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BO3MOKXHOCTHU MHCTPYMEHTAJIBHOI'O U3YYEHUA
YCTPOUCTBA KOJUIOUJIHBIX CUCTEM BHOJOTHYECKOI'O
IMPOUCXOKIEHUA

Jlannas paGora Obuta mHMIMKMpOBaHa JInaneit HukonaeBHo# ["amie B CBsI3M ¢ ee 9KCIIEPUMEHTAIBHBIMH HCCIIE0Ba-
HUSIMHA CBOWCTB BOabl. OmucaHbl TeopeTHYecKne OOOCHOBAHWS BO3MOXKHOCTH WHCTPYMEHTAJIBHOW PETHCTpAlMN
MOMEHTOB YTpaThl arperaTMBHOM YCTOHYMBOCTH KOJUIOMJIHBIMH CHCTEMaM{ OHOJIOTHYECKOTO MPOUCXOXKICHHS
U o0lIMe YCTaHOBKM Ha CO3JaHUE JJIS 3TOro NpUOOPHOro ocHameHus. IIpeanoskeH BapHaHT TaKOTO OCHAIIEHHS,
pa3paboTaHHBIN B MHTEpPECaX BBISBICHHUS CKIIOHHOCTH MOYH K BBIIEJICHUIO M3 Hee TBEpOH (asbl.

Kn. cn.: HaTypaJIbHBIC KOJIJIOUAHBIC CUCTEMBI, B3aNMOJCHCTBIC BEIIECTB C JICKTPOMArHuTHBIM HU3JTYUYCHUEM HHU3KOM
HWHTCHCUBHOCTH, KaMH€O6pa3OBaHI/I€ B OMOJIOTHYECKHUX JKHUJAKOCTAX, arperaTuBHas YCTOfIqHBOCTB KOJIJIOMJIHBIX

CHCTEM

BBEJAEHUE

Hannas padora Obuta mHUIIMHpOoBaHa Jlnauedt Hu-
KOJIa€BHOU 1'ajuib B CBSI3U € €€ SKCIEPUMEHTAIBHBIMU
HCCIICZIOBAaHUSAMHU CBOMCTB BOJbl. B cBoe Bpems Hc-
MOJIb30BaHHBIN 3/1€Ch METO/I BBI3BAJI TOPSIUUI HHTEPEC
JInnnn HukonaeBHBI, OHa MPUHMMAaNa aKTHBHOE yda-
CTHE B €ro OOCYXJCHUHU U BCSYECKU €ro MOJICPIKH-
Baja W NpolaraHIupoBana cpean cBoux koser. Ha-
MU TJIaHUpOBaJach OOJbINAs CEpUsi COBMECTHBIX pa-
0ot Ha 6a3e maboparopuu Jluanm HukonaeBHBI U TpH
€€ HEeNocpelCTBEHHOM ydacTuu. K cokaraeHuro, Mbl
HE CMOTJIM 3aBEPIINTh HHU JAAHHBIA UK HCCIIEA0Ba-
HUH, HU JaHHYIO MyOJMKAalWI0 COBMECTHO C HeEH
u npu ee xu3HU. llamsaTu BBIFaroImierocs y4eHOTo
W JHTY3HMacTa HCCJIEJOBAHUN TOHKUX CBOWCTB BOJBI
U BOJAHBIX pacTBOpoB JIngun HukomnaesHs! I'amsb mo-
CBALIAIOT aBTOPBI 3Ty CTAaThIO.

TEOPETUYECKOE OBOCHOBAHHE
HNCCIEJOBAHUA

[MpuHnunuaneHOE OTIMYHE BCEX BOOOILIEC HAaTy-
paNbHBIX XHUIKUX Cpell OMOJOrMYEecKOTro MPOUCXOXK-
JACHUA OT PYKOTBOPHBIX )KI/IIIKOCTeﬁ COCTOMT B TOM,
4yTO JTF00as U3 HUX WMEET CBOMCTBEHHOE i Ha3Hade-
HUE B (YHKIHOHANBHOM YCTPOMCTBE KOHKPETHOTO
XKHUBOTO 00BekTa. [Ipmdem obecriedeHo 3TO0 Ha3zHade-
HHUE HE 3JIEMEHTHBIM U MOJICKYJISIPHBIM HAIOJHEHHEM
TAKOBBIX XHUJIKHUX Cpell, I aHaiau3a KOero, moMHUMO
METO/IOB aHAINTHYECKOH XHUMHH, CO34aHO Ooraroe
pasHooOpasue CrenualbHBIX IPUOOPOB, a UX CUCTEM-
HBIM 0(OpPMIICHHEM, KOTOPOE TO0KA, YBBI, HAXOIUTCS
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BHE MOJISl 3pEHUS CIICLHATIMCTOB, M3YYalOUINX (DyHK-
[IMOHAJBHOE YCTPOMCTBO XMBBIX 00BEKTOB. Benmemet-
BHE€ 3TOT0, MO0 YMOIYaHUIO, KUAKUE CPENbl JKUBBIX
OpraHu3MoOB OOBIYHO PacCMaTPUBAIOTCS B KauecTBE
MIACCUBHBIX HOCHUTENICH TOTO MM MHOTO Habopa KOM-
MOHEHT, KOJMYECTBEHHOE COJEpKaHUE KaXI0To
M3 KOTOPBIX Jjajiee TMOABEepraeTcs OIEeHKE Ha MpeaMeT
COOTBETCTBHMSI MJIM HECOOTBETCTBUS IPOU3BOJIBHO
MPUHATON YCIOBHOCTH, TTOMMEHOBAHHOW Ha OCHOBE
CTaTHCTUYECKUX BBIUUCIEHUH TEpMUHOM "HopMma'.
OmHaKo HUKAKOM MPOTHOCTHYECKOW IIEHHOCTH, KaK
MOKa3bIBaET MPaKTHKA, TAKUE OLECHKU B cebe He He-
cyT, n060 B pupoje BOOOIIIE, a B )KUBON MPHUPOJIE TEM
Oosee KUAKKE cpellbl SIBISAIOT cO00M He BMECTUIIMILE
JCUCTBYIOIIMX KOMIIOHEHT, a LeJbHble (DyHKIMOHAIb-
HBIe cHUCTeMBl. [ Hambomee SPKUM CBHIIETEIHCTBOM
3TOTO SIBJISETCS CUCTEMHBIM XapakTep GOpMUPOBaHHS
TBepJOH (ha3bl B Pa3HBIX KHUIKUX Cpelax OpraHu3ma
(B ’Xemuu, B MOY€ M B CIIIOHE B (JOpPME NOABHKHBIX
KaMHeW U B KPOBH B (hopMe TBEPBIX OJISALIECK, TPOYHO
CpallleHHBIX CO CTEHKaMHM KPOBEHOCHBIX COCYIOB),
B OTCYTCTBHHU CBSI3M 3TOro (pEHOMEHa C MX MOJIEKY-
JISIPHBIM COCTaBOM.

CocraB Bcex TBepAbIX (POPMUPOBAHUI, Ha3BaAHHBIX
BBIIIIE, BAPUATHUBEH Jak€ B Pa0OUYMX JKUAKOCTAX JKH-
BBIX OPTaHU3MOB, KAKOBBIMH SIBIISIIOTCSI KPOBB, KEITIb
W CIIIOHA, HO 00pa3loM BapHaTHBHOCTH COCTaBa TBEP-
ot (bas3pl (KaMHEW) W OTCYTCTBHSI CBSI3HM C KOMIIO-
HEHTHBIM COCTaBOM SABIS€TCS MOdYa KHUJIKOCTb,
BBIHOCSIIAE W3 OpraHu3Ma IIJIAKOBBIA MaTepHall.
Ilo mnpu3Haky NPEeUMYIIECTBEHHOIO IPUCYTCTBUS
B COCTaBe TBepIOH (a3l pa3nmu4aroTCs KaMHH, CO-
CTOSIIIME U3 OKcanaToB, GocdaToB W ypaToB; KaMHU
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M (dy3HO CMEIMIAaHHOTO COCTaBa W OTYETIMBO CIIOM-
CThIC KaMHU, IIPUTOM YTO MO4Ya 00JIafaTes e TAKOBbIX
KaMHe# TpeoOsialaHieM B CBOEM COCTaBE OKCAaToB,
yparoB wiu docharor He ommyaercsa. Ee cocras, pH
U IUIOTHOCTh MEHSIFOTCSI BO BPEMEHHM B 3aBHCHUMOCTH
OT COCTaBa CHEACHHON IHIIYU, KOJUYECTBA U COCTaBa
BBIMIMUTOM KUIKOCTH U MPOYMX aCIEKTOB yCTPOWCTBA
MOBCETHEBHOTO OBITHS, MPSIMO WJIM KOCBEHHO BIIHSI-
IOIIMX Ha METa0OJIIMYECKHE TIPOIIECCHI B dKHBOM Opra-
HU3Me. M eIMHCTBEHHBIM OONIMM MPU3HAKOM JUIS
BCEro MHOI000pa3usi MOYCBBIX KaMHEW SIBIISICTCS HUX
BBIJICIICHHOE M3 JKUJKOH cpefpl (He )KUIKOE) COCTOSI-
HUE. A 3TO O3HAyaeT, YTO He OCCKOHEYHO Pa3HO00-
pa3HBI KOMIIOHEHTHBIM COCTaB MOYM, U3yyas KOTO-
PBIN YPOJIOTH yke OoJiee IBYXCOT JIST IBITAIOTCS Haii-
TH KJIIOYEBBIC AaCleKThl KaMHEOOpa30BaHUS B HEH,
HO €CTh HEUYTO CTOJIb )K€ O0Illee B arperaTHOM e¢ Co-
CTOSIHUM (TIOMHUMO TEKYYECTH, IPUCYIICH KUTKOCTSIM,
COTJIACHO OIPE/ICIICHUIO JKHIKOTO COCTOSIHUS BEIIECT-
Ba), KaKk TBEPJOCTh, OTIUYAIONIAS MOYEBHIC KaMHU
OT KHUJIKOCTH.

[Ipu3HaKOM TaKOBBIM SIBISIETCS KOJUIOMJIHOE CO-
CTOSIHHE BEIIECTBA HE TOJIBKO MOYH, HO BCEX BOOOIIE
KHUJIKUAX CcpeJi OMOIOTMYECKOTO TPOUCXOKICHUS, PH
KOTOPOM BEIIECTBA, JOCTYIHbIC OOHAPYKCHHUIO U KO-
JMYECTBEHHOMY YYETY HAINYHBIMU B PACIOPSIKCHUH
HAYKH METOJMYECKUMHU CPEICTBAMH, HaXOJIATCS
B CBS3aHHOM COCTOSIHUM 3a CYeT ICHCTBHS Cyry0o
¢usndyeckux (HakTOpoB, HE COMPSIKEHHBIX C 00pa3o-
BaHUEM XUMHUUYECKUX CBsI3ei. DaKTOPHI 3TH B MOJHOTE
CBOCH HayKe MOKa HEBEJOMBI, HOO B TEPMHUHAX 3JIEK-
TPUYECKOTO B3aUMOJICHCTBUS MEXKIY 3apsSKCHHBIMU
YAaCTHIIAMU BEIIECTBA OOBSICHACTCS IUINL Manas
4acTh CHEHU(BUKN KOJUIOUJIHOTO COCTOSHUSI KHUJIKO-
CTel OMOJIOTHYECKOrO MPOUCXOKIACHHS. [Ipu 3TOM
Oe3ynpedHo Oeoe 1moJie MpeCcTaBiseT co00i Bce To,
YTO UMEET MIPSIMOE OTHOIICHHE K OOCCIICUCHHUIO KH-
BOTO COCTOSIHUSI BEIIECTBA, SIBCTBYSI M3 OTCYTCTBUS
BO BHYTPEHHEM IPOCTPAHCTBE KHUBBIX 00BEKTOB MHO-
ro (MMOMHUMO KOJIJIOWJHOTO) COCTOSTHHS MHIKUX CPe/,
MPUTOM YTO B HEXHBOU MPHUPOJIC CYIISCTBYIOT U KOJI-
JIOWJIbI, U UICTUHHBIC PAaCTBOPHI (BOJHBIC MOHOPACTBO-
PBI BCEX HEOPTaHUYECKUX COCIMHEHUH ).

TakoBa gaHHOCTB, ¥ OBUTIO OBI OMTMOOYHO UTHOPH-
pOBaTh €€ MpH IOMBITKAX BBIPAOOTKU OJIM3KHX K pe-
aBHOCTH TPEACTABICHUH O (DYHKIMOHAIHLHOM YCT-
POMCTBE KHMBBIX OPraHU3MOB, BBHJY TOTO YTO B Tele
B3pPOCJIOTO YEJIOBEKa CPEIHEro pocTa W Beca CoJep-
KUTC Oonee 25 J JKWAKHX CpeJl PasHOro poja.
Ho Bech Mmeroamueckuil apceHani, CO3JaHHBIA s
M3YYEHHUS KOJUIOMIHBIX CHCTEM, OyIydyd HalelieH
Ha paboTy ¢ PYKOTBOPHBIMU KOJUIOMJIAMU, UMCIOIIU-
MU IIAPOKOE MPUMEHEHHE B CaMbIX Pa3HbIX cepax
YCTPOMCTBA YEIOBEUECKOTO OBITHS, HE TPETyCMATpPH-
BaeT U3YUYCHHUS KOJUIOUIHBIX CHCTEM OHOJIOTHYECKOTO
reHe3a BOOOHmE M (PYHKIMOHAIBLHOTO HA3HAYCHUS
WMEHHO KOJUIOMJIHOTO COCTOSIHUSI O KUJKUX Cpel

B 00€CIICUYCHUHU KHUBOTO COCTOSHHS BEIeCTBA TeM 00-
nee. M ato o3Hauaer, yTo QopMuUpOBaHUE OINZKHX
K pEalbHOCTH CYXACHUH O (PYHKIMOHAJIBHOM YCT-
poOWCTBE JKHUIKUX Cpel B HMHTEpPEecax OCMBICICHHUS
(DyHKIIMOHAIBHOTO yCTPOWCTBA JKUBBIX OOBEKTOB
B LIEJIOM COMPSKEHO C BBIPAOOTKOW HOBBIX, alleKBaT-
HBIX 3TOMY MOJXOA0B K OPTaHW3ali{ U TPOBEICHUIO
Hay4YHBIX HCCIIE0BaHUM.

[Ipu 3TOM mpexae BCero HaJo MPHUHSTH B pacyuer
TO OOCTOSITENBCTBO, YTO BCE KHUBOE SIBJISCTCS B 3€M-
HBIX YCIIOBUSIX BBICHIEH (POPMOIl BOIUIOLICHUS 3BO-
JIOLMOHHBIX TEHICHLU, IPUCYIINX YCTPOHCTBY 00b-
eKTHOH peaJbHOCTH, YTO OYEBHUAHO O€3 J0Ka3aTelb-
cTBa 1Mo (akTy MPOTPECCUBHON HBOIIONNHN (eHOMEHA
*u3HM Ha 3emie. U B cuity 3Toro BeIpaboTKa OIM3KUX
K PEaJbHOCTH CYXKICHHHA O 3aKOHOMEPHOCTSX, Ompe-
JENSAIOIUX TOT MM WHOM AacleKT BEIECTBEHHOTO
odopmiteHusT Kakoi-TO (YHKIMOHAILHOW CHCTEMBI,
HE MOXXET ONHMPaThCS Ha MPUMEHEHHE WHCTPYMEH-
TaIbHBIX METOJOB, CO3JaHHBIX Oe3 ydera (akTopa
1esecoo0pa3HocTy (MMOMYNHEHHOCTH BHYTPEHHEH J10-
ruKe) QyHKIHMOHAJIBLHOTO YCTPOHCTBA JKUBBIX OOBEK-
TOB. /leno B ToM, 4TO, UMesI TaHHBIE O TUHAMHKE TOTO
WM UHOTO (PU3MUECKOIO SIBICHUS, UMEIOILEr0 MECTO
B )KMBOM OpraHH3Me, B €r0 OpraHax WM TKaHAX, WIN
B IIPOCTPAHCTBE, K HEMY IPUJIETAIOIIEM, H JOCTYITHO-
TO U PETUCTPAIM HWHCTPYMEHTAJIbHBIMU CpPEICTBA-
MH, OJTHO3HAYHBIMU KPUTEPUSAMHU IJISI OTHECEHUS ITOH
JUHAMUKHA B KaTETOPHIO JIEHCTBYIOIIEr0 Hadajga Mbl
He pacronaraeM. B OoTCyTCTBHE BO3MOXXKHOCTH TIOJTY-
YEeHHUS OSMIIMPUUYECKUX apryMEHTOB, CBUAETENbCT-
BYIOIIMX SIBHO B IMOJIB3Y BEAYIIEH POJIM WHCTPYMEH-
TaJIbHO 3a(MKCUPOBAHHOIO SIBJICHUS, €r0 AMHAMHKa
C OJMHAaKOBOW BEPOSITHOCTHIO MOMKET OKa3aThCs
IIyMOM, COTPSDKEHHBIM C aKTHBHOCTBIO CKPBITOTO
JEMCTBYIOIIETO Hauyana. A BBIXOJ U3 ATOM CUTyalUu
JIOTUYHO WCKaTh Ha MyTIX pa3pabOTKH METOM0B, Ha-
MpSIMYIO HalEJIEHHBIX HAa M3YYEHHE TEX aclEeKTOB Be-
HIECTBEHHOTO 0(pOpMIICHHUS (YHKIIMOHAIBHBIX CHCTEM
YKUBBIX OPraHU3MOB, JJI1 OCMBICIIEHHS CYIIECTBA KOMX
HAJIMYHBIX 3HAHUN 00 YCTPOWCTBE OOBEKTHOU pealib-
HOCTH HEJOCTAaTOYHO, KaK, B YaCTHOCTH, UMEET MECTO
HeXBaTKa 3HAaHUH O TPUPOJAE KOJUIOUIHOTO COCTOSHUS
KHUJIKAX Cpel OMOJIOTHYECKOTO TeHe3a.

JonoammHHO M3BeCTHO 00 3THX CpeAax, BO-
MEPBBIX, TO, YTO UX JAUCIEPCHOM Cpeloil sBIseTCS
Boza. Bo-Brophix, uTo nucnepcHas (asa npencrasie-
Ha MEpMaHEHTHO AMHAMUYHBIM MHOr000pa3zueM Kol-
JIOMJHBIX YaCTHI] PA3HOTO COCTaBa M Pa3HOTO pa3Me-
pa, Hecymux Ha ce0e pasHble M0 BEIMYHHE IICKTPHU-
YecKHhe 3apsiibl 000WX 3HAKOB, MIPUTOM YTO YACTHIIBI
aucniepcHoi (aspl 00pa3yloT COBMECTHO € AWCHEpC-
HOH cpenoit enpHyI0 GYHKITHOHATBHYIO cucteMy [1].
B-TpeTbux, 4TO BCE JKHIKHE CpeAbl OMOJIOTHYECKOTO
IIPOUCXOXKJICHUSI KPaiHE HEYCTOMYMBBI BHE BHYTPEH-
Hell cephl KUBBIX OOBEKTOB, B COCTaBe (HYHKIHO-
HaJIbHOTO YCTPOWCTBA KOMX OHHM COCTOAT, C yYETOM
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4ero MosBJICHUE TBePAOH (hasbl B 30He (DyHKIMOHAb-
HOM KOMIIETEHTHOCTH TOW WJIM MHOM >KUAKON Cpebl
JKUBBIX OPTaHHU3MOB PE30HHO PACCMAaTpUBATH CKBO3b
IIPU3MY HEIOJIHOM COCTOSITENBHOCTU €€ arperaTuBHOMN
ycroiuuBocTd. [Ipu 3TOM, BBUY OJHO3HAYHOCTH OTI-
pelencHus TBEPIbIX OOBEKTOB MO (DaKTy HAIU4HUs
Yy HHX COOCTBEHHOH (OPMBI, YCIOBHS BO3HHUKHOBE-
HUS arperaTUBHOM HEYyCTOWYUBOCTH >KUIKUX Cpel
OMOJIOTUYECKOTO TEHE3a B KAa4eCTBE MPEATOCHUIKH
K (DOpPMUPOBAHUIO B HUX TBEPJOW (ha3bl €CTh OCHOBA-
HUSl TI0JIaraTh COOBITUEM CTOJb K€ OJHO3HAYHBIM
IO €ro COAECPKAHUIO.

Tem cambIM pa3BUTHE COOBITHUH, TPOUCXOJSIIIX
B Macce KOJUIOWJIHON CHUCTEMBI B CBSI3U C MPOSIBJICHU-
€M €€ arperaTuBHOM HEyCTOMYMBOCTH, BBIACIISAETCS
B KaueCTBE MpeaMeTa U3yYEHUsI HHCTPYMEHTAIbHBIMU
METOJ]aMH B MHTEpecax BBIPAOOTKH HAYUYHBIX CYXKJIe-
HUI O NPUPOJE KOJUIOUIAHOTO COCTOSIHUS JKUJKOCTEHN
Omonormueckoro renesa. IlpaBma, pacmos3HaTh B pe-
aTbHOM BPEMEHH COOCTBEHHO YKPYIHEHUE KOJUIOW]I-
HBIX YaCTHI[ BCIEJCTBHE HUX CIMSHUA TPU TOTEpe
KOJUIOUJIHOM CUCTEMOM arperaTMBHOM yCTOMYMBOCTHU
MOKa HEBO3MOXHO BBHUJY HEBO3MOXXHOCTH MOMEH-
TaJBHOrO yueTa paclpeAesieHus YacTUL [0 pa3Mepam,
B CHJIy Y€TO MHCTPYMEHTAJbHbIE CPEACTBA ISl IIPO-
BEJICHUSI TaKUX HCCIEHOBAHUM MPHUAETCS CO3[aBaTh,
OPUEHTHUPYSICh Ha OJHO3HAYHO CONPSAKEHHBIE C aCCO-
Uaed KOJUTOMIHBIX YacTHIl cOObITHA. 1 caMbIM
HAJIKHBIM U3 TAKOBBIX COOBITHI B acleKkTe abCooT-
HO# 0053aTEIIBHOCTH SIBIISCTCS CTYIIEHYATHINA PUPOCT
KOJIMYECTBA CBOOOIHOM BOJBI B COCTaBE KOJUIOUIHOMN
CHUCTEMBI, MPOUCXOAIINN OJJHOBPEMEHHO C YKpYITHE-
HUEM 4YacTHIl JIIOOOT0 pa3Mepa 3a CUeT MX accolHa-
i, OOeCeueHo ke 3TO TEM, YTO TUIOIIA/h TPAHUIIBI
pasmerna BemecTBa HOBOH, 0ojlee KPYITHOH YaCTHIIHI
C IMCIIEPCHOM Cpeiol (C BOJOW) MEHBIIIE CyMMapHOH
MOBEPXHOCTH YacCTHIl, MPETEPHEBIIUX aCCOIHAIINIO,
B CHJIy Y€ro IUIOLIA/b MMOBEPXHOCTH, HECYIIEH AJEK-
TPUYSCKUH 3apsi)l U TEM CTECHSIOUICH CBOOOIY JBH-
JKEHUH MOJIEKYJI BOJBI, YMEHBIIAETCS, OCBOOOXKIast
OT DJIEKTPUYECKOW CBSA3M KaKOE-TO UX KOJUYECTBO.
[Ipruem, BBHIY TOTO YTO BEIIECTBO IUCIEpPCHOW (a-
3Bl )KHJIKMX CPEll COCTABISET KaK MUHUMYM HECKOJIb-
KO TIPOIIEHTOB OT WX 00ImIeH Macchl, 3DdeKT Takoro
OCBOOOYICHUST MOJIEKYJI BOJBI HE MOXET HE OTpa-
3UTHCSI HA COCTOSHUM Oayanca CBOOOIHOW M CBSI3aH-
HOW BOJBI B CHUCTEME B IIEJIOM, 4YTO, COOCTBEHHO,
U MOXET CIYXUTh OOBEKTOM HHCTPYMEHTAIBHOTO
oOHapyKeHUSI.

OBIIUE YCTAHOBKHA

WHCcTpyMeHTaNbHBIE CPENCTBA, CIIOCOOHBIE (UK-
CHpOBaTh TOHKHE C/IBUTM OaylaHca cBOOOJHOH M CBS-
3aHHOM BOZBI B KOJUIOWAHOM CHUCTEME, MOKHO CO37a-
BaTh Ha OCHOBE BBICOKOH UyBCTBUTEIHHOCTU K TaKO-
BOMY OanaHcy 3¢ ¢eKTOB B3aMMOJCHCTBUS C BOAHBI-
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MH CHUCTEMAMH 3JEKTPOMArHUTHOTO M3IYUYEHUS] MHII-
JUMETPOBOT0 JAMara3oHa MpH 3aBEAOMO HETETIOBOU
€ro MHTEHCUBHOCTHU. [IpHyeM akIeHT Ha HEeTemIoBON
WHTEHCHBHOCTH MPHUMEHSEMOTO W3IY4YEHHs] BaKeH
B CHJIy TOTO, YTO TIPY HAarPEBaHWH BOABI 33 CUET IHEP-
MM MOIJIOIIEHHOTO M3JIy4YeHUs JIOMHHHMPYIOIUMU
OKa)XyTCsl SBIICHUS, COTMPSDKEHHBIE C pelakcanuei
MOTJIOIIEHHON SHEPTHH.

[TomuMo 53TOro, WHCTPYMEHTAJIbHOE CPEACTBO
JOJDKHO TIO3BOJIATE MOJEIUPOBaTh KAaK MHUHUMYM
TJIaBHBIE ACTIEKThI Pa3BUTHS COOBITHI, YpEeBaTHIX BO3-
HUKHOBEHHMEM arperaTMBHOM HEyCTOWYMBOCTU OHOIIO-
TMUYECKUX JKUAKOCTEH, BBUy TOTO, YTO KayecTBO 3TO
HE CBOHCTBEHHO UM B JIO00H MOMEHT BPEMEHH, Kak,
HamnpuMep, IIOTHOCTh WM TEMIIEPAaTypa, a BO3HUKA-
€T TpU OTPEAEICHHBIX YCIOBHIX, IEPMAaHEHTHO NIH-
HaMHYHBIX B JKUBOM OpraHmsme. Jlis 3TOro JaHHBIE
0 XapakTepe M KOJNYECTBEHHBIX MOKa3aTeNsax eCcTecT-
BEHHBIX H3MEHEHHH TEKYLIero COCTOSIHUS JI000MH
U3 JKUJAKHX Cpell OpraHu3Ma MOXKHO TOYEPIHYTh
W3 JUTEPATypPHBIX HCTOYHUKOB (H3UOJIOTHIECKOTO
npoduns. Ho B meHTpe BHHMMaHMs Bcerja JOJKHO
OBITH TO 0OCTOSITEILCTBO, YTO JIIOOBIE U3MEHEHHS CO-
CTaBa M (WIM) KOJINYECTBA YAaCTHL B €ANHHLE 00beMa
CHCTEMBI, a TaK)XK€ COCTaBa M KOJHMYECTBA B TOM K€
0o0beMe pa3HbIX MOHOB M T.II. BCETJa COMPOBOXKIAOT-
cs M3MEHEHHEM B JMCIEPCHOHHOH cpene OanaHca
cBOOOJHBIX M CBS3aHHBIX MOJIEKYJ BoIbL llpnm aTom
U3 JABYX BApUaHTOB JAMHAMHUKU COJEpXKAaHHUA B JHC-
MIEPCUOHHON cpene MOJIEKYT CBOOOTHOM BOABI (IIpH
YIUIOTHEHUH WM Pa3kKMKEHUU KOJIJIOWTHON CHUCTe-
MBI) JUIS Iiefiell BBISBJIEHUS arperaTuBHOM HEyCTOMN-
YUBOCTU Y TECTUPYEMBIX MPOO KOJUIOMJHON CHCTEMBI
aKTyaJIbHO MOJENUPOBaHHE JHUIIb TOH TEHIEHINH,
MIpH KOTOPOH MPOBOIUPYETCS YKPYITHEHHE B3BEIICH-
HBIX B CpEJ/ie YacTHII C BBIICJICHUEM B Hee CBOOOTHBIX
MOJIEKYJT BOJIBI.

Jig MoJenupoBaHusl YCIOBHH, MPOBOLUPYIOLINX
B TECTHUPYEMOU MpoOe KOJIOMIHON CHCTEMBI MPOSIB-
JICHWE arperaTMBHON HEYCTOWYMBOCTH, IpeularacTcs
WCIOJB30BaTh MPHUEM €€ CTYINEHYaTOro YIIOTHEHUS
B IIpelelax €CTECTBEHHOro Juana3oHa H3MEHEHUH
TUIOTHOCTH KOHKPETHOT'O BapuaHTa OHMOJIOTHYECKON
XKUAKOCTH (PKETTIHM, MOYH U T.1.). YIUIOTHCHHE TpPEII-
JlaraeTcsi POBOJAUTH ITyTEM JTUCKPETHOTO M3BJICUEHUS
13 TIPOoOBI CBOOOTHOM BOBI 32 CUET KPATKOBPEMEHHO-
rO CHIKEHHS JaBICHMs BO3AyXa Hal €€ IOBEPXHO-
CTBIO JI0 MaKCHMaJIbHO BO3MOXXHOTO YPOBHS, NPH KO-
TOPOM eIl He IIPOUCXOAUT Mapoo0pa3oBaHUs BHYTPH
o0beMa JKMAKOCTH, TEMIlepaTypa KOTOpPOH Onun3ka
TeMIepaType  BHyTpEHHeH Cpemsl  deJoBeKa
(~37.4 £0.1 °C). Ilepnoabl BaKyyMHOW OTKAa4YKH CBO-
00HON BOJIBI U3 TECTUPYEMOW TPOOHI TOIKHBI Yepe-
JIOBaThCs C TIEpHOAaMu o0peTeHus mpodoil paBHOBEC-
HOTO COCTOSIHMA. MMUHUManbHas AJIUTEIBHOCTh Iie-
puoa0B TpeObIBaHMs MPoO B ycIoBHAX (OpBaKyyma
Y HOPMaJIbHOTO JaBJIEHUSI OTPAaHWYMBAETCS B IIEPBOM
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cllydae TEXHHYECKUMH (DakTopamMu JOCTHIKCHHUS 3a-
JMAHHOTO YPOBHS OCTATOYHOTO JaBJCHHUSA, 4 BO BTO-
POM — CKOPOCTBIO JOCTH)KEHHUSI TECTUPYEMOM CHCTE-
MO CTaOUIJIBHOIO COCTOSHUS.

IMPUBOPHAS PEAJIM3ALIUA METOJA

JlaGopatopHasi ycTaHOBKa, CO3JaHHas AJISI U3yde-
HUsI (DEHOMEHA YTpaThl arperaTHBHON yCTOMYMBOCTH
MO4YH (CaMOM JOCTYITHOM IS M3YUCHUS HATYPaIbHOMH
KOJUIOMJTHOW CHCTEMBI), BKJIIOUMIA B ceOsi M3MepH-
tenpHBIM  CBU-0710K; 2JIEKTpOHHBIA OJOK; OIJIOK
ynpaBiieHus (IporpamMMHoe obecrieyeHne Ha 0Oase
KOMITBIOTEPA); OJIOK HU3KOTO JABJICHUS U TETUIOPH3H-
yeckuii Omok. Ilpm 3TOM M3MepuTEnbHBINH ONOK BEI-
nosiHeH Ha O0a3ze CBU-y3ia, onmcannoro B [2, 3]. On
NpeaHa3HaueH Ui BBIPAOOTKH TECTHUPYIOLIETO H3IIY-
yenus Ha yactoTe 30.5 T + 50 k' npu mnoTHOCTH
IIOTOKa ~ BHEPrUM  Ha  BBIXOJE  TIeHepaTopa

~ 80 + 20 MKBT - ¢cM* ¢ MOCIEIyIOIMM H3MEPEHHEM
aMIUTUTY Bl U (a3bl U3TyUEHHs], UCXOISILET0 U3 Tec-
TUpyeMoit cpenbl. brok ympaBieHus: obecriednBaeT
MPOU3BOJIBHEIN BHIOOp pabovMx CXeM IpPOBEIEHUS
KaXaoro m3 KOHKPCETHBIX HCCJ’[eI[OBaHHfI, aBTOMaTHu-
JecKkyro 00paboTKy MaHHBIX B PEATbHOM BpPEMEHU,
BeZieHUe 0a3bl JaHHBIX B KOMIJIEKCHOM MX MPEACTaB-
nenuu (Z = X + 1Y), ruOKy1o cxeMy WX aHaJIHM3a U BBI-
BOJI €T0 pe3yJbTaTOB HAa AKPaH AUCIIES, T/I¢ OHU OTO-
OpaxaroTcst B (QopMe TOUYKM WIH PaJnyc-BEKTOpa
Ha (pa3oBOH IIIOCKOCTU. DIEKTPOHHBIA OJOK HpOM3-
BOJIUT aBTOMATHYECKUIH KOHTPOIb M YJIep)KaHHE 3a-

JaHHBIX TapaMeTPOB IPOBEICHUS KOHKPETHOT'O HC-
CIICZIOBAHHS, & TAK)KE PETUCTPALMIO JaHHBIX B peajib-
HOM BpEeMEHH. BJIOK HH3KOTO JMaBieHus co3nmaeT (op-
BakyyM riyouno# 10 20 = 0.1 MM pT. cT. B OydepHoi
eMkocTH oOseMoMm 10 11, KOoTOpasi depe3 KIarmaH Co-
eIMHSETCS ¢ eMKOCThIO paboueil kioBeTsl. Termnodu-
3UYeCKUil OJIOK 00ecCreynBaeT TEPMOCTAOITA3AITIIO
HU3MEPUTENBHOTO O0Ka 1 paboyeil KIOBETHI ¢ TOUYHO-
creio He xyxe = 0.1 °C. O6uuii Bu 1ab60paTopHOi
YCTaHOBKH TIPEJICTaBJICH Ha pucC. 1, a ee aeranpHas
0JI0K-cxeMa omucana B [4].

TexHu4eckoe BOIUIOIIEHUE WIEW MHCTPYMEHTAIb-
HOW PEruCTPali CBEPXTOHKMX M3MEHEHHH TEKYIIETO
COCTOSIHHSI TENbHBIX MHOTOKOMIIOHEHTHBIX IKHIKHX
CHCTEM BIEpPBBIC PEaTN30BaHO B yCTPOICTBE, MpenHa-
3HaYeHHOM JIJISl TIPOBEICHUS DKCIPEecc-aHaln3a CMe-
cell, COCTOSIIUX W3 YIJIEBOJOPOAOB, W OIMCAaHHOM
B [5]. Ilpu 3TOM CyTh UJEU COCTOWT B CPAaBHCHUU Xa-
PAKTEPUCTUK TECTUPYIOILIETO H3ITyIEeHHUS, HCXOISIIIETO
13 IpoOBI UCCIIeyeMON YKUIAKOCTH, C TAKUMH e Xa-
PaKTEpUCTUKAMHU H3ITy9eHUS, HCXOISIIET0 U3 JKUIKO-
CTH, BHIODaHHOH B KadecTBE STaJlOHA, IO KOTOPOMY
HaCTpamBaCcTCsl U3MEPUTEIHHBIA OJIOK JIabopaTOpHOI
YCTaHOBKH TakK, YTOOBI TECTUPYIOIIee N3ITydeHHE, UC-
XOAsIIee U3 dTalOHA, MUHUMAJIBHO (OJHAKO YCTONYH-
BO) MPEBBIIIANIO TEIUIOBOU myM. TeM caMbIM B Hjeale
YyBCTBHUTEJIBHOCTh W3MEPUTENLHOTO OJIOKa JOBOAWT-
Cci C TIOMOIIBIO BOJHOBOAHOTO TpaHcpopmaropa
JI0 YPOBHS, CONOCTaBHMOTO C YyBCTBHUTEIHLHOCTHIO
HOJIb-MHINKATOPOB THIIA KOPOMBICIA WIH H3MEpPH-

TCJIBHOT'O MOCTA.

INEKTPOHHBIA
6nok

CBY-Enok 1
Tepmoctabunusaummn

CHNOBOW M BAKYYMHBIA
Gnoku

Puc. 1. OOmuii Bua ycTaHOBKH (@), CO CHATBIM KOXXyXoM (0)
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JTOKA3ATEJBbHBIE METOJUKHA U3MEPEHUI

Ho mobutbcs Takoit HACTPOWKH M3MEPUTENHHOTO
CBUY-0n0Ka ymaercs JIMIIb B T€X CIydasx, KOTJa Jx-
AIEKTPUUECKAs] TPOHUIIAEMOCTh JKHAKOW CpPEIbl OT-
JTUYaeTcs OT AMAJIEKTPUYECKON MPOHUIIAEMOCTH BO3-
JIyxa He OoJjiee 4eM Ha 3 CIUHUIIBI, B CHJIY 4ero
Ha TpaHUlE paszjieia MEXIY BO3AYIIHOW U KUIKOU
Ccpeloi He cO3/1aeTcsd 3HAYMMOTr0 MOTOKA M3IYUYCHUS,
HaIPaBJICHHOTO B CTOPOHY JIETEKTOPA.

Boga ke M BOIHBIE XXUIKHE CHUCTEMBI 00JagaroT
B MIWUIAMETPOBOM JIMAINA30HE JJIUH JIECKTPOMATrHUT-
HBIX BOJIH JIMAJIEKTPUYECKON NMPOHUIIAEMOCThIO Oolee
10 enuaui. B cuiay »TOro CKadokK AMAIIEKTPUUECKOMN
MIPOHUIIAEMOCTH Ha TPaHUIIE pa3jiesia MeXIy BO3IyIIl-
HOI 4acThIO BOJIHOBOJAHOI'O TPakTa M BOJHBIMHU CHC-
TeMaMH CTJIQKHUBACTCS 3a CUCT HETPOHUIIAEMOM IS
BOJBI TUAJIEKTPUUYCCKON BCTAaBKH, OT CyXOH IMOBEpPX-
HOCTH KOTOPOM B CTOPOHY JCTEKTOpa OTpa)KaeTcs
3HaYUTeNbHAsl YacTh TECTUPYIOUIETO HW3IyUYeHUs.
U B 3TOM Cilydae 10OMBAaTHCS MHUHUMAIBHON BEJIUYU-
HBI CHTHAlla TIPH HACTPOWKE M3MEPUTEILHOTO TPaKTa
10 TAJIOHHOMY BEILECTBY, KOUM JJII BOJTHBIX CUCTEM,
©CTECTBEHHO, SBJISETCS Boaa (TOYHEE, €¢ OMAMCTHII-
JISIT), IPUXOIUTCS IMyTEM KOMIICHCAIIMU HA JETEKTOpE
addexra, WHIYITMPOBAHHOTO TIOTOKOM H3ITyUCHUS,
OTPaXEHHBIM OT CYXOW TIOBEPXHOCTH JHAJIEKTpHYE-

CKOM BCTaBKH. J[J11 3TOr0 aMIIMTyAa CUTHaJIa, BBIXO-
JISITIIETO U3 3TAJOHHOW CPEJbl, TOBOIUTCS C TIOMOIIBIO
BOJIHOBOJIHOT'O TpaHc(opMaTopa 10 BEIMYHMHBI, Kak
MOXHO OoJyiee ONMM3KOW K aMIUIUTYyXE TOTOKAa, OTpa-
J)KEHHOTO CyXOH MOBEPXHOCTBIO JTUAJNICKTPUUECKOU
BCTaBKH, a ero (aza mensercss Ha 180°. Tlpu sTOM
HACTPOWMKA W3MEPUTEIBHOTO OJIOKa 3aBepIIaeTCs
M0 JOCTWKEHMM TaKOWM MHMHUMAJIbHONW  BEJIUYMHBI
CUTHaJa, UAYIIEro OT JAeTeKTOpa, KOTopasl Ha MPOTs-
’KEHUU HECKOJIbKUX YacoB (HE MEHee §8) COXpaHseTcs,
npereprieBas KojeOaHus 1Mo aMIUIuTye u (asze B mpe-
nemax He Ooisiee 1% OTHOCHTENBLHO HMCXOHZHOIO CO-
CTOSTHHUSL.

B HacTpoeHHOM COCTOSIHMM W3MEPHUTEIbHBIA OJIOK
CIOCOOEH HAJES)KHO OOHAPYKHMBATH PA3IMYUSI B CO-
CTOSIHUW BOJBI, 0OYCIIOBIIEHHBIE OJMHAKOBHIM B KO-
JTUYECTBEHHOM OTHOIIICHUH BBEJICHHUEM B HEE OJTHO3Aa-
PSAHBIX HOHOB, YTO MTOKa3aHO Ha puc. 2. M300pakeHsbl
pe3ynbTaThl W3MEPEHUH, CJAETaHHBIX Ha o0pasiax
BOJHOTO OMANCTHIUIATA, MOYH U OHOMOJISIPHBIX pac-
TBOPOB XJIOPUJOB HaTpusl U Kanus. Ha pucynke mpea-
CTaBJIEHbl W300paXeHHS IHCIUIEeB NIBYX NPHOOPOB
(vccienoBaHus POBOIMIINCH MMAapaJUIeIbHO HA YEThI-
peX WACHTHYHBIX YCTAaHOBKAX B HMHTEPECAX BBISABIIC-
HUs 9P PeKTOB, 00YCTOBICHHBIX YUCTO TEXHHUECKUMHU
MPUYUHAMH).

\npu&op 1 { ‘npuﬁop 2 |
_— +000 —
900 900
800 800
700
e NaCl 1M
500 Y 600
NaCl 1M ot 5
o - 400
tooe- 400 :
MOua
® MOYS  ann KCl 1M ' 300
*
&+ 200 :le)i ] 2| -sona
KCI 1M gl -
L d 2
foo  -800 800 400 200 200 400 600 800 14 00 -800 500 -400 B0 o 200 400 800 890 14
e o : ! Toaig . : ]
-200 ~200
-300 ~300
400 400
~500 ~500
600 600
700 700
800 800
900 ~500
4-500- fee

Puc. 2. 300pakeHus SKpaHOB ANUCIUICEB IBYX YCTaHOBOK (mpubop 1 1 mpudop 2).
Bo BropoM kBazpaHnTte (a30BOH ITIOCKOCTH TOYKH, IIOMEYECHHBIC HAIIUCIMH, COOTBETCTBYIOT Pe3yJIbTaTaM HU3MEpEHHUS
OTKJIMKOB Ha BO3EHCTBHE TECTUPYIOLIETO M3Iy4eHHsI MPpo0 BOABI, MOUN M oJHOMOJISIpHBIX pacTBopoB NaCl n KClI
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Ha xaxxnoM M3 HUX OTKJIMKH Ha BO3JIEHUCTBUE TEC-
TUPYIOIIEr0 U3JIY4YEHHUs BOJbI, MOYM W XJIOpUAA Ha-
TpUsl OTYETJIIMBO PA3MUYAIOTCA MO aMIUIMTyJAE MpHU
HE3HAYHUTEIBHBIX Pa3IHdusAX 10 (asze, a OTKIMKH pac-
TBOpa XJoOpuAa Kaiuus B OOOMX CiIydasX HMEIOT
60npury0 mpuMepHo Ha 30° ¢asy mpu (pakTHIecKH
OJIMHAKOBOW C OTKIIMKaMH pacTBOpa XJOpHJa HaTpHs
amruiutyie. 1 3To xopomo coriacyercsi, BO-EpPBbIX,
C TE€M, YTO XJOpPHAA HATpHUsi B MOYE KaK MUHUMYM
B TpU pa3a Ooiblie, YeM XJIOpUAA Kalus, U, BO-
BTOPBIX, C TEM, YTO MOHBI KaJlHsl, HECYLIHUE OJUHAKO-
BbIl ¢ MOHAMU HATpHs dIEKTPUUECKUN 3apsi, UMEIOT
OOJBITIHIT pa3Mep M MOTYT CBSI3BIBATH OOJIBITICE KOJH-
YeCTBO JUMOJBHBIX MOJEKyJ Bojabl. [lomumo 3toro,
puc. 2 mone3eH B KayecTBe apryMeHTa B MOJb3y (H-
3UYECKON PealbHOCTH COOBITHH, IKBUBAJCHTAMHU KO-
TOPBIX ABJSIOTCS PE3yJbTaThl TECTUPOBAHUS JKUAKUX
BOJHBIX CHUCTEM C MOMOIIbI0 MUJUIUMETPOBOTO 3JIEK-
TPOMAarHUTHOTO H3JIy4eHHsS HHU3KOM WHTEHCHBHOCTH,
nb0 AByMs mpuOopamMH MoNy4eH (HaKTHIECKH OAMHA-
KOBBIH (C y4eTOM €CTECTBEHHOW UIA JIIOOBIX MpUOO-
POB MTOTPENTHOCTH) PE3yIIbTAT.

AMIL. cMUTHAJIA, y.e.

193

173

OHaKo I BBIABJICHHS TOHKMX M3MEHEHHH, BBI-
3BaHHBIX BO BHYTPEHHEM YCTPOWCTBE KOJUIOMIAHOMN
CHUCTEMBI TIOPIIMOHHBIM y/IaJICHUEM U3 HEEe CBOOOHOMN
BOJABI (4TO KAaK pa3 ¥ MPOMCXOJUT B MOYKAX Ha 3a-
KIFOYUTEILHOM dTare (popMHpPOBAHUS MOYHU), CYIIE-
CTBEHHBI HE TOJIBKO Ka4eCTBa M3MEPUTEIBHOTO OJIOKa
WCCIICJIOBATEIBCKON YCTAHOBKH, HO U CBHJICTEIIHCTBA
OTOOpaXKCHUS B JIMHAMHUKE PETUCTPUPYEMBIX JaHHBIX
W3MEHEHHUs] KadecTBa HMMEHHO cucteMbl. C ydeToMm
3TOr0 B pasHbIX MOAM(UKANUAX OBLIM MPOBEIACHBI
9KCIIEPUMEHTBHl C MHOTOKPATHBIM JIO3MPOBAHHBIM HU3-
BJICYCHUEM CBOOOIHON BOJBI U3 MPOO BOJHOTO OMIH-
CTHIIJIATA, TOKA3aBIIHE CIIOCOOHOCTL OYHIIEHHON Ta-
KHM CIIOCOOOM BOJIbI JTOBOJBHO OBICTPO (B TeUeHUE
HECKOJIbKMX MHHYT) BOCCTaHABJIMBATH ONTHUMAJIbHBIN
st Temreparypbl ~37.4 + 0.1 °C Gananc ¢cBoOOHOI
H CBA3aHHOHN BOoabl. OCHOBAHUEM IS TAKOI'O BBIBOIA
SIBUJIACH BBICOKAsl CTEIEHb COBHIAIEHHMS HM3MEHEHHH
BO BpeMeHU 3(PQeKTa B3aUMOJCHCTBHS TECTUPYIOIIS-
ro M3JIyYeHHUS C BOJOM B CEpUHU IMOCICIOBATCIILHBIX
W3BIICYCHUH U3 TPOOBI MOJIEKYJT CBOOOIHOM BOJBI ITy-
TEeM MX BaKyyMHOM OTKA4KH, YTO IIOKAa3aHO Ha PHC. 3.

56769 71737577798

Bpemsi, x2.5¢

Puc. 3. I[I/IHaMI/IKa OTKJIMKa HpO6BI BOJHOTO 6I/II[I/ICTI/IJ'IJ'I$ITEI Ha BOSﬂGﬁCTBHe TCCTUPYIOLWICTO H3ITYUCHHUA
Ha (1)0He BaKyyMHOﬁ OTKa4YKH U3 HCC ):[OBPIpOBaHHOﬁ nopuuun CBO6OZ[HOI71 BOJbI U IIOCJIC CHATHUA q)opBaKyyMa

110 0OpeTeHus npoOoil paBHOBECHOT'O COCTOSTHHSI.

Hauano oTkauku NMpakTHYECKH COBMAAAET C MEepeIHUM (POHTOM KpPUBBIX, & MOMEHT CHATHs (opBaKyyma
0603Haqu BEPTUKAJIBHBIMUA JIMHUAMU NIEPECI HAYaJIOM HHCXO}IS{H_ICI?I YJaCcTHU KPHUBBIX. KpI/IBI)Ie pa3HOTro IBETA
COOTBETCTBYIOT TMHAMHUKE OTKJIMKA MPOOBI Ha KXKIYIO M3 TPEX IOCIEA0BAaTEIbHBIX OTKaYeK U3 Hee CBOOO-
HOW Bomsl. Ha ocum abcumcc mudpamMu OTMEUEHBI TIOPSIIKOBBIE HOMEpa AWCKPETHO (C MHTEpBaiioM 2.5 c)
MIPOBEJICHHBIX N3MEPEHNH OTKIIMKA POOBI HAa TecTUpyomiee uarydenue. [1o ocu opanHar mudpamu 0603Ha-
YeHa aMIUTUTY/la CUTHaJIa, CHHMAaeMOT'0 C J€TEKTOpa, U BEIPa’KCHHAs! B YCIIOBHBIX €JMHUIIAX

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4



BO3MOXHOCTHU MHCTPYMEHTAJIbHOI'O M3YUEHUS YCTPOMCTBA KOJIJIOMJIHBIX CUCTEM 29

Ha Hem pa3sHbIMH LBeTaMU H300pa’keHBI KPHUBBIE,
OTBEYAIONINE W3MECHEHMSAM aMIUIUTY/bl CHUTHAJIOB,
CHUMAeMBbIX C JIETEKTOpa B MPOILECCEe TPEX MOCIeI0-
BaTENbHBIX MPOIENYp BAaKyyMHOH OTKa4KH OJHHAKO-
BBIX OPUUI CBOOOAHOM BOABI U3 MPOOBI BOAHOTO OH-
JUCTWILISITa. MOMEHT Mojadd BakyymMa B pabodyro
KIOBETY Ha KPUBBIX HE OTMEUYEH B MHTEpPECcax 4eTKO-
CTH M300paKeHUSI UX MTOYTH BEPTUKAIBHBIX YYaCTKOB,
00 HaYajo 3TUX YYacCTKOB (PAaKTHYECKH COBIIATACT
C yCTaHOBJEHHEM (OpPBaKyymMa B TOJOCTH KIOBETHI,
a MOMEHTBI BOCCTAHOBJICHUS B MOJOCTH KIOBETHI aT-
MOC(HEpHOTO JaBIEHUS OTMEYEHBl BEPTHKAJIbHBIMU
muausiMA. [Ipu aTom dopmaT n3o0paskeHus pe3ybTa-
TOB H3MEPEHUH B KOOpIMHATaX (aMIUTUTYAa CUTHA-
Ja — BpeMsi) MPUHSAT B MHTEpecax YIPOUICHUS aHAIU-
3a, HAIlEJIEHHOTO Ha BBISBICHHE YHCTO METOAMYECKO-
TO acleKTa OpraHu3aliy UCCIeJOBaHNH KOJUIOMTHBIX
CHCTEM C TIOMOIIBIO CO3JaHHOW YCTAHOBKH, HE YT-
nyOnsisick B pusndeckue aetanud GOpMUPOBAHUS CHT-
HAJIOB, TOCTYMAIONIMX C AETEKTOpa B 0a3y JaHHBIX.
Ho oGpaTtuBmmch k 0a3e JaHHBIX, TJ€ OHU MPEICTaB-
JICHbBl B KOMIUICKCHOM BHJIE, HETPYJIHO YCTaHOBHTH,
YTO pa3HOHANpaBJIEHHAs BO BPEMEHU JHHAMHKA

MamepeHHbI curian

Obpasey: conb NaCl nnotHocTe 1.008

%)
=3
YenoBHaA aMnnuTyAa curHana

OTKJIMKA MTPOOBI BOJIBI HA BO3JICHCTBHUE TECTUPYIOIIETO
u3ay4eHus: (HaKkTHUECKH OOYCIOBJICHA WU3MEHEHUSIMU
(da3bl M3TY4YCHHUS, UCXOMASAIIETO M3 BOJHOH Cpebl.
OpaHako, BBHAY TOTO YTO  PeE3yJbTaT BEKTOPHOIO
CIIOKCHUS U3IYUYCHHSI, UCXOMSIIETO U3 TECTUPYEMON
Cpe/ibl, C M3JIYYCHUEM, OTPAXKCHHBIM CYXOH IOBEPX-
HOCTBIO JIM3JICKTPUYECKOW BCTaBKU, Oyay4dH TOXKE
BEKTOPOM, BBITJISIUT 0€3 y4eTa 3TOro 00CTOSATEIILCTBA
W3MEHEHUSIMH aMILTUTYIbI OJIE3HOT'O CUTHAA.
Takum o0Opa3om, JIIOObIE OTKJIOHEHUS B peayn3a-
UM BOCCTAHOBJICHHS ONTHMAJIBHOTO MPH TEMIIEPaTy-
pe ~37.4 £ 0.1 °C Gananca cBOGOJHOW M CBA3AHHOU
BOJIBI B BOJIHBIX CHCTEMaxX €CTh OCHOBAHHS OTHOCHUTH
Ha CUET MPOSIBJIICHUS NPU3HAKOB, CBOWCTBEHHBIX CHC-
TEME, COCTOSIICH M3 BOJBI U COJACPIKAIIMXCS B HEH
BemiecTB. Ho mpex/e nepexoaa K U3ydeHHIo KOJUIO-
UJHBIX CUCTEM PE30HHO OBLIO MOJYYUTh MPEICTaBIIC-
HHE O JWHAMUKE OTKJIMKA Ha BO3JICHCTBHE TECTH-
PYIOILEro U3Iy4YCHHS 3aBEIOMO yCTOHYMBEIX BOJHBIX
cucTeM (KaKOBBIMHU SIBJISIIOTCS MCTHHHBIC PacTBOPBI
coneil, 00pa30BaHHBIX CHUJIBHON KUCIIOTON M CHIIbHBI-
MH OCHOBaHHUSMH) IPU YCJIOBHH  MHOI'OKPATHOIO
MOPIIMOHHOTO H3BJICYCHUS] W3 HUX CBOOOJTHON BOJBI.

ANnpokcUMauua pesynbTaTa UsmepeHna

T NOHEHNE MCXOAHBD AaHHEX OT BYHKLMK
y=mrexpln=x)

[MANA30H OTKOHEHNI MCXOAHBIX JaHHBI B
KOTOPOM 06pasel] yeToRYHB

Qe YCX OfiHBIE AgHHbIE CONb NaCl NNoTHOCTL 1.008

—&— annpokcUMaLWA dyHKUMER BUAa  ¥=m «expln=x)

YecnoBHas avnavTyaa curHana

12 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Homep BosgeiicTensa Ha obpasey

Puc. 4. /lunamuka otkirka npoosl BogHoro pactsopa NaCl na cepuro u3 20 oTkauek u3 Hee CBOOOIHON BOABI.

MoMeHTBI IOAa4YM U CHITUS (POpBaKyyMa HE OTMEUCHBI B MHTEpecax 00JIerueHHs] BU3yalbHOTO aHain3a KpuBoii. [To ocsam
abcuuce U OpAMHAT Ha 4acTH (a) PUCYHKa — TO XKe, 4To U Ha puc. 3. Ha yactu (0) pucyHka — 1o ocu abclucc NpoHyMe-
POBaHBI NOPAAKOBBIE HOMEpA IOCIEAOBATEIbHBIX OTKaueK M3 MpoObI cBOOOAHOHN Boawl. Hax ockro abcrucc B yactu (0)
pHCYHKa TEMHOM TOJIOCOH 0003Ha4YeHa 30Ha BOBMOXHBIX B CHITY IIPHOOPHOM MOTPEITHOCTY OTKIOHEHUH SKCIIEPUMEHTAITb-
HOM KPUBOH OT 9KCIIOHEHTBI, TIOJTy4YCHHON B PE3YJIbTATE €€ AlIPOKCUMAIIUH BBIPAXKECHUEM ) = m-eXp(#-X)
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[Ipu 3TOM OKa3anoch, 4YTO MO MEpE YILUIOTHEHUS TaKO-
BBIX BOJHBIX CHCTEM 3a CUET M3BJICUCHHUS U3 HUX CBO-
00/THOM BOJIBI MX OTKJIHMK Ha BO3JICHCTBUE TECTUPYIO-
MIETO M3JIYYCHHS MOHOTOHHO MEHSETCS Kak Ha (oHe
noTepy CBOOOIHOWM BOJBI B YCJIOBUSX €€ BaKyyMHOH
OTKAYK{, TAK M B COCTOSHHMHU CTAOMJIM3ALMM I10CJIE
cHsaTHS QopBakyyMma. [Ipuuem B mocieaHeM ciydae,
T.€. B CUTYallUsX, 10 CYTH, OJIM3KUX K YCIOBUSIM €CTe-
CTBEHHOTO YIUIOTHEHHUS KOJUIOWIOB OMOJIOTHYECKOTO
MPOUCXOXKJICHUSI, COOBITHUS PAa3BUBAIOTCS TaK, 4YTO
[0 TOYKAaM, OTBEUYAIOIIUM aMIUIUTYAE OTKJIHMKOB HC-
TUHHBIX PAacTBOPOB, BEPHYBIIUXCA B PAaBHOBECHOE
COCTOSIHHE ITOCJIE€ OTKAYKH M3 HHUX CBOOOJHOM BOJBI,
MOYKHO IIPOBECTU KPUBYIO, KOTOpas XOPOLIO allpoK-
CUMUPYETCSI BEIPAKEHUEM

y=C-exp (kx),

rae C u k— KOHCTaHTBI, 4TO IMOKa3aHO Ha puc. 4.

Ha puc. 4, a, npuBeneH TUNMUYHBIA BUA AMHAMUKU
aMIUIMTY/Ipl CHTHAIa, CHOIMAaeMOr0 C JISTEKTOpa B IPO-
recce TPOBEJCHHUS CEPUH JO3MPOBAHHBIX BaKYYMHBIX
oTKauek BoJpl u3 podsl pactBopa NaCl. A na puc. 4, 0,
NpUBEJIeHA KPUBasi, IOCTPOCHHAS B TOM JKe Maciirade

M3mepeHHbIA curHan

B
= e
NN
BR
YcnoeHas amnnuTyaa curHana

e
=
5 =

——t—
N W s 0 N 0 W

»25¢c

Bpems,

[0 TOYKaM, OTBEYAIONINM aMIUIUTYJE OTKJIMKOB IIPO-
OBl Ha BO3JICHCTBHE TECTHPYIOIIETO M3ITyUEHUs MOCIe
OYepeTHON OTKAYKH M3 HEe MOPIMHA CBOOOHON BOIBI,
U pe3yJIbTaT allpoOKCUMAIMK 3TOW KPUBOMN BBILICTIPU-
BEJICHHBIM BbIpakeHueM. [Ipu 3ToM cocTosiHue cra-
OunM3auy MpoOBI TIOCIe OYepeHOW OTKauKH U3 Hee
CBOOO/IHOIM BOJIBI OIPENENSIeTCS aBTOMATUYECKH ITy-
TEM CpaBHEHHUS YCpEIHEHHBIX 3HAYeHHH Kakabix 10
MPENBITYIIUX W3MEPEHUH C YCpeIHEHHBIMH 3Hade-
HUAAMH KXAbIX 10 clemyonmx U3MEepeHui u TakKe
ABTOMAaTHYECKH CTPOUTCS U allPOKCUMHUPYETCS dKC-
MOHEHTOU CIJIa’KeHHasi KpUBas, MPOBEICHHAs IO pe-
3yJbTaTaM W3MEPEHHH, CISIaHHBIX MTPH PAaBHOBECHOM
COCTOSIHUH TIPOOBI.

AHAIOTHIHBIM 00pa30M MEHSFOTCS OTKJIMKA Ha BO3-
JISVCTBHE TECTUPYIOIIETO U3ITyUeHHs] U B CIIy4asix ce-
puiiHON OTKauku CBOOOIHON BOIBI M3 NPOO arpera-
THBHO YCTOWYHMBBIX OOPa3IOB MOYH, YTO MOKAa3aHO
Ha puC. 5, MOCTPOSHHOM TaK ke, Kak puc. 4.

Ho B cirygasix yrutoTHeHHS TeM ke crocoOoM o0pas-
LIOB MOYH, CKJIOHHBIX K MOTEpE arperaTuBHON yCTONUM-
BOCTH, B JWHAMUKE WX OTKIMKOB Ha BO3ICHUCTBHE
TECTUPYIOIIETO M3ITyYEeHHUsI IMEIOT MECTO 3aMETHEIE

Annpokcumauyus pesynsrata UsmepeHus

N OTKNOHEHWE UCXOOHbLIX AaHHbIX
OT hyHKUMM y'=mr=eXpin=x)

AWana3oH OTKMNOHEeHWA
MCXOAHBIX [AAHHBIX,B KOTOPOM
obpaszel ycToON4YMB

YCnoeHas amnnuTyaa curHana

1 2 3 45 6 7 8 9
Homep Bo3aewcTBuA Ha obpa3sey

10 11 12 13 14 15 16 17 18 19 20

Puc. 5. /lunamMuKa OTKIIMKa POOBI arperaTMBHO YCTOWYMBOM MO4X Ha ceprio 13 20 OTKauek U3 Hee CBOOOTHOM BOJIBI.

O6o3Ha4yenus1, Kak Ha puc. 4
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OTKINOHEeHUe UCXOOHbIX AaHHbIX r
OT (hyHKUMM Y2 =K=exp(r*X) /’ L
vl
I OTKNOHEeHue UCXOOHBIX OaHHbIX

oT hyHKUMK ¥y 1=m+exp(n+*x)

OManasoH OTKINOHEeHWH
MCXOHbIX AaHHbIX B KOTOPOM
obpasel ycTon4mB

MCXOHbIE faHHbLIe: MoJa
nnoTHocTh 1.008

YcnoeHas amnnutyga curdana

T
o N o W

T
N W B O

— 1 1 1 10

10 11 12 13 14 15 16 17 18 19 20
Homep Bo3sgeicTeuA Ha obpasey

4 5 6 7 8 9

Puc. 6. /lunamuka OTKJIMKA TPOOBI MOYH, COJEpPIKAICH B ceO¢ MOTCHIIMU YTPAThl arperaTUBHON YCTOHYUBOCTH, Ha CEPHIO

n3 20 oTKadek u3 Hee CBOOOIHOM BOJIBI.

O06o3HaveHus o OCsM abCIice B OpaAMHAT — Kak Ha puc. 4. Ha dactw (a) pucyHKa OTMEUYEHBI ABYMS TOPH30HTAIBHBIMHI
JIMHUSIMH, TIPOBEACHHBIMHU 0] KpUBOH, 3()(EeKTHI MOsIBICHNS B IPpoOe CBOOOTHOM BOABI 3a CUET CIUSHMSA KAaKUX-TO KOJIJIO-
W/IHBIX YacCTHI] BCIEACTBUE YTPAThl CHCTEMOH arperaTMBHONW YCTOMYMBOCTH. AMIUIMTYAA CHTHAJIA, OTBOJMMOTO OT JETEK-
TOpa B YCIIOBUSIX TIOSIBIICHHSI B CHCTEME CBOOOJIHOI BOJIBI, 3AMETHO CHMYKAETCSl OTHOCHUTEIILHO OKHJIAEMOTO €€ 3HAYCHUS.
B wacTu (0) pricyHKa BEpTHKaJIbHBIMHU CTOJIOI[AMH, TPEBBILIAIOIINMI BEPXHUH Kpail TEMHOW MOJIOCHI, 0003HAYEHBI aBTOMa-
THUYECKH OTPE/ICIICHHBIC OTKJIOHEHHUS PEaIbHBIX PE3YJIbTATOB H3MEPEHHUS OT 0XKHIAEMbIX 3HAUCHHUH MPH Pa3BUTHU COOBITHI
6e3 noTepu nMpoOoii MOYM arperaTMBHOW ycTOW4MBOCTH. BTopas skcroHeHTa, n3o0paxeHHas Ha (0), CTpOUTCS MO pe3yJib-
TaTaM arnpOKCHMAalHH yJacTKa SKCIEPHMEHTAIBHON KPUBOH, PACHONIOKEHHOTO IIpaBee MOMEHTOB MOTEpH MPOoOoii arpe-

TaTUBHOM yCTOWYMBOCTH

OTKJIOHCHHUS OT TJ1aJIKOT0 SKCHOHEHIMAIBLHO Pa3BUTHS
coOwrThii (puc. 6). IlpoucxoauTt 3TO BCIEACTBHE TIO-
SIBJICHUSI B Mpo0Oe TOM WJIM MHOM MOPIMH CBOOOIHOM
BO/JIbI Ha KaKOW-TO O4YEpPEIHON CTaJAUM €€ YIJIOTHEHUS
MyTeM BaKyyMHON OTKAayKd CBOOOJHOHM BOJBI. AM-
IUINTYda OTKJIMKA NpOoObl Ha KaKOE-TO OYepPEeIHOE
BO3JICHCTBUE TECTUPYIOIIETO U3IYUYCHHUS OKa3bIBACTCS
3HAaYMMO MCHBIIE OXHJIAEMOW C YYETOM IJIaJIKOTrO
pa3BUTHSL COOBITHH, YTO YBEPEHHO OIIPENeNsIeTCs
W MPU BU3YaIbHOHN OIICHKE Ipa)uuecKoro mpejacraB-
JICHHUsI Pe3yJIbTaTOB M3MEPEHHH, W MPH aBTOMAaTHYe-
CKOM ux 00paboTke. M 1OMOMTHUTENBHBIM apryMEHTOM
B IOJIb3Y TOrO, YTO MpEJJiaraeMblii CII0CO0 aHaau3a
mpo0 MOYM TPUTOJCH JJIsi BBISBICHUS CKPBITOH TO-
TOBHOCTH €€ K (pOpMHPOBAHUIO TBEpIOH (passl, SBIIS-
eTCsl TO OOCTOSITENIbCTBO, YTO BEPOSITHOCTH BHISIBIIC-
HUSI IPU3HAKOB arperaTMBHOW HEYCTOHYUBOCTH B 00-
pasiax Mouyu obnaaareneid MoueKaMeHHOW OoJie3HH
B HECKOJIBKO Pa3 BBIIIE, YeM B 00pa3liax MOYH JHO/ICH,
HE CTPAJAOIUX dTUM HEAYTOM.

HAVYYHOE [NIPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4

3AK/IIOYEHUE

Ha ocHoBaHmmM W37M0KEHHOTO MaTepraza MOYKHO
nojararb, 4YTo, IOMHUMO BO3MOXXHOCTH HCIIOJIb30BAaTh
OTMCAHHBIN BBINIE METOJl B MHTEpecax M3Y4YCHHUs Ma-
TOTEHE3a MOUYCKaMEHHOH Oone3Hu, obnamaTensiMu
KoTopoit, mo manHeiM BO3, sBustorcst 6onee 400
MWJUTMOHOB 3E€MJISH, JaNbHEWINas ero pa3padoTka
MOXeT 00O0raTUTh U METOJAMYECKHH apceHan (yHaa-
MEHTAJFHOW HayKH B OO0JIaCTH TO3HAHWS (HYyHKITHO-
HAJILHOTO YCTPOWCTBA KHUBBIX OOBEKTOB.
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OF THE STRUCTURE OF BIOLOGICAL COLLOIDAL SYSTEMS
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This work was initiated by Lydia Nikolaecvna Gall in connection with her experimental studies of water
properties. Theoretical justifications for the possibility of an instrumental record of moments of loss of aggrega-
tive stability by colloidal systems of biological origin are described, and general guidelines for creating instru-
mentation for this are described. A variant of this device, designed to identify urine's propensity to exude a solid
phase, is suggested.
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INTRODUCTION

This work was initiated by Lidiya Nikolaevna Gall
in connection with her experimental studies of the
properties of water. At the time, the method used here
aroused Lidiya Nikolaevna's keen interest; she took an
active part in its discussion and supported and pro-
moted it in every possible way among her colleagues.
We planned a large series of joint works based on
Lidiya Nikolaevna's laboratory and with her direct
participation. Unfortunately, we were unable to com-
plete either this cycle of research or this publication
together with her and during her lifetime. The authors
dedicate this article to the memory of the outstanding
scientist and enthusiast of research into the subtle
properties of water and aqueous solutions, Lidiya Ni-
kolaevna Gall.

THEORETICAL JUSTIFICATION
OF THE RESEARCH

The fundamental difference between all natural
liquid media of biological origin and man-made lig-
uids is that each of them has its own purpose in the
functional composition of a living object. This pur-
pose is ensured not by the elemental and molecular
content of such liquid media, for the analysis of which
a rich variety of special devices have been created, as
well as methods of analytical chemistry, but by their
systemic design, which, unfortunately, is still outside
the field of vision of specialists studying the function-
al structure of living objects. As a result, by default,
liquid media of living organisms are usually consi-
dered passive carriers of one or another set of compo-
nents, the quantitative content of each of which is then
subject to assessment for compliance or non-
compliance with an arbitrarily adopted convention,
named "norm” in terms of statistical calculations.
However, as practice shows, such assessments do not
carry any prognostic value because in nature in gener-
al, and especially in living nature, liquid media are not
a receptacle for active components but integral func-
tional systems. The most striking evidence of this is
the systemic nature of the formation of a solid phase
in different liquid environments of the body (in bile,
urine, and saliva in the form of mobile stones and in
the blood in the form of solid plaques firmly fused
with the walls of blood vessels), in the absence of
a connection between this phenomenon and their mo-
lecular composition.

The composition of all the solid formations named
above is variable even in the working fluids of living
organisms, such as blood, bile, and saliva, but an ex-
ample of the variability of the composition of the solid
phase (stones) and the absence of a connection with
the component composition is urine — a liquid that
removes slag material from the body. According to

the predominant presence in the composition of the
solid phase, stones are distinguished as consisting of
oxalates, phosphates, and urates; stones of diffusive
mixed composition and clearly layered stones, while
the urine of the carriers of such stones does not differ
in the predominance of oxalates, urates, or phosphates
in its composition. Urine composition, pH, and densi-
ty change over time depending on the composition of
the food eaten, the amount and composition of the
liquid drunk, and other aspects of the structure of eve-
ryday life, directly or indirectly affecting the metabol-
ic processes in a living organism. The only common
feature for all the variety of urinary stones is their
state (not liquid) singled out from a liquid medium.
This means that it is not the infinitely varied compo-
nent composition of urine, which has been studied by
urologists for over two hundred years, that is the key
to understanding stone formation, but something
common in its aggregate state.

This feature is the colloidal state of the substance,
not only of urine but of all liquid media of biological
origin in general, in which substances accessible to
detection and quantitative accounting by the methodo-
logical means available to science are in a bound state
due to the action of purely physical factors not asso-
ciated with the formation of chemical bonds. These
factors are still unknown to science in their entirety,
since only a small part of the specificity of the col-
loidal state of liquids of biological origin is explained
in terms of electrical interaction between charged par-
ticles of matter. In this case, everything that has a di-
rect relationship to ensuring the living state of matter
is unknown. This is evident from the absence of any
other (other than colloidal) state of liquid media in the
internal space of living objects, despite the fact that in
inanimate nature there are both colloids and true solu-
tions (aqueous monosolutions of all inorganic com-
pounds).

This is a reality, and it would be a mistake to ig-
nore it when trying to develop realistic ideas about the
functional structure of living organisms, given that the
body of an adult of average height and weight con-
tains more than 25 liters of liquid media of various
kinds. But the entire methodological arsenal created
for the study of colloidal systems, being aimed at
working with man-made colloids that are widely used
in a variety of areas of human existence, does not pro-
vide for the study of colloidal systems of biological
genesis in general and the functional purpose of the
colloidal state of liquid media in ensuring the living
state of matter. This means that the formation of
judgments close to reality about the functional struc-
ture of liquid media in the interests of understanding
the functional structure of living objects is generally
associated with the development of new approaches to
organizing and conducting scientific research that are
adequate to this.



In this case, first of all, it is necessary to take into
account the fact that all living things are, in terrestrial
conditions, the highest form of embodiment of evolu-
tionary tendencies inherent to the objective reality,
which is obvious without proof from the fact of the
progressive evolution of the phenomenon of life on
Earth. And because of this, the development of realis-
tic judgments about the regularities that determine this
or that aspect of the material design of some function-
al system cannot rely on the use of instrumental me-
thods created without taking into account the factor of
expediency (subordination to the internal logic) of the
functional composition of living objects. The fact is
that, having data on the dynamics of this or that phys-
ical phenomenon that takes place in a living organism,
in its organs or tissues, or in the space adjacent to it
and is accessible for recording by instrumental means,
we do not have unambiguous criteria for classifying
this dynamics in the category of an active principle. In
the absence of the possibility of obtaining empirical
arguments that clearly testify in favor of the leading
role of an instrumentally recorded phenomenon, its
dynamics with equal probability may turn out to be
noise associated with the manifestation of a hidden
active principle. And it is logical to look for a way out
of this situation by developing methods directly aimed
at studying those aspects of the material design of the
functional systems of living organisms, for the com-
prehension of the essence of which the available
knowledge about the structure of objective reality is
insufficient, as, in particular, there is a lack of know-
ledge about the nature of the colloidal state of liquid
media of biological genesis.

It is known for certain about these media, firstly,
that their dispersed medium is water. Secondly, that
the dispersed phase is represented by a permanently
dynamic diversity of colloidal particles of different
composition and different sizes, carrying different in
magnitude electric charges of both signs; the particles
of the dispersed phase form together with the dis-
persed medium an integral functional system [1].
Thirdly, that all liquid media of biological origin are
extremely unstable outside the internal sphere of liv-
ing objects, in the functional structure of which they
are, taking into account that the appearance of a solid
phase in the zone of functional competence of a par-
ticular liquid medium of living organisms can reason-
ably be considered through the prism of the incom-
plete validity of its aggregate stability. The conse-
quence of the unambiguity of the definition of solid
objects by the fact that they have their own shape is
the unambiguity of the occurrence of aggregative in-
stability of liquid media of biological genesis as a pre-
requisite for the formation of a solid phase in them
under certain conditions.

Thus, the development of events occurring in the
mass of a colloidal system in connection with the ma-

nifestation of its aggregate instability is singled out as
a subject of study by instrumental methods for devel-
oping scientific judgments about the nature of the col-
loidal state of fluids of biological genesis. True, it is
currently impossible to recognize in real time the ac-
tual enlargement of colloidal particles due to their fu-
sion when the colloidal system loses its aggregate sta-
bility due to the impossibility of instant accounting for
the particle size distribution. As a result, the instru-
mental means for conducting such studies will have to
be created, focusing on events that are clearly asso-
ciated with the association of colloidal particles. And
the most reliable of such events in terms of absolute
obligation is a stepwise increase in the amount of free
water in the composition of a colloidal system, occur-
ring simultaneously with the enlargement of particles
of any size due to their association. This is ensured by
the fact that the area of the interface of the substance
of the new, larger particle with the dispersed medium
(water) is less than the total surface of the particles
that have undergone association, as a result of which
the area of the surface carrying the electric charge and
thereby restricting the freedom of movement of water
molecules decreases, releasing some of them from the
electrical connection. Moreover, in view of the fact
that the substance of the dispersed phase of liquid me-
dia constitutes, at a minimum, several percent of their
total mass, the effect of such release of water mole-
cules cannot but affect the state of the balance of free
and bound water in the system as a whole, which, in
fact, can serve as an object of instrumental detection.

GENERAL PROVISIONS

Instrumental means capable of recording subtle
shifts in the balance of free and bound water in a col-
loidal system can be created on the basis of high sen-
sitivity to such a balance of the effects of interaction
with water systems of millimeter-range electromag-
netic radiation with its obviously non-thermal intensi-
ty. The emphasis on the non-thermal intensity of the
radiation used is important due to the fact that when
heating water using the energy of absorbed radiation,
the dominant phenomena will be those associated with
the relaxation of the absorbed energy.

In addition, the instrumental means should allow
modeling, at a minimum, the main aspects of the de-
velopment of events fraught with the emergence of
aggregate instability of biological fluids, due to the
fact that this state, unlike density or temperature, is
not inherent to them at any moment in time but occurs
under certain conditions that are permanently dynamic
in a living organism. For this purpose, data on the na-
ture and quantitative indicators of natural changes in
the current state of any of the human liquid media can
be taken from literary sources of a physiological pro-
file. But the focus should always be on the fact that



any changes in the composition and (or) number of
particles in a unit volume of the system, as well as the
composition and quantity of different ions in the same
volume, etc., are always accompanied by a change in
the balance of free and bound water molecules in the
dispersion medium. Considering the two variants of
the dynamics of the content of free water molecules in
the dispersion medium (during compaction or lique-
faction of the colloidal system) in terms of identifying
aggregative instability in the tested samples of the
colloidal system, it is relevant to model only that ten-
dency in which the enlargement of particles sus-
pended in the medium is provoked with the release of
free water molecules into it.

To model the conditions that provoke the manife-
station of aggregative instability in the tested sample
of the colloidal system, it is proposed to use the me-
thod of its stepwise compaction within the natural
range of changes in the density of a specific variant of
a biological fluid (bile, urine, etc.). It is proposed to
carry out compaction by discrete extraction of free
water from the sample by means of a short-term de-
crease in air pressure above its surface to the maxi-
mum possible level, at which vaporization does not
yet occur inside the volume of liquid, the temperature
of which is close to the temperature of the internal
environment of a person (~37.4 £0.1 °C). Periods of
vacuum pumping out of free water from the tested
sample should alternate with periods of the sample
acquiring an equilibrium state. The minimum duration
of the periods of sample stay in forevacuum condi-
tions and normal pressure is limited in the first case by
technical factors of achieving a given level of residual
pressure, and in the second case — by the speed of
achieving a stable state by the tested system.

INSTRUMENTAL IMPLEMENTATION
OF THE METHOD

The laboratory setup created to study the pheno-
menon of loss of aggregate stability of urine (the most
accessible natural colloidal system for study) included
a measuring microwave unit; an electronic unit; a con-
trol unit (computer-based software); a low-pressure
unit and a thermophysical unit. The measuring unit is
based on the microwave node described in [2, 3]. It is
designed to generate testing radiation at a frequency
of 30.5 GHz + 50 kHz with an energy flux density at
the generator output of ~ 80 + 20 pW cm > with sub-
sequent measurement of the amplitude and phase of
the radiation emanating from the tested medium. The
control unit provides an arbitrary choice of working
schemes for conducting each of the studies, automatic
data processing in real time, maintaining a database
with complex data representation (Z = X + 1Y), a flex-
ible scheme for data analysis, and outputting results to
the display screen, where data are displayed in the

form of a point or a radius vector on the phase plane.
The electronic unit carries out automatic control and
maintenance of the given parameters for conducting a
specific study, as well as data recording in real time.
The low-pressure unit creates a forevacuum with a
depth of up to 20 + 0.1 mm Hg in a buffer tank with a
volume of 10 L, which is connected through a valve to
the tank of the working cuvette. The thermophysical
unit ensures thermal stabilization of the measuring
unit and the working cuvette with an accuracy of no
worse than = 0.1 °C. The general appearance of the
laboratory setup is shown in Fig. 1, and its detailed
block diagram is described in [4].

Fig. 1. General view of the device (a), when the casing
is removed (0)

The technical embodiment of the idea of an in-
strumental record of ultrafine changes in the current
state of integral multicomponent liquid systems was
first implemented in a device intended for express
analysis of mixtures consisting of hydrocarbons and
described in [5]. The essence of the idea consists in
comparing the characteristics of the test radiation
emanating from a sample of the liquid being studied
with the same characteristics of the radiation as ema-
nating from the liquid standard, according to which
the measuring unit of the laboratory setup is adjusted
so that the test radiation emanating from the standard
minimally (but stably) exceeds thermal noise. Thus,
ideally, the sensitivity of the measuring unit is up-
graded with the help of a waveguide transformer to a
level comparable to the sensitivity of null indicators
such as a rocker or a measuring bridge.

EVIDENTIAL MEASUREMENT METHODS

But it is possible to achieve such a setting of the
measuring microwave unit only in those cases when
the permittivity of the liquid medium differs from the
permittivity of air by no more than 3 units, due to
which, at the interface between the air and liquid me-
dium, no significant radiation flux directed towards
the detector is created.

Water and aqueous liquid systems have a permit-
tivity of more than 10 units in the millimeter range of
electromagnetic wave lengths. Due to this, the jump of
permittivity at the interface between the air part of the
waveguide path and water systems is smoothed out
due to the dielectric insert impermeable to water, from
the dry surface of which, towards the detector, a sig-
nificant part of the testing radiation is reflected. And
in this case, it is necessary to achieve the minimum
signal value when adjusting the measuring path to the
reference substance, which for aqueous systems is



naturally water (more precisely, its bidistillate), by
compensating on the detector for the effect induced by
the radiation flux reflected from the dry surface of the
dielectric insert. To do this, the amplitude of the sig-
nal coming from the reference medium is adjusted by
means of a waveguide transformer to a value as close
as possible to the amplitude of the flux reflected by
the dry surface of the dielectric insert, and its phase is
changed by 180°. In this case, the adjustment of the
measuring unit is completed upon reaching such
a minimum signal value coming from the detector,
which is kept for several hours (at least 8), undergoing
fluctuations in amplitude and phase within the limits
of no more than 1% relative to the initial state.

In the adjusted state, the measuring unit is capable
of reliably detecting differences in the state of water
caused by the same quantitative introduction of singly
charged ions into it, as shown in Fig. 2. The results of
measurements made on samples of aqueous bidistil-
late, urine, and one-molar solutions of sodium and
potassium chlorides are shown. The figure shows im-
ages of the displays of two devices (the studies were
conducted in parallel on four identical installations in
order to identify effects caused by purely technical
reasons).

Fig. 2. Displays of two units (instrument 1 and in-
strument 2).

In the second quadrant of the phase plane, the points
marked with inscriptions correspond to the results of
measuring the responses to the effect of test radia-
tion of samples of water, urine, and monomolar so-
lutions of NaCl and KCI

In each of them, the responses to the test radiation
of water, urine, and sodium chloride clearly differ in
amplitude, showing minor differences in phase; the
responses of the potassium chloride solution in both
cases have a phase approximately 30° greater with an
amplitude that is virtually identical to the responses of
the sodium chloride solution. And this agrees well,
firstly, with the fact that there is at least three times
more sodium chloride in urine than potassium chlo-
ride and, secondly, with the fact that potassium ions,
which carry the same electric charge as sodium ions,
are larger in size and can bind a larger number of di-
pole water molecules. In addition, Fig. 2 is useful as
an argument in favor of the physical reality of the
events, the equivalents of which are the results of test-
ing of aqueous systems using millimeter electromag-
netic radiation of low intensity, since the two devices
obtained virtually the same result (taking into account
the natural error for any devices).

However, to identify subtle changes caused in the
internal structure of a colloidal system by portionwise
removal of free water from it (which is exactly what

happens in the kidneys at the final stage of urine for-
mation), not only the features of the measuring unit of
the research setup are important, but also the evident
display of changes in the quality of the system in the
flow of the recorded data. Taking this into account,
experiments were carried out in various modifications
of multiple dosed extraction of free water from sam-
ples of aqueous bidistillate, showing the ability of wa-
ter purified in this way to rather quickly (within a few
minutes) restore the balance of free and bound water
optimal for a temperature of ~37.4 = 0.1 °C. The basis
for this conclusion was the high degree of coincidence
of the changes in time of the effect of interaction of
the testing radiation with water in a series of succes-
sive extractions of free water molecules from the
sample by vacuum pumping, as shown in Fig. 3.

Fig. 3. Dynamics of the response of a bidistilled wa-
ter sample to the effect of testing radiation against
the background of vacuum pumping out of it a dosed
portion of free water and after removal of the foreva-
cuum until the sample has reached an equilibrium
state.

The start of pumping out practically coincides with
the leading edge of the curves, and the moment of
removal of the forevacuum is indicated by vertical
lines before the beginning of the descending part of
the curves. Curves of different colors correspond to
the dynamics of the sample response to each of three
consecutive pumpings of free water from it. On the
abscissa axis, the numbers indicate the ordinal num-
bers of discrete (with an interval of 2.5 s) measure-
ments of the sample response to testing radiation. On
the ordinate axis, the numbers indicate the amplitude
of the signal recorded from the detector and ex-
pressed in conventional units

It shows curves in different colors that correspond
to changes in the amplitude of signals recorded from
the detector during three successive procedures of va-
cuum pumping of identical portions of free water from
a sample of aqueous bidistillate. The moment of va-
cuum supply to the working cuvette is not marked on
the curves for the clarity of the image of their almost
vertical sections, since the beginning of these sections
actually coincides with the establishment of a foreva-
cuum in the cavity of the cuvette, and the moments of
restoration of atmospheric pressure in the cavity of the
cuvette are marked by vertical lines. The format of the
image of the measurement results in coordinates (sig-
nal amplitude - time) is adopted so that to simplify the
analysis aimed at identifying a purely methodological
aspect of organizing studies of colloidal systems using
the created setup without going into the physical de-
tails of the formation of signals coming from the de-
tector to the database.



Considering the database, where they are presented
in a complex form, it is easy to establish that the mul-
tidirectional dynamics in time of the response of the
water sample to the effect of the testing radiation is
actually due to changes in the phase of the radiation
emanating from the aquatic environment. However,
due to the fact that the result of the vector addition of
the radiation emanating from the tested environment
with the radiation reflected by the dry surface of the
dielectric insert is also a vector and looks like changes
in the amplitude of the useful signal without taking
this circumstance into account.

Thus, any deviations in the restoration of the
optimal balance of free and bound water in aqueous
systems at a temperature of ~37.4 = 0.1 °C can rea-
sonably be attributed to the manifestation of features
characteristic of a system consisting of water and the
substances contained in it. But before going on to the
study of colloidal systems, it was reasonable to get an
idea of the dynamics of the response to the impact of
testing radiation of obviously stable aqueous systems
(which are true solutions of salts formed by a strong
acid and strong bases) under the condition of repeated
portioned extraction of free water from them.

It turned out that as such aqueous systems get
compacted by extracting free water from them, their
response to the testing radiation changes monotonical-
ly both against the background of the loss of free wa-
ter under vacuum pumping conditions and in the stabi-
lization state after removing the forevacuum. In the
latter case, i.e., in situations essentially close to the
conditions of natural compaction of colloids of bio-
logical origin, events develop in such a way that
a curve can be drawn at the points corresponding to
the amplitude of the responses of true solutions that
have returned to the equilibrium state after pumping
out of free water from them, and this curve is well
approximated by the expression

y=C-exp (kx),

where C and k£ are constants, as shown in Fig. 4.

Fig. 4, a, shows a typical view of the dynamics of
the amplitude of the signal recorded from the detector
in the process of carrying out a series of dosed va-
cuum pumpings of water from a sample of NaCl solu-
tion. Fig. 4, 6, shows a curve, constructed on the same
scale by points corresponding to the amplitude of the
sample responses to the effect of testing radiation after
the next pumping out of a portion of free water from
the sample, and the result of the approximation of this
curve by the above expression. The state of stabiliza-
tion of the sample after the next pumping out of free
water from it is determined automatically by compar-
ing the average values of each 10 previous measure-
ments with the average values of each 10 following
measurements, and a smoothed curve is also automat-
ically constructed and approximated by an exponen-

tial. The curve is drawn based on the results of mea-
surements made at the equilibrium state of the sample.

Fig. 4. Dynamics of the response of a sample of an
aqueous NaCl solution to a series of 20 pumpings of
free water from it.

The moments of applying and removing the foreva-
cuum are not marked to facilitate the visual analysis
of the curve. The axes of abscissas and ordinates in
part (a) of the figure present the same content as
Fig. 3. In part (0) of the figure, the ordinal numbers of
successive pumpings from the sample of free water
are numbered along the abscissa axis. Above the ab-
scissa axis in part (0) of the figure, a dark strip indi-
cates the zone of possible deviations of the experi-
mental curve from the exponential obtained as a result
of its approximation by the expression y = m-exp(n-x)
due to instrumental error

The responses to the effect of testing radiation
change similarly in cases of serial pumping out of free
water from samples of aggregation-stable urine sam-
ples, which is shown in Fig. 5, constructed in the same
way as Fig. 4.

Fig. 5. Dynamics of the response of a sample of ag-
gregate-stable urine to a series of 20 pumpings of free
water from it. Designations as in Fig. 4

But in cases of compaction of urine samples prone
to loss of aggregate stability by the same method, no-
ticeable deviations from the exponentially smooth
development of events occur in the dynamics of their
responses to the effect of testing radiation (Fig. 6).

Fig. 6. Dynamics of the response of a urine sample
with a potential loss of aggregate stability to a series
of 20 pumpings of free water from it.

Designations along the abscissa and ordinate axes
correspond to Fig. 4. In part (a) of the figure, the ef-
fects of the appearance of free water in the sample
due to the fusion of some colloidal particles as a re-
sult of the loss of aggregate stability by the system
are marked by two horizontal lines drawn under the
curve. The amplitude of the detector signal under the
conditions of the appearance of free water in the sys-
tem is noticeably reduced relative to its expected val-
ue

This occurs due to the appearance of one or anoth-
er portion of free water at some subsequent stage of its
compaction by vacuum pumping out of free water in
the sample. The amplitude of the sample response to
some subsequent effect of testing radiation turns out
to be significantly less than expected taking into ac-



count the smooth development of events, which is
confidently determined both by visual assessment of
the graphical representation of the measurement re-
sults and by their automatic processing. An additional
argument in favor of the fact that the proposed method
of analyzing urine samples is suitable for identifying
its latent readiness to form a solid phase is the fact
that the probability of identifying signs of aggregate
instability in urine samples of humans with urolithia-
sis is several times higher than in urine samples of
people who do not suffer from this disease.

In part (0) of the figure, the vertical columns exceeding
the upper edge of the dark band indicate the automatically
determined deviations of the actual measurement results
from the expected values during the development of events
without the loss of aggregate stability by the urine sample.
The second exponent shown in (0) is constructed based on

the results of approximating the experimental curve section
located to the right of the moments of loss of aggregate
stability by the sample.

CONCLUSION

Based on the presented material, it can be assumed
that, in addition to the possibility of using the method
described above in the interests of studying the patho-
genesis of urolithiasis, which, according to the WHO,
affects more than 400 million people on earth, its fur-
ther development can also enrich the methodological
arsenal of fundamental science in the field of under-
standing the functional structure of living objects.



