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DKCIepuMeHTAIBHO U TEOPETUIECKU B paMKax KJIacCCUYeCKol U pacimpeHHoi teopun 1JIDPO uzyye-
Ha Koaryisiiys MoJUAUCIIEPCHOrO BOMHOTO 30151 AeTOHAaIMOHHOTo HaHoanMasza (JIHA), conepxaiiero
TMEepPBUYHbBIC arperaThl C TPEUMYIIECTBEHHBIM CPEITHUM pa3MepoM B nuanazoHe 20—200 HM, B 3aBUCH-
MOCTH OT KOHILIEHTpauuu uHauddepeHtTHoro snekTpoaurta (NaCl) v moTeHIMaIonpeaeasiolinX MOHOB
(pH). ITokazaHo, 4To 3apsokeHre ToBepXHOCTH YyacTull JIHA mporcxonut BeaeacTBUE MOHNU3AMKT HO-
HOTEHHBIX aM(OTEPHBIX TUAPOKCUITBHBIX M KMCIOTHBIX KapOOKCUIBLHBIX TPYITIT Ha TTOBEPXHOCTH YaCTHII
JHA. OnpenenenHoe 3HaueHue pH nzosnekrpuyeckoii Touku yactuu JJHA coctaBuio 7.5 en. pH.
YcraHOBJIEHO, YTO OCHOBHOM (hakTOp cTabunuzauuu BogHoro 30 JHA snektpoctatuyeckuii. I1o-
Ka3aHo, YTO TeOpPETUYECKOe OMMCAaHUE YCTOMUMBOCTU M KOATYJISILIMKU 30JIs1 BO3MOXHO B paMKax 0000-
mweHHoi Teopun JJIDO npu ncnonab3oBaHun 3G GEKTUBHON KOHCTaHTH [aMakepa ISt MEPBUYHBIX
TMOPUCTBIX arPeraToB U yuyeTe UCXOMHOM NmoauauciepcHocTu yactul JJHA.

Karouessie crosa: neToHallMOHHBIN HAHOAIMA3, TIOJIUAUCIIEPCHBIN 30J1b, arperaTMBHAS YCTOMYUBOCTD, TEOPUST
DO, s dexTuBHasg KoHcTaHTa [aMakepa, TpaHUYHBIE CJIIOM BOIbI, CTPYKTYPHBI (paKTOp cTaOUIM3aLNU
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BBEAEHUE

KonunyecTBO exXerogHweiX MyO0aMKanuil Mo TeMe
OHA, B KOTOpBIX TepMUH “HaHoasMa3sbl (nanodia-
monds)” yKa3aH B KJIIOYEBBIX CJIOBaX, 3a ITOCJICAHUE
JBanaLaTh JET BeIpocyio puMepHo B 30 pas. biaromgaps
BBICOKOI OMOCOBMECTUMOCTH, HU3KOI IIUTOTOKCUY -
HOCTH (MMHUMAJIBHOM Cpeay YIIEpOIHBIX HAHOCTPYK-
TYyp), BBICOKOM yI€JIbHON MOBEPXHOCTU, MaJIEHHKOMY
pa3Mmepy NMepBUYHBIX YaCTUI] 4—5 HM, CITOCOOHOCTHU
K (hyopeclieHIIMU 1 BO3MOXHOCTH (PYyHKIIMOHATU3a-
U1 TIOBEPXHOCTH, ¢ Havasa XXI Beka HabmomaeTcs
BCeBO3pacTalolnii MHTepec K ucnonb3oBanuio JJHA
B buomenuiHcKux uensx [1—3]. HaHouacTuisl ne-
TOHALIMOHHOTO ajJiMa3a pacCMaTPUBAIOTCS Kak Tep-
CIIEKTUBHBIN MaTepuas il IPUMEHEHNS B KaUeCTBE
HOCUTEJISI B CCTeMax aapeCcHOM TOCTaBKM OMOJIOTHYe-
CKM aKTHMBHBIX U JICKapCTBEHHBIX BelllecTs [4, 5], ¢ay-
OpeCLeHTHOI'o MapKepa [5—7], KOHTpacTHOIro areHTa
IJIsT MarHUTHO-pe30HaHcHo# Tomorpadpuu (MPT)
[8—11], 6uoceHcopoB [12]. OTKpHIBalOIIMeCs IIep-
CHEeKTUBHI ycneuHoro npuMeHeHus JITHA B 6uome-
IUIIMHE 00YCIaBINBAOT 3HAYNMOCTh M aKTYaJIbHOCTh
HCCTIeMOBAaHMS TIPOIIECCOB arperaliiy B pa30aBIeHHBIX

BOJHBIX NUCIEPCUSIX TETOHALIMOHHBIX HaHOaJIMa-
30B B 3aBUCHMMOCTH OT (haKTOPOB, OIPEACIISTIONINX
BO3MOXXHOCTb IMOJyYEeHHUS arperaTUBHO YCTOMYMBBIX
HaHo3oseil JJTHA (cocTaB M KOHLIEHTpalLUsI COJIe-
Boro ¢oHa 1 pH, monmuaucnepcHOCTh 30J€ei U T.4.),
a TakXe MX CTa0MJIbHOCTh M (DYHKLIMOHAJIbHBIE CBOI-
CTBa NP BBeACHUU B opraHusmM. C Ipyroit CTOPOHHI,
TUAPO30JIM HaHOa/IMa3a, KaK OTMeYaeTcsl, Harpumep,
B paborte [13], MOTYT CIIyXXKUTb MIeaTbHON MOIEIbHOI
CHCTEMOM ISl TEOPETUYECKOTO U3YIEHMST TIPOIIECCOB
arperaiuy u CTpykTypooOpa3oBaHUs B pa30aBIeHHbIX
U KOHILIEHTPUPOBAHHBIX HAHOAUCIIEPCHBIX CUCTEMaX,
YTO HEOOXOIMMO TSI Pa3BUTHS CYIIECTBYIOIINX TEO-
puii yCTOMYMBOCTHU.

CrenyeT OTMETUTh, YTO OOJIbIlIas YaCTh CYIIECTBY-
IOIIMX K HACTOSIIIEMY BpeMeHHM paboT MOCBsIIeHa
M3YYEHUIO arperaTUBHOMN YCTOMYMBOCTU BOJIHBIX 30-
JIeli OO TOJIHLKO OTPUIIATENILHO, JIMOO TOJBKO IT0JIO-
KUTEJIbHO 3apsokeHHBIX yactull JIHA, To ecTh Benu-
YUHBI 3apsia MIOBEPXHOCTHU U I3eTa-TIOTeHIIMAIa He
MEHSIIOT 3HaK npu u3MeHeHuu pH cpensl. Dkcrnepu-
MEHTaJILHO ¥ TEOPETUYECKU M3YyJaloT DJIEKTPOJIMTHYIO
KOaryJisiiuio 30JIeii KaK epBUIHBIX HaHouacTul JJHA
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(4—5 HM), TaK ¥ NOJMAXCIIEPCHBIX 30JIei, comepKa-
IIUX TIIaBHBIM 00pa3oM ITepBUYHBIC arperaThl HAaHOYA -
ctunr JIHA. OmHako 1py onyMcaHuM KOATyIsSILIOHHOTO
TTOBEIEHMST TIOCIIEIHETO TUIIA 30JIei B paMKax TeOPUHU
JJIDO He MpuHUMAETCI BO BHUMAaHUE BO3MOXHAsI
POJIb TTOJUAUCTEPCHOCTU B UX YCTOMUUBOCTU U BO3-
MOXHO€ pa3jnyre BeJIUUYMH KOHCTaHThl [aMakepa mist
MOPUCTOTO arperata ¥ MOHOJWUTHON HAHOYACTHUIIBI.

BnausHue cocraBa M KOHIEHTpallUUM HEOpPTaHU-
YECKOTO 3JIEKTPOJIUTA Ha YCTOMYMBOCTh M KOary-
JISIIMI0 pa30aBiieHHBIX (Comep:KaHUe TBepaoit ¢a3bl
¢ < 0.2 Bec. %) 3omneit JIHA, monydeHHBIX U3 KOHIIEH-
TPUPOBAHHOTO HAHO30JISI C TTOJOXUTEIbHO 3apsKEeH -
HBIMU YacTULIAMU pa3MepoM 3—4 HM, JOCTATOYHO Jie-
TaJIbHO MCClenoBaHo B paboTax [14—17]. YcraHoBIIEHO,
yto Koaryuasuus ruapo3oist JHA, comepxaliero mpe-
MMYIIECTBEHHO arperaTbl HAaHOYaCTHUIl, pacCTBOpaMu
HEOPTraHWYECKUX COJIeH MOTUYNHSETCS KIaCCUUECKOMY
npasuny Ilyneue—I'apau u MoxXeT OBITH OIMcCaHa
C TOYKM 3peHusd Kiaccuuyeckoii reopuu JJIPO. Cre-
JIyeT OTMETUTD, YTO MPU TEOPETUUECKOM U3YYEHUH KO-
aryJsiliiu 30JIei ¢ TOJIOKUTEIbHO 3apsSKeHHBIMU Ya-
cruamu JJHA B BeIIIeMpUBeIeHHBIX padOTax He pac-
cMmarpuBaeTcs BiaussHue rpaHudHbix cioB (I'C) Bombl
Ha arperaTUBHYIO YCTOMYMBOCTD ruapo3oeii JIHA.

I1pu 3ToM uccnenoBanue rugpatanuu yactuu JHA
SIBJISIETCSI IIPEIMETOM 0COOOr0 MHTepeca YYeHBIX C TeX
Mop, KaK CyILlIeCTBOBaHUE 0O0JIOYKHU U3 MOJIEKYIT BOIbI
ToJIMHOK B 2—4 cios (tonmuHa I'C Boasl y 5 HM ya-
CTUIIBI cocTaBiseT nmopsaka 10% ot ee pa3mepa) Bo-
KpYyT HAHOYACTUI] OTPULIATEIBLHO 3apSKeHHOTO IeTO-
HAILIMOHHOTO ajiMa3a OBLIOo MPEIOJIOKEHO B paboTax
[18, 19]. B paborax [20, 21] nokazaHo, 4YTO OpUEHTAa-
LIS MOJIEKYJT BOJBI IIEPBOTO COJIbBATHOIO CJIOS 3aBU-
CHT OT 3HaKa JI3eTa-TI0TeHIIMAaa YacTUlBl. B oTmmune
OT IIOJIOXKUTENbHO 3apsixkeHHoro JJHA, mist orpuiia-
TEJIbHO 3apSKeHHBIX YacTHUI[ GOJbIIas 4YacTh BOHO-
POIHBIX CBsA3€i MeXaAy MOJIEKyJIaMU BOMIbI pa3pylleHa
M3-3a UX DBJIEKTPOCTATUUECKOrO B3aMMOAECTBUS
¢ KapOOKCUJIBHEIMMU TpymiIiiamMu. O0pa3oBaHUe IEPBOTO
TUAPATHOTO CJIOSI Y IOBEPXHOCTU I'MAPUPOBAHHOTO Jie-
TOHAIIMOHHOTIO aJiMa3a 00bSICHATCS (haKTOM HaKaIlIu-
BaHUsI N30bITKA JICKTPOHOB Ha MexX(a3Hoii rpaHulIe
“gactuna JHA — Boga”, crabuian3upyeMoro Moje-
KyJaMu Boabl. [Ipuuem ajist MOJOXUTENbHO 3apsiKeH-
HBIX YacTull rTuapupoBaHHoro JIHA, comepxxamiux Ha
NOoBepXHOCTU TuapodooHble CHX-TpynIibl, cTereHb
ruapOo(GWILHOCTYA OKAa3bIBAECTCS axKe BBILIE, YeM JIJIsI
yactul JIHA ¢ KapOOKCUIBHBIMU Y TUIPOKCUIBHBIMUA
IMOBEPXHOCTHBIMU (DYHKLIMOHATbHBIMU Ipyrmamu. Cy-
IIECTBEHHOE pa3jiniue B CTPYKType u cBoiictBax I'C
pa3HOMMEHHO 3apsikeHHbIx yacTull JIHA taxke otme-
yaercs B pabore [22]. ComtacHo [13, 23], MexXyacTa4-
HOE paccTOsTHUE B pa30aBIIEHHBIX TUAPO30ISIX OETO-
HAILIMOHHOTO ajJIMa3a MHOTO OOJIbIIIe, YeM OXMIAIOCh
OBl TIpY AEHCTBUM TOJBKO CUJI HOHHO-3JIEKTPOCTATU -
YeCKOTO OTTAJTKUBAHMS BCIIEACTBUE TOTO, YTO YACTUILIBI
CBSI3aHBI MEXIY COOOI Uuepe3 CIIOU BOJbI.

BOJIKOBA u np.

B cBs13u ¢ BhILIECKAa3aHHBIM, HECMOTPS Ha TO, 4TO
HEOOXOMMMOCTh y4eTa BIUSHUS cymecTBoBaHus ['C
BOIIbI HA YCTOMUYMBOCTD U arperauuio pazdaBieHHbBIX
nucniepcuii JJHA oueBuaHa, paboT B JaHHOM Ha-
MNpaBJIeHUY K HACTOSIIEMY MOMEHTY OTHOCUTEILHO
HeMHoro. [Ipu 3ToM B HUX paccMaTpuBaeTcsl BKal
CTPYKTYPHOM COCTaBJISIIONICH B CyMMapHYIO 3HEPIHUIO
MapHOI0 B3aMMOAEHCTBUS YaCTULl IPEUMYIIIECTBEHHO
OKMCJIEHHOTO AETOHAIIMOHHOIO ajaMa3a (pacliupeH-
Has Teopus JJIPO) [24—28]. B pabore [26] 6BLIO
MO0Ka3aHO, YTO COOTHOIIEHUE MOPOroB KOoaryasaluu
JIUCIIEPCUM OTpUIIATEILHO 3apskeHHBIX yacTui JHA
CO CpeaHUM pa3MepoM arperaroB HaHodacTul 300 HM
He noguuHsiercs npaswiy Lynbue—Ilapau. Crnenosa-
TeJIbHO, arperaTuBHast yctoiunBocTh JIHA obecnieun-
BaeTCs HEe TOJIBKO 3JIEKTPOCTaTUYECKUM (DaKTOPOM, HO
¥ JOITOJIHUTEILHBIM K HEMY, OOYCIOBJIEHHBIM T'UApa-
TalMell yacTull, mpuyeM B Kucjoit odsactu pH ycroii-
YUBOCTh B OCHOBHOM OTIpeae/sieTCs CTPYKTYPHBIMU
CUJIaMU OTTaJIKUBaHMs, a mpu pH 7 1 BeIllle OCHOBHOI
BKJIa B YCTOMYMBOCTh CUCTEMbI BHOCUT 3JIEKTPOCTa-
TUYECKUI (pakTop. YBeIuUeHue TeMIeparypbl Mpu-
BOJIUT K yMeHblIeHUI0 ToJaiuHbl 'C Boabl, 4TO 00Yy-
cllaBJvBaeT Koary/siuio yactull [27]. B paborax [24,
25, 28] TakKe MOKa3aHO, YTO OCHOBHbIE U3MEHEHMUSI
arperaTUBHOro noBeacHuUs ruapo3oneii JIHA, npeu-
MYIIECTBEHHO COCTOSIIIMX U3 YCTOMYMBBIX arperaTon
IIEPBOro poa, oM BIMSHUEM 3JIeKTPOJIUTOB BIIOJIHE
COIIACYIOTCSI C JAaHHBIMU PacueTOB IO pACIIMPEHHON
teopuu JJIDPO. [Tpu 3TOM YCTOHINBOCTD TUAPO3OJIST
MOHOAUCIIEPCHOI'0 AETOHAIIMOHHOTO HaHoajMas3a
C OTPULIATEJbHO 3apsSKEHHBIMU YacTULIAMU pa3Me-
poMm 4—5 HM, KakK oTMedaeTcd B pabore [29], moxeT
ObITh OOBSICHEHA KaK C MO3ULIMHM KJIaCCUYECKOI, TaK
u 00061meHHoi Teopun JJIDO, mpu 3TOM KoaryJs-
11s1, BEPOsITHEE BCEro, IMPOTeKaeT B OJIMKHEM ITOTeH-
[MAJIbHOM MUHHMYMe II0 0apbepHOMY MEXaHHU3MY.
B nonb3y cyliecTBOBaHUSI CTAOUIM3UPYIOLIETO CTPYK-
TypHOTO (ruapaTalilMOHHOro) (akTopa CBUIETEb-
CTBYET U 3aMETHOE YMEHbIIIEHUE TOPOTrOB KOATYJISILIUN
30J1e MMOJIOKUTENbHO 3apskeHHbIX Yyactull JIHA mpu
rnepexone OoT BOAbl U MPOTOMUIBbHBIX (KATUOHODUIb-
HBIX) pacTBOpUTeNeii K MpoTo(oOHBIM (KaTUOHO(OO-
HbIM) [30]. Kak BugHO, y4eT BKiIana npoTsekeHHbIX I'C
BOMEI B ycToitumBOCTh Tuapo3oieii JJHA npu teope-
TUYECKOM OIMUCAHUU MTPOTEKAIOIIUX B HUX MTPOLIECCOB
arperamnyu B OOJIBIIMHCTBE CJydyaeB HEOOXOMUM, UTO,
B CBOIO oYepenb, IIOpOXIaeT IIpobieMy Heollpeae-
JIECHHOCTH apaMeTPOB CTPYKTYPHOM COCTaBJISIONICi
SHEPrUM MapHoOro B3aumoneiicTeus yactui JJHA.

B cBs13U ¢ BhIILIECKAa3aHHBIM, 1I€JIbIO HACTOSIILEH pa-
OOTHI OBLJIO IKCIEPUMEHTATLHOE U TEOPETUUECKOE U3-
y4€HME arperaTUBHON yCTOMYMBOCTU pa30aBIE€HHOTO
HOJIMANCIIEpCHOro BomHoro 30151 JIHA B 3aBucumoctu
OT KOHLEHTpalu1 UHAUPHEPEHTHOTO MPOTUBOUOHA
nipu ectectBeHHOM pH 5.8 pacTBopa conu (NaCl), korna
YaCTHUIIBI 30JIS1 3apsSKeHBI MOJIOXKUTEIBHO, M OT KOHIIEH-
Tpalyy NoTeHIAaIoNpeaesomux noHos (pH 4—11.5)
Ne2 2024

KOJITOUJTHBIM )KYPHAL oM 86



BIIMAHWE PH 1 KOHUEHTPALWU MHAND®OPEPEHTHOI'O BJIEKTPOJIUTA

pu mocTosHHOM cosieBoM ¢oHe (10~3 M NaCl), korna
npu yBeanueHU pH uaMeHsieTcsl Kak BeJIMUMHA, TaK
M 3HaK 3apsma noBepxHocty yactuil JIHA; Teopernue-
CKO€ OINMCcaHMe MPOoLEeCcCOB Koaryasiuuu B 3ois1x JTHA
C YYETOM MOJUAUCTEPCHOCTU MCXOAHOTO I'MAPO30JIs,
TMOPUCTOCTY MEPBUYHBIX arperaToB U CTEIEHU THAPO-
(punpHOCTU MOBepxHOCTH YyacTull JITHA.

OKCITEPUMEHTAJIBHAA YACTb

B kadecTBe 00beKTa MCCEeNOBaHUS MCIOJb30-
BaJIv NTOPOLIOK mpoMbllieHHoro JIHA npousBoacTsa
CKTBb “Texnonor” (Caukr-IletepOypr, Poccust), mo-
JIyYEHHBII MpU AeTOHAUMU TeTpuia. st ynaneHus
MOHHBIX IpUMeceil NCXOMHBIN TTOPOIIOK ObLT JOIOJI-
HUTEIbHO TPEXKPATHO OYHUIIEH METOIOM 3JIEKTPO-
nuanu3sa. st 3Toro ObLIa MpUTOoTOBIIeHA 2.5 Mac. %
BonHasa aucrnepcus HHA. ITocne xaxmoit cranum
OYKCTKM TIOJIYYEHHYIO AUCIIEPCUIO LIEHTPUPYTUPO-
Baid, Boay ciuBaiu. Jlajnee oOpasel CylIWIU HpU
80°C 1o moIHOTO MCIapeHUsT OCTaBIICICST BOAKI 1 3a-
tem 1ipu 120°C B TeueHue 2 4. BrICyllIeHHBII ITOPOIIOK
TIIATEJbHO pacTUpalud B araToOBOM CTYIKe U CHOBa
JUCIIEpTUPOBANIN B J€MOHU3UPOBAHHOI BOJAE C MC-
MOJIb30BaHMEM YJILTPa3BYKOBOI BaHHBI MapKu “POJI-
TEK” ¥Y3B — 7/100 — THM npu 60 xI11 B TeueHue
30 MUH ]I CJIETYIONIEro LUKIa OYUCTKU.

BenuuuHa ynenbHOR noBepxHOCTH S, MOPOIIKa,
onpeneneHHas MetogoM bOT 1o TeroBoit tecopon
asoTra ¢ xpoMmaTorpadudyeckoii perucrpainueii, cocra-
Buta 270 m2/r. CpenHuii pasmMep NepBUYHBIX HAHOYA-
CTUL d,, BBIYMCIEHHBIN M0 (popMmyre:

d,=6/pS,,, (1)

e p = 3.52 r/m* — orHocts JIHA, cocraui 6.3 HM.

®a3oBBIii cOCTaB U COCTaB MOBEPXHOCTU YaCTUIL
JHA ObLu omnipenesieHbl METOOAMU PeHTIeHO(a30BOTo
aHanu3a (P®A), peHTTeHOBCKOI1 (pOTORIEKTPOHHOI
criekrpockonuu (PO®HC), UK-Dypbe crieKTpocKOnuu
U CIIEKTPOCKOIMU KOMOMHALIMOHHOTO paccessHust (KP).

Penrrenoga3oBriil aHanu3 ObLT BBIIIOJHEH B Pe-
CypCcHOM LieHTpe “PeHTreHomudpakiMoHHbBIE Me-
TOIbI UCCJETOBaHUs” C UCMOJIb30BAHUEM HACTOJIb-
HOTO aBTOMAaTHYECKOIO MOPOIITKOBOIO T paAKTOME-
Tpa Bruker “D2 Phaser” (Bruker AXS, I'epmaHus).
Wnentudukanus ¢a3 npoBoaWIaACh C IOMOIIBIO IIPO-
rpaMmmHoro Komiiekca PDXL 2.0 ¢ ucnonbs3oBaHuem
0a3bl IMMOPOIIKOBBIX NTU(PPAKIMOHHBIX JaHHBIX Powder
Diffraction File (PDF-2, 2011) (Rigaku). Takxxe MeTo-
JOM moJIHOIpoduiIbHOro aHanu3a (Meton PurBenbna)
C MOMOIIBIO CTPYKTYPHBIX TAaHHBIX U3 0a3bl Inorganic
Crystal Structure Database (ICSD, 2021/2) 6»u10 11po-
BEIEHO OIpe/ie/ieHUe pa3Mepa KPUCTALIATA C UCTIONb-
30BaHMeEM TMporpaMMHoro KoMmruiekca TOPAS.

Ananu3 nopoika JIHA MeTonoM peHTIeHOBCKOM
(bOTORIEKTPOHHOI CITIEKTPOCKOIUM ObLI OCYILIECTBICH
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C HCITOJIb30BAHUEM KOMILIEKCHOTO (hOTOIIEKTPOH-
HOI'0 U pacTPOBOIO OXe-3JIEKTPOHHOTO CIIEKTpOMe-
tpa Thermo Fisher Scientific Escalab 250Xi (Thermo
Fisher Scientific, Bentukoopuranus) B PecypcHoM
neHTpe Hayunoro nmapka CII6I'Y “®usnueckue me-
TONBI UCCIIEIOBAHUS TTOBEPXHOCTU .

CriekTp KOMOMHALIMOHHOTO paccesiHusl CBeTa Io-
JiyaeH Ha rpubope Senterra (Bruker, [epmanus) B re-
oMeTpuHu obpaTHOTro paccesiHusl B PecypcHoM 1ieHTpe
Hayunoro mapka CIIGI'Y “Ontuyeckue u na3epHbie
MeTOoAbl MccliefoBaHUS BelecTBa”. Bo30yxneHue
KOMOWHAIIMOHHOTO PACCEeSTHUS OCYIIECTBIISIOCH C MC-
MOJb30BaHUEM BHEIIHETO TBEPAOTEIbHOTO Ja3epa
¢ ITMHOM BOJIHBI 532 HM. DOKYCHpPOBKA JIa3€PHOTO 13-
JIydeHUs1 ocyuiecTBisiach 20X 00beKTUBOM (YUCTIOBas
aneprypa 0.4), MOIITHOCTH HAa 00pa31Ie o1 OOBEKTU -
BoM cocTtabisiia 0.6 MBT (Ha Bxome B ipu6op 2 MBT).
Peructpanus cnekrpa ocyniecTBisiach B Juana3oHe
45—4400 cm~ . Iy cheMKH CIIEKTPA UCIIOIb30BAIACH
audpakunoHHas peuerka 400 wT./MM, aneprypa —
npsamoyrojbHasa 25% 1000 mxkMm. Bpemst cbeMKM omHO-
KpaTHOro criekTpa — 150 ¢, yucio ycpenHeHuit — 6.

Cnexktp MK-noriomeHuss Obl1 MOJYyYeH METO-
JIOM HapylIeHHOTO MOJHOTO BHYTPEHHETO OTpaxke-
Hust (HITBO) na UK-®ypwe cnekrpomerpe Nicolet
8700 (Thermo Scientific, CIIIA) ¢ npucraskoit HIIBO
(Smart iTR) ¢ anma3nbiM KpucTtamioM B PLI “Onruue-
CKUe€ ¥ JIa3epHBbIC METOIHBI MCCIeMOBaHMS BellecTBa” .
B kauecTBe neTekTopa MCIOJb30BAJICS OEeUTEpUPO-
BaHHBIN TpurmuuuHCcyiabdaTthbiil (I TI'C) getexTop.
Paspemenue cocrasnsuio 4 cM~!. IpencraBieHHbIN
CHEKTp SABJIsIETCA ycpemHeHneM o 250 ckaHam. Anep-
Typa cocrtaBisia 75% or MakcumanbHO#. B kaue-
CTBE anoju3upylolieil GyHKuru Oblaa UCIOIb30BaHA
dyakms baskmana—Xappuca. @a3oBast KOpPEKIIMS
npoBeneHa 1mo Mmerony Mepua. CreKTp Iocjie Bblur-
TaHUs 0a30BOI TMHWUU, BI3BAHHOI paccesiHueM, ObLI
MpPUBEIEH 110 MaKCUMaJIbHOMY 3HAYEHMIO B 00J1aCTU
BaJIeHTHBIX Kojiebanuit OH-rpymm.

st mony4yeHUs] UCXOMHO CEeIMMEHTALMOHHO
M arperaTUBHO ycToiiumBoro ruapo3ois JJTHA Oniia
npurotosiieHa 0.25 mac. % BomHas aucrepcus. s
3TOro0 OUMIleHHBIN nopoiiokK JJHA Obu1 nucreprupo-
BaH B J€MOHU3UPOBAHHON BONIE C MCIOJb30BAHUEM
yibTpa3BykoBoil BaHHB Mapku “POJITEK” V3B —
7/100 — THM nipu 60 xI1 B Teuenue 2 4. [MonydeH-
Hasl CyCIeH31s OTCTauBajlach B TEYEHUE ABYX HENEb,
MOCJI€ YEro BEPXHUU TOHKOAUCHEPCHBIN CITOW OBLT
oToOpaH 1 pa3baBiieH JeMOHU3UPOBAHHON BOJOM Ta-
KUM 00pa3oM, YTOObI ONTUYECKAs TNIOTHOCTh MOdY-
YEHHOTO 30J151, pa30aBJI€HHOTO B JIBa pa3a, COCTaBJIslia
0.18 £ 0.01 (mpu mmuHe BonHbI cBeTa 380 HM). [Tomy-
YEHHBII 30J1b COXPaHSUI CBOIO AUCIIEPCHOCTH B TEUEHUE
BCEro BpEMEHU dKCIIepUMEHTa (OKOJIO ABYX MECSIIEB).

C nmoMoIpio MeToAa aHaIM3a TPaeKTOPUM YaCTUIL
Ha ripuoope NanoSight NS300 (Malvern, Benuko06pu-
TaHUs) ObLIa OIIpelnesieHa YaCTUYHasl KOHIIEHTpalus



172

ncxomHoro pasbasieHHoro 301 JHA, a Takke moiy-
YEHO paclipenesieHue YacTull o pa3Mepam.

Mopdoiiorus u gucrepcHOCTh YaCTULL MICXOTHOI'O
TUIPO30Jist ObUIM U3YYEHBI METOIOM CKAHUPYIOIIEH
BJIEKTPOHHOU MUKpockonuu (COM) ¢ ucroib3oBa-
HHUEM CKaHUPYIOUIETO 3JIEKTPOHHOTO MUKPOCKOIIA
Carl Zeiss Merlin (Carl Zeiss Merlin, [epmanus) B Me-
XKIUCHUTUIMHAPHOM PECYPCHOM IIEHTpe 10 HalpaBlie-
Huto “Hanorexnonorun” HayuyHoro mapka CIToI'Y.

B pabote usyyasnu BiavsiHUe KOHLEHTpaLUuKU UHANG-
¢depenrtnoro anexrponurta NaCl (5 x 1074 M—10~! M)
nipu ecrectBeHHOM pH (pH,,,) 5.8—6.0 u Bnusinue pH
(4—11.5) B pacTBOpE C IMMOCTOSTHHOM KOHIIEHTPAIIUEH
(103 M) xyiopraa HaTpus Ha arperaTUBHYIO YCTOWYM-
BOCTH pa3basieHHoro ruaposois JHA. JIns uzyuenus
mnpoliecca Koaryasiliuy Npyu U3MEHEHUM KOHLIEHTpa-
M THANGGEPEHTHOTO M MOTEHIIMAIOIIPEIEIISTIOIIETO
noHoB (ITOW) 6bLIM KCITONB30BaHBI METOABI TYPOU-
JUMETPUU U AMHaMUuyeckoro paccesHus cgeta (JIPC).
KuHeTnueckue 3aBUCUMOCTU ONTUYECKOM TJIOTHO-
ctu (D) BogHoro 301 JTHA monydanu ¢ MOMOIIbIO
doroanexkTpokanopumerpa KPOK-3-01 B KroBeTe min-
HOM 5 CM ¥ IIMUPUHOMI 2 CM TIpU JJIHE BOJTHBI 380 HM.
HsmepeHus npoBoauiay B TeueHue 15 muH. [letaibHoe
ONrCaHNe METOMUKM IKCIIEpUMEHTa MPUBENEHO B pa-
oote [31].

PacrnipeneneHust yacTull Mo pa3Mepam, BeJIUYUHBI
anekTtpodopeTndeckoil nonsuxHoctu (U,) n n3e-
ta-noteHnuana ({-morenuman) yactui JITHA B ucxon-
HOM BOITHOM 30JI¢, a TAaKXKe B IUCIIEPCUSIX IT0 OKOHYA-
HUM U3MEPEHUI ONTUYECKOI MIOTHOCTHU (ITPUMEPHO
yepe3 20 MUH TT0cae 100aBIEeHMS K 30JI10 DJIEKTPO-
nuTa) 6butn onpeneneHsl MetogoM IPC u nazepHoro
JOTUIEPOBCKOTO 2JIeKTpodopesa, COOTBETCTBEHHO, Ha
aHanu3zarope Zetasizer Nano ZS (Malvern Instruments,
Benukobpuranus). UamepeHUs1 NpoBOAUIN B YHU-
BepcalbHOM KanmiuigpHoii U-oOpa3HoOll KIOBETe
(DTS1070) ¢ uHTeTpUPOBAaHHBIMHU IT030JI04EHHBIMU
3JIEKTPOIAMM C TIPEABAPUTEIbHBIM TEPMOCTATUPOBA-
HueM B TedeHue 2 MyuH nipu 20°C. ITorpenrHocTh orpe-
nenenus 3HayeHuit U, coctaBuia + 0.1—0.2 m?/(Bc).
N3 skcnepuMeHTalbHO HaJAEHHBIX 3HAUCHUIA DJIeK-
TpodOpPETUIECKON MOABMXKHOCTH B paMKaX MOIEIHN
OBepOeka — byca — Bupcembl [32] 11 HauMeHbIIUX
3HAYCHUI BJIEKTPOKMHETUYECKOro paauyca ka (rae
k — napameTtp Jlebasi, a — paguyc nepBUYHOI HaHOYa-
CTUIIBI) C YYETOM TOJISIPU3ALIUM ABOMHOTO 3JIeKTpUIe-
CKOTO CJIOSI OBITA pacCUUTAHBI 3HAYCHUS JICKTPOKH-
Hetuyeckoro norenumana (CV).

s MpUTOTOBJIEHUS PAcCTBOPOB M AUCIEPCHUIA
HCIIOJIb30Bajlach NEeMOHU3UPOBAHHAS BONIA, yIEb-
Hasl 3JIeKTPOIPOBOIHOCTh KOTOPOU He TpeBbIlaja
1.5x 107 Om~'cm~! (cucrema ouncTkM Boabl AKBa-
a6 AL Plus). Heooxonumebie 3HaueHus1 pH 3amaBanu
¢ momouipio 3 X 1072 M u 10~! M pacTBOpOB CONSIHOM
KHCJIOTHI U TUApOKcHaa Hatpus. pH cpemsl uaMepsiu
¢ nomomkio pH-meTpa SevenMulti (Mettler Toledo).

BOJIKOBA u np.

JJ1st BBISICHEHUSI XapaKTepa HaOJogaeMoOi yCTOM-
YUBOCTU U KOAryJsiiuu BogHoro 3oist JIHA Obuiu mpo-
BEJCHBI pacyeThl SHEPTUU TTAPHOTO B3aMMOIECTBUS
yactull (V) o knaccuueckoit [33—35] (popmyna (2))
1 0606mmeHHoi Teopun JAJIDPO [36—38] (bopmyna (3)).

(2)
(3)

rne Vi V), u Vs — MOHHO-2JIeKTpOCTaTHYeCKast, 1UC-
MEPCUOHHAS Y CTPYKTYPHAs COCTaBISIOIINE SHEPTUN
B3aMMOAEHCTBUS YACTUL] COOTBETCTBEHHO.

Pacuet cymMmmapHOIi 3HEpruu NapHOIro B3auMOIEH-
CTBUS IIPOBOAUIN B MPEANOI0XKEHUN ChepruIeCcKOoi
¢OpMBI YaCTUL. DHEPTUIO NOHHO-3JIEKTPOCTaTUYE-
CKOTr0o B3aMMOJEICTBUSI OMMHAKOBBIX YaCTUIL TIPU yC-
JIOBMH TTOCTOSIHCTBA MOTEHIMAIa PACCUMThIBAIN IS
CUMMETPUYHOTO 3JIEKTPOJIUTa 110 (hopmyiie OUIUMBI,
Xwmm u Yaiita [39]:

V= Ve+ Vy + Vs,

s 4maCkT v}
Ve =V + 296
| XAy (X C))
xh 2 2
Xi—xh|l—th| — | |- | ————== />
2 ch? xh
2
B KOTOPO#1 BbIpaXeHHUe IS V; MMeeT BUIL:
Vy = magegy? x
n 1+ exp(-ch) +1In[1 + exp(-2xh)] ©
1 — exp(—«h) P ’
_ 2zey
+ kT bl (6)
(7)

rae A — paccTosTHUE MEXIY MOBEPXHOCTSIMM YaCTUII,
a — paauyc 4acTUll, € — OTHOCUTEIbHAS AUBJIEKTPU-
yeckasl IPOHUILIAEMOCTb PacTBOpa, €, — abCcoTOTHAA
JU3JIEKTpAYecKasl MOCTOsSHHAs BakyyMma, C — KOHIIEH-
Tpalus JIEKTPOIUTA B pacCTBOpE, Y, — Oe3pa3MepHBIit
MOTEeHIIMAI YacTull, K — nmapametrp Hebast, z — Kpat-
HOCTb 3apsiia IIPOTUBOMOHA 3JIEKTPOIUTA, € — 3JIe-
MEHTApHBIN 3apsa, I — NOHHAS cHa DJIEKTPOJINTA,
Y — noteHuuan 1u@@y3Hoil yacTu 1BOHHOTO 3J1€K-
tpuyeckoro ciod (I9C) (y = y,). B pacuerax npu-
HUMAaJIM, YTO Y — MOTEHLIMAJ YACTULL PaBEH UX BJIEK-
TPOKUHETUUECKOMY MOTEHIIMATY.

Pacuer MOJ'ICKy.HHpHOﬁ COCTaBJISIIOIIEH IIPpOBO-
JWJIN COTJIaCHO MHKpOCKOHH‘{eCKOﬁ TEOpUU C YYCTOM

KOJIJIOUIHBIM )KYPHAL  Ttom 86 Ne2 2024
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3amnas3fgbIlBaHus AUCIIepcUOHHBIX cui [40, 41] mo ¢op-
myaaM (8) u (9):

Aa 1
V== 12h(1+1 7717] mprp <03, (8)
Aa(245 217 0.59
Vi = _7[601) T80, 4201)3J e =03, )

roe p = 2mh/A, a A — XxapakTepucTUUecKas JIJIMHA
BOJIHBI MaTepHaa 4acTull, A — KOHCTaHTa MOJIEKY-
JISIDHBIX (DIUCIIEPCUOHHBIX) CUJI (KOHCcTaHTa ['ama-
Kepa). XapakTepucTuueckasl IjarHa BOJHBI YaCTUIIL
JHA npuHuMainach paBHoit 207 HM, KoHcTaHTa ['ama-
kepa — 1.38 x 10719 JTx [42].

CTpYKTYpHYIO COCTaBJISIIOLIYIO SHEPTUU B3aUMO-
IeMCTBHST YaCTUIl, BO3SHUKAOIIYIO ITPHU MEPEKPBITUN
TPAaHUYHBIX CJIOEB Y TMTOBEPXHOCTU CHEepUIECKUX Ya-
CTUII, pacCYUTHIBAIHN 1o popmyie (10) [36, 43]:

Vs = nakl’exp (=h / 1), (10)
3aech K — mapamMeTp MUHTEHCUBHOCTHU, [ — IJIMHA KOp-
pesILuu.

Ha ocHoBe paccuyMTaHHBIX KPUBBIX SHEPTUH T1ap-
Horo B3aumopeiicTeusg yactul, JJHA nmpoBoguiu pac-
yeThl (pakTOpoB ycroitunBoctu (W) 1o ypaBHeHUIO
(11) o “OapbpepHOTO” MexaHM3Ma Koaryissuuu [44—

46]:
T u Vu
e O(MB-l(- 2))2 exp( k(T))d” g
i ; (11)
a5

rae u = (r-2a)/a — 6e3pa3aMepHOe OTHOCUTEIbHOE pac-
CTOSIHUE MEXIY YaCTUIIAMHU, ¥ — PACCTOSTHUE MEXIY
LIEHTpaMM B3aMMOICHUCTBYIOIINUX YaCTULl, @ — Paauyc
yacTtuupbl, B(u#) — ruApoAMHAMUYECKUIA (haKTOp, KOTO-
PBIf MOXET OBbITh BRIPAXKeH CIEAYIOLIINM YpaBHEHUEM:

6u” + 13u +2
= 12
P 6u* + 4u (12)

®akTop yctoituuBocTtu (W) ans 6e36apprepHOTO
MeXaHN3Ma KOoaryysilyu omnpeaensiu no popmyie (13)
[45, 47]:

(2a + My ) T exp(a(;)j du

a (u+2)
I/I/z — hmin , (13)
1 —ex Vmin (Ll)
PLUkT
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roe W, — axTtop yCTOHYMBOCTU NMPU KOATyIALNAN
B IIOT€HLIMAJIbLHOM MUHUMYME I10 0€30aphepHOMY Me-
XaHU3MY, A, — KOOpAMHATa BTOPUYHOIO NMOTEHLIU-
aJTbHOTO MUHUMYMa.

CymmapHblii hakrop ycroitausoctu (W) 1o or-
HOIIIEHUIO K KOATyJslU1 B OMHOM U3 MOTEHLIMAIbHBIX
MUHHUMYMOB pPacCUMTHIBaIU o popMmyiiam (14):

ww, W
=172 A N
W W W, , TIpH W, = 10, (14a)
_ i, W,
Wen = W W, , Tipu W, < 10. (140)

PE3VIIBTATBI 1 UX OBCYXJAEHHWE

Da3zosobiii cocmas, cOCMAs NOGEPXHOCMHbBIX 2DYIN
yacmuy, JIHA u ducnepcrnocms ucxo0noeo 2udpo3ons

Ha puc. 1 npuBenen UK-®Dypbe crieKTp O4MILeH-
Horo nopoika JHA. UntencuBHas aunus 3400 cm~!
COOTBETCTBYET BaJIeHTHBIM KojieOaHusiMm —OH-rpyrm,
MpUHaIeXalluX aacopoupoBaHHOI BoIe 1 TTOBEPX-
HOCTHBIM TUIAPOKCUJIBHBIM I'pYMIaM. XapaKTepHasi
nosoca 1635 cm~! oTHOCUTCA K nedOpMALMOHHBIM
konebanusiMm —OH-rpynmnbl. [Tosockl norioiieHus
2930 cm~! u 1350 cM™!' COOTBETCTBYIOT BaJIEHTHBIM
U nepopMaimoHHBIM KoinebaHusM C—H cBs3eii B a-
kuwibHbIX CH, rpynmax. TTomoca 1730 cM~! oTHOCUTCS
K BaJIEHTHBIM KOJIEOAHMSIM KapOOHWJIBHOM TPYIIITBI
C=0 B cocTaBe KapOOKCHUJIbLHBIX, a TaKXKe CJIOXKHO-
3(hUPHBIX, KETOHHBIX U aJlbIeTUAHBIX rpynm. [Tuk
1561 cM~! MOXKHO OTHECTHM K aCUMMETPUYHBIM BaJIEHT-
HbIM C=0 Ko0J1e0aHUsIM B COCTaBE AEIIPOTOHUPOBAH-
HOIt KapOoKCcWIbHOM rpytiibl. [Tonoca ¢ MakcuMyMoM
1251 cm~! cooTBeTcTBYET HePOPMALIUOHHBIM KOJIEOa-
HusiM C—O rpyIbl B 3MTOKCUIAX U CIOXHbBIX 3(prpax.
TTonoca nomoieHust 1125 cM~!' OTHOCUTCS K BaJIEHT-
HbIM C—O konebanusm B coctae C—O—C rpymni.
Ipu 1325 cm~! HaxomuTCd MUK HAHOAJIMAa3a, COOT-
BETCTBYIOILIMI BajleHTHOMY KojebaHuio cBs3u C—C
B Kpuctayutmueckoi pemerke JJHA [48—50].

CorjacHo JaHHBIM CIIEKTPOCKONUMU KOMOUHA-
LIMOHHOTO paccesiHUs (puUc. 2) U peHTreHo(da3oBoro
aHanusa (puc. I11 IMpunoxeHus), noMuMo dasbl aj-
Masa B MCCIIEAYEMOM ITOPOIIKE COMEPXKUTCS YIIECPO
B COCTOSIHUU Sp’-TUOPUAM3ALUY, COOTBETCTBYIOLLEM
¢aze rpadura. Kak BumHO M3 puc. 2, MIOMUMO IIMKa
1328 cM™!, XapaKTepHOro U1 HAaHOAJIMa3a, B CIIEKTPE
OPUCYTCTBYET TaKXKe IIUPOKUIN aCUMMETPUYHBINA MUK
¢ MakcuMmymoM 1ipu 1630 cm~!. Cormacno [51], sToT
MUK TJIaBHBIM 00pa3oM SIBJISIETCS CYIEepIIO3UIIUeii
G-JIMHUHU yIIIEpoa B Sp>-COCTOSTHUM, XapaKTEPHOIA
s cnektpa KP o6pa3uoB, cogepxamux ¢asy rpa-
(uta [52], ¥ TUKOM, COOTBETCTBYIOLIUM AeOopMalim-
oHHBIM OH KonebaHusIM agcopOMpOBaHHOI Ha I10-
BEPXHOCTHU YACTHUI] BOJAbI UJIU MOBEPXHOCTHBIX (hDYHK-
nuoHanbHbIx OH-rpymm.
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Puc. 1. Cnexrp UK-noromenus mopoika JIHA ¢ BbI- Puc. 2. CnekxTp KOMOMHAIIMOHHOTO pacCesiHUs TOo-
YyUTaHMEeM 0a30BOIi JIMHUM U TIPUBEICHUEM T10 MaKCH- poika JTHA.
MyMy B 00J1aCTH BaJIEHTHBIX KosiebaHuit OH-rpynm.
(a) (©)
300 - 80 -
Cls 70 Ols
250 i 533.1 (C-0-C / C-OH)
287.8 (C=0, 0=C-0) 60 1
g 200 4586 4(C-0—C, C-OH) 2 50
= 150- 2 40
~ 100 — 30 -
20 -
50 - 10 .
0 0 -
: . - -10
280 290 300
E., 2B

Puc. 3. PenrreHoBckuii (potosnekTpoHHblii ciekTp Cls (a) u Ols (0) mopoika JTHA.

Pesynbrathl gekonBomounuu nmukoB Cls u Ols
PEHTTeHO(MOTORIEKTPOHHOIO CIeKTpa MOopoIlKa
JAHA npuBeneHsl Ha puc. 3a 1 30 COOTBETCTBEHHO.
Kak BumHOo m3 puc. 3a, MUK ¢ DHEPTUEH CBSI3U
286.4 3B coOTBETCTBYET aTOMaM yIiiepoJa B COCTaBe
TUAPOKCUIBHBIX U 3(UpHBIX rpynn [53—57]. DHep-
rusi cBsi3u 287.8 3B oTBevaeT 3a coCTOSIHUE aTOMOB
yriaepoaa B KapOoOHMIbHOM [56, 57] mim KapOok-
cunbHO# rpynie [53, 54]. Paznoxenue Ols cnekTpa
(puc. 30) noka3plBaeT HAJIMYME B HEM MUKOB C MaK-
cumymamu 1ipu 533.1 3B — 0CHOBHOII UK, COOTBET-
CTBYIOIIIMI CBSI3M MEXIY aTOMaMU YIJepoaa U Kuc-
snopona B C—O—C u C—O—H rpynnax, a Takxke MK
MaJIoii MHTEHCUBHOCTU ¢ MakcuMyMmom 530.5 3B,

KOTODBHIiA, IO BCeii BUIUMOCTH, MOXKET COOTBETCTBO-
BaTh 3Hepruu cBsI3u C=0 B KapOOHUJILHOM Ipymie
[55—58].

TakuMm o6Gpasom, coriacHo maHHbBIM PDODC,
HNK-Dypbe 1 PaMaHOBCKOI CIEKTPOCKOMUHU, TOBEPX-
HocTb yactul JIHA rereporenHa, IJiaBHBIM 00pa3oM,
COIEPXUT MOHOI€HHbIE KapOOKCUJIbHbIE U TUIPOK-
cuibHbIe (DYHKIIMOHAJIbHBIE TPYNIIHI, a TAKXKEe HENO-
HOTeHHBIE YIJIeBOIOpoAHbIe. Hannmune MOHOTeHHBIX
amporepHbix “COH u kucnorusix ~-COOH rpynm Ha
noBepxHocTH yacTtull JJHA, nx KoJnm4ecTBO U CTeNeHb
MOHM3AIUM ONpeneliseT 3HaK ¥ BEIMYMHY 3apsaa I10-
BEpPXHOCTH YaCTUIl HaHOAaJIMa3a B >KUIKON AUCIIePCU-
OHHOI1 cpene:

Ne2 2024
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~7
n x 10 ', yactui/cm?

416

e

400

800

600 1000
d, HM

200

Puc. 4. YcpenHeHHOE TI0 TpeM U3MEPEHUSM pacrpee-
JICHWE YacTUIl 110 pa3MepaM BomHoro 30js JITHA, pas-
OaBiaeHHoro B 50 pa3, nmojydeHHOE METOIOM aHaju3a
TPaeKTOPUM YaCTHII.

422.4 HM

S .
- 135.5 ™M

200 HM
T

Puc. 6. COM-u3o6paxeHne 4aCcTHUI] UCXOTHOTO BOTHOTO
307151 JIHA.

~COOH = —-COO™ +H," (15)
—COH," = —COH +H," (16)
~COH = -CO™ +H," (17)

Ha puc. 4 npuBeneHbl pe3yabTaThl OMpeneaeHUs
pa3MepoB YacCTHUIL UCCIIEAYEMOTO arperaTuBHO U Ce-
JIUMEHTALIMOHHO YyCTOMYMBOTO ruapo3ois JHA me-
TOIOM aHaJIn3a TpaeKTOpHUH YacTuil. BumHo, 9TO MC-
XOJHBIN 30JIb MOJUIUCIIEPCEH U COAEPXKUT arperaThbl
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Puc. 5. PacnpeneneHue 4yacTull UCXOAHOTO BOJHOTO
3oms JIHA mo pasmepam, noiayaeaHoe metonom JIPC.
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0.36 - 89
0.32 1 J
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x 1073 8 x 1072
0.24 U et
0.20 1 bt 442
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NCXOAHBIU 30J1b
0.16 T T T
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Puc. 7. 3aBUCMMOCTb ONTUYECKOI TIJIOTHOCTU TUIPO-
3011 JITHA ot BpeMeHU HaOII0AeHUS MPU pa3IMYHbIX
KOHIIEHTPAIIUsIX PaCTBOPOB XJIOpUAA HATPUS U eCTe-
crBeHHoM 3Hauenuu pH (5.8—6.0).

nepBUYHbBIX HaHouacTull JIHA, cpeau KoTopbix peBa-
JINPYIOT YaCTULIBI C pa3MepoM Topsiaka 135 um. Iomy-
YeHHBIE TaHHBIE XOPOIIIO COMTACYIOTCS C pe3yIbTaTaMu
JAPC, mpuBeneHHBIMM Ha puc. 5 (cpeqHuii pa3Mep 4a-
CTHUL d; U3 pacrnpenesleH!s THTEeHCUBHOCTU PacCesH-
HOTO CBeTa I10 pa3Mepy Takxke coctaBmi 135 um). Co-
BMeCTHBIN aHanu3 COM-u3obpaxkeHUid YaCTUIL 30151
OHA (puc. 6), pactipeneleHH JacTHII IO pa3Mepam,
MOJYYEeHHBbIM METOAAMU aHaIU3a TPAeKTOPUU YaCTUII
u JIPC, rokazai, 4To 00JIblast YacTh IIEPBUYHBIX arpe-
TaToB B MCCJIEAYEeMOM 30Jie UMEET pa3Mep B MUara3oHe
oT 20 10 200 HM u ux popma 61u3Ka K chepudeckoit
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Puc. 8. 3aBUCMMOCTh ONITUYECKOI TNIOTHOCTH BOIHOTO
301151 JIHA ot koHueHTpauuu pactsopoB NaCl mist 0.5
(kpuBas 1) u 15 (KpuBast 2) MUHYT HaOJIIOACHUS TIpU
€CTeCTBEHHOM 3HayeHuM pH.

(puc. 6). YCI0BHO 3TOT AMAIIa30H MOXHO pa30UTh Ha
aBe obaactu 70—200 aM 1 20—70 HM, B KOTOPBIX Hau-
0oJiee BEpOSITHBIMU pa3MepaMu arperaToB SIBJISTIOTCS
135 am u 45 HM (puc. 5) — cpemHuid AUaMeTp YaCTHUIL
dy M3 pacTpeeneHus Yrucia YacTULL o pa3Mepy cooT-
BETCTBEHHO. DTH pa3Mephl, Hapsmy ¢ pa3MepoM Tep-
BUYHOM HAHOYACTUIILI 6.3 HM, UCIIOJIB30BAIUCH TIPU
pacyeTe CyMMapHOM 2HEPruM MNapHOTO B3aUMOIECH -
ctBus yactuil JJHA st Toro, 94ro0bI y4ecThb ITOJIUIMC-
MEePCHOCTh UCXOAHOTO TUAPO030Jis. YacTUuyHash KOH-
IeHTpaIs ucxoqHoro BomHoro 30 JJHA cocraBmia
(2.8 £ 0.9) x 10" yactuu/cm>.

Yemoiivueocmeo eudpozons JJHA 6 pacmeopax
NaCl npu ecmecmeennom 3nauenuu pH

Ha puc. 7 npencrtaBiaeHbl pe3yabTaThl U3yUYeHUS
KMHETUKM Koaryiasuuu BogHoro 3o JJHA npu ecre-
ctBeHHOM 3HaueHUM pH (5.8—6.0) 1 pa3TMIHBIX KOH-
LIEHTpAlUSIX pacTBOPOB Xjopuaa Hatpus. U3 puc. 7
BUAHO, UTO HcciienyeMblil 3016 JIHA arperatuBHO
yeroitauB pu Cy,c; < 1073 M, 0 4eM CBUIETEebCTBYET
MTOCTOSIHCTBO OIITUYECKON TJIOTHOCTH B TEUCHUE
15 mun HaGmoneHust. [pu Cy,c, > 107> M xox 3aBucH-
mocTeit D — t xapakTepeH IJ1s TIpOoTeKaHUsI ObICTPOIA
koaryasuuu (bK). B mpoMexyTouHoii 061acT KOH-
LIEHTpalLMi mpoTekaeT MemieHHas Koarynsaius (MK),
CKOPOCTh KOTOPOM pacTeT Mo Mepe YBeIMUYEeHUS KOH-
neHtpauny pactBopoB NaCl. bojiee TouHble 3HaYeHUS
ITOPOTOB KOATYJIAIINK OBUTH OTIpenesIeHbl TpadMIecKu
U3 KOHLIEHTPALIMOHHBIX 3aBUCUMOCTEN ONTUYECKO
IUIOTHOCTHU 30JIei, u3MepeHHoit yepes 0.5 u 15 MmuH
nociie no6asiaeHust NaCl (puc. 8) [31]. HalineHHble
TakKuM 00pa3oM 3HayeHHUs Moporos MemieHHol C,,,
u opicTpoil Cg, xoarymsaumu 3ona JHA cocrasuim

Puc. 9. 3aBucumocts n3eta-noreniuaia ({V) yactuiy
JHA oT KOHIIeHTpallii pacTBOPOB XJOPUIA HATPUS
TIpY €CTeCTBEHHOM 3HaueHuu pH.

1.1 x 107> M u 7.4 x 103 M cootBercTBeHHO. CrenyeT
OTMETUTD JOCTATOYHO Y3KYI0 00J1aCTh MEIJIEHHOM Koa-
TYJISIITAY 30J11 ¥ TOT (baKT, YTO TTOJTyICHHBIE 3HAUCHUS
Cs  3aMETHO HMXKE, YeM ISl TUITMYHBIX MOHHO-CTa-
OUIM3UPOBAHHBIX KOJUTOMIOB (~(1—=3) x 10~! M). Be-
POSITHO, 3TO MOXET ObITb CBSI3aHO C OTHOCUTEIbHO
BBICOKMM 3HaYeHNWEeM KOHCTaHTHI [amMakepa 4acTHII
JeTOHAIlMOHHOIo anMa3sa. Takxke oOpallaeT Ha cebs
BHUMaHUe TOT HaKT, YTO B OTVIMYME OT MOJUIMCIIePC-
HBIX 30JIeil OKCUIIOB (HAIpPUMEp, OKCUIA LIUPKOHUS
[31]), mJ1st KOTOPBIX JOCTATOYHO XapaKTepPHO HAIMYNE
objacTeil c1aboil 1 MHTEHCUBHOM MeNJIEHHON Koa-
ryJsiuuu, 30Ha ciaaboil MK, B KoTopoii oxumaercs
MIPEUMYIIECTBEHHOE MMPOTeKaHe KOATYISIIINU TIep-
BUYHBIX HaHOYacTul, 11 307 JJHA He xapakTepHa.
BeposiTHO, 3TO MOXET CBUIETEILCTBOBATH O TOM, YTO
nepBUYHLIX HaHouacTull JJHA B ncciemyemMoM 307¢e
MMPAKTUYECKN HE COMEPKUTCS.

Hapymenue arperaTuBHOM yCTOHYMBOCTHU THIPO-
307151 JIHA non neiictBueM nHangGepeHTHOro 3JeK-
TPOJINTA BBI3BAHO, IIO-BUANMOMY, B IIEPBYIO OYepeIb
yMEHbIIEHEeM BeJIMYMHBI 13€Ta-MOTeHII1Aalla IIPU yBe-
JquyeHnn KoHueHTpauuu NaCl BcaeacTBue cxKaTust
g gysHoit yactu ADC (puc. 9). CnenyeT OTMETUTD,
YTO BO BCEM MCCJIE€IOBAaHHOM KOHIEHTPAIIMOHHOM
nHTtepBajne npu pH 5.8 BenrnunHa 31eKTPOKMHETH -
YeCcKOro noTeHUMana rnojoxurenabHa. [lo-BunumMomy,
npu nanHoMm 3HaueHuu pH B pactBopax NaCl u 3apsia
noBepxHoctu yactull JJHA mooxuTelieH, 1 OCHOB-
HOI1 BKJaa B 00pa3oBaHME MTOBEPXHOCTHOTO 3apsaa
BHOCHT ITOBEpXHOCTHas peakuus (16).

PacyeThl sHeprum mapHOTO B3aMMOIEHCTBHS Ja-
ctun, IHA nipu pH,, 1 pa3iMyHBIX KOHLIEHTPALIUAX
NaCl npoBoauIu Mo KjacCU4eckoil U 0000I1IeHHO
teopuu JJIPO, B mmociaemHeM ciiydae IMpU pacyeTe
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CTPYKTYPHOII KOMITOHEHTHI SHEPTUHU B3aMMOIEICTBUS
YaCTUL BapbUpPOBaJM MapamMeTp KOPPEeasIUOHHOM
JIJIMHBI CTPYKTYpHBIX cui [ ((1—3) Hm). PacueTsl mipo-
BOIMIIM (KaK yKa3aHO BEINIE) ST TIEPBUYHBIX HAHO-
yacTull 6.3 HM, a TaKKe MIEPBUYHBIX arperatos 45 HM
u 135 HMm.

Pesynbrarhl pacuera SHepruu IapHOro B3auMoeii-
CTBUS IJisI TIEPBUYHBIX YaCTUI] TTpUBeAeHbI Ha puc. 10
u B 1adbn. I11 IlpunoxeHus. BugHo, 4ToO He3aBU-
CHMO OT CIloco0a pacyeTa NepBUYHbIE HAHOYACTULIbI
JIOJDKHBI MEIJICHHO KOaryJIMpoBaTh 110 0apbepHOMY Me-
XaHU3MYy yxe B 5 X 10~ M pacTBope xJIopuia HaTpus,
a mpu kKoHueHrpauuu NaCl 5% 10~> M — 6picTpo. Pe-
3yJIbTaThl PACUYETOB MOATBEPKIAIOT BhICKA3aHHOE pa-
Hee MPENoJIOKEHUE O MPAKTUIECKU OTCYTCTBYIOIINUX
B HCCJICAYEMOM 30JIe ITepBUYHBIX HaHoUyacTulax JIHA.
B c¢Bs131 ¢ 3TUM B gaJbHEUIINX pacuyeTax B3auMOICH-
CTBHE IIEPBUYHBIX HAHOYACTUII HE pacCMaTPUBAIIN.

PesynpraTthl pacueToB 3HEPruy NapHOro B3aUMO-
JEeMCTBUS I TEPBUYHBLIX arperaToB HaHOYAacCTHII
JHA 1o xnnaccuueckoii u 06061meHHoi Teopun J1JIDO
¢ KoHcTtaHTOI 'amakepa 1JisT IIOPUCTBIX arperaTos,
COOTBETCTBYIOIIEf MOHOJUTHBIM YacTUIIAM ajMa3sa,
npencrtasiieHbl B Ta0i. 112 u I13 IIpunoxenus. AHa-
JIN3 TIOJIy4YeHHBIX Pe3yIbTaToB MOKa3aJj, YTo Jaxe Mpu
yuyeTe CTPYKTYPHOM COCTABJISIOLLIEH U BApbUPOBAHUU
3HAYEHUI JUIMHBI KOPPEJSILIMU HE YIaeTcsl JOCTUTHYTh
COOTBETCTBUS MEXIY SKCIIEPUMEHTAJIBHBIMU U TEOpe-
TUYECKUMMU JaHHBIMU. ECTeCTBEHHO MpPEeaIIoI0oXNUTh,
yTo arperarsl yactull JJHA MMeT IJIOTHOCTD, OT/JIMY-
HYIO OT IIJIOTHOCTY MOHOJIUTHBIX YaCTUILl HAaHOAaIMa3a.
ITopucTocTh U MOp(OJIOrUs TaKUX arperaToB 3aBUCSIT
OT psifia MapaMeTPOB U3y4yaeMOii CUCTEMBI, B YaCTHOCTU
OT UX pa3MepoB, OJHAKO, HE BIaBasiCh B AeTalu 3TOM
MpoO0JIeMbl, BaXKHO OTMETUTD, YTO IIPY TOM MJIM MHOM
UX CTPOCHMHU (BpPSA M OTBEYAIOIIEM ILIOTHeIei
yInakoBKe yacTull) 3¢ deKkTrBHAs KOHCTaHTa [aMakepa
4acTuIl (TO eCTh Ay, PEATBHO OMKCHIBAIOLIAS CUITBI
MOJIEKYJISIPHOTO B3aMMOACHCTBUS HETUIOTHBIX arpera-
TOB) OyIeT MeHbIlle KOHCTAaHThI ['amakepa MOHOJIMT-
Hbeix yactuil [IHA. B cBs13u ¢ 3TMM gajee mpu pacdeTe
MOJIEKYJISIPHBIX CHJI B3aUMOIEMCTBUSI MEXAY arpera-
Tamu yactull JIHA ucnonb3oBaiv psia BEpOSITHBIX 3¢~
(bexTUBHBIX KOHCTAHT ['amMakepa IJIsl pa3HOI CTeNeH!
PBIXJIOCTH CJy4ailHbIX CBOOOAHBIX YITAKOBOK YaCTUIL
((0.58—0.86) x 10~ Ix) (tadn. [14—I17 IpunoxeHus).

JeTabHOE COMOCTaBICHNE PE3YIbTaTOB pacyeTra
U IKCMEpUMEHTa MMoKa3ajau, YTO B MPUHILIUIIE UME-
eTcst 00JIaCTh PACYETHBIX TTAPAMETPOB (4,44, /), TO-
3BOJISIIONIAS. OOBSICHUTH YCTOMYMBOCTh M KOATYJISILIIO
3oiist JIHA, comepxalllero 4acTUIIbI ABYX YKa3aHHbBIX
OCHOBHBIX pa3MepoB. [1pr 3ToM 0OBEKTUBHO peallb-
HBIMU TIPEICTABIISAIOTCS HaMMeHbIlee 3HaUeHne 3(P-
(dbexTuBHOI KOHCcTaHTH Tamakepa 0.58 x 10~ JIx
U BEJIMYMHBI KOoppeassuuoHHoit muHbl [/ ((1—3) HM).
[ToaTBepXXIeHUEM 3TOTO SIBJISTIOTCS PE3YJIBTaThl, TIpe-
craBiieHHbIe Ha puc. 11 u puc. 12. CienyeT OTMETUTD,
YTO TIPU PACCMOTPEHUHN TaHHBIX pacdyeTa YIUTHIBAIN
Ne2 2024
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Puc. 10. 3aBrcUMOCTU SHEPTUU MAPHOTO B3aUMOIEH-
cTBUS MepBUYHBIX HaHo4yacTull JJHA (6.3 HM) ot pac-
CTOSIHUSI TIPY €CTECTBEHHOM 3HaueHU pH 1 paznuuHbIx
KOHIIEHTpaIlMsIX PacTBOPOB Xjopuaa HaTpus. Pacuer
o pacmmupeHHoit teopun JJIPO. 4 = 1.38 x 10~ [Ix,
K=1x10°JIx/m* [ = 1.0 aMm.

KaK M3MEHEHME BBbICOTHI MOTEHIMAJbHOTO Oapbepa
npu u3MeHeHUM KoHueHTpauuu NaCl, Tak u pacyeT-
HbIE 3HAYeHUsI (DAKTOPOB 3aMeICHUsI KOATYJISIIIUM.

M3 3aBucuUMOCTe# 3HEepruy MMapHOro B3aMMOICH-
CTBUSI YaCTHII OT PACCTOSTHUS MEXKIY HUMM TIpH pa3-
HBIX KOHIIEHTpaUusX 37ekTpoauta (puc. 11) cienyer,
YTO MOPOryY OBICTPOI KOArYJISILIMU COOTBETCTBYET UH-
TepBas KoHueHTpauuii NaCl, cooTBeTCTBYIONINIT 1C-
Ye3HOBEHMI0 HEeOOIbIIOro 6apbepa OTTaAKUBaHUS
U Tepexony K 00JacTy MPUTSKEHUs YacTUIL Ha BCex
paccTosTHUSIX Mexay HuMu. M3 naHHbIX puc. 12 cie-
IyeT OUeBUIHAS KOPPETSIIINS MEXIY SKCIIEpUMEHTAIb-
HBIMU KOHUEHTPAIIMOHHBIMU 3aBUCUMOCTSIMMU OITH-
YyecKoii rioTHocTH (¢ = 0.5 MUH) U CpemHero pasmepa
yactull (f = 20 MUH) U pacCUMTaHHBIMU 3aBUCHUMO-
CTSIMU CyMMapHOTO (pakTopa arperaiuu ch»[l ot IgC
it 0603HAYEHHOM TPYIIIBI TTAPAMETPOB A, 1 / ¥ OC-
HOBHBIX pPa3MepoOB MEePBUYHBIX arperatos B 3oje. He-
TPYIHO 3aKJIIOUUTh, YTO OCHOBHBIM (PaKTOPOM CTaOM-
ym3aunu 309 JJTHA sBisieTcst 31eKTpocTaTUIeCKUiA.
B paccmorpeHHoM uHTepBaje KoHleHTpauuit NaCl
IJIST OCHOBHBIX Pa3MepOB YaCTUIl KOATYIISAIIUS 301
MOXET IIPOTeKaTh 110 OapbepHOMY, 0e30apbepHOMY
U cMelllaHHOMY MexaHu3MaM. [locnenHee mojoxeHue
MOTYT WTIOCTPUPOBATH, HATIpUMEp, JaHHEIE, TTPe-
cTaBjieHHbIe B Ta0J. 1 u Ha puc. 11. IIpu 3ToM OCHOB-
HOIt BKJIaJl B YCTOMYMBOCTD 30151 BHOCAT MEPBUYHBIC
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Puc. 11. 3aBucumocTu sHepruu napHoro B3aumoneiicteust arperatos JIHA (45 um (a) u 135 HM (6)) OT paccTosiHUSI TPU
€CTeCTBeHHOM 3HaueHnu pH 1 pa3nnyHbIX KOHIIEHTPALUSIX PAaCTBOPOB XJIopuaa HaTpus. Pacuer mo pacimmpeHHO# Teopun
IJIDO. 4,44 = 0.58 % 109 Ox, K= 1% 10 Ix/m3; [ = 1.0 M.

Puc. 12. 3aBUCHMMOCTH OTHOCHMTEJIBHOI ONMTUYECKOM
mrotHocty 30y JAHA (tipu ¢ = 0.5 muHyT) (KpuBast 1),
pasmepa vyactull (mpu ¢ = 20 MuHyT) (KpuBas 2) U pac-
4eTHOro (akropa arperaunu (1/W,,, ) 11 arperaros
¢ pa3mepoM 135 HM (kKpuBasg 3) 1 45 HM (KpuBast 4)
ot KoHueHTpauuu pactBopoB NaCl. PacueTHble na-
paMeTpsl CTPYKTYpHEIX et K = 10° IIxx/M3, [ = 1 HM;
A = 0.58 X107 JTx. UncneHHble 3HAYECHNS TIPU TOU-
Kax (kpuBas 2) — mous (%) MIHTEHCMBHOCTH CBETa, pac-
CEeSTHHOTO YacTUIIaMU JaHHOTO pa3Mepa (IIpUBEICHBI
IUTSI cITydasi OUMONAIBHOTO PACTIPEIeTeHUST).

arperaTtbl C MEHBIIUM pa3MepoM (45 HM). Crenyet oT-
METHUTh, YTO B CJIydyae B3aMMOICUCTBUS YaCTHIL IIPO-
MEXYTOUHBIX Pa3MepOB Pe3yJbTaThl PaCUeTOB OyIyT
JIMIIb KOJWYCCTBCHHO APYIMMU, IMPU 3TOM aHaIu3
MapHBIX B3aNMOACHCTBUI YaCTHIL IIPUBEIET K TOMY
K€ 3aKJIIOYEHHIO O XapaKTepe KOary/IsiliMU U O BIIOJTHE
YIOBJIETBOPUTETHLHOM COOTBETCTBUY TEOPUU U IKCIIE-
PHIMEHTA.

BaxxHOo 3aMeTUTh, UTO MPOLECC KOATYISIIMU Pa3HO-
pa3MepHBIX arperaTtoB, TaK e KakK U JJis YaCTULL O/l -
HOTO pa3Mepa, MpoTeKaeT MPEUMYIIIECTBEHHO B ajlb-
HEM MOTEeHIMAJIbHOM MUHUMYME 10 0e30apbepHOMY
MexaHu3My (tabJ. 2). [Tpyyem UMEHHO IS 3TOTO MPO-
1iecca, mpoTeKaroulero ¢ 00JIblel CKOPOCThIO, YeM KO-
aryJsius oMHOpa3MepHBIX YACTUIL, U, CIEAOBATEIbHO,
OKa3bIBAIOIIETO OOIbIee BIUSHUE Ha YCTOMINBOCTD
MOJIMAMCIIEPCHOTO 307151, pacYeTHbIE MMapaMeTpbl Hau-
Jly41IMM 00pa3oM COOTBETCTBYIOT dKCIEPUMEHTAb-
HBIM JaHHBIM.

Yemoituusocmo 600n020 3013 JTHA npu pazauuHbix
3HaueHusx konyeumpayuu I[1OH (pH)

PesynbraTel n3ydeHnsT KWHETUKU KOATYIISIIIUA BO-
nHoro 3oiis1 IHA npu pasznuuHbiXx 3HaueHusix pH
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Taomuua 1. HekoTophie mapaMeTpbl CyMMapHOM 3aBUCUMOCTU SHEPIUM MapHOTo B3aumoneiicTsust yactuil JJHA
(45 am 1 135 HM) OT pacCTOSTHUS, pacCYUTaHHBIE TTO KJIacCHYEeCKOM 1 06061meHHo#i Teopun AJIPO, n pakTopsl
arperaluy Ipy ecTecTBeHHOM 3HaueHun pH. A, = 0.58 X 107" Ix

ITapameTtpsl V,
C,M p ] Voo KT | hoppyo BM | =V /KT | B, HM W, w, d, aM
Kx10° Ox/m [, HM
5% 104 13.2 4.7 0.02 1155 | 2.1%x10° | 43.9
10-3 1.6 3.6 0.06 71.7 4104 | 18.6
2.5%1073 8.2 29 0.17 36.2 LIX10° | 63
3x10°3 6.6 3.0 0.22 31.8 245 5.0
5% 1073 1 1 2.4 3.4 0.44 20.3 5.7%1 2.8 45
7% 10-3 0.15 4.0 0.7 13.4 1.6* 2.0
10-2
3 x 10,2 an/ITH)KCHI/IC Ha BCEX paCCTOHHI/ISIX 1
5% 104 13.1 4.9 0.02 1155 | 1.6x10° | 43.9
10-3 113 4.2 0.06 717 | 25%10% | 18.6
2.5% 1073 7.2 3.7 0.17 36.8 190 6.3
3% 10-3 0 _ 6.0 3.75 0.23 31.8 124 5.0 45
5% 10-3 2.0 42 0.44 20.3 3.9% 2.8
10-2
3 % 10_2 HDI/ITH)KCHI/IC Ha BCEX paCCTOAHUAX 1
5% 104 39.7 45 0.07 1155 | 2.5%10% | 15.1
10-3 35.0 3.6 0.16 717 | 21x104 | 66
2.5% 1073 24.5 2.9 0.52 372 | 5.4x10° | 25
3% 10-3 19.8 3.0 0.66 3.8 | 53x107 | 21
5% 103 1 1 7.34 3.4 13 20.3 240 137 | 135
7 % 10-3 0.45 4 2.1 13.5 1.3* 113
102
3% 102 IIputsxeHMe Ha BCeX pacCTOSTHUSX 1

!'* Pacuer BeMunHbI ()aKTOPA YCTOMIUBOCTH 110 GapbepHOMY MexaHu3My (W, *) Tipy HEBBICOKMX 3HAYEHUAX Gapbepa OTTAIKUBA-
Hug (MeHble 5 kT) He KOpPEKTeH.

Taommna 2. HekoTopbie mapaMeTpbl CyMMapHOM 3aBUCUMOCTY SHEPIMU MAPHOTO B3aMMOIEICTBHUS pa3HOpa3MEPHBIX
qactuil JJHA (45 5aM 1 135 HM) OT paccTOsSTHUSI, pacCYUTaHHBIe IT0 0000menHo# Teopun AJIPO, u hakTops! arpera-
LM [IPY eCTeCTBEeHHOM 3HadeHun pH. A,,4 = 0.58 X 10~ Ox

ITapamerpsl V
Cc,M Vo KT | Ao BM | =V /KT | R0, HM W, w, W, MB
Kx 108, Ix/M® | I, am
5x10~* 19.7 44 0.03 113.5 6.7 x 107 28.5 37.2
103 17.5 3.6 0.08 71.7 6.6 x10° 12.6 37.5
2.5x1073 12.2 2.9 0.26 37.2 3.2x 104 44 36.5
3x1073 1 1 9.9 3.0 0.33 31.8 3.2x103 3.5 35.2
5% 1073 7.2 2.84 0.59 22.2 142 2.25 30.9
102 24.8
3% 102 IIputsKeHMe Ha BCEX PACCTOSTHUSIX 1 145
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Puc. 13. 3aBUCMMOCTb ONTUYECKOI MIOTHOCTU OT Bpe-
MEHU NPy pas3nuyHbX 3HaueHusx pH B 10~ M pactsope
XJIOpUIa HATPUSI.
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Puc. 15. 3aBUCMMOCTD ONITUYECKOI TTIOTHOCTH BOITHOTO
30719 JIHA ot koHueHTpauuu pacrBopoB NaCl mig 0.5
(xpuBas 1) u 15 (kpuBasi 2) MUHYT HaOJIIONEHUS, a TAKKe
cpenHero pasMmepa yactuil (¢ = 20 MUHYT, KpuBas J3) TIpu
ecrecTBeHHOM 3HayeHuu pH. YucieHHbIe 3HaYeHUST TTpU
Toukax (kpuBas 3) — monst (%) UHTEHCUBHOCTH CBeTa,
paccestHHOTO YacTUIIaMU JTaHHOTO pa3Mepa (TIpUBEIeHBI
IUTSL cITy4yast OMMONAIbHOTO pacIipeeieHusI).

B 10~ M pacTBOpe XJ10pHaa HATPUS METOIOM TYpOU-
JUMETPUUN MpeacTaBiieHbl Ha puc. 13. BunHo, uto npu
yMeHblieHud pH oT ero ectecTBeHHOTO 3HaYeHuUs 5.8
JTUCIIEPCUST OCTAaeTCsl arperaTUBHO ycToiuuBoit. [1pu
pH > pH, , B nucnepcusx mpoTekaeT KOarymisius.
Xom KpUBBIX CBUAETEILCTBYET O TOM, uTo Tipu pH 6.61
u 11.5 mpoTekaeT MemJieHHass KOaryasiuus, TpuyeM
mpu pH 11.5 6onee nATeHCUBHA, a pu pH 8.66 — OBI-
ctpasi. U3 puc. 14 BUIHO, UTO U303JIEKTpHUUYECKAsI TOUKA
yactuu JIHA nexut npu pH 7.5. B ¢Bsi3u ¢ atum npu

BOJIKOBA u ap.
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Puc. 14. 3aBUCUMOCTbD 2JIEKTPOKUHETUUECKOTO MOTEH-
nmana (EV) yactun runposzons JHA ot pH 103 M pac-
TBOpA XJIOPUIA HATPUS.
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Puc. 16. Pacnipenenenue yactuil BogHoro 3oist JIHA o
pasMmepawm, nosnydeHHoe meronoM JPC, B 103 M pac-
tBope NaCl npu pH 5.8.

pH < 7.5 yacTuubl 3015 MOJOXUTEIbHO 3apSIKEeHBI,
a ipu pH > 7.5 — oTpuniatenbHO (B PEAINON0XEHUN
nHauddepentHoctu NaCl). B manHowMm ciiyyae mo-
JIOXUTEbHBIN 3apsan npu pH < 7.5 Ha moBepXHOCTHU
JHA, no Bceit BUIMMOCTH, OOYCJIOBJIEH IIPOTOHUPO-
BaHUEM MOBEPXHOCTHBIX TMAPOKCUIIbHBIX TPYTIII.

Kak BumgHO 13 puc. 15, 1aHHBIE IO OIIPENEICHUIO
ONTUYECKOM TIJIOTHOCTH 30JI51 M CPEIHETO pa3Mepa Jya-
CTUII B 3aBUCUMOCTHU OT pH Tpu MoCcTOSSTHHOM BpeMeH!
HaOJII0JIEHMST XOPOILIO COTIacytoTcsl Mexay coboit. [Tpu
Ne2 2024
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Taomua 3. HekoTopbie mapamMeTpbl CyMMapHO# 3aBUCHMOCTH 9HEPTUY TTApHOTO B3anuMoeiicTBus arperatoB JIHA (45
u 135 HM) OT pacCTOSTHUSI, pacCUMTaHHBIE TT0 00001meHHO0# Teopuun AJIPO, 1 hakTophl arperalliy IPU Pa3INIHBIX
snauenusix pH 107> M pacTBopa x1opuna HaTpus. A, = 0.58 X 107" I

ITapametpsl V,
pH Vo KT | Boppyo BM | =V /6T | By, HM W, W, | TV, MB | d, um
Kx10°, Ix/™M | I, Hm

4.08 (+) 640 | 2503 0.16 732 | >10% | 66 | 474

5.34 (+) 353 3.5 0.18 692 | >10% | 623 | 37.8

5.8 (+) 27.8 4.1 0.19 669 [17x10"| 59 | 348

6.6 (+) 1 I 9.2 6.8 0.22 5960 |1.8x10°| 50 | 247 | ¥
8.66 (—) 2.6 45 0.19 65.1 100 | 56 | —325

1.5 (-) 34.8 1.2 45 8.6 105 | 1.0 | —54.9

4.08 (+) 213 25 0.05 73.0  [48x10%| 189 | 47.4

5.34 (+) 1.8 3.5 0.06 69.2 |43x10%| 175 | 37.8

5.8 (+) 9.2 41 0.06 669 [3.7x10°| 16.6 | 348

6.6 (+) 1 1 3.2 6.8 0.07 59.0 1.7 | 140 | 247 | P
8.66 (—) 75 45 0.06 65.1 737 | 159 | =325

1.5 (=) 11.6 1.2 1.5 86 |77x10°| 13 | —54.9

Tab6imuna 4. HekoTopble mapaMeTpbl CYMMapHOM 3aBUCMMOCTH 9HEPTUM MapHOro B3auMmoneicTus arperatos JJHA
(24 1 60 HM) OT pacCTOSTHHSI, pacCUYUTaHHbBIE 1O 00061eHHOI Teopun AJIDO, u hakTophl arperalyiv Mpu pasIndHbIX
pH 1073 M pacTBopa xnopuna HaTpust. A, = 0.58 X 107 Ix

[TapameTtpsl V
pH Voa/ KT | By BM | =V JKT | b, HM w, W, |V, MmB | W5 | d, um
Kx10°, Ix/M? | [, um

4.08 (+) 11.4 2.5 0.036 73.0 39x104(349| 474 |34.9

5.34 (+) 6.3 3.5 0.03 69.2 303 32.3| 378 |584

5.8 () 4.9 4.1 0.033 66.9 87 16.6 | 34.8 |27.9

6.6 (+) 1 Ul 16 | es 0.04 59.0 47 |259| 247 | 79| %
8.66 (—) 4.0 4.5 0.035 65.1 65.1 294 | 32.5 |40.5

11.5 (-) 6.2 1.2 0.8 53.8 120 1.8 54.9 1.8

4.08 (+) 28.4 2.503 0.076 73.0 4.6x10"| 143 | 474 |14.3

5.34 (+) 15.7 3.5 0.08 69.2 1.7x10° | 13.2 | 37.8 13.2

5.8 (1) 12.3 4.1 0.08 66.9 6.6x10%| 12.6 | 34.8 |12.6

6.6 (+) ! 1 4.1 6.8 0.1 59.0 24.3 106 | 24.7 | 14.8 60
8.66 (—) 10.6 4.5 0.09 65.1 7%x10% | 12.1 32.5 12.1

11.5 (-) 15.5 1.2 2.0 8.6 6x10° | 1.15| 54.9 1.15

TOM o0OpaliaeT Ha ce0s1 BHUMaHUeE TOT (PaKT, YTO KaK
B 00J1aCTH YCTOMYMBOCTH, TaK U B caydae Hamboee
WHTEHCUBHOM Koaryiasuuu (ripu 8.66 u 11.5) Habmio-
naeTcsa OMMoJalbHOE pacrnpeaeieHrue 4acTull, 4YTO
00YCJIOBJICHO TOJIMANCIIEPCHOCTHIO UCXOTHOTO 301
JHA. Kak BunHO 13 puc. 16, ycroituussiii B 107> M
pacTBope XJopuna HaTpusl mpu ectecTBeHHOM pH 5.8
30716 JIHA xapakTepusyeTcs AByMsI 3HAUCHUSIMU Hau-
0oJiee BEpOSITHOTO pa3Mepa yacTuil — 135 HM u 24 HM

KOJIJIOUIHBIM )KYPHATL  Ttom 86 Ne2 2024

(d)) wnu 24 um u 60 HM (dy). To, uTO B ciayyae usy-
yeHud ycToitunocTy 30714 nipu pH 5.8 B 10~ M pac-
TBOpE XJI0pUJa HATpUs HAOJIIOAAJICSI TOJIBKO ONMH THK,
COOTBETCTBYIOIIMI TOCTATOYHO KPYITHBIM arperatam
JHA 135 aM, MOXeT OBITh OOBSICHEHO OCOOEHHO-
ctssmu Metoaa JIPC nipu n3ydyeHUU MoOauaucIiepCHbBIX
00pasIloB, cofepxKalluX Kak KpyInHble, TaK U MeJIKue
gacTunbl. CiaeayeT OTMETUTD, TIPU COTIOCTaBICHUHU
MOJTy4eHHBIX TaHHBIX ¢ pe3yiabratamMmu COM (puc. 6)
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BOJIKOBA u ap.

Ta6mua 5. HexkoTopsle mapaMeTphl CyMMapHOM 3aBUCUMOCTH SHEPIUH ITAPHOTO B3aUMOICHCTBUS pa3HOPa3MePHBIX
arperaroB JIHA (24 u 60 HM) OT pacCTOSIHUSI, paCCUMTaHHbIE 110 00001eHHOM Teopuu JJIDO, u dhakTophl arperaluu
npu pasmuyHbiX pH 107 M pacTtBopa ximopuaa Hatpust. A, = 0.58 X 107 Ix

ITapametpsl ¥,
pH Vi KT | Bas BM | =V /KT | By, HM W, W, CW, MB | W5
Kx10°, Ix/M® | I, HM
4.08 (+) 16.3 25 0.04 730 |48x106| 246 | 474 | 246
5.34 (+) 9.0 3.5 0.04 69.2 |42x10%|228| 37.8 |226
5.8 (+) 1 1 7.0 4.1 0.05 66.9 679 | 216 | 348 |20.9
6.6 (+) 2.25 6.7 0.22 56.5 80 | 17| 247 | 113
8.66 () 5.9 4.6 0.05 67.7 206 | 222 325 | 402
115 (=) 1 1 8.8 12 1.15 86 |1.6x10°| 146 | 549 | 146

Taomuna 6. Hekoropsle mapaMeTpbl CyMMapHOi 3aBUCHUMOCTH HEPTUHU ITApHOTO B3aUMOIEUCTBUSI pa3HOPa3MePHBIX
arperatoB JIHA (24 u 135 HM) OT paccTossHHSI, pacCUMTaHHBIE 110 00001meHHo Teopnu AJIDO, u pakTops! arpera-
nuu npu pasanaHex pH 1073 M pactBopa xytopuna HaTpus. Aupp = 0.58 % 1071 Ix

ITapameTpsl V,
pH Vmax/kT hmax’ HM _Vmin’/kT hmin’ HM I/Vl I/VZ CW’ MB WZ
Kx 108, Ox/M® | I, um
4.08 (+) 20.0 25 0.05 730 [73x107| 201 | 474 | 201
5.34 (+) 9.0 3.5 0.04 692 |42x10°| 228 | 378 | 228
5.8 (+) 1 1 1 3.5 0.06 69.2 | 12x104| 18.6 | 348 | 18.6
6.6 (+) 29 6.8 0.07 59 59 |149| 247 | 86
8.66 (<) 7.0 44 0.06 65.1 257 | 169 325 | 317
115 (-) 1 1 10.9 1.2 1.4 8.6 |47x10°| 13 | 549 | 1.3

BUIHO, YTO OCHOBHAas (hpaKIMs YaCTHLI 30JIs1, 10 BCEiA
BUIMMOCTH, UMeeT pa3Mmep d < 60 HM, a METOIOM aHa-
JIn3a TPaeKTOPUM YACTULL “BUAHBI" HE BCE YACTUIIBI,
COOTBETCTBEHHO, OIpeAc/ieHHAass YaCTUUHAsI KOHIIEH-
Tpalus 30JIs1 MOXET OBITh 3aHMXKEeHa. DTO TOMYIIeHUE
XOPOIIO COIJIacyeTcsl C pe3yjbTaTaMU MCCeq0BaHUS
ycroituuBoctu nipu pH 5.8 (puc. 12). I1pu ycinosuu,
YTO OCHOBHOM BKJIaJl B YCTOMUYMBOCTbD 30JI51 BHOCST Ya-
CTUIIBI CO CPETHUM pa3zMepoM MeHee 60 HM, KoaryJisi-
s 6osiee KPYIHBIX YyacTUll (1o KpaitHeit Mepe B Ha-
yaJIbHOI 00JaCTH MEIJICHHOI KoaryJisiiuu) Ha (hoHe
COXpaHEeHUsI AUCIIEPCHOCTH YACTUL] C OTHOCUTEIHLHO
HEOOJIBIINM pa3MeEPOM MOXKET CYIIECTBEHHBIM 00Opa-
30M HE CKa3blBaThCsl Ha HabJtogaeMoii ob1eit Kap-
TUHe ycToiunuBocTu 30js JIHA. B cBsS13u ¢ BhIlIecKa-
3aHHBIM, Jajiee MPU pacdyeTax MbI TAKKe NPUHUMAIA
BO BHUMaHWE YaCTHUIIBI ¢ pa3MepaMu 24 HM 1 60 HM.

PesynbTaThl pacueTa MOTEHUUANbHON 3HEPruu
napHoro B3auMonaeiicTBus yactuil 3018 JJHA ot pac-
CTOSTHUSI MEXIy HUMU 1 COOTBETCTBYIOIINE (haKTOPBI
YCTOMYMBOCTH 30J151 U151 6apbepHOro 1 6e30apbepHOTo
MEXaHU3MOB TpuBeaeHbI B Ta0. 3 u 4. [1pu 3TOM MC-
MOJIB30BAJIMCH T€ K€ PaCYCTHbIE MapameTpsl A, 1 /,
YTO U MPU MOCTPOEHUU KpUBBIX V(/) Ha puc. 4.()1'[p1/1

pPaccCMOTPEHUHU MAaHHBIX pacyeTa YIMTHIBAIU KaK 13-
MeHEeHHe BBICOTBI MOTeHIIMAIbLHOTO Oapbepa Mpu U3-
meHeHuu pH (B ciiyyae BeTMYUHBI Oapbepa MEHbIIIe
5 kT), Tak 1 pacyeTHble 3HaYeHUsI (haKTOPOB 3aMe/l-
JIEHUST KOaryIsimuu. MoXXHO OTMETUTh, YTO pacyer-
HbIE 3Ha4YeHUs (pakTopa ycToiiunBoct W, 11d oTHO-
CUTEJILHO HEBBICOKUX OapbepOB OTTAJKUBAHUS YACTUII
(maHHBIe B TaOJMIIaX BBIIEICHBI KYPpCUBOM) HE COIIa-
CYIOTCSI B YIOBJICTBOPUTEIBbHO CTETICHU C pe3yiIbTa-
TaMU U3yYeHUs] yCTOMYMBOCTH 30JIS1.

M3 Tabj. 3 BUAHO, UTO JJISI TIOJIOKUTEIBHO 3apsi-
xkeHHbIX yactull JIHA ¢ pasamepoM 45 HM B MHTepBae
pH 4.1—5.8 mporHo3upyeTcs yCTOMIMBOCTD U TOCTa-
TOYHO MeJJIEHHAas! KoaryJsius no 6apbepHOMY MeXa-
Hu3Mmy npu pH 6.6, aHaJTOTMYHBII TPOTHO3 CIIEAYET
s vactun JIHA ¢ pasmepom 60 um (ta6u. 4). s
0oJjiee KpymHBIX yacTtull (135 HM) NpoOTHO3UpPYyeETCs
npoTeKaHUe MeAJeHHON Koaryiasluu MpeuMylie-
CTBEHHO IT0 O0e30apbepHOMY MEXaHU3MY B UHTEP-
Bane pH 4.1—6.6, 11 MeTKNX 4aCTUIL C Pa3MEPOM
24 HM — MeJIeHHasl Koaryasilus IperuMyIeCTBEHHO
o 6aprepHOMY MexaHU3My B MHTepBayie pH 5.8—6.6.
Hns1 orpunatenbHo 3apskeHHbIX yactull JJHA B 3a-
BUCHMOCTH OT pa3Mepa JacTull 1 pH MoxXHO oxXunaTh
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Kak MpoTeKaHUs MeIJIEHHOMN Win ObICTpOI KoaryJsi-
UM, TaK M YCTOMUYMBOCTHU 30Jis1 (Tadi. 3 u 4). Takoe
K€ 3aKJIIOUeHUE MOXHO c/iesiaTh TPU PAaCCMOTPEHUU
MapHOIo B3aUMOAEHCTBUS pa3HOPa3MEePHbBIX YaCTUIL
(Tabma. 5 u 6).

B memoM MoOXXKHO TOBOPUTH O KAYECTBEHHOM COOT-
BETCTBUU JAaHHBIX TYPOUAUMETPUU C pACCUUTAHHBIMU
3asucumoctamu V(h). BeposTHo, 4TO HenoHasI KOp-
pessiius TEOPEeTUYECKUX PacyeTOB U IKCIIEPUMEH -
TaJIBHBIX PE3yJIbTaTOB IUIST Pa3IMIHBIX 3HaYeHui pH
(T71aBHBIM 00pa3oM TOJNBKO 11 3HadeHus pH 8.66)
oOycnosneHa teM, 4To I'C Boabl y ITOBEpXHOCTH 4Ya-
ctul JIHA n1ocTtaTouHO 4yBCTBUTENbHBI K KOHIIEHTpA-
nuu ITON, ucnonb3oBaHue B pacyeTax HEM3MEHHBIX
napaMeTpoB CTPYKTYPHOIT KOMIIOHEHTHI SIBJISIETCS CY-
IIECTBEHHBIM TTPUOTMKEHUEM.

SAKJIIOYEHUE

CIrieKTpOCKOIMYECKOe U3yUYeHUE COCTaBa MOBEPX-
HOCTHBIX (DYHKIIMOHABHBIX TPYIIN IMOKa3aj10, YTO I0-
BepxHocTb yactull JIHA reteporeHHa, rjmaBHbIM 00-
pPa3oM ConepKUT MOHOTEHHbIE KapOOKCUJIbHBIE U TH-
IPOKCHUJIbHBIE (DYHKIIMOHATbHBIE TPYIITBI, a TaKXe
HEMOHOTEeHHbIE YIJIeBOAOPOAHBIE. 3apsiKeHue IMo-
BEPXHOCTH YaCTUII TIPOMCXOIUT BCIICACTBHEC MOHM3A-
1y moHoreHHbIX aM@orepHbiXx “COH 1 KMCIOTHBIX
—COOH rpynm Ha moBepxHocTH yacTull JIHA.

ArperaTuBHasl yCTOMUYMBOCTh U 2JIEKTPOKMHETUYE-
CKH€ CBOICTBA MOJUIUCIIEPCHOTO BOXHOIO 30JIs JIe-
TOHALIMOHHOTO HaHOAJIMa3a C YaCTUYHOI KOHIIEHTpa-
uueii (2.8 +0.9) x 10'° yactui/cm? ObIIM U3ydeHBI TIPU
ectectBeHHOM 3HadeHUM pH (5.8—6.0) u pasnmuaHOit
KOHIEHTpALUU pacTBOPOB UHAN(DHEPEHTHOTO 3JIeK-
tponuta NaCl, a Takxe npu pasauunbix pH B 1073 M
pacTBope xjiopuna Hatpus. OnpenenaeHo 3HayeHue pH
n3oaJeKTpudeckoit Touku yactuil JJHA, koropoe co-
craBuiio 7.5 en. pH. HaiinenHsle moporu menjieHHOMH
1 OBICTPOI KOATY/ISIIIH 301 TTOJIOXKHUTEIBHO 3apSIKEH -
Hbix yactui JIHA nipu pH 5.8 cocraBuim 1.1 X 1073 M
n 7.4 x 10~ M cootBetcTBeHHO. [ToKa3aHo, YTO LIS
uccaenoBaHHoro ruapo3ois [JIHA xapakTtepHa BecbMa
y3Kas 00J1aCTh MEMJICHHOM KOary/siiniu, U 3HAaYeHHE
Cs  3AMETHO HUXE, YEM JIJISI THITMYHBIX HOHHO-CTa0u-
JIU3VPOBAHHBIX KOJIJIOMIOB, YTO MOXET OBITh CBSI3aHO
C OTHOCUTENIbHO BBICOKUM 3HAaYeHUEM KOHCTaHTHI [a-
MakKepa YyacTull JETOHAIMOHHOTO ajiMa3a.

YcraHoBIeHO, 4TO Koaryasauus ruapo3oneit JJTHA
o0OycioBJeHa TJaBHBIM 00pa3oM yMEHbIIEHHEM
BKJIaJla MOHHO-3JIEKTPOCTATUYECKOM COCTABIISIONICHA
SHEPTUU MAapHOro B3aMMOACHCTBUSI YAaCTUIL] BCIE-
CTBHE YMEHBIIIEHUs a0COMIOTHOM BEJTMYNHBI 13€Ta-T10-
TEHIIMAaJja IIpY YBeJIMYEHUN KOHIIEHTPalIM pacTBOPOB
NaCl wm npu npudmxkennu Kk UOT.

COBOKYITHBIN aHaINU3 SKCIEPUMEHTAILHBIX U TE-
OpPETUYECKUX PE3YIbTaTOB MOKa3aj, YTO IEPBUYHBIX
HaHouactull JIHA B uccienyemoM 30i1e IIpakKTUIECKHN
Ne2 2024
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HE COOEPXUTCH, a OCHOBHOI BKJIad B YCTOMYMUBOCTh
BHOCSAT arperatbl HaHoyacTull JIHA co cpeqnum pas-
MepoM Topsimka 60 HM u MeHbIe. OnpeneneHa 00-
JIaCTh PACYETHBIX TAPAMETPOB (A, 4, /), TIO3BONSIONIAS
O0O0BSICHUTh YCTOMYMBOCTD U Koaryjsauuio 307 JJHA,
cofepKalIero YacTUITbI HECKOJbKIUX OCHOBHBIX pa3Me-
poB, B pamMKax pacimpeHHoi Teopun 1J1DO.
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Puc. II1. PeurreHorpamma nopoiuka JHA.

Ta6auna IT1. Hekotopbie mapaMeTpbl CyMMapHO# 3aBUCMMOCTHM 3HEPTUM TTapHOTOo B3aumopeiicTBust yactuil JJTHA
(6.3 HM) OT pacCTOSTHUSI, pacCUYUTaHHBIE TT0 06001eHHOI Teopun JJIDO, 1 pakTopbl arperaliliy Ipu eCTEeCTBEHHOM
sHaueHuu pH. 4 =1.38 x 107" JIx

ITapamerpsl ¥
M vV ./kT | h_..,8am | =V . /kT | h_._, HM W, W, W, MB
Kx 106’ ﬂ)[(/M3 1, 1M max; max min min
5x10~* 1.2 8.1 0.01 96.8 4.5 96.90 37.2
1073 0.87 7.15 0.03 57.4 3.35 38.9 37.5
2.5%1073 0.24 6.8 0.09 26.7 2.1 11.85 36.5
3x 1073 0 _ 0.06 7.2 0.12 21.9 1.8 9.1 35.2
5x1073 30.9
102 ITpuTSKEeHME Ha BCeX PACCTOSTHUSX 1 24.8
3x1072 14.5
5x10~* 1.2 7.9 0.01 96.8 4.6 96.90 37.2
103 0.87 7.15 0.03 57.4 3.5 38.9 37.5
2.5%x1073 0.25 6.7 0.09 26.7 2.2 11.8 36.5
3x 1073 1 1 0.065 7.1 0.12 21.9 1.9 9.1 35.2
5x1073 30.9
102 IpuTsKeHUe Ha BCEX PACCTOSHMAX 1 24.8
3x1072 14.5
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Tao6aumna I12. HekoTopble mapaMeTphl CYMMapHO#l 3aBUCMMOCTHY SHEPTUM MMapHOTo B3amMoneicTBus yacTul JHA
(45 HM) OT paccTosTHUS, pacCUMTaHHEIE IT0 00001meHHo Teopun AJIPO, 1 pakTOpH arperaiy Ipu €CTECTBEHHOM
sHaueHuu pH. 4 = 1.38 x 107" [Ix

[Tapametpsl V
C,M Vo KT | B, BM | =V ST | By, HM W, W, W, MB
Kx10°, Ix/M> | [, HM
5x10~* 8.8 7.9 0.07 96.6 2.7x10° | 14.09 37.2
103 6.2 7.1 0.18 57.4 214 5.9 37.5
2.5%x10~4 1.8 6.7 0.63 26.7 3.9 2.1 36.5
3x1073 1 1 0.46 6.8 0.8 21.9 1.9 1.8 35.2
5x1073 1 1 30.9
102 ITpuTSKEeHEe Ha BCEX PACCTOSIHUAX 1 1 24.8
3 x10? 1 1 14.5
5x10~* 8.7 8.1 0.07 96.8 2.7x10° | 14.0 37.2
103 6.2 7.1 0.18 57.4 206 5.9 37.5
2.5%x10~4 1.75 6.8 0.63 26.7 3.8 2.1 36.5
3x1073 0 - 0.45 7.2 0.83 21.9 1.9 1.8 35.2
5x1073 1 1 30.9
102 [MpuTsKeHKe Ha BCeX PACCTOSTHUSX : : 248
5x10~* 17.7 2.29 0.07 96.8 >107 14 37.2
1073 16.95 2.2 0.18 57.4 >10° 5.9 37.5
3x1073 1 2 12.5 2.1 0.8 21.9 5.1 x 104 1.8 35.2
5x1073 9.1 2.2 1.0 18.6 1.8 x 103 1.6 30.9
102 4.3 2.2 2.3 9.7 17.3 1.1 24.8
KOJUJIOUJHBIN )KYPHATT TtomM8 Ne2 2024
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Tao6muma I13. HekoTophle mapaMeTphl CYMMapHOi#l 3aBUCMMOCTHY SHEPTUH IMapHOTo B3amMoneicTBus yacTul JHA
(135 HM) OT paccTosIHMSI, pacCUUTaHHBIE IT0 0000meHHOoU Teopuu JJIDO, 1 pakTops! arperaliny Ipu eCTECTBEHHOM
sHaueHuu pH. 4 = 1.38 x 107" [Ix

ITapamerpsr ¥
Cc,M Vo KT | Ao BM | =V /KT | By, HM /4 w, | ¢V, mB
Kx 10, Ix/M® | [, HM
5%1074 26.36 8.1 0.22 968 >10" | 5.0 37.2
10-3 18.6 7.1 0.56 57.4 >107 | 2.3 37.5
2.5%1073 5.25 6.8 1.9 26.7 32.8 | 118 36.5
3x1073 0 _ 1.35 7.2 2.5 21.9 1.8 1.09 35.2
5x1073 1 1 30.9
102 IMpuTsKeHre Ha BCEX PACCTOSHUAX 1 1 24.8
3%x1072 1 1 14.5
5x1074 26.36 7.9 0.22 96.8 >10" | 5.0 37.2
1073 18.65 7.1 0.56 57.4 >107 | 2.3 37.5
2.5%1073 1 1 5.3 6.7 1.9 26.7 35.6 1.2 36.5
3x1073 1.4 7.1 2.5 21.9 1.8 1.09 35.2
5x1073 IMpuTskeHne Ha BCEX PACCTOSTHUSIX 1 1 30.9
5x1074 1 2 53.1 2.2 0.2 96.8 >10" | 5.0 30.9
5%1073 1 2 24.22 2.1 5.2 12.3 >10° | 1.0 30.9
5%1073 1 3 206.42 1.3 3.5 20.0 >1080 | 1.03 30.9
1x1072 1 1 IIpuTtskeHUe Ha BCeX pacCTOSTHUSAX 24.8
1x1072 1 2 9.3 2.2 10 8.3 925 1 24.8
3x1072 1 2 ITpuTskeHre Ha BCeX PACCTOSTHUSIX 1 1 14.5
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Tao6mumna I14. HexkoTopble mapaMeTphl CYMMapHO#1 3aBUCMMOCTHY SHEPTUH IMAapHOTo B3amMonecTBus yacTul JHA
(45 HM) OT paccTosTHUS, pacCUMTaHHEIE IT0 00001meHHo Teopun AJIPO, 1 pakTOpH arperaiy Ipu €CTECTBEHHOM
snauennn pH. A, = 0.86 X 107" Ix

ITapamerpsl V
M Vmax/kT hmax’ HM _Vmin/kT hmin’ HM I/Vl VI/Z CW’ MB
Kx10°, Ix/M® | I, am
5x10~4 11.2 6.1 0.04 196.8 2.8x10% | 26.09 37.2
1073 9.1 5.3 0.1 65.3 3.2x103 11 37.5
2.5%1073 4.4 4.9 0.3 32.1 311 3.7 36.5
3x1073 0 - 3.3 4.9 0.4 27.6 13.8 3.0 35.2
5%1073 1 1 30.9
10-2 [NMpuTtskeHne Ha BCEX PACCTOSTHUSIX | 1 248
5x1074 11.3 6.1 0.04 106.8 3.0 x 104 26 37.2
1073 9.2 5.1 0.09 65.3 3.7x103 11 37.5
2.5%1073 5.2 4.4 0.31 32.8 >1010 3.8 36.5
3%1073 1 1 3.7 4.5 0.4 27.6 16.9 3.0 35.2
5x1073 0.02 5.6 0.8 16.7 1.6 1.8 30.9
10-2 ITpuTsxeHue Ha BCEX PACCTOSTHUSIX 1 1 24.8
5x107* 29.7 1.5 0.04 106.8 >10M 26.0 37.2
1073 29.3 1.4 0.09 65.3 >10" 11.0 37.5
2.5%1073 25.9 1.4 0.31 32.7 >1010 3.8 36.5
3x1073 ! 2 25.3 1.4 0.4 27.7 >1010 3.0 35.2
5%1073 20.8 1.4 0.8 17.2 1.5x 108 1.8 30.9
102 15.6 1.4 1.6 10.8 8.8x10° | 1.25 24.8
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Tao6muma I15. HekoTopble mapaMeTphl CYMMapHO#l 3aBUCMMOCTY SHEPTUM MMapHOTo B3amMoneicTBus yacTul JHA
(135 HM) OT paccTOosSHUS, pacCUUTaHHBIe TT0 0006meHHoM Teopuu AJIPO, npu ectrecTBeHHOM 3HadeHun pH.
Aspg = 0.86 % 10~ Ix

ITapametpsl V
C,M Via KT | Bpue BM | =V /KT | by, HM /4 w, | ¢V, MB
Kx10°, Ix/M> | I, Hm
5x10~4 33.7 6.1 0.12 106.8 >108 9.0 37.2
1073 27.4 5.3 0.28 56.3 >10" 4.0 37.5
2.5%1073 15.0 4.8 0.92 32.8 41x10° | 1.7 36.5
3x1073 0 _ 10.6 4.9 1.2 27.6 5.4x103 | 1.4 35.2
5x%1073 1 1 30.9
102 IMpuTsKeHME HA BCEX PACCTOSHUSAX 1 1 24.8
3x1072 1 1 14.5
5x1074 33.8 6.1 0.12 106.8 >108 9.0 37.2
1073 27.7 5.1 0.29 65.3.3 >10" 4.0 37.5
2.5%1073 1 1 15.2 4.4 0.92 32.8 7.6x10° | 1.7 36.5
3x1073 11.4 4.5 1.2 27.6 935 1.4 35.2
5%1073 0.08 5.6 2.4 16.7 1.25 1.1 30.9
5x1073 1 2 62.4 1.4 2.4 17.2 >1010 1.1 30.9
5x1073 1 3 265.4 1.0 1.8 22.6 >1010 1.2 30.9
102 1 1 IIpurszkeHre Ha BceX pacCTOSTHUSIX 1 24.8

KOJIJIOUIHBIM )KYPHAL  Ttom 86 Ne2 2024



BJIUAHUWE PH M KOHUEHTPALIUU NMHANPO®EPEHTHOI'O DJIEKTPOJIMTA

191

Tao6muma I16. HekoTopble mapaMeTphl CYMMapHOi#l 3aBUCMMOCTY SHEPTUM MMapHOTo B3amMoneicTBus yacTul JHA
(45 HM) OT paccTosTHUS, pacCUMTaHHEIE IT0 00001meHHo Teopun AJIPO, 1 pakTOpH arperaiy Ipu €CTECTBEHHOM

snauennn pH. A, = 0.58 X 107" Ix

ITapamerpsl V
C,M Veiad KT | Py BM | =V /6T | 0, HM /4 w, | ¢V, mB
Kx10°, Ix/M® | I, am
5x10~4 13.2 4.7 0.02 115.5 2.1x10° | 43.99 37.2
1073 11.6 3.6 0.06 71.73 4 x 104 18.6 37.5
2.5%1073 8.2 2.9 0.17 36.2 1.1x103 6.3 36.5
3x1073 1 1 6.6 3.0 0.22 31.8 245 5.0 35.2
5x1073 2.4 34 0.44 20.3 5.7 2.8 30.9
1072 24.8
3% 102 [MpuTtskeHne Ha BCEX PACCTOSTHUSIX 1 145
5x1074 13.1 4.9 0.02 115.5 1.6x10° | 43.9 37.2
1073 11.3 4.2 0.06 71.7 2.5%10% | 18.6 37.5
2.5%1073 7.2 3.7 0.17 36.8 190 6.3 36.5
3x1073 0 _ 6.0 3.75 0.23 31.8 124 5.0 35.2
5x1073 2.0 4.2 0.44 20.3 3.9 2.8 30.9
102 24.8
3% 102 [MpuTtskeHue Ha BCeX pacCTOSTHUSX 1 145
1073 38.5 1.1 0.06 71.4 5.6x10% | 18.6 37.5
2.5%1073 36.7 1.1 0.17 37.2 107 6.3 36.5
3x1073 35.1 1.1 0.2 31.9 1x10™ 5.0 35.2
5x1073 ! 2 30.6 1.1 0.43 20.5 24x1012 | 2.8 30.9
1072 25.2 1.1 0.9 25 1L.1x10° | 1.7 24.8
3x1072 19.5 1.1 2.3 10.1 3.9%x 107 1.4 14.5
5x1074 14.3 2.6 0.02 115.5 6.5%10° | 439 37.2
1073 13.4 2.2 0.06 71.7 2.1x10° | 18.6 37.5
2.5%1073 11.2 1.9 0.17 37.5 1.8x10% | 6.4 36.5
3%1073 1 1.25 6.6 3.0 0.22 31.8 245 50 | 352
5x1073 2.4 34 0.44 20.3 5.7 2.8 30.9
10-2 ITpuTsxeHue Ha BCEX PACCTOSTHUSIX 1 24.8
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Tao6auma I17. HekoTopble mapaMeTphl CYMMapHO#l 3aBUCMMOCTHY SHEPTUH MMapHOTo B3amMoneicTBus yacTull JHA
(135 HM) OT paccTosIHMSI, pacCUUTaHHBIE IT0 0000meHHOoU Teopuu JJIDO, 1 pakTops! arperaliny Ipu eCTECTBEHHOM
snauennn pH. A 4, = 0.58 x 107" [Ix

ITapamerpsl V
C,M Kox 105, Tk’ | 1. o Veiad KT | Py BM | =V /6T | 0, HM /4 w, | ¢V, mB
5x10~* 39.7 4.5 0.07 115.5 2.5%10% | 15.09 37.2
103 35.0 3.6 0.16 71.7 2.1x10% | 6.6 37.5
2.5%x1073 24.5 2.9 0.52 37.2 54x10° | 2.5 36.5
3x1073 1 1 19.8 3.0 0.66 31.8 53x107 | 2.1 35.2
5x1073 7.34 34 1.3 20.3 240 1.37 30.9
102 24.8
3% 10-2 IIputsikeHUe Ha BCceX PacCTOSTHUSIX 1 145
5x10~4 39.2 4.9 0.07 115.5 1.4x10' | 15.09 37.2
103 34.0 4.2 0.17 71.7 6.5x108 | 6.55 37.5
2.5x1073 22.6 3.7 0.52 37.2 74%x10% | 2.5 36.5
3x1073 0 1 18 3.7 0.7 31.8 7.9%10% | 2.06 35.2
5x1073 6.2 4.2 1.3 20.3 67 1.37 30.9
102 24.8
3% 102 IIpuTsKkeHre Ha BCEX PACCTOSTHUSX 1 145
5x10~4 116.3 1.3 0.07 115.5 >1048 15.09 37.2
1073 116.5 1.1 0.165 71.7 >1048 6.55 37.5
2.5%1073 110.1 1.07 0.52 37.2 >104 2.5 36.5
3% 1073 ! 2 | 1054 1.08 0.66 319 >104 | 2.06 | 352
5x10-3 91.7 1.1 1.3 20.5 >10% 1.37 30.9
102 75.7 1.1 3.8 10.1 >10% 1.07 24.8
5x10~4 43.0 2.5 0.07 115.5 7 x 107 15.0 37.2
103 40.3 2.2 0.16 71.7 4 %10 6.6 37.5
2.5x1073 31.7 1.9 0.52 37.2 6.3x102 | 2.5 36.5
3x10°3 1.25 27.18 1.9 0.66 31.8 5.8x10" | 2.06 35.2
5x10-3 13.84 2 1.3 20.2 1.1x10° | 1.37 30.9
102 n 24.8
3% 102 PUTSDKEHNE Ha BCEX PACCTOSTHUAX 1 145
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