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THE CURRENT STATE OF THE SYSTEM OF PATIENT'S COMPUTED
TOMOGRAPHY DOSE CONTROL IN MEDICAL INSTITUTIONS OF UKRAINE

The issues of dose load control on patients caused by X-ray computed tomography (CT) are
considered. It was found that in many countries of the world the prevalence of modern technologies
of CT diagnostics is growing, however they are the ones that cause the greatest radiation exposure
on the patient. In order to monitor the collective dose of CT scans within the state in developed
countries a careful collection of statistics on CT studies is carried out. In Ukraine systematic
monitoring of the collective dose of CT is still not carried out, which violates the requirements of
the International Commission on Radiological Protection. A promising solution to this problem is
to create a national database of statistics of CT diagnostics.

The analysis of data of the All-Ukrainian audit of CT on the number of CT systems in the
country as of 2019 is carried out. Based on the obtained data the comparison was made between
the data of the State Inspectorate for Nuclear Regulation of Ukraine (SINR) and the Ministry of
Healthcare of Ukraine regarding the use of CT in the country. Significant differences in the number
of CT systems have been identified, which indicates the absence of unified approaches to the
accounting and monitoring of CT in Ukraine.

A typical procedure for monitoring dose levels of irradiation during basic x-ray studies is
considered. The main factors of the formation of the dose index for interventional and spiral CT are
revealed. The possibilities of reducing the dose load on the patient due to a change in the multi-
spiral CT scan modes are considered. To obtain reference dose index values for spiral CT, a
dosimetric x-ray anthropomorphic phantom was scanned.

The results can be used in the processing of CT audit data, for which a questionnaire form is
proposed that contains the parameters of the CT study protocol and the results of measurements
and calculations with the aim of further systematic assessment of the collective dose for CT in
Ukraine.
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OB30P MEXAHUYECKHNX 1 TEPMOJUHAMWYECKHX MOJIEJIEN
KOXY YEJIOBEKA B KOHTEKCTE INIACTUYECKOM XUPYPTUU

Pacemampueaiomest nooxoobt KOMNbIOMEPHO20 NAAHUPOBAHUSL ICUEHUSL 0HCO208 HA OCHOBE
MAMEMAmuyecko20 MoOeIUpOBanUs OUOPUIUUECKUX CEOUCME KOJNCU C NOMOWbIO MEXAHUYECKUX
Mooenell, YUUmvl8anwux ynpyaue u NACMUYHbIE CB0UCMEA KONCU, U MEPMOMEXAHULECKUX
Mooenell, Komopvle yuumwvléarom mepmopecyisyuio mkanu. I[lpueodumcs kpamxuii 0030p
COBPEMEHHBIX NPeOCMABNeHUull 0 CMPOeHUU U (QYHKYUOHUPOBAHUU KOMCU Hel08eKd ¢ 0COObIM
BHUMAHUEM K CMPOCHUI0 KPOBEHOCHOU cucmemvl. Ommeuaomcs 00CmMOUHCmea u HedoCmamku
OdanHwvix modeneu. Obcyscoaemes 60npoc 0 NPUMEHEHUU MOOeIUPOBaAHUsL 8 001ACMU NIACMUYECKOU
Xupypeuu, 6 uaCmHOCMU, IKCNAHOepHOU OepmameH3uu. Paccmampusaemcs mamemamuueckoe
Mmooenuposanue pocma koxcu. Ommeuaemcs, ymo MexaHudyeckue Mooenu KOMCU OCHOBAHbL HA
BLIYUCTEHULU B3AUMOCES3U HANPSNCEHUe-0epOopMayusi U NPU U36ECMHOU 3A6UCUMOCMIU, eClU MOIbKO
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MoOellb 00CMAMOYHO NOJIHO OMPAdCAem pedibHble C80UCMBA KOMCU, CMAHOBUMCS B03MONCHBIM
nooobpams maxue 6eIUYUHbI U HANPAGIeHUs Oepopmayuil, 4mobObl HaANpsaxiCeHue O0KA3aAN0Ch
MUHUMANbHBIM. Paccmompennvle mooenu (hyHKYUOHUPOBAHUS KOJMCU 001A0aAI0M NpeuMyuecmeamu
yuema peanbHo20 CMPOEHUs. KOXCU U OMHOCUMENbHOU NPOCMOMOU GbIYUCTIUMENbHOU Peatu3ayul.
Oonako, cpasHumenvho c1abo pazpabomamnvl Memoovl, pedrusyrouue maxKue c80UCMEa KOHCU KAK
HeUHEeHOCMb U AHU30MPONHOCMb (no IuHuam Jlaneepa u pacnonodxicenuro KanuuispHou cemu).
IIpu smom Heobxo00UMbIM ABNAEMCA NPUMEHEHUE OAHHBIX N0OX0008 K MOOEIUPOBAHUI0 Npoyeccd
PACMAdCEHUSL KOJMCU 60 6peMs Onepayuu 3KCHAHOEPHOU OepMAameH3Uu C YYemoM pedsbHbIX
napamempog  koxcu.  IlepcnekmusHbiM — NOOX000M  AGIAEMCS  NPUMEHEHUe  Memooos
MeNnJI08U3UOHHOU OUASHOCMUKY Ol 8U3YAIU3AYUU COCYO08 8 npoyecce danonHou mepanuu. llpu
amom HabrodeHue 06padbamvi8aemoco yuacmka 6 UHGPAKPACHOM OUanasome No3804UM
paccuumams cOOmeenmcmeaue mepmMomexanuyeckol mooenu oeticmeumenvHocmu. Mooenuposanue
INACMUYLECKUX CBOUCME KOXMCU NO3BOIUM  YUUMBIEAMb (DYHKYUOHANbHBIE O0COOEHHOCMU NpU
9KCNAHOEPHOU OepMameH3uU U NpUMeHeHue maxKux mooenell 8 NIacmuidecKol Xupypeuu no380aum
npoBOOUNMb KOMNbIOMEPHOE NIAHUPOBAHUL ONEPAMUBHBIX BMEUAMENbCINE NPU JeUEeHUU 0XHCO208,
coxkpawams 8pems peadburumayuy U yMeHbuams pUck 0ClL0HCHEHULL.

Kniouesvie cnosa: moolenuposanue Kodcu, aneuocomuas meopus, aunuu Jlaumeepa,
VpasHenue 6UOmMenia, pocm KOdcu, KOMNbIOMepHoe NIAHUPOBAHUE 8 XUPYDIUU.

ITocTanoBka npodJieMbl. B HacTosiiee Bpemsi Bce O0JbIlie METUIIMHCKUX JI€UYEeOHBIX 3a1a4
OCHOBBIBAIOTCSI HAa JIAHHBIX KOMIIBIOTEPHOTO IUIAHUPOBAHUS, TMO3BOJISIIONIMX HAa OCHOBE
MaTEeMaTHYeCKUX MoJeJel MpOorHo3upoBaTh pesynbraTel Tepanuu [1, 2]. Ilpu npoBeneHuu
IJTACTHYECKUX OMEpalMii MO TEepecaske KOXH METOJOM JKCIAaHJIEPHOW JEpMATCH3UU XUPYPTH
4acTO PYKOBOJCTBYIOTCSI WHTYUTHUBHBIMH COOOPa)KEHHUSIMHU, BBIOMpAas MECTO pa3MEUIeHHs U
OpHEHTAIMIO OaJJIOHA Ha Teyie YenoBeka. [ monydeHus 0ObEKTUBHBIX JIAHHBIX, Y4€T KOTOPBIX
Mor Obl OOJEryuTh oOmepanuio U u30exarb OCIOKHEHUH, HEOOXOAMMO HMETh MOJEb
(YHKITMOHUPOBAHMH KOXKM dYelloBeKa. B ojgHOW w3 mnpeapaymmx padoT [3] MbI IpUBOAMIN
MPOTOTUIl CPABHUTENHHO MPOCTON MpOrpamMmbl AJi aBTOMATH3aIlMM pabOThl XUpypra Mpu ydeTe
pacnionoxenus auHuid Jlanrepa. [Ipy 3TOM akTyalbHOW 3aayeil SIBISETCS OLEHKAa MOAXOJ0B K
MOJIETTUPOBAHUIO YIPYTHX, ATACTUYHBIX, 1 TEPMOJIUHAMUYECKUX CBOMCTB KOXKH, a TaKKe Mporiecca
ee pocra.

AHaJIU3 NOCJIeIHUX UCCIAeI0BAHNNA M MYyOJIUKAIHIA.

Crpoenue koxu. Koxa sBIseTcs caMbIM KPYIHBIM OPTaHOM YeEJIOBEKA. JTO CIIOKHAs,
MHOTOYPOBHEBas TKaHb, COCTOAIIAS U3 AMUAECPMUCA, AEPMBI U THIOJAEPMBI (TIOJKOKHOTO Kupa). B
koxke yenoBeka oT 300 mo 350 MJIH KJIETOK, KOTOPBIE TMOJHOCTHIO OOHOBIISIOTCS B CPEAHEM 3a
npoMexyTok Bpemenun oT 60 go 80 nueil. Uem mmuaamie opraHu3M, TeM Jerdye M ObICcTpee
MPOUCXOAUT OOHOBJICHHUE KJIETOK [4].

Tkanp KOXHM OOWIBHO MPOHW3aHA KPOBEHOCHBIMU COCYIAAaMH TaKHM OOpa3oM, 4TO €€
KPOBOTOK 3HAUUTEIbHO NMPEBOCXOJAUT COOCTBEHHbIE MOTPEOHOCTH B OOMEHHBIX Ipoleccax. JTo
OOBSICHSIETCSI T€M, YTO KpOBB, IMOCTYMAaIIas B KOXY, WIPaeT pOJb HOCUTENS TeIia Mpu
TEPMOPETYJISALHUUA. DTOH Ke LENH CIy)KaT CBOCOOpa3HbIe CIIYHTBD» MEXAY apTepUsIMHU U BEHAMH —
aHACTOMO3bI, TO3BOJISIIONIME CPABHUTEIBHO OOJBIIOMY O0BEMY KpPOBH MPOXOAWTH B 00XOJ
KanmuuisapoB [4].

OnHoil M3 MepBBIX MOJIENEH CTPOEHUS KPOBEHOCHOTO pyClia KOXKHM CTajla aHTMOCOMHAst
teopusi. COrIacCHO TOM MOJENH, TEJO YeJIOBeKa MOoJApa3iessseTcs Ha 000COo0JeHHbBIE TPEXMEpPHBIE
CeKI[MW, THUTaeMble OTACIbHBIMU OTBETBICHHSIMH apTepuii M CHaOKEHHbIE COOCTBEHHBIMU
BEHO3HBIMH OTBETBIIeHUsAMH. [IpaBna, nampHEWIMe MCCIIeOBAHUS MOKA3aJIM, YTO aHTHOCOMBI HE
SIBIIIFOTCST a0COMOTHO 000COOIEHHBIMU, @ COOOIIAIOTCS Yepe3 aHACTOMO3bI Ha YPOBHE CKEIETHBIX

167



Hayka Ta BUpOGHMIITBO

2019 p. Bum. 21
Bioin:xenepis

MbIl. HecMOTpst Ha 3TO, 3HaYeHHE aHTMOCOMHOM TEOpHM COXpaHseTcs B cdepe MIacTHUecKOon
XUPYPTUH.

KpoBocHaGkeHne KOXU CHJIBHO HEOJHOPOJHO BO BPEMEHH U MpocTpaHcTBe. MeToaom
Ja3epHON JOMIICPOBCKON (QuioyMeTpur ObLIO YCTAaHOBIEHO, YTO B HOpME Koka moirydaeTt 5-10 %
cepaeanoro Beiopoca (200 mo 500 mu/mun) [5]. Ilpu 3TOM KpoBOCHAOXKEHUE Pa3IMYHBIX 00JIacTei
Tela MOXeT OTJhyaThcsi Oosiee 4eM B JBa pa3a. Haubonblieli MHTEHCHUBHOCTHIO KpPOBOTOKA
o0namarT, HaMpUMEp, MOYKH yXa U JIAJJOHH, a HaUMEHBIICH — rojieHu u npenmieubs [5]. Ho u
KPOBOTOK OJIHOM M TOH k€ 00JaCTH KOXH HE SIBJISETCS MOCTOSHHBIM, a MOJBEPKEH KOJICOaHUSIM C
TUIUYHBIM nepuooM 0,5-5 MUH, KOTOpBII 3aBUCUT OT Pa3JIMYHBIX PETYJIATOPHBIX BO3ICHCTBUIA.
3HA4YMUTENIbHOE BIUSHUE OKa3bIBAIOT U CYyTOYHBIE, CE30HHBIE, KIMMAaTUYECKUE BIUAHUA [4,5].

MexaHn4yecKkue MOJeJIU KOXKH.

CornacHo [6] cylecTBYIOT TpU MOJAX0Aa K MOJCIUPOBAHUIO MEXAaHUYECKUX CBOMCTB KOXKHU:
MAaKpOMEXaHUYECKUM, MUKPOMEXaHUYECKUM U ME30MEXaHUYECKU.

[IpuMepoM MakpoOMEXaHMYECKOTO MMOAXOJAa SBIIETCA PACCMOTPEHUE KOXU B KayecTBE
AJAaCTUYHOM MEMOpaHbI, CKOJIB3AIIEH MO TBEpAOMY ocHoBaHuIO [7]. Torma, B ciaydae MalibIx
oOpatumbIx nedopMaiuii, 3aBUCUMOCTb HAPSHKEHUH OT AeopMaliy JaeTCsl ypaBHEHUEM:

N _ 00
ayaﬂ

e N7 KOHTpaBapuUaHTHbIE KOMIIOHEHTHl TEH30pa HANpSOHKEHUU B
KPUBOJUHEHHBIX KOOpJIMHATAX (B OOIIEM Cllydae) Ha MOBEPXHOCTH KOXKH,
Y4p~ KOBapHAHTHBIC KOMIIOHCHTHI TeH30pa Aedopmannu, O — yraenbHast

IIOTCHIOHXAJIbHAA SHCPIUA I[G(l)OpMaI_[I/II/I.
[IpocreiimuM BpIOOPOM 3HEPrUuM AePOpMaIiK, YAOBICTBOPSIOIIUM SKCIEPUMEHTAIBHBIM
pe3yJibTaTam, sBIISETCS:

O =AY, XP(B” 7,5 +Cr7r,,),
rae: A 1 B — TeH30pbI ynpyrux NocTosiHHBIX, a C — ckaysp. B ciydae 6obmmx
HE0OpaTUMBIX JehopMaIuil UCTIOJIb3YeTCs BhIpAKEHHE:
N7 = A"y, exp(B"y,; +Cr™y,,)

B paGorte [7] mnpemyaraercsi yCOBEpPIIEHCTBOBAaHHE JTOM MOJEIH, MPEIoJarariiee
UCIOJIb30BaHNE OPTOTPOIUU KOXKH U CBSA3bh MOBEPXHOCTHBIX KOOPAUHAT ¢ TUHUsIMH JlaHTepa.

Me3oMmexaHuueckuii TOAXOA TpeiactaBieH B pabore [8]. 3mech  yuuThIBaeTCs
THCTOJIOTHYECKass HH(OpMalMs O pAacloNOKEHUH KOJJIAar€HOBBIX BOJIOKOH, a HMMEHHO, HX
VIOPSA0YCHHOCTh B TIYOOKUX CJIOSX KOKH W XaOTHYHOCTh B IOBEPXHOCTHBIX. Takas MOJeib
MO3BOJISIET MIPEJICKAa3aTh OTPAHUYECHHYIO TIOJ3Y4eCTh U HETOJIHYIO PellaKCalliio HaMPsHKeHUH.

MUKpOMEXaHUYECKH  TOJXOJ, OCHOBAHHBIM HAa OLEHKE CyYMMapHOW  peakuuu
COJIEp>KaIINXCs B KOXKE€ BOJIOKOH KOJUIareHa WM AJIacTWHA, BBIOpaH B padote [9]. B sToit monenu
M3BWJIMCTOE BOJIOKHO KOJIJIareHa MepecekaeTcst MPsIMbIM BOJIOKHOM 3JIaCTHHA B HECKOJIBKUX TOYKAX,
o0pa3yst BomHOOOpasHbie cerMeHTHl (puc. 1). Takum oO6pazom, mpu Manbix AedopMaIUsx HTPArOT
pOJIb YIIPYTHE CBOMCTBA AJIACTHHA, a TIPU OOJBIINX — KOJUTareHa.

[TnoTHOCTh TIEpecedYeHHii M MPOCTPAHCTBEHHON OpPUEHTAIIMHM TaKUX CETMEHTOB 3aJIal0TCs
(GYHKIUSMU pacpeieICHus], KOTOPbIe MOTYT ObITh HalJICHBI U3 SKCIIEPHMEHTOB.

B pabore [8] ¢ momoIlpl0 METONOB CTATHUCTUYECKOW MEXaHWKH OBUT TOJY4EeH 3aKOH
KOHEYHBIX JedopManuii Ui KOXHU Kak JUIsl OPTOTPOITHOTO HEJMHEHHOrO0 Marephalia ¢ TATHIO
HEOOXOMUMBIMH ~MaTEPHATbHBIMM KOHCTAHTAMM: IUIOTHOCTh MOJEKYISPHBIX IIeTel, Tpu
OTHOIICHHUST CTOPOH MHHHMAJIBHOW TIOKA3aTCIIbHON SYEHKM W MOIYJbh OOBEMHOTO CIKATHS.
UucneHHbIe pelieHus] ypaBHEHUI COCTOSIHUSI TPOBOAMIINCH METOIOM KOHEUHBIX PAa3HOCTEH.
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Pucynok 1 — PacnonokeHue »inacTuHa U KoJUTareHa B MUKPOMEXaHUYECKOW MoJienu [9]

TepmoMexaHuYecKue MOIEJIH.
OCHOBHBIM ypaBHEHHUEM JIJIsi MOJCIIMPOBAHMS TEIJIOOOMEHA B TKAHSAX SIBISICTCS YPaBHEHHE
ouoreruia:

or
pe— +V(=kVT) =v,2,6,(T, ~T) +Q, rze:

p,C, T — mIoTHOCTE, y/enbHas TEMIOEMKOCTh M TEMIIEpaTypa TKaHu B Touke, Vi, 0,,Cp, Ty —

CKOPOCTb Tep(y3uH, INIOTHOCTb, yAETbHAS TEINIOEMKOCTh H TEMIIEpaTypa KPOBH COOTBETCTBEHHO.
Q — Temo, MOIJIOMIEHHOE U3 IPYTHX MCTOYHUKOB (KaK BHELIHMX, TAK ¥ BHYTPEHHHUX ).
Hcnonp30BaHue 3TOW MOJEIM MOXET JOMOJHATh MEXaHWYECKYI0 MOJIENb: BHaJaje

paccUMTHIBACTCS paclpeieleHue Tella B KOXe, a 3aTeM J3TO BIMSHHE BKIIOYACTCS B

MEXaHUYECKYIO MOJICIb.

Oocyxaenne.

MexaH4ecKkne MOJENM KOXH OCHOBAHBI HAa BBIYMCICHHHM B3aUMOCBSI3HM HAaIPSDKEHHE-
nedopmanus. [Ipyn U3BECTHON 3aBUCHMOCTH, €CIM TOJBKO MOJAENH JAOCTaTOYHO MOJIHO OTpaKaer
peanbHBIE CBOWCTBA KOKH, CTAHOBHTCS BO3MOYKHBIM HOJ00pATh TaKWe BEITUYMHBI U HATIPABICHUS
nedopmaruii, 4ToObl HANpPsDKEHHE OKAa3aJloCh MUHUMAIbHBIM. OJTO, B CBOIO OYepe/b, MOXKET
MO3BOJIUTH CIUIAHUPOBATh XHPYPTUYECKOE BMEMIATENBCTBO TaKUM 00pa3oM, YTOOBI OOJIETrduTh
IpOIecC 3aXHMBJIEHUS CIIMTOM paHbl, MOCKOJBKY M3BECTHO, YTO Kpas LIpama I0JBEPrarTcs
pactspkeHuto [10]. OpHako, OOJBUIMHCTBO CYILIECTBYIOIIMX MOJENEH IHMOCTPOEHBI TOJIBKO ISt
JMHEWHOTO H30TPOIHOTO MPUOJIMKEHUs, KOTOpOe, KaK OYEBHJIHO M3 aHalN3a CTPOSHHS KOXH,
CHJIHO PAaCXOAMTCS C JCHCTBUTENFHOCTRIO. BMecTe ¢ TeM, y4eT HeMMHEHHOCTH M OPTOTPOIMHOCTH
KO>KM IPUBOJIUT K 3HAUUTEIbHOMY YCIIOKHEHUIO BEIYUCIICHHUH, BBINOJIHAEMBIX HA OCHOBE MO/IEIH.

Taxke, B HacTosmIee BpeMs, CYHIECTBYeT HE TaK MHOTO palboT, KOTOpBIE IMOCBSIIEHBI
MOJISJIMPOBaHMIO pocTa Koxku. Hanbosnee nmokasatenbHa Mojienb, onrcanHas B padote [10]. Ee cyTb
3aKJII0YAeTCsl B pa3lesieHuu TpaaueHTa aedopmamuu F Ha JBe MYJIbTHIIMKATHBHBIE YacTH,

OTBETCTBEHHBIE 32 DIIACTHYECKYIO 0OpaTtuMyto aedopmanuio ( F,) u neobpatumsiii pocr ( F, )
F=FF,
3aTCM, HCIIOJIB3YSA YPABHCHUC HCHIPCPBIBHOCTU MACCbl C MCTOYHHUKOM MACChHI B npaBoﬁ
YaCTH, UMEIOIIUM BUJ:

- -1
RO :pOtr(Fg Fg )l
rne Py - INIOTHOCTH KOXH, Fg - MPOMU3BOJHAA IIO0O BPEMCHH OT I'paJuCHTa

,Z[C(l)OpMaHI/II/I, OTBCTCTBCHHOTO 3a PpOCT KOXH, a TaKXKC TCPMOJUHAMHUYCCKOC
YpPaBHCHHUC FCJ’IBMI‘OJ’IBH& N HCKOTOPLIC AOMOJHUTCIILHBIC YCIOBUA, aBTOPbI YHMCJICHO
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pemaroT TOJYyYEHHYI0 CHUCTEMY YpaBHeHM. B pesynbrate KOMMBbIOTEPHOTO
MOJIETUPOBAHUS OBLIIM MOJYUYEHBI CJIEYIONINE pe3yabTaThl (puc. 2).

4.5
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sddexr

3JIaCTUYHOCTH

OTHOCHUTEILHOE YBCIMYCHHUC IJI0MIa U

0.00 0.20 0.40 0.60 0.80  1.00

HopmupoBannoe Bpems

PI/ICYHOK 2 — 3aBHCHUMOCTH IIPpHUPOCTAa IIoIaaAu KOKHOI'O IIOKpOBa OT BPECMCHHA

[Topsimok KpUBBIX CHU3Y BBEpX: 3JacCTHYECKash KOMIIOHEHTA YBEJIMYEHUs, YBEIMYEHHUE 3a
CYeT pocTa KOXH, o0l mpupoct. [locneaHeit mMTpUxoBaHHON JIMHUEH OTMEYEH MOMEHT CHSITHS
Harsokenust [10]. [lanHas Mojeidb XOpOIIO YYHUTHIBAET TEPMOJMHAMHUYCCKHE M HEJIMHEHHbIC
CBOMCTBA KOXH, OJIHAKO, €€ HEJOCTATKOM SIBJISIETCS M30TPOITHOE MPUOIIMIKEHUE.

BbBIBO/IbI

PaccmoTpenHble Mofenu (pyHKIMOHUPOBAHUS KOXH 00Ja/1al0T TAKUMH IPEUMYILECTBAMU:
YUET pPeabHOro CTPOEHUS KOKHM, OTHOCUTENIbHAS IIPOCTOTA BBIUMCIUTENbHON peanu3annu. OnHako,
CpPaBHUTEIBHO CJ1a00 pa3pabOTaHbl METONbI, pPEATU3YIOIIMEe TaKhe CBOMCTBAa KOXH Kak
HEJIMHEHHOCTh M aHU30TPOIHOCTh (TMpUYEM He TOJBKO 1O JuHMAM JlaHrepa, HO W 1O
pacrlojoKEHUI0 KanwuisipHOM ceTku). Takum o0pa3oM, NEpCHEKTHBHBIM HAalpaBiIeHUEM
UCCIIEIOBAHWM SIBJISIETCS IPUMEHEHHNE JaHHBIX MOAXO0A0B K MOAEINPOBAHUIO NIPOLIECCA PACTKEHUS
KOXKM BO BpEMs ONEpPALMM JKCHAHACPHOM AEPMATEH3UU C YYETOM PEaJbHBIX MapaMETPOB KOKH.
IIpu »TOM HabmoJeHHe 00pabaThiBAEMOro ydacTKa B HH(PAKpacHOM JMana3oHe MO3BOJIUT
paccuuTaTb COOTBETCTBHE TEPMOMEXAHMUYECKOW MOJEIM ACHUCTBUTEIBHOCTH. MoJeaupoBaHue
AJIACTUYECKUX CBOMCTB KOXXHM MO3BOJUT YUYUTHIBATh (PYHKIMOHAIbHbIE OCOOCHHOCTH TIpU
SKCHAHJICPHOM JEPMATEH3WW W TPUMEHEHUE TaKUX MOJIEJied €€ B IUIACTHYECKOM XUPYpPruu
MIO3BOJIUT IIPOBOJNUTH KOMIIBIOTEPHOE IUIAHUPOBAHUN ONEPATHUBHBIX BMEIIATENBCTB NPHU JICYEHUH
0’KOTOB, COKpAIaTh BpeMs peaOMIINTAlluU U YMEHBIIATh PUCK OCIOKHEHHI.

Cnucok ucnonb3zyemvix UCMOYHUKOG:
1. Principles of computer planning in the functional nasal surgery / O. G. Avrunin [et al.]
Il Przeglad Elektrotechniczny. — 2017. — R. 93, N 3. — S. 140-143.
2. IHTenexryanbHi TEXHOJOTIT MOJETIOBaHHS Xipypridynux BTpy4anb / O. . Aepynin [ma

in.]. — Xapkis : XHYPE, 2018. — 224 c.

170



Hayka Ta BUpOGHMIITBO

2019 p. Bum. 21
Bioin:xenepis

3. BosmoxuocTt KOMIIBIOTCPHOI'O ILUIAaHUPOBAHHA IIpHU JICUCHUHW OXXOI'OB METOJO0M
skcnanaeproit aepmorersuu / A. O. Kupsik [u op.] I/ Hayka Ta BApOOHUIITBO : MIXKBY3. TeMar. 30.
Hayk. nipars / JIBH3 «I[TITY». — Mapiynons, 2019. — Bum. 20. — C. 150-155.

4. banabanos, E. U Koxa uenoBeka. Mexanuueckue cBoicTBa. Temonepenaua.
Ananutndeckuii  0030p [Onekrponnsiii pecypc] / E. U Banabanos.— Pexum noctyna:
http://osense.narod.ru/library/physics/html/041001

5. Xananawsunu, A. A. Jlekuuu o (HU3NOIIOTUN PETHOHAPHOTO KpoBooOpameHus / A. A.
Xananaweunu. — PoctoB-Ha-Jlony, 2010. — 88 c.

6. Danielson, D. A. Human skin as an elastic membrane / D. A. Danielson // Journal of
Biomechanics. — 1973. — Vol. 6, N 5. — P. 539-546.

7. Tong, P. The stress-strain relationship for the skin / P.Tong, Y. Fung // Journal of
Biomechanics. — 1976. — Vol. 9, N 10. — P. 649-657.

8. Bischo, J. E. A Finite element modeling of human skin using an isotropic, nonlinear
elastic constitutive model / J. E. Bischo, E. M. Arruda, K. Grosh // Journal of Biomechanics. —
2000. — Vol. 33, N 6. — P. 645-652.

9. Lanir, Y. A Structural theory for the homogeneous biaxial stress-strain relationships in
flat collagenous tissues / Y. Lanir // Journal of Biomechanics. — 1979. — Vol. 12, N 6. — P. 423-436.

10. A Microstructurally Based Orthotropic Hyperelastic Constitutive Law / A. M. Zollner
[et al.] // Biomech Model Mechanobiol. —2012. — Vol. 11, N 6. — P. 855-867.

Kiriak A. O., Kokorev A. E., Avrunin O. G., Sorochan E. N.

A REVIEW OF MECHANICAL AND THERMODYNAMIC MODELS OF HUMAN
SKIN IN THE CONTEXT OF PLASTIC SURGERY

The purpose of the work is to review existing skin models based on its various properties:
mechanical, thermodynamic, as well as skin growth models under the influence of external tension.
The simplest model of structure of skin is an angiosomal theory. According to this model, a human
body is divided by the separate three-dimensional areas, fed by the separate branches of arteries.
There are three approaches to modeling the mechanical properties of the skin. The advantages and
disadvantages of these models are noted. The question of the use of modeling in the field of plastic
surgery, in particular, expander dermatension, is discussed. Mathematical modeling of skin growth
is considered. It is noted that mechanical models of the skin are based on calculating the stress-
strain relationship, and with a known dependence, if only the model fully reflects the real properties
of the skin, it becomes possible to select such values and directions of deformations so that the
stress is minimal. The considered models of skin functioning have the advantages of taking into
account the real structure of the skin and the relative simplicity of the computational
implementation. However, methods that implement such skin properties as non-linearity and
anisotropy (along Langer lines and the location of the capillary network) are relatively poorly
developed. At the same time, it is necessary to apply these approaches to modeling the process of
skin stretching during an expander dermatension operation, taking into account real skin
parameters. A promising approach is the use of thermal imaging diagnostics for imaging blood
vessels in the process of balloon therapy. At the same time, observing the treated area in the
infrared range will allow calculating the correspondence of the thermomechanical model to reality.
Modeling the elastic properties of the skin will allow to take into account the functional features of
expander dermatensia and the use of such models in plastic surgery will allow computer-aided
planning of surgical interventions in the treatment of burns, reduce rehabilitation time and reduce
the risk of complications.
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Kipsk A. O., Koxopes A. E., AppyHnin O. I'., Copouan O. M.

OI'JISII MEXAHIYHUX I TEPMOJUHAMIYHAX MOJIEJIEN IIKIPH
JIOJJAHA B KOHTEKCTI ILIACTHUYHOI XIPYPT'Ti

Poszensoaromscsi  nioxoou xomn'tomepnoz2o NIAHY8AHHA NIKY8AHHSA ORIKIE HA OCHOSI
MAMeMamuyHo20 Mo0eno8anHs 0iogisuyHux eracmusocmeti WKipu 3a 0ONOMO20K MEXAHIYHUX
Mooeinel, Wo 8paxo8yiomv NPYICHI I eNaCmMUdHi 1ACMUBOCHE WKIPU A MAKONIC MePMOMEXAHIYHUX
MoOenel, sIKi 8paxosyroms mepmope2ynayito mkanun. Hageedeno cmucnuti 02140 cy4acHux yseneHs
npo 0y008y i (OYHKYIOHY8AHHA WKIpU TIOOUHU 3 0COOIUB0I0 Y8aA20K0 00 0OVO08U KPOBOHOCHOI
cucmemu. Bioznauaromwvca nepesazu i medoniku oanux mooenei. Q62080proeMbCs NUMAHHA NPO
3ACMOCY8AHH  MOOEN8AHHs 6 00aacmi  niacmuyHoi  xipypeii, 30Kpema, eKCnaHOepHOI
OepmameHn3ii. Posenadaemvca mamemamuyne MOO0eno8anHs pocmy wikipu. Biosnauaemwvcs, wo
MEXAHIUHI MOOeNl WKIpU 3ACHOBAHI HA O00YUCTIeHHI 83AEMO38'13KY Hanpyea-oegopmayis i npu
BIOOMIlLl 3ANENHCHOCMI, SAKWO MINbKU MOOelb 00CUMb NOBHO BIi000PANCAE PealibHi 81ACMUBOCHIT
WIKIpU, CMAe MOJNCIUBUM NIOIOpamu maki eeluduHu i Hanpsamku oepopmayiil, wob Hanpyea
8UABUNOCA MIHIMAnbHUM. Modeni ¢yuKyiony8anHs wKipu mMarme nepesazu w000 OYiHKU pearbHUx
eracmugocmetl WKipu i 8iOHOCHOI0 NPOCMOMOI0 00uuUCI08aNbHOI peanizayii. OOHaK, NOPIBHAHO
cn1abo po3pobreni mMemoou, wo peanizyiomv Maxi 61ACMUBOCMI WKIpU SAK HeNIHIUHICmb |
aHizomponHicms (3a JniHiamu Jlaneepa i posmawyéanuio KaninapHoi mepedxci). Ilpu yvomy
HeoOXIOHUM € 3aCmOCy8aHHs OAHUX NIOX00I8 00 MOOeN08AHHI NPOYecy PO3MA2Y8AHHA WKIpU nio
yac onepayii eKCnamoepHoi O0epMameH3ii 3 YPaAxXy8aHHAM PealbHUX NaApamempis WKipu.
Ilepcnexmusrum nioxo0om € 3acmocy8ants Memooié menjiosizilHoi oiaeHocmukuy 0ns 8izyanizayii
cyoun 6 mpoyeci banonnuti mepanii. Ilpu yvomy cnocmepedicents 00poONOBAHOI OINAHKU 8
iHppauepsonomy  Odianazoni  003601UMb  PO3PAXYBAMU  AOEKEAMHICMb  3ANPONOHOBAHOL
mepmomexaniunoi mooeni. Mooentoganns —eracmudHux —81acmusocmeli WKIipu 00360]UMb
8paxo8ysamu hYHKYIOHANbHI 0COOIUBOCII NPU eKCHAHOEPHOI 0epMameH3ii i 3aCmocy8aHHs MaKux
Mooenell 8 NAACMUYHOL Xipypeii 003601UMb NPOBOOUMU KOMN'IOMeEpHe NIAHY8AHb ONEPAMUBHUX
empy4uaHv npu JIKY8aHHi ONiKie, cKopouyeamu 4ac peadOinimayii ma 3MeHuLy8amu PpusuUK
VCKIAOHEeHb

Knwuogi cnoea: moodeniosannsa wikipu, anciocommas meopis, ninii Jlaneepa, pieHAHHS
biomenaa, picm wKipu, KOMn rtomepHe NiaHy8aHHs XipypeiuHUX 6MPYYAHD.
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