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MexaHOXMMUYECKUM METOAOM B BUOPALIMOHHOM amiiapaTe CUHTE3UPOBaHbl 3TOKCMAMUHOIIPOU3BOIHEIE
TYMUHOBBIX KUCJIOT TIPU OHOBPEMEHHOM B3aMMOJEHCTBUU TYMUHOBBIX KUCJIOT C MOJU3TWICHIIMKOJIEM
(ITBT-6000 v I[IOT-1500) 1 OmIHUM U3 AMUHUPYIOIIMX PEAreHTOB (MOYEBMHA, TUAPOIIEPUT, LIMAHTYaHK -
nuH). [IponykThl peakuinu oxapaktepuzoBaHbl MeTogaMu MK cieKTpocKonuu, KMCJIOTHO-OCHOBHOTO I10-
TEHLIMOMETPUUECKOTO TUTPOBAHUS U BUCKO3UMETPUU. TEH3MOMETPUYECKHE U PEOJIOTMUECKUE XapaKTe-
PUCTUKU TTOBEPXHOCTHBIX CJIOEB PACTBOPOB COJIC CMHTE3UPOBAHHBIX IMTPOU3BOIHBIX TYMUHOBBIX KMCIOT
OBbUIN UCCIEA0BaHBI METOAAMU (POPMBI BUCSIIEN KAIUIM U OCLIMJIIUPYIOLIEl BUCSIIEN KAIlJiki. YCTaHOBIIE-
HO, YTO PACTBOPHI COJICH S TOKCUMAMUHOTYMMHOBBIX KHCJIOT 00J1aa0T BBIPAXKEHHOM IMTOBEPXHOCTHOM aKTUBHO-
CTBIO Ha TPAHULIE C BO3IYXOM. DKCIIEPUMEHTAIbHbIE 3aBUCUMOCTHY U3MEHEH S MOJIYJISI BSI3KOYIIPYTOCTHU OT I10-
BEPXHOCTHOTO JIABJICHUSI U OT KOHLICHTPALIMU PACTBOPOB COJIC 3TOKCMAaMUHOTYMUHOBBIX KUCJIOT HAXOISTCS B
YIOBJIETBOPUTEIHLHOM COIACUU C JAHHBIMU pacueTa 3TUX (PYHKILIUIA [10 TEOPETUUECKON MOIEI GUMMOJIEKYJISIP-
Hoii ancopOimu. [TprcyTcTBe aAMUHOIPYIII B CTPYKTYPE 3TOKCUMAMUHOTYMUHOBBIX KUCJIOT ONIPEIEIISICT UX Bbl-
COKYIO pacTBOPUMOCTh B KucJoil obmactu pH. OmHOBpeMeHHOe BBEIECHME STOKCWIBHBIX Y aMUHOTPYIIIT B
CTPYKTYpPY MaKpOMOJIEKY/I TYMUHOBBIX KUCJIOT [IO3BOJISIET ITOJIyYUTh HOBBIN Bl [TAB, KOTOpHBIi OMTHOBpEMEH -
HO MOXET COBMEIIATh B cede Tpu (PyHKIIMU — aHMOHHOI'O, KATUOHHOTO 1 HernoHoreHHoro ITAB.

Karoueesnie croea: TYMMWHOBBIC KMCJIOThI, 3TOKCMaMHWHOT'YMHWHOBBIC KHMCJIOTHI, ITOJIUOTUJICHIJIMKOJIb, MOYC-
BUHA, TMAPOINCPUT, HMAHTYaHUIWH, MK CIICKTPOCKOIIHA, KUCIOTHO-OCHOBHOC TUTPOBAHUEC, ITOTCHIIMO-
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BBEIAEHME

I'ymunossie kucnoTsel (I'K) — 310 mpupomHbie mo-
JIMMEPbI C BEICOKOI (DYHKIIMOHAJIBHOCTBIO, KOTOPhIE
MOBCEMECTHO TMPUCYTCTBYIOT B Iipupoze (IIOYBHI,
TOpd, OYypHIit yromb, carporneib). OHM OTHOCITCS K
KJ1acCy apoMaTU4YeCKUX MOJUOKCUITOJIUKAPOOHOBBIX
KUCJIOT, SIBJISIIOTCSI TUITMYHBIMU aM(UPUILHBIMY TPU-
POTHBIMU OPTaHUYECKUMU MOJUIIECKTPOIUTAMUA U
CIIOCOOHBI B IIEJIOYHBIX pPACTBOPaxX K AMCCOLIMAIUM
KapOOKCUJIbHBIX M TUAPOKCUWIIBHBIX TpyIl. [yMUHO-
BbI€ KMCJIOTHI MOTYT BCTYIIATh B MEXMOJIEKYJIIPHBIC U
BHYTPUMOJICKYJIIPHBIC B3aUMOACHCTBYS, Y4aCTBOBATh
B OKUCJIUTEIbHO-BOCCTAHOBUTEILHBIX U COPOLMOH-
HBIX nponeccax [1—3]. K unciay 1oCTOMHCTB TYMUHO-
BBIX KMCJIOT MOXHO OTHECTU JOCTYITHOCTH CBIPBS,
HU3KYIO CTOUMOCTb, 9KOJIOTUYECKYIO YUCTOTY, BO3-
MOXHOCTb peTeHepaluu, 0MOCOBMECTUMOCTD U IIP.
I'yMUHOBBIE KUCJIOTBI SIBISIOTCS Haubojee aKTUB-
HOI COCTaBJISIIOLE TBEPABIX MPUPOIHBIX YLIIEPOI-
coaepKamux MatepraaoB. OHU POSIBIISIIOT TTOBEPX-
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HOCTHO-aKTUBHbIE CBOMCTBA Ha pa3IMYHbBIX I'PaHU-
nax pasmena ¢as [2, 4, 5], cmocoOHBI y4acTBOBATh B
peakirsIx MTOHHOTO 0OMeHa, KOMITIEKCOOOpa30BaHMsI,
o0Oagaiot 0ydepHbIMU cBoiicTBaMU [6—10]. YHUKaIb-
HOCTb TYMUHOBBIX COCIMHEHM BEIpaXKaeTcsl TAKKE B
HaJIMYUM BBIPAKEHHBIX OMOJOTMYECKM aAKTUBHBIX
cBoiicTB. M3BecTHO, yTOo I'K yXKe IHUPOKO NCHOJb3Y-
IOTCSI KaK OMOCTUMYJISITOPBI PacTEHUIA B CEIBbCKOM
xo3giictBe [11—13], MOTYyT IpUMEHSITBCS KaK aHTH-
OKCUJIAHTHI [2, 14], KaK OCHOBA JIJISI TIOJIyYeHMsI HO-
BBIX JIeKapCTBEHHBIX IIpenapaTtoB [15]. Kpome Toro,
I'K mposBnsioT cBoiiCTBAa MHTMOMTOPOB KOPPO3UU
METaJlJIOB, peIoKC-TToauMepoB [16, 17] u ap.

Nmeroimecst pa3HooOpa3HbIe TTOJIE3HBIC CBOMCTBA
MPUPONHBIX (HATUBHBIX) TYMMHOBBIX KHUCJIOT MOTYT
OBITh YCUJIEHBI IIyTEM BBEIEHUSI B CTPYKTYPY UX MaK-
POMOJIEKYJT AOMOJIHUTEIBHOTO KOIMYECTBA (PYHKIIMO-
HaJIbHBIX TPYI, KapOOKCUILHBIX, TUIPOKCUIBHBIX,
XWHOUIHBIX, a TAKXKe IPYTHUX, KOTOPEIE HE BXOAST B CO-
craB I'K. Tlpu TakoM CTpyKTypHOM MOIM(PUIIMPOBA-
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HHWHW TYMMWHOBBIX KMCJIOT BO3MOXHO ITOABJICHHUEC HO-
BbIX KQUY€CTBCHHBIX XapaKTCPpUCTUK, HE CBOMCTBEH-
HbBIX HATUBHBIM MaKpOMOJIEKYJIaM.

B 1utepatype onucaHbl pa3TMIHbIE CIIOCOOBI MO-
InUKALIMY TYMUHOBBIX KMCIIOT, KOTOPEIE TTO3BOJISI-
IOT MOJIy4aTh MPOAYKTHI C 3aJaHHBIMU CBOWCTBaMU
JUJIST TEXHUYECKUX, OMOIOTUYECKUX U METULIMHCKUX
HanpaslieHuii. Han6omnee gacto mjiss Mmogudukanum
I'K mcrionb3yioT METOIBl OKWUCIIEHUS Pa3IMIHBIMUA
peareHTaMu (Iepekuch BOAOPOIa, MepMaHTraHaT Ka-
JISI, O30H) IUISI YBEJIMYCHMSI KOJIMYECTBA KUCIOPO/I-
conepxamux GyHKIMOHAIBHBIX rpyrT [ 18—24]. dns
OKUCJIEHUSI TYMUHOBBIX KHUCJIOT TaKXe WCITOJb3YIOT
a30THYIO KMCIOTy. B aTOM citydae, Hapsimy ¢ OKMCIIM-
TEJbHBIM JEUCTBUEM a30THOI KMCJIOThI, pEaIu3yeT-
csl HUTpOBaHME TYMUHOBBIX KHCIIOT [25, 26].

s BBeneHust B cTpykTypy I'K hyHKIIMOHATIbHBIX
IPYIIN, KOTOPbIE HEe XapaKTEepHBbI [IJIs HATUBHBIX MaK-
pPOMOJIEKYST WU BXOASIT B UX COCTAaB B HUUTOXKHBIX
KOJIMYECTBAX, MCIIOJb3YIOT METOAbl aMUHUPOBAHMUSI
[27, 28], HuTpoBaHus [25, 26], cyabdupoBaHUs U
cyabdoxiaopupoBaHus [29, 30], anKOKCUCUIUIUPO-
BaHUs [31], kapbokcumeTunupoBanus [32] amuin-
poBaHus [33, 34], satokcunuposanus [27, 35] u op.

B nocnenHee BpeMs1 4pe3BbIYAiHO BO3POC MHTE-
pec K UCCIIeIOBAHMSIM MEXaHOXNMUIECKIX PeaKIIUid.
DTO CBSI3aHO C TEM, YTO MEXaHOXUMUYECKUE METOIbI
MpoBeIeHUsT TBepIoda3HbIX peaKIUili MOTIyT OBITh
HICIOJIb30BaHbI B pa3IMYHBIX HAIIPaBICHUSIX XUMHU,
XUMUYECKOM TEXHOJIOTUHM U MaTepHUaaoBeneHus [36—
40]. INepcneKTUBHOCTb MUCIIOJL30BAHUS MEXaHUYE-
CKU aKTUBUPYEMBIX XMMUYECKUX PEaKIIMii CBSI3aHa C
NpeuMyliecTBaMM B SKOHOMUYECKON 3(PpPEKTUBHO-
CTHU, a TAKXK€ 3KOJIOTMYECKOM YMCTOTOMN MYyTEU CUH-
Te3a 110 CPAaBHEHUIO C TPAAULIMOHHBIMU XUMUYECKU -
MU Metogamu [41—44].

I'yMUHOBBIE KUCIOTHI SBJISIIOTCS YHUKaJbHBIM
MaTepuaJioM AJisl TpOBeAeHUSI Pa3HOOOPa3HBIX Me-
XaHOXMMUUYECKUX peakluii. B pe3ynbrate MexaHo-
XUMHUIECKOM 00padOTKM ITPOUCXOOUT CTPYKTYpHas
nepecTpoiika MakKpoMOJIEKYJ TYMUHOBBIX KHMCJIOT,
00ycJIOBJIEHHAasl pPa3pbIBOM XMMUWUYECKUX CBSI3EM U
U3MEHEeHHEeM KoJinuecTBa (OyHKIIMOHAIBHBIX TPYIII B
CTPYKTYp€ UX MaKPOMOJIEKYI.

B paborax [45, 46] mpuBeaecHbI BO3MOXHEBIE ITyTH
MEXaHOXUMUUYECKUX TIpeBpallleHuii MaKpOMOJEKYJ
T'YMUHOBBIX KMCJIOT, CBSI3aHHbIE C Pa3pbIBOM XUMMU-
yeckux cBsizeil. Hanbosee “ysI3BUMBI” ¢ MEXaHOXM-
MUYECKOI TOUKU 3pEeHUSI TAKUE CBSI3U:

Ar—O—Ar, Ar—Ar,
Ar—CH,—CH(COOH)—Ar u ap.

I1pu 3TOM yBEIMUYMBAETCS YMCIIO aKTUBHBIX (DYHK-
LIMOHAJILHBIX TPYIII B CTPYKTYPE MAKPOMOJIEKYJT TYMM-
HOBBIX KMCJIOT: CITUPTOBBIX, (DEHOJIbHBIX, KAPOOKCUJIb-
HBIX, XUHOUIHBIX U ApP. YMEHBIIIAeTCS I0JIs YIJIepoa,
npuxomsiierocst Ha CH,-TpyImmel, 1 yBeTWIMBaETCS
noast CH;-rpymm.
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IToBepXHOCTHYIO aKTUBHOCTh IIPUPOIHBIX TYMUHO-
BBIX KMCJIOT MOXHO YBEJINYUTH ITyTeM BBEICHUS B CO-
CTaB MX MaKpPOMOJIEKYJI IONOJIHUTEIBHBIX (PYHKIINO-
HaJBHBIX TpymIl. B padorax [27, 35] moka3aHo, 9TO B pe-
3ylbTare TBepaoda3HON MEXaHOXUMMNUYECKOMN peakInn
BO3MOXHO BBEIACHUE B COCTaB I'YMUHOBBIX KMCJIOT OK-
custuneHosbix rpymnn (—CH,—CH,—O—CH,—CH,—),,
YTO MO3BOJISIET MOJTyYaTh IIOBEPXHOCTHO-aKTUBHBIC BE-
mectBa (ITAB), oGnamaroniye aHMOHAKTUBHBIMM, 3a
CYeT NPHUCYTCTBUS B Makpomolekyiaax 'K rpynn
—COOH u —OH, 1 HeMOHOTeHHBIMM CBOMCTBAMHU —
3a CYeT OKCUATWIEHOBBIX rpymni. [1pu BBeneHUM aMu-
Horpymil B cTpykTypy I'K BosamoxxHo mmonyyenue [TAB,
COBMeEIIAIOIINX aHMOHAKTUBHBIE M KATMOHAKTUBHbIC
cBoiicTBa. BO3MOXHOCTb OTHOBPEMEHHOT'O BBEICHUSI B
cTpyKTypy MakpomMoJiekys I'K aTokcu- 1 aMUHOTPYIIIT
IpU MEXaHOXMMUYECKOI 00paboTKe peakIMOHHBIX
cMeceit TYMUHOBBIX KMCJIOT C XMMUYECKUMU peareH-
tamu (I1DT-6000, ryaHnAMH) BIIepBHIe ObI1a TOKA3a-
Ha B pabotax [47, 48]. OgHako neTajbHBIE UCCIIEIO-
BaHUsI BIMSTHUS Pa3JIMYHBIX aMUHUPYIOIIUX PEareHTOB
U TIOJIMATUIICHINIMKOJIE HA MOBEPXHOCTHO-aKTUBHEIE
CBOMCTBAa COJIEM 3TOKCMAMUHOTYMWHOBBIX KHCJIOT
MPOBEIECHO HE ObLIO.

enbpro manHO pabOTHI OBITTO MTPOBEAEHNE COB-
MECTHOI peaKliuy 3TOKCUJIMPOBAHUS U aMUHUPO-
BaHUS TYMHHOBBIX KMCJIOT C ITOJIUATUJICHITINKOJIEM C
pa3Hoii MosekyasipHoii Maccoit (ITDI'-6000 wau
I19I'-1500) 1 pa3aUYHBIMM aMUHUPYIOLIUMHU pea-
reHTamMu (MOYEBMHA, TMAPOIIEPUT, LIMAHTYaHUINH)
MEXaHOXMMUYECKMM METOJIOM, MCCJIeIOBAaHUE IIPO-
nykToB peakunu Metonamu MK criekrpockornuu, Kuc-
JIOTHO-OCHOBHOIO ITOTEHLIMOMETPUYECKOTO TUTPOBA-
HUSI, BUCKO3UMETPUHU, TMHAMNYECKOI TEH3MOMETPUMH,
JIWIaTallMOHHON peosnoruu 1 BausiHue pH cpenwl Ha
MOBEPXHOCTHYIO aKTMBHOCTh pacTBOpoB Takux ITAB
Ha TPaHMIIE C BO3IYXOM.

OKCITEPUMEHTAJIbBHAA YACTDb

B paboTte 6bIM MCITOTB30BAaHBI CICIYIONINE Pe-
aKTUBBI: TOJUITUIEHINUKOIL [1DI-6000 (TY
2483-008-71150986-2006, T, = 55—60°C), monmuaTu-
JeHnmKoab [191-1500 (TY 2483-167-05757587-2000,
T, = 44—48°C), moueBuna (NH,CONH,, kapba-
mun) (FOCT 2081-2010, CAS 57-13-6, T,,, = 132°C),
rugponeput (CO(NH,),-H,0,), MOYeBUHBI MepOK-
CUJI, TIEPOKCUTUAPAT MOUEBUHbBI, KapObaMUIa IepOK-
cun) (F'OCT 177-88, CAS 124-43-6, T, = 75—
91.5°C), nuanryanunus ((NH,),C=N=N, N-niuaHo-
ryanuauH, guuauanguamun) (CAS  461-58-5,
T, =209°C).

I'yMUHOBBIE KHUCJIOTHI BBIACISUIA U3 00pa3LoB OY-
poro yrist AJIeKCaHIPUIICKOTO MECTOPOKICHMS I10-
cJie ero BBICYLIMBAHUS 1M U3MEJILYSHUSI B IIapOBOM
MEJIbHUILIE TIPYU OOHOKPATHOM 3KCTPaKILMU PaCcTBO-
poM 0.1 H NaOH, cooTHOLIEHNY TBEPAOM 1 KUAKOMN
da3 1 : 8 u remneparype 100°C. HepacTtBopuMbie B
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BOIE TYMWHOBBIE KMCJIOTHI BBIOSIISIM U3 “CHIPOTO”
OKCTpaKTa ocaxaeHueM 5% pacTBOPOM COJISTHOM
kuciaotel. PactBop HCI npuGasisiv rpu MoCTOSTH-
HOoM TtepeMemmBanum 1o pH 1.0. BermmaBmmit ocamok
I'K otnensiu ot HamocagoOYHOM KMUIKOCTH LICHTPHU-
¢yrupoBaHUEM B YIbTpalLieHTpUdYTre IIpu CKOPOCTU
BpameHus poropa 12000 06./mMuH. OcamoK MHOTO-
KpaTHO MPOMBIBAJIM AUCTUIJIMPOBAHHOM BOIOM 10
HelTpanbpHOM peakuuu cpenbl (pH 6—7). IMocie
KaXXI0T0 IIPOMBIBAHMSI CYCIIEH3UIO LIEHTPUMYTrupo-
BaJIl M OTIEJISIM OCalloK AeKaHTHpoBaHUEM. IIpo-
MBbITbIE TYMUHOBBIE KUCIOTHI cyiuau ripu T = 80°C
JIO0 IOCTOSTHHOI MacCCHI.

Hns npoBeneHus TBepaoda3HbIX peakiinii UCTIOJb-
30BaJI CyXr€ T'YMUHOBBIE KUCIOTbl 1 XUMUYECKHUE Pe-
aKTUBBI. MeXxaHOXMMUYECKHE PeaKIIMU TYMUHOBBIX
KMCJIOT OJHOBPEMEHHO C TOJUATUJIEHIJIMKOJIEM
(ITBT-6000 vm I1BT-1500) 1 ogHUM U3 AMUHUPYIO-
IIUX peareHTOB MPOBOJAMIN B BUOPALIMOHHOM arma-
pate 75T-IpM (Tennoropckuii 3aBoa rUaIpooOOpY-
JIoBaHUs) TpU yactoTe BubOpauuu v = 50 Iy u am-
mwarynge A = 3.0—5.0 mm. Bpemss MexaHO0OpaboOTKU
cocrapisiio 5 MyuH. O011as 3arpy3Ka peareHToB, TO €CTh
Macca peaklIMOHHOM CMeCH, coCTaBJIsiia 4 T ITpu COOT-
HollleHUW KoMIToHeHTOoB 1o Macce ['K : [1OI : amuHu-
pytomumii peareHT = 1 : 1 : 2. BenuunHa BUOpoOycKo-
penus (I = 4n*Av?) cocrasisuia 296—493 m/c?; cua,
F, neficTByromiast Ha cjoi MaTepuaja co CTOPOHBI pa-
6ouero Tena maccoii My = 1.13 kr, coctasisiia 334—
557 H (F= Ml).

ITocne 0OpaboOTKM peaKIIMOHHOI CMeCU peareH-
TOB B MEXaHOPEAKTOPE ITPOAYKTHI peaKI/ TAKKE MHO-
TOKpPaTHO MPOMbBIBAJIM AUCTUJIJIMPOBAHHOM BOAOM IS
OT/IeJICHUS U30BITKOB BONOPACTBOPUMBIX HETIpOpearv-
POBABIINX MCXOOHBIX KOMIIOHEHTOB (ITOJIM3TUICHIIM-
KOJIb, aMUHUpYIOIIME peareHThl). HepacTBopumble B
BOJIE TTPOM3BOIHBIE TYMUHOBBIX KMCJIOT OTACISUIN TIpU
neHrpudyrupoBann. KoHTpoib Ha OTCYTCTBUE HC-
XOIHBIX PEareHTOB B IPOAYKTaX PeaKIIMU IPOBOININ
¢ nomo1bio UK criekrpockonuu.

MK crnekTpbl NPOMBITBIX M BBICYIIEHHBIX T'YMMU-
HOBBIX KMCJIOT B Tabierkax KBr (KoHeHTpauus Be-
1ecTBa B TabsieTke coctapisiia 0.5%) peructpupoBa-
Ju Ha criektpomeTpe Bruker Tensor 37 FTIR Spec-
trometer (IT'epmaHust).

PactBopbl Na-cojieit ryMUHOBBIX KUCJIOT, T'ymMa-
toB Hatpus (I'H), st uccaenoBaHus nosydyaiu pac-
TBOPEHUEM TPOMBITBIX M BBICYIICHHBIX MPOU3BOJI-
HBIX TYyMUHOBBIX KHco0T B 0.1 H pactBope NaOH, pH
pactBopoB I'H cocraBnsna 11.5—12.0.

KommuecTBo aktuBHBIX Kucabix rpynmn (—COOH
n —OH) omnpenensiiv Mpu TUTPOBAHUU PACTBOPOB
rymaroB Hatpus 0.1 H pactBopom HCI u3 BeanvuH
MaKCUMYMOB Ha 1uddepeHIInaibHbIX KPUBbIX:

ApH/AV = f(VHCl)'

XNJIBKO u np.

Hna m3amepeHus 3HadeHuii pH pactBopoB coreit
TYMUHOBBIX KUCJIOT MCMOJIb30BaIN MPELU3UOHHBIMA
pH-meTp (Metrohm 744 pH Meter, LlIBeiinapus).

BesmumHbL CpelHeit MOJeKyssipHoi Macchl (M)
U3MEPSUTH BUCKO3UMETPUUESCKUM METOIOM C MICITONb-
30BaHMEM METOOWKHU OIpenesieHUs 3TOM BeIUYNHBI
JUJISI paCTBOPOB CoJIeli TYMUHOBBIX KMCJIOT [49, 50].

IloBepxHocTHOE HatskeHue (Y, MH/M) BOmHBIX
pPacTBOPOB CoJieid TyMUHOBBIX KUCJIOT B 3aBUCUMOCTH
ot KoHIeHTpauuu [TAB n3mMepsiim MmeTomomM (opMbI
BUCSIIIECH Karuid, OWIaTallMOHHBIE PEOJOTMYECKUe
XapaKTepPUCTUKU U3MEPSUIM METOIOM OCLWJITUPYIO-
1€ BUCSIIEH Karuin, UCIIOJIb3ys TeH3noMeTp PAT-2P
(SINTERFACE Technologies, [epmanus). Ommbka
n3MepeHunii He npesbimana £0.1 mH/m.

PacTtBOpBI HATPUEBBIX COJIEt TYMUHOBBIX KUCIIOT
JUJIST U3MEPEHUST TIOBEPXHOCTHBIX CBOMCTB HA TpaHU-
Iie pa3aesia XUAKOCTb—Ta3 IOJyJald B OUUILECHHOMI
Boae (Milli-Q), nmeroineit TIOBEpXHOCTHOE HATSIKE-
Hue 72.0 £ 0.2 MmH /M.

PE3VJIbTATbBI 1 UX OBCYXIEHHUE

Ha puc. 1 u 2 npuBenenst MK criekTpsl mpomyk-
TOB B3aMMOJICHACTBUSI TYMUHOBBIX KUCJIOT C TTOJIU3TH -
nmearmrkoiaeM (IMBI-6000 wiu [1OI-1500) n ogHUM
U3 aMUHUPYIOIIUX peareHTOB (LIMaHTyaHUOWH WU
MoueBHHa), a Takxke MK crieKTpbl MCXOIHBIX peareH-
TOB B peaklMoHHOi1 cMecu. 3ammceiBaan MK criek-
TPbl TYMUHOBBIX KHMCJIOT U UX IIPOU3BOIHBIX ITOCIE
ocaxnaeHus pactsopoM HCI, mpoMbsIBaHUSI BOIOI U
BBICYIIIMBAHMUSI, KaK OIIMCAHO B KCIIEpUMEHTAJIbHOM
YaCTU.

COBOKYTHOCTh M3MEHEHUM, HaOIIOJAIOIINXCS
B MK crekTpax 3TOKCMaMUHOTYMUHOBEIX KHCJIOT 1O
CPABHEHMIO C UCXOOHBIMU COENMHEHUSIMU, CBUIETE b~
CTBYET O COBMECTHOM TMPOTEKAHUN PEaKLINii 3TOKCU-
JIMpOBaHUSI U aMUHUPOBAHUS TYMHHOBBIX KHUCJIOT
(cm. puc. 1 u 2). Tak, B crieKTpax IIPOAYKTOB peak-
LIUM U3MEHSIIOTCSI TI0JIOChI TTOMIOIIEHUS MCXOMHBIX
peareHTOB — TMOJUATWICHIIMKOJISI, MOUYeBUHBI WU
LIMaHTyaHUAWHA, a TakXXe TYMWHOBOII KUCIOTHEL. B
MK cnexkTpax NMpoayKTOB peaKIUuy MOSBISIETCS MO~
J0oca nomoweHuss B odmactu 1100 cm~!, coorsert-
CTBYIOLIIAsl BAJICHTHBIM KOJIEOAHUSIM V(_o dDUPHOI
rpynnbl (—CH,—O—CH,—). DTa uHTeHCUBHas ToO-
JIoca nomoineHus Haomomaercs B UK criekTpe mo-
ymatuaeHrukos (IT9I-6000 u I15I-1500), Torma
KaK B CITEKTPE UCXOTHOro o0pa3ia HATUBHOM T'yMU-
HOBOI KMCJIOTEI OHa OTCYTCTBYeT. [10 cpaBHEHMIO C
ncxogHbIM obpaszioM 'K yBenmmuuBaroTcsi MHTCHCUB-
HOCTH TI0JIOC TIOIIOLIEHNs B o6mactu 2950 cM~!, coor-
BETCTBYIOLIIME KOJEOAHUSIM alIudaTUIecKuX TpyIIl.
DTO MOXKET YKa3bIBaTh Ha yBeJIMUEHWE TOJIU aauda-
TUYECKOM COCTaBISOIIe B MakpoMoJiiekynax 'K B
pesyJibTaTe 3TOKCWIMPOBaHUs. B criekTpax mpoayK-
toB peakuuu 'K ¢ [13T-6000 wiu [1BT-1500 u mu-
aHTryaHUIMHOM (CM. pucC. 1) OTCYTCTBYET I10JI0Ca IO~
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Puc. 1. UK-cniektpsl o6pa3uioB B Tabnetkax KBr: 7 —
'K+ TI3I-6000 + tmanryanunus; 2 — 'K + [I9I-1500 +
+ umanryanunut; 3 — 'K + I[19T-6000; 4 — upaHryaHu-
ouH; 5 — 'K, .; 6 — [IBI-6000.

IVIOLLEHUS LIMAHUIHOI IpyIIIbL B obmact 2200 cM—.
M3 3T0ro MoXXHO cliejaTh BBIBOMI, YTO PEAKIIMSI TIPUCO-
eIMHEHUST MOXET MPOTeKaTh UMEHHO T10 3TOM IpyIIIie.
B UK crekrpax mpomykroB MexaHooOpabotku I'K ¢
II5I-6000 mu IIOI-1500 1 MOYEBUHON YMeEHBIIA-
€TCSl UHTEHCUBHOCTD MOJIOCHI TOTJIOIIEHUST B 00J1a-
ctu 1700 cM~!, cooTBETCTBYIOLIAS TTONIOIIEHUIO Kap-
GOHWJIBHBIX TPYIIN, KOTOPBIE BXOIST B COCTaB MOYE-
BUHBI 1 KapOoKcibHBIX Tpymm 'K (cM. puc. 2). BT1o
yKa3bIBaeT Ha BO3MOXHOCTh MPOTEKAHUS PEAKIIUU C
y4acTUEM 3TUX IPYIIIL.

Emre omaM moka3aTteabCTBOM O0Opa30BaHUS COB-
MECTHBIX MPOAYKTOB AMUHUPOBAHUS Y STOKCUJIUPO-
BaHUsI TYMUHOBBIX KUCJIOT CJIY>XKUT CpaBHEHUE NaH-
HBIX TTOTEHLIMOMETPUYECKOTO TUTPOBAHUSI PaCTBOPOB
cojieil ABYyX- U TpeX(pyHKIIMOHAIBHBIX MPOIYKTOB Me-
XaHOXMMUWYECKOTo B3aumoneictBus. Kak ciemyeT u3
JIaHHBIX, IPUBEAEHHBIX B Ta0JI. 1, BATOKCUAaMUHUPO-
BaHHBIX 00pa3llax T'yMaTOB HAaTPUSI YMEHbIIIAETCS KO-
mmuectBo —COOH u —OH rpyrin, 4To MOXeT yKa3bl-
BaTh Ha ydyacTue BTMX TpyMIl B MeXxaHOCHUHTe3e. B
npoxaykre peakiiuv 'K TobKo ¢ TOJUATUIEHIIIMKO-
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Puc. 2. UK-cnextpsl 06pa3uioB B Tabnetkax KBr: 7 —
TK + II9I-6000 + MoueBuna; 2 — I'K + IIDI-1500 +
+ moueBuHa; 3 — 'K + I1DT-6000; 4 — moueBuHa; 5 —
I'Kyex; 6 — IIDT-6000.

nem (ITBI'-6000 vmm [1DI-1500) ymeHbIIaeTcst KO-
gquyectBo —COOH rpynm, Torga Kak KOJWMYECTBO
—OH rpym ocraeTcss HEU3MEHHBIM. DTO YKa3bIBaeT
Ha BO3MOXHOCTb MPOTEKAHUS PEeaKIMU ITOKCUIU-
poBaHus 'K mo kapOoKCUIbHBIM rpyIiaM. B ciiyyae
B3aumonaeiictBus I'K Toabko ¢ MOYEBUHOI, 1IMAHTY-
AHUJIMHOM WJIU TUAPONEPUTOM YMEHbBIIAETCST KOJIM-
yectBo —OH rpymm, a kommuectBo —COOH yBenu-
yuBaeTcs. YBeJIMYeHre KOJInuecTBa KapOOKCUIbHBIX
rpyrnn B npoaykrax B3aumoneiictBusi 'K Tonabko c
aMUHUPYIOIIMMU peareHTaMyu MOXeT ObITh CBSI3aHO
C BO3MOXHOCTBIO OKUCJCHUSI (DparMeHTOB MaKpoO-
mouiekyn I'K mpu MmexaHOXMMHYeCKOM BO3IEMCTBUN.
B peaxkuum 'K ¢ runpomniepurom, comepKaiiyuM mepe-
KUCh BOJIOpOJia, KOTOpasl BbIAESIETCS MPU pacriaie
KJIaTpaTa, 3TOT 3(deKT HanboJjiee CUJILHO BhIPAXKEH.
AKTUBHBIM KHCJIOPOI TPU Pa3IOXEHUU TEePEKUCHU
BOAOpPOAA CIMOCOOCTBYET OKUCIWUTEbHBIM TpPOLIEC-
caM Tpu MexaHOocuHTe3e. ToT (hakT, YTO KOJIMYECTBO
TUAPOKCUIIBHBIX TPYIIN B MakpoMoJiekynax 'K mocie
MEXaHOXUMUYECKUX peakIiii TOJIbKO C aMUHUPYIO-
IIIMMU peareHTaMU YMEHbBIIIAETCs, yKa3bIBaET Ha BO3-
MOXHOCTb B3aUMOJEUCTBUS CyOCTPATOB IO TUIPOK-
CUJIbHBIM TpYyIITaM.
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XNJIBKO u np.

Taomuna 1. KonuyecTBo hyHKIIMOHABHBIX TPYIIN B 00pa3iiax cojieit TyMUHOBBIX KUCJIOT

KomuecTBO akTUBHBIX KMCIIBIX TPYIII, MI-3KB/T
O6pa3seln

[OH] [COOH]
Hcxonnelit rymat Hatpust, TH,,., [27] 3.2 3.2
I'Hrg + nar-s000 [271 3.2 24
I'Hrx + nor-1500 3.2 2.0
I'Hrg + woucsnma 1.6 4.8
THrk + 15r-6000 + Mouesuna 2.0 2.0
IHrg + nor-1500 + souesnna 24 2.4
THrx + upanryansmen 1.6 4.8
I'Hrk + m19r-6000 + mmanryanumm 2.4 2.0
I'Hrk + m9r-1500 + unanryanmmm 24 2.8
THrx + runponepur 2.4 58
I'Hrg + nor-6000 + ruaporepur 24 2.4
THrg + nor-1500 + ruponepur 24 2.4

B3zaumoneiictBue I'K coBMeCTHO ¢ MONUITUIICH-
mmukoneM (I1BI-6000 wau T19I-1500) 1 MouyeBU-
HOIi, TMAPOIIEPUTOM WU IIUAHTYaHUIUHOM ITPOUC-
xonuT omHoBpeMeHHO Mo —COOH (peakuuu ¢ I197)
n —OH rpynmnam (peakumy ¢ aMUHUPYIOIIMMU pea-
TeHTaM1). DTO MOXKET YKa3blBaTh Ha 0Opa3oBaHME
3TOKCUAaMUHOTIPOM3BOIHBIX TYMUHOBBIX KHCJTOT.

C npyroii CTOpOHbI, U3BECTHO, YTO MEXaHOXUMMU-
YyecKue TpeBpallleHUs TOJUMEPOB TPOTEKAOT C
MHOXECTBEHHBIMU pa3pbiBaMM MaKpOMOJIEKYJIsIp-
HBIX Heneit [39, 51]. B 3T0i1 CBSI3M MOXKXHO IIPEAITIOJIO-
JKUTb, YTO pEaAKIINY C yYaCTUEM MPUPOIHbBIX IMOJIUME-
POB Ha OCHOBE TYMUHOBBIX KMCJIOT MOTYT UATHU U 11O
IpyruM TyTsiM. B miporiecce MexaHOCHHTE3a MpoOUC-
XOJST XUMUYECKUE MPOILIECCHl AECTPYKIIMUA OpPraHu-
YEeCKUX BEIIECTB, KOTOPBIE CBSI3aHBI, TIPEXKIE BCETO, C
paIvKaJIbHBIM MEXaHU3MOM peakiuii [51]. Bo3aMoxXHBI
Pa3pbIBbI CJIA0BIX C MEXaHOXMMUYECKOM TOUKU 3PEHMUS
CBSI3€i1 B MAKPOMOJIEKYJIaX TYMUHOBBIX KUCJIOT C OTHO-
BPEMEHHBIM Pa3pbIBOM CBSI3€ii B MAKPOMOJIEKYJ1axX Mo-
JIM3TUJIEHIVIMKOJISI ¢ 0Opa3oBaHUEM CBOOOIHBIX payi-
KaJ0B. DTO MOXET MPUBOAUTL K 00pa30BaHUIO COTO-
JIMMEPOB MEXIy 3THMU BellleCTBAMU W BBEIEHUIO
JIOTIOJTHUTEIbHOTO KOJTIMYECTBA OKCUATUIIEHOBBIX (hpar-
MEHTOB B CTPYKTYPY MaKpOMOJIEKY/Jl TYMUHOBOI KHC-
JIOTBI.

OnmHoOBpeMEHHOE BKITIOUECHHNE 3TOKCH- M aMUHO-
TPYIII B CTPYKTYPY MaKPOMOJIEKYJI TYMUHOBBIX KHC-
JIOT TIPU MEXaHOCHHTE3€e HOJKHO OKa3bIBaTh BIIMSI-
HUE Ha TOBEPXHOCTHO-aKTUBHEIC CBOMCTBA PAaCTBOPOB
CoJielt MMPOAYKTOB peakKly Ha MexK(pa3HbIX TPaHULIaX.
I1pu BBeneHuun B coctaB MakpomoJiekyabl I'K okcu-
STUJICHOBBIX IPYIII U AaMUHOIPYIII BO3MOXHO IOJTy4Ye-
Hue HoBoro Buma ITAB, coBMeIaronero aHnoHaKTHB-
HBIe, KATMOHAKTUBHbBIE 1 HEMOHOTEHHBIE CBOMCTBA.

BomHbie pacTBOpBI COJIEl MPOAYKTOB peakIUuU
sTokcuamuHupoBaHus 'K Obiu mcciaenoBaHbl Me-
ToAaMM IMHAMMWYECKOM TEH3MOMETPUU U AUjIaTallu-
OHHOM PEOJIOTUMN.

CornacHoO JaHHBIM, IPMBEACHHBIM Ha pucC. 3, paB-
HOBECHbIE 3HAUEHUSI TOBEPXHOCTHOIO HATSKEHUS (Yp)
PacTBOPOB COJieii 3 TOKCMAMMWHOTYMUHOBBIX KUCJIOT
BO BCEM KOHLIEHTPALIMOHHOM AWAaIla30He CYLLIECTBEHHO
HIDKE IT0 CPaBHEHMIO C paCTBOPAMU MCXOTHOTO 00pa3-
11a rymaTa HaTpusl.

vp, MH/M
68
64
60
56
52
48

44

(| 1 1 LT 1T
0.1
C, %

0.01

Puc. 3. M3meHeHue paBHOBECHOTIO ITOBEPXHOCTHOIO
HaTsDKeHMss  pacTtBopoB  cojeit I'K  or  KoH-
LeHTpauuu: [ — FHMCX; 2— FHFK + MBI-6000 + moucpuHas
3- FHFK + I13r-6000 + uuaHryaHUIMH®
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Puc. 4. VI3MeHeHue BETMUMHBI MOJYJISI BS3KOYIPYTOCTH OT KOHLEHTpALMX pacTBOpoB rymatoB HaTpust: (a) — MHry + vovesuma +
+19r-60005 (0) — THK + ipanryarmmas + mar-60005 L= 0.1 Tix; 2= 0.01 I'tr. MapKkepbl — 9KCIIePUMEHTATBHbIC PE3YJIBTATBI, JIMHIH —

PacCyY€THbIE KPUBLIE. INosicHeHus B TeKcTe.

M3BecTHO, YTO CBSI3b MEXIY BO3MYIIECHUEM ITO-
BEPXHOCTU (OCLIJIISILIMS KATlJIN) U U3MEHEHUEM I10-
BEPXHOCTHOTO HATSDKEHUS (Y) B OTBET HA 3TO BO3MY-
ILIEHME BBIPAXKAETCsI Yepe3 NUIaTallMOHHBIA MOIY/Ib
(Momynpb Ba3koympyroctu, |E|). Ilapamerp |E] xapak-
TepusyeT BSI3KOYNpPYryie CBOCTBA MOBEPXHOCTHBIX
CJIOEB Ha rpaHMLIaX pasaeiia a3 1 onpeaeisieTcs Kak
OTHOIIICHWE M3MEHEHUs ITOBEPXHOCTHOIO HATSIKE-
Hus pactBopa [IAB K oTHOCUTENTbHOMY U3MEHEHUIO
IUTOIAAM MOBEPXHOCTU Karuiu (A) Mpu HaJOXEHUU
nedopMalnm “pacTsskeHue—cXKaTtre” IIPU IMTOCTOSTH-
HOIi TeMIlepaType B YCIOBUSX, OJIM3KUX K paBHOBE-
cuto [52, 53]:

d
|£]= dlnYA'

HccnenoBanne TUIATAIIMOHHBIX PEOJIOTMYECKMX
XapaKTepPUCTUK TTOBEPXHOCTH paszieia (a3 mo3Bosi-
eT MmoJiyyaTh 0oJiee TOUHYIO MH(POPMALIMIO O IIpoLec-
cax GOPMHUPOBAHUS U CTPYKType aicOpPOLIMOHHBIX
CJI0EB BBICOKOMOJIEKYJISIPHBIX TTOJIM3JIEKTPOJIUTOB.

Kaxk cienyer n3 naHHBIX, TPUBEICHHBIX Ha pUC. 4,
saBucumoctH |E] = f(C) mist Bcex pacTBOPOB 3TOKCH -
AMUHOIPOU3BOIHBIX TYMAaTOB HATPUSI UMEIOT BhIpa-
JKeHHBIM MaKCUMyM. MaKcUMaJibHbIe 3HAYEHUSI MO-
JIyJIsl BSI3KOYIPYTOCTU JJIsI BCceX 00pa3loB HaOII0-
JalOTCS B y3KOM auara3oHe KoHueHTpauuii [TAB —
C = 0.1-0.2%. Hannuue Maxkcumyma GYHKIUU
|E]l = fAC) nna pacTBOPOB IT'yMaTOB HATPHUSI B 3HAYM-
TEbHOM CTENEeHU IBJISIETCS CIIEACTBUEM TOTO, YTO MO-
JISIpHAasi TIOBEPXHOCTh TOJUSJIEKTPOJINTA B TIOBEPX-

KOMJIOVAHBIM JKYPHATT  TomM 85 Ne6 2023

HOCTHOM CJIO€ CITOCOOHA YMEHBIIATLCS C POCTOM ajl-
copOLMM Ha rpaHulie pasaeia ¢a3 KUIKOCTb—Tra3.

ComracHo JaHHBIM, IPUBEAEHHBIM B padote [27],
saBucumoctu |E] = AC) mjas coneit TYMMHOBOM KHC-
JIOTHI U €€ TIPOU3BOIHBIX (ITOKCUTYMAT U aMUHOTY-
MaT HaTpUsI) TaKXKe SIBIISTIOTCS (YHKITUSIMU C 3KCTPe-
Mymamu. BenrnauHbl MakcuMyMoB | E| st pacTBOpoB
I'H, .« COOTBETCTBYET KOHLIEHTPALMOHHOMY Auvarna-
3oy C = 0.2—0.3%, nst o6pasua I'Hig + msreoo0 —
npu C = 0.4—0.5%, a nna o6pasua I'Hrg 4 ryammm —
npu C=0.05%.

751 pacTBOpPOB coyieil 3TOKCHUaAMUHOTYMUHOBBIX
KUACJIOT KOHLIEHTPAaLlMOHHBIE AUANa30Hbl, COOTBET-
CTBYIOIIIME MaKCHUMAaJIbHBIM 3HAY€HUSIM BEJIMYMHBI
|E], ommnuarotest ot TakoBoro st pactBopa ['H ., u
HaXOMSTC MO 3HAYEHUSIM MEXIY TUarna3oHaMU KOH-
LIeHTpaluuii, xapakrepHbIMU 11 cucteM I Hrg ¢ ars000
U TH g 4 ryama DTO SBIISIETCS KOCBEHHBIM JIOKA3aTE b~
CTBOM 00pa30BaHNsI STOKCUAMUHOTYMUHOBBIX KUCJIOT.

CormacHo TIpUBEAECHHBIM Ha PUC. 5 JaHHBIM, Be-
JINYUHBI MOIYJIeil BI3KOYIIPYTOCTH BO3PACTAIOT MPU
YBEJIMYEHUW YaCTOThl OCUWLISLIAM KaIiki. 3Haue-
Hus |E| 11t 06pasiioB cosieit STOKCHaMUHOTYMUHOBBIX
KHUCJIOT, TIOJy4eHHbIe ¢ Ucnoiib3oBanueM [1DI'-6000,
3HAYUTEJIBHO BBIIIE, YeM IS 00pa3loB, IOJydeH-
HBIX ¢ ucrionb3oBanueM I1DI-1500. OueBuagHO, 3TO
CBSI3aHO C BBeJEHMEM 0oJjiee JJIMHHBIX LIETei 3TOK-
CUJIMPOBAHHBIX (PparMeHTOB MPU MeXaHOXUMUYE-
CKUX PeaKlLUsIX UX MOJTYYSCHUSI.



830 XNJIBKO u np.
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Puc. 5. 3MeHeHre BeJIUYMHBI MOIYJISI BI3KOYIIPYTOCTU
OT YaCTOTBHI OCUWIIAUMYU Tutomany Karm: 1 — TH

2 —THIK + M91-1500 + mouesnuas 3 — THIK + M91-1500 + uu-
T'K + [IBT-6000 + LpaHryaHuauss 'K +

aHFyaHl/LIlMH;
MAB = 01%

+ [19I-6000 + MoyeBMHa*

M3BecTHO, 4YTO pacTBOPHI coJieit TYMUHOBBIX KMC-
J0T siBIsiroTcs pH-3aBucuMbiMu cuctemamu [27, 54—
57]. B mienouHoii cpene MakpomoJiekyabl coaeit 'K
XapakTepu3yloTCd MUHUMAJIbHBIM CPENHUM paauny-
coM vactull. Kucnas cpena cnoco0cTByeT acconma-
I[UU1, arperaluy U yBeJIMUYEHUIO pa3Mepa 4acTUIl Iy-
MUHOBBIX KucyioT. IIpy pH 1—2 conu rymMuHOBBIX
KUCJIOT arperupyroT U CTAHOBSTCS IMOJHOCTbIO He-
pacTBOpUMBIMU B Boge [27, 58]. U3aMeHeHMsT KOH-
dopMalMu U arperaiysi MaKpoMOJIeKYyJI TYMUHOBBIX
KMCJIOT B BOJIHBIX PACTBOpax CBS3aHbI CO CTEINEHbBIO
IHUCCOLMAllMU UX KUCTopoacoaepX)amux GyHKIIUO-
HaapHBIX TpyIn (—COOH n —OH) [56—58].

Kaxk cirenyet u3 puc. 6, cHrmkenue pH cpemst ipu-
BOJIUT K BO3pPAacTaHUIO MOIYJISI TTOBEPXHOCTHOM BSI3-
KOyIIpyroctu pactBopoB coueii I'K. B HeliTpanbpHOI
obyactu pH HaGmomamOTCS MakKCUMaslbHbIE 3HAYE-
HUSI BSI3KOYIIPYTOCTH TIOBEPXHOCTHBIX CJIOEB COJIEi
TYMUHOBBIX KUCOT. [Tpruem 1s1 cucteM, MoJiydeH-
HBIX C IPMMEHEHUEM Pa3IMYHbIX AMUHUPYIOLIUX Pe-
areHTOB, BEJIMUYMHBI MOMYJISI BSI3KOYIPYTOCTU CoJieit
3TOKCUAMUHOTYMWHOBBIX KMUCJIOT WMEIOT OJIM3KUe
3HAYEHUSI U 3aMETHO BBIIIIE 110 CPABHEHUIO C HEMOIU-
¢uimpoBaHHbIM 00pasiioM rymara Hatpusi (I'H ). B
Kucioi obractu, pu pH < 3, sHauenus |E| yMeHb-
IIIAIOTCS 3a CYET arperaluy MaKpoMOJIEKYJI TYMUHO-
BBIX KMCJIOT BIUJIOTH IO BbIMaAeHUs UX B ocaaok. B
HelTpaibHOI U ciaabokuciaoi obaactsax pH ocHOB-
Hasl 4acThb KapOOKCUJILHBIX U TUAPOKCUIBbHBIX TPYIIIT
COJIeil TYMUHOBBIX KHUCJIOT MPOTOHUPOBaHa. B 3Tux

obnactax pH 3a cuer 3apsina NH;—rpynn COJIU 3TOK-

|E|, MH/M ¥p, MH/M
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Puc. 6. I3ameHeHUe BeTUYMHBI MOIYJISI BA3KOYIIPYTOCTU
(1, 4) 1 paBHOBECHOTO MOBEPXHOCTHOTO HATSIKEHUS (5)
pacTBOPOB coJieit 'YMUMHOBBIX KHCJIOT OT pH cpensr: 1, 5 —
T'Hucx; 2 — THIK + II9I-6000 + moueBuHa; 3 —
THIK + II3T-6000 + unanryanunus; 4 — THrg 4 s

6000 + rugporiepur- Cl'IAB =0.8%.

CHMaMMWHOTYMMWHOBBIX KHUCJIOT B Oosiblleit cTeneHu
pPaCcTBOPMUMBI B BOAEC IO CPAaBHEHNIO C HATUBHBIM I'y-
MaTOM HaTpud.

Ha puc. 6 (xpuBag 5) Ha mpuMepe MOBEIEHUS Ha-
TUBHOTO F'yMaTa HaTpus npu BapeupoBaHuu pH cpe-
Il TOKAa3aHO, YTO U3MEHEHNE PABHOBECHOTO TTOBEPX-
HOCTHOTO HATSDKEHUSI PacTBOPOB COJIC T'YMUHOBBIX
KHCIIOT ¥ U3MEHEHNE BEJIMYNHBI MOIYNS BA3KOYIIPY-
TOCTH HaxXOISITCS B 0OpaTHOM 3aBUCUMOCTHU. 3HAYCHUS
PaBHOBECHOIO IOBEPXHOCTHOIO HATSDKCHUS TIPU U3-
MeHeHUU pH pacTBOpoB yMeHBIIAIOTCSI B HEHTpallb-
HOIT 1 cinabokucioi obmactu pH mo cpaBHEeHUIO CO
3HAYEHUSIMU B IeJIouHoit obOnactu pH, mocturas
MUHMUMyMa GyHKuInU. B kucnoit o6iaactu pH 3Haue-
HUSI TIOBEPXHOCTHOTO HATSKCHUST BO3PAaCTAIOT.

CHMXeHMe 00ILEero 3apsiaa II0BEpPXHOCTHOIO CIIOS
3a cueT npotoHupoBanusa —COOH u —OH rpymm B
HEUTpaJIbHOM 1 c1abokuciaoi odiactu pH nmpuBoaut
K YMEHBIICHUIO 3JIEKTPOCTATUYECKOI COCTABIISIIOIIEIH
aICoOpOIIMOHHOTO Oapbepa. DTO MO3BOJIIET BHIMTH Ha
TOBEPXHOCTh JOIOJHUTEIbHOMY KonudecTBy TTAB,
YTO ¥ IPUBOAUT K YBEIMUYECHUIO MOBEPXHOCTHOM aK-
TUBHOCTH U BSI3KOYIIPYTOCTH PACTBOPOB COJICH T'yMU-
HOBBIX KMCJIOT Ha MeXX(a3HOo rpaHulIe.

MoxHO 1oJIaraTh, YTO BKIIOYEHNE aMUHOTPYIII B
CTPYKTYPY MaKpPOMOJIEKY/I 3TOKCUAMHUHOTYMUHOBBIX
KHMCJIOT MOXKET OBITh UCIT0JIb30BaHO B pa3JIMYHbIX Ha-
MpaBJIEHUSIX, CBSI3aHHBLIX C IPUMEHEHUEM CYCIICH-
3Ui1, SMYJIbCUI U MEH B LIMPOKOM AUAIIa30HE U3MeE-
HeHus1 pH cpenbl mpu coxpaHEHUM UX BBICOKOIA I10-
BEPXHOCTHOII aKTUBHOCTU Ha pa3IUYHBIX IpaHMUIAX
pasnena ¢as.
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MEXAHOXUMHWYECKUN CUHTE3 D TOKCUAMUWHOTYMUHOBBIX KUCJIOT 831
Taomuuna 2. [TapameTpbl MOIEIN MTOJIUMOJIEKYJISIPHON afcoOpOLMU 11l HATPUEBBIX COJIEMl TYMUHOBBIX KUCJIOT
Oo6paszerg ) X 10°M?/MOTB | 0,5, X 10 M2/MOTTB | 00,5, X 10° M%/MOIB | O/ Opmin n M

I'H, ey [27] 3.0 2.5 10 4.0 26 14000
I'Hrk + nar-e000 [271 5.0 4.0 10 2.5 13 15500
I'Hrk + viouesuma 6.76 3.94 10 2.45 17 14400
l—‘HI'K+ LUaHTYaHUIUH 543 5.44 10 186 10 14200
THrk + mor-6000 + mouesuna 5.57 2.9 28 9.6 46 24700
rHFK + IIBT-6000 + HraHryaHUIUH 5.91 4.89 40 8.17 60 26000

B pabore [27] aBTOpBI UCTIOJIL30BAI COOTHOIIECHUS
TEOPEeTUIECKOIT MOIeI OMMOJICKYJISIPHOI amcopOoLmu,
pa3paboTaHHOM TSI XapaKTEPUCTUKH aICOPOILIMOHHBIX
CBOICTB PacTBOPOB O€JIKOB, B KAYECTBE ITOJIyIMIIUPH-
YeCKOIo OIMMCAaHUS 3KCIIEPUMEHTAJIbHBIX PE3yIbTa-
TOB IIPUMEHUTEIBHO K paCTBOPaM COJIeii TYMUHOBBIX
KuCJIOT. OCHOBHBIE MOJOXKEHMS 3TOM MOMEIN IIPH-
BelleHbI B pabote [59]. Monenb yUuThIBAa€T BO3MOX-
HOCTb CyIIIeCTBOBAHMS MaKpOMOJIEKYJI B # COCTOSTHU-
SIX M1 UX CITOCOOHOCTH K arperaiuy B acoOpOLIMOHHBIX
CJIOSIX IPY MOJIMMOJIEKYJISIPHOM amcopouuu. Moneinb
BKJIIOUYAET CJIEAYIOIIME XapaKTEePUCTUKU: (O, — MO-
JISIpHAs IUIOIIAAb B pacuyeTe Ha OMWH CETMEHT MaKpO-
MOJICKYJIBI B IIEPBOM aJACOPOILIMOHHOM cJioe (MHKpe-
MEHT MOJISIPHOI IJIOIIAIN), ®,,;, — MUHUMAaJIbHAsI MO-
JISIpHasl IUIOIIANb B IIEPBOM aICOPOLIMOHHOM CIO€,
M, — MaKCUMaJIbHAs MOJISIpDHAs MUJIOIIAlb B 3TOM

T, mr/m2
161 !
12+
2
SH
3
4
4+
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Puc. 7. 3aBUCMMOCTY M3MEHEHUSI BEJIUUMH aacopOLru
() coneit MongUUIIMPOBAaHHBIX TYMUHOBBIX KUCJIOT OT
UX KOHLIEHTpPAllMM, pacCUMTaHHbIC MO TEOPETUYECKOI
Monenu OumonexkynsapHoil agcop6uuun: I — TI'Hpg 4

+ I3I-6000 + movyeBuHa> 2— FHFK + MBT-6000 + uaHryaHu-

ovH> ¥ T 'K + moueBuHa> 7 — 'K + umaHryaHuavH:
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cjioe. PaccuutaHHble 3HAaUEHUS ITapaMEeTPOB MOJIETIN
amcop6uum mist coneii I'K mpuBenens! B Tadi1. 2. Teo-
peTnYecKre KPpUBBIE PACCUMTAHBI C TIOMOIIBIO MPO-
rpaMmbl ProteinG [60].

B paMKax 3Toif MO#eIH I pAaCTBOPOB COJIEH MO-
ITUUIIPOBAHHBIX TYMUHOBBIX KHUCJIOT OBLIN TIOJTyde-
HbI KOHIIEHTPALIMOHHBIE 3aBUCUMOCTU U3MEHEHUSI Be-
mmuuH ancopouuu (I, Mr/m?), MOJIAPHON IIOAnN
MOJINBJIEKTPOIUTOB (®, M2/MOJIb) U CTENEHU 3aT0J-
HeHUsI MexX(da3HOil TTOBEPXHOCTU MaKpOMOJIeKyJa-
MU (0) mpu OMMOJIEKYJISIPHOM aICOPOIINH.

Kaxk cienyer n3 naHHBIX, TPUBEICHHBIX Ha pUC. 7,
paccuntaHHas BeaumuuHa aacopoumu (IN) mist conei
3TOKCMAMUHOTYMUHOBBIX KHUCIIOT 3HAYUTETHHO 0OJTh-
11e, YeM UISI aMUHOTYMUHOBBIX KHMCJIOT, YTO MOXKET
OBITH CBsI3aHO C BBeJeHHEeM B Makpomojekyny 'K
STOKCUJIMPOBAHHBIX “XBOCTOB”.

PaccunTaHHble KOHLIEHTPALMOHHbIE 3aBUCUMO-
CTU cpedHeit MosIpHON Tuiolaau () MaKpoMoJie-
KYII cojieii MOTU(ULIMPOBAHHBIX TYMUHOBBIX KUCIIOT
(puc. 8) CylIeCTBEHHO pa3InyaloTcs Il IBYX- U TPEX-
GYHKIIMOHAJILHBIX cucTeM. HaTpueBble coMn 3TOK-
cuaMuHOIIpon3BOAHBIX 'K crmtocoOHEI 3HAaUNTENb-
HO yMEHbIIATh BEJIMYUHY O Ha MexKda3HOU rpaHulIe
C POCTOM KOHIICHTpAlIMM pacTBOpa, TOIna KakK aMu-
HompounsBonHble 'K c1ab0 M3MeHSTIOT 3HaYeHWS Cpei-
Hell MoJIsIpHO# TUTolIanu. PaccuuTaHHbIe BETMYMHBI
CTENECHU 3aITOJIHEHUSI TIOBEPXHOCTHOIO cjiosl (0) mrs
Bcex 06pasloB cojieit MoguduurpoBaHHbix 'K 3a-
KOHOMEPHO BO3pacTaloT U B UCCJIEAYEMOM AUarna3o-
He KOHIIEHTpAlUU IIPAKTUYEeCKN OOCTUTAIOT CBOETO
MmakcumyMma (cMm. puc. 9). Ilpu 3ToM coimm 3TOKCHA-
MUHOTYMUHOBBIX KHUCJIOT NPU HU3KUX KOHLIEHTpa-
LUSIX PACTBOPOB 00Jiee MHTEHCUBHO 3arOJIHSIOT I10-
BEPXHOCTb pa3feiia (a3 mo CpaBHEHUIO C aMUHOIIPO-
n3ponHbiMu I'K.

BeposiTHO, 4TO 1 B 3TUX ciydasx (puc. 8 u puc. 9)
pasHKIIA B HOBeAeHUU TPeX(bYHKIMOHATBHBIX MOIH-
dukanmit 'K 1Mo cpaBHeHUIO ¢ ABYX(DYHKIIMOHAIb-
HBIMH MOITM(MDUKAISIMU TaKKe CBSI3aHA C HATMIHEM
UTMHHBIX 3TOKCUJINPOBAHHBIX (hparMeHTOB B CTPYK-
Type UX MaKpOMOJIEKYI.

Bo3MOXHOE KOJIMYECTBO COCTOSHUIA 1, PacCUM-
TaHHOE 110 MOIEIM OMMOJIEKY/ISIPHOM aicopOLMu,
KOTOPOE MOTYT NMPUHUMAaTh MaKpOMOJIEKYJIbI COIei
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Puc. 8. PacuerHble 3aBUCMMOCTU CpemHEedl MOJISIpHOM
ruiowanau (M) npu GuMoseKyJIsipHoit ancopounu Na co-
neit mogudunmupoBaHHbiXx 'K oT KOHIIEHTpalMu X pac-
t80poB: / — I'Hry + mar_6000 + LIMaHTyaHUINH> 2—THrg +
+ I[19I-6000 + moueBMHA>

'K + umanryanuaus»
lﬂHFK + MoyeBMHa*

3TOKCMAMUHOTYMHHOBBIX KHUCJIOT B IIOBEPXHOCTHOM
cioe, 6osblile, yeM st oopasuos ['H,,., 1 m1s1 nByx-
(YHKIIMOHAIBHBIX TYMaTOB HATpuUs (CM. Tabd. 2).

Ipn ncnob30BaHH MOIETN OMMOJIEKYJIIPHOM af-
COPOIIMM TTIPUMEHUTETTLHO K PACTBOPAM COJIEit STOKCH-
AMUHOTYMMHOBBIX KUCJIOT OBLJIO TOKa3aHO, 4TO [IJIsI
SKCHEPUMEHTABHBIX M PACCUMTAHHBIX ITO YpaBHe-
HUSM TEOPETUYECKON MOMIENIM MaHHBIX XOI 3aBUCH-
MocTeli mutatauroHHoro Moayist (JE]) or mosepx-
HoctHoro aaBieHus (I1, MH/m) siBiasiercst pyHKimei
¢ MakcuMyMoM (cM. puc. 10). 3aBUCMMOCTU OBEPX-
HOCTHOI BSI3KOYIIPYTOCTU OT KOHLIEHTpPAlLIMU COJICi
3TOKCMAaMUHOTYMWHOBBIX KHCIIOT, MTOJIYYeHHBIE SKC-
TMEpUMEHTAIbHO M PAacCUYMTAHHBIE TTO ypaBHEHMSIM
MoJeJIM OMMOJIEKYJISIpHOI aficopOLnu, TaKXKe SIBJISI-
10TCS (PYHKIMSIMU C 9KCTPEMYMOM (CM. puc. 4).

Kak wm3BecTHO, Takume 3aKOHOMEPHOCTH Xapak-
TEPHBI IS THOKOLIEMHBIX O€JIKOBBIX MAKPOMOJIEKYII,
KOTOPBIE CIIOCOOHBI CYILIECTBEHHO U3MEHSTH MOJISIP-
HYIO TUTOIIAaAb Ha MexXdas3HbIX rpaHuiax [61, 62]. Be-
JIMYUHBI OTHOLIEHUN M, /O, AJISI COJIEN 3TOKCHA-
MUHOT'YMWHOBBIX KHCJIOT, IIPUBEIeHHbLIC B TaOI. 2,
HaxoJIsTcs B AuUaria3oHe, OJM3KOM K TaKOil Beu-
YUHEe, XapaKTePHOM s TMOKOLIETHOro B-Ka3zenHa
(mmax/(omin = 10) [63]

CyllecTBeHHbBIE OTJIMYMS B ITOBEPXHOCTHO-aK-
TUBHBIX CBOMCTBAX PACTBOPOB 3TOKCMAMUHOIIPOU3-
BomHbIX 'K 0T aMMHOTYMUHOBBIX Y 3TOKCUTYMUHO-
BBIX KHCJIOT Ha TpaHMIIe pas3jiesia ¢ BO3AYXOM MOTYT
OBITH CBSI3aHBI CO 3HAYMTEIBHBIMU M3MEHEHUSIMU
CTPYKTYPBI UX MaKpoMoJieKyJl. ContacHO MpuBeIeH-

0
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041
0.2F
4
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Puc. 9. PacueTHble 3aBUCUMOCTM M3MEHEHMSI CTEIEeHU
3aroJHeHUsI TTIOBEPXHOCTHOTO cjiosi (6) mpu GUMoJIeKy-
JisipHO# ancopbuuun Na coneit MmoauduimpoaHHbix 'K
OT KOHUeHTpauuu ux pactBopoB: I — I'Hrk + iar.6000 +

+ MoYeBUHaA® 2 - FHFK + TIBI-6000 + nMaHryaHUIWH>
I'K + MoueBuHa> I'K + umanryanunmH:

HBIM B Ta0J1. 2 JaHHBbIM, ITPU OJHOBPEMCHHOM BBCIC-
HUHN 9TOKCHU- 1 aMHUHOTI'PYIIIT BEJIMYHUHbI Cpe,[[HCfI MO-

JIEKYJISIPHOI MacChl (M ) MPOAYKTOB PEaKIINKU 3aMETHO

|E|, MH/M
60 -
50
40
30
20

10 -

4 8 12 16 20 24 28

I1, MH/Mm

Puc. 10. 3aBuCHMOCTU UBMEHEHUST BEJTUYMH MOJTYJIST BSI3-
koynpyroctu (f = 0.1 [11) OT MOBEpXHOCTHOTO NABJICHUS
anst THry 4+ 016000 + mouesuna (1) ¥ THrg 4+ miaro6000 +
+ wnanryasumn (2)- Mapkepbl — 9KCIIepUMEeHTAIbHbIC pe-
3y/IbTAThl, TUHUU — TeOpeTUIecKue KpuBbie. [1osicHeHUs
B TEKCTE.

KOJUIOUOHBIN XYPHAJT Ttom 85 Ne6 2023
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BBIIIIE, YeM 1151 HatuBHOI 'K, a Takoke 1151 5TOKCHIIPO-
u3BonHoit u amuHornpoun3BoaHbix I'K. Kak rnokaszaHo
BbIlIIe, a Takxke B padotax [27, 35], mpu B3aumMoneii-
CTBUU TYMHUHOBBIX KHUCJIOT C ITOJIUITHICHIJIMKOJIEM
MPUCOEAUHEHNE STOKCUJILHBIX TPYIIT ITPOMCXOIUT
o kapookcwibHbIM rpynnam ['K. Tlpouecc amruHu-
poBanwms 'K ¢ pazmmyHbEIMM aMUHUPYIOIIMUA peareH-
TaMU COMNPOBOXAAETCS yBEJIMUYEHUEM KOJMUYECTBaA
KapOOKCUJIBHBIX IPYIII B CTPYKTYPE MX MaKPOMOJIEKYII.
Orcrona cieayeT, 4YTo Py peakluid OMHOBPEMEHHO C
191" 1 aMmuHMPYIOILMMHI peareHTaMu BO3MOXKHO BBeE-
JICHUE B CTPYKTYpYy Makpomosekyn 'K nomonHuTeb-
HOTO KOJIMYECTBAa 3TOKCIJIMPOBAHHBIX “XBOCTOB”, 3a
CUET Yero MOXeT CYIIIECTBEHHO BO3pacTaTh MOJIEKY-
JISIpHAsI Macca IIPOAYKTOB PeaKIM.

3AKJIIOYEHHME

MeTonom TBepaoGha3HOro CUHTE3a B BUOpaIlUOH-
HOM armapare IoJydeHbl 3TOKCHaMMWHOIPOU3BO/I-
Hble TYMUHOBBIX KUCJIOT MpPY B3aUMOAEHCTBUU OJl-
HOBPEMEHHO ¢ MmoausdTwieHmKoiaeMm (I1BI-6000
vnu [1BT-1500) 1 omHUM U3 aMUHUPYIOIIUX peareH-
TOB (MOUYEBHHa, TUIPOTIEPUT, LIMaHTyaHUAWH). [TpoBe-
JIeH aHa13 NpoayKToB peakiiuyu metrogamu UK criek-
TPOCKOITMU, KUCJIOTHO-OCHOBHOTO MOTEHIIMOMETPHU -
YeCKOTO TUTPOBAHUS Y BUCKO3MMeETpUU. Pe3ynbTarsl
aHaJIu3a TIOATBEPXIAIOT BO3MOXHOCTb COBMECTHOTO
MPOTEKAHUSI MEXaHOXUMUYECKMX MPOLIECCOB 3TOK-
CWIMPOBAHUS U aMUHUPOBAHMSI TYMUHOBBIX KHCJIOT.

Metonom ¢hopMbI BUCSIIIEH KAl U OCHWLIAPYIO-
IIeii BUCSIIIEN KaruT TT0Ka3aHo, 9YTO PACTBOPBI HATPH-
€BBIX COJIeM STOKCUaMUHOTYMUHOBBIX KHCJIOT 001ama-
10T OoJiee BhIpaXKEHHBIMU MTOBEPXHOCTHO-AKTUBHBI-
MM CBOMCTBaMHM Ha TpaHWIIe pasleia C BO3IYXOM,
YeM MCXOMHBII 00pa3ell HAaTUBHOTO TyMaTa HaTpHsI.

IToxazaHo, 4YTO 3KCIIEPUMEHTAJIBHBIC 3aBUCHUMO-
CTU U3MEHEHUST MOIYJISI BSI3KOYIPYTOCTU OT IMMOBEPX-
HOCTHOTO JABJICHUSI M OT KOHILEHTpaluM IJIsI pac-
TBOPOB COJIEHl TOKCMAMWHOTYMHUHOBBIX KMCJIOT SIB-
JISTIOTCS QYHKLUSIMU € 9KCTpeMyMoM. I1pu aToM oHU
YIOBJIETBOPUTEIBLHO COIIACYIOTCSI C paCUeTHBIMU 3a-
BUCUMOCTSIMU, BBINOJHEHHBIMU MO YpaBHEHHSIM
TEOPETUUYECKON MOIEIU OMMOJIEKYISIpHOI amcopO-
uuu. B pamkax stoit Mogenu 3aBucumocti |E] = {C)
u |E| = f(I1) xapaKTepU3yIOTCS HAJTUINEM BhIPAXEH-
HBIX MAaKCUMYMOB (DYHKIIUI IS pacTBOPOB T'MOKO-
LIETTHBIX OEJIKOB.

PactBOpBI coJieii TyMUHOBBIX KUCJIOT MPOSIBJISIIOT
MaKCUMAaJIbHbIE 3HAYEHUS BSI3KOYIPYTOCTU MOBEPX-
HOCTHBIX CJIOEB U MUHUMAaJIbHbIe 3HAUYEHUSI paBHO-
BECHOIO MOBEPXHOCTHOIO HATSKEHUS Ha TpaHUlle
paznena c BO3IyxXoM B HeTpaibHOM oomactu pH. Be-
JIMYMHBI MOJTyJIeil BI3KOYIIPYTOCTH PACTBOPOB coJieii
3TOKCUAMUHOTYMWHOBBIX KUCJIOT BO BCEM UCCIEN0-
BaHHOM JuariazoHe uaMeHeHusi pH cpenbl 3Hauu-
TeJIbHO BBIIIIE TTIO CPABHEHUIO C paCTBOPaMU HATUB-
HOT'O TyMaTa HaTpusi. DTO MOXET OBbITh MCIIOJIb30Ba-
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HO B HANpPAaBJICHUSX, CBI3aHHBIX C MPUMEHEHUEM
ITAB B KauecTBe peryiasiTopoB KOJUIOUIHO-XUMUYE-
CKMX CBOMCTB CyCIIEH3UM, SMYJIbCUIA U TIEH B LLIUPO-
KOM MHTepBajie u3MeHeHus: pH cpenbl mpu UX BbICO-
KOM IMMOBEPXHOCTHOM aKTUBHOCTHU.

B pesynbrate OTHOBPEMEHHOI'O BKJIIOUEHUSI 3TOK-
CWJIBHBIX Y aMUHOTPYIII B CTPYKTYPY MaKpPOMOJIEKYJT
I'K BO3MOXHO ITONydeHHWE HOBBIX BHUIOB ITOBEPX-
HOCTHO-aKTHBHBIX BE€HIECTB, KOTOPbLIC COYECTAIOT B
cebe Tpu (PYHKILMU — aHUOHHBIX, KATUOHHBIX U He-
noHoreHHBIX [TAB.

PMHAHCHUPOBAHUE PABOThI

Pa6ora BbITIONNHEHA MU TToIepkKKe MUHUCTEPCTBA Hay-
KU U BhICIIIETo oOpazoBanust Poccuiickoii Meneparyu, 6roa-
XeTHas Tema “HMccinenoBaHue peakiiiii MeXaHOXMMUYECKO-
IO CUHTE3a C y4acTUeM TTPUPOIHbBIX, CHAHTETUYECKUX TIOJIN-
MepoB 1 opranndeckux coennHenunii (FRES-2023-0002).

KOH®JIMKT MHTEPECOB

ABTOpr 3adABJIAI0T, YTO Y HUX HET KOH(D.HI/IKTa MHTEPECOB.

CITUCOK JIUTEPATYPBI

1. Yang F, Antonietti M. The sleeping giant: A polymer
view on humic matter in synthesis and applications //
Progress in Polymer Science. 2020. V. 100. P. 101182.
https://doi.org/10.1016/j.progpolymsci.2019.101182

2. Illonos A.H. I'yMUHOBEIE BellleCTBa: CBOMCTBA, CTPOe-
Hue, obpaszoBanue / Ilom pen. EpmakoBa E.M. //
CII6.: U3n-Bo C.-Tletep6. yH-Ta, 2004.

3. Piccolo A. The supramolecular structure of humic sub-
stances // Soil Sci. 2001. V. 166. No 11. P. 810—832.
https://doi.org/10.1097,/00010694-200111000-00007

4. Xuavko C.JI., Koesmyn A.H., Daiinepman B.b., Poiba-
yenko B.U. AncopOLIMOHHBIE U PEOJIOTUYECKHE XapaK-
TEPUCTUKU COJIell TYMMHOBBIX KHUCJIOT Ha TpaHWIIEe
pasnena xuakoctb—ra3 // Kommoun. >xypH. 2010.
T.72. Ne 6. C. 851—859.

5. Manvyesa E.B., Illexosuosa H.C., Iluasesa JI.II.,
FOouna H.B. BnusiHue MeXaHOXHUMUUYECKOTO MOIUpU-
IIMPOBaHMS Ha TOBEPXHOCTHO-aKTUBHBIEC I CTPYKTYP-
HbIE CBOMCTBA TYMUHOBBIX U THUMAaTOMEJIAHOBBIX KHC-
Jot // KypH. ¢pus. xumuu. 2017. T. 91. Ne 7. C. 1174—
1179.
https://doi.org/10.7868/S0044453717070238

6. Heanoe A.A., FOouna H.B., Havuna A.A. KuciaotHble 1
MOHOOOMEHHBIE CBOMCTBA TYMMHOBBIX KHUCJIOT MeXa-
HOAKTMBUPOBAHHBIX TOP(OB // XUMUS PACTUTEIBHO-
ro ceipbs. 2010. Ne 4. C. 145—150.

7. Casenvesa A.B., Heanos A.A., IOouna H.B. Biusnue
CTPYKTYPHBIX XapaKTepUCTUK TYMUHOBBIX KMCJIOT Ha
3(hGEKTUBHOCTh B3aMMOAECHCTBUSI ¢ KAaTUOHAMHM T10-
JIMBAJICHTHBIX METa/UI0OB // XUMUSI PacTUTEIbHOTO
cbipbs. 2015. Ne 4. C. 77—83.
https://doi.org/10.14258 /jcprm.201504713

8. Spark K.M., Wells John D., Johnson Bruce B. The inter-
action of a humic acid with heavy metals // Australian



834

10.

11.

12.

13.

14.

15.

17.

18.

20.

XNJIBKO u np.

Journal of Soil Research. 1997. V. 35. Ne 1. P. 89—102.
https://doi.org/10.1071/S96008

Erdogan S., Baysal A., Akba O., Hamamci C. Interac-
tion of metals with humic acid isolated from oxidized
coal // Polish J. Environ. Stud. 2007. V. 16. Ne 5.
P. 671-675.

Ai Y., Zhao C., Sun L., Wang X., Liang L. Coagulation
mechanisms of humic acid in metal ions solution under
different pH conditions: A molecular dynamics simula-
tion // Science of the Total Environment. 2020. V. 702.
P. 135072.
https://doi.org/10.1016/j.scitotenv.2019.135072

Yykoe C. H. CTpyKTypHO-(GYHKIIMOHAILHBIC TapaMeT-
DBl OPraHMYECKOTO BEellleCTBA MOYB B YCIOBUSX AaHTPO-
noreHHoro BozneiictBus. CI16.: U3n-Bo C.-IleTepO.
yH-Ta, 2001.

Sxumenko O.C., Tepexosa B.A. TyMUHOBBIEC pernapa-
THI ¥ OLIEHKA WX OMOJOTUYECKO aKTUBHOCTHU IS 11e-
neit ceprucdukanuu // IMouBoBeneHnue. 2011. Ne 11.
C. 1334—1343.
https://doi.org/10.1134/S1064229311090183

Kulikova N.A., Volikov A.B., Filippova O.1., Kholodov V.A.,
Yaroslavtseva N.V., Farkhodov Y R., Yudina A.V., Ro-
znyatovsky V.A., Grishin Y.K., Zhilkibayev O.T., Permi-
nova 1.V. Modified humic substances as soil condition-
ers: Laboratory and field trials // Agronomy. 2021.
V. 11. Ne 1. P. 150—1609.
https://doi.org/10.3390/agronomy 11010150

Xunvko C.JI., E¢pumosa U.B., Cmupnosa O.B. AHTHNOK-
CUJIAaHTHBIE CBOICTBA TYMUHOBBIX KUCJOT U3 Oyporo
yrig // Xumus tBep. Tormba. 2011. Ne 6. C. 3—8.
https://doi.org/10.7868,/s0023117713040051

beprosun A.M. TIpuMeHeHVIE TYMUHOBBIX M TYMUHOTIO-
MOOHBIX MpernapaToB B BeTepUHAPUM U MEOULUHE //
URL: http://www.humipharm.ru/research/prim.pdf.
2007. 29 c.

. Zhang Ch., Katayama A. Humin as an electron media-

tor for microbial reductive dehalogenation // Environ.
Sci. Technol. 2012. V. 46. Ne 12. P. 6575—6583.
https://doi.org/10.1021/es3002025

Wang C., Cheng T., Zhang D., Pan X. Electrochemical
properties of humic acid and its novel applications: A
tip of the iceberg // Science of the Total Environment.
2023. V. 863. P. 160755.
https://doi.org/10.1016/j.scitotenv.2022.160755

Zhou L., Yuan L., Zhao B., Li Y., Lin Z. Structural char-
acteristics of humic acids derived from Chinese weath-
ered coal under different oxidizing conditions // PLoS
One. 2019. V. 14. Ne 5. P. €0217469.
https://doi.org/10.1371 /journal.pone.0217469

. Kong Y., Shen J., Chen Z., Kang J., Fana L., Zhao X. In-

fluence of potassium permanganate pre-oxidation on
the interaction of humic acid with cadmium/arsenic //
RSC Adv. 2016. V. 6. Ne 4. P. 3048—3057.
https://doi.org/10.1039/c5ra22043b

Ilhamonoe B.B., Jlebedesa I D., Hepuviuesa H.H.,
Anv-Jlun Taygpux Moxamed. OKucieHrne TYMHUHOBBIX
KUCJIOT PAa3JIMYHOTO MPOUCXOXKICHUST TIEPOKCUIOM
BOJOPOJA C LIEJbIO TOBBILICHUSI UX OUOJOTMYECKOM
aKTUBHOCTH // YcIeXu B XUMUM U XUMUYECKOMN Tex-
Honoruu. 2002. T. 16. C. 109—110.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

KOJUTOUIHBIN XYPHAJ

Yang S., Zhang B., Zhao Y., Chen J.J. Determination of
humic acid in loess by potassium permanganate oxidiza-
tion flow-injection chemiluminescence method // Asian
Journal of Chemistry. 2013. V. 25. Ne 7. P. 3819—3822.
https://doi.org/10.14233 /ajchem.2013.13801

Doskocil L., Grasset L., Valkova D., Pekar M. Hydrogen
peroxide oxidation of humic acids and lignite // Fuel.
2014. V. 134. Ne 118. P. 406—413.
https://doi.org/10.1016/j.fuel.2014.06.011

Jin PK., Jin X., Wang X.C., Bai F. Effect of ozonation
and hydrogen peroxide oxidation on the structure of
humic acids and their removal // Advanced Materials
Research. 2012. V. 610—613. P. 1256—1259.
https://doi.org/10.4028 /www.scientific.net/AMR
.610-613.1256

Schnitzer M. On permanganate oxidation of humic acid —
adiscussion // Geoderma. 1978. V. 21. Ne 3. P. 239—243.
https://doi.org/10.1016/0016-7061(78)90030-7

Yuan Y., Liu J.P., Chen Z., Li H.C. Extraction study of
nitro humic acid from lignite by dry and wet process //
Applied Mechanics and Materials. 2013. V. 483.
P. 119—123.

https://doi.org/10.4028 /'www.scientific.net/AMM.483.119
Syahren A.M., Wong N.C. Extraction and chemical
characteristics of nitrohumic acids from coals and com-
posts // J. Trop. Agric. Food Sci. 2008. V. 36. Ne 2.
P. 269-279.

Xunvko C.JI., Poeamko M.U., Makaposa P.A., Cemero-
éa PI. OcobeHHOCTH (popMUPOBAHUS aaCOPOIIMOH-
HBIX CJI0€B MPOIYKTOB MEXaHOXUMUYECKON MOoTnudu-
Kalluy TYMUHOBBIX KMCJIOT Ha TpaHUIIE pasaena XKUi-
koctb—Ta3 // Kommoun. xypu. 2020. T. 82. Ne 6.
C. 749-760.
https://doi.org/10.31857/S0023291220060063
Amupxanosa A.K., Axkynroea 3.I. CuHTEe3 U1 MOHOOO-
MEHHbIE CBOCTBA aMMHOIIPOMU3BOIHBIX OKUCIEHHBIX
yrieit // Xumus B UHTepecax yCTOHYUBOTO pa3BUTHSI.
2006. T. 14. Ne 3. C. 231-235.

Xunvko C.JI. MexaHOXMMHMYECKOE CYJIb(UPOBAHUE I'y-
MUHOBBIX Kuciior // Jdoueuk: JIBH3 “HonHTY”.
2011. Ne 17(187). C. 103—111. http://ea.donntu.ru/han-
dle/123456789/3425.

Pabosa H.H., Mycmaguna I'A., Akkynosa 3.1, Camoim-
6aesa A.C. IloBepxHOCTHO-aKTUBHBIC CBOIICTBA T'yMU-
HOBBIX U CY/Ib(OXJIOPTYMMHOBBIX KucaoT // Kosutoun.
KypH. 2009. T. 71. Ne 5. C. 716—718.

Kapniok JIL.A., Karakun A.A., Ilepmunosa U.B., I[lono-
mapenxo C.A., Myzagapoe A.M., Koncmanmunos A.H.,
Ilempocsn B.C. TlonydeHre METOKCUCHJIVIBHBIX TTPO-
M3BOIHBIX TYMWHOBBIX KHCJIOT C WCHOJBb30BaHUEM
3-uzonmaHaTonponujiTpumMerokcucuiava // Bect.
Mock. yH-Ta. Cepus 2. Xumusa. 2008. T. 49. Ne 6.
C. 395-401.

Eganoe M.B., Capmarxoe M.II. KapboKCMeTHIMPOBa-
HUe TOP(MSHBIX TYMUHOBBIX KHCJIOT MEXaHOXMMUYe-
CKUM MeTofioM // Xumust TBepa. Tormsa. 2020. No 1.
C. 21-25.
https://doi.org/10.31857/S0023117720010028

Xunvko C.JI., Cemenosa P.I., E¢pumosa U.B., Cmup-
Hoga O.B., Bepexcnoii B.C., Pvibauenko B.H. Aunnu-
poBaHNE TYMUHOBBIX KUCJIOT // XUMUS TBEPI. TOILIN-
Ne 6

TOM 85 2023



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

MEXAHOXUMMWYECKUN CUHTE3 D TOKCUAMUHOTYMUHOBBIX KUCJIOT

Ba. 2015. Ne 4. C. 8—15.
https://doi.org/10.7868/S0023117715040040

SApkosa T.A. Xummnueckast MoauUKaLsl TYMUHOBBIX
KUCJIOT IyTeM BBEICHUS MHIOIWIICOAepKaIuX (par-
MeHTOB // Xumus TBepa. Toruiusa. 2011. Ne 4. C. 49—
55.

https://doi.org/10.3103/S0361521911040136

Makaposa P.A., Cemenosea P.I., Xuavko C.JI., Po-
eamko M.HU., Heseueps O.HU., Xunrvko A.C. MexaHOXU-
MUUYECKUIN CUHTE3 3TOKCHIMPOBAHHBIX ITPOU3BOIHBIX
TYMUHOBBIX U apoMaTWyeckKux Kucior // BecTHuk
HosI'Y. 2020. Ne 5(121). C. 99—102.

https://doi.org/10.34680/2076-8052.2020.5(121).99-102

Baldz P. Achimovicovd M., BaldZ M., Billik P. Hallmarks of
mechanochemistry: From nanoparticles to technology //
Chem. Soc. Rev. 2013. V. 42. Ne 18. P. 7571—7588.
https://doi.org/10.1039/c3cs35468¢g

Pagola S. Outstanding advantages, current drawbacks,
and significant recent developments in mechanochem-
istry: A perspective view (Review) // Crystals. 2023.
V. 13. P. 124—157.
https://doi.org/10.3390/cryst13010124

Weidenthaler C. In situ analytical methods for the char-
acterization of mechanochemical reactions // Crystals.
2022. V. 12. Ne 3. P. 345—-361.
https://doi.org/10.3390/cryst12030345

dyHmameHTaTbHbIE OCHOBBI MEXaHMYECKOM aKTUBa-
1IUY, MEXaHOCUHTE3a U MEXaHOXUMMYECKUX TEXHOJIO-
ruii / OtB. pen. ABakymoB E.I. HoBocubupck: U3n-Bo
CO PAH, 2009.

bepaun A.A., llayroe A.1O. IlpupomHbie M HUCKYC-
CTBeHHBbIC KOHCTPYKIIMOHHBIE MaTepuanbl // Mare-
puanoBeneHue. 2005. Ne 2. C. 20—-27.

bondeipes B. B. MexaHOXUMUS I MEXaHUYECKasl aKTH-
BallMsl TBepAbIX BelecTB // Ycmexu xumuu. 2006.
T.75. Ne 3. C. 203-216.
https://doi.org/10.1070/RC2006v075n03ABEH001205

Bymseun I1.1O. TIpoGyieMbl U TIEPCIIEKTUBBI PA3BUTUS
MexaHoxumuu // Yenexu xumun. 1994. T. 63. Ne 12.
C. 1031—1043.
https://doi.org/10.1070/RC1994v063n12ABEH000129

Jaxoe H.3., Ipucopvesa T.D., bapunosa A.Il., Bop-
cuna HU.A. MexaHOXMMUYECKUI CHUHTE3 OpraHuye-
CKMX COENMHEHUU M KOMIIO3UTOB C WX ydyacTuem //
Yenexu xumuu. 2010. T. 79. Ne 3. C. 218—233.

https://doi.org/10.1070/RC2010v079n03ABEH004115

ywkun A.B. BO3MOXHOCTU MEXaHOXUMUYECKOM TeX-
HOJIOTUM OPTaHUYECKOTO CHUHTEe3a U TOJIydeHMs HO-
BBbIX MaTepuasoB // XUMUSI B UHTepecax YCTOMYNBOTO
pasutus. 2004. T. 12. C. 251-274.

Xpenkosa T.M. MexaHoxumudecKass aKTHMBAIUS yTI-
seit. M.: Henpa, 1993.

Heanoe A.A., FOouna H.B., Jlomoeckuii O. Y. Bnusane
MeXaHOXMMWUYECKOIT aKTUBAIIMY Ha COCTaB 1 CBOMCTBa
TYMUHOBBIX Kucjior Topdos // U3Bectuss Tomckoro
noJuTexHudeckoro yuusepcutera. 2006. T. 309. Ne 5.
C. 73-77.

Ne 6 2023

KOJMJIOVOHBIN KYPHATT  ToMm 85

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

835

Xunvko C.JI., Illlenecm B.C., Maxapoea P.A., Ceme-
noea P.I., Poeamko M.HU., Xuavko A.C. MexaHOXUMH-
YEeCKUi CHUHTE3 3TOKCMAMUHOTYMUHOBBIX KHUCJIOT B
BubOpaunoHHoM amnmapate // BectHuk JlonHY. Cep.
A: EcrectBennbie Hayku. 2021. Ne 1. C. 160—165.

Xunvio C.JI., llleaecm B.C., Poeamxo M.U., Maka-
posa PA., Cemenosa P.I. TsepmodasHblit cuHTE3
3TOKCMaMWHOTYMHWHOBBIX KHMCJIOT M UX CBoiicTBa //
BectHuk TBepckoro ynuBepcutrera. Cepus “Xumus”.
2022. Ne 3(49). C. 98—105.
https://doi.org/10.26456/vtchem?2022.3.12

Cusaroea JI.I., Jlechuxosa H.I1., Kum H.M., Pomosa I' M.
DU3NKO-XMMHUYECKIE CBOMCTBA TYMUHOBBIX BEIIISCTB

Topda u 6yporo yrist // Xumus TBepa. Torusa. 2011.
Ne 1. C. 3-8.

Kawahigashi M., Sumida H., Yamamoto K. Size and
shape of soil humic acids estimated by viscosity and
molecular weight // J. Colloid Interface Sci. 2005.
V. 284. Ne 2. P. 463—469.
https://doi.org/10.1016/j.jcis.2004.10.023

bapamooiinm H. K. MexaHOXUMUST BEICOKOMOJIEKYIISIP-
HBIX coenmHeHni. M.: Xumust, 1978.

Ravera F, Liggieri L., Loglio G. Rheology of surfactant
adsorption layers // Progress in Colloid and Interface Sci-
ence / Ed. by Miller R., Liggieri L. / 1st ed. CRC Press,
Brill: Leiden, Boston 2009. Chapter 5. P. 137—177.

Zholob S.A., Kovalchuk V.I., Makievski A.V., Kragel J.,
Fainerman V.B., Miller R. Determination of the dila-
tional elasticity and viscosity from the surface tension
response to harmonic area perturbations // Interfacial
Rheology. 2009. V. 1. P. 38—76.

Jlunkesuu FE.B., Oouna H.B., Casenvesa A.B. ®opmu-
pOBaHNE TYMUHOBBIX KOJUTOUAOB B 3aBUCUMOCTH OT pH
cpeabl BOTHBIX pacTBopoB // KypH. dus. xumuu. 2020.
T.94. Ne 4. C. 568—573.
https://doi.org/10.31857/S0044453720040093

Tapacesuu I0.HU., Joaenxo C.A., Tpughonosa M.IO.,
Anexceenko E. IO. Accoumanus 1 KOJUIOUIAHO-XUMUYE-
CKHE CBOMCTBA T'YMUHOBBIX KVCJIOT B BOIHBIX PACTBO-
pax // Komnoun. xxypH. 2013. T. 75. Ne 2. C. 230—-237.
https://doi.org/10.7868,/S0023291213020171

Prado A.G.S., Pertusatti J., Nunes A.R. Aspects of pro-
tonation and deprotonation of humic acid surface on
molecular conformation // J. Braz. Chem. Soc. 2011.
V.22. Ne 8. P. 1478—1483.
https://doi.org/10.1590/S0103-505320110008000

Smejkalova D., Piccolo A. Aggregation and disaggrega-
tion of humic supramolecular assem-blies by NMR dif-
fusion ordered spectroscopy (DOSY-NMR) // Envi-
ron. Sci. Technol. 2008. V. 42. Ne 3. P. 699—706.
https://doi.org/10.1021/es071828p

Yates L.M., Wandruszka R. Effects of pH and metals on
the surface tension of aqueous humic materials // Soil
Sci. Soc. Am. J. 1999. V. 63. Ne 6. P. 1645—1649.
https://doi.org/10.2136/sssaj1999.6361645x
Fainerman V.B., Aksenenko E.V., Makievski A.V., Trukh-
in D.V., Yeganehzad S., Gochev G., Miller R. Surface ten-
sion and dilational rheology of mixed B-casein—B-lacto-



836

60.

61.

XNJIBKO u np.

globulin aqueous solutions at the water/air interface //
Food Hydrocoll. 2020. V. 106. P. 105883—105891.
https://doi.org/10.1016/j.foodhyd.2020.105883-105891

IIporpamma “ProteinG” // PazpaGoT4nK nmporpaMmebl
Axcenenko E.B. (Eugene Aksenenko@ukr.net).
http://www.thomascat.info/Scientific/adso/adso.htm.

Daiinepman B.b., Muasep P. PaBHOBeCHBIE I JUHAMMU -
YeCKHe XapaKTepUCTUKHU aJCOPOIIMOHHBIX CJIOEB Oe-
KOB Ha MeXX(ha3HBIX TPAHMIIAX XKUIKOCTb—Ta3: TeOPUst
u aKkcriepumeHT // Kosuroua. sxypH. 2005. T. 67. Ne 4.
C. 437—449.

62. Fainerman V.B., Kovalchuk V.I., Aksenenko E.V,

63.

KOJUTOUIHBIN XYPHAJ

Zinkovych 1.1., Makievski A.V., Nikolenko M.V., Miller R.
Dilational viscoelasticity of proteins solutions in dy-
namic conditions // Langmuir. 2018. V. 34. No 23.
P. 6678—6686.
https://doi.org/10.1021/acs.langmuir.8b00631

Lucassen-Reynders E.H., Fainerman V.B., Miller R.
Surface dilational modulus or Gibbs’ elasticity of pro-
tein adsorption layers // J. Phys. Chem. B. 2004. V. 108.
Ne 26. P. 9173-9176.
https://doi.org/10.1021/jp049682t

TOM 85 Ne 6 2023



