JKYPHAJT ®I3NYHUX JTOCIIYKEHD
™. 1,2 (1997) c. 225-231

JOURNAL OF PHYSICAL STUDIES
v. 1, No 2 (1997) p. 225-231

NEPKOJIAIIMHNNI ITEPEXIM, 3YMOBJIEHHIUI Y TBOPEHHSIM
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Opnep:kaHo TeMImeparypHy 3aJ/I€XKHICTh MOMYJIS 3CYBY IJI IyKPOBOTO Oypsika B iHTEpBaJsI TeM-
meparyp 220-280 K. Busasieno icuyBanus mepkoJidniinoro mepexomy npu temmeparypi 251 K, 3y-
MOBJIEHOTO BHHUKHEHHSIM 0GE3MEXHOr0 JKOPCTKOro KJacTepa B OypSKOBiif TKaHWHI. 3a JOMOMOrOi0
Teopil MepKOJIALii 32 TEMIIEPATYPHOIO 3aJIEXKHICTIO MOILYJIA 3CYBY PO3PAXOBAHO KiJTbKICTh JILOAY B
IyKPOBOMY OYPSIKOBI IIpM TeMIeparypax HHUKUe TeMIEPATYPU HEePEeXOLIy.

ExcrnepuMeHTaIGHO MiOATBEPIXKEHO TIOTE3Y MPO iCHYBAaHHA MEXaHI3MY MiXKJITUHHOTO BUMEp-
3anHs. [Tokazano, mo oxostomxents OypsakoBol Tkaauan 00 251 K #we mpusBoautsh 10 pyiiHyBaHHS

KJITHH.

Kiro4doBi ciioBa: MOmyJih 3CyBy, MapeHXiMHA TKaHWHA, OE3MEXHUI KJacTep, MepKOJIsmiinmit

mepexin, MiKKJITHHHUKY, YKPOBUH OYypHIK.

PACS number(s): 62.20.Dc

I. BCTVYII

fx Bimomo, mMyKpoBuil OyPsIK — BaXKJINBA KyJIbTYPa
IJIsT eKOHOMIKM YKpainu. 3maBaJjioch 6 ykKe [bOro €
IOCTATHLO, MO0 MOYATH IiJIeCTpsAMOBaHi (izwuni mo0-
camKeHHst 1poro o6’ekry. Ha xanb, njia ¢isukis my-
KpOBHil OypPsiK K 00’€KT HOCJIIKEHHS € He3BUIAUHIM
Ta, HE3BWYHIM.

BsactuBocTi 1mykpoBoro Oypsika B YKpaiHi BHBUYAJIN
FOJIOBHMM YWHOM TexHojoru (muB., HanpukJam, [1]).
IIpuponno, mo ¢isuunuii acmekT mpodbaeMu Ipu UbOMY
OyB Ha OPYrOMY ILJIAHI.

BaraJjiom crpobu BUBYATH BJIACTUBOCTI I[yKPOBOTO OY-
psaka 3 norisaay ¢isuku Oysu [2]. Asie ne — oxpewmi
nparii, sKi TOKU M0 He B CUJIi MOAOJIATH 3araJbHOI TeH-
TIEeHITii.

3 bararsox disuuaux MpobJseM, MO CTOCYIOTHCS IIy-
KpOBOTO Oypsika, MU BHOpAJIM MUTAHHS MPO KiJIBKICTH
JIbOIY B 3aMep3JIOMy MIpH 3aIaHiil Temmeparypi Oyps-
koBi. SIkmo BBecTM Taki mozHaueHHsi: V — 00’e€M cH-
cremu, V; — ob’em Jhomy, T — Temneparypa i BeJu-
quny n; = V;/V, 10 {imerbca npo BU3HAYEHHS 3aJI1€K-
wocti n;(T).

[Te muramis 30aBHA MIKABUTH MPAKTHKIB, 60 BilI HHOTO
3HAYHOIO MipOIO0 3aJI€KATh TEMIEPATypHi PEKUMH, IO
iX HEOOXiMHO MTOTPUMYBATHCH NI 30epiranHs OypsiKiB.
Posrustmemo iforo 3 Bukopucragasam (pismaHOro miaxomy,
a came: 3aCTOCYEMO MOIIEJIi, 3BUYANHO BXKUBaHI y iz
TBeporo Tista. B bomy, sIK BUIAETHCS HAM, i TOJIATAE
OIIVH 3 €JIEMEHTiB HOBU3HU CTaTTI.

II. KOPOTKUI AHAJII3 ITPAIIB, B AKX
PO3IVIAHYTO ITPOITEC BAMEP3AHHAA
IIYKPOBOTO BYPAKA. BUBIP
EKCITEPUMEHTAJIBHOT'O METOY

[Teprmoto crrpoboi0 3 BU3HAYEHHS KIJIBKOCTI JIhOIY
IYKPOBOMY OypPsIKOBi OyJ1a, sk BiHOMO aBTOpaM, Mpallsd
[3]. V niif BUKOpHCTAHO KAJIOPUMETPUYHUN METOm,. 3pa-
30K PO3MINIYBAJIM B TEPMOCTATI 3 TeMIeparypon 253
K, nesaxwnit vac BUTpUMYBAJJIN TaM, MCJIT YOTO BUMIPIO-
BaJIN 3araJibHy KiJIbKICTH Termsia (), HeOoOXimHOro mJjis
BimirpiBaHHs 3aMep3710T0 OyPsiKa M0 KiMHATHOI TeMIIepa-
Typu. BBaxkastocs, mo Oypsik € CyMIIIIIio BOAA i TAK 3Ba-
HOI CyX0i pedoBuHU (OCTAHHIM TEPMIHOM, K BIIOMO, TEX-
HOJIOTH HA3WBAIOThH 3AJIMIIOK, IO HOTO OMEPKYIOTh TiCIs
HOBHOIO BHCYUIyBaHHs OypPsAKOBOI TKaHWHM). BBomusiu
Besunnn ng = Vg /V, n; =V;/V, ne VgiVy — o6’emu,
3afHATI BIAMOBIIHO CyX0I0 PEYOBMHOIO Ta BOHOI0. Byso
samucano Gopmysy s (Q, sKa MICTUTb, KPiM TeMIIe-
parypu, TGHJIOGlI\/IHiCTb C4 cyxoi pedoBUHH, a TAKOXK Be-
JIMIVHT ng Ta n,;. I3 miel popmysn 3a excepnMenTaTh-
HUM 3HaUeHHAM (@, ng Ta Cyg obuucoBain n’i(253) s
T = 253 K. Bysio onepsxano suagenns n,;(253) = 0.8.

Ha sinminy Binm [3], B my6mixamii [4] 6yso BukoHawHe
npsiMe BUMIPIOBAHHSI TEIJIOBOTO edekTy, TMoB’sizane 3
YTBOPEHHAM JIbOLY B OypAKOBiii Tkaunuui. Bukopucrano
MeTOM HU3bKOTEMIIEPATYPHOI ArhepEeHITistIhHOI CKAHY F0-
90l KaJIOpuMeTpii. 3pasku OXOJIOMKYBAJIN 10 TeMIepa-
typu 123 K 3i mBuaxicrio 32 K/xs. Ilicisa uboro B ymo-
BaX MOCTYTOBOTO HATPiBAHHSA 3HIMaJ N TepMorpamMu. s
3pasKka i3 KiIbKICTIO (32 Macoio) cyxoi pedosumau 25%
MaKCHUMyM TIJTaBJeHHs crocrepirascs npu T = 269 K.
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BuwmiproBaHHsT TemoBoro ed)eK,Ty, MIOB’SI32HOTO 3 IIAM
MaKCHMYyMOM, Iajio sHadenns n,(123) = 0.4 , n;(123) =
0.3.

Croci6 oxonomkeHHs1, sAKUiA OyJ10 3aCTOCOBAHO B [3]
(3aHYypIOBAHHA B TEPMOCTAT), A€ MiICTABU CTBEPIKY-
BaTu, WO IBUAKICTH OXOJIOIZKEHHS B NOC/IiKeHH] [4]
OyJ1a HIK4YOI0, Hixk B ekcnepumenTi [3]. Kpim Toro, i Tem-
neparypa (123) Oyj1a B IepuIoMy BUMAIKY HUKYOIO, HizK
y apyromy (253). I He sBaxkaoun Ha 1€, 3HAUCHHS n; B
[4] BusBHIOCH Maiizke BABiYl MeHIIMM TOPIBHAHO 3 [3].

Mu cxusbHi Gisbite moBipsaTr nananm mpari [4], 60 B
Hill BUKOHAHO IpsMe BUMIPIOBAHHs TEILIOBOrO e(eKTy,
noB’s3aHe 3 yTBOpeHHAM Jboay. B [3] ueit edpexr Busna-
YaJIA, TTPUYOMY PO3PAXYHOK I'PYHTYBABCS HA 3aHAITO
crporeniit Momesti (OypsaK = cyXa BeJIMYuHa + BOIA).

Ak BUOHO 3 HABEOECHWX Mpallh, 3aBIAHHS, IO HAC IIi-
KABUTh, — 3HAXOMKeHHs 3asexkuocti n;(T) — He pos-
CIS AT,

Hawm BupmaeThcst mopedHuM Ojist ii BUBUYEHHS BUKOPU-
CTATH BUMIPIOBAHHS MPYKHOTO MOIYJIA 3CyBY. 3aCTOCY-
BaHHSI IIbOTO METOLy B ILOMY BHUIIAAKY MAE€ CEHC 3aB-
NISKW BEJMYE3HIH PI3HUI MiXK MOMYJISIMA 3CYBY JIHOIY
Ta BOAM, IO, B MPWHINI, TIOBUHHO IATW 3MOTY BU3HA-
JaTh KiJIbKICTH MEePIIOro JOCUTh TOYHO.

[MpyxwHicTh IyKpOBOro OypsKa, SK 3BUYANRHO, TO-
CJIKYBaJIU B iHTEpBaJI KiMHATHUX TEMIEPATYP 1 BUIIE
(nuB., manpuksiam, [5]). Y sireparypi [6] 3ramyerbes npo
OKpeMi BUMIPIOBAHHA B iHTEpBaJIi HU3BKUX TEMTEPATyp
(mpu 257 K). Mu x Bestu HOC/IIGKEHHS B LBOMY iHTEp-
Basii remmeparyp (200-280 K) cucremaruuno. B ubomy
MOJIATAE APYTHil €JIEMEHT HOBU3HW CTATTI.

III. EKCITEPUMEHT

ExcnepumenTraabHO MU BUMIPIOBATIN NPYXKHANK MO-
nyJib B inTepBaJii temmeparyp 200-280 K.

Ob6’exkTOoM HOCTimKeHHsa OyJia MapeHXiMHA TKAHUHA
myKpoBoro Oypsaka “Ynamoka” 3 mykpucricrio 16% Ta
KiJIbKicTIO cyxoi pevosuan 25% (3a macorw).

Mpyxuuii Mmomyb 3cyBy G BUMIpIOBAJIM 3a IOTIOMO-
ro0 OGEpPHEHOrO KPYTUILHONO MAsSTHUKA [7] HA 9acTOTi
0.01 T'u. BumiproBaHHsS TPOBOOMIIA TTPU OE3MTEPEPBHOMY
OXOJIOMKEHHI 3pa3Ka, Mo BiadyBasiocs 3i mBuaxicTio 0.5
rpaj./xs.

ITepmre i3 pesynbTaTiB eKCOEpUMEHTY, IO BIATAE B
OKO: OJIepKaHi 3HAYEHHS PO3PI3HAIOTHCI HA IBa IO-
pankn. e we majo 3MOrm HaABECTH €OMHY 3aJI€KHICTD
G(T): nosesocs 306pa3uTu yCiO KPUBY B IpiOHOMY Mac-
wrabi (puc. 1, a), a gacTuHy Ui€l KPUBOI y BEJIUKOMY
(puc. 1, 6), mo6 nokasaru nerasi sanexuaocti G(T)
B Temmneparypuomy inrepBasi 250-280 K. IIpibromac-
mTabHy 3a/1eXKHICTh MOy /1A HaJa i HO3HAYATAMEMO AK
G(T), sanumuuBLIz 32 BeJMKOMACIITAOHOIO 3aJIEKHICTIO
G(T).

Sk BumHo 3 puc. 1, ma rpadiky xpusoi G(T') cmo-
CTepiraroThCss OBI OCOOJIMBOCTI: BUCOKOTEMIIEPATYPHMUI
(mpu T = Ty = 261 K) ta ausbkoremneparypuuii (mpu
T =Tp = 251 K) crpubkn.
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Puc. 1. TemneparypHa 3a/I€XKHICTH TUHAMITHOIO MOIYJIS
3CyBYy MapeHXIMHOI TKAHWHHU IyKPOBOrO OypsiKa; a — BCl
TOUYKH €KCIIepUMEHTAJILHOI KPUBOI G (T) B mastomy macurTabi,
6 — MOYATKOBA YACTHUHA i€l KPUBOI AJIsI TEMIIEPATYPHOTO iH-
repsaity 250-280 K y Besukomy macurabi (G(T)).

—_
[\]
T

S(H.v2)

G-10
o~

2200 240 260 280 300T,K
Puc. 2. TemueparypHa 3a/I€XHICTH THHAMITHOTO MOIYJIS
3CYBY 3aCyNIEHOI MapeHXiMHOI TKAHWHU IIyKPOBOrO OypsIKa.

Ockinbku O6ypsK, K 1 iHII KUBI OpraHi3mMu, MiCTHTH
BEJINKY KiJTbKICTh BOIM, TEpIle, MO CMaJac Ha IYMKY:
CTPUOKMU, MO CIOCTEPITaIOTHCS, BUKJINKAHI YTBOPEHHSIM
JIBOILY .

IlJisi mepeBipKUW [BOTO MPUMYIIEHHS OYJI0 BUMIPSHO
MOOYJIb BHCYIIEHHX 3Pa3KiB — “Cyxoi pedoBuHH’
(puc. 2). 3 puc. 2 BuaHo, mo Ha 3anexHocTi G(T) € crpu-
6ok mpu T = 261 K i wema crpubka npu T = 251 K.
Tomy moxKHA 3pOONTH BHCHOBOK, IO BHCOKOTEMITEPA-
TypHII CTPHUOOK, MO HOr0 CIOCTEPEKEHO IS HEBUCY-
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meHol OypPAKOBOI TKAHUHMU, HE ITOB’'S3aHMI 3 yTBOpPEH-
HAM JIhOMY i, HABMAKN, HU3HKOTEMITEPATYPHHUIT CTPUOOK
CBOEIO TIOSIBOIO 3000B’sI3aHMIT YTBOPEHHIO JIHOY .

IV. IEPKOJISIIIINHUI XAPAKTEP
HU3bKOTEMIIEPATYPHOT'O CTPUBKA

Hapmasi vac nikaButnme GpisnaHmnil MEXaHi3M, M0 MpH-
3BOIUTH IO TIOSIBU HU3LKOTEMIEPATYPHOTrO CTPUbKa. By-
IEMO IIYKATH BiAMOBIIb HA 1€ MUTAHHS, BUKOPUCTOBY-
09U KOHTUHYAJIbHY MONEJb CTPYKTYPH, 3al03WYeHy 3
Teopil MpyKHOCTI MiKpOHEONHOPIAHNX cepemoBui [8].

V wift Teopii, K BiITOMO, BBOOAUTHCS MOHSITTS JIOKAJIh-
HOTO MOIyJisl g(X) B TOYIl X, TaK IO BUMIPIOBAHUH MO-
IyJIb SIBJISIE CODOIO fesike ebeKTUBHE yCepeaHeHe 3Ha-
gyenus §. Benuunna g(X) BBAXKAETHCS BUIAIKOBOIO. Xa-
PAKTEPUCTUKOI CEPEIOBUINA € KOpessmiiina (yHKIIis
K(x, x'), IO BUBHAYAETHCST (POPMYJIOI0

K(x,x) =< g(x)g(x) > — < g >, (1)

e < ... > — omeparop ycepenHeHHs.
XapakTepHuM JHHITHIM PO3MIPOM € PamIiyc KOpe s
a, MO BU3HAYAETHCS CITiBBIIHOMIEHHIM

K(x,x)#0

’
|x —x | < a,

’

K(x,x)=0 x—x|>a.

ITro Momesb BHKOPHMCTOBYIOTH IMOHO Pi3HOMAHITHUX
HEOTHOPIAHMWX MaTepiaJiiB, y TOMY YHCJi i NI OMUCY
MPYKHOI MOBEMIHKN KOMITO3MTA, 110 SABJISIE CODOIO CYyMiTI
nBox (as. Hexall mepma 3 Hux icHye y BUIJIAml KJjia-
cTepiB, a Ipyre Bimirpa€ posib Marpuili. B mpomy Bu-
MaOKy PaIiyC KOPEJIAINii 33 MOPSOKOM BEJIMYWHNA 30i-
Fa€ThCs 3 PO3MIPOM KJIAcTepa meprioi dhasu.

Braxarumemo, 1o BUKOHYETHCSA YMOBA,

Gp >> Gy, (3)

ne Gy i G — monyJii npyzxHocTti Bignosinaux ¢gas3 Kom-
mo3uTa. 3rigHO 3 Ii€0 HEPIBHICTIO mepIry (hasy HA3WBA-
TUMEMO ‘“JKOPCTKON”, & Ipyry — “M’siKor0”.
[Tosnaunmo uepes Vj 06’em, 1o ioro 3aiiMae }KopCcTKa,
dasa, a Takox BBememo TosHaueHHS np = Vi /V mas
BimHOCHOrO 06’e€My, 3aliHATOrO 1i€0 $Haszom.
36isIbIeHHsT N, TPU3BOAUTH IO TOTO, IO PO3TAIIY-
BaHHsI HOBOYTBOPEHb KOPCTKOI a3y mopas Oiibliie 3a-
JIEXKNATH BiA pO3TallyBaHHsI arperariB KOPCTKOi (hasm,
mo yrBopusmcs pasime. Ile osnauae, mo 3i 36iIbIIeH-
HAM N 30LIbIIyeThC pamiyce Kopessmii a. [Ipu neBaoMy
3HAYEHHI Nj, = Np, BeJHIHTHA @ TOCATAE PO3MIPY 3pa3Ka
(YMOBHO KaXkKyTh, MO KJIACTEP KOPCTKOI hbasm m0Cs-
rae 6e3MeXHOro po3Mipy). InmuMu ciaoBamu, B cuctemi
BUHUKAE KAPKAC, AKWUI CKIAJIAETHCA 3 KOPCTKOI (hasu

i mpuiiMae Ha cebe 30BHINIHE HABAHTAXKEHHS. 3aBIAKH
IILOMY TIPU N, = Np, OyIe CHOCTepiraTucsa CTpubOK MO-
IyJis g, IO MOXKHA 300pas3suTu B aHAJITUUHINE dopmi K
CITiBBLIHOIICHHST

g ~0 (nh <nh0)a

gr> g (nn>np),

Jle TIO3HAYMEeHH §; i §y BBeIEHO IJIs MOMYJIB B iHTepBa-
Jax np < Np, 1 np > np,. SAKMO icCHye CciBBigHOMIEHHA
tuny (4), To NpUiHATO BKUBATH TEPMiHU “NEPKOJIsiii-
uuii nepexin” (womo BesmyuHU §), “mopir nepkosisii’
(BesmmumMHa np, ), WO iX B3ATO 3 Teopil meprosamii [9].
L Teopis mae o7 BeWInHN G HOPMYITY

gr = b(nh - nho)tﬂ (5)

ne bit — cram (nuB. Takox [10]). INokasuuk t HA3u-
BAETHCA KPUTUIHUAM iHIEKCOM.

BacTocyemo HaBemeHi MipKyBaHHS IJIsT OTMCY MPYXK-
HOI MOBENiHKYM OyPSIKOBOI TKAHUHU, IO OXOJIOMKYETHCS
mmkde temneparypu 273 K — remmeparypu 3amep-
3aHHA BOmM y BibHOMY crasi. QueBHIHO, MO paHiIIe
97 Ti3HilNIe YacTUHA BOJIW MEPETBOPIOBATUMETHCS Y JIiI,
0 TpUBene OO0 3JefeHiHHs OypsaxoBoi TkaumHU. OIIfo
3aJIeIeHLTy OYPSIKOBY TKAQHHMHY i BBAazKATHMEMO JKOPCT-
k010 (azor, mpo sIKy #mtocs pamime. Hactury X
TKAQHWHW, e HeMa 3JIeIeHiHHs, OYIeMO PO3IJISIaTh sIK
M’siKy pasy. BimmosimHo 3 Takoro morssimy OypsKOBa
TkaHuHa Oyne ABO(A3ZHUM KOMIIO3UTOM, IIJIs SIKOTO 3
OYEBMIIHICTIO BUKOHYEThCsT yMOBa (3). OCKiIbKT BUMips-
it Momysth G 1y1st GyPSKOBOL TKAHMHE 33 3MiCTOM 30i-
raeThCs 3 BEJIMYUHOIO § JI7TA BUKOPUCTAHOI HAMU MOJIET,
MU MOXKEMO MEPenucaTu cruiBBinHomenus (4) y Burisii

G’l ~0 (nh <nh0),

(6)
G'f>>él (nh>nh0).

3Baxkaloun Ha Te, MO 7 3AJIEKUTH B TeMIepaTypH,
Bupa3 (6) MOXKHA TAKOXK 3alNCATH K

G ~0 T>T,
(7)
G > G’l T < Ty,
VBIBIIN B PO3IMJIAL KPUTHIHY TeMmmeparypy 1o — “rem-

(IR

rnmepaTypHuii” mopir mepKoOJIAILil.

Orxe, srimao 3 Bupasom (7) a priori HaM BimOMO, 1O
TIOBWHHA iCHYBaTH Temmeparypa Ty, IOI0 SKOi BUKO-
Hyerbcs ymoBa (7), TO6TO HaM BiIOMO, IO IpU AesKiit
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TeMIeparypi MOBUHEH CHOCTEPIraTUcs NepKOJIAIIHmI
repexia CTOCOBHO BEJIMUYNHN G.B eKCTIepUMEHTI MU CITO-
CTEepira€Mo Tpu HesKiii Temmeparypi CTpUOOK MOIYJIsI,
wo onucyerbes cuiBBinHomenuamM (7). Kpim toro, Ham
BiZIOMO, IO HIAKUX CTPYKTYPHUX MIEPEXO/IiB B OKOJIi TE€M-
neparypu Tp Hemae (Temmeparypa IJIABJEHHS 3CiTHO
3 [4] mopisHioe 269 K; cTpykTypa Jibomny HesmiHHA, HE
3MIHIOETBCS 1 cTpyKTypa “M’sikoi dasu”, fK e BHIHO
3 puc. 2). Tox HaM HIYOro HE 3a/IMIIAETHC, IK CTBEP-
IDKyBaTH, M0 HW3LKOTEMTIepaTypHuil CTPOOK MOMyJis
G € mepKOJISAMIRHIM TepexXoI0oM i CIPUINHEHUN TUM, IO
KJracTep XKopcTkoi (asu mpu Temmeparypi Ty mocsrae
pO3MipiB 3pa3Ka.

XapaxTepHo, MO Ieil BUCHOBOK MU OIEPXKAJIH 33 [10-
MOMOTOI0 (PEHOMEHOJIOTIYHOI Teopii, B AKiil axk HifgK He
BpaxoBaHo crenudivHy OymoBy MOIEsIi TKAHUHU KUBOTO
opramizmy. Tox mepexim, mpo sakumit HaIeTbCs, TEXK He
€ 9UMOCh crenudiYHuM, BJIACTUBUM TiJIbKU POCJIMHHIN
TkaHuHi. B mpuHImni Bin moBuHeH icHyBaTH B OYIb-AKif
cywmimi gBox (az — TiabKEM 6 BUKOHYBaJIACh yMOBa (3).

V. METOOUKA PO3PAXVYHKY KIJIBKOCTI
“>KOPCTKOI” ®A3U1

3’sicyBaBInm, Mo HU3LKOTEMIIEPATYPHUNA CTPUOOK BU-
KJNKAHNI TEePKOJIANIAHIM TIepexoIoM, MU OJIEpKYEMO
MpaBo CKopucrarncs sajiexuicTio (5), mobd orpumarn
anaitiany gopmy sasexmocri G #(T).

s uporo poskianemo dgyukuio ny (1) B psan 3a cre-
neusmu (T — Tp), 0OMEXKYIOUUCH YJIEHOM ITIEPIIOrO CTe-
MeHs

np = Np, + (Zl—Th(TO)(T —To). (8)

MMincraBusiuu Bupas (8) y dopmyay (5), onepKumo ciis-
BIIHOIIICHHSA

e Q = b (L (Ty))"

CxropuCcTaBIINCH M CITiBBIIHOITEHHSIM, BU3HAYNMO 3
HAIIOrO eKCIEePUMEHTY KpuruuHuii ingekc t. g nuporo
HOOYy€EMO 33 eKCIepUMEHTATbHUMEI 3HAYCHHAMHI 3a-
nexuicts InGy Bing In|T — Tp| (puc. 3). Anpoxkcumarnis
i€l 3aJIeKHOCTI MEeTOIOM HaWMEHINX KBAApaTiB Hae
3nHadenns t = 1.48 + 0.02.
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Puc. 3. BamexHicTh lnéf Big In|T — Tp| nos mapenximuol
TKaHWHU IyKPOBOTO OypsKa.

3 Teopii mepkonsamii [9] Bimomo, mo @I TPUBMMIp-
HUX PeryJsipHuX CiToK (I'pAToK) BeJMYMHA Nj, CTAHO-
BuTh 0.15. BBaxKAaioTh, M0 10 OMIHKY MOXKHA TPUAHITH
TAKO0XK, KOJIU MAaOTh CIPaBy i3 BUMAJKOBUMHU CiTKAMU
abo, mo (haxKTUYIHO Te K caMe, 3 BUIMAIKOBUMH MiKPOHE-
omHOpimHMME cepenoBumamMu. Tox i B HAITOMY BUTTQIKY
JIOT1YHO NPUUHATH IS BITHOCHOTO 00’ €MY M, , IO HOro
3aliMae xkopcTka ¢asza, Ty XK OLIHKY.

Tenep y dopmyi (5) HaMm BimoMi 3HAYEHHS BEJIMYUHI
t i np,. He BucTagae sume 9mucioBOro 3HAYEHHSI BEJIU-
yuHE b, mo0 1o (GopMyay MOxKHA OyJ10 O BUKOPUCTATH
IIJIsT PO3PAXYHKY KiJIBKOCTI XKOPCTKOI (has3u B CUCTEMI.

3BaxKaioun Ha OUYEBUIHY YMOBY

é — Gy, (nh — 1) (10)
i mpunyckatouu, mwo dpopmyJia (5) cupaBenuBa B yChOMY
inrepsasi [1,np,], nepenumemo 1o GopMyJry y BUIILIL

G = Grl(nh —nn,) /(1 — nn,)]". (11)

3 supasy (11) orpumyemo hopMysy Hjis BU3HAYEHHS
KiJIBKOCTI JKOPCTKOI (pasu B CUCTEMI:

Np = Npg +(1—nh0)(é/Gh)1/t. (12)

VI. MEXAHI3M VTBOPEHHA JIBOIY B
BYPSIKOBI TKAHWHI I PO3PAXYHOK
KIJIBKOCTI JIBOAY B CUCTEMI

flxe umcaoBe 3HavenHss Hamartu BeawdwHi G, 3aJ1e-
JKaTUMe Bill TOTO, AKOTO KOHKPETHOTO 3MICTy MU Ha-
IaeMo TepMiHOBI “xkopcrka dasza”’ abo, AK i Mu BKe
HA3WBAJIN, ‘3JIe€IeHiTa OypsKOBa TKAHUHA .

fx yxe 3ragyBaJsIOCh, BUKOPUCTAHY B IIiif CTATTI KOH-
TUHYAJIbHY MOIEJb MOXKHA Oyme 3acTocyBaTw i i
Jac po3risay (ha3oBOro mepexomy “Boma—iain’ B HEXKU-
BUX CHCTEMaX. Y IOMY BUMAIKY HE BUHUKAE HIAKUX
CYMHIBIB IIOHO TOTO, MO0 BBAXKATU JKOPCTKOK (hasoro:
BOHA CKJIA[IAETHCS TiTHKHU 3 JIHOMIY .
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Bynemo BBaxkarm, mo g 0O3HAKA HEXKWUBUX CHCTEM
BJIacTUBa i OypsikoBiit Tkanuui. lle nmpunymmenns 3amnu-
MeMO Y BUTVIAOL CUCTEMH piBHOCTel

np = Ny, (13)

Gh = G, (14)

ne G — MOIyJIb 3CYyBY JIBOZY.
Bigmosinuo dbopmyna (12) mabyme Burismy

ng = npy + (1 —np, ) (G/Gy). (15)

BBomsiun 3ramame mpumyIieHHs, MU TAKAM YUHOM
irHOPpY€EMO BIJIUB CHenudivHol CTPYKTYPH KUBOI TKa-
HUHU H3, Tporec ¢ha30Boro nepexony. PaxTndHo Mu BBaA-
JKAEMO, 0 B OYPAKOBiit TKAHWHI JTHOMOBI arperarn pos-
POCTAOThCs, HEe OOMHHAIOYN HISIKMX €JIeMEHTIB CTPYK-
TYypHu, i B JII BUABIAIOTHCA BMOPOXKEHUMU i CTiHKI
KJITUH, 1 BHYTPINIHBLOKJIITUHHI MeMOpaHw, i pi3HO-
MaHITHI Oprasesin Tomo. 3 i€l TPUYUHU MEXaHi3M, Mpo
AKUNH WHeThCs, MOPEYHO HA3BATU MEXAaHI3MOM TOTAJIb-
HOTO BUMEP3AHHSI.

3rigHo 3 TAOJAUYHUMM OAHUMM 1OJ1 Bejnumuan G
npuiimaemo 3HadernHsa 3.5 - 10° ITa. Iigcrasasoun iforo
B (15) pasom i3 3rajaHuMHU paHilie YUCTOBHME 3HAYEH-
HAMMT ¢ 1 1y, , omepxkyemo samexHicTs n; (1), rpadik saxol
MOKAa3aHo Ha puc. 4, a.

I3 mporo rpadika BUOHO: SKIIO MPOIOBKYBATH OXO-
nomkenns no rtemreparypu 123 K, to mu omepxasu 6
3HAYEHHS Np, K€ 3HAYHO TIEPEBUIINIIO O €KCIIepUMeH-
rasbHe 3Havenns 0.3, mo ioro orpumaro B [4]. Ie cro-
HYKa€ BIIAMOBUTUCH BiJl YK€ HABEIEHOTO MEXaHIi3MYy.

Biosoru [11] Bimuatoors nepepary iHmomy MexaHi3MoBi,
10 #oro MoxkHa 6yJ10 6 HA3BATH MEXAHI3MOM Mi¥KKJTi THH-
HOTO BUMep3anHsa. 2KuBuit opranisM HaMara€ThCs 3ar0-
OirT yTBOPEHHIO JILOLY B KJITHHI, OO0 11e OTHOYAC MOYa-
TOK ii 3arubesti. HacTuHa Boay 3 KJITUHYM MEPEXOINTH B
MIKKJIITHHHUKH, JIe i 3aMep3ae.

VHacaigoK 1IhOTro B CUCTEMi BUHUKAIOTH JILOIOBI TTPO-
IMapKM, MO BiIILIAIOTH OOHY KJIITUHY Bif iHIIOI.

fAxmo npuitnaru neil MexaHisM, TO AK XKOPCTKY (asy,
po Ky HUIIIocs panime, cJrig po3riiaaaTh BKe CyKYII-
HICTh KJIITWH, KOXHA 3 SIKUX OTOYEHA JTHOTOBUM TTPO-
mapkoM. Taky cTpykTypy MoxkHA OyJi0 6 HaszBaTnm “co-
TOBOWO”, e MarepiaaoM cor € mif. Cepenumy 3amoBHIOE
MaTepiaj, KUl MOXKHA PO3IJIAIATH sIK BOIHUI PO3YUH
ab0 BOOHY €MYJIBCiIO.

VY wiit crpykTypi Jin 3aiiMae TiTbKU 9acTUHY 00’€My,
3allHATOr0 KOpcTkoo ¢aszon. BBememo mo3HAYEHHS
X =V;/V}. lloMHOXUBIIY 1 NOAI/IUBIIY IPABY YACTUHY
OCTaHHBOI piBHOCTI HA V', omepxKuMO (POPMYJTY

n; = Xnp. (16)

Monyss G, OmepXKyOTh YCepeTHEHHSIM 33, 00’ €MOM, 3aii-
HSITUM KOpPCTKOW bason. B momesi miel daswm, mo ii
MU PO3IJIAIAEMO 3apa3, OCTAHH, K yKe 3a3Ha4alI0Ch,

MICTUTB IOPs, i3 JIbOOOM TakKoXK pimuay. OCKiibKu MO-
yJIeEM 3CYBY PiIWHN MOXKHA, 3HEXTYBATU MOPIBHIHO i3
MOIIyJIEM 3CYBY JIbOLY, TO YCEPEOHEHHsS 33 00’eMOoM, e
HEMA JIbOMY, MPAKTUYIHO HE BILIUBAE HA MOAYJb G, IO
[IA€ 3MOTY 3aIUCATH

G = XGi. (17)

Migcrasasioun dopmysu (16), (17) v supas (12), onep-
KYEMO

n; = Xnp, + (1 —np, ) (G/Gy)V/EXED/, (18)
no|
0.4 | “
0.2

220 230 240 250 T,K
n;
04 F p
0.2+

1 1 1 1

220 230 240 250 T,K

Puc. 4. TemmneparypHa 3a/I€XHICTH KiJTbKOCTI JILOLY B Oy-
PSIKOBiii TKaHWHI MpU TeMmeparypax, HUXKIAX TEeMIepaTypn
TMEePKOJIAIIHHOTO mepexomy.

Ouinumo Besmuuny X. s nporo HabO/IMKEHO BBa-
JKATUMEMO, MO KJTuHA Mae (opmy kyba. [TosHaunmo
IOBXKUHY pebpa depe3 L, TOBHIMHY JIHOJOBOTO IMIPO-
mapKa, mo posmisise xiaitnam, — depe3 h. Tomi 06’em
JbOMY, IO TPHUIATAE HA OOHY KJITHHY, CTAHOBHTUME
6L2%h / 2 i g eI X BUSIBJISETHCS CITPABEIINBOIO
OIIIHKOIO

X ~ 3h/L. (19)

Ak cBimunTh JTiTEpaTypa, M IOKH IO HE MAEMO KO-
HOi 3Moru oninutu Beswmauny h. OmHe oueBHIHO: BOHA
MOBUHHA, OYTH CyTTEBO MeHIOw0 Bim L. Y miii HeBU3HA-
JeHil cuTyarii Halb1IbIT JIOTIYHO, MaDYTh, BBAYKATH, IO
h Ha mopsAmOK MeHre, HiK L, TOOTO

h~0.1L, (20)
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mo nae 3Hadends X ~ 0.3.

o peui, mpu ny = 1, TOOTO KOJIM KOpCTKA hasza, mpo
SAKY WIEThCsI, 3aXOITIOE BeCh 00'€M CHUCTEMW, MU OTPHU-
Myemo 3Hadennsa n; = 0.3, TOOTO came Te 3HAYEHHSA, IO
fforo omepxKaHo ekcnepuMeHTaJIbHO B [4] min gac rambo-
KOTO OXOJIOIXKEHHSI CUCTEMU, KOJIN CTBOPEHO BCi YMOBHU
IIJIs1 PO3TIOBCIOZKEHHsI JKOPCTKOI (DA3U HA BCIO CUCTEMY.
eit paxT MOXKHA TPAKTYBATH K JEsIKUI apryMeHT Ha
kopuctb npunyments (20).

Buxkopucrasmu ogepxkane dncjoBe sHaueHHst X, Oy-
nyemo tpadik sanexuocti ni(T) 3a dopmysow (19)
(puc. 4, 6). lla sanexuicts 1 € BiamoBimmo wa mnocra-
BJIEHE B HAI#l cTATTi MUTAHHSA.

VII. BMICHOBOK

[TlincymyemMo pesyabTaTw BUKOHAHOTO HAMHW  J0-
CJTiIZKEHHsI, CTPOOYBABIIHN BiAMOBICTY HA, 3AMUTAHHS, IO
HOBOI'O HA€ lE IOCJIIKEHHs s PO3yMiHHA (DI3UYHUX
MIPOIIECIB, sIKi BimOYyBAOThCsI B OYPAKOBIl TKAHWHI i
Jac ii 3amepsanuda. s 1boro KOPOTKO MOBTOPUMO HAa-
BeleHi BUIE MipKYBaHHSI.

Mu min wac 3aMep3anis 6y PsAKOBOI TKAHUHHU CIIOCTEPi-
raJim meproJAniiianii mepexin. Is obcraBura HAKIaIAE
NEeBHI BUMOTH HA MOBEOIHKY BeJIMIUHU 7; (00’€MHOI KOH-
HeHTpalli JT60Iy) B OKOJI Touku nepexomy. OcobmBocTi
1i€l, BUBYEHOI HAMM MOBEIiHKH Yy3TOIKYIOTbCS i3 Ia-
HUMW TIOTIEPETHIX MOCJIIIKEHb, a came: mpari [4], swmre
TOOi, KOJIU “IpaIioe”’ MexXaHi3M MiXKKJIITUHHOTO BUMEp-
3anasA. Tox, HAIIe HOCJIIKEHHHS MOXHA PO3TJIANATH

fAK 1€ OJIHEe, HOBE eKCIIepUMeHTAJIbHE MiITBEep/KEeHHSI iC-
HYBaHHS IIOTO MEXaHi3ZMy.

Hosoro 3Buuaiino € ogepxana indopmaliisi Ipo Kijib-
KiCTb JIbOIY, MO YTBOPIOETHCS B CUCTEMi TpM TEBHiit
TeMneparTypi.

3po3ymisio, mo 3amep3aHHsi OYPSIKOBOI TKAHWUHU HE
0OMEXKYETHCSA TIIBKNM BUHUKHEHHSAM “COTOBOI” CTPYK-
Typu. Ilpu meBHilt KOHIEHTpAIIl JTHOAY MOBUHHO MOYa-
THCST TOTOBIIEHHST CTIHOK COTH, SIKE 3PEITOI0 MPU3BENe
0 pyiHYBaHHS ODOJIOHKN KJITWHU i 3aNOBHEHHS JIHO-
JIOM BCHOT'O 00’€MY, 3affHSTOTO KJTITHHOI, TOOTO HO 3aru-
6esi kaituan. Ieit mporec MoK HA PO3LTIASATH sIK 3aMIiHYy
“coroBoi” XKOPCTKOI (pasu CyILiILHOIO JIbOIOBOIO (Pa30Io,
BJTACTUBOI0 MEXAHI3MOBI “TOTAJBHOTO” BUMED3AHHSI.

TIporiec MOTOBIIEHHST CTIHOK TIOYNHAE TTePeBAKATH HAL,
MPOIIECOM YTBOPEHHsT “COTOBOI” CTPYKTYPH, KOJIU 3HU-
KaloTh CIPUATJINBL YMOBU [1Jisl BUHUKHEHHSI OCTAHHBOI.
ITe BimOyBaeThCsi, KON HEOOCTATHLOIO CTAE KiTbKICTH
MOPOXKHIX (HE3AJTEXKHNX) MIKKJIITHHHUKIB.

VrBOpeHHsT 6€3MEXKHOTO KJIACTEPA, MO CKJIATAETHCS
i3 “coroBoro” marepiajiy, € MepIIUM CUTHAJIOM TIPO BU-
YepraHHsa TOPOXKHIX MiXKKJTITUHHHUKIB. [l0 TOTO MOMEHTY
KLJBKICTh OCTAHHIX JOCTATH:A, MO0 3a0e3MednT yTBO-
PeHHs JILOMY JIUIIe 33 PaXyHOK BHHUKHEHHS ‘COTOBOI”
crpyktypu. Tomy Bemmumny n; = Xnp, MOXKHA TPaK-
TYBATHU sIK BEPXHIO MEXKY KOHIIEHTPAIIHOrO iHTEpPBAJLY,
Jie 3aMep3aHid He pyfinye xaitua. OTKe, 3 HAIIOTO 10-
CJIIKEHHsT BUILJINBAE, MO OXOJIOIKEHHS I[yKPOBOTO 0Y-
paka mo Temneparypu 251 K He cipuamnmioe pyitHyBaHHA
KJITHUH.
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PERCOLATION TRANSITION, STIPULATED BY THE GENERATION
OF ICE IN THE SUGAR-BEET TISSUE

L. A. Bulavin, Yu. F. Zabashta, A. Ya. Fridman, A. I. Kostyuk
Kyiv Shevchenko University, Department of Physics
64 Volodymyrska Str., Kyiv, UA-252017, Ukraine

The temperature dependence of sugar-beet parenchyma tissue dynamic shear modulus has been studied. The
dynamic shear modulus investigation was performed employing low frequency reverse torsional pendulum at the
temperature ranging from 200 to 280 K. Percolation transition (T, = 251 K), stipulated by the generation of
ice in the sugar-beet tissue, is discovered. The quantity of ice in the sugar-beet at the temperatures lower than
the percolation transition temperature was calculated on the dynamic shear modulus temperature dependence in
terms of the percolation theory. It is concluded that this transition corresponds to the appearance of an infinite
ice cluster. One can maintain that the sugar-beet survives above the percolation transition temperature.
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