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BATATOCEIrMEHTHI MOJEJII TIJIA JIOJUHH JIJISA
MOJIEJTFOBAHHS if TEIIJIOBOT O OJISI: KOPOTKUM OIJISA
MHOI'OCEI'MEHTHBIE MOJIEJIA TEJIA YEJIOBEKA JIJISI
MOJEJHUPOBAHMSA ET'O TEIJIOBOI'O IOJISI: KPATKHM OB30P
MULTISEGMENT MODELS OF A HUMAN BODY FOR MODELING
ITS THERMAL FIELD: A SHORT OVERVIEW

Anomauisn. Poszensioaromvcs bazamocecMeHmui Mooeni mina aoutu,
npusHaveHi 01 00CHiOdceHHs il mennoso2o noas. llposedeno awnaniz pizuHux
Mooenell, HageOeHo nepesazu ma HeOONiKU yux Mmooeneti npu MOOento8aHHI
Menyio8o2o Nos.

Kniouosi cnosa: Tennosa mooenv mina no0unu, menioge noe J0OUHU,
MenionposioHicmb, MemaboliuHe 2eHepy8aHHsT MeNnid, mepmMopecynayis

JIIOOUHU.

Auuomauu;l. Paccmampueaiomc;z MHO20Ce2MEHMHble MoOoelu meid
yenoeekda, npedﬂaswaquHble 0151 UCCIe008AHUSL ee MEeNnl08020 NOJIA. HpoeedeH
aAHAJIU3 pasiudHsvlx MOdeﬂeﬁ, npueedeHbz npeumywecnmea u HeOOCMamKu dmux

Mooeneti npu MoOeIupo8anuu menjio8o2o nos.
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Knroueswvie cnosa: Tennosas mooenv mena yenoeekd, menjioeoe naoiie
yenoeeka, mel’lJZOI’ZPOGOOHOCI’I’lb, Memabonuieckoe cEHepUposarud menida,

mepmopecyiAaAyus 4eiloeeKkda.

Summary. The multi-segment models of the human body designed for the
investigation of its thermal field have been considered. The analysis of different
models was carried out, the advantages and disadvantages of these models for
thermal field modeling were presented.

Key words: Thermal model of a human body, human thermal field,

thermal conductivity, metabolic heat generation, human thermoregulation.

Beryn. bararomapoBi TemioBi Mojeni Tiia JIOAUHU (Takl SIK MOJEThb
Jlederpa — chepa, mogens 'amxe — HMITIHAP) TPEACTABISAIOTEH TLIO JTIOJUHU SK
OaratoiapoBy CHCTEMY, II0 Ma€ CKJIaJHUN TEIIOOOMIH 3 HAaBKOJUIIHIM
cepenoBuieM. TiI0O JIOAMHU MpECTaBIEHE K TeHepaTop TeIuia, SKUW depes
30BHIIIHIA MIap — WKIPY BUAUISE TEIJIO Y 30BHIIIHE CEPEIOBUIIE KOHBEKIIIELO,
BUITAPOBYBAHHSM, BUIIPOMIHIOBaHHSM, JUXAHHAM. 3p0O3YMLJI0, IO 3 PO3BUTKOM
1H(OpMaIIITHUX TEXHOJIOTIM TEIUIOBI MOJIENI CTalOTh CKJIAIHIIIUMU, 10 MOJEII
BBOJISITBCS JTOAATKOBI By3Nu (Mojenb Xap/i-CToJIBiKa) «HUKHI KIHITIBKHY
(HOTH, CTOIH), «BepXHI KiHLIBKK» (pyKH, moJoHi) [7]. Taki baraToeneMeHTHI un
0araTocerMeHTHI MOJENl Kpallle ONUCYIOTh MPOCTOPOBUH PO3MOJALT TeIja B
OKpPEMHUX €JIEMEHTax Tija.

VY OGaratoeneMeHTHIA MOJeNi, JIOAChKE TUIO 300PaKYETHCS AK KUIbKa
YaCTUH, TaKUX SK roJIOBa, TyayO, ABI pykH, 1BI HOTU. CBO€IO YEProrw KOXKEH
€JIEMEHT CKJIAIA€ThCA 13 KUTBKOX II1apiB.

[lepmroto G6araToeleMEHTHOIO MOJEIUTIO CTAIlIOHAPHOTO CTaHy € MOJIEb
Biccnepa, po3po6iiena B iepiog mixk 1961 1 1985, sika cknaganacs 3 6 (a mizHine
3 15) enemeHTiB, 3’€AHAaHUX CyAMHHOIO cucTeMoro [8]. Bicciep posmupus

Mozenb mnepeamnuus [leHHe, 1m00 OTpUMATH PO3MOILT TEMIIEpATypH BCHOTO
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Tina. Ha nonoBHenns no moneni [lenne, Biccnep B3siB 10 yBaru BTpaTu Teruia
Yyepe3 TUXaHHA 1 TeIUI00OMIH MPOTHIICKHUX MOTOKIB MK BETUKUMU apTepisiMu 1
BeNUKUMH BeHaMu. CyJIJMHHA CUCTEMa CKIIAJIa€ThCS 3 apTepii, BEH 1 KanuIspiB, a
TaKOX TEMIIepaTypu KpOBi apTepiil 1 BeH BBaXKalOThCs OAHOPiAHMMH. Kpos
IUPKYJIIOE Bifg cepus (y BEpXHIM dYacTUHI Tyayba) depe3 aprtepii 10
apTepiaibHOTO OaceiHy KOXKHOTO eJIeMEeHTa 1 Jaji B KamusIpu KOXKHOTO
eJIeMeHTa. 3 KammispiB, KPOB MUPKYJIIOE€ Y BEHO3HHW OacelH eleMeHTa 1 Hazaj
710 ceplis. 3B’ SI30K MK €JIeMEHTaMU OYB TUTbKH Yepe3 MaKpOLUUPKYJISIIIO.

Mogens ckiamaeTbes 31 3’€ITHAHUX MK CO00I0 MIIHAPIB. T1JI0 JTHOIUHMA
NOAUIAEThCA Ha IWICTh LMWIIHAPIB: TOJOBa, TyJlyO, OBl PYKH 1 Bl HOTH.
[lepenbOauaeThcsi, 10 KOXKEH €JIEMEHT Ma€ PIBHOMIPHO PO3MOJIIICHE
TE€HEPYBAHHS META0OJIIYHOr0 TEIla, PIBHOMIPHY MoAady KpOBI, OJHOPIAHI Ta
130TPOIHI MWIHAPU. ENeMEeHTH CKIagaloTbCs 3 YOTHUPHbOX KOHLEHTPUYHHX
mIapiB: KICTOK, M’s31B, XKHpY 1 miKipu. CTilikuil cTaH 010-TEMIOBOrO PiBHSHHS
BUPIIICHO aHAITUYHO JIJI1 KOKHOTO IWJIIHApa. Y Iapax MIKipu, BTpaTa Teria
BiZIOYBA€THCS 3a paXyHOK KOHBEKIIIi, BUTIPOMIHIOBaHHS Ta BUNIapOBYBaHHs [1].

VY 1963 poui Biccnep po3pobuB apyry Bepciro cBoei mojneni. Bona €
CKJIAAHIIIOW, HIK momnepeans. Jpyra Bepcis mojneni Bicciepa BpaxoByBaia
0araTo BaXKJIMBUX YMHHUKIB, TAKUX SK MIHJIMBICTH IIBUIKOCTI JIOKAJIBHOIO
KPOBOTOKY, TEIUIONPOBIIHICTh, HIBUAKICTh JIOKAJbHOTO BHUPOOHMIITBA TEIUIa
METa0OJIYHUX peaKIiliii, TeoOMEeTpil0 JIIOJCHKOTO TiNa, BTpaTH TeIUia 4Yepes
TUXaJIbHY CHUCTeMy, MTIUBICTh. Ll ¢gakrtopu He po3risganucs MonepeaHiMu
nociiHukamu. L HecTamioHapHa MOJIEIb € IPOJAOBKEHHAM MoJiell YiHaxema i
ATKIHa, sSiKa TIpeJICTaBlieHa TUTbKK OJTHUM elieMeHToM. Bona Oyna po3pobiieHa B
1963 [5]. Ha BigmiHy Bim mepmioi Bepcii, Apyra Bepcis MiCTHIa JI0JAaTKOBI
YMOBH, 1110 OIUCYIOTh TEIIO0OOMIH M1’ KPOB’10 1 TKAHMHOIO SIK B KalUIsipax, TaKk
1y BEJIUKUX KPOBOHOCHUX CYJMHAX.

Meron KiHUEBHMX PI3HUIb, SKUWA BHKOPUCTOBYETHCS B JpYrid Bepcii,

703BOJIMB Biccnepy 3HaYHO PO3IMIMPUTH CBOIO MOJZENb. 1110 po3aiieHo Ha 15
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€JIEMEHTIB ISl TOJaHHS TOJOBHM, TPYAHOI KIITKH, YEPEBHOI MOPOKHHUHH,
NPOKCUMAaTbHUX, MEIaTbHUX 1 AUCTATBHUX BIAALIIB pyK 1 HIT. KoxkeH enemeHT
PO3JIUIGHU Ha YOTHUPH IIApHU: SAPO, M’ SI3M, KMPOBa TKaHWHA 1 mikipa. Kpim
TOTO, KOXEH €JEMEHT Ma€ TPU YaCTUHHU CYJUHHOI CHCTEMH, Cepell SAKUX €
aprtepii, BeHH, 1 Kanuisipu. Benuki apTepii Ta BEHU MOJEIIOIOTHCS 3a JOMIOMOTOI0
OaceliHy apTepiaibHOI KpoBI 1 ©OaceliHy BEHO3HOI KpOBi, BIJIMIOBIIHO.
MeTabotiuHi peakilii BBaXKarOTHCS OCHOBHHM JKEpeIoM Teruia [6].

VY npyriit Bepcii mojneni Bicciepa, piBHAHHS €HEPreTMYHOro OayiaHcy
3amucadl JJig KOKHOI TKaHMHU B KOKHOMY €JIEMEHTI 1 BKJIIOYAlOTh B cebe
30epeXeHHs Teria, MeTaboJIlYHe T'eHEePYBaHHs TEIlla, KOHBEKTUBHUI MEPEHOC
TeIjla 3a PaxyHOK KPOBOTOKY B KamijIsipax, apTepiajbHl 1 BEHO3H1 OaceilHw,
KOHJIYKTHUBHY TEIUIONIEPEaady B paiaIbHOMy HAMPSIMKy a00 HampsMKy HOpMaTi
10 cepenHboi JiHii Tuia. [TpoBigHICTh Yepe3 MO3/I0BXKHIO 1 TaHTEHIaJbHY OCi
3HEXTyBaHl. [feanbHa mepemada Termia MepeadadaeTbCs MK KamuisgpaMu i
HABKOJIMIITHLOI0 TKaHWHOIO. SIBHA 1 TpHWXOBaHa BTpaTa TeIUIa 3a PaxyHOK
JTUXaHHS JUIATBCS TIOPIBHY MIXK TOJOBOIO 1 TPYAHOK KiIiTKow. Ilpormecu
TEIUIOOOMIHY 3 HaBKOJIMIIIHIM CEPEJOBHUINEM 3a JONMOMOTOIK KOHBEKIIII,
BUIIPOMIHIOBaHHS Ta BHWIAPOBYBAaHHS BOJIOTH BKJIOUEHI B SKOCTI TPAaHUYHUX
YMOB Ha MMOBEPXHi IKipH [6].

Biccnep BukopucTaB y 1iii MOZENI HESIBHUM METOJ CKIHYEHUX PI3HHUIb
Kpanka-Hikoncona. PagiansHa BiicTaHb BiJl KOKHOTO €JIeMeHTa OyJia po3/IijieHa
Ha 15 TOYOK 1 CHUNBHI PIBHSHHS KOXHOTO €JIeMEHTa OyJM BHUPIMICHI MUISTXOM
0araTopa3oBOro BUKOPUCTaHHS METOIY BUKIIIOUCHHS [ aycca.

Hpyra Bepcis moxeni Biccnepa mae Oarato mepeBar y TOpIBHSHHI 3
nonepeaHiMu  moxensmu. [lo-mepiie, apTop mnokpamrye wmoxaen [amke 1
CronBika B psai crnocoOiB. IlacuBHa cucrema, sika BUKOPUCTOBYETHCS, €
JETATI30BaHUM TIOJIAHHSAM TEMIEpaTypHuX TpoduUIB B JIOACBKOMY TIi.
KpoBoHOCHa cucTema, siKka CKJIAA€ThCsd 3 MOy KPOBOHOCHUX CYJIMH Ha

apTepli, KanJsipy 1 BEHH, € OUTBII peaiCTUYHa, HIXK B Oyb-sAKiil 1HIIH MOJENTI.
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KpiM Toro, xokeH eJeMEHT B3a€MOJI€ 3 CYCITHIM €JIEMEHTOM uepe3 IMOTIK
KpoBi, Ha BiAMiHYy BiA mozeni CTonBiKa, A€ KOXKEH IIap TKaHUHH, B3a€MOJIIE
TUIBKK 3 IleHTpaldbHUM OaceitHom kpoBi. Kpim Ttoro, moxens Biccnepa
MpU3HAaYEHa JIs1 MIHUPOKOTO CHEKTPY 3aCTOCYBaHb, HANIPUKIIAT, MTHOOKOBOJHUX
3aHypeHb. [, HapemTi, po3B’A30K CHCTEMH PIBHSHbB JJIsI KOHTPOJIIO IIBHIKOCTI
MOTOKY KpOB1 1 IMOKA3HHUKIB METa0O0dI3My TIPYHTYEThCS Ha IMOTPeOl KHUCHIO
opranizmy. Lleit miaxia € 611b11 TOYHUM, HIXK OyAb-IKUil ONepeIHi i METO/.

Tum He MeHIl, BiH TakoXK 0OMEXEHUI y 3aCTOCYBaHHI THUM, 1110 BKIIIOUYAE
OJIHAaKOB1 YMOBU HABKOJIUIIHBOTO CEPEIOBHUIIA, 110 OTOYYIOTh KOXKHY OKpEMY
YaCTUHY TUIA. [HIIKUM HEJOJIIKOM € T€, 10 3aJIMIIAETHCS HESICHUM, SIKI METOJU
Oynau BHUKOPUCTaHI JJIi BU3HAYEHHA 3HA4YCHb 3MIHHUX 1 KOHCTAHT, SIKI
BUKOPUCTOBYIOThCS B Mozieni Biccnepa [6].

Apkxin 1 Ilituep po3pobwin 1ie OJHY MOJEIb TEPMOPEryJdlii B
JOJChKOMY TiTi. BOHM 3MoOjentoBaiy MacMBHY 1 aKTUBHY CHUCTEMHU TEILIOBOL
CUCTEMHM JIIOAUHMU. Y 11 MOJENl TUIO AUIMThCA Ha 14 UUIiHApPIB, SIKI B CBOIO
yepry MOJUISIOThCS Ha YOTHUPH pajianbHi mapu. L{g Mojenb € 1BOBUMIPHOIO
MOJICJIUTIO B pajlialkHOMYy 1 TaHTEHIIAJbHOMY HarpsiMkax. Mopenb Oepe 10
yBaru WIBUJKICTh MOBITPS, BTPATH MPU BUIPOMIHIOBAHHI TEIUIA, TEMIOOOMIH
IIUIIXOM KOHBEKIII1 1 BUTIAPOBYBAHHS TIOTY.

Mogens @iana ta iH., sika po3pobisieHa y 1999 p. cknagaeThes 3 2 4aCTUH:
MAacCMBHOI Ta akTWBHOI. [lacMBHa yacTWHa MOJEINIOE SBHIIA TEIJIoNepenadi i
Mepepo3NO Ty TeIjia B OpraHi3mi, y TOMY YKCII TEIUIOBUX €(EeKTIB KpOBOOOIry,
TEIJIOBOI €Heprii, HAKOMWYEHHS 1 MEepEeHEeCEHHs y Imapax TKaHWHH. Mojenb
B3a€MO/I1€ 3 HABKOJIUIITHIM CEpEIOBUIIIEM [IITXOM KOHBEKIIII,
KOPOTKOXBHJILOBOTO 1  JIOBTOXBHJILOBOTO  BHUIIPOMIHIOBaHHS,  JUXaHHS,
BUMAPOBYBaHHS MIKipu 1 Judy3ii BOAAHOI mNapu. Y BHUXIJHIA Mojen,
13omsiHul  epexT omary OyB PO3TASHYTHH 3a JOMOMOTO0 — ajamnTariii
MICIIEBOTO KOe(]il[ieHTy TerIonepeaadi BianoBiaHo g0 meroay [1].

[TacuBHa MoOIEdb JIOACHKOI TEIUIOBOI CUCTEMU  SBISIE  CODOOKO
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OararocerMeHTHe  OaraTolllapoBe  MPEJACTABIEHHS  JIIOJCBKOrO  Tila 3
IPOCTOPOBUMH Mipo3auiaMu. Y mozeni Piana TiIO JIOAWHU po3aijaeHe Ha 15
MUJIHIPIB, IO MPEACTABIAIOTh HUKHIO 1 BEPXHIO YacTHUHY TyJyOa, IIwi,
IJIedei, Ta HIWKHI 1 BEpXHI KIHIIIBKH, 1 MOE€IHAHHS MWIHAPA ISl 00IMYYs Ta
chepu s ronou. Koxen mumiaap 1 chepa modymoBaHi 3 m'saTH (00IMdUs,
IpyJaHa KJIITKa 1 KUBIT) a00 4YOTHPHOX IMapiB (IHIIUX EJIEMEHTIB TiIa), SKI
MPEACTABIISIOT, 7 PI3HUX MarepialdiB TKaHWH: TOJIOBHHA MO30K, JIETEHI,
BHYTPIIIHI OPTaHH, KICTKH, M s13H, KHUP 1 HIKIPY.

[IIxipa MOAENIOETHCA SK JiBa IIApW: BHYTPIMIHIA 1 30BHIIIHINA Iap.
MeTtabosiyHe TreHepyBaHHs TeIlla, a TaKoXK Nepdysis KpoBl BiIOYBA€ETbCA Yy
BHYTPIIIHHOMY IIapi MIKIpH. 30BHIIIHIN AP MIKIPU IMITY€ MApoBUil 6ap’ep AJs
nugy3ii Bosoru 4yepes mkipy. KpiMm Toro, HuaiHApH po3JuIeH] MPOCTOPOBO Ha
TPU CEKTOPH: TIEpPEeHIN, 3aH1A 1 OOKOBUM, 32 JOMOMOTOI0 SIKUX MOXYTh OyTH
3MOJIETThOBAaHl ACMMETPUYHI TpPaHWYHI YMOBHM (HANpUKIAJ, HEOJHOPIIHI
pamianiiai nonst). IlepeaHi 1 3agH1 CEKTOpU JO3BOJISIIOTH JIIKYBaHHS OIYHUX
HABKOJIMIIHIX acuMeTpiil. BOKOB1 cerMeHTH MpeACTaBISIOTh CTOPOHU TiNa, SIKi
«MPUXOBAHI» I1HIIUMU YaCTUHAMU TUTA 1, OTXKE, CKOPOUYYIOTh MPOMEHEBUU
TEMJI000MIH 3 HABKOJIUILIHIM CEPEIOBHILIEM.

Cucrema KpoBOOOIry CKJIQNa€Tbcs 3 TPHOX OCHOBHUX KOMITOHEHTIB:
LHEHTpaJIbHUI OaceliH KpoBi, OOMIH TeIla MPOTUIICKHUX MOTOKIB, 1 KallIsIpy B
OKpeMHX By3/1aX TKaHUHU. KpoB Teue 3 IeHTpallbHOrO OacelHy MO BETUKHUX
apTepisx 10 yacTuH Tija. [lo 70po3i KpOB OXOJIOMKYETHCS Yepe3 BTpATy Teria
NPOTUJICKHUX TIOTOKIB KpPOBI B CYCIAHIX CyIWHax. ApTepiajibHa KpOB
OOMIHIOETBCSI TEIJIOM KOHBEKII€I0 B KamUISIpHUX pyciax. BeHo3Ha KpoB
30MpaAETHCS B OCHOBHUX BEHAX 1 MOBTOPHO HATrpIBAE€THCS TEIJIOM BiJl CYMIXKHUX
apTepiil, KoM BOHA Te€ue Ha3aj B LICHTpaJIbHUI OaceiiH kpoBi. BoHa 3milyeThes
3 KpPOB’I0 IHINUX €JIEMEHTIB [JI1 OTPUMAaHHS HOBOi TeMIepaTypu KpOBI B
neHTpasibHOMYy OaceiiHi. Ilpu pospaxyHky mnepdysii KpoBi mnependadaeTbes

(mepmuii  mpuHMn Dika), MO TEMIO0OOMIH BiIOYBA€ETHCA 3 TKAHUHOK B
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KaIMUIIPHUX PYCax 1 TEMJIO HEe aKyMYJIIOETHCSL B KPOBOTOLII.

Inma nyxxe ckiagHa mMaTeMaTMyHa OaraToCcerMEHTHA TEIioBa MOJIENb
aroauHu po3pobiena Camnym ta iH. [4]. [lacuBHa Mojenb AiUTh TiTO Ha 15
HWTIHAPUYHUX CcerMeHTIB. KOXXeH CerMeHT Tila CKIAJa€eThCs 3 YOTHPHOX
BY3JiB: SApO, WIKipa, apTepialbHa KPOB 1 BEHO3HA KpOB. Y OyIb-IKOMY
€JIEMEHTI T1JIa, KPOB, 110 BUXOJUTH 3 apTepii 1 Tede B KamiIsgspu JUIMTHCSA Ha
KpOB, fKa Teue B sapl (TemwmooOMiH mnuisixom mnepdysii B sapi) 1 KpoB, IIO
MpoTikae B MmIapl MKipu (TertooOMiH muisixom mnepdysii B mikipi). Moaenb
pPO3paxoBy€e MIBUAKICTh MOTOKIB KPOBOOOIrY Ha OCHOBI TOYHHUX (h1310JIOTTUYHUX
JTAHUX Ta peaJbHUX PO3MIPIB 1 AHATOMIYHUX MO3UILIIA apTepiil B OpraHi3mi.

BucnoBku. 3po6ieHo orisa 6araToCErMEHTHUX MOJENEH Tiia JIIOJIMHH,
[0 BUKOPUCTOBYIOTHCSI B MPOIECI MOJACIIOBAHHS i1 TEIJIOBOTO MOJs. Y TaKuxX
MOJIENIAX BHUKOHAHO PO30OUTTS HA CETMEHTH: TOJIOBA; TYyJyO; BEpXHS KiHI[IBKa
(;1iBa, mpaBa): IUleue, MEPENIIiv4s, KUCTh, HWXKHS KiHIIBKa (J1iBa, IMpaBa):
CTErHO, TOMIJIKa, CTOMNA. 3a PaxXyHOK LbOro 0araTOCErMEHTHI MOJEl Tijia
JIIOJTMHU JTO3BOJISIIOTH TOYHIINIE (TMOPIBHAHO 3 OaraToIIapOBHUMH) MOJCIIOBATH

MIPOCTOPOBUM PO3MOILI TEIIA Y JIFOACKKOMY TiJIi.
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