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TYPIOPHUNM TUCK Y TKAHUHI IITYKPOBOI'O BYPAKA
ITP1 HNU3BbKNUX TEMIIEPATYPAX
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Pisuunul paxyasvmem, Kuiscorxul naytonasbrull yrnisepcumem iment Tapaca Hlesuensa,
npocn. Laywxosa, 6, Kuie, 252022, Yxpaina
(Orpumano 20 aucronasa 1997 p.; 8 ocratounomy Burasal — 15 Gepesua 1999 p.)

Bupueno mikpockomuHmit MeXaHI3M MMepeMileHHS BOAM 13 KIITUHI B MIKKJIITHUK TPU HU3b-
KuX Temmeparypax. JlocainkeHHsS TpOBeIeHO Ha OCHOBI JaHUX MPO MOBEIIHKY TYPrOPHOTO THUCKY,
SIKI OTPUMaHO 3aIIPOITOHOBAHUM ABTOPAMY METOIOM BU3HAYEHHS TY PrOPHOrO TUCKY 32 3HAUEHHIMU
Monyas 3cyBy. Jamo TeopeTuune obrpyHTYBAHHS [IHOTO METOAY 3 BUKOPUCTAHHAM HEJIHIAHOL Te-
opll mpy skKHOCTH. BUMIpsiHO MoIyJab 3CyBY IIyKpoBoro Oypska mpu TemMmeparypax 253 K < T <
290 K. Busnaueno teMiiepaTy pHUlT IHTEPBAJ, ¥ SKOMY MOIYJdb 3CyBY MOJKHA OTOTOKHHUTHU 3 TYP-
ropauM TUCKoM. O nep KaHO TEOPeTUUHY OIMHKY OIS OCMOTHYHOIO THCKY B Oy pAKOBIM TkaHuHl. 13
MOPIBHAHHS I€]l OMIHKY 3 €KCIIEPUMEHTAJbBHUM 3HAUEHHAM TY PrOPHOTO TUCKY 3pOBIEHO BUCHOBOK,
o TepeMilleHHs BOAW 13 KJAITUHU B MIKKJIITHUK BLAOYBAa€ThCS 3a JOMOMOIOK aKTUBHOTLO TPaHC-
HOpTY. 3allpOHOHOBAHO MeXaHI3M Ihoro mepeMimmerns. Ha myMKy aBTopiB, BiH sBIs€ coBoIO pyX
HedpopMalllfiHIX COMITOHIB y3I0B K JAHITIOTIB, AKMMI BCTEJIEHO CTIHKN KaHAJIB, PO3TAllOBAHUX Y
mIa3MageMi.

KiarouoBi caoBa: kriTnHa, Ml KKIITHHAK, Iy KDOBII Oy pPAK, Ty propHUN TUCK, aKTUBHUI TpaHC-
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nopT, AedpopMallTHIi COTITOH.

PACS numbers: 62.20.Dc

I. BCTYII

Y miit ctaTTi aBTOPU MPOJOBKYIOTH BUBUEHHS IIPO-
TeciB, MO B1ADYBAIOTHCA B IYKPOBOMY OYPSKY P HI3b-
Knx temmeparypax (7 < 290 K).

Y nonepenuiit mybaikamii [1] pocainskyemo dpasopuii
mepexin “piamHa—TBepna ¢paza” B TKAHUHI IIyKPOBOTO
oypska. byro BcTaHOBIeHO, MmO Tielt pa3oBmMil mepexin
Ha TeMIIepaTypHIA 3adeKHOCT] MPYsKHOTO MOIYJIST Bl
TeMTIePATyPU BUsABAsie cebe y BUTIASAML TePKOMAIIHHOTO
mepexomay nipu temuepatypi Ty =251 K.

st iHTepIpeTallil eKCIIEpUMEHTAIbHIX MaHUX BI-
KOPUCTAHO MOJEAb [2], 3rigHo 3 sAKOK Ha MOYATKOBIH
cTaIil 111 Y TBOPIOETHCS B MiFKKIITHIKAX 38 PAXYHOK 3a-
Mep3aHHS BOIM, SIKA BUNITOBXYETHCS B MIKKIITHUKH 13
cyclamiX KalTuH. [lepKoasmiiinmii mepexiny paMKax 1€l
MOJIeJIl TTOBUHEH CIOCTEPITATUCS 34 TEMIEPATYPU, MIPHU
SIKIFT KaacTep, YTBOPEHUN TpolapKaMu ABOIY B MIsk
KIITHIKAX, TOCATHE PO3MIPIB 3paska.

Onupatwurch Ha Teopilo mneprouasinii [3], aBropu
3a CBOIMU €KCIIepUMEHTAIBHUMU JAHUMHU PO3PaxyBalu
KITBKICTD AHOAY B OYPSKOBIA TKAHIHI IPU TeMIIepaTy-
pax 220 K < T < Ty.

Y 1mifi cTaTTl HAC IMKABUTHAME MIKPOCKOINYHNN Me-
XaHI3M, SIKAA 3a0e3Tedye BUMITOBXYBAHH BOAU B M1k
KJAITHUKN. SIK BiZOMO aBTOpaM, Ile TUTAHHA paHllEe B
JAiTepaTypl He pO3TASIATM.

Y 1mpoMy I ToasArae HOBH3HA 3alPOTIOHOBAHOI CTATTI
nopisHsiHo 3 poboromw [1]. ko B ocranuiit 6yao oxep-
FAHO eKCIIepUMEHTAIBHI Pe3yAbTAaTH, Kl CBIIUATh PO
BUIITOBXYBAHHS BOIN B MIKKIITHUHHIK, TO B I ¢cTATTl
1IeThCS Bike MPo (PI3UMYHY MOJENb IHOTO SIBUINA.

Bianosiap Ha mocTaBieHe MUTAHHS Iy KATUMEMO, BUB-
Yaoun MOBEMHKY TYPrOPHOTO TUCKY B 1HTEPBAJ1 TEMITe-
paryp T < 290 K.
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I1. SIBTUHUN 3MICT TEPMIHA
“TYPIrorPpHNUN TUCK”

3raganuil TepMiH y skuBaHuil y disioxorii pocaun [2,4]:
e THUCK, IO 1CHY€ B KIITHHI. BiH Mae ocMOTHYHY TIpH-
poay. Hpufiasro [2,4] nust onucy HOBEAIHKN TYPropHOro
TUCKY BUKOPHUCTOBYBATU MOJIEN b, AKY HA3UBAIOTH “OCMO-
THUYHOIO KOMIPKOIO 1 KA SIBASE CODOIO HesKII 3aMKHe-
HITi 06’ €M, pO3ALIeHAA Ha ABl YacTHUHI HAITBITPOHIKI -
BOIO TIEPETOPOIKOIO — MPOHUKINBOIO JJsT BOIM 1 HETIPO-
HUKJIWBOIO JJisi PEUOBUH, PO3UMHEHUX y BoIl. B omHift
JacTuHl 06’eMy 3HAXOINTHCS BOAA, B 1HIN — PO3UIH
neBHOI KoHIeHTpaliic = n/N (n — 4ncio MOTeKyT PO3-
uyrHeHO1 pevuoBnHu, N — unciao Mmoaekya poan). Came 115
JpyTa YacTHHA MOIEAI0E cobo0 KAITUHY, TIepIia K Bl -
MTOB1 A€ OTOUEHHIO KAITHHU. S K BLIOMO, TUCK ¥ APYTiit
YacTHUHI OLIBIINANA 3a THUCK y THeplnil YacTHHI Ha TesIKY
Beauunny P. OcTaHHs B MO OCMOTHYHOI KOMIPKH €
aHAJOTOM TYPTOPHOTO TUCKY B KJITHHI.

IIpu oMy TypropHuit TMCK BU3HAYAEMO (POPMYIOIO
P=P+ 1/)wa (1)

Je P, — 0CMOTUYHMIT TUCK, 1)y, — TaK 3BAHUN TOTEHIT AT
Boau [4].

Iepiia i3 ABOX OCTAHHIX BeAUYMH, AK BiIoOMO [5],
JOPIBHIOE

kgl
P, = CL’ (2)

v

Je v — MOJeKYIApHUA 06’ €M BOIN.
st apyTrol s 3amncyorh PopMyIy
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e = u, (3)

v

Jie jt Ta fig — XeMIUHl TOTEHIUSsIAN BOAU B TEpIil Ta
JApYTiit yacTUHl KOMIpKHA.

Puc. 1. Coroa Mmomeas KIITHHHOL CTPYKTY pu Ta 11 gedop-
Malllsd 30BHIIMHIMY CHJIaMIU.

III. METOIN EKCIIEPIMEHTAJIBHOTO
BM3HAYUYEHHS TYPIOPHOTI'O TUCKY,
OIINMCAHI B JIITEPATYPI

Buminsors mpsiMi Ta HempsMl MeTOIN BUMIpIO-
BaHHS TYPTOPHOTO TUCKY. RJIacHMUYHNM TPUKIAIOM I0-
CHLIMKEHHS, ¥ AKOMY 3aCTOCOBAHO TIPAMUIT METO, MO e
Oyru pobora [6]. ¥ Hill TypropHuil TUCK B OKpeMiil Kii-
THHI BUMIPIOBAJIN 3a JOMOMOTOI0 MiKpoMaHoMeTpa. Ha
alb, Yepes MaJl po3MIpH KIITHH Iefl MeTol He HabyB
MOTIUPEHHST, 1 Yy BUMIPIOBAHHIX TYPTOPHOTO THUCKY Iie-
pPeBasKAIOTh HelpsIMi MeTOAN. Y MOBHO OCTAHHI MO KHA
PO3ILTUTH Ha ABl TPYIIN.

MeToan miepiiol TpymM IPYyHTYIOTHCS Ha, BUMIPIOBAHHI
ty 3 dopmyan (3). Matoun 3MOTy OIIHATH BEJTHUHHY
P., MoskHa BUMIpIOBAHHS P 3aMIHUTH BUMIpIOBaHHIM
MOTEHINANY Boand ,. Came meil dakT mokIaIeHO B

OCHOBY OLIBIIOCTH €KCIIEPUMEHTAIBLHIX POOIT, TIPUCBS-
UeHNX BUBUEHHIO TYPTOPHOTO THCKY. ['oMoBHA idesi, Ha
SIKIl TPYHTY€ThCs BU3HAUCHHSA MOTEHINSITY BOJIN, MO Si-
ra€ B TOMY, 10 KOJAM KIITHHA abo AIISHKA POCINHHOL
TKaHNHN TepebyBae B piBHOBa3l 3 cepenopuieM (piam-
HOIO abo Mapoio), TO BEeTUUNHA Py, B OyAb—AKIi TouIl
CUCTEMH, BKIOUAIOUN OTOUEHHS, oqHaKoBa. Jocmimsy-
BaHU{ 3pa30K 3HAXOINTHCS B PIBHOBA31 3 TTApOI0 ab0 po3-
YIHOM TI€BHOI KOHIIEHTpaIlil. BUMIpIOIOTH BETUUMHY )y,
B mapi abo po3YnHi.

Take BUMIPIOBAHHS TPOBOIATEH ABOMA OCHOBHUMUY CIIO-
cobamm. 3rigHO 3 TepuinM, Ge3mocepeaHbO BUMIPIOIOTH
TUCK TApW B TMOBITPl 3a AOTIOMOTOIO TEPMOeIEKTPUY-
HOTO TICHXPOMeTpa Uil 1HIIOTo HOoAIGHOTO Mpuaaty (Aus.,
Hanpukaan, [7-9]). 3riazxo 3 gpyrum [10], spasku po-
CAMHHOI TKAHWHY MTOMIMIAIOTH Y PO3YNHN P13HOI KOHIIEH-
Tpaiii abo B mapy. Ilpu mpomMy B1aDyBaeThbcss OOMIH BO-
JOTOIO MIK 3PA3KOM Ta CePeIOBUIIEM. 3Pa3Ku, M0 KOH-
TAKTYBAJIW 3 PO3UMHOM abo Mapolo, 3BaKyOTh, BU3HA-
Yaoun Ty KOHIEHTPAINio, JAs SIKOl He BiADyBaE€ThCs
3MIHU BarW. 3alpOTOHOBAHO 1HIIN CIOCOOU BU3HAUEHHS
thy: 3a 3MIHOIO misiMeTpa cTebla IpU BHCUXAHHI, 3a
Il ApOCTATUYHIM THCKOM , TIPUKJ A TaHHs STKOTO BUKINKAE
BUJIIEHHS KIITHHHOTO cOKy Ta iH [10].

Hermpsimi MeToau IpyTol rpyIu IPYyHTY IOTHCS HA TOMY
daKTi, Mo 3MI1Ha TYPTOPHOrO THCKY IPUBOINTE J0 3MI1HI
MpYKHUX XapaKTepucTuk. [Ipu 3acTocyBaHHI 1THX Me-
TO/MIB BUMIPIOIOTL TPYKHl XapaKTepUCTUKI, a Bike 3a
3HAUEHHSIMU OCTAHHIX PO3PAXOBYIOTH TYPTOpPHUN THUCK
(muB., Hanpukaam:, [10-12]).

IV. METOJ, BUSHAUYEHHA TYPIOPHOI'O
THUCKY, AKNN 3AIIPOIIOHYBAJIN1 ABTOPI

PosrasimarmMeMo KIITHHHY CTPYKTYPY SAK HeI1HIfHIi
TPy 3KHUH KOHTUHYYM. Y 3B’S3KYy 3 iCHYBaHHAM TYPTOp-
HOTO TUCKY BBayKATUMEMO, 0 TIell KOHTUHYYM Tepedy-
Bae M ai€io riapoctarnyioro tncky P. [losHaumvo de-
pe3 G MOIy7Nb 3CYBY KOHTHHYYMY, ¥ SIKOMY BlACy THiil
THCK, a depe3 (G — TOI ke MOIYIb, ale Byke s Ma-
Tepisiny, ne Hell Tuck €. Y pobori [15] Mizk nuMu Beau-
YMHAMY BCTAHOBJIEHO CITiBBI THOTIEHHST

G=xG+ P, (4)

Je x — dedpopmalisi, BUKIANKaHa TckoM. OUeBIIHOIO €
OIIlHKA

x < 1. (5)

Ak Bimomo [4], KniTuHA CKIATAETHCA 3 TPHOX OCHOB-
HIIX YaCTWH: KJI1TUHHOL CTIHKM, TIPOTOIIA3MI, BAKYOI1.

Hnst sHaxomskeHHs oIHEN (G 6yIeMO BUKOPUCTOBY-
BaTU KOHTWHYAJbHY MOJENb, IO MaTwMe MBI CKJIa-
JIOBl: KapkKac, yTBOPEHHH KJIITMHHUMHN CTIHKaMI, Ta
Jesike  CYTIJbHE CepefoBUIe, O 3AMOBHIOE KJITHUHH.
[Mpy &I XapaKTepUCTUKN OCTAHHBOTO € HACT1 TKAME Y Ce-
PEeITHEHHS 0 BChOMY 06’6éMYy KAITHHI 1 TOMY SIBISIOTH
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cobo10 TeBHI eeKTUBHI KOHCTAHTH, MO XapaKTepusy-
I0TH MOBEIHKY MPOTOTIA3MUI Ta BAKYOI1 PA3OM.

CrpykTypa Kapkaca Haramye OymOBY cOTIB. 3 i€l
MPUYNHU MOJIeNb, Ky MU BBOANMO, OYIeMO HA3UBATH
“coToBOIO”.

Marepisiai, MO 3alOBHIOE KIITHHY, SIBISIE CODOIO me-
saky pimuay. Tomy 11 MomylaeM 3CyBY MOKHA 3HEXTY-
BaTU B TIOPIBHAHHI 3 MOAYJAEM 3CYBY MaTeplsily CTIHOK,
OCHOBY SIKOTO, SIK BLIOMO [4], CKIanaloTh JaHIIOIM [e-
A10m103U. K pIM TOTO, KOJIU pPeadi3yeThbCs CTaAH UUCTOTO
3CYBY, TO B IepIIoMy HabIMKeHHI 3a AecbopmalisiMu
3MIHOTO 06 €MY, SIK Bl IOMO, MO KHA 3HEXTYBaTH.

G-10%(H-v2)
F-N

250 260 270 280 290

300 T.K

Puc. 2. TeMmepaTypHa 3ate KHICTb MOLYIs 3cyBy G By-
PSKOBOI TKaHUHU.

Omswe, mpu P = 0, cepenoBuiile, Mo B COTOBIA MO-
Jesl 3al0BHIOE KA1THHM, (paKTUYHO He BILINMBAE Ha Je-
dopMaliifHi BTacTUBOCTI CICTEM, 1 BCe BU3HAYAETHLCS B
IIBOMY BUMAJKY TIPY *KHICTIO KapKaca, YyTBOPEHOTO CTIH-
kamu kaitud. OTosx, Beruunny (G Ca11 OTOTOKHIOBATH 3
MOJIyJT€eM 3CYBY 3raJaHoTo Kapkaca. OIHIMO 3HAUeHHS
Momyast (5.

Crpoiyoun cutyario, 0y IeMo BBaKATH, IO KJI1TUHA
mae dopmy Kyba 3 pebpom L. Ilpm 1mbomMy Kapkac
KJAITUHHOI CTYKTYPU BUTISITATUME Tak, SK MOKa3aHO Ha
puc. la.

Hexait 306paseHy cTpyKTypy MAAaHO dil PO3TATY-
BaJbHUX CIJI, MO HalpaBlIeHl B3IOBK CTIHOK, sIKl Ha
puc. la MarThb Bep TUKAABHUN HaNpsaM. Bumanmo B 1
MoJdeal JeAKy KOMIPKY A, 3aMIHUBIIN JaJbHIX CYClIIB
cUIaMM, 3 SIKUMU Il CYClAHI KOMIPDKHN MIIOTH Ha JaHy
(puc. 1b). llpu BUGpaHOMY po3Tallly BaHHI 30BHIIIHIX CIT
KOMIpKa A 3HaXOINTHLCS I 1 €0 Bep THKAJABHOL CIan ()
— 30BHINIHBOI CUIW, IO TPUIATAE HA OMHY KOMIPKY. 31
30BHIIIHIM HaIpY ;KeHHAM 0 BEJINMUNHY () OB A3y € CITIB-
Bl THOIIIEHHS

o= —. (6)

IMosHaunMo uepes y medpopMalliio KOMIPKHA B TOUII
npukaatands cuan (puc. lc). Jasa sinzHocHol medop-
Malli B HAMPSIMKY PO3TATYBAJABHOI CHIT OTPUMY €MO BI-
pas
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— (M)

Kopucrywounce supaszamu (6) ta (7), sammmemo gop-
MYy IIA MOIYJIs pO3TATY [ coToBol Moenl

. (¥

Pospaxyemo Beanunny y. [losnaunmo uepes h ToB-
IMTHY CTIHKK KJIITUHE 1 PO3TASIATIMEMO TOPU3OH-
TalbHy CTIHKY K OajKy TOBMHUHOKW [ Ta TOMepeyHnM
mepepizom L X h. SIk BumHo 3 puc. lc, y rakiii 6anin Bu-
HIKa€e medpopMarliis BUTHHY . Teopis mpy sKHOCTH B IIHOMY
BUNaaKy (mue., Hampukaam, [16]) mas nporuny 6aikn y
nae popmyay

QL?
Y= — (9)

48F 1
me Ei — Moayab po3TAry Marepisiay, 3 SIKOTO CKJIa-
JaeThbes banka, [ = Lh3/12 — MOMEHT 1HepIIll ToTIe-

pEedHOro mmepepisy.
Miacrapasoun dbopmyrny (9) y Bupas (8), orpumyemo

E=2F (%)3 . (10)

I3 popmynn (10) BunavBae OIiHKA I MOIY IS 3CYBY
KapKaca

G~ Gy (%)3 (11)

ge (G| — MOAyJIb 3CYBY MATEPIAIY, 3 SKOTO CKJIaTaEThCs
CTIHKa KJI1TUHIA.

OCKITBKM TOBIUWHA CTIHKH MeEHIIA BIJ PO3MIPY
KA1TUHN, B yCSAKOMY pas3l Xoda O Ha MOPSIOK, TO
h/L <0.1. (12)
I3 dpopmynn (11) orpumMyemMo OTiHKY
G < Gyp-107% (13)
3razmasium HepiBHICTH (5), 3amucyemo

G < Gy 1073, (14)

Yl Halm CIomiBaHHs MO0 eKCIepUMeHTalIbHOIO BI-
3HAUEHHs] TYPTOPHOIO TUCKY IIOKJIaJaTUMEMO Ha 1CHY-
BaHHS CITIBBIIHOIICHHS

\G < 6G, (15)
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ze 0 eKkcriepuMeHTalAbHa NoXubKa sHavenns (.
Y 1poMy pasi piBHICTE (4) MoskHA Oy e MepenmcaTn y
BUTJ A1

G=P (16)

Beamunaa (G — Ie MOLYIb 3CYBY, 1O BUMIpIOETHCA
ekcepuMenTanbHo. OT ke, AKIIO HepiBHICTH (15) cupas-
JIKY €ThCST, TO, BUMIPSBIIM MOIYIb 3CYBY, MU, 3T1IHO
i3 dopmyrorw (16), oTpuMyeMo 3HAUEHHS TYypPTOPHOTO
trucky. HaBeieHi MipKyBaHHs € OOTDYHTYBAHHIM 3aIpO-
MOHOBAHOTO METOJYy BU3HAUEHHSI TYPTOPHOTO TUCKY 3a
BUMIPIOBAHUMU 3HAUCHHSMU MOJIY TS 3CYBY.

V. EKCIIEPUMEHT

BumipoBaau momyab 3cyBY G MapeHXIMHOl TKa-
HUHI [yKpoBOTO Oypska B 1HTepBadl TeMIEpaTyp
(253+290) K. XapaKTepHUCTUKH CHCTEM, IKY 1O CI1 Ky -
BaJI: MacoBa KOHIEHTpAIls BOAN ¢, = 0.75, my-
KpucTicTh 1 = 0.16.

3ramaHl BeIWYMHM BU3HAYAIOTH (POPMYIaMU ¢, =
My /m Ta @1 = my/m, Je m — Maca CUCTEMU, My, Ta
My — BLAMOBIIHO MacCH BOIA Ta CaXapo3W B CHCTEMI.

BumipoBaHHs MPOBOAWIN 38 AOTIOMOTOIO OBEPHEHOTO
masithmka [17] #a wacrori 0.1 ¢ =1, OTpumany Temmepa-
TYPHY 3aJe3HICTh MOKa3aHo Ha puc. 2.

3rizHo 3 dopmyramu (4) ta (11), nas pospaxyHKiB
HaM HeOoDX1JHO MaTH y CBOEMY PO3TOPSIKeHHI BeaN-
unay (1 — MOAYJAb 3CYBY “CTIHOYWHOTO® MaTepisiy.
3BUYAHO 3K 3paska, Mo CKIadaBcsa O TIABKI 13 “CTIHOY-
HOTO” MaTepisAny, He OJlep AT #oaHUM criocobom. O -
HAaK, BUCYIIYIOUN POCTUHHY TKAHIUHY , MU MO KEMO, BIIa-
JAUBIIA BCIO BOJY, OTPUMATH 3Pa30K, SKUH HAlIMMKATH-
MeTBCST 33 CBOIMU BAACTUBOCTAMU 10 3TaTAHOTO “CTIHOU-
woro” 3paska. OcKIIBKEN 3 MOBa Npo Beawuman G Ta
(51 fituMe Ha PIBHI OIHOK, TO AK OINHKY Beauunnau (G
MO KHA BUKOpUCTATH Beanunny Gg — MOy b 3CYBY BU-
CYIIEHOTO 3pa3ka — “CyXol pedoBUHN , K 11 Ha3UBAIOTh
TEeXHOJIOTH.

Samxesricts Gy Bl TeMmmeparypu 1 TOKa3aHO Ha
puc. 3.

Ha mpomy puc. B iaTepBaai 255 K< T <263 K BuanHO
cxomuaky. Taka s cXoAWHKa TPHCY THA Ha 3aJe3KHOCTI
G(T) (puc. 2) B ToMy 3k camomy iHTepBanai. Ta 06-
cTaBUHa, WO MoLyab G pearye Ha 3MiHy Momyas G,
MOsKe O3HAYATH TIABKHU Te, 1o HepiBHicTh (14) B 1BOMY
BUMIATKY He BUKOHYEThCs. To 3 roBOpUTH TPO icHY-
BaHHA 3axexaocTH (16) MOKHA TIIBKN IIA TeMIEPaTyp
T >1T1=263 K.

Y HalloMy eKCIlepUMeHT] MoXubKa cKIaiala BeJu-
YMHY

5G =0.05 G. (17)

3T1IHO 3 TOMEpeIHIMU MIPKYBAHHIMU, s TOTO, o6
MaTH IpaBo BUKOPHCTaTH piBHicTE (16), HeoOXi,IHO BIeB-
HUTHCD, 10 BUKOHYETHCS HEPIBHICTD

Gq-1073 <G, (18)

I3 ypaxysaussam pipHoctu (17) mepemmcyemo (18) y
BUTJ A1

Gy < 50G. (19)

[opisHiowun 3HaueHHA Gy Ta (7, YIEBHIOEMOCD y CIIpa-
BeTUBOCTI criBBlaHOmeHHA (19) ms KOMHOI 3 TeMIle-
paryp T° >263 K. ¥ cBoio "epry 1e o3Havae clpaBes-
auBicTb pisHocTH (16). OTske, MU MaeMO TIpaBo B iHTep-
Baai 263 K< T <290 K oToT0HUTH MOIYTH 3CYBY Gs
TYPTOPHUM THCKOM, OJep Ky toun saneskHicts P(T), mo-
KazaHy Ha puc. 4.

Typropuuit TMCK ¥ KOPEHSIX, BUMIPAHUN 1HIIAMUI Me-
tonamu, ckiagae peauuuny (5 -+ 10) - 10° Ha [4]. sk
BUIHO 13 puc. 4, eKcliepuMeHTalbHe 3HAUeHHST P, oTpu-
MaHe MeTOJOM, SIKUH 3alpONoHyBaJU aBTOPH, TOMAAAE
B 3TaJaHNil IHTepBaJI, MO e pa3 M ATBEPIMKY € T1€3IaT-
HICTBH I[HOTO METOY .

VI. PO3PAXYHKOBA OHIHKA OCMOTHUYHOT'O
THNCKY B BYPJIKOBIN TKAHITHI

RaiTunHuit cik MosKHA PO3TIASITATH SK PO3UNH Da-
raTboX pedoBUH y Boal. IlozHaummMo KIABKICTH IUX pe-
4OBUH yepes S. MacoBl KOHIEHTpaINi iX Mo3HaYaTIMEMO
uepes ¢;, 36epiratoun ingekc “1” 3a caxaposoio. IlosHa-
MO 4epes 1M Macy MOJEKYIH j—T0l PO3UMHEHOI pedo-
BHHH, 4Yepe3 7j — KIAbKICTh TAKHX MOJEKYJ, d4epes m
— Macy MoJIeKyJ Boau. BpaxoByoun odeBIaHI piBHOCTL

njmj = q; M, (20)

Nm = q,M, (21)

3aIMIIEeMO BUPa3 I KOHIEHTPaIli ¢; j—Tol po3UnHeHO]
PEeUYOBUHM

o 4

c; = = .
I N ey

(22)

Ak Bigomo [5], v BUIAIKY, KOAU B PO3ULHI MiCTUTHCS
JekiabKa (S) PO3UNHEHNX PEUOBIH, OCMOTHUHII THCK €
CYMOIO TTAPIISALHAX TUCKIB

S
kpT
P.==L23 " (23)

v -
j=1

MMigcrapnsoun Bupas (22) y dopmyny (23) i BpaxoBy-
oun, Wo m/v = p, ne p — TyCTUHA BOIU, OJEP Y EMO

S

kT :

po= PN (24)
qw i=1 mj
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kpT
p= 28 0 (25)
qQuw my
Bennummy mq, Ak BlIoMo, BU3HAYAIOTH POPMYIOIO
my = 1.66-107%"py. (26)

Jge v1 = 330 — MoJeKyaApHA Maca caXapo3’ B aTOMHUX
OTUHUIISAX .

IliacTaBassioun 4YncaIOBl 3HAUYEHHSI BEAWYNH y op-
myny (24), orpumyemo 3nauenns p1. = 1.6 - 10° Ila.

[opiBHioIOUN 16 3HaUeHHS 3 EKCIIEPUMEHTAJ]bHUM
3HAUEHHAM TypropHoTo TucKy P (puc. 4) i sBaskamoun
Ha OUeBUIHY HePiBHICTH P, < P, IpUXOIUMO 10 HEPIB-
HOCTH

P<P. (27)

OTs#e, eKCIIEpUMEHTATBHO BUMIPSHE 3HAUEHHST TYPTrop-
HOTO TUCKY B OYPSAKOBI TKAHWUHI BUABISETHCA MEHIITIM
3a BEIUYUHY OCMOTUYHOTO THCKY.

VII. BUCHOBOK: MEXAHI3M IIEPEMIIIINEHHS
BOIU 13 KJIITNHM B MIKKJIITHINK

Pesyawrar, BupasseHuii hopmynomw (27), € KI0OUOBIM
y HaImil cTaTTi, 60 caMe BIH TO3BOJSIE 3pOOUTH TP MHITA-
MOBUIT BUCHOBOK TIPO XapaKTep PYXy BOAU 13 KIITHUH ¥
M1 KK THIK.

IToBepHIMOCA A0 CIIPOIIEHOI MOAEA1 BOIHOTO OOMIHY
B CHCTEMI1 y BULISI JESTKOI OCMOTHYHOI KOMIPKH 1 OTO-
TOKHIMO Ty YaCTUHY KOMIDKH, e 3HAXOIUTHCS BOJA, 3
Miskra1THIEOM. O Iep skaHUIT BUCHOBOK, BUP a iKeHIH pop-
mynoto (27), o3Hauae, 3riaHo 3 piHicTIO (1-3), WO

1< fio, (28)

TOBTO, XeM1UHIH TTOTEHITISII BOAN B KJ1THHI MEHIINN, Hi 3K
y MiEKTITHUKY . OTie, MepexiJ BOAN 13 KAITUHA B MIs¥
KA1THIK B1AOYBAETHCS B HATIPSAMKY T'PaIl€HTa XeM1YHOTO
TOTEHISANY .

Y isionorii pocaun [b] npuilHATO BUAIASATH Me-
XaHI3MU TACUBHOTO Ta aKTHUBHOTO TPAHCIIOPTY. ¥ mep-
moMy BHNaary (audpysis) mepeMmilieHHSA MOJEKYT pe-
YOBUWHN BlIOYBAETHLCS MPOTH I'pai€HTa XeMIUHOTO II0-
TEHINSAY 1€l peYOBUHN, ¥ IPYTOMY — 3a I'pai€HTOM.
OTs#e, MOJEKYIN BOJU TIEPEXOIATDH 13 KIITUHU B MIs¥
KIITHUK 3a JOMOMOTOI0 AKTUBHOTO TPAHCIIOPTY.

Bukonamuit eKcrepuMeHT JO3BOJSIE 3pOOUTU OITHO-
3HAYHO BUCHOBOK, IO TIePeXiT MOJMEKYT BOJHU 13 KJI1TUH
V MIKKIITHUK SBIsI€ coDOI0 P13HOBI aKTUBHOTO TPaHC-
mopty. el Tun pyxoMocTu BIacTUBUN TINbKN KIABUM
cucrteMaM, 6o, SIK yie 3TalyBadoCh, MOTIK pPeUYOBUH
yeymeped 3akoHaM audpy3il HallpaBJIeHO 3a IPale€HTOM
XeMIUHOTO TIOTEHITISNY .
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YCTaHOBUBILY, IO MU MAaEMO CIpaBy 3 AKTUBHUM
TPAHCIOPTOM, CIIPOOYEMO, IPYHTIYIOUNCEH Ha JAiTeparyp-
HUX JaHUX, 3alpOIOHYBATH [IIOTETUYHUN MIKPOCKOII Y-
HIT MeXaHI3M IepeMIIeHHs BOIN 13 KAITUH Y MIHKKI1T-
HUK IIpU HU3LKIX TeMIEpaTypax.
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Puc. 3. TemmneparypHa 3aae s HICTh Monyaa 3cyBy Gg BU-
cyureHol 6y pIKOBOI TKaHUHM.
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N

[N

260 270 280 290
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Puc. 4. TemnepaTtypHa 3aJeKHICTh TYPrOpHOrO TUCKY P
6y pAKOBOl TKAHITHIL.

Ak Bigomo [5], mpoTonaasMa KIITUH Ma€ TPU OCHOBHI
CKJAMOBl: CTPYKTYDHI eleMeHTH (AIpo, MITOXOHIpI,
IACTHAN), TUTOTIasMa, pubocomn. InTtomaasMa ckaa-
JMAETHCS TAKO3K 13 TPHOX UACTUH: MeMOpaHy, YacTHHOK
(mKTiOCOMMU, T130COMH, TIEHTPI0A1, MIKPOTPYOOUKH), TIH-
TOIMTa3MaTUYHOTO MaTPpUKCa. PO3pIsHIAIOTH 30BHIIIHI 06-
MesKyBaJbHl MeMOpaHn, Yy TOMY 4YKcIl MeMOpaHy IIpo-
TommasMn (mrasManeMy), Bakyodi (TOHOIIACT), sIpa,
MITOXOHIpIH, T130cOoM Ta CYyOOAMHUIL TIKTIOCOM, & Ta-
KO BHYTDIIIHI MeMOpaHU MUTOITa3Mn (€HIOMIa3Ma-
THYHA CITKA), MiTOXOHIpifi Ta mractua. Poxb HamiBmpo-
HUKJIMBOI MeMOpaH B MOJEN1 OCMOTHYHOI KOMIPKI, BI-
KopHcTaHol B Il cTaTTl, BiAiTpae miasManeMa. BomHa
GesnocepeqHbO MPUAATAE O KIITHUHHOI CTIHKHA. K
Bipomo [5], Mmembpana siBisie coboIo onHy abo NeKinbKa
eJeMeHTapHUX MeMOpaH, M0 HAKAAJAIOTHCSI OAHA HA
onmny. EnmemenTtapia MemMOpaHa — Ie TOABIAHII M1l 1-
HUfi 1ap, y SKOMY pO3TalloBaHl O1TKOBI MOJMEKYJIMN.
Binomo rako:x [18], o Moaexyau Boau nudpy HIY IOTh Ye-
pe3 MeMOpaHM 31 3HaUHOIO MBHAKICTIO. Ileft dpakrT cBia-



TYPTOPHIII TUCK ¥ TKAHUHI ITY KPOBOTI'O BY PAKA ITPII HU3BKIIX TEMIIEPATY PAX

YNTh, MO B TMOABIAIHOMY JIIMAHOMY IMapl 1CHYIOTH Ha-
CKPI13HI KAHAJ U, Yepe3 Kl I TPOXOASATH MOJEKY I U BOIN.

Y cBOIX TOUIYKAaX MEXaHI3My aKTWBHOTO TPAHCIIOPTY
BOJU dYepe3 TIMa3MaleMy BUKOPHCTAEMO MOIENb, 3a-
npornoHosany B [19-21]. lisMerp KaHaly IODIBHIOE
npubamsHo 4 A. Kamax oToueHO MoOJBIiHOIO CTIHKOIO.
Bay TpinmHio yTBOpeHO CTPYKTYPOBAHOIO BOJOIO y BU-
DJIST BIOPSITKOBAHUX JIAHITIOTIB, 1O TPOXOIATE ¥ 3I0BK
YCBOTO KaHAJy, 30BHINHA CKAATAETHCS 3 DITKOBUX MO-
aekyn. Taka Momenb m03BOMSIE TIOSICHUTH 1CHYBaHHS
060X 3raJaHNX THUINB MEPEMINEHHS BOAU UYepe3 MeM-
opany. [lacuBHmii TpaHCcHOPT BlADYBAETHCA 3BUYANHIM
IMITSIXOM — 3a paXxyHoK mudpy3il MOJEKyJa BOIM Yepes
KaHaJd. AKTUBHUI e TPAHCIOPT, HA HAINYy IYMKY, 3a-
OesmneuyeThest pyxoM AepopMaIiiiHuX coMTITOHIB — Kpa-

yHloHIB [22] — y310B3K BOAHUX JAHIONB Y APl CTPYK-
TYPOBaHOI BOIM.

Binowmo [4], mo rigpoais mouxeryn AT® cay swurh nzse-
pesoM eHepTil AT MPOTIECIB MUTTEMLABHOCTI KA1 THHII.
Bynemo BBaskaTw, 10 eHEpTisi, sgKa 3BIABLHUIACS TPHU
3raJaHOMy T1ApoJisl, MInaa Ha YTBOPEHHsS COMITOHA B
TOMY KIHII JaHIora, M0 KOHTAKTYE 3 MUTOMIAa3MaTHd-
HIM MaTPUKCOM, & TaKO 3 Ha HAJAHHS [IbOMY COJ1TOHOBI
KIHETIYHOI eHepTil, J0CTaTHBO1, 00 TepeTHY TH IIIa3Ma-
aeMy. Y HACTIIOK MPOXOIMKEHHS COMITOHA Y3 OB JaH-
1Iora MOJEeKY1a BOAU BUXOMUTH 13 TIAAa3MaleMu, OTIHSI-
TOUNCh Y MIFKKIITHUKY .

TakuMm, Ha Hally AyMKY, € MeXaHi3M TepeMillleHHs
BOJAM 13 KAITUHM B MIKKJIITHIK MIPW HU3LKIX TeMIlepa-

Typax.
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THE TURGOR PRESSURE IN THE SUGAR-BEET TISSUE UNDER
LOW TEMPERATURES

L. A. Bulavin, Yu. F. Zabashta, A. Ya. Fridman
Kiev National Taras Shevchenko University, Department of Physics
6 akad. Hlushkova Pr., Kyiv, UA-252022, Ukraine

The microscopic mechanism of water transference from a cell to the space between cells is investigated under
low temperatures. The study is based on the data about the turgor pressure behaviour. This data is determined
with the help of the method suggested by the authors of determining the turgor pressure by the shear modulus
values. The theoretical basis of this method is given with the use of the nonlinear theory of elasticity. The shear
modulus of the sugar—beet is measured under the temperatures 253< T <290 K. The temperature interval is
determined in which the shear modulus is equal to the turgor pressure. The osmos pressure in the sugar—beet
tissue is evaluated theoretically. From comparing the theoretical osmos pressure and the experimental values of
the turgor pressure the conclusion is drawn that water from a cell to the space between cells is moved by the active
transport, a mechanism of this motion is suggested. In the authors’ opinion this mechanism reveals the motion of
the deformation solitons along the water chains which are within canals in walls of the plasmalemma.
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