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npe}lCTaBJ’leHbl PE3yNnbTaThl SKCIIEPUMEHTAJIBHBIX I/lCCﬂe}lOBaHI/Iﬁ 3aBMCHMOCTH BA3KOCTHU CyCHeHSI/Iﬁ OPUTPOLMATOB OT r€MAaTOKpUTA
Ha KaWULSIPHOM BUCKO3UMETPE C KaMUIIpaMK, HMEIOIUMHU (OPMY IUIOCKHX IIeJIeBBIX KaHAJIOB C Mo BeicoToit menu. [Tokazano,
YTO IIPU UCIIOJIb30BAHUU KAITUJISIPOB C BBICOTOM ICJIN MEHEEC 7 MKM 3aBHCUMOCTbD BSI3KOCTH OT réMaToKpuTa UMEECT YETKO Bpra)KeHHbIﬁ
MHHUMYM TIpH reMatokpute 2,5+5%. B To e BpeMst [Ipy UCI0JIb30BaHIH KallMIUIIPOB € BEICOTOM 1ieiu 6osee 11 MKM 3aBUCHMOCTD
BSI3KOCTH OT FeMaTOKPUTA UMEET XapaKTep, ONN3KUil K TMHEHHOMY.

Kniouesvie cnosa: cycrnieH3ust 5pUTPOLUTOB, TEMAaTOKPHT, IENEBOM KaMIISp, BA3KOCTb.

HaBeneHno pe3ynbTaTH €KCIEPHMEHTANIBHUX JOCIHIIKSHb 3aJ€KHOCTI B’SI3KOCTI CyCIeH3iil epUTPOLMTIB BiJl reMaTOKPUTY Ha
KaIiJsIPHOMY BiCKO3UMETPI 3 KanijisipaMu, 0 MaloTh (GopMy IUIOCKHX IIITMHHUX KaHAIIiB 3 MaJIO0 BUCOTOIO IinnHH. [TokasaHo, 1110
IpY BUKOPHCTAHHI KamijIsgpiB 3 BUCOTOIO LIIIMHU MEHILE HIXK 7 MKM 3aJIe)KHICTh B’SI3KOCTI BiJl TEMaTOKPUTY Ma€ YiTKO BUPAXKCHUI
MIHIMYM IIpH reMartokputi 2,5+5%. Y Toli ke 4ac mpy BUKOPUCTaHHI KamijspiB 3 BUCOTOIO LIUTMHU Oinbire 11 MKM 3aJeXHICTh
B’SI3KOCTI BiJI TeMaTOKPUTY Ma€ XxapaxTep, OMU3bKHA 10 JIiHIHHOTO.

Knrwouoei cnosa: cycricH3isi epUTPOIIUTIB, TEMATOKPHUT, IIITMHHUN KaMiJsip, B’ A3KiCTb.

Results of experimental study of dependency of erythrocyte suspension viscosity on hematocrit using the capillary vicosimeter
with capillaries in a form of flat slot channels of small slot height are presented. When using capillaries with a slot height less than
7 um the viscosity dependency on hematocrit was shown to have a distinctly manifested minimum at 2.5+5% hematocrit. At the same
time if using capillaries with slot height more than 11 pum the dependency of viscosity on hematocrit is of the character, close to the

linear one.

Key-words: erythrocyte suspension, hematocrit, slot capillary, viscosity.

N3BecTHO, YTO BSI3KOCTh CYCIIEH3UU 3PUTPOLIUTOB
HaIpsMYIO 3aBUCUT OT T€MAaTOKpHUTa cycneH3uu [1],
T.€. yeM OOoJIbIIe OKa3aTeNlb TeMaTOKpUTa, TEM BBIIIE
BA3KOCTh. OIHAKO 3TO 3aKiIOYeHue OaszupyeTcs Ha
WCCIIEIOBAaHUSX, KOTOPBIE TPOBOIMINCEH, B OCHOBHOM,
Ha KaImUIIPHBIX BUCKO3UMETPaX, pasMep KalruIIpoB
KOTOPBIX HAMHOTO TTPEBOCXOIMIT pa3Mep IPUTPOIIHTA.
B stux xammuispax 3pUTPOIUTHI MOYTH HE TOJ-
BEPrajiuCh MEXaHWUYECKOW AedopMannu H, CieIoBa-
TENbHO, KECTKOCTh MeMOpaHbl c1abo0 BiHANA Ha
BEJIMYMHY BA3KOCTU CyCIEH3MH. B TO ke BpeMms B
Kanujusipax, pa3Mep KOTOPBIX MEHbIIE pa3Mepa
KJIETOK, HallpUMEp, B MUKPOCOCYJIaX KPOBEHOCHOU
CHCTEMBI, SPUTPOLUTHI OABEPratOTCs MEXaHUIECKON
nedopMaIim, YTo MOXKET CyIIECTBEHHO CKa3aThCs Ha
KaXxylIencs BI3KOCTH KpoBH. HeynuBuTeabHO, YTO B
paborax [3, 7] BeIWUYHMHA BA3KOCTU CYCHCH3HU
SPUTPOLMUTOB paccMaTpHBAeTCsS KaK OJHA U3
XapaKTEepUCTHK JeOPMUPYEMOCTH X MEMOpaH.

Mpb1 ipoBenu HcCClieOBaHUS HA Kanuispax,
uMermux GopMy MIOCKHX IIEIEeBHIX KaHAJOB,

It is of common knowledge that the viscosity of
erythrocyte suspension directly depends on suspension
hematocrit [1], i.e. the greater hematocrit index is, the
higher viscosity is. However this conclusion is based
on the researches, mainly performed with capillary
viscosimeters, which capillary size considerably
exceeded the erythrocyte size. In these capillaries the
erythrocytes were hardly subjected to mechanical
deformation and, consequently, the membrane tension
did not significantly affect the suspension viscosity
value. At the same time in capillaries, which size is
less than that of cells, for example in microvessels of
circulatory system, the erythrocytes undergo a
mechanical deformation, that can affect in a
considerable extent the apparent blood viscosity. No
wonder that in the papers [3, 7] the viscosity value of
erythrocytes’ suspension is considered as one of the
characteristics of deformation rate in their membranes.

We carried-out the researches in capillaries with a
form of flat slot channels, which main characteristic
size (slot height) was less than that for a cell.
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OCHOBHOW XapaKTEpUCTUUYECKUN pa3Mep KOTOPBIX
(BBICOTA TTIENIM) MEHBIIIE pa3Mepa KICTKHU.

Lens paboTel — onpeneaeHue 3aBUCUMOCTH
Ka)XyILEHCs BI3KOCTH CYCIIEH3UU 3pUTPOLIUTOB OT €€
reMaToKpuTa B KalHUJIJISIPHOM BUCKO3HUMETpE C
MaJbIMU pa3MepaMu KaluJUISIpOB.

Matepnaabl 1 meToAbI

B skcnepuMenTax MCHOJIB30BaIN SPUTPOLHUTEHI,
[IOJTyY€HHBIE N3 BEHO3HOM KPOBH 3/IOPOBBIX JIOHOPOB.
Jns ymaneHus miaa3Mbl, CTYCTKOB, JEHKOIUTOB U
IpyruX (OPMEHHBIX 3JIEMEHTOB KPOBb TPEXKPATHO
OTMBIBAJIM B M30TOHHUYECKOM (PH3MOIOTHIECKOM
pactBope (0,15 M NaCl+ 5 mM docdarHoro Oydepa)
¢ pH 7.,4. Ilpu npoBeaeHUN HCCIEIOBAHUN IPUTPO-
KOHLIEHTpAT pa30aBisuid W30TOHUYECKUM (U3UOIO-
THYECKUM PAcTBOPOM JI0 MONTyYeHHs] HEOOXOIUMOTO
mokaszaTesisi reMaToKpuTa. Vcnoap3oBanu KpoBb €O
CpOKaMH XpaHeHus oT 2-X 110 9 cyTok npu 4°C.

Kanmunnspel u3roTaBIuBaNINd U3 CTAJBbHBIX
WHBEKIMOHHBIX UTJ C BHYTPEHHUM Auametrpom 0,5-
0,6 mm u tonmuHoK creHku 0,1-0,18 mm. Urimsr
MePEKUMAITH MEXKTY 2-MsI INIOCKHMMH TTOBEPXHOCTSIMH
[IpY HOPMHUPOBAHHOMN HATrpy3Ke IS MOTy9IEeHHUS IIeNTn
C 33JIaHHOH BBICOTOM.

[ns onpeneneHus pa3MepoB IIEIH KanUJUISPHI
NpOoJyBaJil BO3JYXOM, HaxoAsleMcs B CBEpPX-
KPUTHYECKHX YCIIOBHSX, Ha CHIELIMAILHOM YCTPOICTBE
(IpU CBEPXKPUTUYECKUX YCIOBUSX CKOPOCTH HCTE-
YeHHs BO3AyXa Yepe3 OTBEPCTHE HE M3MEHSETCS C
W3MEHEHUEM JaBieHusd). B mpouecce mpoayBku
M3MEPSUTH HaYalIbHOE M KOHEYHOE 3HAYCHHS IABJICHUS
U BpeMs ero MaJeHHs NPy UCTEUSHUH BO3AyXa Yepes
KalWUIAp U3 €MKOCTH MOCTOSHHOTO o0bhema. 3areM
10 MOIM(HUITUPOBAHHOMY YPaBHEHHIO [4], onpeernsitu
IJIOMIAIb TIPOXOJHOTO CEUEHHS OTBEPCTHS:
71/7 lnﬁl i

WkrT P

rne V — o0beM eMKOCTH; T — BpeMs HUCTEUCHUS
BO3nyxa; N — kK03p(UUHEHT pacxoma OTBEPCTHS,
paBHbiii 0,82; k — moka3aTenb aquadaThl 1S BO3AYXa;
R — ra3oBas mocTostHHas Ansg Bo3nyxa; I — TeM-
EPATypa; p, U p,— HAYAIBHOE ¥ KOHEYHOE JIABIICHHS;
Y — KodppUIMEHT a1 CBEPXKPUTHUYECKOM 0bnacTu
(moctosiHeH u paseH 0,68).

3Hasl MJI0IaAb MOTIEPEYHOTO CEUEHUSI OTBEPCTHUS
S popMy 1IeNH, JTETKO OTIPENICITUTE BCE €€ Pa3MephI.

B pabote mcnonp3oBany Kanmwuisipsl ¢ IMAPHHON
menu 0,8+0,9 MM. JInrHa menu Obli1a OQUHAKOBA TS
BCEX KamMJUIAPOB W paBHsIach 2 MM. BeicoTa mienun
or 1,8 1o 3,6 MkM Oblia BRIOpaHa AJIs TOTO, YTOOBI
rapaHTHPOBaTh AehOpPMAIHIO MEMOPaHbI SpUTPOLIUTA,
MPOXOASIIET0 MEXAY CTEHKaMH Kamujuisipa, moc-
KOJIbKY PacyeT MOKa3bIBAET, YTO, €CIIM SPUTPOLIUT B
MIOTOKE MPH BEICOKMX CKOPOCTSIX CABUTA UMEET POpMy
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The work was aimed to determine the dependency
of the erythrocytes’ suspension apparent viscosity on
its hematocrit in a capillary viscosimeter with small
capillary sizes.

Materials and methods

The erythrocytes, procured from healthy donors’
venous blood were used in the experiments. For
removing plasm, clots, leukocytes and other formed
elements, blood was threefold washed-out in isotonic
physiological solution (0.15M NaCl + 5 mM phosphate
buffer) with pH 7.4. For research performance the
erythroconcentrate was diluted with isotonic
physiological solution up to the necessary hematocrit
index obtaining. We used blood with storage terms from
2 to 9 days at 4°C.

Capillaries were manufactured from steel needles
for injection with 0.5-0.6 m internal diameter and 0.1-
0.18 mm wall width. The needles were pinched
between two flat surfaces under normalised load to
obtain a slot with the specified height.

In order to determine the slot sizes the capillaries
were blown through with the air, being under
supercritical conditions using special device (under
supercritical conditions the rate of air efflux through a
hole does not change with change in the pressure).
During blowing through we measured the values of
initial and final pressures and the time of its fall during
air efflux through a capillary out of the constant volume
vessel. Then, according to the modified equation [4]
we determined the passage area of a hole :
——

WWRT P
where Vis the vessel volume; T is time of air efflux; n
is a coefficient of the hole flow rate, equal to 0.82; k is
adiabatic exponent for air; R is the gas constant for
air; T is temperature; p, and p, are initial and final
pressures; U is coefficient for supercritical range (it is
constant and equals to 0.68).

If knowing the S cross-section area of a hole and a
slot shape it is easy to determine all its parameters.

In the work we used the capillaries with a slot width
of 0.8+0.9 mm. Slot length was the similar for all
capillaries and was equal to 2 mm. The slot height
from 1.8 to 3.6 um was chosen to ensure the
erythrocyte membrane deformation, which passed
through capillary walls, since the calculation showed
that if erythrocyte in a flow under high shift rates
was of ellipsoid shape, its small axis was equal to
3.65 mm for erythrocyte with an average size at the
absence of membrane extension. To compare we
used the capillaries with slot height of 6.5+6.9 and
11.3+14pum.

Experiments were done using the device described
in the paper [4].
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3JUTUTICONA, TO €r0 Mayas OChb paBHa 3,65 MKM st
SPUTPOIHUTA CPEIHETO pazMepa MPU OTCYTCTBHU
pacTsxeHus MeMmOpaHbl. [[is cpaBHEHUs HC-
OJIL30BANIY KANMMJISAPHI C pa3MepamH (BBICOTOM ) IIENH
6,5+6,9u 11,3+14 Mxm.

OKCHepUMEHTHI IPOBOIUIIH C TIOMOILIBIO YCTPOICTBA,
OTIKMCAaHHOTO B [5].

Pe3yAbTatbl M 00Cy)xaeHue

W3 [2] u3BecTHO, UTO MpU W3MEPEHUH BA3KOCTH
KUJIKOCTH KalMJUISIPHBIMH BHUCKO3MMETPaMH Ka-
XKylneecss 3HaUeHUE BA3KOCTH YMEHBIIAETCS C
YMEHBIIIEHHEM pa3Mepa KamuIsipa MPU MOCTOSTHHOM
pacxofe XUAKOCTH 4yepe3 Kamuwurip. [loatomy mms
OLIEHKH BJIMSHUA pa3Mepa Kaluuisipa Kak TaKOBOTI'O
Ha BS3KOCTb JKUIKOCTU OBUIM MPOBEAECHBI HCCIe-
JIOBaHMS 3aBUCHUMOCTH BSI3KOCTH BOJBI OT pa3MepoB
LIEJEBOT0 Kamuijspa, YTOObl B MOCIEAYIOLIEM,
WCTIOJNIB3YSl 3TU JaHHBIE, OIYYUTh 3HAUCHHUS BA3KOCTEN
CyCIIEH3UH.

B xo1e axcrieprMeHTOB M3MePSIIH TIepena JaBIeHus
AP Ha xanmuuisipe 1 00bEMHBIA PacXoil KUAKOCTH WU
KJIETOYHOHM CyCrleH3un depe3 Karmmwurip . Bszkocts
orpeaessy 1o gpopmyie [6]:

_APbh®
M =201

rae b — mupuHa mIeJIeBoro KaHaia; h— BpicoTa kaHana;
L — mvHa kaHaia.

Ha puc. 1 npuBeneHa nsmepeHHas 3aBUCHUMOCTh
BSI3KOCTH BOJIBI OT pa3MepoB IIEJIEBOT0 KalUuIsIpa
npu 20°C. lanHas Temmeparypa Obljaa BeIOpaHa
[IOTOMY, YTO IpU HEH BA3KOCTh BoAb! paBHa 1,004 clIl
H, CIIEZIOBATENbHO, BETMYMHA BA3KOCTH UCCIIEyEMBIX
CYCIEH3Hii, OTHECEHHAS K BI3KOCTH BOABI IPH TAHHOM
KOHKpPETHOM pa3Mepe Kanmuisipa, MPaKTHYeCKH paBHA
BEJIMYHHE BSI3KOCTH, BRIPAKEHHON B CAHTHITYa3ax.

[IpencraBnenasie HA pUc. | maHHBIE XOPOIIO
OIMCHIBAIOTCS KBaJPAaTHYHOHN MapaboIIoi:

H=2,99187-103-h*+5,18129-10*h+2,61292-10°,
rae h — BbIcOTa IenH, MKM.

Ha puc.2 npuBenen rpadguk 3aBUCUMOCTH Ka-
Kylielcs BA3KOCTH CYCHEH3UH IPUTPOLUTOB OT
mokKazareJisi FeMaTOKpHUTa MPHU Pa3HBIX pasMepax
KaIllWUISIPOB U Pa3JIMUHBIX CPOKAX XPAHEHHS KPOBH.

Kak BugHO 13 KpuBBIX (pHc.2), pa3Mep Kanuusipa
OKa3bpIBaeT OOJIbIIEE BIUSHUE Ha KaXYIIYIOCS
BSI3KOCTh CyCTIeH3UH (YMEHBIIIAET €€ 3HaYeHHE MpU
YMEHBIIEHHN pa3Mepa Kamujisipa), 4eM CPOK
XpaHeHHs1 KpoBH (TIPH YBEITMYEHNH KOTOPOTO BI3KOCTh
JOJDKHA BO3PACTaTh M3-3a MOBBIIICHUS JKECTKOCTH
MeMOpaH 3pUTPOLIUTOB).

OCOOEHHOCTBIO MPUBEICHHBIX HA PHC. 2 KPUBBIX
SBISIETCS HaJlM4YMe HA HHUX APKO BBIPAXKEHHOTO
MUHHMYMa BSI3KOCTH, YTO OUYEHb CIIOKHO OOBSICHUTD
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Results and discussion

It is known from the paper [2] that when measuring
the fluid viscosity by means of capillary viscosimeters
the viscosity apparent value reduces with a decrease
in capillary size at a constant fluid consumption through
a capillary. Therefore for estimating the capillary size
effect itself on fluid viscosity we studied the
dependency of water viscosity on the slot capillary
sizes to obtain in future the values for suspension
viscosity using these data.

During experiments we measured the P pressure
fall on a capillary and a volume consumption of fluid
or cell suspension through a capillary Q. The viscosity
was determined by the formulae [6]:

_APBI .
H=T0r

where b is the slot channel width; % is the height of
channel; L is the channel length.

The Fig. 1 shows the measured dependency of
water viscosity on sizes of slot capillary at 20°C. This
temperature was selected because the water viscosity
was equal to 1.004 cP at it and, consequently, the
viscosity value in studied suspensions, related to water
viscosity at the specific capillary size was practically
equal to the viscosity value, expressed in centipoises.

The data presented in the Fig.1 are well described
by the square parabola:

H=2.99187-103-h*+5.18129-10*-h+2.61292-10°,
where h is slot height, pum.

Fig.2 shows the diagramme of dependency for
erythrocyte apparent viscosity on hematocrit index at
varous sizes of capillaries and different storage terms
of blood.

The curves (Fig. 2) demonstratr the capillary size
causes stronger effect on the apparent viscosity of
suspension (reduces its value at a decrease in capillary
size), than the term of blood storage (with increase of
which the viscosity should augment due to an increase
in erythrocyte membrane tension).

The peculiarity of curves shown in the Fig. 2 is the
presence on them a strongly manifested viscosity
minimum, that is very difficult to explain from the point
of view of existing notions about cell suspension flux
in capillaries. One assumed, that this effect could be
in some way related to mechanical deformation in
erythrocytes, but the experiments in bigger capillaries
(6.5+6.9 pm, curve 4), where cell should not undergo
a direct mechanical deformation, demonstrated the
presence of viscosity minimum as well.

In all curves after exceeding the certain hematocrit
value the viscosity begins to increase. This can be
explained by the strengthening of effect on the viscosity
of intercellular interaction with an increase of cell
concentration in suspension.
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Puc. 1. 3aBUCHMOCTD BSI3KOCTH BOJBI OT BBICOTHI IICIN
KaruJursapa.

Fig. 1. Dependency of water viscosity on capillary slot
height.

C TOUYKH 3PEHHs CYIIECTBYIOIINX MPEICTABICHUMN O
TEYCHUHM KJIETOYHBIX CYCIEH3WH B KamMJLIsApax.
[Ipenrmonaranocs, 9T0 AaHHBIH 3QPEKT MOXKET OBITH
KaK-TO CBs3aH C MEXaHHUYECKOHW medopmarueit
SPUTPOIUTOB, OJHAKO dKCIEPUMEHTHI Ha Oojee
KpYyIHBIX Kanmwuigapax (6,5+6,9 mxMm, kpuBas 4), B
KOTOPBIX KJIETKA HE JOJDKHA TOJBEPTraThCs MPsIMOI
(HEemocpeICTBeHHOH) MeXaHU4eCcKor nedopmauu,
TaKKe MOKa3ail Halu4uhe MUHUMYMa BSI3KOCTH.

Ha Bcex KpuBBIX mOCJ€ HNPEBBIIMICHUS Ompe-
JICIIEHHOM BEIMYMHBI TeMAaTOKPUTA BI3KOCTh HAYUHAET
BO3pacTaTh. DTO MOXHO OOBSICHUTH YCHJICHHEM
BIAMSHUSA Ha BA3KOCTh MEXKKJICTOYHOTO B3aHMO-
NEUCTBHUA C POCTOM KOHIIEHTpPAIlMU KJIETOK B
CyCITCH3H1H.

Ha puc. 3 mokazansl 3aBHCUMOCTH TTPUBEIACHHOM
BSI3KOCTH CYCIICH3HI 3PUTPOIMTOB OT T€MAaTOKPUTA,
KOTOpBIE MOJYYCHBI MyTEeM ICJICHUS 3HAUCHUUN
BSI3KOCTH, TIPEACTABICHHBIX HA pHC. 2, HA 3HAYCHUE
BSI3KOCTHU BOJBI MPU COOTBETCTBYIOLIEM pa3Mepe
[IeNIeBOTO Kammiuisipa (CM. puc. 1) 1 yMHOXKEHUS Ha
1,004 cII (Bsa3xocTh Bombl mipu 20°C). 3meck BUAHO,
YTO BA3KOCTh CYCIIEH3UU SPUTPOIIMTOB 3aBUCHUT (KaK
9TO U JIOJDKHO OBITH) OT CPOKa XpaHEHHsI KPOBH, T. €.
OT JKECTKOCTH MEMOpaH 3pUTPOLUTOB, U yBEIHUIH-
BaeTcs MpH 0oJiee UIUTCIBHBIX CPOKAX XPaHEHHS.
MuHUMYM BSI3KOCTH OCTAeTCS TaKXKe SIPKO BEIpa-
JKEHHBIM.

st KOHTPOJIs HaMK OBLIM IPOBEJACHBI JKCIIe-
PHUMEHTHI C HCIOJIF30BAHUEM KaIlMLIAPOB, pa3Mep
eI KOTOPBIX HaxomuJics B mpenenax 11,3-14 Mxm u
CpOKaMH XpaHEeHUs KpOBU 9 CyT.
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Puc. 2. 3aBUCHUMOCTb KaXyLIEHCS BA3KOCTH CYCHEH3HH
IPHUTPOLIMTOB OT FeMATOKPHTA U BEICOTHI IS KaIMUISIPOB,
MKM: 1 — 3,4+3.6 (3 cyT xpaHeHUs KpoBu); 2 — 2,5+2,6
(4cyr); 3—1,8+1,9 MrMm (8 cyT ); 4—6,47+6,9 MxmM (2 cyT).

Fig. 2. Dependency of apparent viscosity of erythrocyte
suspension on hematocrit and capillary slot height, um: 1 —
3.4+3.6 (3 days of blood storage); 2 - 2.5+2.6 (4 days); 3 —
1.8+1.9 (8 days); 4 —6.47+6.9 (2 days).

The Fig. 3 presents the dependencies of shown
viscosity of erythrocyte suspension on hematocrit,
obtained by dividing viscosity values, presented in the
Fig. 2, by the value for water viscosity under
corresponding size of slot capillary (see the Fig. 1)
and by multiplying by 1.004 cP (water viscosity at
20°C). The viscosity of erythrocyte suspension is seen
to depend (as it should be) on the blood storage term,
i.e. on erythrocyte membrane tension and increases
under more prolonged storage terms. The viscosity
minimum remains strongly manifested as well.

For the control we performed the experiments with
usage of capillaries, which slot size was within the limits
of 11.3-14 pm and blood storage terms of 9 days.

As it the diagramme shows (Fig. 4) the dependency
of viscosity on hematocrit when applying capillaries
with greater slot size has the character close to a linear
one, i.e. at such capillary sizes the viscosity constantly
augments with hematocrit increase.

Indirect confirmation of accuracy in our measu-
rements is the fact, that the viscosity values for NaCl
isotonic solution (when hematocrit is 0) are with in a
narrow range for all capillary sizes (1.255+0.055 cP)
used in the experiments.

Conclusions

The performed research shows that the application
of very small capillaries for viscosity determination
results in the depreciation of real viscosity value for
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Puc. 3. 3aBucUMOCTb IPUBEACHHOMN BSI3KOCTH CYyCIEH3UU
SPUTPOIUTOB OT remarokputa. O603HaAUCHUS TE XKe, UTO U
Ha puc. 2.

Fig. 3. Dependency of mentioned viscosity of erythrocyte
suspension on hematocrit. (The same symbols as in the
Fig.2).

Kax BunmHo u3 rpaduka (puc. 4), 3aBUCUMOCTD
MPUBEICHHON BSI3KOCTH OT T'€MaTOKpUTa MpPH NpH-
MEHEHHUHU KalWULIPOB ¢ OOJBIINM Pa3MepoOM IIEIH
HMEeT XapakTep, ONU3KUI K TMHEHHOMY, T.€. IPU TAKUX
pasMepax KamuIsipoB BSI3KOCTb MOCTOSIHHO BO3-
pacraer ¢ poCTOM I'eéMaTOKpHUTAa.

KocBeHHBIM MOATBEPKACHUEM TOYHOCTH HAIIMX
U3MEPEeHUN SABJISETCS TO OOCTOATENHCTBO, UTO
3HAYEHUS BSI3KOCTH M30TOHMYECKOro pactBopa NaCl
(korma TeMaTOKpPUT paBeH HYJI0) JEXaT B Y3KOM
nuamazone (1,255+0,055 cll)mms Bcex pa3mepoB
KAl POB, HCIOIB30BABIINXCS B 9KCIIEPUMEHTAX.

BbiBOABI

W3 npoBeeHHBIX UCCIEAOBAHUN BUAHO, UTO
MIPUMEHEHUE OUYE€Hb MEJIKUX KalWUISIPOB ISl OIpe-
JIEJICHUSI BI3KOCTHU MIPUBOIUT K 3aHIKEHUIO PEAIbHON
BEJIMYHHBI BA3KOCTH KaK JJIST YUCTHIX JKHIKOCTEH, TaK
U JUIS CyCIEeH3UM KIeToK. BS3KOCTh cycnmeH3uu
3pI/ITp0HI/ITOB HpI/I HCITOJIb30BAHUU MCJIKUX KaHI/IJIHSIpOB
HpI/I MaJIbIX FeMaTOKpI/ITaX MOXET 6I)ITL Jaxe
MEHBIIE, YeM BS3KOCTh CYCIICHIUPYIOMIEH CpPEIbI.
[Ipupoma 3Toro siBIeHUS MOKa HE SCHA, OAHAKO OYe-
BHJHO, YTO OHO HEMOCPEACTBEHHO CBSA3aHO C
pa3zMepoM Kanuyuisipa. MoXHO ITPEANOI0KUTh, 9TO B
CHUCTEME MHUKPOUUPKYIAIUHU, TIe TUHAMUYECKUI
FEMaTOKPUT MOXET CUJIBHO OTJIUYATHCSA OT rema-
TOKPUTA KPOBHU B OOJIBIIOM 00BEME, BSI3KOCTh KPOBU
3aMETHO IMOHMKAETCS.

Kpome Toro, MOXHO ¢ yBEpEHHOCTbIO TOBOPHUTD,
YTO MPU U3MEPEHUH BSI3KOCTHU KAMUIUISIPHBIMU BUCKO-
3I/IMeTpaMI/I C OCHOBHBIM XapaKTepI/ICTI/I‘-IeCKI/IM
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Fig. 4. Dependency of mentioned viscosity of erythrocyte
suspension on hematocrit at big sizes of capillaries.

both pure fluids and cell suspensions as well. The
viscosity of erythrocyte suspension when using small
capillaries at low hematocrits can be even less, than
the viscosity of suspending medium. The nature of this
phenomenon is not clear yet, but evidently it is directly
related to the capillary size. We can suggest, that in
microcirculation system, where dynamical hematocrit
can differ from blood hematocrit in a big volume, the
blood viscosity notably decreases.

In addition, we can certainly state that when
measuring the viscosity with capillary viscosimeters
with the main characteristic size of capillary less than
11 pm the viscosity value does not serve as an index
for cell deformation rate, because at small hematocrits
it can be lower than the viscosity of suspending
medium. The same conserns a relative viscosity as
well. This casts some doubt on the application of
different indices of deformation rate, proposed in many
works, taking into account the viscosity or rate of
suspension flux, especially when using millipore filters.
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pasmepoMm Kanwuisipa MeHsmie 11 MKM BennynHA
BSI3KOCTH HE CITY)KHT MOKa3aresieM 1e(OpMUPYEMOCTH
KJIETOK, TaK KakK. IpPU MallblX raMaTOKpUTaX OHa
MOXET OBITh HUXE BA3KOCTU CyCICHIUPYIOIIEi
cpenpl. To ’e caMoe OTHOCUTCSI U K OTHOCHTENIbHON
BS3KOCTH. DTO CTaBUT IOJ COMHEHHME NPHUMEHEHHE
pa3IMYHBIX MHIEKCOB AedopMupyeMocTH, npeasa-
raeMbIX BO MHOTHX pab0TaX, YUUTHIBAIOLIUX BA3KOCTb
WA CKOPOCTB MMPOTEKAHUSI CYCIIEH3U I, 0COOCHHO MPH
WCIIOJIb30BaHUH METKOITOPUCTHIX (PHIIBTPOB.
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