AKAJEMUA] HAYK Y3BEHCHOW CCP
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K. C. AXMEJAOB, 3. A. APUNOB, TI. M. BUPCKAA,
. NI. FNIEKENb, C. A. 3AUHYTAWUHOB,

K. B. MOrOPE/MIbCHKWUH, T. M. CHLOPOBA,

C. C. XAMPAEB, W. H. LUMNWJEBCKASR

BOLOPACTBOPUMBIE
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M UX B3AUMOJEMNCTBUE
‘ C AWCMEPCHBLIMM
CUCTEMAMM
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IT'nasanepsasn
NONYYEHUE BOOQOPACTBOPUMDBLIX NONUMEPOB

Cpenn OrpoMHOro KOMHYeCTBA H3BECTHHIX MPHPOAHBIX M CHH-
TeTHYeCKHX HOJIMMEPHBIX BelIECTB JHIIb HEMHOTHe 06aafaloT
CMOCOBHOCTBIO PACTBOPATHCA B Boge. 151 BOLOPACTBOPHMBIX TO-
JHMEpPOB XapaKTepHO HaJH4yHe B LEMH MaKpoMOJeKya FHAPO-
(QUALHBIX (YHKUHOHAJBHBIX TPYNN (THAPOKCHJABHBIX, KapOoK-
CEJIbHBIX, aMHIHBIX, Cyabdo- H Ap.). MHorue W3 HHX OTHOCATCA
K KJ1aCCy TMONHSJIEKTPONHUTOB.

K npupoaHeiM BOZOpacTBOPHMBIM MONHMEpPAM OTHOCATCS Ged-
KOBBIE BELeCTBa, JXKeJATHH, arap-arap # ap.

C pa3BHTHeM MOJHMEDHOi XHMHH KaK y Hac, Tak H 3a Ipa-
HULEA GBIA MOJYyYeH PAJ HCKYCCTBEHHBIX M CHHTETHUECKHX BOMO-
PAaCTBODHMBIX MOJHUMEPOB, 3aMEHAWIHX Ae@HUHTHEIE NPHPOA-
Hble. B pasaHuHbIX CTpaHax MHpa BBHYCKAIOTCH CHHTETHUECKHE
¥ HCKyCCTBeHHble mojHMepHble mpenaparthl: B CCCP — noaunak-
pUJIaMHA, HaTpHeBAsl COJNb KapOOKCHMETH/UE/II0N03bl, SMYJIbra-
Top-1, cononumep-8, npenapar K-4; H3BeCTHH aMepHKaHCKHe Mpe-
nmapatel «kpuauymei»: CRD-186, CRD-189, mepaeyM; smoHckui
coilnak; uraabsiHckuii «®uoranx; auraufickuit GAFS-17 u np.
Bce oHM — suHefiHBle MOJUMEpBl, CNOCOGHBIE 0GpPa3oBLIBATD
KJefiKHe, Bsi3KHe BOAHBIE PacTBOpPbHI, a MO BbICHIXAHHH — 1aBaThb
MpouHble KjeeBble MACTHKH M IJIEHKH, HeyCTOHUMBbIE, ONHAKO,
10 OTHOLIEHHIO K BOJE.

BopopacrBopumble noaumepsr (BPIT) moryr GbiTbh MosydeHbt
Ha OCHOBE MOHOMEpPOB, MPHPOAHBIX H CHHTETHYECKHX MOJHMEPHBIX
MaTepHaJsIoB.

BopopacrBopumbie Nonumepst Ha OCHOBE MOHOMEpoOB
Ony6nukoBaHo 60JbIIOE KOJHYECTBO MATEHTHbIX paboT, Ka-

caomuxcs nonyuenusi BPIT us monomepos. Monomepsl, Ha oc-
HOBe Koropbix mosyuator BPII, moaxkubl uMerb (QyHKUHOHA/Db-
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Hble rpynmnsl, o6aanalouie 60MbHI0A THAPOPHIBHOCTBIO H CHOCOG-
HOCTbIO NMOJHMEpPH30BaTbCsA. B kauecTBe TakHX MOHOMEpPOB 4acCs
TO HCMOAB3YIOTCA AKPHJIOHHTPH/A, AKPHUIOBAsH M MeTaKpHJIoBas
KHCAOTH, akpuaarsl H Ap. Cunres BPIT moxer 6miTh OCyluects-
JieH C TMOMOWIbI0 peaklHH TOJHMepH3auHu OJHOFO MOHOMepa
HAH COTMONHMEDH3ALHU JABYX MOHOMEPOB IIPH DA3JHYHBIX HX COOT~
HomenHsx. Tak, amepukaHcxuii npenapar CRD-186, kotopeit
BEITyCKaeTCd B BUJAe 6esoro mopoumxa, npejacrasisier coboii co-
nojMMep BHHHJIALETaTa H MaJeHHOBOH Kucaorel [1]:

.—CH;—CH—-CH—CH—-CH;—+--—CH—CH—CH—CH,—- - -
! | | | |
C=0 C=0C=0 C=0 C=0C=0
| I i P |
0—CH; O—HO—H O0—-CH;O0—HO—H
KanbuueBass cosb 3TOro mpenaparta HOCHT Ha3BaHHe VAMA.
Hexkoropsle mpenapatsl, Belnyckawluuecs y Hac B Corose, Toxe
SIBJSIOTCS TPOAYKTAMH COMOJHMMEPH3aUHH DPa3JHUHbIX MOHOMe-
poB, HampuMep 3MyJabraTop ! H cononumep 8.
Amyasrarop 1 — npoaykt cononumepusannu 80% meramerun-
akpunata 1 20% MeTakpHJIOBOH KHCJIOTH B BOJHOH Cpejie B MpH-
CYTCTSHH NepekHcH GeH30HMa H KpaxmadJa.

CH, CH;,

e -——CHz——(]Z—CHg—CI——CH2~ e
CI=O Cl:O
O‘—CH3 OIH

On BeImyckaercst B BHJAe THIPOCKOTHYECKOTO MOpPOIUKA, XOpO-
IO PAcTBOPHMOrO B BOJ€ B NPHCYTCTBHH ILEJOUH.

Cononumep Ne 8 npeacrasasier coGOH HPOAYKT CONMOIHMEPH-
sauud 409% ™erakpunamuaa u 60% Merakpua0OBOM KHUCAOTH B
BOZIHOM pacTBOpe B NPHCYTCTBHH MepcyJbthaTa aMMOHHS.

Cll;  CH,
..u—m@~éﬁmg~¢—a@—uu

t0 (=0

NH,  OH



D10 THIPOCKOMHUECKHH MOPOUIOK, XOPOUIO DACTBOPHMBIH B
BOJ€E B MPHCYTCTBHH aMMHAKA.

A6en u np. [2] 3anaTtentopanu nonyyenue BPII ¢ ompenenen-
HHIM MOJIEKYJISIPHbIM BECOM HA OCHOBE PEAKUHH COMOTHMEPH3A-
MHH AKPHUJIOBOH ¥ METaKpHJIOBOH KHCJIOT, a TaKie MeTHIMerTak-
puaara.

[IpoayKTsl MOMHMEPHU3AUHH aMMAHBIX MOHOMEPOB H3BECTHBI
TIOj Ha3BaHHeM <«MOJHAKpWiaMuAHbIX mpenapatos» (ITAA). Ina
nonyuenus [TAA noab3ylOTCA aKpPHAOBOH KHCIOTOH HJH ee NPOU3-
popHbiMH. [lociegHHe MOryr ObITb NMOMYYeHBl HEIOCPENCTBEHHO
B PeaKkIMOHHOM COCYAe, Ilie OCYIIeCTBJserca nojnmepusanns. B
TAaKHX CJAyuasiX, HECOMHEHHO, HMEeT MeCTO PeaKUHs COMOJHMEepH-
3alHH BHOBb 00pa3oBABIUMXCS MPOM3BOAHBIX AKpHJI0BOH KHCJO-
THl ¥ caMoii akpuaoBoil kucaorhl. Tak, moauwakpunamua (ITAA)
6ui1 noayyed M. H. CaBuukoii [3] #3 HHTpHIA aKPH/IOBOH KHCJO-
Tbl MyTeM 3aMeHbl HHTPHJBHOH TPyNnsl HA aMHAHYIO C NOCIeAyIo-
1ed noﬂnumepnsauneﬁ B MPHUCYTCTBHH OKHCJHTENbHO-BOCCTAHOBH-
TeMILHOH CMeCH IO PeakKIHy:

tO

T i (H2'so4)C|H2 CH~
CN C=0
|
> -(IZH2 —CH—CH,—CH—----
l
C=0 C=0
1 l
NH.Z NH2

OugcTKa OT CepHOH KHC/OTHI TMPOAYKTOB peaKUHH IPOH3BO-
AMTCS MPONyCKaHHeM aMMHAaKa, HO yaile AoOapjeHueM H3BECTH.
TTonyvaercs ?-I‘[poueHTHbIﬁ pacrop Gosbluoii BsskoctH {4, 5. B
mpouecce HeHTPANH3AUHH MOKET HATH PEAKIHA OMBUICHHS 10
AKPHJIOBOH KHCJOTHI, KOTOpPasi, COENUHAACH C KATHOHOM KajbUHA,
o6pasyer HepacCTBOPHMEIH B BOAe TMOJAHAKPHJAAT Kajbuug, 4YTG
yMeHblIaeT pacTBOPHMOCTh B Boje mpemapara [TAA.

Tlo nauubimM U. K. CkoBaesa # ap. [0), B BOAHOM pacTBOpe MoAH-
akpuaamuaa amuanas rpynna—CONHy— wacTuuHo rusponusyer-
ca ¢ o6pasoBanueM karHouaoit rpynnel — CONHj no cxeme:

—CONH, + H, O=>—CONH; +OH"~

Cnenopare/ibHO, YaCTHUHO THAPOJH3OBAHHBIA TMOTHAKPHAAMHUIL
B BOJLHOM pacTBOpE HMeeT MOJOKHTeIbHBIH 3apal.
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B «cyxoM» MOJIHAKpHIaMHuie aMHIHBIE H KapGOKCHIbHBIE
Tpymmbl 0GECTEeUHBAIOT HHTEHCHBHOE MeXKMOJIEKYISIpHOE B3aHMO-
meficTBMe 3a cueT 06pa3oBaHHi BOLOPOAHBIX ¢Bsi3el Mexay Ie-
moukamu [7].

AMHIHbE H KapGOKCHJIbHBIE TPYIIbl B UENH MAKPOMOIEKYyJ
mpenapara 6JaronpHsTCTBYIOT €ro pacTBOPEHHIO, 06p a3yl Hics
pactBop ofianaer CcBOMCTBAMH nonH3ekTpoanta [5, 71

K. C. Axmenos u K. B. [Toropenbckuii {8] noayusan Ha oCHO-
Be MOHOMEepa aKPHJIOBOH KHCJIOTH H CyXOro aMmuaxa aHaJIorHY-
HBIE moauMep, HaspaHubil uMH TTAA-1.

NH; H;0,, t°
CHQ—:CH —-—»CH2=CH ———p v
| | —H.0
C=0 C=0
| |
O—H  ONH,
e _-CHz__-CH__ . ._.CHZ_.CH—— e
| |
C=0 C=0
! l
NH, O—H

B peay.abraTe peakuus MOJHMEpH3aUHH, COMpPOBOKAAIOLICHCS
Bbife/leHHeM GOMBIIOTO KOMHYeCTBa Tellaad, Moaydaercs MOPUCTHIT
TpOAYKT. 3aTBepiesllasi ry6uaras macca Jerko pacTupaercs B
TIOPOLLOK.

MK-cneKTpOCKONHYeCKHe HCCAEN0BAHHA [TAA-1 [9] nokasanu
Ha/lHyHe XapaKTepPHBIX M0J0C MOrJIOUeHHA KapGOHHABHOR TPYI-
Bl € 4acToTol 1675 ca—! M CHMMETPHUHBIX Ae(OpMAUHOHHBIX KO-
aeGauuit Tpyninb — NHj4 [10] ¢ wacroroit 1520 cm—1. Ha ocHo-
BAHWH 3THX AAHHBIX GBI CHeNaH BbIBOJ, YTO B UEMH MaKpOMOJE-
Ky/abl mnonHMepa TPHCYTCTBYET ¢yHKUHOHANbHAS ~Tpymna ——
CONH; , xapakrepHasi st OJTHAKPHAAMHAIHBIX TIDENApaTOB [11].

Ipu xpaunenun ITAA-1 uan ero BOAHBIX pacTBOPOB TPOUCXO-
JAT  THAPOJH3  TpyAm — CONHy ¢ ofpa3oBaHHeM —
COONH, [12].

Tlpn B3aumoneficTBHH pacTBOpa ITAA-1 ¢ H3BEeCTKOBBIM pacT-
BOPOM BhJessierca Genblil nacTooGpasHbii OCANOK, npencTas/fio-
mHi coboit, Mo-BHANMOMY, COJb MOJHAKPUIOBOH KHCJAOTHL — IO~
sakpunar Kaabuna [13]. TloayueHHblH NPOAYKT NpaKTHIECKH He
pacTBOpPAETCA B BOJAE M JHIIb C1a60 Habyxaer B Hefl.

K. C. Axmenos u K. B. IToropenbckuii [8] HachllleHHeM aKpH-
JI0BOSl KHCJOTH OKHCbIO KaJblMs B CyXOM aMMHaKe B MPHCYTCT-
BHH NMEePEKHCH BOXOPOAA MOJYUHJIH MOJHMEP Ca-TIAA.




Peakuns user no cxeme:

CH,=CH ]
!
COONH, |
. }-{-CaO;HgOQ; t°
CH,=CH , ~H,0
I
COOH
“.- ——CHz—(IZH-—CHz—CH——CHz—CH——CH,—CH—— ce.
) | J
- C=0 C=0 C=0
! AN <
NH, 0] 0]

A
Ca

Ca-TTAA npencraBisier co6oi NOpouIoK Gesoro IBera, Xopo-
IO pacTBOPHMHEIH B BoJe. .

ponyexakue

001600 1800 2808 GLon 200 G400 part
Puc. 1. Viuppaxpacusie cnexrpst morsomenns BPII.
I-TIAK; 2-TIAA; 3—TAA-1; 4—Ca-TIAA.

AHaNH3 CMEKTPOB NOIVIOLIEHHs HHPaKPaCHHX Jaydeil (puc. 1)
TIOKa3bIBAET, UTO JJI1 BCEX PACCMATPHBAEMBIX TMOJHMEPOB Xapak-
TEPHO HAJIHYHe CBOOOAHBIX M CBS3aHHBIX BOJOPOAHOM CBA3bIO FHI-
POKCHJbHBIX rpynn B obaacth vacrtor 3200-—3600 cx~!, a takkKe
KapOOHHIbHBX Tpynn B o6sacTh wactor 1600—1700 cu—!. Uz
pHC. 1 BHAHO, UTO Npu 3aMeHe B KapOOKCHIbHOI FpyMNe FHAPOK-
cusna Ha amuHorpynny (—NH:) nmponcxomuT caemeHne mosoch
TOTNIOIEHHsT KapOOHUIbHON I'PYNNbl B CTOPOHY HH3KOH YacTOTEHL
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BopopacrBOpuMMble MONMMeps! M3 NPHMPOAHLIX NONMMEPOB

Jns nonyuenust BPI1 u3 npHpoaHbIX MOJHMEPOB HCMO/b3YIOT-
Cs1 B OCHOBHOM OTXOIbl UEJ/II0JI03HO-0YMaXKHOH MpPOMBIIUIEHHOC-
TH H FHAPOJH3HBIX 3aBOJAOB. FIX MOXKHO mogyuaTe TakKe H3 Ka-
MEHHBIX yrJieH, Top¢a, CONOMBI, I'y3a-nav | T. 1.

Cyabpur-ueanonosnsit skcrpakt — CLID — o6pasyercss npu
BapKe JpeBeCHHrl B pacTBope OuCynbdHTAa KaJbuHsd C CepHOH
kucnorod. Ilps 3ToM OCHOBHble COCTABHbIE YaCTH JIPEBECHHBI,
KpOMe LEJ/IION03bl, MepexoddT B pacTBop (L[eg0K), KOTOpbIi
HefiTpanudyercs H3BeCTblo. HeATpanu3oBaHHbLI H CKOHUEHTPHPO-
BAHHBIH LUENOK, COAepXKaIUHH JHTHOCYJIb(OHOBbIE KHCJOTHL pas-
HOH cTeneH#d CyJab(HpPOBAHHS H MOJHMEpPH3AHHH, a TaKKe caxa-
pa, BHIMYCKAeTCs T0Jl Ha3BaHHAMH «CYAbQHT-UEeAII0.103HbIH 3KCT-
paKT» HJAH «aHTefiHbld KoHueHTpars. Ilpu cyabpuTHO# BapKe
LeJJII0J103bl  [10JyYaeTcst CyJabQHTHBIA LIeJ0K, KOTOpPHH mnociae
cOpaKMBaHHsl caxapoB H OTIOHKHM CNUpTa INpeAcTaBaser Co6oi
cyabgurHo-cnuproBylo G6apny — CCb. B CCBb anuraocyabgono-
Bble KHCJOTHl CBA3aHBl Yepe3d CyabGoOrpymnnsl ABYXBajJeHTHbIM Ka-
THOHOM KaJpuus [14]:

R—CH,—CH,—CH—R
|
SO,

|
Ca

i
SO,
|
R—CH,—CH,—CH—R

Tlo peuenty axapemuka C. M. Boabbdkosuua, ocaxaeHueMm
JINFHHHA — OTX0JAa UeJII0103HO-6YMaKHOH MpOMBIULIEHHOCTH —
KHCJ10H cepHHCTOaMMOHUIHOH coMblo noanyualoT npenapar AK-1—
MOpPOUIOK TeMHO-0YPOro 1BeTa, XOpOIUO paCTBOPHMBbIH B BOJE
(pH pacreopa 4, 4). Ecau ke B KauectBe oOcajzHTenst 6parth
Ca(HSO;)2, moayuaercs npenapar AK-7 — mopomwok cBetJo-
XKenroro usera. B Bone on MmepjenHo pacreopserca (pH cycren-
3un 11,2).

Ilpu BospeficTBuH Ha CyJAbQHTHHN LIEA0K TJIYTHHOM, H0GBI-
BaeMbiM u3 ocenHa Kocrell no peuenty J. JI. Taamyna, noay-
4aloT Nopomok — koaaoux A. I[IpuMeHsIOT ero, B 4acCTHOCTH, A7
CKpeN/IeHHsA MexaHHYeCKHX 3JeMeHTOB MOYBHI.

H. §I. Coneunnx [15] ucnonb3osan npUPOAHbIe MPOLYKTHI: JIHT-
HHH, TYMHHOBYIO KHCJIOTY, TODQAHOH OHTYM H T. 1. B CMECH € He-
OPTaHAYECKHMH CONMAMHU [Jsd NONyYeHHS KAeSLIHX BellecTB.




®. E. Konacos u I1. B. Bepuiunun [16] nomydyanu npenaparst
H3 CyJbQHTHOTO LIENO0KA, Ty3a-Nau, KyKypy3Hblx cre6aedl.

K yuciy BOAOpacTBOPHMBIX MOMHMEPHBIX BEIECTB, NpHMeHse-
MbIX B HAaCTOsilee BPeMsi, OTHOCHTCS HAaTpHeBast COMb KapOOKCH-
Mernaneaaogaoss (Na-KMIL). KMLL mnoayuator Bo3jeficTBHEM
HATPHEBON COJM XJOPYKCYCHOH KMCJIOTBI Ha MepCepH30BAHHYIO
peasonosy [17]):

35—40°C
~HGl

[Cs H, O, (OH), NaOH], -+ CICH, COONa

— [Cs H, O, (OH), (OCH, COONa), |,

rie, KaK OpaBuio, x+y=>.

PacrBopuMoCTbi0 B BoAe 0G.1aaeT H CyabGar-uennonosa,
KOTOpasi MOXKeT OBITb MOJydeHa BO3JeHCTBHEM CEPHOH KHCJIOTHI
[18], cepuoro auruapupa {19], xnopcynabbonopoit kucaorol [20] na
peanonosy. 3. A. Poropun u [{. JI. Mupnac [21], o6pabaTsi-
Basl XJOMKOBYIO LIe/10/103y cMechlo, cogepxKauned 809% kKonueHr-
pupoBanHoil (95—96-npouentroii) HoSO4 1 209% u3o6yTunosoro
cnupTa, B Teuenne 1—4 yac. npu 5—7°C ¢ nocrepyioudm ynane-
HHeM H30bITKa KHCJOTHl MPOMBIBAHHEM H300YTHJIOBBIM CIHPTOM
¥ Hefitpanusauyeii BonokHa KOH, nonyunnu ceproxucaniii sdup
UEJII0J03bl, PACTBOPHMbIH MpPH YCJAOBHH, €C/IH CTeleHb ero 3Te-
pudurannu 6oabire 50—60.

D. A. Apunos u C. AnuMOBa BbIAETHIH 'CYIbGaThl LENTION03bI
M3 XJOMKOBOrO BOJOKHA 1Mo Meroay 3. A. Porosuna u L. JI. Mup-
asaca [21]. TTonyueHHblHi NMpoAyKT oO6Jafan pacTBOPHMOCTHIO B
BOJI€.

O6pabaTeiBasi 6ypshlit yroap ciaGbM pacTBOPOM eKOTo HATPa,
MOAYy4aloT yraeuenounsil pearent (YUIP) — cnoxuyo noanpuc-
MepCHYIO CMeCh, COCTOSILIYIO W3 TYMAaTOB HAaTpHA B MOJEKYJsp-
HOM H KOJJIOHJHOM COCTOSIHHH, CYCIeH3HPOBAHHBIX TMPOMEXYTOU-
HbIX XEJAaTHHO3HBIX BelIECTB, HEPACTBOPHMBIX YTOJbHBIX OCTAT-
KOB, NMyCTOH MOpoasl W H36bITKa Iesnoud [22]

H. H. lWopsirana u gp. [23] monyunau BoJAOpacTBOpHMble MO-
BEPXHOCTHO-aKTHBHbIE TIpenaparhl MyTeM XJOPHPOBAHHS W HHTPO-
BaHHs THADPONU3HOrO JTHFHHHA,

C. A. Cagaposa u K. C. Axmenos [24, 25] Ha ocHOBe BOnO-
pacTBOpUMBIX (dpakuHil, BblAeJeHHbIX W3 NPOAYKTOB OKHCJIHTE/b-
HOH necrpykuun {26, 27] 6ypeix yraelt Keisblikuiickoro mecro-

POXAEHHA W THAPOJH3HOTO JHTHHHA, MOJYUHJH BOAOPACTBOPH- .

Mble moguMepbl. A 3TOrMO K BOAHBIM CYCINEH3HAM BblAeeHHBIX
¢$pakunid n00aBJAsAAH AKPHIOHHTPHI W MPOBOAHIH MOJHMEpH3a-
LHI0 B MPUCYTCTBUH TMepeKkHcH BoAopoaa. [Tocre ob6paborku mpo-
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Novayekanue

JYKTOB peaKi#H pacTBOPOM €JIKOI0 HaTpa HJH EAKOro KaJju BHl-
ZleasiioT BOAOPACTBOPHMBIE MONHMEPHbIE BeleCTBa, YCJIOBHO HAas3-
pannnie «['Y» u «[H». Onu noayvaiworca B BHie 16-npoueHTHOH
(TH) u 10—12-npouenTHoii (I'Y) nacrsl.

N

A R TR i i
tgcrarg em”’

Puc. 2. MK-cnektpnl noraomeHus yras ¥ NpenaparoB HAa ero OCHOBE.
I—yroan; 2—T¥-Na (1:1,5); 3~T¥-Na (l:1); 4-I'V-K (1:1,5); 5-Ty-K (1:1).

[lpu comocraBnenun mnosoc mnoraollenuss  HMK-cnexkrpos
(puc. 2, 3), XapakTepHbIX /s YIJIs1 © HHTPOJUTHHHA, CO CTIEKTPAMH
HCCJe/yeMOro conojuMepa BH/HO, YTO YacTb [0J0C MOTJNOLIEHHA
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BOCIIPOH3BOANTCA 6€3 H3MeHEeHWHl HAH ¢ HeGOABLIHM CMel(eHHEeM
B CTOPOHY GO/BITHX HAH MeHbIIHX [JHH BOJH.

Hast UK-ciekTpoB yras, kax Anst KHCIOPOACOZepKALIero KOH-
AEHCHPOBAHHOTO APOMATHYECKOTO sIAPA, XapPaKTePHbI UIMPOKHC

Aponycranve

7700 T 1500 200
ygerora em™'

)

Prc. 3. MK-cnenipsl mornomenus aurnusa 0 npenapaToB HAa ero OCHOBE.
I—unrposurnun; 2—I'H-Na (1:1,5); 3—I'H-Na (1:1); 4—TH-K (1:1,5), 5—TH-K (1:1).

nonocel ckederHbx Koaebanut — C=C — cBsazeit npu 1599 cu—!,
a TaKXKe MoJoCH  BajeHTHHIX KoaeGanuii — CHe-rpynn npu
2915 cx—' m  pedopmauHoHHBIX — npu 815 cMm—! KoneGaHuil
rpynn — CH — B apomaTtnucckoM Koablie. Ilonocsr 1070, 1135,
1173 cm~!, xapaxrepHble 117 GOKOBLIX PaAHKANOB MOJIHMEPHOIL
CTPYKTYPHl YIVISl, OTHOCATCA K MPOCTHIM 3(PHPHBIM TPYIIHPOB-
KaM (MoctHuHOro xuciopopa) Ar—O—R u R,—O—R;[28]. Tlo-
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Joca 1680 cu—! coorsercrByer —C=0 B K2pOOKCH/IAX, a MOJO-
ca 2325 cu—! — numepHoit — COOH [29].

B o6nactu 3200—3500 cu—! — cnabas WwHpokasa mojoca de-
HOJBHBIX H CIHPTOBBIX FHAPOKCHIbHBIX TPYMI, CBA3aHHBIX BOJO-
pONHbIMH CBsi3siMH; 3735 cM~! — nosoca MoOr/ouleHHs CBOGOAHOR

THAPOKCUJIBHON PPYMIIBL

Kak u3pectHo [30], ans TONHAKPHJIOHHTPHJA XapaKTepHb
ToIoCHl TOTJIoMieHus pu 1464 cu—!, cooTBeTCTByOLIHE Aedopma-
nuonHbIM KomeGanusim — CHy, # 2252 cm~!, oTHOcAuMecH K Ba-
JeHTHBIM KosieGanuam —C = N.

ph oH
1" /B
nt i
g+ gt
A §
7t 7
/ 6
dt 5
v 4
3 3
2t 2z
) ) , ‘ ) ur
8 9 w n 1z 14 (44
Puc. 4. KpuBbleé NOTEHUHOMETPHUECKOIO THTPOBAHHA NPENAapaToB CEPHU

~TH®, ,IY*“
I—TY-Na (1:1,5); 2-T¥-Na (1:1); 3~I¥-K (1:1.5); 4—T¥-K (1:1); 5~TH-Na (1:1,5); 6—IH-Na
(1:1); 7=I'H-K (1:15,); 8—TH-K (L:I).

B uubpaxpacHbXx CMEKTPax COMOJUMEPOB H3 YIS H aKpH-
JioHuTpHNa (pHC. 2, 6, 6. 2, 0} HaAG/IIOAAETCH yMEHbIUEHHe HHTEH-
cUBHOCTH mosockl norjouieduss — C = N-rpymm, uto CBHAETENb-
CTBYeT O YaCTHYHOM OMBLICHHH HHTPHJIA.

[Tonoca 3115 cu—! xapakrepusyer —OH-rpynimy, ocyulecTs-
JIAIOUIYI0 MeKMOJIEKYJAAPHYI0 CBA3b MEXAY KapOOKCHIbHBIMH
rpynnamm, a 2395 cu—! — numep xapOOKCcHA.

[lostBnenne Tpex mosoc Bo BCex comoauMepax (1643, 1544,
1380 cm—') mo3poadeT NPEANONOKHTb HaNHuHe BTOPHYHOTO
aMHaa.

ITosiocy moraouienns npu 1661 cu—! (puc. 2, 8, J) Hekoro-
pble MCCIENOBATENH OTHOCAT K BaJEHTHHM KoneGaHHsAM H CBSA3BI-
BAOT ¢ LHUKJIH3aLHed yYacTKOB MOJHAKPHIOHHTPH/IA B COMOJH-
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pux ,TH* u ,TV* (yca.

. Kpusrie noresumomerpuueckoro THTPOBAHHA NPENaparoB ce

Puc. 4a

T Xe, 4TO Ha puc. 4),

Mepe akpHJIOHHTPUIa ¢ a-MeTHadypanom [31]. Tlo-summmomy, B
TH u I'Y (puc. 1, 8, 8) Takxke NPOHCXOAUT NPOLECC UHKIH3ALHK
y4acTKOB NMOJHAKPHJIOHHTPHJA, TaK Kak nosoca 1661 cu~! noss-
JAfAETCA B CMeCfX, B KOTOPbIX AKPHJIOHHTPHJ B3ST B H3OBITKe.
Ha npomecc OMblIEHHs BJIHSAIOT NMPHPOAA LieNOYed M BHI MC-
XOHOH cUcTeMbl. B ryMHHOBEIX mnpemapaTax M3 yIJisi M aKpHJIO-

wutpuda ¢ KOH (40%) Hut-

puiibHas  moJjoca ocraeTcs Ta6anma 1
(npu 2250 u 2255 c'u-l)’ 2 DKBHBaJeHTHHIAl BEC I'YMHHOBBIX
np# ombiiennn NaOH (40%) IpENapaToB IpH PABHLX
OHa HCYe3aerT. B conmojsiHMe~ COOTHOIIEHHAX OCHOBHbLIX
pax W3 HATPONHTHHHA H aK- HOMAOHEHTOB
PUJOHHTDHAA T10J0CA TOTJO- T
eHHs HUTPHAbHOM TPy, Mipenapat e
HAa060pOT, COXpaHAETCd IpHu H2.5K8/2
OMHJIEHHH eIKHM  HaTpoM V-Na (11,5 2470
.3 8 o ucyeszaer I¥Y-Na(l:1,
Sjpnﬂc v} 6OJIH)3:E I?OH HO?BH- ry-Na (1:1) 2179
pu THIp . ry-K (1:1,5) 2050
AMMOMY, HUTDHJbHAfA Trpynna ry.K (1:1) 1980
B I'H u 'Y oraenena oT T©H-Na (1:11,)5) %%sg
apomatHueckoro saapa Me- [H-Na(1: 1
TgﬂbeIMHe r O nnauﬁp[32] FH-K (1:1,5) 2262
pYy : THK (1:1) 1785

Tlpn uccrenoBaHHU 10J0OC
NOrJAOLEeHHA  HUTPOJHTCHUHA
H NPOJYKTOB €ro CONMOJHMEpH3al{y ¢ aKpHIoOHUTPpHIAOM (pHC. 3, &,
6, 8, 2, @) Hab/oOLaeTCA Ta XKe KAPTHHA, UTO H JJIsA COTOJHMEPOB
H3 yIIs H akKpuJIoHHTpuaa. Ho HyKHO 3aMeTHTb, YTO HCXOJHOE
BelEeCTBO — HHUTPONHIHHH — COAEPIKHT JONOJHHTEIbHYIO (yHK-
uvoHanbHylo rpynny (—NOg). Ilocaepnsis Bxoaur B AApo H
«NpeoXpaHser ero oT jAadbHeillell rayGoko#i aecTpyxuuny {33].
INonoca amupuoit rpymnst  (amua-II)  nposeasiercst  mpu
1555 cu—! [34].

Taxum o6pasom, ¢ nomouplo MK-cnekrpockonun B mpenapa-
TaxX U3 yrasi 4 akpHaoHuTpHaa obuapyxenbl —CONH,, —COOH,
—OH rpynnst (¢eHoNbHOro ¥ CHHPTOBOrO Xapakrepa), a Takxe
HUTpUAbHast rpynna (npu omeinenud 409% KOH). B rymunoBbIx
npenapaTtax ¥3 HHTPOJMIHHHA M aKpUJIOHMTPHJIA HaHIEHBH TE XKe
GYHKUMOHANbHBIE TPYNNBI, @ TAKKE HHUTPOFPYMNA; HHTPHJIBHAS
rpynna o6HapyxeHa TOMbKO TMpPH OMBUIGHHH eJKHM HarT-
pom (40%).

Pasnndus B cnexrpax TyMMHOBHIX TpenapaToB H HMCXOAHBIX
BCILCCTB NO3BOJAIOT CYHTATh, YTO B CHCTeMe TYMHHOBBIE Bellle-
CTBa —— AaKPWJIOHHTPU/A NPoM3oUINa peaKUUs NPHCOEHAHHEHHs
HATPUJIbHOM TPYNNH K apoMaTHYeCKOMY APy uepe3 (EHOJBHYIO

THAPOKCHIbHYIO Ipymy,
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EcnH B ryMHHOBBHIX TIpenaparax ecTb KapOOHHJIBHble H THAPO-
KCHJIbHble TPYMHIBL, TO TaKHe MpenHaparsl JOJXKHB ObITH NBYXOC-
HOBHBIMH, 4TO MOJTBEPIKAaeTCs JaHHBIMH, MOJYYEHHBIMH METOA0OM
NOTEeHIHOMETPHUECKOro THTpoBaHud (puc. 4). M3 ta6a. 1 BuaHO,
4TO C YBeJHUYEHHEM KOJNHYeCTBA AKPHJIOHHTPHAA B [YMHHOBbBIX
Tpenaparax SKBHBaJNEHTHBIH BeC MOCJAeAHHX BoO3pacraer, HO KO-

Jebaerca B npenenax 2470—1980 (—M—z—ﬂ-—> .
2

Bopopacreopumsie nonumepbl Ha OCHoBe
CHHTETHUECKHMX NONMMEpPOB

TTonyuenune BOLOPACTBOPHUMBIX TONHMEPOB H3 CHHTETHUECKHX
CBAI3aHO B OCHOBHOM C XHMHYECKHM H3MeHeHHeM (YHKUHOHAJb-
HBIX CPYyTIl MaKpOMOJIEKY/ NpH COXpPAHeHHU CTEMeHH MoJHMepH3a-
UMY HCXogHoro nonumepa. Taxne peakuuu 6blnd Haspausl llray-
JHHTepOM <«IMOJHMEpPAHANOTHUHBIMHE MpeBpaineHdsaMu» [35]. Ou
M0Ka3aJ, YTO TaKHE PEAKUHH MOXKHO MPOBOAHTH C MPHPOAHBIMH
COe/IHHEHHAMH, HATPHMEpP C UEJIIN030H, KPAXMalOM, KayduyKoM
H C CHHTETHYECKHMH — IIOJHCTUPOJIOM, MOTHMETHIMETaKpHAATOM,
TIOJIHBHHH/IAIETATOM, a TakKxke C JAPYTHMH BbICOKOMOJEKYJAspHbI-
MH COeJHHEHHSIMH.

ITIpuMeHeHue peakud¥ MONHMEPaHANTOFHUHBIX IpeBpal[eHHH
HJIH, KaK ee YacTO Ha3blBAlOT, XHMHUECKHX NpeBpalleHHHd MOJH-
MepoB [36] — eHHCTBEHHBIl CROCO6 MOJNY4YeHHS MOJTHMEpOB, NS
KOTOPBIX OTCYTCTBYIOT MOHOMepHL. K TakHM OTHOCATCA, HANpHMED,
TIOJTHBHUHHJIOBBIH CIHPT — €ro He yAaeTcs MOJYYHTb HemocpejacTt-
BeHHO MOJHMepH3auHeH, TaK Kak MOHOMep — BHHMJIOBBIH CIHPT
B MOMEHT ero o6pa3oBaHHd HeMe/JIEHHO H3OMEpH3yercsi B aue-
Tanpaerud [37]. TloAMBHHHAOBEI CRAMPT MOJAYYAOT THAPOJIH3OM
CJIOKHBIX MOJHBHHHJIOBBIX 3(HPOB:

+.CHy—CH—CH,—CH—- .. 20
dcoR  OCOR
—+—++-—CH,—~CH—CH, ~CH—- - -

on  on

B 6onpLIHHCTBE CJAy4aeB HCXOAHLIM BEHIECTBOM [JIffi CHHTE3a
HOJHBHHH/IOBOFO CHHMPTA CAYKHT MOJMHBUHHIANETAT. JIpyrdM NpH-
MepOM MoJgHMepa, KOTOPHIH MoJaydYaercss TOJAbKO METOAOM IOJH-
MepaHaJOrHUHBIX NMpPEBpalleHu l, ABATETCS TMONHBHHHIMEPKANTAH
[38], siBasitonuiics MOJeNbIO N5 U3YUEHHS OKHCJIHTENbHO-BOCCTA-
HOBHTENbHBIX CBOACTB SH3HMOB, COMEepKAlUUX THOJbHbIE TPYIIbL,
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AHaJiH3 JUTEpaTypHBIX NAHHBIX TOKAa3blBa€T, YTO peakKiHio
XHMHYECKHX NpeBpalleHHH MOXKHO BeCTH C MOJHMepaMH, HMelo-
IHMH peaKUHOHHOAKTHBHble (QYHKUHOHAAbHbIe Fpymmbl. K Takum
MOXKHO OTHECTH NOJHAJbAETH/bl, IOJHKETOHbl, TOJHAKPOJEHH,
MOJHAKPUJIOHIITPHJ, MOJMHBUHHACYAbGOXTOPHADI, TOJIHBHHUICYAb-
dpodropuasl 0 ap.

BonopacTBOpHMbIH NOJTHBHHHAAMHH, NPeACTaBARIOMHE CoGOH
TBEpAOe aMop(HOe BELIeCTBO, He MOXkeT ObiTb INOJydeH MOJIHMe-
pusaumeli moHoMepa. Ero nonyyaior Ha oCHOBe peaxkiuuu nojauMe-
PaHaJOTHYHOro MpeBpalleHust NoauBUHAA(TaNaMuAa, nonu-N-BH-
HHJIKapOOHATOB, MOJIHBHHHJICYKUHHHMHAA [39].

ce.—CH,—CH—... HOH . _cH,—cH
| !
N NH,
/N
C=C C=0
N/
C(_‘,H‘

HcxomnbiM  chipbeM [Jst TOJNYYeHHs TO.JIHAKPOJEHHOKCHMa
CAYKHT ToMep NMoaHakposaenn [40].
...—CH,— CH—CH,~-CH— - - -NH,0H
| —_

CHO CHO

~.-+—CH,—CH—CH,—CH—---
1 |
CH CH

I Il
NOH NOH

Ecan ruapupoBaTh NMOJyYeHHble MPOAYKTH, 06pasyercst MOJH-
anIuaaMud Mo CXeMe:

s —CHy—CH—CHy—CH—- - %,
i dn
NOH NOH
—++.—CH,—CH—CH, —CH—- -
CH, o
ﬁHz &Hz
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Jlpyrum nponyKToM KISl NMOJY4YeHHS BOAOP2CTBOPUMBIX MOJH-
MEepOB MOXKET CJAYXKHTb MOJHAKPHIAMHL.

Moaunakpunountpua (ITAH) rtakxe orHocuTca K momumepawm,
Ha KOTOPBIX OCYUIeCTBASIETCHA peakuMs IOJHMepaHaJOrHuHbIX
npeBpauleHy .

Psaj uccnenosaresedf, HCMOMb3Ys 3TH peakuHMH, MOABepraju
KHCJIOTHOMY H LIEJOYHOMY OMBIJIEHHIO NOJHAKPHIOHUTPHI C
1e/bl0 YBeJHYEHHA THAPOGHIbHOCTH TOJHAKPHIOHHTPHIIOBOTO
BOJIOKHA JJIs1 YAY4HIEHHs er0 OKpallHBAEMOCTH,

Tak, nyremMm o6paGoTKH MONHAKPHIOHHTPHJIA, PACTBOPEHHOIO
B quMeTHAGOpMaMHUle, paCTBOpPaMy Cyabdara HIH XJOpHAA THA-
DOKCHJIAMHHA MOXKHO TOJYYHTb aMHHONPOH3BOAHBIE 10 CXeMe:

NH,0H
. .._CH2~CIH_. .. e -—CH2—-C|H~- ..
C=N C—NH,

t
N—OH

dra peakuus Obl1a HCHNOAB3OBAHA AN YJAYUINEHHS MexaHH-
YeCKHX CBOHCTB H OKpAalIHBaeMOCTH MOJHAKPHJIOHHTPHIBHOTO BO-
Jiokna [11].

IIpn HarpeBaHHH TOJHAKPHJIOHHTPHIA B PaCTBOpe CepHOM
kucaorel (10 50% HeSO,) HHTpHABHBlE rpynnp HoJdHMepa npe-
BpaumaoTcs B KapOokcHabHble [36]:

HOH
-+« —CH,—CH—CH,—CH— - - {50y ™

| |
C=N ~C=N

—+++—CH;—CH—CH;—CH—-- -
I |
C=0 C=0
| l
O—H O—H
TIpu arom ITAH yrpauuBaeT pacTBOPHMOCTb B JHMETHA(POPMAMH-
Jie H CTAHOBHTCH PacCTBOPHMBIM B BOJE.

FHAPONH3 TNOMMAKPHIOHWUTPHAA B pacTBope 75-MpOmeHTHOH
CepHOM KHCJIOTHI MPH HENpPEpbIBHOM BBEeJeHHH B PEAKIHIO CMHPTA
COMpPOBOXKAAETCA OAHOBPEMEHHO 3TepHdHKaLNeHi 00pa3oBaBIUHX-
¢l KapOOKCU/bHBIX TPYMIL:

«..—CH;—CH—- -~ S(()):—} .e.—CH,—CH—-- -
|

|
C=N COOR
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TuapoAu3 NOJHAKPHIOHHTPHAA NOX AeHCTBHEM KOHUEHTpPHPOBAH-
nofi cepno#l xucaoroir (80-mpouenTHasn H,SO,) npusoaut K 06-
pazoBaHHMIO Goslee CIIOXKHOf CTPYKTYpbI; COACPIKAHUE A307a B HeM
yMeHbIILAETCS HESHAUUTENbHO. Ilpu KOMHaTHOH TemIeparype 06-
pasyercsi CONOJHMEp AKPHIaMHIa M [HKIMYECKOro HMHAA:

HOH
.+.—CH,—CH—CH,—CH—CH,—CH—- - - —
| | ! (H:S04)
CN CN CN
- .. -—‘CHQ—’(‘IH—CHQ—ClH—CHg—‘(IZH— b ——’l_\ITl;—}
C=0 C=0 C=0
l l |
NH, NH, NH,

—+++=CH,—CH—CH,—CH—CH,—CH—- - -

I | |
0=C—NH—C=0 C=0
l
NH,

Uycno HMHAHBIX 3BEHbEB B COMOJHMepe BO3pacTaeT C IlOBbilile-
HHeM TeMImepaTypbl peakuuy; npu 80—95°C obpasyercs comonau-
mep, comepxauMii  OonblIOe  KOJNHYECTBO  IIYTAPHMHIHBIX
3BeHbeB [36].

I'. U. KynpsiBues 1 M. A. JKapkosa {42] nonseprann uienou-
HOHl M KHCJOTHOH 06pabOTKe BOJNIOKHA HHTPOHA H JaJH Ciaelyio-
LU{ MeXaHHU3M PEaKIHHu:

[ H2504 _
R—CN + HXe———=R—C" =NH+(X")

R— C*=NH-+HOH—~R—C* =NH-( X")ZR~(|I=NH—|—HX

OH
NH;
R——C=NH2R—|C
v 0

¢ 20% NaOH
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R—CN + (OHT) 2 R—C=N""
|
OH

R—C=N" + HOHZR—C—NH--OH""
| |
OH OH

R—C=NH->R~C~—NH,
l |

OH 0
OH OH
+) H...-OH | |
R—-C"'—NHy——=—=R— C —NH,—+—-+R—C
| , —NH, ”
o o o

ABTOpHI CUHTAIOT, YTO KHCJOTHBIH THAPONH3 MOIMAKPUIOHHT-
pujia TNPUBOAUT K OOPA30BAHHI0O AMHAHBIX H KapGOKCHJbHBIX
rpynm.

B nocnennee Bpemst moaBuauch paGoThl, KacamouiHecs MoJy-
YeHUsl BOAOPACTBOPHMBIX TOJIHMEPHBIX BeIeCTB H3 MOJHAKPHIO-
HHTPH/Ia HA OCHOBEe peakUHH NOJIMMepaHaJoTHYHbIX MpeBpaule-
uuit. Tak, K. Bpenxapar [43] onuceiBaer cnoco6 moayuyenns Ko-
aryasiHToB (BOZOPAcCTBOPHMBIX MOJHMEPHEIX NpPeNapaToB) MyTeM
OMBUICHHsL TOJMAKPHJIOHHTPHIA HJIH TOJHMETAKPHIOHHTPHIA
npumepHo 90-TpoueHTHOH CcepHOA KHCJIOTOR MPH TeMmMeparype
90°C. ABrop yxasbiBaer, YTO NpPH TAKHX YCJOBHSX HHTPHJIbHAA
rpylna, HaxXoAALLAsiCs B LeNH MaKpPOMOJEKYJa MOAHMepa, MoJ-
HOCTBIO NePEXOAHT B aMHIHYIO.

Ha ocrose nonnakpunonurpuaa B CILLIA ocyuiecTBien BBIMYCK
HaTpHeBOH COJMH PHAPOJNH3OBAHHOrO nonvakpunonurpuna (HPAN-
CRD-189). Dra ¢upma BblycKaeT TakxkKe MOJHAKPHIAMHI THJ-
pOMU30BaHHBIH (Separan) u Kajabl[HeBYK COJb COMOJHMEpPA BH-
Hunaierara ¥ mainenHosodl kucaorsl (VAMA-CRD-186). Bcee stu
npenaparbl 00beAHHAIOTCA MOJA OOLIMM Ha3BAHHEM <KPHJIHYMOB»
{1, 44—47].

ITpopykTel rHApONH3a MOJHAKPHJIOHHTPHIA MPOUBBOAATCS He
toabko B CUIA, Ho # B Apyrux crpanax: Mraauu, Aurmun, TP
u ap. {48, 49]. B Coeerckom Colose 3a mnocinegHee BpeMs NOSBH-
JIUCb HOBble paboTH, NOCBSAIIEHHbIE MOTYYEHHIO BOAOPACTBOPHMBIX
NOAMMEPHBIX ITpenaparoB Ha OCHOBe MOJHaKpHionutpuiaa. Tak,
M. H. Capunuxas, 0. 1. Xosonosa, B. 5l. Beneukas [50] noasep-
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b

raJu OMblLIEHHIO MOJIHA
¥ THIPOOKHCH KalbUHS.
TpyAHO PacTBOPHMYIO B BOJlE Maccy.

nias ¢xeMa peaknun:

KpHJIOHHTpHJI pacTBOpaMH eJIKoro Harpa

IIpu srom TTAH npespartuics B BA3KYIO,
Hwmu npennoxena Cliedyio-

C=N
| Ca(OH),
.e.—~CH,—CH—"-- Fa(aT)F)‘*
.. ——CHQ—CH—’CHQ—‘CH-CHg_ClH“‘CHZ—C‘H—'CHg— (|:H
O=C| C|=O C=0 |C=O C=N
|
\O O/ ONa NH,
N/
Ca

K. C. Axmegos ¥ C. A. 3afiHyT/AHHOB MPOBOJHIN OMbIIEHHE
[OMUAKPUIOHHTPHIA DPACTBOPAMH LIENOUEH B MATKHX YCMBH:IZ
[51—53]. MMy GbliM MosyueHbl BOLOpACTBOPHMEIC nommegﬂ
BellecTBa, YCJOBHO Ha3BAHHblE TpenaparaMu CepHil <<K».HA;¥;H
43 Hux — K-4 siBJsieTcsl IPOAYKTOM HENOMHOTO OMbIIEHHS a
NaOH npu COOTHOLIEHHH pe€areHTOB 1:0,4, npH TeMmmeparype
90—95°C, B TeueHHe 2 uacog; mpenapar BBIIlYCKAeTCS HauOI'[bITHO-
NPOMBIIIIEHHOH yCTaHOBKE B BHIE 10-npoueHTHOA TyCTOH MaCThl.

Ta6auna 2

daemMeHTapHbill coCTaB npenaparos K-4 u K-6

T1poueHT
YcAOBHA MoAydYeHud c ’ H ‘ N l Ocrarox
21,00
K-4, naGopaTopHble 37,23 | 6,40 | 8,90 ,
K-4, HpOHgBOIJ.CTBeH. 36,20 | 5,83 | 6,40 2%,43
K-6, aabopatopHbie 17,00 | 4,40 | 1,82 48,7
K-6, nepeocanch- # BET | 1903 | 4,10 1,93] 48,75

cyur.

Tpu Baaumoneiicrsun I1AHa ¢ pacTBOpoM MOHOCHIHKATA jaT-
pust (cooTHomeHHe peareHToB 1:5) B Tex Xe YCI0BHAX noJyuaer-
ca npemapar K-6 — 16-npouentHas rycras macca, JIETKO OCaX-
flaeMas cupramu W3 BojHoro pactsopa. O6a mpenapara xopou;o
pactBopsloTcs B Boje. Ilo 3nemeHTapHOMY COCTaBY (raba. 2)
K-4 1 K-6 cymecrBenro pasnuualorcss (cojepiaHHe a30Ta M yr-
Jepoaa). . _

Cocras K-6, bicymennoro npu 100—105°C u mepeocamaeH-
HOTO, OTJHYAETCS OT MCXOMHOTO TONBKO TO CONEPKAHHIO YIIEPO-
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Aa, 4TO, BO3MOXKHO, CBSI3aHO C anacopblHell MeTaHOMa NpenapaTom
BO BpeMs ero mnepeocaxienus. B ocHoBHom 06a o06pasua K-6
MOYTH HE OTJIHYAIOTCS 10 CBOEMY 3JIeMEHTaPHOMY COCTaBY.

Kax Bumno, o6pasubl nomsumepa K-4, noJy4eHHble B nabopa-
TOPHLIX H NPOH3BONCTBEHHLIX YCNOBHAX, 0 COCTABY MajiO OTJH-
uawTea Apyr or Apyra. MsyueHne KHHETHKH OMbLICHHS MonMak-
PUJIOHHTPH/IA PAaCTBOPaMH lIeNIOYel B MATKHX yCJOBHsiX [55] mo-
KasaJjio, 4T MPOAYKTHI OMBLICHHSI B 3aBHCHMOCTH OT MPOMOJIAKH-
TCABHOCTH THAPONH3a TPUOGPETAIOT PasIMYHBIH [IBeET: OJMHaKPH-
JIOHHTPUN B TpOLECCE TMAPONH3A CHAYANA IKeNTeeT, yepes 25—
45 MHH. OT Hayala peakUMH OKPacKa CTAaHOBUTCS KpacHoi H
satem cHoBa xentoil. IIponykTbi BbicwicH cremenn rumposmsa
MONHAKPHIOHHTPHIA HMEIOT JKEJATOBATYIO OKPACKY B CJIY4ae OMbI-
JICHHSL €KUM HaTPueM U OJe[HO-KeNTYI0o— CHIHKATOM HaTpHsl.

M3aveHeHne uBera peakuHoHHOH Macebl 00yClOBNEHO BRHUS-
HHEM TEMIEPATYpbl HA XHMHYECKHE MpeBPalICHHs] NONHAKPHJIO-
HUTPUJIA, HCCAENOBAHHIO KOTOPBIX MOCBALIEHO MHOTO paGor. Ko-
Gasicn [56] npu cnekTporpaguueckoM Hcclen0BAHHH O0GHaPY KU
HOBYIO NOJIOCY MOTVIOWLEHHS Y MONHAKPHIOHHTPHAA B PacTBOpe,
TOABEPTHYTOM AUTENbHOMY HarpepaHuto mpu 100°C. Usyuenue
BAASHUA TEMIIEPATYpPhl IIOKA3aso, YTO NPH HarpeBaHUH BOJOKHO
M3 NOMHAKDHIOHHTPH/IA CHAYasa IKeJNTeeT, 3aTeM CTAHOBHTCS
OpaHXeBLIM H, HAKOHelL, TMpPH BBLICOKOH TemmepaType (CBbillie
200°C) n B DpHCYTCTBHM KHCIOpOAa BO3AyXa — 4epHbIM. HMame-
HEHHE OKpaCKH MpH HarpeBaHHH OOBACHIETCS] BHYTPULENHON HK-
JH3auned MOJHAKPHIOHUTPUIA, CONPOBONKAAOUICHCT BOSHHKHO-
BE€HHEM CONPSIKEHHBIX ABOMHLIX (BUHHJLHLIE OTHOCHTENLHO a30-
Ta U anu/bHble) cBsseit [57, 58].

BosmoxHocts BHYTpUUenHON uukiM3amHH NONHaKPHJIOHUTPH-
714, PACTBOPEHHOTO B NIHMETHA(YOPMAMUIE, B MPHCYTCTBHH e1KO-
TO HAaTpus H o0pa3oBaHHe CTPYKTYpbl THIA HaTHpUAKMHA BbLIO
OTMeueHo U B paborax [59, 60].

Ha ocuosanuu onpenenenns ColEpKaHHA a3oTa B 10
Obla npensoxena dbopmyna, cornacho KOTOpOfl B cocta
MOJIEKYJl NOJHMEPa BXOJHT HUTPHJBHAS TPymna
AOBAHHH STHX e NMOJHMEDHBIX MNpenapaTos
KPACHOH CMeKTPOCKOMHH GbINH BBIABICHB MONOCK] MOTNIOIIEHHS,
KOTOpbI€ XAPAKTEPHBI A/t CBOGOMHBIX H CBS3aHHDIX BOJIOpPOHOH
CBASDIO THAPOKCHAOB B 061aCTH yacToTh 3700—3200 cm—l a tak-

e KapOOHWIbHOH TPYNNBI npH  wacroTe 1700 cu—1
1620 cu—1 [54]. . P ° )

Hcenenosanne  nponykros
(raba. 3), uro ¢ poc
PHIOHHTpHUIA Heopr
CHBHOCTL moJsiochl I

JIHMepax
B Makpo-
[51]. Tpu ucce-
METOZIOM  HH(pa-

ragponusa  [MAHa nokaszano
TOM NIpOLONKHTENLHOCTH THAPOMH3A MOMHAK-
AHUYECKHUMH pearenrtamMu VMeHbIiaercsd HHTEeH-
OrJIOlIeHna ¢ YacToroit 2248 cu—l, Xapakrep-
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7 nas rpynn —C = eHe-
uc. 6 mpuBeAeHBl H3M
C =N (puc. 5). Hap
Hoft pA T usg T/To (rme T — MakKCHMYyM HOFJIOIJ.IeH)HH Trpynen_
| OTHNomeH MaKcHMasbHOe MpomyckaHue o6pa3ua; oC Bp])
c =N, To— '
rnn’poﬁnsa NOMAKPHJIOHATPHIA elKUM HAaTPOM uc. 6
MeHH p

Y CHJIHKATOM HaTpH (puc. 6, 2).

Ta6auna 3

HTEHCHBHOCTH NOrJouEeHHA HHTpHﬂbHOﬁ

Ry "HK-cneK‘rpax APONYKTaMH THIPOIH3A

oﬁlppyal:gb:m‘:mmpuna HEOpraHHyeCKHMH peareHTaMH
n . .
NaOH Na,0:5i0,=1: 1T/T
ran- m
BI?%E;?’ Ty l T, (2240) ‘ TITy Ty ‘ T, (2240) o
320
0,320 87 28 0,
g g’; Zg 0,519 82 42 (()), Eégg
8" 49 0,605 80 5 0,715
18 81 55 0.680 83 69 0, T
12?) 79 60 0,765 77 2% 0 R food
% | 73 61 | 0.835 | 51 4 0,300
30 92 74 0,805 47 o 0, o
45 73 62 0,951 60 2 0’965
60 47 44 0,935 57 0 9
90 60 59 0,985 — eT -
120 — Her —_ - : -
240 | — . — ~ : —
360 | — | . — - | - -
38 | — | —~ - | - -
1140 — R

: iO;- —=1:5.
Mexanuueckas cmech [TAH: Na, SiO; 9H2(6)4 5 0.768

a3IoB.
MMpumeuanue. To— MAKCHMyM nponycxanus 006pasi

Kak BumHO M3 puc. 6, HHTEHCHBHOCTD ylv;ilegme:g;mg&nﬂc;ccb;
NOTJIOLIEHHsT HUTPHJIBHOR TPYMIbl Y Hp%apcmn’xarom o
S, wewt y oAy ’II:IC?E;H Hran?pnonnolgfpnonanaxpmoampma ejl-

npoayK o
igﬁbn};;p‘ﬁx l}; ngougmax 9(0-MHHYTHOTO fﬂﬂ(ﬁ(gﬂ:iz pr(l)?lJ;p;z;K[éﬂ_
JIOHUTpHJIA CHJIHMKATOM HaTpUs H 120-MHH)T—}1C O
KHM HaTpHeM MOJIOCHI MOIVIOLieHAs TpyIn b

OTCYTCTBYIOT. JIOLLEHHS
}l;esxge yMeHbUIeHHE ~HHTEHCHBHOCTH MOJOCH MOTJIONL

ouleHns
rpynn —CN, HecmoTpsi Ha HAGHTHYHOCTb cnexrpor;/lc?(gl;lnﬂbllllt[ st
HayaJbHbIX NPOLYKTOB OMDBUICHHS (no 106MHHA)eHCo CRORN e
JHMEPHbIM BEIeCTBOM, MOXKeT ObiTb 00BAC
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C=N  C=N
| I
+++—CHy—CH—CH,—CH—CH,—cp N |

"_CI_IZ CHZ .
N S O\ S
CH CCH

- Na* Cl Cl Ol

/NN NN

[Tpouecc ombinenns, 0-BUIHMOMY, CBfI3aH C Da3pylieHHeM
3TOr0 HaQTHPUAMHOBOIO UK. Ilpu stom B cnekrpax IPOAYKTOB
Ezifgronﬁ };zéggﬂamfss%osmm{lrbm HOBBIC MOJIOCH nomomegnﬂ c

i H CM™', XapakKTepHble IJ5 Ka %
AMHJIHOM TPYNM COOTBETCTBEHHO [61]. %HTGH%HBHOCTPI?C)S}fI‘!I{/I‘}}I(bﬁgﬁOI;
TIO/IOIEHUST YCHIMBAETCSL C yBeJHueHHeM BpeMeHH TH
(puc. 6, 6 u 8). Apomise

OwMbljieHNe HIET TI0 CXeMe:

i -~CH2—C|H—CH2—CH —-CHy— CH—-.. —
|
. !

- Na™ C C C -
--- IOH
SNN /NN NN -
"~ CH, CH, CH, ~,
N NN
CH CH ..
— Na* | | OH™
C=0 C=0
| I
_NH, NH, _

Cnoo%pasosasumnca aMHJ| THAPOJIM3YeTCst JI0 KHCHAOTHL. IDTOoMYy
COOCTBYET BO3MOMXKHOCTL 3HONMH3aLHH aMH 7

Jla B LIEJOYHOH Cpe-
Ie [62] mo cxeme: be

i '—‘CHz—CIH —~CH,—CH—CH,—CH—- -
| |

Na® ?ZO C=0 C=0
| I

NH.’, NHZ NH.,

OH™ -
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Na* | - - +—CH,—CH—CH,—CH—CH,—CH— - .. |OH"
| | |
N C=NH C=NH C=NH -
| | |
OH OH OH
- ...—CH;—CH—CH,;— CH—CH,—CH— - -
—NHs l 1 |
C=0 C=0 C=0
| I [
ONa ONa ONa

AHalu3 CHeKTPOB NPOAYKTOB THAPONH3a MOJHAKPHJIOHHTPHIA
eIKHM HaTpoM MokKa3aJ, 4To B obaactax 3500—3340, 1717—1620
u 1545—1530 cu—! nabutogaercss CTyneH4aToe MOTNOLIEHUE, TIPH-
nuchiBaeMOe HEKOTOPHIMH aBTOPaMH MOSBJIEHHI0 NEePBUYHOTO H
BTOPHYHOrO aMHIa B NPOAYKTAaX PeaklHH NOJHAKPHJIOHUTPH/A
¢opManbaerufioM B NPHUCYTCTBHH €IKOTO HaTpa [63]. [TosiBneHne
3THX NOJIOC NOTJOLLeHHs 0BYyCJOBNEHO, MO-BHAHMOMY, o0pasoBa-
HHeM B KayecTBe MoGOYHBIX TPOJAYKTOB IHK/JI0B aMHIHBLIX 3BeHLEB

o cxeme:

...—CH,—CH—CH,—CH—CH;—~CH—"- -~

l ' I
C=0 C|:O C=0

I l 1
NHZ NH2 NHZ
CH,

/N
+...—CH,—CH CH—CH,—CH—---

| | |
0=C C=0 C=0
4

N/ |
N NH,

l

H
Hannune crynenuaroro norsouieHns B 061acTi 4acToT 1665—
15565 u 1560—1555 cu—!, a Takxke nosijiedde B NPOAYKTaX THI-
POJIM3a CHIBHOrO THAPOKCHIbHOIO MOTJOIIEHHS CBUAETENbCTBYET
06 06pa3oBaHuM B JaHHOH CHCTEME HEKOTOPOTO KOJHYeCTBa Ipynn

—COOH Bcaegcrpie nanbHeHIIEro oMblJIEHAsT aMHJIHBIX 3BEHbEB
o cxeMme:
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CH.
20N H,0
.. —CHg—CIH lCH—CHz‘—CIH“—' . '—_‘:—Nﬁsé
0=C C=0 C=0
N S |
NH NH,

-+.—CH;—CH—-CH,—CH~CH,—CH—---

| | |
COOH COOH COOH

[TpucyTrcTBHE B NPOAYKTaxX BbiCLIeH CTENEHH OMbLIEHHS MOJH-
akpusonutpuaa rpynn —COOH, He cBsizanHBIX ¢ HOHamu HaT-
pusi, 0OyCHIOBJEHO TeM,
4TO JAJS OCYIUECTBJEHHS
peaknuH wmenous Oepercs
He B 3KBHMOJISIDHOM COOT-
HOUIEHHH € HHTPHABHOH
rpynnoil. IlostoMmy MoXHO
npeAnoaararb, 470 oMblie-
HHe TNOJHAKPUJIOHHTPHIA
B BOgHOH cpege o6g3aHO
He TOJNBKO €JKOMY HaTpy,
HO M aMMHaKy, Bbiesio-
eMycsi B mpolecce THA-
ponusa.

Meroan onpegeneHus
B IOJIUMEDHOM BelleCTBe
709 3200 2600 2000 1600 I 0 UMHMIHOH Tpynnnl B MpH-

Yoergra,eu” CYTCTBHM aMHMIHOH He pas-
paboTaHbl, TeM He MEHee
Ha OCHOBAHHHM JIAHHHIX [64],

HuvnyCKkaHUE

Puc. 5. MK-cnexrpn noraomenus npo-
AykToB ruapoausa [TAHa pactBopamu

menouesi. a TaKXe HaJHYHA CTyneH-
I—ucxonubit [IAH; 2—npoayxt oMsuaerua NaOH 4yaToro NOTJIOWEHHS B
B TeyeHHe 12\10 ‘é)ﬂHé;'o3—120 MHH.; 4—{15ponyKT CneKTpOI‘paMMaX oépasuos
oMbiieHus Na,O: 51_,9-—61;‘1“.5 Teqedue 15 MuH., MOKHO c y'BepeHHOCTb!O

CKa3aTb, YTO HPHCYTCTBHE
UHKJIMYECKHX MMHAHBIX 3BEHbEB B MPOAYKTaX THAPOJH3a MOJIH-
AKPHJOHHTPHJIA I1eJ049bI0 BO3MOXKHO.

H30KeHHOE 103BOJSIET 3aKIIOUUTh, YTO MAaKPOMOJIEKya Ipe-
napara K-4, siBasiiolerocss npoAyKIoM ABYXU2COBOTO T'MIpPOJIH3a
LOJMHAKPUJOHUTPUNIA eAKHM HaTpPOM MpH COOTHOWEHMH peareH-
T0B 1:0,4 MMeer c/IOXKHOE CTpOEHHe H B IleMH MOJHMEepa HaxolsT-
¢l cleqyolide (QYHKUHOHaNbHble TPYMIBl aMHAHbie, IHKJIHYe-
CKHe MMHAHBle W KapGokcuiabHble. [IpuueMm, aMHAHbIe H MMHAHDIE
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Tpynmbl SABJSIOTCS NPOMENYTOUHBIMH NpOAYKTaMH OMBLIEHHS M0-
FMAKPHJOHHTPHJIA 11(e]0UbI0, MOTYIIMMH NOLBEPTaThbCsl AaJjbHEH-
mweMy CHAPONM3Y IIPH JUIH-
TeJHLHOM XPaHEHHH mpena-
para. 7o 10
HccnenoBaHHe NMpPOAyK-
TOB OMBLIEHHA TOJHAKPHU-~
JIOHUTPHJIA CHJIHKATOM HAT-
pusl IT0Ka3ajo, 4TO B 3TOM
cay4yae ChHeKTpsl oOTaH4Ya- &
J0TCA OT CHeKTPOB NPOAYK-
T0B THAPOJH3a NONHAKPH-
JIOHHTDWJIA €IKHM HaTpOM.
Bo Bcex of6pasuax HabJaIO-
AATCA CHJIbHbIE MO0JIOCH
mornouleHuss B 00jacTH
gacror 1100—900 e,
XapaKTepHHe NIt Koneba-  pyc, 6. Mamenenue cootHomenus T/To
guii rpynn Si—0 {32,65] u OT BpeMeHU THAPOAH3A.
MHTEHCHBHOE MOTJIOLLEHHE /-~ IAH+NaOH; 2—TIAH+Nay SiOs
B 06JactH yacror 1440 em™?
— uamenenne KoseGanuii—CH; B Henu NMOAHMEDA.
[Tonocpr MOT/IOUIEHHsI, XapaKTepHble AJs KapOoHuia H acl)wCI/lI);
na ll, noasjATCA ’I‘OJIE}I(\? ?ocne 5HOJIHHOI‘§) HCHLIZSI;C;E;HP;%H%%J;HM
eHust rpynn — pHuc. 5, 2 : !
ﬁ%l;igglcaenm};ysaxmoqeﬂne 06 ofpasoBaHHK s¢upa B %fgng;\’
Te NPHCOETMHEHHs aHHOHOB KPEMHMEBOH KHCJIOTEL, 803Ha3OTOM :
Gnarogapsi THADOJNH3Y CHJIHKATa HaTpHa B BOLE, C

HaQTUPHIMHOBOM IIHKJIE.

7] w7
Bpema eudponusy IAHT, MUY,

s CH, CH, ---  ~|OH"
Na s N/ N\
..—CH,—CH CH CIH Si0y(OMl);
IC | . H.S10;
N NN /
.. / 1\‘/ N N
Na® |~CH, CHz/fm\\/;- |loH™
N
\bH// ch CH

/ | l
C=NH C=NH C=NH

| |
O/SiOzOH 0Si0,0H 0Si0,0H
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Ws cxembl peaxuum BuaHO, uTo 06pasoBaBliMiics 5(HP MOLO-
OeH «HMHIOCepHOKHCIbIM 3dupam» [67] M Hago nomaraThb, 4TO
C yBeJMUEHMEeM BPEMEHH KOHTaKTa peareHTOB CTeMeHbL 3TepH(H-
Kauuu pacrer. HcenenoBanue mokasano, uro nopoGuasi xMMHYE-
CKast CBSI3b MOXeT BOSHHKHYTb He TOJLKO B BOJHOM cpefe, HO H
NpH MEXaHHYEeCKOM MepPeMEeUIHBAHHH CYXHX HCXO/JHBbIX peareHTOB.
[To-sunnmomy, stomy GnaronpusiTcTBOBano pacTHpaHHe B ara-
TOBOH CTYTIKe MeXaHHYeCKOH CMeCH MPH NPHrOTOBAEHHH 06Pa3LOB
AJsl CHAATHA CMEKTPOB, KOO YCTAHOBJIEHO, YTO NMPH MeXaHHYECKOM
Bo3feHcTBHH Ha cmecH SiO, [68] u TBeproro mMoHomepa THna ak-
Pu/IaMHAa TPOHCXOAAT NOJHMEepPH3auHOHHble mpoueccel. O6paso-
BaBUIHACA 3Hp NOMHHMHAA KPEMHHEBOH KHCJOTH B NIPUCYTCTBUH
BOJ(bI H LIEJOUYI OMBLISIETCS 10 CXEME:

—CH,~CH—CH,—CH OH™
! !
_ _— H,0
Na' /C—NI I C‘*NH T
0Si0,0H 0Si0,0H
Na™l _cH,—CH—CH,—cH  |OH~
l |
- C=NH  C=NH
! |
OH OH

[ITpumeuanne. Ilo nanuei Diitens [66], B BoaHoM pacTBOpe CUAH-
KaTa Hatpus npy NaO :SiO,=1:1 conepxarcst anuous! Tunma HSIO2— man

Si0,(OH),2-

B nanbHelimemM mnpouecc ruaposHda MAeT 1O TNpPHUBeIeHHOR
BBbILIe CX€Me, M3 KOTOPOH BHAHO, YTO TPH OMBIJIEHHH 3(HPa Bbl-
AeasieTcsl KpeMHHeBast KHCJIOTa, KOTOpasl, COTJIACHO JHUTepaTyp-
HbIM JaHHLIM, He HepexoauT B 3osb npu Na,0:Si0O,=1:1 {66]. Ho
MOCKOJBKY THIPOJIH3 METacHJMKaTa HaTpHUs COMPOBOXKAaeTcs 06-
pasoBaHueM aBycHJHkata Hatpuss —Na0:Si0Oy=1:2 [69] — cJe-
AyeT OXHIATh NMepexofa HEKOTOPOro KOJMYecTBa aHMOHOB CHJIM-
KaTa B KoqsnougHoe cocrosiuue [70]. OgHako 304b, eclu o0pasyer-
Ccsl, TO OKa3blBaercst cTaOUIH3UPOBAHHON MaKPOMOJEKYJIaMy BO/J10-
PacTBOPHMOTO MoJHMepa — NPOAYKTOM THAPOJH3a MONHAKpHUJIO-
HHTPHJIA 11eJI0YbIO.

JeHCTBHTENBHO, 3JIEKTPOHHO-MHKPOCKOMHYECKHE —HCCIIe0Ba-
Hust K-6 ykaspiBaloT Ha NpUCYTCTBHE B HeM CMJIMKaresis, 4acTH-

bl KOTOPOrO OKa3aNHChb JIOKANM30BAHHBIMH MAKPOMOJCKYJIaMH
nonumepa [55].
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Taxum o6pasom, B K-6 Hapsny ¢ (dYHKLHOHAJABHBIMH TPYI-
faMu, ONHCAHHBIMK A4 K-4, mpucyTCTBYIOT CHJIHMKAaThl, Kak B
aCTBOPEHHOM, TaK M B KOJJIOHIHOM COCTOSHHMH. b .
MCXOAs M3 MOMYLIEHHS, 4TO MPH MOJNYYCHHH MNpenaparo ¢
uu «K» Ha OCHOBe DeaKLH{ MOJHMEpaHaJOTHIHLIX npespaill
fmﬁ IPOMCXOIMT H3MEHEHHe TOJLKO TPYMI —C =N B nenu I:l(aﬁ:
POMOJIEKY I [1AHa, C. A. 3aitHyTAHHOB [71] npcanomym. IMIUD
qeckylo GOpMyJTy JJIsi BbIYHCIEHHsT MONICKYIAPHOTO Beca:

M, = M [0,0323(N, —N, ) + 1],

e My — moJexyaspHbti Bec moauMepa (K-4),
M — MoneKyasipHblii BeC HCXOIHOrO [1AHa,

N, — conepxanue asora B ITAHe, ‘
N;——conepmauue ocratoutoro asora B K-4; uan 0603HauMB

0,0323 (N; — Np) = K, mony4um
M, = MK+ 1).

TOJBKO OT CO-
M3 ypaBHeHHS BHAHO, UTO BeJTHYHHA «K» 3aBHcHT TOJ ' :
JlepKaHHst HCXO[HOrO a30Ta B NONMAaKPUIOHHTPUIIC U OT KOJHYE

Ta6auna 4

Biusinie BpeMEHH OMBUICHHS HA MONCKyIspHbIA
BeC NOJYYEHHLIX NPOJYKTOB

Bpewms omul- | Conepia- B0 OMBI- CreneHb
aenn | e oera- | o A | M
qacel azora, % | 3974, % | npoaykros
1,5 0 00 0,0 | 0,00 ]| 144500
8'(5)8 %2’,4 12,1 500 | 0,39 | 200755
0,75 115 13,0 54°0 | 0,42 | 209190
1.00 9'9 14.6 60.4 | 0,47 | 213860
1,50 8.7 15,8 65,2 | 0,51 | 218195
2,00 8.2 16,3 67,2 | 0,52 | 219640
4,00 8.9 16.3 67.2 | 0,52 | 219640
8.00 8.9 16.3 67,2 10,52 | 219640
12,00 7.9 18.3 71,2 | 0,59 | 229775
24.00 55 19,0 78,0 | 0,61 | 232760
48,00 3.5 21,0 86.0 | 0,68 | 242760

¢TBa asora B npomykrax ruapoiusa [1AHa u He 3aBUCHT OT Mo-
JIEKYJAPHBIX BECOB HCXOAHOTO MONMMEpAa H npenapara, nolydae-
MOTO B peaysjbTaTe peakuHH. Monexy/sipHbiH BeC NMPOAYyKTa pe-
aKkuuM, B AaunoM cayuae K-4, 3aBHCHT OT MOJIEKYJSIpHOTO Beca
HCXOAHOTO NQAHAKPHUJIOHUTPHIA, OT €ro CTeNeHH OMDLICHHHA, a
CIe[OBATE/NBHO H OT YCNOBHMY HPOBEJeHHST PEAKIHH.

Ha ocHoBanum npuBedeHHOro Bbillle YpaBHEHHS ObL1O BBIYHC-
JIGHO M3MEeHEeHHMe MOJIeKyJsSPHOLO Beca MOJHAKPUJIOHHTPHIA B 3a-
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BICAMOCTH OT BPEMEHH OMbIICHHs B 4-POLEHTHOM BOJHOM PacT-
BOpe enxoro HaTpus npu 90—95°C.

Kak Bumno u3 tabn. 4, Bpems OMBLICHHS BAHSeT Ha MOJIEKY-
JISIPHBIH BeC MOJy4YeHHBIX MPOLYKTOB. Ilpu 3toMm, uem npomomxu-
TenbHee 06paboTKa, TeM Bbillle 3HAYeHHe MOJICKYJISIDHOTO Beca.

Monexyasipubiii Bec NOJHaKPUNOHUTPHSIA BBIYUCASNCA HA OC-

HoBaHHM Qopmyssl Paopu [72] nnst pacrsopa IMAHa B gumersi-
$hopmaMuse.

fnaesa Bropas

OUIHKO-XMMHMUECKME CBOMCTBA BOJOPACTBOPMMbIX NOJIMMEPOB

Bonopactsopumbie NOJIUMEPDI, COAepKallHe THAPOKCHIAbHBIE,
KapOOKCHIbHble, aMHIHbIE H Apyrue rUAPOQHUNBHBIE TPyNmbl, 06-
J1alaloT CBOHCTBAMH NONHAJIEKTPOUTOB.

[lonusnexrponutsl 6bIBaOT MOAMAHHOHHOIO (monuakpuioBas
H MOJTHMETAKPHIOBASl KHCJOTH M HX COJIH, COMOJIHMED CTHPOJE H
MaJIeHHOBOH KHCJOTHl M [p.), NOJHKATHOHHOTO (nosMakpunamun,
NOJUMETAKPUIAMHA) H aM(pOTepHOro (3KenaTHH, THAPONU3OBAH-
Hblil TIOJIHAKPUIIAMHJ) XapaKTepa.

CreneHb AMCCOUMANHH BOXHBIX pPacTBOPOB MOMH3JEKTPOJHTOB
CBA3aHa C MOHHON cHJOH pactBopa. C H3MeHeHHeM mNocjegHefl
H3MeHsieTesl JopMa MaKpOMOJIEKYN MOJHINEKTPOIHTOB. CienoBa-
TEIbHO, JOKHEI MEHATbCA M MX 3KCIIyaTalHOHHble, HanpHMep,
CTPYKTYPOOOpasyolIHe, KOary UpYIOLIHe CBOACTBRA.

YBenuueHHe 4yHMCNa KHHETHYECKHX eNMHHMIL B pactBope B pe-
8y/JbTaTe QNUCCOUMAUMH H H3MeHeHHsT (DOPMBI  MaKpOMOJIEKYJbl
noaHMepa  NPUBOAMT K H3MEHEHHIO €ro THAPOJHHAMHYECKHX
CBOHCTB. ITO sIBIEHHe XaPAKTEPHO JJIsi HEOPTAHHYECKHX MONHMe-
poB [73], Aaf HEKOTOPLIX THMOB KOOPIHHAIHOHHBIX NOJTUMEPOB
[74] u opranrmueckux nomusnexkTpoNHTOB [75].

Hayuennio ¢usnko-xuMuueckMX CBOACTB BOTHBIX pacTBopoB
TOJIM3IEKTPOJIUTOB NMOCBSALUEHO HeGonblloe yncno pabor. Haubosee
pacnpoCTpaHEHHLIM METOLOM  SBJSIETCS ONpefieSieHHe BS3KOCTH
pacTBopoB HonumepoB. OHa 3aBHCHT NpexJe Bcero OT 06beMa,
3aHMMaeMOro MakKpOMOJIEKYJIOi B pacTBOpe, BENHYHHLI MOJEKY-
JIIPHOTO Beca, XapakTepa B3aHMOJEHCTBHSI PaCTBOPUTeNs ¢ MO-
JIMEPOM, CTPOCHHA NMOJIHMePa H KOHLEHTPaUHu pactsopa [35, 76].

Ilpn u3ydyeHuum BfI3KOCTH CHJIBHO pa36aBieHHDbIX pacTBoOpoOB
OLLIO OGHapyXeHO, YTO MHOTHe TOJHMEPHl, HAaYHHASi ¢ HEKOTO-
POl «KPHTHUECKOH KOHumEHTpauuH» [35], NOKa3bIBAIOT OTKJIOHeHHEe
NpHBeJeHHOH BA3KOCTH OT JHHEHHOH 3a8BHCHMOCTH. QO6bYHO B
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STHX CAYYasx HAa KPHMBBIX MOSBASIOTCS 3KCTPEMyMBI, NPUYHHLI
BO3HMKHOBEHHSI KOTOPbIX HEZOCTaTOYHO H3Y4EHBL.

HexoTopble aBropbl [35, 76—80] 06bsICHAIOT aHOMANHIO aBH;!;
CTH T€M, 4TO MPH GONbIIHX PpasbaBjieHHsX CTCHEHb HOHH3ALl
. -
Ko;{pomonexyn nopblmaercsl. baarogaps 3TOMY MaKpOMO.ilXeJll(b);_
Mﬁpﬂme KIYOKH «PacKpy4UHBAIOTCSI», CTAHOBATCS foJee pbl
J
0 BSI3KOCTH.

TO U BeJleT K yBeJHYeHH _
MK,I; . Anpomun, M. H. Casuukas u C. Sl. penkenb (71 o"rllx:e
qaxor' YTO MOJHMAKpHJIaMHJ B BOJHOM pacTBope nogreneHHng;I 11H
ponnéyerc;{ 0 AMMOHHEBOH COJIH TOJHAKPHIOBOH KHCJI
npeBpalLaeTcs B MOJ3JIeKTPOTHT.

Ta6auuna &

WsmeHenue yjaeinHoit Baskoctd u pH pacmop:n
[HONHMEpPOB B 3aBHCHMOCTH OT KOHLEHTPAUH

KoHueHT- eaaTuy TIAA TIAA-1 Ca-TIAA

pg‘%ﬁggga oH |myn | pH |myn | pH |myr | PH nya

0,05

| = 1|71 lo01t6,9 007175 |0,

s ERER A A g

. — | — |73 |0'18]6, , . :

8’(1)38 L - 7.4 |1,566,0 |1,39)80 | 1,72

050 (6,1 012} = | = | = | — | = | =

0500 |61 {048 | — | — | = | =} = | =
0.750 | 6.4 | 0,56 | — -

an
B pas6aBneHHbIX pacTBOpax nonnaxpmz%Mngmoligﬂzgggl?:ﬂ_
[IOYTH NOJHOCTbIO, HO H3-32 CPABHUTEJNbHO HE OJZ o O et
Ba CBOGOZHBLIX KapOOKCHJbHBIX Tpynn B €r0 3aOBI/ICHMOCTI/[ bexr
HOHHM3AIlMH He CJHIIKOM BbIpaXKeH. I/Isyqe}meMQKTPOMITOB o
KocTH ¥ pH OT KOHUEHTPALHH PacTBOPOB MOJH il
nojHakpunamuaa [7, 81-—85] nokaszano, 4To € p O O oro
uan T1AA B pacrBope 3Hadenue pH m3menserc e e
(ta6a. 5). Heckoabko cHJibHEe KOHueHTpauHSITa T Ca.
3Hauenusax pH nosmakpaJlaMHIAHOTO Inpenapa B it Hx T
MAA, uT0, NO-BUAHMOMY, CBA3AHO C Pa3JHIHOA
JIy4eHHS. 5 pact-
y Xapakrep u3MeHeHH 3aBHCHMOCTH Myx —%e(gﬁcygr)ypngom-
BOpax OKasajcs oauHakoBbiM. OXHaKO pesK Ha}}){ .
HHE B pacTBOpe KejaTHHA MO CpaBHeHH? ¢ H(I)/IJ)I( KogueHTpauHﬁ,
MH NpenaparaMu NPOHCXOAUT B 00J1acTH OOMbII O O
YTO BHI3BAHO, INO-BUAUMOMY, pasJH4HAMH B q>yMe e
coCTaBe M BeNHYHHAX MOJEKYJMIpHBIX Be(X)K iog(l;lﬂblﬁe 500000).
KyaAspHH Bec xenaruna pasen 60000, aTl
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DAEeKTPOHIIO-MHKPOCKONHYECKHMH HCCIELOBAHUIMH [12] ycra-
HOBJIEHO, YTO [JI1 PacTBOPOB CBexenpHrortoBaenuoro [TAA-i xa-
b paKTepeH CBEDHYTHIH  TuN

l 7 CTPYKTYPHl B BHAe 6Gecdop-
/,’z MEHHBIX arperaros, H3MEHSI0-

' WHMXCA B 3aBHCHMOCTH OT
/ KOHIIEHTPALUH N0JIEMePa;
cucTeMa B 3TOM cayuae

IBJIACTCH TOMOTEHHOH (pHuC.
8a). Co BpemeneM (3 mec.)
B CHCTEME NPOUCXO/HT.OPHEH-
TanMsi, OCOGEHHO B KOHILEH-
TPHPOBAHHH X pacrBopax.
Ilpy nanbrefiuleM crapeHnu
(6 mec. u 1 rog) pacr-
BOpa BO3HHKAaeT BTOPO# TuN
CTPYKTYPH — (pubpumasipHLIe
= = 7 HaJAMOJIeKYJIsIpHbIE 00pa30Ba-
0 10 @ € wus, Gnaro;maps ueMmy romo-
TeHHast CHCTeMa CTaHOBHTCS

&

wr

——

Puc. 7. Usmenenue y 7
JeNbHON BA3KOC~ ° S
TH PACTBOPOE B 3aBucuMocti or xop. MAKPOTETEporeHHo# (puc. 80).

UEeHTPaUuu noauMepos (C). [Tpoueccu crapenus ¢ o6-
1-TIAA, 2—TIAA-1, 3-Ca-TIAA, d—menaiyy, PA3OBAHHEM  (DHOPHIIAPHOIL
CTPYKTYPHL  HMEIT  MeCcTo

Tamﬁ(e B NOPOWKO06Pa3sHOM noauakpuiaaMuge [TAA-1.
O-BHIHMOMY, TJIOOYAAPHBIA THI CTPYKTYPHI 0GYCIOBAUBACT-

Puc. 8. Ilpoueccsl cTpykTypoo6pasoBaHa B
pactsopax [IAA.

@ —CBeeNPUTOTOBACHHBI pacTBOp, O-—XPAHHBIUMACA B
TeyeuHe 6 mec. X 30000.

cst HesHaqmeJinoﬁ CTENEHbIO 3JIEKTPONHTHYECKOR [JHCCOLMAIHK
rpynn —CON "Hj [9] n nuskoit ux raapatanueil. Crapenue npena-
pata TTAA-1 u ero pacTBOpOB CBSI3aHO C OMBLIeHHeM AMMIHBIX
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' A BOSHHUKHOBEHHS CBf3eH

j\pynn, 4TO MOXKET GBITb MOATBEPXKAEHO yBesinyeHHeMm pH BomHbix
pacTBOPOB C yMeHbIUEHHeM KOHUEHTDALHH (raba. 6).

Baiarofapsi OMbUIEHHIO aMHJHOH Tpynmbl B IeMH MaKpoMOJe-
KyJbl NOJHMEpa BO3HHKAIOT HOBDLIC (YHKIHOHANbHBIE TPYMIbL
—~COONH,, creneHb gHCcCOLHALHA KOTOPbIX BO MHOTO pas 6oJibliie,
yeM AMHAHLIX rpynmn. F3-3a 3J€KTPOCTaTHYECKOTO OTTaNKMBaHHS
QAHOMMEHHO 3apSKEHHDBIX TPyn COO~ MakpoMOeKybl BHIPAM-
asworca. [Ipu aToMm co3palor-

¢A GnaronpusiTHHE YCJIOBHS Ta6auuma 6

Hamenenue pH pacreopa [TAA-1
B 3aBHCHMOCTH OT BPEMEHH
ero XpaHeHHd

MEXIy  MaKpOMOJIeKYJaMH,
4TO YCUJIMABAET HX B3aHMHYIO
OpPHMEHTANHIO H MPHBOAHT K
GopmupoBanuio QuOpHIIL.

Bpems XpaHeHusd, CYTKH

K -
Harpepanne  OKa3biBaeT s, -
Ha HpOI.[ECC CprKTypooépa- 2/100 M2 caexnu‘ 4 l 7 | 14
; a B pactBopax ITAA-1
30BaHuA B P pa 10° 4,65 | 4,99 | 4,9 | 5,10

TaKoe e BJHSHHe, Kak H
xpaHenue. Tak, npu moayua-
coBoM HarpepaHuu npu 60°C
10~*-mpouentHoro  CBexe-
fipurotosnenHoro pacrsopa ITAA-1 Habnonaerca Takoe Xe
yckopenue (UOpHIIOOpPa30BaHKs, KaK MPH CTapeHMM pacTBOpa.

Hccnenosanne uameHenus psiskocty ¥ pH pacrsopos K-4 B 3a-
BUCHMOCTH OT KOHUEHTDAlHH M0Ka3ajo, 4To OHu o06Jafaior ciaa-
GoIeI0UHON peakiuel, Bo3pacTallledl ¢ MOBbIIIEHHEM COdepKa-
HHs NOJIMMepa B pactBope [D1].

pH pacrsopos K-4 B 3aBHCMMOCTH OT KOHLEHTpaLMH H3Me-
HsIeTCsl ClefyIoLHM 06pa3oM:

103 5,50 | 6,52 | 6,40 | 6,70
10— 5,87 | 6,52 6,85 | 7,89

Konuenmpa-

yus

K-4,% 0,001 0,005 0,010 0,025 0,050 0,103 0,250 0,50
- pH 705 7,2 7,30 7,40 7,50 7,80 8,00 8,20

Y somupix pacrBopoB K-4 m K-6 (ra6n. 7) OTHOCHTeNbHAsl
BSI3KOCTb CHMJIBHO pacTeT ¢ yBeJHYeHHeM KOHIEHTpallMH; aHoMa-
Jus BaskoctH (K) Habmiomaerca yxXe B o6aacTd CHJAbHO pas-
GaBJieHHbIX pacTBOpoB, npuueM ass K-4 oma BbipaxeHa CHIbHE,
uyem ana K-6 [71, 86].

AnoManus saskocty K-4 u K-6, gaxe cuablio pasbaBJieHHBIX
pactBopos (Hmxe 0,01%), obycroBiena HalHYHeM B HHX HaAMO-
JIeKyNAPHBIX CTPYKTYP.

DeXTpOHHO-MUKpOCKoNHUecKoe u3ydenne K-4 u Apyrux npo-
AYKTOB THAPOJNH3a IONHAaKPUJIOHATPHIA NOKAasado, YTo OHHA AB-
JISIIOTCSI MHKPOTETEPOTreHHLIMH M COCTOSIT H3 Pa3Ho0GpasHLIX arpe-
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ratoB MakpoMojekya [54] — rnobyn u ¢ubpuna (puc. 9) [87—
90]. OHHM coefMHEHDb B arperaThl PasjiHYHLIX (HODPM, H3MeHsIolLHe-
¢l B 3aBHCMMOCTH OT KOHIEHTPalMH pacTBopa nojauMmepa. B koH-
neHTpHpoBanHbix pactBopax (107'%) HaGiopatoress  CrycTkm
pas/iMYHON TMAOTHOCTH; C TIEPEXOAOM OT BbICOKOH KOHIEHTDPALHK
K Hu3Koit (mopsimka 10~2%) cosmarorcst GaaronpHATHLIE YCJAOBHS
Lis nseHkooGpasoBaHus (puc. 10). HanbHefillee pasbaBiaeHue
(unxe 107° %) npusoaut K
HecTpykuuu nneHok. KoHneu-
KoHueHTpanHoHHas 3aBHCHMOCTb HBIM 3JIEMEHTOM 3TOr0 TMpo-
BR3KOCTH U 3JEKTPONPOBOAHOCTH ecca sapadercsa (1)1461)1/”'”1;11)-
pacrBopos K-4 u K-6 Hasl CTPYKTypa, cocrosuias
3
W3 ODHEHTHPOBaHHBIX pac-
Konuerrp.,
% 7 OTH. K MM NpAMJEHHBIX NYYKOB Makpo-
moaekya (puc. 10 2). Taxyiwo

Ta6auua 7

Npenapar K-4 npoaykTh rupposusza ITAHa.

0,0015 1,06 | 1,00 1,30 -
00030 1’13 | 100 0999 CaenoBatenbHo, B pa30as
0. 0060 154 | 116 0.75 JEeHHbIX pacTBopax npenapa-
0,0150 1,93 {1,2]| 0,76 ta K-4 s31eMeHTaMH HaaMO-
0,0302 2,51 1,20 0,53 JEKYJsIDHBIX CTPYKTYp sBJA-
0,1605 4,61 | 1,50 0,49 10TCs (pUGPUIIBL.

0,1510 11,11 | 1,70} 0,38 I

0.3020 _ r 037 pH CTapeHHH pacTBOPOB
0,6050 — — 0,35 NpOHCXOAUT  YNOpsaoYeHHE

GuOPHANAPHBIX CTPYKTYPHHIX

IIpenapar K-6
saeMentos (puc. 11). [Hasa

0,0024 1,00 | 1,007 0,92

00075 1’93 | 1002| 065 NpOAyKTa 24-qacosoruo THAPO-~
0,0188 1,43 | 1,16 | 0,45 JIM3a H& 3NE€KTPOHHOH MHKPO-
8,8;)3(5) %,Zg },2(7) 0,40 dororpadun pacrBopa, Xpa-
, , , 0,37 -
0'1200 54 LAl e HHBUIEroCst B TedeHHe OJHO

ro rojga mnocae MpPUrOTOBJE-
HHMsl, BHAHB BOJOKHA, COC-
TosiLiHe H3 Qubpuan (puc. 11, 6). [TosiBIeHHe TaKKX BOJOKHHCTBIX
CTPYKTYP (BBINPSIMJIEHHBIX MYYKOB MaKpPOMOJEKYJ), MO-BHAHMO-
My, OGYCJIOBJIEHO Aa/bHeHIIHM THAPONH3OM aMHIHBIX Ipynn B
LIeJIOUHOH cpefte, O YeM rOBOPHJIOCH Bblllie.

I eficTBATENBHO, C yBeJMYeHHeM BpeMeHH THAPOJH3a Hjaer 60-
Jiee MHTeHCHBHOe ofpasoBanne GHOPHIIADHLIX HHTEH IOpsiaKa
HEeCKOJIbKHX aHICTPEM, COEIHHSIOILHUXCS B CJIOHCTYIO CTPYKTYPY
6e3 B3aMMHOTO NMPOHHKHOBeHHst Apyr B Apyra (puc. 9). ITo mepe
yBeJIHYeHHST TPOJLOJIKHTEIBHOCTH THAPOJH3a pa3Mepbl Gecdop-
MeHHBIX NJOTHBIX 06pa30BaHUi MocTeNeHHO YMEHbINAIOTCS U OHH
6oJlee paBHOMEPHO PacnpefelsaioTcss Ha MOBEPXHOCTH coeB (ub-
pana. JIpyruMd cioBaMH, MO Mepe yBeJHYeHHs] BPeMEHH OMblile-
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XK€ KapTHHY HaloT Apyrue

HHUSA [TAHa wenoubio MI/IKpOI‘eTepOI‘eHHaH cucreMa rOMOTE€HH3H-

yeTcsl.
P W3 JaHHbIX MO 3JEKTPONPOBOAHOCTH paCTBOPOB K-4 u K-6

[86] Oblna onpeneneHa KpHUTHYeCKast KOHIEHTpalHusd pacTBopoB

Puc. 9. DaekTponnsie Mukpodororpapuu " pact-
BOPOB NOJHAKPHAOHMTPHAA (@) ¥ MPOAYKTOB €ro
runpoansa nocae 1 uaca (0), 4 yacoB (8) u 24

yacoB (2) u3 10~ 3-nponenTHEIX  PacTBOPOB. X
%3000.

NOJMH3NEKTPOJNTOB, HAaUHHAs C KOTOPOH TMOSBIAACTCA 3aMeTHOE
B3aHMOIENCTBHE MEXAY CTPYKTYPHbIMH €IHHHIAMH TMOJHUMEDA.
Srta KOHUeHTpanusl oKasanach pasuoii 0,003—0,005 e/a nas K-4.
[lo nannbiM u3mepenust [91] onTuyecKoi MJOTHOCTH 6BITH
nosyueHbl HeCKoJbKo OoJiee BbICOKHE 3HAUCHHT — 8—10-3 2/a.
Hadunas ¢ 9TOH KOHIEHTPAlUHH NPOHCXOAUT accoUMauHsl SJIEMEH-
TOB HAXMOJIEKY/SPHLIX CTPYKTYp — (HOPHIL. B pesyabTare B
KOHI@HTPHPOBAHHbIX ~ BOJHBIX pacTBOpax BPIl (nmampuMmep B
pacteopax K-4, K-6) BO3HMKAalOT pa3jHYHOTO POAa CTPYKTYphl.
H3yyenne CTPyKTYpHO-MEXaHHYECKHX CBOHCTB {86, 92, 93]
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gf{;:iﬂ;loap*g? Ip((;gnlgrlljf 10Ka3ajo, 4TO NpH KOHumeHTpanusx > 1%
eCKHe KpPHUBble, XapaKrepHble

ISt XKHAKOOO-

pasublx THApoduAbHbIX cHcTeM [94] (xpuBbie N/t—P.— BbIlrIIYKJIbI

K ocu abenuce).

l:l‘gc. 10. MsMeHeHHe HaIMOMAEKYJISpPHOH CTPYKTYPH
auMepa K-4 B 3aBUCHUMOCTH OT KOHHEHTPaLHH
pacTBopa.

a-10—lsy, 6-10—2y%, s—10—3%, 2—10—%%. x30000.

I_I o
ﬂuqéls;lxomggne KOHLEHTpalKH AUCHepcHO# (asbl MPUBOJHT K yBe-
e Hanni}(n(zecm M TpelebHOTO Hanpsi’KCHHsl CABHTA, YTO CBS-
M CTPYKTYPHBIX CBSI3ell MEX ens
M
(puc. 12) [94—97]. ol H TOTHNEDS
BsaskocTe H Ha
npsixKeHHe CJBUTa T -
YeHUeM KOHUEHTPHpPOBaHHOH 10 Prkion nac R e,
FICHHEM & p ofi 10-nponeHTHOM NacThl, NpH AJIHTEb-
s P 6HeHym NOYTH He H3MeHsOTCA (puc. 12). ¥V pacTBOpoB
Me,ﬂgco eHHO KOHILeHTpHUpoBaHHbIX (16—17%), 311 BeJHUHHDI
y WIAIOTCS, YTO CBSI3aHO, MO-BHAMMOMY, C BBINAJeHHEM 3071
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KpeMHHEBOH KHCJOTH! B ocajioK. D10 JHIIHKA pa3 yKasblBaeT Ha
TO, YTO KpeMHHeBas KHCIOTE, koTopast Gblia JOKaJM30BaHa TMA-
pOJIM30BAHHDIM [TAHom, XuMHYecKH He CBfidaHa C MaKpOMGeKy-
JaMHu npenapara.

Msyuenre H3MEeHeHHS BAIKOCTH (n) ® MpefesbHOrO Hampsixe-
aust cnpura (©) KOHIEHTPHPOBAHHBIX pactopos K-4 (or 2 10
10%) B 3aBHCHMOCTH OT remmepaTypbl (0T —5 JHO 80°C) noka-
a0, 4To A1 BCeX KOHIEHTpa-
@il  IOBbIILIEHHE TeMneparypol
NPHBOAHMT K yMEHBUICHHIO BSI3KOC-
TH pacTBOPOB H MPEAEAbLHOTO Ham-
psKeHHsl CABHIA (ra6a. 8). Ouxna-
ko  rpapuyeckas ~ 3aBHCMMOCTD
N/t=f(p) BO BCEX HHTepBanax
reMunepatyp KpHBONHHEHHAT, T. e,
pacTBOpb  OCTAIOTCA aHOMAJBbHO
BSI3KMMH. AHOMajbHas BASKOCTH
ypeanyuBaercsa € TOHHIKEHHEM
TeMmepaTryphl, H npu—5°C  cucre-
Ma  IpakTHYeCKH npuoGperaer
cBOficTBa  MJACTHUECKOro — T&JIad
(samBbicline 3HAUCHH BSI3KOCTH)
[98]. 910 nmaeT OCHOBAHHE CYH-
raTh, YTO C MOHMXKEHMEM TEMIE-
paTyphl yBeIHYHBAIOTCAH MeXMO-
JeKyJaspHble B3auMOAeHACTBHA, H,
rakiM 0Gpa3oM, MaKpOMOJEKyJbl

Puc. 11. DiaeKkTpOHHbIE MHKPO-
CBA3LIBAIOTCA € 00pasoBamHHEM  gororpaguu mponyKros 9.yaco-

NpOYHOH npocrpaHCTBeHHoﬁ cTpyK- BOro (a) u 24-uacoBoro (6) rua-
Typsl. [IPOUHOCTb TaKOH CTPYK- pomusa [1AHa, XpaunBUIHXcs B

TypH HOJIKHA 3aBHCETb OT KOH- TedeHue rona nocae MpUroTOB-
genus 10~ *-npoueHTHOro pact-

HeHTpauuy noJHMepa. JleitctBu-
TeJABHO, KakK BnﬂHopus tabn. 8, sopa. X 30 000.
BA3KOCTb M NpEeHeJbHOE Hampsxe-
‘AHe CABHIA YMEHHUIATCH CO CHHIXKeHHEM cojlepXkaHHs Makpo-
Mosiekya npenaparta K-4 B eAHHHIE ob6beMa pacTBopa.
Hccnenosanus [85] nokasan, 4TO BSI3KOCTh H onrTayeckKas
mIoTHOCTb pacTBOpoB ITAA, [IAA-1, Ca-TIAA, K-4 u xenaTHHDI
sasHcsiT ot pH cpeabl (pHC. 13—15), uamensBuieHcs ¢ TOMOILBIO
HCI1 u NaQH.
Kak BugHo, a5t BCeX pccae10BaHHbIX MOJHMEpOB Ha KpMBBIX
yx — pH ormeyarorcs 2 Maxkcumyma B o6nactH 2,5—3,0 u 7,0
H OJHH MHHUMYM @NpH 3,2—4,0; aas XeJaTHHBL, COOTBETCTBEH-

Ho,— npH 3,5—5,0 u 7,5 u 6,1, uro coraacyercs ¢ pauHsiMu {82,
99—1011.
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[TAA, TTAA-1, Ca-TTAA u K-4 B 1menouHoll cpee MeXay co-
6oft He pazauuaiorcst. Ha 370 yKaspiBaer HasHuHe OOILETO Mak-
cuMyma Ha kpuBbIX n,, — pH 7,5 (puc. 13, 14), a raxkxe onn-
HaKOBbIH xapakTep KPHBbIX MOTJOlieHHs cBeta (puc. 15). B kuc-
JOH cpefie, HA060POT, PACTBOPLI NOJHAKPUNAMHAHBIX NPEnapaTos
Pe3Ko OT/IMuYalTca 0T pacTBopoB K-4, o yem TOBOPUT BLICOKOE
cBeTOnponyckanue mnocaegHux npH pH<C2. MoxkHO mnonarath,
410 310 00ycnoBNeHo aMdoTepHOCTbIO aMHAHBIX rpymnm [102, 103].
Bce npenapatbl, B cOCTaB KOTOPbIX OHH BXOMSIT, B LUEJIOYHORN cpe-
Ae DaloT OAHHAKOBLIe MOJHAHHOHBI, & B KHCJIOH — pas3jidyHble No-
JIHKATHOHDI.

Tabauna 8

U3meHenue peoNoruy eCKHX NapaMeTpoB B 3aBHCHMOCTH
OT KOHUEHTpalnuH pacTBopoB K-4 u TemmepaTyphl

Z—i 2-npouentHoil K-4 | b5-nponeutHnit K-4 7-npouentTHbH K-4 10-nponentHei K-4
1% 3 s 3

g‘ § = 5 3 3

= > : 3 S S

&9 ® 2| & g 8 & g 2 & ; e &

—5 | 051,2]83,8,54,4| 49200/65510/39300] — | — — — — —
0 | 180,4(32,8/13,8/ 557,6(112,2| 50,9 705,2{209,6(132,6| 1771 {873,4[464,4
15| 164,0|14,2] 9,4{ 492,0! 82,5| 36,3 590,41144,1110,1| 1705 |725,4(294,7
20 | 164,0013,7) 7,9] — — | — | 574,01131,0[109,1| 1640 1471,7|188,7
40 1 164,0; 9,8 5,5( 442 8! 50,9| 31,5/ 557,6 98,2{ 60,1} — — | —
60 | 164,01 4,6, 4,3| 360,8| 39,3] 24,9 508,4| 68,1] 45,6| 1312 [285,9(118,4
80 | 164,0( 6,1] 3,7| 344,3| 36,7 19,7 442,81 41,9( 34,1| 1312 |214,4] 68,8

[Tpumeuanune. 75— BI3KOCTH MmpaKTHYeCKH Hepa3pyHIeHHOH CTPYK-
TYPbL, Mp— BASKOCTb HPelledbHO Pa3pyuIeHHOH CTPYKTYPH, O — punHaMuue-
CKOe MNpefefbHOe HATpPsXeHHe CIBHra.

B kucnoit cpeme amupe!, xots u HOJABEPTalOTC HUCCOUHMAIHH,
HO, M3-32 Masoro 3sHauyeHHst CTeNeHH NHCCOUMALHM H Gaarogaps
TEIJIOBOMY JBHMEHHIO MaKDOMOJEKYJIbl, MO-BHAHMOMY, CBOpayH-
BAlOTCA B KAYGOK, 4TO OOYC/OBJAHBaeT MHHHMYM BSI3KOCTH HX
pacreopos,

I_IpI/IUyBeJII/IlIeHI/II/I pH nposasasitoTest npenMyIecTBEHHO KHCIOT-
Hble CBOMCTBA aMHIOB H B pe3y/bTaTe 10HOPHO-AKIENTOPHBIX MPO-
€CCOB 00Pa3yIOTCsA COJH, KOTOphIE JIETKO nojxBeprawTest THAPO-
JH3y. JIHccounanus aMHAHBIX TPYMN HJH HX COMel cnoco6¢TByeT
YCHJICHHIO 3apsia UenH MaKPOMOJeKyJLl MOJAHMepa, 4TO MpPHBO-
AUT K ee BbOpAMJeHHI0. B menodnon cpese ruapoamsyorest He
TOJBKO 06pas3oBaBlluecs HaTPHEBLHIe COJIM, HO H CAMH aMMIHbIE
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rpynnsl, 0 YeM CBHIETe/b
pacTBOpOM TpenaparoB MpH TP

K yBeJHYeHHIO KOHIEHTpalH
paHupoBaHHe 3apsii

BHEM 3TOTO SABJETC
H, COOTBETCTBEHHO, CHHXKEHHE YLEJb

CTByeT MosiBleHHME 3anaxa aMMHaKa Haj
n6aBJeHHH K HHMM ILEJOYH.
JlanpHeiillee TOBbIICHHE 3HAUCHHS pH pacrtBopa anBonm-
M 3JIeKTPOJIMTOB, UTO BbI3BIBACT 3K
OB lieNH MaKpOMOJIEKYJ MOTHMEpA. Chnepcrt-
q yacTMYHOe CBOpauMBaHHE MaKpPOMOJEKYI
HOli BA3KOCTH DacTBOPOB.

- a
N P j
%—
Bor ;
"% //—N
it g
S
- S
o 2 S
o/o—‘—f:ﬂb
mL
25}
oy 7
15 1 —
(/o— T —-5
SPUOTm TN~ 5 nt a0
[ S | ‘\0
S @ Wt 7 a4 @ 6t A
puc. 12. 3aBHCHMOCTb BS3KOCTH TPAaKTHYECKH Hepa3pyHIeHHOH

caBura (0) oT BpeMeHH
CTPYKTYPHL (@) U IpefelbHOr0 HanpimeHus
xp%eﬂig pécmopos K-4 (cnaowHbe AUHUH) H K-6 (OyHKTHpHBIE).

1-5%, 2—8%, 3—10%, 4—6%, 5-16%.

TIpHBejeHHble AaHHble TOBOPAT O TOM, UTO BA3KOCTH paCTB(I){-
POB TMONMMCPHBIX MpenaparoB NpH pasiHiHBIX 3HauYeHHUIX gﬂ_
.cpefibl M3MeHsieTcsl HAEHTHYHO BS3KOCTH nonnaxpmoxablx,mnomb
MeTakpuaIoBbix KucaoT [104]. Ito maer ocHOBaHHe yTBEP ﬁnc b
4TO H3ydaeMble HaMH MOJMMEpHble mpenaparhl B LICNOTHO OgT_
Jlle SBJSIOTCS MOJHAKPHIAaTaMH IeMOYHBIX MeTalI0B, 6T e}ie(r:mme
BETCTBYIOLIUMH COJISIMH IOJHAKPUJIOBBIX KHMCIOT. Pas a};s{3 ke
pactopbt ITAA u K-4 B WeN04HOM CPEAC XapakTepHay '
HaJuuHeM TONbKO KapGoKcHIbHbX rpynm. GOpasosaBliHecs HaT-
pHeBble COJIH, MOABEpPTrasich AMCCOUHALHH, COSAAIOT uononHmean
Hble yCJOBHsSI AJIS BBUIPSIMJIEHHS MaKpOMOJEKYJIbI non:;we;zra. ¢
BBLINPAMJEHHEM MaKPOMOJEKYJbl B pacTsope TIPOUCXOLHUT CTPY
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TypHpoBarHe, 6aarofapsi YeMy pe3KO YBEJIHUHMBAaeTCA €ro Bs3-
KOCTh (pHc. 14).

Taxum o6Gpasom, Makpomosaekyabol K-4, TIAA, TTAA-1 u Ca-
[TAA npu pH 3, 4 nepexoAsiT or oqHOA KOHGOPMAUMH K APYTrofl.
IMpn pH 4 makpomoJseky/bl NpenapaTtoB BHOPAMIAIOTCT H TeM
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Puc. 13. 3aBucuMOCTb yneabHON BA3KOCTH PACTBOPOB
noauMepos ot pH cpexnbl.

1-K-4; 2-TIAA; 3—TIAA-1; 4—Ca-T1AA.

caMbIM CIOCOGCTBYIOT 0Gpa3oBaHHIO CTPYKTYpPhl B pacTBope Mo-
JiMepa; MaKCMMaJibHoe CTPYKTypooGpa3oraHHe IPOMCXOAHT B
pactBopax ¢ pH 7,5.

Bennunna makcuMyma y[aeAbHOH BSI3KOCTH B KMCJIOH 06/1acTH
(puc. 14) HesHaunrenbHa. OHAKO O HaJMYHM KOH(OPMALHOH-
HBIX NEPeXO[0B B KHCJION cpelle MOXKHO € YBEpEHHOCTbIO FOBOPHTh
Ha OCHOBaHMH AaHHLIX IO CBETONPONMYCKAaHHIO pPacTBOPOB MOJIH-
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Mepos. [locaeniee 06CTOATENBCTBO OBLIO MOATBEPIKAECHO H SJICKT-
POHHO-MHKPOCKOMHYECKHMH HCCIe0BAHHSIMH [105]. Beuto noka-
3aHO, YTO B L1eJouHOH cpere Aas K-4 u [TAA-1 xapaxrepeH ¢ué-
PHIIADHBIA THI CTPYKTYPH P

(puc. 16 @). C ymenblienn-

em pH, ocofeHHo HauHHAA

c pH 6 u HHXe, NPOHCXO- 5 P

JAMT CBOpayMBaHHe B KAyG6OK . ; 1
MaKpOMOJIEKYJ, B pe3yabTa~ ., / ‘

Te 4Yero BO3HHKaeT TJOGY- ,p 13 i

AAPHBIA THO CTPYKTYPH (PHC. pgp ,’ i

16 6). T'noGynspuas CTPYK- gea { b e

typa ans [TAA-1 coxpanser- b ¢ " /TN
Csl IO BCefl KHCJIOTHOH 00- 280 v/ ]
aactH, a ans K-4 mpu pH 3 \/ \
HaG/I0/IaeTCs BTOPHUHOE 06- o b
pasoBaHHe GuOpuANAPHOR 3 \
CTPYKTYPLl M CHCTE€MA CTaHO- )
BI/IPI‘CH MHKPOTreTepoTeHHOH. & 10203040 50 6070 20 90780 1020 pH

Mccnenosanne BAUSHUT )0 14, Usmenenue yuneabHOH BA3KO-
TeMneparypol Ha BA3SKOCTb ¢ry pactBopa eaaTuHbl B 3aBHCHMOC-
BOJHLIX PaCTBOPOB NOJHMEPOB i or pH cpenn.

C pa3NHYHbIMH 3Ha4YEHHSIMH
pH nokasano, uto TemmnepaTypHasi 3aBHCHMOCTL YAenbHOH BA3-
KOCTH IoguHHsieTcst o6uiMM 3akoHomepHocraM [90]. C poctom
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Puc. 15. 3aBUCHMOCTb CBeTONPOIYCKAaHHS
pacTBopoB HoauMepoB oT pH cpenbl

1—-K-4, 2-TIAA 1.

TeMnepaTyphbl go 25°C oHa MoOBbIIaeTcs, 3aTeM nagaer (pHc. 17).
[Ipu 25°C mabmonaercst H3/loM Jjorapudpma yAeJpHON BASKOCTH
W ee OTKJOHEeHHe OT JHHeHHON 3aBHcHMoCTH. KpyTH3Ha H3/I0Ma
anst K-4 Goabllle, yeM B cjydyae MOJHAKpHIaMHIHbIX NpenapaTos
(puc. 17 6).
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HsMeHeHHst YOENbHON BSI3KOCTH PAacTBOPOB IIOJHMEPOB C TEM-
nepatypoii He MOTyT OHITH CBSI3aHbl C M3MEHEHHSIMM THADOAUHA-

Puc, 16. ViaMeHeHue HaIMOJEKYJIADHOH CTPYKTYDbHI
pacteopos K-4 u ITAA-1 B saBucumoctu ot pH cpensr.

a~-K-4, pH 7, 6; 6—ITAA-1; pH 3,5.

MHYECKHX CBOHCTB MaKpOMOJIEKYJ, HACTYNAIIMUMH BCAeACTBHE
MacCOBOr'0 HX mepexoja U3 foJjiee CBEPHYTOH B MeHee CBEpHYTYIO
KOHGOpMAlHIO, Tak, Kak 3To Habmiogaercs JJas JPYTHX TIOJH-
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2 w w 50 A 7 7 3 3 1 w?

Puc. 17. Bausiuue teMnepartypsl Ha BASKOCTb [OJHMEpOB:
1
a-—nya—t; 6-1g Tyn— T 1-K-4 ¢ pH 7,5; 2—T1AA ¢ pH 7,3; 3-TI1AA-] ¢ pH 6,1; 4—Ca--
—I[IAA ¢ pH 7,7.

37EKTPOJUTOB: MOJHUMETAKPHIOBON KHUCJOTHI, ITOJUBHHHTHDUIH-
ua, conosnnMepa-8 [106]. Hapo monarare, B JaHHOM ciydae nposiB-
JISIETCSL  NPEBOCXOJCTBO  3JEKTPOCTATHYECKHX CHJ B3aHMHOTO
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OTTaNKHMBAHHUST (YHKIHOHAJABHBIX Ipyrn MaKPOMOJEKYN HaJ BHYT-
PHYMOJIEKYNAPHBIMU CHIAMH aCCOLHAIIHH.
Hns pacTBOPOB KeJATHHHL He OblIO OOHAPYKEHO H3/J0Ma HA

KpuBbIX Ign,,— -7 3Aech HaGMiofaeTcsi HenpepLiBHOEe maja-

Hue yAeNbHOH BASKOCTH C NOBBIUIEHHEM TeMIIepaTypHl.

Trai 7
g
a 12
1 ; 10 5
gl 25
4 e
j/),'l 4’/}) q
/ ,' l° (-??/ d
16¢ g 10 B
2 /«y;;,/g'/.
S e
6,\, “;‘t ,{3' i 0/ r £
\f;j
¥
A 7/ T R ] 0 g0 {,M
1l
:u ,0 95
7t
%
19 10 ’;ﬁj.,d
: B
9 o s
0 o gf 10 g qo1 - TA
0/0 4 7 d 0/’ ’ ‘j/

Puc. 18. 3aBucuMOCTb yaenbHOH BA3KOCTH OT KOHUEHTPAUMH PACTBOPOB
lH(e) n TY (6), BBepxy—omuannchBaHHmﬁ, BHH3Y ~— HEOTAHAJH30BAH-
HbiH.
1-TH-Na (1:1,5); 2—TH-Na (1:1,0); 3—TH-K (1:1,5); 4—TH-K (1:1,0); 5~—TV-Na (1:1,5);
6~TY-Na (1:1,05 7—T¥-K (1:1,5); §—T¥-K (1:1,0).

Taxum o6pa3oM, MOXKHO CUHTATb, UYTO HA MAaKPOMOJEKYJIbl
BPIT (K-4, TTAA, TTAA-1, Ca-ITAA) teMneparypa okasblBaeT J0-
TIOJTHUTENBHOE BIHSTHME, CIOCOOCTBYST KOHGMDOPMAUHMOHHOMY Iepe-
XO#y. DTO MOXKer OHTh OOYCAOBJAEHO Pas/HUHeM B 3HAYCHHSAX
CHJIbl BHYTPHUMOJIEKYJISIPHOTO B3auMOIeACTBHA (yHKIHOHANbHBIX
TPyNm, CBSI3aHHBIX, B OCHOBHOM, MECTOHAXOXKJeHHeM HX B IIENH
mosuMepa, B TO BpeMsi KaK aMHUHHble TPYMNNBI B MaKPOMOJIEKyJe
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KenATHHBI HMEIOT TIeNTHANBIT XapakTep, B noauMepax K-4 u [TAA
rpynna — CONH; pacronoxena B GOKOBOH IIemnH.

UsyueHne BASKOCTH BOJHBIX PACTBOPOB TYMHHOBEIX MOJHUME-
pOB B 3aBHCHMOCTH OT KOHIEHTDAIMH T0Ka3asno, 4To C MOBBIMIE-
HHeM COLEpYKaHHsl Ipemapara yAelbHass BA3KOCTb BO3pacCTact
KPYTO TO KPHBOH, 0GpalleHHOH BBINYKJIOCTBIO K OCH KOHIIEHTpa-
uun. Takofl X0l KPUBHIX HaOMofaeTcst Kak AJs AHATH30BAHHBIX,
TaK U A1 HeAMAIH30BAHHLIX npemnaparos (puc. 18). HaGmonae-
Mas] AHOMAJIHS BA3KOCTH CBA3aHa C 06pPa30BaHHEM CJIOXKHOH CTPYK-
Typbl B pacrsope. B obaactu Gonee pa30aBjeHHLIX PacTBOPOB
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uc. 19. 3aeucumocTe —— oT C* RaAf TyMHHO-
1
ya
BHX mnpenapatoB. Caepa -— OTAHANH3OBAHHbIE,
CripaBa — HEOTIHANM30BAHHbIE ITIPETapaThl.

1—TY-Na (1:1,5); 2—T¥-Na (1:1): 3—T'Y-K (1:1,?‘{; 4-T'Y-K
(1:1); 5 TH-Na (1:1,5); 6_TH-Na (1:1); —IH-K (1:1,5);
$—TH-K (1:1).

Ha6/1I0aeTCsl BOTHYTOCTh KPHBBIX «IPHBeJCHHAS BA3KOCTH — KOH-
LeHTPALHUSA», YTO XaPaKTePHO /st PACTBOPOB NOJIHUSICKTPOTHTOB
[108]. DtoT 3¢dpdekT OOycNOBNEH paCUIHPEHHEM MOJEKYMSIPHBIX
K1yOKOB TMOXN HeficTBHEM KYJOHOBCKHX CHJ1 OTTAJKHBAHHA OHO-
HAMEHHO 3apSKEeHHbIX TDYNN OAHOH ILeNH, YCHIHBAIOWHMCS MO
Mepe pa30aBieHus. B Takux caydasix AONyCKaioT, 4To 1o Mepe
yBeJqMUEHHs] CTeneHH pasbaBieHUsi PAaCTBOPOB PE3KO ocaabesaet
skpannpyiomuit 3dpdext nporusonoros [109]. Ha ocropanui sTHX
JIAHHBIX MOXKHO CYHTATh, YTO T'YMHHOBbIE IIpernaparhl OTHOCATCH
K Kaaccy JHHefHbIX MOJHIIEKTPONIMTOB. B srOoM ciyuae xapak-
TepHCTHUECKAs BI3KOCTh PAcTBOPOB T'YMHHOBBIX TIOJHMEPOB MO-
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sceT ObITh ONpeneneHa TpaduIeCKAM criocofoM MO METOAY
P. ®yocca 1 H. llITpaycea [110]. .

Us puc. 19 BHIHO, UTO TOUKH, HafileHHDbIe Ha OCHOBE ypaBHC-
nus ®yocca u [ITpaycca:
1
2

C. = [ +bC

Tyn

noKaTcs Ha KpHBYIO, @ He Ha NPAMYIO. Ha6monaeMblil 3QQeKT
MOJKET ObITh OBYC/IOBJIEH Gosee BbICOKOH CTeneHbi0 3JEKTPOJH-
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Puc. 20. 3aucumocth pH OT KOHUEHTPALHH pacTBo-
POB OTAMAIH3OBAHHAIX TyMuHOBBIX rpenapaios.

~TI'y-Na (1:1,5); 9_TY-Na (1:1); 3-1Y-K (1:1,5); 4—1:y-K (1:1);
é—FH—Na ((1:1.5)); 6—Th-Na (1:1); 7—-TH-K (1.1,5); ¢ —TH-K {1:1)

THUeCKOH [HCCONHANUH T'YMHHOBBIX npenapaTros IO CPaBHCHINO
¢ MOMHAKDPHIAMUTHLIMH, JUIl KOTOPBIX AMeeT MecTO [PSMOJHHeH-
Hast 3aBHCUMOCTD [7].
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Puc. 21. 3aBHCHMMOCTb 3NE€KTPONPOBOJHOCTH pacTBOPOB
IyMHHOBbIX IIpenaparos OT xonmeHTpauus. Yecn. obo-
3Ha4eHHd [T€ e, 4TO Ha pHC. 20.

Kak Bumso us puc. 20, ¢ pasGaBieHneM pacTBOpPOB TYMHHO-
BHIX IOJHMEPOB KOHIEHTPAlMs HOHCB BOMOPOAd yBeJIH4YMBAETCS.
OnHakO 10 CTENEeHH H3MeHECHH:H pH or KOHIEHTpallHH PacTBOPEI
I'H ornuuaiotest or pacrsopos I'Y. Hampumep, HpH HU3MEHEHHH
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xoHueHTpanuu ot 0,006 1o 0,5% A% HeaMaNH30BAHHBIX Npemnapa-
T0B M3 yrast pH cpexwl yMmeHnpllaercd Ha 4 eIHHHLDbI, H3 JIUTHH-
Ha — Ha 2 egunuinel. Habmonaembilt 3¢ ekt o6bsicHACTCH NPeos-
JaJaHueM KHCJABIX (QYHKIHOHAJBHBEIX IPYNI B I'YMHHOBBIX KHCJIO-
Tax M3 YIJIs 10 CPABHEHHIO C HUTPOJUTHUHOM. XHMHYECKHe aHa-
JIM3Bl TIOJATBEPAUJIH, UTO COJepKaHHe KHCJABIX TPyMn B BOJOPACT-

o M2-3K8
BopuMo#l GpakUMH KJaapeHa o0Kasasocb paBHbIM 17,3 Elalis

2
a B uutpoauraue — 10,0.

DKCIIEpPUMEHTDI [IOKA3aJ/H, YTO AHA/JH3 CYIECTBEHHO He H3Me-
nua xox kpusslx pH—C. Pa3nuuus B KOHUEHTPaUHU HOHOB BO-
JIOpPOAa, TO-BUIUMOMY, 0OyC/aOBJEHE Oonabllell CKAOHHOCTBIO X
3JEKTPONHTHUECKOH JHUCCONKANUN IPeNnapaTroB H3 yIras 10 cpas-
HEHHIO C penapaTaMy U3 JUTHHHA. DTH IPeATION0XKEeHHs NIOATBED-
KAAIOTCSE M HCCAEOBAHHSIMH 3J1eKTPONPOBOAHOCTH (pHc. 21}, us
KOTOPBIX BMAHO, UTO C YBeJUYeHHEM KOHUEHTPAUHH 3JeKTPONpo-
BOJAHOCTb YMEHBIIAETCSI 32 CYET TMOHUIKEHHS 3/eKTPOJHTHYECKON
JIUCCOIMAIHH.

Fnasa Tpertbs

B3AUMOAEWCTBUE BOAOPACTBOPUMLIX MOJIMMEPOB
C JNEKTPOJIUTAMM

Usyuenne B3amMOJEHCTBHS PACTBOPOB 3JEKTPOJHTOB C BOJO-
pPACTBOPHMEBIMH TOJHMEPaMd MNPEACTaBJAseT HHTepec B CBA3H C
MCIOJAB30BAHHEM TMOCJAENHHX B PasjHYHBIX 00J1acTaX HaApOAHOTO
XO35HCTBA.

s mpUpOAHBIX BOAOPACTBOPHMBIX TOJHUMEPOB, TAKHX KakK
KpaxMmaJ, XKeJaTHHA, TeKTHH H T. I, B3AUMO/IefICTBUE C /IEKTPOJIH-
TaMH M3YU€HO JOBOJBHO MOAPOGHO. e Kpaxmasaa nokasaHo, uTo
IPHPOAA MOTJIOWEKHOr0 KaTHOHA OKa3blBaeT BJHSHHE Ha €ro CIo-
COBHOCTh CBA3LIBATb BoAy [111], HA 371€KTPONPOBOAHOCTD BOMHBIX
cycmensuii [112] u npyrue cBoficTpa.

BsaumopeiictBue kapToesbHOr0 Kpaxmana ¢ pacTBOpaMH
snektpoautos Jla-Mep u ap. [114] o6bscHsioT o6pasoBanuem
TPYAHO PACTBOPHMBIX COJIeHl 3a CUeT CBSISH KATHOHOB 3JIEKTPOJIH-
TOB C HMEKINHUMHCH B KaprodespHoM Kpaxmasae QocgaTHBIMIH
rpynmnaMH.

YacTtuyHON 3aMeHOil BOLOPOAHEIX CBA3E€H MEXAY MakpoMoJe-
KyJaMu MeKTHHA GoJjiee MPOYHBIMU HOHHBIMH OGBACHACTCS H MOBBI-
IeHHe CTPYKTypooOpasylolefl crnocoOHOCTH BOAHBIX PacTBOPOB
NeKTHHA NpHM Majblx A00aBKax K HHM XJIOPHCTOTO aJIOMHUHHS.
BeeneHune GobIIMX KOMMYECTB aJIOMHHMS NPHUBOAHT K IIPOTHBONO-
noxuoMy adpdexTy, uro no MHeruio C. M. Opnosa n C. A. I'nuk-
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mana [113], o6bsCHsIeTCS TEPEPOKACHUEM CTYAHEBOH CTPYKTYpbL
MeKTHHA B KOAryasiiiHOHHYIO.

UoHHbI XapaKiep B3adMOJEACTBHSA € SACKTPOIUTAMA oTMedeH
W I8 CHHTETHYECKHX MOJH3JIEKTPOJHTOB, HAMPUMED, A1 moJu-
MeTaKpHJIOBOH KHCIOTBI (ITMAK), xoropast ¢ 6apHeBBIMH, Kalb-
[1MeBBIMH M MATHHEBBIMH COJISIMH [aeT HepacTBOPHMEIE XHMHUYec-
xie coexunentst {115]. TIpy maHHOM CTENEHH HEHTpanU3aUHMI KpH-
THYecKas] KOHIEHTpauusl ABYXBaJEHTHONO KATHOHA, HeOOXoMMast
NJIST OCaXXAeHHs [IMAK, siBasieTcst THHeHHON (QYHKIHEH KOHIEHT-
panuH mojnumepa. ITO TOBODHT O He3aBHCHMOCTH KPHTHUECKOH
CTENEHH CBSISBIBAHHS KATHOHA C TOJIKIJEKTPONHTOM OT KOHIECHT-
panuu MoCJaeIHero B WHPOKOM HHTEpBAJE. M. Muxasau oTMeua-
eT, 4TO NpHPOAA KaTHOHA HE CKasbBaercs Ha B3aUMOJCHCTBUY
[IMAK ¢ 3JeKTpOJHTAaMH, TAK KaK HE3aBHCHMO OT Xapakrepa
JBYXBaJEHTHOTO KaTHOHA OCaKIeHHE [IOJTH3AEKTPOJAHTA JIOCTHIA-
eTCst TIPH OHOM H TOM 2Ke CTEMNEeHHU CBASbIBAHMIL .

®. Yona u ap. [116] npeamonaraior, 4T0 B3aHMOJCHCTBHE O~
JHAKPHAOBOHA KHC/IOTH C TAKHMH [BYXBaJETHBIMHU KaTHOHAMH,
KaK KaJblHil 1 CTPOHIHH, HOCUT 3/IEKTPOCTATHHECKHH XaPAKTED,
B TO BpPeMsI KaK ¢ HOHaMH MEJIH Habaopaerca Oojee CA0XKHOE
B3auMOeficTBHE, BC/IeACTBHE 06Pa30BaHI KOMIIEKCHBIX COCLH-
HeHu#l, MpeHMyIieCTBeHHO XeJaTHOH CTPYKTYDHI, BKJIOUAIOUICH
coceqHHe KapGokcuabHble HOHbL. ccnenoBaHHAMH Tpurs u 1p
[117] moaTBepKAaeTCss 06pa3oBaHHE KOMIIEKCOB MOJIHAKPUJIOBOH
KHCJIOTHl 1 MEJIH. .

o muenmio A. M. Korus u xp. [118], B o6pasoBanHil yCTOH-
YMBOTO XeJaTHOLO MOJHMEPHOTO COEIHHEHHS yUYacTBYIOT HE JBE,
a yeThipe KapOOKCHIIbHBIE TPYTITIEL. .

Msyunp B3auMOJeHACTBHE THAPa3HAa MOJTHAKDHIOBOH KHCJIOTbL
¢ pacTBOpaMH CyJab(aTos MelH, KoGanbTa, HHKeJs, Kaamus, UHH-
xa u xpoMa, B. H. Tormaues, JI. A. JTomaxo, JI. A. Typckas [119]
NPEATOKUAN CIEAYIONYI0 CXeMY BO3SHHKHOBEHUS XENTATHBIX KOMII-

JTEKCOB:

CH,
I
. ’_CHz_C”‘C}{z— .
l
C=0

l
H— N—NH,
||

R
M@A),_,

47



rae n-KOOpAHHAlMOHHOe YHcao MeTaana (M).

®. Kpamep [120] nomyckaer BO3MOXKHOCTb 00pa3oBaHHs coe-
IMHeHUHA BKJIOYEHHS] IIPH B3aHMMOJEHCTBHH HU3KOMOJIEKYJISPHBIX
BEl{eCTB, B TOM YHCJIE H JEKTPOJHTOB, C TAKUMH THOJHMEpPaMH
Kak KPOTOHH, IeA11003a, KpasMan U ap. CymHocTb 06pasoBaHus
COeJHHEHHST BKJIIOUEHHS 3aKJNIOUaeTcsl B TOM, YTO MOJIEKyJa HIH
rpylna MOJIEKYJ HHU3KOMOJIEKYJASPHOro 3JeKTPOJUTa BHEAPSAETCS
B NIOI0CTh GOJMBUION MOJIEKYJL IIOJHMEPHOIO BeINeCTBa.

CHUHTETHUECKHE MOJHIJAEKTPONHTH TakKe BCTYIAIOT BO B3aH-
MOJICHCTBHE C JIEKTPOJUTAMH.

Tak, cocraB u cBoiicTBa [TAA-1 nocie B3auMONeACTBHS C pacT-
Bopom Ca(OH) . usmensitores [13]. 10T npouecc conpoBoxaaercs
noTepell a30Ta H BOAOPOAL , BMECTO HHX B COCTaB IIPOAYKTAa BXO-
aut 17% Ca. DTH u3MeHeHHsI B COCTaBe NPUBOAST K H3MEHEHHIO
pPACTBOPHUMOCTH H JPYI'HX cBOHCTB (Taba 9).

Ta6auua 9

U3menenune coctaBa ITAA-1 npu
B3auMONeACTBHH ¢ pacTBopamu Ca(OH),

CoctaB, %
ITpenapat c I q N , Ca
ITAA-1 45,63 7,67 1 9,93 | —
MAA-14+Ca(OH), 33,32| 4,73 | 1,07 | 17,07

Ocajok moaydaercs pu nocTeneHHom nobGasiaeHnu [TAA-1 k
HacoligeHHOMy pactBopy Ca(OH), npu pH 8,5 Ilpu pH nuxe 8
ocalok pacTBopsietcsl BpimeneHHoe Takum o6pa3oM  BenlecTBO
HOC/Te NPOMBIBKH a0COMIOTHBIM 3TH/OBLIM CIIHPTOM HJIH BBICYIUH-
BaHuu npu 105° TepsieT 34aCTHYHOCTD, CTAHOBUTCSA XPYNKHM H JIET-
KO pacTHpaeTcsl B MOPOLIOK

Benenue B [TAA-1 xanpuusi NpUBOJHT K YMEHBUICHHIO HJ/IH
MOJIHOH TIoTepe ero pacTBOPUMOCTH B BoJe. llerporpacdutuecku#l
aHalHu3 Mokasals, uTo HcXoNHbi# mpenapaT ITAA-1 cocrour u3
KPYUHbIX, HenpaBujibHOH ¢opMbl 0GJOMOUHBIX 00pas3oBaHHUM
(puc 22), B oCHOBHOM Macce H3OTPOINHBIX, CO CPeIHHM IIoKasaTe-
JaeM npesoMierust n — 1,515. Tlocse B3anMonefCTBHS ¢ U3BECTBHIO
uacTh 3THX O6PAa20BaHUll NMOKPHIBAETCH MEJIKHMH OKDYIJIBIMH 3€p-
HaMH, H30TPOIHBIMH, YacTb ocTaeTcs 6e2 m3MeHeHu#. Kosnwnuect-
BO aHUSOTPONHLIX o6pa3oBaHuil yBeanunBaercsd. [lokasarenp npe-
JoMJeHHst pacteT 1o 1,536. IMMepCHOHHBIM METOLOM, € IOMOLIBIO
peakuuu Yaiita [121], npucyrcTBust cBOGOJHON H3BecTH He OGHa-
pyxeno. He Halizena oHa Takxe H TepmorpaduyeCKHM H DEHTre-
HorpaduueckuM MeTogamu. Tepmorpamma wucxomsoro ITAA-1
(pHc. 23) umeer ABa sufoTepMHUecKux 3dhdexra npu 220 u 310°C.
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{IpOAYKT B3aHMOLEHCTBHS C H3BECTBIO [aeT Ha KPUBOH ITA opun
sHIOTepMHuecKHi ekt npu 90—120°% >ddexra gerdapaTanns
Ca(OH), npu 550° ne HabarogaeTCS

HckyccrsenHas cyxas cmeck ¢ 5% Ca(OH), naer pasmbithbie
JIMHHUHM THApaTa OKHCH Ka/bllHsg Ha Jle6aerpaMme; NPOJAYyKT B3aH-
MOJeHCTBUSI ¢ M3BeCTbIO TakkKe, Kak H ucxonnbiii [TAA-1, penre-

HoaMmopdeH, XoTd B €ro coc-
taB Bowsno 31,4% Ca(OH),
x Becy ITAA-1.

TakuM o6pasom, Dpena-
par [TAA-1 BCTymaer B Xu-
MHYECKOe B3aHMOJEHCTBHE C
Ca (OH), u mpu 3rtom (ecau
pH ue muxe 8) obpasyercs
HepacTBOPHMEIH B BOJE Oca-
JOK —TIIQJIHAKPHAT KaJb-
HusI—BBLICOKOH CTeneHd Ha-
CBHILEHHST H3BECTBIO.

Beenenue XJIOPUCTOTO
HAaTpHs B BOJHBEIE PacTBODHI
K-4 u K-§ [76] 3HauuTe/ bHO
yMEHbIllaeT  HX  BA3SKOCTb
(ra6a. 10).

[Tpu HH3KHX KOHLEHTpa-
muax  noaamepa  (0,001—
0,005%) comepxanne NaCl
{0,01—10,00%) He BJIHACT
Ha MPUBEACHHYIO Bﬂ3KOCTb_’ Puc. 22. Mnxpodortorpaguu  [MAA-1
TaK Kak YHCJO0 HOHMBHPOBAH- M 5o noche (5) paammoneiicrsna ¢
HBIX TPYMI TOJH3JEKTPOJIH- H3BECTHIO.

‘Ta HAMHOTO MeEHbille YHCJA

HOHOB 106aBJAeHHOIO HH3KOMOJEKYASPHOrO 3JEKTPOJHTa, U CTe-
NeHb Pa3BEPHYTOCTH MAKPOMOJEKY/ MOJHMepOB (CJAE10BATENbHO
H CKOPOCTb TeueHHsl PaCTBOPOB 4epe3 KaIWJAP) ocTaeTcs Mpax-
Tuyeckd mocroaHHod C Bo3pacTaHHEM KOHIEHTpPauUHH MoJaHMepa
KOJMYECTBO HOHH3HPOBAHHBIX TPYMN B HeM, MO-BHAUMOMY, CTaHO-
BHTCST OJJHOTO TOPSIKA C YHCIOM HOHOB HH3KOMOJEKYJSIPHOrO
3/JEeKTPOJNUTA, B 3TOM CJydae BISKOCTb OYeHb UYYBCTBHTEJbHA K
MaJelnuM H3MEHEHHsSM KOHUEHTPAUHH Kak NOJH3/eKTPOJIHTA,
TaK H JICKTPOJHUTA.

Bopuble pactBopst K-4 B3aHMONEHCTBYIOT C COMISIMH KaJbLH,
Xeses3a, allOMAHHA ¢ 06pa3oBaHHeM HepaCTBOPHMbIX COeJHHEHHU
[51, 91, 122—124].

Hsyuenue 3anmopeiictaust K-4 ¢ xopunamu Hatpusi, 6apus H
Kanpnys, a TAKXKe C HUTPATOM aJIOMHHHA HedeIoMeTPHUIECKHM
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MeronoM [91] mokasano, 4To MOJ BJAMSHKEEM OJHOBANEHTHOrO Ka-
THOHA, HE3ABHCHMO OT €r0 KOHIICHTPAllMh B CMECH, B TeUEHHE Bce-
ro nepuoia skcnepuMenTa (10 MMH.) onTHUeCKasi IOTHOCTh pPacT-
BOpa IOJHIJIEKTPONHMTA HE

BAN-1+Calt), Menaercda. [lo muennio=d. A,

Apunosa 1 O. Mupcaiumo-

Ba, 3TO CBS3aHO, MO-BHIHMO-

My, ¢ 06MeHHO#H ajcopOuneii

nonos Na®, o6ycaosauBaio-
pied yBeJiHdeHHe TNJOTHOCTH
3apsiza GOYHKIIHOHANBHBX
TPYNN MaKpOMOJEKYJ, UTO
NPUBOJHT K B3aHMHOMY OT-
TaTKMBAaHUIO 3THX TIpynm K
BRITIPSMJ/IEHHIO MAKPOMOJIEKY -
Ju. B pesyJ/ibrare B3aHMHOTO
OTTaJKHUBAHUsT MAKPOMOJIe Ky
MYTHOCTb pactsopoB K-4 He
han- YBeIHYHBAETCH.

Ilpu npuGapneHuu mOAH-
BaseHTHHX KarHonos (AI’Y.
Ca®*, Ba’*) kapruma pesko
MeHsIeTCsl; ¢ POCTOM KOHIEH-
TPauuH KaTHOHAa B CMeCH H
NOBHILIEHHEM €ro BAJTeHTHOC-
TH OnTuYecKas IIOTHOCTh
pacrBopa K-4 ysennunsa ercs.
Ilpn pmanpHeifimeM OB blIIe-
HHH KOJUYeCTBA HOHOB 3JIEK-
TPOJUMTA ONTHYECKasg MNJAOT-
HOCTb PACTBOpPA yMeHbIIaeT-
Cfl, 4YTO CBA3aHO C CEJUMeH-
TAIlHOHHLIM BHINAJEeHHEM CKO-
ary/nmMpoBaHHBIX  (arperupo-
BAHHBIX) YacTHL NOJHMEpa H

HOBHIILIEHHEM NJOTHOCTU
ocanka (puc. 24), MoxHo
noJgararb qTo KAaTHOHBL

Puc. 23. Kpusnie JTA [1AA-1 1o ’
¥ mocne BsamvoneficTeus ¢ wsse-  YYaCTBYIOT B 06pa3oBaHHH
CTBIO. monepeyHulX CBA3ed Mexay

MaKpOMOJEKyJaMH MoJHMe-
pa. U3 puc. 24 BuHO, YTO HCCAELYyeMbId PACTBOD MOJUMEPA HMECT
MAaKCHMaJbHYIO ONTHYECKYX TMJOTHOCTb npu npubasnenun 400,
1600 u 4000 MuUMIMrpaMM-HOHOB aMIOMHHHUSA, OapHs U KaNbLHsA HA
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OJlUH TpaMM CyXOro BEINECTBa COOTBETCTBECHHO. I[per[MI/I CJ0Ba-
MH cobJoaaercs caeayoliee COOTHOUICHHE!

APt :Ba?" : Ca’" = 1:4:10

CBH3y10U.IaH CcrnocoOGHOCTh KAaTHOHOB ofpenesasseTcsa He TOJNBKO
BAJICHTHOCTbLIO HOHQ, HO H 3Hepmeﬁ ruapaTallil KaTHOHA, C yBE-

Taéanua 10
IpusenenHas Bsiskocth (7 yA./C)

BOJNHLIX pacTBOpoB K-4 (1naan3oBaHHBbi#)
n K-6 B npHcyTcTBHH coneit npn 30°C

KOHU,EHT - KOHU,QHTPHL[H“ BOAHHX paCTBOpOB, %
uug NaCl,
% o001 | 0005 | oot | 005 | 010 | o2
K-4
0,00 16,0 { 25,21 40,0 [ 65,8 | 98,8 { 96,3
0,01 8,0 12,8115,1122,6]21,5]21,5
0,05 8,0 8,6 ,2 112,71 15,0 ] 16,4
0,10 6,0 8,4 8,4110,1113,6] 20,0
0,25 8,0 6,2 5,9 7,0 8,51 12,2
0,50 8,0 6,2 5,1 4,1 5,9 8,0
1,00 8,0 3,2 4,2 3,9 4,3 5,4
3,00 ~,0 1,6 2,4 2,14] 2,6 3,1
5,00 8,0 8,0 8,0 2,0 2,2 2,3
10,00 8,0 8,0 8,0 2,0 2,1 2,3
K-6

0,00 8,0 8,4117,51 13,71 12,3 9,9
0,25 8,0 1,6 2,5 3,4 8,8 41,4
0,50 8,0 1,6 2,5 2,7 2,8 3,2
1,00 8,0 1,6 2,5 2,2 2,3 2,5
3,00 8,0 i,6 2,5 1,0 1,3 1,6
5,00 8,0 1,6 1,2 1,1 1,2 1,3
10,0C 8,0 1,3 1,6 1,1 1,1 1,3

JIMYEeHHeM BA/JEHTHOCTH KATHOHA YMEHbII2eTCS KOJIHYECTBO 3JIEK-
TPOJNIUTA, HYKHOE JIJIsl TOJHOI'O OCAXKJEHHS MojiuMePa U3 BOLHOTO
pPacTBopa; ¢ POoCTOM 3HePIHH THApAaTalMH KaTHOHA (JHeprust rui-
parauuu aas nodos Ca?*+, Ba?+  cooTBercTBeHHO paBHa 375 m
312 kkaaie-uon) ymeHpIAeTCs CTeneHh €0 B3aUMOIEHCTBHA C
MaKpOMOJIEKYJIaMH [OJU31eKTPOJHTA. DTO 0OBACHACTCS TeM, UTO
ruapatHast 060704Ka, WMEIONLAsICT BOKPYT KaTHOHA, N0-BUIHMOMY,
MelllaeT B3aHMOLEHCTBHIO KATHOHA C (PYHKIHOHANBHBIMH TPyMmIa-
MU MakpoMmoJiekys K-4.

UsmeneHnue ontuyeckofl NJIOTHOCTH pacTsopa K-4 B 3aBHCHMO-
CTH OT KOHIIGHTDAIHUH MOJHMEPa JO M mocie NpubaBieHHs 3jeK-
TPO/MHTA — XJOPHCTOrO KaJblHst — MOKa3aHO Ha pHc. 25.
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KpuBas saBHCHMOCTH ONTHYECKOH MIOTHOCTH pactsopa K-4 or

€ro KOHUEeHTPAalUHuU B OTCYTCTBHH HOHOB KaJbIHS HMeeT Ba u3ruba

(toukn C, u C,) npu coepxanuu 8- 10~4u 9. 02 rpaMM CyXoro

rnonumepa B 100 ma Bomel cooTBeTcTBeHHS. C ROBABACHUEM B/0K-
TpoauTa To4ka C, cMewiaeTcsi B 06.1aCTh HUIKHUX KOHIIEHTpauHi:
HOBLIM €€ 3HaUeHHSM COOTBETCTBYET KOHUEHTpAIlUs pactBopa K-4,
paBHas 9- 1073 2/100 ma.
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Lodepwanue xoruonsb £ ravecy,

Puc. 24. Bausnue BaneHTHOCTH KOHUEHTPAUUHN

XaTHOHa Ha MYTHOCTb BOAHBIX PacTBopos K-4 (nau-

Hbl® TOAy4eHsl yepes 10 mun. mocae npubaBieHud
BIEKTPONHTA K PACTBOPY IoauMepa).

1—NaCl; 2—CaCly; 3—BaCl,; 4—Al (NOy)s.

ComocTaBrende 9THX [JaHHWIX pesysnbTATAMH 3/€eKTPOHHO-
MHKDOCKOMHUCCKMX HCCAENOBAHUMA, MOTYYEHHBIX MPH H3YUEHHH
BAHARUS HAJMOJEKY/ISPHBIX CTPYKTYp Ha MPOLECC CTPYKTVPOOG-
basobaHHs B pacTBOpax NPOJYKTOB IHADPOAH3A NONHAKPH/IOHHT-
puia enxum Hatpowm [54], noxaselBaet, 4To mepBast TOYKa H3ruGa
Ha KPHBO! «ONTHYeCKas MJIOTHOCTb pacTBopa K-4 — KOHUeHTpa-
IHs MOMUMepa» COOTBETCTBYET aCCOLHUAIMU 3/JIEMEHTOB HajMoJe-
KyJISPHBIX CTPYKTYDP — (PHOPHJLI, COCTOSILHX U3 OPHEHTHPOBOYHBIX
PacnpsAMJICHHBIX MaKPOMOJIEKyJl Mpenapara, a BTOpasi — arperi-
POBAHHIO aCCOLUATOB.

IlpuGaBaennbiit k pacrsopy K-4 31eKTpOAHT afcopOHpyercs
CTPYKTYDHBIMH 3JIeMeHTaMHd (MakKpOMOJIEKYAbl H HX ACCOIHATHI
HJTA 5JIEMEHTBl HAIMOMCKY/ISIPHBIX CTPYKTYD) pacTBopa HOJHMepa.
Ilpu sToM, KOTZA KOJIMYECTBO 3/1EKTPOJIHTA MaNO 110 OTHOMICHHIO
K HaBeckam npenapara, aicopOuns NpHBOAUT K YCHIEHHIO arpera-
LHH CTPYKTYPHBIX €[HHHUI MOJUMepa H, Ha060pPOT, KOTAa Ko.uue-

52

CTBO 3/1€KTPOJIHTA BO MHOTO pa3 6o/bLle, 4eM COXEpIKaHHe MOJIH-
Mepa B 06'beMe PacTBopa, aacopOuus 9.1eKTPOIATA IPHBOAHT, I10-
BHAMMOMY, He K arperdpoBAHHIO CTPYKTYDHBIX 3/AE€MEHTOB, a K

1t

a, %
=

Mymcre pacrop

’

!

w? P W v
Kagentpayus pacrlopa, 21109 mi

Puc. 25. MameHenne MyTHOCTH pacTBopa K-4 B 3aBHCHMOCTH OT KOHICH-
Tpanuu noanMepa jo (I) u mocie (2) mpubaBieHHa MOHa KalbLMs,

MX pacnajy /lo eIMHHYHBIX MakpoMoJekys. Buarojaps HoHHO#M
atMoctepe, o6pasoBaBulefics BOKPYr (YHKUHOHAJLHBIX TPYIN,
MaKpPOMOJIEKYJ/Ibl ITOJIMMepa He MOTYT COMMKATBCS, B pesyibraTe
He MPOHUCXOLHT YCHJIEHHS ONTHYECKOH NJIOTHOCTH pactBopa K-4
HECMOTPS HA [PHCYTCTBHE 3JIEKTPOJIUTA XJIOPHCTOTO KaJbIMs.
Cilexyer OTMETHTb, YTO OTCYTCTBHE ATperamu CTPYKTYPHBIX
elMHHL B pacTBopax K-4 mpu noGaBiaenun 60abuioro Koaudectsa
DOIHBAJICHTHBIX KATHOHOB HMEET BAXKHOE 3HAUEHHE TIPH HCIO0.Ib30-
BAHUH NOAMMEPA ISl USTOTOBJIEHUS TVIMHHCTBIX PACTBOPOB, IPH-
MEHsIeMbIX B GypOBOM TeXHHKe, 0COGEHNO NpH OVpeHHU B OC/10XK-
HEHHbIX yCI0BHAX (BBICOKO® COREPIKAHHe COJjefl B ToJe U NOBLI-
leHHas temmeparypa). Y. JI. Mamamxanos, M. K. Typanos,
A. T. Xon-Ilak [125] nokaszaan BBICOKYIO 3(p(EeKTHBHOCTL BBeAeHHUS
K-4 B riMHHCTBIE  PACTBOPHI, HCHOAb3yeMbie IPH NPOXOXKAEHUH
conesbix Toam. ITpu uccnenoBannu BsammoneiicTsust pasGassen-
RBIX pacTBopoB K-4 ¢ cynbdhaTamMu nmyTem n3MepeHHst BA3KOCTH M
MYTHOCTH UeHTpupyrata M. M. Apedrena [122—124] nokasana,
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YTO B 3aBUCHMOCTH OT Bal
eHTHOCTH KAaTHOHA 3JEKTPONHU
: THI
HX BJHSHHS pacriojaraiTtces B paa (puc. 26): P noemIe

F32(804)3>A13(SOL)3>CUSO‘>CdSO4> ZnSO4>
>MgSO4>KstL>Nast4

na.l;gg?onbmee BJIMSIHHE TIPH STOM OKA3bIBAIOT JIEBHe YIeHH ps-
: €30, aMIOMMHHE H T. A.; HaHMeHbllee — npasule. KaTtuo-

Ty T:
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Puc. 26.
Bﬂsxocing(aBHCH—Moc“ MYTHOCTH (T — CTJOIVHBIE JHHUM) H OTHOCHTENbHOH
Nory — BYHKTHPHbBIE JHHHH) CHCTEMBI K-4 — 2J4eKTPOJAHT OT KOH-

HEeHTpAaunH JEKTPOJNUTOB.

I-N : 2—2a—-
1,50 2—2a~K,SO,, 3-3a—Mg80,; 4—ZnSOy 5-CuSO,; 6-CdSO; 7—-AL (SO,

8—~Fe, (SOy); 9—CaSO,.

gzlegdﬂHHaKOBOH BAJEHTHOCTH TaKXKe 06/1a1ai0T pa3JUYHBIM JefCT-
Ha pacTBophl K-4, H, B cBOIO ouepe/ib, pacmosaaraires B pA-
bl B 3aBHCHMOCTH OT PaJHyCOB HOHOB:

oxnopanentsle — K+t > Na™T,
nByxBaienTHee — Cu’™ 2+ s 2
> Cd*t > Zn*t >Mg't,

TpexBaneHTHHe — Fe?t > AP

Ha6aogaeTca HeKoTopas aHaslorid B noBeLeHnH KaTHOHOB Ka-
JMs, HATpHUsl, MarHust HECMOTPA Ha MX PasHyIO BAJEHTHOCTD. pu
Manplx Ho6aBKax OHH BEAYT ces Kak Apyrhe KaTHOHBI, pe3Ko Mo
HIDKAst MYTIIOCTB CHCTEMBL. C noBbIIeHUEM HX KOUIEHTpalHH 101
HOrO OCBETJIGHHS CHCTeMBbI HE Ha6aiogaeTca, IPOUCXOAMT JHIUIb
[1eKOTOpOE TOHHMKEeHHe MyTHOCTH /10 OIpee/CHHO i BeJHIHHEI, KO-
Topasi NPaKTHUECKH He 3MEHSIeTCst [IPH YBEJHUEHHH KOHUEHTpa-
WHH STHX KaTHOHOB B pacTBOPE moytu B 20 pas.

Bee 0cTabHbIE JIEKTPONHTDL IPH ompe/eeHHBIX KOHIEHTPalH-
six (puc. 26) cHHKAIOT MyTHOCTb CHCTEMBI 20 HYJIS. MunumaabHas
KOHLEHTpAalUsi 3JIeKTPOTHTA, oTBeyalolas HyJneBoil MYyTHOCTH
cHCTEMbl H COOTBETCTBYIOIIAs TOJTHOMY BRIIEJICHHIO TOoNUMepa U3
pacrsopa B 0Ca/oK, HA3BIBAETCS SKBHBAJIEHTHOMH [115].

Tor ¢akT, UTO XapakTep KOHILEHTp allHOHHBIX 3aBHCAMOCTER
BSI3KOCTH M MYTHOCTH OIHHAKOB, yKa3eiBaeT Ha TO, UTO naGmofae-
Mble Ha ONbITe 3¢ (heKTbl HMEIOT OLHY W TY Ke MPHPOAY (puc. 26).

VmeHplieHUe BI3KOCTH MOJHSJAEKTPOJIHTOB  110A JeACTBHEM
5/IeKTPOJATOB IPOUCXOAHUT 34 cuerT CBepTHIBAHMS MaKpOMOJEKY.
B KjyOKH HJH raoGyanl. I1pu AeHCTBHU BBLICOKOBAJIEHTHBEIX HOHOB
BI3KOCTD MOTHMEpA CHUKAETCs 38 CUeT 06pa3oBaHHst XHMHUECKHX
cBasell MEXKAY MAKPOMOJEKYIaMU HIH UX OTHENbHBIMH 3BEHBAMH,
4TO MPUBOLHT K BOZHMKHOBEHHIO Gonee KOMIIAKTHOTO KTyOKa, 06-
Jiaflaiolero Majol pacTBOPHMOCTBIO B BOAE. BausiHue 3apsna H
paiHyca KaTHOHOB 3JeKTPOJUTOB HA K-4 ykaspBaeT Ha HEKOTO-
pylo aHaJOruio mpouecca B3AUMOJEHCTBHSA TIOMUICKTPOIHTOB C
5JeKTPOJIUTaMU C HOHHBIM o6MEHOM, KOTOpbIfl, KaK H3BECTHO, 34-
BHCHT OT TeX Ke MpHIHH. Takasi ¥e 3aBHCHMOCTb HaO/I101aeTCA
u Aas kapGOKCHMETH/IIETIONOSBI [126—129].

KoHIYKTOMETpHUECKOE THTpOBaHHE PacTBOPA K-4 saekrTponu-
Tamu (puc. 27) moKasbiBaeT, YTO C yBEJHUCHHEM KOHLIEHTpalluH
3J1eKTPOJINTA YAENbHAA 5J1€KTPOIPOBOAHOCTD 0,1-npoueHTHOro pa-
crpopa K-4 HempepbIBHO pacrer. KpHBBIE w—C uUMET CJIOXKHBIH
BHJL H COCTOAT H3 KPHBOMHMHEHHOTO H NpSIMOJIHHEHHOrO y4acTKOB.
B mauane Ha6mq0gaercd KpyTOil TOMADbEM 3/eKTPONPOBOJAHOCTH.
Sr10 06YCAOBAEHO, [10-BALHMOMY, HOHOOGMEHHBIM IIPOLLECCOM, B PE-
3yJbTaTe Uero H3 aKTHBHBIX (pyHKLHOHAJbHBIX TPYIII enu Makpo-
MoOJieKys ToJjiuMepa B pacTBoOp BLITECHSIETCS TIOBHKHbIH HOH —
BOIOPOJA.

TMonHbiii 0GMeH KaTHOHOB BBOJHMBIX 3J1eKTPOJNUTOB Ha HOH BO-
nopona K-4 sakanunsaercd B TOYKe nepexona KpHBOJHHEHHOTO
yyacTka KpHBOI w—C B TpSAMOJHHENHBIH, 323 KOTOPBIM POCT
3/eKTPOTPOBOIHOCTH C yBETHUEHHEM KOHUEHTPALUH 3/CKTPOIUTA
HeT ¢ MeHbluefl CKOPOCThIO, TaK KaK IOIBHIKHOCTh APYT'HX HOHOB
ropasfio HHXE, YeM [10BHACHOCTb HOHOB BOJOPOAA.
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Tonxucaenne pactsopa K-4 mocsne npu6arJeHUS K HEMY 3J€K-
TPOJIUTOB TIOATBEPKAACTCS IMOTEHIHOMETPHUECKHM THTPOBAHHEM
(puc. 28). Iloxkucaeuue TeM Gosblie, YeM Bblllle BaJIEHTHOCTb Ka-
THOHA, H NPOUCXONHT NO ONpeJeJeHHOH KOHUEHTPAUUH 3/IEKTPO-
JUTOB: HajbHefilee ppuGaBjaeHHe ZJIGKTPOJIMTA He IPUBOAHT K
cymectBenHoMy u3MeHenuio pH pactsopa. C yMeHbleHueM KOH-
LLEHTPALHHU TIOJAH3MEKTPONHTa K-4 KpUBbie THTPOBAHUS MUMEIOT TOT
e BH]L.
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KOHYBHTDOULS NCKTPONUTE, Fig~ 3

Puc. 27. KpuBble XOHLYKTOMETPHUECKOrO THTPOBAHUS
pactBopa K-1 saexrpoautamu.

1—K,S0,; 2—CaS0,; 3—Na,S0,; 4—Fe (S0,);; 5~CuS0,; 6~CdSOy;
7 MgsO0,.

DkBHBaJeHTHAsl TOYKa B3auMojeicTBus K-4 ¢ pas.IHiHbBIMH
57EKTPOJMTaMA COOTBETCTBYET KOJHYECTBAM 3JIEKTPOJATOB NPH
KOH/JYKTOMETPHYECKOM THTPOBAHHH H 3aBUCHT OT NPHPOJAB Ka-
THOHA 3JEKTPOJIHTA.

Heo6xoauM0 OTMETHTDb, YTO HeCMOTpsi Ha Hanuuue B K-4 pas-
JUYHBIX (PYHKIHMOHAJABHBIX [PYyNI, Ha KPUBBIX OOHapyXuBaeTcs
OjIHAa SKBHBaJIeHTHAs TOYKA, YTO XapaxkTepHO AJA Caabbix MOAH-
(YHKIMOHABHBIX TIOJHMEDHBIX 37eKTponuToB [126].

Ha puc. 29 npuse/ieHbl NaHHBIE N0 OMPEJENCHHIO OCTATOUHOH
KOHLEHTPAIIUH 3JIEKTPOIHTOB B LeHTpHyraTe, HalileHHble TPUIO-
HOMETPHYeCKAM MeTOROM. Kak BHAHO, KOJIHYECTBO KATHOHOB X<e-
Jle3a, MeIH H KaAMHs (#e - 3K8), KoTopoe csspiBaerca ¢ K-4, siB-
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sisieTcst MHEAHOA (yHKIMEl KOHIeHTp a1 roJuMepa B HCCIeNo-
BAHHOMN 00JACTH KOHUEHTpAUWil U 3aBHCHT OT MPHPOALI KaTHOHA
saekrposura. Ha mocaennee 06CTOATEbCTBO YKA3bIBACT passuu-
nLii HAakJaoH mpsMpix (puc. 29, BBEpXY), xapakTepusyiouwni sg-

(eKTHBHOCTb B3aHMOACHCTBHA C K-4.
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Puc. 28. KpuBbie TOTEHIHOMETPHUECKOTO
THTPOBaHUSL PacTBOPA K-4 31eKTPOJIHTAMH.

_H,0: 2—Na;S0,; 3—K,S0,; 4=MgS0y; 5-CdSO,
I s 7ocus0y §—Al, (SO 9—Fes(SOs.

Ko/IHuecTBO 3JEKTPOMHTA, Ipuxoaserocs Ha 1 e cyxoro Be-
mrectBa K-4 unn emkoctb K-4 (q), HE3aBHCHMO OT KOHIEHTP AU’

NIOJH3AEKTPOJUTA B paCTsope, oas K

ATHOHOB XeJjae3a, MenH H Kan-

MHST — BEJHUYHHA MTOYTH [IOCTOSHHAS (puwc. 29, BHHUBY) H crienuduy-

Has JJISI KaxJaoro Hs3 KaTHOHOD.

B cpeaseM OHa cocTapaieT 3—5

Me - 3K8 Ha 1 e cyxoro BeuiecTBa K-4; 1ast KaTHOHOB HMHKA A Mar-
HUs BeJiMUMHA He Oblia nocTosiHHOd, a yMeHbIaaach C MMOHHKEHH-

em kosmuecTBa K-4 B pacTBOpE.
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Jlanuble HeheIOMETPHUECKOTO METOAA NOATBEPXKAAIOTCS aHa-
JIUTHYECKHMH CTpefe/eHHAMH KOHIEHTPAllHd YKa3aHHBIX KaTHo-
uoB. OHYU CBHAETEILCTBYIOT O TOM, YTO B ONpe/le/IECHHOM HHTEPBaJe
KOHUEHTPALMH NOJHITEKTPoIHTa K-4 BoarMOJEHCTBHE €To C 3/1eK-
TPOJUTAMH MPOXOZUT TPH CTPOrO ONPENSNEHHOM COOTHOLIEHHH
KOMIIOHEHTOB He34BHCHMO OT HCXOJHOH KOHLUEHTpAalHH.

3

M2 K6 an-ma
20mn x-4

a,
S
L

004y

M2z 3k8 an-ma
2K

(SR Y
R T
3
3

RN

i g0s  om a6 47 qm@ 4% 47
Kowyenrpoyun K-4,%

Puc. 29. KoanuecrBo cBasanHoro (u3 0,02 H. pacTBOpOB) 3JC€K-

Tpoauta 20 ma pacteopa K-4 (BBepxy) H KOMHMYeCTBO 3JEKTPO-

JHTa, UpHxonAmeroca Ha 1 2 cyxoro mnpenapara (BHU3Y), OT
Konuenrpauun K-4.

1—ZnS0,, 2—CuSO, 3—CdS0,, 4—Fe, (50), 5—~MgS0,

HsMeHeHHe MYTHOCTH CHCTeMBl K-4—-3/1€KTPOJIUT NIPH MepEMeH-
nom pH cpenpt nokaszano ua puc. 30. Kak BHIHO, KDUBbIE, 1101y~
YeHHble B IPHCYTCTBHHU 3JEKTPONHTA, aHANOTHUHEl KPHBOH /IS HC-
xoaHoro pactBopa K-4; umeloTcs Tak:ke ABa MAKCHMyMa IpH pH
9 u 7—8 u uso3nexTpHyeckast o6nactb npu pH 24—3,4. Onnako
BeJHUUHA MYTHOCTH A/ cHCTeM K-4 — 3JIEKTPOJUT 3HATUTENBHO
HHXKe [0 CPABHEHHIO C HCXOIHBIM pacTBOpoM K-4. B mpuCyTCTBHH
cyabhATOB MEIH M Keje3a 3TO OOBICHACTCA YMEHBIICHHEM KOH-
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qyentpauud K-4 B pacTBope 3a cHer B3AMMOJIEHCTBHUS C SJEKTPO-
JIHTOM H 06Da30BaHUsS HEPACTBOPHMbIX ~COCAHHEHHM, BbIIAa10-
LIHX B OCAfOK. B MpHCYTCTBHY CyJb(aToB MATHUS, KAIHA H HAaT-
pusi 06pa3oBaHUsd HOBOH (pasbl He HaGMIOAAETCd M YMCHBUICHHE
MyTHOCTH CHCTEMbI B 3TOM C/ydae MOXKET BbITb OGBACHEHO 3JIEK-
TpPOCTaTHYECKHM (PaKTOPOM, T. € H3MeHeHHeM HOHHOH CHJIBl PacT-
BOpa H COOTBETCTBEHHO — (DOPMBl MAKPOMOJIEKYJ MOJHMEDE.
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Puc. 30. 3aBUCHMOCTb MYTHOCTH T CHCTEMB K-4 + aaexrpomaur or pH cpenst.

1—K4+H,0, 2—MgS0, (0,01N), 2’ ~MgS0, (0,025 N, 2" —~MgS0, (0,050 N), 3—Fe, (SO4),(0,01N)?
24— CuSO, (0,01 Ny, 4" =CuSO, (0,015 N), 4531%5 210,025 Ny, 5—Na,S0, (0,01 N), 6—K.S03
(©, )

Psig KATHOHOB, )CTAHOBJEHHBIH IPU H3YUCHHH B3anMOJEHACT-
pust K-4 ¢ 571eKTPOJHTAMHU NIPH NEPEMEHHOM pH cpensl, HECKOIBKO
oT/IHYaeTcs OT Psifla, yCTAHOBJEHHOrO NMpK HCCACHOBAHHA B3aHMO-
nefictBHst K-4 ¢ 51€KTPOJNHTAMH B 3aBUCHMOCTH OT KOHIEHTPalHH
HOCAeIHHX.

dro ofBACHIETCS CMOCOGHOCTBIO conell K THAPO/IM3Y TPH CO-
OTBETCTBYIOIMX IS KaXXAOT0 H3 HUX 3HAUCHHIX pH. O6pasosa-
HHE THAPOOKHCEH co3[aeT yC/nOBHUS 15 o6MeHa Gosiee CIOXKHBIMHA
kaTHoHnamu tTuna — Me(OH) * . Kpome Tero, BOSHUKHOBEHHE TH/L-
pookucel, 06aaA0IMUX MahCHMAJbHON aAcOpOIHOHHOM AKTKBHO-
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CTBIO B MOMEHT CcBoero o6pasoBanus [129, 130], moxet croco6cT-
BOBaTh afcopOuUKU TMONKHMEPA Ha ¥X TNOBEPXHOCTH. 3To NPUBOIHT
K YKPYNHEHHIO YACTHIL H, COOTBETCTBEHHO, K TMOBBILICHHIO MYyTHO-
CTH CHCTeMBI, 4TO H HaGaiojaercsi I1pH B3aumomefictsuu K-4 ¢
cynbbatamu Meau u xenesa (puc. 30). MyYTHOCTb B 3THX CHCTe-
Max, COOTBETCTByIoilasi 3Hauenuio pH, Gosee BLICOKOMY, UeM TO,

Ta6anna 11

3§Brcnmocn o06peMoB ocaakos (V, cm3) CHCTEMbl NOJHINEKTPOJHT
-4+-snekrpoaut (0,01 N) or pH cpenb u npuponsl 3JNEKTpOJHTA
yepe3 24 4aca Nnocjie cMEWEeHHsi KOMINOHEHTOB

J1eKTPOJIUTH
H,0
anem(;:;:::) Na,80, K,;80, MgSO, CuSO, Fey(SO,),
pH v pH | v jpn | v e |V l pH | v | |V
1,18 |0,20] 1 0.201 1,25 [0,20} 1,17 {0,20] 1,15 | 0,2
, , , , , , ) , ,20( 1,20
177 10°00] 1,75 {0,00| 1,75 {0.00| 1,68 |0,00| 1,72 |0,00 1,75 8’%8
%,gg 8’00 O T o [o,00] - : ! :
00 _ _ ) s - - N -
> > [ - - 2,05
2720 [010] 2,20 0,10} 2,25 [0,10| 2,15 |0,10 Q'go 8’?8 2,00 10,50
5719 |0'30| 2720 |0.30| 2,45 {0.40{ 2040 |0’30] = | | 2,25|1,00
IOV T S L | = 2.55 (0,401 2,48 |0 ' :
2,70 0,40} 2,70 0,40] 2,75 |0,490| ~ | = ngs ojgg g’ig {'gg
o0 03| aas 00 o font 3 o) 20 |
, . , '10| 3°85 |0.10] 3,90 |0.10] 3
4°45 10,00| 4,40 0,00 | 4.40 | 0,00| 4,40 [0,00 3Ié§ 8’28 210 Lo
5,50 0,00 5.48 0.00| 5.45 [0°00| 5.40 {0,00| 5,05 |0,30] 2,42 {2,0
690 1000l 690 [0.00] 685 0.00}¢,80 |0,00] 6,080,0 S its
, . ,90 |0, , . , ) 08 {0,00] 5,05 |1
845 0,00/ 8,55 0,00 | 8,50 0.00| 8,60 |0.00{ 7.45 | 0,00 5153 1j%
ossloool — | Z | Z | = 2| =] == 0
— | = 10,70 0,00 10,70 ool — | —| = | = o3 100
— o 00,700,000 = | | = | =5 ,
10,90 | 0,00 |10,85 | 0,00{10,95 | 0,00 (10,85 | 0,00 10,87 |0,00 10§2§ 8:8

KOTOpOE OTMeuacTcsl NIPH 0CaxKIeHMH 3THX TMAPOOKHCeH, ocoGeH-
HO PE3KO MOBbLIINALTCH. [To-Bua¥iMOMy, IIPOUCXOAUT ofpas3oBanue
z;r:uqnsmx KOJIJTOMHBIX PacTBOPOB THAPOOKHCEH MeTa/ioB, He
afaolnHX B 0CaX0K H B3aUMOJEHCTBYIO 5
H ux B K-
o6nacrtu pH. you Kod s naol
VBennueHHe KOHIEHTPAHH 3J1eKTpoauTa (pHc. 30) sHauuTe b-
H?{e gxgsbrsaergﬂ Ha BeJHYHHE MYTHOCTH  CHCTeMBl B 00JacTH
p . B kucnoit cpene yBeqHyeHHe KOHIEHTPANHU 3/1€KTPOJIHTOB:
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K BHAKMBIM H3MCHEHUAM B CHCTEMAX HE NPHBOMMT, B HelTpaabHOH

o

.cpefle TAKKE CKa3blBACTCs pausiHye oOpasyloulencs KOJIJIOH THOH

THIPOOKHCH.
Hsmepenne o6bema OCaAKOB B cucreme K-4 + 3JeKTPOJIHT

YKaSbIBaeT Ha HaJaupyue HepaCTBopHMOFO B BOJle OCajaka K-4 npH

Tabauna 12

3aBHCHMOCTb 0G'EEMOB OCaIKOB (V, em®) cHCTEMBI MONHINEKTPOJHT
K-4+anextponut ot pH cpendl u KOHIIEUTPALMH ITEKTPONHUTA
yepe3 24 yaca nociae cMEmEeHHsT KOMIIOHEHTOB

DEKTPOAHTDHS

o cyaudat Marauda cyapdaT Meax
Ha 0,01 N 0,025 N 0,050 N 0,01 N 0,015 N 0,026 N
thV‘pHIV pH |V pH | v | g | v | pH [V pH | v
|
1,18 50,20 1,17 0,2‘ 1,2010,2 1,181\0,2 1,1510,2 1,101 0,2 1,15‘0,2
1,77 10,00 1,68 0,0} 1,75/0,0 1,8()\0,0 1,7210,0 1,700,0 1,750,0
1,85 10,0 | 1,90 0,0| 1,90/0,0 1,90,0,00 — | — 1,90(0,0| 1,900,0
2,00 10,0 ) ~12,0000,0) 2,05 0,0} 2,05/0,0 2,050,0 2,0010,0
2,20 10,11 2,15 0,11 2,2000,2] 2,25 0,312,2000,1] 2,25 0,21 2,200,2
2,12 10,3 | 2,40 0,3 2,38/0,3 2.4010,4] — | —| =1 71| 5 5aln =
— _19,5500,4] 2,58 0,4]2,50{0,5 2,48/0,4 1 2,600,4 2,50{0,50
970004 =1 | =1 =1 —|— 9765|105 | 2,75/0,5| 2,70(0,5
— — 1 —13,1010,3} — | — 3,1010,5) — | —\ <.
3,45 10,31 3,45 03] =V —! =i =1 .=l A 3,35/0,5} 3,25 0,5
3,85 (0,1 | 3,90°0,1 3,77(0,3| 3,77 0,41 3,440,6 — | —1 — |~
4,45 10,0 | 4,40/0,0 4,1510,1 .y —{ 3,650, 3,65/0,61 3,50{0,6
5,50 10,0 ] 5,4010,0 5,2010,0| 5,02 0,01 5,05/0,3 4,4001,0] 3,902,0
6,90 0,0 | 6,80,0,0 6.600,0{ 6,10{0.0 6,08/0,0( -,90 0,2) 6,173,5
8,45 0,0 | 8,60{0,0} — | — 7,90/0,0| 7,45 0,0| 6,65/0,2 5,82]2,0
9,75 10,0 | — { — 9,85/0,0] 9,87 0,0 — | — 7.90)0,01 7,00{1,70
10,35 10,0 {10,35{0,0] — |\ — 1 .. 9,65 €,0f —| — 8,4011,1
— — | — 0 — | —10,350,0l — — 10,40{0,0} — | —
10,90 (0,0 10,8510,0 10,75/ 0,0110,72 0,0\10,87 0,0/10,70/0,0 10,65|0,0

sHavenusix pH 2,4 — 3.6, COOTBETCTBYIOLIHX H305/1€KTpHUecKOi
o6aacTu. IIpucyTcTBHe Cy/bdaToB MAarHHi, HaTpUsl M Kajaud B
CHCTEME CYIUIeCTBEHHOro BAHSHHA Ha peaqnunHy ofnema 3TOTO
ocajKa He OKasbiBaeT {radua. 11, 12).

CyabgaTsl MeIH M XKeaesa He TOJLKO YBEMMUHBAIOT 00BHeM
ocazka NpH orpejieaeHHbIX [T KaKICTo w3 wux sHaueHnax pH
cpejbl, HO U paciiupsioT o6macts pH 06pasoBaHus 0CaLKA. [1pn-
poja 0CANKOB TaKKe U3MEHACTCH. HakoiaeHue 0cajKkoB B CHCTC-
me K-4 — cyabgpar xenesa B 067aCTH  HepacTBOPHMOCTH K-4,
rie HOHH3KHPOBAHHBIE TPYTIIb! OTCYTCTBYIOT, TOBODHT O TOM, 41O
Baanmopeiicteue K-4 ¢ 371eKTPOTHTaMH otpefenseTcss B OCHOB-
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Puc. 31. Ipenenpt o6pa3oBaHHA HepacTBOPUMOro OCax-

HOM TPHUPOAOH KaTHOHA M €ro KOHIeHTpalkedi B pacTBope H He
3aBHCHT OT (POPMBI MAKPOMOJIEKYJl NOJUSJIEKTPOIHTA. Ananorsu-
ubill BoiBoA cpenan H. ®@. Epmonerko u Ap. [129] npu uccnepoBa-
HUH B33aUMOENCTBHS JKeJIaTHHA C PasjHYHBIMH ajcopOenTamy B
sasucumocTd oT pH cpensl.

Ipegensl 06pa3oBaHHs OCAAKOB HepaCTBOPHMbIX coeguHeHHH
B cucteme K-4 + snekTpoaut npu pasanynbix pH cpendl (3a-
BITPHXOBAHHEE poMOuKamMu
y4acTK®) npuBe eHH Ha puc. 3l. 00
3alTpUiXOBaHHEIE KOCHIMH IO- B e N
710CaM¥ y4aCTKH 3TOro PHCYHKA /
COOTBETCTBYIOT 3HaueHuam pH,
npH KOTOPHX 00pasyioTcs Xo-
JJOWAHBIE PpacTBOpHl  THAPOO-
Kuceli COOTBeTCTBYOINX MeTaJl-
a08. CBerabie ke ydacTkH—o0-
nactb pH, npu Kotopo#i obpa-
3ylOTCd ~ MYTHble OeClBeTHhIE
pacTBOpH 6€3 0CajKoB.

Ha puc. 32 u 33 npuBeleHbl
KpHBBE, TNOKa3bBAIOLIHE H3ME-
peHHe KOJHYecTBa 3JEKTPOJH- 0
TOB, CBSI3aHHLIX NIOJIEMEPOM K-4, §
B 3asucumoctn ot pH cpens,
a TakKke OT KOHUEHTPAalLHHK 3JeK-
TPOJIATOB H K-4, xorophie MOXA- IL
TBEPKAAIOT 3aMellleHHe KarHo-
HOB KapOOKCUJIbHBIX H KapGo- 7 7 5 o4

M2 3Kl
2K-4
Ny

S
)’
5

S0+ X

30+

Konuyecrbo sn-12 g,

KcuaaThhX rpynn K-4 xatHona-
MH BBOJHMMBIX  3JIEKTPOJHTOB
(ecnn 3Hauerue pH HHXe, UEM

Puc. 33. KoauuectBo CBf3aHHOTO
cyabtata xenesa ¢ 1z K-4 or pH
cpens.

7 4 6 5 10

32. Koamuectpo snexrpoaura (0,02 n.),
cBa3anHoro ¢ K-4, B 3aBucumoctH oT pH cpexsl.

1=Fe, (SO)4; 2~CuSO,, 3—CdSO,.

TIpH OCaM(AEHHH T'WIPOOKHCEH [-0.307s Ked Fes (S0.)s (0021 2-0.154%
-4+Fe 0,021.); 3—0,015% K-4+
META/IOB) B G0Jee CAOKHHIME i pa’ (3o, Poonmy s 203075 Kot

4+ 1Fe, (SO4)s (0,00658.); 5—0,154% Fe; (SO,)
xatonamn Ttana Me (OH)™ | (o,oo%sn.)f)%(»o,ms% Fe, (S04, (0,0065H.).

Me(OH)s, Me (OH)2+, BO3HH-
kaomumMy B o6aacry pH, cnoco6eTByioled THAPOIH3Y coJiett.

®. H. Kanyuxuii, 1. H. Epmoaenko, H. M. Iasmouenko [130},
uayyast HOHOOGMEHHYI0 COPOLHIO KATHOHOB METAJJOB KapOOKCH-
METMJIENMI0N0308 TNpHINIH K BHIBOAY, HTO ob6nacts pH, B
KOTOPOI TIPOUCXOAMT COPOLHS coneii 3JeMeHTaMH KapOOKCH-
METHJILEMIIONO03b], COOTBETCTBYeT 06Gpa3soBaHUIO THAPATOB OKHMC-
JoB MeTanaoB. Takum o6pasoM, €cid B CHCTeME CO3AAN0TCAH
GnaronpHsATHbE YCMOBHA ANl 0GpasoBaHHMA THApATOB OKHCJIOB
MeTaJIoB, TO BNOJNHE BEPOATHA M aACOPOUHA CTPYKTYPHHX €LH-
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Huy nonuMepa K-4 Ha MoBepXHOCTH 08pasoBaBLIHXCH T'HAPOOKH-
ceil. B 3ToM cayuae B 32BHCHMOCTH OT KOJHYECTBEHHOTo0 COOTHO-
wedus K-4 u o6pasoBaBuiixcs rHAPATOB OKHC/JIOB METAJNIOB MO-
eT HMeTh MeCTO He TOJbKO BblTaJieHHe 0CaKa, HO H ofpaTHoe —
crabuan3anus CyCreH3nd TMAPOOKHCEH METalJIoB MOJMUMepOM.

Fnasa yerseprasn

B3AMMOAEMCTBME BOAOPACTBOPUMbIX NOSIMMEPOB
C AUCNEPCHBIMU YACTULLAMM B BOAHDLIX CYCMEH3UAX

BaanmonelicTBHe BOAOPACTBOPHMEX MOJHMEDPOB C JHCIEPCHbI-
MH YaCTHILAMH 3aBHCHUT OT MHOTHX (akTOpoB: KoHueHTpauuy BPIT
H MMHEpaJbHOH CYCIeH3HH, MPHCYTCTBYUS 3JeKTPOJUTOB, TeMITe-
paTypbt ¥ Ap. CpeAn MuHepalbHBIX AHCTepCHil Hanbojee MOJHO
H3yyeHbl MOYBEHHbIE H [VIHHHUCTHIE CcycneH2ud. Tak, BaAMsiHWE BOJO-
pactsopuMblx moauMepoB cepuu ITAA 6bo usyueno H. Kagbl-
poBbeiM [81—84] na npumepe 10-MpoUeHTHBIX MOYBEHHBIX CYCHEH-
3uil. ABTop mokasaJ, 4To [oJMaKpHJIaMH/Hbie Npenaparhl BCTY-
HAlT BO B3aMMOAeHCTBHe C MOYBEHHEIMH YaCTHUAMH, BCJELCTBHE
Yero B CyCIeH3HH BO3HHKaeT CTPykTypa. pH mousennoii cycnen-
2UH B NMPHUCYTCTBHUH 3THX MOJUMEPOB He M3MEHSIETCH TaK XKe, KakK
U B CyCIeH3HUsX ¢ )kejgaTunoM (taba. 13 u 14), u4To, mo-BUIMMOMY,
cBs3aHO ¢ Oy(QepHBHM BJXsSHHEM MOUBLI HAa H3MeHeHHe KoHIel-
TPauUH BOLOPOAHBIX HOHOB B CMecH. VickaioueHue B 3TOM OTHO
mieHun cocraBasier Ca-ITAA (ra6a. 15), roe yBenuuenue copep-
JKaHHS NOJUMepa MPHBOAUT K BospacTauuio pH.

OTHocHTenbHAA BeqHuHHa  o6beMa ocajka MOuUBEHHOH cyc-
rneusud nox sausHueMm [TAA-1, TTAA uw Ca-ITAA wusmeHsieTcs
cnuHakoso (puc. 34—40). Opuako B ciayuae JeHHHTPAACKOTO

npenapata H3MeHeHHe —;- 100 nouBeHHoil cycnensun GoJiblile.

Jast cycneHsui ¢ KeJaTHHOM 0OBEM OCafKa C YBeJHYEHHEM KOH-
LEeHTpAalMH NoJHMepa NMPOXCAUT uepes MakcuMyMm (puc. 34).
YBennuenne o0beMa ocafxa C DOCTOM COLepKaHHA MOJHU-
MepoB ITAA-1 u Ca-TTAA uamensiercst He cUMGATHO CO CKOPOCTBIO
¢unbprpauun (puc. 36). ITocaexHsiss MPOXOAMUT uepe3 MHHHMYM
ITpH KOHLEHTpauuH noJjumepa. passon 0,002%. Dto moxer GbITh
CBsi32aHO C TeM, 4TO NPH MaJoM COHepXKAaHHH TOJHMepa He BCe
YaCTHUbl arPErUPYIOTCS: OCTABLIMECS YaCTHIbl 3aKYNOPUBAIOT IO~
Pbl H TEM CaMbIM YMEHbIIAETCs CKOPOCTb NPOXOXKAEHHs KHAKOC-
TH uepe3 cJ0i ocajgka. Korma Bce uacTuilpl CBSI3aHBl, OCTPYKTYpPH-
poBaHMe [IPHBOAMT K MOBBLIIEHHIO CKOPOCTH (QHABTPALMNM KUAKON
¢aspl. Uto xacaercs JeHHHTpajCKOro Hpernapara, TO 3AeCb C
yBeJHueHHeM KOHIEHTPAUMH MoJuMepa H OOBEM 0Cafka U CKO-
poctb ¢uabTpauuu (puc. 38) Bospacrawr. Ilo-BupuMoMmy, 3TOT
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qlosuMep Jyullle CopOHPYeTCss NOUBeHHbIMM uactHmamu. Ompe-
HeJende agcopOupoBanHoro nousod nosumepa (rtaGa. 16) u yse-
Vi - Vo
JHUYeHUsT OTHOCHTEJbHOH BeJHUMHBI 00BbeMa OCajKa (*—'—V -100)
0

ot Konuentpauu# pacrBopa I[TAA-1 (puc. 37) mokasajo, uto ¢
poctom koHieRTpaiun ITAA-1 5TH Be/HYHMHBI PacTyT.

Tab6awna 13
BAMSHHE KOHICHTPAIIHH PACTBOPA KEJaTHHBI

Ha 06beM OCalKa, CKOPOCTb (HABTPAIHH
H BA3KOCTh QHJIBTPATOB CYCHNEH3HH NOYBHI

KonuenTpa~ CKOpOCTD
LHA Heaa- H Obvem ¢uabTpa- Nyx
THHH B cyc- | cycnenanu |ocaaka, ca? LMH, duapTpaTos
TNeH3HH, % MA[ MUK
0,00 7,8 2,40 2,50 —
0,06 7,5 2,80 1,45 0,055
0,10 7,6 2,75 1,07 0,098
0,17 7,5 2,70 0,60 0,145
0,22 7,4 2,60 0,32 0,179

Homyckass Hajguude MOHOMOJIEKYJSIPHOTO  aACOpOLHOHHOTO
cnosi, u3 usotepmbl ancopbuuu ITAA-1 (puc. 37) MoxXHO ompe-

Tabnuua 14

Hamenenne 06'beMa 0cajgKa, CKOPOCTH
duabTpanuu, BA3KOCcTH ¥ pH nousBeHHOH
CYCNEeH3HH B 3aBHCHMOCTH OT COJEpPIKaHHSA

Konnentpa- CkopocTb
1A Ipena- pH OGen tbuabrpa- Nyx
pata B cyc- | guabTpara | OC3IKa, s, (uALTpaTOB
NeH3HH, % cM MA| MU
0,000 7,80 2,40 2,50 —
0,0002 7.35 2,40 2,00 0,04
0,002 7,50 2,45 1,18 0,04
0,01 7,45 2,55 3,56 0,05
0,02 7,00 2,85 11,17 0,05

JeJUTb KOJHUECTBO NoJMMeEPa, HeOGXoAHMOe AJisi MakCHUMaJbHO-
ro CBsI3bIBAHM# YACTHIl CEDO3EMHOM MOYBBI B CYCMEH3HH: OHO COC-
Tasaser 0,3%.

Hpyrast xaptuua HaGa0ONaeTCs B cayuae JKeJaTHHbl, KOTAa
yBeJMYeHe KOHIEHTPALHH HOJHMepa CIMoCcOOCTBYeT He ycKope-
HHIO, 2 3aMeJJIeHHI0 (GUIbTPAUHH. ITO OOYCJIOBJIEHO TeM, YTO
IO BJIMAHHEM MOJH3JIeKTPOIUTA, BO-IEPBBIX, MOXKET TIPOHCXOAHTD
HenTH3anMs INOYBEHHBIX YAaCTHU H, CAHEJOBATeNbHO, 3aKyIopka
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nop 6oJiee MeNTKHMH HaCTHIAMH, BO-BTODbIX, — 3KPaHH3aUHsA TNO-
BepXHOCTH YAaCTHI[ TOJIMMEPOM (MoJHAA 3auiuTa TBepAOH (a3wi
)KenaTuHo#). BcenencTBre 3Toro co3faloTcs OaarolNpHATHBIE Yc-
JIOBHS JUIAl CKOJIbXKEHHSA YAaCTHI[ APYr OTHOCHTEbHO [APYTa H BO3-
HHKHOBEHHSI TJIOTHOH VIIAKOBKH, TOPMO3slllled NPOXOXKAeHHE

Tabanna 15>

BiusHHEe KOHIEHTPALMH NOJHMEpPOB Ha 06'be€M OCaRKa
M CKOPOCTh GHIBTPAUMH CYCHEH3HH NOYBLI

1AA Ca-TTIAA
Kr?:nu:::g:u:“ pH obbem CKOpOCTh pH obbem (;:gff;:_”
CYCNEHBUH, % | cycnensun | OCAAKa, QUABTPAUMY, | cycneysuy | OC¢IKa, Y,
e MA| MUK cu® MAIMUR
0,000 7,80 2,40 2,50 7,80 2,40 2,50
0,0002 7,90 2,50 4,50 7,90 2,40 2,00
0,002 7,9% 2,70 7,00 8,00 2,55 1,40
0,010 8,00 2,85 10,00 8,25 2,60 11,60
0,020 8,00 2,95 13,30 8,25 2,65 12,70

XKHAKOH (a3bl yepes cioit ocanka. OgHako, ecyi GBI POHCXONH-
Jla NenTH3aludA, o6beM ocafka  HoJKeH Obl1 6bl HelpepbiBHO

o

g J 7'0.0111#.

Puc. 34. VismeHenne ckopoctd ¢uabTpauuu 10-npo-
IeHTHOH CYCHEH3HH MOYBHI OT KOMIEHTPALHH KeNATHHDIL.

0 —ucxonnas NOUBA. KOHUEHTPANUA g)acﬂsopa skenaTaunl. 1-0,001,
2-0,01, 3—0,05, 4-0,1%.

yMeHbIIATbCs, AMCTIePCHOHHAs cpefa Oblla Obl MYTHOH, @ 3TOrO

He Hab OgaercH. .
OTMeuaeMoe B ODBITaX YMeHbIIEHHE  yleJbHOH BA3KOCTH

duibTpata NOYBH HO CPABHEHHIO C HCXOZHBIMH PacTBOPAMH XKe-
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JIATHHBI NOATBEPKAAET NPABUIBHOCTb BTOPOrO NPEANONOKEH s —
NPOHCXOAHT O6BoNaKMBaHHe MOBEPXHOCTH MOUBEHHBIX YACTHUIX HO-
nuMepoB. Pacuetnbiv nyTem (prc. 35) MakcHmamnbHas afcopo-
LU XKeJNaTHHBI Ha MOYBEHHBIX YaCTHIAX 6blJa onpejedesa B 7,5%,
UTO 3HAYMTeabHO Oosblie, yem aas [TAA-].

Taxkum oGpasom, nonHakpHIaMHAHBlE NOJHMEpH # MKeJlaTHHA
BCTYNAOT BO B3aHMOXEHCTBHe C MOUBEHHBIMH YacTHHAMH. B 3a-
BHCHMOCTH OT NMPUPOJbl NOJHMEPA 3TO NPHBOAHT JH60 K YBEJH-
YEHHIO CKOJIbXKEHHsl OKYTAaHHBIX MM NOYBEHHHIX YACTHIl APYr OT-
HOCHTEJIbHO ApYyra (XKeJjaTuHa), JUGO K OCTPYKTYPHBAHHIO (MOJH-
aKpHJIaMHJHbIE IIONHMEephl) YaCTHLL MOYBHL.
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Puc. 35. Mamenenne ckopocTH ¢HAb-
Tpaty 10-TIpOUEHTHOR CyCIEH3HH NOY- .
Bbl OT KOHueHtpauuun [TAA-I.

0—HCXOAHAH TOUYBA, KOHIEHTPAUHK PacTBOpA
IAA 1-0,001. 2-0,01, 3—0,05, 4—0,1%.

Hsyuenne H3MeHeHMs (DHUIABTPAIMOHHBIX CBOHCTB THRWYHOILQ
OpOIIaeMOro ceposeMa, CReTJIONO Cepo3eMa H TaKbiPOB MOJOABIX
sanexedt (tabsa. 17) mop Bnusumem BPII [131—133] (K-4, K-6,
cononuMep-8, ryMHHOBBle KHCAOTH, Kpuauym, 'A®C-17, dao-
Talq) NOKa3aso, UTO Ha TUNHYHOM OPOLIAEMOM Cepo3eMe NpH A0-
6asxe K-4 B pozax 0,0006 no 0,15% K HaBecKe MOYBHI CKOPOCTE
GHUIbTPALKK YBENHYMBAETCS C MOBLIMIEHHEM KOHIEHTPALUK NOJH-
mepa (puc. 41). IIpenapar K-6 Kak B nacToo6pa3HOM COCTOSTHHH,
TaK M B BHJe CyXOro NOPOMIKA YyCKopsieT (QHJAbTPAaiHio, HO B
MeHblIel cTenenu, yem K-4 (puc. 42, 43).

YBennyuBaIOT CKOPOCTb (DUAbTPANHHA BOALI Yepes MOYBY W APY-
rue nosnmMepul:  comoaumep-8.  kpuauyM, FA®C-17, aoran
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{puc. 44, 45, 46, 47). Haubonee ek THBHBIM B 3TOM OTHOLICHHH
okasanca K-4. OcrtanbHble MOMMMEPB MOMKHO PpacCHONOXKHTbL B
yOBIBAOIING pax: K-4> K-6> cononuMep-8> KpHIHYM>
TA®DC-17> ¢uaoran (puc. 48).

CxopocTh (GUAbTPALHK BO3PacTaeT M MPH o6padoTKe NMOYBH!
F'YMHHOBBIMH IIpenapataMi (puc. 49), KOTopble BCTYNAOT B 0OMeR-
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Puc, 36. Uamenenne ob6bema puap- Puc. 37. ameneHne Benuudnsl apcop6-
TpaTa CYCNEH3HH TOYBB B 3aBHCH- LMH noaumepa (I) ¥ OTHOCHTENbHOH Be-
MOCTH OT KOHIIEHTPAUWH NONHMEPOB. JHYHHB 06beMa Ocagka CyCIMEH3HH NOY-

I—TIAA, 2—TIAA-1, 3—Ca-TIAA. Bbl (2) B 3aBHCHMOCTH OT KOHIEHTDAaIHH
pacrsopa [TAA-1.

HY!0 pPeaKiuio ¢ MoYBeHHBIM pacTBopoM. O6pasyiomuiics B pe-
3yJbTaTe I'yMaT KaJbHHS CIOCOOCTBYET arperHpOBaHHIO MOUYBEH-
HBIX YaCTHI[ H, CJAeA0BAaTE/NbHO, YBEJHYEHHIO CKOPOCTH (PHIbTpa-
IHH.
Ipn HcciepoBanuM CcBeTJIOTO Cepo3eMa YCTAHOBJEHO, UTO
CKOpOCTb uibTpauvu B OPHCYTCTBHH moauMepa K-4 Bo Bcex
YKa3aHHBIX KOHIIEHTPAlMAX PacTeT, HO He NMPOMOPIMOHAJbHO yBe-
JHJYEHHIO ero no3upoBku (puc. 50, 51), Tak kax B mpouecce B3a-
AMOJEHCTBHS NMOYBEHHBIX YACTHIL C MOJHMEPOM MOJYYAKOTCH ar-
peraTnl passoro pasmepa (rtaba. 18). Ha cBetnom ceposeme (ue-
JIHEe) yBeJHueHHE CKOPOCTH (UJIbTpPalMK BbIpaxkeHo B eule 60db-
el CTeneHH, 4eM Ha HE3aCOJIEHHOM CBeTVIOM CeposeMe (Gorape).
Ha cBetnoM 3acoseHHOM ceposeMe st cpaBHenus ¢ K-4 uccie-
JoBascs IOJUMEPHHIH IIpenapaTr KPHJIHYM, KOTOPHI B TOH Xe
HOCHEAOBATENRHOCTH, YTO U K-4 yBesMYHBAN CKOPOCTb QUABTpa-
JIHH BOABI Hepe3 ToYBY (pHcC. 52).
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Puc. 39. UsmeHenne ckopoctd GuabTpaunu

10-nponeHTHOH

38. VisMmeneHHe CKOpOcTH (HIb~

un 10-TPOLEHTHOH cYCneH3uu nou-
Bbl OT KOHueHTpauuu [TAA.

0—HcxonHast TOYBa;

NOuBEl OT KOH-
Ca-TTAA.

xoHueutpanus_ pacteopa Ca-TIAA;

CyCneH3uH

leHTpausy pacTBoOpa

Tpaiy

2-0,01; 3-0,05; 4-0,1%.

1—0,001;

0-—HCX0nHAd TOYBA;

KOMLEHTpAIUA pacTBOpa
0t; 30,05, 4~0,1%

1-0,001; 20,

NaA:



Taxgggge};ﬂe Bausnns K-4 n K-6 Ha QuIbTpanHoHnbe CBOACTBA
TAKEIpOB O/MOABIX 3aJeXKed MOKa3alo, UYTO M B STOM CJayyae
nonyqaeTc};’{B?{Hpan?ng)a ;:;(é)plgczn Mq::{g;lTpaunn (1;)0111;1 yepe3 MOUBY
-4, as ke (HUABTPALHS OTMe-
uyaeTcsl B NPHCYTCTBHU Kpuauyma. K-6 mpu nanHo# p S’
Eﬂr;alzsgfézlanoqsu) HEeNTH3UPYET MOYBEHHbIe qacmublﬂfgm(&ogéo.
MTCH MeHbllle, YeM B KOHTpoJe (puc. 53). [Toeuiente
CKODOCTH (UABTPALMH NpH AO-
6apxe K-6 Habmogaercs npu
MEHbUINX J006aBKax, T. €. MpH
2l 0,005% x HaBecke IMOuBbI.
J. Hcmaros [134] ananoruu-
Hble JaHHble MOJYUYWJI AJg Opo-
11aeMOro CBETJIOLO W THMHUYHO-
ro Cepo3eMoB, B3ATLIX H3 XJOM-
KOBOH CTAPOMAlKH M Tpexser-
Hell monepusl (taba. 19 u 20).
JI. b. Cmonuna u B. 1. Boxn-
‘ . KoBa [135,136], u3yuas BJaHA-
i + ; T HHe BPIT na nouBeHHHE cYyC-
ggfﬁqtoébll/l::)ngeneﬂue OTHOCHTE/IbHOH gs;{zgnnzgggidCYTCTBuﬂ A
'bEMa OCAgKa CyCreH- ’ amm  pomb  Bameh-
i‘;ﬁngzﬁr 5 sasrcuMocts or won. THOCTH, KOHIEHTDAUHMH 3JEKTPO-
(%):-CFI?AOKO% MAA (/) u JIATOB (B OCHOBHOM, XJODHCTO-
. ro Kajbuus) TpH B3aHMOjeH-
. CTBUM Dsifia NOYB H JecCa
%-6 I“]f)‘l) ¢ pasamunbimd BPIT: TTAMWU], ITAHU-T, K-4,
Haunbonbuine xonuentpamuu K-4
e -4, o06ecneynBaouye o -
STOMMSgig;([ ?)I;[Jael‘aTOB, cocrasasaot 0,01% ot Beca noq?;i??l?{
2% e Hhozlxdx?rayBennanaeTm 70 CPaBHEHHUIO C KOHTPOJICM
B Caélg pru T K e, Kak U Npu p06aBleHnH K CYCHeH3HU
e K ventpauun 0,03—0,05% ot Beca mousm K-4
i’ oébeMHCToropoca};}({g}-mr?em{e 4yacTHIl @ o6pas3oBaHHe PLIXJIO-
o Zg Dasa (e 54) ; mpuyeM oObeM ocagka YBeJHUMBAETCH
oJnee Bl 7
o o ocaaK:)CN?Kg:x c;:,:pmalme K-4 peiicTByer menTusupyoue
e e oo pCT 68TCH yCTOHUHBAasE H HHTEHCUBHAA B3BeCh
Koa Ha dona o, :a:gHSHPOBaHHbIX 3alHTHBIMK TJIEHKaMy
Kouerpani K4 2qTo 6onee 3(ppexkTHBHO NelcTBUE GOABIIHX
G cycneuépm o0bsACHAETCS, BO-MEPBLIX, KOATyJsiued
o6pasopatHel Hopact nop, BIASIHHEM 3JEKTPOJKHTA, BO-BTOPbIX
A %pncsogfl)mon B BOLE KadbueBoit comn K-4.
HEIM ATPEraTOpOM 1 . 9D, BBepXy) mposBHUI cebs MeHee aKTHB-
OYBEHHBIX HaCTHH B TUNHYHOM CepO3EME, TaK

QT'%

% 1
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¥ak oH ofecreuuBaer oOpasoBaHHE JOCTATOYHO DPa3BHTEIX MPO-
CTPaHCTBEHHBIX CTPYKTYD JMIIb NPH BBICOKHMX J103aX (1% or Be-
ca moYBbl), NPH 3TOM O6BHEM yBEJHUMBAETCA B 2,8 pasa 1o cpas-
Henuio ¢ 06beMOM ocCalka Heo6paBoTaHHON MOUBbL

IMAHU-T neiicrayer eute ciabee (puc. 55, BHU3Y) U IpH KOH-
[ eHTpaluH 1% B mouBe BBI3BIBACET vBeJHYeHHe ofbpeMa ocajKa

tonpko B 1,0 pasa. AmnaJo-
rHUHbBIE  De3yJ/bTarhbl GHIIH
110y YeHBl € opolilaeMbiM TH- Ancop6uus TTAA-1 nOYBEHHLIMH

Ta6auma 16

NHUHBIM Cepo3eMoM (pHC. 56). yacTHUAMH

B Tabn. 22 mOMEILEHM
pe3yabrarhl H3yueHHs BJH- KonueTpa- Vaenb-| 1o ruvectao
HUA ﬂAMI/Illa U CH-S Ha ar- “,:‘g‘rg‘c"fc”;_ YaeabHas g:a_ ancopbupo-

BO pa BA3KOCTH KOCTh BAHHOI'O

peerOBaHHe yacTHL, THITHUHO- nAR-l, pactsopa | pane. | nOMMMEDE,
ro ceposema. [TAMWU xo- 2100 x2 Tiara | M2 moweH
aryaqupyer 4acTHIBI TOuBHl
¥ NPHCYTCTBHE 3JEKTPOJIUTa" 0,000 _ 0,06 .
KoaryJ/sgHTa CPaBHUTEJHHO 0,001 0,068 0,04 0,05
MaJo BAHAET Ha ero CKJcH- %8%8 8.%38 8,?% 33527
BAIOLLYIO croco6HOCTL. Y Aa- 0’100 1’ 3090 0°03 6100

JeHHe M3 MOuBbl KapOOHATOB
TaKke Maa0 CKaspBaeTcs Ha
ero aKTHBHOCTH, KK IMOUBEHHOTO arperaropa. Kpome 1oro, B npu-
CYTCTBHH TTAMMUla obpasywoTcs Gogee KpyNHBIE H KOMIaKTHbIE
arperatsl, 4eM C K-4.
B npucyTCTBHH CI1-8 celnMeHTalHOHHbIH OCAOK o6pasyercs
Me/IeHHO, uTo 06YC/I0BJIUBALTCA ETO NenTH3HPYIOLIMM JEHCTBHEM.
Vianenne KapGoHATOB W3 MOUBBI NpUBOAMT K pacmapy mep-
BHUHbIX UaCTHL, MO3TOMY IJI% noJyueHHsi TAKOro Xe sdpdexTa,
KaK ¢ KapOOHATHOH nouso#, Tpebyercs 6onbiuit pacxoa BPII
JleficTBUTEJBHO, KAK BHHO M3 TalI. 22, o6beM ocangKa B cyched-
3UH 6ecxap60HaTHoﬁ NouBHl BCeT/a MEHbIIE, YeM o6beM ocanka
KCXOHOM TIOUBDI. I MpO/IH30BAHHBIH (TTAHH-T) Bbi3bIBAET He-
GoMbLIYIO MENTH3aUNI0 HACTHIL THIMuHOTo ceposeMa. 3 cpasie-
uus pausnns BPIT: K-4, K-6 1 [MAHU-T Ha HeCMBITYIO H MOJABEPT-
myocs HpPHUTALMOHHOH 3PO3HH CpeJHECMBITYIO IOUBY BHAHO, HTO
yaCTHIbl Doc/eHel CKICHBAIOTCH monumepaMu K-6 u [TAHU-T B
GoJsiee pbixJbie arperarhl. K-4 Ha HECMBITOH H cpefHeCMBbITOH MOY-
Be NMposBJIsieT OAHHAKOBYIO CIIOCOBHOCTb CKJEHBATh MHKpoarpera-
Thl THIHYHOTO CEpo3eMa.
[lombiTKa MCOOJb30BATh uTanbsHCKAi npemnapat ¢uoran B
KauecTBe CTPYKTypaHTa THIHUHOTO ceposeMa nokasaia, 4To ox ag-
(exkTHBEH HA THMENHIX mouBax, Ho Jaxe INpH 05—1% xyxe

neircrayert, uem K-4.
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I'paBynoMeTpHYECKHN COCTaB MOUBBI

BJHAET

Ha npormece

CkJeHBaHUs MuKpoarperato (ta6ia. 23). Ha ¢one CaCl, uacTu-

Ta6auuna 17
XapakTeprHCcTHKA HCXORHBIX NMOYB (rAyGHHA B3aTHs o6pasna 0—25 car)

Cyxoi Cymua
N octatox | OOMEHHbIX
o6pasia Moysa TyMye, % {poamoii Bpi- | OCHOBaHHIL,
TRMKKH, o | M2.9K8
100 2
605 | Tunmunblfi opowaeMblif cepozeM U3
Sluruoanckoro p-Ha 1,20 Her 12,98
7 | Ceerabiit ceposem (Gorapa) us I'onoi-
HOH cTenu 1,0 0,5 8 81
6 | Cerantit ceposem (ueinna) uz Suru-
epa 1,18 1,20 He omp.
2 | Takblphl MOJOAKX 3anexeil u3 Ku3bia-
Apsara 0,72 0,30 »
Ta6auna 18&
Bononpounocts no merony Ilasnosa. Ilousa Ne 7, cBernwiii
cepo3em (Gorapa), OCTpyKTypeH noaumepom K-4
(Bec ¢paKuMH B NpoueHTax)
Pasmep vactull, su Kon- | C xpu-
K20 crpyic prol posie
Fay6u- 2552}’5,’;’:' npoy- | npou- pH
M s cmapee-| 2 | 2-1[1-05 | 55 | o,25| o005 ot poratos [poraton
Ke nousst kpymuee| >0,25
0,25 mm| wn
0,25 [0 3,34| 2,73 3,14/15,70162,77| 8,55| 4,37| 24,31 7,68
0,00001 | — — | 0,68 2,32|58,60{34,00f 4,40 3,0
0,0006 | — — | 0,89 3,76/67,12|24,35{ 3,88| 4,65
0,0015 | — - | 0,65] 4,30(73,70119,20] 2,15 4,95 8,6
0,003 — — 1 1.17] 7,36(75,77{12,62{ 3,08/ 8,53 8,5
0,006 — — | 3,26/12,64(66,66{13,67) 3,77| 15,90 8,5
0,015 0,28/ 3,4910,71)19,11)55,99| 6,63| 3,79| 33,59 8,6
0,03 18,08 9,45/16,31|15,09(34,07f 5,43| 1,57] 58,93 8,6
0.06 65,22 5,15| 7,98/ 4,48/13,60| 1,98] 1,59 82,83 46,168,5
0,15 78,74 6,20, 6,83 2,50| 2,47| 2,21} 1,05| 94,27 8,4
25501 0 — — | 2,32 7,55|54,42(21,79] 8,92| 9,87 8,1
0,003 - — | 2,50{15,57|70,36| 9,11| 2,46| 18,08 8,1
0,006 — 10,26 8,90|19,10(61,75| 7,15/ 2,84 28,26 8,5
0,03 41,10(11,87|12,45) 9,84/21,43| 2,92 0,38{ 75,27 8,7
0,06 65,42| 3,50 3,72| 4,20)14,78] 4,27! 4,11| 76,84 8,5
0,15 80,23 6,13| 4,56| 3,60, 3,53 1,31] 0,61 94,52 8,4

Ubl MOYBbl PA3HBIX pa3MepoB 00pa3yioT Hanbosee PHIXJIble OCAAKH
B npucyrcrBun K-4, [IAMW1a, a uerugponusopaunbit [TAHU-T™

¢l

He obaajaeTr arperupymouiefi crnocofHocTsi0. MakCHMaTbHBIM ar-
perupyoui 3h ekt orMeueH y K-4 u TTAMW 12 no oTHOIWEHHIO
K yactuuaM ¢paxuun 0.01—0,05 mm.
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Puc. 41, Buamusnne mnoxumepa K-4 ma cko-
pocts ¢uabTpauud 10-NMPOLEHTHOH CYCHEH-
3MH THIMYHOrO OpOUIAEMOro Cepo3eMa.

Do6aska, %: 0—0; 1—0,00006; 2~0,005;  3—0,006;

4—0,015

B Ta6x. 24 oTpakeHbl pe3ysbTaThl HabJIOAeHHNH 33 BIMAHHEM
NPUPOALI MOUBHl (4EpHO3EM, COMOHeN, JiecC) Ha Npouecc H3MeHe-
Hust o6beMa ocajaKa mouBbl Noj BausHueM K-4 B mpHCYTCTBHM
XJOPHCTOTO KaJbIIHA.

RHaJIPBPIpYH SKCIepHMeHTalbHEe paHHbe, B. 5. Boaxosa,
J1. B. Cmoaunsa suluncasin sddextusrocts BPII no ux BaMsAHHIO
Ha nouBeHHble cycren3ud. OKa3anoch, YTO B THIHUHOM ceposelge
sdppexTusHocts K-4 B nose 0,01% k Becy nousn pasHa 9, IIA-
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MHa 16, sdpextuBHoCcTb Ke K-4, Ba3siroro B xonuyectse 0,05%,
P THOHYHOM cepo3eMe 71, B Jsecce 30, B uepHoseme 20, B COJIOH-
11e Ha ¢HOoHe XJOPHCTOro Kaabuus 16,
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Puc. 42. Bansnwe noanmepa K-6 na cxopocTh (uib-
Tpauun 10-UpOUEeHTHON CYCNEH3HH THIMYHOTO OpOuIa-
€MOro ceposema.

Ho6aska K-6, % 0~0, -0 00006, 2-0,003, 3—0,015, £—0,025,
5-0,03, 60,06, 7—0,15%.

M3 cxasannoro sbiTekaert, uto nog sausanuem BPIT nponcxoaut
CTpyKTYpooGpasoBanue B 10-NPOLEHTHLIX TOUBEHHBIX CyCITEH3H-
fX, B pe3yabTarte Yero o6pa3ywoTcss 6Gonee KPYNHBIE arperarsl,
CMocoBCTBYIONIME YBEJNHUEHHIO CKOPOCTH NPOXOXKAEHH KHAKOH
Gbasel uepe3 ciou ocagka. CrpykTypooOpasoBaHHe NPHBOAMT
K CHHXKEHHIO arperaTHBHOH YCTOHUMBGCTH CYCNeH3HH, YTo, B CBOIO
ouepelb, CBA3aHO CO CHHXKeHHEM CTeNeHH AHCNepPCHOCTH CHCTe-
MBI,
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MeTog0M CeIMMEHTAIHOHHOTO aHaAH33a H3yyasJoch BIHAHHE
nonumepa K-4 Ha QucCmepcHOCTh Pa3lHYHBIX MHHEPAJbHBIX CyC-
nensuit OnbiTel npopoguiy ¢ 0,2-MpoOmEHTHBIMH CYCNEH3UAMH, K
KOTOpBIM uepe3 24 yaca mocsie nPUroToBJeHHS [06aBAAMH PACTBO-
pbL TOJIMMEpa B COOTBETCTBYIOLIMX MO3HPOBKax. Bausauue noJu-
Mepa H3yyaJH B KuHerHke yepes 5, 10, 15 u T. A. MHHYT.
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Puc. 43, Buausuune mnoaumepa K-6 (cyxoii mnopomox)
Ha cxopocTb ¢uabTpanuu 10-nPOReHTHOH CYCHeH3uH
THIMYHOTO OpOLIAEeMOro Cepo3ema.

IoGasxa K-6, °, 0~0, 1-0,006 2-003, 3-006, ¢—0,15

Hox BausiAnem K-4 U3MEHSIIOTCSH cTeneHb AHCIEPCHOCTH H PY-
rie BeJHUYHHBI, CBs3aHHBIE ¢ pasMepaMH YacTul[ CYCIeH3HH
(taGa 25) PasnoBecre ycTaHaBIHMBaeTCs y¥Ke Nocje 5-MHHYTHOTO
KOHTAKTa CYCIeH3HH ¢ mojuMepoM He3zaBUCHMO oT BHOA MHHe-
pasbHOU CHCTEMBl pafiuyc HAHBepOSITHEMIIHX YaCTHI[ YyBeJIHUMUBA-
eTcsl, a CTeneHb JHCNEepCHOCTH YMeHbIUAETCs, 4YTO CBHAETEJNbCTBY-~
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eT 06 arperupoBaHMM YACTHIL AHCTIEPCHOM (ashl of BJAUAHHEM NO-
JAMMepHOil n06aBkH. ArperHpoBaHue JAHCIepCHON (pa3bl MPOHCXO-
AMT B Ipefenax ONTHMAJbHOH [103HPOBKHM MOJIHMEpa (0,1—0,6%
OT Beca CyXoll HaBeCKH o6pasua).

JlanbHeitiee ToBbllleHHe KoHuedTpauud K-4 cmoco6erByer
yBeJIMUERHIO AECTIEPCHOCTH U, COOTBETCTBEHHO, YMEHbUIEHHIO BEIH-

¢ 3 7

e /

54 / ;7
v

a7 / /+/ ’

# / /

2zl | /* J
s | / /*/

% ; /

ol /7

X

—

7 . ,
g 10 15 MuK

fgc. 44, Bnnfmue COTOJAHMepa-8 Ha CKOPOCTb QHALTPALHKH
-IPOLEHTHOR CYCIEH3HH THIHYHOrO OPOUIaeMOro C€po3eMa.

Jloaska, %: 0—0: 1—0,03; 2—0,06; 3—0,15.

YHHBl HAWBEPOSITHEHINEr0 pajuyca 4aCTHI, UTO MOXKeT ABJATbCH
CJlefCTBHEM pacnaga CPOPMHUPOBABIIHXCH arperatoB MOA BJHA-
HHeM TOJIHJEKTPOJIHTA M CTAGHIM3ANMH YACTHI[ CYCIEH3HEH.

Takum o6pasom, cTpyKTypoobpasoBatue B MUHepaJbHBIX CyC-
NeH3HAX MoJ BJHSIHHEM MOJMMepa HAXOAMTCH B CJOXKHOH 3aBH-
CHMOCTH OT KOHHEHTPAIUH Mpenapara.
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[Tpun usy4eHHH p3aumonefictBua K-4 ¢ CyCHeH3HsMH TJIHH H
rIMHKRCTBIX MHHepanoB M. B. [TerpoBo#t [137—139] nomy4eHbl
anaJlorHulble aaHHbple. JLo OMpeAe/eRRbIX KOHIEHTpalHil OJHME-
pa CKOpoCTb (HUIbTpaLHMH B 10-mpoLeHTHBIX CYCHEH3HAX TIyXO-
BELKOr0 KAOJHHA YBenTHiHBACTCH (puc. 57) n OTQHIBTPOBAHHAS
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Puc. 45. Bauanxe nojHMepa KpuiHyMa Ha ckopocThb uabTpa-
ung 10-mpouenTHOll CYCHNeHsHH THIHYHOTO OpoLIAEMOro cepo-
3eMa.

HoGaska, %: 0—0; 1==0,03; 2-.0,06; 3—0,15.

JMCTIepCHOHHAA CpeAa npo3patHa. B wmHTEpBane KOHIIEHTPalH#
K-4 ot 0,001 mo 0,005% cxopocTb ¢uIbTPALMH BO3paACTaeT, 41O
06YC/IOBIEHO CBA3bIBAHHEM ACTHI( MVIMHDL MoJAMMEpOM; B pe3yJb-
TaTe MPOHCXOAMT arperspoBaiie TBepRoii (asbl. B 3TOM MHTCD-

Baje KOHUEHTpauHu K-4 OTGUIbTPOBAHHAS KHAKOCTD COBepLIEHHO
npospauna. [lanbHeiuiee yBEJIHUCHHE gouuenTpaunu K-4 npu-
BeJlo, KaK BHAHO H3 pHC. 57, K yMEHBIICHHIO CKOpOCTH GHAbTPA-
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1UH; OTOHIBTPOBAHHAsA KHAKOCTb CTaHOBHTCA MyTHO#H. Ilpn 6onb-
mux po3ax K-4 oraenunth TBepAyl a3y HEBO3MOXKHO HE TOJb-
KO (QHJLTPOBAHHEM, HO M LEHTpUPyrupoBanueM. TakuM o6pasom,
Ha NMpPHMepe OMMCAHHBIX Bbllle CYCNeH3MH, a TakKke Ha CyCHeH3H-
sx Kesjecckoro (Tabs. 26) u askamapckoro ceporo (tabm. 27)
GeHTOHHTOB BbiABJEHbH TPH OGJACTH KOHHEHTpalMil moJauMepa,
B rpejesax KOTOPBIX OH MO-PasHOMY BJHsieT Ha YCTOHYHBOCTH-
PA3NHUHBIX MHHEPAJbHBIX CyCTIeH3H.
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Puc. 46. Bausnue nonumepa FT'APC-17 Ha ckopoctb Guabt-
pauun 10-mpoueHTHO# CYCHEH3HH THIHYHOTO OpOLIAEMOro
ceposema.

Ho6asku, %: 0-=0; 1—0,03; 2-0,06; 3—0,5.

[MepBas obaactb, OTBeYaOIlas KoaryJsaiMH CyCHeH3HH pas-
GassenHblMH pactsopaMi K-4, xapakTepusyeTcs MNOJHBIM CBS-
3biBaHHeM NoauMepa TBeproit dasofr. Mutepsan KOHLIEHTpanni
NOJHIJIEKTPOJNTA, OTBEUAIOLUIHI JaHHOH 00/aCcTH, A5 Pas3IHUHBIX
CHCTEM HEOJWHAKOB M 3aBHUCHUT: a) OT MHHEPaJOruyeckKoro cocra-
Ba TBepAo# (asbl: AJAs KAOJAHHHTA  OH JIEXXHT B Npefenax oT
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0,005%, aast ecTeCTBEHHOIO Gentounta ot 0,0001 A0
31(1)?,00/}),%0) oT Koé)uempaunu tBepaofl (azbl: M 0,5-I'Ip00§.l(§3H.THOPI
CyCTeH3HH eCTECTBEHHOTO GEeHTOHHTa — OT 0,00001 no 0,008%; mus
2,5-IPOLIEHTHOH CYCNeH3HH OT 0,001 mo 0,01% u AJs 5-MPOUEHT-
HOM CycCTeH3uH — OT 0,0001 mo 0,01%; B) OT MpHPOAM KaTHOHa
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Puc. 47. Bausimue noammepa ¢uiorara Ha CKOpPOCTh (bmxm(;
pauuH 10-mponeHTHON  CyCTIeH3uH THIIHYHOTO OPOIIAeMOT
cepo3eMa.

Ilo6apka—0—~0; 1-0,03; 2—0,06; 3—0,15.

06MeHHOI'0 KOMILIeKca: HanpuMep, L 10-npoleHTHOH cgcolz)%lisljlyé
KaJblHeBOl (OpMBEI a3KaMapCKoro 68HTOHHT8—-O(’)1‘086/. o
0,006%; mas BOJOPOAHOM (boprI——o(T) 002,9)/001 no 0, b, X
amoMuBHeBoit popmbl — OT 0,0001 o 0,02 7%- ]
Bropas 06aacTb — nepexonHas. B sTo#i obnacTH Ha6monaerc
csl He3HauUTeNbHOE H3MEHEHHE o6beMa ocallka MO CPaBHEHHIO
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fmepBoft 06/1acTbIO, MOMYTHEHHE JKHAKOCTH H2J OCAAKOM H MOBHI-
leHHe ee BSI3KOCTH. MHTepBaJ KOHIEHTPAIMA MOJHU3NEKTPOIHTA
K-4 B mepexoanoil 06/1aCTH TakxKe pasjMueH I pasaHHbIX CHC-
TeM: asist Kaoaunuta ot 0,005 no 1%; AJs eCTeCTBEHHOTO 6EeHTOHU-
ta ot 0,015 o 0,15; mas xanbuuesoit popmb — o1 0,006 mo 0,2;
s BogopoaHoi — ot 0,008 1o 0,2; nasa aniomuuresoit — ot 0,02
o 0,4 0/0.

Fag

72340 6768 M 12 w15 BMu

Puc. 48. Buausnue nojinMepHbIX IpernaparoB Ha CKO-

pocTb ¢uapbTpaunn 10-NPOUEHTHOH CYCHEH3HH. IMou-

Ba — THNHUYHBIE OpOmaeMblH CEpPo3eM, paspes 605,
ray6una — 0—25 cae.

1 —xouTpons, 2—nousa+K-5, 3—nousa-t+daoral; 4—-nousa+TADC-17;
5 —1104Ba + KPHIAHYM, 6~—noq3a+cor}1{o.mmep—8, 7 —nousa-+K-6, §—noy-
Ba+K 4.

Bhillie 3THX KOHIERTPaLHii HAXOAUTCS TPeTbst 06/1acTh, obnacTb
cTabUIH3aUMH, XapaKTepH3YIoNascsa OTCYTCTBHEM pacClauBaHHs
CYCHEeH3HH.

Jenenue Ha 06/1aCTH UCKJIOYaeT HATPHEBYIO CyCIIEH3HIO, KOTO-
pasi coxpaHsfeT yCTOHYUBOCTb NPU NPHOaBJICHHH K-4 npu Bcex
H3YUeHHLIX KOHLEHTPAauusX, UTO MoKeT ObiTb OOBACHEHO AMC-
peprupyomuM AefdcTBHeM HOHOB HaTpus. Kax n3BecTHO H3 pil-

80

sna pa6or [140, 141], naTpueBblil GEHTOHHT cnocobeH K CaMonpo-
¥3BOJILHOMY AMCIEPTHPOBAHHIO 1O nepBHYHBIX CHJIMKATHLIX COEB
¢ obpasoBaHHeM YCTOHYHBOH cycriensun. K-4 Takie conepm::l
saTpHit, uTo eile Goblie noBbiLIdeT YCTOHUMBOCTb CYCNEH3

Na-OeHTOHHTA.

q 7 2 7 q g & Mun,

Puc. 49. Baudnue T'yMUHOBOH KHMCJOTH M3 yIif
Hd CKOpOCTb (QHIBTPALHH 10-npolleHTHOH CyCIHEH-
SHM THIHYHOTO OpOLIAeMOro Ceposema.

Lo6aska, %: I—KOHTPOJb; 22, 3—1, 4=0,5; 5-0,05.

Y cycrneH3uii KaTHOH3aMelIeRHbIX ¢opm Ca®* -, H+, A+~
GenToHMTa B BONE OCaAOK MPEeACTaBJSAET TUMHYHBIA KOAaryJdaT,
rpu npuGaBieHHH IOJIHJEKTPOJIUTa 00beM OCaAKa yBeJIMUHBALT-
csi, OH CTAaHOBHTCH Tejie00pasHbIM, no-BHAMMOMY, 3a CueT npo-
CTPaHCTBEHHOTO cTpyKTypooGpasoBanus TNOA pausnueM K-4.

6--31 81
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04 xaa'e [138]. CooTBeTCTBEHHO 3TOMY CMEHIAeTCd B CTOPOHY
GoJBIINX KOHIEHTpalnil nepexoxHas odgacte (rab.1. 26—28).

BJiusHHe TOJAMMEPOB HA COCTAB  NOTJOUIEHHBIX OCHOBAHHM
npeacTaBasieT 3HauuTesbHbt UHTepec. IIpm ucciegoBaHuu B3a-
nMoneifcTeua noanmepa K-4, comepxautero nouet Na‘t , ¢ cyce-

Tlpupana nosepxuocTu TBEpAOH ¢basbl, B 4aCTHOCTH ee rHAapo-
¢unbHOCTD, BAMSIET Ha 3HAYCHHS KOHLUEHTPAUHH NOJHMEPA, COOT-

Ta6auuna 19 Tadaunma 20
Bananue BPII Ha ckopocthb Bananne BPII Ha 06bem ocanka
PpuabTpasuy (cu3/mun) 10-npouent- (ca’) 10-npoNEeHTUbIX CYCHeH3HH
HOM CYCNeH3HH CepO3eMHbIX NOoYB Cepo3eMHbIX H0YB
Eéc S Coerasl 1 cepo3eM{ THIHYHBIT Cepo3em : < g Cgerasiit ceposcm'{Tnanﬂmﬁ ceposeMm
5 .9 - T = T = i'm':e_ = s =
2 . : S25 | 88 | Bz | E2 | _iz B8 |23 | fz |33 | 2z
ar @5 Iw w0 o o g gé%’ 2= Zed | 92 Fgg S35 o= L8 & %g giE&
== & Lz & eu= ZEAa g & So= =3 Yx
et Sos | 55| SRE | E3s| fEE 285 | E5z| 288 |88z 588
Puc. 54. Bansnue xoHupentpanui Puc. 55. Bauaume kon-
K‘4"” 3"‘e'éTP°ﬂ"Ta CaCl, na UEHTDALMH IONHMEPOB ¢ K-4 K-4
Bea ‘lHHy O00beMa ocalnkKa THIHY- 3JEK
HOTG ceposema CAMMSD. Ry Do o enuan 0000 | 33| 47] 0] 26 0,000 |240]250 |260] 280
0,015 6,4 7,8 3,8 5,3 0,0'5 | 2,60 2,70 | 2,80 | 3,00
opoiaeMoro ceposema 0 95 ) |12 2 2
CAMMD: 5oepxy ¥ Koot 050 | 840 95160 | 7.4 0,030 | 2,80 | 2,85 1 2,95 | 3,20
£'CaCL:  wituay. TALAL 0,150 | 12,5 13,3 | 7.7 | 9,0 0,150 | 2,85 3,00 | 3,15 | 3,
. + CaCl,. MMAA-aenuHrpancKuit TTAA-neHHHTpaaCKui
BETCTBYIOIUIHX 06G/MAacTAM B3auMonedcTsus. Tak, 3HaucHHe HHTEr- 0,00g 3,31 47 2,0 2,6 0,000 | 2,40 | 2,50 | 2,60 2.88
PaNbHOH TENJIOTH CMAuYUBAHUST BOMON, XapaKTepH3VIOLLeH - 0,01 5,24 6,8) 3,5} 4,2 0,015 | 2,60 | 2,70 | 2,80 } 3,0
Yo A PAKTCPHSYIOIEH THAPO 0,050 | 73| 90| 55| 6.3 0,050 | 275 | 2.8 | 2.90 | 3.15
oM Yo 0,150 10,6 | 10,7} 7,3 7,8 0,130 | 2,90 | 2,95 | 3,10 ] 3,25

«7,30‘ 200 A
a0
NeH3HAMH cepo3deMHbiX nous [131, 134] xuMUKO-aHAAUTHUCCKHUMHU
MeTofAaMH Oblo ofHapyiKeHo oboralieHue TOFIOIIAI0NIer0 KOM-
MJIeKCa HaTPHEM H YMCHBUICHHE COACP/KAHHS KaJbliUs.
J.1eKTPOHHOMHUKPOCKONIMYCCKHE HCCAEN0BAHHA BOJHBIX CYC-
1 . LeH3HA OeHTOHMTOBMIX TVIMH B NpHcyTcTBHH K-4 mokasaau, 4TO

29! ﬁAﬂj an fﬁp e — Lpi MajaoM COAepKaHUM IoJHMePpa OH He BJAUACT Ha (bOpMy u
g b0 124 130 249 300 350 420 480 TlLew

b/
24q v

o0
180

0

KOWyewTonyus pasMep 4acTHIl KanplHesoi rauubl (Taba. 28, puc. 58 a), mas
Puc. 56 KOTOpoil XapakrTepHbl Gosiee KpyNHEIC W IOJHbie 006pa3oBaHus
"C-K 7 Bausnne kounenrpa- Puc. 57.  ®navrpanmonuwii  anaams paamepom 1 mx [143—145]). Onunako npu6asnenue K-4, rors ero
ot e 1 CaCly na seantn- 10-npouentholt cycnemann xaonuira Co/lepKanue B cMecH oueHb Mano (10—3 m2), BbI3LIBAET yBe/HUM-
Hy 00beMa oOcanka opourae- ¢ nobaBkofl K-4 pa3ssHuHBIX KOHIEHT- C y
MOTO THIHYHOFO  cepo3eMa pani. BAIOILYIOCA € POCTOM coftepKanus K-4 arperaiuio 4acTuif TAHBEI,
CAHM3, u3 koroporo yna- [ = mexs 2— 0.01% Ko 3 — 0.08%: 40,085 B pe3yJbTaTe 4Yero pa3Mep 4YacTUIl BTOPUYHBIX oOpasoBanuil B
AeHbl KapOoOHATHI. 5—0,005%, 6 — 0,001% K-d, cMectt Ne 2 10x01uT 10 2 u Gonee MuKpor (puc. 58 6). [daa cme-

ceft 3 u 4 (ocoGenno B cmecyu 4) conepxkanve K-4 nocratouno
12 TOre, 4Tobnl crabunusvpobars yacTuist Ca-GeHTOHHTA (pHC.
58 8). B 3TOM cayuae ouepTaHHA YACTHI CTAHOBATCA PACIVIbIB-
YaThIMH, pa3Mepbl MEHBUIHMH, YeM y HcxofHoro Ca-GeHToHMTA.

QHIBHOCTD NIOBEPXHOCTH, IS cepo-3e1eHoro GeHTOHHTA COCTaB-
Jister 8,5 kaale [142], ceporo 6,5 kaaje; a MOHOKATHOH3aMeLLEH-
®bIX popM ceporo Gertonuta: Ca?+ 13,9; H *11;6; Nat10,8; A3+
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Tlpu GombuioM CoAEPKAHUHU K-4 (cmecu 5 H 6) Gbund obnapyxe-
Hbl BOJOKHHCTHE 06pa3oBaHHs (ykas3aHbi — CTDENKAMH Ha DHC
58 2), CHJIbHO OTJIHHAIOILHECA 110 ¢dopMe OT 4acTHl Ca-ﬁeHTOHH:
Ta. KonuuecTBo 3THX 00pa3oBaHHil pocio C MOBbilIEHUEM COAEP-

Ta6auuna 21

XapaKTepuCcTHKa NOYB M Jecca

Tausa Tay6una, | Tymyc, 3:%1'1‘11:‘ €O,, | Evxocts morsome-
CM % 0,001 MK, % Hud, # 3K8 100 2
TunuuHulil cepo3em 0—30 1,40 1,21 l
CApm , , 8,18 13—14

Tnm{:muﬁ ceposey, He- [ 0—20 1,21 | 20,5 8,12 —
CMBITHIH '

'I:nnwmblﬁ cpentecMbl- | 0—20 0,78 | 10,5 9,05 —
TeIl cepozeM ,

YepuoseM conaoHen* 10—20 9,10 — — —
24-32 0,95 — 6,851 17, 13 (89,32%
MOCJOLEHHO-
ro HaTpHs)
Jlecc 93—100 | 0,07 | 14,7 10,24 |~ 8,0

* Cyxo#t ocratox 0,978% .

Ta6auna 22

Bausnue BPIl u 3ieKTpoauTa Ha M3MeHeHne o6beMa ocajka
0poWaeMoro THIMYHOrO cepo3eMa H3 CAHUMI, cms

BPIl, % or|I¢ Mpousi- | | . {H -1 B 6o- | H -
BeCa MOYBH nAﬁlﬂdﬂ l-elgi';:(plgo ecfi%?lui YPE{;\};%; H:r_gg;;u Bre{%é:é;go«—
2 +CaCl,
001 | 202 | 217 — 1,93
0008 | 282 | 285 | 2.80 | 300 | 2,58 0
’ k] il y 1 2’0
016 | 265 | 285 | 273 | 3,37 | 3.0 3,1%
Cl1—8 CaCl,4+-C=8 CIT=8 4 CaCl,
0,01 1,35 | 1,60 _ 1,75
005 | 1,53 | 160 | 1,1 73 0 5
015 | 1,38 | 1. LA IO 1,58

;&;i}mﬂ noaumepos B cMecrr OHH acUMMETPUYHBL, MECTaMHU cbpasy-
evamypnme CETKH, BEPOSATHO BCAEACTBHE OPUEHTALHY YACTUIL TOX
neficTBHeM JHITONBHOro MoMeHTa [146] ¢ mocaeayloUIHM KX CIIel-
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JleHHeM aKTHBHBIMH 1(@HTpaMH [147]. MoxHo Toa4rars, 4yTO BO-
JlokineTele 00pa3oBanug, peTpeyaiolnecs B CMECAX ¢ GoapUIuM

Ta6auuna 23

Bausure BPI1 Ha o6beM ocanxa (cm3) pparuuil

pa3AnyHOro

rpanyaOMETpHUECKOro cocTaBa OpOIIAeMOro TRURYHOrO cepo3emMa
CAHM?, ob6pa3osapuerocd yepe3 2 yaca B NPHCYTCTBHH

XJIOpHCTOI‘O Kanbiung

B BPH KoHuenTpa- PasMepbl HaCTHIL, MM
159:4
wis BPIL %| 04 0,05 | 0,05-0,01 | 0,010,005 | 0,005-0.001 o
Kourpoibj — 0,48 " 0,60 0,63 1,38 1,50
K-4 0,05 0,82 1,35 2,17 1,87 1,95
0,00 0,93 1,27 2,10 2,35 2,43

MAMMI | 0,01 0,78 0,82 1,35 1

0,08 0.78 1,08 1,90
MAHM | 0,50 | 0,45 | 0,37 | 0,63 1

[TpumeyaHue. He6oapwas MyTb COXpanunach
qactui, menpure 0,005 .

,68 1,80
2,32 2,62

,42 1,50

Hajy oCaAKaMHu

Ta6auua 24

Biauaupe K-4 u 31eKTpoaura {(CaCl,) Ha o6BbeM ocalka (uepes
2 yaca) yepHo3eMa, COJOHNA H JQecca

YepHO3EM CoaoHeu
Ho6apxa, % OT Be- | a6bem 06DbEM
ca nouBbl ocaxa,| MYTHOCTB €YC- |gcanka, MYTHOCTb CYyC-
C,ll‘? TIEH3HH oMl TIeH3HH
Kourtpoib 1,90 |\CunpHas \ 9, 77|Ouenn crabHAT
CaCl, (mopor 1,75 |Ouens caabas 3,00{Ouenb crabas
Koarya.) \
K-4 0,01 2,20 . 4,35‘Cna6aﬁ
0,05 2,80 » 4,30 Cpenusst
0,30 2,32 - 4,35|O'~16Hb cHAbHAL
0,75 2,13 » 5,17 »
K-44-CaCl,0,01 2,10 |Ouennb crabas 3,55/0uens ciabas
0,05 2,95 | Her 3,82lHer

0130 3,07 | Her 4,51{Quenp crabas
0.75| 2,95 |Ouenn caabas 4,27|Cnadas

CaCl,+K-40,01 2,32 |Cnabas 2,80|Her
0,05 2,95 » 3,40|0Ouendb caabas
0,30} 3,40 » 3,67 "
0,75} 2,95 v 3,48|Cnadas

Jlece
obbeM
ocapka, MyTHACTH CYC-
cmd MeH3nK
1,42| Cnabas
1,30] Her
1,75 Ouenn cnabas
2199 )
3010 g
2,50| Cnabas
1075 Her
2,32 Ouenb cnabdas
3,10 :
3,07 ;
1,90| Het
2’ 40| Ouens cnabas
3,22 :
2,85 g

conepaHueM moauMepa, OTHOCATCS K naTpueBoll Gopme MOHT-
MODHJIIOHUTOBOM TJIHHB, HosBJCHHE KOTOPOH MOXKET GbITh obyc-
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NOBJCHO O6GMEHHOM peakinell MexXly HOHOM HATPHSA K-4 u katHO-
HOM KaJbUusl TJIHHbL,

TwaTenbHb aHAaH3 SHEKTPOHHOMPIKPOCKOHH'—IGCKPIX JDAHHBIX,

TO/YuCHHBIX TIPH NpocMOTpe cmecedl (IHHA +K-4) ¢ 6oaplinm
coflepKaHUeM nojauMepa, IoKasaja, 4To Ha wmukpodororpadusix
cMeceli Ne 5 u 6 WHOTRa BHIHBLI LiapoBHAHbie 0GpazoBaHust pas-

Ta6anna 25

3aBHCHMOCTh CTENeHH AMCNEepCHOCTH (0)* M 3HAueHM) HAaHBePOATHeHWHnX
panuycoB (r, , MK) CyCNeH3HH OT KOHIEUTpauHn K-4, % K cyxo#

HABeCKe .
x‘fi“’;f“;pg;ffgn Aayuut CaCO, A%“Q‘E{’r(ﬁ)gi‘;’m Moaesoit wnar
HaBECKE
rH I fH g I'H g fH 3
0,000 041 |1,18] 1,55 [1,29|0,47 [ 1,2
’ ’ ’ ’ 1 » x -9 Ov 2
8,8(150 041 |1015| 156 | 1,20 0048 | 1,29 0,22 %?;i
0'012 041 | 1,12 1,96 |1.28 (0,56 | 1,28 | 0,67 | 1,34
0,015 042 |1011] 2003 | 128 ] 0,68 | 1.27 | 0,72 | 1,32
0,030 043 1710 210 |1.96]0.70 | 1,26 | 0,73 ] 1,28
0.15 054 |1.10] 2020 |1.23 (0,71 (125|075 | 1,27
0'608 8,57 108 | 2042 |1.22|0.86|1,20|0,92| 1,26
0,600 55 | 1012 | 2056 | 1,19 | 0.87 | 1.15 | 0.76 | 1,31
, 053 |1.14| 137 |1.27]0.32| 1,22 0,74 (1,33
K]lea;eﬂ:pé};xx%ﬂﬁ Tousa 613 Kaoanuut raayKoHUT Kpapues.
Hapecke .
fH g I'H [+3 ’H g 'H [+3
0,000 1,10 | 2,45 050 |1,35]0,55
’ ’ ’ ’ ’ 1138 0:85
G| 1 BB B fna bR v o) v
, , , , , '58 | 1,40 | 0.85 | 1,32
ggég 3,85 1.20| 0,50 |1.35]0,60 | 1.40 0,85 %’39
0,030 1o | 1710 | o051 |1.35]0.84 | 1,34 | 0,82 1,25
0,150 %,10 1’50 | 050 | 135|090 1.26]0,73| 1,23
0,300 ‘90 | 200 0.65 |1.33]0.82|1.30 | 0,65 | 1,24
0,600 140 |4.00| 061 |1,3¢]0.88|1,29]0,94 1,28
, 1's0 | 440 | 0,49 |1.35]0.64 | 1,37 | 0,80 | 1,33

*Bpraucaena no H. H. Lliopyna [408].

Kc_ego;\a r(I),2 mKk. OTHOCATCS JH OHU K KaJbLUHEBBIM COCIHHCHHAM
POJYKTa, He pacTBepHMOro B Bole [51, 91, 122], niu ouu

npucyd caMomy npenapaty K-4 B KOHLEHTpH
OBaHHbI -
pax [54], ckasaTtb TpyaHO. PP e pRETR
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WagecTHO, UTO HOH HATpHa ¢ TPYLOM BLITCCHSIET MOH KaJb-
nMs1 U3 TOTJIOHICHHBIX OCHOBAHMI MOUBBI (TAHHEI). [To maHHBIM
I. K. Teppoiina, oGMeH MOXKCT npoTeKkaTh B TOM cayuae, KOTALa
KOJHUECTBO KaTHOHA, B3ATOTO B KayecTBE BHITECHHTEJS, MPEBbI-
maer He McHee ueM B 10 pas KOIMUECTBO BLITECHAEMOTO 43 104~

Tab6auua 26

Baugune KOHUEHTPAUHH pucHepcHoi (Ga3sl Ha g3aumoneiicteue K-4
¢ CyCHEH3HSMH KejleCCKOro GeHTOHHTA

XapaxTepHcTi- KouuenTpatiis €3 CHCH3HH, %

KA HCXOAHBIX |mmmmmm—— """

pacrtsapas K-4 0,5 | 25 l 5
Kaumen- Yac H oc. Ygc.
TPAWMIL | ToTH | op P ToTH Pyl pH | Mot v pH | Morn
0 1,00 0,5 | 7,4 | 1,00 25 17,8 |1,00] 50 §,0 | 1,00
0,0001 | 1,00 0,5 7.4 | 1,001 2,6 | 7,8 1,00\ 5,11 8,3 1,00
0,0005 | 1,00 0,5 7.4 11,00} 2,6 | 7,8 1,00 | 5,1 83 |1,00
0,001 1,01 0,5 | 7,4 } 1,00 2,6 | 7,8 | 1,00 521 8,3 11,00
0,002 1,03 0,6 | 7,4 | 1,00 2,81 7,8 1,00 5,21 8,3 | 1,00
0,004 1,09 0,6 | 7,6 | 1,00 28 | 7,8 11,00} 5,2 8,4 | 1,00
0,006 1,241 0,6 | 7,6 1,00 2,9 (7.8 1,001 5,11 8,4 1,00
0,008 1,38/ 0,7 | 7,8 | 1,08 2,7 | 7,8 | 1,00 501 8.5 1]1.00
0,010 1,57, 0,7 | 7.8 1,121 2.6 1 7,9 1,08 | 5,01 8,6 1,00
0,020 2'68l 0,7 | 7,8 | 1,28 25| 7,8 | 1,12 491 8,6 | 1,00
0,030 4.05 0,6 |7,91]1,38 2.4 | 7,7 | 1,21 491 8,6 | 1,04

. 0,040 o7 | 7,9 1,86 2,4 7,9 | 1,34 49 8,6 | 1,08

0,050 6,2 0,7 | 7,9 | 2,20 23| 8,0(1,52] 49 8,7 | 1,15
0,060 Z1o0,7 | 811270123 8,2 11,661 4,9 8,7 | 1,19
0,070 — 0,7 | 8,3 13,171 2,3 8,3 | 1,77 4.7 8,7 11,19
0,080 | 11,21} 0,6 8,3 | 3,46 1 2,3 8,3 | 2,06 4,9 8,7 11,23
0,0¢0 — 0.6 | 8,4 |4,20] 2,4 s3 2,181 4,9] 8,7 1,27
0,10 17,50 0,6 | 8,4 | 4,74 25 | 8,4 ]2,41]10,0 8,8 | 1,31
0,20 36,20/ 0,6 | 8,5 | 4,80 24 | 8,5 |2,5012,0 8,8 11,45
0.40 — * x* s A £ B B & &
050 | 58,60 * | s * s | = s
0,60 — * ® # * O % % 3
0,80 134,00 * = | = * = | o® * o
100 1208,00, * - * % * . - i N

Mpumeuanne. * — OTCYTCIBYET pasjeneHHe HA AMCIEPCHYIO dasy u
JHCTIEPCHOHHYIO Cpexny.

Bbl (TJIMHBI) KaTHOHA [148]. IleficTBUTEEHO, YACTHLbI BOJIOKHHC-
toit (OpMbl HAUHHAIOT NOHBAATbCS TIPH BLICOKHX COOTHOLICHUAX
K-4 u Ca-raunbl. B aToM cay4ac, Kag BHJHO H3 TalJL 29, koauye-

cTBO HATpUst B cMecH (Ne 4) paBHO 0,014 Me-uOH, a Kanblis (eM-
kocTh obumena Ca-OeHTOHHTA MO [144]) pasto 80,60 le'ogm .
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Tabanuuma 27

Bzanmoneit
NeHCTEHE MONH3JAEKTPoJHTa K-4 ¢ CYCNEeH3HAMH €cTeCTBEHHLIX H KaTHOH3AMEIEHHBIX FAdH
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* BaskocTs H i
epa3pyuIeHHOH CTPYKTYPbl, onpereneHHas Ha POTALHOHHOM BHCKo3umerpe PB-8, cns
YKTY , .

B0 Beex cmecsx — 0,08 me-uon. JanpHefiuiee ToBbilICHHE AO03HU-
pok# K-4 B CMecAX NPHBEJIO K VBEJAHUYEHHIO COJCDXKAHNA HAT-
pHs, uTO GMATONPHATCTBOBANO NpOTEKaHIio 0OMEeHHOH peaKuiH.
1o ocobeHHO GbLIO 3aMETHO Ha CMECH Neb, Tak KaK B 3TOM Cay-
yae HaTpus B 18 pas GoJaplie, yeM 0OMEeHHOTO KaJjbUHA.

TakuM 06pa3on, NPpH BHECCHUH K-4 B cycrnessnio Ca-MCHTMO-
PHUJJIOHHTA TIPOHCXOIMHT o6pazoBaHyie BTOPHUHbIX arperaros, cc-
sin copepxkanve K-4 B cMecsiX He3HAUNTEIBHO, 1 HOHHBIIT 0OMeH—
KOIJla KOJHUYECTBO Tpenapara CTaHOBUTCA 6OJLIIMM, 4eM COACp-
JKaHHe TBepaoH ¢dassl.

Tadawmua 28

BbiuncieHHbie COOTHOWEHHS K-4 B rinHbt B CMECH

Y CoOTHOLUEHHE KOMIIGHEHTOB
cvecH K-so Nat, sz-uon
K-4 r.J1Ha

1 0,00099 99,00001 1,44.107°
2 0,0099 99,0001 1.44-1074
3 0,099 99,001 1.44.1073
4 0,99 99,01 1,44.1072
5 9,90 90,10 1.44.1271
6 50,00 50,00 1.44-107°

Kak yxke 0oTMeuanaoch, BO pTOpOfl NepexonHofd 06aacTH MOJH-
MepHas f0BaBKa CBSI3bIBACTCS YaCTITUHO. Onpejenenue OCTATOU-
HOII KOHIEHTpaIlUy Nojaumepa B CMecii 1acTt BO3MOKHOCTb BBIUHC-
b koauuectso BPIL, azcopGnpoBanHoro yacTHIIaM{ MHHEPasb-
HbIX JHcrnepcHbix cucrem. s TpeTheli 00.1aCTH KOHUCHTpALUH

3TOro cje1aTrb Heab3sl, Tak KakK CTAHOBUTCH HEBO3MOXKHHIM OT/C-
JieHHe yacTHil TBepaoH (a3, cTaBHIU3HPOBAHHON BPII, ot muc-
{ TAKHX CHCTEM 113y4arT-

nmepcionuoil cpefbl. [Lsl XapaKkTCpHCTHKE

Sl MX TIPOUHOCTHbBIE CBOHCTBA.
[Tpu usyueHun ancopOuHy BPII 60abmuHCTBO HCCAeROBaTENEH

pa6oTano ¢ IAHHHCTBIMI MHHEDAJaMy. B OCHOBHOM ¢ KAaOJMHUTOM
[149—154]. Beino 10Ka3aHo, 4TO agcop6uust BPIl Ha kaonunure
34BHUCHUT OT BpeMEHH KOHTaKTa ancopGTHBa C al1COPGEHTCM, KOH-
LEHTPAIHH IPUCYTCTBYIOUIUX B CMECH NOCTCPOHHUX 3,1eKTPOJIHTCB,
or pH cpeapt # CBOMCTB NOBEPXHOCTH YACTIIL MUHEPA14.

Buio  HailieHo, uTO TOMHMEp, aAcopGHPOBAHHbIH TAMHAMHE,
DaBHOMEPHO DaclpeicIsercs Mexy OTACILHBIMI yacTHIAMH B
COOTEETCTBUU ¢ MOHOMO.IEKYAApHOIl Teopueit JleHrmiopa [150, 151}

YuurbiBas, uro B pacrsope BPIl npcucxXO1MT acCCLHAUHA
MaKpOMOJIEKYJl, B pe3y/blaTe Uero BOSHUKAICT HaJMOJICKYJsIpHbIE
CTPYKTYpHI, Psl MCCJCAOBATENCH JIOMyCKAIOT BO3MOXKHOCTb MpH-
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MeHeHHUs ypaBHeHus Opefiantixa A5 ONUCAHI'd H30TepMbt aacops-
unu [153, 154). JI. X. Taiimypasosa [165] nsyuasa azcopbumio run-
POJIH30BAHHOIO NOJIHAKPUIAMHAA GEHTOHHTON, KAOJIHHUTOM, MYyC-
KOBHTOM, ABIMYATHIM KBapLeM M CPCLHEeKALTaHuCBOIl CpeaHecyT-
JHHUCTON NOYBOIL.

IJKCIIePHUMEHTHl TOKA3aJH, UTO 3aBHCHMOCTL MCIKAY KOJHUECT-
BOM a/1cOPGHPOBAHIOTO THAPCII30BAHHOIC MHOJIHAKPHIAMIIA K
€ro KOHIEHTpauuell B paBHOBECHOM pacTBOpe Bhipaxmaerca S-06-
pasuoifi KpuBol (puc. 59). ABTOPOi, HCXOAA H3 NPEANOAOKEHHS

Puc. 58. daexrponnsie mukpodororpaduu, mnoxasbl-
Baoue B3auMojeicrBue Meway K-4 u Ca-MoHTMO-
puanoHutoM. X 300000,

00 ajacopGuuu MakKpOMOJICKyJ noJsiMepa, 6blJ1a HAHAEHA 3aBHCU-
MOCTb MEX/1y K0.JH4eCcTBOM aAcopOUPOBAHHOrO NoauMepa — y (Me
noJsuMepa Ha e ancopGeHTa) u ero KOoHueHTpalueil B paBHOBeC-
HOM pacTBope — X ( #e moaunepa B 100 .2 Boanl). B yuactkax,
COOTBETCTBYIOIMX MCHOMOJICKYAsIpHOH ajxcopbuuH (HauanbHbie
YYacTKH KPHBBIX Ha puc. 60), A17 DOYBBI M KAoJMHUTA KPHBBIS

HaNOMHHAIOT napaboisl 2-ro, a5 GeHTOHHTA, MyCKOBHTA H KBap-
1na-— 3-ro nopsifiKa:
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last kaonMHUTA y= V}-—f-l npu <0 x <20, 0;
Mo4Bb y=0,6 YVx+1, 0<x-235 0;

3= ~ .
, 6euronuta y=2y x+25 , 0<X <8.,5;

3, — A
wyckosuta y=13yx . 0<x<3 3

3 .
. kBapua y=05y x ., 0<x< 110

Ha cnenyiouux ydacTKax Kpubie HMEIOT JADYroH BHL: y 6e}1~
TOHHTA KpHBas 0Ka3a’lach TOXKE Ky6uueckoil napaGosoH, HO Hec-

%0OJbKO MHOTo BHAQZ: Y = 6,5 + 0,2 ;f;_sﬁ npu 8,5 < x< 25,0,

i Mefe
2

x

3

3

S

N

3

RY]

3

3 3
s {
Y

54 o
R

_§~4

s

82 40 60 &5 0 1
PabroBecroe vanecmbo nommepa me/iun

Puc. 59. KpuBble aicopOuuu THAPOIU-
30BaHHOr0 mnoJjadaxpuiaMuia MHHEDAlb-
HBIMH AHCIEPCHLIMH CHCTEMAMH.

] — GeHTOHHT; 2 — KAQAUHHUT, 3 — RouBa,
4 — MyCKOBHT, 5 — KBapIL.

Y KaoAMHMTa KBajapaTHas napadona NepexoAHT B KyGUUCeCKYIO:
y=% 42,7 npu 20 < x-< 450.

By KpHBOH LIS MOUBBI HA CpelieM y4acTKe U3MeHsieTess H
xapakTepuayeTcs Toi e QOpMYJIOH; ¥ MYCKOBHTA M KBapIa c_
Ha HeGoJblIOM yuyacTKe rpaukil MAYT NOUTH napame.nbﬂ/o ocH
KOHIIeHTpaluu oaumMepa. [luast Myckosuta y = 2 xnpu 33X
380, a ans xpapua y=1,2x npu !l < x-l 34 ] .

Haxonen, npu GOJBLIEX 3HAUEHHAX paBHOBCCIOH KOHUEHTDA-
puy moJuMepa Bce rpaduki MPHUHMMAIOT Bl IPSIMOH:

Nas Genrounta y = 0,29x 4 0,66 npu

x
, kaomummra y=0,17x —-1,6 , x >/45,0;'
MOYBbI y=01x+4+1,4 , x>
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» Myckoeutay = 0,13x — 3,0 , x> 38,0;
» KBapua y=10,08x—-1,47 , x> 34,0.

JI. X. TalimypasoBa oTMeuaert, YTo Nnepexojsl oT 01Hol GOpMy-
JAbl K APYrofl Ha CTBHIKAX BO BCEX CJAVUIAX [1aBHblE M 3HAUCHUS
KOJHYeCTBA  aj4CcOopOHPOBAHHOrO Mpenapala, 3KCIepHMEHTagbHO
HalileHHbie H BbIYHCACHHDbIe [0 GopMyne, IPH OIHUX H TEX XKe
3HAUCHHAX X TOCTATOUYHO O.IH3KIL

A. Cunbbepbepr, P. Cunxa, B. llImuar, P. Diipuu u ap.
[156—158] 3annmaaics uccjeoBanueM agcopOuHH rHOKHX JIHE-
HEIX MaKPOMOJIEKYT H3 pacTBOPOB Ha TBepIOH NOBEPXHOCTH aj-
copbenTa TMma cuiaHkaress H ap. Ha ocnoBe Teopun BeposiTHOC-
Te#l U CTATHCTHYECKOH MCXAHUKHM OHM paszpaboTand obmyvio Teo-
pHIO 3TOrO MpOolLlecta — «TCOPHIO TOBEPXHOCTHC-CETMEHTHOMH al-
copGuuu». ABTOpHI HCXOMH.IH H3 IPECTABJCHHS, UTO MOTYT OBITS
CJIy4aH, KOrjla BCe CEIMEHTh IoJuMepa afcopOHpYIOTCs it BCA
NOBEPXHOCTb afcoplenTa MOKpbiBaeTes afcopOHPOBAHHBIME MaK-
poMOJIeKyNaMu; B APYIHX CAYYasfx HACTb aKTUBHBIX MeCT NOBepX-
HOCTH, 2 TaKke (PYHKIHOHA/bHBIE TPYNNBl MoauMepa GYAyT nepe-
KDBITH MJH  JIOKa 1M30BaHbl. ABTOPBI CUHTAIOT, YTO HY2KHO TOBO-
puTh 06 afacopOuuu CErMEHTOB H YTO MoJyuyaeMetii  JIeHrMmiopos-
CKHEl THII H30TEPMbl OIUCHIBACT aJCOPOUMIO He MHAHBHAVAJIbHbIX
MAKpPOMOJICKYJ I0JHMEepa, & ero CerMEHTOB, TOBEPXHOCTRLIO aficop-
G6enta. OHM Openoaaraior, yro HaubGosiee BePOSITHBII MexaHU3M
3TOrO npouecca — o6pasoBanue BCAOPOAHBIX CBSI3CH MEKAY ByHK-
IHOHABHBIMH TPYNIIAMH NOJHMEDPA H I'HAPOKCHABHBIMH IPYIIaMEH
NOBepXHOCTH copbeHTa.

0. C. JTunatos, JI. M. Cepreesa, B. 1. Makcumosa [159—161],
NPOBOAS HCCJICHOBAHHS B UIMDOKOM HFTEpBajc KOHLEHTPAIHMi,
NOKa3anH, 4To afcopOuns U3 pa3baBJeHHBIX PACTBOPOB OTJHYACT-
Csl OT TAKOBOH H3 KOHIEHTPHPOBAHHBIX. B 06aacTH pas6GaBicHHbIX
PacTBOPOB H30TepMbl afcoOpOUHH MOTYT YIOBJCTBOPATL ypaBHe-
Hu OpeiiHxa, aacopOUHs U3 KOHLUCHTPHPOBAHHBIX PaCTBOPOB
TIPUBOJUT K MOAYUCHHIO OJHMOMCKYJASAPHBIX CJI0EB, TAK K4K HA MO-
BCPXHOCTE aCOPGEHTA NepexolsT «BTOPHUHBIC CTPYKTYPHBIC eH-
HHUIBI» TOJHMepa U3 pacTBopa.

B TakoM cnyuae ponxubt HaGAOAAThCST POCT KOJAHUECTBA COP-
GUpOBaHHOTO TONHMEPa H OTCYTCTBHE HaCbiIeHHA (YCTaHOB.e-
HHe NHHAMHYECKOTO DaBHOBECHSI B cHCTeMe CcopOeHT -+~ copfar),
YTO MOATBEPKAACTCH IKCNEpUMeHTaMH. B mioxoMm pactBoputene
NDH BLICOKHX KOHUEHTPAUHAX NMoJHMepa afcopOuHs OTCYTCTBYET,
TaK KaK MaKpPOMOJIEKYJIbi CKPyUeHbl B K1y 60K. B 3ToM cayuae npo-
HCXOJHT CBSI3bIBAHHE BTOPHUHBIX CTDYKTYD B CAHHYIO MPOCTPAHCT-
BEHHYI0 CeTKY. ABTOpbI OTMEYaIOT, 4TO CJIOKHBIH BHj KPUBON 3a-
BUCUMOCTH ajfcopObuuu noJuMepoB copGeHTaMu OGYCJOBJCH
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CTPYKTYpOfi COPGHPYEMBIX 3JEMEHTOB; TIOCAENHsAs, B CBOIO OUC-
peilb, 3aBHCUT OT KOHIEHTPAUHM MOAWMepa, MPHUPOALI pACTBOPH-
Teas:, TEMIIEPATYPL. DTO NPHBOIHT K TOMY, YTO aicOPGUMS MOIH-
MEpOB M3 DACTBOPOB He MOAUHHSCTCA TEOPCTHUCCKHM ypaBHCHH-
M, BHIBEIEHHBIM MJs1 a/COPOUHH HH3KOMOJEKY/IAPHBIX BEueCTB
6e3 yueTa 3TUX 06CTOATENBCTB. .

MHorHe HCCACAOBATENH NPEANONAraloT, UTO MOJEKyJsSPHBIH
Bec MoJHMepa HIpaeT cylllecTBEeHHYIO poJb B mpotecce aGeopOumii.
Opnaxo C. danepuwiteiin u P. Yabman [162], usyuasiue ancopd-
LHIO psiga 06paslLoB NONMMETHIMETAKPHIATA € MOJEKYAAPHBIM
BecoM 23000—227000 43 pacTBOPOB Ha PA3MOJOTOM CTeK/Je H Ha
TopoIIKe rke1e3a, 0Ka3ajH, 4TO OHa NPAaKTHYECKH HE 3aBHCHT OT
MOJICKYJIIPHOTO ~ BECA M YMEHBLIAETCst ¢ POCTOM  TeMIIEpaTyphbl.
ABTOpH CUHTAIOT, 470 MOJEKYJa ONMMETHIMCTAaKpHAATA He Cop-
GUpyeTcs IeJHKOM Ha NOBEPXHOCTH, a B 3HAUHTEJAbHOU CTCMCHH
NpOCTHPAETCSH B PACTBOPE.

P 0. ﬁ KHpHJICHKO, pJI. T. Ipuaunko, P. C. Muxaniok [154,
163—165] uccaenoBaan aacopOUMIO NMOJHAKPHAAMUAA HA KAOJIH-
HUTC ¥ GEHTOHHTE B 3aBHCHMOCTH OT KOHIGHTPALHH NOIUMEpa H
COCTABA ITOMJIONICHHBIX OCHOBAaHHI. ABTOpH! paspaboTanH MeTONH-
Ky HedeoMeTPHUECKOro Onpe/ie/ieHHsl KOHICHTPAUUH ITOAHMEepa B
BOAHBIX pacTBOpax. MeToz OCHOBAH HA TOM, YTO HpH J0GaBJeHHH
K pactBopy ITAA 0,5-mpOUEHTHOrO CIHPTOBOTO pACTBOPA €AKOrO
HaTpa oGpasyeTcss MyTh, Tem Goabliad, 4eM BbILIE KOHUCHTPALH
npenapata [154].

Beian monyuenbl U30TepMbl afcopGuuH [MTAA na KaoJHHHTE,
Gentonute, a takxke Ca-, Na- u K-popmax MbIKEBCKOTO OeHTO-
nuTa. V30TepMBl ONHCHIBAIOTCS ypaBHenneMm Ppefnpauxa, oixa-
KO psiA TOUEK HAa HHX He yKaaapiBaercs (puc. 60). B ynomany-
Tofl paoTe MOKasaHo, UTO Ha KaabuueBOM GeHTOHHTe copbupy-
eTest GoJplie MONHAKPHIAMUAA, YEM HA Ka/JHEBOM H HATDHCBOM.

Uzyuenue apcopbuun K-4 [71] BHCKO3SHMETPHYECKHM METOIOM
Ha THIHYHOM H CBeTJOM ceposeMax (Taba. 29) mokasaso, 4To OHA
3aBHCHT OT BUAA 00pa3ia, IyGHHb! ITaXOTHOTO CJ1051 N KOJHYCCTBA
noauMepa. 3acoNeHHOCTh GJ1aronpHATCTBYCT YBENHYCHHIO alcop-
Guuu K-4, Tak Kak yacTp [oJHMepa CBSI3bIBACTCH COJSMH, IMPU-
CYTCTBYIOIMMH B rTouBax (raba. 30).

Usyuenue apcopbunn K-4 u ITAA-1 pasnnyHbIMA TTMHACTBIMH
MHHCpANaMH H KanbUHEBHIMH cotaMu [166]c¢ nomompio Hede.10-
merpuueckoro meropa [91, 154] moxasano NpUMEHHMOCTL ypas-
HeHust PpefiHAIMXA A5 OMUCAHHS 3TOTO pouecca (PHC. 61, Tabx.
31, 32). Taxoil BHIBOA CAeNaH, HCXOMS U3 TOTO, UTO B NAHHOH 06-
JIACTH KOHLCHTPANHil oauMepa aacopOUpyIOTCs 3J1eMeHTb HAIMO-
JeKyaspubiX cTpykTyp [12, 54, 174, 175], a He MaKkpOMOJEKYJbl
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floNUMePOB, KAK OTMeYaeTcss B HeKoTopbiX paborax [l11, 149—154,
167, 176}.

Wsyuenne kunemiku ajgcopbuus K-4 Ha pas3JiMynbiX MUHEpAb-
HBIX copbentax (ra6a. 33, 34) mokasalo, yTo BO BcexX cayuasx,

N

5 60
£5
S 3
8.3
I L
St — 1
§§20 T
33 o | ° |
R
S§, |

20 40 40 80 W8
&89 novumpenamuda § pacrbape. me

Puc. €0, MiaorepMbl ancopouMy INOJHAKPUAAMH-
1A Ha MBIKEBCKOM OEHTOHHTE,

1 — Ca-nbikeckuit  GeuToHHT; 2 — K- #  Na-nbikesckue
GeHTOHHTHI.

0coGeHHO A/ KAOJNHHA, KBApIIEBOro neCka U aJyHuTa, B Hayane
NorJaolleHHe HEe3HaYUTE/AbHO, 3aTeEM OHO DPE€3KO yBeJMHUHBAeTCad H

Tabauna 29

Ancop6uun K-4 (x/m, #2/100 2) Ha pas3AHYHBIX MOYBaX

O6pasen nous
C,—HCXOLHAs KOH- THmRENH ceposen CBeTAbA ceposeM

C, xim Cq xim C, xim
0,01 0,000 0,01 0,00 0,01 0,000 0,01
0,005 0,0005 0,04 0,000 0,05 0,000 0,05
0,010 0,0030 0,07 0,001 0,09 0,000 0,10
0,025 0,0030 0,22 0,005 0,20 0,000 0,25
0,050 0,0080 0,42 0,130 0,32 0,002 0,48
0,100 0,0190 0,31 0,320 0,68 0,003 0,97

IIPOXO/UT uepe3 MaKcHMyM. Ecam BpeMsi, B TeueHHe KOTOPOTO
ancopbuus K-4 mMakcumasdbHa, NPHHATL 32 PAaBHOBECHOE, TO OHO
Pas3JIMYHO N5 Pa3JUYHBIX MHHEpanbHbIX JHCIEepCHbiX cucTeM. Ha-
npuMep, aacopOUKHOHHOE PABHOBECHE B CYCIICH3HSAX KAO.JIHHA, ajay-
HHUTA, Tulicd U YIVIEKHCAOTO KaJbllks yCTaHaBnuBaercsa 3a 48 uac,,
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KBapuesoro necka — 72 u noseporo mnara — 120 yac. [das mou-
BB M GeHTOHHTA NOIJOuEHHe [TpenapaTa Bce BpeMsl Pocno H ai-

* cop6LUHOHHOEe PaBHOBeCcHe He ObLI1O JOCTHTHYTO HA NPOTHAMKEHHH

BCEro OIBITA. DTO MOKET GpiTe 0CYCIOBJICHO BJAHSHHEM MPHPOJbI
JHCTIEPCHOCTH, MOPHUCTOCTH, & TaKXKe PA3NHUHOH BelHYUHOH Haly-
XaeMOCTH H3YUYEHHBIX CHCTEM.

Tabauna 30
CocTaB BOXHOH BBHITSKKH [OYB, 9§rc Ha BO3AYIHO-CYXYI0 HABECKY
Cay6u-| Cyxos 1 1 2 2 24 |10 pas-
Tousa ayon-| Cyxo# igcol—~t cil— | so%~ | ca?t | Mg2+ | woctu
Ha, ¢4 |oCTaTOK 3 4 Na+

Tunuunsiil oporae- 0,03710,014(0,0370,0180,007 {0,005

MBIH ceposem 0—-25{ 1,140 808 {0,394 {0,769 | 0,898 {0,574 {0,111
. 0,03410,008|0,733(0,292 {0,012 0.021
Coeranifi ceposenm | 0—25 1,208 575571 5 996 |15, 246/15,570] 0,986 | 0,471

Tabauna 31

Ancop6uus K-4 MuHepaJbHBIMH JHCHepPCHAMH, M2[2

CopbeHT
CanepxaHue
noaHMepa B . . § "
eMecH, % THIHYHBIH | 6enronuT 107eBOA | gyypyy) RDAPUCBHIA | ype  |YTACKHCIHE
ceposeM mnart necox KdJAbUHI

11,00 60,50

57,30 | 69,65/ 63,00 157,00 | 59,50
7,40 —

37,30 { 51,25, 49,80 144,80

5,57 26,50 — 21,80 | 24,00{ 31,00 }25,00 —

3,84 7,00 5,00 5,45 9,50, 11,8 7,50 9,50
1,96 4,00 — 4,50 4,75 6,95 | 4,50 4,50
1,64 2,66 2,62 2,50 4,000 5,90 14,15 3,80
0,90 1,58 1,52 1,76 3,60] 3,20 {2,44 2,5

0,79 1,45 1,50 1,58 2400 3,06 - 2,20
0,76 1,32 — 1,45 2,300 2,00 | 2,50 2,00
0,57 1,15 1,45 1,10 2,00 1,74 1,75 1,70
0,49 0,90 1,00 1,00 1,700 1,63 1,70 1,50
0,44 0,87 0,95 0,90 — 1,50 | 1,68 1,40
0,39 0,84 0,80 0,79 1,400 1,10 | 1,60 1,30

HssecTHO, UTO ¢ri0coBHOCTL K HalyxaHHi0 ¥ GEHTOHUTA Bbipa-
XKeHna GoJiee CHIBHO N0 CPABHEHHIO ¢ KAOJUHOM, MOJEBBIM LIT4TOM
u ap. {178, 179, 180]. osyuenuble jaHHBle NOKA3BIBAIOT, UTO UEM
Gosnblle HaGyXxaHHe MuUHEpaJa, TEM MeJJeHHEE YCTaHaBIHBACTCS
paBsHoBecHe.
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ITpy BbISICHEHHH BJIHSHHS COCTABA MOIVIOUIEHHDBIX KaTHOHOB Ha Tabnuna 33
aacopbuHI0 NMOJUMEPOB TMIMHAMK OKAa3aJoch, UTO OHA 3aBHCHUT OF

. Knneruka agcop6uun K-4 yacThnaMH MHHepaJbHbIX NOPOUIKOB, #M2/2
BHAA U BaJeHTHOCTH KaTHoHOB [137, 139, 181]. das cepo-3eneHoro Acopou 1 p op , M2/

askaMmapckoro Gedrouuta aacopbuus moaumepa ITAA-1 ysenuun- Logepa- | Bpems, uacsl
BaeTcsT NJST MOHOKAaTHOH3aMeleHHBIx OpM U MeHsieTcs B 3aBH- Mepa mowes [T o | o1 | " l 7 % 168 | 10
cH, %
CUMOCTH OT BHA4 H BAJEHTHOCTH KaTHOHOB IO CJEAVIOWIHM Dsi- .
gam [181]: Me2+ > Jle3+ = Me +. TunuuHslil ceposeM
11,00 61,80 (55,50 [66,50 | 60,00 57,00 57,50 73,00
Onuosanentnsie: Lit> Nat> HT > K+ > NHf 7,40 41,80 - | — 40,80 — — 47,09
. 5,57 26,00 [26,50 131,50 | 27,00 26,00 28,20 30,00
Dieyxpanentupie: NiZ+t >Mg?*t >Co®t > Cd?* > Ca?* >Ba®t. 3,84 | 7,00 |4,00 11,00 13,50 | 16,00 | 15,00 | 11,50
s - sy 1,96 3.95 12,00 |5,00] 2,25 3,00 3,35 6,70
Tpexsaaentunte: Al°T > Cr°t » Fe’t | 1,90 1,80 {1,63] 2,74 1,12 2,24 2,38 3,17
O,gg l,gg 1,88 2,;8 %,30 l,gg 1,60 2,84
0, 1, 1, 1, ,00 1, 1,30 2,20
Ta6anna 32 040 | o0)97 {080 | 125 = 1,18 ” 1,65
Ancop6uus ITAA-1 MHHepAJILHBIME JUCNEPCHAMH : BeHTOHHUT
CopGeHT 3,84 0,50 — 13,80 — 4,90 5,00 8,00
ﬁ?m‘ﬁf 1,9 — — 5,00 4,50 4,70 3,74 5,00
MEDL B OME | THUMIMR | gowromrr | TICN | aryu) KRLQUSHME | pync [Vt IR ELSEAN U B S B -~ BRSO B
0,79 — 1,20 2,%(5) 2,86 3,88 2,65 3,04
0,76 1,00 2,50 11, 1,34 , 2,80 2,38
9,10 60,00 68,00 — 60,00, 53,00 (64,00 54,00 0,57 1,14 1,90 | 1,90 1,32 2,04 _ 2,98
4,77 30,50 33,00 20,00 32,00 22,15 29,00, 32,00 0,49 0,98 1,50 | 1,65 1,12 1,25 2,42 2,24
3,23 ]19.66 18,82 %3,88 %1.(756 %g.gg %g,gg ?ggg 0,44 0,90 |1,47 | 1,54 1,37 - - 2.14
,64 4,75 | 13, 1 6,75 10, , . 0,39 0,37 80 {1,20( 0,20 0,16 — .
1,91 11,60 9,40 | 1000 | 13,60 7.80 | 13.40| 14.00 ’ ST 10, ’ 194
1,64 9,17 7,30 8,63 10,67 5,30 1;,32 11,23 Kaoauuur
1,40 7,70 7,26 7,43 9,00 4,28 ,1 9,86
1,19 6,50 5,75 5,88 7,62 3,65 7,50 8,50 1}],28 — 58,80 160,50 | 89,50 59,50 60,50 59,50
00 6,33 4,33 5,44 7,00, 3,44 7,33 7,22 ’ - - - - — - -
3,91 5,60 4,30 4,80 5,60 2,70 6,00, 6,30 5,57 1,55 125,00 123,00 19,50 23,80 24,80 25,00
' ’ ’ ! ! ! 3,84 BUABTDAT 7,30 | 6,00 0,00 5,00 6,80 6,00
1,9 | PT_ 3,70 | 4,00 — 3,60 4,40 3,50
’ 1,90 OP0 T 2,301 2,80 | 0,50 2,40 — 2,40
Heckonbko uHast 3aBHCHMOCTb OTMedaeTcesl As mosumepa K-4 8?7’ 0.07 {»gg %gg 8% %ég 1,9 1,70
— 3aech aacop6uus Ha NPHPOAHBEIX 06pa31axX 3HAYHTENbHO 60Jb- 0,40 0,00 = = T = 1,39 1.30
e, 4YeM Ha MOHOKATHOH3aMelleHHbIX dopmax. Ilpy 3ToM psagst IMonesofi mmar ’
npusuManT Bua: Me3+ > Me?+T >Me™,
l;,Og 59,50 5;,30 57,38 70,00 75,00 65,50 73,00
R b Nt 4 —  |37.30 137,30 | 47,50 | 53.75 | 41.80 | 72,50
Omnosanenthpie: LI > Na™> K™>NHy > HT. 357 28.00 119050 21180 | 29,25 | 35,00 | 2300 | 3250
. 24+ 24 2+ 24 24 24 . s ,00 3,75 } 5,00 11,00 14,25 ,00 12,50
IByxsaaentunie: Ca”t >Mg*™ >Co“™ > Cd“T >Ni“T >Ba’". 1.9 125 | 2'50 | 0.65 560 7'12 312 5170
TpeXsasentunie: Fe3™ > Crt > APt 1,90 0,9 11,50 10,00 2,80 3,25 1,58 2,80
8,;9 3,15 0,75 ] 0,00 2,60 2,50 0,90 2,00
- - ,07 ,85 0,12 { 0,00 1,86 1,88 0,09 1,00
M. B. Ilerposa {137, 139], uayuaswas ancopbuuic K-4 B 11u 0"20 0’75 | 0'00 | 0.00 139 10 000 0’00

pPOKOM HHTEpBaJsie KOHLEHTpaluil, 1oKasana, 4To AJs IJIyXOBemn- g
KOT'O KaoJIHHa, KeJIeCCKOTo M a3KaMapCKOro ceporo OEHTOHHTA, a
TaKxke MOHOKATHOH3aMeLleHHbX (opM askaMapcKoro OeHTOHMTa
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[pononkewné tabn. 33

154??1%):1(3: Bpems, 4achl
e T SRR o | s | 20
Anyunr
11.0 59,50 | 69,25 76,50 75,75 73,50 75,50 72,00
7,40 — 51,25| 65,50] 54,50 53,50 53,00 52,00
5,57 19,50 | 29,00{ 31,50 32,50 32,50 31,75 31,00
3,84 2,00 9,50 [17,50 | 15,00 12,25 10,50 —
1,96 0,00 5,00 | 6,80 6,80 — 5,00 5,25
1,90 0,00 3,80 | 3,25 3,01 2,50 2,48 2,48
0,79 0,00 11,30 2,45 2,40 1,50 1,66 1,70
0,57 0,00 0,25 ] 1,62 1,42 0,50 0,97 0,75
0,40 0,00 jo0,00]| 1,05 0,60 0,20 0,32- ] 0,00
Ksapuessifi necok

11,00 59,50 63,00 [58,80 { 63,80 60,00 60,00 58,80
7,40 35,50 (49,80 47,50 | 43,80 40,20 - . —
5,57 0,00 (31,00 | — 27,50 26,00 20,00 23,00
3,84 0,00 |11,80 | 3,80 8,80 8,00 0,00 3,00
1,96 0,00 16,251 3,80 4,50 5,50 — 3,00
1.90 0,00 |3.50(200( 3.10 3,10 1,50 0.95
0,79 0,00 2,60/ 1,46 2,50 2,56 0,00 0,30
0,57 0,00 |1,94) 0,71 2,00 1,88 0,15 0,28
0,40 0,00 1,30 0,80 1,40 1,32 0,20 0,50

H30TepMbt aJCOpOLHH UMCIOT CIOXKHbIH S-06pasubift BU (pHc. 62).
ABTOp cuHTaeT, 4TO U3 OuecHb pa3BaBieHHBIX pacTBopoB K-4 mu-
HepaJibHble YaCTHIB CBA3LIBAIOT MaKpPOMOJEKYABl HoauMepa (Ha-
4aJbHbl y4acToOK S-o0pasHoifl KpuBOHA). DTOT mpouecc, Mo-BUIH-
MOMY, UACT A0 TOH KoHUeHTpauuHu K-4, ¢ KoTopoft HauuHaeTcs BO3-
HUKHOBEGHHE HaIMOJCKYJASAPHLIX CcTPVKTYp. C TNOBbILICHUEM KOH-
UEHTpaUud HAeT ancopOuHs aAMOJeKyaspHbiX o6pa3oBaHHil.
DTOMY COOTBETCTBYET KPyToll MOAbEM H30TEPM aACOPOLUHH Ha PHC.
63, cMeHSOmMHUACH TNPAMOJHHEHHBIM YYacTKOM, Ha KOTOPOM aj-
cop6uHa MonuMepa MPaKTHUCCKH IepecTaeT 3aBHCETh OT KOIHIeH-
TpAlHH. .

XapaxkTep KpUBBIX [/ aJIOMUHHEBOMH, CCTCCTBEHHON H KaJbIU-
esoil GOPMBI OTHHAKOB, a A5 BOIOPOAHOI GOPMBLI Pe3KHUil MofAbEM
KPHUBOH HauMHaeTcs npH OoJiee HU3KOW PaBHOBECHOH KOHUCHTPA-
[HH U 3aTeM CMeH<eTcs NMPAMOJUHEHABIM YUacTKOM paubule, UeM
y Apyrux dopm.

[Ipu uccnegosanuu koauyecrsa copbuposannoro K-4 na ruu-
HUCTBIX YACTHUAX B 3aBHCHMOCTH OT KCHUEHTPANHH TBepAOH dasel
(puc. 63) Herpooit yaanoch Gosee MOJHO HMPOCACAHMTE 32 NPO-
{ecCOM CBS3LIBAHUA NonHMepa Ha yactHuax 0,5-poueHTHOH cyc-
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neH3un GeHToHHTa (xpuBas /). Kpusas Takxe HMeeT CIOMKHBIM
S-o6pasnuiit Buf. [lpenenvhas agcopbuus B 2,5- u 5,0-npoueHt-
HBIX CYCHCH3USX He JOCTHraeTcs. TAaK KaK B 3TOM cayuae cTabuman-
3auHsA HACTynaeT npu Gosee HU3KOH pPaBHOBECHOH KOHICHTpALHUHU.

UacTHubl IMIMHLL, B3aUMOJAEHCTBYA ¢ IOJHUMEPOM, CO31AI0T YC-
TOMYMBYIO CETKY MOJUMep — IVIMHA ¢ UMMOOHJIH30BAHHON aHCTep-

Taéannua 34

Kunetrnka cop6uun K-4 MuHepalbHbIMH CONIMH

Coxnepxa- Bpewms, dachl

HHE NONH-

Rt 10 o0 | o | | 1 168 l 240

Iunc

11,00 57,50 57,50 163,75 162,50 { 58,50 55,70 58,00
7,40 - 44,80 146,50 |41,50 | 47,00 41,80 42,50
5,57 20,00 25,00 (29,50 127,00 2,50 27,00 28,00
3,84 0,00 7,00 110,80 ] 9,30 — 10,00 8,00
1,96 0,90 4,00 | 6,50 | 4,65 5,30 4,75 5,00
1,90 0,80 4,40 {3,601 2,70 2,90 2,87 2,90
0,79 — 2,00 {3,121 2,68 — 2,64 2,76
0,57 0,70 1,57 | 2,48} 1,97 1,89 1,72 2,28
0,40 0,60 1,30 } 1,75 ] 1,55 1,38 1,51 1,65

Yraekucami xaabnui

11,00 — 59,50 |57,50 (58,80 | 58,00 | 67,80 | 57,50
7.40 39,00 = 137,50 |44.50 | 40,00 | 48,80 —
5.57 20.80 —  |25,40 127,50 . 30,50 | 19,50
3,84 25,00 | 11,00 {17,00 | 6,50 — 11,00 5,00
1,9 9,00 1,40 | 2,50 | 3,20 | 1,70 1,60 2,50
1,90 0,00 0,00 | 1,68 2,00 ] 1.25 3,00 —
0,79 . 0,00 | 1,25 1,25 - 2700 1,40
0.57 — 4,80 {1.00(1.14| 2,50 1,90 0,90
0,40 — 3.75 {0,701 0,00 | 0.50 1,90 0,70

CHOHHO Cpejiol, KOTOPYIO HE ylaeTcs OTAeNNTh UeRTpHYruposa-
nueMm. Hactymnenue craGuiusauuu npu Gosee HU3KOH paBHOBEC-
HOA KOHLEHTPAlMH, NO-BUAHMOMY, MOXKHO OODBACHHUTDL, UCXOAA U3
npasuna «oObema ocanxa» B. Ocrsannaa [182]. B 5-npouenTtHof
cycneH3uu, rpe o6beM ocaaka Haubonbmui, coaepxutcs Goabuioe
KOJHUYeCTBO JHCOCPrUPOBAHHBIX YacTul, cliocobeTByOWUX o6pa-
30BaHHIO TNIPOCTPAHCTBEHHOH CETUATOH CTPYKTYPbl TOJUMeEp —
IJIMHA.

B Tab6n. 35 nana cpaBHHTE/bHAS XapaKTePUCTHKA aAcop6uuH
K-4 mpu C, =0,01% na xaonuHuTe n pasinunpx dopmax Genro-
HUTa (Taba. 36), MokasplBaOUIAs, YTO HAa KAOMHHUTe cOpCHpyeTCs
Medpitie K-4, uem Ha GeHToHUTe. PasjJuueH M XapaxkTep U30-
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TepM ancopGuUMH: pe3Ko Bbipa)keHa S-06pasHOCTb H30TEPM af-
cop6uun Ha GeHToHHTe (pHC. 63 @) U oueHb C1alo — Ha KAOJHHH-
Te (puc. 63 6). Ilpu usyuenun pecopbuuu copbuposanuoro K-4
C MOBEPXHOCTH YaCTHI BOJOPOAHOH (POPMBI A3KaMapCKOI'o cepo-
ro GeHTOHUTA W U3 TJIyXOBELKOro KaonuHuta (Taba. 36 u puc. 64)
OBlIO MMOKAa3aHO, 4TO OTMBIB MOJTHMEpa NPOMCXOAMT NOCTENEHHO
3a HecKoJabKo Luka0B. KonuuecrBo jpecopGuposannoro K-4 pac:

a,M2/2 At gﬁw

7 : qosna
30
U g
4 25
zr
P 7 4005 qom
7l
Wy
7
5t .
2 3 4465 0 Qr Qo2 003 qoe 405 omE%

Puc. 61. Haorepmpr
copbuuy K-4 (1)pu rIAffl
(2) na Kaoannure; A — ko-
JH4ecTBO (#2) mnpenapa-
TOB, aAcOpPOUPOBAHHBIX H3
pactBopa 1 2 FVHBL, '
5 — comepxanue npenapa- ’
TOB B cHCTEME cOpOeHT—

copbar, %.

Puc. 62. Wsorepmpl azcopOuus

K-4 pacTBOpa Ha a3KaMapCcKOM

6eHTOHUTE (@) H TAYXOBEUKOM
kaoaunute (0).

TET HPONOPIIHOHAAbHO ero aacopOLHuH. IMonubii 'OTMBIB He mROC-
THraetcsi faxe Npu npumenennd ropsiuelt soxel. KoanuecTso
K-4, ocraBmerocs ma wactunax copbenta, He TaK yKe BeIMKO —
82 u 3,8% nns xaonuna u H-popmpl GeHTOHHTA COOTBETCTBEHHO.
I[lo muenuo ITerposoil, ocrapmuiicss Ha MOBEPXHOCTH COPGEHTa
K-4 BxomuT B cocTaB BHOBb 06pa3oBaBLIErocs MNOBEPXHOCTHOTO
€oefHHeHNs, Ha3bIBAeMOro «TVIKHA-MOMIHMEPHEIl KOMIIeKC», KO-
TOPBIM OTHOCHUTCA K KJAaCCy <«NOBEPXHOCTEBIX COENUHEHUI».
Barasg na mopepXHOCTHbIE COeAMHEHHS W NMOBEPXHOCTHBIE XH-
MHYECKHe PeaKUWH, KaK Ha Mponecchl, Beiyliue K oGpa3soBaHHMIO
3THX coefluHeHHH, 6o Buepsble passut H. H. llunosbiM B psine
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pa6or no aacopbuuu 3MEKTPOJIUTOB Ha Yyrje [183—185]. On yc-
TAHOBHJI, UTO NOBEPXHOCTHbIE XMMHUUCCKHE peakUHH 3aHUMAIOT
NPOMesKYTOUHOE MECTO MEXLY pusHyeckofl H XMMHUECKOH an-
copGuueit [185]. Yuenne o NOBePXHOCTHHX COEJHHEHHsAX pa3BH-
paercs B paborax M. M. Jlyoununa [186, 187], A. B. KuceneBa
[188, 189] u ux COTPYAHHKOB. O BO3MOZKHOCTH 00pa3s0BaHHA TJIH:
Ha-MoJMMepHbIX KOMILIEKCOB YKa3aHo B paborax MaprHHCCH2
[150], /1. T. [1pununxo [165] u mpyrax [190—203].

@ mazir, e
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Puc. 63. MzoTepMbl ancopOuuH K-4 wa kelecckoM OeHTOHHTE B
3aBHCHMOCTH OT KOHUEHTpALHH TBEPAOH (hasbl.

1—05%; 2—25%; 3—50%.

OcHOBHOM NPHUMHONH O0Opa3oBaHUs MIHHA-TONHMEPHBIX KOMI-
JIeKCOB MJHM, KaK HX ellle Ha3blBAIOT, «TepuepHHHBIX KOMILTEK-
coB» [190—200], cuuraercs BO3HHKHOBEHHE MEXKMOJIEKYJIAPHBIX
BOJLOPONHbIX cBsised [11, 152, 192—206], ¥MelOWNX LOHOPHO-aAK-
nentopuyo npupony [207—210 u ap-.

MoHo nojaratb, 4TO BOROPOAHAs CBA3b, obpasyolascs
MeXXAy THAPOKCHIaMH HaCTHIL MUHepaJbHOH AHCIepCcHON dasbl H
GYHKIMOHATBHBIMU TPYIIIAMH MaKpOMO.I1eKY/Thl BOLOPACTBOPHMAIX
NOJHMEpOB TaKKe BO3HHKaeT Ojaroiaps JLOHOPHO-aKIelITOPHOMY
BoauMozelcTBHI0. B 9TOM mporecce aKuenTopaMH 3JeKTPOIOoB 8-
nsiercs, B M3BECTHOH CTeleHH, NPOTOHH3UPOBAHHBIH BOJOPOL FHA-
pOKCH/IA YaCTHIL tBepiofl (asbl, a JOHOPAMH OJIEKTPOHOB —
QyHKUHOHAJbHBlE  TPYIIIIBL MaKpOMOIeKy bl  BOLOPaCTBOPHMEIX
[OJMMepHBIX BellleCTB.

JleficTBUTEIBHO, BO3HUKHOBEHKE H-casasu mexay BPII u uac-
THLAMM AHMCNePCHBIX CHCTEM B HACTOslLeC BPEMH CUHTAETCS 3KC-
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nepuMenTanbHo pokasanubiM. Tax, nmpu HMK-crekrpockonnuecknx
HOCJAeOBaHHAX cMecH rauHa — mnoaumep X. Tefsopom H ap.
[195] 6bl10 OTMeueHO CMelleHHe TMONOCHI INOT/IOLLeHHS T[HAPOK-
CHJIBHBIX TPYNN [JMHKCTOTO MHHepada (KaoJjHHa) B CTOPOHY yBe-
JAMYEHHS [AJHH BOJIHBL, 4YTO CBHAETEJIbCTBYeT 00 o0pa30oBaHUH
H-cBsazu mexny rausoin (Kaonun) u nomumepom (VAMA).

I, JI. Macaenxopa, uayuas MK-cnektpel noraouienus nosuax-
PHJAMHA2 B CMeCH C KaOJHHUTOM, Hal/I0fa/la yMeHblIeHHe HH-

TEIICHBHOCTH I10J0CHI NOTJIOILEHU A CBO6OILHI)IX T'MAPOKCUIOB KaoJau-
Ha [202—204].

Ta6auwma 35
Koanuectso copGuposannoro K-4 Ha moBepXHOCTH TJIHHHCTBIX YaCTHIL

K-Bo cop6up. K-4
Konuentpa-
O6pasen n‘é';flﬂ(g::g: . =I(I)%Pi . — XapanTep H30TEPMBI
o p =0,01 %

FayxoBeuxH# KaoOMUHitT 10 1,38 4,10 | BoanooGpa3suas
EctecTBenHbil askamap-

ckuit GEHTOHHUT 10 8,6 8,9 S-o6pasBas
EcrecTBeHHBIH KeneccKui

6eHTOHHUT 5,0 — 8,5 "
EcTecTBeHHBIH KejeCCKHH

6eHTOHHUT 2,5 7,25 13,8 -
EcrecTBeHHBIH KeaecCkui

6EHTOHUT 0,5 14,8 25,0 .
H*-dopma 10 7,25 8,04 .
M3+ _opua 10 8,95 16,0 .
Ca?*-gpopma 10 4,70 7,20 ,

JI. X. Tahimypasosa {211, 212] uszyuana HK-cnekrpsi normo-
meHus GeHTOHMTA, MYCKOBHTA M KaoJHHHMTA nociae agcopbuuu Ha
anx BPI1 — ruJposn3soBaHHOrO MOAHAKPHIaMHIa 1 HATPHEBOM
COJTM THIAPOJNM3OBAHHOrO NoAuMakpHaonutpuaa. Kak BuaHo us
7a6a. 37, MakCHMyMb! TOJIOCHI B CIIeKTpe MHHepana, obpaboraH-
HOro NMOJIHMEpOM, He COBIAZAIOT ¢ MAaKCHMYMaMH NO0JIOC YHCTHIX
moauMepoB ( Yy HaTpueBOH COMH THAPOJH30BAHHOIO NOJAHAKPHJ/IO-
HuTpuda 3260 cu—', y TUAPOJM30BAHHOIO TOJHAKPHJIAMUIA
3340 cx—1). DTH MaKCUMyMbl pasiuYHbBl U IPH apcopOUuu OLHO-
TO W TOrO Xe MoJuMepa Ha PasHblx MHHepanax. Bolunciaexnnas
3Heprusi TOH CBA3H Ha ocHOBe HMK-crneKTPOCKONMHUECKUX MAaHHBIX
oKasajacb pasjJHYHON AJIf PA3HBIX MHHEPAJOB U NMOJHMEpOB; QH&
JIEXKHT B mpejenax 5—8 kxkaa/M.
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Wayuenne BAHsHHS KOHICHTPALHH noJHMepa, :(()):};);K:(())gg&?er
pIX OCHOBaHHM Ha

a ¥ KarTHOHOB IOIJIOLIEHH ] :

€{-CBH3H mexay K-4 u gucrnepcuaMi GeckapOOHATHOM MTOYBHI, a3Ka

s

noil, HaTpHeBOH, KaJb-
Ges0ro GeHTOHHTA U €ro BOLOPOAHOM,
e 9, 213—218] nokasaJno, 410 I0OCJE

o . M
veBol, aMOMUHMEBOH (op ! e
gépaéo’n{n mousbl MM TauHol K-4 yMeHbLIACTCH HHTEHCHBHOC

-t CHUB-
NOJOCHI TIOLJIOLIEeHHs € MaKCHUMYMOM npnj636 M ,:anex;ziﬂ e
HOCTb MOJOCH TOTJIOUIEHHS NpH 3440 cm—! yBenHuH ,

XapakTepHo AJd CBOﬁOI{:HbIX "
CBA3aHHBIX BOJOPOAHOHM CBA-
3bl0 TMAPOKCHJABHBIX TPy
MmuHepana (puc. 65,66).

Ha puc. 67 npencrab/ieHa
3aBHCHMOCTb OTHOUIEHHA Ofi-
THUeCKOHl [JOTHOCTH I0J0- 20
Cchbl TOTJOLIEHHS CBA3AHHBIX
H-cBsidbio T'H/APOKCHJIOB K IO~
Jdoce mogmomenus CBoGOA-
HBIX TMAPOKCHIOB B Oeckap-
GoHAaTHOHl IOYBE OT KOHIEH-
rpanun npenapara K-4. Kak
BHHO, C POCTOM OTHOCHTEJb-
HOTO COJepiKaHus TNoJauMepa
yCH/IMBAETCH HMHTEHCHBHOCTb
o6pasosanusa H-cBa3n Mex-
Ay K-4 u gucnepcHoif cucre-
Mmoiil, MakcuMyM oO6pa3oBaHus
BOJOPOJAHON CBA3H COOTBET-
creyer 0,006% K-4 ot seca

MOUBEI, UTO COIJACYeTCH C p,c 64 fecopoums K-4 ¢ nosepxuoc-

a wmer

g I I o wlunrys

3JIeKTPOHHO- MHKPOCKOMHHYEC- TH GeHTOHHTOBHX YaCTHIL

KHMH JAaHHBIMH [2171 C 1 — ecrectB; 2 — H.&l(bopMa; 3 — Ca-dopma;
— = Ma.

llaJIbHeﬁHlHM YBeJIH'-IeHHeM 4 hop

TeJIbHOTO COJepKaHHd
(r)lf)?l(ilfvi{epa HHTEHCHBHgCTb obpasoBanus H-cBasn ocJIaéJmeT%slxvi
TTo-BHAMMOMY, IIPOMCXOHUT OTTAMKHBAHYE OKYTAHHBIX npenaparom
nmousentbix uactuu. Hauunas ¢ 0,6% HHTEHCHBHOCTH BO3HHUKHO
senns H-cBsi3n BHOBb Bo3pacTaeT. MoxHO Npearnofarathb, 4To c
poctom comepxanus K-4 B cMeCH IPOUCXOAMT nepepacnpenelilTee
HHe MOBEPXHOCTHOH SHEPr¥H UacTHI AUCHepCHH TOUBLL 1 B a ¢
B3aUMOIeHCTBAS yYACTBYIOT HE TOJbKO TH/POKCH/IBL OBEPXHOCT
OUBEHHbIX YACTHI, HO HaWOOJee aKTHBHbIE LEHTPBHL YaCTHIL LHC-
nepcHoit (a3sl — peGpa u 'paHd KPHCTAJLIOB. Taxko#l xe xgéx KpH
Boli HaGaooaeTcs U A OCHTOHHTOBOM IVIHHDBI (puc. 68), HO

105



mMakcuMyMbl  3fech cootBerctBylor 0,15 u 0,6% K-4 or Beca
TJIHHEL

B srtofi ke paGore 6buI0 M0Ka3aHO, YTO IPU B3aMMOZEHCTBUH
TAHHBL ¢ TIOIMMEPOM MPOHUCXOZUT arjoMepauHs 4YacTHi, 3a CUeT
o0pa3oBauusi MOCTHKOB u3 NoauMepa. MokHo mnosarartb, 4TO
CTPYKTypooGpa3oBaHie CBA3aHO TaKXe C B3auMopeHCTBHEM vac-
THI[ 32 CUeT H3MeHeHHMS 3apANoB TpaHed W pebep, KakK ux Haubo-
Jiee aKTHBHBIX Y4acTKOB. DTOT MpOLecC NMPOROJKAeTCH A0 NOAB-
JleHnusi MepBOTO MaKCHMyMa Ha KPHBOM, XapaKTepH3yolleHd obpa-

Jecop6una noaHMepHoro npenapara K-4 ¢ moBepxHOCTH

Azcopbuposano Jlecopbu
I umxa II uuxa T s
Co, | CpH, | Q. .
- % Hels TorH. CA;C-’ 22/; TNorH. cﬂ;“:-' 1}: il'z nors. | Caec., A;{S'z
H-dopma
0,001 10 0,101,00010 0 1,000 [0 0 1,00010 0
0,005 10 0,50{1,0000 0 1,000 10 0 1,000]0 0
0,01010,001 { 0,90l1,015(0,0013| 0,39 {1,000 {0 0 1,000(0 0
0,10040,253 | 7,47(1,019/0,0015( 0,45 {1,015 [0,0013| 0,39( 1,000(0 0
Kaonu
0,01 10,0036{ 0,64(1,033]0,0020{ 0,36 (1,0115[0,0115| 0,06] 1,000 0 0
0,02 0,0077| 1,23)1,037;0,0023| 0,41 {1,0028/0,0018| 0,24{ 1,0000 0
0,03 10,014 | 1,60[1,1300,0047] 0,846/1,037 j0,1023{ 0,30! 1,00 |0 0
0,04 10,021 | 1,90]1,18010,0056! 1,000{1,061 10,0030l 0,39 1,000/0 0
0,05 10,027 | 2,30]1,240{0,0063; 1,134|1,118 10,0043 0,56} 1,0051,005 0,06

Mpumewanue. Haumnan ¢ V1 uukra npomuiBanMe ocymecTBAsSIH

30BaHKe BOAOPOAHOH CBSA3H, IOCJIE 4ero r;aCTynaeT, IO-BUAMMOMY,
BbIDpaBHHBaHHE IUIOTHOCTEH MOBEPXHOCTHBIX 3apsijloB  4acCTHI]
GeHTOHHTA M MaKpPOMOJEKyJ IOHMepa M ocjiabieHde BOZOPOJ-
HOH CBSI3M (YCH/IeHHe HHTeHCHBHOCTH IIOJIOCHI CBOGOAHBIX TPyIils
OH). [ladbHefimee ysemHuenne KoJaudecTsa NOJMMepa IIPHBOLUT
K HapylIeHHIO paBHOBECHs NJIOTHOCTEH MOBEPXHOCTHLIX 3apsiioB,
B De3y/bTaTe CHUJIbI NPUTSKEHUs, BLI3BAHHOM CTYIIEHHEM TOBEPX-
HOCTHOH 3HEPTHUH, Npe0bsafaloT Haj CHJIaMH OTTajgkuBaHuA. Iloc-
JlefiHee CIOCOOCTBYET YCHJIEHWIO BOLOPOJAHON CBA3H, W KpHBast
BHOBb NMPOXOJHT uepe3 MHHHMYM; 3aTe€M CTemeHb 00BOJAKUBAHHUSA
yacTHi OEHTOHHTa mpenapaToM YCHAMBAaeTCs M AOCTHTAaeT Hau-
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Gosblero 3HaueHHs, 4TO MPHBOLUT K B3aHMHOMY OTTaJKHBaHHIO
CTaGHAM3HPOBAHHBIX [JIHHHCTHIX 4YacCTHIL MaKpOMOJEKyJaMu IO-
JiMepa W K NOBTOpHOMyY 0c/a1a0/eHHI0 06pasoBaHUs BOLOPOAHOH
CBfI3H.

Cpasuenne HK-ceKTPOB MOIVIOIIEHUST NPH KOHUEHTPANHSX
noJsMMepa, COOTBETCTBYIOUMX [BYM MakcumymaM 0O0pasoBaHHs
pogopoanoi cessu (0,15 u 0,060% K-4 or Beca riuHb), NOKashi-
Baer (puc. 69), uTO MaKCHMyM MOIJIOLIEHHS MOJOCH CBOOOIHBIX
OH u OH, cBs3aHHHX BOAOPOAHOI CBS3bIO, CMEMIAETCSA B BLICOKO-

Ta6auuna 36
4acTHI, BOJOPOIHOH (opMBl GeHTOHHTA H KAOJHHHTA
Kox-
pose Beero K?‘J‘, gg‘
IV uuka V nuka VI muna JAecop- |rawoie-
6upoO- ccsl
c v C vi | eare | e
Mot | Crec., % ful:;e ToTH. '1;6“' ftz/z' ToTH. n;c., ‘;\‘2/2- e |A—a-a,
6eHTOHHTA
1,0u0] O 0 1,000{0 0 |1,00010 0 0 0,10
1,000 O 0 1,000{0 0 1,000 0 0 0 0,50
1,000t 0,0010 { 0,30) 1,000(0 0 {1,000 |0 0 0,61 | 0,21
1,165 0,056 1,68 1,02 {0,0064| 0,92|1,0095 0,001| 0,3 | 4,74 | 2,73
HHT
1,000{ O 0 1,000(0 0 — — — 10,42 0,22
1,002{ 0,0018 | 0,24} 1,000(0 0 — — 10,891]0,34
1,030} 0,0020 | 0,24] 1,0000 0 — |- 1,39 | 0,21
1,047} 0,0021 0,31| 1,000{0 0 — — — 1,71 1 0,19
1,061| 0,0030 | 0,30{ 1,000i0 0 — | — 12,104 0,196

ropsiusit Boaoft,

yactoruyio obiactb (nepsoii mogocs Ha 20-—30, BTOpOH — Ha
40—50 cx—1). Dro 3mauuT, 4TOo 00pa30BABLIAACA MEXMONEKYIAP-
nas BOZOPOAHAN CBfi3b MEXKIY YaCTHLAMHU TJIHHBI H MAKPOMOJIEKY-
faMu moiuMepa caaGa, 4TO, B CBOIO OYepelb, TOBOPHT O Npeos-
Ja7aHMH ANre3uoHHBIX CHI B ee o6pasoanud. Ilpu obpaborke
raunbl 0,60%-npouentHeiM pactBopoM K-4 cMelleHHs 4acroTr HE
Hab/ionaeTcs. JTO YKa3hbBaeT Ha BO3HUKHOBeHMe 0oJee CHIBHOH
CBSI3M, ABJAIOIEHCS pe3yJbTaTOM 3HEPreTHYECKOro B3aHMOACH-
CTBHA.

Takum 00pasoM, npH B3aHMOAEHCTBHH BOLOPACTBOPHMBEIX TO-
JIHMepOB C YACTHIAMH MOHTMOPHJJIOHMTOBOM TIJIHHBI H JHCIep-
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CHfIMH TIOYB TVIABHYIO POJIb MIPAiOT MOBEPXHOCTHbIE THAPOKCHJIBY
MHHepaJja, 3aTeM YIasl ¥ pedpa, Kak aKTHBHble HEHTPbl TBEPLOH

(assl B JHCTIEDCHOH CHCTEME,
Ta6aunua 37

Bausinue BPII Ha cmemenue nosoc—OH (car™ 1)
KONeGaHMH FAHHHCTBIX MHHEDPAJOB

O6paborka O3paborka
Yactorhl ruap. ITAHom ruap. [1AA
Muncpans (312{-?3)3:33‘—

JAEeHCTBHA | MAKCH- MaKCH
MyM | CIBHT | “yyy | casur
® Benronut 3590 | 3220 | 370 | 3140 | 450
Myckosut 3460 3180 | 280 | 3190 | 270
Kaonunur 3680 3320 | 360 | 3290 { 390

CpaBHeHUE PEHTTEHOIPAMM — YHUCTBIX H 06paGOTaHHBIX MOJH-
MepoM OEHTOHHTOB-—IIOKa3hiBaeT, YTO XapaKTep paclo/OKeHns
JUHUf (B mpejsesax TOYHOCTH H3Me-

Yy peHuit) s uccaelyemniX 06pasloB B
OCHOBHOM coBmajaer [218], xors uu-

se TeHCHUBHOCTb HUX yMeHbIuaeTCd C poc-
+
¥ TOM COAEPHAEHUA NonuMepa B CMeCH.
S OTO TOBOPUT O TOM, UYTO MAaKpOMO-
S JexyJaa TMojuMepa He NPOHHKAeT B
[
<
Pl 1
/ ®
¥ oo}
3 2
x
St
S
40 T ]
3200 3400 3600 5800 000 0}
4gcTara, tM "

600 0 32 3600 fom

Puc. €5. MK-cekrpst norao-

menHs 6eckapboHaTHOH moy-

Bbl (/) ¥ mouBnl ¢ K-4 (2).

Conepxanne K-4 B mou-
Be — 0,69%.

Puc. 66. VK-cnexkrpsl mornomexus
uuctoro (/) u obpaboranHoro K-4
(2) askamapckoro Genoro GeHTOHH-
Ta (cooTHomeHHe rauna: K-4=1:}).

MEXKIIOCKOCTHO® NPOCTPAHCTBO CTPYKTYPH MOHTMOPHU/NIOHHTOBOH
TJIUHBL

Ha unrencusnoctb o6pasosauusa H-cBA3H Mexpy MOHTMOpPHI-
JOHUTOBOH THHOH ¥ K-4 [215] Bauser npupoma KaTHOHA, Haxo-
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JSMICrocs B TOTJIONIAIOMWEM KOMIUIeKce DJIHH (puc. 70). Crernets
5TOro BO3ZEHCTBHA MOXKeT ObIThb OXapakTepusoBaHa BJIHAHHEM
3JIeKTPHUECKOTO MOJsi KaTHOHA Ha TedeHHe JLOHOPHO-aKIEeNTOPHO-
1o npouecca. JleACTBHTENbHO, COMOCTABICHHE sesinuunbl H-csisu

K630
« 340 K3440 “
.«.mx‘ 131
2
P 121
w //\f Ty
109
29 101
MJ_ 49
7 ; . .
2000 qow o0 10 o aa1 g1 i %
U %01 Beca cyroeo odpasya !
Puc. 67. NameneHne HHTEHCHB- Puc. 68. 3aBucHMOCTB  OTHOIUEHHS
mocTH H-cBE3M B CMeCcH NOY- Kagao i
- HTOHHTA OT KOHUEHTpa
B2+ K4 B 3aBHCHMOCTH OT Ky, A\ OCHTOHH P
<CONlepkaHust [oJMMepa B MOYBE. nuu K-4.

< moJspUsyIollell CIOCOBHOCTbIO KAaTHOHOB NOKAa3bIBACT,  HTO c
yBejudenteM Kodbduiuenra To0/sgpH3yeMOCTd KaTHOHOB yBeJH-

o} i 100}
3
80+ &
\ FS

N \ St ’3
ER 4 S gl
g g 7
2wt < S
§ 3
= ]

20

H

a8 g OO FI0T 300 VM

T R daw die vom!

Puc. 69. MK-cnexrpbt NOTMOINEHH Puc. 70.UK-cnexkTpn moriaounle-
ngupom-xoro (1) 6e£ronma H no- Husg OCHTOHUTOB c1'§<-4 npu
rromentoro 0,15% (2) 1 0,60% (3) coorHourennu 1:1.

K-4.

1 — mpupoIHblH, 2 — OUHUICHHBIH,
3 — B0O10POAMKIf, 4 — HaTpUEBHIH.

yuBaercs o6pa3oBaHue MeXXMOJIEKY ISIpHOM, B Jl@HHOM cjyyae Bo-
JOpOLHOW, CBA3U MEXIY yHKUHOHAIbHBI MY rpynnaMu Makpo-
MOJIeKYJ/Ibl H THAPOKCHJIAMHU T/IHH (raba. 38).

HauGojee WHTEHCHBHO oOpasyercs BOiOpojaHas CBA3b B
H-6entTonuTe, HauMenee — B aJIOMHHHEBOM OeHTOHHUTE, OCTANbHBIE
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¢opMbl 3aHHMAIOT NPOMEXYTOUHOe Nosjoxkenne. MoxkHo clenartb
BbIBOJ, uTo K-4 mpu opHOH M TOf Ke KOHUEHTpauUHH XOpouo
B3aHMOJEHCTBYET C MHHEpaJbHbLIMH JHCIEDCHBIMH CHCTEMaMH,
NAOUIMMH KHCAYI0 PeakIHMIo, a IJs 1efoudnix cucrem (Na-Gen-
TOHUT-1le/J0YHAs (opMa, TAKLIPH, COJOHYAKH U T. N.) OH MeHee
s exTUBeH.

[Tpu Bbicokux xoHuentpauusax BPII B cucreme npoucxomur
cTabuusanyd NoJauMepoM uacTHi TBepro#l ¢asu. Ilpounoctsb

Ta6auna 38
Hamenenune unreHcusHocTH H-cBA3M B cHcTeme

nranna—K-44 B 3aBHCHMOCTH OT Ko3¢dduunenTa
NoAsApH3aUHA KaTHOHOB

dopma ranus

!
Betuunimt ‘npupon- ouu- |amoMu-|narpue- kaiab- | Bono-
l Hasd 1leHHaa| HyeBad Bada nueBas ponHas
K, v 3620 0,614} 0,625| 0,712 0,667| 0,622| 0,490
K; v 3420
Koa¢d. noaspusyemoc-
™, a-10~% ez — | — |0,065 0,187] 0,552 1,840

BO3HHKAONIeH TNpH 3TOM MPOCTPAHCTBEHHOH CTPYKTYPHl MOXKET
GbITb OmpefiesieHa MeTOZAMH (PUIMKO-XHMHUECKOH MeXaHMKH.

ITpu u3yueHHH CTPYKTYPHO-MEXaHHYECKHX CBONCTB KOHIEHT-
PHPOBAHHBIX CYCIEH3HH MHUHEpaJbHBIX JAMCIEPCHA BLIACHHIOCH,
4yto nox BausHdem BPII nocaeanue pesko usMeHsioTCs.

M. B. Ilerposa [137] usyuana siusaue K-4 ma cTpyxTypHO-
MexaHH4YeCKHe cBoHcTBa I0-IpOIEHTHBIX CyCIeH3UH as3KkaMapcko-
ro ceporo GeHTOHHTA M er0 MOHOKaTHOH3aMeIUEHHHBIX QOopM.

[lpn manblx KOHHEHTpaUMsAX NOJHMepa cTabu/bHbIe Hepac-
CNauBalollIMecs CHCTeMbl [IOJIYUAOTCA: y €CTQCTBEHHOrO GeHTOHH-
Ta — ¢ 0,15; y Ca*?u H+* ¢ 0,2; vy Al’*—c 0,4 = npouesr-
pactBopom K-4, T. e. ¢ vBeJHYeHHEM BaJIeHTHOCTH KaTHOHA MH-
HUMaJjlbHble KOHLEHTpPauuH noJguMepa Bo3pacrator. CraGuansa-
nus Na-cycrieHsHii HaGaonaercss BO BCeM HHTepBajie HCCAELOBAH-
HbIX KoHuentpamud (0,001—]9%). Peosoruyeckue xapakrepucri-
KM 3THX cycreHsu#t (puc. 71) B npucyrcrsun 0,001—0,19% K-4
M3MEHAIOTCS He3HAUUTENbHO, TaK KaK CBAI3HM MEXIY MaKpOMOJIEKY-
JaMy TOJSHMepa M THAPOPUILHBIMHM YacTHUAMH TBepaoH ¢asbl
crabel. B cycnmensusix, comepxamux OGosbliee xonuyectso K-4
(0,1—1%), onn pe3xo Bo3pacraioT, uTo OOBACHSETCS (POPMHPO-
BaHMEM COBMEIIEHHOH CTPYKTYDPbI YACTHIL JUCIePCHOH (a3bl H I10-
JuMepa, a TaKXkKe MOSBJeHHEM HaJMONEKYIAPHbIX cTpykTyp K-4.
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Pasiiuue B PeoNOrMYECKMX XapaKTePUCTHKAX CyCleH3UHA Ka-
THOHO3aMeleHHBX (GOpM askaMapckoro OeHTOHHTA B IPHCYTCT-
Bun po6aBok K-4 (puc. 72) 06ycaoBREHO DasM4HOH Crocos-
HOCTBIO K CTPYKTYpOOGPa3sOBaHHIO HCXOAHBIX KaTHOHO3aMellleH-
ubix Qopm. Tak, Ca*?u H* -hopmbl — KecTKHe, U pa3puUTHE
KOATyJIAINMOHHBIX CTPYKTYP B HHX IIPOHCXONHMT MpPH BHICOKHX KOH-
LeHTpalUsiX AMCIepCHOH (asbl (32—36%); nogobubiM 00pasom

n
s PRI pp
8 &E x4
S %90 t
"%* =3
X
[ 1900 |
/ 750

500

250

0 10 20 Y} 40 tgt 0?

Pue. 71. Peonoruyeckue KoHCTaHTH Na-cycnensmu B 3a-
BHCHMOCTH OT KoHueHrtpauuu K-4.

BefeT ce6s u Al*t-dopma; y Na-bopMel IpOCTPAHCTBEHHAs CETKA
nosiBAsieTcs NPH KOHuUeHTpauuu TBeproil ¢aser 6—8%; 10-mpo-
geHTHas CyCIIeH3Us HE paccjladBaercs Bo BpeMeHH u ofjajaer
BLICOKON Tuactuueckol npounoctbio. Ilo crenenn BauAHHSA Ha
IIPOYHOCTb, Pa3BHBAeMOH B CHCTEME CYCHEH3Msi — MOJUIIEKTPO-
JIUT, KATHOHKI pacnosiaraiores B pan: Nat>Ca?+>H+>APRT.

Ha npumepe 52-npoueHTHON CyCIIEH3HH KeJIeCCKOTO GeHTOHHTA
nokasaso (puc. 73), uro B 006/acTH MaJ/bIX KOHIEHTpaluH K4
Ha0J/I0laeTCsl yBeNHueHHe MNJIaCTHUeCKOH IPOUHOCTH, CBS3aHHOH
¢ 06pasoBaHHeM NPOCTPaHCTBeHHOH ceruatoli crpykryphl. C mo-
BblllleHHeM KOHIeHTpauuu moinmepa P, yMmeHbinaercs B pe3yib-
TaTe KOaryJasigud ¥ 06pa30oBaHus KOMIAKTHbIX cTPyKTyp. Ilpu
Goubllell KOHUEHTPAlUHH I0JMMepa INPOMCXOAMT CTabHIA3alUs
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GeHToHHTOBON cycreH3ud. C yBeJnueHHeM KOHIEHTPALHH MOJHU-
mepa K-4 or 2,5 1o 10% peosoruueckue napaMerpol CYCleH3HU
YBEJUUUBAIOTCH W 3aBUCAT OT KOHIEHTpAauuu TeepaoH Qaswl
(puc. 74); peoJoruueckue xapakTepUCTHKH [IPH 3TOM HE MEHSAIOTCA
{puc. 75). Ananoruunas 3aBHCMMOCTb HabJjiopaercd u A1 Apy-

//;7 nvaz

- N 0 g5 ga : 7%
0 02 06 (% ' 4o um aré
Puc. 72, 3apucumocts Pnc. 73, VamencHume muacTHueckoi npou-

Nom.= S (€) RS a3kamap-
CKOTO GEeHTOHHTA.

HOCTH 52-MPOUEHTHOH CYCHEeH3HH KeneccKoro
OEHTOHHTA B 3aBMCHMOCTH DT KOHLEHTPALMH

rux cucreM, HanpuMep AlOj, cuankareas, kepMHHHHCKON 0mMOKH,
Gextonura H np. IlIpu 3TOM ANt CYCHeH3Wil CHAHKAares, Kejec-
CKOTO GEeHTOHHTA M KepMHHHHCKOHK OIOKH HaGJlofaercst pesKoe
yBeJliueHHe JMHAMHYECKOTO IIPefesbHOr0 HamnpsiKeHWS CABUra
IpH MEHbLIEH KOHHEHTPAUMH HATONHHTES 10 CPAaBHEHHIO C Cyc-
TeH3HeH OKHMCH AJIOMUHUS (puc. 76}.

Beuto nokasano {219], uto K-4 u K-6 Bo Beex usyuchubix cyc-
MEH3UAX CO3AAIOT YNPOYHAIOmMYIOCS BO BPeMeHH KOary/sHHOHHYIO
crpyxrypy (Taba. 39). Ona Bo3HHKaeT yKe NPH BBeJEHHH pacT-
BOpa noJ¥Mepa B JHCIEPCHYIO CHCTeMY; IIPOYHOCTb ee yBeJHdM-
Baercs C NOBbllleHHeM IO3UPOBKH 1penapara u npu 0,10-npo-
HeHTHOM cojepXKannu K-4 B fHclepcHsX IeCKa M TJHHHTA IPO-
XOAUT yepe3 MAaKCHMyM (puc. 77 a), cBA3aHHBIA ¢ 06pasoBaHUeM
Bbllle 3TOW KOHUEHTPAUHH SALIMTHBIX [IEHOK [OMMMepa BOKPYT
JHCHepCHBbIX YacCTHLL
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Ta6auna 39

Bansnue nonuMepoB Ha CTPYKTYpoo6pa3oBaHue B AMCHEpCHSX NeCKa, FIMHGI # Tpenena
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Ta6auuga 40

K-6

penejla B 3aBHCHMOCTH

anBeﬂ.eHHaﬁ NaacTHYECKas IMPOYHOCTh

K-4

OT BHIAA H NO3HPOBKH noxumepa

15 MHH.I 4 uac. l 1 cyT. l 2 cyr. , 4 cyr. I 7 eyr. |15 MHH., 4 gac. ! 1 cyr. I 2 cyT. l 4 cyr. | 7 cyr,

B/T
0

Kunernka HapacTaHHA NPOYHOCTH B CYCNEH3HAX NecKa, TMIMHHTa U T
Hucnepcras dasa

[Tecox xBapueswii| 0

CauHuT

%

No3uposka,
noauMepa,

%

[

=

s

—
—10 O
o — O\

SO0 OO

Itna npemapatra K-6 MakCHMYyM, BepOSITHO, OTOLBHTAeTCH B

CTOPOHY GO/AbIIMX KOHHEHTPAUHH lipenapara U B HCCAeL0BaHHOM

untepsase p03uposok 0,01—0,25% orcyrcreyer (puc. 77 6).

CpasHenHe aGCOJIOTHBIX 3HAYEHHH MAACTHYECKON MPOUHOCTH CyC-
nensuit ¢ po6askamy K-4 u K-6 rosoput o ToM, uto nepshiii oka-

3piBaeT GoJlee CHJbHOE CTPYKTYpPHpPYIOllee neHCTBHe, croco6eTBy s

NOJYYEHHIO Gonee MPOYHLIX CTPYKTYp yXKe C MepBLIX MOMEHTOB

cOpasoBaHus cycredsufl.

"”F 7%
«\.E
N
x
3
kS
)
S } / y
Ay o% 3
~
= 2
m
NS
g
-~ /
= o,
&0
= A
g
)
ﬂ 5 m % 2‘0 230% g & /) 20 256%
Puc. 74. 3aBUCHYMCCTh Puc. 75. 3aBucumocthb
6 = f(¢) nan cycneusuii Ke- PEONOTHYECKUX  KOHCTAHT
JeCCKoro  GeHTOHMTa  mpH cycneHsuit £eIeCCKOro
Pa3HbIX KOHLEHTPAUMsIX pacr- GEHTOHUTA OT KOHLEHTpa-

sopoB K-4. LMK JUCTEePCHON {a3nl B
5-IpOHEHTHOM  pacTsBope
K-4

Onnaxo, ecnu CyAHMTB IIO CKOPOCTH pocta Py, (taba. 40), 1. e.
10 OTHOINEHHIO MPOYHOCTH B JAHHBIH MOMEHT K HMCXOAHOH, NpH-
HaTod 3a 100, To mouTH BO BCex ciyyasiX, 3@ HCKJIOUeHHeM CHC-
TeM C ruuexeM, npenapat K-6 BhisbiBaerT GoJblliee ylpouHeHHe,
uem K-4.

BBenedne monumepHBIX NpenaparoB B 3TH Ke CyCIEH3UH, CO-
nepxamue 15% Ca(OH), (puc. 78), 3aMennser BzauMoeHCTBYe
JMCIeDCHBIX YaCTHIL C HU3BECTbIO H, BCJEACTBHE 3ITOro, CHUIKAET
CKOpOCTb HapacTauus P, — B TeM 6oJblIell CTeNedH, YeM Bhillie
A03HpOBKa nonumepa. bBosee cuibHoe BIHAHHE B 3TOM Hanpas-
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nenun okaswiBaer K-4, obnapatomuit Gosnbueln Cra6uidsipyio-
ueit cnocobuoctbio, uem K-6. Ilostomy abcomoTHble 3HaueHHS
P, k7 cyTkaM, B oTaHuHe OT 0e3bi3BECTKOBHIX CYCIleH3H#, B NpU-
cyrcTeHd mpenapara K-6 Boie, yuem B npHcyrctBuH K-4, ocoGen-
HO NpH GOJBLIMX J03dpoBKaX. MakcMMyM Ha KpHBHIX Py , B 3a-
BUCHMOCTH OT KOHMEHTpauuH, B npucyTcTBuu K-4 BripakeH oco-
6eHHo ueTko. XapakTepHO, UTO OH OTMEUaeTCs NJ/s MecKa W TJHe-
Ka, UMEOIIHX MEHbIIYI) YHEJbHYIO [MOBEPXHOCTh, UEM [JIHHHT H
Tpenea. g nmocienHUx, O4eBHAHO, HEOOXOAMMb! OOJIbLUINE KOJH-
HYecTBa mpernapara, 4ToOb CO344TH 3aIUMTHYIO IJIEHKY BOKPYT
YacTUy TBEPLOU (Pasbl. :

't

1 P

I 5 W B 20 25 & 35 400%

Puc. 76. 3aBHCHMOCTb AHHAMHYECKOTO IHpe-

JeJbHOrO HaNpsKewds cABHra  CycneHaud

»0% K-4 4 HanoimuTenn“ OT KOHNEHTpauHH
HanoJHHTeNA.

1 — KepMHHWHCKAT  OMOKa, 2 — XeJecCKud GeHTOHMT,
3 — cuAuxareib, 4 — OKHCh AJICMHHHA.

JLast cserJyioro ceposeMa M mofsodqucTol nousst T. M. Cuaopo-
Ba H A. Kapumosa mokasanu, YTO ¢ yBeJHYEHHEM [qO3UPOBKH
noaumepa (K-4, TTAA-1 u Ca-TIAA) naactuyeckas mnpoYHOCTb
HefpepbLlBHO yBeauudBaerca (T1aba. 41, puc. 79) u, Tak XKe XakK
M Afns BbICOKopHcnepcublx rauu, B obaacru 0,01—0,25-npouent-
HbIX KOHLEHTpPauM# He NPOXOAUT uepe3 Makcumym. Ilpu 3tom
K-4 paer Haubosee NMpOUYHYIO KOHEUHYIO CTPYKTYPY Ha IOH30JH-
crbix nouBax, a ITAA-1 Ha cBeTsioM cepo3eme. AHaJlOrHyHble pe-
ayabtathl Obltn moayuensl J[. Mcmartosbim [134] Ha cBetbix H
THIMYHBIX cepo3eMax XJOMNKoBoM crapomamxu (puc. 80, 81).

Ha npouecc B3auMopeHCTBUA 4YacTHL, MHUHEPaJbHBIX JHCIEpC-
nbix cucrem ¢ BPII, kpome mpuponsl gucnepcHbix cucteM u BPII,
oxaswiBaer BAusHuHe u pH cpexnl. lismenenne pH oaHHaKoBO
DJAHfeT Ha XapaKTep YMAKOBKU uacTul, OEHTOHHMTA B CellHMeHTa-
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Puc. 77. Cxopocth mapactanns P,, cycnemsuit ¢ 15% Ca(OH).

kK 7 AHAM OT HAuaja OlibiTa B 3aBHCHMOCTH OT BHIA H JNO03MPOB-
kn K-4 (a) u K-6 (6).

1 = necok, 2 — rauex, 3 — rauuut, 4 — TpEnes.
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Puc. 78. Wamenenne P,, cycnmensuit ¢ Ca (OH), B 3aBucuMOCTH

or Bufia ¥ nosupoBkn XK-4 (@) M K-6 (6) d4epes 15 mmt. ot
Hayalla ONbITa.

1 — necox, 2 — rauex, 3 ~ rauHut, 4 — Tpened.



uvoHHOM oObeMe |9] U ApyrHe cBOHiCTBA MOHTMOPHJIJIOHHTOBOMH
IJIMHBL B npucytcTBuu noauMepoB K-4 u ITAA-1. O6pem ocanka

Ta6auuma 41

Bananue nonumepHsix mMpenapaTtoB HA MAACTHYECKYIO NMpPOYHOCTH
nouBel P, kljca?

o a 525 Bpems
ko 4 L=< O
S a g (233 St et el el gl e gl] e ¢
x| =% s sl 518|880 o)
S n s = Xaa! m w - — ™ ™ -+ 0w © -~
0—25{ CseTaprii
ceposem| K-4 0,01]0,24(0,14/0, 14{0,21(0,22|0,32(0,34] — 10,63}0,78
0,01/0,24/0,16]0,21/0,27/),32|0,48(0,46] — {0,791,20
0,05/0,24{0,21{0,27/0,48]0,76(1,00{1,20| — |1,90|2,20
0, 10/0,2410,28)0,33{0,78|0,94(1,20{1,40] — 12,20|2,80
0,25|0,24/0,50{0,70/1,50|2,20(2,20|2,20] — |3,10|3,20
0—25! TMoxao-
aucras | K-4 0,00/0, 34{0,20]0,27(0, 35/0, 36|0, 50(0,63]0,72| — 10,95
0,01]0, 34]0,30{0, 40,0, 580, 72/0,77{0,80[1,00[ — 1,20
0,020, 3410,45]0,58{1,00/1,10(1,40/1,40(1,80 — |2,60
0,050, 34;0,97|1,2012,20|2,10|2,6012,70/3,20] — (3,70
0,10(0,34{1,00j1,70/3, 303,00/3, 30|3,60[4,50| — (4,50
0—25| Cperanit
ceposeM|[TAA-1] 0,00(0,24|0,1110,14(0,21|0,26/0,40[0,65(0,75] — (1,80
0,01{0,24/0,13]0,160,23|0,36|0,65/0,85|0,29| — |1,50
0,050,240, 17i0,24/0,43|0,66/0,83|1,10{1,60| — (2,10
0,10/0,24{0,240,37/0,77(0,85(1,20(2,30(2,60] — |3,00
0,25|0,24/0,35{0,480,93|1,102,10{2,20;2,80] — 2,80
0—25] Monso-
auctas |TTAA-1[ 0,00[0,34/0,20(0,2210, 350, 36/0,50{0,63|0,72} — 10,95
0,01{0,34{0,23|0,24/0,39,0,48/0,54(0,63|0,53| — 10,81
0,020, 34{0,220, 30{0,500,63|0, 50(0,80(0,80, — 10,95
0,10/0,34[0,61(0,56{1,00/1,10{1,30{1,10{1,50! — {2,30
0,25(0,34(1,30|1,70/3,00(3,30(3,20|3,6014,20| — | —
0—25 Cperantii| Ca-
ceposem| [TAA | 0,01]0,24(0,12/0,14/0,26/0,26/|0,310,40f — 10,65!0,75
0,05(0,24/0,16]0,20/0,26!0,47/0,47/0,79] — 0,93}1,20
0,10(0,24/0,1710,21}0,35|0,4310,96|1,00] — |1,80,2,30
0—95 0,25(0,24(0,2710,34/0,26{0,92/1,:0/1,30 — |1,702,20
[Moa3o- | Ca-
ancras | TTAA | 0,0110,34/0,20,0,24/0,37/0,38|0,45{0, 520,60, — 10,70
0,020, 34(0,22!0, 26|0,92|0,53(0,63/0,69,0,80 — 0,83
0,10[0,34{0,26(0,92|1,40(0,90|1,00!0,90{1,04] — |1,30
0,250, 34{0,50|1,00/1,201,50|t,70|1,70|2,00] — 2,70

¢ pocrom pH yBenmuusaercs (puc. 82) u npu pH 3,5—4,0 npo-
XOIMT uepe3 MAaKCUMYM B 00OHX cayyasx.

B umenounofi 1 cunbHO KMCAOH cpenax OH yMeHblIaeTcs BCJel-
CTBHE MEeNTU3ALHU.
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a B obnactu pH 3,5—4,0, T. e. B H303JI€K~
umepos TTAA-1 n K-4, 06YCJIOBJIEH TeM,
yTO B 5TOfl TOUKE OHH CBOpauMBalOTC H BLIAEIAIOTCA B TBepllr}ll:)O
B stoM cayuae CBA3b MEXKAY -

as pequnBas ee OOBEM. )
?HM}é,ng M uyacTHIAMHM TJIHHbB HAHMEHbLIA. IToaToMy HCKy(/iCT
eMas C IOMOUIbIO pacTBOpOB K-4 u

BeHHasl CTpYKTypa, CO3iasa '
ITAA-1 B r?gqsax u raumax, npu pH 3,5—4,0 obsajaer HauMeHb

Poct obpema ocaik
TpUYECKOH TOUKE MOJ

B m' ’C-M?
o} )
g
200 /o—__——/’o—-’—-oj
00
a0)
29,

' 4 5 6 7
’ ? ’ Lyrey

we P

Puc. 79. Bausnue nobaBku K-4 Ha NnacTHIECKYIO
npouHocTh (10YBa, cBeTabiit  ceposeM, 00rapa)

B
An=0—25 cM, —1—7-=0,23.

9--0,001; 3 —0,05 44— 0,01%,
5 —0,25%.

Ilo6aska K-4, %: 1 —0;
el CONPOTHBIAEMOCTbIO pa3pylIAlOLIEMy JEeHCTBUIO BOZBL [105].
B COOTBETCTBUH C STHM IOJHMEPbl B H303/ICKTPHUECKOH TOUKE
npaKkTHYeCKH He aicopOHpyiorcs MHHepaJbHbLIMH JHUCIePCHBIMH
cucTemamu [166] (puc. 83). YMenblueHHe KOHUEHTPALHMH HOHOB
BOZOPOAA MPHBOAMT K MOBBILIEHHIO ajcop6uun Ponﬁanemponugg
u npu pH 7,5 ona cranosurcs makcumanabuofi. Tlocaepyroil
poct 3uauenns pH MpuUBOAMT K He3HauNTeJbHOMY yMEHbIIEHHIO
OrJIOLIeHHS TOJUMepa MHHEepajbHbIMH AHCIEpCHBIMU cacreMaM
(THIMUHBIR cepo3eM, GEHTOHUT, KaOJII:I})II/IT, MoJeBOM Wnar, ajays
BapI, THIC, YIJIEKHCIbIN KaablHH).
HHT’anog;laBnﬂﬂ,aym [AHHBIE C pe3y/bTaTaMH, IOJyUeHHbIMH TpH:
M3yYeHHU BJIHAHUSA pH cpensl Ha cTpykTYypooOpasopanue B pac;r[;
BOpax CaMHX IOJMMEpOB K-4 u TTAA-1 [12, 85], moxHO CheJa >
BHIBOJ, 4TO afcopOuus noJjumepa Ha cop6eHTax. cBfizaHa ¢ KOI-é-
($OpManHOHHBIM IIEPEXOAOM €ro MaKpoMOJIeKyJa: € POCTOM CT
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NeHH MX BHIIPAMJECHHOCTH aicop6uHs, a ClAefA0BaTeNbHO H CTPYK-~
Typoobpasyoouas crnoco0HOCTh yBeJHUHBAIOTCS,

Crneunanbisle oneitol [9] nokasasy, 4TO paBHOBeCHble 3Haue-
HHs pH B cucreme «riuHa -— noauMep», yCTaHap/auBaloTCs GoICT-
PO U BO BpeMeHH He MeHSIOTCA (Tabi. 42).

L ¥y

Q015 0050 T
k-4 g7 Beca novbe, %

Puc. 80. 3auenenue nmpenenpHoro nanps-
XeHus CABAra (P,) NOYBeHHbIX MACT B

3aBUCAMOCTH OT KOHLEHTpanuu nOoauMepa

1 — cBetamfi  Ccepo3eM  XJ0MKOBOM  CTapONallikH,
2 - cBeTAbli CePO3eM, MAACT TPeXAeTHell JOLepHb;
3 — THNHMHLIA cepo3eM  AJIONKOBOH CTapoMallKH,
4 — THOHYHBIA CEPO3EM, INACT TPEXAETHE:! NIOLEpHBI.

[Ipu MK-cnekrpockonnueckux HccaegoBauuax (puc. 84) srtux
CHCTEM OKa3aJ/oCh, YTO C yBeJaH4YeHHeM 3HaueHusa pH no 4 unTeHn-
CHBHOCTb 00paszoBanus H-casu ycuausaercsi; npu Goabmux pll
IPOMCXONUT ee yMeHbIIeHHe, a B HENTPaJbHOH Cpelle OHA MHHH-
masibHa. C mepexofoM B LEENOUHYIO cpeny Habjiofaerca yBesH-

,UeHHe MHTEHCHBHOCTH 00pa3oBaHus BOAOPOJAHBLIX CBs3eil.

CooTBercrBMe  MaKCHMa/IbHOLO  H3MEHCHHA  COOTHOUICHHS
K2:K; (uauGosiee unrencushoe oGpasosanve H-cBasu) makcu-
MaJbHOMY 3HAYEHHI0 00beMa OCajKa B CHCTEMe «IJiMHa — MOJIH-
Mep» B 3aBHcuMoctu or pH cpenwl ykasbiBaer Ha To, 4TO B 06-
nactu pH 3,6—4,0, xorna makpomosexyasl K-4 u [TAA-1 umeror
CKpYueHHYI0 (POpMY, HHTEHCHBHOCTb BO3HUKHOBEHHS BOJOPONHBIX
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cBsizell MexAy (QYHKUHOHAJIBHBIMH TPYIIaMH TOJNHMMEPOB Mpeod-
fgajaeT Haa HUTeHCHBHOCTbIO oOpasosanua H-cassu Mexnpy QyHK-
LIMOHANBHBIMH [PYNNaMH MAKPOMOJERYJA HOJHMepa U IHAPOKCH-
JaMH [JTMHHCTOTO MHHepaJa.

Ecau o xapakrepe B3auMoJeiicTBHsl IoJudmepa ¢ TAUHOH Cy-
AUTh MO0 OGPa30BaHUIO BOLOPOAHON CBf3M, MOXKHO CYHTATh, UTO
mexny nosumepamu K-4 u ITAA-1 cywecrseHHO# pasHHIBl HET.

}
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Puc. 81. llamenenne P, MOUBEHHHIX NacT B

3aBHCMMOCTH OT KOHUEHTpAUHH TNONUMEpa
IIOMM/la. Yca. ofo3HaueHHa Te ke, 4To i
Ha pic. 80.

TakuM 06pa3oM, IKCHepUMCHTANbHbIC JdHHBIE [OKashiBaIoT,
4TO BBeJeHHMe IOJMMEPOB B CYCHel3HH UHCThIX MHIepaJsos, 1OUB
M APYTUX MUHepaJbHbIX JHCIEPCHLIN CHCTEM NPUBOAMT K GOpMH-
POBaHKIO BTOPUUHLIX arperatoB MHKPOYACTHI, H 3TOT Hfpolecc
IpoTeKaeT CTPOro B OIpejeNeHHOH 00JacTH KOHUCHTPAnuil mo-
JIMMEPHOU H00aBKH.

Bo3nukHOBenne BTOPHUHBIX MHKPOArperaToB pacCMaTpusaercs
KaK pe3y/abTar KOATV/IALHM YacCTHI[ JHCICPCHOH CHCTEMb NOA
paussinem BPIT wiu Gyoxkyasuuy, Koraa MeAKJLY arperupycMbiMu
YaCcTHIAME TBepAOH (aski HAXOAUTCSA IMOJINED. ITH IPOIECCH
MOTLYT OBITH OGYCJIOBJCHBI BOSUMKHOBElIMEM XHMHUUYECKHMX, BOIO-
POMHBIX WJIH MeXMOJCKYJAAPHBIX CBsizell B pesyibraTe aacopOuuu
HJIM JIOHOPHO-aKHEeNTOPHOr0 B3AHMOAEHCTBHS, & TAKIKC 3/EKTPO-
CraTHUeCKUMH SIBJEHUSAMMU.
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CymHocTp mpolecca BO3SHHKHOBEHHS BTOPHYHBIX MMKpoarpe-
TaroB (crpykrypoobpaszoBaHHe) B CYCIeH3HAX MHHepaJbHBIX AHC-

§’7' ’i_*/./ R —~_~
Su 7 Nr
X

L ; x

s L .

2 7 4 5 6 7 8 9w upk

Puc. 82. Mamenenne o6wbeMa ocaaxa 0,0-npo-

IIEHTHOH CYyCTeH3Hd MOHTMODHIIOHHTA TOA

BausauneM moaumepos K-4 (J) u [TAA-1 (2)
B 32BUCHMOCTH OT phH cpeast.

nepcHuIX cucTem nox BausieHeM BPIT 1o koHua He BrisicHeHa U 1UH-
POKO IpHBJeKaeT BHHMaHHe HCCJefoBaTeNell B cBs3H C GOJbLIHM

4 4

e
5 76
Puc. 83. Msuenenue ancopbuuu K-4 Ha
nouse (I), beutonure (2), xaoimuure (3),
noneBoM mmnate (4), aayuure (5), KBapue
(6), runce (7) u yraegucaom Kaibuuu (8)
B 3aBucHMocTH oT pH pacrsopa nomume-
pa; A — KoianuectBo (#2) ancopbHpPOBaAH-
Horo M3 pactsopa 1 2 copbenta; b6 — pH

pacTBopa mnoJguMepa.

‘pakTHYeCKUM 3HauendeMm BPII B pasnuuubix orpachsx mapoa-
HOTO X035MCTBA.

Mtuoro paGoT NMOCBALIEHO MeXaHH3MY B3aUMONeHCTBHS npu-
PORHDIX, CHHTETHYECKHX U HCKYCCTBEHHBIX BOLOPACTBOPHMBIX [O-
JHMEPOB C Pa3IHYHLIMH AUCIEPCHBIMH cHCTeMaMu [9, 11, 48—52,
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54, 71, 81-—84, 91—93, 105, 122—125, 131—139, 149—176,
190—206, 211—298].

Tabanuma 42
Hamenenre pH cMecH MOHTMOPHJANOHHTOBAA riyHA —

BOEOpaCTBODHMblﬁ noJuMep B 3ABHCHMOCTH
0T BpeMeHH B3aUMOAeliCTBUA

K-4 IMAA-1
pH cmecn pH cmecu
pH pacrso- pH pactBo-
pa MmonH-~ | poene cme-| uwepea | yepes | P2 MOJH- [ NOCAE ) yepes | uyepes
mepa wennst | 1 wac |24 waca| Mep2 CMeIe=t 3 yac |24 waca

HHH

2,95 | 2,75 | 2,80|245| 2,00 {2,30]2,40]245
265 | 3.05 |2.95]2,85| 3,85 | 4,50 |4,70 | 4,65
4,20 6.70 | 6.65|6.75| 7.10 |7.40|7.15|7.25
765 | 7.60 | 7.30 | 7.45 - R IR I
11710 | 10,80 |10090 |10}60 | 11,55 11,25 |11,15 |11,10

Mpumeuwanune. pH 1,0-npoUeHTHOR cycneH3HH asKamap-
cxoro 6e10ro GEHTOHHTa paBHO 7,55.

Psa asropos [137, 191—192, 218, 292 u np.] cuuraior, uro B
mpollecce B3aHMOJEHCTBHSL [VIHHBI C IOJMMEPOM BOSHHKAIOT Tak

« 20
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a0}
L N
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47
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f5t—. . T
12 3 94 5 6 7 8 ¢ W 1 uph

Puc, 84. M3ameHeHue HHTEHCHBHOCTH OOPa30BAHHS
H-cBsaan B aasucuMmociu ot pH cmecu Oenrouut —
— noaumep.

HaspiBaeMble «lepUdepUilHble KOMIJICKCHI», OPHYeM OCHOBHYIO
pOJIb MTPAIOT MeXMOJIeKyJspHble BogopoaHbie cpasu [190—206],
oGpasyiolinecs Mexay (yHKUHOHAJbHLIMH TPyNNnaMH BoAOpacr-
BODHMbIX HOJMMEpPOB ¥ a4KTUBHLIMH yYacTKaMM TBEpPACH [OBepX-
HOCTH MHHepa/ta guclepcHON cHcTeMbl. OTMeuaBUIHeCcs CMELleHus
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MOJOC THAPOKCHJBHLIX TPYMIN TJHHHCTBIX MHHepaJoB (KaoJuuH)
B CTOPOHY YBeJIHUeHHS NAHHBI BosiHbl [201] H yMeHblUeHHS HHTeH-
CHBHOCTH TOTJOLIEHHA CBA3SAHHLIX I1-CBA3BIO THAPOKCHIbLHEIX
TPYNN KaoJUHHTOBOro MuHepasa [203, 204, 211-—216) BriapiBaloT-
€l BOSHHKHOBECHHEM BOAODOLHOHN CBA3H MEXKAY NOJHMEpOM H [JIH-
HHCTHIMH MHUHEpaslaMu.

ABTopHl, H3yuaBIIHe NPOLECCH KOaTyasAuHH, GJIOKY/IALHH, H3-
MeHEHHEe 3JEKTPOKHHETHYECKOrO IIOTeHuHasJa 4acTHL TBepJOoH
baspl cycneHsHW noj BJAHSIHHEM BOAOPAaCTBOPHMHIX I0JHMEpOB,
a4 TakxKe BJdSHHe MOJEKYJASIPHOTO Beca (JIOKYJSIHTA, CTemeHH
pa3BeTBAEHHOCTH MakKpOMoJeKyan, pH cpexnnl u HOHHONH CHJIBL
pacrBopa IojKMMepa Ha Tpouecc B3aHMOAEHCTBHS BOLOPAaCTBOPH-
MbIX MOJHMepPOB C YacTHuaMu rteephoit ¢asu [9, 48 105, 154,
190, 206, 218], npuman K BBLIBOLY, YTO B NPOUECCE CTPYKTYpPOOG-
pasoBaHHA TJIABHYI0 POJb HTPAOT CHJBl  3J€KTPOCTAaTHUECKOrO:
npoucxoxaennsa. Koaryasauus oGieryaercsi B3auMHBIM NpPUTHKe-
HHEM NPOTHBONOJIOXKHO 3apsi2KeHHBIX YaCTHIL B JHCIEPCHOH CHCTe-
Me H 3aJepXKHBAETCA 3JEeKTPOCTATHYECKHM OTTaNiKHBAHHEM OJ-
HOMMEHHO 3apsKeHHbIX YacTHy (3aMeTHM, 4YTO MNpenjaraeMblii
MeXAHH3M KOaryJ/siiHH OTHIOAb He OTJIHYAeTCs OT KJAaCCHYECKOTO
mexaHuaMma, Hanpumep no Kpofiry [288]). Hekortopmie aBTopH:
H3MEHeHHe MOBEpXHOCTHONG 3apsifia yacTHu TBepAoid ¢dasol moj
BJAUSIHHEM BOJLOPACTBOPHMBIX [OJHMEPOB OOBACHAIOT 00MeHHON
peakuueil Mex1y KaTHOHaMH NoJHMepa W KaTHOHaMH AHMDy3HOH
06O0JIOYKH YacCTHI, HIH Ke KATHOHAMH MOIJIOLIAIIero KOMIJIEK-
ca. Jomyckaercs,, 4TO NOJHMEP, €C/IM Yy Hero HeT oOMeHHOTO Ka-
THOHA, BCTyNas BO B3aHMoOIeiCTBHe ¢ afcOpOHPOBAHHBIMH Ha IO-
BEPXHOCTH 4acTHi KaTHOHaMH (HanpuMmep KaJabuuem), obpasyer
KATHOHHbIE MOCTHKH M Te€M CaMbIM OCYLIECTBJIAET Npollecc arao-
MepauMH YacTai cycnensut 194, 289

Mo muennto A. Muxasabca [11], 0. U. Befinepa [167] u apy-
THX ABTOPOB, HanboJee BEepPOATHON NPHYHHON BOSHHKHOBEHHUS BTO-
PHYHLIX CTPYKTYP B JHMCIEPCHBIX CHCTeMax fBJASieTC afacopOuus
MaKpOMOJeKysn NoJHMMepa Ha NOBEPXHOCTH HACTHH JAHCHEPCHOMH
¢asel; Gaaronaps 3TOMY MeXKAY HHMHM BO3HHKAeT BOJOPOAHAS
CBA3b; NOJYYeHHble TAKHM 06pa30oM arperarsl O AefiICTBHEM CHIIB
TSXKECTH ObICTpo ocaxpatorcs. Tak Kak yacTHuwl GOMBLIHHCTBA
JIPHPOAHLIX JHCHEPCHBLIX CHCTEM (NOYBEHHBIX, TVIHHHCTHIX CYCHeH-
3u#l) 3apsKeHLl OTPHLATENbHO, TO AJf HX arperau#u ocoboe 3Ha-
UyeHHe HMEIOT KATHOHHLIE NOJMSAEKTPOJNHTH: [OCAeqHHe, aACcop-
O6Hpyach Ha NOBEPXHOCTH YAaCTHL TBepAOH (ashl, pe3Ko CHHKAIOT
ee OTpHUATEJbHBIH 3apsili, B pe3yJbTare uero arperaTyBHas yc-
TOHYHUBOCTh JHCHEPCHON CHCTeMBl (CYCHEH3HH) yMeHbUIaeTCd M
ONHOBpEMEHHO C 3THM 4YacTHUBLI CBfI3BIBAIOTCS B NpOYHbIe arpe-
raThl.
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HHrepecHsl pe3yabTatbt MCClefloBaHufl Mo aacopbuuu BOAO-
PAacTBOPHMBIX  [OJHMEPOB MHHepaJbHBIMH copOentamu  [149,
284-—287]. Okasanoch, YTO OHA NMpOTEKaeT MeANeHHO H AJs ycra-
HOBJICHUSI THHAMHYECKOrO paBHOBecHS TpebyeTcsi OT HECKOAbKHX
yacoB 10 Mecsua [150). DaekTpoanTLl B 3HAYHTEABHOH Mepe YCKO-
psioT afcopOUHIO; 3TO CBA3aHO C yMEHpUIEHHEM HOHHOTO o6Jakd
BOKpPYT GYHKUHOHAAbHEIX TPYNI MoJeKy/bl MoJHMepa, uTo obJer-
Yyaer npnéﬂm@ue MaKpPOMOJEKYAbl COpOTHBA K MNOBEPXHOCTH
copbeHTa. -

YcTaHoBAEHO, YTO NpH afcopOuMH NMoAHMepa TAHHAMH MOJC-
KyJbl COpOTHBa PaBHOMEPHO DAaCHPeReJsIOTCA MEKAY OTAeNbHbLI-
MH 4aCTHLAMH COTJIacHO OOGBIYHON H30TepMe adcopbuud Jleur-
miopa [150, 152, 156, 158]. Onnaxo B mociedliee BPeMsi NOSBHIHCH
paborsl, rae yKkasblBaeTcs, uTO afcopOuusl monuMcpa TIVHHAMIL
onuceiBaercst ypaBHenHeM ®pefinnuxa [153, 154, 163—166]. Ilpu
3ToM pomyckaercs [153, 166], uTo agcopOUHOHIILIMH 3JACMEHTaMH
ABJAAIOTCSA HE MAKPOMOJIEKYJ/Ibl, @ BO3MOXKHBIC a2CCOLUHATH MOJIEKY.T
NonUMepoB B pacTBope, onucanuole B padorax C. A. I'mukmana
[95, 291], uau s3neMeHTH HaAMOJCKYNAPHLIX CTPYKTYD, OOHapyKeH-
HHX B pacTBopax noaumepos B. A. KaprudviM u ero corpyAHH-
kamu ([87—90], B pacrBopax K-4 u [TAA-1 3. A. ApunoBbiM H
np. [12, 54].

B HekoTOpBIX pafoTrax OTMCUaeTCsl, 4TO CTPYhIypoobpasosa-
HHe B CYCHeH3usiXx GeHTOdHTa N4 BJAMAHMCM BOLODACTBOPHMbBIN
NOJHMEpPOB OOYCJIOBAeHO afcopbiiHell MakpoMOJdenys] nOoauMepa
yacTuuaMu TBepaofl ¢aser CBa3YICLIUM 3BCROM B arperupoBaH-
HOH CHCTeMe SIBASIOTCH BO3HUKAICIL™C YiCATY ATPerHpPYeMbIMH
YACTHUAMM MOCTHKH, COCTOSILHE JHOO 63 CITHHYHLX Makpomo-
Jgekyn (159, 161, 292], auGo us ux cermenros [156—--158], mubo us
3/JeMEHTOB HaJMOJEKYISIPHBIX CTPYKTYp — oubnuan [154, 168,
174, 213—218].

B nexoropbix pabortax [237, 240, 241] n3wencine npovyHOCT-
HBIX CBOUCTB TVIMHHCTBIX CYCHEH3UH oGbscHseTcsa aixcopbuHen Ino-
JuMepa yactunamu teeppofi dasm Conocrasifisi 3TH AaHHbIC C
BeJIHYHHAMU TEIVIOT CMAauyHBaHuA BOJAOH, 0GpaloTaHHOH MOJHME-
pom (K-4) rauHbl, aBTODHI OOBSICHSIOT yMEHbIICHHE THAPOPHIb-
HOCTH CHCTEMpI Te€M, 4TO IloJuMep ajncopbupyercss 4YacTHUAMH
JHclepcHoH (aswl M0A06HO MONYKOMJIOHAAM (MblIaM) — yrieBo-
JOPONHOH yacTblo  Hapyky (OCHOBBLIBAasicb Ha COBpPEMEHHOH
TeODHH DaCTBOPOB NOJUMEPOB, YUHTBIBASl COCTOSIHHE MakKpOMo-
JieKyJl B pacTBOpe, C OJHOH CTODOHBI, H BO3MOMKHOCTb BO3HHKHO-
BEeHHSI MEKMOJIEKYJSIPHLIX CBsidedl Mexay GYHKUHOHAJbHBIMH
TpynnaMi HojHMepa ¢ o6pasoBaHueM (uUOPUII, nayek H APYTHX
3JIEMEHTOB HaAMOJEKYAAPHBEIX CTPYKTYD, C APVIOH, MOXKHO noja-
rarb, YTO TaKoH MexaHH3M BO3MOKeEH A5 pa3baB/eHHbLIX PacTBO-
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POB, B TO BpeMs KakK NPH ancop6uyu H3 KOHUEHTPHPOBAHHBIX pa-
CTBOPOB POXOIHT MUAPOHINIHI M.

Cnenyer OTMEeTHTB, YTO ajAcopOuusl MoJuMepa YyacTHIaMH MH-
HepaJbHBIX JUCHEPCHBIX CHCTEM paccMaTpHBasach Kak NOBepX-
HOCTHOe B3aHMOAeHCTBUe NOJuMepa c TBeplok ¢asoir. Ilpu stom
Ha poJib IOPYUCTOCTH cHCTeMBl He GblI0 00pallleHo BHHUMaHHA. B
HenasHo onyGaukosanuoil pabore A. B. Kucenesa u np. [297]

O

OTMeyaeTcsi, uTO, ecad nopb copbenra Bemuxu (d>>750A), To
nojqumep  agcopOupyerca. B cayuae, Xorga Hopul  Malibl

0
(d<150 A), agcopbumsi He Gbliia 3aMeveHa. B mpoMeKyTOUHBLIX
clyuanix cHayana ajgcopGHpYeTCcs pacTBODHTE b, 3aTeM MedJeH-
HO — NoJMMep, NpuYeM HOCJeJHUIH BbITECHsSIeT afcopOUpoOBaHHbIe
MOJIEKYJIbl PaCTBOPUTCAS. DBIIO 3aMeucHo, UTO NpOLecCH BHITeC-
HEHMSI HaXomsaTcs B OOpaTHOH 3aBUCHMOCTH OT MOJEKYJ/SPHOTO
Beca ToJHMepa.

IIpu HccnepoBaHHH BAHAHHS MOJEKYJSPHOTO Beca, CTENEHH
Pa3BeTBJAEHHOCTH, NPHPORbLI (PYHKUHOHAJbHEIX TpYNI H CTENEHH
HOHH3AMHH MAaKPOMOJeKysn Ha 3QQeKTHBHOCTh AeHCTBHA BOJO-
PAcCTBOPHMBIX NOJMMEPOB HAa MHHEpaJbHbie QUCIEeDPCHbIE CHCTEMbL
6DLIJI0 TOKA3aHO ClCRyoLLee.

1. CrpykrypooGpasywomum 3t @dekroM o6/agaer BoLOPaCTBO-
pUMBIE noaMMep, JAJIMHA MOJIEKYJEI KOTOPOTO JOCTaTOYHA JJis Ie-
PEKPBITHS MPOCTPAHCTBA MEXKAY arperHpyeMbIMH 4acTHUAMH HJIH
A5 HauGoJbluerc OoxBaTa YacTHL TBepAOH (aspl. ITO yc/jOBHe
OymeT oGecliedeHO, €CJIH 3HaUeHHe MOJIEKYJAPHOIO Beca MO/AHMe-
pa kosebaercss B npefenax 9-10°— 14-10° [11, 149, 151, 162, 199,
200].

2. PasBeTBJieHHble H CETUATHIE MOJMEKYJIB MeHee 3¢ (eKTHBHE,
yem JuHefinbpie. CYMTAIOT, YTO NPH GOMBILOM COAECDKAHHH UHC/IA
GOKOBBIX IPYIN JJIMHHBIX LeNeH HJIH NpH 00pa30BaHUK CBEPHYTO-
ro kayGka YaCTHIE MHHEPAJbHBIX JHCIEDCHBIX CHCTEM He MOTYT
B JOCTAaTOYHO# Mepe COMPUKAcaThCd C AKTHBHLIMH CBA3YIOUIHMH
yuacTkamu noJumepa [149—151, 295, 296}.

3. Heficteue H+ -HOHOB (C IOMOUIBIO KOTOPOTO pery/jHpyercs
cTelleHb HOHHM3amHUM HOJHMEPHOH MOJEeKyJdbl) HA CTPYKTYypoobpa-
3VIOIHe CBOHCTBA BOAOPACTBOPHMEIX NOJHMEPOB C OTHOCHTEIbHO
HM3KHM 3HaYeHHEM MOJEKYJAAPHOI0 Beca Iopasfo CHIbHee, ueM
Ha BhiCOKOMOMekyasipHbie [81—84, 151, 194, 198, 200, 287, 296,
2971.

[lpu paccMOTpEeHHH TEOPETHYECKHX BONPOCOB aKTHBHOCTH MO-
JHMepOB B CBSI3H C IPHPOJAOW arperHpyeMbIX YacCTHI[ NyTeM TMOCT-
poeHMsi ypABHEHHH AKTHBHOCTH BOJOPAaCTBOPHMBIX MOJHMEPOB
6L10 HalJeHO W 2KCTepHMEHTANpHO NOATBEPKHEHO, UTO MpOu-
HOCTb cBsisefl MOyBa — aMHfA, No4YBa -— KapOoHaT ¥ NoiBa —
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Cy/Ib(OKHCIOTA MOXKHO COOTBETCTBEHHO BBIpasuTh Uuppawmu: 0,8;
1,0 u 1,6 [295]. Tlpu stom pmenaercs ponyiieHHe, 4TO CBA3YIOMWHM
3BCHOM SIBJISIIOTCH MOJIEKYJDI.

Jlamep, Teftiu u pap. [168—172] oTmeuawr Heo6XOAMMOCTH
pasfeneHusi Ipouecca Koaryasuud H Quaoxynsauun. Koarynsuus
0OLIYHO BO3HHMKAeT MPH YMeHbLIEHHH  3J1EKTPOIHEPTETHYECKOTO
Gapbepa MeX1y NepBHYHBLIMH YAaCTHUAMH H NOAYHHAETCH TEOPHH
Heparuna — Jlannay — ®eppess — Oepbeka. Paokymsauus xe
NPOHCXOAHUT [PH AefCTBMH BBICOKOMOJIEKYJSPIbIX COEAMHEHHH Ha
LHCHEpCHBIE CHCTeMbl, MAaKPOMOJEKYJH KOTOPHIX CBA3LIBAIOT
yacTuubl, o6pasyd peIX/IVIO TPpexMepHylo ctpykTypy. Ilpu xoary-
AfUHH 06pasyercsi OCafOK CO 3HAUYHTENbHO MeHBUIMM ceXuMeH-
TalHOHHBIM 06beMoM, o6/1ajalolHi MeHblledl  (HIbTPYIOLIEH
cniocobHocTbIO. IlpH OCemaHHM CKOarysnupoBaHHOH CHCTeMbI 06-
pasyerca pasmbiTast TpPaHHNA, TOTAa KakK (JIOKYJIHPOBAHHAS CHC-
TEMA OCEaeT Kak elHHOe [e/0e, C Pe3KOH NOBePXHOCThIO pasfe-
Jia OCafoK — pacTBop.

CKODOCTh OCElaHHsI CKOATYJHPOBAHHBIX YACTHI NOMYHHAETCSH
sakoHy CToKca, Torja Kax ocefaHde (GJOKYJIHPOBAHHBEIX CHCTEM
¢ GOJbLUIHM CojepKaHHeM TBepAOH (aspl NORUMHAETCH ypaBHe-

HHIO:
t(h—hy)) =a+ Bt,

rae i — h, — cMellleHHe NOBEDXHOCTH pasjiefa 3a Bpemd f; a
W f— KOHCTaHTH YypaBHeHHHA. B GoablinHCTBe CciyuaeB peanb-
HEI@ CHCTeMBl OCaMX[LAIOTCs IO NPOMEXYTOUHOMY 3aKOHY.

Hccnenys npouecc QJIOKy/IsILHM M eTo CBSA3b € agcopbumeit
Jlamep u gmp. [169, 170] ycranoBuaH, uro MaKcuMyM (JIOKYJSIHH
nabmogaercsa, KOTAa MOJOBHHA MOBEPXHOCTH YACTHIL NOKPBITA aj-
COpOHPOBaHHBIMH MoJekyaaMH. 11pd JaHHOM KosnuecTBe amcop-
OupoBaHHOro moauMMepa Hab/Ofaercst poct (VIOKYJa H GbICTpoe
ux ocaxpaenne. CucTeMa XapaKTepH3YeTCsl BBLICOKOH CKOPOCTHIO
bHILTpandK; oTAeAAeMAas AMCIEPCHOMHAsi cpefa mpospauHa. Jra
KOHUEHTpAaUUst NOJMMePHOro Nnpenapara ontuMalbHa st BJIoKy-
aguun cucremu. C yBenmdeHueM Koauedrpauuu BPI1 Bhie on-
THMaJIbHOH CKOpOCTb (QHJBTPALMH PE3KO yMEHbIIaeTcs, OTAense-
Masi JHCIEPCHOHHAsl cpefa MyTHasi. B CBfIsM ¢ 9TUM  aBTOPHI
Aal0T CJAEAYIOUIYIO CXeMY, COCTOSIHIYI0 H3 OT/AENbHBIX 3TaNos.

I. TIpn B3auMOmeHCTBHH UYacCTHN TBepAOd (hasbi ¢ HOBePX~
HOCTBIO monumMepa P obpasyercs oana QJuoKyaa, T. e.

P 4+ S=2PS

HeoOxomumeim ycnosuem 06pasoBannst GJOKYJIbl SBASETCS TMOK-
pLITHe NoBepxHocTH wacTHubl Ha 50%. Jpyrumu croBam#, cre-
NeHb NOKPHITHS 0=0.5.

2. B pesyabraTe npucoeIMHEHHs eIUHHYHBIX (uIoKyad o6pa-
3YIOTCt MAKPOQJIIOKY LI
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nPS=2(PS), .

3. OG6pasoBaBiuHecs MAakKpOMOJEKyabl MpH ycioBud 6=0,5

OyAayr MeTacTaGHJABHBIMH M MOTYT NOABEPraTbcsd AHUCIEPruUpo-
BaHUIO.

(PS), = nPS,

4 Ilpu nanvHelimiem npuGabaenun BPII pocturaercs nmonnoe
HachlleHHe [OBEPXHOCTH YacTHu TBepaolt dasmi (0=1) Tlpu
srom nPSH-P = nPSP, uto npupoauT K cTaGHAM3AUUE CHCTEMb!

Paccmorpenne sHeprun GJOKyJASUHH H NOBTOPHOH aAucHepra-
IHH YAcTHL IOJH3JEKTPOJHTAMH NPUBEJO aBTOPOB K YTBEpKeE-
HHIO, UTO JaHHBle NPOIECcCH! OCYIIECTB/ASAIOTCA Ha OLHOM IHepre-
THYeCKOM ypoBHe OcHoBBIBasgch Ha 3TOM, oHH [168—173] cuu-
TalOT, YTO OlpefesiollHM IIPOUeccoM Koaryasuud H craGuinia-
LHH JUCHEPCHOH CHCTEMHB! fABJAfETCA amcopOIHs

Hox. M Jlamnc [173] yTBepxkpaer, 4To eMy BHepBHE yAaJ0Ch
C¢BSI3aTh Hpouecc CTabHAH3aUUH CHCTEeMHBl C aacopbuuell moamme-
pa, OH oTMeyaer, YTo CTaGHAH3ALMS CHCTEMbI HAOJMIGAAaETCS MpU
TMOJMHOM IOKPHIThH MOBEPXHOCTH 4YacTHU TBepAoH (asbl ancopb-
LHOHHBIM CJIOEM H3 NOJHMEpa.

C. H Topaosckuii 1 B fI Xaiiuman {174] upexnonaranu, uto

1) ¢aokyasauus Bei3aBaHa o6pa3oBaHHeM MeXJly TReDIALIMHU Yac-
THUAMH CYCIIeH3HH IIOJHMEPHHIX MOCTHKOB H3 acCOLHATOB MoJe-
Kya1 GIOKyJAAHTa, ¥ YaCTHUB! CYCICHIMH CIHNAIOTCA AHIIbL TOTNA,
KOTJa Ha KakuX-AHGO CONPHKACAIOUIHXCA YUACTKAX HOBEPXHOCTH
HaXOIHTCH XOTA ObI OJXMH acCOUMAT MOJERYN (JIOKYJ/SHTA;

2) npH CTONKHOBEHHH YYaCTKOB IOBEPXHOCTH, Ha KOTOPBIX
HeT (pAOKVIISIHTA, arperauuy He NPOUCXO/IHT,

3) Korpa vacTHiuBl HeNOCPEACTBEHHO CTAJMKHBAIOTCH yyacrka-
MH, Ha KaXJIOM H3 KOTOPbIX 3aKpeINJeHO XOTs OB 10 OJHOMY H3
accou#atoB MoJjexkyn ¢JOKY/AsHTa, arperamii HE MPOHCXOTUT
Vicxonss u3 3THX ponylleHH# BhiBeZeHO ypaBdeHHe

S =S s =
W =eS" (2__eSr )Sr —_e S

raie W —BeposaTHocTh GAOKYAAIMH ABYX YacTHU NPH HX CTOJ-

KHOBEHHH;

S, — cpennsd maoWaAb NOBEPAHOCTH YAaCTHU, NpHXOoAd-
masacsg Ha OJHH accouuar,

S; — (penHss NJOWIAaJb Yy4yacTka KOHTAKTA HOPH CTOJKHO-
BeHHH YacCTHIL;

S, — cpeaHas miaollaAb MNonepevyHoro Ceyexus acCoUHATA
MOJIEKYN (PIOKYJAHTA.
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PaspuBaeMast TeopHa GJOKYIAUHH TBEPABIX YaC1HI NOX BIHA-
upem BPI1 noarsepzKiaercss OAMHAKOBBIM XapakTepOM H (B3aHM-
HBIM PAcloOJIOKEeHHEeM 3KCIepPHMEHTa/IbHbIX ([eHiCTBAE NOJHMEpOB
Ha rHApaT OKUCH Kejle3a) H TeOPETHYeCKH\ KPHBBbIX (paccuydraH-
HBIX IIO IPHBELEHHOMY Bbllle YDaBHEHUIO), OTPaKalOLIMX 3aBH-
CHMOCTh BeposATHOcTH  (I0-
KYJSAIHH H BDEMEHH ocamje-
HH# YaCTHIi OT pacxojpa Ho-
Junmepa.

HenocpenacTBeHHEIM  HA-
6JI0JEHUSM 32 [POLEcL oM
p3aumogeiicruss BPI1 ¢ uac-
THUAMH MMHepanbHBIX JHC-
MEepCHBIX CHCTEM C NOMOUILIO
3JEK1POHHOT0  MHKPOCKOIA
nocBsineH psaj pdbor. Tak,
MCCJAeys Npouecc arperammu
KAOJHHHTOBLIX YAaCTHH HOQX
BJAUAHHEM JJIHHEHHBIX KOJJI0-
unoB (bakrepHaabHaA CJAH3b,
kpuanym) H. Béfreapmnexep
[271—273] nokasan, uro ar-
JoMepauHs TJIHHUCTHIX yac-
THL, OOYCJOBJeHA BOJOKHH-
CTHMH 006pa30BaHUAMY U3 NO-
JHMepHHX  A00aBok. Hwm
IpenNoXeHa CXeMa B3aHMO- W 4 d
Jeficteua BPI1 ¢ vactduamu Puc. 85. daekrponuas MukpodoTo-
TIMHHCTOTO  MHHepada  (u rpapus cMecu  GenTomMT 4 K-4
nouBO#), COrMAcHO KOTOPOH (conepcanne ToAuMepa B cMecH
BOJIOKHHCTHIE ~ OGpa3oBaHuA 6-107"%)

U3 noanmepa OOGBOJAKUBAIOT
arperdpyemble 4acTHUB H TAKHM 06pa3oM yAepKHMBAIOT HX B ar-
perare

Nsyyas BsauMopgeiicTBHe THAPOJH30BAHHOTO HOMHAKPHIAMHAA
¥ HATPHEBOUN COJNH THAPOJHU30BAHHOIO NOJHAKPHIOHHTPHIA C TJIH-
HUCTBIMM MHHepanaM# (KaoJHH, GEHTOHHT, MYCKOBHT) MeTOHOM
3MeKTpOHHOoR Mukpockonny, JI X Taifimypasosa npHuiia K BBIBO-
Ay, YTO YacTHIhl aACOPGEHTOB CKAEHBAIOTCS B arperaTol NOCpel-
CTBOM NOJHMEpPHEIX MOCTHKOB, COCTOSIIMX H3 afcopOHpOBAHHBIX
Ha noBepxHoCcTH Makpomodsekya BPII [212 297]

Anannsupys nadsble, MOoJyyeHHble METONOM 3JEKTPOHHOH MHK-
pockOnUH NIPH IPOCMOTpPe cMeced NOJHMEpa H MHHEpPaJbHOH JHC-
nepcHol cucreMbl, 3 A Apunos u ap [213, 214, 216--218] npum-
JH K BHBOAY, YTO IO BausuueM K-4 B cycnmeHsusx ceposema,
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ocBoGOXAenHoro OT kKap6ounaros obGpabotkoit 0,01 v, HCI, Gen-
TOHHTA, KAaOJHHHTA, NIOJEBON0 LINAaTa, CJIOLb, ajJyHHTA, [VayKo-
HHTa, OKUCH aJIOMHHHSI H ejle3a [POHCXOLHT AarperHpoBaHue
yacTHI[, DTOT NPOLUECC 3aBHCHT OT COAEPKAHHS NOJHMEpa B CMe-
CH: NpH MasablX f03HpoBKax K-4 He NpOMCXOAUT u3MeHeHus ¢op-
Mbl M pasMepOB YAaCTHU, HO MeXAy HHMH BO3HHKAOT MOCTHKH
us noauMepa (puc. 85); c yBeaHyeHueM KOHHIEHTPanuH HOJHUMepa
B CMeCfIX pacTeT YHCIO0 CAHMNUIMXCH 4acTHU. BO3HHKAIOT «JIEHTHI»,
COCTOSAIIHE H3 «MOCTHKAa» NOJMMEPHOrO Ipenapara M arperspye-

Puc. 86. Mukpodororpadun cMecu Oenrtonut + K-4, rie
conepxanue noiuMepa 6-10729

MBHX yacTHL (puc. 86). B npepesnax oTHOCHTENLHOrO COAEPIKalHs
K-4 or 0,10 no 0,30% ot Beca cyxoro Munepasna o06pasyiorcs
KpymnHuble arperatbl — g0 3 uk u Gojee (puc. §7).

Mexay 3THMH KPYIHBIMH 9aCTHLAMH TaxK:Ke HaXoLsTed «Moc-
THKH» H3 NOJHMePHOH mJjieHku. HauyuHasg ¢ ykasaHHbBIX KOHLeEHT-
pauui MeCTaMH HapaAy C YKPyNHEHMeM BHAHO OOBOJaKHBaHHE
YaCcTHI, MHHepaJbHBIX Auclepcufi nosumepoM. lanpHefinlee mo-
BBIIEHHE COMEPKAHUSA MOJUMeDPa NPUBOJAHT K MOJHOH cTabuiuza-
UMM, NPU KOTOPOU HCYe3al0T OYepTaHHs, XapaKTepHble 1151 YacTHIL
JaHHoro MuHepana (puc. 88).

Crabuausupyoinee aeiicrsde K-4 Jerko cHumaercs paszfas-
JleHHeM BOAOH CMeceHl NpU NMOCTOSHHCM COOTIIOUIEHHH NOJHMepa
¥ TBepIOH (Pashl, B pe3ysbTaTe Yyero B CHCTEMe BHOBL 06PasyloT-
cs1 GoJiee KPynHbIE BTOpUUYHBIe arperatsl [213].

DJIEKTPOHHO-MHKPOCKONUYeCKHEe UCCAe10BaHHA NOKa3anu, YTo
CBSA3YIOLIUM 3BEHOM MeXIy LHCHePCHBIMH 4YacTHIUAMH HOpH obpa-
30BAHHH BTODHYHBIX MHKPOarperaTop SBJASIOTCH MOJIEKYJ/sIPHbIE
pPOH HJIU acCOLHMATB MaKpPoOMOJeKy. B Bufe GHODHMN, COCTOSLIMX
U3 NYYKOB BHINPAMJIEHHBIX Makpomoaekyn K-4 [12, 54].

Crenyer OTMETHTb, 4TO YCTAHOBJCHHLII (akT 3aBUCHMOCTH
xapakrepa (QOpPMHpPOBAHHSA BTOPHYHBIX MHKPOYaCTHI MHHepaJ/b-
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HBIX AHCIEPCHH OT KOHUEHTPaMHH BOAOPACTBOPHMOTO MojuMepa
oueHb BakeH sl pPeLIeHHs BONPOCA O NPOYHOCTH IOJydYeHHOH
crpykrypsl. Eciin, cormacio Beitrennmmexepy [271—273], crpyk-
TypooGpasoBaHHe B JIHCHEPCHAX IVIMH NOX BJIHAHHEM IOJIMMep-
HBIX 700aBOX NDOUCXOAMT TYTEM OXBATHIBAMHA HJaM 06BOJIAKMBA-
EMSl arperupyeMblX 4YacTHL{ LeNOYKaMH MaKpPOMOJEKyJs, TO, COr-
JlacHO faHHbiM J. A. ApunoBa u ap., 06BOJMaKMBaHHE MHKPOYAC-

S
Fie

. .
Puc. 87. MukpodgoTtorpaduir Kao- Puc. 88, MukpodoTtorpaguu cmecu
f M
JAuHuT + K-4, rae co.epxanie nonesol wnar + K-4, rae comepwa-
noauzepa 1-1071 9. HHe noaimepa 19%.

THI B CYCNCHSHH MHHEDAJbHBIX AHCIEPCHBIX CHCTEM MOJIHMEpPOM
K-4 Habmionaercst TO.1bKO JIHWb B 0B6JACTH BLICOKOH KOHIEHTpa-
win (0,15% n BrlIe); B 5TOM cayuae BTOPHUHBIE MHKpOarpera-
THl paspymanTcsa y#xe Npn pasbablaeHuH cmecH Boxoii. Hampo-
THB, cPopMupPOBaBUmIMCCA B 06JACTH ONTHMAJbHON MO03Hl MOJH-
mepa (0,10—0,30%) n0BOIbHO MIOTHBEIE ATA 3.1€KTPOHHOTO MyYy-
Ka arperarbl MHHepaJbHLIX YacTHIl IpH pa3baBjeHHH cMeCH He
NOABEPraloTCs PaspyWIeHUIO A0 MNepBOHAYANbHBIX MHKPOUYACTHL.
910 MOKeT BbiThb 0GbSICHEHO OTCYTCTBHEM AeCOPOWHH no.uMepa
C OBEPXHOCTBIO arperaros.

®opMHpOBaHUe BTOPHIHBIX MUKPOCTPYKTYD oObsicusercs [214,
216, 218] BO3HHKHOBEHHEM B CHCTEME JIEHT U3 arperupyeMhx yac-
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’I(‘H]_l Tssegnoﬁ ¢asbl © «MOCTHKOB» — (QHOPH/LI M3 TOMHMEPA K-4
B;emc. ), AA KOTOPHIX B pa3baBieHHONM CyCeH3HH Haubosee
posiTHa KJAyGKoOGpasHasi KOH(UIypauus [216, 218]. BosMoxHO

;aﬁﬁe, YyTO JIOCTATOYHO MNJIOTHBIe arperatel 06pasyloTcs B peé-
JI}(;HT. are CBOpAUYMBAHHS HANOXKEHHBIX APYT Ha Apyra KOHUEBHIX
O6pasoBaiie «MOCTHKOB» W3 IOIHMEPHBIX $ubpuan Mex
arperupyeMbIMH YaCTHLAMH CBSI3aHO C NMPOUECCaMH CTp ’KTI oo%y
pasopanusi B pacrsopax camux BPII a menosareﬂbgo )::p coc:
ToStHHEeM MX HaAMOJEKYJAsPHLIX CTPYKTYp B pacTsope, Ha ‘hoTopoe
BJAMSIOT KOHUEHTpALHs NojuMepa, Temneparypa HOHHaS cmg H
pH pactBopa [7, 9,u 12, 54, 85, 91, 122, 123, ‘214, 216, 218]. dub-
g:.gjllgr — OCHOBHOH 3J1eMeHT Hanmonexyﬂnpﬂm‘(’ crpy;xryp.s pas-
oo B};};;}}{;\K pactBopax K-4, [TAA-1 [12, 54]—ancopGupyloTcs H
P HOBeHHH <«MOCTHKOB» HJM «J1eHT» o6pasylorcsi BOAO-
gugTeb;debxc%ﬂg;H ng;fgxzéy arperupyeMbiMH 3JeMEeHTaMH JHUCIHEepCHOH
THII Hani\aonexynﬂpHofli)aggg)?gsy;})gtsnrgpegmanaﬂ SN

Mex
YACTHUAMH «MOCTHKH» He oﬁpasylo’Tc;I H BOSIi{}II/IKH?)FB%?{I‘;é) );1\041)1](1:4 -
HBIX arperatoB B 3TOM Cjyyae 3aTpyAHEHO. PR

fnasa naras

OGEPA3OBAHME MCKYCCTBEHHOW CTPYKTYPHI B MMHEPARDBHbIX
NOPOLUKOOEPA3HbLIX CUCTEMAX

Croco6HOCTh K 06pa3oBaHHIO KOMOYKOB — BOJOIMPOYHEIX ar-
peraToB — 3aBHCHT OT MHOTHX (hakTOpOB® CTerneHH NUCIEPCHOCTH
g;;pz;{gg:g:emmx BellleCTB, KOJHYeCTBa H BHAA IOIJIOUICHHBIX B

npupoast Gy
nex}%m nonuMépapH ;; ?:, GYHKIMOHANBHEIX TPYNI LeNH MaKpoMo-

neppbie paboTH N0 HCK
S nposezxgﬂm iy nquax.YCCTBeHHOMy CTPYKTypoOOpasoBatHIo
[t6 134:?.3}313%11114%}1 [16, 243, 244, 259, 2§0, 303], ®. E. Koascor
, , : 02], H. SI. Coneunuxk [15, 300, 306) # psg APYTHX HC-
clenoBaTesell JOKa3aJH BO3MOXKHOCTb CO3AAHHS HCKYCCTBEHHOMH
CTPYKTYpPbl B IIOYBEHHBIX JHCIIEPCHAX € [IOMOILDLIO KJ1€enoA0GHBIX
BewlecTs. Jast aTofl uenu OLIIM HCIOJAb30BaHBI pasHoofpasHble
opranuuecKHe BelieCTBA: BHCKO3a, KCHJaH, MUIHUH TyMHHOBBIE
KHCJIOTbI, BbUICJICHHbIE H3 Topda, CMOJIHOH KieH nbnyqeuﬂblﬁ H3
OMBIJICHHOI KaHH(OH, KOMTOH «A» H Ap., & TaKKe MHHepa/ bHbIe
RelllecTBa — KPEMHEKUC/ILIH HaTpHi H cybGHTHBI weaok. B aa-
6opaToOpHBIX onbnax_[lﬁ, 243, 244, 259, 260, 307—310] >TH ﬁemeCT-
Ba B KoaunuecTBe 0,09—19% oT Beca nouBH Ha cnabo MoA30JHCTOR
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cymuﬂucmﬁ 4 TSKENOCYTVIAHICTON 1OYBaX PESKO M3MEHHJIH ar-
eraTHBIl COCTaB, YBEIHUHB KOJMUECTBO arpOHOMHYECKH UEHHBIX
arperaToB KpylHee 0,25 ma. Ilpn 3TOM PE3KO OBHICHJIACh (pHIb-
Tpylomas cHoCOBHOCTL W Kamu/uIspHast BJIATOEMKOCTb [OYBH H
yJlyqLIHAHCD €€ jpyrue cBOHCTBA.

B nociennee Bpems B CBsSH C yBejauueHHeM ACCOPTHMEHTA
HOBBIX BOLOPACTBOPUMBIX noJumMepoB mpobaema HCKYCCTBEHHOTO
cTpyKTypo0GpasoBatisl mosyunsa AanbHeHLee pasBHTHE Kak B
Coserckom Cotose (7,8, 11,15, 16, 25, 27, 48—53, 71, 81—85,
125, 131—139, 159155, 163—167, 176, 179, 180, 201—204,
211—220, 235, 937—244, 259, 263, 066270, 289, 309—331,
333—339, 341—344, 350}, TaK 1 33 pybeixoM [149—151, 156,
168—173, 190—200, 221, 998, 229, 245—258, 9261, 262, 264, 265,
979— 281, 284—287, 990, 294—296, 340, 346, 351, 352, 357]. Oco-
eHHOCTBIO CTPYKTYpOOGPAsVIOLLIY npenapaTop ARJAETCT HX sh-
eKTHBHOCTE IIpH MBI LO3HPOBKaX.

I1. B. BepmiuHui [244] nokasaJ, 4TO npi BHECEHIH noJaumep-
HBIX TIpenapatoe B KoJIHyecTBe 0,001—0,1% ot Beca noypbl Ha
TSKEOCYTHHACTOH nepHOBo-noasom{crofd fouBe, COJMOHLE H CE-
poseme 4HCII0 BOJOIPOYHBIX arperaTos B 3aBUCHMOCTH OT BHAA H
xouuentpaunun BPII, a TaKKe oOT THIA [OYBLI yBEIHIUBANOCH C
2,0—26,8% B KOHTpOJE 10 53—98%.

ABTOp OTMeuaet, YTO CO31aHHAT B NOuBe CTPYKTypa BOCCTa-
HaBJHBaNaCh NpH yBJIAXHEHHH B HOJIEBLIX YCJAOBHAX axke MOCAE
MEXAHHYECKOTo paspyuieHus arperatos. Cpeni ucnbitanspx BPTT
pauboice BHCOKYIO BOIOMPOYHOCTH CTPYKTYpBl Ha BCeX noyBax
o6ecneynau CI1-8 1 TTTIAH.

T1pu nponuTbIBAHHI NOUBLI [onMMepHBIME IperapaTaMi HE co-
3faeTca paBHOMEPHOrO pacnpese/IeHIs HX cPeit yacTul 06pa3na,
[03TOMY epemelinBanue NOBTOpHOE NPNIFTHBAHAE 3HAYUTENb-
KO NOBBIIIaeT BOLONPOYHOCTD CTPYKTYpHI.

H. §1. Coneunuk [306], H. A. Kauunckuit {266, 267, 3171, B. b.
Tyccak [263], B. H [dumo [322] yKasLIBAKOT HA GoJplIoe BIUSIHE
cliocofa BHECEHHs [OJIHMEPHDBIX ripenapatos B IHOYBY. H. A. Ka-
gunckuii u C. A. MojauHa B n1aGopaToOpHBIX yCJIO0BHAX BHOCHIH
BPI'I——muporm3oBaHHin’I OJHAKPHAOHUTPUIT COBETCKO1 0 npo-
M3BOACTBA, ABOHHYIO HATpHEBO-aMMOHHEBVIO COIb [IOAHaKPHIOBOH
KHCJOTH (IIpOR3BOACTBO ['1P), Separan (CIUA), VAMA (CLIA),
B neperHoﬁHO-aKKyMymITuBHblﬁ (0—20 cm) H 110 A30/HCTDIH
(25—30 cm) ropu3OHTDI D,epHOBO-HOIJ,SOJII«lCTin«l cpefHecyTHHuC
Toit nouskl. J1. B. Mocososa [224] BHOCH/1a HA3BAHHDIC CTPYKTYPO-
o6pasoBarein B COJIOHIIEBATVIO LSKEA0CYTIHHHCTYIO [TOUBY. JI.H.
A6pocumoBa [309, 395—328] n3yuasa BAHARHE CI1-8 u ropdsiHOrO
fies na caboloA30aMCTYO, CYTTHHHCTYIO NOYBY, & Y. A. Poma-
yoB [329—331]—Ha aepaoso-cnaGononsonncryxo FAUHACTYIO 1109~
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ey; B. b. I'yccak {263, 315, 316, 332—336] — B.usinue rymMuHOBOI
Kucsorel U3 siurauHa (IK-J1), rymMmunoBon Kuciaorts H3 OypBIX Vr-
geft (I'K-Y), nurnocyasgouara kaabuus (AK-1 ), JIATHOCYibhoria-
Ta ammotinst (AK-7), mo.tHakpu.1oHHTpHIA, FHADOIH30BAUHOTO B
Mockse (ITAHU-T), B Tawkenre— (ITAHH-T-2) u nerunponuso-
BanHoro (ITAHHM-2), nomuaxpuiaviuia (ITAMH ), CI1-8, K-4,

Tabauua 43

XuMuuecku#l cOCTAB HCXOIHBIX HOYB, % ma HaBecky,
BbICYMIEHHYI npH 105°C

N}')(,’;‘?f' TMousa ‘ Fydms | o | sio, ALD, Fe,0,
|
604 | TumruHbIi opomaeMbul
ceposem 0--25 10,53] 55,9 11,57 4,40
605 » 025 | 11,95] 53,18] 12,5 4,37
7 | Ceeraniit cepozem (60-
rapa) 0-25 9,58) 58,55 11,63 4,21
7 ” 25-50 — — — —
6 | Ceerabiit ceposeMm {ue-
JTHHA) 0—-25 119,19 45,75 8.8 3,40
6 » 25—-50 — — — —
2 | TakbIpsl MOJOIBIX 3aie-
well (neapua) 0—-25 - — — —
1 | Taxbipbl MONOABIX 3a.e-
Keil (mpombitag B none)] 0—25 - - — i —
N pas
pesa FeO, g MnO Ca0 MgO ' K,0 f N,0 I SO,
604 | 0,60 0,14 9,44 3,72 2,14 1,40 0,20
605 | 0,71 0,12 10,85 3,43 2,12 1,39 0,07
71 0,51 0,08 6,03 0,33 2,0 L,42 1 o7
7 — — — — 2,11 1,37 -
6| 0,45 0,05 11,25 1,59 1,64 1,0 8,81
6 — — — — 1,68 1,71 —
2 — — — — 2,20 1,43 —
1 — - — — 2014 1,09 | —

H yaOOThI ¢ ) ()U - [ [ 1 bl I )(‘Hapa-
131 133 . 0.1 \IepH e

) I . I\A. Cl a0 OBOH

Thl B B;{ﬂ Boﬂnbl\ p,}C BOpOB IL }6(18.“ TTHCH K 1 a CKC

o} (S 11 [aBCCK 10UBbt B

Ta6auuma 44

o [M2.3KE6
MCXOAHBIX NMOUBAX, %
) CTBOPHMBIX CcOJNedl B
Cocras moANOPR (f() BO3]yWHO-CYXOH HaBecKe)

| [Hlen0uniGCTh

aMEPHKAHCKOro «KpHIHyMay B DA3KbiX Koanuectsax (0,05—1.0 %
OT BCCA MOYBLI) Ha OPOIIACMbI

1 H THIMYHBITT TSOKETOCYTUIHHIICTBL
CEpo3eM B ab0opaTopui, a TAKAKCE B BEreTALHOMILIX 1 MHKPORC-
JAAHOYHBIX NOJIEBBIX OUBITAX € XAONYATHHKOM. DTH paboTut moxasa-

JUH, 4TO MpH BHeceniu pactsopa BPIT B mouny koduuectso BOJO-
NpOYHEIX arperatos xpynuec 0,25 au yBemIUYHBACTCS.

Co3/1aHHIO HCKycCTBEeHHON CTPYKIYDHL B Cepo3eMHbIX MOYBax
(tabu. 43, 44, 45, 46) nox Bianguiem pazauunslx BPIT nocssiuge-
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- ! Cyxou ~—
N pas- [oyna rﬂo\g;lﬁﬁdiﬂ?}t]m ou'\;TOh Cog— HO\JZ
pesd
| ) D
T l \ 0,048
. 072 [{er D
604 \ Thnuuubiil OPOUIAEMbIH 025 ‘. 0. 0,787
cepo3eM 0—25 \ - » 0,048
\ ) ) 5 8 ; ;
CO? Caeranit cepode (G0- 0-—25 | 0,14 \ 8,6%
| 2550 | 0,05 | . ojgﬁ
- 3 . 0,03
0 Ceetaniit  ceposev (ue- 0-—-25 ‘ 1,20 8(5)1)3;
AMHa) 25— 50 \ 2,140 ’ 0,132
6 ' 9 0,308 | - 0,030
2 | Takbipbl MOAOIbIX 3aie- 0--25 ' \ Oi)(ﬁ
1 med (uem”h(ll)IpOMblTaﬂ 0-25 '\ 0,112 ” ?)'(5:’)7
B noﬁne) \
Lile104H0CTD
7 1lo na3noCIH
: * c1— 1
\ 5
009 0,002 \7,
. 0,019 0,009 0 \ !
R T e O ¥ 0,449 0,74 0.7 t 7.4
, 0
605 07 \ 0,120 0,012 0,007 ?»gg; "
7| 0.0 0’416 0,59% 0,579 0,001 | 7,6
0,197 (1012 0,012 0,002 068 ’
71 0,002 0 540 0,508 0,154 0Ol | 7.0
0,050 N 0,29 0,012 0473 |
61 008 1 5o 14,570 0,98 054 | 7.4
e 1,954 0,305 0,051 \ 10,535
Ol Lo | 20083 15,210 4,085 0,070 | 7.5
1 0 07025 0,020 ool os
T 4loot 0,020 0,995 0,930 0009 | 7,5
0,013 0,024 0,016 0,00k 0’ 336
N0 01499 0,798 0,529 o
| 0, = |

PASIHYHLIX JIO3HPOBKAX — 0,0
BO3JYIIIIO-CYyXOTO COCTOSIHHS,

006—0,6%. IlouBy 10804
{3Meabus A0 [POMYCKATI

J0BOJ:LIM 10

yepes
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cuto (I mmu),3aten nomemwanu B yamxy Herpu (d=9,5, h=2cu)
H YBJAXKHSAJIA PAacTBOPOM IOJHMEpPA [0 NOJIOre BOLOHACLILIEHHUS
(msia naHHBIX MOYB OBLIO JocTatouHo 8§ m4). Bermepkusadu 2 vaca
BO BJIaXKHOM NPOCTPAHCTBe. NOCiIe Yero MOACYMIMBAJAH TPH KOM-
HaTHOH TeMmmepatype a0 15—209% saa)kHOCTH. 3aTeM NOYBY pas-
pesany JIaHIeTOM Ha KOMOUKH, EePEHOCHIHN B MajleHbKHe hapdo-

Tabauua 45

Cocras NOTNOUIEHHBIX OCHOBAHMH B HCXOJHBIX [MOYBAX

N pas- Tavouna | Ca2+ Mg2+ I K+ l N3+
peaa Iousa B3ATUA 00~
pa3ua, cx MZ-3K8
604 | Tunmunuiisl opouraeMuiit
cepozeu 0—25 5,00 3,3 0,51 } 1,31
605 » 0—25 5,50 2,90 0,74 | 0,17
7 | Cseranifi ceposem (6o-
rapa) 0—25 5,25 2,93 0,41 10,22
7 - 25—50 3,53 3,77 0,51} 0,43
2 | Takblptl MoJOABIX 3ale-
weit 0-25 7,53 3,22 0,76 | 4,78
1 » 0—25 6,30 | 4,69 0,56 | 1,00
B - Ca2+ Mg+ ™ Nat
.N'.pggz Cvmma i K I : pH cycnenaun
% OT CyMMHl
604 10,11 49,45 32,64 5,05 12,95 7,5
605 12,31 69,056 23,05 6,01 1,38 7,4
7 8,81 59,59 33,26 4,65 2,49 7,0
7 8,34 43,52 45,20 6,11 5,15 7,6
2 16,29 46,22 19,76 4,66 29,34 7,5
1 12,61 50 44 37,19 4,49 7,93 7,5

poBble YallKH W BHOBL yBaAa)KHs.1M 4 ma pacTteopa. Bcero pacxo-
noBasoch 12 ma pacrBopa nosumepa Ha 20 2 noussl. [Toxcyien-
Hble 0 BO3AYLIHO-CYXOFO COCTOAHUS (PPaKIII IOMEIANH Ha CYT-
KH B 3KCHKaTOp Hajl BOLOH.

Honumepor K-4, K-6, xpuinym. TA®C—17 & cononnmep-8
XOpPOILIO PACTBOPHMEI B BOLe, HX A06aBIAAH K NOUBe B BUILE BOJ-
HBIX PacTBOPOB; ¢.10Taj fo0aB/sIH B BHIE CYXOr0 NOPOLIKA.

Brecenne K-4 B THNHYHEIN opomiaeMblil Lepo3emM B KOAHUYECTBC
0,6% ot Beca nousu obecnieunBaer noayuenne 979% BogonpouHBIX
arperatos pasMepom KpynHee 0,25 mn. Ilpeumymecrso atoro no-
JuMepa 3akJiodaercsi B TOM, 4TO, MOAOHPAs Olpe/leieHHbIE LO3H-
POBKH, MOXHQ IOJYy4MTb arperatol seiaemoro pasmepa. Tak,
nipu pobaBke 0,15% K-4 x HaBecke nouswl noaywaercs 919 Boxo-
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TIPOYHbIX AarperaToe, H3 HUX YacTHL KpymHee 2mn83,49%. C mo-
BHIIIEHHEM AO3HPOBKH mpenapaTta Lo 0,3% KO0JAMYECTBO UYdCTHIL
yMenbuiaetcs ot 91 no 73,7 f/o, xoTda odliee KoJAHUYeCTBO BOIIOHP%‘{-
HEIX arperatoB kpymHee 0,20 ma yBesIMUMTCS NPH STOM [0 91,4%.
3naupTedbHOe BAHSIHMe HAa H2MeHEeHHe  CTPYKTYPLI OKasbiBaeT
0,03—0,15% K-4 Ha cBeTJIOM cepo3eMe. KonuuecTBO BOLONPOUHBIX
arperaToB M3MeHseTCSl B 3aBHCHMOCTH OT FOPH3OHTa MOYBLI. Ha

Ta6bnuua 46

Mexanuieckuil coctas (mo merony IasmoBa) uCXO0aHBIX NOYB, %

ayéiua Pa3acp yaltiu, MM
. a ,
ot Hossa o s | ema 1-05
604 | TunuuHpld opouiaeMsil ce-
po3eMm P 025 — — O,f86
605 » 0-25 1,99 0,97 1,22
; CaeTabid cei)ose\i (6orapa) 2(5):%8 334 2,-1‘3 3:}3%
6 | C it ceposeM (uenuHa 0-—~25 1,12 1,51 6,3¢
6 peray p ( ) 25—-50 18,52 2,70 1.86
2 | TaxnipHas nueauHa 0--25 — — 0,97
1 | TakbipHaa HpOMBITadA
(B moae) 0—25 —_ — —
Pasmep acTiiL, M KoanuecTso BOAOIPO U~
& pas- - ——— T T 77 | HHX arperaTos KpynHee
Pe3 | 5 025 | 025005 0.05-001 | 001 0,25 sx
604 1,6 46,86 45,69 5,03 2,42
605 4,68 73,31 15,76 2,07 8,6
7 15,70 62,77 8,55 4,37 24,31
7 7,95 54,42 26,79 8,92 r’9,87
6 11,09 60,12 11,75 8,02 20,11
6 1,54 62,46 36,32 7,07 24,62
2 1,84 75,80 17,78 3,61 2,81
1 0,15 47,35 38,81 13,69 0,15

uenune B ropusonte 0,25 cu oHO Bo3pacTaeT 10 859, Ha raybuHe
95—50 cm—no 92,8%, mpHueM UYACTHIL Pa3MepOM KpymHee 2 ua
nonyuaercs 71—85,5%. Ha Gorape aeiicrene noiumepa K-4 GBLIO
6oJiee BRIpakeno. B 3ToM ciayyae B TeX Xe 103aX K-4, xak u Aias
meJHHB, Tojdyyaercs GoJbliee KoAHYeCTBO (raba. 48—52) BoJo-
NpPOYHBIX arperatos (~95% mnpr coxepxaHHU 4acTHIl KpynHee
2 mm, 78—80%) (raba. 47, 48, 49, 50, 51).

MaKCHMYM HHTEHCHBHOCTH arperatocGpasobaHus B NDHCYT-
ctBuu K-4 Ha THOHYHOM OpOIIAEMOM M CBETJIOM CEDO3EMAX HAXO
JHTCH B HHTepBajde Koumentpauui ot 0,03 o 0,15% K Becy nod-
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Ta6bnuuwa 47

Mexannueckda#t cocraB (0 MeTOAY MaBaoBa) THHIHYHOTO
opoliaeMoro ceposemMa H3 CAUM?3 (paspes 604, ru. 0—25 cat),
OCTPYKTYpPHPOBAHHOTO K-4, %

K-BO CTpyK- PaaMep 4acTHLL, MM K-B0O BOAO-
npouHHX |[pH cyc-
;zgg’?’??g;’o‘; 0,5— | 0,25— | 0,05— arperaros, nelfa};:u
cyﬁggtkga- 2 2—1 1—0,5 0,25 0,05 0,01 <0,01 8?2}5111—;::;
0 — — 0,86 1,56 46,86 45,69 5,03 2,42 17,5
0,0006 — — 0,19 0,89 54,60 39,59| 4,73 1,03 17,9
0,003 — - 0,45 5,32| 60,70 30,32 3,21 5,77 | 8,0
0,006 — — 250 17,10 64,17| 18,321 3,91 13,60 8,1
0,015 0,58] 2,32 13,10} 17,62| 50,77 12,33 3,28 | 33,62 | 8,0
0,03 13,96/ 10,31} 16,17, 9,83 27,76 12,85 9,12 | 50,27 8,%
0,06 43,26/ 8,63] 10,56 9,59 27,96 8,54 1,67 | 72,04 |82
0,15 84,26| 3,52| 2,01} 1,20, 4,34 4,011 0,66 | 90,99 | 7,9
0,3 78.69! 10,15 3,55 2,05 3,03 1,11) 1,42 | 94,44 -
0,6 74.78) 14,30] 4,38) 3,38 1,62 1,56 0,00 | 96,84 -

Ta6nuua 48

MexaHuueCKH#l coCcTaB cBeTJOro ceposleMa (6orapa, mouBa Ne 7,
ri. 0—25 cu), OCTPYKTYPEHHOro NoJNMepoM K-4, %

K-BO
Pasmep 4acTHIL, MA BOAO- H
K-BO CTPYK- - p
oodpa- cye-
g:y?ﬁi Tsyopuagel;xz,c s 05 };)laelr)fa;(;‘; ‘;i:;
% BeC~ - — 05—

:cexngl?au 2 2—-1 ll—-O,S 06’525 0(3,05 0,01 <0,01 S?zysm;eﬁ
0-2510 3,34 2,73| 3,14| 15,70 62,77| 8,55) 4,37 24,31} 7,6
0,00001 1 2 ) o,68) 2.32| 58,60] 34,00 4,40 3,0

0,0006 - — 0,89 3,76} 67,12 24,35 3,88 | 4,65
0,0015 — | — 10,65 4,30 73,70, 19,20 2,15 | 4,95 8,6
0,003 —_ = 1,17\ 7,36| 75,77| 12,62 3,08 8,53} 8,5
02006 — | — 3,26 12,64| 66,66] 13,67 3,77 | 15,90| 8,5
0,015 0,98] 3,49!10,71] 19,11 55,99, 6,63 3,79 33,59 8,6
0,03 18,08] 9,45/16,31f 15,09 34.07] 5,43| 1,57 | 58,93 8,2
0,06 65,22| 5,15| 7,98 4,48 13,60, 1,98] 1,59 82,83! 8,5
0,15 78,74| 6,20] 6,83; 2,50 2,470 2,21| 1,05 | 94,27 8,4
25—50 ¢ 0 — | — | 2,327 7,55 54,42 21,79] 8,92 | 9,87 8,1
0,003 — | — | 2,50{ 15,57] 70.36 9,11 2,46 | 18,08] 8,1
0,006 — 10,26 8,90, 19,10] 61,75 7,15 2,84 | 28,26 8,5
0,03 41,1011,87(12,45] 9,84 01.43| 2,92 0,38 | 75,27 8,7
0,08 65,42, 3,50] 3,72| 4,20 14,78 4,971 4,11 | 76,84 8,5
0,15 80.23 6,13| 4,56 3,60/ 3,55/ 1,31) 0,61 94,52| 8,4

Bhl. Manuie no6asxu Menee sddexTuBHbl. g rakelpoB MOJOABIX

sanexell K-4 Taxxke naer addexr, Ho ToabKo npy GoJabiiem pac-
XOje nperapara.

TaGauwna 49

MexaHuyeCKH#i cOCTaB CBeTIOro ceposema (LeMHA, noysa Ne 6),
ocTpyKTypeHHOro noaumepom K-4, %

K-8o
K-B0 cTpyk- Pasmep uacTull, MM BOO- pH
Fay6u- | Typoodpd- npou- | dye-
wa, cu | 30Bares, HbIX ar-f jrep.

% K HaBecC- _ 5 5 erar
KC FOUBBL 2 2-1]1-05 835 0'&%5 0(?81‘ <0,01 ﬁpy?moene snn

’ 0,25 mu

0 1,12| 1,51} 6,39 11,09] 60.12} 11,75} 8,02| 20,11} 7,0
0,03 20,80| 8,54/11,83| 13,29] 38,22 3,08 4,16 54,46 7,8
025 0,06 43,27| 6,49/ 8,88 9,011 25,92 2,07] 3,35 67,65 8,0
0,10 71,01] 4,74 5,24] 4,01| 11,51} 2,41 1,08} 85,00 8,1
0 18,52\ 2,70| 1,86 1,54] 62,46; 36,46| 36,32| 24,62} 7,4
. 0,03 24,101 4,19( 2,51 3,30 57,661 2,42| 2,82 37,10} 7,6
25=50) 0,06 61,33 5.78| 4,05 4,42 18,48 2,55 3,39| 75,58| 8,0
0,15 85,450 2,29, 2,47) 4,56 2,79] 1,67| 2,77} 92,77| 8,1

Ta6auwa 50

MexaHnuecKU# COCTAB TaKbipOB MOJOABIX 3ajexed
(nousa Ne 2, rin. 0—25 cat) OCTPYKTYpeHHBIX K-4 ¥ KpuanymoM, %

K-s0

Pasmep uacTuu, A4 BOXO-
K-Bo K-4, % x npou- { pH

HaBecke MOouBH B o= B "ZI\}aT"i)rn- CYSC;:H'
2 2—-1 | 1-0,5 0(3?23 0(’;3“ 0(,03{ <0,01 gpym—lee
’ ’ 0,25 MM
|
0 — | = | 0,97 1,84 75,78| 17,78 3,61 | 2,81/ 7,5
0,003 — - — 1,41| 76,83| 17,77} 3,93 | 1,41| 8,4
0,006 — — 2,72 10,03 81,61 1,64] 4,00 | 12,75 8,4
0,03 8,67 15,22, 17,02| 15,01} 33,40] 7,58| 3,15 | 55,92 8,4
0,06 36,68{ 9,48, 13,23] 10,51} 24,68 3,58 1,86 | 69,88| 8,8
0,15 75.37) 5,35, 3,77| 3,15| 10,41} 0,39 1,56 | 87,64 8,8
Kpuanym 0,06 — 0,54, 14,94 23,3Bl 15,68 14,42\| 1,09 | 38,81 —
!

Arperupylouiee  geiicteue K-6 mnposiBasercs B 033X
0,0006—0,15 % x Becy mnouBH, HauOOJbllee  KOJHYECTBO
BOJONPOUHBIX arperatos 91 9% — u3 Hux 71 9 cOCTaBJISIIOT YaCTHIBI
KpynHee 2 mm. Ha tunwuneil cepozem 3TOT npenapar oeHcTBVeT
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cinabee, yem K-4; ua Takblpbl, 0COBENHO MOJIOALIE 3a/CKH, — Ha-
o6opor. Haubogee akrisen K-6 B mossipoBkax 0,06 u 0,15%. Ha
CBETJIOM cepo3eMe, OTJIHYAIOMmEMCst [0 MeXaHH'ICCKOMY COCTaBy

Ta6bauna 51

KonuvecTBO BOXONPGHHBIX arperatos KpynHee 0,25 sm
B PasauyHbIX THHAX [OYB, HOJYYEHHLIX MON BAHAHUEM
noakMepa K-4, 9%

Is-BO npenapate, °, K HABCCKE LOUBBL

&

pesa

pas- Taybu-
Ha, CM 0.03

) 0 ,0,0006‘0,003 0,006 !0,0[5 0,06 l 0,15 I 0,3 ‘ 0,6

604 | 0—25| 2,42 1,08] 5,77{ 13,60{ 33,62| 50,27} 72,04| 90,99 94,44{96,84
605 | 0—25| 8,86] — — 72,57( 97,61} 96,29) — | —

7 | 0-25124,31| 4,65 8,53} 15,90 33,59 58,93 82,83] 94,27 — | —
7 125501 9,87} — 118,07 28,26] — | 75,27t 76,84{ 94,52 —
6 | 0—25120, 11 — | — | — — | 54,46| 67,65 85,00 — | —
6 125—5024,62] — | — | — — | 37,10} 75,58 92,77 —
2 | 025 2,81 — [ 1,41 12,75, — | 55,92| 69,88) 87,64] —
1 | 0—25] 0,15) — | 8,01] 25,10; — | 48,80} 81,79} 90,30 —

(nerkune cyramnku), geficrsiie K-6 coaGee. MakcumairHOe KOJH-
4eCTBO BOJOCTOHKXMX arperatos B npucytctBiin K-6 ofpasyercs
npu posupoBkax 0,03 u 0,06% « Becy nousm (rab.a. 52).

Tadanwa 52

MexaHudeCKHH COCTaB THRHYHOrO OpOLaeMOro ceposema
u3 CAHUMD (paspes 604, rx. 0—25 car), ocTpyKTypenHoro K-6, %

K-Bo cTpyk- Pasmep vacTuin, #u [ponent

Rty BOIONPOL |pH cyc-

% ¥ cyxof 2 | o-1 105 | %% | %555 1SR | <001 |ratos Kpyn| e
HaBecke ’ ! ’ Hee 0,25 mm
0 — —_ 0,86/ 1,56| 46,86| 45,69| 5,03 2,42 | 7,5
0,0006 -— — 0,15 0,23| 55,46{ 59,23 4,13 1,08 | 8,5
0,003 — — 0,37\ 5,44! 49,66| 40,77| 3,71 5,81 8,0
0.006 —_ — 0,46{ 5,77| 71,34] 15,106| 4,056 6,25 | 7,9
0,015 2,53 2,25 | 2,30] 15,21 61,22{ 13,24{ 3,15 22,29 { 8,0
0,03 4,43/ 7,95 { 12,88| 11,13| 44,46/ 16,65 3,50 | 36,39 | 8,1
0,08 35,211 6,20 | 8,99 6,46| 29,43! 10,73; 2,92 | 56,92 | 8,0
0,15 71,714 5,49 | 3,24) 2,95 7,27{ 0,31} 3,07 | 83,39 | 7,9

Conosnmep-8 Ha THIHYHOM OPOIIAEMOM CEPO3CMC YBENHUIIB A
KO.THYeCTBO BOJONPOYHBIX arperatoB 1o 47%, npudem wacTuint
pasmepoM KpyliHee 2 sm oTCyTcTROBaNH (Taba. 53). Kpuanym u
FA®C-17 (rabn. 54) paBann MeHbliiee KOJHYECTBO BOIOMPOYHbBIX
arperaTtoB Ha THIHYHOM OpOII2eMoM ceposeMe, yeM K-4 u K-6.
K3 Taba. 52 BuHO, 4TO GUIOTAJ MENTHSHPYET IOUBEHHLI® YaCTHIIBL.
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Jloist THINYHOrO OPOLiaeMoro Cepo3eMa HawlyulHil CTPyKTypooo-
pasylomuit sekr paloT TamikenTckue npenapathl K-4 w K-6

(Taba. 55). Ta6auua 53

MexaHudeckull coctaB THOHYHOro opouraeMoro ceposemMa us CAUMD
(paspes 604, ra. 0—25 ca), OCTPYKTYPEHHOTO aMePHKAHCKHM
KPHIHYMOM, %

K-BO CTpyK- Pasmep uactuu, s Tpoueut
Typoobpa- BOAOMPOU- |5H cyc-
o) Cyxof 2 a1 |1-05 | %% | 9% | %% | <o ratos Kpy-| MERIAH
/dulzia(éyc?c(e’ ’ 0.5 0.05 ’ nee 0,25 M
0 || ousel 156! 46,50] 45,69 503 | 242 | 7.5
0, 0005 — — 0,34| 3,10, 61,44 30,21 4,90 3,45 | 8,0
0,003 -— — 0,36 ().54! 52,601 36,43 4,27 6,90 7,9
0,000 ~- 0,19 5,64 19,24] 53,16| 12,568/ 8,50 | 25,78 17,9
0,015 ~— 0,53 8,95 18,11} 54,81} 12,60/ 5,00 } 27,59 | 8,0
0,03 4,211 7,01} 13,71} 16,45{ 44,32 11,92 2,38 | 41,38 17,8
0,06 29,520 12,941 15,80 9,68I 23,431 6,71 1,91 67,94 | 8,0
0,15 57,68] 7,59 9,59‘ 4,15, 18,17} 1,67} 1,15 | 79,01 | 8,1

H. Kansipos [81—84] noka3asn BO3MOXHOCTb CO3AaHHSI BOOO-
MPOYHOH CTPYKTYPbl HA THIHMYHOM CTapoOpOIIaEMOM ceposeme
Ta6auua 54

MexaHHuecKHH COCTaB THMHYHOTO OpoitaeMoro ceposema u3 CAHUMI
(paapes 605, ra. 0—24 car), OCTPYKTYpeHHOro PasaHYHBLIMH
nonuMepamMH, %

[Koanue- Tpo-
CTBO CT- PasMmep uacTul, MH B‘;igf oH
PYKTY-
CTpyKTYp O- po0Bpa- npoy- | cye-
00pa3osa- | gmaTe- HMK ar-| NeH-
TeAb  ng, 9% K 05— }0,25— | 0,05~ 0.01] pEraton| sun
cyxoht 2 2-1 | 1-05 | Tpo5 0,05 0,01 | <0.0%xpymee
HuaBsecke 0,25 am
{
0 1,99 0,97 1,22 4,68! 73,31 15,76/ 2,07| 8,85| 7,4
Kowrpoas 0,03 —1 — | 0,27 12,04; 68.34| 15,29! 6.06| 12.31| 8,8
Comonu- J g'g5 1 | — | 0.36] 23,18 61,83 12,17 2,46 23,54| 8,3
mep-8 ) 0’15 | — | 0,22 11,34] 35,83 42,26| 8,6 | 1,83 47,29, 8,0
003] — | — | 0,56 1,26] 41,86} 50,25 g,ag {% g%
daora 006! —| — | 0,56 1,17} 59,05) 32,60/ 6,62/ 1, ,
o {0,15 — | — | o044 0,78 61,72 28,20 8,82 1,22| 8,0
0,03 | — | - | 4,92| 31,85 49,67| 10,91| 2,65 35,77) 8.2
TA®C-17{ 006 | — | 0,97] 17,49] 28,481 44,12| 5,94] 3,00 46,94 8,4
0,15 |15,79; 18,48| 22,32 11,18i 97'921 3,97| 0,34 67,77| 8,5

Ifox BAMsiHHEM KenaTubl U npenapatoB [1AA, ITAA-1 n Ca-TTAA.
Tax, BHECEHHAsl B OYBY KeJIaTHH . Hauunas ¢ 0,3% oT Beca NouBHl
CYUIECTBEHHO YBEJHUHBAET KOJHUECTBO BOLONPOHHBIX arperaros
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(puc. 89). C n3MeHeHnneM CONEPXKAHUA TOJTHAKPUAAMUIHBIX Tipes
napaTtoB oT 0,0006 1o 0,6% OT Beca MOUYBBHI KOJIHYECTBO BOJAOIPOY-~
HBIX arperatoB kpynHee 0,25 mm yBemuunpaerca ot 2,8% mo 61,0;
66,1; 73,0% paa ITAATIAA-1 n Ca-TTAA cooTBeTcTBenHo. AHATH3
I{OJYYEHHBIX JaHHHX [O0Ka3HLIBAET, YTO [pH OGOJBLIMX H03HPOBKaX
BPI1 ortaocuTenbHOe yBeJHUeHHEe BOJOIPOYHOCTH MeHbIIE, YeM
npu manbix. OueBuIHO peHTabeJNbHO TO COJACPXKAHHE NoJauMepa B
nouse, pH KOTOPOM [IPHPOCT KOJHYECTEA BOJOTIPOYHBIX arperaTon

MaxkcruMaJeH.
Ta6auna 5S>

Bausinne pa3adusbix BPIT Ha KOXMYecTBO BONONMPOYHBIX arperaToB
kpynHee 0,25 s (nmoyma 605, ra. ¢—25 ca), %

Koo moau- [penapat
MEpOB, % K K-6
Hﬁgﬁf:;e K-4 CIi-8 kpuanyM | TA®C-17 | daotar
nacTa I NOPOICK

0,006 13,60 21,93 3,36 — 22,78 — —
0,015 33,62 22,29 — — 28,33 — —
0,030 72,57 73,74 28,23 12,31 44,00 36,77 1,82
0,060 94,61 77,96 38,95 | 23,54| 65,54 46,94 | 1,73
0,150 96,29 90.40 71,39 | 47,29] 76,00 67,77 1,22

Npumeuanne. KoninuecTBO BOXONPOUHBIX ArperaToOB  KpyrHee
0,25 ma B MCXOIHOH mouBe Bblio 2,42 9

% -

W3 puc. 90 Buaiio, 4TO U3MEHEHHE IPUPOCTA KOJHYECTBA BOJO-
TIPOYHBIX arperatoB 1OYBH B 3aBHCHUMOCTH OT COAEpPKaHHS NOJIH-
AKPUJIAMUIHbIX [IPENAPATOB M KEJATHHBI IPOXOJIHUT YEpe3 MaKCH-
MYM, KOTOpLI#l IJIs1 KEeJaTHHbI COOTBETCTBYeT comep:kanuio 0,9 e,
LI [HOTHAKDWIAMHAHBIX npenapatos — npuMepho 0,006 e/100.
Hcxons 13 sToro, mosuMephl 0 CTPYKTypoobpasyouiesl crnoentd-
HOCTH MOXXHO DACHO.I0KUTL B P

Ca-TIAA > TTAA-1 > ITAA > xenartuna.

[To maunuinm JI. McMarosa [134], konuuecTBO BOAONPOUHBIX ar-
peratoB kpyrnHee 0,25 M4 B OPOIIAEMBIX CepO3eMax HE3HAUUTENb-
HO, HO [IPH OHOKpaTHOH 06paboTKe 3THX NOUB noaumepanmy K-4,
{TAA ¢ HOBBHLEHHEM MX KOHLEHTPALMH KOJHYECTBO BOIONPOHIILIX
«4rperaToB pesko yseluuuBaercs (rada. b, 57). lak, wa xJon-
KOBOH CTapornallKe # [0 [acTy TPEXJIETHEH MIONEPHBI Ha CBETI0M
ceposeMe C MOBHILUEHHEM COAepxKaHus noaumepoB ao 0,15% ot
Beca NOYBBE cyMMa (ppaxuuil Gosee 0,25 mu gocTurana fnpH np-
meHenun K-4—62,2 u 70,7% (yBenauuenue B 52 v 29 pas) u noJaH-
akpunamuaa — 54,7 u 66,2% (ysennuenue B 42 u 25 pas) no cpas-
HEHHIO C KOHTPOJBHBIMH BADHAHTAMH.
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Ha COoOTBETCTBYIOWINX (PCHAX THIHUHOTO ceposema np}4 oép'g:
6otke K-4 u T1AA s no3se 0,15% oT Beca MOYBBI KOJUYECTBOB
JIOTPOYHBIX arperaros 60- g9,
see 0,25 MM BO3pOCIAO IO
cpaBHEHHIO C BApHAHTOM 6e3
06paGoTKu GoJnee 4eM B 6
u 4 pa3a, cOOTBETCTBEHHO.

OnHaxo 3pPeKTHBHOCTD g5l
NOTIOIHUTEIBHO BHECEHHOH
1036 mosaumepa (cBhlIe
0,015%), 3a HCKJIOUYCHHEM 47
TAA (eeiue 0,03%), Ha
TUIMYHOM cepo3eMe TioC-
TelneyHo yMeHpllaerca Hu 20+

80+

noBHLIEHHE JO3HPOBKH
CTAHOBHTCH  TPAKTHYECKH —
HECYULeCTBEHHBIM. 7 7 ; ! 7 %

aHHBIE, TIPUBE/IEHHLIE
B Tfé,ﬂ 57’ IIPOKaBLIBa}OT, Puc. 89. M3MeHenHe KONTHUECTBA BOLONPOU-
A Y

’ mpix arperatos (BI1) B 3aBuCHMOCTH OT
uro K-4 u [TAA okaswisa CONEPKARNA HCKYCCTBEHHBX CTPYKTypO-

0T GoJpliee /eficTBHE HA o6pazoBaTened B NOUBE.
OCTPYKTypHBaHne CBZ?“O‘ | — weaamns, 2 — [AA, 8 — MTAA-L 4 — Ca-IIAA.
ceposdema 10 (OHY ) .
;(J)Ionxc?é)oﬂ CTapornanlky, LII]GXP?O 134Ty  TPeXJeTHel JIOUepHbI;
(- UsIeT CHJIbHEE, UEM .
: 4I%gc£onbxy npu ,1103e noanmepos 0,015% or Beca MOYBEL Ha6-
aonaercd OoJspllee TNpHpaile-
uie CcyMmb (Qpakuuu Oosee
0,25 MM 110 CPAaBHEHHIO C npe-
abAywei  a030#, N. Hcemaros
peKoMeHyeT BHeCeHHE B IOYBY
0,015 2 mnoaumepa Ha 100 2
[TOYBHI.

[1. B. Bepiiunun cBs3hBal
CTPYKTYPOOGPasyIoyIo acpdex-
THBHOCTb BOAOPACTBOPUMBIX 110~
Puc. 90. Uamenenue pasHocTH Bo- JIHMEPOB C uHaJlI/IquM y HHX
JONPOYHOCTH HNouYBEHHbIX arperarorB CKﬂeI/IBaIOLueI/I CHOCOGHOCTEI
(ABIT) oT comepxanna MOJUMEPOR [260]. Usyuenne craenBaoueli

B noune. CII0OCOGHOCTH TAaKuX Npenaparos,

1 - wenarun, 2= MAA 5= TAAML way  KoNTOHAL KpeMHHeBOI

KUCJOTH, THIpPaTa OKMCH MeJe-

sa. [MApATA  OKHCH  4NIOMMHHS, ~ UHCTOH  [YMHHOBOM
- 7

KHCJIOTH, TyMaTOB Kaubllhsl, TOPQAHOro Kned H ryMaroB Kféielji
HoK23aJ10, 4TO CKJIeHBAHHE OTILIH(OBAHHOU TIOBEPXHOCTH TOYBEE

HOro o0pasia MpOHCXOAHT B y3koii 06/1aCTH BJAKHOCTH. Cmeli-?



Bawwasn cnoco6HOCTh FYMaTOB BHIIIE. YeM V OCTAJbHEIX Opernapa-
T10B. [IpouHOCTh CK/EHBAHHS BHAuajle UMEET JIMHEHHYIO 3aBHCH-
MOCTb OT KOHIIEHTPAaLM{ KJEeAWEro BElUleCTBa, 3aTeM HacTylaer
TAKOE COCTOSHHE, YTO BO3HHMKAIOH[HE IIDH CKACHBAHHH YIPYyTHe
HanpsKeHHa yke He YCIHeBalOT paccachiBaTbesl. B pesyabrare

Ta6auuma 56

Baunsuue K-4 Ha BONONPOYHOCTh arperaTtoBs
cepoaemoB (no IlaBioBy B mMoauGHKalMH

PbixkoBa)
Xaonnosas cTapo- IaactH TpexaeTHedn
Malika JIOLLCPHBI
Konnentpa- npHpaie- fpHpawe-
LS TOAH- HUE CyMMbI HHE CyMMBL
Mepa, % OT | Cymma ¢0P“Ku“" cymma Ppaxu
Beca IOUBB | (Pakuuit boaee hpaxuuh oace
oones 025 macmo| " gonee 0,25 mpm 1o
0,25 ax, %| CPABREHHIO | 95 4y o) CPABNEnnIO
¢ Tiperslay- ¢ nmpeabiay-
medl A030H, wen 40304,
% %

Ceetaniii ceposeM

0,000 1,3 0,0 2,4 0
0,003 15,9 14,6 17,1 14
0,015 48,4 32,5 49,5 32
0,030 59,9 11,5 61, : 11
0,150 67,2 7,3 70,7 9

TunuuHLH cepo3eM

0,000 9,6 0,0 15,6 0,0
0,003 19,2 9,6 28,6 13,0
0.015 48,9 29,7 54,2 25,6
0,030 62,4 13,5 65,3 11,1
0,150 65,6 3,2 68,7 3,4

nepeHanpsiKeHus B CKIeHKaX NOSAB/AOTCS TPELIMHbL. DTH ABJICHHS
HaDPACTAIOT TAKXKe B JIHHEHHON 3aBUCHMOCTH OT KOHIEHTPAUHH KJe-
A1Er0 BenlecTsa. MakcuMyM TPOYHOCTH CKJICHBAHHS HAXOAUTCHA
TaM, I/le KOHIEHTPALKs KJIEeAEro BeHlecTsa ¥ BPEMS paccacuiBa-
HHS VHPYTHX HanpskeHult poctatouHo Benuku. Ilo oGe cTopoHel
OT 3TOro MaKCHMyMa IpPOYHOCTb CKJEHBAHHS Pe3Ko Hajaer.
Wsyuerne BIUSTHHS BPEMEHH CYHIKH Ha BEJHYHHY paboOThl OT-
pHIBa cyOCTpaTa, CKJIEEHHOro C [OMOLUBIO N0JHMepoB cepun «K»
(maGopaTopHbliil ¥ 3aBoAcKoi K-4, K-6 B Buje nopollika u nacThi),
ITAA (TTAA-1 cBexeroayyeHHBIH u xpaHHBIIHHCA B JstabopaTop-
HBEIX VCJOBHSIX B TeueHue TpeX Jer;, sexuHrpaickuit ITAA, Ca-
ITAA) u rymatoB (CH—mnpenapar Ha ocHOB€ OKHCJIEHHOIO JIUTHH-

144

Ha ¥ aKPHJOHHTDPHJIA) IOBEPXHOCTH cy6CTpaTa ¢ IM1aAKoMi noBepx-
HOCTBIO OTLIIM(OBAHHOW HEpIKaBeouiell CTaau, OPreTekaa-miaeK-
cyrjaca ¥ HeoOPraHH4yeckKoro CTek/aa nokasano, 4Tto pabora, 3art-
payeHHasi Ha OTPLIB [BYVX CHJIHKATHBEIx CYGCTDATOB, CKJIEeEHHBIX
pactBopamu K-4 pasnuunofi KoHuentpamuu (ot 0,1 ;o 1,0%),

Ta6auma 57

BiHsiHMe NOJHAKPHIAMHAA HAa BOLONPOYHOCThH
arperatToB OpoOIIaeMoOro CBETIOro
H THOHYHOrO cepo3emoB (no IlaBnoBy
B Moau(QHKAIHH PpixxoBa)

Xaonkosas crapo- [L1act Tpexaernes
namia JIOLEPHBL

Konueunrpa- npupauie- fMpHpaie-
uMa noau- HHE CyMMp! HHE CYyMMBbl

aKpuIaMu.La, cyMMa hpaKiuui cyvva dpaxunn

% OT peca paKunit Goaee dpaKusit Goaee
MOUBB Goee 0.25 s mo| Tgonee 0,25 MM no
0.25 atat, 95 | CPABHERHIO Jg o5 4 (" | CPABHEHHIO
¢ mpeabily- c mpeablay-
mweH K030, e n030H,

% %

Cerabift ceposem

0,000 1,3 0,0 2,4 0,0
0,003 12,7 11,4 13,6 12,2
0,015 29,4 16,7 33,9 19.3
0,030 44,9 15,5 49,4 15,5
0,150 54,7 9,8 60,2 10,9
TunuuHbIll cepo3em
0,000 9,6 0,0 15,6 0,0
0,003 1 15,0 5,4 24,2 8,6
0,015 32,2 17,2 39,0 14,8
0,030 51,1 18,9 55,8 16,8
0,150 62,6 11,5 65,0 9,2

yBEIMUUBALTCs CO BpeMeHeM (puc. 91) cuauana 6uicTpo (m0 4—
5 MHH.), 3areM Bce 0oJee MemJeHHO. Tak, npoutocts ckueiiku
€ 0,6-MpOueHTHBIM pacTBOPOM 3a 5 MHH. OT Hauana ombiTa cTana
papuoit 70 - 103 nporus 2,8 108 spz/cm? ans BobI (puc. 91,2)
UTO COCTABASIET NMPUPOCT CkJeklke Ha 250%. [Mocaenymouee y’Be-,
JIUIEHHE BPEMCHH KOHTaKTa eme Ha 10 MWH. IpHBeso K pocty
NpodHOCTH BCero Ha 160%. Hexons us atoro, namepenue pa6o-
Thl OTPHIBA CK/ICEHHBIX CYOCTPATOB MO#HO ﬁponssonmb uepes
S MuH. nocie CKNeHky 00pasuoe. Kak BHIAHO M3 NpPUBENEHHBIX
AanHbiX (puc. 92), K-4 xopomo ckieusaer IIOBEPXHOCTH CTeKJa
XyXKe — OPICTeKNa; CKJeHBAaHHE CTadH 3aHHMAeT HpOME}KYTOII:
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Hoe noJjoxeHue. Tak, paGoTa oTpHIBA CKJEEHHBIX TIOBEPXHOCTefi
pasauuyHelx cy6cTpaTtoB  3-NPOUSHTHHIM pacTsopoMm K-4 paBua
290, 220 u 82 ape/cu? X 10° mas cTekna, CTadu W TAEKCUTJACA,
COOTBETCTBEHHO.

B cootserctBuu ¢ Teoprell aaresun [205, 345] MoxHO mona-
raTh, YTO aAre3ds B jaHHOM cJyyae oOycjoB/eHa oOpa3oBaHueM
YH-cBasu ‘Mexay (GYHKUHOHANbHBLIME TPYNIaMu [IOJMMEpPOB H
MOBEPXHOCTHBIMH AKTHBHEIMH LEHTpPaMu cyOcTpaToB, AKTHBHBIME
IIeHTpaM# Ha NOBEDXHOCTH HEOPraHWYECKOTo CTEKJd ABJAAIOTCH
TUAPOKCHIbHBle Tpynnbl {203], A160 NOMOKHUTENBbHO 3apsKEHHbIE

A apesom*

'y

y; p ) ” w0 24 MiH

Puc. 91. VameHenne pa6oTst OTpHBA (A) CKJIEEHHBIX
02 = (), 06 =(2) v 1,0-npouentHbiM (3) PacTBOPOM
K-4 cuanxatheix cy6cTpaToB OT BpPeMEHH.

LEHTPH, 1160 OKHCHBIE TMeHKH [346]; HA TIOBEPXHOCTH OprCTeK/aa
TaKH€  aKTUBHBIE [EHTPHI  OTCYTCTBYIOT. HesnauurenbHnas
anre3uss B 3TOM cayvae, 10 BUAKMOMY, oOycioBJeHa B3aUMOMel-
CTBUEM DaJlKaJbHBIX YacTell noauMmepa u cy6cTpara.

C yMeHblleHyeM yrJja cMauuBaeMocTu cybcTparta Bojoli yBe-
JuYABaeTcs MU NMPOYHOCThb CKJAeHkH ero nosuMepoMm (rtaba. 58).
Hpyrumu cioBamu, MeXay CMauHBaeMOCTbIO HOBEPXHOCTH CyO-
CTpaToB BOmOH M ckJeusatonieit cnocobrHocThio BPIT cymecTy-
eT npsmas CBfA3b: yeM oOuiibHee cMauuBaeTcs Bonod cyOcTpart,
TeM CHJ/bHES OH CKJEHBAEeTCH BOILOPACTBOPHMBIMH NOJUMEPAMHU.

W3 puc. 92 BunHO, 4TO B c/yuae CHIAMKATHOTO CTekJaa paboTa
OTpHIBA NMPOXOAUT YepPe3 MAKCHMYM ITIpH KOHIEHTPAuyuH NOAUMEpPa
3 2/100 e Bogel. Eciu yBesinuenne pabGoTel OTPHBA C POCTOM KOH-
HeHTpAalUH MosHMepa CBA3aHO C a[Are3ded, TO ee yMeHbIIEHUE
C DaNbHEeHIIHM TIOBHILICHMEM [0SH II0JHMepa B enuHule obbeMa
pacTBopa, NO-BHAMMOMY, CBf33HO C T1peobaamaHHeM CHJbE
KOore3uy HaJ ajresnel.

AHanoruuHble faHubie GeIM noJydeHsl W aas Apyrdx BPIT
(raba. 58, 59, 60, puc. 93). AnresuoHHbe CBOACTBA Y PA3JHYHBIX
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YIOJMMEpPOB HeONMHAKOBH. Tak, eciH CpaBHHBAaTb 3HaAYeHHs pa-

60Thl OTPHIBA CKJEEHHO! NMOBEPXHOCTH CHAMKATHOTO CTEKJ3 pas-

JHYHBIMH TNOJKMMEpaMH INIpH OJHOH KOHUEHTpauu4 (Hampumep,

2-IpOLEHTHBI!t PACTBOP), TO TIOJYUYUM P

K-4> Ca-TTAA> TIAA> K-6 (macra)-TH> K-6 (nopomox)\.
Onnako ITAA-1 oTimyaeTcss OT APYTHX NOJHMEDOB XapakTe-

POM CK/JEHBAHHA CHJIMKATHOTO cTekna. Foiu B clyuae fpyrux

ot |

4, gzrem? ¥
“a

Puc. 92. Pa6ora orphisa na crexne (J), cram (2)

H Ha miekcuraace (3) B 3aBMCHMOCTH OT KOH-

uentpauuu pactsopa K-4 maGopatopHOro mpHro-
TOBJEHHUS.

npentapaToB HaGJIOaeTCA MepeXOl aAre3Hu B KOTE3HIO NpH 6OJb-
HMIUX KOHIEHTpauuax lojauMepoB, To B caydae ITAA-1 storo He
npoucxoaut {puc. Y3 6}, uTo CBA3AHO ¢ AuCCONHAanUell aMMOHHE-
BOH COMM noduakpuaoBol xucaotel [12]. Hanwuue ammoHueBoOR
rpynnbl B Makpomosiekyaax ITAA-I ocnabasier o6pasoBanie BOIO-
POAHBIX CBSi3€f MeXKAy MOBEDXHOCTHBHIMH AKTHBHBIMH IIE€HTPAMH
CyOCTPATOB M (YHKHHOHAJIBHLIMH I'PYNIaMu MaKPOMOJEKYJH IO-
JuMepa, Qor.nacrro Teopuu obpasopanus H-cBA3W 3j1eKTpoOTpH-
LATe/bHBIH aTOM a30Ta, OKPYXKEHHLIH TpeMs aToMaMmu BOJAOPOAa
C THIDOKCUJIAMH, NaeT BOJOPOJAHYIO CBf3b; JHEPrHs, Tpebyemasn

147



IJIA ee pa3pbiBd, MeHblile, UeM JJIsi BOJOPOIHEIX cBsa3eh, o6paso-
BaHHBIX JpyrHMH atoMami (Ta6a. 61).
TaGaunna 58

3aBHCHMOCTL CKIEHBaHHS TOBEPXHOCTH cy6cTpPaToB
K-4 oT X cMauHBaeMOCTH BOJON

Cy6ctpar
Beaundnna nAeK~
CTeKAO | cTanb I curaac
Yroa cmayuBarus BORO# O, rpaayc 0,0 67,48! 73,42

Pa6ota orpbiea Cy06CTpara CKJAEEHHOTO 3-
OpOIEeHTHBIM pacTBopoM K-4, apz/em? X103 290 220 82

HasecTHO, 4TO MHTeHCHBHOCTb o6Gpa3oBanusi H-cBsizau Mexny
BOJOPACTBOPUMBIMH NOJMMEPAMH 1 YaCTHIAMH MUHED aJIbHBIX JIHC-

Ta6auua 59
PaGora orpniBa (a, %xlm) NOBEePXHOCTH CTaJH,

CKNeeHHON pa3IHYHbIMH npenapataMmH

Tipemapat
i i s o
Mepa, % TMAA | TIAA4 IMAA TH
nabop. 3aBOICK. | macra NOPOILOK
0,00 14 14 14 14 14 14 14 14
0,02 35 — — — — — — —
0,03 42 — — —_ — — —
0,05 56 — - — — — — —
0,08 67 — — _— — — —
0,10 77 — — -— — — — -
0,20 77 35 — — — — — -
0,30 — — — — - — - —
0,40 103 49 35 14 28 — — —
0,50 114 —_ — — — - — —
0,60 126 63 49 28 42 - 19 19
0,80 — 77 63 42 56 - — 39
1,00 154 91 65 56 63 19 39 49
2,60 210 105 77 42 67 25 49 63
3,00 231 120 77 50 77 42 56 67
4,00 238 134 — 100 84 — 63 77
5,00 266 140 91 104 91 49 70 —
6,00 - — — - — 56 77 —
8,00 — — — — — 63 — —

nepcui 3aBHCHT OT COCTOSTHHSI MakKpOMOJEKYNl (HJIM 3JIeMEHTOB
HaAMOJeKy/ISPHBIX CTPYKTYp) mosumepa R pacrsope [9,203]. Mox-
HO HOJMaraTh, YTO ¢ POCTOM CTeNeHH BHIIPAMJIEHHOCTH CTPYKTYp-
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HBIX eIUHMI, MMEIOUIMXCS B PACTBODe TOJHMEpOB, Koropan\x-
paBnsgeTcl H3MeHeHmeMm pH cpelbl, H3MEHSETCA M KOJHYECTBO
paGoTbl, HEOGXOAMMOM /1A  OTPHBA CKJECHHBIX NOBEPXHOCTEH
cy6erpartoB. JlelicTBuTenbHO, H3yuenue BJauanus pH pactsopa
Ha CKJCHBAMOLIYIO CrOCOGHOCTh 1-NPCHEHTHHIX PAacTBOPOB CBeXe-
npurotoeaensoro ITAA-1 u K-4 nokasano, 4To B H303JIE€KTPHUEC-
Kol TOYKe, KOIJia B PACTBODE HONHMMEpa HMEeEeTCHA TOJNBKO raoly-
JAPHBIA THII CTPYKTYpbl, OHK 06/1a1a10T HAMMEHbIUEH CKJIEeHBalO-

Ta6auna 60
PaGora orpniBa (a, %‘%—xlos) NOBEepPXHOCTH NJEKCHriaca,
CKJIeeHHOl pa3NHMYHBLIMH NpenapaTaMu
TIpenapar
Kouuenrpa- K4 K-6
Tiepa, % mAA |maA-1) s | rH
Jxaﬁop. 3aBOACK. nacTta nOPOoINOK
0,00 7 7 7 7 7 7 7 7
0,20 19 19 — — — — — —
0,30 22 — —_— — -~ — — —_
0,40 25 35 — — 19 — — —_
0,50 28 — — — - — — —
0,60 35 35 — — — — — —
0,80 — 49 — — 35 — 16 -
1,00 49 49 19 19 42 9 19 19
2,00 77 49 35 19 49 19 28 19
3,00 7 49 35 19 49 25 35 19
4,00 77 49 35 19 49 — 35 19
5,00 77 63 35 28 54 35 35 —
6,00 —_ — — — — 35 — —
8,00 — — — — — 35 — —

mell cnocobuocteio (pHc. 94, 95). CienyeT OTMETHTb, 4TO XOR
KPHUBBIX, TIOKA3bIBAIOUIYX M3MEHeHHE CKJeuBaloulell crnocobHOCTH
K-4 u ITAA-1 or pH cpean maa ofoux mosMMepoB IJIEHTHYEH,
3T0 0GYC/OBNEHO ONIMHAKOBRIM M3MeHeHueM HX (QyHKIIHOHAJbHBIX
rpynn ot pH [85, 347].

ConocraBniende CK/IEHBAIOIEH H CTPYKTYpupymomeH crnocob-
HOCTH TIOJIMMEPOB NOK33aJ10, YTO MeXAY ITHMU CBOHCTBAMH CY-
lecTBYeT NpsiMas CBA3b: IIOJMMEpHBIe mpemapartel, obaajaioniue
Xopouleli CKJaeupatomleli croco6HOCTEIO, Haubosee 3h¢eKTHBHBL
¥ KaK CTPYKTYpooOpa3oBaTe/Iy.

CpBf3b MEXKIY CK/IEHBAOWEH ¥ CTPYKTYPHPYIOUIEH CNOCOGHO-
CTbI0 BOMOPACTBOPHMBIX IOJHMEPOB XapaKTepH3yeTcs CJeRylo-
LIMMHU JaHHBIMH.
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Tlpenapam Booonpoursie azpezamm Paboma ompoisa
«pynnee 0,25 mu, % apzfemt X 103

K-4 (na6) 94,6 209

K-6 (macra) 77,9 63

[MAA 61,0 54

IMTAA-1 66,0 —

Ca-TTAA 73,0 28

) o

! /
'5& ! yd
~ 7/
S / ”
< /
emt ]
rJﬁ” o ! ‘I"

07

—
g ! J 5 L%

Puc. 93. Pa6ora orpuiza ma cuamkaruom crewae
OT  KOHNEHTPALMH PacTBOPOB MONHMEPOS.

1 —b-4 (126.), 2 — K-4 (sasoicn ), & — K-6 (nac
. , — K- a), 4 — K-
(mopowoxk), 5 — MAA, 6 — IlAA)-l, 7 - Ca-I([AAT, i? - I‘H.K ®

. Ha puc. 96 nokasanb usamenenus KOJIMYECTBA BOJONPOYHEIX
c;peraroa [218] u paGorhi orphBa NOBEPXHOCTEH  CHJIMKATHOTO
CKIIa u cTamy, ckeennbix K-4. Kak BHAHO, XapaKTep H3MeHenus
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KOJIHUECTBA BOJOIDPOuHEIX arperatos (W) u paGoTH oTpblBa (a)
OT KOHUeHTpaumuu (c) nonumepa uaeHTuded. OnHaKo CKJaeHBalo-
1ag CrIocoOHOCTL CMeIaeTcss B CTOPOHY BBICOKHX KOHIIEHTDa-
uuif, 4TO CBA3aHO ¢ Pa3JHYHeM BDeMeHH  KOHTakKTa cy6cTpaToB
C TONAWMEpPOM B Tpoilecce CKaewBaHusa (5 MHMH.) H CTPYKTypooG-
pa3oBaHusa nousel (24 4ac.).

Arperupytomas cnoco6rocTs BPII nposisngercs u Ha apyrux
CHCTEMAaX, B 4acTHOCTH HA IVIMHAX, ornokax u Ap. IIpouHocTs cBA-
3eft 06pasoBaHHBIX arperaToB 3aBUCHT OT BHa JAUCIEPCHOH cHC-

Ta6auna 61

DHeprusi BOAOPOAHBIX CBA3ell H paccTOSHHS
MEe¥JY aToMaMM, Y4YacTBYIOUHMMH B HX oOpa3oBaHHH [207]

Bueprus | Memburepuse

Boxopoanas csasb &&a2lM |paccronuns, A Bewecrso
O—H.......0 4.5 2,7° Jlen
O—H....... O 7,05 2,73 HCOOH
O-H.......0 8,2 2,7 CH;COOH
O—H..... ..0 6,2 2,7 C,HsOH
C—H....... N 3,9 — HCN
N—H....... N 1,3 3,38 NH;
F—H... ...F 6,7 2,26 (HF)q

teMsl ¥ BPIL. Cpa3p monuMepa ¢ uacTHilaMy QHUCIEPCHBIX CHC-
TeM, HaNPHUMeED C YaCTHIIAMY [HOUBBI,—IIPOYHASA M He paspyllaercs
Tpu MexaHuueckoM pactupanuu [349] uto xapaxrtepHo mas Gec-
CTPYKTYPHO# NpupoaHo# roussl [348].

I1. H. Becenun [313] nogsepran arperaTHoMy aHaJu3y u Apob-
Holt mentusaumu no A. ®. Twauny [350] ocTpykrypenHue K-4,
IMAHU-T, [TAMH domM mouBEI: THIHYHBIA CepO3eM JaBHEro opo-
wenus (JHrMIOABCKH#A pafioH), CBET/IB Cepo3eM He3aCOJeHHBIH
(Tonoaxol crenu), cBeT b ceposzeM caabocosoHueBaTHil (pai-
oH bekabapna), THNUYHBIN cepO3eM HOBOTO OPOLIEHHS H3 COBX03a
«Casaii».

OnwiThl MOKa3aj¥, 4TO HCKYCCTBEHHAas TOYBEHHasdA CTPYKTypa,
cognanHas ¢ momowpio BPII, coxpansiercs maxe npu 1—3-me-
CAYHOM BO3eiCcTBUH BoAbl. KpoMe Toro, B mouBax, cogepainiux
00JIbILOE KOJUUECTBO HECBS3aHHBIX (pacCHBICHHBIX) KOJJOHIHO-
UAECTHX ¢pakuuii (0-rpynna KoJsJoH0B), TOJUMEDhl IE€PEBO-
[AT 3TH YaCTHIE B IIPOYHO CBfi3aHHOe cocTosiHue, CBA3L MeXAY
3JIEMEHTApHBIMY [1OYBEHHBIMH YaCTHUAMH HACTOJMbLKO [POYHA, YTO
ee He ylaeTcsi pas3pylluTb AJHTENbHHIM  BO3ACHCTBHEM BOAHI,
3aMellleHreM IIOTJIOWEHHOro KaJbius Ha HOH HaTpUfA (lenTtusa-
Topa) W Haxe caaboll KHCJIOTOM H lIejgoublo [313]
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Ponb pasnnynbix ¢paxuuil TIIHHKACTOH YaCTH B dbopMHpOBaHKE
HCKYCCTBEHHBIX CTDYKTYP B NOYBaxX uayyanach aBropaMu. [lo nau-
HeiM B. TI. Maptuna [295], JI. E. Annvicona [247], KoauuecTBo Bo-
AOTIPOYHBIX arperaToB B [0YBE TeM 60.blle, YeM BRIIE COLEPKa-
HHUe B Heft raMHMcTO# ¢pakiund. OgHAKO KOJHYECTBO noaumepa,
roTpebuoe ais obecredeHus roff WM HHOH CTereHu OCTPYKTYpH-
poBsaHus, npu 3ToM yBesnuuusaerca P. M. Xennpuk [351] u X. ®us-
aep [252] mokasasnu, 4To AN NAHHBIX KOJHYECTB CTPYKTYpPOOG-
pasoBarenss MaKCHMasbHOE arperHpoBaHUE TMOYBH JOCTHTAETCSH
[PH ONTHMANBbHOM COIEPIKAHUH TJIHHHCTHIX (pakuuh.

50

7 i J 6 4 12p1

Puc. 04. PaGotra orpmiBa Ha cTexiae (1), cramu (2)
W nrexcuraace (3) B 3asucumoct ot pH l-mpo-
HeHTHBIX pacTeOopoB K-4.

H. A. Pomanoer [353] usyuan sausnue yIeJbHOH TIOBEPXHOCTH
TOYBEl ¥ KBApUEBOro ileCKa Ha CTeNeHb OCTPYKTYPHBAHHSA TOJIH-
akpunamunom (puc. 97). IlonyueHneie UM naHHbIE NOKa3bIBaloT,
ITO MaKCHMaJ/IbHOE arperHpoBaHHe NPOHCXOAHT [A/s YACTHI[ Pa3-
MepoM 0,01—0,005 mm.TIpu xonuentpamuu 0,001 10,005% I1AA
(JIEHHHTPAJICKOr0)  HauBBICIIAS BOAOTIPOYHOCTD (36,2%) moay-
U€Ha TIpH yIe/NbHOM IOBEPXHOCTH Necka 8560 cu?/e, 3aTeM, ¢ pocTom
YAeNbHOH TIOBEPXHOCTH. OHA yMeHbIIaeTess B 06,1acTH 6osee Bhico-
KHX KOHUEHTpauuit nonvmepa (0,01—0,1%) BogonpousocTts CTPYK-
TYPHl TOCTENCHHO YBEJHYHBACTC € POCTOM 3HAUYCHHH YEILHOM
[IOBEpXHOCTH, AoCTUraeT MakcuMmyMma (84,0%) npu ynenbnoit no-
pepxHoctd 13600 cm?/e, 3aTem ymenbulaeTcst npu YBEJHUEHUH
yAe/bHOH noBepXHocTy. [TaJeHne BogonpoYHOCTH C POCTOM V&b~
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HOU DOBEPXHOCTU TecKa CBA3BIBAETCA C HEJOCTAaTKOM 1noJuMmepa
JJ1] IOKPBITHA AKTHBHOMH TIOBEPXHOCTH NECKA; C POCTOM KPYNHOCTH
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Puc, 95. Bausnne pH 1-npOueHTHBIX pacTBOPOB
TMTAA-]1 Ha BenuuuHy paGoOThHl OTPBIBA HA CTeK-
ae (I), cramt (2) m oprerexae (3).

3epHa CWJbl KOTe3WH TNPeBANMPYIOT Hajl Ccwiamu afresuu. He-
cleLOoBaHue BJHSAHHSA MUCIEPCHOCTH TOPOLIKOB Ha B3auMojel-
cTBue ¢ noauMepom K-4 ¢
TIOMOLBLI0 MeTon0B Haly-
xanusi  [354] nmnokasano,
4T0 00BEM  HOIJIOUIeH-
Horo pacreopa K-4 gasa
NOYB M KBApLEBOroc Iec-
Ka H3MEeHsercs MO0-pasHo-
MY B 3aBHCHMOCTH OT JHUC-
nepcHoctd (puc. 98). 310
7 w P w' w'ecu MOXHO OOGBACHUTH, Tpex-
NO/0KHB, UTO NpH GOJb-

Puc. 96, Wamenenue soponpouroctd (W) pjypx IHaMeTPax Top Mex-

THIIMYHOTO cepolema (/), paboTel OTpHIBA acT-
(A) Ha crexne (2) w craam (3) or xon- AY YaCTHLAMH NECKa P

uentpauun pacteopa K-4 (C). Bop K-4 pneficTByeT Kak
HATIOJIHUTEb, a4 TNPH BH-

COKOH [NUCIIEPCHOCTH  TeC-

¥a TpOSBJSETCS CKjeuBaiollee JEHCTBHE NOJHMEPA, U OH UIPaeT
posb CTPYyKTypooGpasoBarens. HacTuusl ke NOYBEI B OTHOCH-
TeJbHO KPYNHBIX (paknusax, Kak NCKa3anu 3JeKTPOHHO-MHKPO-
cKomuueckHe ucciemosands [215, 355], mucneprapyloTcss # ETO

w

80,

w
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NPUBOIAT K YBEJIUUYEHHIO AKTHBHBIX IIEHTPOB, CNIOCOOHBLIX B3aHMO-
AeficTBOBaTh C MAaKPOMOJIEKY/JIaMy TTOJHMEpa.

B npepsipyinefi riiaBe Obl H3/I0KEH MeXaHHW3M MHKpoarpe-
raToo6pasoBaHus, COrJIACHO KOTO-
pomy nosumep K-4 cTpykTypHpy-
€T NOYBBEl U TJHHBL TyTeM INOBep-
XHOCTHOTO B3auMoOJeficTBHA C 06-
pasoBaHHeM ,MOCTHKOB® MeXZ1y
yactunamMu. MoxHO IPENOJIO0KHTD,
YTO yeM BblIIe CTElNeHb JHUCIep-
97 CHOCTH TIOpPOWKOOOpAa3HBIX Ted,

wt 1/5— teM 6GoJblue uactui ajacopbupye-
at Yo+ tca noapMepom. Ho 3ro He 3Ha-
* » — a 6paso-

709 3553 i 4652 6 wew s LUT, UTO BCe arperarsl, Obp
BAHHEIE afcOPOUPOBAHHBIMH YACTH-
Puc 97. 3aBUCHMOCTb onTHMalp- UAMH, SBJIAIOTCA BOAOIDOYHBIMH;
HOW  103bl  HoauMepa Ras TakK, KOJHUYECTBO arperaTroB KPyi-
OCTPYKTYPHPOBAHH OT YI€Mb- yee (0,25 mu nns Bcex o6pabo-
HOH TOBEPXHOCTH KBAPUSBOTO  yqppyyyx  0OpasiloB ¢ PasnHyHOM

necxka. P — npoueHT BOJONpOY-
HBIX arperaTtos, S — yjelbHas JIUCTIEPCHOCTBLIO OCTAETCSA MOCTOAH-

Bodongowwacrs, %

TOBEPXHOCTD, CM2. HeM (Ta6a. 62).
Jlosa noaumepa, % 0T Beca obpasua’ I‘pa(bymecxum cnoco6oM pas-
Z=04, 22008 5= 00!~ %% Mephl wacTHI, HauMHas C KOTOPHIX

HacTyMaeT NOBEDXHOCTHOE HaChi-
LicHue, onpenetendt B npegenax 30—50 mx. Taxne xe pasmephl
HMEIOT YacTHUbl 06pa3uoB IIpH MaKCHMaJbHOM TIOIJIOWEHHH HMK

40 [ I x x
& P A
Y \\"\
g 30 + ﬂx = x S X e A _ﬂ‘?
%‘_ ——— P :T J 15
L W '
= o

T N P " .
1 7 3 4 swimyz

Puc. 98. KpuBble NOTJAOLIEHHS PACTBOPOB CTPYK-
Typoo6paayiouero noaumepa K-4 ueiunusiM (2)
u OorapHniM (3) cepo3eMaMH, KBapueBbM Iec-
KoM (4) B 3daBHCHMOCTH OT  JHCIEPCHOCTH,
Kouuentpamua K-4 I1—0,001%, II1—0,01%.

NOJISIPHBIX KUAKOCTeH — BoAW U 3THJIOBOro cnupra {179, 354].
3To yKa3biBAET, NO-BUIHMOMY, Ha TO, 4TO yacTuus 0,02—0,03 mm
nauboJsiee aKTHBHO YUaCTBYIOT B 06Pa30BaHHH CTPYKTYDHL
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JlaHHble, MOJYYeHHBIE B PE3y/pTaTe ONpeNesieHUs KOJIHYeCTBa
MOTJIOLIEHHOTO TIOJUMEpa, TO3BOAIOT 3aKMIOUUTh, YTO TOA BJHUA-
kuem K-4 wacTuisl TOYBhI, & TaKXKe NecKa CKAEHBAIOTCH, IpuueM
B M3MEHEHHH arperaTHoOro COCTaBa MOYBEHHBLIX 00pasuos u 06-
pa3oBaHUM CTPYKTYDH B OCHOBHOM TpPHHMMAIOT yyacTHe arpera-
Tl pa3Mepom 0,06—0,01 mm. OTHOCHTEJIBLHO MaJO yMEHbUIAeTCs
TakKe comepxanue arperaros Menee 0,01 mm. KonuyecTBo arpe-
raToB kpynuee 0,25 Mm pe3Ko Bospacraer; B 06paGOTaHHBIX MOY-

Ta6auwma 62

HisMeHeHHe arperaTHOro cocraBa NOYBBI NMOJ BIAHSHHEM
cTpyKTypooOpa3ywuero nonumepa K-4, %

PasMep yvacTsu, MM
oég‘faua Obpasen Kpym- 1,0— 10,5— 10,25— |0,05— |meunee Cyyvma
nee 2|21 705 | 0,251 0,05 | 001 | 00 |pymuce
0,25
1 leauuasft ceerawtitl — | — | 3,7 113,2 { 57,9 (19,8 | 5,4 | 16,9
ceposeM
11 — {— 10,3)0,4/38,01583,717,5] 0,7
I — |- |- 10,3143,1 45,3 11,4 0,3
v — - | — | — 128,857,4 13,7 -—
I O6paborannnii pac-{11,9 {17,4 §23,1 {13,6 | 32,01 0,9 | 1,6 | 66,0
TBOopom K-4
11 19,3 16,0 {14,9 (12,6 | 32,4 | 2,8 11,3 | 62,8
I 20,4 {12 2 120,71 6,91 24,91 5,21 0,81 60,2
v 13,0 [16,0 |16,9 | 7,51 38,9 7,2} 0,3} 53,4
I Ceerabli ceposem — | 6,6]5,3164,7(15,9] 7,31} 11,9
(6orapa)
11 — y— | — |0,4|57,7]35,6/6,2| 0,4
1L — = |— }o0,1147,3]46,6| 5,8 0,1
v - — |- 1—-=129,7161,8 18,4 —
\ — | — - 18,2 73917,8] —
1 O6paborantnii 12,8
pactropom K-4 13,5 (13,0 |14,9 } 42,7 [ 2,91 0,2 [ 54,2
11 11,319,711,71 9,9 [ 65,1 | 8,0 0,11 42,6
i 18,419,5|7,8/9,0!55,0{1,5]0,2](44,7
IV 11,2 12,3 |11,1 10,2 { 53,1 [ 1,51 0,4 | 44,8
\4 9,4110,5411,27,4(160,3(1,210,8(38,5

Bax mnofABasoTcs arperatol 2—1 mm (B npenenax 9—13%)
u KpynHee 2 mu (9—20%).

Takum o6pasom, ais XapaKTePUCTUKY B3aUMOJAEHCTBHUS MOJHU-
MepOB C NOYBAMH U BHIAIBJICHHS Pa3MEPOB YacCTHIl, NPH KOTOPHIX
HacTynaeT MakCHMaJibHOE HachileHHe, METO] HabyxaeMOCTH oKa-
3ajcs BIOJHE TPHTOAHLIM. Pe3yabTaTsl, nosyyeHHsle € NOMOUIBIO
3TOT0 METoja, MOATBEPXKAAITCA JNAHHBIMH arperaTHOTO aHaJsK3a.
Upu atom ycraHOB/EHO, 4TO TIPH HEH3MEHHOM MHHEDAJOTHUECKOM
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H XMMHYEeCKOM COCTaBe TOYBH 00pasoBaHHE arperaToB KpylHee
0,25 mm 06GycaOBJEHO B OCHOBHOM yMEHbIUEHHEM CONEPKAHHSA
¢paxuuna 0,05—0,01 mu u menbme 0,01 maz.

B. 4. Bosaxkosa [356] u3ayuana BausiHHE T'PaHyJIOMETPHYECKOTO
COCTaBa NOYBH Ha TMpOLECCe CKAECHUBAHHUS MHKPOArperaToB MOJH-
Mepamu K-4 u nosauwakpunamuioM. HMceselloBaHio nojasepranuchb
BHIleJIeHHEIC U3 THIMYHOTO Cepo3eMa (ppaKUHU YacTul pasMepoM
menbme 0,001 x#m; 0,001—0,005; 0,005—0,01; 0,01—0,05 u 0,05—
0,1 mm.

B sTo#i paGoTe nokasaHo, YTO B 3aBUCHMOCTH OT BHJIA H KO-
JAHYECTBA BHECEHHOI'O NOJAMMEpa Npouecch arperatoo6pasoBaHus
(aBTOp paccMaTpHBaeT 3TOT IPOLECC KAK KOary/isiiuio) MOFyT
IPOTEKAaTb C PAa3JHYHOH CKOpocTbio.  IIpyu fefcTBUH GOJBIIMX
KOHLEHTpauuil NOJIHMEPOB CK/eHBaHHE MOYBEHHBEIX YaCTHL BO3-
pactaer. [Ipudem mpouecchl KOAry/isiudd HAyT B NOUYBEHHBIX vac-
THIAX pasmepoM MeHbie 0,001 mu, or 0,001 mu, no 0,005 %M 1 OT
0,005 no 0,01 ma. B uactunax pasmepom ot 0,01 no 0,05 mm u oT
0,05 no 0,1 Ma B OCHOBHOM TPOHCXOAHT cKJeuBanue. [lonnakpu-
namun Gonee akTHBHO, ueM K-4, arperupyer yactuust < 0,005 mm.
TakuM 06pa3oM, MOXKHO  TIPOTHO3HPOBAaTb  GOJBIIYIO arperu-
PYIOILYI0O AKTHBHOCTb MOMMAKPHAAMHIa s TouB Gojee TAKe-
JIOTO MEeXaHHYecKoro COCTaBA.

IIpouecc cTpykTypooGpasoBaHua B TousBe M IIMHAX 3aBUCHT
TaKXKe U OT APYI'HX (aKkTOpOB, HalpHUMep OT COJepXKaHHA B HUX
conefl, pH cpenst u T. 1. B atom nnane pHTepecH  paGoOThi
B. Il. Mapruna u X. B. Jlxkoneca [357], u3yuaBmux BJAHSHHE
pPa3/iMuHBIX KAaTHOHOB M aHHOHOB Ha 3QdeKT CTpyKTypoobpaso-
BaHMS B MOYBaXx mNoJX AefCTBHEM THUAPOJM3HOIO TOJAHAKPHJIOHHUT-
puna (HPAN). M3 paunbix Taba. 63 BHAHO, 4TO HaubOABLIHK
ITDOUEHT BOMOTPOYHBIX arperaToB oTMeuaeTcs TOrAE, Koraa B 00-
pasen no6aBnfAeTCs I1e€J0Yb, HAHMEHBIIUHA—B TPUCYTCTBHA CO-
Jell MBYXBa/JeHTHBIX KaTHOHOB. CaMyu aBTOPH He OOBACHAIOT 3TH
33KOHOMEPHOCTH, a TOJbKO CONOCTaBJAT CBOM JdHHBIE C JaH-
ueiMu 1o agcop6uuu [151, 296]. OkassiBaercs, axcopOuus HaXo-
JUTCA B OOPATHON 3aBUCHMOCTH OT CNOCOGHOCTH NOAHWMepa CO3-
HaBaTb BOJOTIPOUYHYIO CTPYKTYDY.

YBenuueHHe BOAONPOUYHOCTH MOYBH ¥ YMeHbIIeHUe afcopOuuH
roMMepa NMoYBOH B NPUCYTCTBHU LIEe/0YeH H, HA0OOPOT, yMeHb-
[leHHe BOMONPOYHOCTH TIOUBEHHBIX arperaToB H yBeJdHuyeHUE IIO-
rJIonieHusl NOJUMepa TOUBON B NPUCYTCTBHU cOJiell TOJAMBANICHT-
HEIX 3JIEMEHTOB CBf3aHO, MO-BHJIUMOMY, C YCJIOBHAMY 3IKCIIEPH-
MEHTa: ec/il NpH U3yueHuH ancopOuuu B CYCIEH3HIO NOYBH, Kyna
6bia1 Ho6GaBjeH 3JEKTPOJHT, BBOAAT pPacTBOD NOJHMepa H OCTaB-
JAI0T Ha onpefeseHHoe BpeMs (OOGBIYHO Ha CYTKH), TO TIpH CO31a-
HUY HCKYCCTBEHHOH CTPYKTYPHl K BO3AYIUHO-CYXOH HaBeCKe MOd-
Bhl, B KOTOPOH CONEPIKATCS CO/H, N0o6aBJIRIOT PACTBOP NOJHMEpA.
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Hanmo mnosaraTb, 49TO THAPOJU30BAHHBIA TONHAKPHUIHATP K
(HPAN) nop BiHAHMEM MOJHBATEHTHLIX KaTHOHOB /1u6o Koary-
Japyercsi, 6o o6pasyer HEPaCTBODUMEIE B BoOJle COMU K 3aTeM
BEITAfaeT B OCAJOK, KOTOPbill OCTaeTcs B C/l0€ obpasia MnouBH
(ocTaTOUYHAS KOHIEHTPAuMsd MOJTHMEPa HauMeHblIas). IJTOMY
C10cO6CTBYET BO3MOXKHOE OMBIIEHHE IIENOUHOro Tpernapara (o
apanorun ¢ K-4), B pesy/ibTare uero o6pasyioTcsi NONHAKPHIATH
paTpus. B aToM cayyae MAKPOMOJEKYJIE! Npenapata mnoa neHCcTBY-

Tab6auua 63

BansiHHe pa3aHYHbIX HOHOB Ha BOAONPOYHOCTH
no4YBEHHBIX arperarToB (% K Becy ﬂO‘lel)

AHNOHBL
C
e a— | no~ | mpo~ | sor | OH prety
Nat 64,2 55,2 64,8 66,0 71,5 64,3
Kt 58,5 59,2 71,3 60,4 75,0 64,9
Hat 55,6 61,3 55,4 51,0 62,0 57,1
ca't 42,5 40,9 54,0 53,4 65,1 51,2
Mg't 40,4 35,2 62,9 48,4 69,7 51,3
Ht 57,1 50,6 61,9 57,0 61,8 57,7
ee OT
Cp?:—xﬂnox—xoa 53,0 50,4 61,7 56,0 67.5 57,7

MpuMeyanue: Breceno 0,025 HPAN x Becy noOuBbL Co/i BHOCHJIHCH
u3 pacuera 1 #z. 5x6[100 2 NO4BHL.

eM OZHOMMEHHO 3apsAXKeHHBIX (YHKIHOHIJBbHBIX rpymn BHITIPSIM-
JSIOTCS, YTo 6J1aronpHsiTHO NEHCTBYeT Ha Mpouece HCKYCCTBEHHO-
ro CTPYKTypooOpa3oBaHKs (BOIIOHpO‘{HOCTb“HaHﬁOJIbIHaF{).

T. M. Cunoposa u3yuana COBMECTHOE JCHCTBHE MHUHEpaJbHbIX
yno6penuit (cyneppocdarhbie, KHIKHE cso¥HbBle yaoOpeHnus) H
npenapata K-4 Ha THIHYHOM OpOLIdEMOM ceposeme. OnbiTel ObLIH
[IOCTaBJEHBl B IBYX BapHaHTaX: B NEPEOM BapHaHTe k nouseé Jo-
Gapasny yHoGpeHusi H 3aTeM pacTsOp npenapara, Bo BTOpPOM —
BHAaYaJe pacTBOp npenapara #u K cycrienanu—yo6penus. Onbi-
THl IOKA3aJH, 4TO B TOM U JpyroM ciydasx o6pasyercs NOBbILIEH-
HOE KOJHYECTBO BOJOTPOYHBIX arperaTon (Taba. 64), HO HauboJb-
wuit 3pPekT moayyaercs TOrna, Korana ynoGpeHnss BHOCAT Ha
06paGoTaHHYI0 MONMMEPOM TOUBY.

WnTepechnl paborsl I'. JI. MacnenkoBo# [358], paccMaTpuBaB-
mefi BausiHke GOpMbl M 3apfifia MAKPOMOJEKYJIbI nonuMepa Ha
BOJIONPOYHOCTD JHCIEPCHH TIOYB H IVIMH.
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B T1aba. 65 nokasaHo BAHSHHE CTeNeHH TUAPOAH3a {IOJHaKpHu-
JaMHIa Ha H3MeHEHHe KOJIMYeCTBa BOJONPOYHEIX arperaTor B
KaoJuHe,

Kak BuIHO, BOLONPOYHOCTb arperaTos 3HAUUTEJNLHO Bo3pac-
taer npu yeenauuesuud pH cpenpl. OcoGeHHO 3TO 3aMeTHO 1.5
TTAA 709% -Ho¥ cTeneHH THAPOJH3A.

Ta6auna 64

HameneHne mexaHuueCKoro cocraBa noushl (paspe3 605, ru. 0—25 cu)
B 3aBHCHMOCTH OT cojepxaHus K-4 u MuHepalabHBIX YpOGpeHHH, %

PaaMep 4aCTHi, MM éé g
N e |2 |2 |8 |85, | E
Bapsaut 2 - 3 < S c §&$§ ‘i
B - = | ! | 3 oﬁg* <
& |7 i w 8 | 8 | 5 2528z
) ™ - S s =3 2 [ExES] &
[Tousa + H,O 1,99(0,97| 1,221 4,68(73,31(15,76[2,07| 8,86 —
IMoura + 0,06% K-4 20,26)5,0416,85/10,5235,78/10,0 [1,55| 52,76 —
MMousa + 2% cynepdoc-
tara + H,0 — { — 12,08 3,2858,81130,81!5,02{ 5,36] —
Moura - 2% cynepd. +
06 K-4 12,3913,75| 9,62 8,60i65,64/29,00(6,79| 34,36] —
fousa - 4% cynepd. +
H,0 - | — i 1,43] 1,03(73,80|17,92|5,82| 2,46 —
[ouyra + 4% cynepd. +
0,06% K-4 12,97i6,36( 7,14| 7,36(40,8421,33/4,90| 32,93 —
Ilousa 4 0,069% K-4 4-2%
cynepo. 2,96(7,97)22,85/13,76/45,08] 4,26/3,83| 46,83] —
IMoyBa + 0,06% K-4 +4%
cynepd. 3,0216,19(20,50(18,79,31,89(17,50{2, 11| 48,50{ —
IMousa 4+ 2% munkoe
yro6. + HeO — | — [ 1,22 5,74/66,30/21,90(4,85 6,96] 6,8
[Moura 4 29% Kunkoe
yno6. + 0,06% K-4 0,23/0,31] 2,70{ 6,90(69,12(16,07(4,67| 10,14] 6,7
fTousa + 4% sxuzKOE
. yno6. + H,0 — | — | 1,85| 7,86|62,77,.2,46/5,56] 9,71] 6,6
TMousa + 4% skuax. ynob
+0,06% K-4 1 2,07|1,93 5,66(16,37/55,61|14,843,52| 26,03| 6,6
MMoura 4 0,06% K-4-+2%
WHIAK. YR00. 1,52{2,62(18,06{13,96{47,70{12,52/3,62 36,16/ 6,7
Mousa + 0,06 K-4 +-4%
WHIK. YROG. 1,73|5,35(17,06(16,47(47,57| 8,20i3,62] 40,61| 6,6

3akmouas 0630p, crelyeT oTMETHTb, 4TO Npouecc obpasoBa-
HHs CTPYKTYDH B 1ouyBe, B OYKBaJbHOM CMBIC/IE, — BOSHHKHOBE~
Hie arpoHOMHYECKH IeHHOH CTpYKTypH (kKpyiHee 0,25 mm) u3y-
43aeTcs MHOTUMH HCCIelOBAaTeNsAMH W B HACTOsiliee BpeMs B MOY-
BOBEJICHHH 110 3TOMY BOINIPOCY pa3paboTaHO YeTbipe TEOPHH.
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1. KanunaspHas teopus [16, 148, 260, 359—363], cornacHo Ko-
Topofl YACTHUbl MOYBH CJAHMAIOTCH W B3AUMHO YIEPXKHBAIOTCS B
KoMke (CTPYKTYpPHOM arperare) KanH/ISPHBIMH CHJIaMH, BO3HH-
KaOUMMHU B ITOPaX MOYBbLI IpU €€ YBJJd2KHEHUH.

9. KoaryasuuonHas teopusi [267, 364—373], paccmarpusaio-
1 asi CAMINAHUE YACTHIL KaK Pe3yJbTaT Koary/JdHPYIOUIEro AeHCTBHS
KATHOHOB, TpHYeM KATHOHY Ka/bLHsl OTBOAMTCHA BeAyLlas DOJb.
Teopusi YTBEPKIAET, YTO CAMIILHMECA TPH KOAryJANHH TOYBEH-
Hble YACTHUBI MOTYT BHOBB CIHIAThCS CBOMMH CBOOOAHBIME IIO-
BEPXHOCTAMH WJIM NPHCOEAMHATb K cebe apyrue cBobGoaHbie 4ac-
THIB, 06pasysl arperaTel BTOPOTO POAA, M3 KOTOPHIX TOJYyYaioT-
cAl arperaTel TpeTbero poja u T J. 0 o0DasoBaHUA BHIHMMBIX

KOMKOB.
Ta6auua 65

Cymma BOJON POuHbIX arperaroB kpynHee 0,25
(% K Becy cyxoro KaoJHHa)

pH cycneHsuun xaonuHHTA

Honumep
4,3 I 7.8 l 10,0

Herunpommzorannsiit [TAA (pH 5) 39 47 58
TTAA 30%-ro# cTeneny ruapoausa (pH 5) 21 41 68
[TAA 70%-rO# crenenu runpoansa (pH 5) 27 47 88

3. Teopusa uemeHTauuu [260, 374]. Cor;acHo 3To#i Teopuu Cjau-
NaHKe YacTHIl B TMOYBAX NPOHCXONUT NPH TIOMOIIH NPOCJAOHKH —
«IEMeHTay, oCaXAawlLerocs M3 BOAHBIX pacTBopoB. Ilepsona-
Ya/bHO DPACTBOPHMOE BeELeCTBO INEPEXOJUT B HepPacTBOpUMOE
COCTOSIHME B CHJYy M3MeHeHHs XHMHYEeCKOro cOCTaBa M [EMEHTH-
pyerT noyYBeHHbIe YaCTHIIbl; TAKOBA, HANPHMEDP, Peakuds Hepexona
O6ukapboHaToB B KapOGOHATH B NIOUBE.

4. Teopus ckjaeuBauusa [148, 244; 375—377], corjiacHo KOTO-
poil YacTHIbl TIOYBHI B MPOLECCE BHICHIXaHUA COMUAKAIOTCA, BCACK-
CTBHE Yero ¥ MPOHCXOJUT UX CJAUMaHHe MoJ NEHCTBHEM KOJJIOHI-
HBIX YaCTHI, OPraHHYeCKHUX (TYMYCOBBIX) BeLIeCTB.

OTMeyaercs, 4TO B IPOIECCE BOBHHKHOBEHHSA TOYBEHHOH CTPYK-
TYPH BaXKHYIO POJib HIDAeT HEsATEeJbHOCTb NOYBEHHEIX GaKTepHi
[378, 379] u causu GakTepuil, npudem GakTepuadbHas CAU3b pac-
CMaTpHBaeTCss KaK CTPYKTypooGpas3oBaTenb, COYETAIOUIUH B ce-
6e cBOMCTBA Kak JMHEHOro NOJMMeEpa, TakK H 3JekTpodura [273].

XapakTep KOJNJIOMTHO-XHMHUYECKOTO 3aKpemJeHHs TOoYBEHHHIX
MUHEepalbHBIX U OPraHHYeCKUX BelIeCTB B IIOYBEHHOM arperare
M3Y4aerTcst ¢ NOMOLIbI0 METOAA KONLIOHIHO-XHMHYECKOro aHaTOMH-
poBanus, paspaboransoro B VMHCTHTYTE  [OYBOBENCHHA HM.
B. B. Jokyuyaesa AH CCCP [374].
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C nomonisto s10r0 Metona B. §1. Bonkopa [356] Buisicuuna Bom-
POCHI, KacalomHecs CBA3H NPraHuyecKNX BELIeCTB M MUHEpaJb-
HOM YacTH MOYBHl (Knees) ¢ noanmepamu K-4 u [TAA. {ns atoro
C TIOMOMWbIO 3THX MOJHMMEPOB OLIIU CHHTE3UPOBAHBI MOJE/bHbIE
arperaThl mOYB (THNHYHBIA OPOIUAEMBINl cepo3eM, bon—3-merHas
JIIOUEPHA M XJIONIKOBAasA CTApONalIKa).

Hccenenosanus nokasand. 410 mox BAHSHHEM COJISHON KHCJO-
Tbl HAUMHAETCA PACNajl arperaToB, CHHTE2HPOBAHHLIX C TOMOLLbIO
nonumepa K-4. D1oT mpouecc sicHee Beero BHIpaXeH o tony
XJIONIKOBOH CTaponcliKY. [[o6aBiielne KHCIOTH BHISHIBAET BBITEC-
HEHHE KAaTHOHOB C TNOBEPXHOCTH YaCTHI U H3MEHAET peakKuulo
cpenst. B pesynbrate BoccTaHaBAHBAIOTCSE pasBUTHE B KHCIOH
Cpelle ruapartHbie 060scuky. OHM HAPYUIAIOT CBA3H MEXIY obpa-
SYIOLIMMHU arperat 4acTHilaMH, TPemsITCTBYA CAMTIAHUIO WX B ar-
perartbl GOJbLUINX pa3mepoB. Moje/ibHEIE arperaTe ¢ TIONUAKPH-
JAaMUJIOM OCTAIOTCA IEbIMH, HO TJIEHKH, KaK Obl 0JeBaloLye ar-
perarhi ¢ NOBEPXHOCTH, HAaYUHAIOT HabyxaTh. HaGyxaune, Bepost-
HO, BBLISHIBACTCA CO/bBATAUHEH AMMIHBIX TPYII NOJMMEPA.

Ha caenyrwomefi cragun anatomuposanus, T. e. apu o6paGoT-
Ke okcasnaroM Hatpus ¢ pH 9,0 mapymaerca cBasb ¢ norsomen-
HoiME Ca ¥ Mg u ryMaTsl MepexofsT B pacTBOPHMbIE ¢hopmHl, Ha
470 yKasbisaercs B paGotax M. H. Aurtunosa-Kaparaesa u Ip.
[371, 374]. TTpu stom o6umit BwIXOx OPTaHUYEeCKHX BEUIeCTB M3
IICKYCCTBEHIIBIX ATPEraTOB YBEJMYUBAETCS N0 CPABHEHHIO C KOH-
TPONLHBIMH NPHG/IU3HTENbHO B 1,2—1,5 pasa. HaunGonbmui npo-
LEHT BbIXOJA OpPTaHHYeCKUX BewlecTs Ha ¢oHe ¢ K-4 Habmonaer-
CA Ha mouBe M3-TIOJA TpexJieTHeH JOUEPHH. BHIXOj Opraruyecxux
BCULECTB yBEJUUMBAETCsT OT GOMbIIMX DPaKUHA K MEHBIUHM,

B mocsenneil cramuyu anaToMHpOBaHMS, KOTopast 3akiiouaer-
¢ B 006paloTKe arperaToB PacTBOPOM LABENEBOKHUCIONO AMMO-
unst ¢ pH 5,5 npoucxomuT nonHplil pacnan arperatoB Ha sseMeH-
TapHeie 4acTHubl. B cayuae ¢ K-4 ato nposiBasercs B Gosee riy-
GOKOM paciiajie ¢ OTIEM/IEHHEM 3JIeMEeHTAPHBIX YACTHI. To nof-
TBEPXAEHO H JAUHBIMH MeXaHMUYECKOr0 AaHa/jH3a [I0YBEHHLIX ar-
PEraTos, Mo/lyd4eHHbIX C MOMOUb0 nonumepor K-4 u nomuakpu-
JaMHAa Tocae KaXKIOoW CTagHH HX AHATOMMPOBAHUS.

[Monnakpuaamun yaxe na 1epBo# cTaguu o6paboTKH BH3bIBa-
eT HaGyxanye arperata. (OcoBeHHo XOpowo BHAHO HaGyXaHue
TIICHKH, OXEBatouwlelt arperat ¢ mosepxHocTH. YacTs OTPHIBaI0-
INErocst CO BpEMEHeM MoNHMepa HaXOAUTCS B pactsBope B BHiIE
HAOYXIIMX HATEH,

KOHLY 4eTBepToii 06pabotku (ymasmenue TOJIyTOPHBIX OKHC-
JI0B) Habyxmiasi nieHxa PBETCs, U3 Hee BBICHIIAIOTCA COCTABIIIO-
e mnoymy 3NIEMEHTapHbIe HacTHUDI, NPEeNCTABJIEHALIE B OCHORB-
HOM MHHep a/JbHBHIMU 3epHaMH KBapna.
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[lo BaNOBOMY COHEpPKAHMIO MOJNYTOPHHIX OKHC/JI0B MOJeNbHbIE
arperaThl CXOIHBI C KOHTPOJIbHBIMH (Ta641. 66); ¢ yraneHuem moa-
pukHEIX $opM Bhixon RyO; M3 MOJENBbHHIX arperatoB yBeJHYHBa-

Ta6avuna 66

Cozepyxanune pasauuHbix ¢opMm R,O; B arperarax THONHYHOro
opouiaemoro ceposema

Pasmep BanoBoe conpepianhe, %
BPI, % oT Be-| gyuxnudt,
ou ca 1o4BHl P
R,0, ’ Fe,0, I Al,O,
- - | Kourpoanp 3—2 12,65 3,85 8,80
ue?mnae'rﬂm e TP 1—0,5 11,71 3,73 7,98
MMAA—-005] 3-—2 12,12 3,55 8,57
1-0,5 12,64 3,52 9,12
K-4—0,05 3—2 12,54 3,47 9,06
1-0,5 12,10 3,;{2) ggg
Xaonkopas Koutpons 3—2 12,87 3, .
crapomnauika 1—0,5 12,56 3,78 8,78
NAA—0,05( 3-—2 11,54 3,34 8,20
1—0,5 12,60 3,32 g,gg
K-4—0,05 3—2 11,60 3, s
1—-0,6 11,88 3,36 8,52
R amaare e e | Gom: Oy s cast mommaehn s
dou BaJOBOTO COJEePIAHHI
R,04 Fe,0, ALO, R,0, Fe,0, AlO,
3-neTHAa Ti0- 3,40 2,(25(2) 3,2(7)
2,73 3, ,
Hepta 7,44 4,50 8,46 4,04 1,90 4,59
7,15 6,54 7,35 4,42 3,32 4,85
7,20 4,61 8,16 3,80 2.01 4,29
6,61 4,10 7,61 3,88 0,88 5,11
XaonxoBas 1 ,Sg g,% g,gg
€Taponamka 3,1 ' ,
P 6,26 5,38 6,59 4,71 2,21 5,77
4,44 4,75 4,33 1,26 — 2,05
5,52 4,33 5,97 3,97 1,16 5,15
3,69 4,76 3,28 0,51 — 1,00

erca. IIpa 3ToM Heckosbko H3MeHsieTcsi BhIXOX Fe,O; M CHIBHO
Bospacraer Bhixon Al,O;. HanGoabUInil BHIXOA TOABHKHBIX Gopm
TIOJyTOPHBIX OKHCJIOB Ha0/0faeTCsA Ha TIOUBE W3-1OJ TPeXJeTHeH
souepnbt. [Ipuuem, kak mo GpoHy mOUEpHBL, TaK U No (OHY XJoM-
9aTHHKA, HAHOOJbIINH BHIXOJ MOJABIKHBIX  (POPM MOJYTOPHBIX
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OKHCN0B HaGaiomaeTcs NpH BHeceHnH noauakpuiaamuia. Iocaen-
Hee TOBOPHT O HaJM4YHH CBA3eH NoJHaKpHIaMHIa C NOYBEHHLIMH
YacTHIAMH Yepe3 NOJyTOPHBIE OKHC/BL XKeje3a H, B ocoOeHHOCTH,
amtomunns, Hanboapnee ynanenne HOJMYTOPHEIX OKHCJIOB OTMe-
yeHO npu KoHIeHTpanuax 0, 05%.

CxeMbl pacmaga arperaToB MOATBEPXKAAIOT HalWyhe CBf3efi
nojuMepa ¢ NMOYBEHHBIMH YaCTHIAMH Yepe3 OPraHHuYecKHe H MH-
HepaJibHble BelllecTBa NOYBLL. PasnnuHepie M0 CBOMM XHMHUYECKHM
CBOMICTBAM TOJHMepHl [I0-PA3HOMY CBS3BIBAIOT NOYBEHHbIE YACTH-
IBl B CTPYKTYPHHE OTHEJBHOCTH — MakpoarperaTel. OfHaKo yT-
BepKJeHHe, YTO MOJHAKPHUAAMUJ, NMpeAcTaBigloini coboit como-
JAMep aKPHJIOBOH KHCJIOTH M aKpusaaTa kanabuug [4, 5], B npoTuso-
nosoxHocts K-4, Kak Gl ofeBaer arperart CIJIOMIHOR TNJEHKOR,
Mano ybequtenbHo, Majo BeposiTHO U TO, UTO B TOJHMOJIEKYIAP-
HOM cJioe uenu MaxkpomoJekyasl [TAA cmmuBalotcsi Mexny coGoi
no — C — C cBsizsam.

Paspymenne arperaToB Npy BHITECHEHHH KeJje3a ¥ aJMIOMHHMS
noaTBepxkaaeT o0pa3oBaHHEe CJIOXKHLIX OPraHUYeCKHX COeIHHe-
HUH TioJMMepa C TSKEeNBIMH MeTallaMH. DTH COefHHEHHS MOTYT
o6pasoBartbcs 160 Yepe3 BOAOPOA AMHIHBIX TPYIN, CHOCOGHBEIX
TIPHCOENNHATD NPOTOH, 1100 uepes kapOokcuabHbe rpynna COO—.

Cepo3zeMbl HMEIOT L(EIOYHYIO PEaKUMiO, a aMUAHBIe TPYIIIBL
NOJHAKPHIAMHLA B LENIOYHOHR cpelle MOTYT YaCTHYHO THAPOJH30-
BaTbCd A0 KapOOKCHJBHBIX IPYII, 4To §AaronpusTcTeyer obpaso-
BAHHIO AKPHJIATOB KaJbLHUS; B 3TOM Cilyyae KaTHOH KaJblHs, BO3-
MOXKHO, HFpaeT poJb MOCTHKA MeXIy IOJTHMEpoM ¥ YacTHUaMH
TOYBEL,

Ilo mHennio aBropa, mpenapat K-4 6ymer cBI3nBatTh MOYBeH-
Hble arperatsl yepe3 oOMeHHbIE MOCTIIKH — CBSI3KH, oGpasyloline-
€ C TONBHMKHBIMH MOHAMH KaJbIIMf, 4epe3 FYMHHOBHE KHCJIOTh!
¢ aknentopamu Ca, Mg, Fe, Al. Pa3pyuenne kapGonatoB KaJjib-
U moATBep:KAaeT o6pa3oBaHHE TPYAHOPACTBOPHUMBIX cOelHHe-
HHU nojuMepa ¢ NOXBHXKHBIMHM HOHAMH KaJbIHA 32 CYET XUMUyYec-
CKHX cBsa3ell Tuna:

T —CHz—CH*CHg—CH—' c.

| |
O0=C C=0
AN /
O 0]
N/
Ca

PaspyuleHne arperatoB IpH yaateHHH OpraHHYecKHX BellleCTB
pacTBopoM OKcajaTa HAaTpusi 0GyC/NOBJAEHO PACTBOpeHHEM TyMa-
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ToB ¥ BhxoZoM uomoB Ca ¥ Mg, HaxomuBinxca B OOMEHHOM H

¢BA3aHHOM COCTOSTHHH.
Ygcruusl moussl, Meapue 0,01 sam, 1pH BHECEHHH NOJUMepa KO-
arynupyloT, aBas MakpoarperaThl, KOTOpble CK/eHBAIOTCA Yepes
o
t=0 |
~CH,~CH=CH-CH-CH: .
2@ 2 2

R g

/ Rzﬂ%cuo«-n\—cn,—%
Em [n] CUQEHCE:gSL/C"—EHz_mn{_ch PH'—CH
U S P o

Puc. §9. CxeMa o6pasoBauna BO3MOXHHX cBf3eH noauMepa
€ 4acTHIAMM TIOYB H TJHH.

axTHBHble (YHKUHMOHAAbHBIE FPYNIBEl GOKOBHIX YIVIeBOLOPOLHBIX
pafHKajIOB MOJMMepa ¢ KOMIOHeHTaMH nousbl. [Ipn sTOM BO3HH-
XalT CJAOXKHBIE KOMIIJIEKCHl OPraHO-MHHeDaJibHBIX  COeNHHEHHH,
TPYIHOPACTBOPHMEIe B BoJe. OGpa3oBanHe TAKHX cOeJARHEHHH N0
XHO HATH 33 €4YeT HMOHHBIX M KOOpAMHALHOHHBIX cBaded. Paapy-
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IIeHHUE ITUX CBsA3efl MOXKeT MPOMCXOIUTb BO BPEMeHH NoJ AeHCTBH-
eM XMMHYeCKHX PeareHTOB MJIH OHM MOTYT HapyuIaTbCsl NPH Me-
AaHUYECKHUX BO3IeAcTBHAX.

Ha ocHoBanuu atux naH4bix B. §I. BosikoBa npensoxuia cxe-
My B3aHMOJECTBHS TOJHMEpa C MOYBEHHBIMH YACTHLAMHU: OY-
BeHHBle yacTHubl (puc. 99,/) cBA3LIBAIOTCH IPYr C IPyroM H CO
CKeJeTHEIMH MHHepanaMu Jubo depes xapOOHATH KanbuHd, JIH-
60 yepes rymaThl KaJbuud, Keje3a, allOMHHHA (2), 1mbo Heno-
cpeacTBeHHo cOaukalores (3). BHecenHble MOMMMePH! Kak GBI 110~
KPbIBAIOT MOYBEHHbIE YAaCTHLbl M CKeJeTHble MHHepaJbl M CBA3BI-
BAIOT HX B OT/e/]bHble KOMOUKH, COCTABJSAIONIME Maxpoarperarsl.
Ilpu sTom Moryr o06pa3oBaThcs CBA3M: 4epe3 KapGOKCHIbHBIE
rPynnbl MOJHMEPa € MNOABHXHBIMH HOHAMH KasubUHA W MAarHus
MOYBEHHBIX YAacTHL (4)H CKeJeTHbIX MuHepanos (5), yepes BO-
JIOPOIl THAPOKCHJbHBIX rpymm (6), 3a cueT GOKOBBIX YI/IeBOJO-
PONHLIX DaJHKaIOB, Yepe3 PeaKIHOHHOCTIOCOGHEIE KapGOKCHIIb-
Hble FPYMIbl MOJHMEpPa € NOJABHXKHBIMH  KaTHOHAMH Xefne3a H
AJIOMHAMSA, BXOJASAUMMH B COCTaB KOMIVISKCOB ¢ rymaTtamu (7),
Yepe3 MOIJIONMIEHHBI HOH KajibUMA ¢ FYMUHOBOR KHCIOTOH MO
kKap6okcuabHbiM rpynnaM (8). IlonnMep onesaer arperat Cr/owl-
HOH IJIEHKOH, COCTOSUIEN U3 MONKMOJIEKYJSIPHBIX CJI0EB.

MoXHO mnoJjaraTh, 4YTO NPH HAJHYHH HAAMOJEKYJSIPHBIX
CTPYKTYp IOJHMepa B pacTBope, HapsAy € NepeuyHcaeHHbIMH BbI-
Ille CBA3SIMH, BO3HHKAIOT H JAPyrue, HanpuMep cBf3b, o6yc/a0BJEH-
Hasi OWMOJSIMH B arperupyeMbiX M arperdpyiomux 4YacTHUAXx,
KoTOpasi BO3HHKaeT Gnarojaps Hx acumMmerpuu. Ilpucyrcrsue
HagMoJsekyasaputix cTpyktyp BPII B pacTBope 06/1eryaeT noKphl-
THe MNOuYBeHHBIX dacTHl, nonumepoM. Ilpu 3ToM BO3HHKalOIUEe
noKpbiTHe He GyleT MOJMMOJIEKYMSPHBIM, MOCKOJBKY B NOJHMO-
JIeKyJASIPHOM CJoe [OMycKaeTcs paBHOMepHOe pacnpeleneHue mo
CJI0SIM MAKPOMOJIEKY/l Ha NMOBEPXHOCTH YaCTHL, TOrAa KaK B CJy-
yae HaAMOJEKYJSPHOH CTPYKTYpPhl  aAcopGHpYeMEBle 3J1eMEeHTEH
(nanpumep GUGPHANBI) HepaBHOMEPHO pacnpejeNsiorcs Mo Io-
BEPXHOCTH arperupyeMbix YacTHIL.

FnaBda wecras

OU3UKO-XUMMYECKUE CBOMCTBA OCTPYKTYPUPOBAHHbIX
[NUH UM NoUs

MccnepoBanme MoaMPHUMPOBAHHLIX C MOMOLLBIO BPI
GEeHTOHMTOBBLIX FNMH Y36eKkucrana

B mactosiiiee BpeMs 06o0/bllloe BHHMAaHHe YJeJsieTcs pery.au-
POBaHHIO COPOLUHOHHBIX CBOACTB MNPHPONHBLIX COPGEHTOB, a TaK-
JKe M3MEHEHHIO MPHPONB MOBEPXHOCTH HX HaCTHL MOZHQHUHDO-
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paHMeM HeOPraHHUeCKHMH (MHHepaJbHblE KACIOTEL, coJiH) ¥ opra-
pHueckUMH (cHyaHbl, aMUHB' H T. 1) BeuiectBaMu. B psize pabor
OKa3aHA BO3MOMKHOCTb MOXHGHUMPOBAHHA  NMPHPOIHEIX cop-
GEHTOB C [TOMOIUBIO BOJAOPACTBOPHMBIX MNONMMEPHLIX BeHlecTs.
CymsocTs MOAH(UUHPOBAHUST sakaiouaeTcs B 06pabOTKe pact-
BOpaMH BOJOPACTBOPHMbIX TIOJTHMEDOB NPHPOIHBIX COPOEHTOB,
B3ATHIX B BHJle MOPOLIKA W/IH BOJHOH CYCIIEH3HA C noc/e/yoLuM
yaanesneM JUCIIepCHOHHOM Cpejbl. CuaefcTBHEM TaKOM 06paboT-
X1 SBJISeTCS CYLIeCTBEHHOE H3MeHeHWe CBOHCTB NOBEPXHOCTH.

T o1
170 J
wo
o

80 o0
70 /j
60
50

7 10 20 40 tgcuwt

Puc. 100. Tennota cmauusanus Bomoil (I) H

Gensonom (1) xOMIIEKCOB GEHTOMHT — IOAH-

Mep cychmeHsuid riuusl ¢ KOHIIEHTpanHeHn:
1—50; 2—25 3—0,5%.

Tak, B paGotre M. B. IleTpoBof, E. 10. Cocuosckoit n K. C.
Axmenosa [138] nokazaHo 3aMeTHOE YBeJNHHEHHE (GUABHOCTH MO-
AUHUUUPOBAHHOTO € MOMOLIBIO K-4 kenecckoro  (GeHTOHHTA
(puc. 100). MurepecHo, 4T0 3HAUEHHE KosddHuuuenTa PuIbHOCTH
[PAKTHYECKH He 32BHCHT OT  COJepKaHHil noJMMepHOro npemna-
para (raba. 67), X014 25CoMIOTHBIE 3HaueHHs TenJIoT cMaiYnBaHHs
Bojoll M GeH3cnoM MOAMDHUIHPOBAHHBIX 06pa3uoB 3HAYHTENBHO,
BBIILIE, YEM HCXOIHBIX.

VBeqHueHHe TeIJOTH CMayHBaHMA MOJHQHUHPOBAHHBIX 06-
pasuos ofycI0B/IeHO He NPACYTCTBHEM B rJauHe CBOﬁOnHOFS noim-
Mepa K-4 (TemsoThl CMauyHBaHHA eicylIensoro npu 105 K-4 8
Boje M GeH3osje paBHbl COOTBETCTBEHHO 221 u 1,5 kaale), a 06-
pasoBaHHeM «OeHTOHHT-NOJIHMEPHOro» KOMIT/IEKCa.

Belno ycranosaeno [139], 4T0 KaTHOHHEIM cocTaB TOIVIOIEH-
HBIX OCHOBAHHil BJHAET HA XapaKTep W3MEHEHHs BeJHUMHEL Ter-
70Tl CMAUHBAHHS TOTO KOMIUIEKca (pHC. 101). ¥V Ka/aboueBoro
6eHTOHHTA M, B MEHbIIE) CTeNeHH, y BOAOPOJHOrO TElloTa cMa-
YHBAHHS yMEHBIIAeTCs; y aMMOHHEBOH, eCTECTBEHHOH H OTMBITOM
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ot conefi ¢popMbl GeHTOHHTA — pacTeT NPH H3MEHEHHH Konuem‘pz
iud K-4 ot 0,0001 mo 0,01 u B untepBane koHuerrpaunui or 0,01
no 1,0% ocraercst noctodHHOH. B cayuae HaTpHeBoro GeHTOHHTA

Tabauia 67

3unayenue Ko3dpduuueHra QUILHOCTH MOIHDH-
uuposaHHoro K-4 xemecckoro GeHnronurta

KoHuenTpa- Kouuenrpauust pacrsopa K-4 B cycueusuu, %
LHsl CyClieH-
3HH, % 0,0001-0,008 I 0,009—0,08 I 0,2-1,0
0,5 1,6 1,6 1,7
2,5 1,7 1,7 1,6
5,0 1,7 1,6 1,7

B HHTepBate KoHUeHTpauuu K-4 or 0,0001 mo 0,01% TtemnoBoii
3 deKkT NpaKTUYECKH MOCTOSHHBIN W TOMBKO NPH GOMBIIHX KOHIEH-
tpaunusax K-4 wnabmopaerca He-
3HayuTeNbHOE €ro yBEJHUYEHHE,
dto roBoput O ruapodobu3anUH
nosepxuocti Ca-u H-dopm Gen-
TOHMTa H Truapoduamsanuu Al-,
€CTeCTBEHHOH H NIpombiToil ¢opm,
a Takxe o6 OTCYTCTBHH B3aUMHOMH
OpUeHTAIMH aAcOopOHUPOBAHHBIX MO-
JEKYJ I[0JHNMEpa, O KOTOPOH I0H-
ey T B. 0. Tperuunnx [381].
g bycia®K-4 Ecan 6bl Takad opHeHTauusa Cy-

' LieCTBOBaJNa, TO B OOJMACTH HU3KHUX

Puc. 101. Vsmenenne temro- KOHuUeHTpauu#d K-4  naGumopanacs
Tl CMaunBaHusi TMuH B 3asu- OBl ruApodoOH3aUuA Bcex ofpas-
CHMOCTH OT COAEpXaHus B J[0B BCACIACTBHE 3aKpEIJIEeHHs1 Ha
mnx K-4.  MOBEPXHOCTH YaCTHL THAPODHIE-
Lomecsommut __goxwwapccdl | MBX TPYNN UENH MAKDOMOTEKY.H
3— ABB+; 4 - Nat., 5—n+.-, noiauMepa (nanpumep—COONa), a

6 — Ca?+-popui. B 00{JIaCTH BBICOKHX KOHIEHTpaLHH
—ruapodunnsauns, us-sa ob6part-

HO{l OpHEHTAUMH MoJeKkyadpHoi uenu. [103TOMY MIpeanosoxeHHe
B. 0. TpeTunHuKa 0 TOM, uTO B3aumogeictTeue K-4 ¢ riiMHACTHIMH
CYCIeH3USAMH 3aKJII0UaeTcd B 3aKpellleHHM Ha YacTHUax FHApo-
GuabHBIX TPynn uend Makpomogekyl K-4 u ruapodobusannu
BHEIIHEeH MOBEPXHOCTH YaCTHL, STUMH AAHHHIMH He NOJATBEPXKIa-
ercsi. isoTepMbl cOPOLMH APOB BOJB! NP PA3HOH OTHOCHTEIBHOH
BJIAXKHOCTH NoKasasau (puc. 102), uro npu o6paboTke GeHTOHHTA
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K-4 ymeHplIaeTcs of1lee KOJMHYECTBO COPGUPOBAHHOH i]l:rn Brg;ﬁ
P/P, =1 naa Ca- u H-opM U COOTBETCTBEHHO — KOJHHEC OBO B
ru, aacopOupoBaHHOE B MOHOCJOe, paccudTaHHOe 0

(TaIGIJ;ﬂ68e)éTeCTBeHHoro, POMEITOrO GEHTOHHTA H Al-popMbl 3TH
BeJHYHHBL, Ha0GOpOT, YBEJTHYHBAIOTCA. Pacuer cTpYKTYPHBIX KpH-
BBIX, a TaKXe pacnpejejenhe o6beMa mop MO X paguycaMm Id
KOMIIJIEKCOB «6entonnt — K-4» (puc. 103) mokasbiBaeT, 4TO

a MM d mm
s "2 ex "7
) oo j oo pomam ™ ¥
”L'X' x ”ﬂ,”;ﬂﬂ x Qﬂ/” Jey « x ¥
100} - i j / /
1)) 1] 1y
x % h / / /

w47 LA S
/; ///. / '// /// /{/ //

Puc. 102. UsoTepuMsl copfuuH Mapos BOIEI ua K&THOH:}}(&Z{.EMBHHS;
¢dopMax a3KaMapcKoro GeHTOHNTA, OCTPYKTYPEHHOTO N-% a — Na;
6 — Ca-; 8 — OTMbITbie OT COJEH ¢opMbl GeHTOHUTA.

MopudHUupoBaHHble TVIHHEL OTHOCATCST K '{ETBepTOMy[l’IéI/éI]Iy 3113({
knaccubukauun Kucenepa (Heonuoponno-nopum‘me) ] H a2
HHMAlOT POMEXYTOYHOE MOJIOKEHHE MeXAY Haﬂbqnxcxoup T

Holl M KAOJMHHTOM [0 KJacCH(HKaUHH BuikoBa [382]. ac:ee;"
3@ @eKTHBHbIX PajuyCcOB MOp MO dopmyJe JKznanoBa NMoka3blBaeT,

yro OHH H3MemHswoTes oT 184 no 23,4 A. Crenyet yn%hf{fégyg;mo
ajHycoB NOp—M -
GonpmoM pasMepe 3GeKTHBHBIX paIHy p

ponublx y Na-hopMbl (19,2—23,4A) u GoJee NOCTOSHHBIX y Ca-

ol Gemromura (19,2—19,8A).

(bOPI/AIJSMe?IeHne (I)HJII:(HOCTI/I M pa3MepoB NOp TPHPOIHBIX copGeH-
TOB MocJe HX 06pabOTKH MONMHMEPOM K-4 cyiiecTBeHHO BJIHH(;.(T_4 :I
Ha mpouecc ajcopOuHH U3 pacTBopa KOMILIEKCAMH «IJIHHA— .

K. M. Maxkamosa u Ap. [344] usyuanu ajcop6unio U3 BOJHO-
ro pacTBopa MeTH/IEHOBOH CHHH Ha ecTeCTBEHHOM H ocrpyKTypIg:
posanoM K-4 u K-6 karTaKyprauckom, HYPaTHHCKOM H KeJec-
ckoM GesrToHHTax. Brlio moKasaHo, 4TO ajacopOunsi METHJIEHOBOH
cuin (MC) Ha KaTTakypraHckoM GeHTOHHTE ymeHbmaeTcalggn
{IOBbILIEHHH KOHIEHTpaUMH pacrBopa MOJIHMEPA (puc. ).
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Ta6auua 68

Cop6uua napoB BOAb a3KaMapCKHM GeHTOHHTOM, MOIH(MHUHPOBAHHLIM
K-4, B dyskuuu B3T

Conep- P/ Ps ., s,

PP
/ TEP[PY | |

O6pasen JKaHHe
K=4,4%

S

OTmuithiil oT coxedt | 0,001 0,0795
0,1315
0,1714
0,2222 1,92 172
0,0795
0,1250
0,1680
0,2150 2,01 180
0,0694
0,1136
0,1558
0,1981 2,14 192
0,0653
0,1088
0,1428
0,1709 2,43 220
0,0694
0,1086
0,1478
0,1851 2,39 215
0,0694
0,1781
0,1530
0,2020 2,14 192
0,0795
0,1315
0,1782
0,2222 1,96 174
0,0925
0,1470
0,2040
0,2469 1,81 164
0,0654
0,1111
0,1530
0,1960 2,12 190
0,0696
0,1090
0,1750
0,2916 1,89 175
0,0823
0,1470
0,2040
0,2666 1,71 153

-

OtMuiThiil ot coneit | 0,01

NS A N S A R I Y Y

- -

Ormuithiil o7 coneii | 0,1

OtMmbiThilh 0T coaedi| 1

-

Ca’* -popma 0,001

SO OCOOOOTOOOCOCOOOOCoOO

Ca?* -popma 0,01

Ca 2+ dopma 0,1

CO OO0 QOO OO0 OOOOOOCOOOO

-

A A R I IR T S S T Y
SSSo 5830 5830 888 588 8883

Ca*2-popma 1

Na *-topma 0,001

Na T-dpopua 0,01

Na *-¢popma 0,1

COOO OO OO0 OO0 OO

'S

<
N
I S
RES s s
S =
)
S
R
R
PHBI0D >
He w60
X .
N
PN

wo

; 30
3 3
5338
ﬂ \&
g &

by

5

V srefr
190
30
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o6beMa nop no 3dpOdeKTHBHHIM pasnycaM

(BHU3Y) 1A cucTeMbl GeHTOHMT — K-4,

CTpyKTypHBie KpuBbie (BBEPXy) M KpPHBbIE pacupeleicHus

Puc. 103.

2 — Ca?+-, 3 - Na t-copMul raHHHL.

] — OTMHTHE 0T couned,



Onnako B ciayuae HYpaTHHCKOro GEHTOHHTA BeJHYHHA agcopbuun
Ha OCTDYKTypeHHOM o0pasne Gogbllle, Y4eM Ha eCTeCTBEeHHOM
{puc. 105).

Iaunupie ta6s1. 69 XapakTepH3yOT 3aBHCHMOCTB agcopOuun
METH/IeHOBO/l CHHH OT CTENeHW AHCNEePCHOCTH GenToHHTOB. JIyu-
Wyo aacopOUHOHHYIO CIOCOGHOCTD MPOSABMAET TJIMHA C PasMepoM
yactuy Mensute 0,25 mu. Ioce ycTaHOBJACHUS paBHOBECHS BEH-
YMHa afCcOPOUHH HA €CTeCTBEHHOM M OCTPYKTYDHPOBAHHOM GeH-
TOHHTAX MOYTH He 3aBUCHUT OT CTelleHH JUCHEPCHOCTH IJIMHBL, OCO-
GeHHO MPU MAJIBIX KOHUEHTPALMAX PACTBOPOB METHJIEHOBOH CHHM.

q gor goe oo Qo8 41 Q7 0L

=0 4002 G006 407 409 L%

Puc. 104. AncopSuust Metuiaeno- Puc. 105. Ancopbuus me-

BOH CHHH Ma eCTeCTBEHHOM Kat- THJIEHOBOH CHHH Ha
TaKyprauckoM Oentonure (I) u €CTECTBEHHOM  HYpaTHH-
THHe, OCTPYyKTypenHod K-4 B ckoM OeHrounute (1) o
KOMIEHTPauHH 0,001% (2, TIMHE,  OCTPYKTYpEHHOIl
0,005% (3), 0,01% (£) u 0,1% (5) pactBopamu K-4 B KoH-
uepes 24 yaca mocKe mpuGasne- nentpanun 0,001 (2),
Hus copbenta B PACTBOpP KpacH- 0,005 (3), 001% (4,

Tens. 0,1% (5) uepes 24 uaca

nociie NpHOABIEHHST COP~
6eHTa B pactBOp KpacH-
TeqsL.

310 06BACHAETCS MONHON HeOGPATHMOCTBIO O6MEHHOH agcopbunu
H XOpOLIMM NPOHHKHOBEHHEM KpacHTelss B HabyXllHe B BOje
YACTULBI [JIHHBL

Hem Gosbure KOHUECHTPALMA METHNEHOBON CHHH, TeM MeJIeH-
Hee yCTanabnuBaeTcss ajAcopOUHOHHOe paBHOBecHe (puc. 106).
Takas e sakoHOMepHOCTb Habmionaercs u s Genronuta Kar-
Takypranckoro u Hypatunckoro mectopoxmenii, OCTPYKTYpeEH-
HblX ToauMepoM K-6.

W3syuenne necop6uun MC u3 riuHb nokasano, uro IpyH’ Ipo-
MEIBe 06Pa3noB XOJOIHON U ropsueit BOjoil, a TakKe pactBopaMu
aaekrposiutoB (1n. CaCly u macwimennoro KCl) MC yaansiercs
He MOJHOCTBIO (puc. 107), uTO cBUAETeNLCTBYET 0 Heo6paTHMOCTH
ajcopOuMH KpacHTels Ha GEeHTOHMTOBLIX TIJIHHAX.

Hsorepmer agcop6unu MC Ha ecTecTBEHHOM u 06paboTaHHOM
pactBopom K-4 keltecckom GenTonute (puc. 108) 6ansku no ¢op-
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me k usorepmam Jlenrmiopa. isorepma aacopGuun Ha ectecTBeH-
HoM obpaslle JIEXKUT Bblllle, ueM HA 06paGOTaHHBIX MyTeM OJHO-

Ta6bnuna 69

3aBHCHMOCTb aXcOpOUHH MEeTHIEGHOBOR CHHH
(MC) or crefieHH NHCMEpPCHOCTH KaTTaKypraH-
CKoro GeHTOHHTa, OCTPYKTYPeHHOTo
0,1-npoueHTHHIM pacrBopoM K-4

Apcopbuug, %
Kouuenrpa- " TnocAe YCTaHOBACHHS
wus pac- 3a 24 uaca PaBHOBECHS
TBOpPa MC, HpH CTENECHH XHCIEPCHOCTH, MM
% 10,25 M&gge 10,25 Mggese
0,100 12,20 15,23 19,35 19,32
0,125 13,40 15,50 23,58 24,18
0,150 11,20 18,00 25,88 25,70
0,200 13,20 18,70 24,70 24,90
0,250 1900 | 27,70 | 23,20 | 25,00

KPaTHOrO YBJaXXHeHHs1 pacTBopamu K-4; nipm 3TOM yeMm GoJblie
KOJMH4YecTBO morjouledHHoro K-4, TeM Menbule axcopbuus
{puc. 108 a).

J%

g

¢ N

7 N

] J16

4 s

: 37

2 § i

/ 28

- o 'y Y W T

24 48 77 26 120 144 168 192 2I5 740 204288 312 336 <

7 468 Wiz
dacor Yuigng npomsiBok

Puc. 106. 3aBucumocts ancop6uun

I Puc. 107. decopbuns wme-
H3 PAcTBOPOB METHJNEHOBOH CHHH C

THJIEHOBOH CHHHM W3 CJHHBI

KOHUEHTpauuei 0,0187% (1), KaTTaKypraHCKoro Mecro-
0,021% (2), 0,0375% (3) u 0,05% (4) POXIEHH.
OT BPeMEHH I  HYPATHHCKOrO

GEeHTOHHTA.

Ilpu stoit o6paGorke NOJIKMED CTPYKTYPHUDYET TIJIMHHCTHIE
YaCTHNB, YMeHbIIAs HX YHeIbHYI0 IOBEPXHOCTE.

AZncopbunsi MeTHIEHOBOA CHHH Ha 06pasyax, [OJBEPrHYTHIX
©1HOKpaTHOH (puc. 108 6) u MHOrokpatHOil (puc. 108 8) oGpa-
6OTKe U OTMBITHIX OT H36BITKA TOJHMEpPa, YBEIHYMBACTCS TI0 cpas-
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HEHUI0 ¢ afcopluueli Ha ecTecTBeHHOM OeHtomure. Ilpu Takof
06pa6<3TKe, [O-BUMMOMY, OTMBIBAaeTCsl MOJHMEp, HENPOYHO CBS-
3aHHBIM ¢ noBepxHoOcTbio (pHc. 108 a). OcraBmmiicas K-4 obpa-
) [0
Y7 4

. I4
/3 S \
7
"

/i
74 206 a1 a4 0 go2 406 g1 g4 018 %

0 gz g5 qr g s ¢ g g5 g am g %
Puc. 108. Wsotepma ancopbuum MeTHneHoBoil CHHH B  3aBHCAMOCTH OT KOH-
LEHTPALMK HA €CTECTBEHHOM M O6DabOTAHHOM KEJECCKOM GeHTOHUTE.

O6paGoTka 6ea oTMbiBky K-4 (a), 1 — ecrecTBeHHM X GeHTH ;
, OHUT; 2 — 06pabotaunmi 0, -
3 —0,005%, 4 ~ 0,1%. OnnoxparHas obpaborka 8a 24 wyaca (6), I ~ gmecr:eub;ulg Ogle:froz(ni’
Mitoroxparaas o6pubien ()(6;)>a610TaHHul“1 0,05% K-4: 3 —0,1%, 4 —02%. ’
00padoTKa (8): ] —~ eCTeCTBEHHbIH OeHTOHUT; O6paborauHmir K-4: - 5
3~ 0,0066%; 4 — 0,0125%, &5 — 0,025%, 6p— 0,05%.H P2 000

ObpaGoTxa Ha xunsmed BOZIHON Gake (2): 1 — ecTecTBeHHHIR OGedTOHHT; 06paboraHumii K-4:

2 —-0,05%, 3 — 0,1%; 4 — 0,2%,

8YeT NOBEPXHOCTHOE COEJHHEHHe — «GEeHTOHHT — HOJMMepHBI
KOMILTEKCS.

aPaéorm NIOKa3bIBaIOT, YTO KOJIHYECTBO IPOYHO CBSI3aHHOTO TJIU-
Ho#t K-4 3aBHCHT OT ero KOHIEHTPAUNK M YHCJIa MOBTOPHEIX 06-
paboToK, HO He 3aBHCHT OT KATHOHOB OGMEHHOrO KOMILJIeKca.
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Oanaxo yBeJnuyeHHe aJcopOLUMKM METHJIEHOBOH CHHH mpu obpa-
6oTke GeHTOHHTa nojuMepoM K-4 He3HauMTeJbHO; IIPH 3TOM He
Haba04aeTcd H NPAMOil NPONOPHHOHANBHOCTH MeXAY KOJIHYyect-
poM K-4 ¥ BenuunHO# npenespHON ajcOpOIHH METHIEHOBOH CHHH.
TIpn o6paGoTke GeHTOHHTA MOJNHMEPOM 3aMETHO YBEeIHYHBAETCSH
CKOpOCTb (GM/IbTPALMH, UTO HMeeT OONbIIOE 3HAYEHHE MPH OTHe-
JieHHH KHIKOCTH OT ocajaxka. O6paboTka GeHTOHHTA MOJHMEPOM
Ha Kungiefl poAsHod OaHe B TEUEHHE yaca yCKOpser Mpolecc HX
B3aHMOJEHCTBHA: 3a 4ac NPOYHO CBASEIBaeTCd Taxoe ¥XKe KOJK-
{eCcTBO MOJUMepa, KaK NpH KOMHATHOH TeMiepaType 3a CyTKH.
[Ipu Takoit 06pa6oTKe NMPH MAAblX KOHUEHTPANHUAX MOJHMEPA
yBeTHYHBAETCH CKODPOCTb (DUABTPALHU M BeIHYHHA aACOPOIHH MO
CPaBHEHHIO C eCTeCTBEHHOH, MPOMBITOH H 06paGoTaHHOH TJIHHOM
npH KoMHaTHOH TeMnepartype. OAHAaKO ¢ jajJbHEHIINM yBenuye-
HHeM KOHLEHTpPaUXd NOJNHMepa BelHUYHHAa  aAcopOuuH nagaeT
(puc. 108 o).

TakuM o06pa3oM, npedMyiuecTB0 o6paloTKH GeHTOHHTA pas-
OaBneHHBIMH pactBopaMu K-4 Ha kunsdlleil BojsHoH GaHe 1O
CpaBHEHHMI0 C IPYTHMH MeTofaMu OGpaGOTKH CTAHOBHUTCA oOye-
BHHBIM.

ConocrasieHune copSuHOHHLIX cBoiicTB mo MC ecTecTBeHHOHM,
NPOMBITOH, Ka/JbLHEBOH H BOJAOPOAHOH Qopmsl Gentonuta Kesec-
CKOTO MeCTOpOXKIeHHs TOKAa3biBaeT, YTO 1OcJ/e OTMBIBKH OT coJiefl,
a TaKXKe [oc/je MPUTrOTOBJAEHHS MOHOKATHOHO3AaMEIIeHHBIX (HOpM
HaGJofaeTcs yBeJHYeHHe COPONHOHHOH aKTHBHOCTH IVIMHBEL Tak,
yBesMyeHHe COpOUUOHHOH ¢NOCOGHOCTH AJ1Si MPOMBITOH, KalbiHe-
BOM M BOJOPOAHOH (QOPMBI IO CPABHEHHIO C €CTeCTBEHHOH COCTaB-
aser 14,0, 57,0 u 7,0 NpoLeHTOB COOTBETCTBEHHO. Ec/inm e HX
o6pabarsiBaTh pacTBopoM K-4 ¢ kouuenrtpauue# 0,1%, To Habaio-
JlaeTcsl yBEJIMYeHHe HX COpOUHOHHOH cmoco6HocTH nmo MC, npwu-
ueM mpejenbHOe 3HaueHHe ajacopbunu MC He 3aBHCHT OT BHJA
KaTHOHA [OFJIOLIEHHBIX OcHOBanuH (Taba. 70), MisoTepMmul aacopb-
UMM Ha BCex (hopMax TJIHHBI, 33 HCKJIOUEHHEM OTMBITON OT coJef,
HMeT oAuHaroBuI Buia (puc. 109).

H. C. Kyp6anosa [383] uaydana BJIHAHHEe CTeNeHH OCTPYKTY-
PEHHOCTH OPUPOIHEIX COPOEHTOB HA HX COPOIHOHHYIO aKTHBHOCTD
NpH TOTJIOIUEHNH M3 BOJHBIX PACTBOPOB OPraHHYEeCKHX KHCJIOT
(yKcycHad, u-Mac/agHasi, H-KanpoHoBaf, MeTaKpHJIOBas), OCHO-
BaHHA (xapGaMuj, MeTAaKPHWJIAMH/I) H COHPTOB (H-OYTHJIOBBIH H
notusuHwiIOBH#H — [1BC), oraHualomuxcss Mexay cofoil 1o
GYHKUHMOHANBHLIM IpyNIaM H MOJeKy/JpHOMY Becy. B kauectse
COpPGEHTOB ObIJIM HCHONBb30BAHB YPTAOYJaKCKHI H KenecCKHH GeH-
TOHHTHI M JAap6asHHCKasg ONOKaA.

B tabu. 71 npuBenena ancopOuus OpraHHYeCcKHX KHCJIOT pas-
JHYHBIMH copbeHTamu., Kak BHAHO, C pOCTOM CTeNeHH OCTPYKTY-
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peHHocTH ypraby/JaKCcKoro OeHTOHHTA BeJHYHHA ancopOnHu yK-
CYCHOH KHUCJIOTH! NajaeT, MAacASHOH M KalpPOHOBOH KHCJOT, HA000-
pOT, BO3pacTaer.

Ilpu uayueHun aficoOp6GUMH OPraHHUYECKHX BENIECTB M3 HX BOH:\
HBIX PACTBOPOB Ha KeJIeCCKOM GEHTOHHTE, 1ap6asHHCKOH ONOKe U
cunukarene Mapkn KCM 6blsio nokasaHo, 4To ajcopGuusi yKcyc-

Tabanuuma 70

XapaKTepucTHKA TJAHHA-MOJHMEpHBIX KOMIJIeKCOB
KeJlecckoro GeHTOHHTa

Hcexonnas | Conepxa- | Cxopocrs Oruocu-
Obpasen, xouuentpa- | une K-4 B |puaprpaunu| O6vem |renbnoe ma- | loos
uusg K-4, | GeHroHure, BOABI, |ocanka, cu3| Oyxamue M2z
% M2f2 Mzl Mmun Agjy 100%
EctecTBeHHBIH — — 23,0 4,2 47,0 140
TTpoMbiTHI/ - - 4,4 20,0 147,4 160
Ca-tdopma — — 4,1 5,3 38,1 220
H-dpopma — — 15,0 4,1 31,8 150
O6pa6otka 0,001 0,02 25,6 5,0 105,0 140
TAHHB 0,005 0,25 30,4 5,4 66,6 119
pactsopom K-4

6€3 OTMBIBKH 0,600 2,50 32,1 5,8 61,9 117
OnHokpaTHas 0,05 4,77 27,4 4,6 71,7 220
o6paboTka 0,10 9,75 32,0 4,0 55,5 170
C OTMBIBKOH 0,20 19,05 29,8 4,8 71,7 200
O6paborka 0,’5 4,90 32,1 5,2 76,7 227
Ha KUnaued 0,10 9,90 32,7 5,0 68,5 220
BOJsiHOH GaHe 0,20 19,57 31,6 4,7 66,6 120
MHorokpartnas 0,003 4,37 19,6 4,8 88,8 179
o6paboTka 0,006 18,59 32,1 4,4 100,0 182
0,01 36,15 27,6 4,4 100,0 180
0,02 62,38 30,3 4,3 66,6 170
0,05 | 104,14 | 14,2 4.4 60,0 | 206

OtMbiTas ot conei
rauna + K-4 0,10 1,21 0,7 — —_ 211
Ca-popMa +K-4 | 0,10 6,21 5,5 - - 216
H-¢opma 4K -4 0,10 9,65 8,6 — 200

HO#, H-MAac/AHOA, H-KanpOHOBOMA, MeTaKPHIOBOM KHUCJOT, Kap6a-
MHjha, MeTakpuaamMuaa, H-6YTPIJIOBOI‘O 1 NOJHUBHHHJAOBOIO CIIHPTOB
YMEHBIIAETCA ¢ POCTOM MOJIEKYJISPHOro Beca COpGTHBA; HaJHUHe
B LENH MOJEKYs COPGTHBOB HEHACHIIEHHBIX CBA3ell crocoGeTByeT
HX GosiblIeMY MOIJIOLIEHHIO COPGEeHTaMHM, UTO MOXKET GbiThb CBA-
3aHo ¢ o6pa30BaHMEeM TNIOBEDXHOCTHHIX COEIMHEHMH OGiaaromaps
BO3HHKHOBEHHIO H-0BfA3M Ha OCHOBe NMOHOPHO-AKIEeNTOPHOro B3a-
HMOMeHiCTBHS MeXIy (YHKIHOHAIBHEIMM [pynmamu, a TaKxKe-
HEHACHIIEHHBIMH CBSI3SIMH B IeNH MoJIEKYyn cop6THBa W NOBepx-
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HOC

THBIMH THAPOKcHiaMH copGentoB. Mamenenue 06pasoBaHus
H-cesisu Mexay OH copGento u QYHKUHOHAMBHEIMH rpyniami,
a TaKkKe T-CBSI3H B LIENH MOJIEKYJ cop6THBOB Mocie 06paGoOTKH
cOpGeHTOB BOJOPACTBOPHMBIMHA TOJIHMEPHEIMA npenaparaMu Mo-
K6T GHITb OGYCJOBJEHO ABYMA (hakTopaMu: BO-IEPBbIX, yBEJH-
yeHHeM pa3Mepa 4YacTHIl COPOeHTOB B pesy/bTaTe MCKyCCTBEH-
HOro OCTPYKTYPHDOBaHHS HX NOJHMEPOM, YTO MPHBOAUT K yMeHb-
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Puc. 109. Hsotepma ancopbuun METHJEHOBOH cHuM Ha NPOMBITOM H KaTH-
OH 3aMellleHHbIX GopMax OEHTOHHTA.

-6euTOHHT; 4 — NPOMHTHIN.
%?l% K-4, 3 — Ca-6eurount;
6 — MPOMBITHI GeHTOHMT,

a: 1 — ecrecTseHuni® Genrouur; 2 — H-GeHrouut; 3 —

gg;:sa: 1 — H-6eHroHHT, 2 — Héegaoum-k gopgéme::;’%iz;mﬂ

- Ca- aboraHHbI, 0,1% -4; - y
4 — Ca-Genouns 0GP OﬁpaﬁaTaHHHﬁ 0,1% K-4.

[IeHHIO TIOBEPXHOCTH cOPGEHTa M TeM CaMbIM K CHHKEHHIO 00}1361:1
[HOHHOH AKTHBHOCTH; BO-BTOPBIX, HaJHYHEM Y [OJHMEDOB K-
TMAA-1 aMUAHBIX, UMKJIMGECKH MMHJHBIX, KapOOHH/IBHBIX TpyIr
(8 Buge COOH u COO~), KoTOpbIe MOTYT y4acTBOBath B npouec:
ce afcOpOUHH OPraHMYECKHX BellleCTB M3 pacTBOpa; B 3TOM Cly
Yae BeJHYHHA aAcOPOGIHMH JMO/NIKHA YBEIHYHBATHCA.

DKcrmepUMeHTH NOKa3aJH, 4TO Mocje 06paboTKH KeJiecCKOro
GeHTOHUTA M HapGasHHCKOH ONMOKM BOLOPACTBOPHMBIMM mpermapa-
ramu K-4 1 TTAA-1 copGuHOHHAs aKTHBHOCTb HX MEHAETCA.

Ha puc. 110 a npuBefeHb H30TEPMBL agcopbuuu u AecopOUHA
(MHMIEKCH CO HITPHXAaMH) METaKpHJIOBOH KHCIOThI Ha €CTECTBEH-
woM u o6paGoragHom K-4 u ITAA-1 GeHTOHHTE H OTOKE. Kaxk
BHIHO, C POCTOM COflepXKaHHs TMOJHMepa B COPGeHTax agcop6uus
KUCJIOTH yBeTMYMBAeTCsl IPHMEPHO B 3 pasa B CllyHuae KeJIeCCKOro
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6enronuta u 1,4 paza — nis onoku. Ilpuuem, ecin noBbllleHHe
afcop6UUn KUCJAOTBl y GeHTOHHTA, oGpaborannoro K-4, cocrag-
aster 3009%, To Aas rauHB, OcTpyKTypeHHOH ITAA-1, ono pamﬁg
130%. dTtu paHHBlE COOTBETCTBYIOT KOJHUYECTBY OCTABILIErocC

Ajxcopbuus KHCIOT Ha ypra

PacTBOp — BO31yX PacTBOp—eCcTeCTBeHHAS ITHHA
HauyaspHAd o ula
o ] o
o % T - 2 ) -
EO N g 3| stos| 2 ale
2] . S1F8 SR - - el BT -
S8 6:?' L2 Ol 28|l es] IR e& HOab[2 » ©
KanpoHnosas
0,0022 | 67,60{ 1,3 ] 0,0192 0,0017} 70,15| 0,80
0,0043 | 65,07 2,4 | 0,0208 0,0035| 66,48] 1,10
0,0116 | 60,50, 3,3} 0,0303 | 9,251 1,8 |0,0780| 61,02| 1,50 5,4 | 64,9
0,0173 | 53,20 5,1 | 0,0392 0,0155| 52,53 2,34
0,0260 ; 46,50[ 5,4 { 0,0516 0,0224{ 47,70 4,0
YKcychnas
0,5 71,5 | 3,680 0,01363 0,20 | 72,25 3,5
0,10 70,4 1 6,132| 0,01631 0,04 | 72,10} 6,5
0,20 69,1 | 9,811} 0,02038 | 19,5 | 1,0 ;0,12 | 70,10| 8,5 {12,8 | 154,0
0,40 66,4 {16,730| 2,39100 0,30 | 67,70/10,0
0,80 63,1 {19,430 4,11700 0,70 | 63,90/12,0
Macasinaa
0,03 67,53 4,1 10,0076 0,02 | 68,68} 1,2
0,06 63,271 4,4 {0,0141 0,05 [ 63,89 1,4
0,13 57,02 2,6 0,0480 | 5,76 | 3,2 10,10 | 58,50 2,6 } 5,8 | 28,0
425 45,50) 4,3 { 0,0581 0,21 | 49,50 4,3
,o0 42,231 4,8 10,1042 0,45 | 42,50} 4,8

nocne necop6uuu B copGeHTe MeTaKpU/I0BOH KHCIOTH. COPGeHT,
ob6pa6orauneiit ITAA-1, o6nanaer Menbileidl yaep:KHUBaloluled crno-
coGHOCTBIO, HeM ofpaboTaHHbiil K-4.

Ananorvunoe siBjleHHe Ha6gioJaeTcd H B Clyyae MeTakpHJa-
mupna (puc. 110 6); ysennuenne aacopGuHH OPraHn4ecKoro OCHO-
BaHHA Y GeHTOHHTa nocnae ero o6paborkn K-4 u TTAA-1 cocras-
aset 150 u 110% coorsercTBeHHO. O6paGoTKa  Ke ITHMH Tpe-
rmapataMu nap0a3svHCKOR OMOKH He NMPHBOLHT K CTOJNb 3HAUH-
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TeJbHHIM H3MeHeHHAM aicopOlIMH U3 BOAHOrO pactBopa MeTa-
KpuaaMH/Ia.

B taba. 72 npuBefeHE U3MEHEHHS BelWUHH ajacopbuuu (a) 4
necopbuun (J) YKCYCHOMH, KanPOHOBOH, Mac/JfHOM KHCJAOT, GyTH-

Ta6anna 71

6yAaKCKOH IrIHHe

PacTBOp — OCTpYKTypeHHAH FrAHHA

0,001 9%-ub1t K-4 0,0059% -uptn K-4
B Bk
< - =t - o “ " = - o
E3 I N R ER IS B N
S8 v & woabrz & o S 8 e & MOAB[2 & o
XKucaoTta
0,0016 71,61 | 1,830 0,0003 | 72,6 | 2,16
0,0033 67,07 | 1,330 0,0020 | 68,7 | 2,67
0,0069 61,84 | 2,002] 6,0 71,9 0,0065 { 62,41 2,34 9,8 198,2
0,0147 54,28 | 3,340 0,0135 | 54,68| 4,17
0,0215 48,64 | 5,340 0,0203 | 49,0 { 6,34
HKHACJAOTA
0,03 72,0 2,3 0,03 71,7 1,6
0,05 71.4 4,6 0,09 70,8 2,4
0,14 69,8 6,0 7,3192,4| 0,16 69,5 4,0 7,0t 84,0
0,30 67,3 6,7 0,35 67,0 5,0
0,68 63,9 12,0 0,74 63,5 6,1
KHCJI0Ta
0,01 69,0 1,68 — — — — —
0,05 64,55 | 1,50 —_ — — — —
0,10 58,90 | 2,88 | 13,6 [162,0 — —_ — - —
0,14 53,40 | 8,15 — — — — -
0,40 43,50 10,60 — — — —

JIOBOTG M HOJIMBHHHJOBOrO CIHPTOB, & TaKxke KapGaMHAa OT CO-
nepxauus B copbenrax K-4 u [TAA-1. Kaxk Bumno, o6pa6oTka
OMOKH MOJHMEPHBIMH NpenaparaMu, B NPOTHBONONOKHOCTL OEH-
TOHUTY, Y KOTOPOTO I[OC/Ee OCTPYKTYPHPOBaHHS HaGA0[aeTcs
CU/IbHOE YBeJHYeHHe ajCOPOLHOHHOA aKTHBHOCTH, He MPHBOAHT K
ee 3aMeTHOMY H3MeHeHHIO. ANCopOUMsl He32BHCHMO OT CTeneHH
OCTPYKTYPEHHOCTH copGeHTa M BHAa IOJAMMEPHOro mnpenapara
BO3pacTaer mo cjlelyloueMy paay:
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ta6bannga 72 Nag O6entonnTa
KanpoHOBas K-Ta < MacagHas K-Ta <Mertakpunosas <IIBC <yxkcycnas k-ra<

MN3meHenue ancopOuuu (a) H pecop6buuH (1) OpPraHuyecKHX BelleCTB < 6yTHIOBBIH CNHPT < METAKPHIAMHI-Kap6aMun
Ha ob6padorannbix K-4 u IIAA-1 GeHTOHUTEe U ONOKe Pan nas onoku
KanpoHOBaf K-Ta < Mac/afHad K-Ta < METAKPHJIOBAA K-T2 < YKCYCHAs K-Ta <
E Bentonnut Ohoxa 6y THIOBBIA CIOHPT < KAPOAMUI < METAKPHAAMH]
ég” OCTpYKTVpHipoBauHbin K 4 OCTPVKTypHp oCTpykTypHpOBaHHas K 4 B orauune ot OprauMyeckux KHUCAOT H OCHOBAHHH aﬂcopéuy]ﬁ
'5;5; o, YT © })1%71\501) 00 2om, 00550 OpPraHHYeCKHX CIOHPTOB NPAKTHYECKH HE 3aBHUCHT OT OCTPYKTYPEH-
952 HocTH GeHntoHuTa [loBbillleHHe ajCcOPOUMOHHON AKTHBHOCTH GeH-
%5388 a a a 1 a l I a I I a , I p
YKeycHas KuciaoTa 6 240
1100 5
0,05 451 0 48 — 50 0,0] 20 0,0 23 — 1100
0,10 68 | 44,5 73 - 80 43,7 37 36,7 40 | 37,0
0,20 68 154,31 95 — 100 { 72,7 55 |53,0( 59 | 51,5 180 189
0,40 | 110 | 90,0 ] 120 — 13 80,00 72 ]56,7! 75 | 66,0 80
0,80 | 130 } 87,5 140 - 130 J127,5) 78 | 64,5 80 | 70,0 \s
MaciassHag KHCJA0Ta . - o
0,03 3 | 00| 25| 0,0] 3] 00| 19 00| 2| 00 11
0,06 | 35 0,0 43} 0,0 54 | 0,0 35 0,0 | 41 5,2 %
0,13 52 22,3 65 | 33,7 73 | 33,3 42 |27,0| 60 | 26,5
0,25 { 74 {48,5{ 85 | 48,7 100 | 50,0] 60 |22,5] 75 | 35,0 V4
0,50 79 152,51 100 { 70,01 120 | 60,0 | 62 16,5 | 85 | 58,5 20
KanpoHoBas kuciora
0,06 121,01 0,01 22 4,3 29 13,5 16 0,01 18 | 10,0 e ar a0 o9 7 02 o1 o6 08 L
0,10 | 26,7 | 10,0 | 3t 18,51 50 [ 33,51 81 11,51 34 (21,0
0,20 {33,4(17,7! 48 |.9,5| 72 {37,5| 38 |18,2( 42 | 25,5 Puc. 110. MsorepMr agcop6umi u necopbun (HHAEKCH CO WITPHXOM) MeTa-
0,30 | 41,7 130,5| 61 |37,5] 31 [50,0} 32 |25,0] 40 | 22,5 KPUIOBOH KWCAOTH (CA€BA) M MeTakpuiraMuia (cupaBa) a 06paGOTaHHbIX
0,40 | 64,4 /40,7) 76 | 47,7 | 51 } 50,0 32 | 24,2| 41 | 23,2 K-4 u TTAA-1 Gentonure u onoke
A - 6 00 2 5 —
MoueBuna (KapGaMun) COpBIIH oy C - voNuHTD L paBouEnoL b0 eaiaeH A copenTax mocte ne
6eutonur 2 — 6emomn_c K 4(00l.w%) 3— 6eurcuur ¢ k4 (00375%) 4 — GeHTOHHT ¢
0’1 6! 27’0 79 24'3 85 40’0 75 21'2 81 22,6 [TAA | (0,0375%) > — ectecTBenHas onoka 6 — onoka ¢ K 4 (0 0375%)
0,2 80 | 40,0] 170 | 45,5y 100 | 55,4| 110 | 52,5 | 120 54,0
04 | 135 | 88.7] 250 | 83.7| 250 |104.1| 190 | 87.5 | 200 | 86.6 TOHUTa, 0GpaGorantoro K-4, no cpasnennio ¢ ITAA-1 ykassisaer
0,8 450 207’5 675 144'3 600 153,3 310 19'5 340 190'4 Ha TO, UTO YHCJ0 AKTUBHbIX q)yHKuHOHaJIbelX prnﬂ, CHOCOéHbIX
1,0 £50 [292,5] 720 700 [175,0] 350 | 26,3 | 340 | 240,3 BCTYNIUTH B JOHODHO aKIENTODHOE B3aHMOJAEHCTBHE C dbyHRHO-
ByTunoBbifi cnupT HaJIbHBIMY TPYNIaMH cOPOTHBA, B IIEPBOM cirydae Goasme [lpu
9TOM yBe/MYeHHe ajacOPOUHH KHCJOTHl Y OCTPYKTYPHPOBAHHOI'O
005 | 15| 00| 23| 20( 25 | 63| 20| — | 25 | — k-4 Genronnra npumepnio B 2 pasza Goabluo, ueM agcopSuus op-
0,10 38 3%2 44 132,9| 37 {2'.,5 1;2 — 45 — FaHHYEeCKUX OCHOBAHMH, /4 TVIHHBl, 0O6paboTanHoii [1AA-1—B
8'28 55 g4'7 13_3 gg'g gg ZZ’S 93 - gg - 1,4 pasa 3Jro, mo-supuMoMy, OGBsICHAETCS BAUAHHEM ¢byHK1IHO-
0,80 | 108 | 69,5 150 | 88,0 82 |61.3] 100 | — | 05 | — HaJIbHOrO cocTaBa nmoMUMepos
MoauBHHHAOBLIA CHIHPT
Bnusiume BPIT Ha cBoOiicTBa nouBbl
0,05 42 | 11,0 50 | 15,4 ] 41 15,0 | — — Cosananue HCKYCCTBEHHOH CTPYKTYPB! B NOYBAX ¢ INOMOLUbIC
0,10 55 | 38,1 62 | 41,5 50 [40,4 | — — BOJIODPaCTBO
0’30 74 {452 81 {4776 | 65 |415] — - PACTBOPHMBIX MOTHMEDPOB PEBKO JA3MeHAET HX (HU3HUECKHe,
0,50 { 100 { 68,5 110 {72.1| 80 (60,0 | — — arpOHOMHMYECKHE M Jpyrde CBOHCTBA, 4TO cMOCOGCTBYET MOBbILIE-
0,80 | 100 { 70,0 | 120 { 70,0 ] 95 62,0 — —
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HHIO YPOXKAHHOCTH CeNbCKOX03sficTBeHHBIX KyabTyp {71, 202, 260,
310, 311, 313, 315, 318—321, 330, 341, 342 u 1. 1]

OcoBoe 3HavyeHHe UMeeT H3MeHeHUe (PUIIbTPALUOHHLIX CBOW-
cTB nouspl. M3yueHHe QUABTPALMH BOABI Yepe3 OCTPYKTYDPUDO-
BaHubIi caolt nousnl [131—134] nokaszano, YTo MOBBLIDIEHHE O3Bl
nonumepa (K-4, K-6, TTAA-1 u ap.) cnoco6CTByeT yCKOPEHHIO 3TO-
ro npomecca. Tak, AJsl THIKYHOTO H CBETJOrO Cepo3eMOB (NaacT
TpexJieTHel M XJONKOBOH CTapONamiKH) CKOPOCTb (HIbTPALMH

Ta6numa 73
HNameHeHnne o6bemHOro Beca (o, 2/cM3), CKOpocTH BNUThIBauus (B, MuH.),

cxopoctd uabTpauuu (9/t, cmjcex), Kodbdpuunenra buabrTpauun (,K%)
MoYyBbl B 3aBACHMOCTH OT A03bl BPII B BbICOTBI OCTPYKTYPEHHOTO Ca0f

Konu. Eg;‘;‘;ﬁ CBET:’;}%;‘%’O“M Caerblit OpolnaeMulil ceposeM
npera- | pypey
hoine, woro | k-4 AA-1 K-4 | IAA-1
o s | we | Bl o | B|we| k| o | Bl &
0 0 (902,69 (2,6 1,13{101(2,8(0,12 1,13[101 {2,8(0,12
0,03 1 18113,5/73]2,6 9413,6) — 79 13,2 —
0,03 3 | 7113,8,771]2,9 }0,84 634,11 — }0,95 89 |3,50,15
0,03 5 165]14,6|60) 3,8 6414,4 — 68 | 3,50 —
0,06 1 |812,3195(2,8 86(3,9 — 76 13,5 —
0,06 3 [66]3,8)98]3,3 0.83 5714,3]0,15 0.91 60 |4,2/0,14
0,06 5 1580]4,5]614,0(" 6014,5] — ’ 66 |5,6) —
0,061 15 |80 |6,8(84]4,7 10015,71 — 84 16,6 —
0,15 1 [7913,591]3,4 7213,7| — 96 [3,0[ —
0,15 3 (704,368 3,6 }0,70 8513,5| 20 }(),88 89 13,20,13
0,15 5 |46 ]4,6]61)4,0 901]4,1f — 72 13,2 —

(no OctBasnbay) [134] yBeauwyunacey B 4 pasa npu NOBLILEHHH
nozupoBkd noauMepos (K-4 u TTAA) B 10 pas. 3naunrenspHoe
YCKOpeHHe NPOXOXAEHHsS BOJAB depe3 CJOH CTPYKTYPHOH MOYBHL
HaGawopana T. M. CumopoBa. u3yyas GUIbTPRIUHIO H BOHTHBAHHE
METOAOM Kanuagsipuoro moausitua (vaG.1. 73). Bolio nokasawo,
YTO 3aMEeTHYI0 POJIb B ITpoLEcCce BINHUTLIBAHHMA HUIrpaeT BBICOTa CT-
PYKTYPHOTO C/1051 OYBHI; MaKCHMaJbHEIM OHO Obl10 MPH 5-CaHTH-
METPOBOM CTPVKTYDHOM cJjioe MoyBbl. HauGoabuiee yBeaudeHuHe
v/ nas Boasl nabawpanock npu goGaske 0,03% K-4 k HaBecke
moyBLl (CBeTMIBLIE ceposeM Ha Oorape U CBeTILIA OpomIaeMuli ce-
posem). Hefictere ITAA-1 oxasanock Hecko/bKo caabee, uem K-4,
uTo Xopollo corynacyercss (Taba. 75) H co 3HauyeHHeM KO3(pdH-
nrenta QuabTpannk «K» (OTHOMIeHMe BHICOTHl 3arpy3KH NOUBOH
TPyOKH KO BpeMen#, noTpe6HOMY AJNfA NCHHKEHHS ypPOBHS BOJbI
B TpyGKe Ha 5 cM).
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DddekT yBeJIMYEHHS CKOPOCTH (UIBTPAUMH W BIOHTHIBAHHA
BOIbl ¢ pocTOM cojlepxaHusg BPII B nouBe H BHICOTHI HCKYCCTBEH-
HO OCTPYKTYPEHHOFO MMOYBEHHOTQ CJI0fl 32BHCHT OT CTeMEHH [IHC-
mepcHOCTH HcxoaHoro oOpasna. C pocToM  AMCNIEPCHOCTH CKO-
poCTb GUIBTPALHH H BIHTHIBAHHUA BOABI YMENbWIZETCS. JTO M NO-
HATHO — C yBeJHYeHHWEM pa3Mepa arperatoB BO3pacTaeT MOpHC-
TOCTb, 4TO 08Yyc/oBAUBaeT OEHICTPOe NPOXOXKJeHHe BOJALI CBEPXY
puu3. [locnentee, xak noxkasannu JjabopaTopHble ONLITHI, CNOCOO-

Tabauuna 74
Bausinue nmpenapata K-4 Ha OTMBIBKY 3aCOJeHHBIX NOYB
Za Koanuectso ¥
LD Boxonpounsie arperatui cose =
xas B NOuBe, 2 Y
£8¢g ; b
Tlousa ERER I 2 2 a &2
i ..= Si g ; . 8 ,,3‘;';
28122 58, | BE| g | £ | 2.8
Sgz| &% EEE | 88 ) & 8 | =x8
Csetawiit  ceposem| 0,00 | 20,2 | 3annusaerca) — 1,2 | — 129 cyTox
(uennna) 0,03 | 54,4 26,2 42,11 1,2 10,1261 32 uac,
0,06 [ 67,6 36,2 53,71 1,2 {0,126 18 wacos
Taxkbipet (5—11 ca)} 0,00 | 0,5 3aunuBaercs) — 2,9 | — 4 mec.
0,03 |26,0 » — 2,9 | — —
0,06 (35,0 10,2 34,6 2,9 10,17 { 7 cyTok
0,15 { 57,0 28,7 50,5 2,9 10,17 | 4 uyaca

CTBYeT YHAJIEHHIO BONOPACTBOPUMBIX coJiell, NPHCYTCTBYIOWUX B
nouse [384]. Cneayer n06aBUTH, YTO NOCJTE MHOrOKpPaTHON obpa-
6OTKKM MOYBH BOJOH MCKYCCTBEHHAs CTPYKTYpa, Co3jaHHAsf C MO-
Momwpio BPII, coxpausierca (ta6a. 74).

A. A. Vonasuuioc [395] usyuasn BAHSIHHE NOJHAKpHJAaMHAa H
K-4 B coyeTaHuH ¢ MOBEPXHOCTHO-2aKTHBHEIMH BetlecTBaMu (ITAB)
U 6e3 HUX Ha BOAHO-(PU3UYECKHE H JIpYrHe CBOHCTBa NOYBDBL:
a) JepHOBO-CNAaGOHON30JHCTON], [MIMHMCTOH; 6) NepHOBO-TIOA30AH-
CTOH TSKEJNOCYTIHHHCTON; B) JepHOBO-T/IeeRaTOR ONOM30./1eHHOk
CpeIHEeCYTIMHUCTO . DBrIo mokasaHo, 4TO moj BJAHSHHEM TOJAH-
MepHBIX MpenapaTtoB VBEJIHYUBAIOTCS BONONPOHUIAEMOCTb, BIIH-
ThIBAHKHE U KaNWIAspHLIA nogbem BoAbl. B cowerannu ¢ I1AB, na-
0oGopoT, 3TH  CBOflcTBa  NOJA2BAATCA  TeM  GoJblle, 4eM
Beinte nosul [TAB (ra6a. 75). Tlpum ocTpykTypuUpoBaHHM TOYBHL
BPI1 (ITAA) ucnapenue BAard IpH NOJHBE CHU3Yy yMeHbIlaeTcd
110 cpaBHenHl0 ¢ KoHTpoaem. C pocroM comepxkauusg ITAB srto
CHUJKEeHHE CTaHOBUTCH ellle 3aMeTHee (B 2—3 u GoJsee pasa).
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U. SDwanoe [342], b. 1. Muxaiitos [318] usyyanu pJusine
K-4, K-6 u TIAMIU/J] Ha ¢drauueckoe HCMAapCHHE BOMbI H3 MOUBLL
(ceposem ayrosoft). M3 pamupix Ta6s. 76 BHAHO, YTO €C/HH MpH-
nsiTe 32 100% wHcnapeHHe Ha KOHTPOJIDHOM BapHaHTe, TO MOJH-
Mep K-4 yMeHbIaeT — ero Ha 31,7%, K-6— na 26,8%, a nosu-
akpuiaMui Ha 22%; uepes roj HCMapeHHe yMeHLUIAeTCst COOT-
BercTBenno Ha 12,8; 18,3; 14,2%. [IpyrHMu COBaMH, BIMsIHHE

Ta6bnrua 75

Bausiuue ciaosi arperaros, coxepwamux 0,1% ITAA
u nponutanusix ITAB, Ha ¢Hu3MuecKoe HCNapeHHe BAATH M3 NOUBH
NpH HOJXHBE CHH3Y

KoHNEHTPaUHA PAcTBOPA Henapenue 3a cpox onwTa
TTAB, KOTOpLIM MpOITH-
Toauuua Paamep TaH OCTPYKTYPEHHHH B OTHOCHTEJbHBX YHCHAX
a8 arperart, %
octpyxty- | OCTPYKTypeH-
8532::;-?' HbX ATperaTon, obpasel i H';Soclc)a:gﬁ: ng gg::g;ug;o
MM MM 37-rexnuue-| CKIICA BOH Ge3 | caoem arpera-
cKui caos TOB, COAEpHa-
arperaToB mux [TAA
— — — — 38,4 100,0 —
22 7,0—0,25 — — 34,5 89,8 100,0
22 710—0,25 5 — 19,2 50,0 55,7
22 7,0—0,25 0,10 — 16,8 43,8 48,7
22 7,0—0,25 -— 0,05 12,9 33,6 37,4
22 7,0—0,25 — 0,10 10,8 28,1 31,3
20 3—-0,25 — 0,10 3,0 7,8 8,7

npenapaToB Ha MOYBY He CHIXKAETCs M Ha ClefyIOWHA roX.
Takue Ke faHHble moAyueHnl M B nosesbix ommitax K. IT. Ila-
ronsicom [341] u Y. Duranosuim [342].

X. 10. ApTsikGaesa [386] mokasana nameHeHHe (H3HUCCKHX
CBONCTB TaKbIpHbIX mous (06pasen Nel— Takpipel opoumlacmble H
o6pasen Ne2 — HeopomaeMbie U3 BelkeHTCKOTO paitona Y3CCP;
TakKbpbt Heopoiuaembie n3 Kawvin-ApBaTckoro pailona TyprMCCP,
paspe3 4, rmybusa  0—5 cm — obpasen Ne3 u ¢ ray6uHLl 5—
11 cu—o6paseny Ne 4) non saustaneM K-4, K-6 u TIAA-1. Buecenue
MONMMEPOB B TH MOYBLI CIOCOGCTBYET B OOMBIIKHCTBE CyYacs
YCKOPEHUIO (HIbTPALMH, XOTS HMEIOTCSl H UCKIIOYeHHS! (o6pa-
3en, Nel, Tabn. 77—79).

Mox BausiineM BPII ymenbmaercsi  0oO0beMHbi# Bec TaKbipoB,
YTO CBSI3aHO C POCTOM KOJhuecTBa KPYNHbIX arperaros B TOuBe,
NpH 5TOM, HECOMHEHHO, YBETHYABAETCA HX MOPHCTOCTD; pH Bon-
HOfl Cpefbl OCTAeTCA IIPAKTHYECKH HEH3MEHHBIM.
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B pOTHBOMOJOKAOCTL TOMY, LA CepO3EMOB, eCTeCTBeH;—IIEIé(-
M OCTPYKTYPHPOBAIHBIX mpenaparoM K-4, nabJojlanocb NoBb e
sine pH TOUBEHHOM CYyCTICH3VH. J1. VicvaToB 3TO aneere6c3ﬂ863
g46T C MOBHILEHHON 11e0UHOCTBIO CaMOTO npenapata (Ta6a. 80).

YeeJHueHHE 1EeJOUHOCTH (pH ot 7,6 mo 8,8) mousbt B MpH-
cyrcTun K-4 HexxenarenbHo, TaK KaK j/is Ka)kJ0ro Buia pacTeHut
CyLIeCTBYIOT OMpefie/eHHbIE pHTepBaibl pH, MpH KOTOPLIX OHHU MSO(-)
ryT pacTH, 1 OObIUHO STH 3HayeHHs He JOJ/KHbI NpeBbilaTh 8.2
[387—392 u ap.J; pas xjonyaTHUKA pH MoXKeTr AOXOAUTL 1O S
1393]. BoamoOxHO 1109TOMY phicokHe J03bl K-4 HHOTAA oxa?gma—
JoTCs1 HEGJArOTMPHSITHHIMHE 51 pasBHTHA pacTeHuH {338]. Onuo
43 Ba)KHBIX CBOMCTB IMOUB — HX CIOCODHOCTH K Ha6yxaHHIO B nprl—
CYTCTBHH BJIaTH. Buuio mokaszaso [134, 179], uTo mOMHMEpHI K-4,
K-6, kpuiHyM, a TaKke ApYrHe ruapoduabHbte 1002BKH, B 1aCT-
HOCTH, KeJeCCKHH OEHTOHHT, CTIOCOBCTBYIOT YBEJNHUEHHIO nagyxae-
MOCTH THTIHUHOTO OpPOIIAEMOro ceposema (puc. 111). dns noau-
mepos K-4 u KpuinyMa KOHIIEHTpallHOHHbie KPHBHIE nHabyxaeMoc-
TH HMEIOT IPSMO THHEHHbIH XapaKTep. Ho kpusas, OMHCHIBAIOILAS
Habyxanue NOUB, o6paboTaHHbIX TpernapaToM K-6, umeeT mapa-
GonMueCKHil BHI: ee JorapudMupoBaiie naeT NpSIMYIO JIHHHIO
(puc. 112). HaknoH npaMbIX JUHUH XapaKTePH3YeTCs ko3¢ uilH-
eHTOM «N», 3HaueHHe KOTOPOTO MEHFETCA B 3aBHCHMOCTH OT BH-
a cTpyKTypooGpasoBaTe/s:

BeamsMHa 1 B 3aBUCHMOCTH OT BHIA CTPYKTypOOGDa3oBaTeas

Cmpyrkmypoo6pa3osamendb n
K-4 0,61
Kpuauym Geanbrid 0,55
K-6 0,17
' Keneccku#t 6€HTOHUT 0,01

Hsyuenue xapakrepa HabyXaHHA B Mporecca pacnafia KOMOY-
KOB B OCTDYKTYDEHHOH noyse C NMOMOLIbIO ONTHYECKHX METOJOB
{380] B 3aBucuMOCTH OT KOHIIEHTPAIUY MOJHMEPOB nooxasanou;
4To MpH YKPYMHEHHH CTPYKTYDHCTO arperata TpH ONHOH H T014
sKe KOHIEHTpamH# K-4 UHCJO HHKJIOB (nepuomHuecKoe yBJAKIIE
HHe W BLICYIIHBaHHE Ha BO3MyXe), MPH KOTOPbIX OHH COXpaisil-
0T CBOIO CTPYKTYDY, YBCIHUHBACTCA' B Ka)kK[IOM LHKJe H3MeHe-
HHE pPa3MepoB KOMOYKOB MPH HX yBAAKHEHHH C MOC/HE/yIOIHM
BHICHIXaHHEM TIPOXOJHT Uepe3 MaKCHMYHM.

ViccaenoBanue 06paBoTaHHON BOJOI MOUBbI NOKA3alo, uTOo ee
KOMOUKH HEBOJOMPOYHbie H MO BJHSHHEM pacKIMHHBAIOMET0
JaBJIeHHs KaTHLIspHO BOAb OBICTPO paspyuraloTcs, pacnanasicb
Ha MeJKHe uacTHnnl. KapTuHa pacmaja arperartos npeacTaByieHa
wa puc. 113. Kak BHAHO 13 3TOTO PHCYHKA, KOMOUKH, HMCIOUIHE
fiepBoHataIbHO GOJbLIHE PASMEPDI (113 a), noA ACHCTBHEM BO-
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Ibl THCOEPTHPYIOTCA Ha 6oJee menkue obpaszoBanust (puc. 113 6).
Hanporus, B 0cTpYKTypHPOBAHHBIX TTIOUYBAX CTPYKTYPHbBIE aTperaTht
0Ka3a/luch, BOJONPOUYHBLIMH ¥ NPH B3aUMOAEHCTBHM ¢ BOAOH IJIH-
TEJNbHO COXPaHANU CBOIO BHeliHOIO popmy. Bosee toro, cTpykTyp-
Hble 3/1eMeHTbl B Npoiecce AJUTENbHOIO B3aHMOACICTBUA C BOAOH
CHayajla yBEJHUMBaANUCh B Pa3Mepe, Ho 3aTeM, IPU NIOJAHOM ucnape-
HHH BOJbI, BHORL BO3BPAIAJHCh K MEePBOHAYATBHOMY CBOeMY O0b-
emy. Ananoruunas gapTHHa Ha6miojanack ¥ NPH NOBTOPHBLIX YB-
JIAXKHEHHSIX KOMOYKOB. IToBTOpHbIE yBJaXKHEHHST OBIIH NPOXOJIKe-

Pu3nuecKoe MCNAPEeHHE BOIbI H3 CEPO3EMHO-IYTrOBOH

Hoaa

noJu-
Bapuaunt Mepa,
rziza | 13V | 22V | 3LV | 7.V] 14V | 18IV | 24.VI| 30.V1 | 15.VII

0,15 4 4
0,30 6 6
0,60 7 —

Kak BHIHO, YHCJI0 NMKJOB JC paspyuieHHsi arperaTos B 3a-
BHCHMOCTH OT KOHIEHTpPAaIlM{ ToJHMepa yBeJHUHBAETCA BHe 3a-
BUCHMOCTH OT BMJA HCKVCCTBEHHOTC CTPYKTYpooOpazoBatels.

Onpepenenre 1a6yXaHUs OCTPVKTYPHPOBAHHON MOYBLI MHUKPO-
CKOMHYECKHM METOAOM MO0Ka3a/o, YTo NpPH B3aUMOJEHCTBHH KO-

la6auma 76

nouBsl (cocynbl 6e3 pacTeHHH), z/cocyn

191 r.

KonTtpoab 0 [ 900 [1815[1700| 1425 | 1861 | 1660 | 1630 | 1020 | 1780
K-4 300 | 600 | 1465 |1285( 900 | 1005 | 1310 | 845 | 645 | 1505
K-6 300 | 800 |153511180f 855 | 898 | 1380 | 1020 | 690 | 1555
MAMAL 300 | 800 {1610 {1350 980 | 1180 | 1410 | 1095 | 665 | 1525

Bceero
. N 13.
o5.vIl | 20.vil | wo.vur| 21.viii] 11X 101X | 211X 1.X 10X | 20.X | ¢ 230‘\&110

195 | 1630 | 1130 | 1985 | 1975 | 1715 | 855 | 710 | 490 490 | 25966
187() 1560 | 795 | 1725 | 1770 | 1560 | 625 | 555 | 330 32.5 20005
800 | 1550 | 865 | 1760 | 1885 | 1575 | 670 | 675 | 382 | 382 | 20757
920 | 1595 | 865 | 1765 | 1830 | 1595 | 705 | 595 | 360 | 365 | 21510

Tlosa 1962 r.

noJiH-

Bapuant 6— —
Nera | 22vi| 22-1vit| 1—w.vi | to—10vn | 1o—esvn| EVH

KouTpoas 0| 770 650 760 2459 2970 2390
K-6 300 | 740 600 730 2220 2370 2160
K-4 300 | 550 580 590 2050 2290 2120
NMAMWL 300 | 560 550 680 2.40 2300 2210

Hel I0 paspylleHHs MouBeHHOTro  ofpasuna Ha MeJKHe 4aCTHIIL
(taba. 81).

Hns onpepenenust yuesna HMKJIOB IO paspylICHHsI KOMOUKA B
3aBHCHMOCTH OT KOHIEHTPAUHH NMOJHMepa M3 KaXKAo# cepuu oc-
TPYKTYDHPOBAHHOW MOUBLI MCC/IEAOBAJH He MeHEe ABaJlaTH Ko-
MOUYKOB pa3HbiX pa3MepoB. CpenHeapHdMeTHUECKHE Pe3yJabTaThl,
TPEACTABJSIIONINE H3MEHEHHE KOJHYECTBA TMOBTOPHHIX YBIaXKHe-
HHi (IMKJIOB) KOMOYKOB 0 HX paspyLIeHHs, MPUBEACHH HHXKE.

Codepacarue norunmepa Hucao yuxaog oo
8 nouge, % PA3PYUICHUS  KOMOUYKOB
K-4  kpusuym Geani
0,03 — 1
0,06 2 2
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k — 12.VI~ 21.VIili— 20N — , Beero YMeublueHHe
”‘1';/.1\}:11 91.Viil 30.VII 10.1X 10-20.1X | ¢ y1=290.1X | wcuapenus, %

2310 2640 1440 1330 760 18479 —

2150 2194 1320 1250 630 16664 12,8
4 2100 2120 1290 1180 740 15910 18,33

2170 2370 1350 1230 620 16480 14,2

MOYKOB OCTPYKTYDHPOBAHHO! MOYBBI C BCIOH B NEPBYIO OdYepelb
HaGyxaeT NojuMepHas MJEHKa, HaXOAALIAsiCsi Ha NOBEPXHOCTH
noyBeHHo#l uacTuusl. s HarasAHOCTH NPUBOAWM (oTorpadpun
mpoiecca pasfoXKeHHs CTPYKTYPHbIX arperaToB, BEIOpaiHbIX H3
ocTpyKTypHpoBanHoi npenapatom K-4 noyBel, rie KOHHEHTPANHA
nonuMepa nauboavmast (0,6%). Kak sunno us puc. 113 6 (mo-
MEHT MaKCHManbHOro HaOyXaHHA B MepBOM LHUKJE), MOITHMEpHAs
liJleHKa, 06BoJIakHBaoNas MOUYBEHHYIO yacTUIly, MPH B3aWMOJCH-
CTBHY C BOJON nepeXoMHT B HalyXxilee COCTOAHHE: pasMep KOMOH-
Ka mpH 3ToM GoJplie, YeM NEPBCHAYAJDLIIBIH. Ilocne ucnaperus
BOXbl HAOYXLIMH KOMOYEK HMEeT pbix/blii BHJ, YMEHbUIAeTCs B
o6beMe H IIPAKTHUYCCKH COXpaHsET KCXONHBIH pasmep.
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Ha puc. 113 2 — ToT Ke KOMOYeK, cdoTorpadupopantbiii B
mabyxiieM cOCTOSIHHU Tepej pacflafom (mecroft muka). Buamho,
YTO TOJMMepHasi MJeHKa CHMMAeTCs ¢ TOBSPXHOCTH KOMOUKA,
YTO OGDLACHSETCH, NO-BHAHMOMY, COJbBaTaunMed ¢yHKUHOMA/b-
HBIX Tpynn noaumepa. [ipH 3TOM CBS3h MeXKV YaCTHUAMH KOMOY-
KOB (CTPYKTYpHOTO arperarta) pacciabiseTcsi U NpH AaspHeHdlIem
YBJAXKHEHHMH arperat paspyluaercss Ha OGoJlee MesJKHE YaCTHIIBE
(puc. 113 6).

Ta6bauua 77

H3meHenne CKOpoCTH (UAbLTPaUHH (M2/cex) 06Pa3UOB TAKBIPHBEIX MOYB
Noj BAHSIHMEM NOJIHMEPHLIX Npenaparon

Kounuentpa-

LuS Npena- O6pazenr N 1 O6pasen, Ne 2 O6pasen Me 3 O6pasen M 4

pata, % K

Becy cyxoit
nouss | K-4 | K-6 [MAA-1| K-d | K6 [TIAA-I| K-4 | K-6 [TAA-} K4 [ K6 |[TAA-L
0,00 3,1 18,5 1,1 1.2
0,03 14,9/1,6[1,9}18,8/35,0/35,0)1,4]°,3}1,6}1,6]2,6 1,0
0,06 [3,411,3]2,4]65,4)35,0/49,0)1,4(2,3/1,712,8]8,4 1,7
0,15 [3,4)1,41,5(63,0]33,0/18,817,2]2,4|3,0{1,5]9 10,4

Takum 06pa3oM, npoiecc B3aUMONEHCTBHST KOMOYKOB OCTPYK-
TYDHPOBAHHOH MOYBH C BOAOH cBsizaH ¢ HaOyxaHHeM MOJHMeEp-
HOH TJIEHKH, HaXOAALIeHCss Ha HOBEPXHOCTH KOMOYKA H HOCHT

Ta6nuuya 78

HameneHHe KoJHYECTBA BONONPOYHLIX arperatoB xKpymuee 0,25 mm
B TAKBIPHbIX MNOYBAX NMOJ BJIHSIHHEM NOJHMEPHBLIX NpenaparoB, %

Kouuenrpa-

uus npena-f Obpasen M1 Ojpazey N 2 O6pazen Ne 3 Obpazen N 4
para, % X
BeCY CYXOH
nousst | K-4 | K-6 [[TAA-}) K-4 | K-6 | [TAA-1] K-4 | K-6 [ TIAA-1| K4 | K-6 | TAA-L
0,00 16,0 14,0 0,9 0,5
0,03 57,3!73,7 46,1 42,6'29,5 25,6 141,7145,9] 17,4 {26,0142,2] 1,4
0,06 |76,2(88,1150,2169,9/63,3] 51,7 160,0{65,0| 25,3 {57,0{63,0( 12,9
0,15 [87,5(93,564,9(78,4{70,4] 51,8 {80,0{88,0, 37,7 {25,1{70,01( 35,1

HHTpaMHuIeNIapHbli xapakTep. Ilocrenennas cosbBaTapusi 1O-
BEpXHOCTEH NJIEHKH TPHBOAMT K €e OTHAe/]eHHI0 OT NOYBEHHOrO
CTPYKTYPHOTO arperata M pe3y/bTaTOM 3TOrO fABJseTcs pas3py-
HIeHHe CTPYKTYPHOTO 3JeMeHTa.

CornocTap1eHHe JaHHbIX MHKPOCKONMYECKHX  MCCJeIOBaHHI
HaOyxanus OCTPYKTYPHPOBAHHBIX NOYB C pe3yJbTaTaMy MHKpoar-
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peraToo6pa3oBaHUd B AHCNEPCHAX TOYBB TOJ BJIHSHHEM CTPYK-
TypooOpasyIoIero I10JHMepa MO3BOJSET 3aKJIOYHTh, UTO NpH
BHeCeHHH DacTBOpa BOLOPACTBOPHMOTO MOJIMMepa B [OUBY Hapsi-
Iy ¢ MHKpOarperaroo06pasoBaHueM NIPOHCXOAHT H CTabHIH3AIHA
KPYMHBIX arperaTos, KOTOpble 00BOJAKHBAIOT NOJHMEPHOH IIeH-

Ta6auma 79

HauveneHune PU3HYECKUX CBOAHCTB TaKbIpHBIX NMOYB
NoJ BIHMAHHEM TOJHMEPOB

pH mBoanxoit
Kouueurpanus | O5beMubiui BBITALKKH
TNoaumep r‘l(oligza;];laéq::‘ mec, 2jem opucrocts OCprnkgngHHo“
O6pasen, Ne 1

K-4 0,00 1,1 60 9,0
0,03 0,8 80 9,0

0,06 0,8 79 8,8

0,15 0,7 76 8,8

K-6 0,03 0,8 72 9,6
0,06 0.8 71 9,3

. 0,15 0,7 75 9,2
TMAA-1 0,03 0,8 — 8,9
0,06 0,7 - 8.8

0,15 0,6 — 8,8

O6paszen Ne 2

K-4 0,00 1,1 61 9,0
0,03 0,7 75 9,2

0,06 0.7 75 9,3

0,15 0,7 74 9,2

K-8 0,03 0,8 71 9,2
0.06 0,7 74 9.0

0,15 0,7 75 8,9

MAA-1 0,03 0,8 — 9,0
0,06 0,7 — 8.9

0,15 0,7 — 8,9

KOH, B pe3y/braTe PaHee HeBOJONPOYHBIE arperaThl NpHOGPeTaloT
npounocTs. Co3zpaniie J0CTaTOYHO MPOYMBIX ATPEraToB B OCTPYKTY-
PUPOBAHHBIX MOYBAX CNOCOGCTBYET 3HAUUTEILHOMY YMEHLIUEHHIO
HPPHUIAaUHOHHOTO Pa3MbIBa —— 3PO3HH [IOYB,

B. B. TI'yccak ¢ corpynnukamu [263, 335] mokasanau peskoe
MOBLINICHHE CONPOTHBJAREMOCTH 3IPO3HUH THIHYHOLO Cepo3eMa,
OCTPYKTYpeHnHOro K-4, B 0/1€BRIX YCAOBHSIX.
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Ta6auuwa 80

Bausune nonnumepos K-4 u ITAA na pH duanrparon

OCTPYKTYPEHHBIX CE€PO3eMOB

CaeTanlit cepodeu TuuRuHbIE cepo3eM
Kouuenrpauus
noanmepa, % d
oF Beca ouRl | orao OB ppemien | aomkOMe | pexaennc
LOUEPHB JOILe PHBE
K-4
0,000 7,6 7,6 7,5 7,4
0,015 8,1 8,1 7,9 7,7
0,050 8,3 8,3 8,1 7,9
0,150 8,8 8,8 8,5 8,3
ITAA
0,000 7.6 7,6 7,5 7,4
0,015 7,6 7,6 7,5 7,4
0,050 7,6 7,6 7,5 7,4
0,150 7,6 7,6 7,5 7,4
Tao6nuna 8%

Pacnan KOMOYKOB OCTPYKTYpeHHOH npenaparom K-4 noussi

nox AelcrBueM BOAbI

PasMip KOMOUKA B IHKIE, MK
Bpewms, muH,
1 2 3 4 5 1 6 ! 7
0 190 194 190 190 190
15 225 195 198 196 Pacnaacs
30 220 200 225 200
60 215 196 210 198
90 198 192 196 190
120 194 192 190 190
0 118 120 120 113
15 135 126 130 | Pacmaacs
30 144 135 130
60 140 135 120
90 135 128 117
120 120 120 113
0 224 224 232 214 214 216 214
15 270 230 238 218 216 215 | Pacnaacs
30 272 234 225 220 218 218
60 248 236 220 216 218 218
90 232 234 216 214 216 216
120 224 232 214 214 216 214
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TIpu HcCIeOBAHHH UPPHrallHOHHOH 3PO3HH B MaJOM JIOTKE
8-11, no B. B. I'yccaky [332], B 1aGopartopuom omvite [134] G110

lg#

2y

/,.” /"__‘—4—!
/

120

0055 14 720 a0 !5;&‘ 0’

Puc. 112. JlorapudmuyecKkas
3aBHCHMOCTb  MabGyxaeMoCTH
ot coxepuanusa K-6 B mpodax.

Puc. 111. Mameneune Ha-
6yxaeMOCTH MOYB, 06pa-
GOTaHHbIX HCKYCCTBEHHBI-
MH  CTPYKTypooOpasosa-
TeNSIMH.

1 — noansmep K-4, 2 — kpemue-
3em Geamit; 3 — noaumep K-6;
4 — KejseccKud OCHTOHMT.

YCTaHOBJIEHO, YTC nocie 06paBOTKH OpOIIAEMOro THIHYHOTO ce-
poseMa M3 XJIONIKOBOH cTapomaiiku noiumepoM K-4 o ctan mo

Ta6auma 82

Biausiuue NoJHMepHOro mpenapara X-4 na aposHpyeMoCTh
OpoIIAEMOro THIHYHOIO cepo3ema

Pacxon Bo- Ce- Pe3yiabTaThl MAaTGMaTHYECKOH
Konilentpa- |abi Ha CMBIB CMuiD hVHI- 06paGOTKH TOUHOCTH OIbITA
Hs W pasmms | ¥ Pas- Bpems | Hbift | Hucao
no/JEMepa nousBbi Mbg* H3, H4 . yacab- “2:;"‘0'
‘4 e 10TKa, | pasMbB|  Hbti uu
K-4, % us ;«;)‘Eka, " p pacxod, p . m v p
cM3cex

Opouiaemblii THIHYHBIA C€pPO3eM, XJONKOBAs CTaponauika, ri. 0—25 cx

0,000 3475 [100,0] 714 4,9 | 10 | 0,5 | 0,1 |13,1] 4,1
0,005 5675 |100°0] 1273 | 4.5 | 10 | 0,6 { 0,2 { 11,0 ] 3,5
0,050 10000 | 52,9| 2415 | 4,6 5 12,1 1.0] 40] 1,8

Bypast ropHo-iecHas no4Ba, ra. 0—20 cu

0,000 l 10000 134,9 ] 20351 4,9] 10 l 4,9} 1,5[ 14,0 | 4.4

MMpumeuanue: o—cperHee XB3APaTHUNOE OTKAOHEHHE, ™M — owmHO6Ka
onpita, V—rkos(uuueHT Bapuamd, P—TOYHOCTH ONbITa.

YCTOAYHBOCTH K HPPUTAUHOHHOH ZpO3MH MOUTH TAKHM K€, KaK
Gypas TOpHO-JecHasi mousa (Tabs. 82), KoTOpasi XapaKTEpPH3yeT-
Cs1 BLICOKOH CONMpPOTHBJ/SIEMOCTDIO PA3MbIBY.

Ananornusbie famHeie 6ui1u nonyueds B. M. BaGuenko [310]
B OMLITE C MOJHAKPUAAMHJIOM Kak B n1a00paToOpHbIX, TaK H B IO~
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JEBBIX YCJOBMfX Ha CYNeCYaHbIX A€PHOBO-MOA30JMHCTHX MOYBAX.
HaGyxanue yacTo CONPOBOXKAAETCS Tem1oBbiMU dbdekTamu. Ilpk
W3YUCHHH TEMJIOTHl CMAYyHBAHHA THNHYHBIX ~ CEPO3EMOB B ecTe-
CTBEHHOM H OCTPYKTYPHPOBAHHOM COCTOstHHH Habsogasnock [395],

’

-

Puc. 113. Pasnoxenne KOMOUKOB HEOCTPYKTY-
peHHOR (@, 6) u o6paboianHoil (s, 2) K-4 mnou-
Bol. X 400.

Y10 TemJ0Ta CMa4yHBAHUs B BOJI€ OCTPYKTYPHPOBAHHOH DPacTBO-
pom K-4 mousrr Gosbille, YeM HEOCTPYKTYPHPOBAHHOH; OHA YyBe/H-
4¥BaeTCs H NPOXOJHT Yepe3 MaKCHMyM ¢ POCTOM COJep2KaHue TO-
Jgumepa B iouse (rabsa. 83). D10, NO-BHAKNMOMY, OOVCIOBJIEHO Tem-
JN0ToH HaOyXaHHs B BOJAe TNOJHMepa B HCKYCCTBEHHO OCTPYKTY-
PHPOBAHHOH NOYBe (TemoTa CMaYyMBaHHs BBHICYIUGHHOTO MpPH TeM-
neparype 105°C nopomka npenapata K-4 B Bofle B 3Tux XKe ycJ/10-
BUsiX pasHa 19,8 kaa/e).

3navenne Temw10Th nHabyxanus (Q, ) CCTPYKTYPHPOBAHHOM

TIOYBBI BBIMHUCJACHO NO PA3HOCTH TenJioThl CMAuyHBaHHSA OCTDPYKTY-
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pUpOBaHHON NMOYBHI B BOAe H TMOuBH B pactBopax K-4. Onma oxa-
zagsach paBhoit 0,4 Kaa/e M 9Ta BEJIHUHHA CTPEMHTCSl K yBeJHye-
HHIO C POCTOM COJeprKaHHsl Ipernapata B MouBe.

CaeyeT OTMETHTb, YTO €CJH H3 TeIJIOTH CMauMBaHHS eCTecT-
BOHHON TMOUBH B BOAE BBLIUHTATbL TelIOTY HabyxaHus NoJuMepa,
HMEIOILLETOCST B OCTPYKTYDHPOBAHHOH NOYBe, TO 3HAaYeHMe TEILIOTH
cMauHBaHHa oOpaboTaHHONW MOJHMEPOM MOUBEl NPOXOAHMT uepes
maHuMyM (taGa. 83). DTO yxasbiBaeT Ha TO, UTO NOJ BJAUSHHEM
CTPYKTypOOGpa3oBatesisi MPOUCXOAHT arperHpoBaline MOYBEHHBIX
uacTHL, KOT/Ja COMlepKaHHe NoNuMepa B NMOYRe He3HAUYHTEABHO, 11
HaoGoOpOT, WAET MeNTH3alMs, KOrAa Nojumepa OoJpiue.

ladanma 83

TennoTa CMauMBaHHS HEOCTPYKTYPHPOBAHHOH NOYBHI B BOZE
(QHQO), B pactBopax K-4 (Qp) H OCTPYKTYPHPOBAHHOM
NOJNMMEPHBIM HpenapaToM NOYBBI B BOJEe (Qb )

Koutenrpanus TenaoBuie 3dhekTH, Kas/z

acrpopa K-4,
2}7/100 MA BOIM Qo Qb ! AQ=Qp - Qp l Qy=QH,0--2Q

.0 1
1-10~3 1
5.10-3 1
1.1072 2
5.10"2 2

2

2

NI

1-10~!
1,5-10~1
2,5.107! 2,0

KosuuecTBO monHMepa, OTHECEHIIOR K CYXOH HABCCKE MDH MH-

i bt ek s

NATUTIOY OO

OO OCO
BN Ul v i OO D

NN RN NN NN —

it

' FUMAJbHOM 3HaueHHH TenNoThl CMAaYuBAHHUA OCTPVKTYpHUPOBaH-

HON MOYBbI, HalieHHOe rpaduueckUM mnyTeM, coctasaser 0,8%.
OHO COOTBETCTBYET COJNEPXKAHHIO MpenapaTa B HOYBe, MPH KOTO-
pPOM  OCYILECTE/ISIETCS MAaKCHMaJbHOe 00pa3oBaHHE BTOPHUHBIX
CTPYKTYp (MHKpOYACTHI{) NOYBHL, YTO OBITO YCTAHOBJECUO 3/€K-
TPOHHO-MHKPOCKOMHYECKHM H CEJHMEHTOMETPHUECKHM MeTona-
MH HCCJIeIOBaHHSI.

Takum o6pa3oM, Co3jaHNe HCKYCCTBEHHBIX CTPYKTYP yayylia-
eT BOHO-pH3HUECKHe  CBOHCTBA KaK  IIPUPOJAHBIX COPOEHTOB
(TuH), TAK 1 pa3JHYHBIX THIIOB MOYB.

Fnasa cepgbmasn

BNMSHME BOJOPACTBOPMMLIX NOJIMMEPOB

HA CTPYKTYPOOBPA3OBATERLHBIE MPOLECCH

B LEMEHTHbBIX CYCNEH3MAX
CoBpeMeHHOe CTPHTEIbCTBO — NpebsB/sAeT K LEMEHTaM BCe
6osbile CaMblX pasHooGpasHbix Tpebopanuil. Oco6eHHO BaxKHO
NOJYYHTb IOJTOBEYHBIH 1. ObICTPO TBepaelolufi Matepual. Cpeau
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MHOTHX JIDYTHX NVTEH peryJHpOBaHHsi CBOMCTB IEMEHTOB B IOC-
JIe[iHee BpeMst HAauaJl0 NpHOOPeTaTh 3HAUCHUE BBelcHHEe B CHCTe-
My HeOONbUIHX KOMHYECTB MOBEPXHOCTHO-AKTHBHBIX [397—399],
a Takxe nonumephnix [400, 401 u np.] Bemrects.

B Hacrosimee Bpems cocTaBHI0Ch 1OCTATOUHO sCHOe npeacTan-
JICHHE O TOM, KaK NPUCYTCTBHE HH3KOMOJICKYJISPHBIX OpraHHye-
CKHX BeL[eCTB CKasblBaeTCsl Ha CBOHCTBaX OeTOHOB. INonpo6io
H3YU€HO BAMSIHHE PasiuyHbiX mbl1, CCDB, caxapa u Ip.

YCTaHOBJICHO, YTO HH3KOMOJEKYJNSAPHBIC opranvyeckme Be-
IIeCTBA MOXKHO BBOJMTbL B KOJIHYECTBE, HE TpPeBHINAIOMEM ACCH-
TelX, @ HHOTAA maxxe COTHIX JoJell BecoBelx mpouenToB. Huzko-
MOJICKy/IApHble OPraHHuecKHe BElIeCTEA  BJHSIOT Ha MNPOLECe
CTPYKTYPOOGPa30BaHHA MHHEDPANLHOrO BSKVILEFO, HO vaMH B
CO3MAHHH MPOYHOCTH I€MEHTHOTO KaMHsI HE y4acTBYIOT.

Haxonuennslfi sxcnepumentanphoiii MaTepHan No NpPHMEHC-
HUIO BBHICOKOMOJIEKY.ISIPHLIX OPraHHYecKHX BEleCTB B KaueCTBe
MOGaBKH K IEMEHTY MOKAa3biBAET, UTO MHHEpPANbHbIE BSDKYLIHE H
OMHMEP B3AHMHO JOMOMHAIOT H YCHAMBAIOT APYT Apyra, MpHUEM
B CTPYKTypOOGpa3oBaHHH y4acTBYIOT 06a KOMIOHeHTa. B moc-
JICAHEe BDeMs TPOBOAHTCH MHOTO DabOT, MOCBSINEHHBIX H3Yue-
HHIO JEeHCTBHSI PA3JHYHBIX IOJIHUMEPHBIX N06aBOK (LeMNi0103a H
€e MPOU3BOANLIC, TYMHHOBHIE NMpEmapatsl, MOJMBAHAMALETAT, [O-
JIHBHHUIXJIOPH], NOJHCTHPON K Ap.). licmoss3oBanue 3sMymbcuit
H JIaTEKCOB OTKPLUIO HOBble BO3MOMKHOCTH ANSI CO3JMAHHST TOgH-
MepOeToHOB, 061afalOUIKX 3aNaHHBIMH CTPVKTYPHO-MeXaHHUeC-
CKHMU M (H3HKO-XHMHUECKHMH CBOHCTBAMH. ACCOPTHMEHT NpHMe-
HSTOIHXCSA TIPK 5TOM MONHMEPOB (0COBGRHHO CHHTETHUECKHX) pac-
LIHpseTCH € KaXK[ABIM JHeM, HO MeXaHus™m o6pa3oBaHHs TOJH-
MEpUEMEHTHbIX GeTOHOB M NPOTEKAKIHE IIPH ITOM (PHIHKO-XH-
MHYECKHE NPOLECCH ellje He BhISICHEeHD,

CrpykTypoo6pasosanie B M3BECTHOBO-NMYLLONANOBLIX
CyCNeH3uAX B NPKCYTCTBMM NONMMepos cepum «K»

B H3BeCTKOBO-NYUOTAHOBEIX CYCIIPH3HSIX, COCTOSILHX M3 MYII-
nonanuyecko#t jo6asku 1 Ca(OH)., cTpykTypoo6pasopaTebHbIE
TPOUECCHL OTpele/sTiOTCSl B3AUMOIeACTBUEM YaCTHIL TBepAOH da-
3bl C U3BECTBIO, YTO OOYCJOBAUBAET BO3SHUKHOBCHHE HeOOPaTHMOH
KPHCTANTH3AUHOHHOH CTPYKTYPHl TBEPIEHHS, POUHOCT KOTOPOH
HaXOIHTCS B MPSIMOH 3aBHCHMOCTH OT AKTUBHOCTH MyIOJaHUYe-
cKo# 100aBKH. COOTBETCTBEHHO C 3TUM PAaCnoOJIaraioTest KplBbHIE
Ha puc. 77—78. ric MPUBOAHTCS KUHETHKA W3MeHenust P (a) u

P (6) B Tedenne 7 cyTOK AJsT M3BECTKOBO-NECUAHBIX, TVIHCIHK-
HBIX, TJTUHATHBIX U TPENeabHbIX CYyCHeH3 .
BBepenue nonuMepHsIX 106aBoK B M3BECTKOBO-NMYLILOJAHOBLIE
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CYCIIeH3HH 3aMeJI1AeT B3aUMOJCHACTBHE JIHCIEPCHBIX YACTHI C H3-
BECTLIO M BCJEACTBHE 5TOTO CHHXKAET CKOpoCTh HapacTauus P,
B TeM 60Jblueil CTEIIeHH, YeM Bhillle JJO3UPOBKa noiuMepa (puc. 78,
114). HaunGosee cusibHoe BJHAHHE B 5TOM HAaNPaBJICHHH OKa-
spiBaeT K-4, obaamanouwuii Goasliefi crabuauzupymolulefl cnocob-
wocTblo 110 cpaBennio ¢ K-6. [Tostomy aGcomotnbie 3uauenus P,
K 7 eyTKaM, B OTJHYHe OT 0e3bI3BeCTKOBBIX CYCIEH3HH, B MPUCYT-
ctun nonumepa K-6 suiue, yeMm ¢ K-4, ocobenHo npu G0JbIIKX
A03upoBKaxX. MakcHMyM Ha KpPHBLIX P, B 3aBHCHMOCTH OT KOHLEH-
tpanuu B npucytctBu K-4 Boipaxen ocofenno uetko. Xapakrep-
HO, 4TO OH OTMeuaeTcs [ MecKa H [JIHeXa, HMEIOIHX MeHbIuyto
yAEJbHYIO TOBEPXHOCTH, YeM TJIMHHT ¥ Tpenen. Jlas nocienHux,
OYeBUIHO, HEOGXOAUMbl OOMbIIHE KOMHUECTBA Npenapara, 4ToOul
CO3[aTh 3AUTHYIO MJCHKY BOKPYT 4acCTUl TBeploH ¢dassl.

Ta6auua 84
Bansnune K-4 n K-6 Ha MeXaHHYeCKYI0 HPOYHOCTD

H3BECTKOBO-NYLIIONAHOBOIO LEeMeHTa
(759% KupnHYa-HeaoXora-+259% H3BeCTH-MyNIO HKH)

Ipeaen MPORHOCTH NPH PACTKeHUH, KI[cM*
Tloanposka npexBapHTe 1h- BOIMOE XPaHeHHe
CTpyKTypo-06- | ‘yoe xpanenue
pasoparens, % B;";?,(;%;" 28 cyToK 3 mec. 6 mec. 12 mec,
0 3,4 3,1 4,6 5,6 8,6
0,10 K4 5,0 6,2 9,7 11,4 14,3
0,25 K-4 2,3 4.4 7,7 — —
0,10 K-6 5,7 5,2 10,6 11,5 16,3
0,25 K-6 4,6 5,3 9,7 — —

Pu3HKO-MexXaHHyeCKde HCMBITAHHS CTaHAapTHHX TpaMGoBaH-
HBIX 00pa3ioB — BOCbMEPOK H3 M3BECTKOBO-NYLIIOIAHOBEIX CMe-
ceff TOHKOMOJIOTOTO- JIECCOBOrO KHPNUYa-HeHoxKora (/1-uemenTa)
[402] u 25% Ca(OH). B pactBope 1 : 3 C BOALCKHM MECKOM MOKa-
3aaun (tabn. 84), uro noGasku, He npeBuimawmue 0,10% K-4 u
K-6,-0ka3bIBaioOT CYIIECTBEHHOE NIOJOXKHTEIbHOE BJHSIHHUE HA NPOU-
HOCTh NPH PACTsKEHUH, YBeJHUMBasi €€ NPU BOJHOM XPaHEHHH
0o6pasnos noutu BABOE. [IpH TAKHX Ke HCObITAHHAX LEMeHTa H3
KHpIuYa-Heaoxora 6e3 ussectd K-4 o6ycnoBHI CHIbHOE TOBbIIIE-
HHE TMIPOYHOCTH (10 2—2,5 pa3 ) B YCJOBHAX BO3/YUIHOIO TBEPJE-
HHsl, HO TIpu Gosbuinx po6ass<ax — 1Y (raba. 85). Cnenyer or-
METHTb, YTO TMPOUYHOCTL O0PA3LOB B TeUeHHE roja COBEpIIEHHO He
HaMetunach. [lo-sugumMomy, pe3kuii pPoCT NPOYHOCTH IEMEHTa B
JIAHHOM CJyuae cle/yeT CBsi3aTb He ¢ TBEPACHHEM LEMeHTa, a co
cnoco6HocThi0 K-4 npu BLICHIXAHHM aBaTh NPOYHLIE CTPYKTYPbI.
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Taxue csoficTBa K-4 MOT'YyT 0Ka3aTbCsl BeCbMa MOJIE3HBIMH NP
HCIIONBb30BAHHH €T0 A/ 3aKPENJICHHS PA3JHUHBIX JHCIEPCHLIX Ma-
TepRAJIOB, B Y2CTHOCTH NI€CKOB.
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Puc. 114. BaugHue u3BecTH Ha KUHETHKY
* £33
P, (a) u P, (6) pasauurblXx  CYCIEH3HH.

1 — necok; 2 — rades, 3 — rAHHUT; 4 — Tpemad.

TakuMm ofOpa3oM, NoJuMephl cepuy «K» OKa3bBaOT CHIbHOE
CTPYKTYPHPYIOllee NedCTBHe Ha TOHKOJAHMCTICPCHble aKTHBHblE MH-
HepaJsbHble 1002BKH, CIOCOOCTBYIOT MOJYUYCHUIO [OBOJIBHO MPOU-
HBIX KOaryJsSIHHOHHBIX CTPYKTYD, KOTOpbIe COYeTarTcs ¢ Koaryssi-
IHOHHO-KPUCTA/JIU32IHOHHON CTPYKTYPOH TBEPAEHHUSI B CHCTEMAX
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a0 — Si0— H,0 u CaO — Al,O3 — H,0, 06yCioBAHBAOILINX
BSDKYIIHE CBOMCTBA M3BECTKOBO-NMYIUIOIAHOBLIX cMecCel. T10cKomb-
Ky nocjefuss o6najfaeT 3HAYUTENbHO O0Jbiuedi NPOUYHOCTLIO, TO
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Puc. 115. Bangnne noanmepos K3-6 (@) u K-4 (6) na P, mopr-
JaHIIEMEHTHBIX cycrien3ni (mopraaniuement 8, B/LI=0,30).
Yepes: I — 1 cytkd, 2 — 4 cytox, 3 — 7 cyrok, 4 — 14 cyrok.

UMEHHO OHa B KOHEUNOM cHeTe onpeaensieT NpoOyHOCTbh CUCTEMBI.
l'Io:mmep Ke H3MEHAET KUHETHKY TBEPACHUSI, TAK KdK, €C/J4 OH

Tatauma 85
Mpeien npouHocTH npu pactaxeunu, xl jcm?
Hoanposka BO37YILHOE XpaHEHUe uepes
CTPYKTYPO- | Npe1BapuTe.1b-
0fipasoRra- | HOC XpaHeHHe
HHA, % BJ -BO3AVLL,, 29
7 cyTox cytok | 3 Mec. [ 6 mec. | 12 mec.

0 1 2,41 2,31 27} 25
0,10 K-4 1 1,8 { 2,1 | 2,3 | 2,2
0,25 K-4 1 1 1 1 1,3
1 K-4 2,7 7,169 7,2 7,4

TNPHCYTCTBYeT B JAOCTATOUHBIN KOJHYECTBAX, TO 3KPaHupyeT No-
BEPXHOCTb JHCHEPCHBLIX YACTHIL H 3aME/UISIST TeM CaMbIM TpOIlece
B3auMOAeiCTBYST MHHEpadbHoll H06aBKu ¢ u3BecTsi0. ITockoabky
K-4 6oaee apdekTuBed B sToM oTHomenuu, yem K-6, To npu onu-
HAaKOBbIX J03UPOBKAX OH fosee pe3Ko CHHKaeT TMPOUYHOCTb W 3a-
MeJIfeT CKOPOCTb ee HapacTaHHs. Takoe ke BJHsIHHe, Kax Ha H3-
BECTKOBO-NMYI[LOJaHOBLIE LIeMEeHTh, Tpenapatsi «K» okas3niBaoT Ha
MOPTJA2HAUEMEHT, Pe3KO 3aMeANds CTPYKTYpooOpa3oBaHHe B KOH-
LHEHTPHPOBAHHBIX CycHeH3usaXx — nacrax (puc. 115). 31o csoiicTBO
MO>neT ObITb HCHONL30BAHO M B Tex cayyasx, xkorga Tpedyercs
3aMeJU/IMTh CXBAThIBaHUE LIEMEHTA, B YACTHOCTH B OYPOBOi TEXHHU-
Ke, T7e npenapaThl «K» MOTYT, MO-BHAUMOMY, TNPHMEHATLCS B
KOMOWHALMHY C APYTUMH [06aBKaMHU,
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Bnusinke NONMaKPHUNAMMAMEIX NMONMMEPOB
Ha CTPYKTYpOOGpasoBaHKe B LEMEHTHBIX CYCHeH3UsX
M (DU3KKO-MEXAHMUECKHE CBOMCTBA LEMEHTHOIrO KaMHSA

TlonuakpusamMujiblie npenaparhl BBOAHIUCH B Buie |-MPOIEHT-
HOTO BOJHOTO pacTBOpa C BOJAOH 3aTBOpeHHs. Pacuer 103HPOBKH —
B BECOBBIX NPOLEHTaX K TBepnaoll ¢asze. IlopTiaaHaneMenTs ObLIH
B3sATH ¢ Bekabajickoro komOuHarta ¢ copepxkanuem C3A 4 u 7%,
KH=0,96 u 0,85 Ge3 akTuBHBIX MHHEepa.JbHLIX 100aBOK. XnMuUye-
CKH#l pacueTHLI1 MHUHEpAJIOTHYECKHH C€OCTaB MOPT.IaHIUeMeHTa
{Y%Ha BBICYILEHHYIO HABECKY) C/ACLYIOMIMIL:

Houwep Si0, R:O3 Fe,O, CaO MgO SO; 11 n n
npodut

8 21,56 9,30 4,14 63,11 1,66 2,03 1,56
4 22,00 4,66 4,66 63,34 1,13 3,10 —
Homep  njocm  Na,O K,O KH (O CS GCA C,AF

npolet
8 — — — 0,85 45 28 7 12
4 0,14 0,41 0,36 0,86 49 26 4 14

B onbiTax ¢ cycneu3usaMu ObLLIO yCTAHOBAEHO, YTO MOMHMEDb
TTAA-1 u Ca-ITAA okasbiBatoT csoeobpasnoe AeHcTBHE HA MOPT-
ganpuemenT [403]. Beneuue B cmech nosnmepos [TAA cunbHO U3-
MEHHJIO KHHETHKY CTPYKTYpOoOODazoBaTedpHbIX MPOLECCOB, Xapak-
TEPU3YIOUIUX MEPBBIH NMepHOA B3aUMOAEHCTBHS LEMEHTHOTO MO-
poIIKa C BOAOH M CBsi3aHHbIX ¢ oOpasoBaHHeM CTPYKTyD TBeple-
HHUST K/JIMHKEepPHLIX MHHepasoB. B MOMEHT npuauBaHusi pacTsopa
K 1leMEHTY BCJEJCTBHE yCKOPEHHs BO3HUKHOBEHHS KOary.IsiLHOH-
HOH CTPYKTYphl, obpasyeTcsi T'ycTasi MaJjomoJABHXKHas macca. B
riponecce 3-MHHYTHOTO MepeTHPAHHS CYCNEH3HH 3Ta TepBHYHAas
CTPYKTYpa JIeTKO Pa3pymiaeTcsi, U CycreH3us npuodperaer Gosb-
YO NOABHKHOCTb [0 CPABHEHHIO C KOHTPOJBHLIMH CMecsIMH 6e3
no6asok. Kak Buano u3 puc, 116—118, xon kpuenix P,, mox B.ius-
nuem [TAA-1 pesko uamensiercs. Kpussie uucToro moprianpie-
MeHTa 6oslee MOJIOTH, HMEIOT HeBOMbIIOH MAKCHMYM B NepBLIe MHU-
HYTbl H JOBOJIBLHO JAJAHTENbHBIH (2 Yaca) MHAYVKIMOHHLI MEPHOA,
B TeueHHe KoToporo P, cycnmeH3HW faxe NPOSiBIAAET TeHACHIIMIO
K CHHXKEHHIO. AHasJoTH4YeH XOR KpHBO#l miast cycnessnu ¢ 0,01Y%
TIAA-1. TloBblieHse AO3HPOBKH NMpenapaTa, Bbl3blBas HAuadbHOC
pPaskuKeHlle H cTaOUIN3AIMIO IEMEHTHOH CYCHeH3HK, TPUBOAUT K
cuAbHOMY Nafenuio P, B nepsuie cpoku. OHAKO JaBHHABIA POCT
T1ACTHYECKOX MPOYHOCTH, TMPHMEPHO COOTBETCTBYIOIUHA Hadaly
CxXBartblBaHHdA cycmedsnd, B npucyterBun 0,059 TTAA-1 u swnie,
HauyMHaeTcs palibilie H B TeM Oo0Jbilell CTeNeHH, yeM Bhlle HO3H-
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posxa npenapara. [TpouHocTb BO3HHKAIOUIMX CTPYKTYD B HECKOJIb-
KO pa3 Gouiblue, YeM y HCXOAHOTO memeHTa (1abu. 86).
AHaJOrHYHO BadsiHye Ha nopTaasaneMent noaumepa Ca-TTAA.
Kak BuAHO H3 Ta6a. 87, rje NpeicTaBJeHn Pe3yabTaThl H3Mepe-
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Puc. 116. 3aBucumocts P, cycmeHsHi

nopraanimeMenra or jpoGaBku [TAA-1
(nopraanauement 4, B/T=0,30).

I — Ges no6askm; 2 — 0,01% TTAA-1; 3 —0,05%
T1AA-1; 4 —~ 0,10% IIAA-1, 5 — 0,30% ITAA-1.

HHE 51 «DaBHOMJIACTHUHBIX cMecCeii», T. €. CycneH3Hit ¢ 6aH3KOH
HAuaNbHOH NJACTHHCCKOH TMpOYHOCThIO, B mpucyTerun Ca-TTAA
CHJIbHO BO3pOCaAH aGCOJIOTHbIE 3HAUEHHS] W YCKOpHics pocT P,
BO BCe CPOKH HauuHasi oT | waca. Heckoabko MeHbwinit adpdexr
nano go6abaerne TTAA-1 K nopTiananemMenTy-8, oTinyamIeMycst
foJiee BLICOKMM cOjlepXKaHueM TPEXKa/bIMeBOro aJjioMHHATa Mo
cpaBHEHHIO ¢ HemeHTOM Ne 4 (Taba. 88). B stom cayuae P, nosbl-
maercss B 6oJiee Mo3AHHE CPOKH H NMpU OOJbLIKX JO3HPOBKAX MO-
JuMepa.

Beenenne [TAA-1 u Ca-ITAA B mopT/aHAueMeHT B OOJBLIMX
xoauvectBax (1 v 10%) npHBOAMJIO NOYTH K MTHOBEHHOMY 0oOpa-
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30BaHHIO KOATYJISIHOHHOM CTPYKTYPhI, [IeMEHT CHJIpbhO PA30TpeBa-
Csl, CYCTEH3UsI TepPsila NOABHKHOCTb H CTAHOBU/IACH pe3HHOMON06-
HOH; BBIIEASICS AMMHAK. IMnacTHyeckas NPOUHOCTL OCTaBaJlAaCh
?Insxon H yBeJHYHBaJach BO BPEMEHH OueHb Majo, MpHUeM I
AA-1 anauyuTesapto MeHbule, yeMm gasa Ca-ITAA (rab.. 89).
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Euc. 117. BausHue BpeMeHH MepeMEIUNBAHUA LEMEeHTa Ha KHHETHKY
n (MHIEKC Ha KPHBbIX COOTBETCTBYET BPEMEHH NepeMellHB aHH, MWH)

a — nopTiaauaueMedt 3-AK; 6 — noprasiiueMeHT 10-0; 8 — IIHEX - MOPTIHAUECMEHT

Takum 06pa3om, ONLITHI MOKA3a]1d, UTO NOAMAKPHIAMUAHLIC
noaumepsr [1AA-1 u Ca-TIAA npu BBegeHHH HX B MOPTJaHLe-
MEHTHYIO cycreH3Hio B konuuectse 0,01—0,25% ot Beca nemenTta
YCKOPSIIOT CTPYKTYpooOpa3oBaTe/EHbIe NPOLECCH H CNIOCOOCTBYIOT
HOBHIIIIEHHIO MPOUYHOCTH MOJYYAEMbIX CTPYKTYP B NMEpHOj MeEXAY
2 1 6 yacaMi OT MOMeHTa 3aTBOPeHHs IIEMeHTa BOMOi.
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Ta6auma 86

MisMeHeHHe NAACTHYECKOH NPOYHOCTH LEeMeHTHBIX CYCHeH3HA
nox BansiHuem ITAA-1 (nopmannuemenw-4, B/11=0,30)

Py, klfcu npH nosuposke TTAA-1, %
CpoxH 3aMepa

0 ‘ 0,01 \ 0,05 ‘ 0,10 l 0,30

15 MuH. 1,1 1,9 - —* —*
30 MHH. 0,64 1.4 0,10 0,14 0,11
1 yac 0,75 1,2 0,43 0,22 0,13

2 yaca — 0,78 4,5 5,2 0,38

4 yaca 2,8 4,0 6,4 9,3 11,2

6 uacos 14,9 21,0 24,9 24,2 31,0

* Meupme 0,05 kljcm® 3avMep Ha JAHHOM KOHCHCTOMETDE
MPOH3BECTH HENb3s.
Ta6auua 87

anf ,PABHONAACTHYHBIX cmecel*

KuHeTuKa H3meHenus P,
anua Ca-ITAA

nopmaﬂnuemema 4 B 3aBHCHMOCTH OT copepx

Py, KT cu? B cycneusuax ¢ ao6asxoi Ca-TIAA, %
Cpoxn 0 | 0,05 0,10 0,25 0
3aMepoB -\
B 110,37 ‘ B/L=0,25 B L1=0,25 B'LI=0,25 B/L1=0,25
15 MuH. 0,25 0,15 0,10 0,11 ,9
30 muH. 0,21 1,0 0,26 0,18 —
1 uac. 0,16 2,6 5,1 0,94 1,9
2 yac. 0,16 4,9 8,3 9,0 1,9
4 uyac. 0,60 25,6 26,6 33,5 9,9
6 uac. 9,3 11,8 83,3 78,4 50,3
Ta6auuna 83
Bausuue [MAA-1 Ha P,
noanaHnuemeHTa-S, B/1{=0,30
Cponit t_— Py, I€|l e, upH ToGaBKax MAA-1, %
e | 005 | o10 | 030
15 MuH. 1,1 0,08 0,071 0,09| 0,17
30 MHH. 0,58 0,32 0,11 0,121 0,24
1 uac. 0,49 0,28 0,22 0,29| 0,30
2 uac. 0,89 0,35 0,85 1,1 2,6
4 yac. 4.6 4.6 4,2 4,8 67
6 uac. 18,6 17,4 16,3 |16,9 | 26,



’ B paGorax mxoas I1. A. Pe6unaepa 6bi0 mokasaHo, 4TO Mpo-
LLeCChl, MPOUCXCASIIHE B NEPBble CPOKH B3aHMOMAEHCTBHSA LEMEHTa

B

—

; 20 N ¢ -
Apoarasymenssnoimes 2208 Mupg = »

p o
uc. 118. 3asucumocte P, cycmeHsuii MNOPTA3HAlIEMEHTa C J1O0AaBKOH

ITAA-1 ot BpeMeHH mepeMeIHBaHUA mopTianiuementa 10-6 (a) u ram-
ex - nopraanauemenra (6); B/ = 0,30.

1 — 6Ges nobasox; 2 — 0,01% IAA-1, 3 —0,03%; 4 — 0,05%; & — 0,50%, 6 — 1,0% ITAA-L.
C BO/Of (XapaKTep BO3HHKAIOIMX MPH 3TOM CTPYKTYP, KHHETHKa
KX o0pa3oBaHdst H AP.) BO MHOTOM ONpeAeasioT CBOHCTBA MOJY-

Ta6nuiwa 89

BaMsHHe NOBBIMEHHLIX NO3HPOBOK NOJHAKPHIAMHIHBIX
npenaparos Ha P, cycrneH3Hil NOpTIaHAUEMEHTa-4,

B/LL =0,30

Pm, R [cH?

Cpoku 3aMepoB TIAA-1, % | TTAA-1, % [Ca-TIAA, %{Ca-TIAA, %] n-ueMeHr-4

1 10 1 10 6e3 n106aBOK

15 mumn. 0,10 - 0,13 0,60 1,1
30 muH. 0,11 | 0,12 0,18 | 0,52 0.64

1 vac. 0,25 | 0.18 0.16 | 0,66 0.75
2 uac. 0.33 | 0,24 0,40 | 2,4 0,53
4 vac. 3.8 0,94 3.4 2.3 2’8

6 uac. 12,8 0,19 14,3 5,1 14,9

1 cyrxn | 436 0,86 | 532 7.8 607"

YaeMOro BHNOCJEICTBHH IeMeHTHoro kamus. B camowm mese, B Ha-
weM caydae BBeJeHUe B meMeHTHYIO cMech ITAA ne TOJbKO pes-
KO H3MEHHJIO KHHETHKY CTPYKTypooOpa3oBaHHs1 B NepBble CPOKH,
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Bausuue ITAA-1 n Ca-IIAA Ha npo4HOCT
nopriaaHalieMeHTa (NIacTUYHBIC pacteopnl, 1:3,

TaGauma 90

b NPH CXATHH
KyOukn 3X3x3 ca)

[Ipeaen NPOYHOCTH MPU CHKHATHY, kljcu?
Hobasra, % B/IL CYTKH CYTKH
B, Ll
s | 1] > s |1 | s
Ca-TTAA
0 0,51 42 103 178 0,51 42 103 178
0,01 0,51 55 119 177 0,50 75 120 195
0,02 0,51 70 122 105 0,50 7 113 195
0,04 0,51 56 103 171 0,47 63 109 193
0,08 0,51 58 94 | 166 0,57 69 110 196
0,1 0,51 86 119 | 206 0,57 74 117 204
0,2 0,51 58 87 | 177 0,47 70 111 119
0,4 0,51 62 98 | 168 0,49 76 119 173
IMAA-1
0.01 0,51 49 87 | 194 0,51 49 105 191
0,02 0,51 49 87 195 0,48 45 104 214
0,04 0,51 48 102 | 213 0,47 44 110 200
0,08 0,51 49 92 | 185 0,49 48 106 220
0,1 0,51 51 107 | 197 0,49 49 97 192
0,2 0,51 48 95 | 194 0,50 53 117 225
0,4 0,51 36 89 | 157 0,53 42 106 205

Bausiuue ITAA-1 Ha meXaHHY
NpH MCULITAHHH B TPaM

Ta6auma 91

eCKYI0 MPOYHOCTh HOPTIAHAUEMEHTA
gopauusx obpasuax mo F'OCTy

Jobaska, %

B/LL

Ipeses npoO4UOCTH, kl{cu?

NpH pacTAXKEHHK I

npy CXKaTHH

CyTKH
1| s I 7 | | 1 ‘ s |7 \ 98
0,285 15,4 | 22,4 | 24,8 32,9 | 150 348 442 410
0,01 0,286 16,5 | 25,0 30,5 | 32,7 186 442 516 603
0,10 0,30 14,2 | 25,4 29,4 | 33,1 202 441 470 579
OTHOCHTENbHAS NPOYHOCTD, %
0 100 100 100 100 100 100 100 100
0,01 124 127 117 147
0,10 135 127 105 141




HO 0Ka3aJ/10 CHJIbHOE BJAWSIHHE Ha MPOYHOCTDb LEMENTIOro KaMHA U
cxopocTb ee HapactaHus, [Toaumepn TTAA-1 u Ca-ITAA crnoco6-
CTBYIOT POCTY HPOYHOCTH LEMEHTHHIX O6Pas3LOB MPH HCHBITAHHH
B miacThyneix (Taba. 90) u rpamGosanubix (taba. 91) pactBopax
¢ MeckoM B HepBbie cpoku (3 u 7 cyTox). [axe npu oanHaKOBBIX
B/Il no6aska 0,109% Ca-ITAA K ueMeHTY NIPHBOIHUT K YBeTHYEHHIO
3-/iHeBHOI NPOYHOCTH NPH CXKATHH B 2 pasa — oT 42 1o 86 x/cm2.
Heckoabko yMenbuinit sgdext moayyen or ITAA-1, Ho u 31ech Bece
3HAYEHHA [POYHOCTH K 3 HAHAM Jig cMecedl ¢ JoGaBkaMH Bbilie
KoHTpO.s. B 60/1€€ Mo3HMe CPOKE BJMAHHE IMOJUMEPOB CKA3LIBA-
ercA B Menblie#l Mepe. IIpn mocToAHHON HCXOAHON MOABHACHOCTH
L(EMEHTHOTO TECTd {IPUCYTCTBHE NONHAKPUIAMUAHBIX TIpelapaTton
0coBenHO GMarofpHATCTBYET YCKOPEHHIO TBEPAEHIIA [eMeHTA B
nepBbie CPOKH, TAK KaK OHH MPUBOAAT K yMeHbulenuw B/LI,

Tabauua 92

Bausnue noaumepon ITAA Ha cpokm
CXBAaThIBAHHS NOPTIAHIUEMEHTa

C[)OKH CXBATHIBAHHA, Yachl —MHHYTH
Jlo3uposka
upenapara, Ca-TIAA N1AA-1
Havyalxo0 f KOHeL Haya o KOHel
0 4—03 6—30 4—-03 6—00
0,01 4—15 6-—-20 4—-00 6—30
0,03 350 5—30 1-25 5—05
0,05 3--02 4 38 1-22 4—-22
0,10 1—15 +—38 1-55 4—40
0,20 0—20 4-37 0—25 l 3—25

Hpu ncnbiranun no F'OCTy no6aska TTAA-1 noBemuaer npe-
IeT TPOYHOCTH NP DACTSKEHHKH M CXKATIH, Hayuias ¢ mepBbX
CyTOX, mpumepio ia 25—35%; npoynocTs 06pasuoB ¢ 10HaBKOM
NPOMO/KAET 0CTABATb A BLILIE KOHTPOJILHON, TAK YTO B KOHEYHOM
HTOre Mapka nopeuacrest ot «400» 10 «500» u «600» HecMoOTpA
Ha MOBBIEHHYIO HOPMaJbHYIO TycToty cMecy ¢ 0,109 TTAA-1.

B nosnom cootseTcTBHY ¢ KHHETHKOI uzMeHeHHs P, HaxoasTes
HaHHBIC [0  ONpeJe/NeHUI0  CPOKOB  CXBATHIBAHHS IlEMEH-
toB. Kak Buguo  (taba. 92), pBegenue NoJMakpUIaMu-
HBIX NpenapaToB B MOPTAAHAUEMEHT  3HAYHTEJNBHO COKpallaeT
CPOKH CXBATHIBAHUA.

Caenyer otMetuth, yto B Gosiblueil Mepe yCKopsaeTest HAayasio,
yeM KoHel cxBatbiBaHus. [Tostomy o6inee BpeMs, B TeyeHne Ko-
TOPOTO LEMEHTHOE TECTO COXPaHSeT HOABUKHOCTb, MaJo MeHSeT-
csa. ITAA-1 oxaseiBaetr B 3TOM OTHOWICHHU GOJiee CUIbHOE Ael-
CTBHE, BLI3LIBASl Pe3KOe yCKOpeHHe  Hauada CXBATHIBAHUA [PH
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menbInUx Ao3upoBkax, yeM Ca-ITTAA. Bce cmecH Boiiep:Kanu uc-
TILITAHMA HA DAaBHOMEPHOCTb H3MEHEH#N o0bema KUIAYCHHEM H B
napax BOJBL

Taxum o6paszoM, A06aBKa MOJHAKPUTAMUAHBIX [PeNapaToB B
TIOPTIAHALEMEHT MOKET OKa3aTbCsl Oyelb MOMe3HOH C TOYKH 3pe-
1Hsl YMEHBIICHHUS BOJOHEMPOHHLAEMOCTH H MOBbILIEHHS 10/TOBeY-
HoCTH 6eToHa.

Tor daxt, yto [TAA-1 yckopsieT He TOJbKO TBepletite, HO H
cXBaTbIBalile MOPTAAHALEMEHTa, FOBOPHT O TOM, Y4TO Ol B.ilfCT
¥ Ha TIPOLECCH, CBA3aHHble C BO3HHKHOBEHUEM CTPYKTYpbI B 1e-
menTHOH nacre. Kak 6u10 mokazauo E. E. Ceranoso#l ¢ cotpya-
nuKamu [404, 405], ctpysTypoofpasopanie B ILeMeHTHOH cyclleH-
3uH OPOXOAUT 3 cTamuy, o6yCI0B/JACHHBIE B OCHOBHOM MNpPICYTCT-
BHEN B LEMeHTe ajJIOMWUHATOB KaJbIHA:

1) BOZHUKHCBeHHE KOATY IALMOHHON CTPYKTYPLI YaCTHI( HeMeH-
Ta ¥ HOBOOOp a30BaHHUil;

2) pasBuHTHE CIVIOUIHOHA PLIXIOH KPHCTANIN3AUMOHHOL CTPYKTY-
pBl THAPOAMIOMUHATOB KAJBLUHS;

3) BO3HUKHOBeHUE KOATY.IALAOHION CTPYKTYPhl H3 MHUKDOKPHC-
TaJIUKOB THAPOAJIOMUHATA, NOJIYYAIOIUUXCA NPH MeXaHUUECKOM
paspyliednll KPUCTaJIM3ALHOHACH CTPVKTYDH B Mponecce mepe-
MeLIUBaHHA.

Ecau nepemeiuinBanue IeMeHTHOH CycTICH3HYM 3aKaHYUBAETCsH
Ha nepBo# T4/ MM, TO B HeH OLICTPO BO3HUKAET KPHCTALIHM3ANII-
QHHaf CTPYKTypa FdAPOaNOMUHATOB Ka/ibliks, 06YCAOBINBAIOLL s
JABUHHOE HapacTaHde IPOYHOCTH. KOTOpas no abCoa0THOH Bei-
yuie He gocturaetr HOJbIIHX 3Hadenuil. Ecan 3Ty ¢TpyKTYpY pas-
pYLWHUTb, I. C. POJAO/AKATh MePeMPIIHBAHHC A0 TpeTbell CTajluH, B
CYCIEH3HH BO3HHKAET KOAryJIsIUIOHHAA CTPYKTYPA U3 MUKPOKpIHC-
TaJITHKOB THAPOAJIOMHHATA, NaacTudnuupyrouux ce. Hapacranue
NPOYHOCTH B HEH NPOHCXOIUT NOCTENEHIO 34 CYET KPHCTANIU3ALLU-
OHHOTO TBePAEHHS T'MAPOCHJIMKATOB, KOTOPOE i ONpenenseT B KO-
HEYHOM KHTOTe BHLICOKYIO HPOYHOCTL OTBepleBllero uemexra. Bee-
IeHue pasiuyHblX J100aBoXK, B yactHoctH CCD, okasbiBaeT cunbnoe
BJAMSIHHE HA KUHETHKY I XapakTep OMHCAHHBIX MPOIECCOB, 3aMell-
75 BOSHHKHOBEHHE KDUCTAJIM3AUHOHHON CTPYKTYPhl MHApOATiO-
MHHATOB H YBeJIMu#Bas UHIYKUHOHHBIH mepuon {1 cramuo) B TeM
HoJbILIEl CTeNEeHH, YeM Bbiile 1062BKa, 3a cyeT cTabHAU3LpYOLLe-
TO BAHAHHUA afcopBUUOHILIX ClOEB MOoJHMepa Ha MMOBEPXHOCTH Le-
MEHTHbIX YaCTHIL.

OneTLl ¢ DOPTAAHI-U TVIHEXK-BOPTIaHALUEMEHTOM IoKasalfH,
yTO eC/H llepeMeuidBaHHe CYCIIeH2UH NPeKPaTHTL depe3 OAHY MH-
HYTy BO BCEX LeMeHTaX, KpoMe nopriananementa 3-AK, KoTophiit
XpaHWJCH JJIUTEIbHOEe BPeMs, H3-3a Yero, No-BHAUMOMY, YaCTHYHO
THApaTUpOBAJICs, B MepBbie D MUH. ofpasyercss a/jIOMHHATHAR

CTPYKTYypa.
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s nopraanaueventa 106, cojepzkaiero no 5% no6aBxu
TAHekKa, MOCTATOU.10 3—DH-MHHYTHOTO nepeTHpaHus, 4tobbl pas-
pymuTth cTpyKTYpy Jlaa rauex-nopTaaniiieMedTa HeoOXOAHMO
5—10-MHHYTHOe NepeTHPaHdHe, MOChOTbKy nipucyTeTsHe 30% nea-
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Puc. 119. Kunernka napacranus P, B 3aBICUHMOCTH OT n06aBOK

ITAA-1 k nopraaninevedty 10-6 nIpd OKOHYAHMH TePEMIIMBAHHA Ha
1-d crainu (Bpems feperupanus 1 MuH.).

1 — Ge3 noMepa, 2 — 001, 3 — 0,05, 4 — 1,10, 7 — 0,30, 6 — 0,50, 7 — 1,0°% [TAA-1.
KOJANCHePCHOH N06ABKH CIIOCOGCTBYET BO3HHKHOBEHHIO CcOGCTBEH-
HOIl KOary.TsIUHOHHOI CTPYKTYPH B cucteve 1o6apka — Ca(OH)..
Hab6monennte 38 KuHeTHKOH I1acTHUECKOl NPOYHOCTH B GoJec
IIUTeIbHbIE CPOKY (1o 6 yac.) mokasa.to (puc. 119), yto 3a 3—5&
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yac. B CyCreH3ufx, KOT
oTMeyaercs 6ojee HHTEH
BHAHO, YCKOpEHHEM ofpasoBanis THAPOCH

opbie NepeTHPATHCh B TEHCHHE 20 MuH.,
CHBHBIT POCT IPOYHOCTH, BRISBAHHBIH, OUe-
HKATHOH CTPYKTYpDL
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Puc. 190. Kunetnxa Hapactanus P, B CyCHeH3HAX

IAHER-[OPTAAHLIEMEHTA, BpeMs nepempamg{
1 mun. QGo3HaueHus Te ¥Xe, YTO M Ha DHC. 119.

4
qaco
N

34 cyeT VBeJHYEeHHS MHCIIepPCHOCTH HeVIeHTa NpH [HITeIBHON fepe-
THpAHHUH. ,
BeegeHnue [TAA-1 B ueMeHTHYIO CyCIICH3IIO B KOJIUINGCTBG 0,01%
cIBHraeT BpeMs o6pa3oBaHus KpPHCTAMAN3ALHOHIION CTPYKTYPDL, O
yep TOBOPHT MepeMellieHHe MAKCHMyMa (puc. 120) smpaso. [as
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fiopT1ananenenta yseanyenue gosuposxu [TAA-1 o 0,309% pesko

3aMelsseT U B Hpefeaax 20 MuH. 0
KPHCTANIH3AUHOHHOA cTPYKTYpHL. He6oabuoid MaKCHMYM Ha KpH-
BbIX B obGaacry 01~3 MHH. OTHOCHTCS, O-EHANMOMY, K HePBHYHOI
KOary/IALHOHHON CTPYKTYDe, KOTOpasti ¢ yBeJHUeHiem JO3HPOBKU
IMAA-1 no 1% yeunupaeres, Ocobenno Harasguo 3TO OPOABJSET-
€51 Ha NpUMEpe IIHeK-NOPTIaHANeMeHTa, e npHcytereie 309
MHHEDAIbHOH 0GaBKH crnocoGcTByeT TIOJIYYEHHIO TAKHX Manéo-
NPOUHBIX, B.1arOEMKHX CTPYKTYP.

peloTBpallaeT BO3HUKHOBEHHE

10
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o6+
255
4ar
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ar
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7 515 3. J4ac
vaca P
o 24ac 7 54/425/” J0 14a¢ 24aca
;ij\c. 121. Kuneruka P, B cycnensuax TIdeX-nopraakguemMenta ¢ 0,019,
4-1 (@) 1 0,10% TMAA-1 (0) B 3aBMCUMOCTH OT BpeMeHu nepeTUpaHus;
HHAEKCH HA KPUBbIX — BPeMS NEPETHPAHMA, MUH. ’

IokasatesabHo, 4to ¢ yenuuenuem no6asku [AA-] [POYHOCTD
[TOCIENNNX 3aKOHOMEPHO yBeJHUYHBACTCS.

Onpenenente KHHeTHKH fHapacrtanus P,
SABHCHMOCTH OT BPEMEHM NepeTHpanus (rabu. 93, 94) nokaszano
9TO €C/TH [IEPEMEUIMBAHHE 3AKOHUHTE Yepes | MHUH., T. e, Ha craﬂm;
KOAry/sILHOHHOTO  CTPYKTYDOOGPA30BAHHS, TO JABHHHLLI pocrA
TIpOYHOCTH HACTYNACT 3HAUHTENBHO MO3KeE, YeM /S YHCTOro nopT-
JAHANCMEHT2 — KPHUBble MpHoGpeTa)uT Gosee NOMOTHI pactaHy-
THIH BuJ (pHc. 121), yT0 yraswuBaer ua MeJJeHHYIO Kpucranmmé-
LHIO THApOAIOMHHATA B 3TOM cayyae, MHTepecHo, uto oflpeesieH-
HOH 3aKOHOMEPHOCTH MeX Ay KOoHILenTpanuell [TAA-] ¥ XOM0M Kp;l-
BbIX He Haba0gaeTcs.

Has cycnenspu TJIHEK-TIOPTAAHANEMEHTA TAKOH Ke XOA KPH-
BbIX OTMeYaeTCcsl TOJNbKO [0 DO3UPOBKH 0,05% (puc. 122). C yBe-
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B TeueHHe 6 yac., B

Tabnupga 93

Banaune ITAA-1 Ha KHHeTHKY Hapacrauus P, B nopraasjuemenrte 10-6,
B 3aBHCHMOCTH OT BpeMeHH NepeTHPAHHS NIPH 3aTBOPEHHH;

B/l=0,30
Bpews TIAA-L, %
OT KOHUAa
3aMeca 0 0,01 | 0,03 | 0,05 I 0,10 , 0,30 I 0,50 l 1,0
Bpems nepeMeumiHBaHHsA 1| MuH.
1 MuH. 0,11 0,05 0,05 0,05 0,07 0,13| 0,18] 6,18
5 MuH, 4,6 0,09 0,08 6,07 6,11{ 0,20 0,21 0,23
15 MuH. 3,8 3,1 0,19 0,21 0,23 0,32| 0,42 0,28
30 MuH, 3,2 2,9 0,33 0,36 0,48 0,70] 0,55 0,48
1 uac. 3,6 3,0 1,2 0,77 0,60 1,1 1,0 { 0,79
2 vac. 3,9 4.4 5,8 2,6 1,8 13,0} 24114
4 yac. 8,2 7.5 8,3 13,7 6,3 15,8 ¢5,1]3,1
6 uac. 16,7 21,6 20,9 15,1 14,7 13,2 (11,5 | 4,7
Bpemsa nepememiHBaHHst, 3 MHH.
1 MuH. 0,12 0,05 0 0,04 0 0,081 0,09 0,17
5 MnH, 0,16 0,06 0,06 0,05 0 0,081 0,14] 0,24
15 MuH. 0,18 1,7 0,11 0,10 0,121 0,12 0,24 0,42
30 mun, 0,15 1,4 0,19 0,15 6,16 0,19 6,30( 0,59
1 uac. 0,21 3,2 0,50 0,26 0,28 0,34| 0,58 1,2
2 yac. 0, 30 2,3 3,9 1,1 0,79} 0,98] 1,5 | 1,8
4 uac. 1,3 5,6 6,2 2,6 3.7 1351} 35|34
6 uac. 8,1 19,7 17,4 13,7 13,4 |14,8 (12,5 | 4,3
BpeMsa nepememuBaHHs, D MHH.
1 MuH, 0,04 0,05 0 0,05 0 0,05| 0,06] 0,11
5 MHH. 0,04 1,1 0 0,05 0 6,08 0,107 0,18
15 MuH. 0,06 1,4 0,08 0,07 0,06 0,12} 0,15] 0,16
30 MuH. 0,08 1,4 0,15 0,12 0,11 0,15 0,24} 0,30
1 uac, 0,11 2,4 0,73 0,25 0,221 0,27 0,28] 0,36
2 yac. 0,18 2,4 2,3 0,99 0,411 0,68] 0,58( 0,58
3 uac. 0,87 6,4 5,2 5,6 5,8 | 3,7 12,9 11,1
6 uac. 7,3 21,0 14,4 11,8 12,2 [15,2 |12,6 | 3,6
Bpems nepememHBanHus, 10 muH.
1 MuH, 0 0,05 0 0,03 0 0 0,071 0,09
5 MuH, 0 0,66 0 0,04 0 0,041 0,08] 0,08
15 Mmun. 0 0,58 0,07 0,08 0 0,081 0,09( 0,13
30 muH, 0,067 0,59 0,14 0,13 0,09 0,12¢{ 0,15] 0,16
1 yac. 0,13 1,05 1,52 0,49 0,261 0,23] 0,25} 0,23
2 uac, 0,18 1,46 2,96 1,25 0,541 0,41] 0,74 0,35
4 uac. 2,3 8,23 4,22 7,32 4,551 3,761 3,10 0,64
6 uac, 16,5 | 27,1 17,8 14,60 17,3 {16,0 {16,9 | 1,63




[Mpomomk. Tabx. 93

Bpems MAA-1, %
OT KOHUd
3ameca 0 0,01 0,03 0,05 b 0,10 I 0,30 | 0,50 ‘ 1,0

Bpemsi nepemeiinBaHHs, 20 MHH.

1 mun. | O 0 0 0,04 {0 0,07| 0,08/ 0,06
5w, | 0 0,05 0,07 004 | 0 0,09} ¢.,09] 0,10
5 MuH. | 0,060 0,12 0,23 0,09 | 0,06( 0,14] 0.17] 0,12
30 mun, | 0,09 0.09 1.7 0.21 | 0,12 0.20] 0,17] 0,12
1 uac, 0,18 0,14 2.3 0.58 | 0,40( 0.62| 0,27] 0,20
2 wac. 0,171 0,24 3.0 5.4 | 23|30 0.95]0.35
4 yac. 5.8 1,9 11.1 6.8 [10.4 13,9 | 4.3 | 0,67
6 wac. 131.8 | 15,5 32,4 18,9 |21.4 |45.4 [28.6 | 2,4

auyenueM xoaudecrsa [TAA-1 mpoucxoauT JaBuHHB poct P, B
caMble MepBble CPOKH B TeM Oogbliell Mepe, yeM Bhile 100aBxa
[lo-BUAMMOMY, 3TC CBSI3AHO i€ C PA3BUTHEM KPHCTANIU3AIHOHHOH
CTPYKTYpbl THApPOA.TIOMHHATA, a C YCHJACRHEM IMepBHYHOH Koary-
JAUHOHHOH CTPYKTYpBL. DTO MOATBepKHAeTCA TEM, YTO pPaspy-
IIMTb TAKyl CTPYKTYPY, B OTJIHYHE OT aJIOMHHATHOM, TPYAHO —
OHA OBLICTPO BOCCTAHABJAHBAETCA [axe MPH AJHTENBHOM MepeTH-
panuy. Kpusble, NOKA3BBaIOUIHe KUHETUKY Hapactanus P, B
CyCHeH3HAX ravex-nopiiananeMenra ¢ [IAA-1 B saBucumoctu or
EpeMeHH Hep2THpaHHs, I0YTH CJAHBAIOTCA B BOCXONALIKH HYYOK.

Pactanyroe o6pasopanyie KpHCTaNLTH3aLlHOHHOR CTPYKTYpPBI B
nmopraaHaneMente ¢ ITAA-]1 npUBOAMT K TOMYy, YTO B Ipouecce
OOGBIYHOrQ O-MHHYTHOTO [epeMeIIHBAHKs oHAa He paspyliacTcs.
Moxno nosnarats, 4TO 3TO, HApPAAY C YCKOPEHHEM THApaTaLUHN CH-
JINKATOB, ABJAETCA MNPUUYMHOH YCKOpeHHS CXBATHIBAHUS IIEMEHTA.

CpaBHeHHe KHHETHKH CTPYKTYpoOOpa30BaHHUs B LIEMEHTAX pa3-
HOI'0O MUHepa.orgyecxoro coctaBa (puc. 129) mokaswlBaer, 4To ¢
yBeJIHYeHHEM aJIOMHHATHOCTH I(€MEHTa UYBCTBUTEJNBHOCTb ero K
nob6asxkam ITAA-1 ymenblaercs, T. €. ISl TOFO, YTOOLI MPOABHICS
3¢ dekT OT NPUCYTCTBHA MMO.IUMepa, HYXKHbI GOJbLIHE TO3HPOBKH.
Tax, 0,01% ITAA-1 nnsa BEICOROAMIOMUHATHDBIX L(CMEHTOB MOYTH HE
MeHsleT X0 KpHBbiX Hapacrarust P, B mepBble 6 yac.; 3aMeTHOe
BJAHSIHME OKA3bLIBAIGT JOSHPOBKH Bhidie 0,25%.

CpaBHedHe 3TuUX NaHHBIX ¢ Taba. 95 mokasbiBaet, yTo BJAHAHUE
no6aBku [TAA-1 u CCB Ha uement He unentuyHo. Hu B noptaans-
HeMeHTe, HY B IVIMeK-TopTiaHaueMeHTe npucyrersue CCB, B o1-
JIMYHe OT IIOJHAKPUIAMHIHOTO [Iperapata, He BI3bBaeT pocia Py,
HaoGopoT, ¢ yBeaH4yeHneM pozupoBku CCH nabamogaetcst cuabHoe
TOPMOKEHHE CTPYKTYPoo6pa3oBaTe IbHbIX MPOLECCOB, YTO 0COGEH-
HO XapakTepHC AJs TviMekK-MOPTIaHleMeHTa.
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Ta6anuuna 94
Bausinue [TAA-1 Ha KHHe THKY HapacTaHHs P, B TIHex-NOpTIAaHILeMeHTe
B 3aBHCHMOCTH OT BpeMeHH NepemeliHBaHHS NPH 3aTBopeHuH, B/1(-0,30

Bpema MAA-1, %
Gaveca 0 0,1 | 0,03 [ 0,05 l 0,10 ‘ 0,30 l 0,50 I 1,00
Bpems nepememiHBaHHs | MHH.

1 muH. 0,05 0,04 0,06 0,08 | 0,18 | 6,26 { 0,45
5 MHH. 1,6 0,08 0,14 0,131 0,23 | 0,41 0,59
15 MuH. 1,3 0,20 0,22 10,2210,37 10,71 | 1,22
30 MuH. 1,3 0,52 0,39 0,33 10,59 ( 0,83 (1,52
1 uac. 1,3 0,59 0,38 0,68 | 1,1 1,8 13,23
2 yac. 1,8 1,11 0,99 1,0 | 1,9 | 3,5 | 5,11
4 yac. 3,3 2,56 3,0 3,0 {5,6 {5,7 18,36
6 uac. 6,5 5,39 6,2 6,4 18,6 |90 112,3
1 muH. 0,07 — — — 0,06 { 0,12 | 0,31 { 0,32
5 MuH. 0,08 0,07 0,09 0,10 | 6,150,391 0,45
15 mun. 0,44 0,34 0,19 0,19 | 0,22 { 0,57 | 0,64
30 muH. 0,48 0,34 0,36 0,40 { 0,41 | 1,0 | 1,49
1 uwac. 0,49 0,41 0,39 0,64 0,86 | 1,5 | 3,19
2 uac, 0,96 0,60 0,76 0,79 (1,5 | 3,8 {5,17
4 yac, 2,0 2,23 2,4 3,2 14,3 {5,6 [9,16
6 yac. 5,5 4,68 8,5 6,5 7,2 (10,2 14,1
Bpemst nepememHBaHnst 5 MHH.

1 mun, 0,06 — —_ — 0,05 (0,090,151 0,28
5 MuH. 0,07 0,11 — 0,09 0,08 10,10 0,22 | 0,33
15 mun. 0,095 0,27 — 0,16 0,1510,18 0,29} 0,75
30 muH. 0,094 0,32 - 0,26 0,350,291 0,43 0,92
1 uac. 0,16 0,35 — 0,41 0,52 }0,5910,72 ;| 1,26
2 yac. 0,17 0,61 0,61 0,81 ]1,3 |3,10| 4,66
4 yac. 0,31 2,32 1,25 2,19} 3,7 | 4,37 { 8,43
6 uac. 2,3 5,62 6,16 6,58 | 6,3 | 8,23 |15,9
Bpems nepeMmewmBanns 10 Mun.

1 MuH. 0,042 - — 0,04 10,06} 0,12] 0,24
5 MuH, 0,04 0,14 — 0,09 }0,10 0,10 0,13 0,30
15 muH. 0,06 0,12 — 0,14 | 0,170,131 0,23 0,48
30 muH. 0,08 0,17 — 0,24 10,3210,35|0,28 0,71
1 uac. 0,15 0,21 — 0,37 10,47 {0,341 0,8 1,20
2 uyac. 0,22 0,32 — 0,60 {0,73]1,2512,44 5,19
4 yac. 0,45 1,11 — 2,58 |2,6813,54}4,31] 8,94
6 uac. 3,4 6,32 - 10,2 9,3 | 7,84 (8,18 |13,4
Bpemst nepemeuminBaHus 20 MHH.

1 MuH. - 0,05 — — 0,07 0,08/ 0,07 | 0,12 | 0,15
5 MuH. 0,05 0,06 —_ 0,09 0,09] 0,11 | 0,13 ] 0,21
15 mun. 0,06 0,08 - 0,10 0,15 0,17 | 0,17 | 0,32
30 MuH. 0,12 0,13 — 0,16 0,291 0,23 | 0,37 | 0,41
1 yac. 0,23 0,24 — 0,37 0,421 0,47 | 0,76 | 0,99
2 uac. 0,40 0,38 — 0,76 1,041 0,84 | 1,491 3,37
4 yac. 1,2 3,22 — 5,10 4.46{ 3,33 | 4,36 | 7,69
6 uac. 8,1 10,7 - 18,9 15,9 | 9,12} 7,86 {11,0




INpuBenenHble TaHHBIE TOBOPST O TOM, YTO MEXaHU3M AEHCTBHS
NOJMaKPUIaMHAHBLIX IPENapaToB Ha NOPTIaHAUEMEHT BeCcbMa CJ10-
2KeH H He HCuepNLIBAETCsA IPOCTHIM KHHETHUeCKHM 3¢ dexTom. Oye-

V4 005

[
R
g

o0
qgver 2 4 & qer 2 4 & dacy

Puc. 122. Bausiuue cogepwanus C,A B leMeHTE Ha KHHe-
tuky P, cycmensuit ¢ [IAA-l. Mugekcs: Ha KDHBBIX —

zosupoBku ITAA-1, %.
a— 1 — uement 10-3, 6 — C,A —4%; 6 — C,A — 10%; KH — 0,80;

2~ C,A — 10%, KH — 0,92,
BHHO, MOJHMEPHbIH NTpernapar BAHSAET Kak H2 KHHeTHKY rHApaTa-
IHH, TaK H Ha (Pa30BHI COCTAB HOBOOGPA30BAHHH B NaHHBIA CPOK,
Tak kak [TAA-1 BecbMa akTHBEH [0 OTHOWIEHWIO K FHAPOJIUTHYEC-
Koil nzBectH [13], 6ananc KOTOPOH BO MHOI'OM ONpEAesaaeT Iponec-
CBl CTPYKTYpPOOODPA30BAHUS H CBOMCTBA MOJMYYEHHBIX CTPYKTYD.
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Bnusanwe TTAA-1 Ha npouecchl CTPYKTYpooGpasoBaHma
B KOHLEHTPMPOBaHHLIX cycneHamsx C;A' u C,S!
B NPMCYTCTBMM M3BECTH M rMnica

Bausanue ITAA-1 Ha cTpykTypoo6pa3oBaHue B CUCTEME:
C;A — Ca (OH); — CaSO0,

Tlerporpadnueckue vccienosadus cycrnensuft C;A 1:5 B mpn-
CyTCTBHH NOJHAKPHAAMAUAHBIX IpernapaToB [299] nmoxasadau, yTo

Ta6auma 95

Bausiune CCB Ha KHHeTHKy P,
IeMEHTHBIX CycleH3u¥

Bpems CCh, %

OT KOHIa

3aMeca 0 0,01 | 0,10 i 0,30 l 1,0

Mopraanauement 10-6

1 mun. 0,12 0,13 0 0 0

5 Mun. 0,16 1,2 0,150 0
15 MmuH. 0,18 1,4 1,2 | O 0
30 MuH, 0,15 1,2 1,2 10,05 |0,5
1 wac. 0,21 0,94 1,1 10,45 | —
2 yac, 0,30 1,2 1,1 ] 0,42 0,69
4 yac, 1,3 2,6 2,30 [ 0,39 | 1,0
6 uac. 8,1 6,0 4, 0,37 | 1,6

I'inex-noOpTIAaAHALEMEHT

1 muH. 0,07 0,7 - — —
5 MuH, 0,08 0,77 —_ — —
15 MuH. 0,44 0,70 0,25} — 0,04
30 MuH. 0,48 0,50 0,29| — 10,09
1 uac. 0,49 0,45 0,31 0,06 { 0,10
2 uac. 0,96 0,52 0,26 { 0,07 | 0,11
4 yac. 2,0 1,2 0,41 | 0,08 | 0,11
6 uac. 5,5 3,2 0,71 10,12 0,14

10-mpouentHas po6apka [TAA 3aMeTHo TOPMO3HT NOfIBJEHHE HO-
Boo6pasoBankil. K 15 MHH. Hro/buaThix KPHCTaaJI0B rHAPOATIOMH-
HATOB KaJblidst B oO0beMe HeT. MeXAy KPYNHBIMH arperaTaMy Hc-
XOJHOTO Beulectsa eBa pa3viMMa ToOHKO3epHucTas dasa.
Yactb arpervpoBatlnbix 3eped CaA oxpyxKeHa c1aGo ToJsipH-
syrouleil kaeMKoi, kotopasl yepe3 30 MHH. 1OCTHraeT 3HAUHTE/b-
Ho# ToaMHE (puc. 123). K aToMy BpeMeHu B o6beMe NOABJISIOT-

1 C;A—3Ca0-Al0;, C;5—2Ca0-Si0,.
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Csl OJHHOYHbIE KOPOTKHe Me/JKHe NaNoYKH ¢ OYelb cJabbuiM ABY-
npeaomaenteM. K 2 vac. konnyecTBo nasouex ysenuyupaercsa. Oc-
TaBIIHeCs IePBUYHble arperaTbhl HMeEIOT NOJNAPHIVIOIUYIO KAEMKY.
HMsorponubie sepna KyGHyecKoro ruApoatioMUHATA He BCTPEYAIOT-
Csl, OHU MOABJSIOTCS B HeGOIbLUIOM KOJHUECTBE TOJNBKO Uepes CyT-
k. OCHOBHYIO Maccy fpeflapaTa cOCTaBJ/AIOT AHH3OTPOMHbIC Ha-
JIOUKH; HOBOOODA30BAaliMsl BCTPEYAIOTCA TakikKe B GopMe KPYIHBIX

Puc, 123, TpoaykTsl ruipaTauu B CYCHEH3MsX
GsA (1:50) B npucytctum 10% [TAA-1 (a); 6e3
. ITAA-1 (6), npoxomamumit cer X 400.

MePBHYHBLIX arperaToB ¢ OCTATKAMH LEHTPAJbHOIO H30TPOITHOrO
sinpa. BeTpeuatoTess ognHOuHble reKcaroHajbHble TIacTHHKH. [lo-
C/IelHHE K 2 CYTKaM YacTHYHO PA3PyLIAIOTCS, TAK YTO B PacTBOPe,
Hapsaay ¢ OPaBHAbHLIMM, BHAHB «U3beACHHLIE» TeKCArOHAJbHBIE
ILIACTHHKY; NaJIOYKH CTaHOBATCA Kopouye W Meabue. K b cyTkam B
ipenapare mpeob1agaioT OKDYIJbie 3epHa KYOHYECKOTO THAPOATIO-
MHHAaTA.

Bausnue ITAA-1 0co6eHHO HATISANHO MOXKHO IPOC/EAHTD B HM-
MEDCHOHHBIX NpeflapaTax, HOMy4YeHHbIX BBEeJEHHEM PacTBOpa MOJIH-
Mepa HermoCPeACTBEHHO Ha MpPeAMEeTHOE CTEKJO IIPH [PHrOTOBJE-
HHH mpenapata. HaGmonenua nokasasu, 4To B OTJIHYHE OT Opema-
paroB C3A + Bona, B npucyrcrBuy [1AA-1, yepes 5—15 mun. uc-
xoaHble 3epHa CgA oxasa/HCh COGPAHHBIMH B arperathl, CJHIIIHe-
¢ Mexay co6oil. HoBooOpasoBanHst — ToYeyHble 3epHa MEKAY
HaMH. K 30 MHH. U3 3epeH HCXOMHOTO BenlecTBa BBIPACTAIOT TOHKHE
HroJIbyaThle KPUCTAJIIbL, KaK Obl CIIMBAIOLIHE OT/IeJbHbIE arpera-
Thl. B 06beMe mamouek Her, oHH mosiBastiores X 2 yac. [lpu sToM aa-
PO cheposuTa MOCTENEeHHO YMEHbIIAETCS H, HAKOHel, BOBCE HCUe-
3aeT, HO arperat cOXpaHsieT CBOH HCXOAHBle raGaputhi. Mexay
MIOJIOUKAMH K 3 4ac. OTYETJIHBO BHAHBLI MeJKHE ToueyHbie 3epHa.

B ofGbeme nosiBAsIOTCS ILTACTHHYATBIE KPUCTAJIBL He COBCEM Npa-
BHJbHOH (opMBI.
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DJ1eKTPOHHOMUKPOCKONAYECKHUE Ha§nmgeﬂnﬂ ngiiﬁ??ﬁnﬂoo-
xopouro oGopMIeHHbIE KPYTHbIe IIACTHHTATLIE KpHC annut 1 3%1-
aMIOMHHATOB NOABAAIOTCA B 00beMe TOJIBKO HepEes ua
popeunsa. Ha OGoaee paHHHX
cTajMAX BHIHBI KPylHBIE ar-
peraThl HCXOJHOTO BELLECTBA,
xoTopbie Kaxk Ol J€KaT Ha
noaf0XKe,  HAMOMHHAKOILEH
1o CBoeMY XapakTepy [oau-
aKpuaat  KaJblHsi— MPOAYKT
psauvogeficteus  [IAA-1 ¢
nspectbio {puc. 124).

B onTHYecKOM MHKPOCKO-
me INpH upocMorpe MHopoul-
KOB DOAJMIOXKKA HMEIT BHIL
H30TPOMHBIX TOHKHX H/EHOK,
NOKPHITHIX CBepXy arperupo-
BaHHLIMH 3€pHaM¥ HeruTpa-
tupoBanHoro C;A. Bcerpeda-
JOTCS  Y4acTKH, CBOGOAHBIE
ot sepeH. Ilokasarenb Mpe-
JAOMJIEHHS MOIN0XKKH GJAH30K
k 1,534, yto [EHCTBHTCJABHO
COOTBETCTBYET HPOAYKTY B3a-
MMOJIE HCTBHS TMAA-1 c
Ca(OH),, xortopuil  HMeeT
n, =1,536. :

[ToaBaenue Ky6H4IECKOTO
PHApPOAJIOMHHATa B MPHCYT-
cteuu ITAA-1 samerHO TOp-
MO3HTCA. CoOTBeTCTBEHHO,
Goaee AAHTEJbHOE BpeMs B
npenapatax H36JHOJIa}OTC($:IaI:(2;-

(M H MJaCTHHKH TeK -
.I’Ilg;{l}IZHbIX I‘HﬂpoaJlIOMHHaTOB. Puc. 124. aneKTpo‘:{H(?l;;d‘?TKopBo c[;?{r;l[;!;ig:
; ;{COHTiigﬁZ H:g;e, H Kag Kﬂeul(PHOT(g;Kagmn“puc%mmm [TAA-1:
i ’ — 30 MHH.;
npucnyCTBHn MOJHMEPHOTO 6_gﬂ—f.ﬁ£}¥;%t&3? :aé? I
npenapara [POAYKTOM TH- < A —
aparanud  CsA ABAne€TCA ‘)c}riA{?}}AﬁCfé?g)f o
C,;AHq, KpHCTaJIJIH?,prIOIl;gZ- e — Cy!

B BHAE MEJKHX OKTadl- con
Cpﬂoa. Hapsay ¢ HumH, B 06OHX cilyyasx, nameqep;:l rrzicoachc?ﬂKe)lnb-
B HeGOJIbIIOM KOJHYECTBE [ITaCTHHYATbIE KPHCTAJ
noit mopuduranun CsAH .
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TepMHyeckufl aHa/IH3 rUAPATHPOBAHHBIX MOPOUIKOB TOATBEP-
A4 TopMo3siee AeficTBHe BHICOKHX n03npoBoX [TAA-1 na rugpa-
Taumio u Gasosbie npeBpauleHds CzA. Kax BuAHO H3 KpUBBIX
HATA (puc. 125, 126), B 15-MuHYTHBIX 0o6pasuax Ha6IIOAAOTCA
06a 3HIOTepMHYCCKHX 3(ddeKTa reKcaroHaJbHOTO TI'HAPOATIOMH-
Hata npu 95—100° u 170—190° [406, 407]. [To6aBKka X Boge 3ar-

[
a d i
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Puc. 125. Kpussie [ITA nponykros rugpatamun CsA
B npucyrersun [TAA-1; cycnensus 1:50:

a — 15 MHH.; 6 — 30 MHH.; 6 — ] cyTKH, -

1~ CyA + H,0; 2 — CyA + H,0 + 1% [AA-T: 3~CsA 4+ H,O+
+ 10% TTAA-1; 4 — [TAA-L.
BopeHHs 1% TTAA-1 or Beca C3;A He MeHSIeT HJIH J43Ke HECKOJIbKO
YCHIHBAET 3TH 3pdektbl. OJHAKO C YBENHYEHHEM JO3HPOBKH
ITAA-1 go 109 THAPATALHS HOJHOCTHIO MMOJAB/ISETCS — HA KpH-
Boil JITA umMeercsa ToIbKO OHA 3105 dhext B obnactu 220—240°,
OTBEYaIoWuil oyenb GosbiioMy 30dexty mpy 220° HCXOXHOTO
[TAA-1.

Hepes 30 mMuH. Ha TepmorpaMme CsA -+ Boma mosBAsIeTCS
BIIOJTHE YeTKHE 5HA03QdekT npu 300°, CBUAETENbCTBYIOLWIHY O
MoABJEHHH KyOuueckol Momudukauuun CsAHg pas KOTOpPO#H
xapakrepusl 2 sdpdexra npu 330—350 11 550° [406]. Bropoit 3&-
ekt 06bIYHO MOFBAACTCS LM% YTKO OPOpPMICHHBIX KPHUCTAJJIOB,
KOrjla KOJIHYeCTBO HX B CMeCH JOCTATOYHO BEJHKO.

B npucyrcreun ITAA-1 supospderr npu 300° otcytcTByer.
Buecre ¢ Tem B cycmensusnx ¢ 10% TTAA-1 npu 95 u 170° nosiBasa-
I0TCSl HeGOsblIHe NHKH, KOTOpble TOBOPAT 06 o6pa3oBaHuH K
3TOMY BPEMEHH [2KCarOHAAbHOIO MHAPOANINMUNHATA.

Ilpupona spdexra mpu 260—280° na Becex Tepmorpammax
OKa He COoBceM sicka. BosMmoxno, oH cBf3aH ¢ o6pasosanuem
CoAH; [408]. Uepes cyTKH NUKH, OTBEYAMOU[HE TeKCATOHAJIbHBIM
ruapoanomuHaramM B cucteme CsA 4 Boja, yMeHbluaorcsa; [ep-
B 3¢ ekt mpu 90—100° ucuesaeT, 3aTO HOSIBJISIOTCA OYEHb
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° npu 440 n 500° xyGuuec-
Gomuol MY 31014 ngg/jﬂﬁ?A-F orMeyaloTcsl GoJbline

xoro Catls & HpHCYTIC;{i?x ATIOMHHATOB H HEGOBLIOH athexT
Haa
M rerer TByIOUIMA O nosiBAGHHH Hapaay ¢ C3;AH,

310°, cBUAETEJbC & Gl
l:lg}l:oTOpO,I‘O KoJMyecTBa KyOHYECKOro THAPOATIOMHHA

520
4 4aca

1Cy7.

550
20y1.

Jza

NpONYKTOB THDa
Puc. 126. KPHB]C’ITEBHI}{T%AK-I)’B CyCTIeHIUAX

atany
FUYHbIH BHI HMEOT KpHUBBHIE JTA mnpoaykToB CHAD

1%
BOZe H B HPUCYTCTBHH ! o pH |
314{;{[( 1: 10p(puc. 126). Pentrenogpasubli aﬂsnTyésep
Bce CPOKH HCC/e0BaHHsl (no_nBYX CYTOK) i yeTe
paJcsl HeTHApaTUpOBaHHbIN C3A, KoTOpPbIH

(o]

o auanam 4,07; 2,69; 220; 1,906 A n T. .

OCHOBHBb
BpeMGHH, OJIHaAKoO, WHTEHCHBHOCTb HX ocaabeBaer.

%
TAA-1 g gosupoBke 1% 7
WHH M Ha COCTaB HOBOOGPasOBAHHY.

rauun CgA B npHCYT™

u C;A B

B CycIeH-
- 1 HccaeoBaHuAX
A s [roxasas, uto BO

ot (ase ocTa-
a 1o

C TeueHueM

MaJI0 BJAMSIET HAa CKOPOCTb TFHApaTa-
Bo Bcex npofax BrOJHE



OTYETINBO OGHAPYKHBAIOTCA HECKOJbKO CABHHYTble JHHUH KyGu-
yeckoro ruapoasnomMutara (3,36; 3,14; 2,814; 2,30; 2,04 Z u 1p.)
B TOM yHcCiae W B 30-MHHYTHBIX. ,
c ATaKHM 006pasoM, (a3oBbIH aHaMM3 NPOAYKTOB TUAPATALHH

A B paS.JIHlJHObXX YCJOBHAX TI0KA3aJ, YTO BBeldenue OOMbIIHX
koauyectB (10%) nmoaumepa IIAA-1 B CHCTEMY [PHBOAMT K
obuieMy 3aMe[JIeHHIO NPOWECCa FIApATalldH, BCJAENCTBHe o6pa-

2

Ay

¢ 7 7 Ly,

Puc. 127. Kun
eTHKA M3MeHeHns P, B KOHUeHTpH-

poBautbix cycnensusx CzA B npucytcteud [TAA-I,
Luppel Ha KPUBBIX COOIBETCIBYIOT [O3HPOBKAM
noaumepa.

SOBAHMA BOKPYT 3epeH TBepAOH Qaspr 060/10YeK MOUMepa MK
NPOAYKTOB ero B3aumopmehcteua c¢ Ca(OH), cxiaeHBaouux
OTAEJ/IbHBIE YACTUUD! B ATPEraThl H P CAATCTBYIOLUIHX UX pacTBOpC-
uio. [IpucyTeTere momuMepa Takxe TOpMO3HT (a3oBble fIpeBpa-
WEHUA THAPOANIOMHHATOB KA/bIHKSA, [IPOTEKAIOUIHEe NPH TeMIepa-
Type 25—30° GbicTpo, yXKe B IIepBble yacbl THApATALMH, BCIeld-
CTBH€ YEro B 3TOH CHCTeMe Gosee MJIHTEJbHOE BPCMS COXPaHSCTCS
rekcaronanbHas MOAH(PHKALHA THAPOATIOMHHATOB KAaJbLHSi.
Ananus xuakoit Gpassl 8 cycmensuu 1 : 100 (tabu. 96) moxasan
yto [1AA-1 yBennuuBaer pacTBOpeHHe aqIOMHHATA, OCOBEHHO B
nepsble MOMEHTH THApaTauiu. Tak, uepe3 15 MuH. oBmee comep-
xanue CaO u Al,Os B pactBope Bospocao or 0,757 o 1,015 2/a
npu seefenun 20% TTAA-1. TTpu stoM koansectso CaO u Al,Os
B pacTBOpe BO3PACTaeT He OJHHAKOBO: BCJEACTBHE CBI3HIBAHHUA
HexoToporo xosnnyectBa CaO 106aBKOH MPH BBICOKHX 103MPOBKAaX
(Bbiwe 5%) npemapara, ortHomende CaO :AlLO; HeCKOAbKO
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nagaer. [IpH HHSKHMX KOHIEHTpAUHAX [TAA-1, nao6opot, oTueT-
JHBO BHAHO yCHJeHHe FHApOJIH3a — OTHOUICHUE Ca0O/AL,O5 coc-
ragaser 52 u 4,4 npn po6aske 0,03 u 0,10% ITAA-1 coorBerct-
penno. Tax xax ITAA-1 pearupyer ¢ Ca(OH), MIWOBeHHO, B
Gosee TO3/HUe CPOKH BJHAHHE 3TOrO (paxropa HCKJOYaercd,
nostomy K 24 yac. rHApoausyoulee neficTBHe H0GaBKH CTAaHOBHUT-
ca xopoue 3amerHbiM. C TeyenuweMm BpeMeEHH KOHILEHTD allus
PACTBOPHMEIX ~ KOMIOHGHTOB  HayHHAET y6EBaTh H K 24 yac.
cojiepKaHue CaO+ Al,O; He3aBHCHMO OT JIO3UPOBKH [TAA-1 npu6-
JMIKaeTcss K BEJHUYHHE, OTBeyalollel MeTacTabublioll pacTBOpH-
MOCTH KyGHUYECKOro THAPOATIOMHHATA.

«
b w'p
40t

k744
20

10+

g 405 a5 1
AA-1.%

Puc. 128. Bausnue nosupoBki [TAA-1 na P,

cycrenaud C;A depe3 15 MHH. OT MOMeHTd
3aTBOpEHHUs .

Tak Kak mosuMep TOPMO3UT nepexoj Gojee DacTBOPHMOrO
C3AH,; B xy6uueckyo ¢opmMy, yepes 4yac nocje Hajana omnbita B
npucytcetud [1AA-1 xonuentpauua CaO u Al,Os B pacrsope
noAjepKuBaercs Ha Gosee BHICOKOM YPOBHE, YeM B CyCIEH3HAX
€ YHCTOI BOXOH.

B KOHLEHTPHPOBAHHBIX  CYCIIEH3HsIX — [AcTax TOPMO3AULEE
pausHue I1TAA-1 na daszosble npeBpalleHHss FHAPOAJIOMHHATOB
MPOSIB/IAETCS 3HAUHTEJIbHO CcH/bHee. FIMeHHO [03ToMy, NpH BBC-
JleHnH B cycnmeHsHio CzA 10CTaTOYHBIX KOMUYECTB [1AA-1 cHuMa-
j0TCa 0OblyHO HabawopaeMmble COpochl  [POYHOCTH, BLI3BAHHBIC
¢azosnim  mepexogoM CzAH;2 —~C3AHg. Mutepecno OTMETHTD
GoJIBLIYIO POTb JO3HPOBKH [OJHMEpPA B Npolecce cTpyKTypooGpa-
30BaHusl. [10-BHIHMOMY, OHA OBYCJAOBIHBAET H PasJHUHBIH Mexa-
HH3M feficTsust noaumepa. Ilpu manbix josuposkax [TAA-1,
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mopsifika 0,05% x cycrmensun (maun 19% x Becy C3A|, o6pazoBanue
TUAPOATIOMHHATHON CTPYKTYPLl B IiepBble 15 MHH. HeCKoJbKO
yckopsiercs, Goaee Bricokue Ao6aBxku [TAA-1, naoGopor, B 3Ha-
YUTEbHOH Mepe TOPMO3AT TOT MPOLECC, CACACTBHEM Yero sBJs-
£TCs1 HaJluYHe MakcaMyma Ha xpusodl P,, —C (puc. 127, 128).
BosMoxHo, B MepBoM ciyyae nposiBisieTcs MPEHMYHIECTBEHHO
ruaposusyiomee AedctBre no6aBKH, Gaarogaps ee KHcJOH TipH-
poae, Bo BTOPOM — arperupymouwias crnocobHocTb. IloBeilmeHHAs
BI3KOCTb KHAKOH (a3pi B IPHCYTCTBHM OOJNBLIMX — KOJHYECTB
CTPYKTYpoOGpa3oBatenst MOXKeT 3aMe[IHTb AH((Y3HIO UOHOB B
pactBope, a yMeHblIeHHe YAeJabHOH MOBEPXHOCTH MOPOIIKA, BCJACH-
cTBHe 06pa3oBaHusl MHKpoarperatop amoMmuHarta us CsA, satpya-
HfeT PAacTBOPEHHE AMIOMHHATA M KPHCTAMLJIH3AaLUHI0 HOBOOGPa30-

AHaau3 wuaKkoA ¢aswi cycnensun C;A—poga 1:100

B0 Beex cayyanx o6pasyercsi C,A - aq, upeniudpuuHpyeMsiii no
sugosb ety npu 200° C [406].

[TAA-1 oxasbiBaeT 3aMeTHOE BJUsiHHe HA KHHETHKY KpHCTaJl-
JAU3aLHA  TUApOCyJbdoaMIOMUHATa Kaabliua B cucremax CyA —
CaS0;— H,0 u C3A — CaSOq— Ca(OH); —H,0 u na npou-
HOCTb 0B6PAa3YyIOIHXCs TIPH 3TOM CTPYKTYP.

TlpenBapuTennHble ombiThl Mokasanad, yTo [TAA-1 mpakTHyeckH
He CBfI3BIBAET THIC H3 HACHIIIEHHBIX pacTBopos. Bmecte ¢ Tem oH
3HAYNTEJIbHO YCKOPSIET CBSI3bIBaHUE CYJIbQATHBIX HOHOB B CMECAX
C3A ¢ rumcoM B MpHCYTCTBHH HEGOJbUIMX KOJHYECTB M3BECTH

Kax BuaHo u3 ta6.a. 99, B cycnensusx CsA ¢ 5% Ca(OH)s,,
TAe KPHCTAJJM3aWiss THAPOCY/Ib(oalloMHHATa NPOTEKAeT MeX-
aenno [408], no6aeka ITAA-1 naxe B He6oJBIIMX KO.THYeCTBAX

Ca0 | ALO, |
TTAAAL,
% K TBepaoi Bpems nepeme
dase
1/4 1 l 24 1/4 1 24
0 0,465 0,510 0,383 0,292 0,263 0,146
0,03 0,521 0,495 0,416 0,180 0,192 0,165
0,10 0,535 0,500 0,458 0,220 0,336 0,165
1,0 0,520 0,506 0,444 0,295 0,227 0,141
5,0 0,520 0,500 0,500 0,303 0,375 0,188
10,0 0,507 0,521 0,527 0,432 0,309 0,122
20,0 0,560 0,537 0,535 0,455 0,383 0,136

Banuil. B pesynbrare MHAyKUHOHHBIA mepHox B mpucyTcTeHH 1%
ITAA-1 B cycrensun pactsiruaercs no | waca (ta6a. 97). 3ateM
NPOHCXOAHT JaBUHHBIA poct P, u o6pasyerca cTpykTypa, B
HeCKOIbKO pa3 GoJsiee mpouHasi, yeM B BOAHBIX cycmensusx CzA
6e3 no6aBok.

B npucyrerBun u36biTka H3BecTH B cycnensusax CzA (taba. 98)
MOMMakpUAAMUAHBIA [pernapar He OKa3BBAaeT CyH(eCTBEHHOrO
BANSHUS HA NPOYHOCTb TEPBUYHBIX CTPYKTYP, BO3SHHKAIOLIUX
yepe3 15 MHH., Tak KaK OH BBIBOJMTCS YACTHYHO M3 cdepbl peak-
U¥H B BHJe [OJUAKDH/IATOB Ka/blLHA.

B nocneayomne cpoku (10 ABYX cyTOK), YeM Bblllle JO3UPOB-
ka [TAA-1, TeM cHabHee TOPMO3HTCS Mpouecc TBepgeHus CzA 1o
TeM Ke NPUYHHAM, YTO ¥ B OTCYTCTBUM u3BecTH. Kpupble JITA
(pnc. 129) mokasbiBaioT, YTO MOJHMep He BAHACT Ha (ha3OBbill
coctaB npoaykroB ruapataudu CsA: B npucytereun Ca(OH),

218

Ta6aunua 96

B 3aBHCHMOCTH OT no3upoBkH IAA-1, 2/2 npn 25°C

| CaO+-ALO, | C/A

IHBJAHKA, Yachbl

] 1/4 1 24 1/4 1 24
0,757 0,773 0,534 2,89 3,51 4,78
0,701 0,678 0,591 5,20 4,66 4,57
0,755 0,836 0,623 4,41 2,88 5,00
0,815 0,732 0,585 3,21 4,04 5,76
0,823 0,875 0,638 3,10 2,43 6,60
0,939 0,830 0,649 2,13 3,06 7,80
0,915 0,970 0,671 2,20 2,50 7,00

CIIOCOGCTBYET YCKOPEHHIO mpollecca. Bbicokne 103uPOBKY Mpemna-
parta (20% x Becy CsA) topmoaar cBasbiBanue CaSO4 TOMbKO B
TeyeHHe MePBbIX 4acos, 3areM, HaoGopor, Haburojaercs Gostee
HHTCHCHBHOE CBsibiBaHHe THica. B pannom cayuae ITAA-1 urpaer
TAKYIO € POJIb, KAK H AKTHBHbEIE MUHEPa/IbHble 106aBKH,—CBA3HI-
Bas Ca(OH),, on crmoco6eTByeT CHHXKEHHIO TlepeChlleHHH, npH
KOTOPBIX KPHCTAJJIH3YeTC THAPOCY/Ib(GOaTIOMHHAT KaJbLHs.
Boapmive koauyecrsa Ca(OH), npakTtHyeckd BbIBOAAT MOJH-
Mep H3 cdepbr peaKUuH, HOITOMY B CyCIeH3HAX C 15% Ca(OH)»
[TAA-1 cyuiecTBeHHO He BJUSIeT Ha CBA3bIBaHHE THIICA.
VismeHeHHe yCaOBHHA KPHCTALIH3aUHH THAPOCY/Ib(OaTIOMH-
HATA KAJbLHUf, KAK 3TO HMEET MECTO H B CHCTEMAax ¢ aKTHBHLIMHU
MUHepaJbHBIMH goBaBkamn [407], mpemonpenensier cOOTBETCTBY-
IOlIHe H3MEHEHHUS] B KMHETHKe CTPYKTypooOpa3oBaHHA H B KOHEY-
HOH NIPOYHOCTH [OJYy4eHHHIX CTPYKTYyp (Taba. 100). Jlo6apxku
0,5% ITAA-1 mocraToyHo [AJAS TOTO, YTOOLl CHATH TOpMO3sLIee
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Ta6auuwa 97

Bansune ITAA-1 Ha KMHeTHKY HapacTanns P,

B 5-NpPOMEeHTHbIX cycneH3Husx CsA
(HanoAHHTEJIb—IECOK), B/T-0,35

Bpemst 3a- ITAA-1, °, x cycmensuu CzA
Mepa ot
aa:g:;fmm 0 0,051,0 0,50/10 1,00/20
1 munu. 0,07 0,11 0,21 0.06
15 M. 1,0 3,3 0,80 0,53
30 M. 3,0 3,7 2,0 0,50
1 uac. 3,1 3,7 2,5 0,50
2 yac. 4,1 5,7 3.4 10,8
4 yac. 8,1 8,2 4,4 14,4
6 yac. 6,0 5,8 4,8 16,6
1 cvikn | 10,0 14,7 7.3 22°9
2 CyTOK 15,4 15,1 8,1 25,1
4 cyTOK 5,8 5,9 9,0 33,6
7 cy1iox 5,4 6,9 8,5 35,9
14 cyiok 3,6 3,4 9,8 45,6
1 wec. 10,5 93 10,1 45,8
2 Mec. 11,3 10,9 9,9 41,5
3 Mec. 11,3 13,3 12,4 441
Tabauuma 98

Bananue ITAA-1 Ha KHHeTHKY HapacTaHHs P,

B cycneHsusix C;A B NPHCYTCTBHH H3BeCTH
(5% C;A--15% Ca(OH).; B/T-0,33)

Bpems TIAA-1 % K cycnensum C,A
3aver a
saTBoponiH 0 0,051,0 | 0,50,10 1,00/20
1 mutir, 0,05 0,07 0,08 0,10
15 muu. 0,22 0,17 0,15 0,14
30 MuH. 1,5 0,49 0,23 0,20
1 gac. 4,2 2,1 0 31 0,29
2 yac. 5,8 6,2 0,74 0,57
4 yac. 8,5 8,7 2,0 1,1
6 uac. 8,2 9,1 3,5 1,5
1 cyTiH 11,8 11,5 13,1 6,6
2 cyTOK 13,1 17,7 16,7 14,2
4 cyrok 10,7 13,0 14,5 19,2
7 cyToK 15,3 16,3 19,0 19,0
14 cyTOK 16,3 17,8 16,8 22,7
1 wec. 16,5 21,3 28,5 26,2
2 Mmec. 32,5 29,0 35,3 21,1
3 mec, 33,6 33,5 35,7 43,6

pusinne 5% Ca(OH). na pocT P, U BOCCTaHOBHTDb Takoll xe
XOJI KpHBOH, KaX B CyCHEH3HIX C3A — CaSO4 Ge3 H3BECTH. \

TIpouHocTs mOTyYaeMOl TP STOM CTPYKTYPHL npumepm;S}é/
fi0psfoK Bbillle. Bo BTOPOH CepHil OMBbITOB B CYCHEH3HUSX € b

noaumMep B nmpepeaax yccaeI0BaHHbIX J031POBOK,

OKa3aBLIHXCA HenocTaTOUYHbI MU a9 H3MEHEHH KHHETHKH KpHC-

a /

375 /

hiaby 2m
M\ (

!

L

520

N /

w50 \/ //‘?
m/

Puc. 129. Kpupbie ITA mpO1yKTOB MHADATALITH B CyC-
nenauax CsA + Ca (OH). + [TAA-1.

;2 - MAA-1;
4 . q — 6 uac.,, 6 —1 mec. I — 6e3 [MAA-1; 2 - 10% ;
epes: 4 3 — 920% I1AA-1 (k secy CsA).

TaanH3auuu I‘HILpOCyJ'Ib(I)OaJIIOMHHaTa KaJblMsA, He MOBJIHAI " Ha

Ky CTPYKTypooOpa30OBaHHI.
Kuﬂggiu};i oggasga, HI;\A-I BecbMa AaKTHBHO BJIHF{ET Ha (T:nglx;;
typoo6pasoBanie B AJIOMAHATHBIX CYCHEH3HAX. oTCy q)Ta3o-
W8BECTH MM TPH HEOOJbUIHX ee KOJHUecTBAX OH (T:opmosm
Bble npeBpalleHHs THIPOATIOMHHATOB KaJbLHs

3AH 12— C3AH6
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:Hcoorsercrseﬂﬂo CHHMAKT CONYTCTBYIOLIHE UM cOPOCHI MPOUYHOC-
B BO3HHUKAWOUIIX TIPH 3TOM CTPYKTypax TBEPILEHHS.

Ta6auima 99

Bausnuve ITAA-1 Ha KHHETHK
Yy CBA3bIBAHMS THICA B
C;A—Ca(OH),—CaS0,—H,0 cyenensuax

Coctas, ¢ . CaSQ, cBasaHHHH, %
TTAA-1;

runc M3BECTB! o, g C,A 1 d4ac 6 vac | 1cyr. | 7cyr. (14 cyT.| 2 Mec | 3 Mec
10 5 — 1,33 11,6111

, 61| 1,74 | 1,81 | 1,33 | 1,40
}8 g 1(1) 130 |2,15 [ 2,30 | 2,70 | 3,12 3712 5,20
10 5 10 (2),29 2,93 12,95 | 4,05 4,01 | 3,99 | 3,99
10 E: 20 0,37 3.18 | 3,46 | 3.64 | 3.93 | 4,05 | 4,00
1o 15 1 0,64 0,93 0,96 | 1,44 | 1,51 | 1,74 | 2.58
10 15 y 36 0,520,559 | 1.18 (1,37 | 1.82 | =
1o 15 10 0,52 |0,7310,8411.31]1.,28]1.,69] 2,28

0,43 |0.53[0.52|098|1.34|1.55 | 2.97

Ta6énuma 100

D¢ PeKTUBHOCTD
CNOCOBHOCTBIO CBsI3bIBA
Jb B KHHETHKE H Xa
Apocyabd
oco6rocts [TAA-1 mpostBas

TeHHYI0 PO
TBepAEHHsA THAPO-H TH

Arperupytouiast Col
o6pasoM NpH cpaBHHUTE/D
34HO TOPMOXKeHHe PacTBOPEHHs TepB
[IMH HOBOW H3 TNepechlllleHHbIX pacTBOPOB,

BO3HUKHOBEHHE

npenapara
™ Ca(OH)g, KOTOpast Hrpaer nepBocTe-
pakTepe KPHCTaJIH3ALHOHHOTO
0aJIOMHHATOB KaJ/blHl.
eTcsl TJIaBHHIM

B OCHOBHOM 00yc.J0BJeHa ero

MO BHICOKHX ero nosuposkax. C Heit CBI-

Kpncrannuqecxoro CpOCTKa

HYHOH (a3bl M KPHCTaIH3a-

a cJjefoBaTeqbHO,
HOBOOGpa30BaHuH,

Bausnue ITAA-1 Ha KHHETHK
y P, B cycnensusax C;A B NpHCYTCTBHH
H3BeCcTH U runca (5% C;A--10% CaSO,.-2H,0-Ca(OH),; B/T¥0,35

onpenenmoulero NpOYHOCTb BSKyLLEro.

Bnusaumxe MAA-1 Ha ctpyxtypooSpasonauue B CYCREH3MAX
p-2€a0 - SiO:

Kak H3BeCTHO, B-CoS mpencTaBsier co6oil oguH u3 HauboJee

MeLJeHHO FI/IILpaTI/IpyIOLLLH}xCH KOMIIOHEHTOB HOpTJIaHJ_'[LLeMEHTa.
Ta6auma 101

Bausuue ITAA-1 Ha KHHETHKY P, cmecH: 259 3-C,S 4- necok; B/T-0,29

E{ﬁf“” B npucyrcteuu 59 Ca(OH), ‘ B npucyrerun 15° Ca(OH),
epa :
SOT Kogua Conepxanne ITAA-1, % k cycnensuu [CiA
aTBOpeHHﬂ
0 f0,0S/l,O’ 0,50/10‘ 1,0/20 l 0 I 0,05/10 , 0,50/10 I 1,0/20
1 Mun. 0,09 | 0,13 — 0,19
1 , ) 191 0,06] 0,05
gy (vl ol 1ge | o8| B8 0ibg | on | ons
) . . 7| 0,221 006| 0,08 ! :
%322? 8’5(5) 8,:552 gé 0,291 0,07| 0.12 8’}8 8'3?
, , 81 0,24 0,10 0,12 0, '
4waca |0,23| 0,65/19.7| 0.31] 0 : 1o | 03
, , , , 0,14 0,1
<15 aca 8’245; (1)'82 521):15 60,37 0.08 0.18 8’%? 8’38
) , , '3163.0 | 0201 0.18 0, ’
2c¢y1. 10.66| 3.4 | 461 (585 | o : o5 | 06
s » ’ 3 0,17 0,2
;cyT 0,90 | 4,0 [59.3177.3 | 0.25| © 83 (1)'85 (1)23
o 1,3 | 5,7 | 87.5|75,0 | 206 5.5 6.3 5.9
cyr 3,5 7.4 | 107 (98,8 | 4.6 | 11.5 10,9 8.7
Luee. | 3 1126 | — |87.0 10,5 | 14.0 125 15.6
2 mec lg,g 12,3 {129 [100 | 7.5 | 18,4 277 2992
ec 8 {120 | — | — 1233 | 256 27,7 39.9

CKOB AJIOMHHATHO-THNCOBBIX cycneHsusix [1AA-1 cnocoGersyer
gﬂmfeﬂmo CBSI3BIBAHHsI TI'rica U OOpa30BaHHIO KPHCTAJJH3ALH-
X CTPYKTYp THApPOCY/AbGOaNTIOMHHATA KaJbLH.
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' Pm
Bpews P Kl ci? P =i
3aMepa m
32251(;82::1 TTAA-1, % cycnensus 3-C,S
0 0,2/0,05 ‘ 2,005 401,0 \ 0 \ 0,2005 l 2,0 0,5 ‘ 4,010
1 mMuH. 0,10 0,16 1,5 1,1 1,0 1,0 1,0 1,0
15 MHH. 0,13 0,21 1,7 1,6 1,3 1,3 1,2 1,4
30 MuH. 0,14 0,20 1,6 1,8 1,4 1,3 1,3 1,7
1 uac. 0,26 0,21 3,2 3,7 2,6 1,3 2,1 3,4
2 uac. 0,50 0,37 3,3 3,9 5,0 2,3 2,21 3,6
4 uac. 1,2 0,52 3,9 4,0 11,7 3,3 2,6 3,6
6 uac. 1,6 1,0 3,2 4,6 16,0 6,3 2,2 4,2
1 cyr. 6,4 5,8 4,7 4,4 64,0 36,2 3,2 4,0
2 CyT. g2l 15,8 4.4\ 6,1
Loyt 135 237 56| 7,4 |135 148 3,8 6,8
7 cyT. 37,5 42,7 6,3 7,0 375 267 4,21 6,4
14 cyT. 77,0 | 105 11,3 8,5 770 653 7,51 7,8
1 mec. 124 135 140 12,4 {1242 893 93,4 11,4
2 mec. 153 162 203 14,7 {1333 1012 135 13,5
3 Mec. 183 209 264 147 1830 1306 176 135
5 MecC. — 226 270 235 — 1413 180 216

COOTBETCTBEHHO H MpOUHash CTPYKTypa B cycreH3us\ 3TOr0 MHHE-
paja BO3HHKaeT MmenneHHO  (TalJ. 101). IMoanakpuiaMua TOP-
MO3HT 3TOT Tpouecc B TeM Gosplliell Mepe, ueM Bbuue €ro
no3upoBKa (pHC. 130), HO aGcoMIOTHBIC 3HAUCHHS P, noBbllia-
JoTCs, TaK KaK BO3HHKaOWAsd IpPH GospLINX AO3HMPOBKAX [TAA-1
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KOAry/IsiHHOHHAs CTPYKTYpa u3 uacThi f-CoS, CKICEHHDBIX NOTHMeE-

QAHaKo, KaK BHIHO H3 ta6s. 101, ynpouHenue HoJlyuyeHHOH
CTPYKTYpbl BO BpeMeHH MpoTeKaeT KpauHe Me/:mexéﬂo. B ocHOB-
HOM TNIpOSIBJISIETCS crocoGHOCTh  TOMHMeEPA K 00pasoBaHHIO C
yacTHLaMH JMcriepcHoit  (ashl BAAroeMKHX KOAaryJsiHOHHBIX
CTPYKTYp, ONpelesIoLiIX J4BHHIbBII POCT TPOUIOCTH B NEpBHIE

a N g

NS
A5

poM, o6ycaoBIHBAET JABHHHBIH POCT HPOYHOCTH MAacTh YXKe
yepe3 OJHY MHHYTY.
,
b 5
L2 80t
ln ot ,
a0r *J
4
; 200 2
qr I !
{ 160+
J © 7
[ 207
L g
7? x/ 2
Rt w0t
¢ 1z 3 4 5 6 z )
4acor q 2 7
Lymry Mecsayqo
Puc. 130. Bamsune nosupoxu ITAA-1 Ha KHHETHKY CTpYX-

1 — 6ea TIAA-1; 2 — 40,29 ITAA-1 Kk Becy
4 — +4,0% MA

TypooGpasoBanus § = CyS..
B =C,S; 3 — + 2.0%;
. Ta6aunuwa 102

A-1

Bausinve ITAA-1 Ha xkunetuky P, (kl'[cm®) cycneHsud,
conepallux H3BeCTb (25% BC,S--necok--HU3BECThb); B/T-0,29

Bpews 255 Ca(OH), 15% Ca(OH),
3amepa
saTBopeRHs 0 0,2/0,05 | 2,005 | 4,010 0 0,2/0,05 | 2,0/0,5 | 4,0/1,0
1 mun. 0,06 0,06} 0,03 0,33 0O 0,11 0,23 0,34
15 MHuH. 0,08 0,09} 0,15 0,401 O 0,14 0,27 0,59
30 mus. | 0,090 0.10| 0,13 0.47 | 0,11} 0,14 | 0,27] 0,68
1 gac. 0,11 0,121 0,20 0,531 0,12 0,15 0,29{ 0,70
2 uac. 0,19 0,14 0,18 0,63 | 0,26 0,19 0,43 0,87
4 gac. 0,43 0,31 0,29 0,90 0,50 0,34 0,47 0,94
6 uac. 0,43 0,44 0,36 0,98 | 0,82 0,62 0,61 1,4
1 cyr. 5,7 5,5 3,75 5,8 3,9 3,3 3,71 3,8
2 cyT. 9,2 10,0 9,3 12,0 | 13,3 11,3 8,1 7,6
4 cyrT. 25,4 21.7 | 20,4 26,7 19,2 19,2 15,3 | 12,8
7 cyr. |47.4| 36,0 |36.0| 46,1 |41,4] 359 |34,1]26,0
14 cyr. | s6.2| 81,2 | 70,3 92,5 | — | 69,1 |67,1]73,4
1 Mec. |143 — 124 161 97,2 98,6 |133 {133
2 Mec. 174 70 172 213 129 — 165 190
3 Mmec. — — — — 143 144 220 —
5 Mmec. — 169 169 — — — — —

B npHCyTCTBHH H3BEeCTH, He3aBHCHMO OT ee KOJHYecTBa, TOp-
mossmee pausinbe [TAA-1 na cTpykrypooGpasoBaHne YacTHYHO

caumaercst (taba. 102, puc. 131 a u 6).
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Puc. 131. Bausuue TTAA-1 Ha xunetuky P, B CyCHeH3HAX B-CS
B [IPHCYTCTBHH:

a 2% Ca(OH)y 6 — 15% Ca (OH)a. LiuppoBre 0603HaYeHUS KPHBBIX COOTBETCTBYHOT
nosuposke ITAA-L.

muaythl. Tak kak TTAA-1 ObCTPO BEIBOLHMTCA NpUCYTCTBYIOLIEH B
cycnensun Ca(OH)q, TO panpHefui npouecc rHApaTanHoOHHOro
tBeprenus B-CoS, XoTb M 3amennsiercd, HO B 3HAYUTEJ]bHO MEHb-
Ulell cTemeHdH, yeM B CyCHNEH3HAX 6e3 u3BecCTH,

Bnuaume MAA-1 Ha cTpyKTypooGpasoBahue B AnIOMKMHATHO -
CMNMKATHBIX CYCNEH3MAX B MPMCYTCTBMM M3BECTH M runca

C TOYKH 3DeHHS BBISICHEHHMsI MEeXaHu3Ma BJHAHHI TTAA-1 ma
MOPTAAHALEMEHT MPEACTaBAAI0 HHTEPEC BBISICHEIINE €TO POJH B
CTPYKTYpOOGPa30BaHHH MOJMHMHHEDAJbHEIX cycneH3ui. .

C 3TOll 1leJblo GblAM MPHTOTOBJEHBl  CMECH H3 5% CsA, 25%
B-CeS 1 15% Ca(OH)y ¢ pasiHuUHBEIM COfEpPXKaHHEM THICA. Kop-
pekTHpylollast 106aBKa — TOHKOMOJIOTBI KBapLeBblH IECOK.

Kax nokasanu uamepenus P (trabn. 103, 104, 105), npHCYT-

creie CsA B cMecH crocoGCTByeT GbICTPOMY pOCTY IPOYHOCTH 33
cuer 0Opa3oBaHMsi CTPYKTYpbl TBepACHHA FHApOANIOMHUHATOB

15-31 225



Kanbuus., B 6e3EI3BeCTKOBBIX KOMIIO3HIMSAX TMOJHAaKPHIAMHI B
JOCTaTOYHO LIMPOKHX A03HPOBKaxX o6yc/0BIHBaeT BO3HHKHOBENHE
KOaryJiiilOHHON CTPYKTYpBI TaK 7Ke, KdK M B MOHOMHHepaJbHBIX
cycnensunx CsA n p-CeS. Tlostomy ¢ yBedMUeHHEM HO3HPOBKH
[TAA-1 pesko BospacraloT mnadasabHbie 3Hadenns P . Oxnako,
CKOpOCTh P, TPH 3TOM yMcHbUIaeTcs.

HszBectb Ha 3TH CHCTeMBbl OKa3blBaeT TaKoe jKe AelCcTBHE, KaK
M Ha nOpeabiayuide, Cnoco6CTBYsl CHSITHIO TOPMOS3SILIEr0 BJHSHHS
noJHMepa Ha THAPATalMIo H COXPaHsis HeKOTopbIi addekT 3ary-

Ta6éauma 103

Bauauue IIAA-1 Ha cTpykTypooOSpasoBaHHe B CYCICH3HH
5% C;A+4-25% 3-C,S-+necok; B/T-0,29

B Be3 H3BecTH | C 15% Ca(OH),
pems
3amepa IMAA-1, % k cycheusuu
OT KOHI{a
satBopennd 0 I 005 | 005 | 10 | 0 0,05 l 0,05 l 1.0
1 MuH. 0,16 0,15 0,53 2,97 0,09, 0,21 0,01y 0,16
15 muH. 0,18 1,6 0,70 7,2 —_ 0,16 0,19 0,19
30 MuH, 5,9 3,8 8,8 8,9 2,6 0,60 0,30] 0,30
1 uac, 6,5 4,9 13,8 10,0 4,4 8.2 0,43 0,58
2 uac. 9,6 7,1 16,3 15,0 13,8 17,3 1,51 1,0
4 yac. 11,1 5,9 15,9 13,3 16,6 28,8 561 3,5
6 uac. 10,9 7,8 16,8 19,5 31,6 39,0 | 12,21 5,2
1 cyr. 11,4 9,0 17,4 15,1 47,4 70,9 | 33,4 | 18,0
2 cyr. 12,6 9,1 16,5 16,8 59,5 71,0 | 38,51 38,0
4 cyr. 14,7 11,1 20,3 20,0 71,7 98,3 | 59,01 46,8
7 cyr. 23,0 18,8 20,9 22,5 95,01 129 73,0 1 70,0
14 cyr. 48,0 33,0 38,6 36,7 (153 177 101 95,0
1 mMec. {116 84,3 84,4 79,6 1216 260 169 (172
2 mec. 224 230 150 134 398 501 432 1364
3 Mec. {410 236 235 164 450 553 463 362
5 mec. |563 401 341 148

IWIeHHA, BCACACTBHE Da3BUTHA CJAabHX KOAryJsLHOHHBIX CTPYK-
Typ.
Takum o6pasoMm, B pe3yabTaTe H3yueHHsi Ipoliecca CTPYKTY-
pooGpasoBaHHst B LIeMEHTHBIX CYCIEH3HSX H MOIENbHBIX CMecax
B IIPHCYTCTBHH BOAODPaCTBOPHUMBIX NoJUMepoB cepHH «K» u «ITAA>»
NOKa3aHo, 4To Nonumepw «K» obecneunBawT noslyyeHne cTabUIIb-
HBIX BO BPEMeHM JOCTATOUHO NPOUHBIX CTPYKTYD B CHCTeMax H3
TOHKOIHCIIEPCHBIX MaTepHa/oB (NeCcOoK, FJHeX, TJIHHHT U Jp.).
ITosToMy MOMKHO pPeKOMEHOBATb MX HCIOJIb30BaHUe JJA 3aKper-
JICHHS] MeCKOB.

3TH MOJNKUMEpPH Pe3KO TOPMO3AT MPOLECCH KPHCTAJIH3alHOH-
HOTO CTpyKTypooOpasoBaHus B InopTaaniueMenrax. [loaumep
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Ta6anna 104

Bansuue ITAA-1 Ha cTpyKTYypoo6pa3oBaHHe B CyCREH3HAX:
3% CiA +25% B-C,S +20%CaSO, - 2H,0 4 necox; BT = 0,29

Be3 usBecTH

l C 15% Ca(OH),

Bﬁeh;):ag; TTAA-1, % K CYCHEHSHH
Ko:(;lpae:::; 0 0,05 0,50 1.0 l 0 | 0,05 ‘ 0,50 l )
|

1 mun, 0,15 0,15 | 0,21 0,80 {0,12 0,14 0,16 | 0,20
15 muH, 0,15 0,22 0,60 1,0 0,13 0,15 0,18 | 0,28
30 MuH. 0,20 027 | 0,90 1,6 014 0,16 0,24 { 0,28
1 uac. 0,4 — 3.0 2,9 0,15 0,19 02810,33
2 wac. 1,2 2,8 5,3 3,4 0,20 0,28 0,37 § 0,47
4 ugac. 5,9 4,9 9,8 6,7 0, 0 4,42 0,60 | 0,90
6 uac. 7.8 10,9 12,8 8,2 0,60 0,70 1,2 1,8
1 cyr. 31,3 27,0 34,0 33,5 3,9 4,3 5,9 15,1
2 cyrt. 34,0 8,2 47,5 | 50,6 3,7 8,8 10,9 8,1
4 cyr. 61,5 58,2 69,0 87,5 19,9 21,4 24,5 13,8
7 cyr. 77,6 81,0 85,7 98,0 40,0 | 41,0 34,6 (31,1
14 cyr. 116 { 97,3 108 144 75,0 82,0 87,0 (55,0
1 mec. 130 165 158 193 164 140 161 120
2 Mec. 203 196 — — 388 373 474 332
3 mec, 223 - —_ — 450 393 425 330

Ta6auma 105

Bausnue IAA-1 Ha cCTPYKTypooGpa3oBaHHe B CyCNEH3HH
5% CsA + 25% B - C;S + 3% CaSO, — 2H.0 + nmecok, B/T = 0,29

Be3 u3pecTH

' C 15% Ca(OH),

Bpems 3a-

Mepa OT ITAA-1, % K cycneH3u

N opermn 0 / 0,05 ’ 0.50 1,0 0 , 0,05 , 0,50 [ 1,0

1 mun. 0,13 0,14 10,26 3,4 0,07 0,06 | 0,16 0,14
15 muH. 0,17 0,21 1,9 4,8 — 0,13 [ 0,16 0,19
30 MuH. 0,24 | 0,34 |2,6 7.4 10,05 0,11 |0,201]0,22
1 uac. 0,50 0,90 §3.,9 9,6 0,14 0,20 {0,17]0,26
2 wac. 1,5 3,9 7,1 16,0 0,26 0,33 {0,4110,44
4 yac. 5,2 7,6 14,7 23,6 0,87 0,96 | 0,60 | 1,2

6 uac. 8,9 12,7 (19,5 — 2,3 2,9 3,2 12,7
1 cyr. 32,7 35,0 44,9 29,0 9,6 8,1 10,2 7,8

2 cyr 55,9 57,0 49,0 30,0 |18,7 14,6 |15,4 (16,7

4 cyr 82,0 84,8 66,4 37,4 136,3 53,8 31,0 25,0
7 cyr. 104 98,0 76,7 60,0 68,3 56,0 56,6 [35,5

14 cyrT. 137 175 129 112 130 120 101 82,0
1 mec 190 202 184 153 248 162 215 | 174

2 mec 250 257 221 — 515 — 537 | 457

3 Mec. 284 — - — 603 338 530 | 450
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TTAA-1 o6pasyer B MPUCYTCTBUY H3BECTH MOJHAKPHIAT KaJbIHUA,
He pacTBopuMbli B Bofe. OH pe3ko TOpMO3UT (pa3oBble mpeBpa-
IeHUsT TPeXKaJblIHEBOrO a/lIOMHHATA M3 TeKCaroHa/abHO# B KyOH-
YeCKYI0 MOAMGMHUKANHIO BCJAeLCTBHe 00pa3oBaHHA BOKPYT 3epeH
TBepHOH ¢asnl 060s0UeK MOIMMepa WM NPOLYKTOB B3aUMOAEHCT-
BUA €r0 C M3BECTbIO, CKJIEHBAIOIHMX OTAeNbHble dacThuel CsA
NPenATCTBYIOLMX HX pacTBOpeHHI0. BhicoKas arperupyiomas
CHOCOGHOCTE TNoJguMepa 00ycJOBAUBAeT TaKXKe 3KpaHH3aUUI0
noBepxHocTH CzA MouiHbIMH 060JMOYKAaMHU arperHpPOBAHHBIX HOBO-
o6pazosanuil. Takum ke o6pasom ITAA-] ,BauseT u Ha rujpara-
IHI0O [ABYXKa/bI[M€BOTO CH/JMKaTa. M3MeHAS KHHETUKY KpHCTaJ-
JH3a0HH THAPOCY/b(OATIOMHHATA KaJsbIHs, IOJUAKPHJIaMHIHbIE
npenaparsl BJAMAKT Ha CPOKH CXBATHIBAHUA [EMEHTHOrO TecTa; B
3aBHCHMOCTH OT MHHEPAJOTHYECKOTO COCTaBa LieMeHTa OHH B
Gosbllefl MIM MeHbIlell CTENeHH YCKOPAIT HX CXBaTblBaHHe H
MPHBOASAT K NOBBIIIEHHIO HAya/JbHOHM MeXaHUYECKOd MpPOYHOCTH
IIEMEeHTHHIX PacTBOPOB.

I'nasa Bocbmas

NYT¥ UCNONb3OBAHHMA BOAOPACTBOPHMMBIX NOJIMMEPOB

B HAPOAHOM XO3MHCTBE
BopopacTBopuMble MOJMMepHl B 3aBUCHMOCTH OT YCJIOBHH
NpUMeHeHHsT MOTYT OKa3plBaTb CaMoe Pa3/MyHOe BO3JAEHCTBHe Ha
JHCIepCHble CHCTeMbl — HauydHasg OT CHJIBHOFO CTPYKTypooGpa-
3yIOILEr0 U KOH4Yasi SIPKO BHIPAXKEHHbIM CTaOHIU3HPYIOHM 3¢-
¢exToM. ToT uiM UHOH XapakTep HeAcTBHS HLAHHOIO NOJHMepa,
KaK OBLTO TOKa3aHO BbIllle, OMPeNEaseTCs ero OTHOCHTENbHOH

KOHIEHTpalue B AUMCIepCHOM cucCTeMe.

B 06.1acTH HU3KHMX KOHIEHTpanuil noJuMepoB ocobeHHO NOJ-
HO NPOsIBAAETCS UX CTPYKTypoobpasyomee JeidCTBUE, YTO MOXKET
GBIThL HCIONIB30BAHO TNPEXJE BCEro B CEMbCKOM XO3sACTBE NpH
CO3JaHHUHM HCKYCCTBEHHBIX CTPYKTYp B nouBax, A4 3aKpelJeHHd
MOABHXKHBIX TECKOB B MYCTHIHHBIX M TNOJYINYCTHIHHBIX paioHaX,
Npyu CO3LAHUH aHTUQUIBTPALHMOHHBIX SKPAHOB B HPPHIAIIMOHHOM
CTPOMTENbCTBE, a TaKxkKe NpHU TPaHYJ/ANHM Pas3JMiYHBIX NOPOLIKO-
06pasHBIX MaTepuasoB (afCOpGEHTOB, KaTaau3aTopos, ynoGpe-
HUH U T. A.), B IPOMBIIIJIEHHOCTH.

Oco6ento Gosblioe 3HauyeHHe MpUOGperaeT BO3MOXKHOCTL MO-
JydeHUs HCKYCCTBEHHBIX MOYBEHHBIX CTPYKTYp. Kak usBecTHO,
TIOUBHl 1eJOTO pAAa palionos, B uyactHoctd Cpenueidl Asun, B
eCTECTBEHHOM COCTOSIHHH YaCTHYHO WJHM TNMOJHOCTBIO JIHIIEHBHl ar-
POXMMHUECKH IeHHOH CTPYKTYpHI, U4TO YXyAIIaeT YCJOBHA pasBH-
THSI PacTeHHH H B 3HAUMTEJLHOH Mepe 3aTpyAHseT UX 06paboTKy,
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NPHBOAUT K BOLHOH H BeTpoBO#l 5po3uH. [103TOMY YCHJHA HCCIIE-
joBaTeefl B TeueHue MHOTUX JeT HalpaB/eHbt Ha U3bICKaHHE
nyTeil yJAyulleHHs CTPYKTYphl B IOUBAX. TloMuMO CrennanbHoro
KOMIIJIGKCA arpoXMMHYECKUX MepOonpUATHH CyLECTBEHHYO IO~
MOIb B 5TOM MOXKET OKa3aTb BBeJleHHE B IOUBY npenaparos —
cTpYKTYpoobpasoBaresei.
p{% Cy(?CP faxme pa6oThl GLIITH BIlepBbIE HAYATHI B 1933 r. B AQU.
3a mpoulefiive TOibl NPeNI0KeHb U WCIBITAHBl MHOTHE Ipena-
aThl Ha OCHOBe TNPUPOAHBIX M CHHTETHYECKHX HOJIUMEPOB
[16, 243, 300—308 u ap.). K coxanenuio GONBUIMHCTBO H3 HHUX
HdeUIuTHO, AOpOTro, HeyfOGHO B HCMOJIb30OBAHHH WM Ke Mano
5 (eKTUBHO H HEJOCTATOYHO YCTOMUHBO B NpUPOLHBIX YCJIOBHAX,
No3ToMy TMpPAKTHYeCKOTo NMpHMEHEHHA IoKa He HAILIO.
BpilueondcanHEe BOXOPACTBOPHMblE MOIHMEpPBI CEPHH «K» B
5TOM OTHOLIEHHH HMEIOT P NPeHMylleCTs. Ciofa npexje BCETo
cHelyeT OTHECTH WX XOpOMIYI0 pAaCTBOPHMOCTH B BOJe, ILOCT]agTO‘l-
HY!O JOJCOBEUHOCTb W YCTOHUHBOCTD K MHKpoopranusmam. bere-
TAlMOHHbE, MHKPONEIAHOYHbIE W UACTHUHO roJieBble  OMNBITHI,
NpoBeJeHHEE Pa3JTUIHBIMH opraruszauuamMy B Y3sGekucrade U 34
ero mpeneaaMH C UCNOJIb30BAHUEM npenapatoB «K» Ha ceposeM-
HBIX, MOA30JHCTHIX M APYTHX TUNax TO0dB, noxkasaJ/u Bhlcogylo
5p(heKTUBHOCTb UX B KauecTse HCKYCCTBEHHBIX CTPYKTypooOpa-
SOBﬁgﬂe;éHHHM B. B. Tyccaka (Wucrutyt MoYBOBEJCHUA
MCX V3CCP), M. A. [Taukosa (TaCXH), BBenenue B ce-
poseMHble IOYBBEL OKOJIO 150 ke/za (B pacueTe Ha jAeucTByloUlee
payano) moauMmepa K-4 obecrieynBaeT CO3LaHue MpPOUYHOM H
JOCTaTOYHO JOJFOBEUHOH ~arpOHOMHUECKH [IeHHOH CprKTygI;I.
[Tpu 3TOM yayyilaercs BOMHBI pexuM (yMeHblIaercd Ha 20%
ycrapeHue BJAaru 43 nouBbl), IpefOTBpallaeTcs o6pa3osar{1«11</eI
KOPKM TMOC/Ie TOJIUBOB, 3HAUUTEIBHO yMmeHpllaercsi BOAHAA ;
BeTpOBasi SPO3Us U YJyulIaeTcs (pu3HuecKoe COCTORHUE r[O‘le:
1o CHOCOGCTBYeT MOBHILIEHHIO YPOXAMHOCTH H yCKOpPEeHHUI0 CO3
peBaHusl CENbXO3KYJIBTYP. Jl;ia xJ0MuaTHHKA, HAalpHMep, ypoXaH-
HOCTH TMOBbIIIAETCA HA 10—15%, coapeBaHde Yyckopsercs Ha
10—12 nmedt, BCJEACTBHE HEro yBeJUYUBAETCSH IOMOPO3HBIH
c6op. Tlomyuennast CTPyXTypa coxpaHsiercs B TeueHue 2—3 Jlgz;
Xopouuit 3ddekr mnpenapar K-4 paer Ha moceBax nyypn)d/o)
(MosigaBCKHI HWW mnouBoBereHUS H arpoXHMHH HM. ,U.Hmm,
caxapHOH CBEKJIb (Bcecoroanblt  MHCTUTYT caxapHoO# CI%GILHH)Z
r. Kues), Ha JXyTe H KeHade, Kapropesae 4 n.nozxor;o-slToq)msl
KyJIbTypaé(CI()HHCTPITYT oBolle-GaxueBbIX KyJbTYp H Kap
3 H Ap. .
MC())(CZ66HHO)B3}}I(L1§0 HCIOJIb30BaHHE ’CprKTyp006p330BaT§IJIe°I/i
Ans yayulleHHs arpo(pu3HUECKHX CBOHCTB TakKEpOB H TaKkBIp
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BHAHBIX [1OYB, WMEIOWUX 3HAUHTENbHOe pactipocTpadHetie B pec-
nybaukax Cpenueit Asuu. JlaGopaTopHele ONBITH MOKa3aJH, YTO
nonumepsl K-4 u K-6 Becbma GJaronpusTHO BJAUSIOT Ha CO3MaHUE
HCKYCCTBEHHOH CTYKTYPH! B HHX.

T. M. CupopoBa [384] nokasa/na, 4T0 cO3RaHHe CTPYKTypH B
nouyBax ¢ nomompbio K-4 u K-6 cunbHO yckopsier mpOMBIBKY uX
OT BOJOPACTBOPUMBIX cOJel U MOXET 0Ka3aTbCcHd Becbma IOJe3-
HBIM IIpH OCBOEHHH GOJBLIOH NJAOLIAJAH LEJHHHBIX H 3aJeXHBIX
3eMesb. CoielyeT 3aMeTHTb, YTO MPH NMPAKTHUYECKOM HCIIOJb30Ba-
HUH NoHMepOB «K» Ha crnoco6 HX BHECEHHS B IOYBY U H03Yy mpe-
napata Heo6X0AMMO o0pauiaTh BHUMAaHHe, TdK KaK NOBBIIICHHBIE
KOJIM4ECTBa 5THX HpeHapaToB MOTYT OKAa3aTb OTPHUATEJbHOE BJHU-
sIHHe Ha GHOJIOTHYEeCKHH pPeKUM HOYBHI.

Crioco6unocte npenaparoB «K» kK o6pasoBaHuio Heo6paTHMO
BHICBIXAWOIIHX IJIEHOK JaeT BO3MOMXKHOCTH HCHNOJAb30BATb UX MJS
TPAHYJSINMH pa3JHYHBIX NMOPOWIKOOOpa3HBIX Marepualos. [lpu-
poxa ¥ IMCHEepCHOCTb TBepAOH a3sl mNpU 3TOM ONpepelIsiioT
TOJIbKO HeOOXOMMYIO NO3HPOBKY MOJHMepa.

T.M. Cymoporuza npoBesa ycllellHble ONBITEI MO TPaHyJANHH
MEJIKOJMCTIEPCHON 30J/1bl aHTPEHCKHX yrieil, a 3. A. Apunos — pas-
JUYHBIX TJHHHUCTHIX MaTepHaJoOB M MOPOLIKOOGPA3HBIX amcop-
OeHTOB.

BecbMa mnonesHeiMu monuMephl  «K» OKasajHCh npu moay-
UYEHHH HeC/IeXHBAIOIUXCA TIPaHyJHPOBaHHBIX yaoGpenuil [409].
Bruia cpenana momelTKa HCMO/b30BaTh MONMAKPHJAAMHAHbBE Tpe-
napatol ¥ nonumepr K-4 u K-6 B KauecTBe CBA3yIOMmIEro npH Io-
JYUEHHH yroJbHBIX OpHKETOB M3 MIAPryHbCKHX yIvied B3aMeH
outyma [410]. T ombiThl NMoKa3aJu, YTO NPH NMPOYUX PABHHIX yc-
aoBusix K-4 B mosupoeke 10 19 oGecrnednBaer mosyuyeHue HaH-
GoJiee MPOUYHBIX GPHUKETOB.

Oco6eHHO BaXKHOe NMPAaKTHYECKOE 3HAUeHHe MOXKET Npuobpec-
TH CrocOOHOCTb  paccmatpuBaeMblx BPII k cospanmio npounbix
CTPYKTYP Ha CBINyYMX MaTepHaJaX NpPU 3aKpellJeHHU caabocBs-
3aHHLIX FPYHTOB M NOABHXKHBIX meckoB. [lo mammeiM Bcecowsno-
FO HAYYHO-HCC/ICAOBATENbCKOTO MHCTHTYTAa arposieCOMEIHOpaldu
noaumep K-4 okasaics BecbMa 3Q@PeKTHBHBIM A/ 3axpermeHm;
NPUBO/IKCKHX MOABHXKHBIX NeckoB. [losnnmep Jerko nponukan Ha
my?ymy 10—15 cu. [lponutanusit 0,5—19%-ubM pactBopom K-4
C/I0H He HoiBeprancst gedopmauuu faxe B pe3y/bTare IITOPMO-
BOTO BeTpa cO ckKopocteio 20 m/cek.

[To naHnbIM 1a60PAaTOPHBIX U MOJIEBBIX UCHBITAHUY N0 3aKpel-
JIGHHIO TIBLIEBATHIX cymeced Kul3bliakus, npenapat K-4 man xopo-
lIHe pe3yabTaThl NPH 3aKpeNJeHHU HAPYILIEHHOr0 [OYBEHHOTO
C/0s1 ¥ OTKOCOB npu pacxoxe 10 4/m* 0,5%-Horo BogHoro pacrt-
BOpa MoOJUMeEpa.
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BuecendeM B JIeCCOBHAHBIN FPYHT BOJOPACTBOPUMBIX NOJHMe-
poB (MoMHAaKpHIaMHia, MpenapaTtos «K») MOXHO CyLIECTBEHHBIM
06pa3oM CHH3HTb ero BOJONpOHHmaeMocTb. [lo maHHBEIM Cpen-
Hea3HaTCKOTO MHCTHTYTa BOAHBIX IpoGJjeM H THAPOTeXHHKH, aH-
THGUABTPAUHOHHBI 3KpaH B 5,0 ¢ U3 JIECCOBOrO rpyHTa C 10-
Gapkoit 0,5%-noro K-4 mpuBeJq K CHHXXEHHIO MOTepb Ha (QHIBT-
panuio HemoCpeACTBEHHO Tocje YK/AalKH B 15—16 pa3. Bo
BTOPO#l TOJ BOLONPOHHLAEMOCTb CHUXKa/ach B 6 pas.

B 6ymMaxHO# NPOMBIULIEHHOCTH MOJIH3JEKTPOJIUTEl NpHME-
HSIIOTCSl Ha pAasJUYHbIX KOHEUHBIX omepanufAx, TrAe OHH HMEIOT
0CO6eHHO GoJbllioe 3HaueHHe. YcranosaeHo, uro [TAMM]I, Bse-
LCHHHE B OyMaXkHYI0 Maccy, YAep>KHBaeT HaNOJHHTEb— Kao-
au 10 909%. Tlpu sTOM KOHIEHTpAIHS HOACETOYHOH BOXHI, a cJe-
JI0BaTeJbHO, H MOTEPH BOJOKHA Yepe3 CeTKY CHHXKaloTCA A0 50%.
MexanuuecKass IIPOYHOCTb OymMaru BO3pacTaer W, BMeCTe C TEM,
HHKAKHX 3aTPYIHEHHil B mpolecce BHpPabOTKH Oymary He Hab-
nwopaercsi. B jmabopaTopHbix ycaoBHAX Oblia H3yuyeHa BO3MOXK-
HocTh ucnoabzopanust IIAMUla BMecto kaes CBeHa Ha ¢noTa-
IMOHHON MACCOJMOBYUIKe NpH BbpaboTKe mucuedl Oymaru Nel.
KosueH H Ip. HCCIELOBAnM NMpHMeHEHHe NOJHBAHHJIOBOrO CHHp-
Ta B KauecTBe CBS3LIBAIOLIEr0 MUTMEHTHPOBAHHBIX MOKPHITHA 1S
6ymaru, OHH Takxke HUCCIENOBAJH DPeEOJNOrHieCcKHe CBOHCTBA:
NPOYHOCTb MOKPBITHS, ONTHYECKHE CBOACTBA, BJaro-Macio-xHpo-
HeNpOHHIAeMOCTh NHTMEHTHPOBAHHBIX NOKPHITHA GyMmaru.

Tlonnsaekrpoautbl — kpaxmaa, KMILL, TIBA, pasmuunbe
MOJMAKPHIATH TIPHMEHSIOTCsl B KauecTBe Kjees A/ oymar H
kapToHoB. ViccienoBaHHe MaMHAHOTO Kijesl 3HAYUTENBHO CHHXKA-
eT CTOMMOCTH KJesllero MaTepHata. BhlcOkag Kiaedulast crnocoG-
HOCTb BOJOPACTBOPHUMBIX HoauMepoB «K» Mo3BosisieT HCMOMB3O-
BaTb HX B MOJUTPapHUEcKoil MPOMBIUIJIEHHOCTH AJsi 3aMeHbl Je-
HUIUMTHBIX H ZOPOTOCTOALINX MHLIEBBIX MPOLAYKTOB [242].

B ruzpoMerasnypruu M OGOTaTHTEJbHOH HPOMBILLIECHHOCTH
MPHMEHSIOTCS LIS YCKOPEHHs! CTYLIeHHS U (QUALTPOBAHHA TIyJb-
Ll H3BEeCTKOBOE MOJIOKO, CHJIMKAT HaTpHs, pacTBOPH KJjes, My4-
HOro M KpaxmaabHOro Kijeitcrepa. HoBelil momucaxapuf —ryap-
rek Bbuzeden HenasHo B CIITA u3 cemsin 6o6oBoro pacrenust. I1o
onyGJHKOBAHHBIM NaHHBIM, OH M0 duiokyaupyomeil cune B 5 pas
npeBOCcXOXUT Kpaxmas. Ha nnanucrom 3aBone B Bope (IOrocna-
BHs1) cenapad 2610 peryJasipHo BBOAMTCA B NyJbly B KOJHHYECT-
e 20 k2 Ha 1 7 TBepaoro BemecrBa. [IHPOKO NPHMEHSIOTCA
OJIH3AEKTPOIUTH TIpH paboTe OCAaNOUHEIX H (IOTAIMOHHBIX Ma-
LIMH YTOJAbHOH NpPOMBILIIEHHOCTH, MpHU KOaryJsluH 060pOTHOH
BOJBL, a TaKXe INPU OYHCTKE 3aULIAMJIEHHBIX CTOYHBIX BOA.

Iteyn u BepH omucanu npuMeHeHHe MOHOrajakTaHa Kak /o-
OJIHHTE/LHOTO peareHTa K aMHHY C JTUHHOH yr/1eBOAOPOAHOA
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nenbio aas daoranuonnoro orfenenns KCl or NaCl npu obpa-
GOTKE CHIBBHHHTOBOH pymbl. OTa pylda COCTOMT H3 IMIMHHCTBIX
uiaMoB ¢ 1,5% MonTMOpuasnoHHTA, KOTOpHE MematoT (JI0-
Tauuy. [lomucaxapui, no-BuIMMOMYy, MOKpBIBAET INIMHHCTYIO IO-
BEPXHOCTb H Te€M CaMHIM 3aTPyAHSeT CBA3bIBAHHE HAa HUX KAaTHOH-
HBIX peareHTOB.

Ilpumenenne nomumepos K-4 u K-6 B KauectBe h10Ky/ISIHTOB
ANl OCBeTJieHMs] a30THOKHCJBIX MyJqen [411] u KpacHoro mama
U3 LIeJOYHBIX aBTOK/AABHBIX NyJbIl AaJM0 MOJOXKHTE/bHbIE Pe3y/b-
tratel. Ilpu 3tom 6B10 ycraHOB/IEeHO, uyTo Ao6aBka 125 ¢ K-4
unu K-6 Ha 1 7 KpacHoro mama oGecrieunBaerT TaKylo Ke CKO-
pocTb OTCcTauBaHus, Kak 4 fob6aBka myku 1200 e/r. Hamnyuumas
OCBETJIAEMOCTb NyJbIEl HaOJIOKAeTCst NPH Pacxojie 3TUX MOJHMe-
poB ot 50 mo 120 e/r, manbHefiiee yBesHueHHE KOHIEHTPalHH
(0KYIAHTOB NPUBOAHT K HEKOTOPOMY CHHXKEHHIO CKOPOCTH OT-
CTAWBaHUAA NyJbIbl, YTO MOXHO OOBSICHUTH MPOSIBACHHEM 3all{d-
THOTO ReiicTBHA BPIL. B pesysnbrarte Geuia pekomengoBaHa cMech,
cocroamas u3 125 2 K-4 unn K-6 u He Gosee 600 2 Myku Ha 1 T
uaMa. B 3Tux ycioBusix HaGmopaeTcss yCKopeHde Npomecca OT-
CTaMBaHH{ HlaMa B 2—2.5 pa3a N0 CPAaBHEHHIO C NMPOILECCOM OT-
cTauBaHus 0e3 J06aBOK.

[TonusaekTpOIUTH HAXONAT Bce GOJbillee NpHMeHeHHe LA
OYHCTKH CTOYHHBIX Box OyMmaxHbiXx (abpuxk. KMI] ¢ pasnuysoi
CTeMeHbl0 3aMellleHns NpH R00aBJAEHHH HX K IPEeBECHON HeNTIo-
JI03e 3HAUUTENbHO YBeJHUYHBAET MeXAaHHYECKYI0 NPOYHOCThb IeJ-
JIOJIO3HBIX OTNHBOK. HanGompmnit sddexkr paer npubapiaeHue
KMII x nepasmo/ioTofi nemwogo3e. PaspbiBHas JiuHa yBeaIduu-
Baercss Ha 400—500%, a uncao xBofinblx nmeperu6os B 6—8 pas.
IIpouHOCTE 1€/IFONIO3HOFO JIMCTA HPH 3TOM YBeJUYUBaeTCHd 34
cueT H-csizefi opHopopubix OH-rpynn KMIL u fgpeBecHoit nen-
JIIOJIO3HL.

B kauecTBe CHHTeTHYeCKHX (DJIOKYJISHTOB MNPeNJIOKEHBEl COJH
K TaJOMIaNKHAATH NOAM-5-MeTHN-2-BUHUATUPUANHA, a TakKxe
NPOAYKTE KOHAEHCAUUU KyOOBEIX OCTATKOB reKcaMeTH/eH-auaMH-
Ha ¢ AUXJOpP5TaHOM, XJ0PaKCOM M TAJOBBLIM MaCJOM.

M. M. ApedbeBa u ap. ucciegoBadu (GJIOKYIUPYOLILYIO CIIO-
cobuocte K-4 Ha cToyHO! Boje nocjge (JIOTAalHM OKUC/JIEHHBIX
Py MegHO-06oraTHTeNbHON ¢(aGpuku AJITHIHTONKAHCKOTO CBHH-
[IOBO-1{HHKOBOTO KOMOUHATa, 3arps3HeHHON CO/ISIMH LBETHHX Me-
ramaoB. Ilocnenuue ynandiorcst U3 CTOYHOM BOABI MyTeM HepeBO-
Ja B TpyHZHOpacTBOpHMbie cOefHHeHHUsI THADOOKUCH MeTaJlJOB.
O6pasytomyecss ocafKi HMeIOT KOJJIOMAHBIA xapakrep — OHH
o6’beMUCTH, aMOP(HH, OuUeHb MeJJeHHO ocezalor. lloBwleHHE
CKOPOCTU OCelaHHs THAPOOKHCEH MeTaJIOB SBASETC BaXKHOH
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3ajnauefl, peilleHHe KOTOPOH yCIEeWUHO JOCTUTaeTCst TYTEM IpUMeHe-
HUA PA3IHYHHIX (HJIOKYAAHTOB.

[IpuMeHenne nns1 3THX Hededl BOAOPACTBOPUMOro MNOJHMeEpa
K-4 cnoco6cTBOBa/N0 NMOBHIIEHUIO CKOPOCTH OCENAHUS THAPOOKH-
ceil MetamnoB B 5—6 pas. Pacxon nonumepa npu 3ToM 6blI pa-
Ben 160 me/a.

MccnenoBauve Bausigusa K-4 Ha ckopocTb QUIBTpAaLHH THAPO-
OKHCEel MeTaJJIOB CTOYHOH BOAB TakKXe 10Kas3aJno, 4Yro C
yBeaquyeHneM Kouuentpanud K-4 (mo 160 me/a)ckopoctb ¢uiab-
Tpallud BO3pacTaeT NPUMepHO B [Ba paaa.

3HaunteapHoe GUIOKydHpYIoliiee neiictBue K-4 B mpucyTcTBUH
ruIpooKuce#t MeranynoB o0ycJOBAeHO 0Opa3oBaHMEM KPYNHBIX
TSXKEJBIX XJONbeB, 00eCHeUHBAWMIMX CO3JaHHe pPBIXJOro (H/Ib-
TPYIOILEr0 CJ0S, CHOCOOCTBYIOMIEr0 BBICOKOH CKOPOCTH OTCTaH-
BaHust ¥ Guaprpanuu. C yBenuyeHueM H03H (UIOKYJNSAHTa CUCTe-
Ma cTa6UaIH3UpOBaIach, YTO CONPOBOXKAAJNOCh PE3KHM CHHIKEHHEeM
CKOopocTe#l OTCTauBaHUA U (UABTPaNUU OCAJLKOB.

HiMetoTca cBefeHUsl 06 HCMOJB30BAHUU HEKOTOPHIX BHICOKOMO-
JNEKYJISIPHBIX MOJMH3JEKTPOJHTOB [ YCKOPeHHs! NPOLECCOB OCBe-
TJIeHUS NUTHeBOH BoAb. Buarogaps NpuUMeHEHHIO ajbruHaTa HaT-
pus Obwl yJaydllieH Npomecc KoaryJasuuH MyTHOH Boxet B Map-
CeJIbCKOM KaHaJle.

CosmecTHoe npumeHenne KMII ¢ Alp(SO,); mano 3HauuTe b
HO JIyUIIMe Pe3y/bTaThl MO OCBET/IEHHIO MYTHOH BOJBI, YeM NpHMeE-
HABLIUACA paHee CUAMKAT HaATPHA.

Opgako MO/U3JAEKTPONUTHl He HaULIH elile IHPOKOro MpHME-
HeHUs1 /il OYMCTKH NUTbeBOH BOAHL, T. K. HX TOKCUYHOCTb H3yue-
Ha HeL0CTaTOYHO.

Hccneposanus, nposeneduble B 1leHTpanbHOM HayUHO-HCCTIe-
JOBaTeJbCKOM HHCTHTYTe caxapHoiél npoMuiienHoctH B Kuese,
nokasaau, yro mojuMepsl K-4 u K-6 MoryT ObiTh HCNOJB3OBAHBL
JUI OYHCTKU COKOB M MOBBILIEHHS MPOU3BOAUTEIbHOCTH OTCTOHHH-
KOB B CBeKJ/JIOCaXxapHOM NpPOH3BOJCTBE.

Crabunusupymoliee AeHCTBHe Ha CYCIeH3HH BOLOPACTBOPHMBIX
HOJMMEPOB B 00/1aCTU BHICOKHX KOHUEHTPalu# onpefeser ux WH-
poxoe npuMeHeHHe IS YJAYYLIeHUs KadecTBa IVIMHHCTBIX PacTBO-
poB B 6ypoBoii Texuuke. HauGoubillee pacnpocTpaneHHe B HACTOS-
uiee BpeMst nomyuuad go6asku KMII, TMITAHa , yraemenouHoro
peareHTa u [p.

Muorounc/ednsle ONBTH M0 NPUMEHeHHIO 0JIS 5TOl 1Heau mpe-
napatoB «K» Mokasaau MX HCKJIIOYHTENbHO BLHICOKYIO 3(p(eKTHB-
HOCTb B 3TOM OTHOILleHHH.

®. JI. OBuapenko c corp. [237—241, 414], M. Typanos,
V. 1. Mamagxanos u XoH ITak [125412] u gp. nokasanu, 4ro
nonumeprn K-4 4 K-6 NpuAaOT rMHACTHIM pacTBOpaM YCTOHYH-
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BOCTb MPOTHB KOAryJ/JAUPYIOIlero AeHCTBHS cosell H BBICOKOU TeM-
nepaTtyphl, 4To 0COGEHHO BaXXHO HpH TJayb6oKOM OypeHHH B OC-
JIOXKHEHHBIX YCJOBUSIX, B YAaCTHOCTH INPH MPOXOXKIEHHH COJIEBBIX
TOJILHL.

ITpoussoncreennele ucnbiTaHusl nogauMepa K-4 Ha passeno-
YHBIX NJoaxsx Pepranckoil menpeccun U Byxapo-XuBHHCKOrO
6acceflna o6bpenuHenusmu «PepranaHedrepassenka» u «Kapuiu-
HepTepa3BenKa» NOATBEpAHIH BBHICOKHE KAauyeCTBAa MOJHMEpPOB
«K», xoropble cHocoOHBl cTaGUNAH3HPOBATL BeCbMa HeyCTOHUHBHIE
cyabdaTHO-KapOOHATHBIE U XJOPHIHBlE CYCNIEH3UH B YCJIOBHSIX BHI-
COKHX TeMIIepaTyp B 3HAUHTEAbHO OoJbllleil cTeNeHH, YeM ApYyTHe,
HCNOJb3yeMble B Hacrosiiiee BpemMst mnpenapatbl — [MITAH u
YILP.

[IpumeHenne NOMHJIEKTPOJUTOB BHECJO BecbMa BaskKHble
H3MEHEHHs! B TeXHOJIOTUIO NOJY4YeHHA M HPHUMEHEHHS CBA3YIOLIHX
BelleCTe AJs acdanbTa, GeroHa, cyXo#d IITYKATYDPKH, MOUBBI H
H3Ae/HEl H3 TJMHBI U KepaMHUKH. OHH ycHEWHO NPHMEHSIOTC Ha
PAa3JIMYHEIX CTAAHAX NPOU3BOACTBA H HCMONBL30BAHUS MOPTAAH-II€e-
MeHTa, ofecneyHBast IM1aCTHYHOCTb, ya06006pabaThlBa€MOCTD, a
TakXe TeKyuecTb GeTOHHHX cMecefl. BecbMa sdpdexTuBHO yayu-
aeT CHOCOGHOCTh K TNepEeKAaUHBAHHIO M NOBBIIAET TEKYueCTh
CHIPDbEBBIX I[[€MEHTHLHIX UIIaMOB TpHNonHdochaT HaTpus. ITO
NO3BOJSACT NPHMEHATH IJaMBl ¢ OGOJNBIIUM COLEPXKaHHEM TBep-
H0Oro BelllecTBa H TaKHM 00pa3oM 3aMeTHO CHMIXKAaeT CTOHMOCTD
00KHra 1[eMeHTOB.

TlpenorBpauieHne ¢uabTpanud BOALI LEMEHTHBIMH pPacTBOpPa-
MH 1Js1 HeTSAHBIX CKBAXXHH YCINELIHO AOCTUFaeTCs BBeJeHHEM B
Hero KMLL, OKCH3THAUENNONO03H, CYAbGOITHINENII0N03bl  H
AHAJOTHYHBIX NPOU3BOJHBIX KpaxMmasja. DeHTOHHT U JIMTHUHCYIb-
doHAT KaJAbLUs TakXKe NPHMEHSIETCS B 3THX HesX.

Kak 6bl10 mokasano Bbiuie, nojguMmepsl K-4 u K-6 B mocraTtou-
HO GoJIbLUINX JIO3HPOBKAX TOPMO3AT HavasbHble NPOLECCLI CTPYK-
TypooOpa30BaHHsA IIEMEHTOB, UTO TO3BOJSIET PEKOMEHI0BATh HX B
COYeTaHHH C APYFUMH fo0aBKaMil s 3aMe[/IeHHs] CXBATHLIBAHUS
IEMEHTOB IJs1 TAMIIOHHPOBAHHA CKBAXKHH B OYPOBOI TexHIKe,

Takum 06pazoM, MHOrOYHCJCHHDBIC HCHBITAHMSE BOTOPaCTBOPH-
MBIX NOJIH3JIEKTPOJUTOB B PAa3JAMYHLIX OLJIaCTIX HAPOJHOTO XO-
3AHCTBA O3BOJSIIOT CTaBHTL BONPOC 00 X DIIPOKOM HPOMBILLIEH-
HOM TIPOH3BOJACTBe, OCOGEHHO 3TO KacaeTcs Haubojee XOpoOIlo
U3y4eHHOTO nogaumMepa K-4, KOTOpPBIH MOXKHO NOJIY4aTh H3 HOCTYII-
HOTO H JelieBOr0 Chlpbsl — NPHPOAHOrO rasa.
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