OIHIOBaHHS SIKOCTI BiTHOBJIIEHOTO 300pa)kKeHHS Ta
MOPIBHSHHS Pe3y/bTaTiB BUKOPUCTAHO K KUIBKICHUM MapameTp
Koe(illieHT KopemsIil
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2255 2255 —;)X(yi | _9)

(2)

\/2255 255 22552255
ne K — xoedimieHT Kopensiii, Xj - SCKPaBIiCTh KOXKHOTO
MIKCeJsT TTOYaTKOBOTO 300pakeHHS, Yij - SCKpaBiCTh KOKHOTO

MIKCEeJIsl PEKOHCTPYHOBAHOTO 300paXKEHHS, y - CEPEIHE 3HAUCHHS
SICKpPaBOCT1 IMIKCEJIIB PEKOHCTPYHOBAHOTO 300paXK€HHS, x -
Cepe/IHE 3HAUCHHS SICKPABOCTI MIKCEJIB MOYaTKOBOTO 300paKeHHS
[2].

ANropuT™M BIIHOBJIEHHS 300pakeHHsI OyB IPOTECTOBAHUM Ha
PI3HUX THIIAX TOMOTpapIuHUX 300paXxeHb (3BayKEHUX 32 T'YCTUHOIO
p ta T1, T2 3BaxkeHux 300paxeHs). Huwxue HaBeneH1 pe3yiabTaTu
st T  3BaxkeHoro 3o0pakeHHs. Pesympratm  KOpemnsii
obpaxoBanoi 3a opmysoro 2 HaBezeHi B Tao. 1 [3].

Taomms 1.
3aIe)KHICTh KOSQIIIEHTY KOPETAIii Bil KUTBKOCTI BITHOBICHUX
TOYOK JAHUX

IMpouent K30% | K20% | K10% | K7,7% K77
BiJTHOBJICHUX (HepiBHOMIpHa
To40K (%) HEOJIHOPITHICTh)
T2 0.9067 | 0.9448 | 0.9736 | 0.9778 0.9901

JlocmipkeHo BIUIMB 3MiH TapaMeTpiB y pI3HHUX 30HaX
300pakeHHsI Ha SKICTh CaMOro 300pakeHHs. 300pakeHHs OyIiio
MOJJIEHO Ha 7 PI3HUX 30H 1 B KOXKHIM 3 30H CTBOPIOBABCS CBIii
BIJICOTOK HEOJHOpimHOCTI. IIpw CTBOpEHHI HEOJHOPIAHOCTI B
30HaxX cUrHaiy Oyio BigHOBIEHO 7.7 % TOYOK, Takuil camuii
BIICOTOK TOYOK Oylo BIATBOPEHO 1 TMpU  OJHOPIAHIN
HEOHOPIAHOCTI, 1110 i HaBeaeHo B Tabmuii 1 Ta Ha Puc. 1.

235



Puc. 1. a) BisyasbHe BiIOOpa)KEHHS OpHUIIHALY 300pa’KEHHS
nepepizy ToJIOBHOrO MO3Ky T2 3BaxkeHOro 3o00paxkeHHs, 0) 7,7%
BIJJHOBIJIEHMX TOYOK, sIKi piBHOMIpHO posmozineri mo K — mpocropy, B)
7,7% BiTHOBIEHHUX TOYOK, SKi PO3IMOMILIEH] B 7 30HaX CHUTHAIY 3 PI3HUM
BiICOTKOM HETIOBHOTH JaHWX, T) BimHOBIIeHE 300paxkeHHs mpu 10%
BiTHOBIIEHNX TOYOK 300paxenHs, 1) mpu 20%, e) mpu 30%.

Sk MokHa momituTH 3 Tabn. 1 Ta puc. 1 mis T2 3BakeHOTO
300payKeHHsI Ma€ 3HAYCHHS B sKiii came YacTuHi K-mipoctopy mu
BIJJTHOBIIIOEMO TOYKH. Ba)XJIMBUMU € BU3HAYCHHS 3aJIKHOCTCH
po3TaiyBaHHS 30H Yy K-mpoctopy, IS SIKMX MalTh MiCIe
HETIOBHICTIO TIPOBE/ICHI BUMIPIOBAaHHS Ha SKICTh BiJIHOBJIGHOTO
300paxkeHHsi. Puc. 1 pgeMoHCTpye, IO ICHYE MOKJIHMBICTD
BITHOBJICHHS JaHUX TPU 3HAYHIN KUTHKOCTI BIJHOBJIEHUX TOYOK.
Hagite npu 30 % BIZHOBJEHHUX TOYOK 30epiraeTbCsi 3HAYHMUN
BificoTok Kopensii (90%) xoda Bi3yallbHO 300paKeHHS BUTIISAIAE
JOCUTH CIIOTBOPEHUM (PUCYHOK 1 e).
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MHOPIBHAHHSA 103 ONPOMIHEHHSA MALHIEHTA ITPHU
BUKOPUCTAHHI 'OPU30OHTAJIBHOI'O TA
BEPTUKAJIBHOI'O IU®POBOI'O PEHTI'EHIBCBKOT'O
TOMOCHHTE3Y ITPU JOCJ/IKEHHAX OPI'AHIB
I'PYJJHOI NOPOXKHUHHU

0.C. Mipomnnuenko®’, C.I. Mipomundenko?,

A.H. Heeracumuii®, F0.B. Xo00ta?
! Hayionanenuii asiayitinuii ynisepcumem, Kuis, Yxpaina
2 HBO «Teneonmuxay, Kuiscvroi o6, Yxpaina,
o.miroshnychenko@nau.edu.ua

AHoTamniss. BukoHaHO TOPIBHSIHHS J030BOI0 HaBaHTAKEHHS Ha ITaIli€eHTa
IpU JOCHIKEHHSAX TPYIHOI IMOPOKHUHM Il BEPTUKAJIBHOIO Ta
TOPU30HTAIBHOTO IU(POBOrO PEHTITEHIBCBKOIO TOMOCHUHTE3Y 3
PEHTTeHIBCHKUM KomiMaTopoM. [IpoBemeHwit aHamiz TOTpArIITHHS
PEHTTEHIBCHKOTO BHIIPOMIHIOBAHHS Ha 30HU IMUTOITOMIOHOI 3aJ03U Ta
LIUTYHKOBO-KHIIKOBOTO TPakTy MiJ 4Yac peaJbHUX JOCTIHKEHb
BEPTUKAIBHOTO Ta TOPU30HTAJIBHOTO TOMOCHUHTE3Y I TOPIBHSIHHSA
OTPUMAaHHX Pe3yIbTATIB.

KarmouoBi cioBa: mudpoBuii peHTTeHIBCHKUN TOMOCHHTE3, BiJHOCHE
J030B€ HABAaHTAXKEHHS, PEHTTEHIBCbKAa TpyOKa, pPEHTTeHiBCHKUI
nudpoBuii mpuiMay.

2020 pik MO3HA4YMBCS PO3MOBCIOKEHHSIM Bipycy SARS-
CoV-2, skuii Ha MOMEHT HamucaHHS 1€l cratTi OyB
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JIarHOCTOBAaHMN y OUTBIN SIK 29 MITH. JTFOACH 1 Bif] IKOTO TIOMEPJIO
outebme 900 Tric. B OimpmiocTi BHNAAKIB 1€ 3aXBOPIOBAHHS
MPOXOAUTh 0€3 YCKIaIHEeHb 1, HaBiTh, OE3CHUMIITOMHO, MPOTE Y
BHITAJIKy CEPEIHBOTO Ta BAXKKOTO Mepediry XBOpoOH yCKIIaTHEHHS
WAyTh Ha JIETEHI Ta CepleBO-CyJHMHHY cHcTeMy. Yepes 1ie
30UTPIIMIIOCS HABAaHTAXKEHHSI HE TUIBKU Ha JabopaTopii, aie i Ha
pEeHTreHIBChKiI KabiHeTH. PeHTreHiBCchbka IarHOCTHUKA JIO3BOJISE

BYACHO BHUSBUTH Ta 3aloO0IrTH  TOJAIBIIAM  CEpHO3HUM
YCKJIQIHEHHSIM PO3BUTKY IMHEBMOHII, BuKHKaHoi COVID-19.
Ha cporomnimHii fAeHp y  MeIWYHIM  IpakTHIll

BUKOPHUCTOBYIOTHCS 3 pEHTI'€HIBCbKI METOIU JIIaTHOCTUKU OPTaHiB
rpyanoi nopoxxuunu (OI'TI): nudposa pentrenorpadis (L),
koMmi'totepHa Tomorpagdis (KT) ta undpoBuil peHTreHIBChbKHA
tomocunTe3 (IIPT). IIPT me nHoBumit 3D meronm, MmO MIBHAKO
PO3BHUBAETHCA. 3a TMPOCTOTOIO TOOYAOBH BIiH OJM3BKHA 0
uuppoBoi peHtreHorpadii, a 3a eQEeKTUBHICTIO OOCTEKEHHS
HaOMMKAaeTbesl 710  KOMI'IOTepHOi ToMmorpadii. OCHOBHOIO
MepeBaroi0 peKUMy U(PpPOBOro TOMOCHHTE3Y € Te, 110 BIH MOXE
OyTH BCTaHOBJICHMI Ha 0a30Biii peHTreHorpadidHiii cucteMi i
BHUKOPHUCTOBYBAaTUCh y TPUHUMAIBHUX BUIIUICHHSIX OUIBIIOCTI
KJIIHIYHUX YCTaHOB BTOPHHHOI Tanku [1]. ¥V Tabmuimi 1 HaBemeHo
nesiki  ekcruryatamnidai  mapametpu [P, IIPT Tta KT s
miargHocTuku marosoriid OI'TL.

Tabn.1.

Excrutyarariitai napametpu 1P, IIPT ta KT ms
miargocTuku maroJsioriii OI'TI

Tun JlatepansHa | Po3pi3HsuibHa Hoza MoxuuBicts | YyT-
CHCTEMH | PO3pPI3HAIbHA | 3[JaTHICTh Y | OmpOMiHEHHA, Ho0ymoBu 3D | muBicTH
3/1aTHICTB, TIIHOHHY, M3B 300pakeHHS
ILJL./MM ILJL./MM

1P Jo 5,0 - Jo 0,1 - 0,4
KT Jo 1,0 Jo 1,0 o 4 + 0,98
OPT Jo 2,0 Ho 1,6 Jo 0,4 + 0,9
Ha cporojuimHiii jgeHp iCHye OOMEXEHHS  JI03M

OTIPOMIHEHHS JUIsl CKPUHIHTOBUX METO/IIB JUIsl HACEJICHHSI Ha PiBHI
1m3B Ha pik. Ludpoa pentreHorpadis Ta uubpoBuUit
PEHTTEHIBCHKHII TOMOCHHTE3 BiNOBINalOTh IbOMY OOMEXEHHIO,
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OpoTe B KIHIYHIA MPaKTULl TPU BUKOPUCTAHHI paiallifHUX
METO/IIB 1IarHOCTHKH KOPUCTYIOThCst mprHIMoM ALARA (as low
as reasonably achivable), o Bumarae 3a MOXJIMBOCT1 3MEHIITYBaTH
703y OMPOMIHEHHS, SKIO I HE BIUIMBAE HA SKICTh IMOCTAHOBKHU
JiarHo3y.

Byno mpoananizoBaHo, o Miyac MpoUeAypH TiarHOCTHKH
3a JIOMOMOTOI0 IH(POBOTO PEHTTEHIBCHKOTO BEPTUKAIBLHOTO
tomocuHTedy (Puc.l.a) mpu 3MmilieHHI pEHTTEHIBCHKOI TpyOKH
o0  npuiMaya Uil OTPUMAaHHS  TOBHOI  HEOOX1IHOI
J1arHOCTUYHOT 1H(OpMaIllll ONPOMIHIOIOTHCS HACTYIHI OpraHu:
OpraHd KHIIKOBO-LIIUIYHKOBOTO TPAaKTy (KUIIKIBHUK, IE€YIHKA,
IUTYHOK), JIET€HI Ta MHUTONOoAi0Ha 3a5103a. OMPOMIHEHHS KOKHOTO
3 IMX OpraHiB Hece CBI BKJIaJ /A0 BIJHOCHOTO OIPOMIHEHHS
namiedTa. lle BIJHOCHE ONPOMIHEHHS BHPAXOBYETHCS TaKUM
YHHOM:

Hef = kms s Wms ’ Hms + K " T ™ Wi * Hiun + kneq
' rne‘{ ' Wne‘{ ' Hne'{ + kH_U'[ ' rH_U'[ ' WU_U'I ' HU_U'I
+ Kier " Toer " Waer * Hyer,
ne Wi Wi, Wiea, Winy Wier — MacoBi koedinieHTn
ONPOMIHEHHS UIIUTOTOMIOHOT 3aJI03M, KHWIIKIBHUKA, TIEYIHKH,
IUTYHKY Ta JICTEHIB BIAMOBIIHO;

H,,H,, H,, H,, H, - 1031 OIPOMIHEHHS
IIUTOTIONIOHOT 3371031, KUIIKIBHUKA, TIEYIHKHU, IUTYHKY Ta JIETCHIB
BIZIIOBITHO;

Kys K Kneas Ky, Kjer — KO€(ILIERTH, 110 3a51€KaTh Bix
00’€MHOT YacTKH INUTONOMIOHOI 3aJI03M, KHMIIKIBHHUKA, MEYIHKH,
IUIYHKY Ta JIETeHIB  BIAMOBITHO, IO MNOTPamWiId  MiJ
BHUIIPOMIHEHHS,

Tz Tiums Trews s Ter — KOCQILIEHT, IKMH 3aJI€KUTH Bl

KUTBKOCTI1 MPOEKIIH Ha K1 MOTPAUIO 300payKeHHS ITUTONOII0HOT
3al03u, KUIIKIBHUKA, MEYIHKH, NIIYHKY Ta JIETeHIB BiANOBITHO,
TOOTO OMOCEPEIKOBAHO BiJ] YaCy OIPOMIHEHHS.
[Ipn BHKOHaHHI TPOIEAYPU TOPUIOHTATHLHOTO TOMOCHUHTE3Y
(Puc.1. 0, Puc.1. B) MO’)KHa BHKOPHUCTOBYBATH KOJIMAToOp TaKuM
YUHOM, 00 3MEHIINTHA TIEPEONPOMIHEHHsI OpraHiB, M0 HE
BXOJIITh B 30HY IHTEPECY TOCIHIKEHHSI.
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Puc.1. Ilpunnunosi cxemu npoBenenHs Tomocuatesy OITl a —
BEPTUKAIBHUH, O 1 B — TOPU30HTAIEHHUH

byno posrngnyro 20 nocnikeHb TpyJHOI MOPOKHUHU 3a
JOTIOMOTOI0 BEpTUKAIbHOTO ToMocuHTe3a. [I[uTomonioHa 3ano3a
YaCcTKOBO MOTpAIuisyia y 30Hy orpoMiHeHHs y 14 Bunazakax (70%),
KUIIKIBHUK y 16 Bunaakax (80), nutyHok 1 nevinka y 20 BUmaakax
(100). ITpu TOpPH3OHTATHLHOMY TOMOCHHTE31, HABITh TMPHU JIyKE
BIAJiil KOJIMallii NITYHOK Ta KHIIKIBHUK TaKOXX YacTKOBO
MOTPAIUIAIOTh Y 30HY JOCTIIKEHHS. B pe3ynbpTaTi MOCHIIKEHb 1
po3paxyHKiB ~ OyJO  BHUABICHO, W0 TPH BHUKOPUCTAHHI
TOPU30HTAILHOTO  TOMOCHHTE3a TIOPIBHSHO 3  CEpeaHIMU
MOKa3HUKAMHU BEPTUKAJIBLHOIO TOMOCHHTE3Y MOKHA y 1.74 pasmu
3MEHIITUTH JI03y OMPOMIHEHHS TAIliEHTa 3a JIOMTOMOTO0 KOiMaIrii
BHUIIPOMIHIOBAHHS PEHTI'C€HIBCHKOT TPYOKH.

BucnoBkmu. I1in yac BUKOHaAHHS JOCTKEHD 0YJI0 3p00JIeHO
TaKi BUCHOBKH:

eIpM BUKOHAHHI BEPTUKAJIBHOTO TOMOCHHTE3y IS
3MEHILEHHS 03U ONPOMIHEHHS 0a)kaHO MPOBOIUTHU JIOCIIIKEHHS
TaKUM YUHOM, 1100 MepeornpoMiHEHHsI MPOBOJAWIOCH OUIbIIE Y
CTOPOHY T'0JIOBU TAIlI€HTA;

®IIpM BHUKOPUCTAHHI TOPU30HTAIHLHOTO TOMOCHHTE3a B
cepenuboMy y 1.74 pa3u 3MEHIIYETbCS 1032 OINPOMIHEHHS
MaiieHTa  3a  JOMOMOTOK  KOJiMaiii  BUIPOMIHIOBAHHSA
PEHTIeHIBCbKOi ~ TPYOKM  MOpIBHAHO 3  BEPTUKAJIbHUM

TOMOCHHTC30M.
CIIUCOK BUKOPUCTAHUX JTI’KEPEJI
1. Mupomnnyenko C.1., Ypuna JLK. Tomocunes Ha 06a3oBoit

240



peHTrenauaraoctTuueckoil cucreme.— K.: Meaununa Yxpaunst, 2019.—42 c.

BUKOPUCTAHHA CUHXPOHHOI'O CKAHYBAHHSA
JJIA PO3PAXYHKY IIIVIBHOCTU TKAHUH ITPU
TOMOCHHTES3I

. * .
C.I. MipomHu4yeHko* , O.C. MlpOHIHI/I'leHKOZ,
Y HBO «Teneonmuxa, c.ITiozipyi, Kuiscoxoi 061., Yxpaina
2 Hayionanvnuii agiayitinuii ynieepcumem, Kuis, Yxpaina,

*s.miroshnichenko@teleoptic-pra.com.ua

Anotanist. [ligkpecnena AONUIbHICTS BUKOPUCTAHHS TOMOCHHTE3Y MPH
CKPMHIHTOBMX OOCTE@XKCHHSX HACENIEHHS 3 METOH  IiJBUIICHHS
JIarHOCTHYHOT YyTJIMBOCTI, a TAKOX ONTHMI3AIlil J030BUX HABAHTAXKCHb.
3anponoHoBaHO BUKOPUCTAHHS (AHTOMY JIJIsl CHHXPOHHOT'O CKaHyBaHHS
TKaHWH TPU TOMOCHUHTE31, SIK METOJ Ui IepEepaxyHKy B OIUHHIII
XayHchubai. HaBeneHi pe3ynbTaTi eKCIIepUMEHTIB.

KuarouoBi cioBa: 1mudpoBuii peHTreHIBCBKHNT TOMOCHHTE3, JI030BC
HaBaHTa)KEHHS, KOMIT I0TepHa ToMorpadis, peHTIeHIBCbKUI HH(pOBHit
npuima.

OcTeonopo3 y A€ MOXWIOTO BIKY € HAaHTOIIMPEHIINM
3aXBOpIOBaHHA 1, 3a nanuMu ekcrieptiB BOO3, nocinae 4-¢ micue
MICNIi  CEpIEeBO-CYJIMHHUX, OHKOJIOTITYHMX 3aXBOPIOBaHb 1
nykpoBoro mgiabery. CTaH KICTKOBOi TKaHWUHHU 3aJICKUTh BiJl
0araTbOX YMHHUKIB: MIHEPAJIbHOT MILTLHOCTI KICTKOBO1 TKAHWHHU, 11
MeTab0JIi3MYy, MIKPOAPXITEKTYpPH Ta IHIIUX MapaMeTpiB. 30J0THM
CTaHIAPTOM  JIOCHIDKEHb  OCTEONOpO3y €  KOMII FOTepHa
tomorpadis (KT). Ane 3acrocyBanns KT cymnpoBomxkyeThes
3HAYHUM JIO30BHM HAaBaHTAKEHHSM, y cepennboMy 3-4 m3B. [lo3a
OTMPOMIHEHHSI TMpU LU(GPOBOMY PEHTTEHIBCBKOMY TOMOCHHTE31
(IIPT) na nopsimokx menma Hix s KT [1].

OxpiM ICHYBaHHS 4YITKO BH3HAYEHOTO PIBHA J/030BOTIO
HABaHTAXCHHS JJIs1 CKPIHIHTY HACEJIeHHs, 110 JA0piBHIOE 1 M3B Ha
pIK, paaioNiord BUKOPHCTOBYIOTh TaKOXX TaK 3BaHMM MPUHIUI
ALARA (as low as reasonably achivable). Lleit npuniun Bumarae,
mo0 /1030BE€ HaBaHTAKEHHS Ha TMallieHTa OyJao 3MEHIIeHE Ha
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CTUIbKHM, Ha CKUIBKHU II€ MOJKJIMBO IPH JOCTATHBOMY PIBHI SIKOCTI
300paXeHHs Ui [IOCTAHOBKHM  JiarHO3y. PeHTreHiBChbKuUi
nu(ppoBUIl TOMOCHHTE3 BIANOBIiTAa€ IIMM BUMOTaM 1 Mae€ BCi
MIZICTaBH BBAXKATHCH aibTepHaTHBOIO KT.

Ha >xanp BaXXKO NpPOBECTH NOPIBHSIHHA XapaKTEPHCTUK
300pakenp TKaHuH npu gociimpkeHHsx LPT ta KT, 6o Bonum
(bIKCYIOTBCS y PI3HUX OJTUHHIISX.

®daHTOM MNpU3HAYCHUH IS BUMIPIOBAaHHS IIUTBHOCTI
KICTKOBOI ~ TKaHMHM  HAa  300paXX€HHSIX  PEHTI€HIBCHKOTO
TOMOCHHTE3Y Ta  KOMIT'IOTepHOI  ToMorpadii  MeToaoM
CUHXPOHHOTO CKaHyBaHHs. J[03BoJisie mepepaxoByBaTH MapaMeTp
«sigmay 3 ogunuik DT 1o BukopuctoByethes aiist LIPT B oaunmii
Xayncoimpaa (HU

KoHcTpykTHBHO (paHTOM CKIIaAa€ThCs 3 HUIIIH/IPIB 3 IIEBHOIO
pedepenTHOO MIUTBHICTIO. [lMIiHAPH TOCTINOBHO pO3MIIIEH]
BCEpEIMHI 30BHINTHBOTO IUIACTUKOBOTO TakyBaHHs (puc.l).
(haHTOM TIPUKPITUICHO JI0 ATFOMIHIEBOT MJIACTUHU TOBITUHOIO 4 MM
— TpuMaya 31 3aTHCKa4eM Ha KiHI[l, [0 J03BOJISIE BCTAHOBUTHU
(GaHTOM B IOJE€ PEHTIE€HIBCHKOTO MpHiiMada Jisi CHHXPOHHOIO
CKaHYBaHHs migdac qociipkeHHs (puc.l)

Puc.1. 300paxenHst 3pi3y TOMOCHHTE3y (paHTOMy Ta KiCTKOBOi
TKaHWHH M119aC CHHXPOHHE CKaHYBaHHS

Bbyno npoBesieHO HACTYIHI TOCIIIKEHHS.
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Ha KT 3a 3aganoi Hanpyru Ha Tpy6Oui (Ha npukiag 100 kV)
1 kanmiOpoBanux 3a moBirpsm HUair = -1000 u Boxi HUw = 0
napamMeTpax peKOHCTPYKIii BUKOHYIOTh BUMIPIOBAaHHS LIUTBHOCTI
wwtiapis pantoma HUAIL, HUB+, HUB, HUB-, HUs, HUs+ Ta
HUAI2.

Ha ammapari 3 ToMOoCHHTE30M OYJ0 3pOOJICHO CHHXPOHHE
CKaHYBaHHsS KICTKOBMX TKaHWH Yy TPHUCYTHOCTI ¢aHTOMy. B
pe3ynbTaTi 0yJI0 OTPUMAHO 3HAYEHHS PEHTTEHIBCHKOI MIUTBHOCTI
WTHAPIB paHTOMYy 3a daHoi peatizamii Tomocuute3y: DTAIL,
DTB+, DTB, DTB-, DTs, DTs+ u DTAI2.

OTtpumaHi gaHi 3a oboma AOCTIKEHHSIMU Oyl 3aHECEH] 10
tabnuii Excel i aBToMaTHYHO €KCTpanoiboBaHi y JiHIHHY MOICTh
(puc.2).

3000

2500

2000

1500

1000

500

HU CBCT #008 80 kV

o 1000 2000 3000 4000 5000
-500

-1000
DT #008 80kV

Puc.2. Jliniitna momens mepepaxynky DT y HU 3a 3amanmx
pexnmiB ckanyBaHHs [[PT ta KT

HaBeneni wa puc.2. pe3yiabTaTd BUMIPIOBaHHSA 1
aBTOMATUYHO pO3paxoBaHa JiHIHHA MOJENb JIEMOHCTPYIOTh
XOpolly Kopensiio pe3yibTariB BumiptoBanb Ha KT B HU
omuuungx 1 Ha IIPT B DT omuammgax. B Tabn.l1 HaBepeHi
pe3yibTaTd BHUMIiptoBaHb mapamerpiB DT 1 HU i pospaxyHox
napamerpy HU Bin DT 3a Mozeruiro Ta TOYHICTE MOJIEITI.
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Tabmn. 1.
PesynbpTaTtn BUMiproBaHb apaMeTpiB 300paxeHb (aHTOMY 3a
nornomoroto L[PT (DT) ta KT (HU) i po3paxynok mapamerpy HU 3a
MOJIEJUTIO Ta TOYHICTh MOJIENi

Phantom#008 | DTi | HUi | Pacuer HUi d, %
Bone+ 4400 | 2580 2643 +2,4
Bone 3390 | 2037 1995 -2,0
Bone- 3147 | 1875 1840 -1,9
Sigma 2861 | 1716 1656 -3,5
Sigma+ 2463 | 1350 1401 +3,8
PMMA 845 | 340 363 +6,6

Jliarra3oH TOYHOCTI MOl KonmBaeTbes Big — 3,5% 10
+6,6%, 1110 3aJJ0BOJIbHSAEC BUMOraM 3aJa4i.

BucnoBku. BuxopuctanHs ¢daHTOMY UIS  JOCIIKEHHS
KICTKOBUX TKaHUH JI03BOJISIE:

- IlepepaxoByBatu pe3yabTaTd BUMIPIOBaHb IMIUTHHOCTI 1 CIrMU
TOMOCHHTE3Y B oquHHILIX XayHchinma HU s 3aganux pexxumin
ckanyBanHs Ha KT;

- IlepepaxoByBatu pe3yabTaTd BUMIPIOBaHb IMIUTHHOCTI 1 CIrMU
TOMOCHUHTE3Y B oquHUILIX XayHchinma HU mis 3aganux pexxumis
CKaHyBaHHs Ha TOMOCHUHTE31;

- Orpumana JiHiHHA Mojaens mnepepaxyHky DT mis
tomocunTesy y HU na KT mis oOpaHOro pexxuMmy CKaHyBaHHS.
[Ipu 3MiH1 pexuMy CKaHyBaHHS JiHiMHA MoJeib Oy/e MaTH IHII1
napameTpu;

- IloTeHuiliHO BUMIpPIOBAaTH MiHEpaJbHY IIUIBHICTH KICTKOBOT
TKAaHUHH i «Sigma» B T/cM°.

CIIUCOK BUKOPUCTAHUX JAKEPEJI
1. Ilapmazanosa O. I1., boptauit M. O., Apcenigze T. O., Bonkoscbka
O. B. [IpomeHeBa [iarHOCTHKA OCTEOMOPO3Y: MOXJIHMBOCTI MeroaiB //
Pajionoriuamii BicHuk. - 2017. - Ne 1-2. - C. 109-111.
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FEATURES OF ELASTIC PROPERTIES OF NANO
COMPOSITES MULTIWALLED CARBON NANOTUBES
AND POLYVINYL CHLORIDE, POLYETHYLENE,
POROUS POLYSTYRENE

A.P. Onanko”, M.P. Kulish, O.P. Dmytrenko, D.V. Charnyi,
Y.A. Onanko, T.M. Pinchuk-Rugal, M.A. Alieksandrov,
O.L. Pavlenko, T.O. Busko, O.M. Rozhkovskiy,

L.I1. Kurochka, O.I. Polovina, P.P. llyin
Taras Shevchenko National University of Kyiv, onanko@i.ua

Experiment methodology. Experimental methods were
used: metallography optical supervision of microstructure by
means of the microscope «LOMO MVT», atomic-force
microscopy (AFM) with high resolution. Ultrasonic (US) pulse-
phase method for determining the velocities of elastic waves using
USMV-LET]I, modernized USMV-KNU, computerized KERN-SG
in fig. 1 measurement equipments, US invariant-polarization
method for determining effective acoustic i and elastic constants
Cijxi were used [1].

Fig. 1. The ultrasound device KERN-SG of elastic waves
velocities measuring

The concentration dependence of the quasilongitudinal elastic
waves velocities V|(C) in PVC (CzHsCl)n + multiwalled carbon
nanotubes (MCNT) is demonstrated in fig. 2.
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Fig. 2. The concentration dependence of the quasilongitudinal elastic
waves velocities V|| (C) in PVC (C2HsCl), + MCNT

Conclusions.
1. As the result of the mechanical study the presence of the strong
effect between low-density polyethylene (C2Ha)n, polyvinyl
chloride (C2HsCl), and methylene dark blue squaring dyes (CH>.)
DBSQ was confirmed.
2. The increase of the nano composite crystalline degree at growth
of multiwalled carbon nanotubes concentration filling with the
nanotubes of matrix results in the decline of content of well-
organized phase.
3. The measuring of internal friction background Q1o after different
heat treatments gives information about the changing of the fields
of the heat tension o; after the solution satiation and before.
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SPECIFICITIES OF CONCENTRATION DEPENDENCES
OF SHEAR, ELASTIC MODULUS OF IRRADIATION
NANO COMPOSITES MULTIWALLED CARBON
NANOTUBES AND POLYETHYLENE, POLYVINYL
CHLORIDE, FOAM POLYSTYRENE

A.P. Onanko”, M.P. Kulish, O.P. Dmytrenko, D.V. Charnyi,
Y.A. Onanko, T.M. Pinchuk-Rugal, M.A. Alieksandrov
Taras Shevchenko National University of Kyiv, onanko@i.ua

Experimental results and discussion. The concentration
dependences of the elastic modulus E(C), shear module G(C) of
nano composite low-density polyethylene (CoHas)n + methylene
dark blue squaring dyes (CH»>.) DBSQ at initial state [1] and after
electron irradiation with dose De. = 10 Mrad and energy Ee. ~ 2,0
Mev are demonstrated in fig. 1 and fig. 2.

E, GPa

61 F 2
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55 ¢

53 | 1
51 :\
49 -

47 |
45 |
43 |

A1 i s PO
0 1 2 3 4 5 6 7
Fig. 1. The concentration dependence of elastic modulus E(C) of

nano composite low-density polyethylene + methylene dark blue
squaring dyes at initial state (1) and after electron irradiation (2).
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Fig. 2. The concentration dependence of shear modulus G(C) of
nanocomposite low-density polyethylene + methylene dark blue
squaring dyes at initial state (1) and after electron irradiation (2).

Conclusions.
1. The large absolute value of the shear modulus G(C), the elastic
modulus E(C) of nano composite polyvinyl chloride (C2HsCl)n +
and methylene dark blue squaring dyes (CH..) DBSQ indicate
about the significant interaction with maximum at Co =~ 5%.
2. As the result of the mechanical study, the presence of a strong
effect between low-density polyethylene (C2Ha)n, polyvinyl
chloride (C2HsCl)n and multiwalled carbon nanotubes was
confirmed.
3. The large absolute value of the elastic modulus E, the shear
modulus G of nano composite polyvinyl chloride (C2HsCl), + and
multiwalled carbon nanotubes indicate about the significant
interaction with maximum at Co = 0,04%.
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PAJIAIIIMHA CTUMYJISINISI HAKOITUYEHHS
BTOPUHHUX METABOJIITIB
Y CUPOBUHI LIABJIII JIKAPCBKOI TA
PO3TOPOILUI IVISIMUCTOI

C.A. INuyeaoBchka*, C.B. JlirBinos, 10.B. Hluniaina, B.B. Kyk,

K.B. JlucrBan, A.I'. CajiBon, JI.B. Tonkanan
Tnuemumym xknimunnoi 6ionozii ma eenemuunoi inocenepii HAH Yxpainu, Kuis,
Vxpaina, +380988129289, svetapchel@gmail.com

AHoTanisg. baratopiyHi JOCHIPKEHHS BIUIMBY CyOJeTajibHUX 703
MIEePEIOCIBHOTO PIIKOIOHI3YIOUOr0 OIPOMIiHEHHS HAaCIHHSA
MPOJIEMOHCTPYBAIH TPHUIATHICT, METOAY PAJiamiiHOi CTUMYIISIIT JUIst
MiJIBHIIEHHS BMICTY (papMalleBTHYHO I[IHHUX BTOPUHHUX METa0OMIITiB y
JKapChKill CHPOBHUHI HU3KH MOIMUPEHUX B YKpaiHi JIKapChKUX POCIUH.
Meroro poboTu Oyna oliHka eQeKTUBHOCTI JaHOI TEXHOJOril moao
HaciHHs 1maBiii Jikapebkoi (Salvia officinalis L.) Ta posroporii
mwsmucToi (Silybum marianum L.). BusaaueHo 1031 mepeanociBHOIO
PIIKOIOHI3YIOUOT0 OIMPOMIHEHHS HACIHHS, SIKI CTHMYJTIOIOTH SIK TIPHPICT
OioMacH JIiKapChKOi CHPOBHHH, TaK 1 HAKONMHMYCHHS y Hilf BTOPUHHUX
MeTabomiTiB. [y masii mikapcbkoi TakuMu fgo3amu € 5 I'p 1 20 I'p, s
posropori mismMuctoi — 10 I'p ta 20 I'p. Tlokazano, Mo migBANICHHS
BMicTy (IaBOHOINIB 1 ()EHONIB y JIKApCHKi CHPOBWHI € HaIIfHUM Ta
BiJITBOPIOBAHUM MapKEPOM CTHUMYIISIIT HAKOIHMYECHHS PO3MAapPHHOBOI
KHCJIOTH Y JINCTKAaX IIaBJIi] JIKapCHKOI.

Kawuosi ciaoBa: pamiamiiina crumyiris, Salvia officinalis, Silybum
marianum, po3smMapruHOBa KHCIOTA, CHIIIOIHIH.

[MutanHs Moaudikalii mpoieciB BTOPUHHOTO METab0I3MY Y
JMIKapChbKUX POCIMHAX Micas BIUIMBY 1OHI3ylOUOi paaiamii €
aKTyaJlbHUM Ta TIIEPCIIEKTUBHUM 3 OTJISy Ha 3PYYHICTh
BUKOPUCTAHHSI TEXHOJOTil MEepeanociBHOTO pPiIKOIOHI3YIOUOTO
ONPOMIHEHHsI HACIHHS JIIKapChbKUX pociMH. B Xoni momepenHix
JOCITI/DKEHb OyJ0 MPOAEMOHCTPOBAHO CTUMYJIIOIOUMN BIUIUB
cyOneTanbHUX /103 MEepPEeANOCIBHOTO ONPOMIHEHHS HACIHHS HU3KU
JIKapChKUX POCIMH Ha BUXIJA PEYOBUH (DEHOJIBHOI MPUPOIMU Yy
BOJIHO-eTaHOJIbHI ekcTpakTH [1-3]. Ha ocHOBI oTpuMaHuX AaHUX
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OyJIO 3alpoNOHOBAHO paJiaIliifHy OIOTEXHOJOTII0 MiABUIICHHS
BMICTY ()e€HOJIIB Ta (pJIaBOHOINIB Y BOJHO-ETAHOJIBHUX €KCTPAKTAX
3 JIKapchbKOi CHUPOBHHU POMAIIKH JIKapChKOi Ta 3Bip00OIO
npoipsieiieHoro [4]. YV maniii poOOTI MPeACTaBICHO PE3yJbTaTh
JNOCTI/DKEHHSI BIUIUBY CKCIIEPUMEHTAIILHO —TMiMIOpaHux 103
PIIKOIOHI3YIOYOTO ONPOMIHEHHS HACIHHS INaBIIii JIKApCHKOI Ta
PO3TOPOMNIII MIITMUCTOT Ha BMICT Y JIIKapChKiii CHPOBUHI (PEeHOJTIB,
(h1aBOHOITIB, PO3MAPHHOBOT KHCIIOTH Ta CHITIOIHIHY.

Marepiaim i merogu. Excrpakmito cymu (1aBoHOIAIB Ta
(deHoMIB  3MIMCHIOBATM Malepallielo HaBaXXKH TOJIPIOHEHOTO
Matepiany 70 % eraHosioM y KUIbKICHOMY criBBigHoueHH1 1:100
nipu 24 °C npoTtsiroM 72 rona. OTpuMaHuil eKCTpakT GUIbTPyBaIU
yepe3 BaTHUN (DUIBTP, 32 HEOOX1THOCTI JIOBOIUIIH JIO TIOYATKOBOTO
00’emy 70 % etanosnom i nentpudyrysaau (6 T.0., 40 xB.) [5].
KinpkicHy OI[IHKY BMICTY BTOPMHHUX METaOOJITIB y €KCTpaKTax
BH3HAYAM [IUITXOM BUMIPIOBAaHHS ONTHYHOT T'YCTHHU KOMITJICKCY
(b1aBOHOIIIB 1 XJITOpUIY amOMiHiio [6].

JocmimkenHss BMICTY (EHONIBHUX CHOJNYK Y EKCTpaKTax
3MIACHIOBAIN CIEKTPO(YOTOMETPUYHO 3a JIOMIOMOTOIO0 PEeaKIlii 3
peaktuBom ®Domina-Uokanerey [7]. s BU3HAUCHHS BMICTY
cuibiHiHY B mIpOTI HaciHHS posropormi 30 Mr HaciHHSA
MOPiOHIOBAIM Ta TOMOTEHI3YBAJIM 3 MICKOM, JoaaBaiu S mia 96 %
€TaHOJy Ta HAaCTOIOBAJIM B TEPMOCTATi MPOTAroM 6 TOOUH IpU
temmneparypi 80°C. ITorim oxomnomxyBanu, eHTpudyrysamm 15 xB
npu 7000 06/xB. Bix orpumanoro ekctpakty Bigbupanu 0,1 mui,
nonaBaiu 2,4 mia 96 % eraHoiry Ta BUMIPIOBAIHM ONTUYHY I'YCTUHY
3a TOBXHHM XBWI1 289 HM mpoTH uuctoro 96 % eranony. Bmict
¢naBonirHaHiB BU3Hadyaiu y % B INepepaxyHKy Ha CHIIIOIHIH.
Takosx Oy1n0 MpoBeIeHO MIKPOCKOTIUHE AOCITIIKEHHS JIOKaTi3aIii
BKJIIOUEHB e(IPHUX OJIiil y TUCTKaX POCIUH MIABII] JTIKaPChKOI.

PesynbTaT Ta o6roopennsi. Ha puc. 1 mpencraBnena
J030Ba  3AJIEXKHICTH BMICTY  (eHousiB, (IaBOHOINIB  Ta
pPO3MapUHOBOT KHUCJIOTH Yy BOJHO-ETAHOJBHUX EKCTpakTax 3
JKapChKOi CUPOBUHM MIaBJIii JiKapChKOi, BUPOIIEHOT 3 HACIHHS,
gKe TminmaBanu  Jii  ompoMiHeHHS. OTpuMaHa  3aJeKHICTh
JIEMOHCTpY€E 30UIbIIEHHSI BMICTY (PJIaBOHOIAIB Ta PO3MAPHUHOBOL
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KACIOTH B EKCTpakTax 3a /ii BCIX 03 MEpPeArnociBHOTO
OTPOMIHEHHs. BMICT ()eHONBHUX CIOJYK Y BOJHO-ETaHOJIBHUX
eKCTpaKTax i3 JHCTKIB IIaBJil JIIKAPCHKOT TaKOX IEPEBUIIYBaB
KOHTPOJIbHI 3HAYEHHS, 32 BUHATKOM BapiaHTY 3 IEPeIIOCIBHUM
OmMpoMiHEHHsIM y 1031 25 I'p. Jlo30Ba 3aleXHICTH BHXOIY
PO3MapUHOBOT KUCIIOTH 3 JIKapChKOT CHPOBUHU IIABIIIT JIIKAPCHKOT
KopelnoBasia 31 3MiHOO BMicTy ¢ernomiB (r = 0,78, p < 0,05) 1
¢dmaBonoinis (r = 0,79, p < 0,05). Omxe, MABUILEHHS BMICTY Y
CUPOBHHI IIaBIii JIKapchKoi noipeHoniB Ta (IaBoHOIAIB MOKHA
BUKOPUCTOBYBaTH B $IKOCTI Mapkepy paaialiifHOi CTUMYJALIT
CHHTE3Y PO3MAPUHOBOI KHCIIOTH.

O penonu ¢maBonoigu B po3MapuHOBA KUCIOTA

140
120
1

0
~

o
o
L

s

i i

0 5 10 Toza, I2p 25 35 50
Puc. 1. Bumict denonis, (haaBoHOINIB Ta pO3MapUHOBOI KUCIOTH Y
BOJHO-CTAHOJBbHUX €KCTPAKTaX 3 JIMCTKIB IIaBJI11 JIIKAPChKO1, BUPOMICHO1

3 OIPOMIHEHOT'0 HACIHHS
JlaHi MIKPOCKOIIIYHUX JOCHIDKEHb TOKa3yloTh, IO Y
JIUCTKAX POCIIMH IIABIIi JIIKApChbKO1, BUPOIICHHUX 13 HACIHHSA, SKE
MiJaBalld  MEPErOCIBHOMY ONPOMIHEHHIO, CIIOCTEPIraeTbes
30UTBIIIEHHST KUTBKOCTI BKJIIOYEHb e€(ipHOI 0JIii B MOPIBHSAHHI 13
KOHTPOJIEM 32 BCiX 3aCTOCOBaHUX J103. HaitO1bI BiiTBOpIOBaHE Ta
CYTTEBE 30UTBIICHHS KUIBKOCT1 KPArTnHOK e(ipHOT 0111 B IUCTKaX
aBIii BUSABICHO [UIS 03 MEPearnoCiBHOTO PEHTTeHIBCHKOTO
onpoMiHeHHs HaciHHA 5 I'p, 20 I'p ta 50 I'p. 3a xii Tux camux 103
3pOCTaB 1 BMICT pO3MAapUHOBOI KHCIOTH B EKCTpakTax Yy
nepepaxyHKy Ha OJUHUII0 MacH JIKapChKOi CHUPOBUHHU. 3
ypaxyBaHHSM IIOKa3HUKA CTUMYJALIl 30UIbIIeHHS Oiomacu,

%0 19 KOHI PRI
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3arajibHUi CTUMYIIIOIOUUI BIUIMB Malld JIO3M MEPEANOCIBHOTO
onpominenHs 5 I'p ta 20 I'p. Takum 4nHOM, MOXHa OYiKyBaTH
30UIBIICHHS 3arajlbHOTO BUXOIY €(ipHOT Ol i3 JHUCTKIB POCIHH
IaBJIii JIKAapChKOi MPH 3aCTOCYBaHHI IMPOTIOHOBAHOTO METOIY —
MEPEANOCIBHOTO  ONMPOMIHEHHST  HACiHHSA  PiIKOIOHI3YIOUOIO
panmiamiero  (peHTreHIBCBKMM  ab0  y-ONPOMIHEHHAM) Y
CTHUMYJTIOIOUHX JI032X.

BusnayenHs BMmicty cuiiOiHiHY y MIpOTi  HACIHHA
PO3TOpPOIIILI, BUPOILIEHOT 3 OIPOMIHEHOTO B I030BOMY IHTEpBai 5-
25 I'p HaciHHS, NOKa3allo cTUMYIolounil BB 103 5 I'p, 10 I'p,
20 Tp. Bomnowac, moza S5SI'p He € CTUMYIIOIYOI IIOJO
30UIBILIEHHS] MacCH JIIKAPChKO1 CUPOBHUHH.

[lincymoByroun yci  OTpUMaHl  pe3ynbTaTd, MOXKHa
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DIGITAL X-RAY TOMOSYNTHESIS WITH
CONTINUOUS EMISSION MODE

S. Miroshnichenko, A. Nevgasymyi, S. Senchurov”
Teleoptic PRC, Kyiv, Ukraine; s.senchurov@teleoptic-prc.com

Abstract. The possibility to upgrade legacy x-ray machines with new digital
tomosynthesis modality was studied. Digital x-ray tomosynthesis resolution
was measured with continuous and pulsed x-ray emission modes.
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Ongoing COVID-19 pandemic clearly displayed the demand
in high quality thoracic x-ray imaging for diagnostic of COVID-19
associated pneumonias. The “gold standard” diagnostic modality
for this is chest/thorax/lungs computed tomography (CT), while
conventional radiography often fails in detecting, especially in
early stages [1]. Unfortunately, there is not enough CT machines
for diagnostics due to increasing demand.

On the other hand, digital x-ray chest tomosynthesis [2] is
reported to be almost as effective in COVID-19 pneumonia
diagnostics as CT [1-3] at the part of CT unit price and ionizing
radiation patient dose load. Therefore, a number of x-ray machines
leading manufacturers — e.g. GE and Sedecal — started intensive
clinical studies of tomosynthesis usage in diagnosing patients with
COVID-19.

The purpose of our work was to study the possibility of low-
cost upgrade of existing x-ray machines with tomosynthesis
modality.

Tomosynthesis, also called a limited-angle CT [2] uses a set
of x-ray projection images to reconstruct slices parallel to x-ray
detector. Projection images are acquired during x-ray tube and/or
detector motion around the patient at predefined trajectory. X-ray
generator during images acquisition should operate in pulsed mode
or in continuous emission mode. Majority of generators in currently
manufactured tomosynthesis complexes operate in pulsed
fluoroscopy mode, whereas most common radiography generators
support only continuous emission mode up to 6 seconds.

Authors compared the resolution in projection images and
slices between continuous and pulsed operation modes. We used
UNIMAT TOMO X-ray stand with tomosynthesis mechanical
adapter, shown in Figure 1, manufactured by Teleoptik SPA, and
3D custom-made x-ray resolution test phantom, shown in Figure 2.
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Figure 1. UNIMAT TOMO X-ray stand with IONA2-RF-4360 digital detector
and tomosynthesis mechanical adapter. Source-to-image plane distance is 1400 mm,
scanning angle is 30°.
Resolutions dependence on the distance between the detector and
test object is shown in Table 1.
Table 1.
Resolution measurements results. PL — test pattern lines parallel to tube
motion, OR — test pattern lines orthogonal to tube motion.
60 ms projection acquisition frame duration, 98 frames, 2220x1592
pixels per projection, 432x600 mm, pixel size 270 pm
(1,8 line pairs/mm)

Magni
Continuous emission 6 seconds | Pulsed emission 10 ms per frame |  fi-
cation
Distan iecti iacti
o Pro;esctlo Slices PI’OJnesCtIO Slices
Detect Resoluti | ReEselutio Resoluti | Resoluti
or- n on
i Volta Curre on (Horizont Volta curren|,, 2" (Horizon
Object, nt, | (Horizon ge, (Horizon
om |98 kV al t, mA tal
mA tal PL/Vertic kv tal PL/Verti
PL/Verti al OR) PL/Verti cal OR)
cal OR), ’ cal OR), '
Ip/mm Ip/mm
Ip/mm Ip/mm

4 | 70| 10 [1.8/1.8| 1.6/1.6| 80 | 31 |1.6/1.6|1.6/1.6| 1.0
12 | 70 | 10 |2.0/1.4| 1.6/1.8| 80 | 31 |1.6/1.6|1.8/1.8| 1.1
22 | 70 | 10 |2.2/1.3|1.4/1.4| 80 | 31 |1.6/1.8/1.6/1.6| 1.2
32 | 70 | 10 |2.0/1.1| 1.3/1.0{ 80 | 31 |1.6/1.8|1.3/1.6| 1.35
42 | 70 | 10 |2.0/1.1| 1.3/0.8| 80 | 31 |1.4/1.4|1.4/1.4| 15
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Figure 2. 100x100x35 mm custom-made resolution test pattern,
assembled from x-ray test patterns and 3,0 mm PMMA plates and spacers

Conclusion
1. Continuous emission allows to get projections with compared or
even higher resolution despite the motion blur.
2. Pulsed emission mode scanning results in higher slices
resolution due to shorter pulse length.
3. Projection resolution, projection accumulation time/frame rate
are limited by the GigabitEthernet throughput.
4. To upgrade legacy x-ray radiography units with continuous
emission only to high resolution tomosynthesis one needs x-ray
detector capable of capturing high resolution images with high
frame rate.
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METO/ PAIIOBIOJIOTTYHOI'O TECTYBAHHSA
HEWMTPOHO3AXBATHWX ATEHTIB I YCTAHOBKHA
VI HEUTPOHO3AXBATHOI TEPATIIT

10.B. Illeuenko’, I'.J1. .JIaBpquyK B.A. Jlioman?,
B.®. Pasbyneii, JI.E. Uepsonna®, B.B. Tpummn’
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Zﬂ YV "Hayionanvruii naykosul yenmp paoiayitinoi meouyunu HAMH
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AHoOTanisi. 3anporoHOBaHUN MeToj 0i0J03UMeTpii, HalpaBICHUA Ha
BHU3HAYEHHS WHTErpaJbHOI  OIOJIOTIYHO EeKBIiBaJCHTHOI JI03M MpH
HEWTpPOHO3aXBaTHIN Tepamii. B skocTi gerekropa BUOpaHa acCHHXpPOHHA
nepeleruioBaHa KyIbTypa KIITHH JiHiT Lgpg,

KawuoBi ciioBa: HelTpoHO3axBaTHAa Teparisi, HEHTPOHO3aXBaTHI
areHTH, 010JIOTYHO CKBIBAJICHTHA 1033, KIIITUHHA ITOMYJISLIis.

Heiitpono3axBatna tepanis (H3T) e GiHapHuM MeTozI0M
MMPOMEHEBO1 Teparii, kUil e(PEeKTUBHHI TpH JIIKyBaHHI HaBiTh
BHCOKOPE3UCTEHTHHX  370sKicHMX nyxiaud  [1].  OcHoBHa
TepanepTuuHa j03a DL (opMmyeThes BHCOKOEHEpreTHMHHUMU
NPOJYKTAMH peaKIlii 3aXxBaTy HEHTpOHiB sapamu izotomy °B -
aapamu’Li, o-uacTuHKamu, Ta y-npoMeHsMH. CeleKTHBHICTb
pyHHYBaHHS MYXJIUH JOCSTA€TbCS  ONTUMI3AIIIEI0  CIEKTPY
HEUTPOHHOTO My4YKa, IKUM ONPOMIHIOETHCS MAIIEHT, KOJTIMAIIIEI0
MydKa 13acTocyBaHHSAM HelTpoHo3axBaTHUX areHTiB (H3A). H3A-
CIOJTYKH OOpYy, SIKi IPY BBEJICHHI B OpraHi3M Malli€HTa CEJICKTUBHO
HAKOMUYYIOThCS B 3JI0SKICHUX KIITHHAxX 1, B ifeali, BIACYTHI B
3I0pPOBUX.

Opnum 3 kimouyoBux nokasnukis y BH3T, pazom 3 DL e
iHTerpayibHa (MmoBHa) 610JIOT1YHO €KBIBaJIEHTHA 1032 1HTyKOBAaHOTO
BUIIPOMIHIOBaHHS, Ky OTpuUMYye MimieHb. KopekTHe amapaTypHe
BUMIPIOBAHHS [UX BEJIIMYMH—3aHAJTO CKIAJHA 3a[a4a, OCKUIbKH
MA€EMO CIpaBy 3 HYTPIIHBOKJIITUHHUMHU mpouecamMu Pi3nyHi
MeToau  (KaTOpUMETPUYHI, METOJ KOHJEHcCAaTopa) HaroTh
“¢13uuny” 103y — BEJIMUMHY €Heprii, BUJUIEHOT IPH ONPOMIHEHH]
MimneHi B oquHuIi Macu wimeHi. [1lo6 oTpumatu ekBiBaleHTHY
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(“Olonoriuno  edexTtuBHY’) 103y, [ BEIMYMHA MLIATa€e
nepepaxyHky. MeToro Hamoi po6oTu 0yino po3poOuTH MOJEIH s
panio0ioNOTIYHOTO TECTYBAaHHS ONPOMIHIOBAJILHOI YCTAHOBKH Ta
HEHUTPOHO3aXBAaTHUX areHTIB, MPOAHATI3yBaTH  MOJKJIMBICTh
CTBOPEHHsT Ha 1i OCHOBI METOJy BH3HAYECHHS IHTErPAIbHOT
eKBIBAJIGHTHOI 103U, Ky oTpumye MmimeHb npu BH3T, Ta ii
CKJIQJIOBUX. EKCIepUMEHTaNbHI JOCHIIKeHHsS BHKOHAHI Ha
ACHMHXPOHHIN TepeIeIuTIOBaHid KyabTypl KITHH JiHil Lozg.
Merou po6oTH 3 KITITHHAMH OTHcaHi B po0oTi [2]. OnpomiHeHHs
KJITHH Y-KBaHTaMH NIPOBOJMIIOCS HAa CEPTU(IKOBaHIN yCTaHOBII
"Teparpon" B Inctutyti paxy HAMH Vkpaiuu.

3ayBakeHHs: CyTTE€BOIO BIIMIHHICTIO HAIIOTO MIAXOMY Bif
3arajbHOBIOMO1 0log03uMeTpii € BuOIp TecT-edekra. Mu He
MJIAHYEMO BHUKOPHUCTOBYBATH PO3POOJICHUM JJIsi E€PHUTPOIUTIB
[IUTOTCHETUIHUI METO/I.

l'omoBHa 1imes HamIOTO WIAXOAY TMOJATAE B TOMY, 00
YHUKHYTH CKJIQJHUX pPO3PaxyHKIB 1 BHUMIPIOBaHb (PI3UUHOT
(mornmuHeHOT) 103M, a 0e3MmocepelHhO BU3HAYATH CKBIBAJICHTHY
103y (TOOTO 010JIOTIYHO €KBIBAJICHTHY J103Y) Yepe3 CIPUUNHEHUN
Hewo  OlonoriyHuit  pesymbrar  (Tect-edext). Jug  mporo
MPOTIOHYEThCST B SAKOCTI  JIO3UMETPUYHOTO  Marepiany
BHUKOPHUCTOBYBAaTH KIITHHHY TOMYJAIII0 1 3a JOMOMOTOIO
CTaHIAPTU30BAHOTO (cepTudikoBaHoro) JoKepena Y
BUIPOMIHIOBaHHA (KoedimieHT 01070TI4HOT SKOCTI Y-IPOMEHIB
MPUAHATO 3a OJUHUIIIO) oTpuMatu kpuBy M = M(Dy). Tyr M—
ypakeHHs  (oauMHHUISI MIHYyC  BW)XUBaHHsA), Dpy—no3a -
BUIIPOMIHIOBaHHS BiJl CTaHIapTU30BaHOro kepena. s kpusa
noza-eext (Pucynok 1) rpatume poinb KaniOpyBallbHOT KPUBOI.
Sxmo Tenep Ans ouiHkd BmuBy mpouenypu H3T nHa Taky x
KIITUHHY CHUCTEMY B aQHAJOTTYHMX yMOBaxX BHOpaTw TOW camuil
TecT-eeKT, 0 i MPU raMMa-oNmpPOMIHEHH1, MU MAaTUMEMO TpsiMe
BUMIPIOBaHHS TIOBHOi €KBIBJIEHTHOI 103W  BHIIPOMIHIOBaHHS,
iHykoBaHoro B mponieci BH3T 3 konkpernum H3A. V sikocTi Tect-
edeKTy MOKHa BHOpaTH, HAMIPHUKIIA/l, BUKUBAHHS, 00 ypakeHHS.
VY nepumioMy HaOMMKEHHI IOBHE YypakeHHS Mot  MOXHa
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MPEJICTAaBUTH SK CyMY YpaxX€Hb, CHPHUYMHEHUX BCIMa IIIOYNMHU
dakropamu (HaOIMKCHHS HE3B's13aHUX (DAKTOPIB).

Mtot={M1y,n+MNCA+M11v}+M§ (1)

Tyr My, = My, + My, = Mq,.(D1,, D1,)-ypasxenns,
cnpuunHeHe HelTpoHamu (M ¢,,) 1 CYITyTHIM Y -BHIIPOMIHIOBaHHIM
(M 1,,), SK€ TIPUCYTHE B PEAKTOPHUX HEUTPOHHUX ITyYKaX,
D4y, Dy, -71031 y-BUNIPOMIHIOBAHHsS 1 PEAKTOPHUX HEWTPOHIB.
Myca -ypaxkenHs, oOymoBineHe TokcuunicTio H3A; M) =
ML, (DY), ML = ML(D%)-ypaxenns cnpuumnene npomyxramu
peakuii 3axBaty HeilTpomiB sapamm N Tta °B, D ta DL-
e(eKTUBHI /103, CTBOpPEHI HUMHU MNpoayKTamMu. Mt 1 CKIAA0B1
CyMHU Yy (QIrypHUX AyKKax BU3HAYAIOThCA €KCIepuMeHTanbHo. [1o
IUX JaHUX BUpaxoByeTbes M5 (DY), Ockinbku BwxuBanns V=1-
ML (DY), 3 miei Benmauan 3a 1OMOMOT0I0 KamiGpyBaabHOT KPHBOT
MOXHa 3HaUTH €(PEKTUBHY /03y IHIYKOBAHOTO BHIPOMIHIOBAHHS
DL. Tlpu npomy inTerpanbha pamioGionoriuna edeKTHBHICTH
NIPOJYKTIiB PEeakIlil 3aXBaTy HEWTpOHiB aToMoM ‘°B BpaxoByeThbCs
aBTOMAaTU4YHO. TOYHICTH OTPUMAHOTO PE3YIbTATy 3alieKaTHUMe
TOJIOBHUM YHHOM Bij] TOTO, HACKUTBKH KOPEKTHO OyJle BpaXxOBaHO
(a) mpsAMU BIJIUB MEPBUHHOIO BUIPOMIHIOBAHHS YCTAaHOBKH —
HEUTPOHHOTO Ta CYIMYTHHOTO Y-BUIIPOMIHIOBAHHS (Dly, Dln), (B)
TokcuuHicTh H3A, (c) 1m03y BUNPOMIHIOBaHHS, 1HJIYKOBAHOTO
3aXBaTOM HeHTpoHiB sapamu *N i, mpupoaHo, Bin TouHOCTI
BCTAQHOBJICHHS BEJIMYUHU T€CT-€(DEKTY.
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Anotanis. Ha mouatky 21 cromitTs Ha 3aMiHy IUTIBKOBHM
PEHTIeHIBCHKMM amapaToM MOYald BHUKOPUCTOBYBaTH OUIBII Cy4acHi
amapatd 3 LU(QPOBUMHU DPEHTTEHIBCHKUM JETEKTOPAMH, HEBi'€MHOIO
YaCTUHOIO SIKUX CTaJIM TporpamMu oOpoOKH HU(POBUX PEHTTEHIBCHKUX
300pakeHb IS MIIBUIICHHS S(PEKTHMBHOCTI Bi3yajdbHOI'O CHPHHHATTS
MATOJOTIH JTiKapeM-pPEHTTEHOIOTOM 3a PaxXyHOK BHIUTCHHS HEOOXiTHUX
JUIS JIIarHOCTUKW €IIEMEHTIB 300paKCHHs TaKuX, SK: TpaOeKyjau Ha
KiCTKaX, AeTalli M SIKUX TKaHMH, KOHTPACTH BEIUKUX YTBOpEHb. B naHii
poOOTi OOTpYHTOBaHa METONMKA OI[IHKK e(eKTUBHICTh MPOrPaMHOTO
3a0e3MmeyeHHsT TMOCT OOpOOKHM, OTPUMaHHS KUIBKICHOI  OILIHKH
edexTrBHOCTI OCT 0OPOOKH, siKa 0a3yeThCs HA MiT00P1 HAWBAKIMBIIINX
TOYOK 300paKeHb I'PYIHOI KJIITKH BIAMOBIAHO /10 AIarHOCTUYHOT TOUKU
30py.

Karwuosi cioBa: penrtren, nmudposa pamionorisi, ckpuHiar OI'K, noct
00poOKa.

Ha nouatky 2000-x Ha TepuTopii YKpaiHu moyanaocs MacoBe
BIIPOBA/IKEHHS IU(PPOBII TEXHOJIOT1i B pEHTI€HOJIOT110, 1 B TIepUI1y
yepry 1udpoBl TpHiiMadi  3HAWILIM  «CBOE  MicIe» Yy
(dbmooporpadax. 3aBAsSKd BIPOBAHKEHHIO HOBITHIX TEXHOJIOTIH Y
¢dbmooporpadu, kinbkicth oOctexenb OI'K mo 2005 poky
30upImIack Big 15142,0 no 21674,9 tucsa 06CTEKEHb 3a PIK.

Ceorogni, y 21 cropiu4i, HEBNUHHHUHA PO3BUTOK
KOMIT'FOTEpHHX TEXHOJIOTId Ta TEXHOJOTIH 31 IITYYHUM
IHTEJIEKTOM TPHU3BEJIO JI0 CTBOPEHHS PI3HOTO MPOrpamMHOro
3a0e3nevYeHHs I MMOCT OOpOOKHM PEHTIeHIBCHKUX 3HIMKIB ISt
MOJIMIIICHHS PO3Mi3HABAHHS MATOJIOTIN JIKAPSIMH.

Jlnst OIiHKK €(PeKTUBHOCTI pOOOTH HASIBHUX MPOTpaM IOCT
00poOKK 300pakeHb, OylIM BHUKOHAHI KUIbKICHI BHUMIPIOBAaHHS
KOHTpacTy s YOTHPhOX OONacTeil Ha OpUTIHATBHUX Ta
00poOneHux peHtrenisebkux 3HiMkax OI'K.

3a NOrO/DKEHHSM 3 JIIKapsIMU PEHTTeHoJIoraMu 0ys1o o6paHo
HACTYNMH1 00nacTi JUIsi OTPUMaHHS KUIbKICHOTO BHMIPIOBAHHS
KOHTpACTY Ui TAKUX TTapaMeTpiB:

1. KoHTpacT nmonepekoBoro Biiily XxpeOTa Ha Tii HUTYHKY;

2. I'a30BUil MiXyp KOHTpPACTYy€e B [IITYHKY;

3. bynoBa nereHeBoi TKaHMHHU KOHTPACTY€E B Ma3yxax;

261



4. JlereHeBi CTPYKTypH KOHTPAcTyIOTh B O0JIaCTi KOpEHIB
JIeTEeHIB.

VY BigmoBigHOCTI 3 HMM OyJ0 3ampOIOHOBAHO BHUMIPSTH
BIJTHOIIICHHS SICKPABOCTI O0'€KTIB 70 HABKOJHIIHLOTO (OHY JUIS
oOmacreii 1 12 Ta MO3HAYNTH Pe3yIbTATH BUMIPIOBAHb SIK 3HAYCHHS
koHTpacty k 1,2 :

k1,2=(Bo-Bg)/Bp (1.1)
ne Bo - sickpaBicTh 00'ekTa;
BB - sickpaBicTb ony.

Y 30Hax 3 Ta 4 - oTpuMaTH BUMIPIOBAHHS BIJHOCHOI
SICKPaBOCTI JIPpIOHO3EPHUCTUX MPEIMETIB Ha HaBKOJIHUIIIHHOMY TIi
Ta MO3HAYMTH 1X SK BIAXHJICHHS BiJl KOHTpacTy - K3,4:

Kss4 = o/Bp (1.2)

JIe G - ICKPaBICTh JIPIOHO3EPHUCTUX YTBOPEHb.

Takum YHHOM, BUMIPIOBaHHS MPOBOAWIHNCS Yy BHOpaHUX
obnacTsax 300pakeHHs, SKI I[IKABUJIM PEHTTCHOJOTIB T dac
00cTeXEeHHsI MallIEHTIB.

MeTtotro gocipKeHHsT 1aHoi poOoTH Oysa OIiHKa MPUPOCTY
KOHTpacTyBaHHsS  Ha  OOpoOJIeHMX  300paKeHHSAX, IO
XapaKTepU3yIOTh CIIOCTEPEXKJIMBICTh JIETEHEBOI TKAaHWUHH B
CEerMEeHTaxX Ta KOHTPACT IMOIMEPEKOBOTO BLIILTY XpeOTa, a TaKokK
ra3oBHI MiXyp 11040 GoHy.

[Iporpamuum 3a6e3ncucHussM Context Vision 6yiao o6pano
K pedepeHTHE MporpaMHe 3a0e3MEYeHHs] 3aBAAKH JOCBIAY B
rajxy3i MeIUYHUX 300paKeHb, Ta BIryKaM JIiKapiB-pEHTI€HOJIOT1B.

Jly1s BUMiproBaHb NapamMeTpiB B BUKOPUCTOBYBAIU POTrpamy
ImageJ.

Buninstoun 30Hy, fika 1IKaBUTb, MU OTPUMYBaJIM 3HAUYEHHS
SICKpaBOCTI 200 KOHTPACTY Ha JOCTKYBaHIN TUISHIN, MICIS YOTO,
3a MaTeMaTUYHUMH PO3paxyHKaMu, HaBeJeHUMH B Gopmyii (1.1)
abo B Qopmymi (1.2), B 3a1eXHOCTI BiJ IUISSHKH, OTPUMYBAJIU
HACTYNHI TMOKa3HMKM JJIs OIIHKM Ta aHami3y. IlopiBHsIbHI
pe3ysbTaTH HaBeJIeH1 HUXK4e

Ha ocHOBI aHamizy OTpUMaHMX pe3yiabTaTiB I1bOTO
JOCII/DKEHHsT ocoOyinBa yBara Oyna mpuaiieHa HEoOXiTHOMY
MEPEBUIICHHIO 5% KOHTpAacTy, sIKUil 3rifHo 13 3akoHOM Bebepa -
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dexHepa BBAXKAETHCS MEXKEIO BIEBHEHO! CIIOCTEPEKIUBOCTI
BuOpanux o00'exTiB. IlpuHIMI, IO IHTEHCUBHICTh BIAYYTTS
3MIHIOETBCS PAJOM PIBHUX apu(METHYHHX MPHUPOCTIB, OCKUTBKU
CHJIa TIOApa3HUKA 30UTBIITY€ETHCSI TEOMETPUYHO.

Ha opwurinansaux oOpa3ax 3a3Bu4ail MpeaMeT MOXKHA
CIIOCTEepiraTd Ha MeXi 30pOBOTO CHPHUHHATTSA. KOHTpacTHICTH
oO'extiB He Bume 1%, ogHaK Ha 0OpOOJIECHUX 300paKEHHSAX MU
oTpuMaM 30UTBIICHHS KOHTpacty o0’ekty Bim 2% 1o 35%.
V3aranpHeHi pe3yabTaTd 3 JAaHUX TOKa3ald B  TaOMUIIAX

MIpe/ICTaBJIeH] Ha puc 2.

45%

o ek (NO) e (TEST) k(cv)

Contrast value
g

5 o
g 8

w
ES

w L \

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Measurment point

Puc. 1. V3arampHeHi pe3yibTaTH IS KUTbKICHHX BHMIpIOBaHb
KOHTPACTY

[opiBHSHHS pePEepeHTHOTO Ta TECTOBOTO MPOTPAMHOTO
3a0e3medeHHs MMoKa3aio, 10 300pakeHHs, 00poOJIeHI TeCTOBUM
IporpaMHUM  3a0€3MEYCHHSM, MAalOTh KOHTPAcTHICTh  Ta
BIIXWJICHHS KOHTpPAacTy B 3 pa3d MeEHIIe, HDK pedepeHTHE
nporpamHe 3abe3nedeHHs. HeonrumaiibHI HACTPOWKH TECTOBOTO
MPOrPaMHOTO 3a0e3IeUeHHs] € HAWOUIBII MOXIIUBOI MPHYUHOIO
BOTO pe3ynbTary. IcHye HIMOBIPHICTH, 1110 MOAUDIKAIIiS IPECeTiB
3pOOUTH PI3HUIIO MK THMH MPOTpaMaMH HE3HAYHUMHU.

Metonuka, oOrpyHTOBaHa B I1iii poOOTi, T03BOJISIE OI[IHUTU
e(eKTUBHICTh MPOTrPAMHOTO 3a0e3MeUeHHs OCT 00POOKH.

B nmpoBemenux gocnigax 3HaWIEHO, IO 3aJ€XKHO BiX
MPOrpPaMHOTO 3a0e3NeyeHHs] KOHTPacT 0OpoOIeHHX 300pakeHb
Moke Oytu 30unbIieHuil y 15-45 pasiB. 30UIbIIEHHS KOHTpacTy
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J03BOJISIE  TOJIMIIUTH  CIOCTEPSKIIMBICT  MATOJOTH  Ha
PEHTIeHIBCBKUX 3HIMKAax TpyAHOI KIITKH. BukopuctanHHs
BHUMIPIOBaHb KOHTPACTHOCTI Ta BIAXWJICHb KOHTPACTHOCTI Jaio
AQHAJIOTIYHI Pe3yNbTaTH Ta MIATBEPAWIO BIANOBIIHICTE 5K
KUTBKICHIX BUMIPIOBaHb, TaK 1 BI3yaJbHOTO CIPUHHSTTSI.

CIIMCOK BUKOPUCTAHUX IXEPEJ
1. C.I. Mipomnnyenko, JI.K. Ypuna “ToMocuHTE3 Ha pEeHTreHIBCHKIiH
miarHoctuyHii cucremi”’. K. Cucremu: memununa Ykpainu. 10, c.42,
2019.
2. I'.10.Kosans, /I.C.Meues., C.I.Mipomnuyenko, O.I1.111apmazanosa.
“IIpomeneBa miarnoctuka”. K. Cucremu: MemuiinHa YKpainu. Buil. 1, c.
20-21, 2018.

OHIHKA E®OEKTUBHOCTI BICMYTOBOI'O ®IJIBTPY
JIJI1 ONPOMIHIOBAJIBHOI YCTAHOBKHU

I10.b. IlleBYyeHKoO, ’B.(I). Pasﬁyneﬁ\, JI.E. YepBoHHa,
B.A. Jlioman, B.B. Tpumun

Inemumym sioeprux docnioscens HAH Yipainu, Kuis. Yxpaina,
+380994379938, yubshevchenko@gmail.com

AHorauis. IlpoBeneHa oriHka BHKOPUCTaHHS BICMYTY U 3HIDKEHHS
MOTOKYy TraMMa-KBaHTIB y CKIaal HEWTPOHHOro TMy4yka, IO
3aCTOCOBYEThCS TpU Oop-HeWTpoH3axBaTHIN Tepamii. [loka3ana iioro
cmabka epeKTUBHICTh JJIT BHKOPHUCTAHHS Ha padiaIbHUX PEaKTOPHHUX
KaHaJIax.

KarouoBi cioBa: Gop-HelTpoHO3axBaTHA Teparis, HSUTPOHHI ITyYKH,
MTOTOKH TaMMa-KBaHTIB, BICMYT, KpeMHiH.

HeoOximHoro  ymMoBOIO  e(peKTHBHOTO 1  O€3Ie4YHOro
npoBeAcHHs 60p-HerTpon3zaxBaTHoi Teparii (BH3T) € minimizaris
J030BUX HaBaHTA)KEHb HA OTOUYIOU1 MyXJIUHY TKAHUHH Ta )KUTTEBO
BXJIMBI Opranu mamieHta. [[g ymoBa peamizyeTbcs ABOMa
nuisxamu. [lo-mepiie, Oop BBOIUTBCS B OpraHi3M Talli€HTa B
CKJIaJll HBUTPOHO3aXBAaTHUX areHTIB, CIIOIYK Oopa, sKi BUOIPKOBO
HaKOMMYYIOThCSI B MyXJUHAaX 1, B 1leali, HE 3aTPUMYIOThCS B
3nopoBux. [lo-npyre, sxmio ycranoska anst bBH3T 3MoHTOBaHa Ha
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0a3i peakTopa, raMMa-BUIIPOMIHIOBAHHS, SKE 3HAYHOIO MIpOIO
MPUCYTHE B PEAKTOPHUX HEUTPOHHUX IMyYKaX, MOCITAOITIOETHCS 3a
normoMororo (uIbTpiB. SIK BiOMO, PEaKTOpPHI HEHUTPOHHI MyYKH
CYITPOBOJIKYIOTHCS JIOBOJII 3HAYHUM T'aMMa-BHIIPOMIHIOBaHHIM. B
po6oTi [ 1] s mocnabieHHs HOTO CYITYTHHOTO BHITPOMIHIOBAHHS
BUKOPHCTOBYBAJIM IIAp BICMYTY 3aBTOBIIKK 35 MM. AJjie B Il
poOOTI BUKOPUCTOBYBAJIM TAHTCHITIAIBHHM (JIOTHYHUH ) KaHal. Mu
BHUPIIIAIN OINHATH €(PEeKTHBHICTh TAKOTO IMIapy BICMYTY IS
HaIIOTO PaliaibHOTO KaHAIy MOCHIIHUIIBKOTO peakTopa BBP-M.
B namomy BHUMagky CHEKTp HEUTPOHHOrO mydka (opMyeTbes
1apoM MOHOKpHCTAITy KpeMHifo 3aBTOBIIKH 400 mM. JIist OIiHKH
Oynmu B3STI CIEKTpH TramMMma-TipOMEeHiB moniry [2] Ta ramma-
CIIEKTPH MIPOIYKTIB oAty [3] siapa ypaHy-235, Ha SKOMY MTPAI0e
HaIll peakTop.

['pyroBi ramMma-cIieKTpd MHUTTEBHUX TaMMa-TIPOMEHIB, IO
3'SIBIISTIOTHCSI B TIPOIIECi MOALTY [2] Ta pIBHOBaKHUH CIIEKTpP TaMMa-
MTPOMEHIB, MO YTBOPIOIOTHCS MPOIYKTaMU Moty [3] HaBemeHi
HUXK4e B Tabmuii 1:

Taomms 1.

CrnieKTpy MUTTEBUX raMMa-TIPOMEHIB Ta PIBHOBAXHUHU CIICKTP
raMMa-rnpoMeHiB

Enepris EdexrurHa Cepenns EdexruBHa
MHTTEBHUX EHepris, EHeprist rpynu eHepris,
Y-KBaHTIB, MeB/monin Y-KBaHTIB MeB/momin

MeB nofity, MeB
1,0 3,450 1,0 5,160
2,0 2,360 2,0 1,737
3,0 1,175 3,0 0,322
4,0 0,477
5,0 0,203
6,0 0,136
7,0 0,026

Toni cymapHuif TPYHNOBHMM CHEKTp ramMma-KBaHTIB MOXKHa
OJlepKaTH CKJIABIIM IIi JBAa CHEKTPUM Ta MOMHOXMBIIM iX Ha
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KUIBKICTB TTOUIIB, IO BiIOYBAIOTHCS B aKTUBHIM 30H1 peakTopy 3a
CeKyHIly. B po3paxyHkax mnpuiimManocs, MmO B aKTUBHIA 30HI
peaxtopy BinOyBaeThcs 3,46-10Y moxinis/cex. mpu moTykKHOCTI
peakropa 10 MBT.

[TocmabiieHHs TOTOKY TaMMa-IIPOMEHIB, PO3PaXOBYBAIHCS

. 0 —u X .
3a Bimomoro dopmyior: O =d° .7 ; ne @ — norik ramma-
7 7 4

IIPOMEHIB, M0 HPOMIIIM IIap TeBHOI peuoBuHH; @,° — MOTIK
raMMa-TIpOMEHIB JI0 MPOXO/PKEHHSI pEYOBUHH; X — TOBIHHA IIapy
pedoBuHH, [r/cM?]; Y, — MacoBwmit KoedillieHT MocIabaeHHs TOTOKY
raMma-npomMeHis, [cM?/r].

Macosi koedimieHTH mocIadaeHHs I BICMYTY Ta KPEMHIIO
Oynu po3paxoBaHi 3a TOTIOMOTor0 mporpamHoro mnakery XCOM.
Xin 3amexHOCTI MUX KOedIIi€HTIB Bl €Heprii raMMa-mpoMEHIB
HaBe/ICHUI Ha PUCYHKY |, a 3HAUEHHS [T eHEPTeTHYHUX TPy — Y
Tabm. 2.

1.E+04

RN
NN
Ml

1.E-01
AL ="®

1.E-02 t

1.E-03 1.E-02 1.E-01 1.E+00 1.E+01

Macosi koediuieHTn nocnabneHHs, cmir

CepepaHs eHeprisi rpyn raMma-npomexis, MeB

Puc. 1. 3anexuicts L, Big E,
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Tabmuus 2.
MacoBi koedimieHTH nocnabieHHs Y-KBAHTIB

Enepris y-xBanTiB, | M, u1d BicMyTy, | Hp VIS KpEMHIIO,
MeB cm?/r cm?/r
1,0 25,987 5,195
2,0 0,055 0,052
3,0 0,044 0,040
4,0 0,042 0,032
5,0 0,043 0,030
6,0 0,044 0,028
7,0 0,046 0,027

JIJIst KpaIoro CIpHHHATTS B HACTYITHINA TaOnwi 3 HaBeICH1
TPYNOBI MOTOKK TaMMa-TIPOMEHIB 0 (PUIBTPIB, MICIs BICMYTY Ta
IICJISI KPEMHIIO, @ TAKOK KPATHOCT1 MOCTa0IeHHS MOTOKIB KOKHUM
Marepiaaom.

Tabmus 3.
['pymoBi MOTOKM Y-IPOMEHIB Ta KPATHOCTI MOCTA0JIEHHS MMOTOKIB

Enepris [orik [Motix Kparnicts [Motix Kparnicts
rpymnu 0e3 micns | mociabiieHH Tricast nocyiadIeHH
y-pomeni | GIIBTPIB | BicMyTy | 5 BICMYTOM | KPEMHIIO | s KpEMHieM
B, MeB ,x10%° | x10%° (3,5¢cm) , x10%° (40 cm)
MeB/c MeB/c MeB/c
1 2 3 4 5 6
1,0 14 000 — —
2,0 10 100 575 6,7 4,33 132,8
3,0 2950 418 4,6 10,2 41,0
4,0 774 181 4,3 8,81 20,5
5,0 329 74,9 4,4 4,72 15,9
6,0 221 48,1 4,6 3,58 13,4
7,0 42,2 8,77 4,8 0,733 12,0

[TopiBHIOIOUM [aH1 y CTOBMUYMKax 4 Ta 6 TaOIUIll, MOXHA
3pOOUTH BUCHOBOK, III0 3aCTOCYBaHHS BICMYTY Il €(DEKTUBHOTO
MOCJa0JIeHHs TaMMa-TIPOMEHIB CYMPOTH HEUTPOHHOTO TOTOKY

267



M’SKO KaXydd CYMHIBHA Ui paJialibHUX KaHATIIB peakTopa.
MOo3ITuBO, TOLUTBHINIE JOJATH I[€ MOHOKPUCTAI KPEMHIIO.

CIINCOK BUKOPUCTAHUX JTKEPEJI

1. 3asines K.H., IToprHor A.A., CaBkun B.A. HeliTpoHO3axBaTHas
Tepanus TermioBsIMU HeTpoHamu Ha UPT MUO®U, AtomHas sHeprus,
1.91, BBI.4,0kT. 2001cTp. 307-314.

2. Rockwell T. Reactor Physic Constants ANL-5800. — 1958. — p.449
(Reactor Shielding Design Manual).

3. Gamble R.I. Reactor Physic Constants ANL-5800. — 1958. — p.449
(Prompt Fission Product Gamma Rays from U-235).

BIOJIOT'TYHA OIS JIASEPHOT'O BUITPOMIHIOBAHHSA

10.J1. 3a6y.10n08’, JI.B. Uapnuii', M.B. Uyxpaes?,
B.A Yepnsk %, K.K. Kapnenko 3 O.I'. Myciu!

YTV «IFTHC HAH Vxpainuy
2 000 «HMI] MEJJUHTEX»
3 Hayionanvhuii siticokosuti kniniunuti 2ocnimany MO, m.Kuis, Yxpainu,
*Kuiscoxuii Hayionanvnuii ynieepcumem imeni Tapaca Illesuenka

Annotation. The therapeutic effect of the use of laser radiation is based
on a complex mechanism of interaction of low-energy electromagnetic
radiation in the visible or infrared ranges of the spectrum with a highly
organized biological system.

Karouosi ciioBa: Biological action of laser radiation.

Beryn. B Ykpaini nuTaHHs 3acTOCYBaHHS BITYM3HSHUX HOBITHIX
TEXHOJIOTiH, iX BJOCKOHAJIICHHS Ta PO3BUTOK € IPIOPUTETOM
cydacHoi memunuuu i Hayku [1-5]. Came Tomy OiosoriuHa [is
Ja3€pHOTO  BUIPOMIHIOBAHHS €  aKTyaJlbHUM  HamlpsMoM
JOCIIIKEHD.

Mera. JlocniauTu ekcepuMeHTaIbHUM IUISIXOM O10JIOTTYHY 10
JIa3€pHOTO BHUIIPOMIHIOBAHHS B 3aJI€KHOCTI Bl MapaMeTpiB
BUIIPOMIHIOBAHHS 1 CHEKTPAJIbHUX XapaKTePUCTHK IMOTJIHUHAHHSA
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€JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS 0i0JIOTTYHUM
CEepeIOBUILIEM.

ExcnepumentanbHi jgociigxeHns. B ekcrnepumenti Oynu
BUBYCHI  OCOOJHMBOCTI  JIa3epHOTO  BHIIPOMIHIOBAaHHS B
OiostoriunoMy cepenoBuiii [6-8]. OckiTbKH B3a€EMO/Iis JIA3EPHOTO
BUIIPOMIHIOBaHHS CTUMYIIOE poTodiznyHi 1 POoTOXIMIUHI peaKiii,
MOB'A3aHi 3 PE30HAHCHUM MOTJIMHAHHAM eHeprii
€JICKTPOMArHITHOTO BUITPOMIHIOBAHHS 010JI0TTYHUM CEPEIOBUIIIEM
(YHKIIIOHYBaHHS, TOMY XapakTep 1 piBHI IIMX B3a€EMOJIN 3aJIeXaTh
HE JIMIIE B CHEKTPaIbHUX 1 EHEPreTUYHUX IapaMeTpiB
JIA3€pHOr0 BUIIPOMIHIOBaHHS, a M BiA CTaHy 1 CHEKTPaJbHUX
XapaKTePUCTHK MOTJIMHAHHS eJIEKTPOMAarHiTHOTO
BHUIIPOMIHIOBAHHS 010JIOTIYHUM CEPEIOBUIIIEM.

bionoriuna aist 1a3epHOTO BUMPOMIHIOBAHHS 3aJI€KUTh B
- CHEKTpaJIbHUX XapaKTEPUCTHK TMOTJIMHAHHSA O10JOTTYHOTO
o0'exTa;

- JIOB)KWHHU XBUJI1 A 1 eHeprii BUmpomidioBaHHs E;

- IOTY)KHOCTI JIJa3€pHOTO BUIIPOMiHIOBaHHS Pi;

- miIeHOCTI MoTy)HOCTI (eHeprii) Wp (We);

-CHEKTPpaIbHOT IIUTBHOCTI MOTY>KHOCTI JIa3epHOTO
BHUIIPOMIHIOBAHHS;

- rroti (00csTy) PO3MOALTY €HEprii JIa3epHOTO BUITPOMIHIOBAHHS;
- Yacy B3a€MOJIii JIa3epHOTO BHUIIPOMIHIOBAHHSA 1 0I0JIOTIYHOTO
00'exta t 200 HOTO MOXITHUX

- TpuBajIOCTi iMyascy T 1 yacToTH OBTOPEHHS iMITYIbCIB T.

JloBeneHo, 10  Ja3epHE  BUNPOMIHIOBAHHS  MOKHA
OXapaKTepu3yBaTH TPbOMA CTAIIMU BILIHUBY.

Ha nmepmniii cramgii BmiumBy Ha  OloJMOTriYHHE  00'€KT
BiOyBalOThbcsi  B3aemonii  kBaHtiB JIB 3 OGlomoriyHum
CEpEeZIOBUILEM, XapaKTep SKUX 3aJeKHUTh BiJl ONTUKO-(DI3UYHUX
BJIACTUBOCTEN TKAaHUHH, a TAKOXK B1Jl eHEPreTUYHUX 1 IPOCTOPOBUX
xapakTepucTuk JIB (JIOBXXHMHU XBWIJ, CHEKTPalbHOI HIUTBHOCTI
HNOTY)KHOCTI 1 muomii  (00cAry)  B3aeMojii  J1a3epHOro
BUITPOMIHIOBaHHS 1 010JI0TTYHOT TKAHUHN).
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Ha wiif cranii BinOyBaeTbes morimHanHs kBaHTiB JIB atTomamu
MOJIEKYJ, 1 SK HACHiJOK, IepeXiJ eIeKTPOHHUX XMap Ha OuIbII
BHCOKI BAQJICHTHI PiBHI, 3MCHIICHHS CHJIU B3a€EMOI aTOMIB B
MOJIEKYJIax 1 MiABUIIEHHS X XIMIYHOT aKTUBHOCTI.

PesynmpraToM 11i€i B3aeMoaii € TEpPETBOpPEHHS EHEpPTii
€JIEKTPOMATHITHOTO BUIPOMIHIOBAaHHS B MEXaHIYHI KOJIMBAHHS 31
30UTBIIEHHSM  aMIUTITYId  1X  KOJIMBAaHHSA,  IIJABUIICHHIM
TeMIieparypu B o0macti noriuHanHs JIB, a Tak camo minBUIIEHHS
€JIEKTPOXIMIYHOT aKTHUBHOCTI aTOMIB B MoJIEKylax Ol0JOTT4HOI
PEUOBHHH.

Ha npyriii cranii (¢pismko-xiMiyHa) 3 MOPYIIEHUX aTOMIB 1
MOJIEKYJ B1AOYBA€ETHCSI YTBOPEHHSI BUIBHUX 10HIB 1 paIuKajiB, 110
BOJIOJIIFOTh BUCOKOIO XIMIYHOIO aKTHBHICTIO.

Ha tperiif craaii (xiMiuHa) BUIbHI 10HHU 1 paIuKaliy BCTYNAIOTh
B PEAaKIil0 3 MOJIEKYyJaMH DPEYOBHH, IO BXOIATH JO CKIAITy
010J10T1YHOT TKAHUHHU, 1 NMPU IILOMY BHUHHUKAIOTh T1 MOJIEKYJSPHI
B3a€MOJIil, SIKi B TOJAIBIIOMY BH3HAYAIOTh 3arallbHy KapTHHY
BIUIMBY JIa3€PHOTO BHUIPOMIHIOBaHHS Ha O10JIOTIYHY TKaHHUHY 1
OpraHi3M B IJIOMY.

Pe3yabTaTti i oO6roBopenHsi. bynmu BusBIeH! mepeBaru 3
ypaxyBaHHSM HAKOMUYEHOTO JIOCBITY TEOPETUYHOIO BUBYEHHS 1
MPAKTUYHOTO 3aCTOCYBAHHS JIa3epoTepanii B KIHIYHIA MTPaKTHIIL.
MoskHa BUAUIMTH CiM PIBHIB BILIUBY Ha 010JIOTTYHY TKAaHUHY MPH
JIKYBaHHI Ta MEIMYHIN peadimiTaiii XBOpUX Ta IHBAIIIIB:

1. ATomHO-MONeKyIsapHuiA. Ha aToMHO-MOJIEKYIISIpHOMY PiBHI
B3aemo/ii JIB 1 GionoriyHoi1 TkaHWHM, BiTOYBA€THCS MOTIMHAHHS
kBaHTiB JIB, 110 mpoHNKaOTh B 610JI0TYHY TKAaHUHY 1 IPU3BOISTh
70 BUHHKHEHHS €JEKTPOHHOro 30ymxkeHHs aTtomiB. Ilpu mpomy
BiIOYBa€ThCsl TMepexil aroMiB 3 MeTacTa0UIbHUX CTaHiB B
MOpYILEHI, 10 B CBOI 4Yepry, MPU3BOIUTH 1O OCIAONEHHS 1
pyHHYBaHHS MEBHUX MDKMOJIEKYISPHUX 3B SA3KIB, MIIBUILIEHHIO iX
XIMIYHOT aKTHBHOCTI 1 CTepeoxiMiuHili nepeGyqoBl CTPYKTypHU
MOJIEKYJ, YTBOPEHHS BUIBHUX PaJUKAIliB, IPUCKOPEHHIO CUHTE3Y
6inka, PHK, IHK i konareny, miaBuiiieHHs! MPOBITHOCTI TKAHUHU
B oOnacri BruuBy JIB.

270



2. Knitunnuit. 3MmiHa eJNEKTPUYHOTO MOJS KIITHHM 1 i
MEMOpPaHHOTO  TOTEHIialdy, TMOJINIICHHS TMPOHUKHOCTI 1
HOpMaJi3alliss poOOTHM I1OHHUX KaHaJIiB MeMOpaHH KIITHHH,
MIABUIICHHS aKTUBHOCTI OIi0OXIMIYHUX TIPOILECIB BCEpEIWHI
KJIITUHU, CTHUMYJIOBaHHS (DOTOXIMIYHMX pEakiiii B MITOXOHIpPii
KITITUHY.

3. Txanunauii. [ligBUIICHHS AaKTHBHOCTI Oi0XIMIYHUX
MPOILIECIB yCepeInHI TKAHWHH, ITiIBULIICHHS 1i €ICKTPOIPOBITHOCTI
1 30yATIMBOCTI, MOJIMIIEHHS MIKPOLUUPKYIALIT PIAKAX CEePEeTOBUILL
BCEPEIMHI TKAaHWUHHW, CTUMYJIIOBAaHHS KamUIAPHOTO e(deKTy,
B1JIHOBJICHHSI KHCHEBOTO OaJlaHCy 1 aKTHUBAIlli OKMCHO-BIJHOBHUX
MIPOLIECIB, 3HWKEHHS PIBHS 3aMaJbHOTO 1 60JIHOBOTO MPOLIECIB.

4. KposonocHuit. [lominmieHHs peosyorii 1 MIABUIIEHHS
KHCHEBOT EMHOCT1 KPOBI.

5. Oprannuii. [lominmenHss poOOTH OpraHiB, KOPEKIis
(GyHKIIOHAJIBHOT aKTUBHOCTI OPTaHiB 1 CUCTEM MOB'SI3aHUX 3 HUMH.

6. Cucremuniti. dopmyBaHHS 3aJaHUX aJanTallliHUX
HEPBOBO-PEUICKTOPHUX 1 HEPBOBO-TYMOPAJIBHUX pEAKIId 3
AaKTHUBI3AIlIEI0 CHUMIIATO-3JPEHAJIOBOT Ta HEUPOEHIOKPUHHOL
CHCTEM.

7. Pednexropumiti. Ilopymenns, rapmoHi3amis  abo
celaTyBaHHS TIPOLECiB B pe(ueKTOpHUX 30HAX 1 TOYKax
aKYNyHKTYpH. [HTEHCUBHICTH 1 crieliIgHICT MPOSBY PeaKIlii Ha
JIa3epHUM TeparneBTUYHHI BIUIMB BU3HAYAE€THCS nmapamerpamu JIB
(moBxxMHA XBWJII 1 CIIEKTP, /1032, MapaMeTPy MOAYJIAIIL, IUTBHICTh
MOTY>KHOCT1), BHOOPOM 1 CTaHOM 00JIacTi BIUIUBY.

Bucnoskmn.

B pesynbraTi mOoCHipKEeHb Ja3epHOTO BHIIPOMIHIOBAHHS Ha
010JI0TIYHY TKAHUHY TMpHU JIKyBaHHI Ta MeIWYHii pealbimitariii
XBOpUX Ta IHBATIAIB JOBEJCHO MOKpAIIEHHS CTaHy Malli€eHTa B
LJIOMY, 30KpeMa MOJIMIIEHHs] poOOTH OpraHiB, 3HM)KEHHS PIBHS
3armaabHOTO 1 60JIHOBOTO MPOLIECIB.

3acTOCyBaHHSl J1a3€pHOIO BUIIPOMIHIOBAHHS  J03BOJIMIIO
3HaYHO BJOCKOHAJIMTHU JIKYBJIbHUHN MPOIEC 1 CKOPOTUTH TEPMIH
peabiniTallii mamieHTiB.
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POSSIBLE PLASMA HEALTHCARE FOR OPERATIVE
GYNECOLOGY

E.V. Martysh
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
e.martysh@gmail.com

Annotation. The ability of cold atmosphere pressure plasma (CAP) to
perform at a high level of disinfection, decontamination and sterilization
can be considered proven at present. Recent studies have shown that
plasma can efficiently inactivate microbial pathogens such as bacteria,
fungi, and viruses in addition to degrading toxins. Moreover, this
technology is effective at inactivating pathogens on the surface of
medical and dental devices. The possibility of using cold plasma in the
surgical treatment of endometriosis is considered.

Keywords: discharge, inactivation, toxins, endometriosis, cold plasma

The current practical applications of plasma technology
range from sterilizing therapeutic medical devices to improving
crop yields, as well as the area of food preservation. This paper
introduces recent advances and future perspectives in plasma
technology, especially in applications related to plasma medicine.
It also introduces the latest studies, mainly focusing on the potential
applications of plasma technology for the inactivation of
microorganisms and the degradation of toxins.

We can say that plasma disinfection covers almost all of the
resistance hierarchy of microorganisms. The susceptibility to the
plasma of microorganisms categorized as being most resistant,
highly resistant, intermediate resistant, less resistant, and very
susceptible, have already been studied. Therefore, the applicability
of plasma technology in disinfection/sterilization is potentially
wide-ranging. Investigation of the effect of plasma on various
microorganisms would potentially contribute to further expanding
the applicability of this technology. In addition to the field of
agriculture and medicine, plasma technology has also been utilized
in a range of environmental applications, including water
purification and remediation, as well as the treatment of exhaust
gases [1].
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It should be mentioned that an increase in the disinfection
efficiency and improved cost performance is required before the
true potential of plasma technology can be fully realized. This may
be achieved by optimization of the plasma generating conditions,
including the use of different gas mixtures and careful control of
the relative humidity as well as plasma generation methods.

Because plasma in general on the surface or inside the human
body is a complex task for medicine, biology, physics, and plasma
chemistry, basic research combining experimental physical and
biological research and modeling is necessary to provide the
necessary knowledge for therapeutic applications. The question of
selecting the optimal sources for use in various parts of medicine
and related fields, determines the need to create a methodology for
such selection [2]. It turned out that each application requires a
special individual source of plasma, which has passed a minimum
set of physical and biological tests before it can be considered for
medical use. In contrast to most existing industrial plasma sources
with fixed electrodes and nozzles, the new sources use flexible
electrodes to automatically adapt the plasma under equal and stable
conditions to virtually all surface structures.

The current situation and incomplete knowledge of the
mechanism of interaction of such a plasma make it necessary to
carry out additional studies. Plasma generator selection should be
done with the greatest possible care. The choice of additional
equipment is also important. However, already obtained data on the
properties of the plasma of some plasma sources make it possible
to make a certain choice of a generator to solve a specific medical
problems. One of them is the treatment of endometriosis with
laparoscopic surgery.

Endometriosis is an often painful disorder in which tissue
similar to the tissue that normally lines the inside of your uterus -
the endometrium - grows outside your uterus. Endometriosis most
commonly involves your ovaries, fallopian tubes and the tissue
lining pelvis.

Treatment of endometriosis involves not only removing foci
of atypically located endometrium, reducing pain, restoring
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reproductive function, but also preventing recurrence of the disease
and improving the quality of life of a woman as a whole. The
established practice [3] shows that the main method of treatment of
common forms of endometriosis is now the removal of foci using
various methods: surgical excision, laser, cryo- or ultrasound
destruction. However, during surgery, only visible lesions are
removed. Some of the pathological heterotopies may remain deep
in the tissues, and the disease will reappear after a while, therefore,
it is advisable to use drug therapy at the second stage of treatment.

Because the incisions are very small, there will only be small
scars on the skin after the procedure, and all endometriosis can be
removed, and women recover from surgery quicker and have a
lower risk of adhesions.

It's considered a "minimally invasive" surgery because the
surgeon makes very small openings (incisions) at (or around) the
belly button and lower portion of the belly [4]. A thin telescope-
like instrument (the laparoscope) is placed through one incision,
which allows the doctor to look for endometriosis using a small
camera attached to the laparoscope. Small instruments are inserted
through the incisions to remove the endometriosis tissue and
adhesions. Because the incisions are very small, there will only be
small scars on the skin after the procedure, and all endometriosis
can be removed, and women recover from surgery quicker and
have a lower risk of adhesions. However, the likelihood of
complications, including recurrence of the disease, remains high.

The parameters for microdischarges of plasma medicine in
air and argon vortex flows at atmospheric pressure for different
shapes of electrodes (outlet nozzle and axis electrode diameters
ratio set) have been investigated [5]. The current-voltage
characteristics of the designed systems have been analyzed, the
parameters of the generated jets plasma have been investigated by
means of the optical emission spectroscopy, and the form of plasma
jets has been studied by using video camera.

The analysis of the data obtained allows us to assert that the
gas flow is supplied in the form of a thin directed plasma jet, which
allows the destruction of cellular structures and tissue excision. The
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created installation is capable of creating plasma at a temperature
of 45-65 °C. A surgical method based on the use of "cold" plasma
for treating patient tissues has anti-inflammatory and analgesic
effects, which makes the patient's complete postoperative recovery
period shorter and simpler by reducing the pain of the processing
surface. It is possible to carry out an operation in which no scars
will form at all.
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