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XapvKo6cKuil HAYUOHAILHBLI MEOUYUHCKUIL YHUGEPCUMEm
XapvKosecKuii HAYUOHAILHBLIL YHUGEPCUMEM PAOUOITEKMPOHUKU

YYET AHATOMMYECKHWX OTBEPCTHUM ITPU IIOCTPOEHUH
KOMIIBIOTEPHOM MOJEJIN TUA®PAT MBI

Pa3paboTano nporpamMmHoe obecrieueHre, O3BOJISIFOIIEE CTPOUTh MHIIMBUAYAIbHYIO MOIETh
IuadparMel 9eIoBeKa ¢ y9eToM aHaTOMIYECKHX OTBepCTHit. [lepconanm3npoBanHas MOAEIb
IuadparmMsl yenoBeKa AaeT BO3MOKHOCTD HAIVISIIHO OLEHUTH TuadparMy U BIUSHUE Ha Hee
MHUIEBOTHOTO, A0PTAIEHOTO OTBEPCTHUS U OTBEPCTHSI HXKHEN MO0 BEHEI.

Knroueswvie cnoea: xomnvromepuas momoepaghus, nepcoHanu3upo8aHHas Mooeisb ouagp-

paemol, aHamomuvecKkue omeepcnius.

JlanHble TOMOrpau4IeCKuX HCCICIOBaHMIMA
MTO3BOJISIIOT MOTYYaTh OTPOMHOE KOJIMYECTBO J10-
MOJTHUTENILHOM HH(OPMALIIH, B TOM YHCIIE U IPU
MOCTPOEHUH KOMIIBIOTEPHOM MOJIENH THa(parmMol.

[locTpoeHHast epcoHaNu3UPOBaHHAs MOJETIb
radparMel, KpoMe Tepeiadn Xapakrepa 1 0Co-
OCHHOCTEH MOBEPXHOCTH, JOJKHA ONHUCHIBATH
€CTECTBEHHBIE aHATOMUYECKUE OTBEPCTHUS B TUA-
¢parme, a IMEHHO OTBEPCTHE HMKHEH MOJION
BEHBI, A0PTAIBHOE OTBEPCTHE U IUILEBOTHOE.

Jannbpie oOpa3zoBaHMs, KpOME CBOHMX Trada-
PHUTHBIX TIOKa3aTesneil, HecyT HH(QOpMAaIHIO O Xa-
pakTepe pe3yIbTUPYIOIEH MOBEPXHOCTH auad-
parmel, €€ reOMETPHUH.

Llens naHHOM PabOTHI — HIOCTPOCHNUE HHAVBH-
JyalbHOW KOMITBIOTEPHON Mojeiu auadparmbl
YesloBeKa C y4eTOM aHATOMHUYECKUX OTBEPCTHI.

WcxonHbIMU JaHHBIMM SIBISIIOTCS 1aHHBIE
KOMITBIOTEPHOM TOMOTpa(uu OTAEIHHOTO Yeo-
Beka, 3akimodeHHbie B ceprro DICOM-u3obpa-
xxeHui [1, 2]. JlaHHas MOJENb CTPOUTCS T10 YKe
TOTOBOM, TPUAHTYJINPOBAHHOM IOBEPXHOCTHU JTU-
a¢parmel (puc. 1).

PaccmoTpum kak npumMep ToMorpaduaecKuii
cpe3 ¢ aopTaibHbIM OoTBepcTHeM (puc. 2). Kak
BHJIHO W3 PHC. 2, JUIsI ONIMCAHMS a0pPTaIbHOTO
OTBEPCTHS Ha OJIHOM Cpe3€ JOCTATOYHBIM SIB-
JII€TCS UCII0JIB30BAHKE DIUIUIICA.

Crnenyer NpUHATH BO BHUMaHHE, YTO B OT-
JIM4YMe OT MPUBEJCHHOTO MPUMEpa SIUIUIIC B 00-
LIEM CITy4ae MOKET UMETh OCH Pa3HOM UIMHBI,
a TaxKe Pa3IMYHbIN yTroJI HaKJIOHA.

B napamerpuueckoMm BuAE ypaBHEHHE 3JI-
JIUTICA UMEET CIEAYIOINN BUA:

x=acos(t)
y=bsin(t),

Puc. 1. TpuanrynupoBaHHas MOJeNb qrHadparMel
6e3 yueTa aHaTOMUUYECKUX OTBEPCTHIH

Puc. 2. Tomorpadudeckuii cpe3 ¢ aopTaaIbHBIM
OTBEPCTUEM
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TJE X, ¥ — KOOPAWHATHI TOYKHU DIUTHIICA;

a, b — moytyocwu 3yuIMICa;

¢ — mapaMeTp ypaBHEHHUSI.

JIJis TOBOPOTa COOTBETCTBYIOIIUX KOOP.TH-
Hat 3yumnca (puc. 3) HeoOXOIUMO BOCIIONB30-
BaThCSl YpaBHEHUEM
rae X, ¥, X', ¥’ — KOOpAWHATHI TOYKH HIUIUIICA JI0

U TI0CJIe MOBOpOTa; M — yroji nmoBopoTa.
¥

L B

Puc. 3. I[ToBopoT smurica

YKa3aHue LEHTPa CTPYKTYPBbI, ONKCHIBAEMOU
AITUIICOM, BBIYHCIISETCS C TIOMOIIBIO BBIPAKEHUS

x' cos(0) —sin(0)| |x
= X

V' sin(0) cos(0)| |y

rae x, y, X', ' — KOOpAUHATHI TOYKH AJUIUIICA 10
U I0CJIEe NEePEMELEHU; CX, Y — KOOPAUHATHI
LIEHTPa CTPYKTYPbI, OITMCHIBAEMOM SILTUIICOM.

Jst ortmcaHus 1eNoi CTPyKTYPBI HE0OXO0TH-
MO paccuuTaTh MOBEPXHOCTh, 00Pa30BaAHHYIO
MacCHBOM JIIIUICOB (puc. 4).

x' =x+cx

y'=y+cy,

Ji1g mocTpoeHusI MOBEPXHOCTH AradparMel
C OTBEPCTUSIMH CJIEIYET OCYIECTBUTH CIELy-
o1l JIOTHYECKOE PEelIeHUEe: TPEYyTOIbHUKH, Ha-
XOAsIIMECs] BHYTPU aOpTalbHOIO OTBEPCTHSI,
WCKJIIOYUTH U3 MoZeNu. TpeyrolbHUK BKIOYa-
€TCsl B MOJIeJIb, €CJIM BCE €T0 BEPIIMHBI HAXO-
JSITCsl BHE OTBepCTHA. Tak Kak M3Ha4aabHO MO-
nenb quadparMbl COCTOUT U3 56 TpeyrojbHU-
KOB, UCKJIIOUYCHHE WX M3 MOJEIH HEBO3MOXKHO.
IToaTOMY KaK1bIil TPEYTOJILHUK PELLIEHO OABEP-
THYTh PEKYpCHBHOMY Pa30MEHUIO HA YETHIpe
TpPEeyrojbHHKA MO CXeMe, IPEACTaBICHHON Ha
puc. 5. Tak, ucxogusiii TpeyroiasHuK ACB pas-

Puc. 4. UnnrocTparusi mOCTPOEHUS TOBEPXHOCTH,
00pa30BaHHOM 110 IBYM DIUTHIICAM
ouBaetcst Ha TpeyronbHukn AC1A1, A1B1B,

CICBI, CIBIAI.

Puc. 5. Cxema pa3oueHus TpeyroJbHUKOB
HCXOIHOW MOJIENH TuapparMel

JonoHUTENIbHBIE MTONOKEHNS BEPILIMH Tpe-
YTOJIBHUKOB BBIYMCIISIOTCS TI0 OpMYIIe

i
Al =A+—(B - A)
2

1
Bl=B+—(C-B)
2

i
Cl=A+—(C - A).
2

Pa3buenue ocymecTBisieTcsi ¢ TOMOLIBIO
PEKYPCUBHOIO MOAXO0Ja, a €ro 3aBEpIICHUEM
CIIy>KUT YCJIOBUE Ha MAKCUMAJILHO JJOITy CTUMYO
wioniaap. [lnomans TpeyroabHUKA BEIUUCISIET-
Cs1 ICXOJS U3 U3BECTHOTO BBIPA)KEHNU S, 8 UMEHHO
II0JIOBUHBI MOZYJIsl BEKTOPHOT'O IIPOU3BEIEHUS

S=[(B-A)(C-A))2.

[To nosy4eHHBIM C TOMOIIBIO PEKYPCUBHOTO
pa3dueHust BepIinHaM OCYIIECTBIISICTCS TPOBEP-
Ka Ha BXOXKJIEHHE Ka)XJOU U3 BEpILIMH B OTBEp-
cTtHe. [{71s1 3TOro CTpouTCs NOJIUTOH, ONTUCHIBAIO-
LM EPEXOTHYIO0 MMOBEPXHOCTh MEXKAY IBYMS
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3IIJTUIICAMH, B TOPU30HTAJIBHON TNIOCKOCTH Bep-
muHbL. Jlanee nmpoBepsAeTcs MoNaJaHue MpOeK-
LMY JJAHHOM BEPILHHBI B MOJTUTOH. B pe3ynbrare
paccuuThHIBaETCI OTBEPCTHE HAa MOBEPXHOCTHU
nnadparmel (puc. 6).

Puc. 6. Monens nuadparmsr
C paCCUHNTAHHBIM OTBEPCTHEM

Busyanuzanus ocymiecTBisiach cpelcTBa-
mu OpenGL — ogHOM 13 HanboJIee MOIIHBIX T'pa-
¢rueckux OMOIMOTEK MO BU3YaIM3aLui TPEXMEp-
HOM KOMIIBIOTEPHOM rpadukiu [ 3, 4].

Ha puc. 7 npeacrasneno nzodpaxenue pas-
paboTaHHOTO POrPaMMHOTO 00ECTICYEHHS, T10-
3BOJISIIOIIEE CTPOUTH MHINBHIYAIBHYIO MOJIENb
nradparMbl 4eloBeKa ¢ y4ETOM aHATOMHYEC-
KHUX OTBEPCTH.

Jlutepatypa

Puc. 7. UaTepdeiic mporpaMMHOTO 00eCeueHISI
IO ITOCTPOCHUIO TIEPCOHATM3UPOBAHHOM
KOMITBIOTEPHOH MOZIeITH JuadparMbl ¢ y4ETOM
AHATOMHYECKHX OTBEPCTHI

[Nepconanu3upoBaHHast MOJICIb TUA(GparMbl
yeJIoBeKA JaeT BO3MOXKHOCTh HAITISIHO OLIEHUTD
nuadparMy U BIMSHUE Ha Hee MHILIEBOIHOTO,
A0PTAJILHOI'O OTBEPCTHUSI U OTBEPCTUSI HIXKHEH
TOJION BEHEI.

[lepcrieKTUBHBIM JISI JAJIbHEUIIUX HCCIIE-
JIOBAaHUH B JaHHOW OOJIACTH SBJIACTCH YIPO-
IIEHHUE pacueTa OTBEPCTHH B auadparme my-
TeM MOAU(UKAINHN aITOPUTMa, YTO YCKOPHT
pacdeT M, KaKk pe3yJbTaT, yMEHBIIUT 3aTPaThl
BpeMeHH. Takke HeMaJlOBaKHBIM SIBISETCS
YIy4IIEHNEe TOYHOCTU PACCUUTHIBAEMBIX OT-
BEpPCTHI HE TOJHKO YMEHBIIEHHEM pa3Mepa
TPEYTOIHHUKOB, HO ¥ IPYTUMH aIITOPUTMHYIEC-
KUMHU METOIaMH.
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BPAXYBAHHS AHATOMIYHHX OTBOPIB TP ITOBYJIOBI KOMIT’FOTEPHOI MOJIEJI ITA®PATMH
Pozpobieno nporpamue 3a0e3nedeHHs, sKe T03BoJs€ OylTyBaTh iHIMBITyalbHY MOJENb AiadparMu

JIFOIMHY, BPaXOBYIOUH aHATOMi4Hi 0TBOpH. [IepcoHanizoBaHa Moesb AiadparMu JIFOJUHH JTA€ MOKITUBICTh

HAOYHO OL[IHUTH AlayparMy i BIUIMB Ha HET TPAaBHOTO, AOPTAIBHOT'O OTBOPIB 1 OTBOPY HUXKHBOT 10101 BEHH.
Knrouoei cnosa: xomn romepna momozpaghis, nepcoHanizoeana mooens diagppazmu, aHamomiuui om-

80pU.

V.G. Dudenko, O.G. Avrunin, M.Yu. Tymkovich, V.V. Kurinnoy
ACCOUNT OF ANATOMIC OPENINGS AT CONSTRUCTION OF COMPUTER MODEL OF DIAPHRAGM
Software, allowing to build the individual model of diaphragm of man taking into account the anatomic
openings, is developed. The personalizirtional model of diaphragm of man enables evidently to estimate a
diaphragm and influence on it of the oesophageal, aortic opening and opening of postcava.
Key words: computer tomography, diaphragm, anatomical openings.
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