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L-AU3JIbKOMETPHUSI BbICOKOI'O PA3PEIIEHWA —
IOO®EKTUBHbBIN METOJA MCCJIEJOBAHUA BO/JAHBIX
PACTBOPOB U BUOCHUCTEM

Cpenu IpoBOAUMBIX B mociieanue roapl Jlumueir HukonaeBHOM [amns paboT 1Mo M3ydeHUI0 CBOWCTB BOJIBI HEOOXO-
IIUMO 0CO0O0 BBIACTUTH TBOPUYCCKU AJANTHPOBAHHBIA €HO IS PEIICHHsS JaHHOTO Kilacca 3amad MeTton L-mu-
3IbKOMETPUU. JlaHHBIA METOJ, B YACTHOCTH, MO3BOJIKJI OINPEAETATh JIJIsl BEIIECTB, PACTBOPEHHBIX B BOJIE, SHEPTUU
JATBHUX CBSI3¢H COJIbBATHON 00OJIOYKHU B BHJC XapaKTCPHOM KBA3UCIICKTPAILHOW CTPYKTYPHI, OJTYYaeMOM MIPH H3-
MEPEHUH AUDIEKTPUUESCKUX CBOWCTB PACTBOPOB B 3aBUCHMOCTH OT YacCTOTHI palOYaCTOTHOTO CHUTHAJA JIsi obac-
TH HU3KHUX 4acToT. B crmcke pabot JIL.H. Nayuth MOXKHO HAalWTH €€ MHOTOYHCIICHHBIC MyOJHKAIMH, MTOCBSIICHHBIC
nmaHHOM Tematuke. B 2024 r. B maboparopun JL.H. 'amnp mmanupoBancs GOnbIIOW OUKI paboT mo mertomy L-
JIMAJIBKOMETPHUH T0J1 €€ PYKOBOJACTBOM U MPU €€ HEMOCPEICTBEHHOM yuyacTuu. K coXkalleHuto, 3TUM IIJIaHaM He Cy-
KJICHO OBUIO OCYIIeCTBUTHCS. [laMsTH Hamero Hay4YHOTO PYKOBOAWTEIS M BIOXHOBUTEIS MOCBSIIAIOT 3Ty MyOn-

Kaluro aBTOPLI.

Kn. cn.: TUDIBKOMETPUS], pAaCTBOPHI, BOAA, OMOCHCTEMBI, HAHOACCOIIMATHI, COTbBATAIIHS

BBEJEHUE

OnHOM W3 KITFOYEBHIX 3a7ad COBPEMEHHOU Omodu-
3UKH SIBJISIETCSA U3YUYEHHE HAMOJEKYJIIPHOIN CTPYKTY-
pbl OMOAaKTUBHBIX MOJIEKYJI B HATUBHBIX BOJHBIX pac-
TBOpax, 0 BO3MOXKHOCTH i1 vivo. B pacTBopax Guomo-
JIeKyJ, KaK MHOTHX JPYTHX pPacTBOpax, IMPOHCXOIAT
MHOT000pa3Hble  (DU3UKO-XMMHYECKHE  IPOIIECCHI,
BKIItOYask MUKpopacciauBanue [1], oOpa3oBaHue ac-
comnatoB [2—4]. Ha ceromHs OTCyTCTBYIOT (u3ude-
CKHE METOJbI, MO3BOJIIOIINE M3Yy4aTh 3TH 3()(eKTsI
HaIpsAMYIO, HO B psiie ciydaeB 3TH 3 (EKThI OCTyTI-
HBI KOCBEHHOMY H3Y4YE€HHIO, 0COOEHHO Ha MOJIEIBbHBIX
cucremax [5].

Lembrit psig WHTEpECHBIX Pe3yJbTAaTOB OBUT TOJY-
yeH ¢ nomoulpio MK-crnekrpockonuu BBICOKOTO pas-
pemenus [1] u SAMP-cnextpockormmu [6], a Taxxke
METOJIOM J1a3epHOro cBeropaccessHud. OH MO3BOJIAET
HE TOJFKO BH3YaJIM3HPOBaTh O0Opa3OBaHWE accolHa-
TOB B BOJHBIX PacTBOpax, HO M OIPENEIUTh COOTHO-
HICHUS MEXTy HUMH 110 pazmepam [2].

OTmeTnM, 9TO MPOBEJICHHBIE MCCIIETOBAHUS CHIIb-
HO M3MEHWJIM TIpE/CTaBlICHHE O BBICOKOpa3OaBlicH-
HBIX pacTBopax. Ecnm eme nBa gecATHieTHsS TOMY
Ha3aj] CUUTAJIOCh, YTO PACTBOPBI NMPEAEIHHO HU3KOMH
KOHIICHTPAIIUH TPAKTUYECKH HUYEM He OTIMYAIOTCS
OT YUCTBIX PacTBOPUTEJEH, TO celdac JoKa3zaHO, 4TO
3TO He coBceM Tak [1, 2]. MHorue pacTBopsl 6HOaK-
THUBHBIX BEIECTB JIa)K€ B OYEHb HHU3KOW KOHIICHTpa-
UM BKJIIOYAIOT B ce0s BechbMa KPYIHBIC acCOLUATEHI,
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pa3MepoM B JIECATKH, a UHOTJa U B COTHH HaHOMET-
poB. A.W. KoHoBanoB Ha3Bajd MX HaHOACCOLIMATaMHU
[2]. Pacmpenenenue mo pasmepaM 3THX acCOIMATOB
HEnpsMBIM 00pa3oM 3aBHCHT OT CTEIeHH pa3daBiie-
Hus. B cpeanem ux pasmep cocrasisier 200—400 HM.

CTpyKTypHl K€ 3HAYNTEIHLHO MEHBIIUX pPa3MEpOB
METOJIOM JIA3€pPHOTO CBETOPACCESIHUS BBIABUTH HE-
BO3MOJKHO. Takke HEBO3MOXXHO MOJIYYUTHh HH(OpMa-
U0 00 HPHEPreTHYECKOW COCTABIIAIONIEH IMPOIECCOB,
MPOUCXOSIIMNX IPH 00pPa30BaHUU TAKUX CTPYKTYP.

Meroa HU3KOYACTOTHOM HMHIYKTUBHOM NH3JIBKO-
Metpun (L-ausnpkoMerpun), TNpeasioKEHHBIN elle
B 80-x rr. B MI'Y mikomoit B.®. Kucenesa [7] u yco-
BepuieHcTBoBanblid JLII. Cemuxunoit [4], a 3aTem
rpynmo# JIL.H. I'amne [8, 9], MoxeT gaTh KOCBEHHYIO,
HO BECbMa HaJIeXHYI0 WHGOPMAIMIO O HAIMYAW HaJ-
MOJIEKYJIIPHBIX CTPYKTyp B Boge. OH OCHOBaH Ha U3-
MEPEHHH CIIEKTPAIBHBIX 3aBUCHUMOCTEH IHIJIEKTPH-
YeCKHX MOTEePh OT YaCTOTHI ANEKTPOMArHUTHOTO OIS
B HH3KOYAaCTOTHOM, HEAOCTYIHOM IPYTHM METOIaM
Iarana3zoHe. JTOT METOJ MO3BOJIIET HaOIoAaTh pe-
3yJBTATHl CTPYKTYpOOOpa30BaHMS BOIBI, HAXOISAIICH-
C B KOHTakT€ C HHHUIMATOPOM 3TOT0 Ipoliecca:
MOHOM, MOJIEKYJIOH, MOBEPXHOCTHIO TBEPAOro Tena
("crenku") u T.1I.

Henbto HacTosituel paboThl sIBISIETCS. 00CYKACHUE
JOCTOMHCTB ¥ OlpaHWYEeHWH JaHHOTO MeEToJa
Ha MpuMepe IMKJIa padoT, BBHIOJHEHHBIX B MOCIE]-
Hue Heckoibko et B MAII PAH rpynmoit Jlnguu
HuxonaesHs! 'ane.
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OIMUCAHHME SKCIHHEPUMEHTAJIBHOI'O METOJA

B w™erone L-auanbkoMeTpuu JIUBIEKTPUUYECKUE
KHUIKOCTH TIOMEIIAIOTCS B cilaboe  BHXpPEBOE
JNEKTPUUECKOE II0JIE  COJICHOMAAJIBbHOM  KaTyIIKH
uHAyKTUBHOCTH (L-A4eiiku), BXoxdmie B mocie-
JOBaTeNbHBIN KoneOarenbHblii LC-KOHTYp wW3MepH-
Tenst 1oOpoTHOCTH (KymeTpa). BTopbIM snemMeHTOM
KOHTypa SBJISIETCS 00pa3loBEI BBICOKOIOOPOTHBIH
KOHAEHCAarop TIEPEeMEHHOHM eMKOCTH, obecreyu-
BalOIIMH HACTPOMKY KOHTYpa B PE30HAHC Ha 4aCcTOTE
MUTAIOIIEro HanpsbkeHus. Karymika MHIyKTUBHOCTH
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npobupka ¢ HCCIelyeMbIM PacTBOPOM-NIPOOOH (CM.
puc. 1, a). Ha puc. 1 mpexacraBineno nocrpoenue L-
SYEHKH M XapakTep U3MEpHUTENbHON mpouenypsl. Kak
Moka3aHo B [7] Ha OCHOBE aHajM3a YypaBHEHUH
MakcBenia IpUMEHUTENBHO K JTAHHOW CHUCTeMeE, TP
BEJIMYMHAX J1OOPOTHOCTHU QO > 20 wusMmMeHeHHe
BeTMIUHBI eMKOCTH C, HEOOXOIUMOM JJIsT HACTPOUKH
KOHTypa B PE30HAHC, OIpPENENIAETCS TOJIBKO peak-
TUBHBIMH TIApaMeTpPaMHu SUYEHKH, MPHYEM HU3MEHEHUE
PEaKTUBHONH YacTH JAUAJICKTPUYECKOH KOHCTAHTBHI
npoObl TpsAMO  MponopuroHanbHo BenuunHe AC.
AKTHBHAs 4acTh JUIJIEKTPUUECKON KOHCTAHTBI MOXKET

BBINIOJIHACTCS B BHJE COJICHOMIA C OTBEPCTHEM  OBITh BBIYMCICHA W3 U3MCHEHHS JIOOPOTHOCTHU
0 OCH, B KOTOpPBIH BCTaBIAETCA CTEKJISHHAS  KaTYIIKH.
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Taoba. [TapameTpsl KaTyIIeK HHAYKTHBHOCTH

U. P.TAJUJIb, H. P. TAJIJIb

Tapamerp Howmep karymku
1 2 3 4

YuCII0 BUTKOB, 71 3450 1585 1110 580
Yucio ciaoes 23 11 7 3
Conpotusnenue R, OM 36.6 25.7 14.1 5.1
WunyxtuBHoCh L, MI'H 51 32 9.6 1.03
Cob6ctBennas eMkocTh Cy, nd 16 8.5 7.8 6
YacrtoTHble mpesensl, Kl 1y 15-106 43-155 77-270 240-810

C menpio m3bexarh mpobiaeM abCONOTHOW Kallu-
OpoBKM M3MepeHHid B [4] MPEIoKEHO HCIOIb30BATh
BETMYMHY TAHTECHCA yTlIa JAUAICKTPUUCCKUX IMOTEPh,
MPEJCTaBISAOMEro co00il  OTHOIICHHWE AaKTHBHOH
YaCTH NUAICKTPUUECKON KOHCTAHTHI ISl PacTBOPA,
MOMEIICHHOTO B KATYIIKy WHAYKTUBHOCTH, K €€
peakTHBHOMN uacTH, tg 0 = ¢ / &', Jlnst mo6oit u3 Ka-
TylmleK WHAYKTUBHOCTH B  HMHTEpPBAJIE  YacToT,
B KOTOPOM JUIsi HEe MOXET HaONIJaThCs pPE30HaHC,
3Ta BeTMYMHA MOXKET OBITh HalieHa 1o (hopmyie:

e (1+C,/C) -C,0,,(1+C, /G,
(C.-C,) 0,0, (1+C,/C)(1+C, /1 Cy)’

(M

rae Op u C; — 100pOTHOCTh KOHTypa 0e3 mpoObl
MU €MKOCTh MOJICTPOEYHOT0 KOHJEHCATOpa B MOMEHT
pe3oHaHca, a Op u C, — Te ke nmapaMeTpsl KOHTypa
B pe30HaHCEe NpH Hajauuuu npoObl. COOCTBEHHAS €M-
KOCTh KaTymek C, IeXuT B uHTEepBasie 5—16 1d (cm.
TabNMIly), @ €MKOCTh MOACTPOEYHOTO KOHIECHCATO-
pa C — B uaTepBane 40—450 nd. O3To 03HAYAET, UTO
JUTSL pacdeTa tg & MOKHO HCIOJIb30BaTh YIPOIICHHYIO

opmyiy
tg 0 = (O1C1 — 0, (2) / 010 (C1 = (). 2

[Tpu BemmumHax O > 20 ¥ UMEIOMIHXCS 3HAYCHHSIX
C) ommOKa B onpeneNeHnu tg d, BEIYUCIIEMOro 1o Gop-
Mmyse (2), He npeBbimaer 1-2% Mo cpaBHEHHIO C €€
BEJIMYWHOMN, BBIYUCIIsIEeMOi 1o popmyute (1).

IMPUBOPHAS PEAJIN3AIIUA

Pesynbratel, noiyueHHsle B padbotax [4, 7], Heqoc-
TATOYHBI JJI PELICHMs TJIaBHOM 3a7add — TOIyde-
HHSA CHCHI/I(i)I/I‘-ICCKI/IX JaHHBIX O HAAMOJICKYJIAPHBIX
CTPYKTypax, oOpa3yoouuxcs B pactopax. s atoro
B rpynie JI.H. ['ams 6bu10 mpoBeAeHO YCOBEPLICHCT-
BOBAHUE METO/1a, HAIIPABJICHHOE Ha MOJIyueHHue Oojee
BBICOKOI'O pa3peleHus 10 YacToTe.

Bb1n pa3paboTaH W M3rOTOBJICH KOMIUICKT U3MEPH-
TENbHBIX KAaTylIeK WHAYKTUBHOCTH OJWHAKOBOIO

FEOMETPUYECKOT0 pa3Mepa €O 3HAYEHUSIMU HHIYK-
TUBHOCTH, OOECIICUMBAONIMMHU TIEPEKPHIBAHUE JTHATIa-
30HOB U3MEPEHHUS YACTOTHBIX 3aBUCUMOCTEH tg O U &
pactBopoB B pabouem amamnazoHe 40—800 x['m. Ka-
TYIIIKA HaMaTBIBAINCh METHOM TMPOBOJIOKON Ha NH-
AIEKTPUUECKUM KapKac W3 MaTepuaia ¢ MUHUMAalb-
HOW BEJIMYMHON COOCTBEHHOM JMAICKTPUUCCKOMN Mpo-
HUI[AEMOCTH &, B KQ4eCTBE KOTOPOTO OBLT HCIIONB30-
BaH (roporutact-4 ¢ & = 2 NPAaKTUYECKH BO BCEM
muana3zoHe m3MeHeHus dactoT (40-800 xI'm). Jlma-
MeTp kapkaca karymek — 30 MM, ero ajivHa —
200 MM; BHYTpEHHHH AMaMETp OTBEPCTHS B KapKace
26 MM, YTO TMO3BOJISIET KCIOJNB30BaTh ISl PACTBOPOB
CTaHJApTHBIE MPOOWPKH, IUIOTHO (HUKCHPOBAHHBIE
B Karymke. IIocKoJIbKy TOYHOCTh U3MEPEHMH, OCHO-
BaHHAsI HA U3MECHECHUU KaK aKTUBHOM, TaK U PEaKTHUB-
HOW COCTaBJISIONIMX HMMIIEJ]AHCA KaTYIIKA C MPOOOH,
HaIpsMYIO 3aBUCHUT OT €€ Mapa3suTHBIX apaMeTpOB —
compoTHBICHUSI R M coOcTBeHHON emKkocTtu Cj, OHH
MIPU U3TOTOBIICHUHU KATYIIEK MUHUMU3UPOBAIUCH MIPU
OJIHOBPEMEHHON MaKCUMHU3AIMU UHIYKTUBHOCTH L.

[Ipu peanuzanuu MeToda OrPOMHYIO POJIb MIPAET
KOPPEKTHOCTD 3JIEKTPUICCKUX H3MEPEHUH, B TIEPBYIO
ouepeb BBICOKOE KAaueCTBO MUTAIOLIECH CHUHYCOMJIBI
BO BCEM JHAINa30HE YacTOT W MOOPOTHOCTH M3MEpH-
TENBHOU cUCTeMBbl. JIJis 3TOro HUCMONb30BANNUCH CTAH-
naptaeie kKymeTpel BM-560 ¢upmer "Tecma" (Yexo-
cnoBakus) [10], obecrneunBaroie HeOOXOAUMBIC TTa-
paMeTpsl 3a CUET WCIIOJIB30BAaHUS JIBYX BBICOKOIIO0-
POTHBIX KOHJIEHCATOPOB MEPEMEHHOW E€MKOCTU B U3-
MEPUTENBbHBIX Lenax. BHemHu BUI KyMeTpa ¢ ycTa-
HOBJICHHOW KaTyIIKOW M CaMM KaTYILIKH IMpeJCcTaBiie-
HBI Ha puc. 2.

[TapameTpsl KaTyInek, U3TOTOBIEHHBIX ISl KOM-
IJIEKCa M3YyYEHUS CTPYKTYPHUPOBAaHUS BOJbI, IpE-
CTaBJICHEI B TA0JIHILE.

OOBIYHO 3aBHCHUMOCTH tg J M3MepsieTcs B IIUPO-
KOM YacTOTHOM JHalia3oHe, 4To TpeOyeT HCHOIb30-
BaHMsSI HECKOJIbKUX KaTyiuek. [Ipu 3ToM Ha rpanunax
HECKOJBKO DKCIICPUMEHTAIBHBIX TOYEK OIPEaes-
IOTCSI Ha IBYX KaTyLIKax JAJisi KOPPEKTHOT'O CUIMBAHUS

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4
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Puc. 2. Kymerp BM-560 ¢ siueiikoif HHIYKTUBHOCTH (2) ¥ KOMIUJIEKT U3 TpeX sueeK, UCIIOJb3ye-
MBIX ISl I3MEpeHnit B muamnazone yactotsl 70—800 kI (0)

JaHHbIX. Bo Bcex ciyyasx pa3HHIA B SKCHEPHUMEH-
TaJIbHBIX JAHHBIX JUI COCETHMX KATyIIEK HE IPEBBI-
mana 5%.

CrenaHHbple yJIydIIeHHsS TIO3BOJIWIM IIOJIydaTh
CHEKTPONOJOOHbIE YacCTOTHBIE 3aBUCHUMOCTH tg 0
C MHKaMH, CHENU()UIHBIMUA TI0 TIOJOKEHHIO B OTHO-
IICHUU HWCTOYHHMKOB CTPYKTYPUPOBAaHHS: PacTBOPOB
anekrposnutoB — cojeit LiNOs;, NaCl, KCl u CsCl,
PacTBOPOB OMOJIOTHYECKH aKTUBHBIX BEIIECTB — IIIy-
TaTHOHA (TPUIENTUAA) U (EeHO3aHA KallUs, JHUCTHEB
xjopoduTyMma 1 Kpecc-canara. B psige cirydaeB MeTon
MO3BOJIMJI TIOJYYaTh SKCTPEMAajbHO BBICOKHE UYBCT-
BUTEILHOCTH, BILIOTH JI0 YPOBHS COTBIX YacTe ppt.

HNPUMEPDBI SKCIIEPUMEHTAJIbHBIX
N3MEPEHNU U UX OBCYXXJIEHUNE

KanuOpoBounble n3MepeHust

Jns mpoBepKH BOCHPOU3BOJAMMOCTH HU3MEPEHUN
KaXIbld LOUKI HAYMHAJICS C W3MEPEHHs YacCTOTHOM
3aBUCHMOCTH tg & JUIsl CBEKETPUTOTOBICHHOTO OHIH-
CTHIUIATa. MeToll OKa3alcsi O4eHb UYyBCTBHTEIHHBIM
K KauecTBY BOJy M MCIIOJIB30BAHHBIX MPOOHPOK, a M3~
MepeHusT OWIUCTHILIATA TTO3BOJISLITH OTOPAKOBBHIBATH
NpOOUPKH, M3 KOTOPBHIX MPOMCXOAMIIA 3KCTPAKIHMS
3arpsizauATeneit [8]. [l BocTpom3BeNeHUS YCTOWUIM-
BBIX PE3yJIbTATOB B IUAJIBKOMETPUYECKUX M3MEPEHH-
X BCE KOMMEpYECKUe MPOOUPKH JOJKHBI OBITh TIIA-
TEIBHO TPOMEPEHBI C WCIOJIH30BAHHEM CBEXEro Ou-
JUCTWILISITA, a TPOOUPKH C OPaKOM OTCESTHBIL.

[ToBTOpSIEeMOCTh KPUBBIX AJISi CBEXKEMPHUTOTOBIICH-
HOTr'0 OMIMCTHUIISTA BHICOKA: KPUBBIE, CHATHIC HA pa3-
HBIX MTPOOHMPKAx, B pa3HOE BPEMS CYTOK M Pa3IHIHBIX
MIOMEILIEHUSAX, JIOKATCS OJIHA Ha APYTYIO C TOYHOCTBHIO
nopsiaka 5—6%. O3To nenaer BO3MOXXHBIM IMPHUMEHSTh
TOJIKO YTO TIPUTOTOBIIEHHBINH OMIUCTHILIAT Kak oOpa-
3ell JUIsl HACTPOWKHU MpHOOpa M MCIOIB30BATh €ro Kak

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4

TECT HaJIW4YWUA HABOJOK HU3-3a PaJAUOIJICKTPOHHBIX
YCTPOUCTB, (hYHKIIMOHUPYIOIIUX TTOOIH30CTH.

PacTBoOpBI coJlel HIeJJOYHBIX METALIOB

N3BecTHO, 4TO MpOIIecCH MEepeHoca B BOJIHBIX pac-
TBOPOB AJICKTPOJIUTOB CHJIBHO 3aBUCAT OT B3aMMOJICH-
CTBUSL MOJIEKYJI BOABI C MPOAYKTaMH HAUCCOLMALNU
coneii — KaTMOHOB M aHMOHOB. Yxe Oonee 60 yer
TOMY Ha3ajx Obul0 mokazaHo [11], yTo psg HUOHOB
YMEHBIIAET MOJBUKHOCTh ONMKAWIINX K HAM MOJe-
KYJ BOJIbI, @ HEKOTOPBIE, HA00OPOT, YBEIMYUBAIOT €.
D70 siBJIEeHHE ObLIO Ha3BAaHO, COOTBETCTBEHHO, II0JIO-
JKUTEILHOW M OTpUlaTeNbHOM Tuaparanuein. OcodeH-
HOCTH THIpaTalliy XapaKTePU3YIOTCS KOOpIMHALH-
OHHBIM YHCIIOM HOHA, IO KOTOPHIM TMOHHMAaeTCs
CpeIHee YHUCJIO MOCTOSHHO CMEHSIOIIMXCS MOJEKYJ
BOJIBI, COCTAaBJISIONIMX B PAacTBOPE €ro HEMOCPEaCT-
BEHHOE OKpyxeHue. JlJii W3y4YeHus Tujaparanuu
MOHOB METAJUIOB M KOOPAMHAIIMOHHBIX YHCEN MOHOB
B XUMHUH TPAJAUIMOHHO HCIOIH30BAJICS TEPMOXHMHU-
YECKMH METOJ, OCHOBAaHHBIM Ha H3MEPEHUM UHTE-
TpajJbHON TEIIOTHI PACTBOPEHUSI COJIEN B BOJIE U B BOJ-
HBIX PaCTBOPax KUCIIOT.

Oxkasanock, uyto uonbl Li' u Na' o6nagator moso-
JKUTEJTbHON THMpaTalueii, B To BpeMs Kak HoHb K,
Rb", Cs" ¥ GONBIIMHCTBO AHHOHOB — OTPHIIATENb-
HOW. DTa TOYKa 3pCHHS B HACTOSAIICE BPEeMs JI0Ka3aHa
MHO>KECTBOM SKCIIEPIMEHTOB C MPUMEHEHNEM BeChMa
COBEpIICHHBIX COBPEMEHHBIX MeToJoB [12, I 7,
c.417-500]. Cuwnrasg, 4TO HOHBI TEPEOPHEHTUPYIOT
TOJIbKO OJNIKalIIme K HUM MOJIEKYJIBI BOJBI, OCHOBA-
Tenb Tux uccnegopanuii O.5. CaMOUIOB yTBEpIKIAI,
49TO "COCTOSTHUE MCCIICJOBAHHBIX NOHOB B pa30aBIICH-
HBIX pPAcTBOpPaxX B CMEICIE OKPYXKCHHS MOJIEKYJIaMU
BOJBI COOTBETCTBYET HAWMEHBIIIEMY BO3MOKHOMY
W3MEHEHHUIO CTPYKTYPHI BOJBI IIPU 00pa30BaHUU pac-
TBOpa".
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Puc. 3. 3aBucumMocTH TaHTeHCa JMIIEKTPUYECKHX TIOTEPh OT HaCTOTHI IS coneii (a) LiCl, (6) KCl,

(8) NaCl, u () CsCl TPU KOHICHTPALIMAX 107 M.

HI/IKI/I, OTHCCCHHBIC K ,I[CI/ICTBI/IIO annona Cl , Ha OTUX CIIEKTPaxX BBIACICHBI BEPTUKAJIBHBIMHA JINHUAMHA

OnHako TEPMOXMMHYECKUI METOA IO3BOJISIET HC-
CJ1eJl0BATH PACTBOPEI 710 KOHIICHTpAIUK HE HIXKE, YeM
10° M, u yka3aHHOE 3aKJIIOUYEHHE, 0 CYIIECTBY, OT-
HOCHUTCSI, COOTBETCTBEHHO, TOJIBKO K JIOCTATOYHO BbI-
COKMM KOHIIEHTPAIMSM DPACTBOPOB JIIEKTPOIUTOB
[11].

OKCNepUMEHTaNbHO OBUIM HCCIEI0BaHbl YacTOT-
HBIE 3aBUCHMOCTHU tg 0 IUI coyiell BCeX YeThIpex Me-
taiuioB nepsolt rpymnisl (Li, Na, K, Cs) u psina anmo-
HoB (Cl, OH). Bo Bcex ciydasx MOMy4YasnMCh CIEK-
TPONOAOOHBIE KPHUBHIE C BHIPAKCHHBIMU MHKaMH, 110~
JIO’)KEHHE KOTOPBIX OIMPENeNsIOCh MPUPOION KaTHOHA
W aHWOHA, MPHUYEM JJIS KaKAOTO KaTHOHA M aHHOHA
MOYKHO OBUIO BBIOpAaTh Ha0Op MHKOB, CTPOTO CIICIH-
(GUYHBIX MMEHHO Ul HEro, KOTOPBIE XOPOIIO BOC-
MIPOU3BOANIIHCE.

Ha puc. 3 nns npumMepa mpencTaBieHbl 3aBUCUMO-
CTH TaHIeHCa AMAJIEKTPUYECKUX IMOTEPb OT YaCTOTHI
JUTS conen LiCl, NaCl, KCIl u CsCl NpU KOHUEHTPa-
muax 107 M. HI/IKI/I OTHECEHHBIE K JICHCTBUIO aHHMOHA
CI', Ha 3THX CHEKTpax BBIACICHBI BEPTHKAJILHBIMH

nuHusaMU [13]. [eTanbHO 3TH BONPOCHl PACCMOTPEHBI
B nyOsukanusx [9, 13]. Haubonee BaxxHbie pe3ysbra-
TBI KPaTKO c(hOpMyITHPOBAHBI HUXKE.

1. 3aBHUCHMOCTH TaHT€HCAa AMIIEKTPUUYECKHUX I1O-
Tepb OT YacTOTHI ISl BOAHBIX PAcTBOPOB COJIEH Me-
TAJIJIOB MEPBOM I'PYMIIBI HOCAT CIIEKTPAJIbHBIM Xapak-
Tep, MOJIOKEHHE IMUKOB Ha IIKaje YacTOT 3aBHCHUT
TOJIBKO OT XMMHUYECKOH NPUPOAbI KaTHOHA MM aHHO-
Ha, HO HE OT COCTaBa COJIH.

2. TlomoxeHue MHUKOB ZI0CTOBEPHO BOCIPOU3BO-
JMTCS B MHTEpBaNe KOHIeHTpauuii 10°+10"° M, uro
CBUJIETEIBCTBYET O HE3aBUCHUMOCTH Ha6m0)1aeM0r0
CTPYKTYPHUPOBaHHOTO XapakTepa pacTBOPOB OT KOH-
neHTparui. OXHaKO MHTEHCHBHOCTH NMHKOB CYIIECT-
BEHHO 3aBHUCST OT KOHIICHTPALlMM M HanOoJyiee BhIpa-
JKEHHO MPOABJIAIOTCS NPH € BEIMMMHE MOpsKa
10* M.

3. B mnHacrosimee BpeMmsi HE yJIaeTcsl OJHO3HAYHO
CBsI3aTh HAOJII0JaeMble TUKU C TEMH WJIM HHBIMU IPO-
L[eccaMM B pacTBOPE, BO3MOXHO TOJIKO BBIJIBH)KEHUE
psina rumotes [9].
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Puc. 4. YacrorHsle 3aBucuMocTH tg J (f) Amst BomHOTO pacTBopa (heHo3aHa Kamus JUIs
tpex konuentpamuii (1) 1:107, (2) 1-10° u (3) 1-107'° M, BbliepaHHBIX CYTKH HOCITE
pas3BelleHuS.

Ha Bpe3ke npencraBieHa cTpyKTypHas GpopMyiia (eHo3aHa Kaaus

PaCTBOpI)l OMOAKTHUBHLIX MOJIEKYJI

BoaHble pacTBOpbl OMOAKTHBHBIX MOJIEKYJ, B OT-
JIM4Ke OT HOHOB NIEKTPOIMUTOB, IEMOHCTPUPYIOT CIIO-
CcOOHOCTh K CTPYKTYPHPOBAaHHWIO BOJBI B IHPOKOM
JMamna3oHe KOHIIEHTPALMH, KOTOpblE OTpa)karoTcs
B JMAJIHKOMETPHYECKUX H3MEPEHHMAX KaK BBIPAKEH-
HBIE MTUKU.

Ha puc. 4 npexacrasieHsl 3aBUCUMOCTH tg J (f) s
BOJIHOT'O PacTBOpa (heHO3aHa KaJusl AJsl TPeX KOHLCH-
TpaLuii: 1-104, 1-110° u 1-107"° M, BBIJIEPKAHHBIX
CyTKH mnocie pasBeaeHus. CTpykrypHas Gopmyna de-
HO3aHa KaJus NpeACTaBIeHa Ha Bpe3Ke puc. 4.

Kak BHIHO, BBIpaKEHHBIM @MUK COXpPAaHSIETCA
BIUIOTH JI0 OYEHb HH3KHX KoHuenTparmii (107'¢ M),
YTO JEMOHCTPUPYET YPE3BBIYAITHO BBICOKYH) UYBCT-
BUTEJIBHOCTh METOJIa, IIPaBAa, HOCALIYIO HU30HpaTesb-
HbIl xapakrep. IIo Mepe OKHCIIeHUs peakTHUBA INHUKHU
HCYE3aI0T.

AHaJoruuHele pe3ysbTaThl MOJYUYEHBl U I TJIIO-
TaTUOHA — OJHOW U3 IJIaBHBIX THOJCOAECPKALIUX MO-
JIeKyJ] KUBOrO opraHusma. s cBexepasBeIeHHOIO
pacTBOpa XapakTEpHbI J1Ba MHKA, CBSI3aHHbIEC, BUANMO,
CO CTPYKTypPHPOBAaHHUEM BOJBl THOJOBOW TIpYyNIION

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4

TIIyTaTUOHA, HAXOASALIErOCs B BOIHOM DPACTBODE.
ITo mepe ero OkuciIeHNs MKW YMEHBIIAIOTCA U Yepe3
3 JHS MPaKTHYECKH MCYE3al0T, YTO XOPOILIO COBIaaa-
€T C Macc-CIeKTPOMETPUIECKUMHU JTaHHBIMHA 00 OKHC-
JIEHUU TIIIOTaTUOHA.

7KuBble cucTeMbl: JIMCThSI Kpecc-cajiaTa
U XJopopuryma

Bonpuioli MHTEpEC NPEACTABIUIO WU3YYEHHUE XKU-
BBIX CHUCTEM in Vivo, B Ka4eCTBE KOTOPBIX HCIIOJIB30-
BAJIUCH JIUCThSI PACTEHUI B YCIOBUSIX UCKYCCTBEHHOMN
3acyxd. IIpu BBINONHEHWHN HCCIENOBaHUS NPOBOAM-
JMCh W3MEPEHUs] YAaCTOTHOM 3aBHCUMOCTH tg Jd M
CPE3aHHBIX JINCTHEB, HETIOCPEICTBEHHO TOMEMIEHHBIX
B TpOOHPKY. Mexny W3MEpeHHsIMHU JUCTbs H3bIMa-
JIUCh U3 MPOOUPKH U PACIOJIarajinch B Ja00paTOpHOM
MOMEIIEHUH Ul TOACYIIMBAaHUA. YMEHBIIEHHE KO-
JMYECTBa BOJBI B pACTEHUH (PUKCUPOBAJIOCH B3BEIIH-
BaHUEM, KOTOPOE NMPOBOAMIIOCH MEPEN KaXIbIM U3Me-
peHreM. DTOT MPOIECC BBHINOIHSIICSA BIJIOTH O IOJ-
HOTO BBICYIIMBAaHWS PACTEHHUS, IOKA PACTCHHE HE BBI-
COXHET. BpeMsa 111 HOTHOrO BBICBIXaHMS Kpecc-
cajlaTa COCTaBJIsLJI0O He Oosiee 3 JHEH, a JJIs JINCThEB



56

U. P.TAJUJIb, H. P. TAJIJIb

tgo
24.0

Puc. 5. V3meHenne BenMuMHBL tg 0 ISt

23.0

3|
T
|
|
[ ]

nukoB ¢ yactoTamu 145 kI'11 (1) u gacto-
tamu 110 m 220 xI'1x (2)

e

220

20— .
200 - : : >
19.0

18.0
17.0

16.0
15.0

X

100.00 9000 80.00 70.00 60.00 50.00

40.00

30,00

% ocrtaBmierocs Beca

xJiopopuryma — mopsijka 1 mecsua (JIeTaabHO yKa-
3aHHBIC pE3YJIbTaTHl TPEACTaBICHBI B pabore [14,
15).

HawnbGomee BakHbIC pe3yiabTaThl OBLIM TOTYYCHBI
P UCCIIEI0BaHUU Xjopodutyma. B cniekTpe cBexe-
CPE3aHHBIX JHCTHEB HAOJIOJIAIOTCS TPU BBIPAXKCHHBIX
nuka: Ha wyacrotax 110, 145 wm 220 xl'm. J[ns
UACHTU(UKALMKY STUX IHMKOB II0KAa HEIOCTATOYHO
JTAaHHBIX, HO MOXHO OTMETHTbh, UTO TUKH tg 0 HA Jac-
torax 110 m 220 x['u (puc. 5, ungexc 2), HecMOTPsI
Ha BBICEIXaHHE 3€JICHOW MacChl W TIOTEPIO €I0 Beca,
JUTUTENILHOE BPEeMs MPAKTUYECKU HE U3MEHSUIUCH 110 BbI-
cOTe, B TO BpeMs Kak MUK tg J Ha 4acrore 145 k1
(puc. 5, mamekc 1) BHavanme HECKOJBKO BO3pacTal,
a 3aTeM pe3KOo Majaj emie g0 OKOHYAHHUS IOJIHOTO
BBICBIXaHHUS. JTO TO3BOJIIET CUUTATh, YTO OTH ITHKH
OTHOCATCA K CTPYKTypam BOJBI pPa3HOTO IIPOHUC-
XOXKIIEHUS. DTU JaHHBIC TIPEICTABICHBI HAa PUC. 5.

Panee sTot nuk Ha vacrore 145 kI’ B MogeabHOM
pactBope NaCl [14] Obut uaeHTH(GUIIUPOBAH KaK MUK,
COOTBETCTBYIOIINI HANPSHKEHHIO CETKH BOJIOPOJIHBIX
CBSI3eM JUCTUIIIIMPOBAHHOM BOJBI MOHOM Na'. s
UCCIIElyeMbIX PACTeHHH TaKOW MUK MPEICTaBIISIET
CyMMYy CTPYKTYp, CO3JaBaeMbIX HOHOM Na' B Iu-
TOIUTa3ME KJIETOK M MEXKKIICTOUHOHN JKHUIKOCTH BCEX
pacrenuii B nmpobupke. Kak cnenyer usz pucyHka, 3Tot
MK BHAYaJe HECKOJBKO BO3pacTaeT, a 3aTeM
YMEHbIIAaeTcs MO BbICOTE U mpH mortepe Oosee 50%
BOJIBI TIPAKTUYECKU BBIXOJUT 32 MPEEIbl U3MEPCHUSI.
AHanornyHO BenyT ceOs muky Ha 4yactoTax 190 k'
u 350 x['u, xKOTOpBIE MO STOMY MPU3HAKY MOXKHO
TaKkK€ OTHECTH K BOJHBIM CTPYKTypam, CO3JTaHHBIM
KaKHUMH-THOO NOHAMU.

Hao0Gopor, nuk Ha wactote 110 xI'm mpakTryecku
HE W3MEHSETCS 10 BEINUYHMHE tg J JMAIEKTPUIECKHX

HOTEPh IIOYTH JO IIOJHOIO BBICBIXaHUS 3€JICHOMN
Maccel.  MHTepecHo, dro mms  xiopoduTyma
HaOronanoch cienymoouee: Uil JIMCTHEB, BHEILIHE
IIOJIHOCTBIO 3aCOXILIUX, JUIIBKOMETP TEM HE MEHee
MOKa3bIBaJl HAIMYUE BOJIBI — B CIIEKTPE COXPAHAIOCH
HECKOJIbKO IMHUKOB, MOYTH HE M3MEHHUBIIHMXCS IO Be-
muuHe. [1yJok 3THX BHEIIHE 3aCOXILIMX JIUCTHEB OBII
IIOCTaBJIEH B BOAY, U HECKOJIBKO JIUCTHEB BHOBb
nozenenenu. Ilocme 3TOro B cmekTpe tgod 3THX
JIUCTHEB BHOBb MOSBUIINCH PaHEE UCUE3HYBIINE MMUKH,
OTHOCAIIMECS, KAK CIEIYyET U3 SKCIIEPUMEHTA, K CBO-
00HOH BOJIe, HAITPSDKEHHOW MOHAMU.

Takum o00pazomM, MOXXHO CJienaTh CIEAYONIne
BBIBOJIBI.

1. Boza B KJeTKax M MEXJy KIETKaMH PacTEeHH
HaXOAMTCS B CTPYKTYPHUPOBAHHOM COCTOSIHUH, CO3/1a-
BaeMOM KaK HMOHAaMHU 3JIEKTPOJHUTOB, B MEPBYIO O4Ye-
penp HaTpus, TaK W, BHIAWMO, OMOAKTUBHBIMH MOJIe-
KyJaMH.

2. MOXHO TIPeAIoN0XHTh, YTO B JKUBBIX PACTCHH-
SIX HaOJIIOAAIOTCS 1Ba COCTOSHUSI CTPYKTYPUPOBAaHHOM
BOJBI: CBOOOJIHOE, CTPYKTYPHPOBAHHOE 3JIEKTPOJIH-
TaMH, U CBSI3aHHOE, CTPYKTYpPHUPOBaHHOE OHOIOIMMe-
pamu.

3. JlnurenpHOE, TOYTH IO TOJTHOTO BBICHIXAHUS
pacTeHus, COXpaHEHHE HEU3MEHHBIMHU 110 BEJIWYHMHE
psla NMUKOB B CHEKTPE TAHI€HCA JUAJIEKTPUYECKHUX
MOTEpPh MO3BOJISIET MOATBEPAUTh UX CBS3b C OHOIO-
JIMMEpaMH B LUTOIUIA3ME U OTHECTU BTOPOE COCTOSI-
HHUE CTPYKTYPUPOBAHHOW BOABI B )XKUBOM K 3(pdeKTy
rHIpaTanuy OUOMOJIMMEPOB.

4. TI'mpparanus OHONOIUMEPOB C 00pa3oBaHUEM
CTEP)KHEBBIX  JHEPrOHANpPsDKEHHBIX  (PpaKTaIbHBIX
KPUCTAJUIMYECKUX CBS3€H, OMHMCAHHBIX B paboTax
H.A. BynbeHkoBa U €ro Y4eHHKOB, MEXIy OHOIMOIH-
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MEpaMM B LUTOIUIa3ME KHUBBIX KIETOK U MEXIY KIIET-
KaMUd MOXET SBJISTHCS TOJHOLEHHONW (PU3NYECKOMN
MOJECIBIO IPU U3YYEHUH MEXKIECTOUYHOTO TpaHCIOpTa
BO/JIbI ¥ IIEPEAAYM SHEPTETUUECKUX CUTHAJIOB B KUBOM
OpraHu3Me.

OBCYXKJIEHHME PE3YJIBTATOB U BBIBO/bI

[IpuBeneHHBIC BBIIIE YKCIIEPUMEHTATBHBIC TAHHBIC
CBHJICTEIHCTBYIOT, YTO CJIOXKHBIC JIMHEHUYATHIC CIICK-
TpaJlbHBIE 3aBUCUMOCTH, TMOJydaeMble B L-sueiike,
OTpaXKaroT peajbHbIe (U3MUECKHE TPOIECCHI B BOII-
HOM pacTBOpE M SIBISIOTCS UX HMHAMKaTopamu. Cam
(haKT HEMOHOTOHHBIX YaCTOTHBIX 3aBUCHMOCTEH TaH-
TeHca IUAIIEKTPUYECKUX TOTeph B 00JacTH YacTOT
B JCCSITKA M COTHH KHJIOTEPI SIBJISICTCSI COBEPIIICHHO
HETPUBUAIBHBIM U TpeOyeT pa3BUTHS (HUINIECKUX
Monenel s OOBSICHEHWs HaONI0IaeMoro Crek-
TpanbHOTO (D PekTa.

WuTepriperanust atoro sddexra Tpedyer OaHO-
BPEMEHHOU pa3pabOTKH KaK KOJUYECTBCHHBIX TEOpe-
TUYECKUX MNPEACTABICHUM O CTPYKTYpHU3ALHUH MOJIE-
KyJl BOJBI PaCTBOPEHHBIMH HMOHAMH M MOJICKYJIAMU,
TaK U KOPPEKTHOTO TEOPETUYECKOIO OINUCAaHUs pa-
JMIMOTEXHUYECKON CXEMBI HCIOJIb3yEeMOI 3KCIIEPUMEH-
TallbHOU suelku. Ha cerogusAmHuii neHb Teopus Ta-
KOH SYCHKU OTCYTCTBYET, U €¢ pa3paboTKa OCTaeTcs
CIIO)KHOM Hay4HOW 3ajiauei, BHIXOASAIIEH 3a Mpeaesbl
HacTose crarbu. UTO ke KacaeTcsi CTPYKTYpUpPO-
BaHUs BOJBI, TO TaKash MOJICNIb ObLjIa HAMH TPEJI0NKE-
Ha [15], u pakT HEMOHOTOHHOCTH YaCTOTHOM 3aBHCH-
MOCTU tg 0 ¢ (OPMHUPOBAHHEM BBIPAKCHHBIX IMHKOB,
CIeIU()UIHBIX IO OTHOIICHHUIO K PACTBOPCHHOMY Be-
LIECTBY U €r0 KOHIICHTPAI[UU, MOXKET pacCMaTpUBaTh-
C4 KaK OJTHO U3 €€ MOJTBEPKICHUMN.
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HIGH-RESOLUTION L-DIELCOMETRY — AN EFFECTIVE METHOD
FOR STUDYING AQUEOUS SOLUTIONS AND BIOLOGICAL SYSTEMS

I. R. Gall', N. R. Gal

'Institute for Analytical Instrumentation of RAS, Saint Petersburg, Russia
*offe Physical Technical Institute of the RAS, Saint Petersburg, Russia

Among the works carried out by Lidia Nikolaevna Gall to study the properties of water in recent years, it is
necessary to highlight the L-dielcometry method, which she creatively adapted to solve this class of problems.
This method, in particular, made it possible to determine for substances dissolved in water the energies of long-
range bonds of the solvate shell in the form of a characteristic quasi-spectral structure obtained by measuring the
dielectric properties of solutions depending on the frequency of the radio frequency signal for the low-frequency
region. A large series of works on the L-dielcometry method was planned under her leadership and with her
direct participation in 2024. Unfortunately, these plans were not destined to come true. The authors dedicate this
publication to the memory of our scientific supervisor and inspirer.
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INTRODUCTION

One of the key tasks of modern biophysics is the
study of the supramolecular structure of bioactive mo-
lecules in native aqueous solutions, if possible in vivo.
In solutions of biomolecules, as in many other solu-
tions, a variety of physicochemical processes occur,
including microstratification [1], the formation of as-
sociates [2—4]. At present, there are no physical me-
thods that allow us to study these effects directly, but
in a number of cases these effects are accessible to
indirect study, especially in model systems [5].

A number of interesting results were obtained us-
ing high-resolution IR spectroscopy [1] and NMR
spectroscopy [6], as well as the laser light scattering
method. It allows not only to visualize the formation
of associates in aqueous solutions, but also to deter-
mine the ratios between them by size [2].

It should be noted that the studies conducted have
greatly changed the concept of very dilute solutions. If
two decades ago it was believed that solutions of ex-
tremely low concentration are practically no different
from pure solvents, it has now been proven that this is
not entirely true [1, 2]. Many solutions of bioactive
substances, even in very low concentrations, include
very large associates, tens and sometimes hundreds of
nanometers in size. A.l. Konovalov called them na-
noassociates [2]. The size distribution of these asso-
ciates indirectly depends on the degree of dilution. On
average, their size is 200400 nm.

However, structures of significantly smaller sizes
cannot be detected by the laser light scattering me-
thod. It is also impossible to obtain information about
the energy component of the processes occurring dur-
ing the formation of such structures.

The method of low-frequency inductive dielcome-
try (L-dielcometry), proposed back in the 80s at Mos-
cow State University by the V.F. Kiselev’ school of
thought [7] and improved by L.P. Semikhina [4], and
then by the group of L.N. Gall [8, 9], can provide in-
direct, but very reliable information on the presence of
supramolecular structures in water. It is based on
measuring the spectral dependences of dielectric
losses on the frequency of the electromagnetic field in
a low-frequency range inaccessible to other methods.
This method allows one to observe the results of the
formation of structures in water in contact with the
initiator of this process: an ion, a molecule, the sur-
face of a solid ("wall"), etc.

The aim of this work is to discuss the advantages
and limitations of this method using the example of
a series of works carried out at the IAP RAS by the
group of Lidiya Nikolaevna Gall in the last few years.

DESCRIPTION OF THE EXPERIMENTAL
METHOD

In the L-dielcometry method, dielectric liquids are
placed in a weak vortex electric field of a solenoidal
inductance coil (L-cell) included in a series oscillatory
LC circuit of a quality meter (Q-meter). The second
element of the circuit is a standard high-Q capacitor of
variable capacitance, which ensures that the circuit is
tuned to resonance at the frequency of the supply vol-
tage. The inductance coil is made in the form of a so-
lenoid with a hole along the axis, into which a glass
test tube with the test solution sample is inserted (see
Fig. 1, a). Fig. 1 shows the construction of the L-cell
and the essence of the measurement procedure. As
shown in [7] considering the analysis of Maxwell's
equations as applied to this system, at quality factors
0O > 20, the change in the value of the capacitance C
required to tune the circuit to resonance is determined
only by the reactive parameters of the cell, and the
change in the reactive part of the dielectric constant of
the sample is directly proportional to the value of AC.
The active part of the dielectric constant can be calcu-
lated from the change in the quality factor of the coil.

Fig. 1. Explanation of the L-dielcometry method.

a — solenoid with a test tube filled with the test solu-
tion, included in the resonant LC circuit;

6 — measuring diagram,;

B — introducing a vessel with liquid into the L-cell
connected to the oscillatory circuit of the meter leads
to a decrease in the quality factor O and the capacit-
ance C of the circuit at resonance, which indicates a
change in both the active and reactive resistances of
the cell

In order to avoid problems of absolute calibration
of measurements, it was proposed in [4] to use the
value of the dielectric loss tangent, which is the ratio
of the active part of the dielectric constant for
a solution placed in an inductance coil to its reactive
part, tg 0 = &” / &'. For any of the inductance coils in
the frequency range in which resonance can be
observed for it, this value can be found by the
formula:

5. G0 (4G /G ) -C0,(1+C,/C,) 0
(C,-C,)0,0,,(1+C,/C)(1+C, /1 C,)’

where On and C,; are the quality factor of the circuit
without a sample and the capacitance of the variable
capacitor at the moment of resonance, and O, and C,
are the same parameters of the circuit in resonance in
the presence of a sample.




The intrinsic capacitance of the coils C is in the
range of 5—16 pF (see Tab.), and the capacitance of
the variable capacitor C is in the range of 40-450 pF.

Tab. Parameters of inductor coils

This means that to calculate tg o, one can use the
simplified formula

tg 0 = (O1C1 — 0 (0) / 010 (C1 = (). 2

For values of Q > 20 and available values of C,
the error in determining tg J, calculated using formula
(2), does not exceed 1-2% compared to its value cal-
culated using formula (1).

INSTRUMENTAL IMPLEMENTATION

The results obtained in [4, 7] are insufficient to
solve the main problem — obtaining specific data on
supramolecular structures formed in solutions. For
this purpose, the group of L.N. Gall carried out an
improvement of the method aimed at obtaining
a higher frequency resolution.

A set of measuring inductance coils of the same
geometric size with inductance values providing over-
lapping ranges of measuring the frequency depen-
dences of tg d and ¢, of solutions in the working range
of 40-800 kHz was developed and manufactured. The
coils were wound with copper wire on a dielectric
frame made of a material with a minimum value of its
own dielectric constant &, which was fluoroplast-4
with & = 2 in almost the entire range of frequency
changes (40—800 kHz). The diameter of the coil frame
is 30 mm, its length is 200 mm; the internal diameter
of the hole in the frame is 26 mm, which allows the
use of standard test tubes for solutions, tightly fixed in
the coil. Since the accuracy of measurements based on
changing both the active and reactive components of
the impedance of the coil with the sample directly de-
pends on its parasitic parameters — resistance R and
self-capacitance Cy, they were minimized during the
manufacture of the coils while maximizing the induc-
tance L.

When implementing the method, a huge role is
given to the correctness of electrical measurements,
primarily the high quality of the supply sinusoid in the
entire frequency range and the quality factor of the
measuring system. For this, we used standard BM-560
Q-meters from Tesla (Czechoslovakia) [10] providing
the necessary parameters due to the use of two high-
quality capacitors of variable capacitance in the mea-
suring circuits. The appearance of the Q-meter with
the installed coil and the coils themselves are shown
in Fig. 2.

Fig. 2. The BM-560 Q-meter with an inductance cell
(a) and a set of three cells used for measurements in
the frequency range of 70800 kHz (6)

The parameters of the coils manufactured for the
set of equipment for studying water structuring are
presented in the Tab.

Typically, the tg J dependence is measured in
a wide frequency range, which requires the use of
several coils. In this case, at the boundaries, several
experimental points are determined on two coils for
correct data stitching. In all cases, the difference in the
experimental data for adjacent coils did not exceed
5%.

The improvements made it possible to obtain spec-
trum-like frequency dependences of tg 0 with peaks
specific in position with respect to the sources of
structuring: electrolyte solutions (LiNOs;, NaCl, KCl,
and CsCl salts), solutions of biologically active sub-
stances — glutathione (tripeptide) and potassium phe-
nosan, chlorophytum leaves, and cross-salad. In a
number of cases, the method made it possible to ob-
tain extremely high sensitivities, down to the level of
hundredths of a ppt.

EXAMPLES OF EXPERIMENTAL
MEASUREMENTS AND THEIR DISCUSSION

Calibration measurements

To check the reproducibility of the measurements,
each cycle began with measuring the frequency de-
pendence of tg J for freshly prepared bidistilled water.
The method turned out to be very sensitive to the
quality of water and the test tubes used, and measure-
ments of the bidistillate allowed the rejection of test
tubes from which contaminants were extracted [8]. To
reproduce stable results in dielectric measurements,
all commercial test tubes must be carefully measured
using fresh bidistillate, and test tubes with defects
must be rejected.

The repeatability of the curves for freshly prepared
bidistillate is high: curves recorded on different test
tubes, at various time of day, and in different rooms
repeat one another with an accuracy of about 5-6%.
This makes it possible to use freshly prepared bidistil-
late as a sample for adjusting the device and to use it
as a test for the presence of interference from radio-
electronic devices operating nearby.

Solutions of alkali metal salts

It is known that the processes of transfer in
aqueous solutions of electrolytes strongly depend on
the interaction of water molecules with the products of
dissociation of salts — cations and anions. More than



60 years ago, it was shown [11] that a number of ions
reduce the mobility of the water molecules closest to
them, while some, on the contrary, increase it. This
phenomenon was called, respectively, positive and
negative hydration. The hydration is characterized by
the coordination number of the ion, which is unders-
tood as the average number of constantly replacing
water molecules that make up its immediate environ-
ment in the solution. To study the hydration of metal
ions and the coordination numbers of ions, the ther-
mochemical method based on measuring the integral
heat of dissolution of salts in water and in aqueous
solutions of acids has traditionally been used in che-
mistry.

It turned out that Li" and Na" ions have p051tlve
hydration, while K", Rb", Cs" ions, and most anions
have negative hydratlon This point of view has now
been proven by many experiments using highly so-
phisticated modern methods [12, Ch. 7, pp. 417-500].
Considering that ions reorient only the water mole-
cules closest to them, the founder of these studies,
0.Ya. Samoilov, asserted that "the state of the studied
ions in dilute solutions in the sense of being sur-
rounded by water molecules corresponds to the least
possible change in the structure of water during the
formation of the solution."

However, the thermochemical method allows us to
study solutlons up to concentrations no lower than
10~ M, and the above conclusion, in essence, applies,
accordmgly, only to sufficiently high concentrations
of electrolyte solutions [11].

The frequency dependences of tg d were experi-
mentally studied for salts of all four metals of the first
group (Li, Na, K, Cs) and a number of anions (Cl,
OH). In all cases, spectrum-like curves with pro-
nounced peaks were obtained; the position of peaks
was determined by the nature of the cation and anion,
and for each cation and anion it was possible to select
a set of peaks strictly specific to it and well repro-
duced.

Fig. 3 shows, for example, the frequency depen-
dences of the dielectric loss tangent for L1C1 NaCl,
KCl, and CsCl salts at concentrations of 10~ M The
peaks attributed to the action of the Cl anion are hig-
hlighted in these spectra by vertical lines [13]. These
issues are considered in detail in publications [9, 13].
The most important results are briefly formulated be-
low.

Fig. 3. Dependences of the dielectric loss tangent on
frequency for salts (a) LiCl, (6) KCl, (8) NaCl, and
(r) CsCl at concentrations of 10~ M.

Peaks attributed to the action of the Cl” anion are
highlighted by vertical lines in these spectra

1. The frequency dependences of the dielectric loss
tangent for aqueous solutions of group I metal salts
are spectral in nature; the position of the peaks on the
frequency scale depends only on the chemical nature
of the cation or anion but not on the composition of
the salt.

2. The position of the peaks is rehably reproduced
in the concentration range of 107°+10° which indi-
cates that the observed structured nature of the solu-
tions is independent from concentration. However, the
peak intensities depend significantly on the concentra-
tion and _are most pronounced at a concentration of
about 10 M.

3. At present, it is not possible to unambiguously
link the observed peaks with certain processes in the
solution; it is only possible to put forward a number of
hypotheses [9].

Solutions of bioactive molecules

Aqueous solutions of bioactive molecules, unlike
electrolyte ions, demonstrate the ability to structure
water in a wide range of concentrations, which are
reflected in dielectric measurements as distinct peaks.

Fig. 4 shows the dependences of tgd (f) for an
aqueous solution o Apotassmm phenosan with three
concentrations: 1-107, 1-10°°, and 1-107'° M, kept for
24 hours after dilution. The structural formula of po-
tassium phenosan is shown in the inset in Fig. 4.

Fig. 4. Frequency dependences of tgd (f) for an
aqueous solution of potassium phenosan for three
concentratlons (H) 1 10% @ 1 10° and (3)
1 107'® M, kept for 24 hours after dilution.

The inset shows the structural formula of potassium
phenosan

As can be seen, the distinct peak is preserved down
to very low concentrations (10'® M), which demon-
strates the extremely high sensitivity of the method,
although selective in nature. As the reagent oxidizes,
the peaks disappear.

Similar results were obtained for glutathione, one
of the main thiol-containing molecules of a living or-
ganism. A freshly diluted solution is characterized by
two peaks, apparently associated with the structuring
of water by the thiol group of glutathione in the
aqueous solution. As it oxidizes, the peaks decrease
and practically disappear after 3 days, which coincides
well with the mass spectrometric data on glutathione
oxidation.

Living systems: cross lettuce and chlorophytum
leaves

Of great interest was the study of living systems in
vivo, for which plant leaves were used under artificial



drought conditions. During the study, measurements
of the frequency dependence of tg J were carried out
for cut leaves directly placed in a test tube. Between
measurements, the leaves were removed from the test
tube and placed in a laboratory room for drying.
A decrease in the amount of water in the plant was
recorded by weighing, which was carried out before
each measurement. This process was carried out until
the plant was completely dry. The time for complete
drying of watercress was no more than 3 days, and for
the leaves of chlorophytum — about 1 month (these
results are presented in detail in the work [14, 15]).

The most important results were obtained in the
study of chlorophytum. In the spectrum of freshly cut
leaves, three pronounced peaks are observed: at fre-
quencies of 110, 145, and 220 kHz. There are not
enough data to identify these peaks, but it can be
noted that the peaks of tg 6 at frequencies of 110 and
220 kHz (Fig. 5, index 2), despite the drying of the
herbage and its loss of weight, remained virtually un-
changed in height for a long time, while the peak of
tg o at a frequency of 145 kHz (Fig. 5, index 1) in-
itially increased somewhat and then fell sharply even
before complete drying. This allows us to assume that
these peaks relate to water structures of different ori-
gins. These data are presented in Fig. 5.

Fig. 5. Change in the value of tgJ for peaks with
frequencies of 145 kHz (1) and frequencies of 110
and 220 kHz (2)

Previously, this peak at 145 kHz in a model NaCl
solution [14] was identified as the peak corresponding
to the strain of the hydrogen bond network of distilled
water by the Na' jon. For the studied plants, such
a peak represents the sum of the structures created by
the Na " ion in the cell cytoplasm and intercellular flu-
id of all plants in the test tube. As follows from the
figure, this peak initially increases slightly, then de-
creases in height and, after a loss of more than 50% of
water, practically goes beyond the measurement scale.
The peaks at 190 kHz and 350 kHz behave similarly,
which, according to this feature, can also be attributed
to water structures created by some ions.

On the contrary, the peak at 110 kHz practically
does not change in the value of tgd of dielectric
losses until almost complete drying of the herbage. It
is interesting that the following was observed for chlo-
rophytum: for leaves that were outwardly completely
dry, the dielectric meter nevertheless showed the pres-
ence of water: several peaks remained in the spec-
trum, almost unchanged in magnitude. A bunch of
these outwardly dry leaves was placed in water, and
several leaves turned green again. After this, the pre-
viously disappeared peaks reappeared in the tg o spec-

trum of these leaves, which, as follows from the expe-
riment, relate to free water strained by ions.

Thus, the following conclusions can be drawn.

1. Water in cells and between plant cells is in
a structured state, created by both electrolyte ions,
primarily sodium, and, apparently, bioactive mole-
cules.

2. It can be assumed that two states of structured
water are observed in living plants: free, structured by
electrolytes, and bound, structured by biopolymers.

3. Long-term, almost until the plant dries out, pre-
servation of a number of peaks in the spectrum of the
dielectric loss tangent unchanged in magnitude allows
us to confirm their connection with biopolymers in the
cytoplasm and to attribute the second state of struc-
tured water in a living organism to the effect of biopo-
lymer hydration.

4. Hydration of biopolymers with the formation of
rod energy-intensive fractal crystalline bonds, de-
scribed in the works of N.A. Bulyenkov and his stu-
dents, between biopolymers in the cytoplasm of living
cells and between cells can be a full-fledged physical
model in the study of intercellular water transport and
the transmission of energy signals in a living organ-
ism.

DISCUSSION OF RESULTS AND CONCLUSIONS

The above experimental data indicate that the
complex linear spectral dependences obtained in the
L-cell reflect real physical processes in an aqueous
solution and are their indicators. The very fact of non-
monotonic frequency dependences of the dielectric
loss tangent in the frequency range of tens and hun-
dreds of kilohertz is completely non-trivial and re-
quires the development of physical models to explain
the observed spectral effect.

Interpretation of this effect requires the simultane-
ous development of both quantitative theoretical con-
cepts about the structuring of water molecules by dis-
solved ions and molecules and a correct theoretical
description of the radio engineering diagram of the
experimental cell used. To date, the theory of such
a cell is absent, and its development remains a com-
plex scientific task that is beyond the scope of this
article. As for the structuring of water, we proposed
such a model [15] and the fact of the non-
monotonicity of the frequency dependence of tgd
with the formation of pronounced peaks specific to the
dissolved substance and its concentration can be con-
sidered as one of its confirmations.





