DUINKO-TEXHUYECKME OCHORBI hoToGuonorum u horomeanumMHE

DUINKO-TEXHUYECKHE OCHOBLI HOTOGUONOrHH U hoTOMeANLIMHbI

O0LACHAIOT U3MEHEHUS B  MEPUOAMYHOCTH W amnnutyse sonH  Ca’*:
Habiofaemblii nepuoa sBnsieTcs Pe3ynbTaTtoM CRoXeHUs WNU BLINUTAHUS
HeCKOnbKUX NepuopoB: Ti = 1/feonst £ 1/ paosy 1/fhaos2 = ... . B utore moxer
peanusosaTbea NoGoit BapuaHT - 0T BonHbl Ca2* ¢ NOCTOSHHbIM nepuogom go
MHOro4acToTHoI Mosynsiumm (Haberichter T. et al., 2001).

M3BeCTHBI MONbLITKM MaTeMaTM4eckoro MOAENMpPOBaHUs 3TOro npotecca,
HO 0BLLIYI0 KOHLIENLMIO, OGBSICHAIOLLYIO BCE M3BECTHBIE ¢hakTbl, co3aarth noka He
JAanock. BmMecTe ¢ TeM NoHUMaHue NepBULHOTO MexaHuama Aeiictans HUNU
fAaeT OTBETbI HAa HEKOTOPbIEe BaXHbIE BONPOCHI.

Hanpumep, 4em oBbsicHUTL 9HEpro3aBUCUMBIl, C  BbIpaXXeHHbIM
Makcumymom, xapakrep B3, uHgyLMpoBaHHbIX HUMA? Mpwn yBenuyenumn anep-
fetdeckoit nrotHocTu (3r) uanyyenus pacTer n TemnepatypHblii rpagueHT,
yCUMBAIOLYMIA BLICBOBOXAEHUE MOHOB KanbUWs W3 Aeno. Ho kak Tonbko mx
KOHLEHTPALMA B LMTO30ME MPEBLICUT HEKUIA KPUTUYECKMi YPOBEeHb, BKNtO-
1aloTca MexaHn3Mbl BO3BpaTa X B Aen0 U 3dhDeKT, CBA3AHHDBIN C aKkTuBaLuei
Ca?"- 3aBUCUMbIX npoueccos, ucyesaer.

Mouemy B3 npu umnynbcHom pexuvme Bosgencteus HUMU sobiwe, yem
lpn HenpepbiBHOM, fAaxe ecnu 3 BO BTOpPOM cnyyae 8 100-1000 pas
bonbwe? [oTomy, uyto Bpems TEPMOAVHaMUYECKOW penakcauum makpo-
monekyn (107210 cek.) MHOro MeHbLIe AnUTENBbHOCTY umnynsca (107 cex.),
Il OAVHOYHBIA CBETOBOW WMMMYMbC MOLIHOCTBIO B HECKONMbKO BT BbI3blBaET
bonblwmit TeMnepaTypHblii rpagueHt, yem HenpepbiBHOE U3Ny4eHue Mouy-
HOCTbLIO B HECKONbKO MBT.

Mouyemy onTumanbHoe Bpems BoagelcTeus HUMWU HaxoauTcs B
Avanasone 100-300 cek.? 310 Bpems pacnpocTpaHeHUss BONMH NOBbILLIEHHON
foHUeHTpauum Ca®*, CUHXpOHU3auueil BHELIHEro BO3AENCTBUS C nosny-
flepuoaom atoro npouecca (100 cek.) gocTuraercs MakcumanbHblii pesynsTar.

KoHueHTpaums cBo60AHOrO LMTONMNAa3MaTUYECKOro Kanbuus perynupyeTcs

Hle TONbKO TpaHCMEeMGPaHHLIM NEePeHOCOM, HO U OBPaTUMBIM CBA3LIBAHUEM CO
tneumnnyeckumm  rpynnamm  6enkoe B uuTonnasme. CessbisaHue KanbLus
0ByCrioBNMBAET €ro HW3KYI0, NO CPaBHEHUID C APYrMMU  ManbiMu  MoHamw,
AMDY3NOHHYIO MOABMKHOCTE M BO3MOXHOCTb no,%ep»(auuﬂ 3HaYUTENbHbIX
IpafiveHTOB B nNpepenax knetku. B auHamuke Ca ycMaTpuUBaT Hanuuue
06paTHbix CBA3EM, NPOAYKTOM KOTOPbIX MOTYT BbiTb CMIOHTAHHAS anekTpuyeckas
floNApU3aLna KneTkn n Gonee CroxHbie pexuMbl aBTOBOMHOBOMO noseaeHus,
(BOViCTBEHHbIE aKTUBHBIM cpeaam (BenuHues B.H., 1991).
Opaxu aBTOPLI NonaraioT, Y4To konebaHus KOHUeHTpauuu Ca®* npoucxoasat
| COOTBETCTBUM C MPUHLUMNAMW [UNEpUUKNa, rAe HamuuMe nepBUYHOro
fpoayKTa, BTOPMYHOrO NpOAYKTa WM KaTanusaTopa SBNSIOTCS 0683aTenbHLIMM
JCnoBnsiMM BO3HWKHOBEHUA KonebaTensHoro npoyecca (SiireH M., LWycrep 1.,
1982). BHewHee BnusiHMe paccmatpuBaeTcs Kak OOMNOoNMHUTeNbHbIW cnabo-
loamywaiowuit aktop, NGO TONLKO 3anycKawLmii NPOLIEce aBToKoNeGaHUi ¢
A4ANBHBIMW - YCNOBUAMU, NIMBO  HE3HAYUTENTbHO  MEHSIOLMI napameTpbl
MCTEMBI.

B 70 xe Bpems ocrtaetcs He peanuaoBaHHeIM noTeHuman nase
BbIBOZOM MO BOMOKHY C AMAMETPOM Xunbl 10 MKM B MUKpoOXupyprum. Tak
MEAMLIMHCKOMY Na3epOCTPOEHMIO ecTb, Kyzja passuBaThes!

MATEMATUYECKAS MOJENDL NEPBUYHOIr O MEXAHU3MA
BUONOrMYECKOro AENCTBUSA
HU3KOUHTEHCUBHOIro NA3EPHOIO U3NYYEHUS

MocksuH C.B.

®IBY «locygapcreeHHsIi Hay4HbIA LEHTP nasepHoi MeanunHel PMBA PO
r. Mockea, Poccus

NEXUT TepMoauHamMuyeckuii aanyck Ca*
udeckom nornowenun HUMU o BO3HUK 2
(MocksuH C.B., 2008). Mol BbisBUNM B 600 NUTepaTypHbIX UCTOYHUK
(nccnepoBamma in vitro u wa KUBOTHbIX) Gonee 70 anun BonH HU
AvanasoHe ot 25 go 10600 WM, ans KOTOpbIX GbiN nonyyeH Buonoruyeck
oTknuk. CywecTeosaHue ogHoro hoToakuenTopa ¢ Takum LWMPOKMM CeKTp
AENCTBUS, PABHO KaK U MHOXECTBa UX, OTBEYAIOLNX KaXAbIN 33 CBOI MeXaH¥
AGUCTBUA AN «CBOGH» AMUHbI BOJTHbBI, HEBO3MOXHO. [lepBUYHLI Mexak
€4UH ANA BCeX MHAYLMpoBaHHbIX HAJA 6uonoruyeckux atbpexToB (B3); Mo
pasnuuateCi  nMWb  BapuaHTLI NoCneaencTsus Ha  pasmbix YPOBE
oprannsauuu. Mocnegyrowee yBenuyeHue kovuentpaumm Ca?* B uutosone

PacnpocTpaHeHue ux BonH yxe BTOPU4HO: 3TO CrieacTBMe TePMOAUHAMUYECK)
CABUrOB.

AHanus  uccnegosanuit BO3HUKHOBEHUS 1M  pacnpocTpaHeHus Bof

HabnoaeHUn nokassis
CALYI0 OT KOHLEHTp

3€T HEeCTabunbHylo NepuoauYHOCT BonH Ca®, aa |
auun  MHULMUpYroWero npolecc areqta. Mo MHEHU
A.Skupin ¢ coasr. (2008), perynaproe 3apoXaeHWe WX — CryyaiiHOGT
MOCKONBKY caM  nMpouecc BO3HUKHOBEHUS croxactudeckuin. OpHako yall
CYMTaeTCs, YTO cywecTsyloT FEHepaTopbl kak crabunbHbix BonH Ca?*, Tak 4
BapbupyembiM nepuogom koneGaHuin, [ €HepaTopbl NepBoro Tuna axkTUs|
3MpYIOTCA Mpu  BO3gencTBum Hecneuuguyeckumn
Hanpumep, HAIW; sTopoit Tun cneunduyeckn ceszan
peuenTopoB. Baaumopeincrauem ABYX reHepaTopoB MOHOB Kanbuus
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Mogens marHuTHoro napaMeTpuyeckoro pesoHaHca (NepHer B,
Lednev W., 1991), cesassiaer konebaHus Caz*-ocuunnmopa c pel
NepemMeHHOro MarHUTHOro nosnsi. ‘
(passutne Ca®*

nsLwen — He NOHATHO. y
B mogenu G.Dupont u A.Goldbetter (1988, 1992) paccmarTpui

FOPMOHAMNBLHO  aKTUBMPyeMOe OCBOGOXAEHM
TPEHCMOPT LMTO301IbHOMO Kamnbuus B nyn: ocBoboxzaeHue Kanbuus
aKTMBUDYEMOE LUTO30MBHBIM KanbLyem: CBOGOAHBIA OTTOK Kanbuus
B uuTo30nb. Mozgenb npeackasbisaeT koneGanus KOHUeHTpauwu Ca®*,

K HabNoAaeMbIM B 3KCIepUMEHTaX.

Paspa6oTtanHas Hamu MOAEnb ro3BONAET He TOMbko OBBY

€ Kanbuua wus nyna; akr

W konebarenbHble npoLecchi
BO3JEICTBUA BOSH MOBBLILUEHHOM
nonynepuogamu.

Mpeanaraembiit  Hamy MexaHuam,
0 BHYTPUKINETOYHbIX reHepaTopax, obbscH
NPOLIeCCoB npu BHeLLHeM BO3AENCTBUM, HO
KOHeYHoro pesynbrata. Pacuets! nokazan
peiBHoro HUMA B 10 pas oT HauanbHoro
MaKCUMYMa 1 CHOBa CHU3UTLCS A0 MUHUMA

MOXeT ObiTb Lwupe u yXe B 3aBucumocTu
BO3AENCTBUS.

BonHoo6pasHoe
(Alexandratou E. et al.,

OCHOBaHHbI  Ha npegcTaB

C orpaHuyeHuem BepxHero npeg

UIMeHeHue  koHueHTpauum Ca? go
2002) MoxeT 6biTb onucaHo kak pesynbtat 3a

Mogens paer U3MeHeHue
BO34eiCTBUS B BUAe yHKkuMM ¢ p
(nonynepuog 100 cek. —
MaKCUMYMOB He 3aBUCUT OT B
BbICOTY.

nocne BHeLWH

NOCTOsAHHas Benu4yuHa).

SieT akTBusaumio Ca*-3aBucHi

Y, 4TO npu uameHenun 3 Hef

BymMs makcumymamu npu 100 u 300 o

Bpems poctuken
€NUYnHLl Bo3feicTBuS, onpegensiowen nui |
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YBenuueHue pefokC-noTeHuMana MUTOXoHApHt AWy, (Y) Takke 8
OT KoHueHTpauuu Ca?* (Z), a cHuxenue A¥q, (Y) nponopuuoHansHO
YPOBHHO:
dy

ot =keZ - kY.

Cuctema nuHenHbIX  AuddepeHUManbHeIX — ypaBHEHMIl (1.1)
ONUCLIBAET MpoLece ycuneHus ciuHtesa AT® u nosbieHUA JHepreTH
XKMBOW KNETKe Noj BNMAHUEM BHELWHEro (hU3N4ecKoro thaktopa (Hanpy
HWIMK). B moaenu npucyTCTBYIOT Kak aKTUBM3UpYLOLLME, TaK U UHTUBUPYN
(akTopbl, BAMAIOWME HA KOHEYHbI pe3ynbTaT, WX Hanuuve obecneyn
LMKNUYHOCTb M 0BpaTMMOCTb NpoLiecca, Habnoaaemble B 3KCNepuUMeHTe.

3afanuM HavanbHble U TPaHUYHbIE YCMOBUS. B HauanbHbIi
BpemeHu (t=0), oTcyTcTByeT u BHewHee Bo3gelicTeue (P=0);
HaxoAMTCA B paBHOBECUM; MpaBbleé 4YacTU BCEX YpaBHEHWH paBHbI
kY = kyP —ka'Y =ksZ —ks'Y = 0.

lMockonbky B HavanbHbIi MOMEHT BpeMeHu KoHUeHTpaumus Ca®*

W3BECTHbI 6230BbIA MUHUMANbBHBIA YPOBEHbL Z; (vHpekc BBepxy 0603Ha
NpeaernbHoe 3HayeHue napameTpa, WMHAEKC BHU3Y — Mepuoa  Bpe
ks

B CeKyHaax), 1o ks Z = Ks: Y™ 25 = Ky R

PeanbHas Guonorudeckass cuctema paGotaeT ¢ onpegenek
3a/lepXKoil Ha KaxaoMm aTane uukna Ca**—A¥,—ATo. OpHako npu yncreHs
OLieHkax BO3MOXHbIX pelleHuii npeHebpexem 3afepikamu, cuuTas, |
cuctema Ca®' =AW, ~AT® paboTaeT [0CTaTOuHO BbICTPO Ha BCex aTanax.

Hepes yxe u3BeCTHbiii nonynepuog (100 cek.) nocne BHELUH¢
BO3/ECTBUS  KOHUEHTpauMA Ca’' nogHumaeTcs o MUHUManNbLHOro
MakcuMarnbHOro ypoBHA. [ns ynpowleHus npegenbHble 3HaYeHus 6yal
CYATaTb HEU3MEHHbLIMMU: Zy = 2 = mevu Zw = Zw

BenuuuHa AW (Y) 1 koHUeHTpauus AT® (X) gocturatoT MakcumansHi
3HaYeHWit B TOT MOMEHT, KOrla KoHLeHTpauus Ca”* (Z) npumeT MuHUMAnE
3HadeHue, T. e. Yepes 200 cek. OT MOMeHTa Havana BO3AeNCTBUS, npu aTom B
NPOU3BOAHbLIE CTAHOBATCS PaBHbI HYMHO: krmx = k4~Z§ - k5~Y275k =0

ky +k, ky + kg
Z(? = kA . zrl'oum_ TorAa Y(:mn = ks .le(;](.)x_

3HaueHWe WHTEHCUBHOCTW BHELLHEro ¢daktopa onTumarnsHo

AOCTWXEHUM yposHem Ca’* (2) Makcumyma, T. e. vepes 100 cek., Torga kz-Pl ]
ks.XIOO =0 unu kz.Roo = k3.Xmo_

3TU COOTHOLLEHUS MO3BOMSIOT ONPEAENUTL 3HAYEHUs KoapuLMeHTO
(pykoBOACTBYSICb, pasymeeTcs, v CripaBoYHbIMU AaHHbIMK),

YucneHHoe pellieHMe CUCTEMbI ypaBHEHWil (1.1)-(1.3) noarsep

Haluu NpeacTaeneHus 0 MexaHu3mMe nepeuYHOM npouecca 53 HUIU, a TaK
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DU3NKO-TEXHUYECKHUE OCHOBLI (HOTOOHONOrMK U hOoTOMEAULIUHBI

IBECTHYIO KMUTOXOHAPUANBHYI0» KOHLIENLIUIO T.A.Kapy {1982-2000), Ho ¢ uHoW
0CriefoBaTeNbHOCTLI0 COOLITUA:  akTUBaLUMA paboTbl MUTOXOHAPUI ecTs

AneacTeuve NoBbILLEHUS KOHLUEHTpauuu UOHOB Kanbuus, a He Ha060por.

lMpeanoxeHHas TeopeTUYeckas MoOAeNb MO3BOMSAET NPOrHO3MPOBaTH
puaHTbl onTumusauvm BosaercTeus HAJW. TMoka oHa peanusosawa Tonbko
\Ns HEenpepbIBHOro pexuma paboTbl nasepa, HO Mocne KOppeKLMu CUCTeMbi

' paBHEHVIVI NO3BOMUT cAaenaTb pacHeTbl U ANA MOAYNUPOBAHHOIO pexuma.

3ACTOCYBAHHSA ®NTYOPECLUEHLU]II TA BIABIBHOI CNEKTPOCKOMII
NPY NPOBEAEHHI AIATHOCTUKM

Masnos C.B., Kamitcbkuit O.C.
BiHHULIbKUI HALiOHANbHUIA TEXHIYHUIA yHIBEpCUTeT

AxtyanbHicTb. KinbkicHa oOuiHKa ONTUYHWUX NapameTpis wWkipy Aae
MOXIUBICTb OTPUMYBATK 0B'EKTUBHY in)opullauilo‘ NpO HasBHICTL R ei_Acynﬂich
fa NpOCTOPOBWIA Po3Nofin B Hil p_iame 6|on0(|L4me KOMI'IOHe'HTIB i yeniwHo
BMKOPUCTOBYBATM L0 inaopma_auuo Ans piarHOCTUKK pigHMX WKIpHMX
jJaxsoploBaHb. 3aBAskM MNPOCTOTI  CBOro OTPUMAHHS CreKTpu BiAOUBAHHA i
(hnyopecLieHLiT LKIpU MIOAMHW 33CTOCOBYIOTLCA B KinbKiCHMX cnexTpansHux
METOAMKAX ANSi MOHITOPUHFY | [iarHOCTUKM PAAY WKIPHUX | CUCTEMHUX
JAXBOPIOBaHbL in Vivo. _ .

MeTtoau. Po3spobneHi tnyopecueHTHi METOAM, 3acHOBaHi Ha peecTpaLii
BTObnyopecueHLi i Mikpockonii 3 d)nyopecueu‘ruumu Mapkepamu, wo BUKO-
PUCTOBYIOTb TEXHIKY 3 pO3AINeHHAM B Yaci (3 cbaaos_ono i -u'acoaqso cenexuieto),
lasepHe CkaHyBaHHA i GaraTohOTOHHY MikpocKonito, siki  yeniwHo 3acroco-
BylOTLCS AN HEIHBA3WBHOTO BUBYEHHA CTaHy BiOTKaHWH | KNiTUH MHOAVHM. Taki
(pnyopecLeHTHi  METOAN  BUKOPUCTOBYIOTBCA AN MEAUYHOT  AjarHOCTMKM
pisHOMaHITHUX naTonori 6araTbo?( T™™nis TlfaHMH, BKIHOYAOMU  TKAHUHU OKa:
PospobreHi komGiHOBaHI ONTUYHI .mamoggnqm M.eTOL.l.Jd, — Hanpuknag, 3acHoBaHi
Wa ogHoYacHIh peecTpauil qmyopecueﬂuu] KombiHauifHoro POSCIsiHHS.

CneKTpockonisi kombiHauiinHoro PO3CIAHHSA, KA € NOTYXXHUM IHCTPYMEHTOM y
WMBYEHHI CTPYKTYPYW i AMHAMIKu 6i0{10r|~4Ho B2XIMBUX Monexyq, TaKoX WMpoKo
BUKOPUCTOBYETBLCS ANt MOHITOPUHIY i AjiarHOCTUKK 3aXBOPIOBaHb in Vitro i in vivo, =
Nanpuknag, KaTtapaktu, aTepocmepowINecmx NOpYyLIEeHb CepLeBnx aprepi,
flepeapakoBux i paxkoBux nopyweHb MAKUX TKaHWH NIOAUHU, NAaTonorii KicToK
| 3yGis. ) ) :

Cepes NepCneKTMBHUX HEIHBA3UBHUX METOAIB  BM3HAYEHHS 3MiCTY
[M110KO3U B KPOBi BENUKWiA iHTEpecC y AOCNIAHUKIB BUKNMKAKOTL ONTUYHi meToau,
Yaki sk cnekTpocpoTOMETpis y OnvkHLOMY iH(payepBoHOMY JianasoHi Ta
(pnyopecLieHTHa cnelcrpocxoni;f_. .

MeToi0 hrlyOpeCUeHTHO! CNeKTPOCKONil € OTPUMaHHs iHdbopmawii npo
fiana3oH AOBXWH XBUNb, B SKOMY HaWBupasHiwe BUABNIAIOTLCH cneKkTparnbHi
BiAMIHHOCTi Mi>k HOpManbHOK BIOMOMYHOI TKAHWHOIO | TKaHWHOI 3 NaTonorieto,
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