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Bonpocbkl MaTeMaTU4YeCcKoro MoaenvMpoBaHus
npoueccoB PyHKLMOHUPOBAHUA OPraHOB U CUCTEM YeroBeka

AHHOMauyusn. Qusuosiocudyeckue pummbl COCMABISM OCHO8Y XU3HU. Pummuyeckue
npoueccekl 83aumodeticmayrom Opye ¢ OpyaoM U ¢ 8HewHel cpedou. s noHUMaHusi Me-
XaHU3MOo8 bu3UOI02UHECKUX PUMMO8 U Mpoueccos8 byHKUUOHUpO8aHUs Haubornee Xus-
HEHHO Ba)KHbIX Op2aH08 U cucmem 4esioeeka 0CO6EHHO YMEeCMHbIM S18/15€MCS UCMOb30-
saHuUe Memo008 HesluHelHOoU QUHaMUKU.

Knrodeeblie crnoea: chusuorioaudeckue pummbl, HerluHelHass OuHaMuka, meopusi Koneba-
Hul, buonoauyeckasi pummorsioausi, 20Meocmas.

Bce pesynbTaThbl B Hayke Ao6bIBaAlOTCS NpU NOMOLLM NO3HaBaTelbHbIX AenCTBUN. Ka-
Kve Obl HayYHble JOCTUXKEHUSI Mbl HE B3ANN — AMNUPUYECKNE, TEOPETUYECKME UMK fornye-
CKMe OTKPbITUS, BbiSBMEHWEe, U3ydyeHne u GopMynMpoBaHMe 3akoHa, MOCTPOeHUe Teopuu
UK TMNoTesbl, Te NN NHble KOHCTPYKTUBHbIE PELLEHNs U T. ., — B OCHOBE UX BCeraa nexur
CNOXHbIN WU KPOMOTNMBLIN Tpya uccrnegosatenen. pegMmeTomMm paccMOTpeHUs B JaHHOW
cTtaTbe M BygeT nosHaBaTenbHaa OeATenbHOCTb B 06nacTv mMogenupoBaHUSA npoLeccoB
PYHKLNOHUPOBAHMSI OPraHoB M CUCTEM YerioBeka C NOMOLLLI0 MaTeMaTMYecKoro annapara.

Bo BCsIKOM Hay4yHOM nccnegoBaHUM CyLLECTBEHHYO POSib UMPaloT COo3HATENbHO ¢hop-
Mynupyemble uenn n npobriemMbl, COCTaB No3HaBaTeNbHbIX 3a4a4 U No3HaBaTeSNbHbIX One-
paumn unn OencTeun, METoObl U CpeacTBa NO3HaHUA, Nosiydaemble pesynbTatbl. B ymeHun
CBSA3bIBaTb 9TU COCTaBHbIE ANIEMEHTLI, NIIaHMPOBaTb N KOHTPONMPOBaTb X0 Hay4yHOro Uc-
CnefoBaHNS N cKasblBaeTCHa TanaHT U NOArOTOBNEHHOCTb YYéHoro. Kak B Bblbope Lenen,
TaK 1 B Nouckax MeTogoB M CPeaCcTB UX AOCTUXKEHUS OH HE MOXKET HEe UCXOOUTb U3 pe3yrib-
TaToOB, JOCTUIHYTbLIX NPeALIECTBYOLLMMM NOKONEHNAMN nccnegosartenen. Emy Heobxoammo
3HaTb TpeboBaHus, NpegbsBNAeMble K Hay4YHO-UCCnegoBaTENbCKOMY TpyAy U ero pesyrib-
TaTam. 3T TpeboBaHns BbipaboTaHbl U OCO3HAHbI B UICTOPUM HAYKWU, B HUX aKKyMynMpoBaH
KonoccanbHbIN TPy, MHOMMX MOKOMEHUA YYEHbIX, BOKPYr HUX Benacb U BeAETCHA CroXHas
TeopeTuyeckasa 6opbba. MIrHopnpoBaHue aTux TpeboBaHun nnmn NPon3BosnbHoe obpalleHne
C HUMM Hepeako NPUBOAWUT K pacTpate CUil U BPEMEHU U Aaxe Cepbe3HbIM Heyhayam.
MpepwecTByoLlee pa3BuUTME Haykn 3a0a€T YPOBEHb, HA KOTOPOM BKITHOHMAIOTCS B Hay4yHO-
nccnenoBaTenbCKylo OeATeNbHOCTb NOCNeayoLme NOKOSIEHUS YYEHDIX.

YKka3aHHble 06CTOATENBCTBA OCOBEHHO BaXKHBIMW CTAHOBATCA B HawW AHW. B pas3su-
TUM COBPEMEHHOMN HayKu MpoucxogaT 6onbluMe U3MEHEHUS: YCIOXHAETCA XapakTtep npo-
6nem, CpeacTB U METOOO0B MO3HAHMS; BO3HUKAKOT pa3Hoobpa3Hble cnocobbl kKoonepuposa-
HUA Tpyada Y4YeHblX, paboTatowmx B pasnnyHbiX Haykax, obMeHa 3HaHUSMWU U OMNbITOM BHYT-
pY HayYHbIX KOMNMEKTUBOB; N3MEHSIIOTCA CBS3U Hayku C MPOM3BOACTBOM U C ApyrMMmn obna-
CTAMU OOLLECTBEHHON AeATenbHOCTU Noaen; ObICTpO BO3pacTaeT KOSIMYECTBO Hay4HbIX
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nyénukaummn, Tpebyrowmnx nlydeHuns, aHanmsa u T. . Bcé 310 BegeT K CyleCTBEHHbIM U3-
MEHEHUSM B XapakTepe Mno3HaBaTeNbHOW OeATerlbHOCTU uccnegosatenein. Npu pelueHun
MHOMMX NpobnemM NpUXOAUTCS UCMONb30BaTh CaMble pasfnuyHble, HepeaKo HOBble MeTOAb 1
cpenctBa NosHaHus, Gonblion 06bEM 3HaHWN. CoBepLUEHHO HeoBXOaUMbIM CTaHOBUTCHA
CTPOMMiA KOHTPOSb UCcrneaoBaTens 3a CBOMMU No3HaBaTeNbHbIMU AEACTBUAMMN, COrfacoBa-
HWe pe3ynbTaToB, NOy4aeMbiX MPU NOMOLLM Pa3fNYHbIX METOAO0B MO3HAHWS, OCOGEHHO B
dunanke, Guonormm n MeguumMHe. YUYEHbIN HE MOXET OrpaHUYUTLCS TONbKO COBCTBEHHbLIM
OnbITOM M1 MHTynumen. OH No HeoBxoaMMOCTM obpallaeTcs B TakMx cnyvasx K Teopum
Nno3HaHus, B 0COBEHHOCTU K TOM €€ YacTu, KoTopas crneunansHo U3yyvaeT no3HaBaTerbHYHo
AEeATENbHOCTb YYEHbIX, — K MeTOAOoNormMm Hayku. oaTomMy fOrmko-mMeToaonormyeckme uc-
CrneaoBaHMs NPeBpaLLaoTCsa BO BCE Bonee BaXkHy0 OTpacib pasfaeneHus Tpyaa B Hayke.

M3meHeHna B nNo3HaBaTenbHOM AeATENbHOCTU YYEHbIX CTAHOBATCA BMECTe C TeM Of-
HUM U3 BaXXHENLLNX UCTOYHMKOB M CTUMYIOB nporpecca Haykn. OHW CBA3aHbI, Npexae BCero,
C pa3paboTkon HOBbIX, NPeobpasylLNX HAyKy METOO0B U CpeacTB nosHaHus. VX oTKpbiBa-
0T, pa3pabaTtbiBaloT 1 0OOCHOBBLIBAOT CaMM YYEHbIE, B YEM MPOSABMSIOTCA UX NOArOTOBMNEH-
HOCTb, TBOpYEeckue AapoBaHusi, MacTepcTBO. MOXHO, KOHEYHO, rOBOPUTbL O TOWM WU MHOW
CTeneHn CNy4armHOCTU B TaK Ha3blBaeMbIX IMMMPUYECKUX OTKPbITUAX. HO MeToabl 1 cpeacTtea
MO3HAHMSA MCCedoBaTenu ULWYT, OTKPbIBAOT M 0B60CHOBBLIBAIOT LieneHanpasneHHo. Mcxoa-
HbIM MYHKTOM TaKuX JOCTUXKEHWUN Yallle Bcero OblBaeT KpUTU4eCcKoe n3yvyeHne camon rnosHa-
BaTeNbHOM AeATENbHOCTU, METOLOB U CPEACTB, UCMONb3YEMbIX B HAY4YHOM UCCIeS0BaHNM.

OT Takoro n3y4yeHns BO MHOTOM 3aBUCUT MPOrHO3UPOBaHUE Pa3BUTUSA HAyKW, CTaHO-
BALLeecsa BcE Hbornee HeOOXOANMMBLIM YCNOBMEM Hay4YHO-TEXHMYECKOro nporpecca. Cenvac
eLé He CyLecTByeT Kakon-nmbo Teopun, ncxoas U3 KOTOPOM MOXHO BbIfno Obl 4OCTAaTOYHO
CTpPOro npeaBuaeTb NepCneKkTUBbl pa3BUTUS Hayku. [NoaTomy Gonbluoe 3Ha4YeHne UMerT
NPOrHO3bl, OCHOBaHHbIE HAa 3HAHWUAX, OMbITE U MHTYULUUKN camMux uccnegosarenen [1].

dunsnonormyecknin Nogxon B aHanmse u MogenmpoBaHnumnm 6nMoobbLEKTOB ahdekTnBEH
ANs uccrnegoBaHus NpoLeccoB PYHKUMOHNUPOBAHUS OPraHoOB U CUCTEM YeroBeKa.

TunnyHbIMM OBbEeKTaMN Takux UccrneaoBaHMn OU3NONOrMYeckne puTMmbl, bruocucre-
Mbl, OYHKLUMOHUPYIOLLME B YCIOBUSIX TEXHUYECKOrO OKPYXXEHUs: DMOTEXHMYECKMe cucte-
Mbl, @ TaKKe 3awmTta pn3nonormyecknx PyHKUMN opraHnaMa oT BHELLUHEro BO3LENCTBUA.
dusmonormyeckme puTMbl COCTaBIISAOT OCHOBY XWU3HU. O4HW PUTMbI NOOLEPXKUBAKOTCS B
TEeYEeHNe BCEN XWU3HWU, N [aXe KpaTKOBPEMEHHOE WX MpepbliBaHWEe NPUBOAUT K CMEpPTH.
[pyrve nosBnsalTCSA B onpefesieHHble Nepuoabl XU3HU MHOUBUAYYMA, NpUYeM YacTb U3
HUX HaXO4MTCSH NoL KOHTPOSiEM CO3HaHWUA, a YacTb NpPoTeKaeT He3aBUCUMO OT Hero. Put-
MUYECKMe npoLeccbl B3aMMOAENCTBYIOT ApYr € APYroM U C BHELLHEN cpefon. ameHeHne
pUTMOB, BbixoagdLlee 3a npegenbl HOpMbl, NMMB0 NOSIBNiEHWEe UX TaMm, r4e OHWU paHblle He
obHapyxuBanucb, cBs3aHO C 6GonesHblo. MOHMMaHMe MexaHU3MOB (U3NONOrNYECKNX
putMoB TpebyeT obbeanMHeHUss MaTemMaTmMyeckoro u dpuauonornyeckoro nogxogos. Oco-
OEeHHO YMEeCTHbIM ABNSETCS UCNOSb30BaHME METOAOB U3 pasgesia MaTeMaTukn, HasblBa-
€MOro HenvHenHon guHamukon. OCHOBbI HEMMHENHON AMHAMUKK Oblnn 3anoxeHsbl NyaH-
Kape B KOHUe OeBATHaALAToro Beka, HO 3a nocnegHue AecATUneTUs OHWU Nosyvymnn 3Ha-
yntenoHoe pasutme. K coxaneHuo, OCHOBHbIE MOHATUA HEMUHEWHOW OUHAMUKMA OObIYHO
npeacTaBnsaAlTCa B popme, JOCTYNHON XOPOLIO MNOArOTOBIIEHHOMY MaTemMaTuKy, HO 3a-
TPyOHUTENbHOW Ans domsunornora-npakTuka [2].

Ewe ogHa oTHOCUTENbHO CcaMocTosiTeNnbHas OTpacrib MUccnegoBaHun — OU3MKO-
MaTemMaTmyeckoe mMoLenMpoBaHue yHKLUMOHNMPOBAHUA Hanbornee XM3HEHHO BaXKHbIX Op-
raHoOB W CUCTEM, Hanpumep, cepaeyHO-COCyaUCTON CUCTEMbI M OpraHoB AbixaHus. Pac-
CMOTPUM NPUHLMIMBI MOOENMPOBAHNA Ha NpuMepe 3agad nepBoro Tuna.
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B Teopun umsmonornyecknx putMoB, Oasmpylollenca Ha obLlen Teopuum CUH-
XpOHM3aLmMmM aBTokonebaHnin n aBTOBOSIH, UCMONb3YEeTCA MaTeMaTu4eckuii annapat budyp-
Kaumm aTTpaKToOpOB (CTPaHHbIX aTTPakTOpOB) B AMHAMUYECKUX CUCTEMaX, a Takke annapaT
ONUCcaHus BOSTHOBLIX MPOLIECCOB B aKTUBHbIX cpeaaX. CTpaHHbIN aTTpakTop — 3TO aTTpakTop,
UMEKLNA OBa CYLLECTBEHHbIX OTMIMYMS OT OObLIYHOIO aTTpakTopa: TPAeKTopusi Takoro aT-
TpakTopa Henepuoamyeckasi (OHa He 3aMbIKaeTCs) U pexxuM (OYHKUNOHNPOBAHNS HEYCTONYUNB
(Manble OTKIOHEHUSsT OT pexmnma HapacTaroT). OCHOBHbIM KpUTEPUEM XaOTUYHOCTU aTTpaKTo-
pa SBfSieTCA 3KCMOHEeHUMansHoe HapacTaHve BO BpeMeHW marbix Bo3MyLleHun. Cneacreum-
€M 3TOro ABNAETCS «NepeMeLLMBAHNE» B CUCTEME, HENEPUOANYHOCTb BO BpeMeHM fntobon 13
KOOpAMHAT CUCTEMbI, CMIOLLHOM CMEKTP MOLLHOCTM M ybbiBaloLWwas BO BpEMEHN aBTOKOppe-
NAUMOHHAA PyHKUMS. AHANUTUYECKMIA annapaTt UCMonb3yeT LOCTAaTOYHO HECIOXHble OObIK-
HOBEHHble audepeHumanbHble 1 Ppa3HOCTHbIE YPaBHEHMS; B NPUHLUMMNE pa3paboTaHbl 1 Ba-
pUaHTbl NPOrPaMMHON peanusaumm Ana nofyyYeHnst YUCNEeHHbIX 3HadveHnn. [pu mogenunpo-
BaHMW W aHanNn3e NCMNonb3yTCS M3BECTHbIE NOHATUSA TEOPMM KonebaHni: CTaumoHapHbIe Co-
CTOSIHWSA, NpedenbHble UMKIbl, dpa3oBas MiOCKOCTb, Xaoc, WYM, MSATKUN U XECTKUA PEXUMBI
aBTOreHepaumm, BOfHOBbIE NPOLEeCChl B BO30YANMbIX cpeaax, da3oBble caABUrn 1 ap. Takum
00pa3om, peyb aeT 0 NPUNOoXKEeHUN annapaTta HeNMMHENHOM ANHAMUKN K OU3MOSOTUN.

Kak 6bIro y»xe ckasaHO, OCHOBY JTHOOOro XM3HEHHOIO LiMKIla COCTaBnsT nanonormye-
CKME PUTMbI; TakKnm o0bpasom, Buonornyeckast pUTMONONMSA OpraHNYHO BMNUCHIBAETCS B aKTUB-
HO pa3BMBaEMy0 B cCamble NnocreaHue rogbl BCeoOLLyo Teopuio LMknoB. CumMtaeTcsa akcne-
PUMEHTarbHO YCTaHOBIIEHHOM 3aBUCUMOCTb XapakTEPUCTUK MHAMBUAOYaANbHbIX BUO0OHEKTOB,
nonynsiumMm n coobLLECTB HE TOMBbKO OT XXM3HEHHOIO UK 3BOSIFOLMOHHOIO BPEMEHMU, HO U OT
3HAYE€HUN COBOKYMHbIX BHELLUHUX N BHYTPEHHNX (DAaKTOPOB; TO €CTb 3TO €CTb NPOLECCHl NOu-
unknmnyeckne. OgHako Ha nx oHE MOXHO BbIAENUTL rPYNNbl OONHAKOBbLIX MO BEMNYUHE LMK-
NnoB, TO €CTb NepmnoaoBs. [JaBHO M3BECTHbI NEPUOAbI B Pa3fnyHbIX 061acTsiXx eCTeCTBO3HAHNS;
Hanbonee M3BECTHbIN M 3HAYMMbIN — nepuoanyeckni 3akoH . . Mengeneesa. OyeBnaHo,
MOXHO FOBOpPUTb M O CyLLLECTBOBaHMM 06LLEONONOrM4eckoro Nepuognyeckoro 3akoHa, Kom-
NMOHEHTOM KOTOPOrO SBMSAETCH U 3KOSTIOMTMYECKUA NEPUOONYECKNIN 3aKOH.

[aHHbIN 3aKOH 3BY4MT cnegyrowmm obpasomM. CpeaHue 3Ha4YeHUsT pasfnyHbIX XapakTe-

PUCTVK UHAMBUAYYMOB, NONynsiumiA 1 coobluects aBTo- unmn retepotpodor (logy) HaxopsT-

¢ B OyHKUMOHArbHOW nepuoamyeckon 3asncumocTi (fp) oT 3HaueHUn pasnmyHbiX akTopos
(X)), BKntovasi hakTopbl BHELUHEN Cpeapbl, COBCTBEHHbIE (BHYTPEHHME) AN Buocuctembl dak-

TOpbl U ¢hakTop duamndeckoro Bpemenn (logy(x;) =f,(X;)), koTopble AENCTBYIOT Ha AaHHYO

BrocmcTtemMy COBMECTHO M Yepes3 MOCpPeacTBO MEPUMOOMNYECKUX 3aBMCMMOCTEN OMpeaensoT
3HaYeHNs1 XapaKTepuCTMK nokasatenen nonynsaumm n coobuuects (log yi) B AaHHOM MecTe (j)
1 B aHHoe Bpems (t), Kak cpeaHee apudmeTnyeckoe OT pesyrbTaTta ENCTBUS KaXaoro dak-
TOopa 13 Bcex (N) BaXXHENLUNX YYUTbIBAEMbIX:

1 n
logy, = Hglogy(xijt)- (1)
1=

ObbeamHAa aHanorm4Hyr BGUONOrMYecKom 3akOHOMEPHOCTU (1) XMMUYECKY 3ako-
HOMepHOCTb € 3akoHoM [1. . MeHageneeBa, ¢ 3aKOHOMEPHOCTLIO NEPNOaNYeckon 3aBUCKU-
MOCTU KOHLIEHTPaUUA XMMUYECKUX COEAMHEHUIN OT 3HA4YeHWUs BpeMeHn B peakuun beno-
ycoBa->KaboTUHCKOro 1 C psaaoM OpYrmx OTMEYEHHbIX 3aKOHOMEPHOCTEW, MOXHO (anro-
PUTMUYECKN) AOMYCTUTb BEPOATHOCTb Bonee obuero obLiexMMmmyeckoro 3akoHa, aHano-
rM4yHoro obebrnonornyeckomy.

BbiwenpuBeaeHHble paccykaeHns NpusBaHbl NokasaTb, YTO (pM3nonornyeckue put-
Mbl CyTb OMOCPEenOBaHHbLIE Yepe3 CTPYKTYPHYK opraHu3aumio 6uoobbekta 6onee obuine
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PUTMbI, LMKIbl U NEPUOabI, XapaKTepHbIe ANA XMMUYECKUX, BUoNornvyecknx n gmsmyeckmnx
npoLLeccoB, COBOKYMHOCTb AENCTBUSA KOTOPbLIX U perynupyeT npoueccobl metabonunama, ro-
MeocTasa, M3MONIOrMYEeCKOro LuKra B LIEfnom.

CkasaHHOe SBNseTcsi MeTogonorm4yeckum ob0CHOBAHMEM MPUMEHUMOCTU AN aHa-
nmsa u MoaenvpoBaHust (OM3NONOrMYecKUX pUTMOB METOLOB, UCMNOSb3yeMbIX, HANpUMep,
B (bmsmke konebaHuin.

dunanonornyeckne BENUYUHBI  SABMSKOTCA  PYHKUMSIMA  BPEMEHKW, MO3TOMY  Ma-
TeMaTUYECKN OHU XapaKTepU3ytoTCs NMOHATUSMU: CTaLMOHapHOe COoCTosHue, konebaHue, xa-
ocC, WyM. Kak 0TMEY€EHO B, «KINacCU4eCcKnmy» noaxonoM K Havamny nsyvyeHns pmamonorniyeckmnx
PUTMOB SIBMSIETCA MCCreaoBaHMe npoueccoB romeocTtasa [3]. [omeocTas — 3TO OTHOCUTESb-
HOe MOCTOSIHCTBO (PakTOPOB BHYTPEHHEW cpefbl, TakMX Kak cofep)kaHwe caxapa, rasos U
3MEKTPOSNIMTOB B KPOBM, OCMOTUYECKOE AaBreHne, KpoBaHoe aasreHne n pH. dusmonormnye-
CKOe MOHATME FoMeocTas3a MOXET ObiTb CBA3aHO C MOHATMEM CTaLMOHAPHbLIX COCTOSIHUA B
MaTemaTuke. CTaumoOHapHbIE COCTOSIHUSA COOTBETCTBYKOT MOCTOSHHLIM PELUEHVsIM MaTema-
TUYECKOro ypaBHeHUs1. BbISCHEHME MeXaHU3MOB, YAEPKMBaOLLMX U3MEHEHUS NEPEMEHHDBIX B
Y3KUX Npeaenax, ABnsieTca BaxHON 06nacTblo U3NONOrMyecknx NCcreaoBaHun.

OT romeocTasa MOXHO caenaTb Nnepexod K MateMaTnydeckomn Moaenn BMonornyecknx
OCLUMUIMIATOPOB — OCHOBHOMY BMAY MOAENW reHepaumm U3nonormyecknx puUTMOB; Kak
npaBumno, 3TO XOPOLUO M3BECTHas M3 obuiedunanyeckon Teopun reHepauum konebdaHun
penakcaunoHHass mogernb. COOTBETCTBEHHO, OHa M ONUCbLIBAETCS METO4AMWU TEOPUWN KO-
nebaHun n aBToreHepaumn. bonee cnoxHel Noaxon B cnyyvyae BO3MyLLEHUS PU3nonorn-
YECKMX PUTMOB, TO €CTb UX «COON» N3-3a BHYTPEHHUX U BHELUHNX B3aMMOLENCTBUN.

BTopon cywecTBEeHHbIN MOMEHT — MOAENMpOBaHWE MPOCTPAHCTBEHHbLIX KonebaHun.
[eno B ToM, 4TO OObLIYHO KONebGaHWs pacnpOCTPaHSOTCS YNOpAA0YEHO OT MENCMEKEPHOWN
TKaHu (paboTa cepgua, Hanpumep), OAHaKO BO3MOXEH BapuaHT «He ODHapy>XeHUsA» NpPoCToro
BapuaHTa pacnpoCcTpaHeHUs BOSH. 34ecb Mbl BO3BpaLLAaEMCS K UCCreaoBaHuio peakumm be-
noycosa - XXabotuHckoro. OgHO 13 CBOMCTB 3TOW peakumn eCTb TO, YTO B YUCHIO XMMUYECKMX
peareHToB BXOAWUT MHAOMKATOP BOCCTAHOBIIEHHOCTU-OKUCIIEHHOCTN cpedbl heppoviH, name-
HAIOLWMN LUBET B XO4€e peakumun, 4YTO NO3BOSISIET OTCrexmBaTb COOCTBEHHO ANHAMUKY MpoTe-
KaHus nocrnegHen, B TOM YMCnE M MUCCneaoBaTbh TPEXMEPHbIE BO3byauMble cpedbl. TO eCTb
3Ta peakuusi JaeT NpeAcTaBrieHne O CyLWHOCTU NPOCTPAHCTBEHHOW OpraHn3aumm B GUMOTKaHW.

MaTemaTtnyeckme moaenu Ond BPEMEHHOW OLEHKU noBedeHUs (PU3nonornyecknx
CUCTEM 3anncbiBalOTCA B BUAe anddepeHumanbHbiX ypaBHEHUN

dx
a f(x), (2)

[aoLLMX 3KCMOHEHLMArnbHOe peLUeHne: SKCMOHEeHUMarnbHbIn pocT u cnag: 1-e ™ npm
a<0ue “npua>0, COOTBETCTBEHHO.

OpHako aHanuTU4Yeckoe pelleHne, XxapakTepHoe Ana ypaBHeHur Tuna (2), obbl4HO
HEBO3MOXHO ONA HeNMHENHbIX anddepeHumarnbHbiX YypaBHEHUW, OMUCHLIBAKOLWKNX pearb-
Hble Buonornyeckme CUCTEMbl, MpUYEM 3TU yYpaBHEHUA B JOOOM criydyae ABNATCA He-
afeKBaTHbIMU N UX YUCINIEHHOE pelueHne aaeT npubnmkeHme He Boiwe 1-ro nopsaaka. Mpu
3TOM CTauuoOHapHOe COCTOSAHUE (U3NONOMMYECKOM CUCTEMbI OTpaXkaeTcsl pelleHueM
ypaBHeHus (2) npu f(x)=0.

MaTemaTtumyeckuin annapar, onvcbiBaloLwnii konebaHmsa B popme yCTon4mBbIX Npeaenb-
HbIX LMKNOB, TO eCTb Gasupylowmics Ha peleHusax lNyaHkape aons amddepeHumanbHbIX
YpPaBHEHWUI C ABYMS1 NEPEMEHHBIMMW, UCNOSb3yeTCa NpU UCCrnegoBaHMn GUONOrM4Yecknx aBTo-
konebaHui, BoCCTaHaBNMBAKOLLMXCS (K CTauMoOHapHbIM) nocrne BO3MyLLEHUS konebaTtenbHom
dmsmonormyeckon cuctemol [4]. 3gecb NCNONb3YOTCS NOHATUSA NPEeAernbHOro Uukna n gaso-

~g~
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BOW MIOCKOCTU, TO €CTb peYb NMAET O NIOKANbHOW YCTOMYMBOCTU, BrudoypKaumm n CTPYKTYPHON
yctomumnBocTu. [anee criegyeT xaoc, TO €CTb COCTOSHME CUCTEMbI, XapakTepusyolleecd
crnegylowmMm ocobeHHOCTAMU: a) ANng onpefeneHHbIX 3HaYeHU napameTpoB 60MbLUMHCTBO
HayanbHbIX YCMOBMI MNPUBOAAT K anepvoguyHocTu; 6) AnHamuka CUCTEMbl 3HAYUTESbHO
«pacxoauTca» Aaxe N8 MakcumansHO 6nmsknx Apyr K Apyry HavanbHbIX YCIOBUA.

MaTtemaTnyeckm xaoc (rpacmkm MNpoLIECCOB KOTOPOro MMEKT KONOKONoOoOpasHbIv
BMA) OMuCbIBaeTCs KBagpaTUYHbIMU (PYHKUMSMW U npeanoXeHHbiMn eue JlopeHuem
anddepeHumanbHbIMU YpaBHEHUAMU, MOLENNPYHOLLMMU aTMOCdEpPHbIE NMPOLECCHI.

Mopenu reHepaunmn ousnonormMdyecknx pUTMOB NoSPasgensanTca Ha NencMmeKepHbole
N LUeHTpanbHOro Tuna; nocnegHne Ucnonb3yT ABa OCHOBHbLIX MeXaHu3Ma: B3auMHOe UH-
rmbupoBaHne 1 nocregoBaTenibHOe MHIIMOMpoBaHMe. BaxHyto ponb BO BCEX Ha3BaHHbIX
MoAensx urpaet otTpuuaTtenbHaa obpaTHas CBA3b.

CobCcTBEHHO nencmekepHble KonebaHus MoryT 3agjaBaTbCA OAMHOYHOM UNK pe-
30HaAHCHO CBSAA3aHHOW rpynnon knetok. CneacTteMem BO3AENCTBUS NENCMEKEPOB ABMSIETCA
cepiedHas puTMuka, KonebaTtenbHble NPOUECChl MbIlL, HEMPOHOB, rOPMOHAarbHbIX CU-
cteM n np. Knaccmyeckmm MeTOAOM aHanmsa MerncMeKepoB SIBNAETCA MaTemMaTuyeckas
mMozaenb XomkkuHa-Xakenm (1952 r.).

B mopensx ueHTpanbHOro Tuna wccrnegyetcs puTM, 3ajaBaeMbli LeHTparibHOM
HEpPBHOW CUCTEMOW W NogAepXuBaemMbld B OpraHu3aMe WHAUMPMEPEHTHO K MHbIM BO3-
OyxaeHnsiM (CeHcopHble, pednekTopHble nepudepnyeckne). KOHKPETHbIN BMA MOAENU
onpegensieTcss TMNOM 6a30BOro MHrMBUPOBaHUSA (B3aMMHOIO YrHETEHUSI ABYX OCHOBHbIX
rpynn HEMPOHOB) 1 y4eTOM OoTpuLaTenbHoOn obpaTHOM cBA3N. B nocnegHem cnyyae ogHon
N3 nepBbIXx Moaernen boina mogens Ans abixaHna YenHa-Ctokca, npy KOTopoM Habnwga-
I0TCA YepeayoLleecs yBenMdeHne n yMeHbLLEeHNEe NTErO4HON BEHTUNALUMN.

BaxxHbiM BOMpoCOM B (pU3NOMIOrM4eckon pUTMONOrMn siIBRsieTca uccnegosaHve (Ha
MaTeMaTUYeCcKnX Monernsx) YCrOBUA BO3HUKHOBEHUS WU UCHE3HOBEHWS OGUOPUTMOB, TO
eCTb peyb MAET 0O MOAENSAX Havana n OKOHYaHus reHepauumn (aBToreHepaummn) konebaHum;
OTClO4a M MOHSATUS, XOPOLLUO U3BECTHLIE B Teopumn konebanun [5].

PaspaboTaHHbIM (MepeHeceHHbIM 13 NPUKNagHbIX AUCLMNIIMH) SBNAETCA MEeXaHW3M
MOZENMPOBaHUSA BO3MYLLIEHMS BMONOMMYECKUX OCLMNNATOPOB OOUHOYHBIM CTUMYSIOM — Obl-
XaTenbHble U cepaeyHble pUTMbl. JTO, B OCHOBE CBOEWN, pefiakcalMoHHbIe MoAdenn onuca-
HUS1 a30BbIX CABUIOB B aBTOKosiebaTenbHbIX cMcTeMax. To e caMoe OTHOCUTCA U K nepu-
OQMYECKON CTUMYNALMN BUONOrMYEeCcKUX OCUMANATOPOB: 3axBaT YacToThl U hasbl B reHepa-
Tope (B Buonpouecce — 3axBaT 4acTOTbl M hasbl CMOHTAHHOMO pPUTMa CTUMYNUPYHOLLMM
Bo3gencTanem). Peub nget o MCNonb3oBaHMM MaTeMaTMYeCKoro annaparta BblHYXOEHHbIX
HenuUHenHbIX KonebaHum BaH-gep-MNons n BaHn-gep-Mapka, Xopowo M3BECTHbIM B psige
TEXHUYECKUX ANCLUUNITVH: PaaMOTEXHMKA, TEOPUS aBTOMATUYECKOro perynmpoBaHus n ap.

basoBbiIM AN MogenupoBaHWA MEepUoaNYECKOM CTUMYNSumMK asnsetca audode-
peHuManbHoe ypaBHEHMe BTOPOro nopsifka C rapMOHMYECKUM BbIHYXXOAKLWNM YIEHOM
BaH-gep-lons:

2
GI—;J—¢s~(1—u2)d—u+u = Bcos(it). (3)
dt dt
BeeneHue B (3) NnpaBoro yneHa o3HavyaeT nepexon OT YCTOMYMBBLIX aBTokonebaHum K
nosiBfieHnI0 3axeata pasbl ocumnnsatopa Ban-gep-lNonga. Takum obpasom, konebdatenb-
HOW CUCTEME HaBA3bIBAlOTCS BbIHYXXAEHHbIE HENMHENHble konebaHus. PelweHnem ypas-
HeHus (3) 3aHumanuck Ban-gep-lone, MNyaHkape, ApHonba 1 gpyrue n3BecTHble MaTemMa-
TUKM NepBou NonoBuHbI XX Beka.
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C ucnonb3oBaHMeEM MoAenu 3axeaTta asbl pUTMOB B (hM3MOSNIOrMKN YeroBeka Moae-
NUPYIOTCS AblXaTenbHasi CMHYCcOBasi apuTMUS!, apUTMUS CHA U Op. NMPOLECCHI, BaXHble C
TOYKM 3PEHMUS KaK TEOPETUYECKON, TaK U KIMHUYECKOM MEeANLMHDI.
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Questions of mathematical modeling the functioning of organs and systems of human

Abstract. Physiological rhythms are the basis of life. Rhythmic processes interact ISSN 2304-120X -

with each other and with the environment. To understand the mechanisms of phys- ‘ H“HH“ ‘|| H
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iological rhythms and the functioning of the most vital organs and systems of man
particularly relevant is the use of nonlinear dynamics.
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