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OCHOBHbIe 3Tanbl MOAENMPOBAHUSA

Knaccudpukaums moaeneu

MaTtemaTtnyeckme moaenun pocta YMCNeHHOCTU nonynaunm

Moaenb ecTtecTBEHHOro pocrta YMUCIEHHOCTU nonynAauun
(Mmogenb Manbtyca)

Mooenb M3MeHeHUa YUCNEHHOCTU MNonynAuunM C Yy4eToM
KOHKYpEeHLUUn mexay ocobssimu (moaenb PepxonbeTa).

MOLEJIb « XNLHWUK - XKEPTBA» (Mmogenb Bonbsteppa)
CamoopraHunsaunsi. CuHepreTuka
dapmaKkoKMHeTU4YecKkas Mmoaenb

3aKkn4yeHmne

CnuMcoK UCnosb30BaHHOM NUTEpPAaTYpbI



BBeneHune

e MopenupoBaHMe - OOWH M3 OCHOBHbLIX METOOOB
bnopusmkn. OH KUCMONMb3YETCA Ha BCEX YPOBHSAX
N3YYEHUS XMUBbIX CUCTEM, HA4YMHAA OT MOJIEKYNAPHON
brodpunanku, bnodnsnkn memopaH, ONoPU3NKN KINETKU
N OpraHoB, KoH4Yasd 6MOPU3NKON CIOXKHBIX CUCTEM.

 PasHoOOOpa3ue npoueccoB B XMBOM OpraHu3me
HaCTOMNbLKO BEINKO, YTO HEBO3MOXXHO MOSy4YUThL MNOMNHOE
N pgetanbHOoe npeacrtaBneHne O MNoBedeHUU CTOSb
CINOXHOW cuctembl. [MoaTomy anst pa3paboTKn HOBLIX
MEeTOO0B ONarHOCTUKMN, nevyeHus, doapmauunm
NPUMEHSETCA MeTod MoaennpoBaHus. HeKoTopbiv
O0ObeKkT (npouecc, 4BreHWe) BCNeacTtesne  ero
CIMOXHOCTU 3aMeHSAEeTCA  MoAernblo, T.e. ODBLEKTOM,
NogoOHbIM EMY, HO OCO3HAHHO YMPOLLEHHBIM,



MoaenupoBaHue

* Mogenb — 3TO Bcerga Hekoe YhnpoLlleHune
obbeKkTa wuccnegoBaHUsas U B CMbICNe e€ero
CTPYKTYPbl, W MO CJIOXXHOCTU BHYTPEHHUX U
BHELLUHUX CBA3ew, HO obsa3aTenbHO
OoTpa)alllee Te  OCHOBHblE CBOWCTB3,
KOTOPble MHTEPECYIOT UccrnegosaTeng.

. MopenupoBaHue -  3TO METOA, NpW
KOTOPOM MPOU3BOAUTCHA 3aMeHa W3y4YyeHUd
HEKOTOPOro CIIOXKHOro obbekTa (npouecca,
SBIEHUS) uccregoBaHUEM €ro Moaenw.






1.MNMepBUYHLIU cO0Op MHhpopmauuu. iccnenoBaTernb OOIMKEH
NOSTy4nUTb Kak MOXHO bornblue nHopmaumm o
Pa3HOODpasHbIX XapakTepuUCcTmMKax peasibHoro oobekTa: ero
CBOMCTBAX, MPOMUCXOOALLNX B HEM MNpoLieccax,
3aKOHOMEPHOCTAX NoBeAeHNA NpU pPasnnyHbIX BHELLHUX
YCINOBUSIX.

2. MNocTaHoBKa 3apga4n. PopmynumpyeTcs Lerb nccrieqoBaHus,
OCHOBHbI€ ero 3aga4u, onpenensercsd, Kakme HoBble 3HaHUA B
pesynsrarte NpoBeAeHHOro UccriefoBaHNA XOYET MOMyYnTb
nccnegoBatenb. ATOT 3Tan YacTo SABNSAETCS OOAHUM N3
Hanbornee BaXXHbIX N TPYOOEMKUX.

3. ObocHOBaHMe OCHOBHbIX AoNyLeHUW. [lpyrnmu criosamu,
yrnpoLLaeTcs pearbHbl OObEKT, BbIAENATCA N3
XapaKTePUCTUK He CyLLeCTBEHHble AN Lenen
nccnenoBaHmsl, KOTOPbIMU MOXHO NpeHebpeub.

4. CozgaHue moaenu, ee uccnegoBaHue.

5. lMpoBepka agekBaTHOCTN MoAenu peanbHOMY OOBLEKTY.
YkasaHue rpaHuL, NPUMEHNMOCTM MOAENN.
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MoaenupoBaHue NPoCTPaHCTBEHHOMN
CTPYKTYpbl rpada KpOBEHOCHbIX
A' IS COCYAOB YenoBeka no3songer
= CYLLUECTBEHHO NOBbLICUTL aAeKBaTHOCTb
MaTremaTuyecKkon mogenu pusanyeckum
. N bU3NONOrMYecKknumM npoueccam B
| oprasuname. 3To NPUHUUNNANBEHO
Ba)XHO NpY PacCMOTPEHUN BANAHUS
rpaBUTaUMOHHbIX NEPErpy3okK Ha
% - npouecc KpoBoobpalleHus 1 ang
MoAenupoBaHna hyHKUMOHNPOBaHUSA

KPOBEHOCHOW CUCTEMbI B ABWKEHUM.




B buodunsunke, bmonorum n megnumHe
4acTO NPUMEHSAIOT hnsnyeckue,
ouonornyeckKkue, MaTemMaTuyeckume
MoAaenu. Takke pacnpocTpaHeEHO
aHanorosoe MmogenupoBaHue.



e Pusnyeckasa mogenb
nveet Pusnveckyro
npupoay, 4acTo Ty Xe, 4YTo Oanemrons ey | Hecras o
uccriegyemMbln OObLEKT. o el L 2
Hanpumep, TedyeHne KpoB/ ey
No cocyaam MoAeNnnpyeTcs
OBWXEHUEM XNUOKOCTU Mo
Tpybam (KeCTKUM nnu
anacTuyHbIM). [Npw
MoadenupoBaHnmn
SMEKTPUYECKMX MPOLIECCOB [imyebsliipmontsiir possis iy
cepaLue ero paccmatpusaloT
KaK 3NeKTPNYeCKUN TOKOBBLIN

Ounornb.




e buonornyeckme mopenu -— nNpeacraBnAaAlT cobon
ouonornyeckue OOBbEKTDI, yOOOHbIe ans
9KCNepuMeHTanbHbIX WUCCNegoBaHWW, Ha KOTOPbIX
N3y4aloTCs CBOMCTBA, 3aKOHOMEPHOCTN DNUOdnN3NYECKNX
NPOLIECCOB B pearbHbIX CIOXHbIX 00bekTax. Hanpumep,
3aKOHOMEPHOCTN BO3HUKHOBEHUSI N PaCnpOCTPaHEHUS
noTeHUumnana OencTBUS B HEPBHbIX BOJIOKHAX Oblnu
M3yYyeHbl TOSIbKO MOCMNE HaxXOoXOeHUA Takou yaadHou
ouonornyeckon Moaenu, Kak TUraHTCKUMA  aKCOH
Kanbmapa. OnbIT YCCUHra, AoKasblBaoLL NI
CyLLeCTBOBaHME aKTUBHOIO TpaHcnopTa, Obln npoBeaeH
Ha Ouorornyeckon Mopenu — Koxe nsAryLiku, Kotopas
MoJenupoBana CBOMCTBO OMonornyeckom mMemodpaHsbl
OCYLLECTBNATb aKTUBHbIN TPAHCMOPT.



e MaTtemaTn4yeckme mogernu - onmcaHue NpoLeccos C
NOMOLLbD MaTeMaTU4eCcKMUX YpaBHEHUN, KaK NpaBuno,
andpdepeHumnanbHbiX. [ng peanusaunm mateMaTtudeckux
MOZESIEN B HACTOSLLEE BPEMS LLMPOKO UCMOSb3YHTCH
KomnbtoTepbl. C nomoubio IBM npoBoaAT Tak Ha3blBaEMbIE
«MalLUUHHbIE SKCMNEPUMEHTbI», MPU NCCIeaoBaHNN
NaToSIOrMYECKUX MPOLECCOB B Kapamonorum, passmutums
anngemun n 1.4. lNpmn 3TOM MOXHO NErko N3MeHsTb MacLuTab
N0 BPEMEHU: YCKOPUTL NN 3aMesinTb Te4eHNe npouecca,
paccmaTtpuBaTth NpPoLecc B CTaLMOHAPHOM pPeXUMe, Kak aTo
NpPearoXeHo B MOAENU COKpaLLeHUS MbllLbI (MOAENb
[leuiepeBcKoro), 1 nNo NpPoOCTPaHCTBY.

» TeopeTnyeckm co3gaBaTb OOBHLEKTbI C HOBLIMM CBONCTBaAMMU,
Tak, Hanpumep, NoslyyaThb fiekapCTBeHHbIE Npenaparbl 6onee
3cbcbe|<Tv|BHoro aencteus. C nomoubio 9BM MOXHO peluaTtb
CITOXHbl€ YpaBHEHUS 1 NPOrHO3MpoBaTb NoBeaeHNE
CUCTEMBI: TedeHne 3aboneBaHmnst, 9QOPEKTUBHOCTL NeYEHUS,
aoencteue papmaueBTUYECKOro npenapara un T.4.
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* OCHOBOMOMOXHUKOM
MaTemMaTmnyecKnx
NonNynALUNOHHbIX Moaeneun
npuHATO cuymntath [.ManbTtyca,
paboTaBLLero B KOHLUE 18-ro Beka.
3aKOH ManbTyca,
onpeaenaroLwnn
S9KCMOHEeHUManbHbIn POCT nony
naunn, UMeeT CMbICN NUb Ha
OrpaHNYEHHbIX BPEMEHHbIX
WHTepBanax. Mogenu,
NpPeanoOXXeHHbIE B JanbHEWULLEM,
cTanu onucbIBaTb 4yacTo
Habnogaemyto B npupoae
cTabunmsauuio YUCIIEHHOCTU
nonynaunu, Hanpumep, 3a CYeT
BHYTPMBUOOBOM KOHKYpEeHLUn
(Mogenb ®epxtonbcTa).
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e OCHOBHbIE gonyLeHus:

1. CyuwiecTBYHOT TOMNbLKO
NpoLleCCbl pa3MHOXe N
€CTECTBEHHOW rnbern | ARSI M
CKOPOCTU KOTOPbIX
NpPONoOpLMOHarnbHbI
YMCIMEHHOCTU 0cobemn
OAHHbIN MOMEHT Bpe

2. He yuntbiBaem
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ouoxmummyeckue,
domnamonornyeckue —emi ; ..
NnpoLuecchbl. : 1980
Green Island, een Island,
3. HeT 60opb6bl Mexay W ol T i
ocobsamu 3a MecTo at b B i

obuTaHug, 3a NULLYy
(BeckoHeYHOo bonbLuoe
NPOCTPAHCTBO U
KONMMYEeCTBO NULLIN).

4 PaccmaTtpuBaeM TOSMbKO
O4HY RORYRAALMO, HET



e Cpeau gonyweHnu, BBegeHHbIX B mogenu |, CHUmem
ponyuweHune 4. lyctb B HEKOTOPOM MNPOCTpPaHCTBE
XUBYT ABa Buaa ocobdbeun: 3anubl (XKepTBbl) U pbIiCU
(XMWHUKK). 3anubl NUTAOTCA PacTUTESIbHOU MULLIEWN,
nMerLwlencss Bcerga B OOCTaTOYHOM Konu4yectBe
(Mexay HUMKM OTCYTCTBYET BHYTpuBMaoBasi bopboOa).
Pbicy MOryT NnUTaTbCA TONMBLKO 3anLamMum.

1925 Toawl




Moaoenb «KxXMUWHUMK — XepTtTea»
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Moaenb «XULWHUK - XXepTBa» UCNOSb3yeTCA B HacTosiLee BpeMAa B MeauumHe. Tak
npu MoAenupoBaHUM OHKONIOTMYECKUX 3aboneBaHUW OMNyXonieBble KIeTKU

paccMmaTpuBaloTCA Kak XXepTBbl, a TMM(OLUUTLI, KOTOPbIe MOryT UX NOAaBNATbL, Kak
XULWHUKN. B 3aTomM cnyyae mogenupoBaHue No3BonseT NosflyYnTb HOBble 3HAHUSA O

npoueccax MexkKJrietTo4yHoro B3aMMoaeuncTBus npu 3TUX NaToJsiorndax, HaxoAuTb
nyTm onTUMaribHOM cTpaTtermm Jrgie4eHums, co3gaBatTb HOBbIEe CpeancTBa 60pb6bl C
HUMMWN.




* HanpaBneHue B Hayke, CBSI3aHHOE C U3y4eHnem obLLmnx
3aKOHOMEpPHOCTEN 06pa3oBaHUA YNOPSAOYEHHbIX
BPEMEHHbIX U MPOCTPAHCTBEHHbLIX MAaKPOCTPYKTYP,
Ha3bIBAETCHA CUHEPreTUKOMU.

. TepMUH «CcnMHepreTmka» NPouCxXoanT OT rPeYecKoro
synergetikos—CoBMeCTHO€, cornacoBaHHOE, KoornepaTuBHOE
nencrteue. BosHunkna B Havane 70 —x r., 20-ro Beka. OToT
TepMuH BBen . XakeH ang oobeagnHeHnsa caMblX PasfiMyHbIX
NpoLieccoB caMoopraHn3aLumm B MakpOCKOMNMUYECKUX
cucTemMax.

* OCHOBOW CUHEPTETUKUN CITYXXUT €OUHCTBO ABNEHUN U
MOZESEN, C KOTOPbLIMU NPUXOANTCS CTaNKMBaATLCA NpU
nccriegoBaHmm NpoLeccoB BO3HMKHOBEHUA nopsigka us
xaoca. [lpumepom camoopraHnsaunm B pmsnyeckmnx
ABMEHUAX ABNAOTCA a4enkn benapa, B XuuMumn - peakums
Benoycosa->KaboTuHckoro, B buodusnke - pacnpocTpaHeHme
HepBHOIo MMMNyrbCca, B KAapAnosiormm - BO3HUKHOBEHME
dombpunnaummn xenyooyukos cepaua, B 9KONOrnm -
opraHm3auymsa coodLecTB, B KOCMOSIOrMnN — crnmparbHble
ranakTuKm.



[1ns onucaHnsa KUHETUKN N3MEHEHNS KOHLIEHTpaLUK
BBEEHHOro B OpraHM3m JiekapCTBEHHOro npenapara
npennaraeTca Tak Ha3blBaemas dapMakoKMHETMYecKas
MoAenb.

OcHOBHbIEe oonyLeHUS:

He 6ygem paccmaTtpuBaTb CUCTEMY OPraHOB, Yepes KOTopble
nocregoBaTenbHO NPOXOAUT NIEKapCTBO.

He Oygem yunTtbiBaTb MONEKYISIPHbIE MEXAHU3MbI
NPOLIECCOB (HanpumMep, NPOHULIAEMOCTb BELLIECTBA,
XUMUYECKME NMPEBPALLEHNS).

[TpoLiecchbl BBOOA 1 BbiBOAA CBEAEM K CKOPOCTMW.

dapmakoknHeTn4yeckasd Moadenb No3BOMSET B npegenax
BbilLlE€ YyKas3aHHbIX OOMNYLEHUA HanTU 3aKOH WU3MEHEHMUU
KOHLIEHTpauun rnpenapara BO BPEMEHU MNpPU pPasfiMYHbIX
cnocobax ero BBeEOEHUSI B OpraHuW3M, paccyuTaTb
onTMMaribHOE COOTHOLUEHME MeXAay napameTpamu Beoda U
BbiBOAA nNpenapara ana obecnedeHns - Heobxogumoro
TepaneBTMYeCcKoro adpdpekTa.



dapmMakokMHeTuueckas mogens merabonuima
L-[2-18F]¢}op1'npo3uua B TKAHAX MO3ra
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KpoBM Tkaus mosra
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Merabormrne
Meraboamrse < 3% Coenen et al., JNM
1989
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CeoboaHbin PTOPTHPO3INH NErKo NpoHuKaerT yepes M6
» Konuuyecrso meyeHbix MeTaboNnToB B TKaHAX MO3ra npeHebpexxmumo mano
* OTcyrCTBYET NYN NPHUPOAHDIX KOHKY PHPYIOLL MX COegNHE HMK
Ty;2 *°F (110 MuH) - NO3BONAET OTCIKMBATL ANHAMUKY HAKONIEHMA TPEHOEpa B TKAHAX
B TEYEHME Neproga BpeMeHH, CONOCTaBMMOro CO CKOPOCTLIO CHHTE3a 6enkos
« [Mpouyecc MOXKHO ONMCATH TPEXKOMNAPTMEH THOH (DapMaKOKMHETHUYECKOW MOAENbIO,
KOoTOpas moXker ObITh fanee NMHeapM30BaHa B pamkax noaxoaa Gjedde/ Patlak'a 33




1-n cnocob. OpaHokpaTHOE BBEAEHWE JIEKAPCTBEHHOIO
npenaparta — MHbEKUUSA. OTO COOTBETCTBYET Criyyalo, Korga
nauneHTy «caenanu ykon. (a)

2-cnocob. HenpepbiBHOE BBeAeHMe rnpenapata C
NMOCTOAHHOW CKOPOCTbI - WHPY3NsA. (3TO COOTBETCTBYET
Criyyato, Korga nauneHTy noctaBunu KanenbHuuy). (0)

3-u cnocob. CouyeTaHne  HernpepbIBHOIO  BBEOEHUSA
NeKapCTBEHHOro rnpenapara (2-u cnocob) ¢ BBeOEHUEM
Harpy3o4HoW 0o3bl (11-crnocob) (B)




Ba3oBble Mogenun maremartumdeckom ouonorm B BuUAe
NPOCTbIX MaTeMaTUYECKUX YpPaBHEHUU OTpakalT camble
[NaBHble Ka4YeCTBEHHbIE CBOMUCTBA XUBbIX CUCTEM: BO3MOXXHOCTb
pocTa U ero orpaHN4YeHHOCTb, CNMOCOBHOCTb K NMEPEKIIOYEHUSM,
KonebaTtenbHble  CBOWCTBA, MNPOCTPAHCTBEHHO-BPEMEHHbIE
HEOO4HOPOAHOCTW. Ha 9TUX Moaensx n3yyarTcs
NpUHUUNNanbHbIE BO3MOXHOCTWU MPOCTPAHCTBEHHO-BPEMEHHOM
ONHAMUKN NoBeOeHnsa CUCTEM, UX B3aMOAOENCTBUSA, UBMEHEHUSA
NnoBeAeHNss CUCTEM MNPU PasnnYHbIX BHELLUHUX BO3OENCTBUAX -
clydyauHbIX, nepuoanyeckux wn T1.n. JIiobas wuHanBuayanbHas
XuBasi cucrtema TpebyeT rnyobokoro U AetanbHOro uUsydeHus,
S9KCrNepuMeHTaribHoro HabniogeHnst M NOCTPOEHUSI CBOEWN
COBCTBEHHOW MOAESNN, CIOXHOCTb KOTOPOW 3aBUCUT OT OObEKTa
N Llenen moaennpoBaHus.
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* http://www.library.biophys.msu.ru/

 http://spkurdyumov.ru/education/kurs-lekcij-
matematicheskie-modeli-v-biologii/2/

 http://refdb.ru/look/2904692.html




