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MATEMATU4ECKAY MOAEJ1b
®U3NOJIOr'MYECKKX NMPOLIECCOB
JIMMOATUYECKOWU CUCTEMBbI
YEJIOBEKA

AKTyanlbHOCTb Tembl. B 2014 rogy 6bina ony-
6nmnkoBaHa ctaTbsl [1] «Co3gaHne (opManbHOA
NOTVKO-ANANIEKTUYECKON  MOAEeNN  UMMYHHOI
CUCTEMbI YenoBeKa», B KOHTEKCTE KOTOPOWA Co-
[epXaTca KOHUENTbl 3HaHUIA 0 IMMdaTUYeCcKon
cucteme (J1I®C), cBA3aHHbIE C €e OCYLLeCTB/e-
HUEM WCKOUNTENIbHO (PYHKLUMA UMMYHOMOr -
YeCKOro HasHayeHusi. OflHaKO [aHHble KOHLen-
Tbl 3HAHWIA He OTPaXatoT (HYHKLMOHaIbHOW Mo-
NHOTbI 3HAYMMOCTY NIMMKATUYECKOW CUCTEMbI B
opraHun3Me YesioBeka, 1 TeM 60s1ee, He KacatoTcs
ee aHaTOMWYECKUX W (U3MOMOrUYECKMX OCO-
6eHHOCTel. BnosHe NOrMyHo, 4YTO BO3HUKAET
Heo6X0AMMOCTb B CO3aHUN ee (PYHKLVOHaNbHO
MOJIHON MaTemMaTU4ecKo Mojenun, Ho 6e3 fe-
Ta/IbHOr0 BOCMPOM3BEAEHMA (DYHKLMIA MMMYHO-
NOTNYECKOro HasHauveHus.

Llens paboTbl. 3akntoyaeTcs B CO3LaHUU
(DYHKLMOHA/IbHO MOJIHOM MaTeMaTU4eckKoin Mo-
genn NPC, npefHa3HauyeHHOW Ans MPOrHo3u-
pOBaHMs CBSA3aHHbLIX C Heli MaTonoruin B opra-
HU3Me YenoBeka.

AKcroMaTMKa MaTeMaTUyeCcKOo MOZENMN.
HatypHoe 3KCnepuMeHTMpOBaHWe, CBA3aHHOE C
nosHaHvem J1®C, koTopoe (unocodbl Haykm
MWUPOBOrO COOGLLECTBA CUMTAIOT KPUTEPUEM
WCTUHHOCTW Hay4HOro Mo3HaHWs, a B COBOKYIM-
HOCTV C NPUBEEHHLIM [anee MNepeyHeMm Tem
MO3HaHWA PYHKLMOHANbHBIX CUCTEM OpraHu3ma
yeNoBEKa CUMTAKOT elle W W1CYEepnbIBaOLLMM
MO3HaHWeM 3TUX CWUCTEM, MOKa3blBaeT, 4To B
KayeCTBe aKCMOM CnefyeT MPUHATL NONy-
YeHHble UCK/YUTE/IbHO TaKUM MyTeM OCHOBO-
nonararoLye KOHLENTbI 3HaHUI N0 uccnegye-
MO (DYHKLMOHaNIbHOM CUCTEMe B OpraHu3me
yenoseka.
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MoHATVE «KOHLENT 3HaHUIA» HECEeT Ha cebe CnefytoLLyt0 CMbICIIOBYHO HarpysKy:
«3HaHWe AMaNneKTUYECKOM NTOTUKM XXU3HEEATENIbHOCTY KXKA0MN 13 PYHKLMOHAIbHBIX
CMCTEM OpraHu13Ma YesioBeKa SBNSETCA MCHEPbIBAKOLLYIM 3HAHWEM O HEW, MO3BO/IAHOLLIUM
MOCTPOUTL MaTemMaTUyecKne MOZeNu, NpecnefyroLye nobble Leu No3HaHUs 3ToW cunc-
Tembl. [1OTOMY, YTO VMEHHO AWasIeKTUYECKas IOrviKa No OnpeaeneHno SBseTcs camon
CYTbIO 3aKOHOB O HEMPEPbIBHOM ¥ BEHHOM [BVPKEHVN MATEPUa/IbHOTO MUpPay.

MoHATVe «ananeKTNYeckas» NPUBHOCUT B OMpefeneHne NOrMKN ee NpUHLMNma-
NbHble 0COBEHHOCTW, 6e3 KOTOPbIX MaTepuabHbIi MAP He MOXET 6biTb afeKBaTHO
oxapakTepu3oBaH. PUNOCORNCKOE MOHATUE «AWaANeKTUKa» COBMELLaeT B cebe NnATb
rno6asibHbIX CBOWCTB MaTepuUn, BXKHEWLLNM M3 KOTOPbIX 415 TeMbl CTaTbU ABNSAETCA
ee (MaTepuu) BceoObLLee eJUHCTBO KOMIMOHEHTOB. /IMEHHO 3TV NATb CBOWCTB MaTepum
reHepupytoT AOMUHUPYIOLWLYIO OO ABMXKYLLUMX CW/, KOTOpble obecneyuBatoT He-
NpepbIBHOE M BEYHOE, Pa3HOo0bpasHbIX (PopM, ABVXEeHVEe MaTepun. B gnanektuyec-
KOM MaTepuanvsme [BUXeHWe ABNAETCA TeM CaMblM 00bEKTMBHBLIM CMOCO60OM Cyllie-
CTBOBaHMA MaTepun, ee abCOMHOTHLIM HEOTbEM/IEMbIM aTPpUBYTOM, 6e3 KOTOPOro oHa
He MOXET CYLLeCTBOBaTb M KOTOPbIA He MOXET CyLLecTBOBaTb 6e3 Hee. [iBuxeHune
CyLLEeCTBYeT B pasH006pasHbIX (hopmax. PazHoo6pasune hopm ABMKEHNS Kak aTpubyTa
maTepun onpegenseT MHOroobpasme Jopm CTPYKTYPHOW OpraHm3aLmy maTepum.

®Ppuapnx SHrenbC Ha pasHbIX YPOBHAX CUCTEMHOIN OpraHn3aLmMm MaTepun Bblge-
NN CeMb OCHOBHbIX (DOPM ABMXKEHUSA, OfHA U3 KOTOPbIX ANS TeMbl CTaTbU AB/SETCA
reHNa/IbHON, & UIMEeHHO:

e Guonorunyeckas (buonornyeckas opma — 310 MPOLIECCHI, MPOXOAALLME B XKK-
BbIX OpraHv3max; npyvmepsbl: poCT 1 Pa3BUTUE OpraHn3ma, 0OMeH BELLECTB).

HayuHoe nosHaHue MaTepum 1 KOHKPETHbIX MPOLECCOB B Heli B COOTBETCTBUM C
aBTOPCKOM Napagurmoil No3HaHUA (13KOIOrMYECKMX MPOLLECCOB B XKMBOW MaTepum
MOAYMHEHO TPeM rNiaBHbIM Lensm [2].

1. OnpegeneHnio (yHKLMOHa/IbHOTO Ha3HAYeH)s, Kak CaMOil uccregyemoii Ma-
Tepun, TaK 1 KaXXA0ro 13 BXOAALLMX Hee apXUTEKTYPHbIX KOMIMOHEHTOB.

2. OnpegeneHnto AOMYCTUMbIX COCTOSIHWIA GMONOMMYECKON (hOPMbl ABUKEHMS
maTepun, KoTopas (YHKLMOHa/IbHO MOMHO XapakTepusytoT 3TOT BUA Martepumn. Coc-
TOSHWUIA 419 3TON (hOPMbl ABUKEHWS BO3MOXHO 60/IbLLIOE KONMYECTBO, HO KaXaoe 13
HUX MOXET ObITb MCYEPMNbIBAOLLE OMMUCAHO M OTPKEHO B CO3HAHUW YesioBeKa C Mno-
MOLLbHO OnpefieNieHHbIX HabopoB (PU3NYECKUX MEPEMEHHbIX BENNYWH, (DYHKLIMOHab-
HO MOJTHO XapaKTepU3YHOLLMX 3TO KOHKPETHOE COCTOSHNE.

3. OnpegeneHnto  HabopoB  (M3NYECKUX MEPEMEHHBbIX BEAUYMH,  (DYHK-
LIMOHANIbHO NOJTHO XapaKTepU3YHLLMX KaXoe U3 KOHKPETHbIX COCTOSHWIA nccrnemye-
MOV MaTepun.

[ns nepeuncneHHbIX Ueneit B [1 1 2] onpegeneH ONTUMa/IbHbLIA COCTaB TeM MO-
3HaHWS MpU WUCCNefOBaTeNbCKOW AeATENbHOCTA B GMONOMMYECKUX U MeSULMHCKUX
HayKax.

ONTUMa/IbHbIV COCTaB TeM MO3HAHWSA, FOBOPUT O TOM, YTO HEBO3MOXHO Npuay-
MaTb pauyoHaNbHYHO LieneByro NPo6aeMHyH0 3afaqy No3HaHUs, peLleHne KOTOPOid He
MOKPbIBANOCh Obl 3TVM KOMIM/IEKCOM 3HaHWIA.
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LieneBas Teopema No TeMe HECET Ha Cebe CnefytoLyto CMbIC/IOBYH) Harpysky.
®YHKLMOHA/IbHO MOJHbIV KOMMIEKC KOHLIEMTOB 3HAHWUI O XXW3HEAEeATebHOCTU (n3n-
0/IOTMYECKOr0 MpoLiecca, 06ecrneynBatoLLEro B HeNpepbiBHOM BPEMEHM FoMeocTas
FEHETMYECKN 00YC/OBNEHHBbIX NapaMeTpoB NMMEATNYECKO/ CUCTEMBI, BbISBNEHHbIX
UCK/OUUTENBHO MYTEM HATYPHOTO 3KCMEPUMEHTMPOBAHMUS C 3TUM MPOLLECCOM, Mo-
3BO/NISIET CGHOPMYNMPOBATL /IOrMYECKOe YTBEPXAeHWe MPUYMHHO-CNELCTBEHHOTO CO-
[EPXXaHWs 0 TOM, YTO:

e JIOTMYECKOE NPOM3BEAEHUE, KaKMX KOHLENTOB 3HAHWMA, SBNSETCS MOCLIIKONM B
3TOM YTBEPXAEHUM;

e 11 KaKoWi KOHLENT 3HaHWI SBNSETCS 3aKN0YEHEM B 3TOM YTBEPXAEHNM;

e 4TOObI YTBEPXAEHME OTPaXaso BO3MOXHOCTb MPOrHO3MPOBaHWA NaTonoruii B
XXN3HeAEeATeIbHOCTH 3TOr0 (hM3M0I0TMYECKOro npoLiecca.

HanomuHaeM, YTo B aBTOPCKOM METOL0/I0M M NO3HAHUSA NMPUPOSHBIX NPOLLECCOB B
MUpO3aaHnmn [2] B Ka4ecTBe akCMOM NPUHUMAIOT OCHOBOMO/araroLLye KOHLENTbI 3Ha-
HWi1 Mo nuccneayemor PYHKLUMOHaNIbHON CUCTEME.

Akcnoma Ne 1. [manekTunyeckas nornka (yHKUMOHMPOBaHUA NMM(ATUYECKOW
CUCTEMbI B YC/IOBUAX HOPMa/IbHOM XM3HEAEATeIbHOCTY YeNoBeKa, No3HaHHasA nyTem
HaTYPHOr0 3KCNEePUMEHTMPOBaHNS C 3TON CUCTEMOW, ABMAETCA MO YOEXKAEHWIO (D0-
COhoB HayKN MMUPOBOro COOOLLECTBA KPUTEPUEM UCTUHHOCTY W MONHOTLI HAYYHOr 0
MO3HaHWA 3TOr0 NPUPOAHOr0 npoLecca.

Akcroma Ne 2. Tlof romMeocTasoM reHeTU4ecku 00YC/IOB/IEHHLIX MapaMeTpoB
NMMATUYECKOW CUCTEMbI MOAPa3yMeBaeTCca AUHAMUYECKMIA MPOLECC MOAJepKaHus
reHeTUYeCKN 06YCNOBEHHOW CTabWILHOCTY MapameTpoB SIMM(ATUYECKON CUCTEMBI,
(hYHKLMOHa/IbHO MOJHO XapaKTepu3ytoLLmMX 3Ty CUCTEMY.

CoxpaHeHue CTabuIbHOCTY MapaMeTpoB NMMM(ATUYECKOWA CUCTEMbI dKU3HEHHO
B&XXHO A1 OpraHn3Ma 4enoBeka, Torja Kak ee (CTabunbHOCTW) OTCYTCTBUE NPUBOAUT
K NOBPEXAEHWIO TeHeTUYeCKn 06YCI0BNIEHHOrO 6GMOM0MMYecKoro COCTOSHMA opra-
HW3Ma 3TOro YesioBeka.

Akcmnoma Ne 3. JlumdaTtnyeckas crcTema — 4acTb COCYAMCTON CUCTEMbI YerloBe-
Ka, [ONONMHAOWAA CepAeyHO-COCyAMCTYI0 cucteMy. OHa UrpaeT BaXXHYH posib B 00-
MeHe BELLECTB M OUNLLEEHUM KNETOK U TKaHei opraHusMa. B oTinyme ot KpoBeHOCHOM
CUCTEMBI, IMMdaTNYecKas CUCTEMA HE3aMKHYTas U He VMeeT LieHTPasIbHOro Hacoca.
OCHOBHOI cu/ol, o6ecneynBatoLLein nepemMeLLieHne TMMMbI B ee CoCyaax OT MeCT ee
06pa3oBaHns [0 BNafeHWs NPOTOKOB B KPYMHble BEHbI LLEW, ABIAIOTCA PUTMUYECKUE
COKpaLleHNsa TMMGaHrmoHoB. JIMM{aHrmoHbl MOXXHO paccMaTpuBaTh Kak Tpy6uarble
NMQaTUYeCcKe MUKPOCepALLA, KOTOPbIE MMEKOT B CBOEM COCTaBe BCe He0bXoaVMble
3N1eMeHTbI [19 aKTUBHOI O TpaHCNopTa MMMbl: Pa3BUTYHO MbILLEYHYIO «MaHXeTKy» U
KnanaHbl. 1o Mepe NOCTyMNneHns NMMMbl U3 Kanunnsapos B Meskve nuM@aTuyeckume
COCY/ibl MPOUCXOANT HarOMHEHWe IMMMAHTMOHOB NMMAOI N PaCTSHXKEHNE UX CTEHOK,
4TO NPUBOAUT K BO3OYXXAEHMIO 1 COKPALLEHUIO TNALKNX MbILIEYHbIX KIETOK MblLLEeY-
HOM «MaHXeTKM». COKpalleHve rMafgKMX MbIWL, B CTEHKE NMM(aHroHa noBsbILLaeT
BHYTPW HEro Aas/ieHvie [0 YPOBHS, LOCTATOYHOIO A8 3aKPbITUA AUCTa/IbHOMO Krana-
Ha 1 OTKPbITUA NPOKCUMANLHOr0. B pesy/ibTaTe NPOMCXOAMT NepemeLLeHre NMMdbI
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B CMefytowuii LeHTpuneTasbHbIA MM(aHTMOH. 3anofiHeHne MMGOo NPoKCUMasb-
HOro NMMaHIMOHa NPUBOAUT K PaCTSHXKEHWIO ero CTEHOK, BO30YXIEHWIO 1 COKpalLLie-
HUKO TNaAKUX MbILLLL U NepeKauynBaHnio TMMMbI B CeayoLWwmniAi NMMGaHrmoH. Takum
o6pasom, nocnefoBaTeibHble COKpALLeHWst NMMGaHIMOHOB MPUMBOAAT K MepeMelLie-
HUIO MOPLMN NMMMMbI MO IMMEATAYECKUM KONNEKTOpPaM [0 MecTa UX BrajeHus B Be-
HO3HYtO cucTeMy. PaboTa NMM(aHrMOHOB HaNOMUHaeT fedTeNbHOCTb cepiua. Kak B
LMKNe cepaua, B LyKe nmdaHrmoHa MMeroTes cuctona u auactona. Mo aHanorum ¢
reTepOMETPUYECKO CaMOperynsauuein B cepaue, CUna COKPaLeHWs rNafkux MbiLLLl
NMMaHTMOHa OMpeSensieTcs CTeneHb UX PacTsXXeHWs NuMAQoli B guactony. U Ha-
KOHeLl, KaK 1 B CepfiLie, COKpaLleHne NMMGaHrMoHa 3anyckaeTcs 1 yrnpaBnseTca ofu-
HOYHbIM NaTO06pPa3HbIM NOTEHLMANIOM [eACTBUS.

B opraHu3me, NOMUMO OCHOBHOIO MeXaHW3Ma, TPaHCMopTy MMdbI NO cocyaam
CrocobCTBYET psif, BTOPOCTEMNEHHbIX (PaKTOPOB. Bo BpeMs BbIfoXa YCUNMBAETCA OTTOK
AMMEbl U3 TPYAHOrO NPOTOKAa B BEHO3HYHD CUCTEMY, a MpY BAOXE OH YMEHbLUIAeTCs.
[BKeHns anadparmbl BAXSIOT Ha TOK UMbl — NEPUOANYECKOe CAaBIMBaHME U pac-
TAXEHWe AuadparMoii LMCTepHbI TPYAHOIO NPOTOKA YCWUMBAET 3arofHeHne ee M-
(hOi 1 crnocoBCTBYET MPOLBVKEHUIO MO FPYAHOMY MMGAaTUYecKoMy npoToky. IMo-
BbILLEHME aKTVBHOCTY MEPUOANYECKIN COKPALLAIOLLMXCA MbILLEYHbIX OPraHoB (CepALe,
KMLLEYHWUK, CKeNeTHas MYCKyfaTypa) BAMUSET He TONbKO Ha YyCUNeHve NMM(O0TTOKa,
HO W Crnoco6CTBYeT MNepexofy TKaHeBOW >XMAKOCTU B Kanunnsapbl. CokpalleHus
MbILLLL, OKPY>XatoWyX IMMMaTnyeckne Cocyfbl, MOBLILIAT BHYTPUAMMGATUYECKOE
[aBnieHne 1 BbiAaBNMBalOT MMy B HarnpaBneHnu, onpesensemMoM KianaHamu.
O6pa3oBaHue ¥ OTTOK NUMMbl U3 MEXKNETOYHOrO NPOCTPAHCTBA MOAYMHEHbI CUMaM
FMAPOCTaTMYECKOrO U OHKOTUYECKOTO AaBIEHUS 1 MPOUCXOAAT PUTMUYECKMN.

Akcroma Ne 4. ApXWUTEKTYpPHbIE OCOOGEHHOCTN CTPOEHUA CETU COCYAO0B NMMda-
TUYECKON CUCTEMBI. B CTPYKTYpY NMM(ATUYECKON CUCTEMbI BXOASAT.

1. LleHTpanbHble MMMAOVAHbIE OpraHbl: BUIOYKOBas Xenesa (TUMYC); KOCTHbIN
MO3r; 3MOPMOHasbHAsA NeyeHb; NMMpOonaHbIe 06pa30BaHUsA TONCTOW KULLIKKW; NMMKON-
[Hble 06pa3oBaHKs YepBeobpasHOro OTPOCTKa.

2. TMepudepnyeckne MMMHONAHbIE OpraHbl: IMMpATUYHECKUNE Y3/ibl; CeNe3eHKa.

3. VIMMYHOKOMMETEHTHbIE KNETKW: MTMMAOLMTBI; MOHOLWMTBI; NOMIMHYKNeapHble
NenKouuTbI; 6efble 0TpoCYaTble 3NUAEPMOLUTBLI KOXW (KNeTKW JlaHrepraHca).

4.  Jlumdponposogaime cocydbl (MMMpaTUUecKue Kanunnapbl, nuMgaTnyeckme
COCYfibl, IMMaTUYECKINE CTBO/IbI U MPOTOKM).

Akcunoma Ne 5. DyHKUMN IUMEaTUYECKOR CUCTEMDI.

B COOTBETCTBUM C COBPEMEHHbBIM YPOBHEM MO3HAHUA NIMMKATUYECKOW CUCTEMBI
CUMTaKOTCA 06LLENPU3HAHHLIMK CregytoLme (yHKLMM umdaTnyeckor cuctemsl [3]:

—  mMmoobpasyroLLas;

VMMYHHas;

pe3op6uMoHHas (BcacbiBatoLLas);

TpaHCMopTHas;

MeTabonmyeckas (QyHKUUSA, Npyu KOTOPOW NMaTnyeckas cMcTemMa akTUBHO
y4acTByeT B 06MeHe BUTaMWUHOB, GENKOB, XXMPOB U AAPYrvX 3/1eMEHTOB;
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—  6apbepHO-(hUNbTPaLUOHHES;

—  remMornosTu4eckyto (KpoBETBOPHYHO);

—  romeoctatnyeckas (MOCTOSHCTBO BHYTPEHHeN cpefpbl);

—  pe3epByapHas (gerno);

—  3aWMTHasd, KacaroLascs CO6CTBEHHOM OpraHN3MeHHOW XMAKOCTH;

—  mmaTryeckas cuctema ABseTcs (yHKLMOHaIbHOM YacTbio UMMYHHOW Cy-
CTEMbl BCEr0 OpraHu3ma YenoBeka.

[aHHbI NepeyeHb HEBO3MOXHO 0XapaKTepn30BaTh B (hYHKLIMOHALHOM MOMHOTE
B KOHTEKCTe CTaTbl. [103TOMY 0XapakTepu3yeM NpuBeLeHHbIe fanee ABe HYHKLWN.

Akcuoma Ne 6. Jiumdoobpasytowas yHKLumMS. PeannsyeTtca: LEeHTpasbHbIMU
NMQOUAHLIMY OpraHamu; MepupepnyeckUMn NMMQOUAHLIMY OpraHamu; 1 MUKpPO-
LMpKynaTopHbeiM pycnom (MUP), B kKOTOpoM B pesysnbTate guabTpauum nnasmbl B
KPOBEHOCHbBIX Kanunnsapax XWAKOCTb BbIXOAUT B TKAHEBOE MPOCTPAHCTBO, e BOAa U
3NEeKTPONUTLI YACTUYHO CBA3BIBAIOTCA C KOMIOVUAHLIMU U BONOKHUCTLIMU CTPYKTYpa-
MM, & YaCTMYHO 06pa3ytoT BOAHYHO (ha3y. Tak 0bpasyeTcs TKaHeBas XWAKOCTb, 4acTb
KOTOpPOi peabcopbmpyeT 06paTHO B KPOBb, @ YacTb — MOCTYNaeT B MM{aTUYecKme
Kanunnsapbl, 06pasys numdy. Takum 06pa3om, numda sBISETCH OPraHU3MeHHOW K-
[KOCTbIO BHYTPEHHel Cpefbl OpraHvW3ma 4enoBeka, 006pa3yeMoii, B TOM Yuche, U 13
TKaHEeBOW XULKOCTW.

Akcroma Ne 7. PyHKUMM (hU3N0N0rMYecknx 6apbepoB, BbIMOMHAEMbIE C YHacTu-
eM nMmaTnyeckor cuctembl [4, 5]. dusmonornyeckvre 6apbepbl opraHu3mMa — 310
OAVH V3 MEXaHN3MOB PEe3NCTEHTHOCTM, KOTOPbIE CNYXKAT AN1A 3aL1Tbl OpraHnu3Ma um
OTZe/NbHbIX ero yacTei, NPefoTBPALLAOT HapyLLEHWe NOCTOAHCTBA BHYTPEHHel cpe-
[bl PV BO3LEVCTBUM Ha OpraHn3M akTopos, CNOCOBHbIX PaspyLUNTL 3TO NOCTOAHCT-
BO (DM3NYECKMX, XUMUYECKUX U BUOMOMMYECKUX CBOMCTB: KPOBW, IMM(bI, TKAHEBOM
XXWAKOCTU.

O6pasytoTca (hnsnonornyeckme 6apbepbl B 30He MLIP, B KOTOPbIX MPUCYTCTBYHOT
numdaTryeckre Kanunnapbl. U HasbiBatoTCA (13M0nornyeckmne tapbepbl MeXxaiy Kpo-
BblO M TKaHeBbIMW XXWMAKOCTAMMW TUCTO-reMatuyeckummn Gapbepamu. K HUM MoryT
ObITb OTHECEHBI BCe 6€3 UCK/HYeHUs bapbepHble 06pa3oBaHNA MEXAY KPOBbIO 1 Op-
raHamMu. M3 HUX Hambonee BaXHbIM ABNAKOTCA: reMaro-3HLedasmyeckunii, remaro-
OhTaIbMUYECKUIA, TeMaTO-NabMPUHTHBIN, remaTo-naeBpasibHbIi, remaTo-CUMHOBUa/b-
HbI 1 NaLeHTapHbIN.

CTpyKTypa rmcto-reMaTmyeckmx 6apbepoB OMpesenifieTcs B OCHOBHOM CTPOEHU-
eM opraHa, B CUCTeMy KOTOPOro OHW BXOAAT. OCHOBHbIM 3/1EMEHTOM [WUCTO-
reMaTMyeckmx 6apbepoB ABMAKOTCA KPOBEHOCHbIE KanuNapbl. SHAOTENNIA Kanunnis-
POB B pas/INYHbIX OpraHax 061a4aeT xapakTepHbIMU MOPKONOrMYECKMI 0COBEHHOC-
TAMU. Pa3nnuma B MexaHu3Max OCYLLEeCTBNeHWs GapbepHOV (YHKLMW 3aBUCAT OT
CTPYKTYPHbIX OCOOGEHHOCTE OCHOBHOrO BellecTBa (HEKETOYHbIX 06pa3oBaHui,
3aroNHALWMX NPOCTPaHCTBa Mexay knetkamu). OCHOBHOe BeLLEeCTBO 06pasytoT
MeMOpaHbl, OKYTbIBatOLLMEe MaKpOMOSeKybl (hnopunispHoro 6esika, ohopMIEHHOr0
B BMAe MPOTO(MMOPUNI, COCTaB/AIOLEr0 OMOPHbLIA OCTOB BOMOKHUCTBIX CTPYKTYP.
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HenocpeACcTBEHHO MOJ, 3HAOTE/NIMEM pacronaraeTcs 6asanbHas MeMbpaHa Kanunng-
pOB, B COCTaB KOTOPOW BXOAMT 6O/bLUOE KOMMYECTBO HEMTPa/IbHbIX MyKOMOMcaxa-
pnaos. basasbHas MembpaHa, 0CHOBHOE aMOP(HOE BELLLECTBO M BO/IOKHA COCTAB/AOT
6apbepHbIil MeEXaHU3M, B KOTOPOM [/1aBHbIM PEaKTUBHbLIM U Nabu/bHbIM 3BEHOM AB/S-
eTCsi OCHOBHOE BelLecTBO. Kpome Toro, Kaxkaas rpynna mMmpaTryecKux y3noB TOXe
npescTaBnseT coboi aKTUBHbIV (13MONOrMyecknin 6apbep, NPensTCTBYIOLWMIA pacn-
POCTPaHEHWIO MO OpraHu3My BpefHbIX BeLecTB — MUKPOOOB, BUPYCOB, Pas/iMyHbIX
A00B, OMYXO0NEBbIX KMNETOK U T. M. B nnMMaTnyecknx y3nax OHW 3afepXuBaroTcs u
06€e3BpeXMBAIOTCA aHTWTeNamu, BblpabaTbiBaeMbIMU NMQOLIMTaMK, a 3aTeM Morio-
LLAK0TCA MakKpodaramm — KneTkamu CoeJMHUTENbHOW TKaHM.

dopmupoBaHMe MaTemMaTUYeCKOor Mogenn (HU3N0I0rMyYecKUX MnpoLeccoB
NMMATUYECKOIN CUCTEMbI YenoBeka. Mpy co3gaHny MaTeMaTUyecKoi Mofenu as-
TOpbI CTPEMUINCH COBPaTh BOEAVHO M3BECTHbIE HA TEKYLLMIA MOMEHT pa3BuUTUs 61O-
NOTNYECKON Y MEAULMHCKONM HAaYKM LOCTOBEPHbIE 3HAHWS O IMM(ATUYECKOW CUCTEME.
Mpun 3TOM PYKOBOACTBOBA/INCL KPUTEPUAMU: COB/HOLEHUSA LLENIOCTHOCTY MPU3HAHHBIX
B 3TUX HayKax WMCTUHHbIX 3HaHWA; COBMIOLEHNA KAHOHOB NMOCTPOEHUs (OPMasbHbIX
MaTeMaTUYecKuX TeopuiA NMpu CO3A4aHWUK HOBOWM (DOPMasIbHOW TEOPUM O XW3HedesTe-
NBbHOCTN NUM{ATUYECKOI CUCTEMBI aBCTPAKTHOr O YesloBeKa.

B Tekylwee Bpems co3faHue opMasibHOW Teopuu, YA0BNETBOPAIOLEN YKa3aH-
HbIM KPUTEPUAM, BO3MOXHO NMLLb Ha OCHOBE IMHOr0 CTEPeoTUMNa SIOrMYECKON KOHC-
TPYKUMM MbILLIEHUSA, NPeAHa3HA4YeHHON AnA (POpPMasibHOro AoKas3aTenbCTBa Teopem
[6]. Ha uem v ocHOBaHbI BCe NpeblayLLvie YTBEPXKAEHNSA B CTaTbe U 3aK/H0UNTENbHOE
yTBepxaeHve. KOHLENT 3HaHUs, KOTOPbIA CNedyeT UCMO/Mb30BaTh B POSIN 3aK/HOUYEHNS
LLe/IeBOiA TeopeMbl, MPeACTaB/IeHHON B (hopMaTte /IOTMYeCKOro YTBEPXAeHUs, JO/MKEH
HEeCTW Ha cebe CrnefytoLLyo CMbIC/IOBYHO Harpysky [6].

Jornyeckoe nNpov3BefeHVie KOHLENTOB 3HaHWUI, BKOYEHHbIX B COCTaB MOCbINIOK
TeopeMbl, rapaHTMPOBAHHO 06GEecrevnmBaeT B HEMpPepbIBHOM BpPEMEHW HOPMATWBHbIE
rnokasaTesin napamMeTpoB romeocTasa IMMEaTUYEeCKON CUCTEMbI, MPU YCNOBUN OTCYT-
CTBWS NaToOMIOrNiA B OpraHn3Me 4enoBeka, CBA3aHHbLIX C (YHKLMOHWPOBAHNEM 3TOM
CUCTEMBI.

Akcuroma Ne 8. VigeHTUurumpyem aTo 3HaHWe A1 MOCNeayroLLero npyMeHeHs B
TEKCTe MaTeMaTUyecKo Mofenu. [ OTPadKeHUs LieneBoi TeopeMbl B POPMY/IbHOM
BUAE, KKAYI0 U3 NPUBEAEHHBIX Bbllle B KOHTEKCTE CTaTbW akCMoM, CreflyeT npeacTa-
BWTb B BUE (DOPMY/Ibl JIOTVIKM MPEeSMKaTOB MepBoro nopsaka.

Axkcunoma Ne 1. pl(X), rge pl — HeceT CMbIC/IOBYHO HarpysKy AuaneKTUYecKow
NOTWUKMN KOHTEKCTa 3TON aKCMOMbI, & B CKOOKaxX — NpeAMeTHas nepeMeHHas X naeHTu-
(hnumpyeT opraHn3m abCTpakTHOroO Ye/I0BEKa.

Axcnoma Ne 2. p2(X), rae p2 — HeCET CMbIC/IOBYHO HarpysKy AuaieKTUYeCKol 0-
TMKN KOHTEKCTa 3TON aKCMOMbI, & B CKOOKax — npegMeTHas nepemeHHas X UAeHTU-
(hnumpyeT opraHy3mM abCTPakTHOrO YeNoBeKa.

Axcnoma Ne 3. p3(X), rae p3 — HECET CMbIC/IOBYHO HarpysKy AuaieKTUYeCKoN o-
FMKW KOHTEKCTA 3TOW aKCMOMbI, a B CKOOKax — npegmeTHas nepeMeHHas X WAeHTU-
(hnumpyeT opraHy13mM abCTPakTHOrO YeNoBeKa.

KomnbloTepHad maTemaTyka. 2015, Ne 2 83



B.A. KOHOPATEHKO, B.1. TAJTbKO

Axcnoma Ne 4. p4(X), rae p4 — HeCeT CMbIC/IOBYHO HarpysKy AuaieKTUYeCKol 10-
TMKM KOHTEKCTa 3TOW aKCMOMbI, a B CKOOKax — npegmeTHas nepeMeHHas X MAeHTU-
(PMUMPYET opraHn3m abCTPaKTHOr 0O YeNoBeKa.

Axcnoma Ne 5. p5(X), rae p5 — HeCeT CMbIC/IOBYHO HarpysKy AuaieKTUYeCKol 0-
TMKN KOHTEKCTa 3TOM aKCMOMbI, a B CKOGKax — npeAMeTHas nepemMeHHas X UAEHTU-
(MUMPYET opraHn3m abCTPaKTHOr 0O YeoBeka.

Axkcnoma Ne 6. p6(X), rae p6 — HeCET CMbIC/IOBYHO HarpysKy AuaieKTUYeCKol 0-
TMKN KOHTEKCTa 3TOM aKCMOMbI, a B CKOGKax — npeAMeTHas nepemMeHHas X UAEHTU-
(PMUMPYET opraHn3m abCTPaKTHOroO YenoBeka.

Axkcnoma Ne 7. p7(X), rae p7 — HECET CMbIC/IOBYHO HarpysKy AvaneKTU4ecKol no-
TMKN KOHTEKCTa 3TOM aKCMOMbI, a B CKOBKax — npeAMeTHas nepemMeHHas X UAEHTU-
(PMUMPYET opraHn3m abCTPaKTHOroO YenoBeka.

Akcroma Ne 8. p8(X), rae p8 — HeCeT CMbIC/I0BYHO Harpy3Ky AWaneKTUYecKom no-
TMKN KOHTEKCTa 3TOM aKCMOMbI, a B CKOGKax — npeAMeTHas nepemMeHHas X UAEHTU-
(bMuUMpyeT opraHn3m abCTPaKTHOr 0 YenoBeka.

Ha ocHoBe nornyeckmx opmyn akcrom Ne 1 — Ne 8 hopmyna LieneBoli TeopeMbl
OyaeT UMeTb Takol BUA:

(VX)(PL(X) A p2(X) A p3(X) A p4(X) A pS(X) A PB(X) A p7(X)) => p8(X)) =>
=> (3X)((PL(X) A p2(X) A P3(X) A pA(X) A PS(X) A PE(X) A P7(X)) =>
=> p8(X)). @)

[na TOro 4TobbI CyLLECTBEHHO COKPATUTL KOMMYECTBO (DOPMasIbHbIX CUMBOJIOB B
thopmyrne (1) 0603HaunM: ngeHTudrkatopom F1 gopmyny:

(PL(X) A p2(X) A p3(X) A p4(X) A pS(X) A PE(X) A P7(X)).
Torpga hopmyna (1) NpMMeT HOBbIV BUS,
[(v X)(1TF1vp8(X))]=>[(3X)(1 F1v p8(X))]. )

B cTpykTypy thopmynbl (2) BXOAAT fBe OTAE/NbHbIX, CBA3AHHbIX Ornepauuein umn-
NvKaumu, opmMyrnsi:

FZ(X) [(VX)(I F1v p8(X)I;
F3(X) = [(3X) (1 F1v p8(X))].

B Teopun aBTOMATMYECKOr0 [l0Ka3aTe/lbCTBa TEOPEM /11 NPUBEAEHUS NOrnYec-
KMX (hOpMy/T K KaHOHMYECKOMY hopMaTy, CoAepXKallleMy TONbKO aKCUOMbI 1 Tpu No-
FMYecKmX onepaumy (KOHbIOHKLMUMW, AM3BIOHKLMU U OTPULIAHUS) ONpeenieHbl U AoKa-
3aHbl 27 (hopMasibHbIX MpaBWN 3KBUBANEHTHLIX NPeo6pasoBaHuUii (hOPMyN NOFMKM
npeayKaToB NepBoro nopsiaka. [sa n3 HUX BbIFNSAAT Tak:

(F2(X)=>F3(X))=(1F2(X)vF3(X)),
(F2(X)=>F3(X))=(F2(X)ATF3(X)).

OpHo 13 npaBun ycTaHaemBaeT 13=V.
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OfHO 13 NpaBWA NPeanucbIBaeT 0CBO60ANTL (HOPMYy/y OT BCEX KBAHTOPOB O6LLj-
HOCTW, ecnn B hopmy/nie APYrUX KBaHTOPOB HeT. EC/M BOCMONb30BATbCS ITUMM Ye-
TbIPbMS MOCNEAHVMM NpaBUnamMi, To opmyna (2) NpUMET Takoi BUS;

[1F1 v p8CX)]A[1[1FL v p8(X)]]. 3)

dopmyna (3) npescTaBnseT cO60 KOHBIOHKLMIO BCErO [BYX KOHTPApHbIX KOM-

MOHEHTOB. YTO CBMAETENLCTBYET O € NMPOTUBOPEUMBOCTH, HO TaKXKe CBUAETENbCTBYET

06 NCTUHHOCTY TEOPEMbI B LIESIOM, TaK Kak METOA0/10rNs aBTOMaTMUeCKOro JoKasaTe-

NbCTBa TEOPEM OCHOBAaHA Ha BbIBOZE NPOTUBOPEUNBOCTY (OPMY/Ibl TEOPEMbI B LIENIOM.
CnepoBaTe/ibHO, TeOpPeMa YCMeLIHO oKa3aHa.

B.O. KoHgpaTeHko, B.1. Tanbko

MATEMATVYHA MOJE/b ®1310/10MMUYHNX MPOLIECIB NIMOATUYHOT CUCTEMU
NOMHN

CTaTTa NpMcBsYeHa CTBOPEHHIO (DYHKLiOHa/IbHO MOBHOT MaTeMaTUYHOT Mogeni NimpaTnyHoi cuc-
TEMU IIOANHK, NPU3HAYEHOT ANS NPOrHO3YyBaHHS MOB’A3aHUX 3 HELO NAaTOoMOri/i B OpraHi3mi NH0AuHW.

V.A. Kondratenko, V.I. Talko

MATHEMATICAL MODEL OF PHYSIOLOGICAL PROCESSES OF HUMAN LYMPHATIC
SYSTEM

The paper is devoted to creation of functionally complete mathematical model of human lymphatic
system, designed to predict its pathologies.
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