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AHHOTaLMA. HecMoTps Ha TO, YTO METOAbI AMHAMNYECKOI MeX(Pa3HOI TeH3MOMETPUM 1 peono-
TN NPUMEHSIIOTCA AN UCCIER0BAHNA KPOBM M APYriX BUONOTMYECKUX XMAKOCTEN, B MEAULIMHE
He CyLiecTBYeT eMHOT0 YHUGMLMPOBAHHOTO MOAXOAA B METOAONOMAN MPOBEAEHUS aHAnW3a
W TPaKTOBKW pe3ynbTatoB. OfHAKO B psife CyyaeB MONYUYEHHbIE YMCIEHHBIE XapaKTEPUCTUKM
He UMEIOT NPOCTOro $pU3MUYECKOro CMbICIA W He NO3BOASIOT OLIEHUTL PeabHbIii BKNAZ OTAENbHbIX
KOMMOHEHTOB M, KaK CMeACTBUE, HEBO3MOXHO WAEHTUOUUMPOBATL OCHOBHOE 3BeHO. C yué-
TOM Pa3HOHANpPaBNEHHOCTU W HeOHOOLYEHHOCTI JaHHBIX MO PEOOriM, MHOTOKOMMOHEHTHOCTH
W HeONpeeNneHHOCTV COCTaBa NPAKTUYECKM He BbIN0 YCMeLHbIX MONbITOK CO3AaHMS MoAeneit, nos-
BO/ISIOLLNX ONpPeSenuTb BKNag OTAENbHbIX KOMMOHEHTOB KPOBY.

Llenbto HacTosiLLeii paboTbl BAAETCA CO3AaHNE MOAENM, Ha OCHOBAHWUN KOTOPOIA MOXHO bbl-
no 6bl nonyyatb MHGOPMALKI0 0 GU3NUECKMX KOHCTAHTAX M NapameTpax OTAeNbHbIX KOMMOHEHTOB
NNa3mbl /MK CbIBOPOTKM KPOBM ANS MEAULMHCKON AMArHOCTUKM. MccnefoBaHNe BbINOIHEHO
Ha 06pasLiax KpoBy ABYX rpynn logeii: 1) 15 NaLMeHToB ¢ ieMU4eckoii 6one3HbI0 cepALa B BO3-
pacte ot 51 o 76 net; 2) 15 yCNoBHO 340POBbIX 406POBONBLEB B Bo3pacTe 0T 50 Ao 75 ner. [ing
(paKLMOHNPOBaHUS CbIBOPOTKM/MNNA3Mbl NPUMEHSAAN METOA «BbICANMBAHNA» GENKOB C Liebio
nonyyeHuns GpakLyum HU3KOMONEKYNSPHbIX MeTabonuToB. JanbHeliwee onpedeneHue Mexdas-
HOIl TEH3MOMETPUM OCYLLECTBASAM METOAOM BUCSUEH Kanan C MCMONb30BaHWEM annapaTHo-
nporpamMmHoro komnnekca PAT-1 («Sinterface Technologies», Tepmanus). Wcnonb3ys nonyyen-
Hble JaHHble AMHAMWYECKOTO MOBEPXHOCTHOTO HATSXKEHWUS U NMPEANOKEHHYI0 MATEMATUYECKyH
MoZenb CeAYeT 3aKnouunTh, uTo: 1) TeH3MOMETPUUECKME XapaKTEPUCTUKI CbIBOPOTKM KPOBM UC-
Clegyembix M3 rpynnbl 1 1 2 OTAMYAOTCA NO NOKA3aTensM AUHAMUYECKOTO M PaBHOBECHOIO
MOBEPXHOCTHOTO HATXKEHMS; 2) paccymMTaH KOMMUECTBEHHbI M KauecTBEHHbIA BKnaj cucte-
Mbl CBEPTbIBAHUS B MOBEPXHOCTHOE HATSXEHUS M CyMMa KOHLIEHTpaLmii HU3KOMOMEKYNsipHbIX
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COEAVHEHMWIA; 3) OLIEHEH BKNaj HU3KOMONEKYNAPHBIX METa6oNNTOB B GopMUPOBaHIE NOBEPXHOCTHOTO HATSXKEHMS N1a3Mbl U CbIBOPOTKM KPOBM;
4) noka3aHa HeOAHOPOAHOCTL KaYECTBEHHOTO COCTaBa GPAKLMA HU3KOMOEKYNSPHBIX BEWLECTB B MCCIEAYEMbIX FpyMaX.
KnioueBble cnoBa: peoniors KpoBu, MexdasHas TEH3OMETpHS, XPOHUYECKas CEpAeYHAs HEJOCTaTOMHOCTD
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Abstract. Background and Objectives: Despite the fact that the methods of dynamic interfacial tensiometry and rheology are used to study blood
and other biological fluids, in medicine there is no unified approach in the methodology of analysis and interpretation of the results. However,
in some cases, the obtained numerical characteristics do not have a simple physical meaning and do not allow to evaluate the contribution
of individual components and, as a consequence, it is impossible to identify the main link. Taking into account the multidirectional and non-
generalized data on rheology and due to the multicomponent and uncertain composition, there have been no successful attempts so far to create
models to determine the real contribution of individual blood components. The purpose of this study is to develop a model, based on which one
could obtain information about physical constants and parameters of individual plasma and/or blood serum components for medical diagnostics.
Materials and Methods: The study is performed on blood samples of two human groups: group 1) 15 patients with coronary heart disease aged
from 51 to 76 years; group 2) conditionally healthy volunteers (15 people) aged from 50 to 75 years. Results: For serum/plasma fractionation,
a protein “desalting” method is used to obtain a fraction of low-molecular-weight metabolites. Further determination of interphase tensiometry
is performed by the hanged drop method using hardware-software complex PAT-1 (“Sinterface Technologies”, Germany). The curves of the
dynamic interfacial tension of the studied groups differ significantly throughout the entire time of the experiment. The average values of the
dynamic interfacial tension of native serum in group 1 are noticeably lower than in the group 2 (the group of healthy volunteers). The detected
change in the value of the dynamic interfacial tension may indicate an accumulation of surfactants in the serum of patients with coronary heart
disease. The data obtained are in satisfactory agreement with the mathematical model proposed by the authors. If the adsorption at the beginning
of the experiment is due mainly to low molecular weight compounds, then the value of the sum of the concentrations of high molecular weight
compounds (after protein precipitation) should be slightly lower than the values of the corresponding indicators of the native blood samples.
Conclusion: Using the obtained data of dynamic surface tension and the proposed mathematical model the following conclusions have been
formulated: 1) tensiometric characteristics of blood serum for group 1and 2 differ in dynamic and equilibrium surface tension; 2) the quantitative
and qualitative contribution of the coagulation system to surface tension and the sum of concentrations of low molecular weight compounds;
3) the contribution of low molecular weight metabolites in the formation of surface tension of plasma and serum has been estimated; 4) the
heterogeneity of the qualitative composition of low-molecular substances fractions in the studied groups has been shown.
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CBeT/10M NaMsATH

npogeccopa Muxauna bopucosnua daitHepmaHa,
nipoeccopa FOpust CepreeBuua 3aiirieBa,
nipoceccopa Banentune! BacunbeBHs! 3alilieBoil
nocBslaeTCs

BeepeHne

MeTozb! MexX(a3HOU TeH3MOMeTPUH C YCIIeXOM
TIPUMEHSTIOTCS [JIST UCC/IeOBaHUsI KPOBU M [IPYTHX
OvoMorMyeckuX JKUAKOCTeH. YKaszaHHOe Hampas-
JieHWe uMeeT KakK (pyHAaMeHTasbHOe (KOJIJIOUHO-
OHMOXUMHUECKOe), TaK U TIPUKJIajHOe (MCHOJ/b30Ba-
HUe TaKUX TeH3NMOMeTPHUYeCKHUX XapaKTepUCTHK JJis
[IMarHOCTUKY Y KOHTPOJIS JIeUeHUsl pa3/IMuHbIX [1aTo-
sioruit) 3Hauenue [1-3].

V3yueHue MOBePXHOCTHO-aKTHUBHBIX XapaKTe-
PUCTUK KOMIIOHEHTOB I1/71a3Mbl U CbIBOPOTKM KPOBU
TPaAULMOHHO 1LIUIO T0 BYM HallpaBIeHUsIM.

Bo-nepBbIx, UCM0/Ib30BaIUCh MOJIe/IbHBIE CPaB-
HUTEJIbHO TIPOCTble CHUCTeMBI Ha OCHOBe Y/bTpa-
YUCTBIX OeTKOB, HU3KOMOJIEKY/SIPHBIX TIOBEPXHOCT-
HO-akTUBHBIX BelllecTB (ITAB) KpoBH, 3/1eKTPOTUTOB
[4, 5]. Takue cucTembl, Kak TpaBUIO, YIAETCs
OIMCATh JOBOJBLHO CJIOKHBIMH ypaBHEHWsIMH, pe-
IaeMbIMU YMCJIEHHBIMU WM aHaJIUTUYeCKUMU Me-
TOZaMH C OTpefie/ieHueM OT/eNbHBIX (DH3HUeCKUX
KOHCTaHT WY TapaMeTpoB [6, 7]. JlanHeli nof-
X0[, TeM He MeHee OTpPAHHYEH HCII0/Ib30BaHIEM
3-4 KOMITIOHEHTOB [J151 MOJ|e/IbHOM CHCTEeMBI, UTO SIB-
HO He COOTBETCTBYeT peasbHOM CI0KHOCTU COCTaBa
KpOBHU.

Bo-BTOpBIX, N3y4amich W3MeHeHus TeH3HOMeT-
PUYECKUX XapaKTePUCTHUK OWONIOrMYeCKUX >KUKO-

CTeil B HOpPMe U TpU pa3/MuHbIX naro/jorusx [8, 9].

B sTOM C/lyyae cpaBHMBAOT HeKHe TOHOCTBIO 3M-
MMpPUYeCKre TapamMeTphbl, HalpuMep, MOBEPXHOCT-
Hoe HatrsbkeHWe Ha 0, 100 u 1000 cekyHze C Mo-
MeHTa (hOpMUPOBaHHUsI TIOBEPXHOCTH, Ha KOTOPOM
uzet ancop6buus ITAB [2, 8]. BbisiBiieHHbIe pa3iu-
uksl BeJIMYMH W3y4YaeMbIX MOKa3aTesied y OGOMBHBIX
U 3[0pPOBBIX JItOfleld YacTO KOPpeUpyrT C Ti-
JKeCTbI0 3a00/IeBaHUSI WM Pe3y/bTaToOM JIeUeHWs
[9, 10], HO MOTyUeHHBIE YUCTIEHHbIE XapaKTepHUCTU-
KU He UMEIOT TIPOCTOro (U3NYeCcKoro CMbIC/IA U He
TI03BOJISIIOT OLIEHUTh BJIMSIHUE OTAeNbHBIX KOMIIO-
HEHTOB Ha OOIIyI0 KapTUHY.

Tak, B pabore [11] aBTOpHI TIPOBEIM CpaB-
HUTE/IbHYI0 OLIeHKY TPOrHOCTUUECKOTO 3HaueHUsi
TeH3UOMeTPUUYECKUX XapaKTepUCTHUK KPOBU y TMa-
LJUEHTOB C WHCY/ILTOM. B 001eil clokHOCTH Obl-
JIM WCC/Ie[IOBaHbI 00pasi(bl KPOBU 523 Mal[ieHTOB
B (baze peabumrarivu TOC/Ie WHCY/IBTA: BA3KOCTh
ChIBOPOTKM U TJIa3Mbl, FeMaTOKPHT, (hHOPUHOTEH,
arperanus ¥ Crioco6HOCTh K JehopMariiid 3pUTPO-
uutoB, COD, KOMUeCTBO JIEUKOIIUTOB, X0JieCTePUH
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u TpurmLepuzbl. KoHeuHasi Touka MCCIe[OBaHUs
ObuIa orpe/iesieHa KakK BTOPOW WHCY/IBT (JIeTaIbHbIA
WIM HeT) B TeueHHe [BYX JieT I0CJe MepPBUYHOr0
obciefoBaHvsl. Y MAleHTOB, JOCTUTIINX TaKY0 KO-
HEYHYIO TOUKY, HaOJFOa/Ti TTOBBIIEHHYTO BS3KOCTh
KDOBH, arperarjyio 3pUTPOLIUTOB, BI3KOCTh I/Ia3Mbl
U ChIBOPOTKH, O0Jiee BLICOKHME YPOBHU (UOpUHOTe-
Ha ¥ X0JIeCTepHHA 110 CPaBHEHUIO C TlaleHTamMu be3
KOHEYHBIX TOUeK, YTO paCCMaTpUBaeTCs Kak IPOrHO-
cTuueckuit akrop.

OpHako, HECMOTpPSI Ha Ha/JW4Ke [10CTOBEPHBIX
KOppeSaNuid MeXay OHOXMMHUYEeCKHM TIpOduIemM
OONBbHBIX U TEH3UOMeTpHel KDOBH, UAEHTHU(ULU-
pOBaThb CTeleHb BAUSIHUS OT/e/bHbIX KOMIIOHEHTOB
WY MX KOMOWHALWI Ha MIOBEePXHOCTHOE HaTsDKeHHe
HEBO3MO)KHO BBUJY OTCYTCTBUS aZleKBaTHOM Mare-
MaTHueCKON MOJIEH.

Hpyrue apropel [12] mpoBenu wucciefoBa-
HUe YCTOWUMBOCTU aHOMAJIMN TeH3MOMeTpUUeCKHUX
XapaKTepUCTUK KpOBU TOcle UHH(apKra MHO-
Kapzia. Bs3KocTh KpPOBM U TIUIa3Mbl, arperaus
U crocobHOCTE K AedopMaludl  3PUTPOLIUTOB,
reMaTOKpPUT, CKODOCTb OCeJaHHUs 3PUTPOLIUTOB,
KOJIMUeCTBO JIEMKOLIUTOB, X0JIeCTePHUH U TpPUIIULe-
PUIBl aHATM3UPOBAIM KOMIUTeKCHO. Ha ocHoBaHWMM
TIO/TyUeHHBIX Pe3y/bTaToB ObUT CZesiaH BLIBOJ, UTO
M3MeHeHHs BeJIMUKH 3TUX TToKa3aresiell He 3aBUCeN
OT BpEMEHHOI'0 MHTepBaJia ocje uHapKra U coxpa-
HSUTACH TOHAMHU.

B fmaHHBIX paboTax He MPUHUMAETCS BO BHU-
MaHUe He TOJIbKO B/MSIHUE HH3KOMOJIEKY/ISPHBIX
MeTaboIMTOB, HO M B3aUMOCBSI3b PEOJIOTUU U TIO-
BEPXHOCTHOTO HaTsDKEHUsI KaK BaKHOTO TIapaMeTpa
CUCTEeMbI remMoCcTa3a KPOBHU.

BBuzy pasHOHarpaB/leHHOCTH U OTCYTCTBUS
r1ybOKOro aHanM3a 3HAUEHUHM TeH3UOMeTphue-
CKUX TI0Ka3aresief, a Tak’ke MHOTOKOMITOHEHTHOCTH
Y HeorpeJe/ieHHOCTH COCTaBa KPOBHU /10 CHX TIOP
He ObUIO TIOTBITOK CO3/IaHMsI MaTeMaTHYeCcKuX Mo-
Jlerneii, TIO3BOJISIFOLLMX OTpeZie/IUTh peaabHbIA BK/af,
OT/IeJIbHBIX KOMIIOHEHTOB KDOBH Ha ee TeH3MOMeT-
pUUecKue CBOMCTBa.

Lenbto HacToOsIIIIel PabOTHI AB/SETCS CO3JaHKe
MaTeMaTH4eCcKOM Mojie/id, Ha OCHOBAaHUM KOTOPOU
MOYKHO T0/Ty4aTh MH(GOPMALIMIO O BeJTMUMHAX (U3U-
YeCKMX KOHCTAHT Y IapaMeTpoOB OTJe/bHBIX TPYIIII
KOMITOHEHTOB I1/71a3Mbl /UM ChIBOPOTKU KPOBH.

1. MaTtepuanbi n MeToAbl

1.1. Xapakmepucmuka KAUHUYecKux 2pynn

Monynsyst uccnenyemeix cyonbektoB (30 ue-
JI0BeK) ObTa pa3bura Ha /Be rpymmbl. B rpymmy 1

HayuHbivi oTgen
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BOLLTM 15 TAIMeHTOB C WIIeMHUYeCKOW 60yie3HBI0
cepaua (MBC) B Bo3pacte ot 42 no 76 net (cpen-
Huit Bo3pacT (X + m) 61 £ 2.1 roga), KOTOPbIM
ObUTH BBITIOJTHEHBI OTIEPALVY TI0 PEBACKY/ISIPHU3aLIN
MHOKap/ia (aOpTOKOPOHApHOe WY a0pTO-MaMMapo-

KOpOHapHOe WIyHTUpoBaHWe (0T 2 [0 4 ILIyHTOB)).

BeayimuM mnatosoruyeckuM CHHADOMOM Y M3yuva-
eMBIX MaleHTOB ObUIa XPOHWYeCKas CepAedHast
HegoctatouHocTb (XCH) (IIT knacc mo NYHA).

I'pymry 2 cocTaBW/IM YCJIOBHO 370pOBbIE /100-
poBoJIbLB (15 UenoBek), He UMeoLLe XPOHUUEe CKUX
3a00/1eBaHUM M aKTUBHBIX »Kanob B Bo3pacTe oT 45
no 72 net (cpemnHuid Bo3pact 59.1+2.3 rog). Bospacr
OOPOBOJTBIIEB KOHTPOJIBHOM TPYMIBI CTaTUCTUYe-
CKM 3HaYMMO He OT/INYAeTCsI OT BO3pACTa MaljlieHTOB
B HCC/Ie[lyeMolt Tpyriie

ABTOpEBI 3asB/SIIOT, UTO HCCJIe[jOBaHUE COOT-
BETCTBYET MOJIOKEeHHUIM X eJTbCUHKCKOU JleKiaparuy
KOMHCCHH 110 6103THKe. KoMuTeT 1o 61o3THKe rpu
'O0 BIIO «/[loHelkuii Hal[MOHa/JIbHbBIA MeAWLH-
cKuit yHuBepcuTeT uMeHd M. ['opbkoro» (IIpoToKon
Ne 20/5-1 ot 11.04.2019 r.) 0g06pun vccief0BaHus,
ObL10 MOTyueHO UH(QOPMHUPOBAHHOE CoTIacye Cyob-
€KTOB (W/IA UX OTIEeKyHOB).

1.2. Memoo uzmepeHUs1 OUHAMUYECKO20
NnogepxHOCMHO20 HAMSAICEHUs

[ng u3MepeHus: JUHAMUYeCKOrO IIOBEPXHOCT-
Horo HarspkeHusi ([I1H) npumeHsiiu meton Bu-
csiuet kKarvmi [13] ¢ ucrmosib30BaHMEM  arirapar-
HO-TIpOrpaMMHOr0 Komruiekca PAT-1 («Sinterfa-
ce Technologies», I'epmaHus) KOTOpBIN MO3BOISET
nsmepsate [JIIH B mnpomexyTke BpemeHu oT 0
10 65000 cekyHy, ¢ paspeutenyeM ot 1 1o 2000 MH/m
(Tounocts £0.01 MH/m).

Wcnonb3oBaHue BUIe0TeXHUKH MTO3BOJISIET 1071
HOCTBIO aBTOMAaTU3UPOBaTh IPOLeAypPy U3MepeHUs!
Y TIO/Iy4YeHUs1 pe3y/IbTaToB reOMeTpUYeCcKol IrpaHu-
Ijbl Karuy, (OopMHUpyeMOM Ha KOHUMKE CTa/bHOI0
umu TedoHoBoro Kamusuisipa. B mertoge ADSA
(aHanu3 npoduis ocecUMMeTpUYHOM (OPMEI Karl-
v wnn Axisymmetric Drop Shape Analysis-profile)
rpaHuLia Karyiu OTpeJie/isieTcsl 0 MaKCUMalbHOMY
rPajiueHTy sPKOCTH KakK (YHKLUM OT KOOpJHUHa-
Thl CTPOKM HM300paKeHHS, a TaKKe HCIO/b3YeTCs
TOJIMHOMUAJIEHOE  CIIa)KMBaHUe Ka)K[OW TpYMIIbI

u3s 5 rnoc/ienoBaTre/JIbHbIX TOUEK Ha I'PAaHMIIE KallIu.

CpenHue TOUKU Ka)K[OW MOJMHOMMA/IBHON KPUBOU
(ucrosnb3yeTcsi MOMMHOM BTOPO# CTelleH) paccmar-
PUBAIOTCS KaK SKCIlepuMeHTasbHble TOUKU NPOopuIs
U UCTI0JIb3YHOTCA 14 pacueta JITH.

B HauanbHBIE MOMEHT BpeMeHH (yudacTok 1,
puc. 1) ocHoBHO# BKnaj B 3HaueHue [IITH BHo-

buopusnka n MeanumHcKasn pusmka

CAT HU3KOMoJeKynspHbele ITAB, cooTBeTcTByMOIIME
MasbIM 3aro/HeHWsIM NoBepxHOCTH. Ha yvactke 2
(cM. puc. 1) CKOpOCTb aficOpOI[UKM YMEHbBIIAEeTCS
10 CPaBHEHHUIO C y4acTKOM 1, HO OCTaercsl BbILIe
CKOPOCTH ZIecOpOLIMH, UTO TIPUBOAUT K Haubosee
3HAUUTEJbHBIM CyMMapHbIM U3MEHEeHUSIM Beu4i-
Hbl [ITTH. Ha 3TOM MHTepBajie BeJlMuMHa OIpefesis-
eTcs Kak aficopOruedl HU3KOMOJeKynspHbIXx [TAB,
TaK M TIOCTeNeHHOM ascopOiuell BBICOKOMOJIEKY-
JIIpHBIX BelllecTB. Yuactok 3 (cMm. puc. 1) co-
OTBETCTBYeT OOJIBIIMM BPeMeHHBIM IPOMEKYTKaM,
MaccorepeHOC Ha rpaHuvLe pasfiesa ¢a3 HaXOoAuT-
Csl B COCTOSTHUM DaBHOBECHSI M OCHOBHOE B/IMSIHUE
Ha 3HaueHve [IITH oka3bIBalOT BBICOKOMOJIEKYJISP-
Hble BelrjecTBa [14].

62

60

DST (mN/m)

Y
o o

S
=)

o
N

0 200 400 600 800 1000 1200
Time (s)

Puc. 1. TunuuHas 3aBUCUMOCTb JUHAMHUUYECKOrO I10BEepX-
HocTHoro HatsbkeHus ([JITH) oT BpemeHu: ydacToK 1 — KO-
poTKue BpeMeHa (ObICTpast afcopOLIUsT HI3KOMOIEKY/IPHBIX
ITAB); yuactok 2 — cpefiHHe BpeMeHa (ToyHasi afcopoiums
HU3KOMONeKy/nspHeIX ITAB ¥ mocreneHHass — BBICOKOMO-
JIEKY/ISIPHBIX BeIeCTB); y4acToK 3 — OosbllMe BpeMeHa
(3aBepiueHye aficopOI{M BEICOKOMOJIEKY/ISIPHBIX BellleCTB)

Fig. 1. Typical DST dependence vs. time: section 1 — short
times (rapid adsorption of low molecular weight surfactants);
section 2 — intermediate times (complete adsorption of
low molecular weight surfactants and gradual adsorption of
high molecular weight substances); section 3 — long times
(completion of adsorption of macromolecular substances)

1.3. Bbino/iHeHUe aHaAusda

Inst 3abopa v IOCTaBKM KPOBM HCITIO/Ib30BaA
BakyTaiiHepsl hupmbl Improve (Guangzhou Improve
edica IInstruments Co., Ltd, Kuraii) o6bemom 4.0 M
(C aKTHBaTOpPOM CBEPTHIBAHUS) /IS TTOAYUEHUs Chbl-
BOPOTKM KpOBU U 4.5 ma ¢ 3.8%-HbIM pacTBOPOM
LUTpara Hatpusl (COOTHOIEHWe KPOBU U peareHTa
9:1 COOTBETCTBEHHO) /ISl U3yUeHUs 11/1a3Mbl.

TpaHCHIOpPTHPOBKAa KOMITOHEHTOB KDOBH OCY-
IIeCTB/ISUIACh TOJBKO MEJULIMHCKUM TIePCOHAJIOM,
HeCYIIMM OTBETCTBEHHOCTD 3a COO/I0AeHNe TTPaBuI
TPaHCIIOPTUPOBKU. KOMITOHEHTbI KPOBH BO u30e-
JKaHHe TeMoJi3a IPU TPAHCIIOPTUPOBKE He TIOf-
BEPrajiuch TepeoXIaKAeHUI0 W TeperpeBaHuio.
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IIpy TpaHCIIOPTUPOBKE KOMITOHEHTHI KPOBU HaXoO-
JWMMCh B WM30TePMUUECKOM KOHTeliHepe (CymKe-
XOJIOAUbHYKe). TpaHCIIOPTUPOBKA OT MOMeHTa 3a-
Oopa KpOBU ZI0 BBITIONHEHMs aHajM3a 3aHUMasa
He 6osee 30 MuH.

IMpu mpueme OroMarepuana COTPYAHUKOM Jia-
Goparopuy IPOBOAUTCS BU3yasibHast OIleHKa obpasiia
KPOBW TallieHTa Ha Haimuue gedekroB. Ecim 06-
paser] KpOBH /il aHa/lM3a CBEpPHYJ/CS, COTPYAHUK
nmabopatopur He3aMme[IUTeJIbHO WH(OPMUPYET COo-
TPYJHHKa, JOCTaBUBLIEro GMoMarepyas, O HaluuuH
Opaka, HEBO3MOXHOCTH BBITIOJIHUTEL WCC/IeA0BaHUEe
Y HeoOXOJUMOCTH BBITIOJTHEHUSI TIOBTOPHOTO 3ab0-
pa KpoBu y maumeHTa. Ilocsie gocTtaBKu 0OpasijoB
OrioMarepyrasa B 1ab0paTOpPHIO MX JlalbHEUITIast TTO/I-
TOTOBKA T10 MeTOJMKe, ONMCAHHOM HIDKe, OCYILeCTB-

Jisinach B TedeHue 30 MUH — 1 U ¢ MOMeHTa A0CTaBKH.

N3amenenue OITH mpoBoauioch st npob AByX
TUIOB: HaTUBHBIX U JeTIPOTeMHU3MPOBaHHBIX. Oca-
JK7ieHre Oe/TKOB BBITOMHSIIOCH 10%-HO# TPUXJIOPYK-
cycHot kucnoroit (TXY) B coorHommennu 1 yactb
KMCJIOTHI K 2 4acTM KCCIelyeMOro marepuana. Ta-
KOM MeToZ, M03BOJIseT yAaauTh B cpesHeM 10 98%
6e/KoB.

IMocne  ocaxxzeHuss OelKOB  CofiepKUMOe
npobupku  eHTpudyrupoBami 30 MuH - TIpU
14000 o6./mMuH, 3ateM 3HaueHve pH B mpobax mo-
BOAW/IOCH 0 7.4 myTem AobaBneHust GrkapboHaTa
HaTpusi. B pesynbrare Takoro ocaxzeHus B IpoO-
6e OCTaloTCs BelleCTBa, HAa3bIBAEMbIE MOJIEKY/IAMHU
cpezHeit maccel [15, 16].

INop Monekynamu cpefiHelt Macchl roJjpa3ymeBa-
I0TCSI «KMCJIOTOYCTOMUMBLIE» HeuIeHTU(PUIIPOBaH-
Hble BelllecTBa pa3/IMUHON XUMHUUECKOW TMPHUPO/IbI
(nenTuApbl, HYK/IEOTHUBI, IPOLYKThl YIVIEBOJHOTIO,
JIMTIA/IHOTO, a30THCTOro oOMeHa) C MOJIeKY/ISIPHOM
Maccoit ot 300 go 5000 Ha.

IMoaroroBka 06pa3Li0B HATUBHOM TI/IA3Mbl BKJTFO-
yaJjia UX pa3BefleHHe 3apaHee MO/JTrOTOBJEHHLIM pac-
TBOPOM TpuxJiopaterara Hatpusi ¢ pH = 7.4 go To-
ro e 1ieneBoro obbema v pH cpesibl, uTO U B TIpoGe
T0C/Ie OCKAEHUs OesKoB.

CTaTUCTUUeCKUI aHalv3 MOMYYeHHbIX JAaHHBIX
BKJIFOUa/l BBIUMCJIEHHEe OCHOBHBIX TOKasaresei pac-
Tipefie/ieHus CydaiiHbIX BequuuH. s mosyyeHust
perpe3eHTaTHBHON BLIOOPKH T10/Ib30BajICh METO-

[IVKOW oOrpefiesieHUsi 3HAUMMbIX TPaHUL] MeuaHbl.

Ecnmi 3akoH pacripefie/ieHUsd BeJIMUMH HCC/Ieaye-
MBIX TIOKa3aTejed OT/IMYajICI OT HOPMaJ/IbHOT'O 3a-

KOHa, MCII0/1b30Ba/li HelapaMeTpUyecKue KpUTepuH.

AHanu3 BBINO/HS/IA C HCIIO/Ib30BaHUEM JINLI€H3H-
OHHBIX ITIaKeTOB TPHK/IAJAHBIX CTAaTUCTUYECKHUX IIPO-
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rpamm STATISTICA 5.11, Microsoft EXEL 6.0
U MedStat [17].

1.4. Mamemamuueckas mooe/1b

Ilyist onvcaHust TIOBEPXHOCTHBIX SIBJIEHUN T11a3-
MBI KPOBU TIpE/jIarajioch HEeCKOTbKO MareMaTrhde-
CKUX Mojiesied pa3mMuHoM ciioxkHoctu [13, 14, 18].
B paborte [19] BeIOOp GBI CAI€/IaH B MO/IB3Y MOJEIH,
TIPU KOTOPOM 00lijee ypaBHEHHE WU30TEpPMbI aficopo-
LU BBIVIAZE/O0 KaK:

dy ] - D;
L = RTY e/ 2,
|:dt1/2 t—0 lzzl T

rhe Y — AVHaMHUYeCcKoe TIOBEPXHOCTHOE HaTsDKeHHe,
MH/M; t — Bpems, ¢; R — yHUBepcasbHas ra3oBast Io-
cTosiHHas, paBHas 8.31 /x/(Monb-K); T — Temmnepary-
pa cpeapl, K; ¢; — KOHI|eHTpaLysi MHAUBU/IyaIbHOTO
KOMITIOHEeHTa, MMOJIB/JT; D; — Koaddurment auddy-
311 UH/IVBH/IYaIbHOTO KOMITOHEHTa, M2C L.

KomrioHeHTB CymMMBbI B ypaBHeHuu (1) BHO-
CAT pa3IWuHBIA BKIa[. Bemku wmeroT Gosbliyio
MOJIEKY/ISIDHYIO Maccy, II03TOMY MX MOJIsSpHasi KOH-
LIeHTpalysi CPaBHUATEbHO HU3Kas: [Jisl anbOyMHHa,
KOHIIEHTpALWsi KOTOPOTO B TIjIa3Me/ChIBOPOTKE MakK-
CUMasbHa, 3T0 BenuuuHa mnopsigka 500 MM, aiis
¢urbpuHoreHa — ellle Ha TOpPsIOK MeHble. Ko3g-
¢burenTsl  quddys3ur OeNKOBBIX MOJIEKY TaKKe
CYIIECTBEHHO HIDKe, UeM Yy HH3KOMOJIEKY/ISIPHBIX
[TAB. Ko>ddunments! guddysun 1 KOHLEHTpaLUU
CTOSIT B UMC/IUTesIe, TI03TOMY Ipu (¢t — 0) BKJIaz
Oe/KOBBIX KOMITOHEHTOB B 00IIyl0 cymmy Oyzer
HeBeJIHK, UTO JOCTaTOYHO XOPOLIIO COTTIaCyeTCsI C IKC-
nepuMeHTOM. BesmurHbl Ag 10 U TIOC/IE OCAXIEHUST
Oe/KOB W3 CHIBOPOTKM WM TUIa3Mbl TPAKTUYeCKU
O7IMHAKOBHI, T. €. ylasieHHe Oe/lka He TIOB/IMSIUIO Ha Ha-
ya/bHBIA HAK/IOH KPUBOW; Ay — 3TO MPOW3BOAHOE
TIOBEPXHOCTHOTO HATsDKEHUs IO KBaJpaTHOMY KOp-
HIO BpEMeHH, KOTZla BpeMsi CTPEMUTCS K HYJTIO.

B kauecTBe BTOPOTO [JOMYIIEHUS OBUIO TIPHHSTO
crlefyroliee: BeJIMUMHbI K03¢duipeHToB Auddy3uu
HU3KOMOJIEKY/IAPHBIX COeJMHEeHUH Onu3Ku BCuie[-
cTBUE TIOAOOHBIX 3(HEKTUBHBIX CEUEHWM MOJIEKYJI.
[TpuHsB 3TH [Ba [OCTAaTOYHO TPYOBIX AOMYILEHUS,
ypaBHeHue (1) MOXKHO YIIPOCTUTH [0 BUJA

dy | Dumc
|:dll/2:| o - 7\'O = _ZRTHMC - 9 (2)

rge Cupc — CyMMa KOHLIEHTpaIii HU3KOMOJIEKYJIsIp-
HBIX COeJUHEeHUM, MMOoib/); Dyyc — YCpeJHeHHbI
ko3¢ dunyenT arddys3un, KOTOPbIii MOKHO MPUHSThH
paBHbIM (2.0-3.0) - 107 ° M*c™!; T — Temmeparypa
cpenpl, K; R — yHMBepcasbHas ra3oBasi IOCTOSIHHAS,
paBHas 8.31 [x/(Momb-K).

M
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Torpa

Chivc = ——F—. 3)

Pe3ynbTaTbl U UX 06CYXKAEHUE

Ha mepBom 3Tame wuccaefoBaHusi ObUTM TMPO-
BeZieHbl H3MepeHusi [IITH HaTWBHOI ChIBOPOTKU
(puc. 2, a) v 1a3mel (puC. 2, 6) B IBYX UCCIEAYEMBIX
rpymnIax.

Kak BUAHO, KpHBble, ONMCHIBAKOIIME H3MeHe-
Hue 3HaueHud [TTH uccnegyembix Tpymm, 3HAYMMO
pas/MyaroTCs Ha IPOTSUKEHUHM BCEero BpPeMeHU 3KC-
nepumenTa Cpennve BenuuuHbl [ITTH HaTWBHOM
CBIBOPOTKM B MCCeqyemoi rpyrre (rpymma 1) 3a-
METHO HIDKe, UeM B TPYIIIie 37[0POBBIX J0OPOBOJTBIIEB
(rpyrma 2) (cM. puc. 2). OOHapyXeHHOe H3Me-
HeHve BesiuuHbl JIITH MokeT CBH[eTe/bCTBOBATh
o HakorieHnu ITAB B ceiBopoTke GosbHBIX XCH.

70

[NonyueHHble JaHHBIE COMIACYHOTCSI C pe3y/bTaTaMu
npyrux aeropos [10, 18, 20, 21].

B TO Xe BpeMsi «yCpelHEHHbIe» HU30TepMbl ajl-
copbLmK i T1asMbl (CM. pUC. 2, 6) 3HAUMMBIX
OT/IMUKI He UMETOT.

W3orepmbl afcopbrmy Ajisi 00pasioB, JUIIEH-
HBIX TIPOTEMHOB, KakK [/l ChIBODOTKH, TaK W [JIs
T/71a3Mbl, 3HAUMMO OT/IMYalOTCs Ha TPOTSKEHHU BCe-
IO BpeMeHU 3KCIiepumeHTa; 3HadyeHus [ITH s
rpyrnbl 1 Beillle, ueM AJisi TPYMIIBI 2, /171s1 CBIBOPOTKH
(puc. 3, a) u Ass wiasMel (puc. 3, 6).

PesynbraThl MCCIeOBaHUSI CBUZETEIBCTBYIOT
0 KauyeCTBEHHBIX U KOJIWYEeCTBEHHBbIX W3MeHEHHSIX
B COCTaBe HU3KOMOJIEKY/isipHbIX [TAB y marueHToB
c UBC, ocnoxxHenHou XCH.

HWcnonb3ys ypaBHeHUe (3), MO)KHO pacCuMTaTh
Cymc Tipu ¢ — 0 Jy11 ChIBOPOTKU U TUIA3Mbl JHOfei
00eux UCc/IelyeMbIX IPYIIL. YCpeHeHHbIe 3HaUeHUs]
KOHLIEHTPaL HU3KOMOJIEKY/ISIPDHBIX BeleCTB IpU-
BeJIeHbI B Tab/uLe.
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Fig. 2. Mean DST values of native serum (a) and native plasma (b)
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Fig. 3. Mean DST values of serum (a) and plasma (b) after precipitation of proteins with 10% trichloroacetic acid

buopusnka n MeanumHcKasn pusmka
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3unauenus Cyyic (X £ m), MMosIb/n

Snums values (X + m), mmol/l

HarusHnast/ Tocse ocaxaeHus 6ekos/
Tpynna/Group Native After protein precipitation
ITnasma/ CpIBOpOTKa/ [Tnasma/ CpIBOpOTKa/
Plasma Serum Plasma Serum
I'pynna 1 (mayuenTs! ¢ UBC ocnoxxuenHoit XCH)/
Group 1 (patients with CAD complicated by CHF) 26.5+7.4 61.24+17.9 15.2+4.1 34.14+21.1
Ipynna 2 (380poie 40GpoBoLLLI)/ 50.1+£59*% | 52.5+7.4 42.1417.7* 86.645.1*
Group 2 (healthy volunteers)

ITprMeuaHye. * — cTaTUCTUYECKAs 3HAUMMOCTb pasivuuii p < 0.05.

Note. * — statistical significance of differences p < 0.05.

IMonyuyeHHble JaHHbIE VAOBIETBOPUTEIBHO CO-
[7IaCyIOTCS C TIpe/IJIKeHHONW MaTeMaTUuecKol Mo/e-
7bt0 (3). Ecmm amcopOiust B Hauasie SKCIIEpUMEHTa
00ycrioB/ieHa TIPeUMYIIeCTBEHHO HU3KOMOJIEKYIISIP-
HeiMu coeguHeHussMu (HMC) To BemmunHa Cymc
MOC/Ie OCAXKAEHUS Oe/IKOB [J0/DKHA ObIThb He3Hauu-
TEeJILHO HIDKE 3HAUeHWI COOTBETCTBYIOLIMX TIOKa3a-
Tesield B HATUBHBIX 00pas3iiax.

C yuetom 3akoHa ['erpu [19] BO3MOXKHO O1[eHUTH
BKJIaJl CUCTeMEI TeMOoCTa3a B 3HaueHne Cyyc Kak pas-
Hu1ly Cyyic HaTUBHOU CHIBOPOTKH U Cyyic HaTUBHOM
Tia3mel. M3 Tabmuipl BUAHO, YTO Y TPYINIBI 2 OT-
CYTCTBYIOT 3HaUMMble OTIIMUMS MEXAY BeTMYMHaAMU
M3yyaeMbIX TOKa3aresieil HaTUBHOM T1/1a3Mbl U ChIBO-
POTKH, B TO BpeMsl KaK B IpyIire 1 JaHHbIe 3HaYeHUsI
OT/IMUaloTCs B 7Ba pasa. [lonmyueHHble pe3y/bTa-
ThI XOPOLIIO COIIACYHOTCS C TpeAbIAyLmMMH [22, 23]
U ¢ TeM (pakToM, UTO B CHIBODOTKE B OTJIMUKE OT
T/1a3Mbl HET PacCTBOPHUMOTO BBICOKOMOJIEKY/ISIPHOTO
benka uOpUHOTeHa, HO eCTh HU3KOMOJIEKY/ISIpHbIe
TIPOJIYKTHI €ro MpoTeosm3a [24].

Iocne ocaxkaenust 6enkoB 3HaueHust Cyvic AJ1s
TasMbl W CHIBODOTKM B TpyImre 2 [I0CTOBEPHO
OT/IMYA0TCS — [PUMepPHO B 2 pa3a. MOXHO Tipejrio-
JIOXKUTB, UTO B TIPOLIECCE 0CaXK/|eHHst OeTKOBBIX (pak-
WA KcYye3as MacKUPOBOUHBINA 3¢eKT OenkoBbIX
CTPYKTYD, KOTOpble B Haua/lbHble HHTEpPBaJIbI BpeMe-
HHU SKCTIepUMeHTa TMPUCYTCTBYIOT Ha IOBEPXHOCTU
paszena ¢as. Ilpu cpaBHeHUM MeXAy Cob0il Bemu-
YMH M3yYaeMbIX [10Ka3aresiel rpymIibl 1 ¥ rpymimsl 2
TOCJIe OCAXKAEHUs OE/IKOB YCTAHOB/IEHO CTaTUCTUYe-
CKMA 3HauMMoe OTIuve 3HaueHuii Cyyc B mpobax
TU1a3Mbl U CHIBOPOTKU: AJIs TPYTIibl 1 3HaueHust Obl-
i B cpeaHeM B 2.5 pasa Hwke. ITomo6HOro poza
pa3HHLIA MEXKAY TPYIIIAaMU COITIACYyeTCsl C JaHHBIMU
00 W3MeHeHWM KOHLIEHTpPAalik TPOAYKTOB pacraja
U camoro (pubprHOTeHa, a TakKe OTAEIBHBIX TOKa-
3aresieli reMocTa3a B Iia3Me y maiueHToB ¢ VIBC
[22-28].
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3aKnoyeHne

1. 3HaueHUs TeH3WOMeTPUUECKUX IOKasaTesiei
CBIBOPOTKHM KPOBH 3[I0POBBIX A0OPOBOBIER U Ma-
uueHtoB ¢ MBC, ocnoxHenHod XCH, 3HaunMo
OT/IMYAOTCS.

2. Vcrnomb3ys oOuenpuHsATEEe (QU3HUUeCKe
yPaBHEHHs OIHUCLIBAIOIINE TPOLIeCCH azcopOLmm,
Ha IrpaHMlle paszena >XKUAKOCTb—BO3[YX, uepe3 psf
JOMyLLeHUM paccunTaH KOJIM4eCTBEeHHbIN U orpejie-
JIeH KaueCTBEHHBbIM BKJ/aJ| CUCTEMbl CBEPTHIBAHUS
B BequuuHy Tmokaszaresnedt JIIH u Cyyc. Taxk,
pasHuila 3HaueHWd Cyyc HATUBHOU ChIBOPOTKH
Y M71a3Mbl cocTaBuia 34.7 MMosb/i (tiasma — (X +
+ m) 26.5 &+ 7.4 mmonb/n, ceiBOpoTKa — (X + m)
61.2+17.9 MmMonbw/n).

3. YcraHOB/eHa CBA3b MeX[y BeIUYMHON
KOHIIEHTpAIlu HU3KOMOJIEKY/ISIPHBIX METab0/UTOB
u 3HauenneM JIITH nnasmel u ceiBopotkuy npu BC,
ocniokHeHHOM XCH.

4. Tloka3aHa HEOJHOPOJHOCTh KaueCTBEHHOIO
cocraBa (pakLMii HU3KOMOJIEKY/ISIPHBIX BeIleCTB
B UCC/Ie[lyeMbIX TpyImnax.

Cnuncok nutepatypsl

1. Kazakoe B. H Mesda3Hast TeH3MOMeTpHsI ¥ peOMeTpHUsi
61OMOrMUeCcKUX XUAKOCTeH B TepareBTHUYeCKOH Tpak-
Tuke. [loHewK : [IoHeLKWiT MeAULMHCKWI YHUBEPCUTET,
2000. 296 c.

2. Kazakov V., Vozianov A., Sinyachenko O., Trukhin D.,
Kovalchuk V. Studies on the application of dynamic
surface tensiometry of serum and cerebrospinal liquid for
diagnostics and monitoring of treatment in patients who
have rheumatic, neurological or oncological diseases //
Advances in Colloid and Interface Science. 2000.
Vol. 86, Ne 1-2. P. 1-38. https://doi.org/10.1016/s0001-
8686(00)00031-2

3. Zaitsev S. Dynamic surface tension measurements as
general approach to the analysis of animal blood plasma
and serum // Advances in Colloid and Interface Science.
2016. Vol. 235. P. 201-213. https://doi.org/10.1016/j.cis.
2016.06.007

HayuHbivi oTgen



E. B. XomyT0B 1 Ap. ABCOPOLIMOHHBIE XaPaKTEPUCTUKIN HU3KOMOJIEKY ISPHBIX KOMIOHEHTOB KPOBU N @

10.

11.

12.

13.

14.

15.

16.

. Agassandian

. Gdlvez-Ruiz M. Different approaches to study protein

films at air/water interface // Advances in Colloid and
Interface Science. 2017. Vol. 247. P. 533-542. https://
doi.org/10.1016/j.cis.2017.07.015

M., Mallampalli R.  Surfactant
phospholipid metabolism // Biochimica et Biophysica
Acta (BBA). Molecular and Cell Biology of Lipids.
2013. Vol. 1831, Ne 2. P. 612-625. https://doi.org/10.
1016/j.bbalip.2012.09.010

. Dutcher C., Wexler A., Clegg S. Surface Tensions

of Inorganic Multicomponent Aqueous Electrolyte
Solutions and Melts // The Journal of Physical
Chemistry A. 2010. Vol. 114, Ne 46. P. 12216-12230.
https://doi.org/10.1021/jp105191z

. Mypasbes A. B., Tuxomupoea U. A., Bynaesa C. B.

VccnepoBanve poiy OTAE/NBbHBIX PEOJIOTHYeCKUX Xa-
PaKkTepUCTUK KDOBM B H3MEHEHUU ee TeKyuecTd U
TPaHCIOPTHOrO MoOTeHIMana // Poccuiickuil >XypHas
6uomexanuku. 2012. T. 3. C. 32-41.

. Fathi Azarbayjani A., Jouyban A. Surface tension in

human pathophysiology and its application as a medical
diagnostic tool // Biolmpacts. 2015. Vol. 5, Ne 1. P. 29—
44, https://doi.org/10.15171/bi.2015.06

. Kysneyosa U. B., Ilomanos B. B., Illpamenko E. K.,

3eHuH O. K TloBepxXHOCTHOe HaTsDKeHHe W JuiaTaliy-
OHHasl BI3KOYIIPYTOCTh CBIBOPOTKH KPOBH Y MalieHTOB
C WIIeMUYeCKOl Oosie3HbI0 cep/iia, ONeprpOBaHHBIX
B YC/IOBUSIX MCKYCCTBEHHOTO KpoBooOpatjenust // W3-
BeCTHsl BBICIIMX Yy4eOHbIX 3aBefileHUH. I[1OBOJDKCKUN
pervoH. MeguiuHckue Haykd. 2019. Ne 3 (51). C. 140—
149. https://doi.org/10.21685/2072-3032-2019-3-13
3atiyes C. FO. TeH3uoMeTpUUeCKMH M OuoXUMHUe-
CKWI aHa/IN3 KPOBH JKUBOTHBIX : (yHJAMEHTa/bHbIE U
TIpHK/IaZiHbIe acrekTsl. M. : V3arenbcTBo «CenbCKoxo-
31iCTBeHHBIe TeXHOoIoTum», 2016. 192 c.

Ernst E., Resch K., Matrai A., Buhl M., Schlosser P.,
Paulsen H. Impaired blood rheology : A risk factor after
stroke? // Journal of Internal Medicine. 1991. Vol. 229,
Ne 5. P. 457-462. https://doi.org/10.1111/j.1365-2796.
1991.tb00375.x

Ernst E., Krauth U., Resch K., Paulsen H. Does blood
rheology revert to normal after myocardial infarction? //
Heart. 1990. Vol. 64, Ne 4. P. 248-250. https://doi.org/10.
1136/hrt.64.4.248

Mébius D., Miller R. Proteins at liquid interfaces //
Studies in Interface Science. 1998. Vol. 7. P. 1-498.
Shrestha L., Matsumoto Y., Ihara K., Aramaki K.
Dynamic Surface Tension and Surface Dilatational
Elasticity Properties of Mixed Surfactant/Protein
Systems // Journal of Oleo Science. 2008. Vol. 57, Ne 9.
P. 485-494. https://doi.org/10.5650/j0s.57.485

Zaitsev S. Yu., Bogolyubova N. V., Zhang X., Brenig B.
Biochemical parameters, dynamic tensiometry and
circulating nucleic acids for cattle blood analysis :
A review // PeerJ. 2020. Vol. 8. Article e8997. https://
doi.org/10.7717/peerj.8997

Ishchuk T., Raetska Y., Savchuk O., Ostapchenko L.
Changes in blood protein composition under
experimental chemical burns of esophageal development
inrats // Biomedical Research and Therapy. 2015. Vol. 2,

buopusnka n MeanumHcKasn pusmka

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Ne 4. P. 241-249. https://doi.org/org/10.7603/s40730-
015-0009-x

JIax IO. E., I'ypbsanoe B. I., Xomenxko B. H., Ilan-
yenko O. A. OCHOBbI KOMITbIOTEPHOM OMOCTAaTHCTUKH :
aHaym3 wHGopMaluKu B OHONIOTHH, MefulHE U dap-
MaLM CTaTUCTUYeCKUM TakeToM. JJoHelK : JJoHeLKuit
MeJULIMHCKWHN yHuBepcuteT, 2006. 214 c.

Attinger D., Moore C., Donaldson A., Jafari A., Stone H.
Fluid dynamics topics in bloodstain pattern analysis :
Comparative review and research opportunities //
Forensic Science International. 2013. Vol. 231, Ne 1-3.
P. 375-396. https://doi.org/10.1016/j.forsciint.2013.04.
018

Makievski A., Loglio G., Krégel J., Miller R.,
Fainerman V., Neumann A. Adsorption of Protein Layers
at the Water/Air Interface As Studied by Axisymmetric
Drop and Bubble Shape Analysis // The Journal of
Physical Chemistry B. 1999. Vol. 103, Ne 44. P. 9557—
9561. https://doi.org/org/10.1021/jp990775y
Kairaliyeva T., Aksenenko E., Mucic N., Makievski A.,
Fainerman V., Miller R. Surface Tension and Adsorption
Studies by Drop Profile Analysis Tensiometry // Journal
of Surfactants and Detergents. 2017. Vol. 20, Ne 6.
P. 1225-1241. https://doi.org/10.1007/s11743-017-
2016-y

Fainerman V., Trukhin D., Zinkovych 1., Miller R.
Interfacial tensiometry and dilational surface visco-
elasticity of biological liquids in medicine // Advances
in Colloid and Interface Science. 2018. Vol. 255. P. 34—
46. https://doi.org/10.1016/j.cis.2017.08.002

Mouceesa U. ., I[Tomanos B. B., 3enun O. K., Ky3Heyo-
ea U. B., Imumpueg JI. C Peonornyeckue rokasareau
CBIBOPOTKM U TUIa3Mbl KPOBU y OOJIbHBIX, OMIEPUPOBaH-
HBIX Ha CepALie B YCIOBHUSAX MCKYCCTBEHHOIO KPOBOOO-
pailieHusi, B Tlepyu- ¥ UHTpaoIepaljiOHHOM Mepuoge //
V3BecTHst BBICIIMX Y4eOHbBIX 3aBefieHUH. [10BO/DKCKUIA
peruoH. MeguupyHckue Haykd. 2020. Ne 1 (53). C. 129—
154. https://doi.org/10.21685/2072-3032-2020-1-14
Kawmeneg B. @., CmpenbHukoga U. JI., MacneHHukog A. A.
CpaBHUTe/bHasI OLieHKa TOKa3aTesneil KoaryJisiLiuoHHO-
ro reMocrasa B apTepyUaJibHONM U BEHO3HOW KpOBHU
y TMaLMeHTOB C XPOHMYECKOH Cep/iedyHON He0CTaTou-
HOCTBIO pasaMuHOro reHesa // HayuHble BezomocTu
Benropogckoro rocynapctBeHHoro yHuBepcurera. Ce-
pust: MenunyHa. @apmarust. 2012, Ne 4 (123), Bem. 17.
C. 81-84.

Bynawoea O. B., Maakoga M. H. 3nauenue [-nvmepa B
JIMarHOCTHKE U IPOTrHO3e TPOMO03MO0MHNUeCKUX OC/IOXK-
HEeHUM y KapAHUOoIornyeckux 00/bHBIX // TIpakTrdeckast
meaunuHa. 2012. T. 5 (60). C. 81-84.

Song B., Shu Y, Xu Y. N., Fu P. Plasma fibrinogen
lever and risk of coronary heart disease among Chinese
population : A systematic review and meta-analysis //
International Journal of Clinical and Experimental
Medicine. 2015. Vol. 8, Ne 8. P. 13195-13202. https://
doi.org/10.1186/s13293-018-0210-x

Karbaschi M., Bastani D., Javadi A., Kovalchuk V.,
Kovalchuk N., Makievski A. Drop profile analysis
tensiometry under highly dynamic conditions // Colloids
and Surfaces A : Physicochemical and Engineering

251



Ny

W3B. Capar. yH-Ta. Hos. cep. Cep.: ®u3uka. 2022. T. 22, Bbin. 3

Aspects. 2012. Vol. 413. P. 292-297. https://doi.org/org/
10.1016/j.colsurfa.2012.04.027

27. [lemenmbega U. H., Poiimman E. B. [InarHocTuue-

28

CKasi 3HaYMMOCTb HCC/IeJOBAHUH Peoorvy KpOBHU TIpU
Kap/IMOXUPYPruyeckux BMellaTebCTBax // AHecTe3uo-
sorust U peanumarosorusi. 1999. T. 5. C. 25-28.

. Morange P., Bickel C., Nicaud V., Schnabel R.,

Rupprecht H., Peetz D. Haemostatic Factors and the
Risk of Cardiovascular Death in Patients With Coronary
Artery Disease // Arteriosclerosis, Thrombosis, and
Vascular Biology. 2006. Vol. 26, Ne 12. P. 2793-2799.
https://doi.org/10.1161/01.ATV.0000249406.92992.0d

References

1.

252

Kazakov V. N. Mezhfaznaya tenziometriya i reometriya
biologicheskikh zhidkostey v terapevticheskoy praktike
[Dynamic Surface Tension of Biological Fluids in
Medicine]. Donetsk, Donetsk Medical University Publ.,
2000. 296 p. (in Russian).

. Kazakov V., Vozianov A., Sinyachenko O., Trukhin D.,

Kovalchuk V. Studies on the application of dynamic
surface tensiometry of serum and cerebrospinal liquid
for diagnostics and monitoring of treatment in patients
who have rheumatic, neurological or oncological dis-
eases. Advances in Colloid and Interface Science, 2000,
vol. 86, no. 1-2, pp. 1-38. https://doi.org/10.1016/s0001-
8686(00)00031-2

. Zaitsev S. Dynamic surface tension measurements as

general approach to the analysis of animal blood plasma
and serum. Advances in Colloid and Interface Science,
2016, vol. 235, pp. 201-213. https://doi.org/10.1016/].
€is.2016.06.007

. Gélvez-Ruiz M. Different approaches to study protein

films at air/water interface. Advances in Colloid and In-
terface Science, 2017, vol. 247, pp. 533-542. https://doi.
org/10.1016/j.¢is.2017.07.015

. Agassandian M., Mallampalli R. Surfactant phospho-

lipid metabolism. Biochimica et Biophysica Acta (BBA).
Molecular and Cell Biology of Lipids, 2013, vol. 1831,
no. 2, pp. 612—-625. https://doi.org/10.1016/j.bbalip.2012.
09.010

. Dutcher C., Wexler A., Clegg S. Surface Tensions of In-

organic Multicomponent Aqueous Electrolyte Solutions
and Melts. The Journal of Physical Chemistry A, 2010,
vol. 114, no. 46, pp. 12216-12230. https://doi.org/10.
1021/jp105191z

. Muraviev A. V., Tikhomirova I. A., Bulaeva S. V. Study

of the role of individual rheological characteristics of
blood in changing its fluidity and transport potential.
Rossiyskiy zhurnal biomekhaniki [Russian Journal of
Biomechanics], 2012, vol. 3, pp. 3241 (in Russian).

. Fathi Azarbayjani A., Jouyban A. Surface tension in hu-

man pathophysiology and its application as a medical
diagnostic tool. Biolmpacts, 2015, vol. 5, no. 1, pp. 29—
44. https://doi.org/10.15171/bi.2015.06

. Kuznetsova I. V., Potapov V. V., Shramenko E. K.,

Zenin O. K. Surface tension and dilation viscoelasticity
of blood serum in patients with ischemic heart disease,
operated in the conditions of artificial blood circulation.
Izvestiya vysshikh uchebnykh zavedeniy. Povolzhskiy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

region. Meditsinskiye nauki [University Proceedings.
Volga Region. Medical Sciences], 2019, no. 3 (51),
pp. 140-149 (in Russian). https://doi.org/10.21685/2072-
3032-2019-3-13

Zaitsev S. Yu. Tenziometricheskiy i biokhimicheskiy
analiz krovi zhivotnykh : fundamental’nyye i priklad-
nyye aspekty [Tensiometric and Biochemical Analysis
of Animal Blood : Fundamental and Applied As-
pects]. Moscow, Izdatel’stvo “Sel’skokhozyaistvennye
tekhnologii”, 2016. 192 p. (in Russian).

Ernst E., Resch K., Matrai A., Buhl M., Schlosser P.,
Paulsen H. Impaired blood rheology : A risk factor after
stroke? Journal of Internal Medicine, 1991, vol. 229,
no. 5, pp. 457-462. https://doi.org/10.1111/j.1365-2796.
1991.tb00375.x

Ernst E., Krauth U., Resch K., Paulsen H. Does blood
rheology revert to normal after myocardial infarction?
Heart, 1990, vol. 64, no. 4, pp. 248-250. https://doi.org/
10.1136/hrt.64.4.248

Moobius D., Miller R. Proteins at liquid interfaces. Stud-
ies in Interface Science, 1998, vol. 7, pp. 1-498.
Shrestha L., Matsumoto Y., Thara K., Aramaki K.
Dynamic Surface Tension and Surface Dilatational Elas-
ticity Properties of Mixed Surfactant/Protein Systems.
Journal of Oleo Science, 2008, vol. 57, no. 9, pp. 485—
494. https://doi.org/10.5650/j0s.57.485

Zaitsev S. Yu., Bogolyubova N. V., Zhang X., Brenig B.
Biochemical parameters, dynamic tensiometry and circu-
lating nucleic acids for cattle blood analysis : A review.
PeerJ, 2020, vol. 8, article e8997. https://doi.org/10.
7717/peerj.8997

Ishchuk T., Raetska Y., Savchuk O., Ostapchenko L.
Changes in blood protein composition under experimen-
tal chemical burns of esophageal development in rats.
Biomedical Research and Therapy, 2015, vol. 2, no. 4,
Pp. 241-249. https://doi.org/10.7603/s40730-015-0009-x
Lyakh Yu. E., Gur’yanov V. G., Khomenko V. N,
Panchenko O. A. Osnovy komp’yuternoy biostatistiki :
analiz informatsii v biologii, meditsine i farmatsii
statisticheskim paketom [Fundamentals of Computer
Biostatistics : Analysis of Information in Biology,
Medicine and Pharmacy Using the MedStat Statistical
Package]. Donetsk, Donetsk Medical University Publ.,
2006. 214 p. (in Russian).

Attinger D., Moore C., Donaldson A., Jafari A., Stone H.
Fluid dynamics topics in bloodstain pattern analysis :
Comparative review and research opportunities. Foren-
sic Science International, 2013, vol. 231, no. 1-3,
pp. 375-396. https://doi.org/10.1016/j.forsciint.2013.04.
018

Makievski A., Loglio G. Kragel J., Miller R., Fainer-
man V., Neumann A. Adsorption of Protein Layers at
the Water / Air Interface As Studied by Axisymmetric
Drop and Bubble Shape Analysis. The Journal of Physi-
cal Chemistry B, 1999, vol. 103, no. 44, pp. 9557-9561.
https://doi.org/org/10.1021/jp990775y

Kairaliyeva T., Aksenenko E., Mucic N., Makievski A.,
Fainerman V., Miller R. Surface Tension and Adsorption
Studies by Drop Profile Analysis Tensiometry. Jour-
nal of Surfactants and Detergents, 2017, vol. 20, no. 6,

HayuHbivi oTgen



E. B. XomyT0B 1 Ap. ABCOPOLIMOHHBIE XaPaKTEPUCTUKIN HU3KOMOJIEKY ISPHBIX KOMIOHEHTOB KPOBU N @

21.

22.

23.

24.

pp. 1225-1241.
2016-y
Fainerman V., Trukhin D., Zinkovych I., Miller R. Inter-
facial tensiometry and dilational surface visco-elasticity
of biological liquids in medicine. Advances in Col-
loid and Interface Science, 2018, vol. 255, pp. 34—46.
https://doi.org/10.1016/j.cis.2017.08.002

Moiseeva 1. Ya., Potapov V. V, Zenin O. K,
Kuznetsova I. V., Dmitriev L. S. Rheological param-
eters of blood serum and plasma in patients operated
on the heart under cardiopulmonary bypass in the peri-
and intraoperating period. Izvestiya vysshikh uchebnykh
zavedeniy. Povolzhskiy region. Meditsinskiye nauki
[University Proceedings. Volga Region. Medical Sci-
ences], 2020, no. 1 (53), pp. 129-154 (in Russian).
https://doi.org/10.21685/2072-3032-2020-1-14
Kamenev V. F., Strelnikova I. L., Maslennikov A. A.
Comparative characteristics of hemostasis system of
aorta and veins in patients with chronic cardiac in-
sufficiency caused by chronic cardiac insufficiency.
Scientific Bulletins of Belgorod State University. Series :
Medicine. Pharmacia, 2012, No. 4 (123), iss. 17, pp. 81—
84 (in Russian).

Bulashova O. V., Malkova M. I. Significance of D-di-
mer in the diagnosis and prognosis of thromboembolic

https://doi.org/10.1007/s11743-017-

25.

26.

27.

28.

complications in cardiac patients. Prakticheskaya medi-
tsina [Practical Medicine], 2012, vol. 5 (60), pp. 81-84
(in Russian).

Song B., Shu Y., Xu Y. N., Fu P. Plasma fibrino-
gen lever and risk of coronary heart disease among
Chinese population : A systematic review and meta-
analysis. International Journal of Clinical and Experi-
mental Medicine, 2015, vol. 8, no. 8, pp. 13195-13202.
https://doi.org/10.1186/s13293-018-0210-x

Karbaschi M., Bastani D., Javadi A., Kovalchuk V.,
Kovalchuk N., Makievski A. Drop profile analysis ten-
siometry under highly dynamic conditions. Colloids and
Surfaces A : Physicochemical and Engineering Aspects,
2012, vol. 413, pp. 292-297. https://doi.org/org/10.1016/
j.colsurfa.2012.04.027

Dementieva I. I., Roytman E. V. Diagnostic signifi-
cance of blood rheology studies during cardiac surgery.
Anesteziologiya i reanimatologiya [Anesthesiology and
Resuscitation], 1999, vol. 5, pp. 25-28 (in Russian).
Morange P., Bickel C., Nicaud V., Schnabel R., Rup-
precht H., Peetz D. Haemostatic Factors and the Risk of
Cardiovascular Death in Patients With Coronary Artery
Disease. Arteriosclerosis, Thrombosis, and Vascular Bi-
ology, 2006, vol. 26, no. 12, pp. 2793-2799. https://doi.
0rg/10.1161/01.ATV.0000249406.92992.0d

TToctymuna B pegaknuio 15.04.2022; omobpeHa mociie perjenzupoBanus 16.05.2022; npuHsTa K mybnukaruu 23.05.2022
The article was submitted 15.04.2022; approved after reviewing 16.05.2022; accepted for publication 23.05.2022

buopusnka n MeanumHcKasn pusmka

253



