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PE®EPAT

Llenpto 3TOTO 3KCHIEpPUMEHTa OBUIO BBIIBUTH CTPYKTYPHO-(YHKIIHOHATbHBIC
U3MEHEHUs TPOMOOLUTOB, MPOUCXO/AIINE B HUX MOJA BO3JCHCTBHEM BHEUIHHX
(hakTOpOB (IJEKTPUUECKOTO TIOJIS).

Co3naBanach rajbpBaHUuYecKas sYelKa NPENCTaBISONas COOOH CTEKJISHHBIN
KallWIIsIp ¢ BHYTpeHHUM AuaMerpoM 0.628 mmu yimHON 75 MM (00beM = 23.23
MM3) KOTOPBIA 3aMONHSIICA MCCIETYEMOH KHIKOCTBIO: KPOBBIO cTabmmmsupoBaHHON DJTA
(3THNCHAMAMHUHTETpAayKCyCHAs! KUCI0Ta). [Ipn co3maHum rajabBaHMYECKON SYEHKN BOCIPOM3-
BOJIMJIACH AJICKTPOIHAS Tapa aHaJIOTHYHast aeMeHTy Jlekinanme. B mpoTHBOMoI0KHbBIE KOHIIBI
KaluuIsipa TTOMEINANN TpadHUTOBBIM CTEPKEHb M MEIHBIM IPOBOIHHK. DIICKTPOXUMHUECKHN
MOTEHIMAa u3Mepsuicst TudpoBbiM MysibTUMeTpoM Digital DT-832.

[Tepen HauaaoM sKcriepuMeHTa ObUIH ClIesIaHbl Ma3Kku KpoBH. [lociie n3MepeHus moTeHua-
Ja TaKkXKe JeJaluch Ma3Ku KPOBH IO CTAaHAAPTHOM METOJMKE, KaIuli KpoBU Opanack CO CTOPO-
Hbl TIpaUTOBOrO CTEPXKHS M MEJHOrO IPOBOAHMKA. Ma3ku OKpamuBajiuch 1o MaiiH-
I'pronBanbay u Pomanosckomy—I umse.

Crexia ¢ oOpa3namu KpoBH moaBeprayiu Gpukcarun 1.5% pacTBOpoM IIroTapasbAeruaa Ha
tdochatHOM Oydepe, 00C3BOKHMBATKH B CEPUH CIUPTOB BO3pacTalOMell KOHIEHTpawu (10
100%). JonoyHUTENIFHO CYIIMIIN epexoaoM Kputnideckoi Toukn CO2, HambUIAIN 30JI0TOM 1
NpOCMaTPHUBAIIN B CKAHUPYIOIEM AIeKTpoHOM Mukpockorne Hitachi H-300.

B xone skcmepuMeHTa OBLIO BBISBICHO, YTO MOJ BO3JCHCTBHEM JIIEKTPUYECKOTO MOJI,
CO3/1aBa€MOT0 MPH TOMOIIM TalbBAaHUYECKOH sSUeiKN, TPOMOOINTH U3 KIETOK HOPMAaJbHOH,
JIICKOMTHOM (hOPMBI TIPEeBpaIlaInch B c(HEepOLUThI, MIMEIOIHUE MHOKECTBO OTPOCTKOB, pa3Mep
KOTOPBIX TPEBBIIIAT AUAMETP CaMHUX TPOMOOIMTOB. Mi3MeHeHHbIe TPOMOOIMTEI cOOMpaNCh B
TPYIIIBI IO HECKOJIBKO MITYK.

Hcxons w3 3aperucTpupOBaHHBIX M3MEHEHHH KIETOK B Mas3KaxX KPOBH, MOXHO CJeNaTh
MPEATIOI0KEHHE, YTO MPOMCXOAMIIA arperamys TpPOMOOIMTOB, BbI3BaHHAS JICHCTBHEM 3JIEKTPHU-
YEeCKOTO IMOJIS B TalbBAHMYECKOM SUeiike, YTO MPHUBEIO K PACIUIACTHIBAHUIO TPOMOOIUTOB U
YCUJICHHIO BBIPAOOTKH (haKTOPOB, YUACTBYIOIIUX B ITPOIIECCaX CBEPTHIBAHMUS KPOBH.

BBE/[EHHE

TpombomuTer — Oe3bsaepHBIe (pparMeH-
TBI TUT@HTCKUX KJIETOK KPAaCHOTO KOCTHOTO
MO3ra — MErakapuouuTsl. B kpoBoTOKE OHH
UMEIOT JJUCKOMIHYIO (GOpMY, UX JHamMeTp 2-
3 Mxm. @opma TpomboIHTa 00SCTIeYNBACTCS
LUPKYJISIPHBIM MUKPOTYOYJISIPHBIM KOJIBIIOM.
TpombomuT mMeeT 4 (yHKIMOHAIBHBIE 30-
Hbl. [lepBast — nepudepuyeckas 30Ha, npe-

CTaBJISIIOIIAsE COOOW ABYXCIOWHYIO (ocdo-
JUNAIHYI0O MeMOpaHy ¥ IPOCTPaHCTBa,
OKPYXKaIOIIUE ee C JIBYX CTOPOH. 30J1b — Iellb
30Ha, SIBJISETCS BSI3KUM MATPUKCOM IMTO-
IUIa3Mbl KPOBSIHOM TUIACTUHKHU. TpeThs 30HA
— 30Ha OpraHeyll, COCTOUT U3 OpraHesll, pac-
MOJI0)KEHHBIX 110 BCEH OUTOINIa3ME HECAKTHUB-
HBIX TPOMOOIMTOB. W MOCIETHSS 30HA MEM-
OpaH, COCTOMT M3 KaHAJIOB IUIOTHOW TYOy-
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JIIPHOM CHCTEMBbI, HAalIOMUHAIOLIEN CTPYKTY-
Py MHOLIMTAPHOTO CapKOIIIA3MATHIECKOTO
perukyinyma.[3] KommdyectBo TpomOONUTOB
cocraBisier 180-320 *109 B nuTpe KpOBH.
Bpemsi mpeObiBanusi B KpoBoToke — 8-11
cyToK. M30BITOK TPOMOOIIMTOB I'PO3UT TPOM-
6000pazoBaHneM, HEIOCTATOK — HApYyIICHH-
€M CBEPTBIBAaHMSA KPOBH — KPOBOTCUCHHEM.

(5]

B ecTecTBeHHBIX YCIOBHSX YHCIO KpO-
BSHBIX TUIACTMHOK ITOABEP’KEHO 3HAYUTENb-
HBIM KosieOanusiM. KonmdecTBo mx Bo3pac-
TaeT MpHU NHIIEBAPCHHUM, TSHKETIOH MbIIIed-
HOIi pabore, 6epeMeHHOCTH. MIMEIOT MecTO U
CyTOUHBIC KOJCOAHWS: THEM TPOMOOIIUTOB
6onpmne, yeM HoYbt0. OCHOBHAs Macca CTa-
PBIX TPOMOOUIUTOB (ParOIUTHPYETCS MaKpO-
(aramu B cele3eHKe.

TpomMOOINTHI, UITH KPOBSIHbIE MIIACTUHKI
HMEIOT OYeHb BaXXKHYIO pOJIb B IpoIieccax
CBEPTHIBAHUSA KPOBU U remMocTasa. Pomnb kpo-
BSHBIX TUIACTHHOK B F€MOCTa3€e 3aKII0YaeTcs
B aHTHOTPO(UIECKOI hyHKIIN
(moxmepXuBaHUE CTPYKTYPHI W (QYHKIUU
MHKPOCOCYJIOB M UX HEMPOHHUIIAEMOCTH IO
OTHOIICHHUIO K IPUTPOIMTAM), OHH CIIOCOO-
HBl BBIJACNATH BA30AaKTHUBHBIC BeEIECTBA
(cepoTOHUH, KaTE€XOJAMHUHBI U Jp.), 3aKyIO-
pHBAaTh MMOBPEKACHHBIE COCYIbI, MyTeM 00-
pa3oBaHUS TEPBUYHOM  TPOMOOIMTAPHOM
mpoOKu (IIporiece, COCTOSAIIMA W3 aare3uu
TPOMOOITUTOB — MIPHUKIICHBAHUS UX K COCYIU-
CTOW CTEHKE W CIHIAHHUI MEXIy CO00H —
arperammn).[4] Bes sta dusmonormueckas
AKTUBHOCTH KPOBSIHBIX IUTACTHHOK B MPOIIEC-
cax TOMEOCTa3a, CBsI3aHa C COJACPIKALTIMHUCS
B HUX (epmeHTaMu.[1]

Lenpro 3TOr0 SKCIEpUMEHTa OBLIO BBI-
SIBUTH CTPYKTYPHO-(pYHKIIOHAIIEHBIE W3Me-
HEHHSI TPOMOOITUTOB, POUCXOAIINEC B HUX
O]l BO3JCHCTBHEM DIICKTPUYCCKOTO TIOJS.
OJEeKTpUUECKOe T0JIE MOJEIUPOBANIOCH Iy-
TEM CO3JaHMs FAJIbBAHUUECKON SIUCHKHU.
MATEPHAJIBI H METO/[bI

B npoBoanMBIX SKCIIEpUMEHTaX CO3/1aBa-
Jlach TalbBaHMYECKas SYCHKa MPECTaBIIIO-
mast co0oi CTEKIISTHHBIA KaIWUIAp C BHYT-
peranM nuamerpoMm 0.628 mmu amuHON 75
MM (00bemM = 23.23 MM3) KOTOpBIA 3amoJ-
HSUICA HCCIEAYyeMON IKHIKOCTBIO: KPOBBIO
CTaOMITN3UPOBAHHOMN OIATA
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(FTHMIIEHANAMUHTETPAYKCYCHAsT  KHUCIIOTA).
IIpn co3naHum rajabBaHUYECKOH SUEUKHU
BOCITPOM3BO/IMIIACH DJICKTPOJHAS Tapa aHa-
sornyHas sneMenry Jleknanmre. B nporuso-
TIOJIOKHBIE KOHIIBI Kalmuisipa NOMEIIain
rpadUTOBBI CTEPKEHb M MEIHBIH MPOBOJ-
HUK. ODIEKTPOXUMHUUYECKUN MOTCHINAT H3-
Mepsicst TU(POBEIM MyIbTHMETpoM Digital
DT-832.

Ilepen HawamoM OSKCIEPUMEHTA OBUIN
crenanbl Ma3ku kposu. Ilocne m3mepenus
MOTEHIMAJa TaKKe JeNaliCh Ma3KH KPOBH
10 CTaHJIAPTHOM METOJMKEe, KaIlull KPOBH
Opajiach CO CTOPOHBI rPaUTOBOTO CTEPIKHS
1 MEIHOTO TPOBOJHHMKA. Ma3Ku OKpalnBa-
juck no Maiin-I'pronBanbay u Pomanoscko-
my—T'umse.

Crexia ¢ oOpasaMu KpOBHU ITOJIBEpPTaln
¢ukcarmu 1.5% pacTBOpOM TIIFOTapaib/c-
runa Ha ¢pochatHoM Oydepe, 00e3BOKUBATH
B CEpPUM CIHUPTOB BO3pACTAlOLICH KOHIECH-
tparmu (10 100%). JIoMOJHUTENBHO CYIIU-
U nepexoaoM Kpuruueckoil touku CO2,
HaNbULUTH  30JIOTOM W TIPOCMaTpHUBAIN B
CKaHMPYIOLIEM 3JIEKTPOHOM MHKPOCKOTIIE
Hitachi H-300.

PE3YJ/IbTATbhI HCCIIE/JOBAHHA

B Ma3ke kpoBH, KOTOPBIH Aenajcs nepen
HAvaJloOM H3MEPEHUS 3JICKTPOXUMHUYECKOTO
MOTeHIMANa, TPH €ro PacCMaTpPUBAaHWUU B
JIEKTPOHHOM MHUKPOCKOIIE 1O CTaHIapTHOH
METO/IMKE, SPUTPOLIUTHI UMEJIH CBOIO OOBIY-
HYI0 (GopMy, T.e. ObUIM HOPMOLMTAMH W
oKparteHs! o Pomanosckomy - ['um3e 3031-
HOM B PO30BBI TOH. TpomMOOLMTHI MMenH
JUCKOWIHYIO (OpPMy M pacrojarajiich B
Ma3Kke MOOJMHOYHO, a LHUTOIIa3Ma KIIETOK
OKpaIlMBajIach 03MHOM B CBETJIO-PO30BBIH
L[BET C OT/JEIBHBIMH ITyPITypHBIMH 3€pPHAMHU.

(Puc 1.)

B Ma3kax KpoBH CHeNaHHBIX MOCIE H3-
MEpEHHs SJIeKTPOKHHETHIECKOTO IMMOTEeHIHA-
na, HaOMI0a1ach KapTHHA: APUTPOLUTHI U3
HOPMOIIUTOB ITIPEBPAIIAINCH B XWHOIUTOB,
9TO MOXET OBITH OOYCIOBICHO OIM30CTHIO
CTEKJISIHHOM TMOBEpXHOCTH (110 BCeW BHIH-
MOCTH H3-32 JIOKQJIBHOTO 3aIlleIaunBaHMs),a
TPOMOOIIMTHI U3 JUCKOUTHOW (OPMBI TIpe-
BPATUIIMCh B OTPOCYATYIO (JOPMY C MOSBUB-
HIMMHCS IUTOIIA3MAaTHYECKUMHU OTPOCTKA-
MH ¥ COOMpANNCh B TPYIIIBI 110 HECKOJBKO
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Puc. 1—Ipurpouutsl U TPOMOOUMTHI
A0 NPONMYCKAHMSA 3JIeKTPHUYECKOro TOKAa.
Muxkpockonusi Ma3KOB INPOBOINJIACH
noj ysejaudenuem 60.

Puc. 2 - DpuTpouuTHl M TPOMOOUUTHI
nocjie MPOMYCKAHHSI JJIEKTPHYECKOIo
TOKA CO CTOPOHBI MEeHOT0 MPOBOAHUKA.

Puc. 3—IpurpouuTtbl M TPOMOOUHUTHI
nocjae MNPONMYCKAHUSI 3JJIEKTPHYECKOro
TOKAa €O CTOPOHBI I'PU(EJBHOI0 CTepiK-
HSl.

Puc. 4—Cxanupymomas 3J1eKTPOHHAS
MHKPOCKONHUS KJIETOK KPOBH, IOJY-
YEeHHOH H3 TOJO0KHTEJIbHOI0 IMOoJIIca
3JIEKTPOKMHETHYECKO sIYeHKH, BH/-
Hbl NpPUKpPeIUIEeHHble K IOBEPXHOCTH
NMOVIOKKH TPOMOOUMTHI ¢ MHOIOYMC-
JIEHHBIMH IICEBIONOANSIMHU.

mTyK. bonee BbIpakeHHBIC M3MCHEHUS OBI-
U CO CTOPOHBI, TNI¢ HAXOTWIICS MEIHBIN
MIPOBOJIHUK, T.€. HAXOJMICS MOJOKHUTENb-
HBIM TOJIIOC Hallell raJbBaHUYECKOUN suei-
k. Co CTOPOHBI, TJIe HAXOAWICS Ipudeib-
HBII CTepKeHb HAOJIOJAIUCH U3MECHEHHS B
KJIETKaX KPOBH, HO HE TaK SBHO BBIPAXKCH-
HBIe, KaK C TPOTHBOIIOJIOKHOH CTOPOHBI
kamrapa. (Puc. 2,3,4)

MemOpaHa TpOMOOIIUTOB 00TaacT BHI-
COKOM IUIAaCTMYHOCTBIO M JIe(OpMaOUIILHO-
CTBbIO, B CHJIy Y€ro M OCYIIECTBISETCA MX
OCHOBHas (pyHKIMS — yyacTue B TpoMO000-
pazoBanuu. TpoMOOLUTH  UYpe3BBIYANHO
YYBCTBUTEIBHBIC KIIETKH, KOTOPBIC HEMEJ-
JICHHO PearupyroT Ha JFOOBIC BO3ACHCTBHS.
[2] Ipu cTUMYISUMU OHU MPOSIBISAIOT BbI-
PaKEHHYIO arperamuio, aiare3ui0 U ceKpe-
muto. Ilpu KOHTakTe ¢ 4yXKEpoOAHOU IO-
BEPXHOCTBIO TPOMOOIIUT aKTHUBUPYETCH,
U3MEHsIET CBOIO (opMy IyTeM IpeBpalie-
HUS B C(EPOIMT, KOTOPHI MMEeT MHOXe-
CTBO OTPOCTKOB, pa3Mep WX MOXKET IPEBHI-
IaTh MOMEPEYHUK caMUX KIETOK. 3mene-
HUE (QOPMBI KpPOBSHBIX IUIACTHHOK 00Y-
CIIOBJICHO HapacTaHHEM YpPOBHS HOHOB
Kalbliis B WX IUTOINIa3Me, YTO BEAET K
JeTIONIMMEPU3aIIi TyOynnHa. JTO TIPUBO-
JUT K PAcTBOPEHUIO MHUKPOTYOYISIPHOTO
KOJIbLIa ¥ YJIBTPACTPYKTYPHOU MEepecTponke
BHYTPEHHEH 4acTH TpoMOOIMTOB ¢ hopmu-
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poBaHMEM HHUTEH aKTHHA. BO3HUKHOBEHUE
TICEBIOTIOANH CITIOCOOCTBYET OBICTPOMY KOH-
TaKTy TPOMOOIIMTOB MEXK1y COOOM, U4TO NpH-
BOJIUT K 3aME/JICHUIO KPOBOTOKA B MECTE UX
akTuBanmu. Ilepudepuueckas 30Ha KpoOBs-
HBIX IUIACTHHOK OCYLIECTBISIET OapbepHYyIO
(GyHKIMIO, TIOMOTasl TOIAEPKHBATh HOP-
MabHYyI0 (hopMy TpoMOoInTa, 0OeceunBas
CKBO3b HEE OOMEH BEIIECTB, aKTHUBAIMIO U
BECh IIPOIIECC yJaCTHsI KPOBSHBIX TNIACTHHOK
B reMocTase. B 30He 301b-Telsi pacrosoxe-
HBl COKpPATHTEJbHBIE NPOTEHHBI, KOTOpBIE
BaXHblI g PETpaKOUMU arperupoBaBIINX
TPOMOOLIMTOB M JUIsl UX PEAKI[MH BHICBOOOK-
JeHus. B 30He opraHemi, pacrojoKeHbI
TpaHyJbl, B KOTOPBIX HAaXOAATCS BEIIECTBA,
HEoOXoANMBIE JUI Iporecca TpomOomuTap-
HOTO TeMOCTa3a — CEPOTOHHUH, aJICHHHOBBIC
HYKJICOTH/bI, HOHBI KajbLusl, GuOpHHOreH,
anpenanuH, (¢akrop BuneOpanma, aHture-
MapuHOBLIM (akrop. B mocnexnneii, yersep-
TOM (PYHKIIMOHAILHOW 30HE XPAHATCS ¥ CHUH-
TE3UPYIOTCSI MOHBI KalbLUs, HEOOXOIMMBIE
JUTS aKTUBAIU TpoMoOormTa.|3]
3AK/TIOYEHHE

M3 3apeructpupoBaHHBIX H3MEHEHUU
KJIETOK B Ma3Kax KpOBH, MOXKHO CHEJaTh
TIPEATION0KEHHE, YTO MPOUCXOIMIa arpera-
IUsT TPOMOOIWTOB, BBI3BAaHHAS JICHCTBHEM
IEKTPUUECKOTO TIOJISI B TallbBAHUYECKOH
sgeiike, 4TO TPHUBEIO K PaCIUIACTHIBAHHIO
TPOMOOITUTOB U YCHUIIEHUIO BBIPAOOTKH (ak-
TOPOB, Y4acTBYIOIIUX B TpoIeccax CBEPTHI-
BaHUs KPOBHU.
Structural and functional changes in
blood platelets (trombocytes) when ex-
posed to an electric field (electric field
effect). lakunchikova K.N.
ABSTRACT

The purpose of this experiment was to reveal
the structural and functional changes in platelets
that occur in them under the influence of external
factors (electric field).A galvanic cell was con-
structed which was a glass capillary with an inner
diameter of 0.628 mm length 75 mm (volume =
23.23 mm3) which was filled with the test liquid:
the blood of stabilized EDTA
(ethylenediaminetetraacetic acid). When creating a
galvanic cell, the electrode pair was similar to the
Leclanche element. A graphite rod and a copper
conductor were placed at opposite ends of the ca-
pillary. The electrochemical potential was meas-
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ured with a Digital Multimeter Digital DT-
832.Before the experiment, blood smears were
made. After measuring the potential, blood smears
were also made according to a standard procedure,
a drop of blood was taken from the side of the
graphite rod and the copper conductor. The smears
were painted according to Main-Grunwald and
Romanovsky-Giemsa. Glasses with blood samples
were fixed with 1.5% glutaraldehyde solution on
phosphate buffer, dehydrated in a series of alcohols
of increasing concentration (up to 100%). It was
further dried by passing the CO2 critical point,
sputtered with gold, and viewed in an electron
scanning electron microscope, the Hitachi H-300.
In the course of the experiment it was revealed that
under the influence of an electric field created by
means of a galvanic cell, platelets from cells of
normal, diskoid form turned into spherocytes hav-
ing a number of processes larger than the diameter
of the platelets themselves. The altered platelets
were assembled into groups of several pieces.
Based on registered changes in cells in blood
smears, it can be assumed that platelet aggregation
occurred due to the action of an electric field in the
galvanic cell, which led to platelet fragmentation
and increased production of factors involved in
blood clotting processes.
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