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E gUwhwwt| hynrtudwésplubpnrd wpwnwpgow) hu U
UGppgowjyhbhGnneyubphpwlwyp:

3. U wyywé uwnppu w2 fuwwmnce J E
dhypnnhgnpnirpyncLrulbph nGdhdncL J, npp
pwgwnnitd E U3-h swhynn mtnwdwuh mwwpwgnr dnp,
gpgrnirdplbgwjwghUubplunLt )y pUbpp:

4. 3y nLruydwédph hhnpwwnwgduwl wu wnh& wlh
npn2ntLJnp ErG6ywpw-hwnnpnwyjwlunt pJ) wl
ntLbww) hbpwnwnphghdhgngny hwunhuwlunt U E
opngwbhgdh $nrulyghnlbw, Yyhdwyh glUwhwwndwl
wnpnjnirlUwdbwg whnpn2hs

RwjwuwhniLpjnLlup: Ghuwwly wl thnpédbph
hwqwuuwhnirp)ntlnp wwwgntgyuwéd E nwuuwywl
snpwgdwl JGpnnny hynrtudwéph hhnpwwwgduwl
wu wnh& wlh L Er6ywupwhwnnpnwyjwlnt pJ wl
pwnwnphgubph swhdwlt hpdwl JYJpw uwnwgyws
wnpn)jniruplubGpph hwdwywunwu pwbnte p) wdp:

Uwnt Lwhinunt p) wl thnpdwplUblUnLpjnLlup:
Ywwnwp y wé hGuwmwgnwuwniLrp)jnLrlulbnph hhJdUwlywl
npntjprUGPU nL wpnynerluplubpp gqynrgydb nt
pLllbwpyyb Gl JhypntEtrE4wpnUuhlyuw L
UGlbuwpd2 wywl uwnppbny, «cLGwupnluw)y hl
nmGubhyw» wdphnlUlbph g hwwly wl utJdhlUuwnp-
ubpno dJ, 3 uagu PFd2 jwybtlUuwp wlbwy wl dh -
gwqaguwj hu hGwpnt hwlyuwl nLruntJUbwlyuwl
ytuwpnuh wwppbpwywl ubdphlbwp-uGpno d L
htwlbj) w Uhgwgqqguwj hu ghwwdnnndubpno d

pwbwdnp ywd umbGUnw) hbgbynryglubnpnny “The 9th EMF
International Workshop: Bioelectromagnetics and Water Science to Aid Environmental Health Defence”
QGuwnUph,3wj wuwmwl,oqgnu-nnuh 16-19, 2016), “The Impact of EMF and
Infrasounds at Higher Background lonizing Radiation” (6 wn J wad np,3 wj wu nwl,
hnywbJdpbtnph 12-15, 2011), “Fourth Annual Conference on the Physics, Chemistyy and
Biology of Water’ LG nUnlUwn,UUL, hnywbEdpbtph 2225 2009), “Non-
Conducting Membrane Mechanisms of Under-Threshold Signal Transduction in Neurons”(G n W wU ,
Rwj) wuwmwl,hnywbdpbph 21-23, 2008), “Electromagnetic field: mechanisms
of action and health effects”(G p L wl ,3 w) wuwnmwlu,hnwmbtJdpbnph 24-26,
2008), “Mechanisms of Mechanotransduction in Living Cells” (G n L wl ,3 w) wu wnwl,
ognuuwmnuh 1-4,2006):

Rpwunwpwyyjw Sw hwnmwuplubpp: IGnwgnwnnL pj wl

hhJduwywlu wpnynierluplbpp wpwwgnpJwésd GGLU 10
ghwwlywl hpwwwpwlynrpepyjnerulubpnrd, npnughg T7-
n Uhgwgquw) hu gpwhnudnn wduwgpbGpnod, 2p°
R gpuwpunuynn ghwwjwlt wduwgpbGpnird L 1 33
g)JnLtwhwpwnlbwgpntd (UUWD7G01R27/00,N2824A):

U2 uwmnwlup h wnniLgdwspnp u Swyuwp p:
UmGUwfununLp)nLlp pwnywgwé E
UGpwénLrp)nLlUuhg, 3 gLnLpubGphag,
Ggpwywgnrp)ynLlhg, Eqpwhwlgnitdhg,
oguwgnpdéywé gpwywlunt pJ wl gwuyhag, nnpp
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UGpwnno d E 164 wluntL U gpwywuncrpe)yntl u
hwytG Jwédubnphag: UnGUwhununLt pe)yntlunp
wpwnpywé b 123k gh ypw,ywpnirbwyni Jd kb 43Uywp,s3
wnj)nLuwy:

UChUSULLhrIPULUUULANYULIVLUNEFE@3NETLL
LEpwénrLpjwl Jdtg utnd duny UJywpwgpywés E
wwnb Uwhunuwly wl w2 fuwwmwluph wrnrgdwspp,
pbwupwsé ptdw) h wpnhwwlunrp)jnrtlup:L2dwsé Gl
w? fuwwnmwlph Uwwuwwy u ntL ntLunctJdJlbwuhpynn
juunpputGpp:Abwybtpyywsd 6U ghwwywlt Unpnti ) pp,
anp&dlLwywl Uwlbwynrp)nLlp u
ww? mywlunt ) wll wn wp wnnpywéd
hhdbwnpnirjypUbpp:

Unuwg hl qal unoL d wnpuwnnpywé Gu ghwwlyuwl
gpwywUunirpjwbdwlbpwlypyhwwyy wbbp"udyhpywsd
Ul-h ErGywpwhwnnpnuwywlunLrp) wt htwm Jwwyws
hhJdUwywl |'u nhpubphu, nruntJlbwuhpdwé ©&GU
hynLruduwéplubnph hwdwpadbp ELE4wupwlyuwl
upubdwubpp: QpwywlunL p) wl ny ) wpubphg
ntruntJdlbwuhpywé Glu gnjnLp)jnLl nLutgnn
hwj wnuh uwpptpp, wj n uwppbnpny
Er6gwupwbhwnnpnuw-fwluntL ) wu s wihd wl
dGbpnnuUutGppunpwugperbtpnLrpeyniLrlulbpp:
EnUpnpngrhunitd Utplwj wgdywsd GU s wihhs uwnpph
wnrnnrgywspuwy hl upubdwlu, Upuw hhJdUwlwl
Jwubph w2 uwwwlupp, hugwbu Lwlb UjnLrpepbpp U
dGpnnubpp, npnnlup oguwgnpdéyb Gl
UGbpyw) wgynn wnGbUwununt p) wb Uk g:
Uwpph urnnrgdwédpw ht vhtdwlt b w2 fjuwnmwlpp
U2 uwwnmwluph Uwywuwnwy l E U2 wy b U3l -h
ErG6gwupwbhwnnpnwywlunt pJ wl wly wnhy u
ntbwyw)ht pwnuwnphglUbph swhhg vuvwpp, nph
Uhgngny Uuwptbyh E s wiht | hhnpuwwnwgduwl
wuwmhdwlup bgUwhwwt npwhnihnpunetpynrlulubpp:
Ut p wneg b npdqwéd flunhpp hpwjwlbwglub| nt
hwduwp dbLwybpwyby E 33 gJntL unh
wpwnlbwghp:U2 wy Jywé uwppnt uJ
hwnnpnwwlunLrp) wu sgwhne dJubpp ywwowpyne d 6L
hwdwédw) UhEwlb ) wy gnpsdwnw) hbupuGdwy h UY.1

© National Library of Armenia



11

V.1 6Egwmpwhwnnnpnwlywlnet py wl s whhs vwnpeph
gnpndwnuwy hlb ufub Jwl

Ladwé s whhsp pwnuwgwsd bt swhynnhynruwédphl
UhwUw nt hwdwp ubndwyubphg @ U 2, §2gphuw
nhwdwnpnirp)jntlhg 3), thn thn fuwly wl L wpJduwl
nLdbtnwpwphg @LNF)@, hwdwdwd nLnnhgsg-quhshg
RNAF2) 6, gwép hwlwunLrp) wb quwhsghg B32) (©)
prUyw) hU ynpwmdbtwphg MuhUnctunhnwj) hb [ wpdJduwl
wjnrUbwgy wéd gtbUGpwwnnphg UodLYG) (8, 900%h
thniop wapehghg (9 uhUnirunhnwjhlU [wpniLUhg
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PA3PABOTKA M UCCAEAOBAHHE NPMBOPA AN SAEKTPOMETPUYECKOTO H3MEPEHWA TMAPATALIMHM
BUOTKAHEN

KntoueBble CAOBa: INEKTPONPOBOAHOCTb, ABYXYACTOTHOE H3MepeHHe, 6UOTKaHb, TMApaTaums
PESIOME

061enpUHATO, YTO CTENEHb BHYTPUKAETOUHOW MMAPATaLUK ABASIETCA YYBCTBUTEALHBIM MapaMeTpom
A\ OUEHKM GYHKUWOHAALHOTO COCTOSIHMA OpraHu3Ma, CAeAOBaTeAbHO, ee TOYHOe OnpeAeneHWe He
KPOBaBbIMW METOAQMM SIBASIETCA OAHMM W3 aKTyaAbHbX Npo6AeM COBPEMEHHOro MeAWLIMHCKOTo
npubopoctpoenua. U3meHenus crenexn ruppatauuu 6onee ApKo Bbipaxatotcs B BO3OYAUMbIX TKaHAX
OpraHu3ma- B LIEHTPaAbHOW HEpPBHOI cUCTeMe W B MYCKyAaXx. U3mepeHue cteneHu obuiei ruapatauuu
Tena, nyTem onpeAeAeHUs CyMMapHOT0 KOAMYECTBA BHYTPUKAETOYHOTO U BHEKAETOUYHOTO XKMAKOCTEH, He
MOXET TOYHO 0T0OpasuUTb (GYHKUMOHAAbHOE COCTOSHME OpraHu3Ma. UactoTHble AWanasoHbl
CYLLECTBYIOLMX M3MEPUTEAbHBIX NPUOOPOB 3IAEKTPOMPOBOAHOCTU HE MO3BOAAOT TOYHO OLEHUTb
KOAMYECTBO BHYTPUKAETOUHOW BOABI, MOCKOAbKY W3MEPEHHA OCYLUECTBAAIOTCA NPU BbICOKMUX Yacrtotax (10
Klu-100 MIu) 1 cpaBHUTEAbHO 60AbLUMX TOKaX - 1>10-6 A, uTo Bbi3biBaeT BO30YXAEHUE TKaHEH, a Takke
M3MEHSET CTeneHb rMapaTaLuu.

C yuetom 3TMX HEAOCTaTKOB, BO3HMKAA HEOOXOAMMOCTb CO3AAHUA YCTPOMCTBA W3MEpEHUs
3NEKTPONPOBOAHOCTH AAA OLLIEHKU BHYTPUKAETOUHOTO COAEPXaHUA BOABI, KOTOPOE NO3BOAMT MPOU3BOAUTDL
M3MepeHUs B AMana3oHe HU3KKX YacToT NP cneuuanbHo BbibpaHHbIX, 100 KpaTHO OTAUYALOLLMXCA APYF
0T Apyra yactoTax u npu Toke obpasua Huxe 10-6A, obecneunBatowee onpepereHue GYHKLMOHAALHOTO
COCTOSIHUA OpraHu3ma.

B auccepraupoHHOM pabote npeactaBreHa paspabotka npubopa A M3MIEPEHMA AKIMBHOW M PEaKTUBHOM
COCTAaBMIIOLLMX TOAHOM 3NEKTPONPOBOAHOCTH OWOTKAHEH. YCTPOMCTBO COAEPHMT MEpPBOE U BTOPOE KAEMMbI,
CTabMAM3VPOBAHHBIA WCTOYHUK CMHYCOMAANLHOMO HaMpSKeHUs, (GOPMUPOBATEAb CHHYCOMAANBLHOTO HANpPSXKEHUA C
NPAMOYTOALHBIM NPOTMBOGMA3HBIM BbIXOAAMM, TOKOU3MEPUTENLHBIH MPELM3UOHHDINA PEIUCTOP, YCUAUTEAL HANPSDKEHUA
nepeMEHHOT0 TOKA, CUHXPOHHBIA GUALTD-AETEKTOP, GUALTD HU3KKMX YacTOT U pPerucIp. B ycrpoiicTBe BBeAeHbI TaKke
AeTenb HanpsbKeHWs!, NMOBTOPUTENb HanpsikeHus, dasoBpaluarens Ha 900, Takoe coepvHeHWe Y3NOB MOBbILLIAET
TOYHOCTb M3MEPEHUA aKIMBHOW W PEAKIMBHOM COCTABASIIOLLMX MOAHOW 3NEKIPONPOBOAHOCTM 6uoTKaHelh B
MMKPOMOLLHOCTHOM PEXUME 1 NOBbILLAET TOMEXOYCTONYMBOCTL BO BPEMS M3MEPEHUS.

Mpubop 6bin anpobupoBaH Ha pasHbiX TPYNMax KpbiC, KOTOpble ObiAM NOABEPTHYTHI BO3AEHCTBUIO XMMUYECKUX
(MHbEKLMA GU3MONOTUUECKOTO PacTBOpa, MaHHWTA, AUCTUMMPOBAHHON BOABI, PA3AMUHbLIX A03 YabauHa U KETaMMHa), U
(U3MUECKUX (AKTOPOB (CTATMYECKOE MArHUTHOE MOAe M MUKPOBOAHDI). Mpubop Takke ObiA MPUMEHEH HA rpymnax
XMBOTHbIX, KOTOPble ObIAM YMEPLLBASHbI PasHbIMK COCOOaMM (3aAyLLIEHbI, YTOMAEHBI, 3aMOPOXEHbI U 06€3MaBAEHbI).
Bblu Hcerep0BaHbI TAKKE IPYNINbI KUBOTHBIX, TPYTIbI KOTOPbIX HAXOAMAMCb B Pa3HbIX CPEAAX (CyXOH U BAXKHOM).

PesynbTatbl  3KCMIEPUMEHTOB  MOKA3aAM, YTO CYLECTBYET KOppemuMa MeXAy [MApatauMeid M MOAHOM
INEKTPONPOBOAHOCTBLHO OUOTKAHEN. M3veHeHKe rMApaTaLMy TKaHel, Kak Npi Bbicokux (1500 M), Tak U npu HU3kux (15
T') yacrorax 0CO6EHHO YETKO BUAHO NPY PACCMOTPEHUU NOKA3aTENS PEAKTUBHOM COCTABAIHOLLIEH INEKTPONPOBOAHOCTH.
WccaepoBaHMA NOKA3aAM TaKKE, YTO C NOMOLLGHO AAHHOO NPUG0Pa MOXHO ONPEAEAUTH METOA YMEPLLIBACHHS YXHBOTHOIO
Ty CPeay, B KOTOPOI HAXOAMNCS TPy,

Mpubop mMoxeT 6bITb NPUMEHEH B AaBOPATOPUAX C HAYYHO-UCCAEAOBATEALCKOW LIEAbID, B KAMHUKE —
AN AWArHOCTUPOBAHMUA U KOHTPOASl AMMHOTO  3A0POBBS, B CYA€OHOH MEAULIMHE - C LIEABH IKCNEPTH3bI.
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THE DEVELOPMENT AND INVESTIGATION OF AN ELECTROMETRIC MEASUREMENT DEVICE FOR
DETERMINATION OF BIOTISSUE HYDRATION

Keyword: Conductivity, double frequency measurment, biotissue, hydration
SUMMARY

The variation of intracellular hydration is a sensitive parameter for determining the functional state of
organism. Thus, its determination with non-invasive methods is an important problem for medical
engineering. The variations of hydration are more vividly expressed in excitable tissues of organism, e.g.
in nervous system and muscle tissues. The detection of the total hydration level of the organism, which
supposes the estimation of the sum of intra and extracellular water content, cannot precisely reflect the
functional state of the organism. The frequency ranges of the existing conductivity measurement devices
do not allow to accurately estimate the intracellular water content as the measurement conducted by
them are carried out at high frequencies (10 kHz to 100 MHz) and at relatively high currents 1> 10-6 A,
which causes tissue excitation and hydration changes.

Taking into consideration the aforementioned disadvantages there was a need to elaborate a
conductivity measurement device for estimation of intracellular water content, which will allow to make
measurements at low frequency ranges using frequencies with the difference of 100 times and with 106
A sample current in order to determine the functional state of organism. Thus, the estimation of
intracellular water content by the conductivity components is a frontier problem to be solved for
determining the functional state of organism.

The dissertation is aimed at developing a devicefor the measurement of the active and reactive
components of complete conductivity of tissue. The device contains thefirst and the second clamps, a
stabilized source of sinusoidal voltage, the generatorof sinusoidal voltage with rectangular antiphase
outputs, a precision resistor for power measurement,a voltage amplifier of alternating current, the
synchronous detector with synchronous filter, the low frequency filter and the register. The device also
comprises a voltage divider, a voltage repeater, 90degree phase shifter. Such a
connectionofnodesenhances the accuracy of the measurement of the active and reactive components of
complete conductivity of biotissues in micropower regimes and promotes the level of interference
immunity during measurement. The hydration of biotissues is due to the changes of cell volume (as a
result of dysfunction ofcell metabolism).

The device was tested on different groups of rats, which were exposed to chemical (injection of
physiologicalsolution, mannite,distilled water, different doses of ouabain and ketamine)and physical
factors (static magneticfieldandmicrowaves). The devicewas also tested on the groupsof animals, which
were killed in different ways (strangled, drowned, frozen and beheaded). The groups of animals, the
corpses of which were kept in different mediums (dry, wet) were also investigated.

The data obtained from the experiments indicate that there is a close correlation between the
changes of tissue hydration and completetissue conductivity. The changes in tissue hydration at high
(1500 Hz) and low (15 Hz) frequencies are especially easily noticeable, when considering the results of
the reactive component of conductivity. The studies have shown that it is possible to detect the methods
that were used for killing the animals and the environment in which their corpses were buried by means
of this device.

The device may be used in the laboratory for research purposes, in clinics for diagnosis and personal
health control, in forensic medicine for expertise.
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