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VIK 577.352.4:611.018.51 BIO®I3UKA KNIITHHHA

N3MEHEHUE ®OPMbI OPUTPOILIUTA YEJIOBEKA ITPH
IPOJIABJIMBAHMHY YEPE3 IIWJIMHAPHYECKUI MUKPOKAITAJLISIP

JLU. 'apaam, E.A. I'opauenxo
Hucmumym npobaem kpuobuonozuu u kpuomeduyurvr HAH Ykpaunwi, Xapeos, ya. llepescaasckas, 23, 310015
Toctynuna B penakuuio 15 despans 1999 r.

" Ha 0cHOBE MPOCTHIX (UIHYECKMX W FEOMETPHHECKHX COOOpaXeHNUil NPOBEAEH AHANN3 H3MEHEHHs (OPMBI IPHTPO-

1IMTa YeJIOBEKA B MPOLIECCE €ro NMPOAABIHBAHMS MEpe3 LMIMHAPHYECKHH MuKpokamwuisip. [Tomyyensl ypaBHeHHs,

onuchIBalole 3Ty GopMy B TOM ciiyuae, korna memGpana knerku aedopmupyercs 6e3 M30TpONHOr0 pacTsKEHHs.
KJIIOYEBBIE CJIOBA: puTpouuT Yenoseka, aedopmaius, MEKpOKanuuisp, popma MemOpaHsl.

[TponaBnHBaHUe 3PUTPOLIMTOB B LIWIMHIPHYECKYIO TMHIETKY C IMAMETPOM, HE MpPEBBIMIAIOLIMM HX Xapak-
TEpHbIH pa3Mep, MPUBOAMT K AeopMallii KIETOUHbIX MeMOpaH M K W3MEeHeHuio (opmbl knetok. OueBHIHO,
3TOT MPOLECC MOXKeT ObITh MCMOJNB30BAH 1A ONMpEENeHNs. MEXaHHYEeCKUX CBOHCTB X MemOpan [1,2]. ins To-
ro, 9T00bl KOMHYECTBEHHO ONHCaTh YKa3aHHbI! MpOLECC HAa OCHOBE YPaBHEHHH TEOPHH YNPYrOCTH H MIPOIH-
HaMHKH, HeOOXOANMO 3a/1aTh rPaHHYHbIE YCJIOBHA HE TOJBKO HA TOBEPXHOCTH, OrpaHWYMBAIOILEN MPOJABIH-
BaeMyI0 Yepe3 MHKPOMUNETKY KJIETO4YHYIO CYCMEH3HIO, HO M Ha MOBEPXHOCTH KJIETOYHOH MeMOpaHbl. 3ananne
)K€ TPAaHUYHBIX YCIIOBHH Ha MOBEPXHOCTH KJIETO4YHON MeMOpaHsl MPE/ANOJAraeT, YT0 ypaBHEHHUS, KOTOPBIE ONH-
CHIBAIOT M3MEHAIOLLYIOCS B MPOLECCe MPOAABIHBAHUS Yepe3 MUKPOMHUIETKY GopMy MeMOpaHbl, H3BECTHBI. Bo-
o61we roBops, hopMa MpoaaBIHBAEMON Yepe3 MHKPOKAIWLIAP KJIETKH JIOJDKHA OMpeNeNaThcs cama coboif my-
TEM COBMECTHOTO PELIeHHs COOTBETCTBYIOLIMX YPaBHEHHi TEOPHH YNpYrocTH W ruapoanHamuku. OnHako, B
HACTOsIIEe BPEMA CTPOrHii CaMOCOTIACOBAHHBIH MOAXOJ, 32 UCKIIOYEHNEM NPOCTEHIIMX cilydaes, He pa3pabo-
TaH. PelieHne 3aa4m O NMPOJAABIMBAHHM PUTPOLMTA YEPe3 MUKPOKANMILIAP MOXHO 3HAUMTE/bHO OONErdHTh,
€CJI¥ 3HaTh, KaKk W3MEHAeTCs (JopMa IPUTPOLIMTA B TEUEHHE YKA3aHHOTO MPOLECCa, HCXOMA U3 KaKuX-THOo Hesa-
BUCHMBIX (pu3ryeckux coobpaxenHuii. B 3Tom ciyyae MOxHO Gb110 Ol cunTaTh GOPMY NMPOJABIMBAEMOrO Yepes
MHKPOKAIAJLIAP SPHTPOLIMTA H3BECTHOM 3apaHee, H (PM3MKO-MATEMATHUECKHH AHANM3 MCCIIENYEMOro npoLecca

3HAYHTENILHO YNPOCTHICH Obl.
z V Llens Hawe# cTaTbk - MOJNYYATh NPUONMIKEHHbIE aHATUTHYECKHE Bbl-

/ paxkeHust uis (GOpMbI MOBEPXHOCTH MeMOpaHbl, NpOJaBIMBaEMOil uepes

MUKPOKanuuIAp, UCXOAS M3 MPOCThIX NEOMETPHUECKHX H (PH3HYIECKHX CO-
obpaxeHuii. Mbl orpaHHYMMCA Clly4yaeM, KOrja.B MpoLecce NpoiaBIHBaH!A
yepe3 MUKPOKanUuIAp kieTtoyHas MemOpana nedopmupyercs aubo myrem
CIBHra B IUIOCKOCTH MeMOpaHsl, M0 m3rnbaercs, HO He MyTeM H30Tpon-
HOro pacTsikeHus. Kak u3BecTHO [3], npu nepBbiX ABYX M3 MEPEYHMCIICHHBIX
THNOB Ae)OpMaLWK TUIOLIAb NIOBEPXHOCTH MeMOpaHbl S He M3MEHseTCA U
0 B K&X/IbIii MOMEHT BPEMEHH OCTAETCs PaBHOM €€ HauaIbHOMY 3HAYEHHUIO Sy.
OO6beM TaKKEe MOXKHO CYMTATh MPAKTHYECKH HEH3IMEHHBIM M PaBHBIM €ro
nepBOHAYAILHOMY 3HAaYeHHIO Vo, TaK Kak TpaHcMeMOpaHHbIN nepenan 1as-
JIeHusA, KOTOpbiik Mor Obl MpHBECTH K 00€3BOKHBAHHIO KJIETOK, MPH pac-
CMaTpHBAEMbIX HAMHU THNaX AedopMaluy NpeHebpeknMOo Mail.

DpPHUTPOLMT JIErko M3MeHseT CBOIO (opMy B MOTOKE KHIKOCTH Oe3
cywecTBeHHO#! aepopmauun ero memGpansl. [ToatoMy ¢ yueTom oceBoii
CHMMETPHH H PacrioJIoXKeHH it IMHUH TOKA NMPH CTALHOHAPHOM TOTOKE JKHII-
KOCTH 4Yepe3 MUKPOKAMHLIAP pasyMHO MPEATNOOKUTE, YTO YXKe MpPH Moi-

B XOJIe KO BXOAHOMY OTBEPCTHIO MMKPOKAMMUIAPa OH MPHHUMAET MNapailio-

Too6pasHyio ¢opmy (puc. 1). Kak nokassiBaioT BU3yalbHbie Ha0MI0JCHAA

Puc. 1. Gopma 3puTpOUHTa, IPH-  [4], uMEHHO Takylo (OpPMy NPHHHUMAIOT 3PUTPOLMTHI NMPH ABHKEHHH B

Gmokaiomerocs Ko  BXOXHOMY  \yynokanunnspHOli CHCTEMe KPOBAHOTO pyciia. dopMa SpHTPOLHTA, MOKa-

ki i MMKPOKAMINAPA  5apyag Ha puc.], 0Gpa3oBaHa 3epPKATBHBIM BHITYYMBAHHEM HacTH cepi

il bl L0 e o pamnyca Ry ABC otHocuTensHO miockocTi AC. 31eCh OCh z WAIHHAPHYe-

Kanmwinapa, p, z — UWAJIHHApHYe-

CKHE KOOpIMHATEL) CKHX KOOPJMHAT Z, P, ¢ COBMANAET C OChI0 CHMMETPHH LIMIMHAPHIECKOTO
MUKpOKanuispa.

PeansHo, KOHEYHO, Ha rpaHWUe o6nacTH  BBIMYYHBAHHA
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puc. 1 ToueqHo# mHKeH. OfHAKO, MBI CYUTAEM, YTO 3TO OGCTOATENBCTBO HE CYIIECTBEHHO CKA3BIBAETCA HA MIO-
Jly4eHHBIX HaMH JIaJiee pe3yIbTarTax.

3Havuenns MO MOBEPXHOCTH MeMOpaHbl 1 00beMa NapamoTo06pasHOro SPUTPOLHTA B OTCYTCTBHE
nedopmanyy JIETKO ONPENENUT N0 H3BECTHBIM QOPMyJiaM 15l apOBLIX CETMEHTOB:

S, =47R?,
¢))
1/2
Vo= 22 13 22 §.°_) s 1
3 4r 6/7m

Kaxk n3BecTHO, /U1 9pUTPOLMTA YeIOBEKA B Hene(bogunponanuom co-
CTOsIHMM B cpeaHeM So = 129.95 Mk, Vo = 97.91 Mkm’. ITpu Takux Ha-
YanbHBIX 3HaUYeHuAX u3 (1) onpenenseM R, = 3.216 mxm, Hy = 1.563 Mxm.
OTH 3HaYEHUA OJHO3HAYHO OMpEIENSIOT GOPMY SPUTPOLIUTA MPH MOAXOME
KO BXOZIHOMY OTBEPCTHIO B MHKPOKAIMILJIAP.

ITocne Toro, xak 3pUTPOLMT NEPEKPHIBAET BXOAHOE OTBEPCTHE B MHUK-
pOKanuuIsAp, 4acTh €ro MeMOpaHbI 3aTATMBAETCs B Hero, popmupys cepu-
yeckyo "manouky" SPQ (puc. 2). Paguyc 3Toi "manouku" r, 04€BHAHO, CO
BPEMEHEM H3MEHAETCs OT 3HA4€HUA r = Ry JI0 = ry, THE rp - PAIHyC MHK-
poKanmmuIsipa, a BhICOTAa 3TOH "mamoyku" A W3MEHAETCA OT 3HAYEHHUs

h=R, - /Rj - r: 11O 3HAYEHHs h = 1y,

ITo mMepe 3aTArMBaHMA KIETKH B MHKPOKaMWLIAP BeicoTa H 3epKabHO
BhIMy4eHHOro cerMenta ADC m paamyca R cdeprueckoil MOBEPXHOCTH,
o0pa3oBaHHO} BpallleHWEM BOKpYr ocu z ayrH kpueod AS wm CQ,
ymeHbaercs. Kak noayepkuBanock paHee, NpH paccMaTpUBAeMbIX THIAX
nedopMaumy Momab NOBEPXHOCTH KIETOYHOH MeMOpaHb! U 00beM KieT-
Puc. 2. Gopma spuTpounTa, prary- K4 HE H3MEHAIOTCA. ITo3TOMy M3 MPOCTBIX I€OMETPHYECKHX COOOpaxkeHHit
BAEMOTO B MUKpOKamwmisp npu V1A TUTOMIA/M TIOBEPXHOCTH IIAPOBBIX CErMEHTOB H IIapOBBIX C/IOEB HaXo-

Ro—,/Rj——r:—<h<rp A

S, =27R? +27R.[R* = +x(r? + ?),
: @

V= R % 2t OR- H)+ k(3 +h2)—13’—(R- R =72 flr+ [R=77)

W |

CooTHomeHus (2) B HEABHOM BMAE 3alal0T ()OPMy BTATMBAEMOIO B
MHWKpPONHUMETKY 3PUTPOLMTA, KOTOpas OAHO3HAYHO OMpeesseTcs NapaMer-
pamu h, R v H B 3aBHCHMOCTH OT 3Ha4€HUs OJHOTO U3 HUX, HAaNpuMep, A.

B MoMeHT, korzia BeicoTa cepuyeckoit "manodku” N0CTUraeT 3Ha9eHusA
h = r, panuyc R nyru AS u CQ M BBICOTa 3epKallbHO BBIMYYEHHOIO y4acTka
- MeMOpaHbl H, OYEBHIHO, ONpENENMIOTCH CHCTeMOH anreOpauyeckux pa-
BEHCTB (2) ipu ~ = r,. Haunuas ¢ 37010 MoMenTa 06pa3oBaBIIascst Py BTA-
THBAHWM JPHTPOLMTA B MHKPOKANMWUIAp cepHueckas "INanoyka" ¢ pajauy-
COM 7, HAYHHAET NPO/ABIHBATLECA BHYTPh Kamuuispa. [Ipu 3ToM 4acTb Mem-
GpaHbl SPUTPOLIUTA NPHHUMAET LMTHHAPHYECKYI0 opmy p=1r,, 0 <z < L
(pwuc. 3).

VCnoBusi TMOCTOSHCTBA IUIOLIAJM MOBEPXHOCTH MeMOpaHbl M 00bema
KJIETKH TeTeph NPUHAMAIOT BUI

ar

MMM
AMMMHTITRY

Puc. 3. ®opma 3pHTPOLIUTA,
BTATMBAaEMOr0 B MMKpOKa-

mauap npw L # 0 Sy =2mr} +2mr,L+27R* +27R|[R* -1, ,

Y, =§m‘; +7zr,fL+%7rR3 —§EH2(3R—H)—§_(R—.,/R2 —r;)z(2R+.\/R2 —r,f)

(©)
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Cooruotuennd (3) NOTHOCTEIO onpesensior opMy BTATHBAEMOro B MHKPOKAITMILIAP IPUTPOLIHTE, TO €CTh
napametps! L, R u H xak (yHKIMH OIHOTO M3 HHX, HaNpuMep, L, HAYMHAsA C MOMEHTa, IPH KOTOPOM JOCTHIraeT-
Cs paBeHCTBO A = rp. OUEBHAHO, NPH R = rp, TO €CTH MPH BHITIONTHEHAN YCIOBHI

S, =2m,L+4m;],
)
4 2
Vo=, +m,3L—-3-zzH’(3r,, -H)

(opma mpoaBIHBaEMOro 4epe3 MUKPOKAMMWLIAP 3PUTPOLIMTA CTAOHIH3MPYETCA U OH MPOJABIHBAETCS 10 MUK-
poKanwuIsApy Kak Lesoe, uMes (popMy, TO €CTh 3HaYeHHA napaMeTpos L u H, onpeaensieMyio paBeHcTBaMHu (4).

Ha puc. 4 u 5 noka3ana TWHAMHUKa W3MEHEHHs (POPMbI IPUTPOLIMTA NPH JIBYX 3HAYCHUAX palHyca MHKPO-
Kamm/uIspa 7y, BbIYMCIEHHAA C MOMOILIBIO NPUBE/ICHHBIX BhIIIE GOpMYIL.

I S N

Puc. 5. JluHaMuka H3MeHeHNs hOpMB! IPHTPOLHTA, BTATHBAEMOrO B MUKPOKAIHJLIAD PaAHyCcoM 7, = 2.15 MKM.

OueBHJIHO, ypaBHEHHS MOBEPXHOCTH MeMOPaHbl BTArHBa€MOr0 B MHKPOKAIAJIJIAP SPUTPOLIATA MOTYT ObITh
TIPE/ICTABJICHBI B CJICAYIOIIEM BHIE:
Ha CTaguH (OPMHpPOBaHHs CHEpHIECKOl (LAMOUKHY —

()= (@+h) +p’

" >0
7 = W o

Ha rioepxHocTH CQ (puc. 2) —
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pr+z’ +22X/’R2(h)—r: =r

z S, A £ S, 2
z-—h+——| +2R|z-—h+—" |+ p* =0
R 2zR R 27R

Ha nosepxHocTi ADC (puc. 2), rie 3aBucumocty R(h) u H(h) onpenensiorcs paBeHcTBaMH (2).
IMpu L #0:

(Z—L)2+p2=r:‘ - npuz2L,
P=r npul2z20,
z +1/R2 —r; +p? =R? st ioepxHoctu CQ (puc. 2),

2 2

SO rP rl’ So 2 2
-t~ L +2zR(L)+ = -2r - 2r, L+ p* =0
z+27rR(L) R(L) R(L) s T

ans nosepxHoctd ADC, rae 3aBucumocts R(L) u H(L) onpenensrorcs paBeHcTBam (3).
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BIO®I3HKA KJIITHHH
V/IK 577.352.336+577.356

B/IMAHHUE TEMIIEPATYPH HA INIJIEKTPHYECKYIO IPOHHIIAEMOCTH
CYCHEH3HHA TPOMBOLIUTOB B 3-CM IMATIA30OHE JAJIMH BOJIH
B.IL Bepecr, C.B. I'aram, O.T. Hukonos
Xapvroeckuii 2ocydapemeennvtii yrusepcumem, nn. Ceoboowy, 4, 310077;
Toctymia B pepaxipao 22 okTs6ps 1998 r.

Meroiom CBY-/M3/eKTPOMETPHH HCCIIE/IOBAHBI  3aBUCUMOCTH JIMJICKTPHYECKON IIPOHMI[AEMOCTH M YACTOTHI
TWEKTPHYECKO! PeNAKCAIM BOAB! B CYCIIEH3MM TPOMGOIMTOB M IUIA3MbI KPOBH HEIOBEKA OT TEMIEDATYpHI B
obnactu 4-42°C. PaccunTaHa SHTAIBIMA aKTHBALMM JUDICKTPHYECKON peakcaliyi MOJIEKYN BOAbI M TIOJNYYEHBI
3aBHCHMOCTH CTATHYECKOH JMIIEKTPHHECKOH IPOHMIIAEMOCTH OTHOCUTENLHO “DACTBOPHUTENA” ISl STHX CHCTEM.
Tloxasamo, uro HaGmoAAEMbIe 0COOEHHOCTH 3aBHCHMMOCTEH IURIEKTPHYECKHX NApaMeTpoB OT TEMIIEPATYPhI CBSI3aHBI

¢ XOHOPMAIHOHHBIMH TiepecTpoikaMy Ge/KOB IUIA3MBI i MEMOpPaH TPOMOOIATOB.
KJFOYEBBIE CJIOBA: TpoMGOIMTSI, 11a3Ma KpoBH, ¢puGpuHoreH, CBY-IusieKTpoMETpHs, AUJIeKTpUYEecKas
IIPOHHIIAEMOCTD, IUICKTPAYECKas pellaKcalys, SHTATBIMS, TEMIIEpaTypa.

B Hacrosmee BpeMa HET JOCTATOYHOH ACHOCTH B MEXaHH3MAX, ONPEAC/MIOIHMX 3aBHCHMOCTH HApaMeTpoB
arperaumn  TpoMOOHHTOB OT Temmeparypsl. B obmactm rtemmeparyp 4-45°C oTMevaeTcsa panx mepecTpoex
TpoMOOUHMTAPHEIX MEMOpDAH, PErHCTPHPYEMBIX pasimuuHbiME MerogaMu [1, 2]. OueBMOHO, 3HAYMTC/IBHBIC
CTPYKTYPHBIC NEPEX0sl MEMOpaH JODKHBI 3aTPArHBATh THAPATHYI 000NOYKYy KICTKH W CONMPOBOMKAATHCA
H3MCHCHHEM JM3JICKTPHYKCKHX NMapaMeTpoB CYCICH3HH KIeTOK. CTPyKTypHBIC mepecTpoiikin MemOpaH BICKyT
3a Co0OH H3MEHCHHE COOTHOINCHHA CBOOOAHAA-CBA3AHHAA BOAA. VIMEHHO 3TO M3MCHCHHA M PETHCTPHDYETCH
meronoM CBY-mmonekTpomerprn B 06NaCTH JWCNIEPCHH MONEKYa BOABL JInA BBIACHEHHS MOJEKY/IAPHBIX
MEXAHH3MOB (DYHKIMOHMPOBAHHS KJICTOK B 00macTH (M3HONOrMYECKMX TEMIEPATYp M HpOLECCOB,
Pa3BHBAIOIMXCA MPH MX XPAHCHHH HEOOXOMHMBI HCCICAOBAHUA COCTOSHHSA BOALI B MeMOpaHax.

B macrosmed paGore HCCIECNOBAaHA TEMIECPATYpPHAA 3aBHCHMOCTb AEDICKTPHYCCKOM IPOHMIAEMOCTH H
YaCTOTH JM3JICKTPHYCCKOH pelaKcaluM IasMbl KpOBH M oOorameHHOM TpoMOGoumramu mrasmer (OTII) B
HHTEpBane Temneparyp 4-42°C.

MATEPHAJIBI i METO/JBI

B pabore ncnons3oBana oboramenHas TpoMOOmHTaME IWIa3Ma 5 30poBeix AoHopoB. OTII seynensm U3
CTaOHIH3MPOBAHHOM LHTPAaTOM HATPHA KPOBH IyTeM uUeHTpu(YyrupoBanws /B TeycHue 10 mum npu 167g
6estpomGommTapayro mwiasmy (BTII) — uewrpudyraposasmem OTII B Tewenme 15 mmm npm 1100g [3].
KoruenTpamas TpoMGOIETOB cocTaBmsa 2,5:10° kn/mv.

H3mepenne 3aBHCHMOCTH JHINCKTPHYECKOH MPOHANAEMOCTH OT TeMIepatyps! (B obnacru ot 4 1o 42°C)
NpoBOAMIOCH ¢ omombio CBU-auanexTpoMeTpa pe30HaTopHOro THNA, paboraromero Ha yacrore 9,2 I'Th [4].
Hccnenyemsiit o6pasen; B o6seme 0,1 M B TOHKOM KBapHeBOM Kamawupipe (BHyTpeHHHM muamerp 1,0 mm)
NOMEIMANCA B ITHHAPHICCKHH pe3oHaTop Hoy-THma. Pe3oHaTop CHa0XKeH TepMOCTATHPYIOMEH 000M04KOH B
CHCTEMOH TEpMOCTaOWNIH3aNMH C TOYHOCTHIO moanepxamms temmeparypst 10,1°C. Temmepatypa o6pasua
H3MEPANACh MEb-KOHCTAHTAHOBOH TEMONAPOM, NOMEIMCHHOM BHYTps Kamwupipa. [l onpeaeneHHs
aeficreuremsrol (¢) W MEmMoi (') wacTelf KOMILICKCHOM AMINCKTPHYECKOH MNPOHAIACMOCTH H3MEPAIACh
BEJHYMHA C/IBHT2 PC30HAHCHOM 4acTOTHI H 3aTyxaums CBU-MOIIHOCTH NpH BHeCEHHH 00pa3’na B Pe30HATOP.
3navenns & M £’ HAXOMMIH MCTIOMB3YA rPAAYHPOBOYHBIC KPHBBIC, NOCTPOCHHHIC /U 00PA3NOB C M3BECTHBIMA
sravernavu ¢ me” [5]. Ommbxa onpenenenms € cocrasnaa okoao 0,05%, a g’ - 0,5%.

Hccnenyemas cpena HMeeT 3HAYMTENBHBIC HH3KOYACTOTHHIC MOTEPH W3-32 HANHYHMA HOHOB, TOITOMY JUIA
MCKTIOYCHHS BKIAA HOHHOK NPOBOTHMOCTH B HIMCDCHHYI0 BENMUMHY € BBOJMIACH NONDABKA HA
3NIEKTPONPOBOIHOCT

P A o ’
2ne, f
[Ie 5 — YAGNMBHAA INEKTPONPOBOAHOCTL 00pasna, om™:m?, g, — mocTosmHan ICKTPHYECKOr0 MOJA, PaBHAA
8,8/4-10"* A-c:B"-m", f — wacrora mameperms ¢, T'n, [ToCKOBKY HOHHAS IPOBOXHMOCTS O4CHE CIaG0 3ABHCHT
OT UIHHBI BOJIHBI, €€ BEHYHHY M3MEpsUTH Ha yactore 10 k'@ ¢ mOMOmBIO MOCTa MEPEMEHHOro Toka P586 B
AYHKE C IIATHEOBBIMHE 37IeKTpoaamu [6]. ITorpem=ocTs onpeeenns ¢ cocrasmina ~5%.

)
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Brusnne TemMniepaTypsl Ha M3NEKTPHYECKYIO MPOHHULAEMOCTh CyCTIEH3HH TPOMOOLMTOB. ..

PE3YJIbTATHI H OBCYXJIEHHUE
H3mepernnsie Ha vacrore 9,2 I'Tu, amanextprueckue napamerpst OTIT XapakTepH3yioT COCTOSHHE ee
BOZHOH (hassl. Boxa 06nanaer BHICOKOH JM3NICKTPHYCCKON MPOHHUACMOCTHIO BBHY HANMYHA Y €6 MOJICKYJIHI
TIOCTOSHHOTO 3MICKTPHYECKOro JHNONbHOro MomeHta (1,8 D). Jluanektprueckas penakcauus 6ombmel 9acTa
BHYTPHKJICTOYHOH BO/bI OTHCHIBACTCA ypaBHEHHAMH [le6as ¢ HECHTPANbHON YacToTOM AHCHepcHE okono 20 I
(mpu 20-25°C). Ilpm 3TOM napameTp XapaKTCpH3YIOImH pastpoc BPEMEH JHEICKTPHUCCKOH pPeIAKCAIER
MONEKy1 BOABI AocTaroyno man — 0,038 [5]. Jlacmepcms IHANEKTPHYECKON NPOHHUACMOCTH JPYTHX
xommonenToB OTII mabmopaerca Ha wacrorax <0,5 ITn [7]. TMosromMy mo BeTMYMHE AHINCKTPHUECKOM
NPOHAIACMOCTH JMCTIEPCHBIX Omonormueckux cucreM B CBU-7mana3one MOXHO CyJHT O COCTOSHHH M
NIOABEJKHOCTH BOJBI B CTPYKTYPHBIX KOMIIOHCHTAaX CHCTEMBL.
YacroTHad 3aBHCHMOCTh KOMIUICKCHOH JMO/ICKTPHYECKOM NPOHHIAEMOCTH JHIONCH B JKHAKOCTIX
ONMCHIBACTCA ypaBHEeHHEM Jlebas:
2
f/
Ja

\ e(f)=¢, +
TlC € H & — BHICOKOYACTOTHAA (ONTHYECKAA) H CTATHYCCKAA AMINCKTPHYECKAs mpormmaemoctw; fy u f —
4aCTOTHI THIEKTPHYCCKOH PENAKCAIMH K MHKPOBOIHOBOTO NOJISL, COOTBETCTBEHHO.
Pa3nensa neHCTBHTEBHYIO H MHHMYIO YaCTH YpaBHEHHA (2) B COOTBETCTBHHE C

e=¢'(f)+ig" (f) ?3)
NOJTy4AM
{0 EY M o S @
‘D= G AT
1 (;— ao)f/ fd
e g i T ®)
AN
W3 ypaBrernuii (4) u (5) MOKHO MOTyYMTH BRIpAXKSHHA s f; | 5,
fi=fE-¢)] &', ©)
83— (8”) (7)
(e ~8,)

BemuymHa €, HE 3aBACHT OT YACTOTHI H TCM MEHBINE, YeM GOMbINe KOHIEHTPAIAs PAaCcTBOPA, TO ¢CTh YeM Gombme
KONHYECTBO CBA3aHHOM Boxml Ilapamerp f; xapakrepusyeT mMOABHKHOCTH MOXeKyn Boasl B mone CBY, a,
CIIEA0BATE/IBHO, CTENCHD €€ B3AMMOJCHCTBHA C OKPY/KCHHEM. 3HAUCHAA &, ¥ f; Haxomwm no (opmynam (6)-(7),

TPUHEMAA €.=5,5 (KaK AMINEKTpUHeCKy o mporunaeMocts B MK-muanasoxe) [8].
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Puc. 1. TeMTepaTypHbie 3aBHCHMOCTH JebicTBHTEILHOM (£) M Prc.2. TeMepaTypHble 3aBUCHMOCTH ACHCTBUTENLHOH (¢) 1
sinavolt (¢/) wacrell WeKTpHUEcKoM NpoHMIacMocTH  MHMMol (£') wacTeit mEONeKTpHecKol MpoHMIaeMocTH. 1,2
0,15M pacrsopa NaCL — OTIE, 3,4 - BTIL
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Temnepatyprsie 3asucevocts € ® € Bomst B 0,15 M NaCl me mMeioT 0coGemHOCTEH BO BoeM
HCCICAOBAHHOM HETEpBane Temmeparyp. HabGmomaercs mwiasHOe yBemwucHMe & W yMeHbIICHHE € IpH
TOBHINCHHA TeMIEpaTypsi (pic. 1). Temneparyprsie 3aBacumocts € u ¢ mmasvsr kposr u OTTT mMeloT paa
OCOOEHHOCTEH, BHIPDKAIOMHEXCA B OTKIOHCHHH OT MOHOTOHHOCTH 3aBHCHMOCTEH 3THX NapaMeTpoB NpH
ONpe/ICEeHHBIX TeMTEpaTypax (cM. puc.2). Ilpa nossnmeHEHE TeMneparypsl HabmoaaeTcs CTyneR4aTroobpasnoe
mmenerme ¢ u & OTIT u masvel B obnactu Temmeparyp 8-10°C, 18-22°C m 32-36°C. TMo-srmamoMy,
NPHYHHON TOr0 ABJAKOTCA CTPYKTYPHBIC IIEPECTPOHKA MeMOpaH TpoMOOLATOB | GEKOB NMIA3Mbl, OTMCYCHHEIC
HaMH pasee [2, 9].

Temnepatypras 3aBHCHMOCTh YaCTOTHl AM3JICKTPHYECKON pENaKCAIMH, KOTOPYIO MOXHO NPEACTABHTH
suipaxeruem f; = Ae™W*T (A - xosfprmmenr, Hesasucsmuii ot remmeparypsl, k — nocrosmuas Bomsmmana),
AacT BO3MOXHOCTb ONPCACTATh IHTANBHAIO NPOLECCa AMICKTPHYECKON penakcaman AH myTeM BBIMECICHHA
TAHTCHCA YTJIa HAKIOHA B KoopmuHatax In(fy) — 1/T ans xaKAOro MHHEAPH3OBAHHOrO YYacTKa oTaemsHO [10].
3aBHCHMOCTH U1 JUCTHITAPOBAHHOM BOJR! B (u3pacTsopa muneitusr. Jina mwiasmer B OTII npr Temnepatypax
cryneryatoobpasusx m3menenit € (T) i &”(T) 3asucumocTa In(fy) o 1/T MMEIOT paspsIBH KM H3TOMBI (DHC.3).
Camoe 3HAYMTENBHOC H3MCHCHHE HakioHa 3asucuMoctH mwi OTII wabmomaerca B obmacrm 18-20°C ¢
YBEIHMMCHHEM JHTAJIBIAA akTHBAIAH 0T 7,9 x[[x/Moms 10 13,8 xJDx/MOTs.

In(£) -+ Lz,
24,0-T . o
238 - 6
236- 12
234 4+ ]

1 P 8
232- ek

2
23,04 2 L4
228 | ——r— e ']

0 10 20 30 40 T,°Cr'°

|47 3 g MR oW L LI
32 33 34 35 36,0%TK'

Puc.3. 3aBucumocTs norapudMa YacToTHl JuBNieKTpiYeckot Pucd4.  TemmeparypHas — 3aBHCHMOCTH  JieKpEMEHTa

penakcaryy oT 00paTHOM TeMIIepaTyphl CTATMYECKOM  JMDIEXTpHYecKod npoHunaemoctd: 1 -
IVIa3MBl  OTHOCHTENbHO  (u3pactBopa, 2 - OTII
OTHOCHTENIBHO IUTa3MBI TOTO e OHOpA.

Tak Kak 3HEprus BOAOPOAHOH CBA3E mopsaka 12,5 x/Dx/M [11], MOXKHO NPEANONOKHTH, YTO IPH
TeMmepatypax mMeabme 18°C B HCCICNOBAHHBIX CHCTEMAX UL BPAIICHAA MOJCKYJIBI BOABI TPeOyeTcs pasphis
NPHOIH3UTEIBHO ABYX BOAOPOJHBIX CBA3CH, a mpH 0onee BBHICOKHX TeMIEpaTypax — Ot omHo# o 1.4, uro
cornacyercs ¢ AaHEbMHE [12, 13]. Pa3psiB mim H3MCHCHHE HAKIOHA 3aBHCHMOCTH (pHC.3) B 061acTH TeMueparyp
10-12°C xapakTepeH TOMBKO Ul CMECEH, conepammx TpoMOOmHTEl B Be Habmonaerca s pacrsopa NaCl u
BOJBI, YTO MOXET CBHACTEILCTBOBATH O CTPYKTYPHOM mepecTpoike TpomGommraproi MmemOpams:. W3mom
sapacamMocTH 1g(fy) ama OTII u mmasmer B obnacta 18°C moxer OOBACHATCA H3MECHCHHWEM CTPYKTYPHOMO
cocrosHus GeTKOB ITa3Mbl H TPOMOOIMTOB, B YACTHOCTH, H3MCHERHEM KoH(popMarmy (ubprHOreHa.

TemneparypHsie 3aBHCHMOCTH JCKPEMCHTA CTATHYCCKON THIICKTPHYCCKOM nporumaeMoctH (Ae;) OTII 1
IUIA3Mbl KPOBH OTHOCHTENLHO «PACTBOPHTE/ID) MPEACTABICHL HA PHC. 4, I3BECTHO, UTO BEJIMYMHA JCKPEMEHTA
pacTBOpa OTHOCHTENBHO PpACTBOPHTENA NPONOPIHOHANGHA KOHICHHWDAUMH H CTCHCHH TI'HAPATAIHH
PacTBOPCHHOrO BEmMECTBA. MOHOTOHHOC YMCHBIICHHE Ae;, MIa3Mbl OTHOCHTENBHO (DH3pacTBOpa NpH
MOBBILNCHHA TEMIEPATYPHl XOPOMO KOPPEMHPYET C M3BECTHBIM (PAKTOM YMCHBINCHHS CTCICHH THADATAMH
6enxoB ¢ pocroM Temueparyps! [14]. Tak kak kOHUEHTpamuA H 065eM TPOMOOIATOB C POCTOM TEMTIEPATYPHI HE
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Bmusanue TeMnepaTypsl Ha AH3NEKTPHYECKYIO NMPOHALIAEMOCTE CYCIEH3HH TPOMOOLIHTOB. ..

MCHAKOTCA, MOKHO JOMYCTHTh, YTO TEMICPAaTypo3aBHCHMbIC H3MeHEHHA Ag, OTII ONpeAcIsIOTC CTCHEHBIO
CBA3BIBAHKA BOABI KeTkamu. [Tosromy ymensmennre Ae, npr Harpersaruu OTII or 4 1o 18°C ceraeremscTByeT
00 yMEHBINCHHH THJpATAIHH, 2 HeGOMBINOH PocT Ag, 18-20°C u 28-32°C — 06 ce yBCNHYCHHH. YBCTHUCHHS
KOJTHYECTBA CBOGOHOH BOABI B CYCICH3HH TPOMOOLHMTOB COMPOBOKAACTCA OOIIMM YBCTHUCHHEM € (BETHTHHA
ds’/dT ymenpmaercs).
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CTOXACTHYECKASI JMHAMMKA PAZBUTHA KJIOHA
JAUPOEPEHIHUPYIOHUXCS KJIETOK. 3®PEKTBI ABTOCEJIEKIIAA 1
IMATOJIOT'HYECKOH 3BOJIIOITUHA

I''A.Consinuk , A.A.Cepukos
Hucmumym sxcnepumenmansnoii namonozuu, oxxonozuu u paduobuonozuu HAH Ykpaunsi, Kues-22, Bacunoxoeckan 45,
e-mail: farmm@jiepor.kiev.ua; Humcmumym meopemuvecxoi ¢usuxu HAH Yipaune, Kues-143, Memponozuveckas.
Ioctymana B peaakipo 26 Hos6ps 1998 r.

Ipo6nema perynausm npoueccos auddeperumaipm u npoandepaup  MccnenosBanack ¢ MOMOMIBIO
CTOXaCTHYECKON MOJE/M JAMHAMMKH POCTa KJIOHA HOPMAIBHBIX KJIETOK. Beuto nmokasaHo, 4TO B reTeporeHHoH
KJIETOYHOH  TNOMy/IALMH npouecc  auddeperHumALMM, peAMBYIOMMACT  NOCPEACTBOM  (akTopos
AMGGEPEHIMPOBKH, MOKET BHIBBIBATE CEMEKIGNO (ABTOCENEKIMIO)  AKTHBHO NPOMMbeEpUpYIOmMX M
HEYyBCTBUTENBHBIX K AEHCTBHIO 3TUX (haxTopoB KIETOK (T.€. KIETOK, 06NaNarOmuX OIyXoNeBsM (EHOTHIIOM).
[Iporpeccus KIOHA HOPMATBLHBIX KJIETOK B HANPARICHUM YBEIMHCHHA YHCNIA KJIETOK C ONMyXONeBbIM (eHOTHIIOM
MOXET PACCMATPHUBATHCA KAK BO?MOKHbIN MEXAHH3M BO3HUKHOBEHHA 3/I0KAYECTBEHHBIX OITyXOMNeH.
KJIXOYEBBIE CJIOBA: reTEpPOreHHOCTS KIETOYHBIX NOMYIALMIA, ABJICHHE ABTOCENIEKIIMH, KaHIIEPOreHes.

PassuTHe ¥ PYHKIHOHHPOBAHUE MHOTOKJIETOYHBIX OPraHU3MOB H OTJENBHBIX €r0 OPraHOB HEBO3MOXHO
6e3 perymsnmd IPOLECCOB KIETOYHOro Aenenus (mpomudepaumu) u auddepenimamyy. FIMEHHO B3anMHas
peryneadsl 3THX JBYX MNpOLECCOB OOYCNaBIMBaeT, ¢ OQHON CTODOHBI, CyXXEHHE KIETOYHBIX IOTEHLMH B
aporecce amOpHorenesa M, ¢ JApyroif CTOpoHsl, OfecledYuBaeT BOCCTAHOBJIEHHE KIETOYHOIO COCTaBa M
IPOCTPAHCTBEHHOH CTPYKTYphl TKaHEH B penapaTWBHBIX MpOLECCaX Yy B3pOC/BIX ocobeil. Cyuraercs, 9rto
HAapYIICHHS TaKOH PEryJsIyHM JIEKaT B OCHOBE MHOTHX IMATOJOrMYECKHX IPOLECCOB B OPraHU3ME TAKHX, B
YaCTHOCTH, KaK BO3HMKHOBEHME omyxoueit [1].

K coxaneHuio B HaCTOAMMI MOMEHT HeT eMHON TOYKM 3PEHHA HAa MEXaHH3MBl PEryJALMH MPOLECCOB
nuddepermmamuyn u npoymdepanyy. HekoTopsle aBTOpE! OTAAKOT NPEANOYTEHHE KOHIEMIMH TeHeTHIecKOM
NpeNCTCPMHHANNY  DEryJiilMH, KOTOpas HAXOAMT CBOE IONTBEPKACHHE B SBJICHUM CHOHTAHHON
muddeperumamu (TpancieTepMunaimy). JIpyrie CKIOHIOTCS K KOHUENUMH CremudUuecKux perynstopos (2],
B paMKax KoTopod mupdepenimamus o6ycnoBneHa Kak MEXKIETOYHBIM B3aHUMOJICHCTBHEM, TaK H
B3aHMOJICHCTBHEM KIETOK C MHKDOOKpYeHHeM. OJHAKO, HE3aBHCHMO OT CTENEHH 3KCIEPHMEHTATBHO
anpoOHpOBaHHOCTH, HH O/IHA M3 ITHX KOHIEIIWMI He MOXET PETEH/I0BATh Ha MONHOE PEmeHue Npo6eMs! (Hi
C MOJICKY/IAPHO-OHONOIMYECKOH, HH C IMOPHONOrHIecKoll To4ek 3peHms). OTKDHTHIM B PaMKax 3THX
KOHISIIHIf OCTAETCs BOMPOC O B3aUMOCBA3H MPOLECCOB AN(PepeHIHaEH U NPoIUQepalyy B reTepOreHHoi
TOMYJIALMHA HOPMATBHEIX KIIETOK. ;

Ilens HACTOSINEr0 MCCNENOBAHMA - NOKA3aTh, YTO B [ETEPOTEHHON KIIETOYHOMN MOMYJAIMH MEXaHH3M
midepenimanyy, Gasupylommiici Ha WHTHOMPOBAHMH KICTOYHOTO MENEHHA NOCPEACTBOM (aKTopos
Ai(PEPEHIHPOBKH, MOXET NPHBECTH K CeNEKUMH AKTHBHO NPOTHPEPHPYIONMX M HEJyBCTBHTENBHEIX K
ACHCTBHIO 3THX (aKTOpOB KICTOK. MEl Ha3Banu 370 sBieHHE aBTOCenekimei. II0CKONEKY, PE3HCTEHTHOCTS
KJIETOK K IEHCTBHIO (aKTOpoB Mu((EPEHUHPOBKH ABIAETCS OHOM U3 OCHOBHBIX 0COOEHHOCTEH, OTIHYAIONIHX
ONyXONEBBIE KICTKH OT HODMAIBHBIX, SBJICHHE ABTOCENCKIMH B  TETEPOreHHOX  MOMYJIAIHH
MU PepeHIMpPYIOIEXC HOPMATBHBIX KIETOK MOXKET PACCMATPHBATECA KAK OJIMH M3 BO3MOXKHBIX MEXAHH3MOB
KaHIlepOreHe3a.

ITUHAMUKA PA3BUTHSA TOMOI'EHHOI'O KJIETOYHOI'O KJIOHA

B pabore [3] npobmema perynsumm npoueccos mudepeHIMAIME M KIETOYHOrO JC/NeHHA
AHATH3MPOBANIACh C MOMOMBIO CTOXaCTHYECKOH MONENM JHMHAMHKM Pa3BHTHS KJIOHA HOPMAJBHBIX
YHUIIOTEHTHBIX KIIETOK B NPE/NONOKCHHH O CyMIECTBOBAHMHM ABYX AITCPHATHBHBIX CLEHADHEB PAa3BHTHA
KKI0H HOBOPOXACHHOH KneTKH.KakApii M3 CLEHapHeB pasBUTHA COOTBECTBYET JIHGO nponHepaTHBHOMY,
6o mddepeHmpoBaHHOMY CTAaTyCy KiIeTKH. BRIGOp ClEHADHSA Pa3sBHTHS paccMaTpHBaeTCs Kak CIrydaifHoe
CoOBITHE, 3aBHCANEE KAK OT COOCTBEHHOH MMTOTHYECKOM AKTMBHOCTH  KIETKH, TAK M OT (axtopos
mdepermposku (D)), cuETEIHpYeMBIX HdDEPESHIMPOBAHHEIMH KIeTKAMH. CBA3BIBAACH C HOBOPOX/ICHHOH
wieTkoi ®JI MOryT H3MEHATH €€ IyTh Pa3BUTHS PELENTOPAMH.

B pamkax monenu qumaMuxa pasBUTHS FOMOTEHHOTO KJIOHA HOPMATBHBIX KIETOK B TePMHHAX CPEJHHX
steienmit X(n), Y(n) Bcex mpomupepmpyrommx kietox X, # muddepenmmpyromuxcs knerox Y, n-oif
TCHepAlMH ONPEAENAETCA CIEAYIONHMH PEKYPEHTHEIMM COOTHOMEHMAMM:
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CroxacTuyeckas JUHAMHKA Pa3sBUTHA KIOHA M epeHIMPYIOIIMXCS KIETOK. .

X(n+1) =2 w, X(n),

Y(n) =(1-w,)X(n), (1)

X(0)=1,Y(0)=0,

Wo = W(pg,k) = [1 + exp(p, - K)]" , 2)
P =q Y(n-1)/ [X(n)+g] + pa./2 . 3)

rAe W, ONpeleNsieT BepOATHOCTh AENCHHS KIETKH M 3aBHCHT OT COOCTBEHHOM MMTOTHYECKOH AKTMBHOCTH
kietku (k) u konudectsa ®JI,cBa3aBmmxcs ¢ kietko# (p,). [Mocnennee onpepensercs ypasnenmem (3), B
KOTOPOM MapameTp q XapaKTepusyeT KOJMYECTBO CHHTE3WPOBAHHBIX MM(PdepeHIHpoBaHHEIME KieTkaMu ]I,
a napameTp g OTpaxaeT Cpe/iHee BpeMs X XKHU3HHU.

Benvanua mnapamerpa k  ( MHIOEKC COGCTBEHHOH MHMTOTHYECKOW akTuBHOCTH - HICMA),
H3MEHSIOWIAACS OT -0 JI0 +00, OTpaxaeT 6amaHc MeXXy BHYTPHKICTOYHBIMH PEryJATOPaMH MHTOTHYECKOM
aKTMBHOCTH ( KOTOpBIE B 3HAYUTENHHON CTENEHH TeHEeTHYECKH MpeJEeTePMUHMPOBAHHEI): MOJIOXHTEIbHBIMU
(MHIYKTOPBI MHMTOTHYECKOH aKTHBHOCTH) M OTpHUATebHbIe ( WHTHOMTOPHI JENCHHS M AKTUBATOPSI
nuddepenumanun). [TonoxuTENBHEE PEryIATOPSI MOTYT OBITh NIPEACTABIEHE! MPOAYKTAMH NPOTOOHKOTeHOB (B
9aCTHOCTH, CEMEHCTBO mYyC-reHoB ), B TO BpeMs Kak OTPHUATENbHBIE SBISIOTCS NPOXYKTAMH TEHOB
cynpeccopoB (RB-rex u reH, koaupyromwmii 6enok p53) [4). Ces3siBasce ¢ kierkamu POJI capuraior Ganamc,
00ycnaBauBas yMEHbIICHHE MHTOTHYECKOM AKTHBHOCTH KIIETKH.

Crneayer noayepKHyTh, YTO KJICTKH, XapaKTepH3YIOIIHECH BHICOKMMH 3HA4YCHHsAMH NapaMmerpa k H,
CIIe[JOBATE/IbHO, aKTHBHO NpPONU(EpUPYIOMmHe, B TO XK€ CaMoe BpeMs HaUMEHee YyBCTBHUTENBHBI K JACHCTBHIO
®JI. OTo mpeACTaBNAETCA BAXKHBIM, T.K. PE3UCTEHTHOCTh KIETOK K ACHCTBHIO (aKTOpoB muddepeHHpoBKy
SBISETCS OJHHMM M3 OCHOBHEIX  MNPU3HAKOB, OTAMYAIONIMX OIyXONEBbIE KIETKH OT HOPMAIBHBIX.
CrnenosarensHo B Moaeny kieTku ¢ BeicokuM UICMA ( Gonbuune 3uaveHus k ) XapakTepusyioTcs (heHOTHIOM
OITYXOJIEBBIX KJIETOK.
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Puc. 1. Jlunamuxa passurus romorensoro kioka. [lo opauuare - KOMHYECTBO MPOMH(EPUPYIOMIMX KIETOK, 10
abeimcee - HoMep reepauy. 2,6,8,0,1 COOTBECTBYeT KIOHAM C pasmuaHbMu 3nadermami K (MCMA): 0.3, 0.7,
1.05, 1.15, 1.2 ( g=1.2, g=200).

Ha Puc. 1 npeacrasneHsl pe3y/IbTaThl pacyeTOB MOZENH AUHAMHKH POCTa KIOHA NPH Pa3IAHBIX 3HAYEHUAX
UCMA. BuaHo, 94T0 C yBeNWdeHHeM 3HAYCHHS MapameTpa A JHHAMHYECKas KapTHHA H3MEHEHMA KOJIHYECTBA
npou(epUpyIOMuUX KIETOK W3 MOHOTOHHOH CTAHOBUTCS HEMOHOTOHHOW C MOCHEMYIONIMM BO3HHKHOBEHHEM
HE3aTyXAIOIMX KBa3H-rapMOHHYECKHX KONEeOaHUMH, aMIUIMTYIa ¥ NEPHO/ KOTOPBIX PacTyT BMECTE C POCTOM K.
C nanbHeHIIMM POCTOM 3TOr0 NapaMeTpa OCLWIALIMH CMEHSIOTCH KOHTPAaCTHOM AMHAMHYECKON KapTHHOMH, B
KOTOPOH IMpOKHe ( MOpAAKa HECKONBKMX HNECATKOB [UTMTENBHOCTEH MHMTOTHYECKOrO LMKJIA) MHTEpPBAIbl
KBa3H-3KCIIOHEHIMANBHOrO POCTa YKC/a Nponu(epUpyIOUMX KIETOK YepeLyloTcs HHTepBanaMu GbIcTporo u (B
TeYeHHe 2 WIK 3 MUTOTHYECKHX LIMKIIOB ) M 3HAYMTENBHOT CHIDKEHMS HX KONMYECTBAa. B KOHEYHOM BapHaHTe
acCCUMNTOTHYECKAs AHHAMMKA KJIOHA MOJIHOCTHIO TPAHCHOPMHUPYETCS B IKCIIOHEHIMANBHYIO.
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Puc. 2. Perpeccus cpeanero 3uadermus HCMA wioHa K CpeHEMY 3HAYEHHMIO 3TOr0 HH/CKCA K,=0.7 ycroituusoit
nonyauyy. [lapaMerp reTeporeHHOCTH KIETOYHOH — MONYNALHH C, =20. Kpusste 1,2,3,4,5 cooTsercrayioT
pa3mMuHBIM MapaMeTpaM rereporenHocTH kinoka: Ce = Gy (1); 2G,(2);3C,(3):4C,(4): 1C,(5)-: C. = C, (1), 2 G,
(2); 3G, (3); 4C, (4); 7C, (5)- 3mech u nanee seane HCMA creonosoii knetku xinoua K pasuo 1 (g=1.2, g=200).
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Puc. 3. uramuxa pa:ﬁmu FETEPOreHHOr0 KIOHa (PACCHHTAHHAN MO MO, i
ACHK C Y4ETOM CAYMaiHOrO Xapakrepa
npoueccos nponkepaumu ¥ audppeperiauny). [lo OpAMHATE - UENOTUCAEHHOE KOMHIECTEO NPONHPEPHPYIOUIHX
KAeToK, Mo abcupcce - HOMEP reHepauuu. 2,6,8 - COOTBECTBYIOT K/OHAM C PAIMHYHBIMK NAPAMETPAMH
Ea:ggrax'u;c;l« : C.=C,(a); 3G, (6); 7C,(»). Mapamerps: pacnpenencnus YCTOHHBOM KNETOYHOM MOMyNALMHK:
/d 'y ol 4
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Kp=0.7 -

Puc. 4. Ilporpeccus cpennero 3nauenms MCMA xioHa B npouecce ero pocra. [lapaMerp rereporeHHoctH
KneroyHoi nomymim C,=5. Kpussie 1,2,3,4,5 COOTBETCTBYIOT Pa3/IMYHBIM IapaMETPaM [eTePOreHHOCTH KIIOHA:
Ce=GCy(1);,2 G, (2); 3G, (3); 4C, (4); 7C,(5). : C.= C,(1); 2 C, (2); 3C,(3); 4C, (4); 7C, (5).
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Puc. 5. [lunamuxa pasBuTHA reTEPOreHHOr0 KIOHA (PACCYMTAHHAN MO MOZENH C YHETOM CITy4aifHOrO Xapakrepa
npoueccos nponudepauny u aupdepertmauym). Io opauHaTe - HENOIUCTEHHOE KOMMIECTEO MPOIH(EPHPYIOMIHX
K/IETOK, Mo aGcupucce - HOMEP reHepaiyu. a,6,8 - COOTBECTBYIOT KJIOHAM C PAs/MMYHBIMM MAPAMETPAMM
rereporentocty : C. = G, (a); 3C,(6); 7C, (8). ITapameTpsi pactipeienieHa yCTOM4HBOM KNETOYHOM NOMYIALIM:
C,=5,K.,=0.7.
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JIUHAMUKA PA3BUTHUA ’ETEPOI'EHHOI'O KJIIETOYHOI'O KJIOHA

OnHUM M3 MIAaBHBIX M JHOCTATOYHO XKECTKMX MPEATIONOXEHHHA MOIENH ABJIAETCA MPEAIOIOXKEHHE O
rOMOreHHOCTH mMysa nponudepupyromux U audpdepeHuHMpyromuxcs KieTok. Touka 3peHHs 0 rOMOTeHHOCTH
KJIOHOB HOPMAJILHBIX KJIETOK, JI0JIr0€ BPEMA pacCMaTpHBaeMas Kak 0CHOBHOM IMPHHIMI KIETO4HOH GHooruy, B
nociefHee AECATWICTHs ObUIa  MOJABEPrHyTa pPEBM3MM. OJKCNEPHMEHTAIbHBIE HCCACNOBAHMA Gonbmoro
KOJIMYECTBA KIETOYHBIX XapaKTEPUCTHK MOKa3aH, YTO FeTePOreHHOCTH MPHCYIIA KaK KIOHAM HOPMAIBHBIX [5],
TaK ¥ OIMyXOJIEBBIX KieTok [6]. B 3Toii cBa3u B paboTe 65UI0 MPOBENEHO MCCIIENOBAHHE NHHAMUKH Pa3BHTHS
KJIOHAa HOPMAIBHBIX KJIETOK C YYETOM IeTepOreHHOCTH €ro KJIETOYHOro cocraBa. Mojudukanus monenu B
3TOM CJIydae BKIIOYaNa CIEMYIONIHe TPeANoN0oKeHUA:

e KIETKA-MPAapOAWTENbHULA KIOHA (CTBONOBAA KIETKA) NPHHAUIOKHT MOMYJLIMY IeHETHIECKH HACHTHIHBIX
KIETOK, PEeHOTHNHYEcKoe pacrpesieneHie KoTopblx B oTHomennn MCMA MoxeT GbITh NPeACTaBICHE! B BUAE
layccosa pacnpenenenns ¢ K, - kak cpemnee 3Hauenue HCMA (ycroiumsoif) nomynaumu, a C, - kak
obparHas MONYIIMPHHA PaCIpee/IeHHs, XapaKTepu3yIomas CTeleHb reTepOreHHOCTH KIETOTHOM nmomyssmuy (
napameTp MOy IALMOHHON reTepOreHHOCTH).

o g kaxgoro HCMA K, ct8ONOBOH KieTks XKIOHA (M3 NOMY/AIMOHHOTO pachpeieieHus) QyHKuus
UIOTHOCTH BEPOATHOCTH COOTBETCTBYIOWMX XapaKTEPHCTHK MNOYEPHMX KIETOK Takke MOXET OBITh
npencrasiena pacupeaeaenueM ['aycca ¢ C, - kak 06paTHas NONYMUPHHA PacTpeeNeHus, XapaKTepH3yIomas
cTeneHs reTeporeHHOCTH KJIOHA ( IRPaMeTp KIOHANBHON [eTEepPOreHHOCTH).

Cn€oyeT OTMETHTs, YTO MHOTHE 3KCIIEPHMEHTHANBHBIE MCCIENOBAaHHA MOKa3amd Oolee
3HaumT€BHYI0 BHYTPHIIONY/IALMOHHYIO BapHabenbHOCTh KIETOYHBIX XapaKTEPUCTHK [0 CPaBHEHHIO ¢
BHYTPHKJIOHAIBHOH. K Npumepy, SKCepUMEHTANbHEIE HCCIIEIOBAHMA KEPAaTOLMTOB JMMAEPMHCA MOPCKHX
cBHHOK ( mposesieHHoe eme B 1981 ) mokasanu, 4TO BHYTPHIIOMYIAMOHHAS BapHabebHOCTh BPEMEHH MEXIY
KICTOYHBIMU JIEJICHHIMH B TpH pasa Oonmblue, 4eM BHYyTpuKioHambHas [7]. B atoii cBssu B pabote
npeanonaranocs, yto C>C, .

Jas xaxnoit matepunckoit kietku ( ¢ ACMA pasubiM K, ) 3Havenus HICMA K(j) nodepunx
KIETOK BUMHMCIIUIHCE 1O ClIeayromuM GopMynam:

K () =K, +s - (Ku- K,) + sign(+/-) - Inverf(j)/C,
rae s=(1-GCH"™; j=Rad(i); ie {0,1};

Pacyer Mojie/ut ¢ y4eToM BHYTPHIIONY/ISUMOHHOM i BHYTPHKIOHANEHOM reTEpOreHHOCTH NOKA3aM JBA PA3HBIX
BhIaDHAHTAa  pa3BUTHA KiIoHa. Ilepssiff M3 HMX - perpeccus cpemsero 3Havsemnms MCMA xioHa k
CPEHENONYIAMOHHOMY 3HaYeHmi0 (Puc.2). BuaHo, 4TO CKOpOCTH perpeccMd TeM BhINIE, 9YeM BHIIIE
BHYTPHKIIOHA/IbHAA BapHabebHOCTb. [IpuMeyaTeNbHO, 9TO IMHAMAKA PA3BUTHS IETEPOTEHHOTO KIOHA B 3TOM
ciyyae (Puc.3) NpakTHYECKH HEOTIMIMMA OT JWHAMHMKH Pa3BHTHA TOMOTEHHOTO KJIOHA . Cnenyer oT™mernTs,
4TO TaKO¥ XapakTep 3BOJIOIHMH KJIOHA HMEET CBOE IKCIIEPUMEHTAIBHOE noxTBepxzacHue [8].

A
1.0
the shift of clonal distribution
>
0.0
L} Ll Ll ) K
Kp =0.7 1.0 B

Puc. 6. Cmemenue knoHansHoro pacnpeaeners HCMA (K) B npouecce ssomorm ( mxana ¢ ) rereporestoro
Kiona. [TapameTps pacnipenenenus ycroitausoi kKneTouHoit nonynawmu: C, =5, K,=0.7.
Iapametp rereporessoctu kiona C, > 10 G,
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YBenu4eHHe TreTepOreHHOCTH KIETOYHON MOMyNANMH 00yCHaBIMBAeT APYTOH CUEHAPHH pasBHTHS
KIETOYHOro KiIOHA. Perpeccus KioHa B HampaBjieHMH cpemHero 3Hadenms MCMA KiIeTO4HO# momyssman
(xoTOpas TalOKe HMEET MECTO ) cMeHseTcs ( C YMEHBIICHMEM KIOHANBHON BapHaGebHOCTH ) mporpeccheit
KIOHA B HanpasieHud Oonbmux 3Havenuit K (Puc.4). JluHamuKa KIOHa B 3TOM CIydae JEMOHCTDHDYET
TIOCTENEHHbIe M3MEHEHHS XapakTepa aCCHMITOTHYECKOTO IIOBEAEHMs IyJa Npoiu(epupyromux KIETOK: OT
OTPaHUIEHHOT0 ¥ PEryJMpyeMOro pocTa 0 SKCNOHEHIHANBHOTO YBENUICHHUS KOJIMIECTBA JCIAMMXCS KIETOK
(Puc.5). Takum 00pa3oM BBICOKAs TeTEPOTEHHOCTs KIETOYHOW IONMyNAIMM M HH3KAas KIOHANbHAS
reTepOreHHOCTh CMEMAIOT pacnpeneienue kioHa mo MCMA B HampaBiieHuM TOSBIECHNUS ¥ CEIEKIMH aKTHBHO
NpOJM(EpUpPYIOMKUX ¥ PE3UCTEHTHBIX K AeHCTBHIO akTopoB MupEpEeHIHPOBKH KIETOK, T.6. B HANPABICHHH
KJIETOK C OmyXoseBbIM perorunoM (Puc.6). Ms! Ha3Bamy TaKOM THII pa3BUTHs KIOHA SBICHUEM aBTOCENCKIHHL.

CymecTByeT HECKONBKO 3KCIEPHMEHTANEHBIX —MCCIIeOBAHMIA, KOTOpBIE  MOATBEPKHAIOT
NOTy4YeHHbIe pe3ynbTaThl. K mpHMepy, TeHACHIMA MOTOMKOB IMOXOAWTh HAa CBOMX pojuTenell Gonee
3HAYUTENBHO, YeM HA CPEJHENONyLAMOHHbIE XapaKTePHCTHKM GblIa MPOAEMOHCTPHPOBAHA I OMyXOJEBBIX
xieTok [9]. M3BecTHO TakKe, UTO KaHIEPOreHe3y JacTo NMPEAMECTBYeT B3PEIB KIETOYHOrO JEIEHUS; OfHH H3
IIPUMEPOB - NOSBJICHUE NPOIM(EPATHBHEIX 09aroB Ha paHHUX 3TallaX remaTokarueporenesa [10].

OBCYXJIEHHME PE3VJIbTATOB

B npouecce nenerus n auddeperumanun HabIIOKAETCs ABA PA3IMYHBIX CLIEHAPHS Pa3BUTHA KIOHA
HOPMaJIbHBIX KiIeToK. OnuH U3 Hux, obycnapmuBatomuii perpeccuto HCMA KiIOHa K CpeIHETOMy ISIHOHHOMY
3HAYEHHIO, SBJIAETCA [0 CYTH MPOSBICHUEM MEXaHM3Ma, 00eCceuHBalomero cTabWIsHOCTh KIETOIHON JMHUH (
FeHOTHIINYECKas CTaOWIBHOCTS WIM BHAOBOH KOHCEpBaTH3M ). JIpyroif - MOXeT NPUBOIMTE K NPOTPECcCHH
KJIOHA B HAIPABJICHHH IOABICHAA H CENEKUMH KIETOK C OIYXOJNEBEIM (QEHOTUIIOM. DTOT CLeHAPHil SBOIOMHAN
KIOHAa HOPMAIbHBIX JU((EpeHIMpPYIOmMHXC KISTOK MOXHO pacCMaTpMBaTh KaK OJMH H3 BO3MOXHBEIX
MEXaHM3MOB KaHIIEpOreHe3a.

B ofoux cimyyas 3BOMOIMA KJIOHA BO3HHKANA BCJIEJACTBUE BapHAGENBHOCTH (WIH IeTepOreHHOCTH)
KICTOYHOH momy/samuy ( NMposBAMOmIEiics B pa3sHooOpasHu (EHOTHIIMIECKHX XapaKTePHCTHK IOIYJIAINIA
FeHETHYECKH HICHTHYHBIX KIETOK ) U B ommmduu MCMA MexITy MaTepHHCKOM M HOYepHHMH KIIETKAMH
(KJIOHAIbHAS T€TEPOreHHOCTS).

B pamxax monenu Heo6XOAMMBIM (HO HEJOCTATOYHBIM) YCIOBHEM Uil BO3HMKHOBEHHS KIETOK C
OIyXONEBEIM ()CHOTUIIOM  SBNSETCS HU3KHMA YPOBEHb KJIOHAIHGHON TETEPOreHHOCTH. JIPYyrMM BaKHBIM
YCJIOBHEM, KOTOpOEe HeoOXomuMo ( M, BO3MOXHO, JOCTAaTOYHO ! ) JUIS MOSBIEHMSA TAKHX KIETOK SBIAETCS
3HAYUTENEHOE YBENMYCHHE NOMYIAIMOHHON BapuabenbHOCTH ( 00a yCNOBHA SBIAIOTCS HEOOXOMMMBIMH H
nocratoyssiMH ). C Hamel TOYkH 3peHHs OclableHHe MeXaHu3Ma, MOJIEpPXKUBAIOMEro CTabHIBHOCTH
KJIETOYHOr0 I€HOTHIA, B OONBINEH CTENEHH OTBETCTBEHHO 32 CABUT KJICTOYHOH KOMITO3HIMM KJIOHA B CTOPOHY
KaHuepa, 9eM Beicokas Koppensus MCMA MexIy MaTepHHCKOM U JOYEPHAMH KISTKaMH. DTOT pe3yibTaT
HMCCIIEl0BAHMSA MOXET OBITh MPOBEPEH KCIIEPUMEHTANBHO: Ha PAHHUX CTa/IAIX KaHIIEPOreHe3a CKOPOCTh pocTa
MEXKJIOHANBHOM BapuabensHocTH HCMA ( M3MEPEHHOro B TepPMHHAX WM BPEMEHH MEXIY ACICHUAMH, WA
BEPOATHOCTH CIOHTAaHHOK muddepeHImamy ) AODKHA OBITH 3HAYMTENBHO BHINIE CKOPOCTH CHIDKECHHS
KJIOHQJIbHOM IreTepOreHHOCTH.

CrretyeT OTMETHTB, 9TO B IOCHEAHEE NECATWIETHE 3aKpeNHWIOoCh IOHMMAHHE TOrO, YTO IMPHHIAIE!
HacnenyeMoi BapHabeNbHOCTH M €CTECTBEHHOW CeNEKIMH, MpelIoXeHHble JIapBHHBIM, MOIYT YNpaBJIATh
SBOJIOLMEN HE TOJNBKO BHAOB, HO M BCEX MEJMIHUXCS KIETOK B MHOTOKJIETOYHOM opramusme [11]. B
COOTBETCTBHH C XOPOIIO M3BECTHOW KIOHAJIHHO-CENIEKTHBHON TEOpHEH B OHKOJIOTHH OIYXOJEBHIC KIETKH
BO3HMKAIOT BCNEACTBHE CepuM (YCICIIHBIX) TOYEYHBIX MYTalWii C IOCHeAyIOmeH celexuypel Ha YpOBHE
JeNAMUXCA KIETOK. B paMKax Hamero HCCIe0BaHUs KJIETKH C OIYXOJNEBHIM (JEHOTHIIOM BO3HMKAIOT B
pe3y/ibTaTe IIePMAHEHTHBIX HEMYTAUMOHHBIX M3MEHEHMI DNpoJIM(QepHpYIOmMX KICTOK M MEeXaHH3Ma
aBTOCENEKIUH, OCTaBJIIOMIEro A AENCHUs TONBKO Te KICTKH, KOTOPhle MEHEE UyBCTBHUTE/BHBI K NCHUCTBHIO
daxropos nuddepeHIMPOBKY (AKTUBHO Mpoupepupyomue KISTKH BCer/ia MMEIOT PEUMYINecTBa B pocte). B
OT/IMYHE OT KJIOHAIHHO-CEJICKTHBHON TEOPHH, PacCMAaTPHMBAIOMICH €CTECTBEHHYIO CEJICKIMIO KaK pe3yibTaT
CEJISKTHBHOIO [aBJICHUS Ha KIOH CO CTOPOHBI OpraHm3Ma ( ApYTHMH CJIOBAMM 3Ta CENEKIHsA BO3HHMKACT Kak
BHEKJIOHAIBHOE SBJICHHUE), MEXAaHWU3M aBTOCEJICKIMH OCHOBBIBACTCA HA MHTHOMPOBAHHMM KJIETOYHOIO JENCHUS
DI, T.e. ABNSIETCS COOBITHEM BHYTPHIJIOHAIBHEIM.

Kak yKa3sBaoCh paHee, BAKHEWIIMM 3BEHOM IpEAJIaraéMoro MeXaHW3Ma KaHLEeporeHesa
SBJIETCSA yBeJMIeHHe (EHOTHIMYECKOH BapabGeNbHOCTH KIETOYHOro reHoTHna. K COXalneHHI0 MEXaHH3M,
NONEPKUBAIOMMH CTa0WILHOCT TEHOTHNIA, BCE €Ie Hem3BecTeH. bojiee TOro, OTCYICTBHE CTPOrHX
ONpejieNieHHii TOro, 9TO eCTh IeHOTHI H 9YTO €CTh ()EHOTHN MNpENATCTBYET OCMBICICHHIO pe3yJbTaToB
SKCIIEPUMEHTANBHBIX MCCICAOBAHMI W MOHMMAHMIO TEHETHYECKUX ¥ OMOXMMHYECKHX IPOLECCOB, JSKAIHX B
OCHOBe (opMHUpOBaHMA reHOTHNA KIeTkH. OOCyXKIeHHe THX BONPOCOB BEIXOJHMT 332 PaMKH Ipe/yIaraeMoro
HCCJICIOBAHHA M HYXIAeTCA B CIIEIUAIEHOM PaCCMOTPEHMUH.
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Sensitive dependence upon initial conditions of realistic mathematical model of neuron has been investigated using
construction of ([Ca*];, -V) phase diagrams. Delicate transformations of phase diagrams under change of relevant
parameter of the model (specific chemosensitive hyperpolarization-activated conductivity gp, participating in slow
wave generation) has been detected using calculation of fractal dimension. The results obtained are important to
understanding of complex dynamical behavior of neuron.

KEY WORDS: bursting neuron, deterministic chaos, fractal dimension

Complex' biological systems can posses high sensitivity to external influences, parameters and initial
conditions. Neuron is a typical example of a complex non-linear system. By method of computer simulation we
investigated different modes of oscillatory stationary processes in realistic model of bursting neurons [1,2]. The
model includes both membrane and intracellular components. The membrane ionic currents were modeled by
the Hodgkin-Huxley formalism [3] and included a slow-wave generating mechanism, spike a generating
mechanism, an inward Ca current, intracellular concentration of calcium ions, [Ca*'];,, and [Ca®'];-sensitive
current. [Ca’*];, depends on Ca®" influx via cellular membrane, cytosolic buffering, and uptake by intracellular
Ca stores. Model demonstrated non-linear dynamical properties, deterministic chaos and fractal feature due to
interaction between membrane and intracellular processes with different time scales. In present paper we have
used quantitative estimations for detailed analysis of complexity of model neuron behavior and its sensitivity to
initial conditions and relevant parameters. *

DETECTION OF MODES AND CONSTRUCTION OF PHASE DIAGRAMS OF INITIAL
CONDITIONS (PDICs)

Two basic types of neuronal electrical activity, bursting and non-bursting (including beating, chaotic etc.),
can be distinguished. Different stationary levels of neurotransmitter secretion by synaptic terminal are
corresponded to them. It is known that neuron generating bursting activity is more effective to release
biologically active substance than cell with other patterns of electrical activity [4].

Figure 1 examplifies two typical oscillations of membrane potential in model neuron [2]. An observed mode
depends on initial conditions (membrane potential, V, intracellular calcium concentration, [Ca*'];,) and model
parameters. In particular, specific chemosensitive conductivity (gg), participating in slow wave generation is
chosen as a control parameter.

Interspike intervals (ISIs) were used as a basic characteristic of oscillatory mode; activity was identified as
bursting one when ISI exceeded 4 s. Due to transient periods, the ISIs occurring in first 30 s were not used for
analysis. Series consisting of eleven PDICs ([Ca*'];, -V) for different values of gg in interval 0.1275 - 0.1502 uS
was obtained. Six of them are presented on Fig.2. Size of each image is 16800 pixels. It should be note that
other parameters of the model were equal for each diagram. PDICs demonstrate complexity of boundary regions
between different modes (bursting and non-bursting) and their dependence on gg. Such behavior of system
needs quantitative analysis and search of corresponding indexes.
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Fig.1. Different types of electrical activity in model neuron. Lefi: chaotic activity; right : bursting activity.
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68 12 68

[Ca’]n, nM [Ca%], . nM

Fig .2. Phase diagrams of initial conditions. Black points: bursting activity; white points: non-bursting activity (including
chaotic one). The incremental steps for [Ca*];, and V are 0.4 nM and 0.1 mV, respectively. The corresponding values of gg
are presented above each diagram.

ANALYSIS OF PDICs.
The methods of image analysis were used for investigation of PDICs. For this aim, transfer from ([Ca®"];, -
V) plane of initial conditions to non-dimensional plane (x,y) was conducted where Ax ~ A[Ca*'];, , Ay ~AV. It
has been accepted that Ax =1, Ay =1. -
Mode function was suggested in order to present PDICs in 3D manner: h(x,y) = 0 for bursting activity and
h(x,y) = 1 for non-bursting one.
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Investigation of sensitive dependence upon initial conditions and parameters...

Different characteristics have been used to detect changes at phase diagrams (Fig.3): average size of
continuous field of bursting activity (AS), number of these fields (NF), standard deviation of mode function

(Dh“s). In studied range of parameter changing (0.1275 - 0.1502 uS) AS(gg) has subtle minimum, Dh"'s(gB) -
subtle maximum and NF(gg) - well-expressed maximum,
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Fig.3. Different quantitative characteristics of phase diagrams of initial conditions as functions of gp
Left : 1 -AS ;2 - NF/50; 3 - 20D,*° ; right: fractal dimension, D;

For diagnostic of difficult observable changes on images as well for data processing methods of fractal
analysis are used [5]. In these methods, dependence of some characteristic of object (length of curve, square of
surface, volume of figure) on scale of corresponding "measure" is engaged. Kind of this dependence allows one
to reflect the properties of object by one number, named as fractal dimension, (Dy).

Fracture of surfaces obtained may be characterized by Dy, calculated by modified method of covering. In
accordance with this method function h(x,y) forms a relief. For calculation of surface square (S;) area of

definition of function h(x,y) was parted on squares by size G =Ax =Ay. In each zone averaged values of partial
derivates K=<AWAx>  K,=<Ah/Ay>. Surface AS, was approximated by parallelogram. Length of
parallelogram sides ( I;, I, ) and one of its diagonals (15 ) were ca)pulaled in accordance with:

L=Ax" (14K %, L=y (1+ K *, L= [(Ky Ay - K Ax)* + AX*+ Ay*] *°

The parallelogram square was calculated as sum of square of two triangles with equal sides

(. L, 15): AS;=2 [p(p-h) . (p-l) . (p-1)1*° , where p=(1; +l, +13)/2.

Square of relief defined by function h(x)y) is S, = ZASp Relationship "characteristic - measure" S,(C), in
accordance with fractal methods allows one to calculate fractal dimension (Dy) of studied surface. For this aim
following dependence S, ~ 6®PY wyas used. For subtle broken relicf S, ~ const and D¢ ~ 2. Strongly broken

relief has significant dependence of S, on G, another words, D¢ > 2. Dependence of Dy on gg has a maximum
with delicate structure (Fig.2). Maximum lying in the range of g from 0.134 to 0.146 uS gives evidence that
most unstable oscillatory regimes take place in this region of gz. Other words, the small changes of initial
conditions, (V, [Ca®'],), produce switches between principally different types of electrical activity (bursting and
non-bursting activity). Decrease of Dy upon gg > 0.146 uS is due to that bursting activity predominates in
studied range of initial conditions. But when gg < 0.134 uS non-bursting activity predominates and D¢ decreases
too. Such behavior of D¢ (gg) corresponds to our understanding of role of chemosensitive conductance gp in
generation of bursting pacemaker activity in nerve cell.

CONCLUSION
Nerve cell as a non-linear system may be very sensitive to initial conditions. This sensitivity has been
demonstrated in model by construction of phase diagrams of initial conditions and fractal dimension
computation.
At least two stable informational significant modes of electrical activity can be selected in diversity of
patterns of bursting neuron: bursting activity and single spiking (beating and chaotic) ones. It is seen from the
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presented work that single bursting neuron can act as dynamical switch in neuronal assemble. Peptide
transmitter having peptide nature in case of bursting neurons can regulate the sensitivity of this switch. It has
been shown that transitions between different modes (bursting activity - non-bursting one) have complicate
character upon changing of [Ca®"],, and membrane potential. In intact nerve cells, it takes place upon generation
of postsynaptic potentials and transmitter-stimulated release of Ca®" from intracellular calcium depot. On the
phase diagrams of initial conditions boundaryes between regions corresponding different modes have fractal
structure. Fractal dimension as a "measure" of complexity of studied boundary was used. In comparison with
other kinds of estimation of images the fractal dimension (Dy) is the most sensitive to changing of model
parameters.

In experimental studies, parameters of neurons can not be controlled precisely. Therefore computational
model can be instrumental to investigation of non-linear dynamical properties of real neurons. Our results
indicate that methods of non-linear dynamics and fractal analysis can be useful for investigation of nerve cells
possessing complex type of electrical activity.
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7 74
OKCTIepTHEI aHAM3 MEIMIHHCKUX H306pakeHHH, MOTYHEHHBIX ¢ MOMOIIBIO YIbTPa3ByKOBOTO cKagiepa win
METOZIOM MArHWTOPE30HAHCHOM ToMOrpagum — 3TO OJHO W3 BWKHEHUIIMX 3BEHLEB NMACHOCTHKM 3a607€BaHMA.
KpoMe BH3yaisHOrO aHanM3a B COBPEMEHHBIX KCIEPTHBIX AMATHOCTHYECKHX CHCTEMAX AKTHBHO MCHOJB3YIOTCHA
METO/IBI aBTOMATHIECKOH 06paGOTKH U aHanu3a u3obpaxenuii. HelipOHHEBIE CETH JAIOT yCTORYHBOE PACIO3HABAHHE
3a60/ieBaHKs, NPEIOCTABIAIOT BO3MOXHOCTS AHATH3UPOBATH (DPArMEHTAPHBIE WM CHJIHHO 3allyMJICHHbIE JaHHEE. B
paboTe mpencTaBleHa MOJENb JAPEBONOAOGHOM CaMOOpraHu3ylomencss HEHPOHHOH CETH IOCTPOCHHOH 110
TEXHOJIOrHH 00y4eHus 3a cueT no0aBneHns HeHpoHoB. IIpuBeeHb! pe3yIsTaThl IPUMEHEHHs HePOHHOM ceTH, A
JIMarHOCTHKH 3a60JI€BaHH 10 CTATHCTHYECKHM [apaMeTpaM yIbTPa3ByKOBBIX M300pakeH il IIMTOBMIHOM Kee3sl U
TOMOTPaMM OIyXOJeH ronoBHOro mosra. Cerb JaeT ycTOHYMBOE ONpEAENCHHE AMArHo3a MU YJIBTPa3BYKOBBIX
o6cnenoBanuax ¢ addexruHocTIO 80-85% U Gonee 70% npu ToMorpauuecknx 06CHeIOBAHMIX.

KitroueBble C10Ba: TEKCTYpHBIE XApAKTEPHCTHKH M300paXKeHMH, yNBTPa3BYKOBBIE MEIMIMHCKME H300paKeHus,
TOMOrpapuyeckue MeTUIMHCKHE H300PaKeHNsl, UCKYCCTBEHHBIE HEMPOHHEIE CETH.

Opranusmy B HEJIOM, OTAENbHBIM €r0 CHCTeMaM M OpraHaM NpHCYIle CBOWCTBO CaMOOPraHM3alMH, KPOME
TOro GONBIIMHCTBO CHCTEM OPTaHH3Ma ABISIOTCS Paclpee/eHHBIMU H COCTOAT M3 OMMHAKOBbIX, M0 GIM3KHX
N0 (YHKUMSM 5€MEHTOB (HANpHMEpP, B HEPBHOH CHCTEME — HEHMpOHBI, KPOBEHOCHOH — COCYMbl, B
NBIXaTeNbHOM CHCTEME, a HMEHHO JIeTKMX, — aJbBeONsl M T.A.). Il0OJXOJ, OCHOBAaHHBIA Ha Yyd4eTe
CaMOOpraHu3aLlkH, JIeKUT B OCHOBE HIEH MOJIEIMPOBAHNA HEPBHOM CUCTeMbI — HEHPOHHBIX ceTeli u Geper cBou
HCTOKHM B GHO(H3UKE CIIOXKHBIX CHCTEM.

Mertonuka muarHocTHKM  3a0oNeBaHMl ¢ NOMOIIBIO  aHAlM3a MEIMIMHCKHX  M300paxeHuit
NapEHXMMATO3HBIX OPraHOB YeNIOBEKa, B YAaCTHOCTH YJIbTPa3ByKOBBIX M300pPa)KEHHM LIMTOBUIHOM eNe3bl U
TOMOrpaduyecKnX W306paXeHMii rOJOBHOr0 MO3ra, IIMPOKO PacHpoOCTpaHeHa, OCOGEHHO MPH MAcCOBBIX H
CKPHHHMHIOBBIX 00CNeN0BaHHAX HaceNeHns. Hapsay ¢ TpaaMUMOHHON BH3yalbHOW OLEHKOH ToceaHee BpeMs
BCe GoJIbIee paclpoOCTPaHEeHHE MOMYYAIOT METOABI THATHOCTHKH, KOTOPhIE OCHOBAHBI HAa aBTOMATH3MPOBAHHOM
KIacCU(UKaMY KOJIMUECTBEHHBIX NapamMeTpoB, ONpeleNseMblX W3 aHauu3a u300paxennmit. HanGosiryio
3 (HEKTHBHOCTL CEroJHs IEMOHCTPHPYIOT METOMBI, B KOTOPHIX H300paXeHHE paccMaTpUBAETCS KaK HEKOTOPbIH
CTaTHCTHYECKHi mpouecc [1]. JIna AMarHOCTHYECKHX LeIel MOTyT GBITh HCHONB30BaHbI TEKCTYPHBIE NIAPAMETPbI
usobpaxennii [2], koTophie BNOCIEACTBMH MOTYT ObITh 06pabOTaHbl ¢ TMOMOMIBIO Pa3sHBIX MeTOHOB [3]:
anmnpoKCHMMAaLHsA AaHHBIX, K/IACTEPHBIA, KOPPEIALMOHHbIN aHAMM3 U T.J. HeIocTaTkoM 3THX METOJOB SABIAETCS
HEOOXOMMOCTS B aNpHOPHOM OMNpE/ENeHAH AITOPHTMOB KIacCH(UKALMM IAHHBIX M TIPUHATHA pemieHus. B
IaHHOM paboTe MCMOJB3YeTCs APYrod MOAXoA — NapayulenbHas pacrpenesieHHas o6paboTka MH(pOpMALWH,
TOJTy4aeMO# B pe3yNbTaTe pacyeTa CTATHCTHYECKHX [apaMeTPOB TEKCTYphl M300pakKeHWil C MOMOIIBIO TakK
Ha3bIBACMbIX JITOPUTMOB CaMOOPTaHU3YIOLIMXCS HEUPOHHBIX ceTel. X 0COGEHHOCTHIO SBIAETCA CIOCOOHOCTH
(popMHpOBaHHS ANTOPUTMA IPUHATHS PELIEHNS, KaK CIIEJICTBHS O0YUEHHS CETH.

Hcnons3opanne uien napauienbHOM o6paboTKM Ha KOTOpOM OCHOBaHbI AITOPHTMBI HEHPOHHBIX ceTeil
no3pojsier OBICTPO 0OpabaThiBaTh 3HAYMTENbHBIE 00BEMbl pasHOOOpasHOM uH@OpMamui. Jina uenei
ME/IMIMHCKO#M JMarHOCTHKH MOXHO HCIIOIB30BaTh KaK HEMOCPENCTBEHHO caMO H300pakeHue, MoJaBas JaHHbIE
BBUJIC THKCENeH C ONpEeJeNeHHbIMH 3HA4YeHWSIMH APKOCTH — aHAIM3MPOBaTh CaMO H300paXkeHHe, TaK H
HCTI0/Ib30BATh BEIYHCIICHHBIC TAPaMETpPhl H300paKeHNS.

Mns onpenenenus amarHosa no Y3 u MP u300pakeHHSM MOXHO WHCIONB30BaTh CTATHCTHYECKHE
NapaMeTphl, KOTOphle TNpPHUMEHMCh B [4] MW perpeccHOHHOro aHanu3a. Vcmons3oBaHWe MONOGHBIX
apaMeTpoB BMECTO 00paboTku caMoro u3o6paxeHus TpebyeT 3HAYMTENFHO MEHbIIE PECYPCOB M BPEMEHH [UIA
BBIYHCIIEHHA U JaloT Gosiee yCTOMYMBOE MOBeIeHUE HEMPOHHBIX ceTeif. [lomyueHHble NapaMeTphl MOryT ObITh
NPOAHAIM3UPOBaHbl METOJAMHM KJACTEPHOrO AaHaJIW3a, ANNpPOKCHMMALMH [JaHHBIX, OJHAKO CYIIECTBCHHBIM
NPEAMYIIECTBOM HEHMPOHHBIX CETeH €CTh TO, YTO OHU MOTYT ObITh HMCIONB30BAHBI JUIA aHANU3a HENOJHBIX
(pparMeHTapHEIX) U 3alIyMJIEHHBIX JAHHBIX Gnarofaps pacupeeneHHOCTH 006paboTku, HEMPOHHBIE CETH NPH
KOPPEKTHOM OGY4E€HHM MOTYT JaTh 3HAYUTENBHO GONEe BBHICOKYIO AMArHOCTHYECKYIO 3((EKTHBHOCTb, KpOME
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TOrO OHM OJIHM M3 HamGonee ObiCTpoAeicTBYIOIMX NMpH 06paboTke GOMBIIOrO KONMYECTBA JHATHOCTHYECKOH
uH(bOpMalMK 32 CYET Mapajuien3mMa 06paboTkHy.

MATEPHAJIBI U METO/IbI
U306pakeHns IUTOBUIHOM Hee3bl, KOTOpbIe ObLIH MOTYYEeHB! C MOMOMLIBIO YJIBTPa3sByKOBOrO CKaHHEpa U
uMenn pasmep 512x512 nmkcenedi ¢ 256 rpamaumsmu ceporo upera. JIpUMep MONyYeHHbIX H300paxKeHu
NpHBeJieH Ha puc. 1.

a) b)

Puc. |. YasrpasBykoBoe m3o0pakeHHe IMMTOBHIHON Xele3sl — a) M Tomorpaduueckoe u3oOpakeHHe roOBHOIO
mo3sra —b).

3 ¢aiinoB Beigensiack MHPOpMaTHBHAas YacTb, a HMMEHHO, OOBOIMICH KOHTYp »kenessl. Ecmu
pacevaTpuBaTh M300paxeHWe IIMTOBHIHOM JKeNe3bl Kak JBYMEpHbIN cTaTHcTHYeckuii mpouecc [3,4], To s
(#A10B ¢ BbIENCHHON HHPOPMaTHBHON 06JIACTBIO MOXKHO PacCUMTaTh Takue Kodpduumentsi [1,3,4]: cpennee,
AucniepcHs, Ko3(UIMEHT skcrecca, KO3POHIHEHT aCAMMETPUH, SHEPrHsA, SHTPONHS, a TaK K€ ABYMEpHbIE
XapaKTepUCTHKH: aBTOKOPPEJALMSA, KOBapHal|s, MOMEHT HHEPLMH, CpeaHAs abCOMOTHAS pa3sHOCTh, “obpaTHad
Pa3sHOCTH”, IBYMepHas SHTPOITHS.

IMono6Hsii moaxoa ObUI MCMONB30BaH [UIA M300paKeHHH TOJIOBHOrO MO3ra, MOJYYEHHBIX C TIOMOIIBIO
MarHMTOpE30HaHCHOro ToMorpada u umenn pasmep 256x256 nukcenedt u 256 rpagaumii ceporo Toxa. ITpumep
u300pakeHus IoKa3aH Ha pucyHke 1. Jlnd kaxaoro u3oOpakeHUs JOKTOPOM BBIAEISUICA KOHTYP OMYXOJH H
PacCYMTBIBAIACH NapaMeTphl, KOTOPBIE yKa3aHbl Bbile. Kpome TOro s xaxjaoro ToMorpadguyeckoro cpesa ¢
naToJioruei 00BOAWIICS PaBHBIN MO IUIOMANM KOHTYP HOPMAbHOM TKAHH M VI HETO Tak e PacCYMTHIBAIHUCH
XapaKTepPHUCTHKH TEKCTYPBI.

MOJEJIb HEUPOHHOM CETH

Mt 06paGoTkM MOMyYeHHOH TeKCTypHOH HHMOpMaiyyk GbUIO NPOBEJEHO TECTHPOBAHHE HECKOIBKHX
aNropuTMOB. BBUIO pean30BaHO HECKOJBKO KIIACCHYECKHX arOpUTMOB — oBpatHoro passutus [lons Bep6osa
(back propagation - BPA), npamoro passutus (nonlinear feedforward - NFW), nmepcentpoHa u anroput™
00y4yeHusi ¢ OMOWIBIO 106aBneHHUs HelpoHOB.[5,6] Bee OHM BHISBIIM ONpe/e/eHHbIE HEAOCTATKH, HampHMep,
3¢ ¢exTHBHOCT: paboThl 3aBUCHT OT a priori BbIOPAaHHOW CTPYKTYpHl CETH, KOTOpas ONpeJeNseT Mepy
HE/IMHEHHOCTH; N0 pe3yJbTaTaM NpEABapUTENbHOr0 TeCTHPOBaHMA ObL1 0TOOpaH, Kak Haubojee yCTOHYMBBIi,
ObICTpOACHCTBYIOLIMH U 3D (EKTUBHBIM, aNropuT™ 00Y4eHH s C MOMOILBIO H06aBNeHus HeHPOHOB. [7]

s panbHeied pabotel 6611 peanu3oBaH alrOPHTM CeTH ¢ 100aBIEHHEM HEHPOHOB.

HeliponHas ceTh BBIMONHAET KJIACTEPH3ALMIO MNPOCTPAHCTBA BXOAHBIX JaHHBIX C  TOMOIIBIO
THIIEPIUIOCKOCTeH M CO3JaeTcs BO mpouecce ¢aspl 00yueHHs, B OTIHYHE OT APYIMX CeTeid, rje TOmoJorus
3amaercsi a priori. CyIIECTBEHHbIE OTIMYMA MMEET OCHOBHOM 3IEMEHT CETH — HEMpPOH, KOTOpBIi BHIMONHAET
MHHHMM3ALMIO SHTPOMHM JUIA BCEX BXOMHBIX KJACCOB C IHEJBIO MOMYYEHHSA YCTOMYMBOrO pELICHHS H
YMEHBIIEHHS MOTPEIIHOCTH PaclO3HABAHKA.

Ba30Bblii 3/IEMEHT CeTH — HeHpOH NpuBeleH Ha puc. 2. HelipoH umeeT noporoByio (GyHKIMIO NPHHATHA

pelIeHHs, MHOXECTBO BXOAHBIX CBs3eH — X, /B2 KOMIUIEMEHTapHBIX Bbixoga Fu F, a Tak xe
KoHTpoympytomui Bxox E. Bextop Becossix kodp¢uuuertoB W u nopor T kaxaoro HeipoHa ¢ HEKOTOPOif
JIOCTOBEPHOCTBIO ONPEENAIOT TMNEPIVIOCKOCTs P = { X | X € R",W 'X = T} , KOTOpas pasfenser
NPOCTPAHCTBO BXOIHBIX NAHHBIX HA /Ba MOANPOCTPAHCTBA MPHHATHA peINeHWs, 3ajaBaeMbie QyHKImAMH F
F'. Ecnu xontponupyromwmii Bxoa E neaktusen (E=0), o6a Beixoma Fu F COJIEpXKaT HyJIeBble 3Ha4YEHHA HE

3aBHCHMO OT 3Ha4eHui X, B npotuBHOM ciydae (E=1) nu6o F nubo F umeer 3HaueHwe 1, B 3aBUCHMOCTH OT
TOT0 K KaKO#H IMOJYIUIOCKOCTH NPHHATHS PEIIeHHs PHHAIEXKUT BXOAHON BEKTOP.
F

A

Puc. 2. OnuHo4HBIH HEMPOH.
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Kaxneiii u3 BBIXONOB HelipoHa CBsi3aH co BXogoMm E Helipona cnemyiomero cios. Takum o6pasoMm,
TI0C/IeI0BATENIbHOCTE CBsA3€H U HEHPOHOB CO3/1a€T TaK HA3BIBAEMOE EPEBO MPUHATHS PELICHHS.

B ¢ase obyueHns MHOXKECTBO H3BECTHBIX (MUl KOTOPBIX OMpPENEICHO K KaKOMy KIacCy, AMAarHo3y OHH
OTHOCATCA) OOBEKTOB MONACTCA HA HHKPEMEHTHO (OpPMHpYyOLIyIocs ceTh. IIpM 3TOM Kakablii HepoH
BBINOJTHAET CIEYIONHE ONepaLyy:

e Eciu HelfpoH He aKTHBEH, OH He BBHITIOJNIHSET ONTHMHM3ALMIO, @ TiEpejaeT JaHHBIE Ha BbIX0H 6e3
H3MEHEeHHs.

® Ecmn Hedipon aktuen (E=1), BRIMONHsSETCH NpOLECC ONTHMU3ALUMH. KOTODBIA IPHUBEAEH HHMXKe.
HeiipoH cTpeMHuTCA ONpeNeNuTh IHNepPIUIOCKOCTh Pa3leNsIOUIyi0 BXOMHBIE KIACChl, T. €. COBOKYIHOCTH
k03 duumuentos W u nopor T.

e [lpouecc ONTHMH3ALMK MPOJAOJDKAETCS JO T€X MOp, MOKA MHOKECTBO BXOHBIX BEKTOPOB OCTAETCs
JMHeHHO pasfensemMbiM. Eciu ke MHOKECTBO He pas/e/isieMO H3HAYIbHO ONTHMH3ALMSA ONpENeNTHT
THIEPIUIOCKOCTB, COOTBETCTBYIONIYIO MUHUMAJILHO#M SHTPOIIHH.

Ecim y3en-HepoH Xots 6bl'0fMH pa3 B mpouecce 06yueHns CTAHOBHTCA HEAKTHBHBIM, 3HAYEHHE TIOPOTa 1
BECOBBIX KO3()(QHUIMEHTOB 3aNOMHHAIOTCA W Jaiblie He W3MeHsioTcs. JlanbHelilnee pacnpe/ie/ieHne 1o KIaccam
TPOM3BOJIMTCA CIICAYIOIMMH CIOSMH. PaccMOTpHM aJropHTM MOCTPOEHMs CETH Ha NMpHUMeEpe IBYX YCJIOBHBIX
KiaccoB — 1 u 0. ITycts p — xonmmyecTBO BeKTOpOB kinacca 1, a n — knacca 0. IIpeanonoxum, 4to HEHpoOH
aKTHBEH, TOrAa p/(p+n) ecTh BEPOATHOCTH TOrO, 4TO BekTop (00BEKT) MpUHAmIeKHuT Kiaccy 1, a n/(p+n) —
BEPOATHOCTb TOTO, YTO BEKTOp MpHHAamIexKHUT Knaccy 0. B aTom ciydae MOXHO TpebGoBaTh, YTOOBL Ha BbIXOJE
cetu nonyyaics 0 mns knacca 0 w 1 s apyroro kiacca. Mepa HeompeneNeHHOCTH NPHHATHSA PElieHHs NpH
3TOM BKJIIOYEHA B SHTPOIIHIO:

ASONTY =owaasalooy p B L @.1)

og - log
P p+n p+n p+n
3anaya Kaxaoro ysna — HaWTH MUHMMYM OSHTPOIHH, T. €. YMEHBIUWTh HEOMpPEeJeHHOCTb MPHHATHSA
pemenus. Ilocne mocTpoeHHs TMNEPIVIOCKOCTH MPOCTPAHCTBO BXOIHBIX IApaMeTpOB pasieNieTcs Ha [Ba
TIOANIPOCTPAHCTBA, B IEPBOM OCTAeTCs PjH N BEKTOPOB, MPUHAIEKAIIHX ,COOTBETCTBEHHO, Kiaccam 1 1 0, a Bo
BTOPOM — p; W N, NPHHAJUIEKAIHX TeM e KiaccaM. DHTPONHUsS NpPH TOM NPHHUMAET BHI CleMyloLIei
B3BEIIEHHOMN CyMMBI:

p|+"l( P, P, n, n, )

AS(N +1)= - lo = log +

{ ) p+n Pyt n gpl+nl Pt n p,+tn
Pz*‘"z(_ P ‘o P S n, log na )(2.2)
Pit.n P, t n, P, + n, P, + 1, P, +n,

VneansHbiit ciyvait — Korza B mpouecce OOY9YEHHA , OTydaeTcs IMNEPIUIOCKOCTh P, Kotopas

MUHUMH3HPYET Bhipaxerue (2.2). OnHako nono6Has oNTUMHU3ALWMs ABJISETCA JOBOJIBHO CIOXKHOM MpobieMol U
He BCcerza BO3MOXHA. [lo3TOMy Jajee HCHOJNB3YeTCs SBPUCTHUECKHH TOAXON, NpemnoxeHHsid K.
Koyrcyrepacom.[7] OBpHcTiueckas Mepa kauyecTBa pasjeNieHHs MHOKECTBA [apaMeTpoOB Ha KIACChl

onpesienseTcs CleayomuM o6pasom:
— 12

N L (2.3)
Wy = ey

- =2
TA€ 7, M M, — TpOeKUMH BeKTOpoB knaccoB 1 u 0, slzn §," —— BEJMYHHBI paccesHHs MPOEKIIWIA.
Paccesnue npoexuuit onpenensoTes no popmynam:
ol 0 N PN T

X el
P =YX ) (24)
X €0
rae X, = W'X.
J(W) — Mepa oTimums npoeKumii, Win AeBHaLys. Eciii BBECTH MaTpPHLILI paccessHus B BUIE:

8, =Y CROLM YOX=TM)HS

X el

S, =Y (X = M,)(X - M,)' @5)

X el
Tne M,wn M, - 3navyenns BexTopos knaccoB | u 0. MoxHo 3amucath §l23mme nY=w's,¥
Toria 5,2 + 57 =W 'S, W ,tae S, = S, + S, . Ecm sanucats uncimrens (2.3) B Buze
(Fy -m,)> =W 'S,W ,th¢e S, = (M, - M ,)(M, - M ,)", T0 Bupaxenue (2.3)
TPHMET BH:
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W s, W 2.6)
W' S, W

Ontumusaius pemerns J(W) B Buze (2.6) — 310 QyHKUMs JHHEHHOr0 nuckpuMuHaHTa ®uuiepa [8], wis
KOTOpO¥ Haxomutcs MuHMMYM. OIHAKO yKa3aHHOe MpaBwio He paboraer mpu M; = M, wimm ecim §, —
CHHTYNSDHas MaTpula, B 3TOM cCiydae 3((EKTHBHOCTh PACTIO3HABAaHMA 3aBHCHUT OT 4YHMCiIa 00ydarommx
NIPUMEPOB.

Takum 06pa3oM, NocJie BHIMONHEHNS BbIIIeyKa3aHHBIX BHIYACIEHHIf, Mbl [IOTy4aeM pEelIeHUe YPaBHEHHA 2.3
W OmpejeNisieM THNepIVIOCKOCTH (B Ciiydae PacCMOTPEHHOrO NpHMepa — OJHA THIEpPIUIOCKOCTb, MOCKONBKY
ypaBHEHHS 3aMuCaHbl VIS ABYX KJIAccOB), ONTHMAIbHbIE 3Ha4eHHs noporoB T u BecoBbIX ko3(duumenTon W.
OHu (QUKCHPYIOTCS, a TaK )K€ 3alOMHHAETCS cama CTPYKTypa MOJy4eHHOM mpu 3ToM ceTH. [lanee Ha BXOX
nofiaercs HoBas (HeKNaccHUUMpPOBaHHAA) MH(pOPMALKA, KOTOPYIO Heo6X0AMMO NpoaHaIH3upoBaTh. [aHHbIe
NPOXOJAT Y€pe3 CETh U B 3aBUCHMOCTH OT TOT0 Ha KAKOM M3 BBIXOJHBIX Y3JI0B JUIS IAHHOIO BEKTOpPA MOJYYEHO
MaKCHMAJIbHOE 3HAYEHWe, TPHHMMAETCs pCIIEHHE O MPHHAJIEXHOCTH 00BEKTa K NAaHHOMY Kilaccy H emy
NPHCBAMBAETCS OMNpe/IeieHnbI NeckpANTOp. EC/M BO Bpems NPOTOHKM NAHHBIX 4Yepe3 CeTh HE yAaeTcs
OTpENIENIUTh, K KAKOMY KJlaccy PPHHAUIEXHUT 0OBEKT, MPOBOAUTCA MPOLECC ONTHMH3ALMH 110 (GopMynam 2.2 —
2.6 m HaXOQMTCA pemeHype 2.3 COOTBETCTBYIOIEE MUHUMYMY 3HTPOIHH.

J(W) =

PE3YJIbTATBI 1 OBCYXXJIEHHUE

Iwr TNpeBapUTENbHOTO aHanm3a paboTel HEWpOHHOM ceTH ObUIH HCMOJIB30BaHbl MCKYCCTBEHHO
crenepApOBaHHbIE JaHHble — HAOOpBI TOYEK YeThIpeX YeTBepTed MareMaTHdeckoii miockoctu. I[locre
BHJCHEHHMS YCIIOBHA NpPH KOTOPBIX ajlropuT™M paboraer Haubonee ycToifumBo, ceTh ObUIa HCHONB30BaHA JUIS
AHaNM3a pealbHBIX MENMIMHCKHX H300paxkeHnH. BbumM Hcnonb3oBaHsl 00paboTaHHBIE YJIbTPa3BYKOBbIE
n300paXkeHns IUTOBHIHOM Kene3sl U ToMorpaduyeckne u30GpaxeHus ronoBHoro mosra. Iloa o6paboTkoii
MOHUMAETCsl BHIYUCIICHHE TEKCTYPHBIX XapaKTePUCTHK [UIS YETHIPEX MPOEKUHH IIUTOBHIHOMN jKesie3bl H BOCHMH
NOCJIEI0BATe/IbHBIX MarHUTOPE30HAHCHBIX TOMOrpaguyeckux cpe3oB. M300paxeHus, pe3yabTaThl BBIYHCIECHHIH
1 QopmanbHble mapaMeTps! (071, BO3pacT, pedepeHTHbIH AHarHo3 u T.1.) 6bLIH 3aHeceHsl B 6a3y NaHHBIX H3
KOTOpO#, 10 HeoOXOAMMOCTH, M3BJeKasach HH(popMaiws. [IpeaBapuTeNbHbIE PE3Y/BTATHl HCIOIb30BAHNS
METOMMKH JUIA OKCIEPTHOM AMArHOCTHKH, @ TaK )K€ pPEerpecCHOHHbIM aHaNM3 MNapaMeTpPoB BBIABHIH, HTO
napamMeTpsl, HMEIOLIHE MaKCHMabHYI0 KOppelsluio, HalT Oonee BBICOKYIO 3(p(EKTHBHOCTL MOCTAHOBKH
maarso3a.[9] Kpome Toro mcmonb3oBaHHe HEMpOHHBIX ceTelf UIA aHATM3a TEKCTYPHBIX XapaKTepHCTHK
TI0Ka3aJ10, YTO HaubOJIbIIYIO BEPOATHOCTH NPABHILHON THATHOCTHKH AAIOT NAphl IapaMeTpPOB, a He KOMOHHALIHH
W3 TpeX, 4YeThIpeX WIM TNATH [apamMeTpoB, T03TOMY Jajliee aHAIM3UPOBATUCH Tapbl XapaKTEPHUCTHK C
MaKCHMaJIbHOU KOppeNsLHuei.

Jlnst ynbTpasByKOBBIX HM300pakeHHH ObUIO NMpoaHaTM3HpoBaHO 3ammck Gonee 300 maumenTos. JlanHbie
HCTIO/TE30BAHCH B BHAE BHIGOPOK Map JMArHO30B HOPMa-NatoNiorus. KoMGHHAMH NapaMeTpoB MOABATHCH Ha
BXOJl CeTH, Ha BBIXOJE MOJYYaluCh TE K€ MNapamMeTpsl M NpH3HaK amarHos3a. Jlis obyueHus ceTd ObUIH
MCIIONBb30BaHbl JaHHble 90 manMeHToB, [UIA pacno3HaBaHWs amarHoza - 50. [IpuMepsl paccYUTAHHBIX
NapamMeTpoB AHArHOCTHYECKOH 3 (PeKTHBHOCTH, YyBCTBUTE/IBHOCTH U crielduaHoCTH [9] mpuBeaeHs! B Taby. |
JUISL IMarHo30B HopMa, TG dy3HbIi 306 U XPOHUYECKHIT THPEOHINT.

Jlii MarHUTOPE30HAHCHBIX W300pakeHuii GbLI0 MpoaHanu3upoBaHo Gosee 80 CpPe30B rOJIOBHONO MO3ra.
JlauBble nojaBanMCh Ha BXOX CeTH B BHAE BHIGOPOK HOpMalibHas TKAaHh — OMYXONb C HCIOJIB30BAHHEM
KOMOMHAUMii TapaMeTPOB YKa3aHHBIX paHee, KOTOphie GbUIH 0TOGPAaHbl M3 TAaKHX e COOOpaXeHMil Kak u /A
YNbTPa3ByKOBBIX. [IpUMephl pacCYHTaHHBIX NMApaMeTPOB AHArHOCTHYECKOH IPPEKTUBHOCTH, YyBCTBHTEILHOCTH
¥ CreL(pUYHOCTU NPUBEEHH! B Tab. 2.

W3 momy4eHHBIX pe3y/bTaToB BHAHO, YTO JUIA BCEX AWArHO30B Ul IIMTOBHMIHOM Xese3bl IOCTHTHYTA
BEPOATHOCTh NpPAaBHIbLHOW TOCTAaHOBKM auarHo3a 80-85%, npuueM napameTpbl, KOTOpbie MOTYT ObITh
HCII0/Ib30BAHBI UL SKCIIEPTHOH HArHOCTHKH, NEPEKphIBaioTCA. [103TOMY MOXHO MCMONB30BaTh HECKOMBKO Map
OJIHOBPEMEHHO JUli paboTel CeTH M IyTeM IIOCTPOSHHsS HEepPapXHuecKod CXeMbl CO3[aTh MOLIHbIH
JIMarHOCTHYECKUH KOMIUTEKC.

IIpenmyImecTsa HCTOIb30BaHHOM METOAMKH HEMPOHHBIX CETel COCTOAT B TOM, YTO OHM JAIOT BO3MOXKHOCTS
ObicTpOlt 06PaGOTKH 3HAYMTENBHBIX 0GBEMOB AAHHBIX, YTO HEOOXOMMMO NMPH CKPHHHHIOBBIX 06CI]IEI0BAHMSX,
METOJ HMEET BBICOKYIO BEPOATHOCTD IPaBHJILHON IMOCTAHOBKHM JMArHO3a, MCIOJIb3YEMbIH alTOPHTM YCTOHYHB H
He TpeOyeT OONBIIMX BBIYHCIHMTENBHBIX MOLIHOCTeH. KpoMe TOro CymecTByeT BO3MOXHOCTh CO3JaHHA
ONTHYECKUX CXEM M MHKPOCXEM, pealu3yIOIlHX CTPYKTYpPY CeTH M o0pabOTKM MEIMUMHCKHX NAHHBIX, 4TO
MOXET 3HAYHTENIbHO Pasrpy3dTh LEHTPATbHBINH MpPOLECCOP BBHIYHCIUTENHHON CHCTEMBI AMATHOCTHYECKOrO
komruiekca. K HemocrarkaM airoputMa MOXKHO OTHECTH HEOGXOAMMOCTH HCIIOJIb30BAaHHS CPaBHHTENBHO
Gompmmx 06BbeMOB AaHHBIX 35-50 3ammcedt aia oOyueHHMs CeTH, a Tak e HEOGXOAMMOCTh TIIATENBHONO
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AHaJM3 TEKCTYp MEJULIMHCKHX YILTPA3BYKOBBIX H TOMOTrpadpHIEcKUX H306paKCHHIA...

TIpeIBApUTEILHOr0 0TOOpa NAHHBIX I OOy4YeHHsA MO YKa3aHHOMY AITOPHTMY, IIOCKOJBKY CETh CTPOHMTCA B
npouecce 00y4eHus H jajiee ee CTPYKTypa He MEHSEeTCA.
Tabmuua. 1. ITapamerps! OLEHKH AWArHOCTHYECKOM 3((EKTHBHOCTH MeTona Ans yJIbTPa3BYKOBBIX H300paXeHHI
IIIUTOBHIHOM XKENE3bl.
IMokazarenu ITaps! napaMeTpoB U AMArHo3
spdexruBHOCTH METOIA

aBTOKOppeNsLHs- JUACTIEPCHS- SHTPONUS Pa3HOCTH- aBTOKOPPENSLHS-
KOBapuauus ko3 pumment IHTPONHUS KOBapHaLUs
(runorepuos) ACUMMETPHHI (muddy3Hsrit 306) (XpoHHnuecKuit
(XpoHuyeckuit THPEOWIINT)
THPECOUIUT)
JliarHocTHYeCKas 0.800 0.850 0.850 0.800
3¢ PeKTHBHOCTH
YyBCTBUTEIBHOCTH " 0.400 0.600 0.600 0.500
Crienr()M4HOCTh 0933 0.933 0.933 0.857

Tabmuua. 2. IapameTpsl OUCHKM AMAarHocTHueckod 3QQekTHBHOCTH MeTona s ToMorpaduyeckux M300pakeHui
T'OJIOBHOTO MO3Ia.

ITokazarenu ITaps1 napamMeTpoB U AMArHo3
3 pexTHBHOCTH MeToaa

aCHMMeTpHs- SHTPONMUA-OHTPOIHS ABTOKOPPEISALMA = aBTOKOpPpEsALHUs-
IHTPOIHUS Pa3HOCTH Pa3HOCTH “obparHas KOBapHauus
pasHoCTh”
JiarnoctHaeckas 0.700 0.670 0.720 0.700
3¢ EeKTUBHOCTE
YyBCTBUTENILHOCTH 0.800 0.500 0.821 0.600
Crennu4HOCT 0.600 0.750 0.633 0.800
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VIK 577.32 BIO®PI3UKA CKIIAZHHUX CUCTEM

O HEKOTOPBIX OCOBEHHOCT X TEILIO®U3NYECKHUX CBOVICTB BO/IbI
1 EE ITOBEJIEHUHA B ’KUBBIX OPI'TAHU3MAX

E.A. Aupeen

Hnemumym gusuxu HAH Vipaunvl, npocnexm Hayku, 46, Kues, 252650
IMocrynuna B pepakuuio S rexkadps 1998 r.

Mertoom auddepeHHaIbHOrO TEPMHYECKOrO aHAIH3a HCCIIEIOBAHO NOBEICHHE TETIOEMKOCTH IEPEeChIIICHHBIX
110 KOHLIEHTPALMK BO/IHBIX PACTBOPOB KHcIOpoaa. ITpuBeieHbI IaHHbIE O TEMMEPATYPHOH 3aBHCHMOCTH TEIIO-
¢u3snyeckux napamerpos BoaHbIX pactBopoB NaCl, H202, Oz, nma3msl KpoBu yenoBeka B quanasone 16-40 0C.
IToka3aHo, YTO MPU KOHLIEHTPALIMH KHCIIOPOJA B PacTBOpE, 6IIM3KOM K €€ 3HAYEHHIO B apTEPHATILHON KPOBH Ye-
JIOBEKA, TEMIEPATYPHbIE 0COOEHHOCTH MOBE/ICHHS MAKCHMAJTLHO BbIpaxeHbl npu 35-41 rpanycax Llenbcus. Boi-
JIBUraeTcsi TUIOTE3a O TOM, YTO QU3MYECKHM PENEePOM B CUCTEME TEMIEPATYPHOMH PEryJIsiiMi TeMIOKPOBHBIX Op-
raHU3MOB siBJIseTcs (a3oBblit Mepexoa “Boja - noaIMMOpHbIH e .

K/IIOYEBBIE CJIOBA: HepaBHOBECHOCTb, BOJIA, KUCIIOPOJL, IEPEKUCH, IJI1a3Ma KPOBH, KaJIOPHMETPHSL.

BoJbII0e KONHYECTBO IKCIEPUMEHTANIbHBIX JAHHBIX YKa3bIBACT HA HAJMUME OCOOEHHOCTEH CTPyK-
TYPHO#i IMHAMHYECKOI OPTaHHU3aLMH MOJIEKYJT BOJIbI CO BPEMEHAMH XU3HH CTPYKTYP MHOTO GobIle, Yem
KJIacCHYeCKHe OLEHKH. B 9TOM nuiaHe TeOpHs CYILECTBEHHO OTCTalla OT MHOTOYMCIEHHbIX (M YacTo He-
CTPOTHX) pe3ybTaToB onbiTa. PakT pa3bpoca B Heckonbko pas[l1-2] 3HaueHnd aAupdy3noHHON MOABHK-
HOCTH KMCJIOPOJA B XHMBBIX CHCTEMAaX, TOBODHT, YTO €r0 HETPUBUAJIbHOE MOBEJEHHE B CIAObIX BOJAHbIX
9JIEKTPONIUTAX UMEET NMOJ co60i PyHIaMeHTaIbHbIE OCHOBAHHUS.

Panee namu[3] metonom SIMP-penakcauuu uccneqoBaHa KMUHETUKA PACTBOPEHHMS W BbIBENEHHUS Khi-
clopoa B Pa3iMuHBIX BOAHBIX pactBopax. Ilokasano, 4ro npu xoHueHTpauun Oz Bbillle HEKOTOPOTO
KPHUTHYECKOTO 3HAYEHHS [aXe NMPY KOMHATHBIX TEMIIEPAaTypax CMCTeMA 3aKOHOMEDPHO MCMbITLIBAET CBOE-
06pasublii «(a30BbIi Mepexo», B Pe3yJIbTaTe Yero BOJIAa PACCIAWBAETCA HA «CBA3AHHYIO» M «CBOOOIHYIO»
da3bl. DKCNEPUMEHTAIBHO 3TO MPOSBISETCH B TOM, YTO MPH COIEPXKAHWU KUCIIOPOZa B pacTBope Goiee
3410 '8 1/cM?® cnMH-pelIETOYHAs PeNaKcalus MPOTOHOB BOJbI MPOSBIIAET HEIKCIOHEHLIMATIbHBIN Xapak-
Tep. Bo3HMKaeT CHTyalus, CXOZHas C XOPOIIO M3BECTHBIM COCTOSIHMEM BOAbI B MUKponopax. OTianuue
3aKJII0YaeTCs B TOM, YTO B MEPECHILEHHOH PACTBOPEHHBIM KMCIIOPOIOM CPE/ie KONMYECTBEHHbIE XapaKTe-
pucTHkK 0benx (pakuuii (Bpems penakcauuu, o6beMHas J0Js) OYeHb CHIbHO 3aBHCAT OT MapameTpoB
BHELLHETO OKPY)XEHHUS, B TOM YHUCIIE OT TEMINEPATYPbI. y

TInaBHbIA HATPEB TAKMX CHCTEM HEMOCPEACTBEHHO B kamepe SIMP-penakcomerpa ¢ HenpepbiBHbIM
KOHTPOJIEM TEMIEPATYPHOM AHHAMHKHM BPEMEH peNakcalliy NoKa3al HaJlnyHe OCODEHHOCTEH uX moBese-
Hus B6u3u 37 °C. Llenbio HACTOAIMX MCCIEAOBAHUN ObIIIO U3YYEHHE TEMINEPATYPHbBIX 3aBUCHMOCTEH Te-
TJIOEMKOCTH BOJHBIX PACTBOPOB C M30BITOYHBIM COZIEPKAHMEM MOHOMOJIEKYISPHOTO Kucinopoaa. Mero-
JIMKA NPUTOTOBJIEHUS ¥ XaPAKTEPUCTHKH CUCTEM MOJEIMPOBAJIM B HEKOTOPOH CTEMEHH MPOLECCHl OCBO-
60XIeHNs KMCIOPO/Ia FeMOTJIOONHOM B nepr(pepHYECKON TKAHH TENIOKPOBHBIX CYIIECTB.

MATEPHAJIbI U METO/1bI

W3mepeHue JMHAMKUKK TETUIOEMKOCTH BOJHbBIX PACTBOPOB KHMCIOPO/JA MPOBOAMIM MeToa0M audie-
PEHLMANLHOTO TEPMUYECKOrO aHaym3a B AuanaszoHe Temnepatyp 15 - 45 °C. Hcnons3oBanace opuru-
HaJIbHAs YCTAHOBKA C MOJYNPOBOAHNKOBBIMH JaTYMKAMH PA3HOCTH TEMIEPATYp MCCIEIyeMOro 00nbekTa
W 3TaJIOHA, U3TOTOBNIEHHAs 6e3 npuMeHeHus PEepPOMArHUTHBIX MaTepuanoB. YyBCTBUTEILHOCTh JaTyH-
KOB 0fecreynBana TOYHOCTh H3MEPeHHs TemiepaTypbl o6bekTa 2*10-4 °C. Jipeiid u3MepUTENIbHOM CXeMBI
cocTaByIan He Gosiee ABYX eMHHUL B MuanweM paspsae ALITI 3a Bpems ofHOTO H3MepeHHs (mopszka 7 ya-
COB).

Jlns uccaenoBaHui MCNOJIb30BaiM 0KOJIo | cM? pacTBOpa, KOTOPhIH pa3MeIlali B TOHKOCTEHHOM (-
0,2 MM) CTEKISHHOM aMnyJie JuaMeTpoM 8 MM. AMIyJia 3aKpbIBaJIach MOPHCTHIM GUILTPOM € MaIIOH Ten-
JIONPOBOAHOCTBIO. Harpesaemblii ¢ JIMHEIHO BO3pACTalOlIeH TeMIepaTypoil H3MepUTENbHbIH 610K Co-
JIEpXKaJl OTBSPCTHS AJIs aMITyJl M AaTYUKA TEMIEpaTypbl 6110Ka.

JlaTuuK pa3zHOCTH TEMIIEPATyp AMAMETPOM 3 MM H BbICOTOH |2 MM YCTaHaBIMBAJIM aKCHAJILHO B aM-
nyjie ¢ MCCIIeAyeMbiM BellecTBOM. Ero snekTpuueckas M30JALUMA OCYIIECTBIIANACH CTEKJIOIMAJIEBbIMU H
(eHONbHO-MOIHBUHUIIALETATHBIMU MOKPHITUAMU. Harpes u oxnaxieHue u3MepuTebHOro 6j10ka npous-
BOJIMIIM MpH NoMoLLK deMenTa [lenbThe, BTOPOi pagnaTop KOTOPOro HaXOAWJICH B TEMJIOBOM KOHTAKTE
C aKTMBHO TEPMOCTAOUIM3UPOBAHHOM ¢ TOYHOCTbIO 0,2 °C MaccMBHOM MeTanMueckol aeTaibio. Mocro-
Bas CXEMa JaTuyMKa Pa3sHOCTH TEMIIepaTyp, BXOAHOH KackaJ NMpPeAyCHJIMTENs, YCUIIUTEb TEPMONIAPHOTO
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AATYHKA TEMMNEPATYPhbl H3MEPHUTENILHOTO 6/10Ka TEPMOCTATHPOBAJIMCH ITOM Ke AeTanbio. [eoMeTpus u3-
MEPHTENILHOTO G/I0Ka nokasana Ha puc. 1. JIns 06paboTKH 3)1eKTPUYECKUX CUTHAJIOB MPHMEHSITH aHANIO-
ro-uu(poBoii npeoGpa3oBaresb Ha TPH ACCATHYHBIX PA3PsAa CO BPEMEHEM IBOWHOTO MHTErPHPOBAHHS
1,2 c. Bxoanoii curnan AIIIT mor 6bITh CKOMNEHCHPOBAH B NMpeJIeax LeCTH JAECATHUHbIX Pa3PA/IOB.

Puc. 1. Cxema ycraHoBku s muddepeHumnatsHoli kaso-
PUMETPHH BOJIHBIX cpefl. 1.2 - JaTYMKK Pa3HMLIbI TEMIEPATyp
ITAJIOHHON Y U3MEPHTEIbHOM Kamep; 3.4 - ITAJIOHHAS ¥ H3MEpH-

2 TejibHas Kamephbl; S -TepMocTaT (Me/ib); 6 - AaTYMK abCOMOTHOI
Temnepatypbl; 7, 8 - HarpeBaTenb (OXNAJMTENh) - AEMEHT
[MenbThe; 9 - 3ammMTHAas 060710uKa (MEIb).

H3mepenus nNpoBOAMIM B PEXKHME HEMOJIHOM KOM-
MEHCALMHN TETUIOEMKOCTH MCCIIEAYEMOTO BELIECTBA TEMJIo-
g CMKOCTBIO 9TaNloHa. B kayecTBe 3TaJIOHA MCMOJb30BAIN

KOMMAKTHO YJIOKEHHYIO 00beMHyl0 MeaHyio ceTky. Co-

IJIACHO YPaBHEHWIO MiA  JuddepeHManbHOro TepMuye-

CKOro aHajM3a M3Mepsemas pa3sHOCTb Temmepatyp 0e3
yyeTra paiMalMOHHBIX MOTEPh ONpPEENsIeTCA: AaCHMMETPHEN HarpeBa MCCIeAyeMOro BEIECTBA M BELIECTBA
CpaBHEHHUs, HEOAMHAKOBBIMU TETLIOEMKOCTAMH Hccenyemoro BewectBa Cpx W BewecTBa cpaBHeHus Cpa,
TEIUIOBOM WHEPLMEH W TEMNEPATYPHOM 3aBUCHMOCTBIO TEIIOEMKOCTH MCCIIEAYEMOrO BEIECTBA, H3MEHE-
HUAMH TEILIONPOBOJHOCTH MCCIEyeMOro obpasiia, napaMeTpamMu H3MEPHTEIBLHOO JJIEMEHTa,

AT= @ *(Mx* Cpx(T) *Bi - Ma*Ca*Bao+ Aa(T)*B; - 4 5*Ba)* dT/dt

3pece AT - usmepsiemas pasuocts Temneparyp, & - XapaKTePUCTHKA U3MEPUTENILHOTO IEKTPOHHO-
ro tpakta, Mx u Ma - Macchl u3MepsemMoro  aTanoHHoro Beuecrs, Cpx u Cpa - TeruioeMkocTH obpasua

H YTAJIOHA COOTBETCTBEHHO, 4 x(T) u As. TENJIONPOBOAHOCTH 00pasiia M 3TaJIOHa COOTBETCTBEHHO, Bi,
B2, B3, B4 -k03(pHLEHTBI, yUHTHIBAIOLIKE FeOMETPUYECKUE U Apyrue dakTopel ycraHoBku, dT/dt - cxo-
POCTb CKAaHMPOBaHMs ( HAarpeBa).

O6pa3upl BOAHBIX PACTBOPOB B CTEKJIAHHON ammylie YCTAaHABIMBANM B U3MEPHTENbHbIN 60K, Mo-
IPYXajy MoJyNPOBOJHMKOBbIH JaTYHK TEMNEPATYPbl U BbIACPNKUBAIIN JUIS JOCTHKEHHS TEMIOBOrO paB-
HOBECHS U MOJIy4eHHs CTaOMIIbHBIX PE3yAbTAaTOB OT JABYX YacoB J0 CYTOK. Bce mocnenyioume MaHumys-
LMH C YCTAHOBKOMH MCKIIIOYATH MeXaHHYeCKoe BO3MyLleHKe 0Opasia nocie ycraHoBkH ammynsl. Harpes
H3MEpHTENIbHOTO 6Jioka npoBoauin co ckopoctsio 0,2-0,5 rpagyca B muHyTy. Kak npaBuiio, ¢ kaxmasimM
06pa3LoM NPOBOIMIIN TOLKO EAMHCTBEHHOE N3MEPEHHE C LIENIbI0 HCKITIOYEHHUS BIMSAHHUA NPEAbICTOPHH Ha
XapaKTep TEPMHYECKOro OTBeTa. B HEKOTOPBIX Cilyyasx KpOMe Pa3sBEPTKH HATPEB» € TEM e CaMbiM 06-
Pa3UOM NMPOBOMIIH LMK «OXJAKACHHe». B kauecTBe 0OBEKTOB MCCHIE/OBAHUA MCTIONL30BATHUCH: BOAA
JAMCTHUIMPOBAHHAsA JEra3upoBaHHas, BOJAA AMCTHIUIMPOBAaHHAs C PACTBOPEHHBIM KHCIOPOJAOM, BOZA
obbruHas BogonpoBoaHas; BoaHbie pactBopbl NaCl, CaClz, B KOHUEHTpaUMAX, XapaKTEPHbIX Ul Tia3-
Mbl KDOBH 4€JI0BEKA; BOJHbIC PACTBOPbI LICHTPH(YTHPOBAHHOM MIIa3Mbl KPOBH YEJIOBEKA.

PE3VJIbTATBI B OBCYXK/IEHUE

ITonyyeHHbie 3aBUCMMOCTH PAa3HOCTH TeMIepaTyp oOpasloB BO/bI ¢ Pa3iMYHbIMH TPHUMECAMH H
MEZHOTO 3TANOHA OT TEMIEPaTypbl HArpeBa MpeAcTaBusioT coboii muasHbie U 06pasHbie KPHUBbIE C HE
BOCIPOM3BOAMMbIMH B lIeTaNsAX oclLIALMaMK ammuntynoit no 0,1 °C. Kak cieayer 3 cpaBHeHHs rose-
JIeHHs Pa3NTMyHbIX 0Opa3suoB BOJBI (CM.
pHcC. 2), a TaKXKe NPeAyCMOTPEHHBIX METO-
JMYECKUX Mep MO YCTPAHEHHIO BO3MOXHO-
CTH HabMOJeHUs JIOKANbHbIX TeMIepa-
TYPHbIX TPAJIUEHTOB B XH/KOCTH, TeMrie-
paTypHble KoJeOaHHs TenmopuU3nYeCcKux
XapaKTEPUCTHK PAacTBOPOB HE CBA3aHBI C
KOHBEKTHBHBIMU NOTOKAMH, @ OTPaXaioT
| mpouecchl CTPYKTYPHbIX MEPECTPOeK B
cpene. OHM 3aKOHOMEPHO MPOHCXOAAT
TOJIKO B OMPEENIEHHOM JUana3oHe TeM-
nepaTyp Mo THIy Nepexo/oB "CMelleHHe-
paccioenne" WK "30/1b-reTb NEPEXooB”.

600 Bocnpou3BoMMOCTL X0Z1a Te Miie paTy pHO#
3aBHC UMOCTH TETUIOE MKOC TH JUISl ISITH Pa3HbIX
06pa3LoB BOJIbl OJTHOTO MPHIOTOBJIE HHS

500

400

Puc. 2. XapakrepucTHKa BOCIPOH3BOIH-
MOCTH METOJIMKH H3MEPEHHS TeMIepaTypHON
3aBUCMMOCTH TENIOEMKOCTH BOJIbl B GHOJIOTH-
YECKH 3HAYMMOM JHana3oHe TeMnepaTyp.

Temneparypa obpasua, rpagycel Lienscus
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Ha prcynke 2 npuBe/ieHbl HHTErPaNbHbIC KPUBbIE JUIA NATH 0GpasiioB JIera3sHpOBAaHHON BOJIbI, PHIOTOBJIEH-
HBIX K3 OIHOTO Ga30Boro pacreopa. [TOIHOCTbIO fAera3supoBaHHas AUCTHIUIMPOBAHHAS BOJIA BeaET ce6si B COOTBETCT-
BHH C JIMTEPATYPHbLIMH JIaHHbIMH. HOCKOJILK)’ JMHAMMYECKHUH QHANa30H MU3MEHEHMs TeMneparyp (I'IO CPaBHECHHIO C
TOYHOCTHIO HBMCPCHPUI) JIOCTATOYHO GOHBH.IOFI, s Gonee HArJIAQHOro NpEeACTaBJICHUSA O Pa3sBUBAIOIIUXCS B cpefe
npoueccax INnpoOU3IBOAWIIM BbIJACIICHHE OCLIWJUISLIMH NyTEM BbIYHTAHHA JIBYX KPHBBIX, H3MCpCHHOFl H nonyqennoﬁ
CriiaXXuBaHueM (MOCNeI0BATEIbHBIM YCpeIHeHHEM 1o | 2 ToYkaMm) TOH ke CaMOH.

ITpu 3Toii mpoueaype pakTHiecku ycrpansiaach ruiasHas U-o0pa3Has TeMnepaTypHas 3aBUCHMOCTb,
MpPOCMATPHBAaEMas B HHTErPaJbHOM MPEJICTABIEHHH, U noJyyanach JuddepeHunanbHas Kpusas.

Juddepenunansias KpuBas NpeacTaBiseT s 00pa3LoB JAerazMpoBaHHON Boabl cliabo daykryu-
PYIOLLYIO B Mpefenax COOCTBEHHBIX LIYMOB CHCTEMbI MPAaKTHYeCKH NMpaMyio JimHuio. OxHako o6pasupl
9TO# e BOJbI, BbIIEP)KaHHbIE B K0OJIOE ¢ 60JIbILOH MOBEPXHOCTBIO CONPHKOCHOBEHHA BO/bI ¢ aTMOChEPOii
B Te4eHHEe HECKOJIbLKHX CYTOK, BEAYT Ce0sl yKe OTIHMYHO OT CBEXENPHTOTOBIEHHOTO AUCTHILIATA, MM JIUC-
THJUIATA, XpaHuBLIerocs 6e3 mocryna Bo3ayxa. Ha puc. 3 nokasanbl Takue 3aBucumoctu. ObGpaiaer Ha
cebs BHMMaHue crnenyoumi gakt. IIpu HEBOCNIPOU3BOAUMOCTH HHAMBHIYANbHBIX KonebaHui rpagueHTa
Temnepatyp (kak BHAHO W3 MpEAbIAyLIeH Qopmynbl 3TO AOCTATOYHO CIHOXKHASA (GYHKIMS TETUIOEMKOCTH H
TEMIONPOBOIHOCTH) TEM HE MEHee, OCTAETCH MOCTOSHHOMH 06acTb WX BO3HHKHOBeHMs. Eciu B aerasupo-
BaHHOW BOJIE OCLMJUIALIMM HE MPOABISIOTCS BOOOLIE, TO B BOJE, MMEBILEH KOHTAKT C aTMOC(HEPHbIM KH-
CIIOPOJIOM, OHH MPOSABIAIOTCS B 3aBUCUMOCTH OT JUIMTENIbHOCTH 3KCIIO3ULIMH. XapaKTEPHO, YTO C YBENIH-
YeHHEM MX AMIUTMTY/bI TPOMCXOJUT U CMEILEHHE Hayana KoebaHuil B CTOPOHY HU3KHX TEMIEPATYD.

Tot ¢axT, 4TO HaNHYKE MPUMECEH B BOJIE CTOJb PAUKAIbHO MEHSET ee TerTo(hu3nYecKue Xxapakre-
PUCTHKH, HIUTIOCTPATHBHO MPOSABIIAETCA HA NMpUMepe OObIYHOM BOZONPOBOAHON BOJbI, COCTAB KOTOPO#

"W 2 24 2% 2 % @ | % 3 35 DChMA danex ot Tpe-
6osanuii k nabopa-

Temneparypa, C bChA
l mMnepatypa, rpagycoi Lien TOPHBIM YCIIOBUSAM.

IMonbITKH  MCNOJBL30-
BaHUA «CBEXHX» 00-
pa3suoB  BOAONPOBOJI-
HOW BOABI MPHBOIAMIH
K HEBO3MOXXHOCTH
NpOBeJICHUs  M3Mepe-

[vcTunnuposaxHas Boaa, OTCTOM 4 CyTOK ‘ HURIPTIRCEINEY S 156

: M\’\/\ YAaBanoChb  MPOBECTH
nepBoHayaibHylo Oa-

AucTunnuposaHHas Boja, OTCTOI 3 CyTOK NAHCHPOBKY CHCTEMBI.

[OvcTunnupoBaHHas Boaa, oTcTom 1 CyTku | Puc. 3 Jluddepen-
A A n n n n A 'y ' et J

i ¢ LHaJIbHbIE KPHUBbLIE MOBE-
JACHUA 06pa3uoa BOJibI C pasuoi‘l CTEINCHBIO HACBIILEHHUSA rasaMu aTMOC('bCpbl. &

BoaonposoaHas Boaa, OTCTOM 8 CyTOK

[AvcTunnuposaHHas BoAa, OTCTOM 6 CyToK

(100 mnrpaa/aen)

ITepBoHayanbHbie GIyKTyaUHH TEMNEPATYPbl ObUTH CTOMb BENMKH, YTO NPEBLILIAIN JMHAMMYECKHIH
AWana3oH JEKTPOHHBIX cxeM. Toibko uyepe3 BOCEeMb CyTOK OTCTOS B CTAHAAPTHBIX YCIOBHAX YAAJIOCH
MPOBECTH 3aMKCh LIMKJIA HATPEBA, YTO MOKA3aHO Ha BepXHel KpuBoii pucyHka 3. U3 storo rpaduka Bua-
HO, YTO MMEIOLIASCH COBOKYIHOCTb MPUMeceH B THNHYHON «KHEBCKOH» BOZOMPOBO/HONM BOJE NPUBOJIMUT K
3aMETHOMY CHWXKEHHIO TeMMepaTypbl Hauana ocuuuiaiuii. Kpome Toro, BecbMa MHTEPECHO, YTO CaM Xa-
pakTep KonebaHHi KMEET TEHACHLMIO YBETHYEHHUS YAaCTOThI 110 MEPE TTOBBILLEHHS TEMIIEPATYPHI.

IIpobnema 103MPOBAHHOTO HACHILIEHHUA BOJIbI KHCIIOPOJOM H KOHTPOJIS €ro COAEPXKaHMs peliaiach
HaMH crieayiomuM obpasom. /lis BBEAEHUS KMCIOPO/A B BOLY ¢ KOHLEHTPALUAMM, OOIBIIMMH Mpeesb-
HOTO 3HAYEHHs HACBILIEHMS, Mbl HCTIOJIb30BANIM PEAKLMIO PA3IOXKEHHUS MEPEKHCH BOAOPOJA, KOT/a KaTa-
JIM3aTOPOM SIBIIAJICA JBYXpOMOBOKHCIbIH Kanuii KoCr207. Heobxoaumoe 3HaueHHe KOHEYHOTO COEpkKa-
HHS KUCIIOPOJIa B PACTBOPE ONpEAeNaioch HayaibHOM KoHueHTpauued H20, . B kauecTBe HEMHBAa3UBHO-
TO METO/Ia KOHTPOJIS Mbl HCMIOJB30BAIM 3aBHCHMOCTb BPEMEHHU CIHH-peiieToYHOM penakcauun T nporo-
HOB BOJIbI OT KOHLEHTPAlLMM pacTBOpeHHOro kuciaopoaa. HMcnonsdys SIMP-penakcomerp, Mbi MOIIH
KOHTPOJIMPOBATh COJIEPKAHUE KHCIOpoJa B obpa3uax 6e3 HapylieHns BHYTPEHHEH CTPYKTYpbl MOCies-
HHX. .
YT1oOb! OLIEHUTH BIHAHHE OCTATOYHOMN MEPEKHUCH HA TEMMEPATYPHOE NMoBeaeHHe 00pa3ua Obiu npo-
BeJICHbI CTAH/IAPTHBIE M3MEPEHUS JHHAMMKH TENIOEMKOCTH PACTBOPOB C PA3HBLIM COAEPKAHUEM ITEPOKCH-
na Bojopozia.. urerpaibHbie KpUBbIE MOKa3aHbl HA PUC.4 B CPAaBHEHUHU C MOBEAEHUEM JEra3upOBAHHOTO
AMCTHILIATA M BOJBI C JBYKPATHBIM NMEPECHILIEHHEM MO KHUCIOpoay. VIHTEPECHO, YTO MPM yBEIHYEHHUH
KOHIIEHTPALMH MEPEKUCU B BOJHOM PACTBOPE CHHXAET TEMIEPATYPHYIO 3aBUCHMOCTb TEMJIOEMKOCTH BO-
Jbl, NPUOINKAs e¢ K MOBENCHUIO METAJUTHYECKOH MemH (PaKTHYECKH K OTCYTCTBHIO 3aBMCHMOCTH B JaH-
HOM JIMana3oHe). DTO MPOABIAETCA B TOM, 4TO ke npu 3 % -oM coepaHuy NePOKCHAa BOAOPO/A B BO-
JIe HCYE3AI0T BCAKOTO POJa TEMIIEPATYPHbIE RHOMATHH. B NPOTHBONOIOXHOCTE 3TOMY IOABJIEHHE B Cpe/e
MOJIEKYJISPHOTO KHCIIOPO/AA MPHBOJMT K MOABIEHUIO 0COOEHHOCTEH!.
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O HEKOTOPHIX OCOOSHHOCTAX TEIUIOPUIHYCCKHX CBOMCTB BOJIBL. ..

Ha Bepxueil uHTerpanbHol KpHBO# BHAHO, 4TO NPU TeMnepaType 0Koio 36 rpaaycoB Ilenbcus no-
ABJIAETCH «H3IOM» KPHBOH OTHOCHTENIBHO «ITAJOHHOTO» NOBeNeHHs. ITO 4eTko Habmoaaercs yxe npH
ABYKPATHOM TMPEBbILIEHHH KOHUEHTPALMK PACTBOPEHHOI'O KHCIOPOJA MO OTHOLIEHHIO K 3HAYEHHIO Ha-
CBILUEHHSA MPH KOMHATHO# TemnepaType. To ecTh Kpome «y3KHX» B TEMMEPATYPHOM CMBICTE 0COBEHHO-
R L cTell HaOMONAIOTCS M HHTErpalbHbIE H3MEHEHHs

o SALN02 MOBE/IeHHs PAaCcTBOPA NpPH TEMMEPaTypax, GIM3KuX
I S K TEMMepaType Tela TEIIOKPOBHBIX XMBBIX Cy-
o 001%H202 LECTB.

—0,10%

i Puc. 4. W3meHeHHe TeMnepaTypHOrO MOBEICHHS

| TensoeMKocTH BOJIbI npH J106aBICHHH B HEE MEPEKHCH
.| BOmOpOja. B kayectBe 06pa3sua CPaBHEHHS HCTIOJb3YeT-
cq MetauiHyeckas Meab. HukHee CeMelCTBO KpHBBIX
NPHHAUICKUT pacTBopam ¢ KoHueHTpauueit ot 0,01 %
(BepxHsas kpuBaf) 10 3-15 % (COBOKYMHOCTb CIIHBA0-
IIMXCS KPUBBIX B10Jb OcH X). CpeaHss KpuBas Xapak-
TEPU3YeT JCra3upOBaHHbIH JUCTHIUIAT, cCamas BEpXHSSA
KPHBasl — BOJIa C KOHLIEHTPALIHEH HCKYCCTBEHHO BBE/ICH-
Horo kucnopoza N=6,2 1017 |/cm3

| —m—005% l
—A—0,20%
| ——050%
; [ —¢— 1%H202

IpagwenT, munnurpagycsl

16 20 24 28 32 36 40

Temnepartypa, rpagycel Lienscus
Ao O SECICET B SO GROHN TR MEN ) L) Bonee uerko Takue ABIEHHs HaOmOAOTCH

TP NOBBILLIEHHH KOHLEHTPALUH H3OBITOYHOTO KH-
cnopona. Ha puc. 5 nokasana IHHaMMKa CHCTEMbI C COIEpXKaHUeM Kucnopozaa nopsaaka 3+10'8 1/cm3 . K
coXaJsieHHIo, Gojlee TOYHO yKa3aTh 3TO 3HAYEHHE HE NPEACTABIAETCS BO3MOXHbIM, MOCKOIBKY CHCTEMa
ABJISETCS CMJIbHO HEPABHOBECHOM M 63 crieualbHbIX CTaOHIH3aTOPOB KMCIOPO/ 32 BPeMs IKCIEPHMEH-
Ta (OKOJIO 5 4aCOB) YACTHYHO BBIJENAETCS W3 CPE/bl.

600 § | Puc. 5. TemnepaTypHas 3aBUCHMOCTb TEMIOEMKOCTH

500 g { Boaa+0, ‘ MOJIEILHOU cucTeMbI (BOia + KHC/IOPOJ) NPU KOHLIGHTpa-

s ! (3*10'¢) LIMM, JIOCTUIaIOILEH ero 3Ha4YeHHi B ap‘repv‘l‘anbuoﬁ KpOBH

400 E | 1 H : | | yenoBeka. Hakinon HHTCI'paJleOﬁ KPHBOH HCIBITHIBACT
3 JBa «u3noma» npu 28 u 36 °C.

P

200 & Xopouio BHIHO, YTO B PEXHME Harpesa MpH

S Temnepatype 36 °C moBeieHHE CHCTEMBI PaJIMKalIL-

100 & HO MeHseTcs. B cpene npoucxoasaT kakue-To (aso-

Bble MEPECTPOiKH, NPUBOAALIME K TPHUITEPHOMY

0 £ R T e e BO3pacTaHuIo TerioeMkocTr. M mockomnbky cucrema

18 20 22 24 26 28 30 32 34 36 38 40 42| [0 CBOEMY KAueCTBEHHOMY COJEPK2HMIO SBIAETCA

g g g g S o Ype3BbIYaHO MPOCTON (NMPAKTHYECKH IBYXKOMIIO-

HEHTHOM, eClIi MOAPa3yMeBaTh TOIbKO KOMOMHALMH
aTOMOB BOJIOPOZIa M KHCIOPO/IA), TO MPO €€ CTPYKTYPHYIO OPraHM3aLMIO 3TOTO CKa3aTh Helb3s. MmenHo
CTPYKTYpHBbIE Mpeobpa3oBaHus ¥ OTBETCTBEHHBI 32 H3MEHEHHE HHTErPAJIbHbIX TEMIOQHU3MYECKUX Xapak-
TEPUCTHUK.

IIpu yBenuueHHH CTENeHH HEPABHOBECHOCTH (KPUTHYHOCTH) CPE/ibl 33 CYET yBENMYeHHS KOHLEHTpPA-
UMM KHCIOPOAA 0 €ro 3HaueHMil B apTepHaIbHON KPOBH YeloBeKa MO BHAY WHTErpajbHOW KPHBO#H
MOXHO HabIoaTh MOBEJEHHE, KOTOPOE MOXHO XapaKTEPH30BaTh Kak [BA CTPYKTYPHbIX nepexoaa. Ha
CaMoii KpUBO# BUHBI BA M3JI0Ma, OKMH npu 28, a BTOpo# npu 36 °C.

OTH JaHHbIE NOATBEPXKAAIOT, YTO PACTBOPEHHbIH KUCIOPOJ UIPAET y TEIUIOKPOBHBIX MEPBOCTENEH-
HYIO POJib HE TOJBKO OKMCIMTENS, HO U GaKTOpa CTPYKTYPHOM OPraHH3alliy XKHIKOCTHOM cpenbl, hop-
MHDYS €€ PEOJIOTHYECKHE W TerIoQU3HYECKHe XapaKTePUCTHKH. [0BOPA O BHEK/IETOYHOH MHOIOKOMIIO-
HEHTHOH OHOIOTMYECKOM XHMIKOCTH, JIETKO (M BOOOIIE-TO 0OOCHOBAHHO) BO3PAa3HTh TAKOMY BbIBOZY.
JIeiCTBUTENbHO, YHCIO ATOMHO-MOJIEKYJIAPHBIX MPUMeCeii B mia3Me KpoBu orpomHo. Ho we crieayer 3a-
6bIBaTh, YTO KPOME KOHLEHTPALIHOHHOTO BKJaJa HeOOXOAMMO YYMTHIBATH M HX KOHKDETHbIH BECOBOH
MHOXMUTeNb. Y npuBeeHHbIE JaHHbIE TOBOPSAT TOJLKO O TOM, YTO B 3TOM CBOZAHOM XOpPE KHCIIOPOJ HIpa-
€T NEPBYIO CKPHIIKY.

JIeHCTBHUTENLHO, HA PUC.6 NOKa3aHa TeMNEPATypHas AMHAMUKA MOJIETIbHOM CHCTEMbI, KOT/Ia B BOAY C
M30bITOYHBIM COIEPXKAHMEM KMCIIOPO/A BBEJIM OYHMILEHHYIO LIEHTPU(PYTHPOBAHHYIO MJIa3My KPOBH 3/10pO-
BOrO 4YesioBeka. TeXHONOrus NPUroTOBIeH!s NOAPa3yMeBaia yAajieHHe M3 M1a3smMbl GOPMEHHBIX 3JIEMEH-
TOB KPOBH M BBICOKOMOJIEKYJIsIpHBIX GeskoB (¢ maccoi 6omnee 500 000). ITpoueHTHOE COAEPIKAHHE MIA3MbI
B 0o6pasie coctansno 10 %. Ha uHTerpanbHO# KpHBOI BUAHO, YTO AMANA30H BO3SHUKHOBEHUS OCOGEH-
HOCTE# NMOBEJEHHs COXPAHMIICA, HO BHIPAXKEHHOCTh X CTasia boJblie.

3710 0cOGEHHO BHHO ClIeBa, I/Ie OKA3aHa 4acTb TOH Xke-caMOil KPHBO#i B ipyrom macwtabe, Koraa
JETaJli NPOPHCOBLIBAIOTCA Goee ueTko. Tak BUAHO, YTO CaMbiii HHTEHCHBHBIH MUK, aMIUIATY/Ia KOTOPO-
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IO B MOJICOTHH pa3 NMPEBbIWAET COOCTBEHHBIN LIYM PETHCTPHPYIOLIEH annapatypbl, BOSHUKAET NPU TeM-
nepatype 37,7 °C. Mbl npeanonaraem, 4to Takoe COBMNaJEHHE CO 3HAYEHHEM BHYTPEHHEH TeMnepaTyphbi
YEJIOBEYECKOT0 OPraHM3Ma JAJIeKO HE CydyaiHo, MOCKOJbKY B MOJENbHOM CHCTEME MPUCYTCTBYIOT OC-
HOBHbIC KOMIIOHEHTbI PacTBOPA, 3afialoLine pU3HYECKUIT «penep», OTHOCHTEILHO KOTOPOro cucreMa 60-
Jiee BbICOKOTO YPOBHS OCYIUECTBJISET TEMNEPATYPHYIO peryasunio. Eciu npu 3Toil Temnepatype npouc-
XOJIMT Hekoe (ha30BOe MpeBpallieHke XKUAKOCTHOM CPeMibl, OHO, ECTECTBEHHO, HE OCTAHETCA HE3aMEYEHHBIM
BCEM KacKaJoM 6MOXMMHYECKHX MPOLIECCOB, NAPAJLIENbHO HAYLIMX B 9TOMH XKe Cpee.

\
|
|
|
|
i
|
|
|
|
|
\
|

r =Y 1600 Puc. 6. IloBeneHne MOJECILHON CHCTEMBI
| (Boga + kucinopon + 10% ouuieHHO#H ria3Mbl
KPOBHM 3/I0poBOro uenoseka). Puykryannu
1200{  TemJOEMKOCTH BO3HMKAIOT MPH TEMIEpaTypax
£000 35; 37,7; 40 - 41 °C. Yactb HHTErpaibHOM KpH-

BOi TEMNEpaTypHOI 3aBUCHMOCTH TEMIOEMKOCTH
14 800 MOJICIbHOH CHCTEMbl MOKa3aHa B YBETMYEHHOM

\ |Fpamwent,| | MacmTabe. AMrumtyaa nuka npu 37,7 0C B 50
TR At aLE [ MIITpaJ. pa3 Oonblle COOCTBEHHBIX MIYMOBBIX (IIyKTya-
13233343536 37 3839404142 ok ] o+ LMH METO/TUKH.
(EEQMEL & PR TR e 200
_j ®DakT, 4TO B BOAHBIX CUCTEMAX, COIEP-

L X L L i 15 i I s hiof)

XKalMX KUCIOPOJ U Jpyrue OHONOrHYecKH
3HAYMMble [PUMECH B KOHLEHTPALMsAX,
— 6aM3KMX K (PU3MONOTMYECKHUM, TEMIIEPATy-
Pbl CTPYKTYPHBIX NEPECTPOEK HAXONATCA B y3KOoM jauanaszoHe 35 - 42 °C 3acnyxuBaer 0co60ro BHUMaHHs.
3TO yKa3bIBa€T Ha BO3MOXKHYIO POJIb KHIKOCTHOTO FOMEOCTa3a OPraHM3Ma YeIOBEKA KaK YMCTO (u3mye-
CKOTO (hakTOpa B TEMMEPATYPHOH PEryJIsLUH.

Haubosee BeposTHas HHTEPNPETALMs ITOrO SBIEHHSA COCTOMT B TOM, 4YTO C yBEHYEHHEM KOHIIEH-
TPaLMH PaCTBOPEHHOTO KHMCIOPOJAA B BOJAE BO3HMKAeT (paza MeHee NMOABIKHOW BOAb! (MOTUMOPQHBIH
Jie), SHEPTeTUYECKHE XaPAKTEPUCTUKH KOTOPOH JIMIIb HEMHOTO MPEBBIIAIOT TEMJIOBOM wyM. B HacTos-
liee BpeMsi HaKOIUIEHO YK€ JOCTATOYHO TEOPETHYECKOTO M 3KCMEPUMEHTANbHOTO MaTepuaa, Mo3Bo-
JIAIOUIEr0 TPAKTOBATh HAIlM NaHHbIE B KOHTEKCTE HAJIMYUA B KHMCIOPOAOCOAEPKAIIMX BOIHBIX Cpexax
CTPYKTYPHB!X JOJITOXKHBYIIMX COCTOAHMI, CBA3AHHDIX C YNPOYHEHHON CETKOW BOAOPOAHBLIX CBA3ei. B pa-
60te[4] BnepBhie TEOPETHYECKH CTPOTO MMOKAa3aHA BO3MOXHOCTH COBMECTHOTO CyIECTBOBAHMS TBEP/OH M
KHUAKOH (a3 BOJbI NPU KOMHATHBIX TEMIEPATYpax. ABTOPbI MOKA3allM, YTO B PaMKax NOAXOI0OB HEpaB-
HOBeCHOW MouiekynspHoi nuHamuku (NEMD) B uakol Boie MOXET MapajuieJibHO COCYLIECTBOBATH
MHOroo6pasue a3 nbaa. B otimune oT 06b19HOM BOABI YCTOMUMBAA KpUCTAIMYecKas (a3a Mpu Jasie-
Huu 1 6ap - He rekcaroHaibHbIN Jex 1, a 6osiee MIOTHAA HOBas (pa3a JibJa ¢ TOUKOM IJIABIIEHHS OKOJIO
295 K (22 rpanyca lenscus). 4

Henpekpauarouiiecs JMCKYCCHH O PeabHOMH BO3MOXHOCTH CyLIECTBOBAHHA B JKHAKOM BOJE OTHO-
CHTEJIbHO CTAOMIBHBLIX CTPYKTYPHbIX OOpa30BaHMI CTHMYJIMPOBAJIM aBTOPOB [5] HA MCMONb30BaHUE Me-
TOJA PEHTIE€HOBCKOM MM(pakuMW JUls aHaJIW3a BbI3BaHHbIX MarHuTHbiM noneM (0,3 T) usmeHeHwii B
XKHJIKOH BOZE. AHAJIN3 PEHTI€HOTPAMM YETKO MOKa3ail Haluyie HOJTOXKHBYIIHX KBAa3UKPHCTAIUTHYECKHX
CTPYKTYP B 3KCNIOHMPOBAHHbIX 00pa3iiax. ABTOpbI YTBEPXKAAIOT, YTO MATHUTHAS 9KCIO3MLMS KUIKOH
BOJbI (POPMHUPYET CTPYKTYPhl MOMTUMOPGHHOTO JibJa, IPHYEM KOJIMYECTBEHHBIE U KAUYeCTBEHHbIE XapaKTe-
PUCTHKH TNOCIEAHEr0 OMPENENsI0TCS NpeabicTopueit obpasija, HanpaBaeHHeM MarHMUTHOW MHAYKUUH H
JUIMTENILHOCTBIO 3KCMO3UIUHU. MarHuTOMHAYLUMPOBaHHbIH NONUMOPQHBII JIel ynops0ounBaercs B Cliu-
pajibHble CTPYKTYpPbl NMPH KOMHATHOW TEMNepaType, OTH HaHHblE MPEACTABIAIOT OrPOMHbIH HHTEPEC B
GuonoruyeckoM koHTekcre. Jlaxe He TOBOPS O CAMOM MArHHTHOM I10Ji€, Pa3roBOP O KOTOPOM 3aCIIyxKH-
BAET OTAENbHOTO pasjena, pakT caMocOOpKH CTAOMIBHBIX (ZONTOXHMBYLIMX) CIIUPAJIBHBIX CTPYKTYD H3
MOJIEKY]l BOJbI (M mMpUMecei B Helf HaXOJSALIMXCS) yKa3biBA€T HA BO3MOXHOCTb HENOCDEACTBEHHOTO
yrnpaBieH!s BOJAHOM Cpelol MmpoleccaMi MPOCTPAHCTBEHHOTO MepeMeleHHs aTOMOB H MOJIEKYJ B pac-
TBOpE. MOXHO NPEANOI0OKHUTE, YTO KHCIOPOA B BOJHOM CPEJIE ABJIAETCA OJITHUM M3 OCHOBHBIX «OpraHu3a-
TOPOB» TAKHX MPOLIECCOB.

CxopnHble Mo GU3HYECKOMY Pe3yIIbTaThl JAHHbIE ObLIH MOJNyYeHbl HAMK paHee [3] IpH HCCIeA0BaHUN
TaKHX )K€ CHCTEM METOIOM NMPOTOHHOM penakcauuu. HanoMHUM, 4TO B Mpoliecce HaChIEHHs BOABI Kki-
CJIOPOZIOM M3 PEaKLMH Pa3JIoNKEHHs NMEPEKMCH BOJOPOJA NMpPH ONpeeNeHHON (KPUTHYECKO#) KOHLEHTpa-
uuy Habmonanock 1Ba Ga3oBbIX COCTOSAHUS cucTeMbl. IIOCKOIBKY H3MEPAEMON XapaKTEPUCTHKON CHCTe-
MbI CJIY)HWJIO BPEMSI CIIMH-PEIETOYHOM pelakcalii MPOTOHOB BOJbI, HabmoaemMas KapTHHA NMoJpasyMe-
BaJia NOsBJIEHKE BYX (11O MEHBILEH MEpPE) TIOJCHCTEM C Pa3HOM CUJIOH CBA3M MPOTOHOB ¢ peuieTkoil. O6b-
eMHas JI0JIs KaX/10H (pakiuy CHIIbHO 3aBHCENA KaK OT BHYTPEHHEH JMHAMMKH CHCTEMbl, TaK W OT U3Me-
HEHHs BHELIHHUX YCIOBMH. YCIOBHO rOBOpPS, COOTHOLIEHHE «CBOOOAHOM» U «CBS3aHHOW» BOJBI MpPH 3a-
KPUTHYECKOM COZICPKAHMH KHUCIIOPO/A B PACTBOPE SBNIACTCH AWHAMHYHON BEIMYMHOH, YYBCTBUTCIILHOH K
TEMNEPaTypPHbIM, MOJIEBbIM, MEXaHHYECKMM W APYTMM BIUSHUAM. IHTEPECHO, YTO peakLus TaKhX CUCTEM

16 18 20 22 24 26 28 30 32 34 36 38 40 42
Temnepatypa o6pasua, rpagycs! Lleaseus
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O HekoTOpBIX 0COGEHHOCTSX TEIUIOPUIUYECKHUX CBOWCTB BOJIBL. .

Ha TEMIepaTypHOE BO3/EHCTBHE KAYECTBEHHO COBIMAMAET C Bbillle NPUBEACHHBIMU AaHHbIMH. Kak Tonbko
CHCTEMA BbIXOMJIA HA HEKOTOPbIH CTALMOHAPHBIH PEXHM, MPOTOKON IKCTIEPHMEHTA MPELyCMATPUBAI
TJIaBHOE MOBBILIEHHE TEMNEPATyphbi 00pa3iia, HAXOAAIErocs B 3a30pe MarHuTa penakcomerpa. Msmepe-
HHE PETaKCallMOHHBIX XaPAKTEPUCTHK CPEbl MPOU3BOMIOCH HENMPEPBIBHO B X0A€ Harpesa. Ilpu nabmo-
JICHUH PEabHOTO XO/la KPUBbIX OKa3aj0Ch, YTO NMPH MOBBILIEHUH TeMmmnepaTypsl 40 31 rpaayca cHayana
oTpearupoBana 6bicTpas koMnoHenTa (nomumopdHbIi Jen), nepeiias B 6omee ceoboanyio dhpaxumio. [pu
JanbHeiileM HarpeBaHuu 10 37 rpaaycoB Llenbcus ckaukoMm M3MEHMITHCh XapaKTEPUCTUKH MELIEHHOM
(dpakuuu, KOTOpbIe TOXE ckaukoobpa3Ho ucyesnn npu temnepartypax Bbiuie 40 O°C. T.e. obnacTs Temne-
patyp 32-41 °C sBnsercs HeOObIYHOM U1 TAKOH JMHAMHYECKOH CHCTEMbI, KaK MepechillieHHas KHCI0po-
JIOM BOZIA.

ITpencraBnsercs, YTO TaKoe MOBEICHHE BOAHbBIX CPEl JAJIeKO He YHUKaIbHO. B 3TOM miane Haubosee
6JIM3KM JIaHHbIE MO MCCIEJOBAHUIO MOBEACHUSA PACTBOPOB MOHO3NaaMHa. Tak B pabore [6] M3yyanoch
TemnepaTypHoe MoBeieHHe NOTUMOPdHO# U MeTacTabHIIbHOH (a3bl CyXOro M pacTBOPEHHOIO MOHO3JIAaH-
HA C MCMOJIb30BAaHWEM BbICOKO < YYBCTBHTENbHOM AM(PdepeHMaIbHOl CKAaHUPYIOLlel KAaTOPHUMETPHH H
PEHTreHOBCKoii muppakunn B auanasoxe temnepatyp ot 4 °C 1o 60 °C. Utobbl npeoaoneT TPYAHOCTH,
CBA3aHHBIE C TEMJIO3aBUCUMBIM OT UCTOPUH (a30BbIM MOBEAEHHEM, KATIODUMETPHSA U U3MEPeHHe auppak-
LMK Jenanuch OMHOBPEMEHHO Ha OJHMX M TeX ke obpasuax. IlepBuuHoe ckanupoBanue NOKa3alo CIOKHOE
¢a3zoBoe noBeaeHue o6pasuos. Kybuueckas ¢asa L (c0) mpeobpasoBanace B JIaMeJUIPHYIO KHIKO-
kpucranuyeckyio (L (anbda)) dasy npu 38 rpamycax C. Ilpu 45 O°C rakke MPOSBUINCH MHOXECTBEHHbIE
Hepa3peLleHHbIE THHUH, KOTOPbIe ObLIH NPEIBAPHTENLHO OTHECEHBI K TaK Ha3biBaeMoi X dase.

TakuM 06pa3oM, B U3yyaeMmblX CHCTEMaX TEMIIEPATYpa MEHSAET HE TOJNbKO Teruiopu3nueckue, HO U
OpYrHe XapaKTePUCTHKHU cpeabl. s nepechilmeHHbIX BOAHBIX PACTBOPOB KHCIOpoAa Habmoaanach[3] He
9KCIMOHEHUMAIbHAS PeaKcalius MPOTOHOB, YKa3biBAIOLLYI0 HA BOZHHUKHOBEHHME, N0 KpaiiHel Mepe, IBYX
cocTosHMi (a3), B KOTOPbIX HAaXOAATCA MONEKYJbl BOAbI B MOJENbHBIX cpemax. IIpocTpaHCTBEHHO-
BPEMEHHbIE XapaKTEPUCTHKU BO3HUKAIOWMX (pakuuii cCOM3MepUMBbI MO MacmiTabaM ¢ THNHYHBIMK GHO-
JIOrHYeCKUMH mpoLieccaMu. Paszienenue XuAKoW cpeapl Ha asbl ¢ CYLIECTBEHHO Pa3IMYaIOUMMHUCA KO-
spduumenTamu 1upy3un Npu KOHLEHTPALNH PACTBOPEHHOTO MOJIEKYJIAPHOrO KHCIOPOAA Bbillie Mpe-
NIeNbHOM PACTBOPUMOCTH - SIBJIEHHE BECbMA HEOPAMHAPHOE W MOXET NIOMOYb OTBETHTh Ha MHOTHe 6Hono-
TMYECKME U MEIMLMHCKHE BOMPOCHI, CBA3aHHbIE ¢ MPOOIEMaMH €ro TPaHCnopTa BO BHYTPH- H BHEKIie-
TOYHOM XKUAKOCTH.

BBIBO/IbI

|. TemnepaTypHble OCLMIUIALMHM TEMIIOEMKOCTH W3YYEHHBIX MOJENIbHbIX PACTBOPOB HE CBS3aHbI C
KOHBEKTHBHBIMU MOTOKAMH B JKHMIKOCTH, @ OTPAXaIOT MPOLIECChl CTPYKTYPHBIX MEpecTpoek no Tuny da-
30BbIX MEPEXO/IOB BTOPOrO PoAa, NEPEXO0B THNA KCMELIEHHE-PACCIIOEHHE» HIIH «3011b-Tellb NEePEXOAbD».

2. B BOIHBIX CHCTEMAX, COIEP)KALIMX KHCIOPOJ H APYrHe OHONOTHYECKH 3HAUMMbIE TPHMECH B KOH-
LEHTPALMAX, 6IM3KKUX K (U3NONOrHYECKHM, TeMNepaTyphl (a30BbIX NMEPEXOAOB HAXOAATCA B AMANa3ore
35- 41 °C. DT0 yKa3biBaeT HA BAKHYIO POJIb YACTO HH3HYECKHX (AKTOPOB B TEMNEPATYPHOH Peryisuunu
OpraHu3Ma 4eyoBeKa.

3) MoneKy/IspHblii KMCIIOPOJL, PACTBOPEHHBII B BOAHO# cpejie B yCIOBHAX PeaNbHOro rasoobmena B
nepudepruecKux TKaHAX GHOOOBEKTOB, MOXKET CIIYKUTb GaKTOPOM, MPUBOIALUIMM K NPOCTPAHCTBEHHOH
MOJIYJISILIMH PEOJIOTHYECKHX XapaKTEPHCTHK (K03(duunenToB Auddy3un) KuUAKOCTH.
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" B paGoTe npe/cTaB/ieHb! Pe3y/IbTaThi M3MEPEHHS KONTHYECTBEHHOM BETHUMHBI KCHICMHOTO TIOTOKA, H3MEPEHHOMH Me-
TOJIOM TeruIoBoro Gananca (pparmenTa cTefis Ha MHOTO/IETHE) reTEPO3UroTHOM KYJIbType — BUHOIpaaHoii so3e. O6-
pamieHO BHUMAHHME HA HENpPEPhIBHOCTh W3MEPEHHH W OTCYTCTBHMA MOBPCKIACHMI 00BEKTAa MCCIEA0BaHHIH, MOKA3aHO
TOJIHOE COOTBETCTBUE MCCIEOBAHMIA OCHOBHBIM NOJNOKEHUAM (UTOMOHHTOPHMHTa. JIaHBI PE3y/IbTaThl IKCIIEPUMEH=
TOB, IPOBE/ICHHBIX B HCKYCCTBEHHBIX U ECTECTBEHHBIX yc/10BHsAX. [Toka3aHa BEICOKas KOPPENAIMS C OUEHKOH TpaHc-
NHPALMOHHBIX PACXOJIOB, MOJIYYEHHON METO/IOM KOHTPOJILHBIX B3BeIHBaHUM. [IpHBEIeHE! IPUMEDPHI HCTIONB30BAHHA
TOMY4EHHBIX OHONOTHYECKUX Pe3yIbTATOB B MPAKTUYECKOM CEIIbCKOX03SHCTBEHHOM MIPOU3BOICTBE.

KJIIOYEBBIE CJIOBA: BoHBIH pexuM, (PUTOMOHHTOPHHT, OPOIIEHHE, KCHIIEMHEIH MOTOK, GaIaHCOBBIH MeTo

He TpyaHO 3aMeTHTh OOMIYIO TEHCHIMIO Pa3BATHSA METONOB (YHKIMOHANLHOM AHATHOCTHKH PACTEHHIl B
HANpaBJIeHHH He MOBPEXAlONIEro, HENPepLIBHOr0 MOHMTOPHHTA. [10106Has TeHAEHINS BHI3BAHA BHYTPEHHEH
JIOTHKOM pa3BUTHA (PM3HONOrUH PacTeHMUH C O/IHOM cTOpPOHEI [1], ¢ Apyroit cTOpoHK OHA ONpeeNnseTcs NpakTH-
YECKHMH HYXJaMH. JIeHCTBUTEIBHO, B YCIOBHAX CTPDEMUTENLHO HAPACTAIONIET0 IE(HIMTA BOJBI BO BCEM MHPE,
nepes CebCKHM X03gHCTBOM, moTpebisiommm okono 80% Beeil pacxoayeMoit pecHol BOIBI, B MEPBYIO oue-
pelb, BCTAeT Npobema CTPOroi 3KOHOMUH H PALMOHAILHOTO MCIIONb30BaHKs BOMHBIX pecypcoB. He ciygaiio,
B CBSI3H C 3THM, B OPOINAEMOM 3eMJIe/ieliii Bce Ooibiee pacnpoCTpaHEHHE MOJYYalOT JIOKAIbHBIE CIIOCOOBI
OpOIIEHHUs, OMHAM U3 MPEHMYIIECTB KOTOPBIX SBJIAETCS BO3MOKHOCTh CTPOTOH O3HPOBKH M IMOJIHOM aBTOMATH-
3alUM MoNKBa. B CBsA3M ¢ 3THM Haubonee NEPCNeKTHBHBIMU U3 (PH3HONOTHYECKHX METOJOB KOHTPOJIA BOJHOIO
pexuMa BUHOTPAJJHUKOB NPE/ICTAB/MIOTCS Te, Ha OCHOBE KOTOPHIX BO3MOXHO CO3/IaHHE CHCTeM aBTOMATH3HpO-
BaHHOTO YNPABJIEHHs OPOLICHHEM. DTHM YCIOBHAM OTBEYAKOT IKCIIEPHMEHTATbHbIE METO/IbI H ANTOPHTMBI (i~
TOMOHHTOPHHTA.

Iloa HHUTOMOHHTOPHHIOM TIOHHMAIOT COBOKYTIHOCTh HE MOBPEXIAIOIIMX METO/IOB M CIELHAIBHBIX HH(Op-
MalHOHHO-U3MEPHUTENbHBIX CHCTEM, HO3BOJIAIOMMX MOJMy4aTh HENPEPHIBHO M OJHOBPEMEHHO MH(pOPMALMIO 0
pasHbIX CTOPOHAX JKU3HEAEATEIbHOCTH HHTAKTHOIO PaCTeHHsA M PErHCTPHPOBATh IMHAMHKY H3MEHEHHSA MOKa3a-
Tesie KH3HECTIOCOOHOCTH B OTBET HA ASHCTBYSA TeX WIH HHbIX 9K30TEHHBIX WM HAOTEHHBIX (HakTOpoB [2].

B COBpeMEHHBIX CHCTEMaX OpOIICHHS [0 HACTOSIIEro BPEMEHH MCHONB3YIOTCA arpoOMETe0pOIOrHIecKHe
napameTpsl cpelbl. JIydmmx pe3yJbTaToB MOXHO AOCTHYB IPH HCMONB30BAHHM CaMOTO PAacTeHHs B Ka4ecTBe
HH/IMKaTOpa COCTOSIHUS BHHOTpanHUKa. IIpH OpomeHuH, OCYmECTBISEMOM HA OCHOBE MOJYYEHHON KapTHHS,
YYHTHIBAETCS pealbHas MOTPeOHOCTh pacTeHWit B BOJE C Y4ETOM €€ HOCTYIHOCTH M3 JIFOOBIX HMCTOYHHKOB
(o mb, POAHHK M Tp.), a Take AupdepeHmambHas Gu3HonornIeckas crocoGHOCTh PaCTEHUs HCTIONB30BaTh
BOZLY.

BiaronepeHoc B CHCTeMe NOYBa-pacTeHHe-aTMocepa NPOMCXOMUT MO TPaiMeHTy BOAHOIO MOTEHLManNa:
OT KOPHEBOM CHCTeMbI Yepe3 Telo pacTeHus B arMocdepy. ITo paspaGoTaHHbIM MeTolaM ()HTOMOHHTOPHHTA
3TOT MPOILECC JOCTATOYHO MOJHO XapaKTEepH3yeTCs TOKa3aHWAMH JaTYMKOB THAMETpa, CKOPOCTH KCHIIEMHOIO
II0TOKA ¥ Pa3HOCTH TEMIIepaTyp, YCTAHOBICHHBIMM Ha KOPEHb, ITaM0, obern, THCT i Apyrue opraHsl. OfHako
JI0 He/IaBHErO BPEMEHH B paMKaX METOJOJIOIHH (PUTOMOHHTOPHHIA HE CYIIECTBOBAJIO METOAOB KOJMYECTBEHHOI
OLIEHKH TPAHCIMPALMOHHBIX PACXOJIOB B PACTEHNUH, CTONIb HEOOXOUMOMN [UTsl IOCTPOEHMS COBPEMEHHBIX CHCTEM
aBTOMATHYECKOTO YMpaBJIeHHs OPOLICHHEM H JUIs pelIeHus OHONOrHIeCKuX 3a1ad.

HauGonee nmoaxonsmuM A pEIIEHUs NOCTaBJICHHOM 3a]auy B TEOPETHYECKOM OTHOLIEHHH SIBISETCA Me-
TOX TeruioBoro 6ananca [3].

MATEPHAJIBI © METO/JbI

Merox TerioBoro GanaHca yCremHO NPAMEHAETCS TPH W3Y4eHHH KOJMYECTBEHHBIX XapaKTePUCTHK Bia-
rornepeHoca B CTBONIaX JepeBbeB [4], B 3enéHbix noberax u crebisx [3]. HenaBHo mpuMeHHMOCTH 3TOr0 MeToza
ObUIa MoKa3aHa Ha 3eéHbIX moberax BuHorpaza [5]. CioxHas CTPYKTypa TEIUIOBBIX MOTOKOB B MHOTOJETHHX
YacTAX PaCTeHHs 3aTPyAHAET H3MEPEHHE KCHIEMHOro pacxoaa. OObMHO HaWIydIlHe Pe3y/bTaThl HMEIOT MECTO
TIPH XOpOII€# OBOJHEHHOCTH TKaHH B MECTE H3MEpEeHUs.

B cooTBeTcTBHHE ¢ TeopHel Mo METo/ly TenaoBoro GanaHca KOMHYECTBEHHO Maccy BOJBL, NPOMAEHHYIO de-
pe3 paccMaTpuBaeMblil )parMeHT cTe6iiA, MOXKHO BBIPa3HTh CNEYIONINM YPaBHEHHEM:
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MOHKTOpHHI‘ KCHIICMHOT'O ITOTOKa BUHOI'paza

Q - \A, AT, /AX - MAg AT4/AX - k AT

Cc AT(G

rae F - ckopocTs BogHOTrO noroka B mrambe [Kr/c],

Q - rernoBas sHeprus Harpesarens [Br],

C - yebHas TernoeMKocTs Bozsl [Jhx/Kr* C],

ATy - pasHOCTH TeMIepaTyp BhIIe H Hike Harpesarens [ CJ,

AOT; ¥ ATy - PasHOCTB TEMIEPaTyp BEPXHEr0 W HWKHEro JIaTYHKOB TEIIONPOBOAHOCTH INTAMGa COOTBETCTBEHHO

[Cl,

A - yJe/bHas TeIIonpoBOIHOCTH mTamGa [Br/M ‘C],

A, H A4 - IIIOMA/H TIOTIEPEYHOT0, CEIEHHS HArPETOTO (parMeHTa BBEPXY M BHU3Y COOTBETCTBEHHO, [M2],

k - ko3punmenT, CBA3aHHKIH C TEPMONPOBOAHOCTHIO PE3HHEL, ¢ (hOPMOH 1 pasmepom garynka [Br/C],

AT, - pasHOCTH TeMIIEpaTyp MEXIy BHYTPEHHEH W BHeIIHeH cTopoHaMu natduka [C].

AX - y4acCTOK H3MEPEHHS TEIUIONPOBOAHOCTH mramba [MM*107),

Bce pa3sHOCTH TeMIiepaTyp H3MEPEeHbI IIPU MOMOLIM TEPMONAp U HEMPEPhIBHO PETHCTPHUPYIOTCS KOMITBIOTE-

pom. OcTanbHbIe BETHIMHBI SBAAIOTCA MOCTOSHHBIME K03 drmuenTamuy. [ BEIYHCIEHAS UCIIONB3YETCS Tpe-
obpazosannas ¢popmymna (1), ¢ yaerom AA /Ax = n:

Q-n(AT, + ATg)-k AT,
rs (2)
c ATfe

Jlns 6uonorudeckoil KamMOPOBKH MPOBOAAT MOJENBHBIN SKCIIEpUMEHT. PacTeHue BEICAXKMBAIOT B BETeTa-
LIMOHHBIN COCYJI, MPHIOHBIHA /Ul B3BEIIMBaHMsA BMecTe ¢ pacteHueM (puc. 1). [TpoBoasT oIHOBpEMEHHOE B3BE-
IIMBAHKWE M W3MEPCHHE METONOM TemnoBoro Ganmanca. [l M3MepeHHs BeJIMYMHBI MOTOKA Yepe3 mTamb, ero
OYHMIIAIOT OT BEPXHEro CJiof KOPHl M 000paYMBalOT MONOCKOM MeIHOH (ONbry i paBHOMEPHOTO MPOrpeBa.
@onbry 06MaTHIBAIOT OJJHEM CJI0eM (PTOPOMIACTOBOM IUIEHKH, HA KOTOPYIO HaMaTHIBAIOT HUXPOMOBYIO HPOBO-
noky (0.09 mm), cinyxamnyio HarpepareneMm. CBepXy HarpeBareslb 0OMATBIBAIOT eIUE OHUM CII0eM (ToporuiacTa
¥ TEIUIOM30JHPYIONEM cloeM (Hanpumep, pesuHbl TommuHoi 0.8-1.5 mm). PasHoctn TeMneparyp, Heo6Xomu-
MBIE [UIsl BHIYHCICHUS BEJIMYMHbI NOTOKA, H3MEPSIOTCA NPH MOMOIIM Me/Ib-KOHCTAHTAHOBBIX TepMomnap. Teruio-
Bas SHEPTHA HArpeBaTellsd ONpe/eNseTcs Kak NPOM3BE/ICHUE BEJIMIUHbI TOKA HA HATIPDKEHHE, U SBJISETCS BEJH-
YUHOM MOCTOSHHOIA.

Puc.1. BuHorpanHoe pacTeHue (cop'i- YepHblif) Ha Becax B neonﬂou cocyze.
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Kak nmoka3aHo BBIIIE, )1 BEIYUCIEHHUS BEJIMIHHBI IOTOKA 110 METOY TEIUIOBOTO GanaHca, JOCTaTOYHO He-

NPEPLIBHO M3MEPATH PA3HOCTH TEMIIEPATyp ATy, AT, ATy, AT,. OcTanbHEE BeTHYMHBI K60 H3MEpPSIOTCH
OJI¥H pa3 B HAYaJe SKCIIEPUMEHTA, JTHOO SABIAIOTCA KOHCTAHTAMH.

JUnst IpaKTHYECKOM peann3aliy 3THX TEOPETHIECKHX MPE/ICTaBIeHNH HaMM pa3pab0TaH [JaTYMK, COCTOS-
M U3 CTEKIOTEKCTOJIMTOBOrO KOPITyCa, YeThIPeX MeMb - KOHCTAHTAHOBBIX TEPMOIIAp, HArpeBaTeNs U TEmio-
M30JIMPYIOIEro SKpaHa. Jis H3MEpeHHs KCHIEMHOrO II0TOKA Ha BWHOTPAJe, HaT4MK HEOOXOIUMO yCTaHABIIH-
BaTh HA MHOTOJIETHE} 4acTH, Jydme Bcero Ha mramGe [1]. IIpu 3ToM TpaHCIMpPAUMOHHBIN PAacXOj pacTeHHs
MO’XHO ONPEJENATh MyTéM M3MEPeHHs BEIMIMHBI KCHJIEMHOTO MOTOKA, OCYIIECTBISEMOTr0 METOAOM TEILUIOBOTO

OanaHca.

Puc.2. Buennuif BUA faTuuKa JUIS H3MEPEHUS KCHIEMHOTr0 TOTOKA.

PE3YJIbTATBI M OBCYXJIEHUE

HccnenoBanus MPOBOJWIMCH HA CTAaHIMHK (puTOMOHMTOpHHTa «Marapau» B 1994 r.

C noMomuisio pa3paGoTaHHOTO JaTYMKa U anmnaparypsl ObUTH IPOBEICHB! H3MEPEHNS TUHAMUKH KCHIEMHO-
ro NoToKa 4epe3 ¢parMeHT mramba BuHOrpaja copra INuno Yepnsii. [[uametp ¢parmenta mramba cocTaBun
15 mm, mmna 17 mM. MomrocTs Harpesatens 0,5 BT, DkcnepMMEHTs IpOBOAWINCH B IaOOPATOPHBIX M HOJiE-
BBIX YCJIOBHSIX.

B Tabnune 1 mpuBeeHbl CPAaBHUTEIIBHBIE PE3YJIBTAThl MOCYTOYHBIX M3MEPEHHMH KCHJIEMHOTO MOTOKA IO
MeTOAy TemIoBoro Ganamca (pacder) yepe3 (parMeHT mramba pacTeHMs W C MOMOIIBIO B3BeIMBaHHSA ((akT)
3TOTO pacTeHHs B BETETAIHOHHOM COCyZie. PacTeHHe HaXOIMJIOCh B KTMMaTHYeCKOM kamepe. Boul ucmonb3oBan

JIaTYHMK KCHJIEMHOTO Pacxo/ia ¢ Hapy»KHBIM Pa3orpeBoM.

Tabmuna 1
jata 18.04 19.04 20.04 24.04
¢axr 0.870 1.090 0.880 0.600
[ pacwer | 0.934 |[1.014 [0943 0654

Ko duuuenT Koppemsiiy Mexy Pac4eTHBIME ¥ KOHTPOJIbHBIMY A@HHBIMA cocTaBui r = 0.95.

Tpyu NpoBe/IeHUA IKCIIEPUMEHTOB B €CTECTBEHHBIX YCIOBUAX MPH MCTOJE30BAHHMM [aTIYMKA C HAPYKHBIM
Pa3orpeBoM MOJTyYeHbI Pe3yIbTaThl, IPUBECHHBIE B Ta0IHLe 2.

Tabura 2
Jata 27.07 28.07 29.07 30.07 31.07
¢dakt 2.590 2.850 1.950 0.780 0.840
‘pacser | 2021 | 2715771795 | 0545 | 0509 |

Hcros30BaHAE BHYTPEHHETO Pa30orpeBa MMeeT s MPeHMYIIECTB Nepe/l HapyKHbIM, NP H3MEPEeHHH Ha
MHOTOJIETHMX 4YacTAX pAacTeHHs. BO-MEPBBIX, CaMO pacTeHHe BBHINONHAET (YHKIMIO TEIIOM30/ATOpa. Bo-
BTOpBIX, KOHCTPYKLIAA aTYNKa CTAHOBUTCSA GoNlee TEXHONOTHYHOM M €ro XapakTepuCTHKH Goee MOBTOPAEMbI-
MM TIpH THpaXupoBaHuK. 110 5TMM NpHYMHAM GbUIM NPOBEJICHE! SKCIIEPHMEHTHI B €CTECTBEHHBIX YCIOBHSAX MPH
HCIIOJTb30BaHMH JaTYHKA C BHYTPEHHUM Pa30rpeBOM. Pe3ybTaThl SKCTIEDUMEHTa NPHBE/IEHbI B Tabmmie 3.
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Monut OPHHI' KCWJIEMHOTO NTOTOKa BUHOTpaja

Tabnvna 3
nara 12.08 13.08 20.08 21.08 23.08
¢akr 1.650 1.650 0.550 0.440 0.630

Koaddumment xoppensumn r = 0.94.

Tunnybas BenudMHA pacxofia BOMBI B KCIIEPHMEHTAX COCTABHJA: HOYBIO — 5 rpaMm/dac, JHeM — 10 80
rpamm/gac. CyTOYHBIH X0/ NOYACOBBIX H3MEPEHHH KCHIEMHOTO NOTOKA, PACCIMTAHHBIX OMMCAHHBIM BBILIE Me-
TOJIOM, NIPEICTaBNeH Ha PHC. 3. Kakaas MoNocka COOTBETCTBYET BEMYMHE KCHIIEMHOTO PACX0/a, HAKOILIEHHOM
3a yac. B npezienax 4aca ckopoCTb pacxojia He OCTaeTcst OCTOSHHOMN. Tak B yTpernue uacsi (7 — 8 acos) aar-
UMK MOKa3bIBA€T CKOPOCTh KCHIEMHOTO pacxoda 10 130 rpamm/yac, HO 9TO JUIMTCA JIMIOB HECKOJBEKO MUHYT. B
LIeJIOM 3a Yac pacXo/l He MpeBkinaeT 3HaueHus 80 rpamm/gac.
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Puc.3. [Touacospie pacXo/isl BAHOTPA/A B TEYCHHUE 5 CYTOK.

KoadpuumenT koppensiyuyu MexIy pacyeTHBIMHA 3HAYEHHSAMM KCHIEMHOTO MOTOKA, MOMYYEHHBIMH METO-
JIOM TemIoBOro Gananca, H pe3y/bTaTaMH [OCYTOYHBIX B3BEMMBAHMIMA cocTaBhin 0,97. DT0 CBUAETENLCTBYET O
JOCTOBEPHOCTH OLICHKH TPAHCIIMPALMOHHBIX PACX00B BAHOTPAIHAKA CPeACTBAMHU (PUTOMOHUTOPHHTA.

BBIBO/IbI

TlonyyeHHsIe pe3yJIbTaThl M0Ka3BIBAIOT BOMOKHOCTh MOHHTODHHTA 32 COCTOSHHEM KCHIEMHOTO MOTOKA
PacTeHHs B MCKYCCTBEHHBIX U €CTECTBEHHBIX yCIOBHAX. IlocnenHee 0COOEHHO BaXKHO, TaK KaK B COBPEMEHHBIX
TEXHOJIOTHAX BO3/IE/IbIBAHUA BHUHOTPaa CTAHOBUTCS BO3MOXKHBIM “BKIIIOYEHHE” BHHOTPAIHOTO PacTeHHs B 00-
IIYIO CHCTEMY PEryJIMPOBAaHMs BOJHOIO pexuMa BUHOrpajHUKa. Takoe coelMHEHHe BO3MOXKHO Gnarofaps mim-
POKOMY BHEJIPEHHIO B BUHOTPAJaPCTBE COBPEMEHHBIX CHCTEM MHKDO OpOILICHHs (B NIEPBYIO O4€PEib, KaneIbHO-
r0), Pa3BUTHIO METOJ0JIOTHH (PHTOMOHHTOPHHra B BHHOIPA#apCTBe.

Taxum 06pa3om, MeTO10JIOTHS PHTOMOHUTOPHHTA PACTONAraeT CPeACTBAMH JUI Peanu3aliy B COBDEMEH-
HBIX TEXHOJIOTHSAX BO3/IE/BIBAHNS BUHOIPa/a lieIeHaNpaBIeHHOr0 BO3CUCTBAS Ha KAY€CTBO NPOYKIIMH 3a CUET
OIEPAaTMBHOTO YNPABJIEHHS BOIHBIM PEXXHMOM pacTeHHit. OueBHIHO, MOI06HOE ONEpPaTUBHOE yIPaBIIEHHE 1O-
3BOJIMT YCTIEIIHO pa3pemiaTh 3a/1a4y NOJTy4eHus BRICOKHX ypoXaeB, ofecrieunBas peHTabe1HOCTh MPOU3BO/CT-
Ba BUHOTPaJa ¢ MOBBLINIEHHEM Ka4ecTBa BUHOTPa/a i BHH.
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®JYOPECIHEHTHOE UCCJIEJOBAHWE JENCTBUA PATUALIAM HA
CTPYKTYPY
BEJIKOB SPUTPOIIUTAPHBIX MEMBPAH
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\
Meronom coberBenHOM GenkoBoi (ryOpecUEHINH HCCNEN0BaHO JACHCTBHE JJIEKTPOHOB C JHeprued 5 MsB Ha
CTpYKTypHOe cocTosiHHe GenkoB MemOpan puTpoumTOB. OOHApYKEHO, YTO pPAJHAMOHHOE NOBPEKICHHE
MeMOpaHHBIX GETKOB OMOCPENIOBAHO OKHCICHHEM CYJIB(OIHAPHIBHBIX TPYII H KOH(YOPMAIMOHHBIMH H3MEHEHHAMH

GEIKOBBIX MOJIEKY L.
KJIIOYEBBIE CJIOBA: memOpana oputpouuTa, 6enkosas QryopecueHius, BO3ACHCTBHE PaIHaliH.

H3BeCTHO, 9TO XapaKTep CTPYKTYPHO-()YHKIMOHANBHBIX M3MEHEHWH, MHIYUMPYEeMbIX pajuaruell B
Ouonorudeckux  MeMOpaHaX, CYyIIECTBEHHO 3aBHCHT OT JIy4eBOTO IMOBPEXACHHA MeMOpaHHBIX GenKoB.
PanuaunonHas MoauduKanysa 6eJKOBOro KOMIOHEHTa MeMOpaH NpOABIAETCA B OKHCIEHHH CYIb(GriuaprIbHbIX
Ipynn ¥ apoMaTHYeCKMX AaMHHOKHCIOT, pa3pbiBé NENTHAHBIX, IUCYIb(UIHBIX, BOJOPOAHBIX CBA3eH,
o0pa3oBaHMH CIIMBOK MEXAY NENTHAHBIMH LENAMH, HAPYNMICHHH BTOPUYHON M TPETHYHOH CTPYKTYphI
GenkoBbIx Monekyn [1-3]. Tlpd uccnenoBaHMM JEHCTBHA HOHM3HMDYIOLIErO W3Jy4EeHHS Ha CTPYKTYpHOE
cocTosiHHE GeNKOB SPHTPOLMTAPHEIX MeMOpaH 00HApYKEHO CHIKEHHE KOJNMYECTBA OBEPXHOCTHBIX SH-rpynn
[4,5], u3MeHeHne cTeNeHH SKCNOHMPOBAHHOCTH aMMHOrpymm [6] W octaTkoB THpo3wHa [7], yBenwueHue
TIONSAPHOCTH M OTPaHMYEHHE MOJBIXHOCTH MUKPOOKPYXeHHs OenkoBsix TpunTodanmwios [8]. Bmecte ¢ TeM, B
JUTEpaType HMEIOTCH JIHINb CIWHWYHBIE CBEICHHA O 3aKOHOMEPHOCTSX BIMSHHSA PajHAlMM HA CTPYKTYPHO-
JMHAMHUYECKHe CBOMCTBA 6ekoBOM (a3bl MeMOpPaH SpUTPOLUTOB.

Lens HacTosmed paboThl 3aKMOYanach B HCCNEI0BAHHH PaJHALMOHHO-MHAYIMPOBAHHEIX H3MEHEHHI
CTPYKTYpHI 6€TKOBOr0 KOMIIOHEHTa TEHEH 3PUTPOLIHTOB METOIOM COGCTBEHHOM (iTyopecieHIy GeKoB.

MATEPHAJIBI U METOBI

Tenu 5pHTPOLMTOB BBIIE/ATH W3 KPOBH Gbika WM CBHHBH 1o MeToxy [9] u cycnenmaposami B SMM
Na-ocdarnom Gydepe, pH -7.4. Konuenrpaumio Genka B npenaparax MemOpan onpenensim no merony Jloypu
(10].

Bo30yxaeHHe | perucTpalHio (IryopecleHIMA 0CTaTKOB TPHITO(DAHA OCYIECTRISAIH Ha JUTMHAX BOTH
296 HM H 330 HM COOTBETCTBEHHO.

Ipenapatsi MeMOpaH 06yqanu Ha JTMHEHHOM YCKOPHTENE IMy4KOM 3JIEKTPOHOB ¢ 3Heprueif 5 MaB B
nosax 100-1000 I'p.

PE3YJIbTATBI U OBCYXIAEHUE

Kak BumHO W3 puc.1,000ydeHHe NPUBOAMT K CHWKEHWIO MHTEHCHBHOCTH TpHNTO(aHOBOM
(nyopecueHum TeHel 3pUTPOLUTOB. ITOT IPPEKT YCHIHBANICA C yBEMYEHHEM H03bI OOJTY4EHHS W BPEMEHH
TOCTPA/IMALMOHHON HHKYGaUMH HCCNeNyeMbIX npenapatoB MemOpad. [Ipm WHTeprpeTalu MOMYHEHHBIX
HaHHBIX CIEAyeT PpaccCMOTpeTh ABa (akTopa, KOTOPhIe MOTYT ONMpPEAENATh PajHALMOHHO—HHIYIMPOBAHHOE
CHIKeHHE (uryopecueHUn: GenkoB: a) paiuoONHM3 OCTaTKOB TpumTopaHa M 6) M3IMEHeHWEe (H3MHECKHX
XapaKTepUCTHK MHKPOOKPYKEHHs TPUNTO(GAHUIOB, B YACTHOCTH, €r0 MOJAPHOCTH W TOABMKHOCTH. OIHAM H3
TOAXONO0B K OLCHKE COOTHOMIEHHA 3THX (JaKTOPOB ABIAETCH CPaBHEHME (IIyOpECHEHLMH KOHTPONBHBIX M
o6ydeHHbIX 00pasuoB B YCIOBHAX OAMHAKOBOW NOCTYNHOCTH apOMAaTHYECKMX OCTAaTKOB PACTBODHTEINO,
HanpuMep, NpH BO3JCHCTBMM JAEHATYPHPYIOIHX areHToB. IIpOBeJeHHBIE 3KCIIEPHMEHTHI NOKAa3alH, 4To G-
4acoBas MHKyOauus TeHeldl JDHTPOIMTOB B TPHCYTCTBHH 8 M MOYEBHHBI HE TPHBOJMT K 3aMETHOMY
YMEHBIICHHUIO PasiYuii MEX1y KOHTPOJIBHBIMH M 00Iy4eHHBIMH npenapataMu Mem6pad. Ha ocHOBaHHH THX
pe3y/ibTaTOB MOXKHO CJeNaTh BhIBOJA, 4YTO OOHAapyXKEHHOE CHWXEHHe (NIyOpecleHLMH SPHTPOLHUTAPHBIX
MeMGpaH B ompeeNeHHOM Mepe OOYCIOBNEHO PaaMONH3OM OCTATKOB TPMNTO(AHA NpH BO3JEHCTBHM MydKa
9JIEKTPOHOB. BMecTe ¢ TeM, HeNb3s MCKIIOYMTh BO3MOXHOCTh YYacTHs CTPYKTYPHBIX MepecTpoek GejkoB B
BO3HHKHOBEHHHM Ha0monaemblx u3MeHeHMH. O6 3TOM, B 4YaCTHOCTH, CBHJETENBCTBYIOT YCHICHHE
panuanMoHHOro 3¢dekra B mpomecce HMHKyOammm Wccnefyembix o6pasuos mocie  obnydeHus H
MOAM(HUHMpYIOIIEe BIMAHHE XHMUYECKHX areHTOB Ha CTeNeHb Jy4eBOro rnopaxeHus MeMopanHsix Geskos. Kak
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H3BECTHO, paJHAlIOHHOE MOBPEXJIEHHE KOMIIOHEHTOB MEMOpaHBI MOXET OBITh CIIEJCTBHEM MPAMOTO W/WIX
ONOCPEOBaHHOTO PAJMOIA30M CPEMBI AeHCTBUSA HOHU3KpYIomero uanmyyenus [11,12].

Puc. 1 M3MeHeHHe HHTEHCHBHOCTH TPUNTODAHOBOM (IyopeCcUEHIMN TeHei SpUTPOLUTOB Oblka B 3aBHCHMOCTH OT O3B
o6myueHns. VCIOBHS OCTPATHAIMOHHON MHKyGaumw MemGpan — 1 —2 waca, 20 °C, 2 — 24 uaca, 4°C.

JU1s BRIACHEHHS BOIPOCA O TOM, Y4aCTBYIOT JIH TIPOIYKThI PaJIHONN3a BOJLI B HAPYIIEHAH CTPYKTYPhI GekoBO
(a3 MeMOpaH 3pUTPOLIUTOB GBLIO HCCIEN0BAHO BIIMAHHE areHTOB, MOAH(UIHPYIOIMX ONOCPEJOBAHHBIE

oF
i

I00

0 500 I000
JNosa, I'p

apdexTsl pamuanmm, Ha Xapakrep W3MeHeHHs TpunTodaHOBOM (uyopecueHmmM OenkoB. Kak BHmHO H3
NpeACTaBNeHHBIX B Ta6n. | NaHHBIX, WHAyOMpyeMoe OOydeHHWeM CHkeHue OenkoBolt (myopecneHumm
CYIIECTBEHHO TMOJABIAETCA B NMPHCYTCTBHHM MEPEXBaTIMKOB pajaukanoB OH - THOMOYEBHMHBI, IIMLEPHHA H
HOHONA. B TO e Bpems, aKuenTop rHAPaTHPOBAHHBIX dMEKTPoHOB — NaNO; M MepexBaTdMK CHHIJIETHOTO
kucnopona NaN; He oOKa3blBaiM 3allMTHOrO HEHCTBHS Ha OeyikoBbie MoONeKyibl. IlomyueHHble IaHHBIE
NO3BOJIAIOT CHEJNATh BBIBOJ, YTO B PaJHALMOHHOM TNOBPEXIEHHH OENKOBOrO KOMIIOHEHTa 3PHTPOLMTAPHBIX
MeMOpaH CylIeCTBEHHYIO POJIb HIPAOT THAPOKCHILHBIE PaIUKAIbL. 4

Tabmuua 1 Moaudukauus 3¢ dexra cHokenus GenkoBoit duryopecueHn: MeMOpaH SPHTPOLUTOB
NepexXBaTYNKaMK NPOAYKTOB PaJHOIH3a BOJBI

Mopudukarop HHTEHCHBHOCTH (hI1yOopecLeHIH OTHOCHTENHHOE H3MEHEHHE
KoHtpons O6nygensue B noze 1000 I'p SRYIRcIEnEEm, "4

Be3 no6asok 2,89 +0,08 2,53 0,06 12,5
TuomoueBuna, 60 MM 2,37 £0,08 2,31 £0,04 2.5
Tmanepun, 0,6 M 2,74 £0,06 2,57 0,06 6,2
NaN03,12 MM 2,62 +0,04 2,23 +0,07 14,9
NaN3, 12 MM 2,72 0,04 2,17 0,06 20,2
Honon,67 MmxM 2,87 £0,05 2,82 +0,07 i}

Kak oTMeuYanoch BHIIE, pafHOYyBCTBHTENLHOCTE GENKoBOM (ha3sl MeMOpaH B 3HaYMTENBHOH Mepe
onpeznensercs CynmsOruApwiIbHBIMA rpynmamu GenkoB [12]. B cBa3m € 3THM MpECTaBIAIO HHTEPEC
HCCIIeNIoBaHME JEMCTBUS COeIUHEHMH, Momuuumpyommx cocrossue SH-rpymm, Ha CTeneHb JIy4eBOro
nopaxenuss OenkoB. Okazanoch, 4TO B NPUCYTCTBHH IMCTAMHHA M [JUTHOTPEHTONIA PA3IHYMA MEXIY
MHTEHCHBHOCTAMH (ITyOpECIICHIMHE KORTPOJIbHBIX H 06ydeHHBIX 06Pa3LOB CYMECTBEHHO yMeHbIATCA (Tabu.
2). 3ammTHOE AEHCTBHE UCTAMHHA MOXKET OBITH 00YCIOBICHO CHIDKEHHEM paiHalliOHHO-XMMHYECKOr0 BEIX0/a
CBOGOIHOPAMKATBHBIX Peakiuil, MPOTEKAIOMX B MeMOpaHHOl 1 BoxHO#M dasax [12,13].
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Tabnuua 2 Bnusuue SH-akTUBHBIX COeTMHEHUI Ha paHalHOHHO-HHIYIIMPOBaHHbIC H3MEHEHHS GEKOBOM
(yopecneHIM MeMOpaH 3pUTPOLIUTOB

Mopuduxarop HHTeHcHBHOCTS (hrmyopeciieHIn OTHOCHTENEHOE H3MEHEHHE
0,
Kourpons OGnyuenue B 1o3e 1000 I'p (ayopecnertym, %
Bes no6asox 2,77 0,07 2,29 0,07 17,3
[{ucramun, 14 MM 2,52 +£0,05 2,50 £0,07 0,8
Jutuotpenton, 14 MM 2,35 +0,08 2,28 £0,06 2,9
IIXMB 70 MxM 2,18 +£0,07 1,62 £0,05 26,0

JluTHOTpewTON, paspymas AUCYTbOUIHBIE CBA3H, CTIOCOGCTBYET MOBHILIEHHIO KONMYECTBA 9KCTIOHUPOBAHHBIX
SH-rpynm, 9TO NMPHBOJMT K BO3DACTAHMIO PaJHOPE3NCTEHTHOCTH GENKOBBIX MoJeKyr. C JpYroii CTOpPOHSI,
napaxjaopmepkypubensoar (IIXMB), 6noxupys SH-rpymiisl, 0ka3siBai paaHoCeHCHOMIMZUPYIOIIEe BIHAHNE HA
GeJIKH SpPUTPOLIUTAPHBIX MEMOpaH.

BEIBOJIBI

Pe3ysnbraTel MPOBEAEHHBIX HCCIEOBAHMI MO3BOJIAIOT 3aKIIOYUTh, YTO B PAAHALMOHHOM MOBPEXICHHH
CTPYKTYpbl MEMOpPaH 3pUTPOLIMTOB CYIIECTBEHHYIO POJIb HIPAeT MOAM(HKALHS COCTOSHHUA CyNbOIHAPHILHEIX
rpynn MeMOpanHBIX GenkoB, OGYCNIOBNCHHA? H3MEHEHHEM CTENEHH HMX JKCTIOHMPOBAHHOCTH W YPOBHS
OKHCJIEHHOCTH.
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THE SPECIAL MULTI-PURPOSE CRYOSTAT FOR BIOLOGICAL LOW
TEMPERATURE STUDIES
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Institute of Physics of NASU, 46, Prospect Nauld, 252022 Kiev, Ukraine
zharkov@iop.kiev.ua
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The special multipurpose cryostat system for biological studies on the base of the general use cryostat with
specialized manipulators was designed. It ensures a wide selection of various biophysical measurements in the broad
spectral range (optical measurements in UV, visible, near, mid and far IR ranges within 0,2 — 25 p, microwave and X-
ray studies) within 1.4 4,2 — 77 - 80 — 350 K temperature range with high accuracy (+ 0,01K) and small
consumptions of a cryoagent.

KEY WORDS: cryostat system, cryoagent, biophysical measurements, low temperatures.

Nowadays the modern biology (molecule biology, biological chemistry, etc.) tumn towards physics and
mathematics. In recent years low temperatures in a complex with different physical methods have been
increasingly used in various biological experiments because their application is well known for a resolving of the
fine energetic structure of an object under study (when the temperature is lowered thermal vibrations are reduced,
leading to cleaner data and more accurate bond length determination) and manifestation of it fundamental
properties. For example, from ESR signal lineshape, linewidth and spin relaxation time studies it is possible to
look at a spin system behaviour and its interaction with its environment. X-ray and neutron diffraction
experiments give a data about the structural phase transitions. Understanding of the detailed structure of proteins,
nucleic acids, lipids and other cell components can become possible with the application of the low temperatures
and additional external stimulus (magnetic, electrical fields, etc.).

There is a gap in the determination of low temperatures by physicists and biologists. In biology under low
temperatures they mean temperature in the range 0 - 27°C (273 - 300 K). From point of view of physicists it is
possible conditionally to select 3 ranges of low temperatures:

First range corresponds to the range 300 - 120 K (an air conditioning; a storage of articles of food; a cooling
of the chemical reactors).

The second - cryotemperatures - corresponds to the interval 120 - 1 K (the sharing of air and industrial
gases - methane, oxygen, hydrogen, helium - and processes of cooling by these liquids).

The third range - the range of super low temperatures - is lower 1 K.

For the biological studies the precise temperature control and stabilization is a great importance for the
determination of structural phase transitions, an operation a reverse thermodynamics cycle, etc. In particular, it is
very important to go from one temperature to another one with a minimal discretness while maintaining the
capability of the long-time precise stabilization at a selected point.

We have developed the special multipurpose cryostat system for biological studies on the base of the
general use cryostat (widely known as UTRECS) and specialized manipulators within 1,4 —4,2 - 77 - 80 - 350K
temperature range (Fig.1). It ensures wide selection of various biophysical measurements within the broad
spectral range (optical measurements in UV, visible, near, mid and far IR ranges within 0,2 — 25 p, microwave
and X- ray studies) with high accuracy (+ 0,01K). There is helium/nitrogen bath cryostat with liquid helium and
liquid nitrogen cans and 4 orthogonal sets of window ports.

Helium vessel (volume 2 L) inside a demountable outer case is surrounded by a copper shield cooled by the
liquid nitrogen that fills a nitrogen vessel (2 L). The helium and nitrogen vessels are supported on low-thermal-
conductivity thinwall tubes attached to the top cover. The space between the helium, nitrogen vessels and the
outer case is vacuated through a vacuum cock. High vacuum is produced by a built-in cryopump.
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The load-in column is centered in the outer case and has thermostatting chamber as it bottom part. The
column is mounted in a gland seal and can be changed in the cryostat base by it introduction from the top.

The cryoagent (gaseous or liquid) is passing under constant pressure stabilized by manostat via the cryostat
chamber housing the object under study. .

The set-up involves the smart microprocessor temperature controller. With liquid helium or liquid nitrogen
as cryoagent it is possible to control the temperature within 1,4 to 350 K and 77 to 350 K, respectively.
Automatic and simultaneous control of cooling down and warming-up of the chamber ensures the effective
support of a required cryostatting mode with minimal deviation from the preset temperature.

There are some attractive design features of this cryostat:

- the possibility to replace the windows and the internal load-in column with a new set suitable for the
operation in a different spectral range;

- the small dimensions of a cryostat tail. ensures its easily integrated into a sample section of different
commercial spectrometers and into magnets; \

- the plug-in working chamber microwave waveguide ensures ESR studies;

- the changeable plug-in sample holders feature various mechanical movements such as rotating both in X-
and Y-planes, tilting within +15°, etc. The multi-wire connections to the sample area provided as well and transfer
additional actions (electrical field, for example). The manipulator is fitted with a temperature sensor and a heater.

- possibility of a quick change of a sample;

- can be used with both liquid helium and liquid nitrogen;

- low cryogen consumption (the time of continuous work not less than 10 hours at value of outer power
supply 0,1 W).

Specifications:
Temperature stability, K, not worsely - +0,01
Liquid helium consumption, cm® /hr - 75
Liquid nitrogen consumption, cm’ /hr - 120

.ﬂsme gate
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Ll 2200
Nitrogen vessel

l
A
1]

880

Helium vessel

Needle valve -

170

_Changeable thermo-
statting chamber

Windows

\IIO__ 80

Heat exhanger —| Electric heater

Changeable
windows



127

Bicunk X1V, Ne 434 BIO®I3UYHWI BICHUK, Bun. 3 1999

KOPOTKI IIOBIJJOMJ/IEHHA
PACS 87.64

NEW OPTICAL METHOD OF DIAGNOSTICS OF THE ENDOGENOUS
INTOXICATION OF PHAGOCYTIVE CELLS OF BLOOD PLASMA

L.A.Kernazhitsky, V.V. Naumov, G.A. Puchkovskaya, O.1.Osadchaya
Institute of Physics, National Academy of Sciences of Ukraine, Kiev, 252650 Ukraine
Institue of Hemathology and Blood Transfusion, Ministry of Health of Ukraine, Kiev 252650 Ukraine
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A new optical express-method of qualitative and quantitative estimation of a functional state of phagocytive cells in
the blood of disease patients with s¢vere burns, for immunological monitoring and early prognosis of development of
septic complications is proposed. The method is based on real-time registration of the light absorption in the blood
samples in UV, visible and near IR spectrum. For measurements, the PC-operated CCD-based multichannel optical
spectra analyser is used. Intact blood samples with T- and B- lymphocytes taken from various patients during the
period of burn toxemia were investigated. It is found that the greatest absorption in the blood samples containing the
phagocytive cells of analytical interest is observed in the spectral region of 560-650 nm. It turns out possible to
determine with sufficient sensitivity when and where the light absorption is caused by the presence of T- and B-
lymphocytes in the blood samples. This diagnostics correlates with a tendency of endogenous intoxication of
neutrophil granulocytes due to the storage of toxins in the blood plasma after the burn injury.

KEY WORDS: blood, lymphocytes, diagnostics, absorption spectroscopy, optical multichannel analyser

INTRODUCTION

In the complex and still insufficiently investigated pathogenesis of the burn illnesses, an important role
belongs to the endogenous intoxication, the basic source of which is a burn wound. Because the disease
symptoms in the organism after a burn injury are always preceded by changes in the molecular composition of the
body fluids, a functional activity of the phagocytive cells - neutrophil granulocytes and monocytes, in the blood
is of special important. Accumulation of the products of histogenous decomposition of the blood plasma of the
burnt patients and autoantigenes of the burnt leather is resulted in the damage of various links in the system of
immunological reactivity. The toxic damage of the immune creates results in the deep infringements in the system
of the immune answer. They are caused, first of all, by decrease of the amount and functional inferiority of T-
lymphocytes. The expressed deficit of the T- lymphocytes and decrease of their functional activity results in
infringement of the immune processes of the control and regulation of the whole immunological reactivity of the
organism. Despite of the growing arsenal of the methods of diagnostics of the functional state of neutrofilic
granulocites, there are still no effective criteria allowing to predict the development of septic complications of
infective character, and in a number of cases, diagnostics is late. Existing laboratory methods of the studying of
the functional activity of neutrofilic granulocites that used in clynical practice are labour-consuming, require
plenty of materials for investigation and occupy a lot of time for obtaining results [1,2].

The objective of this work is to investigate a new optical express-method of qualitative and quantitative
estimation of a functional state of phagocytive cells in the blood of disease patients with severe burns, for
immunological monitoring and early prognosis of development of septic complications. This method is based on
real-time registration of the light absorption in UV, visible and near IR spectrum in the blood samples using the
multichannel optical spectra analyser with sensitive CCD-detectors under the PC control.

MATERIALS AND METHODS

For experiments, intact blood samples were taken from various disease patients with severe burns during the
period of burn toxemia. Technique of preparation of blood samples was the same as used in [3]. The contents of
T- lymphocytes were 97 % (3 % B - admixture). The output of B- lymphocytes were 92 % (8 % T-admixture). B-
and T- samples were rendered on a quartz substrate or in a liquid drop located in a cuvette with the windows. The
serum of the blood (with and without of solution of albumin) without T- and B- lymphocytes, and separately an
impure solution of albumin were investigated also.

For spectral measurements in the blood samples under investigation, rapid optical multichannel analyser -
OMA [4] is used. OMA-system includes polychromator, CCD-camera, controller and computer. CCD-camera
has a cooled CCD-detector that consists of the array of 1024 silicon photodiods. CCD detection maximizes
system sensitivity and allows real-time registration and recording of spectra of emission, absorption and
fluorescence in the wide range of wavelengths from 200 to 1200 nm in time less than 4 milliseconds. Cooling of
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CCD-camera is made by a built - in thermocooler of Pelt’e-type with stipulated measures against steaming up of
the entrance window. CCD works through the controller which operates the time of registration, performes the
analog-digital transformation and memorises the codes for the subsequent transfer into the computer.
Polychromator is intended for spectral resolution of the optical signal in UV, visible and IR region. Diffraction
grating with a period 1/300 mm provides an opportunity of registration in different orders of the spectrum. Linear
dispersion makes 42 nm/mm in the 1-st spectral order and 2 nm/mm in the 9-th spectral order. At the width of an
entrance slit of 0.1 mm, polychromator has a spectral limit of resolution 4.2 nm in the 1-st order and 0.2 nm in
the 9-th order. Maximum length of a spectrum in a direction of dispersion is 25 mm. Maximum height of spectral
lines is of S mm. The principal scheme of the photometric set-up is presented in Fig 1.

i m S e

3 Fig. 1. Experimental set-up for
7 measurements of absorption spectral
1 coefficient in the blood samples.
ﬁ 1 - light source; 2 and 5 - lenses;
3 - diaphragm; 4 - blood sample;
E 6 - polychromator; 7 - CCD-camera;
8 - computer.

Light from the source (1) with the broadband spectrum of radiation, like gas-discharge D-lamp of DDS-30
type or tungsten band-lamp of SI-200 type, passing through the lens (2) and diaphragm (3), irradiates a cuvette
with a sample of blood (4). Signal passing through a sample is collected by a lens (5) and gets into polychromator
(6), then it is analysed by the CCD-camera (7).

Relative absorption spectral coefficient of the blood sample is determined under the following formula

() = La(V) - La(}) )
where L(1), Li(A) - normalised per unit signals propagation in the sample and in the empty cuvette. Bands in the

spectrum correspond to known molecular signatures in the blood, thereby providing specific information about
cell composition without the need for dyes, labels, or other agents.

RESULTS AND DISCUSSIONS
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Fig2. Absorption spectral coefficient of the blood sample Fig 3. Absorption spectral coefficient of the blood sample
with serum (1), with serum and albumin (2) and with T- with serum (1), with serum and albumin (2) and with

lymphocytes(3). solution of albumin (3).
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The blood samples contain 4-6 million of T- lymphocytes and 2-4 million of B- lymphocytes. It is found,
that the greatest absorption in blood samples containing that phagocytive cells is observed in the spectral region
of 560-650 nm. Weak bands of absorption in areas of 430 nm and 525 nm were observed.

With the aim of identification of observable bands of absorption, a series of experiments was conducted, in
which the absorption spectra of the samples with T- or B- lymphocytes were compared with the absorption
spectra of the samples containing only serum (with or without albumin). The typical spectrum of absorption is
shown on Fig. 2. One can see, that the absorption spectrum of T- lymphocytes differs from the absorption
spectrum of the samples with serum (with or without albumin ). In the region of 400-570 nm, where the main part
of absorption for the samples with T- lymphocytes is observed, the absorption for the samples with serum (with
or without albumin) is insignificant. At the same time the absorption for the samples with T- lymphocytes in the
region of 630-840 nm can be attributed to serum (with or without albumin). To define, what responsible for the
absorption in the region of 630-840 nm, a series of experiments was conducted, in which the absorption spectra
of the samples with serum (without T-or B- lymphocytes) were compared with the absorption spectra of the
samples with a solution of albumin fF ig 3.). One can see, that the main contribution to absorption in the region of
670-770 nm is caused by albumin.

CONCLUSION

In this investigation we found that proposed method of optical diagnostics with a help of the PC-operated
CCD-based multichannel optical spectra analyser makes it possible to determine with sufficient sensitivity a
spectral region of analytical interest where the light absorption is caused by presence of T- and B- lymphocytes in
the blood sample. The dynamics of changes correlate with a tendency of endogenous intoxication of neutrophil
granulocytes due to the storage of toxines in the blood plasma after the burn injury. Taking into account the
obtained data, this method can be recommended as a diagnostic tool for clynical approval with the aim of rapid
detection of the functional state of neutrophil granulocytes and early prognosis of the development of burn-
mediated septic complications.
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BJINAHHUE PA3JIMYHBIX 103 HOHH3HPYIOUWEI'O H3JIYUYEHMA
HA ®YHKIIHOHAJIBHYIO AKTUBHOCTDH
SACCHAROMYCES CEREVISIAE

A. IO. Yepnsk, O. T. Huxonos

Xaporoeckutt 2ocyoapemeenviit yrusepcumem, 2. Xapwxoe, 310077, na. Ceo6odwi, 4.
Moctymia B pezaxipro 10 pespans 1999 roza.

B. pabore mccnenoBanach SKH3HECTIOCOGHOCTH INTaMMa MMBHBIX Jpoxoked Saccharomyces cerevisiae mnocne
BO3JCHCTBHA y-H3aydeHHA. KpHTepres SKH3HECTIOCOOHOCTH ITaMMa ABIAIOCh H3MEHCHHE BO BPEMCHH ONTHYECKOH
IIOTHOCTH cy6cTpaTa ¢ apoxckavu. Mccneaosapms nokasam, uto y—o6myuenue B aosax 100 u 200 P nosbimaer
CKOPOCTb Pa3MHOKEHHs apodckedl Ha 40 %. y-O6ayuemme B gozax 500+7500 P pocr Saccharomyces cerevisiae
yTHETAeT. -

KJIIOYEBBIE CJIOBA: y-usiayueHue, IUTaMM, [HBHbIE JPOXOKH, ONTHYECKas  IJIOTHOCTH,
JKU3HECTIOCOOHOCT.

H3BecTHO, YTO BO3ZEHCTBHE HOHM3MPYIOLIEro M3/yyeHHsi B 403aX CBbie 150 kP Ha BUHHBIE JPONOKU
MPUBOAMT K BHIBEJCHHIO HOBBIX [ITAMMOB, 3HAYHTENbHO OTIHYAIOMIUXCA OT MCXOAHBIX TOBBILIEHHOH
OponunbHO# akTUBHOCTHIO [1-4]. AHanoruyHas HHQOPMALIHS O MUBHBIX APOXKIKAX B JIMTEPAaTYpe OTCYTCTBYET,
NEACTBHE Ha HUX MAaJbIX 103 HOHH3HPYIOIIEro H3Ty4eHHs He H3y4eHO. B CBA3M C ITHM MPENCTaBIsI0 HHTEPEC
HCCNIEI0BATD KU3HECTIOCOOHOCTh NMUBHBIX APOsCKell mocie ux y—o0nyyenus B auanasoxe o3 100+7500 P.

MATEPHAJIBI H METOAHUKA

OnwiTel mpoBomuu Ha wramme Saccharomyces cerevisiae, paca 8AM, remepauus 5. B kauecrse
MIMTAaTeNBHOrO CyOCTpaTa BBICTYNANO CONOLOBOE OXMENEHHOe muBHOE cycno. Ofpasusl ofmyyanuch Ha Y-
ycraroske "Hccnenosarens” (ucrounux usnyuenns ©Co).

B npoGupku émxocteio 60 M ¢ 40 M cycna B PaBHBIX KOHLEHTPALMAX BHOCHIHMCH KIETKH
uccnenyemoit KyisTypsl (00béMHas moms apoxokesoii Gruomaccst 0,05 %).

OCHOBHBIM KpHTEPHEM KH3HECTIOCOOHOCTH [MTaMMa SBJSUIOCH W3MEHEHHe BO BPEMEHH ONTHYECKOH
TLIOTHOCTH CyClIa C APOSKKAMH.

JHposxokn mopseprani y—o0nyuenuro B gosax 100; 200; 500; 2500; 7500 P. 3arem ux momemamu B
npoGUpKH C CYCIOM U KOHTPOJMPOBANH MHOEHTHYHOCTh HAYAIBHBIX 3HAYEHWI ONTHYECKOH [LIOTHOCTH
CONEpPXKUMOTr0 BCeX MPOOUPOK MpH nomorau HoToanekTporHoro kajopumerpa KOPK-2-YXII 4.2 (KOK). Janee
APOOKKM WHKYOMpOBaIM B TepmocTtare rpu Temnepartype +30 °C B Tevenun 96 u. Kaxable 2 9 CHHMamHCh
noxazanus KOK. !

Hcnone3yst KannOpOBOYHYIO KPHMBYIO, 3HAUEHHs ONTHYECKOH IUIOTHOCTU NEPEBOAMINCH B 3HAYEHHS
KOHLIEHTPALMK KJETOK poxckeit B cycne. KOHTPONBHBIM 00pa3LoM CIIy»KHil UCXOAHBIH HEOOMyuEHHBI TamMm
NMBHBIX Apoyokedt Saccharomyces cerevisiae. IlomydeHHbie pesysnbTaThl 00OpadaThiBamM CTATHCTHYECKH C
npuMmeHenueM kpurepus Ctuionenta [5].

PE3YJIBTATHI H OBCYKAEHHUE

TMpu u3y4eHHH BIMSHUS HOHM3UPYIOWEro W3ny4eHus B gosax 100, 200 P Ha jKH3HECTIOCOOHOCTH
NUBHBIX Aposoked uepes 40 4 Habmomanoce cyumectserHoe (10 50,0+10,3% no CpaBHEHHIO C KOHTPOJIBHBIM
obpasuom) yckoperse pocta Guomaccst. [locse obnyuerus aposickeit B odmactu 103 500+7500 P yxe uepes 40
4 MPEKpalnanoch yBelMueHHe KOHLEHTpauun kinetok Saccharomyces cerevisiae. 3aBHCHMOCTD KOHLEHTPALMH
keTok Saccharomyces cerevisiae ot 10361 y—00MyYeHuUs NPUBENEHA Ha puC. 1.

ITonyueHHble NaHHBIE CBHAETEALCTBYIOT O TOM, YTO AJIA MCCAEAYEMOro IITAMMa MHBHBIX APOAOKEH,
no3sl Y-obmyuenus 500 P u Gonee, NpHBOAAT K BO3HHKHOBEHMIO GONBLIONO YKMC/A HAPYUWEHWil B CTPYKType
TEHOMA M, CIEJOBATENbHO, OWMOKAM B rrepenade UHPOPMAUMM, BIEKYIHM 3a COGON TOPMOKEHHE MPOLIECCOB
Pa3MHOKEHUA U THOENb APOKKEBBIX KIETOK.

YcTaHOBNeH KpuTHYeckuit npeaen xo3bl BoszeficTBus (200 P), Huke KOTOPOro BEPOSTHOCTH
MOBPEX/IEHHA FEHOMAa HAHHONO INTAMMA CTAHOBHUTCH MPAKTUYECKU OECKOHEYHO Majoi, B TO BpeMsd, Kak
PEeryJHpYIOMHE MEXaHU3MbI KJIETOK APOXOKEH, B CHITy MX 3HAYMTENBHO OOJbINEH pafvOqyBCTBHTENLHOCTH,
cornacHo [6], oTBedarT peakuMell CTUMyJALUMH psAAa [POLECCOB, TMOBHIIAIOMIMX JKH3HECTIOCOOHOCTD
APOXOKEBBIX KJIETOK NaHHOTO WITAMMA.
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BimsiHre HOHU3UPYIOIIEro U3ITyHCHHS HA aKTUBHOCTD Saccharomyces cerevisiae
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Puc. 1. 3aBucHMOCTb KOHUEHTpALHH KiIeTok Saccharomyces cerevisiae OT 20351 Y06y qeHHs.
Tlo ocu abupice — Bpema nocne y—obnyaenns, 4,
TIO OCH OP/IMHAT — KOHIHTpALA K1eTok Saccharomyces cerevisiae, 10° kneTok/mMxr.
1~ 200 P; 2 — reoGnyuénnsiii KOHTPOMbHLIH o6pasew; 3 — 500 P; 4 - 2500 P; 5 - 7500 P.
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VIIK 577.3
MEXAHWYECKHE CBOMCTBA KPOBEHOCHBIX COCYIA0B

B.E. Illexanun

Xaporoeckuil yenmp cepdeuno-cocyoucmoii xupypauu
ITocrymwna B pefaximio 12 peBpans 1999 .

TlpuBeneHsl 3KCNCPHMEHTATBHBIC JAHHBIC O NPOYHOCTH M KO3(uImMEHTE TPEHMA AIH  KPYNHBIX
KDOBEHOCHBIX COCYJOB (A0pThi). JtH aaunue HCIIOJIb30BAHBI NpPH pa3paboTke METOAA AMCTAHIIMOHHOIO
MPOTE3UPOBAHKSA ITHX COCYI0B.

KJKYEBBIE CJIOBA: xpoBeHOCHBIH COCyA, AeopMalHs, MPOYHOCTb, TPEHHE.

Pa3paboTanHsi HAMA NMPOTe3 /I PEKOHCTPYKTHBHOM XMPYPrHH KPYIHBIX KPOBCHOCHBIX COCYJOB METOJOM
JTHCTAHIHOHHOrO 3HAOMpOTe3MpoBanus [1], mpeacranser co0olf HCKYCTBEHHBIH rO(PHPOBAHHBIN IHITHHAD,
KOTOpBIH PacTATHBAETCA B HOPMAIHHOM K €ro 00pasylomel HANPAaBICHHH CICHMATLHOH NPYXHHOH. 3aKpenicHHe
3T0r0 MpoTe3a B 06NACTH MOPAKEHHOTO YYaCTKa COCY/a OCYMECTBIMETCA IMyTeM CAMO(HKCAIMHA 33 CHYET JABJICHHT,
OKA3BIBAEMOT0 MM HA HCMOPAXKCHHBIC YYACTKH ECTECTBEHHOrO cOCyaa AmuHoH 1-1,5 cM, rpasuqanmme c
PEKOHCTPYHpYeMBIM Y4acTKOM. [Tpu 3TOM, OYEBHHO, BOHHKACT HEODXO/UMOCTS Y4€Ta NPOYHOCTH ECTECTBEHHOTO
COCyJa Ha pa3peiB MOA JCHCTBHEM DACTATHBAIOMMX €r0 CHJ CO CTOPOHLI BBEJCHHOrO B COCYZA MPOTE32 M CHIIBI
TPEHHA MEXIy ECTECTBEHHEIM COCYAOM M ro()pHUpOBAHHON HCKYCTBEHHOH BCTABKOH B 33aBHCHMOCTH OT
NPWKUMAIOIICH WX APYT K APYTY CHIIBL

Llens paBoThI COCTOMT B IKCIICPHMEHTANBHOM ONPEIEIEHHH NPOYHOCTH ECTECTBEHHOIO COCY/A HA PasphiB MO
JeHCTBHEM PAaCTATHBAIOWEH €r0 B PAIHATLHOM HANPABICHHH CHJIBI H KOI()(UIMEHTA TPEHUA CKOMBKCHHA MEKIY
€CTECTBCHHBIM M HCKYCTBEHHBIM COCYJAMHE NPH 3aJaHHOM 3HAYCHHH NPIKAMAIOMESH HX JPYT K APYTY CHIILL

Kak m3BecTHO [2], mojx AeHCTBHEM NEpenaaa AaBIcHNA P BHEIMHAA IOBEPXHOCTS NONOr0 IMIHHAPHIECKOTO
COCYZIa HCTIBITHIBACT PAaJHATBHOE CMEIICHHE:!

(1+0)R,, 2 2 2
= 1-20)P,R.: - P, R R ip
E(R Rin)[( R )t on F w)] o

rae o — ko3¢ duumenT Ilyaccora, £ — moayns KOHra KpOBEHOCHOIO COCYAR, Pip U Poy — JABICHAE BHYTPH H BHC
COCYZAa COOTBETCTBEHHO, R,, U R,, — BHYTPCHHHN H BHCIUHMI PaIMyChl KPOBEHOCHOro cocyza. ITockonmeky and
KPOBEHOCHBIX coCcynoB ¢ ~ 0,48 [3], To: 3

2E(R—_R)'[ (B =Po)] @

Harseras B OTpE3KE ECTECTBEHHOr0 KPOBEHOCHOrO COCYJa JABJICHHE, NPEBBINIAIOMEE aTMOC(epHOS HA
BEJIMYHHY P, M onpenensas yBeTHYEHHE BHEIIHETO PAAHyCa COCYJa NMPH 3TOM, MOMKHO MOJYYHTh €r0 JHArpaMmy
pactsoxenus (puc.1).
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Puc. 1. JluarpavMma pajaThHOTO PaCTSDKEHHS a0PTHI ¢ HCXOHBIM HaMeTpoM 10 MM M TOIIMAHOM 4 MM
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MexaHHYeCKHE CBOHCTBA KPOBEHOCHBIX COCY/IOB

W3 pesy/rsTatos NPOBEACHHBIX HAMH JKCIICPHMEHTOB CIEAYET, MTO Pa3phIB KPOBEHOCHOIO COCYAA HACTYMAET
TPH YBETHYCHHH PalHyca pacTArHBACMOTO COCYAa NpuMepHO Ha 15% (rouka A ma prc.1). Paspsis npoucxoaur npu
Nepenaje AaBJCHAS Ha CTeHKe cocyaa 21,0 £4,5 MITa.

Koapprmenr Tperus eCTECTBCHHOrO ¥ TrO()PHPOBAHHOIO MCKYCCTBCHHOTO COCYAOB f ONPENENsics HA
CTSIHATEHO CO3ZAHHOM YCTPOHCTBE, HCIIOML3YA H3BECTHOS COOTHOMICHHE:

Fo,=ST 3)
rae T — HopMaabHas K NIOCKOCTH CONPUKOCHOBEHHS TPYIMEHCS mAph! (rO()PHPOBAHHOIO COCYAA M ECTECTBEHHOIO
KPOBCHOCHOrO ¢€OCyAa, F,, — CHOBHTalOAs CCTECTBEHHBIN COCYX OTHOCHTCIBHO TrO(PUPOBAHEOrO CHIA,
HANPABICHHAS BAONb IUIOCKOCTH CONPHKOCHOBEHHS TPYINEHCS NAPH H COOTBETCTBYIOIAS HAYAY NEPEMEIEHHS
TPYIMXCA NIOBEPXHOCTEH COCYI0B APYT OTHOCHTENBHO APYra. JTa CHJIa H3MEpANach AuHAMoMeTpoM. Tlapa tpenus
CcMauMBanach BoAoH. JInms CO37AHMA HOPMANHLHOM K TUIOCKOCTH CONPHKOCHOBEHMS CHIBI T MCIOIB30BANINCEH
TAPHUPOBAHHBIE IPy3sl. Pe3yasTaThl 3KCICPUMEHTOB MOKA3AIM, YT0 HCKOMBIH K0d(hOHIUMEHT TpeHus paseH = 1 +
0,13. ;

\
CIIACOK JIMTEPATYPHI
1. Bomoxocs H.JL, Mlexanun B.E., Kapnopuy WLH. 1 ap.//Tes. noxn. Beecoros. Hayun. xoud. "TipuMenenve MejIpHCKoH
TEXHHKH B XUPYpruu. - Vipkyrek. - 1985, - T.II. - C.163.
2. Jlaupay JLJ1, Jiupnmn EM. Teoperuueckas ¢pusuka. B 10-mu 1. T.VIL. Teopus ynpyrocru. - M.:Hayka. 1. pea. dus.-mar.
Jmar. - 1987. -248c.
3. Casmxuii H.1. Buodusuveckue METoIBI H3yueHHs reMoAaMyky. M.:Memmmsa. - 1974. - 311 c.



134
Bicaux XY, Ne 434 BIO®I3UYHWI BICHUK, Bun. 3 1999

KOH®EPEHIIISA 3 ®I3HKH BIOJIOINMYHAX CHCTEM 3 MIZKHAPOJAHOIO YYACTIO
(PBS-98 — Kuis, 6-10 eepecns 1998 p.)

Koudepenmis 3 Qisuxu Gionoriuaux cucrem (PBS-98) Gyna opramizoBasa J1s CUPHAHHA PO3BHTKY CyJacHOL
¢yHaaMeHTANBHOI HAYKH B YKpAiHi Ta 3anyucHHS (Di3AKiB B TAKy BAXKIHBY raxys3s HAaykH, sk 6ionoris, a Takox
HATATOUKCHHS MDKHAPOJHHX KOHTAKTIB 1 PO3BHTKY CHIBPOOITHHITBA YKPAiHCBKHMX BYCHHX 3 BYCHHMH CBITY.
ObmexeHiCTs (piHAHCYBAHHA HAYKH B YKpaiHi B OCTAHHI POKH HE Ja€ MOX/IMBOCTI IIMPOKO NPEACTABHTH poboTH
YKpaiHCBKUX BYCHHX HA BiZoMHX koH(epenmiax B 3aximmii €sponi i CIIIA. Tomy nposeseHnEs Takoi KoH(epeHmii
€ AKTYQTbHHM. Kondepennis 3 miei npobreMu me He mMpoBOaMIAch B YKpaiHi, Oyna HOBOIO 11 €BpomeiChKoi
HAyKOBOi CIIIBHOTH 1 BHKIHKama OescmuiBHHE iHTepec. Ha yuacts B PBS-98 Gyno ozepxamo 120 3asBok Bix
HAYKOBHX CIIBPOGITHHKIB 8 KpaiH CBiTy, 2 IPHHAIH y4acTs B koH(epernii Bueri 7 xpain (CIIA-3, Himewiuna-3,
SInionis -2, Typeuunna-1, Yropmuna-2, F'onanzis-1, Pocig- 12, Ykpaina-95), Bcsoro 122 yyacauxa.

Kontepermizo PBS-98 6yno mposeaero 6-10 epecrs 1998 poxy B Gymmuxy Bimmoumsxy "Iyma Boawus"
M3C Vxpainu. Ha xougepennii 6yno 3acayxano 11 sanpomenux nexuisi (40 x.), 29 ychux nonosizeit (25 xs.) Ta
3pobneHo 74 CTEHAOBHX NMOBIZOMICHHS.

Ha nmepmoMy IJIEHAPHOMY 3aCiJaHHi Y4acHHMKIB KoH(epesmii npusitas ronosa Oprxomirery PBS-98
akanemix HAH Vxpainu M.C. Bpozin. IIpoecop B.S. Manees (Xapkis) po3mosiB npo iCTOpHYHI OCHOBH Ta
cydacHi TeHzeHmii po3BuTKy OGiodisuxu B Vxpaini. Ha mpomy x 3acizammi Oyno 3aciyxaHo NeKui mpo
0coOMMBOCTI HABYAHHA y ramy3i MeauuHoi Giodisuxu B Bickoncin-Menicon yrisepcureri (prof. P.M. DeLuca |,
CIIA) i y By3ax Vkpaium (npod. O.B. Yammit, Kuis), Ta nexuiro zoxropa P.H. Xpamosa (TTymumo, Pocis) npo
KAMBIEB] XBUTI TA CHCTEMY KHTAHCBKHX MCPH/TIaHiB,

OcHopHi mvTanns, aki Oynm 0O6roBopeHi Ha KOH(EPEHMi, CTOCYIOTECA BHKOPHCTAHHSA (DI3HMHMX yHBICHD Ta
METOZIB 18 AOCTI/KEHAS 61010rYHMX CHCTEM. Y HAYKOBil mporpami koH(pepermii i muranus Oy NpeacTaBIeH]
y IECTH HANPAMEKAX, MO KOKHOMY 3 sSKHX OyN0 npoBeacHe 3acinauus, ae Oy 3pobieri 3anpomeri Jexuii Ta ycri
Jonozini. KpiM usoro Oynu mposeaeHi aBi cecii 21 AeMOHCTpanji CTEHAOBHX MOBiTOMICHS. g Toro, mob Matu
YSBICHHS PO Te, AKi npoGieMu po3r/AzANMCS HA KOH(EePERIji, 0OMEXHMOCH TUIBKH TEMATHKOK 3aNPOIICHUX
JeKujfi M0 OCHOBHHMX HayKOBHMX HanmpaMkaX. [lo mampamxy "Teoperwdni acnextd QyHKuioHyBaHHA Giomonexyn"
Oyma npeacrasneni jekmii mpo meron EIP 3 yacoBHM pO3B'S3aHHAM Ui JOCTDKEHHA (OTO-IHIYKOBAHHX
pammxansuax nap (A.J. Hoff, Hunepnauzsi), mpo BIUMB HA YNBTPAMBHIKY PEAKIIHHY JHHAMIKY IHXYUHPOBAHHX
CBITIOM KOH(OpMALiiHUX 3MiH B Ginkax B Oakrepiansuux peakniiimux nentpax (A.R. Holzwarth, Himeyunna) Ta
PO CaMOPEryIAUil0 fK MOXIHBY (i3duHy OCHOBY (YHKUiIOHYBaHHS OiOMaKpOMONCKYIDHHX CHCTeM (mpod.
B.M. Xapkanen, Kuig). Ilo naupsvky "Konuenryanshi acmextd (isukm Gionorivmux cucrem" Gyno 3acayxaHo
nexuixo npodecopa B.JL 3uMu npo GLIKOBI MOTOpH, iX CTPYKTYpHY Oprami3amilo i I€HEpamii0 CHIH, Ta JEKIIH
npodecopa AIL JleMueHKO NP0 YTPHMAHHS CTPYKTYpH OinKa MONEKYJIAPHHMH YancpoHaMH 3 OOrOBOPEHHAM
npoGIeMH KOHTPOIK) CTOXaCTHYHOro nponecy. [To Hanpsvky "BHyTpi- Ta MDKITITHHEI B3A€MOZIi" TEKIiI0 HA TeMY
"Monexynspaa (i3ionoris kami€BHX KaHAmiB TAa npobrema (i3HKO-XiMIYHOTO MOACTHOBAHHA iX BIACTHBOCTEH"
npountas axazemik HAH Vkpainu 1.C. Marypa. Kpim BHImE 323HA4YCHHX TPHOX HAYKOBHX HANPAMKIB, y MpOrpami
xoHdepenuii 6y10 PO3rIAHYTO IE JAONOBIAI MO TAKHX HANPAMKAX: BOAA TA MAKPOMOIEKYIH, HYKICIHOBI KHCIOTH
T2 IX B3a€EMOZIA 3 30BHIIHIMY YHHHHKAMH, MPHKNATHA Oiodi3uka.

Awnani3 TeMaTHky KOH(epeHIii NOKa3ye, MO y HAC 4ac Haifbinsma ysara y ranysi (isuxu 6ionoriynux cucreM
NPHNIILETHCH TCOPETHYHHM T4 CKCIIEPHMEHTATBHHM JOCTUDKCHHAM HA MOJEKYIAPHOMY piBHI (BinkoBi CHCTEMH,
HyKICTHOBI KHCIOTH). Baxkmueumu (haxropamu npe (yHKIIOHYBAHHI IMX CHCTEM € BILTHB 30BHINIHBOTO OTOYEHHS,
HepiBHOBXHI (a30Bi meperBopeHns Tomo. CyTTeBa yBara 3apa3 NPHTIISETHCA MOJCTIOBAHHIO NPOLECIB y i0HHX
kaHanax 6ioMeMOpan, y KITHHAX TA X CKCICPHMEHTAILHOMY BHBYCHHIO.

Teoperuuni JMocmipkerHs y ramysi ¢Qisuxu Gionorivmmx cucteM 6asyloThCS HA METOAAX HEPIBHOBAXKHOI
TEPMOJMHAMIKH, CTATHCTHYHOI T4 CTOXACTHYHOI (Di3WKH, MONEKYIApHOI Ta OpOYHOBCKOI JMHAMIKH, TEOpii
HEPIBHOBAKHHX ()a30BHX MEPEXOMiB, CHHEPreTHKH, TOMO. PO3BHTOK Cy4aCHHX (i3HYHHX METOIIB JOCTIDKEHb -
FTIR, EPR, NMR- CreKTpockomii J03BOJII€ HA HOBOMY DiBHI BHBYATH Iji SBHINA. 3HAYHH IHTCPEC BHKIAKAIH
TeOopeTH4Hi po3pobku HOBHX Moxenel (yHKIiOHYBaHHS GiOMOJNIEKYIAPHHX CHCTEM. BETHMKY JMCKYCIH) BHKTHKATH
TAKOX JIONOBI/Ti MPO BJIACTHBOCTI BOJM T4 BOXHUX PO3UMHIB HI0MOJICKYIL.

V 3aramsHiit AUCKYCii HA 3aKMOYHOMY 3acizanHi Oy/ia JaHa B HLTOMY BHCOKA OIHKA OpraHi3amii koH(epenmii
Ta ii HAyKoBOMY piBHIO. B TOl ¢ yac 6ymH BiA3HAYECH] HEAOMIKI OO MATOTOBKH HAYKOBOI MPOrpaMH Ta BHOOPY
pobodoi moBu koHepeniii. Craryc MikHApomHOi KoH(epeHNii nmoTpefye 3aBYACHOI MATOTOBKH HAYKOBOL
NPOTpaMH TA 3aNpOMIECHHS BiJOMHX BYEHHX B raaysi 6io(i3uku, a poOOYOI0 MOBOK) NMOBHHHA CTATH AHTMIHCHKA
mosa. Tlpuitkaro pimenns omy6mikysaru matepianu xomdepermii PBS-98, mo BinGynacs, 33 PEKOMEHIAIIEK
OprxomiTery i 3a GaxaHHsM ABTOPIB y BHI/IAAI HAYKOBHX CTateH B xkypranax "Biodiswammit sickux" (Xapxis) 1
"Bromsuka" (Pocis). Bucnosneno G6axauns HACTynHy KoH(epeHuito 3 Qisukn GioNOriYHHX CHCTEM MPOBECTH
yepe3 2-3 pokn y micti Kuesi.

B.M. Xaprsren, B.Sl. Manees




135

Bicaux XY, Ne 434 BIO®I3WYHUI BICHUK, Bun. 3 1999

AnexcaHzp
AnexcanapoBuy
Cepuxos

18 HOaAGpA ymen M3 JKH3HA NPEKPACHBIA (H3HK H 3aMEYATCNGHBIN YCIOBEK AJCKCAHAD
Anexcaunposuy CeprKOB.

A A. Cepuxos pomuics 7 Maa 1942 roza B moc. Jloaryc Ukamoscko# o6nacta. Ero aercrso
M IOHOCTh NMPONUTH B T. XappKOBE, ¢ OH OKOHYMI IIKONY, a 3areM 4 Kypca XapbKOBCKOIrQ
ABHANMOHHOTO MHCTHTYTa M NapanenbHo 4 Kypca yHmsepcwrera. Ho Tira x ¢m3mke oxasanack
HACTONBKO CHJIBHOH, 4T0 B 1963 roxy on ocraBmaer XAH u nepeBoauTcs Ha 2-0M Kypc Jy<INero
(usmeckoro By3a CTpaEbl — MOCKOBCKOrO (hH3MKO-TEXHHYECKOr0 HHCTHTYTA. B 1967 roay
A A. Cepuxos cranosurca acmupantoM akagemuka AH YCCP A.C. Jaeeimosa B UHCTHTYTE
TeopeTHyeckol du3uku (r. Kuer), B KOTOpOM OH mpopaboTast 10 MOCISTHHUX JHSH CBOCH XKH3HH
€ KOTOPBIM CBA3aHbI BCE €10 TBOPYCCKHE HOCTIKCHHA.

Vixe B mEPBHIX HAy4HBIX paboTax, MOCBAMEHHLIX BHOPOHHBIM CIEKTPAM MOJNCKYJISPHBIX
KPHCTAJUIOB, APKO HPOABHIMCH OCOOBIH, CBOMCTBEHBIH TONMBKO A.A. CepHKOBY, OpHIHHAILHBIH
CTH/IP MBIIUICHWS H PEIKOS YMECHHE B3IVLIHYTH HA JFOOYI0 mpoOneMy ¢ CaMbiX OOIHX MO3HMIHM.
A A. CepuxoBy ymanock CGHOpMYJIWMpOBATR HOBBIH NOAXOZ K HCCNCAOBAHMIO BHODOHOB, 2
nocTpocHHOe uM coBMecTHO ¢ A.C. JIaBBITOBBIM ONEPATOPHOE MPEACTABNICHME 1A BHOPOHHBIX
COCTOAHMI NONYYHNO HasBaHue mpencraeicHus JlasrmoBa-CepuxoBa. CooTBeTCTBYIOMME
Pe3y/bTaThl COCTABH/IN MPEAMET €10 KaHAMJATCKOM MUCCEPTAlaM, KOTOPYIO OH 3ammran B 1971
TOAY.

Iocne oxomuanms acmapaHTypsl A A. CepHKOB 3aMHTEPECOBANICA OONMMMH BOIPOCAMH
TNPOXOXKACHHUA CBETA 4epe3 JudJIeKTpHYeCKHe cpemnl. M 31ech OH CyMen HAWTH OPHIHHANbHBIA
C1oco6 MCCHCAOBAHAS B3AaHMOJCHCTBHA ICKTPOMATHATHEIX BOJIH C KPHCTA/UIOM 0€3 MPUBJICYCHHA
TEOPHH BO3MYIUCHMH, YTO MO3BOJMJIO BKIFOYHTH B PACCMOTPCHHE MPONECCHI NEPEH3IYYCHHSA,
BAKHBIC B Cly4ae CpeA ¢ GONbIION MPOCTPAHCTBEHHOM MMCHEpPCHeH W CHNOH ocmpuuiaropa. B
WTOTE OH BNEPBHIE OOBACHHI SKCICPHMCHTANLHBIC JAHHEIC IO HEKIACCHYECKOMY MOTIOICHHIO
CBETA MOICKYJAPHBIMA KPHCTA/UIAMH M 3aBHCHMOCTH CICKTPOB MNOIVIOMCHHA OT TOJIHHBI
KPUCTA/UIMYECKOTO CNOS. OTH H HEKOTOpHIE ApyrHe paboThl BOMIIM B €ro JOKTOPCKYIO
JCCEPTALHIO, KOTOPYIO OH 3ammThi B 1981 roxy.

CyImecTBEHHOM YaCTHI0 ONTHKO-3KCHTOHHBIX HecnenoBanmii A.A. Cepukosa crama paborst
0 AOHOP-aKUEHTOPHOMY IIEPSHOCY SHCPTHH B KOHACHCHPOBAHHEIX CPE/IaX, a TAKKE HCCICAOBAHMS
PacIopOCTPaHEHAs IKCATOHHOTO BO3OYICHHA B KPUCTA/LIE ¢ KoneOanuamu, Y T¢ u Apyrue cram
OCHOBOM Pa3HOOOPA3HOr0 M NOPOH HEOKHAAHHOIO HMCIONL30BAHUA MOHATHA 00 3KCHTOHAX KAk
KOJUICKTHBHBIX BO30yXACHUAX B OHOCHCTEMAX.

Hmenno OGuodusmyeckue W OHOXMMHMECKHE 3aJaul COCTABH/IM OCHOBHOH mpeaMer
HayyHBIX HHTepecoB A.A. CepukoBa B mocnexyiomme 10-15 mer. Bonsmod maxa paGor, Gbun
BBIIOJTHEH HM BMECTE C PAZOM COABTOPOB Ui BHLACHCHMA NEPBHYHBIX MCXAHH3MOB JACHCTBHA
caboro 3MEKTPOMATHMTHOTO M3NMy4eHuA Ha Guonormueckue ofbekTel. B 3mEX paborax Obuio
yOcOMTENBPHO MOKA3aHO, 9I0 HMCHHO KO/UICKTHBHOC MOBCACHHC MOJNEKYX B COCTaBe
GHONOTHYECKOr0 OOBEKTA CHIBHO MEHACTCA NOA ACHCTBHEM CHaboro 3JCKTPOMATHHTHOIO

A3y 4CHUS,
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TTporcX0aMI0 MOCTENEHHOE CMEIIEHHE HAYYHBIX MHTEPECOB AJICKCAHAPa AJICKCAHIPOBAYA
B CTOPOHY H3y4cHIYA GHONOrAYeCKHX 00BCKTOB H MpobneM »uBoro B memoM. PaGora 8 HUL] KM
MO3 Vxpauss "Buaryx" Opmna cea3ana ¢ npobreMamu MOpOreHe3a »uBbiX Opranu3mMos. MM
ObL1a BBIIBHHYTA HOBAA KOHIEIIMA MOpdorenesa.

Tlocnemmue Tpu rona xm3an A.A. CeprkoBa OsUIM TECHO CBA3AHBI C IpobneMoi paxa. Ha
3TOM 3Tane APKO MPOABMIACH YEOBEYCCKHE JOCTOMHCTBA ANCKCAHAPA ANCKCAHAPOBHYA H €r0
BBICOKVIH HAay4HBI MOTCHIMAN. YHHMBEPCAILHOCTh ECTECTBECHHO-HAYYHOTO MBINLICHHS HO3BONHIA
A A. CepukoBy B 370 KOPOTKOC BpEMsi HE TOJBKO "BOMTH" B OJHY M3 CHOXKHEHmMAX mpobiem
JHUBOTO, HO M IPEAIOKHTh BO3MOKHBIAH MEXAHH3M BO3HAKHOBEHHS ONyXOJICH, B OCHOBE KOTOPOIO
JIKAT OTKPHITOC WM SBICHHC ABTOCCICKUMH B TIETCPOICHHOM NOMY/MIMH HOPMANBHBIX
AA(hEepEHIAPYIOMHAXCS KICTOK.

Taxenas OGonessb A.A. CepukoBa HE CIOMHNA €r0 YCIOBEYECKYI0 CyMHOCTh —
OpHIHHATBHOS UYBCTBO FOMODA, HECTAHAAPTHOCTH TMOJXOA KO MHOTHM JKH3HCHHBIM CHTyandaM,
mo0O0Bs M CTPEMICHHE K HAyYHBIM JMCKycHAM. JKMBOM yM 6OpONCS C HEZYroM, CTPOMIHCH
GonmbmmAe HAyYHBIC IUIAHBI, KOTOPHIM, K COMAJNCHHIO, HE CYXIEHO OBUIO peanM3oBaThCA NpH
#u3HA Anexcanapa Anexcanaposrua. Ho MBI yBepeHS!, ¥T0 OyAyT KHTH W Pa3BUBATHECS HAYYHEIC
uaen A.A. Cepuxosa, Taxoke Kak OyeT HTh CBETIbIH 06pa3 3TOro 4eN0BEKa B CEpAUAX BCEX TeX,
KTO €10 3HaJ JEOOWT H YBAXKAL.

FO.IL Bnaroii, JI.C. Bpmxuk, C.H. Bonxos, AK. Bumsibuna, FO.B. lavymneii, C.B. I'aram,
A A Epemxo, HH. Kocmugwmii, B.M. Jlokres, B.fl. Manecs, B.U. Ileuenas, I''Y. Commmux,

M.E. Toncropykos, B.H. Xapksaser, JLH. Xpucrodopos.
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ABSTRACTS

THERMODYNAMICAL ANALYSIS BY 'H NMR OF THE COMPLEXATION OF ETHIDIUM

BROMTOE TO A DNA OCTAMER, 5'-d(GpApCpApTpGpTpC), IN AQUEOUS SOLUTION
V.L. Pahornov, D. B. Davies* and A. N. Veselkov
Department of Physics, Sevastopol State Technical University, Crimea, Ukraine
*Department of' Chemistry, Birkbeck College, University of London, WCIH OPP, United Kingdom

The self-association of the self-complementary deoxyoctanucleotide, 5-d(GpApCpApTpGpTpC), and its complexation with the
phenanthridinium drug, ethidium broxmde (EB), has been studied by ID and 2D 500/600 MHz NMR spectroscopy. 2D
homonuclear correlation PMR spectmseopy (TOCSY and NOESY) was used for complete assignment of the non-exchangeable
protons of the molecules and for qualitative determination of the preferred binding site(s) of the ligand with the oligonucleotide
chain. An NMR analysis has been developed for determining the thennodynamical parameters of self-association of the DNA
octamer and its multicomponent equilibrium of complex formation with EB in solution. Quantitative determination of the
equihbrium constants' and thermodynamic parameters (free energy, enthalpy and entropy) of duplex formation of the octamer
and its complexation with EB is based on investigation of the dependence of proton chemical shifts of the molecules on
temperature and on concentration. The experimental results were interpreted In terms of complexes containing different
numbers of drug molecules in the octamer duplex (1:2, 2:2,3:2 and 4:2 complexes). It is also found that (i) the relative amount
of each molecular complex depends on the ratio of the initial concentrations of the octamer and drug and on the temperature of
solution and (ii) successive binding of drug molecules to the octamer duplex is anti-cooperative.

KEY WORDS: deoxyoctanucleotide, ethidium bromide, intercalation, thermodynamic parameters, NMR spectroscopy

STUDY OF HYDRATION AND STRACTURE TRANSITIONS OF TRANSFER RNA
T.V. Bol’bukh, M.A. Semenov, V.A. Kashpur, V.Ya. Maleev
Institute of Radiophysics and Electronics Nat. Sci. of Ukraine, 12 Ak. Proskury st, Kharkov, 310085, Ukraine
e-mail: maleev@ire.kharkov.ua.

Inverstigations of the tRNA hydration in wetted films and solutions have been performed by the methods of IR-spectroscopy,
EHF-dielectrometry, and piezogravimetry. It was found that the total hydration of tRNA is equal to ~ 14 (+ 1) moles of water
per average mole of nucleotide. This amount of water is necessary to form both the secondary structure RNA stems and the
tertiary RNA structure.

KEY WORDS: nucleic acids, hydration, structure of tRNA, IR-spectroscopy; piezogravimetry, EHF dielectrometry

DNA STRUCTURAL CHANGES DURING INTERACTION WITH METAL IONS ON
IR- SPECTROSCOPY DATA
S.V. Kornilova
B.1.Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of Ukraine, 47 Lenin Ave.,
Kharkov 310164, Ukraine

The metal (Mn?*, Mg®*, Ca®*, Cu®") ion effect on the DNA structure in films is studied at different relative humidities (5-98"/0)
by the IR-spectroscopy method. The results obtained evidence the interaction of the ions with DNA phosphate groups as well as
with nucleic bases. The formation of the secondary structure of DNA complexed with metal ions is shown to take place at the
greater number of water molecules bound to the polymer than in the case of DNA without ions. The interaction of DNA with
metal ions prevents its transition into A-form and induces essential changes in the hydrate water of the complexes. The models
for the ion interaction with DNA macromolecules and its components are discussed.

KEY WORDS: DNA structure, metal ions, vibration spectroscopy

CALORIMETRIC STUDY OF GLASS TRANSITION IN DENATURED DNA
G.LTseretely, O.L.Vaveluk and T.V.Belopolskaya
Institute of Physics, St.-Petersburg State University, Ul'yanovskaya st., 1, St.-Petersburg 198904, Russia
e-mail: vavol(@,geo.phys.spbu.ru

Using the method of differential scanning calorimetry the anomaly of thermal properties of humid DNA was established. It was
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found that the temperature dependence of heat capacity of DNA samples containing bound water displays a heat capacity jump.
The temperature of this jump strongly depends on the water content. The obtained results were attributed to one of the most
important processes in amorphous polymers and in a number of denatured proteins - the process of vitrification. It has been
proved that the observed jump of heat capacity reflects a glass transition in denatured DNA with the water playing a role of
plasticizer. It is shown that the interval of water content in which denatured DNA can exist in the glassy state is wider and the
relative magnitude of the heat jump in DNA is higher than in proteins. It can be assumed that the vitrification process influences
the thermal properties of DNA more strongly than in proteins.

KEY WORDS: calorimetry, calf thymus DNA, heat capacity, glass transition, humidity.

QUANTUM CHEMICAL STUDY OF DECAMETHOXINUM AND RELATED DICATIONS
M.V. Kosevich, V.A. Pashinskaya, S.G. Stepanian, V.S. Shelkovsky, V.V. Orlov, Yu. P. Blagoy
B.IVerkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of Ukraine, 47 Lenin
Ave., Kharkov 310164, Ukraine; e-mail: mvkosevich@ilt.kharkov.ua

The structural and electronic parameters of the dication of antimicrobial drug decamethoxinum and a set of model ammonium
dications with various size of alkyl substituents at quaternary nitrogens were determined by means of AMI quantum mechanical
calculations. It is shown that the most favourable conformation of the decamethoxinum dication in the absence of water solvent
is an extended one with side substituents in the transposition with respect to the central chain and intramolecular solvation of
ammonium groups by carboxyl oxygens. The positions of two centers of charge distribution in the decamethoxinum dication are
close to the location of quaternary nitrogens while the analysis of the set of model dications revealed a strong dependence of the
positions of such centers on type and size of the alkyl substituents. Possible correlations of the molecular parameters and the
biological activity of ammonium salts are discussed.

KEY WORDS: diquatemary ammonium antimicrobial agents, decamethoxinum, quantum chemical calculations

INVESTIGATION OF THE ELECTRON - IMPACT EXCITATION AND IONIZATION OF NUCLEIC
ACID BASE MOLECULES
M.L Sukhoviya, LL Shafranyosh, L.L. Shimon
Uzhgorod State University, 46 PodgomajaSt., Uzhgorod 294000, Ukraine

Electron impact excitation, ionization and dissociation of gas - phase thymine molecules were studied in the energy range of 0 to
300 eV. The luminescence spectra of thymine and its dissociative excitation products were obtained within the region of 200 to
600 nm. Excitation and ionization functions for molecules were measured. Possible physxcal modelling of the intracellular beta-
irradiation nucleic acids are discussed.

KEY WORDS: Nucleic acid bases, slow electrons, excitation, ionization, dissociation.

INFLUENCE OF FORMATION OF THE HYDRATATION SHELL ON THERMAL PROPERTIES OF
GLOBULAR PROTEINS
T.V. Belopolskaya, G. L Tsereteli and N. A. Grunina
Research Institute of Physics, St.-Petersburg State University, St.-Petersburg 198904, Russia

By means of differential spanning calorimetry the absolute values of heat capacity for system (globular protein-water) were
determined in a wide range of temperatures and concentrations both for native and denatured state of so called small globular
proteins : mioglobin, lisozyme and rybonuclease. It has been found that for all the proteins studied the temperature dependence
of the heat capacity of the samples containing only the bound water demonstrates a pronounced jump which can be attributed to
the vitrification process. The dependence of the jump temperature on the water content in the system is obtained. The partial
capacity of protein component has been calculated for native and denatured states at water concentrations ranging from 0 to
90%, i.e. From completely dry samples up to the samples with totally formed hydratation shell. It is shown that for all proteins
the dependence of the total heat capacity of the protein-water system on the water content, as well as that for the proper heat
capacity of the protein has a S-like shape which is most probably caused by the transition of the protein from the vitreous to the
rubber-like state.

KEY WORDS: scanning calorimetry, globular proteins, heat capacity, vitrification, hydratation, humidity.

THEORETICAL STUDY OF THE INFLUENCE OF THE MEDIUM ON THE ELECTRON STRUCTURE
OF THE DERIVATIVES OF QUINOLINE AND COUMARIN
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T.V. Sakhno, LV. Korotkova
Poltava Division of Acadamy of Sciences of Technological Cybernetics of Ukraine, Skovorody St. 1/3, Poltava, 314003,
Ukraine, e-mail: sakhno@ugsep.poltava.ua

The results of quantum-chemical study of mutual relationship between spectral and luminescence properties of flat
heteroaromatic molecules and chromophore residue geometry have presented in the paper. The change of the geometry can be
induced by the influence of temperature, solution polatity. The possibility of applying the model system elaborated to theoretical
study of various solvation processes that determine the spectral and luminescence properties of the molecules has been shown.
KEY WORDS: derivatives of coumarin, quinoline, acridone, xanthone, phenathreedone, electron structure, quantum-chemical
calculetions, AM1 and PM3 methods

\
DETECTION OF SMALL BIOMOLECULES USING SURFACE PLASMON RESONANCE METHOD

V.L Chegel', S.A. Piletsky’, E. V. Piletskaya®
! Institute of Semiconductor Physics, National Academy of Sciences of Ukraine, 45 pr. Nauki, 252650 Kiev-28, Ukraine.
e-mail: che@ispd.kiev.ua
? Institute of Molecular Biology and Genetic, National Academy of Sciences of Ukraine, 150 Zabolotnogo str.,
Kiev 252143, Ukraine

The possibility to use Surface Plasmon Resonance for detection of small organic molecules (= 200 Da) was demonstrated for
two herbicides: atrazine and metrybuzin. Herbicide detection is based on the application of chloroplast protein D1 which is
natural receptor for photosynthesis-inhibiting herbicides. The sensitivity, achieved in direct and competitive measurement
schemes is 100 ng/ml and O.1 ng/ml, correspondingly. Some peculiarities ofSPR method and technology, connected to detection
of small organic molecules are described.

KEY WORDS: herbicides, surface plasmon resonance, biosensor, biomolecule, sensitivity.

252-CF PDMS STUDY OF THE PLANT STEROID GLYCOSIDES INTERACTION WITH
NUCLEOSIDES

V.V. Pilipenko, S.A. Aksyonov, A.N. Kalinkevich, L.F. Sukhodub
Institute of Applied Physics, National Academy of Science of Ukraine, 244030, Sumy, Petropavlovskaya St., 58, Ukraine

Steroid glycosides (SG) are phytogenic substances. Considerable interest of investigators in the above group of compounds has
arisen due to their pronounced biological activity: Some SG have fungicide, antitumor, antibacterial and other activity. In this
work 252-Cf Plasma Desorption Mass Spectrometry was used to investigate model mixtures of some SG or genins with Ado,
Cyd, Guo, Thd, Urd. From the mass-spectra obtained it is seen that some SG, Bioside neotigogenin and Petunioside D, have
ability to form noncovalently bounded associate like [SG+nucleoside] with Urd and, in the case of Bioside neotigogenin, also
with Cyd. Another SG or genins did not show this posibilitty.

KEY WORDS: steroid glycosides, genins, nucleosides, Plasma Desorption Mass Spectrometry, noncovalently bounded
associate

STUDY OF 6-THIOGUANINE RARE TAUTOMERS
Yu.V. Rubin
B.1.Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of Ukraine, 47 Lenin Ave.,
Kharkov 310164, Ukraine

The study of 6-thioguanine rare tautomers (N7H and SH tautomers) has been carried out by experimental (UV absorption and
Iluminescence spectroscopy) and theoretical (CNDO\S) methods. These investigations showed the long-wave shift of absorption
and luminescence spectra on 6SG N7H tautomer relatively ones of N9H tautomer . The sequence of N7H tautomer excited
states was proposed. The performed investigations showed that absorption spectrum of 6SG SH-tautomer must be shifted to
short-wave region relatively 6SG thion forms.

KEY WORDS: UV absorption, quantum chemical calculations, 6-thioguanine, tautomerism

INTERACTION OF HEMOGLOBIN AND CYTOCHROME C WITH MODEL MEMBRANES :
CHARACTERIZATION OF ELECTROSTATIC EFFECTS
G.P.Gorbenko
Kharkov State University, SvobodySq. 4, Kharkov 310077, Ukraine
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The interaction of hemoglobin and cytochrome C with negatively charged phospholipid vesicles composed of
phosphaddylcholine and diphosphatidyiglycerol has been studied. Thermodynamic description of the binding process has been
performed in terms of two-dimensional lattice models of large ligand adsorption to surface, being modified to distinguish the
electrostatic contribution to the binding energy. The electrostatic and nonelectrostatic components of the association constant
have been found to exhibit nomnonotonous dependence on the surface charge of lipid bilayer, with the minimum being observed
at ca. 20-40 mol % of diphosphatidyiglycerol. The results obtained provide arguments in favour of decreasing the contribution
of electrostatic effects to the total binding energy upon the increase of the degree of surface occupancy by the protein.

KEY WORDS: hemoglobin, cytochrome C, liposomes, protein - lipid complexes, adsorption models

MATHEMATICAL MODEL OF DYNAMICS OF PLATELET AGGREGATION. THE
DETERMINATION OF DEPENDENCE OF KINETIC PARAMETERS ON THE TEMPERATURE
S.V. Gatash, V.P. Berest, M.A. Vorobeychik
Kharkov State University, Svobody Sq. 4, 310077, Ukraine

The mathematical model describing dynamics of platelet aggregation in vitro under conditions of shear forces in flow has been
presented. The analytical expression connecting the value of change of the optical density of cell suspension to the sizes of
aggregates appearing. The values of kinetic constants of rates of cell association and dissociation to an aggregate for various
temperatures and values of activation energy of these processes have been calculated. The mechanism of the dependence of
ADP-induced aggregation on temperature has been discussed.

KEY WORDS: platelet, aggregation, mechanisms, shear rates, mathematical model, kinetic constants, light transmittance,
temperature, activation energy.

THE TEMPERATURE EFFECT ON HUMAN ERYTHROCYTES PERMEABILITY FOR
CRYOPROTECTANS
S.Kh. Mezhidov, V.A. Moiseyw
Inititute for Problems of Cryobiology and Cryomedicine of the National Academy of Science of the Ukraine,
23 Pereyaslavskaya str., Khartov 310015, Ukraine

By means of EPR method of spin probe, the human erythrocyte permeability for nonelectrolytes at different temperatures has
been studied. The coefficients of permeability on the base of the equation of irreversible thermodynamics have been determined
and activation energy and the permeability time of 50% from the number ot extracellular cryoprotectant have been calculated.
There at it has been established that at 0°C the permeability coefficient of 1,2-PD, DMSO, ethylene glycol and glycerol for
human erythrocytes is equal to (1,0£0,1)x10-5, (1,0£0,1) x10-5, (2,8+0,6) x10-5 and (0,26+0,04) x10-5 sm/min
correspondingly. During the temperature increase of 10 C the permeability coefficient increases in 7,4, 1,8 and 1,8 times
correspondingly. At 10 °C nonelectrolytes on the value of the permeability coefficient for human erythrocytes form 1,2-PD >
ethylene glycol > DMSO > glycerol series, where the sequence is determined by the complex of all their physical and chemical
properties and not by their lyotropic, dielectric and other properties.

KEY WORDS: human erythrocytes, electron, paramagnetic resonance spectroscopy, permeability, cryoprotectants.

THE MEDIUM OSMOLARITY EFFECT TO THE MICROVISCOSITY
OF ERYTHROCYTE CYTOPLASM
S.Kh. Mezhidov, V.A.Moiseyev
Inititute for Problems of Cryobiology and Cryomedicine of the National Academy of Science of the Ukraine,
23 Pereyaslavskaya str., Khartov 310015, Ukraine

The dependence of correlation time of rotary diffusion (cTRD=t) of TEMPON spin probe in erythrocyte cytoplasm on the
osmolarity of extracellular medium and 1,2-propanediol (1,2-PD) concentration was studied by EPR method of spin probe.
Thereat it has been revealed that at sodium chloride, potassium chloride, succrose and glucose concentration higher than 0,8
Mol/l, the deviation from linear dependence is observed, that is related to the exit of free water from the main mass
erythrocytes. The presence of distinctions in T TEMPON probe in erythrocyte cytoplasm depending on 1,2-PD concentration at
sodium chloride concentrations upon 0,8 Mol/l,- stipulated by the dependence of intracellular aqueous solution viscosity on
cryoprotectant concentration due to the presence of sufficient quantity of free water in erythrocytes has been established.

KEY WORDS: human erythrocytes, spectroscopy of electron paramagnetic resonance, cytoplasm microviscosity, osmolarity of
extracellular medium.
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HUMAN ERYTHROCYTE FORM CHANGE DURING PRESSING THROUGH CYLINDRIC
MICROCAPILLARY
L.L Gardash, E.A. Gordienko
Institute for Problems of Cryobiology and Criomedicine. National Academy of Sciences of Ukraine,
23 Pereyaslavskaya St.., Kharkov 310015, Ukraine

The analysis of human erythrocyte form change has been carried out during erythrocyte pressing through the cylindric capillary
basing on the simple physical and geometrical notions. The equations describing erythrocyte form in the case when cell
membrane yielded the deformation without isotopic strain have been obtained.

KEY WORDS: human erythrocyte, deformation, microcapillary, membrane form.

THE TEMPERATURE EFFECT ON THE DIELECTRIC PERMITTIVITY OF PLATELET SUSPENSION
IN 3-CM RANGE OF WAVELENGTHS
V.P. Berest, S.V. Gatash, O.T. Nikolov
Kharkov State University, Svobody Sq. 4, 310077, Ukraine

The dependences of dielectric permittivity and frequency of water dielectric relaxation for the temperature range from 4 to 42
°C has been studied in the platelet suspension and human blood plasma by using the method of the very high frequency
dielectrometry. The activation enthalpy of water molecules dielectric relaxation has been calculated and dependences of static
dielectric permittivity for these systems have been obtained comparatively to the “solvent”. It has been shown that the
peculiarities of the dependences of the dielectric parameters on the temperature are connected to the conformational transitions
of plasma and platelet membrane proteins.

KEY WORDS: platelets, blood plasma, fibrinogen, very high frequency dielectrometry, dielectric permittivity, dielectric
relaxation, enthalpy, temperature

STOCHASTIC DYNAMICS OF CELL CLONE DEVELOPMENT.
AUTOSELECTION PHENOMENON AND PATHOLOGICAL EVOLUTION.
G.L Solyanik, A.A. Serikov
Institute of Experimental Pathology, Oncology and Radiobiotogy, Vasilkovskaya 45, Kiev 252022, Ukraine,
e-mail: farmm@iepor.kiev.ua; Bogolyubov Institute for Theoretical Physics, Metrologicheskaya, Kiev 252143, Ukraine

The problem of regulation of the proliferation-differentiation processes is analysed in the framework of the model of
unipotential cell clone dynamics, assuming two alternative ways (scenarios) of an every new-born cell development, which in
the long run define correspondingly the proliferating or differentiated cell status. The scenario choice is then supposed to be a
random event influenced by both the inherent mitotic activity of the cell and the differentiation factors - special messengers
synthesized by the differentiated cells. Differentiation factors being accepted by every-new bomn cell can change the way of cell
development. Taking into account the clonal heterogeneity it was shown that such mechanism of the regulation of proliferation-
differentiation processes can result in the selection of actively proliferating and insensitive with respect to differentiation factors
action cells (that is to say, the cells with cancer phenotype). In the framework of investigation the cells with cancer phenotype
(which is heritable within the variability of mother-daughter correlations) appears through the series of the permanent
nonmutational changes in the proliferating cells by autoselection mechanism retaining for the division and generation of the
progeny only that actively proliferating cells which are less sensitive with respect to the action of the differentiation factors. The
progression of normal cell clone towards the appearance and increase of the number of the cells with cancer phenotype can be
considered as a possible mechanism ofcarcinogenesis.

KEY WORDS: cell population heterogeneity, autoselection phenomenon, carcinogenesis.

INVESTIGATION OF SENSITIVE DEPENDENCE UPON INITIAL CONDITIONS AND
PARAMETERS OF MODEL BURSTING NEURON
A.O. Komendantov'”, A.Ch, Gozak’, N.L Kononenko®
nstitute of Physics, National Academy of Sciences of Ukraine, Kiev: *National Technical University of Ukraine "KPI", Kiev;
*Bogomoletz Institute of Physiology, National Academy of Sciences of Ukraine, Bogomoietz Str., 4, 252601 GSP, Kiev-24.
Ukraine

Sensitive dependence upon initial conditions of realistic mathematical model of neuron has been investigated using construction
of{[Ca”"}n -V) phase diagrams. Delicate transformations of phase diagrams under change of relevant parameter of the model
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(specific chemosensitive hyperpolarization-activated conductivity ga, participating in slow wave generation) has been detected
using calculation of fractal dimension. The results obtained are impertant to understanding of complex dynamical behavior
ofneuron.

KEY WORDS: bursting neuron, deterministic chaos, fractal dimension

ULTRASOUND AND MAGNETIC RESONANCE MEDICAL IMAGES TEXTURE ANALYSIS USING
NEURAL NETWORKS
A. V. Mysnik., M. K. Novoselets
Kyiv Taras Shevchenko University, Radiophysical Faculty, Medical Rradiophysics Department, Volodymirska 64, 252017
Kyiv-17, Ukraine; mav@boy.rpd.univ.laev.ua, nmk@boy.rpd.univ.kiev.ua

Expert analysis of the medical images, received with the help of the ultrasonic scanner or a magnetic resonance tomography is
one of major parts of diseases diagnostics. Except the visual analysis in modem expert diagnostic systems methods of automatic
processing and analysis of the images are actively used. Neural networks give steadier disease recognition, give an opportunity
to analyze fragmentary or noised data. Tree-like self-organizing neural network model is presented, when the network is
building during training phase. Results of a neural network algorithm application, constructed and trained on the specified
technology, for thyroid gland diseases diagnostics on statistical parameters of its ultrasonic images and head brain tumors
recognition on the statistical characteristics of the images received with the help magnetic resonance tomography are presented.
The network gives steady determination of the diagnosis at ultrasound inspections with efficiency 80-85 % and more than 70 %
at tomographical inspections.

KEY WORDS: texture images characteristics, ultrasound medical images, tomographical medical images, artificial neural
networks.

ABOUT SOME FEATURES OF THERMOPHYSICAL PROPERTIES OF WATER
AND IT BEHAVIOUR IN ALIVE ORGANISMS
Ye.A. Andreev
Institute of Physics National Academy of Sciences of Ukraine, 46 Prospect Nauki, Kiev 252650, Ukraine

The method of the differential thermal analysis investigates a behaviour of a thermal capacity supersatureted on concentration of
water solutions of oxygen. The datas on temperature dependence of hermophysical parameters of water solutions NaCl, Hz0,, 0,
plasma of blood in a range 16-40°C, are indicated. Is shown, that for want of concentration of oxygen in a solution close to it to
significance in of arterial blood of the human organism, the temperature features' of a behavior are expressed in range 35-41°C.
The hypothesis is put forward that a physical frame in a system temperature regulation of alive’organisms is the phase transition
" water - polymorphic ice ".

KEY WORD: nonequilibrium, water, oxygen, peroxide, plasma of blood, differential scanning calorimetry

MONITORING OF XYLEM GRAPES FLOW
A. Gil
Institute of vine and wine "Magarach”, 31 Kirovstr., Yalta 334200, Crimea, Ukraine; e-mail: adonis@yalita.yalta.iuf-net

In activity the outcomes of measurement of quantitative size of xylem flow measured by heat balance method of fragment of
stem on long-term culture - grape are submitted. The attention to continuity of measurement and absence of injury of researches
object , the full conformity of researches to basic positions of fitomonitoring is shown. The outcomes of experiments conducted
in artificial and natural conditions are given. The high correlation with an evaluation transpiration of the consumption obtained
by a method of weigh is shown. The examples of use of obtained biological outcomes in practical agricultural production are
adduced.

KEY WORD: a water regime, fitomonitoring, irrigation, xylem flow, heat balance method

FLUORESCENCE STUDY OF RADIATION EFFECT ON THE STRUCTURE OF ERYTHROCYTE
MEMBRANE PROTEINS

: V.V. Tovstiak
Kharkov Stale University, SvobodaSq. 4, Kharkov 310077, Ukraine

The influence of 5 MeV electron beam on the structural state of erythrocyte membrane proteins has been investigated by
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monitoring intrinsic protein's fluorescence. It has been found that radiative damage to membrane proteins is mediated by the
oxidation of sylfhydryl groups and conformational alterations of the protein molecules.
KEY WORDS: erythrocyte, membrane proteins, fluorescence, radiation

THE SPECIAL MULTI-PURPOSE CRYOSTAT FOR BIOLOGICAL LOW TEMPERATURE STUDIES
L Zharkov, A. Tchmul, V. Safronov, V. Ermakov, G. Dovbeshko
institute of Physics of National Academy of Sciences of Ukraine, 46 Prospect Naulki, Kiev 252022, Ukraine;
e-mail: zhavkov@jiop.kiev.ua

The special multipurpose sryostat system for biological studies on debase of the general use cryostat with specialized
manipulators was designed. It ensures a wide selection of various biophysical measurements in the broad spectral range (optical
measurements in UV, visible, near, mid and far IR ranges within 0,2 - 25 p, microwave and X- ray studies) within 1,4 - 4,2 -77
- 80 - 350 K temperature range with high accuracy (% 0,0 IK) and small consumptions of a cryoagent.

KEY WORDS: cryostat system, cryoagent, biophysical measurements, low temperatures.

NEW OPTICAL METHOD OF DIAGNOSTICS OF THE ENDOGENOUS INTOXICATION OF
PHAGOCYTIVE CELLS OF BLOOD PLASMA
L.A.Kernazhitsky, V.V. Naumov, G.A. Puchkovskaya, 0.LOsadchaya
Institute of Physics, National Academy of Sciences of Ukraine, Kiev 252650, Ukraine
Institue of Hemathology and Blood Transfusion, Ministry of Health of Ukraine, Kiev 252650, Ukraine

In this work a new optical express-method of qualitative and quantitative estimation of a functional state of phagocyte cells in
the blood of disease patients with severe burns, for immunological monitoring and early prognosis of development of septic
complications is proposed. The method is based on real-time registration of the light absorption in the blood samples in UV,
visible and near IR spectrum. For measurements, the PC-operated CCD-based optical multichannel spectra analyser is used.
Intact blood samples with T- and B-lymphocytes taken from various patients during the period of bum toxemia were
investigated. It is found, that the greatest absorption in blood samples containing that phagocyte cells of analytical interest is
observed in the spectral region of 560-650 nm. It turns out possible to determine with sufficient sensitivity when and where the
light absorption is caused by presence of T- and B-lymphocytes in the blood samples. This correlate with a tendency of
endogenous intoxication of neutrophil granulocytes due to the storage of toxines in the blood plasma after the burn injury.

KEY WORDS: blood, lymphocytes, diagnostics, absorption spectroscopy, optical multichannel analyser

EFFECT OF VARIOUS DOSES OF IONIZING RADIATION ON THE FUNCTIONAL ACTIVITY OF
SACCHAROMYCES CEREVICIAE
Ya.U. Chernyak, 0.T. Nikolov
Kharkov State University, SvobodySq., 4, Kharkov 310077, Ukraine

This work deals with the investigation of viability of the Saccharomyces cerevisiae population after y-irradiation. The criterion
of population viability was the variations of optical density of nutrient medium with yeasts with time. Is shown, that y-
irradiation of yeasts in doses 100 and 200 R increases the rate of their reprodaction on 40 %. y-irradiation in doses 500+7500 R
inhibits the rate of reproduction of Saccharomyces cerevisiae.

KEY WORDS: y-irradiation, population, yeasts barm, optical density, viability.

MECHANICAL PROPERTIES OF BLOOD VESSELS
V.Ye. Shehanin
Kharkov Center for Cardiac and Vessel Surgery

The experimental data related to the firmidity and friction coefficients of big blood vessels (aorta) have been presented. These
data have used for working out the method of distanational prosthetic appliance of these vessels.
KEY WORDS: blood vessel, deformation, firmidity, friction
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