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Menuyna ¢isuka — cy4acHHWH cTaH, npodjemu, nuissxu po3BuTKy. HoBiTHI TexHoJiorii.
Martepianu 1-ro MibkHapoaHOTO ceMiHapy, 2 - 3 uepBHs 2011 p., M. KuiB, KuiBcbkuii HallioHaJIbHHMA
yHiBepcuteT iMeHi Tapaca llleBuenka, 2011. — 167 c.

Cratti, mo mnyOJiKylOTbCs, SBISAIOTH COOOI0 MaTepiand JOMOBifadyiB Ta Yy4YacHWUKIB 1-ro
MDKHApOJHOTO ceMiHapy ,,MeawuHa (i3uka — Ccy4acHUH CTaH, MPOOJIEMH, HUISIXH PO3BHUTKY.
HogitHi TexHomOTri1”, Ta Bi1oOpa)karoTh HAYKOBI, METOAWYHI Ta MPAKTHYHI pe3yJIbTaTH JOCHiKEHb,
CIIPSIMOBaHMX Ha BJIOCKOHAJICHHS LUISXIB PO3BUTKY MEIMYHOI (Di3MKM B KpaiHaX MOCTPAASHCHKOTO
POCTOPY, MOJAIBLIONO MPOCYBAaHHS HOBITHIX TEXHOJIOTIH HA PUHKY MEIUYHUX MTOCIYT.

CeMiHap MPOBOIUTHCS 3a iHINIaTHBOIO KHWIBCHKOTO HAIIOHAIBHOTO YHiBepcuTeTy iMmeHi Tapaca
[lTeBuenka ta [lIBencbkoro perymordoro oprany (SSM) 3a ydacTio ¢axiBiiiB 3 TPOBIAHUX BUITUX
HaBYAIBHUX 3aKJIaJiB, MEJMYHUX, HAYKOBHX Ta peryiroruux yctanoB kpain €C, binopyci, Pocii,
VYkpainu, a TakoX MpeIcTaBHUKIB 3 MiHICTepCTBa OCBITH 1 HAyKH, MOJOJI HAayKH Ta CIOPTY,
MinicrepcTBa OXOpoHH 370poB’s, JlepkaBHOI 1HCIEKIT SIEPHOTO pETyJIIOBaHHS YKpaiHH,
HarmionanbHOro 1HCTUTYTY CTpaTeriuHUX JOCTiIKeHb. MeTow cemiHapy € o0’eIHaHHS 3yCUJIb
MDKHapOJHOI CIIUTBHOTH B TaJTy31 OCBITH, HAYKH, OXOPOHH 3JI0POB’Sl Ta SIEPHOTO PETYIIOBAHHS IS
e(heKTUBHOI MIATOTOBKH (haxiBIIiB 3 MEAUYHOI (Pi3UKH.

OpranizaTopu ceminapy:

KuiBchkuii HamionanpHUM yHiBepcuteT iMeHi Tapaca IlleBuenka,

HaBuanbHO-HayKOBHIA IEHTp paniamiitHoi 6e3nexn KniBChbKOro HamioHATFHOTO YHIBEPCUTETY iMEHI
Tapaca [lleBuenka; [lIBencekuii perymtorounii opran (SSM).

CeMiHap MpoBOOUTHCS B paMkax Mpoekty “Support to development of quality assurance and
quality control in medical radiology, phase 2”.

Opranizauiiinuii komiter:

Vkpaina  KuiBchKkuii HalliOHaTBLHUN YHIBEpCUTET iMeH1 Tapaca [lleBuenka:
akaneMik HAH Vkpainu, 1.¢.H., mpo¢. I'y6epcrkuii JI.B. — ronosa
1.¢.-M.H., npod. ['puropyk B.L
mupextop HHL pagianinoi 6e3neku, k.0.H., c.H.c. Acnamosa JL.I.
akagemik HAH Vkpaiuu, 1.¢.-m.H., npod. bynasin JLA.
yneH-kop. HAH Vkpaiuu, a.¢.-m.H., npo¢. Kymim M.IL
1.¢.-M.H., pod. AnicimoB 1.O.
1.¢.-M.H., npod. Makapens M.B.
1.6.H., mpo@d. Ocramuenko JI.I.
K.(b.-M.H. ['paboBchka €.B. — cexperap ceminapy.

Llseyis ITBeACHKHI PETYIIOIYUNA OpTraH:
KepiBHUK npoekTy ['epman O.

Marepianu BiJTBOpPEHi 3 aBTOPCHKUX OPHUTiHAJIB, OJAAHHUX JI0 OPTKOMITETY, B aBTOPCHKIH pelaKIii.



[IepBbIil MEXITYHAPOIHBIN CEMUHAP

wMeduyunckan puzuka — cogpemennoe
cocmosnue, npoonemst, nymu pazeumus.
Hoeentuue mexunonozuu’

Marepualibl 10KIa10B

02 — 03 urons 2011 rona, Kues, Ykpanna



VK 3; 009; 33; 37; 159.9; 664; 624; 61; 007; 52; 504; 800; 002; 51; 53; 57.

Menpununckasi pu3nKa — cOBpeMeHHOe COCTOsIHMe, Npodiembl, nyTu pasButusi. Hoselimme
TexXHoJoruM. Martepuansl 1-ro MexayHapogHoro cemuHapa, 2 - 3 wutons 2011 r., r. Kues,
KueBckuii HannoHanbHBIN yHUBepcuTeT uMeHu Tapaca llleBuenko, 2011. — 167 c.

[TyOnukyemble CTaThu NPEACTABISIOT CcO00M Marepuanbl JOKIATYMKOB W yYaCTHUKOB 1-TO
MEXYHApOJHOI0 CeMHHapa ,,MenunuHckas (Gu3nKa — COBPEMEHHOE COCTOSHUE, ITPOOIEMBbI, ITyTH
pa3ButHus. Hoseiimme TeXHOMOTHH’, U OTOOpaXalOT HAy4YHBIC, METOJUYECKHE H IMPAKTHUECKHE
pe3yJbTaThl  HCCIECIOBAHUM, HANpPABICHHBIX HAa  YCOBEPIICHCTBOBAHWE IIyT€H  PA3BUTHUSA
MEIUIUHCKON (PU3MKM HA TIOCTCOBETCKOM IMPOCTPAHCTBE, AATbHEHUINET0 MPOIBMUKEHUS HOBEUIIINX
TEXHOJIOTHI Ha PbIHKE MEAUIIMHCKHUX YCIYT.

CeMuHap MpoBOJUTCS MO MHUIMAaTUBE KueBCKOro HallMOHAIBHOIO YHUBEpcHTETa MMEeHHM Tapaca
[lleBuenko u IlIBeackoro perynupyromniero oprana (SSM) npu y4acTUU CHEIMATMCTOB BEIYIIMX
BBICIIMX Y4EOHBIX 3aBeJICHUIN, MEAUIIMHCKHIX, HAYYHBIX U PEryIHpYIOMMX opranuzanuii crpan EC,
Benapycu, Poccun, Ykpausbl, a Takke npeacTaButelield n3 MuHUCTEpCTBa 00pa3oBaHUs, HAYKH,
MOJIOZICKHU U cropTa, MUHUCTEPCTBA OXpaHbl 370POBbs, [ '0CYIapCTBEHHON MHCHEKIIUU SIEPHOTO
perynupoBaHusi YKpauHbl, HallmoHanbHOTO WHCTUTYTA CTpaTErHuyeckux wuccienoBanuid. Llenbro
ceMHHapa ecTb OOBbEAMHEHUE YCHIMNA MEXIyHapOJHOro coolliecTBa B 00JACTH MPOCBEIICHHUS,
HAyKW, OXpaHbl 3J0POBbS M SIEPHOTO PEryqupoBaHus i SPPEKTHBHOH TOATOTOBKU
CHEIHMAIIMCTOB MO MEAUIIMHCKON (hU3HKeE.

Opranmu3aropbl ceMUHapa:

KueBckuil HallMOHaNbHBIN yHUBepcUuTeT nMeHH Tapaca llleBueHko;

YueOHO-Hay4YHBIN HEHTP paaualuoHHON Oe3omacHocTH KueBCKOro HaIlMoOHaIBbHOTO YHUBEPCUTETA
umenu Tapaca llleBuenko; [lIBeackuii perynupyronmii oprad (SSM).

CemuHap mpoBOAMUTCS B paMmKax mpoekTa “Support to development of quality assurance and
quality control in medical radiology, phase 2”.

Opranu3alMOHHBII KOMUTET:

Ykpauna  KueBCkuil HaIMOHAJIbHBIA YHUBEpPCUTET nMeHU Tapaca [lleBYeHKo:
akagemMuk HAH Vkpaussl, 1.¢.H., npod. I'y6epcpkuii JI.B. — rnasa
.¢.-M.H., npod. ['puropyk B.U.
mupektop YHL paguannonHoit 6e3onacHocTH, K.0.H., ¢.H.c. AcnamoBa JI.U.
akanemuk HAH Ykpaunsi, 1.¢.-M.H., ipod. bynasun JLLA.
yneH-kop. HAH Ykpaunsl, 1.¢.-m.H., npod. Kymum H.IT.
n.¢.-m.H., npod. Auucumon 1.0O.
1.¢.-M.H., npod. Makaperns H.B.
1.6.H., pod. Ocramuenxo JI.W.
K.¢b.-M.H. ['paboBckas E.B. — cexperapb cemunapa.

Illseyuss  1lIBeACKUU PEryIUPYIONINN OPraH:
pykoBoauTens npoekra I'epman O.

MaTepHam)I BOCHIPOU3BCJCHBI N3 aBTOPCKUX OPUTHUHAJIOB, ITPEABABICHHBIX B OPTKOMUTET, B aBTOpCKOfI peaakuun.
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Medical physics — the current status, problems, the way of development. High technologies.
Proceedings of 1st International Workshop, June 02 — 03, 2011, Kyiv, Taras Shevchenko National
University of Kyiv, 2011. — 167 p.

The published proceedings are speakers and participants papers of 1st International Workshop
“Medical physics — the current status, problems, the way of development. High technologies”.
Proceedings are reflecting the scientific, methodical and practical results of scientific researches.
Results are directed to improve the way of medical physics development in post-Soviet countries
and further promotion of innovation technologies in the market of medical services.

The workshop is held by initiative of Taras Shevchenko National University of Kyiv and Swedish
radiation safety authority (SSM) with the participation of specialists of leading institutions of higher
education, medical and scientific organizations, authorities from EC countries, Belarus, Russia,
Ukraine, and also representatives of Ministry of Education, Science, Youth and Sports of Ukraine,
Ministry of Public Health of Ukraine, State Nuclear Regulatory Inspectorate of Ukraine, The
National Institute for Strategic Studies. The workshop aim is cooperation of international
community in the area of enlightenment, science, public health and nuclear regulation for effective
training of specialists in medical physics.

Organizers of workshop:

Taras Shevchenko National University of Kyiv;

Educational-science Center of Radiation Safety of Taras Shevchenko National University of Kyiv;
Swedish radiation safety authority (SSM).

The workshop is holding by support of Swedish radiation safety authority in the frame of the
project “Support to development of quality assurance and quality control in medical
radiology, phase 2”.

Organizing committee:

Ukraine  Taras Shevchenko National University of Kyiv:
Academician of NAS of Ukraine, Dr. (Philosophy), prof. Hubersky L.V. — Chairman
Dr. (Physics and Mathematics), prof. Grygoruk V.I.
Director of ESC of Radiation Safety, PhD (Biology), senior researcher Aslamova L.I.
Academician of NAS of Ukraine, Dr. (Physics and Mathematics), prof. Bulavin L.A.
Corresponding Member of NAS of Ukraine, Dr. (Physics and Mathematics),
prof. Kulish M.P.
Dr. (Physics and Mathematics), prof. Anisimov 1.O.
Dr. (Physics and Mathematics), prof. Makarets M.V.
Dr. (Biology), prof. Ostapchenko L.I.
PhD (Physics and Mathematics) Grabovska E.V. — secretary of workshop.

Sweden Swedish radiation safety authority:
Project Leader German O.

The proceedings are reproduced from the author’s original manuscripts, given to the organizers, edited by authors.



dopmMyBaHHA BUIMMHU HaBYa/JIbHUM 3aKJ/IaJlaMU pOrpamM, 3a IKUMH
3JiMCHIOETHCA NiAroToBKa gaxiBLiB 3 MeAUYHOI Pi3MKHU 32 OCBITHBO-
KBasliQpikaniiHUMU piBHAMM 6aKaJiaBpa, cneniasjicra, marictpa

Formation of training programs for medical physicists according to bachelor's,
specialist’s and magister's degree by institutions of higher education

THE ADVANCED CONCEPT OF MEDICAL PHYSICS SPECIALIZATION

L.A.Bulavin, Yu.F.Zabashta
National Taras Shevchenko University of Kyiv

Anoranis. [IponoHyeTbcs po3MIMpeHa KOHIICIIIS CIIeiadbHOCTI «MeandHa (izuka». HoBu3Ha i€l
KOHIIEMIil MOoJisArae y TOMY, 110 BOHA IPYHTYEThCS HAa ICHYBaHHI Pi3HUX CTPYKTYPHUX DIBHIB Y
JTIOAChKOMY oprani3mi. [IpuBeneHO HaBYAIBHWW TUIAH, SKWAW BIJIOBiJae 3ampoNOHOBaHIN
KOHIIEIil.

Annorauus. [Ipemraraercss pacmmpeHHass KOHIEIIUS CIIEHUAIBHOCTH «MEAMIMHCKAs (DU3HKay.
HoBu3Ha 3TO KOHUENLUHUU COCTOMT B TOM, YTO OHA OCHOBBIBAETCS HA CYLIECTBOBAHHMM DPa3HBIX
CTPYKTYpPHBIX YPOBHEH B yelloBe4ecKoM opranusme. llpuBeneH yueOHbIN IU1aH, KOTOPbIM OTBEYaeT
MPEAJIOKEHHON KOHIIETIIUY.

Annotation. The advanced concept of Medical Physics is proposed. The novelty of the concept is
based on the existence of hierarchical structural levels of human organism. The curriculum
corresponding to the proposed concept is given.

Ku1o4oBi cjioBa: CTpyKTypHUI piBE€Hb, KOHLIEIIIS, HABYATbHUHN TUIaH.
KuroueBble cj10Ba: CTPYKTYpHBIN YPOBEHb, KOHLEMIIMS, YU€OHBIN IIaH.
Keywords: structural level, concept, curriculum.

The wide application of physics methods in diagnostics and treatment has led to intensive
development within the scientific field which would deal with the creation and improvement of
such methods. This scientific field is called Medical Physics.

There is no common point of view about the constitution of Medical Physics in the literature.
In the authors opinion the most suitable interpretation among the numerous variants which are
eligible to find in the literature is represented in the work [1]. However, the main focus in the
formulation of Medical Physics is solving the problem of servicing physical devices used in
medicine. According to the authors, this fact narrows the purview of Medical Physics, diverting
essentially the second role. Nevertheless, we base our daily work on the advanced concept of
Medical Physics, covering the wider area where the interests of physics and medicine are
overlapping.

According to our advanced concept a human organism is considered as a physical system.
The expression "the system has a structure™ means that the system can be considered as a set of
parts, which are called "the elements of the structure”. Thus the dimension of the system L and

structural element L, are adopted as a spatial scale characteristic of the system. In case the

inequality L <L \e have the hierarchy of scales of the system. When the system can be divided
with the dimension of the element of the structure b1 as well as L
mentioned about the presence of the several structural levels Li, L, etc, characterized by spatial
scale. By individually choosing an element of the structure hierarchy, we select the corresponding
structure zoom level.

or any other, it could be



A human organism as a physical system is characterized by a hierarchy of spatial scales,
which could be written in the simplified form of inequality L<<l <<y << L, where Lt - the

size of molecules, L, _ the size of a cells and L . the size of organs. Therefore we can consider the
existence of four structural levels of the human organism: the molecular level, the cellular level, the
level of organs and systems of organs and the level of the human organism as a whole.

Therefore the definition of Medical Physics proposed by us is based on the existence of
different structural levels:

“Medical Physics is the science which studies the physical processes occurring at different
structural levels of a human organism.”

In other words the subject of study of Medical Physics is everything in human organism that
relates to physics. The last phrase is the main idea of our simple by its nature the advanced concept,
which we adhere in our daily work.

The definition of Medical Physics as a part of the above mentioned problem includes the
creation and the improvement of physical methods of diagnosis and treatment. Actually each of
methods is based on the influence of some external factors (ultrasonic, electromagnetic radiation
etc.) on the human organism. What interactions are between the factor and the structure? How does
the factor affect the physical process in the human organism? The advanced, above mentioned,
concept covers all such questions.

The advanced concept is the base of the curriculum, the scheme of structure is shown on
Figure 1.

The Concept of Medical Physics Specialization

(Kyiv National Taras Shevchenko University)
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According to the advanced concept the curriculum is separated on two parts.
The first part consists of disciplines contributed to Fundamental Medical Physics. The
disciplines are divided into four groups corresponding to the structural levels.



The first structural level (the molecular level) is represented by “Physics of Macromolecules”,
“DNA Physics” and “Physics of Proteins™ for students.

The second structural level (the cellular level) is represented by “Physics of Cells”. It includes
the information about the structure of cells, selected parts of cytology and histology, physics of
membranes, mechanisms of metabolism, problems associated with cells division, etc.

The third structural level (the level of organs and systems of organs) is represented by
disciplines named by the corresponding system of the human organism such as “Cardiac Physics
and Physics of Blood Circulation” (the structure and physiology of the heart, the type of vessels and
their structure, selected parts of hemodynamic, the blood clotting mechanisms, the nature of atrial
fibrillation, etc), “Physics of Immune System” (physical models of immunity), “Physics of
Muscular System” (the structure of muscles, mechanisms of muscles reducing, etc), “Physics of
Nervous System” (the mechanism of nervous impulse propagation), “Physics of Respiratory
System”, etc.

The fourth structural level (the level of human organism as a whole) is represented by
“Thermodynamics of Open Systems” and “Medical Rheology”.

The second part of the curriculum consists of disciplines contributed to Applied Medical
Physics. On this stage students study the overview disciplines such as “Physical Methods of
treatment and diagnosis of human organism”, “Imaging Methods in Medical Physics”, and some
other optional disciplines dedicated to the study of certain methods, for example, “Ultrasonic
Diagnosis”, “Electrocardiology” and others. The choice of disciplines depends on the main
scientific interest of the department, which trains the specialists in Medical Physics.

As mentioned above, the main feature of the proposed concept and the relevant curriculum is
the disciplines corresponding to Fundamental Medical Physics. Do the students need this
knowledge? In fact, it is easier to forget about that as it is very common nowadays and just teach
the students how to use the existing physical methods of treatment and diagnostic, giving them the
limited pieces of knowledge. However, the question arises, who is going to develop the new
physical methods for exploitation in Medical Physics? The advanced concept of Medical Physics
Specialization is proposed to fill this void.

1. Kostylev V.A. What Medical Physics is. — M.:”AMF-press”, 2001. — 36 p.

MIJITOTOBKA ®AXIBIIIB 3 MEJJUYHOI ®I3UKH Y XAPKIBCLKOMY
HAIOIOHAJIBHOMY YHIBEPCUTETI IMEHI B.H. KAPA3IHA

€.0. bapauuuk

Xaprxiscokuu nayionanonuu ynieepcumem imeni B.H. Kapasina

AHotauis: IlpencraBneHuil ornsg MHHYIOI Ta TENEpiNIHbOI AISUIBHOCTI  XapKiBCbKOTO
HAI[IOHAJILHOTO YHIBEPCUTETY IIOA0 MIATOTOBKH MeAnYHUX (i3ukiB. KpiM Toro, HajaHO KOPOTKUI
Hapuc 3MicTy poOOTH, 000B’SI3KIB Ta BIAMOBIIAIBHOCTI MEAMYHHUX (PI3UKIB Y KOHTEKCTI CHCTEMH
OXOpOHH 3/I0POB .

AnHoTauusi. CrenaHo o0O3peHHE TMPOUUION W HACTOSIIEH JeATeNbHOCTH XapbKOBCKOTO
HAI[MOHAJILHOTO YHUBEPCUTETA IO MOATOTOBKE MEIUIIMHCKUX (pu3nkoB. Kpome Toro, mpencraBieHo
KOPOTKOE OITMCaHHWEe COJAep)KaHUsl paboThl, O0sS3aHHOCTEH M OTBETCTBEHHOCTH METUIIMHCKHUX
(U3UKOB B KOHTEKCTE CUCTEMBI 37]paBOOXPaHEHHUS.

Annotation. An overview of the past and current activities related to education of medical
physicists in Kharkiv national university is presented. In addition, a brief description of the medical
physicist’s scope of practice, their roles and responsibilities is provided in the context of the public
healthcare.



Kurouogi ciioBa: MeauuHa ¢izuka, 6akanaBp, CIEIialicT, MaricTp, 0XOpoHa 37J0POB’s.

®dizuko-texHiunuid ¢akyaprer XHY im. B.H. Kapaszina nepmmm B Ykpaini i Apyrum Ha
OCTpaJTHCbKOMY Tipoctopi micias MY iM. M.B. JlomoHOCOBa po3moYaB BHUITYCK MEIUYHHX
¢G13uKiB 3a OCBITHbO-KBali(ikamiitHuM piBHeM creriaiicta me y 2003 pomi. Takmii kpok Oyiio
3pO0JICHO TOMY, III0 B YCiX BHCOKOPO3BHMHEHHX KpaiHaX CBITY BKIIOYHO 13 KpaiHaMmu, SKi
HEIIOJIaBHO CTald 4ieHaMu €Bpomeiicbkoro corw3y (€C) [1], menuuHi (Gi3HMKH 3HAXOIATH CBOE
Oe3zarepeune Micre: 1) y MeOUYHHMX 3aKiajax 1 ycTaHOBaX, € MPAIlOIOTh MOpyd 3 JiKapem
TepamneBTOM ado J[1arHOCTOM Ta MPOBOIATH CHiJIbHI HAYKOBI JOCIHIKEHHS, 2) B YHIBEpCUTETaX Ta
HAyKOBO-JIOCHIIHAX 3aKiagax (I3MYHOr0 1 MEIUYHOTO MpoduIo, € MPOBOISATH HAYKOBI
JOCIIIJDKEHHS 100 HOBUX (PI3MYHUX METOAIB MEJMYHOI JIarHOCTUKM Ta Tepamii, 3) B
OPOMUCIIOBUX (ipMax Ta MiAMPUEMCTBAX-PO3POOHHUKAX, 1€ BEAYTh HAYKOBO-TEXHOJOTIUHI
JOCTIIP)KEHHS I0JI0 CTBOPEHHS Ta BIPOBAPKEHHS Cy4aCHOTO METUYHOI0 00JIaIHaHHS.

3 ormsgay Ha 1€ Hapasi iCHye Ila HU3Ka MDKHApOIHUX TIPaBOBUX Ta HOPMATHBHUX
JIOKYMEHTIB, 110 BCTAHOBJIIOIOTH BUMOTH 10 MiATOTOBKH MEAUYHHX (i3HKIB [2-4] Ta CIyTyIOTh
HAI[IOHAJILHUM OpraHaM BUKOHABYOI BJIAJU JUIS 3aTBEPKCHHS KOHIICIIIIA IXHBOI MArOTOBKHA. B
TOH ke 4ac, yHi(piKOBaHOI HaBYAJIBHOI MPOrpPaMH ITiATOTOBKHM MEIWYHUX (I3UKIB HE ICHYE TakK
camo, 5K 1 yHipiKOBaHOTO TepMiHy HaBUaHHS, SIKHW KOJIHMBAETHCS Y €BPONEHCHKUX YHIBEPCUTETAX
Bin 4,5 pokiB m0 6 pokiB. Lle crocyeTscs sk mporpam OakajgaBpCbkoi, Tak 1 MaricTepchbKoi
M ATOTOBKH.

[Ipu po3poOIi MaricTepchbKOr0 HAaBYAJIBHOTO IUIaHy 3 MeaudHoi ¢i3uku B XHY
iMm. B.H. Kapa3zina Opanucs 10 yBaru sik €BpONeHCHKUIN JOCBIJI, TaK 1 pealii CHCTEMHU BHIIOT OCBITH
Vkpaiau. JIo HUX BiIHOCHUTHCSA, 30KpeMa, 4-piuHMi OakajgaBpaT 3 HampsaMy “mpukiagHa ¢izuka”,
o € 0a30BUM Uil CHemiasbHOCTI “MennuHa ¢izuka”. Tlomorkenuii OakanmaBpar B €C 3aBxau
nepeabavae  TOTYXKHI  LHUKIM  JUCHMIUIIH  MEIMKO-010JIOTIYHOTO Ta  MEIUKO-(i3UYHOTrO
CIpsIMyBaHHs. Y BIAMOBITHOCTI i3 UM JI0 Tiepmux Oyio BKItoueHO “Dizioorio”, “AHATOMIIO”,
“Huronorito”, “bioximito” 1 “MonekynspHy Oioiorito i reHeTuKy . J0 HUX MPUETHYETHCS TaKOX
“@DiznyHa Ximis”, mo obOpaHa i3 cmucky mpodeciiiHO-opieHTOBaHUX aucHuILIiH. CremianbHi
JUCHUIUIIHA BKJIIOYAaOTh “Meauuny 1 Oiojoriuny ¢isuky” 1 “MeTroau MeauKo-010JIOTTYHHUX
JOCHIPKEHb” 3 BIANOBIJHUMHU TPAaKTMKyMaMHd, a TakoX “B3aeMopito BHUNPOMIHIOBaHb 3
pedoBuHOWO”, “@Di3uyHi OCHOBM MeauuyHoi amapatypu”’, “PamioGionoriro”, “MaremaTtuyny
610¢i3uky”’, “bioMmexaniky”, “JIroMIHECIIEHTHI TEXHOJIOTIi B MeauIIKHI 1 610y0rii” Ta “CeHcopuxy’.
Jo croucky chemiagbHUX MOXHa BimgHecTH Takok “EOM-ekcnepuMeHT 1 MamuHHY OOpOOKy
iH(popmalii” 13 cnucKy 000B’S3KOBUX JUCLUILIIH, a Takok “Beryn no ¢i3uku TBepaoro Tija”, B
MeKax SKOTO BUKJIAJIAa0ThCS OCHOBH peosiorii. JloCSTHEHHSM € Te, 10 MPH I[bOMY He MOCTpaxjaaia
I'pYHTOBHA (PI3UKO-MaTeMaTUYHA MiATOTOBKA, 110 MpUTaMaHHa (I3UKO-TEXHIYHOMY (aKyJIbTETy.

Hapuanpuuii ian miaroroBku B XHY im. B.H. Kapa3zina mequuaux (i3ukiB 3a OCBITHBO-
KBaJi(iKaI[IfHUM pIBHEM CHeliajlicTa BKJIIOYAa€E CHEelialbHl AMCUMIUIIHU “PeHTreHiBcbka
tomorpadis”, “Menuyna Bizyamizauis’, “Menuyni kpiotexHosorii’, “Ilatonoriuna i1 KiiHIYHA
niarHoctuka”, “@izuka 6iomoisiekyn” Ta “CeMiHap 31 cHeliaJIbHOCTI . 3arajioM HasiBHa |-piuHa
mporpaMa TMIiATOTOBKHM  CIeliajicTa 3 ypaxyBaHHsAM OakalaBpaTy BIAMOBiae cepeaHim
€BPONENHCHKUM CTaHIapTaM HaBYaHHS MEAMYHUX (PI3UKIB 1 JO3BOJISE M YCIIIIHO MPALIOBATH K Y
MeAWYHIA pamianiiiHiil ¢i3umi, Tak 1 Haa po3poOKOI0 HOBUX METOMIB MEIUYHOI IarHOCTUKH 1
Teparii.

Haii0inpioro Bagor0 IIaHy IMiJATOTOBKHU CHEIIATICTIB € HOr0o KOPOTKOTEPMIHOBHI XapakTep,
OCKUTBKH 3 1-TO pOKY HaBUaHHS ITOJIOBMHA Yacy IepeadaveHa, 30KkpeMa, Ha MiJrOTOBKY JUILIOMHOT
pobotu. Po3polOiieHi B yHIBepcUTETI OCBITHBO-TIpodeciiiHa mporpaMa i OCBITHbO-KBami(ikarliiiHa
XapaKTepUCTHKA MaricTpiB 3 MeAUYHOI (i3MKH po3paxoBaHi Ha 1,5 poku HaBYaHHS, IO J03BOJISE
SIKICHO TIOJITIIUTH MiATOTOBKY MeInyHUX (i3ukiB. [lepir 3a Bce 11e CTOCY€EThCS TAKOTO BaXKIMBOTO
HaANpsSIMKy MIATOTOBKH, K MEIUYHA pajialiiiHa ¢izuka, (axiBUiB 3 SKOi KOHUE MOTpedye cuctema
OXOpOHHM 3710poB’st Ykpainu. Po3pobnena mporpama nepeadadae norimubiIeHe BUBYCHHS MEIUIHUX
pamianiiHuX TEXHOJIOTIH, 110 MOBHICTIO BIAMOBiAa€ peKOMEHalisiM €BpOMechKoro cowsy [2],



€pponeiicbkoi Qenepamii opranizamiii meguuaux ¢isukie (EFOMP) [2] Ta pekomeHpmarism
MATATE [4]. OkpiM 3a3HaueHUX BUIIE CTEIIaTbHUX TUCIHIUIIH 3 KypCY MiATOTOBKH CIEIIaTICTIB,
0a30Ba mporpama J0/IaTKOBO BKJIIOYA€E B ceOe “Di3uuHi MpUHIUIN paaioTeparnii’, “Di3udni MeToau
MEIUYHOI JlarHOCTHKK, “J[03MMETpil0 10HI3yIOUMX BHIPOMIHIOBaHb W Ta MPAKTUKYMH 3
“Jlo3uMeTpii 10HI3YIOUHX BHUIIPOMIHIOBaHL” Ta “MeTOAIB NPHUKIATHOI pamialiiHOi (i3UKH 1
paniobiosorii”. ITocumoeTbes TakoX KOMIT' FOTEPHA IMATOTOBKA CTYACHTIB 3a PaxXyHOK JAMCITUILIIH
“O0uncnroBanbHa TEXHIKA B 1HXKEHEPHHUX po3paxyHkax’ i “Komm’rorepHa ¢izuka”. 1o aAucuurmiiza
camocTiiHOoro  BUOOpy BigHeceHi ‘“HaHomarepiamu Ta  HaHOTexHoJjorii’, “Pamiamiiine
MaTepiano3HaBcTBO”, “Kpiobiodizuka” ta “KommroTepHe MoJeIIOBaHHS B MEAUIIMHI 1 Oioyorii”, 3
AKUX CTYJIEHTH OOMPAIOTh 2 TUCIUILTIHU. 3arajioM Imporpama miAIr0TOBKH MaricTpa po3paxoBaHa Ha
90 kpenutie ECTS BxitouHO i3 35 kpeauTaMy Ha HAYKOBI JOCIIIPKCHHS 32 TEMOKO JUILIOMHOI
NPaKkTUKU 1 16 KpequTaMu Ha BUKOHAHHS JUILIOMHOI POOOTH.

Meauanuii  Qi3UK 13 TAaKOK TMIATOTOBKOK MOXKE TMPAIIOBATH Y MEIWYHOMY 3aKJIai,
HarISIIal04M, HAMPUKIAA, 3a pajiallifHOI Oe3neKkor Ta ePEKTHBHICTIO METOJIB pajialliiHoOl
tepamii. ['omoBHa x imes po3pobienux B XHY im. B.H. Kapasina HaBuanpbHUX IJIaHIB MOJIATAE Y
HaMaraHHi TOTyBaTH Y BITHOCHO CTHCJII CTPOKH ITUPOKO 00i3HAHUX MEIUYHUX (DI3UKIB IS PI3HUX
rajy3edl KIIHIYHOI MEIUIIMHU Ta HaykKoBo-mochimaux yctanoB HAH 1 AMH Vkpainu. Taka
KOHIEMI[iS BIAMOBIJa€ HASBHUM MOXJIMBOCTSIM KpaiHHW, Xoya W HE 30BCIM Y3TOJKYETHCA,
Hanpukian, 3 BuMororo EFOMP miono 060B’s3k0BO1 2-X piYHOI KJIIHIYHOI MPAKTHKUA MEIHYHUX
(bi3uKiB.

Omxe, caMe Men4HI (Pi3UKH MAIOTh IHTETpyBaTH (Di3UKO-MaTeMaTH4Hi, O10JIOT19HI 1 METUYH1
3HaHHSA, OpaTu 0e3MmocepeIHI0 Y9acTh Y CTBOPEHHI 1 CBiJOMOMY BUKOPHCTaHHI BCIX MOXKIIMBOCTEH
Cy4acHOI HAyKOEMHOI MEAUYHOI TEXHIKH 1 PO3AUIATH TaKUM YHHOM 3 JIIKapeM BiJIITOBIIaIbHICT 32
SKICTh JIIKyBaHHS 1 Oe3rneky mairieHTta. ToMy Ha ChOTOJIHI HaWOLIBIN aKTyaJbHOI € IMpodiieMa
pO3pOOKH IMaKeTy JACP)KaBHUX HOPMATHBHUX JOKYMEHTIB, SKi JI03BOJISAITH B IIOBHIM Mipi
BUKOPHCTOBYBATH MOTEHI[Ial MeIUYHUX (i3UKIB Oe3MocepelHb0 Yy CUCTEMI OXOPOHHU 3JI0POB’S
VYkpainu.

1. Materials of IAEA Seminar&Workshop “Synergy of nuclear sciences and medical physics:
Education and training of medical physicists in the Baltic States” // Medical Physics in the Baltic
States. — 2010. — No.1. - P. 3-59.

2. EU, Council Directive 96/23/Euratom basic safety standards for the Protection of health
workers and general public against danger arising from ionizing radiation // Official Journal of the
European communities. — 1996. — No. L159. - P. 1 - 114,

3. EFOMP Policy Statement on Education and Training in Europe (Policy Statement 12),
EFOMP recommendations on education, training and CPD of Medical Physicists. — Vilnus:
EFOMP, 2008.

4. International Atomic Energy Agency, International Basic Safety Standards for Protection
against lonizing Radiation and for Safety of Radiation Sources, Safety Series No. 116. — Vienna:
IAEA, 1996.

TEACHING MEDICAL PHYSICS IN UKRAINIAN MEDICAL UNIVERSITIES

A.V. Chalyi

0.0.Bohomolets National Medical University,
Department of Medical and Biological Physics, Kiev, Ukraine

Anoranis. [IpeacraBneHi HaOIIbII BaXKIMBI ACTEKTH BHKJIAJAHHS JUCHUIUIIHE «MenuyHa Ta
OionoriyHa ¢i3MKa» y BIANOBITHOCTI 10 MpOrpamu, sika 3aTBepiakeHa MiHICTEpCTBOM OXOPOHU
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310poB’ss YKpaiHM, IIO Ja€ 3Mory cTyieHTtam Oiunbmr HiX 20 ykpaiHcbkux menuunux BH3
OTpUMAaTH 1H(GOPMAIIIIO MO0 CYJaCHUX MPOOJIEM 1 TOCITHEHD (13MKH B METUIIMHI.

Annoranus. [lpencraieHs Hanboliee BaXXHBIE  ACIEKTHI MIpenofaBaHusd  JUCLUILINHEBI
«MenunuHCcKass U Ouosiormueckas (i3uka» B COOTBETCTBHHME C IMPOTPAMMOM, YTBEP)KICHHOU
MUHHCTEPCTBOM 3paBOOXPAaHEHUS YKpPaWHBI, YTO JAaeT BO3MOXKHOCTH CTylneHTaM Oosiee yem 20
YKPAaWHCKUX MEIUIIMHCKUX BY30B TIOJYYHTh HH(GOPMAIIMI0O O COBPEMEHHBIX IIpo0jeMax M
JOCTHXKEHUSIX (1)1/131/11(1/1 B MEJIUIIMHE.

Annotation. The presentation is aimed at elucidating the most important aspects of teaching the
course “Medical and Biological Physics” in accordance with the program asserted by the Ministry
of Health Care of Ukraine. It gives an opportunity to receive information in modern problems and
achievements of physics in medicine for students of more than 20 Ukrainian medical universities.

KurouoBi cjioBa: meauyna ta 6iosoriyda ¢izuka, Gpi3udHi METOU B MEIUITMHI, OloMeInYHa
THXCHEepIs.

KawueBble cjioBa: MEIUIIMHCKAsE M OuoJornueckas gpusnka, Gu3ndeckre MeTo/Ibl B MEUIINHE,
OMOMETUITMHCKAS HH)KCHEPHS.

Keywords: medical and biological physics, physical methods in medicine, biomedical engineering.

The aim of this presentation is to pay attention to medical physics education in Ukraine, at
least for two reasons: first, physics is one of the most important discipline for higher medical
school; second, being more personal, author is a head of Department of Medical and Biological
Physics of the O.0.Bogomolets National Medical University (NMU) in Kiev.

About 2000 students of the first-year of study are beginning their training in medical and
biological physics in NMU each academic year. Students receive knowledge in medical
applications of basic physical laws concerning ionizing radiation and dosimetry, medical electronic
equipment in diagnostics and therapy, haemodynamics and rheology, optical and quantum-
mechanical methods, etc. as well as in biophysics (physical properties of membranes, ion transport
through membrane structures, rest and action potentials). The course "Medical and Biological
Physics" has associated laboratories which provide students additional practical training in medical
and biological physics, including diagnostic and physiotherapeutic electronic equipment, equipment
for radiation dosimetry control, viscosimetric and optical methods in medicine. Unfortunately,
physics education is not very deep in Ukrainian medical universities because students typically have
a lack of mathematical knowledge. Nevertheless, it gives a necessary introduction to the most
modern achievements of physics in medicine such as magnetic resonance tomography,
thermography, laser physics, radiation protection and other methods. The Department of Medical
and Biological Physics of NMU seeks to teach future physicians to apply medical physics and
biomedical engineering to the treatment and diagnosis of human diseases. These efforts focus on the
areas of basic sciences and disciplines in which students of the 2nd and higher years of study
receive training (physiology, cardiology, X-ray therapy, hygiene and others).

Experience of teaching medical physics in European and American universities gave us an
opportunity to unify both high fundamental background of basic science typical for Ukrainian
medical school and close practical collaboration with different medical institutions typical for
European and American medical schools.

Directions of strategic interest for physics (including medical physics) education in Ukraine
are primary as follows: improving the ties of physics education in Ukraine and EU countries to
secure a rapid integration to European community in physics education and science in accordance
with the Bologna Declaration; promoting multidisciplinary educational connection between physics
and other subjects (medicine, environment sciences, etc.); development of continuing physics
education; providing corresponding conditions for selected outstanding young physicists to save the
next generation of leading educators; renovation of physics experimental equipment in secondary
school and universities.

The new requirements to the content, methodology and organization of teaching various
disciplines in the Ukrainian higher medical school, including medical and biological physics,
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emerge at the modern stage of higher medical education evolution. Many achievements of the
medicine are combined with progress in physics, biology, computer science and informatics,
medical instrument engineering. The textbook “Medical and Biological Physics” [1, 2] gives an
opportunity to master this discipline which is both difficult and very important for the medical
education of future physicians.

Each of three modules (namely, 1. Mathematical processing of medical and biological data, 2.
Principles of biological physics, 3. Principles of medical physics) contains not only theoretical
lectures but also practical or laboratory works as well as tests and task for self-control.

While preparing this presentation, author also used the results of his Fulbright project “New
direction of education in Ukraine: synergetic aspects and curriculum” and book “Synergetic
principles of education and science” [3].

1. Meauuna 1 6ionoriuna ¢izuka. (3a pea. O.B.YHanoro) — K.: Kaura miroc, 2004. — 751 c.

2. Medical and Biological Physics (Ed. A.V.Chalyi) — Kyiv-Vinnytsia, Nova Knyga
Publishers, 2010. — 476 p.

3. Yanuni O.B. CunepretnuHi npuHnunu ocBitu Ta Hayku. — K.: HAITH Ykpainu, HMYV imeni
0O.0.boromounsus, 2000. — 253 c.

BUKOPUCTAHHA OCOBHHBQCTEﬁ HANPAMKY HIAI'OTOBKH «IIPUKJIAJTHA
PI3UKA» IJIA ECEKTUBHOI HHIAT'OTOBKHU ®AXIBIIB I3 MEIUYHOI ®I3UKU

M. B. Kononos
Kuiscoxuit nayionanonuu ynieepcumem imeni Tapaca Illesuenxa

AHoTauis: Po3risHyTO B3a€MO3B’SI30K HABYAJIbHUX IUIaHIB 0a30BOi 1 MOBHOI BUILOI OCBITH JIs
3a0e3meueHHs] BUCOKOSIKICHOT ()axoBOi MIATOTOBKHU 13 MEAUYHOT (Di3UKH, B TOMY YHCI1 OCOOJIIMBOCTI
(opMyBaHHS BapiaTUBHHMX OJOKIB 000X PiBHIB.

AHHoTanusi. PaccMoTpeHa B3aMMOCBA3b Y4E€OHBIX IUIAHOB 0a30BOIO M IOJHOTO BBICIIETO
oOpa3oBaHus Uil OOECleYeHUs] BBICOKOKAYECTBEHHON MNpPO(eCCHOHAIBHOW MOATOTOBKU 10
MEAMIMHCKONW (U3HMKe, B TOM 4YHCIe OCOOEHHOCTH (POPMUPOBAHUS BAPUATHUBHBIX OJIOKOB 00OMX
YPOBHEH.

Annotation. The relationship of educational plans of basic and complete higher education was
considered to provide high quality professional training in medical physics, including features of
variative blocks of both levels.

Kuarouosi ciioBa: Menuuna ¢i3uka, npukiagHa ¢isuka, nporpama, 6akaiaBp, Marictp, CeriamicT.
KawueBble ciioBa:MeaunuHckas Gu3nka, NpuKIaaHas GU3nKa, mporpaMmma, Oakaiasp, MarucTp,
CHELHAIHCT.

Keywords: Medical physics, applied physics, educational program, bachelor, master, specialist.

VYV BignoBigHocTi 10 HomeHkiarypu HOHECKO komom 2406.06, mo3HA4aeThCs MeEIMYHA
¢i13uka sk ouH 3 po3aLIiB 6iodizuku (2406). B Ykpaini nigroroska (axiBiuiB 13 MEAUYHOT (i3UKH
(ToOBHA BHIIIA OCBITAa) OCBITHBO-KBamidikamiifHUX piBHIB «marictp» (8.04020406) Tta «cmeriamicT»
(8.04020406) Oazyetbcst [1] Ha HampsMKy miarotoBku (OakamaBp, Oa3oBa BHUIA OCBITa) 3
«rpuknaaaoi ¢izukm» (6.040204). Takuit BuOip 6a30BOro HAMPSMKY MiATOTOBKH € TMOBHICTIO
00yMOBJIEHUM CTPYKTYpOIO JIaHOi CHeliaJibHOCTI 1 moTpedaMu y cCHemialbHUX 3HAHHAX, 10
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oTpuMye MaiOyTHIN (axiBelpb, sIK Ha PiBHI MIArOTOBKM OakajaBpa, TaK 1 HA HACTYNMHUX PIBHIX
OCBITH.

CydJacHuii cTaH 1 MEPCIEKTHBU PO3BUTKY alapaTHUX 3ac00iB AIarHOCTHKH Ta JIIKYBaJbHOTO
BIUITMBY Ha OpraHi3M TICHO TOB’S3aHI 3 HAWCydYaCHINIMMH METOJaMH 1 3acobamMu (hi3HYIHOTO
EKCIICPUMEHTY, JUIS peajli3allii SKUX aKTHBHO BHUKOPHCTOBYIOTHCS PaIiOCIICKTPOHHI MPUCTPOI Ta
METOJIM KOMIT IOTEPHOTO KepyBaHHs Ta MareMaTuyHoi 00poOku gaHux. ToOTO BUKOPHUCTOBYETHCS
KOMIUIEKC HAayKOBHUX AWCIHILUIIH, PO3JAUIIB 1 HampsiMiB (i3WKH, SKI MalOTh 32 METY BHUPIIICHHS
GIBUYHUX MpoOJIeM Il KOHKPETHUX TEXHOJOTIYHUX 1 MPaKTHYHUX 3aCTOCYBaHb (B JaHOMY
BUTAJKY JUTSI METUIHHUX TIOTPeOD), IO 1 € KITAaCHYHUM BU3HAYEHHSIM MPUKIAIHOT (Di3UKH.

OOMexeHui TepMiH MiAroToBKH (axiBiyl Buioro piBHsA (1-1,5 pokw) HE MOXe B IMMOBHOMY
00cs31 oxonuTH 3aco0u 1 MeTonu (i3WYHHMX 3aCTOCYBaHb Ta JOMOMDKHHUX 3a7ad, 3HAHHS SKHX
3abe3neuye yci moTpedu MeaudHoi (hi3UKH Y IIMPOKOMY PO3yMiHHI. BiJIMOBIIHO TIJIbKK MIATOTOBKA
OakamaBpa 3 OpIEHTAIIEI0 HA TPUKIATHE 3aCTOCYBaHHS Cy4JacHHMX 3M00YTKiB (i3Ukud pa3oMm i3
JIOCKOHAJIMM BOJIOJIHHSIM MAaT€MaTUYHUM arapaToM, IOTJIUOJIEHUM 3HAHHAM KOMII IOTEPHUX
TEXHOJIOT1H, MEeBHI 3HAHHS 3 010(I3MKH Ta OKPEMUX IUCHUILUTIH MEIUKO-010J0TIYHOrO MpOodiIo
JO3BOJIAIOTH 32 KOPOTKHIM TEPMiH pealli3yBaTu SKICHY MiATOTOBKY HA HACTYMHUX PIBHSAX HaBYAHHS.
PosrisiHemo, siki po3aiiM MOBHHHI OyTH BHHECEHI O0OB’S3KOBUM YMHOM Ha PIiBEHBb MHiATOTOBKH
Marictp/cnernianict, a mo € OakaHUM BUHECTH y OJOK CaMOCTIHOTo BHOOpPY CTyAEHTa IpHU
MIrOTOBII 0aKaJIaBpiB 3 METOIO MOJICTIICHHS MOAaJIbIIOr0 HaBYaHHS.

Menuuna ¢izuka mepenbayae Opi€HTAIiI0 HOBITHIX JOCATHEHb (i3uku 1 Oiodi3uku 1is
PO3pOOKH ¥ eKcIuTyaraiii iarHOCTUYHOTO Ta TePareBTHYHOTO oOmamHaHHsa. Ciil 3ayBaKHTH, 110
KpIM JIO3UMETpii Ta IUIaHyBaHHSA B Talysi pazmioyiorii, skKa BHUKOPHUCTOBYE 10HI3yIOUe
BUIIPOMIHIOBAHHS, IO 1HOJI OTOTOXXHIOKOTH 3 MEAMYHOIO (Di3UKOI0, OCTaHHS OXOIUTIOE Oararo
IHIUX ~ (QI3UYHUX  SIBUII, TaKUX SK B3aEMOISA JKMBUX TKaHWH 13  HEIOHI3YIOUHMH
BUITPOMIHIOBAaHHSIMHU, T€HEepallis CTPYKTYpaMHU KHUBOI CHCTEMH CJICKTPUYHHUX CUTHANIB, (i3W4YHI Ta
G13UKO-XIMIYHI METOJM ONTHMI3alli JOCTaBKH JIIKAPChKUX TIpEerapariB Ta po3poOKa HOBITHIX
MaTepiajiB Ta pEYOBHH MEIUIHOTO ITpu3HAYCHHS. OKPEMO CIIiI BUIUTUTH TaKHi MOTYXHUH TaHIEM
Gbi3uKH 1 XiMii K MOJICKYJIIpHA JWHAMIKa 1 KBAHTOBA XiMisl.

BinnoBigHO, HaByalbHAa MporpaMa MaricTpa MOBHMHHA BKJIIOYATH HaOlp JUCLUILIIH, SK1
OXOIUTIOIOTh IIMPOKUH CIEKTP 3aCTOCYBaHHS (DI3MUHUX METOJIB JOCHIKEHHS Ta BIUIMBY 3
3aCTOCYBAHHSM SIK 10HI3YIOUOTO, TaK 1 HEIOHI3YIOUOro BUIIPOMIHIOBaHHs. BaxkiinBe 3HaueHHS B
MEAWYHIA MPAKTUI[l Mae IIMPOKUN CHEKTP IHTPOCKOMIYHMX METOJIB, MIBUAKHUNA X PO3BUTOK Ha
OCHOBI BJIOCKOHAJICHHS SIK amapaTHUX 3aco0iB, Tak 1 MaTeMaTUYHUX METOJIB OOpOOKH [aHUX.
Yepes 11e € moTpebda roTyBaTu MaOyTHIX MariCTpiB A0 JOCTIAHHUIIBKOI pOOOTH TaKOX Y Iii ramysi.
OcobnuBy yBary Tpeba MPUAUTATH JUCIUIUIIHAM 13 BHUKOPHCTAHHS Ta PO3POOKH E€IEKTPOHHHX
3ac00IB K CAaMOCTIMHOTO JIIarHOCTUYHOTO IPU3HAYCHHS, TaK 1 B CKJaai OUIBII CKJIQJHHUX
JIarHOCTUYHUX KOMIUIeKciB. [Ipu oMy He ciij 3a0yBaT TakoX Npo (Hi3MKO-XiIMIuHI 1 610I0T14HI
0COOJIMBOCTI peaizallii CydacCHMX BUMIPIOBAJIbHUX MEPETBOPIOBAYiIB, TOOTO CEHCOPHKY.

Tpoxu 0CTOpOHB CTOITh HAOIP AUCLUIUIIH MaTEMaTUYHO-KOMIT FOTEPHOTO CIpSMYBaHHS. Aje
cyyacHH#l (axiBellb, OpPIEHTOBAaHWM Ha JOCTIIHUIBKY poOOTy, TOBHHEH Yy TMOBHIA Mipi
BUKOPHCTOBYBATH 3acO0M MaTeMaTHYHOI OOpPOOKM TPHIAJOBHX JAHHWX, MOJICIIOBAHHS, B TOMY
YHCITi 3 BUKOPUCTAHHSM CYYacHHMX 3acO0iB MapaleIbHUX Ta PO3MOAUIEHUX 00UHCIECHB, MEPEKEBUX
iHQOpMalLIMHUX  CHUCTEM, OpIEHTOBAaHMX Ha OOCIYroBYBaHHS MPUIIANOBOI  JI1arHOCTHKHU
(renemenuuuHa). He cmig 3a0yBatu W CKIQAHICTH caMOTO OO’€KTa JOCHIKEHHS — OpTraHi3My
JIOJIMHUA, a II€ BUMAara€ TaKOX 3aJlydeHHS BIIMOBIIHUX JTUCHUIUIIH MEIUKO-010JI0TIYHOTO
COpsIMyBaHHS. 3ayBaXUMO, IO Ha BIAMIHY BiJ TMIATOTOBKM Marictpa, OpI€EHTOBAaHOIO Ha
IHHOBAIIII{HY A1SUIbHICTD [2], MIATOTOBKA clieniagicTa Moke OyTH MOJIerieHa 3a paxyHOK OpleHTaIl]
camMe Ha oTpeOHr KBaIi(piKOBaHOTO BUKOPUCTaHHS 00JaHAHHS 1 METO/IB.

BinnosiaHo, Sk pyHAaMEHT nepepaxoBaHOro, 6a3oBa BUIA OCBITAa MOBUHHA BKJIIOYATH B ce0e
KpiM (yHIaMEHTAJIbHHUX (DI3MKO-MaTeMaTHYHHUX 3HaHb MEBHI JOJATKOBI PO3/ILIH, OJIM3bKI 10 OLIBII
IIMPOKOTO HAYKOBOTO M 1HXKEHEPHOrO 3acTOCyBaHHS (DI3MUHUX pPE3yJbTaTiB, a TaK0X OCHOBU



pasioeNeKTPOHIKH, HEOOX1AHI 1y 3a0e3neueHHs poOOoTH (I3MYHUX amapaTHUX 3aCO00iB MEAMYHOTO
MPU3HAYCHHS.

HaBuannst 6akanaBpiB i3 HampsIMKy MiJTOTOBKU <«IIpUKJIaaHa (i3uKa» mependadae OIOKU
TpaguIiiHuX  ¢i3MYHMX  (3arajipbHa Ta  TEOpeTHYHA  (Pi3WKa, TNPAKTAUKYMH, METO/IH
EKCIICPUMCHTAJIbHUX JOCIIIKCHb, TOINO) Ta MAaTeMAaTHYHUX JHUCIMIUIIH (MaTeMaTHYHUN aHai3,
nudepeHIiifHi piBHIHHS, MaTeMaTH4Ha (i3uKa, Teopis HMOBIpHOCTEH ToIIo). Takox nependadyeHo
MIJATOTOBKY 3 JUCLHUILIIH, SIKI CKJIaJIal0Th OCHOBY MOXKJIMBUX MaiOYTHIX HPHKJIAJIHHX 3aCTOCYBaHb
(GI3MKK Ta MOJAJBIIOIO HABYAHHS 3a CIEHIaJbHOCTSIMH, IO 0a3ylOThCS Ha JaHOMY HaIPSIMKY
niaroroBku. Cepesl TaKUX JUCIMILIIH OCOOJIMBO BXKJIMBHM JIJII MaOYyTHHOTO (hi3UKa-IPHUKIIaIHUKA
Oynp-skoi cmeriamizanii € Hallp NpeaMeTiB PaTiOTEeXHIYHOTO MpodiI, a TaKoX THX, IO
3a0e3meuyroTh MpodecioHaTbHe BOJIOMIHHS KOMIT FOTEPHOI TEXHIKOI (OCHOBU MPOTpPaMyBaHHS,
MaTeMaTU4YHI METO/H, IMAKETH MPHUKJIAIHUX MMPOTrpaM ToIIo). Yci i JUCHUILTIHA € Oe3M0CePeTHBO
BOKJIMBHUMH 1 JIJIs1 3a0€3MCUCHHS MOYKIMBOCTI T01JIbIIOL IMATOTOBKY (DaxiBIs 3 MEAUIHOL (PI3UKH.

B pamkax BuOipkoBHX OJIOKIB, SKI 3a0€3MeUylOTh OUIBII HANpPSIMIICHY CIIeiali3allio
OakanaBpiB B paMKax CTaHAApPTy HANPSMKY IiJrOTOBKH, JOPEYHO 3a0€3MeUUTH OUThII TIIHOOKE
BUBYCHHS (DI3UYHUX OCHOB MEIWYHOI TEXHIKHM, IO pa3oM i3 0a30BUM MEIMKO-O010JIOTTYHHM
mig0mokoM (OcHOBU Oiodi3uku, aHaToMis Ta (i3i0J0Tis TONIO) MOBHHHI CTBOPUTH HEOOXITHUMN
dbyHIaMEHT JyUIsl Opi€HTaIii Ha JOCKOHAJe OBOJIOMIHHS 3HAHHSAMH, MOTPIOHUMU I MEIUYHOTO
¢izuka.

TakuMm 4YuHOM, JJIs SKICHOI IMIJTOTOBKM TaKOl PI3HOIUIAHOBOI CHEIIabHOCTI SK MEIWYHA
¢di3uKa CTPYKTypH3allis NIporpaMd MaricTpa/creriansicra BHMara€ BHKOPUCTAHHS IMUPOKOTO
OXOIUICHHS  (I3MKO-MaTEMaTUYHUX, KOMIT IOTEPHUX Ta PAJIOTEXHIYHUX JUCIUIUIIH, IO
BH3HAYalOTh HAIPSAMOK IIIJrOTOBKM 0a30BOi BHINOI OCBITH «IpHKIagHa (Qi3HKa», y paMKax
BHOIPKOBOI YaCTHHH SIKOTO € JOLUIBHUM JoaaTH (hopMyBaHHS 0a3u 3HAHb MEIHUKO-010JIOTTYHOTO
npodiI0 Ta NPHUKIATHOTO 3aCTOCYBaHHSA (I3MUHUX METOMIB Ui poOOTH 3 Oi0JOTIYHUMHU
00’ eKkTamu.

1. IlocranoBa KM Vkpainu Big 27 cepmust 2010 p. N 787 Ilpo 3aTBepIKeHHS MEPENiKy
CHeNiaJIbHOCTEH, 3a SKUMH 3/IHCHIOEThCS MIATOTOBKA (haxXiBINB y BUIIMX HABYAILHUX 3aKjaznax 3a
OCBITHBO-KBaJTi(iKaliiHKMMK PIBHSAMH crieriaimicra i wmarictpa. — http://zakon.rada.gov.ua/cgi-
bin/laws/main.cgi?nreg=787-2010-%EF

2. 3axoH Ykpainu "IIpo Bumy ocBity" // Bimomocti BP Ykpainu.. — 2002.— Ne20.— C.134.

I[IA®POBI TEXHOJIOI'TI OFPOBKN 30BPA’KEHDb B CUCTEMI HIATOTOBKH
®AXIBIIB 3 MEJUYHOI ®I3UKHN

C.II. Cenuypos, 10.®. 3adamra

Kuiscokuii nayionanvnuu ynisepcumem im. T.1. Illeguenxa, ghizuunuii paxynomem, kageopa
monexynaproi gizuxu, Kuise 01601, eyn. Bonooumupcoka, 64

AHoTanis. 3anporoHOBAaHO BKJIIOUYHUTU B CHCTEMY MIArOTOBKM (haxiBUIB 3 MEAMYHOI (Pi3UKU B
VYkpaini okpemy aucuuiutiny "Ludposi TexHosorii 00poOku MeanuHux 300pakeHs". [lpuBeneno
OpPIEHTOBHHM 3MICT KYpCY.

AnHoTanus. IIpeqiokeHo BKIIOYMTH B CUCTEMY MOJTOTOBKM CIIELMAIMCTOB IO MEAMIIMHCKON
¢busuke B YKpanHe oTaenbHyo auctuiuinHy "lludpoBsie TexHOMOTHH 00paOOTKH MEAUITUHCKUX
u3o0paxkenuii”. [IpuBeneHo npuMepHOE coaepxKaHue Kypca.

Annotation. Proposed to include in the training of medical physicists in Ukraine the separate
discipline "Digital technologies for medical image processing.” The approximate course content is
presented.



Kro4oBi cjioBa: MeIU4HI IHTPOCKOMIYHI CUCTEMH, HU(PPOBI TEXHOIOT1i 00pOOKH 300paxeHb,
rporpama MiArOTOBKH CTY/ICHTIB.

KioueBble ¢J10Ba: MEIUIIMHCKHAE CHCTEMBl HHTPOCKOIHH, IIU(POBBIE TEXHOJIOTUU 00pabOTKH
N300pakeHH, IpOrpaMMa IMOArOTOBKHU CTY/ICHTOB.

Keywords: medical imaging systems, digital image processing technology, the students training
program.

B cydacHiii MemMIMHI IIMPOKO BHKOPUCTOBYIOTHCS I1HTPOCKOIIYHI CHCTeMH. Takumu
CUCTEMaMH € PEHTICHIBChbKI JIarHOCTUYHI CHCTEMH, YJIbTPa3BYKOBI IarHOCTUYHI CHCTEMH,
MarHiTO-pe30HaHCHI TOMOTpadu, CUCTEMHU HYKIIITHOI JIarHOCTUKH Ta 1HIII.

OcTaHHI JECATUIITTS XapaKTepU3YyIOThCS OYPXIMBUM PO3BUTKOM HUGPPOBUX TEXHOJOTIH. L5
TEHJICHI[IS1 HE OMHUHYJIA 1 MEHUIIMHY, BCl CydacHI MEIMYHI IHTPOCKOIIYHI CHCTEMH € IU(POBUMH 32
CBOEIO MPUPOJIOIO.

BukopucTaHHs Takux CUCTeM MOTpeOye 3HAHHS TEXHOJOTIH, sKi MOKJIaneHi B ocHoBy. [Ipu
bOMY TIOBHE PO3KPUTTS yChOT'O MOTEHIIaTy, 3aKJIaJIeHOTO B TaKl CUCTEMH, BUMArae JIOCKOHAJIOro
BOJIOJIIHHS BIAMOBIIHUMH TexHoJOTisiMU. LI TeXHOJOrii € HaJ3BUYaiHO CKIAIHUMHU 1 3arajbHOIO
CBITOBOIO TCHJICHITIEIO € (paxoBa MArOTOBKA Il POOOTH 3 HUMH CIIEIIAJIICTIB 3 MEIUYHOT (Di3UKH 3
0a30BOI0 (Hi3UIHOIO OCBITOIO, SIK II€ PEKOMEH/Y€, HANPUKIad, €Bporelicbkka deneparisi MEIUIHUX
¢izukiB a60 MinictepcTBo ocBith Pociiicskoi denepariii [1-3].

Bci Ha3BaHi cHCTEMHM 1HTPOCKOINIT BHKOPUCTOBYIOTH Pi3HI (Di3UYHI SIBUIIA JUISI OTPUMAHHS
iH(opMarlii mpo BHYTPIIIHIO OYJ0BY OpPTaHi3MYy JIFOJUHH, aJie MAIOTh CITUIbHI PUCH MPH Bi3yasizallii
300pakeHb. ToMy BBa)KAaEMO 3a JOLUIbHE BUAUIMTH B OKPEMHUH HaBYATBHUI KypC MPH MIiATOTOBI
MeanuHuX (i3ukiB B Ykpaini gucturmiiny "Ludposi TexHogaorii 00poOKH MeTUYHUX 300paxeHb".

3anpornoHoBaHUi  Kypc IM(POBUX TEXHOJOTrH OOpOOKM MEIUYHUX 300paKeHb Mae
CKJIAJIaTUCh 3 JABOX BeIUKHUX OJIoKiB. [leprmmm 3 mux OIOKIB € 3arainbHa Teopis 1udpoBoi 00poOku
300pakeHb, a J0 JAPYroro OJIOKY NHOTPiOHO BHECTH KOHKPETHI MeToau IudpoBOi 0OpOOKH
MeANYHUX 300paskeHb. Takuil miaXia A0 MOy MaTepialny Kypcy BUKOPUCTaHHUH B OJHIN 3 KpaIiux
MoHorpadiii [4].

3MmicToM Tepmoro OJOKYy €: TOHATTS 300paKeHHS 3 TOYKH 30py ONTHKW; OynoBa i
(YHKIIIOHYBaHHSI 30pOBOi CHCTEMH JIOAMHHM; METOAH OTPUMaHHS LU(PPOBUX 300pa)KeHb; SKICTb
300paxkeHHs. [lonarTs nuudpoBoro 300pakeHHs K MaTpulll yucen. [Toka3HUKH SIKOCTI METUYHHX
300pakeHb — pPO3/IJIbHA 3/1aTHICTh, KOHTPACT, JUHAMIYHUMN Jiana3oH, PO3MUTTS, IIyM, adepairiii,
HasBHICTh apTedakTiB. MaTemMaTuyHi METOIU OMHCY SKOCTI 300pakeHb — YaCTOTHO-KOHTpAacTHA
XapaKTepucThka. MaremaTuuHa Teopiss oOpoOKM 300paxkeHb: MpsiMe Ta O0OEpHEHE MEepeTBOPEHHS
Odyp'e Ta ix  BuactuBOCTi.  JlMCKpeTH3allis ~ HEMEpepBHUX  300pakeHb,  Teopema
KorenbnikoBa-HaiikBicta. KBanTyBanHs 300pakeHHs, OyJoBa KBaHTYyBauiB. AHalI0roBo-1nu¢posi
Ta 1udpo-aHanorosi nepersoproBaui. [{udposa oOpodka 300pakeHb 3 METOI MOKpAIIeHHS iX
COpUMHATTA omneparopoM. [loenemMeHTHI mnepeTBOpeHHs HU(GPOBUX 300pake€Hb: MEPETBOPEHHS
rictorpaM, ekKBaJli3ailis, JiHiIiHE KOHTpAacTyBaHHs, TMOporoBa (impTpallis IIyMiB, IiHiliHA
KoMIIpecis, conspu3anis. Brpara iHdopmarii npu mepeTBOpeHHI 300pakeHb. bararoenemeHTHI
nepeTBOpeHHs 300pakeHb. DinbTpallis MIyMiB, BUAUIEHHS KOHTYpPIB, MOKPAIICHHS PI3KOCTI Ta
YiTKOCT1 300pakeHb. TexHounoris "BikHa". ['eoMmeTpuuHi nepeTBopeHHs 300paxkenb. [IpuB's3yBanHs
300paxkens. Kopemsimiiiauii kputepiit momioHocTi. ['pamieHTHI MeTOAM MiTKpPECIeHHS KOHTYPIB.
TpuBuMipHi 300pa’keHHS Ta X CHIBBIIHOIIEHHS 3 IBOBUMIpHUMHU. MeToau oTpuMaHHs iHGopMarlii
npo TPUBHUMIPHY CTPYKTypy o0'ektiB. I[leperBopenHss Pagona B koMmm'toTepHiil Tomorpadii.
Obepuene mneperBopeHHs1 Pagona. Metoau peKOHCTPYKIT TPUBUMIPHOI CTPYKTypU OO'€KTYy:
obepHeHe mpoelitoBaHHs, Dyp'e-MeTo, 3STOPTKOBHI METO/I.

Jlo npyroro 610Ky BIJIOBIIHO BIJHECEMO 3aCTOCYBaHHS Ha0yTUX B MEpIIOMY OJIOIl 3HAaHb Ta
BMiHb JJO MEIMYHHUX 300pakeHb. 3MICTOM OJIOKY €: 0COOJIMBOCTI OTPUMAaHHS ITU(POBUX 300paKeHb
B MeaunuHi. OTpuMaHHS UU(QPOBUX PEHTIEHIBCHKUX 300pakeHb. OTpuMaHHS LUPPOBUX
yIbTPa3BYKOBUX 300pakeHb. PeHTreHiBCchbka KoMIm'roTepHa Tomorpadis. MarHiTo-pe3oHaHCHA
tomorpadis. TpuBuMipHa pagionykiaiiHa Tomorpadis. MeTtoau Bizyanizalii MEIUYHUX 300paKeHb.
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YopHo-6ia Ta KOIBOpOBa Bizyaumizalis. XapaKTepUCTHKU MoHITOpiB. Ilepemada KombopiB Ha
MOHITOpI Ta Ha mpuHTepi. 30epiranHs nudpoBux MeauyHux 3o00pakenb. Crangapt DICOM.
BukopucranHs coemiaabHUX METOJIB JUIS aHali3y MEIMYHHUX 300pakeHb. OTpUMaHHS
TPUBUMIPHHUX 300pa)KEHb IUJIONY, CKEJIETY TOILIO B YJIbTPAa3BYKOBiM miarHocTHIl. [lepcriekTuBHi
METOJIM aHaJIi3y HU(PPOBUX MEIUUHUX 300pakeHb JIJII aBTOMATH3AIlii JIarHOCTHUKH.

s npoBefeHHS NPAKTUYHHUX 3aHITh 3PYYHO BHUKOPUCTOBYBATH ICHYIOUI IMMAKETH BUIBHO
PO3MOBCIO/DKYBAaHHUX MPOTpaM. 30KpeMa, omneparlii 3 MOKPAIICHHS CIPUHHATTS 300paKeHb MOXKHA
BianpanboByBatd B GIMP[5], mist sIKOro iCHYyIOTh TaKOX BUIHHO PO3MOBCIOKYBaHI TUIariHu| 6], mo
JO3BOJIAIOTh YHAOUHUTH Dyp'e-miepeTBOpeHHs IUPPOBUX 300paKeHb.

Ho crangaptHOi moctaBku Linux BXoauTh Oe3kormToBHHE makeT nporpam CTSim[7], skwuii
JIO3BOJISIE  CUMYJIIOBAaTH pOOOTY pI3HOMAHITHUX PEXKUMIB PEHTICHIBCBKUX KOMII'TOTEPHHUX
Tomorpadis.

TakuM YHMHOM, BBRKAEMO 3a JOIIIBHE BKIIOYUTH JIO MPOTPAMH TMiATOTOBKH METUYHUX
¢b13uKiB Kypc nudpoBoi 00poOKH METUIHUX 300pakKeHb 3 BKA3aHUM 3MICTOM.

1. Pexum pocrymy: http://www.efomp.org /images/ docs/ committees/ professional%
20matters/ Draft% 2010MP% 20Guidance%200n%201SCO-08-Final.pdf

2. Pexum JIOCTYITY: http://www.efomp.org/images/docs/committees/etp/
2nd%20finalised%20edition%20European%20CC%20Physics_16.02.2011.pdf

3. Pexxum noctymy: http://foroff.phys.msu.ru/phys/standart/medphys.htm

4. Krestel E. Imaging systems for medical diagnostics — Berlin: Siemens AG, 1990 — 686 p.

5. Pexxum nmoctymy: http://www.gimp.org/

6. Pexxum nmoctymy: http://4n6site.com/

7. Pexxum noctymy: http://ctsim.org/

PO 3MICT ITPOI'PAMMU NNIAI'OTOBKU MEJINYHUX PI3UKIB

10.®.Bakcman
Ooecwvruti nayionanvHuu yHisepcumem imeni 1.1 Meunuxosa

AnoTanis. OOroBoprOEThCS TporpamMa MAroOTOBKU OakanaBpiB Hampsmy «lIpuknagHa ¢izukay,
OpIEHTOBaHMX Ha MiATOTOBKY MaricTpiB 3 MeauuHoi ¢i3uku. HaBeneHo aHoTawii AeskUX mporpam
JUCHUIUIIH 3 MenuyHoi (I3uKu sKiI YWTalThesi Ha ¢i3UYHOMY (akynbreri Oaechkoro
HalllOHAJILHOTO yHiBepcuTeTy iM. [.I.MeunukoBa.

AnHoTranus. OOcyxnaeTcss mporpaMma IOATOTOBKM OakanaBpoB HampasieHus «llpuknannas
¢u3uKa», OPUEHTHUPOBAHHBIX HAa OOy4YEHHE MAarkucTpoB MeAMLMHCKOW ¢u3uku. IIpencraBieHb
AQHHOTALlMM HEKOTOPBIX MPOrpaMM AMCLUMILIUH MEAUIMHCKON (DU3MKHU, YUTAEMBIX Ha (HU3HUECKOM
dakynbTere Oecckoro HalMOHaIbHOTO yHUBepcuTeTa uM. V.1.MeunukoBa.

Annotation. We discuss the program Bachelor of Applied Physics, focused on training of masters
of medical physics. The annotations of some software disciplines developed the Physics
Department of the I.I.Mechnikov Odessa National University.

Karouosi ciioBa: Mennuna ¢i3uka, nporpama, mpakTHKa, METOAU A1arHOCTHKY, (DI3UYHI sIBHILA
KawueBble cjioBa: MeaunuHckas Gu3uKa, IporpaMma, pakTHKa, METO/IbI JHATHOCTHKH,
¢du3nueckue sIBICHUS

Keywords: Medical Physics, program, practices, methods of diagnosis, physical phenomena
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CydacHa MeIUIIMHA IIUPOKO 3aCTOCOBYE METOMW IarHOCTUKU 1 JIIKyBaHHS, 3aCHOBaHI Ha
TakuxX (pyHIaMEHTaIbHUX (I3MYHHMX SBHINAX 1 Tpollecax SK SACPHUN 1 CJICKTPOHHHA MarHiTHHMA
PE30HAHC, 1HIYKOBaHE €JECKTPOMAarHiTHE BUIIPOMIHIOBAHHS, BILUIUB €JICKTPUYHUX 1 MArHITHUX TI0JIiB
Ha OiosoriyHi 00’€KTH, TOmo. B MeauIinHI 3acTOCOBY€EThCS CKJIajHA €JIEKTPOHHA araparypa, ska
00’enHy€eTbC B KoMIT toTepHI Komruiekcu. Lle, 30kpema, pentreniBchki Ta SIMP-tomorpadwu,
TEIJIOBI30pH, elekTpoeHedanorpadiuni cucremu, KapaiorpadgidHi CUCTEMHU TOIIO. [HTEHCHBHO
BITPOBAKYIOTHCS B MEIMYHE PHIAA00yIyBaHHs i cydacHi iHGopMaIliiiHi TeXHOIOTril. Y 3B 43Ky 3
MM TpaKTHYHA MEIUIMHA Ta HAYKOBO-IOCIIIHI MEIWYHI 3aKjaagu TMOoTpeOyroTh (axiBIiB, SKi
MaroTh (QyHJAaMEHTaJIbHY HIiATOTOBKY 3 (i3WKH, MAaTEMaTHKH, EJIEKTPOHIKH, 1H(POPMATUKU Ta
3HAIOTh 1 PO3YMIIOTh MEIUYHI TPOOIEMH 1 3a1a4i.

Ha ¢isnunomy ¢dakynpreri OnechKkoro HallioHaIBHOTO YHiBepcuteTy iMeHi .. MedynukoBa 3
2000p. BiIKpHUTO BiAIIJICHHS MEIUYIHOT (PI3UKH, HA IKOMY BEACTHCS MIATOTOBKA (PI3HKIB JJIs pOOOTH
B MEIWYHMX 3aKiaaax. JlJis CTyACHTIB BiJIUICHHS MEIWYHOI (hi3MKU HABYAILHUN IUIAH BKIIIOYAE
dbyHIaMEHTAJIBHY MATOTOBKY 13 3arajbHOI 1 TEOPETHYHOI (PI3UKH, BUIIIOT MAaTEMaTUKH B 00Cs31, 110
BianoBigae cnemianbHOCTI «®i3ukay. CremiaabHa MATOTOBKA 3 MEAWYHOI (DI3UKH BKIIIOUAE
JTUCIIUTIIIHY, K1 MOYKHA 00’ €THATH 32 HACTYITHUMH PO31IaMH:

cydacHi Hampsmu (izuku 1 Gi3UdHI METOIU TOCIIHKCHb, IO 3HAXOASNTh 3aCTOCYBAHHS B
MEAMIMHI (MEIUYHA MeXaHika 1 TreMOJMHaMiKa; MPUKIaJHAa TEePMO- 1 EJIEeKTPOJAUHAMIKH B
MEIWIIMHI, TPUKIAJHA aKyCTHKa B MEIUIMHI; MEAWYHA ONTHKA 1 ONTUYHE OOJIaJHAHHSI,
€JIEKTPOHHA MIKPOCKOIiA U1l MEAMKO-O010JIOTIYHUX JTOCHIDKeHb; (I3UYHI OCHOBU SJIEPHOI
MEJIUITUHN );

MEIUYHA CJICKTPOHIKA 1 CACTEMH OOPOOKH 1 HAKOMUYECHHS 1H(hOopMaIlii;

METOJIM MEJIUYHOI JIIarHOCTUKH 1 Oiodi3zuka (anaToMis 1 (i3i0JIoTis JIFOAUHN; PYHKIIIOHATHHA
1 mabopaTopHa JAlarHOCTHKA MAaTOJOTIYHUX CTaHIB JIFOJUHU; O10(i3HKa).

[TporpamMa miaroToOBKA MEIUYHHUX (Pi3UKIB BKIIIOUAE TAKOXK MPAKTUYHY CcKianoBy. [IpakTudana
MirOTOBKA CTYJCHTIB Ta HAYKOB1 JOCHIKEHHS 3[IHCHIOIOTHCS 3 3aCTOCYBAHHSM CY4acHOTO
MEIUYHOr0 YCTAaTKYBaHHS, pOo3TamoBaHoro B L{eHTpi MeauuHOi i 6i0oriyHOi (pi3MKH, a TaKOXK Ha
kadenpi exkcrnepumentanbHoi (izuku OHY. OcHOBHMMM HampsMaMy IOCHIIKEHb € PO3poOKa
CCHCOPIB  PEHTIeHIBCBKOTO 1  TraMa-BUIIPOMIHIOBaHHS,  OJIPKaHHA 1  JOCTIIKEHHS
HAMIBIPOBIIHUKOBUX MaTepianiB Ais ja3epiB OmkHboro [Y-miama3oHy BHIPOMIHIOBAHHS, IO
3aCTOCOBYIOTHCSI B MEAUITUHI.

O3zHaueHi BUIIE AUCIUIUTIHU CHEMialbHOI MiATOTOBKA MEAMYHUX (I3UKIB MOXYTh OyTH
MOKJIaJIeHI B OCHOBY BaplaTWBHOI CKJaJ0BOI MIArOTOBKM OakanaBpiB Hamnpsamy «lIpuxmagna
¢i3uKa», OCKIIBKM caMe 3a IIMM HampsIMOM BEIEThCS TOJajbllia MiArOTOBKAa CIEIIaiCTIB 1
MaricTpiB MeanuHoi gi3uku. Huxkde HaBeemMo aHOTalli MporpaM JesKUX CIeiaJbHUX JUCIUILIIH.

Mennuna MexaHika i reMoiiHaMika. MexaHika 00epTalbHOTO pyXy B MEAHMYHUX MPUCTPOSX 1
oOyagHaHHl; OloMexaHiKa, MeEXaHIYHl BJIACTUBOCTI OIONOTIYHMX TKAaHWH, OCHOBH MEIMYHOL
aKycTUKH; BiOparliiHa OiloMexaHiKa; Ta30BE€ CEpEeOBHINEC 1 MpoIec AUXaHHS; OJCpXKaHHS 1
BUKOPHUCTAHHS aepo30JiB B MEIUIMHI; B’S3KICTh OIOJOTIYHHUX CHCTEM; PyX KpOBI B CYIUHHIN
cucreMi; Gpi3MUHI OCHOBU TeMOUHAMIKH.

[lpuknagna TepMo- 1  enekTpoauHamika B MeaunuHi. OCOOMMBOCTI  BIAKPUTHX
TEPMOJMHAMIYHUX CHUCTeM; (i3UYHI BIACTHBOCTI XOJOJHUX Ta HArpiTUX CEPEJOBHIL, IO
3aCTOCOBYIOTHCSI JJIsl JIIKYBaHHS; (13MUHI OCHOBM eJeKTpokapaiorpadii; JKyBaJbHI METOIU 3
BUKOPHUCTAHHSAM TOCTIHHOTO €JIEKTPUYHOTO MOJS; eIEKTPUYHI BIACTHBOCTI O10JIOT1YHUX TKAaHUH Ta
PIOAMH TpHU TOCTIHHOMY CTpPYMI; JIIKyBaJlbHI METOAM, 3aCHOBaHI Ha BHUKOPUCTAHHI MOCTIHHOTO
CTpyMy; MEXaHI3M JisiHHS HHU3bKOYACTOTHHX IMITYJIbCHUX CTPYMiB Ha OIOJIOTiYHI TKaHWHHU, iX
3aCTOCYBaHHS B €JEKTPOJIarHOCTHIl, €JIEKTPOCTUMYJIALIl, eleKkTporepamnii; ¢i3MYHI OCHOBHU
MarHiTo010J10rii; PI3HOBHJHOCTI MAarHITHHUX TIOJIiB, IO 3aCTOCOBYIOTHCS IS JIIKYBaHHS 1
JIarHOCTHKY; (I3UYHI OCHOBHU peorpadii; MiSHHSA HAa OPTaHi3M 3MIHHOTO CTPyMY HHM3bKOi, 3ByKOBOI
Ta yJIbTPa3ByKOBOI 4aCTOT.

[lpuxnanHa akycTuka B MeIuUuHI. MeTonu BUMIPIOBAaHHS 1 aHali3y XapaKTepUCTHK
aKyCTUYHHUX MOJIiB; aKyCTHYHA JIarHOCTUKA KUBUX OPraHi3MiB; 0COOIMBOCTI aKyCTHYHOI Teparii i
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Xipyprii; mpuHOMUN 1ii 1 KOHCTPYKTUBHI OCOOTMBOCTI YJIhTPa3BYKOBUX JaBauiB; (Pi3UYHI OCHOBU
poOOTH yIBTPa3BYKOBUX MPUIIAIIB 1 CHCTEM.

MenuyHa onTHkKa 1 onTUyHe oOnagHaHHS. DIi3MYHI  OCHOBM  OQTalIbMOJIOTiI Ta
0o TanbMOJIOTIYHOI TEXHIKH; CHeIliadbHI 3aco0M Mikpockorii B 0iojorii i MEeIWIHMHI; METOIU 1
TEXHIKAa CHEKTPATbHUX JOCHIKEHb, OCOOJMBOCTI 1 MEXaHI3MH B3a€EMOJIIi  Ja3epPHOTO
BUITPOMIHIOBAHHSMH 3 O10JIOTIYHUMH 00’ €KTaMU; THITH JIa3€PiB, 10 BUKOPUCTOBYIOTHCS B 010J10Tii 1
MEWIIMHI; Cy9acHI METO/IH JIa3epHOI 1IarHOCTUKHU.

®i3uuHi  OcHOBU  sjepHOi  MeaumuHU.  OcoOIMBOCTI  B3aEMOJI  paji0OaKTHBHOTO
BHUIIPOMIHIOBAaHHSI 3 O10JIOTIYHUMH 00’ €KTaMH; JO3UMETPHYHI BUMIPIOBaHHS i o, [, Ta -
BHUIPOMIHIOBaHb; JKEpeia BUIIPOMiIHIOBAHHS; (DI3WYHI OCHOBH O10JIOTTYHOI Jii Ta TEpareBTUYHOTO
e(eKTy OMpPOMIHIOBAHHS; JIIKYBaJbHA J[isl BUIIPOMIHIOBAHB; MOHATTS PO MAKCHMAILHO JOMYCTUMY
J103y, MAaKCHUMAaJIbHO JOIYCTHUMI PiBHI 3a0pyJIHEHHS; OCHOBHI TOJIO)KCHHSIMHU CaHITapHUX MPaBHII
Oe3IeKu poOOTH 3 JuKepeIaMu BUITPOMIHIOBaAHHS.

Menuyna enektpoHika. OCHOBHI Tpymud MEIMYHUX CJIEKTPOHHUX NPHIIAIIB 1 araparis;
ceHCOpH (DI3UYHMUX BEIUYHMH, [0 BUKOPHCTOBYIOTHCS Yy MEAWYHIA TEXHIIl; Ccremiaai3oBaHi
aHAJIOTOBI €JIEKTPOHHI CXEMHU ITiJICUJICHHS CUTHAIIB; METOIU U(PPOBOI €IEKTPOHIKK B MEIUIIHHI,
CIeIiali30BaHi T€HEPATOPU CUTHAJIIB; MEAMYHI BUMIPIOBAIbHI TIPUJIAIH.

Hapenenuii mepeinik AUCHMILIIH Ta 1X mporpama He MPeTeHIyE Ha MOBHOTY, IPOTE, HA HaIll
MIOTJIS1/I, BOHU TIOBHHHI OYTH B CITUCKY IUCIUIUTIH 32 SIKHMU 3IHCHIOETHCS MMATOTOBKA MEIUIHUX
(bi3uKiB.

3HAUYEHHSA KYPCY «BIO®IBUKA» AK HABYAJIBHO-METOJAUYHOI'O
KOMILIEKCY JJIA HIAI'OTOBKU CTYAEHTIB 3A
CIHEHIAJIBHICTIO <MEJJUYHA ®I3UKA»

K.I. Boryuska, FO.1. llpuayubkuii

Kuiscokuii nayionanvnut ynieepcumem imeni Tapaca [lleguenka,
Hasuanvno-naykosuii yenmp «Ilncmumym 6ionociiy;
8yi. Bonooumupcoka, 64, m. Kuis, Ykpaina, 01601; E-mail: biophys@univ.kiev.ua

AHoOTalifA: pO3MISINAIOTHCSA 3HAUEHHS, MeTa 1 3aBAaHHs Kypcy «biodizukay SK BaKJIMBOTO
HaBYaJIbHO-METOJIMYHOTO KOMIUJICKCY Il MIATOTOBKU CTYJICHTIB 3a CIelialbHICTIO «MenuuHa
¢b13uKay, a TAKOXK POJIb OpraHizallli cCaMOCTIHHOT pOOOTH CTY/ICHTA Y IIbOMY MPOIIECI.

AHHOTAUMS: PACCMAaTPUBAIOTCS 3HAUCHHE, IEJb W 3alaHue Kypca «buodmusmka» kak BaKHOTO
HAYYHO-METOJMYECKOr0  KOMIUIEKCAa JUIi  MOJATOTOBKH  CTYJCHTOB IO  CIICHUAIBLHOCTH
«MenuuuHckas Gu3nka», a TakKe poJib OPraHU3aAIUN CAMOCTOSTEIILHOW PadOThI CTYIEHTAa B 3TOM
nporecce.

Annotation: value, aim and task of «Biophysics» course as an important educationally-methodical
complex to prepare students for «Medical physics» specialty, and also the role of organization of
student’s individual work upon this process are considered.

Kurouogi ciioBa: 6iodizuka, MmeanuHa ¢izuka, MeTorka Bukiaganis y BH3.
KaroueBble ciioBa: Onodusnka, MeauuHCKas Gpusnka, MeToAMKa rpenoaaBanus B BY 3e.
Keywords: biophysics, medical physics, teaching methodology.

Ha cvoroani 6io¢izuka pazom 3 610XiMi€r0, MOJIEKYISIPHOIO Oi0J0Ti€0, (Hi3107I0TIEI0 TIOIUHI
1 TBapHH TOIIO € 0a30BOI0 (PYHIAMEHTAIHHOIO JUCIHUILIIHOK Oi10JIOTIYHUX HAyK Mpo KUTTA [1-3].
ITpu BuknananHi Kypey «biodi3zuka», B MeKax IiJrOTOBKH CTYJICHTIB 3a CIICIIAIbHICTIO «MeaudHa
¢i13ukay, MalTh BUPILIYBATUCh Taki MeTa 1 3aBaaHHA: (1) o3HallOMJIEHHS CTYAEHTIB, B paMKax
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OCHOBHUX DPO3IiTiB «biodizukuy, 3 opranizaiico Ta (GyHKI[IOHYBaHHSM O10JIOTIYHUX O0’€KTIB Ha
MostekysspHoMy («MonekymsipHa 0iodizukay), KIiTHHHOMY («biodi3uka KIITHHHY) 1 TKAHUHHOMY
pIiBHSIX, Ha PIBHI OpTraHiB Ta opraHi3My B 1ioMy («biodizuka ckiagaux cuctem»); (2) hopMyBaHHS
y CTYIEHTIB 3HaHb 1 MPAKTUYHUX HABUYOK IIOAO JOLIIBHOCTI BUKOPUCTAHHS THUX UM 1HIIHUX
(bi3MYHUX METOAMK Y AOCTIKEHH] OiomoriyHux cucteM. Crenudika OCHOB MEANYHOT (hi3HKH MOXKE
OyTH pO3KpHUTa yepe3 IMOIIKOKEeHHs Oionoriyaux memoOpan («biodizuka memOpan»), 0i0(hi3uKy
nporeciB perneniii Ta Mexani3MmiB anmantaimii («biodizuka ceHcopHUX cuCTeM»), 0i0hizuKy
PETYJISATOPHUX TMPOIECIB, 3B'I30K iHGoOpMaliiiHoi Ta ¢isununoi eHtpomii («bioindopmaTukay),
panmianiiiny Oiodizuky («Pamiamiiina Oiodi3uka»), BHKOPHUCTaHHS aJCKBATHHUX TCOPCTHYHHX 1
EKCIICpUMEHTAIbHUX MOJIeNIeH Ha PI3HUX PIBHAX opraxizaiii 61000’ ekTiB («KiHeTnka 010710TTYHUX
nporeciBy, «Komm'roTepHe MoOjeNoBaHHS 0i0(i3MYHUX MPOIECiBY), OiOMEXaHIKy M’ S30BOTO
ckopoueHHs («biogiznka CKOPOTIMBUX CHCTEM)Y) TOIIIO.

Pesynprarom BuBYeHHs aucuuiuliHu  «biodizuka» TOBUHHO CTaTH BMIHHS CTYyJEHTA
OTIEPYBAaTH CIHEIiaIbHOK TEPMIHOJIOTIEID, PO3YMIHHS OCHOBHUX ITOHSATH, 3aKOHIB 1 (I3MUHUX
MOJICJICH, IO 3aCTOCOBYIOThCS y 010(i3HIll, TEOPETHUYHHX 1 EKCICPHUMCHTAJIBHMX METOIIB
JIOCJTIJDKEHb, HAOYTTS 3IaTHOCTI 10 CUCTEMHOTO MHCIICHHS. Bukiananus kypey «biodizuka» mae
IIPOBOJUTHCEH 33 KJIACHYHOIO CXEMOIO W00 IIPUPOJHMYMX JUCLMILIH. Voro ocobmmsictio Mae
3anumaruch GyHIaMEHTAbHUN XapaKTep BUKIAJCHHS MPeIMeTa: Bijl MPOCTOTO IO CKJIaJHOTO, BiJ
MOJICKYJISIPHOTO PIiBHS IO OPraHi3MEHHOTO; yBara Ma€ MPHIUIATHCh PO3KPUTTIO (i3HIHOI TPUPOIU
OCHOBHHUX OloyioriyHux sBuil. BuknaganHs kypcy «biodi3zuka», sK mpaBUIo, Mae IOEIHYBaTH
TpamuIidHYy JICKIiHHY (hopMmy (3 BHKOPHUCTAHHSM MYJIbTUMENIMHHUX IMPE3EHTAIliil) 3 MPOBEICHHS
CEMIHAPCHKUX 1 1ab0paTOpHUX 3aHATh. JJIA OIIHKM 1 KOHTPOJIIO 3HaHb CTYACHTIB IIPH MPOBEICHHI
3aHITh, KOHTPOJBHUX pOOIT, TECTIB 1 CaMOCTIHHOI POOOTH TOBHMHHA 3alydaTHCS MOIYJIbHO-
pEeUTHHrOBa cucTeMa.

VY cydacHUX yMOBaxX BUKJIQJAHHS MPUPOJHUYMX JUCHHUIUIIH, 30KpeMa i Kypcy «biodizukay,
OKpPEMO MarTh IepeadadaTuch 1 GOpMH KEpIBHHMIITBA Ta KOHTPOJIO 3a CaAMOCTIHHOI pOOOTOIO
CTYyJIeHTIB [4]. YMOBHO, IijJ] YaC BUKOHAHHS CAaMOCTIHHOI pOOOTH CTYICHTOM, MOKHA BUIIJIUTH 1B
il ckmamoBi — YacTHMHA POOOTH, SIKA OPraHi30BYEThCs O€3MOcepeaHbO BUKIIATA4YeM, 1 CaMOCTIMHA
poboTa, sIKy CTYAEHT IJIaHye Ha CBii po3cya. [lopsia 13 3aCBOEHHAM HOBOTO MaTepiaiy, st podoTa
JO3BOJII€ 3aKPIMMUTH OTPUMAaHI 3HAHHSA, BMIHHS Ta HaBUYKU 1, TOJOBHE, AKTUBI3y€ HayKOBO-
Ni3HAaBAJIbHY MISJIBHICTh CcTyleHTa. EdexkTuBHa opranizaiisi camMOCTiHHOI poOOTH Mae€ CIpUSTH
MiABUIICHHIO 11 3Hauymocti. lle MOXIMBO 3a ONTHUMAaTbHUX YMOB IUIaHYBaHHS Ta HAayKOBOI
oprasi3zanii HaB4aJbHOTO MPOLIECY, BUKOPUCTAHHS PI3HUX METOJIB 1 3ac001B HaBuaHHA. Dopmu Ta
3ac00M KOHTPOIIO 32 BUKOHAHHIM CaMOCTIHOI pOOOTH CTyAE€HTa MOXYTh OYTH pPI3HUMHU:
KOHTpPOJIbHI POOOTH, TECTOBUH KOHTPOJb, JOIMOBIAI HAa CEMIHAPCHKUX 3aHATTAX, MUTAHHS IS
KOHTPOJIIO JI0 CaMOCTIHHOTO OMpaIbOBYBaHHS CTYACHTaMU HaBYaJbHOTO MaTepiany. ['0loBHOIO
GbopMOI0 CcaMOCTIHHOI POOOTH CTYACHTIB € poOOoTa 3 HaBUAJIBHUMU MOCIOHMKaMH, (HaxOBUMHU
MEANYHUMU, (PI3UYHUMH 1 G10JIOTIYHUMH >KypHAJIaMH, M0 JO03BOJSE M SK CAMOCTIHHO BHBUYHUTH
OKpeMl TEeMH MporpaMu, Tak 1 HIATOTYBaTH BIANOBIAHI JomoBial Ta pedeparu. [lpu mpomy
BUPINIYIOTHCS TakKi 3aBJaHHsS: HAOYTTs HAaBUYOK CaMOCTIHHOI poOOTH CTYAEHTIB 3 JiTepaTypHUMHU
JUKepelnaMyd TMpU  pO3B’SI3yBaHHI IIOCTaBJICHMX Npo0sieM; BUPOOJIEHHS BMIHHS CaMOCTIHHO
aHaNi3yBaTH Ta BUIUIATH 13 3araibHOi 1H(opMallii HeoOXimHi (parMeHTH 3aJaHOoi TeMaTUKU;
BUKJIQJICHHSI MaTepiaiy, 110 BUBYAETHCSA, y CTUCHIM 32 00’eMOM Ta €MKiil 3a 3MicToM (opmi;
MOTJIMOICHHS ()aXOBHUX 3HaHb; 3HAMOMCTBO 3 OCTaHHIMHM JIOCATHCHHSAMHU 010()i3MUHOT HAYKH.

Orxe, mig vac BuUKIagaHHA Kypcy «biodizuka» yBara Mae HpHUIUISTHCh BUCBITICHHIO
¢bi3uuHOi CcyTi OIONOTIYHMX SIBHIN 1 MPOLECIB, BUKOPUCTAHHIO CYYacCHUX (DI3SUYHUX METOJIB
(CTpYKTYpHHX, CHEKTPOCKOTIYHUX, KIHETHYHUX ) JIJIS1 TOCTIHPKEHHS 010JI0TIYHUX CHCTEM Ha Pi3HUX
piBHsAX opraHizamii. Ha CchOromHi BaXJIMBOI 1 aKTyalbHOIO MPOOJIEMOI0 € 3aCTOCYBaHHS
pe3ynbTariB  010pI3MYHUX JOCHIIKEHb y JIIarHOCTUIIl Ta JIIKYBaHHI HaWMOLIMPEHIIINX
3aXBOPIOBAHb.

Ha cydacHomy erani po3BUTOK 010(i3ukH, K (QyHAAMEHTAIbHOI 1 MPUKIAIHOI HAYKH, TICHO
NOB’s13aHUN 3 PO3BUTKOM O10(I3UKH CKIAJHUX CHCTEM (BMBYAE 3aKOHOMIPHOCTI JAMHAMIYHOI
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MOBEIIHKN O10JIOTIYHUX CHUCTEM) 1 MOJICKYISpHOi 0i0(i3uKu (BUBUAE MEXaHI3MU MOJICKYIISIPHOT
B3a€EMOJIIl y pI3HOMAHITHUX O10CTPYKTypax). BiH TakoX XapaKTepu3yeTbCsl TUM, IO Ha TEPIINN
IUTAaH BHCTYyMa€e mpobiieMa (OPMYIIOBAaHHS BUXIIHHUX TEOPETUYHHUX TMOHSTH, K1 BiIOOpaKaroTh
byHIaMEeHTaIbHI B3a€MOIi y OI0JOTIYHUX CHCTEMaxX Ha MOJICKYJIApHOMY piBHI. Pazom 3 Tuwm,
cnenudika iCHyBaHHSI 010JIOTIYHUX CHCTEM MPOSBISETHCS y PI3HOMAHITTI (Di3MYHUX MEXaHI3MIB
MOJIEKYJISIpHUX TpoueciB. [IpuHINIIOBOIO OCOOIMBICTIO TYT € Te, IO XapaKTepHI MapameTpu
€JIEMEHTApPHUX B3a€EMOJIIH MOXYTh 3MIHIOBATHUCh 3QJIEKHO BiJl YyMOB iX mepediry B opraHizmi
(HasBHICTh MPOCTOPOBO-YACOBO1 i€papxii, BIUIMB 30BHIIIHIX YHHHUKIB). JleTaJlbHE BUBYCHHS
0io(i3nYHMX MeXaHi3MiB, MOB’S3aHUX 3 (i310JI0r0-010XIMIYHIMH OCOOJIMBOCTSIMU KOHKPETHOTO
00’€eKTa, CTBOPIOE 0a3y 1 JJIs MPAKTUYHOTO 3aCTOCYBaHHS 010(I3MYHUX JOCTIHKEHB, 30KpeMa 1 SK
HANPSIMOK y MeAunuHi. Tak, Ha ChOTOJHI OJHUMH 3 MPIOPUTETHUX HAMPSMKIB y Tany3i (i3uko-
XIMi4HO1 6i0J10Tii B IiToMy Ta 0i0(i3uKH, 30KpemMa, € BUBYCHHS CTPYKTYpH OlomojiiMepiB (O1IKiB,
HYKJIETHOBUX KHCJIOT, MOJIiCaXxapuIiB, iX KOMIUICKCIB OJMH 3 OJAHHM Ta 3 HHU3bKOMOJEKYJIIPHUMU
JiraHAaMM) 3 METOK MOXJIMBOI JIarHOCTUKH CTaHIB «HOPMa» 1 «IaTOJIOTis» OpraHizmy,
BUKOPHUCTAHHS HAHOCTPYKTYP K TPAHCIIOPTEPIB JTIKAPCHKUX MperapariB, IX B3a€MO/Iii, HAIPUKIIA/,
3 MyXJIMHHUMH KJIITHHAMU JUTS [IUIECTIPSIMOBAHOL IeCTPYKIIii ((hOTOIMHAMIUHA Teparis, TinepTepMis
1 MarHitorepMisi paky) [5, 6]. s GioMennyHUX IIel BaKJIMBa TeMa, SIKa Ma€ PO3TIISIATUCH Y
Kkypci «biodizukay s cnemiaabHOCTI «Menuuna (izuka», — OTpuUMaHHS, OOpoOKa Ta aHai3
300pakeHb 01000°ekTiB pizHUMEH MeTojamu: SIMP- Ta peHrtreniBcbka Tomorpadis, pi3Hi BuAU
MIKPOCKOITIi: CBITJIOBA, €JICKTPOHHA, aTOMHO-CHJIOBA Ta 1H.

Jlist 3a0e3neveHHs CTY/ICHTIB JIOBITKOBUM HaBUAIBHHM MaTepiaioM 3 METOK €(PEKTUBHOI
oprasizanii HaBYaJbHOI POOOTH, 30KpEeMa CIPSIMYBaHHsS CTYJCHTIB y BHUBYCHHI 3aJaHOI TEeMH,
MiJTOTOBKK 32 PEKOMCHJIOBAaHUMHU TEOPETHYHUMH 3aBJAaHHSAMH 1 3aJa4aMH JIO CaMOCTIHHOTO
3aCBOEHHS Martepiandy, 3HayHa yBara Mae€ MPUAUIATUCh CTBOPEHHIO EJNEeKTPOHHUX BHJAHb 1
JOCTYITHUX JUIsl KOPUCTYBAHHS EJEKTPOHHHUX 0a3 HaBYAIBHUX MaTepiaiiB, sIKi MalOTh iCTOTHY
repeBary B orepaTUBHOMY 3a0e3IeUeHH] IBUIKOTO JTOCTYITY 0 He0OXiIHO1 iHdopmarrii.

TakuM YWUHOM, JIUIIEC Yepe3 PO3YMIHHS CYTi SBHIN 1 TPOIECiB (Di3UKK KUBOTO Ha PI3ZHUX
PIBHSX oOprasizarlii, 3aCBOEHHSI Cy4aCHUX TECOPETHYHHUX 1 CKCIICPUMEHTAIbHUX (PI3HMKO-XIMIYHHUX
METO/IB JOCIIKEHb 01000’ €KTIB MOXJIMBO 3a0€3MEYUTH HABUAHHS CTYJEHTIB OCHOBAM KYpCY
«biodizuka» SK Ba)XJIMBOTO HABUATHHO-METOJUYHOTO KOMILIEKCY AJSl MiJTOTOBKU CTYAEHTIB 3a
cnemianbHicTIO «MennyHa Qizukay.
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IIaxu po3BUTKY MeAU4HOI PisukM B KpaiHax EC Ta nocTpagsasHCbLKOTO
NPOCTOpY
The way of medical physics development in EC and post-Soviet countries

THE MEDICAL PHYSICIST IN THE EURATOM DIRECTIVE

G. Hellstrom

Swedish Radiation Safety Authority

Annotation. The need of protection of the patients in medical exposures has become increasingly
important during the last decades. Medical procedures using ionizing radiation constitute by far the
largest contribution to people by man-made sources. In parallel with the increased use of ionizing
radiation in medicine more and more sophisticated equipment and techniques with potential for
very high unplanned doses to the patient is used. The new possibilities to get the beneficial high
resolution images and well- adjusted treatment in therapy also have the drawbacks to give
possibilities for high, unplanned, radiation doses both to the patients and to the staff. This implies
the important and even growing role of the medical physicist in the work as specialized physicist in
the co-operation on optimization of procedures, dosimetry and quality assurance in medicine.

Background

After the early days with the frivolous use of X-ray techniques and radium therapy where
radiation injuries both on patients and the medical staff were frequent the awareness and knowledge
about radiation protection grew and the injuries and high radiation doses in diagnostic use of
radiation was not seen during decades. It was common to have routine examinations fitted to great
patient groups in diagnostic use of radiation and for X-ray the use of film at least was a guarantee
for not overexpose the patient because the film went black. Radiation protection was more
concerned with the functioning of the X-ray equipment and shielding than of optimizing the
protection of the patients, i.e. fit the dose to the acceptable quality of the image. In nuclear
medicine, both for diagnostics and therapy, standard activity was often used and individual dosage
was not very frequent. In many countries the diagnostic procedures were a task for the medical
doctors and the nurses/radiographers. In radiotherapy the need of the dose planning, balancing the
radiation dose to the target volume versus the surrounding tissue, was more of a cooperation issue
for physicians and physicists. With the development of sophisticated techniques like computerized
tomography, PET, interventional techniques, intensity modulated radiation therapy (IMRT), new
brachytherapy techniques etc. the need for medical physicists both for the medical outcome and
reasons of protection of patient has increased steadily. The potential for really not optimized and
accordingly unnecessary high doses is evident and also a fact observed in many investigations. In
radiotherapy several accidents have shown the need for both strengthened quality control and
follow up. Also workers exposed in medicine constitute a significant percentage of the European
workforce that is occupationally exposed to radiation with great variations between hospitals and
countries. This shows that also the occupational exposures are an important issue for the medical
physicist.

European directives

The first European directive with specific requirements for medical exposures was decided by
the Council in September 1984, “Directive 84/466/EURATOM laying down basic measures for the
radiation protection of persons undergoing medical examinations and treatments”. Already here the
medical physicist is required, here mentioned as a “Qualified expert in radiophysics”. This qualified
expert “shall be available to sophisticated departments of radiotherapy and nuclear medicine”. The
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directive is very short, with only 8 articles on one page, and gives no further recommendation or
requirement on the duties of the qualified expert.

The following directive on medical exposures, Council Directive of 30 June 1997 on health
protection of individuals against the dangers of ionizing radiation in relation to medical exposure,
reflects the development of radiation protection in medicine during these years with much more
detailed requirements on Justification, Optimization, Responsibilities, Procedures, Training,
Equipment and Special practices. The definition of the medical physics expert says that “this is an
expert in radiation physics or radiation technology applied to exposure within the scope of this
Directive whose training and competence to act is recognized by the competent authorities and who,
as appropriate, acts or gives advice on patient dosimetry, on the developments and use of complex
technigues and equipment, on optimization, on quality assurance, including quality control, and on
other matters relating to radiation protection, concerning exposure within the scope of this
Directive”. The important roles of the prescriber and the practitioner are also given specified
definitions and responsibilities. In article 6, with heading Procedures, it is prescribed that a medical
physicist shall be closely involved in radiotherapeutic practices. In standardized therapeutical
nuclear medicine practices and in diagnostic nuclear medicine practices, a medical physics expert
shall be available. For other radiological practices, a medical physics expert shall be involved, as
appropriate, for consultation on optimization including patient dosimetry and quality assurance
including quality control, and also give advice on matters relating to radiation protection concerning
medical exposure, as required.

Now, in 2011, it is time for the second revision of this directive in connection to the revision
of the whole Euratom Basic Safety Standards Directive, BSS. The proposal on BSS now includes
the directive on medical exposures. The requirements on the duties for the medical physicist have
become more specific and also in general the requirements on education and training for all
individuals involved in practices with the use of ionizing radiation have been given more weight in
the proposal. The definition of the Medical physics expert is now slightly changed to: “an
individual having the knowledge, training and experience to act or give advice on matters relating to
radiation physics applied to medical exposure, whose competence to act is recognized by the
competent authorities”. In the general chapter on obligations for the member states it is said in
article 20, about the Medical Physics Expert:

1. Within the healthcare environment, the Medical Physics Expert shall, as appropriate, act or

give specialist advice on matters relating to radiation physics applied to medical exposure.

2. Depending on the medical radiological practice, the Medical Physics Expert shall take

responsibility for dosimetry, including physical measurements related to the evaluation of the

dose delivered to the patient and contribute in particular to the following:

- the optimization of radiation protection of patients and other individuals submitted to

medical exposure, including the establishment and the use of diagnostic reference

levels;

- the definition and performance of quality assurance tests of the medical radiological

equipment;

- the preparation of technical specifications for medical radiological equipment and

installation design;

- the surveillance of the medical radiological installations with regard to radiation

protection;

- the selection of equipment required to perform radiation protection measurements

and give advice on medical radiological equipment;

- the training of practitioners and other staff in relevant aspects of radiation protection.

Where appropriate, the task of the Medical Physics Expert can be carried out by a Medical
Physics Service.

Chapter V on requirements for radiation protection education, training and information the
responsibility for the member states to provide for the education and training for specific groups of
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competences is specified. In article 41 it is required that: Member States shall ensure that an
adequate legislative and administrative framework is established for providing appropriate radiation
protection education, training and information to all individuals whose tasks require specific
competences in radiation protection. In particular, appropriate education, training and retraining
shall be in place to allow the recognition of radiation protection experts, medical physics experts,
occupational health services, and dosimetry services. Training, retraining and information of
relevant individuals shall be repeated at appropriate intervals and documented.

EFOMP

The European federation of Organizations for Medical Physicists, EFOMP, has since thirty
years been working with recommendations and harmonization of national requirements for the
medical physicists. The organization is for the moment leading a project, launched by the European
Commission, in which the expected result would be a guidance on MPE containing appropriate
recommendations on harmonizing education, training and recognition requirements for MPE in
European Union within the existing EU legislative network.

Status of the Medical Physics Expert in Sweden

Sweden has since many years had many medical physicists in the hospitals. This is due to the
development at the Radiumhemmet and Karolinska hospital with prof. Rolf Sievert as the leading
physicist already in 1919 cooperating with leading radiologist and oncologists. In the 1950’s three
universities established courses in radiation physics (later medical radiation physics) for medical
physicist. It was then required that a medical physicist had to be involved for radiotherapy. For
nuclear medicine the decision on involvement of the physicist came 1961. For X- ray departments
the SSI issued regulations 1981on quality control which required the competence of a medical
physicist. Ten years later Sweden had most physicists in the world per capita. Still Sweden required
even more physicists in 2000 when the MED-directive was implemented. The authority demanded
in regulations a medical physicist to be available for a lot more duties than the control of equipment
in X-ray departments. At the same time requirements on certification of the medical physicists was
decided by the authority for health and Social Welfare as demanded in the MED-directive.

EXPERIENCE OF LITHUANIA IN EDUCATION AND TRANING OF MEDICAL
PHYSICISTS

D.Adliene
Kaunas University of Technology, Studenty g. 50, LT-51368 Kaunas, Lithuania

Annotation: Education and training of medical physicists is relative new interdisciplinary field of
education which is leaking or requires serious revisions in many post - Soviet countries in Europe.
This paper presents an example on the establishment of study program and its implementation for
education and training of medical physicists in Lithuania. The way of implementation is described
starting from zero level, since Lithuania never had this kind of medical physicist education in the
past. Achievements, shortness and faced problems during the period of implementation starting
with the establishment of MSc. study program in Medical physics and ending up with post graduate
on-the-job training of medical physicist having MSc diploma and their integration in clinical
environment are discussed. Lessons learned are summarized and recommendations are outlined.

Keywords: medical physics, education, training, study program

1. Introduction
Medical Physics is a branch of applied physics, pursued by medical physicists, which uses
physics principles, methods and techniques in practice and research for the prevention, diagnosis
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and treatment of human diseases with a specific goal of improving human health and well-being.
Medical physics is closely related to different scientific disciplines and combines diverse
knowledge and skills. A rapid development of radiation oncology (RO) physics combined with
challenging opportunities in medical imaging and the need for reliable calibration, proper quality
assurance (QA) programs, radiation protection (RP), personal dosimetry and safety in handling of
radionuclides, opens new perspectives and create new challenges for medical physicists.

Medical physicist expert is a specialist in radiation physics or radiation technology, having
officially recognized qualification. MP works and gives advice in patient’s dosimetry, development
and application of complicated methods and equipment, optimization of radiation protection,
quality assurance and in other fields related to the application of medical irradiation, as it is defined
in the EC Directive 1997/43 EURATOM [1]. MP, working in clinical environment, are health
professionals, with education and specialist training in the concepts and techniques of applying
physics in medicine, competent to practice independently in one or more of the subfields
(specialties) of medical physics.

Adequate education is required for persons being employed as medical physicists: university
degree or equivalent (level corresponding to a master’s degree) in medical physics. This is usually
achieved in two steps:

bachelor’s degree in physics/ medical physics or equivalent degree in a relevant engineering
field;

postgraduate program (MSc level) in medical physics.

The adequacy of a certain educational program must be approved by a responsible national or
international validation/accreditation body. MP carrying clinical responsibilities should have
received additionally 2 years full time on the job training in one of subfields of medical physics
under supervision of certified medical physicist (CMP).

Requirements for medical physicists in general are high however theoretical comparison of
competencies achieved by medical physicists after their studies in different countries is almost
impossible. Many countries have no medical physicist education at all as it is understood according
to the regulations and directives of European Community. A large number of study programs for
medical physicists need dramatic changes and modernization due to the rapid development of new
technologies and new methods. Harmonization of education and training of medical physicists
within at least Europe would be of benefit.

Establishment and implementation of education and training of medical physicists depends on
the legal, educational and social background in the country and requires a lot of efforts from the
parties involved. Despite the fact that each country has its own way, the experience and lessons
learned by other countries could contribute significant to the successful realization of medical
physicists’ education.

2. Education and training of medical physicists in Lithuania

Lithuania has no long lasting traditions in education and training of medical physicists.
Despite the fact that the profession of Medical Physicist was approved by Ministry of Health of
Republic Lithuania in 1992, there was only one person having appropriate university education and
some on-the-job trained professionals in radiology departments in Lithuania at this time. It was
possible to be “medical physicist” without any adequate education and training.

Rapid increase of new modern installations in radiology departments, new patient treatment
and diagnostic methods were challenging for the existing medical physicists staff as deeper specific
knowledge in the field of medical physics was requested. The only possibility to overcome this
problem was to start education and training of medical physicists at the university MSc level,
creating additional possibilities for the education and retraining of the staff employed in the
hospitals as “medical physicists”. Due to this the strategy for the education and training of medical
physicists in Lithuania was elaborated in the frame of National Radiation protection program (2001-
2005) and possible career scheme was prepared taking into account recommendations of EFOMP
(Fig.1) [2, 3].
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Level Actual scheme New scheme EFOMP

1 B.Sc. In physics, engineering or equal, 4 years
Professional work in the M.Sc. in medical Post-graduate
2 hospital or hospital physics, training:
environment KTU, 2 years Theoretical part
MEDICAL PHYSICIST (300-400 hrs)
3 On the job training (min 2 Continuous post- Pra_ctlcal art
years), graduate studies, (min 2 years
theoretical studies and training KMU, 2 years professional work)
courses
Qualification exam as medical
physicist
LICENSED MEDICALPHYSICIST QUALIFIED MEDICAL

PHYSICIST
4 Continuous professional_development, 5 year cycle time, credit point system

MEDICAL PHYSICS EXPERT

Fig. 1. Career scheme for medical physicists in Lithuania

The situation has been improved when modern education and training of medical physicists
was started in 2003 in Lithuania.

MSc. Study program in Medical Physics was developed at the Physics Department of Kaunas
University of Technology collaborating with universities in UK and Sweden and Swedish Radiation
Institute (SSI); implementing the results of TEMPUS S JEP-112402-97 project “Joint Baltic master
courses in Biomedical engineering and Physics”; participating in regional IAEA project RER/6/008
“Building capacity in Medical physics”; collaborating with Kaunas Medical University and
Lithuanian Radiation Protection Centre. This program was approved by Ministry of Education and
Science of Republic Lithuania in 2003.

A content of MSc study program “Medical physics” (KTU) is outlined in the Table 1 (on the
left side).

Table 1. MSc. study programs in Medical Physics

Courses (KTU) ECTS | Courses (VU) ECTS
<L . 6 Safety (mechanical, electrical, chemical, biological, | 6
Radiation protection and safety, radiation)
Radiobiology 3 Radiobiology 4.5
Human anatomy and phy5i0|ogy 6 Basics of human anatomy and physiology 6
Statistics and mathematical | 3 Statistical methods in medicine and mathematical | 4.5
. modeling
modeling
6 lonizing radiation and its interaction with biological | 4.5
Interaction of radiation with matter. tissues
Methods of visualization inl6 Medical_ imaging methoc_is 1, (Diagnostic X-ray, | 10.5
medicine Magnetic Resonance Imaging)
Recognition and analysis of images | 6 Medical imaging methods 2, ( Optical biopsy) 75
Radiation registration methods and | 6 Quality assurance and management in medicine 4.5
detectors
Radiology 6 Nuclear medicine and molecular imaging 4.5
Radiotherapy 6 Radiotherapy. Dosimetry 7.5
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Dosimetry 3 Basics of nanomedicine 45

Appll.ed phySICS of non-ionizing 6 Physics of non-ionizing radiation

radiation

Applied radionuclide physics 3 Applied radionuclide physics 6

Research work, 18 Research work 9

Master‘s thesis 30 Cognitive scientific research practice 45
Final diploma work 255

Optional courses 6 Optional courses 4.5

Total 120 Total 120

* Items marked in gray are delivered in clinical environment

The main goal of this program was and is to educate and train medical physicists for the
health care institutions where ionizing radiation technologies are applied for the diagnostics and
treatment of patients. Besides, medical physicists are additionally trained to work as radiation
protection officers, if necessary.

There are no special requirements for the program entrees: Bachelor’s degree in physics,
engineering or equal is sufficient (Fig.3). However the number of financially supported MP students
according to the regulations of Ministry of Education and Science is limited by 5 (as for 2011).
Other students have the possibility to study on their own expenses. Limitation of study places is
related to a relative small total number (37) of persons holding MSc degree in Medical Physics,
including 4 retrained persons who were working for a long time in radiotherapy departments as

“medical physicists” without adequate education. At the moment this number of graduates is
sufficient enough to be reasonable competitive and to cover the needs of health care institutions in

Lithuania if the profession of MP is understood as related to applications of ionizing radiation for
the diagnostics and treatment of patients [4].
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Fig. 3. Bachelor’s degrees obtained by entrees of the Medical Physics study program

Almost all graduates of this program are employed in the health care system of Lithuania or
are continuing their PhD studies. The dynamics of the employment of Medical Physics program
graduates, which is one of the highest in Lithuania, is presented in Fig. 4.
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Medical physicists operate 10 Linacs, 6 simulators, Co-60 units, 4 HDR/LDR brachytherapy
units, 6 X-ray therapy units, which are spread among 6 oncology hospitals in Lithuania (Institute of
Oncology, Vilnius University; “Santariskés” Clinic (Vilnius); University Hospital of Lithuanian
Health Sciences University; University Hospital of Lithuanian Health Sciences University branch
Oncology Hospital; Klaipéda University; Hospital Siauliai County Hospital) as it is indicated in
Fig. 5.
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It is to point out that due to the successful implementation of education and training of
medical physicists at Kaunas University of Technology the figure concerning the hospital staff
employed as “medical physicist” has been changed. In 2010 the number of professionals having
MSc degree in Medical physics firstly exceeded 50% threshold as compared to all employed
medical physicists in Lithuania and showed growing tendency in 2011 (Fig. 6).
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Fig. 6. Qualification of medical physicist staff employed at the Lithuanian health care institutions

3. Problems & Solutions

Assuming that most of activities related to the establishment and implementation of education
and training of medical physicist in Lithuania were successful, it is important to underline that a lot
of problems were solved in tight collaboration between academia, clinic and medical physicist
society, which is very active in Lithuania [5]. However it was not possible to solve the problems
regarding the accreditation and licensing of Medical physicists in Lithuania until now due to a
passive position of Ministry of Health. And this, in turn, allows different interpretations regarding
the employment requirements (for example, duration of on-the—job training under supervision of
experienced medical physicist) for the new beginners in radiotherapy department.

Another problem is related to the new definition of medical physicist: “Medical physicist is a
specialist in physics or other physical or technological sciences, having officially recognized
qualification in one or several fields of medical physics (radiotherapy, diagnostic radiology, nuclear
medicine, radiation protection) or in one of medical physics fields that are not related to ionizing
radiation. MP is responsible for the safety, calibration, quality control of the equipment, for quality
assurance, development of the new methods and equipment, their implementation and optimization”
[6]. Education and training of students in the activity areas that are not related to ionizing radiation
is quiet different as compared to the usual scheme for education of medical physicists.

Due to the broadening of the area covered under medical physics and the lack of specialists in
the new subfields, a new study program for medical physicists was opened at Vilnius University in
2010. The content of the new Medical Physics program (VU) and the list of competences (Table 1,
right side) were developed considering the benchmarks prepared by IPEM and recognized by
EFOMP [7, 8], in which there is a normal correlation of medical, physics and engineering sciences:
Radiotherapy, Radiation Protection, Diagnostic Radiology, Nuclear Medicine, Medical Imaging,
Ultrasound etc. as well as the essential knowledge of biomedical sciences (Anatomy, Physiology).
With a view to the future, elements relating to the medical application of non-ionizing radiation,
new optical methods, and nanomedicine have been included in this program [9].

The problem of two approaches (ionizing and non-ionizing radiation) in construction of
different study programs for medical physicists in different countries still remains. It could be
resolved through harmonization of education and training of medical physicists at least within the
Europe however united efforts and contribution of each country to harmonization process is
requested.
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1. Short notes on the Medical Physics Education in Bulgaria

Medical Physics is part of the Applied Physics and Biophysics which studies the influence of
the physical factors on the humans and on the other biological organisms. It includes mainly
application of the physical methods and tools in the clinical diagnostics and therapy, health
protection and ecological monitoring. The implementation of more modern equipment in the
hospitals and health protection (hygiene, medical ecology, feeding) requests well trained staff,
obligatory including physicists and engineers. Nowadays the medicine needs strongly pronounced
presence of qualified medical physicists then before.

The introduction of a new subject in the education is a long process depending not only from
the science development in the field, but also from many social, economical and historical factors.
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Bulgaria has been liberated from the Ottoman Empire only in 1878. Ten year later (in 1888) was
founded the first Bulgarian University in Sofia and in 1912 was established the Bulgarian Academy
of Science. In that time the classical physics was almost defined and the world was close to the new
epochal discoveries which have changed the human imagination about the physical reality. The
thirst for knowledge of the liberated Bulgarian people led to a fast penetration of the west culture,
science achievement and technological development.

Education in physics was part of the education in medicine since the establishment of the
Faculty of Medicine at Sofia University in 1918, but the Department of Physics in this faculty was
created much later —in 1946 [1].

Bulgarian physicists are proud from the fact that, independently of the historical and social
circumstance, they succeed to follow the newest scientific tendency and only in 1921 Sahatchiev [2]
has published the first Bulgarian paper on X-ray radiation studies.

In 1948-1953 Victor Vranski has established the first Department of Physics at the Medical
Faculty of the University of Plovdiv [3]. He gave the first lectures in dosimetry in the medical
radiology for the post-graduated course of medical doctors. Vranski is also the author of the first
book in this filed: “Basics of the X-ray Dosimetry”.

Laboratories of dosimetry and radiation protection have been created in the middle of the past
century at several division of oncology in many hospitals in Bulgaria (mainly in Sofia, Plovdiv,
Stara Zagora and Shumen). The leading of them were placed in the National Oncology Center and
in the University Hospital "Tsaritsa Yoanna” — ISUL. The medical physicists were working in the
three main radiological directions: diagnostics, therapy and protection. Approximately 50 years
after the implementation of the Medical Physics in the practice, there were post-graduate courses
only for medical doctors. The courses included mainly lectures and laboratory exercises in lonizing
Particles Physics, Radiation Protection and Dosimetry as well practical work in the hospitals.

In that time, a National Center for Radiobiology and Radiation protection (1960) and a
National Secondary Standard Dosimetry Laboratory for ionizing radiation (1975) have been
established.

Education in Medical Physics as specialization in the academic Bachelor and Master degrees
was initiated as a result of the request for harmonization of the Bulgarian legislation with the
European one [4-7]. Medical physicists should take participation during any radiological procedure
on humans. The lack of specialists in Medical Physics led to the employment of physicists,
graduated as bachelors. For this reason in Bulgaria initially was established the Master degree in
Medical Physics.

The first Master’s degree classes in Medical Physics were initiated in 1990 at the University
of Shumen (Medical Physics and Radioecology) and in 1997 at the University of Plovdiv (Medical
Radiation Physics and Technique). In the University of Sofia firstly was established the Bachelor’s
degree program (in 1995) and then, in 2000 started the Master’s degree program. The Bachelor’s
degree studies in the University of Plovdiv started later — in 20009.

Bellow the authors will concentrate mainly on the Medical Physics Education in Plovdiv. The
introduction of this matter in the university was stimulated by the fast development of the methods
of medical imaging, the modernization of the medical instruments and devices, the enhanced
requirement for ecological control and the urgent need of qualified medical physicists. This process
was accelerated by the international mobility of scientist and specialists and the European
Commission requirement for harmonization of the legislation [5-7].

2. Medical Physics Education of Bachelors in Plovdiv

The Bachelor’s degree education in Medical physics in Plovdiv was established after the
Master’s degree education. This was the logic suggested from the local circumstance and mainly
from the urgent need of specialists and the lack of Bachelors in this field, which education needs
longer time. During the Bachelor study the students obtain basic knowledge in different field of
medical application of the physical methods, what is an essential fundament of the Master degree
study.
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The Bachelor program in the University of Plovdiv is a 4 years study divided in 8 semesters.
The curriculum is oriented mainly toward radiation medical physics and the program is part of the
education in engineering physics. It includes 2940 hours of teaching (lectures, laboratory exercises,
solving physical problems and practice). The studied subjects are divided in 5 groups: courses in
physics, mathematical disciplines, generally educative courses, specialized and optional courses.
During their studies the students perform visits and practical work at the hospitals or research
centers.

The obligatory disciplines ensure fundamental knowledge in the certain scientific or applied
field. The optional disciplines give specific knowledge and competences.

The courses in Physics take 1035 hours. They are the general courses of experimental and
theoretical physics usually offered by every faculty of physics: Mechanics, Molecular Physics,
Electricity and Magnetism, Optics, Electrodynamics, Electro Techniques, Atomic Physics,
Quantum Mechanics, Basics of Electronics | and 11, Nuclear Physics. The experimental disciplines
consist of lectures, exercises in solving physical problems and laboratory exercises. The number of
the lectures and the exercises is presented in [8] (the same for the other groups of disciplines).

The mathematical and informatics disciplines take 420 hours and include: Linear Algebra and
Analytical Geometry, Mathematical Analysis | and Il, Basics of Computer Hardware, Information
Technologies, Mathematical Methods in Physics, Probability and Statistics.

The specialized courses take 707 hours and include: General and Theoretical Biology,
Biophysics, General Chemistry, Lasers in Medicine, Human Anatomy and Physiology, Nuclear
Physics in Medicine, Dosimetry and Radiobiology, Design of Experiments, Physical Methods in
Diagnostics and Therapy.

The optional courses take 600 hours and include: Ultrasound Methods in Medicine,
Bioinformatics, Psychology, Non-ionizing Radiation in Medicine, Biophotonics, X-ray Imaging,
Radioactive Tracers, Radiobiology, Nanotechnologies in Medicine, Ethics and Regulations in
Medicine, Interactions of Laser Radiation with Matter, Health Management, Radiotherapy, Ecology
and Radioecology. The generally educative courses take 180 hours and include foreign languages
and philosophy.

The students can choice the requested number of optional disciplines as well as they can elect
courses, given for the other specializations in the faculty of physics or in another faculty of the
university. This gives them the opportunity to extend their education and complete their knowledge
depending of their interests.

The Bachelor degree in Medical Physics is complete after passing all exams and the
graduations is finished by a state examination, which covers all aspects of the studied matter, or by
defending a research project.

3. Medical Physics Education of Masters in Plovdiv

The establishment of the first MSc program in Plovdiv has been organized in the frames of
the EC project TEMPUS S-JEP 09826 EC, and supported by the Bulgarian Parliament, the EFOMP
and the EC program PHARE. It was coordinated by the world leading in Medical Physics
Education King’s College London (UK). The other partners were the University of Florence (I) and
the University of Dublin (IR). The Bulgarian partners were the three best universities in Plovdiv:
the University of Plovdiv, the Medical University, the University Hospital and the Technical
University. Some specialists from the Bulgarian Academy of Science and the University of Sofia
got participation in the education process too. This large cooperation was very fruitful. Medical
Physics Education as an interdisciplinary matter needs specialist of different fields (physicists,
medical doctors, engineers, technician etc.) which are not available in one only high institution. On
the other side, this kind of specialized education request very expensive equipment for the
laboratory exercises and practice in real working conditions.

For the purpose of the project an Inter-University Center for Education in Medical Radiation
Physics has been created [9-11]. It was financially supported by the program FHARE.

During the first 5 years the teaching in MSs Course in Medical Physics was performing only
in English. The participants have edited 20 books in English which cover all education modules. All
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Bulgarian lectures have performed fellowships abroad to shear experiences with their international
colleagues. The teaching materials have been disseminated in many European, Asiatic an African
countries. Some of them have adopted also the teaching program. Between them are Latvia,
Lithuania, Estonia, Malaysia, Sudan and others. Recently our experience was adopted also in the
University of the West Indies, Jamaica (one of us, Milieva, has participated in this process). Many
of the graduated Master students are working now as in Bulgaria, so abroad.

It merit to underline, that the MSc Course established in Plovdiv during this large and fruitful
international collaboration, is the first course in Medical Physics, which got accreditation out of the
United Kingdom.

In 1999 the MSc course got 5 years accreditation from the Institute of Physics and
Engineering in Medicine (IPEM), UK. It was also approved from EFOMP. After the end of the
project, the course saved its structure, the teaching program and its interuniversity character. Now it
is included in the academic MSc program of the Department of Atomic Physics of the University of
Plovdiv.

Actually, the MSc program in Medical physics performs in 3 semesters. It includes 13
modules, divided in 6 core modules and 7 specialized [8]. The core modules provide a general
background on medical sciences: Basis of Human Anatomy and Physiology; Basic of Atomic and
Nuclear Physics, Radiation Measurements; Radiobiology; Radiation Protection; Signal and Image
Processing.

The specialised modules are: Physics and Equipment of the Diagnostic Radiology;
Radiotherapy; Nuclear Medicine; Medical Imaging with Non-ionising Radiations (ultrasound,
magnetic resonance imaging, lasers); Medical Informatics. There are some optional modules too.
The lecture program is supplemented with practical sessions and modernized by the use of
multimedia and computer simulations [11].

To enhance the level of theoretical and practical education of the students in the Master’s
degree and to open more possibilities for them to find a good job, the project reports are usually
related to the clinical practice and the student participate in solving a specific real problem of
diagnostics or therapy. Here we report the titles of some diploma works which have been defended
recently: “Comparison between electron beam characteristics in radiotherapy with standard
applicator and digital electron variable applicator”; “Studying of the relative biological
effectiveness of a proton beam with energy of 150 MeV* (performed in JINR Dubna, Russia); “The
use of the lasers in the medical treatment of skin problems”; “Development of an electronic
interface module for warless transmission of data for the physiological state of the human”;
“Studying of the radioactivity of the drinking water”; “Development of a project for radiation
protection of a X-ray laboratory”; “Computer Processing of Microscope Images in Detection of
Antinuclear Antibodies” and many others.

4. Summary - Education in Medical Physics in Bulgaria — Problems and Perspectives

Medical Physics Education in Bulgaria was introduced due to the rising needs of specialists in
this field. It is a long-term process, which needs regular update of the teaching programs,
introduction of new courses corresponding to the fast development of the medical equipment and
need of adequate physical methods. As a relatively new educational field, it requests continuous
theoretical and practical qualification of the involved staff. To train good practical skills of the
personnel and of the students, the access to modern hospital equipment is important. The
interdisciplinary character of the education needs participation of different kind of institutions and
specialists. The work of the qualified medical physicist is directly related to the human health and it
IS subject of strict recommendation and rigorous regulations of European Commission [5-7, 12].
The aim of all this factors is to ensure the quality of the specialists, working as qualified medical
physics.

The Bulgarian Education has been always keeping a good European level. Bulgaria is
between the first European countries where the Medical Physics Education has been introduced.
This process was supported from leading European institutions (EFOMP, King’s College, London;
University of Florence, University of Dublin). The teaching programs have been harmonized with
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the EURATOM Directive 96/23 and Directive 97/43 [5, 6]. The Bologna System of education has
been adopted. The MSc Course is covered by appropriate books, especially written for this purpose.

The interest of the students toward Medical Physics is increasing. For example, in 2009 in the
Bachelor’s Course of the University of Plovdiv there were 20 students, in 2010 their number
increased to 25. It is expected that most part of them will continue their study in the MSc program
and some students from other specializations (physics, engineering physics, engineers from the
Technical University) will also join this course.

The students, graduated in Medical Physics got easily a job in the governmental institutions or
in the private companies. Usually they are employed at the hospitals, at the Labor Medicine
institutions, at the Regional Inspectorates for Control and Health Protection, for the quality control
of materials, for the food quality control, for the companies performing import/export of medical
equipment etc.

However, some problems, which should not be neglected, exist. Despite of the rising interests
toward the Medical Physics, main part of the best students continue their study abroad and very
often they apply for a job there.

A very serious problem is the miss of the appropriate laboratory equipment. Most of the
laboratory devices are very old (more then 40 - 50 years). They are neither actual, neither attractive
for the students. Recently some new modern equipment for Nuclear Physics student laboratory has
been offered by the IAEA to the University of Plovdiv.

Even many hospitals (state and private) are appropriating most and most modern equipment,
the student practices there is quite expensive. These expenses are not covered from the government
and are not included in the student fees. This limits the practices in the hospitals, which very often
is offered gratis.

Medical Physics Education needs specialist in different fields, most of them competent in a
very narrow scientific area. All they are not available in one institution (actually at the University of
Plovdiv), even in the same city. This makes the organization of the education more complicated and
requests additional payment of the lectures. This is not always in the financial possibilities of
university, which has limited governmental financial support.

The next, also very serious problem is the old average age of the staff, involved in the
educational process. It’s a common problem for all academic institutions in Bulgaria.

What is the future of the Medical Physics Education in Bulgaria? The need of qualified
medical physicist increases. The government is in charge to ensure such specialists in any working
place where this is requested from the legislation. As said before, this kind of education is very
special and also very expensive. The universities must ask the government to provide adequate
funding. It is expected that the end-users also will be interested in supporting the education. They
can explore many different options: offering equipment for student’s practice; offering stipends and
working places; suggesting their needs of educational subjects etc.

The universities are responsible to contact the politicians and the end users. Their duty is to
improve continuously the teaching process, to stimulate the best student and to involve young
people in research and education.

The universities must explore more possibilities for international collaboration via projects,
exchange of lectures and students, expert visits etc.
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COCTOSHHUE U IIEPCIHHIEKTHUBbI PA3BUTHUS
MEIUIUHCKOU ®U3UKHU B POCCUHN

A.Il. YepHusie, A.B. besaoycos, C.M. Bap3aps, T.B. I'opauenko, A.C. Ocnunon

MI'Y umenu M.B. Jlomonocosa, Poccus

AnHoTanus. Jlaercs kpaTkuil aHanu3 coctosiHus B Poccum mpoOiemM M MEepCreKTHB pa3BUTUA
MeIUIUHCKONH (u3uKu. OOCYXIaroTCsl BO3MOXKHOCTH pPa3pabdOTKU M CO3JIaHHMsl OTE€YeCTBEHHOMH
BBICOKO TEXHOJIOTUYHOM sAJepHO-(QU3NYECKON ammaparypbl A MeauuuHbl. OCBEIAeTcs] OMbIT
MOJTrOTOBKH CHEMAIMCTOB JUIl MEIUIUHCKON (DU3UKHU B cTpaHe U B MOCKOBCKOM YHUBEPCHUTETE.

KuoueBble cioBa: meauimHckas Gu3nka, SAepHO-(OU3NIECKUE TEXHOJIOTHH NI METUITUHBI

MupoBoii OMBIT MOKa3bIBAET, YTO MPUMEHEHUE B MEIUIIMHE JOCTIKEHUN sepHON (DU3HKH,
AIEPHBIX M JPYrUX HAYKOEMKHUX TEXHOJOTMH M METOJO0B CIOCOOCTBYET CO3/IaHUI0 HOBBIX
3¢ (HEeKTUBHBIX WHCTPYMEHTOB CHUKEHHSI CMEPTHOCTH HaceneHus. DyHIaMeHTanbHbIe 3HAHUSA 00
MOHU3HPYIONTUX M3JIYYCHHUSIX, 3aKOHAX WX B3aWMOJCHCTBHUS C BEIIECTBOM W JICHCTBUS Ha JKUBBIC
OpPTaHU3MBI MPUBEIH K CO3/IaHUI0 HOBBIX TE€XHOJOTHH JUAarHOCTUKU U Tepanuu 3aboyieBaHUl, Oe3
KOTOPBIX COBpPEMEHHas MeAMuIMHAa Hembicauma. OcoOeHHO 3aMeTHa poJib SAEPHO-PU3NYECKUX
TEXHOJIOTHI B 00JIACTH OHKOJIOTHH.

B 2009 rogy B P® craproBana HannoHnanpHas OHKOJOTMYECKas IporpaMmma, KOTopas
paccuntana 10 2015 roga u B yncie Apyrux 3a4ad BKIIOYAET MOBBIIICHUE YPOBHS OCHAIIEHHOCTH
KJIIMHUK BBICOKOTEXHOJIOTHYHBIMA CPEACTBAMHU IS SIACPHOW MEIWIIMHBI M JIY4EBOM Teparuw,
OTBEYAIOUIUMU COBPEMEHHBIM CTaHAApTaM.

[lo mammm panaeiM B 2010 romy B crpane paboramu mnpumepHo 100 yckoputeneit
ANEKTPOHOB, 270 UCTOUYHUKOB Y-u3nydeHus: Co60, 93 — myisi KOHTAKTHOM JIy4eBOM Tepamuu, OKOJIO
450 — xoMmmbBIOTepHBIX TOMOTrpadoB m okojo 200 ramma-kamep, 2 ramMma- U 1 KuOep— HOX,
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JIecTBOBaNM 3 1LIEHTpa aJpOHHOMN Tepanuu, 4 - HEUTPOHHOM, U 5 — paIMOHYKINJIHONU TUArHOCTUKH,
7 nentpoB [I9T tomorpaduu. [To kaxxmomy U3 3TUX MokazaTene Poccus orcraer ot mokasarenei
pa3BuThix cTpan. Hampumep, B CIIIA neicTByeT OJWH MEIUIMHCKUI yckopuTesib Ha 80 ThIC.
s)kutene, B EBporie - Ha 100 ThIC. yenoBek. B Poccun oauu yckoputens npuxoaurcs Ha 1.5 MiH.
xuteneid. B Mupe nydeByto tepanuio npoxoaut 70% OHKOIOTHYECKUX OOJBHBIX, B TOM uucie 25%
- Ha MYYKaxX TsDKEJNbIX 3apsuKeHHbIX yactuuaM. B Poccun myudeByro Tepanuto npoxoasdt auib 30%
OOJIbHBIX, PUYEM B OOJIBIIMHCTBE CIy4aeB Ha K0OANbTOBBIX UCTOYHUKaX. B EBporie cooTHoIIeHNE
YCKOPUTEIIeH U KOOAThTOBBIX HCTOYHUKOB — 2:1, a B Poccun 1:3.

BrinonHEeHHBIE OLEHKH TOKA3bIBAOT, 4YTO JJIs JIOCTIDKEHHUS IIOKa3areiei, ONU3KHX K
eBporeiickum, B Poccunm HE0OXO0IMMO 4YHCIO yCKopuTened »diekTpoHoB oxosno 1400, 30
YCKOpHUTENIeH JUIsi MPOTOHHOM IydyeBOM Tepamuu (s mpuMepa B ['epMaHMM TakuX LEHTPOB
ctpoutcst 20). B nuarnoctuueckoM 000pyIOBaHUM MOTPEOHOCTU COCTABIIAIOT: TaMMa — Kamep —
300, KT — 140, II9T — 100, MPT -1400.

AKTyanbHOU sIBisieTcs M TpoOsieMa MOATOTOBKH KaJpoB, KOTOpbIe CMOTYT padoTarh Ha
HoCTaBIsIeMOM 000pyaoBaHUH. [IpuueM MepBOCTENIEHHOE, MOXKHO CKa3aTbh, KIIIOUEBOE 3HAYCHHE
UMEET MOATOTOBKA KIMHUYECKUX PAaTUAIlMOHHBIX (PU3MUKOB Ui PaUOTEPANeBTHUECKUX IIEHTPOB B
OHKOJIOTHYECKUX KJIMHHUKAX. be3 HUX Bpay He B COCTOSHHM 00€CIIeUnTh TPeOOBAaHUS TOYHOCTH TIPH
MOJIBEICHUU JIe4eOHOM J03bl pauali K OMYyXOJIH C MHHHMMAJIbHBIM MOPAKEHHEM COCETHUX
3/10pOBBIX TKaHEH, rapaHTHIO KauecTBa U 0€3011aCHOCTD JIy4EeBOTO JICUEHHUS.

Ceronus B 140 ormeneHusix Jy4eBOM TepamuM OHKOJOTHYECKHX KIMHUK Poccum mmeercs
ToJIbko 250 MTaTHBIX COTPYTHUKOB, HCIOJHSIOMUX OOS3aHHOCTH MEAWIIMHCKUX (PU3UKOB, W3
KOTOPBIX MEHEeEe IIOJIOBUHBI MOXHO CUUTaTh KBaNU(UIIMPOBAHHBIMH. BOIBLIIMHCTBO K€ STHX
COTPYAHHUKOB, HE MMES ISl TOTO HU JOCTATOYHOW KBAIM(PUKALNUMU, HU KIMHUYECKOTO OMNBITA, HU
HEOOXOJUMBIX COBPEMEHHBIX ammapaTHhIX cpeAcTtB. [lo eBpomeiickuM MoOKa3zarensiM, Ha
MMEIOIIEECs CEroJHs B HAIIMX OHKOJIOTMYECKHX KJIMHUKAX OO0OpYyIOBaHHE U KOJUYECTBO
OCYIIECTBIISIEMBIX Jy4eBbIX Mpouenyp Heo0xoaumol500 kBanubuUIUMPOBAHHBIX MEIUIIMHCKUX
¢u3uKoB, T.€. B 6 pa3 OombIie.

C navyasiom HanmoHasibHOWM OHKOJIOTMUECKOM IPOrpamMMbl MOSIBUIIACh HA/IEK/IA, UTO B CTpaHe
Oyner HaiijeH BbIxoA u3 Kpusuca. CrnocoOCTBOBATH ITOMY OyJET COXPaHSIOLIUICS BBICOKUI
YPOBEHb PA3BUTHUSI aTOMHOW W SIIGPHOM HAyKW U MPOMBIIIJIEHHOCTH. B Haiel cTpaHe aKTHBHO
BeJyTCs pabOThl MO CO3AAHMIO BBICOKO TEXHOJIOTMYHOM sIepHO-(DHU3MUECKON ammaparypbl s
meaunabl. B UTO® pa3zpaboTaH mpoOeKT NEPBOTO POCCHMCKOTO MEAMIIMHCKOTO IIeHTpa
IPOTOHHOM JyyeBoi Tepanuu. [lonyden meaunuHckuil mydok yriepoga B UOBD (IlporBunHo) B
pamkax paboT mo co3mgaHui0 TepBoro B Poccuu meHTpa JydeBOM Tepanmuu Ha MydKe HOHOB
coBMectHO ¢ MPHI] (OOHMHCK). AHaJIOTUYHBIE WCCIEAOBAHHUS BO3MOXKHOCTEH MOJIYYCHHS U
UCTIONIb30BaHUs My4KoB siiep yraepoaa C12 B Mmeaunuackux nemnsx Beayrces B UTO®D (Mocksa) u
OUAU (dy6na). B CankTt — [letepOypre co3mpan u paboTaeT nepBblil POCCUMCKUN MPOMBIIITICHHBIHA
[13T — tomorpad. B MockoBckoM yHUBepcHUTETe pa3paboTaH KOMIIAKTHBIN pa3pe3HOd MHUKPOTPOH
JUIsL MHTPAONEepallMOHHON Jy4eBOM Tepamuu, 3alyCcKaeTcsl MPOEKT, HalpaBiICHHbIM Ha CO3/laHUE
HOBOTO TIOKOJIEHUSI YCTAaHOBOK THIA «KHOEp — HOX» C BapbUPYEMOU dHEPTUeil MydKa AJIEKTPOHOB,
Ipe/yioKeHa YCTaHOBKa, CIOCOOHAs TE€HEPUPOBATh MOHOXPOMAaTHYECKOE PEHTI€HOBCKOE
u3nydenue ¢ sHepruit 10 50 x3B. Takas ycTaHOBKa MOET CTaTh OCHOBOMW JUIsi KOMIIBIOTEPHBIX
ToMoTrpadoB MPUHIIUITAATEHO HOBOTO YPOBHSI.

Hamerunuch M3MEHEHHs M YacCTH MOATOTOBKH CIEIUAIMCTOB JJISl MEIUIIUHCKON (PU3MKU B
By3ax. CeromHs B yHuBepcuterax Poccum umcnmres okono 30 kademp MeTUIMHCKON (HDU3HKH.
Jlupepamu HOBOTO OOpa3zoBarenbHOro HampasieHus BbicTynatoT HUAY MUDU u dusznueckuit
dakyapTeT MOCKOBCKOTO YHHBEPCHUTETA, TJ€ CTYACHTHI IMOIY4YaloT 3HAHUA MO MEIUIIMHCKOMN
¢u3uku ¢ 1990-b1X roJ10B.

CrnernuanpHas OATOTOBKa CTyAeHTOB MI'Y ocymecTBisercs Ha AByX Kadeapax: kademape
MeAUIMHCKON Gu3uku u Kadeape u3nku yCKopuTeneil u paarannoHHoi Meauiuasl. Ha kadenpe
bU3UKN yCKOpUTENEH M pagualiiOHHON MEIUIIMHBI OHA HAaYWHAETCS B CEPEIMHE TPEThEro Kypca U
npojobkaeTcs 3 roja B TedeHHe 6 ceMecTpoB. B TedeHue MEpBBIX MSITH M3 HUX CTYISHTHI
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OCBaMBAIOT TEOPETUUECKUN MaTepuas, 3aHMMAlOTCA B CIECHMAIBHOM MPAKTUKYME U BBIMIOJIHSIOT
HAyYHO-HCCIIEIOBATENbCKYIO0 paboTy, a B 3aKIIOUUTEILHOM CEMECTPE MOJHOCTHIO COCPEAOTOUEHBI
HA HANMCAHWM TUTUIOMHOW pa0oThl. OTIMYHUTEIHHON YepTO y4eOHOTO TuTaHa Kadeapsl SBISETCS
JeTHss yueOHas MpakTUKa Mo MeaunuHckon ¢usuke. [IpakTuka npoBoauTcs B Teuenue 14 nueit B
JlyoHe Ha 0a3e OOBEIMHEHHOIO0 MHCTUTYTA SACPHBIX HccienoBanuii u ¢uianana HUUSAD MI'Y.
[Inan npakTUKU COCTaBIIEH TaKUM 00pa3oM, 4TOOBI 32 BpeMs €€ MPOXOXKIACHHS CTYACHTHI MOTYYHIN
0a30BBIC 3HAHUS 110 MEIULIMHCKON (PM3HUKE U OBLTU TOJTOTOBJICHBI K U3YUEHHUIO Ha CTapIINX Kypcax
0oJiee CIOXKHBIX TUCHUILIUNH. Takxke B X0/€ MPAaKTUKU Y CTYJACHTOB €CTh YHUKAIbHAs BO3MOYKHOCTb
MOCETUTh HAay4YHBIC JIA0OPATOPUH, PEAKTOp, IMKIOTPOH, CHHXPO(DA30TpOH M BCE JApyrue
yckoputenu, padortaromue B JlyoHe. [lo utoram cTyneHTHl cHAlOT 3a4eT B BHJIC BBIMOJTHEHUS
KypcoBoil pabotel. JlumiomHble paboOThl CTyAeHTH Kadenpsl BeimonHsior B MIY u
HCCIIEIOBATENbCKUX IeHTpaX MockBbl U MoCKOBCKOW oOnacTu: ¢usnueckuii dakynpter MI'Y,
HUUAD MTI'Y, ©OM MI'Y, UTDD, MHUOU um. I1.A.I'epuena, POHL] um. H.H.biioxuna, MMA
um.CeuenoBa, OMSAU, UDBD ([Iporsuno), 'HI «MucTuTYyT 6H0dH3uKu», PHIIPP u apyrux.

['maBHOE, Y4TO B MOCJIEIHUE TOJbI HAIMYUE B CTPAHE YHUKAIBHBIX COOCTBEHHBIX TEXHOJIOTHI
U pa3pabOTOK, HEOOXOJUMOCTH IEJIEBOT0 MOIX0/1a K MOATOTOBKE METUIIMHCKUX (PU3UKOB MOHSIIN U
Ha YPOBHE PYKOBOJCTBA CTpPaHbl, ¥ Ha YPOBHE MHOTHX MECTHBIX aJIMUHHCTpaunuii. Mbl umeeM
BIIOJIHE JIOCTATOYHBIN HAYYHBIA M TEXHOJOTMYECKUN MOTEHIIMAN, YTOOBI BBIUTH HA HOBYIO CTYIIEHb
pa3BUTHA.

1. Kocmuvines B.A. Hapxesuu B.A. Memuumnckas ¢usuka. M3marensctBo «Menummaay.
Mocksa, 2008.

2. CtaTyc W MEpCHEKTUBbI Pa3BUTHS SACPHOW MCIMIIMHBI M JIY4eBO# Tepanuu B Poccuu Ha
¢dbone MupoBbIX TeHAeHIMH. OOmecTBeHHas nmanara Poccutickoii penepanuu. Mocksa. 2008.

3. Uepnses A.Il, benoycoe A.B., Bapszapo C.M. ITloarotroBka CIELHAINUCTOB IS
MEIUIIMHCKOW (u3ukn Ha Kadenpe QU3NKU YCKOPUTEICH BBICOKMX DJHEPIrHH MOCKOBCKOI'O
yauBepcurera. Marepuansl [1I EBpasuiickoro koHrpecca 1mo MEIUIIMHCKON (hU3MKe U MHKCHEPHH,
Mocksa, 2010, T.2, ¢.176-179

OIIBIT CO3JAHUSA BBICOKOTEXHOJIOTHYECKOT'O MEJUIIMHCKOI'O HEHTPA

H.IO. CunkeHnko

Lenmp onxonoeuu u paouoxupypeuu « Kubep Knunuxa Cnudicenxkoy

AnHoTanus. B crathe, B AMCKYCCHOHHOU (opMe, H3I0KEHBI KIIOUEBBIC ACIEKTHI CO3/IaHUS
BBICOKOTEXHOJIOTHYHOTO MEIUIIMHCKOTO IIEHTpa B YCIOBUSAX pehOpMUPOBAHHUS MEIUIMHBI B
VYkpaune. ABTOp, Ha OCHOBaHHMH ombITa padoThl «Kubep Knunuku CrnmxeHko», GopMyaupyer
HE0OXO0UMBbIEC TPEOOBAHUS JIJIs1 YCIIEITHON peaTn3alui MpOeKTa.

AHoTamia. VY crarTi, B JUCKYCiMHIN Qopmi, BHKIAIeHI KIIOYOBI AaCHEeKTH CTBOPEHHS
BHCOKOTEXHOJIOTIYHOTO METUYHOTO IIEHTPY B YMOBaxX pedopMyBaHHS MEAUIIMHU B YKpaiHi. ABTOp,
Marouu 3a miarpyHTsa aoceig podotu «Kibep Kniniku CrikeHkay, GopMyiroe HEOOX1THI BUMOTH
JUIS YCHIIIHOT peatizailii IpoeKTy.

Annotation. The article in discussion form outlines the key aspects of the creation of highly
technological medical centre under the conditions of medicine reforms in Ukraine. The author,
having based on the work experience of “Cyber Clinic of Spizhenko”, formulates the necessary
demands for the successful project realization.

Kawuesblie ciioBa: KnubepHox, HHHOBaIIMOHHBIE TEXHOJIOTHUH, PATHOXUPYPTHSL.
Kurouosi cioBa: KibepHix, iHHOBaIiiiHI TeXHOJOT11, pafioXipypris.
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3a 20 netr pedopMUpOBaHUS YKPAUHCKOW SKOHOMHUKH M MEPeXoj/ia €€ Ha PHIHOYHYIO OCHOBY,
CEKTOD 37APaBOOXPAHEHHUS OCTAJICS, KaKk Obl BHE 3TOTO Ipoliecca. B mepByto ouepesab, 3TO CBA3AHO C
YKOPEHUBLICHCS y HACEIEHUsS JOTMOM O TOM, YTO MEAMIIMHCKAS IOMOIIb JOJI)KHA OKa3bIBATHCS HA
«06e3orutatHoi» ocHoBe. DTOT MU 3adukcupoBad U B OCHOBHOM 3aKOHE roCyapcTBa Y KpauHbI —
Kouctutyuu, TBOpIBI KOTOPOil ObUIM SIBHO HE CHJIbBHBI B 3KOHOMHKE. JI0oOoMy rpaMOoTHOMY
YeJI0BEKY MOHATHO, YTO HUKOT/1a He ObIIO U He OyneT «OecriaTHoi» MenuiuHbl. Bee, B ToM yncie
U MeIuIMHA, UMeeT IeHy. EcTh TOJbKO pa3Hble UCTOYHUKUA M IMYTHU OIJIaThl — OIOJKETHBIC
CpelncTBa, 4YacTHBIE JEHBIM, CTPAaxXOBaHMWE, — HO 3a BCE HANO IUIATUTh. B wHrOore, mo BHHE
3aKOHOTBOPIIEB MPOU30IILIA TTOAMEeHa MOHATHI. TepMuHOM «OecruiaTHas» MeIUIMHA IPOJOJIKAIOT
Ha3bIBaTh MEIULIMHY, «OTUIAYEHHYIO U3 00IIECTBeHHbIX (HoHI0B oTpedieHus». COOTBETCTBEHHO —
«4aCTHOW» — MEIUIMHY, OIUIAYMBAEMYI0 MAI[MEHTOM: JTUOO HaAmpsIMyIo, JHOO 4epe3 CTPaxoBYIO
Komnanuto. M BOT 3/1€Ch-TO, UNHOBHUKM OT MEAMLIMHBI, BCEMH CHJIAMHU CTPEMSTCS, C OJHOMN
CTOPOHBI TPEJOTBPATUTh <«IIEPETEKAHME» CPEICTB U3 OOILIECTBEHHBIX (OHIOB B YaCTHYIO
MEIMIMHY, a C Jpyrol — TpUBJIEYb CPEIACTBA IALMEHTOB M CTPAaxOBBIX KOMIIAHUH K
(buHAHCHUPOBAHUIO TOCYJAPCTBEHHOTO CEKTOPA MEIUILIUHBL.

OTO MpHBENO K 3aTSHKHOMY KOH(JIHMKTY, KOTZIa TOCYapCTBO YK€ HE MOXKET, HE TO YTOOBI
pa3BUBaTh, OHO HE MOXET YK€ IPOCTO COJEPKaTh «OECIUIATHYIO» MEAMUIMHY, a YaCTHUKH,
W3HEMOTras I0J THETOM 3aKOHOB M IIOJI3AKOHHBIX AaKTOB, SIBHO K HHMM JMCKPUMMHALMOHHBIM,
TEPSIFOT MOTUBALIMIO JUISI BHEPEHUS BHICOKOTEXHOJIOTHYHBIX CIIOCOOOB TUATHOCTHKU M JICUCHHUS.

B obmerocynapctBeHHOM Macimitabe 3TO YCIOXKHEHO, B INEPBYIO OuYepeb, MHEPTHOCTHIO
BJIACTHBIX CTPYKTyp. [lapajgokc cocToMT B TOM, YTO BIIAcTH, BpeMs OT BPEMEHHU, Kak ObI
MHULUUPYIOT JKETaHUE BHEAPUTh HOBBIE TEXHOJOTrMU. OJJHAKO HUKAKUX KOHKPETHBIX MEp 3a ATUM
HE CTOMT, a BCS JESATENbHOCTh YMHOBHUKOB OCTaeTCsl B 00JaCTH WHHOBALIMOHHBIX MEUYTaHHM, Ha
YPOBHE JIO3YHI'OB, JACKJIApallMi M «IWIOTHBIX» IPOEKTOB, KOTOPBIE YCIEUIHO YMHPAIOT IIPH
O4epeHON CMEHE PYKOBOACTBA MEAULIMHCKON OTPACIIH.

Eme oanMH HeMalOBa)XHbII W HEUCKOPEHUMBIA IMOPOK TOCYIAPCTBEHHOW MEIUUUHBI —
cKkynHoe (puHaHCcHpoBaHue. Jlaxke B TeX CUTyallMsX, KOT/Ia MOHATEH YETKHH aJropuTM JAeHCTBHM,
KJIIOYEBOE 3HAYEHHWE JUIsl YCHEIIHOM pealn3allMi MpOeKTa UMEeT 00beM M CBOEBPEMEHHOCTh
JIeHeXHbIX BioxeHud. Jlrobas pedopma, mo60i MHHOBALIMOHHBIN NMPOEKT MMEET LIEHY BOINpoca,
[OTOMY 4YTO HEOOXOJMMO IOMEIIEHUE, MPHUOOPETEeHnEe HOBOrO 00OpPYAOBaHUs, TOPOrOCTOSILIErO
pacxoJHOro MaTepuasia, a Takke oOydeHue mnepcoHana. [loHATHO, dYTo OOJKETHOE
(¢uHaHCHUpOBaHNE MEAMIIMHCKON OTpacia Ha ypoBHE 3,2 % ot ckyaHoro BBII Vkpauns He MmoxeT
o0ecreynTh He TO YTOOBI BHEJIPEHUE HOBBIX TEXHOJOTHM, TaKOro (pMHAHCUPOBAHUS HEJOCTATOYHO
Jaxe JUIsl TOJJEpX aHUs >KU3HECIIOCOOHOCTH TOW CHUCTEMBI, KOTOpasi CErofHs CYIIECTBYET.
Hanexnpl Ha OrojkeTHOe (MHAHCUPOBAHME — HAWBHBI. EJUHCTBEHHBIM, MO CYTH, HUCTOYHHKOM
(uHAHCUPOBAHUS HOBBIX MEIUIIMHCKUX ITPOEKTOB CETOAHS MOXKET OBbITh TOJBKO YACTHBIM KamuTal.

AxanemukoMm FO.I1. CrmkeHKO OBl YCIENIHO pealn30BaH WHHOBALMOHHBIA METUIIMHCKUN
MIPOEKT, He MMerouil aHasoroB B Boctounoit Eporie u teppuropun Oviemiero CHI'. Bcero 3a
9 mecs1eB ObUT MOCTPOEH, YKOMIUIEKTOBaH 00OpyJOBaHMEM M oOecreueH KaJpaMH YHUKaJIbHbIH
Llentp onkosioruu u panuoxupyprun «Kubep Kimnuka CromkeHkoy». OIBIT, HaKOIUIEHHBIN 3a
HOJTOpa TojAa paboThl, TMO3BOJIIET HAM BBICKa3aTh HEKOTOPbIE COOOpaK€HUs OTHOCHTEIHHO
BHEJIPEHUS U MPOABI)KEHUS HOBBIX METUIIMHCKUX TEXHOJIOTUHN B MPAKTUKY MEAUIIUHBI.

[TepBoit mpoGiieMoii, ¢ KOTOPOW MPUXOJUTCS CTATKUBATHCS, SIBJISETCS MOMCK HMHBECTOPA.
WuBecTopsl KpailHE HEOXOTHO MIYT HAa PHUCK, CBSI3aHHBIA ¢ (PUHAHCUPOBAHHEM MEIUIIUHCKUX
IIPOEKTOB, JaXE €CIM TAaKOM NIPOEKT HMMEET KOJIOCCAJIBHBIM MOTEHLHANl JOXOJHOCTH, a €ro
MIOJIOKUTENNbHAS COLMANIBHAS COCTAaBJAOMIAs O4deBUAHA. VIHBECTOpY TPYIHO TMOHATH S3BIK
MEAMIMHCKMX TEPMHUHOB M OLEHUTh IEPCIEKTUBHOCTh HOBOW TEXHOJOTMH. busHecmeH
PYKOBOJCTBYETCS HMHBIMU KPHUTEPUSMHU, HEXKEIW MEIUK, YeM MPENITCTBYET KOHCTPYKTUBHOMY
JUAJIOTy MeXNy HuMHU. busHecMmeHa, corimacHO «3akoHy Teisopa», HMHTEpecyeT KaTeropus
npuObLIN, a METUKA — KaTeropus pa3BUTHS.
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[ToaTomMy uaeansHO, KOT/1a MHHOBAIIMOHHBINA MPOCKT PeaTn3yeTcss «OM3HECMEHOM-MEIUKOM))
B oaHoM juie. K cuacTeio, Takue ycmnemiHble OW3HECMEHBI, BBILIEAIINE U3 CPEeAbl MEAHMKOB, 3a
20 5teT He3aBUCUMOM YKpauHBI YK€ MOSBUIIHCH.

Bropas npoGiema — momemienue. Kaszamoch Obl, ONTUMAIbHBIM PELICHUEM MOXKET ObITh
apega. Ho nHe Bce Tak mpocto. C OIHOW CTOPOHBI, MMEETCS MHOXKECTBO «yMHPAIOUIIX)
rOCy/IapCTBEHHBIX MEAULMHCKUX YUPEKACHHM, KOTOpbIE paHO WU MO3/HO HEM30EKHO pa3pyluaTcs
U 3aKpOIOTCS, HO IICHBI Ha apeHay B HUX MPOCTO 3200JauHbIC, U ONPEACISIOTCS OHH, MO CYTH, HE
PBIHOYHBIMM MEXaHU3MaMH, a TOJBKO amleTUTaMU OKOJOMEIUIIMHCKOM aAMHHHCTpAIMU — T.C.
YHHOBHUKAMH-aPCHIOIATEISIMU.  3aBUCHMOCTh apeHJaTopa OT CHIOMHUHYTHOTO HACTPOCHUS
YUHOBHMKA OT MEAMIIMHBI U TIepeYepKUBaeT BCE, HA CaMOM JeJie TOJBKO KaXyIIHecs,
npeumytiecTsa apeHibl. C Apyroil CTOPOHBI, AJII TOTO YTOOBI KJIMHHUKA BBINUIA XOTS Obl HA YPOBEHB
CaMOOKYIIaeMOCTH, a HE TO, YTOOBI MPUHOCHIIA PUOBLIL, HEOOXOIUMO OT 6 MecAlEeB J0 MOIyTopa
JIeT, a 32 9TO BPEMsI MOTYT OBITh MPUHSATHI HEMPOTHO3UPYEMbIE U3MEHEHHS 3aKOHOB 00 apeHze. U,
HAKOHEI[, YHCTO MparMaTU4yHbli (UHAHCOBBIA pacuer. IlmatuTe HalOrW, MIIATUTH apeHuy,
MPOM3BOJIUTH BBITUIATHI [0 KPEIUTAM U HA 3apIuiaTy MPaKTHYECKH HEBO3MOXKHO. OTCIO/Ia BBIBOJ —
MOMEIIEHUE MOJ] MPOEKT HEOOXOAUMO CTPOUTb.

Tpetbst mpobnemMa — 3akynka obopyaoBaHusi. Eciau yacTHas KJIMHHMKA MMO3UIIMOHUPYET ceOs,
KaK yupexJeHue, padoTarolee Mo «MUPOBBIM CTaHAAPTaM», TO HU O KAaKOM «CEKOHJI-XOH/Ie» peuun
ObITh He MOXeT. Tem Oolee, 4To oOpamaThCs B KIMHUKY OyAyT HE TOJIBKO HE HM30aJOBaHHBIC
MEAMIIMHON COOTEYECTBEHHUKH, HO M TpaxkaaHe apyrux crpad. llpu mro0om coMHeHUun
OTHOCHUTEIIFHO COOTBETCTBUSI OOOPYIOBAaHHS COBPEMEHHBIM CTAaHJIAPTaM OHHU «IPOTOJOCYIOT
HOTaMU» U YIAYT K KOHKYpeHTy. Hemanoe 3HaueHue uMeeT U To, 4TO OOJNBIIMHCTBO HHOCTPAHIIEB
PacCCUMTHIBAIOT HA OIUIATY JICYCHHS 4Yepe3 CTPaxXOBYIO KOMIIAHHIO, & CTPAXOBIIUKUA TO YK TOYHO
MOMHTEPECYIOTCS KauecTBOM obOopynoBanus. OTcioa BBIBOA, 00OpYIOBAaHUE CIEAYET MOKYNaTh
TOJILKO COBPEMEHHOE W TOJHKO Yy MHPOBBIX JHJEPOB, MPUYEM I103a00ThCS HEOOXOIUMO U O
PacXOJHBIX MaTepuagax u CEpBUCHOM OOCITYKUBAHHH.

31ech HEOOXOAMMO YYUTHIBATH OJUH JOCTATOYHO BaKHBI MOMEHT. [TOCKOJIbKY pacxXomHbIe
MaTepuaibl, U CEPBUCHOE OOCITY)KMBAaHHWE WHOCTPAHHBIC, TO BO3HHMKAET JIOCTATOYHO CEPbE3Has
«BTIOTHAS 3aBUCHMOCTBY YCIICITHOTO (DYHKITMOHUPOBAHUS KIIMHHUKH.

Heckonbko clOB 0 «11€HOBOM MONAUTHKEY. [OTBITKH YTOOUTH BCeM MOTPEOUTENsIM, U OETHBIM
U OoraTelM, CO3JJaHUEM HECKOJIBKUX KJIAcTepPOB, OPHUCHTHPOBAHHBIX Ha pPa3HbIC COIUATBHBIC
rpynnsl ¢ auddepeHIUpOBKOM  1eHbl — WIUII030pHBL.  HewsmeHHo OyAer BO3HUKATh
HEYJOBJIETBOPEHHOCTh TMAI[EHTOB OoJiee [IEIeBOro KjacTtepa pe3yiabTaraMu JedeHus. s
oObIBaTeNsl aKCMOMON OCTaeTcs KPUTEpUH, YTO «4eM JOpOoKe, TeM Iydile». A pa3 OH IUIaTHUI
MEHBIIIE YeM KTO-TO, TO HEH3MEHHO OyJeT BO3HHUKATh COMHCHHE B KadeCTBE OKa3aHHOW eMy
nomoty. [losTomy 1ieHOBas MONMUTHKA, KaK U YPOBEHb METUIIMHCKON MOMOIIH, JOJDKHBI OBITh
SIMHBIMU JIJIS BCEX.

BriBoabI

1. Cerognsi, yacTHasg MEIWIIMHA CIOCOOHAa HA peaJU3alMI0 JIIOOBIX IO CIOKHOCTH H
CTOUMOCTH MHHOBAIIMOHHBIX MTPOEKTOB.

2. TocymapcTBO, KOTOPOE HE MOXKET MPEAOCTABUTH CBOMM TIpaKIaHAM JIOCTOWHBIM yPOBCHB
3IpaBOOXpAaHEHUs, MPOCTO 00sA3aHO YCTPAaHUTh BCE TMPEHATCTBUS [UIsl PAa3BUTUS YACTHOU
METUITHHEI.

STRUCTURAL CHARACTERISTICS OF BLOOD SUBSTITUTES

A.N. Alekseev, L.N. Garkusha, U.F. Zabashta, S.U. Tkachev

Physics Department, Kyiv Taras Shevchenko National University, Ukraine
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AHoTauisg. Bubip KkpoBo3amiHHHMKa 3a BH3HAYCHHMX OOCTaBUH IPYHTYEThCS Ha 3HAHHI HOro
BJIACTUBOCTEH. 3a TOMIOMOTOI0 KaIliJIIPHOTO BICKO3MMETpa Ta MOCTa 3MiHHOTO cTpymy P5083 Oynu
IPOBE/ICHI BUMIPIOBaHHS B’SI3KOCTI Ta €JIEKTPOMPOBIAHOCTI B iHTepBaii Temmnepatyp (283+353) K
TpukomIoHeHTHOI cuctemu Boja-NaCl-mexcTpaH, sika 3a MEBHUX KOHIEHTPAIId BUKOPUCTOBYETHCS
B SIKOCTI KpOBO3aMiHHMKA. Ha OCHOBI eKclepUMEHTaJIbHHMX JaHUX OynM BU3HAYEHI CTPYKTYpHI
napameTpH IbOT0 PO3YKHY (PO3MIp MOJIIMEPHUX KITyOKa Ta JJAaHKH) B 3aJI€KHOCTI B/l TEMIIEpaTypH.
AHHoTauusi. BpiOop KpoBe3aMeHHUTENs NpU ONpeneN€HHBIX OOCTOSTENIbCTBAX Oa3upyeTcs Ha
3HaHUU ero ocobeHHocTel. [Ipyu momomu KanWwUISIPHOTO BHCKO3MMETpPAa U MOCTa MEPEMEHHOTO
toka P5083 ObuM mpoBEOeHBI W3MEPEHUS BS3KOCTH M 3JIEKTPOIPOBOJHOCTH B HWHTEpBAJe
temneparyp (283+353) K tpéxxommonentHoit cucrembl Boga-NaCl-mekcrpan, kortopas mpu
ONpeAeNEHHBIX KOHLEHTPAaLUUAX IIPUMEHseTcs B KauecTBE KpoBezaMeHuTesnsd. Ha ocHoBe
9KCIIEPUMEHTANBHBIX JaHHBIX OBUTM OINpeeNieHbl CTPYKTYPHbIE MapaMeTpbl 3TOr0 pacTBopa
(pa3Mep MoJIMMEPHBIX KIIyOKa U 3B€HA) B 3aBUCUMOCTH OT TEMIIEPATYPBHI.

Annotation. The choice of blood substitute under certain circumstances is based on the knowledge
of its properties. With a help of capillary viscosimeter and alternating current bridge P5083 we have
measured the viscosity and conductivity of three-component water-NaCl-dextran system, that with
certain concentrations is used as a blood substitute. The measurements have done in temperature
interval (283+353) K. On the base of experimental data the structural parameters of this solution (a
polimer ball and link dimensions) were defined in above-mentioned temperature interval.

Ku1040Bi cjioBa: KpoBO3aMiHHUK, pacTBOP, B’SI3KICTh, €JIEKTPOMPOBIIHICTh, IEKCTPaH, KIIyOOK,
KOH(}Irypariitauii nepexi.

KawueBble cji0Ba: KpPOBE3aMECHUTEIIb, PO3YHH, BSI3KOCTb, JIEKTPOIPOBOAHOCTb, JCKCTPaH,
KITyOOK, KOHPUTYpaIlMOHHBIN TIEPEXO/I.

Keywords: blood substitute, solution, viscosity, conductivity, dextran, ball, configurational
transition.

Nowadays blood substitutes are widely used in medicine and that’s why the making of blood
substitutes with given properties is still actual. In this work we investigate one of well-known blood
substitute, reopoliglucin, in the view of physics.

In such view reopoliglucin represents two-component water solution of NaCl (its mass
concentration is 9 g/l) and dextran (100 g/lI) with molecular mass that averages 40000 (D40).
Dextran is a polysaccharide, branchy glucose polymer which molecule consists of a-D-
glucopyranose cycles.

In order to explore the properties of reopoliglucin we have measured its viscosity with a help
of capillary viscosimeter and conductivity using alternating current brige P5083 that was connected
up to measuring capillary cell. With a help of these methods we also explored water-NaCl-glucose
system and water-NaCl-D40 system with several different glucose and dextran concentrations in the
interval (1.5+100) g/1.

As we can see on fig. 1, the presence of dextran molecules in solution decreases the specific
conductivity of NaCl water solution. We think that it happens because dextran molecules that exist
in the form of statistical balls in water solution are the obstacles to ions movement.
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Fig. 1. The temperature dependence of specific conductivity of systems: 1 — NaCl-water,
C(NaCl)=9g/l, 2 — NaCl-D40-water, C(NaCl)=9g/l, C(D40)=100g/I (reopoliglucin).

According to Einstein’s model [1, 2]

14340
n=rm, 2 3

, (1)

where 70 and 77 — shear viscosity of solvent and solution accordingly, R — the radius of the model
sphere (or hydrodynamic radius of the molecule), N — the quantity of solute molecules in unit of
volume.

The temperature dependences of polymer ball and link dimensions could be obtained applying
Einstein’s model to the concentration and temperature dependences of water-glucose and water-
D40 systems viscosity (fig. 2, 3).
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Fig. 2. The temperature dependence of effective hydrodynamic radius of glucose molecule in
temperature interval (293+353) K.

As we can see from fig. 2, the effective hydrodynamic radius of glucose changes with
temperature. In order to explain this fact, we suppose that two types of glucose molecule
configurations with different effective radiuses— “boat” (with bigger radius) and “chair” (with
smaller) — exist in water solution at the same time. The probability to find glucose molecule in
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“boat” state decreases with temperature increase because of configuration transitions and thus
experimental radius, which is an average radius, decreases.

We calculated also thermodynamic parameters of “boat”-“chair” configuration transition for
glucose molecule, the dimension of hydrated shell for molecules in “boat” and “chair”
configurations.

Using the experimental data and data concerning cellulose crystalline lattice [3] we came to
conclusion that the dextran ball is an ideal ball in temperature interval (283+353)K.

The decrease of hydrodynamic radius of dextran molecule with temperature could have a
reason in thermal rotatory motion and in decrease of links dimension. According to our estimation,
the contribution of thermal rotatory motion is negligible in this case. To explain the decrease of link
dimension we propose the same mechanism as we suggest in case of glucose molecules: the“boat”-
“chair” configuration transitions.
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Fig. 3. The temperature dependence of hydrodynamic radius of dextran molecule in
temperature interval (293+353) K.
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O BO3MOKHOCTH HAPABOTKH HA YCKOPHUTEJIE DJIEKTPOHOB ELIAS
PAJIMOHYKHIOB JUISA IAEPHON MEIAIIMHEI

O.C. llleBuenko

Hayuonanvnwiti nayunsiii yeump «Xapwvrosckuu Quzuko-Texnuveckuit Mncmumympy,
Xapvkos 61108, YVkpauna

AHHOTAUMSA: H3Yy4aeTcsl BO3MOXHOCTh HapabOTKM Ha yckopurene di1ekTpoHoB ELIAS
PaIMOHYKIIH/IOB JUTS SIACPHONW MEIUTTUHBI.

AHOTAaNlil:  BUBYAETHCS MOXKJIMBICTh  HalpallOBaHHSA HA  IpUcKoproBayi enekTpoHiB ELIAS
PaTIOHYKITITIB IS SIIEPHOT MEUITIHHU.

Annotation: the possibility of receiving radionuclide’s for the nuclear medicine with the help of
electron accelerator ELIAS are discussed.
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KiroueBble ¢j10Ba: HYKJIH/bI, SJICKTPOHHBIN YCKOPHUTENb, paguodapMIipenaparsl.
Kuro4oBi cjioBa: HyKITi I, €IEKTPOHHUHN IPUCKOPIOBaY, pagiodapMipenapari.
Keywords: nuclides, electron accelerator, radiopharmaceuticals.

Pa3zBute MemuiuHbl U (GU3MKK Bcerga ObUIM TECHO MeperuieTeHbl Mexay coboil. Emie B
IyOOKOH JIPEBHOCTH MEIUIIMHA HCIIONB30BalIa B JICYEOHBIX HENsX (pusmueckue (akToOphl, TaKue
KaK TeI1o, XOJIOI, 3BYK, CBET, pa3InuyHble MeXxaHuueckue BoznencTBus (I'unmokpar, ABUlIEHHA U
Ap.)

Snepnas menuuuHa, Oa3upyercs Ha HCIOJIb30BAHUU PATUOAKTHBHBIX HM30TONOB B (popme
panuodapmaneBruueckux npemnapatoB (POII), urto mo3BosiseT NPOBOJUTH MHOTHE HCCIEIOBAHUS,
JTUArHOCTHYECKHUE U TepaleBTHUYECKHE MPOLEAYpPHI JIydllle, MPoIIe U ObICTpee, YeM JII00bIe Ipyrue
TpaZULINOHHBIE METOBI.

B HacTosiee Bpems 11 HAy4HO-UCCIEA0BATENIbCKUX, JUAarHOCTUYECKUX U TEPaleBTHUYECKUX
nene mpuUMEHSIOT 0Kojio 200 pasIMYHBIX PAJMOAKTUBHBIX H30TOIOB, IEPUOJ IOJypachaja
KOTOPBIX COCTaBJISIET OT HECKOJBKUX MHUHYT JI0 HECKOJBKHMX JIET. OTH H30TOIbl HMEIOT
IIPEUMYIIECTBEHHO HCKYCCTBEHHOE IPOMCXOXKJIEHUE 3a Cc4y€r oOpa3oBaHMs B pPEaKIMIX
B3aUMO/ICUCTBUS 3apSYKEHHBIX YaCTHULl, HEUTPOHOB M IraMma KBAHTOB C s/[paMU MULIEHHU.

Jlis AMarHOCTUYECKUX LeNeld MCHOJIb3YI0T, B OCHOBHOM, TaMMa- M MO3UTPOH-U3Iy4arollne
PaIUOHYKIIU/BI C JOCTATOYHO HEOOJBIIMMH SHEPTUSIMHU TaMMa-KBAaHTOB U KOPOTKUMHU MEPHOAAMHU
nonypacnana. Takue sgepHO-GHU3MYECKHE CBOHCTBA HMMEIOT B OCHOBHOM PaIMOHYKIIHIHI,
MOJIy4aeMbl€ Ha YCKOPUTEIAX 3apsyKEHHBIX YaCTUL MJIM FaMMa KBaHTOB.

OXHMM W3 TAKHX PAIHOHYKIHIOB SBISETCS H30Mep ~"In, KOTOPBIi HMMEeT MEepHOJ
nonypacnaaa 99.47 MuH U u3Iy4aeT raMma KBaHThI ¢ sHepruei 391.69 k3B.

113mIn 0OBIYHO KCIIONB3YETCS B COCTABE CICIUAIBHBIX MEUCHBIX XUMHUUYECKUX COCIUHCHHMN
— pagnodapmupenaparos (numunes “2"n, nagudur M n, uaaus warpar M, kommieke 2¥Mn
¢ ATIIA u nap.), B KayecTBe JAMArHOCTHYECKOTO cpenctBa. [IpuMmeHsieTcs mpu  cOUHTUTpadun
MOYEK C IMOMOIIBI0 ramMma-Kamepbl (IUIsl OINpeleeHHs] CKOPOCTH KIyOO4YKOoBOW (UIbTpauuu U
BU3YaJIM3allil TI0YEK); PaJMOM30TOIHOW aHrHoKapauorpaduu (A7 UCCIEAOBAaHHS CEpACYHO-
cocyaucToi cuctemsi) [1].

C 3anyckom B HanumonanmeHom Hayunom Ilentpe “XappkoBckuil (U3MKO-TEXHUYECKUIN
MHCTUTYT 3JIEKTPOCTATHUYECKOro yckoputens 31ekTpoHoB ELIAS Ha sHepruto no 3 MsB, ¢
BBICOKOM  HMHTEHCHUBHOCTBIO (10 500 MKA), MOHOPHEPTETHMYHOCTHIO U  CTaOMIBHOCTHIO,
BO3MO)KHOCTBIO IUIABHOM PETYJIMPOBKM DJHEPIHM ITydyKa DJIEKTPOHOB, IOSBWIACH YHUKaJIbHAs
BO3MOXXHOCTh JJIl HccClenoBaHusl (oTooOpa3oBaHUsI M30MEPHBIX COCTOSHUN sifep B 00JacTu
HU3KHX SHEPTUH.

B nanHoit pabore Ha npuMepe poTooOpazoBaHUM U30MEPHOTO COCTOSIHUS siipa In [2] nox
JEHUCTBUEM TOPMO3HOTO M3JIyYEHHUS DIIEKTPOCTaTUYECKOrO0 YCKOpHTeNs 3ieKTpoHOB ELIAS,
paccmaTpuBaeTcsi BO3MOKHOCTh HAPAOOTKU PaIMOHYKIUAOB Ul AI€PHON MEIUIIUHBIL.

AKTuBaIus 00pa3loB UHAMS OCYIIECTBIsIAch (HOTOHAMH 00pa3yOLUMMHCS TPU TOPMOKEHUN
AJIIEKTPOHOB B  TaHTaJoBOM pazauarope. [lomaBmmii Ha paauaTop MOTOK 3JIEKTPOHOB
PETUCTPUPOBAIICS C TIOMOIIBIO MHTErparopa Toka. I[IoTOk (DOTOHOB paccUUTHIBAICA TPU
MOJEIINpOBaHNN ¢ Hcnoiab3oBaHuemM nporpammel GIANT 3.21. HanpspkeHue Ha KOHIYKTOpE
reHepaTopa HU3MepsAIach POTOPHBIM BOJIBTMETPOM. M3MepeHHe HaBEAEHHOM B KAXKIOW MUILEHU
aKTUBHOCTH OCYHIEeCTBIsIach ¢ ucnoib3oBaHueM Ge(Li) y-cmekTpomeTpa, 000pyI0BaHHBIM
IEKTPOHUKOM W TMPOTrpaMMHBIM KOMIUIEKCOM, ITO3BOJISIFOIIMM ABTOMATHYECKU OIPENEIATh
KOJIMYECTBO OTCUETOB MOJ (POTOMUKOM U X MOTPEHIHOCTH. MeToauKka SKCriepuMeHTa U 00paboTKu
HKCIEPUMEHTAIBHBIX JaHHBIX NOJApoOHO omucaHa B paborax[3,4]. Ha Puc. | mpuBeneH BbIXoJ
113In(y,q(’)ll‘o’mln peakuuy B 3aBUCHUMOCTH OT I'PaHUYHOW PHEPrUM TOPMO3HOIO CHEKTpa (OTOHOB
Ey max

113m
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Puc. 1 Bwixon 113111(}/,1(’)113”1111 peakuuu B 3aBUCHMOCTH OT TI'DAHMYHOM HSHEPTHH TOPMO3HOI'O
cnekTpa goroHoB Ey max

Breixon peaknuu Y(Ey max) ompemensiicss Kak KOJUYECTBO aKTHBHUPOBAHHBIX sjep Niso
oTHeceHHbIH K ynciy saep muiieHd NT Ha cM2 n noTok anekTpoHoB Ne u3 cootHomenus (1)

N.
_ iSO ymax _
Y (Ey max) - N N
T Ve ( 1)
N3 sHepreTMyecKor 3aBHUCUMOCTH BBIXOZa llgIn(y,y’)llngn peakuun oT rpaHI/Iquﬁ SHEepruu

TOPMO3HOTO crekTpa ¢oToHOB Ey Max M AaHHBIX CHEKTPOMETPUYECKUX TaOmuil [5] HaieHs
aKTHBAIMOHHBIE YpOBHU ¢ 2HeprusiMu 1.802 MaB u 2.378 MaB, nist KOTOPBIX U3 COOTHOIIEHUS (
2) ompenenensl uHTerpanbubie ceduenus (O Niso = 1.41(40)»B-6 u (9I)iso = 2.91(51)>B-6
($hOTOBO30YXACHUST M30MEPHOTO COCTOSHUS Hsmpp,

Yi = Z (ol) ijso Nij )
]

rae Yi- BBIXOA M30Mepa B i-ii Touke mo Ey max, j- HoMep akTUBAIlMOHHOTO YPOBHS HCXOIHOTO

ol)! . NJ
saapa. G - THTETpAJIbHOE CEYCHHE aKTHUBAIlMM H30Mepa dYepe3 J-U YpPOBEHb, I - YUCII0

(OTOHOB TOPMO3HOTO CHEKTpa B €IMHUYHOM SHEPreTUYECKOM HHTEpBajie C SHEepruen paBHOM
SHEPTUU J-TO AKTUBAILIMOHHOTO YPOBHS U C 1-0l TPaHUYHOM dHEpruei TOpMO3HOIO U3TyYEHHUS.
[TosryueHHBIE HAaHHBIE CBHUJETENBCTBYIOT O TOM, YTO IapaMmeTphl 3IJIEKTPOCTATUYECKOTO
yckoputens dnekTpoHoB ELIAS B HHIX®TU mno3BonsioT monydaTh  pPagHOHYKIIWIBI
MEAMIMHCKOTO Ha3HAYEHUSI.
S mupo BAsSTYHA HAYKOBIPIM, 3 SIKUMU CITIBIIPAIIOBAjIa 1 MOEMY HAYKOBOMY KEPIBHHUKY ..M.
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MATHEMATICAL ANALYSIS OF THE OXYRESVERATROL INFLUENCE ON THE
PROLIFERATION OF CANCER TUMORS: MELANOMAS B16-MM2, B16-MM4 AND
LEWIS LUNG CARCINOMA LLC AND MODIFIED LLC/R9

G.1. Solyanik!, I.N. Moroz’

1) Institute of Experimental Pathology, Oncology and Radiobiology. Kavetsky NAS of Ukraine
2) Taras Shevchenko National University of Kyiv

Annotation. Ukraine and Russia occupy the second place in Europe on the amount of habitants,
that died of cancer. Plants are the traditional source of pharmacologically active agents, including
agents that indicate antitumoral and antimetastatic activity. The developed mathematical model
describes the received experimental results with the required precision. The regarded OXY
influences the dynamics of the average volume of the investigated tumor change.

Anoranis. Pociannau € TpaguiiitHum oxepeaoM (hpapMakooriuHo aKTUBHUX areHTiB, B TOMY YHCI 1
TaKHX, SKi TPOSBISIOTH MPOTHITYXJIUHHY T4 aHTUMETACTATHYHY aKTUBHICTh. Jl0 OHUX 3 HAWOLIBII
BIIOMHX Yy (papMakoJjorii mpenapariB BiTHOCIThCS pe3Beparposl Ta okcupeseparpon (OXY). Ha
BIZIMiHY BiJl p€3BepaTpoILy, MPOTUITYXJIMHHA AKTUBHICTh SIKOTO IIHPOKO JOCHIKYBAJIaCh, BUBYCHHS
dapmakomnoriynoi aktuBHOcTi OXY Oyno HE3HaYHUM, a CHEKTP JOCHIKEHb OOMEXKyBaBCs
NATOJIOTISIMU, HE TOB’S3aHMMHU 3 OHKOJIOTIYHMUMH IpollecaMTH. MK THUM, B MOpIBHSHHI 3
pe3Beparposiom, OXY XapaKkTepH3yeThCS BHUCOKOI PO3UYMHHICTIO y BOMi, CYTTEBO BHIIOIO
010/I0CTYIHICTIO T2 MEHIIIOIO ITUTOTOKCUYHICTIO IO BiJHOIIEHHIO 10 HOPMAJTbHUX TKAHUH.
AHHOTauusl. PacTeHust SBISIOTCS TPaJWLMOHHBIM HCTOYHUKOM (PapMaKOJIOTHYECKH aKTHUBHBIX
areHToB, B TOM UHCI€ © TaKUX, KOTOpbIE TPOSBISIOT MPOTHUBOOMYXOJIEBYIO U
AHTUMETACTaTUYECKYI0 aKTUBHOCTh. K ogHuM u3 Haubonee W3BECTHBIX B (hapMaKoIOTUU
IIpernapaToB OTHOCSTCS pe3Beparpos U okcupesBeparpon (OXY). B oriauume ot pesBeparpoia,
MIPOTUBOOITYX0JIeBas aKTUBHOCTD KOTOPOTO IUPOKO HCCIIe10BAIIACh, U3y4yeHue
dapmakosnornyeckor aktuBHOCTH OXY OBUIO HE3HAYUTENHHBIM, a CIEKTP MCCIIEI0BAHUM
OTPAHUYMBAJICS MMATOJIOTUSIMHU, HE CBSI3AaHHBIMU C OHKOJIOTMUECKMMH TpolrieccaMmu. Mexay TeM, 1o
cpaBHeHHMIO ¢ pe3BepaTposiioM, OXY xapakrepusyercs BBICOKOM pacTBOPUMOCTBIO B BOJIE,
CYIIECTBEHHO BBIIIE€ OWOJOCTYITHOCTHIO M MEHbBIIEH HUTOTOKCUYHOCTHIO IO OTHOIIEGHUIO K
HOPMaJTHbHBIM TKAHSIM.

Keywords: resveratrol, oxyresveratrol, the Veybull model.
Kuio4oBi cjioBa: pe3BepaTpos, OKCUpe3BepaTpoJ, Mojieinb Bellya.
KiroueBble cjioBa: pe3BepaTpoll, OKCUpPEe3BEpaTpoIl, Mojiens BeitOyma.

Ukraine and Russia occupy the second place in Europe on the amount of habitants, that died
of cancer. This fact itself gives evidence on the importance of the regarded problem: finding new,
effective methods of cancer treatment.

Plants are the traditional source of pharmacologically active agents, including agents that
indicate antitumoral and antimetastatic activity [1, 2]. Among phytogenic means a large notice is
paid to the stalk referring to polyphenols.[3, 1, 2]. It is considered that stalks have an antioxidant,
antiinflammatory, cardiotropic and antitumoral properties.[3].
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Resveratrol and oxyresveratrol (OXY) are widely known preparations in pharmacology[3]
(Fig.1). Antitumoral activity of the reservatrol was widely investigated, while a study of
pharmacological activity of OXY did not take place, and the spectrum of researches was limited to
pathologies unconnected with an oncologic process. Oxyresveratrol has high solubility in water,
significantly higher bioavailability and lower cytotoxicity against normal tissues

OH

OH E’

e
HO OH
Fig. 1. Resveratrol (A) and oxyresveratrol (B)

The purpose of this experiment is to evaluate the antitumor and metastatic activity of the
oxyresveratrol against two kinds of melanoma (B16/MM2 and B16/MM4) and Lewis lung
carcinoma LLC/R9.

Analysis of the experimental results was conducted using the Veybull model. In terms of this
model the volume change of growing population of cells is given by the following dependence:

V =V 1—exp[a U=t ]ﬁ ©)
0

Here Vo is the initial volume of the tumor. Constant @ is defined by the speed of growth of the
tumor as a whole in the exponential phase and depends on the prolongation of miotyc cycle of
definite tumor cells.

Constant p is the spatial factor, that reflects the influence of the spatial limits of cell

packaging on the speed of deceleration of cell growth. t'°g — is the latent transition of grafted group
of cells, which is defined by the time of adaptation of tumor cells with the further formation of the
cluster of these cells. This cluster has the ability to grow inside the tumor-carrying organism.

In the research, completed for two kinds of melanoma B16-MM2 and B16-MM4, the
following experimental dependencies, reflecting the tumor growth kinetics were received (Fig. 2
and Fig. 3)
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Fig 2. Kinetics of B16-MM2 melanoma average volume. A — control group, B — target group
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Fig. 3 Kinetics of B16-MM4 melanoma average volume. A — control group, B — target group

The values of parameters received after the approximation experimental results are given in

tab.1

Tab. 1 Kinetic characteristics of melanoma B16-MM?2 and B16-MM4

Type of Group Kinetic characteristics of growth
tumor ap B tlag
B16-MM2 control 1,6+0,1 0,55+0,03 14,6+0,2
OXY 3,32+0,15 0,23+0,02 17,1+0,2
B16-MM4 control 3,1+0,2 0,31+0,03 15,5+0,3
OXY 2,6+0,1 0,37+0,02 14,3+0,2

The statistical comparison of kinetic parameters of growth, received by modelling, gives
evidence that OXY has the statistically reliable difference relatively to melanoma B16/MM2 and

B16/MM4.

Studying the Lewis carcinoma growth under the influence of OXY the following
experimental dependencies were received (fig.4).
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Fig. 4 Kinetics of the Lewis carcinoma average volume. A — control group, B — target group

The values of parameters, received after the approximation experimental results are given in

tab.2

41



Tab. 2 Kinetic characteristics of the Lewis carcinoma

Typ Grou Kinetic characteristics of growth
e of tumor | p ap B tlag
LLC contr 6,6+0,4 0,15+0,02 14,0+0,8
/R9 ol
OXY 7,4+0,2 0,1+0,01 15,2+0,3

The developed mathematical model describes the received experimental results with the
required precision. OXY influences the dynamics of the average volume of the investigated tumor
change.

Conclusions

1. BI6/MM2 is the tumor, that has greater metastatic potential, but grows slower than
B16/MM4, that grows faster, thus having lower metastatic exponent.

2. OXY has no property of stimulating the metastasis in any of the experimental selections of
malignant tumors.

3. OXY causes the statistically reliable effect on B16/MM2 and Lewis LLC/R9 lung
carcinoma.

4. OXY has no statistically reliable effect referring to B16/MM4 and B16/MM2. The
tendency of deceleration relatively to B16/MM2 is registered. The tendency of stimulation is
registered relatively to B16/MM4 and and Lewis LLC/R9 lung carcinoma.

5. The Veybull model provides the most accurate mathematical analysis of the malignant
tumor growth process.
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HEWHBA3WBHOE OIPEJEJEHUE BEHO3HOH CATYPALIUU

C.C. Ecbman’, C.A. Mamuiios', B.A. Tpymnna®

1) Unemumym npuxnaouvix npobnem gusuxu u ouopusuxu HAH Vrpaunsi
2) Kuesckuil nayuonanvuwiii ynusepcumem umenu Tapaca Illesuenxo

AHHOTaIII/IH. I[J'I}I ONPCACIICHUA BCIWMYHUHBI HACBIIICHUA BE€HO3HOU KpOBH KHUCIIOPOAOM SVOz
HUCIIOJIB30BAaHA AbIXATCJIbHAsA KOMIIOHCHTA q)OTOHHeTI/ISMOFpaMMBI. YacroTa AbIXaTCJIbHOI'0 pUTMa
ONpCACIIICTCA IO IMMUKY aMIUIMTYAHO-YaCTOTHOI'O CIICKTpad, 3HAYCHUS SV02 BBIYUCIIAKOTCA 110
OTHOIICHHUIO KOB(i)(i)I/IIII/IeHTOB MOAYJIALIHUU ObIXaTCIbHBIX KoJIeOaHuii Ha ABYX IJIMHAX BOJIH.
Annotation. For determination of venous blood saturation with oxygen SvO, the respiratory
component of the photoplethysmogram. Frequency of respiratory rhythm is determined by peak of
the amplitude-frequency spectrum, SvO, values are calculated from the ratio of modulation
coefficients of respiratory oscillations at two wavelengths.

Kaouesble cioBa: KHCJ’IOpOI[HBIfI OGMCH, caTypanuus BEHO3HOH KpOBHU, ITYJIbCOKCUMETPU,
I[BIX&T@JIBHBIP'I PUTM.
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Keywords: oxygen exchange, venous blood saturation, pulse oximetry, respiratory rhythm.

Benmnunna HacellieHus: (caTyparii) BEHO3HOW KpoBU KuciaopoaoM SvO;  sBISETCS
MOKAa3aTeieM KHUCIOPOJHOTO0 OOMEHa B TKaHSX, OTpakas OamaHC MEXIy JOCTAaBKOW KHUCIOpoAa U
MOTPEOHOCTHI0O B HeM TKaHed. [Ipu cHMKEeHWH OOBEMHOTO KPOBOTOKA B TKAHHW (WIIEMHUHW) WIH
MOHIKEHHOM COJICP’KaHUU KUCIIOPOJa B apTEepHAIbHOW KPOBH (THIIOKCHMH) 00pa3yeTcss TKaHEBO
Je(UIUT KUCIIOPOJa, U BKIIOYAETCS KOMIICHCATOPHBIM MEXaHWU3M, YBEIHMYHMBAIOIIUN SKCTPAKIIHIO
KHCIIOPOJIa U3 apTepUaIbHON KPOBU, YTO MPUBOJIUT K CHUKEHHUIO €r0 COJACP)KAaHWS B BEHO3HOMU
KpoBH [1]. 3a cueT ATOro B HOPMAJIBHBIX YCIOBHIX MOTPEOJICHUE KUCIOPOIa TKAHBIO Majio 3aBUCUT
OT €ero JO0CTaBKu. B KpHUTHUECKMX COCTOSHMSIX KOMIIEHCATOPHBIA MEXAaHM3M HCTOLIAETCS, U
moTpeOJIeHNUE KHUCIOPOJia CTAHOBHUTCS 3aBHCHMBIM OT €ro JOCTaBKH, BO3HHKAET aHA’POOHBIN
MeTaboIH3M.

Ilenr Hacrosmein paboOThI cocTOsIa B pa3padOTKE ONTHYECKOTO METOJa HM3MEpEHUs
caTypaiy BEHO3HOW KpPOBH, HE TPEOYIOIIETO NIl CBOCH peaM3alliyl CIOKHOTO 000pyIOBaHUS U
BBITIOJIHCHHUS TpPaBMAaTUYHBIX Ui MallMeHTa IMpoleayp, OOECIeYUBAIOIIETO OJHOBPEMEHHOE
M3MEPEHHE CaTypali apTepruaIbHON U BEHO3HOM KPOBH HA PA3JIMYHBIX ydacTKaxX Teja 4eJloBeKa.

Jl1st HeMHBAa3MBHBIX U3MEPEHUM caTypallid BEHO3HOW KPOBHU MPUMEHEH IOX0/1, OCHOBAHHBIN
Ha TPEJICTaBICHUM O TOM, 4YTO KoOJieOaTeIbHbIE KOMIIOHEHTHI OKCH- U JICOKCHUT€MOIJIOOMHA C
YacTOTOM JIBIXaHHUSl TPEJCTABISAIOT MPEUMYIICCTBEHHO BeHO3HBIM oTaen [2]. Ilockonbky
PACTSKUMOCTh BEH 3HAYUTEJIHLHO BBIIIE, YEM apTepHil, ONpeIeIeHHOE U3MEHEHNE IaBJICHHS KPOBH
BBI3BIBACT 3HAYUTEIBHO OOJbIIEE HM3MEHEHHE O0bEMa BEH IO CpPaBHEHUIO ¢ aprepusMu. [lpu
HOPMaJIbHOM JbIXaHWM ha3a BIOXa BKJIIOYACT YMCHBIICHUE BHYTPHUTPYAHOTO MJABIICHUS U
BO3pacTaHHWE TPAJMCHTA JaBICHUS MEXAy Iepudepruyeckoli BEHO3HOW CHUCTEMON M BEHaMU
TPYIHOM MOJOCTH. DTO BBI3BIBAET OTTOK KPOBH M3 BHETPYAHBIX BEH BO BHYTPUTPYAHBIC COCYIbI U
cepaue. biaarogaps BEHO3HBIM KJIallaHaM, BEHO3HBI MPUTOK YBEIMYMBAETCS MPH BIOXE OOJIBIIIE,
4eM yMeHbImaeTcs npu Bbimoxe. [lomydaercs 3p@exT Tak Ha3pIBAEMOTO JBIXaTSIBHOTO HACOCa,
CIIOCOOCTBYIOIIETO BEHO3HOMY BO3BpaTy KpoBH C Tniepudepun. B pesynprate aeicTBus
JIbIXaTeJIBLHOIO Hacoca nepudepruiyecKuii 00beM BEHO3HON KPOBH KOJICOJICTCS C YaCTOTOM JIBIXaHHUS,
YMEHbIIIasiCh BO BPEMs BJIOXa U YBEIMYMBASICh BO BpeMs Bbigoxa. Mcxo/s 13 3Toro, B HaCTOSIIEM
WCCJICIOBAHUH JJII U3MEPEHUN caTypallid BEHO3HOW KPOBH OBLIM HCIIOJIB30BAHBI JBIXaTEIbHBIC
PUTMBI (DOTOIIIETU3MOTPAMM.

DOTOIIETU3MOTPAMMBI 3aITUCHIBAIMCH C UCTIOJIB30BAHUEM IMYJILCOKCUMETPUUYECKUX JTATUNKOB
MIPOXOISIIETO CBETA JAJIS Malblla U MOYKH yXa U JIaTYMKaA PACCETHHOTO CBeTa Ha 0aze CTaHIapTHOMN
MyJIbCOKCUMETPUUECKOM Tapbl CBETOAMOJOB C JUIMHAMHU BOJH u3iaydeHus 660 u 940 uM u
KpeMHUEeBOro ¢Gotoanoaa. YIMpaBiIeHHE CUTHAJIAMU OCYIIECTBISIIOCHh M3MEPHUTEIBHBIM OJOKOM,
BKJIFOYAIOITUM CXeMy (DOPMHUPOBAHUSI UMITYJIHCOB MUTAHUSI CBETOIUOJIOB, KOMMYTATOp, BXOJIHOU
ycunuTenb curHana ¢oroamona, ALl m mHTepdelcHy miaTy A CBSI3U C IMEPCOHATBHBIM
KOMITBIOTEPOM,  OCHAIEHHBIM  COOTBETCTBYIOIIUM  MPOTrpaMMHBIM  obecrieueHueM  [3].
M3mepurenbHblil 610Kk paboTaeT ¢ paszielieHHeM KaHalIOB BO BpeMeHHM; yacToTa ompoca fo, = 348
['a. 3anuck poToruieTu3MorpaMm MPOBOIUIIACH HA TPOTHKEHUH 15-17 IUKIIOB ABIXAHUS.

W3 3anucaHHbIX (HOTOMIETUIMOTPAMM OMPEASISITUCH KO DUIIMEHTHI TMHEWHOM perpeccuu u
Koppensiiuu curHanoB kpacHoro u MK kanamoB ¢ auckpernocteio 1/fy, = 2,87 wmc. Tlo
U3MEHEHUSM IMapHOTO KO3 PHIIMEHTa KOPPEAIIUN OIIECHUBAJIOCh KAUYECTBO CUTHAJIA — ITPU HAJTUYHH
pPE3KUX CKAa4yKOB W mmajneHuu kodddumumenta nmwke 0,95 3amuch uCKIOYagach W3 JAIbHEHUIIIETO
aHammza. Kosddumnument nuHeiiHOW perpeccun HMeeT TOT K€ (PU3WYECKUH CMBICHA, 4YTO U
OoTHoIIeHUEe KO3(PPUIIMEHTOB MOAYIISAIMNA CUTHAJIOB HA JBYX JUIMHAX BOJH, HO J1a€T BO3MOXKHOCTh
ONpENIETUTh BEJIMUMHY CaTypally apTepuanbHoi KpoBu Sa0; 3a MPOMEKYTOK BPEMEHHU, MEHbILINN
JUTHTEIILHOCTH Kapauorukia [4]. 3nauenus SaO, pacCUUTHIBAINCH C TOH K€ JUCKPETHOCTHIO 1/fqpp,
BPEMEHHOM XOJI KPUBOM Tak)K€ MO3BOJSI OLEHUTh KauecTBO curHana. Huxke B pesynbrarax
IKCIIEPUMEHTA Be3/Ie MPUBOATCS cpeaHue 3HaueHus Sa0s.

Jlist BBIYMCIIEHUSI 3HAYEHUN BEHO3HOW caTypaluu OcyliecTBIsuiock Dypbe-mpeodpa3oBaHme
CHUTHAJIOB C TIOJYYCHHEM HX aMIUIMTYJHO-YaCTOTHBIX CHEKTpPoB. M3 cCHmekTpoB ompenensiach
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4acToTa MakKCHMyMa JAbIXaTeNbHBIX KojeOaHuit u Dypbe-GUIbTPOM BBIIEIIACH COCTABJISIONIAS
JpIXaTeNbHOTO puTMa. [lo BbIAENEHHBIM JBIXaTENbHBIM KOJIEOaHUSIM [Js ABYX JJIUH BOJH
OTIPECIISTIOCh OTHOIIEHUE KO3(PPUIIMEHTOB MOMYJSIIIHK JIBIXaTEIhbHOTO PUTMA, IO KOTOPOMY
BBIUMCIISUIOCH BEJIMYMHA HACBHIIIEHUSI BEHO3HOM KpOBU KUCIOpoJaoM SvO; ¢ MpUMEHEHHEM TOi ke
KaTuOpPOBOYHOM KPUBOH, uTO U AJisi BhraucieHus Sa0s.

W3mepeHus catypalud BEHO3HOH KpOBU IPOBOAMIUCH y CEMH 370POBBIX T0OPOBOJIBIEB B
Bo3pacte oT 19 mo 60 jer Ha manmbllaXx PyKHW, BHCKE M Mouke yxa. JlaHHble 00OpabaThIBAIUChH C
NPUMEHEHHUEM IPOrpaMMbl BBIUMCIICHUS CaTypalud apTepUalbHON KpoBH [4] W cTaHAApTHOIO
Habopa nporpamm npuitokerus OriginPro 7.5 (6eictpoe npeodpazoBanne Oypre, Oypbe-puibtp,
CTaTUCTHUKA).

[Ipsimoe amruTynHOe npeodpazoBanre Oypbe OCYIIECTBISUIOCh METOJIOM OKHA MO XaHy C
HOpMaM3anuei aMmuTyasl. K curnany npumeHsics y3konosnocHbsld @ypre-(uibTp ¢ IEHTPOM Ha
4acToTe AbIXaHus W mupuHoi monockl 10 0,01 I', ¢ kommeHcamnuen MOCTOSHHOM COCTaBIISIONICH.
[To MaccuBaM JaHHBIX CUTHAJIOB MOCJEe (QUIbTPAIMKM CYUTAIACh CTATUCTUKA — CPEJHUE 3HAUCHUS,
uHTEpBaN (KO3(PPUIUEHT MOIYJSAIUN); AN BBMHUCICHHBIX 3HadeHwid SaO; u SvO, — cpennue
3HAuUEHUsl, CPEHEKBAAPATUYHbIC OTKJIOHEHUS, MHTepBalL. Hanmuuue uiam oTCcyTCcTBHE JOCTOBEPHBIX
OTIIMYHIA OIICHUBAJIOCH 110 t-kpuTepuio CThIOICHTA.

[lepBast cepusi SKCIEPUMEHTOB MO HM3MEPEHUIO CaTypalid BEHO3HOW KpPOBU Ha TOJIOBE
YyelloBeKka ObUla MPOBEACHA B  MPOXOMANIEM CBETE C  HCIOIB30BAHUEM  IMAJIBIIEBOTO
MyJbCOKCUMETPUYECKOTO JlaTyMKa, 3amucaHo U oOpabotaHo 42 mapbl (OTOIIIETU3MOTPAMM.
Brruucnennsie 3HaueHus BenuuuHbl SvO; Haxoauiauck B nuamazone ot 75,0 mo 81,4% (79,4 +
1,9%) ipu Benuunne SaO, B tuama3one ot 92,6 1o 95,6% (94,3 + 0,9%).

JIsT TUAarHOCTHKK KPUTHYECKUX COCTOSSHHM OOJBHBIX Ba)XKHBIM ITOKA3aTeJIeM SIBISIETCS
BEJIMYMHA HACBIIICHUS BEHO3HOW KPOBH TOJIOBHOTO Mo3ra. [losTomy mpencTaBisitoT HHTEpec
METOJIBI W ammapaTypa, IO3BOJSIONIME TIPOBOJUTH HEWHBa3WBHBICE u3MepeHuss SvO; B
HEMOCPEACTBEHHOM OJIM30CTH OT STOTO OpraHa, T.€. Ha TOJIOBE YEJIOBEKA.

BbutH TIpOBEICHBI JIBE CEPUU IKCIIEPUMEHTOB 110 H3MEPECHUIO CaTypallud BEHO3HOW KPOBH Ha
roJIOBE ueloBeka. B mepBoi cepun 3KCIepuMEHTOB ObLIO 3amucaHo 36 map ¢GoTOIIETU3MOrpaMM
Ha BUCKE 3JIOPOBBIX JIFOJIeH. BRIUMCIIEHHBIC BETUYMHBI CAaTypallid BEHO3HOW KPOBU HAXOIMIIUCH B
uHTepBaie ot 76,5 no 80,2 %, cpennee 3HaueHue SvO; = 79,4 + 0,8 % 1pu 3HAYCHUAX CaTypalluu
aprepuasibHol kpoBu Sa0, = 95,4 + 1,3 % B unTepBane ot 93,3 no 97,8 %. Bropas cepusi Obuta
MpoBeJicHa B MPOXOMSIIEM CBETE€ C MCIOJIb30BAaHMEM VIIHOTO JaTduka-npuiienku. CpemHee
3HauEHUE caTypaly BEHO3HOM KpOBU IO JaHHBIM 15 n3mepenuit coctasmino SvO, = 79,8 + 0,5 %
(untepBan 3HaueHuit ot 78,9 mo 80,7 %) mpu 3HAYEHHH caTypaluu apTepuaibHoil kKpoBu SaO; =
97,6 £ 1,1 % (o1 95,1 10 98,3 %). [lonmy4ueHHbIe 3HAYCHUS JOCTOBEPHO HE OTIUYAIOTCS OT BEJIUYHH,
MOJTyYEHHBIX JaTYMKOM PACCESTHHOTO CBETa Ha BUCKE YENIOBEKAa, TakKe Kak M oT 3HaueHuu SvOj,
M3MEPEHHBIX Ha MAJIbIIC YSJIOBEKAa B HOPMAJIHLHOM COCTOSTHUH.

Pe3ynbrarhl aHHOM pabOTHI 1O 3HAUYEHUSAM caTypallii BEHO3HON KPOBH Y 3J0POBBIX JIOJICH B
HOPMAaJIbHOM COCTOSIHMH COTJIACYIOTCS ¢ pe3yibTaTaMu IPYTruX ucciaemoBaresiei. Tak, B pabore [5]
METOJIOM pa3pelieHus] BO BPEMEHH C HCIOJb30BAHHEM TKaHEBOTO CIIEKTPOMETpa HM3MEPSIach
JIOKaJIbHAass BEHO3HAs caTypalus Ha BHYTPCHHEH W BHENIHEH METUAIbHBIX MBIIIax Oespa
3I0pPOBBIX JItoJel. B mepBoM ciiydae AaT4MK pa3Memiaid HajJ BUIUMOW BEHOH, U IMOJYYCHHBIC B
HOPMAaJIBHBIX YCJIOBHSX 3HaueHUss SvO; HaXOIWIUCh B Tipeaenax ot 69 no 85 % (B cpemnem 77 +
5 %), a BO BTOPOM — BJIaJIM OT BUJIUMBIX BEH, C MOJIy4eHHBIMH 3HadeHHsIMH SvO; o1 76 10 90 % (B
cpeaneM 84 + 5 %).

Eme omHUM HEMHBAa3MBHBIM METOJIOM OIPENEICHHs caTypallid BEHO3HOW KPOBHU SIBISETCS
MyJLCOKCUMETPHUS ¢ MMPUMEHEHHEM HCKYCCTBEHHO CO3JIaHHOM MEXaHWYECKOW MOIYJISIMH 00Bhema
BEHO3HOW KpoBU [6-8]. VCKyCTBEHHYI0O MOMYISIIIHIO OCYIIECTBISIIOT C MOMOIIBIO IMalbIEBOTO
MyJLCOKCUMETPUYICCKOTO  JIATYMKA, COCAMHCHHOTO C JJICKTPONPHBOJIOM MEXAaHUYECKH HIIN
MOCPEACTBOM HATyBHOW MAHKEThl C MEPUCTAIbTUYECKHM HAcocoM. YacToTa HCKYCCTBEHHOM
MOJIYJISIIIANA BBHIOMPAETCS BBIIIE YAaCTOTHI CEPACYHBIX Cokpamienuit (oT 2 g0 7 I'm), a ammouTyna
KoJie0aHUN MOXKET OBITh MPEBBIMAONIEH MOMYISIIHIO CBETOBOTO CHTHaNa MylbcoM (3-5%), mubo
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3HAYMTEJIbHO MeHbIe myiabcoBor (MeHee 0,1%). B mepBom ciiydae carypaliiusi BEHO3HOM KPOBH
SvO; ompexaensercss NpsMOW TOACTAHOBKOM MaHHBIX (POTOIJIETU3MOTPAaMM B CTaHIAPTHYIO
nporpaMmy BBIUMCIEHUS caTypaluu apTepuainbHod KpoBu SaOz, HO MpU STOM  HEIb3d
OJIHOBPEMEHHO BbIUUCIATH Sa02; BO BTOpoM ciiydae Oypre-QpuiibTpamMu pa3aemsiorcs MylbcoBas U
MEXaHUYECKas COCTABISIOIIME, U 3HAYCHHS caTypaluyd apTepUaibHOM W BEHO3HOW KpOBHU
BBIUMCIISIIOTCS MapaiienibHo. OJIHAKO MPU 3TOM Ha TOYHOCTh M3MEPEHUN HEraTUBHOE BIUSHUE
MO>KET OKa3bIBaTh HAJIOKEHHUE HAa YaCTOTY MOYJIALIMU TAPMOHUK YACTOThI CEPACUHBIX COKPAILICHUN
¥ KOMOMHAIIMOHHBIX YaCTOT.

MeTol MCKYCCTBEHHOW MEXaHMYEeCKOH MOMYJSIMH 32 CYET OOJBIICH YacTOTHl KoJieOaHWi
TpeOyeT MEHBIIero BpeMeHu cOopa JaHHBIX MO CPABHEHHUIO C METOJIOM BBIACICHUS JbIXaTEIbHOTO
pUTMa, HO €T0 MPUMEHEHHUE OTPAaHUYCHO MAJIbIIEBBIMU JaTYUKaMU. METoJ| IbIXaTebHOTO PUTMA, C
JIpYroll CTOpPOHBI, He TpeOyeT MNPUMEHEHUS HUKAKUX BHEIIHUX YCTPOMCTB MEXaHHYECKOH
MOAYJSIMU, JaeT BO3MOXHOCTh PErUCTPUPOBATH CHTHAl B pACCESHHOM Ha3aJ CBETE W,
COOTBETCTBEHHO, Ha Pa3IMYHbBIX y4acCTKax Tena.
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A STUDY OF HUMAN HAIR AS A METHOD OF PRECLINICAL STUDIES

Yu.E.Grabovskii', Yu.F.Zabashta', A.V.Kasprova', S.P.Senchurov’
1) National Taras Shevchenko University of Kyiv

AHoTauig. J{ochmi/pKeHHS CTPYKTYpH BOJIOCCS MOXKE€ OyTH BHMKOPHCTaHE AJs JOKJIIHIYHOTO
JOCTIPKEHHS CTaHy opraHi3My JroauHu. [IpoBeneHo peHTreHocTpyKTypHH Ta [Y-criekTpanbHUit
aHaii3 3MiH, sKi BiZOyBalOThCS B BOJIOCCI NPHU BBEICHI XIMIYHMX pPEareHTiB. 3arporOHOBaHO
YaCTOTHUH Jdlama3oH, KU MOXe CIyryBaTH KpPUTEPIEM OIIHKU CTPYKTYPHHUX 3MiH B OpraHi3zmi
JFO/IMHHU.

45



AnHoTanus. VccnenoBanue CTPYKTYpPhl BOJIOC MOXKET OBITh HCIIONB30BAHO ISl JOKIMHUYECKOTO
WCCIIEIOBAHUSI COCTOSIHMSI oOpraHu3Ma uyenoBeka. [IpoBegeHo peHtreHocTpykTypHblidi u HK-
CCIEKTPAJbHbI aHAIU3 W3MEHEHUH, IPOUCXOMSIIMX B CTPYKTypEe BOJIOC IIPU BBEICHHUH
XUMHYECKHX peareHToB. [Ipe/oxeH 4acTOTHBIN IMana3oH, KOTOPBIM MOXET ObITh HCIIOIb30BaH,

Kak KpUTEPUH OIEHKH CTPYKTYPHBIX U3MEHEHUN B OpraHU3Me YeJIOBEKa.

Annotation. A study of the hair structure can be used for preclinical studies of changes in the
human body. X-Ray Diffraction and IR-Spectroscopy were used in the study to understand the
structural changes in human hair when treated with chemical agents. The frequency range is
proposed as an assessment criterion of structural changes in the human body.

Kro4oBi cjioBa: Bosioccs JTIOIMHU, CTPYKTYPHE JTOCIHIHKEHHS, ITUPOKO KyTOBA peHTreHorpadis,
IY4 cnektpockoris.

KuroueBble ci10Ba: 4eI0BEUECKHUI BOJIOC, CTPYKTYPHBIE UCCIEIOBAHMS, IIMPOKOYTIIOBAsI
pentrerorpadus, MK-cnekrpockomnus.

Keywords: human hair, structure investigation, X-Ray Diffraction, IR-spectroscopy.

The study of hair is commonly used for analysis of the human body changes. Chemicals are
applied for medical treatment and together with blood spread over all structural levels of the human
body: cells, tissues, organs and organ systems. Thus, it is not a surprise to figure out in the hair
structure the chemicals of recently used drugs. The appearance of new chemical compounds that are
not inherent to the hair leads to changes of the hair structure. Therefore, studying the structure of
hair we can make conclusions how the treatment occurs, establish the term of the treatment, as well
as the necessity of the refresher course of treatment.

Usually the changes of the hair structure are accompanied by disulfide bonds breakage as
disulfide bonds provide the strength of fibers. Chemical treatment affects disulfide bonds allowing
to find out what methods of experimental research can respond to the change of the hair structure.

Human hair mostly consists of keratin and is typical fibrillar protein [1]. Thus the main
components of the human hair structure are fibrils. The diameter of a fibril is approximately 7,5 nm.
The axis of fibril is nearly parallel to the axis of hair. Fibrils are separated with interfibrillar
unordered areas known as amorphous matrix. The interfifbrillar ordered and unordered areas are
sequence along the axis of the fibril.

Fig. 1. Components of human hair structure: 1 — microfibrils with a-helixes, 2 — disordered areas —
matrix, 3 — crystallite, 4 — intrafibrillar unordered area.

The ordered area is a crystalline lattice built of keratin chains parallel to the axis of fibril. The
chain has the a-helix conformation, the intercoil distance is approximately 0,51 nm. The chains are
tied together by disulfide bonds and hydrogen bonds. In unordered area these bonds are either
broken or considerably weak in comparison with crystalline bonds. The keratin chains are
sequences of helix and non helical “amorphous” segments in this area.

For X-Ray diffraction and IR-spectroscopy studies the disulfide bonds were destroyed by the
treatment of human hair with thiolglycolic acid solution.
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The results of X-ray diffraction show that within the limits of experimental error the chemical
treatment of keratin fibers with thioglycolic acid solution:

has no influence on the position of equatorial reflexes (they take same place);

decreases the position of the meridian reflex, which corresponds to the distance between
adjacent coils of helix in the crystallite [2-4];

does not change the intensity and the degree of smear of observed reflections.

Based on the data obtained from the X-ray diffraction studies, we conclude that the structural
changes, which appear as a result of the fibers treatment with thioglycolic acid solution, result from
the subsidence of molecules of thioglycolic acid in unordered areas, as this process is accompanied
by lower increasing of the energy of the system.

If some molecules of thioglycolic acid precipitated the crystalline lattice, the cavity remains
after the removal of the molecules from the lattice, which effectively acts as a point defect of the
crystalline lattice. It is known that there is no correlation between the point defect and the
crystalline lattice. The appearance of the point defect can just change the intensity of reflex and the
large number of point defects may increase the smear degree of the reflex. However, this increase
was not observed after the treatment proving that crystallites are practically inaccessible for
thioglycolic acid molecules.

The molecules of thioglycolic acid can be situated either in intrafibrillar or in interfibrillar
unordered areas. As well known [3], the change of the crystal lattice parameters can be caused
either by the phase transition, or by appearance of macroscopic stresses.

In addition to the a-form of keratin there is another crystal conformation, which is well known
as B-form [1]. However, the reflexes obtained for the chemically treated fibers are different from the
typical reflexes of the B-form of keratin.

Thus, the results of the experiment lead us to the conclusion that the compression stress along
the axis of sample exists in chemically treated hair and causes the decrease of the distance between
adjacent coils of a-helix in the crystallites. Compression stress can arise only in case when the
thioglycolic acid molecules are located in intrafibrillar unordered areas.

The results of IR-spectroscopy of keratin fibers show that the chemical treatment leads to
appearance of the peak to a frequency of 520cm-1. The literature [5] attributes this peak to the
vibrations which appear by the chains configuration G-T-G formation of the disulfide bond with the
adjacent bonds.

The axes of helical segments are arranged parallel to each other in the section which divides
voids of fiber. Therefore the disulfide bonds can appear between the axes. In spite of the axis of
segments are in parallel location their atoms do not lattice. Thus the conformation formed by the
disulfide bond with the adjacent bonds of the chain is different from the typical lattice
configuration. Therefore, this peak is absent in the spectra of the chemically intact fiber.

The structural changes in human hair which appear by the chemical treatment take place in
unordered intrafibrillar areas. These changes reduce to reassignment of disulfide bonds
accompanied with additional orientation and cause the appearance of new frequencies. The range to
frequencies of (530-510)cm-1 might be chosen as a assessment criterion of structural changes in the
human body.

1. M.Feughelman, Mechanical properties and structure of alpha-keratin fibres: wool, human
hair and related fibres. - UNSW Press, 1997.

2. D.L.Nelson and M.M. Cox, Lehninger Principles of Biochemistry. 4 ed. -
W.H.Freeman, 2004.

3. C.R.Robbins, Chemical and Physical Behavior of Human Hair. 4 ed. -Springer-Verlag,
New York, 2002.

4. C.Popescu and H.Hocker, Chem. Soc. Rev., 36, 1282, 2007.

5. F. Briki, J.Doucet, C.Etchebest, Biophys. J, 83, 1774, 2002.
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THERMOSENSOR.3 - TIPUKJIA AJIS1 KOHTPOJIIO
TEMIIEPATYPHU «AAPA» TIJIA JIIOAWUHU

Kpaciok C.ILY, Mixue6ecunii 1.0.%, Cenuypos C.IL.°

1) Kuiscbra micbka KiHiuHa 1iKApHsL WEUOKOL MeOudHOi 00nomMoeu,
eyn. bpamucnascvxa, 3, Kuis, 02660
2) Kuiscwruil nayionanohuil ynieepcumem imeni Tapaca Illesuenka, gizuunuil gpaxyivmem,
np. I'nywxosa, 4, Kuis, 03680, e-mail: sergsenc@mail.kiev.ua

Anoramia: J[ns Tepanumii TIOAMHW B CTaHI 3arajJbHOrO TEPEOXOJIOMKEHHS HEOOXITHO 3HATH
PO3MOALUT TeMIEPaTypH B “sapi” Tijia JIOAUHM Ta WOTO 3MiHY 3 yacoMm. Hamum 3aBmaHHsaM Oyiio0
BUTOTOBUTH TNPHUJIAJ, SIKHH, OyAy4d HOCTYIHHUM IO BapTOCTI, TO3BOJISE 3MIHCHIOBATH JIOBIOYACOBY
peecTpalliio TeMmreparypu “sapa’ Tula JIIOJWHU Y CTaHI 3arajibHOTO MEPEOXOJIOKEHHS, a TaKOX
peecTpallito Temreparypu “supa’ Tijia B peKUMI peaTbHOTO 4acy.

AHHoOTanus: /[ Tepanuu 4yenoBeKa B COCTOSHUHU OOLIEro MepeoxJaxaeHus HeOOXOAUMO 3HATh
pacripeziesieHue TemmepaTypsl B “sape” Teja ueloBeKa M e€ M3MEHEHHe cOo BpeMeHeM. Hareit
3amadyeil ObLIO co3/aTh MPUOOP, KOTOPBIM, OyIydd MOCTYHMHBIM IO II€HE, MO3BOJSET COBEPIIAThH
JUTUTEIIBHYIO PEruCTpalfio “‘sfpa” Tejla YeJIOBEKa B COCTOSIHMM OOIIETO MEPEOXJTIXKICHUS U
PETrUCTPALIMIO TEMIIEPATYpPhI “sSapa” Telna B peKUMe pealbHOro BpeMEHH.

Annotation. For treatment human condition in general hypothermia to know the temperature
distribution in the “core” of the human body and its change with time. Therefore, our objective was
to produce a device which, being affordable cost, allowing for registration long-term “core”
temperature of human body in a state of general hypothermia, and registration of body “core”
temperature in real time.

Kuro4oBi cjioBa: mpuiiaj, TepMOPEryIiAlLlis, MePeoX0I0KeHHS, “aapo” Tia JIF0IUHU.
KiroueBble cj1oBa: mprOOp, TEPMOPETYIISALIMS, IIEPCOXIIAKICHHE, “SIap0’ Tella YeI0BEKa.
Key words: device, thermoregulation, hypothermia, “core” of the human body.

Jnst Tepamii JIOAMHM Yy CTaHI 3arajlbHOTO TEPEOXOJIOHKEHHS HEOOXITHO 3HATH PO3TOJILIT
TeMIeparypu y “aapi” Tijda JOOUHM Ta ioro 3MiHy i3 dacom [1, 2]. [lpumamu nns BUBYCHHS
pO3MOUTY TeMIiepaTypu “sapa’ Tijla JIOJMHUA Y CTaHl 3arajibHOTO TIEPEOXOJIOMKEHHS Ha YKpaiHi
HE BUTOTOBIISIOTHCS.

[Tpunan nns BUBYEHHS PO3NOAULY TEMIIEpaTypH “‘sjapa” Tula JIOAUHM Yy CTaHl 3arajbHOTO
HEPEOXOJIO/KEHHST TPOEKTYBABCSl 3 METOI JOCHITUTH Ta KOHTPOJIIOBATH IMPOLEC BiAIMPiBaHHS
JIOAVMHU Yy CTaHl 3arajJibHOro mnepeoxosiojkeHHs. [Ipm npoMy BiH MaB OyTH JOCTYIHUM 1
KOMIAKTHUM JJI1 MOOITTbHOCTI KOPUCTYBaHHS.

[lpunan CHpOEKTOBAaHW 3a TPHHIMIOM KOHTAKTHOTO BHMIPIOBAHHS TEMIEpaTypH.
HeoOxinHa TouHicTh peectpariii Temnepatypu cranoButh 0.1°C y intepBani remnepatyp 30,0°C —
42,5°C [3].

[lpunan mae 1Ba AAaTYMKH JUISL TEPOPAJIBHOrO BBEACHHSA Yy SIPO TiNa JIIOAWHH, SKI
CKOHCTpyHoBaHl Ha 0a3i TepMmictopiB 50 kOm (@ 25°C. BuxigHuii curHaJi naTyuka MPOXOJUTH
Kpi3b CXEMy aHAJOTrOBOTO NEPETBOPEHHS HANpyT, sKa J03BOJIIE OTPUMATH 3MiHYy Hampyru 3 0 1o
2,48 B (Bxinnuii inTepBan ALIT). ALl BOynoBanuit y mikpokontposep Silabs C8051F346 [4]. ¥V
npolieci BUMIPIOBaHHS JlaHI IMOJAIOTHCS HA CHUMBOJBHHUM JBOPSIKOBUI IHIMKATOp, Ha SIKOMY
BiJ10Opa)katoThCsl BUMIPIOBAJIbHI 3HAUEHHSI TEMIlepaTyp KOXHOro 3 jJardukiB. [lapanensHo 3 1ium
JaH1 3aMUCYIOThCS Y TIaM’sITh MIKPOKOHTpOJepa, Moo michs migkiaodeHas npuiany 1o [IEOM ix
MoskHa Oyno nepenucatu B Excel mis moganbiioi o0po6ku un 36epiranns. Konsepraiis 1 nepeaaya
JTAaHUX B110YBA€ThCA 32 JOIMOMOTOIO CIIEIialli30BaHOI IPOTrPaMHU.

Jns xepyBaHHsSI mpuiiaJ OCHaUIEHUM JBOMa HE(IKCYHOUMMH KHOIKAMU Ta CBITJIOIIOIHOIO
THIMKAIIEI0 PEKUMY POOOTH.
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VY pexxumi BUMIpIOBaHHS TPUJIAJ )KUBUTHCS BiJI 3araibHOI MEepexi enekrpornoctadanus 220 V
50 Hz a6o enemenTtiB Ty «kpoHa» 9V. Ilix vac 3uuTyBaHHs iHpoOpMaIlii mpuiaj KUBUTHCS BiJ
USB nopty koM’ 10Tepa, Ha IKUil BAKOHYETbCSI 3UUTYyBaHHS [5].

1. ®uznonorus yenoseka / 3a pen. B.M.ITokposckoro — T2 - M., 1997.
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3. ITonomapenko I'.H., Typxosckuii .M. buopusndyeckne ocHoBbl (puszmorepanuu — M.,
2006.

4. Pexum  goctymy:  http://www.silabs.com/Support =~ Documents/TechnicalDocs/
C8051F34x.pdf.

5. Ilpeobpascenckuii B.Il. TemnoTeXHUYECKHUE HM3MHPEHHS WU MPHOOPHI / TpeTe BUAAHHS
nepepooiiene — M., 1978.

INVESTIGATION OF FULLERENE Cg LIQUID SYSTEMS FOR MEDICAL
APPLICATION

O.A. Kyzyma®?, L.A. Bulavin®, M.V. Avdeev?, M.V. Korobov®, T.O. Kyrey*?,
V.M. Garamus®, V.L. Aksenov®?, L. Rosta®

1) Physics Department, Kyiv Taras Shevchenko National University, Ukraine
2) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Russia
3) Moscow State University, Russia
4) Helmholtz-Zentrum Geesthacht, Germany
5) National Research Centre “Kurchatov Institute”, Russia
6) Research Institute for Solid State Physics and Optics, Hungary

Anorania. J[ns BukopuctaHHs ¢QynepeHiB B MEAWIMHI HEOOXiJHI CTaOUIbHI BOAHI pPiAMHHI
cuctemu (¢ynepeHiB. Tak, BUKOPUCTOBYIOUM MaJIOKyTOBE PO3CISIHHA HEUTpOHIB, ekcTpakiii, Y d-
Bup ta Mac-criektpomeTpito Oyna JociiikeHa nmoBeinka QyaepeHiB B MOJSPHUX PO3UMHHUKAX, 1€
BOHHM (JOPMYIOTH KJIACTEPH, JJI MIPOSCHEHHS MUTaHb KJIACTEPHOI OpraHizalii Ta ctadiiizamii.
AHHOTaIII/Iﬂ. [[J'ISI HUCITIOJIB30BaHUA (bYJ'IJ'IepeHOB B MCOAUIIMHE H606XOJ_'[I/IMLI CTaOUIILHEIE
yhpaBisieMble BOJHBIE pacTBOpbl (¢ysuiepeHoB. Tak, HUCHOIB3YyS MaJOyIJOBOE paccesiHUe
HefITpOHOB, OKCTpPAKIHIO, y(D-BI/II[ U MacCC-CIICKTPOMCTPUIO OBLIO HCCICIOBAHO IIOBCACHUC
(GyiepeHOB B MOJSIPHBIX PACTBOPUTENSAX, IZI€ OHM (DOPMHPYIOT KiacTepbl, ISl MPOSICHEHMS
BOIIPOCOB KHaCTepHOﬁ OopraHusalu U CTa6I/IHI/I3aI_II/II/I.

Abstract. For the medical application is the existence of stable controllable fullerene water
systems. In this connection the behaviour of fullerenes in polar solvents, where they form clusters,
was investigated by small-angle scattering, extraction, UV-Vis and mass spectroscopy for clarify
the questions cluster organization and stabilization in solutions.

KurouoBi csioBa: piinHHI cuctemMu QysepeHiB, KJacTepHa OpraHizailisi, MaJJOKyTOBE PO3CISIHHS
HEUTpOHIB, excTpakis, Y P-Bun ta mac-cekTpomeTpisi.

KutoueBble cjioBa: pacTBOphI (yJIEpEeHOB, KIacTepHasi OpraHu3alivs, MajloyrioBOe paccesHue
HEUTPOHOB, dKCTpakuus, Y P-Bug u macc-CrieKTpoMeTpus.

Keywords: fullerene solution, cluster organization, small-angle neutron scattering, extraction, UV-
Vis and mass spectroscopy.

The interaction of recently discovered new carbon forms (fullerenes, nanotubes and
nanodiamonds) with various solvents is a problem of current interest directly related to the use of
these systems in modern nanotechnologies, especially in biomedical applications. In recent years,
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the possibilities of medical applications of fullerenes (high symmetry Cgy and C7o molecules) and
their complexes have been studied extensively. Fullerenes exhibit strong antioxidant properties [1],
which promotes the development of their therapeutic use in treatment of, for instance,
neurodegenerative diseases, such as Alzheimer’s and Parkinson’s diseases. Some fullerene
derivatives exhibit inhibiting activity with respect to immune deficiency virus proteases, which is
supposed to be used for suppressing virus activity [2]. Antitumor activity of photoexcited fullerene
derivatives was reported [3]. The almost spherical structure of the Cgy molecule combined with its
size (~1 nm) offers the possibility of using fullerenes for controlling influenza virus through
creating purely mechanical hindrances to the penetration of viruses inside cells.

A natural requirement imposed by these applications is the existence of stable controllable
liquid systems containing fullerenes. However generally, modern structural studies are indicative of
a complex behavior of fullerenes and their derivatives in solutions related to the formation of
clusters (aggregates).

In the present work the questions of stabilization and cluster organization of fullerene
solutions at different polarity was investigated by small-angle neutron scattering (SANS),
extraction, UV-Vis and mass spectroscopy. We study the solution Cgo/N-methyl-2-pyrrolidone
(Ceo/NMP), where the formation of large (up to 500 nm in size) and stable clusters are reported.
Usually addition of higher polarity solvent to fullerene solution leads to aggregation of fullerene.
The abnormal fullerene cluster decomposition in the solution Cgo/NMP after addition of higher
polarity solvent was observed. From the SANS investigation is concluded that large stable clusters
(size >100 nm) in the Cgo/NMP solution partially dissociate into smaller ones (size <100 nm) on
addition of water [4-6]. The effect has a sharp character when the water content in the system
approaches 40 vol. % [7]. It is shown [8] that water addition leads to the decomposition of fullerene
clusters in the solution, which is a result of the detachment of monomers from the clusters. The
cluster reorganization in the Cg/NMP system after addition of various polarity solvents (water, N-
methyl-2-pyrrolidone, toluene) was investigated. The critical character of fullerene cluster
reorganization in above mention solutions depending on the solvent polarity is analyzed. The reason
for the final cluster stability is discussed.
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S., McGarvey D.J., Schinberger H. Reactions of € ., €0, ho., 0, and 0,(*8,) with a
dendro[60]fullerene and cgo[c(cooh),], (n = 2-6) // Free Rad. Biol. Med. —2000. — V. 29. — P. 26-
33.
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of the HIV-1 protease by fullerene derivatives: model building studies and experimental verification
/1'J. Am. Chem. Soc. — 1993. — V. 115. — P. 6506-65009.

3. Iwamoto Y., Yamakoshi Y. A highly water-soluble C60-NVP copolymer: a potential
material for photodynamic therapy // Chem. Commun. — 2006. — V. 54. — P. 4805-4807.
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Bulavin L.A. Solvatochromism and Fullerene Cluster Formation in C60/N-methyl-2-pyrrolidone //
Fullerenes, Nanotubes, and Carbon Nanostructures. — 2010. — V. 18. — P. 458-461.

6. Kyzyma O.A., Bulavin L.A., Aksenov V.L., Avdeev M.V., Tropin T.V., Korobov M.V., Snegir
S.V., Rosta L. Organization of fullerene clusters in the system Cgo/N-metyl-2-pyrrolidone //
Materials structure. — 2008. — V. 15, Nel. — P. 17-20.

7. Aksenov V.L., Avdeev M.V., Kyzyma O.A., Rosta L., Korobov M.V. Age effect of solution
Ceo/N-methilpyrrolidone on the cluster structure in the system Cgo/N-methilpyrrolidone/water //
Cryst. Rep. —2007. — V. 52, Ne 3. — P. 479—-482.

8. Kyzyma O.A., Korobov M.V., Avdeev M.V., Garamus V.M., Snegir S.V., Petrenko V.I.,
Aksenov V.L., Bulavin L.A. Aggregate development in Cg/N-metyl-2-pyrrolidone solution and its
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mixture with water as revealed by extraction and mass spectroscopy // Chemical Physics Letters. —
2010. — V. 493. — P. 103-106.

B3AVMMOJIEMCTBHUE JIASEPHOI'O U3JIYUEHUSA C TEMOIJIOBMHAMM KPOBH

C.A. MaM]/lJIOBl, C.C. ECLMaﬂl, M.M.AcumoB?

1) Unecmumym npuxnaousix npobnrem guzuxu u 6uopuszuxu HAH Yrpaunol
2)Uncmumym pusuxu HAH Benapycu, np. @. Crapunol 68, 220072 Munck, benapyce

AnHotauus. IlpoanamusupoBan 3¢ddexkr azepHO-CTUMYIHPOBAHHOW  (HOTOAMCCOLUAINN
OKCHUTEMOTJIOOMHA B MOTOKAX apTEePHAIbHOU KPOBU. ITOT 3(PGEKT, 10 HAllleMy MHEHUIO, SBIISCTCS
OJIHUM U3 MEXaHU3MOB JIa3€pHON OMOCTUMYJISALIUU

Annotation. The effect of laser- stimulated photodissociation of oxyhemoglobin in arterial blood
flow was analyzed. This effect, in our opinion, is one of laser biostimylation mechanisms.

KaroudeBble ci1oBa: OKCI/IFGMOFOJ‘IO6I/IH, carTypanusd apTepHaHLHOﬁ KpOBH, (1)0TOI[I/ICCOI_II/IaI_II/I${
Keywords: oxyhemoglobin, arterial blood saturation, photodissociation

Cy11ecTBYIOT J1Ba OCHOBHBIX MEXaHHM3Ma OMOJOTUYECKOrO JEUCTBHUS JIa3ePHOTO U3IYUYCHHS:
doroxumuueckuid U Gorodusndeckuii. B mepBoMm ciydae paccMaTrpuBaeTCsS B3aUMOJICHCTBUE C
HU3KOUHTEHCUBHBIM (HHU3KORHEpreTuyeckuM) azepHbiM usnydenuem (HWJIM), koropelii He
MPUBOJIUT K TepMmuueckuM 3¢ ¢dekram B OuoTkanu. [lormomenue cera remorinobunom (Hb) u
okcuremornodunom (HbO;) B KOKHBIX KPOBEHOCHBIX COCY/IaX MO3BOJISIET PACCMOTPETh MTPOTEKAHKE
CIIeIYIOINX (POTOXHUMHUYECKUX B (POTOPUINISCKUX MTPOIIECCOB.

DOTOXMMHUYECKUI  TIPOLECC, CBA3aH C  IONIOIIEHHEM  JIA3€PHOTO  M3Iy4EHUS
OKCHUTEMOTIIOOMHOM, OCHOBHOM OHOJIOTHYECKON (PYHKIIMEH KOTOPOTO SBISIETCS] IEPEHOC KUCTOpOoaa
K KieTkaM. M3 sKkcrepuMeHTOB iN VItr0 M3BECTHO, YTO MPH TOTJIOMIEHHH (OTOHA MPOUCXOIUT
dotonuccormanus HbO; ¢ ocBOOOXKIEHNEM MOJEKYISIPHOrO KHUCIOpojaa W oOpasoBanueMm Hb.
KBantoBeiii Bbixog dotoaucconnanmu HbO; mpu Bo30yXIE€HHH B BHAMMOM CIEKTPATbHOM
nuana3one cocrapnseT ~10% [1].

dotoduznueckunii mporecc cBsA3aH ¢ O€3bI3NTydaTeNbHBIM PacHaJoM IEKTPOHHOH SHEepruu
Bo30yxkaenust Hb u HbO,. Brinenusiieecs mpu 3ToM TeIUio mepefaercss CTeHKaM KPOBEHOCHBIX
KalUJUISIPOB, KOTOPbIE UMEIOT XapakTepHoe Bpemsi Tepmuueckoil penakcaruu 0,05-1,2 mc. Jtot
3¢¢deKkT npu BO3AEHCTBUM HU3KOMHTEHCHUBHBIM JIa3€pHBIM M3JIYYEHHEM MOXKET IPHUBECTH K
JIOKaJIbHOMY TOBBIIIEHHIO Temriepatypsl B npeaenax 0,1-0,5 °C [2]. Takoil He3HAYUTENBHBII pOCT
TEMIEpAaTypbl B JIy4ylleM CIIy4ae MOXET CHOCOOCTBOBAaTh K HEKOTOPOMY  YIIYULIECHHUIO
MUKPOLUUPKYIISILIUU KPOBH.

Taxkum o6pazom, Gporoxumudeckue U HoToPU3NIECKUE MPOIECCH HEM30E)KHO NMEIOT MECTO
MIpY B3aUMOJICHCTBUU CBETa, BKIIIOUas Ja3zepHoe u3nydenue, ¢ HbO2 u Hb B KOXKHBIX KPOBEHOCHBIX
cocyaax. CnenyeT OTMETUTh, YTO B MEXaHH3ME OMOCTUMYJIHPYIOIIETO JEUCTBUS CBETa BOOOLIE U
Ja3epHOTO H3IYy4YeHHUs B YaCTHOCTH, INpolecc (OTOAMCCONUAINU, HPUBOIAMIMUNA K JIOKAIBHOMY
NOBBIIIEHUIO 3()()EKTUBHOCTH OTAAYM MOJIEKYIsIpHOTO KHciopoaa HbO2, mo HamemMy MHEHWHIO,
UTpaeT ONpeAesSAIOIIYI0 Posib. Tak, OTKPBIBAETCS BO3MOXKHOCTH JIOTIOJIHUTENFHO BBICBOOOX/IATh
KHUCJIOPOJT B TKaHU B 30HE OOJYYEHHMS] M T€M CaMbIM CTHUMYJIMPOBaTh a’pOOHBIH MeTabonu3m
KJIETOK.

Jlazepuo-unaynmupoBanHas ¢otoauccormaius HbO2 in vivo mposiBisieT ceOsi B MU3BMEHEHUH
BEJIMYMHBI ~ CaTypallMk  apTepUaibHOW KpoBU  KucjaopoaoMm (Sa0O2) mpu  BO3AEHCTBUU
HU3KOMHTEHCUBHBIM  JIa3€pHBIM  H3IydeHHEM B  mosiocy A(G(EKTUBHOIO  MOTJIOLICHUS
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okcuremornobuna. Msmenenue ypoBHs SaO2 orpaxkaer usmeHenune cooTHomennss HbO2 u Hb B
apTepHalibHOIN KPOBHU B pe3yibTaTe (POTOIMCCONMALNN OKCUTEMOTI00MHA B apTepUaIbHOU KPOBH.

IIpu oOnyuenunm TpeThed (amanru wusaydeHueM He-Ne masepa MomrHocThio 20 MBT
HaOmogaeTcss cHUkeHue BenuduHbl Sa02 Ha 1,5 %, 4TO CBUACTENBCTBYET O BBICBOOOXKIICHUH
KUCJIOpOAa B 30HE Bo3AcucTBUA. [IprMedarenbHO, 4YTO OTKIMK Ha BO3JCHCTBUE JIA3EPHOTO
U3ITy4eHUs] TMPOUCXOIUT OAHOBPEMEHHO C HAdajaoM OOJy4YeHHs, O 4YeM CBUJICTEIIbCTBYET
CKaYK000pa3HOE CHIKEHUE MCXOTHOTO YPOBHsI caTypanuu. [Ipu 3ToM, CHIDKEHHBIN ypoBeHb Sa02
COXpaHsieTcs Ha MPOTSHKEHUH BCEro Mepuoaa OOIy4deHMs, U BOCCTAaHABJIMBACTCA JO HCXOJHOTO
cpa3y IMocie NpeKpalleHusi BO3ACHCTBUs JiazepHOro usnyudeHus [3]. Pe3ynbrarbl momydeHbl ¢
MOMOIUIbIO MYJIBCOKCUMETPa-CIEKTPOGOTOMETPA C MOBHIIIEHHON TOYHOCTHIO [4].

Cuamxenne ypoBHs SaO2 aprepuaibHON KPOBH IMOJ BO3JECUCTBHEM JIA3€PHOTO HM3Iy4YEHUS
BbI3BaHO (DOTOJUCCOLMAIIMEH OKCUTeMOrnoOnHa B TOKE KPOBHU YOEIUTEIHHO JIEMOHCTPUPYET
MPOIECC JTOTOTHUTEILHOTO BBICBOOOXICHUS CBOOOJHOTO MOJEKYISPHOTO KHCIOpPOJa B TKAHU.
OrpannuuBaromuM (HakTopoM B 3STOM TMPOLECCE, SABIAETCS HUBKUM KBAaHTOBBIM BBIXO[
dboToarccoraIi OKCUTEMOTIIOONHA, KOTOPBIN B HOPMAIBHBIX YCIOBUAX HE mpeBbimaet 10% [2].

3aBUCHUMOCTh KBAaHTOBOTO BbIxoJa poTtonucconnanuu HbO2 ot TemnepaTypsl [5] OTKpbIBacT
BO3MOXKHOCTh CYIIICCTBEHHOT'O TOBBIIICHHS JIOKATHbHOW KOHIIEHTPAIMKU KHUCIOPOJa B TKaHAX in
vivo. C yBenuyeHHeM TeMIiepaTypbl BO3pacTaeT yMeHbIleHHe BeanuuHbl SaO2 apTepuanbHON
KkpoBu moj AciictBueM m3nydeHus He-Ne mazepa ot 0,6 % npu 330C mo 2,3 % mpu 32 0C [6].
Pe3ynbTarhl, moMydyeHHBIE B HAIIEM 3KCIEPUMEHTE in Vivo, XOPOIIO COTJIACYIOTCS C JaHHBIMHU in
Vitro 3aBHCHMOCTH KBaHTOBOT'O Bbixoaa (poromucconumanuu HbO2 ot Temmneparypsr [5].

Bapuanus nokanbHOM TemmepaTyphl TKaHU B 30HE BO3ICHCTBHS JIa3€pHBIM HU3ITyYCHHEM
MO3BOJIIET  PErYJIMPOBaTH  CKOPOCTh  JIONOJHUTEIBHOTO  BBICBOOOXKJICHUS  CBOOOIHOTO
MOJIEKYJIIPHOTO KUCIIOPOAA.

[Tomy4yeHHbIE PE3yJIbTAThl OTKPHIBAIOT YHUKAIbHBIE BO3MOXHOCTHU HCIOJIB30BaHUS JIA3€PHO-
UHAYIUpoBaHHON ¢otoauccormanuun HbO2 B OuomenuuuHCKON mpakTuke. B 3Tom acmekre
HauOOJIBIIMKA HWHTEPEC M TMPAKTHUYECKYI) 3HAYUMOCTh MPHOOPETAaeT KOHTPOJIb KOJIMYECTBA
KHUCTIOpOJIa B TKAHIX U MOAJEPKaHUE €ro A0 YPOBHS HEOOXOIMMOTO JUIsl HOPMajIbHOTO a’3pOOHOro
MeTaboM3Ma KIeToK. B cremyromem pasaene npencTaBieHbl Pe3yIbTaThl UCCIAEA0OBAHUS KHHETHKA
Ja3epHO-UHAYLIUPOBAHHON OKCUT€HAIIMY KOKHOW TKaHH.

Xopomio HM3BECTHO, YTO JjIsi OOJBIIMHCTBA TMATOJIOTHMH KOXHOTO TIOKpOBAa XapaKTepeH
nebuuT Kucinopoga B TKaHAX. OcCTpbll AEPUIMT KHUCIOPOAa 3aTpyAHSAET MEAHMKAMEHTO3HOE
JICYCHHE 5I3B, paH U 0KOTOB, a B CIIy4ae MPOJIEKHEH U aHAPOOHBIX MH(EKIIMNA CBOJUT HA HET UX
s¢dekTuBHOCTh. [IprMeHeHne Ja3epHO-UHayIMpoBanHOU (oromucconmarmu HHO2 in vivo
COBMECTHO C JIOKQJIbHBIM TOBBIIIEHUEM TEMIEPATYPhl TKAHW TO3BOJIUT CEJICKTUBHO YBEITUYMBATH
JIOCTaBKY KHCJIOpPOJAa B Takue 30HbI. C LENTbI0 UCCIEI0BAHNS KUHETUKH Ja3€pHO-UHIAYHUPOBAHHOMN
OKCUTEHAIIMU KOXXHOW TKaHU OBUIM M3MEPEHBI 3aBUCHMOCTH BEJIUYHHBI MAPIIHATHHOTO JIaBJICHUS
nonkoxHoro kucinopoaa (TcPO2) oT BpeMeHU BO3IEHCTBUS Ja3€PHOTO U3ITyYEHUS JJis Pa3IUIHOTO
THUIIA KOXHU.

[Tpu obnyuenun He-Ne nazepom cTeneHb OKCHUTEHAIIMM TKaHU pacTeT W cmycTs 10 MuUHYT
BBIXOJIUT Ha CTallMOHapHbI ypoBeHb. Kucnopoa, BeicBoOOXAeHHBIH oT HbO2, nepBoHauanbHO
cylecTBeHHO ToBblaeT PO2 B mua3me KpoBH, a 3aTeM npoucxoauT nuddysus kuciopona B
TkaHb. [Ipu 3TOM, BBICBOOOKIECHHBIM KucIopoa audPyHIUpyeT B Tpex HAMpaBICHUSX: K
MOBEPXHOCTU KOXH, BHYTPh K MBIIIEYHBIM TKaHSM M 4acTh YHOCHUTHCS TOKOM KpoBH. Tak, eciu
CYMTaTh, YTO BO BCE OTHU HAIMpPABIEHUS YHOCHUTCS OIMHAKOBOE KOJMYECTBO KHCIOPOJA, TO
YBEJIMYECHUE HA MOBEPXHOCTU KOXH B 1,6 pa3a maet mpupoct O2 B ma3Me apTepuaibHONM KPOBU B
4,8 paza. InTepecHO OTMETUTH, YTO POCT BeMM4rHbI PO2 B miiazmMe KpoBU COMOCTABUM C TEM, YTO
JOCTUTAETCs B MeETOJAe rumnepOaprueckoil okcureHanuu. JlanpHeWnine WCCIeOBaHUS B JTOM
HaIpaBJICHUU TIO3BOJISAT pa3paboTaTh JIA3epHO-ONTHYECKHE METOABl YCTPAHECHHS JIOKAITHHOU
TUIMIOKCUU TKaHEM.

Cy11ecTBEHHO OTMETUTh TO, YTO KHWHETHMKa pocta BenuuuHbl TcPO2 HemocpeacTBeHHO
0o0yCIIOBJICHa JIOTIOMHUTENBHBIM BbICBOOOXKIAeHHEM O2 B TKaHb B pe3ylbTaTe Ja3epHO-
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uHAYIupoBaHHON (oTomucconmanuu HbO2. Takum o0pazoM, eciau MUKPOIHMPKYISIHS KPOBU
oOecrieunBaeT TPAHCIOPT KUCIOPOJa B TKaHb W MOJJEPKUBAET €r0 HANPSKEHHOCTh HAa YPOBHE
30 MM.pT.CT., TO BO3JEHCTBYS Na3epHbIM H3IydeHueM He-Ne nazepa MOIIHOCTBIO BCEro JIHINIb
1,1 MBT MOXHO yBenW4yuTh JOKadbHYH0 BenuuuHy T1cPO2 no ypoBHs 50 MMm.pT.cT. ITO
MIOKa3bIBAET, YTO HMCIIOJIb30BAaHHE JIA3€PHO-UHIYIIUPOBAHHOMN (DOTOAMCCOIUAIIMN OKCUTEMOTIIOO0NHA
in ViVO OTKpBIBaCT MNPHUHIMIHAILHO HOBYIO BO3MOXXHOCTh B DEryJHUPOBAHUH JIOKAJIHHOM
KOHIICHTPALIUM CBOOOHOTO MOJIEKYJISIPHOTO KHCIOPO/ia B TKAHSX.

TakuM 00pa3oM, MOJIyYE€HHBIE pPe3yibTaThl YOEOUTENbHO IAEMOHCTPUPYIOT, UTO Ja3epHO-
uHAynupoBaHHas ¢oroaucconmanusi HbO2 in  vivo TMO3BONSIET yBEIWYUTH JIOKAIBHYIO
KOHIEHTPAIUIO CBOOOTHOTO MOJEKYJISPHOIO KUCIOPOAa B TKAHSAX, U MOXET MCIIOJIb30BAThCS IS
YCTpaHEHUS! TUIIOKCHM, CTHUMYJSIUU a’3pOOHOro MeTadoiM3Ma KIETOK C LENbI0 JTOCTHIKECHUS
HEO0OXOMMOT0 TepareBTHIECKOro ¢ dexTa.

HHTEepecHO OTMETUTH, 4YTO (HOTOAMCCOLMAIMS OKCUTEMOINIOOMHA W JIOTIOJIHUTEILHOE
BBICBOOOKJICHHE CBOOOJHOTO MOJIEKYJIIPHOTO KHUCIOPOJa JOCTHUTaeTcss M IpU BHYTPUBEHHOM
nazepaoM oOmyuenun kpou (BJIOK). Tak B [7] JKCHEpUMEHTaIbHO 3aperUCTPUPOBAHO
MOBBILICHHE MaplHaibHOro Hanpsikenus PO2 B miia3me KanwUISIPHOH KPOBU MPH UCIIOJIb30BAHUU
metona BJIOK. CnemyeT oTMETHTH, 4TO BEHO3HAs KPOBb COJEpKUT mopska 60 % HbO2 u npu
Bo3eiicTBuM u3nydennem He-Ne nazepa mnHunuupyetcs npouecc doroaucconuanuu [HbO2] +
h(J> [Hb] + [02]. Taxum o6pasom, merox BJIOK moxer Takke >(peKTHBHO HCIIOIB30BATHCS B
Ka4yeCcTBE JOMOJHUTEIBHOTO MYTH YCTPAaHEHUsI TKAaHEBOW TMIIOKCUU U AJis OOpbOBI ¢ aHadPOOHBIMU
MH(EKIUSIMHU.

Takum 00pa3oM, YHHKaJIbHASE BO3MOXKHOCTH JIa3€pHO-ONTUYECKUM METOJO0M IKCTParupoBaTh
U3 apTepUabHON KPOBH JOMOJHUTEIHHOE KOJMYECTBO MOJIEKYyJsapHOTO Kuciopoaa (O2) um tem
CaMbIM MOBBICUTD JIOKaIbHYIO KOHIIEHTparuu O2 B TKaHU, MO3BOJISET CTUMYIHPOBATH METab0IN3M
KJICTOK B BBIOPAHHBIX y4acTKax Teja.

st Toro 4ToOBI chenarh Ja3epHYI0 Tepamnuio ASHCTBUTENHHO 3()PEeKTUBHON HEOOXOAUMO
KOHTPOJIMPOBAaTh KOHLIEHTPALIUIO KUCIOPOJa B TKaHH, MOAJEPKUBasl €€ Ha HE0OOXOIMMOM YPOBHE.
Ota 1enb MOXKET ObITh JOCTUTHYTA IPU MCIIONB30BAHUH JIA3€PHO-UHIYLIUPOBAHHON OKCUTEHALIUU
OnoTkaHel myreM (GOTOAUCCOLUAIIMN OKCUTEMOTIO0MHA 1N VIVO B KOYKHBIX KPOBEHOCHBIX COCY/IaX.

JlomonHUTENbHOE HACBIIIEHHE TKAaHH KHUCIOPOAOM CTHUMYIHUPYET a’dpoOHBIM MeTaboIu3M
KJIETOK, 4YTO M OOyCIaBIMBAeT TEpaneBTUUYECKUI 3PQPeKT OeHCTBUS Ja3epHOTO HU3ITyYEHUS.
B03MOXHOCTh HEMOCPEACTBEHHOTO M3MEPEHHs JOTOTHUTENHFHOTO BBICBOOOXKICHHS KUCIOpOAa B
TKaHb yepe3 3HaueHue [1Sa02 mo3BoJsieT UCTOIB30BaTh €0 B KAYECTBE OOBEKTUBHOTO MapamMeTpa
B KOHTPOJIE TEPANEeBTUYECKOTO d(PPeKTa JIa3epHOTO U3ITYUCHUS.
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AHoTanis. BUKOpUCTaHHS MarHiTHUX YaCTUHOK JJis 010MeIUYHUX IIiJIel 3ycTpivae mpodiieMy, 1o
OB ‘si3aHa 3 CUHTE30M OiocyMicHMX MarHiTHHX pigumHHUX cucteM (MPC). 3a momomoroio meroxy
MaJIOKyTOBOT'O PO3CisSIHHS HEUTPOHIB MPOBEACHI CTPYKTYpHi docihimpkeHHsa pizHoro tumy MPC Ha
piBai 1-100 HM 10 BAOCKOHANCHHS mpoueaypu cuHTesy MPC 3  Hamepen 3agaHuMH
BJIACTUBOCTSIMHU.

AnHoranus. CyiecTByeT mpoOjeMa MCIOIb30BaHUSA MATrHUTHBIX YaCTHUIl JUIsi OMOMETUIIMHCKUX
HeNneld, KOTopas CBs3aHa C CHUHTE30M OmocoBMecTHMBIX (epoxkuakocrei (DXK). C momoribio
METO/1a MAJIOYTIIOBOTO PAcCEesTHUS HEUTPOHOB TTPOBENICHBI CTPYKTYPHBIE UCCIICIOBAHUS PA3TMIHOTO
tuna ®X Ha yposHe 1-100 HM ¢ 1enbpI0 ycoBepieHCTBOBaHMS Tporeaypbl cuuTeza XK ¢ 3apanee
3aJJaHHBIMH CBOMCTBAMHU.

Annotation. For the medical application of ferrofluids (FF), much effort is concentrated on the
synthesis of highly stable and controllable biocompatible FF, but such synthesis still poses
problems. Small-angle scattering experiments were done for structure characterization of FF on the
scale 1-100 nm for the improvement of synthesis procedure.

K1r040Bi cj10Ba: MarHiTHI piAMHHI CUCTEMH, MAJIOKYTOBE PO3CISIHHS HEUTPOHIB, CTPYKTYPHI
JTOCJTIJDKEHHS, CTa0UTBHICT (hepodIroiiB.

KiroueBble cjioBa: GpepokXUIKOCTH, MAJIOYTIIOBOE paccessHue HEUTPOHOB, CTPYKTYpHBIE
UCCIIEIOBaHMS, CTA0MIIBHOCTh MATHUTHBIX JKUIKOCTEH.

Keywords: ferrofluids, small-angle neutron scattering, structure investigation, magnetic fluid
stability.

Ferrofluids (magnetic fluids) are liquid dispersions of magnetic nanoparticles covered with
layers of surfactants or polymers. The particle size is about 10 nm, thus determining the single
domain state whose magnetization is very sensitive to the external magnetic field. One can regulate
the particle interactions in ferrofluids by modifying the structural and physical properties of the
surfactant layers, which leads to a wide range of applications. At present, ferrofluids are actively
used in various technical and industrial applications. Ferrofluids also hold much promise for
biomedical applications such as drug delivery and targeting, magnetic resonance imaging, magnetic
hyperthermia, etc.

The use of magnetic nanoparticles for biomedical applications raises the problem of synthesis
of biocompatible ferrofluids, which are stable and controllable in biological media under different
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conditions. The classical scheme of the ferrofluids stabilization in non-polar organic liquids is based
on the coating of magnetite nanoparticles with a single adsorption layer of oleic acid (C1gH3405),
which belongs to the class of non-saturated monocarboxylic acids. Despite a comparatively long
history of ferrofluids (first ferrofluids were synthesized in the middle of 1960s) the production of
highly stable ferrofluids in polar solvents faces difficulties. Thus, in water (the basis of biological
media) one has to deal with a strong interaction of water and the magnetic nanoparticles coated by
surfactant. This limits the use of the classical stabilization scheme in non-polar carriers, and, instead
of a single surfactant layer, requires the additional (double) stabilization in the excess of free second
surfactant. Nevertheless, in many cases an uncontrollable particle clusterization during the
preparation takes place. It results in a ferrofluid structure, which is far from the general concept of
single spherical particles covered with surfactant shells. This is a significant obstacle for such
methods as magnetic hyperthermia, which requires single domain magnetic particles for
controllable regulating of elecromagnetic wave absorption. The current use of ferrofluids in this
technique is based on the trial-and-error treatment of these systems until a required stability in a
given media is achieved.

The further progress in the development of ferrofluids is connected with the detailed
structural description of these systems in a wide size interval of 1-100 nm. The knowledge about the
microstructure of ferrofluids is very important to understand and control the mechanism of their
stabilization. Small-angle neutron scattering (SANS) technique was used in our work for structure
characterization of magnetic fluids in the length scale 1-100 nm. Information about interaction in
the bulk of ferrofluids is also derived from SANS data.

In the given work we determine the structure of water based ferrofluids stabilized by different
surfactants [1,2] and also study factors determining the stability of ferrofluids [3]. One of these
factors is an excess of free surfactants in the bulk liquid base of the ferrofluid. For organic non-
polar ferrofluids the excess of surfactant results in worse stability of these systems. In polar
ferrofluids such excess is required to form the second surfactant layer around magnetic particles,
but still with the knowledge of its optimal value.

The behavior of surfactant/polymer, which are used for magnetic fluids stabilization, in pure
carriers was studied to clarify some aspects of stabilizer efficiency for magnetic nanoparticles [4,5].

Our research will broaden the understanding of the mechanisms for ferrofluid organization,
stabilization in biological media and leads to the synthesis of stable biocompatible ferrofluids with
defined properties.
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POJIb TUCKY B EJIEKTPO3BAPIOBAHHI M’AAKUX BIOJOI'TYHUX TKAHUH
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monexyaaproi @izuxu, Kuie 01601, éyn. Borooumupcoka, 64

AHoTauisi. Po3riasHyTo mporecu, mo BiOyBalOTHCS MPU BUCOKOYACTOTHOMY 3BapIOBaHHI M'SKHX
OioTkanuH. IIpoaHanizoBaHO METOAMKY BHUMIPIOBaHHS TEMIEpaTypy B 30HI 3BapPIOBAJIBLHOTO IIIBA.
3anpornoHoBaHO (i3MYHY MOJIeTh BINTMBY THUCKY Ha Mpolec 3'€THaHHs 010TKaHWH MMPU 3BapIOBaHHI.
AHHOTanusl. PaccMOTpeHbl IpoLEcChl, KOTOPbIE MPOMCXOAAT IPU BBICOKOYACTOTHOM CBapKe
MSITKUX OMOTKaHEMN. HpoaHaJII/I3I/Ip0BaHa METOJUKA U3MEPCHUA TEMIIEPATYPBI B 30HC CBAPHOI'O IIBA.
[Ipennoxxena ¢usznyeckas MoAeb BIMSHUS IaBICHHS Ha IMPOLECC COSNMHEHHs] OMOTKaHed mpu
CBapkKe.

Annotation. The processes that occur at high frequency welding of soft biological tissues are
considered. The method for measuring the temperature of the weld seam is analyzed. A physical
model of the effect of pressure on the process of connecting tissues during welding is proposed.

Kiro4oBi ci10Ba: BHCOKOYAaCTOTHE CJICKTPO3BAapPOBAHHA 6iOTKaHI/IH, TEMIICpAaTypa 3BaprOBaHHA,
BILJIUB TUCKY.

KirodeBble cj10Ba: BEICOKOYACTOTHAS QJICKTPOCBApKa 6HOTKaHefI, TEMIICpAaTypa CBAPKH, BIIUSHUC
JaBJICHUA.

Keywords: high-frequency electric welding of biological tissues, welding temperature, the
influence of pressure.

OctanHiMu pokaMu B YKpaiHi Ta CBiTI pO3BUBAIOTHCA MEMYHI TEXHOJIOT1 BUCOKOYACTOTHOTO
CJICKTPUYHOIO 3BaproBaHHs M'skux OioTkanmH [1-3]. B po6Goti [3] 3ampomnonoBaHo ¢Gi3zuuHy
MOJICKYJIIPHY MOJICNIb TPOIIECiB, IO BiIOYBAIOTHCS IIiJl Yac 3BapIOBaHHSA M'SIKUX O10JOTiYHHX
TKaHUH. B TOW >ke yac He3SICOBaHUM 3aIUIIAETHCA POJib, SIKY BIJICPA€ THCK IMiJI Yac TaKOro
3BapIOBaHHS.

Bigomumu € Taki ekcriepuMeHTanbHi pe3ynbratd [4,5]. Tuck Ha TKaHMHY Mg dYac
3BapIOBaHHS MOBUHEH crTaHoBUTH He MeHme 0,5 MIla. Temmeparypa B MicIi 3BaploBaHHs
craHoBuTh 56-81°C.

TemmnepaTypa B Miclli 3BaproBaHHs B poboTax [4,5] BumiproBanacek nipomerpom RS 465-9173
¢ipmu  "Raytek" (CHIA). Ilpu 1npomMy BUMIPIOBAaHHS TEMIEPATypd BUKOHYBAJINUCH IICIS
3aBEpILEHHS 3BAapPIOBAHHA 1 3HATTS 3BapIOBAILHOIO IHCTPYMEHTY. 3TiHO 3 MAclopToOM Ha Ipuias
RS 465-9173 [6] mpunan BUMIpIOE CEpeIHIO TEMIIEpaTypy Ha IUIsAMi JiamerpoMm 13 MM mipu
BIJICTaH1 /10 TOUKU BUMipioBaHHS 20 cM, 110 3a0€3MeUyeThCs J1a3epHOI0 CHCTEMOIO MO3HIIIFOBaHHS.
OCKUTbKHA pO3MIpH 3BapHOTO IBa MEHII 3a 13 MM, TO pe3yJbTaToM BUMIpIOBaHHS Oylia sIKach
TemIeparypa, MoxuOka Takoro BUMIPIOBaHHsS CTaHOBWJIA JIEKUIbKa COTEHb BIJICOTKIB. ABTOpaMu
OyJ10 BAKOHAHO KOHTPOJILHE BUMIPIOBAHHS TEMIIEPATYPH po3KapeHoro 10 +325°C xana nasuibHuKa
niamerpoM 4 mm npuiagoMm RS 465-9173, skuif Bukopuctanuii B poborax [4,5]. B pesynbrarti
npuiaaz Bigoopasus temmeparypy B +85°C!

OTxe, IepIIUM 3aUTaHHSIM CTAa€ BUMIPIOBAHHS TEMIIEpaTypHu B 30H1 3BapHOTO IIBa. IcHyr0U1
METOJIM BUMIPIOBAaHHS TEMIIEpaTyp € abo iHEepLIHHUME, a00 YyTIUBUMU 10 €IEKTPUYHUX 3aBajl, 10
BUHHUKAIOTh IiJ Yac 3BapioBaHHsA. TOMy aBTOpM 3alpoOINOHYBAJM 1 BHUKOHAIM 1HAMKATOPHUI
excriepuMeHT. [li Jac mbOro eKCIeprMEHTY B 30HY 3BapIOBAJLHOTO IIBa 3aKJIAAIACh CMYKKH
nodieTuieny. TemrepaTypa IUIaBIeHHs MOJIETHIEHY CTaHOBUTH npuHaimui 120°C. Pesymbrartom
TaKOTO TECTOBOTO €KCIEPUMEHTY BUSBIIIOCH TUIABJICHHS IMOJIIETHIICHY — TOOTO TeMIlepaTypa B 30Hi
3BaproBanHs nepesuinmia 120°C.

Po3paxyHOK TemIOBUAUIEHHS i Yac 3BaplOBaHHsA 3a AaHUMHU poOitT [4,5] mokasas, mo 6e3
IapOyTBOPEHHS TEMIIEPATypa B 30Hi mBa Moxe csaruytu 200°C.
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[Tpu uboMy He3anepedHuM € (HakT 3BapIOBaHHS Ta BIJICYTHOCTI TEPMIYHUX YpaKe€Hb TKAHUHH,
SIK1 HEOJIMIHHO TIOBHHHI Oylu 0 BHHUKHYTU TIPU 3POCTAHHI TEMIEPATYPH 10 PO3PaXyHKOBUX Ta
BUMIPSHUX 3HAYCHb.

YoMy 115010 HE BiIOYyBAETHCS?

BiamoBimaro Ha MOCTaBiieHEe 3alIUTAHHS € CIUIBHA i THCKY Ta MPOIIECiB 3aKUTIaHHS HAsSBHOT
B TKaHWHI BOIU.

Sk BiZOMO, MpH MiJBUINEHHI THCKY TeMIieparypa (a3zoBOro nepexoay 3MiHIOEThCS 3TiTHO 3
piBusHEsM Knanetipona-Kiaysiyca [7]

dP A
= (@
dT T(v —-v)

ne P—rtuck, T — a6comorna temneparypa, A ta (V. —V ) — Bigmosigni Tenmora nepexomy

Ta 3MiHa 00'€eMy PEUOBHUHU TIPU TIEPEXO/II.

[Ipy 3BMYAaliHOMY THCKOBI TeMIeparypa 3akumaHHs Boau craHoButh 100°C. Omxke, mpu
JOCATHEHHI Takoi TeMIepaTypu BOJa B TKAaHWHI MOBUHHA Oyia O 3aKUIIITH, MPU HbOMY 00'eM i1
pi3Ko 3pic 1 3BaproBaHHS He BigOymnocs. Take sBHINE IHCHO CIIOCTEPIrajJoch aBTOpaMH POOOTH
[4,5], mpoTe He OyII0 aJleKBAaTHO MOSICHEHE.

3rigHo 3 piBHAHHIM (2) TemrepaTypa 3aKumaHHs Boau mpu Tuckoi B 0,5 MIla cTtaHOBHUTH
151°C, mwo Bignosigac nosigHukoBuM aanum [8]. OTxke, MiABUILEHHS TUCKY B 30HI 3BAPIOBAILHOIO
IBa HE JI03BOJIsIE BiAOYTHCS (pa30BOMY IEPEXO]ly — 3aKUIIAHHIO HAsBHOI B TKaHWHI Bogu. [Ipm
1IbOMY TEMIIEpATypa B 30Hi LIBa IIiJ yac 3BaproBaHHs migHiMaeThes Bumie 120°C, ane He mocsrae
151°C. Tlicast 3HATTS TUCKY Jy’Ke HEBEIMYKA YaCTHHA TKAHMHHOI BOJU BUIAPOBYETHCS 1 €PEKTHBHO
OXOJIOKYE TKAHWHY, HE JAF0YH PO3BUHYTUCH OITIKOBUM ITPOIIECAM.

TakuM YMHOM, BCTAQHOBJICHO, III0 THCK B 30HI 3BaprOBAJIBHOIO IIBAa i 4ac 0l0JOTIYHOTO
3BaprOBaHHS M'SIKUX TKaHWUH BiJIrpae poiib 3aloODKHUKA, MEPENIKO/KAI0YN 3aKHITAHHIO HASBHOI
BO/AM 1 3a0e3Mmeuyrour, TaKUM YMHOM, MPOBEIEHHS €JIEKTPUYHOTO CTPyMy, IIBUIKY JIEHATYpAIio
KOJIareHy Ta 3BapIOBaHHSI.

1. Ilamon b. E. Dnexktpuueckasi cBapka MSATKUX TKaHEHl B Xupypruu // ABTOMar. cBapka. —
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THE ROLE OF SUPERVACANCIES AS SPECIFIC DEFECTS OF CELLULAR
STRUCTURES OF HUMAN HORNY LAYERS DURING SWELLING

K. Teliman, O. Aktan, O.Svechnikova, Yu.Golik
The Taras Shevchenko Kiev National University, Physical Department, Kiev, Ukraine

Annotation. The transport mechanisms of water molecules in the horny layers of epidermis are
investigated. The using of supervacancyes term as specific defects of regulated biological structure
the kinetics of interaction in the horny layer between water molecules and horny cells during is
discrabed. The swelling process of investigated structure consists of two stage is shown.
AHHOTHI/IH. I/ICCJ'IC,I[YI-OTCH MCXaHU3MBI TpaHCIIOpTa MOJICKYJI BOABI B POIOBOM CJIO€ SIIMACPMHUCA.
Hcnonp3ys TmoHATHE O CYNEpBaKaHCMU Kak crenupuueckoro aedexra OHOIOrHYecKon
ynOp)II[O‘lCHHOfI CTPYKTYpPBI, OIIMCBIBACTCA KUHETHUKA BSaHMO,HeﬁCTBI/ISI B pPOroBoOM CJI0€ MCKIY
MOJIEKYJIAaMH BOJbI U POTOBBIMHU KJIeTKaMu. [loka3aHo, 4yTo mpoiiecc HaOyXaHHsI B UCCIETyeMON
CTPYKTYpPE COCTOMUT U3 ABYX CTaJUM.

AHoTanisg. JlochiKylOTbCS MEXaHI3MH TpaHCIIOpTa MOJIEKYJI BOJAM B OpOTOBUIMX IIapax
emigepMicy. BHKOPUCTOBYIOYM TOHSTTS TMpO CylNepBakaHCilo sK crneuudiunuit  aedext
BIIOPSAKOBAHOT O10JI0T1YHOI CTPYKTYpH, ONMMMCAHO KIHETHUKY B3a€MOJiI B OPOTOBUIOMY MIapi Mik
MOJIEKYJIaMH BOJIM Ta OPOrOBUTUMU KiliTuHAMU. [lokaHo, 110 mporiec HAOpPSKaHHA B JOCHIIKY€EMIN
CTPYKTYpi MICTHTB JBi CTaii.

As is know the horny layers is cover layers of human epidermis. This layers consist of died
cell filled up nonsolvent keratin and lipid structures. The investigation of transport mechanisms of
low —molecular substance is important for understanding of normal functionalized biological
process in human organizm, namely deases of connective tissue.

Based on early publications [1] the model of horny layers is superlattice and may be
represented as “brick — wall” model (Fig.1).
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Fig. 1. The “brick —wall” model of horny layers (1 — died ceratin’s granula, 2- lipidic structures)

In superlattice structures as be point in article [2] is presence specific defects. They was called
supervacancies. This defects are empty zones. The parametrs of them equal to parameters of
molecular chain of lattice. Moreover in work [3,4] was shown in this zones occurs of
nonarrangular chain bonding. After this process the methomorphic phase forms in supervacancies.
Such as in the inner space of corneocites the penetration of low-molecular solvent does not
obtained. The lipidic structures take main role in liquid systems through horny layers.

The model for horny layers which consist of supervacancies in lipidic the supervacancies is
represented in Fig. 2
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Fig. 2. The supervacancies model of horny layers (1- died keratin's granula, 2- lipidic structures,
3- transverse pore, 4 — supervacancy)

For discrabe of physical mechanism of swelling horny layers the model of supervacancy been
used. Experimentally the diffusion coeficient been obtained.

The view of dry and soft horny layers of human epidermis at different temperatures is
represented in Fig. 3.

a b C

Fig. 3. The five — size increases views of examples after swelling at the different temperatures ( a -
example without water , b - 30°C, ¢ -80°C )

Based of obtained data the swelling of horny layer consists of two stages. During first stage
the low-molecular liquid systems filled up of transvers pores. During transcellular zones surroundig
horny cells. During second stage the supervacancies of lipidic systems filled up by liquid system is
occurs.
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THE INFLUENCE OF SUGAR MOLECULES AGEGATION TO GROW AND LIVING
CELLS

T.Vlasenko, O.Aktan

The Taras Shevchenko Kiev National University, Physical Department,
Kiev, Ukraine

Annotation. The physical mechanisms of damage human cell is intriduced. The hypothesis about
reasons such proseses connected with aggregation of the sugar molecules on the outside part of
biological membrane.

AHHOTaIII/ISI. PaCCManI/IBaI-OTCSI MCXAaHU3MBI IMOBPEKIACHHA KICTKH B YCJIOBECYCCKOM OpraHU3ME.
Hpenno;era rumnoTe3a 0 INpUYrMHax TAaKUX IMPOLECCOB, KOTOPBLIC CBA3AHLI C arperam/leﬁ MOJICKYIJI
caxapuaoB Ha MMOBEPXHOCTHU OHOJIOTHYECKHIX M6M6paH.

AHoTamifg. Po3rnsmaroThCsi MEXaHI3MH IOMIKOJDKEHHS KJIITHHH B JIFOJICBKOMY OpraHi3Mi.
3anpornoHoBaHO TiMOTe3y HIOA0 MPUYMH TaKUX IPOIIECIB, IO MOB’SA3aHI 3 arperamielo MOJIeKys
caxapu/iB Ha MOBEPXHi 010JIOTIYHOT MEMOpaHHu.

Key words: cell damage, suhar molecules.
KuaioueBble cjioBa: MMOBPECIKACHUEC KIICTKU, MOJICKYJIbI CaXapu10B
Kiaro4oBi ciioBa: IIOIIKOKCHHA KJ'IiTI/IHI/I, MOJICKYJIHN caxaplzmiB

One of main reson which influence to transformation in the cell structure is specific effect of
diglicerid dimerization and dynamic cell mechanism. During these process the change in the
sytoskelet’s cell occurs [1]. In present time such transformation are detalied study.

After nonestablish physiological process on the outside tape of biological membrane can
forming the amorfius agregates. One of possibility of appearance such structures may be the
interection between parts of sugers chains. It is may going to cell dectruction and possibility of cell
break [2].

As you know the two variants of damage cell is occurs. One of them is adoptoze. During this
proces the membrane transvers is absent. Its is reason of break of cell membrane. The second of
them is necroze. At this process the reason of died cell is its swelling and following broken [3-4].

The mechanism of sugar interection and its influence to cell destruction is investigated. The
typical agregation of sugar molecules ( polycondensation of glucose molecules in water ) is
represented in Fig. 1.

B
Fig. 1. The formation of the cluster during long-time interval (a — real size, b- bigger size)

The direct dependence between sugar chains conformation and cover's structure is shown.
The physical mechanism of adoptoze connect with lost of stability of membrane hardness is
proposed. In based of cell necroz lie the filling by sugars chains complexis the membrane defects
and pores.
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BO3MO>XKHOCTb HAPABOTKHM KOPOTKOKUBYILUX NO3UTPOH-
U3JIYUYAIOIUX HYKJIUJIOB HA QJIEKTPOHHOM YCKOPUTEJIE JUISI
MEJINIMHCKON JMATHOCTUKH

A.C. 3aaBopHblit

Hayuonanvnwiti nayunsiii yenmp «Xapwvkosckuu Quzuko-Texnuveckuu Mncmumympy,
Xapvkoes 61108, Ykpauna

AHHOTaIUsSl. TIPOBEJCHO CpPaBHEHHWE TEXHOJIOTWH monydeHus paauodapmmpenapatoB (POII),
MEYEHHBIX MO3UTPOH-U3IYUYAIOIUMU HYKIMJIAMHU, MOJIY4aeMbIX Ha LUKIOTPOHE M 3JIEKTPOHHOM
yckoputene (QY). Ilokazano, uto yaensHble akTuBHOCTU PDII, momyuennsie Ha DY A0CTATOYHBI
JUISl IMarHOCTUKH Ha y-Kamepe u ais [[DT-uccrnenoBanuii.

AHOTAallisl. TPOBEJICHO MOPIBHAHHS TEXHOJIOT1H oTpuManHs pagiodapmmpenaparis (PDII), mivennx
MO3UTPOH-BUIPOMIHIOIOUUMH HYKIJiJIaMH, SKI OTPUMYIOThCSI Ha LUKIOTPOHI Ta EJIEKTPOHHOMY
npuckoproBaui (EII). ITokazano, mo nutomi aktuBHOCTI POII, sxi orpumani Ha EIl noctathi s
TiarHOCTUKY Ha y-Kamepi Ta ans [IET-mocnimkens.

Annotation. comparison of a labeled with positron-emitting nuclides, using a cyclotron and
electron accelerator, radiopharmaceuticals production technologies was performed. It was shown,
that specific activity of radiopharmaceuticals, using the electron accelerator, is enough for the vy-
camera and PET diagnostics.

KiaroudeBnle ciioBa: KOPOTKOKHUBYIIHEC ITO3UTPOH-U3TTYyHAOMNEC HYKIINIBI, IUKJIIOTPOH,
AIIEKTPOHHBIN YCKOPUTENb, paguodapMipenaparsl.

K11040Bi cj10Ba: KOPOTKOXKMBYYI MO3UTPOH-BUIIPOMIHIOOUI HYKJIAH, IIUKJIOTPOH, €IEKTPOHHUN
IPUCKOPIOBaY, pagiodapmmpenapari.

Keywords: short-lived positron-emitting nuclides, cyclotron, electron accelerator,
radiopharmaceuticals.

KopoTKOKHBYIIIE T03MTpoH-n3mydatomme Hykmmasl C, N, °0 u 8F sesrorcs Merkamu
Uit (hapMIpenapaTroB, HCIOJIB3YEMbIX B JUArHOCTHKE Ha TO3UTPOH-3MHUCCHOHHOM ToMmorpade
(IT2T). TpaauIMOHHO MX IMOJIYYalOT C MOMOUIBIO IIUKJIOTPOHOB, 00Iy4yasi MUIIEHH YCKOPEHHBIMH
nporonamu (18 M3B) wnu neiitponamu (9 MaB). [1] Tommuaa MuiieHel He mpeBbimaer 1 cm, a
nojydaeMass MpU OITOM yJelbHas AaKTUBHOCTh BbIcoKas. Ilocrme oOmydeHUs MHILIEHb
TPaHCIIOPTUPYETCS B PAaJAUOXMMHUYECKYI0  JabopaTopuio, TJe  MPOBOJAUTCA  CHUHTE3
panuodapmnpenapara (P®OII). Tlonyuennsiii POIl BHyTpMBEHHO BBOAMUTCS MAIMEHTY M Jaliee
npoBoauTcs ckanupoBanue Ha [I19T-Tomorpade. AKTUBHOCTD, BBOJMMAs! MMALIUEHTY, COCTABIAET (3-
5) MK (~ 1.8:10° Bx).
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KauectBo P®Il koHTponuwpyercs © JOJDKHO OTBEYAaTh TaKWUM TpPeOOBaHUSAM, Kak
CTEPWIBHOCTh, AaNUPOr€HHOCTh, XHMHMUYECKass M paaroxumudeckas uucrora. CTOUMOCTh
UCIIOJIb3YEMbIX MHUILIEHEH [UIsi TOJIYYEHMsS] YKa3aHHBIX HYKJIHAOB HeBenuka. VckitoueHue
COCTABJISIET MUIIEHb JJI MOJIYyYEHUs g, KOTOpBIHA 00pa3yercs B peakuuu 18O(p,n)lsF . Hns aToro
HCIIOJIB3YETCS BOJa, OOOTralieHHass H30TOIOM 0} (B ecrectBenHoi cmecu 0.2%), KOJIUYECTBO
KOTOpPOTro J0KHO cocTaBisATh 70 —90%. CTOMMOCTh JUAarHOCTUKH C 18p OIpeJIeIsieTCs
CTOMMOCTBIO TaKOM BOJIbI, KOTOpasi IPOU3BOJUTCA U B Y KpauHe.

[19T-auarHocTrka Mo3BOISIET OMPEESIUTD JOKATU3ALUIO U Pa3Mep HOBOOOpa30BaHUH ellle Ha
TaKOW CTaJuy, Ha KOTOPOH APYyrue M3BECTHBIC METOJIbI ATOTO HE OOHApykKaT. YKa3aHHBIC BBIIIE
HYKJIUABl M3Jy4arOT I[O3UTPOHBI C pa3IMYHOM »sHeprueil. B pe3yinbrare B3auMoaencTBus
MO3UTPOHOB C 3JEKTPOHAMH CPEJIbl MPOUCXOJUT AHHUTWIISIUS JAHHBIX YacTHUI] C 0Opa3oBaHUEM
JIBYX Y-KBaHTOB ¢ »Hepruen 511 k3B, pazneraromuxcs mox yriaom 180° u peructpupyeMmbix
cyeTyMKamu, cocTaBisitomuMu Kojbiio [IDT-ckanepa. JlerekTupyromias cucteMa (KOJIBIIEBOU
neTekTop, coaepxkammii g0 1000 CYETYMKOB) pPETUCTPUPYET MEHEE IBYX IHPOLIEHTOB BCEX
U3ITy4aeMbIX Y-KBaHTOB. MIMEHHO ¢ HU3KOW 3(P(PEKTUBHOCTHIO PETHCTPAIMH Y-KBAaHTOB CBS3aHA
BbICOKas akTUBHOCTH PDII, BBoguMas nmanueHry.

PaccmoTpuM BO3MOXKHOCTH HMCHOJIB30BaHUST 3JICKTPOHHOTO YCKOpPUTENS (JIMHEHHOTO WIIN
MUKPOTPOHA) NIl HapaOOTKM YKa3aHHBIX BBIIIEC MO3UTPOH-U3IYYAIOUIUX HYKJIUIOB U MOTyYEHUS
P®II Ha ux ocHoBe. JlaHHBIC HYKJIHMJBI MOXXHO HapaOaThiBaTh Ha 3JICKTPOHHOM YCKOPHUTEIE,
000py/1I0BaHHOM TOPMO3HOW MHUIIEHBIO. Y CKOPEHHBIE JIEKTPOHBI B TOJIE SApa TOPMO3HOM MUILIEHU
(KOHBEPTOp) TEHEPHUPYIOT Y-KBAaHTHI (TOpMO3HOE wm3iydeHue). CIEeKTp TOPMO3HOIO H3ITyYeHHS
HEIPEPHIBEH, @ MAKCUMaJIbHAsI SHEPTHUsl Y-KBAaHTOB paBHA (Emax-mecz), rae Emax — MakcumasibHast
OHEpPrusl dSJCKTPOHOB. TakuWe Y-KBAaHTHI CHOCOOHBI BO30YXHIaTh (y,n) PEAKIUIO, MPOJAYKTAMHU
KOTOpPOM SIBJSIFOTCS HEOOXOOUMBIE [JIsl JAMArHOCTUKH HYKIUAbL. [lOCKONBKY SHEprusi CBs3U
HEUTPOHA B AJIPE B CPETHEM COCTABIIAET OKOJI0 8 M3B, TO moporu 3TUX peakiuii UMEIOT TaKYIO JKe
BennuuHy. CeueHue (y,n) peakuu UMeeT MaKCUMyM Tpu dHepruu 15-17 MsB u cnagaer 1o Hyns
npu 3HEeprun 25-27 MhB, mo3ToMy MakcuManbHas SHEPrUs YCKOPEHHBIX AJICKTPOHOB HE JIOJDKHA
npeBbimate 30 MaB, uToOb1 He Bo30yxnaate peakuuu (y,p), (v,d), (y,pn), (y,0), KOoTOpbie OymayT
MPUBOANTH K 00pPa30BaHUIO MPUMECHBIX HYKJIUOB. CeueHUs] ITUX PEAKIIUN COCTABISIOT JECSITKU
MUJUTHOApH U CYIIECTBEHHO MEHbIIIE CEYEHHUI Ha MPOTOHAX M AeWTpoHax. PacxoaumocTs mydka y-
KBaHTOB B CT€pa/ilaHax XapaKTepU3yeTcs BEIMYMHON ©, paBHOM OTHOLIEHHUEM MEXAYy Maccoil
MOKOSl DJIEKTPOHA M MaKCHMAaJIbHOM HEPrUu 3JIEKTPOHOB. JTa BEJIMYMHA OMNpENEseT AHAMETP
MUIIIEHH, oOiydyaeMoil y-kBaHTamu. [lo kpaitHeli mepe 95% BBICOKOZHEPIETUYHBIX Y-KBAaHTOB
JOJKHBI MajgaTh Ha MumieHb. OCOOCHHOCTH HCCIENOBAaHHM Ha My4YyKax TOPMO3HBIX Y-KBAaHTOB
o ;poOHo omnucansl B [2], a MoHorpadust [3] comepKuT mose3Hbie sl SKCIEPUMEHTATOpa JaHHbIE.
Momnorpadus [4] onuceiBaeT GOTOHSHTPOHHBIE HCTOYHHKH.

[IpononbpHBIE pazMepbl MUIIEHU OMPEACIAIOTCS MPOOETOM Y-KBAaHTOB, UX TOPMOXKEHHEM [0
9HEpruu mopora (y,n) peaknuu. B cBsS3M ¢ Tem, YTO 7Y-KBAHTHI TEPSAIOT CBOIO HHEPTHIO TIO
SKCTIIOHECHIIMAIIBHOMY 3aKOHY, TO, UCXOJ W3 NMPHUBEJICHHBIX BBIIIE JAHHBIX, MPOJOJbHBIN pa3mep
MUILIEHU ONPEIEIsAeTCs JJIMHOM, Ha KOTOPOM SHEPrusl y-KBaHTOB yMEHbBIIAETCS B € pas, Ijie € —
OCHOBaHHE HaTypajbHOTO Jorapudma. [Toaromy pasmeps! potosaepusix mumenei B 100-1000 pa3
0O0JIbIIIe IUKIOTPOHHBIX M CIIEJCTBHEM DTOTO SIBIISICTCS HU3KAs yJeNbHAas aKTUBHOCTH U OOJbIINE
00beMBl KUAKAX TIpernmaparoB. B 93TomM ciydae WuCKIOYaeTcs BHYTPMBEHHOE BBEACHHUE, H
HCIIOJIB3YIOT NIepopaibHyto qocTaBky POII v ke BIbIXaHUe paanoakTUBHOTO Bo3ayxa. [Ipu aTom
00bemsbl xxuakocT B 100-200 pa3 mpeBocxoasT 00beM BHYTPHBEHHON HHBEKITHH.

Bonpmias mpoHuKarom@as CrnocoOHOCTh Y-KBAaHTOB, TEHEPHPYIOMIUX KOPOTKOKHUBYIIUE
PaITuOHYKJIM/IBI, TTO3BOJISIET MCIIOIB30BAaTh aNTeUHbIe (PapMalleBTUYECKUE TpEerapaThl TaKHe, Kak
BOJA Ui WHBEKIUH, PacTBOpP TJIIOKO3bl U JApPYyrue JIeKapCTBEHHBIE (DOPMBI, KOTOpPHIE MOKHO
HCIIOJIb30BaTh HE TOJBKO Ul HapaOOTKH B HUX PAJUOHYKIUAOB, HO U MpUMEHATh ux kak POIL. B
9TOM clly4ae oOecreunBaroTcs Bce TpeboBanus KoHTposst POII, ykazanHble BbIle. AKTUBHOCTbD,
KOTOpasi HapabarpiBaeTcsi B  (OTOSNECPHBIX PEAKIUAX, OICHUBAJIACh TEOPETHYECKH U
IKCIEPUMEHTATIBHO PSIOM aBTOPOB. [5, 6, 7] Pe3ynbrarhl 3THX pabOT CpaBHUBAIU C JaHHBIMH,
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nonydenubiMu B HHI[ X®TU B pamkax BeimonneHust npoekta YHTLI. [8] Huxe npencrasiena
Tabnuua 1, B KOTOpOi CpaBHUBAIOTCS PE3YIbTAThI, TOJTYYEHHbIE PA3TUYHBIMU aBTOPAMH.

Ta6mmma 1. CpaBHUTENBbHBIE TaHHBIC O HAPAOOTKE U30TOTIOB

Nzoton VY nenpHas akTUBHOCTh BK/T-MKA 1ipu 25 MaB
Mak I'perop [4] Jlytn [5] Ham

3KCIIEPUMEHT (1o
HACBIIIICHHS )

C 7.5-10° 0.8-10° 2.25.10°

"N 3-10° 1.4-10° 3.36-10°

™0 1.85-10° 1-10° 2.5-10°

F 1.85-10° 0.75-10° 1-10

[TpuBeneHHBIC JaHHBIE MTOKA3BIBAIOT, YTO HapaOaThIBAEMBIC y/IEIbHBIC aKTUBHOCTH U30TOIIOB
10 MOPSIIKY BEJIMYMHBI COBMAaloT. Pa3nuuHble 3HAUEHUSI BEIMUYWH, CTOSIIUX Mepe] MHOKHUTEIEM
10° 0GbsICHSCTCS PA3IMUYHBIME YCIOBHSMH SKCIICPUMEHTA: TOJIIMHON KOHBEPTOPA, pa3Mepamu
0o0ny4yaemMbIX 00pa3lloB, WX PACMOJOKEHUEM B Iy4YKe TOPMO3HOIO H3IYUYCHHS, PACCTOSHUSMU
MEXIYy BBIXOJHOW (OJIBrod M KOHBEPTOPOM, KOHBEPTOPOM U 0OJiydaembiMu oOpasnamu. Ha
JMIEKTPOHHBIX YCKOPUTENSX PEAU3YIOTCS PEXKUMBI, MPH KOTOPBIX TOKHM MOTYT COCTaBiATH 20-
50 MxA. Buano, yto npu Tokax 100 MkA HapaOaThIBacMble aKTHBHOCTH JOocTaTO4HbI jis [1DT-
MUATHOCTHKU. MakcumanpHasi CKOPOCTh cueTa [UIsl  y-KamMephl OrpaHHYeHa BeIMYMHOM
5.10% umir./cex. DTa aKTHBHOCTb COCTAaBISIET OKONO 25% AaKTHBHOCTH, BBOAMMOI IALCHTY.
Hcxons w3 ycnmoBHs, UTO TOJBKO 25% aKTUBHOCTH YYacTBYeT B MPOIECCE TUArHOCTHUKU, a
BBEJICHHOE M3JIyY€HHUE PACIIPOCTPAHACTCS B 47-T€OMETPUU, OTCIO/IA CIIEYET, UTO MAlUEHTY HYXKHO
BBoxuTh 2-10° Bk, Kak BHIAHO W3 TaGIHLbl, Takas aKTUBHOCTH HapabaThIBaeTCAd Ha SJIEKTPOHHBIX
yCKOpUTENsIX. BakHoe 3HaueHHEe HMeEeT MPOILECC OpaJbHOTO U JAbIXaTeJIbHOTO BBEICHUS
AKTHUBHOCTH, TaK KaK IPU STOM CHUKACTCS paJMallMOHHAs HAarpy3Ka Ha MEIUIIMHCKUI TIepCOHall. Y-
KaMmepa MO3BOJISIET TUArHOCTUPOBATh pabOTy OOJIBIIMHCTBA OPraHOB uenoBeka . [loaTomy pazymHO
comelenue [19T-ckanepa u y-kaMmepsl.
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STUDY OF FIBRINOGEN POLYMERIZATION BY EVAPORATING DROPLET OF
FIBRINOGEN-THROMBIN SOLUTION

G. Verbinska®, O. Aktan', E. Lugovskoi?,
E. Makogonenko?, O. Zagorodnia®, A. Britan®, O. Korobko!

1) Taras Shevchenko Kyiv National University, Department of Physics
2) Palladin Institute for Biochemistry of the NASU

AHoTauiss. Meron 0a3yeTbCs Ha BHUMIPIOBAaHHI IIBHUIKOCTI BHUITAPOBYBAHHS PIAKHUX Kparelib
cucteMu (i3i00TiyHMA po3unH + GibpuHOTEH + TPpOMOiH. [IpOTATOM EKCIEPUMEHTY BUMIPIOETHCS
3MCHIIICHHS TUIONI MOBEPXHI KpariMHU. EKcreprMeHTanbHi JaHi CBiAYaTh, IO IMOJTIMEpH3aIlis
¢GiOpuHY CYTTE€BO BIUIMBAE Ha TPOILEC BUIAPOBYBAHHS, OCKUIBKH MPOTATOM iHTepBanmy 7 - 10
XBWJIMH IIICJIsl aKTUBAIil CUCTEMH JOJaBaHHSAM TPOMOIHY HIBHJKICTh BUIAPOBYBAHHS 3HAYHO
YIOBLUIBHIOETHCS.

AHHOTanMsi. METOJ OCHOBBIBACTCS HA W3MEPEHUU CKOPOCTH WCIIAPCHUS Kareilb CHCTEMbI
¢du3nonoruueckuii pacteop + ¢pubpuHOreH + TpomMOuMH. B mpomecce skcnepuMeHTa U3MeEpsIIach
CKOPOCTh HM3MEHEHHUs MOBEPXHOCTH KaIli. OKCIIEPUMEHTAIbHBIE [aHHbIE MOKA3bIBAIOT, 4YTO
nojauMepu3ays puOprHa CyIIeCTBEHHO BIMAET Ha MPOLIECC UCIIAPEHUsS: BO BPEMEHHOM HHTEPBAJe
7 - 10 MUHYT TOCJIe aKTHUBallMk CHCTEMbI J00aBIICHHEM TPOMOHMHA CKOPOCTh HCHApEHHUSI
CYIIECTBEHHO 3aMeIIISeTCA.

Abstract. The method is based on measurements of evaporation rate of liquid drops of
physiological solution + fibrinogen + thrombin system. During the experiment, a rate of decrease in
the drop’s surface area has been recorded. The experimental data have showed that polymerization
of fibrin significantly influences evaporation process as within time interval 7-10 minutes from the
start of activation of the system by thrombin the evaporation rate slows down.

Karouosi ciioBa: ¢idprHOBUIL 3TyCTOK, QiOpwiy, (hiOpUHOTEH, MIBUIKICTH BUTAPOBYBAHHS.
KaroueBble ciioBa: GuOpHHOBBIH crycTOK, (UOPHILIBI, PUOPUHOTEH, CKOPOCTh UCTIAPEHUSI.
Keywords: fibrinous clot, fibrils, fibrinogen, evaporation rate.

The development of new therapeutic agents for prevention and cure of thrombosis is one of
the major tasks of the modern medical science [1].

A blood clot emerges as a result of various biological factors leading to failure of fibrinolysis
mechanisms in human organism. As a result, in blood, fibrinogen albumen polymerizes and
fibrinous clot appears to be a skeleton for a future blood clot. The fibrinous clot is structured as a
grid of fibrinous fibrils. As of today, the study of a mechanism of formation of grid structure in the
course of fibrinogen — fibrin transition has not been completed [2].

There are two hypotheses on formation of fibrinous clot. According to the first hypothesis,
this mechanism is a sequential aggregation of monomeric elements in proto-fibrils, fibrils, and then,
in grid [3]. In accordance with the second one, fibrinogen — fibrin transition is realized in two stages
[4]. At the first stage, a certain “defect” grid appears with its further extension at the second phase.

The method is based on measurements of evaporation rate of liquid drops of physiological
solution + fibrinogen + thrombin system. During the experiment, a rate of decrease in the drop’s
surface area has been recorded. The experimental data have showed that polymerization of fibrin
significantly influences evaporation process as within time interval 7-10 minutes from the start of
activation of the system by thrombin the evaporation rate slows down.

1. Cotton L., Roberts V. The prevention of deep vein thrombosis with particular reference to
mechanical methods of prevention //Surgery. 1977, Vol. 81, N 2. P. 228 — 235

2. Paul A Janmey, Jessamine P Winer, and John W Weisel. Fibrin gels and their clinical and
bioengineering applications // J. R. Soc. Interface . 2009, Vol. 6, N 30. P. 1-10.
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METO/IA OBYUCJIOBAJILHOI KBAHTOBOI MEXAHIKH JIJIS
BUPIIIEHHA 3AAY ®I3UKU JHK

T.IO. Hikoaaenko', JI.A.By.HaBinl, I[.M.Fmsopyﬂl’2

1) Kuiscoruii nayionansnuil ynieepcumem imeni Tapaca Illesuenka
2) Incmumym monexyasapnoi 6ionoeii i cenemuxu HAH Yxpainu

Anortanisa. OkpeclneHO MEpPCHeKTUBU Ta JAEsIKi OCOOJMBOCTI 3aCTOCYBaHHS METOJIB CYYacHOi
00YHCITIOBAIEHOT KBAHTOBOI MEXaHIKH JUUIsl BUPIIICHHS 337a4 MEIWYHOI (i3MKH — 30Kpema, 3ajad
KoHpopmauiiiHoi auHamiku Makpomosiekynun JHK. 3ocepemkeno yBary Ha yHIKaJIbHHX
MOXIHBOCTSX ab initio koHpopMaIiifHOro aHami3y y NOPIBHAHHI 3 TPAIUIIIMHUM SKCIIEPUMEHTOM.
Pe3romoBano pOSB’HSKI/I JCAKUX 3ada4 MeI[I/I‘lHOi (1)i31/IKI/I, OZCPKAHUX 3a OOIMIOMOI'OI0 KBAHTOBO-
MEXaHIYHOTO KOMIT FOTEPHOTO MOJICITIOBAHHS.

AHHOTaHI/IH. OqepquLI ICPCICKTUBBI W HCKOTOPLIC 0COOEHHOCTH INpUMCHCHHA MCTOOB
COBPEMEHHOW BBIYHMCIUTEIILHON KBAHTOBOW MEXAHHUKH JIJIS PEIICHHMS 3a/1a9 METUIIMHCKON (DU3NKH —
B 4aCTHOCTH, 3aJa4 KOH(bOpMaI_II/IOHHoﬁ JAUHAMHUKHU MaKpOMOJICKYJIbI HHK OTMeYeHBI YHUKAJIbHBIC
BO3MOXKHOCTH ab initi0 koH(OpMAIMOHHOIO aHalM3a IO CPABHEHUIO C TPAIUIMOHHBIM
OKCIICPUMCHTOM. PCBIOMI/IpOBaHBI PCUICHHUA HCKOTOPLIX 3a1a4 Me,I[I/II_II/IHCKOﬁ (1)I/ISI/IKI/I, IMOJIYYCHHBIC
IIpU IMMOMOIIIN KBAHTOBO-MEXAHUYCCKOI'0O KOMIIBIOTCPHOT0O MOACTIUPOBAHM.

Annotation. Some further trends and application features of the modern calculus quantum
mechanics methods for solution of medical physics problems — in particular, the DNA
macromolecule conformational dynamics problems — are outlined. Unique features of ab initio
conformational analysis are mentioned in comparison with traditional experimental techniques.
Solutions of some problems in the field of medical physics obtained with the quantum-mechanical
computer simulation are summarized.

Kurouosi cioBa: kBantoBa xiMmis, JJHK, kondopmariitnuii ananis.
KuroueBsble ciaoBa: kBanToBas xumus, JJTHK, kondbopmarmonHsiii anamus.
Keywords: quantum chemistry, DNA, conformational analysis.

Ha cywacHomy etami po3BUTKY MeAuuHOI (i3uku yce OLIbIIOro 3HA4YE€HHS HaOyBae
KOMIT I0TepHUH ekcriepuMeHT. Oco0IMBO 1€ CTOCYETHCSI O10TEXHOJIOTI, 1€ MOKIMBOCTI PEaTbHOTO
eKCIIEpUMEHTY YacTo oomeskeH1. Hampukiiaz, Taki ekcriepuMeHTallbHI METO/IM BUBYEHHS CTPYKTYPHU
OIONOTIYHMX MOJIEKYJT SK pPEHTTeHOCTPYKTypHui anami3, SIMP i, sk mnpaBuno, I4Y ta KP
CHEKTPOCKOIis MOTpeOyIoTh BHUKOPUCTAHHS 3pa3KiB y KOHAEHCOBaHiM (asi, Mo 3yMOBIIOE
HEBIIBOPOTHHUI CIUIMB HAa BJIACTHUBOCTI MOJEKYJIH, IO JOCHIDKYETbCS, 1i OTOUEHHS. Y BUMNAIKY
CTPYKTYPHO HEKOPCTKUX O10JIOTIYHUX MOJIEKYJT TaKWUW BIUIUB MOXKE 1CTOTHO 3MIHUTH BJIACTHBOCTI
JociikyBaHoro o0’ekra. CuHTe3 OaraThboxX O10JOTiYHO AKTUBHUX PEYOBUH Y HEMPOMHUCIOBHX
MaciTadax TakoX Moke OyTH MpoOIeMaTHIHHUM.

TomMy 10721 BaXKIUBIII MPOOIEeMH MeIW4YHOI (PI3UKH CHOTOJIHI BHPIIITYIOTHCS METOAAMH
KOMIT FOTEPHOTO MOJICITIOBAHHSI — 30KpeMa, MOJIEKYISIpHOI JWHAMIKM Ta OOYMCITIOBAILHOI
KBAaHTOBOI MEXaHIKU («KBaHTOBOi XiMii»). HeolliHeHHOIO mepeBarol0 OCTaHHIX € Te, 0 BOHH HE
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noTpeOyIOTh 3alydeHHs KOJHUX EMITIPUYHUX MOTEHIIANiB, a TOMY XO04a 1 BUMAararoTh OUTBIIAX
3aTpaT MalIMHHOTO Yacy, IPOTEe B 3MO31 TapaHTyBaTH BUIILY HAIIMHICTh OTPUMYBAHHUX PE3YJIbTATIB.

[TpoTsiroM ocTaHHIX pOKIB Ha Kadeapi MOJIeKyJsipHOT ¢i3uku (Di3udHOTO (haKyIbTETy
KwuiBcbkoro HamioHaiabHOTO YyHiBepcuTeTy iMeHi Tapaca IlleBuenka chiibHO 3 [HCTHTYTOM
MoJieKysipHoi Giostorii 1 reneTrkn HAH Ykpainu Oysno BukoHaHO psig poOit (3okpema, [1-8]), y
SKHX 32 JOMOMOTOK KBaHTOBO-MEXAaHIYHOTO METOAY (YHKIIIOHAY TyCTHHH OyJ0 BHKOHAHO
NOBHUHN KOH(OpMaIiHHUI aHami3 cTpykTypHux jJanok JJTHK [9] — makpomosiekyu, BiAMOBIAaIbHOT
3a 30€pe)KEHHS Ta BIATBOPEHHS IeHETUYHOT iH(POpMaIIii B YCIX BiJIOMUX )KMBUX OpTaHi3Max.

30KkpeMa, y pe3ysbTari JOCTIIHKEHHS 130Jb0BaHUX MOJICKYII I€30KCHPUOOHYKICOTHIIB [5, 6]
OyJI0 BCTaHOBJICHO, IO CEpeJl YCIX MOKJIMBHX iXHIX KOH(OpMEpiB HasBHI TaKi, CTPYKTypa SKHX
30iraeThbcst 31 CTPYKTyporo ae3okcupubonykieotunaiB y ckmani JJHK. Taky x BmacTuBicTh Oyio
3a(hiKCOBAHO 1 IS TXHIX CTPYKTYPHHX CKJIaJ0BHX — MOJIEKYId MeTuiauriapodpocdary [3] ta 1,2-
nuae3okcupudodypanosn-5-pocdary [8]. Lle o3nauae, mo B ckmami JJHK Ti cTpykTypHi JaHKK
Xo4a 1 He mepedyBarOTh y €HEPreTHMYHO HAWBUTIAHININ KoH(pOH(pOpMaIlii, aie HaOyBalTh Tiel
KoH(pOoHpOpMaIlii, sKa BIIMOBIAAE JIOKAIbHOMY MIHIMYMY Ha iXHI{ TilEepHOBEpXHI MOTEHIIATbHOI
eHeprii. [[boro BUCHOBKY HEMOXKIIUBO OyJIO OM NOCATTH 0€3 3aCTOCYBaHHS KBAHTOBO-MEXaHIYHOTO
MOJICITIOBAHHS 130JIbOBAHUX O10MOJICKYII.

KBanToBO-MexaHiuHMN KOH(MOpMAIiHHUK aHali3 y ToenHaHHi i3 metomoisoricro QTAIM
aHaJIi3y MPOCTOPOBOTO PO3MOILTY I'YCTHHU €leKTpoHHOTo 3apsaay [10] nae yHikanbHy MOXKIHBICTh
JUIS  JOCIIDKEHHS HEKOBAJICHTHHX B3a€MOiM y O0iojoriuno BaiIuBuX Monekymax [11].
JlociKeHHIO IFOTO BUY B3aEMOJIIH y CBITI MPUAUISETHCS OCTAHHIM YaCOM 3HAYHA yBara 4epes ix
BUPILIAIEHY POJIb Y PO3YMIHHI MeXaHi3MiB (pyHKI[IOHYyBaHHS 01010r yHKX MOIeky [12].

TakuM 9HMHOM, TIPOTpec y ramry3i MeaudHoi (i3uku HEMOXKIUBUN 03 HaJIeKHOI yBaru Jio
dyHIaMEHTAILHUX JOCHIHKCHb HBHX CHCTEM, HEOOXIJIHUM KOMIIOHCHTOM SIKMX ChOTOJHI CTa€e
KBaHTOBO-MEXaHIYHE MOJICTIOBaHHS. MeToau NpUKIaaHOi (00UHCITIOBAILHOT) KBAHTOBOI MEXaHIKU
HAJIAI0Th JOCIIIHUKAM PsIJI YHIKQIBHUX MOMJIMBOCTEH 1 HE TOTPEOYIOTh MPH I[OMY JOPOTOro
EKCIIePUMEHTAIILHOTO OOJIAIHAHHS, JAl0YM 3MOTY IPU BUPIMICHHI BJAJIO TIOCTaBIEHOI 3aaadi
KOMIT FOTEPHOTO EKCIIEPUMEHTY OJICPIKaTH Pe3yJIbTaT, KOHKYPCHTHO3/IaTHUI Ha CBITOBIM HAYKOBIH
apeHi.
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CTPYKTYPHASA BUOJIOI'USA TKAHU B CBETE CUHXPOTPOHHOI'O U3JIYYEHUSA
JEKTPOHHBIX YCKOPUTEJIEN

A.A. Bazuna

Hncmumym meopemuueckoti u sxcnepumenmanvuou ouogusuxu PAH, Ihwuno
HUI] «Kypuamosckuii uncmumymy, Mockea

AHHOTaHHﬂ: Bnaronaps[ HCITOJIb30BAHHUIO CUHXPOTPOHHOI'O U3JIYYCHHS MMOCICAHUC I'OAbI OTMCUCHDBI
S3HAYUTCIbHBIMHA JOCTHKCHUSAMUA B Pa3BUTHHU METOO0B CTpYKTypHOﬁ OHOJIOTHH. 38.,[[8.‘1& HaACTOALICTO
KpaTKoro 0030pa — MOKa3aTh JIBa aCMEKTa UCTIOIb30BAHUS CHHXPOTPOHHOTO U3Ty4YEeHHUS B OMOIOTHH
U MCIUIMUHE. BO-IICPBLIX, B OHpe,Z[eJIéHHBIX OCHOBHBIX IIpOrpaMmax CTpYKTypHOﬁ ouooruu H, BO-
BTOPLBIX, B IpOrpaMMax MEAUIUHCKOT'O HAITPAaBJICHHA.

Annotation: Considerable progress in the development of structural biology methods has been
achieved recently due to the use of synchrotron radiation. The purpose of this leaflet is to display a
dual aspect of the field of biological and medical application of synchrotron radiation: first, some
basic programs of structural biology, and second, programs aimed at medical applications.

KiaroudeBnle ci1oBa: CUHXPOTPOHHOC U3JITYUCHUC, OHMOJIOTHUYECKHE TKaHU, CJIIU3U, IPOTCOTIINKAHOBAA
CUCTEMa, MEXKJIETOUHbIN MaTPUKC, IIETK, TAUTHH, ()a30BbIi KOHTPACT, MUKPOITY4YKOBas
I[I/I(I)paKI_II/I}I, BBICOKOYACTOTHAA JJICKTPOXUPYPTHUICCKAA CBAPKA.

Keywords: synchrotron radiation, biological tissues, mucus, proteoglycan system, extracellular
matrix, silk, titin, phase contrast, microbeam diffraction, electric welding surgery.

MenuuuHcKasi TMarHOCTUKA — OJIHA U3 TJIaBHBIX 3a7a4 COBPEMEHHOU CTPYKTYPHOU OMOJIOTHH
- OCHOBBIBACTCS HA H3YyYEHUM XapakTepa OTKIOHEHMM OT HOPMBI Ha PAa3jU4YHBIX YPOBHSX
OMOJIOTMYECKUX CTPYKTYp TpH 3a00JIeBaHUSX U BPOXKICHHBIX TMartoyiorusix. VccremoBanue
CTPYKTYPHBIX OCHOB TKaHEBOTO TOMEOCTAa3HCa CIENYeT CTABUTh KaK CAaMOCTOSTEIbHYIO MPo0IeMy U
paccMaTpuBaTh €€ B IBYX aCNeKTax, a UMEHHO, B YCIIOBHUSIX HOPMaJIbHOM pabOThI OpraHu3Ma M IpH
JNEHUCTBUHM pa3UYHBIX MATOTEHHBIX (GakTOpoB. B mocnenHee Bpemsl IIUPOKOE MPHUMEHEHHE B
MEJUIIMHCKOW JUArHOCTUKE TONYYWIH PEHTTCHAU(PPAKIIMOHHBIE W PEHTIEHOCTIEKTPAIbHBIC
UCCIICIOBaHMsI OWONIOTMYECKUX TKAaHEW, B TOM YHCIE BOJOC YENIOBEKa, MPOAYIIUPYEMBIX
SIUTEIMAIBHBIMU TKAHSIMHU. XOPOIIO U3BECTHO, YTO MUKPOCKOMMYECKUE CTPYKTYpPHBIE TTapaMETPhl
TKaHHU SIBJISIOTCSl TOKa3aTensMu (PU3UOIOTUYECKOro cTaTyca B HopMe M matojoruu. OpjHaxo,
HECMOTpsI Ha TPOMAJHBIE YCTIEXH COBPEMEHHON MOJEKYISIPHOW U KJIETOYHOW OHOJorHuH,
CTPYKTypHasi OMOJIOTHS JKUBBIX TKaHEW BbIMalla U3 TOJS 3pEHHs HCCIeI0BaTeNel MPOIIOTo BeKa,
HE HWMEBIIMX B CBOEM apceHaje HKCIEPUMEHTAIBHBIX IMOJAXOJOB, MPUTOAHBIX IS
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HAHOCTPYKTYPHBIX ~ WCCIICJOBAaHMIA MPOTEOTIMKAHOB — BaXXHOTO Kjacca OHOMOIMMEpPOB,
dbopMupyIOIIUX KapKkac MYIMHOB M MEXKJIETOYHOTO MaTpukca TKaHell. ['eTeporeHHocTh
[OJIMCAXapUA0B IO COCTaBYy, JJIMHE, BEJIMYMHE JJIEKTPUYECKOTO 3apsja M CTENEHHU
Pa3BETBICHHOCTH YCIOXHIET MPUMEHEHNE MHOTUX (PU3UYECKMX METOOB, CO3/IaHHBIX ISl pabOThI
C TOMOTCHHBIMU CHUCTEMaMHU: CEAMMEHTAIUS, JJIEKTpodopes, Xpomarorpadus, CBETOPACCESHUE U
1p. MolHblii apceHan reHeTUYeCKUX METO/OB B cllydae MoJIMcaxapHioB HE CTOJb IOJIE3€H, KaK B
UCCJICIOBAaHUH OCTTKOB W HYKJIECHMHOBBIX KHCIIOT, T.K. 3aBHCHMOCTbH CTPYKTYphI TOJUCAaXapHa0B OT
T€HOB He sBiseTcs mnpsMou. M3-3a kpaifHe cinaboil paccewBaromiell CIIOCOOHOCTH W HHU3KOM
KOHI[EHTpauu Topsiaka 1% wucciaenoBaHue CTPYKTYphl OHOJIOTMYECKUX TKaHEW H  Ciu3ei
HEBO3MOXXHO  MPOBOJUTh M  TPAJAULMOHHBIMU  PEHTIC€HOCTPYKTYPHBIMH  METOJaMU  Ha
PEHTTEHOBCKUX TpyOKaxX. Mcroib30BaHNe CHHXPOTPOHHOTO M3JIYYEHUS SIBUJIOCH PEBOJIOIIMOHHBIM
IPOPBHIBOM B KOHIENTYaIbHO-WHCTPYMEHTANBHBIX MOAXO0JaX K PELICHHIO 3a1ady CTPYKTYPHOMH
OMOJIOTUM ¥ BIEPBBIE O0ECIEUMBACT PETUCTPALUI0 JTUHAMUKA (DYHKIIMOHATHHO-3HAYMMBIX
CTPYKTYp HAaTHBHBIX TKaHei. BciencTBue CBOMX YHUKAIbHBIX XapaKTEPUCTUK — SPKOCTH,
HIMPOKOTO CHEKTPa U3IIYYCHHUSI U KOT€PEHTHOCTH, CHHXPOTPOHHOE M3JIY4CHHUE MO3BOJISET MOTyYaTh
YHUKQJIBbHYIO CTPYKTYPHYIO HHPOpMaIH0 00 00bEeKTax B IIMPOKOM JUAa30HE pa3MepoB OT J0Jei
HAaHOMETpa JO HECKOJbKHX CaHTUMETPOB. Jljig JKMBBIX CHCTEM OTO O3HAYaeT IOKPHITHE
(GYHKIIMOHAIBHOTO JMana3oHa OT OTHENIBHBIX MOJEKYJ, KIETOK A0 LEJOCTHOM TKaHH, Jaxe
OpTaHOB, YTO JIa€T BO3MOKHOCTb ITOTYICHUS KOMIUICKCHOU HH(OpMAIIUK 00 OOBEKTE.

Ilposedenvt uccnedosanus CcmpyKmypHoiu OUHAMUKU NPOMEOIUKAHO8 CAU3U U
MEMNCKIIEMOYHO020 MAmMPUKca Ouo0a02udecKux miKaHeil 6 Hopme U namonouu. BblsiBIeHbBI
CTPYKTYpHBIE OCOOEHHOCTH YHUKAIBHOTO IO CBOEW (DYHKIIMOHAIBHOM HAMpPaBIEHHOCTH Kiacca
OMOMOIUMEPOB — MPOTEOTITUKAHOB, SIBIISIOMIUXCS OCHOBHBIMU KOMIIOHEHTAMHU KaK MYIIMHOB, TaK U
MEXKJIETOYHOTO MaTpuKca OHOJOTMYECKHX TKaHEH. DKCHEpUMEHTANIbHO YyIaloCh IOKa3aTh JIBa

nopasutTenbHbIX (akta. I[leppoe — HanmMuMe BBICOKOW YMOPSIOUYEHHOCTH MPOTEOTIUKAHOB,
OOYCIIOBIICHHON pEryJsipHBIM TMPUKPEIUVICHHEM TOJUCaXapUAHbIX Ienel K OelIKOBOMY KOpYy C
xapakTepHeiM rnepuoaoM 4.5 um. Brtopoe — HecMoTps Ha 0oJbIIyIO BapuadENIbHOCTH

TJIMKONIPOTEMHOBOTO  COCTaBa MEKKJIETOUHOTO MaTpHKCa pa3jMYHbIX TKaHEH, MPUHIHUI
CTPYKTYpHOM YIOPSIIOYEHHOCTH MPOTEOIVIMKAHOBBIX HAHOYACTUIl MHBApUAHTEH JUIsl BCEX THUIIOB
TKaHEeil U MyLIMHOB B IIMPOKOM 3BOJIIOIHOHHOM PSITy — OT MJIIEKOIMUTAIONIUX 70 OECIIO3BOHOYHBIX U
HACEKOMBIX (CIM3b KajbMapa M SIHUTENIHAbHbIC TKAHU IISITKOBOM IaHbl menkonpsaa). [lepuon
4.65 (= 0.15) umM sBisSEeTCS HAHOCTPYKTYPHBIM HWHBAPHMAHTOM THTAHTCKUX MPOTEOTTTHKAHOBBIX
MOJICKYJT KaK CJIM3ei, TaKk ¥ MEKKIETOUHOTO MaTpuKca TkaHew [1-3].

VY CTaHOBJIEHO, YTO PEHTI€HOTPAMMBbl MPOTEOITIMKAHOB CIU3U M MEXKKIETOYHOTO MaTpHKCa
TKaHEW OCTalTCs CTAaOWJIbHBIMM B IIMPOKOM Juamna3zoHe TemmepaTtyp. M3BectHo, dTO
UCKYCCTBEHHbIE YTJIeBO/-0eNKoBbIe 00pa3oBaHus Oosee CTaOMIIbHBI K HarpeBaHMIO, JIeHATypaluu U
JEICTBUIO IpOTEa3, 4eM COOTBETCTBYyoIME Oenku. OTCYyTCTBHE CTPYKTYPHBIX HCCIIEJOBAHUN
IPOTEOTJIMKAHOBBIX CUCTEM SIBJIIETCSI HEBOCHOJIHMMBIM HPOOEIOM, TOPMO3SIIUM pPa3BUTHE
OMOMHKEHEpUH, HAIIPaBICHHON Ha CO3/JaHNE HOBBIX OKOJIEHUH JIeKapcTB [4].

Ob6cyxnaercs HaHOCTPYKTYPHBIi MEXaHU3M MO (PUKAITIOHHOM ajlanTanuu
IPOTEOTIMKAHOBBIX CHUCTEM K M3MEHEHHIO (PU3UKO-XMMUYECKUX IapaMeTpoB Cpeibl, B paMKax
TEOPETUYECKON (DU3UKU CeTYaThIX IMOJIMMEPOB, TEPMOJAMHAMUYECKUE CBOWCTBA KOTOPBIX KpaiiHe
YYBCTBUTEJIbHBI K HE3HAYUTEJIbHBIM U3MEHEHHSIM YHCIIa CTATUCTUYECKUX CIIUBOK.

[TpoBenensl peHTreHaUbPAKIUOHHbIE U (IYOPECHEHTHbIE HMCCIEIOBAHUS SMHUTEIHATBHBIX
TKaHeW MOJIOYHOM JKele3bl MpU OHKOJOTHYECKOW TMaToJIOTMM W JAbIXaTeIbHOrO0 TpakTa
JMKBUAATOPOB 4epHOOBbUIbCKOM ADC Ha pa3iMyHBIX CTaJusAX NaTOJIOTMYECKOTO Ipolecca.
Okazanoch, 4TO B OHKO-TPaHC(HOPMUPOBAHHBIX TKAHSIX HE COOIIOJAETCS 3aKOH COXPaHEHMHs
UHTETPaJIbHOM  WMHTEHCUBHOCTH  paccesHUs:  OOHAapY)XEHO  3HAYMTEIbHOE  YBEJIMYEHHUE
MHTCHCUBHOCTH, OOYCIIOBJIEHHON paccesHHeM OT MpOTEOTJIMKaHOBBIX cucteM. [loka3ana
KOPPENSALUS MEXJy 3JIEMEHTHBIM COCTaBOM M HWHTETrpajibHOW MHTEHCHBHOCTBIO JU(PPAKIMOHHBIX
pednekcoB. ObHapyxeHo MHOroKpaTHoe, 10 200 pa3, yBeIMYeHHE KOHIEHTpaluu Kaimblms. Ha
paHHUX »JTamax IPOrPecCUd OMYXOJM IO/ JEHCTBHEM XeNaTHPYIOUIMX areHTOB BBISBICHBI
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o0paTuMble MU3MEHEHHs] UHTEHCUBHOCTH AMCKPETHHIX pedieKcoB 0e3 M3MEHEHHs] MHTEHCUBHOCTH
nud@y3HOTO  MaJIOYTJIOBOTO  pAacCesHHs, YTO OOYCIOBJICHO, TO-BHAMMOMY, OOpaTUMBIM
M3MEHEHUEM D3JIEKTPOHHOH IUIOTHOCTH TOJIBKO IPOTEOIIMKAHOBBIX cucTeM. DuHanbHas cTagus
NATOJIOTUU  XapaKTepu3yeTcs JpaMaTHUYecCKUM  HM3MEHEHHEeM  AU(PPAKIHOHHOM  KapTUHBIL:
HAOMIOIaeTCsl PE3KOE yBEJIMYCHHE WHTCHCHBHOCTH MAaJoOyriaoBoro aud@y3HOro paccesHus,
TUCKpeTHble pedrexchl BooOmie He peructpupyrorca. OOpaboTka TKaHU XeIaTHUPYIOIIMMHU
areHTaMM B 3TOW CTaJuu OKa3biBaeTcs Hed((DEeKTUBHOU. JleCTPpyKIUS MPOTEOTITMKAHOBBIX CHCTEM
MOJKET OBITh CBSI3aHA C OCJIabJIeHHEM KJIETOYHOW aAre3uH, YTO MOBBIIIAET BEPOSTHOCTH TOTO, YTO
MYTaHTHbIE KJIETKH BBIHAYT M3 TKAaHEBOTO IUIEHA W OyIyT CBOOOJHO MUTPHPOBATH B OPraHU3ME.
[IpoHUKHOBEHHE KaHIIEPOTE€HHO-TPAHC(HOPMHUPOBAHHBIX KIETOK B JIPYyrHMe TKAaHU BBI3BHIBAET B3PbIB
MmetactazupoBanus. IIpemymaraercst wucmonp3oBaHMe AU(PPAKIMOHHBIX KApTHH M CHEKTpa
JJIEMEHTHOTO COJAEpKaHHMsI TKAaHU B KauyecTBE OMOMapKepoB i JUAarHOCTUYECKUX U
TepaneBTUYECKUX LeneH [3, 4].

Oco0oe BHUMaHUE OBLIO YIEIEHO aHAIM3y MPOAYLEHTOB JMHUTEIUAIBHON TKAaHU — TKaHU
BOJIOCA, KaK MapKepy, OTCIEKHUBAIOIIEMY SHJOTEHHOE M AK30I€HHOE BO3JEHCTBUS, BKJIOYAIOIINE
HE TOJIbKO 3arpsi3HEHHE U3 OKpYKawlled Ccpeapl, HO M BIUSHUE TMPOJYKTOB MHUTAHUS,
JIEKapCTBEHHBIX, CAHUTAPHO-TUTHEHUYECKUX U KOCMETHUUECKUX CPEACTB [5, 6].

Boiacuenue ponu emewinezo nonsa cuil 6 CMpPYKMYpHOU OUHAMUKE MYJ1bHUOOMEHHBIX
0e1K068 UMMYHO2]100YITUH06020 CynepceMeiicinea npoeedeHo Ha npumepe GuopuIIApHo20
maimuna — Oenka TpeTbel (QUOPHIUIAPHON CHCTEMBI MBI, 00ECIEYNBAIOIIETO BBICOKYIO
[0JIaTJIMBOCTh U CBEPX3JIaCTUYHOCTD MBIIIEYHON TKaHH. ITo OpPUTUHAIIEHBIM
pPEHTreHAN(PPAKIIMOHHBIM HCCIEI0BAHUSIM OPUEHTUPOBAHHBIX TAUTUHOBBIX HUTEH B KOMOMHAIINH C
KpUCTAIOrpa@UIecKUMA  JaHHBIMH ~ TOMOJIOTUYHBIX  OCIKOB ~ MMMYHOTJIOOYJIMHOBOTO
cylepceMeiicTBa HaMU MPOMOJEIUPOBaHA CTPYKTypHas Moposiorus MOJeKynsl TaktuHa [7, 8].
ToueuHas rpynmna CUMMETPUHM MOJEKYJbl TaAUTHHA ONpPENEeHa KaK Sy ¢ TpaHCIsALUed BIOJIb OCU
T, MEPUAMOHANBbHBIE pedIeKChl IS 3TOW TPYyHNbl cUMMeTpuu 3ampeuieHsl [9]. Cummerpus
CaMOOpPraHu3alliid aKCUAIbHBIX HAHOCTPYKTYP M3 TEHEPUPYIOIIMX KJIACTEPOB 3aBUCUT OT
TOMOJIOTHYECKUX CBOMCTB MPOCTPAHCTBA M (uznyeckux mnoieil. OTINYUTEeNbHON 0COOEHHOCTHIO
CTPYKTYpbl ~MYJIbTUJIOMEHHBIX O€JIKOB HMMYHOIJIOOYJIMHOBOTO CyIepceMecTBa  SIBISETCS
YHUKaJIbHasi BO3MOXXHOCTb COUYETAHHOT'O TPOSBICHUS MU MKECTKOCTH, W HJIACTUYHOCTH, KOTOPOE
00YyCIIOBIIEHO rerepodazHbIMU nepexoiaMmu c KOT€PEHTHBIMU TpaHUIlaMU B
HaHOCTPYKTYPUPOBaHHBIX cucTeMax. [lon BozaeiicTBHEM MO BHEIIHUX CHJ B CTPEeHJIE TalTHHA
pean3yroTcs 3HAUUTENbHBIE Pa3InyMsl TEPMOJMHAMUYECKHX XapaKTEPUCTUK TOMOJOTHYHBIX
JIOMEHOB.

PentrennudpakiunonHble Hcciael0BaHUsS HUTEH TalTHMHA B TPOLECCE MEXaHUYECKOTo
pacTshKeHUsl BbIIBHIIM JABYyX(a3HOoe pasjeneHue CTPYKTypbl B HaHOJHMANa3oHE, KOrja B OJHOU
JUHEHHON MaKpOMOJIEKyJIe€ YCTOWYMBO COCYIIECTBYIOT «KPHUCTAJUIMUECKOE» M «PACIUIaBICHHOE»
COCTOSIHUE MOJUMIENTUIHOW Lenu [9]. DTO yHHMKalIbHOE COCTOSHHE alepUOIUYECKOW CTPYKTYpbI
0]l BJIMSIHUEM BHEUIHErO MOJIsl CHJI CIOCOOHO O0ECreunBaTh KakK BBHICOKYIO MOJATIMBOCTh, TaK U
KECTKOCTh CHCTEMBI, XapaKTepHYIO Ui (DYHKIMOHAIBHOM CBEPX3IACTUUHOCTH TaTuHa. Takum
00pa3oMm, BIEpBbIE TOKA3aHO, YTO MCIIOIHUTEIbHBIH MEXaHU3M MYJIbTUIOMEHHBIX (UOPUILIIPHBIX
0ETKOB MMMYHOTJIOOYJIMHOBOTO CyNepceMeicTBa ¢ anepuoIM4ecKoil yrakoBKOM oOecrieunBaeTcs
3a CYeT HHEPrUU BHEIIHEr0 BO3CHCTBUS.

Hccnedosanue pasnuunvlX NPUPOOHBIX U OUOMEXHOIO2UYECKUX KOHCMPYKUUIL WienKa.
[lenbto pa®oOTHI SABIAETCS BBISICHEHHE NPUHLMIIOB aTOMHOM M HAHOCTPYKTYPHOM OpraHU3alluu
YHUKAJIbHBIX KOHCTPYKIMH II€JKa, JOKAJM30BAHHBIX BHE KIETKHM M JaXe BHE OpraHusma Hu
1no3ToMy (QYHKIMOHUPYIOIIUX B IIMPOKOM JHAara30oHe U3MEHEHUN OUOJIOrMYecKux, (PU3NUYEeCKUX U
XUMHUYECKHX YCIOBUH  OKpyxkatomed cpeiabl. CTpyKTYpHO-MEXaHHUECKHE HCCIEeIOBAHUS
Pa3IMYHBIX KOHCTPYKIUI MPUPOAHOIO IEJIKa MO3BOJWIM NPEIIOKUTh OPUTHHAIBHYIO HJIEI0,
MO3BOJISIOIIYIO PACCMAaTPUBAaTh MPUPOJHBIE KOHCTPYKIMH IIENIKa KaK rerepodasHble CUCTEMBI C
KOTE€PEHTHBIMHU TPAHUIIAMH, B KOTOPBIX (PHOPOMH IIeTTKa UTPAET POJIb U MATPHUIIBI, 1 APMHUPYIOIIETO
BEIIIECTBA, MPOSIBIISAS IIMPOKUI CIEKTP M3MEHEHUH CTPYKTYPHO-(U3NYECKHX CBOMCTB, MPUCYILIUX
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KOMIIO3UTHBIM MarepuaiaMm. buoTexHoiaornyeckue KOHCTPYKIMKA Ha OCHOBE MPUPOJHOTO IIETIKa B
CHJIy €ro BBICOKOW MPOYHOCTH, OMOCOBMECTHMOCTH U OuoaerpagabenbHOCTH, MOTYT OBITh
YHUKQJIBHBIM MATEPUAIOM, IIPUTOTHBIM I OMOTEXHOJIOTHYECKUX M MEIUITMHCKUX meneit [10, 11].

DazokoHmpacmuoe peHmzeH06cKoe uzoopasrcenue duonozuueckux oovekmos. [Ins nenei
MEJWIIMHCKOW JMATHOCTHKHU DPa3padaThIBAIUCh METOAMKU (hopMupoBaHus (Ha30KOHTPACTHBIX
PEHTTEHOBCKUX H300paKEHUH ClIa0OMOTIOMAONINX OHOJOTHYECKMX OOBEKTOB B YKECTKOM
JUarna30He JUIMH BOJIH C IICJIbI0 PAJUKAIBHOTO TIOBBIIICHUS WH()OPMATUBHOCTH WU CHWKCHHS
paguanmoHHo 103l [12]. ®usmueckas CymHOCTh, (popmupoBaHus  (Pa3oKOHTPACTHOTO
U300paXeHHsSI  3aKJI0YaeTcsi B HMHTEPPEPEHIUH PEHTTEHOBCKOTO KOTEPEHTHOrO  IMY4Ka,
UCHBITaBIIEr0 (ha30BbIl CABUT MPH HPOXOXKACHUU Yepe3 OOBEKT, C OIMOPHBIM KOTEPEHTHBIM
nydykoM. [[si OMoIOTMYecKuX TKaHEW, O0JIaJaronIiuX YHUKAITbHOW OCOOCHHOCTBIO CTPYKTYpPBHI —
TPaHCISAIUOHHON cuMmMmeTpueil ¢ nepuoguuHocthio 0.1-10 MkM (Hampumep, MonepeyHo-moiocaras
MBIIIIA), HAMH OBLI TPEIJIOXKEH HOBBIA CHoco0 moimydeHus (Ha30KOHTPACTHOTO H300paKEHUS
oObekTa Ojaromapsi JOMOJTHUTEILHOMY HaOery (a3 KOrepeHTHOro Jiyda BHYTPH OOBEKTa 3a CueT
TUGPaKIUU Ha CTPYKTYpaxX MUKPOHHON MEPUOJAUYHOCTH. YIAIOCh PEIIMTh OOpaTHYIO 3a1ady H
PEKOHCTPYHUPOBATh IBYMEPHBII (pa300NTHUYECKUI MPOQMIb MIOTHOCTH UCCIEyeMOro o0beKTa Ha
OCHOBE JIIOOOT0 CIIy4ailHO BBIOpaHHOrO (parMeHTa NPOCTPAHCTBEHHOTO pPacIpeaeIeHUsS
WHTECHCUBHOCTHU B (PA30KOHTPACTHOM M300paxkeHHH MbIIIIbI [13]. 11 moBBIIIEHUS] KOHTPACTHOCTH
M300paKEeHUsT  OMOJIOTMUECKMX OOBEKTOB MPEIJIOKEHO U anmpoOMpPOBAHO  IMPUMEHEHHE
KOHTPACTEPOB, U30MPATEIbHO YBEIMUUBAIOIIUX MaIoyrioBoe quddy3Hoe paccessHuEe CTPYKTYPHBIX
AJIEMEHTOB TKaHHU.

Memoo Mukponyuxkoeou ougpakuyuu 0na u3y4eHus HCUGbLIX mKauell. PeHTreHorpaMMbl
MOTIEPEYHOTO CEUYCHHUS BOJOCAa M (YHKIMOHATHHO PA3JIMYMUMBIX CYOMUKPOHHBIX (DparMeHTOB
capKoMepa MOIepPeUHO-T0JI0CATON CKEIETHON MBIIIIBI JSATYIIKH MOJy4eHbl BIEPBHIE C OMOIIbIO
MUKpOITy4ka Ha ManoyriioBoil ycraHoBke ID-18 B ESRF (I'peno6ns, ®panmus). Merton
MUKPOITYYKOBOU AU(PPaKIHNU SBISETCS OAHUM U3 CIIOCOOOB M3YyUEHUS JIOKAIbHBIX MUKPOCTPYKTYP
Pa3HOOOPa3HBIX OMOJIOTHYECKUX 00BEKTOB B MUKPOHHOM Maciirabde [14].

Hauatel paGoTbl 1O HCMONB30BAHUIO CUHXPOTPOHHOTO W3IYyYEHUS I UCCAe008AHUSA
HAHOCMPYKMYPHOU U  MOJEKYIAAPHOU OUHAMUKU JHCUBHLIX MKAHEll hnoo eo30elicmeuem
6bICOKOUACMOMHOU I1eKmpoceapku. Bo3neicTBUE BbICOKOYACTOTHOM 3IIEKTPOXUPYPTUUECKOU
CBapKH Ha OMOJIOTMYECKHE TKaHW MPOBOIWIOCH B PA3IMYHBIX PEKUMAX, TPU ITOM H3MEHSIIHCH
yacToTa (Hecyilas, MOIYIUPYIOIIas), HampshKeHHe, Chila TOKa, JIUTENbHOCTh BO3ACHUCTBUA.
CBapuBaHue TPOBOJUIM B PYYHOM M aBTOMATHYECKOM pexuMax. Mcrmosb3oBaycs crneruaibHO
pa3paboTaHHBIN HHCTPYMEHTAPHI pa3TUYHBIX Pa3MEPOB U KOHCTPYKITHI.

Hcnonp3oBaHne CHHXPOTPOHHOTO M3JIYYEHHUS! B CTPYKTYPHOM OMOJIOTUM MMEET MPEKpacHbIe
nepcrekTuBbl [15]. OueBHOHO TakXke, YTO METOABI, pazpabaTbiBacMble AN H3YyYEHUS MBI C
BPEMEHHBIM pa3pelieHueM, TPUMEHUMBI U K JPYTUM JIMHAMHYHBIM OHMOJIOTMUYECKHUM CHCTEMaMm,
O0COOCHHO B Te€X CIlyyasx, KOTJa MOXHO HCIIOJIb30BaThb METOJ MHKPONMYYKOBOHM nudpakuuu,
MOAXOISAIINKM 71T BeCbMa MEJKHX O0O0pasloB, U CBEPXCKOPOCTHBIE PEHTTEHOBCKHE JI€TEKTOPBI
BBICOKOTO pa3pelIeHHUs.
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OYHAAMEHTAJIBHI TA ITPUKJIAJHI ITPOBJIEMUA MEI{I/I‘IHOI PI3UKH, IO
JOCIIIKYIOTBHCSA B HHI «(JTHCTUTYT BIOJIOT'II» KHIBCBKOI'O
HANTIOHAJIBHOI'O YHIBEPCUTETY IMEHI TAPACA HIEBYEHKA

JL.I. Ocranuenko, B.C. Maptuniwok, T.B. beperosa, H.€. Hypumenko

Hasuanvno-nayxosuii yenmp «Ilncmumym oionoziiy
Kuiscbkozo nayionanbnoeo ynisepcumemy imeni Tapaca Lllesuenka

AHoTanisa: KopoTko po3rIsiHyTO Cy4acHHM CTaH pO3BUTKY OKPEMHX HAINpPsMIB MEIUYHOI (PI3UKH B
HHII «Iuctutyr 6iomnorii» KuiBcbkoro HamioHaiabHOro yHiBepcuteTy imeHi Tapaca IlleBuenka.
HaBeneHno mani mpo OCHOBHI JOCSTHEHHS B 00y1acTi (pyHIaMEHTATBHUX 1 MIPUKIATHUX TOCHTIKEHb
1010 OIHKM  (PYHKI[IOHAIHHOTO CTaHy OpraHi3My JIIOJWHHU, O010J0TriYyHOi  aKTUBHOCTI
€JIEKTPOMArHiTHUX TOJIB Ta YJIbTPa3BYKy, a TaKOXX PO3POOKU HOBUX YPOAMHAMIUHUX CHCTEM 3
METOIO JIIarHOCTHKH CEYeCTaTeBUX OPraHiB.
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AnHoTanusi: KOpoTKO paccCMOTPEHO COBPEMEHHOE COCTOSIHUE Pa3BUTHS OTAEIbHBIX HAllpaBJICHUN
meauinackon pusnku B HHI «IHCTHTYT OoHnoJIOruny Kuesckoro HaIlMOHAJILHOT'O
ynuBepcurera uMmeHu Tapaca IlleBuenko. [lpuBeneHsl AaHHbIE 00 OCHOBHBIX JOCTHXKCHHSAX B
o0iacTu (bYH,Z[aMeHTaJ'IBHBIX U IIPUKIIAIHBbIX I/ICCJ'IC,I[OBaHI/Iﬁ II0 OILCHKE (byHKI_II/IOHaJ'IBHOFO
COCTOsIHUA OpraHnu3Ma YCJIOBCKa, OHMOJIOTHYECKON aKTUBHOCTHU SJICKTPOMArHuTHBIX nojied u
YJIbTpa3ByKa, a TaK¥XeE pa3pa60TKI/I HOBBIX YPOAUMHAMHWYCCKUX CHCTEM C LCJIBIO AWArHOCTUKH
MOYCIIOJIOBBIX OpPraHoOB.

Annotation: The current state of development of certain areas of medical physics at the ESC
"Institute of Biology” of Taras Shevchenko National University of Kyiv is discussed. The data on
the major achievements in basic and applied research to assess of functional status of the human
organism, the biological activity of electromagnetic fields and ultrasound as well as the
development of new urodynamic systems for diagnose urinary tract are presented.

Karouosi ciioBa: menuuna ¢izuka, QyHKIIOHAIBHUNA CTaH OpTraHi3My, 010J10T1YHO aKTUBHI TOUKH,
€JICKTPOMATHITHI MOJIs, YATPa3BYK, YPOJIUHAMIUHI CHCTEMH.

KiroueBble cjioBa: MeIUITMHCKAs GU3HKa, QYHKIIMOHAILHOE COCTOSIHUE OPTaHU3Ma,
OHMOJIOTHYECKHU aKTUBHEBIE TOYKH, SJICKTPOMATHUTHBIC I10JIA, YIIBTPA3BYK, ypO,Z[I/IHaMI/I‘IeCKI/Ie
CHUCTCMBEI.

Keywords: medical physics, functional state of the organism, the biologically active points,
electromagnetic fields, ultrasound, urodynamic systems.

Ouinka (YHKIiIOHAJIBHOIO CTAHY OpPraHi3My JIIOAMHU 32 (i3MYHUMH NapaMeTpaMu
0i0J10TiYHO-aKTUBHHUX TOYOK

OctanHiM YacoM OIi0OJIOTIYHO aKTHBHI TOYKH BHUKOPUCTOBYIOTH B IIUPOKOMY CIEKTpi
peduekcomiarnoctuku 1 pediaekcorepanii [1]. Ilepenq HaykoBUMH MiApoO3aiIaMH B paMKax
Jep’KaBHOI mporpamMu «310poB’s  Hamii» OyJ0 MOCTAaBIEHO 3aBAAaHHS PO3POOUTH HA OCHOBI
CydyaCHHX ySBIEHb IIPO OCHOBU peduiekcoTepamii HOBI METOIU  CKPUHIHT-KOHTPOIIO
(G YHKIIIOHATLHOTO CTaHy OpraHi3My JIIOJIMHU B YMOBAaxX JIMHAMIYHOTO HABKOJHIIHBOTO CEPEOBHIIIA,
CTaH SIKOT'O MOCTIIHO noripuyerbes. MeToq MaB OyTH HEIHBa3UBHUM 1 iIHPOPMATUBHUM.

MeTtoauka KOHTpoIrO (yHKIIOHaIbHOTO cTaHy opraHismy moauau (KOOYCO), ska Oyna
po3pobnena B HHI] «IHcTuTyT Giosorii» AJis BIPOBAKSHHS Y TIPAKTHKY, 3aXHIICHA MTATCHTAMH [2-
4].

3amponoHOBaHa METOJAWKA TIPYHTYEThCS Ha 3arajlbHHUX MPHHIUIAX HEPBOBOI peryJsil
BEreTaTMBHUX (YHKIIN opraHizMy jroauHU. OCHOBHUMH 3 BUKOPUCTAHUX B METOAMILI IMPUHIUIIIB
€: CErMEHTAapHICTh HEPBOBOI peryssmii Ta OyIOBU Tua; MOJABIMHICTH 1HHEpBalii BHYTPILIHIX
OpraHiB yepe3 HEpPBOBI BOJIOKHA CUMITATUYHOTO Ta NapacCUMITATUYHOTO BB HEPBOBOI CUCTEMU;
lepapxiuHa 1oOy/0Ba HEPBOBUX ILIEHTPIB PEryislii, KOJIM aKTUBHICTh NMEPUPEPIMHUX LIEHTPIB
BU3HAYAETHCS (KOHTPOJIIOETHCS a00 3MIHIOETHCSA 11032 MEXI HOPMH): LEHTPAJIbHUM OPraHOM
HEPBOBOI PeryJislii BereTaTUBHUX (PYHKIIM OpraHi3Mmy € rimnorajgamyc, SKHil BUCTYNA€ B SIKOCTI
HEHTPaJIbHOTO IHTErpaTopa BCix 0€3 BUHATKY OOMIHHUX MPOIIECIB B OpraHi3Mi; HasBHOCTI Ha
MOBEPXHI TUIa JUCKPETHUX AUISHOK a00 TOUYOK (KpaHiasibHI, KOPIOpajbHI Ta CErMEHTapHi), B
MPOEKIIii SKUX 3HAXOMATHCSA MICIsl BUXOMY Ta BXOJYy MepeBa)xHOi OUmbIIOCTi (a00 HABITH BCIX)
KpaHIaIbHUX Ta CHUHAJIBHUX HEPBIB, B SKUX MPOXOJAATh €(EepeHTHI pPEryJioloui BOJIOKHA Ta
adepeHTHI BOJIOKHA, sKI HeCyTh iHdopMalio mpo (yHKIIOHANBHUNA CTaH OpTraHiB B KOXXHUUN
MOMEHT 4Yacy; OulaTepalibHICTh PO3TAllyBaHHS TaKUX TOYOK; TemIepaTypa € IHTerpajbHUM
MOKA3HUKOM OOMIHHHX IMPOIIECiB B KOKHIM TOYIIl TijIa, B KOKHUWA MOMEHT 4acy 1 ii BUMIpIOBaHHS €
MPSIMAM JTOKA30M ITiIBUIIEHHS a00 3HIKEHHS (PYHKIIIH 1032 MeX1 MEeBHOI HOPMH B KOXKHIN TOUITI
Tija.

basyrounce Ha 3a3Haue€HMX MPHUHIWIAX, BHKOPHCTaHA MOJMJIMBICTh OIIIHUTH 4Yepe3
BHUMIPIOBaHHS JIOKaJbHUX TEMIIEpaTyp B IJIKOM BH3HAYCHHUX IUISTHKAX Tila 13 BHUKOPUCTAHHIM
Cy4yaCHUX TEpPMOBUMIPIOBAIbHUX MPUJIa/IiB HOBOTO IMOKOJIHHA (1HPpayepBOHI TEPMOMETPH) CTaH
PI3HUX JIAHOK CHCTEMH PEerylislii AisNIbHOCTI OpraHizaMy moguHU. OCKIIBKHA ILEHTPaTbHUM
perynsitopoM (LEHTPaJbHOIO JIAHKOK) BCIX BEreTaTMBHUX (YHKIIM OpraHi3My BHCTYyIMa€e
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rinotrajamyc, TO BUMIPIOBaHHS HOro temrepaTrypu (Touka Ha OapabaHHIM MEPETHHIN) T03BOJISIE
TOBOPUTHU TIPO 3arajbHUN OayaHC HE JIMIIEe OOMIHHUX IMPOIIECIB y IIJIOMY OpraHi3Mi, 10 caMme 1o
co0i € BKpail Ba)XJIMBUM, OCKUIBKH BiJpa3y J03BOJSIE TOBOPUTH MPO MOPYIICHUN UM HOPMATBHUI
TeMIlepaTypHUid OanaHC (HAsBHICTb YW BIJCYTHICTh 3alaJIbHUX IPOIECiB, 1H(PEKIIHHOTO YH
IHBa3MBHOTO BIUIMBY, TOIIO), a ¢ TPOBOAUTH AWQEpPEHIiaNbHy JIarHOCTUKY MEBHUX
1epeOpoBaCKyIAPHUX AUCHYHKITIH.

BumiproBaHHs TeMIepaTypHOTrO CTaHY TOYKH OJyKalO4doro HEpBa JI03BOJISIE MPOBOJUTH
OI[IHKY Timnep-, Tirno- Y HOPMaJIbHOI aKTUBHOCTI a BIIMOBITHO 3arajlbHUM TOHYC MapacUMIIaTHIHUX
BIUIMBIB HA 1HEPBOBaHI HUM BHYTPIIIIHI OpraHHu.

TemnepatypHuii ctan (TOHYC) 24 KOPHOPAJIbHUX TOYOK J03BOJISIE BU3HAYATH 3arajlbHUN CTaH
ME3CHTEPIaJIbHOI (OpraHHOT) HEPBOBOI CUCTEMHU.

Temnepatypuuii ctan (TOHYC) 24 TOYOK CIMHHOMO3KOBUX HEPBIB CEICMEHTIB TIPYIHOTO
BIJUIUTY 3arajJioM JO3BOJISI€E BH3HAYHUTH 3 OJHOTO OOKY 3arajibHU CUMIATHYHUN TOHYC Ta CTaH
KOKHOTO cerMeHTy. [lepimii 103Bossie 00’ €KTUBHO TOBOPUTH MPO 3arajibHUM OaaHC AiSUIBHOCTI
MapacUMIIATUYHOTO 1 CUMIATUYHOTO BB BEreTaTHBHOI HEPBOBOI CHCTEMH, OCKITbKA BOHH €
JIBOMa CTOPOHAMHU €JIMHOI cucTeMH peryisuii. CTaH OKpeMOro CerMeHTY BH3HAYaeThCs SIK uepe3
OlrarepalibHy PI3HUIIIO TEMIIEPATYP, TaK 1 MeXi (KOPHIOPH) KOJIMBAHHS TEMIIEPATyPHUX 3MiH.

BumiproBaHHsT TOYOK BHXOJy MapacUMIIATUYHUX HEPBIB KPHKOBOTO BIAJIIY J03BOJISIE
OIIHUTH (DYHKI[IOHATLHUHN CTaH OpraHiB Ta PETYJIITOPHOTO anapary OpraHiB Majoro Tasy.

[Tomepenani ekcmepuMEHTAIbHI Ta KIIHIYHI OOCTEKEHHS JO3BOJWIM BHU3HAUUTH 32
BEJIMYMHOIO 3MiH TEMIIEpaTypH y BIAMOBITHUX TOYKaX TakK 3BaHi “KOPHIOpPU’, SKi MOXYTb OyTH
IIJTKOM OOTPYHTOBAHO CITIBBIJIHECEHI 3 TaKMMH CTaHAMH OpraHi3aMy SK CTaH HOPMH, CTaH
(G YHKIIIOHAJILHOTO HAMIPYXKEHHS Ta CTAH OPTaHIYHOTO BPaXCHHS a00 MMaTOJIOTis.

Ha ocHOBI mpoBeneHOro aHaizy po3poOjieHI METOAMKH JTIarHOCTHKH, AUQEpPEHIaTbHOT
JTIArHOCTUKU 3 TOCIIIYIOUO0 aJeKBAaTHOW (Di310JIOTIYHOK KOpEKIielo (DYHKIIOHAIBHOTO CTaHY
OpraHizmy.

Ampobarist merony Kodyco mpoBommiace Ha 06a3i canatopito «OKotensp» B Konui-3acri
KuiBcpkoi o6macti.OTpuMaHi Taki JaHi: 3 OTPUMYIOUHUX KOPUTYIOUY Jif0 TOBHA KOpPEKIlis abo
3HAYHE TOKpalleHHs BigMiueHo y 98% marienTiB, cran 6e3 3miH —B 2% BumnaakiB.Ilo6iunmx
edekTiB , abo TOripmIeHHS HE TMOMIYEeHO B JKOMHOTO 3 mamieHtiB. B Mickkomy 1eHTpi
HelipopeabutiTanii Kninignoi nmikapui Nel8 m.KueBa nposenena niarHoctuka merogoM Kodyco
MiATBEp/PKYBaJla KIIIHIUHI JiarHO3W marieHTiB. [Tpy mpoMy B JAE€SKUX BHIIQJIKaX JIarHO3 CITIBIAJIaB
MOBHICTIO, B JEAKUX KapJAUHAJIBHO MIHSBCS, B JICSIKUX MIHSIBCS YacCTKOBO- TMPHU TMPOBEJACHHI B
MOIaJIBIIOMY IITHOBOTO 0OCTEXKEHHS ,-AlarHo3u BusiBlieHi MmetogoM Kodyco miaTBepaKyBaInuch.

[Tonepenni po3paxyHKH IMOKa3aidH, M0 COOIBAPTICTh BUPOOHMIITBA OJHOTO J1arHOCTUYHOTO
KOMIUIEKCY, 1110 BKJIIOYA€E anaparHe Ta mporpamue 3abesneueHns, ckianae Big 6000 no 10000 rpH. B
3QJIEKHOCTI BiJ KOMIUIEKTalii. PUHKOBa 1iHa MOAIOHWX IIarHOCTUYHUX TPHIIAJIB BITYU3HIHOTO
BUpOOHMIITBA cKiIajgae mopsiaky 15-30 tucsu rpuBeHb. CBiToBi aHamorw Big 15 mo 20 THCcsd
nonapiB. TepMiH OKYITHOCTI TIpU BUKOPUCTaHHI B KIIiHIYHINA mpakTuii — 0.5 - 1 pik.

@dyHIaMeHTANbHI Ta NPHUKJIaAHI NUTAHHS BIUIMBY €JIEKTPOMAarHiTHUX MOJIB Ha
OpraHisMm JIIOJMHH i TBAPUH

Ha mueit uwac enexktpomarnitHi mons (EMII) pi3HMX 4YacTOTHHX Mdiama3oHIB MIUPOKO
BUKOPHCTOBYIOTh B Tepamii 3axBOpiOBaHb pi3HOi mnpupoau [5]. Ane po3poOka HOBUX
TEpaneBTUYHUX METOJIB 3 BUKOPHUCTAHHSM €NEeKTPOMArHITHUX BIUIMBIB 4acTo 0a3yeThCcs Ha
eMmipuuHuX AaHux. HegoctaTHe po3ymiHHS TNMEPBUHHHUX, KIITHUHHUX 1 CHCTEMHHX MEXaHI3MiB
BIUTMBY I[bOT0 (Di3MYHOTO (hakTOpa, 3 OJHOTO OOKYy, OOMEXKYE MOXKIUBOCTI BUKOPHUCTAHHS BXKE
ICHYIOUHMX METOJIB Tepamii, a 3 1HIIOro rajJibMye MOJalbIINN PO3BUTOK I[HOTO HAMpAMY (13UUHOT
MEIUIIIHH.

OcranHi poku Ha kadenapi 6iodizukun HHI[ «[HCTUTYT 610y10T11» MPOBOASTHCS TOCIIKEHHS
MOIIYKY MEXaHi3MiB BIUIMBY €JIEKTPOMArHITHHUX IMOJIB HaJHU3bKUX YAaCTOT HAa MOJENi O10JI0TIYHUX
mporieciB pizHoi mpupoau. [lokazaHo, MO BIUIMB CIA0KMX MAarHiTHUX TOJIB HAJHU3BKHX YacTOT
NPOSIBIISIETHCS HA BCIX PIBHSAX OpraHi3auii JIOJWHY 1 TBApUH 1 BiJOMBAEThCSA Ha (DYHKIIOHAIBHOMY
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CTaHl HEPBOBOI, IMYHHOI, CEpIIEBO-CYJAMHHOI CHCTEM 1 CUCTEMH KPOBI, a TaKOX aKTHUBHOCTI KJIITHH
APUD-cuctemun 1 CTpYKTYpHO-(QYHKIIIOHAJIbHMX  BJIACTUBOCTEH OiMKiB 1  OiomeMOpaH.
OyHKIIOHATRHI 3MIHM Ha CHUCTEMHOMY piBHI, BHKJIHMKaHI Ji€0 EJIEKTPOMArHITHHX IIOJIB, SK
paBUjIo, BiAOYBAalOThCA y Mexax (hi3i0JIOTIYHOI HOPMHU peakiii 1 MPOSBISIIOTBCS Yy BUIVISIIL
HecTeM(pIYHUX aNanTalifHuX peakmiii. Ha BenmkoMy MacuBi €KCIEPHUMEHTAIbHUX JaHHX
JIOBEJICHO, III0 B OpTraHi3Mi JIFOAMHH 1 TBAPUH Ma€ MICIe CKJIaaHa iHTepdepeHIlis eIeKTPOMarHiTHUX
BIUIMBIB, K OJIHOYACHO PEATi3yIThCS Ha (I3HKO-XIMIYHOMY, MOJCKYISIPHOMY, KIITHHHOMY 1
opranizaMeHoMy piBHsAX [6]. IHTerpyBaHHs IMX BIUIMBIB Ha DiBHI IIJIOTO OPraHi3My BHKIIMKA€
pPO3BUTOK Hecmenu(piuHUX amanTtanidHux peakmid. KinneBuidt mposB Takoi iHTepdepeHmii i
iHTerpamii 3alexuTh sSK Big mnapamerpiB EMII, Tak 1 Bix 1HIMBIZYyaJbHO-THUIIOJIOTIYHUX
0COOJIMBOCTEH OpraHisMy i HOro (QyHKIIIOHAIBHOTO CTaHy, IO € TPUYUHOI BapiaberbHOCTI
PO3BHTKY aganTaiiiHux peakiii Ha airo EMII [7].

BceranoBieHo, 1o mapaMeTpu 4acoBOro mepediry OioNOTriYHHUX MPOLECiB JAEMOHCTPYIOTh
TICHMM 3B'SI30K 3 BapialissMi TPHPOIHOTO EJIEKTPOMArHiTHOro (oHy, a eKCIepUMEHTAIbHHUI
NEpIOANYHMN BIUIMB HAJ[ HU3bKOYACTOTHUM EJIEKTPOMATHITHHM IIOJIEM 3MIHIOE [apameTpu
OioputmiB opranizmy. Ilpu npomy nis EMII Bukivkae He TUIBKH MOSBY OJU3BKHUX TEPIOJIB B
IHTETpAIBHUX PUTMAaxX OIOJIOTIYHHMX IMPOIIECIB, alie ¥ TAKOX Y3TOJDKEHHS (Pa30BUX XapaKTCPUCTHUK
pi3HMX TmepiomiB, 1m0 cBimuuTh 1po EMII-iHIyKOBaHy CHHXpPOHI3AIil0 YacoBOro Imepediry
6iooriunux nporiecis [8,9]. MoxuBICTh KepyBaHHs 010JI0TTYHUMH PUTMaMK OPraHi3My JIFOIUHH 1
TBapHH 3a JOIOMOTOI0 €IEKTPOMArHITHUX BIUTMBIB BIIKPUBA€ HOBI MOKIIMUBOCTI JJI BUKOPUCTAHHS
OT0 (i3ngHOrO (haKTOpa B XPOHOMETUITUHI 1 XpOHO(haPMAKOJIOTIi.

@DyHIaMeHTAIbHI TA NPUKJIAJAHI NMTAHHSA BIUIMBY YJbTPa3BYKy HAa OPraHi3M JIIOAHHH i
TBapuH

VYbTpa3ByK TEpaneBTUYHUX IHTEHCHUBHOCTEH IIMPOKO BUKOPUCTOBYETHCS ISl JIIKYBaHHS
3aXBOPIOBaHb, MEXaHI3MU PO3BUTKY SIKMX MOB’s3aHi i3 3amanbHuMu mporecamu [10]. Omnak
HecTaya 3HaHb MPO MEXaHI3MM il YIbTPa3BYKY, K Ha HOpPMajbHI, TaK 1 MAaTOJOTIYHO 3MiHEHI
TKaHWHU CTBOPIOE YMOBH, KOJIA MPOTH3ANANIbHA Jlisl YIABTPAa3BYKY CTaBUTHCS IiJ] CYMHIB. Y BLIILII
oiodisukn HJII ¢izionorii imeni akamemika Ilerpa borawa HHI[ «lHcTuTyT Oiomorii» Oynu
IPOBEJEH] JOCTIIKEHHS MPOTU3aNalbHOI A1 yAbTPa3BYKy Ha JAEKUIBKOX MOJAEIbHUX 3allaleHHSX Y
mypis [11,12].

Kapparinan-innykoBanuii HaOpssk OyB BHKOPHUCTAaHUN y SKOCTI MOJEN 3amajieHHs s
JOCTIIKEHHS MPO- 1 aHTUTU3AMATbHUX BIACTHBOCTEH (hapMaKoIOTIYHUX MpenapariB i yabTPa3BYKy
¢akropiB. 301IbIICHHS NPOAYKIII BUIBHUX paJWKaliB, a TaK0X MPUTHIYEHHS aHTUOKCHIAHTHOTO
3aXUCTy € BXIMBUMHU JIAaHIIOTAMU B MEXaHi3Mi PO3BUTKY Ili€i marosorii. Lle mo3Bommmo Hawm,
BUKOPHCTOBYIOYH 3a3HAYCHY MOJICITh, HE TUTHKM BUBYATH MMPOTH3AMAIBHI BIACTHBOCTI YIBTPA3BYKY
PI3HUX PEXHMIB, ajlie 1 BCTAHOBUTH MEXaHI3MH MOTO Jii MPU 3amaeHHi.

[ToxazaHo, 1110 KypcOBe 3aCTOCyBaHHs Y3 BIUIMBAJIO K Ha (a3y KappariHaHoBOro HaOpsKy,
sKa 3B's3aHa 3 BUJIIJICHHSIM TiCTaMiHy 1 cepoToHiHy (1 — 2 roj micis BBEJCHHs KappariHaHa), TaK i
Ha Ty Horo a3y, s AK01 XapaKTEPHO IiIBUIIEHE BUAUICHHS MEI1aTOPIB 3arajieHHs], OKCHIAHTIB 1
BUTPHUX paauKaiB (2,5 -3,5 rox micis BBeIeHHs KappariHaHy). 3iCTaBUBIIU JaHi PO BILTUB Y3 Ha
BEJIMYMHY KappariHaHOBOro HaOpsKy 1 010XIMI4HI NOKa3HUKH, Oys0 3p00JeHO BUCHOBOK IO TE,
10 3JIaTHICTh YIABTPA3BYKy MOIU(DIKyBaTH eKCIIEpUMEHTAIIbHE 3aMajieHHs 3B's13aHe 3 IOro BILTHBOM
Ha BUTBHOPAJIUKAIbHE OKUCHEHHS 1 CHCTEMY aHTHOKCHJIAHTHOTO 3aXHUCTY.

B acmekti BUBYEHHs MpOTH3amalbHOI il YIbTPa3BYKy BIIEpIIE MPOBEACHO CHUCTEMHE
JOCTIIKEHHSI 0COOJIMBOCTEH Mepeliry 3amajeHHs MpHU TpaBMi CKEJIETHOTO M’S3y 3 ypaxXyBaHHSIM
paHHBOI JUHAMIKK (Tepri aBi A0OW 3amajeHHs) Ta BIACTPOYCHUX HACTIAKIB (0 2 THOKHIB IMiCIIS
TpaBMH), a TaKOX BUBUEHO BIUIMB YJIbTPa3BYKYy Ha mepedir TpaBMaTUYHOI'O MPOIIECY Ha BCIX MOro
eTamax. BusBneHO [Ba HampsMy 3MiH, IO BigOYBalOTbCA MPH TPAaBMATUYHOMY 3arajieHHi.
3aranpHUN PIBEHB MPO3AMaIbHOI PETryIIsAIlii, 1o 3a0e3rmeuyeTbcsi BMIiCTOM iHTepeiikiniB IL-6 Ta IL-
8 y TKaHWHI Ta BiJOOPaKa€ThCS B aKTHBHOCTI Mi€NOMEpOKCcHIa3u (MapKep 3araibHoOi KiTbKOCTI
aKTHBOBAaHUX HEUTPOP1IIB) — PI3KO 3pOCTAa€ HA MOYATKOBUX €Tarax 3amnajbHoro mporecy (6-24 roa
MIiCJIsl TPAaBMH) Ta MOTIM TOCTYIOBO 3HUKYETHCS, TOCATAI0UN KOHTPOJIBHHUX 3HAYCHb Yepe3 2 THKHI.
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[Tpu 1bOMY aKTHBHICTh BUTPHOPAIUKAIBLHUX MPOIIECIB, & TAKOXK CTYIHD 3arajJbHOTO MOIIKOKEHHS
TKQaHWHU 3MIHIOIOTBCS Yy 4Yacl KOJMBAJIbHO, MKaMH MaKCUMYMiIB uepe3 6 roa Ta 48 rop micis
TpaBMH.  3alpOIOHOBAHO TINOTE3y, 3TIHO SIKOI HAaKJIaJaHHS IIOB’SA3aHUX 13 3alaJIcHHSIM 3MiH
JIOKAJIbHOTO KPOBOOOIry Ha PIBHOMIPHE Y 4aci 3HIKEHHS 3arajlbHOTO IMPO3alalIbHOTO CTaTyCy
MOSICHIOE KOJIMBAJIbHY JIMHAMIKY psay Ol0XIMIYHUX MPOIECiB y TpaBMOBaHiM TkaHuHi. Kpim TOorO
BHUBYAIOTHCS MEXaHI3MH JIIKYBAJILHOI il YIbTPa3ByKy Ha CKOPOTIMBUX Oinkax [13].

Baxx1BUM MOMEHTOM € 3QJICKHICTh €EeKTIB YIbTPa3BYKy HU3bKOi IHTEHCUBHOCTI Bija (ha3u
3amajbHOro Mpolecy, Ha AKy mpumagae fis ¢izuyHoro yuHHUKA. O3BydeHHS uepe3 4 roj micis
TpaBMH MPHU3BOAUTH JIO HETPHUBAJIOTO IMOYATKOBOTO 3arOCTPEHHS 3amajieHHS Ta IOAABIIOTO
OPUCKOPEHOTO0  Mepexoay /A0  NEpeBaXHO  BIAHOBIIOBAJBHUX  IPOLECIB,  3MEHILIEHHS
BUTbHOPAIMKAIBHOTO MOIIKO/KCHHSI TKAHUHH, ITiIBUILEHHS 3aralbHOI aHTHOKCUIAHTHOT 3[JaTHOCTI
TKaHUHU. O3ByuYeHHS yepe3 24 roj micis TpaBMH TaKOXK BIUIMBA€E HA PETYJISATOPHUHN CcTaTyc, OAHAK
B I[JIOMY HOTO €(PEeKTH MOXHa OXapaKTepH3yBaTH SK AUCOATaHC Peryisiii, BITbHOPAJIUKAIBHUX
MIPOIIECIB Ta AKTUBHOCTI aHTUOKCHIAHTHUX (DEPMEHTIB.

3anpornoHOBaHO TaKOXK TIMOTE3y MO0 KOMIUICKCHOI [ii yIBTPa3BYKY SIK PETYJISTOPHOTO
TpUrepa: Ha 3arajbHy PEryJALil0 3amajeHHS B TKaHUHI, (PYHKIIIO CUCTEMH aHTHOKCHJIAHTHOTO
3aXHUCTY, 3MiHH JIOKAJILHOTO KPOBOOOITY B TKaHHUHI.

[TpoBeneH1 AOCHIIKEHHS HAa EKCIEPUMEHTaIbHUX MOJENSAX JIO03BOJHMIM BUSBUTHU HAWOUIBII
ONTUMAJIbHI ISl KITIHIKH PEKUMH YIBTPa3BYKOBOTO CHUTHATY 1 3aCTOCYBaTH iX ISl TPOBEICHHS
yIBTPa3BYKOBOI Teparii XpOHIYHOTO TOH3UIITY.

Amnani3 Bmicty JIHK B simpax emitemialbHUX KIITHH MUTJQIHKIB [TOKa3aB, M0 y XBOPHUX Ha
XPOHIYHUHA TOH3WIIT CIHOCTEpIrajoch JAOMIHYBaHHS TEHJCHIIM TIOB’SI3aHUX 3 JErpajalli€lo
redoMHoi1 /IHK Ta mosiBO¥O T€HETHYHO HEMOBHOIIIHHUX KJIITHH 31 3HIKEHUM PiBHEM ILIOITHOCTI.
[IpoBeneHHsT yIBTPA3BYKOBOI Tepamii 3yMOBIIOBAJIO CHalax aHEYIUIOigu3amii KITHH Ta iX
noJiajbliie BiATOprHeHHs. BojgHouac 3 UM 3Hali/IeHA aKTUBI3allis pereHepariiHuX MPOIECiB B
pesynbrati npuckopenHs JIHK-cunTesyrouux mporeciB Ta MiABUIIEHHS MITOTUYHOI aKTUBHOCTI
CyOImonyJsiii HEYIIKOMKCHUX KIITHH MHIIAJIMKOBOTO ermitenio. lle mpusBeno 10 3HAYHOIO
30UTBIIEHHS MITOTMYHO AKTHMBHUX AMIUIOITHUX KJIITHH BXKE IICISA 5-TH CEAHCIB YJIbTPa3BYKOBOI
Tepamii. 3po0JIeHO BUCHOBKH, IO YJIbTPa3BYK € (i310JOTIYHUM MOAPA3HUKOM, SKHHM 3amyckae
KOIMEHCATOPHO-TIPUCTOCYBaJIbHI MEXaHI3MHU 1 MEPEeBOJUTH KIITUHHUM MeTaloli3M B HOpMalbHi
(b1310JI0TTUHI MEXI.

CTBOpeHHsI yYPOAMHAMIYHOI CHCTEMHM Ta PO3POOKH HOBHX TEXHOJIONN MiarHOCTUKHU
3aXBOPIOBAHb CeYeCTATEBUX OPraHiB

VY 3B’A3Ky BEJIMKHM IOUIMPEHHSM CEUYOCTATEeBUX 3aXBOPIOBAaHb Cepell IIUPOKHX BEPCTB
HACeJICHHS, CTBOPEHHS YPOJAMHAMIYHOI CUCTEMHU Ta PO3POOKAa HOBUX TEXHOJOTIM JIarHOCTUKH Ha
CBOTOJIHI € aKTyaJbHOO MPOOIEMOI0 CHOTOACHHS.

JocnipkeHHs ypOAUHAMIKU JO3BOJISIIOTh BHSIBUTH 3aKOHOMIPHI BIAXWUJIEHHS B HOPMH,
Bepu(iKyBaTH 3aXBOPIOBaHHs, aJE€KBaTHO O0OpaTH JIKyBallbHY TaKTHKYy, JlaBaTH OI[IHKY
e()eKTHBHOCTI JIIKYBaHHS Ta MPOTHO3YBAaTH PO3BUTOK 3aXBOPIOBAHHS, BKJIFOUAIOUH CTAHU XBOPHX
Ha PaK CEUuOBOr0 MiXypa M0 Ta Micls PaJuKalbHOI IIMCTEKTOMIii 3 OPTOTOMIYHOK KHIIKOBOIO
IUTACTHUKOI0. YPOJAUHAMIYHE JTOCIIPKEHHS. XBOPHUX JI0 Omneparlii 103BOJIUTh BCTAHOBUTHU MOYATKOBI
nopymeHHs: (QYHKII MiXypoBi-ypeTpalbHOTO CETMEHTY, SIKUA MOXe BIUIMBATH Ha (YHKIIIO
CEYOBHMBEJICHHS TMICIIsI omepallii. BUKOHaHHS TOCHTIKEHD B MiCIsONEpaIiiHOMy TIepio/il T103BOJIUTh
BUKOHYBATH KOMIUIEKCHE BUBUEHHS 3MiH (DYHKIIIOHYBaHHSI HUKHIX CEUOBUX IUISAXIB B Pi3HI CPOKU
MiCJIst oreparii 3 METOI0 OI[IHKK pe3epBYapHOi Ta €BaKyaTOpHOI (PYHKIIH OPTOTOMIUHOTO CEYOBOTO
MiXypa Ta ypeTpaabHOTrO KOMIIOHEHTY.

OcHoBHa ijes, MO0 TOKJIaJieHa B OCHOBY CTBOPCHHSI YPOIMHAMIUHOI CHCTEMH, IOJIATAE Y
peecTpallii B JuHaMiIl OiOMEeXaHIYHUX, O10€IEKTPUYHUX, T1IPOIMHAMIYHUX Ta IHIIUX MOKa3HHUKIB
(1310J0TYHHUX TPOLIECIB, 110 B1I0YBAIOTHCS B CEUOCTATEBHX OpraHax, 32 YMOB HOPMH Ta PI3HHUX
NaToJIOTIYHKX cTaHiB [14].

CrpuiimanHs 1HQOpMaIIHHUX MMOKA3HUKIB Oy/e 31MCHIOBATHCS 3a JIOMOMOTOI0 JaTYMKIB Ta
€JIEKTPOIiB, BBEJCHMUX Yy BIANOBIIHI opraHu ceyocrareBoi cucrtemu. OOpoOka iHdopmarii Ta
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BioOpaskeHHs i1 Ha MOHITOpi y TpadiyHOMY Ta TEKCTOBOMY BHIJISI/II MIOBUHHA 3MIHCHIOBATHCS 32
JIOTIOMOTOI0 ~ CTICI[IaIbHOTO MPOTPAMHOTO 3a0e3MEeUeHHs, PO3pOOJICHOr0 y BIAMOBIAHOCTI 3
METOIUKAMU TTPOBECHHS TOCIII[)KCHbD.

B po3po0ui ypoauHaMiuyHOT CHUCTEMH Oyle BHUKOPHUCTAHO IOCBiZ, HaOyTHH mpu po3poOiri
aBTOpaMU HACTYIMHUX MPWIAJIB: BMIpIOBa4Y TUCKY OaraTokaHanbHUU «Putm» (peectpariiine
ceimontBo Ne 7099/2007), anamizaTop MOTOPHOI aKTHBHOCTI BHYTPIITHBOMOPOXXHUHHUX OpPTraHiB
«ryap-2»  (peectpamiiine mocBimueHHs Nel24/95), anamizatop BHYTPIIIHHOIIOPOXHHHHOT
MOTOPHOI ~ aKTUBHOCTI IUIYHKOBO-KHMIIKOBOTO TpakTy «IeKTpoHUKa-1A» (peectpariiine
nocBimueHHs: Ne 86/1027-21). Bin monsirae y CTBOpEHHI OaraTOKaHAIBHUX BUMIPIOBATBHUX
IpUIaAiB MEAUYHOTO MPU3HAUEHHS, 32 JOTIOMOTOI0 SIKUX MOKHA OJTHOYACHO PEECTPYBATH JIEKUIbKa
(GyHKITIOHaTBPHUX MOKa3HUKIB. Takok HAOyTO MOCBiM HAmMMCaHHS KOMIT FOTEPHUX IPOTpaM JIs
IHTepIpeTanii oJepKaHUX JaHUX Ta BIMOOpakeHHs iX y rpadiyHOMY Ta TEKCTOBOMY BHTJISII.
TexHIYHUN TiAXi, 3aKIaJCHUA Yy KOHCTPYKIO, Ta MporpaMHe 3a0e3lmeyeHHs J03BOJISTh
BIJIITPALIIOBATH HOBI METOJIMKH JIarHOCTHKU Ta JIIKyBaHHS 3aXBOPIOBAHb CEYOCTATEBUX OPraHiB.

CTBOpeHa ypoJuHaMiyHa CHUCTEMa JIO3BOJIMTh BUKOHYBATH BEIMKY KUIBKICTH JOCIIIKCHD,
Hacamriepen, 1e  ypoduoyMmMeTpis, IHCTOMETpis, npodioMeTpis, PEKTOMAHOMETPis,
enekTpomiorpadis Ta poOMTH aHaII3 pe3y/lbTaTiB MPOBEACHUX JAOCIIHKCHb Y BIIIOBIIHOCTI 3
MOCTaBJICHOIO JIIarHOCTUYHOIO 33/aueto. MeTa ypoauHaMidYHUX JOCITIIKEHb IMOJIATAE Y BUABICHHI
BIIXWICHb  IIOKA3HUKIB YPOJWHAMIKH CEUYOCTATeBOI CHCTEMHU Big HOpMH i Bepuddikaiiie
3aXBOpIOBaHb 200  MMATOJOTIYHUX  CTaHIB  CEYOBOIO  TPaKTy, BHOOPY  JIIKyBaJIbHOL
TaKTHUKH,IPOBEICHHS OIIHKU €EKTY JIKYBaHHS, BU3HAYCHHS IPOTHO3Y PO3BUTKY 3aXBOPIOBAHHSI.

OuikyeTbes, 10 Oy/ie CTBOpEHa ypoJAWHaMIYHa CUCTEMa, Ka 32 CBOIMU HAYKOBO-TEXHIYHUMU
XapaKTepUCTUKaMK Oyje Ha PiBHI KpalllMX CBITOBHX 3pa3KiB Ta BIAMNOBIAATH Cy4aCHUM BHUMOTraM
0 MEAWYHUX MPHIALIB Il OOCTEXKEHHS XBOPUX Ta MPOBEACHHA OIOMEIUYHUX JIOCIHIKEHb.
BynyTte po3pobieHi METOAMKN OOCTEKEHHS XBOPUX, SKMM HEMa€e aHAJIOTiB B CBITI. B po3BHHYTHX
KpaiHax €BpoOnU CHUCTEMHU MOJIOHOTO KJIACy € B KOKHIN MOJIKIIIHIII 1 MPOBEACHHS YPOIUHAMIYHUX
JOCTIPKEHb € OO0OB»SI3KOBOIO, 3aKOHOJABYO 3aKPIIJICHOI MPOIEIYypPOI0 TIepea BUKOHAHHIM
OlepaTUBHUX BTPy4YaHb HA OpPraHax CEYOCTAaTeBOi cucTeMHu. B YkpaiHi € nulie 1Bi Taki cUCTEMH,
npuaAOaHUX 3a KOPJIOHOM. B 3B’A3Ky 3 IIMM ICHY€ BeJlHMKa MmoTpeda y po3polIll 1 CTBOpPEHHI
BITYM3HSHOI YPOAMHAMIYHOI CHCTEMHM Ha OCHOBI pO3pOOOK CHIBPOOITHUKIB HAamIoOro IHCTHTYTY
[15,16].

3pobneHi po3paxyHKH TEXHIKO-€KOHOMIYHHUX IMOKa3HHMKIB MPOEKTY CBiJ4aTh MPO BHUCOKY
e(eKTHUBHICTh Ta JOLUIBHICTh PO3pOOKH. MakcuMalnbHa IiHa CTBOPEHOI BITYM3HSIHOI cucTeMu Oyre
ctaHoBUTU He Oinmbine 15,0 tuc. y.o., Toai sk 3akopaonnuit anamor DELPHIS IP ¢ipmu Laborie
Medical Technologie komrtye 6unbme 100,0 Tuc.y.o. (enunuii B Ykpaini). Tomy npu mporpami
Bumnycky 20 cucreM Ha pik eKOHOMiuHUM edekT Oyae csratu 12,0 maH. rpH. ToOTO OKYMHICTH
BUTpAT Ha po3poOKy Ta BUPOOHULITBO Oy/ie JOCATHYTE BXKE HA MEPILIOMY POLIl BUITYCKY.

CorianpHa 3HAYUMICTh BIPOBADKEHHS PO3POOKHU TOB’s3aHA 3 OAHIECI0 3 HAMaKTyalbHIIINUX
npoOjieM Ccy4acHOI YpoOJIOTii 1€ JlarHOCTHKa Ta JIKYBaHHS JIOOpPOSKICHOI rimepruiasii
NepeaIMiXypoBOi 3aJI03U Y 3B’SI3KYy 13 MOIIMPEHICTIO JaHOi MaToJIOTii y YOJIOBIKIB 3pLIOro Ta
MOXUJIOTO BIKY, a TaKOK MOXJIMBOCTI PO3BUTKY paky. Y 4oioBikiB BikoM 10 60 pokiB y 50% Ta
BikoM 110 80-90 pokiB y 81,4% ricToNIOTIYHO MiATBEP/HKCHUH TiarHo3 J00pOsSKiCHOI rimepruiasii
nepeaMiXypoBoi 3amo3u. TeMnu 3poCTaHHS JaHOTO 3aXBOPIOBAHHS CEpell YOJIOBIKIB BIKOM TOHAJ
60 pOKIiB CYTTEBO BUIEPEIKAIOTh 3POCTAHHS HACENEHHS B IIJIOMY, IO MiATBEPIKYEThCS
nemorpadiuauMu  nociipkeHHs M BeecBiTHROT  Opranizamii Oxoponu 3mopos’s. Ha 3’i3mi
acomiarii yponoriB Ykpaiau y BepecHi 2010 poky aklieHTyBaHO yBary Ha 301bIIeHH] 3a ocTaHHI 10
POKIB B HaIIiil JepkaBl YHMCIIa TMAIlIEHTIB 3 paKOM TMEpenMiXypoBoi 3aio3u Ha 72,7%, 3 pakom
cedoBoro Mixypa Ha 37,2%. Cepen ocid 40J0BiUOT cTaTi 3aXBOPIOBAHICTh HA paKk CEYOBOTO MiXxypa
3a octanHi 10 pokiB 3pocna Ha 81,6%. BiabmiicTs 3 UX 0CI0 MAIATAIOTH CKJIAJHUM XIPYPriYHUM
BTPYYaAHHSM 3 3aMIIICHHSIM CEYOBOT0 MiXypa Ta BUJAICHHSAM MEPEeIMIXypOBOi 3aJI03H.

B 3B’s3Ky 3 IIUM CTBOpPEHHS JOCTYITHOTO 3a BapTICTIO OOJaJHAHHS, IO 32 TEXHIYHUMHU
MOKa3HWKAMHM HE YCTYIae, a HaBiTh MEPEBUIIYE CBITOBI aHAJIOTH, Ta PO3POOKAa HOBUX METOIUK
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TIaTHOCTUKM Ta JIKyBaHHS XBOPHUX 3 TMATOJIOTISIMM CEYOCTaTeBOi cHUCTeMH (Timepruiasis
MepeAMIXypoBOi  3aji03d, CTPUKTYPH YpPETPH, XPOHIYHI TPOCTATUTH, JTUCHYHKIIIOHAIBHE
CCYOBHUITYCKAHHSI, IITH 3 €HYPE30M, )KIHKU 3 HETPUMAHHSM C€4i), B TOMY YHUCJIi 3 OHKOYPOJIOTTYHOIO
MATOJIOTIEI0, € BAXKJIMBOIO COL[IaIbHO-EKOHOMIYHOIO MOTPE0oI0.

YpoauHamiuHa CcHUCTEMa 3MOKE€ BHUKOPHUCTOBYBATHCS B TIONIKIIHIKAX, YPOJOTIYHUX,
OHKOJIOTIYHUX BIJUTIJICHHSAX HE JIMIIE OOJacHUX, a HaBiTh pallOHHMX JiKapeHb. BuacHa Ta sKicHa
JIarHOCTHKA Ta JIIKYBaHHS XBOPHUX 3 MATOJIOTISIMH CEYOCTATEBOI CUCTEMH 3a0€3MEeYUTh MEANYHY,
CollialbHy Ta TIICHMXOJIOTIYHY peaOuTiTalifo XBOPHUX, CHPHUATHME 30€pPEeKECHHIO  IXHBOI
Ipane3aaTHOCTI.
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IMigBumeHHA kBaaiPikanii paxiBuiB, AKi BAKOHYIOTb QYHKIII MeAUYHUX
¢isukis
Advanced training of specialists, who are executing medical physicist duties

POJIb MEJUYHOI'O ®I3UKA B CYYACHIM PATIOJNOTTI

M. L. [InnuneHko
Incmumym meouunoi padionoeii im. C.I1.1 pucop ’esa HAMH Yxpainu

AHOTAIlifA: cydacHa paioioris — CHemialbHICTh, 0 3MIHWIA MEIULIUHY. YHIKATbHI MOKIUBOCTI
pamiosiorii MOXYyTh OyTH peayri3oBaHi 32 YMOBH OOOB’S3KOBOi y4yacTi B PaioJIOTIYHINA KOMaHI
BHUCOKOKBai(hiKOBaHOTO Menu4yHOro (izuka. J{ins menuyaunx (i3ukiB Mae OyTH CTBOpPEHA CHUCTEMa
HenepeBHOI OcBiTH. DOpMHU Takoi OCBITH: LIOPIYHI KypCH, KYpCH 3a OKPEMHUMH TEMaMH,
KOH(EpeHIIii ToIIo.

AHHOTaHI/IHZ COBpCMCHHAsT paavuoJIOTHA — CICHUAIBHOCTb, KOTOpasd HU3MCHUIIA MCIULHWHY.
YHUKaJILHBIE BO3MOKHOCTHU paaruoJIOTU MOT'YT OBITH pCaIn30BaHbl IIPU YCIIOBUU 00B13aTEIBHOIO
yqaCcTtusa B paﬂHOHOFquCKOﬁ KOMaHAC MCIUIHMHCKOI'O (bHSI/IKa. I[J'ISI MCAUILIMHCKHUX CI)I/IBI/IKOB
HEOXOJMMO CO3JIaHHE CHCTEMBI HEeTpEephIBHOTO 00y4deHHst. DOpMBI TAaKOTO OOYYEHUS: €KETOIHbIE
KYPCbI, KYPCBHI I10 OTACJIbHBIM TEMaM, KOH(l)epCHI_II/II/I uT. Il

Annotation: the modern radiology is a speciality which changed a medicine. Unique possibilities
of radiology can be realized only by a obligatory partnership of a medical physicist in a radiology
team. Medical physicists need a system of continue education. The forms of the such education:
annually courses, courses on elected themes and so on.

KurouoBi cjioBa: cydacHa paaionoris, MequaHui (i3UK, HeTIepepBHA OCBITa
KiaroudeBble ci1oBa: COBpCMCHHAA paanoJIorus, MCI[I/ILII/IHCKI/Iﬁ (1)1/13I/IK, HCIIPECPBIBHOC O6Y‘ICHI/I€.
Keywords: modern radiology, medical physicist, continue education

Lleit He3amepeuHuil (GakT BU3HAHMH y BCbOMY CBITL: padionozia — meouuna Kiiniuna
cneuianbHicmb, W0 3MIHUIA MEOUWUHY .

CywyacHa wMenuyHa TIpakTUKa OyKBaJbHO TPOCOTaHA paJiallifHUMH 1  SIEPHUMHU
TexHojorisMu. Hapasi mopiuHo y CBITI NPOBOJUTHCS MNOHAX 2 MUIbSPANU PEHTTEHIBCHKHUX
JTIarHOCTUYHUX JOCTIIKEHb, 35 MITH. SIEPHOMEINYHUX 1 6,5 MITH. paioTepaneBTHUYHUX MPOIEAYp,
1 us TeHaeHmis #ae Bropy [1]. Maibxke 95% miarHo3iB 3axBOpIOBaHb 3a0€3MEUYETHCA
PaIIoNIOTIYHOK JIIaTHOCTHKOI. Taka CHTyallis 3yMOBJIGHA, BOYEBH/b, IPOBIIHOI POJLIIO
PaAioJIOriYHOrO 0OCTEXEHHS XBOPOrO B YCTAHOBJIEHH] UM MIATBEPKEHHI JI1arHO3Y, CJIIJIKYBaHHI 3a
nepe0iroM 3aXBOPIOBaHHS, €(EKTUBHICTIO OOpPaHOTrO JIKyBaHHS 1 MOXIUBUM PO3BUTKOM
yCKJIaJlHEHb, TOOTO MOXHa CTBEpPKYBaTH, 110 HUHI POJb PaJioyiorii y HaJaHHI aJeKBaTHOIO
JiKyBaHHS BU3HAYaIIbHA.

CrapoBrHHA BeNIMKA ICTHHA JJII MEUYIHOI MPaKTHUKHU mporosomrye: «Qui bene diagnoscit bene
curaty («xTo moOpe miarHoctye, nodpe Jikye» — mnat.). [lilicHo, iMeHa BHAATHUX JIiKapiB yCiX
HapoiB (10 XX cTopivyds) — 11e, epI 3a Bce, iIMeHa OJIMCKYYUX J1arHOCTIB.

Ane HHMHI 11 CTapOBHHHA ICTHHA Mailke HE 3raJlyeThCcsl HI yCHO, Hi B TEeKCTax. SIK 1e He
JTMBHO, CaMe PaJIioJIoris, HaJITO CydyacHa, CIPHYUHIIIACS JIO I[LOTO: 3aBASKH PAIIOJIOTI] JIarHOCTHKA
SIK JIUCIMILTIHA 1 JiKapchbKa MisUIBHICTh HHHI BIOKPEMUIIACh BiJl JIIKyBaHHS — B KOXKHIW CydacHIH
JKapHi 000B’A3KOBO € paJiolarHOCTUYHE BIJJUICHHS, Yepe3 siIKke MPOXOAUTh KOXKHHUM XBOpUH, HE
piIKO — MO JeKiJbKa pa3iB. AJle ICTHMHA IMIOAO0 0a30BOr0 3HAYCHHS BIPABHOI JIIarHOCTHUKU B
YCHIXOBI1 JIIKyBaHHS 3aJIUIIAETHCS, 00, BOUEBH/Ib, X10a MOXHA JIIKYBAaTH XBOPOTO, HE 3HAIOUH, YNM
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BiH xBopie. ToMy Ta icTmHa Hapa3i Moxe OyTH Tmepedpa3oBaHa Tak: «8 .JiKapHi, oOe
8UCOKOK8aNihikosani padiodiacnocmu, 000pe JIKYIOMmMb.

KpiM TOro, pamionoriuHi Mmpoueaypu 3aCTOCOBYIOTHCS JIs JIKYBaHHS YH HE HANUTSIKUUX
Hexyr — onkojoriyaux. [Tonan 60 % OHKOJOTIYHHUX XBOpUX MOTPeOYyIOTH pajaioTeparii B ycix ii
pizHOBUAaX. 3a e(EeKTHBHICTIO JIIKYBaHHS 3JIOSKICHUX MYyXJIMH BOHA TOCITAE JIPyre MICIe Micis
Xipyprii, ajie¢ BapTiCTh TaKOTO JIKYBaHHS 3HAYHO MEHIIA HDK XIpypriyHOro, a THUM OUIbII —
Cy4acHOTO MEIWKaMEHTO3HOTro [2]. Pamiorepamiss mMae colliaiibHi 1 MEIWYHI TIepeBaru mepes
HEIIPOMEHEBUMU METOJaMH TaKOX 1 B JIIKYBaHH1 JASSIKUX HEMyXJIMHHUX 3aXBOPIOBaHb [3, 4].

Anle CycmiIbcTBO 3a MpOrpec B HaJaHHI SIKICHOIT MEAMYHOI JOTMOMOTH, IIOB’SI3aHHUN 3
paaioyioTi€r0, Ma€ BiAJaBaTH IUIATy Y BUIVBIAI HAJIBHCOKHX IIIH Ha MEIUYHE pPaJiojIorivyHe
yCTaTKyBaHHS (amapaTtHi KOMJIGKCH MJis PaJiOJOTiYHOI JIarHOCTUKH 1 JIKYBaHHS 3a BapTiCTIO
MEePEBUIIYIOTh Ha JBa 1 HABITh TPU NOPsJKA MEAUYHE OOJIAJHAHHS IJIs OyIb-AKOi 1HIIOI Tramysi
MEIWIIMHNA) 1 PU3HMKIB MEAMYHOTO PAMIAIifHOTO OMPOMIHCHHS MAalli€HTIB 1 mepcoHany. MeaudHa
MPAKTHKA, MOB'sI3aHa 3 JIarHOCTUYHUM BUKOPUCTAHHSIM 10HI3yBJIBHOIO BUIPOMIHEHHS, Ja€ Haii-
OLIBIIMI BHECOK B ONPOMIHCHHS JIFOJMHM BiJ] aHTPOIIOICHHUX JDKEPEN pajiiallii: Ha Hei B yChbOMY
CBITI npunagae 01u3bko 95% Bij 3arajibHOI J03M BijJ TakuX pKepen (HaadoHOBOTO ONMPOMIHCHHS)
[1,5].

I{i Henmerki 1 pa3oM 3 TUM HEBIJIBOPOTHI BUKIMKH TMOCTAIOTh NEPE] CYCHIILCTBOM OYIb-SIKOT
JepKaBH CBITY, 1 IUIAX JIO PO3B’S3aHHS NPOOJIEMH, BOYCBHMIb, €IWHUA — OINTHMI3allis
CIIBBITHOIIICHh BUTPATH/€(PEKTUBHICTh, BUTPATH/KOPUCTh, KOPHUCTH/PU3UKH. TEpMIHHM pi3HI, aye
MOBHUTBCSI MPO OJHE — SK 3MCHIIUTH BAaHTaX OIUIATH TPOTPECY BIAHOCHO 1O KOPHCTI, SKa
orpumyeThcsi. CTyIiHb BUPIMICHHS MPOOJIEMU 3HAXOIUTHCS B MPSAMIN 3aJI€KHOCTI BiJl CTYHEHS
IIMB1LII30BaHHOCTI CYCIILJIbCTBA.

3MEHIIUTH PU3UKHU TSI XBOPHUX, L0 32 JOMIOMOTOI0 Pa/lioNIOTTUHUX METOJUK 00CTEKYIOThCS 1
JIKYIOTBCS, 1 MEJJUYHOTO TICPCOHAITY, SIKHI Pealizye i METOIUKH B TIPAKTHII HATAHHS JIIKAPCHKOT
JIOTIOMOTH, BiJl ONPOMIHEHHS MOKHa TITbKM 3a JOMOMOIOI HANAINTYBAaHHS YITKOi CHCTEMHU
KYJIbTYpH PaiallifHOro 3aXHCTy MAIlI€EHTIB 1 MEPCOHANY B YCIX JIAHKaX PaioJIOriYHOi MEIUYHOL
npakTuky. [ligBuieHHs x epeKTUBHOCTI (KOPHUCTI) paaioJIOTIYHOI MPAKTUKHA — 1€ OCATHEHHS BCiX
YHIKaJIbHUX MOXKJIMBOCTEW Pajioiorii B JIarHOCTHII 3aXBOPIOBaHb 1 iX JIIKYBaHHI. Take MOXKJIMBE
TIJIBKY 32 YMOBU BHCOKOi OCBIYE€HHOCTI 1 KBalli)ikOBAaHHOCTI BChOT'O MEPCOHANY, IKUI Oepe ydacTb
B PaJII0JIOTTYHUX MPOLIETypax.

CycninbcTBO B LUJIOMY 1 HAaATO MPEICTABHUKU PETYISTOPHUX OPraHiB B Tally3i OXOPOHH
37I0pOB’sl TIOBUHHI HapeIlTi yCBIJOMHTH, 110 0e3 3a0e3reueHHsT MOBHOILIHHOI (axoBOi OCBITH
BCHOTO PAaJII0JIOTIYHOTO MEPCOHATY HE MOMJIMBO OTPUMATH MOBHOKO MipOI0 MEIUYHY 1 CYCHIUIbHY
KOPHUCTH BIJ] PaJIOJIOTIYHOI MPAKTUKU, SIKY BOHA MOTEHI[IHHO MOXe Hanatu. He cripuiHATTA i€l
ICTUHU 00€epTAETHCS IS CYCHIBCTBA BPEIITi-PEIIT 3HAYHUMH €KOHOMIYHUMHU BTPaTaMH.

3a eBpONEHCHKUMU HOPMaMH TIATOTOBKA Pajiojiora-/1iarHocTa Jijisi OTPUMaHHS HUM JIIEH311
Ha TMPaBO CaMOCTIHHOT MPAKTUKH 3aiiMae MOHaWMeIIIe 11’ ATh POKIB MiCISIUIIIOMHOTO HaBYaHHS, a B
VkpaiHi, gk 1 B iHmux kpainax CHJI, — miBTopa poky. A 41 MO’KHa BBa)XKaTH MOXJIMBUM HaJlaHHS
JineHsii pajionora-TepaneBTa Micis HaBYaHHs Ha Kypci crnerianizamii npotsarom 4 micsmiB?! Take
MOJIOKEHHSI TOSCHIOIOTh CKOHOMIYHMUM CTaHOM Ha 3JIaMi CYCHUIBHOTO YCTpOIO. AJle came
HEPO3YMHE BUKOPUCTAHHS PECypCiB 1 pOOUTH CYCHIBCTBO O1THUM.

Ane 4yu He HaitOUIbIIO 017010 pamionorii B CHJI € mpobmema mequuamnx (i3ukis, 0e3 sIKUX
CydacHe paJioJOTiYHE YyCTaTKyBaHHS, HAPOJKEHE OCTaHHIMH JOCSITHEHHSMHU sjIepHOi (i3uKw,
00YMCITIOBAJIBHOT TEXHIKU Ta 1HGOPMATUKH 1 TOMY HAATO TEXHIYHO CKJIaJHE, HE MOXE CaMOCTIHHO
e(eKTUBHO BUKOPHUCTOBYBATHCS MEIUYHUM IepcoHaIoM. MenuuHuii (i3uk B cydacHid pajionorii
Mae OyTH OOOB’A3KOBMUM 1 PIBHONPABHUM YIEHOM paIiOJOTiYHOI KOMaHIM B 1i MOBCSKIEHHIN
po6ori. be3 menuunoro (hizuka y ckiaai paaioaoriYHOTO BiAUICHHS OYb-SKOTO MpOoQiaio HE MOXKe
BBAXKaTHUCS MPUITYCTUMOIO CydacHa pajioJIioriuHa MpakTuka. Bin mMeauuHoro ¢izuka 3aleXuTh
3a0e3meueHHs] OTPUMaHHS pPAJiOJOTIYHMX JIarHOCTUYHUX 300pa)K€Hb BHCOKOI SKOCTI TIpHU
MIPOBEICHH] M1arHOCTUYHUX JOCIIJKEHBb 3a IOTIOMOTOK0 BCIX Cy4aCHUX CIOCOOIB 300paskaHHSI —
TPaJUIIMHOT  PEHTTEeHOAIarHOCTHUKH, KOMIIOTEPHOI 1  MarHiTHOpe30HacHOi  Tomorpadii,
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PamioOHYKIIIIB 1 YABTPA3BYKY, IO € BAKIMBOK YMOBOI MPABHIIBHOI IarHOCTUKU 3aXBOPIOBAHb.
Menuunuii ¢i3uk 3a0e3medye OnTUMI3aIlio 1030BOr0 HaBaHTAKCHHS Ha TMAIlI€EHTIB TIPH MPOBEICHH1
PamioNoriYHOl JIarHOCTHKH, 3aro0iraloyd MOKJIMBOTO HEBUIIPABIAHHOTO MEpeonpoMiHeHHs. B
pamiamiiiHiii OHKOJIOTi camMe MeIWYHUK (I3UK Tpa€ TOJOBHY pOJIb y BHOOpPI B KOXHOMY
KOHKPETHOMY BHWITaJIKy CYYacCHOTO paTiallifHOrO JIKyBaHHS KOXXKHOTO KOHKPETHOTO XBOPOTO
ONTUMAIILHUX YMOB JUIsS TapaHTii BIAIYCKY NMPUIKCAHOI JO3M PIBHOMIPHO Ha BCHO MyXJIMHY TPU
OJIHOYaCHOMY MAaKCHUMAJIbHOMY 3aXHCTi OTOYYIOYMX HOPMAJILHUX TKaHWH 1 OpPTaHiB, 10 HEOOX1THO
JUI 3ano0iraHHsl YCKJIAJHCHb JIIKYBAaHHS IPH OJHOYACHOMY OTPHUMAaHHI MOTEHIIIHHO MOKJIHBOI
Horo eeKTUBHOCTI.

["'oBOpsiYM PO HEMPUIYCTUMICTh CY4acHOI PaJiofIOTIYHOI MPAKTHKK 0€3 ydacTi MEAUYHOTO
¢izuka, MaeMo 3apa3 J0aTH TaKOXX MPO HEOOXiTHICTh CTBOPEHHS CHCTEMH HEIMEPEpPBHOI OCBITH
MennIHUX (i3MKiB. SIK 3pa3ok IUIsl CKJIAJOBHX TaKOi CHCTEMH MOXYTh CIIYTYBaTH, HAIpPUKIA,
MIXKpETiOHaNbHI Kypcu aisi MenudHux ¢i3ukiB, npoBeneHi 3a crnpusaHi MAIT'ATE y ksiTHI
MOTOYHOTO POKYy Ha 0a3i IHcTuTyry meawmunoi pamionorii HAMH Vpaiaum (M. XapkiB), Kypcu
CTaXyBaHHS 3a TeMaMu «Jlo3MMETpH4YHI Ta paJioMeTpUyHI 3acO0M BUMIPIOBaHb, pajiariiiHa
Oesreka, opraHizallis Ta MPOBEACHHS 1HAMBITYAJBHOTO JO3UMETPUIHOTO KOHTPOJIIO», MPOBEICH] y
TpaBHi mboro poky IJIPI' Toro >k IHCTUTYTY, CTaXyBaHHS MEIUYHUX (I3UKIB 3 OKPEMHX
aKTyaJbHUX MPOOJIEM YU HOBITHIX PaiOJIOTIYHMX TEXHOJIOTIH, MOB’S3aHMX 3 BHPIIMICHHAM IS iX
peatizarii KOMIETEHIIIl MeAUYIHOTO (i3HKa, TOIIO.
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3ABE3NEYEHHSA AKOCTI MIABUIIEHHS KBAJII®IKALIT ®AXIBIIB 3 TMTAHD
PAJIIAIIIMHOI BE3NEKH

JLI. AciamoBa, €.B. I'padoBcbka

Kuiscoxuit nayionanonuu ynieepcumem imeni Tapaca Lllesuenxa

AHoOTaNig. Y CTaTTi BUKJIAJCHI KJIIOYOBI aCMEKTH CTAHOBJEHHS Ta PO3BUTKY KYpCY IiJIBUIIEHHS
kBamiikamii 3 paniauiiHoi  Oe3lekM OpU  TOBODKEHHI 3 JDKEpelaMHM  10HI3YH04Oro
BUIIPOMIHIOBaHHS.

AHHOTanus. B craThe U3710KeHBI KIIIOUEBbIE aCTIEKThl CTAHOBJICHUS M PA3BUTHS KypCa MOBBIILIEHUS
KBAJTM(HUKAIMK 0 PaAMalMOHHON 0e30MacHOCTH MpU paboTe ¢ MCTOYHMKAMHM HOHHM3HPYIOLIETO
U3Ty4EHUs.

Kurouosi ciioBa: mijBuieHHs kBaiigikarii, pagianiiiHa Oe3mneka, 3a0e3nedyeHHs sIKOCT1
KiroueBble cjioBa: MOBBIIICHNE KBATH(DUKALINY, paTuallHOHHAss O€3011acCHOCTh, O0ecTieueHHe

KadeCTBa

Ha croronni B nepaBi Maiike 45 THC. NpalliBHUKIB 3aJy4arOThCS A0 BUKOHAHHS POOIT 3
JDKepesaMM 10Hi3yto4uoro BuripomintoBanHs ([IB), 3 Hux 6au3bko 25 Tuc. — y MeauuHiit coepi, 12
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TUC. — y Tany3i Hayku [1]. Tomy akTyanpHICTh mpoOiemMu MiIBUIICHHS KBamidikarii (axiBilis,
3a0e3MevYeHHS IKOCTI IPH MPaKTHYHIN HisutbHOCTI 3 [[IB He BukinKkae cymHiB.

KuiBchkuii HarioHanpHUi yHiBepcuteT imeHi Tapaca Illeuenka 3 2001 p. mpoBOIUTH
MiJBUINECHHS KBamiikaii 3 Kypey ,,Pamiamiiina 6e3mneka Ta moBopkeHHs 3 JIIB" minensiarTis, ski
BUKOPUCTOBYIOTh [[IB y mpoMmucIOBOCTI, HayIli, MEAWIIMHI, MPAIIITh 3 Pali0aKTHBHUMHU
BIJIXOJJaMH Ha MIJCTaBl MporpaM MOTro/KeHUX 3 MiHICTEPCTBOM OXOPOHU 3/10poB’s, JlepxaBHOIO
iHCcHekuieo saepHoro perymoBanns ([AKSP), MinicTepcTBOM €KOJIOTIi Ta MPUPOIHUX PECYPCIB,
MiHicTepCcTBOM COIiaTbHOI MOJMITUKKH YKpaiHu [2].

[Ticnst 3aBeplleHHS HABYAHHS Ta CKJIAJIaHHS 3aJIiKy JI[EH31aTaM BHIAETHCS CBIJOLTBO PO
MiJBUINECHHS KBaji(ikaiii BCTAaHOBJICHOrO JEPKABHOTO 3pa3ka. 3rigHO 3 BHMOTaMH 3aKOHY
VYkpainu ,,I1po ocsity” [3], [TocranoBu Kabinery MinictpiB Ykpainu Big 8 cepmas 2007 poky Ne
1019 "IIpo mineH3yBaHHS AiSUTBHOCTI 3 HagaHHS OCBITHIX mochyr" [4], KuiBchbkuii HamioHaabHUN
yHiBepcuteT imeHi Tapaca IlleBuenka Mae minen3ito MiHICTepCTBa OCBITH 1 HAyKH, MOJOII Ta
cropTy YKpaiHu Ha HaJJaHHS OCBITHIX IOCIYT .

OpanM 3 mepimx B AepkaBi YHiBepcuTeT oTpuma minen3ito JIKAP na pukopucranns J(IB.

3a yac iCHyBaHHSI KypCiB CBIJIOIITBa BCTaHOBJICHOI'O JEP>KaBHOTO 3pa3ka PO MiJIBUIICHHS
kBasiikarii orpumanu 6ueie 2000 ocib 3 yciX perioHiB, MPEACTABHUKU 3 MIKHAPOIHUX YCTAaHOB
sKi paiorTh 3 JIIB Ha TepuTopii Ykpainu.

[Tix yac 3aHATH 3 JilleH31aTaMU IOCTIHHO IIATPUMYETHCS 3BOPOTHIN 3B’S30K y BUIVISI
AQHOHIMHOTO aHKETYBaHHA, IO CIPHIE MOKPAIIEHHIO SIKOCTI HaBUYAIbHOTO MPOIECY, TO3BOJISE
CBO€YACHO 3aCTOCOBYBATH IHTEPAKTHBHI METOAM Ta IHHOBALIWHI TEXHOJIOTii NpU MpPOBEICHHI
JEKIIHHUX Ta TPAKTHYHUX 3aHSTh.

bararopiuni Tpaamiii Ta JOCBIT 3 MATOTOBKH BHCOKOKBaTipikoBaHWX (axiBIiB 3 (i3UKH,
HasBHICTh Cy4acHOI MaTepialbHO-TeXHIYHOI 0a3H, 3aIydeHHs KpalluX BUKJIAJIaviB YHIBEPCHUTETY 3
HAyYKOBHMH CTYIIHSMH Ta 3BaHHSIMH (KaHIUJATH, TOKTOPH  (Pi3UKO-MaTEMAaTHUYHUX HAYK, JOICHTH
Ta npodecopu), TO3BOJIAIOTh HA HAWBUIOMY PIBHI IMPOBOJUTH JUIS CIIyXadiB JICKIIi 32 TeMaMH
,»,B3a€EMOIisT 10HI3YI0YOTO BUIPOMIHIOBAHHS 3 PEUYOBHMHOIO Ta METOAU HOro peecrparii. OCHOBU
no3uUMeTpii”’, mo € 0a3oBUMHU Ui TEpcoHaly, skuil BukopuctoBye [[IB B pi3HHX ramy3sax
(MpOMHCIIOBICTh, METUIITHA, BUPOOHHUIITBO TOIIIO).

binpiricts BUKIaaa4iB Opanu 0e3mocepeHIo yuacTh y po3po0Ili psiiy HOpMaTHBHO-TTPABOBHUX
aKTiB 3 MUTaHb Ta pajialiifHoi 0e3meku. 30KpeMa, BIeplie B YKpaiHi 3a pe3yibTaTaMu HayKOBO-
JIOCTiAHOT pOOOTH:

- po3pobusM KpuTepli, 3a SKMMHM TE€HEpyIul MPHUCTPOI, 10 BUPOOJISAIOTHCA B KpaiHi Ta
HAJXOMSAThH 13-32 KOPJOHY, 3BUIBHSIIOTHCS BiJl JIIIEH3yBaHHs Yepe3 HU3bKY MOTEHIINHY HeOe3meKy
Juist 310poB’s moauHu. by ctBopenuit [lepenik 1B, 110 BUKOPUCTOBYETHCS B MEUYHIHN MPAKTHUILLL,
MIPOMUCIIOBOCTI, HAyKOBHX JOCHI/DKEHHSX, HaBUaHHI,  JISUIBHICT 3 BUKOPHCTAHHS SKUX
3BUIbHSETbCA Bin jineH3yBanHs. [lepenik J[IB Buknanenuit B mocranoBax Kabinery MiHicTpiB
VYkpainu Ne 74 Bin 21.01.05, Ne 1382 Bix 04.10.06 [5,6];

- po3pobiieno HIIA ,,Bumoru 10 cucteMu yrnpaBiliHHSA SKICTIO IPOBEACHHS IIarHOCTUYHUX Ta
TepaneBTUYHUX Mpoleayp 3 Bukopucranuam [{IB”, 3atBepmxennii Hakazom JlepxaBHOTO KOMITETY
AIEPHOTO peryitoBaHHs YkpaiHu Binx 3 xoBTHA 2008 poxky N 166 Ta 3apeectpoBaHuil B
Minictepctsi roctuitii Ykpaiau 29 sxoBtast 2008 p. 3a N 1054/15745 [7].

HasBHicTh cywyacHOi 0a3u  JO3UMETPUYHUX MPHIAIIB, SKI IIOPIYHO MOBIPSIOTHCS
YKpMETPTEeCTCTAaHAAPTOM, HaJa€ MOXJIMBICTh €(EeKTHUBHO TMPOBOJUTH TNPAKTHYHI 3aHSITTA,
BUKOPHUCTOBYIOUM Halikpauii HanpaioBanHd MAI'ATE 3 miarotoBku iX iHCIIEKTOPIB.

[TpakTH4HiI 3aHATTS MPOBOJATHCS Ha Kadenpi saepHoi (isuku (izudHOro QGaKylIbTeTy
KuiBcbkoro HarioHanpHOro YyHiBepcuteTy imeHi Tapaca IlleBuenka, ne JilieH31aTH MaroTh
MO>KJIUBICTh O3HAHOMHUTHUCH 3 POOOTOIO €MHOTO Ha IeH Yac Mpalndoro B YKpaiHi HEUTPOHHOTO
redepatopa HI'-300 3 makcumainbHOIO eHeprieto HeTpoHiB 14 MeB.

Jlo mporecy minBuieHHs KBamidikamii 3 Kypcy ,,Paniamiiina 6e3meka Ta MOBODKEHHS 3
JoKepenaMu 10H13yrouoro BumpoMiHioBaHHs (IB)", okpiM mpodecopcbko-BUKIAIABKOIO CKIIATy
YHIBEPCHUTETY, 3allydaJluCh Hailkpamii (axiBli Ta HAayKOBLI Yy OUIBIIOCTI JOKTOpU Hayk 3 Pamu
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HamionaneHoi Oe3neku Ta oOoponu, JIKSIP, MinicrepcTBa OXOpOHHM 310pOB’s, Acoliamii
pamiosioriB  YKpaiHW, HaIIOHATBHOI MEAIMYHOI akajemii MiCISAUIUIOMHOI  OCBITH IMeHI
[1JIL.Iynwuka, incturyry Paky, YBII “I3oton”, Tomio.

Kypcu nigsuimenHs kBamidikaiiii mpoBoasThcs Ha 0a31 [HCTUTYTY MICIASIUIIIOMHOI OCBITH
KuiBchbkoro HamioHanbHOTO yHiBepcuTeTy iMmeHi Tapaca lllepuenka. IHcTuTyT Mae KoH(eEpeHII-
3aJld, 3aJ¥ 3acijlaHb, pO3paxoBaHi Ha 65 yYaCHHKIB, iTalbHIO, )KUTIOBUM KOMILUIeKC. HaBuanpHui
mporec 3a0e3leuyyeTbCss BCIM  HEOOXIAHMM OOJaJHAHHSAM Ta YCTaTKyBaHHSIM (KOMII'FOTED,
MYJIBTUMEIIHHUN TTPOEKTOP, KCEPOKC, eKpaH, QuIin-4apT, IPOEKTOp, JOIIKA, MapKepH, MIKpodoH,
tomio). Ilicis 3aBeplieHHS HaBYaHHS Ta CKJIAJAaHHS 3aJIiKy JIIIIEH31aTaM BUIAETHCS CBIIOIITBO PO
MIJBUIICHHS KBamidikamii  BCTaHOBJIEHOTO Jep)KaBHOTO 3pa3ka, CD-muck 3 JeKIIHHUMH
MmarepiajaMi Ta HOPMAaTHBHO-TIPABOBUMH aKTaMH y cepi BHKOpHCTaHHS SAEpPHOI eHeprii Ta
paaiaiiiHoi Oe3IeKH.

Ha mincraBi 0araropidHOro HAKOIMYEHOTO JIOCBiIy, ITOCTIHHOTO OHOBJICHHS IIPOLIECY
MIJBUINECHHS KBadidikalii 3riTHO BHUMOT HOBITHIX TEXHOJIOTIH, aHANI3ylOUM Ta BPaxOBYIOUH
MPOMO3UIIT CTyXauiB, SKi MaJIM MOXJIUBICTh TIOPIBHATH PIBEHb MIATOTOBKH B PI3HUX HABYAIHHHX
3aKja/Jax, BBA)KAEMO 3a JOIUIbBHE HAJaTH MPOMO3HUIIi IIOJ0 YIOCKOHAJICHHS BCi€l CHCTEMH
MIPOBEJICHHS HABYAHHS Ta MEPEBIPKH 3HAHb 3 pajiamiiHoi Oe3neku npu BukopuctaHi J[IB. Lle
JI03BOJIUTH 3/IIHCHIOBATH: TMOBHOIIIHHUK BinOip Oprasizaiii, 10 MpOBOAATH/a00 MarOTh HaMIpH
MPOBOJAWTH HABYAaHHS Ta MEPEBIPKY 3HAHb 3 pamiamiiiHoi Oe3meku mnpu Bukopucranui IIB;
MiJBUIICHHS PIBHS MiATOTOBKH JiIEH31aTiB; OiNbII Ji€BHI KOHTPOIb 32 OPraHi3ali€o Mpoiecy
HaBYAHHS 3 OOKY PETYIIIOI0YMX OPraHiB Ta CBO€YACHE BHECEHHS KOPUTYBaHb.

1. JlomoBiae mpo CTaH sAepHOI Ta pafiarniiiHoi 6e3neku B Ykpainu y 2009 pori. [depxaBuuii
KOMITET siiepHoro peryntoBanHs Ykpainu. — 2010. — 90 c. 3aTBepakeHHs MOPSAKY JiIEH3YBaHHS
OKPEMHX BUJIB JISUTLHOCTI Y chepi BUKOPUCTAHHS SICPHOI eHEeprii”.

2. TlocranoBa KaGinery MinictpiB Ykpainu Bix 06 rpymas 2000 p. Ne 1782 ,Ilpo
3aTBEPIUKCHHS TOPSIIKY JIIIEH3yBaHHS OKPEMHUX BUIIB JISUIBHOCTI y cepi BUKOPUCTAHHS SIIEPHOT
eHeprii’.

3. 3akoH Ykpainu ,,[Ipo ocity” BP Ne 34, Bix 04 mumuas 1991 p.

4. TlocranoBa KabGinery MinictpiB Ykpainu Big 8 cepmHs 2007 poxy Ne 1019 "IIpo
JIEH3yBaHHS JISUTBHOCTI 3 HAIAHHS OCBITHIX MOCTYT".

5. [TocranoBa Kabinetry MinictpiB Ykpainu Big 21 ciuns 2005 p. Ne 74 | TIpo gomoBHEHHS
MIEePEITIKY JHKEepes 10HI3yI0U0ro BUMTPOMIHIOBAHHS, TISTIbHICTh 3 BUKOPUCTAHHS SIKUX 3BLIBHSAETHCA
BIJT JTIIIEH3yBaHHS .

6. IlocranoBa Kabinery MinictpiB Ykpainu Big 04 >xoBtHs 2006 p. Ne 1382 ,.Ilpo BHeceHHs
3MIHM JI0 TEpeNiKy JKepell 10HI3yHouoro BUIIPOMIHIOBAHHS, JiSUTBHICTD 3 BHKOPUCTAHHS SKHX
3BUTBHAETHCS BiJ JIIIIEH3yBaHHS .

7. Bumoru 10 cucTemMu yIpaBiiHHS SKICTIO MPOBEACHHS J11arHOCTUYHHUX Ta TEPareBTUYHUX
npoueayp 3 BHKOPUCTAHHSIM JDKepenl ioHi3yrodoro umpomintoBanus (HIT 306.5.148-2008),
3aTBep/pkeHi Haka3zoM JlepkaromperymioBanHs Binm 03.10.2008 Ne 166, 3apeecTtpoBaHi B
Minicrepetsi toctuuii Ykpainu 29 xxoBTHs 2008 p. 3a Ne 1054/15745.

83



BaocKkoHa/IeHHSI HOpMAaTUBHO-NIPAaBOBOi 6a3M 1010 3a6e3ne4YeHHs
HOBITHIiX TEeXHOJIOTIA B MeJULIUHI IOC/IyraMyu MeJUYHUX Pi3UKIiB
Improvement of normative legal foundation for supply of innovation technologies
in medicine by medical physicist service

AIMIHICTPATUBHO-IIPABOBE PEI'YJIIOBAHHSA CYCIIIJIBHUX BIJTHOCHUH Y
C®EPI MEJUYHOI ®13UKHU

A.O. CeceMKO

Kuiscokuti nayionanvnuil ynieepcumem imeni Tapaca lllesuenka

Anoramia. IlpoanamizoBaHo cTaH aJAMiHICTPATUBHO-IIPABOBOTO PETYJIOBAHHS CYCIUIBHUX
BITHOCHH y cepi MeAnyHOi (i3HKH.

AHHOTaIII/IH. HpoaHaHI/ISI/IpOBaHO COCTOAHUC AAMHUHUCTPATUBHO-IIPABOBOIO  PEryJIMPOBAHUSA
OOIIECTBEHHBIX OTHOUICHUH B chepe MEeAUIUHCKON (U3UKH.

Annotation. The state of the administrative legal adjusting of public relations is analysed in the
field of medical physics.

Ku1104oBi cjioBa: aIMUHICTPAaTHBHO-IIPABOBE PETYIIOBAaHHSA, MEANYHA (i3uKa, IKepea
10HI3yI0YOTO BUIIPOMIHIOBAHHSI.

KiioueBble c10Ba: aIMIHUCTPATHBHO-TIPABOBOE PErYJIUPOBAHUE, METUIIMHCKAs (hU3MKa,
UCTOYHUKH MOHU3UPYIOMIETO U3ITYICHUS.

Keywords: administrative legal adjusting, medical physics, sources of ionizing radiation.

PosnoBcropkeHHST  IHHOBAllIMHAX ~MEIWYHUX TEXHOJOTIH 3 BHKOPUCTAHHSIM JDKEPET
ioHI3yrouoro BunpomiHtoBanHs (/{I1B) kapauHanbHO 3MIHUIIO SIKICTh HAJaHHS MEIUYHHUX TOCHTYT,
30UIBIIMIIO MOXKIIUBOCTI €PEKTUBHOTO JIIKYBAaHHSI OHKOJIOTIYHHMX 3aXBOPIOBAHb.

Binznauatoun 3araibHy TEHJACHIIO 0 TMOJIMIICHHS PIBHS 3aKOHOJABYOr0, HOPMATHBHO-
MPaBOBOTO, MAaTEPlAIbHO-TEXHIYHOTO 3a0e3MeUeHHs  PaioJIOTT4HOI CITyKOH, HEOOX1THO
BpPaxoBYyBaTH, IO ii 3arallbHUN CTaH TMOTpe0ye 3HAYHOTO YAOCKOHAJIEHHS 3TiTHO MIXHAPOIHUX
CTaHJapTiB 13 3a0e3neyeHHs pajialiiHol Oe3MeKy Ta MPaBOBOTO 3aXMCTY MAlll€EHTIB MpPU HaJaHHI
MEAMYHUX MOCIYT.

Bigomo, mo cepeaHiii MOKa3HUK aBapiifHOTO OMPOMIHEHHS MEUIKAHIIS TUIAHETH CTAHOBHTH
meHIre 1 % Bix ogepKyBaHO1 eeKTUBHOI JJO3H, a TP MEAUYHOMY ONPOMIHEHHI - Yy JECATKHU pa3iB
outemre. 3a manumu OOH no3a, siky ofepkye oJiHa JOauHA CKiIaaae 2,8 M3B, 4acTKa MEIMYHOTO
onpoMiHeHHs - 14 %, y Pocii BignosigHo 3,3 m3B 1 20-32 % [1]; y po3BuUHYTHX KpaiHax - 1,2 M3B
[2].

B Vkpaini BincyTHA JAepkaBHa CHCTeMa OIIIHKM Ta OOMIKY CepeaHiX J03 MEIHYHOTO
ONPOMIHEHHS, Mal)ke TIOJIOBHHA PEHTTCHOMIarHOCTUYHUX JOCTI/DKEHb TPHXOJUTHCS Ha
npodinaktuyny durooporpadito [3]. Ilommpenumu € ’putyanbHi”’, HE 3aBXKAU OOTPYHTOBaHI
PEHTIEeHOPAIONOTIYHI JOCTIKEHHST 0€3 OCOOIMBUX MEIWYHUX TOKa3aHb. Pociiickki (axiBiri
BBaXAIOTh, 1110 30-40 % 3 HUX MPOBOAATHCS JJII YTOUYHEHHS JliarHo3y [4].

[IpoBeneHHS HEOOIPYHTOBAHUX  PEHTICHOJIOTIUHUX JOCHIIKEHb B YKpaiHi mnotpedye
BIJIMOBITHOTO  a/IMiHICTPATUBHO-TIPABOBOTO  PETYJIIOBaHHA Ta YAOCKOHAJICHHS HOPMAaTHBHO-
nmpaBoBOTO 3abe3neueHHs. KoJieKTWBHA /032 OMpPOMIHEHHs  HaceleHHs ckiagae Ourst 30twmc
mo7-3B., mpote, (axiBili BBaXarOTh, IO peallbHAa KOJEKTHBHA /1032 OMPOMIHEHHS HAaCEIeHHS
3HayHo Buma [3]. Jlo kpuTHUHHUX (aAKTOPIB PHUBHKIB JOMATKOBOTO a00 HEKOHTPOIHOBAHOTO
OTPOMIHEHHS BIJTHOCSATBHCS: BUKOPHUCTAHHS OlnblIe 72% 3acTapijioro
TEParneBTUYHOTO/IIaTHOCTUYHOTO  OONAJHAHHS, HEJOCTAaTHIH  KOHTPOIb  J1030(OPMYIOUHUX
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napaMeTpiB PEHTTeHOMIaTHOCTUYHHX arapariB; He3abe3leueHHs BUMIPIOBaHb BXIAHOI JTO3U MPHU
PEHTICHOIIarHOCTUYHUX JOCIHIDKEHHAX (BIIXWJICHHS BiJl CTAHJAPTHOI 103U OMPOMIHEHHS OijbIIe
HiX y 125 pa3iB); HecBoe4acHe TeXHIYHE OOCIYrOBYBAaHHS amapaTypH; HEIOCTATHS KBasiQikarrist
MIePCOHAITY MPU BIPOBAKEHH] IHHOBALIMHKUX pajialliiHuX TEXHOIOTIH [5].

3 ornsiay Ha AMHAMIYHI 3MiHH, IO BiAOYBaloThCs y (opmari mpoBeneHHs aJMiHICTPATUBHOI
pedopMu, 3amOYaTKOBAHOI ONTHUMI3Allll EHTPAIBHUX OPraHiB JepXKaBHOI BIAAM, MEperysiay ix
3aBJaHb, CTPYKTYP, QYHKIIH, ITyKe BaXIJIMBO PO3pOOHMTH €(PESKTUBHUI MEXaHi3M aJIMiHICTPaTHBHO-
MIPaBOBOTO PETYIIOBAHHS CYCIUIBHUX BIAHOCHH y cdepl MeauyHOoi (I3MKH B Cy4aCHHUX yMOBaX,
SKUA OW JI03BOJIMB. ONTHUMI3yBaTH Ta pPEaJbHO CTBOPUTH €IUHY 0a3y  JIepKaBHOI CHCTEMH
KOHTPOJIIO Ta OOJIKY IHIMBIAyalbHUX 103 ONPOMIHCHHS HACEJICHHsI; TMEPerJIIHYTH ICHYIOUe
[TonoxeHHsT MPO KOHTPOJb Ta OONIK JI03 NMPHU IIPOBEACHHI PEHTTCHOPAIiOIOTIYHUX IPOLEIYP;
ynockoHauTu CucTteMy KOHTPOJIO Ta OOMIKY 1HIMBIIYaJbHUX J103 ONMPOMIHEHHS MEPCOHATy Ta
HAaCEJICHHS, 0 JO3BOJIUTH TOYHIIIE KOHTPOJIIOBATH PivHi T030B1 HABAHTAXKEHHS, POBOIUTH
OOrpyHTOBaHI 3aX0JU IIOAO 3HIKEHHS PIBHS OTPUMYBAHHMX 103, PEECTPYBATH iX MOKAa3HUKH B
KapTKax IMaIli€HTIB.

AKTyanbHOIO TPOOJIEMOIO 3aMIIAETHCS BIPOBAMKEHHS Y MEIUYHY cQepy CHUCTEeMU
3abe3mneueHHs skocti mpu moBokeHH1 [[IB. [IpaBoBe peryiroBaHHS YIpaBIIiHHS B Taly3i OXOPOHH
3I0POB’Sl TPOMAJSH Ta IHIIMUX (i3MYHUX OCiO, SKI Ha 3aKOHHHUX ITiJIcTaBax mepeOyBarOTh Ha ii
TEePHUTOPIi, 3MIACHIOEThCS 3rimHO  BUMOr OcHOBHOro 3akoHy Ykpainu, y crarti 49 sKoro
BU3HAUEHO, 10 KOXKEH IPOMA/ISTHIH Ma€ MPaBO Ha OXOPOHY 370POB’ 5.

ToMy pO3BHTOK aJMIHICTPATHBHOTO IPaBa Ha Cy4aCHOMY €Talll IOBUHEH OYTH TOB’SI3aHMIA 3
TEHJCHIIISIMU MOJANbIIO] TyMaHi3alii Hayku y OlK HaJaHHS SKICHHX IOCIYT HAaCEeJCHHIO Mij yac
MEJAMYHUX Mporeayp i3 Bukopuctanusm 1B, 3abesneueHHro fioro mpas.

BuBueHHs1 KOMIUIEKCY mpoOieM, siKki MaroTh MpsiME BITHOILIEHHS A0 CTaHy HOPMAaTHBHO-
paBOBOI 0a3M, MOB’sA3aHOI 13 3a0€3MEUCHHSIM HaJIMHOro PiBHS pajialliiHOIO 3aXHCTY IEPCOHAITY
Ta TMAII€HTIB, J03BOJSE CTBEP/HKYBAaTU MPO HEOOXITHICTH  ypaxyBaHHS TaKUX BaXKJIMBUX HOTO
ACTICKTIB SIK ITIBUIICHHS €(PEKTUBHOCTI PETYJISATOPHOI MOJITHKH JICPKaBH, CIIPSIMOBAHOCTI 3yCHIIb
Ha MOJAJIbIIe YOCKOHAJICHHS CYCIUJIBHUX MTPABOBITHOCUH y MEIUYHIHN cdepi.

CraH npaBOBOI0 3aXMCTY HACEJIEHHS MPU HAJIaHHI MEANYHUX MOCIYT 1 MIATOTOBKHU (haxiBIiB 3
MeAnYHOT (13UKH, BUKIMKAIH MiBHUILIEHY YBary CBITOBOI CHIIHHOTH, TPOMAJChKUX OpraHizallii,
MIPABO3aXHCHUKIB, MEIUYHUX NMPOQECIOHATIB Ta OpraHiB peryiroBaHHS pajlaliiiHoi Oe3neku a0
[UISX1B BUPIIIEHHS TPOOJIEM ONTHUMI3AIl] METUYHOTO OTIPOMIHEHHSI MAalli€HTIB Ta MEPCOHATY.

OCHOBHMMM BHCHOBKaMH, $KI Oyau 3poOjeHl HayKOBISIMH, NpakTHKaMu y cdepi
IOpUCTIPYACHIIT, MeIUYHO1 (Di3UKK Oy Te3u MPO HEOOXIAHICTD SIKICHOT 3MIHU CTaHY HOPMAaTHUBHO-
MPaBOBOTO Ta PaJllalliifHOTO 3aXKUCTY MAIIEHTIB 1 MEPCOHATY 3a HACTYITHUMH HaMpsSMaMH: po3pooKa
Ta YJAOCKOHAJIEHHS HOPMATHBHO-IIPABOBOi Ta METOAWYHOI 0a3W; TMOKpAIIaHHS TEXHIYHOTO CTaHY
MapKy amaparypu; IO3UMETpisl; 3a0e3MeyeHHsT MDKHApPOJHMUX CTAHAAPTIB SKOCTI MPH HaJaHHI
MEAWYHUX TMOCHyr 3 BukopuctanHsM JIIB; mpoBeaeHHS 00’€KTUBHOTO KIIHIYHOTO ayJIuTy;
HaBUYaHHA, IWIArOTOBKA Ta MIABUIIEHHS KBami(ikamii MEIUYHOTO TIEpPCOHAy; IMIJArOTOBKA 3
ypaxyBaHHSIM MIKHAPOJIHOTO JOCBIy Ta BUMOT OCBITHHO-KBaNTi(piKAIIHHIX XapaKTEPUCTUK PIBHA
,0aKanaBp”, ,,MaricTp” ¢axiBLiB 3 MeJU4HOI (13UKH (Brepiie B YKpaiHi) [6].

3rigHo pekoMeHpaniii MixHapoaHux Miciii IRRS wa MiHicTepcTBO OXOpPOHHU 370pOB’S Ta
Jlep>kaBHY 1HCIEKIIIIO SIICPHOTO PETYJIIOBAaHHS YKpaiHM TIOKJIQJ€HO BUKOHAHHS 3aXOiB,
CIPSIMOBAHUX Ha TMOKPAIICHHS MPAaBOBUX, TEXHIUYHUX, 1HIIMX CKJIAJOBHX paialliifHOro 3aXHCTy
TMAII€HTIB Ta MEPCOHAITY.

BusnaueHo anropuT™ mpoBeieHHs MPaBOBOi peopMH, SIKUK 3aTBEPIPKEHO PO3TOPSIKEHH SIM
Kab6inery MinictpiB Ykpainu Big 08.10.2008 p. Ne 1307-p ,,ITpo 3arBepmkenns [Inany 3axomis 3
IMIUIEMEHTaIlli pekoMeHnanii ta npomosumiii micii MAT'ATE”, B koTpomy mnepen0dadyanoch:
npoBeeHHs aHami3y OCHOBHUX CaHITApHUX TPaBWII 3a0e3MeueHHs pamiamiitHoi O0e3neku YkpaiHu,
Hopm papiamiiinoi 6e3neku Ykpainu (HPBY-97); pospobka momoBuHens g0 HPBY-97/11-2000;
MOPIBHSUIbHE BUBYEHHS 3MICTY JEp)KaBHUX CaHITApHUX NMpaBWiI 1 HOPM ,,['iIri€eHIYHUX BUMOT 10
BJIAIITYBAHHS Ta eKCIUTyaTallii pEHTreHIBChKUX KaOiHETIiB 1 IPOBEACHHS PEHTICHOJIOTIYHUX
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npouenyp” oo ix BigmoBigHocTi crtangapraMm MAI'ATE; miaroroBka HpOMO3MIlIKA IIOAO
BHECEHHsI 3MIH; MIJTOTOBKA IJIaHy PO3POOKH JIep>KaBHUX CTAHIAPTIB HA MeAWYHE OOJagHAHHS 3
JIB, nporiieayp Ta METOJUK TECTYBaHHS IIbOT'O 00JIaTHAHHS.

AJIMIHICTPaTUBHO-TIPABOBE  CYNPOBO/DKEHHS 3aXOJiB, CHPSAMOBAaHUX Ha MOKpPAIICHHS
pamiamiifHOTO 3aXUCTy NPH MEIUYHOMY ONPOMIHEHHI MEpPCOHAIy Ta TMAIi€HTIB, MOTpedye
CKOOPAMHOBAHUX 3yCHJIb LIEHTPAJIbHUX OpPraHiB JEp>KaBHOI BJa/id, HAMPY>KEHOI 1HTEIEKTyaJbHOI
mpaii IIMPOKOro Kousia mpodeciiiuux (axiBiiB y cdepi IPpUCIPYACHITIT, MEIUIIUHU, OCBITH III0JI0
NpUBENCHHS MpakTUKKW BukopuctanHs JIIB y BiAnmoBiAHICTH 3 BUMOraMH HalllOHaJIbHHX Ta
MIXHAPOTHHX JOKYMEHTIB 3 pamianidHoi Oe3mekd, KOHICMIi JepKaBHOI Mporpamu
MEPEOCHAIICHHS PAIOJIOTIYHHUX MIAPO3AUIIB MEIUMYHUX 3aKJIaJIB 3 ypaXyBaHHSAIM MaKCHMaJIbHOTO
BUKOPUCTAHHS MOXJIMBOCTEH Ta 00JIaJHAHHS BITYM3HIHOTO BUPOOHHUKA.
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KOMITET siiepHoro perymoBanas Ykpaiau. — 2010. — — 90 c.

6. IlocranoBa KMV Bin 27 cepmus 2010 p. Ne 787 ,IIpo 3aTBepKEHHs MEpETiKy
CIEIIaTbHOCTEH, 32 AKUMU 3A1IMCHIOETHCA TIATOTOBKA (paxXiBIlIB Y BUIIUX HABUAJIBHUX 3aKJIa/Iax 3a
OCBITHBO-KBaJTi(DiKALIHHIUMHU PIBHAMMU creniaiicTa i Maricrpa’.

BUOETUYECKHUE ACHEKTHI BUO®U3NYECKNX TEXHOJIOT U

A.H. UBanrora
Kuesckuu nayuonanwvnwiti ynusepcumem umenu Tapaca Illesuenka

AnoTtauis. biodiznuna eTuka nmorpedye BU3ZHAUECHHSI CBOTO MPABOBOTO CTATyCy, sIK Oy/lb-siIka HOBA
rajgy3b 3HaHHS, MOB'I3aHa 3 IOSIBOIO HOBMX pealii B JKUTTI JIOJACTBA. AKTyaji3amis mnpoOieMm
€KCIIEpUMEHTIB, II0 MPOBOAATHCS HA JKUBHX ICTOTaX, 1 HEOOXIIHICTh MPABOBOTO PETYIIOBAaHHS
KOJI3id, 1110 BUHHUKAIOTh B Mpolieci 010(pi3MIHUX MOCHIKEHb, € MiJCTaBOI IS BAOCKOHAJICHHS
HOPMaTUBHO MPaBOBOi 0a3u.

AHHoTauus. buodusnyeckas 3Tuka HyXJIaeTcs B ONpPEAEICHUM CBOETrO MPaBOBOIO CTaTyca, Kak
aro0asi HOBasi OTpPacib 3HAHUSA, CBSI3aHHAS C MOSBJICHUEM HOBBIX peaiuii B )KM3HHU YeJIOBEYECTBaA.
AxTyanu3zaius npo0sieM KCIEpUMEHTOB, MPOBOJAMMBIX Ha JKMBBIX CYIIECTBaX, U HEOOXOAUMOCTh
MIPaBOBOTO PETyJUPOBAHUS BO3HUKAIONIUX B MpoIecce OMOPU3MUECKUX HCCICTOBAHUN KOJITU3UNA
CTajla OCHOBAaHHEM JIJIsi COBEPILICHCTBOBAHMSI HOPMAaTHBHO MPAaBOBOM 0a3bl.

Annotation: Biophysical ethics needs decision of the legal status, as any new industry of
knowledge, related to appearance of new realities in life humanity. Actualization problems of
experiments, conducted on living creatures, and the necessity of the legal adjusting arising up in the
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process of biophysical researches collisions became foundation for perfection normatively of legal
base.

Kurouogi cjioBa: 6iodiznyHa eTuka, MEAUIIMHA, TEXHOJIOTIs.
KiroueBble ciioBa: 6nodusnueckasi 3TUKa, MEAUITUHA, TEXHOIOTH.
Key words: iophysical ethics, medicine, technologie.

Pa3BuTHe COBpeMEHHBIX MEAMIIMHCKUX TEXHOJOTMi Oaszupyercsi, B MEpPBYI ouepeiab, Ha
dbyHIaMeHTAIBHBIX (OMO(PU3NIECKIX, TEHETHYECKUX U T.J.) UCCICIOBAHMIX. DTH TEXHOJOTHU IO
NPUMEHEHUI0 JIe4eOHBIX 3P (HEKTOB ONpeAeNeHHbIX BO3IACHCTBUIA, MPONIS COOTBETCTBYIOLIUE
CTaHJapTHbIC KIMHUYECKUE UCIBITAHUs, CTAHOBATCA OO0IIeaocTynHbiMH. OJHAKO, HA 3TOM MNYyTH
BHEJIPEHHUS BO3HUKAIOT Psiji mpoOsieM. OHU HaXOJATCS Ha CThIKE TAKUX ATHUYECKHUX BOIPOCOB, KaK
OTBETCTBEHHOCTD MCCIICIOBATEIS 32 PE3YJIbTaThl CBOCH Hay4YHOW paOOThI M HAYYHOW HPOOJIEMBI 110
OLICHKH OTJAJCHHBIX MOCIEACTBUNA 3TUX (DU3MUECKUX BO3JIECHCTBUH. ANPHUOPU CUUTAETCS, YTO
UCCIICIOBATENh JOJDKCH pa3OupaeTcss MeXaHu3Max OMOBO3JIEHCTBUS B paMKax CYIIECTBYIOIIUX
bu3nYecKux Mojenaeii. A Bpauy-KIMHHUIKUCT JOJDKEH (HE)IMOATBEPAUTH JieueOHBIH A(ddekT, ero
0€3BpEIHOCTh M JIOBECTHU 3Ty TEXHOJOTHUIO JI0 MPAKTUYECKOTo mnpumeHeHus. OJHAKO B XOj€
OpoueAypsl  Mepelayd  BO3HUKAeT  ONAaCHOCTh  KOJJICKTUBHOM  O€30TBETCTBEHHOCTH U
KOPIIOPATHBHON COJHMIAPHOCTH IO 3aMATIYMBAHUIO TOOOYHBIX 3()DPEKTOB HA OpPraHU3M YEIIOBEKa,
KaK 3TO He pa3 ObIBajio B (hapMaKOJIOTUU U KOCMETOJIOTHH.

CyIIecTBYeT, U Apyras OINacHOCTh, YTO IOJIOKUTEIbHBIH 3P(EKT U XOpoIlas «CTaTHCTHKAY)
MO3BOJIIOT YIPOCTUTH MPEAJIOKEHHYIO (DPU3HUECKYI0 MOJIENb O] SMIIMPUYECKYI0 Mojenb. U Tem
CaMbIM TMOJOTHATH MOCJIEHIOK M0J] HOPMAaTUBHO MPABOBOM aKT, HAIIPUMEP, 3aKOHBI Y KPAauHBI IIPO
CBEPXBBICOKHE YacTOThl U OOECIEUeHUS CAHUTAPHOIO Ta AMUAEMHOJIOTHMYECKOTO OJIaromoayyus
Hacenenus [1].

Y 6u0o(U3UKOB CYIIECTBYET HMHTYUTUBHOE TTOHUMAaHUE YUYUTHIBATh BKIIFOUEHUS 00Jiee TOHKUX
MEXaHU3MOB pEAarupoOBaHUsl TAaKOW CIOXKHOW CHCTEMbl KakK >KMBOE€ HAa OTH BO3JCHCTBUSA,
MOCIEACTBHSI KOTOPBIX B HACTOSIIEE BPEMS Mbl HE MOXKEM OIICHHTh C MOMOIIbIO aHATHUTUYECKUX
BBIPOKEHUN XapaKTEPHBIX I CHHEpreTuku. M Kak ciencTBue, BO3HUKAET ATHYECKas IUIeMMa
(KOIIHM3US) MEXAY HAYYHBIM M TMPAKTUYECKUMH WHTEpecaMd MO JICUYEHUIO MalMeHTa, C OJIHOM
CTOPOHBI, U MEX]y JIOKAJIbHBIM 110 BPEMEHHU YCIIEXOM B JICYCHHH U OTJAJCHHBIMH MOCIEACTBUSIMU
ATOTO JIeUeHus, ¢ Apyroi croponsl. CoxpaHeHne 0OBEKTUBHOCTH UCIOIB30BaHUS OMOMDU3HUECKUX
TEXHOJIOTHI MOKET 00€CHeuUuTh TOJIBKO YETKO MPOIHKCAaHHAS MPOIEAypa «HE HaBPEIHU», TOECTh,
WHTETPUPOBAHHBI  QJITOPUTM  MOCJIENOBATEIbHBIX  JEHCTBUM, KOTOPBIA JOJKHBI  3HATH
3aMHTEpEeCOBaHHbIC NuIlAa. Hampumep, xomMMmepueckass MpaKTHKa HCIOJIb30BAHUS MPEIoJiaracT
MHOTOYPOBHEBBIM TMOAXOJ: WHCTPYKIMs s TMOKymnarens (moib3oBarens), - ¢apmaiieBTa
(pactipocTpanuTensi), - Bpada (crnenuaiucra) U T.JO. B CBS3M C 3THUM clenyeT ckKa3aTb O
CTOJIKHOBEHUH albTEPHATUBHBIX TOUEK 3peHus. [IpencraButenu ogHOM U3 HUX — TaK Ha3bIBA€MOU
“0e300JI€3HEHHON” MEAMIIUHBI, CYUTAIOT, YTO BE3JE, TJ€ TOJBKO MOXHO, CIEAYeT CTPEMHUTHCA
CHUMaTh OOJb W HEMPUATHBHIC OILIYIIEHUS y TMaIMeHTa (Hampumep, jJeueHue 3yO0OB MoJ OoOUIuM
Hapko3oM). Jlpyroii — MeIuUUHBI ‘‘CypoBOM”, CUMTalT, 4YTO OO0Ib, CTpajJaHue CIeayeT
paccMaTpuBaTh KaK CHUTHaJ, U3MEHEHHE MHTEHCHBHOCTH KOTOPOTO CBUAETENIBCTBYET O TEUECHUU
3a00eBaHus, TTOMOTrasi Bpady KOPPEKTHUPOBATh €T0 JCUCTBHUS, M MOSTOMY OHH JIOJDKHBI WMETh
MecTo [2].

OaHako npu pacCMOTPEHUHN OTHOILIECHHUS “‘LENb-CPEACTBA B MEIULIMHE YACTO YIYCKAIOTCS U3
BUJa, BO-TIEPBBIX, HEOJHO3HAYHOCTh 3aBUCUMOCTH B CHCTeMe ‘‘JiedeOHOe BO3JECHCTBUE —
TepaneBTHYecKui 3¢ (deKkT”’, a BO-BTOPHIX, HPABCTBEHHbIE AaCHEKThl 3TOTO OTHOLICHHMS.
VYTBepxkaeHue, 4To Bce, BEAyIIEe K 3J0POBbIO, HE JIOJKHO OTBEPraThCsl MEAUIIMHOM, pa3yMeeTcs,
HE COJCPXKUT B cebe OMMUOKHU, HO HE COACPKUT W HCTUHBI, TOTOMY YTO BCSKHH pa3 HAJO €Ile
JI0Ka3aTh, YTO HEKUW KOHKPETHBIN (DaKTOp BO3JEHCTBUS JIEUUT OOJE3HU U YKpEIUIsIeT 310poBbe. K
CO’KaJICHHIO, YIPOILIEHHOE IMpEACTaBIE€HUE, YTO BCE, YTO BEJET K 3J0POBBIO0 WM CIIOCOOCTBYET
310POBBIO, TOJDKHO IPUMEHSTHCSA B MEAMIIMHE, Y HAC IIMPOKO PaCIpOCTPAHEHO, a OTCIOAA OCTAETCA
cieNaTh BCEro JIUIIb OJMH LIar K cyxiaeHuto: “llens ompaBasiBaeT cpeacTsa’, KOTopoe, Oyab OHO
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NPUHITO B MEIUIIMHE, CTAHET MPUKPHIBATh JIFOOOE HEBEKECTBO, B TOM YHCJE IIAPIATAHCTBO U
3HAXapCTBO.

OOBEKTUBHO QJITOPUTM IOCIAEAOBATEIbHBIX JEHCTBUH JOJDKEH COCTOSTh W3 OICHKH
INPUYMHHO CJICJCTBEHHBIX CBSA3€H pPa3BUTHS MATOJIOTMH, CPABHEHUS METOAUK JIEYEHUs IO
UEPAPXUUHBIM KpHUTEpUsM (0€30MacHOCTh, IKOJOTUYHOCTH, IBOJIOIUOHHOCTh U JIp.), ITUYCCKOU
IIPUEMIIEMOCTH METONUKU JiedeHUsl. C TOUKHM 3pEHMS FOPUCIIPYICHLIMH, B OCHOBY IPEAJIaraeMoro
QITOPUTMA JOJKHBI OBITh MOJIOKEHBI TaK Ha3bIBAEMbIE MPE3yMITIUUA OAWTEIHLHOCTH, BUHOBHOCTH,
pucka u T.4. OTHaKO Ka3yUCTHKA ITUX MOHSATHI MOXET 3aIllyTaTh HEe MPOQPMIbHBIX CIIEHHUAINCTOB U
MAalMEeHTOB, HAIPUMEP, B UHCTPYKLIHUH 110 TPUMEHEHHUIO.

CTaHOBUTHCS OYEBUIHBIM, YTO AITOPUTM JOKEH 00J1aaTh pa3BETBICHHOM CEThI0 OOPaTHBIX
CBSI3CH C MO3TAITHOW OLIEHKOW PUCKOB B (DM3UKO-MAaTEMATHUYECKHUX U ITUYCCKUX MOJIENSIX Mpoliecca
UCIIONIb30BAaHUSI W TakuM o0Opa3oM, TMpeBpallaercs B CUCTEMHO-HENMHEWHbIM. Hampumep,
BHEJIPCHUE JICUCHUS OIyXOJICH 00JydeHHEM BBICOKOAPHEHEPTHMTHUCCKHX H3JIYUCHHH B HadaJIbHOU
CTaJUy MPUBOAMUIIO K JieTalbHbIM ucxonaMm. C BBeleHHEM MOJAOOHOW OLEHKU PUCKOB CTATUCTHKA
JETANIbHBIX MCXOJOB KAYECTBEHHO M3MEHWJIACh B JIydlllyl0 CTOpoHY. OJHAKO MpaKTHUKa
9KCIIEPUMEHTATOPOB YYMUTCS Ha CBOMX OIIMOKax, MO-TIPEKHEMY, HUMeeT MecTo ObiTh. Tak B
PEKOMEHIAIUSAX JI0 CHX IOP YKa3bIBAaeTCs, YTO JOJDKHA OBITh 00s3aTeNIbHAS IPEIBAPUTEIIbHAS
IPOBEpPKAa Ha JKUBOTHBIX, MPOBEJCHUE HCHBITAHUN Ha MalMeHTaxX-I100poBOJbIAX, MPUMEHHE B
Havaje TOJIbKO /il O€3HaNeKHBIX OONBHBIX IPU YCIOBHUH, YTO 3TO OKAXET XOTS OBl
MICUXOJIOTHYECKYIO TMOAJIEPKKY TMAalUeHTy, UMEThCS BO3MOXKHOCTh MOCTOSIHHOTO HAONIOACHUS 3a
MAallMEHTOM W  NPUHATHEM  O3KCTPEHHBIX MeEp, NapajuIeIbHO MPOJOKATh  IPOBOAHUTH
npodeccuoHanbHble KIMHUYECKHE WCCICIOBAHMS, 3apyYUThCS MOAJAEPKKOW MEXIYHAPOIHOTO
Hay4YHOT'0 MEJIMIIMHCKOTO COO0IIecTBa U T. 1. [2].

OcoOyro ponb B cucreMe OWOITHYECKUX MPHUHIMIIOB UTPAIOT B STOM CBSA3H MPHUHIIMIIBI
[IEJIOCTHOCTU U YS3BUMOCTH, BBIJIBUHYTHIE €BPOIICUCKUMHU U aMEPUKAHCKUMU OUOdTUKaMH [2]. D1r
MPUHIUIIBI HEMTOCPEICTBEHHO CBSA3aHbl C YBAXEHUEM JIOCTOMHCTBA JIMYHOCTH M 3aTPArMBarOT Kak
(bU3HYECKYI0, TaK U TICUXUYECKYIO0 CTOPOHBI JKU3HEACATEILHOCTH MHAUBHUIA. CBeIeHnEe BOCAMHO U
CpaBHEHHME aMEpHUKAaHCKOM ¥ 3amaJHOEBPONEHCKON Mozeneld OHOATHYECKUX IPHHIIUIIOB
JEMOHCTPHUPYIOT, TPEXKJAE BCEr0 HUX KOHIENTYyaJIbHOE €IWHCTBO H, CJEHOBATEIbHO,
“paboTocnocoOHOCTE” B NMOOBIX ycnoBusx. C Apyroil CTOPOHBI, MPOCIEKUBACTCS U HEKOTOPOE
paznuuue. AMepUKaHCKash MOJENb OPUEHTHPOBaHA, B OCHOBHOM, Ha B3aWMOJCHCTBHE Bpadya M
MaIUeHTa, B TO BpeMs Kak eBporeiickas HOCUT OoJee “COLMONOrM3uPOBAaHHBIN XapaKTep.

Takum oOpazoM, GyHIaMEHTAIbHBIE OMOATUYECKHE MPUHIUIIBI JOKHBI pacCMaTpPUBATHCS,
KaK HOPMBI 3alUTHhl JUYHOCTH B TOCYAapCTBE, 4TO TpeOyeT Oojiee MIMPOKOTO COIUAIBHOTO
KOHTEKCTa CIPABEJIMBOCTH, OTBETCTBEHHOCTH M COJUIAPHOCTU. BOMpOCH 3TUKKM W TpaBa IpHU
MpoBeAeHNN OHO(DU3MUECKUX HCCIEeIOBAaHUI B3aMMOCBA3aHBl M HMX CIEAYeT paccMaTpUBaTh
COBMECTHO. OJTHKa HaKJIaJbIBa€T ONpENEICHHbIE 00s3aTeNbcTBA HAa Bpada, a MalMeHTaM
MPEIOCTaBIsIeT TapaHTUU OE30MaCHOCTH emle JO0 TOro, KaKk OHU OyIyT HOPHIWYECKU
chopMynupoBaHbl M 3aKpEIJIEHbl 3aKOHOM. B 3TOM ciydae BBICOKME JTUYECKHE MPUHIIUIIBI,
JeXallire B OCHOBE JICMCTBUI Bpaya, KOTOPbIN y4acTBYET B MPOBEICHUN KIMHUYECKUX UCIIBITAHUM,
JIOJ>KHBI CHITPATh PEMIAOIILYIO POJIb.

1. Pexxum noctyna: http://zakonl.rada.gov.ua/cgi-bin/laws/main.cgi.

2. Manuneyxuii I'.I., Kypoomos C.II. CunepreTuka, MpOTHO3 U YIPABJICHUE PUCKOM /
Cuneprernyeckas napaaurma. HemmHeliHOe MBITIUIEHHE B Hayke M McKyccTBe. - COOpHUK cTaTei
non pen. mpod..-M.: Ilporpecc-Tpaaunus, 2002.- 496 c.
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3aBaaHHA MeJUYHOro ¢Qi3MKa H040 3a6e3neYeHHs pajialiiiHOro 3axucry
Nali€HTIiB
Medical physicist tasks for ensuring of patients radiation safety

OPTAHM3AIIUS KOHTPOJISI KAYECTBA OBOPYJIOBAHUS 1151 IYUEBOM
TEPAIINU

HNU.I'. TapyTun

PHIIL] oukonocuu u meouyunckou paduonroeuu um. H.H. Anexcanoposa, e. Munck, berapyco

[TostBuBIIMECS B TIOCIHEAHHME TOJbl MEKIYHApOIHbIE M HAalUMOHAJIBHbIE HOPMATHBHBIE
JOKYMEHTBI W PYKOBOJCTBAa B 00JacTH paMallMOHHOW OE30MaCHOCTH  OOpaIlaloT Cephe3HOe
BHUMaHHE Ha HEOOXOAUMOCTh PaAMALMOHHON 3alIUThl MAIMEHTOB MPH MEAULIMHCKOM OOIY4YEeHUH.

JlyueBas tepanus (JIT) 310KkauecTBEHHBIX HOBOOOpA30BaHUN OTJIMYAETCS OT JPYT'MX BUJIOB
MEAMIMHCKOTO OOJIy4Y€HHs BBICOKMMHU 3HAUYEHHUSMHU IOTJIOIIEHHOM /103bl, CIIOCOOHBIMU BBI3BaTh Y
NAllMEHTOB KaK CTOXAaCTHYECKHE, TaK M JETePMUHUPOBAHHbIE (PQPEKThl — JIyueBble PEAKLUU U
OCJIO’)KHEHHUSI CO CTOPOHBI HOPMaJbHBIX TKaHEHl. B oTiMume OT JUarHoCTHYecKOro oOJIydeHHs B
JIy4E€BOM TEpaIlMU HEJb3s MPOCTO YMEHBILIATH MOTJIOMEHHYIO 103y, I0JIy4aeMyl0 ITallueHTaMH, 4TO
CBSI3aHO C HEOOXOAMMOCTBIO JIOCTHMIKECHHUSI KaHIEpUIUAHOTO 3((dekra B OIMyXoJieBOM oyare Wid
MUIIIECHH.

[ToaTomMy riaBHBIM TpPEOOBAHHMEM K PaJMALMOHHON 3aIIMTE MALMEHTOB B JIyYE€BOM Tepamnuu
ABJIAETCS MAKCHMaJIbHO BO3MOXXHO€ CHI)KEHHE J103bI B HOPMAJbHBIX TKaHAX M OpraHax,
OKPYXKAalIOIIMX MHIIEHb. BTopbiM TpeOoBaHuMeM sBIsieTCs 00s3aTENbHOE YCTAaHOBIICHHE B
OTJENICHUSX paJMallMOHHON OHKOJIOTMM CHCTEMbl rapaHTHM KadecTBa jydeBoi Tepanuu (I'KJIT).
I'KJIT mpencraBisier coOOi CUCTEMY MEPONpPUITHM, HAIpaBJIEHHBIX Ha COOJIIOJIEHHWE KayecTBa
TEXHOJIOTHYECKOI0 Ipolecca JIyueBOM TEpaluu Ha BCEX €€ JTanax. B yclnoBHSAX NPUMEHEHHs
I'KJIT WCKIIOYUTENBHO BaXXHBIM CTAHOBUTCSA koHTposib kadectBa (KK) mnpumensemoro
00OpyJIOBaHUS: TraMMa-TepaleBTHYECKUX alnapaToB s AMCTAHIMOHHOIO M KOHTaKTHOTO
0o0ny4yeHusl, MEAMIMHCKUX YCKOPHUTENEH JJIEKTPOHOB, CHUCTEM IUJIaHMPOBAHHUS 0OJydeHus,
PEHTI€HOBCKUX CUMYJISATOPOB, TOIIOMETPHUUECKUX TOMOTpadoB U 1p.

Jln1st yero HyKeH KOHTPOJIb KauecTBa 000pyAOBaHUS JUIsl Ty4EBOU Tepanuu?

Kontponbs kadecTBa 000pymOBaHMs, MPUMEHSIEMOro AJs IMPOBEACHHUS JIy4yeBOW Teparuu,
ABJISIETCS] B&KHEHIIIMM COCTABHBIM 2JIEMEHTOM CUCTEMBI FapaHTUU €€ KayecTBa. KOHTpoIIb KauecTBa
— 3TO OJMH M3 DJIEMEHTOB PAJAMALIMOHHON 3aIlUTHI MALIUEHTOB, MOJBEPralOIUXCs MEIULIUHCKOMY
TEparneBTUYECKOMY 00JTyUEHUIO.

KoHTtposab kauecTBa 000pyA0BaHUS MO3BOJISIET MOJHOCTBIO BhIJIEPKATh 3a/laHHbIE TTapaMeTPhbl
I1aHa OOJY4YEeHMsI BCEX MallMEeHTOB, M30€XKaTh MX MepeoOIydyeHUs] WU HEeJ000TydeHMs], a TaKkKe
Pa3IMYHBIX TSKENBIX PaJUallMOHHBIX aBapHil, KOTOPbIE MOTYT BBI3BaTh HEXEJATEIIbHBIE OCTpPHIE
ay4eBble 3G (HEKTHI.

Kontpons kayectBa 000pymOBaHMs, MPUMEHIEMOro B JIy4eBOW Teparuu, SBISETCS OYEHb
Ba)XHBIM AJIEMEHTOM TEXHOJIOTHYECKOTO MPOIIecca JIyUeBOro JIeUeHUs! O0IbHBIX.

VIMEHHO 3TOT JIEMEHT IPOBEPSIETCS B IEPBYIO OYEPEb IIPU IPOBEJECHUH AyAUTA B KIIMHUKAX,
npeTeHayonux Ha 3Banue LlentpoB komnerenuu no onkonoruu (LIKPO).

Yro ke Takoe KOHTPOJIb KauecTBa 00OpYIOBAaHHUS JUIA JIy4€BOW Tepaluu U Kak €ro MO>KHO
OpraHu30BaTh?

1. Opranusanus KOHTPOJIS KauecTBa 000pyIOBaHMs B OTAENEHUSX JIy4eBOM Tepanuu J0DKHA
IIPOXOJNTh OJHOBPEMEHHO C OPraHM3aled W BHEIPEHUEM BCEM CHCTEMBI TapaHTHUH KayecTBa
TEXHOJIOTMYECKOI0 MPOLECCa JIyYEBOT O JICUCHUs TAl[UEHTOB.
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2. OCHOBHBIMH pa3pabOTYMKAMH CHCTEMBI KOHTPOJS KayecTBa OOOpPYAOBAaHHS SBISIOTCS
MEAUIMHCKNE (PU3UKU U MHKEHEPHO-TEXHUYECKUH TIepCOHAll OTEICHUN.

3. ITpoTOKOJIBI KOHTPOJISI Ka4eCTBa JOHKHBI COOTBETCTBOBATh MEXIYHAPOAHBIM CTaHJapTaM
1 TpeOOBaHMSIM.

4. B kiIuMHHKaxX MOTyT OBITh BHEIPEHBI YK€ pa3paboTaHHBIE M YTBEpKICHHBIC Ha
HAI[MOHAJHLHOM YPOBHE MPOTOKOJBI KOHTPOJS KauecTBa 00OpyIoBaHHs. DTO MOryT OBbITh U
MEXYHapOJHbIE MPOTOKOJIBI M HAlMOHAJIBHBIE MPOTOKOJBI ApYrux cTpaH. [[ns ux BHenpeHus
HEOOXO0IUMO TMOJIYYUTh Pa3pelieHre aBTOPOB WK UX PYKOBOJSIINX OPraHOB HA MPUMEHEHUE.

5. Bce mpoToKOJIbI KOHTPOJISE KauecTBa JOJDKHBI IIEPECMaTPUBAThCS MPU MOSIBIEHUH HOBOTO
0oJiee COBEPIIEHHOTO 000PYIOBAHHUS.

6. Hanbonee BaXHBIM aCIEKTOM KOHTPOJSI KadecTBa OOOPYAOBAHHUS SIBIISCTCS TPOBEACHHE
KOHTPOJISI TEXHUYECKOTO COCTOSIHUS amlmnapaToB U MpUOOPOB, MPUMEHSIEMBIX B TEXHOJIOTHYECKOM
nporecce JIT. Ocoboe 3HaYeHHE UMEET KOHTPOJIb TEX IMapaMeTPOB, KOTOPbIE BIUSAIOT HA BETHYHHY
U pacnpeereHue NOrIoMEeHHON J03bl B MUILIEHH U BCEM TeJIe AllUEHTA.

['maBHBIM JIOKYMEHTOM, pPErJaMEHTUPYIOIIUM TOJEPAaHTHBIE YPOBHU OTKJIOHEHUH OT
3a/IaHHBIX MapaMeTpOB anmnaparoB, MPUMEHAEMbIX B JIy4eBOM Tepamuu, SBISETCA JOKYMEHT
MATATD «OcHOBHOE coliepKaHUE PATUOTEPANCBTUYCCKUX MPOrPaMM: KIMHUYECKHE, MEIUKO-
dusznyecKkue acmekThl, pagualMoHHas Oe3omacHOCTh, M 3ammrTa» [1]. B srom nokymente
paccMarpuBaroTcs Takxke TpeboBanus MOK k ammaparam JydeBOW Tepamuu, 4YTO IO3BOJISICT
MPaBUJIIbHO UHTEPIIPETUPOBATH MPEICTABICHHBIE TOJEPAHTHBIE YPOBHH.

Ouenp xopowmu Aokiansl padouux rpynn Komurera mo snydeBoit Tepanuu AMEpUKaHCKOU
accolualyuy MeIUIUHCKUX (Hu3nKoB [2-5].

B HUX o4eHb MOAPOOHO PacCMOTPEHBI BOIIPOCH KOHTPOJISI KAUECTBAa raMMa-TepaneBTHYECKUX
anmapaTroB IS JUCTAaHIIMOHHOTO U KOHTAKTHOTO OOJy4YeHHs, YCKOPUTENEH OJJIEKTPOHOB U
CHEIMAJIbHO  MHOIOIJIACTMHYATBhIX  KOJJIMMATOPOB, CHUCTEM  IUIAHUPOBAHUS  OOJIyueHus,
CUMYJSITOPOB, TOMOMETPUUECKUX TOMOTpadoB, MPUOOPOB IS U3MEPEHUS T03bI.

OTaenpHO paccMOTPEHbI BOIPOCH! aAMMHMCTPATUBHOIO YIIPAaBJIEHHUS KOHTPOJIEM KayecTBa
00opyoBaHus AJis Ty4eBOM TEeparuy U TapaHTHH € Ka4ecTBa B LIEJIOM.

B mupoBoii nuTepaType MOXKHO BCTPETUTh MHOIO JIPYIMX pPa3JIMYHBIX PEKOMEHJAlUN 110
KOHTPOJIIO KayecTBa, OJAHAKO OHM YacTO MPOTHUBOpPEYAT APYr APYry, OCOOEHHO B OTHOLICHUHU
YacTOThl MPOBEPOK M MPHUMEHSIEMBIX JJISl ATOr0 MPUOOPOB U BCIIOMOraTENbHOIO 000PYAOBaHUS.
[Toaromy anmanTanusi BCEX JTUX AOKYMEHTOB K PErMOHAIbHBIM YCIOBUSAM C YYETOM COCTOSTHUS
IPOBEPSEMBIX ~ aNNaparoB, COOTBETCTBUS MHPOBBIM TpeOOBaHUSAM HMMEIOIErocs Iapka
KOHTPOJIbHBIX TPUOOPOB, SIBIISIETCSI COBEPIIEHHO HEOOXOAUMOM.

Cnenyer Hanomuutb, yto MKPE B 1976 r. pekoMmennoBana, 4ToObl HEONPEIEIECHHOCTb
HOJBE/ICHUS] TOIJIOUIEHHOM 103bl Oblia He Xyxe 5%. [l 3TOro morpemHocTbs MpPOBEAECHUS
Ka)K0ro I11ara B TEXHOJIOTMYECKOH 11enouke miaHupoBanus u nposeaenus JIT nomxHa ObITh MHOTO
MeHblle, 4yeM 5 %. Hanpumep, eciam paccMOTpeTb Bcero 3 aTama: ONpPENENICHUE JIOKaIU3aluu
OITYXOJIM, pacyeT J103bl U KaJIMOpOBKa MyYKa, - TO Ha Ka)KJOM 3Tarle MoTpedyeTcsl MOTpeHOCTh He
xyxe 4eMm 3 %. Ha caMom jene HCTOYHHMKOB HEONPEEICHHOCTEN B TEXHOJIOTMYECKOM IIpoliecce
Jy4eBOM Tepanmuu HaMHOro OoJibllle, TOPTOMY YKa3aHHbIE BBILLE HeonpeaeneHHOCTH 3% NOJKHbBI
OBITH HAMHOT'O MEHBIIIE.

i cooTBETCTBMSI TakuM CTaHAapTaM TpeOyeTcs Hajauuue HEOOXOAWMBIX CpEeACTB U
obopynoBanusi. OcoO0EHHO Ba)XKHO IMPAaBHJIBHO OLEHUTHh MOTPEOHOCTH IMpHU MOAO0pEe MepcoHaa.
Kpowme Toro, Bo3pacTtaer creneHb CI0)KHOCTH METO/I0B O0TyUYEeHHUSI.

[Tpy mpuMeHEeHHH CIO0XKHOTO 000pYJOBAaHUS BO3PACTAE€T BEPOSTHOCTH YIYUIIEHHUS KauecTBa
JIeYeHUs1, HO IIPH 3TOM HEOOXOMMO YBEJTMUYEHHOE BHUMaHUE K BonpocaM KoHTpods kadecTsa (KK).
[Tockonbky nens KK cocrouT B yiyyllleHMH JI€4EHMsI NALMEHTa, TO HENb3s WUITHOPUPOBATh
HEo0X0IUMOCTh BbICOKHMX 3aTpar Ha mnpouenypsl KK u rapantum kauectBa (I'K) B memom, Ha
3aKyIKy CIEeIHaJbHOr0 O0OpYyJOBaHUS M OOydeHue INepcoHaia. BpIcokoe KayecTBO JIeUEHUs
CBSI3aHO HEIOCPEJCTBEHHO C BBIIIOJIHEHUEM MPHUHIUIIOB KOHTPOJS, a TaKke  HaJIUu4ueM
BBICOKOOOPA30BAaHHOT'O U O0YYEHHOTO MePCOHAIA.
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KauecTBo I1yd4eBOro J€YCHHS] MOXKHO OMPEICIUTh KaKk OOOOIICHHYIO XapaKTepUCTHUKY
CITy>kObI palualluOHHON OHKOJIOTUH, KOTOpPasi OLEHUBAET €€ COOTBETCTBUE MOCTABIEHHBIM 33/1a4aM
3¢ (HEeKTUBHOTO JICYCHHS MallMeHTa. B Ka)KI0M OTIENICHNH JIy4eBON Tepamnmuu JOJKEeH OBbITh CO3/IaH
IUIaH KayecTBa, B KOTOPOM ClIe[lyeT MepeuyuCIuTh crneurduyueckue JeHCTBUS U PECYpPCHI,
OTHOCSIIIECS K JITOW ciyxk0e, a Takxke mporpammy rapantuu kadectBa (III'K), B koropoit
YKa3bIBAETCS CTPYKTYpa, MPOLEAYPHI, TPOLIECCHl U 000pyI0BaHKEe, HEOOX0AUMOE AJis 0OecreueHUs
KaueCTBEHHOT'O JIeYeHHsI OONBbHOr0. BakHO OTMETHUTH, YTO O KauyeCTBE MPOLEAYPHI CIEAYET
noayMath pasblie ee ocymectBieHus. B [II'K BxoasT Bce minaHupyeMble WIM CUCTEMaTUYECKUE
JEHCTBUS, HEOOXOAUMBIE JIJISl YAOBIETBOPUTEIBHOTO Ka4eCTBa JICYCHUS OOJILHOTO.

KonTponb kadecTBa - 3TO Mpek/e BCEro OleHKa (PYHKIIMOHAIbHBIX XapaKTEPUCTUK, KOTOPHIE
B KOHEYHOM CYETE BIIMSIOT HA TEOMETPUUECKYIO U TIO3UMETPUUYECKYIO TOYHOCTD IOJIBEACHUS J103BI.
OKCIUlyaTallUOHHBbIE  XapaKTEPUCTHUKU OOOpYAOBaHHS MOTYT U3MEHATbCA BHE3almHO M3-3a
HEUCTIPABHOCTH KAKOW-TUOO YaCcTH WIM MEXaHWYECKOW TIOJIOMKH, WM MOTYT HM3MEHSITHCS
MEUICHHO M3-3a M3HOLIEHHOCTH M cTapeHus Jertaneil. CrenoBaTelbHO, BO3HUKAKOT —JBa
CYIIECTBEHHBIX TPEeOOBaHUS: CJEIyeT TEPUOJAMYECKA TPOBOJUTH TECTHPOBAHHE  BCETO
IpUMEHseMOoro oOOpyaoBaHus, BKItouas mpubopsl, mpumensembie ans ['K, u mnpoBoauth
PErYISpHBIA  MPOPWIAKTHUSCKANA  JIO3UMETPHUYSCKUH  KOHTPOJb JJII TECTUPOBAaHUS  BCEX
MapaMeTpoB M KOPPEKTUPOBKH pPaOOTHl TEpameBTHUECKUX anlaparoB U H3MEPUTEIBHOTO
obopynoBanus. Llenp »Tux mpouenyp - obecrneueHre MOCTOSHCTBA 3a/IaHHBIX XapPAKTEPUCTHK U
bu3nYECKUX MapamMeTpoB, YCTAHOBICHHBIX BO BpeMs BBO/Ia 000pYAOBaHUS B JICICTBHE.

Xots KK o6opynoBaHust BBIOMHAETCS YCHWIMSAMU TPYIIBI PA3HBIX CICIHAIUCTOB ((PU3HKOB,
JIO3UMETPUCTOB, MH)XEHEPOB M Bpaueil), peKOMeHIyeTcs, 4ToObl mojiHasi oTBeTCcTBeHHOCTh 3a KK
o0opyoBaHusl OblIa BO3JIOKEHA HAa OJHOTO YEIOBEKAa — KBATU(UIIMPOBAHHOTO PATUAIMOHHOTO
MEAUIIMHCKOTO (pHU3MKa.

s paspabotku III'K ammapaToB BaXKHO HCIIOJIb30BaTh TAKUE METOJBI M3MEPEHUS, KOTOPHIC
SBIISIOTCS MIPOCTBIMU, OBICTPBIMU U BOCIIPOU3BOJUMBIMU. METOAMKU TECTUPOBAHUS JOKHBI OBITH
CIIOCOOHBI PA3IMUUTh HU3MEHEHHUs IapaMeTPOB, KOTOPHIE MEHbIIE, YeM JOMYCK WM YpPOBEHb
JneicTBUS (TecT AODKEH OBITh TaK TOYEH, YTOOBI JIBa CpPEAHEKBAAPATHUYHBIX OTKIOHEHUS B
W3MEPEHHH TlapamMeTpa ObUIM MEHbIle, YeM YpoBeHb jneictBusi). I[lpm »sTom crnemyer
MHUHUMHU3UPOBATH BPEMS €r0 MPOBEACHUS.

Bce mpoTokonel TOMKHBI MpeaycMaTpuBaTh MPOBEPKY XAPAKTEPUCTUK OOOPYIOBAHUS TIPHU
€ro NpUeMKe B KIMHHUYECKYIO MPAKTHUKY, a TaKKe€ TEKYIIYI ITPOBEPKY MapaMeTpoB B IPOLECCE
JKCIUTyaTaluu. Tekymasi TMpoBEepKa TMOApa3JeNsaeTcss Ha €XKEIHEBHYIO, €KEHEACIbHYIO,
€XKEKBApPTAJBbHYI0 U €XKErogHyro. IIOHATHO, 4YTO Henb3sd E€XKEIHEBHO, €XKEHENCIbHO |
€KEKBApPTaJbHO MPOBEPATH BCE MAapaMETPhl, OTBEYAIOIINE 32 MPABHIbHBIN OTIYCK MOTJIOMEHHON
JI03BI MallMeHTaM. B 3ToM citydae anmapaT HEe CMOXKeT paboTaTh B pexkuMe oO0nydeHust 601bHBIX. B
MPOTOKOJAX HYXHO pa3feisaTh XapaKTEepUCTUKH anmapaToB Ha TPYNIbI, CBSA3aHHBIE C
paauanoHHONW O€30MacHOCTHI0 TEpCOHala W TMAlMEHTOB, OTBEYAIOIIME 32 TEeOMETPUUYECKHE
XapaKTePUCTUKU TOJEeH OOMydeHHs, 3a paJuallMOHHBIE XapPaKTEPUCTUKH TOJIed OONydeHHs, 3a
paboTy cucTeM YIpaBlieHUs ammapaTamu, 3a paboTy YCTPONCTB U CHCTEM, HCIOIb3YEeMBIX MPHU
YKJIAJIKEe TTAIIUEHTOB Ha JICYEOHBIX CTOJaX U JO3UMETPUUECKUN KOHTPOJIb OOIYyUCHHUS.

[TpoBepka kaxaoro ammapata U MpuOOpa Ha KadyecTBO JOJDKHA HAYMHATBCS C  BBIOOpa
mpuoOpeTaeMbIX amnmapaTtoB W MPUOOPOB, TMOCKOIBKY OHM MOTYT CHJIBHO OTIHMYAThCS JAPYr OT
Jpyra.

KymieHHbIii 1 BBEJCHHBIN B SKCIUTyaTaIlMIO anmapar Wik IpruOop AOKEH OBITh TIOJIBEPTHYT
CepuHd HEOOXOAMMBIX HCHBITAHUN C LEJIbI0 YCTAHOBIEHHUS €ro COOTBETCTBHS CHEIH(pUKAIIUU
npou3BoAUTENs. B TO e BpeMsi JOMIKHBI OBITh pa3pabOTaHbl OCHOBHBIE TECThI, KOTOPHIE MOTYT
JIeYb B OCHOBY KOHTPOJISA, IPOBOJAUMOTO NIEPUOAUYECKH B TEUEHUE IKCIUTYaTal[UH.

JlelicTBME TIPOTOKOJOB HE  JOJDKHO PACHpPOCTPAHATHCA HA TMPOBEPKY TEXHUYECKHX
XapaKTepUCTUK amnmnapaToB, HE BIHUAIONIMX HEMOCPEICTBEHHO Ha TE€OMETPHUIO OOIy4YeHHUs, U
MPEIYCMOTPEHHBIX HHCTPYKIMSMH IO S3KCIUTyaTaldHd, BXOJSIIMMUA B KOMIUIEKT TEXHUYECKOM
JIOKYMEHTALUH.
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[TpoTOKONIBI OJKHBI OBITH CO3JAHBI JJIS KaXJOTO ammapara W npubopa ¥ A CHUCTEM
IUTAHUPOBAHUS OOJIydYeHUS (kak Ui TEXHUYECKHUX CpPEICTB, TaK M JUJII MaTeMaTUYeCKOro
obecnieyenus). Oco0oe BHUMaHHUE JOJDKHO OBITH YJEIEHO BO3MOXXHOCTH MPOBEIEHHUS KOHTPOJIS
KAaueCTBa CIIELMAIUCTAMU IPYTUX CTPaH U MEXITYHAPOJIHBIX OPTaHU3ALUN.

B 2003 rony B @OUWHISHIUU BIEPBBIC MPOBEICHA MEXAYHApOAHAs KOH(MEPEHIIUS,
MOCBSAILIEHHAs KIMHUYECKOMY ayIUTy B JIy4eBOM Tepamnuu [7]. YdacTue B TaKUX MEKIYHAPOIHBIX
porpaMmax J10JIKHO ITPUBETCTBOBATHCS.

OneparvBHas MpoBepKa JOHKHA MPOBOAUTHCS KaKIbld pa3 mepel] MpuMeHeHueM mnpudopa
JUISL U3MEPEHUN WM NPU BKJIIOYEHHUM almapara yrpoM. Pe3ynpTaTbl TECTOB KaXAblH pa3 JOJKHbI
3aMKUCBIBATHCS U COXPAHATHCS.

Ecnu pe3ynbraThl TECTUPOBAHUS OKa3bIBAIOTCS HEYAOBICTBOPUTEIBHBIMHU, IOJDKHBI OBITH
IOPUHITHL COOTBETCTBYyIOIIME aeiicTBus. KoHTponp kadecTBa NpuOOPOB HE JOJDKEH OBITh
CIIy4aiiHbIM, a JIOJDKEH OBITh BKJIFOUEH B OOIIYIO TPOrpaMMy rapaHTHH KauyecTBa.

JomxHa OBITH yCTaHOBJIEHA MpOIEypa KOHTPOJS KauecTBa JUIs BCEX HCTOYHHKOB, BCETO
000pyJOBaHUs, BCEX CUCTEM (HAIpUMeEp, CUCTEM IUIAHUPOBAHUS OOIYyYEHUS, UCIOJIb3yEeMBIX B
Jy4eBOM Tepanuu) U BCEX aKCecCyapoB, KOTOPbIE MPUMEHSIOTCS.

PesynbTaThl BceX MPOBEPOK JOJKHBI 3aHOCUTHCS B CIIELUAIBHO Pa3pabOTaHHbIE TPOTOKOJIbI
U XPaHUTHCS B TEUEHUE BCErO CPOKa CIIYKObI UCIIONB3YEMBIX alnaparoB, IPUOOPOB U cUCTEM. DTO
MO3BOJIIET NEPCOHAY ONPEICIUTh MOMEHT YXYAUICHHS KaKUX-TO XapaKTEpUCTUK U BOBpEMs
IPUHSITH MEPHI IO YCTPAHEHUIO JaXKe MENIKUX AeeKTOB, 0OHAPYKEHHBIX MPU MPOBEPKaX.

Kpome TOro, 3Tv npoTOKOJBI ABISETCS JOKA3aTEIbCTBOM KayeCTBEHHON pabOThI IepcoHana
IIpU IPOBEJICHUH BHEIIHUX NTPOBepok opranamu CansnuaHanazopa u ['ocatroMHaazopa.

Onnako, HEOOXOIMMO OTMETHUTh, YTO BCE JOKYMEHTHI IO KOHTPOJIO KadyecTBa JIy4eBOU
Tepanuu, BBINYIIEHHbIE Ooyiee 5 NeT Hazal, y)Ke€ He OTBEYAIOT COBPEMEHHOMY YPOBHIO Pa3BUTHUS
TEXHUKU OOJITydeHUsI U JOJDKHBI OBITh IEPECMOTPEHBI KaK MO>KHO CKOpEe.

HekoTopsie HOBbIE COBpEMEHHbIE MEIUIIMHCKHE TEXHOJOTMH BKIIIOYAIOT B ce0sl oreparui,
KOHTPOJIUPYEMBIE C MOMOULIbI0 KOMIIBIOTEpPA: MEXAHU3UPOBAHHBIM CaMOBBIIBUTAIOUINICS KIIUH;
JUHAMUYECKUI KIIMH; MHOTOJIETIECTKOBBIM KOJUIMMATOpP; 3alUCBHIBAIOIIME U KOHTPOJIUPYIOIINE
CUCTEMBI; ClIelIMaJIbHbIE YCTPOMCTBA s MoiaydeHus: uzoopaxenus B nyuke EPID: pentrenoBckoe
o0opynoBaHue sl KOHTpoisl mosiokeHust manueHnta On  Line, oOopynoBanue — uis
CTEPEOTAKCUYECKOr0 OOJY4YeHHs] W HMHTPAONEpAlMOHHON Jy4deBoi Tepanuu U Jp. KoHTpoib
Ka4yecTBa 3THUX CHCTEM 3aKJIIOYaeTCs B TOM, YTO NPUHLUIBI O€30MacHON paboThl, YCTAaHOBJIEHHBIE
M3TOTOBUTENSIMH, JOJDKHBI CTPOro coOusonarbes. Kak mokasplBaeT OMbIT, C YBEIMUYEHUEM 4YHCIa
HOBBIX TEXHOJIOTHMH OyayT NOSBISATHCS YHHMBEpCAJbHbIE DPYKOBOJCTBA Ul OOecHeueHHsl HX
KayecTBa.

(910 MHeHue paboueil rpynnbsl Komutera mo j1iyueBoil Tepanun AMepUKaHCKON Acconuanuu
Menuuunckux Ou3ukoB).

Peanu3zanus 3TUX METOAMK OCYIIECTBISIETCS Ha yCKopuTensix ¢upMel «Bapuan» (anmmaparsl
“Trilogy” , “TrueBeam”, “Unique”), ¢pupmbl «nekrta» (anmapatsl “Sinergy”, “Axesse”), GUpMbI
«CumeHcy (ammapat “Artiste”).

Metoauku 0o0JIydeHHs] HOCAT pasziuuHble Ha3BaHus, Hanpumep “Rapid Arc”, “Volumetric
Modulation arc therapy VMAT”, Intensity Modulation radiotherapy IMRT” “Stereotactic
radiation” 4D irradiation” wim «AganTUBHAS PATUOTEPATTHSI.

Ha anmaparax npuMeHSIOTCS MHOTOIUIACTHMHYAThle auadparmsl, coaepxamme a0 160
MJIACTUH PA3IMYHON TOMIMHBEI (0T 2,5 10 10 MM Ha H3OIIEHTPE), 3aBUCSIICH OT BBITOJHIEMBIX
MeTonuK. Jlms koHTpons kadecTBa wucrnonb3ytorcs cuctembl EPID (Electronic Portal Image
Devices), OBI (peHTreHoBCKHi amnmnapar, yCTaHOBJIEHHBIN Ha IITATUBE YCKOPUTEIS) U T.1II.

Crnenyer yuyuThIBaTH TOT (AaKT, YTO B JIyUYEBOW TEpamuu TMOSBUINCH HOBBIE THUIIBI
yCKOpUTENEeH, KOTopble padOTalOT MO JAPYrUM MeToJuKaM oOnydeHusi mnaiueHtoB. K Takum
anmapataM MOXHO OTHeCTH Yyckoputenb «KubepHox», amepukaHckoil ¢upmer “AccuRay”,
amepukaHckuil ammapar “TomoTherapy” oaHoumenHoil ¢upmbl, a Taxke anmapatr “VERO”
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SIOHCKOM KoMmauuu “Mitsubishi”. OcoOEHHOCTBIO 3THX METOMHK SBISIETCI TO, YTO OHU
UCTIOJIB3YIOT OOTYICHHE MUIIICHH 10 YaCTSAM: 110 OTICIBHBIM 00J1aCTSIM HJIH 10 CIIOSIM.

JI1st 5TUX anmaparoB, a TAK)Ke JJIsS HOBBIX T'aMMa-TepalleBTHUCCKUX armnaparoB Tuma «I'amma-
Hoxx» 1moka HeT MeKTIyHapOIHBIX PEKOMEHIAINI IT0 KOHTPOJIIO KaueCcTBa UX PadOTHI.

DTO elle MpeICTOUT cJeiaTh, B IEPBYIO OYEpeib TEM, KTO UMEET 3TH amlmapaThl 1 Ha HHUX
pabotaer. JIyis BCeX 3THUX CHCTEM MW amllapaToB B IEJIOM HEOOXOJHMMO pa3padaThiBaTh HOBBIC
MPOTOKOJIBI KAUECTBA.

Kpome oOnyyaronux amnmapaToB HEOOXOJHMMO CO3/1aBaTh HOBBIC IPOTOKOJIBI KOHTPOJIS
KauecTBa JIJIsi CHCTEM IUIAHMPOBAHUS OOJYYCHUS, HOBBIX CUMYJISTOPOB, FaMMa-TEPalleBTHUYCCKUX
anmnaparoB JUISl KOHTAKTHOTO OOJIydeHHs, YKOMIUICKTOBAHHBIX PEHTICHOBCKMMHM amapaTtaMu JijIs
KOHTPOJIS BBEJICHHS HMHTPACTATOB. DTO OCOOCHHO Ba)XXHO IPH IPOBEIACHHHM BHYTPUTKAHEBOM
TEpaIKK OMYXOJICH MpeACTaTeIbHOM JKeJIe3bl, FTOJIOBBI U IIIeH, PsJia IPYTUX JTOKATH3AIHM.

Heo0xoauMo co3iaBaTh MPOTOKOJIBI M JUISI HOBBIX JIO3UMETPUYCCKHUX HMPHOOPOB: MAaTPUUHBIX
JETCKTOPOB, TEPMOJIIOMHHECLICHTHBIX JO3MMETPOB, MPUOOPOB IS IMPOBEPKH PEHTICHOBCKOIO
000pyIoBaHus1, BCTPOSHHOTO B 00JTy4JaIoIe armaparsl.

[TpoBeneHue ¢uznkamMu padbOT MO KOHTPOJIO KadecTBa O0OPYIAOBaHHS, MPUMEHICMOIO B
Jy4eBOW Tepanuy OYCHb YacTO HATAIKWBACTCS HA COMPOTHBIICHUE KIMHHYECKOTO IEPCOHAIA,
0COOCHHO B T€X CIIyYasx, KOTJa ammapaThl CHIBHO 3arpyKEHbI JICUSOHBIMU ITPOLICYPAMH.

Tem He MeHee, MEIULIMHCKHE (PU3MKKM W HMHXKCHEPHI JOJKHBI IOCTOSHHO OKa3bIBaTh Ha
MEJMKOB JaBJICHHE C IICJIbI0 NMYHKTYaJIbHOI'O BBIMOJIHCHHS TpaduKa MPOBEACHHS IIPOBEPOK M
J0OWBATHCS BBIICIICHNS BpEMEHH Ha araparax Jiisl IPOBEIACHHSI 3TOW paObOTHI.

DU3UKO-TEXHUYECKHI IEPCOHAIT

MenuuuHcKui Gru3nk u3 pacuera 1 JOJDKHOCTD
Ha KaXJIblil YCKOPUTEIh

MenuuuHcKui Gru3nk u3 pacuera 1 JIOJDKHOCTD
Ha 2 raMmMa-anmnapara

MenuuuHcKui Gru3nk u3 pacuera 1 JIOJDKHOCTD
Ha 2 anmnapara Ui
KOHTaKTHOT'O 00JIy4yeHus

Menunuackuii pu3nk u3 pacuera 1 JOJKHOCTD
Ha 2 CUMYJIATOpa
(KOMIIBIOTEPHBIX TOMOrpada)

MeauuuHcKkuil pusuk u3 pacuera 1 JIOJDKHOCTD
Ha 2 CUCTEMBI
JIO3MMETPUYECKOT O IIJIAHUPOBAHUS

B Pecniy6nike benapych B TeueHue MOCIEAHUX HECKOJIBKUX JIET MPOBOJAUIACH WHTEHCHUBHAS
paboTa 1Mo co3AaHNI0 HAIMOHAILHOM METOAMYECKOM 0a3bl /sl OCYIIECTBICHUS KOHTPOJIS KauecTBa
000py/0BaHusl, MPUMEHSIONIErocs B JIy4eBOM Tepamuu 3JI0KaYeCTBEHHBIX HOBOOOpasoBaHuil. C
1999 roma B Je4eOHBIX OHKOJOTHYECKHX VUPEXKICHUSX MPUMEHSIOTCS TPOTOKONBI IS
onpezenenus noriouieHHoN 1036l B JIT potonamu c sneprueit soiie 1 MB; potonamu ¢ sneprueit
ke 0.3MB; sekTpoHaMH BBICOKUX SHEPTUi U B KOHTAKTHOM OOJIYYEHUH .

B I'Y «<HWU oHKONOTHU ¥ MeTUITUHCKOM paauoioruu uMm. H.H. Anekcanaposa» B 2003-2007
roJiax CO3/IaHbl U YTBEPKIACHB MUH3IPAaBOM PECITYOIUKH HMHCTPYKIIMH 110 TPUMEHEHUIO KOHTPOJIS
KayecTBa raMMa-TeparieBTUYECKUX amlapaToB JUIsl AMCTAHIMOHHOIO M KOHTaKTHOTO OOJIydeHHs,
MEIUIMHCKUX YCKOPUTENEH BJIEKTPOHOB, PEHTIEHOBCKUX CHUMYJIATOPOB, KOMIBIOTEPHBIX
PEHTT€HOBCKUX TOMOIpad)oB, KOMIBIOTEPHBIX CUCTEM IUIAHWPOBAHMS AUCTAHIIMOHHOTO O0JIyuyeHUs
U JI03UMETPHUECKOro 000py10BaHHUS.

Hamm uHCTpyKIMu pazpaboTaHbl Ha OCHOBE aHallM3a CYLIECTBYIOIIUX MPOTOKOJIOB JAPYTHX
CTpaH MHpa, a TaKKe PEKOMEHJAIMN MEeXIYHAPOJHBIX OpraHu3anuid. B HUX y4TeHbl TpeOOBaHMs
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OCOPYCCKUX HOPMATHUBHBIX JIOKYMEHTOB [UIsi KaOWHETOB W OTACIEHUN Jy4eBOW Teparuw,
JercTByolMe B Hayane X X1 Beka.

[aker UHCTPYKIIWM Bxmouaer B ce6s WHCTPYKIMHU [0 IPUMEHEHHUIO KOHTPOJIA Ka4eCTBA:

raMma-TeparneBTHUECKUX anmnapaToB sl TUCTAHIIMOHHOTO O0JIy4YeHUs;

raMMa-TeparneBTUYECKHUX armaparoB Uit KOHTAKTHOTO OOJyYeHHUS;

MEJIUILUHCKUX YCKOPUTEJIEH 3JIEKTPOHOB;

KOMIIBIOTEPHBIX CUCTEM IUIAHUPOBAHUSI 00TyUEHUS;

CUMYJISITOPOB;

KOMITBIOTEPHBIX PEHTI€HOBCKHX TOMOTpagoB;

JIO3UMETPUYECKOTO 000PYIOBAHHUS.

Bce mnporokonbl npeaycMaTpUBAaKOT IPOBEPKY XapaKTEPUCTUK OOOpPYIOBaHMSI INPU €ro
IIPUEMKE B KIMHUYECKYIO IPAKTHKY, a TaKKe TEKYLIyl0 IPOBEPKY MapaMeTpOB B IIpoliecce
JKCIUTyaTanuu. Tekymias MnpoBepka IOAPA3LACIACTCS Ha €XKEIHEBHYIO, €KECHEIECIBHYIO,
€XKEKBApTAJbHYI0O U €XeroaHyro. I[loHATHO, YTO HeNb3sl €XKEIHEBHO, EXEHEACIbHO U
€XKEKBApTaJIbHO MPOBEPATH BCE IIapaMeTpPbl, OTBEYAIOIIME 3a NPABWIBHBINA OTIIYCK ITOTJIOICHHON
J03bI MalMeHTaM. B 3Tom ciiydae anmapaTt He CMOXKeT paboTaTh B pexxuMe o0nydeHus 60IbHBIX. B
IIPOTOKOJIAX IIPOBEJAEHO pa3/elICHUE XapakTEPUCTHK allapaToB Ha TIPYIIbl, CBSI3aHHBIE C
pajgvalMoOHHONW O€30MacHOCTBI0 TEpCOHaja W MAlUMEHTOB, OTBEYAIOIIME 32 T€OMETPUYECKUE
XapaKTepUCTUKU ToJiel OOJy4deHMs, 3a PaJUAlMOHHBIE XapaKTEPUCTUKU IOJIeH 00JydyeHus, 3a
paboTy cucTteM yIpaBlieHUs ammaparamu, 3a paboTy YCTPONCTB U CHCTEM, UCIOJb3YEMBIX IMPHU
YKJIaJIKE [TallMEHTOB Ha JIEUYEOHBIX CTOJIaX U JO3UMETPUUYECKUI KOHTPOJIb OOITYUEHHUS.

Yro Mbl OyzeMm nenathb ganblie?

1. MonepHu3anus NpOTOKOJIOB KOHTPOJISI KAUeCTBAa YCKOPUTENEH 3JIE€KTPOHOB:

MHOTOIUIACTUHYATHIX Juadparm;

cuctem EPID;

CUCTEM PEHTT€HOBCKOI0 KOHTPOJIS;

CHCTEM CHHXPOHM3ALUHU O00TyYeHHS MO JBIXaHUIO TAllUEHTOB;

CUCTEM yIpaBlieHHus o0ydeHueM o metoauke IMAT.

2. MopepHu3alus MPOTOKOJIa KOHTPOJSI Ka4ecTBa CUCTEM KOMIIBIOTEPHOIO IJIAaHUPOBAHUS
ycI0BHA 00IydeHus], B TOM uncie ranupoBanus IMAT.

1. (IAEA-TECDOC-1040. Vienna, 1998). Ned0 (1993 r.), Ned5 (1994 r.), Ne56 (1997 1.),
Ne72 (2001 1)

2. MKPE B 1976 .
3.Aymut B Tammiepe

KOHIENIIS UMOBIPHOCTI AHAJII3Y BE3IEKHU MMAIIIEHTIB Y TIPOMEHEBI
TEPAIII

1I.M. Kanemcol, C.M. JIVqKOBCLKHﬁl’Z

1) Kuiscoruii nayionanenuil ynisepcumem imeni Tapaca Illesuenxa, Kuis
2) Kibep Kninixa Cnixcenxa, Kanimaniexa

AHoTaNisg. 3anponoHOBaHO KOHIEMII0 MPOBEACHHS WMOBIpPHICHOTO aHallizy Oe3NeKkH MallieHTIB
IpU 3acTOCYBaHHI paJioTepaneBTUYHMX amapariB Ha npukiag cuctemu CyberKnife mis
HOTIEPE/DKEHHST aBapiil 3 PU3MKOM JI0IaTKOBOi CMEPTHOCTI, BPaXOBYIOUM JIOCBiJI BHKOPHUCTAHHS
HMOBIpPHICHOTO aHajizy Oe3NneKu [UIsi aTOMHHMX CTaHUId. Bu3HaueHo HIbOBMH MOKAa3HUK IS
IPOBE/ICHHS TAKOTO aHaMi3y.
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AHHOTaIII/IH. Hpe;monceHa KOHICIIIHWA MPOBCACHUA BCPOATHOCTHOI'O aHalin3a 0e30ImacHoCTH
MAlMeHTOB C IPUMEHEHUEM PaTUOTEPANICBTUICCKUX amnmnaparoB Ha mpumepe cuctembl CyberKnife
Ul TPENYNPEKICHUS aBapUil C PUCKOM JIONOJHHUTENBHOM CMEPTHOCTH, YUYWUTHIBAS OIIBIT
HUCIIOJIb30BAHHUA BCPOATHOCTHOI'O aHAJIM3a 0€e30I1acHOCTH AJIs1 aTOMHBIX CT&HI.[I/IfI. Onpez[eneH
LIGJIGBOfI IMMoKas3aTeiib 1A MPOBCACHUA TAKOI'0 aHalIn3a.

Annotation. We proposed the concept of probabilistic safety analysis for patients with applications
of radiotherapeutic devices like CyberKnife system for the prevention of accidents with additional
mortality risks, given the experience of using a probabilistic safety assessment for nuclear power
plants. We determined the target value of the analysis.

Kuro4oBi cjioBa: HaAiiiHICTh TIEpCOHAITY; aBapis; KMOBIpHICHHM aHaJli3 O€3MEKH IMalli€HTIB.
KiroueBble ¢j10Ba: HaZe)KHOCTh MIEPCOHAIIA; aBapusl; BEPOSITHOCTHBIN aHAN3 O€30MaCHOCTH.
Keywords: human reliability, accident, probabilistic safety analysis.

Beryn

[IpoGnema Oe3mekn B MPOMEHEBiH Teparmii Oepe CBiil MOYATOK 3 MOMEHTAa NEPIIUX il
3acTocyBaHb. llepmni KpokH B JIIKyBaHHS OHKOJIOTIYHHMX 3aXBOPIOBAHb 3 BUKOPHCTAHHSIM JKEPEI
10HI3YIOUOTO BHUIIPOMIHIOBAHHS CYNPOBO/UKYBAIMCH B T.4. 1 TIEPEONPOMIHEHHSAMHM TaIrieHTiB. Taki
MOMIJIKH, a00 HEHaMIWHICTh NEepCOHATY OyJiM, B OCHOBHOMY, CIIPUYHMHEHI MOTaHUM PO3YMIHHIM
BIUIMBY pajiaiii Ha TKaHWHW (PI3HWH BIUIMB pajiaiii Ha pi3HI TKAHWHHW) JIIOJUHU, a TaKOXK
BiJICYTHICTIO METO/IiB KOPEKTHOTO PO3PAXYHKY JO3HU. 3 PO3BUTKOM I[LOTO HAMPSAMY MEIUIHOI TaTy3i
3 SBJSUIMCH OLIBIN JJOCKOHANI arapaTd JJIsl JIIKyBaHHsS TAIll€HTIB, PO3POOJISIIUCh HOBI aJITOPUTMHU
po3paxyHKy Jno3W. Ha eTami CIOCTEpPe)KCHHS MAIEHTIB MICHs JIIKYBaHHS, BiIOUpanu OiIbII
BUIIPAB/IaHI CXEMH JIIKyBaHHsA. AJle, Ha >Kallb, pajialiiHi aBapii B IIPOMEHEBiH Teparmii
nponopxyBamch 1 Hagani. B ICRU86 [1] Ta 3Biti IRSN [2] HaBOASITHCSI OCHOBHI 3 HUX, IO MaJld
micie. B my6mikanisx MAI'ATE, OOH Tta Holmberg [3-5] neranbHo mpoaHanizoBaHO MPUYMHU Ta
HACJIIJIKK JTAaHUX aBapiii. Y OUIBIIOCTI BHITAJKIB OCHOBHUMHU MPUYMHAMHU PaTialliiHUX aBapiil €
JIOJICBKUH (pakTop Ta mpoOsieMu 3 00aiHaHHSIM. BHACIIIOK HEOOXiTHOCTI BUPIIICHHS HEPOCTHX
3aBJlaHb MPU ONTHUMI3allli OMPOMIHEHHS TAIIEHTIB, Ta, IK HACIIOK, YCKJIAJIHEHHS 00JIaTHAaHHS JJIs
MIPOMEHEBO1 Teparii, BiIMOBH B poOOTi 00JIaHAHHS MOXKYTh 1 HaJajai MaTH MicCIle, a Bara TaKuX
BIIMOB Pa30M 3 NOMMJIKAMU BIANOBIJTHOTO MEPCOHATY MOXYTh 3YMOBUTH 3HA4YHI HACHIJKH IS
3/I0pOB’S TAIIIEHTIB.

Cxoxa cutyarlisi criocrepiraiach B aToMmHii enepretuiil. Ilicis aBapii, mo Tpamuiaach Ha
atomHiii enektpoctaHmii (AEC) Three Mile Island B CIIA 1 ocobmuBo micisi aBapii Ha
YopHoOunbebkuit AEC, KoM TOMUIIKK MEPCOHALY pa3oM 3 BIIMOBaMHU OOJaJHaHHS CIPUYMHUIN
MOIIKO/DKEHHS aKTUBHOI 30HU. {7151 BiICTeXKEHHS 1 YCYHEHHS TaKMX aBapiiiHUX MOCIiJOBHOCTEH 3
HaWOLIBII 3HAYHUMH HACJJIKAMU B aTOMHIN €HepreTulll 0yJo MOCTaBIEHO SK 000B’SI3KOBY YMOBY
JUIS BBEJICHHS B eKCILTyaTalio i poot AEC nposenenHs iiMoBipHicHOro ananisy 6esneku (MAB)
SJICPHUX CHEPTeTUYHHX YCTAaHOBOK. B paMKkax JaHOTO MiJXO0Iy MOXJIUBO BiJICTS)KHTH OCHOBHI
npuurHU 1 nuisixu nepediry aBapii ans AEC 1 BHecTH KOpeKTHBHM B Aii mepcoHany i (abo) B
o6nanguanas AEC. Meroto 1aHOi poGOTH € BUKOPUCTaHHS OCHOB MAB s/iepHHX peakTopis s
po3po6ku kornenmii MAB B mpoMenesiii Teparii.

OCHOBHI MTOJIOKEHHS

B pexomenanisx MATATE juis perymorounx opradis no MAB [6] BH3HAYaIOThCSA HACTYIIHI
KPOKH B npoBe/ieHHi VIAB 1 piBHS Ul aTOMHUX CTaHIIi#: i1eHTH(IKAL{SA Ta FPYIyBaHHS BUXiTHUAX
MOJIM; aHami3 aBapiMHUX IOCTIJOBHOCTEH; aHalli3 CHUCTEM; aHalli3 3aJe)KHUX BIIMOB; aHaJI3
MaCUBHUX CUCTEM, KOMIIOHEHTIB Ta CTPYKTYp; OLlIHKa HaJA1MHOCTI MepCOHaNy; aHi, HEOOX1TH1 JIIs
BUKOHaHHA MAB; aHaiz KOMII'IOTEpU30BAHMX CHCTEM; aHali3 BHYTPIIHIX Ta 3OBHIIIHIX
IHIIATOPiB; OIllIHKA aBapiWHMX TIOCIIJOBHOCTEH; aHalli3 YyTJIMBOCTI, HEBH3HAYEHOCTI Ta
3HAYYIIOCTi; MOSCHEHHs pe3ynbTartiB MAB; ayaut nepesipkn sikocti MAB.

Buxongum 3 1bOoro MU MPOMOHYEMO HACTYHNHUHM MiaxXiA. 3a LUIbOBUHA MOKAa3HUK, IO
XapaKTepu3ye KIHIIEBUI CTaH 3aCTOCYBaHHsS pPaJioTEparneBTUYHOTO amapary Mpu OMpOMiHEHHi
MAIEHTIB, BU3HAUYEMO YacTOTY BHHUKHEHHS /10IaTKOBOI CMEPTHOCTI Malli€eHTa MPH IMPOBEJIEHHI
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JTiKyBaHHS Ha pajaioTepaneBTHyHOMYy amaparti (3okpema Ha CyberKnife). [lana BenmunHa
XapakTepU3ye MMOBIPHICTh y BIAXWJICHHI Bl HopMaibHOi poOoTu cuctemu CyberKnife, mro
npu3BeAe 0. TIEpPEONPOMIHCHHS TMaiieHTa (TMepeonpoOMiHEHHS KPUTHYHHMX OpraHiB Ta
MIePEONPOMIHEHHS MyXJIMHH), HEOONPOMIHEHHS MyXJIUHHU, Ta (Pi3UUHEe YIIKOHKEHHS IMalieHTa. Mu
PO3/IUIIEMO TEPEONPOMIHCHHS TMAIllEHTa HAa MEPEONPOMIHCHHS KPUTUYHHX OpraHiB Ta
MIePEONPOMIHEHHS MillleH1 onpoMiHeHHs. [laHe po3/ieHHs 3yMOBJIeHEe HEOOXIAHICTIO MMiAKPECIUTH
Te, 0 € PU3UK CMEPTHOCTI TMAIiEHTa TPU TIEBHOMY MEPEBUINCHHI JO3W B CEPEIUHI MyXJIUHH,
BHACJIIJIOK YOTO MOK€ PO3BHUHYTHCH HEKPO3 TKaHUH. ['0OBOpSYM MPO HEAOMPOMIHEHHS MYyXJIMHU, K
PO PHU3HK JIOAATKOBOI CMEPTHOCTI, MA€ThCS Ha yBasi, IO JOBIBIIM 103y, IO € MECHIIOK Bij
3allJIJaHOBAHOI, MU 3MEHIIYEMO WMOBIPHICTh JIOKAJIbHOTO KOHTPOJIO MYXJIMHH, THM CaMUM
3QTMIIIAI0YHA MOXJIMBICTh TIPOTPECYBAHHS XBOPOOH 1, SIK HAWTIPIIUK BHUITAJIOK, O CMEPTI MAIliEHTA.
Oxpemo BapTO PO3MISIHYTU PU3MK BiJ (i3MUHOTO ymkomkeHHs. [lo naHoi kareropii BiIHOCSTHCS
MOJIii, 0 MOXYTh COPUYUHUTH YIIKO/DKCHHS a00 CMEpTh MAIlieHTa HEMOB’s3aHi 3 pajiallieio, aje
BHACIIOK Oe3mocepennboi podotu obmamnanus cucremu CyberKnife. Ile moxxe Oytu: BUamiHHA
BTOPUHHOTO KOJIIMAaTOpa, 3aTHCHEHHS TMAalli€eHTa POOOTOM-MaHIMyJIsSTOPOM, TMAIiHHS MaIli€HTa 3i
ctona (RoboCouch) BHacniok mOMHUIKH pyXy cToNa (HAMPHUKIAA, IPH MO3UIIOHYBaHHI MaIlieHTa
Ha 5° mo Bici roll right, ctim moBepHYBCS B J1iBO, NEPEBHIMUBIIN MPUITYCTUMUHN JIIMIT) TOIIO.
Yacrora BHHMKHEHHs aojaTtkoBoi cMmeptHocTi (UBJIC) Bu3HaAYaeTbesl SK KUIBKICTH IOJIN
JIOJTATKOBOT CMEPTHOCTI BHACTIOK HEMPABUIBHOI pOOOTH OOJIAJHAHHS Yy TIEpepaxyHKy Ha OJHOTO
[arji€eHTa.

3a BuximHi moxii aBapii OymemMo oOuparw TOAil, IO NPU3BOAATH 1O BIAXWICHHS BiJ
HOPMAJIbHOI MPAKTHKHU JIIKYBaHHS 31 COPUUYMHEHHSM PHU3HMKY JOJATKOBOI CMEPTHOCTI Malli€HTa.
Cucremu, 3 SIKHMU TIOB’sI3aH1 BUXIIHI MOJIT aBapii €: cuctema ruiaHyBaHHs JikyBaHHs MultiPlan,
cuctema no3uiionyBanHs namienta TLS (target locating system) 1 MTS (moving tracking system),
poOoT-maHinynarop, poboru3oBanuii ctin  RoboCouch, rojoBka amapary 3  JIiHIHHHM
npuckoproBaueM. TakoXk IO IIbOTO MEPeiKy CUCTEM MOXHa JOJaTH MpoLenypy KaliOpyBaHHs
JTIHIAHOTO MPUCKOPIOBAYA, OCKUTBKHU B MPOIIECI KaIiOpyBaHHs, BHACIIIOK BIIMOBH OOJIafHAaHHS a00
MOMHJIOK TE€PCOHATy MOXe OYTH HEeMpaBWIBHO MPOKaliOpoBaHWN amapar, 10 Ipu3BeAe A0
nepeonpoMiHeHHs 00 HETOOTTPOMIHEHHS TaIli€HTa.

BucHoBku

Buxoasiuu 31 3pocTarodoi KUIBKOCTI pa/iloTepaneBTUYHMX anapariB sK B YKpaiHi Tak 1 y CBITI,
iX aBTOMaTH3allii Ta YCKIAQJHEHHs, a TAKOXK Ha MiJICTaBl HETIOOMHOKUX MOBIIOMJIEHb PO aBapii B
IpOMEHEBIN Teparlii, TUTaHHs Oe3NeKH MallleHTa € HaJA3BUYaiiHO akTyaiabHUM. Po3poOka mopeni
HMOBIpHICHOTO aHami3y Oe3MeKu Malli€eHTa B MPOMEHEBI Teparii J03BOIUTH mepeadadyatu «caadki
MiCIsI» B pOOOTI pajloTepaneBTUUHUX CUCTEM, SIK CKJIAJHHUX CHCTEM, BPaXOBYIOUH B T.Y. IOMUJIKH
NepCcoHaNly, 1 B MOAATBIIOMY, KOPUTYIOUM POOOTY CHCTEM, MOMepekaTh BUHUKHEHHS aBapiil 3
PU3HUKOM J0JJaTKOBOI CMEPTHOCTI MAIll€HTIB.
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3ABJIAHHSI MEJJUYHOT O ®I3UKA OO 3ABE3NEYEHHSA PATIAIIMHOI'O
3AXUCTY HNAIOIEHTIB

JI.B. Kupn4enko

Iigniuna depoicasna incnekyis 3 10epHoi ma padiayilinoi be3nexu Jlepaicamompe2yiio8anHs

AHoTauis. 3a0e3nedeHHs paaiaifHOTO 3aXUCTY MAIIEHTIB 111 Yac MPOBEJACHHS 1arHOCTUYHHUX Ta
TEpaneBTUYHUX MNpPOIEeNyp B MEOUUHINA pajioiorii. 3aBmaHHsS MeauuHoro (isvka mpu HaJaHHI
MOCJIYT B Ii# cdepi.

AnHoTtanus. OOecrieueHWe paJAMANMOHHONW 3alIUTHl TAIMEHTOB BO BpeMs IPOBEICHUS
JMarHOCTUYECKUX M TEPANeBTHYECKHX MPOIEIyp B MEIUIUHCKOW paavoNOTUd. 3aaHus
MEAMIIMHCKOTO (PU3HMKa MPU PEOCTABICHUH YCIIYT B 3TOM cdepe.

Annotation. Maintenance of radiating protection of patients during carrying out of diagnostic and
therapeutic procedures in medical radiology. Tasks of the medical physicist by granting of services
in this sphere.

Kurouogi ciioBa: MeawdHa pajioioris, paaialliiHAN 3aXuCT, MEAMYHI 3aKJIaau, MeIU4HI (Pi3uku,
NepCcoHa, AIarHOCTUYHI MPOIEAYypHU, TePaNeBTUYHI MPOLIETypH, IPOMEHEBA Tepartisl.

KuaroueBnle cjioBa: MGIII/ILII/IHCKaﬂ paanuoJIioTuid, pagualiuoHHaA 3amuTa, MCAUIUMHCKHUE 3aBCACHU,
MCOUILIMHCKHUEC (I)I/ISI/IKI/I, NepCcoHall, ATMArHOCTUYCCKUC NPOUCAYPHI, TCPAICBTUUCCKHUEC IPOUCAYPHI,
JIydcBas TCparus.

Keywords: Medical radiology, radiating protection, medical institutions, medical physicists, the
personnel, diagnostic procedures, therapeutic procedures, beam therapy.

Pamionoriss 3aliMae omHE 3 MPOBIIHUX MICIlb y CHCTEMiI OXOPOHH 3JIOPOB'S PO3BHHYTHX
JIEpKaB CBITY. AJDKE TUIBKH 32 JIOTIOMOTOI0 PEHTTEHOJIOTIYHUX JIOCIIIKEHb BCTAaHOBIIOETHC 70 %
BCIX KIIHIYHHMX JiarHo3iB. 3a CTaTHCTUKOK Yy CBITI IIOPIYHO MPOBOAUTHCS OuIbIie 2 MIIPI.
PEHTIE€HOJIOTTYHHUX JTOCITIJIPKEHb,
32 MJH. SAEpHO-MEIUYHUX 1 5,5 MIIH. paaioTepaneBTUYHUX mporenyp. i mOKa3HUKH 3 KOKHUM
POKOM 3pOCTatOTh.

Ha choroani mpakTHYHO KOXKHA JIFOJWHA OMPOMIHIOETHCS MiJl Yac MPOBEACHHS MEIUYHUX
Ipoueayp, MOB'SI3aHUX 3 BUKOPHCTAHHSAM JIKEpes 10HI3YI04WOro BHUIIpOMiHIOBaHHS. (mamni-ZIB).
[lepen MequuHUMH 3aKIagaMHu Y KpaiHU MOCTa€e 3aBJaHHS MOKPAIICHHs PaAialliifHOTO 3aXUCTy MpU
MEIUYHOMY OINPOMIHEHHI TMAIlIEHTIB, METOI SKOTO B IIJIOMY, € 3a0€3TeYeHHs JIIOJIUHU
BIJIMOBIIHUMH CTaHAApTaMH 3aXUCTY BiJ] LIKiJIMBOTO BITUBY 10HI3YIOUOT'O BUIIPOMIHIOBaHHS MPH
OTpUMAaHH1 KOPHUCTI BiJ] HOTO BILIUBY.

Pamiamiiiamii  3axuct  0a3yeTbcsl HAa  MPHHIMIAX:  BUIOPABAAHOCTI,  ONTHUMI3aIlil,
HENEPEBUILEHHS, Ta PEryII0EThCSI OCHOBHUMU MIKHAPOJHUMU Ta BHYTPILIHIMU JOKYMEHTaMHU, K1
pPErIaMeHTYIOTh 3aXUCT JIIOJAMHU TPHU 3AIHCHEHHI MPaKTUYHOI MisIbHOCTI, TOOTO MisIIBHOCTI,
noB'si3aHoi 3 3acrocyBaHHsM J[IB, B ToMy wumcCii 1 3aXHCT MAIi€HTIB TiJ 4Yac MEIUYHOTO
OTPOMIHEHHS.

SxicHui 1 HaAIMHUM 3aXUCT MAILIEHTIB NMPU IPOBEACHHI MEIUYHOTO OMPOMIHEHHS 3aJ1€KUTh
nepeayciM Bij:

1. Kpami¢ikarii nepcoHany MeIMYHOI YCTaHOBH, JOCKOHAIOTO BOJIOAIHHS HUM TEXHOJOT1SIMA
OTMPOMIHEHHS Ta B 3HAHHA MOXJIMBOCTEH JJsi OMNTUMI3allii 3aCTOCYBaHHS 10HI3yHOUOTO
BUITPOMIHIOBaHHS.

2. OOGrpyHTyBaHHS IPOBEACHHS MPOIIETyPH MEIUYHOTO OIIPOMiHEHHSI.

3. HasBHOCTI Ta NpaBWIBHOTO (PYHKIIOHYBAHHS CHUCTEMHM JOKYMEHTYBAHHSI IPOLECIB
MPOBEJICHHS MEIUYHOTO OTIPOMIHEHHS.

4. HasBHOCTI SIKICHOTO OOJIaJlHAHHS JUIsi TIPOBENCHHS IarHOCTHKU Ta Tepallii, a TaKoxX
JOTPUMaHHS YMOB MOTO eKCIUTyaTallii (mepeBipku, KaniopyBaHHs, Balilalliil, IepeBipKH TEXHIYHOTO
CTaHy, IOTPUMaHHS MPOEKTHUX YMOB €KCILTyaTallii).
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6. JloTpuMaHHS Ta HE MEPEBUIIICHHS PIBHIB JJO30BUX HABAaHTA)KCHb HA TAIlIEHTIB.

7. SlkocTi TPOBENECHHS PEHTTCHOJOTIYHUX Ta TEPaneBTUYHUX TMporeayp (HasBHICTh Ta
JOTPUMAaHHS METOJUK, SIKi O BIAMOBIJHO 3a0e3leuyBai aJCKBaTHY JIarHOCTUYHY iH(MOpMaIlio
(pe3yIbTaTUBHICTh JIIKYBAaHHS) Ta MIHIMAJbHHA BIUIMB Ha TAIll€HTa, MAaKCUMAJIbHY OITHMIi3allito
HOro 3aXucTy.

SIkicTh HamaHHS MOCITYr B MEIWYHIA Paaiosiorii 3ajie)uTh BiJ TOTPUMaHHS BCiX (aKTOpiB,
nepepaxoBaHUX BHIIE, BiJl HASIBHOCTI JIaTHOCTUYHHUX Ta TEPANEBTUYHUX METOAMK Ta THCTPYKIIIH
NPU3HAYCHHS, TUIAHYBaHHS Ta BUKOHAHHS MpOLENyp, 3HAHHS Ta HEYXWIHHOIO BHUKOHAHHS iX
NIEPCOHAJIOM, BiJl HASBHOCTI CUCTEMH 3a0€3MEYCHHS SKOCTI Ta CUCTEMH, SIKa 11 KOHTPOJIIOE.

Heo0xi1HO BiAMITUTH, 10 BUKOHAHHS IMX ITYHKTIB 3QJICKUTH B MEPIINY YEPTy BiJ KEPIBHHUKIB
MEAWYHUX YCTAHOB, SIKi B IIUIOMY 3IHCHIOIOTH YIPaBIIHHS MEIUYHUMHU 3aKiIaJlaMd  Ta
3a0€31euy0Th HasBHICTh HEOOXITHUX pecypciB sl (YHKIIOHYBAHHS CHCTEM SIKOCTI B MEIUYHHX
yCTaHOBAaX Ta KBali(piKOBAHOTO TEpCOHANy, SKUH 3/IiCHIOE TIIJIaHyBaHHA Ta IPOBEIACHHS
MEJIUYHOTO OIPOMIHEHHS Talli€HTIB.

BiamnoBigHO B MEIMYHMX 3aKjagaX HEOOXITHO YiTKO BU3HAYATH PO3IOJLI IIpaB Ta 00O0B'SI3KIB
MK [IUMH O0cOOaMH 3a 3a0e3MEeUYeHHSIM 3aXUCTY Malll€HTIB MPU HAJaHHI MOCIYT 3 BUKOPUCTAHHSIM
JIB.

Pamiamiitnnii  3axuct Mae Oyt Oe3yMOBHOIO HEOOXIJIHOKO CKJIQJ0BOK0 MEIMYHOTO
OTPOMIHECHHS.

XoueThesl 3BEPHYTH yBary Ha Te, 1[0 B OCTaHHI POKH 3'ABISETHCS Bce OibIlle IHHOBALIMHOTO
MEAMYHOTO OOJaJHAHHS JUIsl JIarHOCTUKHM Ta JIIKYBaHHS OHKOJIOTIYHHUX 3aXBOPIOBaHb, 1 BCE
O1TBIIO cTae moTpeda y BUCOKOKBaTI(PIKOBAHKMX CHEIialicTaX 3 MPUHIIMIIOBO HOBUMH 3HAHHSMHU,
0 TMOEJHYIOTh B €001 3HaHHSA (I3MKH, MCAMIMHU Ta OioJyiorii. BmIocKoHalleHHS JIiKyBajabHO-
JIarHOCTHYHOTO TIPoIIeCcy MoTpedye Takux (haxiBIiB, SK MeIUYHUX (Pi3UKiB, O€3 AKUX HA CHOTOJIHI
BXKE HE YSABJISETHCS MOKIMBUM POOOTA MEAMYHUX 3aKIIAIIB.

3aBmaHHAM MeAWYHUX (I3UKIB € mepeayciM poOoTa MOpsAl 3 JiKapeM Ta HaJaHHS HoMy
JOTIOMOTH B OOPOTHO1 3 JIFOJICEKUMH HEAyramu, 3a0e3MeueHHs paiaifHoro 3axXucTy JIFOJWHU BiJl
JOJTATKOBOTO  OMPOMIHEHHs] Ta HEAOMYIIEHHS HEOOrPYHTOBAHOTO IOBTOPHOTO MEIMYHOTO
OTPOMIHEHHS. AJIKE 3 TIOSBOIO HOBOTO BHCOKOTEXHOJOTIYHOTO OOJaJHAHHS, SKE JO03BOJISE
oTpuMaTH iH(opMmalio TpPH JIaTHOCTHII 3aXBOPIOBaHb 3 3aCTOCYBAaHHSM OJHOTO BUAY
JOCTII)KeHHs a00 BHUKJIIOUEHHS 31 CIMCKY J1arHOCTUYHOI'O ONPOMIHEHHS JIIOJWHU NpHU 3aMiHI Ha
anbTepHATHBHE JOCTI/KEeHHs, 3abe3meuyeTbcs pagiallifHuN  3aXUCT TMalli€eHTa Ta 3HA4YHO
MOKPAIY€ETHCS HAIaHHA [TOCIYT MEAMYHUMU 3aKJIaZlaMi B METUYHIN pajaioiorii.

Bin mequunux (i3ukiB B MPOMEHEBIH Teparii 3a/IeXKUTh Pe3yabTaT MPOBEACHHS JTIKyBaHHS, a
came: BiJl KOMIT'FOTEPHOTO CUCTEMHOTO IUIaHYBaHHS JIIKYBaHHS, IOUMHAIOYHU 3 OTPUMAHOIO 3HIMKY;
BU3HAUEHHS pO3MipiB, popMu Ta Jokami3amii MyXJIMH; BUOOPY YMOB OMPOMIHEHHS; PO3PAXYHKY
JTI030BUX PO3MOJLUIIB; IOHECEHHS 03U ONPOMIHEHHS, IPU3HAUEHO] JIIKapeM /10 OpraHy (TKaHUHH),
10 MOTPeOy€e ONMPOMIHEHHS; MPOBEACHHS KIIIHIYHO1, a0COIIOTHOI Ta BITHOCHOT IO3UMETPIi.

HasiBuicTe Takux (¢axiBmiB B MEIMYHMX 3aKJIaJax IMIJABUIIYE SKICTh JIKYBaJIbHO-
JIarHOCTUYHOTO TMPOLIECy, 03BOJISE SIKHAWKpalle BHUKOPHUCTOBYBATH BCl MOMJIHMBOCTI CY4YacHOi
MEIUYHOI amapaTypu Ta 3a0es3leuye TMOKpaIleHHs paiallifHOro 3aXHUCTy MpPU METUIHOMY
OTPOMIHEHHI MaIli€HTIB.
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KYJbTYPA BE3IIEKH K HOBHWM BASUCHUI IPUHIIUII YIIPABJIIHHA
PAJTAOIMHOIO BE3INEKOIO ITPM BUKOPUCTAHHI JUKEPEJ IOHI3YIOYOI'O
BUITPOMIHIOBAHHA Y MEIUYHIN [TPAKTHUII

FO.M. Ckaneusknii', B.B. Bopone}mo2

1) Hayionanvruil incmumym cmpame2idHux 00CIi0ONCeHb
2) Minicmepcmeo oxoponu 300pog’s Yrpainu

AHoOTaNisg. Y cTaTTi MpoaHaIi30BaHO iICTOPII0 CTAHOBJICHHS KOHIEMIIT KyIbTypH O€3IeKH, TOCBIN 1
npoOiieMd BIIPOBA/DKEHHS B AaTOMHINM €HEpPreTuili, a TaKoXX OOIPYHTOBAaHO HEOOXiIHICTh
BUKOPWCTAHHS I1i€1 KOHIETIIi y MEIWYHIA MPAKTHUIL.

AHHOTanusi. B crarbe mNpoaHATU3UPOBAHO HCTOPUIO CTAHOBIEHUS KOHLEMIUU KYIBTYPHI
0€30MacHOCTH, OMBIT W MPOOJIEMbl BHEIPEHUsS B AaTOMHOWM DJHEpPreTHKE, a Takke 00OCHOBaHA
HEOOXOUMOCTh UCIIONIF30BAHUS ATONH KOHIICTITUU B MEIULIMHCKON TPaKTHKE.

Annotation. In this article thehistory ofsafety culture concept development, as well as
experienceandproblems of safety culture implementation in nuclear industry are analyzed. The
necessity to usesafety culture conceptin medical practiceis proved.

KurouoBi cjioBa: paniaiiiifHi T€XHOJIOTIT, pEHTI€HOJIOT1UHI 1 pai0IOTIYH1 TOCIHIIKEHHSI, Malli€HTH,
MepPCOHAN, KyJIbTypa Oe3MeKH.

KiroueBble cjioBa: padalliOHHBIE TEXHOJIOTUH, PEHTIC€HOJIOTHUECKHUE U PATUOIOTHIECKIE
WCCJICIOBAHMSI, TTAIUEHTHI, IEPCOHAJ, KYJIbTypa O€30IMacCHOCTH.

Keywords: radiological technology, roentgenologicalandradiologicalresearch,patients, medical
staff,safety culture.

Beryn

PaniamiiftHi TE€XHOJIOTIT MOMMPIOIOTECS 1 TEPII 32 Bce Y cepi OXOpOHU 370pOB’s. 3pocTae
4acTOTa BHUCOKOJO3HUX PEHTTCHOJIOTIYHUX 1 pagioNOTIYHUX JIOCHITKEHb, a BHUKOPUCTAHHS
panioi30TONMHUX (hapMalleBTUUHUX MpenapaTiB ouikyeThes noasoitucs a0 2020 poky y MOpiBHIHHI
32010 pokom.

OCKUTBKM METUYHE ONPOMIHEHHS JJa€ OCHOBHHUI BHECOK Yy KOJIEKTUBHY 1103y HACEJICHHS Bill
TEXHOTeHHOI pafialii MbKHapOJAHA CIIBHOTA MpobiieMaM MiHiMi3allli [bOro padiamiitHoro BIUTUBY
NPUALUISIE 3HAYHY yBary.

OpHak, He3BaKAIOUU Ha MOJNIMIIEHHS MPOTHPATIaiifHOrO 3aXKUCTy TMAalli€HTIB 1 MEIUYHOTO
MEePCOHATY, YIOCKOHAJICHHS CHCTEMH PETYJIIOBaHHS pajialliiHOl Oe3MeKH, MPOJOBKYIOTh MaTh
MicIle BUIIAJIKU TOPYIIEHb NPH BUKOPUCTAHHI JKEepell 10HI3yI0UOro BUIIPOMIHIOBaHHS y Wil cdepi
X 710 BAKKHUX TIPOMEHEBUX YPaKEHb.
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Tomy 3ampoBaXKEHHSI YA TO OpraHi3aliifHUX, YU TO TEXHIYHUX 1HHOBAIlId CIPSIMOBAaHUX HA
3MEHIIICHHS 103 OTIPOMIHEHHS TAII€HTIB 1 IEPCOHANTY JIal0Th 3HAYHY €KOHOMIIO KOJIEKTHBHOI /1031
3MCHIIYIOYH pafiariiiHi pu3uku. Taki HOBOBBEICHHS 3acCIyroBYIOTh HAa YyBary i OmepaTUBHE
BIIPOBQ/DKCHHSI Y MPAKTHYHY AisUTbHICTh. OJHUM 13 OCTaHHIX TaKWX HOBOBBEICHb €  KYIbTypa
Oe3nexu Ak GpyHIaMEeHTaNbHUN OpraHi3alliiiHui IPUHIKIT 3a0e31eueHHs Oe3MeKH.

Kynbrypa Oe3rnekn sk HOBUH Oa3UCHHI MIPUHIIMIT YIIPABIIHHS paialliiHO 0€31eKOor0

3aranom 3BepHEHHS 110 (heHOMEHY KYJIbTYypH Y BUPIIICHH] TpobieM y 6aratbox chepax maio
MICIIE Y MUHYJIOMY 1 CIIOCTEPIraeThcsi cborogHi. Ta e Oyu B OCHOBHOMY CIIPOOHM BHUKOPUCTAHHS
KYJIbTYPOJIOTIYHUX IIHHOCTEH Yy SIKOCTI OJIArOMPUEMHOTO IMATPYHTS JUISI TOTMEPEHKCHHS YH
BUpINICHHS Mpo0jeM, Y TOMY YHCIi 1 B cdepi TexHomorigyHoi Oesmeku. Hacmigkom mporo Oyna
MosiBa TaKoi TEPMIHOJOTII SIK KyJbTypa BUPOOHHIITBA, E€KOJOTIYHA KYyJIbTypa, TEXHOJIOT14HA
KYJIBTYpa, KyJIbTypa Ipaili TOIIO.

[Ipu anamizi  mpuumH aBapii B HoproOwii B 1986 pori MixkHapoJHOK KOHCYJILTaTHUBHOIO
rpymnoro 3 saepHoi 6e3neku (International Nuclear Safety Advisory Group, INSAG) cepen iHImx
IpUYKH aBapii Oylio Ha3BaHO BiACYTHICTH KynbTypu Oe3neku Ha YAEC i 3asBieHo, 1m0 € norpeda y
KYJIBTYPI SJIEPHOT O€3MEKH Ha BCIX JII0OYMX ATOMHHX €JIEKTPOCTAHIIsX [1].

B INSAG-7 [2], ne npoBeaeHo ocTarouyHuii aHani3 npuunH aBapii Ha YHAEC, ckazano, 110
«apapis crajga pe3yJIbTaToM HU3bKOI KyJIbTypHu Oe3nekn He Tutbku Ha YopHoOMbehkih AEC, ane i
B YCIX paAsSHCHKUX MPOEKTHUX, EKCILTyaTYIOUHX 1 PEryIIOI0YHX OpraHizalisix aTOMHOI EHEpreTHKH,
10 ICHYBaJId Ha TOM 4ac.

[Tonanpmnii pO3BUTOK KOHIEMISA KylnbTypu Oe3neku orpumana y INSAG-3 [3]. ¥V mpomy
JOKYMEHTI “KylbTypa Oe3neku” pa3oM 3 “BIIIOBIIATBHICTIO EKCIUTyaTyrouol opraHizamii” Ta
“HOpPMATUBHUM PETYIIOBAaHHSAM 1 HE3QJEKHOIO MEPEeBIPKOI”  BHU3HAETHCS OJHUM 3 OCHOBHHUX
(pyHmamMeHTaTbHUX ) IPUHITUIIB YIIPaBIiHHS 0E3MEeKOI0 SACPHUX TEXHOJIOTIH. Haromomryerbes, mo
«Yci ocobu Ta oprasizaiii, NpuUYeTHI A0 SACPHOI E€HEPreTUKH, KEepYIThCcs B CBOIX MAisAX 1
B32€MOBITHOCHHAX YCTAaHOBJICHOIO KYJIbTYPOIO OE3IEKM.

I yxxe B 1991 pomi INSAG ony0GikyBaia okpeMy JIOMOBIb 3 KYIbTYpH O€3MEKHU I1iJl Ha3BOIO
“Kynstypa O6e3meku’” [4]. Lleit mokyMeHT 1 1OCl € HaWOLIbII MOBHUM BHKJIQJCHHSIM KOHIIEMIT
KyJIbTypu Oe3Meku, BU3HAYEHHS 11 CyTi Ta XapaKTePUCTHK 1 BUAUMUX MPOSIBIB.

VY nonaneimomy Oynu po3poOsieH! KEpIBHUIITBA 3 CAMOCTIMHOI OIIHKU KYJIBTYPH O€3MEeKU B
OKpPEeMHX OpTaHi3alisX 1 MPaKTUYHI MPOMO3UIll 3 MiABHUILEHHS KYIbTypu OE3MEeKH CIOYaTKy Ha
piBHI TexHIuHOI aomnosiai, a 3rogoMm - y Burisaal INSAG (INSAG-15). Ilputomy y Bcix mux
JIOKYMEHTaX OCHOBHA yBara MpHILISIAch KyabTypi Oe3meku B 00JacTi eKcIulyaTamii sSAepHUX
YCTaHOBOK, 3aJIUIIalouy 0e3 yBaru iHII1 BaKJIUBI cpepu, K HAIPUKIIAJ, OOCIYrOBYBaHHS SIEPHUX
ycTaHOBOK. LIs mporanuHa chOTOAHI yXKe 3almoBHEHa, 3 BUX0A0M B KiHIll 2005 poky myOmikarii
MATATE - cepii nmomoBimeit 3 Oesmeku No 42, nme  po3risiagacThbes, SK CKIAAHI THTaHHS
obcnyroByBanHs AEC (ympaBiiHHS 0OCITYrOBYBaHHSAM, VIPABIiHHS JIOJACHKUMH pecypcamu,
ominka ctany AEC, nioBe otodeHHs1, 3aKynku obnagHaHHsA(KopyIis), pi3udHa saepHa Oe3nexa )
MO>KYTh BILIMBATH Ha Oe3MeKy.

Kynbrypa Oesneku BimmoBigHo m0 INSAG-4 [4] — ue Ttakuii Habip XapakTepUCTHK 1
0COOJIMBOCTEH ISUIBHOCTI OpraHi3alliid 1 MOBEIIHKM OKPEeMHX OCi0, KOTpUHl BCTAHOBIIIOE, IO
npobiemam 6e3nexkn AEC, sk Takum, 010 MalOTh HAWBUIIMNA MPIOPUTET, IPUIUISETHCSA yBara, 1o
BU3HAYAETHCS 1X 3HAYMMICTIO.

Ha crorogni xoumnemmis kyabTypu Oesneku Bu3zHana MOII, IKAO, BOO3 Tta inmwmmu
MDKHApOJHUMH OpraHi3allisiMu, a Takox Benukumu kommadisimu (roron, HACA Ttomo). 3HauHi
yCHIXH Yy BOPOBAPKEHHI KOHIEMIII KyJIbTypH Oe3MeKd MaroTh MiICLe Y BITYM3HSHOMY SJI€pHO-
E€HEPTeTHYHOMY KOMIUIEKCI.

bynyun mnocnimoBHoro MAT'ATE BkiTtounio NmuUTaHHS KyabTypu Oe3meku 110 0a30BOro
craggapry Oesmeku  BSS-115 [5]. ¥V mignyHkTi 2.28 TOBOPUTHCS: « 3 UM 1100 CTUMYJIIOBATH
KPUTHYHUN MiX1A 1 DOTSAr A0 3HaHb y cdepi 3aXUcTy 1 Oe3MeKr Ta BUKIOYUTH 3aCHOKOEHICTH,
MIPUBUBAETHCS KYIbTYpa O€3MeKH, sika 3abe3mneuye:
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a) MPUIHATTS MOJITUKH 1 MPOIEAYp, SIKI BU3HAYAIOTh 3aXHCT 1 OE3MeKy y SKOCTI BHIIOTO
MIPIOPUTETY;

b) HeraiiHe BUSBJICHHS 1 BHUIPAaBICHHS MpoOJieM, IO BIUIMBAIOTh HA 3aXHCT 1 Oe3meKy, 3
BpaxyBaHHSM 3HAYMMOCTI ITUX MIPOOIIEM;

C) dYiTKe BHU3HAYCHHS OOOB’SA3KIB KOXXHOI 0COOM, y TOMY YHCII TMPAIiBHUKIB BHIOL
YIPaBIIHCHKOI JIAaHKH, Y cdepl 3a0e3MeueHHs 3aXUCTy Ta OE3MeKH 1 HasSABHOCTI Y KOXXHOI ocoOu
HaJICKHOI IMITOTOBKHU Ta KBaji(ikaii;

d) yiTke po3MeKyBaHHS IOBHOBKEHD Y IPUUHSATTI PIIICHb 3 TUTaHb 3aXUCTY Ta O€3MEKH; 1

€) TMPUMHSATTS OPTaHI3aIHUX 3aXOMdIiB 1 BCTAHOBJICHHS KaHAJIB 3B’S3KY, SKi JO3BOJISIOTH
3a0e3neynTi OOMIH BiANOBIIHOK 1H(MOPMAIlIEIO, IO CTOCYETHCS 3aXUCTy 1 O€3MeKkH, Ha PI3HHUX
PIBHSX B OpraHi3ailii 3apeecTpoBaHoi 0coOu abo JineH3iaTa i Mi>K TAKAMU PIBHSIMH. )

Pazom 3 TUM y HalioHaATBPHUX HOpMaTHBaXx 3 pamiamiitnoi 6esneku (HPBY-97) mpo kynbsTypy
Oe3MeKu 1 He 3raayeThesl.

Xou y OIIb AEC 88/97 (Pociiicbka ®enepartisi) [6] KyabTypa Oe€3leKd 3HaMIIIA
BiTOOpakeHHS 1 PO3TIISIAETHCS K KBaTi(ikaIiiiHa 1 ICUXO0JIOTIYHA IMiITOTOBJICHICTh yCiX 0Ci0, mpu
ki 3a0esneueHHs Oe3neku AEC € mpiopuTEeTHO METOKH 1 BHYTPINIHBOIO MOTPe0Or0, MO0
MPU3BOJUTH JI0 CAMOYCBIJOMJICHHS BiJIOBIIaJbHOCTI 1 JIO CAMOKOHTPOJIIO IPH BHKOHAHHI BCIX
po0iT, 10 BIUIMBAIOTh Ha Oe3MmeKy. 3raayerbcs MpOo KyJIbTYpy O€3NeKH 1 Yy aHaJOTi4YHOMY
HalliOHAJILHOMY JOKYMEHTI [7].

Y 2005 poui BOO3 na Bocbmomy opyMi 3 nutanb MailOyTHHOTO, IPUCBSIUEHOMY Oe3merli
namieHTiB [8], 3amekimapyBalia CBOE CTPEMIIIHHS PO3BHBATH KYJIbTYpy OE3IEKH y T'pOMaJIChKii
cuctemi oxopoHu 3710poB’st. Ognak, y OCITY-2005 3H0BY 3 Ipo KyJIbTypy O€3MeKu Hi cloBa.

Ha wmixnHaponHiii koHpepeHIii 3 pamiamiiHoro 3axucty B MeawuHid mpaktumi (Bapha,
bonrapis, 2010 p.) Ilpesunent mixHapomHoi acomiamii pamiamiiiHoro 3axucty (IRPA) Kenneth
Kase Bucrynus 3 nonosijpmto «Kynerypa pamiamiiiaoro 3axucty — IRPA inimiatusay [9].

VY uiit gonoBigi Kenneth KASE agantyBaB TepMmiHOJOTIIO 1 3aBAaHHA KYJIbTYPH SAEPHOL
Oe3neku [4] mig moTpedu paianiiHol Oe3MmeKH.

KynbpTypa pamianiiiHoi Oe3meKkH JONoBigadyeM BH3HAYAETHCS K  YAaCTHHA BCi€l KyJIbTypH
0e3MeKu, sSKa € MOETHAHHSIM XapaKTePUCTUK 1 B3aEMOBITHOIIIEHb B OPTraHi3allisiX 1 MiXk JIOAbMH, IO
BU3HAYalOTh HAWBAXJIMBILIIMM TPIOPUTETOM MPUBEPHEHHS YBaru a0 palialiiiHux mpobiem
3axXHCTy, TApAHTYBaHHA iX 3HAYYIIOCTI.

Takox BKa3zyeTbcs, IO KyJIbTypa pajialiiiHoi Oe3neku - 11e YaCTHHA BCi€l KyabTypH O€3MeKH,
gKa € MO€JHAaHHSAM XapaKTEPUCTUK 1 B3a€MOBIIHOLIEHb B OpraHizalisXx 1 MK JIIOJAbMH, IO
BU3HAYalOTh HAWBAXJIMBIIIMM TPIOPUTETOM MPUBEPHEHHS YBaru a0 palialiiiHux mpobiem
3axXHCTy, TAPAHTYBaHHA iX 3HAYYIIOCTI.

ToOGto KynmpTypa Oe3neku ctac (¢yHIAMEHTAIBHUM OpraHi3alliifHUM MPUHIUIIOM
3a0e3neueHHs paiaiiiHol Oe3MeKH 1 mepil 3a Bce Y MEAMYHIN IPAKTHIIL.

VY mpoekti HOBoro 6a3zoBoro cranmapty Oesmeku [10] , mo miarotonenuit MAI'ATE Ha
3aminy BSS — 115 [5] kynpTypi Oe3neku NpUIUIAETHCA BXXKE 3HAYHO Ouibine yBaru. Kpim
BU3HAUEHHS Ta MPU3HAYEHHS KYJIbTYpPH O€3IMEKH Y MPOEKTI IbOT0 JOKYMEHTa Ja€ThCsd BU3HAYCHHS
KyJIbTypu O€3MeKH, BKa3yeThCs Ha PO3MOJALT OOOB’SI3KIB MK YpSJIOM, PETYJIIOIOUUM OPraHoMm 1
OCHOBHHMMH CTOPOHAMHM MO0 CHPUSIHHS KyIbTypi Oe3meku. JleTanbHO NpeNCTaBieHI NUISXU
CHPUSIHHS 1 KYJIbTYPH O€3MEKH.

be3ymoBHO, 1110 B yIOCKOHANICHHI! HaIllOHAIBHIN HOpMATHBHIHM 6a3i 3 panianiiHoi Oe3MeKy, 3
ypaxyBaHHSIM BUMOT HOBOi pemakiii BSS [10], kynpTypa Ge3nexu moBuHHA OyTH Tpe/CTaBlIeHA
HAJIE)KHUM YHHOM.

€ norpeba 1 B OKpeMOMY HalllOHAJIbHOMY HOPMAaTHMBHOMY JOKYMEHTI IIOAO KYJIbTYpH
Oe3neku. 3a OCHOBY IIbOTO JIOKYMEHTY Moxke OyTu B3ste  KepiBHUIITBA i3 BIPOBAKEHHS 1
HIATPUMaHHS KyJIbTypu O€3meKkd 1 MPOeKT IHCHEKUIWHUX TMpoLenyp 3 OLIHKU PIBHS KYJIbTYypHU
Oe3meku, ocTtaToyHWi BapiaHT akux miarorosineHo NRCy 2006 poui [11].

101



1. YToroBelil AOKIAM O COBEUIAHUU IO PACCMOTPEHUIO MPUYMH M TOCIEICTBUIM aBapuul B
YepuoOsie. Cepus wm3ganuii  mo  Oe3omacHoctu. Ne  75-INSAG-1.  MexaynapoaHas
KOHCYJIbTaTHBHASI TPYIIIA 10 sAepHOI Oe3omacHocTu. - Bera. MATATO, 1988

2. YepHoObuibckast aBapusi: aononHeHue kK INSAG-1. Cepus uznanuii mo 6e3omacHocTu. Ne
75-INSAG-7. loxnax MexayHapoaHOW KOHCYJIBTATUBHOUN TPYIIBI MO SACPHOM 0€30MacHOCTH. —
Bena: MAT'ATO, 1993

3. OcHOBHbBIE MPUHLHIBI OE30MAaCHOCTH AaTOMHBIX 3jeKTpocTanuuil. Cepus H3AaHUI 1O
o6e3zonmacHoctu. Ne 75-INSAG-3. MexayHapoaHass KOHCYJIbTaTHBHAs TpPYIa 110 SASPHOU
oe3onacHocTH. — Bena: MAT'ATO, 1989

4. Kynerypa Oe3omacHoctu. Cepuss wusmanuid mo OeszomacHoctd. Ne  75-INSAG-4.
MexayHapoaHas KOHCYJIbTaTHBHAs T'pYyIINa 1o siaepHoi 6e3omacHoct. — Bena: MAT'ATO, 1991

5. MexayHapo/iHble OCHOBHBbIE HOPMbI 0€30MacHOCTH MJI 3allUThl OT HOHU3UPYIOLIUX
U3JIy4eHU 1 0e301acHOTr0 oOpaleHusi ¢ HICTOYHUKaMu u3nydenus. Cepus 31aHuil 0€30MacHOCTH,
Ne 115. - Bena, MATATO. —1997. — 87 c.

6. OOmue moyokeHus: obOecrieueHust Oe30macHOCTH aToMHbIX craHmuidi — (OI15-88/97)
(ITHAD I'-01-011-97). Pexum JOCTYILY:
http://ru.wikisource.org/wiki/%D0%9E%D0%9F%D0%91-
88/97_(%D0%9F%D0%9D%D0%90%D0%AD_%D0%93-01-011-97).

7. 3aranpHi nonoxxkeHHs O6e3mekn aromaux cranuii (HIT 306.2.141-2008). Pexum nocrymy:
http://zakonl.rada.gov.ua/cgi-bin/laws/main.cgi?nreg=z0056-08.

8. BoceMoii ¢dopyM 1o Bompocam Oyaymiero. YIpaicHHE O€30IacHOCTBhIO IAIMEHTOB. -
BO3, Opndenaopd, ABcTpus (28-29 anpes 2005). Pexxum JIOCTYITY:
http://www.euro.who.int/ru/what-we-publish/Annotations/eighth-futures-forum-on-governance-of-
patient-safety.

9. Kenneth Kase. The Radiation Protection Culture — IRPA Initiative. International
Conference on Radiation Protection in Medicine Varna, Bulgaria 1 — 3 September 2010. Pexxum
noctymy: http://www.irpa.net/.

10. International Basic Safety Standards 2011 Edition. Radiation Protection and Safety of
Radiation Sources. General Safety Requirements Part 3. Draft Safety Requirements DS379. Draft
5.0. March 2011. Vienna: IAEA. — 2011.

11. Pexxum poctymy: http://www.nrc.gov/what-we-do/regulatory/allegations/scwe-frn-5-14-
96.pdf

MEJUIUHCKHUE ®U3NUKU. KTO OHAN?

N.I'. Tapyrun
PHIII] onkonoeuu u meouyurckou paouonozuu um. H.H. Anexcanoposa

Haunyummm oOpa3oM conepkaHue, CTPYKTypa M 3aJadd, pellaeMble  MEAMLUHCKOH
bu3uKoif, a Takke MOJAPOOHOE pAcCMOTPEHHME NOHATHH M TpeOOBaHUM K CHEIHaTbHOCTH
«MeIUUUHCKUN (u3uKk» mpoBeneHo B paborax Espomneiickoit ®enepanuu OpraHuszanuii mo
MEIUIUMHCKONH (u3MKe, a TakKe Mpe3uIeHTa Accoluanuu MEIUIMHCKUX ¢Gu3ukoB Poccun
npodeccopa Banepus Anexcanaposuua KocTsiiena.

B Hacrosieit nexium Mpl OyZeM onuparbest Ha 9TH pa3padotku [1-3].

['maBHBIM MOpPHU3HAKOM COBPEMEHHOM MEIUIIMHBI SBJISETCS €€  (PU3UKO-TEeXHUYecKas
BOOPYKEHHOCTb.

[Ipu 3TOM BakHEWIIUM OpYIHEM MEIUKOB B OOophOe c 3a00JIeBaHUSMU CTAHOBSTCS UMEHHO
MeIUKO-(U3MUECKUEe TEXHOJIOTMHM U  ammaparbl JUarHOCTUYECKOr0 M TeparneBTUYECKOro
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HA3HAYCHUS, KOTOpPbIE MAHUMYIUPYS Pa3sIuIHBIMU (U3HMUYECKUMHU H3IYYCHHUSIMH, MHOTOKPATHO
YBEJIMYUBAIOT BOBMOKHOCTH MEIULIUHBI.

DTO PEeHTreHOBCKHE, MarHUTOPE30HAHCHBIC, YMUCCUOHHBIE OJHO()OTOHHBIE U MO3UTPOHHBIC
KOMIIBIOTEpHBIE  TOMOTpadbl, paJUOHYKIUIHBIE TaMMa-alaparbl, JUHEHHbIE YCKOPUTEIU
AJIEKTPOHOB, YCKOPUTENM TSDKEJIBIX 3apsDKEHHBIX YacTHLl, HEWTPOHHBIE M3JIy4aTesH, ammaparypa
JUIsL pacdera MOTVIOMICHHBIX 103 M JIO3UMETPUUYECKOTO KOHTPOJIA, a TaKKe THUIepTepMuveckas,
Ja3epHas,  yJAbTpa3ByKOBas, = MarHuTHas M T.JI.  TEXHUKA. OTO  PaJUOHYKIUIBI,
panuodapmipenaparbl, HOBble MaTepHallbl, KOMIbIOTepHbIe TexHojoruu u np. Ceiluac Henb3s
NPEJCTaBUTh KaKyl-1u00 3amady npo(uiIakTHKH, AUATHOCTHKH WIHM JICUYCHHS, TJie HEe ObUIH ObI
MCIIOJIb30BaHbI TOCTHXKEHUS (DUBHKH.

OnbIT CO3/1aHUS U Pa3BUTHS MEIUKO-(PU3HMUECKUX TEXHOJOTUH U almapaToB IMOKa3ajl, 4To MX
paszpaboTtka u 3pdekTruBHOEC PYHKITMOHMPOBAHKE HE MOTYT OBITh B MOJIHOW Mepe oOecredeHbl 0e3
CHeHaTbHON HAayKH, HAXOIAIIEHCs Ha CThIKE (DU3UKU U MEUIIUHBL.

®u3rka 1 MEAUIIMHA UMEIOT HACTOJBKO pa3Hble «0a3bl 3HAHUI» M HayyHbIE METOAOJOTHH,
YTO Ha NPAKTUKE OHU OKA3aJUCh IIJIOXO COBMECTUMBIMH. JJI1 MX «CTBIKOBKM» M IOTPEeOOBAIOCH
CO3/1aHM€ HOBOM HAyKH, MPEACTABIAIONIEH U3 ceOs HE MPOCTO CyMMY (PU3UYECKUX U MEIULUHCKUX
3HAHUW, a W BBIPAOOTKY COBEPIIEHHO HOBBIX 3HAHUW M HOBOW Hay4dyHOU MeTomosioruu. OHU
MOCBSIIECHBl PEIICHUI0 TAaKUX CHEelU(PHUECKUX BOMPOCOB, KaK paJualMOHHas O€30MacHOCTh M
3alllMTa MAlUEHTOB, MPELUU3UOHHAs O3UMETPUS OTHYLICHHBIX MalUEHTaM IOIVIOMIEHHbIX 03,
MPEeUHU3UOHHAs JO3UMETpUUecKas KaauOpoBKa 0OTydyaronIuX armaparoB, HAJAEKHOCTb U KOHTPOIb
KayecTBa MX pabOThl, rapaHTUsi KadecTBa OOJIy4YeHUS U T.I. B CHEHHUAIbHBIX KIMHUYECKHUX
YCIOBUSIX.

OTH yCIOBUS OTJIMYAIOTCS TMOBBIIIEHHBIMU TPEOOBAaHUSMH K O€30MacCHOCTH, TOYHOCTU W
HAJEKHOCTH Ha (DOHE CyIIeCTBYIOIUX OrpaHudeHuil. To, 4TO MOXKHO JenaTh C HEXHUBBIMU
00BEKTaMU WU C «HEPa3yMHBIMU» XKUBBIMU CYILIECTBAMU, HEJb3SI 1€1aTh C JIIOAbMH.

Takum oOpa3om, pa3BUTHE MEIUKO-(DU3HMUECKUX TEXHOJIOTUH COBEPIICHHO E€CTECTBEHHBIM
00pa3oM MPHUBENO K MOSBICHUIO U YTBEPKICHUIO HOBOW HAYKHU U CIIELUATIbHOCTH — MEIUIIMHCKON
bU3HKH.

MeaunuHckas ¢pu3nKa 3aHUMaeTcs npoOiaeMaMu MEIUIIMHCKON MHTPOCKONMUU WM (PU3UKOI
HOJY4YeHUs: U 00pabOTKH MEIUIMHCKUX HM300pakeHUl, PU3MKO-MaTeMaTHYECKON PEKOHCTPYKIIUU
OOBEMHBIX  MEIUIMHCKUX  H300pa)KeHHI, ($U3UKO-MaTEMaTUYECKOTO0  MOJEJIMPOBAHUS
(U3UOJOTMUECKUX TPOLIECCOB OPraHOB W CUCTEM, JO3MMETPUUYECKOrO IJIAHWPOBAHUS JIy4eBOM
Tepanuu, KIMHUYECKON JO03UMETpuH, (U3MUECKUX acCHeKTOB TapaHTUH KadecTBa JIyueBOM
JMarHOCTUKK M JIy4eBOM Tepamnuu, (U3MKH pa3lIU4YHBIX OPraHOB M CHCTEM YEJIOBEYECKOIo
opraHusma H T.1.

Menununackas ¢u3nka, kpome GU3MKM M MEAMLUHBI, CBA3aHa eme ¢ OHOPU3UKOM,
paauoOuosorued, MEAUIMHCKOW TEXHUKOH, WH(POPMATUKOH, OHOMHXKEHEepueh, MEeIUIIMHCKON
WH)XXCHEPUEHN U €lIE C LENbIM PAIOM HayK.

MeaunuHckas ¢u3MKa — 3TO HayKa O CUCTEME, COCTOALIEH U3 (PU3MYECKUX H3JIyYeHUH U
npuOOpOB, YEIIOBEUECKOro OpraHu3Ma M ero Oosie3Hed, a Takke Je4eOHO-AMarHOCTHYECKUX
anmnaparoB, IPenapaTroB, MATEPHAIOB U TEXHOJIOTUH.

OcHOBHBIE HarnpaByieHUs! paboT B MEAUIIMHCKON (DU3UKE:

dyHmaMeHTalIbHas MeIUITMHCKas ¢pusnka. Ou3nka yenoBekxa.

®u3nKa pa3IMYHbIX OPraHOB U CHCTEM YEJIOBEUYECKOIO OpraHu3Ma.

e Dy3uKa MO3ra, HEpBHOM CHCTEMBI.

e Dy3nKa CepIeYHO-COCYANCTON CUCTEMBI.

e dy3urKa apIxaHus. ['a301MHaMUKa YeloBeKa.

e Dy3rKa ONOPHO-ABUTATEIBHOTO aIllapara.

e Dy3rKa CUCTEM OYHILEHUS OpraHu3Ma.

o Du3MUeCKUe OCHOBBI (DapMAaKMHETUKU OpraHU3Ma.

e Oy3rKa 3peHus, cllyxa U Ipyrux OpraHoB YyBCTB.

® OY3NYECKUE OCHOBBI UMMYHOJIOTHH.
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® OU3NYECKUE OCHOBBI PA3IIMYHBIX MATOJIOTMUECKUX COCTOSIHUM.

2. du3znyecKue U3Ty4CHUS U YEIOBEK.

© OU3UKO-MaTEMATUYECKOE MOAECIUPOBAHNE OPIAaHOB U CUCTEM.

e Oy3nyecKue Mojsi B OpraHusme.

[Tpuknaanas MeTUIUHCKAs (HU3HKA.

e dy3rka yyeBoil Tepanuu ((POTOHBI, 3JEKTPOHBL, IPOTOHBI, HEUTPOHBI U JPYTUE U3TyYEHUS,
IUTAHUPOBAaHME, JO3UMETPHS, 3alIUTa NALMEHTa U [IEpCOHANIa U T.1.).

edu3uka ANEPHONM MeOuUUHBl (paJUOHYKJIHAHAs JHArHOCTUKA W PaJuOXUPYPTHUs,
MHTPAONEPALlMOHHOE O0JIyueHUE, KOHTAaKTHas JIydyeBasl TEpalnus, JIEYEHUE C MOMOIIbIO JKUIKUX
paauodapmnpenapaToB, H3MepeHrue, 00padoTka H300paKEHUH U T.1.).

edy3uKa JIyuyeBOM JMAarHOCTUKU (PEHTI€H, PEHTICHOBCKAas W MarHUTOPE30HAHCHAs
KOMIBIOTEpHasE ~ ToMorpadusi,  MO3UTPOHHO-OSMUCCHUOHHAsE  Tomorpadus,  oAHO(OTOHHAs
OIMHUCCHOHHAsI TOMOTpadusi, peKOHCTPYKIIUs, 00paboTKa N300pakeHUM, TO3UMETPHSI U T.JI.).

e Dy3rKa HEHMOHU3UPYIOIIUX METOJIOB TUArHOCTHKHU (Kapauorpadus, ja3epbl, yIbTPa3BYK,
Tepmorpadus, uzmMeperue, 00padboTka N300paKeHHA U T.J.).

eDy3rKa HEHOHU3UPYIOLIUX METOJOB JeueHus (Jlazepsl, yIbTpa3ByK, rumneprepmus, CBY,
VYBUY, KBY, marauTtorepanus, KpUOXHUpPyprus, BO3ACUCTBUE, KOHTPOJIb U T.1I.).

olIpoGmeMbl  koMIbrOTEpH3alud  (00paboTKa  M300pakKeHHWiH, AaBTOMATH3UPOBAHHOE
yIpaBJjeHUE MPOLIECCOM JICUEHUSI U TUATHOCTUKHU, KOHTPOJIb U T.11.).

e MaTtemMaTHuecKoe MOJCIMPOBAHNUE B TUATHOCTHKE U TEPAITHH.

® ABTOMaTU3UPOBAHHBIE CUCTEMBI YIIPABICHMUSL.

e PanuanionHast 6€30MacHOCTh MalMEHTOB U MIEPCOHAIA.

e Oy3nYECKUE acTIeKThl KOHTPOJIS U TapaHTHH KauecTBa JIEYEOHbBIX TEXHOJIOT .

e PannosKkosorus B paaualliOHHOM METUIIHE.

o Ou3uyecKue acleKThbl KOHTPOJIS U TapaHTUU KayecTBa IUAarHOCTUYECKUX TEXHOIOTHM.

o[Ipo0neMbl MIAHUPOBAHUS, TMPOCKTUPOBAHUS, OCHAIIEHUS U YIOPABIECHUS MEAUKO-
(U3NYECKUMU TEXHOJIOTUSMHU U KOMILIEKCAMHU.

MenuiuHCKui Gu3nK

MenuuuHckuil (U3NK — CHENHAIUCT C BBICIIUM (PU3UKO-TEXHUYECKUM OOpa30BaHUEM,
UMEIOIMHI JUIJIOM YHMBEPCUTETA WJIM TEXHUYECKOT'O BBICIIET0 y4yeOHOTo 3aBefCHUs Mo (U3UKE,
MaTeMaTHUKe, BBIYUCIUTEIbHON TEXHUKE, PU3NYECKON XUMUU UM XUMHUYECKON (pU3HKe, MEXAHUKE,
JJIEKTPOTEXHUKE MIIHM HJIEKTPOHMKE, PaOOTAIOMINI B COTPYIHUYECTBE C MEAUIIMHCKUM MIEPCOHATIOM
B JICYEOHBIX YUPEKICHUSNX, YHUBEPCUTETaX, YYE€OHBIX WM HAYYHO-HCCIIEI0BATENIbCKUX
UHCTHUTYTaX.

(Marepuanel  EBpomneiickoit ®enepauuu  OpraHuzaldid MO  METUIMHCKOM  (QuU3MKe
(mporpamMMHbIe TOKYMEHTHI [4]). ®MenunuHCKui (UMK TOJKEH MPOUTH CElUaTH3aIUI0 10
MEAMIMHCKON (M3MKE B CHEHUANbHBIX YYEOHBIX LIEHTpPAaX WM B BBICIIUX Y4EOHBIX 3aBEACHUSX,
MMEIOLINX COOTBETCTBYIOIIYIO JINLIEH3HIO. MenuuuHCKuX — (U3UKOB  MOXKHO
pa3enuTh Ha TPU OCHOBHBIE IPYMIIIbI:

®paboTaloIINe HEMOCPEICTBEHHO B MEIMIIMHCKUX YUPEKICHUAX U 3aHUMAIOIINECs TJIaBHBIM
o0pa3oMm Tepanuei U AMarHoCTUKONW BMECTE C BpayaMy;

epaboTalolie B HAYYHO-TEXHMUYECKHX YUPEXKICHUSAX U 3aHUMaIoIIMecs pa3paboTKOiM
MEJUIIMHCKON aIapaTypbl 1 HOBBIX TEXHOJIOTUI;

epaboTalolMe B BBICHIMX Y4YeOHBIX 3aBEACHUSAX M 3aHUMAlOIIMEcss OoO0ydyeHHeM Bpaueil,
MEAMIMHCKUX (PU3UKOB, MEAUIIMHCKUX HHKEHEPOB M HAYYHBIMH HCCIIEI0BAHUSMHU.

B cBI3m ¢ HOBBIMM IOAXOJAaMU K TOJAEPKAHUIO TEXHUYECKOIO  COCTOSIHMS
paAMOTEPANIEBTUYECKUX aMapaToB, CYHIECTBEHHO MEHSIOTCS (YHKIIMM MEAUIMHCKUX (PU3UKOB U
MH)KEHEPOB B OHKOJIOTMUYECKHX YUPEKICHUAX pecnyOnukd. CBs3aHO 3TO C TeM, YTO PEMOHT H
TEXHUUYECKOE OOCITYyXKMBaHHE 00OpYIOBAaHHUS BBINOJIHSIOT CEPTUPUIMPOBAHHBIE HHKEHEPHl PUPM-
MIOCTaBIUKOB.

OcHOBHOM 0053aHHOCTBIO MEIUIIMHCKOTO (H3MKa B KIMHUKaxX SBISETcS oOecreyeHue
BBICOKOT'O YPOBHSI 00CTY>KMBaHUs, PEACTABISIEMOT0 B JI€YeOHOM YUPEkKACHUU.
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Ha meaunmackoM (u3uKe Nexar ciaeayrompe oomue o0s13aHHOCTH:

® pr3MKO-TEeXHUYECKOE O00ECTeUeHne JTy4eBOW Teparuu, JY4eBOM JTHAarHOCTHKH, SICPHOMN
MEIWIIMHBI, Ja3epHOH METUIIMHBI M APYTrUX 00JacTeid MEIMIIMHBI, UCTONB3YIONNX (U3NYECKUE
U3ITy4eHUs, MEIUKO-(hU3NUecKre TEXHOJIOTUH U anmnaparypy (Takyro, Kak YCKOPUTEIH 3JIEKTPOHOB,
YCKOPHUTENIN TSKENBIX AJIEPHBIX YACTHUIl, PAJAOHYKIHIHBIC TEPANIEBTUUECKUE U JUArHOCTUYECKUE
amnmapaTbl, MEIMIMHCKUE SACPHbIE PEaKTOPbl, HEUTPOHHBIE TI'€HEPATOPbl, PEHTIEHOBCKUE
JTUATHOCTHYECKHE  ammaparbl, PEHTTEHOBCKHWE,  MAarHUTO-PE30HAHCHBIE,  OJHO(OTOHHBIC
SMUCCHOHHBIE, MO3UTPOHHO-3MHUCCHUOHHBIE, YIIBTPa3BYKOBBIE Tomorpadsl, Ja3zepHas,
TUIEPTEPMHUUECKasi, MAaTHUTOTEpANIEBTUIECKasl, KapAuorpaduueckas u Apyrasi TEXHUKA);

®OTBETCTBEHHOCTh 3a CTaHAAPTH3ALUIO U KAIMOPOBKY MEIUKO-(PU3UUECKOr0 000PYAOBaAHNUS,
32 TOYHOCTh U 0€30MaCHOCTh (PU3HUECKUX METOJIOB, HCIIOIb3yEeMbIX B TIOBCETHEBHON KIMHIUYECKON
IIPaKTHUKE;

®IIPOBEJCHUE M OPTraHM3allMs HAYYHBIX HCCIICIOBAHUN MO PAa3BUTHUIO U BHEAPEHUIO HOBBIX
MeAUKO-(PU3NUECKUX TEXHOJIOTUN U allapaToB;

eOopraHm3ausi W NpOBEJACHHE OOy4YeHHS MO MPUKIAAHON (U3MKE, MeIUKO-(hH3MIecKuM
TEXHOJIOTHSIM W TEXHUKE Bpaueld, WHKEHEPOB, MEAMIMHCKHX CECTEp, MIIAJIIEro MEIUKO-
TEXHUYECKOTO MIEPCOHANIA, CTYICHTOB ((hM3UKOB U Bpaueil) U TEXHUUECKUX PaOOTHUKOB;

®aIMUHHCTpATHBHAs paboTa MO OpraHu3alUud MEAUKO-(PU3UYECKOro OOCITYXKHBaHHUS U
TEXHUYECKOTO OCHAIIICHHUS;

®Be/IeHIEe HEOOXOAUMOM MEeTMKO-(DU3UYECKON U TEXHUUYECKOM IOKYMEHTALIUN;

®y4acTHE COBMECTHO C MEAMIIMHCKUM II€PCOHAJIOM B IUIAHUPOBAHUHM, OPraHU3allud U
MIPOBEJICHUH JIeYeOHO-TUAarHOCTHUECKOT 0 IPOoIIecca;

®OTBETCTBEHHOCTh (COBMECTHO C MEAMIIMHCKUM TIEPCOHAJIOM) 3a JIMATHOCTHKY U JICUCHUE
00JIBHBIX, 32 0€30MaCHOCTH IPOBOAUMBIX MPOLEAYD;

®KOHTPOJIb M TapaHTUS KadecTBa MEIUKO-(PU3NYCCKUX JUATHOCTHYCCKHX U JIeYeOHBIX
TEXHOJIOTHH;

eKaIMOpPOBKA U METPOJIOTHYECKAsh TMOBEpPKA JIO3UMETPUUECKOW U PaAMOMETPUUYECKON
anmapaTyphl, SKCIUIyaTUPYEMON B MEIULIUHCKUX YUPEKICHUAX;

o hu3NKO-MaTeMaTHUecKasl JKClepTH3a M pa3paboTKka MPOEKTOB IOMEIIEHUH s
pa3MeIrIeHnst MeTUKO-(PpU3NIECKOr0 000PYI0BaHMS.

Haubonpiiee xonmuuectBO (PU3UKOB W HWHXKEHEPOB celyac paboTaeT B OTIEICHUSAX U
KIIMHUKaX JTydeBoil Tepanuu. [loaToMy nanbiiie Mbl pacCMOTPUM MOJAPOOHEE UMEHHO 3Ty 00JacTh
METUIAHBI.

HoBrle MeToAMKYN Ty4eBOM Tepanuu NOTpeOoBaiu co3aHus 0oyiee CIOKHBIX MPOTPaMMHBIX
MaKeTOB Il ONTHMAJIBHOTO BBIOOpA YCIOBHI OOJy4YeHHUs W, COOTBETCTBEHHO, 0OJI€€ MOIIHBIX
BBIUMCIUTENBHBIX CcpencTB. Pabora Ha Takux cucTemMax MoTpeboBana Oosee BBICOKOM
KBaTHpUKaK (GU3NKOB. boyiee CIOKHBIMU CTald U TMPOBOJAMMBIE (U3UKAMU JTO3UMETPUUYECKUE
u3MmepeHus. CoBpeMeHHbIE TpeOOBaHMS K OTMYCKY 3aJaHHOW MOTJIOUICHHOW J03bl MallHeHTaM C
MOTPEITHOCTHIO, HE TpeBBIMaOIe 5%, 3acTaBisAl0T (U3UKOB U3MEPATH €€ C MOTPEIIHOCThIO Ha
ypoBHe 1-2%. Jns cobmioieHusT Takoil BBICOKOH TOYHOCTH HEOOXOIMMO HMETh Kak
MPEIU3UOHHBIE KIIMHUYECKHE JO3UMETPHI, TaK U KaUeCTBEHHBIE METOANKHA U3MEPECHUI.

CoBpemeHHbIE TpeOOBaHUS K PaJAMAlMOHHON 3allUTe MAlMEHTOB 3aCTaBWJIM BHEAPATH B
OTJIETICHUSAX JIy4€BOW TEpalud CUCTEMY TapaHTHH KadeCTBa BCETO TEXHOJOTMYECKOro Ipoliecca
JICYEHHUS] TAIMEHTOB. [ JTaBHBIM 3JIEMEHTOM ASTOM CHCTEMBI SIBJIIETCS KOHTPOJIb KayecTBa BCETO
npuMeHsieMoro obopynoBanus. M 3meck MenmuuuHCKuE (U3UKHA UTPAIOT TJIABHYIO M PEIIAOIIYIO
pOJIb.

B uTore TeXHMUYECKHM CITEIUATTUCTAM MPUXOJIUTCS HECTH 00JIee BBICOKYIO U 0O0JIee CI0KHYIO
Harpy3Ky B OTAEJICHUSIX JTy4E€BOW TEpamuu MO CPABHEHUIO C TOM, KOTOPYIO OHU Hecnu eme 10 ner
Haza.

B uewm xe 3akitouaercs 6osee BRICOKasi HArpy3ka TEXHUYECKOTo repcoHana?

KoHTpoib kauecTBa
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KoHTponb KauecTBa BCEro pPaguOTEpaneBTHUECKOrOo OOOpYIOBAaHUS SIBISIETCS COCTaBHOM
YacThl0 TapaHTHUM KayecTBa — CHCTEMbl MEPONPHUITHM MO COOJMIOJEHUIO KauecTBa BCETro
TEXHOJIOTHYECKOT0 TpoIiecca JIydeBoil Tepanuu. [1ockonbKy anmmaparhbl Juisi 00aydeHus: O0JIbHBIX
ABIISIOTCS TJIABHBIM AJIEMEHTOM B IPOIECCE JIyYEBOTO JICUEHUs, IMpOBEepKa KadecTBa MX pabOThI
uMeeT 0co0oe 3Ha4YeHHEe JIsl JIOCTH)KEHHUS YCHEIIHOTo pe3ynbraTa. [JTaBHOH IIENbI0 3TOTO
KOHTPOJISI SIBJIIETCS MOJIEP)KaHUE XapaKTePUCTUK TePANeBTUUECKUX MYYKOB M3IY4YEeHHUs], B JTFOOOH
MOMEHT BPEMEHHU COOTBETCTBYIOIIMMHU TE€M 3HAYCHHSIM, KOTOpPbIC ObLTH OMPENEICHbI IPU MPUEMKE
anrapara B KJIMHUYECKYIO ITPAKTHKY.

Pacmmpenue ¢yHKIIMOHATBHBIX 00s3aHHOCTEH

MenuuuHckrue GU3MKH B COOTBETCTBUUM C  ONMYOJUKOBAaHHBIMH  MEXKIYHAPOJHBIMU
PEKOMEHIAIUSAMH JIOJDKHBI 00513aTeNIbHO y4acTBOBaTh B NIPOIECCE MPEATydeBON MOATOTOBKH Ha
CUMYJISITOpaX, KOMIIBIOTEPHBIX PEHTIC€HOBCKHUX TOMOTrpadax, a TakkKe Ha MepBOi yKJIaJIKe MalrueHTa
Ha JiedeOHOM cToJjie ammapaTa JiydyeBoi Tepanuu. [Ipu mpoBeneHun OOJIBHBIM OOJTY4EHHUS IO
cnoxHbIM MetoaukaM IMRT wunm crepeorakcrca GU3MKHU JOJKHBI IPUHUMATh Y4acTHE B KaxkIOM
ceance obOmydenus. IIpu 3ToM OHHM 00s3aHBI MPOBOJHUTH IN VIVO JO3UMETPUYECKUN KOHTPOJIb
OTIYLIEHHOM J03BI.

VY cnoxHUIACh TpoLeaAypa KOMIIBIOTEPHOTO IIJIaHUPOBAHUS 00JIy4€HUs NAUEHTOB, 0COOEHHO
npu wucnonb3oBaHuu cinoxkHbiX ero BuaoB (IMRT, IGRT, 4D, crepeotakcuc). ®usukam
IPUXOJIUTCS CO3/1aBaTh BMECTO OJHOI'O HECKOJBKO, HHOTA 10 10 miaHoB 00ay4yeHus, U3 KOTOPBIX
Jy4EeBOM TEpareBT BHIOMPACT HAUITYUIIHA, IO €r0 MHEHUIO, TIJIaH.

Takoe yBEeNTWYCHHE HArpy3KM Ha MEIUIIMHCKUX (U3UKOB 3acTaBWIO EBpomneickyro
aCCOLMAUI0 MEIUIIMHCKUX (PU3UKOB BHIPAOOTaTh PEKOMEHIAIINIO, 10 KOTOPOW roJi0Basi Harpy3ka
¢du3KKa Mpy MIAHUPOBAHUU 00 ydeHHs orpaHuunBaeTcs 100 HOBBIX MAIUCHTOB.

OHu ke TOJKHBI CO3/1aBaTh HOBbIE HOPMATUBHBIE TOKYMEHTHI 110 pa0oTe OTAEICHU TyueBOil
TEpanuy, HAaNpaBJICHHbIE HAa YIy4IIEHHE CHUCTEMbl pPaJAMallMOHHOW OE30MacHOCTH TEepCOHAa U
00s3aTenpHO nanueHToB. Kpome 3Toro, GU3MKM AOIKHBI OTCIIEKUBATH MUPOBOUM YPOBEHB Pa3BUTHS
paaualMOHHON TEpareBTUYECKOM TEXHUKM M IPUHUMATh AaKTUBHOE YYacTHE B IOJATOTOBKE
TEXHUUYECKUX 33/JIaHUN M BBIOOpE MPUEMIIEMOTO armapaTa MpH ero 3aKylKax AJs CBOUX JIeYeOHBIX
YUPEKIACHUM.

TexHU4YeCKUH MEepCOHANl IPAKTHUYECKHM BCEX OHKOJIOTMYECKUX JHCIIAHCEPOB BMECTE C
¢u3MKaMM LIEHTpa 3aHUMAaeTcs MOArOTOBKONM TEXHUUYECKUX 3aJJaHUi Ha 3aKyraeMoe 000pyAOoBaHUE,
B COCTaBE DKCIEPTHHIX KOMHUCCUN Y4acTBYET B BBIOOpE JTyYIlIero 000pyI0BaHUs, IPEICTABICHHOTO
Ha KOHKYPCHBIE TOPIH.

@®U3KMKH aKTUBHO y4acTBYIOT B o3uMeTpuueckux ciandeHusax ¢ MAI'ATO meronom «TJI/I o
Io4Te».

MeaunuHcke (DU3NKUA YUTAIOT JEKIWH W BeAyT MpakThueckue 3aHsaTus Ha Kadempax
OHKOJIOTUM aKaJeMHI MOCIEeIUIUIOMHOr0 00pa3oBaHus U Kadeapax OHKOJOTMU M MEIULUHCKON
PaANOIIOTUN METUIIMHCKUX YHUBEPCUTETOB.

MenuuuHackue PU3UKN YUTAIOT JICKITUU U BEIYT MPAKTUUYECKUE 3aHITHS HA MEXKTYHAPOIHBIX
Kypcax M0 paJIMallMOHHOM 3aIUTe, TPOBOJUMBIX 1o srugoit MAI'ATO.

Heotbemnemoii yacTbio paboThl PU3UKOB SABISETCS y4acTUE B HAYYHBIX MCCIIEI0BAHUSX.

Jist Toro, 4ToOBI METUIIMHCKHUE (PU3UKU MOTJIH B TIOJTHOW MEpPEe BBITIOIHATH CBOM (DYHKIIHH 110
00CITy’)KMBAaHUIO COOTBETCTBYIONIUX MEINKO-(QU3MUIECKUX TEXHOJIOTHI, HEO0OXOIUMO, YTOOBI

[Tpodeccus meauuuHCKOTO (QU3HMKA MMeIa IPU3HAHHBIN BBICOKUH CTATYC;

brun obecriedeHbl XOpoIIre yCIOBUS M BO3SMOXKHOCTH I pabOThI;

Opranuzanus MeIuKO-(PU3NYECKOro OOCIY)KUBAHHUS TMPUBIEKaNa KBATH(PUIIMPOBAHHBIX
CIIEUATIUCTOB.

Eciu menununckue ¢uzuku OyayT paboTaTh MOOAMHOYKE WM MalbIMH Pa3pO3HEHHBIMU
rpynmnamu, IJIOXO OpPraHHW30BAaHbI M OCHAIIEHbI, HE OyAYT HMMETh COOTBETCTBYIOILEIO CTaTyca,
MaTepuaibHOU M MOPAIBHON 3aMHTEPECOBAHHOCTH , TO TIOJB3bI OT HUX MEIUIIMHE Oy/IeT HEMHOTO,
a, CJIeI0BaTeIbHO, M MEIUIIMHA HE CMOKET OKa3bIBaTh OOJNBHBIM aJIEKBATHYIO TIOMOIIIb.

OTtaeneHue Wi MEHTP MEIULIUMHCKON PU3UKH
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Hawnbonee BBICOKMI ypOBEeHb W HawOOJbINas SKOHOMHYECKas S()PEKTUBHOCTh MEIUKO-
¢buznyecKkoro oOCHyKHMBaHUSA JOCTUTAETCS TaM, TJI€ OHO OpPraHU30BaHO Yepe3 HE3aBUCHUMOE
OTJeNICHUE WU HEHTP MEAUIUMHCKON (pu3uKHu. PykoBomuTeneM oTaeNneH sl T0JKEH ObITh ONBITHBIN
MEAMIMHCKUI (U3MK, OTBEYaromMii 3a MpodeccroHaNbHBII ypOBEHb, OOECIeueHHue Hay4dyHOU
NEeSITebHOCTH U OIODKET OT/AEICHUS WK LEHTpa. DT 003aHHOCTH MOTYT OIPEENIATHCS paMKaMHu
OJIHOTO JIeYeOHOTO YUPEkKACHUS UITH LIEJIOT0 PEerroHa.

HebGonpimme oTaeneHus sSBISIOTCS OTHOCUTENBHO OoJiee TOPOTUMHU M MeHee 3 (HEeKTHBHBIMHU.
[Ipy »STOM u©MeeTCs PUCK CHIDKEHUS KadyecTBa U JOCTYIHOCTH OOCHY>KMBaHUS, YPOBHS
0e30macHOCTH ManueHToB. IloaTomMy pekoMeHayercs, 4ToObl HEOOJbIIME OTICNCHHsS paboTaTu
COBMECTHO C 0oJiee KPYIHBIMH, HaXO/ISICh KaK OBl MO/ UX MaTPOHAKEM.

[Toka MeauKo-(U3NIECKUN CEPBUC OTPAHUYMBACTCS, B OCHOBHOM, PAHOJIOTUYECKO Cepoid,
B KOTOPOH CYILECTBYIOT JaBHHME W NpU3HaHHbIE Tpaauuuu. OHaKO, yKe UMeeTcsl oOecreueHue
MarHUTO-pE30HAHCHOW M YJIbTPAa3BYKOBOW BH3YyalIM3allMHM, (PU3HOJIOTHYCCKUX H3MEPCHHMIA,
KIMHUYECKUX TMPWIOKEHUH HEHOHU3UPYIOUIMX H3JIydeHUud (J1a3epHble, yibTpaduoeTOBbIC,
MHUKPOBOJTHOBBIC TEXHOJOTHH), OWOMEIUIIMHCKON TEXHUKH, DSJIEKTPOHUKH, HH(POPMAIMOHHBIX
TEXHOJIOTHi1, 00111eii 00pabOTKH TaHHBIX U KOMITBIOTEPHBIX TEXHOJIOTHH.

Oskupaercs, TO poiib MEJUIIMHCKOHN (PU3UKH B 3THX 00JacTsIX B OyaylIeM BO3pacTeT.

OtaeneHue METUIIMHCKON (DU3MKK JIOJDKHO OBITH TECHO CBSI3aHO C COOTBETCTBYIOIIMMHU
KIIMHUYECKUMU cepamu.

[TpunLMIIBI B3auMOAENCTBUS (DU3HKA U Bpadya

MenuuuHckas GuU3MKa HE JO0JDKHA MPEBPAIIaThCsi BO BCIIOMOTATEIbHBIN BTOPOCTEIICHHBIN
MPUIATOK MEIULMHBL. B MEAMIMHCKUX yUYpeKICHHSIX 4acTO y Bpaueill ObITYeT B3IV Ha CBOUX
(GU3MKOB Kak Ha OECIPEKOCIOBHBIX HCIOMHUTENCH X BOJM. OHH MOJABISIOT WX, CAMHU JIENIAI0T UX
HEaBTOPUTETHBIMU U Oecrone3HbiMu. [Ipu 3TOM monpa3feneHuss METUIMHCKUX (U3UKOB U
npodeccusi CTAHOBSITCA HENPECTHRKHBIMU. B KOHEYHOM wuTOore, (PU3MKU B ITHUX YCIOBHSIX
MOCTENIEHHO JEeTPaJupylOT, M Bpaud MOIY4arOT Jisl ceOsi BMECTO YMHOIO, KOMIIETEHTHOTO U
AaKTHBHOI'O IIapTHEPA TO, YTO UM CAMHUM, ECTECTBEHHO, IIEPECTAET HPABUTHCSI.

MeauuuHckuii QU3UK B KIMHUKE JOJHKEH OBITh JOCTaTOYHO HE3aBUCHUM M aBTOPHUTETEH.
TonpKO B 3TUX YCIOBUAX €ro o0pazoBaHUE B 00JAaCTH TOYHBIX HAYK U JIOTUYHBINA 00pa3 MbIIIJICHUS
MPUHECYT MAKCUMAJIBHYIO MOJIb3Y.

be3 memuuuHckol (u3Mku He OyaeT BBICOKOTEXHOJOTHMYHOHM, 3(Q(QEKTUBHOM M TOYHOMH
MenuuuHbel. HeoOXxoauMo B KaXJOM MEIHWIUHCKOM YUYPEXIEHHH M B CTpaHE B LIEJIOM CO3]aTh
BOKPYI MEIUIIMHCKUX (U3MKOB Takyl arMochepy U TaK OpraHu30BaTh MEIUKO-(DHU3HUECKYIO
cinyx0y, uToOBI OHa ObllIa JOCTATOYHO HE3aBHCUMOI, aBTOPUTETHOM U MAaKCUMAIbHO MOJIE3HOM.

[ITarel MeaAUIIUHCKUX (DU3UKOB B OTJEICHUSIX JIYY€BOM TEpPaAIUU. Pacuer
TpeOyeMoro mraTa MEAMIMHCKHX (PU3UKOB MOHKEH TMPOM3BOAMTHCS HAa OCHOBE (DaKTOPOB,
YUNTBHIBAIOIIMX Kak padouyyl0 Harpy3ky OOOpYAOBaHMSI M KOJMYECTBO OOJBHBIX, MPOXOISAIIMX
JeYeHHe, TaK U CIOXKHOCTb METO/OB JiedyeHHUs. OCOOEHHO 3TO OTHOCHTCA K paboTe (M3HMKOB B
YCIOBUSIX MPUMEHEHUS COBPEMEHHBIX paJMOTEPANeBTUYECKUX KOMIUIEKCOB Ha 0a3e HOBBIX
MEAMIMHCKUX YCKOPUTENIEH DIIEKTPOHOB.

Heobxomumoe ¢usnueckoe 00CIyKHMBaHUE JTy4e€BOW TEpamuu OO0ECIEeYMBAETCS HE TOJBKO
busukamu. HyXHBI ¥ Apyrue cnenuamucTbl (MHXXEHEPhl, TEXHUKU, JTO3UMETPUCTHI, CIICIIUATHCTHI
M0 KOMITBIOTEpPHOU TexHuke). [Ipm pacuere o0miero 4Ymciia CIEMUAIMCTOB, HEOOXOIWMBIX IS
obOecrieueHns OOJy4eHHUs, JTOJDKHA OBITh OMpENeNieHa MOl KBATH(PHUIIMPOBAHHBIX (DU3MKOB. JTa
JIOJISl 3aBHCUT OT MECTHBIX YCJIOBHM, CIOXKHOCTH 000pYAOBaHMUs, IOCTABICHHBIX Mepes (pU3nKaMu
Hay4HbIX 337a4 U T.1.

ITokaxeM, kak 3Ta 3agayva penieHa B Poccuiickoit denepanni.

ITPUKA3

6 Hos16pst 2009 1. N 869

Ob VTBEPX/JEHWUM EJIWMHOI'O KBAJIMOUKAIIMOHHOI'O CIIPABOYHHMKA
JIOJDKHOCTEM PYKOBOJAUTEJIEN, CHELIMAJIMCTOB U CJIYKAILLUX.
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PA3JIEJI

"KBAJIMGUKAILIMOHHBIE XAPAKTEPMCTUKU JOJIKHOCTEM PABOTHUKOB B
COEPE 3/IPABOOXPAHEHUA»

MenutuHckuit pusuk. JJoKHOCTHBIE 00S3aHHOCTH.

Opranu3yeT TEXHHYECKOe OOCIyXHBaHHE M OOECHEeYMBACT TEXHUYECKOE OCHAIICHUE
CTPYKTYPHBIX MOApa3/eIeHU MEAULIUHCKUX OpraHu3aluid, HCHOJB3YIOUUX MpU IMPOBEICHUU
JUAarHOCTUKK M JIeYeHUS  (U3MYECKUE  M3IIyYeHHs, MEIUKO-(DU3MYECKHe  TEXHOJIOTHH,
obOopynoBanue u amnmnaparypy. OcyliecTBisieT KaluOpoBKY MeAUKO-(PHU3NYecKoro o00pyAOBaHuUs,
o0ecreynBaeT TOYHOCTh M 0€30MacHOCTh (U3UYECKUX METOJIOB, HMCIIOJIB3YEMbIX B KIMHHYECKOU
npaktuke. [log pykoBoAcTBOM Bpaya I[IJIaHUPYET, OPraHu3yeT M MPOBOAMUT JIEYeOHO-
JIMarHOCTUYECKUH mpouecc. Bemer HeoOXOauMyl0 MeIUKO-(GU3NYECKYI0 M TEXHHYECKYIO
nokyMmeHTanuio. Opranusyer paboTy MO HOBBIIICHHIO KBalW(UKAIMKU PAOOTHUKOB MEIMIIMHCKHUX
OpraHu3aniii 1Mo BompocaM 0€30MacHOCTM TALMEHTOB M PaOOTHUKOB, PALMOHAIBHOTO
UCIOJIb30BaHUsI MEANKO-(DU3HMUECKUX TEXHOJIOTUHN U anmapaTypbl.

JlomxeH 3HaTh: 3aKOHbl M HHbIE HOPMAaTUBHBIE IIPAaBOBbIE aKThl 110 BOIpPOCaM
3IpaBOOXPAHEHUS; HUCTOYHHKH, CpPEACTBA M METOAbl BO3ACUCTBHUS HOHU3HUPYIOIIUX H
HEHMOHM3UPYIOIIUX U3JIyY€HUN MpU MPOBEIECHUU JICUEHUS M JUarHOCTUKM 3a00JIeBaHUM; MpaBuia
KOHTpPOJISI KauecTBa JIEYCHHS M JTUATHOCTHKU C IMOMOIIBI0 (DU3MUECKUX CPEICTB M METOJIOB,
obOecrieueHrss 0€30MaCHOCTH TAIMCHTOB W PAOOTHHKOB, METOABl MaTEeMaTHYECKOH 00paboTKu
MEAMIIMHCKUX HW300paXKeHUI; OCHOBBI TPYIOBOI'O 3aKOHOJATENbCTBA; IPaBUIa BHYTPEHHETO
TPYAOBOI'O paclopsiika; paBuia 1o OXpaHe TPyAa U IPOTUBOMOKAPHOM 3allUTHI.

TpeboBanus k kBanudukanuu. Beiciiee npodeccnonansHoe 00pa3oBaHue MO CIEUATbHOCTH
"MemunuHcKas ¢Gusznka" 0e3 mpeabsBiIeHUs TPeOOBAaHWUN K CTaxy pabdOThl WM BBICIICE
npodeccuoHanpHoe 00pa3oBaHue MO crnenuanbHocTH "du3MKka aTOMHOrO sapa W YacTul' u
JIOTIOJTHUTENIbHOE 00pa3oBaHME 1O CIeNUAIbHOCTH "MemunuHackas ¢usnka" 0e3 mpeabsBICHUS
TpeOOBaHM K CTaXy PaOOTHI.

OkcnepT-QU3MK MO0 KOHTPOJIIO 32 HMCTOYHUKAMU HOHU3HMPYIOIIMX U HEHMOHU3HUPYIOIIUX
U3IIy4EeHHI.

JomxHocTHBIE 00s3aHHOCTH. OCYILECTBISET KOHTPOJb 332 NMPUMEHEHHUEM HOHU3HUPYIOIINX
U3Iy4YEHU! W JApYTrUX DSJEKTPOMAarHUTHBIX TIOJIE€H, 3arpsA3HEHHOCTBIO OKpPYXKAIOIIEH Cpenpl,
UCIIOJIb3YSl COBPEMEHHBIE METOJIbl PAAMOMETPUUECKUX, TO3UMETPUUYECKUX U CIIEKTPOMETPUUECKUX
uccinenoBaHuid. M3yuaeT M mpUMEHseT pa3iuyHble CHOCOOBI 3alIUTHl OT HOHU3HUPYIOIIUX
U3ITy4EeHUH M JPYyruxX dJIEKTPOMAarHUTHBIX IIOJIEH, METOJAbl MAaTeMaTU4YEeCKOW CTaTHUCTHUKH.
ObecnieunBaeT MPEHU3MOHHOCTh BCEX BUJOB PAJAMAIMOHHOIO KOHTPOJS Ha OOBEKTaxX Haja30pa 3a
COCTOSTHUEM OKpy»katolel cpeibl. [I[poBoauT oneHKy 3 (eKTUBHO IKBUBAJICHTHBIX /103 00TyUEHUS
paloTaroUMX Ha Pa3IMYHBIX MPOM3BOJCTBEHHBIX M OBITOBBIX OOBEKTaX OT BCEX HCTOYHHUKOB
JJIEKTPOMAarHUTHOTO M pajuallMOHHOro  Bo3jaeWcTBUA. OueHuBaeT OOOCHOBAaHHOCTh U
1e/1ecO00pa3HOCTh  MPUMEHEHHS  HMCTOYHHKOB — HOHU3UPYIOIIMX  HU3IY4YeHUH U Jpyrux
JMIEKTPOMArHUTHBIX MOJEeH Ha O00bEeKTax, MOAJEKAIUX MPEeAyNPEeAUTEIbHOMY M TEKYIIEMY
Ha/30py, 3(P(PEeKTUBHOCTH OMOJOTMUYECKONW 3allUThl OT BPEAHOTO HU3IYYEHUS U TEXHUYECKHUX
CPEICTB JUCTAHIIMOHHOrO KOHTpousis. OIlleHWBAaeT CTENeHb paJdallMOHHOW ONacHOCTH Ha
[10/IBEJOMCTBEHHON TEPPUTOPHH.

JloipkeH 3HaTh: 3aKOHBI M MHBIE HOPMAaTHBHBIE NpaBoOBbIe akThl Poccuiickoit denepanum,
neiicTByomue B cdepe 37ApaBOOXpaHEeHUs; (PU3NYECKHE OCHOBBI PATUOMETPUH, TO3UMETPHUHU U
CHEKTPOMETPHUM, 3alIUThl OT MOHU3UPYIOIIUX U HEHOHU3UPYIOUIUX HU3Iy4YEeHUH; METO/bI
MaTEMaTUYECKON CTAaTUCTUKH; OCHOBBI TPYAOBOIO 3aKOHOAATEIbCTBA; IPaBUa BHYTPEHHETO
TPYAOBOI'O pacropsijika; MpaBuia 1o OXpaHe Tpya U MoKapHOH 0e30M1aCHOCTH.

TpeboBanus k kBanupukanuu. Beiciiee npodeccnonaabHoe 06pazoBaHue MO CHENUATBHOCTH
"®uzuka", "Ousrka aTOMHOTO SApa U 9acTHIl" 0€3 MpeabsIBICHUS TPEOOBAHMM K CTaXXy pabOTHI.

ITPUKA3
3 nexabps 2009 r. N 944u
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Ob VTBEPXJEHMU TIIOPSIAKA OKA3AHMS MEJUIIMHCKOM ITOMOIIH
OHKOJIOI'MYECKHM BOJIbHBIM

DU3UKO-TEXHUYECKUI TIEPCOHAI

MeauiHCKIN Gu3uk 13 pacyeta | JOJKHOCTh Ha KaXK/bI YCKOPUTEIb

MeuiuHCcKui Gu3nK u3 pacyeTa | TOHKHOCTH Ha 2 ramMMa-anmnapara

MenuuuHckuit pru3nk n3 pacdera | JNOIDKHOCTH Ha 2 anmapara Ais
KOHTAKTHOTO O0JTy4eHUs

MeumuHCKUi Gu3uk U3 pacuerta | JOMKHOCTP Ha 2 CHUMYJISTOpA
(KOMIIBIOTEPHBIX TOMOTpada)

MenuuuHckuit pu3nk n3 pacyera 1 JOJDKHOCTB Ha 2  CHUCTEMBI

JO3MMCTPHUUICCKOI'O IIJIAHUPOBAHUA

I/IH)KeHepBI I10 SKCIITyaTallk pagruoJIOTHYECKOI'O 060py,I[OBaHI/IH

WHxeHnep u3 pacuera | JOHKHOCTh Ha KaXKIbIM YCKOPUTENb
Wnxenep u3 pacuera | JODKHOCThHA 2 TaMMa-annapara
WNuxenep u3 pacyera 1 JOJDKHOCTD Ha

2 cuMynsaTopa(KOMIBIOTEPHBIX ToMorpada)

Kommenrapwnii:

B pacrmmcanun  ¢(uszukoB He0oO0X0auMo A00aBUTH JOJDKHOCTH PYKOBOIUTENS (DHU3UKO-
TEXHUYECKOTO IepCoHaja, a Takke HM3MEHUTh rpady, Kacaromlyrocss padoThl Ha CHCTEMax
IUTAHUPOBAHMS. 3/1eCh HEOOXOJMMO BBOJIUTH JOJDKHOCTHh (pu3mka Ha | pabouee MeCTO CHCTEMBI
IJJAHUPOBAHUS B CMEHY.

B pacnucanuyn MHXEHEPOB HEOOXOAMMO BBECTH JOJDKHOCTh CETEBOIO aJIMUHUCTPATOPA,
WH)XCHepa-HaYalbHUKA YCKOPHUTENS, MH)KEHepa IO pacueTy U H3TOTOBICHHUIO (HOPMUPYIOIIUX
MPHUCIIOCOOICHUA W (UKCHUPYIONUX TMPUHAMISKHOCTeH. Bce MOMKHOCTH WHXKEHEPOB, KpoMme
HAYyaJbHUKA YCKOpUTEIS U HUHXeHepa 10 (UKCUPYIOIIMM MPUHAUICKHOCTAM, JTOJKHBI
paccunThIBaThCs Ha | CMEHY M y/iBauBaThCsl pU paboTe 000pyL0BaHus B 2 CMEHBI.

Cpennuii TEXHUYECKUN NIEpCOHAT

TeXHUK-TO3UMETPUCT AJIs1 O0CITYKUBAHUS 1 momxHOCTH
0JI0Ka TUCTaHIIMOHHON Tepanuu

TexHuK-103UMeTpucT A OOCIyKMBaHUS | 1 JOIKHOCTH
OJIOKOB C  3aKpBITBIMM UM OTKPBITBIMH
PaAMOAKTUBHBIMU ITpenapaTaMu

TeXHUK JUIsl U3TOTOBJIEHUS 3AIUTHBIX OJIOKOB U | 1 JOIKHOCTH
JIpyrux GOpMUPYIOIUX MPUCITIOCOOICHUN

TexHuK s H3TOTOBJIEHUS YCTPOMCTB M | | JTOJKHOCTH
MPUCTIOCOOICHHIA Jinie:| AMMOOWIA3alUuA
HalMEeHTOB

IIpumeyanmue:

B ornenenusax Ha xaxaple 40 paaMoOTEpaneBTUYECKUX KOEK  yCTAHABIMBAIOTCS HE MEHEe
OJIHOM TOJKHOCTHU JO3MMETPHUCTA CITYKObI palalliOHHON 0€3011acHOCTH.

KommenTapwmii:

HeoOxoaumo 106aBUTH B MPUBEACHHOE BhIIIE IITATHOE PACHIHCAHUE CPEAHETO TEXHUYECKOTO
nepcoHana | TeXHHMKa MO YNPaBICHUIO MEIUIMHCKUM YyCKOpUTeleM B cMeHy. HeoOxoaumocTb
UMeTh Jo3uMeTpucTa ciryx0bl Pb Ha kaxapie 40 KOeK peIcTaBIsIeTCs] COMHUTEIIBHOM.

[TocneauniIoMHOE yCOBEPILIEHCTBOBAHHE

Curyauuio ¢ NocneAuINIOMHbIM 00yuYeHUEM MEIUUUHCKUX (u3uKkoB B cTpaHax CHI' moxkHO
CUMTATh HEYJOBJIETBOPUTEIbHOMU. [Touemy?

[Tockonpky B OOJBIIMHCTBE HAIIMX CTPAaH OTCYTCTBYET CHEIUAIbHOCTh «MeauinuHckas
¢u3uka», OTCyTCTBYeT W MojArotoBka. CyllecTBYIOIIME B INTAaTax OTACNCHHUH Jy4eBOW Tepamuu
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JOJKHOCTH WHXKEHEPOB 3aHUMAIOT paOOTHUKU C BeChbMa pa3HOoOpa3HbIM 0Opa3oBaHHEM, dalle
BCETO HE (PU3UUECKHUM.

Ortcro1a BOBHUKAIOT M MpoOJieMbl UX MOAroToBku. Uemy ux yuuth? ba3zoBas moaroroBka
MEIUIIMHCKUX (U3MKOB Ha 3amane 3aHuMaer 3 — 4 roma. B crpanax CHI' sta cnenuanbHOCTH
Havaja CUJbHO pa3BuBaThca B Poccuiickoit denepanum.

B utore nmocneauniioMHoe yCOBEpIIEHCTBOBaHHE (PU3UKOB MPEACTaBIsAeT co00il poBeieHue
B HEKOTOPBIX CTPaHAaX KPATKOCPOUYHBIX CEMHHAPOB IO OTACIBHBIM MPOOIeMaM, TIaBHBIM 00pa3oM
IJIAHUPOBAHUIO JTYYEBOM TEPANUU U KIMHUYECKOHN T03UMETPUH.

Ta ke cucrema ycosepiieHcTBoBaHus cymectsyetr B ECTPO.

Yto nemate nauapiie?

51 abcomoTHO YOKIEH B TOM, UTO MOIBITKH BBECTH CIIEIUATBHOCTh «MeIuIMHCKas (U3UKa
B T'OCYJapCTBEHHYI0 HOMEHKJIATYPy NPEANPUHUMAIIACH PaHEE M MPOJOJDKAIT MPEeIIPUHUMATHCA
no cux nop. K coxanenuro, He Be3J€ OHU 3aKOHYMIMCH ycrnexoM. Ho ocraHaBiuBaThCs Ha 3TOM
HEJb3S.

Ecnu xe Takas crnenuaibHOCTh BBEJICHA, TO TJIABHOE BHMMAHHUE B Haudaje €€ JaJIbHEHIIero
pa3BUTHS HEOOXOIUMO YyIensITh Bricmmm y4deOHbIM 3aBeAeHHsIM. MeauuuHckuii GU3nKu — B
NEPBYIO ouepelb (PU3UKH, TMOITOMY HX IMOJATOTOBKY HEOOXOIMMO MPOBOAWTH Ha (HU3HUECKHUX
dakynpTeTax, JOMOIHISA €€ MEIUIIMHCKUMHU CIIEIUANTBHOCTIMU. DTO HE MpocTas mpobiieMa, Tak Kak
HE BCE YHHUBEPCHUTETHI, UMEIOIIHE Pu3dak, UMEIOT elie U MeAdak.

B nauane 2001 rona EBpomnelickas accouuanusi TEpaneBTUYECKUX PAIUOIOTOB U OHKOJIOTOB
nosydmiia puHaHcupoBanue oT EBporeiickoro Coro3a Ha ocyiiectBienue npoekra “ESQUIRE” —
OO6pa3oBaHue, HayKa U rapaHTus KadecTtBa B JydeBoil Tepanuu EBponsl [5]. [To sToii mporpamme
OBLTM OPraHWU30BaHbl U OCYIICCTBISIOTCS B TOCIEAHHE TOJbI Y4eOHBIC KypChl MO TPUHAALATH
OCHOBHBIM Npo0semMam ny4yeBoil Tepanuu. Cpeau HUX:

9HI0BACKYJISIpHAST OpaxuTepanus;

TEXHHKA COBPEMEHHOU OpaxuTepanu;

IJITAHUPOBAHUE JIYYEBOTO JICUCHHUS: IPUHIIUIIBI U TIPAKTHKA,

paguanuMoHHasi OHKOJIOTHS: MOJIEKYJISIPHBIE TTOXO/IbI;

KJIIMHUYECKHUE UCCIIEIOBAHUS B PAUAIMOHHON OHKOJIOTHH;

BBIYHCIICHHE JI03bl U MOHUTOPHBIX €IWHUI[ JJIS MyYKOB BBICOKOIHEPTeTUYECKUX (DOTOHOB:
OCHOBHBIE MPUHITUIIBI U MPUMEHEHUE B COBPEMEHHOM 00OpY/I0BAHHH;

OpaxuTepanus paka mpocTaThl;

IMRT u gpyrue meTo1bl KOHPOPMHOTO 0OTyUEHHS Ha IPAKTUKE;

poIb 300pakeHUs B ONpe/ieNieHnH 00beMa MUIIIEHH B JTy4€BOI Teparui;

¢u3MKa B KIMHUYECKOH JTy4yeBOil Tepanuu;

COBpeMEHHasi TEXHUKA OpaxuTepanuu (¢ pyCCKUM MEePEeBOIOM);

JTOKa3aTeNbHas paualliOHHas OHKOJIOTHS: TPUHITUIIBEI U METOJIBI;

- OCHOBBI KJIMHHYECKOH pagrioOnOIOTHH.

[IpuauMaeT y4actrie B OpraHu3aIiu MOCIEIUIIIIOMHOTO OOJyUYeHUS MEAUIIMHCKUX (PU3UKOB
EBponeiickas  denepanus  opranmzanuii  MeauiuHckux — ¢m3ukoB  EFOMP.  ®enepanus
pa3pabaThiBaeT CHEIHATbHBIE MPOTrpaMMbl OOYYEHHS W OpPraHU3YeT OOMEH CTaXKUPYIOIIUMHCS
buzMKaMu MEXAy CTpaHAMHU.

B 2011 roxy Accoumanus MeauuuHCKuX (usmkoB Poccun opranuszoBajia ¢ IMOMOIIBIO
MAT' ATD MexayHapoaHbie Kypchl MOCIEAUIIIOMHON TOJTOTOBKA MEIUIIMHCKUX (PU3UKOB CTpaH
CHTI'. IlpenonaBaHue Ha Kypcax BeAeTCs Ha pycCcKoM s3bike. OTnaenbHble JEeKUuu, OyayT
npounTanbl kBamudumupoBanHeiMu crienuaiucraMu CIIA u 3anagnoit EBpombl Ha aHTIHiiCKOM
SI3BIKE.

B Pecnybnuke bemapycr B 2011 romy HayaTo NpOBEACHHE PETYISPHBIX OOYYAIOIINX
CEMHUHAPOB ISl MHKEHEPOB PATUOJIOTHYECKUX OT/ICICHUN OHKOJIOTHYECKUX YUPESKICHHN Ha Oa3e
Kadenpsr onkonoruu benopycckoit MenunmHckoil AkaieMyuu MOCIeIUIIIOMHOTO 00pa3oBanus. B
ATOM TOy MPOUAYT 2 ceMHHApa Mo mpodaeMaM KIMHUYECKON JO3UMETPHH.
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TKAHUHHOEKBIBAJIEHTHA JTO3UMETPIA JJIA SSAEPHOI MEJIUITAHA

T. O. OkyHeBa, L.I'. Mereaa, B.T. Maciok, B.1. JIsmaes, M.1. PomaH1ok,
0.0. ITapaar, B.M. I'oJsioBeii

Tnemumym enexkmponnoi ¢isuxu HAH Yrpainu, m. Yoceopoo, nuclear@email uz.ua

AHoTanis. Po3risHyTo nutaHHs T03UMETPIi SACPHUX YACTUHOK PI3HOT MpHUpOAU (Y-, EIEKTPOHH,
HEUTPOHM) Ta EHEPreTHYHOro ckiany. [IpencraBieHO pe3yiabTaTH 1O CTBOPEHHIO paaialliiHUX
CTeH,I[iB 3MIIIAHOIO  Ta PEeryjibOBaHOIO AACPHOTO BI/IHpOMiHIOBaHHSI Ta ,Z[OCJ'Ii,Z[)KeHHI-O
JO3MMETPUYHHX XapakTepucTuk sieroBanux LiF, Li2B40O7

AnHoTanusi. PaccMOTpeH BOIpPOC MO3UMETPUU SAJEPHBIX YACTHUI[ PANIUYHOW MpUpoasl (Y-,
OJICKTPOHBI, HeﬁTpOHLI) H DOHCPICTHYCCKOI'0 COCTaBad. Hpe,Z[CTaBJ'IeHO pe3yibTaThl CO34aHUSA
paaualilMOHHLIX CTCHAOB CMCHIAHHOI'O W PETYIHUPYCMOIO AACPHOr0 M3JIYUCHHUA U HCCICIOBAHUSA
TO3UMETPUYECKUX XapaKTepuCTHK JierupoBaHHbix LiF, Li2B40O7

Annotation. The problem of dosimetry of nuclear particles of different nature as vy’s, electrons,
neutrons and their energy spectrum is discussed. The results of the radiation test benches
realization with the mixture of mention of radiation factors and studies of doped LiF, Li2B407
dosimetry characteristics are presented.

Kurouosi ciioBa: sinepHa Meauiuua, y-, -, N- BANPOMIHIOBAaHHS, paJialiiiHi CTEHH,
TEPMOCTUMYJIbOBaHa JO3UMETPisl, TKAHMHOEKBI1BaJIeHTH1 MaTepianu, LiF, Li2B407
KiroueBble cioBa: sjepHas MEIULMHA, Y-, -, N- U3IydeHue, paJualliOHHbIE CTEH/IbI,
TEPMOCTUMYJIUPOBAaHHAs JO3UMETPUS, TKaHE3KBUBalIeHTHbIE MaTtepuaisl, LiF, Li2B407
Keywords: nuclear medicine, y-, -, n- irradiation, radiation test benches, thermo stimulated
dosimetry, LiF, Li2B40O7

Bigomo, cywacHi TepanmeBTHYHI Ta JIarHOCTUYHI YCTAaHOBKHU SIZICPHOI  MEIMIIMHHU
BUKOPHCTOBYIOTH JKEpelia 10Hi3yro4oro BunpoMinoBanHs ([IB), o MatoTs pizHy npuponay, cepen
AKX € BHUIIPOMIHIOBAYl PEHTICHIBCHKOIO YM Y—BUIPOMIHIOBaHHS B flana3oHi 40-2000 keB,
BHCOKOCHEPTeTUYHUX €NEKTPOHIB (MPOTOHIB) B Jianma3zoHi eHepriit Bix 3-5 mo 100 MeB, a takox
My4KiB HEUTPOHIB — BiJ TEIUIOBHX M0 MBUAKUX. KOXHUM 3 BKa3zaHUX padialifiHuX (akTopiB Mae
CBOIO OCOONMBICTH MIOJO XapaKTepy IMOIIKOIKEeHb OIOJOTIYHOI TKaHWHM TpU B3aEMOIIT 3
OpraHizMoM JIOAMHH. TOMy BaXJMBOIO € SK JIOCTOBIPHICTb, TaK 1 YHIBEpCaJIbHICTh
JIO3UMETPUYHOTO CYIIPOBOJIY B CXEMI «IAII€HT-TIEPCOHA» B 3aKJIalaX SIEPHOI MEIUITHHH.

B naniii poOOTi mpeacTaBieHO pe3yabTaTH AOCTIINKEHHS JTO3UMETPHUYHUX XaPAKTEPUCTUK
JITOBAaHUX TKAHWHOEKBIBAJICHTHHX MaTepialiB Ha OCHOBI ¢TopuaiB Ta Terpaboparis miTito (LiF,
Li2B407) B ymoBax nii pi3Hux pamiamiiinux ¢akropis [1]. Lle MoxkHa 311HCHUTH Ha pagiallifHUX
CTeH/IaX, SKi JIO3BOJIAIOTh KOHTPOIOBATH XapaKTEPUCTUKU SIEPHOTO BUIPOMIHIOBAHHS, a IS
BU3HAUEHHS TOIJIMHYTOI JI0O3W 10HI3yIOUOTO BHUIIPOMIHIOBaHHS €(QEKTUBHUM €  METOJ
tepmoctumynboBanoi somiHecuennii (TCJI) [2]. Bumoru no pamiamiiiHUX CTEHIB HACTYIHI:
3a0e3MeyeHHs] MOYKJIMBOCTI OMPOMIHEHHS JO3MMETPIB B LIMPOKOMY Jliala30Hi MOTJIMHYTHUX J03 Ta
BUKOPDUCTAHHS 10HI3YIOUMX YACTHHOK pIi3HUX eHeprid. ToMy OCHOBHHUMH XapaKTepUCTHKAMU
pagiaiiHUX OB 3alPOMOHOBAHUX CTEH/IB € MOTYKHICTh €KCTIO3HUIIIHHOT 1031 B TIEBHIM TOUIIl Ta
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SIKICHUH CKJIaJ] BUTIPOMIHIOBAHHSI, TOOTO THIT Ta €HEPrisl YACTUHOK, 110 B3aEMOJIIIOThH 3 MaTepiaoM
JO3UMETpA.

Byio miaroroBneHo psix pamiaiiiHuX CTEHIIB, 10 BUKOpPHCTOBYBanu i3otomnHi 1B, 30kpema,
B AKOCTI y— eMiTepiB: 241 Am (ocHoBHa niHis 59 keB), 99mTc (140 keB), 137Cs (662 keB) ta 60Co
(1,17 MeB i 1,33 MeB). Jlist BU3HA4YEHHS MOTY>KHOCTI €KCITO3HUIIIHOT 031 Ha PI3HUX BiJICTaHIX
Bil pKepen Oylno TIPOBENCHO CEpil0 KOHTPOJBHUX METPOJIOTIYHUX BHMIPIB, IO JIO3BOJIUJIO
3aMpONOHYBATH S-Th 3HAUEHb PAIAMIMHKX IOJIB 13 HACTYMTHUMH 3HAYCHHSIMH MOTYKHOCTI J103H (B
mP/ron.): 60Co (8,2;3;1,6;1;0,67), 137Cs (10,4;3,8;2;1,2;0,84), 241Am (1,9;0,7;0,38;0,24;0,16).
st mboro Oyno BHKOPUCTAHO TPH Pi3HI THmH arectoBanmx nosumerpis: JIPI'-01T1, APT-01T,
JAbI'-06T, uyrnuBuUMH eJeMEHTAaMU SIKHUX € Ta3opo3psaHi JiywibHUKK [elirepa-Mrosiepa.
OCHOBHHII BHECOK B CyMapHy IOXHOKY BUMIpiB poOHUTH 0a30Ba MOXMOKAa BUMIPIOBAHHS IS
KOHKPETHOT'O J03MMETpa Ta J0JAaTKOBa IMOXHOKA, SKa € HACIIJKOM EHEPreTHYHOI 3aJIeKHOCTI
YYTJIMBOCTI JETEKTOpPiB. ToMy pe3ynbpTyioua MoXxuOKa BUMipIOBaHb ckianae 15 % mns i3otona
137Cs ta £40 % nns 60Co ta 241 Am.

Jns reHeparii mMydkiB HEUTPOHIB (B XOJOJHUX A0 IIBHJIKHX, MakCUMyM Tipu 2-4 MeB)
Oyno Bukopuctano Pu-a-Be mkepeno (Bia X0I0IHUX 0 MBHJIKHKX) 3 TOTOKOM 2,73x106 HEHTpOHIB
3a CeKyHAy 3 Horo moBepxHi [3]. [HTCHCHBHICTH BUIPOMIHIOBAHHS HEHUTPOHIB PI3HUX EHEprii
KoHTpostoBanacsi pagiomerpom tuny KPAH-1-AH, a Takox HUIAXOM aKTUBALiMHOI J03uUMeETpii 1
ckiamana Benuauny Bif 7,5%104 mo 0,2x102 #/cxem2 Ha pizHux Binamsx ao JIB. BBeneHusm y
CTEH]I KHEUTPOH-CTOITIB)» MOKHA PETrYJIIOBATH CIIBBIJHOIICHHS IIBUAKHX Ta TEIIOBUX HEUTPOHIB y
25 pasis!

Ha puc. 1 npencrasineHo creHa Ha 0a3i €JIEKTPOHHOI'O MPUCKOPIOBava MiKpOTpoHa M-
30 IE® HAH VYkpainu, sikuii 103BOJISIE€ pealli3yBaTH paiallifiHi IO BHCOKOEHEPTeTUYHHUX
enekTpoHiB (1-30 MeB), raapMiBHOrO y— BUIPOMIHIOBAHHS Ta HEUTPOHIB (POTOMOJLITY.

mal,

: : ITynbT.,
) ~ | ynpaBJilHHS

2) - 6)

Puc. 1 Papmiamiiinuii cTteHn Ha OCHOBI MikpoTpoHy M-30 nmns imitamii Aii IIBHIKHX
€JICKTPOHIB, TaJbMIBHOTO Y— BUIIPOMIHIOBaHHS Ta HEUTPOHIB Ha JO3MMETPHYHI Marepiaiu, a)
6a3oBe ocHaileHHs, 0) ioro Onok-cxema. TyT BiamoBigHO: 1 - MikpoTpoH, 2-3 — ¢GopmyBau
OJTHOPITHOTO TOJIsi OTIPOMiHIOBaHHS, 4 - muiiHap dapases Ta 5 — ckanep

Jns 1o3UMETpUYHHX IIJIeH ONMPOMIHIOBaHHS JTO3UMETPUYHUX MaTepiaiB MPOBOJUIIOCS Ha
M-30 npu MakCMMaJIbHUX €HEprisax enektpoHiB 8,4; 10,2; 14; 15,3 ta 17,5 MeB, mo Biamnosigae
TUTIOBUM 3HAYCHHSIM ISl MEIMYHHUX TpUCKOproBayiB. II{UTbHICTh MOTOKY €IEKTPOHIB BU3HAYAIACS
3a jgomoMororw mwrHapa @Dapajges, 3HAYCHHS IOTY)KHOCTI  ©KCHO3HWIIIAHOI 03U y—
BHUIIPOMIHIOBAHHSI B TEBHIN TOWYIN, BIAMOBIIHO, KIIHIYHUM MEIMYHUM JO3MMETpoM Robotron, a
IIUTBHICTh Ta CKJIAJT HEUTPOHHOTO MOTOKY — aKkTUBamiitHuMu aerektopamu V; Al; Si; V; Mn; In ta
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ix xkomOiHari€ero. J{js 3MiHM CIIBBIJHOIICHHS BHCOKOCHEPICTHUYHHUX raMMa-KBaHTIB, TEIJIOBHUX Ta
MIBUJKUX HEUTPOHIB y TYYKy TajJbMIBHOTO BUIpOMiHIOBaHHSA M-30 BHUKOpPHUCTOBYBaBCS
HEUTPOHHUI (PUILTP HA OCHOBI HEJIETOBAHOT'O TETPAOOpaTy JITifO.

BimoMo mpo oOMexeHe 4HuCIIO MarepiaiiB, MPUAATHUX JJIs 3aCTOCYBAaHHS B NEPCOHAIBHIN
no3uMeTpii, mpuHIMn 1ii skux 6azyerbes Ha edexti TCJIL Lle neroani ¢propuam Ta Terpabopatu
mitito (LiF, Li2B407) [4], mo MaroTh e()EKTUBHMIA aTOMHUN HOMep, Onm3bkuii g0 7,42 Ta
MOTJIMHAIILHY 3J]aTHICTh 10HI3yFOUOTO BUIIPOMIHIOBAHHS TaKy, SK I M SIKUX O10JIOT1YHUX TKaHUH.
[TepeBaramu Li2B407:<Cu,Mn> y mOpiBHSHHI 3 J03WMETPUYHHUMHU MaTepiajlaMd Ha OCHOBI
LiF<Mn,Ti> € BiIHOCHO HE3HAYHA €HEPreTUYHA 3aJIekHICTH (B oOmacti 10-100 KeV), niHiifHiCTh
JI030BO1  3aJIe)KHOCTI B mupokomy miana3zoHi (mo 103 Gy), criiikicTb 10 [ii BHCOKHX 03
OTPOMIHEHHS Ta IPOCTA MpoIeaypa Bignany [5].

Ha puc. 2 mnpencraBmeno tumnosi amapatypHi crnektpu TCJI gocnmimkyBaHMX MaTepialis,
OTpUMaHi i1 3MINIAHUX pagiallifHuX MO’iB (a), MO0 UIFOCTPYIOTh iX pi3HY MOBEAIHKY VY
BHCOKOTEMITEpaTypHii 001acTi, MiKaBii aJis JO3UMETPUYHMX 3acTOCyBaHb. Ha puc. 2 6) nmpuBeaeHo
JaHl Mpo pi3HYy EHEepreTW4YHy 4YyTJIMBICTH MartepianiB Ha ocHoBi LiF ta Li2B40O7 B niamazoni
enepriit y—kBaHTiB 50 — 1500 keB. Taka >x HeniHIMHICT, Ma€ MICIle Y BUMAJKY il 1HIIUX SAESPHUX
YaCTHHOK: €JICKTPOHIB Ta HCUTPOHIB.

BucHoBKU: [isi pi3HUX SACPHUX YAaCTHHOK CYTT€BO He BIuMBae Ha ¢opmy kpusoi TCJI,
qyTIUBICTH MarepiamiB Ha ocHOBi LiF ta Li2B40O7; mis yHiBepcalbHOI MEIUYHOI JO3UMETPIi
«MarieHT-epcoHam» HeoOXiqHa KamOpoBKa JO3MMETPIB Ha CHEIiaIbHUX paialliiHUX CTEHAAX;
AKTyaJIbHAM € CTBOPEHHS TaKUX CTCHJIB, METOIUK KaTIOPOBKH TO3UMETPIB, TOIIYK HOBUX
JO3MMETPUYHHUX MAaTepiaiB Ta CXeM IX JIeTYBaHHS.

Po6ota BukonyBanacs npu miarpumii npoekty Ne X-1-257 (HHLL XOTI HAH V).
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Puc. 2 Anaparypni cnexktpu TCJI (a) Ta BiIHOCHA €HEpreTUYHAa YyTIUBICTh JO3UMETPUUYHUX
matepianiB LiF ta Li2B40O7 (6) ans 3MimaHux paaialliiHUX MOTiB
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CHACTEMA TH®OPMAIIMHOI OBPOBKH TA OIIHKHA EJJEKTPO®I3UUHUX
CHUI'HAJIIB

10.11. Foprol, 10.11. Ca[loncmca2

1- Hayionanvnuu mexuiunutl ynisepcumem Yxpainu « K111y,
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AHHOTaHI/IH. P33pa60TaHLI cpeacrtBa U aBTOMATHU3UPOBAHHOC PCIICHUC pa6OTLI CUCTEMbI OJIA
00pabOTKM KapJAHMOUHTEPBAJIOB M JPYIHX JJIEKTPOPHU3UOIOTUICCKUX CHUTHAJIOB YCIIOBEKa B
JABUXXCHHH, ITOCTPOCHUA OIIPCACIICHHBIX TI'MCTOIrpaMM pPaACIpPCACICHHUA 3TUX CHUTHAJIOB M aHaIM3a
Takux ructorpamm. [IpencraBiieHbl HHCTPYMEHTHI U MH(OPMAIIMOHHAS OICHKA MPU PETUCTPAIHH
W3MEHEHHUI YaCTOTHI CCPACUYHBIX COKpaH_[eHI/II‘/‘I YCJIIOBCKAa B pa60Te C pa3lIM4HbIMHU PCKUMAMU
CJIOKHOCTHU 3aJaHusl. HOKaSaHO, 4TO BO3paCTaHUC BHUMAHUA B pa60Te BBI3BIBACT YBCINYCHHC
JACTCPMUHU3MA U BO3pPACTAHHUA CIIOKHOCTHU (I)I/ISI/IOJ'IOF NYCCKUX CUCTEM.

Annotation. The technique is developed and the automated system permitting to produce is
created: filing R-R of intervals ECG of the person in driving, construction of a histogram of
distribution of these electrophysiological signals (EPS) and express-analysis such histograms. The
instruments and information valuation for registration of changes of frequency of cordial reductions
at work of person with different regimes of complexity of task is submitted. Is shown, that increase
of attention in work causes the increase determinism of physiological systems.

KuoueBble ciioBa: opranuzanus, HHGOPMAIIMOHHAS OLIEHKA MEINKO-OMOIOTUYECKUX JAHHSX.
Keywords: organization, informative estimation of medico-biologic data

Po3pobiieHo MeToAMKy 1 CTBOpEHa aBTOMAaTH30BaHa CHUCTEMa, IO JO3BOJISIOTH POOUTH:
peectparito R-R inrepBanis EKI' miogunu B pyci, 3HIMaHHS Hu3bkouacToTHOI puTmiku EEI i
OLIIHKY 3HA4YeHb JIATEHTHUX NEpIOJIB CEHCOMOTOPHUX pEaKklid JIOJUHU MpH MpelsBICHHI
CBITJIOBHX 1 3BYKOBUX CHTHANIB; MOOyHOBa TicTOrpaM pO3MOAUTY IHX eIeKTPOo(i3i0oIoriyHIX
curHamB (EDC) 1 ekcmnpec-ananiz Takux rictorpam. CurHaiaum BiJl JaTYHKIB, 310paHUX Ha
CHEIiaIbHUX TO0sICaX, MOAAIOTHCS HA CEIEKTOp, MPU3HAUYCHUHN ISl TOCUIICHHS! CUTHAIIIB, BUALUTECHHS
BEPTUKAIBHUX BIAXWJIEHb (Hampukiala, R-3yOmiB) 1 gopmyBaHHS 3 HHMX YaCTOTHHUX ITOCHIIOK,
MOJIyJIbOBAaHUX HU3BKOI0 YacTOTOK. BHUKOpHCTaHHS B CENEKTOpI CUTHATIB CXeMH cTabimizamii
MOCTIMHOT CKJIaJIOBOi 3a0e3neuye BUCOKUN CTYNiHb MPUAYIIEHHS CHH(pA3HOI CKJIaJ0BOi BX1JHOTO
eJIeKTPO(131010T1YHOTO CUTHATY. ToMy MOKHA MPALIOBATH 3 €JIEKTPOJAMH, L0 MOISAPU3YIOTHCS, a
TaKOX 13 3a3eMJICHUM BUIIPOOYBaHMM, 110 OCOOJMBO BaXKJIMBO IPHU 3aCTOCYBAHHI IIi€] CUCTEMH B
JeSIKUX CTIeHiabHUX MpodeciiHuX METUKO - O10JO0riuyHUX MOCITIIKEHHSX, HANpPUKIal Y MOPSKIB
a00 JIbOTYHKIB.

CenexTop BHAa€ MPSAMOKYTHI IMIYJIbCH, cpopMoBaHi 3 BepTukaibHux R- 3y01iB EKI um 3
IHIMUX JOMIHAHTHUX 3yOIiB. BoHM HamxonmaTh Ha BXiJ KOMM'TOTEpa, IO 03BOJsiE€ (OpMyBaTH
ricTorpaMmy HMKIIB Ha meBHOMY iHTepBani dacy (Bix 100 mo 300 a6o Bim 400 mo 1200 mc) i i3
kpokoM kBaHTyBaHHs 10 a6o 50 mc. Mu peectpyemo 100 mukinie EDC 1 onepxyeMo ogHAKOBUIA
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MacHB JIJaHUX TIPH PI3HUX peKUMaX POOOTH JTOIUHH. Y [IOMY BUIAIKY CTBOPIOIOTHCS TiCTOTpaMu
OJIHAKOBOT TUIONII 1 3py4HO poOWTH iXHiM aHami3 1 00poOky. Ilicmst mpoxomkerHs 100-ro mukiy
CXeMa HarpoOMa/DKEHHS pOOUTH aBTOMATHUYHY 3YITUHKY peeCTpaIlii.

Amnaii3 rictorpam po3znoairy 9PC nmpoBoAUBCS METOAOM MOPIBHSIHHS JIBOX TICTOTpaM OJHIET
0CO0OH, OTPUMAHHUX Y pi3HHUX ii poOouMx craHax. J[Is muX Il CTBOPEHO MPHUCTPIH, IO J03BOJISIE
3amam'sITOByBaTH ab0 MOJCIIOBATH TiCTOrpamy pO3MOILTY IUIAXOM 3aJaBaHHS CTaOUIi30BaHOT
HANPYTH, CKBIBAJIEHTHOI KUIBKOCTI 3HAa4eHb Yy Kiacax rictorpamu. l[lopiBHSHHSA TicTorpam
MIPOBOJIUJIOCH T10: 3CYBY MOJQJIBHHMX KJIaciB, 3MiHI aMIUTITYAXM MOJAJbHHMX KJaciB 1 KIJIbKOCTI
3HAUYMMUX KJIACiB TicTorpaMm. 3BYKEHHs Ticrorpamu posnogiry EDPC mpu BUKOHAHHI poOOYOro
3aBJaHHS BKa3yBajo Ha MIABUIIEHHS CTYIEHS 30cepekeHocTi B poooTi [1]. Tlepenbauena Takox
OLIIHKA BEJTMYMHU 3CYBY IOJIO)KEHHS MOJAIBHOTO KJIACy MOTOYHOI ricTorpamu B OiK 301IbIICHHS
a00 3MEHIIICHHS.

HocnimkenHss mokasanu, 1o ¢opMu Ticrorpam posnoniny EDC 3aneXarb BiJl
(hYHKIIIOHAJLHOTO CTaHy JIIOJWHHM B PI3HUX cUTyalisx [2]. Mu 3actocoByemo iH(popMaIiiiHmit
MiIXiJ 70 OIIHKK TaKUX TicTorpaM, OOYHCIIOYM opraHizamito A 3 BigoMux BupaxkeHb K.
[lennona, FO. Anutomonosa [1-2]:

A=1-H/Hn, H=-2Pi*IgPi=-> (m;/N)*Ig(mi/N); Hn=Ign
ne: Hy - makcuManbsaa ta H - motouna eHrpomis MacuBiB naHux; Pi - IMOBIpHICTE NPHAHATTS
CHUCTEMOIO i-TOTO CTaHy; N - YUCJIO KJIACiB TicTOrpamMu; M; - YKCJIO0 TMOMaiaHb MapaMerpa B JTaHUl
kimac; N - aucio criocrepexxenp; 0 <A< 1.

Takwmii crioci06 3aCTOCOBYBABCS MpH OIiHII (YHKIIOHAILHUX CTAHIB JIFOJWHHM ITiJl 9ac POOOTH
B ONTHUMAIBLHOMY PEKHMI 1 MPU 30CEpeKeHHI 3 mepemkonamMu. OTpuMaHo, MO CHCTEMa
pEerylIIOBaHHS CEPICBUX CKOPOUYEHb CTA€ OLIbIIE JETEPMIHOBAHOI IPH 30CEPEIKEHIA pPoOOTI
omepatopa (A 3miHIOeThCs BignosimHo 3 0,49+0,02 mo 0,59+0,01). Bimeme merepMiHOBaHUMU
CTalOTh TaK0X A ricTorpamu posmnoainy o - putMmy EEI' (3 0,56+0,3 no 0,64+0,4) 1 JaTeHTHHX
MIePioIiB MPOCTUX ceHCOMOTOpHUX peakmii (3 0,41+0,6 no 0,51+0,5). 3navennus A rictorpam EDOC
MOXKE CITY)KHUTH JIOOpUM TOKa3HMKOM 30CEPEKEHOI, a 3BijcH 1 sKicHOT pobotu. ITpu mopiBHSAHHI
OTPUMaHUX IUMHU iH(OpPMAIIHHUMH METOJAMH OIlIHOK i3 OIlIHKaMH, OACP)KYBAaHUMHM IUISIXOM
po3paxyHKiB “iHmekcy Hampyru’ 1o P. baeBckoMy, Big3HaueHa Kpalla aJeKBaTHICTh
3apONOHOBAaHUX HAMU METOIB JJIs OI[IHKU ()YHKI[IOHAJIbHUX CTaHIB JIOJAWHU B pEAIbHUX POOOUYHNX
CUTYaITIfIX.

1. Topeo [O.Il. VnbopMalMoHHBIH TOIXOJ K OIEHKE HW3MEHEHUH (PU3HOJIOTHUYSCKUX
XapaKTEePUCTHK OMepaTopa MpHU pasHbIX pexuMmax ero padotsl // dusnonorus yenoseka.- 1986, T.
12, N2. — C.253-257.

2. Topeo FO.II. AnroputMm BbIOOpa METOAOB OIEHKH W ympasieHus // KubepHernka u
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AHoTauis. [TpuBoasTbcs TeopeTuyHi Moeni ii KoOcMO(i3UNYHUX (PAKTOPIB 1 COHSAYHOT AKTUBHOCTI
Ha YMOBH ICHYBaHHS 010CHCTEM Ha JIpeBHii 3emili, a TaK0X MPOBOSATHCS MOPIBHSAHHS 13 BILIMBOM
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Ha OHMOCHCTEMH COHSYHOI AaKTHBHOCTI 1 IOTOKIB BHUIIPOMIHIOBaHHS, IO CIIOCTEPIraloThCs B
MOTOYHUH Yac.

Annotation. The theoretical models of action cosmophysical factors and sun activity on the terms
of existence of the biosystems on ancient Earth are led, and also comparisons with influence on the
biosystems of sun activity and stream of radiation are made, looked after presently.

KurouoBi cjioBa: kocModi3u4HI GaKTOpH Ta COHSAYHA AKTUBHICTh, O10CHCTEMH.
Keywords: cosmophysical factors and sun activity, biosystems.

[Ipu ouenke Bo3aeiicTBUA  u3nydeHHs panHero CoiHIA W JIPYIHX KOCMO(U3UYECKUX
(baxTOpoB Ha mpouecchl GOPMHUPOBAHUS KU3HU Ha 3eMJyie U HBOJIOIMOHHYIO aJIalTallMi0 IPEBHUX
OMOCUCTEM TPUHATO MPHUAEPKUBATHCS «IPUHLHUIA aKTyalu3Ma» (CTpeMJIeHHE B HCTOPHUYECKUX
PEKOHCTPYKIMSX OTTAJKUBATHCS OT COBPEMEHHBIX aHAJIOroB). T.e. B TEOPETHYECKHE MOJEIN
M3HAYAJIbHO 3aKJIaJbIBAIOTCS YCIIOBUSL Ha ApeBHEW 3emiie, CUJIbHO OTIUYHBIE OT COBPEMEHHBIX,
OpH 3TOM YCIOBUS COJIHEYHOW AKTHBHOCTA M IOTOKA HW3IYYCHHS IO YMOJYAHUIO CUUTAOTCS
CXO0XHUMH C HAaOJII0/IaéMbIMU B HACTOSIIEE BPEMSL.

Opnako mocinennue wuccienoanuss WM3MMUPAH B pamkax I[lporpammer  Ne 15
«[Ipoucxoxaenue Ouochepsl U  IBOJIOLUSA TIe0-OMOIOTUYECKUX CHCTEM»  IOKA3bIBAIOT
CYIIECTBCHHBIC OTIMYHS COJIHEYHOW IMHAMHKHU B 310Xy (OPMHUPOBAHUS KH3HH U €€ PaHHETro
pa3BuTHs Ookoio 4- 4,5 mupa. et Hazaa. B paborax M.M. Kamooit 1 M. A. JIudpmmuna [1,2]
MOKAa3aHo, 4To cBoicTBa muddepenmansaoro BpameHus CoiHia 6o1ee OJIM3KU K 3BE371aM ¢ MEHee
PErylnspHOi AaKTUBHOCTHIO (TUMUYHOW st Oojiee MOJNOABIX 3BE3/), 4YeM K 3Be3JaM C
YCTAaHOBUBIIUMHCS mHKIamMH. T.e B MosogoM CosHIle HaOmOgammMch 0Oojiee aKTHBHBIC
HECTAIlMOHAPHBIE MPOIECChl, YeM CUUTANIOCh A0 cux mop. [lpumenurenbHo K OMOPHU3INUECKUM
3aj1auaM 3TO O3HAYaeT, YTO JaXe B CIOKOWHOM cocTosiHuu CoJIHIIE TOXH (POPMHUPOBAHUS KU3ZHU
Ha 3emMJie B 00J1acTH BaKyyMHOTO yibTpaduoineta (kopoue 304 A) uznyyano npuMepHO Ha MOPSAIOK
Oonbie, yem coBpeMeHHoe ColtHIle B MAaKCUMYM COJTHEYHON aKTUBHOCTH. CyIIECTBEHHO OOIBIIUM
OBLJIO KOJHMYECTBO CYOBCHBIIIEK M UX HMHTEHCHBHOCTH, & TaKXe MOTOK MSTKOTO PEHTT€HOBCKOTO
U3ITydeHUsl. DTH HUMITYJbCHBIC SIBJICHUS COMPOBOXKIAIUCH OYeHb 3(PPEKTUBHBIM YCKOPEHUEM
YacTHll, BIUIOTh JO PENATUBUCTCKUX OSHepruil. [lomydyeHHble HOBbIE IaHHBIE 00 AaKTHBHOCTHU
npesHero CorHIIA TO3BOJISIIOT BBICKA3aTh HECKOJIBKO THUIOTE3 OTHOCHTENBHO 9SBOJIONMOHHBIX
MPOIIECCOB aTaNTalllK JPEBHUX OMOCUCTEM:

1. Kak w3BecTHO, yabTpPa(HOICTOBOC H3IYYCHHE W YACTHIIBI PEISTUBUCTCKUX SHEPTUi
ABISAIOTCA (DAKTOPOM aKTUBHBIX MyTanuid. C Apyroil CTOPOHBI, MPEBHINIEHNE UX WHTEHCHUBHOCTHU
BBIIIIE OTIPE/ICIICHHOTO YPOBHS TyOuTenbHO Ui Ouocuctem. CKopee BCero, 4To cam HHTEpBal
BO3HUKHOBEHUS KU3HU B 4,2 — 4,5 MIp/I. JIeT Ha3a/1, He paHbllle U HE MO3XKe, ONPEAETUICS UMEHHO
MOMEHTOM JIOCTIDKEHUSI OajaHca CKOPOCTH PEAKIMii BO3HUKHOBEHUS M Pa3pyIICHHS HOBBIX
OpPTaHUYECKUX CTPYKTYpP O] BO3JAEHCTBHEM KOCMOGMU3MUECKUX U3IIyuyeHUH paznuyHoro tuma. J[o
9TOT0 BPEMEHH JaXe TMPH HAIMYUM OJIATONPHUATHBIX TEMIIEPAaTypHBIX, aTMOC(EepHBIX U
auToc(epHBIX YCIOBUH BHOBBH c(opmupoBaBIlasics (WIM 3aHECEHHAss C METEOPUTAMH) KHU3Hb
MPAKTUYECKH Cpa3y pas3pymanach O4epeHBIM UMITYJIbCHBIM ITOTOKOM BHEIIHErO W3JIydeHHS, He
yCIIeB HauyaTh MPOIECC OHBOJIONHMH.  BO3MOXHO, YCTaHOBIEHHE TaKOro OallaHca SIBUJIOCH
cnencteueM nepexoaa ConHua K 60s1ee ynopsiio4eHHOMY TUITY aKTUBHOCTH.

2. BO3HUKHOBEHHE BTOPUYHBIX U 0OJIEe BHICOKUX IO MOPSAKY CIOXKHOCTU CTPYKTYp OETKOB
MOXET OBITh OOYCJIOBICHO 3alIMTHOW peakiueld APEeBHUX MPOOHOTOB K WHTECHCHBHOMY
MOHHM3UPYIOIIEMY BHEIIHEMY H3JIy4YEHHIO, Ha TMOPSIOK MPEBBIMIAIONIEMY T€ 3HAYECHUS, KOTOPHIE
MIPUHSITO CETOJHS paccMaTpuBaTh B JmTeparype. CBepThIBaHWE JTUHEHHBIX (OPM B CIOKHYIO
CTPYKTYpY TO3BOJII€T MPHUOIU3UTH APYr K JAPYry aTOMBI, COCTaBISIONIME OENOK, TeM CaMbIM
YBEJIMYUTH OONMH A(PQPEKTUBHBIA TOTCHIMAT W CCUCHHUE PACCEeSHHS JUIS  ITOBBIIMICHUSI
YCTOHYMBOCTH CTPYKTYPHI K pa3pylIaroiieMy BHEITHEMY BO3ICHCTBHIO.

3. HaOmomaemble B  HacTosmee Bpems d(@exTsl amantauu  OMOCHUCTEM K
KOCMOTEO(PH3NIECKUM BO3JICHCTBUSM 10 CYTH CBOEH SABISIOTCS aTaBU3MaMU Te€X TPEBHUX BPEMEH,
korna uznydeHue CoiHIa ObLJIO CYIIECTBEHHO OOJbIIE U SIBISUIOCH PEANbHBIM pa3pyLIAIONIIM
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(dbakTOpoM I8 TOJIBKO YTO C(OpMHUpOBABIICHCS KU3HM Ha 3emile. DHEPrud COBPEMEHHBIX
COJTHEYHO-3€MHBIX M KOCMHUYECKUX MPOLIECCOB MJII TAKOTO BO3JICUCTBUA HEIOCTAaTOYHO, TEM HE
MEHee peakiusi OJIHO3HAYHO M  BOCIPOM3BOJAMMO PETUCTPUPYETCS MHOTOYHCICHHBIMH
MCCJIEIOBATENsIMA Ha BCEX YPOBHSIX OpraHu3anuu omocdepsl (Ha KIETOYHOM YpoBHE — paboThl E.
H. I'pomozoBoti, I1. E. I'puropsesa, H. benumiesoii; Ha ypoBHe oTaenbHbIx opranos — FO. I1. 'opro,
B. B, Bummnesckuii, C. H, PoraueBa; Ha ypoBHE opraHuzma 4eiioBeka U mnonysinuu — b. M,
Binamumupckuii, M. B. Paryasckas, O. B. Xa6aposa, C. H, Camconos, C. Jumurpona) [3].
['unore3a 00 PBOTIONMOHHOM aTaBUCTHYECKOM XapaKTepe aJanTalliOHHON peakiuy OMOCHCTEM Ha
KOCMOT€O(pU3NUECKHEe BO3JCHCTBHS MOTrja Obl BHECTH SICHOCTh B JIaBHUM CIIOp OHMOJIOTOB H
(GU3MKOB 1O TMOBOJY IIOWCKA, XapakTepa W HWHTCHCUBHOCTH JICHCTBYIOIIETO OHOTPOITHOTO
(U3UYECKOro arcHTa B COJHEYHO-3€MHBIX CBS3SX, CCTCCTBEHHBIM O0Opa3oM yBEJIMYMBAs Ha
HECKOJILKO MOPSIKOB HHTEPBAJI TPEOYEMbIX HHTCHCUBHOCTEH BHEITHETO U3ITYYCHHS.

1. Kayosa M. M., Jluswuy M. A. BO3MOXHBIA 3BOJIOIMOHHBIA CTATyC COJHEYHOU
aktuBHOCTH. Tpynmel Bcepoccuiickoit exerognoir koHdepenimu mno ¢usuke Comama 2009,
[TynkoBo, ¢.231-240

2. Kayosa M. M., Muwenuna T. B. AxtuBHOCTH K 3Be311 ¢ pa3HBIMU CKOPOCTSIMHU BPALICHHUS.
Tpynst Beepoccuiickoii exxerognoi konpepennnu no ¢gusuke Connna 2010, [Tynkoso.

3. KomrekruBHast moHorpadus « BHOTpomHOE BO3ACHCTBHE KOCMHUYECKOW MOTOABD (100
peoakyueti M. B. Pazcynvckotir), Cankt- [letepOypr, 2010, 330 c.

IMPAKTUYHI ACIIEKTU CUCTEMHU 'APAHTYBAHHA
SABE3IIEYEHHA AKOCTI ITPU BUKOPUCTAHHI
MEANYHUX ITPUCKOPIOBAYIB EJIEKTPOHIB

T.M. FOBopyxal, 0O.B. OBCiCHKOl, J.C. Cm{qylcl, 0O.A. Besmm"moz, JL.O. FoniHKa-Be3mnﬁK02,
.M. Kazlemcoz, O.P.Hona)lsmeubz, T.A. PatnikoBa’

1) Kuiscvka micbka onkonoziuna nikaphs
2) Kuiscwkuil nayionanohui ynieepcumem imeni Tapaca llleeuenka

AHoTauisg. Y poOoTi po3IIISIHYTO NIPAaKTUYHI ACTIEKTH CUCTEMH TapaHTyBaHHSA 3a0€3Me4eHHs SKOCTI
Ipy BHUKOPUCTAHHI JIHIMHMX TPUCKOPIOBAYIB €JIEKTPOHIB ISl JIIKYBaHHS OHKOJIOTIYHMX
3aXBOPIOBAHb B paMKax 3arajibHOI CHCTEeMH ynpaBJ'IiHH}I SIKICTIO IMPOBCACHHA ,Z[iaI‘HOCTI/I‘IHI/IX Ta
TEpaneBTUYHUX MMPOLEYP 3 BUKOPUCTAHHSAM JPKEPEIT 10HI3yI0UOTr0 BUITPOMIHIOBAHHS

AHHOTaHI/Iﬂ. B pa60Te pPacCMOTPECHBI MPAKTHYCCKUC ACIICKTBI CUCTEMbI T'apaHTHUH KAa4YC€CTBa IPU
HICIOJIL30BAHUU JIMHENHBIX YCKOPHTeHeﬁ SJICKTPOHOB IJIA JICUCHUSA OHKOJOTMYCCKHX 3200J1€BaHNI
B paMKax 0611_16171 CUCTCMBbI  VYIIPABJICHHUA KAaUYCCTBOM MPOBCACHUA JUAHOCTHYCCKUX U
TEPANICBTUYCCKUX MPOLCAYP C UCITOJIBb30BAHUEM NCTOYHUKOB HOHHU3UPYIOIIETO U3JIYUCHUA.
Annotation. Practical aspects of quality assurance (QA) system for Medical Electron Accelerators
as important component of the comprehensive QA for radiation oncology are considered.

Kuarouosi csoBa: JliHiiiHI prCKOpIOBadi €JIEKTPOHIB, OHKOJIOTI4HI 3aXBOPIOBAHHS, CUCTEMA
YIPaBIiHHS SKICTIO.

KaroueBble cjioBa: JInHelHbIe YCKOPUTENN 3JIEKTPOHOB, OHKOJIOTHYECKHE 3a00JIeBaHus, CUCTEMA
YIIPaBJICHUS] KAYECTBOM.

Keywords: Medical linear electron accelerators, radiation oncology, quality assurance.
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[Tpu nikyBaHHI OHKOJIOTIYHHMX 3aXBOPIOBaHb B YCHOMY CBITI IIMPOKO BUKOPHCTOBYIOTHCS
JHIMHI PUCKOpPIOBadl eNeKTpoHiB. OCTaHHIM YacoM B YKpaiHi TaKOXK aKTHBHO BIIPOBAKYIOTHCS
Cy4JacHI METOJVKH JIIKyBaHHS PaKy 3 BAKOPUCTAHHSIM MEIUYHUX MTPUCKOPIOBAYIB EIEKTPOHIB. X0o4a
TEpaneBTUYHI amapaTd 3 BUKOPUCTAHHSM 130TOMHUX Jkepen Co-60 ckiagaioTh OUTbITY YaCTHHY
oOnaJiHaHHS BIJJIUICHh MPOMEHEBOI Tepamii KIHIYHUX JIKapeHb 1 MOKH IO € OCHOBHUMH Y
MIPOBE/ICHHI ONPOMIHCHHS TAIli€EHTIB, TPOBOJIUTHCA aKTHBHE NMEPEOCHAIECHHS KIIHIYHUX JIiKapeHb
MEJIMYHNMH JIiHIHHAME TTPHCKOPIOBAYaMH €JIEKTPOHIB. IX BUKOPUCTAHHS Ma€ I[N Psjl BaroMHUX
nepeBar, 110 J03BOJIsi€ CYTTEBO MiABUIIUTHU AKICTb JIIKYBaHHS OHKOJIOTTYHUX XBOpHX. B Toi1 ke uac
eKCIUTyaTallis Ta 00CIyroBYBaHHS TaKoro oOJiaJHAHHS BHMAarae IiJBHINCHOI yBaru Ta IOCTIHHOTO
JKOPCTKOTO KOHTPOJIIO CYTTEBO OLIBIIOI KUIBKOCTI TEXHIYHHMX IMapaMeTpiB Ta XapaKTePUCTHUK
CKJIQJIHUX CHCTEM, SKMMHU € JIiHiIAHI mpuckopioBayi. [llupoke BUKOpPHCTaHHS KOMIT IOTEPHOTO
YIOPaBIIHHSA Ta MOHITOPUHTY POOOTH NMPHCKOPIOBAYiB BHCYBA€ JOAATKOBI ITiJIBHIIECHI BUMOTH IO
MEPCOHATY - MEJHMKIB, MEAMYHUX (I3UKIB, IHKEHEPHO-TEXHIYHUX MPAIlIBHUKIB.

Bumoru 10 noBeieHHs] BU3HAUYEHO1 JTIKapeM 103U JOCUTh )KOPCTKI - CyMapHa Moxu0Ka He Mae
nepeBuiyBaTu 5%. 3BakalouM Ha Te, IO mpouec (opMyBaHHS HEOOXITHOI JO3HM BKJIIOYAE IILTY
HU3KY MMPOMDKHUX IMPOILEAYpP Ta pO3paxyHKiB, TpeOa, mo0 iX MoXuOKu OyJIM CyTTEBO MEHIIUMU 32
5%. Tlpu 1bOMYy HEXTyBaHHS OyJb-SKHMH, HaBITh HEBEIUKHUMH BHECKAMH, MOXE IPU3BECTH JI0
MOMITHUX CHCTEMAaTHYHUX BIAXWJEHb Y KIHIIEBOMY pe3yJbTaTi, SKI BaXKO MiJTalOThCS
MOJAJIBIIOMY BHM3HAYCHHIO Ta KOPETyBaHHIO. TakKo)X HEOOXiJHO BpaxXxOBYBaTH, IO JIiHIHHI
MPUCKOPIOBAYl €JIEKTPOHIB — CKJIaJIHI BUCOKOTEXHOJOTIYHI MPUCTPOI, MapaMeTpH SKHUX MOXYTh 3
4acoM 3MIHIOBaTHCS B IIEBHOMY jiama3oHi. OCKUIBKH TapaMeTpyd MEIUYHOTO JIHIHHOTO
MIPUCKOPIOBaYa MOXKYTh OYTH IOB’si3aHI MK COOOI0 CKJIQJHUM YMHOM (HA TEPIIMHA IO HE
OUCBUJHUM), TICJIS HAJNAroKyBAIBbHHUX Ta PEMOHTHHX poOOIT HEOOXIigHE MPOBEICHHS
HIMPOKOMACIITAOHOT IEPEBIPKU XapaKTEPUCTHK pOOOTH MPUCKOPIOBAYA.

Cucrema yrpaBiIiHHS SKICTIO MPOBEACHHS JIaTHOCTUYHUX Ta TEPANCBTHYHUX TPOICAYP 3
BUKOPHUCTAHHAM J[KEpeN 10HI3YI0YOrOo BHUIIPOMIHIOBAHHS B MEIUYHOMY 3aKJIaJi BIPOBAKYETHCS
JUIsT  3a0€3MEYCHHS MAKCHMAallbHO BHCOKOTO pPIBHS SIKOCTI JIIKYBaHHS IIAIlI€HTIB (HE HUXKYE
BU3HAYCHUX BEJIMYMH) MPU MIHIMAJIbHO MOXKJIMBOMY PiBHI JI030BOIO HaBaHTa)XECHHS Ha 37I0pOBI
opranu Ta TkaHuHu [1-3]. Haromoc mnpu 1poMy poOuThCS Ha TrapaHTyBaHHI 3a0e3leueHHs
BiJIMOBIAHOCTI MOTOYHUX (IIOJCHHUX, IIOTMKHEBUX 1 T.1.) PIBHIB SKOCTI JIIKyBaHHS Ta J030BUX
HAaBaHTA)XCHb HA TIAIlIEHTAa 33JIeKJIapOBAaHUM BeIMYMHAM. B pamMkax BIpPOBa/DKEHHS TaKOl CHCTEMHU
VIpaBIiHHS SKICTIO OCOONMBO BAXIWBY pOJIb BIiJIrpae  miacucTteMa 3a0e3MedYeHHs SIKOCTi,
NOTOYHOTO KOHTPOJIO Ta MEPIOJUYHUX TECTYBaHb MEIWYHMX IPHCKOPIOBAYIB €JIEKTPOHIB [4,5].
JI71s 1IbOTO MIMPOKE KOJIO 33714 PO3MOAUISETHCS cepell MeIUYHOro epCoHaly, MEANYHUX (Di3HKIB,
Ipyny J03UMETPUYHOTO KOHTPOJIIO CIYXOM pajianiiiHoi Oe3nexku, 0O0CIyroByHUOro 1HXEHEpHO-
TEXHIYHOTO MEPCOHaNly, ajie TOJIOBHA POJb 1 OCHOBHUU 00’€M pOOIT MOKJIANAETHCS HA TPYIY
MeIUYHUX (i3UKIB, OJUH 3 SIKHX, HaiOUIbIn kBamidikoBanuii (QMP - qualified medical physicist)
BIJIMOBi/Ia€ 3a 3arajgbHy KOOPAMHAIIIO Ta IpOoBeAeHHs poOiT [4]. BukoHaHHS 3aXO0MiB 13 KOHTPOIIO
3a0e3MeyeHHs SKOCT1 € OJJTHOIO 3 I’ SITH TOJIOBHUX 337a4 MEIUYHUX (P13MKIB — KJIIHIYHOI 103UMETPIi,
3ax0/iB 3 pajianiiHoi Oe3neKku, MIaHyBaHHS J030BUX HABaHTa)KEHb, KOHTPOIb 3abe3meueHHs
SAKOCT1, BUOIp OOJaJHaHHS Ta OCTATOYHUW KOHTPOJIb HOro (YHKIIOHATBHUX XapaKTEPUCTHUK.
3axonu 3 pafiaiiitHoi Oe3rmeku MPOBOJSATHCS B CHIBIpaIl 3 MEPCOHAIOM CIY:KOW pajiaiiiHol
Oe3neky, MeAMYHUN (I3UK KOHILIEHTPYE OCHOBHY YyBary Ha pajiamiiiHii Oe3meri Mali€HTa.
BianoBigaJbHUMU 3a 3a0€3MEeUeHHS TPOTUPAIIaIliiHOTO 3aXKMCTY MAIIE€HTIB il Yac MPU3HAYCHHS
MEIUYHOTO OMPOMIHEHHS 1 Mij] 9ac MOro MpOBEIEHHS, 3T1IHO YKPAiHCHKOTO 3aKOHOJABCTBA [6], €
ocoOm, SKi 3aliMalOThCS MEIUYHOKO TMPAKTUKOIO, MOB'S3aHOI0 3 OMPOMIHEHHSM JIIOJUHU (JTiKapi
IIPOMEHEBOI JIIarHOCTUKU Ta MpoMmeHeBoi Tepamii). ToMy BOHM MOBMHHI KOHTpOJIIOBAaTH Ta
CIPSIMOBYBATH JIii MeTUYHUX (i3UKIB B I1iii 0OmacTi.

MennuHi ¢13UKH KOHTPOJIOIOTH BIAMOBIHICTh (PYHKIIIOHATBHUX XapaKTEPUCTUK O0JIaTHAaHHS
MEAWYHUX TPUCKOPIOBAYIB (BKIIOYHO 13 KamiOpyBallbHUM, BHMIpPIOBAJFHUM Ta MOHITOPYHOUUM
o0JaTHAaHHSAM) Ha BCIX €Tarax >KHTTEBOTO IUKITY IIbOTO OOJIaJIHAHHS B MEIUYHOMY 3aKJjajii: BHOIp
oONagHaHHA TpH 3aKYHIBISIX 3TiJHO BH3HAYEHMX (YHKIIOHAIBHUX BHUMOI; KOHTpOJb Ta
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MPOBEJICHHS HEOOXiHUX TEepPEeBIPOK Ta TECTyBaHb B MpOIlieCi MPUIMaHHS-37a4l 0OJaJHAHHS Bij
BUpOOHMKA (TTOCTavadbHUKa OOJaJHAHHS), BBEJICHHS OOJIaHAHHS 10 €KCILTyaTtaiii (TpoBeIeHHS
HEOOX1THUX KalliOpyBaHb, CTBOPECHHS 0a3 JaHWX Ta BU3HAYCHHS XAPAKTEPUCTHK JUIS TUTAHYIOYHUX
CUCTEM, TOIL0), KOHTPOJIb (HYHKI[IOHATBHUX XapaKTEPUCTHK MPU MOTOYHOMY OOCIYroBYBaHHI Ta
PEMOHTHO-HAJIAr0/KyBaJIbHUX poOOTax 00IaHaHHs pucKoproBayis [7-10].

B pangionoriunomy BijisienHi KuiBcbkoi mickkoi onkonorignoi gikapHi (KMOJI) BBoasThCs
JI0 eKCIUTyaTalil Tpu MEAUYHUX JTIHIMHUX MPUCKOPIOBadi. BpaxoByroun BaKIIUBICTh Ta CKJIAIHICTh
3ama4y 13 3a0e3MeUeHHs] CHUCTEMH YIPaBIIHHS SKICTIO HAMU TPOBOJATHCA POOOTH 3 amamTarlii
MDKHApOJHHMX pEeKOMeHaamiii B miii oOmacti [1,4,5,7-10] 3 BpaxyBaHHSM yKPaiHCHKOIO
3aKOHO/ABCTBA, MPAKTUYHHX HaIpalloBaHb Ta KOHKPETHHUX YMOB BHUKOPHUCTAHHS MEIUYHUX
npuckoproBauiB enexkTpoHiB B KMOJIL.
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IIpocyBaHHA HOBITHIX TEXHOJIOTIiA HA PUHKY MeAUYHUX NMOCJIYT
Innovation technologies promotion in the market of medical services

IIJIAHUPOBAHUE KOH®OPMHOM JTYYEBOM TEPAIIUU C YYETOM
TOJIEPAHTHOCTH HOPMAJIBHUX TKAHEM IO KPUTEPISIM
I'MCTOI'PAMM A03A-OBBbEM

A.10. Yopnaii, U.H. Penenkas, U.B. Mupomnunyenko, E.B. I'opaeesa, T.B. PociasikoBa,
A.b. Bunnnukas, Il. bepaumreiin

JIICO/] — bonvuuya cospemennou onkono2uieckou nomowu, Ilnromol, Yxkpauna

AHHoTauusi. B paGore mpuBOAMTCS COOCTBEHHBIH OIBIT IUIAHUPOBAHMS M IOJBEICHUS Kypca
nyquoﬁ TEpaIlu MalUCHTOB € OMYXOJIAMH T'OJIOBBI M IIE€HU C YYCTOM CO6J’IIO,I[6HI/I}I TOJICPAHTHBIX
A03 Ha OpraHbl pHCKA. MpmuoromnonsHas HN30OCHTPHUYICCKAsA MCETOJUKA 06J1y‘ICHI/I$I I103BOJJIAJIa
oABECTU KYpPAaTUBHBIC 1T03bI HaA 001acThb INCPBHUYHOIO oO4Yara W 30HbBI PCTHOHAPHOI'O
METaCTa3npOBaHMs, HC IPEBbIIIAsA TOJCPAHTHBIC TO3bI HA CIIMHHOH U HpO[[OJII‘OBaTHﬁ MO3T.
AHoTanisa. B po6oTi HaBeAeHO BiIacHW NOCBiA MJIAaHYBaHHS Ta MiABEACHHS KypCy MPOMEHEBOI
Teparnii MaieHTiB 3 MyXJWHAMH TOJIOBH 1 MIMi 3 ypaxyBaHHSM JOTPUMaHHS TOJEPAHTHUX /03 Ha
OpTraHnu pPHUCKY. BararominsHa iBOI_IGHTpI/I‘IHa METOANKA OHpOMiHeHH}I J03BOJINJIA HiI[BeCTI/I
KypaTHBHI 1031 Ha 00JacTh MEPBHMHHOTO BOTHHUIIA 1 30HM PEriOHAPHOTO METacTa3yBaHHS, HE
MEPpCBULTYIOUN TOJ'IepaHTHi JO31 Ha CITMHHUH 1 I[OBFaCTI/Iﬁ MO3O0K.

Annotation. Our experience on radiotherapy planning for head and neck cancer patients in
compliance with normal tissue tolerance is presented. The multifield isocentric technique of
irradiation allowed to deliver curative doses on primary target volume and involved lymph nodes
area , not exceeding tolerant doses on spinal cord and medulla.

KuarueBble ciioBa. JIyueBas Tepanus, OIyX0Jd FOJOBBI U IIEH, TOJEPAHTHBIE TO3bI, TUCTOIPAMMBI
71033/00bEM.

Kurouogi csioBa. [IpomeneBa Teparist, yXJIMHHU FOJIOBH Ta IIHi, TOJIEPAHTHI JJO3H, FICTOrpaMu
71033/00’€M.

Keywords. Radiotherapy, Head and neck tumors, Tolerant dose, Dose/volume histograms

Beenenue.

OcHoBHasl 3a/1aya paJualliOHHON OHKOJIOTMH COCTOUT B TOM, YTOObI 3(pPEKTUBHO OOTYyUUTH
30HBl OINYXOJMU M CYOKJIMHHUYECKOIO PAcCHpOCTPAHEHHUS, HE NPEBBICUB TOJEPAHTHbIE J03bI Ha
OKpY’KalolIue 3/I0pOBBIE TKaHW W OpraHbl pucka. OmpejereHrne TOJIEPAHTHBIX 03 HOPMAaJbHBIX
TKaHeW OYeHb BaKHO MPHU BHIOOpPE KypaTHBHBIX CYMMAapHBIX /103 B TyueBoil Tepanuu. [lybonukanus
Emami u coaBt. 1991 roxa [1], B KOTOpo#i BBIIBUTAIOCH MPEANONOKEHHE, UTO 5% PUCK Pa3BUTHSL
Jy4eBBIX ociiokHeHUU B TedeHue 5 ser (TDS5/5) u 50% puck pa3BUTHS JTy4eBBIX OCJIOKHEHHUH B
teuenue S5 et (TD50/5) aBnsercs ¢pyHkmueir obaydaemoro o0bemMa HOPMAlbHBIX TKaHEH, cTana
KJIACCHYECKOH B 0O0JIACTH TIPOTHO3MPOBAHUS TO3JHUX OCIOKHEHHWH IPH TMPOBEICHUU JTY4EeBOH
Tepanuu. BeposSTHOCTh BO3HUKHOBEHHUS TMO3JHUX JIYUYEBBIX PEAKIHMA 3aBHCUT OT MHOTHX
COCTaBJISIOLINX, BaXHEUIIMMH U3 KOTOPBIX SBJsOTCS cymmapHas no3a (COJl) m paszoBas moza
(POJM) nmyueBoit Tepamuu (JIT), MOIIHOCTH M03bI, ATUTENHHOCTh BpeMEHH OOIy4deHHs, 00BeEM
opraHa, IOJyYHMBIIErO OIpPEICIICHHYIO /03y OOJMYYeHHs, COYETAaHHE XHMHOTEPANMU W JTy9eBOU
Tepanuu, HMCMOJIb30BAaHUE PAJUALMOHHBIX MPOTEKTOPOB WM CEHCHUOWIM3AaTOPOB U MHOXKECTBA
npyrux (aktopoB. TpexmepHoe mianupoBanue JIT MO3BONIET BBIUUCIATH OOBEM TKaHEH W
CYMMapHy10 703y OOJIy4eHHus, MpeJCTaBissi MHPOPMALMIO B BUAE TUCTOTPAMM «0O0BEM-03a»
(dose-volume histogram, DVH). DTu maHHbIe SBIAIOTCS KOJWYECTBEHHON XapaKTEPUCTHUKOM,
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MPEACKA3bIBAIOICH BEPOSITHOCTh BO3HUKHOBEHHMS PAHHUX W TMO3HUX JIYYEBBIX pEAKIHl Co
CTOPOHBI ~ KPUTHYECKHX OPraHOB, M IMO3BOJISIOT OLEHUTh TOKCUYHOCTh BBIOPAHHOTO pexUMa
00JTydeHus.

3amayamMu MEIUIIMHCKOTO pu3uka mpu pazpadotke miana JIT sBistores:

JOCTHIKEHUE TOMOTCHHOTO PACIIPEICTICHUS 103bl B KIIMHUYECKOM 00beMe oOmydenus (clinical
target volume, CTV) u muranupyemom oobeme obydenus (planning target volume, PTV);

COOJIOZICHHE TOJIEPAHTHBIX CYMMAPHBIX JI03 IO KPUTEPHSIM «00BEM-/103a».

HccnenoBanust MOCHEIHUX JIET TOKA3bIBAIOT MPSAMYIO KOPPENALUI0 JT03UMETPUUYECKHUX
napamMeTpoOB U BBIPAKEHHOCTH PEAKIIMH HOPMAJIbHBIX TKaHEW Ha Jy4eBYyI0 Tepamnuto. VccienoBanue
QUANTEC [2] cymMMmHpOBaJiO CYIIECTBYIOIIME AaHHBIE M MPEACTaBWIO HUX B yJOOHOM s
KIIMHUYECKOTO HCIOJIb30BAHUS BHJIE THUCTOTpaMM «00beM — j03a». OIHAKO y Takoro Mmojaxoja
CYILIECTBYIOT OTpaHMuYeHHUs. B yacTHOCTH, mpeamnonaraercsi, 4TO BCE OpraHbl UMEIOT EIUHYIO
(YHKIIMOHATBHYIO BaKHOCTh, HE YUHTHIBACTCS BapruaOebHOCTh 00beMa M CMEIICHHSI BHYTPEHHUX
OpraHoB B Tpolecce JedeHUs. Takke COMYTCTBYIOIIAs XHUMHOTEpanus U «(HakTop XOo3sSuHA» -
HAIMYUE XPOHUYECKHX 3a00JCBaHWA W BPEAHBIX MPHUBBIYCK - OOBIYHO OOOCTPSIOT peaKIuu
HOPMAaJIbHBIX TKaHEH.

B mHacrosmeit paGore mpUBOAWUTCS COOCTBEHHBIM OMNBIT TUIAHUPOBAHUS M IIOJBEIICHUS
KYpaTHBHOTO Kypca Jy4eBOM Tepaluu OIyXOoJied TOJNIOBBI M MIEHM C YYE€TOM COOJIOJCHHS
TOJICPAHTHBIX J103 HA OpraHbl pUCKa.

Matepuanbl 1 METOBI.

XapakTepuCTUKU MAI[UEHTOB.

C despansa 2007 rona no despans 2011 roma 32 manueHTa ¢ MECTHOPACIIPOCTPAHEHHBIMU
HeornepabeTbHBIMU IUTOCKOKJICTOYHBIMH OITYXOJISIMH TOJIOBBI ¥ IIIeH OBLITH BKJIFOUEHBI B HACTOSIITUI
nporokoi. [lanmeHTsl mposiedeHsl MO PaAMKAIBHOW Mporpamme, Hpeanoiararpileil mpoBeaeHue
Je(ODMHUTHBHOM JIy4eBOM Tepaluu Ha 30HBI OIMyXOJdd B jJ03¢ 66-70 I'peli M, MO NOKa3aHHSIM,
anproBanTHOW JIT permonapHbix aumdpoy3noB B ao3e 50-54 I'peit Ha GoHE paguOCCHCUTHU3ALNU
Hucnmatuaom  wm  Llerykcumabom (Opbutykc). CpeaHuil BO3pacT NAllMEHTOB HAa MOMEHT
MIpOBeJICHUS JieueHHs cocTaBisul 54,8 net, pa3opoc ot 35 g0 84 rona. [logpoOHbie XapaKTepUCTHKI
BKJIFOYEHHBIX B UCCIIEA0BaHNE OOIBHBIX TPUBEAEHBI B Ta0IuUIE 1.

Tabmuie 1. XapakTepuCTUKH BKIIOYEHHBIX B UCCIIEAOBAHUE MAIUEHTOB

KonngectBo [IporieHTHOE COOTHOILIEHHE,
NAIMEHTOB %

Jlokaym3anust MepBUYHOTO OYara 32 100
JIHO nosioctu pra 11 32
Hocornorka 9 28
I"'opranb 10 31
Hoc u npuparounsie mazyxu 2 9
TNM knaccuduxarnms

Tl 6 18
T2 13 40
T3 10 31
T4 3 11
NO 3 11
N1 14 44
N2 15 45
MO 32 100
Xumuorepanus B Ka4yecTBe
pagroMoarUKaIN

[{ucruratnHa 26 82
IleTykcumab 6 18
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B 3aBucuMocTH OT JOKanM3alMu MATOJOTHYECKOr0 OdYara KIWHUYECKHA O00bheM MHIICHU
BKJIIOYAJI BCI0O aHAaTOMUYECKYyl0 0O0JacTb C MEPBUYHOM OIYXOJIbI0, OKpY)Kalollue TKaHU U
pErHOHapHBIC TUM(OY3JIbl C BHICOKOH BEPOSITHOCTHIO MUKPOCKOIIMYECKONH MHBAa3UU — IICHHBIC U B
OTJICbHBIX CIydYasX HaJAKIIOUWYHBIC TUM(PATHUECKUE Y3JIbl C OJHON 1 00enx cTopoH. Opranamu
pUCKa I8 JAaHHOM aHATOMHMYECKOM O0JacTH SBJISIOTCS CIUHHOM MO3T, CIIOHHBIC JKEJIC3bI,
3pUTENIbHbIE HEPBBI U 30HA UX mepekpecta (optic chiasm), mpomonroBaThlii MO3T, HIMTOBUIHAS
JKene3a M BHCOYHO-UETIOCTHOM cycTaB. JlJif OLIEHKH COCTOSIHMSI MAIlMEHTOB MbI HCIOJb3yeM
kputepuu RTOG/EORTC [3].

MeTtonuku 00TydeHUS.

JlyueBast Tepanus mpoBoawiack Ha JMHEHHBIX yckopuTemsix Clinac 2100 u Clinac 600C,
Varian Medical Systems, Inc., ¢ ucrnonp3oBanreM TOPMO3HOTO (DOTOHHOTO U3IYUYCHHS JHEPTHid 6
M5B u 15 MbsB u snexktpoHHoro usnydeHusi ¢ sHeprueit 6 MsB, 9 MsB, 12 MaB u 15 M»sB.
[MnanupoBanue KOH(GOPMHOTO OOIYYCHHS] MPOBOJWIOCH WHIWBHIYaTbHO KAKIOMY IAIUCHTY C
HCITOJIb30BaHUEM TPEXMEPHOM MutaHupyroiieit cucteMsl Eclipse V. 7.5, cumynsaius nporu3BoaniIach
Ha KommbioTepHOM Tomorpadhe MX 8000 QUAD (Philips Medical Systems Inc.). Tlomoxxenue
MalUeHTa - JieXKa Ha CIUHE, ¢ MPUMEHEHHEM WMMOOWIN3alMOHHBIX MOJICTAaBOK U3 YIJIEPOJHOTO
BOJIOKHA IT10J] TOJIOBY, a TaK)K€ TEPMOIIJIACTUYECKUX MACOK JUIMHOMW 46 CM JIJIs )KECTKOM (hUKCcalmeit
MOJIO’KEHHUs TOoNOBHI M Tuieueil. Illar ckanupoBanuss — 3 MM IO Bcell aHATOMHUYECKOW o0JacTu ¢
3axBaToM 10 cM BbIIIE U HUKE KIIMHUYECKON MUIIIEHU OOTyUEHHUS.

KonTypupoBanue 00beM0OB 001ydeHuUs! TPOBOAMIOCH Ty4€BbIM TEPANIEBTOM B COOTBETCTBUU C
tpeboBanusimu  ICRU Report 50 [5]. [Inanumpyemsrii o6wem o6mydenus (PTV) Brirogan
JIOTIOJIHUTENBHYIO Tpanully 5 MM — 10MM Bokpyr CTV s yuera norpemnocteit yknaaku. llepssiit
ceanc OOJydeHUs TPOBOJUTCS C OOSI3aTCIIBHBIM BBITIOJIHGHUEM MOPTAIBHBIX W300paKCHHUU st
OPOBEPKM  MPABUIBLHOCTH  NO3UIMOHUPOBaHUS  mHarueHToB. CoBMEIIEHHE  MOPTaJbHBIX
U300paXeHU W TUQPPOBBIX PEKOHCTPYHUPOBAHHBIX PEHTTEHOTPAMM BBINMOJHSICTCS JIy4E€BBIM
TEPaneBTOM 10 KOCTHBIM OpHeHTHpaM. KOHTposIb KayecTBa YKJIAKH AJISl MAlIUEHTOB C OMMYXOJISIMH
TOJIOBBI M IIIEW TIPOBOJIUTCS HE peke 1 pasza B Hegento. CpeHsis MOrpelHOCTh YKIAIKH COCTABIISIIA
+ 3 mm.

[Tnaner 0OmydeHus: pa3padaThIBAIUCh C YYETOM COOJIOJEHUS TOJEPAHTHOCTH HOPMAJIbHBIX
TKaHe W opraHoB pucka. OcoOyio CI0XHOCTh TPEACTAaBIAET pa3padoTKa METOTUKH IS
TOMOTEHHOTO O00Jy4YeHUs JUM(OY3JIOB 3aIHEH MOBEPXHOCTU IIEH, TaK KaK B OOKOBOW MPOEKIIMH
OHM HaKJIa/IbIBAIOTCS HAa CIIMHHON MO3T, U 00IyueHue 1er (OTOHAMU C JIBYX BCTPEUHBIX OOKOBBIX
MOJIEH TPO3UT MPEBHIIICHUEM TOJICPAHTHOM J03bI Ha CHUHHOM MO3r. UT0OBI M30€XaTh 3TOrO,
UCTIONIB3YIOTCS pa3jiMuHble KOMOWHAIIMY (DOTOHHBIX M 3NIEKTPOHHBIX mosei. OHaKO TaKoi MOIX0
MMEEeT CBOM HEJOCTATKU — TJI0Xas UMMOOMIIM3AIUS MOXKET MPUBECTU K HAIOXKEHUIO (POTOHHBIX U
3JIEKTPOHHBIX MOJEH W TMOSABICHUIO «TOPSYMX 30H» HA KOXKE€, WM K YBEIMYEHUIO IMPOMEKYTKa
MEXAYy TOJSIMH U HEJOOOJYYeHHIO TMepBUYHOTO ouara. Kpome TOro, mpuMeHEHHE 3JIEKTPOHOB
MOBBIIIAET YacToTy (UOpPO3HBIX u3MeHeHuil B mone obnyuyenus. B JIMCOJl npumensiercs
YCOBEPILIEHCTBOBaHHAsI METOAMKA 00JTyueHusl, npeyioxkenHas Bernier et al., [4]. Ona npeacrasisier
co00il TIONHOCTHIO M3OIEHTPUYECKOE OONydyeHHEe TMEPBHYHOTO oudara U JUMQOY3JI0B IIeU
(OTOHHBIMU IyYKaMU C 5 Wiau 6 HampaBieHUN O0e3 MPUMEHEHMs IEKTPOHHBIX nosel (cMm. Puc 1),
U3 KOTOPBIX:

JIBa JUTMHHBIX JIAT€PaJIbHBIX MOJISI, TEHTPHU JIMHEHHOTO yckopuTens noa yriamu 90° u 270°, ¢
3axBatoM Bcero PTV ;

2 3aHUX 1O, yrou reHTpu — 180°, ¢ moaHOM 3alUTON CIMHHOTO MO3Ta;

JIBa HAKJIOHHBIX TI0JIS o1 yriioMm re’Tpu 210°-220° crpasa n 140°-150° cieBa, ¢ aneprypoit
MHOTOJIETIECTKOBOT'O KOJUTIMATOPa TaK)Ke MOJTHOCTHIO 3aKPHIBAIOIICH CITMHHONW MO3T.
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B)
Puc. 1. Paguannonnsie noJsi, UCOIb3yeMble B MeToauKe Bernier: a) yieBoe jarepanabHOe 1moie; 0)
JIEeBO€ HAKJIOHHOE JIATEPaJIbHOE T10JI€; B) 3a{HEE MOJI€ C OIOKOM Ha CIUHHOW MO3T

Bce mons  (QopMHpYIOTCS  MHOTOJICTIECTKOBBIM — KOJUIMMATopoM, ¢GopMa  KOTOPOTO
COOTBETCTBYET aHATOMHHU MalMeHTa. DKpPaHUPOBAHUE CIIMHHOTO MO3Ta OCYILECTBIISIETCS € 3aImacoM
KaK MUHUMYM 6 MM, pacCUMTaHHOM Ha IU(POBOH PEHTTEHOTrpaMMe, PEKOHCTPYHMPOBAHHOW B
IUIOCKOCTH U30IeHTpa. I NOCTHKEHUSI TOMOT€HHOTO M30/I03HOTO PacIpe/ieleHHs UCTIOIb3YIOTCS
JTUHAMHUYECKHE KIIMHOBUIHBIC (PHIILTPHI, MHAWBHYATbHBIC BECOBBIC KOA(D(MUIIMEHTHI I KaXKIO0TO
MoJis, a TakXKe JOMOJHHUTEIbHBIC paJHAllMOHHBIC IOJISI MalleHbKHX pa3MepoB Ha 30HY Hal-
MOJIKJTFOUYNYHBIX TUM(POY3II0B. Bee mosist 00y4daroTest KaKaplid JICHb.

Pesynbratel u 06cyxaeHue.

OrneHKa TuTaHa JIeYeHUsI.

Jis Bcex MalMeHTOB M30/03HOE paclpeieNieHue OLIEHHUBAJIOCh JKCIEPTOM JIy4eBbIM
TEpaleBTOM 10 KpUTEpHsAM THcTorpamm Jno3a/o0bem (DVH). DVH ¢ cooTBeTcTByIOmuUMH
napaMerpamMu: 00beM JaHHOTO oprana V, MakcumainbHas J[Makc U MuHuUMalbHasg JIMUH TouedHast
no3a, cpemHsas go3a JlcpeaH - pacCUMTHIBAIMCH C TMOMOIIBIO CTAHJAPTHOM TPEXMEPHOM
wianupymomei cucremsl Eclipse version 7.5. O6sem PTV noxkpsiBancs 95% uzonosoit. CoraacHo
ICRU Report n0.50 [5] mapaMeTpbl TOMOT€HHOCTH JIO3HOTO PACIPEACIICHUS B 04Yare JOJKHBI ObITh
B mpenenax oT +7% 10 -5%. B peanbHBIX KIMHUYECKHX CIydasX (OKOJO TPETH MAIlMEHTOB) MPHU
00JTy4eHHMH OIyXOJIeH TOJIOBHI mieH mpeeisl Obutn + 10%.

VYuuteiBass MexayHaponaHble pekomeHaauuu [2, 6] B knuHuke JIMCOJ] mpumensitorcs
JIOTTyCTUMbIE 3HAYCHHUSI MAaKCUMAJIbHBIX J103 IS OPTaHOB PUCKA M HOPMAJIBHBIX TKaHEH C YUETOM
JIOKAJIM3alluy o4ara o0JIy4eHus, IpeICTaBICHHbIe B Ta0nuIie 2.

Tabnuua 2. JlomycTuMble 3HaU€HHs JO3UMETPUUECKUX MapaMeTpOB J103a/00beM Ul OPraHOB
pUCKa U HOPMAJIbHBIX TKaHEH IpU KOH(QOPMHOM OOJIy4EeHUU

Opran Hoza win | BepostHocTh paszButus | OclioxHEHUs
o0Bem/no3a, I'p. MO3HUX Jy4YEBBIX
ocioxHeHui, %
CrtBon rojoBHoro | Imakc<54 <5 Kpanunanbnas
MO3ra J1-10 ky6.cMm <59 | <5 HEWpOomaTus WIX HEKPO3
CrnuHHOU Mo3r | JImakc=45 0,2 Muenomnarus
(menbie 20 cm) Jmakc=50 6
OxkonoymrHele xxene3bl- | Jlcpenn<25 <20 YMeHbIlIeHne
CIIFOHOBBIICTICHUS Ha
25%
Jlerkue V20<20% <10 CumnromMaTruecKkuit
Hcpena=13 10 THEBMOHHUT
Hcpenu=20 20
[Tumeson Hcpenu<34 5-20 OcTperit 330(harut
BucouHo-uentocTHON Jmakc=65 <5 Hekpo3s xoctu, Tpuzm
CYyCTaB
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N30m03H0€  pacnpeneneHre  OUEHUBAIOCh  KaK  BH3YAJIbHO  HAa  KOMIBIOTEPHO-
tomorpagpuueckux cpesax (Puc. 2), Tak u ImyreM aHaju3a THCTOIpaMM «103a-00beM». OCHOBHBIM
OpraHOM PHUCKa, JINMUTUPYIOLIUM MOABEACHUE JIEYeOHOM J103bI B JAHHON KIIMHUYECKOW CUTYalluH,
SBIIICTCS. CIMHHOW MO3T. Mcmonb3yss MOauUIIMPOBaHHYIO METOAWKY Bernier, Mbl JTOOHIUCH
M30/I03HOTO pacIpeieieHHs B BUI€ TIOJIKOBbI, C MAKCUMAJIbHBIMU JJ03aMH Ha CIIUHHOIN Mo3r 37-42
I'peit npu COJ] Ha nepBUYHBIN o4ar u 30HbI peruoHapHoro metactazupoBanus 70 I'peit. CiiroHHBIE
Kene3bl ObUTM OYEepUYEeHbl KaK TPU HE3aBUCHMbIE AHATOMUYECKHE 30HBI — MOJYENIIOCTHEHIE,
MOABSA3BIYHBIE U OKOJIOYIIHbIE. [IepBbIE NBE 30HBI, Kak IpaBUIIO, Haxoaarcs BHyTpu PTV, noatomy
OHM TIOJIy4aroT BCIO J103y. OKOJNOYyIIHBIE Xkene3bl pacnonoxensl BHe PTV, npu ninanupoBanuu ux
yaeTcsl YaCTUYHO 3aKpbITh C 3aAHUX Tnosiel. Ha puc. 2 npenacraBieHbl U30/103HBIE pacipeiesieHUs
Ha MONEPEYHBIX Cpe3ax.

0)
Puc.2 U3ono3nble pacmpeneneHuss MpH OOTyYEeHUH PETHMOHAPHBIX JUM(OY3JIOoB: a) Iieu, O)
HAIKTFOYMYHBIX 110 MOIM(UIIMPOBAHHON MeToauKe Bernier

Habmroienue u onieHKa pe3ysabTaToB.

Kaxxaple manueHT Obl1 OCMOTPEH OHKOJIOrOM udepe3 | Mecsl mocie 3aBepLIeHUs JICUSHMUS,
3aTeM KaxJple 3 Mecsia ¢ o0sa3arensHbIM ocMoTpoM JIOP-Bpaya u maH?HI0CKONKEN B TIEPBBI TO1
HaOmo/IeHus, U pa3 B 6 MecsueB B aanpHeimeM. KomnbroTepHas Tomorpadus opraHoB IpyaHOM
MOJIOCTH U YIIBTPa3BYKOBOE HMCCIEA0BaHUE JTUMQOY3JIOB €U, U TPU HEOOXOAUMOCTH, MarHUTHO-
pe3oHaHCHasi ToMorpadus TOJIOBbI U IIEW MPOBOAMIIACE Yyepe3 3 mecsua, 6 mecsues, 1 rog mocie
OKOHYAHUSI JTy4eBOM Tepamuu. M3 OCTPHIX JIy4eBBIX pEaKIHi y MallMeHTOB OBLIM BbIPAKCHHBIE
Jy4eBbI€ JEPMaTUThI B 30HE 00JyUeHUs, JTyuyeBble MYKO3UThI CPEIHEN CTENEHU TSHKECTH, JTy4eBOM
a30¢parut. Yepes Tpu Mecsma mMocie JEYSHHUS OTMEUYAINCh yMEPEHHO-BBIpaXEHHAs OTEUHOCTH
CIIM3UCTON B 30HE OONMy4YeHHUs, yMEpPEeHHbIH (UOPO3 B 30HE MATKUX TKaHeidl mien. [lamueHTs
YKAJIIOBAIMCh HA CYXOCTh BO PTY B TE€UEHHE MEPBOTO rojia Mocie O0Ty4eHHs, OUTyIIeHHE HOKEHUS B
ropye, nokanumBanue. CpenHui Cpok HAOMIOAEHUS 3a MAlMEHTaMM 3TOW IpymHmbl cocTaBui 18
MecsIeB, pa3opoc oT 48 1o 3 MecsueB. O0IIas BIKIUBAEMOCTh HAIIEH IPYHIbl OOJBHBIX COCTaBUIIA
97%. Onun nanuent (3%) ymep ot mporpeccuu 3a001eBaHus (Pa3BUIICS MECTHBIN PEIUANB B TIOJIE
00Jy4eHus] ¢ OJJTHOMOMEHTHBIMH METacTa3aMH B JIeTKUe 4epe3 6 MecsieB mocie okoHdanus JIT).
MecTHO-pernoHapHBId KOHTPOJb cocTaBmil — 88% . Y 2 manueHtoB (6%) BO3HHK MECTHBIN
peruaus, y 1 (3%) — mectHOperuoHapHbIii Uy 1 (3%) — MECTHBIN C OTHaIEHHBIMHA METacTa3aMH.

BriBoapbl.

B nmanHo#t pabore mpeacTraBieHa MHOTOMOJbHAS M3OLEHTPUUYECKAs METOAMKA OOIydeHUs
MAIMEHTOB C OMYXOJISIMH TOJIOBBI U II€H, TMTO3BOJIIONIAS TTOABECTH KypaTuBHBIE (66-70 I'pest) m03bI
Ha 00JIacTh TEPBUYHOTO oOdYara W 30HBI PETHOHAPHOTO METACTa3WPOBaHUs, HE MPEBBIIIAST
TOJICpAHTHBIE JT03bI HA CIIMHHOW W TIPOJIOJITOBATHIM MO3T. E€ OCHOBHBIM MPENMYIIIECTBOM SIBIISECTCS
OTCYTCTBHE HEOOXOAMMOCTH KOMOMHHUPOBATH (POTOHHBIC U AIEKTPOHHBIC OIS, U30IEHTPUIHOCTh
00JIy4yeHusl, MPOCTOTa YKJIAAKH MPH KECTKON (PUKCAIMU MallMeHTa, KOPOTKOE BpEMS O0ITyUeHHUS.

Metonuka MOXeT OBITh TpeNIoXKeHa I BHEAPEHUS B KIMHUYECKYI0 TPAKTUKY B
OTJIENICHUAX Jy4eBOW Tepamuu, T/I€ MPOBOIAUTCS TPEXMEPHOE IIJIAHUPOBAHHE, MPUMEHSIOTCS
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KCCTKHUC I/IMMO6I/IJII/I3I/IpyIOH_[I/I€ MaCKH JJIA T'OJIOBBI M IICH, U €CTb BO3MOXXHOCTb KOHTPOJIIMPOBATH
KAaueCTBO MO3UIIMOHUPOBAHNUS MMALIUEHTA — BBINOJIHATH NOPTaIbHbIE WJIM PEHTI€HOBCKAE CHUMKHU Ha
arrapare JIydeBOM Teparui.
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MNO3UTPOHHO-ODMUCCHUOHHASA TOMOI'PA®USA B OHKOJIOT' U

AN, Mocxaﬂeul, O.B. H_Iepﬁnﬂaz, 0O.C. Bonuapyk3

1) Kuesckuti 20p00CKoil KIUHUYECKUT OHKOIO2UYECKUT YEeHMP,
2) Hayuonanvhas meouyunckas akademust NOC1eouniommo2o oopasosanus um. I1J1. [lynuxa,
3) I'onumans I'V MBJ] 2. Kuesa

AnHorauusi. Ilosurponnas oSmucuonHas Tomorpadus (II9T) mno3Bonser  mONy4UTH
METa0O0IMUECKYI0 HH(OPMAIIHIO, OIIEHKAa KOTOPO MPUHOCUT OIIYTUMYIO MOJIb3Y MAalUEHTY, TO €CTh
METOJI IO3BOJISIET OLEHUTb HE CTPYKTYpy, a QYHKIHIO opraHoB M TKaHedl. OcobGeHHocTH
MO3UTPOHHOIO  pacraja IMO3BOJSIIOT TOYHO BHU3YaJIU3UPOBATh PACIPEAEICHUE IMO3UTPOH-
A3TYYArOIIIX paarodapmipernapaTos. [Iupoxuit CIIEKTP MMO3UTPOH-U3ITYYAFOIIAX
panuodapmnpenaparoB (P®II) wucnonp3yercs Ui OLEHKHM MHOXXECTBa (PU3MOJIOTMUYECKUX U
natojorudyeckux cocrossHuil. [19T, B yacTHOCTH, MCTIONB3YIOT ISl OLIEHKU TaKUX HapyIIEHUH Kak
Oone3Hb AublreiiMepa W OSNWIENICUS, WIIEeMUYecKas OOJe3Hb cep/la U >KU3HEeCHOCOOHOCTh
muokapna. Oxgnako HauOosiee mupokoe npumenenue [I9T momyumsia B OHKOJIOTHH, KaK METOJ
MO3BOJISIOIINN OLIEHUTh HE TOJBKO PACIpOCTPAHEHOCTh IMpolecca, HO U 3PPEKTUBHOCTD JICUEHHS
MHOTHUX  3JIOKQYECTBEHHBIX  HOBOOOpa30BaHUM,  MpUYEM  KOJUYECTBO  IYOJMKALIUM,
MOATBEPKTAOLIUX ITO, IPOAOIHKAET PACTH TOA OT roja.

Anoranisa. Ilosutrponnas emicionHas Ttomorpadis (IIET) nosBosisie oTrpumaru MeTabONIdHY
iH(popMallito, OIIHKA SIKOT MPUHOCUTD BITUYTHY KOPUCTH MALIEHTY, TOOTO METOJI JO3BOJISIE OLIIHUTH
HE CTPYKTYpPY, a (yHKIIO opraHiB 1 TKaHUH. OCOOIMBOCTI MO3UTPOHHOTO PO3MAAy J03BOJSIOTH
TOYHO Bi3yasli3yBaTH pO3MOJUI MO3UTPOH-BUIPOMIHIOIOUUX paniopapmnpenapatiB. [lupokuit
CHEKTP MO3UTPOH-BUNPOMIiHIOIOUNX paaiodapmmnpenapariB (POII) BukopucToByeThCs sl OLIIHKU
6e3uiyi ¢izionoriyHux i natojoriunux cradis. [IET, 30kpema, BUKOPUCTOBYIOTh ISl OI[IHKH TaKUX
MOpPYIIEHb SIK XBOpoOa AublreriMepa 1 emuIerncis, imeMidHa XBopoOa cepis 1 KUTTE3MATHICTh
miokapaa. Ilpote HaiGinpm mupokoro 3actocyBaHHs IIET oTpumana B OHKOJIOTIi, SIK METOJ
JI03BOJIIE OLIHUTH HE TUIbKU IMOIIMPEHICTh Mpolecy, aje W e(PeKTHUBHICTh JIIKYBaHHS Oaratbox
37I0SIKICHUX HOBOYTBOPEHB, MPUYOMY KUIBKICTh MYOJIiKaIlid, 10 MiATBEP/DKYIOTh L€, MPOJAOBKYE
POCTH PIK BiJ] POKY.
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Annotation. Positron emission tomography (PET) provides metabolic information that has been
documented to be useful in patient care. The properties of positron decay permit accurate imaging
of the distribution of positron-emitting radiopharmaceuticals. The wide array of positron-emitting
radiopharmaceuticals has been used to characterize multiple physiologic and pathologic states. PET
is used for characterizing brain disorders such as Alzheimer disease and epilepsy and cardiac
disorders such as coronary artery disease and myocardial viability. The major utilization of PET
clinically is in oncology and consists of imaging the distribution of fluorine 18-fluorodeoxyglucose
(FDG). FDG, an analogue of glucose, accumulates in most tumors in a greater amount than it does
in normal tissue. FDG-PET is being used in diagnosis and follow-up of several malignancies, and
the list of articles supporting its use continues to grow. In this review, the physics and
instrumentation aspects of PET are described.

KawueBble ¢j10Ba: MO3UTPOHHO-3MUCCHOHHAS TOMOTpadusi, pagrodapMIipenaparsl,
(TOPIE30KCUTITIOK03a, OHKOJIOTHSI.

Kuo4oBi cjioBa: mo3uTpoHHO-eMiciiiHa ToMorpadis, pagiodapmupenapatu, GTopae30KCITIIOK03a,
OHKOJIOTI41.

Keywords: Positron emission tomography, radiopharmaceuticals, 18-fluorodeoxyglucose,
oncology

CoBpeMeHHbIE METOJIbI TONYyYEHHUS! TUArHOCTHUECKUX M300paXKEHH BHOCAT CYIIECTBEHHBIN
BKJIQJl B ONTHUMH3ALUIO TAKTUKH JICYCHHUS] OHKOJOTHYECKMX OONbHBIX. [lo3uTpoHHAst sMHUCHOHHAS
tomorpadus (I19T) mo3Bomsier MONYy4UTh METa0ONMYECKYI0 HH(OpPMAIHIO, OIEHKAa KOTOPOM
MPUHOCHUT OIIYTUMYIO TOJIb3Y MAalMEeHTY, TO €CTh METOJ MO3BOJSET OLICHUTh HE CTPYKTYpPy, a
byHKIMIO OpraHoB U TkaHel. IIIupokuii CreKTp MO3UTPOH-U3IYUAIOIUX paanodapMIpenapaToB
(POII) ucnonbp3yercst i OIEHKU MHOXECTBA (PU3MOJIOTUYECKUX M MATOJIOTHYECKUX COCTOSHUM.
[13T, B 4acTHOCTH, HUCIOJB3YIOT AJS OIEHKM TAaKUX HapylIeHHH Kak 0oie3Hb AnblreiiMepa u
SMWICTICHS, WIIEMHUYECKass OOJIe3Hb CepJila M KH3HECIMOCOOHOCTh Muokapnaa. OmgHako Hambolee
mmpokoe npumeHenue [19T nmomyunna B OHKOIOTHH, KaK METO/I MTO3BOJISIFOIINN OIICHUTh HE TOJIBKO
pacrpocTpaHeHOCTh Tipolecca, HO H  A(PPEKTUBHOCTh JIEYEHUS MHOTHX 3JIOKaYeCTBEHHBIX
HOBOOOpa30BaHUM, MpUYEM KOJIUYECTBO MYyOTUKAIIUNA, MOATBEPKAAIOIINX 3TO, IPOAOIKAET PacTh
rog ot roxa [1, 2].

MeTo MO3UTPOHHO-DMHCCUOHHONW ToMorpaduu Oa3upyeTcss Ha HCIONBb30BaHUU CBOMCTBa
SIEPHON HECTAOMIIBHOCTH M30TOMOB C M30BITKOM TPOTOHOB. IIpu mepexone siapa B cTaOMIBLHOE
COCTOSSHUE OHO H3JIy4aeT IO3UTPOH, MPOOEr KOTOPOro 3aKaHYMBAETCS CTOJIKHOBEHHEM C
OpOUTATBLHBIM JIEKTPOHOM M AaHHUTWIISALIUEH, B pe3yIbTaTe KOTOPOI BO3HUKAIOT JIBa TaMMa-KBaHTA,
JIBUXKYIIUXCA B IHAMETPATLHO MPOTUBOMOIOKHBIX HAMpaBICHUSIX M UMEIoIuX dHepruro 511 xaB.
Ecnu nBa nmuamerpanbHO MPOTUBOMOJIOKHBIE ETEKTOPHI OJHOBPEMEHHO 3apEeTUCTPUPYIOT CUTHAI,
TO MOKHO yYTBEpXk/AaTh, YTO TOYKA AaHHUTHIIAIIUY HAXOIUTCS HA TUHUU, COCTUHSIONIEH JETEKTOPBI.
[ToaxitounB AETEKTOPHI K DJIEKTPOHHOW CXEME€ COBIIQJICHUM, KOTOpas CpadaThIBA€T TOJIBKO TPH
MOSIBJICHUH CUTHAIOB OT OOOUX JETEKTOPOB, MOXXHO 3a(UKCHUPOBATH IMOJOXKEHHE 3TON JHMHUU
(puc.1).

Hnst [I9T ucnonb3yroTcst yIbTPaKOPOTKOKUBYILIUE PAIUOHYKIHUIBI, 1S TOJYYEHHUS] KOTOPBIX
HEOOXOAMMO  CHeIuajibHOEe  BBICOKOTEXHOJOTHYHOE  obOopymoBanue. Ero  OCHOBHBIMHU
COCTaBISIOLIUMU SIBISFOTCSI LUKIOTPOH, paAHMOXMMHUYECKas JIaopaTOpusi CHHTE3a U KOHTPOJIA
kauectBa PODII.
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Puc. 1. Peructpanus mo3suTpoHHOTO pacmnaaa

[{uknoTrpon obecreynBaeT HapabOTKy PaAHMOHYKINAOB. B HEM Tskenbie 4acTUIbI (TPOTOHBI
WU JCUTOHBI), YCKOPSIOT 110 3Hepruu oT 5 MaB g0 100 M»B. Takue ykopeHHbIE 37€MEHTapHbIC
YaCTUIBl JIOCTUTAIOT CHENHAIBHBIX YCTPOWCTB-MUIIEHEW, B KOTOPBIX B Mpoiecce OO0TydeHHs
POUCXOIAT SACPHO-XUMHUUECKUE peakuuu. [lydok gactui HOKycHpYIOT Ha BEIIECTBE MHILIEHH C
MOMOIIBIO <«JIMH3» (YNPaBISEMBIX DSJIEKTPOMArHUTHBIX YCTpoicTB). KOHCTpyKIMs MuIIeHei
o0ecrieynBaeT TepMETUYHOCTD, HA/IG)KHOE OXJaxaeHue. [Ipu o0myueHrnn mpOru3BOAUTCS KOHTPOIb
TOKa Ha MHUILIEHHU, JaBJICHHE, TeMmImeparypbl M T.4. TOK JOJKEH TOYHO COOTBETCTBOBATH
BO3MOXXHOCTSIM MHUILEHHOTO YycTpoicTBa. CHMXKEHHME TOKa HHUXKE pacueTHOro MPUBOAUT K
3HAUYUTEIILHOMY YMEHBIICHHUIO BbIXOJA MPOJAYKTa, a MPEBBILIEHUE — K MEPErpeBy € MOCIEAYIOIIEH
pasrepMeTu3aieil U TOBpEXIeHHEM ycTpoicTBa. [IpomomKUTENbHOCT, OOJNYyYeHHS MUIICHU
COOTBETCTBYET NEpHOJYy IMoypacnaja IO0JydaeMoro paguoHykiauaa. Tak Bpems oOydeHUs
TsDKeNoN BoAbl ans Hapabotku 70% Bo3MokHoro Bbixoga 18F cocraBiser okono 2 4. OTo
COOTBETCTBYET IEpUoay ero ¢puszndeckoro nonaypacnaga. ObiydeHue xe BoJbl elie B TeueHue 1 u.
noOapnsier Juuib okojo 10% paguMoakTHMBHOCTH, 4YTO CBSI3aHO C OJHOBPEMEHHBIM pacnajaoM
panuonyxinaa. CoBpeMeHHbIE IMKJIOTPOHBI OCHAIIEHBI COOCTBEHHOM OMOJIOTNYECKOH 3aIUTOM.

B pannoxumuueckoil maboparopun cuHTe3a ocyuiecTBisiercs npousBojacTBo P®DII. Takas
n1abopaTopus OCHAIAeTCsl LENOYKOM CIEeHUABbHBIX «TOPSYUX» OOKCOB, B KOTOPHIX pa3MeEIlaoT
ABTOMATU3MPOBAaHHBIE MOJAYJIH, MO3BOJIAIOIIME MaKCHUMaJdbHO ObICTpO cuHTe3upoBarh POIL
OTnuuuTeNnbHOM OCOOEHHOCTBIO COBPEMEHHOH paJMOXUMHUYECKOW J1TabOpaTOpuM  sBISETCS
HE00XOIUMOCTh COOTBETCTBUS MPOU3BoOACTBa TpeOboBaHusiM GMP.

B naGopaTtopun KOHTpOJIS KauecTBa MPOU3BOJIAT KOHTPOJIb FOTOBBIX K MCIOIb30BaHI0 POII.
Takol KOHTPOJIb BKIIIOYAET B ceOsl ONpeesieHne paauoxuMuuecko 9uctorel POII ¢ momorsio
XKHUJIKOCTHON Xpomarorpaduu, oIpeaesieHue OCTaTKOB PacTBOPHUTENEH C TMOMOIIbI0 Ta30BOU
xpomatorpadpuu, usmepenue pH u coneBoro cocraBa. KOHTpoib paguOHYKIMAHONH YHCTOTHI
OCYILIECTBJISIETCSI TaMMa-CIIEKTPOMETPOM, OIPENEICHUE CTEPHWIBHOCTH — C IIOMOIIBIO IIOCEBOB,
MUPOTeHHOCTH (HaJIure OaKTepuatbHBIX SHIOTOKCUHOB) — IO CHEIMATbHBIM METOIUKAM.

18F-dropnezokcurirokosa (18F-OJII") — ocHoBHo# PDII, ucnonsizyemsiit B onkonorun. OH
UCIIOJIb3YETCS TIPU IMarHOCTHKE KaK MEPBUYHBIX OIMyXOJIel, TaKk M UX MeTacTa3oB. VccienoBaHus
MOKa3alid, YTO KJIETKH C BBICOKOW CKOPOCTBIO MpOJM(Epaliuil XapakTepu3yloTcs 0ojiee BHICOKUM
MEeTa0OoJIM3MOM TIIOKO3bI (Tiukoau3oM) — addext Ortro BapOypra. 3To CBONCTBO SIBISETCA
OCHOBOHN [uisi BbIsABIEHHS MeTonoM [IOT mnepBHYHBIX M METAacCTaTMUECKHX OIyXOJIEH 3a CYET
OTJIMYMI MHTEHCUBHOCTH HakorieHus 18F-D/II" B ormyxoyin v OKpyKarouen TKaHuU.

[Tpu nmpoBeneHnr MO3UTPOHHOUN IMHCccHOHHON ToMorpaduu ¢ 18F-O/II" Bo3MOKHO:

OTIPEAeNIUTh PACIIPOCTPAHEHHOCTH OITYX0JIEBOTO IpOIIECCa;
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OIICHUTH Y (HEKTUBHOCTH JICUCHHUS,

CBOEBPEMEHHO JIMarHOCTUPOBATH PELIUIUBHI,

OIICHUTH IIPOrHO3 3a0o0seBanus [3, 4].

Haun6onee cymecrBennsiii HepoctaTok 19T ¢ 18F-OJII" — HenocrarouHas crienupuIHOCTD
3TOTO Tperapara B pe3ysibTaTe OMM3KUX 3HAYCHUN CKOPOCTH YTHIIM3AIMU TIFOKO3BI B OMYXOJISIX U
HEKOTOPBIX HE3JIOKaYeCTBEHHBIX 00pa30BaHUIX, HAIPUMEDP BOCHAIUTENbHBIX ouarax. Kpome Toro,
CYILIECTBYET pAJl OIYyXOJeH, HAPUMEpP, PaK MPEACTATEIHHOM Kelie3bl, paK IUTOBUIHON >KEJe3bl,
XPOHUYECKHUHM JTUMQPOLUTAPHBIN JIEHKO3, IJIS1 KOTOPHIX HE XapaKTEpHO IMOBBIIICHHOE HAKOIUICHUE
18F-®JII". IIpu 00paboTKe pe3yabTATOB HCCICAOBAHHN IIPOBOJUTCS KaK BHU3yajbHas, TaK H
KOJIMUeCTBEHHas oluleHka HakoruieHus: POII B onmyxonu (moctpoeHue 30H MHTEpeca, onpezesieHue
CTaHIapTU3UPOBAHHOTO ToKazaTess HakoruieHus (CITH)).

B mHacTosmee BpeMs co34aHbl KOMOWHUPOBAHHBIE ammaparthbl, MpeacTaBistonIre co0oit
komOuHammoo 19T u KT [3]. KomOunupoBanubeie cuctembl Biograph (Siemens), Gemini GXL,
Gemini TF (Philips), Discovery LS, Discovery VH (General Electric) u npyrue nmpeacTaBisitoT
co00il KOMOWHAIIMIO TO3UTPOHHOTO DSMHCCHUOHHOTO M PEHTTEHOBCKOTO KOMITBIOTEPHOTO
tomorpada. [Ipu uccnenoBanuu O0JIBHBIX Ha (POHE AHATOMUYECKHX CTPYKTyp monydaror [19T-
obpassl. B mocneaHee Bpemsi TPUMEHSIOT MYJIbTUCPE30BBIE CIUPAIbHBIE KOMIIBIOTEPHBIC
ToMorpadbl, KOTOpbIE MO3BOJSIOT 32 KOPOTKUI MPOMEXKYTOK BPEMEHH MOIYYUTh MaKCUMyM
JTUArHOCTHYECKON nHpopMmaruu. Breicokas ckopocTs KT-CkaHUpOBaHUS TOMOTAEeT CHU3HUTD YaCTOTY
JBIXaTEeNbHBIX apTe(}akToB M IMO3BOJISIET BU3YAIM3UPOBATh CTPYKTYPY OPraHOB Ha MUKOBOM
YCWICHHH T0CJE BHYTPUBEHHOTO KOHTpacTUpoBaHus. Kpome TOro, mmpoKoe pacripoCTpaHECHHE
UCIIONb30BaHUsI  OBICTPHIX M A(G(EKTUBHBIX HTEPALUOHHBIX aJITOPUTMOB PEKOHCTPYKIIUU
M300paKEeHHUS JUIsl TIOJydeHHs] TOJHOCThIO TpexMepHbiX (3D) IIDT-uzobpaxenuit Tak xe
3HAUUTENBHO YMEHBINAIOT BpeMs HUCCIEIOBAaHUS U CYIIECTBEHHO IMOBBIIIAIOT Ka4eCTBO
nzoOpaxenus. [IpuMeHeHne coderaHus (QYHKIMOHAIBHBIX HM300pPAKEHUH W KOMIBIOTEPHON
tomorpaduu B koMOuHHpoBaHHBIX [IDT/KT-ckanepax mo3BOJIAET MOMYYUTh TOYHYIO MPHUBS3KY
(YHKIIMOHATBHBIX/META00IMYECKUX HAPYIICHUH B AHATOMHUYECKOM KOHTEKCTE.

Takum o00pa3om, MO3UTPOHHAS IMHUCCHOHHAs ToMorpadusi uMeeT OOJbIIOEe 3HAUYCHUE B
OHKOJIOTHM W TIOMOTAeT B PEIICHUHM Pa3HOOOPa3HBIX KIMHUYECKUX 3amad. B VYkpaune wujaer
CTPOUTENBCTBO HECKOJNbKUX [IDT-1eHTpOB M BCKOpe 3TU MCCAEAOBaHUS HAYHYT MPOBOAUTHCS B
Hamiell cTtpane. HeoOXxomumMo BHEApPATh 3TU HCCIAEAOBAHUS B MEIUIIMHCKYIO TPAKTUKY IS
MOBBIICHUS 3(PPEKTUBHOCTH AUATHOCTUKH 3JI0KaYECTBEHHBIX HOBOOOPAa30BaHU.
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CHUKEHHWE SKCHO3UIIMOHHOM 0361 ITPA IU®POBOM
OJIIOPOI'PAOUYECKOM CKPUHHUHI'E

JL.U. Aciamoa’, C.1.Mupomunyenko?, I[.A.Panblcoz, A.l“.):[pymepytlemco1

1) Kuesckuii nayuonansuwiil ynusepcumem umenu Tapaca Illesuenko
2) HI1O «Tenreonmux»

AHOTAaIifA. TTOKa3aHO, IO IS MIJABUIICHHS YIiTKOCTI Ta KOHTPACTy PEHTTEHIBCHKHX 300pakeHb
IMITaTOPiB OPTaHiB I'PyAHOI KIITHHU 3aMiHa PACTPOBOI pelIiTKH Ha TU(POBY 00poOKY 300parkeHHs
MPHU3BOIUTH J0 3MEHIICHHS €KCTIO3HINIMHOI 1031 ¥ 2,9...4 pa3u.

AHHOTAIUS. I0KA3aHO, YTO JJIs MOBBIIIEHUSI YETKOCTU U KOHTPACTa PEHTI€HOBCKUX M300paxeHH
UMHUTATOPOB OPraHOB TPYAHOH KIIETKHM 3aMEHa PACTPOBOW pPEUIETKH Ha IH(POBYIO 00pabOTKy
M300paKCHHS TIPUBOJIUT K YMEHBIIIEHUIO SKCIIO3UITMOHHOM JT03HI B 2,9...4 pa3a.

Annotation. it was shown that for the clarity and contrast improvement of chest organs simulators
X-Ray images the substitution of raster grid for images digital processing leads to decrease of the
expose dose upto 2.9 4 times.

Kuo4uoBi cjioBa: peHTreHiBChbKe 300pakeHHs, CKCITO3HITIITHA /103a.
KaroudeBble cjoBa: PCHTI'CHOBCKOC I/1306pa)K€HI/Ie, OKCIIO3MIIMOHHAasA 103a.
Keywords: X-Ray image, expose dose.

Beenenue. B crpanax CHI' pentreHoBckue cHumku opraHoB rpyaHoit kietku (OI'K)
COCTaBIsIOT Ooyiee TOJOBHHBI BCEX PEHTICHOBCKUX o00cnenoBaHuid. PacnpocTpaHeHHOCTh
obcnenoBanuss OI'K o0ycrnoBneHa WCIONB30BaHUEM (QIIFOOPOTPAPHUECKOTO CKPUHHWHTA, Kak
CpEICTBA paHHEH AMATHOCTUKH TyOepKylie3a, paka JIETKUX U JPYTrux 3a00JIeBaHMiA.

Bxrnag ckpunuHra B J030BYIO Harpy3ky Ha HaceiieHue B Ykpauue [1], mpesbimaer 40 % ot
BCEX BHUJIOB TEXHOT'CHHOT'O OOJY4YEeHHs HAaceJIeHHs. DTO B HECKOJIbKO pa3 BBIIIE CYIIECTBYIOIICH B
Mupe npakTuku. OCHOBHOM NMPUYMHON 3HAYUTENbHON 1030BOM HArpy3KH MpPU CKPUHUHTE, SBISETCS
UCIIOJIb30BaHUE, Hapsly C COBPEMEHHBIMH IM(PpOoBBIMH cHucTeMamH, 10 50 % craporo mapka
ieHouHbIX (Quirooporados [2]. Tlocmeanue, MOMHMO TOBBIIIIEHHOW 1030BOM HArpy3Kd, UMEIOT
HU3KYI0 MH()OPMATUBHOCTh U300pakeHUI U OOJIBIION PUCK MOTYYEHUsI HEKaueCTBEHHBIX CHUMKOB.

[TepeBoa ¢urooporadoB ¢ TUICHOYHOM Ha HUGPPOBYIO TEXHOJOTHIO IO3BOJISET HE TOJIBKO
MHOT'OKPaTHO CHHM3HUTbH JI030BYIO Harpy3Ky Ha MalleHTa, HO U LUIMPOKO HCHOJIb30BaTh LU(POBYIO
00paboTKy PEHTreHOBCKUX u300paxeHui. Pa3zpaboTaHHble B MOCJIEAHHE JBa TOJa BEAYIIUMU
dbupMamMi MHpa HakeTbl MPOrpaMM Jar0T BO3MOXKHOCTb, KaK IOBBICUTb KOHTPACT HU300pa’keHHs
OpraHOB TPYJHOW KJIETKH, TaK W OJHOBPEMEHHO CHHM3UTh YypOBeHb Iyma [3]. AHajloru4yHbIC
npeoOpa3oBaHUs B PEHTICHOBCKOW TEXHMKE TPAAMLMOHHO BBIMOJHAIOTCS C  IOMOUIBIO
OTCEUBAIOIIMX PACTPOB M LIMPOKO MCIONB3YIOTCS Ha MPAKTUKE MPU OOCIEAOBAHUU IUIOTHBIX I10
TEJIOCIIOKEHUIO NAlMEeHTOB. K CoKaleHHIo, UCIIOJIb30BAHUE OTCEMBAIOIIUX PAacTPOB MPUBOIUT K
HEOOXOUMOCTH YBEJIMYEHUS HKCIIO3UIMOHHON 1036l B K03 uument byku (tunuuno 2...4) pa3
[4]. [TponopiimoHaIbHO BO3pacTaeT MOTJIOEHHAs TALIMEHTOM J1034.

[lenbto HacTosmIed pabOThI, SBISETCS PacCMOTPEHHE BO3MOKHOCTH 3aMEHbl UCIOJIb30BaHUS
OTCEMBAIOIIUX PACTPOB MPH OOCIETOBAaHUM OPraHOB I'PYJHOM KJIETKH Ha MPOrPaMMHBIE CPEICTBA
u(ppoBoil 00pabOTKH PEHTIE€HOBCKUX M300pakeHUM mpHu (arooporpaduyeckoM CKpPUHHUHTE, C
OJIHOBPEMEHHBIM CHUKEHUEM 3KCIIO3UIIMOHHON JIO3BI.

Marepuansl 1 Meronsl. llpu pemeHnM NOCTAaBIEHHOM 3aJadd IPEANOJIarajoch, 4YTO
paccMaTpuBaeMasi CKPUHUHIOBas CUCTEMAa OCHAIIEHAa PEHTIEHOBCKUM  JKCIIOHOMETPOM,
CTaOUITU3UPYIOLIUM SPKOCTD MOTY4aeMbIX U300paKEHUI MyTeM U3MEHEHUS HKCITO3UIIMOHHOM 103bI
3a pacTpoM Ha Bxoje nuudposoro npuemuuka (Puc.1). Takoit moaxo NpuHAT B MUPOBOM MpPaKTUKE
npu o0OcJenoBaHUU OPraHoB IpyAHOM KieTku. [Ipu 3TOM ycTaHOBKAa CHEMHOI'O OTCEUBAIOLIETO
pacTpa IpUBOJUT K aBTOMAaTHYECKOMY YBEJTMUYEHUIO 3KCIIO3UIIMOHHON J103bl B KO3 uuueHT byku
pa3. Ha npakTuke, kak 0OTMeuanoch BbIIlIe, TAKOE YBEIMUYEHUE COCTABISIET 2...4 pa3a.
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[Tpu wccnenoBaHWM B KadecTBe Kpurepwsi 3PGEKTUBHOCTH MpeoOpa3oBaHUs H300paKEHUS
MPUHUMAJIOCh U3MEPEHHOE yBEJIMYEHHE KOHTpacTa (panToma B Buje anoMuHHeBoro aucka (Puc.1)
toimuHoi 0,5 MM, a Takke BU3yalibHas HAOIIOAaEMOCTh aHAJIOTHYHBIX JTUCKOB TOMIHHON 0,2 MM
u 0,1 mm. ['pynnas kjeTka mHalnMeHTa B JKCIEPUMEHTaX HMUTHpPOBaiach BOIAHBIM (PaHTOMOM
tommuHon 3,6 U 9 cm Boapl. PaHTOM TMEpeKpbIBal BXOJHYIO IUIOCKOCTh PEHTTEHOBCKOIO
NpPUEMHUKA, a aJIOMUHUEBBIE JUCKM YCTAaHAaBIUBAIMCH TMepea (PAHTOMOM CO CTOPOHBI
PEHTIC€HOBCKOM TpyOKH. OKCIO3MIIMOHHAs J03a H3Mepsulach C TMOMOIIBI0  JO3UMETpa,
MOHM3AIMOHHAsl KaMepa KOTOpOoro pacroiaranack nepen ganromom. JlelicTBUE pEHTTEHOBCKOTO
OKCIIOHOMETpPA B JHATHOCTHYECKON YCTAaHOBKE WMMHUTHUPOBAIOCH CTaOWIM3alueld  SIPKOCTH
MoJIy4aeMoro nu@poBoro n300paskeHus: MyTeM U3MEHEHUs TOKa TPYOKH.

nd8n0 o wmos
¢ Ludoodsn FoLsyLy

Danbanos paugErsLy LA E00 kA HLD

Teubng peamasnodisnsy . B

o

@

Byarmn amrsaSnsua

Toem ofworme

Puc. 1. Cxema 3kcriepuMeHTaIbHON YCTAHOBKHU.

Pesynbprats!.

Ha omrcanHO# BbIIIe YCTAaHOBKE MPU MPOBEIECHUH IKCIIEPUMEHTATbHBIX UCCIEAOBAHUN OBLITH
BBIOpAaHbl TUIMYHBIE I CKPUHUHTOBBIX OOCIIEIOBAaHWN TMapaMeTpbl PEHTIC€HOBCKOTO armapara:
HanpspkeHue Ha TpyOke Ua=81 kB, BpeMs uznyuyenus tuzn = 50 mc. Tok TpyOKu peryiaupoBaics B
3aBUCUMOCTHU OT HAJIMYUS U TOJIIMHBI BOAHOTO (haHTOMA TaKHUM 00pa3oM, 4TOOBI MOIEPKUBAIACH
MOCTOSTHHAS. SIPKOCTh BBIXOJHOTO PEHTTEHOBCKOTO M300pa)keHHsI B OMOPHOHN oOiacTu (Ha BXOJe
1M (poBOro MpUEMHHUKA) ¢ morpeurHocTeio + 10%.

Ha mcxognoM u3o0pakeHHH, IpU OTCYTCTBUHU BojaHOTO (hanTtoma (Tabm.1, ctpoka 1) Tect
00bekT TonuuHOM 0,5 MM mpu skcno3unmoHHOW mo3e 9,17 MP umen xontpact 8,3%. Ilocne
nndpoBoit 06paboTku M300pakeHHs KoHTpacT Bo3poc a0 20,4%, 1.e. B 2,5 pa3za. BBenenue
BOJHOTO (paHTOMA TOJIMHOW 3 CM CHM3WJIO KOHTpACT TecT oObekTa 1o 4,3% mpu nose 9,17 mP.
Hcnons3oBanue mMudpoBoil 00paboTku M300pakeHUs yBeanuuiao koHtpact ao 11,3%, T.e. B 2,6
paza. CymecTBeHHO MeHbliee yBenundenue (5,6%) kontpacra (Tabin.l, ctpoka 3) monydeHo mpu
HCIIOJIb30BAaHUU OTCEMBAIOIIETO pacTpa, OAHAKO MPH 3TOM HKCIO3UIMOHHAsS /1032 BO3PACTAET [0
36,4 MP, T.¢. B 4 paza.

JlanpHelee CHIDKEHHE KOHTpacTa TecT oobekTa 1o 3,2% mpu mo3e 18,3 MP HaOmoganock
Py YBEIUYCHUH cJI0s BoJbI 10 6 cM. Mcmonb3oBanue 1udpoBOil 00pabOTKHM M300paKeHUs
YBEJIUYMIIO KOHTpacT A0 8,9%, 1.e. B 2,8 pa3za. [IpumeHeHue ¢ 3TOHl K€ IeNIbI0 OTCEHBAIOILETO
pacTtpa Mmo3BOJIUIIO OAHITH KOHTpacT 10 4,8%, T.e. B 1,5 pa3a, oHaKO dKCIO3UIIMOHHAS 1032 TIPH
3TOM Bo3pocia B 3,1 pasa.
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Tabmuua 1. YcnoBus npoBeeHus! UCIBITAHUH U TIOJTy4YE€HHBIE Pe3yJIbTaThl

. Cio _ 0

- | U, I, t, " JHo3a Paspe K % VcenoBus Kby

I/ menne | K% | mudposas .

kB MA | MC Bog | MP HUCIIBITAaHUN KH

IT oL oM IL.J1./ MM obpaboTka

1 81 20 50 0 9,17 |4 8,3 20,5 Bes Bosl

2 81 20 50 3 9,17 (3,7..4 4,3 11,4 Bona

3 |81 |80 |50 |3 |34 |37.4 |56 |03 Bora |40
pemieTka

4 81 40 50 6 18,3 | 3,7 3,2 8,9 Bona

5 |81 |125 |50 |6 372 | 37 48 |10,5 Bona i3t
pemieTka

6 81 55 50 9 25,2 |3,1..34 122 50 Bona

7 |81 |160 |50 |9 |3? |37 36 |51 Bona |29
pemieTka

Emie Gosiee omryTuMoe CHHUKCHUE KOHTpAcTa TecT o0bekTa — 10 2,2% Ipu 3KCIO3UIIMOHHON
no3e 25,2 MP Habmo1anoch A TOMIIUHBI ci10st BoAbI 9 cM. Mcnonbp3oBanue nudpoBoii 00paboTku
M300paXeHUsT YBEIUYWIO KOHTpacT a0 5% , T.e. B 2,3 pa3za. [IpuMeHenune ¢ 3TOM ke IEbIO
OTCEUBAIOIIIETO pacTpa MO3BOIMIIO MOAHATH KOHTpAcT 10 3,6%, T.e. B 1,6, 0AHAKO SKCIO3UIIMOHHAS
Jo3a pu 3ToM Bo3pocina (Tabmn. 1, ctpoka 7) no 73,2 mP, T.¢. B 2,9 pasa.

B npomecce mpoBeneHuss HM3MEPEHUH  OTMEYANOCh  HE3HAYUTENbHOE  YBEIUYCHHE
pa3pemaronieii CnocoOOHOCTH Ha W300paXKCHHSIX, KaK B pPE3yJIbTaTe MPUMEHEHHS OTCEUBAIOIIETO
pacTpa, Tak u MoCPEeACTBOM HUPPOBOH 00pabOTKH N300paKeHHUIA.

Hcnonb3oBanue 1MUppoBoi 00paOOTKH H300pakKCHHMM ITO3BOJISET B XOJC OOCIICIOBAHUS
0OJBIIOr0 KONWYECTBA NAI[MEHTOB HAKAIUIMBATh MJAHHBIE O COOTHOIIEHWH CHUTHAII/IIYM Ha
MOJTy4aeMBIX PEHTICHOrpaMMaxX. OTO JaeT BO3MOXKHOCTh IPH IOCTPOCHHH [HU(POBBIX
pEHTreHOrpaMuecKnX CHUCTeM CTa0WIM3UPOBAaTh HE SPKOCTh IMOJIy4aeMbIX H300paKeHUH, a
COOTHOIIIEHUE CHUTHAI/IIYM HAa HHUX, YTO MO3BOJIICT MPOBOJUTH MPOIECC ONMTHMH3AIMH PEKUMOB
PEHTTEHOBCKOM CheMKHU OoJiee 000CHOBAHHO C MO3UIIUNA BH3yaTbHOTO OOHAPYKEHHs MATOJIOTUH Ha
HU300paXCHUSIX OPTaHOB TPYIHOM KJICTKH ITAIIHCHTOB.

BriBoapbl.

1. TlpoBeneHHBIE HUCCIIECIOBAaHUS Ha JOKIMHHYECKON CTaJWH TIOITBEPIMIN BO3MOXKHOCTH
CHI)KEHUSI SKCIIO3UIIMOHHOMN J103bI Kak MUHUMYM B KO3 dunueHnt byku (B skciepumente 2,9...4)
pa3 MyTeM 3aMEHBI UCIOJIb30BAHUS OTCEUBAIOIIETO pacTpa JUIs TOBBIIICHHSI YeTKOCTH U KOHTPAacTa
nzo6paxenuss OI'K mioTHBIX NanueHToB Ha HU(PPOBYIO 00pabOTKY N300paKEeHHUS.

2. Bmecto HacTpoilku Ha oOmNpeAeNeHHBIH YpOBEHb HKCIO3UIMOHHOM /03Bl Ha BXOE
u(ppoBOro MPUEMHHKA, IIeIeCO00Pa3HO PEHTTEHOBCKUE HKCIIOHOMETPHI KOHCTPYHPOBATh C
3a7ayeil cTaOMIM3aluu COOTHOIIEHUS CUTHAJI/IIYM Ha BBIXOAHOM 00paOOTaHHOM H300pakKeHUU
OpPTaHOB TPYIHOMN KJIETKH.

3. HeoOxomumo TmpoBeleHHE KIMHHUYECKHX HCIBITAHUH  MPOTrpaMMHO-ANapaTHOTO
KOMIUIEKCAa W aHalh3 BO3MOXHOCTH JIOTIOJHHUTEIHHOTO CHI)KEHUS ODKCIO3MIIMOHHOW O3B a,
CJIeJIOBATENILHO, W TOTJIONMCHHON MAIMEHTOM JI03bI, TIPH PEIICHUN KOHKPETHBIX TUATHOCTHYCCKHUX
3a/ad.

1. Oeixan M.H., KoBanenko FO.H., Mensener B.E., Mupomnuuenko C.1. OCHOBHBIE MyTH
CHIDKEHHUS JI030BBIX HArpy30K MPHU MPOBEJICHUH PEHTICHOJOTHMYECKUX HCCIenoBaHuii.// Y cmetl.
BUIYCKY XkypHaiy “Exonoridynmii BicHHK”: ‘AHTPONOTreHHO-3MIHEHE CepeloBHUllle YKpaiHu:
PHU3HKH JIJISl 370POB'ST HACEJICHHS Ta €KOJIOTIYHUX CHUCTEM  (MaTepiayid MIXKHAPOIHOT KOH(pEPEHIIiT).
- K.:Hopuobunbinrepindopm. - 2003. - ¢.331-333.

2. Iloka3HUKH AISUIBHOCTI pajionoriynoi ciayxou Ykpainu B 2008-2009 pokax (IOBiIHUK).
Menuuuna Ykpaiau. Kuis. - 2010 p., 80 c.
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3. Pexxum moctyma: WWW.contextvision.com.
4. OcHoBsl peHTrenoanarnocruueckor texuuku/Ilon pen. H.H.bnunosa: Yue6Hnoe mocodue.-

M.:Meauuuna. - 2002.- 392 c.

®OPMHUPOBAHME 3D U30BPAKEHUM B IIU®POBLIX
PEHTITEHOBCKHUX KOMIIVIEKCAX

C.1. anomlmqemcol, A.A. Hepracumsiii', E.B. Boakos

1) Hayuno-npouzeoocmeennoe npeonpusmue « Tereonmuiy
2) HayuonanwHulii aguayuonusiil ynueepcumem, 2. Kueg

AnHoranusi. @opmupoBanue 3D m300pakeHUd B peHTreHorpaduu MOXKET OBITh MOJYyYEeHO Ha
9KpaHe MOHHTOpA C MCMOIb30BaHUEM dPdekTa crepeockonuu. Ilpu mpoBeaeHUN YKCIEPUMEHTOB
OBLJIO yCTAHOBJIEHO, YTO pa3pellaroiias CHIOCOOHOCTh, KOHTPACTHAas YYBCTBUTEIBHOCTH U
JUHAMUYECKUM Jpana3oH MojiyueHHBIX 3D wu300paxeHuil He MEHbIIE YeM Hpu O0030pHOMN
peHTreHorpaguu.

Annorauisi. ®opmysanns 3D 300pakeHp npu peHTreHorpadii Moxxe OyTH OTpMMAaHO Ha E€KpaHi
MOHITOPY 3 BHKOpUCTaHHSIM edekty crepeockomnii. [Ipm mpoBemeHHI [dOCHiIKeHb Oyio
BCTAHOBJICHO, IO pO3/AUIbHA 3HaTHICTh, KOHTPAaCTHA UYyTJIHMBICTb 1 JAWHAMIYHUN JdianazoH
orpuMmanux 3D 300pakeHb HEe MEHIIIe, HiXK TPH OTJIAI0BIA peHTreHorpadii.

Annotation. 3D images in X-ray radiography can be obtained on the monitor’s screen with the use
of stereoscopic 3D effect. It was set during realization of experiments, that the value of spatial
resolution, contrast sensitivity and dynamic range of received 3D images is not worse than at
radiography.

Kurouessble cioBa: 3D n3oOpakeHusi, cTepeockonuyeckuil 3QppexT, pa3periaronias ciocoOHOCTb,
KOHTpAacTHasi YyBCTBUTEJILHOCTb, IMHAMHUYECKUI TUara3oH.

Kurouosgi caoBa: 3D 300pakeHHs, CTEpPEOCKOMIuHIN e(eKT, po3/iiabHa 34aTHICTh, KOHTPAaCTHA
YYTIUBICTh, TUHAMIYHHIA J1ama30H.

Keywords: 3d images, stereoscopic effect, spatial resolution, contrast sensitivity, dynamic range.

Bsenenue

TpexmepHyr0 peKOHCTpYKIHi0 00hekTOB Npu KT mccrnegoBaHuu mpoBOJSAT MO MOTYyYEHHBIM
cpe3zaM. B Toxe Bpemsi, BO3MOXHO MOJTY4YUTh OOBEMHBIE U300paXKEHUSI MUHYS CPe3bl U HCIIOJIb3Ys
0ojiee pacHpOCTPaHEHHYIO M TNPOCTYK0 PEHTICHOBCKYIO JTMAarHOCTHYECKYI0 TEXHHMKY K KOTOPOH
OTHOCATCS IUGPOBBIE PEHTICHOBCKUE KOMILIEKCH. OJHOBPEMEHHO MOXET OBITh JOCTUTHYTO
CYILIIECTBEHHOE CHUXKEHHE J1030BOM Harpy3Kud Ha HAIMEHTOB Npu mnoiydeHuu 3D usoOpakeHuw,
MUHYS CPE3BI.

Marepuaiibl 1 METOJIbI

JUis peHTreHOIUarHOCTUKU NPEACTaBISIOT HHTepec 3D M300pakeHuss Kak CTaTUYecKHe
(o6beMHas peHTreHorpadusi) Tak U AMHaAMU4YecKue (00beMHass peHTT€HOCKOIIHS).

®opmupoBanue cratuyeckux 3D u3o0paxkeHHH MOXKeT OBbITh MOJYYEHO Ha DJKpaHe ¢
UCIoNIb30BaHuEM 3(ddekta crepeockonuu. Tak Kak pEHTTEHOBCKUE CHHUMKHU  SIBIISIFOTCS
MOHOXPOMHBIMH, TO UTOroBele 3D wu300paxkeHus (GOpMUPYIOTCS TaKk€ MOHOXPOMHBIMH U
MOJIYIIPO3PAYHBIMHU.

Busyanuzanus 3D u3oOpaxeHuit BO3MOXKHA IMYTEM HAIO0KEHUS IIBETHBIX M300paKeHUN Ha
JKpaHe MOHHUTOpa KoMIipioTepa [1] u mpocMoTpa X BpauoM 4epe3 OYKH, MMEIOLIUE KpacHBIM U
CHHE-3€JIeHbI CBETOQUIBTP U1 JIEBOTO W MPaBOro TIJa3a COOTBETCTBEHHO. Jlpyroil myTb
BU3YyaJM3al[M COCTOMT B TNPUMEHEHHUH OYKOB C >KMJKOKPUCTAIJIMYECKHMMH 3aTBopamu [2] u
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CUHXPOHHBIM  OTOOpa)XCHHEM CTEPEOCKONMHMYECKUX H300paKeHWH Ha OSKpaHe MOHHUTOpa
KOMIIBIOTEpA MO0YEPETHO ISl IEBOTO U MPABOTO Iiiasa.

Jnst co3nanust crepeon3o0pakeHusi HEOOXOJMMO JIBa MUCXOJHBIX CHUMKA OJJHOTO M TOTO K€
00BeKTa MO/ PA3INYHBIMU YTIIAMHU.

[lepBBlii TyTh W3 JABYX MNPUBEACHHBIX BAPUAHTOB MPAKTUYCCKH HE TpeOyer nopabdoTKu
pabouero mecra Bpaua, 3a UCKIIOYCHHEM H3MEHEHUS MPOrPaMMHOI0 0OECleYeHHs] U OCHAILECHUS
oukamu co ceeTouibTpamMu. OH ObUT IPUHST 32 OCHOBY B IIPOBEICHHOM HCCIICIOBaHHH.

s moctpoeHusi auHamMudeckux 3D u300pakeHUN HMCIOJIB3YeTCs PEHTTEHOCKOIMYECKHM
BUJICOPSI/I, TOJTYyYaeMbIil IPU BPAIICHUH PEHTTEHOBCKOTO MCTOYHHKA M MPUEMHUKA OTHOCUTEIHHO
o0bekTa uccienoBanus. [Ipu 3ToM 00JbIIIOE KOJIMYECTBO PEHTIC€HOBCKUX KaJIpOB IIPU HAKOIICHUU
U YCPEJHEHUH LIYMOB IPOTPAMMHBIMHU CPEICTBAMU WJIH B 3pUTENBHON CHUCTEME OIepaTopa JAcT
BO3MOXXHOCTh HCIIOJIb30BAaTh KaXK/Ibli U3 CHUMKOB C TIOHWKEHHON J030BOIl HArpy3KOH.

JList mpoBeZICHHS SKCIIEPUMEHTOB OBbLIT HCIIOJIH30BaH TTOBOPOTHBIN IITATUB C 3aKPEIIICHHBIMU
Ha HEM PEHTTEHOBCKOW TPYOKOW W Maio030BbIM HUGPOBBIM NpUEeMHUKOM «Aibpha-P-4000»
npousBoacTBa komnanuu «HIIO «Teneontux» puc. 1.

PenTreHoBckuil u3nyydaresnb
Iratus BPC

HabGnronaemblii 00bEKT

|
Puc. 1. MHcnonp3oBanue 0a30Boil peHTreHorpaduyeckoil cucreMbl [uisi moiydeHus 3D
M300paKeHU

[lenTpanbHblM  BOmpocoM mocTpoeHuss 3D  IUarHOCTMYECKHX — alapaTtoB  SBISETCS
000CHOBaHHE CUCTEMbI TAPAMETPOB, KOJMUYECTBEHHO ONPEIEISIONUX TUarHOCTUYECKYI0 LIEHHOCTh
dbopmupyembix 3D mzoOpaxkenuii. [Ipu obocHOBaHMHM Ha0Opa W3MEPSEMBIX IMapaMeTpPoB ObLIa
MOJI0KEeHa MOU(UKALIMS CTAaHIAPTHONW CUCTEMBI OLIEHKH KaueCTBa PEHTTEHOBCKUX M300paKeHU:

paspematomias crocodHocts B 3D mpocTpaHcTBe;

KOHTpAacTHasi YyBCTBUTEIBHOCTh C YYETOM OOBEMHOIO MOJOXKEHHS TECTOBOIO OOBEKTa
(cTemneHp ero 3aTeMHEHUSI IPYTUMH CTPYKTYPAMHU);

JUHAMHUYECKUH TUana3oH CUCTEMBI;

Hanmuuue apredakToB Ha BoccTaHOBIEHHOM 3D wu3o0pakeHHH, OOYCIOBIEHHBIX HE
U/1€aTbHOCTBIO cucTeMbl (hopMupoBanust 3D n3o0paskeHusl.

Hcnonp30BaHre OMMCAHHOTO BBIIIE MOAX0/1a MO3BOJIMIIO MOIYYHUT Pl SKCIIEPUMEHTATbHBIX
pE3yJIbTaTOB.

Pe3ynbTaThl

IIpoBeneHo wW3MepeHHE NapaMeTpoB KaK CTAaTUYECKUX CTEPEOCKONUYECKHX, TaK |
nuHamuueckux 3D pentreHoBckux u3oOpaxkeHuil. Ilpu npoBeneHHHM HSKCIEPUMEHTOB Ha
U300paKeHNM 3HAYCHHE pa3pellaroniel CIoCOOHOCTH H3MEPSAJIOCh C TOMOIIBIO IITPUXOBOM
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PEHTICHOBCKON MHpBI. BO (pOHTaIBHOHN IIOCKOCTH pasperiaronias CIiocOOHOCTh HM300pakeHHIM
coctaBmia a0 4,0 /MM a paszpemarornias cnocooHoctd nmo rayoune ot 0,17 mo 3,0 m/mm juist
CTaTHYECKUX HU300paKEeHUH.

Jns OlleHKM KOHTPACTHOW UYBCTBUTEIBHOCTH HCIIOIB30BAJIMCh AIFOMHUHUEBBIE JTUCKH
quamerpoM 15 MM u TommuHo 0.5, 0.2 1 0.1 MM. YBEpeHHO HAOJIIOAAINCH CTEPEOCKOITMYCCKUE
M300pakeHHsT 0OBEKTOB ¢ KOHTpAcToM 5, 2 1 1%, KOTOpBIE pacnojarajiich ¢ pa3IndHbIMHU yTIaMU
B mnpocrtpaHcTBe. [Ipn 3TOM CHM)XXEHHME KOHTPACTHOM YYBCTBUTEIBHOCTH 110 CPaBHEHUIO C
OTJIEIILHBIMU PEHTT€HOBCKUMH CHUMKaMH HE TIPOUCXOJIHIIO.

3HaueHUEe TUHAMUYECKOrO JHama3oHa cocTaBuiio Oosnee 150 U COOTBETCTBYET mapamerpam
MIPUMEHSEMOT0 PEHTI€HOBCKOTO IIPHUEMHUKA.

ApTedakTsl Ha CTEPEOCKOMUYCCKUX H300pKCHUSX B BHJIC HECOBMEIICHHS H300paKEHUI
MIPUCYTCTBYIOT B TIEPBBI MOMEHT BpeMeHH B mporiecce ¢popmupoBanus 3D obpasza B 3pUTEIbHON
cucteme. [Tocne npuBbikanus apTedakTsl He HAOTIOJATUCE.

Hcxonnaple n300pakeHHs 1aiy XOpoIlnyro Bu3yanu3aiuio 3D o0pa3oB npu cheMke He Ooee
4yeM uepe3 5°, pu pacCTOSTHUHM MEXy HU3ydaTeaeM U IETeKTOpoM B 1,2 M.

Jns monmydenust cratnyeckux 3D m3o0pakeHUi 1030Basi Harpys3Ka Ha MarMeHTa B JIBa pasa
0OJIbIIIC YeM MPH BBIIOJHEHHH OJHOIO PEHTreHOrpa)uuecKoro CHUMKA, YTO 3HAYUTCIBHO HHXKE,
yem npu npoBeneHun KT wuccnepoanus. B cnywae ¢ muHamudeckumu 3D m300paKeHUSMH
JI030Basi Harpy3ka BO MHOTOM 3aBHUCHUT OT paspemiaronieidl CrocOOHOCTH M YpPOBHS IIYMOB H
COOTBETCTBYET JI030BbIM Harpy3kam MoJIy9acMbIM MAllAEHTOM IPY UMITYJIbCHOM PEHTICHOCKOITHH.

[ToMrmoO BH3yalbHOTO aHaIW3a M300paKCHUN pa3padOTaHbl AJTOPUTMBI U3MEPEHUN IHH
OTPE3KOB Ha PEHTTCHOBCKOM m300paxxenun B 3D oObeme. OHHM TIO3BOJSIOT  JaBaTh
MCYEPIIBIBAIONIYI0 MH(POPMALIMIO O pa3Mepax MaToJOTHH, YTO MOMOTAeT MPHU aHAIM3€ AUHAMUKU
Pa3BUTHS TATOJIOTHH B OIEHKH 3(PHEKTHBHOCTH JICUCHUS.

BriBoanl

PaccmoTrpennsie mytu nonydenus 3D uzobOpaxenuit 6e3 nocrpoenuss KT cpe3oB mo3Bosstor
3HAUUTEIPHO YMCHBIIUTH JTO30BYI0 HArpy3Ky Ha MalMeHTa Npu uccienaoBanuu 3D oOpa3zoB 1mo
cpaBHeHuto ¢ KT.

[IpennoxkeHHass cucTeMa KOJUYECTBEHHBIX TMapameTpoB 3D  ycTaHOBOK  1MO3BOJHMIA
MPOU3BECTH  HU3MEpPEHUs: KaKk OO0BEeMHBIX  pEHTTeHOrpapuveckux, TaKk U  OO0BEMHBIX
PEHTIEHOCKOTTMYECKUX M300paKeHUH.

Pazpemarommias cnmoco6Hocts Ha 3D  wum300paxkenusx cocraBuiaa g0 4,0 /MM, dTO
COOTBETCTBYET pa3peiaroiield CrioCOOHOCTH PEHTTE€HOBCKOTO TpueMHuKa. CHUKEHUE KOHTPACTHOM
YyBCTBUTEIBLHOCTH TMPU HMCIOJIB30BAaHUU CTepeockomuueckoro sddexra mis Gopmupoanus 3D
n300pakeHnl He HaOmoganock. uHaMuueckuii auama3zoH cocTaBui He MeHee 150, 4To Takke
COOTBETCTBYET MapaMeTpaM MCIOJIb30BaHHOTO PEHTIEHOBCKOTO NMPHUEMHUKA.

B mnocnenyromemM HEOOXOIMMO TPOBENCHHE KIMHUYECKUX HWCIBITAHUN, TO3BOJISTIONTUX
OLICHUTh JTMAarHOCTHYECKYIO0 IEHHOCTh 3D m300pakeHUU NMpU aHANIM3€e MATOJOTHMl M ee CBA3b C
IpeJI0KEHHON cucTeMoi napameTpoB 3D ycTaHOBOK.

1. PoxkoB C.H., OcsannukoBa H.A. Crepeockonusi B KHHO-, (hOTO-, BUIACOTEXHUKE. — M.:

[Tapanus, 2003. — 136 c.
2. Pexxum nocrymy: http://www.3dmasterkit.ru/articles/article 1-2/
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YCKOPEHHAS YIIPABJIIAEMASA JEAKTUBALIUA PEAKTOPHOI'O U30TOIIA CS-
137 B BUOJOT MUECKUX AUYENKAX

B.A. Bblcomcnﬁl, A.A. KopHmIOBa2

1) Kuescxuii nayuonanvhvii ynusepcumem um. T.1llesuenxo, Kues, Ykpauna
2) Mockoseckuii 2ocyoapcmeennwiil ynusepcumem um. M.B.Jlomonocosa, Poccus

AnoTtauis. IIpencraBiena Moaenb Ta YCIINIHI EKCHEPUMEHTH 10 NPUCKOPEHiN JeakTuBarii
JIOBrOKMBYYHX 130TOIMIB (BKIHOYHO Cs-137) B KOMipKax, sIKi MICTATh MIKpOOiOJOTIYHI acoriarii.
[Toka3zaHo, 1110 B HAHOUIBII ONTUMAILHOMY BHUITAKy 3MEHIIEHHsS akTUBHOCTI Cs-137 ekBiBaJieHTHE
MIPUCKOPEHHIO po3naay B 35 pasis.

Aunnoranus. IIpeacrasieHa Moaelb U yCHELIHbIE SKCIEPUMEHTBI N0 YCKOPEHHOW JI€aKTUBALUU
JIOJITO)KMBYIIMX W30TOMOB (BKitouass Cs-137) B syeiikax, comepikKamux MHUKPOOHOJIOTHYECKHE
acconmanuu. Ilokazano, yTo B Haubosiee ONTUMAIBLHOM Cilydyae yMEHbIIEeHUs akTuBHOCTH Cs-137
SKBUBAJIEHTHO YCKOPEHUIO pacmaja B 35 pas.

Annotation. The model and successful experiments on the accelerated deactivation of long-living
isotopes (including Cs-137) in the cells containing microbiological associations are presented. It is
shown, that in the optimal case the decrease of Cs-137 activity is equivalent to acceleration of decay
by 35 times.

Kurouogi ciioBa: JleaktuBaritis, sAepHi peakilii mpu Maltiid eHeprii, 610CUCTeMH.
KiaroudeBble ciioBa: HeaKTI/IBaHI/IH, SAACPHBIC pCaKIIUU ITPpH MaJIon OHCPI'UH, OHOCUCTEMBI .
Keywords: Deactivation, nuclear reactions at low energy, biosystems.

W3BecTHO, 4TO HamboJee BaxkHbIE MPOOJIEMBbI SIEPHON SHEPreTUKU CBSI3aHBI C OE30MACHBIM
XpaHEHHEM W yTHUIIM3anuel (leakTHBanueil) pauoakTHBHBIX 0TX010B. CyIIECTBYET ABa OCHOBHBIX
METO/a peIIeHUsT NPOoOJeMBbl: a) JUIMTEIbHOE XpaHeHHue oTxoa0B ("oTiokeHHOe pemieHue'); b)
"BbpKHUraHue" OblcTpbIMU HelTpoHamu. O0a MeToJa IKOJIOTMYECKH OMACHBI M CBSI3aHBI C OYEHb
OOJIBIIMMHU 3aTpaTaMH.

D¢ dekTBHOCTH aTbTEPHATUBHBIX SACPHBIX PEAKIMIA MPH HU3KOW SHEPTHH OYE€Hb Maya h3-3a

HaJIMYUS DBJIEKTPOCTATHUECKOTO (KYJIOHOBCKOTO) MOTEHIMAIbHOIO Oapbepa V(r) , JIeHCTBHE
KOTOPOT'O MPUBOJUT K B3aUMHOMY OTTaJIKMBaHUIO siziep. B [1] Obls10 0TMedeHo, 4To cyliecTBOBaHUE

CTaOMOHApHOI'O 6apbepa V (r) ABIIACTCA aHHpOKCI/IMaHHeﬁ, CHp&BGHJ’IHBOfI TOJIBKO IIpH
JO0CTATOYHO OOJIBIIION JUINTEIIbHOCTH B3aUMOICHCTBUSA 3apAKCHHBIX YaCTHLI. Ha camom ngene mocie

V(F,o,t)
N OMpCACIIICTCA SJICKTPOMArdHuTHBIM IOJIEM. Toapko npu t —> ®© B3aPIMO]1€I7[CTBPIC COOTBETCTBYCT

($hopMHUPOBAHHIO KYJIOHOBCKOTO Oapbepa 1 V(r,ot) >V (r)d(w) :
B ciydgae mapHOro B3aMMOJEWCTBHS sIep B CBOOOJHOM TIPOCTPAHCTBE, I KOTOPOTO

IUIOTHOCTh KOHEYHBIX COCTOSIHMI OYeHb OoJjbllas, JAeWCTBHE BO3MYIIEHUS V(. o1) BEIET K
paccesHUIO (B3aUMHOMY PacTAIKMBAHUIO) YACTHUI] U K OYEHb MaJIOW BEPOSTHOCTH peakiuu. [pyras
CUTYallUsi COOTBETCTBYET HAaXOXACHUIO B3aUMOJICHCTBYIOIIUX SIAEP BMECTE C KOMIIEHCUPYIOLTUMU
AJIEKTPOHAMHM B HaHOsIME (MHMKpPOMOTEHLUMANbHOM sime) riayounoit 0.1-1 5B, kBanTyromeil ux

cocTosiHUA. B TakoM cucreme neicTBHE BO3MYIICHUSA V(r,(t), t) MOXXCT IIPUBOAUTH K MNECPEXOoaaM
JaCTHULl TOJIBKO B HOpCAciiax CUCTECMbl OUCKPCTHBIX ypOBHCfI OHEPIrUuun 3TOMl sAMbl. Eciau B

COMMKEHHUS qacTuIl (HpI/I t> 0) nponecc B3aUMOICUCTBHUS ABJACTCA HECTAIIMOHAPHBIM

y t
ONpeNieIeHHBId MOMEHT BpeMEHM O B CIEKTpe HECTAl[MOHApPHOTO BO3MYIIEHHUS OyIyT
OTCYTCTBOBATh COCTAaBIIAIOIIME HA YaCTOTaX MEXYYPOBHEBBIX MEPEXOJI0B B3aUMOJIEHCTBYIOIINX

V(r,o,,t)=0

sanep B HaHOOOBeMe (T.e. ), TO B 3TOT MOMEHT BpPEMEHU OJHO SAPO HE OyaeT
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Y, (7t W, (7t

"3amedarh" HAJIUYHS JAPYroro, a UX BOJHOBBIC (QYHKIIUU 1( ’ 0) u 2( ' 0) OyayT B3aUMHO-
NEPEKPLIBATECA B COOTBCTCTBHMHM C KBAHTOBAHHUCM B HAHOSAMC. B »TOoT MOMEHT BpPCMCHHA
BEPOSATHOCTD SJIEPHON pPEeaKIINU

= 2 = 2 43
W,y (t) = 4 [| ¥4 (F, 1) FI ¥, (F, 1) F d°r
pe3ko Bo3pacTeT. AHaim3 3a1adu [1-3] mokaspIiBaeT, 4To IS KaKIOTO THMA SAEpP HEOOXOIUMBI

HAaHOSIMBI C pa3MepoM MOpsaKa 10A U CTPOro OMpeesIeHHbIMH MapameTpaMu (TiyOuHa,
CTpYKTypa, pazMep). KolmdyecTBo Takux HaHOSM JOJHKHO OBITh OYeHb OosbmuM. ONTUMATbHOE
pELIEHUE COOTBETCTBYET MCIOJIb30BAHUIO JUHAMUYECKONM CHCTEMbl THIIA "HECTAllMOHAPHOU
KBAHTYIOIICH TEHBI", B KOTOPOH MPOUCXOIUT HEMPEPHIBHOEC POXKICHUE OONBIIOTO KOIMYECTBA
TaKUX HAHOSM M MX ObICTpasi 3BoJtonusA. B Takoi cucteme B ompesesieHHbIe MOMEHThI BpEMEHU

tO’ tl’ t2 """ mapaMeTpbl HAHOSIM OyAyT ONTUMAJIBHBIMU JIJIS CTUMYJISIIMK KOHKPETHOTO SIIEPHOTO
B3aUMO/ICHCTBHS C TIOJIHBIM HHTEP(HEPEHIIMOHHBIM TIOJaBIEHUEM JICHCTBUS KYyJIOHOBCKOTO Oaphepa.
[TpoBeneHHBIN HAMU aHANIW3 MTOKAa3all, 4YTO MOJ00HBIE MPOLIECCHI, B YACTHOCTH, UMEIOT MECTO B 30HE
pocTa OMOJIOTHYECKUX OOBEKTOB (B YACTHOCTH - MUKPOOHMOJIOTHUECKUX KYJIBTYP), KOTOPBIE, TAKUM
00pa3oM, MOTYT OBITh MPUPOAHBIMHU KaTaTU3aTOpaMH SJIEPHBIX PEAKIUA MpU HU3KOW SHEPruu.
Takue sJepHbIE PEAKIMU HEIb3s Ha3BaTh '"OMOJIOTHMYECKOH TpaHcmyTarueil”". DTo OOBIYHBIC
AJIEpHBbIE PEAKLUUU, HO MPOTEKAIOIINE MPH "KBAaHTOBOW CTUMYJSLMHU" CO CTOPOHBI TMHAMHYECKOU
CTPYKTYPBbI, CBA3aHHOMN C TOIIOJIOTHEN OMOIOrMUECKOro 00BEKTA.

[IepBble 3KCHIEPUMEHTHI IO M3YUEHUIO MpoIlecca SACPHBIX MpeBpalleHuid ObUTH MPOBEACHbI

Mn* +d? = Fe*’ .
Ha OCHOBC pCaKIUKU - , IIPOTCKAOIICHU IIpU POCTC psAaa MI/IKpO6I/IOJ'IOFI/ILIeCKI/IX

KyJbTYp B CTaHIApPTHOM COJIEBOM Cpele, MPUTOTOBIEHHOW HA OCHOBE TSKEIOM BOABI U IPHU

55 57
mammany comm VN [2-3]. UTorom peakiiuu SIBJISIETCS H30TOI Fe , IPUPOJHOE COJEPHKAHUE

KOTOpOro o4eHb Maio (2.2%). OH MOXeT OBbITh WIACHTU(DUIIMPOBAH C MMOMOIIBI0 MeccOay3pOBCKOM
cnekrpockonuu (Puc.1).

ITornomenue, %

-3.2 -1.6 0 1.6 32

CKODPOCTB, MM/C
Puc. 1. MeccbayapoBckuii ciekTp KyJIbTypsl Saccharomyces cerevisiae, BRIPOCIICH: a) B cpejie Ha

ocroe DO TIPY HAJIHYUH IVlnss;b)B H,0 Ges M”SS; c) B D0 Ges Mn*

O} PeKTUBHOCTh TPAHCMYTAIIMH U30TOTIOB B 3TOM JKCIIEPUMEHTE COOTBETCTBOBAJIA BEJIMUMHE
_ 57 55 ~1078 57 55
A=N (Fe )/ N (Mn )At ~10 sep Fe B pacueTe Ha OJIHO SIpO Mn 3a 1 cek.

AHaJOTMYHbIE HCCIEAOBAaHUSA B MHKPOKYJIbTYpax OBLIM MpPOBEACHBI HAa OCHOBE APYTUX
peakuuii
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Na23 + P31 — Fe54, CSl33 + pl — Bal34
C y4acCTHEM CPEIHUX U TSHKENBIX CTaOWIbHBIX saep. [JanbHelinue uccienoBanusi ObUTH MPOBEACHbI
C PaIMOAKTUBHBIMU U30TOMAMHU.

IlepBass cepust SKcmepuMeHTOB [2-3] OblIa TOCBSIIEHA WCCIICIOBAHHIO BO3MOXKHOCTH
BIUSHUS HA aKTHUBHOCTh MPOO pPEaKTOPHON BOJBI, HM3BICKAEMOW W3 IEPBOTO KOHTYpa BOO-
BOJSIHOTO peakTopa. Mccneayemast Boja uMmena akTUBHOCTh okojo 10-4 Kropu/a u comepxaina psj

Na24 K4O COGO Sr91
BBICOKOAKTUBHBIX ~ HECTAOWJIBHBIX  M30TONOB (B~ YaCTHOCTH, ! ' ' '
|131’ Xe135’ Ba140’ La140’Ce141 ). DKCIIEpUMEHTHI MPOBOJAUIUCH C HCIIOIH30BAHHEM CHHTPO(PHBIX
accounanuii (MCT rpanyn), B cocTaB KOTOPBIX BXOJIWIM Pa3IMYHbIE TUIIBI MHKPOOPTraHU3MOB,
KOTOpBIC TPEJCTABISIIOT pa3HbIe TPYNIbl MHUKPOOHOTO MeTabonm3Ma. DTH MHUKPOOPTaHU3MBI
COCYIIECTBYIOT B COCTOSTHUM CUMOMO3a U, GaKTUYeCKH, 00pa3yloT eAMHBIA MakpoopranusM. Takas
cucTema 00J1a1aeT OYeHb BHICOKON CTETCHBIO aIanTalluyd K Pa3HbIM BapHAIlMsIM H "arpecCUBHBIM"
MPOSIBIICHUSIM BHEIIHEW cpenbl. DkcrnepuMeHThl ¢ MCT rpaHyiaMu TpOBOAUIUCH C Y4aCTUEM
A.Bb.TamupeBa, KOTOpbIN CO371aBajl 3TH TPAHYJIBI.

OnuHakoBbIe 1O 00bEMY TPOOBI PEAKTOPHOM BOJIBI (OKOJIO 5 MJT) MOMEIIATUCH B OIMHAKOBHIE
CTCKJISTHHBIC TOHKOCTEHHBIC 3aKPBIBAEMBIC KIOBETHI 00heMOM 0K0JI0 10 Mi1. B gacTh KroBeT ¢ BOJIOM
MOMEIIANIOCH OJIMHAKOBOE 110 Macce KOIu4ecTBO rpanyi. OcranabHble KIOBETHI ¢ BOJIOH (0e3 rpaHy)
ObUTH KOHTpOJIbHBIMU. Ha puc. 2 npencraBieHbl yecpeaHEeHHbBIE Pe3yJIbTaThl U3MEHEHUS! aKTHBHOCTH

La'  Co®
MU30TOIOB u B ktoBetax ¢ MCT rpanynamu (Qcultures) 1 B KOHTPOJBHBIX KIOBETaX
(Qcontrol).

Puc. 2. 3aBucumocts aktuBHOCTH Q(t)

1} imimimhimimimidimimin ko, Y -4 140 140 60
Q(t)/Q(O.+ 1 1 $ + + msororop Ba | La™ y CO™ g ppoGax
09| . | .
“ Qe 1 Qeotres 015 13070 CO™ 8 KOHTPOABHOTX pEAaKTOPHOM BOJBI B JKCIIEPUMEHTE IO
08 | \’ﬁ KroBeTax u B kioBeTax ¢ MCT rpanyinamu TpaHCMYyTallun (chltures) u B
0.7 \\ ' 1 KOHTPOJBHBIX KIOBETaX 0e3
0.6 o Qoontrol (pacmiaz of Ba* u MukpoopranusmoB (Qcontrol).
! La s KOHTPOJIBHBIX
0.5 Bpemst apanraruu KioBETax)
04 MHUKPOOHOH CHHTPOQHOH N3 monmy4eHHBIX JaHHBIX CIEAYET,
05 accounanyn ‘~~+\ YTO AKTUBHOCTH HOJITOXKHUBYIIETO HM30TOIA
' e, e SN Co®
02| | Quies (yemimemne b ~-¢ B TEYEHHWE BCETO  BPEMEHM
aktupHoctd Ba™ u La's | ' ~ 9
01 | Cosoran o MCT rpamymant) | | wm3mepenuit (okono 40 ngHel) ocTaeTcs
0 - ‘ ‘ ‘ ‘ 1 AHCH | HEW3MEHHOM KaK B KOHTPOJBHBIX KIOBETAX,
0 5 10 15 20 25 30 Tak u B ktoBetax ¢ MCT rpanymnamu. B To

&Ke BpeMs Obl1 OOHapy»eH pa3HbId 3aKOH

140
YMEHBIIEHUsT aKTUBHOCTH W30TOMNa La B 000MX THIAaX KIOBET. OJTOT H30TON HMEET
CpaBHUTEIHHO HeOOMbIoe Bpems ku3HU (tLa = 40.3 yacoB) u sABIsAETCA TOYSPHUM HECTAOMIHHBIM

140
U30TOIOM 0o0Jiee OJIT0KUBYIIETO A1pa Ba™ Anams sosmosxmex npeoOpa3oBaHuil U30TOIOB

140 12 _ qml52
MI0Ka3aj, YTO B JAHHOM Cllydae BO3MOYKHA PEAKIIUS Ba™ +C™ =5m™ +AE TpaHCMYTaIUH
Bg% Sms?
paZoaKTUBHOTO M30TOIA K CTaOUIIBHOMY 1Py . OTH pe3ynabTaThl CTUMYJIHPOBAIU

[IOCTAaHOBKY 3KCIEPUMEHTOB IO YTHUIW3alUU JOJITOKHUBYIIETO "TOIUIMBHOrO" H30TONa C5137’
00pa3yemMoro MmpH 3KCIUTyaTallud SJEPHBIX PEaKTOPOB. DKCHEPUMEHTHI MPOBOJMIUCH C y4acTUEM
B.H. IMaBnosuua (USAN) u A. Ogunnosa (UI1b ADC) [3-4].

OpunakoBoe konuuectBO MCT  rpanyn nomemanock B 7 KIOBET C aKTHMBHOM BOJOW,

137
coJiepkaiien Cs . K 6 xroBeTam Obl1u no06aBieHb! ountieHHbie conu K, Ca, Na, Fe, Mg u P. Dt
9JIEMEHTHI BXOJAT B YMCIO JKH3HEHHO HEOOXOOUMBIX JJIA JIFOOOM JKHMBOM cHCTeMbl. Eie omna
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(KOHTpOJIbHAs) KIOBETA COJEpKajia TOJIbKO aKTUBHYIO BOJY. Pe3ynbTaThl M3MEHEHUS aKTHUBHOCTH

Csl¥
npejacTasieHsl Ha Puc.3.

\ AKTm:sHOCTL,}Q(t)/Q(EO) || Cs"7 6es MCT (xonTpoms), T~ 30 et

1.00 -

0.98 4

0.96 -

0.944 Cs¥*" + MCT+NaCl

T ~ 480 et cd T 3
0.92{ - S N S5 EORII M
; : | w~, b | S
0.90 ---nenune hee- Cs“'+ MCT fmmememndnomennnes i-.-h"fqi‘"-:""--':::. """ :
| t* ~380 mmeit | L : ‘S,
BB e et -] CETAMCT +CaC0; bttt
; | | t* ~ 310 nueit Lo |
0 5 10 15 20 25 30 35 40 45

137
Puc. 3. Yckopennas yrunuzanus (JeakTUBaIUs) U30TOIA Cs B "OMOJIOTMYECKUX sAYehKax" B
npucyrctBum rpanyi MCT u pa3HbIX XUMHUECKUX JIEMEHTOB.

W3 monmy4yeHHBIX JAHHBIX cIeayeT, 4To B TeueHue 100 aHei HaOMIOaeHUS PErUCTPUPOBAIOCH

137
YCTOﬁqHBoe YMCHBIICHHUEC aKTHUBHOCTHU HM30TOIIa CS BO BCCX KIOBCTAX, COACPKAIIUX AKTHBHYIO

137 1_ pal3s
BOJIY HZO 1 MCT rpanynel. OTa yTUIU3aIUs CBA3aHA C PEaKIHCH Cs™ +p =Ba™ + AE,

137
HpOTCKaIOH_[eﬁ C Yy4dJaCTHEM IIPOTOHOB BOJbI U HpI/IBO,[LHH_Ieﬁ K Hp606pa3OBaHI/II-O CS B
138
CTaOUIIBHBIA HM30TOII Ba . B KOHTpOHLHOfI KIOBCTC, coz[epxcameﬁ TOJIBKO BOAYy C IIPHUMECBIO

137 137
Cs , I3MEHEHUE aKTHBHOCTH COOTBETCTBOBAJIO CTAaHJIAPTHOMY CIIOHTAHHOMY pacrany Cs™¢

BPEMEHMM JKH3HH OKOJIO © ~ 30 ter. Camoe OBICTpOE YMEHbILIEHHE aKTMBHOCTU (PKBHUBAJIEHTHOE
YMEHBILIEHUIO BPEMEHHU KU3HU B 35 pa3 no BenuuuHbl 1* ~ 310 gHeil) HaOm0qaI0Ch B KIOBETE,

conepxkanieit MCT rpaHysibl # cOJb Ca [3-4].

[TonydeHHble pe3yabTaThl MOTYT OBITh MCIIOJIB30BaHBl JJIS YTHIIM3ALUU OTPaOOTAaHHOTO
AJIEPHOTO TOIUIMBA M MNP NPOBEIACHUM ACAKTHBALMM TEPPUTOPHI, 3arps3HEHHBIX B PE3yJibTaTe
aBapuit Ha ADC B UepHoObu1e 1 Pykycuma.

1. Vysotskii V.I. Conditions and mechanism of nonbarrier double-particle fusion in potential
pit in crystals //Proc. of Forth Int. Conference on Cold Fusion/ Ed. By T. Passel. — Hawaii, 1994. —
V.4 .-P.20.2-20.5.

2. Beicoukuit B.W., KopumioBa A.A. SnepHblii cuHTe3 M TpaHCMyTalUsi U30TONOB B
Ounonoruvecknx cucremax. — M.: Mup, 2003. — 302 c.

3. Vysotskii V.1., Kornilova A.A. Nuclear transmutation of stable and radioactive isotopes in
biological systems. — Delhi: Pentagon Press, 2010. — 187 p.

4. Vysotskii V. 1., Odintsov A., Pavlovich V. N., Tashyrev A. B., Kornilova A. A.
Experiments on controlled decontamination of water mixture of long-lived active isotopes in
biological cells //Proc. of the 11th Int. Conference on Condensed Matter Nuclear Science/ Ed. By
Jean-Paul Biberian. — Marseilles, 2004. —P. 530-536.
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HOBBIE ®U3NYECKHUE METO/bI YJIbTPA3BYKOBOM BU3YAJIN3ALIUA

B.B. ToBctsik, C.A. 'mpHBbIK
Xapvroeckuii Hayuonanvuwii ynueepcumem umenu B.H. Kapazuna

AHHOTaHHH. HpOBeI[eH aHaJIn3 COBPEMEHHOI'O COCTOSAHHA W IMNEPCICKTHUBBI Pa3sBUTHUSA HOBBIX
METO/IOB  YJIbTPa3BYKOBOM Bu3yanu3aluu. OCHOBHOE€ BHHMAaHUE YJEJIECHO MYJIbTUMOJOBBIM
METOJaM, IMO3BOJIAIOIMHNX OLUCHUTH MOAYJIb YIIPYIOCTHU W PEOJOTHMYCCKUE XapPAKTCPUCTHUKU MATKHUX
TKaHeH ¢ IMOMOIIBIO aHAJIM3a JUCIICPCHUU CABUTOBBIX BOJIH.

Annotation. The current state and prospects of development of new methods of ultrasound imaging
had been analyzed. Emphasis is placed on multimode techniques for assessing the elasticity of soft
tissues and their rheological properties by using analysis of shear wave dispersion.

KuroueBble ci10Ba: ynbTpa3ByK, YIIPYTOCTh, MSATKAsl TKaHb, BU3yAJIM3aLHs, CIEKTPOCKOIIUS,
CABUI'OBAasdA BOJIHA.
Keywords: ultrasound, elasticity, soft tissue, visualization, spectroscopy, shear wave.

TpaguimoHHass ynbTpa3ByKOBasi TUArHOCTHMKAa OCHOBaHA Ha TOCTPOSHUU H300paKeHUs
TKaHEW, OTPAKAIOIUX MPOCTPAHCTBEHHOE pACIPEICICHIEe aKyCTHYECKOro WMIenanca 7 s
MPOJONBHBIX BOJMH. O0nagast psaaoM MPEeUMYIIECTB U HIMPOTON AUATHOCTUYECKUX BO3MOXKHOCTEH,
OHA HE TO3BOJISICT YBEPEHHO BBISBIISITH IENBIN Psil TATOJOTUICCKUX U3MEHEHUN B TKaHsAX. L{UCTHI,
37I0KAYe€CTBEHHbIE HOBOOOpPa30BaHUs, (UOPO3HBIE MOPAKEHUSI BBHITJSAST Ha YIBTPa3BYKOBBIX
M300paXCHUSIX OJIMHAKOBO, IIOCKOJIbKY TTapaMeTp Z MEHSETCS] He3HAYUTEIBHO.

OpnHako, H3BECTHO, YTO PpA3IUYHOTO pOJa MATOJOTUU COMPOBOXKIAIOTCS JIOKAJIbHBIM
W3MCHECHHUEM MOJYJIS CABUTA TKAHH [L, KOTOPOE MOXET JIOCTHTaTh JOCTATOYHO OOJBIINX BEITHYUH
(300%-400%). Mcxost 3 pa3iudus MOIYJIS CABHra B HOPMAJIbHOM M MATOJIOTHIECKH U3MEHEHHOM
MSATKOW TKaHW, OYEBHJHO, YTO BHU3YyaJIHM3AIMsl JTOTO IapameTpa SBISETCS IMPOITYKTUBHBIM
MOAXOJOM JUISl YJIy4IIeHHUS KauecTBa MEAMIIMHCKOW JTUarHOCTHKH, OCHOBAHHOM Ha 3HAHUU
(GUBHYECKUX XapaKTEPUCTUK HccieayemMoir TkaHu. COBpPEeMEHHBIC WCCIICOBAHUS W pa3padOTKa
METOJIOB C IIeJIbI0 MOBBIIMICHHS MTPOTHOCTUYECKUX BO3MOKHOCTEH yIbTPa3BYKOBOW MEIUIIMHCKON
JUArHOCTHKYU MCIONB3YIOT NPUHIUN “multiwave imaging” — BU3yaJlu3alys HECKOJIbKUMH BUAAMU
BoMIH. Ero wcronb3oBaHWe HaNpaBlIeHO HA HKCIONb30BAaHHE MYJIbTUMOAAIBLHOTO MOAXO/A,
3aKJTFOYAOIIETOCS B HAIOKCHUM HM300pKEHUN TKAaHW, TOJNYyYEHHBIX PA3IMYHBIMA METOJ/IAMHU.
Hanoxenne u3o0paxkeHuil, oToOpakarmux MOP(OJIOTHUYECKHE XapaKTePUCTUKH TKAaHU MU ee
du3nYecKne  XapaKTepUCTUKH, HAMPUMEpP, MOIYIb  YIPYTOCTH, TIO3BOJISIET  TIOBBICHTH
cnenuUIHOCTh JUATHOCTUKH U 3P (HEeKTUBHOCTH AU(depeHIInaliy MaToJIOTHYeCKUX H3MEHEHH B
TKaHSIX.

MeToapl OLIEHKH YIPYTHX XapakTEpPUCTUK TKaHEH C MOMOIIBI0 YIbTpa3ByKa HHTEHCHBHO
pa3pabaThIBAIOTCS B TCUEHHUE IMOCIEAHETO JACCATUICTHS. ITH METOJbI MPOILIH MYyTh OT MPOCTOTO
cbopa naHHbIX B M-pexuMe W OTCIEKHMBAHHs JBIKEHUS TKaHU 10 cloxHbIX 3D/4D cucrem u
HAlpaBJICHBI HA IIOJIYYCHHE KOJUYECTBEHHOW OIEHKH YIPYTHX XapaKTePUCTUK. MeTObI
U3MEpPEHUsST BS3KOYNPYTMX CBOWCTB TKaHEW HAxXOJIT CBOE NPUMEHEHHE MpPH HCCIEI0BaHUU
MaTOJOTHII MOJIOYHOM W IIMTOBUIHOW KeEJIe3, MEUYECHH, MOYEK, MBIIIIL], CTEHOK COCYJIOB, CEpJCYHON
MBIIIIBI, TJIa3HOTO sI0JOKa, MPOCTAThI, MPU MOHUTOPUHTE PATUOYACTOTHON W YIBTPa3BYKOBOM
abmsaumn  TkaHed. K COBpeMEHHBIM  yIbTPa3BYKOBBIM  METOJaM  MOXHO  OTHECTH
BuOpoanacrorpaduio «Vibroelastography», BHU3yanu3anuio C TMOMOIIBIO PaTHAIIIOHHON CHIIBI
«Acoustic Radiation Force Imaging» (ARFI), Bu3yanuzamuio ¢ momMompio CIBUTOBBIX BOJIH «Shear
Wave Elasticity Imaging» (SWEI) u Super Sonic Imaging (SSI).

Buzyanuzanus TKaHeil STUMU METOJIaMH BKJIFOYAET CIEAYIOLINE ITAIbI:
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Coznanue cBUTOBOM JeopMaIlii Ha TOBEPXHOCTH WM BHYTPU OOBEKTA.

Perucrpariiio BO3HUKAIOIIETO IBH)KCHHS B TKAHW B OTBET Ha MEXaHUYECKOE BO3/ICHCTBHE.

PexoHCTpyKIUIO BA3KOYIPYTUX MTapaMeTPOB.

Bubposnacrorpadusi  ucnosib3yeT — BHEIIHMM ~ WMCTOYHMK  BHOpamuu.  CMemieHus
PEeTUCTPUPYIOTCS  TIPM  TIOMOINM  JONIJIEPOBCKMX  METOJOB MM C  HMCIOJIb30BaHUEM
KOPPEJIAIIMOHHOTO aHaJlM3a BBICOKOYACTOTHBIX JaHHBIX. OIleHKa MEXaHMYECKUX CBONCTB OOBEKTA
MPOBOJIUTCS C IPUMEHEHHEM TOM WJIM HWHOM MareMarnuyeckond wmojeiad. Croco0 co3maHus
CMEIlleHUH B TKaHU, ucnosibdyeMbld B metomax ARFI, SWEI u SSI cocroutr B npumeHeHHH
MOIIIHOTO  (hOKYCHPOBAHHOTO  YJIbTPa3BYKOBOIO ITyYKa, CO3JAIOMIEIO0 HMMIYJIbCHYIO CHIIY
palualMOHHOTO JaBJjeHUs BHYTpU uccienyemoro oprana. Ecnmu B merome ARFI mpoucxoaut
perucTpanus cMeeHui ToJbko B pokyce, To SWEI u SSI ocHOBaHBI Ha perucTpaiii CMEIICHHIMA
TKaHU BO3HUKAIONIMX IPH PACHpOCTPAHEHHWU CABUTOBBIX BOJIH. B 3THX MeTOmax HCHOJIb3yeTCs
npuHIHI “‘multiwave imaging”: ObICTpas IPOAOJbHAS YIBTPA3BYKOBAs BOJIHA HCIIONB3YETCS IS
BHU3yaJIM3alliy MEJICHON CABUTOBOM BOJIHBI (ct = 1-3 M/c). Ha puc.] mokazaHo moixy4eHHOE HaMH
SWEI - snacrorpadguueckoe 1 B-u300pakeHHE KECTKOrO BKJIIOYCHHUS B KEIATHHOBOM (haHTOME
TkaHu. Pabodas dacrota mnpeoOpaszoBareiss CO3JAlONIET0 paguanmoHHoe naasieHue 1 MI,
uHTeHCUBHOCTh ISPPA ~ 145 Bt/cM2, mnuTenbHOCTh uMIylbca 2,17 MC, 4acToTa IOCBUIOK
14,59 I'u. 3oHaupyOMMA JOMIUIEPOBCKHUI MpeoOpazoBarens pabortan Ha dacrtore 3,5 MIm.
OmnmaitHOBass 00paOOTKa JAHHBIX BBITOJHSIACH YIBTPA3BYKOBBIM (Da30BBIM JIOTICPOBCKUM
METOJIOM.

a) 0)
Puc. 1. YapTpa3BykoBoe M300pakeHHE JKECTKOTO BKJIIOYEHUS B (paHTOME TKaHHA) MOJIYYEHHOE B
TpaJuIIMOHHOM B-pexxume, 6) B anactorpapudeckom SWEI - pexxume

Haubonee nepcieKTUBHOM Pa3HOBUIHOCTHIO METOJIOB, UCTIOIB3YIONIUX PATUAIIMOHHYIO CHITY
sBisieTcs TeXxHUuKa SSI, B KOTopoi BU3yanu3alus yIpyrocT TKaHHM OCHOBaHA Ha OLIEHKE CMEIIeHUMH
B KBa3UILJIOCKOW pacXoAsIeicsi CIBUTOBOM BOJIHE, CO3JJaHHON (DOKYCHpPOBAaHHBIM YJIbTPa3BYKOBBIM
"TOJIKAIOMUM Ty4KOM'" C TIOCTETICHHBIM IEpPEMEIICHHEM TOYKH (okyca. JIaHHBIA METOa JaeT
MEPCIEKTUBHYIO BO3MOKHOCTh OCYIIECTBIICHUS MOJHOILIEHHOTO PEOJIOTUYECKOr0 aHAIN3a TKaHE! C
WCTIOJIL30BAHUEM  CIEKTPOCKONMU  CABUTOBBIMHM  BOJIHAMH.  JIOKalbHBIE  CHEKTPAIbHBIE
XapaKTEPUCTUKU CABUTOBOTO BO3MYIIECHUSA, TOJIYYECHHBIE HAa Pa3HbIX PACCTOSHUSAX OT TOYKHU
TEPBUYHOTO CJBUTa JAlOT BO3MOKHOCTHb OIIEHUTHh YAaCTOTHYIO JUCIEPCHUI0 CKOPOCTH CIABHUTOBOM
BOJIHBI B IMMPOKOM pauamna3zoHe dvactoT (mo 400I'm) [1]. BaxubiM sBAsieTCSs TO, YTO OIICHKA
MEXaHUYCCKUX CBOMCTB MSTKHUX TKaHEW B JIOBOJIBHO IMHPOKON IIOJIOCE YaCTOT MOXKET OBITh
JIOCTUTHYTA 1N ViVO, YTO OTKPBIBAET MEPCIIEKTUBHBIC BO3MOKHOCTH JJISl CABUTOBOM CIIEKTPOCKOITHH
MATKHX TKaHeW. DTa BO3MOXXHOCTh IMoauepkuBaeT noteHiuan metogoB SWEI u SSI s
BU3yaJIM3allid BS3KOYNPYIrOCTH M IIMPOKOTO BHEAPEHUS HUX B TMPAKTUKY KIMHUYECKUX
MEIUIIUHCKUX MCCIIEAOBaHU.

Ha puc.2 npencraBneHsl NojgydeHHbIE HAMU HOPMHPOBAHHBIE AMIUIUTYAHBIE CIIEKTPaIbHbIC
XapaKTePUCTUKHU TMPOIIeCcCa peNaKCallMd CABUTOBOTO BO30YXKICHHS Ha Pa3HOM PACCTOSHUU OT
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dokyca npeoOpaszoBarens. V3 npeacraBieHHBIX TpadUKOB BUAHO, YTO C YBEIHUECHHEM PACCTOSHHS
0T (pokyca MoUTH Ha JIBa MOPSAJKA YMEHBLIAETCS J0JIs1 OTHOCUTENIBHO BBICOKOYACTOTHBIX TAPMOHUK
(200 I'm) B crieKTpe CABUTOBBIX BOJIH. AHAIM3 CHEKTPAIBHBIX XAPAaKTEPUCTUK MO3BOJSET CHIEIaTh
OLIEHKY 3aBUCHUMOCTH BEJIMYMHBI IIOIVIOIIEHHMS O CABMIOBBIX BOJH OT wyactoTel (Puc.3),

BU3YaIM3alUsl KOTOPOI'O MOKET OBbITh €1l€ OJJHUM JUAarHOCTUYECKUM IOKa3aTejeM TKaH! [2].
1 S T T T T T T T T 0.4 T T T T T

g oY wenatuH : soga =50 r/n, T=19"C a om’
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0.1 ,’-/
_//
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Puc. 2. HopMmupoBaHHBIC CIEKTphl Iakera Puc. 3. 3aBUCUMOCTh koa(urmenTa
C/IBUTOBBIX BOJIH MOTJIONICHUS CIIBUTOBBIX BOJH O OT YaCTOTHI.

MGTOI[I)I E)JIaCTOI‘pad)I/II/I C OJHOBPCMCHHBIM OOIINICPOBCKUM 30HIUPOBAHHMEM HAXOIAT CBOC
MPUMCHCHHUEC TAKXKC IJIs1 KOHTPOJIA 8.6J'I$II_[I/II/I MATKUX TKaHEH ¢ HMCIOJIb30BaHHEM OAHOI'O U TOI'O XKC
MOIIHOIO HMMIIYJIBCHOI'O IIy4YKa BOJH I THIHCPTCPMHUU MW CO3JAaHHA CHJIbI pPaauallMOHHOI'O
JaBJICHUA, JIs1 UCCIICAOBAaHMA HEIUHEHHOCTH BABKOYIIPYI'UX XapaKTCPHUCTUK TKaHEH.

1. Deffieux T., Montaldo G., Tanter M., Fink, M. Shear Wave Spectroscopy for In Vivo
Quantification of Human Soft Tissues Visco-Elasticity // IEEE Transactions on Medical Imaging. -
2009. - Vol. 28. - Ne3. - P.313-322.

2. lipnuk C.A., Torcmonyoccoruii /1.0., Toscmsk B.B., Bapannux €.0. Bu3HaueHHs CIIEKTPIB
pPYXy M’SIKMX TKaHUH Y IPOIIECI PO3MOBCIOKEHHsI 3CyBHUX XBUIIb // biodiznunwmii BicHuk. - 2010. -
Bum. 25 (2). - P.118-122.

®OTOSIIEPHUI METO/I ONEPKAHHS 1I30TOMIB J1J151 PAJIOTEPAIII 3
BUKOPUCTAHHAM OKE-EJIEKTPOHIB

ML.II. Juxuii, A.M. loBous, /I.B. Measenes, O.I1. Measeaesa, FO.B. JIsmko, B.JI. YBapos
HHI] «Xapkiscokuil ¢hizuxo-mexniunuti incmumymy, Xapxis, Yxpaina

AHoTanis. OgHUM 3 HAaROUTBHIT IEPCTIEKTUBHUX 130TOMIB IS BIUIMBY HA SIPO KIITHHH € 195mp¢ v
HHIL X®TI po3pobaeni MeTou oJiepKaHHs 195Mpt 3 mrTomoro akTuBHicTIO 1 Ki/Mr 32 1omoMororo
sinepHoi peakii * Au(y,np)*"Pt.

AnHoTauus. OHUM K3 HauboJee MEPCHEKTHUBHBIX M30TOMOB JJIsl BO3JCHCTBUS HA SIIPO KIETKU

sBisieres o "Pt. B HHII X®TU pa3paboTaHbl METOBI TOTYUEHUS 199mpy ¢ YAEIbHON aKTUBHOCTBIO

1 Ku/Mr nipu omonu sitepHoii peakiman > Au(y,np)*"Pt.
Annotation. One of the most ]gerspective isotopes for influence on a cell nucleus is ***™Pt. In NSC

KIPT methods of obtained ***™Pt with specific activity of 1 Ci/mg are developed by means of

nuclear reaction **’ Au(y,np)**"pt.
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Kuarouosi ciioBa: i3o0tomn, nmpuckoproBau, Oxe e1eKTPOHH, IaTHHA-195M, s1po KIITHHH.
KuarwueBble ciioBa: U30TOI, yCKOpUTEND, OKe 3IEKTPOHBI, IIIaTUHA—195M, SApO KIETKH.
Keywords: isotope, accelerator, Auger electrons, platinum-195m, cell nucleus.

CTBOpeHHsI TEXHIKH poOOTH 3 HYKJIETHOBUMH KHciloTaMu, cekBecTpyBaHHs JIHK, 3BopoTHa
TPAHCKPHIIIIiS, JIAHI[IOTOBI peakilii mojiMepa3 JO3BOJISIOTH CHOJIBATUCS HAa €(EKTUBHE IXHE
BUKOPUCTAHHS JJIS JIIKyBaHHS 0araThboX 3aXBOPIOBaHb, y TOMY YHUCII ¥ 3510sKicCHUX. | ,0c0011BO, 111
3HAHHS MOTPiOHI SACPHIA MEIUIMHI. ICHYIOTh YHCIICHHI CIIOCOOM TPAHCHOPTY CIONYK y KIITKH. |
HalO1IbII €PEKTUBHUM Y IIbOMY BUIAIKY € 3aCTOCYBAHHS JJII MIUYCHHS IIMX CITOJIYK 130TOIIIB, SIKI
MalOTh OUIBII TUTOMI BTPATH €HEPTii Ta Maji mpooiry.

IIle B 1926 pomi Regand Ta Lacassagne [1] Bim3Havanu: «IgeanpbHUM areHTOM ISl PaAKOBOT
Teparii TOBUHEH OYTH BaXXKUW €IIEMEHT, 3JaTHUA €MITyBaTH paJiallil0 MOJCKYISPHOTO PO3MIpY,
MMOBUHEH HAIMPABIATHCS B OpPraHi3M 1 CEJIEeKTHBHO (IKCYyBaTHCS B MPOTOIUIa3Ml KIITKU JUIs il
3HUIIEHHN». E(EeKTUBHICTh BUKOPUCTAHHS CHEPTii eJeKTPOHIB y 1boMy Bunanky B 100-300 pa3is
BUIIE, HDK TMPHU TPATULIHHOMY ONPOMIHEHHI 3JIOSKICHOT MYyXJMHU 30BHIIIHIM ONMPOMiIHEHHSAM a0o0
BUKOPHUCTAHHI 130TOMIB 31 3HAYHO OUIBIIMMH CHEPrisiMH dYacTOK (TaMa BHIIPOMIHIOBAHHS,
enektponr) [2]. Hampukinaa, mo3a Big ogHOTO posmaay 3 eHepriero 2,3 keB cTraHoBUTH 106-
10° paw/posnag B cdepi pagiycom 6itst 150 aM [3]. MOKIMBUMU KaHAMAATAME JUIS BHKOPHCTAHHS
Oxe BUIIPOMIHIOBAYIB € HACTYITHI 130TOIH: TAJIOTCHU 125|, 123|, 80mBr, ""Br ta Metanu 201T|, 195mPt,
198mpy 1AM Ay 9mTe 87Ga, *Fe, *!Cr. 3 uux izoromis **™Pt xapaxrepusyerbcs HaiGiLIbII
BUCOKHM BuXoA0M Oxe enekTpoHiB. CepenHs KUIbKiCTh OXe eJISKTPOHIB s 195Mpt cranoBuTH 33
eneKkTponu, 21 mis 1251, 11 g 1231, 8 mia . Moxkna 0auMTH, 110 HAMKPAIIUM 130TOIIOM IS
pazgioreparrii € 19%mpt 11e 00OyMOBJICHO TaKOX B 3HA4YHIA Mipi ICHYBaHHSM HOCIS paJli0aKTHBHOL
IUTATUHYU B SAPO KIITHHHA — MUCIIATHHY. HallOibI 1HTCHCHBHI €JIGKTPOHH BHYTPIIIHBOT KOHBEPCIT
3ymoBiieHi MXY Oske enekTpoHamu, mo MaroTh E=2,417 xeB Ta cranoBnath 3,22 Ha OUH po3maj
1Mot x niniiina nepenaua eneprii (JIIIE) cknamae 9,5 xeB/Mkm Ta mpo0ir 0,25 mxm. Tomy uist
IHKOPIIOPOBAHOT MOJIEKYJIM IUCIUIaTUHY MpoOir Oxe eNeKTpoHIB Oyae B Mexax sApa KIITHHH.
Takox y Mexax sipa KIiTuHE OyayTh 3ynuHsatucs LMM it LMX Oske enexkTpoHu 3 eHeprismu 7,4
ta 9,7 xeB (0,8 Ta 0,52 Ha po3nan 195mpy, BIJIMOBiAHO). BuineHHs eHeprii eeKTpoHIB BHYTPIIIHbOT
KOHBepcii B chepi AiaMeTpoM 5 HM IpH posmazi i30TomiB cranoBuTh IS Pt — 2000 eB, I —
1000 eB, *’I - 550 B, **In — 450 eB.

Bimomi gocmipkeHHS 1O MIYEHHIO PajJlilOaKTUBHUMH 130TONAaMU ITUCIUIATHHY [4—6]. Aue
HU3bKAa TWTOMA AaKTUBHICTh BUKOPHMCTOBYBAaHUX 130TOMIB IUTATHHU HE J03BOJWJIA OJEpKaTh
ICTOTHHUX pPEe3yJbTaTiB MO Tepamii 3JI0SKICHUX MyXJIuH. Bigmitumo pesynbratu pocnigaukis CHIA
[7], fiKi P BUKOPUCTAHHI MOTYKHOCTEW 1HTEHCUBHOTO PEAKTOPY (2,5-1015HeﬁTp0HiB/CMzc) pu
ONPOMIHEHHI 130TOIY 9y, CIPOMOTJIMCH OJIEpKATH 130TOI 19%Mpt 3 mroMor0 akTHBHIiCTIO 60-
80 mKi/mr.

Buxopuctanns mnpuckoptoBaua HHI[ X®TI pns onpomiHeHHS TIUJIATMHU MPHUPOIHOTO
130TOMHOTO CKJIaJy raJlbMiBHUM ONPOMIHEHHSIM (1HTeHCcUBHICTH enekTpoHiB 200 MkA 1 E=30 MeB)
JI03BOJISIE OJIEPKAaTH CyMapHy MUTOMY aKTUBHICTh 195Mp¢ § 199Mpt 7 MKi/mr (puc. 1), a BUKOpUCTaHHS
30aradenoi mimeHi miatnHU-196 -no 15 MKi/mr. Takum unHOM Tipu ctpymi 500-600 MKA muToma
aKTHBHICTb IUIATUHU-195M npu BUKOpUCTaHHI 30araueHoi MimeHi ckiaaaae 40 MKi/Mr, 1m0 TUIBKU B
JIBa pa3y MOCTYNAEThCs pe3ynbraram aociinnukis CLIA [7].
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besnocepenne OTIPOMIHEHHS Ha
peakTopax JiKapchKux (OpM IUCIIATHHY 0e3
3HAYHUX WOTO MOPYIICHB T03BOJISIE OJCPKYBATH
MATOMI AKTHBHOCTI MpemnapaTiB Ha piBHI 30-
80 bx/mr [8]. Ilpu ompoMiHEHHI TaJTbMIBHUM
BHUIIPOMIHIO-BAaHHSM €JICKTPOHIB KPHUCTATIYHOI
(¢hopMH IUCIUIATHHY IIMTOMAa aKTUBHICTh HOTO
0e3 3HauHuX nopymieHs ckiana 2000 br/mr [8].

MuTtoma akTmBHicTb, MKi/Mr

30 35 40 45 50
EHeprus enektpoHoB, MeV

Puc. 1. AkTuBHICTH MilieHel Pt mpu HacumieHH1
y  3QJIEXKHOCTI BiA  eHeprii  eJeKTPOHIB
(I =200 mMxA). CumBOIM — UMWIIHAPUYHI MillIEH]
3 Pt mpupoaHoTO 130TOMHOTO cKIany (< X h, cm)

| K'[‘(PL o ke KapI[I/IHE?.ng;)nI;H/IM BUPIIICHHSAM TPOOIEeMU
’l ek 1 oJlep>KaHHs Pt 3 BHCOKOIO MHUTOMOIO
;l i aKTHBHICTIO € BUKopucTaHHs (y,0), (y,hp)
5 385.6 kev) | peakiif Ha MPHUCKOPIOBaYaX  EJIEKTPOHIB.

. .1 .
8 [utomi akTUBHOCTI ~ Pt 1m0 10 Ki/Mr MoxxyTh
OyTH peani3oBaHi NMpPU BUKOPHCTAHHI peakiil

|
|
g ¥Hg(y,0)***™Pt. Buginenus *™Pt i3 pryri
|
|

197,

Pt (191,5 keV)

.000

Bianikn

MOX€E  3[IMCHIOBATUCH 33  JOIOMOTOIO
[ €JIEKTPOIII3Y.

@®parMeHT CIEKTPYy Y-BHIIPOMIHIOBAHHS
, . , JUIsL TaHOTO BUMAJAKYy MpPHBEACHUN Ha puc.2.
0 200 pomep kavana 400 MoskHa Oa4yuTH, [0 CHUHTE3 KPHUCTAIIYHOTO
[MUCIUTATHHY peali3yBaBCsi 3 BUKOPHCTAHHSIM
XIMIYHHUX CTIOJYK HOMY.

100 o

Puc. 2. dparmMeHT CIIEKTPY rama
BUIIPOMIHIOBAaHHS Pai0aKTUBHOTO LHUCIJIATHHY
IIpU €Heprii enekTpoHiB 26 MeB

Buxig Pt ua TiHIHHOMY TMpHUCKOpIOBadi enekTpoHiB mpu crpymi 200 pA 1 E=30 MeB
ctaHoBUTh Onu3bko 30 MKi/moOy Ha pTyTHIH MillIeHI MPUPOJHOTO 130TOMHOTO CKJIAMdY.
BupoGrunreo *"Pt 3 BHCOKOI MHTOMOK AKTHBHICTIO MOYIMBO HA IHKJIOTPOHI 3a JOIOMOTOI0
peaxuii *20s(c,n)***"Pt. IIpu crpymi 20 pA i E=28 MeB Buxix Pt na mimreni Os HpHpOIHOTo
130TONMHOTrO cKJaay ctaHoBUTh 1 MKi/100y, 1110 3HaYHO MOCTYMA€ETHCA M0 MPOAYKTUBHOCTI METOaM
Horo ofiep>aHHs 3 BUKOPUCTaHHSAM T'aJbMIBHOI'O BUIIPOMIHIOBAHHS MPUCKOPIOBAUIB €JIEKTPOHIB.

B HHI[| X®TI pospobneni Merox omepxkanHs ~ Pt y peaxuii = Au(y,np)**"Pt na
npuckoproBaui enektpoHiB mpu E=40 MeB i ctpymi 100 MKA Ta TE€XHOJOTis eKCTpaKIii 195Mp¢ 5
MiIlIeHI 305I0Ta 3a JONOMOTOI eTwiarerary. [IpoBegeHo cuHTe3 paJioaKTUBHOTO IUCIUIATHHY 3
BHKOPUCTAHHSAM °"Pt. OgepskaHi pesylIbTaTd Aii pamiOaKTHBHOTO LMCIUIATHHY HA ITyXJIHHHU
eKCTIEpUMEHTATBHUX TBAapHUH JIO3BOJISIIOTH CTBEPIUKYBATH IMEPCIEKTUBHICTh HOTO 3aCTOCYBaHHS B
MEIMYHUX 3aKiagax YKpainu. Buxin 19Mpt ya JHIHOMY NPUCKOPIOBAYl €JIEKTPOHIB MPH CTPyMi
400 pA 1 E=30 MeB ckitanae 6mm3sko S0 MKi/mo0y.

BucHoBku

[TokazaHa BHCOKAa aKTyalbHICTh BHKOPHCTaHHS pajiodapMIipenapaTiB, MIiYeHHX i30TOIIOM
Pt, nnst nikyBaHHST OHKOJIOTIYHUX 3aXBOPIOBaHb. Lle 103BOJIsIE 3HAYHO 3HU3UTH 103y TIpenapaTiB
1, BIATIOB1IHO, 3MEHIIIUTH TOKCUYHI €PEKTH.

195m
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EKCIIEPHMEHTAIBHO TIPOBEICHO OLCPXKAHHS 13070y “>°"Pt 3 BUCOKOIO MHTOMO aKTHBHICTIO

1 Ki/mMr Ha motyxHux mpuckoproBauax enektpoHiB HHII XTI 3a momomororo simepHOi peakirii
197 Au(y,np) 5P,
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®OTOAJEPHUIA METO/l BAPOBHUILITBA MEJJMYHUX I130TOIIIB

AM. loBOHA
Hayionanvnuii nayxosuti yenmp “Xapkiecokuii ghizuko-mexniunuii incmumym’”’

Anotaunis. IIposeneni B HJIK "llpuckoproBau" HHI[ X®TU nociifkeHHd NOKa3ajid, IO
e(peKTUBHY HapoOKy MEIUYHHMX PAJIOHYKII/IIB MOKHA MPOBOJIUTH 4Yepe3 MeXaHi3M (POTOsAepHUX
peakIiif B moJIi TOPMO3HOTI'O BUIIPOMIHIOBaHHS CHJIBHOCTPYMOBOTO IPHUCKOpPIOBaya €JIEKTPOHIB.
AnHotanus. IIposenennsie B HUK "VYckoputens" HHI[ XDTU uccnenoBanus mokasanu, yToO
3(1)(1)6KTI/IBHYIO Hapa60TI<y MCIUIUHCKUX PAIUOHYKIIMJIOB MOKHO IPOBOAUTHL YCPE3 MCEXAHU3M
(GOoTOSAAEPHBIX PEAKIIMI B 110JI€ TOPMO3ZHOTO U3JIYUYE€HUS CUIBHOTOUYHOTO YCKOPUTENS 3JIEKTPOHOB.
Annotation. Investigations that have been carried out by “Accelerator” Science and Research
Establishment NSC KIPT showed that effective production of medical radionuclides can be made
by photonuclear reactions in the field of bremsstrahlung radiation created by high current electron
linac.

3 50-X poKiB MHHYIJIOTO CTOpiuYsl Oyno BiIoMO, 1m0 (hOTOSIIEpH] peakilii MOKYTh MTPUBOTUTH
JI0 TeHeparii BEeIUKOI YaCTUHU BIJOMHX 130TOmIB. /[ 1mhOro HEOOXITHO CTBOPUTH IOTYKHE
mokepeno ¢GoToHiB 3 eHeprieto 15-25 MeB. ¥V Toit ywac (i 3apa3 Tak camo) ¢GOTOHU 3BHYAIHO
BUPOOJISUIIMCS SIK TaJlbMIBHE BUIIPOMIHIOBAHHS BHCOKOEHEPreTHMUHUX €JIeKTpoHiB. EdexkTuBHICTH
MEPETBOPEHHSI €HEepTrii eNeKTPOHIB B Taki (OTOHM BHUCOKOI €Heprii 3BUYAWHO HHM3bKAa 1 HE
nepesunrye 15%. Kpim Toro, momepeuHi mepepizu (QOTOSAESpPHUX peakiliii Tak caMO HEBEIHKI.
Tomy, TeHepalliss KOPUCHUX Pajioi30TomiB Morja 0 OyTu peanizoBaHa TUIBKM Ha 0a3i MOTYXHHX
JTiHIAHUX npuckoproBauiB enekTpoHiB (JIIIE), sxi He Oynu cTBOpeHI Ha TOW Hac, TOHI SIK
MOTY’KHIIIIE HKEPEIIO 130TOMIB - siIEPHI peaKTOPU MaJIH CYTTEBO OUTBINY €(EeKTUBHICTh B OTPUMaHH1
HOBHUX SJIep SK TPOAYKTIB PO3MIEIUTIOBaHHSA. KpiM TOTO, PO3BHTOK IMPHUCKOPIOBAYIB BAKKHX
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YaCTUHOK HaJaB HOBE JDKEpENo I BUPOOHMIITBA pamioizortomiB. Lli nBa HampsmMku (saepHi
METOAM) € B I Yac TOJOBHUMH Yy Tajy3l BHPOOHHMIITBA PAMIOHYKIIAIB. A TpaKkTHUYHE
BUKOPUCTaHHA (OTOSJCPHUX pEaKIid MPOTATOM JIOBIOrO0 4Yacy Oylo OOMEXKEHO IepeBaKHO
AKTUBALIHAM aHAJII30M.

[Tpore, meranpHUI aHami3 (GOTOSAEPHUX METOJIB, Pa3oM 3 MEPCICKTHBAMH 1 MpobdieMamMu
PO3BUTKY SACPHOI TEXHOJIOTI, MOKa3aB, IO B ACSIKUX BUMaAKax (oTosAepHI MeToau, Oepydu 10
yBaru €KOHOMIYHUH, TEXHIYHUH 1 CEKOJIOTIYHUI YHMHHHKH, MOXXYTh KOHKYPYBAaTH 3 SICPHUMH
Metonamu. J[ias neskux kpaiH ¢oTosAepHI METOIU, MOXIJIMBO, MOXYTh OyTH JCIIEBIIUMH 1
€KOJIOT1YHO YncTimmMu. Hanmpukiaa, ocTaHHI TOCTIHKeHHS (OTOsAepHOT TEXHOJIOTiT BUPOOHHUIITBA
TOJIOBHOTO JHarHOCTHYHOrO i30tomy - "Tc [1,2] moKasam, MO BOHA € KOHKYPEHTHO3LATHOI 3
PCAKTOPHOIO TEXHOJIOTIEI0 IIOJ0 BHXOAY IIJILOBOTO PaaioHyKIiay. Pazom 3 1uM, BOHA € OLIBII
npuBaOIUBOIO 3 TOYKU 30pPYy €KOJIOTIYHOI YMCTOTH, OCKUIBKH CYMPOBOKYETHCS 3HAYHO MEHILOIO
KUIBKICTIO paJi0OaKTUBHMX BiixoiB. Kpim Toro, hoTosaepHi TEXHOJIOTrIT, Ha BIAMIHY Bij SICPHUX,
3aCHOBaHI Ha yCTaTKyBaHHI, SIKE HE MOXE BUKOPHUCTOBYBATHCS [UIsi BUPOOHHITBa 30poi. Ale y
KpaiHaX 3 PO3BHHEHOIO 1H(PACTPYKTYPOH BHPOOHMIITBA PaiOi30TOIIB CKOHOMIYHA JIOIIJIbHICT
BUKOPHUCTAaHHA (POTOSIIEPHUX METO/IIB 3HAYHO YCKIIAJHEHA 32 paXx YHOK CUIIbHOI KOHKYPEHIIii 3 00Ky
SICPHUX TEXHOJIOTIH.

HJK "IIpuckoproBau" Oy ctBopeHuit y 1994 na 6a3i Bigminy HHI[ XTI, axuii kigpka
JNECATHPIY 3aliMaBCs PO3BUTKOM Ta EKCIUTyaTaIliel0 IMPHCKOPIOBAILHOT TEXHIKH, 30KpeMa
Hait6inpmoro y CPCP niniiiHOro npuckoproBaua enekTpoHiB Ha eHeprito 1o 2 ['eB. OcHoBHOIO
METOIO HOro JisJIbHOCTI 3 Y4acy CTBOPCHHS cTajia po3poOka noryxkuux JIIIE 3 momipHOIO €Hepriero
Ta X BUKOPUCTAHHS Yy PI3HUX raiy3sx Hayku Ta BupooHunrtsa. 3apa3z H/IK "[IpuckoproBau" mae 6
JITIE [3], 1o mpalitoroTh Ha Pi3HOMAHITHI TPOTPAMH:

HJIK "IIpuckoproBau" € roJIoBHUM HEHTPOM B YKpaiHi M0 MPOBEACHHIO paaialiiHoi 00poOKu
pi3HOMaHITHHUX BHUpPOOiB, BKIouaroun wMeauuni. Ha 6a3i HJAK "IIpuckoproBau" cTBOpPEHO
JlaGopaTopiro pamianiiHUX TEXHOJOTIHA Ta METPOJIOTii BUIIPOMIHIOBaHb, sika y 2006 porli nmpoiruia
aKpeNTAIlIO SIK BUIIPOOYBajbHa JJabopaTopis mo MixkHapoaHoMy cranaapty ISO/IEC-17025:2001.

baratuii nocBig CHiBpOOITHUKIB MiAPO3MJy Ta HASABHICTh IPUCKOPIOBAIBHOI TEXHIKH
CTBOpUB y cepeaunHi 90-X pOKIB MHMHYJIOTO CTOpIYYsl YMOBM AJisi modarky npocaipkeHb B HIAK
"ITpuckoproBau" y cdepi BUKOPUCTaHHA (OTOSAEPHUX METOMIB JJIsi BUPOOHMIITBA MEAMYHUX
130TomiB. ['0OJIOBHOIO 3aiauero IUX JOCHIKEHb € BUBYECHHS YMOB (POTOSAIEPHOTO BUPOOHUIITBA
MEAWYHUX Paioi30TOMiB, 00 BU3HAYMTH HOMEHKIJIATYpPY 130TOMIB, BUPOOHMIITBO SIKUX JaHUM
METOJIOM MOYK€ MaTH KOMEpLIHY e(peKTUBHICTh. Take BUBUEHHS MOBUHHE BKIIIOUYATH HE TUIBKU
BU3HAYEHHS YMOB MaKCUMAJIBHOTO 30UIBIIEHHS! BUXOJY 130TOIly, ajie i OLIHKY eTamiB BUAOOYTKY i
BUKOPHUCTAHHS.

I'onoBHa yBara 6yJ1a CKOHIICHTPOBAHAa Ha I[OCJIiI[)KeHHH MOKJIUBOCTI (I)OTO}I,I[CpHOFO

9

. 100 9 . )
BUPOOHUIITBA Mo 3a peaKmiero ,, Mo (7/, I‘l) 22 MO, sxkuii ¢ MaTepUHCHKHUM i30TONOM IS

OTPUMAaHHSA %M [Omuobka! 3aknaaka He onpeaenena.]. Ls npobreMa € HalOIBIIT aKTYaIbHOIO
Juisi YKpaiHd, $SKa HE Ma€ BIJIACHOTO BHUPOOHMIITBA LbOTO BaXJHMBOro 13oromy. IIpoBexneHi
JOCTIPKeHHS TIOKa3aid, M0 B HAIIUX YMOBaX 3 BUKOPUCTAaHHSIM iCHYI0YOi (200 MOJIEpHI30BaHOI)
MIPUCKOPIOBAJILHOT TEXHIKU MOXKJIMBO Hapoositu 10 1 Ku 9mTe y BUTJIS1 HATpis epTexXHeTaTa 3a
OMH THKHEBH UK. KpiM TOro, IPOBOAMIHCS OCTIIKEHHS MOYXJIMBOCT] HAIpPAIOBaHHS ° CO,
1SGRe, "Cu Ta immmx izoTomis.

BpaxoByroui pe3ynabTaTé NPOBEACHUX HAMM JIOCHIIKEHb, a TaKOX JOCBiJ POCIHCHKUX
TexHOJIOTiB [4], Hamu Oysa po3pobiieHa TEXHOJIOTIS OTPUMAHHS HATpis MEepTeXHEeTaTa Ha OCHOBI
TOZIBIIHOrO eKCTparyBaHHs "' T METHIIETHIKETOHOM.

Jns peamizanii miei Texnonorii HJIK "IlpuckoproBay" cTBOpHB HayKOBO-AOCTIIHY AUISHKY
JUIsE poOOTH 3 ONMPOMIHEHWMH Ha TMPHCKOPIOBaUl €JIEKTPOHIB 3pa3KaMu MaTepiaiiB, MPOBEICHHS
JOCTIPKEHb TI0 TEXHOJIOTISIM HalpalloBaHHS Ta BHUAUIEHHS paAioi30TOMIB, B TOMY YHCHI 1
MEIWYHOTO TNPHU3HAYEHHS, 3 ONPAIIOBAaHHSIM TEXHOJOTIT BUTOTOBJIEHHS pajaiodapMIIpenaparis.
["'0110BHOIO CKJIa/10BOIO TaKOi JUISTHKU € KOMITJIEKC TapsuuX KaMep.
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OCHOBHHM TPUCKOPIOBAYEM ISl BHPOOHUIITBA PATIOHYKIIAIB MIIAHYETHCS BUKOPHUCTOBYBATH
npuckoproBau KVYT-30. Lleii mpuckoproBad CTBOPIOBABCS SK JIBOXCEKIIMHUN 3 €HEpTriero a0 25
MeB. Ane acranbHi po3paxyHku [Ommoka! 3akjgagka He ompeesieHa.] Ta IPOBEACHI HaMHU
eKCIICpUMEHTAJIbHI JIOCIIDKCHHS TOKa3ajdd, IO 30UIbIICHHS C€HEprii IMOKpallye eKOHOMIKY
BUPOOHUIITBA PATIOHYKIIAIB (HOTOSIEPHUM METOAOM. TOMY MH MPOBEIH PEKOHCTPYKIIO IHOTO
IPUCKOPIOBAaYa, B XOJI SKOi BCTAHOBWJIM JOJATKOBY (TPETI0) MPUCKOPIOBAIbHY cekiito. Taka
MOJIepHi3allis MiABUIIIIA CHEePTii0 eneKTpoHiB 10 40 MeB.

[lutaHHsT BUKOpPHCTaHHS (OTOSIACPHUX METOMIB JJIi BHPOOHHMIITBA MEAMYHHX 130TOIIIB
PUBEPHYJIO YyBary IOCHiAHHWKIB i B apyrux kpaiHax. B CIIIA B cepemuni 90-x pokiB mix
kepiBHUIITBOM Tipod. L.M.Lidsky Oynu npoBeaeHi JOCTIKEHHS 11010 MOKIIMBOCTI KOMEPIIHHOTO
BHPOGHHITBA MEIMYHHX i30TOIIB, 30KpeMa "'TC, 3 BUKOPHCTAHHSM JIiHI{HOTO IPHUCKOPIOBAYa
enekTpoHiB. Ha mizmcraBi oTpuMaHHMX OIIIHOK OyB 3poOJieHMl BHCHOBOK, mo B ymoBax CIIA
BHUPOGHHLUTBO "TC (OTOSIEPHHM METOIOM HE MOXKE KOHKYPYBATH 3 PEAKTOPHHM CIIOCOGOM.
Alle BUPOOHMIITBO APYTHUX PATIOHYKIIAIB Moxke Oytu mpuBabmuBuM. Ili3Himme OUIbII JeTajabHI
npopaxyHnku [OmmoOka! 3akiaaka He ompejesieHa.| TOKa3aid, IO MPU 3HAYHUX oOcsATax
BUPOOHUIITBA Ta ONTHMI3allii mapameTpiB npuckopioBayiB i B ymoBax CIIA orpumanHs %M
MOKe OYTH KOMEPIIHHO BUT1IHUM.

B 1neit yac HamMu mpoBeleHI HaApOOKH Mo ta IOCIIAHI BUAUIECHHS Tc. IIpoBoauThcs
poboTa 1Mo OTPUMAaHHIO JT03BOJIIB Ta JineHs3iil. [licis nboro MIaHyeThCs HaIaroAuTH BUPOOHUIITBO
HATpis epTexXHeTaTa Ta Horo MOCTaBKU 0 MEAUYHUX 3aKIIaJIiB.
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BNOYMII: UTHCTPYMEHT MOHHMTOPHUHTI A 31OPOBbS

A.H. UBaniora
Kuesckuii nayuonanvnwviti ynueepcumem umenu Tapaca Illesuenxa

AHoTanisg: biodinu oauH 3 OCHOBHHMX 1HCTPYMEHTIB JIarHOCTUKU 1 MOHITOPUHTY 3/10poB's B 21
cromnitti. [Iporpec B 1iit 007acTi Ja€ BYSHUM HOBI METOM ISl 1IarHOCTUKU CKJIQJHUX 010XIMIYHUX
IPOIIECIB yCEepeIuHI KIITOK 3 BEJIMKOI JO0JICI0 PO3YMIHHS Ta BHUBYEHHS JIIOJCHKHX XBOPOO.
HaBoasTbcst KOHKpETHI IPUKIAIU 3aCTOCYBaHHS O104iliB B MEIMIIMHI, €KOJOril Ta HIKX cdepax
USIIBHOCTI JTFOAHU.

AHHOTaUMs: BHOYHITBI OJIMH W3 OCHOBHBIX WHCTPYMEHTOB JHATHOCTUKH M MOHUTOPHHTA 310POBBS
B 21 Beke. IIporpecc B 310l 00JaCTH /JaeT y4yeHBIM HOBBIE METOJbI JJIsl JUATHOCTHKH CIOXKHBIX
OMOXMMHYECKHX [POLIECCOB BHYTPU KIETOK C OOJblIed JJoieidl MNOHMMaHus U U3yYeHHS
yesoBeYeckux Oose3Hel. [IpuBoasaTCs KOHKpETHBIE TPUMEPhl IPUMEHEHUS] OMOYUTIOB B METHUIIMHE,
9KOJIOTHH U JPYTUX cepax esaTeIbHOCTH YeI0BeKa.

Annotation: Biochips one of the basic tools of diagnostics and monitoring of health in 21 century.
Advances in these areas are giving scientists new methods for unravelling the complex biochemical
processes occurring inside cells, with the larger goal of understanding and treating human diseases.
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Are given the concrete examples of the application biochips in medicine, ecology and other spheres
of human activity.

Kuarouosi ciioBa: 0iouinu, MEAUIMHA, J1arHOCTHUKA.
KiroueBble ¢JioBa: OMOYUIIBI, MEAMIIMHA, JHATHOCTHKA.
Key words: biochips, medicine, diagnostics.

Kommanun, panee 3aHMMaBIIHECs pa3padOTKaMu B 00JIACTH JIEKTPOHUKH U (PapMHUHITYCTPHH,
CTaJlM BHEAPATh B MPAKTHYCCKYI0 MCIMUIMHY HAy4YHO-TEXHHYECKHUE pa3pabOTKH B 00JIaCTH
MOJICKYJIIpHON MeauIuHbl. OHM BBIIUIM 3a Tpeneiabl (popMaabHOW NTHAarHOCTHKU, W OOJIbINE HET
IIPUYMH T'aJaTh 110 KOCBEHHBIM IIPU3HAKAM O MpUYUHAX 3a0oseBanus. JlaboparopHas 1HarHOCTHKA
XXI Beka — 310 nuarHoctrka Hi-Tech, ocHoBaHHAas Ha MOCIEIHUX TOCTHIKCHHIX MOJICKYJISIPHOM
Ouosnoruu, TpeOyeT MUHUMYM MaTrepualia, MUHUMYM BPEMEHHU, U JaeT MaKCHMyM JIOCTOBEPHOM
nH(pOpMaIK ¢ TOMOIIBIO pa3HOOOpa3HbIX OnounmoB (biochips).

OHM MO3BOJISIIOT HAWUTH 32 KOPOTKOE BPEMS OINPEACIATh THICSYHM PA3IMYHBIX T€HETHYECKUX
ne(eKTOB, OHKOICHOB, aJJIEPTCHOB, MapKEpPOB, KOTOPHIE COOTBETCTBYIOT KOHKPETHBIM
3a00JICBaHUSIM, ONPEACIICHHBIM BHpycaM, OaKTEpPHsSM, PAKOBBIM KJIETKaM, a Tak)Ke OIPEICIHTh
IIUPOKUI  CIEKTP JICKAPCTBEHHBIX BEIIECTB, T'OPMOHOB, HAPKOTHKOB, SJOB, ICCTHIIUIOB
IIPaKTUYECKH B JIIOOOM aHAJIM3UPYEMOM MaTepuaje — KpOBb, CIIFOHA, ITOT, BOJA, IHUIIA, BO3IYyX HIH
oOpasnpl  MouyBbl. B Omwkaiimiem OyaymieM OWOYHMIIBI  3aMEHSAT IICJIBIE  JHArHOCTUYECKHE
J1a00paTOPUM C UX MHOTOYHUCICHHBIM IITATOM M TPOMO3JKUM, 3a4acTyl0 BEChbMa JOPOTOCTOSIIUM
obopymoBaHHEeM, TIPH O3TOM TIO3BOJIAT YBEIWYUTh B THICAYM MW JCCATKH ThHICIY pa3
MIPOU3BOIUTEIIEHOCTh OOJIBIIMHCTBA JTUATHOCTHYECKUX METOJIOB U PE3KO CHU3HUTH CEOSCTOMMOCTH
aHaJIH30B.

buounn mpencraBiser coOoii TBEpAyHO MOMIOKKY, Ha KOTOPYH CEKIIMOHHO HAaHECCHBI
SYCHKH C BEIIECTBOM - pearceHTOM. Bce peareHThI pacmojioKEHBI B OINPEIACICHHOM IMOPSAKE H
B3aMMOJICCTBYIOT C MOJICKYJIaMH aHaJu3upyemMoro obOpasna Kak KiIodd ¢ 3aMmkamu. [lpu
HaHECEHWH Ha OMOYMII UCCIIeTyeMOoro oopasia (Karis KpOBH, CIFOHBI U JIP.) B TOM MECTE YHIIa, T
€CTh COOTBETCTBHE (KOMIUIEMEHTApPHOCTh) MEXAY MOJIEKYJaMU HCCIEAYyEeMOro BEIIeCTBA W
MOJIEKYJIaMH 30HJa, 00pa3zyeTcsi HOBBIM MPOJIYKT, KOTOPBIH OIpeAenseTcss aHaTu3UpYIOIUM
000pyTI0BaHHEM Ha OCHOBE JIEKTPO- U paIuO(DU3UIECKUX SBICHUH.

CoBpeMeHHbIC OWOYMIIBI OTIMYAOTCSA JIPYr OT Apyra MO METOJIHUKE H3TOTOBJICHHS, BUIY
MO/IJIOKEK U 30HJI0B, METOJIOB PETUCTPAIIMU PE3YJIbTaTa B3aUMOJICHCTBUS peareHTa ¢ UCClIeyeMbIM
obpazmiom. JIsi  CUMTHIBAHUS  PE3YNbTATOB  PEAKIMHM  HCIOJIB3YIOTCS  MPeoOpa3oBaTelln,
CEHCUOMIN3aToOphl, Ja3epsl W CKaHepbl. X MpOW3BOJCTBO TMOJHOCTHIO aBTOMATH3UPOBAHO.
buounns! npuHsaTo knaccuduuposarts [1]:

JHK-uunber — g1 uneHTHQUKAMU TEHOB M WX MYyTAallud, CBS3aHHBIX C Ppa3IMYHBIMU
3a00J1eBaHUSIMH; HAOJIIO/ICHUS 32 aKTUBHOCTBIO T€HOB; JUArHOCTUKH WH(MEKITMOHHBIX 3a00JIEBaHHMA
u omnpenenenus HauOosee APDHEKTUBHOTO  METOAA  AHTUOMOTHKOTEpANHWH;, CKPUHHMHTA
MHUKpPOOPTaHU3MOB.

benkoBbie uumbl — a1 OOHApYKEHUsT OEIKOBBIX MapKEPOB, XapaKTEPHBIX IS Pa3IMUHBIX
3a00J1€BaHU W Pa3HBIX CTAaaUH HMX pa3BUTHA, OLEHKH IMOTEHIUMAIBLHON 3()(PEKTUBHOCTH H
TOKCHMYHOCTH TPENapaToB B JOKIWHUYECKUX HCTIBITAHUSX, U3MEPEHUS PA3IUIUil B CHHTE3€ OCIKOB
Pa3IMYHBIMU THUIIAMH KJIETOK M KJIETKaMU, HaXOASAIIMMUCS Ha Pa3HbIX CTAAMSIX Pa3BUTHS, a TaAKKE
3M0POBHIMH W TATOJOTUYECKH HW3MEHEHHBIMH KJIETKAMHU; W3YYCHHS B3aWMOCBSI3U MEXKIY
CTPYKTYPOH M (YHKIHMSIMH OCIIKOB; OIICHKH Pa3IU4YUil B SKCIPECCHH OCIKOB C IEJbI0 BBISBICHUS
MUIIIEHEN JJIST HOBBIX JIEKAPCTBEHHBIX MPENapaToB; U3YUCHHUS B3aMMOJICHCTBUA MEXIy OelKaMu U
JPYTUMU MOJIEKYJIAMH.

Kierounsie uumbl — a1 6071€€ TOUHOTO aHaM3a B3aMMOJICUCTBHUI OSJIKOB BHYTPH KJIETKH TI0
CPaBHEHHIO ¢ OEIIKOBBIMU YHUITAMHU.

TkaHeBbIe YUTIBI — JJIS aHAJTU30B THICSY OOpPA3IOB TKaHEH Ha OJHOM TMPEIMETHOM CTEKJIE.
Hcnonb3yroTes i ONPEACIICHHS COIepKaHusl OCITKOB B 3JJ0POBBIX M MATOJIOTMYECKH M3MEHEHHBIX
TKaHSX M OIEHKH MOTEHIIMATLHBIX MHUIIICHEH JIJIs JISKAPCTBEHHBIX MPEnapaToB.
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Mukpouuribl Ha OCHOBE MallbIX MOJIEKYJT — JJs OJHOBPEMEHHOTO CKPUHUHTA ThICSY
MOTEHLUATbHBIX JIEKAPCTBEHHBIX CPE/ICTB.

Mukpodmonnansasie  Oumounnsl  (microfluidics chips) — 3To MHOTOGYHKIIMOHATIBHOE
YCTPOMCTBO, sl OOMEHa MEXIy KOMIIOHEHTAaMH KOTOPOTO HCIOJIB3YIOTCA 3JEKTPOHBI U
MUKPOXKUIKOCTH. YacTUIIBI >KHIKOCTH BHYTPHU OHOYHUIIOB TIEPEMEIIAOTCS TOJ BO3JCHCTBHEM
MHEBMaTUYECKUX 7yieMeHTOB. Ha wux ocHoBe pa3palaThiBalOTCS M MPOXOJIAT HUCHBITAHUS
«MHTEIUICKTYaJIbHbIC» 00pa3lbl TaK Ha3bIBAEMBIX J1a00OpaTOpUii HAa OJHON NOMIOXKKE (YHIIC),
coJlepiKallfe 3JIEKTPUUECKHe KOMIIOHEHTHI, J103aTOPBl, PEAKTOPhl, MEpEeryieTeHHE KalWLIsSpOB,
pe3epByapbl I UCCIEIYyeMBIX PacTBOPOB, IMHEBMATHYECKHE HACOCHI, BEHTHWJIM W T.1. OHH
CIIOCOOHBI MPOBOJUTH aHAIM3 MHOTO pa3 MOJPSA U MPUTOJHBIC AJS JAJUTENbHON aBTOHOMHOM
paboThl, HapPUMEP, B KOCMOCE.

K Ommxaiimim nepcrekTuBaM MpUMEHEHHsI OMOYHIIOB MOYKHO OTHECTH [ 1]:

OHkojyiorusi — paspaboraH Owounn it audPepeHIHaTbHON JUAarHOCTHKH OCTPOrO
MUEJIOUIHOTO U OCTPOro JIMM(OOIaCTHOTO JIEHKO30B, U THIIOB pakKa, 4TO KpailHe HE0OXOAMMO MpU
BbIOOpE Kypca Tepanuu. CHUXKEHHE ce0ECTOMMOCTH OMOYHMIIA MOBBICUIIO PEAIbHYIO BO3MOKHOCTH
€ro HCIOJIb30BaHMS B KIMHUYECKOM mpakTHke. [IpenycMoTpeHHOe B ATOW TEXHOJOTUHU
UCIIOJIb30BAaHUE AayTOAHTHUTE] OOJIBHOTO IS JUArHOCTHKU TIO3BOJISIET BpadaM TOJOMPATh
WHAUBHUIYaJIbHBIE CXEMBI JICUEHUSI B COOTBETCTBHUH C MpOoduiieM ayToaHTUTEN OOIBHOTO.

Amteproyniorust — pa3paboTaH OWOYMI JUIsi CKPUHHHTAa 1O 17 CMENIaHHBIM TpyIam
aJJIepreHoB (JOMAaIIHss MbUIb, MbUIBLIA, JIOMAIlHHWE >KUBOTHBIE W Jp.), a Takke 2 Ououuna mo
WHTAJSIIUOHHBIM U OJIMH TI0 MUIIEBBIM ajuiepreHaM. JIJis aHanm3a Ha KaxJI0M OMOYHIIC TOCTATOYHO
Bcero | MKJI CBIBOPOTKH KPOBH.

Wudexkunonnsie 6one3nn — paspadoran JJHK-uum, mo3Bosstonuii 7MarHocTHpOBaTh TPHIII,
JUXOPAAKy JEHre M aTUIUYHYI0 [MHEBMOHUIO B Te4eHHe 5 MHUHYT. Ha uuMm HaHOCHTCS Karuisi
MOKPOTBHI HMJIM KPOBH IMAIMEHTA, MMOCJIE YEero MO M3MCHCHHIO €r0 IBETa ONPEICNISIeTCs, KaKuM
UMEHHO BHPYCOM 3apakeH OonbHOM. Ha paHHHX CTaaMsxX CHUMOTOMBI TpHIINA, ATUIHYHON
ITHEBMOHWH U JIMXOPAJKHU JICHTe MPAKTUYCCKU UICHTHYHBI, TOT/Ia KaK WX TepaIusi MPUHIUITHATHHO
pa3inyHa, MOTOMY KpaiiHe BaKHO UX CBOEBPEMEHHO AU((HEepeHIInPOBAaTh.

®dapmarust — pa3paboTaH OMOYHII, BBISBIISIONIUN MYTAIlUU JBYX T€HOB, HTPAIOIINX BaXKHYIO
ponb B MeTabONM3Me MPUMEPHO YETBEPTH BCEX MPOJABAEMBIX IO pelenTaM MeIUKaMEHTOB,
(aHTHIETIPEeCCaHTHI U THIIOTCH3UBTHI). bHOYHIT TTO3BOJISET TI0 KaIlie KPOBH MJIH Ma3Ky CO CIIM3HCTON
POTOBOI MOJIOCTH 3apaHee OMpPeNenTh, HACKOIbKO d(()EeKTUBHBIM OyAeT TOT WM MHOM mpenapar
JUTSL TAHHOTO TAllMeHTa U KaKue MOO0YHBIC PEAKIIMH OH MOXET Y HETO BBI3BATh.

Dkomnorusi — pa3paboTaH OUOYHII, BHISIBISIFOIINNA KOHIICHTPAIIUH 3arpsI3HSIONIETO BEIIECTBA U
HAsSBHOCTH OaKTEepHil B 3TUX MeECTax I TOro, YTOOBI JIMKBUIMPOBATH 3arps3HeHHe. PeareHTom
aBnseTcs MoauduipoBaHHas Bepcust Oaktepun Pseudomonas fluores cens HK44 ¢
N00aBJICHHBIMU TE€HAMH, 3aCTABJISIOIIAE €€ CBETHTHCS CHHE-3€JICHBIM CBETOM, KaK TOJIbKO OHA
MEPEBAPUT BPETHBIC OTXOIBI.

Takum 00pa3oMm, UMEIOTCS BCE OCHOBAaHUSI HANEATHCS, UYTO TEXHOJIOTHS OMOUYUIIOB OyneT
CTPEMUTENBHO Pa3BUBATHCA U, BIIOJIHE BO3MOXHO, CKOPO JIOOOW M3 HAac CMOXKET KYIUTh BCE
Heo0X0IMMOe 000pyIOBaHUE, «4TOOBI B JIOMAITHUX YCIOBHUSX KOMAThCsl B COOCTBEHHOM T'€HOME,
pa3bICKUBAst ClIeIbl OOJIE3HEH WIIM TeHETUYECKYIO MPEAPACIONOKEHHOCTh K TEHUAIBHOCTHY... [ 1].

1. Herold K.E., Rasooly A. Lab-on-a-Chip Technology. — Caister Academic Press, 2009, 2
Vol. (ISBN 978-1-904455-46-2, 978-1-904455-47-9)
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AHoTanigs. MertogoM (¢yHKIIOHAy TYyCTHHH, 3a JOMOMOTOI HporpamHoro mnakery Gaussian
JIOCJTIJDKEHO KOH(OpMAIIil aJKaJloiay Y-KOHIIHIH, 1[0 MICTUTBCS Y MPOTHIYXJIUHHOMY IIpernapari
Koniym. 3Haiineno aexinbka koHdopMmariii ankanoiny, o0uucieHi iX KOJIMBHI CIIEKTPH, IPOBEACHO
MOPIBHSHHS BJIACTUBOCTEH KOH(POpPMEPiB.

AHHOTanusi. MeTozoM (pyHKIMOHANIA IUIOTHOCTH, C MMOMOIIBIO MPOrpaMMHOro mnakera Gaussian
UCCleIoBaHbl  KOHGOpMAlMu  alKaloujaa  Y-KOHMIMHUH,  KOTOPBIH  COHEPXKUTCS B
npotuBoomnyxonesoM npenapare Konuym. HaiineHo Heckonapko KoHpopmaumii ankaiouna,
BBIYHCIICHBI UX KOJIEOATEIbHBIE CIIEKTPHI, TPOBEICHO CPAaBHEHUE CBOMCTB KOH(POPMEPOB.
Annotation. Anticancer drug Conium contains several alkaloids. One of them is y-coniceine. Its
conformations were studied with density functional theory (DFT) method, namely with program
package Gaussian. Several alkaloid conformations are found. Their vibration spectra are calculated
and their properties are compared.

Kuouosi ciioBa: Koniywm, y-koHiuiH, koHpopmaiii, MeToa GyHKIIOHATY I'yCTUHU
KawueBble cjioBa: KonuyM, y-KOHHUIIMKH, KOH(OpMAUK, METO/I ()YHKIIMOHAJIA IJIOTHOCTH.
Key words: Conium, y-coniceine, conformations, DFT.

Conium is a natural origin anticancer drug, which is obtained from Hemlock plant (Conium
maculatum L.). It is well known, that this plant contains a group of piperidine alkaloids. Their
amount depends on the part of the plant, its development and provenance. y-coniceine (C8H15N) is
a typical and the most toxic of hemlock alkaloids [1]. Obviously, biological activity of molecule
may depend on its conformation, so our work is devoted to y-coniceine conformation studying.

The properties of y-coniceine were studied by means of computational chemistry methods
(Gaussian 03) [2]. Density functional theory (B3LYP) with basis 6-31 G (d) was used in all our
calculations.

Geometry optimizations starting from different initial forms of the molecule and frequency
calculation on optimized structures were performed. It is revealed, that y-coniceine has at least 6
conformers (local minima without imaginary frequencies). The relative energies of conformers are
in range from 0.022 to 0.13 eV, that is comparable with thermal energy kT=0.023 eV. Dipole
momentum varies from 1.77 to 1.92 debye and maximum linear dimension varies from 7.25 to 8.37
A

Comparison of IR and Raman spectra of y-coniceine conformers were performed. Spectra are
similar only qualitatively, the shifts in several tens of cm-1 of spectrum peaks and significant
intensity differences are observed (Fig 1).
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Fig. 1. IR spectra of two conformers of y-coniceine with minimal energy. Frequency domain is
chosen for instance.

1. Reynolds T. Hemlock alkaloids from Socrates to poison aloes // Phytochemistry. — 2005. —
T.66 — 1399-1406.

2. Frisch M. J., Trucks G. W., Schlegel H. B., et. al. Gaussian 03, Gaussian, Inc., Wallingford
CT, 2004.

PAIIMOYACTOTHAS TMIIEPTEPMUSI 3JIOKAYECTBEHHBIX OITYXAJIEM,
HAHOTEXHOJIOT'MA U IUHAMUYECKHUH XAOC

B.3. Opeu, A.B. Pomanos
Hayuonanvnviii uncmumym paxa

AnHoranusi. COBMECTHOE  JAEWCTBHE  IPOCTPAHCTBEHHO-HEOJHOPOJHOM  Paguo4acTOTHOU
runeprepmun (PI'T) u deppomaruutHoro marmurodyBcTBUTENbHOrO Komiiekca (MK) Ha ocHoBe
MEXaHOMAarHeTOXMMHUYECKH CHHTE3MPOBAHHBIX HAHOYACTHUI] OKCUIA >elle3a U JIOKCOPYOMIIMHA
oOnanaer OOJBIIMM IMPOTUBOOMYXOJEBBIM 3((EKTOM, HEXenu o0JIaAaAoMUi JuaMarHuTHBIMU
cBOWCTBaMM O(HUIMHANBHBIM gokcopyounmH. Ilenp gaHHOM paboThl ObuTa  pa3zpaboTka
Oonodusmueckol MoOAeNM 1O OLEHKE BIHSHUA NPOCTPAaHCTBEHHO-HeoaHOopoaHoW PI'T Ha
IPOTHBOOIYXOJIEBBIH M aHTHUMeTacTatuueckuil s¢pdextst  MK. Ilpu paszpaGorke wmozpenu
UCIIOJIb30BaHA CHCTEMa YpaBHEHUH, ONMUCHIBAIOIINX HEJTUHEHHYIO JUHAMUKY PEaKIUil Ha OCHOBE
KMHETUYECKOT0 3aKOHA JEHCTBYIOIIMX MAacc IPH YCTAaHOBMBILIEMCS KBa3HCTALlMOHAPHOM DPEKUME.
[TpoananusupoBanbl GakTopsl, peryiaupyromme 3h(eKTUBHOCTh ASHCTBUS Mpenapara Ha OCHOBE
COOTHOLIEHUS! KOHCTAaHT KOHKYPUPYIOLIMX pEeakLui, ONPEAEIAIOIUX IPOLECChl TapreTHON
JIOCTaBKM W BBIBEJIEHUS MpenapaTa M3 OIyXOJIM U €€ MUKPOOKpykeHHs. Pa3paborana mojens
npotuBoomnyxoneBoro BiausHus PI'T Ha 37m0okadyecTBEHHBIE OMYXOJIM U METAcTa3bl KUBOTHBIX C
ucnonb3oBanueM MK. D10 nmo3BossieT popmManu3oBath psj 3a/1a4 TapreTHOM JOCTaBKH Mpernapara,
BO3HUKAIOIIUX TPHU IKCIEPUMEHTAIBHOM U  KIMHUYECKOM TPUMEHEHUH COBPEMEHHBIX
HAaHOTEXHOJIOTUH.

Anortania. CywmicHa [1is HpPOCTOPOBO-HEOJHOPIAHOI paaioyactoTHoi rimeprepmii (PI'T) 1
dbepoMarniTHoro  MarHiTouyTnuBoro komiuiekcy (MK) Ha oOCHOBI MeXaHOMarHiTOXiMi4HO
CHUHTE30BaHMX HAHOYACTOK OKCHJy 3aji3a Ta JOKCOPYOILMHY Ma€ OUIbIIMA HPOTHUIIYXJIUHHUN
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edexT, HDK o(iIMHATBHUN TOKCOPYOILMH, 10 BOJIOJIE JIaMarHiTHUMH BJIACTUBOCTSAMHU. MeTOro
naHoi podotu Oyna po3poOka 610(pi3nyHOT MOJIEI 010 OLIIHKK BILUTUBY ITPOCTOPOBO-HEOAHOPITHOT
PIT na nporunyxnuHHuii Ta antumeractarnyauid edexktm  MK. Ilpum pospobui mozmemi
BUKOPHUCTaHA CHCTE€Ma pIBHSAHb, 110 OMNHCYIOTh HENIHIMHY IWHAMIKy peakilii Ha OCHOBI
KIHETHYHOTO 3aKOHY JII0YMX Mac MpU yCTaJCHOMY KBasicTamioHapHOMY pexkuMi. [IpoanamizoBani
YUHHUKH, 10 PETYIIOITh €(eKTUBHICTh Jii mperapaTy Ha OCHOBI CHIBBIJIHOIIEHHS KOHCTAHT
KOHKYPYIOUMX PEaKIii, 110 BU3HAYAIOTh IPOLIECH TAPreTHOI JOCTABKH 1 BUBEJCHHS Iperapary 3
MyXJUHU Ta i1 MikpooToueHHs. Po3pobnena mopenb npotunyxiauHHOro BrumBy PI'T Ha 370sKicHI
NyXJIMHHA 1 MeTacTtasu TBapuH 3 Bukopuctanasm MK. Ile no3Bomsie popmanizyBatu psia 3amad
TapreTHOi JOCTaBKHM Ipernapary, II0 BHHUKAIOTh NPHU EKCHEPUMEHTAIBHOMY 1 KIIIHIYHOMY
3aCTOCYBaHHI Cy4aCHUX HaHOTEXHOJIOTIH.

Annotation. Combined action of spatially-heterogeneous radio frequency hyperthermia (RFH) and
ferromagnetic magnetosensitive complex (MC) of mechanomagnetochemically synthesized
nanoparticles of iron oxide and doxorubicin has greater antitumor effect in comparison with
diamagnetic officinal doxorubicin. The aim of this work was development of biophysical model for
evaluation of spatially-heterogeneous RFH influence on MC antitumor and antimetastatic effects.
The system of equations describing the nonlinear dynamics of the reactions on the basis of kinetic
law of mass action at the quasistationary mode was used in the model. The factors that controls the
efficiency of drug action were analyzed on the basis of the relation of competitive reactions
constants determining the processes of target delivery and excretion of drug from a tumor and its
microenvironment. The model of antitumor influencing of RFH on malignant tumors and
metastases of animals with the use of MC was developed. It allows formalizing the range of tasks of
target delivery of antitumor drug at experimental and clinical use of modern nanotechnologies.

KarwueBble ¢jI0Ba: paJinoyacTOTHAs THIIEPTEPMHS, 37I0KAYECTBEHHAs! OIYX0J1b, HAHOTEXHOJIOTHH,
Oonodu3nveckas MoJIEIb.

KurouoBi cjioBa: panioyacToTHa rineprepmis, 310sSKiCHA MyXJIMHA, HAHOTEXHOJIOT1i, 610(i3nuHa
MO/IEIb.

Keywords: radio frequency hyperthermia, malignant tumor, nanotechnology, biophysical model.

Beenenue. B nociieqHee gecaTuieTre NpoBEAEH Psl IKCIEPUMEHTAIbHBIX HCCIEAOBAHUN C
UCIIOJb30BAaHUEM B KAuyeCTBE IPOTUBOOIYXOJEBBIX IPENApaTOB MarHUTOYYBCTBUTEIBHOIO
komruiekca (MK) wa ocHoBe Hanowacturp okcuaoB xkene3a (Fe304) wu  mocnenyromei
TEPMOAOIIALINY OMYXOJH € TOMOIIBIO JTOKaNbHOU paanodactoTHoi runeprepmuu (PI'T) [1].

B okcnepuMeHTaNBHBIX — HCCIIENOBaHUSAX OBLJIO [MOKa3aHO, YTO IPOCTPAHCTBEHHO-
HeogHopoaHas PI'T m obnanaronmii heppoOMarHuTHBIME CBOMCTBAMH MEXaHOMAarHETOXUMHUYECKH
cunte3upoBanHbii (MMXC) MK na ocnoBe Fe304, KCI ¢ nokcopyoununom (/IP) oxazpiBatoT
OOoNbIIMK  TPOTHBOOMYXOJNEBBIM J(PGdEKT, HeXKenu AUuaMarHUTHBIN odunuHaneHbeiii P [2].
CB0OOIHBIE paJKaibl SABISIOTCS aKTUBHBIMH IPOTHBOONYXOJEBBIMH (PaKTOpaMH, OKa3bIBAIOIIUMU
BIMSIHME Ha 3JI0KauecTBeHHbIM mpouecc. IlosTomy paspaborka Ouoduznueckoil Moaenu
coBmectHoro nerictBusi MMXC marautHeix Mukpo- u HaHodactui Fe3O4, JIP wu PI'T mnsa
MOBBIILIEHUS] TPOTHBOOIYX0JeBoW akTMBHOCTH MK 06a3upoBanach Ha OCHOBE OKHCIHUTEIBHO-
BOCCTAHOBUTENIBHBIX PEAKIUSAX T€TePOreHHOro MepeHoca EKTPOHOB, HHUIIMUPYIOIINE CBOOOIHO-
paauKanbHyro akTuBHOCTH JIP [3].

JIP  comepxut B cBoeM cocTaBe 1,4,8-TpHOKCHAHTPAXUHOHOBBIA (PparMeHT CIOCOOHBIM K
BOCCTaHOBJICHHIO C 0Opa30BaHMEM CEMHMXMHOHHOI'O aHUOH-pajgukana. OOIIuUM CBOMCTBOM T-
XUHOHOB SIBJISIETCSI MX CIHOCOOHOCTh K PpEaKIMsIM BOCCTAaHOBJIEHUS C IPOMEXKYTOUHBIM
00pa30BaHUEM CEMUXMHOHHBIX aHHOH-pajuKaioB. [lomararor, 4To CeMUXHWHOHHBIE paauKkaibl [IP
MOTYT OBITH 3a/IeCTBOBaHbI B OKHUCIMTEIHbHO-BOCCTAHOBUTEIbHBIX peakuuax ¢ ydactueM Fe(Il) u
Fe(IlI), na koTopbie MOkeT oka3bpiBaTh Biausinue PI'T [4].

Ilenpto  manHOW paboTel ObUIO  pa3paboTka OMOPU3MYECKOW  MOJETH  BIUSHUS
IPOCTPaHCTBEHHO-HEOAHOPoAHOM PI'T Ha mpoTHBOOMYX0JIEBBIA U aHTUMETAaCTaTHUECKUH 3P PEeKTHI
MK.
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buodusuueckass mopnens. IIpoananusupyem, Kak YBEJIWYEHHE KOJIMYECTBA CBOOOIHBIX
pamukanoB B HaHovacTuax MK nmpu MMXC BausieT Ha mpoTUBOOMYyX0JieByt0 ¢ dexTuBHOCTH /[P
B coctaBe MK. 3amnumem ypaBHeHHE peakiuu B3aumojeicTBus npenapara DOXO ¢ koMiiekcom

[TOP+DNA]:

k
DOXO + [TOP+DNA] — — DNA¥*, )

rae B ponu npenapara DOXO Beictynaer odunuaansHei JIP mu6o MXMC JIP, [TOP+DNA] —
koMruiekc tormou3zomepasbl Il u JIHK, DNA* — mopexnennas JIHK omyxoneBoi kieTku, He
CrocoOHas K perummkanuu, k1 — KoHCTaHTa CKOPOCTH PEAKIUH.

[TapamensHo ¢ peaknuid (1) MPOUCXOIUT KOHKYPHPYIOMUMKA Tpoliecc WHakTuBaruu JIP,
3aBUCSIIUNA OT psnga (PakKTOPOB M CKOPOCTH €ro BBIBEICHUS U3 OMyXoiu. CXeMaTHUeCKH JTaHHYIO
PEaKIUI0 MOKHO 3aiCaTh TaK:

k
DOXO — > DOXO*, @)
rae DOXO* — unaktuBupoBannsiii JIP, k2 — koHCTaHTa CKOpOCTH peakinnu nHakTuBanuu J[P.

C YUCTOM paA3JIMYHBIX MCXaHU3MOB MHAKTUBAllUKU I[P, KOHCTAHTY k2 mMo)xHO 3amucath B BHUAC
CYMMBI JIBYX ClIaraCMbIX:

k2 =kkn+ ks . 3)

rae kka — KOHCTaHTa CKOPOCTH peakiiud uWHakTtuBanuu JIP 3a cdyer MeMOpaHHBIX U
BHYTPUKIICTOYHBIX (haKTOPOB, kB — KOHCTaHTa CKOPOCTH BBIBEACHHSI Mpemnapara 3a Mpe/eibl 30HbI
pEaKIMK B OITyXOJIH.

0O603naunM y = CDOXO — xonnentpamus AP, y > 0, u = CTOP — xoHIeHTpaIis KOMITIEKCa
[TOP+DNA], u>0. YIOpoIlieHHO CHCTEMY YPaBHEHHH, OMHCHIBAIOLIMX HEIMHEHHYIO IHHAMHKY
peakiuii (1) u (2), Ipu yCTaHOBUBIIIEMCS KBa3HUCTALIMOHAPHOM PEKUME MOYKHO BBIPA3UTh COTJIACHO
KHHETUYECKOTO 3aKOHA JICHCTBYIONIUX MAaCC:

du

at = -k, yu,

d (4)
d_BtI =-k yu-K,y,

u(0)=u0, y(0)=y0,u>0,y >0,
rae u0 — HauvanbHas koHueHTpamus komiiekca [TOP+DNA], yO — HauanbpHas KOHIIEHTPAIIHS
Ipernapara B 30H€ OITyXOJIH.

[Tocne BBeneHus Ipenapata B OpPraHu3M >KMBOTHOIO-OITYXOJIECHOCHTENS TOJIBKO YacTh
BBEJICHHOW 03Bl JIEKapCTBAa TApreTHO (LI€JICHANpaBICHHO) JOCTaBiseTcs B omyxonb. [lotepu
CBsI3aHBl CO crioco0amMH BBEACHHUS U JIOCTAaBKU InpenapaTa. KoianuecTBo TapreTHO AOCTABIEHHOIO
npernapaTra MOKHO OXapaKTepU30BaTh C MOMOIIBIO KO3 (pUllMeHTa TpaHCMUCCHH (ITPOITYCKaHUs) Ol

y0 = ayn )

rae: y0 — KOHIEHTpalusi TapreTHO JIOCTAaBIIEHHOTO Ipenapara B OMyXOjb, YH — HayallbHas
KOHIEHTpALUs, pacCCUMTaHHAsl UCXO/ U3 1036l Ipenapara.

OddexTuBHOCTh AEMCTBUS MpemapaTa MPONOPLHUOHATIbHA COOTHOIIEHHWIO KOHCTaHT
KOHKYypHpyomux peakuuit (1) u (2), a Takxe KodpUIMEHTY TPAHCMUCCHU:

k
E=a-t
k, (6)
[Tpu MMXC MK BO3HHKAIOT JONOJHUTENbHBIE (DaKTOPHI, BIUSIONINE HA IEJIEBYIO JOCTaBKY
U BBIBEJICHHE MpernapaTta. Bo-nepBbix, npu neneBoi noctaBke MK B OIyX0JIb MOKET YMEHBIIUTHCS
KOO PUIMEHT TPaHCMHUCCHM BBUAY IUIOXOW MPOHHUIIAEMOCTH KpymHbIX dYacTtull MK BHyTpb
KPOBEHOCHBIX COCYJOB M KIJIETOK OMyxoju. Omyxojib MMEeT Pa3BETBIEHHYIO CHUCTEMY COCYJOB,
npudeM npeolialaloT MEJIKHE COCYAbI, MOCTYIUIEHHE MPOTHBOOIYXOJIEBOIO Mperapara uepes
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KoTopble 3arpylaeHeHo. CyllecTByeT mpsiMas HEJIMHEWHas 3aBUCHUMOCTh MEXAY JAHAMETPOM
HAHOYACTHI] U UX MPOHHUIIAEMOCTHIO BHYTPh COCYA0B. BTOphIM (pakToOpoM, BIUSIONIMM Ha LIEEBYIO
JIoCTaBKy mpenapata npu ucnosibzoBanuu MMXC MK, sBisercs copOums /[P Ha moBepxHOCTH
Hanouactull. [lockonsky Bbeixon JIP ¢ moBepxHoctu HY 3arpynnen, yacts JIP He mpuHumaer
yuactue B peakiuu (1). ITpouent agcopoupoanHoro /[P mponopiroHaaeH yaeIbHOM IIOBEPXHOCTH
HAaHOYACTHI] MarHeTuTa. B-TpeTbux, MCHOJIb30BaHUE MOCTOSTHHOTO MAarHUTHOTO MOJS 3aMeMJIAeT
BBIBE/ICHUE HAHOYACTHUI[ U3 OIYXOJIH M €€ MUKPOOKPYKEHUS, TOCKOJIbKY HAHOCUTEIH 00JadaroT
MarHUTHBIMH CBOMCTBaMHU. DTOT 3(PQeKT BiMsIET Ha yMEHbIIEHHWE KOHCTAHTHI KB  BBIBEICHUS
MMXC JIP 3a nipezesibl 30HbI peaKIuu B PEaKIMi WHAKTUBALIUU.

JlononHurenbHble BTOPUYHBIE U TPETHYHBIE CBOOOJHBIE pajuKajbl, BO3HUKAIOIIHUE IPHU
MMXC, MHUIUUPYIOT LIETIHBIE PEAKIIMU U YBEIUYUBAIOT cKOpocTh peakuuid (1) u (2). [Ipu PI'T B
pe3ysbTaTe yBeJIMYeHHUs KpoBO- U JmMpoToka peakuus (1) uHMIMUpYyeTcs B OOJbIICH CTENEHH,
YeM peaklusi MHaKTUBauu. Vcxoas u3 Toro, 4To METacTa3supOBAHHE 3JI0KAYECTBEHHBIX OMyXOJieh
IIPEUMYILECTBEHHO  OCYIIECTBJISETCS IYTeM JHCCEMHHAlMM B IIOJIOCTH OpraHu3Ma Mo
TuMGpaTHYeCKUM M KPOBEHOCHBIM COCYJlaM, B HHUX IOJ] BJIMSHHEM YBEIUYCHHOTO KOJHMYECTBA
cBoOOAHBIX pagukanoB MK nmpoucxoaut cymiecTBeHHas THOENb OMYXOJIEBBIX KIETOK, OrpaHUYNBas
TEM CaMbIM IIPOLIECCHI OTIAJIEHHOTO METACTAa3UPOBAHUS.

YBenuuenue spdexruBHoctu AP mocie MMXC B cocrae MK MOXHO OLIEHUTH COTJIACHO

(bopMyIIbL:
E MK

I= EOPAP (7

BeiBoasl. OnncanHas HenuHEHHAs OMOGU3MYECKas MOJICTb MPOTUBOIYXOJICBOTO BIUSHUS
paauo4acTOTHOM  THUIEPTEPMHUM Ha 3JI0KAYECTBEHHBIE OINYXOJW M METacTa3bl KUBOTHBIX C
HCIIOJIb30BAHUEM  MAarHMTOYYBCTBUTEIBHOIO  KOMILIEKCAa Ha OCHOBE 3(PQPEKTOB, KOTOpPHIC
WHULMUPYIOT CBOOOHOPAJAMKAIBLHYI0 aKTHBHOCTH Iperapara. JTO IO3BOJsET (HopMann3oBaTh ¢
MOMOIILIO METOJOB HEJIMHEWHOM JWHAMHUKUA Psij 3a7ad TapreTHOM JIOCTaBKM IIpernapara,
BO3HUKAIOIIMX IPU  IKCOCPUMEHTAIIBHOM M  KJIMHHYECKOM TMPUMEHEHHM COBPEMEHHBIX
HAHOTEXHOJIOTHH.
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PAJIOHYKJ/IIAHA JIATHOCTUKA. METOJ IIET/KT

. C. Cunuyk, O.B. OBcienko
Kuiscoxuit micokuti KNiHIYHUL OHKONO2TYHUU YeHmP

AHoTanisg. OcHOBHa yBara B poOOTi MPUCBSYEHA OTJIALY METONY PaAiOHYKIIAHOT AIarHOCTHUKU —
MO3UTPOH-EMICiHOT TOMOrpadii, TAKOXK PO3TISAHYTI IepeBaru Bukopuctanus cymimienoro [TET/KT
npuiany.

AnnHotanusi. OCHOBHOE BHUMaHHE B paboTe yIEIIEHO PaCCMOTPEHUIO METOJa PaJuOHYKIHTHOU
JMArHOCTUKU — TO3UTPOHHO-OSMUCCHOHHON TOMOTrpaduu, TaK € pacCMOTPEHBI IMPEUMYIIECTBA
cosmernienHoro I[I9T/KT nmpubopa.

Annotation. The main attention in the work is spared to the radionuclide diagnostics method —
positron-emission tomography review, also associated PET/CT device advantages are considered.

KarouoBi cjioBa: mo3utpoH-eMiciitHa Tomorpadis, pagiodapmmpenapar, pagioHyKIigHa
1arHOCTHKA.

KiroueBble ¢JI0Ba: TO3UTPOHHO-IMUCCHOHHAsI TOMOTpadus, paguodapmmpernapar,
PaIMOHYKIIUHAS JUATHOCTHKA.

Keywords: positron emission tomography, radiopharmaceutical, radionuclide diagnostics.

PamionykmigHa JiarHOCTMKa — OJWH 13 METOMIB TPOMEHEBOI TIarHOCTHKH, B SKOMY
pamioHyKIiIu ab0 MiYeHI PaJIOHYKIIaMA PEUYOBHHU BUKOPHCTOBYIOTHCS JUIS JOCIIIKESHHS
(GYHKIIIOHATbHUX 1 CTPYKTYpHUX OCOOJHMBOCTEH OpraHiB 1 CHUCTEM JIOACHKOTO OpraHizmy.
BinbmiicTe opraHiB 1 TKaHHH JIFOJCHKOTO OpraHi3My MAaloTh BIIMIHHOCTI B MpoIecax OOMIHY
NeKUMU pEeYoBMHAMH B HuUX. Hampukiana, mocTiiHA AisUIBHICTH TOJIOBHOTO MO3KY MHOTpedye
TIOTJIMHAHHS 13 KPOB1 KIJTBKOCTI TJIIOKO3H, sSKa HA0araro IMEepeBHINyEe HEOOXITHICTh B HIM IHIIMX
opraniB. B 3a5eHOCT1 BiJi KUIBKOCTI HAKOTIMYEHOI TJIFOKO3U B TOJIOBHOMY MO3KY, MOXHa 3pOOUTH
BHUCHOBOK MO oro GpyHKI10HyBaHHS (110 MiIBUILIEHOMY a00 3HWKEHOMY HaKOMMUYEHHIO [IIOKO3U B
PI3HUX JUISTHKAaX) 1 Mo HOro CTPYKTYpHI OCOOMHMBOCTI (B MICISAX JI€¢ HE Ma€ MO3KOBOI TKaHHHH,
INII0KO3a HakomuuyBaTUCh He Oyae) [1]. [ns «isyamizarii» pi3HUX OpraHiB 1 TKaHWH B
PalioOHYKIIIIHIA IarHOCTHUIIl BUKOPHCTOBYIOThCS paniodapmmpenapatu (POII). Ile ximiuni
CIIOJTYKH, SIK1 MICTSITh B CKJIaJ{l MOJIEKYJI PalOHYKJIITH.

3 TeXHIYHOT TOYKH 30py, O3UTPOH-EMICiifHMIT ToMOTpad BUMIPIOE JTOKAIBbHY KOHIIEHTPAIIII0
CJI1JI0BOI KIJIBKOCT1 paJl0akKTUBHOIO 130TOITY, 1110 BBEJIEHO B 00’ €KT, po3MmilieHuil B roui 3opy [IET-
KaMepH.

Bnacnigok HecTIKOCTI A1pa, B IKOMY KIJIbKICTh IPOTOHIB MEPEBUILYE KUIbKICTh HEHTPOHIB,
ynbTpakopoTkoxkuByunii (YKIK) i3oTonm mpu mepexoji B CTiHKHI CTaH BUIPOMIHIOE TO3UTPOH,
BUIBHUI MpOOIr SKOr0 CKJIaJa€e B CepeIHbOMY 3-4 MUIIMETPH Ta 3aKIHUYEThCS 3ITKHEHHSIM 3
EIEeKTPOHOM Ta iX aHIrUIALi€l0. AHITUIALNIA CYNPOBOMKYETbCS YTBOPEHHSIM JBOX Y-KBaHTIB 3
enepriero 511 kEB, mo posmitatorbes mig kyrom 180°+0,4°, siki peecTpyrOThCS TaTYNKaAMHU KaMEpH.
JlaTurKy opraHi3oBaHi y CHCTEMY, IO sIBJISE COOOI0 JACKIIbKA KUICIh CUMHTHIISALIMHUX JETEKTOPIB
3 MIHIMaJBHOIO BIJICTAHHIO MDK KUTBISAMH Ta MK JaT4YUKaMmH. SIKIO 1Ba JAETEKTOPU OJHOYACHO
peeECTPYIOTh CHTHAN, BiIOYBAE€ThCS TaK 3BaHE «CIIBMAIHHSA», MOXHA CTBEP/KYBATH, IO TOYKA
aHITUIALIT 3HAXOAUTHCS Ha JIIHII, 10 crojy4ae aerektopu. Llel ¢akTt 103Bojsie BIIMOBUTHUCH Bif
BUKOPHCTAHHS CBHHIIEBHX KOJIMATOPIB Ui BU3HAUYCHHS HAIMPSIMY MOJNBOTY Y-KBaHTIB. BiIMiHHICT
INIET Big iHIMX METOAIB OTPUMaHHS TOMOrpadiyHUX 300pakeHb MOJSITae€ y BUKOPHCTAHHI Tak
3BAHOTO MPHUHIHITY €JIEKTpoHHOI Komimarii. Ilix dac momepeaHboi OOpOOKM MaHMX MUISXOM
€HEpreTUYHOr0 Ta YacOBOT'O BIKOH peecTpallii MO>KHA BIJICIKTH HE3HAYHY KUJIBKICTh Y-KBaHTIB, L0
BiIXWJIMJIMCH BiJl IPSIMOI TPAEKTOPIT MPH 3ITKHEHHI 3 AIpaMH 1HIITNX aTOMIB.

Buxopuctranas YKIKP no3Bosisi€ 3MEeHIATH Yac JOCITIKEHHS 1 pajiaiiiHe HaBaHTAKCHHS Ha
xBoporo. Kpim Toro, 6inbiricTe mo3utpoH-BurnpoMiHounx YKXKP, takux sk B Y, 0, BN
OepyTb aKTHBHY YydacTb B OUIbLIOCTI O10JOTIYHMX TMPOIECIB JIOJACHKOTO opraHizmy. [Ipu
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BUKOpPHUCTAaHHI BiAnmoBiganx P®OIl u QapMakokiHETHUYHUX MOJAENEH, OMUCYIOUUX PpO3MOMLT 1
MeTaboJIi3M TMpernapaTy B TKAaHWHAX JO3BOJIIE HEIHBa3WBHO 1 KUIBKICHO OITIHIOBATH PSJl
¢izionorivaux Ta GioXIMIYHUX TpoleciB. B 1ipoMy 1 € ocHoBHA BinMmiHHICTh [IET, siky Ha3uBaroTh
«pynkmionansHoto ToMorpadiero» Bim KT 1 MPT. IIET nomoBHIOE IiarHOCTMYHHUMA TIPOILIEC
iHpopMariiero mpo (iziomoriyHi Ta METabOoNIYHI MOPYIICHHS, II0 YTOYHIOE XapaKTEPUCTHKY
3axBoproBaHHs. OueBugHuM HemodiikoMm [IET e crucna anatomivna iHdopmairis 300pakeHb, 10
CWIBHO 3aTPYyAHSE JIOKATi3allil0 BUSBICHUX MATAJIOTIYHUX ocepenkiB. s momonaHHs LHOTO
HenoJiKy 0yno 3pobaeno cymimenuit [IET/KT npunan, skuit 103B01s€ 0THOYACHO TIPOBOIUTH J1BA
nociipkenns. ITET/KT mporpamHo cywinnye 300pakeHHS LHX JIarHOCTHYHUX MOJAJIBHOCTEH 1
JI03BOJIIE HA OJIHOMY 3pi3l OTpUMAaTH aHATOMIUHE 300pakKeHHS 3 HAKJIaJIeHOK Ha HbOTO KapTOHO
METa0OJIIYHUX TPOIIECIB.

B _ dbropaesokcurmokosa (DJII) waiiwacTime 3acTocoByBaHUU pajiodapMmIpenapar.
[Tpuunna mmpokoro 3acrocyBanHs OJII" — B yHIBepcaIbHOCTI I[LOTO Mpenapary. Bucokuii piBeHb
HAKONMMYEHHS B TNATOJOTIYHUX OCEpeIKax MO BIJHOLIECHHIO 10 (OHY J03BOJIAE JIETKO IX
inentudikyBaru, mo poduts ®JII" He3aMiHHUM B JIaTHOCTHII B TEPIIy Yepry OHKOJIOTTYHUX
3axBOproBaHb. be3ymoBHO, crenudivynicte ®JII° HHU3bKA, ajle HE HIKYa CHEU(IYHOCTI TaKuX
MO3aKIITHHHUX arcHTIB, K HOJ 1 TaJ0JiHId, 110 MICTATHCS B KOHTpAcTaX, sIKi BUKOPHUCTOBYIOThCS
npu KT i MPT. Binpi3Hsr04uCh BiJ TJIFOKO3UM TUIBKH 3aMiHOIO TiIPOKCHJIBHOI TPYIH JIPYroro
aToMa ByLIIelo Ha atoM (ropy, 2-¢grop, *°F-2-1e30kcu-D-Iiiroko3a, BBeeHa BHYTPILIHBOBEHHO,
MOBTOPIOE TIOYATKOBHI y4acTOK METaOONIUHOTO IIISXY TIIOKO3H, MPOHUKAKYM 13 KPOBOHOCHUX
CYJIMH B MUKKJIITHHHUH MTPOCTIpP, @ TIOTIM B KIIITUHY, J¢ (OCPOPMITIOEThCS TeKCoKeHa3ou. [IpoaykT
peakii — [18F]z[esoKCHrnfoKo3a-6-(1)OC(baT, Ha BIIMIHHICTH Bia ¢ocdaTy TIOKO3UW HE BCTYIA€E B
MOJAJIBIITY PEAKIlII0 1 3aJUIIAETHCSA B KIITHHAX MPOTITOM JOCIIIHKCHHS, 10 JT03BOJISIE BUMIPSTH
KOHIICHTpAIlII0 PaJioHYKJIiaa BF g narajoriyHomy ocepenxy. EdekTuBHMiA niepion HamiBpo3mamsy
cranoButh 110 xBrumH. J[o3a pagionykiiny ckiagae 122 MBk Ha 1 M mwiomm moBepxHi Tiia, sKa
PO3PaxoOBYETHCS MO POCTY 1 Maci nocinimxyBanoro. B cepenuromy 370-400 MbBk anst mocnimpkeHHS
BCHOTO TiNIa, yIst MO3KY qoctaTHbo 200 MbBk [2].

[IpoTunoka3anHs: 3arajJbHUN BAXKHI CTaH XBOPOTO, CKIAAHICTh TPAHCIOPTYBAHHS 110
naboparopii, HEMOXJIMBICTb BUTPHUMAaTH 4Yac OOCTEKEHHS Hepyxomo. biojoriyni croiyku
3HaXoAThesa B POII B myxe mamiit KUTbKOCTI (10'14 ~10%0 r'), BOHH HE MarTh MOOIYHOI 1ii, HEe
CIPUYHUHIOIOTH aJIeprivHi peakiii Ta He JatoTh (apMaKOJIOTIYHUX €(EKTIB.

[Toxazanns. [IET no3Bossie mocnimpkyBaTu (GyHIaMEHTaIbHI MPOIIECH B OpPraHi3Mi JIOJUHHU Ta
BUKOPHCTOBYETbCA Il BHUPIIIEHHS TaKUX 33Jay: BHMBUEHHS KPOBOTOKY Ta OOMIHY pPI3HHUX
OlONOTIYHUX pIAUH B OpraHax Ta TKAaHWHAX; JOCTIKEHHS OOMiHY ITyKpiB, >KHpiB Ta OIJIKiB;
BHUBUYEHHSI NMPOHUKHOCTI Ol0MeMOpaH; JOCIIIKEHHS PO3IMOAUTY Ta BUBEIACHHS (PapManeBTUYHUX
npenaparis.

Komb6inoBani npuctpoi IIET/KT Ounpmn edexTuBHI, HDK TpaauLiiHI MO3UTPOH-EMICIIHI
toMorpadu, TSI TOYHOI JOKami3amii MyXJIMH Ta PO3MEXKYBAaHHS [UISHOK 3 HOPMallbHUM
HakonuueHHsM P®Il Big po3ramoBaHux MOpPYdY MYXJUHHUX YypaxkeHb. OcoOnMBO IIHHE
3acrocyBanHs [IET/KT npu mnmanyBaHHI MpoMeHEBOI Tepamii Ta XipypriuHUX BTpydYaHb, MPHU
JUArHOCTHI[l MyXJUH TOJOBH Ta IIWi, BHUSBJIEHHI MOBTOPHMX METAcTa3iB B OpraHax 4epeBHOI
MOPOXXHUHU Ta Ta3y [3].

[Ipu migroroBii 10 OOCTEXEHHS MAIIEHTH HE MalOTh NMpUHAMATH 1Ky Xo4ya O 4 TOIUHH N0
MPOLEAYPH, TAKOK MAIOTh OyTH BIAMIHEHI KpalenbHHII, A0 CKJIaTy SKUX BXOAWUTH TIIOKo3a. J{o
BBEJICHHS TIperapaTy MaiieHT MOBHHEH CIOKIWHO BIAMOYWTH Ticis aopord Ta Bunutu 0,5 mitpu
Boau. POII kpaie BBOAWUTH JieKaud, Ha CIMHI, BHYTPIIIHbOBEHHA 1H €KIiSI Ma€ MPOBOJIUTUCH
peTeNnbHO, YHUKAIOUM IapaBa3ajbHOro MomnagaHHs mnpemnapaTy. [licns iH’ekuii marieHT MOBHHEH
MOJIe)KaTH B THUXOMY 3aTEMHEHOMY MpUMIIICHHI He MeHine 20 XBUIMH [ BUPIBHIOBAHHS
koHueHTpauii ®JII" B TkannHax Ta KpoBi. Bech 11eil yac maiieHT He Mae pyxaTHCh Ta PO3MOBIIATH,
mo6 3anmobirtu HakornuyeHHs @OJIC B aktmBoBaHmx M’s3ax. [lepen BHKOHAHHSM MPOLETypU
MAIEHT Ma€ CIOPOKHUTH CEYOBHM MIXYP.
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Jns  orpuMaHHsS 300paKeHb BHCOKOI SKOCTI, HEOOXiJHa KOPEKIlisS 3apeecTpPOBAHOIO
BUIPOMIHIOBAHHS Ha aTTCHIOAIIII0 — HEPIBHOMIPHE 3MEHIIICHHS JIHCHOTO 3HAYCHHS CITIBMAiHb, SKi
Moriu O OyTH 3apeecTpoBaHi, BHACIIJOK IIOTJMHAHHS JEAKOI KUIBKOCTI Y-KBaHTIB Ta
HEPIBHOMIPHOCTI PO3MOJLTY TYCTHUHH TKaHWH TuIa. L{e BUKOHYETHCS 3a JIOIOMOTO 30BHIIIHBOTO
JOKEpella Y-BUIIPOMIHIOBaHHS %®Ge, a60 MaTeMaTHYHMUMH METOZAMH, SIKi JO3BOJSIOTH CKOPOTUTHU
yac 00CTEKEHHs, ajie Tal0Th MEHIITY SKICTh 300payKeHHS.

st po3paxyHKy aOCONIOTHHX 3HAU€Hb PIBHS CIOXKHBAHHS TIIOKO3H HEOOXiTHO 3HATH
MUTTEBI 3HAYCHHS PO3MOJLIy akTUBHOCTI P®II B mocimijkyBaHWX TKaHMHAX, a TAKOX TaK 3BaHY
BXiZIHY (YHKI[i}0 — piBEHb HOT0 aKTHBHOCTI B IUIa3Mi apTepiaabHOI KPOBi B mporieci oocTexeHHs. B
yMOBax peajbHOTO OOCTEKEHHS OTPUMATH IIi JaHHI Jy)KE Ba)KKO, TOMY B KIIHIYHIA NPaKTHII
HIKPOKE PO3IMOBCIOHKCHHS OTpUMaa CIPOIIeHa OlliHKa MeTaboIi3My, BEIMYMHA SKOI BBAKAETHCS
MPOMOPIIIHHO  KOHIEeHTpalli HakormuueHHs P®II B obmacti, mo 1mikaBuTh. Haloumbm
PO3MOBCIO/KEHHI HaMIBKUIbKICHUE Meron — ominka Standardized uptake value (SUV —
CTaHJApTU30BaHUI PiBEHb HAKOMUYEHHS), IO SBIsE co00r0 iHaekc HakonudyeHHs DJII" B TkaHuHI,
SIKHI 00paxoByeThes UIsIX0M HopMatizanii @JII" 10 BBeeHOT akTUBHOCTI Ha IrpaM Macu Tija [4].

Ha cvorognimuiii nens [TET nae Bucoky iHoOpMaTUBHICTh MPHU JIIarHOCTHII 3aXBOPIOBAHb HA
paHHIX CTafisX, B TOMY YHCII 1 3aXBOPIOBaHb, IO CYIPOBOKYIOTHCS JIMIIE TOPYIICHHAM (DYHKITIN
BpakeHuX opranis, a noeaHanHs [IET i3 KT mae me i BUCOKY aHATOMIYHY IIIHHICTh 300pa’KCHb.
3Ha4YHO OLIBII IIUPOKOMY 3aCTOCYBAHHIO METOIY 3aBa)KalOTh BUCOKA COOIBAPTICTh, HEOOXITHICTH B
KOMIUIEKC] CHeliaibHO 00JIalHaHUX MPUMIIICHb Ta MOCTIHHOMY OHOBIIEHHI HEOOXiAHOI KIIBKOCTI
POIL.
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AHTPOIIOMOP®IYHUI ®AHTOM JIJIA 3D BIPTYAJIBHOI BPAXITEPAIIII 3
BUKOPUCTAHHAM CUCTEMHM CYBERKNIFE

H.I1O. Cnimemcol, C.M. JIyqKOBCBKHﬁl’Z, 0.A. Be3mm7m02,
J1.O. Doainka-Besmmiiko?, .M. Kaxenko’, A.Haraii’

1) Kibep kninixa Cnidxcenka
2) Kuiscokuii nayionanvruuil ynisepcumem imeni Tapaca lllesuenka

AHoTanigs. B po0OoTi pO3IIsSHYTO MOMJIMBICTD BIPOBAPKEHHS METOJIUKU  «BIPTYaIbHOI
OpaxiTeparnii» 3 BUKOPUCTaHHSIM cucTeMu pamiaiiitHoi xipyprii «KidepHix» (CyberKnife) dipmu
Accuray a7 JTiKyBaHHS paKy IpOCTaTH Ta KapLUUHOMHU €HIOMETpis. sl KOHTPOIIIO PO3NOALTY 03U
MPOMOHYETHCSI BAKOPUCTAHHS CIEL1aIbHO CTBOPEHOTO aHTPOIIOMOp(]iuHOro (paHnToOMYy.
AHHoTauusi. B pabore paccMoTpeHa BO3MOXHOCTh BHEAPEHHS METOAMKH «BUPTYaJIbHOU
OpaxuTepanuu» C HCIOJB30BAHUEM CHUCTEMbl paauanuoHHoW xupypruu  «KubepHox»
(CyberKnife) ¢upmbl Accuray niast nedeHus paka MpOCTaThl M KapIMHOMBI 3HAOMeTpus. Jlis
KOHTPOJISL ~ paclpelesieHust [J03bl IpeJUlaraeTcs MCIOJIb30BaHUE CIIEHUAIBHO  CO3JaHHOTO
aHTPONOMOP(OIOruYecKoro paHToma.
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Annotation. Implementation of “3D virtual HDR brachytherapy boost” method with radiosurgery
CyberKnife system for treatment of prostatic carcinoma and endometrial cancer is considered.
Development of dedicated anthropomorphical phantom for radio-therapeutic quality assurance
(QA) procedures for this method is proposed.

Kuarouosi cioBa: Onkororis, pamiamiitna xipypris, KidbepHix, BipryansHa Opaxitepartis, (haHTOM
KiroueBnble cioBa: Oukosorus, paauanuonnas xupyprusi, KubepHosxx, BupryanpHas
Opaxutepanusi, aHTOM

Keywords: Oncology, radiosurgery, CyberKnife, virtual HDR brachytherapy, anthropomorphical
phantom

[IpomeneBa Tepamisi Tocigae oOJHE 13 BaKIMBUX MICIb TPH JIIKyBaHHI OHKOJIOTIYHHX
3aXBOPIOBAaHb. 3a OCTaHHI POKM B 3B’SA3KYy 3 MIBHJIKUM PO3BUTKOM TEXHOJOTIH CyTTEBO
MIJBUINKJIACS POJIb CTEPEOTAKCHYHOI pajialliifHOi XIpyprii sSIK OJHOTO 3 HaNpsSMKIB IPOMEHEBOI
teparii [1]. [Tpu pamiamiiiniii Xipyprii 3a paXyHOK OPOMiHEHHS By3bKHMHU ITy4YKaMH FraMMa-KBaHTIB
3 0araThb0X CTOPIH peali3yeThCS MOXJIMBICTH (DOPMYBAaHHS BHCOKO MPEIM3IHHOTO PO3MOALTY JT03H
0e3mocepeIHbO B 30HI IYXJIMHHU, SIKOTO JAOCTATHHO ISl 3HUILEHHS PAKOBHUX KIIITHH 33 OJHY-TPH
npouenaypu omnpominenHs [1-3]. Ilpu 1pomMy m030Be HaBaHTaXEHHS Ha 3J0pPOBI TKAaHUHU €
MiHIMaTpbHUM. Takuii MiaXix B JIKyBaHHI paky Mae IMUIMHA psil CYTTEBHX TepeBar. Ha BiaMiHy Bif
TpaAMIIIAHOT Xipyprii IOBHICTIO BiJACYTHI pO3pi3M TKAHWH, IO CYTTEBO 3MEHIIYE PHU3HUK
iH(IKyBaHHS, HE MOTPIOHE BUKOPHUCTAHHS 3araJibHOT aHecTe31l, HeMae HEOOX1THOCTI 3HAXOKEHHS
XBOPOT'O B CTallioHapi Micis MPOBEACHHS Mpoleaypy (aMOyIaTopHe JIIKyBaHHS 3aiimMae BChoro 30-
90 xBWIMH), BiJCYTHIH OiTb Ta IOBrWi MEpioj BITHOBIEHHS Ticis onepamii. Takox 3
BUKOPHUCTAHHSIM CTEPEOTAKCUYHOI paIialliifHOl Xipyprii MOXHA JIKYBAaTH MyXJIMHH, SIKI HEMOXKIIMBO
BUJAIATH XIPYPTiYHUM CIIOCOOOM (TpaauiliiiHa Xipypris a0 MiHIMAIBHO 1HBa3WBHA Xipypris), abo
SIK1 HEMOYKJIMBO BIUTIKYBATH JIIKAPCHKUMH TIperiapaTaMu (XiMioTeparris).

B Kibep xminimi Crixkenka [4] yCHiIIHO €KCIUTyaTyeThCsl HOBITHSI CHCTEMa CTEPEOTAKCHYHOT
panianiitnoi xipyprii «Ki6epHixx» (CyberKnife) ¢ipmu Accuray [5], BUKOpuCTaHHS SKO1 3a
pPaxyHOK 3aCTOCYBAaHHSI CyYacHUX JIIarHOCTUYHHUX METOJUK B PEXHMI peabHOr0 Yacy 3ade3nedye
TiHIAHY MOXUOKY JOBEJAEHHS J03U B 00’eM myxiauHH MeHmow 3a 0.95 mm. [Ipu nipomy MoxiInBe
BIJIC/IIIKOBYBAaHHSI HEBEIUKUX (DI310JOTIYHUX PYXIB Malll€HTa, B T.4. TaKuX, SIK OUXaHHA. 3
BUKOPHUCTAHHAM pOoOOTH30BaHOi pykH 3 6 crynensmu BiabHOCTI "KiGepHix" mo3Bomsie peamizyBaTu
MOJKJIMBICTh JIIKYBaHHSI Ba)KKOAOCTYNHHUX JUIsl TPAAMIINHOI XIpyprii MyXJuH (B T.4. METacTa3Hi
YTBOPEHHS, MyXJIUHU MO3KY), IPU [[bOMY 3HIDKYIOUHM PU3UK MOUIKOKEHHS OTOUYIOUHMX 3I0POBUX
TKaHUH (KPUTHUYHUX CTPYKTYP).

BpaxoByroun BHCOKY BapTiCTh Ta BHCOKY e(EeKTHBHICTh OOJaJHaHHS CTEPEOTAKCUYHOL
paaiaiitHoi Xipyprii € akTyaJlbHUM pO3IIUPEHHsS MoxnuBocTell Bukopuctanusa "KibepHoxa" s
JIKyBaHHS PI3HUX THUIIIB Ta JIOKaji3amii paky. OJHUM 3 TaKUX HAMpsSMKIB, SKUN 3apa3 JOCTaTHbHO
aKTHBHO JIOCTIKYEThCS K 3 HAYKOBOI Tak 1 3 MPAaKTUYHOI TOYKU 30py - 1e 3D BipTyanbHa
OpaxiTeparnis 3 BUKOPUCTAaHHSIM 30BHINIHHOTO OMPOMIHEHHS NPUCKOPIOBAYIB CTEPEOTAKCHUHOT
pamiamiiinoi xipyprii. B psal po6iT [6-8] Bka3dyeTbcsi Ha MOXIIHMBICTH OTPHUMAHHS JI030BUX
pO3MOAUTIB  BiJi 30BHIIIHBROTO TraMMa ONPOMIHEHHS, €KBIBJICGHTHHX  pO3MOJiIaM, IO
3a0e3neuyroThes MpH 3acTocyBaHHI BUCOKO iHTeHcuBHOT (HDR) OpaxiTepanii s nikyBaHHS paky
MPOCTaTH, JEAKHX (OpPM OHKOJOTIYHMX TIHEKOJOTIYHUX 3aXBOpIOBaHb. [Ipw I1bOMy BUHUKaE
MOJKJIMBICTh peajtizauii psay nepesar, Takux SK pO3MIMPEHHS JAiana30Hy BUKOPUCTAHHS HasBHOTO
oOnasiHaHHA pajialiifHol Xipyprii, BIACYTHICTh HEOOXITHOCTI 3aKyIiBIi JOJATKOBOTO OOJIaTHAHHS
OpaxiTeparnii, yHUKHEHHS CKJIQJHOLIIB MpU poOOTI 3 130TOMHUMHU JKEPETaMH 3 MMM MEpioIoM
HaMiBpO3Maay, OLIBII BHCOKHI piBeHb YHidiKallii METOAMK TUTAHYBAaHHS I PO3MOJITY J03H, IO
crpoirye po6oTy MenuuHux (i3UKIB Ta 3HAYHO 3MEHIINYE PU3UK BUHUKHEHHS TOMHJIOK TpHU
MPOBEJICHHI MPOIIEAYP.

BpaxoByroun noctaTHiO HOBU3HY MeToauku 3D BipTyanibHOT Opaxiteparnii 3 BUKOPUCTaHHIM
30BHIIIHBOTO OMPOMIHEHHs, HaOyBa€ OCOOJIMBOI AaKTyaJbHOCTI KOHTPOIb JIOBEACHHS JO03H B
MaKCHMaJbHO HaOJMKEHUX 1O pealibHOCTI yMmoBax. Jljis BUpIIIEHHS TakUX 3ajad HanOUIbLI
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JOLIUILHUM € BUKOPHCTaHHs aHTporomeTpuyHux (anrtomiB [9,10]. Ha »xanp OUIBIIICTH TaKUX
dbaHTOMIB MarwTh abo0 JyK€ CHpPOIIEHY CTPYKTypy (HAllOBHEHI BOJOK0 YW BHUTOTOBJICHI 3
MOJIIMEPHOI'0 MaTepialy MPOCTi FTEOMETPHYHI EMHOCTI, III0 HE JIO3BOJISAIOTH BIATBOPUTH aHATOMIYHI
0COOJIMBOCTI BHYTPIIIHKOI OYJIOBH Tijia MaIi€HTa), abo 3Ha4yHI OOMEXEHHS 11010 3MiH Ta aJanTarii
AHATOMIYHUX OCOOJHMBOCTEH, @ TAKOK BUKOPUCTAHHSI PI3HUX THUIIIB JETEKTOPIB B OYIb-SIKUX MICIISX
danTomy. [lo Toro x Taki paHTOMH MarOTh BUCOKY BapTiCTh.

Hamu mpononyetbest po3poOka BOAHOTO (aHTOMY Ta30BOI YaCTHHH TYJIyOa JIFOAWHU IS
KOHTPOJIIO Ta BiAmpamioBaHHsS MeTonuku 3D  BipTyanpHOi Opaxitepanii 3 BHKOPHUCTaHHSIM
30BHIIIHLOr0 onpoMineHHs "KiOepHoxka" 3 MOMXIMBICTIO IIBHJIKOI Ta MIPOCTOI  ajarTarii
BHYTPINIHBOI YaCTUHHU (DaHTOMY 3 METOI0 BpaxyBaHHs BIUIMBY aHATOMIYHHMX OCOOJIMBOCTEH Tina
JIOAVMHU Ha TOYHICTh MeToAuku. KoHCTpykiliss (GaHTOMy 103BOJISIE BUKOPHUCTOBYBATH HEOOXIiTHI
TUIH JIO3UMETPUYHUX JIATUYMKIB Ta HAJAE MOXKIUBICTH X MPOCTOPOBOTO PO3TAIIYBAaHHS B Pi3HHX
yacTHHAX (aHTOMY JUIsi OUTBII TIOBHOTO Ta JETAILHOTO KOHTPOIO TOYHOCTI JOBEJEHHS JIO3U.
®DaHTOM CKIIAQTAEThCSA 13 OOKOBOI CYIIIBHOT akpuiioBOI 000JOHKH (32 (GOpMOIO Ta po3MipaMu
HAOJIMKEHOI 70 Ta30BOi YaCTHUHU Tilla) Ta TOPIEBUX 3MIHHMX YaCTUH, B SKHX (IKCYIOTHCS Pi3HI
TUIA aHATOMIYHUX CTPYKTYp Tija Ta JETEKTOpHI cucTeMu. BHyTpilmHIN 00’€M 3alIOBHEHO BOJOIO.
Taka KOHCTpyKIis (aHTOMY JIO3BOJIIE HOro MOOUIBHE BUKOPHUCTAHHS HE TUIBKH IS
BijnpaltoBanHs Metoauku 3D BipTyanpHOI Opaxiteparnii, ajne 1 s OLIbII IMIMPOKOTO KoJia 3aaad
KOHTPOJTIO, HABYAHHS TICPCOHATY B CHCTEMAaX YIPAaBJIiHHS SKIiCTIO POMEHEBOT Tepartii.
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THE PHOTOSTIMULATED PROCESS IN BACTERIAL REACTIVE CENTERS

M.A. Zabolotny®, Y.M. Barabash?, E. Fuzik®

1) Physics Department, Taras Shevchenko National University of Kyiv, Ukraine
E-mail: zabolotny@univ.kiev.ua
2) Department of Physics of Biological Systems, Institute of Physics National Academy of Science of
Ukraine, Ukraine.

AHoTanis. JlocoipKEHO OCOOJMBOCTI BIUIMBY €JIEKTPOMArHiTHOTO OIPOMIHEHHS BHUIMMOTO
niama3oHy Ha KoHGopMmauidHi mepexomu B OakTepianbHUX peakuidHux nentpax (PLI).
3apeecTpoBaHO (POTOCTUMYIIBOBAHY 3MIHY MOJICKYJISPHOTO O00'€eMy Ta Y3rOUKEHE 3 HEH
MOTJIMHAHHS 3pa3Ka. 3alpollOHOBAHO MOJIENb €JIEKTPOHHO-KOH(POPMAIIITHIX MTEPEXO0/IiB B MOJICKYJIi
PLI.

AHHOTaIII/IH. HCCJICI[OB&HBI 0COOEHHOCTH YIIpaBJICHHUA 3JICKTPOMArHUTHBIM HU3JIYUYCHUCM BUAUMOI'O
JMara3oHa KOH(GOPMAIIMOHHBIMU IE€peXoJlaMi OaKTepUabHBIX PEaKIUOHHBIX IeHTpoB (PLI).
3aperucTpupoBaHo (POTOCTHMYIHMPOBAHHOE W3MEHEHHUE MOJICKYJISIPHOTO 00BheMa M COTJIACOBAHHOE
C HUM HU3MCHCHUC IIOIJIOLICHUA 06pa3ua. HpennoxceHa MOACJIb 3J'IeKTp0HHO—KOH(I)OpMaI_[I/IOHHLIX
nepexo 0B B MoJiekysie PLI.\

Annotation. The peculiarities of the influence of visible electromagnetic radiation to the
conformational transitions in bacterial reaction centers (RC) were studied. Photoinduced change of
a molecular volume and, respectively, change of a sample absorption have been registered. Based
on obtained results, a model of electron-conformational transitions in the RC proposed.

A problem of work is the research of processes defining legitimacy of a relaxation of
photoinduced structural changes in a molecular complex bacterial reactive centers (RC) of purple
bacteria. At absorption of a light quantum in RC there is a photooxidation of the fundamental donor
of an electron a bacteriochlorophile dimer (P). Then, the excited electron through series of
intermediate transmitting agents gets on fundamental (Qa) chinons an acceptor (150 ps), and then
on finite (Qb) an acceptor (10™ sec). The transmission of an electron with P on Qb descends on
distance about 30 A°. The defining role in this process belongs to proteinaceous environment. At
fixed lighting RC, the electron is in dynamic equilibrium, which parameters depend on intensity and
time of lighting. Absorbency of solution RC (A=865 nm) is diminished. After turn off of lighting,
the relaxation RC to a dark state starts. There is a sluggish return of an electron. Absorbency of
solution RC (A=865 nm) is recovered. The references allow to consider such system as two-level.

The experimental researches of change of an absorption coefficient of water solution RC in
different modes of lighting were lead. In a fig. 1 the observed results of speed of change of
absorption (Krel) RC after turn off of light in a time dependence of exposure RC are reduced. Light
intensity 2 mW/sm?. From reduced effects, it is possible to make outputs:

1) The relaxation rate of structural changes in RC after turn off of light varieties by a ladder-
shaped mode. The changes descend in a range of times from 0.2+0.4 sec (initial field) up to
6+10 sec (finite field), in dependence on conditions of experiment. Speeds of a relaxation RC on
initial and finite periods differs in some tens time.

2) The relaxation rate of structural changes in RC, since 10 sec, poorly varies in time and
depends on intensity of lighting and exposure time.

3) Ladder-shaped character of change of a relaxation rate RC is not depend on intensity of
lighting and exposure time.
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Fig. 1. Change of absorption (Krel) RC after turn off of light.

APPLICATIO OF NANOSTRUCTURES FOR MODIFICATION OF BIOLOGICALLY
ACTIVE SUBSTANCES

M.A. Zabolotnyy !, N.V. Bashmakova’, A.I. Momot*, M.P. Kulish', O.P. Dmytrenko®,
G.l. Dovbeshko?, E.P. Gnatyuk?, G.I. Solyanyk?®, L.N. Kirkilevskaya®, P. Scharff’, U. Ritter®

1) Physics Department, Taras Shevchenko National University of Kyiv, Ukraine
E-mail: loon2001@ukr.net
2) Department of Physics of Biological Systems, Institute of Physics Natl. Acad. of Sci. of Ukraine,
Ukraine.
3) R. E. Kavetsky Institute of experimental pathology, oncology and radiobiology, Ukraine.
4) Kyiv Medical Institute of Ukrainian Association of Folk Medicine, Ukraine.
5) limenau university of technology, Germany.

AHoTanig. MeTtomaMu ONTAYHOrO HorianHaHHdg, [Y-mornuHaHHA Ta KBAHTOBO-XIMIYHUM METOIOM
Teopii (PyHKIIOHATY T'YCTUHH JOCIIIPKEHO B3a€MOJIII0 BOJHUX PO3YMHIB (DyJepeHiB 3 mpenapaToM
KoHiyM. [Toka3zaHO MOXXJIMBICTH YTBOPEHHS KOMIUIEKCY MK MOJIEKYJIOIO (QyJepeHy Ta OJHHUM 3
JIKAJIOIIiB TpenapaTy KOHIYM — Y-KOHILIEIHOM, 3a pPaxyHOK pO3pPHUBY B MOJIEKYJi aJKaloigy
MOBIAHOTO 3B’SI3KY.

AHHOTaHI/Iﬂ. MGTO,Z[aMI/I OIITHYCCKOI'O IIOTJIOLICHMAA, IK-HOFJ’IOH_ICHI/I}I U KBAHTOBO-XHMMHWYCCKHUM
MCTOJOM TCOPUU (1)YHKIII/IOHaJIa IINIOTHOCTHU HCCIICOOBAaHO BSaI/IMOI[eP'ICTBHG BOAOHBIX PACTBOPOB
¢bynnepeHoB ¢ mpenapaToM KOHMYM. Iloka3aHa BO3MOXHOCTH 0Opa3oBaHUS KOMILJIEKCA MEXTY
MOJIEKYJION (QysuiepeHa U OJHUM M3 aJKaJOMJIOB MpenapaTa KOHUYM - Y-KOHHMIIEHMHOM, BCJIE/ICTBHE
pa3pbiBa B MOJICKYJIC aJIKaJIOWJa ,Z[BOfIHOfI CBA3U.

Annotation. The interaction of a fullerene water solution with conium drug was investigated using
the UV-Vis absorption, IR-absorption and quantum-chemical calculations using the density
functional theory. It was shown the possibility of formation of a complex between a fullerene
molecule and one of the alkaloids of the drug conium-y-coniceine through the breaking double bond
in alkaloid.

KrouoBi cjioBa: BogHMIM po3uuH (ynepeHiB, KOHiyM, ONITUYHE MOTJIMHAHHS, KBAHTOBO-XIMIYHI
po3paxyHku, [U-ciekTpu.
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KiroueBble cjioBa: BOAHBIN pacTBOp (y/UIEpeHOB, KOHUYM, ONTHYECKOE MOTJIOIIEHHE, KBaHTOBO-
xuMmudeckue pacuerbl, UK-criekTpsl.

Keywords: fullerene water solution, conium, optical absorption, quantum-chemical calculation, IR-
spectra.

The development and a creation of new anticancer drugs as well as modification of existing
ones is one of the most topical problems of pharmacology. One of such promising anticancer drug
Is conium, obtained from Conium maculatum [1,2]. Conium contains five alkaloids, of which the
main is coniine-C8H17N. The action mechanism of this drug is explained by the ability to block
cells mitosis at metaphase.

The aim of our work was to determine the possibility of modifying the properties of the
conium drug by doping with water-soluble C60 fullerene.

The UV-visible absorption and IR spectra of solutions of water-soluble fullerene C60, conium
and their mixture have been obtained. The changes in the absorption spectra indicate the
transformation of the C60 electron structure and complex formation.

Besides, IR-spectra of the conium+fullerene complex have been calculated using the
Gaussian03 program. The structure optimization and the vibration spectrum previously performed
using the Hartree-Fock basis G3-21. Then using density functional theory (B3LYP) with basis 6-31
G (d) the energy of the ground state and the vibration spectrum were calculated. In the IR-spectrum
of the complex the line 1684 cm-1 caused by the stretching vibration of the double bond C=N of y-
coniciine. We consider that the breaking of the double bond indicates the y-coniciine-fullerene
complex formation.

1. Galey F.D., Holstege D.M., Fisher E.G. Toxicosis in dairy cattle to poison hemlock
(Conium maculatum) in hay: isolation of Conium alkaloids in plants, hay, and urine // J. Vet. Diagn.
Invest. - 1992. - Vol .4. - P. 60 — 64.

2. Lee S.T., Green B.T., Welch K.D., Pfister J.A., Panter K.E. Stereoselective Potencies and
Relative Toxicities of Coniine Enantiomers // Chem. Res. Toxicol. - 2008. - Vol. 21, N 10. - P.
2061-2064.

BIOMEDICAL APPLICATIONS OF NEUTRON
SPECTROSCOPY IN CONFINED LIQUIDS

L.A.Bulavin, A.V.Chalyi?, V.F.Chekhun® K.A.Chalyy? L.M.Chernenko®, A.V.Severin*

1) Department of Molecular Physics, Kiev National University, Kiev, Ukraine
2) Department of Medical and Biological Physics, National Medical University, Kiev, Ukraine
3) Institute of Experimental Pathology, Oncology and Radiology, NAS of Ukraine, Kiev, Ukraine
4) Institute of Surface Chemistry, NAS of Ukraine, Kiev, Ukraine

AHorania. TemnepaTypHa Ta po3MipHa 3aJieKHICTh IIMPUHHU MIKY KBa31€JIaCTUYHOTO PO3CISHHS
HEUTpOHIB Ta KoedilieHTa TUQyY3ii OTpUMaHI TEOPETHYHO Ta EKCIEPUMEHTAIbHO IMiJITBEp/HKEHA
JUIsL BOJHUX CYCIEH31M MIa3MaTUYHUX MeMOpaH MyXJIMHHUX KIITHH. BIUIMB mpoTUMyXJIMHHHUX
aHTUO10THKIB BiacaiakoBaHo 3a gonomororo KITPITH metony.

AHortanus. TemneparypHast U pa3MepHas 3aBUCUMOCTb IIMPUHBI MMKAa KBA3UYNPYroro paccesHus
MEIJICHHbIM  HelTpoHoB u  kKodpduuumenta auddy3un  momyueHsl  TEOPETHUECKH U
HKCMEPUMEHTAJIbHO MOJATBEP)KIEHBI U BOAHBIX CYCHEH3UM IJIa3MAaTUYECKUX MEMOpaH KIIETOK
ornyxoJeil. BiusiHre npoTHUBOOYyX0JIEBBIX aHTUOMOTUKOB IPOCIEXeHO ¢ momols meroga KYPMH.
Annotaion. The temperature and size dependence of the width of quasi-elastic peak in neutron
scattering data and the diffusion coefficient are obtained theoretically and confirmed experimentally
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for the water suspensions of plasmatic membranes of tumor cells. Influence of antitumor antibiotics
is traced by QESNS method.

Karouosi ciioBa: [3oMopdizM, IpocTOpoBO-00MeKeH1 piAMHHU, KBA3IMPYKHE PO3CISTHHS MOBUIBHUX
nertponis (KITPITH).

KawueBblie cjioBa: M30Mophu3M, MpocTpaHCTBEHHO-OIPAaHHUEHHBIE KUAKOCTH, KBa3HUYIIPYToe
paccesinue MeieHHBIX HeHTpoHoB (KYPMH).

Keywords: Isomorphism, finite-size liquids, quasi-elastic slow neutron scattering (QESNS).

Plasmatic membranes play an important part in forming of resistivity of tumular cells to
action of antitumor medicinal substances (for example, doxorubicine). The definite features of
transport properties [1] of plasmatic membranes in relation to doxorubicine are exist [2]. In [3] in
the system of in vivo was observed the reduction of mobility of lipoacid tailings in composition of
lipids of plasmatic membranes of Guerin’s carcinoma associated with the forming of resistivity to
doxorubicine. It results in the rise of microviscosity of plasmatic membranes and reduction of
passive diffusion of xenobiotics. The mobility of lipoacid tails and heads of phospholipids of
plasmatic membranes correlates with the number of water molecules that are bound to them.

It should be mentioned that cell’s membranes represents the typical finite-size biological
object. In such complex systems, geometrical factor of spatial restriction could cause profound
changes of static and dynamic properties [4] of liquid matter. The detailed analysis of selfdiffusion
parameters of water molecules in suspensions of plasmatic membranes of tumular cells (subcultures
of Guerin’s carcinoma) which are sensible and resistant to the doxorubicine (before and after the
course of chemotherapy) is highly expedient for the collecting of clear data in relation to the
mechanism of this phenomenon.

In a living organism the water molecules is found to be in the contact with macromolecules of
albumins in the tiny volumes of channels in the membranes. Study of dynamic properties of
molecules of water in a liquid environment, for example, in suspensions of plasmatic membranes of
cells, could give valuable information about its structure, state and specific of functioning. The
method of Quasi-Elastic Slow Neutron Scattering (QESNS) is the powerful instrument for
conducting of such researches. Application of this method for research of water solutions and
suspensions of biological objects of is based on that fact, that the cross-section of dispersion of
neutrons on the atoms of hydrogen and hydrogen-containing molecules of albumins exceeds on an
order the cross-section of dispersion of neutrons on the atoms of other chemical elements [1].

Investigation of the influence of antitumor antibiotics on the dynamic state of molecules of
water in liquid suspensions of plasmatic membranes of cells of tumors was the purpose of this
work. Biological tissues of Guerin’s carcinoma that were taken from laboratory male rats had
become an object for the research.

The plasmatic membranes of tumular cells were separated by the method of differential ultra-
centrifuging in the gradient of sucrose with concentration 0,1 mg/ml on an albumin. Research of the
samples by a QESNS method was conducted on a spectrometer.

The nuclear reactor of the Institute of Nuclear Researches of NAS of Ukraine was the source
of the neutrons for this spectrometer. During the experiment was observed the power spectrum of
neutrons which were scattered by the samples. The analysis of broadening of the peaks of such
spectrums allows to determine the changes of water molecules selfdiffusion coefficient in explored
water suspensions of plasmatic membranes of tumours cells.

From the QESNS spectrums for every angle of dispersion the width of quasi-elastic peak AE
was determined and its intensity /,. Basic information about diffusive motions of water molecules is
contained in the experimental dependence of broadening of quasi-elastic peak AE on the square of
the passed impulse g (on the angle of dispersion) [5]. Analysis of these spectrums, namely,
analysis of broadening of QESNS peak AE, allows to define the coefficients of selfdiffusion of
water molecules and mean lifetime of hydrogen bonds in water suspensions of plasmatic
membranes of tumular cells of sensible and resistant to doxorubicine.
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The experimental findings of QESNS measurments in water suspensions of tumular cells
plasmatic membranes of Guerin’s carcinoma can be analyzed within the framework of existent
models of diffusion [1]. Quasi-elastic scattering of neutrons (dispersion, that takes place with the
small change of energy and wavelength of neutron) gives insignificant, but noticeable, broadening
of the spectrum’s peak. The magnitude of peak’s broadening AE indicates on the degree of
development of diffusion in a liquid.

It shows that application of antitumor drugs causes profound change of the number of water
molecules that are found in the bind state and free state. Such changes are the confirmation that the
greater number of H,O molecules in water suspensions of plasmatic membranes pass to the bind
state. Influence of antitumor antibiotics on Guerin’s carcinoma shows the noticeable increase of
connective power of albuminous molecules of tumor cells in relation to the water molecules.
Existence of the correlation between the change of selfdiffusion coefficient of water molecules and
sensitiveness of different groups of biological tissues to antitumor drugs enables to estimate the
efficiency of its application.

1. Bulavin L.A. Neutron researches of dynamics of liquids. — Kiev, Vyscha Shkola, 1979.

Tritton T.R. Cell surface actions of adriamycin // Pharmacol. Ther. -1991. - Vol. 49, Ne 3. —P.
293-300.

2. Chekhun V.F., Lebed O.1., Tryndyak V.P. et al. Structural alterations of plasma membranes
of Guerin’s carcinoma cells upon the development of resistance to doxorubicine // Exp.Oncol. -
2002. Vol. 24. —P. 279-283.

3. Chalyy K.A. Model of Choline Receptor: Properties of Liquid System With Geometry of
Long Bar // Physics of Alive, -2003, Vol. 11, —P. 51-57.

4. Bulavin L.A., Chalyy K.A. Neutron Studies of the Critical Properties of Mesoscale Liquids.
— Kiev, Naukova Dumka, 2006.
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