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Chalcogenisation of unsaturated
organohalogen compounds by elemental
chalcogens and their metal derivatives

© Igor B. Rozentsveig***, Valentina S. Nikonova*, Nikolai A. Korchevin****

* A.E. Favorsky Irkutsk Institute of Chemistry SB RAS, Irkutsk, Russian Federation
** Irkutsk State University, Irkutsk, Russian Federation
*** Angarsk State Technical University, Angarsk, Russian Federation

Abstract: The presented review addresses the prospects for application of organochalcogen compounds in
various fields of technology, medicine, agriculture and organic synthesis. The unsaturated chalcogenisation
products appear to be of much greater interest compared to their saturated analogues, especially in organic
synthesis. This study observes halogen derivatives of ethene, propene, propyne and butene subjected to
chalcogenisation as unsaturated substrates. The indicated reagents are related either to large-tonnage prod-
ucts of industrial organochlorine synthesis or waste products of organochlorine production with their disposal
presenting an important environmental task. According to analysed publications, chalcogenisation processes
are based on the application of elemental chalcogens (sulphur, selenium, and tellurium) or their available
metal derivatives (Na,S, etc.). In the reactions of chalcogens with unsaturated halogen derivatives, the ele-
ments both in an accessible form and in a free state are subjected to reductive activation resulting in the for-
mation of anionic nucleophilic reagents. Complex metal hydrides, chalcogenide anions and rongalite are ex-
ampled for application in terms of reducing agents. The review emphasises the prospects of basic reduction
systems based on hydrazine hydrate in activation processes. Special aspects in the introduction of caustic
alkalis and an monoethanolamine organic amine as bases in these systems are described. For the considered
chalcogenisation processes, conditions are specified providing the most optimal yield of certain products. In
some particular cases, the stereochemistry of the obtained compounds is presented considering the formation
conditions for the stereoisomers of a certain configuration. For a number of the obtained compounds, the pro-
spects of practical application are provided. In general, the current review is intended for specialists working in
the field of organic synthesis and application of organochalcogen compounds.
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Pestome: B npedcmaeneHHoOM 0630pe paccMOmpeHbl 80MpPOCkl, Kacaroujuecsi rMepcriekmue Ucrosib308aHuUsl
XarbKo2eHop2aHUYecKux coeduHeHUll 8 MeduUUHe, CerbCKOM X03sticmeae, 8 PasfuyHbIX 06/1acmsx MexHUKU u
8 opaaHu4YeckoM cuHmese. [lokazaHo, Ymo HeHackILeHHbIe MPOOYKMbI XallbKo2eHuposaHus npedcmasnsiom
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2opa3sdo 6onbuwull UHMepPEC o CPaBHEHUI C UX HaCbIUWEHHbLIMU aHanoaamu, 0COBeHHO rnpu UcronbL308aHuUU
8 OpeaHU4YecKkoM cuHmese. B kayecmeae HeHacbhIUeHHbIX cybcmpamos, nodsepaaeMbiX XarbKO2eHUPOBaHU!o,
rnpedcmaerneHbl 2a5l02€HNPOU3B00HbIE amMeHa, NMPoneHa, nponuHa u bymexa. YkasaHHble peazeHmbl OMHO-
camcest 1ubo K MHO20MOHHAXXHbLIM POOYKMaMm MPOMbILULIEHHO20 X/10pop2aHUYecKoeo cuHmesa, fubo siens-
tomesi omxo0amu Xs10pop2aHU4ecKux npou3eodcms, ymusnusauusi KOmopbIX S18/1S5emcsi 8aXXHOU 3Konoauye-
ckoli 3adayell. NpoaHanu3aupogaHHble rybrnukayuu ompaxarm pouecchl XanbKo2eHuUposaHus, basupyo-
wuecst Ha Ucrnonb308aHUU 371IEMEHMHbIX XallbKO2EHO8 (Cepbl, cesfieHa u mennypa) unu ux 0oCcmyrnHbIX Me-
mannu4eckux rnpouseodHbix (Na,S u 0p.). Ans ocywecmeneHusi peakuyuli XxarnbKO2eH08 C HeHacChIWEHHbIMU
2aro2eHnpouU38o00HbIMU 3rieMeHmsbl 8 docmynHol ¢hopme 8 c80600HOM COCMOsIHUU rodsepaarom 80CCmaHo-
sumenbHOU akmueauuu, 8 pe3yfibmame Komopol 06pa3yromcsi aHUOHHbIE HYKIeo@uIbHbIE peaseHMbI.
B kauecmee soccmaHosumernel nokasaHb! MPUMepPbI UCMOMb308aHUSI KOMIMIEKCHbIX audpudos mMemarsnos,
XarnbKo2eHUOaHUOHO8 U poHeaanuma. B 063ope nod4epkHymbl nepcrnekmuebl npuMeHeHus 0ns yened akmu-
sauuu 0CHOBHO-80CCMaHOBUMEbHbIX cucmem Ha base audpa3uHaudpama. NokasaHbl ocobeHHocMU g8sede-
HUSI 8 Ka4ecmee OCHO8aHUl 8 amu cucmembl eOKUX wjesioyell U op2aHu4ecKoeo amuHa — MOHO3maHonamu-
Ha. [ns paccMompeHHbIX NPoUecco8 XallbKo2eHUPOB8aHUs yKasaHbl ycriosusi, obecrnedyusaroujue Haubonee
onmumarbHble 8b1x00bl onpedesieHHbIX MPodykmos. B Heobxodumbix cryyasix npedcmasneHa cmepeoxumusi
rony4aembix coeOUHeHUl U paccMompeHbl ycrioeusi 06pa3oeaHusi cmepeou3omMepoes onpedenneHHol KOHG u-
eypauuu. [ns HekomopbIxX MosydyaeMbix coeOUHeHUL MokKasaHbl NepcriekKmueb MPakmuyecko2o nMpUMeHEeHUSs.
Mamepuan o63opa 6ydem noneseH crieyuanucmam 8 obriacmu opeaHU4ecKo20 CUHMe3a U npakmu4ecKo20
UCI0/1b308aHUs XallbKO2eHOop2aHUYeCKUX cOeOUHeHUL.

Knro4deeble crnosa: xarnbko2eHopaaHu4Yeckue COeOUHEHUS, XallbKO2eHUPOBaHUEe, XaslbKO2eHbl, HEHAChIU,EH-
Hbl€ 2arioeeHopaaHuU4yecKue coeOQUHEHUs, cucmembl eudpasuHaudpam-ocHo8aHUe

UHpopmayuss o cmamee: [Jama rnocmynneHus 14 aszycma 2019 e.; Oama npuHamusi K neyamu 25 Hos6ps
2019 e.; Gama oHnaliH-pasmew,eHusi 30 Oekabps 2019 e.

Ansa yumupoeaHus: PoseHugewr WN.b., HnkoHosa B.C., KopuyeBuH H.A. XanbKkoreHmpoBaHue HeHacbILLEHHbIX
ranoreHopraHn4yeckMx COeQUHEHUN 3NEeMEHTHbIMU XanbKOreHaMuM U Ux MeTananyeckumy npovussBogHbIMu //
Uzsecmus 8y3oe. lNpuknadHass xumus u 6uomexHomnoaus. 2019. T. 9. N 4. C. 576-589. https://doi.org/10.

21285/2227-2925-2019-9-4-576-589

INTRODUCTION

The scope of organic chalcogen compounds
can be seen to be constantly expanding. Although
sulphur and its organic derivatives have been ap-
plied by humans since ancient times, more recent
uses include unique medicines created on their
basis, including antibiotics, anticancer drugs, drugs
for human immunodeficiency, as well as protector
drugs against ionising radiation. The technological
application of organosulphur compounds is asso-
ciated with the development of rubber vulcanisa-
tion agents, dyes, photographic materials, com-
plexing agents, flotation reagents and extractants,
polymerisation process regulators, as well as with
the creation of corrosion protection agents and
new types of polymeric materials, in particular for
new generation chemical current sources and oth-
ers directions [1]. The use of selenium and telluri-
um compounds was clearly indicated only in the
second half of the last century and was associat-
ed, first of all, with their technical application in
obtaining ligands for complex formation, organic
semiconductors and electrically conductive poly-
mers [2, 3]. However, in recent decades, numer-
ous data have been obtained on the biological role
of selenium and tellurium organic derivatives [4—6].
A detailed study for the structure of organochalco-
gen compounds (OCC) served as an impetus for
the development of many theoretical concepts in

organic chemistry [7-9]. An important direction in
the application of OCCs involves their use as pre-
cursors in contemporary organic synthesis [10-12].
By virtue of these precursors, new nanomaterials,
analogues of natural compounds are obtained
along with typically unstable, highly reactive com-
pounds. Thus, the synthesis and use in modifying
drugs of this class of compounds presents a spe-
cific task in modern organic chemistry.

The development and improvement of meth-
ods for OCC synthesis is constantly stimulated by
the continuous expansion in the scope of their ap-
plication. The most universal method of introducing
a chalcogenyl substituent into the structure of an
organic molecule involves the nucleophilic substi-
tution of halogen. Chalcogen-containing anions
manifest themselves as nucleophiles in these re-
actions (Y*, Y2, RY with Y = S, Se, Te and R
denoting an organic radical). The specified anionic
forms are included in some commercial chemicals,
mainly sodium sulphide, applied in the form of na-
nohydrate (Na,S - 9H,0). The application of the
considered chalcogenide reagents is directly relat-
ed to the possibility of their generation from acces-
sible, storage-stable elemental chalcogens. In or-
der introduce them into a nucleophilic substitution
reaction, simple substances are converted into an
anionic form by chemical activation carried out due
to the reductive splitting of Y=Y bonds in elemental
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chalcogens. Currently, although a wide range of
reducing systems is available for application, their
use is typically associated with the involvement of
explosive reagents (organic derivatives of metals,
hydrides and complex hydrides), toxic and com-
bustible solvents, compounds of heavy metals in

lower oxidation states and other factors reducing
the preparative value of the developed methods.
The generation of chalcogen-containing nucleo-
philes is effectively carried out using the hydrazine
hydrate-alkali basic reduction system [13] and can
be represented by the following scheme:

2nY + NoH4 -H,O + 4KOH — 2K,Y,, + Ny + 5H,0

n=1-4

In this reaction, the value of n is determined
by the Y: KOH ratio.

Here, the resulting chalcogenide and poly-
chalcogenide anions are reacting in the synthesis
directly in the hydrazine hydrate solution without
being isolated in an individual state. Using this
activation method, a large number of saturated
OCCs have been synthesised, including chalco-
gen-containing polymers and heterocyclic systems,
some of whose unique properties have been de-
scribed (see, for example, [14]).

From a practical point of view, OCCs with
multiple structural bonds are of particular interest
due to their significant expansion of the synthetic
potential and practical significance of the studied
compounds. In order to synthesise them, reactions
of chalcogen-containing nucleophiles with unsatu-
rated organohalogen compounds can be applied.
In the substrates under consideration, halogen
atoms can be attached to carbon atoms in both the
sp3 hybridisation state, characterised by nucleo-
philic reactions to proceed fairly easy, and the sp2
hybridisation state. In the latter case, nucleophilic
substitution may be hindered [15]. When the condi-
tions change, halogen vinyl fragments in the result-
ing products enter into further chemical transfor-
mations, ensuring cascade reactions allowing val-
uable OCCs to be obtained.

The present review provides the main research
results with the objects of study consisting in orga-
nohalogen derivatives of ethylene, propylene, pro-

Cl

Cl
1b

n=0,2a (44 %)*; n=1, 2b (3 %); n = 2,2c (traces);
n=3,2d (4 %); n=4,2e (18 %); n=5, 2f (16 %);
n=6,2g (10 %); n=7, 2h (5 %).

* Product concentration in the mixture, accord-
ing to 'H NMR data.

X-ray diffraction data were obtained for the
synthesised thiacrown esters, presenting all sul-
phur atoms in the cycle to be directed inward
(endodentate ligand), i.e. totally Z-configurated.
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[ + NauS 15-crown-5
2
MeCN

pyne and butylene. In addition, such derivatives are
to be highlighted as relating either to large-tonnage
organochlorine products or substances generated
from organochlorine production wastes.

Halcogenisation of ethylen chlorinated deriva-
tives. Thiylation of vinyl halides or their derivatives,
having a halogen atom attached to the spz-hyb-
ridised carbon atom, is carried out either using
photochemical and thermal assistance [16, 17] or
by means of aprotic highly polar solvents [17]. In
nucleophilic reactions, only di- and polyhalogen
derivatives of ethene were studied.

The ethylene dichloro-derivatives 1,1-dichloro-
ethene (vinylidene chloride) (1a) and 1,2-dichloro-
ethene (E- and Z-isomers) (1b) present commer-
cially available monomers and reagents. The un-
saturated organochalcogen compounds obtained
on their basis open up wide possibilities for the
synthesis of polyfunctional n, m-ligands for com-
plexation with transition metal ions.

The work [18] describes the photochemical
reaction of atomic sulphur with 1,2-dichloroethene
(1b), resulting in a low yielded dichlorothiirane.
However, when the Z-1b compound and sodium
sulphide nonahydrate reacts in acetonitrile with the
presence of 15-crown-5 interphase transfer cata-
lyst (0.4 equiv.), a mixture of cyclic unsaturated
sulphur-containing compounds — unsaturated thia-
crown esters (2a-h) — was obtained at room tem-
perature in 45 h with a total yield of 40 % [19]
(Scheme 1).

Scheme 1
Cxema 1

/_\

S S

%/S\% n=0-7
n

2d-h

The dimensions of the cavities for the (2d-h) joints
consistently increase from 1.76 to 5.36 A.

In the treatment of Z-1b dichloroethene by
sodium selenide obtained from selenium, sodium
hydroxide and reducing agent of rongalite (sodium
hydroxymethylsulphinate), six unsaturated seleno-
crown esters (3a-f) were synthesised (total yield
of 29 %) using 0.1 eq. of 15-crown-5 ether addi-
tives [20] (Scheme 2).
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[CI + NaySe 15-crown-5
Cl
1b

n=0,3a(24 %)*; n=3",3b (6 %); n=4,3c (22 %);
n=5,3d (20 %); n=6, 3e (16 %); n=7, 3f (12 %).

* Product concentration in the mixture, accord-
ing to 'H NMR data.

** no traces of n=1 and 2 compounds were
detected in the mixture.

As an example, the complexation of crown
ether selenium with silver ions is presented in [20].

Type 2 unsaturated thiacrown ethers were al-
so synthesised in the reaction of vinylidene chlo-

4

Cl NazS - H20 n

= owns S .
C| 15 cg)rwn 9) N

polyethylene glycol n=0-7
1a 2a-h

2a — 39 %*; 2b — 4 %; 2c — no traces; 2d — 6 %;
2e —21%; 2f — 13 %; 29 — 9 %; 2h — 5 %; 4 — 2 %;
5 — 2 %. Product concentration in the mixture, ac-
cording to 'H NMR data (0.4 equiv. of 15-crown-5
catalyst, room temperature, duration of 48 hours).
In the case of applying the polyethylene glycol
(0.1-0.5 equiv.) as a catalyst, a mixture of thia-
crown ethers of approximately the same composi-
tion was obtained with a maximum yield of 15 %.
According to the work [21], in the product mix-
ture, the absence of compounds with a geminal ar-
rangement of sulphur atoms relative to the double
bond carbons is accounted for mechanism involving
the isomerisation of the geminal intermediate into a
vicinal product. The considered scheme of the
mechanism illustrates the formation of E-configura-

/]\u S/N2H, - H,O/KOH

1a
1b

Scheme 2
Cxema 2
/ - \
Se Se
f\vSe jf n=0,3-7
n
3a-h

ride (1a) with sodium sulphide nonahydrate in ace-
tonitrile with the presence of catalysts: 15-crown-5
or polyethylene glycol with a molecular weight of
300, 750 and 2000 units [21]. In this case, an in-
teresting feature of the reaction consists in the
formation of 18-membered (4) and 21-membered
(5) cycles with E-configuration of one of the double
bonds in addition to the formation of (2a-h) cycles
with exclusively Z-configuration of sulphur atoms in
the double bond (Scheme 3).

Scheme 3
Cxema 3
S
S/\/S—\> (/\S/\/ §
S

VAR

S
\—/ S S
s~

5

ted cycles. However, according to the authors, the
initial act of the process is presented by direct nu-
cleophilic substitution of chlorine atoms in vinylidene
chloride (1a), leading to contradiction in the inertness
notion of halogen atoms attached to a double bond.

Using the "sulphur-hydrazine hydrate-KOH"
system generating exclusively S* anions at a
KOH:S ratio exceeding 2, the thiylation of (1a) and
(1b) dichloroethenes easily proceeds at a tempera-
ture of 23 °C and results in a mixture of three
product types: 1,4-dithiin (2a) (16-31 and 14-46 %
of yield, when using the (1a) and (1b) compounds,
respectively), the (6) oligomer (26-75 %) and the (7)
product of oxidative condensation of sulfhur, i.e. a
mixture of polysulphide anions S,> (S,~, S;° and
even traces of S,%) (Scheme 4) [22].

Scheme 4
Cxema 4

S
[ ] + oligomer +S,%
S

2a 6 7
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In the case of applying (1a) dichloride and (1b)
compound, the molecular weight of the resulting (6)
oligomeric product comprises 2260-6120 and
1750-2000 units, respectively. Based on the ele-
mental analysis data, the following structure was
assigned to the oligomer:

CICH=CH-S—(CH=CH-S-),~
—(CH=CHNHNH-),~CH=CHCI.
For oligomers obtained using the (1a) com-

pound, the value of x and y was equal to 30-88
and 6-15, respectively. In the case of using the

Cl Cl NaS SNa
\ —/ + \ —/
Z-1b

Cl

— + NaS SNa
Cl —
E-1b
Cl
— + NaS
SNa
E-1b

For 1,4-Ditiin (2a) in the reaction represented
by Scheme 4, the substantially higher yield is
observed in comparison with the data, obtained by
the authors of works [19, 21], and its separation
from other reaction products proceeds quite easily.
A slightly higher yield of 47 % was established in
the study for the reaction of Z-1b dichloride with
Z-1,2-sodium ethanedithiolate in dry DMSO [24]
(Scheme 6).

Scheme 6

Cxema 6
Cl NaS S
Lo ) — J
Cl NaS S
Z-1b 2a

The (2a) compound involves an important ob
ject for structural studies, making the development
of preparatively available methods for its prepara-
tion to be an important synthetic task.
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(1b) dichloride, the above values were 22—-24 and
1-6, respectively. According to IR spectroscopy
and taking the results of the E- and Z-polyvinyl
sulphide (PVS) studies into account, the vinylene
units in the oligomer chain are exclusively Z-con-
figurated [23]. In current study, PVSs were ob-
tained by polycondensation of E- and Z-1b dichlo-
rides with E- and Z-isomers of hardly accessible
sodium 1,2-ethendithiolate (Scheme 5).

The electrical conductivity of obtained PVS is
also examined by the authors of work [23], and E,
E-PVSs are demonstrated to possess higher conduc-
tivity in comparison with Z,Z-polymer with the Igo
value ranging approximately from -4,5 to -6 S/cm).

Scheme 5
Cxema 5

45°C,12h ; S/ \ >7
DMSO

Z-PVS
45°C,40h S
S_//_
DMSO
Z, E-PVS
45°C,90h
DMSO ( \S >

E, E-PVS

After the separation of (2a) and (6) products,
the formation of (7) polysulphide anions in the re-
maining aqueous hydrazine solution was confirmed
by their alkylation by 1-bromopropane with the isola-
tion and identification of dipropyl polysulphides.

The formation of the monotypic products pre-
sented in Scheme 4 under application of vinyli-
dene chloride (1a) or both isomers of 1,2-dichlo-
roethene (1b), as well as the participation of hyd-
razine in the formation of (6) oligomers, allowed
the authors of [22] to propose a scheme for prod-
uct formation having the primary key act consisting
in the dehydrochlorination of (1) compounds with
the formation of highly reactive chloroacetylene (8)
(Scheme 7).

Scheme 7
Cxema 1

OH
-CI, -H,0




I.B. Rozentsveig, V.S. Nikonova, N.A. Korchevin. Chalcogenisation of unsaturated...
UN.b. PoszeHueelie, B.C. HukoHoea, H.A. KopyeeuH. Xanbko2eHupoeaHue HeHacbIWEeHHbIX...

The presence of excess hydrazine in the re-
action medium prevents the formation of macrocy-
clic structures presented in [19, 21] and, with the
participation of (8) reagent and S% anions, results
in the formation of nitrogen containing oligomers.

During the reaction of selenium and tellurium
with (1a) vinylidene chloride under conditions simi-
lar to sulphur application, no analogues of 1,4-di-
thiine were isolated [25]. In the case of tellurium,
the presence of diethyl telluride (9) is convincingly
proved by the authors of this work with the for-
mation accounted for the reductive hydrogenation
of multiple bonds with the participation of hydra-
zine and telluride anions (Scheme 8).

Scheme 8
Cxema 8
Cl Te/NoH4 - H,O/KOH
Ethe
Cl
1a 9

Tetrachloroethylene, a derivative of ethylene
having four chlorine atoms, is the subject of large-
scale industrial production. Having relatively stable

Cl Cl S,
>:< +NazSX _— — ;
Cl Cl Sy
n
10
Sy SySx —S, SNa
= /\[ | : =
S S s —S, S,—
13 : 14

The structure of fragments (10-15) was con-
firmed by reductive cleavage of polymers by the
"hydrazine hydrate-alkali" system and subsequent
methylation of cleavage products.

Although the reaction of tetrachlorethylene
with Na,S; and Na,Ss in aqueous alkaline DMF
also results in polymer products, the Na,S; trisul-
phide in this reaction forms an individual com-
pound of dimethylthioacetamide (17) with the par-
ticipation of dimethylamine resulting from the alka-
line hydrolysis of DMF [28] (Scheme 11).

The simplest chlorine derivative of propene,
3-chloropropene (allyl chloride), present a multi-ton
product of industrial organochlorine synthesis. The
high mobility of halogen in the allyl position en-
sures the production of a wide range of allyl chal-
cogenides [see, for example, 29, 30] studied in the
chalcogen Claisen rearrangement of allylaryl (het-
eroaryl) chalcogenides [31, 32], identification the

characteristics, this compound is widely applied
in terms of a solvent for dry cleaning of textile
materials and degreasing metal surfaces. The
works [26, 27] describe only the interaction of tet-
rachlorethylene with sodium polysulphide Na,Sy
formed upon activation of sulphur with sodium sul-
phide Na,S - H,O (Scheme 9) [27].

Scheme 9
Cxema 9

Na,S-9H,0 + (x-1)S Na,S, + 9H,0

In order to obtain an anhydrous polysulphide,
water is removed by azeotropic distillation using
octane.

The obtained anhydrous polysulphide (x=2-5)
reacts with tetrachlorethylene in a DMSO me-
dium and a temperature of 90-110 °C (1.5-3 h)
and forms polysulphide polymers having semicon-
ductor properties (when doped with iodine, the
electrical conductivity is 10°® S/cm) [26]. According
to the authors of this work, the obtained polymer is
assumed to contain fully polycondensed structures
(10-13), as well as fragments with incomplete pol-
ycondensation (14—16) (Scheme 10).

Sy _-Sx
-
Sy Sk
n
11

Scheme 10
Cxema 10

Sx_8, S

T =1

Sy Sy Sy N
12

NaS SNa —S, SNa
¢ s— = —<, sNa
15 16

chalcogen atom characteristics affecting the allyl
rearrangement in the series of allylphenylchalco-
genides [33], as well as in the synthesis of various
heterocyclic structures [34].

Scheme 11
Cxema 11

H
}—N/ NaOH, HQO >’ON3 + \N/
0 \ 9] H

S
C'>:<C' NaOH, H,0, HN(Me), )L P

Na283 'Il

Cl Cl
17
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Halogen derivatives of propene and propyne

By application of AlIX (X =CI, Br, 1) and ele-
mental chalcogens in the hydrazine hydrate/KOH
system, all three diallyl chalcogenides were ob-
tained [35]. As expected, allyl iodide is the most
reactional, followed by bromide and chloride.
When AIICI is introduced in the synthesis of diallyl
selenide, the by-product of allyl propyl selenide is

F:g'{"h': + ,..:;'.:-"H.h_.-}:: —E _:_,-._h__,_-ﬁ:.:l‘:.'
X =Cl, Br, |

In parallel, the formed diallyl selenide and the
allyl propyl selenide obtained by hydrogenation
transits into the organic phase, avoiding further re-
duction. In the case of using allyl bromide, the reac-
tion of diallyl selenide formation proceeds quickly
and potassium allyl selenate transits from the aque-
ous hydrazine phase without hydrogenation [35].

The chalcogenisation of the dichloro-derivative
of propene, 2,3-dichloropropene-1 (18a), was stud-
ied only in the hydrazine hydrate-base system. Di-
chloropropene (18a) with a S,” disulphide anion,
generated in the hydrazine hydrate-KOH system at
aratio of KOH : S =1: 1 and yielded in 78 %, forms
not an expected disulphide, but rather a monosul-
phide derivative (19) [ 37] (Scheme 13).

Scheme 13
Cxema 13
cl S/N2H4 - H,O/KOH cl cl
__c TR s
18a 19

The corresponding disulphide (20) was ob-
tainned in the yield of 70 % by generating an anion
disulphide in the hydrazine hydrate-monoethanol-
amine system [38] (Scheme 14).

Scheme 14
Cxema 14

S/NaHs - HoOf Ho,NCH.CH,0H  Cl Cl

2 jvaI -2CK %S—SA

18a 20

The diselenide anion obtained both in the hy-
drazine hydrate-KOH system and in the hydrazine
hydrate-monoethanolamine system forms a mon-
oselenide derivative (21) in a reaction with dichlo-
ride (18a) (72—-70 % yield). However, in the latter
case, diselenide (22) was identified with the yield
of 7 % [39] (Scheme 15).
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formed due to the participation of hydrazine and
atmospheric oxygen, in other words, hydrogena-
tion of one double bond is observed [35, 36]. In the
presence of atmospheric oxygen in an alkaline
medium, hydrazine forms a highly reactive diimide
hydrogenating the intermediate-generated potas-
sium allyl selenolate contained in the aqueous hy-
drazine phase (Scheme 12).

Scheme 12
Cxema 12

e En e
2 ;W‘“H.-—*-ﬁe

X .
.-"'H-H""'-\_-"'SE{' &.— .-"'-H--\_-":-J E-\-"-ﬁ"i.
Scheme 15
Cxema 15
Cl Se/N,H,+H,Olbase Cl Cl

oo T achm o A se A,
18a c 21 ¢
/‘\Se SeA
22
No tellurium-containing products are formed
by tellurium in the K;Te or K,;Te, with dichloride
forms (18a). The products of the reaction turned

out to be propadiene (23) (78 %) and regenerated
elemental tellurium [40] (Scheme 16).

Scheme 16
Cxema 16
Cl KoTe,  __,
/LVCI -KCl; -Te
18a 23

The proposed reaction can serve as a con-
venient preparative method for producing propadi-
ene, which is widely used in various organic syn-
thesis processes [41].

1,3-Dichloropropene (18b) presents an isomer
of dichloride (18a) with the chlorine atoms located
in the 1,3-positions. Commercial product (18b)
consists of E- and Z-isomers mixture with a pro-
portion of 1.1 : 1. According to the work [42], in a
reaction with (sulphur-hydrazine hydrate-base)
systems, with either KOH or monoethanolamine is
used as the base, dichloropropene (18b) behaves
similarly to the 18a compound. In the first system,
monosulphide (24) (72 % vyield, a mixture of three
geometric isomers) is formed during the generation
of S,* anions (Scheme 17). When monoethanol-
amine is used as the base (also generating anions
S,” [13]), the corresponding disulphide (25) is
quantitatively isolated.
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S/NzH4 - H,O/KOH

Scheme 17
Cxema 17

C|.,,/\/C|

Cla S X Cl
24

S/N2H4 - H,0/HaNCH,CH,OH

18b

When applying selenium, a complex mixture
of products is formed in both systems with the
possibility of isolating the corresponding selenide
in a yield of up to 15 % [42].

The reaction of dichloropropene (18b) with tel-
lurium in the hydrazine hydrate-KOH system ap-
pears to be completely different from the corre-
sponding reaction of the isomer (18a) provided in
Scheme 16. As a result of the interaction of dichlo-
ride (18b) with tellurium activated to K,Te, diallyl
telluride (26) was obtained with a yield of 57 %
(Scheme 18) [42]. This work discusses the mecha-
nism of reductive cleavage of the C—CI bond with
spz—hybridised carbon atom.

Scheme 18
Cxema 18
Te/N,H, - H,O/KOH
Cla~_Cl PN
18b 26

The method of obtaining diallyltelluride (26),
presented in Scheme 18, turns to be preparatively
more effective than the synthesis of this compound
by allyl iodide.

Among the halogen derivatives of propyne, pro-
pargyl bromide (27) is most often applied in laborato-
ry practice. By applying it under the action of sodium
sulphide nanohydrate, dipropargyl sulphide (28) is
obtained with a yield of 48 % [43] (Scheme 19).

Cla - S—S Ll
25

Dipropargyl selenide (29) is formed with a
61-70 % yield in the reaction of two equivalents of
propargyl bromide (27) with sodium selenide
(Scheme 20), obtained during the reduction of se-
lenium by NaBHy, in ethanol [44].

Scheme 20
Cxema 20
Br Se/NaBH, :—\Se
_—/
T EtOH, 0 °C, 1 h, Ar =/
27 29

With the substitution of propargyl bromides,
the corresponding substituted propargyl sulphide
and selenide were obtained, some of which were
successfully applied in the synthesis of heterocy-
clic compounds [45].

No dipropargy! telluride was obtained due to
its extreme instability.

Chlorinated derivatives of butene

1,3-Dichlorobut-2-ene (30) was studied in the
chalcogenisation reactions as a C, unsaturated
halogenated hydrocarbon. Dichloride (30) pre-
sents a waste product of chloroprene production.
Using the (sulphur-hydrazine hydrate-KOH) sys-
tem (sulphur is activated to anions 822'), the cor-
responding disulphide (31) was obtained from
dichlorobutene (30) in 84 % yield and success-

Scheme 19 fully used in obtaining heterocyclic compounds:
Cxema 19 5-methyl-1,2-dithiol-3-thione (32) and 3-thiophen-
- tiol (33) (Scheme 21) [46].
Br N,S - 9H,0 — \ So far from this example, despite the fact that
= / MeOH/H.O _ ,S the dichloride (30) is a homolog of 1,3-dichloro-
45_660 °c 23h - propene (18b), its behaviour in chalcogenisation
27 ' 28 reactions appears to be significantly different.
Scheme 21
Cxema 21
S/N2H4 - H2O/KOH
Cl aeTE Cl 500°C s’S - SH
2 S S
30 31 32 (16 %) 33 (28 %)
CONCLUSION compounds using simple unsaturated halogen de-

The presented research data demonstrate the
possibility of obtaining valuable organochalcogen

rivatives and elemental chalcogens with the si-
multaneous action of basic reduction systems. Due
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to the availability of precursors, the ease of imple-
mentation of the proposed methods and the high
practical significance of the obtained products, the
considered methods are a powerful tool in the
development of organochalcogen synthesis and
the expanded scope of OCC applications. For pre-
parative purposes, the prospects and advanta-

ges of using basic reduction systems based on
hydrazine hydrate for chalcogen activation are
presented in a particularly informative form. The
authors hope the presented results will attract
the attention of researchers involved in the syn-
thesis, structural study and practical application
of OCC.
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B3aunmogencrteue rugpata 1-repmatpaHona
CO LiaBeneBon KUCIOTOM

© B.I. bapbiwok®*, H.T.3. Ile**

* MipKyTCKMIA HaLMOHATbHbIA MCCNEAOBATENBCKIA TEXHNUYECKMI YHUBEPCUTET, T. MpkyTck, Poccuiickas depepaums
** MIHCTUTYT XMun BbeTHaMCKOW akagemMum Hayk U TEXHOJSTOTUA,
r. XaHon, CoumanucTtudeckasa Pecnybnuka BbeTHam

Pesrome: [NonukapboHOBbIE KUCIOMbI y4acmeyom 80 MHO2UX XU3HEHHbIX rpoueccax, a eepMmampaHbl npo-
56/1510M 8bICOKYIO 6UOIO2UYECKY0 aKmueHOCMb. B mo xe epemsi peakyuu 1-3ameweHHbIX 2epMampaHo8
¢ rnonukapboHosbiMu Kucriomamu uccriedosaHbl HedocmamoyHo. C 00HOU cmopoHbl, coobwanocb 06
ycmou4uebix 8 rpucymcmeuu 800kl COEOUHEHUSIX 2epMampaHo8 C eewecmeamu, codepxauwumu Kapbok-
cunsHyro epynmy. C dpyaol CMOPOHbI, U3BECMHO, YMO 2epMampaHo8bili YUk audpama 1-eepmampaHosa 8
800HOU cpede paspywaemcs D-suHHOU kucromol ¢ obpa3osaHueMm buc(u-mapmpamo)ou(audpokco)-
eepmaHama(lV) mpusmaHonammoHus. Hamu uccriedosaHo e3aumodelicmeue eudpama 1-eepmampaHona
(H-O-HOGe(OCH,CH,)3N) co wasenesoti kucriomoli (HOC(O)COOH) e 8ode, dumemuricynbghokcude, ayemo-
Humpuse u uzoamusioeom criupme. Peakyusi 8 800HoU cpede npu 20-25 °C bbicmpo npusodum K pacuiern-
JNleHuUr 2epMampaHo8020 ocmosa ¢ obpasosaHuem buc(okcanamo-0,0’)0usudpokcuzsepmaHama mpuama-
Ho1TaMMOHUS [(CZO4)2Ge(OH)2]2'-H+-[(HOCHZCH2)3NH]+ . BblidepxusaHue peakuuoHHO20 ocmamka rocse
ynapugsaHusi 800bi ripu 50 °C e sakyyme 2 MM pm. cm. 8 me4eHue 2 4 npueooum 8 pesysbmame mornoxumu-
yecKol peakuyuu coomeemcmeeHHO K MOHO- U buc(eepmampaH-1-un)okcanamy (ROC(0)COOGe(OCH,CH,)3N
(R = H u N(CH,CH,0)3;Ge), a makxe k soccmaHosneHuto 1-eepmampaHona. lNpu dononHumesrbHoM 8bidep-
JKusaHUU amol peakyuoHHOU macchkl 8 gakyyme 2 mm pm. cm. npu 100 °C 8 meyeHue 40 MuH 8 Heli obpa-
3ytomces buc(eepmampaH-1-un)okcud O[Ge(OCH.CH,)s;N], u eepmampan-1-un)gpopmuam. lNpu pacmeopeHuu
8 800€ r10/Ty4YeHHbIX PeaKUUOHHbIX cMecel MosyYeHHble COeOUHEeHUsT 8HO8b rpeespalyaromces 8 buc(okcanamo-
O, 0’)0ueudpokcusepmaHam mpusmaHonaMmMmoHusi u 1-zepmampaHon. HazpeeaHue cmecu 2udpama 1-2ep-
MampaHorna co wasersnegol kucromol e cpede dumemursicynbgokcuda u auemoHumpurna Hapsdy ¢ 1-2ep-
MampaHursiokcaamamu npueodum K obpa3osaHuro rnpodykma 2uldposiumuyecKko20 pacuensieHus eepmam-
paHoeoz20 ocmosa — buc(okcanamo-0,0O’)0uesudpokcueepmaHama mpusmaHonaMMOHUS, a KursiYeHue 8 u3o-
amusiogoM crupme — MPEeUMyuw,ecmeeHHO K peakyuu smepuchukayuu ¢ 6bIxo0oM 1-usoamusiokcuzep-
mampaHa 6osee 90 %.

Knro4deenie cnoega: cudpam 1-ezepmampaHona, uwageneegas kucroma, ébuc(okcanamo-0,0O’)0uesudpokcuzep-
MaHam mpusmaHosIaMMOHUs, (2epmampan-1-un)okcanam, 6uc(zepmampaH-1-un)okcanam, zaepmampax-
1-un)gpopmuam, buc(ecepmampan-1-un)okcud, amepucbukayus, pacwenieHue, mornoxuMudyeckas peakyusi

BnazodapHocmu: Asmopbl 6rnazodapsm WM.A. Ywakoea, doueHma VIHcmumyma 6bICOKUX MmexHoso2ull
UPHUTY, K.X.H., 3a cHIMue Hekomopbix criekmpos SIMP "Hu"cC.

UHgpopmayuss o cmamee: [Jama nocmynneHusi 18 agaycma 2019 e.; dama npuHsamusi K nedamu 25 HOSI6psi
2019 e.; dama oHnatiH-pasmeuieHusi 30 Oekabps 2019 e.

Ans yumupoeanus: Bapbiwok B.I., INle H.T.3. Bsanmogencteme rmgparta 1-repmatpaHona co LiaBeneBoun
kncnoton // Useecmusi ey3os. [lpuknaldHass xumusi u 6buomexHonozus. 2019. T. 9. N 4. 590-599.
https://doi.org/10. 21285/2227-2925-2019-9-4-590-599

Interaction of 1-germatranol hydrate
with oxalic acid

Viktor P. Baryshok*, Le Nhat Thuy Giang**

* Irkutsk National Research Technical University, Irkutsk, Russian Federation
** Institute of Chemistry of Vietham Academy of Science and Technology, Hanoi, Vietham

Abstract: Polycarboxylic acids are involved in many life processes, along with germatranes exhibiting high bio-
logical activity. At the same time, the studies on the reactions of 1-substituted germatranes with polycarboxylic
acids appear to be insufficient. On the one hand, compounds of germatranes with substances containing a car
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B.1. Bapbiwok, H.T.3. Jle. Bzaumodelicmeue 2udpama 1-2epmampaHosia co ujasesiegoll Kuciomou
V.P. Baryshok, N.T.G. Le. Interaction of 1-germatranol hydrate with oxalic acid

boxyl group were reported to be stable in the presence of water. On the other hand, the germatranic cycle of
1-germatranol hydrate in an aqueous medium is acknowledged to be decomposed by D-tartaric acid to
bis(u-tartrato)di(hydroxy)germanate(lV) triethanolammonium form. In this work, the interaction of 1-germatranol
hydrate (H,O-HOGe(OCH,CH,)sN) with oxalic acid (HOC(O)COOH) in water, dimethyl sulphoxide and aceto-
nitrile alcohol was studied. The reaction in an aqueous medium at 20-25 °C quickly leads to the cleavage of the
germatrane skeleton followed by the formation of [(CQO4)269(OH)2]2-'H+ -[(HOCH,CH,)sNHJ" bis(oxalate-O,0’)
dihydroxygermanate triethanolammonium. As a result of the topochemical reaction, exposing the reaction res-
idue following evaporation of water at 50 °C in a vacuum of 2 mm Hg for 2 h subsequently leads to the for-
mation of (ROC(O)COOGe(OCH,CH,)3N(R=H) and N(CH,CH,0);Ge mono- and bis(germatran-1-yl)oxalate),
as well as to the reduction of 1-germatranol. Under additional exposure of the reaction mixture in a 2 mm Hg
vacuum at 100 °C for 40 min, O[Ge(OCH,CH,);N], bis(germatran-1-yl)oxide and (germatran-1-yl)formate is
formed. Following the water dissolution of the reaction mixtures, the resulting compounds undergo another
conversion to bis(oxalate-O,0')dihydroxygermanate triethanolammonium and 1-germatranol. Heating a mix-
ture of 1-germatranol hydrate with oxalic acid in a dimethyl sulphoxide and acetonitrile medium along with
1-germatranyl oxalates leads to the formation of a hydrolytic cleavage product of the germatrane skeleton,
bis(oxalate-O,0")dihydroxygermanate triethanolammonium, while the boiling of isoamyl alcohol mainly pro-
vides for the esterification reaction with a 1-isoamyloxygermatrane yield exceeding 90 %.

Keywords: 1-germatranol hydrate, oxalic acid, bis(oxalate-O,0O')dihydroxy germanate triethanolammonium,
(germatran-1-yl)oxalate, bis(germatran-1-yl)oxalate, germatran-1-yl)formate, bis(germatran-1-yl)oxide, esteri-
fication, cleavage, topochemical reaction

Acknowledgements: The authors are grateful to I.A. Ushakov, Cand. Sci. (Chemistry), associate professor of
the Institute of High Technologies, IRNITU, for the registration some 'H and ">C NMR spectra.

Information about the article: Received August 18, 2019; accepted for publication November 25, 2019;
available online December 30, 2019.

For citation: Baryshok VP, Le NTG. Interaction of 1-germatranol hydrate with oxalic acid. /zvestiya Vuzov.
Prikladnaya Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and Biotechnology.

2019;9(4):590-599. (In Russian) https://doi.org/10.21285/2227-2925-2019-9-4-590-599

BBEOEHUE

epmaTpaHbl 0obrnagaloT LUMPOKUM  CNEKTPOM
6uonornyeckoro aencteus. OHM NPOSABMASAOT NPOTH-
BOOMYXOMEBbIN, PAHO3AXMUBAAOWMA U UMMYHOCTU-
Myrvpyownii - adbekTbl, MoNesHbl Mpu Hapylue-
HUSX oBMeHa BeLLeCTB, XPOHMYECKUX pecnupa-
TOPHBLIX U CepOeYHO-CoCcyanCTbIX 3aborneBaHusix,
Oone3HAX OpraHoB MNULLEBAPEHUS, NEYEHU, MOYEK,
HeKOTOpbIX hopmMax anneprum, rmnepToHnn n Kata-
pakte [1-21].

3ameTHO Gonbluas yCTOMYMBOCTb repmarpa-
HOBOrO LMKMa NO CPaBHEHUIO C CUNATPaHOBLIM K
rMAPONUTUYECKOMY PacLLENMEHU0 NO3BONAET UC-
nonb3oBaTb repmaTpaHbl B Ka4ecTBe TpaHCnopTu-
pytoLlero areHta Guonornvecku akTuMBHBLIX dhpar-
MEHTOB B xuBble knetkn [11]. Tmgpat 1-repmat-
paHona cTumMynupyet MMMyHHYyto cuctemy [12, 13],
MOXeT ObITb MCnonb3oBaH Ans NPOodUNIaKTUKK
napoAdoHTUTa, TMHrMBMTa U kapueca [14], obna-
AaeT reMornobnHONPOTEKTOPHBIM U aHWOKCK-
OAHTHbIM OENCTBUEM, aKTUBUPYET TpuntodaHun-
TPHK-cuHTeTasy [15], mHTeHcuduumpyeT pocT
pacteHun [16, 17]. 1-(2-amnHO3TOKCKM)repMaTpaH
CHWKaeT MHTEHCUBHOCTb MEPEKUCHOIO OKWUCIEeHUS
nunuaos [18]. Komnosuuun repmaTtpaHoB C nekap-
CTBEHHbIMM MpenapaTtaMmu 1 B1onorn4yeckn akTunBe-
HbIMW BellecTBamMu, B TOM 4ucne ¢ kapboHOBbIMU
KMCrnoTamu, NpPeAcTaBreHHbIE KakK KOMMMEKCHbIE
COEQIMHEHUS, CHUXAKT TOKCMYECKNA IPDEKT U
yBenMUnBalT neyebHbI adpdekT hapmakonoru

Yyeckmx npenaparos [19-21].

MepBbIt NpegcTaBuTens 1-auumnokcurepmar-
paHoB RC(O)OGe(OCH,CH;)3;N — 1-aueTtokcurep-
maTpaH (R=CHs;), cuHTesunpoaH ¢ Bbixogom 91 %
peakuven 1-meTtokcurepMmaTpaHa ¢ 98%-1 ykcycHom
KUCMOTOW M ee aHrmapuaoom B cpefe o-guxropber-
3ona npu 100 °C [22]. 1-Apounokcu-, 1-apunokcu-
aueTtokcu-, 1-a-kapbokcudpypun- n 1-a-kapbokcu-
TUEHWUNrepmMaTpaHbl MNOMyYeHbl NpuU  B3anMoaew-
CTBUM 1-xnoprepmaTtpaHa C COOTBETCTBYHOLLMMM
KanuiHbIMK ConsaMmn kapbOHOBBLIX KUCMOT B cpefe
o-guxnop6eHsona ¢ Bbixogom 41,5-86 % [23]. Mpega-
NOXEH TaKke MeTo[ CUHTe3a 1-aumnokcurepmar-
paHoOB mnocrnefoBaTenbHON peakuuen auokcuaa
repMaHusi ¢ TpUdTaHONaMWHOM M KapbOHOBLIMM
Kncnotamm B cpefe o-Kcunona unv n3oamuoBoro
cnupTa [24, 25].

Coobwanock 0 cuHTe3e 1-kapbokcrn3amelLeH-
HbIX repmaTtpaHa, B Tom vucne buc(repmatpan-1-un)-
okcanata, peakuuMen 3amMelieHus MOpPoKCUnb-
HOW rpynnbl B rugpaTte 1-repmatpaHona KapOok-
CUITbHBIM @HMOHOM aMMOHMEBOW CONIU  COOT-
BETCTBYIOLLEN KapbOOHOBOM KMCNOTbl 6e3 npuBe-
OEHUST  KaKnxX-Nnbo  XapaKTepuCTUK  MHOMBUAOY-
arbHbIX coeauHeHnn [26].

MpoaykTbl B3aumonencTeusa rugpata 1-rep-
MaTpaHona ¢ opraHu4yecKMMy KMCnoTamu Kak B
3TaHone, Tak U B BOAe MNpeacTaBfeHbl Takxe
KaKk aMMOHMeBble conu 1-repmatpaHona [HN*
(CH,CH,0);GeOH] RCOO", BogopoaHble KOM-

XUMUYECKUE HAYKWU /| CHEMICAL SCIENCES 591




B.1. Bapbiwok, H.T.3. Jle. Bzaumodelicmeue 2udpama 1-2epmampaHosia co wasesiegoll Kuciomou
V.P. Baryshok, N.T.G. Le. Interaction of 1-germatranol hydrate with oxalic acid

nnekcbl MO atoMy kKucrnopoga unu kapbokcmnaT-
Hble no atomy Ge: HOGe(OCH,CH,)sN'HOC(O)—
X-C(O)OH(X=-CHy(OH)CH-, -CH,CH,(0O)C-,
—C(O)CHjy), -CH,—CH,-, -CH=CH- [19-21]. OgHako
HU OOHO U3 3ATUX NMPEeaNONOXEeHWA OO0 CUX Mop He
nonyyuno obocHoBaHus. lNMpuBeaeHHbI B [20] o-
BO4 O TOM, YTO XUMWYECKME COBUIMN B CreKTpax
AMP 'H B D,O npotoHoB rpynn CH,N n OCH, B
pas3nunyHbIX KOMMIeKcax 1-repmaTpaHona c opra-
HUYECKMMM KUCIIOTaMU MPaKTUYECKM He OTnv4a-
totea (6, m.Aa., 3,41-42 1 n 3,88-3,89 T cooTBeT-
CTBEHHO), CKOpee, He COrmacyeTcsl C COXpaHeHNEM
B HMX OMLMKNNYECKOro repMaTpaHoOBOro OCTOBa U
NpeanoXeHHOW Ans HUX OpUrMHanNbHOW KoopAawu-
Hauvenm atoma asoTa repmartpaHa Cc kapboHunb-
HbIM aTOMOM Yyrrnepoga OpraHU4eCcKoOn KMUCNOThI.
Manbiin BHYTPEHHMI CABUM MEXAY CMrHanamm npo-
ToHOB A[0 (OCH,) — 6 (NCH,)] yka3biBaeT Ha kBa-
TEPHU30BaHHbIV aToOM a3oTa.

Kpome TOro, M3BecTHO, 4TO MpU B3auMOAEN-
cTBUK rugpaTa 1-repmatpaHona ¢ D-BMHHONM Kucno-
TOM B BOOHOW cpefe repMaTrpaHoBblA LMKA pas-
pywaeTtca u obpasyeTca  6uc(u-TapTpaTo)au-
(rmppokco)repmanaT(lV) TpuaTaHonamMmmoHust [27].

Takum obpasom, cTpoeHvne agayktoB 1-rep-
MaTpaHona ¢ nonukapboHOBBLIMW KUCHOTaMu [0
CWX NOp AOCTOBEPHO HE YCTAHOBIIEHO.

Llenbio HacTosLWero nccnegoBaHus SBASNoCh
n3yyeHne B3aUMOLEWCTBUSA rugpata 1-repmartpa-
HOMa Co LLaBerieBon KUCNOTOM B cpefe BoAbl, U30-
aMWIOBOro CnvpTa, AMMEeTUICynbdokcuaa 1 aueTo-
HUTpWna.

SKCNEPUMEHTAJIbHAA YACTb

MK-cnekTpbl 3anucaHbl Ha cnekTpomeTpe Bru-
ker Vertex-70 B Mukpocrnoe n B Tabnetkax ¢ KBr.
Cnextpbl AMP Hn"c 3aperncTpupoBaHbl Ha Npu-
6ope Bruker DPX-400 (400,13 n 101,62 MI'y, cooT-
BeTCcTBeHHO) B [JMCO-Dg, CD3CN mnu D,O (BHYT-
peHHUn cTaHgapT — auetoHnTpun CH;CN).

OnemMeHTHbIN aHanu3 NPoAyKTOB peakuun Bbl-
nonHeH Ha rasoaHanusaTtope Thermo Finnigan
Flash EA 1112.

Temnepatypy nnaBreHust onpegensany Ha npu-
6ope Micro-Hot-Stage PolyTherm A.

Bce pactBoputenu (gumetuncynbdokeua,
aLeToOHUTpUN, M30aMWUNOBLIN CNMPT) KBanuduka-
UMM 4. MnNn 4v.a.a. OONOMHUTENbHO ouuwanu no
MeToauKaMm, onmcaHHbIM B [28].

Ouokecna repMmaHus Mapku 4. UCnonb3oBanu
6e3 JONONHUTENBHON OYUCTKM.

TpvaTtaHoONamMvH Mapku 4. [OMNONHUTENbHO
neperoHaAnun npu 2 mm pr. cT. (Ty, — 162—-163 °C;
di? = 1,1242; np™°= 1,4852).

vopat 1-repMmaTpaHonia CUMHTE3MpOBanuM Mo
MeToauke, npeacTaBneHHon B pabote [29]. LLaBe-
NeBYy0 KUCNOTY KBanudukauum 4.g.a. nepekpu-
CTannusoBbIBann u3s Bodbl M UCNoNb3oBanu B Bu-
e gurngpara unu npeasapuTensHo 06e3BoxnBa-
N1 BbIOEPXMBAHUEM B CYLWIWMBHOM LIKady npu
110 °C B Teyenue 1 u.

KonunyecTBeHHbIN COCTaB peaKkuUOHHbIX CMe-
cell onpenensinM no WHTerpasibHoW WHTEHCUBHO-
CTM XMMMWYECKUX CABUIOB MPOTOHOB XapakTepu-
CTMYECKUX TPynn B MWHOVBUAYamNbHbBIX COeduHe-
Husix B cnektpax AMP 'H (ta6n. 1, 2).

A. PactBop 0,0200r (0,079 mmon) ruapat-
matpaHona (1) B 0,2 Mn gerTepupoBaHHON BoAbl U
0,0071 r (0,079 mmon) 6e3BoaHON LLABENEBON KUC-
notbl (1:1) 8 0,1 mn D,O cmewmBanu n aHanuam-
posanu metogom AMP 'Hn PC (ctangapt H,0).
MpakTndeckn cpasdy nocne CMeLUMBaHUs PacTBOPOB
B CnekTpe AMP 'H peakuMoHHOro pacrtesopa Ao-
MONMHUTENBHO K XUMMYeckum casuram H rpynn
NCH, n OCH, ncxogHoro repmatpaHona 1 nose-
NATCA paBHble MM MO MHTEHCMBHOCTW Takke OBa
TpunneTHblx curHana npu 3,94 (OCH;) n 3,47 m.4.
NCH,. [obaBneHne Kk peakuMOHHOMY pacTBOpPY
elle OfHOro MOJSIbHOrO 3KBMBASEHTa LUaBeNeBON
KMCNOTbl MPMBOAUT K MOSTHOMY npeBpaLleHnio 1 B
6uc(okcanato-0,0’)gurngpokcurepmaHaTt  TpuaTta-
HorammoHus (2).

3OnemMeHTHbIN cocTaB octaTka (Maccom 0,0391r
nocrne BblAEPXMBAHUSA pacTBopa 2 B TeYyeHue
5 cyTok B Bakyym-akcukatope (~10 mm pT. CT.) cneay-
towmn, %: C—24,30; H-5,21; N-2,83; Ge — 14,91.

Ta6bnuuya 1

Xumuyeckue cdsuzu 1H, CuKCCBe cnekmpax SIMP "Hu®c
6uc(okcanamo-0,0’)0ucudpokcuzepmaHama mpus3maHo/iaMMOHUS
[(HO),Ge(C,0,),]*-H'[(HOCH,CH,);N"H] 2

Table 1

Chemical shifts "H, "*C and *Juy values in the "H and ">C NMR spectra
of bis(oxalato-0,0’)-triethanolammonium dihydroxygermanate
[(HO),Ge(C,0.4),]* ‘H'[(HOCH,CH,);N"H] 2

PacTsopuTens 'H, &, M.4. (uncno npoToHos, rpynna, KCCB *Juw, M) 3¢, 5, m.4. (rpynna)
3,29 T (12H, N'CH,, 5,24) 55,49 (NCH>)
ANIEO-Do 55,54 (OCHz)
3,75 T (12H, OCHo, 5,24) 165.6 (C=0)
3,47 (OCHa, -)
b0 3,94 (NCHy, —) 54,9 (NCHz) 55,2 (OCHz)
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Tabnuuya 2
Xumuyeckue cdeuzu 'Hu °C e cnekmpax SIMP 'Hu"c
1-3ameuwjeHHbIX 2epmampaHoe RGe(OCH,CH,);N
Table 2
Chemical shifts of "H and "°C in "H and "*C NMR spectra
of 1-substituted germatranes
"H, 5, M.4. (4MCIO NPOTOHOB, 5C, 8, m.0.
CoeanHeHune R PacTteoputenb roynna, KCCB 3 i, M) (2pynna)
] 2,82 1 (6H, NCH,, 5,68) 50,66(NCH>)
AMCO-Ds 3,62 T (6H, OCH,, 5,68) 55,94(OCH,)
2,89 T (6H, NCH,, 5,50) 51,89(NCH.)
L HO CD:CN 3.73 7 (6H, OCHy, 5.64) 57,39(0CH.)
DD.O 3,05 T (6H, NCHz, 5,68) 52,27(NCH)
2 3,82 17 (6H, OCH,, 5,56) 58,05(0CH,)
] 3,12 7 (6H, NCH,, 5,50) _
3a HOC(0)C(0)O AMCO-Dg 386 7 (6H. OCH,. 5.50)
36 N(CHzCHzO)aGel —OC(0)C(0)0 [MCO-Ds 2,927 (12H, NCHy, 5,64) -
3,70 T (12H, OCHs, 5,64)
3,.02 T (6H, NCH, 5,68)
4 HCOO OMCO-De 3,77 1 (6H, OCH_, 5,68) -
8,28 ¢ (HCOO)
IMCO-D 2,74 T (12H, NCH, 5,50) 51,05(NCHy)
5 N(CH2CH;0);GeO ° 3,56 1 (12H, OCHj, 5,50) 56,17(0OCHz)
I CDACN 2,79 T (12H, NCH,, 5,70) 52,36(NCHz)
8 3,65 T (12H, OCHb, 5,62) 57,59(OCH)
0,82 A (6H, CHs, 6,32)
1,26 k (2H, CH>CHs, 6,76) 22,7(CHs)
1,62 M (1H, CH) 24,2 (CH)
H3),CHCH,CH MCO-D =
6 (CH5)2CHCHZCH,0 AMCO-Ds 2,84 1 (6H, NCHz, 5,68) 21,1 (CHy)
3,64 1 (6H, OCH_, 5,68) 61,5 (CH20)
3,61 1 (2H, OCH,CH.CH, 6,72)

B3aumodelicmeue 1-eepmampaHoia co wasesiegol Kucromou. Peakyusi 8 600HoU cpede.

C4oH19NO413Ge3H,0. BbluncneHo,%: C — 24,62;
H-5,16; N —-2,87; Ge — 14,88.

B. Pactsop 1,000 r (3,940 mmon) 1 n 0,497 r
(3,940 mmon) gurvgpata LaBeneBOW KUCIOTbl B
10 mn Bogbl HarpeBanu o 45°C B TeuyeHue 2 v,
3aTeM BblgepXuBanu B Bakyyme 2 MM pT. CT. npwu
50 °C B TeyeHue 1 4. lMonyveHHas B pesynbrate
TOoMnoXummnyeckon peakunn macca (l) umena cnegy-
fowmn coctae, % mon.: 1 — 256; (repmaTpaH-1-
un)okcanar (3a) — 27,5; buc(repmaTpaH-1-un)okca-
nara (36) — 8,0; 6uc(okcanarto-O,0’)anrmgpokcu-
repMmaHaTa TpuataHonammoHus (2) — 38,9.

JononHutensHoe BbiAEPXUBAHWE PeEaKLUMOH-
Hor maccel | npu 100 °C B Bakyyme 2 MM pT. CT. B
TeueHve 40 MnH 0OyCNOBWMMO MPOAOIDKEHME TOMO-
Xxvmuyeckon peakumn. CoctaB peakuMoHHOro ocrtar-
ka (II), % mon.: 1 — 24,6 ; (repmatpaH-1-un)okca-
nata (3a) — 14,8; buc(repmaTpaH-1-un)okcanara
(36) —10,5; 6uc(okcanato-0O,0O’)gurnapokcurepma-
HaTa TpuaTaHonammoHus (2) — 38,8; (repmaTpaH-
1-un)dopmmata (4) — 10,9; buc(repmatpaH-1-un)okca-
Ha (5) — 0,4. Nocne pactBopeHus B D,O peakunoH-
Has cmecb |l npeBpallaeTcs B AuUrMgpokcurep-
MaHar (2) n 1-repmatpaHon (1).

Peakyus 8 cpede uszoamusiogozo crnupma.
Cwmecb 1,000 r (3,940 mmon) rmgpata 1-repmatpa-
Hona (1) n 0,481 (1,970 mmon) gurnagpaTa LaBe-

nesow kMcnoTbl B 50 MN M30amMuUoBOro cnupTa Ku-
NATUMM C a3e0TPOMNHON OTFOHKOW BOAbI B TEYEHMWE
74 [0O MOSMHOrO pacTBopeHus peareHToB. [locne
ynapvBaHus pacteoputens npu 130 °C pgocyxa
TBEpAbI OCTaTOK MPOMbIBANN CyxMm OU3TUIOBLIM
aupoM U BblgepkuBanuM B Bakyyme 2 MM pT. CT.
1 4. Monyuunn 1,000 r cBETNO-KOPUYHEBOrO MErIKO-
KpUCTanmnmMyeckoro nopotuka. Ero KOMNOHeHTbl 1
COCTaB MO XMMWYECKMM CABUraM WU MX UHTErpanb-
HOM WHTEHCUBHOCTU B CMeKTpe FIMP1H, % mon.:
1-nsoamunokcurepmatpaHa (6) — 97,8; 6uc(rep-
matpaH-1-un)okcanara (36) — 2,2.

Peakyusi 8 dumemurncynbgokcude. PactBop
0,020 r (0,079 mmon) rmgpata 1-repmatpara (1) u
0,010 r (0,079 mmon) aurmgpaTta LWaBeneBon Kuc-
notel B 0,4 mn OMCO-Dg HarpeBanm go 80 °C B
TedeHne 14, 3aTeM peakUMOHHbIW pacTBOp aHanu-
3vposann MeToAoM AMP 'H. CreneHb npespa-
weHnsa 1 — 76,0 %; Bbixoq (repmartpaH-1-nn)okcu-
KapboHunmeTaHoBon kucnoTbl (3a) — 26,4 % mon.;
buc(repmatpan-1-un)okcanata 36 — 2,6 % mon.;
buc(okcanarto-0O,0’)gurugpokcrepMmaHara  TpuaTa-
HonammoHus (2) — 45,0 % mon.

Peakuyus e cpede auemoHumpurna.

Cwmecb 1,000r (3,940 mmon) rmgparta 1-rep-
maTtpaHona u 0,497 r (3,940 mmon) aurugpara wa-
BeneBoun KucnoTol B 40 Mn aueToHUTpUNa Harpesa-
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mm po 45°C B TeyeHme 24. 3atem pacTBo-
puTenb UCMapsinuM, pPeakUMOHHLIN OCTaToK BbiAep-
xuBanu npu 50 °C B Bakyyme 2 MM pT. CT. B Teye-
Hne 14 n aHanusnposanu metogom AMP 'H. Koh-
Bepcud repmatpaHona (1) coctasuna 45,1 % mon.;
BbIxoa4 cocTtaBun, % mon.: 3a — 21,3; 36 — 8,4;
2-154.

OBCYXOEHUE PE3YJNIbTATOB

M3BecTHO, 4YTO Anokcua repmaHms obpasyer ¢
pacTBOPOM LLABENeBOM KUCMNOTbl MOHO-, AW- U TPU-
okcanaTtorepmaHueBble kncnotbl [30-32]. Tpuc-
(okcanaTto-0,0’)repmaHneBas Kucnorta Bbigerne-
Ha B BMAe Tpurmgparta u conew C HeopraHuyec-
KUMKW KaTMOHaMM U OPraHMYeCKMMM OCHOBAHMUSI-
mMun. buc(okcanato)repmaHneBas KucnoTta Takke

H,0'HOGe(OCH,CH,)sN + 2

HO—C
1 \\\\o

Takum obpasom, 1-repmartpaHos B BOGHOM pac-
TBOpE pearvpyeT CO LLaBeneBOn KUCIOTON B COOT-
HoweHun 1: 2, a He 1: 1 unn, ¢ y4eTom OBYXOCHOB-
HOCTWU U CUMbl 3TOW KNCMOThI, Aaxe 2 : 1, KaK MOXHO
ObIno 6bl OXXMAaTh B Criydyae KUCMOTHOMO rmaponnsa
1 c obpazoBaHMEM OKCanaToB TPUITAHONTAMMOHMS U
opmo-repMaHMeBon Kncnotbl. MNpu KUCHOTHOM rva-
ponuse 1-repmartpaHorna nop AeVCcTBMEM LLaBese-
BOM KuUCMNOTbI obpasyeTcs KOMMrekcHas conb buc-
(okcanaTo-0O,0’)gurngpokcurepmaHarta TpuaTaHor-
aMMOHUs 2.

Beligepxxveanune npu 50 °C 1 octatouyHOM AaB-
NEHUN 2 MM pT. CT. B TeYeHWe 24 peakUMOHHOro
octatka |, monyyeHHoro no cxeme (1) nocne ynapvsa-
HMS1 BOAHOMO PEeaKLMOHHOIo pacTBOpa SKBMMOSIbHbIX
KonnyecTB 1-repMaTpaHona v LaBeneBon KNCMOThI,
NPUBOAMT K TOMOXMMUYECKOW peakumn n obpasosa-
HWo 27,5 % mon. 1-MoHorepmaTpaHunokcanaTta (3a)
n 8,0 % mon. 1,1-buc(repmaTpanun)okcanara (30).

Mocne [ONOMHUTENLHOIO HarpeBaHUsi peakum-
oHHomn maccel | go 100 °C B Bakyyme 2 MM pT. CT. B

obpasyeT aHanornyHble COMM U KOMIJIEKCHI
cootBeTcTBeHHO Tuna [(HO),Ge(C,04),].H.M 1
[(HO),Ge(C204),]:M, (rae M — kaTMOH LWenoYHoro
mMeTanna unu ammonus) [31, 32].

CwmewmnBaHme pacteopoB B D,O rmagpata 1-rep-
MaTpaHona u 6e3BOOHOWN LiaBENeBON KUCIOTbl B
COOTHOLWEHMM 1 : 1 HemeaneHHo NPMBOAUT K MOosiB-
nexHuto B cnektpe AMP 'H peakumnoHHOro pacTeopa
CUrHanoB 2, paBHbIX MO WHTEHCUMBHOCTU XWMMMU-
YeckuM caBuram 'H rpynn NCH, n OCH, ncxogHoro
repmatpaHona. CnabononbHbI COBUM pe3oHaHca
npoTtoHoB rpynnel NCH, cBuaeTenbCcTByeT O KBa-
TEpPHU3aUuM B Hen atoma asoTta. [JobaBneHuwe kK
peakuMoOHHOMY pPacTBOpPY €euwe OAHOro MOJIbHOMO
SKBMBAamneHTa LaBeneBo KUCMOTbl MNPUBOAMT K
nonHoMy npespatleHnto 1 B 2 (cxema (1)).

— /O — 2_
Gé H  [HN(CH,CH,0H)3] (1)
0—=C. />
HO o)
L 2 .

TedyeHne 40muH pona  (repmaTpaH-1-un)okca-
nata (3a) cHwkaeTca BOBoe, a buc(repmaTpaH-
1-un)okcanata (36), HanpoTUB, HEMHOrO BO3pacTa-
eT. Kpome Toro, B peakumoHHon cmecu || nossnsioT-
ca (repmatpan-1-un)popmmar (4) — 12,6 %, wu
buc(repmaTtpaHn-1-un)okcaH (5) — 0,4 %.

O6pa3soBaHue opmuata 4 obycnoBneHo, Bo3-
MOXHO, MpPOLLECCOM AeKkapOOKCUNUPOBaHNA OKca-
naTHoro dparmeHTa B MOHOrepmartpaHurokcana-
Te 3a, cogepxaHue KOTOPOro yMeHbluaeTcs A0
14,8 % mon. (cxema (2)).

Bbuc(repmaTtpan-1-un)okcaH (5) obpasyetca us
rugpata 1-repmaTtpaHona (1) nuwb Npu Harpesa-
Hum go 220 °C [33]. Ero nosisnenve npu 100 °C B
TBepaodasHor peakumm obssaHo, ckopee, MOSHO-
My TepMonuay okcanaTtHow rpynnel B 6uc(repmart-
paH-1-un)okcanarte (36) (cxema (3)).

B cnektpe AMP H BHOBb pacTBOpeHHOW B
BOJE peakUMOHHON cmecu | MpuCyTCTBYIOT XMMnye-
CKne COBWMM NPOTOHOB MWL MCXOAHOIO repmaTpa-
Ha 1 1 komMnnekca 2.

OH
R , 100 °C H
N(CH,CH,0);Ge-O = N(CH,CH,0);Ge-O

AN C/C\o -Co, \C/ (2)
3a Il 4 Il
o]
TGle(DCHQCHg)g,N
o . |
N(CHQCHZOHJQ,GG'O\C /C\"Q\\ 100 °C N(CHchzo:laGe ’_OGG(OCHQCHz)g N (3)
36 i O o <o 5

o)
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Peakuus rupparta 1-repmatparona (1) ¢ agnrva- nyyeH NuLlb B CNeaoBbIX konudecTsax (2,2 % mon.).
paToM LLaBeneBow kucroThl (2) B cpede mnsoamu- BeposaTHo, npu 130 °C 6onbluas YacTb LWaBeneBomn
NOBOro CnMpTa C a3e0TPOMHOW OTFOHKOW BOAbI NpU- KMCNOTbl AekapbokennmpyeTcsa u germgpatupyeTcs,
BOOMUT NPEMMYLLECTBEHHO K 1-M3oammnokcurepma- N OCYLLIECTBIISIETCA paHee U3ydeHHas peakuns ate-
TpaHy (6). MNMpoaykT aTepudmkaumm co LaBeneson pucukaumm rmgpaTa 1-repmaTtpaHona pactesopuTe-
kucnoton — 6uc(repmatpaH-1-un)okcanat (36), no- nem — M30aMusioBbIM cnMpTom (cxema (4)) [34].

N(CHzCHzD)g%eOH*szO + HO(CH;);CHMey — ™
1 -2HzC

— > N{CHchQO)geeO(CHz)z(:H Meg

6
B pactBope AMCO-Dg peakumsa mexay 1 n gu- OpHako npucyTcTBME BOAObI Kak B MCXOOHbIX
rMopaToM LuaBeneBon KUCNOTbl NPU HarpeBaHnm oo peareHTax, Tak U B peakumn atepudmkaLmmn npueo-
80 °C B TeyeHue 14 NpuBOAUT K MOHO- (3a) 1 an- ONT NPeMMYyLLECTBEHHO K pa3pyLLEeHUIo repMmaTpaHo-
repmaTpaHunsameLleHHomy okcanary (36) ¢ xumu- BOro oCcToBa C 06pasoBaHNeM KOMMNeKkca TpuaTaHo-
Yeckumy Bbixogamu 26,4 n 2,6 % mon. cooTeeT- NnamMMOHUsi C AMOoKcanaTorepMaHneBon KUCIoTon (2)
CTBEHHO (cxema (5)). (45,0 % mon.).

N(CH,CH;0),GeOH-H,0 + HOG{OJCOOH2H,0 ————»
-nHO

N(CH,CH,0);Ge =0~ =20 (%)

— |

N(CH,CH,0),Ge—0—C==0

1

— N(CH,CH,0);Ge0C(0)COOH +

3a
36
Mpn B3aumogencTesum 1 CoO LaBEneBOn KuUC- 3AKINMKOYEHUE

noton B auetoHutpune npu 45 °C (24) ¢ nocne- Taknum obGpasom, peakuust rugpata 1-repma-
ayowmm  06e3BOXMBAHNEM PEAKLMOHHOIO ocTaT- TpaHona (1) co waBeneBon KACNOTOW MOXET OCY-
ka npu 50 °C n ocTtatoyHOM AaBrieHun 2 MM pT. CT. LLEeCTBNATLCH TOMOXMMMYECKN U ABMseTca obpa-
B peakuuto aTepucpmkauum no ogHom u obeum Tumoini: B JMCO n CH3;CN ocyuectensieTcs kak no
OKCUKAPOOHWIMbHBIM  TpynNnaM  MOMEeKyn  LiaBene- nNyTN 3aMeLLeHns TMOPOKCUNBbHOM rpynnbl B 1-rep-
BOM KUCIMOTbl BCTYNaeT MeHee MOMoBuHbl 1 (CMm. MaTpaHone, Tak M B HamnpaBfeHUU pacllenneHuns
cxema (5)). Xummndeckuii Boixog 3a u 36 coctasnseTt repmMaTpaHOoBOro Lukna, a B BOAHOM cpefe npuBeo-
cootBeTcTBeHHO 21,3 n 8,4 % mon., a KOMMIek- OVT NWWb K KUCNOTHOMY rngponuay 1 ¢ obpasoBa-
ca 2 — noytn BTpoe MeHblue (15,4 % mon.), Yem B Huem buc(okcanato-0,0’)anrngpokcurepmaHarta
anveTtuncynedokeuae npu 80 °C. TpuataHonaMmmoHus (2) (cxema (6)).

[ ¥

NICH,CH,0)3GeOHHL0 (1)

* 2 HOC{O)COOH o

i
-2 Hs QO |—t; C OH
\ N{CH,CH,O) eO/ \C/

Il
+HOC(T)COOH 3a Q
z- +2 HyO '

HO\\ o o]
]
_se :( H™ [HN(CHoCHOH )] c1 ||-Hy0 (6)
2

+ 2 HOC{O)COCH
+3 H0 !
-1 o

I
c Oée(OCHQCthNI
N(CHyCH;OhéeO/ hod

c
1l

+ 2 HOC(O)COCH

36
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BnusiHne 3aWMTHOro NOKpPbLITUSA
Ha OCHOBE OpPraHM4eCcKoro CBsI3yHLLero
Ha KOPPO3MOHHYIO0 YCTOMYUBOCTb CTanu

© A.A. AAkoBneBa, E.A. AHundepos, E.A. lN'yceBa, C.B. CagnoBckumn

WpKyTCKuUIA HaLMOHanbHbIM UccrneaoBaTensCkuiA TEXHUYECKUIN yHuBepeuTeT, r. Vpkytck, Poccuiickas depepauus

Pe3rome: Paspabomka memodos u npuemMos 3awumbl cmasbHOU 108epxHocmu KOHCmpykyul, Haxods-
wuxcsi 8 agpeccusHol cpede, Hanpumep, 8 MOPCKOU 800e, OMHOCUMCS K 8axXHbIM 3adayamM Mamepuarso-
sedeHus. Mcrionb3oeaHue KpacoK u amarsieli Ha OCHO8e Op2aHUYeCKUX C8A3YHWUX 8 KadYecmee 3auiUmHbi X
rMoKpbIMuU s18/19emcsi OOHUM U3 HarpassieHul rnpu peweHuu yka3aHHbix 3adad. [lepcriekmusHocmb 3moeao
HarnpaeneHusi obycriogrieHa 803MOXHOCMAMU C030aHUs KOMMO3uyull 3a cyem eapbuUposaHusi (hU3UKO -
XUMUYECKUX c8olicm8 U KOITOUOHO-XUMUYECKUX Ka4yecme KOMIOHEeHmo8 — rreHKkoobpa3osamersnel, ces-
3yWUX, nuemeHmos u HarnosHumesned. lNpu uccredogaHuu ceolicme 3awumHbiX MOKPbIMULU Ha OCHO8e
akpus108020 flamekca U 3aguCUMOCMU UX OM aHMUKOPPO3UOHHbIX 006a80K U MuU2MeHMmMo8 UCro1b308aHbl
mMemodbl KOPPO3UOHHBIX UcrbimaHul, npugsedeHHble 8 pssde eocydapcmeeHHbix cmaHdapmos. [lpozpamma
KOPPO3UOHHbIX UCMbIMaHuUll 8KYana ucrnonb3osaHue rnpubopa 05151 peHmeeHocrnekmpaabHo20 aHanusa
Shimadzu EDX-800HS, cywunbHbil wkag LIC 80-01 Cl1Y, aHanumu4veckue eecbi cepuu HR-150AZ ¢
moyHocmbro 83sewusaHuss o +0,0001 e u pssd dpyaux cospeMeHHbIX rnpubopos. NokazaHo, YMO UCMOsb-
308aHUE aKkpusIo8020 slameKkca Ha OCHOB8e MOHOMEpPO8 CII0XHO20 3achupa bymunakpunama u cmupona 8
Kadecmee 3aljumHo20 NoKpbimusi HeaghcheKmueHOo 8 criyyae, Kkoeda Mmemasudyeckasi MoeepxHocmsp o o-
s8epxeHa azpeccusHbIM 8030elicmeusim. B pabome nodobpaHbi onmumarbHbie 10 XUMUYECKOMY cocmasy,
ducriepcHOoCMU U KOJSIU4ECMBEHHbIM COOMHOWEHUSIM KOMIIO3UyuU, ro380/ISAWue CyuwecmeeHHO 08 bi-
cumsb 3awUmHyto crocobHOCmMb aHMUKOPPO3UOHHLIX NOKpbimul. [JobasneHue 8 cocmas akpusiosou amarnu
«Pxasocmon» nuemeHma Ha ocHose ¢hocchama YuHKa U HUmpuma Hampusi 8 Ka4ecmee aHmMUKOPPO3UOH-
Hol 0obasku 3aMemHO rosbiuaem 3auumidbie ceolicmea komnosuyuu. Nokpbimbie e obpasubl cmarnu
Cm3 He nposienaom npusHakos Kopposuu 00 2—3 OHeli 8 MOOEesIbHbIX pacmeopax, UMUmupyuux mMop-
ckyto 800y. ObozaweHue akpunogol amanu «Pxaeocmon» YepHbIM NUeMeHmMoM, 8 KOmOopoOM He MeHee
95 % cocmaensem 2-amur2ekcunosbili aghup 3-0u(2-2udpOoKCcUIMUIaMUHO)POMUOHO80U KUCIOMbI, MHO-
20KpamHo ycunueaem 3ghghekm cuenneHusi niaeHkoobpasogamens ¢ Memasnau4eckol M08epxXHOCMbI.
LobasneHue mempaokcuxpomama yuHka O0nosIHAem nosny4veHHbil 3aghhbekm u He Oaem KOppo3uu pac-
npocmpaHsimbcs Mo nosepxHocmu. [Mpu3Haku Koppo3uu Ha obpa3yax cmanu Cm3 e paccmampueaembixX
ycrnosusix He nposensromcs 0o 7—8 dHel.

Knioyeenie cnoea: cmarib, MexaHU3M KOPPO3UU, COCMas aHMUKOPPO3UOHHO20 MOKPbIMUS, MieHKoobpa3so-
game/ib, akpuioesil namekc, nuaMeHm, HarnoaHUMerb

UHpopmayuss o cmamsbe: [Jama nocmynneHus 20 mas 2019 2.; dama npuHaImusi K nedamu 25 Hosibps
2019 2.; dama oHnatiH-pasmeuieHusi 30 dekabps 2019 e.

Ansa yumupoeaHus: Akosnesa A.A., AHuudepos E.A., N'ycesa E.A., Cagnosckuint C.B. BnvsHue sawmntHoro
MOKPbITUSI HA OCHOBE OPraHMYECKOro CBA3YHLLErO Ha KOPPO3MOHHY YCTONYMBOCTbL CTanu // Misagecmusi 8y308.
lNpuknadrnas xumusi u buomexHonoeus. 2019. T. 9. N 4. C. 600-611. https://doi.org/10.21285/2227-2925-
2019-9-4-600-611

Effect of an organic binder protective

coating on the corrosion resistance of steel
Ariadna A. Yakovleva, Evgenii A. Antsiferov, Elena A. Guseva, Sergei V. Sadlovsky

Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: The development of methods and techniques for protecting the surfaces of steel structure exposed
to aggressive environments, e.g. sea water, presents itself as an urgent task in material science. One of the
directions in solving these problems involves the application of paints and enamels based on organic binders.
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The promising aspects of this direction are due to the possibilities of creating compositions by varying the
physicochemical properties and colloidal chemical qualities of the components — film formers, binders, pig-
ments and fillers. In this study, properties of protective coatings based on acrylic latex are examined
together with their dependency on anti-corrosion additives and pigments using the corrosion test methods
described in a number of state standards. In the corrosion test programme, an EDX-800HS X-ray spec-
trometer (Shimadzu, Japan), ShS 80-01 SPU oven and an HR-150AZ analytical balance with weighing
accuracy up to £0.0001 g were applied in conjunction with a number of other modern instruments. The
application of acrylic latex based on butyl acrylate ester monomers and styrene as a protective coating was
proved to be ineffective in the case of metal surfaces subjected to aggressive action. The work provides the
compositions optimal in terms of chemical formula, dispersion and quantitative ratios and possible to signifi-
cantly increase the protective ability of anticorrosion coatings. The addition of a pigment based on zinc
phosphate and sodium nitrite as an anti-corrosion additive to the composition of the Rzhavostop acrylic
enamel significantly increases the protective properties of the composition. The enamel-coated samples
of St3 steel exhibit no signs of corrosion for up to 2—3 days of maintaining in model solutions of sea water.
The enrichment of Rzhavostop acrylic enamel with black pigment with at least 95 % of 3-di(2-hydroxyethyl-
amino) propionic acid 2-ethylhexyl ester greatly enhances the effect of the film former adhering to the metal
surface. The addition of zinc tetraoxychromate complements the effect and prevents corrosion from
spreading over the surface. In 7-8 days, no signs of corrosion were detected in St3 steel samples of under
the considered conditions.

Keywords: steel, corrosion mechanism, composition of anti-corrosion coating, film former, acrylic latex,
pigment, filler
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BBEOEHUE

Koppo3noHHble npouecchbl SABNSAKTCA npen-
MEeTOM aKkTMBHOro WuccrnefoBaHus. JTO Heyau-
BMTENBHO, NMOCKOMbKY ywepb oT gerpagauun me-
Tannuyecknx usgenuin ovyeHb Benuk. Bobigene-
HMEe 3aKOHOMEPHOCTEW W MexaHW3MOB npoTe-
KaHMs KOppoO3uUM M YCTaAHOBIMEHWE KaKMX-NUG0o
NUMUTUPYOLWNX aKTOPOB SABNSAIOTCH BaXHeun-
WM HanpasneHWeM COBPEMEHHOro matepuaro-
BeAEeHUS.

M3BECTHO, 4YTO KOppO3Ms Kak Ccamornpoms-
BOSbHbIA MPOLECC pa3pylleHuss MeTanna B pe-
3ynbtate ero QU3NKO-XMMUYECKOro B3anMoaen-
CTBUSI CO Cpefon SIBMNAETCA NPOLECCOM Hensbex-
HbIM1’2[1, 2]. PelweHune npobneM, Bsi3aHHbIX, HANpu-
Mep, C yTpaToh MexaHU4eCcKOoM NPOYHOCTU MeTarn-
NNYECKOro n3aenuns, BO3MOXHO Ha OCHOBe aHanu-
3a CMOXHOM CUCTEMbl «MeTann — OKpyXaroLias
cpefda» C y4yeToMm crneumuku B3auMOOEenUCTBUN B
3TOM cUCTEME, a TaKkkKe PacCMOTPEHUSI MEXaHU3Ma
MOBEPXHOCTHbIX MPOLIECCOB BO BCEW WX MOSHOTE.
MpepcraBnseTcs, YTO OOHO M3 aKTyarbHbIX Hanpas-

1)KyK H.M. Kypc Teopun Kopposumn 1 3almTbl Me-
Tannos: y4eb. nocobue AOns CTy4eHTOB MeTar-
Nypru4eckmx By3oB U dakynbTeToB. M.: « AnbsHCY,
2006. 472 c.

% AHran P. Kopposus 1 3awuta ot kopposun: y4ueb.
nocobue. 2-e u3g. / nep. ¢ aurn. A.l. KanatuHuko-
Ba. JonronpyaHein: UHtennekt, 2014. 334 c.

NEHUN B peLllueHun npobrem Koppo3nn CBS3aHO C
3alUMTOM MOBEPXHOCTU MeTanna Kakumu-nnbo no-
KPbITUAMWU.  AHTUKOPPO3UOHHBbIE MOKPLITUA  MOryT
3amMednuTb pasBuTMe paspyLLUMTENnbHOro npolecca,
No3BONMUTbL OTOABWMHYTb CPOKM PEMOHTa, PEKOH-
CTPYKUMWU UMW MOMHOW  3aMeHbl  MeTannuMyec-
KX usgenun. B HacToslwee Bpems cylliecTtByet
OFPOMHOE  KOMWYECTBO aHTUKOPPO3UOHHbLIX  MOK-
pbITUN C pa3HoobpasHbiMW CBOWCTBaAMU U Xa-
pakTepucTMKammn, a Takke crnocobamu nx HaHece-
HUS® [3—13].

[Ona Hawux wnccrnegoBaHUM WMHTEPECHbIMU
NpeaCcTaBnsIOTCA MOKPbITUS U3 KOMMO3UTOB (Kpa-
COK M amarnemn), KOTOpble nepekpbiBalOT AOCTYN
Kucnopoga K MeTannMyeckonm MOBEPXHOCTU U
TeM camMblM NPEnATCTBYIOT MPOTEKAHUIO Ha HUX
OKUCNUTENbHLIX npoueccoB [14-16]. KoHkpeTu-
3aumsa uenu cBgA3aHa C OUEHKOW BIUSHUA 3a-
LWUMTHOrO MOKPbITUS Ha OCHOBE OpraHM4yecKoro
CBA3YOLEro Ha KOPPO3UOHHYK YCTOMYMBOCTb
cranu CT13.

Llenb paboTbl — NpOBECTU MUCMbITAHWSA 3aALLMUT-
HbIX MOKPbITUA Ha OCHOBE OPraHU4YeCcKUX CBSA3YHO-
LWMX Ha obpasuyax ctanu CT3 1 OLEHUTb UX KOPPO-
3MOHHYI0 YCTONYNBOCTb.

3 Epmunos MN.A., NHgenknH E.A., Tonmaues UN.A.
MArMeHTbl U NMUTMEHTUPOBAHHbIE JTAKOKPaCOYHbIE
MaTepuansl: y4eb. nocobue ang By3os. J1.: Xumus,
1987. 200 c.
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9KCNEPUMEHTAJIbHAA YACTb

CTtanu gaHHOro Tvna OTHOCSTCS K Haubonee
pacnpoCTpaHEeHHbIM B  MalWHOCTPOEHMM, MO-
CKOJTbKY MMEKT JOCTaTOYHO BbICOKYHD MexaHuye-
CKYt0 NPOYHOCTb NPU JOCTYMHOCTM N 3KOHOMMWY-
HocTu. Be3 crtanm mapkm CT3 B Hawe Bpems
HEBO3MOXHO BO3BOAUTb Ha3eMHble U MNoA3EM-
Hble KOMMYHMKALMW, CTPOUTb 34aHNSA U COOpYXe-
HUSA pPasnMYHOro HasHavyeHws, BbiNyckaTb arpe-
ratbl, CTaHKW, TpaHCMNOPTHble CcpeacTBa WU np.
Mo NOCT 380-2005 B cTanu gaHHOW Mapku npwu-
CYTCTBYIOT cnegytowue npumecu, % no macce, He
6onee: xpom — 0,30; Hukenb — 0,30; meab — 0,30;
cepa — 0,005; doccop - 0,04; asor - 0,10.
MMeHHO TakoW cOoCTaB MMEKT MCMNOJb3yEMblE
Hamu obpasubl. MaoeHTudurkaumsa u ycTaHoOB-
neHne Mx XMMUYECKOro coctaea Obinv npoBene-
Hbol metogom P®A Ha npuwbope Shimadzu EDX-
800HS (tabn. 1).

Tabnuya 1
Pesynbmambi peH2eHOoh1r0opecyeHmHo20
aHanusa
Table 1

Results of X-ray fluorescence analysis

KomMnoHeHT KoHueHTpauus, % macc.
Fe 98,48034
Mn 0,47359
Si 0,40000
Cu 0,30000
C 0,2-0,3
Cr 0,09226
Ni 0,07321
P 0,04300
S 0,03724

[ns 3awunTsl cTanbHON NOBEPXHOCTM UCMOMb-
30BaHbl MOKPbLITUS, NPEeSOCTaBNEHHbIE KOMMaHUEN
000 «Kanutenb-MpkyTtck». B gaHHom coobLyeHnn
npvBeAEHbl pe3ynbTaTbl HAYanbHoOro atana amou-
LUMO3HOro MpoekTa npeanpusaTuss no Co3daHuio
NOKPbITUIA NS 3alUTbl KOPMYCOB MOPCKMX CYOOB.
OyeBUOHO, YTO OCYLLECTBMEHUE TaKOro NpOeKkTa
HeBO3MOXHO 0e3 yyeTa MHOXecTBa (paKTOpPOB,
onpegensowmx cutyaumio. OpgHako paspaboTka
MOLENV ONsi KOPPO3UOHHBLIX MCMbITAHWA, B KOTO-
poi Obim 6bl BOCCO34aHbl BCE YCMOBUS Ha
MOBEPXHOCTU Kopryca Kopabns, npebbiBatoLiero
B MOPCKOW BoAe, ABMNSAETCH Ype3BblYanHO CITOXHON
3afjayen. MccnepoBaHus KOPPO3MOHHOW  YCTOW-
ymBocTn ctanm CT3 B cpepax, no coctaBy Onuma-
KMX MOPCKOW BoAe, NMpoBedeHbl cornacHo oblue-
NPUHATBIM noaxoadam, npeactaeneHHeiM B TOCT
9.908-85 «EguHasa cuctema 3awmThbl OT KOPPO3nn
n ctapeHusi. Metannbel 1 cnnaebl. MeToabl onpe-
AeneHns nokasartenen KOppo3unm U KOPPO3UOHHOMN
cTonkoctu (c nameHeHnsmm)» n FOCT 9.905-2007
«EpguHaga cuctema 3awmTbl OT KOPpPO3MK U cTape-
H1A. MeTogbl KOPPO3MOHHLIX MCMbITaHuA. Obwme
TpeboBaHus». Ha gaHHOM 3Tane Mbl HAMEPEHHO
obownucb 6e3 ydyeta pearnbHbIX YCINOBWIA, BO3HU-

602 XUMUYECKUE HAYKWU /| CHEMICAL SCIENCES

KaloLmnx, Hanpumep, Mpu OBWKEHWM Kopabns u
T.N., MOCKOMbKY 3TO MHOIOKpaTHO YCIOXHSAET
3agavy oLEeHKN onpeaensatoLmnx q)aKTOpOB4 [17].
M3BecTHO, 4TO rOpbLKOBATO-CONTOHOBATLIN
BKYC MOPCKOM BOAbl ONpeaensoT pasnuyHble Co-
nn, NPEUMYLLLECTBEHHO HATPUS U MarHusi, B LIESIOM
e B BOOE BCTpevaeTcss OKOono 32 XMMWUYECKMX
3NEMEHTOB, BKIOYasl pacTBOPEHHbIe rasbl. Boanu
OoT 6eperoB B pasHbIX MeCTax OKEAHOB MOXET U3-
MEHSTbCA obLlee KONMYeCcTBO BELUECTB, Haxoas-
LUMXCA B pacTBOpe B MOPCKOW BOAE, HO COCTaB WX
OoCTaeTcs NPaKTUYECKN HEM3MEHHbIM (Tabn. 2)5 [18].

Tabnuuya 2
OcHoeHble cocmasnsroujue
oKeaHCcKolU e00bI

Table 2

The main components of ocean water

KaTHOHbI CogepmaHme, AHVOHbI CO,(I):I,Gp)KaHVIe,

o Macc. % Macc.

Na' 30,60 Cr 55,02
Mg>* 3,68 S04% 7,71
ca* 1,17 Br 0,19
y 1,13 HCO3 0,41
Sr* 0,02 H3BOs 0,07
Cymma 36,60 Cymma 63,40

Mpu BbIGOPE MoAenbHOW cpedbl (MO cCocTaBy U
KOHUEeHTpauun paboyvero pactBopa) OCOOEHHO
TWaTtensHo GbiNa npoaHanuM3npoBaHa COBPEMEH-
Has uHdopmauma no coneHoctn GaccewHos, Npu-
MblKaloLWmMx K Tepputopun Poccum, — YepHoro u
AnoHckoro mopen. YepHoe Mope xapaktepusyeT-
CSs1 BbICOKMM MOCTYMMEHNeM MpecHbIX BOA4 M3 Bna-
JalolWmx B Hero pek, a Tawkke npeobnagaHvem
0CagKoB Hag ucnapeHusiMu. OTO CKasblBaeTcs Ha
KOHLEeHTpauun conu B BOAe, Aenas ee OTHOCU-
TenbHO HM3KOW 1 paBHoW B cpegHeM 18 %o. B akBa-
TOopMn AMNOHCKOr0 MOPS Bapuauum CONeHOCTU Bbl-
we u 3aknodeHbl B npegenax 34,050-34,075 %eo.
C y4yeTOoM TOro, 4YTO CONIEHOCTb BOAblI B APYruX
Mopsix Konebnetca npumepHo oT 8 A0 42 %,
0KasblBaeTCsl, YTO COMEHOCTb MOBEPXHOCTHOMN
BOAbl BHYTPEHHWX MOpPEN M3-3a BIUSHUA MaTe-
PUKOBOTO CTOKa HWXe oKeaHckoWh. CpenHsas xe
COMEHOCTb Ha MOoBepxHOCTM MwupoBoro okeaHa
oueHuBaeTcs paBHon 34,7 %o [9].

lMpuBeaeHHble hakTbl MO COMEHOCTM MOPCKOM
BOAbl MOAYEPKMBAKT €€ XMMUYECKYID arpeccuB-
HOCTb K CTanbHbIM KOHCTPYKUMSIM KOopabnew.
OkpalvBaHne CTEH N OHULL MOPCKMX CyOoB obec-
neynBaeT JOCTATOYHO HALAEXHYI0 3aLUUTY NOBEpPX-
HOCTM OT KOppO3uM, OAHAKO, WUCMONb30BaHUE
0ObIYHbIX NAKOKPACO4YHbIX MOKPLITUIA [aeT cpas-

* Cughsies H.W. Teopusa nnaHMpoBaHMS 3KCNepu-
MEHTa W aHanu3 CTaTUCTUYECKUX [OaHHbIX: y4ed.
nocobuve ona MarucTpos; 2-e u3g., nepepab. n gon.
M.: FOpanT, 2017. 495 c.

> CnpaBo4Huk no rugpoxmmumn / nog ped. A.M. Hu-
kaHopoga. J1.: 'mgpomeTeomnsaar, 1989. 390 c.
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HUTENbHO HEBBICOKYID MEXaHUYECKYH MPOYHOCTb U
HeoCTaTOYHY0 CTOMKOCTb B BOAgHOWM cpefe. B
HacTosiLLiee BPEMS YCTaHOBIEHO, YTO NPUMEHEHNE
NaKOKPaCOYHbIX MOKPbITUI LienecoobpasHo, Koraa
CpOK aKkcnnyaTauuu He npesbiwaeTt 10 net, a cko-
poCTb  KOppO3MM MeTanna He npesbllwaeT
0,05 mm/rog [18]. OdbheKkTMBHOCTL Nakokpacou-
HbIX MOKPBLITUA MOXET OblTb CYLLECTBEHHO MOBbI-
LIeHa 3a cYeT Co3faHus KoMnosuumm, rae B 6aso-
BYIO OCHOBY BBOAATCH HOBble€ OpPUrMHanbHble O0-
6aBku, MHOrga crneumanbHO ANA 3TUX Lenen
CI/IHTe3VIpyeMbIes’ 78 [19, 20].

Kak n3BecTHo, 3allMTHble OEeNCTBUSA Nakokpa-
COYHOMO MOKPbITUS 3aKMYalTCa B CO34aHUN Ha
MOBEPXHOCTN METaNIMYecKoro M3genus CcnsoLu-
HOW NNEHKWN, KOTopas NPenATCTBYET arpeCCUBHOMY
BO3OENCTBMIO OKpYXXaloLen cpedbl U npenoxpa-
HAET MeTann oT paspyLweHus” . Beicokue kadyecTBa
NnNeHkn u xopowasa agresunst obecneymBaroTcs
paBHOMEpPHbIM pacnpedeneHneMm MnokpbiTus Mo
MOBEPXHOCTM MEeTanna, a Takke YnopsgovYeHHbIM
pacnonoXeHWeM YacTuL, HAMONTHUTENS U MUTMEeHTa
B NIIEHKE Naka Un Kpacku.

MoTeHuManbHble BO3MOXHOCTM MOBbILLEHNS
KayecTBa 3aLUTHOrO MOKPbITUSI CBSA3aHbl C COCTa-
BOM MOKPbITUSI B LIEMIOM, @ TakkKe CO CBOMCTBaMM
OTAenbHbIX cocTaBnawwmx. Hanpumep, onsa teep-
AblX Opakunn (MUrMEHTOB W HaMnomHUTeNen) Bax-
Hbl KONMIOMOHO-XMMUYECKME OCOBEHHOCTU, a Ans
cpeabl (nMnactndurkaTtopoB U nneHkoobpasoBaTe-
nen) MHTepecHble U BaXHble pe3ynbTaTbl MOryT
ObITb NonyyeHbl Npu gobasneHnn kakmx-nnmbo Ho-
BbIX BELLECTB, Hanpumep, HOBbIX 006aBOK U CBs-
sytowmx [19, 20]. O6o3HayYeHHble HanpaBrieHUs
pa3BMBaAlOTCA 3a4acTyld CaMOCTOSITENbHO, HO
GOnNbLUYID MPAKTUYECKYID 3HAYMMOCTb MMEET Har-
paBneHHoe MOAUPULMPOBAHME CEPUMHBIX NaKo-
Kpaco4HbIX MaTepuanoB, korga B kadecTtBe poba-
BOK MCMOMb3ylOTCA pasnnyHble MOBEPXHOCTHO-
aKTMBHbIE BELLECTBA, Y)KE BblMyCKaeMble NMPOMbILL-
NEHHOCTBIO, U/MNMU NHIMBUTOPBI KOPPO3UN — XPOMa-
Tbl, pocaTbl MeTannos, asoTcodepxaliue u cu-
NaKCaHOBblE COEAMHEHMWS. YNydlleHWe KavecTBa
MoanMUMPOBaHHbLIX MOKPbITUIA obecnednBaeTcs
obpa3oBaHMEM Ha MeTanIM4yeckoh MOBEPXHOCTH
KOMMIEKCOB, WUMEKLUX BbICOKME aAre3vOHHbIE
CcBOMNCTBA.

B kadecTBe cpenbl, UMUTUPYIOLLEA MOPCKYHO
BOAY, UCMONb30Banyu BOAOMNPOBOAHY BOAY W pac-
TBOPbl HEOPraHU4YecKkUx KWUCMOT U CONen, B 4vacT-
HocTn, 3 %-n pactBop xnopuga Hatpusa u 0,1 M

® Akosnes A.., XuMna n TexHosnorus nakokpa-
COYHbIX MOKPbITUI: y4eb. nocobme gnsa By3o0B. J1.:
Xumma, 1981. 352 c.

! WyknH E.O., Mepuos A.B., AmenuHa E.A. Kon-
nouwgHas xuMua: yy4ebHUMK ans GakanaBpoB.
7-e n3g., ucnp. n gon. M.: KOpanr, 2016. 444 c.

8 Opuapuxcbepr .A. Kypc KONMougHON XUMWUM:
yyebHuk; 4-e n3g., ucnp. n gon. CI6: JlaHe. 2010.
410 c.

pacTBOp COMsHOW KucnoTbl. Paboune pacTBopbl
FOTOBUNN KITACCMYECKUM crnoco6om®, ucnonb3osa-
nn anteyHbii pacteop NaCl n gucTMnnnpoBaHHyo
BOAY.

dopma u pasmMepbl NOAroToBMEHHbIX 0bpas-
uoB 6binn BbIOpaHbl B cootBeTcTBuM ¢ OCT P
9.907-2007: chopma Bbina NpsiMOYrofibHON U Ume-
na pasmepbl 12-20 cm® 20x12 mm?. TonuwuHa
obpasuyoB coctaBnsana o0 5 mMm. Dusmyeckyto
(obwyto) nnowanb obpasyoB onpegenanu ¢
MOMOLLbIO LUTAHreHUMPKYIS, OHa COCTaBnsa OKo-
no 7 cm?.

Mepen vcnbiTaHnsmm obpa3uoB 6e3 NOoKpbI-
TUA (CEpUst KOHTPOJIbHbIX WCMbITAHWMIA) NOBEpX-
HOCTb OOpa3suoB TWATENMbHO 3ayulliany Haxgaud-
HOM Oymaron C KpymHbIMW, 3aTeM MEeNKUMU 3ep-
HaMK M NOnMpoBanNu crneumnanbHON MNOonMpoBasb-
HOM TKaHbiO C MOMOLLbBIO OKCuAa Xpoma OO 3ep-
KanbHoro ©necka. [Mocne nonupoBku ob6pa3subl
nogBeprann «MopeHuto» — Ha 3—5 ¢ onyckanu B
5%-n pacTBOp a30THOW KMCMOTbI, OMonacknBanu
CMMPTOM UIN aLeTOHOM A0 MOMHOro 06e3BoXuBa-
HUS.

MeToaouka HaHeCceHMsI MNOKPbITUI 3akmoya-
nacb B TOM, YTO Ha NOBEPXHOCTb 06pa3LoB nocre
06e3xnpuBaHusa HeboMblIMM BanMKOM HaHOCK-
nn nokpbiTe. lNMocne ero BbICBIXaHUA NPOBOAM-
N1 NOBTOPHOE HaHeceHue, CTapasaCb YCTPaHUTb
nopbl U Apyrne usbsiHbl NIIEHKU CO BCEX CTOPOH
obpasua.

McnblTaHMa KOpPPO3UMOHHOW YCTOMYUBOCTHU
obpasyoB MpoBOAUNN C COOTBETCTBMM C paHee
yKaszaHHbIMM cTaHgaptamu, a Takke FOCT P
9.907-2007 «EgmnHasa cuctema 3awmTbl OT KOppO-
3unm 1 cTapeHus. MeTannbl, cnnaebl, MOKPbITMSA
meTannudeckme. MeTogpl yaaneHuss NpPOAYKTOB
KOppo3un NOcCfe KOPPO3UMOHHBIX WUCMbITAHUNY» U
OCT 9.506-87 «EamHas cuctema 3awurtbl OT
Koppo3uu u ctapenunsi. MHrmbutopsl Koppo3um me-
Tannos B BOAHO-HeTAHbLIX cpepax. MeToabl
onpegeneHuns 3amTHOM CNOCOBHOCTUY.
MoarotoBneHHble 06pasLbl pasMeLlanu B CTakaHe
C KOPPO3VMOHHOW Cpefol B HaKMOHHOM MOnoXe-
HuK, obecneyvmBasa OTHOLIEHNE OObEMA >XMOKOCTU
(KOpPO3MOHHOKM cpefpbl) K nnoLiaan NoBepXHOCTU
ob6pasLa CoOOTBETCTBYHOLUUM pearibHbIM YCIOBUSAM
akcnnyaTaumm (O6GbIMHO 3TO COOTHOLLEHWE CO-
cTaBnano He meHee 10 MJ’I/CMZ). B pabote wuc-
nonb3oBanu  cneuunanbHoe  npucnocobnexHve
ONst KpenneHnss ¢ MUHUMAarnbHOW MoWanbo KOH-
TakTa gepxartens ¢ obpasuom.

[Mocne okoH4YaHWs 3kcnepumeHTa ob6pasubl
JocTtasann, NpoMbiBanu nog MpPOTOYHOM BOLOM,
cywunu B cywwunbHom wkady LWC-80-01 CI1Y,
yaansanu npoAayKTbl KOPPO3MKM U OCTATKM 3aLUTHBIX
MOKPLITUA C MOBEPXHOCTM U MPOBOAMIM B3BELLU-

o Oynapesa .H. AHundepos E.A., BeryHoBa J1.A,,
Oynapes B.W. AHanuTudeckas xumusa u U3NKO-
XUMUYeckne MeTtoabl aHanusa: y4eb. nocobue.
UpkyTck: N3a-8o0 UPHUTY, 2018. 196 c.
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BaHue. [1poooMmMKMTENBHOCTL 3KCMOHUPOBAHUS
cocTaBnsana: Ans HesawwuLeHHbIX obpasuoB — OT
0,5 po 244, pna obpasuoB C MNOKPbITUAMWU —
0o 8 cytok. [AnuMTenbHOCTb MUCMNbITAHUN OTCYU-
ThiBanMM C MOMEHTA MOrpyxeHnss obpasLloB B
ucnoityemyto cpeay. OnbITel MPOBOAUNN NPU KOM-
HaTHOM TemnepaType, cuuTasd YCnoBusl M30Tep-
Muyeckumun (TemnepaTtypHble konebaHus 6binu
NCKITIOYEHDI).

B xopge onpegeneHust KOPPO3MOHHOW YCTOWM-
YMBOCTM 0Opa3uUoB OTMEeYann N3MEHEHNs BHELLHE-
ro Buga obpasua, Bpemsi, npowlegliee 4o nosisne-
HWSl NEepBOro o4yara KOppo3un, KONMYecTBO U pac-
npeaeneHne Koppo3MOHHbIX AedeKToB, PUKCUPO-
BanM W3MEHEeHWe MacCbl U pasMepoB CTanbHbIX
nnactuH. BasewwnBaHve obpa3uos NpoBOAMMM Ha
aHanuTtuyeckmx Becax cepum HR-150AZ ¢ Tou-
HocTbto £0,0002.

[Ona oueHKn 3alMUTHBIX KavyecTB MOKpbI-
TUA OblNM NpoBeAEeHbl UCMbITAHUS C WUCXOAOHbI-
Mu obpasuamu ctanu 6e3 nokpbiTuin. Mpu npose-
OEHUN napannenbHbiX OMNbITOB  MCMNOMb30Banm
no 2-3 wucnbiTyembix obpasua, B KayecTBe KOH-
TPOMNBHOIO BO BCEX CEPUSX WMCMOMb30BaH OAMWH
obpaseu,.

[ns KONMYeCTBEHHON OLLEHKN CKOPOCTU KOP-
po3MM Mcnonb3oBanu yAenbHbIN MNOKasaTenb
n3MeHeHust Maccbl, K, onpegensiembiii kak'

K=am/(S-T),

roe Am = my — my; my N m, — macca o6pasuyoB 4o
M Nocne UCMbITaHUN COOTBETCTBEHHO, I, S — nno-
wagb obpasua, M>; T — NPOAOIHKNTENBHOCTL KOp-
PO3MOHHbIX UCMbITAHWMA, Y.

AHanuavpyemble ganee [aHHble MO CKOpO-
CTU KOppO3un NpeacTaBnsoT cpegHeapupmeTu-
Yeckme 3HavyeHusa n3 2—3 napannenbHblX ONbITOB.
HeMHorouncneHHble, HO CyLlECTBEHHbIE OTKIIO-

Py

-

HEHUs OT YCpeOHEHHbIX 3HayeHun npu onpepge-
neHun n3MeHeHus macc obpasuoB OTHOCMIM K
owmnbkaM 3KCNEePUMEHTOB (HekayecTBEeHHOe yaa-
neHve NOBEpPXHOCTHbIX MMIEHOK) U He WMCMONb30-
Banu.

3almnTHYIO CNOCOBHOCTb Z MOKPbITUS onpe-
Aensnu no oopmyne

Z = [(Kmy — Km;) | Kmo] - 100 %,

rae Km, — CKOPOCTb KOppo3uuM 6e3 MNoKpbITUS;
Km; — CKOPOCTb KOPPO3WMW C 3aLUMTHBbIM MOKPbI-
TeM.

OBCYXOEHUE PE3YIIbTATOB

Ha pwuc. 1 npegcraBneHbl goTtorpacun
NMOBEPXHOCTM OAHOr0 U3 UCXOAHbIX 06pa3uoB,
NOABEPrHYTbLIX LWNANGOBAHNIO U MNONMPOBAHWUIO,
T.e. MOArOTOBMNEHHBLIX K HAHECEHWIO MOKPbITUSA,
NpW pasHoOW CTENEHN YBENTUYEHNSI.

Ons MMKpoaHanusa meTannmMyeckon noBepx-
HOCTM ucnonb3oBann Mukpockon MWUM-7. doTo-
rpacun, NpeactaBneHHble Ha puc. 1, No3BoNsAT
BbIABUTb WCXOOHYKO HEOAHOPOAHOCTb penbeda.
[MpucyTcTBME MOBEPXHOCTHBIX BbICTYNOB, BNaguvH
N NHbIX AedeKToB CTPYKTYpbl, C OQHOW CTOPOHbI,
cBuaeTenscTByeT 06 ycrnosusx, GnaronpuaTHbIX
ANS XOpolwen aaresvm HaHOCKMMOro 3alUMTHOro
MOKPLITUS HA OCHOBE OpPraHM4YecKoro CBHA3YIOLLE-
ro. OgHako, C ApYyron CTOPOHbI, 3Ta KapTuHa
M HacTopaxuBaeT, MOCKOSNbKY HEeOOHOPOAHOCTb
3HepreTu4eckoro nons 6yaeT nNposBnsTb cedst Ha
MUKPOYPOBHE B CIOXHbIX MexaHuamax opMu-
poBaHWS [OBOWHOrO 3feKTpUYeckoro (MOHHOro)
cnosi.

Ona npumepa Ha puc. 2 npeacTaBfeH xa-
pakTep koppo3un obpasuos ctanu CTt3 0e3 3a-
LWMTHBIX NOKPbLITUI B BOAE M pacTBopax xiopuaa
HaTpPMs N CONSAHOMN KUCIOThI.

Puc. 1. Mukpoghomozpaghuu obpasua cmanu Cma3
npu 100-kpamHom (a) u 200-kpamHowm (b) yeenuveHuu

Fig. 1. Micrographs of steel samples at different magnifications

604 XUMUYECKUE HAYKWU /| CHEMICAL SCIENCES




Slkoeneea A.A., AHYughepoe E.A., l'ycesa E.A. u Op. BnusiHue 3aujumHo20 rMoKpbimusi...
Yakovleva AA, Antsiferov EA, Guseva EA, et al. Effect of an organic binder protective...

0,3
0,25
0,2
0,15
0,1
0,05

CKOpOCTb KOppo3uu,
r/(Mm2-4)

*1

m2

0 .

20 30

Bpewms, yac

Puc. 2. Koppo3usi ucxodHbix obpasyoe cmasau Cm3
8 sodonpoeodHoli sode (1), pacmeopax xsopucmo2o Hampusi (2) u consiHol Kucsomsl (3)

Fig. 2. Corrosion of initial steel samples St3
in tap water (1), solutions of sodium chloride (2) and hydrochloric acid (3)

Kak BugHo u3 rpacukos, npeacTaBneHHbIX Ha
puc. 2, KOppo3us UcxogHblx obpasuos ctanu CT3
6e3 3alMTHOro MOKPbLITUSI B pasHbIX cpefax npo-
NCXoONT [OCTATOYHO CTPEMUTENBHO B HayarbHbIN
nepuog KOHTakTa CO Cpedon, MpUYEM HaMHOro
aKkTuBHee B pacTBopax. [lanee ckopocTb npouecca
BMOJSIHE NOrMYHO HAYMHAET CHMKATBLCS U, HAKOHeL,
nocrne CyTOYHOrO BblaepXuBaHus obpasuoB cTa-
HOBUTCS OYEBMAHO, YTO XapakTep cpedbl NpakTu-
YeCKn He BNUSAET Ha CKOPOCTb KOPPO3uUW Hesallu-
LeHHoro obpasua crtanu. [oBepxHOCTb MeTanna
naccmBmpyeTcs N NOKpblBaeTCa AOCTATOMHO MPOY-
HOW MreHKOW, AOCTaBKa pacTBOpUTENs 4epes Ko-
Topylo B CiTaLJ,I/IOHaprIX ycnosusix  auddysHo
orpaHuyeHa [1].

Cnegytowme cepum onbITOB CBA3aHbl C HaHe-
ceHneM Ha obpa3supbl CTanu pasnmyHbIX NOKPbITUN.

1. PaccMoTpym pesynbTaTbl MCNbITAHUA C
obpasuamu, KoTopble BbiNM MOKPbITbl AKPUNOBON
amanbto «PaBocTony» ¢ YEPHLIM MUIMEHTOM.

B coctaBe gaHHOro 3awuMTHOrO KOMMo3nTa B

KayecTBe OeNCTBYIOLLEro BelwecTsa NpucyTcTByeT
2-3TUnrekcunoBbIi acdup  3-an(2-rapokeuaTunamu-
HO) MPOMMOHOBOW KUCMOTbl. JTO COoedVHeHWe 3a
CYET OOHOPHO-aKLENTOPHOW CBA3M obpasyeT KoMm-
MreKCHoe coedvHeHne C OKCWMAOM >Keresa, 4To B
UTOre OrpaHNYMBaET passBuUTUe KOppo3un (puc. 4).

Kpome TOro, B cocrtaB 3alUUTHOrO KOMMO3W-
Ta BXOAMT TETPaoKCMXpomaT LMHKa, KOTOPbIN Tak-
Xe He [JaeT Koppo3unm pacnpocTpaHsatbcd. Ha
MUKpodhoTorpacdumn TeTpaokcMxpoMaT UMHKa 4veT-
KO BMOEH B BMAE XenTblX MATHbIWEK, paBHOMEp-
HO pacrnpegeneHHbIX MO MNOBEpPXHOCTM obpasua
(cm. puc. 4). CnocobHOCTb 3TOro CoeanHEHUsI
GnokupoBaTb KOPpPO3WNKO CBSI3aHa, OYEBWAHO, C
HEeCKONMbKUMW PakTopamMu: C BXOASLIMM B COCTaB
COMM MOHOM UMHKa (6nuskum No npupode MoHam
mMeTanna), C HEBbICOKON PacTBOPMMOCTbI B KOM-
nosute, obecneuymnsatoLLiEen NPUCYTCTBUE CONN HE B
pacTBOPEHHOM BuAe, a B BUAE ANCMEPCHbIX BKITHO-
YeHUN, pasMepbl KOTOPbIX YAA4YHO KOPPEnMpyroTCH
CO CTPYKTYPOW MOAMOXKM.

HO.

Puc. 3. MexaHu3m KoMniekcoobpa3oeaHusi 2-amusi2eKcusioeo20 aghupa
3-0u(2-2udpokcuamunamuHo) NPONUOHOBOL Kuciomabl

Fig. 3. Mechanism of 2-ethylhexyl ester
of 3-di (2-hydroxyethylamino) propionic acid complexation
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a

b

Puc. 4. O6pa3sey c HaHeceHHOU Ha No8epPXHOCMb 3Masibio «Pxasocmony»
C YepHbIM nNuaMeHmMom (a); mukpogpomozpaghusi 1000-kpamHoO20 yeesiu4eHUs1 NogepxHocmu,
epemsi IKcrioHupoeaHusi — 24 4 (b)

Fig. 4. "Rzhavostop" enameled sample (with black pigment) — a;
surface micrograph after 24-hour exposure (1000 times magnification) — b

Ha obpasue, npegcraBneHHoM Ha puc. 4, oT-
YeTNMBO BMAHA XOpollas CUEnnAeMOoCTb MOKPbI-
TUS1 C NMOBEPXHOCTbIO, YTO FOBOPUT O BbICOKON af-
re3anoHHON CNMOCOBHOCTM aKpUOBOro fnaTekca.

Ha puc. 5 npegcrtaBneHbl pesynbTaTtbl WH-
dpakpacHoro cnekTpodoToOMETPMPOBaHUS, Mpo-
BeAeHHble AN onpefeneHns coctaBa WCMNOMb3y-
€MOro MOKPbITUS U MPUMECEN B HEM.

Ha gnarpamme BugHo (cm. puc. 5), 4To B ne-
BOW 4acTu HaxOAUTCS BoAa, Tak Kak Monekyna rma-
podhoHa nNputarmBaeT Ha cebs Monekynbl BoAbl, a B

1P3

Absorbance
o
g
o

NpaBoN — pacnoroXeHbl CMEKTPbI, KOTOpble Xapak-
TEPU3YIOT MOJIEKYNY 2-3TUNTEKCUITOBOro adumpa
3-0u(2-ropoKCHMaTUNAMMHO) NPOMNMOHOBOW KMUCTIOTHI.

2. Ha puc. 6 nokasaH obpasel, KOTOpbIi
ObIN MOKPbIT koMno3uuunen «PxxaBocTon» C nur-
MEHTOM Ha ocHoBe hocdaTa LumHKa 6enoro use-
Ta, n MukpodoTorpacusa ero suga npu 1000-kpat-
HOM YBENUYEHMM MOCMEe MOMy4acoBOro BblOEPXKM-
BaHWs B conesoM pacTtBope. B atonm amanu 3a
KOPPO3MOHHYI0 3alUUTy «OTBEYaeT» HUTPUT HaT-
pUsi Kak HaMoJTHUTESb.

3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
-1
[nnHa BOnHbI, CM

Puc. 5. UHgppakpacHbIl ciekmp 2-amursi2zekcusio8020 aghupa
3-0u(2-2udpokcuamunamuHo) NPONUOHOBOL Kuciomabl

Fig. 5. Infrared spectrum of 2-ethylhexyl ester
of 3-di (2-hydroxyethylamino) propionic acid
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b

Puc. 6. O6pa3sey c HaHeceHHOU Ha lMo8epxXHOCMb aMasibio «Pxxasocmon»
¢ 6enbIM nuameHmom (a); Mukpogomozpadghusi noeepxHocmu obpasuya
npu 1000-kpamHoOM yeeJsiu4deHuuU, epeMsi IKcrnoHupoesaHusi — 30 muH (b)

Fig. 6. "Rzhavostop" enameled sample (with white pigment) — a;
surface micrograph after 30 minutes exposure (1000 times magnification) — b

MsaTHa opaHXeBOro LBeTa CBUOETENbCTBYIOT,
YTO MoLlen NPOLLECC KOPPO3Un, NMOCKOIbKY aMarb
He COBCEM XOpOLUO CLenunacb C MOBEPXHOCTbIO
NN B KakKMX-TO MecTax 3alluMTHas MnfeHKa oKasa-
nacb HEOAHOPOAHOW U nMena AedeKThbl.

3. VIHTepecHbIM OKa3sbiBaeTCsi CpaBHEHNE C 00-
pasuamu, Ha KOTopble HaHECEHO MOKPLITUE U3 0ObIY-
HOM BOAHO-gucnepcuoHHon kpackn BL-KN-03-06
ONa BOAsHbIX pagmaTtopoB. B Takom nokpbIiTvm
KPOME HUTpUTa HaTpusi OTCYTCTBYIOT Kakue-nmbo
aHTUKOPPO3MOHHbIE A00aBkM, M 3awmta meTan-
NIMYECKOW MOBEPXHOCTM NPOUCXOAMT 3a cuer
nrneHkoobpasoBaHus © apre3Mm axkpunoBoro
natekca Ha OCHOBE MOHOMEPOB CIOXHOro achmpa
GyTunakpunarta v ctupona. Y>xe B nepBble MUHYThI
BblAEpPXKMBaHMA Takoro obpasua B pacTBOpe XJo-
PUCTOr0 HaTPUsA Ha4yMHAETCA B3AYTWE MOKPbITUSA
n obpasoBaHue ObICTPO paspacTalLmuxcs opaH-
XKeBbIX MATEH. OTO rOBOPUT O TOM, YTO OaHHOE
MOKPbITUE HECNOCOBHO NpenoTBpaTUTb MNPOLLECC
KOppO3uun B yCroBusix onbIToB. O4YEBMAHO, YTO ak-
TMBHBIM areHTOM, 3anyCKalLuM MpoLecc KOppo-
31K, ABNSETCA BOAHAs OCHOBA Kpacku. [Nockonbky
Mexay MeTannnyeckon peLueTkon M makpomone-
Kynamy naTeKkCOB He BO3HUKaeT O6naronpusaTHbIX
YCINOBUIM AN B3aUMOAEWCTBUSI MU3-3a MX pasnuy-
HOM XMMWYECKOW MPUPOAbI, KOrga Curbl NPUTsSKe-
HUst MMBO OTCYTCTBYIOT, NMMOO CAULLKOM Marnbl, TO
MeXJy OCHOBOW U MOKPbITUEM CO3atl0TCs ra3oBble
NPOCMONKM MO TUMY KUCITOPOAHOW KOPPO3Un erne-
3a B BOAe :

4Fe+6H,0+30, — 4Fe(OH)s.
HaGniogeHnst nokasblBaloT, 4YTO KOPPO3ust

04eHb BbICTPO PaCcnpPOCTPaHsETCH U 3axBaTbiBaeT
NoBepXHOCTL 06pasua, NPOCONKM NPEBPALLAOTCS

B MNy3blpyu, MEXaHUYECKM HACTOMbKO HEMPOYHbIE,
YTO Mocne ux paspylleHusi obHaxaeTcsi MoBepx-
HOCTb MeTanna, y»e noaBeprHyTast KOppo3uOHHbLIM
BO3eNCTBUAM. KonuyecTBeHHble XapaKTepUCTUKU
(moTepst Macchbl U CKOPOCTb KOPPO3UK) B 3TON cepumn
ONbITOB OKa3anucb COMOCTaBUMbI C pesynbTaTtamu,
KOTOpble MNONy4YeHbl ANA CnydYaeB C HesaluLleH-
HbIMU O0BpasLamn B KUCIOW U CONEBON cpeae.

Ha puc. 7 npegcraeneHa 3awmtHas crnocob-
HOCTb PAaCCMOTPEHHbIX NOKPbITUN. 3a TOYKY OTCYe-
Ta NpuHATa cuUTyauusi, korga obpasubl ¢ Hesalum-
LLIEHHOM MOBEPXHOCTbI MOrpYXeHbl B KOPPOAMPY-
oLme cpepl — BogonposogHyto Bogy (1), pacteop
XITOPUCTOro HaTpus (2) u pacTBOp COMSIHOW KUCIO-
Tbl (3). CKOpPOCTb KOPPO3UN NPY ITOM MUHUMAarbHA
n coctaenset ot 0,01 go 0,02 F/(MZ"-I).

Mpu norpyxeHun o6pa3uyoB, MNOKPbITLIX
amanelo «PxaBocTon» € 4YepHbIM MUIMEHTOM, B
nodyo N3 paccMOTPEHHbIX Cpef Ha CYTKU crnefbl
KOpPPO3MK OTCYTCTBYIOT, OHU NMPOSIBASIOTCS TOSbKO
yepes 7-8 gHen. Ecnn npuHaTb, YTO Ha obpasuax,
MOKPbITBIX 3Marnbko «PXXaBoCTOM» C YepHbIM Nur-
MEHTOM, MWHMMAanbHOEe Uu3 3aUKCUPOBAHHBIX B
YCITOBUSIX OMNbITOB 3HA4YEHME CKOPOCTM COCTaBNsAET
0,01 I'/(MZ"-I), TO MOXHO NokasaTb MOsiIBfIEHNE KOp-
po3nn B pacTBope xrnopuga Hatpus (puc. 8).

[Mony4yeHHble pe3ynbTaTbl CBUAETENLCTBYIOT,
YTO WUCMNONb3yeMble NaKOKPaCOYHble MNOKPbITUA
(akpunoBble 3amManu) ¢ nUrMeHTamu obnagatoT
YNyylleHHbIMW 3alnTHBIMKU cBoWcTBaMn. Koppo-
3MOHHasA yCcToMuYMBOCTb cTanu CT3 noBbiwaeTcd
npv HaHECEHWN Ha MOBEPXHOCTb TOHKOro Crosi
3aLUUTHOrO MOKPbLITUS HA OCHOBE OPraHM4ecKoro
CBA3YIOLEro, npuyem nyywmMmn pesynbTaTbl OKa-
3bIBAIOTCA ANS MOKPLITUS C YepHbIM MUTMEHTOM.
M3meHeHns MOBEpXHOCTU UCMbITyeMbIXx 06pasuoB
BU3yanbHO He MKCUPYOTCA 0 7—8 CYTOK.
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Fig. 7. Protective power of coatings during daily exposure
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Puc. 8. Pazgeumue koppo3uu Ha o6pa3yax, MoKpbImbIx 3Masiblo «Pxxagocmony»
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Fig. 8. Corrosion development on "Rzhavostop” enameled samples
with black (1) and white (2) pigment — a; sample condition on the 8th day
of exposure in sodium chloride solution — b

3AKITKOYEHUE

MokasaHo, YTO aKpWUOBbLINA NaTekc Ha OCHO-
BE& MOHOMEpPOB CIOXHOro acupa GyTunakpunarta
W cTupona, Ucnomnb3yeTcsl B kKayecTBe 3aljuTHO-
O MOKPbITUS XapakTepuayeTcs BbICOKOW afresu-
el TONMbko B YCIOBUSIX, korga MeTannuyeckas
MOBEPXHOCTb HEe MOABEPXKEHa aKTUBHOM Kop-
posun. B arpeccrBHbIX cpefax KayecTBO MOK-
PbITUSI U3 aKPUJIOBOTO flaTekca 3aMeTHO CHMXKa-
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eTcsl, U BO3MOXHOCTb €ro MNoBbllLEeHNS OKa3blBa-
eTcs cBsi3aHHOM ¢ gobaBkamu NMUIMEHTOB U HamMon-
HUTEnemn, BbINONHAKWNX (YHKLUUIO aHTUKOPPO-
31OHHbIX gobaBok. B paboTe nogobpaHbl onTu-
MarsbHble MO XMMUYECKOMY COCTaBY, AUCMNEPCHO-
CTU M KONMUYECTBEHHbIM COOTHOLLEHUSIM KOMMO-
31LUKN, KOTOPbIE NMO3BOSISAT CYLLECTBEHHO NOBbI-
CUTb 3aLMTHYIO CNOCOBHOCTb MOKPbLITUNA.
BHeceHue B cocTaB akpunoson amanu «Pxa-
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BOCTOM» MWIMEHT Ha OCHoBe docdarta uuMHKa U1
HUTPUTa HaTpPUS B Ka4yecTBe aHTUKOPPO3MOHHON
nobaBkn He NPUBOAWT K U3MEHEHMWIO LiBETa ama-
nn, HO 3aMETHO MNOBbIWAET 3aluTHble Cnocob-
HOCTU komno3suumun. MokpbiThie et 06pasubl cTa-
nm CT3 He nposaBRAOT NPU3HAKOB KOPPO3UW 0
2-3 gHen B MOAEnbHbIX pacTBOpax, UMUTUPYIO-
LLIMX MOPCKYIO BOAY.

YctaHoBneHo, 4to oboralleHne akpuroBoWn
amanu «P>aBOCTOM» YepHbIM MUIMEHTOM, B KOTO-

pom He MeHee 95 % cocTaBnseT 2-3TUNreKcu-
noBbIN 3dup 3-AnN(2-rMapPOoKCUITUNIAMUHO) Nponu-
OHOBOW KUCMOTbI, ycunueaeT 3dpdekT cueneHus
nrneHkoobpasoBaTens C MeTanfMyeckon MNoBepX-
HOCTbIO MHOrokpatHo. [loGaBneHune TeTpaokcu-
XpomaTa LMHKa OONOSHAET MonyyveHHbI addpekT
M He JaeT KOppo3um pacnpocTpaHaATbCs No no-
BepxHocTU. MpusHakn kopposum Ha obpasuax cra-
nn CT3 B paccMmaTpyBaeMbIX YCNOBUAX HE NPOSB-
NATCS ANUTENbHOE BPEMS.
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KoHgpnnukm uHmepecoe

ABTOpbI 3asBMAOT 06 OTCYTCTBUM KOHPIIUKTA UH-
Tepecos.
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KonnyecTtBeHHble XapaKTepUCTUKN
B3aMMOAENCTBUU B pacTBOpaXx 3SIEKTPOSINTOB

© B.b. TaHranos*, .M. MorHoHoB*"**

* BOoCTOUHO-CMOBUMPCKUN rocynapCTBEHHbIA YHUBEPCUTET TEXHONOMMIA 1 yNpaBreHus,
r. Ynan-Yno, Pecnybnuka Bypstusa, Poccuickas ®egepaums

** BankanbCKnu MHCTUTYT npupogonons3osaHns CO PAH,

r. Ynan-Yno, Pecnybnuka bypstus, Poccuiickas egepaums

Pe3srome: B 800HbIX U HEBOOHbIX pacmeopax CuUslbHbIX U Criabbix 3[eKmpoumos rnpomeKarom CrioXKHbIE MEX-
Yacmuy4Hble U MEXMOSIEKY ISPHbIe 83auMo0elicmaeusi rpeuMyWeCcme8eHHO MeX0y 3apsXKeHHbIMU Yacmuuyamu,
Moriekynamu pacmeopumernel, a makxe Mex0y uoHamu u QuriosismMu pacmeopumened. B 3asucumocmu om
ceolicme pacmeopumerisi 0OUH U MOm e pacmeopeHHbIU 3MIeKmMpoaum Moxem fposie/Isime MpPomuU8ornonoX-
Hbie ceolicmea. Tak, Harnpumep, criabasi 8 600e yKcycHasi Kucsroma rpu e3aumodelicmeauu ¢ bosiee npomozeH-
HbIM pacmeopumerieM (Kudkul ¢gbmopucmabili 6000p00) rposiernisem ceolicmea OCHO8aHUS, akyenmupysi npo-
moH. Omo mMoxxem bbimb 0O6BSICHEHO pa3snuduemMm 8 cpodcmee K npomoHy. OdHako ceedeHull O KONu4YecmeeH-
HbIX Xapakmepucmukax e3aumodelicmeuli 8 pacmeopax CUsbHbIX U criabbix 371€Kmpoaumos ornybrukoeaHo
HedocmamoyHO. Hacmosuwass cmames MocesweHa paccCMoOmpeEHU0 amux rpoyeccos 8 dumemusichopmamude
(AM®A). Aemopamu ouyeHeHbl Hauboriee socmpebosaHHble napamempbl Pacmeopos8 3MEKMpPOIUMos. Coflb-
8amHbIe Yuc/ia HEKOMOPbIX UOHO8, Macchl U pa3Mepbl CO/Ib8amupo8aHHbIX UOHO8. [loka3aHo, 4mo pacyemHble
3Ha4yeHus1 coenacyromcs ¢ numepamypHbimu. OnpedesieHbl mepMoOuUHaMu4yecKue KoHcmaHmsl duccoyuayuu
OugpeHosoll kucriombl 8 [JJM®A u paccyumaHbl MemodoM MHO20YPOBHEBO20 MOOeUPO8aHUsl 3Hepauu 8000-
POOHBIX c8si3eli 8 pacmeopumersisix, 8 MoM 4ucsie 8 OUMOJISPHBIX arpOMOHHbBIX Pacmeopumersix, 8KYas
AM®A. Cnedyem ommemums, 4mo paccqyumarHbie rno ModesnsHbiM ypasHeHusim MMYM napamempei coena-
Cyromcsi ¢ U3eecmHbIMU lumepamypHbiMU. Memodom MHO20ypo8HE8020 MOOEUPOB8aHUST paccyumaHb! SHep-
2emuyeckue U pa3MepHbie XxapakmepucmuKu UOHO8 U XUMUYECKUX COeOUHEeHUU, a makxe Xapakmepucmuku
UOHU3ayuu, merniioeMKocmu, Kpumu4veckue ceolicmea, U30mepMUuYecKue U3MeHeHUsI mepMOOUHaMUYECKUX
yHKUUU om udearnibHO20 cOCMOsIHUSI pacmeopumerel. Paspabomarbl MeEMOOUKU U 1OCMpPoeHb!I MOOesu Co-
CMOSIHUSI UOHO8 8 pacmeope, a makxe pacyemHble MemoObl MPO2HO3UPO8aHUSI U YMOYHEHUS rapamempos
xumuyeckodl, buonoaudeckol, MeduyuUHCKoU U dpyaux cucmem.

Knroyeenie crnoea: pacmeopskl, 3/1eKmposiumel, KOJIUYECMEBEHHbIe XapaKmepucmuKu pacmeopos, Mex4dac-
MUYHbIE U MEXMOIIEKYIIAPHbIE 83aumodelicmeus, opecaHu4YecKas Kucrioma, memoo MHO20YypPO8HEe802c0 mode-
JiupogaHus

Unpopmayusi o cmamee: [Jama nocmyrneHus 16 mas 2019 e.; dama npuHsmus K nedamu 25 Hosibpsi 2019 e.;
Oama oHnatH-pasmeweHuUs 30 0ekabps 2019 a.

Ans yumupoeaHus: TavraHos b.b., MorHoHoB [1.M. KonnyecTBeHHble XapakTepuUcTUKM B3aMMOOENCTBUIA B
pactBopax anektponutoB // Mseecmusi ey3o08. [puknadHas xumusi u 6uomexHonoaus. 2019. T. 9. N 4.
C. 612-620. https://doi.org/10.21285/2227-2925-2019-9-4-612-620

Quantitative characteristics
of interactions in electrolyte solutions

Boris B. Tanganov*, Dmitrii M. Mognonov***

* East Siberian State University of Technology and Management,
Ulan-Ude, Buryat Republic, Russian Federation
** Baikal Institute of Nature Management SB RAS, Ulan-Ude, Buryat Republic, Russian Federation

Abstract: In aqueous and non-aqueous solutions of strong and weak electrolytes, complex interparticle and
intermolecular interactions occur mainly between charged particles, solvent molecules, as well as between
ions and solvent dipoles. Depending on the properties of the solvent, the same dissolved electrolyte may exhibit
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opposite properties. So, for example, acetic acid, weak in water, when interacting with a more protogenic sol-
vent (liquid hydrogen fluoride) exhibits the properties of a base by accepting a proton. This behaviour is
understood to be determined by the difference in proton affinity. However, insufficient information has been
published on the quantitative characteristics of interactions in solutions of strong and weak electrolytes. The
present article considers these processes taking place in dimethylformamide (DMF). The most requested
electrolyte solution parameters are evaluated.: the solvation number of some ions, as well as the masses and
sizes of solvated ions. The calculated values are proved to be consistent with those in the literature data. The
thermodynamic constants of diphenic acid dissociation in DMF were determined and calculated using the
multilevel modelling method for the energy of hydrogen bonds in solvents, thus accounting for dipolar proton
solvents (including DMF). Parameters calculated according to the multilevel modelling equations are shown to
be consistent with the known literature. The method of multilevel modelling was used to calculate the energy
and dimensional characteristics of ions and chemical compounds, as well as the characteristics of ionisation,
heat capacity, critical properties and the isothermal differences of thermodynamic functions from the ideal
state of solvents. Calculation methods were developed for predicting and refining the parameters of chemical,
biological, medical and other systems, supplemented by constructed models concerning state of the ions in
solution.

Keywords: solutions, electrolytes, quantitative characteristics of solutions, interparticle and intermolecular
interactions, organic acid, multilevel modelling
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For citation: Tanganov BB, Mognonov DM. Quantitative characteristics of interactions in electrolyte solutions.
Izvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and

Biotechnology. 2019;9(4):612—620. (In Russian) https://doi.org/10.21285/2227-2925-2019-9-4-612-620

BBEOEHUE

VccnenoBaHns pacTBOPOB 3MNEKTPONIUTOB Npo-
OOIPKalT OCTaBaTbCHA aKkTyarnbHbIMW, MOCKOSbKY A0
HacTosILLEero BpeMeHn He pa3pabotaHo egnHoON Bce-
obbemnioLen Teopun, oTpaxKaloLLen MOMHy Kap-
TUHY MPOLIECCOB, NMPOMNCXOOALWMX B pacTBopax (Bod-
HbIX M HEBOAHbIX) CUITbHBIX U CrabblX SMEKTPOSUTOB.

B oTnnumne oT BOAHBLIX B HEBOAHbLIX PacTBO-
pax CUmMbHbIX U CrabblX 3NEKTPONUTOB MPOTEKAT
Gonee cnoxHble npouecchl [1, 2], Tak kak opraHu-
Yeckne pacTBOPUTENN OTNMYAOTCA OT BOAbl U Apyr
OT Jpyra CBOMMW CBOWCTBaMW, XapakTepuUcTUKamu,
napameTpamu (KUCIOTHO-OCHOBHbIE CBOWCTBA, MO-
NSAPHOCTb, AnanekTpudeckas npoHunuaemocts (M),
CcnocobHOCTb K combBaTauuMuM unu, HaobopoT, K
accouvauun, asTonpoTtonu3 v T.4.). B 3aBucu-
MOCTW OT CBOWCTB pacTBOpPMTENS OOUH U TOT Xe
PacTBOPEHHbIN ANEKTPOSNIUT MOXET NPOSBATL NPO-
TMBOMONOXHbIE CBoWcTBa. Hanpumep, cnabas B
BOZE YKCYCHasi KucrnoTa B cpefe bonee npoTorex-
HOro pacTBOpPUTENS MPOSIBISIET CBONCTBA OCHOBA-
HWS, aKLEenTupys MPOTOH:

CH;COOH + HOH — CH3;COO + H;0"
CH3COOH + HyF,— CHZCOOH," + HF,.

OCHOBHbIMU B3aMMOAENCTBMSMM B pacTBOpax
3MNEKTPONUTOB SABMAKOTCA: WOH-AUNONbHbIE (rnaB-
HbiIM 00pa3oM conbBaTaLUMOHHLIE), WOH-UOHHbIE
(KaTMOH-aHWOHHbIE) U AUNONb-AUNOSNbHbIE (MeXay
MoneKynaMmu pacTBopuTenen).

B 3aBucumMoCTM OT npupoabl pacTBOpUTENS
WOHbI 1 MOMEKYrbl ANeKTponuTa BCTynatwT BO B3a-

MMOLENCTBME C AUNONSAMK pacTBoputens ¢ obpa-
30BaHMEM MOJIEKYNSPHbBIX CONMbBATOB (Hanpumep,
B cpede HenonsapHoro 6GeH3ona, xapakTepusyto-
werocs Huskon A1), conbBaTMpPOBaHHbLIX NOHOB (B
NnonsipHOM pacTBOpuTENe Boga C AOCTATOYHO Bbl-
cokon A1) nnn accoummpoBaHHbIX MOHOB (Onme-
POB, MOHHBLIX TPOMHWKOB U OPYrnx 6onee CroXxHbIX
KOMMMNEKCOB) B MOMSPHbIX pacTBOpPUTENHAX C 3a-
MeTHO Huskumu [l (Hanpumep, B aueTtoHe). bes-
YCIIOBHO, Ha MnoBefeHne pacTBOPEHHOrO BellecT-
Ba B HEMEHbLLUEN Mepe BNUAIT U Apyrne CBOMCTBA
cpeapl.

OTmMeTuM BnMSHME Ha CBOWCTBA pacTBO-
PEHHOr0 B pacTBOpUTENne BeLeCcTBa KUCMOTHO-
OCHOBHbIX CBOWCTB camMoro pacteoputens. Tak,
cnabas B BOAe YKCyCHas KMCnoTa B cpefe npoTo-
UNBHOrO pPacTBOPUTENS — >XMAKOMO amMMuaka,
NposiBNSeT CUMbHbIE KUCIOTHbIE CBONCTBA Hapsaay
C MVHeparnbHbIMU KUCioTamMu, a B cpefie Opyroro
pacTtBopuTensi, bonee NpoOTOreHHoro, Yem Boaa, —
xugkoro dTopuctoro Bogopogda (H,F,), obHapy-
XnBaeT HECBOWCTBEHHble en yHKUMM 1 BedeT
cebsa kak OCHOBaHWe, akUenTupyst NPOTOH pacTBO-
putenda. lMpn atom H,F, B 6e3BogHOM XxnopHowm
KMCIOTE caM MNPOSBMSET CBOWCTBA OCHOBaHWS.
[aHHbIn eHOMEH O0O0bsCHAEeTCA pasnuuneMm B
NMPOTOHHOM CPOACTBE U MPOTOHHO-AOHOPHO-aKLen-
TOPHbIMM CBOWCTBaMUM YKCYCHOW, (hbTopoBoaopoa-
HOW M XMOPHOM KUCNOT. Takum obpasom, npupo-
Ja conbBaTauMoHHbIX 3ddekToB onpeaenseTcs
CBONCTBaMM pacTBOPEHHLIX YacTuu 1 ewe bonee —
cBourcTBamu pactsoputens [1, 2].

Llenbto HacTosiero nccnegoBaHus SBMAsNOCh:
M3y4yeHNe MEXMOINEKYNSAPHbIX M MeX4YaCTUYHbIX

XUMUYECKUE HAYKWU / CHEMICAL SCIENCES 613



B.b.TaHzaHos, .M. Mo2HoHO8. KonuyecmeeHHble xapakmepucmuku e3aumodelicmeaull...
B.B. Tanganov, D.M. Mognonov. Quantitative characteristics of interactions...

B3auMoOOencTBun; paspaboTka MoOAenbHbIX Yypas-
HEHWUI, BbIpaXaloLMX KONIMYECTBEHHbIE MOKa3aTenu
WNOH-AMMNONbHbIX, WOH-WOHHBIX W AMMNONb-OUMosb-
HbIX MPOLECCOB B AWMOMSPHbLIX anpOTOHHBIX pac-
TBOPUTENSX; OLIEHKA KOHLEHTpauMu BCEX paBHO-
BECHbIX YacTuL, B KWCMOTHO-OCHOBHOW CUCTEME
C NOMOLLbIO NorapudMUYecKnx gnarpamm, a Tak-
Xe onpefeneHne KOHCTaHT KUCMOTHO-OCHOBHOIMO
B3aUMOOENCTBUS.

METOObl UCCNNEQOBAHUA

KonuyecmeeHHble xapakmepucmuku cOJibea-
mauyuoHHbIX (UOH-OUNOMbHbIX) MPOUEcco8 8 pac-
meopax anekmpornumos. . Mengenees, H.A. Meh-
wyTkuH, WA Kabnykos, M.A. YcaHoBuy, H.A. N3mai-
nos, O.A. dnankos, [.A.KpectoB, B.B. Anek-
caHgpos, K.IM. MuweHko, M. bBeptno, M. BopH,
J1. Onszarep, A. Kupksya, K. Byprep, H. Bbeppym,
M. Oe6an, 3. Xiwokkenb, P. PobuHcoH n P. Ctokc,
W. KonbTrodg u ap. [3-5].

Mpouecchbl conbBaTauuMn MOHOB OblNM pac-
CMOTPEHbI C MpuBneYeHneM U3NYECKNX METO-
OoB. Yncna conbBaTauumn HaxoAasiT U3 OaHHbLIX MO
NNOTHOCTW, Ananuay, TEPMOXMMUYECKUX U 3NekK-
TPOXMMMYECKNX CBOWCTB pacTBopoB [2, 6]. OaHako
HA OOMH U3 METOAOB He SABNAETCHA YHMBepcalib-
HbIM U He JaeT MOMHOro npeacraBneHns 06 3Tom
cnoxHom npouecce. Kak u3BecTtHO u3 nutepary-
pbl, OaHHbIE, MOMYy4YEHHblE pPasHbIMU aBTOPaMMU,
UMEIT 3HAYMTENbHBIN pa3bpoc Ans OQHOro M Toro
e MOHa B OOHOM M TOM Xe pacTtsopuTtene. 370
MOXHO ODBSACHUTbL TEM, YTO MPaKTUYECKM BO BCEX
Crnyyasix CBfi3b M3y4aeMmblX CBOWCTB C coJibBaTa-
uMen paccmaTtpuBaeTcd KOCBEHHO, 6e3 y4yeTa
BMUSHUA CBOMWCTB UCCREAyeMbIX CUCTEM, WHOrAa
AenatTcs NPOU3BOJIbHbIE, HUYEM He onpaBAaH-
Hble gonyuwleHus. Hanpumep, cuuTanu, 4to Bce
amnonu BoAbl ydacTByloT B 06pa3oBaHumM ruagpar-
HbIX KOMMSEKCOB, C YeM TPYAHO COrnacuTbCs, Tak
Kak MpuM 3TOM HEBO3MOXHO CyauTb 00 3Hepruu

ymcTtoro pacrteoputens [3-5].

B pa6ote [7] 6bina npeanoxeHa KoHUeNuusi
OLEHOK COoNbBaTHbIX 4yucen (ns), macc (mg) n pa-
ONYCOB CONbBATMPOBAHHbLIX WOHOB (s - 1O'BCM),
OCHOBaHHas Ha 3neKTpPoCTaTMYECKUX WOH-au-
MOMbHbIX B3aUMOLEWCTBUSAX B paMKkax nriasMono-
OOOHOWM TeopumM COCTOSIHUSE MOHOB U MOMEKyn pac-
TBOPEHHOrO BELLEeCTBa.

Pac4yeTbl npoBOAMNUCE NO BbiBEAEHHLIM aBTO-
paMn HEAMNUPUYECKUM YPaBHEHNUSIM:

ns=z-e-R>2/rp-5ke T-eRZ/2pe, (1)
Ms = s - M+ mi, (2)
rs = (25z; -peng 'h2/3M-RS -k52'T2)1/2 3)

roe z, r,--‘IO'8 CM, m; — 3apsd, paguvyc n MonsipHas
mMacca noHa; Rs10™ cm, €, p, M — paguyc mMoneky-
nbl, AXSMNEKTPUYECKas NPOHULAEMOCTb, AUMNOMbHbIN
MOMEHT M MONSpHas Macca pacTBOpUTENsa COOT-
BETCTBEHHO; € — 3apsif, ANEKTPOHA; h — NOCTosIHHas
lNnanka; kg — noctosiHHaa BonbumaHa; T — Temne-
patypa, K.

OBCYXXOEHWUE PE3YJIbTATOB

UoH-OunonbHoe 83aumolelicmeue. OueHeH-
Hble N0 HeamMnnpuyeckum ypasHeHusm (1)—(3) 3Ha-
YeHUs Ymcen conbBaTaummn, Macc n pa3amMepoB Yac-
TUL B BOAe W opraHuveckom (HEBOAHOM) pacTBO-
putene — gumetundopmamuge, coBnaganu B
YAOBMNETBOPUTENbHOM COMflacun C MMELMMUCS
nuTepaTypHbIMU AaHHbIMK (Tabn. 1).

B wmogenbHbix ypaBHeHusax (1)—(3) 6onee
MOMHO Y4MTbIBAIOTCA BCE NapameTpbl pacTBOPEH-
HOro BeLlecTBa W pacTBOpPUTENs, BAMsAOWME Ha
B3aMMOAENCTBME UOHOB 31EKTpoNnuTa C pacTBopu-
Tenem: 3apsg, pasMep M macca WoHa; pasmep u
mMacca MOonekynbl, AUMNOSIbHbIN MOMEHT U AM3nekK-
Tpuyeckas NPOHULLAEMOCTb pacTBOpUTENS.

Ta6bnuuya 1
CosibeamHble 4Yucyla u Macchbl coslb8amupoeaHHbIX UOHO8 8 eode
u dumemungopmamude (QM®PA), oueHeHHbIe o ypasHeHusimM (1)—(3)
Table 1
Solvate numbers and masses of solvated ions in water
and dimethyl formamide (DMF), estimated by equations (1)—(3)
PactBoputenb
VoH H.O OMPA
ns (ypaeH. (1)) | ns (uT) ms I's rs (nnT) ns (ypaeH. (1)) ms Is rs (NMuT)

Li" 4,64 7,00 90,4 11,45 - 8,99 664,1 3,08 412
Na* 3,34 3,50 83,1 8,82 9,00 6,89 526,7 2,82 3,45
K* 2,05 1,90 75,1 5,30 7,20 4,73 384,8 2,37 -
Rb* 1,30 1,20 11,3 4,68 6,40 4,08 383,8 2,27 -
Cs’ 0,98 - 155,9 4,04 5,80 3,56 393,1 2,16 -
NH,* 1,22 - 40,1 4,53 - 3,47 271,7 2,24 -

F 2,01 - 55,1 6,11 - 4,73 364,8 2,49 —
Ccr 1,01 - 53,7 410 - 3,13 264,3 2,16 1,87
Br 0,75 - 93,4 3,57 - 2,78 283,1 2,08 1,92
J 0,53 - 136,4 3,11 5,10 2,41 303,1 1,98 1,97
NOs3 0,52 - 71,3 3,10 - 2,32 231,6 1,96 -
ClOs4 0,30 - 104,8 2,64 — 1,96 242.,8 1,85 -
SCN’ 0,60 — 71,0 3,26 — 2,46 237,8 2,00 —
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KonuyecmeeHHbIe xapakmepucmuKu UOH-UOH-
HbIX 83aumodelicmeuli (KUC/I0mHO-OCHOBHbIX pas-
Hogecull) — mepMOOUHaMUYeCKUe KoHCmaHmbl Ouc-
coyuayuu. KomumyecTBeHHble pacyeTbl KUCMOTHO-
OCHOBHbIX pPaBHOBECUI (MM MOH-MOHHbBIX B3anMO-
OEVCTBU) MpU OLEHKe KOHCTaHT guccouuwauum u
NMOCTPOEHUN KPUBbIX KUCIOTHO-OCHOBHOIO TUTPOBa-
HUsi cBOAATCA K BbluucrieHuto pH pactsopa. [pu
3TOM 3a4acTylo ObiBaeT HEBO3MOXHO OLIEHWUTb WK
paccunTatb PaBHOBECHbIE KOHLIEHTpauum BCex
yacTuu, Haxogawmxcsa B pacteope [7-9], 1 yyecTb
X BIIUSHWE Ha MWOHHYK CuIy pacTBopa, Koad-
bVLUMEHT aKTUBHOCTU WOHOB W KOHCTaHTy AOuc-
coumaumm [10, 11]. lMoatomy npeanoxeHns no
anbTepHaTMBHbLIM CrnocobamM OUEHKM KOHLIEHTpa-
LU yKa3aHHbIX YacTuL, B SNEKTPONIMTHOM pacTBO-
pe N KOHCTaHT AMCCoLMaLMM KMCITOT U OCHOBaHUN
TpebyoT BGonee NpuUCTanbHONO BHUMaHUSA U U3y-
YeHus.

PaHee ObIn npegnoxeH nepepaboTaHHbIV Ba-
puvaHT pacdeTa W OLEHOK KOHLIEHTpauuMhn WMOHOB
BOAOPOAA, MMOPOKCUA-MOHOB, MOJEKYN KUCIOT
WNN OCHOBAHWA U KX COMPSDKEHHBIX OCHOBAHWM
WUNN KUCINOT, 3HAYUTENbHO BIUSIOWMX HA KOMU-
YECTBEHHYIO OLEHKY BCEX PAaBHOBECHbIX KOHLIEH-
TpauWi, Ha MOHHYIO CUMy pacTeopa, KoaddnumeH-
Tbl aKTUBHOCTM KOMMOHEHTOB U KOHCTaHTY AWNCCO-
unauum paccmaTpmBaeMblX CUMbHbIX M criabbix
anekTponuToB [12—14]. O6wmn meToa pac4yeTa
PaBHOBECHbIX KOHLIEHTPALMIA OCHOBAH Ha TOM, YTO
BCE YCIOBUS PaBHOBECMUS BblpaXkaloTcs B BUAE N
HEN3BECTHbIX, 3aTeEM pellaeTcs cuctema u3 n
ypaBHeHuin. lNpu oueHke KO3PULMEHTOB aKTUB-
HOCTM Hamnbornee NpuMemnemMbIM SBNAETCA ypaBHe-
Hue [aBuca:

-lgf; = [A-Z %7 (1+1°°)]-0,1-1,

roe | — MOHHasa cuna pacTBopa, Tak kak metod [e-
6asa TpebyeT BBeAEHNS a — pacCTOsIHUIM Hanbonb-
wero cObNMXeHns YacTuu, KOTopble, CTPOro roBo-
ps, ABMSATCA HeonpeaeneHHbIMU U 0BbI4HO Npu-
HUMaeMbiMu He Gonee 5-10°8 cm.

Mockonbky B pacTBope, Kak Oblio OTMEYeHO
BbILLE, BCE YacTULbl (gaxe HenTparnbHble MOJSEKY-
nbl) HAXoASTCA B CONMbBATUPOBAHHOM COCTOSIHWM
(MonekynsipHble CoOMnbBaThbl, COMbBaTUPOBAHHbIE
WOHbI, acCOLUNPOBaHHbIE CONbBATMPOBAHHLIE WO-
Hbl U T.4.), TO Aaxe npocrtas cyMma paaunycoB
CONbBaTUPOBAHHBIX MOHOB (B MepBOM npubnmke-
HWMM) He JaeT NOMHOW MHGOPMAaLMM O PaCcCTOSHU-
SIX HaMMeHbLUEero COMMKEHUs WMOHOB W BpsS4 N
OyaeT NOCTOAHHOM ANS OAHUX M TeX Xe CoMbBaTu-
POBaHHbIX KaTMOHA W aHuoHa (ocobeHHO Ansi
conbBaToOpasgeneHHbIX) B NtoOOM pacTBopuTene u
paBHoil 5-10 % cwm.

KoadhpuumneHT A onpefensetca cnegyowmm
COOTHOLLEHUEM:

A= (21N, / 1000)"(6/ 2,303k5™)-(1/ %% T*)

roe N,— uncno Asoragpo; ks — noctoaHHasa bonbu-
MaHa; € — OManeKTpuyeckas NpPoHMLAeMoCTb cpe-
abl; T— TemnepaTtypa, K.

Ona OM®A nonydyeHa BenuuuHa A, pas-
Hasa 1,6363.

O6blYHbIE WHTEerpanbHble KpuBblE TUTPOBa-
HWUS, KOTOpble MOryT OblTb MOCTPOEHbI MpU pacye-
Tax pH B kaxabll MOMEHT TUTPOBaHUS, He Oal0T
MOSIHOrO MPEeACTaBNEHMS O PaABHOBECHbIX KOHLIEH-
Tpaumsix BCEX YaCTUL, HaXOASLIMXCA B TUTPYEMOM
pactBope. Ho AOns OUEHKM KUCNOTHO-OCHOBHOIO
paBHOBeCUSI HEOOXOAMMO 3HaTb MMEHHO 3TW BENWU-
UMHbI. Takylo BO3MOXHOCTb AaloT norapudpmude-
ckne pH-gmnarpammbl. [Ons MXx NOCTPOEHUS Ha OCU
abcumcc oTknagbiBaloT 3HadeHust pH (-lganuomms),
a Ha oCu opaMHaT — 3HaYeHUss OeCATUYHbIX nora-
prMOB KOHLEHTpaumn [2]:

H,An « HAN + H', K; = aps [HANf; | [HAN)f,; (4)
HAN — An” + H', K; = ap.[An’]'f 1 [HANn]f; (5)

B kauyecTtBe npumepa OLEHKM MOHHbIX CUI,
NPUMEHUMOCTU KO3I(PPULMEHTOB aKTUBHOCTU MO
[asucy u onpegeneHus TepmMoaUHaMUYECKUX
KOHCTaHT Auccouuauumm apomMaTuUyeckon OByX-
OCHOBHOW KMcnoTbl B Tabn. 2 npusegeHsl Heo6xo-
OVMble AaHHble, BKMNOYawLwue Bce parmMeHTbl B
OydepHbIx obnactax oT 25 go 75 % HewnTtpanu-
3aumun andeHoBom KNCNOTbl ryaHnguHom B JMOA:
noTeHuman 3MeKTPOOHONW CUCTEMbl B 3aBUCUMO-
cTn oT obbema [oOaBneHHOro TUTpaHTa, nora-
pUdMbl KOHLIEHTPaLMA BCEX PaBHOBECHLIX 4Yac-
Tuy, obpasylwmxcs npu guccounaunm OUKACIO-
Thl, NOMHbLIA Y4YeT KOTOPbIX AaeT BO3MOXHOCTb
0OGBEKTUBHO OLEHUTb MOHHbIE CUIbI, KO3dhdULMEH-
Tbl aKTMBHOCTK MO [13BMCY M COOTBETCTBYHOLLNE Be-
NUYUHBI NOoKasaTenen TepMOAMHAMUYECKMX KOHC-
TaHT Auccoumnauuun, onpegensiemMbix Mo ypaBHe-
HuaM (4) n (5).

Ha puc. 1 npencraBneHa KpvBasi NOTEHLMO-
METPUYECKOro TUTPOBaHUA OUPEHOBOW KUCMOThI
pactBopoM ryaHuguHa B cpege OM®A, xapakTe-
pU3ytoLLascst COBMECTHOW HerTpanunsauuen obemnx
KapBOKCUIbHBIX rpynm.

Ha puc. 2 HaHeceHbl YNOMsHYTbIE BhbiLle fora-
pudmudeckme guarpammbl «IgC — Iga (-lIgansoums)”s
No3BONSAIOLINE OLEHUTbL PAaBHOBECHbIE KOHLIEHTpa-
UMM BCEX 3aPSHKEHHBIX M HE3apsKEeHHbIX YacTuy,
(conbBaTMpOBaHHbIX HEWTparbHbIX MOMNEKYN WU
MOHOB), 00pasylLWwuxcs Npyu guccoumaumm Kucno-
Tbl M MPU TUTPOBAHMM €€ CUITbHbIM OCHOBAHMEM
(tabn. 2).

UoH-uoHHOe 83aumodeticmeue. CTaTucTuyec-
kas obpaboTka TepMOAMHAMWUYECKMX KOHCTaHT
auccoumaumMm apomMaTtuyeckon aukapOoHOBOM
kucnotol B cpege OM®A, onpedeneHHbIX aKcne-
puMeHTanbHo, npu udncne touvek 30 npmBOAWUT K
OOBEpUTENBHOMY WHTEpBarny, B KOTOPOM C Bepo-
aTHocTblo 0,95 Haxogdatcs akcnepuMeHTasrbHble
BenuunHbl: pK; = 10,0310,40; pK,= 12,22+0,78.
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Puc. 1. Kpusasi nomeHyuomMempu4ecko20 mumpoeaHusi 4,21510° M pacmeopa
dugheHoesol Kucsomsbi 5,01 78-1072 M pacmeopom 2yaHuduHa e [JMPA

Fig. 1. Potentiometric titration curve of 4.215-10° M diphenic acid solution
with 5.0178-10"2 M solution of guanidine in DMF
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Puc. 2. Jloecapughmuyeckasi OuazpamMma OUeHKU PpaBHOBECHbIX KOHUeHmpauyul
npu e3aumodelicmeuu ugheHoeoll Kucsomsi ¢ 2yaHuGuHoM e cpede MDA
(¢ — koHUeHmpauusi kucriomsi H,An;m — uoHa HAn ; — uoHa An“)

Fig. 2. Assessment logarithmic diagram of equilibrium concentrations
in the interaction of diphenic acid with guanidine in DMF
(¢ — H,An acid concentration; m — HAn ion; — An* ion)

Tabnuya 2

[aHHbie dnsi onpedeneHusi mepmoduHaMuyeckux KoHcmaHm duccoyuayuu 4,215-10"° M pacmeopa

dugpeHosoll Kucsomsl mumposaHuem 5,0178-10"°M pacmeopom 2yaHuduHa e [IM®PA

Table 2
Data for determining the thermodynamic dissociation constants of 4.215-10°M
diphenic acid solution by titration with 5.01 78-1072 M solution of guanidine in DMF
Vi E B -lga(SH') | Ig[H2An] | Ig[HAn] | Ig[An”] °° fi f pKi pK:
0,5 -0,130 9,21 -2,37 -3,05 -5,16 0,0212 | 0,9247 |0,7309| 9,93 11,43
1,0 -0,165 9,82 -2,37 -2,45 -4,56 0,0425 | 0,8578 | 0,5407 | 9,96 12,13
1,5 -0,200 10,42 -2,89 -2,37 -3,96 0,0482 | 0,8412 | 0,5000| 9,97 12,23
2,0 -0,234 11,01 -3,48 -2,37 -3,37 0,0543 | 0,8241 |0,4602 | 9,98 12,26
2,5 -0,260 11,45 -3,93 -2,37 -2,92 0.0669 | 0,7903 | 0,3890 | 10,00 12,31
3,0 -0,285 11,89 -4,36 -2,37 -2,49 0,0922 | 0,7290 |0,2807 | 10,03 12,42
3,5 -0,310 12,32 -4,79 -2,68 -2,37 0,0973 | 0,7176 |0,2634| 10,35 12,44

lMpumeyvaHue. Tabnuya npedcmasreHa HEMoOIHOCMbIO, 8ce20 mumpyembix modek 30.
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Kak BMaHo, KoHCTaHThl 6nnsku: ApK = pK, — pK;=
=12,22 — 10,03 = 2,19 (< 3,00). NocKonbKy pasHOCTb
MeHbLUe 3, To AuddepeHLMpoBaHHOE TUTPOBaHME
andeHoBon kucnotel B cpeae JM®PA, paccmatpu-
BaeMoW Kak CMeCb OBYX KUCIOT, HE MOXET ObiTb
OCYLLLECTBIEHO.

Takvm obpasom, npuBefeHHble Ha puc. 1 1 2
anarpaMmmbl 4at0T BO3MOXHOCTb 3KCNepuMeHTaTo-
py OLEHUTb 3HayeHus nokasaTenen TepMoauHa-
MUYECKNX KOHCTaHT Auccounaumm npu HUBENWPO-
BaHHOM TUTPOBaHWUW MOOOro aMeKTponmTa KUCnoT-
HOWM U1 OCHOBHOW ChOpPM.

KonuyecmeeHHble nokasamernu Ourosib-0u-
ronbHbIX (MEXMOMEKYISPHbLIX) 83aumodelicmsull 8
pacmeopumerisix. B cBA3M ¢ MHTEHCMBHbLIM pa3Bu-
TMEM TEOPMM U MPaKTUKM PaCTBOPOB 3SMEKTPONM-
TOB MOJENUPOBAHMEM CFOXHbIX MHOIMOYaCTUYHbIX
KONMNEKTUBHBLIX (MOH-WUOHHbIX, WOH-OUMOMbHBLIX U
OMNonb-AUNONbHbLIX) B3aMMOAENCTBMA B pacTBO-
pax OonblUyl0 akTyanbHOCTb MpuobpeTaeT npob-
nema onTUMM3aLUKN KONMMYECTBEHHbIX XapakTepwu-
CTUK BCEBO3MOXHbIX CUCTEM.

MeTog MHOroypoBHEBOrO MOAENUPOBAHMUS
(MMYM) sBnsieTca ogHUM M3 crnocoboB Komnu4e-
CTBEHHOW OLIEHKM MEXMOINEKYNSPHbIX (AMnonb-
ONNOMbHbIX) B3aUMOAEWNCTBUMI — Hanpumep, BOAO-
POAHbIX CBS3EN B Pa3fnyHbIX PacTBOPUTENSX.

TeopeTnyeckn Moaynupysi npoueccbl uU3me-
pPeHUn, TO ecTb B3auUMOOENCTBUS CUCTEMbI C MNpu-
OOpPOM, HYXXHO Yy4uTbiBaTb BCE CUTyauuu, pac-
CMOTpeHHble B [15]. [aHHas wnoea nonoxeHa B
OCHOBY OLIEHKM 3HEPINA MEXMOMEKYNSAPHbIX B3a-
UMOJENCTBUA BO MHOXECTBE YMCTbIX pacTBOpuUTe-
nen, AH, c koadbdPUUNEHTOM MHOroypOBHEBOro

mopenuposaHus — Ky, = 0,9889 (Tabn. 3):

AH =0,5672X;+ 0,06800X, + 0,00376X; +
+0,4913X, + 0,4902X5 + 0,1332X5 — (6)
—0,00531X7 + 0,0212X5— 0,2096 (kkan/morsb)

Hunone-dunonsHoe 83aumodeticmaue. Taknum
0o6pa3oM, MCnonb3oBaHWEe B KadecTBe 0a3s3nCHbIX
napaMeTpoB TEpPMOXMMMYECKMX (TemnepaTypa
KANEeHWs, MofbHas Tennota napoobpasoBaHus U
ap.), KuHeTu4yeckux (BA3KOCTb M Ap.), ANeKTpu-
YeCKMX (AMNONbHBIA MOMEHT U Ap.) CBOWCTB N MO-
NEKYNAPHbIX XapakTepucTuk (Cymma OSIMH XUMU-
YeCKMX CBA3er B MOMeKkyne pactsopuTtens gp.), no
CYLLLECTBY Nnerko onpeaensembix CnpaBOYHbIX Be-
NNYMH, JaeT COOTBETCTBME OLEHEHHbIX METOAOM
MHOrOypOBHEBOIO MOENUPOBAHUSA BEJIUYMH C
peanbHbIMWU  9KCMEPUMEHTANbHLIMU  3HAYEHUSIMU
He3aBMCMMO OT MPUPOAbI M Kracca BeLLecTB C Bbl-
COKUM 3HayeHunem K, = 0,9889. KoadbduumneHt
MMYM BblpaxkaeT KOppensumMoHHY0 3aBUCUMOCTb
3Heprun BoaopoaHon cBA3U AHqum U AHpac(AHMvym)-
MeToa MHOroypoBHEBOro (MHOrOMEpPHOro) mopae-
NMPOBaHUA NO3BOMSET pellaTb MHOrOYUCMEHHbIE
3afayn nNpu OTCYTCTBMM BaXKHbIX XapaKTepUCTUK
MOMUMO XUMMUYECKOW HAYKM U TEXHOMOrMh B OT-
pacnsx, He CBA3aHHbIX B YACTOM BMAE C XUMUEN.

Hobaeum, yto MMYM npumeHeH npu Bbibope
pacTBoputensa Ans nonukoHgeHcauuu [16], npwu
pa3paboTke TexHonormm nonyvyeHus ayéswmx amc-
nepcHblx cuctem [17, 18], a Tarke ¢ ero NOMOLLbIO
paspaboTaHa MaTemaTuyeckas MoAenb Hapylue-
HUst MuuennobpasoBaHus B nevexu [19] u ap.

Tabnuya 3

K pacyemy aHepzauli eo0opodHoli ces3u AH, kkas/monb, 8 pacmeopumensx MMYM-8

Table 3

To the calculation of the hydrogen bond energies AH, kcal / mol, in solvents with MMUM-8

Pactsoputens | X1=Rs | Xz=2L |Xs=Twn| Xs=p Xs=n | Xe=p |X7=pKs| Xs=pKnci| Y=AHpum (YDAaI;ﬁ?cZG))
AueToH 2,30 5,27 329,4 | 0,7920 0,316 | 2,88 | 32,50 4,00 3,327 3,531
M3K 2,65 6,81 352,8 | 0,8054 0,428 | 2,79 | 31,00 4,45 4,070 3,989
MK 2,81 8,35 375,7 | 0,8089 0,500 | 2,48 | 25,62 4,41 - 4,294
MBK 2,93 9,89 400,7 | 0,8304 0,542 | 2,16 | 25,30 4,35 - 4,550
OM®A 2,53 5,12 425,7 | 0,9445 0,796 3,82 | 31,60 3,40 4,050 4,441
OMAA 2,68 6,66 438,7 | 0,9366 0,919 | 3,79 | 31,20 3,30 4,055 4,732
TMMOTA 3,31 6,09 508,2 | 1,0253 3,340 | 5,37 | 20,56 3,56 6,800 6,815
OMCO 2,37 5,82 462,2 | 1,1014 1,960 | 4,30 | 32,30 3,06 5,421 5,236
T™MC 2,70 5,94 558,2 | 1,2618 10,130 | 4,69 | 2545 3,25 9,736 9,968
N-MI1 2,71 6,66 475,2 | 1,0327 1,830 | 4,09 | 24,15 2,80 5,135 5,447
AH 2,05 3,79 353,3 | 0,7856 0,345 3,84 | 32,20 8,10 3,332 3,606
MK 2,75 6,70 514,9 | 1,0257 2510 | 4,94 | 29,10 1,15 6,260 6,004

MpumeyaHue. Rs — paduyc mornekysbsl pacmeopumens, cm-10°; ZL — cymma OnuH ces3eli 8 MoreKyre
pacmeopumensi, cm-10% T,,, — memnepamypa kuneHusi pacmeopumenisi, K; p — mIomHocmb pacmeopume-
ns, e/em’; n — es3kocme pacmeopumerns, cl13; p — OunosibHbIL MOMEHM MOMeKy bl pacmeopumens, D;
Pks — nokazamersnb KoHCmaHmel asmornpomosnusa pacmeopumersi; pKyc — nokaszamesnb KoHcmaHmbl OUCco-
yuayuu HCI 8 pacmeopumernsx: auemoH, memunamuskemoH (M3K), memunnponunkemox (MrIK), memuri-
6ymunkemoH (MBK), dumemungpopmamud (AM®A), dumemunayemamud (MAA), eekcamemurngocghopm-
pamud (FM®TA), dumemurncynbgokcud (OMCO), mempamemuneHcynbgoH (TMC), N-memun-2-nupponu-
0doH (N-MTr1), auemoHumpun (AH), nponunexHkapborHam (T1K).
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3AKIMIOYEHUE

Takum obpasom, B npeacTtaBneHHon paboTte
paccMOTPeHbl U OLEeHEeHbl OCHOBHblE BuAbl B3aw-
MOENCTBUIA:

— WOH-AWNOMbHbIE, NPUBOASALLNE, B 3aBUCUMO-
CTW OT NPUPOALI U CBOMNCTB pacTBopuTeEns, k obpa-
30BaHWIO MOJEKYMSAPHLIX CONbBATOB, CONbBATUPO-
BaHHbIX UMM MOHHBIX accounatoB. OueHeHbl 1nu
YTOYHEHbI KONMMYECTBEHHbIE MokasaTenu npouec-
COB COMbBaTauuW: COMbBaTHble 4WCha, Macchbl U
pa3mepbl (paguycbl) CONMbBaTUPOBAHHbIX WOHOB.
MokasaHo, YTO pacyeTHble 3Ha4YeHWs COrnacytTcs
C MeLMUCS NUTepaTypHbIMY;

— VIOH-MOHHbIE paBHOBECMUS, MpoTekalwye B
pacTBope Hapsgy C VMOH-AMMNOMNbHLIMK, CBOASLLME-
CA NMPEeUMYLLECTBEHHO K B3aMMOAENCTBUIO MeXay
NoHaMmn (KaTUOH-aHWOH) U KONMMYECTBEHHO Xapak-

TepuayloLmnecss KOHCTaHTamm guccoumaumu. Npea-
CTaBrfeH HOBbIA MOAXOH4 K OMpederneHvuto Tepmo-
OVHAMMYECKUX KOHCTaHT no  forapumMmyeckum
avarpammam «IgC — Iga (SH)». OcywecTeneHa
OLEHKa BCeX PaBHOBECHbLIX YacTuL, B paccmaTtpu-
BaeMou CUCTeME;

— AMNOnb-AUnosnbHbIe (MexxmonekynsipHole)
B3aMMOJENCTBUS B PacTBOPUTENAX, onpegense-
Mble rnaBHbIM OOpPasoOM SHEeprusMn BOAOPOAHLIX
CBSI3el, BENUYMHbI KOTOPbIX OLEHMBaNMCb METO-
OOM MHOroypoBHEeBOro mogenupoBaHusi. Cnegy-
€T OTMETUTb, YTO pacCYMTaHHblE NO MOAENbHbIM
ypaBHeHnam MMYM napameTpbl cornacyrTca C
M3BECTHbIMWU nuTepaTypHbiMM. MMYM nossonset
YTOYHUTb, BOCMPOM3BECTM OTCYTCTBYKOLLME Napa-
MEeTpbl, MPOrHO3MPOBaTb BbIXOA KOHEYHOro mnpo-
OyKTa u T.4.
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XupanbHble KOMMJIEKCbl
nepexoaHbIX MeTarnsioB C XerlaTHbIMU a30THbIMU
nuraHgamm B aCUMMETPUYECKOM rmapupoBaHnm
C NepeHoOcCoM Bogopoaa

© H.M. BapgbipoBa, J1.0. HnHpakoBa

VpKyTCKMIN HAUWOHanNbHbIN UCCNeaoBaTENbCKUA TEXHUYECKNA YHUBEPCUTET,
r. pkyTck, poccuiickas ®enepauus

Pe3rome: Peakyusi Kamanumu4eckoeo audpuposaHusi ¢ nepeHocom eodopoda HeHachkiuweHHbix C=C u C=0
ces3ell 8 op2aHu4ecKux COeOUHEHUSIX 8 MPUCYmMCcmeuu OnNmuYecKU akmueHbIX pacmeopuMbiX KOMII/IEeKCO8 re-
PEXOOHbIX Memarssioe ¢ aszomcodepxawumu MynbmudeHmamHbIMU fugaHéamMu Hawisia WupoKoe pacrpo-
cmpaHeHue 8 riocriedHue 0ea Oecsmunemusi. Llenb daHHOU 0630pHOU cmambu — rpusecmu ceedeHUs o
Haubornee aghgheKmuBHbIM U NepPCrieKmMusHbIM MemaJsi/loKOMIIIEKCHbIM Kamasnu3amopam acuMMempu4YecKo20
a2udpuposaHUs ¢ repeHocom 8odopoda, rpednoxeHHbiM 8 nocriedHue 10—15 nem. NockonbKy akmugHOCMb U
CerleKmusHOCMb Kamarsnu3amopos Ha OCHOBE KOMII/IEKCO8 NMEPEeX0OHbIX Memarsisios 8 3Ha4umersibHoU cmeneHu
3asucam om ux cocmaea U CmpyKmypbl, mo Ou3aliH fiueaHO08, Ha/lu4ue usu Omcymcmeue Cmepeo2eHHbIX
UeHmpos, ycmou4ueocmb U KOHgbuaypayus xenamHou cucmemsbl nuzaHoa, npupoda 0eHmamHbIX amomMos 8
HUX KpaliHe 8axkHbl. Ycurnusi y4eHbIXx cocpedomoyeHbl Ha CUHmMese U rnpuMeHeHuu 8 kadyecmese siuzaHoos ori-
muYecKU akmugHbIX duaMUuHO8 U aMUHOCMUPMOo8 ¢ sp3—eu6pu6uaoeaHHb/MU GeHmamHbIMU amomamu, He noo-
8epeaarolyUMUCS OKUCMIEHUIO 8 KOOPOUHaUUOHHOU cchbepe nepexoOHbIX Memarsiog noGobHo ¢pochuHO8bIM fuU-
2aHOaM, COXpaHsisi 8 MO Xe 8peMsi 8bICOKYHO cmepeo2eHHoCMb. B omdAernbHyto epyry ebidesieHbl 0nmu4YecKu
aKkmueHble nu2aHObl C Sp°-a30MHbIMU amomamu, codepxalyue asoMemuHosyo cesab C = N, OKCa30/IUHO8bIE
ppacmeHmMbI, KOmopble 8 KOMIJIeKcax C Nepexo0HbIMU MemariiaMu 1oKa3bl8atm 8bICOKYH0 cmaburbHOCmb 8
peakyuu Kamasumu4eckoeo 2udpuposaHusi ¢ rnepeHocom 8odopoda. CmepeocerieKmueHOCMb Kamarnu3amo-
po8 8 omoeribHbIX Criy4asix Mosbilaemcsi ¢ ysenudyeHueM OeHmamHocmu azomcodepxaujux uzaHoos, 8
yacmHocmu, aghgpekmusHbl N-2emepouuknudeckue N,H,C-nuzaHdbl 8 cocmage komrnekcos Rh (Ill), Ru (Il)
Kkomnnekcbl ¢ mpudeHmamubimu N, N, N-nuezaH0amu ¢ XxuparnbHbIMU OKCa30/IUHOBbIMU (hbpaeMeHmamu,
C, N, N-pymeHuesble komrnekchbl. B 0b63ope kamanuzamopbl capyrnnuposaHbl o deHmamHocmu fu2aHios
(om 2 do 6), npusedeHbl cpasHUMersbHbIe OaHHbIe MO0 aKmUBHOCMU Kamasnu3amopos U CmepeocesieKmueHo-
cmu peakyut, obcyxdaemcs 8uUsTHUE CMPOEHUS XuparibHbIX Tu2aHA08 Ha Kamasnumu4yeckue xapakmepucmu-
KU MemarsisioOKOMI/IeKCO8.

Knroyeeble cnoga: orimuyeckas akmugHOCMb, 3HaAHMUOCEIEKMUBHOCMb, repeHoc 6060,0008, KOMTI1I1eKcChbl
ﬂepeXOOHbIX mMemariios

Uugpopmayus o cmamse: [Jama nocmynneHuss 26 anpens 2018 a.; dama npuHsmus K nedyamu 25 Hos6ps
2019 e.; dama oHnautH-pasmeweHuss 30 Oekabpsi 2019 e.
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XenaTHbIMW a30THbIMU NUraH4aMy B aCUMMETPUYECKOM MMAPMPOBaHUN C NepeHocoM Bogopoaa // Mseecmusi
8y308. [NpuknadHas xumusi u buomexHonoeus. 2019. T. 9. N 4. C. 624-634. https://doi.org/10.21285/2227-
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Chiral complexes of transition metals

with chelating nitrogen ligands in asymmetric

hydrogenation with hydrogen transfer
Nataliya M. Badyrova, Lidiya O. Nindakova

Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: The reaction of catalytic hydrogenation involving hydrogen transfer through unsaturated C = C and
C = O bonds in organic compounds in the presence of optically active soluble complexes of transition metals
with nitrogen-containing multidentate ligands has recently gained increased popularity. This review is aimed at

XUMUYECKUE HAYKWU / CHEMICAL SCIENCES 621




H.M. Badsbipoea, J1.0. HuHO0akoea. XupasibHble KOMMNIeKCbl MNepexo0HbIX Memarsios...
N.M. Badyrova, L.O. Nindakova. Chiral complexes of transition metals...

generalising available information on the most effective and promising metal complex catalysts for asymmetric
hydrogenation involving hydrogen transfer, which have been proposed in the past 10-15 years. Since the
activity and selectivity of catalysts based on transition metal complexes are largely dependent on their compo-
sition and structure, the design of ligands, the presence or absence of stereogenic centres, the stability and
configuration of the chelating ligand system, the nature of the dentate atoms present therein are extremely
important. Researchers worldwide have been largely focused on the synthesis and use such ligands, as opti-
cally active diamines and aminoalcohols with sp3-hybridized dentate atoms. These compositions are not
oxidized in the coordination sphere of transition metals compared to phosphine ligands, at the same time as
maintaining a high level of stereogenicity. Optically active ligands with sp2 nitrogen atoms containing the C = N
azomethine bond and oxazoline fragments have been considered as a separate group. In complexes with
transition metals, these ligands exhibit a high stability in the catalytic hydrogenation reaction with hydrogen
transfer. The stereoselectivity of catalysts in some cases increases with an increase in the denticity of nitro-
gen-containing ligands. Among them are N-heterocyclic N, H, C—ligands in the Rh (lll) complexes; Ru (ll)
complexes with tridentate N, N, N-ligands with chiral oxazoline fragments; C, N, N—ruthenium complexes. In
this review, we grouped catalysts by ligand denticity (from 2 to 6). Comparative data on the activity of various
catalysts and the stereoselectivity of respective reactions is provided. The effect of the structure of chiral
ligands on the catalytic characteristics of metal complexes is discussed.

Keywords: optical activity, enantioselectivity, hydrogen transfer, transition metal complexes

Information about the article: Received April 26, 2019; accepted for publication November 25, 2019; availa-
ble online December 30, 2019.

For citation: Badyrova NM, Nindakova LO. Chiral complexes of transition metals with chelating nitrogen ligands
in asymmetric hydrogenation with hydrogen transfer. Izvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya =
Proceedings of Universities. Applied Chemistry and Biotechnology. 2019;9(4):621-634. (In Russian)
https://doi.org/10.21285/2227-2925-2019-9-4-621-634

Cnuncok cokpalleHuin n abbpesunaTtyp:

BINAP — 2,2"-6uc-(gudpenundocdpuHo)-1,1"-buHadtmnm;

DIOP - 4,5-6uc-(gudennndgocpuHomeTun)-2,2-ouMeTUNANOKCONAH;
TsDPEN — (N-(r-tonyoncynbdoHun)-1,2-aMdeHnnaTuneHamamumH;
TsCYDN — (N-(n-TonyoncynbgoHun)-1,2-uuknorekcaHamammH;

Cp* — TeTpaMeTunuUMKIIoONeHTaaNEHWT;

T3A®D — cbopmmat TPUITUNAMMOHUS;

U.3. — n3bbITOK aHaHTMOMepa, %.

BBEOEHUE

B HacTosillee BpeMs KaTanuTuyeckoe acum-
MeTpuyeckoe rmapupoBaHne ¢ nepeHocoM BoAopO-
na (AITIB) saenseTca BTOpbIM MO BaXXHOCTU METO-
OOM BOCCTaHOBMEHUS nocre rMapupoBaHnsa More-
KynsipHbiM BogopoaoMm [1-7]. MmapuposaHue ¢ ne-
peHocom Bogopoaa (IMB) oT uctouHnkos — aTtom-
appekTBHaAs peakuuns, SKOHOMUYECKN BblirogHasa U
npuemnemass  akomnormdeckn. Wccneposatenen
npuBreKaeT O4YeBUOHAA IKCMepuMMeHTanbHas npo-
cToTa 3T0ro nogxoaa.

xat nuravgbl (R,R)- un (S, S)-N-(TonyoncynbdoHun)-
1,2-gudpeHnngmammHoataH [8]. MNMpn acummeTpuye-
CKOM BOCCTa@HOBMEHUU apUIIKETOHOB nu6o B
2-nponaHone, nMMbo B CMecH MypaBbUHOWM KMUCIOTbI
N TPUSTUNaMMHa KaTanuaaTopbl AeNCTBYIOT Mo 6u-
dyHKUMOHANBHOMY MeTanmn-nMraHgHoMy BHeLUHe-
chepHomy MexaHusmy [8, 9]. 3Tn kaTanmsartopsl
ObINM NPUMEHEHBI B MPOMbILLIEHHOCTW.

Peakumsa 'MIB C=0 un C=C cBsa3en B opraHnye-
CKUX COeUHEHUAX ABMAETCS KNIOYEeBOW cTagnemn Bo
MHOXXECTBE MPOMBILLIIEHHbIX MPOLIECCOB, NO3BONAS

Onsa cospanusa N, N- n N, O-xenatHbIx meTtan-
TNOKOMMANEKCHbIX KaTanu3aTtopoB [TIB 3HaunTenb-
Hble ycunus Bbinn NoTpayeHbl Ha pa3paboTky Me-
TOAOB CUHTE3a ONTUYECKU aKTUBHbBIX XMparbHbIX
OWaMMHOB U aMUHOCTINPTOB, NPUMEHSEMbIX B Kade-
CcTBe nuraHgoB. B yacTtHocTu, pyHAaMeHTanbHbIM
BKITAOM B pa3paboTKy XmMpanbHbIX KaTtanv3aTopoB
SBNSATCA XOPOLUO U3BECTHbIE KITacCUYeckme pyte-
HMeBble kaTanmsaTopbl Howopu, KoTopble copep-

NOMy4YMTb ONTMYECKN aKTWMBHBIN NpOAyKT (unu no-
nynpoaykT) C BbICOKUM W3ObITKOM 3HaHTUOME-
pa (u.a.). B yactHoctu, ButamnH E, (2R,4'R,8'R)-
0-Tokodbepor, NonyyatT B HECKONbKO CTagun, npu
3TOM acUMMeTpUYeckast U3oMepusaunst UCXOQHOro
annunaMmmMHa “ acuMMeTpuyYeckoe ruapuposa-
H/Ee TMPOMEXYTOYHOro Mpoaykta — annurnosoro
cnupTa, KatanusupyTca xupansHbiM Ru-BINAP-
komrnekcom [10].

(2R, 4'R, 8'R)-a-Tokodepon
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Komnnekc pytenuss [RuCK(S)-BINAP)}CsHe)ICl
KaTanuMaupyeT acMMMETpPUYECKOE MMapvpoBaHMe B
CTaauMn CUHTEe3a XMpanbHbIX MOHOMEPOB AN Ae-
rpagupyemMbix 6MONONUMEpPOB, a Takke B NPOMbILL-
NEHHOM CUHTEe3e UHTEPMEeaMaToB aHTUOMOTUKOB Ha
ocHoBe B-naktama [10, 11].

OH 0
OFEt
NHCO,t-Bu
OH (0]
HO
OH
NH,
HO
L-DOPS

Bobicokmii noteHuman Ru-BINAP katanusato-
pa Obln NPOAEMOHCTPUMPOBAH B MOMYYEHUN MHO-
)KeCTBa eKapCTBEHHbIX NPenapaTtoB U UX UHTEp-
megmuaTtoB. Hanpumep, cTtaTvH — nekapcTBo Ansi
MOHWXEHMA XonecTtepuHa, unu L-mpeo-3,4-gun-
rmapokcudpernncepuH (L-DOPS), npumeHsiembl
OnNs Koppekuun apTepuanbHoro gaenenus [11, 12],
CYHTE3UPOBaHbl C y4acTMEM Ha3BaHHOro kaTanu-
3aTopa.

B nocnegHue gBa gecatnneTus WMpokoe pas-
BUTME MOMy4Mn CMHTE3 OMTUYECKM AKTWBHbIX M-
aMUWHOB M aMWHOCMUPTOB C SP -rMOpYAN30BaHHBIMU
a30THbIMU [EHTaTHbIMW aTOMaMu, He noaBepraro-

LUMXCA OKUCNEHUIO B KOOpPAMHAUMOHHOM cdepe
nepexodHbiX MeTansnoB, HO B TO & BpeMs coxpa-
HAIOLWMX BbICOKYIO CTepeoreHHocTb [8, 13, 14].
[nanasoH KaTanuanpyemMbiX peakuuin Takke 3ameT-
HO pacLumpuncs. NockonbKy akTUBHOCTb U Ceriek-
TUBHOCTb XUpaJibHbIX KOMMMEKCOB NEpPEXOOHbIX Me-
Tannoe B acummetpudeckom [TIB (AITIB) B 3Haum-
TEMNbHOW CTEMEHW 3aBUCAT OT UX CTPYKTYpbl, Twa-
TenbHbIN BbIOOP AM3ariHa NraHaoB KpanHe BaXKeH.

B HacTosweM o0630pe npvBeaeHbl AaHHbIE MO
Hanbonee adMEKTUBHBIM METaNIOKOMMIIEKCHBIM
katanusatopam AlTIB, pa3paboTtaHHbIM B nocneg-
Hne 10-15 net. JluraHabl CrpynnMpoBaHbl NO AeH-
TATHOCTM C aKkLEeHTOM Ha asoTcofepxalime coeau-
HEeHMS.

XuparnbHbie nueaHObl 0fsi acuMMempuU4YeCcKo-
20 e2udpupos.aHuUsi ¢ nepeHocom 8000pooa.

budeHmamHbie nueaHObl. Camble nonynsp-
Hble kaTanuaaTopbl anga IMB — komnnekcbl Ru, Rh
n Ir, cogepxawue pasnuyHble TWMbl NMraHooB C
aTomamun asoTa, cocdopa, kucnopoga u cepbl B
KayecTBe AeHTaTHbIX, Hanpumep, metann-N-rete-
pOLMKIIMYECKUe, MONyC3HABMYEBBIE, MYMbTUAEH-
TaTHbIE N UX KOMBUHaL K.

Mawwvma ¢ coaBTopamu [7] ycTaHOBUNK, YTO
KOMMMeKChl: n5-Cp*-RuCI2(TsDPEN), 1, [15],
n’-Cp*MCI(TsDPEN), rae M = Rh (2), Ir (3),
TsDPEN (4), »“303MneKTPOHHbI C KOMMIEKCOM
(ns—aren)RuCI(TsDPEN), 5, acppekTmBHbIM B AlTIB
KETOHOB 1 UMUWHOB [8], 4TO BbI3Bano nocnegyowue
nccnenoBaHns Komnnekcos: 2, 3 u 5 [9], a Takke
komnnekcoB ¢ 1, 2 — TsCYDN 6 [16] n S-amuHo-
cnvptamun 7 [17]. (puc. 1).

Ts Ts Ts
Ph MHTs | - | | (\] .
Fh W~ Ph H Ph M o
% NN NS
L 1]
) A o e \\ L
PhH* MWH- ':'hw ____"H.I\ \':':' ?H“ .-'Nx A Phw .-'Nx \K
- H H H = H
4 1. 92 % us 2 M=Fh, uag9d% & 5 uxBB% R
M =|'_ o B0 %
Ts |
'I Ph i j:'r j
M - ] =
AN %
i s
IH“--\.-‘-.\" "‘:h:’f \‘\:{ F.h'-_‘-. f \
H H
Ba, M=Ru_ w3 85 & R TouaSl % 5

G0, M=Rh, ua 97 %, K
BE, M=Ir, wa 2 5 F

Puc. 1. ApeHoeble u neHmamMemuJsyukioneHmadueHoeble KOMIIeKChbI
¢ nuzaHdamu TsDPEN 4 u TsCYDN 6

Fig. 1. Arene and pentamethyicyclopentadiene complexes
with ligands TsDPEN 4 and TsCYDN 6
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Komnnekcbl 2 n 3 ¢ (1S,2S)-TsDPEN-nuran-
OOM SBRAIOTCA Npekypcopamu katanusatopa AlT1IB
aueTtocpeHoHa (A®), 2-aueToHadTOHa, 1-TeTpa-
noHa u 1-uHaaHoHa M MNpMBOAAT K 0BpasoBaHuMIo
(S)-1-cbenunnatanona (90 % u.3.), (S)-1-(2-HadpTun)-
ataHona (85 % u.3.), (S)-1-tetpanona (97 % u.3.) n
(S)-vHpaHona (99 % wu.s.) cooTBeTcTBEHHO [17].
Komnnekcbl 6a, 6, B nony4yeHbl B3auMOLENCTBMEM
(R,RXTsCYDN c [RuCly(p-cymole)], 8, [Cp*RhCly],
9a, n [Cp*IrCly], 96 cooTtBeTcTBEHHO npu 40 °C B
TeueHue yaca. KoHdurypaums u.a. n 1-cpeHeTtona

(]

o

npuBegeHsl Ha puc. 1.

a-XropupoBaHHbIA  aueTOEeHOH, MeadSIeHHO
BOCCTaHaBnumeatoLwmmncs B npucytctsum Ru—-BINAP-
KOMMMeKca, Nerko rmapupyeTcsa Ha Komnnekce 3
CMecblo TpuaTunamuH:gpopmmat (TOAD) [18] (puc. 2).
OnTnyeckn akTMBHbIA Xnop-1-cheHnnataHon npe-
obpasyeTcst B xuparbHbI OKCuA, CcTupona npu ob-
paboTke 4M BoaHbIM pactBopom NaOH 6e3 notepu
u.3. B yactHocTn, okena (S)-m-xnopctupona, Knto-
YeBOW uWHTepMeamaTt Aand cuHtesa [B-3-agpeHo-
GriokaTopoB., fnerko obpasyeTcs No 3TON peakuuu.

H

o
\\\\\\
K

cl cl
Z Rh cat Z 4 M NaOH

Nl (il N < (il
N HCOOH/NEt; N i-PrOH, 0°C

solvent

96 % ua

80-82 %, 95-97 %
us

Puc. 2. AI'TIB a-xnopauemogeHOHO8 Ha XupasibHOM KoMmriekce 3
u nosny4yeHue okcuoa (S)-m-xsiopcmupona

Fig. 2. ATH of a-chloroacetophenones over chiral complex 3
and obtainig of (S) -m-chlorostyrene oxide

JlexapcTBEHHbIE AHTUIMCTAaMUHHBIE Mpenapa-
Tbl — 6enotactnHa Gecunat M kapOUHOKCaMUH —
cogepxat 3amelleHHbI  (S)-4-xnopdeHnnnupu-
ounmMeTaHonbHbli  parmeHT. [MpoBegeHo AlTIB
3ameLleHHbIX apun-N-retepoapunkeToHoB B Npu-
CYTCTBUW NErkogoCTYNHOro AaMUHOBOIO KOMIIIEK-
ca npugusa (S,S) -10 n opmmnata HaTpusa B Kade-

Ph
(S,9)-10

(S,5)-10 (5mol %)

CTBE WUCTOYHMKa Bogopoada B cmecn H,O / 2-PrOH
(06./06.=1:1). OnTnyeckn akTuBHble apwun-N-
reTepoapunmeTaHosnbl ObinvM nonyyeHsl ¢ 98,2 %
u.5 BeegeHneMm N-okcuga B KavecTBe yaansiemoro
opTo-3amectutensa (puc. 3). MeTtoguka ycnewHo
npyuMeHeHa B cuHTe3e GesunaTta GenotacTvHa ¢
06wmm BbixogoM 51 % 1 99,9 % u.a. [19].

HCOONa (10 equiv) OH
H,O/iPrOH, rt, 24h N N N
» R | —R2
Zn, NH,CI = H =

Puc. 3. CuhHme3 onmu4yecku akmueHbIx apuJsi-N-2zemepoapusimemaHosi08

Fig.3. Synthesis of optically active aryl-N-heteroarylmethanols

Bonblwoe pasHoobpa3une nNpupoaHbIX aMUHO-
CMMPTOB MPUBESIO K MUHTEHCUBHOMY MCCIES0BaHUIO
cuctem [Ru”(apeH)(B-aMMHochpT)] Onsi 3aMeHbl
CNOXHbIX B CUHTE3€ XMpanbHbIX AWAaMWHOB Ha
aMWHOCMMPTLI, MOBLILUEHUS aKTUBHOCTW KaTanusa-
Topa u pacwupeHusa cdepbl peakumm AITB. Kom-
nnekc pyteHus (ll) 7, dpopmupytowmncs in situ n3
KRuCly(n*-CeMeg)}o], (1S,2S)-2-meTnnamuno-1,2-gu-
deHunataHona 11 n KOH — addekTuBHbIN KaTa-
nusatop ang AlMB npousBoaHbix A® B (S)-3HaH-
TMoMepsbl ¢ U.3. 91 % [17].

Mpupoaa 3amectutens R' B amuHocnuprax
Ha ocHoBe (1S,2R)-HopacbegpvHa (11a, 6, B)
CyWeCTBEHHO BnuseT Ha 9dEKTUBHOCTb KOM-
nnekca [Ru”(6eH30n)(,B-aMMHochpT)] B peakuum
AIMIB mpem-6ytunauetodeHoHa [20] (pwuc. 4).
Bbicokas ckopocTb peakuuun Habrnioganacek B npu-
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cytctBun adbedpuHa 11a ¢ u.a. 44 % (S)-aHak-
TMOMEepa npoaykTa, COOTBETCTBYHLMIA NEpBUY-
Hblh amuH 116 npuBoaun K u.3. 32 %, N-GeH3un-
3aMelleHHbln nuraHg 118 BbI3Ban yBenuYeHue
u.3. 0o 68 %.

B npucyTtcTaum komnnekca [RuCk(n’-p-cymene)l,
n nuraHga (71R,2S)-(+)-yuc-1-aMMHO-2-MHOaHON,
(1R,2S)-(+)- 12 B 2-nponaHorie Npu KOMHAaTHOW
Temnepatype ¢ 70 % Bbixogom u 91 % u.5. obpa-
syetca S-(-)-1-dpeHunataHon [21]. n-Liumon npe-
BOCXOOUT OEH305 U MEe3UTUINEH B CEpUN apomaru-
YeCKux rpynn B coctaBe kaTanmaatopa. C aTum xe
KOMIMJIEKCOM PYTEHUS C S-aMUHOCMUPTOM Ha OCHO-
Be msocopbuga 13 (cm. puc. 3) B AITIB A® nony-
yeHo 94 % koHBepcun 1 91 % u.s. (S)-1-peHnn-
ataHona. C komnnekcom [lr(cod)Cl], nonyyeHsl 60-
nee ckpomHble pesynbtaThl — 51 % u.a. [22].
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Me

HO NHR'
(1S2R)- 11a, R' = CH3, ua 44 %, S (1R.2S)-12,
(1S,2R)-116,R'= H, us 32 %, S A U391 %, S

(1S,2R)-118, R' = CH,Ph, ua 68 %, S

naphtylCOCH3 us 94 %, S

HO

H

I OH
HO

NH,

13,
[RuCly(p-cymene)],, us 91 %, S
[Ir(cod)Cllp, us 51 %, S

Puc. 4. XupanbHble aMuHOCNUpPMbI Ha OCHO8e NMPUPOOHbIX COeOUHeHull

Fig. 4. Chiral amino alcohols based on natural compounds

B opraHun4eckom cuHTE3€e YacTo NPUMEHSIOTCS
NPUPOAHbIE MOHOTEPNeEHbI, (-)-0- U (-)-B-MMHEHBI K
(+)-numoHeH [23, 24]. B kavecTBe LEHHOrO KOMMO-
HeHTa B nuLLeBbIX fo0aBKax, NeKapCTBEHHbIX Mpe-
napaTax, KOCMeTUKe 1 arpoxmmMmukaTax [25] wmnpoko
npumeHstoTca oba dHaHTMOMepa NUMOHEeHa 1 aun-
neHTeH. C XMMWUYECKOW TOYKM 3pPEHUS JIMMOHEH
npuBneKkaTeneH Kak WCXOAHbIA peareHT Ansl CUH-
Tesa xupanbHbiX nuraHgoB. Hanpumep, paspabo-
TaH CWHTETUYECKUN MNyTb K HOBOMY CEMEWCTBY
9HAHTMOMEPHO YUCTbIX MOHO-N-TO3UNMPOBAHHBLIX
1,2-gnamnHoB Ha ocHoBe (R)-(+)-nnMoHeHa, (+)-14.
JluraHgpl B coctaBe pyTeHMEBbIX KOMMMAEKcoB 15,
16 adpdpexktuBHbl B AITIB apomatuyeckux keto-

0/4 cTagmun
\\‘ CE ) /’

(+)-14 15, 16

HOB U UMWHOB. B 4yacTHOCTK, B MPUCYTCTBUM KOM-
nnekca 15 nonyyeHbl u.3. go 93 % B ITIB A®
(puc. 5).

Komnnekcsl Rh (11l) v Ir (1ll), n309nekTpoHHbIE
Ru (II) komnnekcam, acpcpektuBHbl B AlTIB psaga
KETOHOB M MMMHOB. Hanpumep, poameBble KOM-
nrekcbl ¢ AuammHaMuM U aMUHOCMMPTaMu B Kade-
CTBE nNWraHgoB ObiNyM 3anaTteHToBaHbl hrpmon
Avecia (Benukobputanuns) [26] n kommepumnanmau-
poBaHbl nog HassaHnem «CATHy» (Catalytic
Asymmetric Transfer Hydrogenation), 17 [11]. Ka-
TanmsaTtop «CATHy», Kak u ero pyreH1MeBbli aHa-
nor, aKkTMBHblI B BOCCTAHOBIIEHUM KETOHOB U UMW-
HOB (bopMUaTHBLIMK cucTeMamm (puc. 6).

A SNEA
U RU/ (i RU/
\\“ "//N/ i \\‘ e

|

Ts

15 16

Puc. 5. PymeHueeble KOMIJIeKChI € Jlu2aHdamu Ha ocHoee (R)-(+)-numoHeHa

Fig. 5. Ruthenium complexes with ligands based on (R) - (+) — limonene

Ts
{

Pha_NH
+ 0,5 [RhCp*Cly], —

PAY NH,

4

R4-R, - ankun, apun R

;
X -0, NRy %x\
H

R -P(O)Ph, R

R4 R4

HCI

m[ Rﬁ

HCO,
H 16e komnnekc

Ph CO;
T Rh
h\‘

18e komnnekc

Puc. 6. ®opmupoeaHue kamanusamopa CATHy u npednonazaembili MexaHu3m npouecca Al'TIB

Fig. 6. CATHYy catalyst formation and the proposed mechanism of ATH process
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OneKTPOHHbIN Komnnekc 17, obpasytomncs
Mo cxeme, NPeACTaBNEeHHON Ha puc. 6, Mpu B3anMo-
OencTBUN C popMmnaT-aHNOHOM MepexoaunT B Mva-
puaHbIi komnnekc 18, kotopein B AITIB napa-cTop-
auetodeHoHa npuBoauT K (S)-1-napa-pTopdeHun-
aTaHony c u.3. 96 %, a B AITIB TeTpanoHa KOMMeKc
1-(R)-aMUHO-2-(S)-rnapoKCUNMHAAHUITNEHTAMETUI-
umkrioneHtagueHunpoaun (Il-xnopua, 19, gaet (R)-
1-teTpanon ¢ u.a. 97 %, YactoTa 0O6OpOTOB KaTanu-
3aTopa cocraensieT 500-2500 u™' [11] (puc. 7).

PesynbTaThbl, NOMy4YeHHbIe NpW BOCCTAHOBIIE-

e,

2-nponaHon

HMM BONbLUOro accopTMMeHTa Mpon3BoaHbiX AD ¢
mcnonb3oBaHnem komnnekcoB Tuna [RuCly(andoc-
UH)(anamMmH)], XopoLLO M3BECTHbI, TaK Kak 00CyX-
AaemMble KaTanusaTopbl Horopu BnocneacTsum
HalnM LWKWPOKOEe NPUMEHEHUE B MNPOMbILUIIEH-
HocTwn [27].

YTenoBa ¢ coTpyaHukamu [28] u3ydana xu-
panbHble eppoueHunbHble nuraHabl Tuna 20 B
codeTaHun ¢ komnnekcom RuCly(PPh3)3 B AITIB
aueTtodeHoHa. (R)-1-cdbeHnnaTaHon BbleNeH C
20 % BbIxoaoMm 1 u.3. 6onee 99 % (puc. 8).

o0 —=-

aueToH

19 -

O

95 % BbIxoa, 97 % ua

Puc. 7. I'TIB mempaJsioHa Ha KOMI/IeKce
1-(R)-amuHo-2-(S)-2udpokcunuHdaHusneHmaMemusayuknoneHmaoueHuspodul (lll)xnopud

Fig. 7. ATH of tetralone over complex
1- (R) -amino-2- (S) —hydroxylindanylpentamethylcyclopentadienylrhodium (lll)chloride

Ary Ha
>
o é | \N Pe  PPhy
Arz H2
RuC1,-[(S)-BINAP]( (S,S)-DPEN) 20

(R)-1-(1-HadbTun)aTtaHon, 97 % una

RUCl,(PPhs), (0,5 mol %) OH
20 (0,5 mol %), base

—

2-nponaHon aueToH

Puc. 8. Komnnekcbl pymeHusi ¢ nuzaHdamu (S)-BINAP, (S,S)-DPEN) u 20

Fig. 8. Ruthenium complexes with ligands (S)-BINAP, (S,S)-DPEN) and 20

TpudeHmamHbie nueaHObl. B kadectBe Tpu-
OEHTaTHbIX ONTUYECKM aKTUBHbIX NUraHgoB B kaTa-
nunsumpyemom RuCl,(PPhz); AITIB A® ot 2-npo-
naHona bpyHHepom ¢ konneramu [29] 6binm oueHe-
Hbl MUPMOVHOBbLIE MPOU3BOAHbIE aMMHOHadTONa —
obpasylowmnca npu B3anmogencTeun (S)-amuHo-

HadpTona ¢ 2-nupuanHkapbokcanbaerngoMm MMuH
(S)-2-(2-nupnguHUNMeTUNEeHaMmHoO)-2'-rugpoKcu-
1,1-6uHacptun, (S)-21 n NOMyYeHHbIN BOCCTAHOB-
neHvem nocrnegHero amuH (S)-2-(2-nupuanHnn-
MeTunamuHo)-2'-rugpokcu-1,1-6unadptun, (S)-22
(puc. 9).

°“ "] S“ ]

Nal AN
g

(S)-21 +1, 23 %, 97 % ua, S
+ TEMPO, 95 %, 98,5 % u3, S

(S)-22 +1,96,3 % ua, S
+ TEMPO, 95,5 %, 97,3 % ua, S

Puc. 9. Xumu4yeckue cmpykmypbl mpudeHmamHbIX
N,N,O-nuzaHdoe Ha ocHoee 2-amuHo-1,1’-6uHaghm-2-o51a U NUPUOUHOB020 OCMamka

Fig. 9. Chemical structures of tridentate
N, N, O - ligands based on 2-amino-1,1’-binaphth-2-ol and pyridine residue
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(S)-1-dpeHnnataHon obpasyetcsa ¢ u.9. 96,3 %
Ha komnnekce Ru ¢ (S)-22 npu 28 °C [30]. OcHoBa-
Hue Wndda (S)-21 B Tex e ycrnoBusax NPpMBOAUT K
(S)-1-cpenunartarony ¢ u.3. B 97 %. [JobasneHue
2,2,6,6-tetpameTvnnunepuamnn-1-okcmaa (TEMPO)
n TpumetunamuHokenga (TMAO) Bbi3biBaeT NoBbl-
weHve u.3. 0o 98,5 % u.s., BEposiTHO, B pe3ynbTaTe
okucneHust gobaeskamm cesoboaHoro PPhs n nocne-
AyloLwero casura paBHOBECUS AMCCOLMALN KOM-
nrnekca pyTeHnst 4O MEHEee HaCbIWEHHbIX KOMMIeK-
coB (cM. puc. 9).

Knapk u gp. NpUMeHsNM KOMMMEKC pyTeHus C
TpuaeHTaTHbIM  dpochuHgnammHoseim P, N, N-nu-
raHoom 23 Onsi BOCCTAHOBMEHWUSI KETOHOB CO CTe-
pU4eckn 3aTtpygHeHHbIMK 3amectutensmn. B AlTIB
mpem-6yTundeHnnKkeToHa [AOCTUrHyTa SHaHTUO-
cenektmBHocTb Ao 77 % u.s. (S)-npogykta [31].
Bonee cenekTMBHbBIM N aKTUBHBLIM Obifl KOMMIEKC,
reHepupyoLwminca in situ n3 nuraHga 23 n KoMnnek-
ca [IrCl(cod)],. Beixog npoayktos B 100 % nony4eH

B AI'TIB uuknorekcmndeHnnkeToHa u 4-nMnepuanH-
deHunkeToHa, ¢ u.3. 95 n 98 %, cooTBETCTBEHHO
(punc. 10).

proumaxep € Konneramy CMHTE3MpOBan YHU-
KanbHbIN  6uc-onedUHONAMUHOBLIN nurang, 24,
cogepxawmm kpome DPEN ocTtoBa, aBa aubeH3o-
LUMKINOrenTeHunbHbIX dparmMeHTa, 4to obecnedu-
Bano TpugeHtatHoe N, N,C = C-cBsi3biBaHne B
komnnekce Ir(l) [32]. SHaHTMOCENEKTUBHOCTL pe-
akuum ['TIB A® B npucyTCTBMM KOMMIEKca cocTaB-
nset 82 % u.s. (puc. 11).

KaTnoHHbIn komnnekc poams ¢ N-umknorekc-
3-eH-1-un-5H-gnbeHso-[a,d]-uuknorenteH-5-nnamu-
HOM 25 — BbICOKOAKTUBHbIV KaTanusatop AlITIB Ad.
OTaHon, pedko NMPUMEHSIOLINIACA B KayecTBe Uc-
TOYHMKA BOAOPOAA, HEOXWOAHHO OKasancs Hau-
bonee pesynbTaTMBHbIM B PSAY M3YYEHHbIX Crvp-
TOB. [laxxe B yCrOBMSX HU3KOW 3arpy3ky KOMMIeK-

a (Sub/Cat = 100000) psag keToHOB BOCCTaHaB—
nueaeTcs ¢ Bbixogom 98 % n TOF5, oo 750000 y!

RuCl,(23)(DMSO):
R =t-Bu, 77 % us, S

R

Ph R R = piperidinyl, 98 % us, S

(0] O
2-PrOH, 0,1-0,5 % Cat
NH  PPh, 2 - [IrCl(cod)];
O’ KOtBu, R = Cy, 94 %, 95 % us, S
Ph iveridi
/

“/NH,
23

Puc. 10. AI'TIB kemoHoe Ha komnnekcax Ru (ll) u Ir (I) ¢ N,N,P —nuezandom 23

Fig. 10. ATH of ketones over complexes Ru (ll) and Ir (I) with N, N, P —ligand 23

8 R

R,R-24,

[IrCI(CO)(24),82 % us

25 + [Rh( cod)CI]2 +PPhy+

AgOTf
TOFs, A0 750000

Puc. 11. TpudenmamHsbie N, N, C=C - u C =C, N, C = C-nu2aHObI
u aghghekmueHocmMb Ux upuduesbix U poduesbiX KOMI/IEKCO8

Fig. 11. Tridentate N, N, C=C - and C = C, N, C = C-ligands
and the effectiveness of their iridium and rhodium complexes

Katanusatopbl Ha ocHose Rh (lll), cTpykTyp-
Hble aHanoru katanusaTopoB Holiopu, coaepxa-
lWne B KOOOPAWHALMOHHOM cdepe TeTpameTun-
LUMKIONeHTagUEeHUIbHbBIE TPYNMbl, «CBA3AHHbIEY
(«tethered») ¢ To3unanamuMHOBBIMW nUraHgamu
ONSA yBENUYEHUS KEeCTKOCTU KOMMMeKcoB (puc. 12),
ObInn NpeanoxeHsl rpynnon Yuncca [33, 34] anga
AITIB keTOHOB, MMWHOB U APYrux (yHKUMOHaNu-
31MpOBaHHbIX CybCTpaToB.

Rh (lll)-komnnekcbl ¢ nurangamm TsDPEN, 26,

n TsCYDN-nurangamu, 27, 28, CTPyKTypHO aHa-
nornyHble pyteHuesbiM 29 [35], aBnsaTCA CcTa-
OMNbHBIMW KaTanuM3aTopamMyn BOCCTAHOBMEHMS
KETOHOB C BbICOKMMM 3Ha4yeHuamu u.3. n TON. C
KOMnrekcom 26, B 4acTHOCTW, MpoLecc BOCCTa-
HoBneHunsa 3aBepllaeTtca ans AP yepes 100 muH
npu oTtHoweHun Sub/Cat =200, npeBocxoas
«nontethered» aHanor no xapakrepuctmukam. Komn-
nekcol 26 n 27 agpdeKTMBHO BOCCTaHaBnMBaloT
B-XNOPOKETOHbI, TETparoH, a Takke NposiBnsoT
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aktuBHocTb B Boge. Komnnekc (R,R)-28 BbiCOKO Horo A® 30 oTKpbIBaeT NyTb K 2-aMUHO-1-dbeHnn-

akTuBeH B AlTIB npounsBogHbix AP B npucyTCcTBUM aTaHony 31 — LeHHOMY CTpouTeNnbHOMY GroKy ans

TOA® (puc. 13). NoSTy4EHMS pasfiMYHbIX (apMaLeBTUYECKMX CO-
AcrmmeTpuyeckoe BOCCTaHOBMEHME MPOU3BOL- eavnHeHun [36] (puc. 14).

Puc. 12. TempamemunyuknoneHmadueHusibHble komnnaekcbi Rh (1ll)
¢ «tethered» mo3unduamuHoebIMU slu2aHlamu

Fig. 12. Tetramethylcyclopentadienyl complexes of Rh (lll)
with “tethered” tosyldiamine ligands

oy,
o
MeO TsN™ \ cl
N
o “H H
o < HO,
v Ph - Y Y=H, 98 % us
- Y=Cl, 99.6 % us
Y=OPh, 99 % us
HCO,H, EtN,rt Y=OH, 98 % o

Puc. 13. AI'TIB npou3eodHbix A® e npucymcmeuu komrnekca (R,R) 28

Fig. 13. ATH of derivatives of APh in the presence of the complex (R, R) 28

O

HO, H
o] -,
J 1mol % (RR)-26 NH,
1.HCO,H, Et3N, 25° C, 90 %

O 2. EtOH, NaOH aq
reflux, 18h, 86 %
29 30, 98 % ua

Puc. 14. Acummempu4eckull Kamanumu4eckulli cCuHme3 2-amuHo-1-®3
u AI'TIB memunderungpopmuamoes Ha komrsiekcax (R,R) 26

Fig. 14. Asymmetric catalytic synthesis of 2-amino-1-FhE
and ATH of methyl phenyl formates over complexes (R, R) 26

HOuerecom un konneramun [0] NnpeacTaBneHbl Nu- TepoapomMaTU4eckne npoxuparnbHble KETOHbI, Ham-
raHgpl Ha OCHOBE TMOaMugoB amuHokMcnoT. C cu- pyUMep M-MEeTOKCUALETOMEHOH U 2-Nvpugunve-
ctemon {32 — [Cp*RhCl,]} Habnioganocb konu- TUIKETOH, TpPaHCOPMMPYHOTCA B COOTBETCTBYHO-
YecTBeHHOe npeBpalweHe AD B nNpuUCyTCTBUU LLUME CNMPTBI C BbICOKMM U.3.: 97 % R n 99 S coot-
NaOiPr u LiCl ¢ u.3. go 94 % S-sHaHTnOMmepa. le- BETCTBEHHO (puc. 15).

iPry, S
; o oH L=(S)-31

BocHN HN [Cp*RhCI,]+L R'=Ph, 94 % ua, S
” OBn )J\ > R'=m-OMe-Ph, 97 % u3, R
>0 o R NaOiPr, LiCl, RT R R'=naphtyl, 94 % us, R

’ R'=2-pyridyl, 99 % u3, S

0A<
Puc. 15. T'udpupoeaHue kemoHoe ¢ cucmemoli {31 — [Cp*RhCI,]}
Fig. 15. Hydrogenation of ketone with system {31 — [Cp*RhCI,]}

31
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TempaldeHmamHble nuzaHObl. [ao n konne-
m [0] npumeHnnn teTpageHTatHble P,N,N,P- nu-
raHabl 32, 33 u 34, B AlTIB, katanManpyemom Kom-
nnekcHoiMun rmgpugamm Ir unn Rh (puc. 16). OgHown
13 Hanbonee aheKTUBHbIX BblNa KaTanMTnyeckas
cuctema [IrH(CO)(PPh3); + 33] ¢ koHBepcuen
99 1 97 % u.s.

Bonblloe BHMMaHWe NpuBREKaOT UccrnenoBa-
HWS, TOe B KAYeCTBE KaTanM3aTopoB UCMONb3YHTCS
KOMMMJIEKCbl OTHOCUTENBbHO [AELUEBLIX MEPEXOAHbIX
meTtannoB (Fe, Co u Ni), sBnawoLIMXCa anbTepHaTu-
BOW gparoueHHsIM MeTannam (puc. 16, 17). OgHako
o npoueccax AlTIB, katanuanpyembix TakKMMn KOM-
nrekcamu, coobLiaeTcsa ogMHaKoBo peako [39—-41].

\ Ph Ph
—N N= H HN N HN
N H
PPh, Ph,P PPh, Ph,P PPh, Ph,P
R,R-32, ItH(CO)(PPhg)s R,R-33, IrH(CO)(PPhs)s, 97 %, 90 % us R,R-34,

94 %, 50 % ua
Fe3(CO)42, 54 %, 30 % u3

RhH(CO)(PPha)s, 79 %, 65 % u3
Fe:;(CO)»]ZV 8 %, 90 % us, S

IrtH(CO)(PPhs)s, 98 %, 56 % ua

S,5-2, NiCly(PPhs)s, 81 %, 67 % uo
Fe3(CO)1a, 16 %, 83 % us, R,
CoCl,*6H,0, 74 %, 52 % ua

Puc. 16. 3¢pchekmueHocmb mempadeHmamHsbix P, N, N, P — 0OHOpHbIXx nu2aHdoe
¢ komnnekamu podusi (I) u upudus (I) e AI'TiB A®

Fig. 16. Efficiency of tetradentate P, N, N, P — donor ligands
with complexes of rhodium (I) and iridium (I) in ATH of APh

Bsanmopeiicteue nuradgos N, P, O-tuna, 35
n 36, a Takke S,S-33 ¢ komnnekcom Ni(PPh;).Cl,
npuBoauT K obpasoBaHuo kaTanuaatopoB AlTIB
psga ketoHoB [39, 40] (puc. 17). Ona nwraHga
S,S-33 koHBepcus coctaBnsieT 81 % npu u.3. 67 %
(ycnosusa peakuun: T = 70°C; Sub/Ni = 100;
t = 20-26 4, cm. puc. 16). HecmoTpsa Ha TO 4TO

>

NiCly(PPhs3),,
iPrCOPh, 5 %, 0 % us

Katanutuyeckas akTUMBHOCTb W CTepeOoCeNneKTMB-
HOCTb in situ komnnekcoB Ni ycTynawT xapakTe-
pucTukam KommnekcoB Ru wu Ir ¢ aHanornyHbl-
MU nuUraHgamu, crnegyet npusHaTb YCNELWHOCTb
3TUX WCCNEefoBaHWNA, YYUTbIBAs SKOHOMMUYECKME
NepPCneKTUBbI, MNOSIBNAOLWMNECS C MNPUMEHEHMEM
HeOnaropofHbIX MeTarnmnos.

Ph
NH  OH
NiCl,(PPhg),
EtCOPh, 93 %, 84 % us
PPh AD, 81 %, 66 % us
iPrCOPh, 72 %, 76 % us
NH OH
Ph;
36

Puc. 17. 3¢hghekmueHocmb komsiekcoe Hukensi e AI'fiB A® [39, 40]

Fig. 17. Efficiency of nickel complexes in ATH of APh [39, 40]

B Hauane 2004 r. nosiBunocb nepsoe CO06-
lweHne o6 AITIB keTOHOB C KaTanusatopom, obpa-
sylowmmes  in situ 3 kapboHMNBLHOro  Knacrtepa
Fe3(CO)2, M ONTMYECKM aKTUBHOro nuraHga
P, N, N, P-Tuna [41]. Heckonbko nosgHee pAns
npouecca Obln MpeanoxeH yxe psg nuoaHooB
P, N, N, P- n N4yP,-Tuna, acpekTmBHO KOHTpOnu-
pYHOLLUX CTEpeOoXnMuio Ha atome Fe, adhdeKkTMBHO
nepenaeas xuparbHylo nHgopmaumio [42]. Cpean
NpeanioXXeHHbIX NMraHgoB BbldenseTcd 22-X YneH-
HblM uMknudeckun amuHodpochuH (R,R,R,R)-37,

XUMWYECKHME HAYKWU /| CHEMICAL SCIENCES

BbICOKO3HaHTMOCENEKTMBHbIA B COYETaHUWU C Kap-
GOHUNBbHBIM TpexsiaepHbiM knactepom Fez(CO)y,
(puc. 18). YHMBepcanbHOCTb KaTanusatopa AeMOH-
CTpUpyeTCcH BbICOKOM 3(PPEKTUBHOCTLIO Kak B rna-
pPUPOBaHMN KETOHOB MOJIEKYNAPHLIM BOOOPOAOM,
Tak n B AlTIB. Pag apomaTuyecknx n retepoapo-
MaTMYECKMX KETOHOB, a Takke [-keTo3acmpoB
rmagko BoccTaHaBnueawTcd ¢ U.9.40 99 %. Benu-
ynHa TOF Haxogutcs B AnanasoHe 3HavYeHuin
660—1900 4, a oTHoweHne Sub/Fe cocTaBnsieT
2000-5000 [43].
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ol HND
©& Re

(R,R,R,R) -37
Puc. 18. XupanbHbili nuzaHd PNNP-muna (R, R, R, R) -37
Fig. 18. PNNP Type Chiral Ligand (R, R, R, R) -37

AITIB keToHOB, KkaTanusmpyemoe kapOoHwn- TPYOHEHHblE KeTOHbl (LMKMOreKCUneHoH, i-npo-

rmapugom RhH(CO)(PPhg); B mpucyTcTBUM Makpo-
uuknmyeckoro ammHogochuHa (R,R,R,R)-37, npo-
XOAWMO Ha BO34yXe C BbICOKOW KaTanmuTUYeCcKOW
aKTMBHOCTbI. MonsipHoe oTHoLLeHne cybcTparta K
kaTanusatopy gocturano 2000:1, Bbixog — 92 % ¢
92 % u.a. [44]

Ta xe rpynna uccneposatenen [45] npu-
MeHuna xupanbHble S, N, N, S-nuraHabl 38a, 39.
S, N, N, S-nuravg  (R,R-380) B coyeTaHum c
[Ir(cod)(PPh3)CI], B ATTIB A® ot 2-PrOH npusoaunTt
K 83 % u.s. (S)-1-cbeHnnstaHona, rugpupoBaHue
nponvocpeHoHa paeT u.3. 86 % S-npogykTa, 3a-

I
Zji)

NUNAEHOH, M- U M-xnopaueTodeHoHbl) BbinM BoC-
ctaHoBneHbl BAITIB cu.a, % (B R,95S,71 Snu58 S)
(puc. 19).

Wcnone3soBaHne nuraHga (S,S)- n (R,R)-39 co
CABOEHHbLIMW TUOHWUIbHBIMU TPYNMamMn C KOMMMIeK-
com IrCI(CO)(PPh3), B AI'TIB 3aTpyAHEHHbIX KeTOo-
HOB BbI3blBaeT HEKOTOPOEe yxyAlleHue pesyrbTa-
ToB (uuknorekcundeHoH — 90 % u.3. R-npoaykTa,
i-nponundpeHoH — 90 % w.3. S-npopykta) [45].
OunumuH (R,R)-38a B coveTtanun ¢ IrCI(CO)(PPh;),
manoadpdektmeeH B AlTIB A® (27 % koHBepcum

3217415 % u.3.).
a
0 O
Palod
- 7\

\\

—
X N\ /N N N
— = — —
S 7 \_< )_/
o . PPh, Ph,P

(R,R)-38a (R,R)-386, i-PrPhCO

(R,R)-39, i-PrPhCO

(R,R)-DAMPYPHOS, 40

IrCI(COD)PPhs, 95 %, 86 % u3 IrCI(CO)(PPhs),, 97 %, 76 % u3, S [Rh(nbd)Cl];

[Rh(COD)Cl]y, 71 %, 45 % us A®, 95 %, 71 % us, S

A®D, 95 %, 97 %, 75 % us, R

Ru(PPhs)sCly, 14 %, 52 % us RhH(CO)(PPhs)s, 20 %, 47 % u3, S

IrCI(COD)PPh3, 97 %, 56 % us, S

Puc. 19. 3¢hgpekmueHocmb mempadeumamubix S, N, N, S- u P, N, N, P-O0HOpHbIX
nuzaHdoe ¢ kommsiekamu podusi (I) u upudus (I) e AI'TIB A® [46]

Fig. 19. Efficiency of tetradentate S, N, N, S and P, N, N, P donor ligands
with complexes of rhodium (I) and iridium (I) in ATH APh [46]

O cuHTe3e BbLICOKO YCTOMYMBOIO Ha BO34Y-
Xe U B BogHOW dase rmapodunbHoro docdu-
Ha Ha OCHOBE TMUPA3NHOBOro dparmeHTa,
(R, R)-DAMPYPHOS, 40, ans katanusanpyemoro
komnnekcammn pyterus(ll) n pogusa(l) AITIB Ad
coobwmnu HuknwkmH u gp. [46]. HentpanbHoOCTb
BbIFOAHO OTNMYaeT furaHg OT pacnpOCTPaHEHHbIX
CynbOHUPOBAHHbBIX  TpUapungochnHOB, MNokKa-
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3aBLWUNX Psif HEJoCTaTkoB, Cpeau KOTOpbIX KX
YyBCTBUTENBHOCTL K pH pacteBopa [47], a Takke
CHWKEHVe CTabunbHOCTU KOMMfekca M3-3a Kymno-
HOBCKOrO MEXITMraHgHOro oTTankMBaHWa B pe-
3ynbTaTe HakonfeHusd 3apsiga B KOOPAMHALMOH-
Hon cdhepe metanna [48]. OnTumMmMsaumns ycrnoBun
peakunn ansa cuctemol {Rhy(nbd),Cl, - (R,R) -40}
npuBena K KONIMYEeCTBEHHOMY BbIXOAYy MpoAykTa C
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u.3. 0o 75 % (R)-a3HaHTMOMEpa.

XvipanbHble  MakpoUMKIMYeckue nuraHgbl
O, N, N, O-Tna, CUHTE3NpOBaHHbIE MO peakuuu
1,3-6uc-(2-cbopmnndpeHoken)-2-nponaHona ¢ CYDN
¢ mapvaHbiMm komnnekcoMm [IrHCIx(cod)], in situ B
AITIB apomaTnyecknx KETOHOB, MPMBOOAT K COOT-
BETCTBYIOLLUMM OMNTMYECKU aKTUBHbLIM ClMpTam C

H H

N (R,R)-41a, A®
7%,29%us, S
OH HO

D
P

u.3. po 92 % [0] (puc. 20). Ecnn B cnyyae nuran-
oo O, N, N, O-tuna c oTKpblTOn Uenbio (41a)
BO3MOXHO 0Opa3oBaHME HECKONbKMX W30MEpPOB,
To umknudeckne O, N, N, O-tuna nuraHgpl (410)
SBNAOTCA ©onee XXecTknmu us-3a dukcaumm aTto-
moB N n O B NNockocTn, 4To U NnpuBoaMT Kk Gonee
BbICOKUM U.3. (94 %).

z
Ha Q IH
N N
(R,R)- 416, 95 %, 94 % ua, S
O o (S,S)-416, 98 %, 93 % u3, R

OH

Puc. 20. 3¢pcphekmueHocmb mempadeHmamHbix O, N, N, O- GOHOpHbIx nu2aHdo8
c [IrHCI(cod)], e AI'TIB A® [49]

Fig. 20. Efficiency of tetradentate O, N, N, O donor ligands
with [IrHCI,(cod)], in ATH APh [49]

Takum 0o6pas3om, npeumyllecTBa asoTcoaep-
Xalumx nurangos nepeq pocdopHbIMKU aHanoramm
3aKMIOYaTCA Kak B AOCTYNHOCTW, MPOCTOTE MOMy-
YeHWUst N BblAeNeHns, YCTOMYMBOCTU K AECTPYKLMK
N OKUCINEHMIO B KOOPAMHALMOHHOM cdepe nepe-
XOOHOro MeTarnna, Tak U B He ycTynatoLien goc-
dopcoaepxaluum nuraHgam akTMBHOCTU U Cenek-

TUBHOCTU UX MeTanfoKoMMNekcoB. [na 3ameHbl
N3BECTHbIX CBOEN 3P PEKTUBHOCTbLIO, HO AOPOrnNX U
MeHee CTaburbHbIX MOHO- U AN(OCHUHOBBIX NN-
raHgoB B KOMMIEKCAX MepexodHblX MEeTannoB Xu-
panbHble N-OOHOpHbIE NUraHAabl Ha OCHOBE MNpwu-
POAOHbIX XMparbHbIX COEAUHEHUA UMET 0Cobyro
npvBreKaTenbHOCTb.
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Biosynthetic activity study
of Lactobacillus acidophilus lactic acid bacteria
in the lactose fermentation of whey

© Elena A. Shipovskaya, Vera V. Eveleva, Tatyana M. Cherpalova
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Abstract: According to numerous studies, lactic acid bacteria are characterised by the capability of reducing
their initial activity given an insufficient quantity of growth factors supplied by a nutrient medium. Conversely,
the introduction of additional sources of nutrient into the medium provides favourable conditions for the devel-
opment of lactic acid-producing microorganisms. The present study was aimed at examining the effect of
phosphorus-containing salts on the biosynthetic activity of a specially selected strain of lactic acid bacteria for
the biotransformation of acid whey lactose into lactate-containing ingredients. For this purpose, lactic acid
bacteria of the Lactobacillus acidophilus thermophilic bacilli subgroup applied in cheese and fermented dairy
production were used as a producer of lactic acid. In the obtained fermented solutions, the mass fractions of
lactose and calcium lactate were determined by the Bertrand method and complexometric techniques, respec-
tively. The variables in the biosynthetic activity study of lactic acid bacteria included the type of phosphorus-
containing salt (disodium phosphate dodecahydrate and disubstituted ammonium phosphate) and its mass
fraction, which ranged from 1.0 to 3.0 % in increments of 0.5 %. The amount of inoculum introduced for maxi-
mum production of lactic acid comprised 2.5 % vol. of the nutrient medium. The titratable acidity of the inocu-
lum ranged from 1.80 to 1.85 g/cm3. In order to produce calcium lactate, the lactic acid accumulating during
biosynthesis was neutralised with chalk. The effect caused by the type of phosphorus-containing salt and its
mass fraction on the coefficient of whey bioconversion to lactic acid by L. acidophilus AT-I lactic acid bacteria
was evaluated along with the rate of formation and yield of calcium lactate. The 2.0 % additive of sodium
phosphate disubstituted dodecahydrate was established to provide the highest values for the formation rate
and yield of the target product, comprising 0.78 g/(dms-h) and 79.96 %, respectively.
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MccnepoBaHme OMOCUHTETUYECKOU aKTUBHOCTM
MOJIOYHOKUCHbIX 6akTepun Lactobacillus acidophilus
npu copaxmBaHUM NakToO3bl MOJTIOYHOMN CbIBOPOTKU
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Pe3rome: MonoyHokucnibie 6akmepuu Mo2ym mepsimb Mepe8oHadasibHy akmueHOCmb npu Hedocmamke
ghakmopoe pocma e numamersibHoU cpede. BeedeHue 8 numamernbHyro cpedy 00nosIHUMebHbIX UCMOYHU-
K08 numaxusi obecriequgaem 6na2onpusimHbie ycroeus 07151 pa3sumMusi MUKPOOP2aHU3Mo8, rpodyuupyrouwux
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MOIIOYHYt0 Kuciiomy. Llenbto 0aHHOU pabombl S6/19710Ch U3ydyeHuUe enusiHUsi ¢pocghopcodepkawjux conel Ha
buocuHMemMuU4YecKyro akmueHocmb creyuanbHO ModobpaHHO20 wWmamMmMa MOJTOYHOKUCIbIX Gaktepun 0Ons
buompaHcgopmayuu naKkmo3bl MEOPOXHOU CbIBOPOMKU 8 rakmamcoodepxauwue uHepedueHmsl. B kaue-
cmee npodyyeHma MOI0YHOU KUCIOMbI UCMOMb308ariu MO/IOYHOKUCbIe bakmepuu u3 rnolepyrnbl mepmMo-
unbHbix nanoyvyek Lactobacillus acidophilus, komopbie rNPUMeHSIOMCs 8 PouU3800CMEEe KUCTOMOIOYHbIX
npodykmos u cbipodesniuu. B rnony4eHHbIx cOpOoXeHHbIX pacmeopax ornpedesnsanu mMaccosyto 000 /1aKmo3bl
memodom bepmpaHa u lakmama Kanbyusi KOMIIIEKCOHOMempu4YecKuM memodom. Viccrnedosanu usMeHeHuUe
buocuHmemuy4eckoli aKmugHOCMU MOJTIOYHOKUC/IbIX bakmepul npu eapbuposaHuu suda ghocghopcodepxa-
wel conu (Hamput ¢bocghopHOKUCTIbIU d8y3ameu,eHHbIl 12-800HbIU, aMMOHUU ¢hOCGhOPHOKUCIIbIL O8y3ame-
wWeHHbIU) u maccosoll donu (om 1,0 8o 3,0 % ¢ wazom 0,5 %). Konuyecmeo 8HOCUMO20 MOCEBHO20 Mamepu-
ana 0nsi MakcumMarsibHO20 HaKOMIeHUsI MO/I0YHOU Kucriombl cocmasuno 2,5 % k obbemy numamersibHoU cpe-
Obl. Tumpyemas KUCIOMHOCMb MOCE8H020 Mamepuana cocmasnsna om 1,80 do 1,85 a/cm®. Hakannuearo-
wyrocsi 8 npouecce buocuHmMesa MOJIOYHYH Kuc/iomy Helmparnu3osanu MesioM C rofyvYeHueM fnakmama
Kanbyus. YcmaHoeneHbl 3agucumocmu KoaghgpuyueHma OUOKOHBEPCUU ChbIBOPOMKU 8 MOJIOHYHYHO Kucromy
monoyHokucnbiMu 6bakmepusivu L. acidophilus AT-I, ckopocmu obpa3osaHusi u 8bixo0a nakmama KasnbUusi
om suda hocghopcodepxkawieli conu u ee maccoeol 0onu. BbigeneHo, Ymo Haubonbwue 8eiuquHbl CKOpPO-
cmu o6pa3osaHusi U ebixoda yenegozo npodykma (0,78 a/(0m°-u)) u 79,96 % coomeemcmeeHHo) docmuza-
tomcs ripu eHeceHuu 2,0 % 08y3ameuieHHO20 12-800H020 (hOCGhOPHOKUCITIO20 Hampusi.

Knroyeebie cnoea: MOSI0YHOKUC/IbIE GaKmepuu, buocuHmMemu4eckasi akmueHOCmb, Jlakmo3a, MOJIoYHasi
Cbl8OpPOMKa, naKmamcodep)Kau.que UHepec)ueHmb/

Ungpopmayus o cmamee: [Jama nocmynneHus 13 asaycma 2019 a.; 0ama npuHamus K nedamu 25 HOs16psi;
Oama oHnatH-pasmeweHuss 30 dekabps.

Ans yumupoeaHus: Wvnoeckasa E.A., EBeneBa B.B., Yepnanoea T.M. NccnegoBaHne GUOCUMHTETUYECKON
aKTUBHOCTM MOMOYHOKMCNBIX GakTepuin Lactobacillus acidophilus npyn cbpaxmBaHUM NAKTO3bl MOSOYHOM
CbIBOPOTKU. M3secmusi 8y308. [lpuknadHass xumusi u buomexHosoaus. 2019. T. 9. N 4. C. 635-642.
https://doi.org/10.21285/2227-2925-2019-9-4-635-642

INTRODUCTION

With an increase in the production of curd
products, cheese and casein, the quantity of milk
whey, representing a waste product of the dairy
industry, significantly increases. A certain part of
the whey is used as feed for livestock and for
technical and food purposes, while the bulk is
drained into the sewer causing environmental pol-
lution [1-6]. For these reasons, whey processing
appears to be a significant problem.

Among the known methods of whey pro-
cessing, several main areas are distinguished.
These include the preparation of concentrates in
condensed and dry form, isolation of individual
components (protein and lactose hydrolysates, fat,
lactulose) and the biological conversion of lactose
and whey proteins for production of lactic acid,
lactates and probiotic products [5-7].

Whey possess a high biological value due to
the presence of soluble proteins, lactose, as well
as macro-, micro- and ultramicroelements [1, 8].
On average, 48-52 % of whey accounts for milk
solids with the main components presented by milk
sugar (70 %), nitrogenous substances (14.5 %), fat
(7.5 %) and mineral salts (8 %) [6, 9].

The presence of carbon sources easily digest-
ible by many types of microorganisms, as well as
various growth factors, identifies whey to be the
among of the most valuable nutrient media for the
production of microbial synthesis products. There-
fore, the most effective approach to whey pro-

cessing consists in its biotechnological treatment
based on the application of microorganisms in a
free or immobilised state [10].

For microbiological processing of whey,
homofermentative lactic acid streptococci (Strep-
tococcus lactis, Streptococcus cremoris) and lac-
tobacillus (Lactobacillus acidophilus, Lactobacillus
lactis, Lactobacillus casei, Lactobacillus plantarum,
Lactobacillus bulgaricus, Lactobacillus helveticus)
are of a particular interest. Streptococcus lactis are
considered to ferment lactose with the formation of
L(+) lactic acid in amount of 0.8-1.0 %, and some
strains of Streptococcus cremoris are believed to
form, along with lactic acid, a nisin antibiotic inhib-
iting the development of other species of lactic ac-
id bacteria, as well as bacilli and butyric acid bac-
teria. In lactose fermentation, Lactobacillus bulgar-
icus lactobacillus bacteria form up to 3% of lactic
acid, mainly of D(-)-form, while Lactobacillus aci-
dophilus accumulate the DL form of lactic acid,
having the ability to inhibit the development of bac-
teria of the dysenteric, paratyphoid and E. coli
group. L. acidophilus culture is resistant to adverse
environmental influences such as alkaline reaction
(pH = 8.0), as well as the presence of phenoal,
bile (20 %) and sodium chloride (2 %) in the medium.

At the same time, lactic acid bacteria cultures
are observed to lose their initial activity in the in-
sufficient amount of growth factors of the nutrient
medium. By introducing additional sources of nutri-
tion into the nutrient medium, favourable condi-
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tions are provided for the development of starter
microorganisms producing lactic acid [11]. Accord-
ing to the developers of a functional supplement
with pro- and prebiotic properties based on lactic
acid microflora cultivated on whey, the medium
must be enriched with germinated wheat grain in
an amount of 20 % of the total volume of [4]. In
order to provide the normal growth and develop-
ment of Lactobacterium juqurti bacteria during the
fermentation process of deproteinised acid whey,
corn extract is applied as an additional food source
in an amount ranging from 0.1 to 0.2 % [12]. It is
possible to intensify the process of obtaining the
combined [-galactosidase enzyme preparation
from whey through the mutually stimulating effect
of Kluyveromyces marxianus fungus, Candida
kefyr yeast and Streptococcus thermophilus ther-
mophilic lactic acid bacteria. In the work [13],
Streptococcus thermophilus was demonstrated to
acidify the medium, stimulating the growth of yeast
and releasing, in turn, additional amounts of vita-
mins and amino acids into the nutrient medium
during fermentation to create favourable conditions
for the growth of lactic acid bacteria.

The introduction of phosphorus-containing
substances into the nutrient medium demonstrates
a positive effect on the biosynthetic activity of lactic
acid bacteria. The most affordable sources of
phosphorus include ammonium phosphate salts
providing important nitrogen for the development
of bacteria’ [14]. According to the patent [15], food
protein was obtained in the form of a whey con-
centrate or dry powder containing from 15 to 25 %
of solids by Propionibacterium freudenreichii VSB-
16 u Lactobacillus casei GSB-TB1B cultures with
an additional introduction of (NH4),SO,4, KH;PO,,
MgSO, and ZnSO0.,.

In the present work, acid whey was fermented
by a specially selected probiotic strain of Lactoba-
cillus acidophilus lactic acid bacteria characterised
by a fairly high productivity and the ability to re-
lease exopolysaccharides (EPS) into the environ-
ment. Among the advantages of using strains of
lactic acid bacteria capable of producing EPS are
included increased time of refrigerated storage,
reduced syneresis, as well as the improved texture
and consistency of products. The fermentation of
whey by EPS-producing strains of Lactobacillus
acidophilus increases the nutritional value of the
target product, improving its organoleptic and
rheological characteristics [16—19].

Thus, the current study was aimed at the ef-
fect of phosphorus-containing salts on the biosyn-
thetic activity of a specially selected strain of lactic
acid bacteria for biotransformation of acid whey
lactose into lactate-containing ingredients.

" Kuznetsov A.E., Gradova N.B., Lushnikov S.V.,
Engelhart M., Weisser T. Applied Ecobiotechnolo-
gy: Textbook; in 2 V. Moscow: BINOM. Laboratori-
ya Znaniy, 2010. Vol. 1 — 629 p.; Vol. 2 — 485 p.

EXPERIMENTAL PART

The objects of study were:

— “Letnyaya” acid whey produced by Losevo
Dairy Plant LLC;

— Lactobacillus acidophilus AT-l lactic acid
bacteria (L. acidophilus AT-l — producer of lactate-
containing ingredients);

— sodium phosphate disubstituted dodecahy-
drate (Na,HPO4-12H,0) according to GOST 4172-
76;

— disubstituted ammonium phosphate
((NH4).HPQ,) according to GOST 3772-74.

Experimental studies were performed by the
laboratory equipment of the All-Russian Scientific
Research Institute of Food Additives (VNIIPD), a
branch of the Gorbatov Research Centre for Food
Systems RAS, using the methods adopted in re-
search practice and according to the current tech-
nical documentation.

In the experimental samples, the mass frac-
tions of both lactose and calcium lactate were de-
termined along with titratable acidity.

Three methods were applied to the evaluation
of the studied parameters including the Bertrand
method [20], complexometric technique and acid-
base titration for determination of mass fraction of
lactose and calcium lactate, as well as titratable
acidity, respectively.

RESULTS AND DISCUSSION

A change in the biosynthetic activity of lactic
acid bacteria was examined under varying type of
phosphorus-containing salt (Na,HPO4-12H,O and
(NH4),HPO,4) and its mass fraction (from 1.0 to
3.0 % in increments of 0.5 %).

The fermentation process of acid whey con-
taining from 3.9 to 4.3 % of lactose was performed
by L. acidophilus AT-l lactic acid bacteria in a
thermostat at a temperature of 371 °C.

A pure culture of lactic acid bacteria was
stored in freeze-dried form. The producer was
activated at a temperature of 37+1°C for
10-12 hours. Primary starter culture and inoculum
was prepared with sterilised skimmed milk and
acid whey, respectively.

The initial caseous whey was pasteurised in a
water bath at a temperature range of 70-75 °C for
1 h. The amount of inoculum introduced for maxi-
mum accumulation of lactic acid comprised 2.5 %
of the volume of the nutrient medium; further in-
creases in the amount were observed to be tech-
nologically ineffective. The titratable acidity of the
inoculum ranged from 1.80 to 1.85 g/cm®.

The lactic acid accumulating during biosyn-
thesis was regularly neutralised with chalk to pro-
duce calcium lactate.

Figures 1 and 2 demonstrate the effect of the
phosphorus-containing salt type and its mass frac-
tion on the coefficient of whey bioconversion into
lactic acid by L. acidophilus AT-I lactic acid bacte-
ria after 24 hours. The maximum efficiency in
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the biotransformation of lactose into lactic acid is
observed when 1.5 to 2.0 % sodium phosphate
and 2.0 % ammonium phosphate are added. An
increase in the mass fraction of phosphorus-
containing salts leads to a decrease in the biosyn-
thetic activity of lactic acid bacteria.

Table 1 presents data on the change in the
rate of formation and yield of calcium lactate de-
pending on the type and mass fraction of phospho-
rus-containing salt, subsequently characterising
the change in the biosynthetic activity of lactic acid

bacteria. With the addition of 1.0 and 3.0 % of so-
dium phosphate, the biosynthetic activity of bacte-
ria was established to be equal to 0.64 g/(dm3-h),
while, at introduced amount of 1.5-2.5 %, the value
of about 0.78 g/(dm3-h) was obtained. Depending on
the mass fraction of sodium phosphate equal to 1.0,
1.5 and 2.0 %, the fermentation rate of acid whey
lactose was 0.43, 0.47 and 0.53 g/(dm?’-h), respec-
tively. With 2.0 % of phosphorus-containing salts
added, the yield of calcium lactate reached the value
of about 80 %.
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Fig. 1. Relationship between the bioconversion coefficient of whey to lactic acid
by L. acidophilus AT-I and the mass concentration of Na,HPO,12H,0 after 24 hours

Puc. 1. 3asucumocmb KoaghgpuyueHma 6UOKOH8epCcUU CbI8BOPOMKU
8 MOJIOYHYIO KUCJIomy MOJIOYHOKUcbIMu 6akmepusimu L. acidophilus AT-1
om maccoeoli donu conu Na,HPO,12H,0 yepe3 24 4
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Fig. 2. Relationship between the bioconversion coefficient of whey to lactic acid by
L. acidophilus AT-I and the mass concentration of (NH,),HPO, after 24 hours

Puc. 2. 3asucumocmsb Ko3aghgpuyueHma 6uokoHeepcuU CbIBOPOMKU
6 MOJIOYHYIO KUCJIOmYy MOJIOYHOKUCbIMU 6akmepusimu L. acidophilus AT-1
om maccoeot donu conu (NH,),HPO,4yepe3 24 4
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Table 1
Indicators of biosynthetic activity of lactic acid bacteria L. acidophilus
depending on the type of nutrient salt
and its mass concentration
Tabnuuya 1
lMokazamenu 6uocuHmMemMu4ecKol akmueHOCMU MOJTIOYHOKUCIIbIX
6akmeput L. acidophilus e 3aeucumocmu om euda numamesibHOU coslu
u ee maccoeol donu
Mass Formation rate of calcium lactate, g/(dm® h) Calcium lactate yield, %
fraction of
phOSphOFUS' NazHPO4‘12H20 (NH4)2HPO4 NazHPO4‘12H20 (NH4)2HPO4
containing
salt, % 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
1.0 0.64+0.09 | 0.39+0.04 0.68+0.06 | 0.40+0.01 | 40.32+1.81 | 76.80+1.00 | 42.00+0.50 | 79.21+3.79
1.5 0.77+0.05 | 0.40+0.02 0.80+0.06 | 0.41+0.02 | 40.65+1.03 | 76.33+0.30 | 40.81+0.90 | 76.56+1.40
2.0 0.78+0.03 | 0.40+0.15 0.84+0.07 | 0.40+0.01 | 41.20+1.50 | 79.96+6.85 | 42.48+1.48 | 79.18+2.83
25 0.79+0.06 | 0.39+0.03 0.93+0.05 | 0.39+0.03 | 36.74+1.30 | 71.58+2.65 | 41.93+1.06 | 76.56+1.68
3.0 0.64+0.02 | 0.27+0.01 0.73£0.06 | 0.29+0.01 | 34.50£1.45 | 61.8+1.79 | 38.80+0.04 | 67.80+£1.37

From the above, an increase in the mass frac-
tion of the phosphorus-containing salt introduced
up to 2.5 % contributes to an increase in the bio-
synthetic activity of lactic acid bacteria. A further
increase in the dosage of salt acts on the growth of
bacteria as an inhibitory factor.

Figure 3 presents the dynamics of the lac-

tose fermentation and the accumulation of calcium
lactate with varying mass fraction of sodium phos-
phate and fermentation time. As can be seen from
Fig. 3, the application of 2.0 % of Na,HPO,4 12H,0
allows the highest values for the fermentation rate
of whey lactose and the accumulation of calcium
lactate to be achieved.
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Fig. 3. Mass concentration of calcium lactate and lactose
during whey fermentationby L. acidophilus AT-I
when varying the mass concentration of sodium phosphate, %:
1-1.0;2-1.5;3-2.0

Puc. 3. U3meHeHue maccoeoli osiu 1akmama KanbUuusi U 1Jakmo3bi 8 npoyecce cépaxxueaHusi
MmeopOoXHOU CbI8OPOMKU MOJIOYHOKUCLIMU 6akmepusimu L. acidophilus AT-1
npu eapbupogaHuu maccoeoli dosiu ¢pocghopHoKucI020 Hampust, %:
1-1,0;2-1,5;3-20
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CONCLUSION

According to the set of indicators character-
ising the biosynthetic activity of L. acidophilus
AT-I lactic acid bacteria, the application of sodi-
um phosphate disubstituted dodecahydrate in an
amount of 2.0 % increases the efficiency of

obtaining calcium lactate from acid whey. The
Lactobacillis acidophilus AT-I producer is speci-
fied by rather high formation rate for calcium lac-
tate and fermentation rate for lactose whey
equal to 0.78 g/(dm>-h) and 0.53 g/(dm®h), re-
spectively.
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Cryopreservation potential

of Streptomyces lucensis and Streptomyces violaceus
actinomycete collection strains as producers

of glycosidase inhibitors
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Abstract: The article presents a study into the effect of long-term, low-temperature (-80 and -150 °C)
storage on the properties of Streptomyces lucensis RNCIM As-1743 and Streptomyces violaceus RNCIM
As- 1734 actinomycete collection strains acting as producers of glycosidase inhibitors. The titre (CFU in
1 cm?® of the initial inoculum) and the inhibitory activity of strains were determined with respect to pancre-
atic a-amylase in the solutions obtained by Streptomyces culture on a corn starch hydrolysate. For Strep-
tomyces, a high survival rate (91-100 %) was established after storage at temperatures of -80 and
-150 °C using a 15 % glycerol solution in terms of a cryoprotector. Streptomyces violaceus strain was
identified to be the most resistant to long-term storage at low temperatures. Its inhibitory activity turns to
be completely retained after storage at temperatures of -80 and -150 °C. In Streptomyces violaceus
strain, the maximum activity level of 2250+200 IU/cm® for an inhibitor of pancreatic a-amylase is observed
on the 1st day of subculture, while Streptomyces Ilucensis RNCIM As-1743 demonstrates the highest
activity value on the 3rd day to reach a value of 3660+200 1U/ecm?® following storage at a temperature
of -80 °C. The studied Streptomyces strains are chromogenic. The most intense chromogenesis is noted
during the culture of Streptomyces violaceus strain stored at a temperature of -150 °C. The cryopreserva-
tion of Streptomyces violaceus and Streptomyces lucensis actinomycete strains was established to pro-
vide high (1 0’-10 ) cell survival and preservation of their inhibitory activity at a high level when exposed
to temperatures of -80 and -150 °C with a 15 % glycerol solution as a cryoprotector. Experimental data
indicate the low-temperature storage method to be promising for Streptomyces lucensis and Streptomy-
ces violaceus collection cultures.

Keywords: Streptomyces Ilucensis RNCIM As-1743 strains, Streptomyces violaceus RNCIM As-1743
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BO3MOXHOCTU KPUOKOHCEpPBUPOBAHUSA
KOJINMEeKLUMOHHbIX LUITAMMOB aKTUHOMULIETOB
Streptomyces lucensis v streptomyces violaceus —
NpoAyUueHTOB MHIMOUTOPOB rMmMKko3uaas

T.B. BoibopHoBa*, H.}O. lLapoBa***, A.A. lNpuHueBa***

* BCepOCCUNCKNIA Hay4YHO-UCCreAoBaTENbCKUA MHCTUTYT NULLIEBLIX 00aBOK — domnman degepanbHoro
Hay4HOro LeHTpa nuweBbix cuctem um. B.M. l'opb6atoea PAH, r. CankT-leTepbypr, Poccuiickaa ®enepauns
** CaHkT-lNeTepbyprckuii HauMoHanbHbIN UCCNefoBaTENbCKUN YHUBEPCUTET MHAPOPMALIMOHHBLIX TEXHOMOIMHN,
MexaHukn n ontukun, r. CaHkr-lNetepbypr, Poccuinckas denepaums

Pe3rome: ViccriedosaHo enusiHue dnumernibHO20 HU3KomemmnepamypHo2o xpaHeHus (-80 u -150 °C) Ha ceol-
cmea KOJINIeKUUOHHbIX WwmamMmos akmuHomuuyemos Streptomyces lucensis BKIIM Ac-1743 u Streptomyces
violaceus BKIIM Ac-1734 — npodyuyeHmos uHeubumopos enuko3udas. OnpedeneH mump (KOE & 1 cm’
UCXOO0HO20 UHOKYrama) u uHaubumopHas akmueHOCMb WmaMMO8 0 OMHOWEHUK0 K raHKpeamu4eckol
a-amusnase 8 pacmeopax, rosyYeHHbIX npu KynbmueuposaHuu Streptomyces Ha audposiuzame KyKypy3HO20
Kpaxmarna. YcmaroeneH ebicokull (91—100 %) ypoeeHb ebikusaemocmu Streptomyces nocne xpaHeHusi npu
memnepamypax -80 u -150 °C ¢ npumeHeHuem 15 %-20 pacmeopa anuyepuHa 8 Ka4ecmee KpUornpomeKmo-
pa. BbisienneHo, ymo wmamm Streptomyces violaceus Haubonee ycmou4vus K ycriogusim 0umesisHo20 XpaHe-
Hus ripu HU3kux memnepamypax. OH MOIHOCMbIO COXPaHUsl UH2UbUMOPHY aKmu8HOCMb MOC/e XpaHeHUs
npu memnepamypax -80 u -150 °C. MakcumarnbHbIl ypo8eHb akmugHOCMU UHaubumopa naHkpeamu4eckou
a-amusiassl y wumamma Streptomyces violaceus ommedaemcsi Ha 1-e Cymku peKynbmueupogaHusi U cocmas-
nssem (2250+200) ME/cm®, y Streptomyces lucensis BKIIM Ac-1743 — Ha 3-u CymKu peKynbmusuposaHusi u
docmuzaem 3HaueHus 3660+200 WME/cm® nocne xpaHeHus npu memnepamype -80 °C. Mccrnedyembie
wmammbi Streptomyces sensromes nuemeHmo-obpa3syrowumu. Haubonee uHmeHcusHoe nuemeHmoobpa3so-
8aHUe omMeYeHo fpu KynbmueuposaHuu wmamma Streptomyces violaceus, xpaHuewezocs rnpu -150 °C.
lposedeHHbie uccriedosaHus nokasarsu, Ymo KPUOKOHcepeayus wmaMmMo8 akmuHoMmuuemos Streptomyces
violaceus u Streptomyces lucensis npu memnepamypax -80 u -150 °C ¢ I'I}OUMeHeHUGM 16 %-20 pacmeopa
enuuepuHa 8 kayecmee Kpuorijpomekmopa obecriedusaem 8bicoKyto (10 —108) cmereHb 8bhKugaemMocmu
KIIemoK U coxpaHeHue ux UHaubumopHOoU aKkmueHOCMU Ha 8bICOKOM yPOBHE. OKcriepuMeHmarsibHble OaHHbIe
ceudemenbcmeayom O fepcrekmusHocmu memooda HU3KomemMnepamypHoO20 XpaHeHUs 0715 KOITeKYUOHHbIX
Kynbmyp Streptomyces lucensis u Streptomyces violaceus.

Knro4deebie cnoega: wmammbi Streptomyces lucensis BKIIM Ac-1743 u Streptomyces violaceus BKIM
Ac-1734, HUsKomemMrnepamypHoe xpaHeHue, XU3HecrnocobHocmb, UHaubumopHasi akmugHoOCMb, NuUeMeHmo-
obpa3oeaHue

BnazodapHocmu: Paboma ebironHeHa 8 pamkax [poespammbl hyHOaMeHmaribHbIX Hay4YHbIX uccrnedosaHull
e2ocydapcmeeHHbIx akademul Hayk Ha 2019 e. no npoekmy Ne 163.

UHpopmayuss o cmambe: [Jama nocmynnerdus 12 urons 2019 e.; Gama npuHamusi K nedamu 25 HOs16psi
2019 2.; dama oHnaliH-pasmeuwjeHusi 30 dekabpsi 2019 a.

Ana yumupoeaHus: BeibopHoBa T.B., WWaposa H.1O., MNpuHuesa A.A. BO3MOXHOCTU KPMOKOHCEPBUPOBaHNS
KOMNNEKUMOHHbIX LITaMMOB akTUHomuLeToB Streptomyces lucensis n Streptomyces violaceus — npofyLeH-
TOB MHIMOMTOPOB rMuko3uaas. Mseecmus sy3o8. [NpuknadHas xumus u buomexHomnoaus. 2019. T. 9. N 4.
C. 643-653. https://doi.org/10.21285/2227-2925-2019-9-4-643-653

INTRODUCTION For most microorganism collections, the

Actinobacteria of the Streptomyces genus
manifest themselves as producers of more than
half of the most common biologically active com-
pounds applied in medicine, veterinary, agriculture
and other industries. Thus, maintaining the viability
of Streptomyces cultures during long-term storage
constitutes an important research area and makes
a significant theoretical and practical contribution
to the problem of preserving an ever-increasing
biological diversity.

preservation of strains in working condition with
the retention of their valuable properties is carried
out using periodic subculture methods, storage
under a layer of mineral oil, in dry sterile soil or
sand, in saline solutions, as well as in a lyophilised
state or at low temperatures [1].

The primary method for long-term microor-
ganism storage consists in cryopreservation.
Among the advantages of cryogenic storage are
the low probability of culture infection, preservation
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of microorganism properties in a stable state, low
time and material costs, the possibility of using
frozen cultures as a direct inoculum and eliminat-
ing the risk of genetic changes in cultures during
storage. In addition, according to the published
studies, microorganism cultures stored at low tem-
peratures in a frozen state appear to be less dam-
aged and demonstrate a higher level of viability as
opposed to dried and lyophilised cultures [1, 2].
The cryostability of microorganisms is determined
by their taxonomic affiliation, physiological state,
cell number, cryopreservation modes, the pres-
ence of a protective environment, as well as the
temperature and heating rate. Different cryo-
stability is observed in microbial organisms of not
only different genera and species, but also strains.
Gram-positive bacteria are known to be usually
more resistant to freezing in contrast to gram-
negative bacteria [3]. It is thought that micro-
organisms are most resistant to freezing at the end
of the logarithmic growth stage or at the beginning
of the stationary phase. According to a number of
studies, increased cryoresistance is also charac-
teristic of spore-forming microorganisms [4].

Protective substances — or cryoprotectors —
can be applied in order to increase the resistance
of cells to low temperatures. Two main cryopro-
tectant types can be distinguished. The first in-
cludes glycerin and dimethyl sulphoxide (DMSO)
either easily to pass through the cell membrane
and provide both intracellular and extracellular pro-
tection against freezing. The second type of cryo-
protectors involves the following substances
providing a protective effect on the outer surface of
the cell membranes: sucrose, lactose, glucose,
mannitol, sorbitol, dextran, polyvinylpyrrolidone
and polyglycol. According to some studies, the first
type of protectors (glycerin and DMSO) have been
shown to be more effective and applicable for a
wide range of bacteria [5]. In this case, the protec-
tive action of glycerin is explained by its prevention
of excessive salt concentration levels causing a
violation of biochemical processes in microorgan-
ism cells during freezing [3].

A distinctive feature of many Streptomyces
consists in their chromogenetic ability by forming
carotenoid pigments, black-brown melanins and
blue-violet anthocyanins. Thus, the colour of the
substrate and aerial mycelium is determined by a
variety of pigments. Chromogenesis in microor-
ganisms has a certain physiological significance
through the protection of cells from natural ultra-
violet radiation, participation in biochemical reac-
tions and antibiotic effect [6]. Therefore, the study
of stressful effects on Streptomyces bacteria
appears to be of great practical importance.

The methods are known for long-term, low-
temperature storage of Streptomyces hygroscopi-
cus RIA 1433 Nonomuraea Sp antibiotic producers
(-70 °C) [4], strains of Streptomyces aureoverticil-
lus, Streptomyces aureofaciens and Streptomyces

griseus actinobacteria (-196 °C) [7], as well as
collection cultures of Rhodococcus actinobacteria
(-85 °C) [8].

Streptomyces lucensis RNCIM As-1743 and
Streptomyces violaceus RNCIM As-1734 collection
cultures of the All-Russian Research Institute of
Food Additives (VNIIIPD) involves the producers of
glycosidase inhibitors — biologically active sub-
stances and potential food micro-ingredients [9].
Currently, no studies on effectiveness evaluation of
the long-term storage at extremely low temperatures
in relation to these actinobacteria were conducted.

The present study is aimed at the effect of low
temperatures (-80 and -150 °C) on the viability of
Streptomyces lucensis RNCIM As-1743 and Strep-
tomyces violaceus RNCIM As-1734 actinomycetes
and their preservation of inhibitory activity during
storage.

EXPERIMENTAL PART

The object of the study involves Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 actinomycete strains
selected at VNIIIPD and deposited in the All-
Russian collection of industrial microorganisms of
the Research Institute for Genetics and Selection
of Industrial Microorganisms [10, 11].

The studied actinobacteria strains were cul-
tured before freezing on the slant starch-containing
Czapek medium at a temperature of 29 °C for
7 days.

Cell separation was carried out by flushing the
culture from a slant agar starch-containing Czapek
medium using 10 cm” of nutrient fermentation me-
dium. In order to increase the resistance of cells to
the effects of low temperatures, a cryoprotector of
15 % glycerol solution was added to the nutrient
medium for fermentation. In the study, bacterial
suspensions were apglied with a population densi-
ty of 10"-=10® CFU/cm”.

Cryo- (Greiner Bio-One, Germany) and Ep-
pendorf tubes were used for freezing spore sus-
pensions at a temperature of -80 °C and -150 °C,
respectively. All tubes were exposed to +4 °C for
2 h with subsequent placement in low-temperature
freezers. Cells were frozen in stages: up to -30 °C
at a controlled cooling rate of 1 °C/min followed by
lowering the temperature to -150 °C at a rate of
15-30 °C/min.

The samples of Streptomyces actinomycete
strains were frozen and stored in an MDF-1156ATN
ULTRA-LOW temperature freezer (SANYO Elec-
tric Co. Ltd) at a temperature of -150 °C and in the
"Station of low-temperature automated storage of
biological samples at -80 °C" Unique Research
Installation (LICONIC Instruments, Liechtenstein)
of the Departmental collection of beneficial micro-
organisms for agricultural purposes of the Re-
search Institute of Agricultural Microbiology [12].
The storage duration comprises 9 months.

The recovery process for frozen cells was car-
ried out by thawing at a temperature of 37 °C for
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3 minutes. Then the cells were placed on Czapek
agar medium in test tubes. After 7 days of incuba-
tion at a temperature of 29 °C, the viability of
the cultures was determined and culturing was
carried out.

The viable cell count (CFU/cm3) of Strepto-
myces actinomycetes was determined by serial
dilutions of thawed spore suspensions, followed by
inoculation on Petri dishes with agar Czapek
starch-containing medium. After exposing the cul-
tures for 3 days at a temperature of 29 °C, the
number of cultured microcolonies was calculated.
Percentage of survived CFU of actinobacteria was
determined relative to the number of CFU counted
before cryopreservation.

Streptomyces lucensis and Streptomyces vio-
laceus culturing was carried out periodically in a
750 cm® flask with a corn starch hydrolysate using
a Multitron incubation shaker (INFORS, Switzer-
land) with a stirring speed of 160+20 rpm at a
temperature of 29+1 °C for 96 h [10, 11]. The fer-
mentation medium of pH = 7.0 was composed by
corn starch hydrolysate with dextrose equivalent
(DE = 25£5 %), soy flour, sodium chloride, disub-
stituted potassium phosphate and magnesium
sulphate heptahydrate at concentrations of 20, 5.0,
3.0, 1.0 and 0.5 g/dm3, respectively [13]. For the
hydrolysis of corn starch, an Amilosubtilin G3x
enzyme preparation with an amylolytic activity of
850 u/g was used (GOST 23635-90).

The inhibitory activity of cells survived after
storage was determined in the obtained solutions
by culturing Streptomyces lucensis and Strepto-
myces violaceus using the colorimetric method in
reference to pancreatic amylase (test enzyme). An
amount of an inhibitor suppressing 1 unit of pan-
creatic a-amylase by 50 % at a temperature of
37 °C and pH = 7 was assigned as a unit of inhibi-
tory activity [9]. Prior to determination, the intrinsic
amylase of Streptomyces strains was inactivated
in the solution by heat treatment at 98+1 °C. The
inhibitory effect was studied in reference to pan-
creatic amylase (Sigma, USA, enzyme activity
34517 u/g) [14].

The chromogenesis property was evaluated
using a UV-1800 spectrophotometer (Shimadzu,
Japan) by determining the optical density of the
solutions obtained by Streptomyces culturing on a
starch hydrolysate at a wavelength of 560 nm.

Statistical processing data on inhibitory activi-
ty and viability was performed using the Microsoft
Office Excel 2010.

RESULTS AND DISCUSSION

Previous studies have proved the low tem-
perature storage of Streptomyces to cause no
adverse effect on the viability and inhibitory activity
of cultures. The studied strains of Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 actinomycetes with a pop-
ulation density of 10'=10° CFU preserved a high

viability and inhibitory activity with reference to
pancreatic a-amylase after 4 months of storage
in a 15% glycerol solution at a temperature of
-12 and -18 °C [15].

As a result of these studies, the Streptomyces
lucensis RNCIM As-1743 and Streptomyces vio-
laceus RNCIM As-1734 collection strains were
established to tolerate the freezing process at ex-
tremely low temperatures (-80 and -150 °C).

According to our data, high viability is retained
in the cells of the studied cultures stored in a
15 % glycerol solution at temperatures of -80
and -150 °C after 9-month storage. Thus, after
9 months of storage at temperatures of -80 and
-150 °C, the survival rate of the studied actinobac-
teria cells stored at a population density of 107
and 10° CFU was preserved throughout the entire
storage time and amounted to 91-100 %. For
Streptomyces Ilucensis RNCIM As-1743, the num-
ber of viable cells in frozen suspensions ranged
from 1.94-10° to 1.97-10° CFU/cm®, as opposed to
Streptomyces violaceus RNCIM As-1734 amount-
ed from 5.24:10" to 5.30-10" CFU/cm®. On both
accounts, the obtained indicators meet the re-
quirements for low-temperature storage for bacte-
rial cultures.

In a comparative aspect, by the end of the
storage period, the number of viable cells in
the studied strains of Streptomyces stored on
Czapek dense agar medium in test tubes at a
temperature of +4 °C without subculturing de-
creases by 73.8 and 64.5% and comprises
1.40-10" and 7.41-10" CFU/cm® for Streptomyces
violaceus and Streptomyces lucensis, respectively
(Table).

The viability study into Streptomyces lucensis
RNCIM As-1743 and Streptomyces violaceus
RNCIM As-1734 collection cultures established
these Streptomyces actinomycete strains to be
highly resistant to cryopreservation and remain
viable under high stress conditions. The long-term,
low-temperature resistance of the studied strains
is apparently due to the biological characteristics
of Streptomyces lucensis and Streptomyces vio-
laceus.

Collection and industrial strain microorgan-
isms are acknowledged to demonstrate population
variability in addition to loss of cell viability during
storage. In this case, the dominant phenotype is
replaced by another with altered properties and
productive activity, resulting in the loss of strain
priority properties [7].

The studied Streptomyces strains manifest
themselves as producers of a pancreatic a-amylase
inhibitor. For this reason, maintaining a high level of
biosynthetic activity of strains acting as producers of
biologically active substances during low-tempera-
ture storage turns to be a prerequisite. Therefore, in
addition to studies on the effect of cryopreservation
on the viability and inhibitory activity of actinomy-
cete cultures during long-term storage was evalu-
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ated. Throughout the storage period, inhibitory
activity referenced to pancreatic a-amylase was
monitored. Figures 1-3 demonstrate the data on

Viability of the studied Streptomyces violaceus and Streptomyces lucensis cultures

exposed to cryopreservation at -80 and -150 °C

inhibitory activity of Streptomyces strains stored at
ultra-low temperatures of -80 and -150 °C when
culturing on a corn starch hydrolysate.

XusHnecnocobHocmb uccnedyembix Kysbmyp Streptomyces violaceus u Streptomyces lucensis
nocisie kpuokoHcepeayuu npu -80 u -150 °C

Streptomyces
Strain

Storage
temperature,
°C

Number of viable cells, CFU / cm®

before storage
deposition

3 months after

6 months after

9 months after

Cell
survival,
%

Streptomyces
violaceus

+4
-80
-150

(5.35+0.48)-10"

(4.1620.48)-10"
(5.39+0.50)-10"
(5.42+0.55)-10"

(3.32+0.38)-10"
(5.22+0.52
(5.38+0.61

(1.40+0.18)-10"
(5.30+0.50)-10"
(5.24+0.48)-10"

26.2
99.1
97.9

Streptomyces

+4
-80

(2.09+0.25)-10°

(9.24+0.98)-10"
(2.06+0.25)-10°

107
107
107

(1.98+0.22)-10°

(7.41£0.72)-10"
(1.9120.21)-10°

35.5
91.4

lucensis

-150 95.2

).
).
(8.05£0.88)-
).
).

(1.9240.17)-10" | (1.87+0.22)-10" | (1.99+0.22)-10"

4500 -
4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -
500 -

0 _

Inhibitory activity, IU/cm?3

9 (-80 °C)

Storage period, months
u Streptomyces violaceus m Streptomyces lucensis

9 (-150 °C)

Fig. 1. Inhibitory activity of actinobacteria Streptomyces violaceus VKPM AC-1734
and Streptomyces lucensis VKPM AC-1743 before laying for storage (0 months)
and after 9 months of storage at -80 and -150 °C

Puc. 1. UlnaubumopHasi akmueHocmb akmuHobakmepul Streptomyces violaceus BKIIM Ac-1734
u Streptomyces lucensis BKIIM Ac-1743 0o 3aknadku Ha xpaHeHue (0 mec.)
u nocne 9 mec. xpaHeHusi npu -80 u -150 °C

I

2500 +

2000 -

I
1500 -
1000 -
I
500 - z
0
24 48 72 96

Culture duration, h
-150 °C

Inhibitory activity, lU/cm?3

mi4°C = 80 °C

Fig. 2. Relationship between the cryogenic conservation temperature
and the inhibitory activity of the strain Streptomyces violaceus VKPM Ac-1734
in recultivation process

Puc. 2. BnusiHue memnepamypbl KPUO2eHHO20 KOHCepeupo8aHusi Ha OUHaMUKy
uHa2ubumopHoUl akmueHocmu wmamma Streptomyces violaceus BKIIM Ac-1734
e npouyecce peKy/nbmueupoeaHus
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Fig. 3. Relationship between the cryogenic conservation temperature
and the dynamics of the inhibitory activity
of the strain Streptomyces lucensis VKPM Ac-1743 in recultivation process

Puc. 3. BnusiHue memnepamypbl KpUO2eHHO20 KOHCepaupoeaHusi
Ha OuHaMuKy uHaubumopHolU akmueHocmu wmamma Streptomyces lucensis BKITM Ac-1743
e npouyecce peKy/bmueupoeaHus

As a result of the studies, a high level of bio-
synthetic activity is established to be preserved in
both strains after 9-month storage at temperatures
of -80 and -150 °C. Streptomyces violaceus strain
was identified to be the most resistant to long-term
storage at low temperatures, as opposed to Strep-
tomyces lucensis. As referenced to pancreatic
a-amylase, the inhibitory activity of Streptomyces
violaceus is completely retained at temperatures
of -80 and -150 °C; this contrasts with the Strep-
tomyces lucensis strain, in which with the inhibitory
activity decreased by 78 % by the end of the stor-
age period at a temperature of -150 °C as com-
pared to the value prior to cryopreservation.

At a storage temperature of -150 °C, the in-
hibitory activity of the Streptomyces violaceus
strain remained at a higher level as compared to
the temperature of -80 °C. In Streptomyces vio-
laceus strain, the maximum activity level for an
inhibitor of pancreatic a-amylase is observed
on the 1st day of reculturing and comprises
(2250£200) IU/cm?® after storage at -150 °C, while
Streptomyces lucensis RNCIM As-1743 demon-
strates the highest activity on the 3rd day of
reculturing to reach a value of 3660+200 IU/em?
following storage at a temperature of -80 °C. The
Streptomyces lucensis cells reduced following cry-
opreservation at a temperature of -150 °C is char-
acterised by low activity glycosidase inhibitor pro-
duction on the 1st-2nd day of subculture equal to
600 + 70 IU/cm®

Unlike the strain of Streptomyces violaceus
stored under similar conditions, the Streptomyces
lucensis strain stored on a Czapek dense nutrient
medium for a long time (9 months) at a tempera-
ture of +4 °C without subculture is also noted to
almost completely lose the ability to synthesise a
glycosidase inhibitor (see Fig. 2, 3).

According to the obtained data, the reaction of
the Streptomyces Iucensis strain to the low-
temperature effect (-150 °C) is represented by the
almost complete loss of the inhibitor synthesis ability.

A sharp increase in inhibitory activity of pro-
ducers exposed to abiotic stress on the first day of
subculture is apparently due to the fact that, when
the temperature drops from negative to positive
(from -80 and -150 to +37 °C compared to rise
from +4 to +37 °C when thawing cultures after
storage), the restoration of biochemical reactions
in response to stress exposure is sharply activat-
ed. During the first days following anabiosis, the
culture synthesises its own amylases to assimilate
the carbon source (glucose, maltose and dextrins
representing products of starch hydrolysis in starch
hydrolysate) followed by a secondary metabolite,
amylolytic enzyme inhibitor, is produced under
conditions of carbon starvation. The inhibitor activi-
ty decreases with increasing duration of fermenta-
tion, possibly due to its structural modification. This
is acknowledged for the studied glycosidase inhibi-
tors synthesised by streptomycetes during the
fermentation of carbohydrate-containing media
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and being pseudo-oligosaccharides represented
by the multiple forms in their chemical na-
ture [16, 17].

The adaptation to culture conditions turns out
to be slower, when subculturing the studied strep-
tomycetes stored at a temperature of +4 °C.

The Streptomyces strains under study are
recognised to be chromogenic. In relation to the
presented experiments, the "chromogenic" indica-
tor is possible to be used as a criterion for asses-
sing the adaptation of Streptomyces culture to
external conditions. In other words, when the tem-
perature moves from negative to positive, the res-
toration of biochemical reactions in response to
stressful effects is intensified. The synthesis of
secondary metabolites is activated, including pig-
ments and enzyme inhibitors.

In accordance to the results of the studies, fol-
lowing 7 days of streptomycetes culture incubation
on Czapek dense agar medium in test tubes at a
temperature of 29 °C, a clear difference is ob-
served in the staining of aerial mycelium strains.
For Streptomyces lucensis RNCIM As-1743, the
aerial mycelium pigment is white with a greyish
tint, while the staining of Streptomyces violaceus
RNCIM As-1734 is pink-violet (Fig. 4).

After the first culture on agar medium of cells
was reduced following storage at low temperatures
(-80 and -150 °C), a more intense chromogenesis
was observed in Streptomyces violaceus RNCIM
As-1734 strain. The colour of the aerial mycelium
of the strain takes on a dark purple hue (tubes 4-6
in Fig. 4). The effect of low temperatures probably
results in a partial destruction of proteins, with the
products composing a substrate for tyrosinase

catalysing the oxidation of phenols. More intense
chromogenesis of the Streptomyces violaceus
RNCIM As-1734 culture is probably due to higher
tyrosinase activity compared to Streptomyces lu-
censis RNCIM As-1743 strain [14]. The most in-
tense pigment diffusion into the medium is noted
after storage of the conidia of Streptomyces vio-
laceus strain at a temperature of -150 °C.

In order to determine the pigment concentra-
tion varying, as proved by studies, in dependency
with the storage temperature and the duration of
streptomycete culturing after removal from the ana-
biosis, the optical density of solutions was meas-
ured as characterised by an increase at the maxi-
mum absorption of the synthesised pigment by the
end of the culture process: after storage at a tem-
perature of 80 °C, the optical density increased from
0.42 AU on the 1st day to 1.5 AU at the end of the
process; after storage at a temperature of -150 °C,
an increase from 0.85 to 1.9 AU, respectively, is
detected. The data obtained indicate an increase in
the concentration of chromogenic substances in the
culture fluid. Apparently, the actinorhodin pigment is
synthesised, inherent to the cultures of Streptomy-
ces coelicolor, S. violaceoruber and S. lividans, with
the absorption maximum ranging from 540 to
640 nm [18, 19]. This pigment changing colour from
red to blue in dependence to the conditions of mi-
croorganism culturing is used by researchers as an
indicator of changes in pH of the medium. The re-
sults of the studies demonstrated the pH to vary
from 7 to 4.5 for the culture fluid where benzoiso-
chromanquinone pigments are synthesised as
characteristic for actinomycetes with a generic affili-
ation to Streptomyces [20, 21].

Fig. 4. Conidia development of Streptomyces lucensis (1, 2, 3)
and Streptomyces violaceus (4, 5, 6) strains on the Czapek's medium
with starch for 7 days of growth before freezing (1, 4)
and after storage at -80 °C (2 5) and -150 °C (3, 6)

Puc. 4. Pazgeumue koHudul wmammos Streptomyces lucensis (1, 2, 3)
u Streptomyces violaceus (4, 5, 6) Ha cpede Yaneka c kpaxmasiom
8 me4deHue 7 cymok pocma 9o 3amopakusaHus (1, 4)
u nocisie xpaHeHusi kynbmyp nipu -80 °C (2, 5) u -150 °C (3, 6)
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According to the study results, the intensely
pigmented Streptomyces violaceus RNCIM As-1734
strain is more resistant to temperature changes;
this is additionally confirmed by the above results
of studies on the effect of ultra-low temperatures
on the strain inhibitory activity (see Fig. 1).

A study of the viability of Streptomyces lucen-
sis RNCIM As-1743 and Streptomyces violaceus
RNCIM As-1734 collection cultures identified these
strains of Streptomyces actinomycetes to be highly
resistant to cryopreservation and remain viable and
biosynthetic activity under high stress conditions.
The resistance of the studied Streptomyces strains
to low-temperature exposure for a long time is
apparently due to the biological characteristics of
these actinobacteria.

CONCLUSION

The cryopreservation study of Streptomyces
violaceus and Streptomyces lucensis actinomycete
strains showed that the process supports high
(10"-10%) cell survival and preservation of inhibito-

ry activity at a high level under the exposure to
temperatures of -80 and -150 °C using a 15 %
glycerol solution as a cryoprotector.

The Streptomyces violaceus RNCIM As-1734
strain is identified to be the most resistant to stor-
age at low temperatures, retaining both viability
and complete inhibitory activity at the studied tem-
peratures. A higher level of the inhibitory activity
of the strain is determined to be preserved at
a storage temperature of -150 °C, as opposed
to -80 °C.

The most intense pigment diffusion into the
medium is noted following storage of the Strepto-
myces violaceus strain at a temperature of -150 °C.

The obtained experimental data indicate that
low-temperature storage of Streptomyces collec-
tion cultures supported by the Research Institute
for Genetics and Selection of Industrial Microor-
ganisms is a promising method.

The investigated modes of freezing and stor-
age guarantee the preservation of the viability and
functional activity of the studied cultures.
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Abstract: Cellulose-containing raw materials are currently considered to be among the most promising
types of raw materials for the production of value-added bio-products. However, for the implementation of
the developed process, the application of universal pre-processing methods is a prerequisite. In the present
paper, a study into the bioconversion of oat hull and miscanthus cellulose samples by enzymatic hydrolysis
into glucose solutions is presented. The substrates were obtained by two-stage processing of raw materials
with dilute solutions of nitric acid and sodium hydroxide. Enzymatic hydrolysis was carried out using the
Cellolux-A and Ultraflo Core enzyme preparations at an initial substrate concentration of 40 g/L. At the first
stage, the reactivity of the substrates to enzymatic hydrolysis in an acetate buffer solution was studied over
a period of 72 hours. Cellulose samples from both types of raw materials were established to possess
equally high reactivity in terms of the reducing substances. Glucose obtained from the substrate yielded
94-95 % and 88-91 %, respectively. This indicates the universality of the pre-treatment method used for
raw materials having a cellulose content of 35—45 %. At the second stage, hydrolysis of the substrates was
carried out using a pilot fermenter in an aqueous medium with an excess of enzyme preparations. Over a
period of 32 hours, aqueous hydrolysates were obtained with a concentration of reducing substances and
glucose equal to 42 g/L (94 % yield from the substrate) and 33-35 g/L (74—-78 % yield from the substrate),
respectively. The glucose (79-83 %) and pentose (1-2 %) content of the reducing substances indicates
glucose to predominate in the composition of the resulting solutions. The high bioconversion e fficiency rate
is additionally demonstrated by a comparative analysis of scanning electron spectroscopy results for sub-
strates and residues following hydrolysis in a pilot fermenter. Glucose solutions obtained in an aqueous
medium are emerging as promising materials for the preparation of culture media and the synthesis of valu-
able metabolites.
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BuokoHBepcus wenyxm oBca U MUCKaHTyca
B MMIOKO3Hbl€e PpacTBOpPbI

E.U. KaweeBa*, I'.®. MupoHoBa*, B.B. bynaeBa*, XuHa Xan**

* IHCTUTYT npobnemM XMMmnKo-aHepreTudeckux TexHonorum Cnbupckoro otgeneHus PAH,
r. buiick, Poccunckasa depepaums
** N'HOMACKUI TEXHONOMMYECKUN UHCTUTYT Pypku, r. Pypku, NHaous

Pesrome: Llennono3zocodepxaujee chipbe 8 Hacmosiuee e8peMsi cyumaemcsi Haubosee rnepcrnekmueHbIM
sudoMm cbipbs 0ns nosnydeHus buonpodykmoes ¢ dobasreHHoU cmoumMocmsio. [pumeHeHue yHugepcarbHbIX
criocoboe npedsapumenbHol obpabomku sierisemcsi HeobxodumMbiM ycrioguem Oris peanusayuu paspaba-
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mbigaemo20 npoyecca. B daHHol pabome 6bina uccriedogaHa bUOKOH8epcUs 06pa3yo8 Yesnono3sbl Wenyxu
oeca U MuckaHmyca 8 2/1l0KO3Hble pacmeopbi nymem ¢hepmeHmamugHo20 audponusa. Cybecmpamsl nony4ve-
Hbl d8yxcmadulHol obpabomkol cbipbsi pazbasrnieHHbIMU pacmeopamMu a3omHoU Kucromsl U eudpokcuda
Hampus. ®epmeHmMamugHbIl 2uOpPouU3 MPO8odUsICS C MOMOWbK hepMeHMHbIX rpernapamos «Lennomnokc-
A» u «Ynbmpadghrio Kope» nipu HadyanbHoU KOHUeHmpauyuu cybecmpama 40 e/n. Ha nepsom amane uccredo-
g8aHa peaKkUuoHHasi criocobHocmb cybcmpamos K ¢hepmMeHmamueHoMy eudpornu3dy 8 cpede auemamHozo
bygepHozo pacmeopa 8 medyeHue 72 4. YcmaHo8/1eHO, 4Ymo obpa3subl Ueso3bl U3 0boux eudos Cbipbs
umMerom 0OUHaKOB0 BbICOKYIO PEeaKUUOHHYH CrOoCOBHOCMb: 8bIX00 pedyyupyrowux 8eWecms U a/ltoko3bl 0m
maccb! cybecmpama cocmasun 94-95 % u 88-91 % coomeemcmeeHHO. 3mo ceudemenbcmeayem 06 yHusep-
canbHocmu criocoba npedeapumernbHolU 06pabomku, Ucrnonb3yemoz0o 05l Chipbs ¢ COOepXKaHueM Uesso-
36l om 35 0o 45 %. Ha emopom amarne nposedeH a2udponu3 cybecmpamos 8 800HOU cpede 8 MuomHOM
epmeHmepe rpu u3bbimke hepmeHmMHbIX npenapamos. 3a 32 4u. nosy4yeHbl 8600HbIE 2UOPOIU3ambl C KOH-
ueHmpauyuet pedyyupyrouwux seulecms 42 2/n (8bixod om macchl cybecmpama 94 %) u anoko3bl 33-35 e/n
(8b1x00 om maccekl cybecmpama 74—78 %). CodepxaHue anokodbl (79-83 %) u neHmo3s (1-2 %) e pedyuupy-
rowux gewecmeax ceudemersnibcmayem O MNPeuMyLecimeeHHO 2/THKO3HOM cOocmaese MoJly4eHHbIX pacmeo-
pos. CpasHumersnbHbIl aHanu3 pes3ynbmamos8 pacmposol 3/1eKMPOHHOU criekmpockonuu cybcmpamos u
ocmamkos rocrie 2udpornu3a 8 MuIoMmHOM ¢hepMeHmepe makxe O0eMOHCmpUpPyem B8bICOKY0 3¢hghekmue-
Hocmb 6uokoHeepcuu. [lonyyeHHblie 8 80OHOU cpede a/KO3HbIe pacmeopbl PEKOMEHOyomMcs Onsi npueo-
moerneHus numameribHbIX cped u daslbHelwez20 UX UCob308aHuUs OMsl CUHMe3a UeHHbIX Memabonumos.

Knroyeenie crioea: 6UOKOH66,0CUFI,' wersiyxa oeca, MuckKkaHmyc, ueJsiirosrosa, cpepmeHmamueHb/U audponus;
2J1H0KO3HbIU pacmeop, numamersibHas cpeda

BnazodapHocmu: ViccriedosaHue 8bINOIHEHO [0 MPOoeKmy 8 pamkax [ocydapcmeeHHOU rpozpammbl C
peaucmpayuoHHbIiM Homepom membl AAAA-A17-117011910006-5.

Uupopmauyuss o cmamee: [Jama nocmynneHuss 19 mapma 2019 e.; dama npuHamusi K nedyamu 25 Hos16psi
2019 e.; dama oHnatiH-pasmeweHuss 30 0ekabpsi 2019 e.

Ana yumupoeaHusi: Kaweesa E.U., MupoHosa I'.®., bygaesa B.B., XaH X. buokoHBepcus Lwenyxu osca u
MUCKaHTYyCa B rNiOKO3Hble pacTBopsbl // M3secmus 8y3o08. NpuknadHas xumusi u buomexHonoeus. 2019. T. 9.

N 4. C. 654—664. https://doi.org/10.21285/2227-2925-2019-9-4-654-664

INTRODUCTION

Cellulose-containing raw materials (CCRM)
comprised of wood, algae, as well as energy and
agricultural crops, are currently considered as
among the most promising types of raw materials
for various value-added products [1-6]. Vegetable
CCRM is characterised by widespread distribution,
abundance, renewability and low cost, as well as
additionally not being a competitor with the produc-
tion of food and feed [7].

CCRM mainly consists of three biopolymers,
namely cellulose (40-50 %), hemicelluloses
(25-30 %) and lignin (15-20 %) [2]. Cellulose and
hemicelluloses represent sources of simple sugars
obtained by enzymatic hydrolysis of raw materials
and subsequently used as carbon sources for the
synthesis of valuable metabolites and bioproducts.
Enzymatic hydrolysates of cellulose and hemi-
cellulose are appropriate in the technology of alco-
hols, polymers, acids, amino acids, enzymes, as
well as for the production of microorganism bio-
mass [1, 5, 6, 8-12]. The bioconversion of cellu-
lose and hemicelluloses includes the following
main processes: grinding and preliminary pro-
cessing of raw materials in order to increase the
availability of polysaccharides for enzyme action;
enzymatic hydrolysis of cellulose/hemicelluloses
into monosaccharides; obtaining of bioproducts
from monosaccharides (biosynthesis); isolation

and purification of bioproducts. In the CCRM
bioconversion technology, the pre-treatment be-
comes a key stage, since it determines the effi-
ciency of subsequent hydrolysis and biosynthesis
processes [3, 8, 13]. Currently, various methods of
pre-processing CCRM are available [2, 14—-16]. In
this study, a two-stage sequential processing of
raw materials with dilute solutions of nitric acid and
sodium hydroxide is proposed in terms of a pre-
treatment method. Previously, this method was
demonstrated to provide for the obtaining of high-
quality cellulose characterised by a cellulose con-
tent of more than 90 % and a small amount of non-
hydrolysable components (less than 5 % in to-
tal) [17, 18].

As CCRM, agricultural wastes, such as oat
hulls (Avena Sativa) and the miscanthus energy
culture (Miscanthus sacchariflorus (Maxim.)) was
used. Presenting a zero-cost by-product of the
agro-industrial complex, oat hulls are a widespread
and affordable raw material source in agricultural
regions of the world [8]. In accordance to the
Federal State Statistics Service, the gross oat har-
vest in Russia amounted to 4.72 million tonnes
in 2018 [19]. The hull fraction comprises 25-30 %
of the dry grain mass; the sugar content in the
oat hulls reaches 70 % [20, 21]. Miscanthus is a
fast-growing perennial herbaceous plant with out-
standingly high productivity (10-15 t/ha of dry
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biomass per year) over the period of the last
15-20 years and requiring no special growing
conditions [22—24]. Thus, the availability and low
cost of these raw materials determines their poten-
tial use as substrates for biotechnological pro-
cesses in the production of high value-added
products having a high cellulose content.

The study was aimed at the bioconversion of
oat hull and miscanthus cellulose samples into glu-
cose solutions by enzymatic hydrolysis.

The research objectives included studying the
enzymatic hydrolysis reactivity of oat hull and mis-
canthus cellulose samples in an acetate buffer
solution, obtaining glucose enzymatic hydrolysates
of the same samples in an aqueous medium using
a pilot fermenter, assessing the degree of sub-
strate conversion by evaluating the separate
accumulation of reducing substances (RS) and
glucose, as well as by analysing changes in the
morphology of the substrates.

EXPERIMENTAL PART

The substrates presented by oat hull or mis-
canthus cellulose samples were obtained at the
pilot plant of the Institute for Problems of Chemical
and Energetic Technologies SB RAS (IPCET SB
RAS) in a 250-litre apparatus by sequential pro-
cessing of raw materials with dilute solutions of
nitric acid and sodium hydroxide. This method
involves the processing of raw materials with
a 3-6 % solution of nitric acid at a temperature of
90-95 °C for 10-12 h (diversion duty 1:15) and
subsequent processing with a 1-3 % solution of
sodium hydroxide at a temperature of 90-95 °C
within 2—4 h (diversion duty 1:15) for obtaining the
target cellulose [17]. One part of the obtained cel-
lulose samples was air-dried for the further analy-
sis of the chemical composition, while the other
part was subjected to enzymatic hydrolysis in the
wet state.

The moisture content of the oat hull and mis-
canthus cellulose samples was determined using
an MB23 moisture content analyser (Ohaus, USA).
An analysis of the chemical composition of the
substrates was carried out according to generally
accepted methods for the analysis of vegetable
material. The content of a-cellulose was evaluated
by quantitative determination of the substrate resi-
due undissolved in the 17.5 % sodium hydroxide
solution'. The mass fraction of residual lignin was
evaluated in accordance with the procedure de-
scribed in [25]. The mass fraction of pentosans
was determined by a UNICO UV-2804 spectropho-
tometer (United Products and Instruments, USA)
using an orcin solution®. Ash content was estimat-
ed by ashing the substrate at 600 °C for 3 h [26].
The degree of cellulose polymerisation in sub-
strates was calculated by analysing the cadoxene
viscosity of solutions in accordance with the pro-
cedure presented in [27].

At the first stage, the enzymatic hydrolysis re-

activity of wet substrates was evaluated in accord-
ance with the procedure described in [28]. For hy-
drolysis, Cellolux-A (Sibbiopharm Ltd, Russia) and
Ultraflo Core (Novozymes A/S, Denmark) enzyme
preparations were applied. Characteristics of the
preparations are presented in Table 1.

Table 1
Characteristics of the enzymes used
Tabnuya 1
Xapakmepucmuku ¢hepMeHMHbIX
npenapamoe
Preparation Producer P:;?\ﬁ?;t
cellulase:
. 2000+200 CU/g
Cellolux-A Tr/ch'o'derma xylanase: 8000 XU/g
viride
B-glucanase:
up to 1500 BGU/g
B-glucanase:
Ultraflo Core Trichode(ma 1930+97 BGU/mL
reesei cellulase: 700 CU/mL
xylanase (optional)

For enzymatic hydrolysis, a 6 g sample of the
substrate referred to an absolutely dry substance
was placed in a 500 mL conical flask and filled with
0.1 M acetate buffer solution (pH = 4.6) containing
dissolved enzyme preparations. Enzyme prepara-
tions were added in the following amount: Cellolux-
A — 0.054 g/g of the substrate, Ultraflo Core —
0.165 mL/g of the substrate. The required volume
of acetate buffer was calculated taking both the
initial concentration of the substrate (40 g/L) and
the mass fraction of water in the wet substrate into
account. A total liquid phase volume of 150 mL
was required. The flask with the suspension was
placed on a PE-6410M mixing platform (Ekros,
Russia) with an oscillation frequency of 150 min™.
Hydrolysis was carried out at a temperature of
4512 °C and pH =4.6+0.1 providing the maximum
yield of RS. An assessment of the degree of sub-
strate hydrolysis was carried out by determining
changes in the hydrolysate concentrations of RS
and glucose. For this, 5 mL samples were taken-
followed by filtration. The concentration of RS in
filtrate was determined by UNICO UV-2804 spec-
trophotometer using a reagent based on 3,5-di-
nitrosalicylic acid (Panreac, Spain) [29]. Glucose
concentration was obtained using the spectro-
photometric glucose oxidase-peroxidase method
using reagents from the Photoglucose kit (Impact
LLC, Russia) [30]. After 72 hours of hydrolysis, the

' Obolenskaya AV, El'nitskaya ZP, Leonovich AA.
Laboratory work in the chemistry of wood and
cellulose. Moscow: Ekologiya; 1991. / Obonen-
ckaa A.B., EnbHuukasa 3.11., JleoHoBuy AA. Jla-
b6opaTopHble paboTbl MO XMMWUW OPEBECUHBbI U
uenntonosbl: y4eb. nocobre anga Bysos. M.: Jko-
norus. 1991. 320 c.
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suspension was vacuum filtered and the filtrate
concentrations of RS and glucose were analysed.
According to the results of the analysis, the final
RS vyield in relation to the mass of the substrate
and hydrolysable components, along with the yield
of glucose relative to the substrate and cellulose
masses, was calculated according to the formulas:

Ns = [(Cena - V) /ms] - 0.9 - 100; (1)

-0.9-100; (2)

ns = [(Cend : V) /mg - C] - 0.9 - 100; (3)

where ns is the yield of RS (glucose) relative to the
mass of the substrate, %;

Nuc is the yield of RS relative to the content of
hydrolysable components in the substrate, %;

nc is the glucose yield relative to the cellulose
content in the substrate, %;

Cena is the final concentration of RS (glucose)
in the hydrolysate, g/L;

Vis the hydrolysate volume, L;

0.9 is the coefficient due to the addition of a
water molecule to the anhydroglucose residues of
the corresponding monomer units as a result of
enzymatic hydrolysis;

ms is the mass of the substrate for enzymatic
hydrolysis, g;

L is the mass fraction of residual lignin in the
substrate, %;

A is the mass fraction of ash in the substrate, %;

C is the mass fraction of a-cellulose in the
substrate, %.

At the second stage, the hydrolysis of the
substrates in an aqueous medium was carried out
in a pilot fermenter. The 11 L fermenter (working
volume of 7-9 L) is equipped with a mixing device,
a heat exchange element, a device for supplying
the necessary components to the process and
a sampler [31]. The following hydrolysis conditions
in the fermenter were used: substrate concentra-
tion of 40 g/L, temperature of 47+1 °C and
pH = 4.6x0.1. The mixing frequency was decreased
from 500 to 250 rpm as the reaction mass with a
volume of 8 L became liquefacted. Enzyme prepa-
rations were added in excess to increase the rate
of hydrolysis, amounting to 0.1 g/g of the substrate
and 0.3 mL/g of the substrate for Cellolux-A and
Ultraflo Core, respectively. The volume of distilled

water for hydrolysis was calculated taking the
moisture content of the substrate into account. 8
hours after the RS concentration stopped increas-
ing, the process was terminated. In the process of
hydrolysis, the pH level was measured every
2 hours and adjusted, if necessary by solutions of
ammonia and phosphoric acid. At the end of the
process, the reaction mass was separated in a
TsLU-6-3 laboratory centrifuge (PJSC Dolgoprud-
ny Scientific-Production Enterprise, Russia) at
3500 rpm for 10 minutes. The concentration of
hydrolysate supernatant pentoses was determined
in terms of the equivalent amount of xylose, using
an orcin solution according to the procedure de-
scribed in '. Based on the experimental results, the
final yield of RS and glucose was calculated in ac-
cordance with formulas (1)—(3).

The morphology of substrates, as well as un-
reacted residues after their hydrolysis in a fer-
menter, was studied by JSM-840 scanning elec-
tron microscopy (SEM) instrument (Jeol, Japan)
[32].

The studies were carried out using the
equipment of the Biysk Regional Centre for Collec-
tive Use SB RAS (IPCET SB RAS, Biysk).

RESULTS AND DISCUSSION

The characteristics of the oat hull and
miscanthus cellulose samples are presented in
Table 2.

Cellulose samples obtained from oat hulls and
miscanthus are characterised by a high content
of a-cellulose (93-94 %), as well as pentosans
(1-2 %), while the amount of non-hydrolysable
components (lignin, ash) is not more than 5.3 %.
The substrates have close degree of polymeri-
sation (DP) values for cellulose.

Figure 1 presents the results of evaluating the
enzymatic hydrolysis reactivity of cellulose sam-
ples, namely, the dependency of the RS and
glucose concentration on the duration of hydrolysis
in an acetate buffer solution (Stage 1).

As can be seen from the plots presented in
Fig. 1, the cellulose samples of both raw material
types clearly possess almost the same reactivity.
In both cases, the accumulation of glucose in
comparison with the accumulation of RS is slower.
At the same time, the proportion of glucose in RS
tends to grow constantly comprising 63, 80—-81 and
93-95 % after 7, 32 and 72 hours of hydrolysis,
respectively. The difference in the concentrations

Table 2

Characteristics of the substrates for enzymatic hydrolysis a

Tabnuuya 2

Xapakmepucmuku cy6cmpamoe 0551 ghepMeHmamueHo20 2udposius

Mass fraction, % Cellulose degree of
Substrate » —— "

a-cellulose residual lignin | pentosans | ash | polymerisation (DP)
Oat hull cellulose sample 93.6 3.7 2.1 1.0 1450
Miscanthus cellulose sample 92.8 4.0 1.0 1.3 1150
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Fig. 1. Concentrations of reducing sugars (RS) and of glucose plotted against
the time of enzymatic hydrolysis of the substrates of oat hulls
and miscanthus in acetate buffer solution (Stage 1)

Puc. 1. 3asucumocmb KoHUeHmpauuu PB u 21r0k03bl om npodosnkumesisHocmu
ghepmeHmamueHo20 2udposiuza cybcmpamos u3 weslyxu oeca U MuckaHmyca
e cpede ayemamHoz20 6yghepHo20 pacmeopa (aman 1)

of RS and glucose during the first 32 hours may be
attributed to the presence in the reaction mass of
cellobiose, a glucose dimer converting to glucose
during hydrolysis and providing a glucose yield of
95-97 % relative to the cellulose content (Table 3).
The close reactivity of the substrates indicates the
versatility and high efficiency of the pre-treatment
method used. Based on the presented data, the
possible application of this method can be consid-
ered for pre-processing a number of sources of
raw materials having an initial cellulose content in
the range of 35—45 %.

At the second stage of the study, the enzy-
matic hydrolysis of substrates in an aqueous me-
dium was studied in a pilot fermenter. Along with
changing the buffer medium to water, the proce-
dure of transferring to larger devices is acknow-
ledged to decrease the hydrolysis efficiency due to
sharp fluctuations in pH, insufficient mass transfer
and circulation characteristics of the apparatus [33].
In this case, a reduction in the microbiological sta-
bility of the hydrolysis process is possible consi-

dering the biological purity of the enzymatic cellu-
lose hydrolysates easily contaminated by extrane-
ous microflora. Therefore, the high level of micro-
biological stability of enzymatic hydrolysis is re-
tained by reduction of the process duration. In this
connection, enzyme preparations were used in
excess during hydrolysis in a fermenter holding an
aqueous medium for the purpose of increasing the
initial speed and reducing the duration of the pro-
cess.

Figure 2 represents the dependency of the
concentration of RS and glucose on the duration of
hydrolysis of cellulose samples in an aqueous
medium of a pilot fermenter (Stage 2).

Both substrates are converted at almost the
same rate; their hydrolysis is characterised by a
sharp increase in the concentration of RS (37 g/L)
during the first 8 hours and a further slowdown of
the process with a maximum concentration of
42 g/L. Due to the concentration of RS remaining
constant between the 24th and 32nd hours of
hydrolysis, the process was stopped. In contrast to

Table 3

Results of enzymatic hydrolysis of the substrates of oat hulls and miscanthus

Tabnuya 3

Pesynbmamsbi ¢hepmeHmamueHo20 2udposnusa cy6cmpamoe u3 wesyxu oeca U MuckaHmyca

Hydrolysate characteristics

Stage 1 Stage 2

32 h 72 h 32 h

COH CM COH CM COH CM

RS:
concentration, g/L
yield relative to the substrate mass, %

yield relative to the content of hydrolysable components, %

37.0 35.0 42.2 41.8 41.8 41.7
83.3 78.8 95.0 941 941 93.8
87.0 84.0 99.6 99.3 98.7 99.1

Glucose:

concentration, g/L

yield relative to substrate mass, %
yield relative to cellulose content,%
Pentose concentration, g/L

30.0 27.9 40.3 39.0 33.0 34.7
67.5 62.8 90.7 87.8 74.3 78.1
721 67.7 96.9 94.6 79.3 84.1

- - 0.8 0.4 0.9 0.4

Note. COH denotes a cellulose sample of oat hulls; CM is a miscanthus cellulose sample.

658 =————— OU3UKO-XUMNYECKAA BUONOInNA / PHYSICOCHEMICAL BIOLOGY




E.l. Kashcheyeva, G.F. Mironova, V.V. Budaeva, et al. Bioconversion of oat hull and miscanthus...
E.N. Kaweeea, I".®. MupoHosa, B.B. Bydaeea u dp. buokoHeepcus weslyxu oeca U MUckaHmyca...

50
=
S 40
c
S 30
o
@ 20
o
5
O 10 -

0

0 4 8 12

20 24 28 32

Fermentative hydrolysis time, h

—— RS of the cellulose oat hulls sample
—@— RS of the cellulose miscanthus sample

-=-6--Glucose of the cellulose oat hulls sample
-=-0-- Glucose of the cellulose miscanthus sample

Fig. 2. Concentrations of reducing sugars (RS) and of glucose plotted against
the time of enzymatic hydrolysis of the substrates of oat hulls
and miscanthus in the fermenter (Stage 2)

Puc. 2. 3asucumocmb KOHUeHmpauyuu PB u 251r0ko3b1 om npodosmkumesisHocmu
¢ghepmMeHmamueHo20 2udposiuza cybcmpamoe u3 wenyxu oeca
u MmuckaHmyca e ¢ghepmeHmepe (aman 2)

the concentration of RS, the glucose concentration
slowly increases throughout the process comprising
19 and 33-35g/L after 8 and 32 hours for both
substrates, respectively. An increase in the dosage
of enzyme preparations led to a significant increase
in the rate of RS formation compared to glucose.
This is probably due to an insufficient cellobiase
content in the enzyme preparations used.

The generalised results for the enzymatic hy-
drolysis of cellulose samples in an acetate buffer
solution (Stage 1) and in an aqueous medium
(Stage 2) presented in Table 3 include the interme-
diate results of Stage 1 after 32 hours. Comparison
of the RS and glucose yield obtained in buffer and
aqueous media after 32 h proves the predominant
formation of RS in relation to glucose with 79-83 %
and 94 % of RS and 63-68 % and 74—78 % of glu-
cose contained in the buffer solution and in the
aqueous medium, respectively. Thus, an increase in
the dosage of enzyme preparations at Stage 2 con-
tributed to an increase in the yield of RS and glucose
from the substrate by 11-15% and by 7-15 %,
respectively.

At Stage 2, the RS yield relative to the content
of hydrolysable components (99%) indicates the
complete hydrolysis of the accessible part of the
substrates into the RS. In this case, the glucose
yield relative to the cellulose content (79-84 %)
demonstrates the incomplete conversion of cellu-
lose to glucose compared with the results of Stage
1 after 72 hours (95-97 %). The glucose (79-83 %)
and pentose (1-2 %) content in RS characterises
aqueous hydrolysates as predominantly glucose-
based.

To visualise the results of enzymatic hydrolysis,
the substrates were studied by SEM before and after
hydrolysis in the same way as in works [34, 35].
Figure 3 contains SEM images of oat hull and mis-

canthus cellulose samples, as well as unreacted
residues following hydrolysis in a pilot fermenter.

SEM results demonstrate the oat hull cellulose
sample to consist of flat fibres having a hypertro-
phied surface of 2—5 uym thick, 20-0 um wide and
300-800 um long (Fig. 3, a, b). The lamellar shape
of the fibres is due to the morphology of the raw
materials, since the oat hulls are represented by
multilayer flakes of lignocellulose coating the grain.
The miscanthus cellulose sample (Fig. 3, c, d) is
composed by heterogeneous fibres of different
length and width, associated with using the differ-
ent parts of the plant, i.e. stem and leaf. The unre-
acted residue after hydrolysis of an oat hull cellu-
lose sample (Fig. 3, e) involves porous particles
with pore sizes up to 10 pm, including single fibres.
In contrast, a disordered mixture of fibres (up to
10 ym in diameter, up to 1000 ym in length) and
irregularly shaped particles of 1-10 ym in size
forms the residue after hydrolysis of a miscanthus
cellulose sample (Fig. 3, f). According to the SEM
results, small portions of the fibres remain at the
end of the enzymatic hydrolysis, thereby confirm-
ing the effectiveness of the process with respect to
the investigated substrates. Although the mass of
unreacted residues following hydrolysis is very
small due to the high degree of conversion of the
substrates, further study of the composition and
properties of the residues may be the subject of
separate studies, as in the works of [35, 36].

As a result of hydrolysis of cellulose samples
of oat hulls and miscanthus in a pilot fermen-
ter, 8L of aqueous glucose solutions having a
concentration of 33 and 35 g/L, respectively, were
obtained. Glucose solutions obtained in an aque-
ous medium are recommended for the prepara-
tion of culture media and the synthesis of valu-
able metabolites.
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Fig. 3. SEM images of cellulose samples from oat hulls (a, b)
at zooms %100 and miscanthus (c, d) at zooms x1000 and of the unreacted residues
after hydrolysis of oat hulls (e) and miscanthus (f) celluloses at zooms %1000

Puc. 3. Mukpoghomozpaghuu POM ob6pa3uyoe yesnrono3sbl wenyxu oeca (a, b)
npu 100-kpamHoOM yeenu4veHuUU u MuckaHmyeca (c, d) npu 1000-kpamHoOM yeenu4yeHuu
U HenpopeazaupoeasWux 0CMamkos rnocsie 2udpoJsiu3a Uess1ros1o03bl wesyxu oeca (e)

u muckanmyeca (f) npu 1000-kpamHoM yeesiudeHuu

CONCLUSIONS
The substrates of the oat hulls and miscanthus
obtained by sequential treatment with dilute solu-
tions of nitric acid and sodium hydroxide were es-
tablished to be promising for the production of glu-
cose solutions. As a result of evaluating the enzy-
matic hydrolysis reactivity of the studied sub-
strates, the equal reactivity for two types of raw
materials was established with the yield relative
to the substrate mass comprising 94-95 and
88-91 % after 72 hours of hydrolysis for RS and
glucose, respectively. Hydrolysis of substrates in
an 11L pilot fermenter provides for obtaining

aqueous hydrolysates with RS and glucose con-
centration of 42 and 33-35 g/L, corresponding to
the RS and glucose yield relative to the substrate
mass equal to 94 and 74-78 %, respectively. The
glucose content of 79-83 %, as well as the pen-
tose amount of 1-2 % in RS, indicates the pre-
dominance of glucose in the composition of the
obtained aqueous hydrolysates and appears to be
essential for the synthesis of a number of metabo-
lites. The high efficiency of enzymatic hydrolysis is
also confirmed by the SEM results for unreacted
residues of cellulose samples following hydrolysis
in the fermenter as compared to substrates.
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AHanu3 npo6nembl «cynepbakrepmun»
U cOBpeMeHHble noaxoabl
K ee peLueHUIo

© 10.1N. xmnoes*, B.1. 3no6un*, B.l. CanoBapoBa**,
J1.A. CtrenaHeHko*, O.H. PeBa***, A.l0. bBopuceHko*,
H.M. NMepeTtonuuHa®, 0.C. BykuH******

* IpKYTCKUIA rocyaapCTBEHHbIV MeguLMHCKNIA yHuBepcuTeT, I. MpkyTck, Poccuinckas ®epepauuns
** IpKyTCKWNA rocyaapcTBEHHbIN yHUBepcuTeT, r. MipkyTck, Poccuiickas ®egepaums

*** LleHTp GMoMHdOpMaTHKM U KOMMbIOTEPHOW Buonorun, YHnsepcutet Mpetopun, OAP

**** [lumHonorndecknn HCTUTYT CO PAH, 1. UpkyTck, Poccuiickas degepauus

Pe3rome: Omkpbimue aHmubakmepuarsbHbix ripenapamos (Abl1) e hopme aHmubuomukos umeem no4Ymu
100-nemHror0 ucmopuro. 3a amo epems OblIu OMMeYeHbl Kak pacuysem ux 3aghghekmusHOCcmuU rpomus
MHO2UX namoaeHHbIXx bakmepul, mak U CO8PEMEHHbIU Mepuod 803HUKHOBEHUSI K HUM MHOXeCMEEeHHOU
nekapcmeeHHolU ycmou4dusocmu (MJ1Y). B daHHOU 0630pHOU pabome npoaHanu3uposaHbl pe3yrbmamsal
uccredogaHull MHo2ux Mex0yHapodHbIX nabopamopud, 3aHUMaKUWUXCs1 pa3pabomkol Kak HO8bIX aHM Uu-
buomukos, mak u dpyaux ¢hopm npomusobakmepuanbHbix npenapamos. [pedcmasneHbl CO8PEMEHHbIE
no0xo0bi 8 obriacmu 2eHOMHbIX, MOCMEEeHOMHbIX U HaHOMeXHOo1o0aul, Ucrnoib308aHUe KOMopPbIX Croco b-
cmeyem co30aHuto Hosbix ABI. bnaeodapsi smumM mMexHOI02USIM yXe 0/1yYeHbl nepeabie pe3yribmamsl o
UCrosib308aHU0 MOJIEKYAPHbIX nenmudos, HaHoYacmuy, 8 kayecmse ABIT, numuyecku deldicmesyowux Ha
membpaHy 6akmepul. B nocnedHue 200bI 8 kayecmee ABI1 dns 6opbbbi ¢ cynepbakmepusmMu 68HO8b
cmanu akmueHo ucrosib3ogambscsi bakmepuogaau u ux KombuHayuu, nosydYyeHbl 0aHHble 06 ux crocobH o-
cmu fu3uposamp rnamoeeHsl. Takxe nposedeH aHanu3 pesyrbmamos MemabosioMHbIX uccrie dosaHull
6akmepuli, Ha OCHOBe KOMOPbIX CMario 803MOXHbIM co30aHue Jurnogol KoHcmpykyuu — iChip, obecnedu-
sarouweli 8bICOKOrpouseodumernsHoe KyrnbmueuposaHue bakmepuli 8 ux ecmecmeeHHol cpede obumaHusi,
npedocmaensiss Gocmyn K «HEeKySIbmueupyeMbiM» MUKpoopaaHusmaMm. B pside uccnedoeaHuli makxe Ha
ocHoge memodos memabonomuku rpedcmasnieHbl pesynbmamsl UdeHMuUUKayUuU «HEeKy1bmueupyemMbIX»
MUKpOOp2aHU3Mo8 rpsIMO U3 Memaz2eHoMo8. dmom nodxod no3eosisem daree UX KIOHUposamb U
aKcnpeccupogamb 8 2eHOMbI fnpomunuposaHHbix b6akmepud. 1o MHeHUrO asmopos, 3mo no3eossgem
b6biIcmpo ombupamb Ho8ble MOMeKysbl 0551 omKpbimus aHmubuomukos. OCHOBHbIM 8bI800OM OaHHO20
ob3opa sengemcs Heobxodumocms uccriedogaHull MexaHu3Mos ¢hopmuposaHusi y «cyrnepbakmepuli» Kak
gakmopos MJ1Y, mak u ux e3aumodelicmausi C KremkaMu op2aHu3ama 4Jyernogeka. B yenom, ydumsigasi 06-
WUpPHbIe Hay4yHble U3bickaHusi rno co3daHuto Hoebix ABI, 6ydyuwee e 6opbbe ¢ «cynepbakmepusmMuy» 8bl-
ensadum He cmorb yepoxarowum O yesiogedecmeaa.

Knroyeeblie crioga: MHOXeCMEEHHasi fieKkapcmeeHHasi ycmoldueocms, Kiacc «cynepbakmepuli», aHmMu-
buomuku, aHmubakmepualsibHble rpenapamsl Ha OCHO8e HaHo4Yacmuy, nenmudos, ¢hazos, Memodbi 2eHOMU-
KU, BuouHgbopmamuku, MmemaborToMUKuU

BnazodapHocmu: WccrnedosaHue 8bInofIHeHO rpu ¢huHaHcosol noddepxke PO®OU u [lNpasumenscmea
Upkymckol obracmu e paMmkax Hay4YHoao rpoekma Ne 17-415-380005.

Uugpopmayus o cmamsbe: [Jama nocmynneHusi 12 agaycma 2019 a.; 0ama npuHAmMusi K ned4amu 25 Hosibpsi
2019 e.; dama oHnauH-pasmeweHus1 30 Oekabpst 2019 e.

Ana yumupoeanus: [xuoes KO.M., 3nobuH B.U., Canoeapoea B.I1., CtenaHeHko J1.A., Pesa O.H., bopu-
ceHko A.KO., MepetonuuHa H.I., ByknH KO.C. AHann3 npobnembl «cynepbakTepun» 1 CoBpeMeHHble NOAXOAbI
K ee peweHuto // Uzsecmus 8y3os. lNpuknadHas xumus u 6uomexHonoeaus. 2019. T.9. N4. C. 665-678.
https://doi.org/10.21285/2227-2925-2019-9-4-665-678

O®U3NKO-XUMUYECKASA BMONOINUA / PHYSICOCHEMICAL BIOLOGY =—————— 665



10.1M. Oxuoee, B.U. 3n06uH, B.I1. Canoeapoea u p. AHanu3 npobniemb! «cynepbakmepuli»...
Y.P. Dzhioev, V.I. Zlobin, V.P. Salovarova, et al. Analysis of the “superbacteria” issue...

Analysis of the “superbacteria” issue
and contemporary approaches to its solution
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Abstract: The discovery of antibacterial preparations (ABP) in the form of antibiotics has an almost 100-year
history. During this time, both the flourishing of their effectiveness against many pathogenic bacteria and the
currently emergence of multidrug resistance (MDR) to them have been noted. This review analyses the results
of studies conducted by many international laboratories involved in the development of both new antibiotics
and other forms of antibacterial drugs. Contemporary approaches are presented in the field of nanotech-
nology, genomic and postgenomic technologies with their application contributing to the creation of new ABPs.
By virtue of these technologies, the first results have been obtained on the application of molecular peptides
and nanoparticles in terms of ABPs, acting lytically on the bacterial membrane. In recent years, bacteriophage
viruses and their combinations have again been actively used as ABPs to fight superbacteria, while data on
their ability to lyse pathogens have been obtained. In addition, an analysis was provided of the results for bac-
teria metabolic studies provided for the creation of the iChip chip design for high-performance culturing of bac-
teria in their natural habitat, while opening the access to "uncultured” microorganisms. In a number of studies
also based on metabolic methods, the results are presented for the identification of "uncultured" micro-
organisms directly from the metagenomes. This approach allows them to be further cloned and expressed into
the genomes of the prototyped bacteria. According to the authors, this allows for rapid selection of new mole-
cules for use as antibiotics. The main conclusion of this review consists in the necessity of studying the
"superbacteria” formation mechanisms for both MDR factors and their interaction with the cells of the human
body. In general, given the extensive scientific research on the creation of new ABPs, the future does not look
so threatening to humanity in the fight against "superbacteria”.

Keywords: multidrug resistance, "superbacteria” class, antibiotics, nanoparticle based antibacterial drugs,
peptide-based antibacterial drugs, phage based antibacterial drugs, methods of genomics, bioinformatics,
metabolomics
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BBEOEHUE
AKkmyanbHocmb  Mpo6emMbl MHOXecmeeHHOU

CKOro MaTtepuvana, a TaKkke CrnocobHOCTb OOMeHU-
BaTbCA FeHeTU4eCcKon UHopMaLmen Mexay coBep-

fiekapcmeeHHoU ycmou4dugsocmu bakmepul K
aHmubuomukam. B coBpemMeHHOM mMupe 6onbLuyto
yrpo3y Ans 300poBbs JIOAEN HECYT MHAEKLMM, BO3-
OyaouTENAMM KOTOPbIX ABMSAOTCS OaKTepn ¢ MHOXe-
CTBEHHOMN feKapCTBEHHOW ycTonumBocTbio (MITY).
CerogHs Takne naToreHHble GakTepun MMEHYTCS
«cynepbakrepusimmy (B 3apyOexHOW Hay4yHOW nuTe-
patype — «superbugs»). [1-3]. Vix orpomHast uuc-
NEHHOCTb, YAMBWUTEMbHAs MIAaCTUYHOCTb FeHeTu4e-

LUEHHO pasHbIMU BUOAMM OTKPbLINM GakTepusiM nyTb K
GeckoHeYHo ajanTaumun. VX KonmyecTso M arpec-
CMBHOCTb BO3pacTaloT, YTO CTaHOBUTCS rrnobarbHoM
NpoGnemMoi He TONbKO 34PaBOOXPaAHEHUs], HO Mpak-
TUYECKM BCEX TOCYOapCTBEHHbIX CEKTOpPOB, BCEro
obuiectBa [4—6]. CuutaeTcs, 4YTO NoOsIBNEHNE U pac-
NPOCTPaHEHNE BbICOKOPE3UCTEHTHBLIX K aHTMOMOTU-
Kam GakTepuii CNpPOBOLMPOBAHO MWHTEHCKBHBIM 1
ANUTENbHBIM UCMONb30BaHMEM M 3n0ynoTpebne-
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HVMEeM aHTMBMOTVMKaMK B YenoBeYeCKOoNn, BeTepuHap-
HOM MeauUMHE U CenbckoM xossancTtse. NMporHosHoe
MaTemMaTnyeckoe MOZEenupoBaHWe 3TO MNOATBEp-
XOaeT: YypOBEHb MCMONb30BaHNS aHTUOMOTUKOB Gak-
TEPUSIMU CYLLEECTBEHHO BIINSIET HA POCT YPOBHSA UX
pe3ncTeHTHoCTH [7, 8.

B cBA3M C 3TMM MHOrMe CTpaHbl NPUHANM
HauMoHarnbHbIe MNNaHbl AEeNCTBMK MO npobneme
YCTOMYMBOCTU K MPOTUBOMUKPOOHLIM Mpenaparam
(YNI), koTopble B 6onbLlen Mepe HanpaBneHbl Ha
cokpalleHve notpebrneHns aHTMOMOTUKOB Ha Ay-
wy HaceneHwusa. Takke B 2015 r. BcemupHas opra-
Hu3aumsi 3gpaBooxpaHenns (BO3) npuHsina no-
GanbHbIA NnaH OENCTBUA MO YCTOMYMBOCTU K Npo-
TMBOMMKPOOHBIM  npenapatam, KOTOpbI  Obin
yTBEpXAeH B xoae 71-1 ceccun "'eHepanbHon Ac-
cambnen OpraHunzaumm O6beanHeHHbIX Hauwun B
2016 r."%

Becbma KpacHOpe4YMBbIMM B OLIEHKE BaXKHO-
cTn npobnembl MJTY gaBnatoTca pesynbTatbl aHa-
NNTUYECKOrO  MOAENUPOBaHMSA MO KpUTEPUAM
YPOBHSA NOTPebneHnss aHTMOMOTUKOB C TEYEHUEM
BPEMEHN M B pasHbiXx cTpaHax. B atom uccnepo-
BaHUM OblNM NpoaHanu3avpoBaHbl TEHOEHUUN U
chakTopbl NOTPebNeHNss aHTMOUOTMKOB B Nepuos ¢
2000 no 2015 rr. B 76 cTpaHax, a Takke CrnporHo-
3mpoBaHo 06ulee rrnobanbHoe noTpebneHne aH-
TMbumoTukos go 2030 r. [9]. B obwem obbeme no-
TpebneHne aHTMOMOTMKOB 3a 3TOT Mepuoa, Bbipa-
XXEeHHOe B onpedernieHHbIX CyTouYHbIX go3ax (OC[H),
yBenuuunocb Ha 65 %. Haubonbwwui Bknag B
yBenuyeHnun OC[ BHeCnU CTpaHbl C HU3KUM W
CpeaHVMM YpOBHEM [0XOAa, Cpeaun KOTopbIX BeAy-
wmmu aensaotea Nuana (103 %), Kutan (79 %) u
MakuctaH (65 %). Opyras kapTuHa npeacrasneHa
B CTpaHax c Bblcokum ypoBHeM pgoxofa (CLUA,
®paHuua, Wtanua), roe npu  He3HaunTenbHOM
yBenuyeHun obuiero notpebneHns aHTMOMOTUKOB
OC[ cHusunca Ha 4 %. Ocobyto 06eCnoKOEeHHOCTb
BbI3Bano ObICTpOe yBEnMYeHWe KCMNosb30BaHMUS
AHTUOMOTUYECKUX COEAMHEHUA nocneaHen WUH-
CTaHLUMK, TaKUX KakK MULUNLUKINHBI, OKCa3onuau-
HOHbI, Kap6aneHeMbl U MONMMUKCUHBI.

Opyroi, He MeHee BaxHoOW npobnemon B
HacTosiee BpeMsi B 6opbbe ¢ cynepbaktepmnsamm
ABMNSIETCA pe3koe COoKpalleHue MpousBoacTBa HO-
BbIX aHTUBMOTUYECKNX npenapaToB. BonbLWMHCTBO
KnaccoB aHTMOWOTMKOB, WUCMOMb3yeMbIX CErogHs,
Obinn BbiSiBNeHbl B nepuog ¢ 1940-ro no KoHew

" World Health Organization (2015). Global action
plan on antimicrobial resistance. Available from:
www.who.int/antimicrobial-resistance/publications/
global-action-plan/en/ [Accessed 1th May 2017].

United Nations (2016). Draft political declaration
of the high-level meeting of the General Assem-
bly on antimicrobial resistance. Available from:
https://www.un.org/pga/71/wp-content/uploads/si-
tes/40/2016/09/DGACM_GAEAD_ESCAB-AMR-
Draft-Political-Declaration-1616108 E.pdf [Accessed
27th June 2017].

1960-x rr., KOTOpbIA HasBanu «305f10TbIM BEKOM
aHTMOMOTUKOBY. Toraa >xe pacnpoCTPaHUIOCh MHe-
HVWe, 4YTO MHMEKUNOHHble 3aboneBaHusi BCKope
CTaHyT KOHTponupyemon npobnemon obLiecTBeH-
HOro 34paBoOXpaHeHnst U ByayT cBeAeHbl K MUHU-
mymy [10]. OgHako ata andpopus Bckope 06epHy-
nacb pasoyapoBaHMeM, Tak Kak HauuHas ¢ 1970-x rr.
no HacToslLLiee BpeMs Haf 4YernoBe4YeCTBOM HaBMUC-
na yrposa BHOBb BEPHYTbCSl B 9MoXy 0 aHTUbmo-
TMKOB: 3a 3TOT Nepuof nosiBunucb dakrepun, pe-
3UCTEHTHbIE Cpa3y K HECKOMbKMM XMMWYECKU He-
CXOXMM aHTUBMOTUKaM, YTO BO MHOro pa3s obocT-
pUNoO CUTyaumo C NeYeHNeM MHOTUX MHMEKLMOH-
Hbix 3abonesaHun [11, 12]. Bonee Toro, 3a no-
cnegHue 30 neT He yaanock OTKPbITb HUKAKUX HO-
BbIX KITACCOB aHTMOWOTMKOB, NPY 3TOM CNEKTP yXe
NCMoNb3yeMbIX aHTUOMOTUKOB CYXaeTcs, YTo no-
BblllaeT LWaHcbl BakTepui BbipaboTatb K HUM
yctondmoctb. O6 3TOM CBMAETENBLCTBYIOT Kak
0o0LWUN BpeMEHHOW NOHWXKaoLWMIA TPEHA UHTepeca
dapmMaLeBTUYECKMX KOMMAHWUA MNPOU3BOAMTL HO-
Bble POPMbl aHTMOWOTMKOB, Tak U POCT YCTOWYU-
BOCTU OakTepum K UCMOMb3yeMbiM aHTUOMOTMYE-
ckuMm npenapatam Yxe nodtu 30 neT HuMYero He
CIbILLHO O HOBbIX Kraccax aHTMbmoTumkos (puc. 1, a),
a no Mepe yBenuyeHus konuyectsa Oaktepun c
MIJTY nagaeTt MHTepec K NOUCKY HOBbIX aHTUONOTK-
KOB, YMCNO BBOAUMBIX B KIMMHUYECKYHO MPAKTUKY
npenapaToB cTpeMuTca K Hynto (puc. 1, b) [13].

YTtobbl B elle Oonblien CTeneHn oco3HaTb
mMacwTab npobnembl ¢ cynepbakTepusmu, CTOUT
nepeyYncnmTb HekoTopble 3aboneBaHusa M crTaTu-
CTMKY MO HUM 3a nocriegHue roabl. B HacToswee
BpeMsi bonee 2 MnH xutenen CesepHon AMepUKM
exerogHo 3aboneBaroT UHMEKUMUAMU, CBA3AHHBIMU
C YCTOMYMBOCTBIO K aHTUOMOTMKaM, YTO NpuBOaUT
K 23 000 cmepTen [14]. OTa uudpa B cTpaHax Ee-
ponbl ewe bonee 3HayMmasi, roe BbIABASETCA MO-
4t 700 ThicaY cnydyaeB WHMEKUUN, CBA3AHHBIX C
MJTY GakTepuanbHbiX NaTOreHOB, KOTOpbIE HEMNo-
CpeacTBeHHO npuBoasaT k 6Gonee 4yem 33 000
cMmepTenbHbIX cnyvaes B rog [15]. HecmoTps Ha To
47O 3a nepuog ¢ 2000 no 2015 rr. ucnonb3oBaHue
aHTUONOTUNKOB YENOBEKOM B CpegHEM B MUPE YyBe-
nuymnocb Ha 36 %, cerogHa npumepHo 20 %
CMepTen BO BCEM MUPE CBA3AaHO MMEHHO C WH-
EKLUMOHHbIMK  3aboneBaHnsiMU. JTa  cuTyauus
ele Oonee ycyrybnsietcs, NOCKOMbKY BHYTPU-
GONbHUYHBbIE WHPEKUMM CTanm OCHOBHOW MpU4u-
Hol 3aboneBaemMoCTM U CMEPTHOCTU, U3 HUX Bo-
nee 15 % BbI3BaHbl HakTepuaneHbIMM NaToreHamm
¢ MIY [11]. Mo pacyeTam OpUTAHCKUX YYEHbIX,
npoBenNX UCCnefoBaHMs MO YCTOMYMBOCTM K
NPOTUBOMUKPOOHBIM Mpenapatam, OT aHTUbnoTu-
KOpPEe3NCTEHTHOCTU OyaeT ymupatb 6Gonblie nto-
Oen, YeM OT OHKOJIOrMYeckmx 3aboneBaHun n gua-
GeTa BMecTe B3ATbIX [16]. B psge macwTabHbIX
uccnenoBaHui GbINO MOKa3aHoO, YTO NPU TakoMm
ypoBHe pa3sutus MJTY natoreHHbix GakTepun B
Mupe exerogHad cmepTHOCTb k 2050 r. moxeTt
AocTndb noytn 10 MNH Yyenosek (puc. 2).
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Antibiotic-resistant, %*
panoidde sonoigiue Jo JaquinN

Puc. 1. Pocm 6akmepuanbHol aHmubuomukopesucmeHmHocmu [13]:
*— NIpoyeHmM KJIUHUYeCKUX U30J1simoe, ycmol4uebix K aHmubuomukam;
MRSA — memuyunnuH-pe3ucmeHmusbie Staphylococcus aureus;
VRE - eaHKOMUUUH-pe3ucmeHmHsble Enterococcus;

FQRP — ¢gpmopxuHosioH-pe3ucmeHmHbie Pseudomonas aeruginosa

Fig. 1. Development of bacterial antibiotic resistance [13]:
*— percentage of clinical isolates resistant to antibiotics;
MRSA — methicillin-resistant Staphylococcus aureus;
VRE - vancomyecin-resistant Enterococcus;

FQRP - Fluoroquinolone-Resistant Pseudomonas aeruginosa

AHTVI6I/IOTI/IKOp83VICTeHTHOCTb

B 2050 roay — 10 munnuoHoB

CTonbGHAK

60 000

[lopOXKHO-TpaHCNOPTHbIE

npovLIecTens Pak
1,2 MUNNINOHA 8,2 MunnnoHa
AHMubuomuko-
pe3ucmeHmMHoCcMb
cenvac 700 000
MUHUManbHas
oLeHKa
Kopb Xonepa
130 000 100 000-120 000
Onapes OunabeTt
1,4 munnuoHa 1,5 munnunoxa

Puc. 2. Mupoeasi cMmepmHocmb, npo2Ho3upyemas k 2050 e. [16]
Fig. 2. World mortality projected by 2050 [16]

668 —————— ®UINKO-XUMUYECKAA BNONOINA / PHYSICOCHEMICAL BIOLOGY



10.1M. Oxuoee, B.U. 3n06uH, B.I1. Canoeapoea u p. AHanu3 npobniemb! «cynepbakmepuli»...
Y.P. Dzhioev, V.I. Zlobin, V.P. Salovarova, et al. Analysis of the “superbacteria” issue...

UTtobbl B elle Oomnbluen CTEeNeHn Oco3HaTb
MacwTab npobnembl ¢ cynepbakTepusimMu, CTOUT
nepeyYncnuTb HekoTopble 3aboneBaHud M crTaTu-
CTMKY MO HUM 3a nocrnegHue rogbl. B HacToswee
BpeMsi 6bonee 2 mnH xutenen CesepHon Amepu-
KN exerogHo 3aboneBaloT MHMEKUNAMMU, CBA3AH-
HbIMW C YCTONYMBOCTBIO K aHTUBMOTMKAM, YTO Npu-
BoauT k 23 000 cmepTten [14]. Ota undpa B cTpa-
Hax EBponbl ewe 6onee 3Haunmas, roe BbISBMS-
etca noytn 700 Thicay crnyvyaeB MHMEKLMA, CBS-
3aHHbIX ¢ MJITY GakTepuanbHbIX NaToreHoB, KOTO-
pble HENoCpeACTBEHHO MNpPMBOAAT K Ooree uem
33 000 cmepTtenbHbix cnyyaeB B rog [15]. He-
CMOTpPS Ha TO 4TO 3a nepuog ¢ 2000 no 2015 rr.
ncnonb3oBaHMe aHTUOMOTUKOB YENOBEKOM B
cpedHeM B Mupe yBenuumunocb Ha 36 %, cerogHs
npumepHo 20 % cmepTen BO BCEM MUPe CBA3aHO
UMEHHO C MHAEKLMOHHbIMU 3aboneBaHuamn. 3ta
cuTyaumsi ewe 6Gonee ycyrybnsertcsi, NMOCKOMNbKY
BHYTPUOONbHNYHBIE WH(PEKUMM CTanm OCHOBHOM
npu4rHon 3aboneBaemMocT 1 CMEPTHOCTU, U3 HUX
6onee 15 % BbI3BaHbl GakTepuanbHbIMK natore-
Hamu ¢ MJTY [11]. Mo pacyeTam GpuTaHCKMX yye-
HbIX, NMPOBEALUNX UCCNEeAOBaHNSA MO YCTONYMBOCTM
K MPOTMBOMUKPOOHBIM MpenapaTtam, OT aHTMOWO-
TUKOPE3NCTEHTHOCTN ByaeT ymupaTtb 6onblue nto-
[en, 4eM OT OHKoNorn4yeckux 3abonesaHui n gma-
b6eTta BmecTe B3ATbIX [16]. B page macwTtabHbIx
nuccnepoBaHum 6bINIO NoKaszaHo, YTO MPU TakoMm
ypoBHe pa3sutua MITY natoreHHbix Gaktepun B
Mupe exerogHas cmepTHocTb kK 2050 r. moxeTt
goctnyb noutn 10 MNH Yenosek (puc. 2).

[Onsi oueHKM CTeneHn BOBMEYEHHOCTW NaTo-
reHHbIX 6akTepuit B npouecc dopmupoBaHuns MJTY
aMepUKaHCKMMK y4YeHbIMU ObIflo NpoBeaeHo cre-
unanbHoe macwTabHoe uccnegoBaHue Mo onpe-
OENeHnto cambIX YCTOMYMBBIX CPean HUX K MC-
nonb3yembiM aHTUbMoTnkaM. B pesynbtaTte Obina
BblAeneHa rpynna, npeacTaBrneHHas cnegyroLmnmm
GakTepmanbHbIMK naToreHamu: Enterococcus fae-
cium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas
aeruginosa u Enterobacter spp. — ESKAPE (no
nepeeiM GykBaM uXx HassaHwi) [17]. OaHHble cy-
nepbaktepun cnocobHbl 0Opa3oBbiBaTL GUOMNMNEH-
KM, KoTopble puandeckn npenoTeBpallaloT nen-
CTBME KINETOK UMMYHHOrO OTBETa «XO3AUHa», a
Takke aHTMbmnoTmkoB [18].

B 2016 r. BO3 onybnwukoBana CnvCcOK yCTOn-
UMBLIX K AEWCTBMIO aHTUOMOTUKOB «MPUOPUTETHBIX
natoreHoB» — 12 BMOoB OakTepun, npeacTaBnsio-
LWMX HambonblUylo Yrpo3y Ans 300pOBbs YeroBe-
ka [19]. BkntoueHHble B cnucok BO3 Gaktepuum,
Kyaa sownu Bce natoreHbl ESKAPE, pasgeneHsl
Ha TpW rpynnbl NO CTENEHU YCTOMYMBOCTU U YPOB-
HIO NOTPeEOHOCTU B CO34aHWMM HOBbLIX aHTUOWMOTU-
KOB: KpaWHe MpuopuTeTHbIE, BbICOKOMPUOPUTET-
Hble WU CpeaHenpuopuTeTHble (UMW MHaYe KPUTU-
YECKWUA, BbICOKMA N CPeaHUA YPOBEHb OMACHOCTU
COOTBETCTBEHHO). Hampumep, Takme naToreHsl,
kak Acinetobacter baumannii, Pseudomonas aeru-

ginosa, Enterobacteriaceae, vmetoLline yCTONYM-
BOCTb K OEVCTBUIO LUMPOKOrO psiia aHTUOMOTKKOB,
B TOM Yucne k kapbaneHemam u LiedanocnopuHam
TpeTbero nokoneHusa (Hanbonee adpHeEKTUBHbIE U3
MMEKLLUXCS aHTUBUOTUKOB Ans neyeHuss bakTe-
puranbHbIX MHAEKLUI), BOLWW B Nepsyto rpynny. B
rpynny ¢ BbICOKUM MPUOPUTETOM BKIHOYEHbI MATO-
reHbl, YCTOMYMBbIE: K BaHKOMWUUMHY — Entero-
coccus faecium (VRE), Staphylococcus aureus
(VRSA); metnumnnuHy — Tawke Staphylococcus
aureus (MRSA). OnacHocTb cpeaHero YpOBHS
(npuoputeT 3-ro nopsigka) npeacTaBnslT cobon
Streptococcus pneumoniae, HEBOCNPUUMYMBLIE K
neHvumnnuHy, Haemophilus influenzae, yctonun-
Bble K amNUUMANWHY, U apyrue.

Takum obpasom, o4veBMOHO, YTO pacTyLias
YCTOMYMBOCTb MATOreHoB K aHTMBUOTMKaM oKas3bl-
BaeT MaclwTabHoe BnuAHME Ha >Xu3HededATerb-
HOCTb 4enoBeka: apceHar MeTOdOB JleyeHus
GonbLoro ymcrna UHPEKLMN CTPEMUTENBHO UCTO-
LLaeTCH, YTO CBHA3AHO C BbICOKUM PUCKOM CMEpT-
HOCTK Hacenenus. B To xe Bpems novck anbtep-
HaTUBHbIX CMOCODOOB MPUBOAMT K YBENUYEHUIO
pacxodoB Ha 30paBOOXpaHeHWe, B TOM u4ucre
pa3paboTky HOBbIX aHTubuoTukoB [20]. OpgHako
nonaraTtbCs B peLleHnn 3TOro Bomnpoca TOMNbKO Ha
PbIHOYHbIE MEXaHM3Mbl HENb3S, UHAYe CTOMNb HYX-
Hble CerogHsi HOBble aHTUOWOTMKM MNOSIBATCS
cnuwkom nosgHo. 3kcnepTbl BO3 nogyepkusatoT,
4YTO HeoBX0AMMO HapalwmBaTb TeMMbl pa3paboTku
HOBBIX NTEKaPCTBEHHbIX CPEACTB BHE 3aBMCMMOCTU
OoT TpeboBaHWMI pbIHKA, MHA4ye CylecTByoLme
aHTUOMOTMKM MOTyT nepecTaTb CMpaBnATbCA C
3aboneBaHVAMM, BbI3biBaEMbIMIU CynepbakTepusi-
Mu. o nx MHeHuto, NyGnvkaumsa cnmcka noaTorik-
HeT NpaBUTENbLCTBA CTPaH K NPUHATUIO CTpaTerun
no CTMMYNUPOBaHMIO (pyHOAMEHTanbHbIX UcCche-
OOBaHMN 1 nepenoBbix paspaboTok B obnactu
CO3[aHNA HOBbIX aHTUOMOTMKOB 3a CYET MHBECTU-
UM/ CO CTOPOHbI Kak oOpraHu3auum ¢ rocygap-
CTBEHHbIM (PMHAHCUPOBAHUEM, TaK W YACTHOrO
cekTopa.

CospemeHHble buomexHosoauu, HarpaeneH-
Hble Ha peweHue npobnemsl cynepbakmepud.
Yrpoxatowas TeHaeHUuus popMUpOBaHMS HOBbIX
BapuaHToB cynepbakTepuii TpebyeT CpOYHOro no-
Ucka WM Co3JaHusl HOBbIX aHTMOakTepuanbHbIX
npenapaToB C XapaKTepucTukamu, NpeBoCXoas-
WwmMm npegbigywmne. W 3gecb BbiSiBRSOTCS OB
npobnembl: C OOHOW CTOPOHbl, B OOMbLUMHCTBE
nccnegoBaHUM No-nNpeXHeMy akUeHT AeraeTcs Ha
aHTUOMOTUKKN, CUHTE3MPYEMbIE Pas3fUYHbIMU BU-
aamu bakTepui, ¢ Opyron — KpyrnHble dapmaueBs-
Tuyeckne n BoTexHomnormdeckme KOMNaHumM cero-
OHS C HEOXOTOM BKNaAblBalOT CPeAcTBa B co3da-
H/ME HOBbIX KNaccoB aHTUOWMOTUKOB, MOTOMY YTO
3TOT PbIHOK CTan PUCKOBAHHbIM U 3KOHOMUYECKU
OTHOCUTESNBHO HEBBLINOAHbIM. JTa CUTyalus Cro-
Xunacbk, BO-NepBbIX, U3-3a TOro, YTO BBMAY BbICO-
KO CTOMMOCTU MPOM3BOACTBO aHTMOMOTMKOB CTa-
10 MeHee BbIFOAHbIM (YeM NekapcTB Opyrux Tepa-
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NEBTUYECKMX KaTeropui), NOCKONbKY HaLMOHalb-
Hble NporpaMmmbl OrpaHNYMBalOT X NPOSAXKM U3-3a
MITY cynepbaktepuin. Bo-BTOpbIX, 4TODObI HaWTH,
pa3paboTaTb M BbIMYCTUTb HA PbIHOK HOBbIE @HTU-
OMOTMKM, O0COBEHHO MPOTMB rpamoTpuLaTesnbHbIX
OakTepuii, TpebylTCa 3HauUTenbHblE KanuTano-
BNOXEHUS U TEXHUYECKNe MHHoBaumu. Kpome To-
ro, Ans NpoBeAeHUs AOKMUHUYECKMX W KIUHU4Ye-
CKMX UCMbITAHUIA HOBLIX aHTUBMOTMKOB Heobxoau-
Mbl 1 BonbLUMe BpeMeHHble 3aTpaThl. B pesynbTa-
Te ol0llee KONMMYECTBO HOBbIX €OWHWUL, eXeroaHo
yTBEPXAAEMbIX aHTUbaKTepuanbHbIX NpenapaTos
MEAJSIEHHO CHMXaeTCcs B Te4eHue nocnegHux aByx
pecatunetnin [21]. Kak Bugum, c KaxgbiM rogom
3TN OBe B3aMMOCBs3aHHble MpobrieMbl — pacluu-
peHne knacca MJTY GakTepuii U CHMXKEHME pas-
paboTkM HOBbIX aHTUBMOTUYECKMX MpenapaTos,
Bce Gonee ycyrybnswtca. [MoaTomy KpariHe Bax-
HO HaWTU anbTepHaTUBHblIE CNOCOObI NevyeHus
NMHEKUMIA, OCOBEHHO BbI3BAHHbLIX MNaTOreHamm
ESKAPE.

CuHmemuyeckue aHanoau aHmubuomukos —
HaHoaHmubuomuku. o Ha3BaHHbIM BbILLE NPUYM-
HaM MHoOrne hapmaueBTUYECKME KOMMAHUN CTanum
BKNnaabiBaTb 6osblue hMHAHCOBLIX CPeACTB B pas-
paboTKy NPOTUBOUH(EKLUMOHHBIX JEeKapCTB He-
GakTepuanbHON npupoabl, TO ecTb APYrux Tepa-
NEBTUYECKMX KaTeropuin. Tak, CEerogHs yxe CuUHTe-
3MPYKOTCS pasnuyHble BapuaHTbl NeNnTMaOMUMETM-
KOB W MONIMAaMUHOBBIX COEAUHEHUN C KNeTO4YHOWM
CENEeKTMBHOCTBIO M CUNBHOW aHTMBakTepuanbHou
aktmBHocTbio nNpotue MRSA. 3a cueT ucnomnbso-
BaHWSI TEHOMHbIX M NenTUAHbIX oubnmnotek HakTe-
pui OblNl NpoBedeH aHanua W CKPUHWHT rnapo-
oOHbIX NenTUaoB C OLEHKOM KX aHTubakTepu-
anbHOro AencTBusa Ha nartoreHsbl rpynnsl ESKAPE.
Takke cTanM npoBOAMTLCSA WCCNedoBaHWs Mo
CO3JaHUI0 CUHTETUYECKMX npenapaToB Ha OCHO-
BE HaHoO4acTuLU, M OHM paccMaTpMBalOTCA Kak
MHoroobelatowmn cnocob npeoponeHus Tepa-
NeBTUYECKMX NpobnemM WHMEKUUN, BbI3BAHHBIX
S. aureus [22]. B aToM HanpaBneHMn 3HaYNMbIMU
ABNAOTCA pa3paboTku KUTAMCKMX YYeHbIX MO CO-
34aHUI0 MYIbTUAHTUIEHHOM HAHOTOKCOMAHOW Bak-
LUWHbI HA OCHOBE HaHOYacTUL, MOKPbITbIX MeMbpa-
HamMu MakpodaroB, aganTMPOBaHHLIX ANS co3aa-
HAS MOLLHOrO MMMYHUTETa NPOTUB MNaTOreHHbIX
Pseudomonas aeruginosa [23]. B kadectBe nps-
MOFO M CEnekTMBHOro nHrnbutopa S. aureus npeg-
naraetca uMcnonb3oBaTb MeTannoopraHn4eckoe
coeguHeHune upuguma(lll), kotopbii no pesynbTa-
TaM 3KCNnepuMeHTanbHbIX UCCNEeAOBaHUN nokasarn
MOLLHOe GakTtepuumagHoe pgencteue [24]. OpgHako
OOnbLWMHCTBO pa3pabaTbiBaeMbIX CUHTETUYECKMX
aHTUOMOTUKOB NMoKa UMEET OrpaHUYEeHHOe npume-
HEeHWe [Ons HEOCMNOXHEHHbIX WMHAEKUMHA, UM ux
MCNONb3YT B KayecTBe 3KOHOMWYECKOW anbTep-
HaTUBbI B pa3BMBalOLLMXCA CTpaHax. Ho HecmoTps
Ha 9TK OrpaHuYeHus), yxxe copMmupoBancs Krnacc
CUHTETUYECKNX aHaroroB aHTUOMOTMKOB, KOTOPbIE
cTanuM BXOAWUTb B MPaKTUKy nedyeHuss ambynaTtop-

HbIX nNaumMeHToB. Tak, Hanpumep, XUHOMOHbI B
HacTosiLLee Bpems SBNATCA TpeTbMM Hambonee
HasHayaembiM aHTUOMOTUKOM Ansi aMOynaTopHbIX
nauMeHTOB Mocrne mMakponuaoB n 6eta-nakramos,
MX aHTUMUKPOOHBLIN 3dheKT MNpocnexuBaeTcs B
obpasoBaHun komnnekca [OHK-rupasa-xmHomnoH-
OHK, koTopbin npenaTcTBYyeT pennukauun u Bbl-
3blBaeT rmbernb Kak rpaMM-nosioKMTeNbHbIX, TakK U
rpamm-oTpuuaTtensHele OGaktepun [25]. [Opyron
OCHOBHOW Knacc aHaroros aHTUBUMOTWKOB — Mak-
ponuabl, Nony4alT nyTemM nonycuHTesa u3 apuT-
pPOMMLIMHA, KOTOPbIA MOXET BKMYaTb Kak npo-
CTble COeaMHeHus1 (asuTpomuumMHa), Tak n bonee
CrNOXHble Moaudukaumy (Tvna ConNUTPOMULMHA).
B nepcnektuBe MoXHO paspaboTtaTb 6onee 300
MakponuaoB, YTO OTpaxaeT BaXXHOCTb 3TOW CWH-
TeTnyeckon nnatdopmbl He TOMbKO Ans obnerde-
HWSA CMHTE3a, HO M AN yBenMyeHns pasHoobpasums
AOCTYMHbIX aHTMBNOTUKOB [26].

Bknad eeHoMuKku 8 co30aHue HO8bIX aHmu-
bakmepuaribHbIX rpenapamos.

Kak yxe 6bIno nokasaHo, nocrne ycnexa 305o-
TOro Beka aHTMOMOTMKOB HACTynuI nepuog, korga
yacTtoTa CO3[aHWsi HOBbIX AHTUOMOTMKOB CHU3W-
nacb, HO pe3ko BO3POCHO KONMMYeCcTBO BakTepui ¢
MITY. MNoTpebHOCTb B cTpaTernn co3gaHust HOBbIX
KNaccoB aHTMOMOTMYECKMX NpenapaToB CBA3aHa C
3MOXOM TreHOMUKW, korga Oblna nepecMoTpeHa
Knaccuyeckass napagurma nowcka m paspaboTku
aHTUBUOTNKOB M CHOpMMPOBaHbI HOBbIE BbICOKO-
TexHornornyHele nnatdopmel. Tak, 3a nepuoa
paHHen reHomukm (1995-2004 rr.) 1 NOCTTEHOMMKM
(2004—-2014 rr.) obliee KONMUYECTBO CEKBEHMPO-
BaHHbIX MWKPOOHbLIX TEHOMOB YBENWYUIOCH OO
30 000 [27]. B aTOM KOHTEKCTE nepBasi BO3HMKLLIAA
nnatdopmMa OGbina OCHOBaHa Ha CPaBHUTENbHON
reHoOMuKe, rae HoBble MULLEeHW (HaKTOpPOB aHTU-
BUOTMKOYCTOMUMBOCTU ObINM MOEHTUDULMPOBAHBI
M3 KOMMbIOTEPHbIX 6a3 pacmndgpoBaHHbIX reHo-
MOB. OTW MMLUEHM MOryT TaKkKe y4aCcTBOBaTb B
MexaHu3Max (PopMMPOBaHMUA NaTOreHHocTn Oak-
Tepuii. Kpome Toro, 4yepes cpaBHEHME ITUX FEHO-
MOB C reHOMammn «X03MHa» MOXHO WM3Ha4arbHO
OTKIMOHWUTb MULLEHUN, KOTOPbIE HE ABMSIOTCS MCKITHO-
ynTENbHBIMKM ANA natoreHa. 34ecb Takke MOXHO
OLeHMBaTb 1 NPOrHO3MpoBaTb MEXaHW3Mbl B3auMO-
OENCTBUSA MeXOy NEKAPCTBOM M «XO3AMHOMY», YTO
MOXeT NPUBOAUTbL K MEHbLUEMY KONMYeCcTBY Tepa-
NeBTUYECKMX NOBOYHBIX 3HPEKTOB NPU NIEYEHUN.

Ho v B aTon obnacTtn cerogHs ecTb psag orpa-
HUYEeHUN. XOTA CKPUHUHI Ha OCHOBE MMULLEHEN
noaxoouT Ansi OOHaPYXXeHUs1 CUMbHBIX UHMMOUTO-
POB YKa3aHHbIX MULLUEHEN B reHomax OakTtepui,
BCE Xe 3[eCb BO3HMKaOT Npobrnembl, CBA3aHHbIE C
HeCrnocoBHOCTLIO NeKapcTB AOCTUYb CBOEN MuLLe-
HW K3-32 HU3KOW MpPOHULAEMOCTM MMM Baktepu-
anbHbiXx MembpaH. B duanonormyeckom oTHoLe-
HUM BakTepuanbHas KrneToyHas CTeHKa fABnseTcs
oyeHb 3dekTuBHbIM Bapbepom npoTus 60nb-
LUMHCTBA HU3KOMONEKYNSAPHbIX niekapcTB. [daHHble
noaxodbl 0TOopa noka Takke HeCOBEPLUEHHbI, No-

670 ——— ®UINKO-XUMUYECKASA BNOJNOINA / PHYSICOCHEMICAL BIOLOGY



10.1M. Oxuoee, B.U. 3n06uH, B.I1. Canoeapoea u p. AHanu3 npobniemb! «cynepbakmepuli»...
Y.P. Dzhioev, V.I. Zlobin, V.P. Salovarova, et al. Analysis of the “superbacteria” issue...

TOMYy 4YTO HE BCE MMLUEHU MOXHO KIOHWPOBAThb,
ounLLaTb M BKMOYATb B aHanu3bl CKPUHUHIA in Vitro.
Kpome TOro, MuleHn M3 OOHOMO reHa CKIOHHbI K
OOMHOYHBIM TOYEYHBbIM  MyTauusaM, NpUAaoLMM
ycToMumBoCTb GakTepuam, npu 3ToM ¢ BGonbluen
BEPOATHOCTBbIO OTOMPAOTCA YCTOMYMBBLIE MYTaH-
Tbl [28]. OgHako reHeTnyeckoe pasHoobpasue eLle
BonblUe YCNOXHSAET CKPUHWHI Ha ypoBHe oTbopa
MOZEenbHbIX OpraHuM3moB. B koHeyHOM cuyeTe npu-
XOOQUTCS cuuTaTb, YTO OTKPbITUE aHTUOMOTMKOB
OCTaeTCH CIOXXHOW 3aaden, KOTOPY HEBO3MOXHO
PELNTb C MOMOLLBI MWCKIIOYUTENBHO LIENEeBOro
nogxoga MeTogaMy TFeHOMUKW. TemM He MeHee
MCMonb3oBaHWe METOAOB WM NOAXOAOB FEHOMMKU
BbI3Bano cTpemMneHne Ha bonee dyHoameHTanb-
HOM YpPOBHE MOHATb (PM3NONOrMYECKYI0 N TEeHeTU-
yeckylo npupony ©Oaktepun, 4to OygoeTr umeTb
HECOMHEHHble MONOXUTENbHbIE MOCNeaCTBUS B
pa3BUTUM aHTUMMUKPOBHOM Tepanun [29].

Ponb nocmeeHOMHbIX mexHonoeaul 8 paspa-
bomke Hosbix aHmubuomukos. TpaHCKpunmMom-
Hble, POMeOMHbIe U fIUNUOOMHbIE MEXHOI02UU.
CerogHsi MNOCTrEHOMHbIE TEXHONOMM MO3BONAKT
nsBnekatb, obpabaTbiBaTb U MHTEPNPETMPOBATb
reHeTM4Yeckyo nHgopmaumio 6aktepuii U3 ropasgo
BGonee BbICOKOrO YPOBHS WX KOHCTPYKLUW, TaKuX
Kak TpaHCKpWUMTbl (T.e. TPaHCKPUNTOMUKA), Genku
(npoTteomuka), nunuabl (MMNugomuka) U T.4. OTU
NMOCTreHOMHbIE TEXHOMNOrMyeckme HanpasreHus
chopmumpoBanum obLuyo napagurMmy nccnegoBaHun
B obnactM XuBoW MaTepuu, KOTOpPYyK Ha3Bamnu
OMMKC-TexHonormamu. CerogHs BIMSIHAE OMMKC-
TEXHOMNorMn B obrnactn obHapyXeHus aHTMouoTuU-
KOB HEOCMNOopuMbI NPV ONpeaeneHny HOBbIX Lienen
1 NpefocTaBneHnn nHgopmaumm o metabonusme
n cusmnonornm OakTepuin. YuuTbiBas BaXXHOCTb
CKPVMHMHIa Ha nnaTtdopmax OBHapyXeHUs aHTu-
OMOTUKOB, KOTOpbIE 0BCYXAanucb 40 CUMX Nop, aTa
napagurMa [OfMKHa CTaTb OCHOBOW Oyayuimx
nnatdopm. OgHaKko CerogHs HU TPaHCKPUMTOMMU-
Ka, H/M NpPOTEeOMUKa, HW NMNUaoMuKa ele He JO-
CTUIMN BbICOKOMPOMYCKHON CNOCOBHOCTN CKPUHWH-
FOBbIX aHaNM3oB Ha KIEeTOYHOM YPOBHE, HO OHMU
y)XKe MO3BOMAT JNyylle MOHATb MEXaHu3M (yHK-
LMOHMPOBaHUM Bromonekyn npu 4encTBuM nekap-
CTBEHHbIX CpeAcTB Ha Gakteputo. Moka TexHorno-
MW OLEHKN 3KCMPEecCMM reHoma pacnpocTpaHsi-
I0TCS1 Ha YPOBHE TpaHckpunTa 6enkoB Ha Guono-
rmyeckme cobblTms B KkneTkax nonyndumu bakre-
puin. BaxHO OTMeTUTb, YTO NPUMEHEHWEe OMMKC-
TEXHONOrMM AaeT HOBYIO MHPOPMaLMIO O PYHKLMAX
Pa3nn4YHbIX FEHOB KaK MO OTAENbHOCTW, TaK U
B KOMOWHauusx. JTO npuBoanT K OBGHOBMEHMIO
CYLLECTBYIOLNX aHHOTAUMA U YNy4YLEHUO MOHW-
MaHua MeTabonuama u dumamonorum 6aktepuii Ha
OelCcTBMEe BHELWHMX hakTOpoB cpefdbl MX obuta-
Hus. Mockonbky ©enku B3aUMOOEWCTBYHOT C pas-
nu4HbIMK Briomonekynamu, Brkntoyas OHK v nunn-
Obl, TO yXe paspabaTtbiBaloTca crneumnanbHble Me-
TOoObl O4NS MCCnedoBaHWs yKasaHHbIX B3avMOZden-
CTBMI Ha ypoBHE MeTabonuyeckux npoueccos [30].

Om wmemabonomuku Kk paspabomke HOBbIX
buomexHonoeaull 0ns aHmubuomukomeparnuu.
Ycnexn B obnactm metabonomuky Takke panu
HoBble N Bonee rnybokve 3HaHuUst 0 Buonoruyec-
KOW peanbHOCTU B npoLieccax perynsiumm MmMkpoo-
HOro MeTtabonvMamMa Ha OCHOBE WCMNOMb30BaHMUS
aHanuMTU4ecKMx MeTodoB, TakMxX Kak Xxpomartorpa-
dudeckne n AMP-meTtogbl. Mockonbky peakuus
GakTepuii Ha aHTUBUOTUMKM HaYMHAEeTCs ObICTPO U
OXBaTblBaeT MHOXECTBO MyTen, MeTabornomuka
XOpOLIO MOAXOAWT AN BbISICHEHMS MX 0COBOro
pexvma genctems. Kpome TOro, MOXHO CKOHCTPY-
upoBaTb MeTabonnyeckne cetu, KOTopble arperu-
PYIOT KaTanuMTU4ecKylo akTUMBHOCTb (TO ecTb dep-
MEHTbI) Hapsily C WX KOAWPOBAHWEM W 3KCMpec-
cuer (To eCTb reHaMu 1 UX TPAHCKPUMNUUOHHBIM Y
TPaHCNSALUMOHHLIM KOHTponem). Ha cerogHswHun
OeHb onucaHo yxe 6Gonee 50 meTtabonuyeckux
ceTel pasnnyHbIX OpraHm3moB, YTO NPUBENO K
MOSIBMIEHNIO HOBbLIX MOAXOAOB K OOHapyXeHuto
aHTUMMKPOOHbLIX MuweHen [31]. Ha ux ocHoBe
cTano BO3MOXHbIM CO34aHWe 4YUMNOBOW KOHCT-
pykuum — iChip, koTopasi no3BonsieT obecnevnBaTb
BbICOKOMPOW3BOAMTENBHOE KyNbTUBUPOBAHWE BU-
0oB DakTepuii B UX eCTeCTBEHHOW cpefe obuta-
HWUS, TEM CamMbIM NPeaoCTaBnss 4OCTYN K KHEKYNb-
TMBUPYEMbBIM» MUKpPOOpraHuaMam. Tak, Hanpumep,
iChip ucnonb3oBancs ana cbopa 9KCTPaKTOB M3
10000 n3onsToB, M3 KOTOPbLIX ObINO NOKa3aHo, YTO
HOBbIN BMA B6eTa-npoTteobakTepuii U3 HOBOrO PoAa,
poacteeHHoro Aquabacteria, npogoyumMpyeTt aHTu-
OMOTUK, Ha3biBaeMbll TEMKCODAKTUH, ABMNAIOLMIACS
WHIMOMTOPOM CWHTE3a nenTuaornuMkaHa. Tewnkco-
GaKTUH B OCHOBHOM aKTMBEH B OTHOLUEHWMW rpam-
NOMNOXUTENbHBIX NATOreHoB, a ero bakrepuunaHas
aKTMBHOCTb [aXe MNPeBOCXOAUT aKTMBHOCTb BaH-
KOMULUUWHA, NMpW 9TOM MPU3HAKU MeXaHU3MOB
YyCTONYMBOCTU K HEMY MoKa oTCyTCTBYHOT [32]. Tak-
Xe meToabl MeTaborioMukM MNO3BOMSKT UCMOSb-
30BaTb ApYyrov noaxofd, NaeHTUUUMPYa «HeKyrnb-
TMBUPYEMbBIE» MUKPOOPraHM3Mbl MpsIMO U3 MeTa-
reHOMOB, KOTOpble 3aTeM MOryT ObiTb KNOHMPOBa-
Hbl 1 3KCMPECCUPOBaHbl B reHOMbI MPOTUMUPOBAH-
Hblx OakTepuin. OTo no3BonseT usbexaTb Kak
aTana KynbTUBMPOBAHWA in Situ U naeHTUUKaLumn
Ha iChip, Tak 1 3agay no paclumdpoBKe YCNOBUH,
HeobxoaMMbIX ONs pocTa 6aKkTepun, YTO No3BonseT
ObICTPO OTOMpPaThL HOBbIE MOMEKYIbI AN OTKPbLITUS
aHTnbunoTumkos [33].

Ewe ogHa cdepa nonydyeHns HoBon MHEOP-
Mauun 3a cveT MeTabOoNIOMHbIX TEXHOSOrMn ce-
rogHs pasBMBAETCSA aKTMBHO — UCCIEAOBaHNE Me-
XaHW3MOB B3aMMOOENCTBUS aHTUOMOTUKOB C ue-
NOBEYECKMM MMUKPOOMOMOM MO3BOMMIIO BbISIBUTb
reHHble KracTepbl C aHTMOUOTMYECKUM NOTEHUMA-
nomMm. 3TO XOpOLUO WUINIOCTPUPYETCSA Ha NpuUMmepe,
roe  konowusauus  Staphylococcus lugdunensis
MHrMbupyeT npucyTcTBME LWTaMMOB S. aureus,
npegoTepallasi TeM caMbiM OMMNOPTYHUCTUYECKME
WMH(EKLMM 3TOro nartoreHa. OToT addpekT Obin
CBsi3aH C npoaykumen aHTubuoTmka lugdunin, Ko-

DPU3NKO-XUMNYECKAA BUOINOIUA / PHYSICOCHEMICAL BIOLOGY =—————— 671



10.1M. Oxuoee, B.U. 3n06uH, B.I1. Canoeapoea u p. AHanu3 npobniemb! «cynepbakmepuli»...
Y.P. Dzhioev, V.I. Zlobin, V.P. Salovarova, et al. Analysis of the “superbacteria” issue...

TOPbIA OTHOCUTCSA K HOBOMY KMacCy MaKpOLMKIn-
Yeckux TuasonuauHoBbix nentugoB. OH npogyum-
pyetcs S. lugdunensis n obnagaeT 6akrepuungHon
aKTMBHOCTbIO B OTHOLIEHUM OCHOBHbIX ESKAPE
NaToreHoB M, YTO BaXHO, MPeACTaBNSET CHWKEH-
HbI PUCK Pa3BUTUS Y HUX PE3UCTEHTHOCTYM [34].

Kak Buaum, TeXHONOrnn, BHEAPEHHbIE B 3MO-
Xy MOCF€HOMWKM U MeTabonomukn, BHECIM CBOW
3HaYMMbIA BKMag B WUCCreOOBaHWsi MO MOUCKY U
pa3paboTke HOBbIX TUMOB aHTUOMOTMKOB. OHKM B
3HaYMTENbHOW CTEMEHN OCHOBBLIBANMCb Ha HOBbIX
MOCTrEHOMHbIX TEXHOMOINAX, MO3BOSIMBLUUX CO3-
0aTb Takue WHHOBALMOHHbIE KOHCTPYKUMM, Kak
iChip. XoTa 60MbWMHCTBO HOBLIX aHTUONOTUKOB B
no3gHewn KnuHu4eckown paspaboTke BCe-Takm OTHO-
CATCS K CYLLECTBYIOLUMM Kraccam, ogHako, napa-
Ourma codeTaHusi CKPUHMHIA Ha OCHOBE TEHHbIX
MULLEHEN W KNETOK AaeT HOBble BO3MOXHOCTU A1
pa3paboTkn yCOBEPLUEHCTBOBAHHLIX aHTUOUOTU-
koB. [lononHuTEenNbHbIE BO3MOXHOCTU MOIYT Takke
BO3HWKHYTb MpPU MNEPecMoTpe aHTUONOTUYECKMX
coeguHeHun, paspaboTka KoTopbix Gbina npekpa-
LLleHa Ha paHHUX ctagusax. MNpumepomM Tomy ABnS-
eTca co3gaHne 6asbl JaHHbIX aHTUDaKTepuanbHbIX
coeguHeHun — AntibioticDB (AntibioticDB.com),
roe npenctaBrneHbl pesynbTaThl UCCNeaoBaHMn
aHTubakTepumanbHbIX NpenapaToB Ha BCEX 3Tanax
pa3paboTku, BkNo4vas Te, pa3paboTka KOTOpbIX
Oblia npekpalleHa u3-3a npobrnem, BO3HMKLLMX
NPy KNMHUYECKUX ucnbiTaHusx. B aTom cnydae
uccriefoBaHne  JanToOMMUMHA,  NPOSBNSIOLLENO
GaKTepuUMAHY aKTUBHOCTb NPOTMB rPamrosioxXu-
TENbHbIX MWUKPOOPraHW3MOB, SBMSETCA XOPOLUUM
NPMMEPOM TOro, Kak CoeAMHEHUE MOXHO BOCCTa-
HoBUTbL cnycTa noytn 20 neT nocne oTtkasa oOT
Hero. CerogHsa aTOT aHTMOMOTKK cTan «dUHAHCO-
BO Oonee ycnewHbiM» Ha BHYTPEHHEM pblHKe
aHTUbuoTnyecknx npenapartos [35].

®azomepanusi U ee 803MOXHOCMU MPOMuU8
cynepbakmepuli. Kak Bbilwe ObINO nokasaHo,
anbTepHaTMBHbIE METOAbl FNEeYEHUsl, KOTOpble B
HacTodLlee BpeMS UCMONb3YTCSA B MEAULMHCKON
NpakTUKe WM HaxoOdATCsl Ha CTaguv UCMbITAHWUNA,
BKIIOYAKOT MCMONb30BaHNE HOBLIX Mogudmkaumin
aHTUOMOTUKOB, UX KOMOMHAUMM UMK COYEeTaHusa C
afbloBaHTaMM, a Takke pasHble BapuaHTbl aHTU-
MUKPOOHbIX NenTuaoB, aHTUGakTepmanbHbIX aHTUW-
TeNn M HaHOo4YacTWL, KOTOpble MNPUMEHSIOTCA B
KayecTBe HOBbIX aHTUGaKTepuanbHbIX areHToB.
OpHako 6aktepumn rpynnel ESKAPE wnmeloT TeH-
OEHUMI0 CTaHOBUTBCA YCTONYMBBLIMUK KO BCEM MpU-
BEAEHHbIM BapuaHTam aHTUOMOTMYECKMX Mpena-
paTtoB Gnarogapsi He TONbKO €CTECTBEHHOMY OT-
6opy MITY Gaktepwuii, HO U rOpU3oHTanNbHOMY Me-
pPEHOCY reHOB B ApYyrMe YyBCTBUTENbHbIE LUTAMMbI.
910 TpebyeT MOCTOSIHHOrO MOHWUTOPWHIOBOrO Te-
CTMPOBaHMA BCE HOBbIX KOMOMHauwi, pesynbTa-
TOM KOTOPOro sBNAetca 6eCKOHEYHbIN LMK 3TUX
uccnepoBaHun. Takum obGpa3oM, MOXHO caenaTb
BblBOA, YTO aHTMOMOTMKM B KOMOMHaUMM UM B
HOBbIX CTPYKTYPHO-(DYHKUMOHANBHBIX MoAuduKa-

uMsix He Bcerga MoryT ObiTb 3dEKTUBHBIMY,
Mo3TOMy CyllecTByeT HeobxogumocTb B obwwwup-
HbIX MCCNeaoBaHMAX anbTepHaTUBHbLIX CTpaTerun.
Tak, HoBOW anbTepHaTUBHON cTpaTernen B 6opbbe
¢ 6aktepuammn ¢ MJTY BHOBb MOryT cTaTb OaBHO
3abbIThle GakTtepuodharn (parm — TepaneBTMyec-
KMe areHTbl, paHee LWMPOKO MCMONb30BaBLUMECS
ansa neveHus 6aktepuanbHbix nHeKUnin). B anoxy
30510TOr0 Beka aHTMOMOTUKOB charoTepanust ycTy-
nina um nepeseHcTBO. Ho cerogHsa, mocne Toro,
Kak pesko BO3pocna yCTONYMBOCTb K MPOTMBOMUK-
pobHbIM MpenapaTtaMm, WHTepec K cparoBon Te-
panuu BHOBb BO3poxpaaeTcs. baktepuodarn,
ucnonb3yemble Ans Tepanuu, UMeKT MHOro npe-
MMYLLIECTB: BbICOKasi CneunmnYHOCTb K «XO35IMHY»,
HU3KMEe O03bl Afs neyvyeHus, GbICTpoe pasmMHoXe-
HVe BHYTpPWU «BakTepuii-xo3seB». B oTnuume ot
aHTUONOTMKOB MpPEenMyLLEeCcTBO WCMNOSMb30BaHUSA
¢aroB COCTOUT B TOM, YTO OHM PA3BMBAIOT HOBYIO
WH(EKUMOHHOCTL B OakTepuanbHbIX KieTKax W
MOryT npuobpeTaTb MNPEBOCXOACTBO Hazh HUMMW,
MOCKOJIbKY CKOPOCTb MYyTaLUWU Y HMX HAMHOTO Bbl-
e, YeM Y «XO351€B», U B TO € BPEMSA OHU MYTU-
pYyIOT BMeEcTe CO cBOUMM xo3deBamu [36]. Pag vc-
crnefoBaHWI NOCNeaHNX NeT Mo MPUMEHEHUIO TeX-
Hosormm charoTMnMpoBaHnsa, NPOBEAEHHbIX in Vitro,
pokasan adEeKTBHOCTb UCMONb30BaHMsA bakTe-
puodaroB B ka4yecTBe aHTUbaKkTepuanbHbIX areH-
TOB NPOTMB BGMOMNMEHOYHbIX M MITAHKTOHHbIX KIETOK
ESKAPE [37].

KombuHauun daros, AeWCTBYOLWMUX MNPOTUB
pasnu4yHbix BWOOB OakTepui unyM LWTaMMOB,
ABMSAOTCA [OCTAaTOMHO [JAEWCTBEHHbIM cnocobom
mx nopasneHnsa [38]. CerogHsa B MeOuULMHCKOWM
NpakTUKe aKTMBHO WCMONb3yTCA aroBble KOK-
Tennu. MexagyHapoaHble 3KCMepTbl CYUTAlOT, YTO
naeanbHblN aroBbIN KOKTENIb AOSMKEH ObITb Npu-
roTOBMEH C WCMofb3oBaHMEM cparoB, npuHaane-
XalMx K pasHbiM CeMencTBamM unu rpynnam,
MMELLUM LUMPOKMM CMEKTP «X035eB», HGonbLuyo
aacopbuUMOHHYI0O CMOCOBHOCTL K BbICOKO-KOHCEp-
BaTMBHbIM CTPYKTYpaM KINETOYHOW CTEHKM Yy bak-
Tepuin. Ncnonb3oBaHne Takux paroBbix cMecen
MOXeT YMEHbLUNTb MOsABreHNe OakTepuanbHON
nonynsaumm, yCTonumMBom K oTAenbHbIM haram [39].

BaxHyto nenTty B aTy cdhepy BHOCUT reHOMHas
xapaktepuctuka daroe, KoTopasi Mno3BonsieT
npenckasaTtb Ux «6es3onacHoOCTb» Mpu TepaneBTu-
Yeckom npumeHeHun. HepaeBHo B 3TOM obnactm
npeanoxeH pabounii anroputm oTbopa daros-
KaHOMOAToB, B KOTOPOM OCHOBHbIE KOHTPOJSIbHbIE
TOYKM FEHOMHOIoO aHanu3a geTanuM3vMpoBaHbl Ans
Mofy4YeHns1 BbICOKOKAYECTBEHHbIX (haroB, WCKH0-
Yyasi HeXXenaTenbHbIX KaHAWOATOB M TLiATEeNbHO
oLeHMBasi reHom hara Ha 6e3onacHoOCTb 1 3arpsis-
HeHWe ero NocrnefoBaTenbHOCTEN. ATOT anropuTm
pa3paboTaH B COOTBETCTBMU CO CTaHOapTaMu Bbl-
COKOMNPOW3BOAMTENBHOIO U Ka4yeCTBEHHOIO CeKBe-
HUPOBaHNA BUPYCHbIX FEHOMOB 1 anpobupoBaH Ha
OBYX HOBbIX (barax, oTBe4aloLmX BCEM KpUTEPUSAM
6e30nacHOCTK, KOTopble M Obinu npeacTaBneHb
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ONsl paCCMOTPEHMS B KAYECTBE HOBbIX KaHOUOATOB
aHTnbakTepuanbHbix npenapatoB [40]. Ona ganb-
HeWlwero npeodoneHns CyLLeCTBYIOWNX OrpaHu-
YeHW B UCNONb30BaHUM baroB Angd Tepanumn Tak-
Xe Oblno NpeanoXxeHo KOMOMHMPOBATL UX C aHTU-
6uoTtukamu. Npu gaHHOM KOMBMHALMK cuHepreTu-
yeckoe gencteme nubo cara, NMbo aHTMBUOTUKA,
unm obomux BMecTe, nposiBnsieTca bonee adpdek-
TMBHO. Takoe coyeTaHue ObIo anpobupoBaHo Ha
paspyLueHun bakTepuanbHbix GuonneHok, obpasy-
eMbiX LWTaMMamun cynepbaktepun S. aureus wu
P. aeruginosa, 6bin nokasaH adpekT nx oencTauns,
BO MHOIO pa3 CHWXalLlMiA NposiBNeHne gakTo-
poB ycTtonumBocTU. Tak, coyeTaHue dara PEV20 n
aHTMBMOTUKa uunpodriokcaumHa NPOsSIBUNO CUHEpP-
retmyeckuin adpdpekt in vitro npotus P. Aerugino-
sa [41]. B ppyrom uccnegoBaHum C UCMOSfb30Ba-
Hnem cdara OMKO1 Ha wTammbl P. aeruginosa
ObINIO MOKAa3aHO M3MEHEHME MexaHu3mMa YCTOMYM-
BOCTU K HeMy OakTepuii, YTO B KOHEYHOM uTore
MOBBLICUMO UX YYBCTBUTENBHOCTb K aHTMOMOTUKaM.
TouHO Tak e ObINo uccrnegoBaHoO CUMHepreTnyec-
Koe gencrteme aroB U aHTMOMOTUKOB Ha MOBEPX-
HOCTHble peuenTopbl psaa cynepbakTepui, KOTo-
poe MoKa3asno CHWKEHWE YPOBHA UX BUPYIEHTHO-
cTu. MNokasaTenbHbIM ABMSIETCS COYMeTaHHoe Oel-
cteune dpara OMKO1 ¢ uedrasngnmom Ha ycneLwwu-
HOe neyeHne BbI3BaHHbIX P. aeruginosa OCrnoxHe-
HWMA Yy NauneHTa, nepeHecLlero onepauuio no 3a-
MeHe ayru aopTbl [42]. Kak BuamMm, kombrHuposa-
HMe co3gaeT AOCTAaTOYHO BeCcnpourpbILLHYI0 CUTY-
auuo, Npy KOTOPOW YHUYTOXeHue BakTepuin npo-
ncxogut nmMbo nMpu BO3JEWCTBUM HA HUX (haros,
nnbo aHTMdbMoTMKoB. Ho 3deck elle MHOroe Hago
uccregoBaTb, Tak Kak npegnaraeMbil  MOAXOL
KOMOMHMPOBAHHOW Tepanuu eLle HaxoauTca B
COCTOSIHUM HE3PENOCTU, MOCKOSMbKY MEXaHU3Mbl,
y4acTByHOLUME B CUHEPrM3ME, OO0 KOHLA He u3yye-
Hbl, @ OaHHble, MOMyYeHHble Ha MOAENsX in vivo,
HegocTaTo4Hbl. YTOOLI pesdynbTaThl Gbinn 6onee
ybeautensHbIMK, HEODXOAUMBbI AanbHENLWMe LWu-
poKMe nccnegoBaHms.

AHMUMUKpobHble nenmudbl 8 mepanuu
UHQEKUUOHHbIX 3abonegaHul. Ons 60pbbbl C
natoreHamu rpynnel ESKAPE aktnBHO pa3spaba-
TbIBAETCS €elle OAMH MEepPCrnekTUBHbLIA MOAXOQ —
NpMMeHeHWe aHTUMMKPOOHLIX nentuaos (AMI),
NnpeacTaBnstoWmMx cobom KOPOTKME NMOSNOXKUTENBHO
3apsKeHHble 3alMTHbIE ONMronenTuabl «X03su-
Ha», NpoaoyUMpyeMble BCEMU XNBbIMU OpraHu3ma-
MU. OHM NPOSABMAIOT LWMPOKUIA CNEKTP aKTUBHOCTU
NPOTMB MHOTUX MAaTOr€HHbIX MWKPOOPraHM3mMoB C
MJTY, B3aumogencTBys ¢ GakTepuanbHON KneTou-
HO MeMOpaHoW M TeM caMblM BbI3blBas NU3UC
GakTepmanbHbIx knetok. Kpome Toro, B oTnuvyme ot
0ObIYHbIX aHTUbMoTmkoB, AMIT dusnyeckn no-
BpexgatT OakrepuanbHylo KNeTky NocpencTBOM
3NeKTpoCTaTU4ECKMX B3aMMOLENCTBUI, YTO 3aTpya-
HAeT pa3BuTune y GakTepuii yCTOMYMBOCTU K aHTU-
ovotukam [43]. YumTbiBasi KPUTUYECKUIA CTaTyC
natoreHoB rpynnel ESKAPE, 6biro npegnpuHsTo

HECKOSbKO MOMbLITOK HaWTu 3eKkTuBHbIE Tepa-
neBTMYeckne npenapartbl Ha ocHoBe AMI1. Ha ce-
rogHS CyLLeCTBYeT MHOXeCTBO NPUPOAHbIX, a Tak-
Xe OuounHxeHepHbix AMI, koTopble NpPOsIBRASAIOT
in vitro  @aHTUMWKPOOHbIE,  aHTUBMONNEHOYHbIE,
NpOTMBOBOCNANUTENbHbBIE U pPaHO3aXUBNAKLLME
CMOCOBHOCTU C MUHUMANBHOW LMTOTOKCUYHOCTBIO
ana opraHmama xossieB [44]. Tak, Hanpumep,
rmcTaTvH 5, NpUPOAHBLIN KATUOHHBLIA NENTUA Chio-
Hbl YernoBeKa, MPOSABISET CUMbHYH aHTubuonne-
HOYHYIO aKTUBHOCTb in Vitro, a Takke MOLLHY Hak-
TepuuunaHyt aktmBHocTb (270 %) npoTtuB GakTe-
pun rpynnel ESKAPE [45]. AHanormyHbiM obpasom
katnoHHbin nentng WLBU-2 u  ecTecTBeHHbIN
AMI LL-37 npogemoHcTtpupoBanu 90 %-oe WHrm-
OupoBaHMe OUOMNNEHKM MO CPABHEHUIO C TakUMMU
aHTUbMoTNKaMK, Kak TobpamMULUH, LMNpodiokca-
UWH, LedTasnaar u BaHKoMuuUuH [46]. B 2017 .
ObINO NpoBEeAEeHO UccrnegoBaHMe C YerioBeYecKku-
MU PEKOMOWHAHTHBIMU NenTUAaMu, NONy4YEeHHbIMM
n3 ApoB, oba nentuga npogemoHCTpupoBanu
achbekTnBHOE B IKCNEpUMEHTax in vitro 3axuene-
HVWe paH, NPOTUBOBOCMANUTENbHbIE, aHTUMUKPOO-
Hble W aHTMOMONMEHOYHblEe CBOWCTBa MpPOTUB
wrtammoB S. aureus w P. aeruginosa [47]. Ewe
oavH nentug — HLR1r, npoussoagHoe Genka yerno-
BEYECKOro Moroka nakrtodeppuHa, B O4eHb HU3-
KOW KOHUeHTpauun (5 Mr/kr) nposiBNsieT aHTUWH-
(PEKUMOHHYIO aKTMBHOCTb B OTHOLLUEHUW MOAENw
nccevyeHnss padbl, uHduumpoBaHHon MRSA, vy
kpbic. Mentng PT-13, nonyyeHHbld U3 ceMsiH U
NUCTbEB HEOYMLLEHHOrO aKcTpakTa Populus tricho-
carpa, TaKkKke npoAeMOoHCTpUpoBarn apdeKTUBHYIO
aHTnbakTepuanbHyl0 akTMBHOCTb in vivo y 3apa-
XeHHbIx S. aureus nunuuHok G. Mellonella [48]. B
Opyrom crniydae cuHteTudeckuin aHanor Feleucin-K3
nokasarn, 4To OH NoAasnsieT Bbl3aBaHHYO P. Aerugi-
nosa 6akTepMemMuto Ha MbIWMHOW MOOENN C XO-
powen cTabunbHOCTbIO N OYEHb HU3KOW LIUTOTOK-
cnyHocThio [49]. Kpome TOro, adppekTMBHOCTL
nenTuaoB MOXeT ObiTb NoBbiLIEHa NyTem obbean-
HEHVs1 UX C aHTMbmoTmkamu. Tak Obin nokasaH
CUHepreTUYeCcKUin addekT Npu coveTaHum nentu-
aa A3-APO n aHTMBMOTMKA KONUCTMHA MpU Uccre-
OOBaHWM Ha MoJenu Mbllen ¢ Gaktepuemuen,
nHUUMpoBaHHbIX K. pneumonia [50]. NoBbiweHr-
Has in vitro ©akTepuumgHas akTMBHOCTb MPOTUB
S. aureus Obina obOHapyxeHa B cnydae, korga
LL-37 (4yenoBevyeckun nentug KaTenuuumauH) Ha-
XOOMNCsa B COEANHEHMM C HAHO4YacTMLaMu 30510Ta.
B aTom cnyyae HaHo4dacTuubl 30M10Ta yBENMYMBaA-
N NOKasnbHYK MIIOTHOCTb MOMOXWTENbHbBIX 3aps-
OOB M Maccy nentuga u TeM cambiM yCuUIMBanm
G6akTtepuumaHble ceonctBa LL-37 [51]. K coxane-
HWUIO, HECMOTPSl Ha YCMeLHy aHTubakTepuarnb-
Hyl0 3OeKTUBHOCTb in vitro w in vivo, MHorune
AMI1 elLe He Npownu CTaguilo KNMHUYECKUX UCTbI-
TaHun. Cpeaun npobnem, koTopble NPensaTCTBYIOT
adhpekTnBHOMYy ncnonb3oBaHmto AMP in vivo — nx
LUMTOTOKCUYHOCTb AN KMAETOK MIIeKonuTaloLwux,
CKIMOHHOCTb K Aerpajauuu TKaHeBbIMKW npoTeasa-
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MM, NOTEPS aKTUBHOCTU NMPU HU3KNX KOHLEHTpaL -
SIX CONMU UNM B NPUCYTCTBMM GenkoB nnasmbl u
©onee BLICOKME NPOM3BOLACTBEHHbLIE 3aTpaThl Npu
nonyyexHuu. [ina npeogonexHus TpygHocTen B pas-
paboTke GesonacHoro, ctabuneHoOro n adeKkTmB-
Horo kommep4eckoro npogykta AMI1 Heobxoawm-
Mo Gonee rnybokoe MOHMMaHWE WX CTPYKTYpbl U
B3anMMOAENCTBUSA ¢ BakTepmsamMn 1 KneTkammn opra-
H13ma 4denoBeka. B uenom, yumTtbiBas oOLWMPHbIE
nuccrnegoBaHus, NPoBOANMbIE Ha pasnnyHbix AMI
NPOTMB pa3HbiX MHEKLNOHHBLIX areHToB, byayuiee
KOMMEPYECKMX peLenTyp Ha OCHOBe NenTUAoB
BbIMMAANT 0OHaOeXUBaIOLLIUM.

3AKNNKOYEHUE

AHTMOMOTMKOTEPANUS, KOraa-To CYMTaBLLIASCS
pelweHHon npobrnemon 3gpaBoOXpaHeHns npu ne-
YeHMN MHPEKUNOHHbIX 3aboneBaHnin, BHOBb cTana
rnobansHo npobnemon, TpebyoLien HeoTNoX-
HbIX OencTBuiA. Nepnoa paspaboTkM M UCMONb3o-
BaHUs1 B MEOMUUWHCKON MNpakTuke aHTUOWOTMKOB
oxBaTbiBaeT noytn 100-neT ¢ MOMeHTa OTKPbITUSA
nX NepBbIX aHanoroB B Hadvane XX B. OO cOBpe-
MEHHbIX aHTUbakTepuanbHbIX NpenapaToB. B atoT
NPOMEXYTOK BPEMEHWN BMUCANMChb Kak anoxa Tpu-
ymca aHTMBMOTMKOB, Tak W nocregyrowas apa
yrpoxatowero pocta 6akrepun ¢ MJTY. BosHukHo-
BEHMEe kracca cynepbaktepuii CTano MOLLHbIM
CTUMYNOM [Nsi NoucKa HOBbIX HarnpasneHun u
noaxonos B 6opbbe ¢ natoreHamu ¢ MJTY. Cdop-
MUpOBanNUCcb HaydHble Nnatdopmbl, KOTOpble ce-
rOAHS BHOCSAT CYLLECTBEHHbIA BKMag B OTKPbITUE
HOBbIX KIlacCcoB aHTMOMOTUKOB. OCOBEHHO 3Ha4u-
MbIMW CTanuM WCCNedoBaHWst MO UCMONb30BaHUIO
FEHOMHbIX M MOCTFEHOMHbIX TEXHOMOrMin, Ha 6ase
KOTOpbIX CChOpMUPOBANINCL  OMUKC-TEXHOITOTUN.
XOTs1 HEKOTOpbIE aBTOPbI U CYATAIOT, YTO MraTdop-
Mbl 3MOXW TFEHOMUKM W MOCTFEHOMMUKU He Janu
OXngaemblX pe3ynbTaToB B CO34aHMUM HOBbIX
aHTUOMOTUKOB, BaXKHOCTb MW3BMEYEHHbIX YPOKOB
BCe-Taku He crnegyeT npeyMmeHbllaTb. 3HauuTenb-
Hble TeXHONMOormyeckne AOCTMKEHUS C UCMOMb30-
BaHMEM MOCTFEHOMHbIX U OMMUKC-TEXHOSOMMIA npe-
OocTaBunu uccnegosaTensMm GecnpeueneHTHbIN
OOCTyn K GMOMNorMyeckum npoLeccam Kak B Knet-
Kax, Tak u cdarax 1 U3MeHUnu napagurmy mccre-
OOBaHWA aHTUOMOTMKOB B KOHTEKCTE CUCTEM-
Hol ©BuonorMm n MeguuuHel. HecmoTps Ha To 4TO
OMMWYECKME TEXHOMOMNN HE fnexaT B OCHOBE KaKuX-
nnbo aHTnbakTepmanbHbIX NpenapaToB, OHU JOKa-
3anu cBOK GEeCCrnopHyl LEHHOCTb B KayecTBe
BCMOMOraTenbHOro MHCTPyMeHTa Ans obHapyxe-
HUS aHTUOWMOTUKOB. Y4uMTbiBasg HOBU3HY pasnuy-

HbIX OMWKC- TEXHOMOrMW, Ham ele npeacTouT
MOMHOCTbIO PacKpbITb UX MOTeHuman, npeacras-
naeTcsl, YTO 9TU TEeXHOMOorMM MmerT OBOonbLUyio
nepcnekTuBy.

BaxHbIM aBNsieTCA TO, YTO MHOrME y4YeHble U
MeOMKNU BHOBb YyBMAENnu B dparax anbTepHaTuBy
aHTubmotukam. Ecnu Ha cerogHsALHUIA OeHb Mbl
mMmeem uenbin knacc Gaktepun ¢ MJITY, To dharn
Grnarogaps MexaHuamam KoaBomwuuu ¢ Gakrte-
pUAMKW HUKOrga He yTpaTAT CBOEW aKTyanbHOCTMW.
3a 100 net oHM GbINM AeTanbHO U3Y4YeHbl, NPU3-
HaHbl 6e3onacHbIMW M CTanu He3aMeHUMbIM
WHCTPYMEHTOM B reHeTuKe n OuounHxeHepum, ca-
HUTApPHON MUKpoBUonorMMm ©n  3ANNgEMUOSIOTUM,
NPOMbILLIIEHHOCTUN, MeAMLMHE U JaXe B KOCMUYe-
ckon cpepe (BakTepum ¢ npodparom UCMOMb3YIOT
ONS  OUEHKM 3aluTbl  OOLUMBKM  KOCMUYECKMX
kopabnen ot paguauum). Bonbline wnccneposa-
Tenbckne ycunusa 6uinm npegnpuHSaTbl U Npeanpu-
HAMalTCA  ONd  noBblWeHns 3 deKTUBHOCTU
MCMNOMb30BaHNs Kak KOMOMHaUWMA aHTMOUOTUKOB C
agbloBaHTaMu, aramu, HaHovacTuuamu, aHTu-
MUKPOOHBIMM NEnTUAamMu, Tak U Ux NnonmBapuaHT-
HbIX cpopm. OgHaKo npu pa3paboTke HOBbIX Meau-
LUUHCKMX NpenapaToB OCTalTCA JOCTAaTOMHO Cepb-
€3Hble OrpaHuYeHns B UCNONb30BaHUN UX B Kaye-
cTBe nekapcTtB. [loHMMaHuWe >xe npupoabl 3TUX
orpaHuyeHun B cdepe co3gaHus aHTUOUOTUKOB
AaeT MMNynbC K AanbHevwen pa3paboTtke, Moau-
duKauMmn HOBbIX TEpPaneBTUYECKUX areHTOB Wnn
METOAOB fedeHus Ans npeoforneHnss GapbepoB
GakTepmanbHol pe3ncteHTHocTu. Co3gaHne egu-
HOW MeTodoNnormm muccnefoBaHUn Ans NPOBEPKU
3(pPEKTUBHOCTM TEX UMM MHbIX TepaneBTU4EeCKUX
NPOTUBOMUKPODHBIX areHTOB B COOTBETCTBUM C
YeTKO onpefeneHHbIMW CcTaHJapTaMy Mo3BONAT
HaJEeXHO CpaBHUBATb MOJTyYEHHbIE  [OaAHHbIE,
NpeAcTaBreHHble pasfnMyHbIMU  UCCrneaoBaTelb-
ckumn rpynnamu. [NpoBefeHHble Ha 3Ton 6Gase
KIMHUYECKME UCMNbITaHMS MO3BOSISIOT  PacKpbiTh
peanbHbli  MNOTeHUMan wux TepaneBTUYECKUX
3heKkToB NpU UCMOMNbL30BaHUU B KIMHUYECKON
npaktuke. B nwbom cnyyae pacTtywas notpeb-
HOCTb B npoTmBobakTepuanbHbIX MpenapaTtax
TpebyeT HeyCTaHHbIX U HEMNpPepbIBHLIX UccreaoBa-
HWIA MO MOUCKY M OTKPBLITUIO HOBbIX BUONOrMyeckux
N XMMUYECKUX COEOUHEHUN, a Takke UX BbICOKOC-
neunduyHbIX coyeTaHui, afanTUPOBaHHbIX Ans
6opbbbl ¢ cynepbakTepusamMu. OTO pacLLUMpUT HaLLK
3HaAHUA O BMOnorMdyecknx cobbITUAX, Nexailimx B
OCHOBE WHMEKUMNOHHBIX 3ab0neBaHun, n, MOXHO
HagesaTbCs, NpUBELET K co3faHuio bonee addek-
TMBHbIX TEPANEBTMYECKNX CPEaCTB.
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O630pHan cTatbsa / Review article
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NMpobGnembl n nepcnekTuBbI
UCNOJSIb30BaHUA MUKPOOPraHUM3MoB
AN yTUnm3aumm oTxo40B NMUrHOLEeNoso3bl

© O.U. bonoTHukoBa*, H.MN. Muxannosa**, 0.I'. BazapHoBa***,
E.B. ApoHoBa***, T.A. BonotHukoBa***,
l0.H. AKMHUHA**

* [NeTpo3aBOACKUI FOCY0APCTBEHHbIN YHUBEPCUTET,

r. Metpo3aBoack, Pecnybnuka Kapenusa, Poccuinickas egepauns

** CaHkT-lNeTepbyprckun rocyaapCTBEHHbIA TEXHONOMMYECKUI UHCTUTYT (TEXHUYECKUIA YHUBEPCUTET)Y,
r. Cankr-lNeTepbypr, Poccuickaa ®epepaums

*** CaHkT-lNeTepbyprckuit nonutexHnyecknn yHueepcutet Netpa Benukoro,

r. Cankr-leTepbypr, Poccuickaa ®epepaums

Pe3rome: KoHsepcus 6bimoebix u npou3eo0CmeeHHbIX omx0008, codepxaujux NU2HOUE103y, 8 pas-
HoobpasHble uenegbie rnpodykmbl (UCMOYHUKU BOUO3HEepauu, opaaHu4yeckue KUuC/iomabi, caxapo3amMeH u-
menu u m.0.) fensiemcsi 0OHUM U3 NpuUoOpUMemMHbIX HarnpaseHul eocydapcmeeHHOU 3K0102u4ecKoU o-
numuku Poccutickol ®edepayuu. O0Hako peHmabenbHocmb nepepabomku cybcmpamos, rnosnyYeHHbIX
8 x00e 2udposiu3a makux 8mMOpPUYHbIX UCMOYHUKOB Cbipbs, ornpedesisiemcs 803MOXHOCMbIO MUKPOOUO-
noeuyeckol ymunu3dayuu He mosibko 2ekco3 (D-eamwoko3a, D-maHHO3a, D-zanakmo3a), HO u MeHMo3
(D-kcunosa, L-apabuHosa). Lenb Hacmosiwieeo o63opa — obcyxdeHue nepcriekmus Ucronb308aHUsi MUK-
poopzaHu3mMos 0719 ymunu3ayuu rneHmo3s JIU2HOUEes/110/103bl, @ makxe npobriem, 803HUKaOWUX Ha nymu
mexHonoau4yeckol peanu3ayuu 3mozo npouyecca. B 063ope npusedeHbl cospeMeHHble OaHHbIe O CrieK-
mpe rpo- U 3yKapuomu4yeckKux MUKpoopaaHu3mMos, obecrequsarowux 0ecmpyKyuio f1ueHOUeIrI03bl U
ymurnusayuro ee CmpyKMmMypHbIX KOMIMIOHEHMO8 8 MpupodHbIX akocucmemax. [lpedcmasneHa Kpamkasi
xapakmepucmuka MmexaHusma delicmeusi hepMeHmMo8 JIu2HUHa3Ho20, UesliasHo20 U 2eMuyessosa s-
HO20 KOMieKkcos. BbideneHbl 0CHOBHbIe npobnemsi, coepxusarouue rnpPUMeHeHUe 3H3UMamu4ecKoz0
2udposnu3za MHO20KOMIMOHEHMHbIX BbIMO8bIX U MPOMbILWIIEHHbBIX 0mMx0008 flu2HOUesnIn03bl. Paccmom-
peHbl ¢hakmopsi, onpedensrouwue celeKmueHoOCmMb Kamabonudma MeHmo3 y muyenuasbHbix 2pubos,
6akmepuli u Opoxxeld. OnpedeneH cnekmp yesesbix NPodykmos GUOKOH8epCUU MeHmMo3 f1U2HOoUes Ho-
1103bl, UMeUWUX HapoOHO-x0350cmeeHHYy 3Hadyumocmpb. Obcyxdaromcsi crnocobbl KOMNIEKCHOU MUKP O-
buonoauyeckol ymunu3sauyuu pa3HoobpasHbix 6bImMOo8bIX U CerlbCKOX0351UCMeEeHHbIX 0mxo008, a makxe
B803MOXHOCMb 80811e4eHUs1 8 QaHHbIU rpoyecc nMoboyHbIX MPodyKkmoe NpomMbiueHHoU decmpykuyuu op e-
B8ECUHbI (KUCITOMHbIX 2Uudposiu3amos U CyribOUMHbIX Wes10K08).

Knro4deenie crioea: omxo0dbi nugHouesnnonossl, D-kcunosa, L-apabuHosa, bBUOKOH8epcus, epubbi, 6akmepuu
BnazodapHocmu: Hay4Hbili 0630p nodzomossieH npu noddepxxke epaHma PO®U Ne 18-44-100001.

Ungpopmayuss o cmamee: [Jama nocmynneHusi 25 cpespans 2019 a.; dama npuHImusi K nedamu 25 Hosi6psi
2019 e.; dama oHnatiH-pa3meuw,eHusi 30 Oexkabpsi 2019 a.

Ansa yumupoeaHusi: bonotHukoBa O.U., Muxannosa H.l., basapHosa tO.I"., ApoHoBa E.B., BonoTHuko-
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Abstract: The conversion of household and industrial wastes containing lignocellulose into a variety of target
products (bioenergy sources, organic acids, sweeteners, etc.) involves one of the priority directions for the
state environmental policy of the Russian Federation. However, the profitability of processing the substrates
obtained by hydrolysis of such secondary sources of raw materials is determined by the possibility of micro-
biological utilisation for not only hexoses (D-glucose, D-mannose, D-galactose), but also pentose (D-xylose,
L-arabinose). The aim of this review consists in a discussion of the prospects for using microorganisms in the
disposal of lignocellulose pentoses, along with problems arising in the course of the technological implementa-
tion of this process. The review provides contemporary data on the spectrum of pro- and eukaryotic microor-
ganisms ensuring the destruction of lignocellulose and the utilisation of its structural components in natural
ecosystems. A brief description of action mechanism inherited to the enzymes of ligninase, cellulase and
hemicellulase complexes is presented. The main problems hindering the enzymatic hydrolysis application to
multicomponent household and industrial lignocellulose wastes are identified. The factors determining the se-
lectivity of pentosis catabolism in mycelial fungi, bacteria and yeast are examined. The spectrum of target
products in bioconversion of lignocellulose pentoses, is determined with regard of their economic importance.
The methods of complex microbiological utilisation of various household and agricultural wastes, as well as
the possibility of involving by-products from industrial destruction of wood (acid hydrolysates and sulphite
liquors) in this process, are discussed.
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BBEOEHUE

Mpobrnema ytunusaummn GbITOBLIX U MPOMbILLI-
neHHbIX 0TxodoB B Poccum rog ot roga oboctpsieT-
ca [1]. 3HaumTenbHas 4YacTb OTXOAOB (ObITOBbLIX,
CENbCKOXO3ANCTBEHHbIX, MPeanpusaTUiA neconepe-
pabaTbiBaloLLErO KOMMIEKCa) COAEPXKUT NIUrHOLEN-
NONo3y — CMOXHYK CMECb YrneBOAOPOAHBIX MOMu-
MepoB (LEenmnonosbl, reMUUensonosbl), a Takke
TNUTHMHA, SKCTPaKTMBHbIX BELLECTB W 30J1bHbIX 3rie-
MEHTOB, Ype3Bbl4aiHO YCTOMYMBYO K Ouoaerpaga-
umn [1-4]. Ux TpaguumoHHOe CxuraHue 4pesaTo
HeraTMBHbIMW 9KONOTMYECKUMU NOCHeaCTBUSMU U3~
3a «MapHMKOBOro adpdoekTa», 0OYCNOBEHHOro 3a-
rpsisHeHnem ouocgepbl CO, M BblgeneHnem f[o-
NONHUTENBLHOrO Konnyectea Tenna [5]. bnarogaps
depepanbHomy 3akoHy P® ot 24.06.1998 N 89-03

(pem. ot 29.07.2018) «O6 oTxomax Npon3BoOACTBA U
noTpebnexHus» pasgenbHbIn cbop Mycopa cTan
OfHUM M3 MPUOPUTETHBLIX HaMnpaBneHW rocydap-
CTBEHHOW 3KONiormyeckon nonutukn Poccun, 4to
OTKpbIBaeT LUMPOKME MepCrneKkTUBbl Ans BOBreYe-
HMS  pa3HOOOpa3HbIX  NMIHOLENSONO30COAEpKa-
LLIMX OTXOL0B B NMPOMBbILLUIIEHHBIN 06OPOT.

OpHVYM M3 XOPOLLO M3BECTHLIX CMOcoboB ne-
pepaboTKM [aHHOrO Cbipbsi CHMTAKOT MUKPOOWO-
NOrMYECKy0 YTUNU3auuilo, HarnsgHbIM [pUMEpPOM
KOTOPOW SABMSIETCS TEXHONOMNsI nosnydeHust Guora-
3a [6]. Hapagy ¢ aTuMm npeanaraloTca HOBble Me-
TOAbl KOHBEPCUW OTXOAOB NUrHOLENMNonosbl Ao
FEKCO30-MEHTO3HbIX CYOCTPaToOB, MPUrOOHBLIX ANs
BblpalLMBaHNUA MUKPOOPraHU3MOB-MPOOYLIEHTOB He
TONBbKO BO30OHOBMSIEMbIX WCTOYHUKOB 3HEpruu, a
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Takke OpYrux, He MeHee LieHHbIX HApO4HO-XO3ANCT-
BEHHbIX npoaykToB [7-9]. leHTo3bl (D-kcunosa,
L-apabvnHo3a) B cocTaBe Takux cybCcTpaTtoB MOryT
cocTtaBnsatb Ao 92 % ot obuiero konuyecTea caxa-
poB [4]. NMoaTomy adhdekTuBHaa GMOKOHBEPCUSA
NMEeHTO3 CTAHOBUTCH rNaBHbIM (PAKTOpOM, onpene-
NSAOLWUM BO3MOXHOCTb KOMMIIEKCHOW MUKpOGUono-
MMYecKon yTunusaumm pasHoobpasHbiX ObITOBbIX U
NPOMBILLMIEHHBIX OTXOAO0B pPacTUTENBHOrO Mpouc-
XOXAEHUS.

Llenb HacTodwero o63opa 3aknw4vanach B
06Cy>KOeHMN NepCrneKkTMB NCMOfb30BaHUS MUKPOOP-
raHM3MOB AN YTUNU3auny NeHTOo3 NUrHOLEenono-
3bl, @ TaKKe Npobrem, BO3HUKAKOLWMX HA NyTU Tex-
HOIMOrMYECKOW peanuaauumn aToro npouecca.

MukpoopeaHuamel, ydacmsyrowue 6 ymursu-
3ayuu nueHoyesnn103bl. B npupoaHbix ycnoBmsx
NUrHOLENNIoN03a paspyllaeTca ANuTenbHbIA ne-
pvoa BPEMEHM C MOMOLLBIO reTePOreHHbIX accoL -
auni MUKPOOPraHW3MOB, KaxKObl YYaCTHUK KOTO-
pbiX BbINOMHAET CTPOro onpeaeneHHyto ponb. CHa-
yana KOMMNeKc rMApoSIMTUYECKUX (PepMEHTOB
pacLiennigeT MakpoOMOSEKY bl UrHWHA, Lenmono-
3bl M FeMULENITIONO3bl 4O MOHOMEPOB, COCTaBIns-
IOLLUX OCHOBY TEKCO30-NMEHTO3HbIX cybcTpaTtoB —
cdepmeHTanmaatoB [10, 11]. NpoayueHTaMmn nNUrHK-
Ha3, uenmnionas u remMmuuennionas siBnsawTcsa pas-
NNYHble NPEeACTaBUTENM  aKTMHOMMWLIETOB, acKo-
MuLeToB, 6asnamanbHbIX rPUboB, HECOBEPLLEHHBIX
rpnboB, HEKOTOpbIX OakTepun, obuTalLWmX B MOY-
BE, NMMCTOBOM Onaje, OOHHBbIX OTMOXEHUsIX Copo-
BbIX 03ep, a TakkKe OPYrux 3KONMOrMYecKUx HuLlax
(Tabn.1). N3BecTHO, 4YTO Hambonee MOLUHbIM MO-
TeHUManoMm JencTeus obnagaloT BHEKMNETOYHbIE
NUrHonMTNYeckne depmeHTbl rpuboB Gernoin n By-
pon rHunum [10, 12, 14]. MNpouecc genvrHmdukaumnm
cTumynupyeT paboTy BbiCOKOCNELMPUYECKUX LIEN-
nonas — rnaeHbIX MHOYKTOPOB (hEPMEHTATMBHOMO
rMOponu3a pasBeTBIIEHHBIX MaKpPOMONEKYNn remu-
uenntonosbl [2, 3, 15]. CocTaB KOMMNOHEHTOB reMu-
LennionasHoro KoMnnekca A0 KOHLA He YCTaHOB-

neH. MNonaratoT, YTO UEHTpanbHOE MECTO B TaKoM
reTeporeHHon cucTeme 3aHMmaroT nHayunbensHble
KCWnaHasbl, paspbliBalolMe [MUKO3NOHbIE CBHA3W,
obpa3oBaHHble Npu y4acTum D-Kcmnosbl, OCHOBHOIO
CTPYKTYPHOrO KOMMOHEHTa reMuuensonosbl OaHO-
NeTHNX U MHoroneTHux pacteHun [4,16]. OgHako
nonHas cparMeHTauus MakpoMOrnekyn remuuen-
MNono3bl BO3MOXHA NULLb NPU CUHEPTUYHOM OeWn-
CTBUW Liennonas 1 Lenoro Komrrekca Bblcokocne-
undnyHbIX 3HOo-1,4-B-D-kcunaHasbl, 9k30-1,4-B-D-
Kcunosugassl, aHAo-1,4-p-D-maHHaHas3bl, -MaHHO-
3uasbl, aueTurKCcunaHacTepasbl, a-ToKypoHuaa-
3bl, 0-L-apabvHodypasmgasbl, a-ranakrosvgassl, a
TaKkKe HEKOTOPbIX APYrUX, CMEKTP KOTOPbIX 3aBUCUT
OT UCTOYHUKA BblaeneHus [2, 3, 9, 17].

ekco30-neHTO3HbIE cyOCTpaThl HA OCHOBE
NUTHOLENMNOo3bl  YTUNN3MPYKTCS  MUKpoopra-
HU3MaMu pasnmYHbIX TAKCOHOMUYECKUX rpynn. [ek-
co3bl (D-rmioko3sa, D-maHHO3a, D-ranakrtosa) kak
Havbornee 9HepreTMYeckn BbIFOAHBIE WUCTOYHUKM
yrnepopga nobast MMKpobHas kneTka accummnupyeTt
B nepByto ovepenb [8, 9, 11, 18]. MNMyTtn kaTabonus-
Ma 3TMX CaxapoOB XOPOLIO UccreaoBaHbl U Moso-
)KEHbl B OCHOBY TEXHOIOMIA Npomn3BoACcTBa GuoTon-
nvBa, OPraHWYecKUX KUCNoT, pacTBOpUTENEN, Kop-
MOBbIX BUTAMWHHbLIX J00aBOK Ans CenbCKOX03AW-
CTBEHHbIX XXMBOTHbIX U T.4. [4, 6,7, 9, 10, 19]. Accu-
MUNSLMA NEHTO3 SABNSIETCA pe3ynbTaToM akTUBUPO-
BaHWA cneumduyecknux peaxumn, TpaHcopMUpyto-
wmx D-kcunosy n L-apabuHo3dy B uHTepmeamatbl
obwmx nyten kartabonuama (rnMKonM3a, MeHTO30-
docchaTHOro NMbo TpukapboHoBoro uuknos) [20—23]
(puc. 1, 2). OgHako cTeneHb X (PYHKLMOHMPOBaHMSA
y NpO- 1 3YKapyoOTMYECKUX MUKPOOPraHM3MOB Bapb-
MpYyeT, UYTO OOBACHSIETCA Pas3nNUYHON WMHTEHCUBHO-
CTbH npoLieccoB obLlero ooMeHa BELLECTB, a Takke
YCNOBUSIMU BHELUHEN cpedbl. Tak, OOonbLUMHCTBO
MuULenuanbHbIX rpubos yTunuaupyet nuwb L-apa-
61HO3y, Haubonee croXxHo MeTabonManpyemyto
neHTo3y nurHouennwonosbl [3, 4, 9, 21, 24] (cm.
Tabn. 1).

Ta6bnuuya 1

Yyacmue pa3nu4HbIX MUKPOOP2aHU3MOE8 8 6UOKOHEepCUU JTU2ZHOYe/ITH0/103b]

Table 1

Participation of different microorganisms in the bioconversion of lignocellulose

YTnnusaums nMrHouennionosbl Konunyectso pojoB MMKPOOPraHM3MoB .
MwuuenuanbHble Jiurepatyphibii
da3sa OTtan H bakrepumn Lpoxokn MCTOYHMK
rpuobl
PaspyLierue
Rerpanauus MaKpOMOMEKYI NUrHUHa 1 7 0 [4, 8—14]
nonvmepos
nUrHoLennionossl | PaspyllieHne makpomorekyn 11 6 0 12, 3,9, 15-17]
Lennnossbl 1 reMyuuennionossbl T
[3, 4, 6-11,
AccUMUNALNS rekcos 25 36 12 14, 18, 19]
YTunusaums AccumMnnaums NeHTos:
caxapos [3,4,9,10,
TIMTHOLIENTONO3bI L-apaburosa 5 13 0 20-22, 24-30]
D-kcunosa 1 23 12 [Sé?j 8272933?]2
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Puc. 1. HayanbHble amanbl Mmema6oJsiusma neHmo3s y 6akmeputi
(1 - kcuno3ousomepas3sa (EC 5.3.1.5); 2 — kcunynokuHasa (EC 2.7.1.17);
3 - L-apabuHo3ou3omepa3sa (EC 5.3.1.4); 4 — L-pubynokuHa3a (EC 2.7.1.16);
5 — L-pubyno3o-5-¢pocgham-4-anumepa3sa (EC 5.1.3.4); 6 — L-apabuHo30-1-OecudpozeHa3sa (EC 1.1.1.46);
7 — decudpozeHa3sa a-kemoasymapoeozo cemuasibdeauda (EC 1.2.1.26))

Fig. 1. Initial steps of pentoses metabolism in bacterial cells
(1 - xylose isomerase (EC 5.3.1.5); 2 — xylulokinase (EC 2.7.1.17);
3 - L-arabinose isomerase (EC 5.3.1.4); 4 — L-ribulokinase (EC 2.7.1.16);
5 — L-ribulose-5-phosphate-4-epimerase (EC 5.1.3.4); 6 — L-arabinose-1-dehydrogenase (EC 1.1.1.46);
a-ketoglutarate semialdehyde dehydrogenase (EC 1.2.1.26))

MHoroobpasne u nabunbHOCTb XMMWYECKMX
peakumin GakTepuanbHON KNETKN HE TONbKO pacLuu-
PSOT CNEKTP YTUINU3UPYEMbIX MEHTO3, HO Takke
AenarT BO3MOXHbIM KaTabonmam TakMX UCTOYHU-
KOB yrnepoga npu Hes3HauyMTeNbHOW KOHLEHTpaLum
UnNu gaxe MOMHOM OTCYTCTBUM kucnopoga. Cpe-
an dakynbTaTMBHBIX aHaspoboB, obnagarLmx
cnocobHocTblo accumunupoBaTb L-apabuHosy n
D-kcunosy, — 6aktepum-azoTodukcatopbl Azospi-
rillum brasiense, Herbaspirillum sp, [25, 26],
ankanugunbHble apxen cogosblx o03ep Alkalitalea
saponlacus gen. nov., sp. nov. [27], Clostridium
alkalicellum sp. nov. [28], Amphibacillus cookii
sp. nov. [29], Alkalibacter saccharofermentans
gen. nov., sp. nov. u Halonatronum saccharophi-
lum gen. nov., sp. nov. [20], NOYBEHHbIE LLUTAMMbI
Amphibacillus xylanus [29], Esherichia coli [22] n
Aerobacter aerogenes [30], a Takke Thermoanaero-
bacter ethanolicus [31]. Opyrue 6akrepun, nogobHO
MuULenuanbHbIM rpybam, BeI6OPOYHO acCUMUITUPYHOT

L-apabuHo3sy unu D-kcunoay [30, 31] (cm. Tabn. 1).
MeTabonuyeckme Nyt Opoxoken OYHKLNOHM-
PYOT MO MPUHLMMNY MakCUMarbHOW 3KOHOMWUW, TO
ecTb Npu gedumumnte rekco3 B cpefe KreTtkum Haudu-
HalT NpoAyuupoBaTh PEPMEHTLI OIS YTMIn3aumm
Hanboree nerko MetTabonnanpyemMoro NSTUaToMHO-
ro uctoyHuka yrnepoga [4, 32, 33]. lNoatomy y
OPOXOKEN, afanTMPOBaHHbIX K OOUTaHMIO Ha Kope
OEpEeBbEB N KYCTapHWKOB, B JIMCTOBOM ornage, a
TakkKe Ha UHbIX PaCTUTENbHbIX cybcTpaTax, LUMPOKO
pacnpocTpaHeHa cnocobHOCTbL accuMunmpoBatb D-
keuno3sy [18]. M3BecTHO, YTO TpaHCNoOpT U BHYTPU-
KMNEeTOYHbIN kaTabonmam D-kcunosbl akTUBUPYOTCS
KACMOPOAOM AaXe MpU ero He3HauYUTESNIbHOW KOH-
UeHTpauun (Tak HasbiBaeMble YCMOBUS  MWUK-
poaspobuosa) [20, 32, 33]. ccneposaHo 6onee 30
BMOOB KCUIO30aCCUMUITUPYIOLLMX OPOXOKEW, B OC-
HoBHOM npeacTaButenen Candida sp. n Pichia sp.,
a Takke Debaryomyces hansenii, Pachysolen
tannophilus v HekoTopbIX apyrux [18] (cm. Tabn. 1).
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Puc. 2. HayanbHble amansi Memabosiusma neHmo3s y epubos
(1 — kcuno3opedykmasa (anbdo3opedykmas3a) unu HAL(®)xH-3aeucumasi D-kcunosopedykma3sa
(EC 1.1.1.21); 2 — L-apabuHumoui-4-decudpoeceHa3sa (EC 1.1.1.12); 3 — L-kcunyno3opedykma3sa
(EC 1.1.1.10); 4 — kcunumdeaudpozeHa3a (D-kcunyno3zopedykmasa) unu QH®-kcunumon
(D-kcunyno3so)-deaudpozeHasa (EC 1.1.1.9); 5 — D-kcunynokuHasa (EC 2.7.1.17))

Fig. 2. Initial steps of pentoses metabolism in fungal cells
(1 - xylose reductase (aldose reductase) or NAD(P)H-dependent xylose reductase (EC 1.1.1.307);
2 — L-arabinitol-4-dehydrogenase (EC 1.1.1.12); 3 — L-xylulose reductase (EC 1.1.1.10);
4 - xylitol dehydrogenase (D-xylulose reductase) or NAD"-linked xylitol dehydrogenase
(xylitol-2-dehydrogenase) (EC 1.1.1.9); 5 — xylulokinase (EC 2.7.1.17))

Takum 06pa3om, B MPUPOOHBIX 3KOCMCTEMAX
MUKpoOMonormieckas yTunusaums fnmMrHoLenono-
3bl OHOMNETHMUX U MHOTONETHUX PacTEHWUIA COCTOUT
n3 gByx stanoB. CHayana mMakpoMOreKynbl NMrHW-
Ha, Uenmnonosbl U reMULENNOo3bl paspyLlanTcs
00 cybcTpaToB, cogepXawux WHOMBMAYasbHbIE
caxapa — rekcosbl M MEeHTO3bl. [lepBOCTEMEHHYIO
pornb B JA@HHOM MPOLEcce UrpatoT ruaponassl MuLe-
nuaneHbIX rpubos Trichoderma sp., Aspergillus sp.,
Fusarium sp. n HekoTopbIX apyrux [2—4, 9, 12]. 3a-
TEM rekco30-NeHTo3Hble cybCcTpaThl NogBepratTcs
OGUOKOHBEPCUMN Pa3NUYHLIMKU LUITaMMaMn GakTepuin
n ppoxoken. MIMeHHO Takasi Mofenb Mo3BOnsieT
ocyLlecTBnATb 3dpeKkTMBHYIO nepepaboTky ObiTo-
BbIX W MPOMBbILLIIEHHBIX OTXOA40B JINTHOLLENIIONO3b,
COMPSPKEHHYIO C NOMNyYEHNEM Pa3NNYHbIX HAPOAHO-
X03ANCTBEHHbIX NpoaykToB. OcHOBbLI Guoperpaga-
UMM NMTHOLENIoNo3bl Tak Xe, Kak myTu pacnagja
reKkcos, CeroHs JOCTaTOYHO XOPOLUO OCBSILLEHbI B
Hay4Hon nuTepaTtype [9, 10, 13, 14, 34-36]. NoaTo-

My Halle BHMMaHWE OblO CKOHLEHTPUPOBaAHO Ha
0ocobeHHOCTAX pacnaja MeHTo3 Y MUKPOOPraHmus-
MOB PasfIMYHbIX TAKCOHOMUYECKUX pynn.

OcobeHHocmu ymurnu3ayuu reHmo3 rnpo- u
3yKapuomu4YecKuMU MUKpoopaaHu3mamu. WN3BecT-
HO, YTO 3HepreTnyecknin obmeH nobon Gruonornye-
CKOW CUCTEMbI, HE3aBMCUMO OT CTEMEHW ee CIOX-
HoCcTK, obecneynBaloT peakuum obLwmx NyTen karta-
6onnama caxapos. VX yHKUNOHNPOBAHNE B MUK-
poOHOW KNeTke onpenenseTcs YCroBUSIMUA OKPY-
Xatowen cpegbl [3,4,7,9, 20, 22]. MNpu Hepo-
cTatke nnbo NofHoMm OTCyTCTBUM Kucropogda D-kcu-
nosa u L-apabuHo3a OKMCNSKOTCA OO OpraHude-
CKMX KWUCIOT, CNUPTOB, KETOHOB M T.O. Bakrtepun
npoayLmMpyloT Takne BellecTBa u3 aueTtundocdga-
Ta, nupyeata u auetun-KoA. OpgHako cnekTtp, a
TaKkKe KONMMYeCTBEHHOE COOTHOLWIEHME LeneBbIX
NPOOYKTOB HEMOJTHOrO OKUCMEHUS NEHTO3 3aBUCAT
OT TakCOHOMMYECKOrO MOJIOXEHMS Buaa WU 3Hade-
Hus pH cpegbl [29, 37, 38, 39] (puc. 3).
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Fig. 3. Different products of pentoses bioconversion

Mpw wenoyHebIx BenuuuHax pH B xoae cmeluaH-
HOro retepodpepmeHTaTMBHOrO BpoXKeHNs WTaMMbl,
OTHOCSILLMECS K SHTepOorpynne, a Takke npeacrasu-
Term Aerobacter sp., Bacillus sp., Clostridium sp.,
Klebsiella sp. 06pa3yloT CMeCb OpraHU4eckux Kuc-
not (popmwmart, auerar, nakraTt, NPONUOHAT, CYK-
UMHaT n dymapart), a 3aKkucrneHume cpeabl MHAY-
umpyet obpasoBaHue 3TaHona, nmbo 2,3-0yTaH-
awona [22, 27, 31, 40]. OCHOBHbIMM NPOAYKTAMM
aueToHo-0yTunoBoro 6poxeHus y wrammoB Clostri-
dium acetobutylicum sBNAeTCA CMeCb aleToHa,

OyTaHona u ataHona [37, 38]. AueTOHO-3TaHONbHOE
OpoxeHue, xapaktepHoe Aanst Bacillus maceraus
(B. acetoethylicum), 3akaH4MBaeTcsi obpa3oBaHUEM
CMECW YKCYCHOW, MypaBbUHOW Y MOFTIOYMHOW KUCIIOT,
a Takke aTaHomna u aueTtoHa [41]. B To Xe Bpems
CMEKTP MPOAYKTOB HEMOMHOIO OKUCIIEHWS MEHTO3 Y
GaKkTepuin  PenUKTOBbIX MUKPOOHLIX CcoobLLecTB
OCTaeTcs Mano usydeHHblM [27, 39, 42]. Odpdek-
TUBHOCTb BUOKOHBEPCUM MEHTO3 JIUFHOLLENMOMOo3bI
HEKOTOPbIMW NPOKaPUOTUYECKMMUN  MUKPOOPraHn3-
Mamu unncTpupyet Tabn. 2.

Tabnuya 2
Bbix00 pa3niu4yHbix NPodyKkmoe MUKpobuosio2u4eckoli KoHeepcuu nNeHmo3s
Table 2
Yield of products of pentoses microbial conversion
= JlutepatypHbiv
Lleneson npoaykt Beixog, r/r accummunupyembix NeHTO3 Bva mukpoopraHuama NCTOUHNK
Auetar 0,58-0,76 Clostridium thermoaceticum [43]
dymapar 0,16 Rhizopus arrhizus [44]
0.28-0.50 FAspgrg/Ilus terreus 45, 46]
usarium oxysporum
OT1aHon 0,29-0,42 Thermoanaerobacter ethanolicus [31]
Candida shehatae
0,36-0,42 Pichia stipitis [47, 48]
2,3-bytanguon 0,29-0,46 Klebsiella pneumoniae [40]
BytaHon 0,26-0,29 Clostridium acetobutylicum [37, 38]
Debaryomyces hansenii
Keunut 0,68-0,90 Kluyveromyces marxianus [23, 49, 50]
Pichia guilliermondii
WTakoHaT 0,23-0,45 Asperqillus terreus [24]
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"'pnbbI He cnocoBHbI yTUNM3npoBaTb D-Kcmnosy
n L-apabuHosy 6e3 kucropoaa, akTuBmpyoLero oo-
pa3oBaHMe MATMATOMHOMO CNupTa KCUIUTa, a Takke
D-kcunynoso-5-coocpata, mHTepmeamata MNeHTo30-
docatHoro umkna [21, 24, 32, 33]. MpoaykTbl He-
MOSMHOTO OKWUCMEHMSA MEHTO3 B 3YKapuOTUYECKOW
KrneTke obpasytoTca B OCHOBHOM M3-3a YMEHbLUEHWSA
CTeneHn aspaumm cpegpl, NpPUYEM WX CNEKTp no
CpaBHEHMIO C BaKTepnsamMmn 3aMeTHO yxe (CM. puc. 3).
Tak, MMKpoaspobuo3 YacTyHO nMBO MNOMHOCTLIO
GnokupyeT katabonuam D-kcunosbl y OpoXoken Ha
aTane obpasoBaHusa kcunuta [20, 23]. Opyrum npo-
OYKTOM HEMnosnHoro okucreHms D-kcunosel siBnsieTcs
ataHon [9, 11, 20, 32, 33]. MwuuenuanbHble pPUbHI
NMOMUMO 3TaHoNa MpoAayuupyloT u3 L-apabuHosbl
auetat, pymapart, nbo utakoHat [10, 11, 14, 21,
24, 44]. BbdeKTMBHOCTL 0bpasoBaHUs yKa3aHHbIX
NPOAYKTOB HEKOTOPbIMM BuaaMm rpuboB oTpaxeHa B
Tab. 2. lNonHoe HacbiweHne cpedpl KMCropodom
(aspobno3s) CTMMynUpyeT OKUCIEHWE MEHTO3 OO0 KO-
HeyHbix npoaykTtoB — HyO 1 CO,. SHeprus ATO, ak-
KyMynupyemass B XO4e [aHHOro  npoLecca,

aKTUBMPYET POCT U pa3MHOXeHMe rpnbos, Bromacca
KOTOPbIX MPEACTaBMseT HapPOOHO-XO3ANCT-BEHHYHO
3Ha4YMMOCTb B kayecTBe OernkoBOoW M BUTaMWHHON
KopmoBOM [o006aBkM ONS1  CEMbCKOXO3SINCTBEHHbIX
XMBOTHLIX [3, 4, 8, 9, 19]. Takum obpasom, nutepa-
TYPHble [aHHble YKa3blBalOT Ha NPUHLMNMAIBbHYHO
BO3MOXHOCTb Mcnomnb3oBaHusa D-kcunosbl u L-
apabuHo3bl ONs peLeHnst pasnnyYHbIX HapoaHO-
XO3ANCTBEHHbIX 3a4au.

Criocobbl  Mukpobuorsioaudeckoli  ymurnusayuu
omxodoe pacmumeribHo20 ripoucxoxoeHusi. O ue-
necoobpa3HOCTM MMKPOOMOMOTMYECKON KOHBEPCUM
OTXO[0B, COAEpPXaLUUX NMrHOLENno3y, HarnsagHo
CBMAETENbCTBYET JKoNornyeckass obcraHoBka 6orb-
LmHcTBa pernoHoB Poccum [1]. B To ke Bpems pas-
AenbHbI cOop 1M COpTUPOBKa He obecneyvnBatoT ab-
CONOTHON OAHOPOAHOCTU BLITOBOrO U MPOMbILLSIEH-
Horo mycopa [3, 5]. [MoaToMy yTunusaumsa Takux
WMCTOYHMKOB Cbipbs nocne obuiero atana npea-
BapuTeneHon  obpaboTku [2, 4, 8,9, 11, 13]
OOJKHA OCYLLECTBNATLCA pPasfUyHbIMKM CMOCO-
6amu (puc. 4).

BbITOBbBIE Y NPOMBILLINEHHBIE OTXOAbI,
copepxallume nurHoLennionosy
NoaroToska BbipauwusaHue MUKpObHbIX KucnoTHbIn
recosonneHToaHoro npodyueHmos nueHUHas, MpenBaputens- rmaponus
uesnnonas u 2eMuyenso- Has
3KCTpakTa
* [lemokcuka-
OH3MMaTu4eckui
rmaponus
1 BbipawusaHue Kynbmypbl
Cnocob BrokoHBepcus MUKPOBHbIX MpodyuyeHmos BuokoHneepcus
nepepaboTku rekCO3HOoMN reKCO3HOWN N MEHTO3HON
dpakumm dpakuun
OpraHunyeckme KUCMoThI BenkoBo-coaepallume kopMmoBble obaB-
n OtaHon Kn
POAYKTHI ByTaHon [N CeNIbCKOX035MCTBEHHBIX KUBOTHBIX,
©OrokoHBepcUn 6
AueToH obGoralleHHble BUTamMnHom [1
2,3-bytanguon OTtaHon
M3onponaHon Kevnut

Puc. 4. Cnocobb! 6uoKoH8epcuU STU2HOUEsITH1030c0odepxauyux omxodoe
Pa3Iu4YHO20 MPOUCXOKOEeHUs!

Fig. 4. Bioconversion methods of the different lignocellulose-containing wastes

CornacHo nepsoMy 13 Hux (I), MakpomMonekynbl
NWTHWHA, Lenmionosbl U reMULensionossl paspyLua-
I0TCA ruaponasamMmn  MuuennarnbHbIX FpI/I6OB ao
depmeHTonm3aToB. ATOT Cnocobd uMeeT psig He-
OCMOPVMbIX MPEVNMYLLIECTB: MAMKWA TEMMNEPATYPHbIN
pexum, aKkornorndeckas 6e3onacHoOCTb, NPUrOAHOCTb
reKCo30-MEHTO3HbIX CyOCTpaToB AN KynbTMBMPOBa-
HUS  MWKPOOPraHM3MOB PasfUyHbIX TaKCOHOMMUYe-

ckux rpynn [10, 13, 31, 34, 39]. OgHako noTpeGHOCTb
OrPOMHOrO KONMUYeCTBa NWUrHUHas, Lennonas v cne-
LUMUYECKMX K KaXKOOMY TNy OTXOAOB remMuuensio-
nas, a Takke X MMMoBUNM3aums B COCTaBe CrOXHO-
ro Kommnnekca TpebyeT crneumanbHbIX TEXHOMornye-
CKUX PEeLLUEHUN, OTIMYaIOLMXCA OT M3BECTHBIX Cro-
coboB (pepmeHTaTUBHOrO rMgponusa romononuca-
xapugoB  (kpaxmana, uennonossl) [9, 14, 51].
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[Moatomy Hamboree nepcneKkTMBHLIM CbipbeM Ans
nonyyeHunsi hepmeHToNM3aToB ABNAIOTCSA ObITOBbLIE,
CEeNbCKOXO3ANCTBEHHbIE U MPOMBILLIIEHHbIE OTXO-
Obl, cogepxalume He3HayuTenbHOe KOonuyecTso
«HEeLEennno3HbIX» npumecen [2—4, 52].

Opyron cnocob (Il) cywecTBeHHO paclumpsieT
CNEKTP MUCTOYHMKOB BTOPUYHOIO CbIpbsi ANA MOny-
YEeHUs1 reKCo30-MEeHTO3HbIX CyGCTpaToB 3a CYeT no-
BGOYHBIX MPOOYKTOB LENONO3HO-0YMaXKHbIX KOM-
BuHaTOB, MMOPONU3HLIX 3aBOAOB, MHbLIX Npeanpus-
™1 gepesoobpabaTbiBatoLlero komnnekca. mapo-
N3 TakWX OTXOAOB, COAepXalmx 3HayuTenbHoe
KONMYECTBO NUrHWHA W reMuLensionosbl, ueneco-
obpasHo nNpoBOAWTb MWHEPAaNbHLIMW KUCIOTaMK.
KncnoTHbIn ruaponuma wupoko npumeHsnu B8 CCCP.
Yke Toraa 6binv paspaboTaHbl U yCNewHo BHeape-
Hbl B MPOM3BOACTBO TaK Ha3blBaeMble «MSTKME»
CNocobbl KUCMOTHOW AECTPYKUMM OPEBECUHbI, NO3-
BONSAOLLMNE CHU3UTb TOKCUYECKMN IPEKT Ha OKpPY-
Xarowyto cpegy [2, 53]. x rmaBHble 4OCTOMHCTBA:
NpoCTOTa M OTHOCUTENBHO HU3Kas CTOMMOCTb, He-
3Ha4MTenbHbI BPEMEHHON WHTepBan o6paboTku
PacTUTENBHOrO CbIpbsl, AOCTATOYMHO BLICOKWI MPO-
LeHT BbICBODOXAEHNSA EKCO3HbIX U MEHTO3HbIX Ca-
xapoB [2, 54]. OgHako B cocTaBe KUCMOTHbIX rMa-
pOnM3aToB NINIHOLIENIONO3bI NPUCYTCTBYET LiEMbIv
PS8 KOMMNOHEHTOB (MeTy4ne opraHMyYeckue KUCroTbl,
dypdypon, 5-angpokcumeTundypdypon, Belle-
CTBa NUrHOPYpaHOBOro KOMMIEKca), OKa3blBakoLLMX
Hecneuudmdeckun MHrMbUpyoLWKUNn 3PPeKT Ha
peakumm obLiero obmeHa MUKPOGHOM KneTku [55].
[MosTOMy BO3MOXHOCTb MWKPOBUOMNOrMYeckon ytu-
nM3aumMm rekco30-NeHTO3HbIX CybCcTpaToB, MOnNy-
YEHHbIX KUCMOTHbLIM TMAPONU30M, 3aBUCUT OT rMy-
OUWHbI NpeaBapuUTeNbHOM AeTokeukaumm [2, 11, 56].

HakoHeu, npu Bbibope MpoayueHTa ONs KOH-
BEpCMU CybCTpaToB Ha OCHOBE MMIHOLIENSIONO3bl
HeobXoAMMO Y4YMTbIBATb COBOKYMHOCTb TaKkux Tex-
HOMOTrMYECKNX XapaKTepUCTUK MUKPOOHOro LwTam-
Ma-npogyueHTa, Kak aKTMBHOCTb MeTabonuama,
HU3MONOrMYEcKyto NNacTMYHOCTb, cnocob peryns-
umm obpasoBaHMA LENeBOro npoaykra, Tpyaoem-
KOCTb ero BblgeneHus. PepmeHTanusatbl, npeg-
CTaBfeHHble B OCHOBHOM D-rmnioko3on, npurogHsl
ONs MONyYeHWs LUMPOKOro CnekTpa HapoaHo-
XO3SMCTBEHHbIX NPOAYKTOB (CM. puC. 4).

TeMm He MeHee BakTepun, nveloLme yHUKanb-
HYl0 (PM3NOMOrndeckyto NNacTUYHOCTb, SABNSAIOTCH
no cytu retepodepmMeHTepamu, obpasyommm Le-
nbii Habop BeLLEeCTB, COOTHOLLEHME KOTOPbIX Onpe-
aensieT pH 1 ypoBeHb aspauuu cpegpl [22, 27, 31].
Opoxokn  BbIrOAHO  OTNUYaeT  aunagodUIbHOCTb,
CMNOCOBHOCTL K 0OpasoBaHWMO MOHOMPOAyKTa M3
FeKCo3 M y3KOro criekTpa NpPoAyKTOB M3 NEHTO3 (CM.
puc. 3). VIx aKOHOMMYECKWI BbIXOA perynupyercs
KOHLIEHTpaLUnen pacTBOPEHHOIO B Cpede KUCIopo-
pa [18, 20, 23,47-50]. BuoTtexHonornyeckas 3Ha-
YMMOCTb 3TUX MWKPOOPraHM3MOB AN KOHBEPCUU
cybcTpaToB, MNOMYYEHHbIX KWUCHOTHLIM CNOCOGOM,
onpenenseTcs BO3MOXHOCTbIO KOHCTPYMPOBaHWA
LITAMMOB, COXPaHSOLWMNX MEeTabonM4eckyo akTuBe-

HOCTb B MNPUCYTCTBUN JNETYYNX OPraHNYeCKnXx Kuc-

not, dypdypona, 5-guapokcumeTtundypdypona u
BeLLEeCTB NMrHodpypaHoBoro komnnekea 2, 11,55-57].

3AKIKYEHUE

MpuHUMNManbHasa BO3MOXHOCTb A1151 KOMMIEK-
CHOM MUKPOOMOMOrMyeckom KOHBEPCUM pas3HOOO-
pasHbIX NUrHOLENNoN030COAepKaLUMX OTX0A0B CY-
wecTsyeT. M1poBbIM Hay4YHbIM COOBLLECTBOM YXe
HaKonmneH 3HauYMTenbHbIA SKCNEepPUMEHTanbHbIN Ma-
Tepyan o cnocobax AeCTPYKUMM pacTUTENbHbIX
romMo- ¥ retepononucaxapugoB, a TaKke CrekTpe
MUKPOOPraHU3MoB, YTUNU3NPYIOLWMX pasfnnyHble
KOMMOHEHTbI MOMyYeHHbIX TaknMm obpa3om rekcoso-
MEeHTO3HbIX cMmeceil. Bmecte ¢ Tem pocTaToyHO
MHOro (paKTopOB, TOPMO3ALLMNX pa3paboTKy 1 BHES-
peHve MUKpobmonormyecknx crnocoboB KoHBepcUm
AaHHbIX CyGCTPaToB B LiEHHble Ansi HApOOHOro Xo-
391CTBa NPOAYKTbl. Tak, ONUTENbHOCTb TEXHOMOMK-
YeCKoro LuKna, HeobxoanMoCcTb MHAMBUAOYANBbHOIO
noabopa MUKPOOHbLIX Liennionas u remuuenntonas ¢
Y4EeTOM MPOUCXOXKOEHUS BTOPUYHOrO HEMULLEBOrO
WUCTOYHUKA PaCTUTENbHOIO CbIpbA CHWKaKT KOM-
MepYecKyto MpuUBMNeKaTenbHOCTb 3H3UMAaTUYECKOro
TMAPONM3a MHOTOKOMIMOHEHTHbIX ObITOBbIX M MPO-
MBILUIIEHHBbIX OTXOAOB NUrHOLEenmnonossl. HecMoT-
psA Ha naeHTUMMKaLnIo 3Ha4YMTENBHOMO KONM4ecTBa
MWKPOOPraHNM3MOB  Pa3sfnM4YHbIX TAKCOHOMMWYECKMX
rpynn, 4O CuX Mop He chopMMPOBaHO LENOCTHOe
npedcTaBneHne 0 CKOOPAVHUPOBAHHON perynauuu
nx metabonvama, No3BOMSALLEE UCMONBb30BaTb XU-
BYIO KMNeTKy B KayecTBe NpPOMbILLIIEHHOrO GuokaTta-
nusatapa gns nosiydeHWs Toro WM MHOFO MOHO-
npoAyKTa U3 NeHTo3 NUrHoLUenniono3ocoaepxaLimx
OTXO[0B.

Tem He MeHee BO3MOXHOCTM Ans npeofone-
HUS yKasaHHbIX TpyaHocTen cyuwiectByloT. OHK 3a-
KnoyalTCca B MoAepHM3auun cTaHdapTHbIX npue-
MOB KMUCMOTHOW OeCTPYKUUU pacTUTENbHbIX MOmu-
caxapvaoB, CMOCOBHOM 3HAYUTENbHO YMEHbLLUUTb
HeraTuBHbIN 3OPEKT UHIMOUTOPOB rEKCO30-NEHTO3-
HbIX CyOCTpaToOB Ha MpPO- MU 3yKapuoTUYeckne MuK-
poopraHnsmel. bnarogaps LWMPOKO pasBUTON CeTu
npeanpusatuin LIBK Hawa cTtpaHa umeeTt xopolune
TEeXHOMNorMyeckme npeanochbinky Ans BOBMEYEHUs
yKasaHHbIM CrMocobOM B MPOMBbILLMEHHBLI 06OPOT
HEe TONbKO MHOTOKOMMOHEHTHbIX ObITOBbLIX U Cenb-
CKOXO3SICTBEHHBLIX OTXOOOB, HO Takke MOOOYHbIX
NPOAYKTOB MPOMBbILLMEHHOW OeCTPyKUMM OpeBecu-
Hbl. OgHaKo ycrellHoe pelleHWe 3ToW 3ajayn He-
BO3MOXHO 6€3 CO3[4aHusi XOpOoLUern MeToanYecKon
6a3bl ANs KOHCTPYMPOBaHWUS LUTAMMOB-NPOAYLEH-
TOB OpPraHUYecKMX KUCMOT, pacTBOpPUTENEN, NCTOY-
HMKOB BMOSHeprnn, caxapo3aMeHuTenen u ap. Ha
OCHOBE MEHTO3 NMIHOLENMoNo3bl. ANropuTM npak-
TUYECKOrO BOMITOLLEHNS TAaKNX MPOEKTOB B KaXXAOM
KOHKpETHOM criydae OyaeT onpenensitbCs 9KOHO-
MWYECKON LienecoobpasHOCTLIO MONyYEeHUs TOro Unu
WHOTO LieneBOoro NpoaykTa, a Takke 0cCobeHHOCTAMM
HapOOHO-XO35IMCTBEHHON AeATenbHOCTU CybbekTa
Poccuickon ®epepaumm.
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HanpaseHul passumusi buomexHosoauu Ha eceMm npomsikeHuu XX cmonemus. B Hawel cmpaHe pa3gu-
mue amo2o HarpaeneHuss uccrnedosaHull HepaspPbIBHO CB5I3aHO C UMeHeM rpogheccopa MpKymckoeao eocy-
OapcmeeHHO20 yHuUsepcumema EezeHusi Bacunbesuda Tananaeea, A6s10uU4e20C51 OCHOBOMOI0KHUKOM bUO-
nozudeckux mMemo0o8 3awumel iecos. Vim paspabomaHbl meopemu4yeckue OCHO8bI MPUMEHEHUST MUKpobuo-
mMemoda, co3daH rnepsbill omedecmeeHHbIl bakmepuasibHbilt npenapam 0551 60pbbbl ¢ CUBUPCKUM LUEIKO-
npsidom — deHOpobauunnuH. lNposedeHb! wiupokoMmacwmabHbie UcrnbimaHus npenapama u rpodeMoHCMpuU-
posaHa e2o besonacHocmb 0sis1 300pos8bs Yesioseka. [lpu e2o HernocpedcmeeHHoM yyacmuu 8 CCCP 6birio
0Op2aHu308aHO MPOMbIWIIEHHOe fpoudsodcmeo buonpenapamos. [Mpodykyuss amux nApednpusmudl Mosb30-
ganacb 60mbWUM CIIPOCOM KaK Ha Ome4YecmeeHHOM, maK U 3apybexHOM pbiHkax. B cmambee npusedeHa
Kpamkasi ucmopusi usy4YyeHusi 3HmomonamozeHHbix ceolicme Bacillus thuringiensis u paspabomku Ha ee
ocHoge buomexHono2u4ecKuUx Memodoe8 3awumsl pacmeHul om Hacekombix-epedumenel. [JaH kpamkul
CcpasHUMerbHbIU aHanu3 coepeMeHHO20 yPOoBHs pazsumusi MUkpobuomemoda 3auumsi pacmeHuli 8 Poccuu
u 3a pybexom. PaccmompeHbl umoau nepebix Oecamunemul wWupoKkoMacwmabHo20 nNpuMeHeHUs 8
ceribcKoxo3salcmeeHHOM rpou3eodcmee co30aHHbIX Ha ocHoee B. thuringiensis 2eHHO-UHXEeHEPHbIX
Bt-mexHonoaud, no3uyuoHuUpyembix Kak bornee achchekmusHasi U S3KOHOMUYHasi afbmepHamuga MUKpobuo-
memody. lNpedcmasneHbl OCHOBHbIE, OrUCaHHblIe 8 Hay4yHoU numepamype, MpuYUHbl HU3KOU aghgbekmus-
Hocmu OaHHO20 Harpas/ieHuUs 2eHemu4yeckol UHXeHepuu pacmeHul. Takxe rokasaHo, 4mo rpu co30aHuu
mpaHCceeHHbIX Bt-pacmeHull He b6bInu y4meHbl 3aKOHOMEPHOCMU pal3sumusi MpPUPOOHbIX Mapa3umapHbIX
cucmem, rornoXeHHbIX 8 0OCHO8Y Mukpobuomemoda. [JaHa oueHKa 3Ha4deHusl Hay4Hoeo Hacnedusi E.B. Tana-
naesa 0515 passumusi Memodos 3awumsl pacmeHuli Ha ocHoge B. Thuringiensis u npedcmassieH psi0 HO8bIX
HanpaeneHul passumusi pacmumeribHbix 6buomexHonoaull Ha ux ocHose. O6cyxdeHbl OanbHelwue
riepcriekmusghb! UCrob308aHusi Mukpobuomemoda 3awjumsi pacmeHul 8 Poccutickoli ®edepayuu.

Knrodeenle cnoea: E.B. Tananaes, 3awuma pacmenul, Bacillus thuringiensis, Bt-mexHosioauu, nepcrnekmugsbi
passumusi
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Significance of the works of E.V. Talalaev

in the formulation of a development strategy

for biotechnological pest management methods
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Abstract: The development of methods for pest management continued to be one of the main directions in
development of biotechnology throughout the twentieth century. In Russia, the development of this research
area is inextricably linked with the name of Evgeny V. Talalayev, professor of Irkutsk State University and the
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founder of the biological forest protection approach. Though his enterprise, theoretical foundations for the use
of the microbiomethod were developed, along with the first domestic bacterial preparation against the Siberian
silkworm, dendrobacillin. Large-scale tests of the preparation were carried out to demonstrate its safety in
terms of human health. With his direct participation, industrial production of biological products was organised
in the USSR. These products were in great demand in both domestic and foreign markets. The article gives a
brief history of the study of the entomopathogenic properties of Bacillus Thuringiensis and the development of
biotechnological methods for pest management on its basis. A brief comparative analysis is provided for the
current state of microbiomethods for the protection of plant species in Russia and abroad. The results of the
first decades of large-scale application in agricultural production based on B. thuringiensis genetic engineering
Bt-technologies, positioned as a more effective and economical alternative to the microbiome, are considered.
The main reasons for the low efficiency of this area of plant genetic engineering as described in the scientific
literature are presented. Additionally, the problem of discounting the development patterns of natural parasitic
systems underlying the microbiomethod during the creation of transgenic BT plants is considered. An as-
sessment for the value of the scientific heritage of E.V. Talalayev for the development of plant protection
methods based on B. Thuringiensis is made along with the presentation of a number of new directions for the
development of plant biotechnologies on their basis. Further prospects for the use of the microbiomethod plant
protection approach in the Russian Federation are discussed.

Keywords: E.V. Talalaev, plant protection, Bacillus thuringiensis, BT-technologies, development prospects

Information about the article: Received February 4, 2019; accepted for publication November 25, 2019;
available online December 30, 2019.

For citation: Enikeev AG, Enikeeva LYu. Significance of the works of E.V. Talalaev in the formulation of a
development strategy for biotechnological pest management methods. /zvestiya Vuzov. Prikladnaya Khimiya
i Biotekhnologiya = Proceedings of Universities. Applied Chemistry and Biotechnology. 2019;9(4):694—702.

(In Russian) https://doi.org/10.21285/2227-2925-2019-9-4-694-702

BBEOEHUE

OOHUM KX OCHOBHbLIX HampaBreHun pasBuUTUS
GuoTtexHonormn B XX B., BNJIOTb A0 NOSBIEHUS FEH-
HO-UHXXEHEPHbIX TEXHOMOIMI, ABMANack pa3pabdoT-
Ka Ouonornyecknx mMeToaoB 3alnTbl pacTeHun [1]
3HaunTenNbHLIA POCT UHTEpeca K SHTOMOMNAaTOreH-
HbiM Ouonpenapatam npuwencs Ha 40-50-e rr.
npownoro crtonetusa. B CCCP passutue 3aToro
HanpaBfeHnsa UCCrnedOoBaHUN HepaspbIBHO CBs3a-
HO C uMeHeMm npodeccopa WpkyTckoro rocygap-
CTBEHHOro yHuBepcuteta EBreHus Bacunbesuua
Tananaesa (1902-1980). OnbIT y4acTnsi aBTOpPOB
HacTodlen cTaTbM B psge OTeYECTBEHHbIX KOH-
depeHUnA N cMMno3nymoB B nocrnegHve 15 net
cBMaeTenLCTByeT O TOM, YTO MHOMMM MOMOAbIM
uccrnegosaTensam, pabotarowmm B o6nactu co3ga-
HUsi OMONOrMYeCcKUX METOAOB 3allMTbl pPacTEeHWN,
UMS 3TOr0 y4eHOro HemsBecTHo. Mexay Tem 3Ha-
YnTenbHas 4acTb COBPEMEHHbIX OMOTEXHONOrMN
Ha ocHoBe Bacillus thuringiensis B To vnu MHON
cTtenenn O6asmpytoTcst Ha paboTtax EereHus Bacwu-
nbeBuYa. 3anoXeHHble MM NpUHUMMbLI Gruornoruye-
CKMX METOAOB 3alUWTbl pacTeHWin ctanu dyHaa-
MEHTOM HOBbIX HanpaBneHUn nccrneaoBaHuin.

Kpamkass ucmopusi uccnedosaHull Bacillus
thuringiensis. V\lcxogHoW ToOYkon B udyydeHumn Bacil-
lus thuringiensis NPUHATO cuyUTaTb UCCNeaoBaHWSA
ANOHCKOro  Mukpobuornora LluretaHe WwwuBsara,
BoligenueLero B 1901 r. n3 mepTBbIX NIMYUHOK TYTO-
BOrO LUEeNKonpsiga 3HTOMOMATOreHHY0 OakTeputo,
Ha3BaHHYI0 yyeHbIM Bacillus sotto [2] (umT. no [5]).
lMoBTOpHO GakTepusi Gbina OTKpbITa AecATb NeT
cnycta B 'epmaHum mukpobuornorom dpctom bep-
JNIMHEPOM, KOTOPLIN BbIAENU U3 MEPTBOM MY4YHOM

MoK, COBpPaHHON MM Ha OOHOMN U3 MENbHUL, B 3EM-
ne TiopuHrnsa, GakTepuio, MOMYYMBLUYIO BWOOBOK
anuteT Bacillus thuringiensis [3] (unT. no [5]), [4].

MepBble nonbITkM wKcnonb3oBaTb B. thurin-
giensis anst 6opbbbl C HACEKOMbIMWU BpeaUTENAMHN
nmenn mecto B 20-e rr. npowsioro Beka. B 1938 r.
BO ®paHuum Gbin NPoM3BEAEH NEPBLIA KOMMEpPYe-
CKkui npenapaTt — «Sporéney», Ana 6opbbbl ¢ Myy-
Hon Mmonbto. OgHako nocne nosieneHuss B8 1939 .
XUMU4eckmx nHcektuumgos (OOT) nHTepec k 6uo-
npenapatam 3Ha4MTENbHO CokpaTuncs. Bo3pox-
OEHVe UHTepeca K 3TOMy HanpaBfneHnto uccnegosa-
HMIA npousowrno B 1950-e rr. C HebGonbLINM UHTEp-
BanoM npenapatbl Ha ocHoBe B. thuringiensis Gbl-
nun 3anateHtoBaHbl B CCCP, CLUA, MNepmaHum u
OpaHuun [5]. B 1960-80-€ rr. aTK npenapatbl akTuB-
HO uMcnonb3oBanucb B npakTtuke. [onroe Bpems
ObINO NPUHATO cuuTath, 4YTO B. thuringiensis sBns-
eTCcsl cneunduyeckumMm naTtoreHoM YeLlyekpbisibiX,
noka B 1977 r. He 6GbiNo onybrmMkoBaHO nepsoe
coobuieHne o6 obOHapyxeHun nogsuga B. thu-
ringiensis, NnaToreHHoro Ans ABYKpbINbIX [6]. B no-
cnegylowme rogbl 6bIM HangeHbl gpyrve nonsu-
abl  B. thuringiensis, naToreHHble Ans LUMPOKOro
Kpyra HacekoMbIX W ApYrnx Gecro3BOHOYHbIX XW-
BOTHbIX [7]. B HacTosLlee BpeMsi onMcaHO HEeCKOslb-
KO ThiCAY MpupoAdHbIX wWwTammoB B. thuringiensis,
BblOeNeHHbIX U3 PasnUyHbIX UCTOYHMKOB B Pas3HbIX
pernoHax mupa [5].

PaclwupeHne cdepbl OGUMOTEXHONOMMYECKOrO
npumeHeHus B. thuringiensis B 3Ha4nTenLHON CTe-
NneHn CTUMYNMPOBANo UHTEPEC K U3YYEHUIO JaHHO-
ro MukpoopraHuama. B cpeanHe 1950-x 6bin onu-
caH nepBbI KpucTannoobpasywwmin 6enkoBbIn
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aHpgoTokeuH (Cry-6enok) [8—-10], a 30 neT cnycTs
ObIn KNOHMpOBaH kogupyowmin ero reH [11]. Ha
CErogHAWHWN OeHb OMUCaHbl OECSATKA pasnnyHbIX
Cry-6enkoB, a Takke gpyrne aHAOTOKCUHbI Kak Ger-
KOBOW, Tak M HebenkoBow Npupoabl, YCTaHOBMEHbI
MexaHu3Mbl ux pencteua [7, 12]. PesynbTarthl
nuccrnegoBaHUM No pasnuyHbIM acnektam Guonorum
B. thuringiensis 0606LleHbl B 60MNbLIOM KONM4ecTBe
0630poB 1 MoHorpadun (Hanpumep, [13—15]).

MpuHUMNManLHO HOBLIW 3Tan pa3suTusa Bt-Tex-
HOMMOMMI Havancs ¢ pa3BUTMEM METOAOB reHeTu4e-
CKON WMHXeHepun n cosgaHuem B 1995 r. nepsbIx
KOMMEPYECKUX TPAHCIEHHbIX PAaCTEHUA C reHamw,
koavpytowmmn Cry-6enkum (Bt-pactenus) [5]. B Hac-
TosiLlee Bpems Bt-pacTeHnss — ogHO U3 OCHOBHbIX
HanpaBrneHU UCNONb30BaHNSA TPAHCIEHHbIX pacTe-
HWUIA B cenbckoM xo3sancTtee [16]. OaHako onbIT nep-
BblX [OECATUINETUA KOMMEPYECKOro WCMNonb30Ba-
Husa Bt-pacTeHui gan HeogHo3HayHble pesynbTaThl
kak B Bonpocax 3(pdEeKTMBHOCTU 3aluMTbl pacTte-
HWA, Tak U B Bonpocax 6e30nacHOCTU 3TUX TEXHO-
norun [17, 18].

Pabomsi E.B. Tananaesa rno cosdaHuro 6uo-
nioeudeckux Memodos8 3auwumsi pacmeHul. Pas-
paboTka MUKpOOMOMOrM4yeckoro meToda 3aluThl
necos 6bina Havyata EBreHnem BacunbeBuyem
TananaeBbiM BecHon 1949 r. npu cogencTeum
LlentpansHoro HUW necHoro xossanctea (JleHuH-
rpag). B pesynbTate uccnegoBaHui, NpoBeAeH-
Hblx B Bonble-mybokoBckom ovare MaccoBOro
pasMHOXeHNsa cubupckoro wenkonpsga, Obina
BblAeneHa 3HTOMoMnatoreHHas OakTtepusi, nepBo-
HayanbHO oOnucaHHasi Kak HoBbll BuA Bacillus
dendrolimus n. sp. [19]. B panbHenwem cnctema-
TUYecKoe MOoNoXeHne Buaa ObiNo YTOYHEHO Kak
Bacillus thuringiensis subsp. dendrolimus. B xone
JanbHenwmnx uccnegosaHun  E.B. TananaeBbim
Obin paspaboTaH GuonpenapaT ans 6opbbbl C cuU-
OupckuM WwenkonpsagoMm — aeHapobaunnnut [20].

OnbiTHBIe napTum geHgpobauunnuHa Gbinm
nonyyeHbl yxe B 1953 r. Metog 6bin 3apernctpu-
poBaH B Komutete no genam mnsobpeteHun n oT-
kpbiTuin Nnpyu CoseTte Munnctpos CCCP 3a Ne 7795
¢ npuoputetom 12 asrycta 1957 r. B Tom Xe rogy
TEXHOMOrMs Npou3BOACTBa MNpenapaTta nepefaHa
MockoBckomy 3aBopfy ©OakTepuanbHbIX Mpenapa-
TOB, rge oHa Obina gopaboTaHa Ans 3aBOACKMX
ycrosuin. B 1958 r. ana nonesbix uUCMbITaHWA 3a-
BOZ, M3roTOBMWI OMbITHYO MapTUiO AeHapobauun-
nvHa B KonundectBe 3 T, a B 1961 r., And panb-
HeMWux ucnbiTaHmn, — 18 7. B Mapte 1974r.
NpoM3BOACTBO AeHapobauunnmMHa Havanocb Ha
Bepackom xummnyeckom 3asoge (c 1991 r. — bepa-
ckun 3aBog OuonpenapartoB). [Npoaykunsa 3aBoda
nonb3oBanacb OOnbWKMM CNPOCOM Ha OTevye-
CTBEHHOM PbIHKE, a Takke wwra Ha akcnopT. OgHa-
KO K KoHUy 1990-X rr. 3aKasbl pe3ko COKpaTUuChb,
1 BbINyCK nNpenapaTa 6bin npekpatLeH [21].

Hacnegue E.B. Tananaesa He orpaHu4uBa-
eTCs uccrneaoBaHUAMU MPUKIALHOMO XapakTrepa.
3anoxeHbl TeopeTUyeckme OCHOBbI MUKpobuome-

ToOa 3awmMTbl NecoB, caenaH nogpoOHbIv aHanmu3
ycnosun, obecrneyvvBaloLnux €ro ycnewHoe npu-
MeHeHve [22]. JecatuneTtus cnycTta MNPUHLMMLI,
cchopmynupoBaHHble B paboTax EBreHus Bacunb-
€eBMYa, nony4unu nogTBepxaeHue B uccnenosa-
HUAX OPYrMx aBTOPOB NO TEOpuUM MnapasuTapHbIX
cuctem [23-25].

Xapaktepuctuka EBreHus Bacunbesuda Ta-
nanaesa Kak y4veHoro 6bina 6bl HenomnHown 6es
YNOMUWUHaHUSA UCTOPUM MPOBEPKN UM Be3onacHoCTH
B. thuringiensis pna 4yenoseka. Mo cBuaeTenbLCTBY
yyeHukoB E.B. TananaeBa, OH BbINWI CYCNEH3U0
Gakrepun, NpoAEMOHCTPMPOBaB TeM caMbIM ee bes-
onacHocTb. K coxaneHuio, 3aToT (pakT He OTpaKeH
HW B OOHOM ouLMansHOM JokyMeHTe. KOCBEHHO O
AaTte 3Toro CobbITUA MOXHO CyAWUTb TOMNBbKO MO He-
KOTopbIM nyGnukaumsam (yTBepxaeHue o Hesonac-
HocTu B. thuringiensis npueoautcs E.B. Tananae-
BbIM CO CCbIfIKOM Ha uccnegosaHusa 1951 r. [20, 26]).
3a pybexom Bo3poxaeHue uHTepeca K B. thurin-
giensis CBs3bIBAlOT IMaBHbIM 06pa3omM C MMEHeM
Opnyappoa Crennxayca (CLUA, 1914-1969). Tlo
YTBEPXAEHUIO O4HOro U3 ero yyeHukos W. TaHaga,
WMEHHO €ero yyuTernb nepBbiM BbIMNUM CYCNEH3U0
B. thuringiensis, 4TOGbl NokasaTb ee 6e3BPeaHOCTb
ansa vernoseka [27]. 3TOT hakT Takke He OTpaXkeH
B oMuManbHbIX MCTOYHUKAX, BKNOYas akagemu-
yeckylo 6uorpaduio CreriHxayca [28]. PaboThbl
CrenHxayca no B. thuringiensis paTupyloTcs Tem
Xe nepuogom, 4To u paboTtbl EBreHns Bacunbesu-
ya [29, 30]. JocToBEpPHO YCTAHOBWUTL MEPBEHCTBO
TOrO UNWM APYroro Y4eHOro CerogHsi He npeacTtas-
nsetcs BO3MOXHbIM. O4eBMAHO, OTAaBas AaHb 3a-
cnyram Kaxpgoro W3 HuX, cnegyet cuuTatb, 4TO
E.B. Tananaes n 3.A. CteHxayc He3aBUCUMO Apyr
OT Jpyra nepBbiMM NpoBepunu Ha cebe Gesonac-
HOCTb B. thuringiensis ansi Yenoseka.

ConocmasneHue aghghekmusHoCmMU 3awiumel
pacmeHul ¢ nomMowbro bakmepuasbHbIX npenapa-
mo8 U eeHHO-UHXeHepHbIX mexHornoaul. Co3aa-
HVMe MEeTOAOB reHeTUYECKON UHXEHEePUN HECOMHEH-
HO SABMSETCA OAHMM U3 Benuyanwmnx AOCTWXKEHUI
Buonormnyeckon Hayku nocnegHen yetseptn XX B.
Haunbonbluee npakTnyeckoe npuMeHeHne nonyyu-
N TPpaHCreHHble UNU reHHO-MoANULIMPOBAHHbIE
pacteHus (TMP). Mo gaHHbIM 3a 2018 r. nnowaap
noceBOB MO TakuMW KynbTypamu cocTaBuna
191,7 mnH ra [16]. OgHa “3 NPUOPUTETHLIX 3aday
TpaHcreHo3a — co3gaHne opM pacTeHURn, YCTOW-
UMBbLIX K HacekoMblM-Bpeautensm. OCHOBY 3TUX

' Tananaesa I.6., 3aBeseHosa T.B., Orapkos B.H.,
Bykosckas H.E., Makaposa A.ll. E.B. Tananaes —
yyeHbln 1 negaror // OueHka COBpeMEHHOro co-
CTOSIHUST MUKPODMONOrMYecknx WccnegoBaHni B
BocTouHo-Curbupckom pernoHe: maTepuansl Poc-
CUACKOW  Hay4yHO-NPaKTU4YecKonM KoHdepeHLmK,
nocesilleHHon 100-neTmio Co JAHA  pOXAEHUs
npod. E.B. Tananaesa (Mpkytck, 1-13 mapTta
2002 r.). UpkyTck: N3p-Bo WpKyTCKOro yHMBEpCH-
TeTa, 2002. C. 3-10.
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TEXHONOIMMI COCTaBMSAT Tak Ha3biBaeMble Bf-pac-
TEHWsl, B TEHOM KOTOPbIX BCTPOEHbI FeHbl, KOAUpY-
owme d-aHaoToKeuHbI (Cry-6enkun) B. thuringiensis.
OueHka Hay4HbIM COOBLLECTBOM MEPCMNEKTUB 1 Mo-
CNeAcTBUA MX MCNONb30BaHUSA B CEMNbCKOM XO3si-
CTBe BeCbMa HeoHO3HauHa [31, 32].

OcraBngas 3a paMmkamu JaHHOW CTaTby BONPOC
O noTeHuuanbHbIX puckax ucnons3oBaHus [MP
(oueHKy puCKOB MCNOMb30BaHWsS Bi-kynbTyp B npo-
N3BOACTBE CENbCKOXO3AWCTBEHHON MPOAYKLUUN CM.
B [18]), NpuBeaeM KpaTkuii aHanmM3 nuTepaTypHbIX
OaHHbIX MepCcnekTMB UCMNONb30oBaHusA Bt-TexHo-
O B 3aLUmUTe pacTEHWUI.

TpaHcreHHble pacteHus, npogyuupytowme Cry-
Genku, 3agymbiBanucb Kak bonee addekTnBHas
N 3KOHOMUWYHAsA anbTepHaTMBa MUKpobuomeToay.
OnbIT ABYX AecaTuneTuii ncnonb3oBaHms Bt-kynb-
TYp B NPOMBbILLIIEHHbIX MaclTabax BbiSBUN CyLe-
CTBEHHbIE HeJoCTaTKM 3TuUX TexHornorun. Bo-nep-
BblX, HEBO3MOXHO C€O34aTb TpaHCreHHoe pacTe-
HMe, BO BCEX TKaHsX KOTOPOro Ha MNpPOTSHKEHMU
BCEro >XM3HeHHoro uwmkna akcnpeccusa Cry-6enkos
HaxoOuTCA Ha neTanbHOM Ans BpeauTens ypoBHE;
BO-BTOPbIX, BOMPEKN TEOPETUYECKUM Npeanonoxe-
HWSIM, OCHOBaHHbIM Ha Manol BepOsiTHOCTW CObbl-
TUS, BO3HUKAKOT JOMUHAHTHbIE MyTaLUN Pe3nUCTeHT-
HOCTU N peuecCuBHble, HE UMEKoLNE LeHbl npu-
CnocobneHHOCTU; B-TPETbUX, TakKe BOMPEKN Teo-
peTUYECKUM NPENoNnoXeHNsiM, BO3HUKAET nepe-
KpecTHast pe3ncTteHTHocTb Mexay Cry-6enkamu
pasHbix cemencts [17, c. 17]. Ewe ogHa npuynHa
Headh(PEKTUBHOCTU Bi-KynbTyp — 3TO UX MOBbILLEH-
Has NpUBMNEKaTenbHOCTb ANs BTOPUYHbBIX BpPELu-
Tenen u3 otpsga Hemiptera. Hannume y Hux 6onee
3BOMOLUNOHHO MPOABUHYTOMO KOSHOLLE-COCYLLEero
poTOBOro annaparta, B OTNu4Me OT rpbI3yLiero y
OCHOBHbIX BpeauTenen u3 otpsgoB Lepidoptera u
Coleoptera, He BbI3blBaeT y pacTeHU COCTOAHUSA
nMHOYyLMpoBaHHOM 3awimThl. bonee npusnekaTenb-
HbIMW ONS NpeAcTaBuTENen oTpsaa MOMyXeCcTKo-
Kpblnble Bi-KynbTypbl CTAHOBATCA BCNeacTBUE U3-
MEHEHUS X XUMMUYECKOro COCTaBa No CPaBHEHUIO
C KOHCEpBATUBHBLIMU COpTaMm (NMOHWXKEHHOE coaep-
XaHue TepneHos) [33]. Mo 3akntodeHuio A.lN. Buk-
TOpOBa, co3aaHne Bt-pacTeHuin, obecnevmBaroLLmx
a(ppeKkTNBHYIO 3aLLMTy OT SHTOMOMNATOreHOB, Ha
YPOBHE COBPEMEHHbIX TEXHOMOrM He npeacTaB-
nsieTcs BO3MOXHbIM [17].

E.B. Tananaes, aHanuaunpysi ycrnosusi, obec-
neynBalLLMe ycrnewHoe NpUMeHeHNe MUKpoGUuo-
MeToda 3aluTbl pacTeHuin, otmevan: «Meagnkam u
BETEPUHApaM [AaBHO M3BECTHO, YTO 3MMAEMUN U
3MN300TUN BO3HUKAKOT TOSMBKO MPU OnpeaenieHHbIX
ycroBusix. Ytobbl MCKYCCTBEHHO BbI3BaTb anuae-
MMWIO UK 3NU300TUI0, HEOBXOAMMO Co34aTb COOT-
BeTCcTBylOWMe ycnosusa. <...> K daktopam, cno-
COOCTBYIOLLMM WCKYCCTBEHHOW 3MNN300TUM CPean
ryceHul, cMbmnpckoro Lenkonpsaa, MOXHO OTHECTU
naToreHHOCTb BO30yauTENS, ero BUPYNEHTHOCTb U
3apasnTenbHOCTb, YCTOMYMBOCTL BO3GyauMTens K
HebnaronpuaTHbBIM YCNOBUAM cpefbl, PE3UCTEHT-

HOCTb FyCeHWL, HOCUTENbLCTBO 3apasbl, MUrpauuio
ryceHuu, nepegady uHdekumm, duonornyeckme u
dusmonornyeckme ocobeHHOCTH ryceHud, cnocob-
CTBYIOLLME pacnpoCTpaHeHuo 3apasbl, a Takke
onpeaeneHHble BHeELLHWe ycrnosusi» [19, ¢. 5]. «na
WCKYCCTBEHHOIO 3apaXkeHWUs1 HacekoMblX [crneposa-
no 6bl] ynoTpebnaTb He MOHOKYNbTYpY BO3byauTe-
ns, NPUHUMAEMOro 3a OCHOBHOW MaTOreHHbI BUa,
a BeCb TOT MUKPOBUONOrMYECKUI KOMMIEKC, KOTO-
pbii 0BHapyxmBaeTca npu Bbibope MHdeKUun B
ncxogHom OonbHOM Hacekomowm. <...> OpgHospe-
MEHHOEe HaxoxaeHue OByX n bonee BMaoB GakTe-
pui B BOMbHBIX HACEKOMbIX, HECOMHEHHO, SABre-
HWe He cryyanHoe. Mexay aTUMKM BUAaMU NMeeT-
ce onpegeneHHas B3aMMOCBA3b, KOTopas U Bblpa-
XaeTca B TshkenoM 3aboneBaHWM HACEKOMOrO C
netanbHbIM ncxogom» [23, c. 13].

Ycnex npuMmeHeHuns paspaboTtaHHoro E.B. Ta-
nanaesbiM MUKpobuonornyeckoro metoga 6opu6bl
C HaCeKOMbIMU-BPEAUTENAMWN B 3HAUUTENBHOM CTe-
neHn obycroBreH TwaTenbHbIM (AeTanbHbIM) aHa-
NM30M 3aKOHOMEPHOCTEN pasBUTUA NPUPOOHbLIX
napasuTapHbix cucteMm. CdopMynupoBaHHblE B
pabotax E.B. TananaeBa nonoxeHusi B ganbHen-
lWeM HawmnM cBOe MOATBepXAeHWe B MHOrovuc-
neHHbIX paboTax Mo TeopeTudeckon napasuToro-
mn [34-37]. B oTnuyne oT NpuUpOAHbIX napasu-
TapHbIX cuctem Bt-pacteHus — aTO MCKYCCTBEHHO
co3faHHble HaaBuaoBble cuctembl [38]. Akcnpec-
CUS1 BCTPOEHHbIX B UX FEHOM Cry-reHOB perynupy-
€TCsl MeXaHU3MaMM, OTIIUYHBIMWU OT €CTECTBEHHbIX
(bakTepuanbHbIi FeHOM), BCReAcTBME Yero yTpa-
ynBaeTcsi obpaTHas CBA3b C HACEKOMbIM-Bpeau-
Ternem, a KO3BOSMOLUNSA CTAHOBUTCA HEBO3MOXHOW.
Takum o6pa3om HapyLlalTcs OCHOBHbIE 3aKOHbI
pasBuUTUS CUMOMOTUYECKMX cucTteM [39], 4TOo K
obycnaBnueaet Heah(PEKTUBHOCTb COBPEMEHHBIX
reHHO-UHXeHepHbIX Bi-TexHonorunm.

lMepcriekmusebl darnbHeliuie2o Ucrnonb308aHuUst
Bacillus thuringiensis 8 6uomexHonoauu. 3a pecs-
TUNeTUs, npowenwme ¢ MOMEHTa Hayana Lumpo-
KoMacwTabHOro NpyMeHeHUst npenapaToB Ha OCHO-
Be B. huringiensis ons 3awuTtbl necoB oT cubup-
CKOro wenkonpsga, obnacte GUOTEXHONOIMYECKO-
ro NpUMEHeHUs 4aHHOro MWUKPOOPraHM3Ma MHOro-
KpaTHO yBenuyunacb. HangeHbl HOBble NoABWAbI
B. thuringiensis, Bbi3biBatoLmMe 3ab0nNeBaHUs n rm-
6enb NpeacTaBUTENEN Pa3NNYHBIX OTPSIOOB HACEKO-
MbIX U OpYrMx 6ecrno3BOHOYHbIX XMBOTHLIX [5, 7].
BbakTepuanbHble npenapatbl AN 3aWuWTbl pac-
TEHUIN OT HaceKoMbIX-BpeauTenen LWNPOKO NCMNOSb-
3ytotca 3a pybexom. OCHOBHbIMM noTpebuTe-
naAMM MUKPOOBMONOrMyecknx npenapartoB 3aliu-
Tbl pacteHun aensatTca CLUA, KaHaga, ctpaHbl
3anagHon EBponbl. VIHTEHCUMBHO pa3BMBaeTCs 3TO
HanpaBneHne B cTpaHax JlaTuHckon AMepuku u
Asnn [40]. Jlngepom MMpPOBOro NpoM3BoacTBa MUK-
pobronormyeckux npenapaTtoB SABASETCA KOMMNaHUA
Valent BioSciences (CLUA), Bbinyckatowas Lenyo
NWHENKY npenapaToB Ha ocHoBe B. thuringiensis
(DiPel, Xen Tari, Novodor, LEAP, DiTera) [41].
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Mocne pacnaga CCCP B Poccnn munkpobuono-
TMYECKUA METOA 3alMTbl PacTeHWN ONUTENbHOe
BpEMSsI NPaKTUYECKN He NpuMeHsincs. BospoxaeHue
MHTEepeca K 3TOMY HanpaBfeHuto OuoTexHomnormm
Hayanocb C KOHLIa NepBoro AeCATUNETUS HbiHELLHe-
ro Beka. llocne mogepHusauumn B 2006-2010 rr.
NPON3BOACTBEHHbLIX MOLLUHOCTEN ObiBlero bepa-
CKoro 3aBoga buonpenapaTtoB (B HacToslliee Bpe-
msa [MpomsBoactBeHHOe o6beanHeHne «Cnbbuo-
hapm») HanaxeH BbINYCK HOBbLIX MpenapaTtoB Ha
ocHoBe B. thuringiensis. «butokcnbaunnnuH» —
Guonorvyeckun npenapaTt, YCMewHo MWcnonb3ye-
MbIA ONS 3aWUTbl CEMNbCKOXO3ANCTBEHHbIX, LIBE-
TOYHbIX, NIECHBIX W FEKAapCTBEHHbIX KynbTyp OT
pasnu4yHbIX BUOOB HACEKOMbIX-BPEAUTENEN, B TOM
yncne Takux, Kak NayTUHHBINA Knew, TN, NUYUHKA
KOMOPaACKOro Xyka M JNUCTOrpbI3yLUNX FyCeHuL,.
Mpenapat «Jlenugouma» npegHasHayeH Ons 3a-
LLUMTbI NIECOB M CENbCKOXO3ANCTBEHHBIX KYNbTyp OT
FYCEHWL, YellyeKpbinbiXx Hacekombix. B  koHue
2016 r. npuHAT 1 ¢ 1 maga 2017 r. BCTynun ¢ cuny
FOCT Ha npenapart «,El,er,po6au,w'|n|/|H»2. Kpome
TOr0, POCCUNCKMMK Yy4yeHbiMK paspaboTaH u
YCMELIHO MPOLUEN UCMbITaHNA Psi HOBbIX BbICOKO-
3(PPEKTUBHBIX MNpenapaToB LUMPOKOro CrekTpa
pencteus [42]. BmecTe ¢ TeM ocTaloTCs Hepeanu-
30BaHHbIMW MHOTME NEPCMNEKTUBHbIE HanpaBneHus
pa3suTUa MukpobuomeTtoaa. Tak, Hanpumep, eLle

B 2001 r. B yacTHon Gecefde c aBTOpaMu CTaTby
ogHon 13 yyeHuy EsreHus Bacunbesuuya Tananae-
Ba T.B. 3aBe3eHoOBOW BbicKasblBanacb naes o Le-
necoobpasHocT noucka wtammoB B. thuringiensis,
NaToreHHbIX Arsi MKCOO4O0BLIX KIeLlen, NepeHOCHNKOB
psiga onacHblx 3aboneBaHuii.

B wuccnegoBaHusix nocnegHux OecatuneTun
NOMMMO MHCeKTUUngHoro peuncrteus y B. thurin-
giensis onucaH OOnbLIOA psg HOBbLIX CBOWCTB,
npeacTaBnaAlWNX UHTepec Ans GMOTEXHONoruu.
lMokasaHbl aHTUYHranbHass u aHTubakTepuanb-
Has akTuBHOCTb [43]. MeTabonuTtel B. thuringiensis
0oKasblBaKT POCTCTUMYNMpPYHOLLEE AEACTBUE U BNU-
AT Ha OUMOXMMMYECKMIA COCTaB pacTeHun [44—46].
OTMeuYeHo cenekTuBHoe MHrMbupytollee aencTene
Cry-6enkoB Ha pa3BuTUE OMyXOMeBbIX KNETOK 4Ye-
noeseka un pApyrux mnekonutawowmx [47,48]. B
OOMbLUMHCTBE Cry4yaeB 3TW HanpasBeHWs Noka He
BbILUNN 32 paMKM Hay4dHbIX pa3paboToK, U OCHOB-
HbIM HarnpaBrieHnemMm OBMOTEXHOMOMMYECKOro uc-
nonb3oBaHusa B. thuringiensis ocTaeTcsa 3awmTta
pacTeHUn OT HaCeKOMbIX-BpeanTenen.

“TOCT P 57246-2016 MpenapaTt JeHapobauun-
nuH. VHcekTMuma. TexHuyeckne ycnosusi; yTB. U
BBedeH B fencTteue npukasom degepansHOro
areHTCcTBa MO TEXHUYECKOMY PEryriMpoBaHuI0 U
meTpornoruu ot 09.11.2016 r. Ne 1636-cT.
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U3yyeHne cBomncTB OMopasnaraemMbix NAEHOK
U3 NPUPOAHLIX NonMcaxapuaos

© J1.C. Obiwniok, A.1O. MNMpocekos, J1.K. AcsikuHa
KemepoBckuii rocyaapcTBeHHbIN yHuBepcuTeT, r. KemepoBo, Poccuiickas ®enepauus

Pe3ztome: [Npobnemsi, cesizaHHbIe ¢ ymurnu3ayuel omxodos, 80 8ceM Mupe, 8 mom yucse u 8 Poccuu, onpe-
Oensaom HeobxoOuMoCcmb UCM0Ib308aHUS 8 YrNaKoBKe 3KOT02UYHbIX Mamepuanoe — buornonumepos. Akmy-
anbHoU siensiemcs paspabomka mexHosnoaul u peuenmyp buopasnazaembiX MAEHOK U3 0mMe4yecmeeHHbIX
uHepedueHmoes 05151 UCronb308aHUsT 8 yrakKoeKe nuuiesbix u/unu ¢ghapmayesmuydeckux npodykmos. buopas-
nazaembie rnonuMepbl Ha OCHOBe MPUPOOHbIX rosucaxapudos umerom ornpedesieHHble npeumMywecmesa rno
cpasHeHuto ¢ nnacmukamu. OCHOBHOE U3 HUX — rofIHas u bbicmpas pasfiazaeMocmb pU €CmecmeeHHbIX
u/unu crnieyuasibHo co30aHHbIx ycrosusix. [pu paspabomke mMexHOI02uuU Mosly4YeHUs YaKko8OYHbIX Mamepu-
arnos, 8 mom 4ucrsie u 0n9 nuwesbix npodykmos, ocoboe 8HUMaHue ydesnsiemcsi xapaKkmepucmukam rosny-
YeHHOU yrnakoeKu, omeeyarouUuM 3a COXPaHHOCMb UCXOOHbIX Ka4ecme Kak caMoU yrnakoeKku, mak u npooyK-
ma onpedenieHHoe 8peMs, Mo KpaliHel mepe, 0o docmasku rnompebumento. [1oamomy Hu3skasi rporycKkHas
€rnocobHoCMpb o0 OMHOWEHUI0 K KUCIOpody U 800sTHOMY napy — amo ocoboe ceolicmeo buopasnazaemMbix
M71€HOK, CMOJb 8axiHoe O nuuiesbiX yrnakogok. [lpednoxeHbl peyenmypbl 0bpa3yoe buopasniazaembix
M71€HOK U3 KOMMAO3Uuyul npupOoOHbIX rionucaxapudos (2udpoKcunponuiaMemursnyensionossl, KappasuHaHa u
aeap-azapa) u nposedeHnl uccredosaHusi UX OCHOBHbIX cgolicme (cmeneHb buopasfioxXeHus, 2a3onpoHuya-
emocmeb, 80doroanoweHue, xumudeckas cmolkocms, dezpadayusi U MmMOKCcuKonoaudyeckue ceolticmsa). 1o
pesynbmamam uccrnedosaHusi 8bibpaHbl KOMIO3UYUU, Npu2odHble Ors UCMOb308aHUSl 8 Ka4ecmee OCHO8bI
9KOJI02UYHbIX YNaKo8OYHbIX Mamepuarnos nuuesbix U gapmauesmuyeckux npodykmos. OnpedesieHa Mak-
cumaribHas ycmou4ueocmb U3y4YyaeMbiX MIeHOK (m.e. nepuod ux OSIHO20 PacmeOopPEeHUs) 8 KOHUEHMpPUpPO-
8aHHbIX COMsIHOU, cepHol U yKcycHol Kucriomax. OmmeyeHo, Ymo paccMompeHHbie obpa3ubl buopasnazae-
MbIX M/IEHOK HE OKa3bl8atom IMOKCUYECK020 8030elicmausi Ha rnpupoOHbie 3KOCUCMEMBbI.
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Property study of natural polysaccharide
biodegradable films

Lyubov S. Dyshlyuk, Alexander Yu. Prosekov, Lyudmila K. Asyakina
Kemerovo State University, Kemerovo, Russian Federation

Abstract: Issues associated with waste disposal all over the world, including in Russia, determine the urgency
in applying biopolymers as environmentally-friendly packaging materials. Nowadays, the development of
technologies and formulations of biodegradable films based on domestic ingredients for application in the
packaging of food and/or pharmaceutical products is of a great relevance. Biodegradable polymers based on
natural polysaccharides possess certain advantages over plastics, especially in terms of their complete and
rapid degradability under natural and/or specially-created conditions. When developing the technology for
producing packaging materials, including food production, special attention is paid to the characteristics of the
resulting packaging, which is responsible for preserving the initial qualities of both the packaging and the
product for a certain time, at least until delivered to the consumer. Therefore, low oxygen and water vapour
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permeability manifests itself as a special property of biodegradable films, having particular importance for food
packaging applications. Formulations of biodegradable film samples obtained from compositions of natural
polysaccharides (hydroxypropyl methylcellulose, carrageenan and agar-agar) are proposed and studies on
their main properties (degree of biodegradation, gas permeability, water absorption, chemical resistance, deg-
radation and toxicological properties) carried out. Based on the results of the study, compositions appropriate
for application as the basis for environmentally friendly packaging materials for food and pharmaceutical
products were selected. The maximum stability of the studied films (i.e., the period of their complete dissolu-
tion) in concentrated hydrochloric, sulphuric and acetic acids was determined. The considered samples of
biodegradable films were proved to cause no toxic effects on natural ecosystems.

Keywords: biopolymers, biodegradable films, water absorption, gas permeability, biodegradation, toxicity,
environmental friendliness
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BBEOEHUE

B HacToswwee Bpemsa cnpoc Ha Buononumepsl
NMOCTOSIHHO pacTeT B CBSA3U C NOBbIWeHeM Tpebo-
BaHUM obuwecTBa K maTepvanam, SBMASIOLMMCS
akonormyeckn 6esonacHbimu [1].

Y4yeHble yoensatoT ocoboe BHMMaHue NpuHLM-
nManbHO HOBbLIM crnocobam NpPOU3BOACTBA 3KO-
normyeckn 6e30nacHbIX HETOKCMYHbIX YMaKoBOY-
HbIX MaTepuarnos, KOTOpble CrocobHbI obecneynTb
Ka4yeCTBEHHYIO 3alUMTy NPOAYKTOB OT MMUKPOOHbIX
nopaxeHun n BO3AEWCTBUSA KUCMOPOAA, a Takke
npegoTBpaTUTbL UX YCYLWKY B Mpouecce npouvs-
BOACTBA U XpaHeHus. [Mpu 3TOM BaXHOW XapakTe-
PUCTMKOW HOBbIX YNAaKOBOYHbLIX MaTepuanos SBMs-
eTCs BO3MOXHOCTb WX nerkon yrtunusauuu. [lo-
3TOMYy BO BCEM Mupe 6onblioe BHMMaHWe yaensi-
eTcsa NPOU3BOACTBY W pacLUMPEHUI0 acCOpTUMEHTA
OGuopasnaraemMblX YNakoBOYHbIX MaTepuarnoB, He
3acopsaoLLMX OKpyXatoLLyo cpeny [2—6].

BaxHbiM npeumyllecTBoM GuopasnaraeMbix
NonMMepoB ABNSETCA BO3MOXHOCTb UCMOMb30Ba-
HWS Ans UX NPOM3BOACTBA TPAAMLMOHHBLIX TEXHO-
norun 1 obopyaoBaHus, 4TO He TpebyeT 3Hauu-
TenbHbIX AONONMHUTENBHBLIX 3atpaTt. Ocoboe npe-
UMyLLeCcTBO BropasnaraemblX MONIMMEPOB 3aKIto-
YaeTcs B MX HWU3KOM NPOMYCKHOW CNOCOBHOCTU MO
OTHOLLEHMIO K KUCMIOPOAY WU BOAAHOMY napy, 4To
OYeHb BaXHO Ans nNuLLeBbIX ynakoBok. CTOMKOCTb
YMaKoBKM K Pa3noXeHWo B CTaHAAPTHbIX YCNOBUSAX
N BMecTe C TeMm ObICTpasi M MonHas yTunuaaums
Npyu eCcTeCTBEHHbIX UMW ChneumanbHO CO3AaHHbIX
yCINoOBUSAX MOMOraeT pelwiaTb npobnemy Hakonne-
HUA OTXo4oB. He3aBMCMMOCTbL OT HedTEXUMUYe-
CKOrO CbIpbSl OAHO3HAYHO OTHOCUTCS K NpenmMyLle-
CTBaM TaKuX YNakoBOYHbIX MaTepuanos [7-9].

[MepcneKkTuBHBIM CbIpbEM AN NPOM3BOACTBA
OGuopasnaraembix YNakoBOYHbIX MaTepuaroB SBns-
I0OTCA MPUPOAHbIE nonucaxapuabl — KapparvHaH,
arap-arap 1 rMapoKCMNponunMeTUnuenonosa
(FTIMLL), a Taicke koMno3suumm Ha ux ocHose [10, 11].

Llenbto paboTbl ABMAANOCL M3y4YeHUE OCHOB-
HbIX CBOWCTB (ra3onpoHuLaemMoCcTu; XMMUYECKON
YCTONYMBOCTM MO OTHOLUEHMIO K STUIOBOMY ChMp-
Ty, Weno4yam M Kucrotam; ToKcuyeckon bGesonac-
HocTK) Buopasnaraemblx MAEHOK Ha OCHOBE Mpu-
pOAHBIX MONUcaxapuaoB UM WX KOMMO3WTOB AN
MPOM3BOACTBA 3IKOMOMMYHbLIX YMNaKOBOYHbLIX MaTe-
puanos nuwiesbIx NpoaykToB [12—16].

OKCNEPUMEHTAJIIbHAA YACTD.

Ob6bekTaMmn unccnenoBaHus ABNANMCH Kar-
na-kapparuHaH (Boc Sciences, CLUA); arap-arap
(Helicon, CLUA); rugpokcmnponunmeTunuensono-
3a (MMU) (Ashland Aqualon Functional Ingre-
dients, CLUA), a Takke 6uonneHku ns Hux [17-19].
MonekynspHasi Mmacca nonvcaxapvaoB: arap-arapa
306n, MML-748n, kanna-kapparmHaHa-385n.

CpegHue 3HayeHus TepmoavHaMu4eckux na-
pameTpoB OvONoNMMepoB onpeaensnM no Tpem
N3MEPEHUSIM.

WccnepoBann 3aBUCUMMOCTb  BSA3KOCTUM  pac-
TBOopoB OT pH mn oT koHueHTpauuu conu (NaCl).
Bs3KkocTb pacTBOPOB M3MEPSM Ha BUCKO3UMETPE
potaumoHHoro Tuna Brookfield LVF. Ona Tepmo-
CTaTMpOBaHMSA  MCMONb30OBanM  KpuotepmocTat
LOIP FT-211-25 (Poccus). Bce namepeHus npo-
BOAMNU B NPUMararoLmxcsl K BUCKO3MMETPY Tep-
MOCTaTMpyeMbIX CTakaHax.

Pacc4yeT aHTanbnmMm nepexoga NpoBOAMIIN Ha
rpaMM Cyxoro BeLlecTBa. JKCNepuMMeHTanbHas
owmnbka onpegeneHus TemnepaTypbl a3oBoro
nepexoga T, coctaBnsana +0,1 °C, gna Tennothbl
dasoBoro nepexoga AH,, 1 TennoemkoctTn ¢aso-
Boro nepexogda AC, akcneprMeHTasnbHas ombka
coctaBnsna 5,0 % oT onpegensemon BeNUYUHBI.

Ons nonyyeHus nsotepMm copbuum napoe BO-
Obl MpeanoXeHHbIMn obpasuamu MreHoK, Mony-
YEHHbIX HA OCHOBE KOMMO3MLUUA NPUPOAHBIX MO~
caxapugoB, MCMONb3oBanM MeToh M3onuMecTude-
ckux cepuin. OBGpasubl MNMEHOK B3BELUMBANM Ha
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3NEKTPOHHbIX Becax (¢ norpetwsHocTbio 0,001 r).
IMOCTOSIHCTBO OTHOCUTENbHBIX AaBreHun obecne-
YnMBanocb MPUMEHEHNEM HaCbILLEHHbIX pPacTBO-
poB conen. Ha Bcex nsotepmax otmedancs pes-
KMA pOCT BenuuuHbl copbuum B obnactm npwu
p/po 0,4-0,6, CBOWCTBEHHbIV MMAOTHO ynakoBaH-
HbIM MU PacTBOPMMbIM B copbaTte nonnmepam.
M3yyanun aHeprmio [Mbbca cmelweHus npu-
pPOAHbIX MonucaxapugoB B oOwem pacTBopu-
Tene (Boae). OHeprusi FTnmbbca cmelleHns nonuca-
XapuaoB Ag, nexana B obnacTtu kak oTpuuaTernb-
HbIX, TaK U NONOXUTENbHbIX 3HAaYEHU. 3Ha4yeHus
Agy,<0 cBupeTenbcTBOBaNM O TepmMoaMHaMU4e-
CKOWM CcTabunbHOCTU 0Opa3yrLNXCA PacTBOPOB.
Mpn cmeHe 3Haka aHeprum 'MB6ca, To ecTb Npwu
Agy >0, cuctema Tepsinia ycToM4MBOCTb U paccna-
nmBanacb. AHanu3 3aBMCUMOCTUN TEPMOUHAMUY E-
CKUX (PYHKUMA OT cocTaBa KOMMO3MLMI Npupoa-
HbIX NonMcaxapuaoB npeacTaeneH B Tabn. 1.
N3yyeHne TepmoanHaMmM4eCkux CBOMCTB Bro-
nonvmMepoB (aHeprusi nbbca cmelleHnss npupoa-
HbIX MonMcaxapugoB B o6Liem pacTBoputene (Bo-
Oe) W 3HTanbMMs CMELUEHUs MONMMEPOB) MO3BO-
NNy NonyYnTb MHoOpMaUno 0 TEpMOAUHAMUYE-
CKOM YCTOMYMBOCTM U COBMECTUMOCTM OUHApHOM
cucTembl nonumep — nonumep. M3 33 pasnuyHbix
peuenTyp Ha OCHOBe nonucaxapvgos 6binu OTO-

GpaHbl 13, NpUroAHbIX ANst UCMONb30BaHMsA B 61o-
pasnaraembix ynakoBOYHbIX MaTepuanax. Peuen-
Typbl npegnaraeMbix o06pasuoB umccnegyembix
OvonneHoK npeacTaBneHsl B Tabn. 2.

CmeneHb buopasrnoxeHus onpegensany me-
TOOOM, OCHOBAHHbLIM Ha OLlEeHKe BO3AenCcTBNs 0bu-
TalLWMX B eCTEeCTBEHHbIX BroLeHo3ax Mnkpoopra-
HuamoB (Penicillium funiculosum, Aspergillus ni-
ger, Paecilomyces variotii, Aureobasidium pullu-
lans Aspergillus terreus,, Penicillium ochrochlo-
ron) Ha wuccnegyemble o6pasubl NNEHOK, WHKY-
Oupys B TepMocTaTe B TedyeHMe 6 MecsueB
ob6pasubl nccnegyemblx MIEHOK NpU OTHOCUTEMb-
Hon BnaxHoctn He meHee 90 % u TemnepaType
29 °C (ISO 846:1997).

NamepeHne g8odornoenoweHuUs NNEHOK n3yya-
nu B cootBeTcTBUMN ¢ TpebosaHuamn MOCT 4650-
2014.

MaccoByto gonto nornoweHHon obpasuom
BOAbI onpeaensanu no opmyre:

c=13 - [(m;—my;)/ m4] - 100,
roe m; — macca ucnbiTyemoro obpasua nocrne
nepBoHaYyanbLHOro NpPOCyLUNBaHUS 1 nepea norpy-
)KEHWEM B Boy, MrI; m, — Macca UcnbITyemoro ob-
pasLa nocre BblAEPXKW B BOAE, M.

Tabnuuya 1

SHepaus MNub66ca cmeweHuUs1 NPupPoOHbIX rnojsiucaxapudoe

Gibbs mixing energy of natural polysaccharides

Table 1

[ranasoH COOTHOLLEHWIA KOHLEHTPALMIA NonMcaxapuaos
CocTaB KomMnosunuun
npu Agx <0 npun Agx>0

KapparuHaH u I'MML ot 2,100 10,0 2,0 u meHee

KapparvHaH u arap-arap o1 2,58010,0 2,5 n meHee

MML n arap-arap ot 1,1 006,0 1,0 n MmeHee

KapparuHan, I'MML v arap-arap o1 0,26 0o 4,0 0,25 n meHee

Tabnuya 2
Cocmae uccnedyemMbix Komno3uyuu
Table 2
Studied compositions
Homep KonnyectBo uHrpeavexTa, % macc.

obpasua KapparuHaH ML, Arap-arap rnuLepuH Boaa
2 10,0 2,5 - 10,0 77,5
3 20,0 2,5 - 10,0 67,5
6 20,0 5,0 - 10,0 65,0
11 10,0 - 2,5 10,0 77,5
12 20,0 - 2,5 10,0 67,5
15 20,0 - 5,0 10,0 65,0
20 - 5,0 2,5 10,0 82,5
21 - 10,0 2,5 10,0 77,5
24 - 10,0 5,0 10,0 75,0
28 5,0 2,5 2,5 10,0 80,0
29 10,0 2,5 2,5 10,0 75,0
30 20,0 2,5 2,5 10,0 65,0
33 20,0 5,0 5,0 10,0 60,0
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ViccnenoBaHune 2a30mpoHuUyaemMocmu niaeHoK
o Kucropody npoBoaunu nNo metoay auddepeH-
LUManbHOro AaBrieHus, UCMomnb3ys BaKyyMHbIN Te-
cTep Oons onpegeneHns NPOHMLLAeMOCTU MNieHoY-
Houn ynakosku VAC-V1 (Labthink Instruments Co.,
Ltd, P.R. China). lna uccnegosaHum ncnonb3osa-
nn KUcnopog TexHudeckun | copta (uucTtota rasa
99,7 %).

Ona onpepeneHus xumudeckol cmotikocmu
MMEHOK B XMMWYECKN aKTUBHYIO cpedy, npeasapu-
TEeNbHO MOArOTOBIIEHHYIO B CTEKMSIHHOW MocyAae,
onyckanu 4acTb kaxgoro obpasua M C NoMOLLbHO
CeKyHOoMepa onpeaernsny Bpems ero pasnoxXeHus.

Lezapadayuro nneHok 8 ModesibHbIX buonoau-
Yyeckux cpedax onpegensanu cnegywowum obpa-
30M. 0Opasubl NIeHOK MHKYOupoBanum B TeyeHue
30 cyToK B MOAernbHbIX BUMONOrM4yeckMx cpegax —
pacTBopax, MOOENUPYIOLNX XEeNyaouHbIn U Ku-
LWEeYHbIA COK, U pPerncTtpmpoBanu xapakrep usme-
HeHUs CBOWCTB NneHok. PacTBop, MOAenMpyoLLmin
XKenyaoYHbI COK, FOTOBMNM cregywowum obpa-
3oM: pH 0,9 %-ro pacteopa NaCl goeogunu go 2
KOHLEHTPUPOBAHHON COMSIHOW KUCMOTOW, CTepwu-
nu3osanu B aBToknaee 20 mMuH npu 1 atMm., Ago-
6aBnanu B pacteop 0,3 r/n nencuHa, pacTBOpeH-
HOoro B HebGornblOM KonuyecTtee Boabl. PacTsop,
MOLENUPYIOLLMIA KULLEYHBIA COK, TOTOBUNM B CTe-
punsHoM cpoccatHom Oydbepe ¢ pH =7,4, kyoa
BHOCUNK 1 /N naHkpeaTuHa, pacTBOPSAS €ro B He-
6onbwoM KonuyecTBe BoAbl. [na npepoTsBpalye-
Husa Guogerpagauun GakTepusamun BO BCE pacTBO-
pbl 6bIn gobaeneH 1 r/n asmga HaTpus.

OLEeHKYy mOKCcUKOI02UHeCKUX €80UCM8 NITEHOK
npoBOOUNM, u3yyas UX BrusSiHUE Ha UTO- U 300-
nnaHkToH. lpu pabote C UTOMMAHKTOHOM MC-
Monb30Banu anbrofiorMyeckn YUCTYI0 CYTOYHYHO
KynbTypy Bogopocnew Chlorella vulgaris Beijer on-
Tuyeckon nnoTHocTbio 0,625 B COOTBETCTBMM C
®P.1.39.2011.10993. HapawimBaHue KynbTypbl BO-
Aopocnu xnopenna onpegensany nocne 22 4 Kynb-
TmBMpoBaHMA. OLEHKY TOKCUYHOCTW MpPOBOAUNM MO

OOCTWDKEHUWN BENUYUHBI OMTUYECKOW MMIOTHOCTU B
KOHTporbHbIX dnakoHax 0,120 n Gonee, namepsis
ONTMYECKYI0 MMOTHOCTb KymnbTypbl TecT-06bekTa U
CpaBHUBAsA CYTOYHbIA NPUPOCT YUCIIEHHOCTU KMETOK
BOOOPOCHEN B KOHTPOMbHOM U OMNbITHOM BapuaHTax.

Mpu paboTe ¢ 300NNAHKTOHOM MCMOMb30Banu
HU3LLKX pakoobpasHbIX No MeToauke, npeacTas-
nenHon B ®P.1.39.2010.09102 ¢ moaundumkaumnen
CTO Try 137-2015. OnutenbHOCTb MpOBeEAEHUSI
3KCnepuMeHT — 72 4. CMepTHOCTb AadoHUI B KOH-
TPOMbHOM U OMBbITHOM BapuaHTax yYuTbIBanNu Kax-
able 24 4. OnbIT npekpawianu, ecnu B TedyeHue
244 BO Bcex OMbITHbIX Npobuvpkax Habnoganm
rmbenb 6onee 50 % padkos.

OBCYXOEHUE PE3YINIbTATOB

B Tabn. 3 npeacraBneHbl AaHHbIE O CTEMNEHU
BuopasnoxeHus BbIbpaHHbIX 06pa3LIOB MAEHOK.

YCTaHOBMEHO, YTO BCe TeCTUpyeMble obpasLbl
NMeHoK SBNSTCS BuopasnaraeMbiMu (cM. Tabn. 2).
B TeueHne 6 mecsiueB (B pamMkax usy4aemoro rne-
pvoga) MakcuMMmarnbHasi cTeneHb Ovogerpagauum
(92,0; 94,0 1 95,0 %) Gbina xapakTepHa ans obpas-
uoB Ne 6, 15 n 30 COOTBETCTBEHHO, &8 MMHUMATb-
Has (65,0 1 68,0 %) — ana obpasuos Ne 24 un 2.

PesynbTaTbl TECTMPOBaHUS BOAONOMNOLWEHNS
06pasL 0B MNMEHOK Ha OCHOBE NPWPOAHbLIX Nonuca-
XapugoB npvBegeHbl Ha puc. 1.

MuHMManbHLIM BOAOMOMMOLLEHWEM XapaKTepu-
3ytoTcst obpasubl nneHok Ne 8 (3 ), 12 (4 %), 3 (5 %),
2 (7 %) n 6 (8 %), makcumanbHbeiM — Ne 7 (180 %),
5 (156 %) n 10 (120 %). Ha ocHoBaHWK nony4yeH-
HbIX JaHHbIX cAenaH BbIBOA O MPeanoyTUTENbHOM
MCMNOMb30BaHNM B YNAKOBOYHOW OTpacrin MIEeHOK
cnepyrowmx obpasuyos: Ne8 (mo 10,0 % macc.
kapparnHaHa u [TIMU), Ne 12 (20,0 % macc.
kapparnHaHa u 2,5 % macc. arap-arapa), Ne 3
(20,0 % macc. KapparvHana u 2,5 % macc. [TIMLL),
Ne2 (10,0 % macc. kapparuHaHa wn 2,5 % macc.
MMU) m Ne6 (20,0 % macc. kapparvHaHa u
5,0 % macc. I'MIML).

Tabnuya 3
CmeneHb 6UOpPa3sIoXeHUs NeHOK, MoJlyYeHHbIX Ha OCHO8e NMPUPOOHLIX NnoJsiucaxapudoe
Table 3
Biodegradation degree of natural polysaccharides based films
Homep Honsa notepu macchbl, %, Yepes
obpasua 1 mecs, 2 Mmecsua 3 mecsua 4 mecsua 5 mecsues 6 mecsLieB
2 27,0 34,0 40,0 52,0 60,0 68,0
3 40,0 47,0 53,0 60,0 68,0 75,0
6 58,0 65,0 72,0 79,0 86,0 92,0
11 46,0 57,0 64,0 70,0 75,0 83,0
12 39,0 46,0 53,0 60,0 68,0 79,0
15 57,0 65,0 73,0 82,0 90,0 94,0
20 37,0 44,0 52,0 60,0 67,0 73,0
21 35,0 48,0 56,0 64,0 72,0 81,0
24 30,0 35,0 44,0 51,0 60,0 65,0
28 40,0 46,0 53,0 62,0 70,0 77,0
29 35,0 42,0 49,0 57,0 64,0 70,0
30 54,0 63,0 70,0 76,0 83,0 90,0
33 38,0 45,0 51,0 58,0 64,0 72,0
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Fig. 1. Water absorption of natural polysaccharides based films

PesynbTaTbl wuccrnegoBaHWs rasonpoHuuae-
MOCTW npeanaraeMbix 0b6pasLoB MAEHOK N0 OTHO-
LUEHWIO K Kucropoay npveedeHsl B Tabn. 4.

HaHHble, NnpeactaBneHHble B Tabn. 4, ceuge-
TENbCTBYIOT O TOM, YTO MUHUMAarbHasa ra3onpoHu-
LaeMoCTb MO KUCIOPOAy XapakTtepHa Ans obpas-
uoB nneHok Ne 21 n 24, makcumanbHaa — gns
o6pasuos Ne 20, 30 n 12.

XUMWYECKYI0 YCTONYMBOCTb NIIEHOK aHanmsu-
poBanu NO OTHOLIEHWIO K Liernoyam (rmapokcug

TBOpeHus coctasmn oT 15,0 oo 30,0 u.

nreHoK Ha ocHoee NPUPOOHbLIX
nonucaxapudoe rno Kucsopody

Tabnuuya 4
rasonpoHuuyaemocms 6uopasnazaembix

Table 4

Oxygen gas permeability of natural
polysaccharides based biodegradable films

HaTpus, TMAPOKCUA Kanus), K 3TUIIOBOMY CNUPTY, Homep a30npoHMLAeMOoCTb,
CUMbHBIM (ComsiHas U cepHasi) U cnabbiM KucroTam obpasua cM*/m?-244-atm
(ykcycHas). MMonydyeHHble pesynbTaThbl NpeacTas- 2 36,859+1,843
neHbl B Tabn. 5. :63 315865‘4122301:97,285261
Kak BuaHoO n3 I'Ipe,EI,C:I'aBJ'IeHHbIX B Tabn. 5 paH- 11 87,52414,566
HbIX, MUHUMarbHasi yCTOMYMBOCTb Af1s1 BCEX NINEHOK 12 440 569+22 028
Habnoaaetcs B 6,0 M consiHOM KucnoTe, nepuoja 15 1 8:58510,529
nosnHoro pacteopeHus coctasun ot 0,4 no 2,04. B 20 621,230+31,062
KOHLEHTPMPOBaHHOW CEPHOW KUCMOTe BCe MNIIeHKU 21 2,335+0,117
oKasanuMcb HEMHOro YCTOMYMBEE MO CPaBHEHUIO C 24 8,909+0,445
COMSIHOM KMCNOTOW, Nepuof MOSIHOTO pacTBOPEHWS 28 69,284+3,464
coctaBun 5,0-24,0 4. KoHUEHTpMpoBaHHast yKCyc- 29 287,325+14,366
Has KucnoTa uMmena MeHee arpeccuBHOe AeVicTBue 30 505,019425,251
Ha TecTupyemble MMeHKM — nepuoa MOMHOro pac- 33 77,764%3,888
Tabnuya 5
Xumu4eckasi ycmolyueocms MJ1€HOK, MoJ1y4eHHbIX
Ha ocHoge pacmumersibHbIX noJsiucaxapudos
Table 5
Chemical stability of natural polysaccharides based films
MpoJomKMTENBHOCTL pacTBOpeHnsi obpasua, 4
PactBoputenn O6paseL
2 3 6 11 12 15 20 21 24 28 29 30 33
C2HsOH, 96% - - - - - - - - - - - -
NaOH, 0,1 M - - - - - - - - - - - - -
NaOH, 2,0 M + + + + + + + + + + + + +
KOH, 0,1 M - - - - - - - - - - - - -
KOH, 2,0 M + + + + + + + + + + + + +
H2S04, 0,1 M - - - - - - - - - - - - -
H2S0O4, 6,0 M 100 | 85 (120 7,5 | 50 | 150 | 18,0 | 6,0 | 24,0 9,0 12,5 | 5,0 11,0
HCI, 0,1 M - - - - - - - - - - - - -
HCI, 6,0 M 1,2 | 0,8 1,0 0,5 1,5 1.1 0,6 1,3 | 04 1,8 1,3 | 2,0 0,7
CHsCOOH, 0,1 M - - - - - - - - - - - - -
CHsCOOH, 8,75 M 18,51 21,0 | 24,0 | 250 20,0 | 19,0 | 27,0 | 26,5 | 150 | 30,0 | 22,0 | 245 | 23,0

MpumeyaHue. «—» — 06pasubl He PaCMEOPUIIUCH,; «+» — 06pa3ubl HabyX/u, HO He PacMEoPUIIUC.
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PesynbTaTbl n3yyeHuss gerpagaummn nieHok B
MoAenbHbIX Buonormyecknx cpegax, NpUbnKeH-
HbIX MO COCTaBy K OMOMOrMYECKMM >XUOKOCTAM Op-
raHmama — XenygoyHoMy U KULIEYHOMY COKY, Mpu-
BedeHbl B Tabn. 6.

[aHHble, npeacTtaBneHHble B Tabn. 6, ceuae-
TENbCTBYIOT O TOM, 4TO B BydepHom (pH =7,4) un
du3mMonormyeckom pactBopax BCe TecTupyemble
06pa3upbl MAEHOK PacTBOPSIOTCA C HU3KOW CKOPO-
cTblo. MakcumanbHasi ckopocTb buogerpagaumm B
OydepHOM pacTBope oTMedeHa Ans obpasuos
Ne 11 (1804) n 33 (1954), B PM3MONOrNYECKOM

pacTtBope — ans obpasuyos Ne 3 (95 4) n 15 (100 ).

BeicTpas Ouoperpagaums B MOLEMNBHOM
Xenyao4YHOM COKe xapakTepHa ans obpasuos Ne 2
(154), 20 (174) n 33 (17 4), B MOAESNIBHOM KU-
LeyHom coke — ans obpasuyos Ne 3 (5 4), 33 (6 v)
n 15 (7 v).

B Ttabn. 7 npeacraeneHsbl pesynbTaTtbl U3yde-
HUS TOKCMKONOrM4eckMx nokasatenen Guopasna-
raemMbix YNakoBOYHbIX MaTepuanoB (TOKCUYHOCTb
anst  outonnaHkToHa (OAHOKMNETOYHbIX 3efeHbIX
BOAOPOCNEN) N 300MSIAHKTOHA (HU3LWINX pPaKoob-
pasHbIXx)).

Ta6bnuuya 6

Heapadayus nneHokK, nosly4YeHHbIX Ha OCHO8e pacmumeJsibHbIX rnoJjiucaxapudos,
8 ModeJsibHbIX 6uono2uvyeckux cpedax

Table 6
Degradation of natural polysaccharides based films
in simulated biological media
MogenbHbie MpogomkuTenbHOCTb Aerpagaumu obpasua, 4
Ouonornyeckne cpeabl Howmep oBpasua
2 3 6 11 12 |15 1 20 | 21 24 | 28 | 29 | 30 | 33
BydepHbiit pacteop, pH=7,4 | 255 | 315 | 200 | 180 | 205 | 310 | 300 | 280 | 260 | 275 | 305 | 212 | 195
dr3roNorMyeckmin pacTeop 175 95 | 150 | 165 | 125 | 100 | 130 | 150 | 170 | 110 | 105 | 160 | 180
KniweyHslid cok 12 5 15 | 24 | 20 7 11 22 8 12 | 25 9 6
XenynouHbli cok 15 20 25 | 18 | 24 | 20 17 16 | 22 | 21 26 19 | 17
Tabnuya 7
Tokcukonozu4yeckue nokKkasamersu rnJeHoK, MoJly4eHHbIX
Ha ocHoee pacmumeJsibHbIX nosucaxapudoe
Table 7
Toxicological parameters of natural polysaccharides based films
Homep . o KpaTHOCTb pa3BeaeHus Knacc O6wwuin knacc
TecT-opraHmnam™ | TecT-peakuns
obpasua 0o 6e30nacHoro ypoBHs 0OnacHoCTU 0OnacHoCTU
2 1 A 0,75 \Y v
2 B 5,14 v
1 A 1,04 \Y,
3 2 B 0,90 \Y v
1 A 0,78 \Y
6 2 B 0,94 \Y v
1 A 0,85 \Y,
1 2 B 1,00 \Y v
1 A 0,70 \Y,
12 2 B 2,13 v v
1 A 6,76 \Y
15 2 B 15,34 v v
1 A 0,72 Y,
20 2 B 1,03 \Y v
1 A 12,11 v
21 2 B 0,79 \Y v
1 A 7,18 v
24 2 B 10,00 v v
1 A 1,11 Y,
28 2 B 4,52 IV v
1 A 0,90 \Y
29 2 B 0,71 \Y v
1 A 8,15 v
30 2 B 12,06 v v
1 A 14,38 v
33 2 B 1,04 )Y v

* Tecm-opeaHuam: 1 — Chlorella vulgaris Beijer; 2 — Daphnia magna;
** Tecm-peakyusi: A — uHaubupogaHue pocma mecm-Kynbmypsbi, B — cmepmHocme.
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M3 tabn. 7 cnegyert, 4To MO CTENEHM TOKCUYe-
CKOro BO3[ENCTBMSA Ha MPUPOOHbIE SKOCUCTEMBI 00-
pasubl ynakoBo4HbIXx MatepuanoB Ne 2, 12, 15, 21,
24, 28, 30 n 33 oTHocsaTcA K IV knaccy onacHocTh
(manoonacHble), a obpasubl Ne 3, 5, 11, 20 n 29 —
K V Krnaccy onacHOCTM (MpaKTU4eCKM HEONAacHbIE).

3AKNKOYEHUE

M3yyeHbl cBoncTBa OGuUONMEHoK TpuHaaLuaTu
peLenTyp Ha OCHOBE KOMOGWHaLMN NPUPOAHbLIX MO-
nucaxapvgoB (arap-arap, FMOPOKCUMMPONUIMETWIT-
Lenmniono3a 1 kapparuHaH). YCTaHOreHo, 4To Bce
TecTMpyemble NIeHKN ABMsATCS BropasnaraembiMu.

MuHMManbHasa yCTOMYMBOCTb M3yYaeMblX Miie-
HOK Habnoganacb B KOHLEHTPUMPOBAHHOW COMs-
HOW Kucrnote (nepuog MNOMHOIO PacTBOPEHUS —
0,4-2,0 4), B KOHLEHTPUPOBAHHOW CEPHOW KMCHO-
Te (nepuog nonHoro pactBopeHusa — 5,0-24,0 )
N B KOHLEHTPUPOBAHHOW YKCYCHOW kucnote (nepu-
of nonHoro pacteopeHunsa — 15,0-30,0 v).

Mpn onpepeneHnn TOKCUKOMOrMYECKUX Xa-
pakTepucTuk obpasLoB usyvyaemblx bruopasnarae-
MbIX NIIEHOK YCTAHOBMEHO, YTO OHM OTHOCATCS K IV
Krnaccy onacHocTu (ManoonacHble) u V (mpakTnyecku
HeomnacHbI€), TO €CTb TOKCUYECKOro BO3AENCTBMSA Ha
NPUPOOHBIE 3KOCUCTEMbI HE OTKa3bIBaHOT.
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KnoHanbHoOe MUKpoOpa3MHOXeHune
U coXpaHeHue B yCrnoBwusX in vitro AoByX cCOpTOB
XypMmbl BoctouHoU (Diospyros kaki thunb.)

© WU.B. MutpodraHoBa, H.H. UBaHoBa, T.H. Ky3abmuHa, C.10. Xoxnos

OpaeHa Tpygosoro KpacHoro 3HameHn HuknuTckmin 6oTaHnvecknin cag, —
HauunoHanbHbI Hay4dHbI LeHTp PAH, r. AnTa, Pecnybnuka Kpbim, Poccuiickas degepauus

Pe3rome: Llenb uccnedosaHusi — ycogepuweHcmeogaHue criocoba pezeHepayuu MUKpornobezao8 XypMmabl
socmoyHou copmos CyseHup OceHu u KOxHasa Kpacasuuya cenekyuu Hukumckoeo 6omaHu4eckozo cada u
onmumu3sayus ycrosuti 0ns becrepecadoyHoz20 12-mecsiHHo20 OernoHUPOB8aHUs XyPMbl 80CMOYHOU 8 yCIlo-
8usix in vitro ¢ yenbto danbHelwezo co30aHuUsi 2eHobaHKa UeHHbIX Cybmpornu4ecKux ceslbCKoxo3aUcmee H-
HbIX Kynbmyp. ViccriedoeaHusi Mo 88e0eHUI0 3KCIMIaHMOo8 8 Kyribmypy in Vitro u pezeHepauyuu mMukpornobe-
208 XypMbi ripoeodusiu 8 nabopamopuu buomexHosoeuu U supyconoeuu pacmeHuti ®F6YH Opdena Tpy-
dosoeo KpacHoeo 3HameHu «Hukumckul 6omarudeckuli cad» — HayuoHanbHbIl Hay4Hbil yeHmp PAH.
Hna peeeHepayuu mukpornobezoes ucrionb3osanu cpedy Mypacuze u Ckyea (MC) ¢ peaynamopamu poc-
ma — 6-6eH3unanuHonypuH (BArl) u 3-(1,2,3-muadua3onuH-5)-1-cpeHunmoyvesuHa (TA3). [nsa coxpaHeHus
in vitro ceameHmbl MuKkpornobezos nomewanu Ha numamernbHyto cpedy Ya Hopmbl MC, OonosTHEHHYO caxa-
po3sol u xnopxosnuHxnopudom (CCC). KynbmypasibHble cocyObl nomeuwjanu 8 XonodunbHble KaMepbl C HU 3-
KoU nonoxumensHol memnepamypol (4—14 °C). B xode akcriepumeHmos8 ycmaHosreHa UuHOyyupyrowas
ponb BATl (2—4 mea/n) 8 numamernbHou cpede MC Ha amane uHOykyuu nobezoobpasosaHus, Ymo obecrie-
4usasio cmabusibHy0 NPSMYy0 pegeHepayuo Mukpornobeaos U3 eeeemamueHbIX NMOYeK XypMbl 80CMOYHOU.
MakcumarnsHoe 4ucro HopmarsbHbIX Mukporobezoe 6e3 eudumbix U3MeHeHul rnoryyeHo Ha cpede MC,
OornonHeHHolU 4 me/n BAl: 2,0+0,4 wm. — y copma CyseHup OceHu, 2,7+0,4 wm. — y copma HOxHas
Kpacasuuya. CpelHss OnuHa mukporiobeeoe docmueana 1,90+0,04 cm dnsi copma CyseHup OceHu u
3,1+0,07 cm — Onsa copma KOxHas Kpacasuuya. Hanu4ue e cpede MC T[]3 cnocobcmeosgano chopmuposa-
HUK0 MUKporiobezoe nymem HernpsiMo20 opaaHo2eHe3a 8 KyJ/ibmype 8biCeYeK aucma uccriedyeMbix Copmos.
Hacmoma nobeezoobpasosaHusi u3 ebicevek nucma docmueana 65—79 % yepes 6 Hedesnb Kynbmusupoga-
Husi Ha cpedax ¢ 1,1 u 1,7 me/n TH3. Pasnuuus mopghozeHemu4yeckoao rnomeHyuana 3KcriaaHmos
rpocrexusanucb Ha fNPomMsKeHuu ecex amarog pasgumus. [aHHble e2ucmoroeudeckux uccredogaHull
Kanmnyca nodmeepxxdarom Hanudue nposugepamusHO akmueHbIX KI1emoK, Komopble darom Ha4vasro Mepu-
cmemam Mukporiobezos. [NokazaHa cmabunusupyrowas pons 60,0 e/n caxapossl u 0,2—0,4 e/n CCC e
cpede i MC npu memnepamype coxpaHeHusi 8—10 °C Ha Xu3HecriocobHOCMb 3KCI/1aHmos8 Xypmbl 8
meyeHue 12 mecsyes.

Knroyeesnie cnoea: Diospyros kaki, MukpopasmMHoOXXeHue, in vitro, opeaHo2eHe3, 0eroHuUpos8aHue

BnazodapHocmu: Paboma 6bina ebinonHeHa 6 pamkax [oczadaHusi Ne 0829-2019-0038 ®IbYH «Hukum-
ckuli bomaHu4deckuli cad — HayuoHanbHbIlU Hay4HbIlU yeHmp PAH».

Ungpopmayus o cmamee: [Jama nocmynneHus 11 anpens 2019 a.; dama npuHamus K nedyamu 25 Hos16psi
2019 e.; dama oHnalH-pasmeweHus1 30 dekabpsi 2019 e.

Ana yumupoeaHnus: MutpocdaHoBa W.B., MeanoBa H.H., Kysbmuna T.H., Xoxnos C.lHO. KnoHanbHoe
MUKPOPa3MHOXEHWE N COXpaHeHWe B YCMOBUSAX in Vitro OByX COPTOB XypMbl BOCTOYHOW (Diospyros kaki
thunb.) // Uszeecmus eys30e. [llpuknadHas xumusi u 6buomexHonoezus. 2019. T. 9. N. 4. C. 712-721.
https://doi.org/10. 21285/2227-2925-2019-9-4-712-721
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In vitro cloned micropropagation
and conservation for two cultivars
of Diospyros kaki (Diospyros kaki Thunb.)

© Irina V. Mitrofanova, Natalya N. lvanova,
Tatyana N. Kuzmina, Sergey Yu. Khokhlov

The Labor Red Banner Order Nikitsky Botanical Gardens —
National Scientific Center of the RAS, Yalta, the Republic of the Crimea, Russian Federation

Abstract: The study is aimed at improving the microsprout regeneration method for the 'Suvenir Oseni' and
'Yuzhnaya Krasavitsa' Diospyros kaki (persimmon) cultivars of the Nikitsky Botanical Gardens. The breeding
of and optimising the conditions for non-stop 12-month in vitro deposition of kaki persimmon was carried out
for the purpose of creating a gene bank of valuable subtropical crops. The explanting of in vitro culture and the
regeneration of persimmon microsprouts was carried out in the laboratory of plant biotechnology and virology
of the "Nikitsky Botanical Gardens" National Scientific Centre RAS. For regeneration of microsprouts,
Murashige and Skoog medium (MSO) containing 6-benzylapinopurin (BAP) and 3-(1,2,3-Thiadiazolin-5)-
1-phenylurea (TDZ) growth regulators was used. In order to ensure in vitro preservation, microsprout seg-
ments were placed in a nutrient medium composed by i of normal MS, sucrose and chlorocholinchloride
(CCC). The culture vessels were placed in refrigerators to maintain a low positive temperature (4—14 °C).
In the course of the experiments, the inducing role of BAP (2—-4 mg/L) in the MS nutrient medium at the induc-
tion stage of spout formation was established to ensure stable direct regeneration of microsprouts from the
vegetative burgeons of kaki persimmon. The maximum number of normal microsprouts having no visible
changes was obtained in MS medium having a BAP concentration of 4 mg/L and equal to 2.0+0.4 and
2.7+0.4 pcs. for the 'Suvenir Oseni' and 'Yuzhnaya Krasavitsa' cultivars, respectively. The average length
of microsprouts reached 1.90+0.04 cm for the 'Suvenir Oseni' cultivar, while, for 'Yuzhnaya Krasavitsa', this
value was equal to 3.1£0.07 cm. The presence of TDZ in the MS medium facilitated the formation of
microsprouts through indirect organogenesis in the leaf cutting culture of the studied cultivars. The frequency
of spout formation from leaf cuttings reached 65-79 % following 6 weeks of cultivation on media with 1.1 and
1.7 mg/L concentration of TDZ. Differences in the morphogenetic potential of explants were traced throughout
all stages of development. Data from histological callus studies confirm the presence of proliferatively active
cells giving rise to microsprout meristems. The concentration of 60.0 g/L and 0.2—-0.4 g/L for sucrose and
CCC, respectively, contained in Y2 MS medium was shown to stabilise the viability of persimmon explants at a
storage temperature of 8—10 °C for 12 months.

Keywords: Diospyros kaki, micropropagation, in vitro, organogenesis, deposition
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BBEOEHUE

Hukutckuin 6oTaHudeckuih cag — OOHO U3
CTapenLnX Hay4HbIX yupexaeHun, LUIMPOKO U3BECT-
Hoe 3a npegenamu coBpemeHHon Poccun. Ero
COTpyAHVMKaMn 3a MHorne rogpl Obina cobpaHa
YHUMKarnbHasi KONnekuus xypmbl BocTovHoW (Dios-
pyros kaki Thunb.), coctoswas 13 120 copToB U
nepcnektusHolx d¢opm [1]. TloyBeHHO-KNMMaATK-
yeckme ycnosus toxHoro 6epera Kpeima okasa-
NNCb BMOMNHE MPUroAHbIMU ANS YCNEeLWHOW aKknu-
MaTu3aumm 3Ton CyOTPONUYECKON KyMnbTypbl.

Mnogbl XypMbl MOME3Hbl, NUTATENbHbI, NPU-
rogHbl Ans ynotpebneHuss B CBEXEM BUAE WIK
nocrne TexHonoruyeckon nepepabotkn. MskoTb
3penbixX MIOL0B COAEPXKMUT LEeNbIn psia BUTAMUHOB,
KapaTMHOMOOB, MWKPO- M Makpo3fieMEHTOB, a
TaKkKe OpraHM4yeckne coeguHeHus noga, kanbuus
nxenesa [2].

TpagvuuoHHbIE MEeTOAbl BEretaTMBHOIO pas-
MHOXEHUS MMAOAOBbIX KyNbTyp [AOBOJMIBHO Tpy-
JOEeMKM W B HegoCcTaTOuHOW cTeneHn addek-
TMBHbI. COBpEMEHHbLIE BGMOTEXHONOTUN PacCTEHWN
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MO3BOMAOT MNOMNYy4YMTb HEOOXOAMMOE KONMMYecTBO
reHeTU4eckn CTabuIbHbIX O300POBIIEHHbLIX pere-
HepaHToB [3]. PaspaboTaHbl cnocobbl pereHe-
pauMm OTAEeNbHbIX COPTOB XypMbl U3 BereTatvs-
HbIX MOYeEK, BbICEYEK NMUCTBEB N KyNbTUBUPYEMOIO
Kannyca B ycnosusix invitro [4-6]. B wuccne-
JOBaHUAX YCTaHOBMNEHa 3aBMCUMOCTb pereHepa-
LUMOHHOM CMOCOBHOCTN 3KCMMaHTOB OTAENbHbIX
COPTOB XYpPMbl BOCTOYHOM OT CPOKOB W30MsiLnMK,
cnocoba cTepunusauuun, Hanuyuusa perynsitopos
pocTa B nuTaTenbHou cpeae [7, 8].

VMcnonb3oBaHne MeTOdOB KynbTypbl TKaHW U
OpraHoB MNO3BONSAET pelwaTtb TakMe 3afjaudn, Kak
MacCcOBO€ pa3MHOXeHWe B1AOB, COPTOB U hopM 1
nocrniegywouiee cosgaHve MeANeHHO pacTyLmX
konnekumn [9, 10]. CosgaHue Konnekumn pacTte-
HUW in vitro siBNsieTCcs OOHOW M3 COCTaBMSAKLLNX
yacTen cTpaTernm oxpaHbl 6GMONOrMYecKoro pasHo-
o6pas3vs pactenmit' [11—-13].

Llenbto gaHHon paboTbl GbINO ycoBepLueH-
CTBOBaHMEe cnocoba pereHepauun mukponoberos
XypMbl BOCTOYHOW copToB CyBeHup OceHn n HOx-
Has KpacaBuua cenekumn Hukutckoro 6oTaHunye-
CKOro cafa, nocnegytoiias onTMMmn3auus ycroBum
ans 6ecnepecagoyHoro 12-mecsi4HOro 4enoHupo-
BaHUS XypMbl BOCTOYHOW B YCNOBUSX in vitro B
paMkax co3gaHus reHobaHka LieHHbIX cybTponu-
YeCKMX NNoJoBbIX KyNbTyp.

SKCNEPUMEHTAIbHAA YACTb

MaTtepranomMm Ans GUOTEXHOMNOTMYECKMX nccne-
AOBaHWIN NOCAYXWUnn 2 copTa XypMbl BOCTOYHOW —
CyseHunp OceHu un tOxHasa Kpacasuua, npouspac-
Tawwme B Konnekumn Hukntckoro 6oTaHM4eckoro
caga. B ycnoBusa invitro 6binn BBEOEHbl Bere-
TaTUBHbIE MOYKN N3y4aeMblX COPTOB XYpPMbl.

VMcecnepgoBaHns No BBEOEHWIO 3KCMMAHTOB B
KynbTypy invitro n pereHepauun Mukponoberos
XyPMbl BOCTOYHOM nNpoBoaMnM B nabopatopum
BGuoTtexHonorum n supyconorun pacteHun ®rbyH
«OppeHa Tpygosoro KpacHoro 3HameHun Hukut-
ckun 6oTaHuyeckni cag — HaumoHanbHbIN Hayud-
Holn ueHTp PAH» c npumeHeHuem pasnuyHbIX
BMOTEXHONOINYECKUX MeTOp,OBz [14-16]. Bereta-
TMBHbIE MOYKN XYpMbl CcTepunusoBanu 1 MuH B
70 %-m ataHone, 15 MMH B pacTBope, CoAepKaLleM
0,3-0,4 % Cl, (Oe3 TAB, Kutan), 3atem B 1 %-M
pactBope Thimerosal (Sigma, CLWA) c po6Gas-
neHvem 2-3 kanenb getepreHta Tween 20 (Sigma,
CWA). Tlocne «kaxpgoro peareHTa 9KCNMaHTbI
npombiBanu 3 pasa CTepUiibHOM AUCTUMNMPOBAH-

" MexayHapogHasi nporpamma GOTaHWYECKUX Ca-
OB Mo oxpaHe pacteHun / nog pen. . CmupHoBa,
B.J1. TuxoHoBow; nep. Ha pyc. 53. 0. JlncmHon. M.:
MexgyHap. coBeT 60TaH. cagoB Mo oxpaHe pac-
TeHun. Botanic Gardens Conservation Interna-
tional. 2000. 57 c.

2 Bytenko P.I. Buonorus Knetok BbICLUMX pacTe-
HWUW in vitro 1 GBUOTEXHONOIMN Ha NX OCHOBE: y4eD.
nocobue. M.: ®EK-NPECC, 1999. 160 c.

HoOW Bogown. Bce onepauunmn BbINOMHANN C NOMOLLbIO
MWHLETOB, CKanbnenen n OOHOPAa30BbIX CTEPWUIb-
Hbix ne3Bun (Medec Instrument Group Co., lepma-
HMs). Ona cTepunusaumm WMHCTPYMEHTOB MCMOfb-
3oBanu ctepunusatop Tau Quartz 500 (Utanus).

M3onnpoBaHHble BeretaTuBHbIE MOYKM NMOMe-
wanu Ha cpegy MC (Murashige, Skoog, 1962) [17],
pononHeHHyto 30 r/n caxaposel n 10 r/n arap-
arapa (Panreac, VicnaHus), a Takke perynatopamu
pocta: 1,0-5,0 mr/n 6-6eH3nnamuHonypuHa (BAI1),
0,7-2 mr/n 3eatnHa u 0,1-0,3 mr/n  B-uHgonun-
3-macnisiHon kucnotbl (MMK) (Sigma, CLUA). pH nn-
TaTenbHOM cpeabl A0 3Ha4veHus 5,7 gosoamnu 1 H.
pactBopom NaOH (pH/lon meter S220 Mettler
Toledo AG, LUeenuapus). MNutatencHble cpefbl
aBToknasupoBanu npu 120 °C B TedueHne 5 MWH B
aBToknaee/ctepunuaatope LAC 5060S (Daihan
Labtech, OxHas Kopes). Perynatopbl pocTa
BBOAMNM B CpeAbl Nocre aBTOKNaBMpOBaHUsS B
CTepunbHbIX ycrnoBusix bokca bruonoruyeckon bes-
onacHoctn SC2 («ESCO»,CuHranyp) ¢ noMoLLbio
ctepunbHbix punstpoB Millex-GP (F'epmanus).

[na o3gopoBneHns OT BUPYCHOW WHMEKLNK
NpUMeHsiNn Bupouna pnbdasupuvH (Bupason, 1-beta-
D-pubodypaHoaun-1H-1,2,4-tpnason-3-kapbokc-
amup) (Sigma, CLUA), BBeOeHHbI HemnocpeacT-
BEHHO B MUTaTENbHY Cpefy B KOHLEHTpauuu
10 mr/n. OkcnnaHTbl KynbTUMBMPOBaNW Ha CTen-
naxax npu Temnepatype 24+1 °C B 16-yaco-
BOM chpoTonepmoae M MHTEHCUBHOCTU OCBELLEHMS
37,5 MkM M2

Bbiceykn nuctbeB pasmepom 1x1 cm nome-
wanu Ha cpeay MC c gobaenenuem 0,2; 0,6; 1,1;
1,7 n 2,2 mr/n 3-(1,2,3-Tnagnasonun-5)-1-peHun-
mouveBuHbl — T3 (Duchefa Biochemie, Nonnan-
ans). KoHTponbHom Obina cpega MC 6e3 TOS3.
OKcnnaHTbl KynbTUBMPOBANW Ha CcTennaxe B
CTaHOapTHbIX YCIOBMSX U B OTCYTCTBUE OCBELLe-
Huna npu 251 °C B Tepmoctate MIR 254 (SANYO,
AnoHus).

[na [nenoHWpoBaHWA B KayeCTBE WCXOAHbIX
3KCMMAHTOB WCMONb30Banu CEerMeHTbl MUKPOMo-
6eroB NcxofHbIX pacteHun pasmepom 1,0-1,5 cm.
B oakcnepumeHTax npuMeHann moauduympo-
BaHHyt0 nuTatenbHyto cpeay %2 Hopmbl MC. B
cocTaB cpefpbl ObiNM BKMYEHBI Makpo- U MUKPO-
anemeHTol (Sigma, CLWIA), ButammuHbl (Sigma,
CWA), 0,2-0,4r/n xnopxonuHxnopuga CCC
(BASF, lepmaHuns), 60 r/n caxaposbl u 10r/n
arap-arapa. KoHTponem cnyxuna cpega a2 MC
6e3 MHrMbutopoB pocta. CTakaHUYMKM 3aKpbiBanu
CTEePUIIbHON NULLEBON (PONBLIroM TOMWMHOM 14 MKM
(«CasiHckas», Poccus), cBepxy nsonuposanu rep-
mMeTuanpytowern nneHkon Parafim M (Bemis, CLUA).
OKCNNaHTbl MOMeLWany B XONoAuSbHbIE KamMepbl
mapku Liebcherr FKvsl 4113 (ABcTpus) C UHTEH-
CUMBHOCTbIO ocBeLlleHnsa 1,25-3,75 mkM M2 c'1npl/|
Temnepartype 4, 6, 8, 10, 12 n 14 °C. lNpu BBEgeHUU
9KCMMAHTOB Ha [JenoHMpoBaHME 3anucbiBanu
OCHOBHble MOKa3aTenu: reHoTwn, Aaty 3aknagku
Ha [enoHupoBaHMe, pasmep I3KCnnaHta (OnuvHYy,
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KONMMYECTBO MEXAO0Yy3nui), TemnepaTypy LenoHu-
poBaHWs, MUTaTENbHYKD cpefy, KOHLeEeHTpauuio
WMHIMOUTOpPOB pocTa. PactutenbHbln  MaTepuan
dukcmMpoBanm yepes 6 MecsUeB KynbTUBMPOBA-
Husa. [poBoaunu OLEHKY COXpaHAEeMoro pacTu-
TENbHOro Matepuana no Takum rnokasartensam, Kak
AnvHa Mukpornobera, okpacka 9KcrnnaHTa, Komnu-
YeCTBO a[BEHTMBHbLIX MUKPOMNOBeros, KOMMYECTBO
NUCTbEB Ha MUKponobere, KOMMYECTBO KOPHeN Ha
Mukponobere, ANMHa KOPHS, XW3HECNOCOBHOCTb.
OTn nokasaTenu onpegensanu KMHETUKy pocTa
pacTeHuM.

[ns npoBeAeHUs rMCTONOrM4Yeckoro aHanmaa
KannycHble CTPYKTypbl (DUKCMpPOBanu B pacTBope
F.A.A. (formalin : acetic acid: alcohol 70% -
7:7:100). [Ona obe3BoxvBaHMA Mmartepwuana
NCrnonb3oBanu BOAHbIE pacTBOPbI 3TUMOBOMO CNvp-
Ta M msonponunosbii cnupT. B kayectBe npo-
MEXYTOYHOW cpeabl nNpu 3anuBke OOBLEKTOB B
napadpuH npumeHann kcunon. lNepuon MHWNL-
Tpaumm napaduHom coctasnan 5-7 cytok [18].
CepuitHble napadurHoBble cpesbl TonwmHon 10 um
Jenany Ha poTauMOHHOM MOMyaBTOMaTU4YECKOM
mMukpotome RMD-3000 (OO0 «MenTexHukalTouHT»,
Poccusi). TocTosiHHbIE MpenapaTbl OKpalluBanm
reMaToKCUIMHOM W anumaHoBbiM cuHUM  [19].
AHanu3 npenapaToB NpPOBOAWAM C MOMOLLbIO
mMukpockona AxioScope A.1 (Zeiss, 'epmaHus) co
BCTPOEHHOW CUCTEMOW aHanusa u3obpaxxeHui
AxioCamERCc5s (Zeiss, 'epmanunst) n nporpamm-
Horo npunoxeHuns AxioVision Rel. 4.8.2. (Zeiss,
"epmaHus).

Bcto 00paboTky AaHHbIX OCYLECTBNANU C
nomoubto nporpammbl Statistica for Windows, 6.0

LS

[0 ]
1

Konunyectso
MUKpornoGeros, WT

1 i

(StatSoft, Inc. 1984-2001).

OBCYXOEHUE PE3YJIIbTATOB

MakcumanbHoe KONMYEeCTBO IKCMMAHTOB, pe-
reHepypoBaBLUMX MuKponobern, nonyyanu B fe-
kabpe—ceBpane. Ha nutatenbsHon cpege MC c
YMeHbLUEHHOW BABOE KOHLIEHTpaumen a3ota yepes
6 Hepenb KynbTMBUPOBaHUA Habnoganu dopmu-
poBaHWe po3eTKU NUCTbEB, 3aTeM — MUkponobera.
YCTaHOBNEHO, YTO N30NMPOBaHHbIE BEreTaTUBHbIE
MOYKM XYPMbl M3y4aeMblX COPTOB UMENN pasnuny-
HbI MOpdhoreHeTUYECKU noteHuman. Ha 4-in He-
gene KynbTMBMPOBaHMSA Habnoganv BblABUXKEHME
1-3 nucTbeB y akcnnaHToB copTa HOxHas Kpa-
caBuUua, B TO BpPEMS KakK Yy 9KCMMaHTOB copTa
CyBeHup Ocenn — 1 nucta. Pasnuune mopdore-
HEeTUYECKOro MoTeHuMana 3KCNMaHTOB MpPOCeXu-
Banocb Ha NPOTSXKEHMM BCEX 3TANOB pa3BUTKS.

B xope akcnepumeHToB ObINO M3Yy4eHO BNUs-
Hue BAIT Ha uHaykumo noberoobpasoBaHUA U3y-
YaeMblX COPTOB XypMbl BOCTOYHOM W3 3aKPbITbIX
BereTaTBHbIX NMOYEK B YCOBUSX in Vitro. 3BecTHO,
yTo Hambonee 3QEKTUBHBIM ANt KIOHANbHOro
MUKPOPA3MHOXEHUS XYpPMbl SBMIAETCA NPUMEHEHNe
3eaTuHa Ha aTane uHAaykuumM noberoobpasoBaHns
MaccoBOro pasmHoxeHus [5, 14]. Yacto Ha aTane
BBeJEeHUs1 3KCNnaHToB ucnonb3ytoT BAl, a 3eaTuH
NPUMEHSAIOT  ANA  yaonuHeHus u  opMUpoBaHUS
afBeHTMBHbIX MyKpornoberos [7].

B BapwuaHTtax cpegbl MC ¢ 1,0-2,0 mr/n BATl
AN OBYX COPTOB CpedHee KONMMYEeCTBO MMKPOMO-
GeroB Ha akcnnaHT coctaensano 1,4+0,3 wT. ans
copta CyBeHup Ocenu u 1,7+£0,3 — gna copTta
FOxHas Kpacasuua (puc. 1).

KoHueHTpauusa BAT, mr/n

W g Dy pe e p OerHy

W enpr K aa Kpacarega

Puc. 1. BnusiHue koHyeHmpauuii BAll e cpede MC Ha konuyecmeo
Mukpono6bezoe / akcrnaHm y deyx copmoe XypMbi
e ycsioeusix in vitro Ha amane uHOyKuuu no6e2oo6pasoeaHust

Fig. 1. Effect of BAP concentrations in MS medium on the number
of microshoots / explant in two persimmon cultivars
at the stage of the shoot formation induction under in vitro conditions
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MakcumaneHoe YMCNo HOPMAasibHO Pa3BUTbIX
MuKponoberoB nony4eHo Ha cpege MC, gonon-
HeHHoM 4 mr/n BAI: 2,0£0,4 wt. — y copTta CyBe-
Hup OceHun, 2,7+0,4 wt. — y copta KOxHasa Kpa-
casuua. CpegHasa anuHa mukponoberoB gocTtura-
na 1,90+0,04 cm pgna copta CyseHup OceHu u
3,1£0,07 cm — pns copta lOxHaa Kpacasuua.
YBenunyeHue koHueHTpauun BAl oo 5 mr/n HesHa-
UATENBHO YBENMYMBANO KONMMYeCTBO MUKponobe-
roB, ogHako 6onbllas 4acTb M3 HUX Oblna OBOA-
HEHHOW.

Ons yanvHeHusa nobern cybKynbTUMBMPOBaIM
Ha cpeay MC, pononHeHHyto 0,8—1 mr/n 3eatuHa.
CpegHsigs onvHa MuKponoberoB yepe3 4 Hegenu
KynbTMBupoBaHust gocturana 2,5-3,0 cm. [anb-
Henwee MUKPOYEPEHKOBAHWE B YCIOBUSX in  Vitro
NO3BONWMO YBENUYMTb KONMYECTBO MUKPONOOEroB.

[na onpeneneHns OCHOBHbIX ¢hakTopoB, Cno-

COOCTBYIOLLMX HEMPAMOW pereHepaumn MUKPOMo-
GeroB B KynbType JIMCTOBbIX JKCMIIAHTOB 2-X COp-
TOB XypMbl BOCTOYHOW B YCNoBusx in vitro, bino
n3ydeHo BnusHne TO3 B nuTaTenbHom cpege.
BbisiBneHo, 4TO kannycoobpasoBaHue Ha cpefe
MC, pononHeHHon 1,1 u 1,7 mr/n TO3, akTnBHee
nponcxoauMno B TepmocTtaTte. [danbHenwlee Kyrb-
TMBUpPOBaHWe npu Temnepatype 2411 °C, 16-Tu
YacoBoMm (poTONepMoae U MHTEHCUMBHOCTU OCBe-
wexns 37,5 MkM M2 ¢’ npueoauno Kk gopMmnpoBa-
HWIO Ha ero NMOBEpPXHOCTW LWapoobpasHbIX CTPYK-
Typ, W3 KOTOpbIX B MOCMEACTBUM pa3BUBANUCh
Mukponobern. lNpeacTtaBneHHble pesynbTaThl COr-
NacylTCsl C OaHHbIMWU, MOMYYEHHbIMWU ONS COPTOB
xypmbl Hukmtckaa bopagoasi u 3onotucras [4, 20].
YacTtota noberoobpa3oBaHUss U3 BbICEYEK NUCTa
pocturana 65-79 % depes 6 Hegenb KynbTUBM-
posaHus Ha cpegax ¢ 1,1 n 1,7 mr/n TO3 (puc. 2).

:
|t 1] ) _— )
a b c

Puc. 2. MopghozeHHbIl Kannyc XypMbl 80CMOYHOU:
a — copm CyeseHup OceHu; b — copm KOxHasi Kpacaeuua, ¢ — peeeHepayusi
Mukpono6bezoe u3 kannyca y copma CyeeHup OceHu (Macuuma6 1 cm)

Fig. 2. Persimmon morphogenic callus: a — cultivar Suvenir Oseni;
b — cultivar Yuzhnaya Krasavitsa, ¢ — microshoot regeneration from callus
in the cultivar Suvenir Oseni (scale 1 cm)

['McTonornyeckMin aHanua KarnnycoB COPTOB
xypmbl HOxHasa Kpacasuua u CyseHunp OceHnu no-
Kasan, YTo OHM npeAcTaBreHbl NAOTHLIMM CKOMNe-
HUSIMM MAaPEHXMMHbIX KNETOK cOo cnabo BblpaxeH-
HbIMW LUMUTONNA3MOW W SAEpPHbIMU CTPYKTYpaMu.
KneTtkn ¢ 6onee nNnoTHOW LMTOMNaA3MOM U OTYET-
NVBO BbIpaXXeHHbIMK siApaMy Habnoganu Ha ne-
pudepum CTPYKTYp, NPy 3TOM BO BHELLUHWUX CrosiX
KannycHbIX CTPYKTYp Takke pacnonaranucb KneT-
KA C YTOMLEHHBIMA CTEHKaMW W LUTONA3MOW,
HaCbILLEHHOW BKIMIOYEHUAMM BTOPUYHBIX MeTabo-
nuToB. 30HbI NponudepaTBHLIX KNETOK OTMeYe-
Hbl KaKk Ha nepudepuyecknx criosix Kamnnycos, Tak
N B TOILLE NapeHXMMHbIX KNeTok. B To e Bpems
MEpUCTEMATUYECKN aKTUBHbIE KIETKW, pacroso-
)KEHHble Ha BHELUHUX COsIX KarnyCHOW CTPYKTY-
pbl, KaKk MpaBuIio, JAKT Ha4vano Mukponoberam,
4TO Haumbornee xapaktepHo ans copta HOxHas
KpacaBuua. Kpome TOro, y uccrnegyembix cOpTOB
BbISIBNEHbl Crlyd4an obpas3oBaHust rnobynspHbIX
CTPYKTYP, TUMWYHBLIX ANsi PaHHUX cTaaui ambpuo-
reHesa (puc. 3).

Opyrum  nytem peanusauum MopdoreHesa,
OTMEYEHHbIM AN AaHHbIX COPTOB, ABNSETCS MCTOo-
reHes MnpoBOASLUMX JNEMEHTOB, COMPOBOXAAM-
lWMnca nonapmusaumen Knetok, YTOmMWeHUeM Kne-
TOYHbIX CTEHOK M nocrneyoLlern nx nepdopaumen.

B nepBom naccaxe nornyd4yeHo 4 MUKPOMO-
Gera / akcnnaHT y copta CyBeHunp Ocenn, 5 — y
copta HKOxHast KpacaBuua. Mukponobern otaensanm
1 cybKynbTMBMpoBanu Ha cpege MC, gononHeHHown
0,8-1 mr/n 3eatuHa. [pucytctene B cpege MC
0,2 mr/n, 0,6 mr/n 1 2,2 mr/n TO3 cnocobcTBOBaNo
dopmupoBaH1lo HeMopdporeHHoro kannyca. Ha
cpene 6e3 UMTOKMHMHA He Habnoganu NpyU3Hakos
MopghoreHesa.

Bo3MOXHOCTU co3paHns reHobaHKa KynbTyp
in vifro AnNs AnNUTENbHOrO XpPaHeHUs LUEeHHbIX Mro-
JOBbIX pacTeHU SBNSeTCA OOHOW M3 OCHOBHbIX
3agay 6uotexHonornn. bonblioe 3Ha4YeHne B Kysb-
Type TKaHew 1 opraHoB MMeET pa3paboTKa yCnoBun
ONUTENBbHOrO COXPaHeHUs1 NPOBUMPOYHBIX pacTeHuin
in vitro Kak pe3epBHOro 6aHka LIEHHbIX BMAOB, COp-
TOB M hOPM pasnnyHbIX |<yJ'||:Typ1 [11,12,15,21,22].
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Puc. 3. ®pacmeHmbI nonepeyYyHbIX CPe308 KaslJlycoe XypMbli cCOpmMoe
HOxxHast Kpacaesuua (a) u CyeeHup OceHu (b) ¢ Mopgho2eHHbIMU cmpyKmypamu

Fig. 3. Fragments of persimmon calluses cross sections with the morphogenic structures
of the cultivars Yuzhnaya Krasavitsa (a) and Suvenir Oseni (b)

CepbesHbIM MPensiTCTBUEM AN COXPaHEHUsI
pacTeHuin Npu HopmarbHon TemnepaType (2026 °C)
ABMNSETCA CTapeHNe 3KCNIaHTOB MW NOTeEps Xns-
HecrnocobHOCTW, 4YTO Mpoucxoau B pesyrnbTaTe
MHOropasoBbix CybkynbTusmpoBaHui. lNpu anu-
TenbHOM [AenoHWpoBaHuUM 6onbloe 3HayeHue
nveeT onpegeneHve onTUMarnbHOMO YPOBHS TeM-
nepaTtypbl, MPU KOTOPOM 3amMeanaTcs meTabonu-
Yeckne npoLEecChbl pacTeHun in vitro n orpaHnyu-
BaeTCcH CKOpocTb ux pocta [9, 10, 23, 24].

Ha addekTMBHOCTL COXpaHeHUs pacTUTesb-
HOro martepuana B YCNnoBusX in vitro BnuaeTt psa
dakTopoB. Pa3nuyHble MeTognYecKMe Npuembl He
OOIMKHbI BbI3blBaTb HEOOPATUMbIX U3MEHEHUIA UMK
noBpeXxaeHus martepuana, Heobxogumo obecne-
YMBaTb BO3MOXHOCTb MOCIEOyHLEro KynbTUBK-
poBaHWsa pacTMTENnbHOro MaTepuana B cTaHgapT-
HblX YCIMOBMSAX C BbLICOKMMM KONNYECTBEHHbLIMM
nokasaTensimu.

Ona n3MeHeHWs KMHEeTUKM pocTa B Halux
nccnegoBaHunsax 6bino UCNONb30BAHO KOMMMEKC-
HOe BMWsIHWE HU3KOW MONOXWUTENbHOW Temnepa-
TYpbl U HanMuns B NMTaATENbHOW cpefe OCMOTU-
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KOB M peTapaaHToB. [1pegBapuTenbHble uccneno-
BaHWS NO3BOSMIM YCTAHOBUTb ONTUMAIIbHbIE KOH-
ueHTpaumm CCC B nuTaTenbHon cpeae ¥4 HOpMbI
MC - 0,2-0,4 r/n, cnocobCcTBYyOWNE MUHUMATN-
3auMm pocTa pacTeHUN NPU COXPaHEHUU UX XKn3-
HecnocobHocTn [14]. [lpoBeAeHHbIN CKPUHWHT
OEeNnOHNpYyeMbIX B TeyeHue 6 MecsaueB KynbTyp
nokasars, 4Yto npu KoHueHTpauum CCC 0,2-0,4 r/n,
caxaposbl 60 r/n n Temnepatype 4-6 °C >xu3He-
CMOCOBHOCTE  3KCMMAHTOB Yy  PaCTEHUN  XypMbl
Haxogunacb B npegenax 30—68 %. CermeHTbl no-
GeroB MMenu 3erieHO-KOPUYHEBYHO UMM KOPUHHEBYHO
OKpackKy, ObIMoO OTMEYeHO OTCYTCTBME WX pocCTa.
Mpn Temnepatype 8-14 °C Habnioganu 3amen-
neHune pocTa 3KCMnnaHToB B 1,5 pasa no cpaBHEHWIO
C KOHTPOMEM, NMpU 3TOM OHWU OCTaBaIUCh 3efEHbIMM
1 obpasoBbiBanM 1-2 nucrouka.

YBenunyeHne BPEMEHWU COXpaHeHus in vitro
3KCMaHTOB XypMbl BOCTOYHOWN copToB KxHasa Kpa-
casuua n CyseHunp OceHn go 12 mecsueB No3Bo-
NNO YCTaHOBUTL 3HayveHuss Temnepatypbl (8-10 °C),
npu KOTOPbIX >W3HECNOCOOHOCTb 3KCMITAHTOB
ocTaBarachk Ha yposHe 80 % (pwuc. 4).

an

A
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TemnepaTypa coxpaHeHus, °C

Puc. 4. XXusHecrnocob6Hocmb 3Kcr/1aHmMoe XypmMbi eocmoyYHol nociie 12 mecsiyee
coxpaHeHus1 Ha numamersnbHol cpede ¥ MC, donosiHeHHol 0,2 2/n CCC
u 60 2/n caxapo3bl 8 2eHob6aHkKe in vitro npu pa3nu4yHol memnepamype

Fig. 4. Viability of persimmon explants after 12 months
of preservation on V2 MS culture medium, supplemented with 0,2 g/L CCC
and 60 g/L sucrose in the in vitro genebank at different temperatures
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OTMeYEHO CHWXEHME KMHETMKM pocTa B 2
pa3sa no cpaBHEHWIO C KOHTporneM. Hapsagy ¢ aTum
Habnoganu nosieneHne Gypor OKpacku M Bblge-
neHve NpoayKkTOB OKUCMEHMS NONNMGEHONOB B NK-
TatenbHy cpeny (okpaluvBaHue cpefbl B CBeT-
NO-KOPUYHEBBLIV LBET). YBenuyeHne temnepary-
pbl 4o 12 n 14 °C cnocobcTBOBaNO Pe3KOMY CHU-
XEHUI KU3HecnocobHOCTM IKCMNaHTOB Bcnen-
CTBME MWHTEHCUBHOrO BblAENEHUS NPOAYKTOB
OKVCNEHNsT NONMAEHONOB, HEKPO3Y TKaHW U Aanb-
Hevwen rmbenn a3KcnnaHToB. Huskve nonoxwu-
TenbHble Temnepatypbl (4 un 6 °C) Takke okasa-
nucb HeadppekTUBHbIMKM Ans 12-MeCA4YHOro Cox-
paHEHMS 3KCMITAHTOB M3y4YaeMblX COPTOB XypMbl
BOCTOYHOW B yCrnoBusX reHobaHka in vitro.

lMpoBegeHHOEe TeCTUPOBaHUE AEMNOHUPYEMbIX
9KCNMaHTOB No Mopdo-6uonornyeckum npusHa-
KaM Ha nuTaTenbHOW cpefe Ans MHAOYKUMU pe-
reHepaLMOHHbIX NPOLIECCOB YyKa3biBaro Ha coxpa-
HeHne MOpPOreHeTMYEeCcKoro noteHuMana u cro-
cobHocTM K pereHepauun mukponoberos y 80 %
3KCNIaHTOB nocne 12 MecsAueB COXpaHEHUsA Mpu
TemnepaTtype 8-10 °C.

3AKNIOYEHUE
B pesynbTaTe npoBefeHHbIX MCCrefoBaHWi

BbISIBIIEHbl [Ba OCHOBHbIX MYTW pereHepauuu
MUKponoberoB xypmbl BOCTOYHOM copToB Cy-
BeHnp OceHn n KOxHasa KpacaBuua B ycrnoBusix
in vitro. Tloka3aHO, 4YTO HanuMyue B nuTaTesb-
Hon cpepe MC 4 wmr/n BAI obecneunBano crta-
OMMbHYIO NPSAMYIO pereHepauuio B KynbType Be-
reTaTMBHbIX MOYeK. BbiBNEHbI cCoOpToBble pas-
nnunst MmopdoreHeTU4eCcKoro noTeHuuana ncxon-
HbIX 3kcnnaHToB. lpucyTtcTBue B cpege MC 1,1
n 1,7 mr/n TO3 cnocobcTtBOBano HenpsMomy
opraHoreHesy B KynbType BbiCeYeKk NUcTbeB. u-
CTONOIrMYECKUA aHanua MNoATBEPAUN Hanuuue
MepUCTEMATUYECKN aKTUBHbLIX KIETOK, pacnosio-
)XEHHbIX Ha BHELIHUX CINOSAX KarslyCHOM CTPYKTY-
pbl, Kak MpaBuNo, JalwWMx Havano MUKPOMNo-
Geram.

PaspabotaHbl MeToguyeckune noaxodbl COX-
paHeHUs1 pacTUTENbHOro Martepwana invitro B
YCNOBUSAX 3aMeANeHHOro pocTa C Lenblo co3aaHus
reHobaHka LEeHHbIX CyOTpOnNMYEeCcKUX MnoaoBbIX
KynbTyp. [NokasaHa cTtabunuanpyrowas ponb caxa-
po3bl 1 CCC B cpege V2 Hopmbl MC, a Takke onTu-
ManbHon TemnepaTypbl coxpaHeHus (8—10 °C) Ha
YXN3HECNOCOOHOCTb 3KCMMAaHTOB [OBYX COPTOB XYyp-
Mbl BOCTOMHOW B TeveHue 12 mecsaueB OenoHMpo-
BaHUS.
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OpuruHanbHas ctatbs / Original article
YOK 663.8
DOI: https://doi.org/10.21285/2227-2925-2019-9-4-722-736

UccnepgoBaHne b6MoxXxumMmm4yeckoro cocrtaBa
nnoaosB A6noHu KOxHoro NMNpubaunkanbs

U NPOAYKTOB BUHOAENUA, COPOXKEHHbIX
Ha OpeBeCHOM wene

©T.C. lN'ycakoBsa*, H.l. CynpyH*, M.A. PauyeHko™*,
A.H. YecHokoBa*, E.B. Yynapuna***, A.U. HemunHoBa*,
C.C. MakapoB*

* VIpKYyTCKUI HauMOHanbHbIV UCCNefoBaTenbCKUN TEXHUYECKUI YHUBEPCUTET,

r. UpkyTck, Poccunckas cdenepauns

** CMOMPCKUIA UHCTUTYT domaunonorum n Guoxmmmn pacteHnn CO PAH,

r. MpkyTck, Poccuiickas degepauns

*** NHcTUTyT reoxmumum um. A.T1. BuHorpagosa CO PAH, r. UpkyTck, Poccuiickas depepauus

Pe3rome: Llenibro OaHHOU pabombi 516515710Ch uccriedosaHue buoxumu4yecko2o cocmaea Mnnodos s6s0Hb,
npouspacmarowiux 8 HOxHom [Mpubalikanbe, u ornpederieHue Ka4yeCmeEHHbIX Xapakmepucmuk si67104HOo20
8UHa, MoNy4eHHo20 bpoxeHUeM Ha OpesecHOU Were 8 YCriogUsIX C8epX8bICOKOU KOHUeHmpauuu Opox:xed.
OnpedeneHbl OCHOBHbIE (bU3UKO-XUMUYECKUE roKasamesiu u cymMmmapHoe codepxaHue ¢heHOrbHbIX COeOUHe-
Huli cokog wecmu copmos sibrioHu. Memodom peHmeaeHoghyopecueHmMHoU criekmpomempuu 8 nodax
6510k copma KpacHosipckul cHeaupek orpedernieHo codepxxaHue Makpo- U MukpoanemeHmos (Na, Mg, Al, Si,
P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Zr, Pb u Ba). 113 makpoanemeHmos8 8 Haubosnbwem
koruyecmse HatideH K (0,762 %), e meHbwem koriudecmee codepxxumcs Fe (0,006 %). NokazaHo nosbiwie-
HUe Ka4yeCmeeHHbIX Xapakmepucmuk s65104HOo20 euHoMamepuana fnpu OPOXeHUU Ha werne 8 yCcrosusix
c8epx8bICOKOU KOHUeHmpauuu Opoxokel. OkucnumernbHO-e0CcCmaHo8UMerlbHbIU MoOMeHyuan cmars HUXe Ha
80 mB. [JeeycmauyuoHHas ouyeHka eos3pocna Ha 0,7 6anna. MMHmeHcueHOCMb OKpacKu CHu3uiachb Ha
0,392 HM, ommeHok u3ameHurnics Ha 0,3 HM. Memodom BIXKX-Y®-MC uccriedosaHo usmeHeHue cocmaea
peHobHbIX coeOuHeHUU 8 rpouecce bpoxeHus coka. B cokax u suHomamepuarne udeHmMuuUUpPO8aHbI
peHosIbHbIE COEOUHEHUSs, OmHocawWUecss K ¢heHonkapboHo8bIM Kucromam (npou3soOHbIM apoMamuyec-
Kux yarneeodopodos), rpou3so0HbIM OU2udpOXasikoHO8, ¢hriasaH-3-0/108 U ¢hriagoHOor108. [Toka3aHO CHUXeHUEe
codepxxaHusi obujez2o Konudecmea (beHosIbHbIX CoeQUHEHUU Mnpu OpoXeHuu Ha wierie no OMHOWEHU K
KoHmpoJto boriee yem 8 3 pasa. llodmeepx0eHO yserudeHUe ckopocmu bpoxxeHusi cycna Ha 72 4. [Joka3zaHa
B803MOXHOCMb MOMTYy4YEHUS] COKO8 C M0B8bILIEHHOU ¢hu3UO102UHECKOU UEHHOCMbIO U 6erlibiX MariOOKUCIEHHbIX
BUH U3 3UMOCMOUKUX copmoe s16:10Hb KOxHOoz20 lNpubalikarnbsi.

Knrodeenle cnoea: 3umocmolikue copma 5ib510K, 165104HbIU COK, CyCri0, UHOMamepuarsi, HacadKku u3 sib5104-
HoU OpeBeCuUHbI, KOMITOHEHMHbIU cocmas, ¢heHOrIbHbIE COEQUHEHUS], CaxapoKUCTOMHbIU UHOEKC, Makpo- U
MUKPO3/1IeMEHMbIU cOCMas Chipbsi

BnazodapHocmu: Aemopsb! briaeodapsim Hay4Ho20 compyOHuka JlumHonoaudeckoeo uHcmumyma CO PAH,
K.X.H. A.B. Ky3bmuHa 3a nomouwp 8 3anucu BOXKX-MC-cnekmpos.

UHpopmayus o cmamee: [Jama rniocmynneHus 4 mapma 2018 e.; dama npuHamusi K riedamu 25 Hosibpsi
2019 e.; dama oHnaliH-pasmeuieHusi 30 dekabps1 2019 a.

Ana yumuposaHus: lNycakosa .C., CynpyH H.I., PayeHko M.A., YecHokoBa A.H., YynapuHa E.B. Hemuu-
HoBa A.W., Makapoe C.C. iccrnegoBaHune 6uoxmmmyeckoro cocraBsa nioaoB s16roHu KOxxHoro Mpubankansa n
NPOAYKTOB BMHOAENUsi, COPOXEHHBIX Ha ApeBecHon wene // Mssecmus sy3os. lNpuknadHas xumusi u 6uo-
mexHonoeus. 2019.T. 9. N 4. C. 722—736. https://doi.org/10.21285/2227-2925-2019-9-4-722-736
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Study of the biochemical composition
of fruits of the Southern Baikal apple tree
and its wine products fermented on wood chips

Galina S. Gusakova*, Natalia P. Suprun*, Maxim A. Rachenko**,
Alexandra N. Chesnokova*, Elena V. Chuparina*®**,
Alena I. Nemchinova*, Sviatoslav S. Makarov*

* Irkutsk National Research Technical University, Irkutsk, Russian Federation
** Siberian Institute of Plant Physiology and Biochemistry SB RAS, Irkutsk, Russian Federation
*** Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russian Federation

Abstract: The present work is aimed at studying the biochemical composition of apple fruits growing in the
Southern Baikal region, as well as the determining the qualitative characteristics of apple wine obtained by
fermentation on wood chips under ultrahigh yeast concentration. The main physicochemical parameters and
the total content of phenolic compounds in juices of six apple breeds are determined. For the fruits of
'Krasnoyarskiy Snegirek’ variety, the content of macro- and microelements (Na, Mg, Al, Si, P, S, CI, K, Ca, Ti, Cr,
Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Zr, Pb and Ba) was analysed by X-ray fluorescence spectrometry. Among the
macronutrients, K was established to be presented in the largest amount (0.762 %), while the quantity of
Fe (0.006 %) appears to be significantly lower. An increase is detected in the qualitative characteristics of
apple wine material during fermentation on wood chips under ultrahigh yeast concentration. The redox poten-
tial was shown to have decreased by 80 mV. The tasting score increased by 0.7 points. Additionally, the
colour intensity decreased by 0.392 nm and the hue changed by 0.3 nm. The HPLC-UV-MS method was
applied to study the change in the composition of phenolic compounds during juice fermentation. Phenolic
compounds related to phenolcarboxylic acids (derivatives of aromatic hydrocarbons), derivatives of
dihydrochalcones, flavan-3-ols and flavonols were identified in juices and wine materials. As compared to the con-
trol, a threefold decrease in the total amount of phenolic compounds during fermentation on wood chips was
obtained. The must fermentation rate was confirmed to increase by 72 hours. The possibility of obtaining
juices with increased nutritional value and low-oxidised white wines from winter-hardy apple breeds of the
Southern Baikal region was demonstrated.

Keywords: winter-hardy apple breeds, apple juice, must, wine material, apple wood nozzles, component
composition, phenolic compounds, sugar-acid index, macro- and microelement composition of raw materials
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BBEOEHUE

CoBpemeHHOe pasBuTWE OTpacnn BUHOOENUS
N pacluvMpeHue ee accopTMMeHTa npegnonaraet
obecneyeHne MNOCTOAHHOIO W rapaHTUPOBaHHOIO
KayecTBa BbiNyCKaeMOW NpogyKumu, YTo ABMASETCH
OCHOBOMW MONWUTUKN AOBPOCOBECTHOIO WU YBaXKaro-
Wwero cebs BMHOAENbYecKoro npeanpusaTtus. B pa-
BoTax oTedecTBeHHbIX yd4eHbix H.K. MorunsiHckoro,
A.C. Beuepa, A.H. HOpuyeHko, E.I. ®paHuyka un
APYrMX NokasaHo, YTO BbICOKOKAYeCTBEHHbIE Mio-
AOBO-ArofHble BUHA B pse Criyyaes He ycTynaroT
BMHOrpagHbIM. JTO CBA3aHO C TeM, YTO MCXOogHoe

Cblpbe COdepXuT ropasgo 6onblue yHKUMOHAMb-
HbIX KOMMOHEHTOB (BUTaMWMHOB, apomaroobpasyto-
LWMX BellecTB, (PEHOMNbHbIX, a30TUCTbIX, MEKTUHO-
BbIX U APYrMX COEAWMHEHWUI), KOTOpble onpeaensoT
MOBBILLIEHHYI0 PU3NONOrMYECKY0 LLeHHOCTb Mony-
YaeMmblX MPOAYKTOB M NO3BOMNSAKT B LUMPOKUX Mpe-
Aenax MeHsiTb OpraHonenTu4ecKkMe xapakrepucTu-
Kn [1].

B ycnosusix KOxHoro lNMpubarikanbss OCHOBHON
CEMEeUKOBOW KynbTypoWn ANA nNpousBoacTBa Haty-
panbHbIX 6enbix ManoOKUCIEHHbIX BUH SABMASETCA
A6noHA. MecTHble copTa A6noHM oTNnYarTCs Bbl-
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COKOW 3KCTPaKTUBHOCTbIO, KUCIOTHOCTbIO U Tepn-
KMM BKycom. B cpaBHeHMM C NpvBO3HbIMW, MECT-
Hble MNo4bl HakanIMBakT B CBOEM cocTaBe Gorb-
e MNEKTUHOBBLIX BELLECTB, NONNEEHONbHBLIX CO-
€OVHEHUN (KaTeXWHbI, (oriaBOHOMbI, aHTOUMaHNaN-
Hbl 1 gpyrue coeanHeHus psaa Ce—C3—Cg), No3Bo-
NAWKX ferde 3MMoBaTb B CYpOBbIX KnumaTtude-
CKUX YCIOBUSIX.

TpagMUMOHHO MarooKUCIeHHble benble A0noY-
Hble BMHA OTIIMYAOTCHA OT OCTallbHbIX TUMOB BMHA
XOpOLLO Ppa3BUTbIM COPTOBbLIM apomaToM, rapMo-
HUYHBIM, TOHKAM W FIErKMM BKYCOM. [Insi 3TUX BUH
HELOoNYCTUMbI TOHA OKUCIEHHOCTU U JaXe He3Ha-
YNTENbHOM MapepusaLunn, KoTopble Pe3ko CHMKa-
IOT MX Ka4yecTBoO.

YBenuyeHne CpOKOB XpaHEHWUst BUH U KX CTa-
OUNbHOCTb — MpPegMeT MPUCTanbHOMO BHUMaHUS
Yy4YeHbIX U TEXHOMNOroB-BMHOZeNoB. Mpu npouseoa-
CTBE BWH HeobXoouMMO NpenoTBpPaTUTL Hexena-
TenbHble U3MEHEHWUS1 OpraHoNenTUYEeCKUX U usu-
KO-XMMWYECKNX CBOWCTB B TEYEHMEe rapaHTUIAHOIO
cpoka rogHocTtu [2, 3]. UmetoLwmecs aaHHble uccne-
OO0BaHUIN OTEYECTBEHHbIX U 3apyOexHbIX YYEHbIX B
obnactn crabunusaumMm BUH CBUOETENLCTBYHOT 00
M3MEHEHNAX OCHOBHbIX TeopeTu4eCKMx npencraB-
neHun o xapakrepe HOOPMUPOBAHUSA MOMYTHEHWUN
PU3MKO-XMMUYECKON Npupoabl. B ocHoBHOM npo-
Onembl cBA3aHbl C OOpa3oBaHMEM CHOXHbIX KOM-
MMAEKCHbIX COeQUHEHWN BbICOKOMOIEKYNSPHbIX Be-
LLeCTB, KaTanu3atopamu peakumn obpasoBaHus
KOTOpbIX 4acTO ABMSKOTCA KaTWOHbI MeTanna (xe-
nes3o, KanbLuuii, antoM1HUNA 1 ,qp.)1 [2-7].

K Hanbonee pacnpocTpaHeHHbIM HeobpaTu-
MbIM MOMYTHEHMAM Benbix CTOMOBbIX BUH OTHOCAT
KOnnowuaHble, KOTopble OOYyCMoOBMEHbl Hanmimem
Komnrekca GuononumepoB B BMHOMaTepuarne,
COCTOSILLIEro U3 nonucaxapuaos, 6enkoBbiX 1 de-
HOJbHbIX coe,qMHeHMVlz. ®deHonbHble coeauHEeHUs
BMHa K TOMY Xe SIBMAIOTCA areHTam OKUCIEHUs], MO-
ryT 6bITb MHMUMaTopamu cBOGOOHO-pagmMKanbHbIX
peakuuin 1 BOBMEeKaTb B 3TOT MpOLECC 3HavMTerb-
HO€E KONM4yecTBO KOMMOHEHTOB BuHa. Kak npasuio,
pe3ynsratoM 3TUX MPOLECCOB CTAHOBSATCA Hexe-
natenbHble OpraHornenTudeckne TpaHcgopmauum
(M3MEeHEHMs LIBETOBBIX M apoMaTUYEeCKnX XxapakTe-
PUCTVK, NOSIBNIEHME TOHOB OKMCIEHHOCTU BO BKyCe)
n obpasoBaHue ocagka [8].

OpHako HYXHO 3amMeTuTb, YTO Hanmdme de-
HOMbHbIX COEOUHEHUN B NPOJYKTE MUTaHWsA onpe-
OenseT N ero NoNoXuTENbHbIE KAYeCTBa, MOCKOMbKY
OHM NPOSBMSAIOT aHTUOKCUAaHTHbIE [9-11], npoTu-
BOBOCMNAmnUTENbHbIE, aHTUKAHLEPOreHHble, MNpOTy-

' Xpuctesa O.. CoBepLUEHCTBOBAHNE TEXHOMOMM
cTabunmaauum 6enbix Cyxmx BUH: aBToped. Auc. ...
O-pa TexH. Hayk: 253.03. KuwuHes, 2019. 33 c.
520.05.2019).

Tonctenko [.[1. PaspaboTka mMeToaukuM onpe-
OerneHus onTUMarbHOW cxembl 00paboTkM Gernbix
CTOMOBLIX BMHOMAaTepUarnoB: AUC. ... KaHO. TEXH.
Hayk: 05.18.07. AnTta, 2002. 148 c.

BOBWPYCHbIE, aHTUNapasutapHble u OGakTepuuma-
Hble [12-14] cBoictBa. CuHTE3 nonvdeHornoB B
KneTkax 4yenoBeka HeBo3MoXeH [15]. Takum obpa-
30M, BaXXHOW 3ajadvei BUHOL4ENOB CTaHOBUTCS pas-
paboTka TexHonorMnm npoussBofacTBa Oenbix BUWH,
cbanaHcMpoBaHHbIX MO CBOeMYy (DEHONbHOMY COC-
TaBy, YTO MO3BOMUT HE AONYCTUTb NPOLLECCOB OKUC-
NEHUsI B HUX, rapaHTMpyst CTabuibHOCTb TOTOBOW
NpoayKLMN.

Moatomy mccneqoBaHue U3MEHEHUS XUMUYec-
Koro coctaea 6pogsiero sbrno4Horo cycrna Ha pas-
HbIX 9Tanax TEXHOMOrM4YecKoro npouecca ABnseTcs
akTyanbHow 3agaden. B pabore npoBeaeHbl OnbIThl
no cbpaxuBaHuio SIGMOYHOrO cycna B YCIOBMSIX
CBEPXBbICOKOW KOHLEHTpauUuM OpOXoKen Ha fpe-
BecHow Lene [16-18].

Llenb gaHHOro akcnepumeHTa — uccrieqoBaHue
OMoxMMmMyeckoro coctaea MnogoB sI0MOHb, Bbipa-
LWeHHbIX B KOxHoM [Npubarikanbe, 1 onpegeneHue
Ka4yeCTBEHHbIX XapaKTepPUCTMK SIGNMOYHOro BUHA,
nony4YeHHoro 6poXkeHnem Ha ApeBECHOW Lene.

OKCNEPUMEHTAJIbHAA YACTb

PesynbTatbl paHHUX uccriegosaHun [19-23]
NoKa3bIBalOT, YTO MeJIKonoaHble copTa $|6J'IOK, Bbl-
paLLeHHbIX B MpkyTckon obnactun, B YaCTHOCTU Ha
TeppuTopuun HOxHoro [Mpubaikanbs, oTnnyaroTcs
OT NPMBO3HbIX copToB Hornee BbiCOkMM (B 3—4 pasa)
cogepxaHnem ButammHa C M EHOMbHbIX Coe-
OuHeHunn. Mnogbl 3TMX A6MOK MMEKT OopuUrnHarnb-
HbIN BKYC, YHUKarbHbIN XUMUYECKUIA COCTaB, a Takke
XopoLme TEeXHOMNOrMYeckMe nokasarenu nepepa-
©0TKM NMpy NPOM3BOACTBE KAa4eCTBEHHOW COKOBOW
N BUHHOW npoaykumun [22, 24]. Moatomy obbekTa-
MW MccrnenoBaHns Gbiny BbIOpaHbl NNogbl MEMKo-
NIogHbIX 3MMOCTOMKMX copToB sA6nok: PaHeTka
KameHHo-aHrapckasi, PaHetka EpmonaeBa, PaHeT-
ka nypnypoBasi, Becenoeka, KpacHas rposgb u
KpacHosipckuin cHermpek. OT6op npo6 nposoaunu
Ha y4acTKax KpeCTbsHCKO-(hepMepCKOro X03sMncT-
Ba «VpkyTckuii cagoeoa» B parioHe TCX «Mono-
OeXHbIny MpkyTckon obnactu B NepBon NosioBUHe
ceHTabpa 2016 r. MNnogbl cobupann B ase no-
TpebuTenbckonm 3penoctv, 6e3 noBpexaeHun Bpe-
antTensamm n 6onesHsMu ¢ Lenion Unu crioMaHHOM
NII0gOHOXKOM [22].

Onsa nonydeHus coka A6M0KM namenbyanm Ha
HOXXeBoW Apoburnke (pasMep 4actuu, He npesbiwan
5MM) M oTKMManu Ha rugpaBnMyYecKoM Mpecce
(makcMmarnbHoe faBrneHne Ha Me3ry — 5 atm, cko-
pocTb yBenuyeHus gaenenuns — 0,15 atm/mMuH).

Ona ©OpoxeHusa cycrna uCMONb3oBanu cyxue
BVHHbIE Opoxokn Saccharomyc bayanus. NpepnBa-
pUTENBbHO NPOBOAMIN NPOLECC rMapatauum Opox-
XeBbIX KIMETOK, KOTOpble 3aTeM BHOCMNU B Buae
apoxokeBon pas3sogkum B cycrno (70 % >kusHecno-
COOHbIX KreTok B konuyectse 0,1 r. Ha nuTp). Bpo-

® YypcuHa O.A. Pa3BuTiie Hay4YHbIX OCHOB TEXHO-
noruv KonmnovgHou crtabunusaumn BWH: OUC.
O-pa TexH. Hayk: 05.18.01. AnTa, 2012. 297 c.
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)KEHMe NpOBOAMNU Nepuogmnyeckum metogom. bpo-
OUNbHYIO CMecb Nnogaeanu B éMKOCTb Anisi Opoxe-
HWS1, 3aMOSTHEHHYIO LLEMNOn U3 OpPeBECUHbI SIOTOHN
B HECKONbKO NMPUEMOB Ans OOCTUXEHUs Tpebye-
MOW KOHLIEHTpaLMM OPOXOKEBbLIX KIETOK (3—5 MIH
kneTok B 1 Mn 6poannbHon cmecu). Takum cnoco-
6om nonyyanu BuHomaTepuan (obpasew 1). KoH-
TPONEM CIYXWIO Cycrno, COpoXeHHOoe B TeX Xe
ycnoBusix, HoO B eMkocTu 6e3 wenbl (obpasel 2).
TemnepaTypa OpoXeHUs NogaepXuBanacb B WH-
Tepsane 18-20 °C [22].

Cnocob BpoXeHUs TUXMX U UFPUCTbIX BMH Ha
Hacagkax akTMBHO UCMOSb3yeTcs Ha Mpou3BOACT-
Be. /13BeCTHO, 4YTO NpUMEHeHNe Hacagku crnocob-
CTBYET YBEINMYEHUI0 MOBEPXHOCTM KOHTakTa doas.
OTO NpMBOAUT K OLICTPOMY YBEINTMYEHUIO KOHLIEH-
Tpaumm OPOXCKEBbIX KNeTok B cpene. Kak cneact-
BME, YCKOPSIIOTCA npoLlecchl OpMUPOBaHMS Kave-
CTBEHHbIX XapakTepUCTUK roTOBbIX BUH. B kavecT-
BE Hacagok Ans nMMmobunusauum Opoxoken npu-
MEHSIIOT pasfnuyHble MaTtepuanbl C AOCTaTO4YHO
pa3BUTON MOBEPXHOCTLIO: MOMUITUNEHOBLIE U Ke-
pamudeckne konbua, konbua Pawwura, 6GykoByto
CTPYXKy (ByKkoBble ponuvku), npoweglive npegsa-
putenbHyto 06paboTky.

B paHHoOM paboTe npoBeAeHO MccrneaoBaHue
NpYMeHeHWs1 APEBECHON LLEeNbl B KA4eCcTBe Hacag-
kKn ana 6poxeHus. B kavyectBe martepuana gng
HacagoK uMcnonb3oBanu SA6MOYHYHO OPEBECUHY B
Bo3pacTte 10 neT, pasmep KOTOPOW BapbMpoBarn B
AmnanasoHe, MM: anvHa — 3—20; wupuHa — 3—12; Ton-
wyuHa — 1-3. lNepea vMcnonb3oBaHMEM Leny nog-
Bepranu JeTbipexcrtaguiiHon obpabotke. CopTtupo-
BaHMe LLeMnbl OCYLLECTBANN BPYYHYHO, BU3yarbHO.
LLleny HyxxHoro pasmepa kunatunm B 0,8 %-m pac-
TBOpe kapbaHaTta HaTpua (Na,CO;), B TeueHue
30 MMH C KpaTHOCTLIO KMNsiueHust 5-6 pas. 3aTtem
leny OTMbIBanuM OT 3KCTpareHTa NPOTOYHOW BO-
OON 0O HEeNTpanbHOM peakuMum MU OTNPaBnsiN Ha
CywKky npu TemnepaTtype 96-100 °C, go Bnax-
HocTn 15-20 % [24].06paboTaHHOM Hacagkon 3a-
NONHANN eMKOCTb Ans 6poxeHus Ha 2/3 obbema
OpoaunbHOro pesepsyapa.

OnpeneneHne MexaHUYECKMX MoKasaTenen
cbipbs (pa3mep, opma 1 ap.), Mukpobuonoruye-
Ckue aHanuabl cycna (onpegeneHve obuero Ko-
nnyecTBa, a TakkKe MEepPTBbIX U XMBbIX KMETOK;
OLleHKa (bM3MONOrMYECKOrO COCTOSTHUS OPOXOKEN N
;1p.)4 N PU3MKO-XMMNYECKNX MoKasaTesnien coka u
BMHOMAaTepuana MpOBOAWMM MO OBLLENPUHATBLIM
CTaHOapTHbIM METOOUKaM:

— OTHOCUTENbHYI MMOTHOCTL cycna, r/em® —
apeomeTpuyeckum metogom no NOCT P 51619;

— cofepKaHne pacTBOPUMbIX CyXUX BELLECTB, %

— pedpakromeTpuyecknm metogom no NOCT
P 51433;

* Noszosast T.C. Mukpobuonorus: na6opaTopHblit
NpaKkTUKyM AN CTYOEeHTOB MO HanpaBfeHno nog-
rotoBkn «lMpogykTel MMTaHMSA U3 PacTUTENBHOMO
cbipba». Upkytek: Usg-so UPHUTY, 2017. 70 c.

— MaCCOBYI0 KOHLIEHTpaUMio TUTPYEMbIX KK-
CNnoT B nepecyeTe Ha SA6MOYHYI0 KUCMOTY, r/om® —
noTeHUMOMETpMYEeCKUM TuTpoBaHmem no NOCT
P 51434;

— MaccoBYIO [0S0 peayLIMPYIOLLUX CaxapoB B
cokax, % — hOTOKONTOPUMETPUHECKUM METOAOM MO
OCT 8756,13-87;

— cogepxaHue ButamuHa C, % — metogom Bu-
3yanbHoro TutposaHus rno NOCT 24556;

— MaCCOBYI0 KOHLEHTpaUMo NEeTy4YnX KUCIOT,
r/am® — no FOCT 32001;

—obbemMHyto ponto aTtaHona — no OCT
P 51653;

— kucnoTHocTb Eh 1 pH — noteHunomeTpuye-
ckum metogom no FOCT 6687 .4;

— copepXaHne xernesa C >XernesnuctocMHepo-
AMCTbIM Kanuem, mr/am° —no FTOCT 13195;

— ONTUYECKNE XapaKTEPUCTUKM BUH — MO Me-
TOoOMKe, NpeacTaBneHHon B paboTe [25];

—obLlee KONMMYecTBO caxapa B BMHOMaTe-
puanax — metogom [iobya [26].

CopepxaHue XMMUYECKMX 3neMeHToB B s60-
Kax onpegensnu mMeToaoM peHTreHodnyopec-
LeHTHou cnektpomeTpum (PPA). MeTtog ocHoBaH
Ha 3aBUCUMOCTU MHTEHCMBHOCTU XapaKTepucTuye-
ckon bnyopecLeHL MM 3rieMeHTa OT ero MaccoBoOw
ponv B aHanusnpyemon npobe. MHTEHCMBHOCTb
PEHTreHOBCKOWM (brnyopecLeHLMn onpeaensaemblx
3NEeMEHTOB NEPEeCUYNTLIBAETCH B €ANHMULbI KOHLEH-
Tpauui No mMaremaTuyecKuMm MoaensiM, nonyyveH-
HbIM B pesynbTaTte rpagynpoBKU CNEKTPOMETpA.

Ins onpepenenusa Na, Mg, Al, Si, P, S, CI, K,
Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Zr, Pb n
Ba ananuaupyemyo npoby rotosBunu B Buae Tab-
netkn. [na 3TOro pacTtuTenbHbIM MaTepuan BHa-
Yyarne usmenb4anu B araToBOW CTynkKe 40 NOpOLLUKa
meHee 100 mkm, 3aTem oTOupanu HaBecky 0,5,
KOTOpyl0 [Jdarnee npeccosanu B Buae Tabnetku-
nanyyaTens Ha nogsrioxke u3 OOPHOM KMCNOTHI.
NamepeHns WHTEHCMBHOCTU aHanuTUYeCcKMX Inu-
HWWA BBINOSHANM Ha BOSTHOAUCMEPCMOHHOM PEHT-
reHoBckoM cnekTpomeTpe S4 Pioneer (Bruker,
lepmaHus). [na pacyeta KOHUEHTpauui CTpounm
NVHEeNHbIE TPagyMpOBOYHbIE 3aBUCMMOCTU, UCMOMb-
3yd nporpammHoe obecneyeHve crnekTpoMeTpa
Spectra™® u craHaapTHble o6pasubl cocTaea:
kny6Hen kaptodpens CBEMK-02, 3epeH nweHuubl
CBMM-02°, nucta Gepesbl [I6-1 (FCO 8923-2007),
nyroson TpaBocmecu Tp-1 (FTCO 8922-2007), ku-
Taiickuin obpasel, nucTbeB yasi (GBW 07605)° u
nonbCkue cTaHgapTHble obpasubl MyKM COEBbIX

® CTaHgapTHble 06paslibl XMMUYECKOro cocTaBa
NPUPOAHBLIX MUHEeparnbHbIX BELLeCTB: METOA. pe-
KomeHgauum / aBT.-cocT. H.B. ApHayToB. HoBocu-
oupck: N3g-so UI'mll CO AH CCCP, 1987. 204 c.
® Certificate of Certified Reference Material Human
Hair, Bush Twigs and Leaves, Poplar Leaves and
Tea (GSV-1, 2, 3, 4 and GSH-1) / Institute of Geo-
physical and Geochemical Exploration. Langfang
China, 1990.
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60608 INCT-SBF4 wn kykypysHow myku INCT-CF-3.
MpaBunbHocTb P®A oueHunu cpaBHeHueM pe-
3ynbTaToOB OnpefeneHns cogepXXaHuin arieMeHToB
B MOMbCKOM CTaHAapTHOM 00pa3ue cocTaBa Tpa-
BocMmecn INCT-MPH-2 ¢ atTecToBaHHLIMU 3Ha4e-
HUsiMU. ComnocTaBreHne [AaHHbIX MoKasano, 4To
pesynbTatel POA xopollo cornacyloTcs ¢ ceptu-
PULMPOBAHHBIMU 3HAYEHUSMM.

Onpepnenexue obuero cogepxaHusi nonude-
HoNnoB (MF/LI,M3) npoBoAunu cnekTpodoTomeTpu-
YEeCKMM MEeTOAOM, OCHOBaHHbIM Ha OKUCIEHWU
heHOMNbHbLIX COeQUHEHUI B UCcrenyeMblx obpas-
uax peaktusom donvHa — YokanbTey B LLENOYHON
cpene. Kannbposanu no rannoson kucnote [27].

MonudeHonbHbIE COEANHEHNS B UCCrEeayEMbIX
obpa3uax ugeHTMuULMpoBany MeTogoM Xpomarto-
Macc-crniektpomeTpumn Ha BOXKX Agilent 1200 B co-
YeTtaHum ¢ (MC) getekTopom Agilent 6210 [22, 23].

B akcnepumeHTe roToBunn 3adUpHbIE SKCTPaK-
Tbl U3 cycna M BUMHOMaTepuana. [ns 3Toro npoeo-
OVNKM  UCYEpNbIBaOLLYIO  3KCTPAKUMIO  AMUSTUMO-
BbIM achupom npu Temnepatype 40°C B Teve-
HMe 6 4. [onyyYeHHbIN CyxOn OCTaToOK nepepacTBo-
psnun B cMecy meTaHon : Boga (70 : 30, 06./06.), Bbl-
AepXXuBanu B YNbTpasByKOBOW BaHHe B TeYeHue
30 MmuH 1 3atem ueHTpudyrmposann 30 MUH MNpK
10000 MuH ™. HapocagouHyto XXMaKoCTb aHanmMaupo-
Bann metogom BOXXMC. Ycnosus BOXXMC aHa-
nun3a: konoHka Zorbax 300SB C18 (5 mMkm,
150%2,1 Mmm); TemnepaTypa KonoHkn — 35 °C; antoeHT
A - 0,1 % rentadptopbyTtaHoBas kucnota (I PbK) B
Boae; antoeHT b — 0,1 % NPBK B aueToHuTpune.
OnonpoBaHNe KOSMOHKM OCYLLEeCTBMASANOChL B rpa-
aneHTHoM pexume: ot 10 go 100 % antoeHTa b 3a
30 muH; notok aneHTa — 0,15 mMa/MyH; obbem
BBOAMMOW Npobbl — 4 MKN. OnuHbl BONMH OETEKTU-
poBaHus — 210, 260, 290 1 360 HM (gononHUTErNb-
HO perncTpupoBanu Y®-cnekTpbl B AuanasoHe
190—400 HM); guMana3oH OeTeKTUpyeMbiXx Macc,
m/z, — 26-3200; HanpskeHWe Ha Kanunnspe —
3,5kB; Temnepatypa rasa-Hocutens (N2) -
325 °C, noTok raza-Hocutens — 5 n/muH [22].

OBCYXOEHUE PE3YJIIbTATOB

Mnoabl 3MmocTonkmx coptoB A6mnoHu (Kpac-
HosIpCKM cHernpek, KpacHasa rpo3gb, PaHeTka
MypnypoBas, PaHeTka Epmonaesa, Becenoska u
PaHneTtka KameHHo-aHrapckas) ans akcnepvMMmeHTa
oTOMpanu B cTagumn noTpebuTenbCKon 3periocTy,
0e3 noBpexaeHun BpeguTensaMu n BGonesHsiMu.
MMNOAOHOXKM NPY HANUYUKU He yaansnu.

Y copta KpacHosapckuin cCHernmpek nnogbl Men-
kve (macca BapbupyeTt ot 25,0 go 35,0 r.) Mo dop-
Me OKpYrfble C 3aKpbITOM MarieHbKOW YallevKown.
Koxwuua rmagkas, no okpacke B OCHOBHOM 3€S1EeHO-
BaTasi, YaCTMYHO KpacHasi pa3MbiTas U nonocarasi.

" KycTtosa W.A. PaspaboTka TEXHONOMM HOBbLIX MK-
LLEeBbIX MPOAYKTOB C MCMOfIb30BAHNEM JKCTPaK-TOB
13 BTOPUYHOIO BUHOMPaAHOIO ChIpbs: AWC. ... KaHA.
TexH. Hayk: 05.18.01. KpacHoaap, 2016. 186 c.

MsAKOTb He OKpalleHa, NioTHasl, MenKo3epHW-
cTas un co4Has. Bbixon coka coctasun 71,8 %. lNo-
NyYeHHbI U3 MIO4OB COK MMENT CBETIO-PO30BbLI
LBET 3a CYeT nepexoda Kpacsilmx BeLecTB U3 KO-
Xuubl. ApoMaT — XapakTepHbIi A6M04YHbINA, BKYC —
YMEpPEHHbIN KUCTbIV CriaboTeprnkui.

Mnogp! copta KpacHas rpo3gb O4eHb Merkue,
maccon 20,0-38,0 r, npunntocHYTO-oKpyrnon dop-
Mbl. OCHOBHasi oKpacka — >enTasl, MOKpoBHas —
TEMHO-KpacHasi, 3aHMMaeT NPUMEpPHO [0 NONOBUHBbI
nnoga. MskoTb No LBETY KpeMOBasi, Ha BKYC COY-
Has. Bbixog coka coctasun 59,2 %. LiBeT coka —
pO30BbIN, apomaT — XapaKTepHbIN AGMOYHbLIN,
BKYC — YMEPEHHbIV KNCIO-Cnagkum.

Ona nnogos paHeTku [MypnypoBon xapakte-
PEH MCKMOUYUTENBHO Menkuin pasmep — oT 8,0 go
10,0 r, dhopma nnockasi U NOCKO-OKpyrnasi, okpa-
cka TeMHo-kpacHasi. MsakoTb no uBeTy XenTas,
MMEET KpacHble NPOXWIKKW, TEeKCTypa MnoTHas W
CoyHas. Bkyc kucnbin n Tepnkuin. Beixog coka co-
ctaBun 65,8%.Cok no uBeTy HacCbIWEHHbIN PO30-
Bblll, apomaT — SAPKUIA AB6MOYHbINA, BKYC — KACHbIN U
[OBOJSTbHO TEPMKUNA.

Pasmep nnopos PaHeTkn EpmonaeBsa men-
kmn — 8,0-12,0 r, okpyrno-oBanbHOW (OPMbI.
Okpacka nnoaoB: OCHOBHAsi — »enTasi, MOKpOB-
Hasi — TeMHoO-KpacHasi. MsikoTb C KpacHbIMK MpOo-
Xunkamu. Beixog coka coctasun 53,7 %. LiBeT co-
Ka — po30Bbl, apoMaT — XapaKTepHbIA S6M0YHbIN,
BKYC — YMEPEHHbI KNCMbIN 1 cnabbli TEPNKUIA.

Mnoabl copta BecenoBka — ogHOPOAHbIE
okpyrnon d¢opmbl maccon o 35,0 r. OcHoBHas
oKpacka — 30M0TUCTO-XenTas, NMOKPOBHAas — TeM-
HO-ManuHoBas Mo Bcemy nnogy. MskoTe umeet
KPEMOBbLIN LBET, TEKCTypa CpeaHen NioTHOCTY,
COYHas, MO BKYCYy YMEPEHHO Kucro-crnagkas. Bbl-
xo4 coka coctaBun 52,8 %.Cok spKo-po30BbIn,
apomarT — XapaKkTepHbIN A6M0YHbIN.

Ona nnogoB KameHHO-aHrapckom paHeTKu
xapaktepeH menkuin pasmep (20,0-30,0 r) n npu-
NICHyTO-0Kpyrnas dopma. OcHoBHas okpacka
NnogoB — XenTo-3eneHas co cnabo po3oBbIM py-
MsIHLEM, LiBET MSIKOTU — KpEMOBBIW. Bbixog coka B
cpegHem coctaBun 55,5 %. Cok no okpacke —
CBETII0-PO30BbIA, apoMaT — TUMUYHBIA S0M0Y-
HbIW, BKYC — KUCMO-CriagKknii ¢ HeBOoNbLUIOW TEPMKO-
CTblO.

MwuHepanbHbI cocTaB MnogoB B OonbLuen
CTENeHn onpegensdeTca BUOOBOW NpuHaanex-
HOCTbIO, 3JKONorndyeckor ob6CTaHOBKOM MecTa €ero
npouspactaHna U arpoTexXHUKON. YUUTbiBas, 4TO
oTbop npo® nmpoBOAMIICA C OQHOrO yyacTtka, ane-
MEHTHbIN cocTaB onpegensnu anga copta KpacHo-
Aapckun cHermpek. Mo gaHHeim POA, B BO3gyLLHO-
CyXOM MaTepuane nnogoB OOHapyXeHbl creayto-
wme makpoanemeHTbl, %: Na — 0,008; Mg — 0,056;
Al - 0,002; Si — 0,012; P — 0,141; S — 0,05;
K - 0,762; Ca — 0,099; Mn - 0,01; Fe — 0,006.
N3 MyKpoanemeHTOB B nnogax NpUCYTCTBYHOT, B
ppm: Ti — meHee 4; Cr— 7; Ni— 2, Cu < 8; Zn — 15,
Rb -8; Sr—9, Ba—16, Pb — meHee 3.
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M3 mMakpoanemeHTOB B Hambonbllem Konuue-
ctBe HangeH K (0,762), KOTOpbIA, Kak M3BECTHO,
OKasblBaeT OnaronpusaTHoe AENCTBME Ha cepaed-
HYI0 OeATenbHOCTb (CyTo4YHas nNoTpebHOCTb B3poc-
noro yenoseka — 5wr). B meHbliem konuuecTse
copepxutcsa Fe (0,006), obnagaeT KpoOBETBOPHON
CNOCOBHOCTLIO, HO B BMHE SBNSIETCA MPUYMHON MO-
MyTHEHUI (Genbin 1 4YepHbIN kacc). CopepxaHve
TSKENbIX MeTanmnoB B Nfogax HaxoauTcs B npeae-
nax [onycTMMbIX KOHLIEHTpauui, npegycMOTpeH-
HbIx B CaHllnH 2.3.2.560-96.

Buoxumunyeckuin coctaB U NPOLIEHTHOE COOT-
HOLLEHMA KOMMOHEHTOB BO MHOMOM OnpeaensioT
KayecTBO coka. Mo nony4eHHbIM AaHHbIM 3KCTPaK-
TUBHbIE BELLECTBA COKOB MPEACTaBIEHbl B OCHOB-
HOM caxapamu U KUcrnoTamu. TN TEXHOMNOrnyeckne
nokasaTernm coka He HOPMUPYIOTCS, O4HaKO UMEIOT
Ba)KHOe 3HayeHue. 1o MHeHuo psaa aBTopoB (Ha-
npumep, [2, 28, 29]), Hanbonee OGnaronpuUATHLIMU

ONg NpouM3BOACTBA KaYeCTBEHHbIX HaTyparbHbIX
BUH SIBMNSIOTCA COKW, coaepxalumne Gonee 9 % ca-
xapoB n 6-9 r/om® opraHudeckmx kucnot. lNoBbliwe-
Hue copepxaHus KucnoT (ocobeHHO ABnoyHon)
CTaHOBUTCA MPUYMHON HENPUATHON PE3KOCTU BO
BKyCe (Tak Ha3blBaemas 3enéHas KI/ICJ'IOTHOCTb)S.
CopepxaHue peHOMbHbIX COeAMHEHUA, KaK W
cogepXaHne opraHMYeckux KUCIOT, He OTHOCUTCS K
HOPMUPYEMbIM MoKa3aTensimM coka MM BMHa, HO orl-
penoensieT U3VONOrMYECcKyd LEHHOCTb MpoayKTa.
WX KonnyecTBo 3aBUCUT OT CogepKaHUs B UCXOAHOM
cbipbe. Kpome Toro, cyliecTBeHHOe BNusiHAE MOryT
OKa3blBaTb TEXHOMNOMMYECKNe peXxvmbl nepepaboTkm
(cTeneHb nsamMenbYeHus, Temnepartypa, Hanuine aH-
TUOKCUOAHTOB, aKTUBHOCTb hEepMEHTOB NonudeHo-
nokcupassl U nepokcugasbl) [12]. dusmko-xumm-
YyeckMe nokasaTenu COKOB LUECTM COPTOB MENKo-
NNogHbIX sI0MOK, BbIpalLMBAEMbIX Ha TeppUTOpUU
KOxHoro Mpubankansbsa, NpeacTasneHsl B Tabn. 1.

Tabnuuya 1
®du3uKo-xumMu4ecKue nokKasameJsiu COKoe uccsiedoeaHHbIX COPMoe
Table 1
Physicochemical characteristics of juices obtained from the studied apple varieties
Copepxanue | Cymma | Twutpyemas Cymma
Caxapo-kncnotHein | ButamuH C, | beHonbHbIX
CopT a6nok CyXux caxapoB, | KUCIOTHOCTb, /1100 cM® | coemmHenmi
BewecTs, % % r/igm® HAEKC . A ’
mr/gm
KpacHosipckuin cHermpek 12,1 11,5 7,8 15 9,5 290
KpacHas rpo3gb 13,8 12,5 7,2 17 13,7 166
KameHHo-aHrapckasi 12,8 11,5 8,7 13 12,5 180
PaHetka MNMypnyposas 18,7 17,0 9,9 17 21,0 202
PaHeTtka Epmonaesa 19,5 18,1 6,7 27 11,2 174
Becenoska 20,1 18,5 9,3 20 10,5 154
B cooTBeTcTBUM C pesynbTaTamu, Npeacras- MarnbHoe cogepxaHue sutammHa C (21,0 mr/100 CM3)

neHHbIMK B Tabn. 1, Hambonee BbLICOKOE copepka-
HNe (PEeHONbHbIX COEQNHEHUN OTMEYEHO B COKE U3
s16nok copta KpacHosipckuin cHermpek — 290 mr/am’,
B ToM uucne 10,57 |v|r/,c|.|v|3 NPUXOANUTCS Ha AOM
aHToumaHoB. Camoe Hu3koe cogepaHne eHonb-
HbIX BellecTB — B copTe Becenoeka — 154 Mr/,u.Ms,
npu 3TOM COPT OT/IMYAETCS BbICOKMM cofepa-
Hue cyxux BeulecTtB — 20,1 %, B TOM uncne caxa-
poB — 18,5 %.

Tutpyemasi KNCAIOTHOCTb B M3Yy4YEHHbIX 0Opas-
uax BapbupyeT oT 6,7 (PaHetka Epmonaesa) go
9,9 r/am® (PaHeTka Mypnyposas).

Mo nuTepaTypHbIM OaHHbLIM, ANS NPOU3BOACT-
Ba COKOB M BUHA Hamnboriee NpurogHbIMn SBMASIKOTCA
copTa, CaxapO-KUCIOTHbIA MHOEKC KOTOPbIX Haxo-
autca B AnanasoHe 10-20 ed., npy 3TOM XOPOLLO
oulyliaeTcs Kucrnblin BRyc. Npu koapdpuumeHte 5-9
AOMOKM KaXKyTCA OYEeHb KUCMNbIMW, @ B AManasoHe
25-30, HaobopoT, npecHbiMu [2, 29]. B n3yyaembix
copTax MWHUMMarbHbIN CaxapOKUCMOTHbLIA MHOEKC
(13) — y copra paHetka KameHHo-aHrapc-
Kasi, a MmakcumanbHbIn (20) — y copTa Becenoska.

Ha cogepxaHne ButammHa C 6onblLoe BNnus-
HME OKa3sblBalOT CE30HHbIE MOrogHble ycrosus. B
cpeaHeM oHo cocTaensieT 15-20 mr/100 cm®. Makcu-

®U3NKO-XUMUYECKAA BUOINOInA / PHYSICOCHEMICAL BIOLOGY

HaMgeHO B COKe, MPUrOTOBIIEHHOM M3 paHEeTKU
EpmonaeBa, 4To BOBOE Bblille, YEM B COKE 13 A6MOK
KpacHosipckuin cHervpek (9,5 mr/100 cm®).

[ns G6poxenns Bblbpann cok copta KpacHo-
APCKUI cHermpek. [uHamuka npouecca Hakonre-
HUS 3TaHona nokasaHa Ha puc. 1. Micnonb3oBaHne
[OpeBECHON LUenbl Npy BpOXEeHUN NMO3BOMSIET OPOX-
KEBbIM KrneTkam 3aKpennaTbCa Ha MOBEPXHOCTU
wenbl, 6eICTPO HapawmeaTe BMomaccy, 4To Cho-
CcobCTByeT yCKOpeHuto npolecca bpoxeHust.

CornacHo gaHHbIM guarpamMmmbl, obpasoBa-
HWe aTaHona B oboux BMHOMaTepuanax npowuc-
X0OWUNO aKTUBHEE B Nepuof HavanbHoro bpoxe-
HUS M MefaneHHee — B nepuoa AobpaxunBaHus.
Mpouecc GpoxeHuss BUHOMaTepuana Ha Liene
(obpasel, 1) 3akoH4YUIICA HA 7-e CyTKuU, Ha 72 Y
ObicTpee, 4yem B koHTpone (o6paseuy 2), 6po-
OVBLUEM B aHaNOrM4HbIX YyCrnoBusx 6e3 Liensbl.
OTomMy cnocobcTBOBanNoO co3gaHve Ha MOBEepX-
HOCTM gpeBecuHbl 6onee GnaronpuATHBIX yCro-
BUWA ONSi pa3BUTUS APOXKEBLIX KNETOK BCNeACT-

® MnbunbaeBa W.B. TexHomornyeckoe 3HauyeHvie
OpraHWYeckx COEAVHEHWA B BUHoZenuu: Yy4eb.
nocobue. Hoeouepkacck: MN3o-80 FOPITY, 2007. 112c¢.
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BMe copbumm Ha [peBecuHe Gu3anornornyec-
KN aKTMBHbIX COEOUHEHUN. P-aKTUBHbLIX PEHOMb-
HbIX BELLeCTB, aMUHOKUCIOT U APYTUX CTUMYMS-
TopoB pocTta. Kpome Toro, wena Gnaronpuart-
HO BNUsINa Ha rasoBbI PEXMM, YCKOpSAsS Bbl-

Cogepiane STNACEOND
cnwpTa, Wob.

neneHne CO,. OkoH4yaHue OpoxeHUsa oTcre-
XMUBanu nyTeM W3MepeHust KonudyectBa ocTa-
TOYHOro caxapa. ®U3MKo-XMMMYEecKue nokasa-
Tenu roToBblX 0OpasLOB BWH MNpeAcTaBreHbl B
Tabn. 2.

B i

NMpagon=sTanbeocTa SEoiesia, £yT i

== Gpazay 1

- CiGpazay 2

Puc. 1. QuHamuka HakonieHuss amaHoJsia 8 obpa3uyax

Fig. 1. Ethanol accumulation in samples

Tabnuuya 2

du3uko-xumuyeckue nokasamesnu o6pasyoe euH

Table 2

Physicochemical characteristics of wine samples

Mokasatens O?paseu BMHomaTepma;a
TuTpyemas KNUCNOTHOCTb B NepecHeTe Ha A6I04HY!0, r/om’ 7,60 7,50
MaccoBas KoHLUeHTpauusa cyMmbl caxapos, /100 cm® 0,20 0,15
MaccoBas KOHLeHTpauns NeTy4Ynx KUCoT, r/om® 0,15 0,20
O6bémHas nons atunosoro cnupta % o6. 5,90 6,00
MaccoBasi KOHUEHTpauus Xxenesa, mr/am® ' 1,40 1,70
MaccoBas KOHLEeHTpauns CyMMbl (DEHOSbHBIX COEAUHEHNN, mr/om® 538,90 1914,70

Kak BMOHO M3 JaHHbIX, NpeacTaBrneHHbIX B Tabn. 2,
Mo COAEpXaHWMK 3TaHOMa CYLLECTBEHHbIX Pa3nuynm
He Habntogaetcs: 5,9 % — B obpasue 1, 6,0% — B
KOHTpOIe, npM  octatodHom  caxape 0,2
n 0,15 r/n,lvl3 COOTBETCTBEHHO. [10 Mepe HakonneHus
3TUMOBOrO CcnvpTa B OpogsLiem cycrne npouCcXoau-
N0 HEe3HaYMTENbHOE MOHWXKEHWE TUTPYEMOW KUC-
noTtHoctu: ¢ 7,8 — B coke (cm. Tabn. 1) no 7,6 — B
obpasue 1 n go 7,5 — B obpasue 2. AKTMBHas Ku-
crotHocTb (pH) B obpasue 1 konebanack B npege-
nax 3,2-3,9. OkucnuUTenbHO-BOCCTAHOBUTEMbHbIN
(Eh) noteHuman B nepBbii A€Hb OPOXEHUS] PE3KO
cHuaunca ¢ 340 po 155 mB, B KkOHUe OpoxeHus
coctaBun 160 mB. B koHTporne (obpasew 2) cHwkar-
ca Tonbko go 170 (Ha 3- OeHb) U B KOHLE CHOBA
Bblpoc Ao 210 mMB. M3BecTHO, 4TO B Hayane 6po-
XeHust cHwkeHne Eh npoucxogut B pesynbrtate
noTpebrieHns pacTBOPEHHOIO KUCINOpoaa aKTUBHbI-
MU OpOXoKaMu U BblOENEHNs B cpedy BOCCTaHaBnu-
BalOLLUX BeLlecTB (MIOTatMoHa U UMCTenHa). Yyn-

TbiBasi, YTO npu OpoxeHun Ha wene (obpasey 1)
KOHLIEHTpaUusi OpOXoKken Bbille, CHwkeHve Eh no-
TeHumana Habntogaetca Gonblue. MNpuunHon Gonee
Hu3koro Eh noteHumana B obpasue 1 B KoHue 6po-
»KEHUS MOrno ObiTb BbI3BAHO CHWKEHME MaCCOBOM
KOHUEHTpauun OeHOsbHbIX COeaUHEHUIW, KOTopble
NPUHUMAKOT aKTMBHOE Yy4acTVe B OKUCIUTESbHO-
BOCCTa@HOBMWTENbHbIX MpoLeccax, sBnsasck cyberpa-
ToM okucnenus. OkucneHne nonudeHoroB A0 Xu-
HOHOB MMmeeT Bbicokui Eh (714 mB) n npuogut K
YBEMWYEHUIO  OKWUCITUTENBHO-BOCCTAHOBUTENBHOMO
noteHuuana BMHa BO BTOpOM o0Opasue u3-3a UX
OonbLuelt KOHUEHTpaLWK.

Mpn 6poxeHun Ha wene (obpasey, 1) Habnto-
[ann n3MeHeHne OMTUHMECKUX XapaKTEPUCTUK BUHO-
Martepuana Mo CpaBHEHWIO C KOHTponem (puc. 2),
YTO, MO-BMOUMOMY, CBHA3AHO C 3aMefJSIEHNEM OKUC-
NUTENbHBIX MPOLIECCOB 3a CYET COpOLMM KpacsLmX
OTTeHKa okpacku (obpasevn, 1 — 2,4 Hv; obpaseL 2 —
2,1 HM). OTM ONTUYECKME XapPaKTEPUCTUKN SIBMS-
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I0TCH  KpuUTepuanbHbIMM NokasaTensMu aerycra-
LUMOHHOM OLEHKM BWHHOM npodykumn. [lo 3Ttum
OCOOEHHOCTAM MOXHO CyaWTb O Tune BWHA, €ro
KayecTBe, BO3pacTe U Hanmyinm HegocTaTKoB.
Opyrum noaoTBepXaeHUEM npoTekaHus npo-
uecca copOuum Kpacsawmx u  dEHONbHbIX Ccoe-
OVHEHUI Ha MOBEPXHOCTU LUenbl criykaTr pesyrb-
TaTbl U3MEpPEHUs copepXaHus EeHONbHbIX Ccoe-

a

OVHEHUA NO OTHOLIEHMO K KOHTpomt. Wamepe-
HMS NoKasanu CHUXeHne PeHONbHbLIX BewecTs 60-
nee 4yem B 3 pasa (c 1,915 B ob6pasue 2 go
0,539 Mr/100 cm® B obpasue 1, B TOM uucre
cogepXaHne MoOHoMepHbix — ¢ 0,479 (obpa-
ey 2) go 0,141 (obpasey 1) M NONMMMEPHbIX
c 1,436 (obpasey 2) oo 0,398 mr/100 cm® (o6pa-
3ey 1)).

—_— &
'y

'l;’

b

Puc. 2. Okpacka euHoMamepuasia Ha mpembuU CymKu 6POoXKeHusi:
a — 6podsiue2o Ha dpesecHol wene (obpasey 1); b —koHmMponbHbIlU (06pasey 2)

Fig. 2. Color of wine material on the third day of fermentation:
a — fermentation on wood chips (sample 1); b — control wine material (sample 2)

[laHHble O KOMMOHEHTHOM cocTaBe (OeHOrb-
HbIX COEAMHEHUIN B 3KCTpakTax coka W BMHOMaTe-
pvanoB 6binNn MonyyYeHbl Ha OCHOBE Xpomartorpa-
dompoBaHNa 3ppHON dpakuunm obpasLoB NyTem
n3BriedeHms BblOpaHHOro wuoHHoro Toka (EIC,
extractedionchromatogram) 13 nNOMHOrO MOHHOrO
Toka (TIC). OkcTparMpoBaTb OEHONbHbIE COeaMHe-
HUSA M3 PaCTUTENBHOMO CbiPpbA MOXHO PasfUYHbLIMU
MeTodamu 1 pacteoputensmu. [ns Takmx obpasuos,
KaK KOXMLa 1 MSKOTb 610K (a Takke u BMHorpaua7)
NCMOMb3yT BOAHO-CMMPTOBBIE W BOOHO-ALETOHO-
Bole cmecn [30, 31]. Ona aHanmsa Xugkux cpeq
(A6rnoYHbIE COKM M BMHO) BO3MOXHO MPUMEHEHUE
agcopbuumn nonudpeHono Ha nonvamuge [30, 31]
WU 3KCTPaKUUSA OMITUNOBBLIM 3PMpPOM mMnim aTun-
auetatom [32 n gp.]. MNMoatomy B 3kcnepumeHTe
BbIOpaH MMEHHO 3TOT pacTBOPUTENb.

KOMMOHEHTHbIN cocTaB (PeHOmbHbLIX coeguHe-
HUA B BMHOMaTepuarnax npuBedeH B CPaBHEHUM C
paHee NonyyYeHHbIMU daHHbIMU ONsl CoKa U3 A0rok
copTta KpacHosipckuin cHermpek [23] n npegctaeneH
B Tabn. 3.

M3 npuBeaeHHbIX B Tabr. 3 AaHHbIX BUOHO, YTO
B cOCTaBe coka 6bino maeHtudpmumposaHo 15 de-
HOMbHbIX coeanHeHUN. B nx coctaB BXoasaT deHor-

kapboHoBble kucnoTbl (3), aurMgpoxankoHbl (3),
dnaBaH-3-onbl (2), bnaBoHOMbI 1 X rmKo3nabl (7).

OGHapyXeHHble B coke Tpu cheHonkapboHo-
Bble KMCINOTbl (XFI0poreHoBasi, kodenHas, napaky-
MapunxmHHas), XapakTepusylTcd, No AaHHbIM nn-
TepaTypHbIX UCTOYHUKOB, aHTUMUKPOOHBLIM [12, 28],
npotmBoonyxonesbiM [13, 14] n aHTUOKCHAOAHT-
HbiM [9—11] pencTBuMAMK. TN KUCNOTbl YaCTUYHO
COXpaHSOTCA B BUHOMartepuanax u okasbiBatoT no-
NOXWTENbHOE BO3OENCTBUE HA 300POBbE YEroBeKa.
OpHako kodbeliHasi kucrora B BUHOMarepuanax He
Obina obHapyxeHa, 4YTO MOXeT ObiTb CBA3aHO CO
CHWKEHMEM €€ KOHLEHTpauuu B pesyrnbrarte OKUC-
NeHust 1 B3aVMOZENCTBMA C KOMMOHEHTaMW BUWHA,
YTO cornacyercsi C nirepaTypHbIMU gaHHbIMU. W3-
BECTHO, YTO OHa Yalle BCTpeyaeTcsi B Buae 3ampos
C OpraHWYeCKMMM KUCIOTaMU (XMHHOW, SAGMOYHOW,
BMHHOM) [35]. MpurCyTCTBME XNTOPOreHOBOW KMUCHOThI
(3cbmp KOPENHOM U XUHHOW KUCIOT) CAYXWUT 3TOMY
noaTBEPXKAEHUEM.

M3 gurmgpoxankoHOB B COKE HaWOeHbl Xapak-
TEPHbI ONs CMOpOBbIX COPTOB S0Mok dropua-
3uMH [36-38], dnopetnH un 2’-O-kcunosunadnope-
TMHa. 3TN Xe coeauHEeHNs HanaeHbl B COCTaBe BU-
HOMaTepuanoB Nnocrne OKOHYaHWs OpoXKeHUsI.
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Tabnuya 3
HN3meHeHue cocmasa (f)eHO.ﬂbelX coeduHeHuUll coka U 20moebIx 8UHOMamepuasioe
Table 3
Composition of phenolic compounds of juice and wine materials
O6paseL
deHonbHOE coeanHeHne BpyTTo TRN(MS)’ [M+H]+Teop. yq:"clax’ Cok Buna
1 2
dPeHonkapboHOBLIE KMCMNOTLI:
xrnoporeHoBas kucnota (1) Ci16H1809 4.1 355,102 326 + + +
KocpenHas kucnota (3,4-gnokcmkopudHas kmcnota) (2) | CoHgO4 5,0 181,050 325 + - | =
napakymapoBas kucnota (okcukopuyHas kucrnota) (3) | CisH10s 6,1 339,107 312 + + +
[MpounsBoaHbIE AUMMAPOXaNKOHOB:
2’-O-keunnosua-cnopetuHa (4) Co6H32014 14,2 569,187 284 + + +
dnopuasvH (5) C21H24010 15,1 437,144 284 + + |+
dnopetuH (2,4,6,4'-TeTparngpokengnrngpo-xankoH) (6) | CisH140s 15,4 275,091 286 + + |+
dnaBaH-3-01bl:
(+)-kaTexuH (7) Ci5H1406 9,5 291,086 278 + - | +
(-)-anukaTexuH (8) C15H1406 12,6 291,086 278 + + +
dnaBoHOMbI 1 UX FNMKO3UAbI:

KBepueTuH (9) C15H1007 17,2 303,050 372 + + +
3-O-rntoko3una-keepueTuHa (n3oksepumTpuH) (10) C21H20012 13,1 465,103 354 + + +
3-O-ranakro3ung ksepuetuHa (11) C21H20012 13,4 465,103 355 + + +
3-O-kcunosug keepuetuHa (12) C2oH18011 13,3 435,092 356 + - |+
3-O-apabuHosung keepueTtuHa (13) C20H18011 13,9 435,092 354 + + +
3-O-pamHo3ng kBepueTnHa(kBepumTpuH) (14) C21H20011 14,6 449,108 350 + + +
3-O-pyTrHO3MA KBEpueTMHa (pyTuH) (15) Co7H30016 12,5 611,161 356 + + +

M3 mnaeHTudmumpoBaHHbiX ¢riaBaH-3-0510B B
COKE M KOHTPOIbHOM BMHOMartepuane (obpasey, 2)
obHapyxeHbl (+)kaTexuH (7) u ero nsomep (-)anu-
kaTexuH (8), B obpasue 1, cOpokeHHOM Ha Lene, —
TONbKO (-)anukarexuH. OTcyTcTBME (+)katexuHa (7)
MOXeT OblTb CBA3aHO CO CHWKEHMEeM €ero KOHLEH-
TpauMm HWXe MNOPOrOBON YyBCTBUTEMLHOCTU MpU-
bopa 3a cyeT copbumm Ha wene. Mo nutepatyp-
HbIM AdaHHbIM, 3TV COEOUHEHWS CKIOHHbI K Aun-
n nonumepusaummn [39]. (+)KatexuH obpasyet
OBa aAuvepa: npogenb@UHMAMH W nNpouvaHu-
ovH B3. 3OTm coeguHeHusi, B3auUMOOEWCTBYSI C
©enkamn, MoOryT nNpuBOAUTbL K OOpas3oBaHMIO KOI-
NouaHbIX MOMYTHEHMI B coke U BuHe [40].

M3BecTHO, uTO cbraBaHombl 0bpa3yT Oonb-
LIOE YMCNo Pa3HOObpasHbIX MMMKO3NAOB, KOTOpbIE
yawie Bcero npencraeneHbl NPOU3BOOHBIMU KBEP-
uetuHa, kemdepona n mepuvuetrHa [1]. Mo nony-
YEHHbIM AaHHbIM, B 0b6pa3uax NpuCyTCTBYHOT KBEP-
uetuH (9) 1 naATb ero muko3ugos: 3-O-rmoKo3na
kBepueTtuHa (10), 3-O-ranakroang ksepuetuHa (11),
3-O-kcunoang,  keBepuetuHa (12), 3-O-apabuiHo-
3ng  kBepuetvHa (13), 3-O-pamHO3ug kBepue-
TMHa (kBepumTpuH) (14), 3-O-pyTvHO3WLO KBepLe-
TuHa (pyTuH) (15). 3T coednHeHust OTHOCATCS K
dom3nonorm4eckn aKTUBHbIM (OUTOHYTPUEH-
Tam, CrnocobCTByst OONrONETUO, BbIHOCIMBOCTM U
YKPEMIEHNIO  MMMYHWUTETA, MOCKOMbKY — WMHIMOU-
PYIOT OKMCIIEHME XONEcTepuHa U ABMSAOTCA doak-
TOpaMu, CHWXaLWWMMA PUCK pPasBUTMSA  Cep-
JedHo-cocyaucTelx M psga  gpyrmx  3abonesa-
HuiA [39, 41].

730

Mo HopmMpyeMbIM MokasaTenam oba obpasua
BVH cooTBeTcTBOBanu TpedosaHusm FOCT P 31820
«Cugpbl. O6Wwme TexHudeckme ycrioBusa». OpHako
A6noYHOe BMHO, COPOXXEHHOE Ha Lene (obpaseu 1),
nonyynno 6onee BbICOKYIO OErNyCTALUOHHYIO OLEH-
Ky — 8,9 6anna, B cpaBHeHUU C KOHTporem (obpa-
3ey 2) — 8,2 6anna (no 10 6anbHon wkane). O6pa-
3ey 1 oTnuyancst bonee CBETION CONOMEHHON OKpa-
CKOW M XOPOLLO BbIPa)XEHHbIM COPTOBLIM apoMaToM
A6n0oK. BKyc MArkuin, rapMOHUYHBIN C FTIETKOWM FOpYUNH-
KOW, XapaKTepHon ans cuapa.

BbIBOObI

Takum obGpasom, B pesynbTaTe NPOBEAEH-
HbIX UCCreaoBaHWin YCTaHOBIEHO, YTO BCe Mccre-
[OBaHHble copTa MenKonnogHblx S6mok, Bbipa-
wuBaemMbix B [lpubaiikanbe, ABMAIOTCA MepCrek-
TMBHbIM Cbipb€M A5 NPOM3BOACTBA COKOB M BU-
Ha, MMEKT OpUrMHaNbHbIE BKYCOBblE XapakTre-
PUCTVKN W BbBICOKOE copepxaHue Ononornyecku
aKTMBHbIX BELLECTB (PeHONbHblIE COeQUHEHUS, BU-
TamuH C).

B cocTaBe coka u3 ss6rnok copra KpacHosipckum
CHernpek naeHtudpuumposaHo 15 nonmdeHonbHbIX
coeguHeHuin, npeacTaBneHHbIX ¢heHonkapbGoHOBbI-
Mu kucriotamm (3), gurmgpoxankoHamu (3), dna-
BaH-3-onamu (2) n dnasoHamu (7). Hanuuue atnx
BeLLeCTB CBMOETENbCTBYET O BbICOKOW (PU3Monoru-
YecKoM LeHHOCTU NpoayKTa.

[Moka3aHO MOBbILWEHNE Ka4EeCTBEHHbIX Xapak-
TEPUCTUK BUHA, NMOMy4YeHHOro bpoxxeHnem Ha gpe-
BecHou wene (Ha 0,7 ©anna peryctauMoHHas
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OLEHKa BbllLEe MO CPaBHEHMIO C KOHTponem). Vave-
HUINWUCb ONTUYECKME XaPaKTEPUCTUKA BUHA — UHTEH-
CMBHOCTb OKpacku cHuaunacb Ha 0,382 Hm (0obpa-
3ey 1 — 0,115 HM; obpasen 2 — 0,507 Hm), a oTTe-
HOK OKpacku nokasarn nameHexve Ha 0,3 Hm (obpa-
3ey 1 — 2,4 Hv; obpasel, 2 — 2,1 HM).

MpopomkuTenbHOCTL NpoLiecca BpoxxeHus npu
MCnonb3oBaHUM OPEBECHON Lienbl cokpaTunach
Ha 72 u.

Mpu GpoxeHun Ha Liene obluee copepxaHue
dreHOornbHbIX BellecTB cHM3uock B 3 pasa (¢ 1,915
B obpasue 2 4o 0,539 mr/100 cm® B obpasue 1, B

TOM 4uCrne coaepaHue MOHOMEpPHbIX hopM — C
0,479 (obpasey, 2) po 0,141 (obpasey 1) n nonu-
MepHbIX — ¢ 1,436 (o6pasel 2) fo 0,398 mr/100cm®
(obpaseu 1)).

M3ameHuncsa coctaB heHomNMbHbIX COEAUHEHWN B
CpaBHEHMU C KOHTpOreMm B BUHOMarepuane, copo-
XXEHHOM Ha Lwene: He BblaeneHbl 3-(+)katexuH (7) u
O-apabuHosugksepueTuHa (13).

B Lenom MOXHO OTMETUTb BbICOKYIO Mepcnek-
TUBHOCTb WCMONb30BaHWUSA NPUBELAEHHBIX COPTOB
A6nNoK B MpPOM3BOACTBE BbICOKOKAYECTBEHHbIX Oe-
NbIX HaTyparnbHbIX BUH.
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OcoB6eHHOCTU MOLWHOCTHbLIX 1 MACCOOOMEHHbIX
XapaKkTepucTuK buopeakTopa ¢ AUCKOBbLIMU
nepdopnpoBaHHbLIMU MeLUanKamm

© P.B. XabubpaxmaHos, C.I'. MyxauyeB

KasaHCKui HaLWoHarnbHbIN UccreaoBaTenbCKMin TEXHOMNOMMYECKNA YHUBEPCUTET,
r. KasaHb, Pecnybnuka TatapcTtaH, Poccuinckas Peagepaums

Pe3strome: [IpodykmueHocmb buopeakmopa fpu peasnu3ayuu a3pobHbix rpoyeccos buocuHmesa 3asucum
0om UHMeHcUBHOCMU MaccoobmeHa kucrnopoda. MccriedosaHbl OUCKOBbie MelwasKu ¢ nepghopuposaHHoOU
rogepxHoCcmbl, Komopbie obecriequsarom yeesiudeHUe Mo8epXHOCMU KOHMaKkma ea3080U U XUdKol ¢has.
OKcriepumeHmarnbHO yCmaHOoB/1eHO, YMO MOWHOCMHbIE XapakmepucmuKu OUCKOBbIX MeWa’siok C OmOzHY-
MmbIMU ceaMeHmamu U CeKmopamu 3a8ucsim om yara Hak/ioHa pabodux nosepxHocmed. s MHO205pYCHbIX
MewiasioK roKa3aHo, Ymo fpu 803pacmaHuu paccmosiHusi Mexoy sipycamu 8 duana3oHe 0—1,4 om duamempa
Mewianku rokasamesib CmereHu fpu Yucsie sipycos 8 8bipaXKeHUU CyMMapHOU MOWHOCMU MPornopyuoHaneH
gesiuyuUHe yKka3aHHo20 paccmosiHus. Mpu paccmosiHuu Mexdy sipycamu, npesbiwarouem duamemp Mewanku
8 1,5 u bonee pas, cymmapHass MOWHOCMb pasHa Cymme MowHocmel OOUHOYHBIX Mewarok. QHepaemuye-
cKasi aghghekmusHoCmb rnpoyecca MaccoobMeHa Kuciopoda Pe3Ko CHUXaemcs npu yMeHbWeHUU paccmosi-
Husi mexQdy sipycamu. Mokazamenb aghghekmusHocmu npoyecca maccornepedayu kKucsopoda 3asucum om
COOMHOWEHUS aspayuu U MoWwHoOCMU Mewarsnku u umeem eud Kpugsol ¢ HacbiweHueM. AHanus eceli Co80-
KyrnHOCMU MOJTy4YeHHbIX 3KCriepuMeHmalsbHbIX 3agucumocmel 1o3sonsgem coefamb 861800 O MOM, YMO UH-
MmeHCUBHbIU U OOHOBPEMEHHO 3HEP203¢heheKmMuUBHbIU rnpoyecc maccoobmeHa Kucriopoda moxem 6bimb
obecriedeH rpu MasioM OMHoWweHUU duamempa arnmnapama K e20 8bicome, UCMOMb308aHUU MHO205PYCHbIX
Mewasiok ¢ paccmosiHueM Mex0y apycamu, rpesbiiarouumu duamemp Mewarnku, u rnpu yoenbHou aspayuu
He meHee 3 MUH™'. [Juckosble Nepghopupo8aHHbIE MELWAKU Mo2ym Gbimb PEKOMEHA08aHbI K UCIOMb308aHUI0
8 KOHCMpyKyusix buopeakmopos, ux fpuMeHeHue npedrnoymumeribHO 8 rpoueccax Hapabomku buomacc
aspobHbIX MUKPOOP2aHU3M08, 8 MOM 4YucC/e Mpu ebipauju8aHuu MoCe8HbIX Kyrbmyp C 8bICOKOU MIOMHO-
cmbro. Pexumbl, obecriequgarowjue 0oCcmuXeHuUe 8bICOKOU MIomHoCmu nomnynsyuu aspobHbIX MUKpoop2aa-
HU3MO8 rpu CKOpOoCmsix MaccoobmeHa Kucrnopooa, npesbiwarouwux 10 k20 /M-y, Xxapakmepusyromcsi OmHo-
cumeribHO He8bICOKOU aHep203aghhekmusHocmbio (1—1,2 k2O x/kBm-y).

Knroyeenlie crnoea: mewarnka, nepgopauus, KoaghguyueHm MowHocmu, KoaghghuuueHm macconepedadu
Kucriopoda, MaccoobmeH, 3Hep203¢hheKmMuUBHOCMb

MHdopmaums o ctatbe: [ata noctynneHuna 28 uona 2019 r.; gata npuHATMA K nevatn 5 aekabps 2019 r.; aa-
Ta oHnamnH-pasmeLleHns 30 gekabps 2019 r.

Onsa unTnpoBaHua: XabnbpaxmaHos P.B., Myxayes C.I". Ocob6eHHOCTM MOLLHOCTHBIX 1 MaCCOOOMEHHbIX Xapak-
TEepPUCTMK BriopeakTopa ¢ ONCKOBbIMU NepdoprpoBaHHbIMK MeLuankamu // zeecmusi 8y3o8. lNpuknadHas xumusi u
buomexHoroeus. 2019. T. 9, N 4. C. 737-749. https://doi.org/10.21285/2227-2925-2019-9-4-737-749

Power and mass exchange characteristics
of a bioreactor equipped with disk perforated mixers

Rinat B. Khabibrakhmanov, Sergey G. Mukhachev

Kazan National Research Technological University, Kazan, Republic of Tatarstan, Russian Federation

Abstract: In the implementation of aerobic biosynthesis processes, the productivity of a bioreactor depends
on the intensity of oxygen mass transfer. Disk mixers with a perforated surface, providing an increase in the
contact surface of the gas and liquid phases, were studied. The power characteristics of disk mixers with bent
segments and sectors was experimentally established to depend on the slope of the working surfaces. For
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multi-tier mixers, the exponent regarding the number of tiers in the expression of total power was deter-
mined to be proportional to the value of the distance between tiers in the range of specified distance equal
to 0—1.4 of the diameter of the mixer. At a distance between tiers exceeding the diameter of the mixer by
1.5 or more times, the total power is equal to the sum of the powers of single mixers. The energy efficiency
of the process of oxygen mass transfer decreases sharply with decreasing distance between tiers. The effi-
ciency indicator of the oxygen mass transfer depends on the ratio of aeration and power of the mixer,
demonstrated in the form of a saturation curve. An analysis of the obtained experimental dependences
supports a conclusion concerning the intensive and energy-efficient process of oxygen mass transfer ob-
tained by ensuring a small ratio of the diameter of the unit to its height, use of multi-tier mixers with a dis-
tance between tiers greater than the diameter of the mixer and specific aeration of at least 3 min”". Perfo-
rated disk mixers can be recommended for use in bioreactor designs with the optimal implementation in the
processes of aerobic microorganism production, including the cultivation of high-density seed crops. At ox-
ygen mass transfer rates exceeding 10 kgOz/m3-h, modes ensuring the achievement of a high population
density of aerobic microorganisms are characterised by relatively low energy efficiency (1-1.2 kg O./kWh).

Keywords: mixer, perforation, power factor, oxygen mass transfer coefficient, mass transfer, energy efficiency
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BBEOEHUE

Mpoun3BoanTENBHOCTL BMONOrMYECKMX peaKTo-
poB onpeaensieTca MNAOTHOCTbI NOMyNsaAuMM MUK-
poopraHM3MoB-NpoayLieHToB. Bmecte ¢ Tem npu
MOBLILLIEHUM MIMOTHOCTU KyrbTypbl BO3HMKAKOT 3a-
Tpy4HEHWs1 B obecneyeHnmn KneTok razoobpasHbiMu
KOMMOHEHTaMU NUTaHus. B cnyyae aspobHbIX Kynb-
TYp TakMM KOMMOHEHTOM SBnsieTcsl kucnopogq. Uc-
cnegoBaHWe MOLUHOCTHBIX U MacCOOOMEHHbIX Xa-
pakTepUCTMK BMopeakTopoB Heobxoanmo Ans pe-
LIEeHNS 3aad 3HeprocOepexeHnst U UHTEHCUdUKa-
uun abcopbumm Knucrnopoda B aspobHbIX Npoueccax
ouocuHTe3a. OgHMM M3 TUNOB Mellanok, obecne-
YMBAKOLLIMX MHTEHCUAUKALMIO MPOLEECCOB Macco-
obmMeHa KkuMcrnopoga B YCIOBUSX MOBbLILLEHHBLIX KOH-
LeHTpauun Guomaccbl MUKPOOPraHU3MOB, ABNSOT-
Cs OUCKOBble Mewanku ¢ nepdopupoBaHHbIMA
HaKknoHHbIMU nosepxHocTamu [1, 2]. OgHako Tex-
HUYECKME XapaKTePUCTUKN MELLANOK AaHHOro Tuna
nccrnenoBaHbl HegocTaTouHo. B To ke Bpemsi us-
BECTHO, YTO MeLLanku C HaKMOHHbIMU MOBEPXHO-
CTAMM MMelT BonbLUyt0 aHepreTudeckyto addek-
TUBHOCTb MO CPaBHEHUO ¢ TypbuHow PawwToHa [3].
Llenbio HacTosilwen paboThbl SBMSANOCHL NonydYeHne
3KCMNepuMeEHTarnbHbIX 3aBUCUMOCTEN, OTpaXkatoLmx
CBSI3W MeXOy KOHCTPYKTUBHBLIMW U PEXUMHBIMU Na-
pamMeTpamMu annapaToB C OUCKOBbIMK nepdopupo-
BaHHbIMW MeLlankamm.

O6o3HayeHus.

dv — AnameTp MeLlanku, MMm;

B — yron HaknoHa CermeHTOB, CEKTOPOB, pa-
JunaH;

Sy — obuwas nnowanb MeLlanku, cm?;

S| — nnowaab CermeHToB, CEKTOPOB, cm?;

S =100 - S. / Sy — ponsa nnowagw nona-
cTen oT obuwen nnowaan mewanku, %;
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So — nnowaap nepdopaumu, cm?;

SoL =100 - So / S| — pona nnowaam nepdo-
pauuu oT nnowanm cerMeHToB, %;

Siz =sin(Br) - SL - npog:xu,m CEerMeHTOB Ha
BEPTMKarNbHYK MMOCKOCTb, CM;

Smz = Siz - (100 - Sp.) / 100 — npoekuna He-
nepdopuUpoOBaHHON MOBEPXHOCTM Ha BepTUKallb-
HYIO MSIOCKOCTb, CM*;

Swmzm — CyMMapHasi npoekums Henepdopmpo-
BaHHOW MOBEPXHOCTM M $SPYCOB MHOrOSIPYCHOM
MeLlarnku Ha BepTuKanbHY MNOCKOCTb, CM™;

By—1umpurHa oTpakaTernbHOW neperopoiku, M;

hg — BbICOTa OTpaXKaTernbHOW Neperopoku, M;

Ng — KONMYECTBO OTpaXKaTeNbHbIX NEPEropoaoK;

Rey — kputepun PeliHonbAaca;

Euy — kpuTtepuin unepa;

V — ckopocCTb aspauuun, M°/MUH;

Vs — yoenbHas aspauus, MuH ;

V, — OTHOCUTENbHAasA CKOPOCTb aspauuu;

Y — OTHOLUEHME MPOEKUUN CEerMeHTOB W
CEKTOPOB Ha BEPTUKANbHYK MMOCKOCTb K obLien
nnowiaan aucka;

Ko — KOIh(UUMEHT MOLIHOCTW Ans OAHO-
SAPYCHbIX MeLLarnok Npu OTCYTCTBUM NEePEropoaok;

Kp — K09(hUUMEHT MOLLHOCTU AN OfOHO-
SIPYCHBIX MELLAoK NPy HanMyuum neperopomok,;

Kmax — KO93(PMUNMEHT MOLWHOCTM ANS OOHO-
SPYCHbIX MeLLanoK nNpu ArvHe Neperopogok, pas-
HoW BblcOTe cTonba xugkoctun (H, m);

Ky — 0006LLEeHHbIN K03 MULNEHT MOLLHOCTH
O OOHOSIPYCHBIX MeLLarnok;

L — paccTosiHMe melarnku oT gHuwa annapa-
Ta, CMm;

AL — paccTosiHue Mmexay sdpycamu MHOro-
SIPYCHOW MeLLarnku, CM;
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N — MOLLHOCTb 0fHOSAPYCHOM MeLlanku, BT;

Ns — MOLLIHOCTb MHOTOSIpYCHOM MeLuanku, BT;

N — yoenbHast MOLHOCTbL MeLuanku, BT/n;

Ny/N — oOTHOWEeHMe MOLIHOCTEN, BBOAMMbIX
MeLLIanKon B aspupyemyto U Heaspupyemyto cpeapl;

| — TOK B Uenu sikopsi ABuraTens npveoga Me-
wanku, A;

m — YMCIO SIPYCOB MHOTOSAPYCHOW MeLLIaKK;

y — nokasaTesflb CTEMeHu Mpu 4Yucrne Spycos
MHOrOSipYCHOW MeLLIasnKu;

w — napameTp adpekTnBHOCTU, KrOL/KBT y;

U — PEXMMHBIN napameTp, M /KBT-MUH;

n — yrnoeasi CKOPOCTb BpalleHus Mellan-
Kn, MVIH-1;

E — 3HepreTuyeckas apdeKTMBHOCTb Macco-
nepegaun kucrnopoaa, krO,/kBT-y;

OKCNEPUMEHTAJIbHAA YACTb

KoHcmpykmueHble napamempbsl buopeakmopa
U 8CMPOEHHbIX 37IEMEHMOS.

M3BecTeH psg KOHCTPYKTUBHBLIX PeLleHuin ane-
MeHTOB OvopeakTopa, obecneumBaroLmX MHTEHCKB-
HbI pPeXuM aspauum n maccoobmeHa kucnopoga.
K Takum KOHCTPYKUUSIM OTHOCUTCS U MHOTrOsIpycHasi
avckoBasi Mellanka ¢ nepgopupoBaHHbIMK  MO-
BepxHocTamu [1, 4]. B otnuumne ot TypbrnHHON Me-
WAaNnKM C HaKIOHHBIMK FONacTAMW, AONsl KOTOPOW

XapaKTePHO YMEHbLUEHNE MOLLHOCTM B 3 pasa npu
M3MEeHeHUn yrna HaknoHa ot 60 go 30° [5], mow-
HOCTb OUCKOBOW MeLlarnku yMmeHbluaeTcda B 2,5 pa-
3a. [Iuckn NMeroT OTOrHyTble CcerMmeHThl (puc. 1, a)
UM cektopbl, obpasytowme rodpbl (puc. 1, b) ¢
nepdoprMpOBaHHON MOBEPXHOCTLIO, 3@ CYET Yero
OCYLLECTBNSAETCH PEXUM pa3HOHanpaBneHHbIX Myrb-
caumi 1 gucneprauus rasoBoro NOToka C BO3HUK-
HOBEHMEM MENKOSYENCTON OUHAMUYECKOW MeEHbI.
MHTeHcndukaumns maccoobmeHa kucrnopona obec-
neynBaeTca Mpu 3TOM 3a CYET CyLIECTBEHHOro
yBENMYeHNsi MOBEPXHOCTM KOHTaKTa has.

Yron HakrnoHa pabo4ymx NMOBEpPXHOCTEN ABMS-
€TCA OCHOBHOW TEXHWYECKOW XapaKTepUCTUKON
MeLuanok gaHHoro tuna. Nepdopaums npeacras-
nsieT cobon KOoHU4Yeckue oTBepcTUs (YCEYEHHbIN
KOHYC, Bonbllee OCHOBaHWE KOTOPOro Ha Kaxaow
NonoBMHE AuMcKa C OoTrMbamMm 1M Ha Kaxaow nono-
BUHe rodpa obpalleHo B CTOPOHY HaberaHus no-
ToKa).

"eomeTpuyeckne napameTpbl UCCrefoBaHHbIX
APYCOB AMCKOBOW MeLlanku npeacraBneHbl B Tabn.
1, rae Ne 1-5 — AnCKM C OTOrHYTBIMU CErMeHTamM,
Ne 6 —«rodpupoBaHHbIi» AncK. [NapameTpbl oTpa-
aTenbHbIX Neperopoiok: KONMYecTBo — 4, LIMpuHa
— 15 MM, BbicOTa — 142 MM, pacCTosiHUE HUXKHEro
Kpasi neperopoku ot gHuwa — 70 mm.

Puc. 1. Mewasnku pa3nu4yHol KOHCMPyKyuu ¢ rnepghopuposaHHoOU MoeepxHOCMbIO

Fig. 1. Stirrers of various design with perforated surface

Tabnuya 1

Feomempus sipycoe OUCKOEbIX Mewasok

Table 1

Disk stirrer geometry

MapameTp

KoHCTpyKUUS sipyca MeLuanku
Ne 1 Ne 2 Ne 3 Ned4 ([Neb5 Ne 6

OuawmeTp, MM
Yron HaknoHa, rpag.
Mnowanb nonacTen (CErMeHTbl, CEKTOpbI), cm?

[ons nnowaan nonacten, % ot obuwen nnowaan mewanku | 68,5 | 68,5 | 68,5 | 68,5 | 68,5 | 82,0
Mpoekuunsa nonacTen Ha BEpPTUKANbHYHO NIOCKOCTb, cm?

[ons nnowagwn nepdopaumm nonacrten, %
Mpoekuna HenepdhopupoBaHHON NOBEPXHOCTU

Ha BEpPTUKambHYO NIOCKOCTb, CM

OTHOLWEHVE NPOEKUNM CErMEHTOB UM CEKTOPOB

Ha BepTMKanbHYIO NIOCKOCTb K 06LLeN nnowaan agucka

100 100 100 100 100 100
10° 17° 23° 35° 55° 20°
53,8 | 53,8 | 53,8 | 53,8 | 53,8 | 644

93| 157 | 21,0 | 30,9 | 44,1 | 22,0
158 | 158 | 158 | 158 | 15,8 | 13,2

79| 132 | 17,7 | 26,0 | 37,1 | 191

0,10 | 0,17 | 0,23 | 0,33 | 0,47 | 0,24

XUMUYECKAA TEXHOJTOINNA / CHEMICAL TECHNOLOGY =———— 739



P.b. XabubpaxmaHoe, C.I". Myxayee. Oco6eHHOCMuU MOWHOCMHbIX U MaCCOOOMEHHbIX...
RB Khabibrakhmanov, SG. Mukhachev. Power and mass exchange...

KOHCTpYKTMBHBIE MapameTpbl peakTopa, MM:
BHYTPEHHUN anameTp — 150; BbicOTa OTOOPTOBKM
AHvwa — 70; BbicoTa Lapru ¢ pybalukon Tennooo-
MeHa — 210; BbICOTa KPbILLKX C Nonycdeprnyeckom
BepxHen yacTbio — 150.

Viamepsiemble 1 perynupyemble napameTpbl:
CKOpPOCTb BpalleHUs Mellanku (TaxomeTp-4acTtoTo-
mep cpvpmbl OBEH); TOK 1 HanpsbkeHWe B Lenu po-
Topa (TecTp); pacxon Bo3sgyxa (potameTtp PC-3);
KOHLUEHTpauusa pacTBOPEHHOro Kucropoga v Tem-
nepartypa >xugkoctm (MynbTUTECT); KOHLUEHTpauus
kucropoga B oTpaboTaHHOM BoO3ayxe (ra3oaHanu-
3aTtop TAMMA-100); pacxog oTpaboTaHHOro BO3-
ayxa (bapabaHHbii cuyetymk P7000); Temnepatypa
xugkoctn u rasa (OTC015-50M, Tepmoperynstop
TPM210, OBEH).

MouwjHocmHble  xapakmepucmuku  buopeak-
mopa ¢ OUCKO8bIMU Melasikamu.

OKCnepuMeHTbl MO UCCNeaoBaHNI0 MOLLHOCT-
HbIX XapaKTepPUCTUK MeLlarnoK MNpoBOAWUNMCE Npu
3anvBe XuWAKOCTM (OUCTUNNMPOBaHHas BoAa) B
obbeme 5 AM°, a MO MCCreaoBaHWo MaccoobMeH-
HbIX XapaKTePUCTUK — NpU 3anuBe 3 AM> KUAKOCTH.

XapakTepucTukM annapaTta C OfQHO- M MHOrO-
APYCHbIMW  AMCKOBBIMM MeLlankaMmyM uccrnegosa-
nMcb Mpu  pexummax paboTbl, COOTBETCTBYHOLLMX
NOTPeOHOCTM a3pPOOHBIX MUKPOOPraHM3MOB B KMC-
nopoge. MolHOCTb, BBOAMMAsS B XWOKOCTb WIK
raso-KMAKOCTHYIO cpeay, onpeaensnacb no pasHo-
CTX MOLLHOCTEN npu paboTe MeLlankm B cpege v B
BO34YyXE MPWU KaXKOOM 3HAYEHWM CKOPOCTM Bpalle-
Hus. Mpyn aTOM TOK B Lenu ctatopa ctabunusmpo-
Bancsi BO BCEX CNy4asix Ha OOHOM ypoBHe. Benu-
YMHBbI MOLUHOCTEM Ha Bany nepemeLlvBaloLLEero
YCTpOWCTBA OMNpPefensanMcb Ha OCHOBE 3KCrepwu-

MEHTanbHO MOMYyYEHHOW 3aBMCUMOCTM KPYTSLLEro
MOMEHTa OT ToKa B Lenu sikops. KpyTawmii MOMeHT
onpegensncsa ¢ NOMOLLbI LMdPOBOro AUHaMoMeT-
pa B Tpex MOBTOPHOCTSX NpW NpsiMOM U 0BpaTHOM
MeOfIeHHOM BpalleHMM Bana C YCTaHOBMEHHbIM
wkusom gmametpom 100 MM 1 NUTaHUM Lienn sikops
OT cTabunusartopa TokKa.

3HauveHne «kputepust PenHonbaca B npose-
OEHHbIX 3KCNepuMeHTax Haxoaunochb B AvanasoHe
62 000-310 000.

KpuTepunanbeHble 3aBUCMMOCTU ANS annapaToB
C OWCKOBbIMWM MeLLanikamy npy Hanmuuum oTtpaxa-
TenbHbIX NePeropoaok 1 6e3 HUX NnpeacTaBneHbl Ha
puc. 2.

lMopobHble 3aBUCMMOCTU B KoopamHaTax Kpu-
TepuneB PenHonbaca n Onnepa Ans MeLllanok us-
BECTHbIX TUNOB (TypbrHHas, nonactHas, SKopHas,
pamHas, nponennepHas v Aap.) umetT B obracTtu
paccuuTaHHbIX 3HavYeHun Kputepus PeriHonbaca
(0,6-3,2)-10° BMA HAKMOHHBLIX MPsSIMbIX [4]. Mot
HOCTHblE XapaKTEPUCTUKN [OUCKOBbIX MeLllanoK ¢
YrIOM HakrnoHa paboumnx noBepxHocTel meHee 27°
OTNMYaTCa TeMm, YTO KpuTepun dinepa He 3aBu-
CUT OT BENWYMHBbI KpuTepusa PeliHonbaca (aBTomo-
aenbHasa obnacte, puc. 2). Takum obpas3om, ANCKO-
Bble MeLlarnky C MarnbiM YrfioM HakrioHa fonacTemn
KayeCTBEHHO OnM3KM K Mellankam TypOuHHOro Tu-
na, Ans KOTopbIX aBTOMoAeNbHaa obnactb Habnto-
faeTca B [AuanasoHe 3HadeHun Kputepus Pen-
HombAca, NpesblaloLWwmnx 10* [6]. XapakTep 3aBu-
cumoctu Eu, = F(Re,) oOWHAKOB Kak Npy Hanu4uu,
TaK M OTCYTCTBMU OTpaKaTelbHbIX Neperopoaok.
Mpn aTom abCcontoTHbIE 3HAYEHMS KpUTepusa Jurne-
pa 4ns OMCKOBbIX MELLANoK Hbke, YeM Ans Mella-
NOK ApYrnx TUMOB.

1,6 1
=
T
< 1,2 1
8 A
]
=
® 08 -
s
Q
o
=
s
2 04 A

0 0,5 1 1,5 2 2,5 3

Kputepuii PeliHonbca, Rey, - 10

Qa ob

Ac

od L 2] Af

Puc. 2. 9kcnepumeHmarnbHble KpumepuasbHbie 3agucuMocmu OJis OOHOSIPYCHbIX MeWasloK:
C ompaxxamenbHbIMU nepe2opodkamu (a — mewasika Ne 3; b — mewasnka Ne 4; c — mewanka Ne 5);
6e3 ompaxxamesibHbIx nepe2opodok (d — mewanka Ne 2; e — mewasika Ne 3; f— mewasika Ne 5)

Fig. 2. Experimental criterial dependence for single-tier stirrers:
with baffles (a — stirrer no. 3; b — stirrer no. 4; ¢ — stirrer no. 5);
without baffles (d — stirrer no. 2; e — stirrer no. 3, f— stirrer no. 5)
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B cooTBETCTBUM C N3BECTHBLIM BbIpaXXEHNEM
MOLLHOCTb MeLlanku pasHa [7, 8]

N=Ky-p-n°d (1)

OKCNepUMEHTanbHO MOMyYEHHbIE  3HAYEHUS
MOLLHOCTM OAHOSIPYCHbIX MEeLlanok npu BapbUpo-
BaHMM CKOPOCTM BpaLLeHWsi, YAENbHOW aspaumn u
YCTAHOBKE WX Ha PacCTOSHUM OT AHWLLA, PaBHOM
OvameTpy MeLlarnku, npeacTaBneHbl B Tabn. 2.

MoLLHOCTb NpW YBENUYEHUN aspaLMn CHUXKAET-
CSl TEM 3HAUMTENbHEE, YEM BbILLIE YrON HAKMoHa pa-

Goyelrt NOBEPXHOCTVM MeLLasku, 4To CBSI3aHO C Xa-
paKkTepoOM M3MEHEHUsI ra3ocogepXaHns, onpegens-
towero adEKTUBHYO MAOTHOCTb ra30-KMOKOCTHON
cpeabl.

MoLLHOCTL  OOHOSAPYCHBLIX  Mellanok npu
BapbMpOBaHUN PacCTOSHWA OT AHMLLA annapata
nokasaHa B Tabn. 3.

Kak BMOHO M3 AaHHbIX, NpeAcTaBfeHHbIX B
Tabn. 3, koapdurumeHT MowHocT Ky ogHospyc-
HbIX MeLlanok HaxoouTCsl B JIMHEWHOW 3aBUCUMO-
CTM OT PpacCTOsSIHUS MexXdy LEeHTpOM aucka Me-
Lanku u gHuwiem annapata (puc. 3).

Tabnuuya 2
MowHocmu oOHOsIPYCHbIX Mewasnok, L/dy =1
Table 2
Power of single-tier stirrers, L/dy =1
Yrnosasi CKOpoCTb YnenbHast BEMMUMHA MowHocTb ogHosipycHon Mewanku, N, BT
BpaLLEHMs MeLuankm, aopaLm, Vg, MAH""
n, MWH Ne 3 Ne 4 Ne 5 Ne 6
400 0 1,34 2,79 4,20 2,66
600 0 4,96 8,51 13,96 9,87
800 0 11,69 19,48 32,74 22,54
1000 0 22,34 37,47 63,31 44,13
1200 0 38,82 64,28 102,56 78,98
1400 0 63,00 100,36 140,23 118,97
400 1,0 1,48 2,39 2,61 3,1
600 1,0 3,69 7,53 9,85 9,43
800 1,0 11,38 16,50 27,67 21,54
1000 1,0 21,39 33,15 55,05 41,33
1200 1,0 35,38 57,12 87,56 71,11
1400 1,0 57,56 87,57 118,65 109,19
400 2,5 1,26 1,67 2,82 2,75
600 2,5 3,69 4,73 7,84 7,09
800 2,5 8,27 10,22 16,39 15,64
1000 2,5 15,81 18,01 30,32 28,01
1200 2,5 26,35 29,37 49,72 46,74
1400 2,5 43,33 44,09 76,54 72,64
Tabnuya 3
YOenbHbie MOWHOCMU 0OHOSIPYCHbIX Mewasiok, Bm/n
Table 3
Specific power of single-tier stirrers, W/ L
KoHCTpyKkuus sipyca meLuanku
Yrnoeasi CKOpoCTb Ne 3 | Ne 4 Ne 5
BpaLLeHUs MeLLanku
n, MUH" PaccTosHue meluanky oT AHuLa annapata L, cm
15,5 55 8,0 10,5 15,5 55
400 0,31 0,30 0,24 0,38 0,39 0,40
500 0,43 0,62 0,61 0,75 0,77 0,90
600 0,67 1,06 1,03 1,32 1,29 1,64
700 1,07 1,73 1,69 2,03 2,18 2,64
800 1,53 2,58 2,41 2,95 3,15 3,86
900 2,17 3,56 3,39 4,04 4,42 5,58
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0,5 -

0,4 -

0,3

0,2

KoadhdpumumeHT mowHocTH, Ky

0,1

1,5 2 2,5

YpaensHoe paccTosiHme Meluanku ot gHuwa, L/dy,

Owmewwanka Ne5

Owmewanka Ne4

O mewanka Ne3

Puc. 3. 3asucumocmb KoaghgpuyueHmMo8 MoOWHOCMU oM PaccmMosiHUsI Mewarsiku
do OHuwa annapama

Fig. 3. Relationship between power factors and distance from stirrer to apparatus bottom

[aHHble nony4eHbl Npy OTCYTCTBUM aspaumun n
ycpeOHEeHUN 3HayYeHUn KoapuLMeHTa MOLLHOCTU
npu BapbUPOBaHUM CKOPOCTWU BpaLLEHUs1 MeLlarnku.
OKCnepuUMeHThLl peanu3oBaHbl B 3—4 NOBTOPHOCTSX.
Obuwee uncno 3amepoB cocrtasurnio 154 ana wme-
wanok Ne 3-5. HaknoH rpadukoB MNOMNy4YeHHbIX
3aBMCMMOCTEN MONOXMTENEH NpW yrnax oTtruba
cektopoB bonee 27-28°. lpu MeHbLWNX yrnax
HaknoHa paboymx NOBEPXHOCTEN MeLlankm Koad-
dUUMEHT MOLUHOCTU Ky MNOYTU He 3aBUCUT OT
PacCTOHUSA MeXAy MeLlankon 1 QHULEM annapa-
Ta. MNpu npubnmwkeHun MeLlanok K AHULLY anna-
paTta BCe NWHUW MOMYyYEeHHbIX 3aBUCUMOCTEN CXO-
O4atca k ogHon Touke, Ky (0) = 0,087.

CpaBHeHWe napaMeTpoB OOHOSIPYCHbIX Auc-
KOBbIX MeLlanok ¢ Mellankamy Apyrnx KOHCTPYK-
uuiA ObINO NPOBELEHO HA OCHOBE KOPPENSILMOHHON
3aBMCUMOCTHW, NpeanioxeHHon Haruki Furukawa c
coTpyaHvkamu (Haromckuii TEXHOMOrMYECKUA WH-
cTuTyT, AnoHus) [9]. YkasaHHas KoppensuMoHHas
3aBMCMMOCTb 0006LWaeT pesynbTatbl UCMbITAHWN
7 KOHCTPYKLMI MeLLanoK pasnuyHoro tuna, umeet
BMA KPMBOWM C HacbILEHMEM M MOCTPOEHA B KOOP-
AnHatax X-Y:

4,5(B, /D) - (hg/H) - ng"°
[(2B/ 7_’.)0,72 ’ Kmaxa,z

X = + KO/Kmax;

Y = Ky/ Kpax -

ABTOpbI NOAYEPKMBAOT YHMBEPCArbHbIN  Xa-
pakTep NpeanoXeHHOM UMK Koppensauun. Xapak-
TEPHblIe TOYKM MO ocu abumcc Ans TyYpOUHHBIX,
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NPONEnEepHbIX, JIOMACTHbIX, LUHEKOBBIX U AKOPHbIX
MeLLarnok pacnonoxeHsl B gnanasoHe ot X = 0,4 oo
X =1,2. Hamu 6binu pacumTaHbl 3Ha4eHusa X n Y ong
OOHOSAPYCHBIX ANCKOBbLIX Mewanok Ne 3 n 5 npu pas-
NIMYHOM CKOPOCTM BpaLUEHUs B HealapupoBaHHOMN
cpene. Bce nonydeHHble TOYKM MErNU Ha ykasaH-
HYIO KOPPENSUMOHHYI0 3aBUCMMOCTb. OTnuune
OMCKOBbIX MeLUarok MposiBUNOCb B TOM, YTO Xa-
paKTepHble TOYKU MErnn Ha JIMHUIO HAChILEHUS B
obnacTtb 3HaveHun X Bbiwe 1,2 (NOrpewHoCcTb He
npeeblwana 3 %). Takum obpa3om, nonyyeHHble
HaMW [daHHble MOJTHOCTbI0 NOATBEPXAANT afek-
BaTHOCTb KOPPENSLMOHHOMW MOAENWN, NPeanoXeH-
How aBTopamu paboThsl [9].

OpHOM 13 MOLLHOCTHBIX XapaKTEPUCTUK Mexa-
HWYECKUX MELLamnoK SIBMSIETCSl OTHOLUEHWE MOLL-
HOCTEN, BBOOAVMMbIX MELLAsIKOM B a3pupyemyto 1 He-
aspupyemyto cpeabl (N;/ N). 310 OTHOWeEHME Cy-
LLIECTBEHHO 3aBWCUT OT TWMa MeLankM U OTHOCK-
TenbHOW ckopocTy aspaumm — V= V/(60-n-d)) [10-13].
[Ons uccnegyembix OOHOSIPYCHbIX MeLUanoK 3aBu-
CMMOCTb MpefcTaBfieHa A1l CKOPOCTM BpaLLeHus
800 1 1400 MuH" (puc. 4, A n 4, B cooTBeTCTBEH-
HO). MmeeT MecTo KauyeCTBEHHOE pasnuyune xa-
PaKTEPUCTMK, NOMYYEHHbIX AN ABYX rpynn AMCKO-
BbIX MELIANoOK — C YrNIOM HakKloHa MeHbLle U
Gonblue 27°.

B Tabn. 4. npuBeneHbl 3Ha4YeHUs yOENbHOM
MOLLHOCTU ANsi OBYXbSPYCHOW KOHCTpyuum Ne 4
MpyU YCTAHOBKE HWXHEro spyca Ha pacCTOsiHUK
5,5 cm OT gHuMLWa annaparta 1 OTCyCTBUM aspaunu.

MOLIHOCTb TPEeXbAPYCHbIX MeLlanok npea-
cTaBneHa B Tabn. 5.
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Puc. 4. 3asucumocmb omHouweHusi Mouw,Hocmeli om omHocumesnibHOU ckopocmu aspayuu
npu ckopocmu epauieHusi 800 mur’ (A) u 1400 munr™ (B):
a — mewanka Ne 3; b — mewanka Ne 4; c — mewanka Ne 5; d — mewanka Ne 6

Fig. 4. Relationship between power ratio and relative aeration rate
at rotational velocity 800 min~' (A) and 1400 min™" (B):
a — stirrer no. 3; b — stirrer no. 4; ¢ — stirrer no. 5; d — stirrer no. 6

Tabnuuya 4
MowHocmb deyxbsipycHbix mewasnok Ne 4
Table 4
Power of two-tier stirrers no. 4
YrnoBas ckopocTb PaccTtosiHne mexay PaccTosiHue BepxHen YpenbHasa MOLWHOCTb
BpaLLEeHnst MeLLanku, sAipycamu meLuarnku, MeLLanku oT AHuLLA MeLIJaJ'IKMé
n, MUH AL, cm annapaTa, Ly, c™M N, KBT/M
2,5 8,0 0,73
500 5,0 10,5 0,91
10,0 15,5 1,14
2,5 8,0 1,25
600 5,0 10,5 1,51
10,0 15,5 1,95
2,5 8,0 1,96
700 5,0 10,5 2,49
10,0 15,5 3,11
2,5 8,0 2,91
800 5,0 10,5 3,67
10,0 15,5 4,66
Tabnuya 5

MowHocmu mpexbsipyCHbIX MelasloK

Power of three-tier stirrers

Table 5

Apycbl mewwanku n, YT N, KBT/M3, 3KCNEPUMEHT N, KBT/M3, pacyeTt
400 0,54 0,56
500 1,10 1,02
600 1,85 1,71

Ned +Ned+Ne3 700 2.85 2.72
800 4,23 3,97
900 6,05 5,49
400 0,79 0,67
500 1,36 1,27
600 2,36 2,22

Ne5+Ne4 +Ne3 700 3.70 3.51
800 6,07 5,09
900 7,66 7,20
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Kak cnegyeT 13 [OaHHbIX O MOLHOCTHU
OAHOSIPYCHBIX U MHOFOSIPYCHbIX MeLlanok (Cm.
Tabn. 3-5), MOWHOCTb B pacyeTe Ha OOuH ApyC
MHOrOSIpYCHOW MeLLankM MeHbLle MOLLHOCTU OOHO-
SPYCHOM MeLlanky, 4YTO cornacyetcss C pesyrb-
TaTaMu 3KCNepMMEHTOB ApYrux aBTopos [14, 15].

[ns MHOrosIpyCHbIX MeLLarnoK ¢ YMCIIOM SpyCcoB
m ObINO MNOKa3aHo, YTO B BbIPAXEHWU CYyM-
mapHoit mowHocT Ns = [(2N) /m]- m’ nokasatens

MokasaTenb cTenexu, y

CTEMEHU Yy MPU YUCNe SIPYCOB m 3aBUCUT OT
OTHOLLEHUS1  pacCTosiHUSt  MeXxay sipycamu K
anametpy Mewankm — AL/dy (puc. 5). Ota
3aBUCMMOCTb JIMHEWMHA W AnNs  UCCrefoBaHHbIX
KOHCTPYKLUMIA ONCKOBLIX MELLANoK MMeeT BUA;

y =(a-AL / dw)-(Smzm / Suz2),

roe a =0,71.

0 0,5

1 1,5

YpensHoe paccTosHue mexay sipycamu, AL/dy,

Puc. 5. 3asucumocmb nokasameJsisi cmerneHu fpu 4ucirie sipycoe Mmewasiku
Oom OMmHocumeJsibHO20 pacCmosiHuUs1 Me)Kdy Apycamu

Fig. 5. Relationship between the exponent at number of stirrer tiers
and the relative distance between the tiers

MpegencHoe 3HaveHWe nokasaTensd CTeneHu
npu Yicne SpycoB MeLlanku pasHo 1. 310 3HaveHne
pocturaetcs npyu AL /dy = 1,444. PacuyeTbl Gbinm
BbIMOSHEHbI MCXOOS U3 COOTHOLUEHMSI MOLLHOCTEWN
MHOrosipycHbix mewanok (Ns) n cpegHero 3HavyeHus
MOLLHOCTEN oHOAPYCHbIX Mewanok Ny, = (ZNj) / m,
YCTaHOBJIEHHBIX HA COOTBETCTBYIOLLMX PACCTOAHUAX
OT OHWLWA annapara.

Takvm obpaszom, Npy yaaneHnu sipycoB Apyr OT
apyra Ha pacctosiHe 1,5:dy oHM «paboTatoT He-
3aBUCMMO», TO €CTb CyMMapHash MOLLYHOCTb MHO-
rOSPyCHON MeLlarnkv B 9TOM Crydae paBHa Cymme
MOLLIHOCTEN OTAENbHbIX OANHOYHBLIX APYCOoB [16].

Mpn cbnwkeHun SpycoB (B npegerne A0 Hyns)
MOLLHOCTb MHOTOSIPYCHOM MeLlankM CTPeEMUTCS K
cpegHeMy 3HaYeHulo AONnsi OOHOSIPYCHOWM  KOHCT-
PYKUUM CO CPedHMM YIIOM HakfoHa pabouyux no-
BEPXHOCTEN.

MaccoobmeHHble xapakmepucmuku 6buopeak-
mopa ¢ OUCKO8bIMU Meularkamu.

MpenenbHble MaccoobMeHHble XxapakTepuc-
TUKM annapaTta ¢ AUCKOBbIMW NepdopupoBaHHbIMU
MeLlankamy Obinn nofyyYeHbl C UCMOMb30BaHMEM
CyNbUTHON METOOUKMN.

OnpepgeneHune cynbMUTHOrO YMcna npoBogm-
noce cnegyowmmu cnocodamm [17]:

1. Ha ocHoBe u3amepeHusi pacxofdoB rasoBbiX
NOTOKOB (BO3A4yXxa) Ha BXOAE U BbIxode annapara,
NPMBEAEHHbLIX K HOPMaribHbIM YCITOBUSAM:
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Vi)'=V,, - P-273,2/(760 -(273,2 + T)); (2)
Voui' = Vour - P - 273,2 /(760 -(273,2 + T)); (3)
OB6beMHbIN Pacxof KUCNOPOoAa paBeH:

Voz = Vin" = Vour'; (4)

CynbunTHOE 4YWCNO paccyUTbiBaeTcs Mo
dopmyne

Roz =60 - Vo, - 321 (22,4 - V)); (5)

2. Ha ocHoBe GamnaHca MHEPTHbIX KOMMOHEH-
TOB ra3oBOro notoka:

Vinn = Vinn 0,21 - Voutn : CO2; (6)
Vo =60 - Vop - 321 (22,4 - V), (7)
Rop =60 Vo, 32/1(22,4- Vi), (8)

3. Ha ocHoBe BpeMeHU oKucreHus pmkcupo-
BaHHOW [03bl CynbduTa HaTpuUA:

Rnaz2s03 = Mnazsos / At 9)

Roz = (16/126) * (Rnazsos ! VL) (10)
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roe Vi, — pacxon Bo3gyxa Ha Bxoge B anna-
paT, namepsiembin potametpom PC3, AM3/MuH;
Vout — pacxoq otpaboTaHHOro Bo3gyxa Ha BbIXO-
4e 13 annapaTa, u3mMepsiembli ra3oBbiM Oapa-
OaHHbIM cyeTdynkom P 7000, ,CI,M3/MVIH; Vi,  n
V i — pacxofibl ra3oBbIX MOTOKOB Ha BXOAE U Bbl-
Xo[4e annapaTta, npuBedeHHble K HOopMalbHbIM
YCMOBUSIM, H AM°/MUH; Vo, — pacxof KUCIopo-
na, amM*/MuH; V, — o6beM KUOKOCTM B anmnapate
(3 LI,Ms); Ro2 — cynbduUTHOE Ymncro, KI'OZ/M3'LI; Coo—
obbemHas gons kucrnopoga B oTpaboTaHHOM BO3-
ayxe; Myazsos = 112,5 — macca HaBecku cynbguTa
HaTpus, r; At — BpeMsi OKUCreHns [o3bl cynbguta
HaTpus, 4; 16/126 — cTexMoMeTpruyeckoe COOTHO-
LEeHNe Macc Kucropoga v cynbduta HaTpus no
peakumnn OKUCIEHMS.

PacyeTbl BennM4MH cynbUTHOrO Yyncna, Bbl-
MOMHEHHbIE MO YyKa3aHHbIM Bblle anropuTMam
((2)-(5), (6)—(8) n (9)—(10)) patoT GnM3kMe 3Haye-
Husi. OTHOCUTENbHbIE MOrPELUHOCTM MO 3TUM Me-
TOOaM COCTaBWUNM COOTBETCTBEHHO 2,92; 2,08 u
2,87 % [17].

OnpepgeneHne cynb@uUTHOrO 4Ymucna Obino

peanv3oBaHo B ABYX rpynnax 3KCNepUMEHTOB:

1) npu nNpUMepHO MNOCTOSHHOW BBOAMMOW
MOLLIHOCTW OOHOSIPYCHOW MeLuarnkon (Tabn. 6);

2) npv pasnuMyHbIX CKOPOCTHAX BpalleHus
TpexbapycHon mewanku (spycbl Ne 2+Ne 4+Ne 4)
(tabn. 7).

B skcneprvmMeHTax mMccnegoBanucb pexumsl
aspauum 1 nepemMelLMBaHus, Heobxoaumble Ans
obecneyeHus XnsHeaesaTeNbHOCTUN NIOTHBIX Kyrb-
TYp aspobBHbIX MMKpOOpraHuM3moB, obecneuunsato-
LLMX BbICOKYIO MPOOYKTUBHOCTb BropeakTopos.

OHepreTnyeckasa addektmBHocTb E  npo-
uecca macconepefadv Kucropoga Mpu OTHOCK-
TENbHO Maron BenuYMHE YyAenbHOW aspaumn —
1 MuH", BO3pacTaeT ¢ yBeNMYEHNEM YrMa HaKIoHa
paboyeln MoBEPXHOCTU OOHOSIPYCHOW MeLlanku, a
npu BOMNbLIMX 3HAYEHUSAX aspauum — CHWXKaeTcs
(cm. Tabn. 6 n 7). MNpn Bcex peanu3oBaHHbIX
3HayeHusIX aspauum 3PPEKTUBHOCTL TpexbApyC-
HOWM MeLLarnku CHKaeTCs C YBENMYEHNEM CKOPOCTU
BpalleHus (COOTBETCTBEHHO, MpW BO3pacTaHuu
MoLLHOCTU Mewwarnkn). OgHako 3TU 3aBMCUMMOCTM
Bblpa)eHbl cnabo.

Ta6bnuuya 6
lMapamempbl MaccoobMmeHa Kucs1opoda npu oOHOsIPYCHOU Meuwarslke
Table 6
Oxygen mass exchange parameters in single-tier stirrer
Homep Tun Ve, 4 Ro2, E,
3KCNepuMeHTa | MeLlarnku MuH " N, MAH N, BT Kr02/M3-q KrO/kBT-Y
1 1870 19,74 8,50 0,43
1 Ne 2 2 2000 16,84 14,27 0,84
3 2050 17,26 15,54 0,89
1 1800 18,27 8,69 0,48
2 Ne 4 2 1940 16,45 12,01 0,72
3 2050 17,14 14,24 0,82
1 1670 18,88 9,81 0,52
3 Ne 5 2 1750 17,76 10,91 0,61
3 1870 18,66 14,27 0,75
Ta6bnuuya 7
Mapamempbl MaccoobmMeHa Kuci0poda npu mpexbsPyCHOU Mewarsike
Table 7
Oxygen mass exchange parameters in three-tier stirrer
Homep VG -1 Roz E
3KcnepuMeHTa MuH" f, MUH N, B Kr02/M3-q KrOo/kBT"4
1 700 3,96 3,36 0,84
4 2 700 3,67 3,49 0,92
3 700 3,23 4,36 1,25
1 1200 14,95 8,46 0,56
5 2 1200 13,70 11,66 0,84
3 1200 13,01 10,78 0,81
1 1700 33,63 10,48 0,31
6 2 1700 31,86 16,09 0,50
3 1700 30,69 12,26 0,40
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OOpaboTka BCeli COBOKYMHOCTU pe3ynbTa-

TOB 3KCMEPUMETHTOB C OAHOSIPYCHBbIMWU UM MHOTO-

APYCHbIMM MeLlankamu rnpueena K cregyrowemy

KOPPENSAUMOHHOMY BbIPAXXEHUIO CBSI3W MexXay reo-

METPUYECKMMUN N PEXMMHBIMU NapameTpamu:
W = Wpax - U/ (0,3 + u),

(11)
roe u = Vg /[(z‘g,B)O’5 “NJ,w=E- m®™; Wpax = 1,5.

lMonyyYeHHbIW NpW KUccnegoBaHWM Maccoob-
MeHa Kucrnopoga rpaduk [AaHHOW 3KChepuMeH-
TanbHOW 3aBUCUMOCTM NpMBEAEH Ha puc. 6.

C yBenuyeHvem pacxofa rasa B pacyete Ha
€0VHMLY MOLLHOCTU MeLlankn 3HepreTnyeckas
3P PEKTUBHOCTL BO3pacTaeT, Npu 3TOM BENMYMHa
W acuMMnToTMYeckM npubnmkaetrcs K npegeny
Wmax/m0‘14, nexawemy B guanasoHe 1,3-1,5 u
onpenenseMomMy, O4eBMAHO, BCEN COBOKYMHOCTbIO
PU3NYECKNX N KOHCTPYKTMBHBIX MapameTpoB. JTO
He OYeHb BbICOKOE 3HaYeHne A(PPEKTUBHOCTH, HO
OHO MOJNTy4YEeHO AN AOCTaTOYHO BbICOKOW CpefHen
ckopocTu abcopbuun kucnopoga — 10,5 KFOg/Ma"-I,
KoTopasi COOTBETCTBYET WHTEHCUBHOMY PEXU-
My aspobHoro 6uocuHTesa. 1o M3BEeCTHbIM AaH-
HbiM [18], MakcMmanbHasi CKOpPOCTb NOTPebneHus
KMcrnopoga OpoxkaMu — npodyueHTamu aTaHona,
BblpalLlMBaeMbiM1 B a3pOOHbIX YCNOBUSIX, COCTaB-
nqaet 4,3 monb/krACB-y. lNMpn KoHueHTpauun 6no-
Maccel, pasHon 50 krACB/M®, nosiy4aem CKopocCTb
notpebneHus kucnopoga 6,88 kr/m*-y. Mo OaHHbIM

1,6 1

N
N
I

Komnnekc adheKkTMBHOCTH,
w, KrO,/kBTY
o o
IN o™
Il Il

0> ‘

B.B. KadgapoBa ¢ coaBTopamu, ygenbHasi CKoO-
pocTb MOTpebneHns Kucnopoga ApoXokaMy Ha
H-napaduHax HedTn gocturaet 12 kr/m>-y, a npu
KyNbTUBMPOBaHUM OGaKTepuii, pacTyliux Ha Me-
TaHe, — 16 kr/m>-y [19].

B npouecce nepuoguyeckoro rnyGuHHOro
KynbTUBMPOBaHUS crnopoobpasyrowmx bHaktepui
B.subtilis G-28 [20] npn KoHUeHTpauun Guomacchl
21,7 krACB/M®> MHTEHCMBHOCTb abcopbummn kucno-
poga gocturna 11 Kr02/|v|3-q. Mpouecc nposoaun-
Csl B peakTope € TpexbspyCHOW OUCKOBOW MeLuan-
Kon. Paboune nNOBEPXHOCTM CErMEHTOB SpPYCcOB
mmenu yron atakm 10, 15 n 15° (pacnonoxeHune
cBepxy BHM3). PaccTtosHne mexay sipycamu Obino
pasHo 0,5-dy. Takum obpasom, MeLlanku gaHHOro
TUNa B peanbHOM npouecce GuocunHTe3a obecne-
YMBalOT MHTEHCMBHOCTb MaccoobMeHa Kucrnopoaa,
AOCTUraemyto B YCroBUSIX CyrnbgUTHOW modenn. A
B NUNOTHOM OuopeakTope C LWeCTUSPYCHON Me-
LIankon ¢ paguanbHO-roPpUpPOBaHHBIMU ANCKaMM
CynbUTHOE YMCMO MpeBbicuno 24 KrOo/m>+y [2].
Mpn aHanorm4yHOM KOHCTPYKUUN OBYXbSPYCHOMN
MeLLank1, yCTaHOBMEHHOW BMeCTO TypbuHbl Pa-
LITOHa, B MOCEBHOM GuopeakTope o6bemom 10 M
B JONMBHOM MpoLecce BblpaliuBaHUs NpogyLeHTa
nun3nHa Brevibacterium sp. BHUWrenetuka-90 Ha
Tpunonbckom 6uoxmmaasoge (YkpauHa, 1993 r.)
Buomaccy noceBHOro MaTtepuana yaanocb yBenu-
unTb Gonee 4em B 3 pasa. lpu atom gnutens-
HOCTb npoLecca Bo3pocna nuwb Ha 3 4 — ¢ 18 go
21y,

0 0,5

1

1,5 2 2,5

OHepreTnyeckuii KOMMnekc, u, M3/kBT-MuH

Puc. 6. 3asucumocmb 3Hep2emuyeckoll aghghekmusHOCMU npouyecca mMacconepedaydu
Kucsiopoda om cOOMHOWeHUs1 a3payuu U MOW,HOCMuU Mewa’siku

Fig. 6. Relationship between the energy efficiency of oxygen mass transfer
and aeration ratio to stirrer power

3AKNKOYEHUE
AHanms Bcer COBOKYNMHOCTM MOSYyYEHHbIX 3KC-
nepvMeHTarnbHbIX 3aBUCMMOCTEW MO3BOMSET cae-
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naTb BbIBOA O TOM, YTO MHTEHCVBHBIA U OOHOBpE-
MEHHO 3HeproadEeKTUBHLIN MPOLIECC Maccoob-
MEHa KMCIopoaa MOXET ObITb 06ecrneyeH npu:
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— OTHOLLEHWMN OuamMeTpa annapaTa K ero Bbl-
cote 1:2,5-1:3;

— UCMOMb30BaHNN MHOTOSIPYCHBIX MELLarnoK C
paccTosiHUEM MeEXOy Spycamu, MNpPEeBbILIAILWMMU
anameTp MeLlanku;

— yOenbHoW aspaummn He meHee 2 MUH .

OuckoBble nepdopMpoBaHHbIE MeLLAnKM Mo-
ryT OblTb PEKOMEHAO0BaHbI K MCMOMNb30BaHMIO B KOH-
CTpyKUusIX BuopeakTopoB. Pexumsbl, obecneynsato-
LMe OOCTMXKEHME BbICOKMX MIOTHOCTEN MOMynsauum

a3pOBHBIX MUKPOOPraHM3MOB MPY CKOPOCTAX Macco-
obmeHa kucnopoga, npeebiwatowmx 10 Kr02/M3-q,
XapaKkTepuaylTca aHepretTuyeckon adeKTUBHO-
ctbto 1-1,2 krO,/KBT-u.

MpumeHeHe [UCKOBBLIX NepdOpPUPOBaHHBLIX
MELLarnoK C HaKMOHHLIMU paboYMMK cermMeHTamm u
cekTopamMy MnpeanodTUTENLHO B Mpoleccax Hapa-
60Tk BGuomacc aspobHbIX MUKPOOPraHM3MOB, B TOM
yucre Npu BbipalMBaHUM NMOCEBHBLIX KYNbTyp C Bbl-
COKOM MMOTHOCTBIO.
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JKcnepuMeHTanbLHoOe nccnegoBaHue
CB4-nuponusa topca

© T.0. KpanuBHuukasa™**, A.A. borgawoB*, A.H. [1eHnceHKo*,
M.1O. Mnasun*, H.10. NMeckoB*, J1.J1. CemeHblueBa**, [1.J1. BopoxuoB**

* UHcTuTyT npuknagHon pusuku PAH, r. HwkHun Hoeropoga, Poccunckasa ®epepaums
** Huxxeropoackum rocyaapCcTBeHHbIn yHuBepcuteT um. H.W. Jlobayvesckoro,
r. HmxHun Hoeropog, Poccunckas Pegepauns

Pe3rome: Paboma rocesduweHa uccredosaHuo 0ecmpyKuyuu 8epxogoeo cghaeHo8o20 mopgha nod eosoe u-
cmeueM MUKPOBOJTHOB020 U3fyqeHus. [ns aHanu3a hu3uKko-xUMUYECcKUX rnpoyeccos co3daHa siabopa-
mopHasi ycmaHo8Ka Ha OCHO8E KoaKCuarlbHO20 pe3oHamopa-peakmopa, eeoMempusi kKomopoz2o obecrie-
yueaem 00HOpoOHoe pacripedeneHue CBY-nons e obweme peakmopa. B kayecmee ucmoyHuka
CBY-usny4eHusi ucrnonb308arsics npoMbIWIEHHbIU MazHempoH ¢ Yacmomoul 2,45 Ty mowHocmbio 0o
1 kBm. [Npu nabopamopHbix uccnedogaHusix ¢ OMHOCUMebHO Hebonbwum obbemom mopgha (~100 e)
docmouHcmeoM co30aHHOU yCmaHO8KU S8/15emcsi 803MOXHOCMb BbiIcmpo2o GoCMmuXeHUs1 memnepamy-
pbl, Heobxodumol Ons ocywecmesnieHuss peakyuu nuposusa npu omHocuUmesnbHO MalioM YpoeHe
CBY-mowHocmu, komopsbil 8 daHHbIX 3KcriepuMeHmax cocmaesisisi okosio 100 Bm. AHanu3 rnony4yeHHbIx
x00e peakuyuu rpodyKmoes rnpou3sooursics Ha xpomamo-macc-criekmpomempe. [Tposodumbie uccrnedosaHusi
HarpaeseHbl Ha c030aHue BbICOKO3(hEKMUBHbIX 3KO/I02UHECKU YUCMbIX MmexHosoaul nepepabomku
buomorinuea ¢ 8bICOKUM 8bIXO00M 20pHYUX 2a308, pu2o0HbIx 0 OanbHelweao Ucofb308aHUs 8 Mpo-
MbIWIEHHbIX 3HEP2EeMUYECKUX yCmaHOo8Kax, a makxe Mofly4eHuUs cMmosaucmol hpakyuu 0nd co30aHust
neakux yaneeodopodos u yearnepoducmoao ocmamka Oris1 CO8PEMEHHbIX 8bICOKOIhHEKMUBHbIX copbe H-
mose. Ha ocHoge co30aHHOU aKcnepuMeHmarnbHOU yCcmaHOB8KU poeedeHbl uccriedoeaHusi Msi2Ko2o
CBY-nuponuza mopgha npu memnepamype 250 °C 8 ycrnogusix rnocmosiHHo2o omeoda 2a3006pasHbixX
npodykmos peakyuu. lMosyyeHbl U npoaHanu3uposaHbl 0bpa3uybl meepdol, xudkol u 2asoeol ¢has,
npedcmasrnsowue cobol UeHHbIU yenepoducmablli 0Cmamok, MacisHUCmyo pakyuo U nupou3HbIl
ea3. B cmambe aHanusupyemcsi 803MOXHOCMb MPOMbIWIEHHO20 MPUMEHEHUST NPOoOyKmMos8 peakyuu.
lMposedeHo cpasHeHuUe xumudeckoeo cocmasa npodykmoe peakyuu rnpu CBY-nuponuse u «mpaduyuoH-
HOM» nuposiu3e ¢ mepmuyeckum HazpesoM. [loka3aHO, Ymo 8 cocmase 8bI0enuBWUXCA 8 Mpoyecce
CBY-nuponusa ea3oe omcymcmeyrm msiKefble 1008Umbie 2a3bl, KOMOPbIE 80 MHOXECMBe COMpo80o X-
darom npoyecc «mpadulyUoHHO20» mepMuYyeckozo nuponusa. CHUXeHue Konudecmsa 1008UMmMbIX 2a308
yry4dlwaem 3KOSI02UYECKYI0 cocmassisiowyro npoussodcmsea. YkazaHHoe obcmosimenbcmeo ceudemerb-
cmeyem o nepcriekmusHocmu CBY-nuponu3a 0ns npoMbiuineHHoU nepepabomku op2aHu4yeckux mame-
puanos.

Knrodeeble crioga: MUKPOBO/IHOBbIU NUPOU3 Mopga, 8bICOKOMEXHoo2u4YHasi obpabomka opaaHuye-
CKUX Mamepuanos, MOWHOEe MUKPOBOSTHOB0E U3/TyyeHue, 80306H08MSIeMble UCMOYHUKU 3Hepauu, 3Hep-
2ocbepezarowjue 3KOM02UYECKU YUCMbIe MeXHOI02uU

BnazodapHocmu: Paboma ebinosiHeHa ¢ ucrosib3osaHuem obopydosaHus LIKI «Hoebie mamepuarnbi u
pecypcocbepezatowue mexHonoauu» u rnpu noddepxke epaHma «YMHUk-2017» Ne 13188/2018 u npo-
epamMmMbl pyHOameHmMarlbHbIX Hay4YHbIX uccredosaHuli Ne 0035-2019-0001.

Unpopmayus o cmamebe: [Jama nocmyrnneHus 11 cenmsabps 2019 e.; 0ama npuHamus K nedamu 5 de-
kabps1 2019 e.; dama oHnauH-pasmeweHuss 30 Oekabps 2019 a.

Ansa yumupoearus: KpannsHuukasa T.0., borgawos A.A., [leHuceHko A.H., MNsasuH M.IKO., Meckos H.10O.,
CemeHblveBa J1.J1., Bopoxuyos [.J1. QkcnepumeHTanbHoe uccnegosaHme CBY-nuponusa topda // U3ee-
cmus 8y308. lNpuknadHas xumusi u buomexHomnoeus. 2019. T. 9, N 4. C. 750-758. https://doi.org/10.
21285/ 2227-2925-2019-9-4-750-758
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Microwave pyrolysis experimental study of peat

Tatiana O. Krapivnitskaia®**, Alexander A. Bogdashov*,
Andrey N. Denisenko*, Mikhail Yu. Glyavin*, Nikolai Yu. Peskov*,
Lyudmila L. Semenycheva**, Dmitriy L. Vorozhtcov**

* Institute of Applied Physics Russian Academy of Sciences, Nizhniy Novgorod, Russian Federation
** Lobachevsky State University of Nizhniy Novgorod, Nizhny Novgorod, Russian Federation

Abstract: The work is devoted to the study of the destruction of the top sphagnum peat layer due to micro-
wave radiation. For the analysis of physical and chemical processes, a laboratory setup was created on
the basis of a coaxial resonator-reactor having a geometry that ensures a uniform distribution of the micro-
wave field in the reactor volume. An industrial magnetron having a frequency of 2.45 GHz and a power of
up to 1 kW was used as a source of microwave radiation. In laboratory studies with a relatively small
amount of peat (~ 100 g), the advantage of the created setup consists in the ability to quickly achieve the
necessary temperature for the pyrolysis reaction at a relatively low level of microwave power (~ 100 W) in
these experiments. The analysis of the products obtained during the reaction was carried out using a gas
chromatography mass spectrometer. The research was aimed at creating highly-efficient environmentally-
friendly technologies for processing biofuels characterised by a high yield of combustible gases suitable for
further use in industrial power plants, as well as for obtaining a resinous fraction for the production of light
hydrocarbons and a carbon residue for modern highly efficient sorbents. On the basis of the experimental
setup, studies were carried out on soft microwave pyrolysis of peat at a temperature of 250 °C under con-
stant removal of gaseous reaction products. Samples of solid, liquid and gas phases presenting valuable
carbon residues, oily fractions and a pyrolysis gas, respectively, were obtained and analysed. The article
examines the possibility for industrial application of reaction products. The chemical composition of the re-
action products during both microwave and “traditional” pyrolysis with thermal heating is compared. The
composition of the gases released during microwave pyrolysis is characterised by the absence of heavy
toxic gases often accompanying the process of “traditional” thermal pyrolysis. Reducing the amount of toxic
gases improves the environmental component of production. This circumstance indicates the prospects of
microwave pyrolysis for industrial processing of organic materials.

Keywords: microwave pyrolysis, peat, high-tech processing of organic materials, powerful microwave
radiation, renewable energy sources, energy-saving environmentally friendly technologies
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BBEOEHUE

B HacTtosilee BpeMsi Bce DOnbLUYHO aKTyarlb-
HOCTb MpPUMOOpPETalT HayyHble uccnegoBaHus B
obnactn uranKo-xMMmmnyeckon nepepaboTkn opra-
HU4Yeckoro cbipbs. [Ona nepepaboTku opraHuye-
CKMX BELLEeCTB U MaTepuanoB — HedpTW, yrng, Top-
da, ApeBECUHbI, CEITIbCKOXO3AWCTBEHHBIX M MpPO-
MbILLSIEHHbIX OTXOAOB, BBITOBOrO Mycopa, LUMPOKO
ncnonb3yeTcst TeXHonorus nuponusa. B otnuune
OT Haubornee pacnpoCTPaHEHHOro TEPMUYECKOro
(ocHOBaHHOro Ha TEnnoOnNpPoOBOAHOCTM OT NOBEpPX-
HOCTHbIX CIOEB) HarpeBa aKTyanbHbIM NpeacTas-
ngetcs ucnonb3oBaHue obbemHoro (CBY) Harpe-

Ba Martepuanos [1-17]. Matepnanom, MmMmeroLwmnm
LUMPOKNIA CNEKTP MNPaKTUYECKOro MpPUMEHEHUS U
MEeTOOOB ero nepepaboTkn asnsetcs Topd. Topd
— BO30OHOBMSIEMbIN NPUPOLHbIN Bropecypc, KOTo-
pbii obpasyeTtca B pes3ynbTaTe €eCTECTBEHHOro
OTMMPaHUS 1 HEMOSHOro pacnaga GoNoTHBIX pac-
TEHUN Mo4 BO3OENCTBMEM OMOMOrMYECKUX mnpo-
LLECCOB B YCIOBMSAX MOBLILEHHON BMAXHOCTU U
HepocTaTKa Kucropoga'. PacnpocTpaHeHHbIM Me-
TooOM nepepaboTkm Topha ABNAETCH NUPONU3 —

1I<pamapeH|<o B.B. NpyHTOBeaeHue: y4ebHuk. M.:
KOpanT, 2016. 430 c.
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TepMuyeckasa AecTpyKuus opraHu4yeckux coepu-
HEeHU Ha yrnesodopodbl C MeHbLUed MOMeKy-
NAPHON Maccon Npu BO34eNCTBUN BbICOKON TEM-
nepatypbl 6€3 gocTtyna kucnopoga.

B 3aBucMMoOCTM OT XMMWYECKOro cocTaBa
Cbipbsl U PUINKO-XMMUYECKNX YCNOBUIN NpOTeKa-
HUA peakumn (Temnepartypbl, AABNEHUs, BRax-
HOCTW, CTEMNEHN NPUCYTCTBUA Kucrnopoga v ap.)
npouecc nuponusa umeet crneunduyeckmin xa-
pakTep C BbIXOAOM pasfiMyHbIX TBEPAbIX, XUOKUX
n rasoobpasHbix BewectB [18, 19]. OgHum u3
Ba)KHEWLWMX napameTpoB, BAUAIOLWIWM Ha npo-
uecc nuponusa, sBngeTcsa TemnepaTtypa B peak-
Tope. B 3aBucMMOCTM OT 3TOro BbIAENAT TpuU
BMOa nuponusa: MArkMid nuponuvs npoucxoamuT
npu Temnepatypax go 500 °C, HopmanbHbIA
(cpegHuin) — 500-800 °C, 1 XeCTKun NUponu3 —
800-1100 °C. TemnepaTtypa onpegensetr cTe-
NeHb OEeCTPYKUMM UCXOAHbIX BELeCTB U COCTaB
npogyktos nuponusa. C pocTtom TemnepaTtypbl
COOTHOLUEHME Mexay Tpems dpaszamMu NPoayKTOB
pasnoXeHUss MeEHSAEeTCHA: CTaHOBUTCHA MeHblue
BbIXO XUOKUX N TBEPObIX OCTATKOB (MOJTYKOKC B
cnyyae MArKoro nMponu3a, KOKC B ABYX APYrux
cnydasix) U yBenuyMBaeTCs BbIXOA ra3oB, MMe-
IOLLUX BCE MEHbLUYIO TENNOTY CropaHus.

Hanbonee nepcnekTUBHbLIM C 3KONOTMYECKOWN
TOYKWN 3pEHUSI B HACTOsILLLEE BpeMsi npeacraBns-
eTCHA W3BMEeYEHMEe OPraHUYEeCcKUX COCTaBMASOLLMX
B pesynbtate CBY-nuponusa, nockonbky npo-
LecC MMKPOBOSIHOBOrO HarpeBa He MpUBHOCUT
HUKaKknx 3arpsisHeHnn Hu B obpabaTbiBaeMbin
mMaTtepuan, HU B OKpyxatwLwylo cpepny. BaxHein-
wee npeumywectso CBY-Bosgencteua Takke
3aKkrnyaeTcs B TOM, UTO 9feKTpOMarHUTHble
BOSHbI MPOHMKAIOT Ha 3HA4YUTENbHYK NYyOUHY B
obpabaTbiBaembIi MaTepuan 1 Mpu MOrnoLeHnmn
co3galoT 0o6beMHOe pacnpefernieHme UCTOYHMU-
KoB Tenna, obecneunBas ahPeKTUBHbLIN Harpes
MaTtepunaroB C HA3KOW TennonpoBoaHOCTLI0. Mpu
NCMonb30BaHUN TPAOULMOHHOW CXEMbl Tenso-
BOro MMponiM3a TennonpoBOAHOCTb MaTepuanos
CYLLECTBEHHO BMMAET Ha CKOPOCTb NoABoAa
Tenna B obnactb peakumn. MNockonbky npu CBY-
Harpeese TemnepaTypo MaTepuanoB BO BCEM
00bemMe peakTopa MOXHO OMepaTMBHO Yynpas-
naTb, n3aMeHsas mowHoctb CBY-reHepaTtopa, go-
NoNHUTENbHBLIM Npenmyliectsom CBY-nuponusa
SIBNSeTCS BO3MOXHOCTb ONepaTMBHOroO perynu-
pOBaHUs CKOPOCTU MUPOMUTUYECKUX peakuuin u
cocTaBa NpOOYKTOB Ha BbIXOA4e M3 peakTopa.

B paHHOM cTaTbe onucbiBaetcs nabopa-
TOpHasi yCTaHOBKA, B KOTOPON UCTOYHUKOM W3-
Ny4YeHUs ABNAETCS NPOMBbILLIEHHBIN MAarHeTPOH,
paboTatowmnn Ha yactote 2,45 1Tu, ¢ perynu-
pyemMbiM YypoBHeM BbixogHon CBY-mowHocTw.
MpencrtaBneHbl pe3ynbTaTbl UCCNeAOBaHUN Ae-
cTpykumn Topcpa B ycnoBusax msrkoro CBY-nu-
ponusa npu NOCTOSIHHOM OTBoAe ra3oobpasHbix
NPOAYKTOB peakuuu. BbinonHeH cpaBHUTENb-
HbIN aHanuM3 NPOAYKTOB, NOoMyyYeHHbIX npu CBY-
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nMponuse v Npu NUPONn3e C TEPMUYECKUM Ha-
rPEBOM.

OKCMNMEPUMEHTAIIbHAA YACTb

[nsa npoBegeHnss aKCNepMMEHTOB NO Mccrne-
poaHuo npouecca CBY-nuponusa B NHcTutyTe
npuknagHon cgpusmnkn PAH (UIMNM® PAH) paspabo-
TaHa nabopaTopHas ycTaHOBKa C 3NeKTpoAuHa-
MUYECKON CXEeMOW peakTopa B BMAE KoaKcuanb-
Horo pesoHaTtopa. [laHHas ycTaHoBKka nossonset
NpoBOANTbL UCCNeoBaHUA NO BO3OEUCTBUIO MUK-
POBOMHOBOIO U3MYyYEeHUS Ha OTHOCUTENBLHO He-
6onbwune (nopsigka 100 r) 06beMbl OpraHNYecKnx
mMaTepuanoB, AocTaToyHble Ans nabopaTopHOro
aHanusa, npu «6biToBoM» (He 6Gonee 1 kBT)
ypoBHe CBY-molwiHoCTU. B npoBeOeHHbIX aKkcne-
pumeHTax Ans Harpesa obpasuoB OO0 Temnepa-
Typ, obecneymBaloWnX UHULMALMIO peakumm nu-
ponusa, notpebosanacb CBY-moWHOCTL Ha
ypoBHe 100 BT. Bbibop anekTpoaMHamMumyeckoun
CcxeMbl peakTopa 06ycnosreH psagom akTopos:
BO-NepBbIX, BbICOKOW oaHopoaHocTbio CBY-nons
B oObeme peaktopa W, Kak CrnefcTBue, paBHO-
MepHbIM NMPOrpeBOM MaTepuana Bo BCEM 06beme
peakTopa; BO-BTOPbIX, MNPOCTOTOM W3MEepeHus
dusnyeckux napameTpoB IKCNepMMeHTa (B 4acT-
HOCTW, TemnepaTtypa maTepuana B pasfMyHbIX
TOYKaX, KOAMULUMEHT oTpaxeHus, A0BPOTHOCTb
pe3oHaTopa W Ap.); B-TPETbUX, BO3MOXHOCTbIO
NOCTPOEHUS afeKkBaTHOM MaTeMaTMyeckon moge-
nn peakTtopa Ans nocnegylowero YUCIIEHHOro
mogenupoBsaHus  npoueccoB. JlabopaTopHas
yCcTaHOBKa nokasaHa Ha pwuc. 1 [20].

UctouHukom CBY-uanydyeHnsa ssnsetca npo-
MbILUSIEHHBLIN MarHeTpoH 1 C BbICOKOBOSMbTHLIM UC-
TOYHUKOM MUTaHWS 2, NO3BONSAKOLWNUM YyCTaHaBMu-
BaTb 3afaHHbI YypoBeHb BbIxogHoW CBY-mou-
HocTu. MNepepayda mM3nydeHns OT MarHeTpoHa B pe-
aKTOp OCYLLECTBISAETCA C NMOMOLLBIO MTMOKOro Koak-
cnanbHoro kabens 3. PeakTop npeacraBnsieT co-
6on KoakcuanbHbIVi pe3oHaTop 4, 3anofHAEeMbIN
TopdoM. [ns ymeHbleHua koadduumeHTa oT-
paXeHnst U3ny4yeHUs OT HarpyXeHHoro pesoHa-
Topa-peaktopa Ha pabouen uyactote 2,450Tuy
nNpon3BOANTCA NepBOHavYanbHasd YyCcTaHOBKa Of-
TUManbHOW ANUHbI pe3oHaTtopa. Ona KoHTpons
OTpaXkeHHoro curHana B npouecce CBY-nupo-
nu3a B KoaKcuamnbHbIN TPakT BKMOYEH Hanpas-
neHHbI oTBeTBUTENDL 5. MI3MepeHne Temneparty-
pbl NPOBOAMMOCH Ha BHELIHEN rpaHuue Topda ¢
noMmowbo Tepmonapbl 6. 3arpyska peaktopa
BEPXOBbIM C(arHoBbIM TOPGOM MpPU BaAXHOCTH
50 % coctaBnsana B cpegHem 100 r. B gaHHOM
cepum 3KCnepumeHToB MowHocTe CBY-uany-
YeHust yctaHaenmeanacb okorio 100 Bt. 370 orpa-
HWYEHNE CBSA3aHO C TEMOBbIM HarpeBOM KOaKCU-
anbHoro BeBoAa pesoHatopa. KoadhdumumneHt otpa-
XEeHus OoT pesoHaTopa B Mpouecce nuponusa
He npesbiwan -10 ob. MNpoaykTel NMponusa Bbl-
BOAMNUCL C NPOTMBOMOSIOXHON OTHOCUTENBHO
CBY-BBOOa CTOPOHbI pe3oHaTopa 4Yepe3 OTKau-
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Hor nopT 7. Xngkas n macnsHuctaa cpakumm
ocefjanu B OTCTOWHMKE, a NUPONM3HBIN ra3 oca-
XOancs u mkcupoBancs B KPUOrEHHOW NOBYLLKE.
[ns KoHTpomns npouecca OTKaYyku rasa UCMonb30-
Banncb MaHOMeTp 8 1 rasoBbIN CHETUUK 9.
[ocTtonHcTBOM faHHOM nabopaTopHOM KOH-
CTpyKumn (C 3arpyskor HebOoMnbLUMM KONUYECTBOM
TOMNNMBa) SABMSIETCS BO3MOXHOCTb ObICTpOro ao-
CTWXEHUs TemnepaTypbl, Heobxoaumown Ona ocy-
LLLeCTBIEHNSA peaKLmMM MSrkoro nuponmsa npu oTHoO-
CUTENMbHO ManoM YpPOBHE MOLUHOCTU, YKa3aHHOM
Bbile. HarpeB Topdha Ha BHELWHEM KOHType ycTa-

HOBKM A0 TemnepaTypbl 250 °C ocywecTBnsncs B
TedyeHne 10-15 muH. CriegyeT OTMETUTBL, UYTO OCO-
GEHHOCTLIO  UCMOSb3yEMON  SKCMEpPUMEHTanNbHOM
YCTaHOBKU SIBMSIETCS 3HAYMTENbHas HEOOHOPOA-
HocTb CBY-nons B o6beme peaktopa, npnBoasiLLas
K HEOOHOPOOHOCTU HarpeBa Tomnnuea BHYTPU OOb-
ema peaktopa. Ha puc. 2 nokasaHo M3MEHeHue
Temnepatypbl Topda BO6NN3M CTEHKM KOaKCuanbHO-
ro pesoHartopa B npouecce nuponusa. [ins npenot-
BpalleHus neperpeBa KoakCuanbHOro BBOAA Bbl-
OpaH MOMEHT BbIKIIOYEHNS] MarHeTpoHa Mnpu TeMm-
nepatype Ha Tepmonape okono 250 °C.

Puc. 1. 3kcnepumeHmarnbHasi ycmaHoeka CBY-nuponu3a mopghba ¢ koakcuasibHbIM Pe30Hamopom:
1 - CBY-ucmoyHuk (npombiwneHHblU 2,45 Ty MacHempPoOH); 2 — 8 bICOKOBOJSIbMHbIU UCMOYHUK
numanus; 3 — ycmpolicmeo eeoda CBY-mouwHocmu Ha OCHO8e KoaKcuaslbHO20 Kaberisi;

4 — nabopamopHbIli CBY-pekmop Ha ocHO8e KoaKcuaslbHO20 pe3oHamopa;

5 — HanpaeneHHbI omeemeumesb; 6 — mepmMonapa; 7 — omka4HoOU Mopm ¢ oxsiaxoeHuUem
ompabomaHHbIx 2a3006pa3HbiIx ¢hpakyuli; 8 — MaHoMemp; 9 — 2a308bIl cHeMYukK

Fig. 1. Experimental installation of microwave pyrolysis of peat with coaxial resonator:
1 - microwave source - industrial 2.45 GHz magnetron; 2 — hvps; 3 — input device
of microwave power on the basis of coaxial cables; 4 — laboratory microwave-rector
on the basis of the coaxial resonator; 5 — directional coupler; 6 — thermocouple;

7 — evacuation port with exhaust gas cooling; 8 -manometer; 9 — gas meter
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Puc. 2. U3ameHeHue memnepamypbl mopgha e651U3U CMEHKU KoaKcuaslbHO20
pe3oHamopa e npoyecce nupoJsiu3a

Fig. 2. Changes in the peat temperature near the wall of the coaxial cavity during pyrolysis
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OBCYXOEHUE PE3YJIbTATOB

B gaHHOM cepumn 3KCMEpMMEHTOB NpoBOAU-
nocb cpaBHeHUe Npob, NonyyYeHHbIX B pe3ynbTa-
TE€ «TPagWLMOHHOIOo» TEMNSIOBOro MMponusa npwu
Temnepatype 250 °C n CBY-nmnponusa B ycno-
BUAX MOCTOSIHHOrO OTBOAA raszoobpasHbiX Mpo-
OYKTOB peakuuu.

AHann3 nony4eHHbIX B X04€e peakuuu raso-
BOM M XWAOKOW dpakuumi NpoM3BOLUIICA Ha XpPO-
mMaTo-macc-cnektpometpe GCMS QP2010 Ultra
(Shimadzu, CLUA). OnpegeneHne XMMUYECKOrO
CoCTaBa OCYLIECTBAAMNOCbL MO MNUKaM MOMEKy-
NAPHBIX W XapaKTEPUCTUYECKUX OCKONOYHbIX
noHoB. ["a3oByto Npoby nuponusata Topda 06b-
eMom ~2,0 M 3arpyxanu rasosbiM LINPULOM B
WHXEKTOp XpomaTto-macc-cnekrpometpa. O6pa-
3el CcMeluBancd C MNOTOKOM rasa-HoCu-Tens
(renun 6.0) npu Temnepatype 300 °C. [anee
KOMMOHEHTbLI Npobbl pasgensanmcb Ha Kanunnsp-
HOM  xpomaTtorpadudeckon  komnoHke  Ultra
ALLOY-5 B TeueHue 10 muH. OGpaboTky pe-
3yNbTaToB XpOMaTO-MacC-CNeKTPOMETPUYECKOrO
aHanusa npoBOAUNIN C UCMOMb30OBaHUEM up-
MEHHOro nporpaMmmHoro obecneveHnsa Shimadzu
(GCMS Solution ver. 4.11), wnaeHTudMKaumsa
npumMecer npovcxoguna ¢ noMoLlblo 6a3sbl gaH-
Hoix NIST 11 (The National Institute of
Standards and Technology, US Department of
Commerce) [3]. PesynbTtaTbl aHanusa rasosomn
npo6bl NpeacTaBneHsl B Tabn. 1.

Tabnuya 1
Xpomamo-macc-crnekmpomempuyecKuli
aHasiu3 nupPosIUMuUYecKUx 2a3oe

Table 1
Chromatography-mass spectrometry
analysis of pyrolytic gases

CoeavHeHne Tepmueckuit CBY-HarpeB
HarpeBs

CO,+Na+ect. 68,9 69,9
MponeH 15,5 -
ByteH 8,5 —
dypaH 3,7 7,7
LinknoneHtaguneH 0,9 0,2
[ekcaH 0,1 0,3
2-meTnndypaH 0,8 0,3
M3oneHTaHanb 0,1 5,0
beHson 0,6 0,3
entaH 0,1 0,9
H-ByTUNBMHUNOBLIN 0,2 0,2
achmp

MeTtaH 3,7 —
OT1aH 0,2 3,3
MponaH 2,6 0,1
AueTtanbaerng - 6,3
ALETOH — 7.1

|/|3MepeHM$| nokKasalu, 4To TdXenble Aa0BU-
Tble ra3bl B Mnpouecce npoBOoAMMBLIX 3KCnepu-
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MeHTOB no CBY-nnponunsy otcyTcTByoT. B TO Xe
BPeMS HECKONbKO MOBbILWEH BbIXOA rasoobpas-
HOro npoAykta peakuuu. B ycnoBusix npombiLu-
NeHHoro npomsBoacTBa razoobpasHblie NPOAYKThI
peakuun, npegcraensawwme cobon roproumne ra-
3bl, MOTyT ObITb MCMOMb30BaHbl B KayecTBe UC-
TOYHMKA 3HEprun Ansa rasoreHepartopa 3NeKTpu-
yecTBa, UTO MO3BOMUT COKpaTUTb 3Heprono-
TpebneHne yctaHoBku [20].

MacnaHucTyo gpakumio nuponmsata Topda
obbemom 0,1 MKN 3arpyxanum B WHXEKTOp Xpo-
MaTo-macc-cnekTtpomeTpa. WMcnapeHue aHanwu-
31MpyemMoro BellecTBa MNPOUCXOAUNO B MOTOKe
rasa-Hocutens (renun 6.0) npu Temnepatype
250 °C. [Oanee koMnoHeHTbl obpasua pasgens-
NMCb Ha KanunnsapHoW xpomaTorpadunyveckomn
konoHke ZB-FFAP B TeyeHnne 30 muH. Pesynb-
TaTbl aHanus3a npegcrasneHbl B Tabn. 2. N3 06-
wer cmecu Bbina ucknyeHa Boga M NpousBe-
aeH nepecyeT Ha 100 % macc. BewlecTBa. JKc-
nepuMeHTbl MokKa3anu, YTo macnsHucTasa pak-
uusa npeacrtaenseT cobon cMecb HU3LWMX kapbo-
HOBbIX KWUCIOT U apoMaTuU4eckux YrneBogopo-
OOB.

Tabnuya 2
Xpomamo-macc-cnekmpomMmempu4deckuli
aHanu3 macsissHucmou

¢pakyuu

Table 2
Chromatography-mass spectrometry
analysis of the oily fraction

CoeanHeHne Tepmuieckin CBY-Harpes
Harpes

AueTanbgerng 7,33 1,18
MeTaHon 8,67 5,69
AueTon 8,67 412
AueToH 18,67 23,04
YKkcycHas kucrnota 16,67 19,02
5-meTun-2-cpypanbgerng 10,00 —

dypanbaerva 30,00 -

[NponnoHoBas kucnoTa — 7,55
2-cbopmun-5-meTundypaH - 8,43
deHon — 3,82
Kpeson - 0,88
MypaBbuHas kucnota - 2,25
®ypcpypon - 24,02

B Ttabn. 3 npeacrtaBneHbl pesynbTaTbl ane-
MEHTHOro aHanusa yrnepogucTtoro octartka Mo-
cne CBY-06paboTkn B cpaBHEHUU C «Tpaguuu-
OHHbIM» TEPMWUYECKMM HarpeBOM. [MpOLIEHTHbIN
BbIxoA yrnepoga npu CBY-HarpeBe B 1,4 pasa
Gonblue, 4Yem Npu oBbIYHOM TEMNSOBOM Harpese.
[MoBbIWEHHOE cofdepXaHue yrrnepoda B ocTaTke
Nno3BOMsET paccuynTbiBaTb Ha HGonbliee Bbligene-
HMe annoTponHbIX Moaudukauui yrrnepoga u3
cmecu.




T.0. KpanueHuuykasi, A.A. boz2dawoe, A.H. [leHuceHKko u dp. AkcnepumeHmasibHoe uccsedosaHue...
T.O. Krapivnitskaia, A.A.Bogdashov, Denisenko AN, et al. Microwave pyrolysis experimental study...

Tabnuuya 3
Yanepoducmabili ocmamok e npouecce nuposusa mopga
Table 3
Carbon residue in the process of peat pyrolysis
0,
VexonHblit Tope MaccoBas gons, %
asoTr yrnepoz BOAOPOA cepa
O6paseu nepeg CBY-Harpesom 1,75+0,09 60+3 7,36+0,4 MeHee 0,3
O6paseu nocne CBY-Harpesa 2,47+0,12 84+4 4,9+0,3 MeHee 0,3
O6pasel nocne TeNSI0BOro Harpeea 1,4 64,28 5,02 meHee 0,3

3AKNKOYEHUE

PaspabotaH nabopaTopHbIi peakTop Ha OCHO-
BE KoakcumarnbHoro pesoHatopa ans CBY-nuponu-
3a HebonbLnX 06BEMOB OpraHM4eckoro TonnuBea.
C wucnonb3oBaHMEM [aHHOW yCTaHOBKM, paboTa-
toLen Ha vactote 2,45 Ty npy ypoBHe BBOOUMOM
CBY-mowwHoctn okono 100 BT, npu Temnepartype
okono 250 °C npoBefeHbl 3KCNEPUMEHTLI MO pea-
nusauum npouecca Msrkoro nuponusa Topda B
YCINOBUSAX MOCTOSIHHOMO OTBOAA rasoobpasHbix
npoaykToB peakuun. MonyyeHbl u NnpoaHanuampo-
BaHbl MPOAYKTblI NMMponuaa Topda: LEeHHbIR yrne-
POAUCTLIN OCTaTOK, MacnaHMcTas dpakums u nu-
ponu3Hbi ra3. B cnyyae CBY-nuponusa copep-
XaHue ppakumMn XxapakTepusyeTcs 3Ha4yuMTeNbHO
G6onbwnM HabopoOM OpraHMYeckUX COoeaNHEHUN.
PaccmoTpeHa  BO3MOXHOCTb  NPOMbILLSIEHHOTO
NPUMEHEHNS YKa3aHHbIX BbIlE MNPOAYKTOB MUPO-
nunsa. MNMuponusHbln ras, cogepxalinii MeTaH, Mo-
XeT ncnonb3oBaTbcs MO0 kak TONNMBO, NMNOO Kak
MCXOOHOE BELLEeCTBO ANs LEenoYykuM nocrnegosa-
TeNbHbIX TEXHONMOIMYEeCKUX MpPOLEeCcCOB MPOU3BOA-
CTBa NMpeferbHbIX auMKITMYECKUX YreBOAOPOLOB U
CUHTETMYECKMX MONIMMEPOB; XUAKast MacnsHucTas
dpakumsa — Kak ucxogHoe BeLLeCTBO Ans Bblaene-
HUS MEerkux apoMaTuyecKkMx yrneBOo4OpOAOB; yrie-
pPOANCTLIN OCTaTOK (copepxaHue yrnepoga Gonee

60 %) — B pasnuyHbix cdepax npPou3BOACTBA,
BKIMOYas MpOM3BOACTBO 3MEKTPOAOB AN antomu-
HMEBOW MPOMBILLNIEHHOCTU U 3a3eMnuTenemn, HOBbIX
annoTponHbix Moaudmkauun yrnepoga (HaHOTpy6-
KW, dynnepeHsbl), yrnesorokHa, copbeHToB. B co-
cTaBe Bblgenuelumxcsa B npouecce CBY-nnponusa
rasoB, COMfacHO MNPOBEAEHHOMY XUMUYECKOMY
aHanuay, OTCYTCTBYIOT TshKenble S40BUTblE rasbl,
KOTOpble BO MHOXECTBE COMPOBOXAAKT npouecc
TPaAMLUMOHHOIO TEPMNYECKOrO NMMPOonn3a un 3aTpya-
HAOT (C 9KONOTMMYECKOW TOYKU 3PEHUS) ero mnpo-
MbILLIIEHHOE NPUMeEHeHNe. OTO NO3BONSAET B Aallb-
HelLeM paccuynTbiBaTb Ha NEPCNEKTUBY MCNOMNbL30-
BaHua CBY-nuponusa ans nepepaboTknm oTX0O0B
BpeOHbIX MNpPOM3BOACTB. Bce BblensnoxeHHoe
cBUOETENbCTBYET O MEPCNEKTUBHOCTU MWKPOBOS-
HOBOro MeToaa nepepaboTku Topda.

Ha crnepgyowem stane pabot npegnonaraet-
ca MoaMUUMPOBaTL KOHCTPYKUMIO peakTopa C
yBenuyeHnem molHoctn CBY-reHepaTtopa n mac-
Cbl 3arpyaemMoro martepuana, a Takke MNOAHSATb
TemnepaTypy B peaktope ans 6onee rnybokon
nepepaboTKM MCXOQHOro BellecTBa. PesynbraThl
OaHHbIX nccnefoBaHUM MOTYT NOCAY>XUTb OCHOBOW
ONa co30aHUsA KOMMAaKTHbIX U BblCOKOIhEKTUB-
HbIX MPOMBILLIIEHHBIX YCTAHOBOK 41151 nepepaboTku
OpraHn4eckMx MaTepuaros.
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A heKTUBHOCTb OYUCTKU U rMapaBrnyeckoe
conpoTuBrieHne CTPYNHO-PUNbLTPALNOHHOIO
nbisieynoBuTens

© H.M. CamoxBanos, B.B. BuHorpapgos, l0.A. 3bikoBa

VpKyTCKUIA HaLMOHarnbHbIA UCCreoBaTENbCKUA TEXHUHECKUI YHUBEPCUTET,
r. Mpkytck, Poccunckaa ®epepauyms

Pe3rome: Llennb Hacmosiwje2o uccredogaHusi — paspabomka MemoduKu pacyema audpasiudeckoao Corpo-
muerneHusi U 3¢hgbeKmuBHOCMU OHYUCMKU 3arblfieHHbIX 28308 CmMpPYUHO-hUTbMPayUOHHbBIM Mblieynogume-
JleM Ha OCHOo8e 3KcriepuMeHmarbHbIX OaHHbIX. Ha3eaHHbIU rnblneynosumersns npuMeHsiemcsi 071 O4YUCMKU
3arbifieHHbIX 2a308bIX IOMOKO8 8bICOKOU KOHUeHmpauuu riymem 08yxcmyrneH4amou oyucmku. Ha nepeol
CmMyreHu 8 Uessix MakCUMaslbHO20 CHUXEHUS Mblieeoll Hagpy3KU poucxodum ocaxoeHue rbliesbix Yacmuy,
nod delicmeueM UHEPUUOHHbIX CUJT, BO3HUKAIOWUX 3@ CHem pPe3Kko20 MOPMOXEHUS Cmpyu 3arbliIeHHO20 2a-
3a. Ha smopol cmyneHu obecrieyugaemcs 8bICOKO3(hgheKkmusHast oHucmKa nomoka Ha yposHe 98—99 % u
bosiee 3a cyem rnipoyecca ¢bunbMpPO8aHUsi Yepe3 HachkinHOU 3epHUcmbIl criod. [NposedeHb! 3KcriepumeH-
maribHble uccredo8aHus 8IUSHUSI CKOPOCMU CMpyU, KOHCMPYKMUBHbIX pa3Mepos coria U e20 paccmosiHuUs
0o exola 8 byHKep, pa3mMepos U MI0MHOCMU [MbIIe8bIX Yacmuu, 3arbiTeHHOCMU 2a308020 fomoka u
ceolicme nbifiu Ha eudpassiudeckKkoe CornpomuerieHue U 3ghgheKmueHOCMb O4YUCMKU cmpyUHoU u ¢hunbmpy-
rowel yacmel nbineynogumers. YcmaHosneHo, 4Ymo Hauboree cyuecmeeHHoe efusHue Ha pocm audpas-
JIU4ECKO20 CONMPoOmMuUBIeHUs U 3¢bghbeKmu8HOCMU O4YUCMKU CmpyUHOU Yacmu OKa3blearom CKOPOCMHOU Harop
cmpyu, yeon cxodumocmu cornia u ¢hopma aspokaHasna. OnpedesnieHbl onmumalsbHbie rpedesisi cKkopocmu
cmpyu, pasmMepbl KOHCMPYKMUBHbLIX 371eMEeHMO8 Mbifiey108UMeris, Komopble Mo38osstom obecrnedyums
achgbekKmueHOCMb OYUCMKU I1bl/1€2a308020 MOMOKa cmpyUHol JYacmbio He meHee yem Ha 80 %. Paspabo-
maHbl Memo0dbl pacHema a2udpassiu4eckoa0 ConpomueeHuUs cmpyUdHol Yacmu rblieyno8umerisi Ha OCHOBe
KOaghchuyueHmo8 MecmHO20 COMpomuesieHuUs, KOHQy3opa, omeoda U aspokaHasa 8 3asucumMocmu om
MI0MHOCMU o4uWaemMo20 2a3a U cpedHeli ckopocmu romoka 8 aspokaHarne. OnpedesnieHo a2udpasiuqdeckKoe
corpomuerneHue yucmol 3epHuUcmou ¢hunsmpyroweli rnepe2opodku, a makxe rpu HakornneHuu 6 Hel rbine-
8020 ocadka. Ha ocHose 3aKkoHa yrnasnugaHusi Yacmuy 0OHOPOOHbLIM (hbusIbMPOM MPUMEHUMEIbHO K 3€PHU-
cmbiM crnosam pa3pabomaH MemolO pacdema o8epxHoCmu U MOAWUHbI huibmMpyoweao c/os u npodoJi-
JKUMesIbHOCMU MeXpea2eHepayUoOHHO20 YuKa (ourbmposaHusl.

Knro4deenie criosa: nbiieynogumerbs, cmpylHas o4yucmka, bunbmpogaHue, aghghekmusHocmb, audpassiu-
yeckoe cornpomusrneHue

UHpopmayusi o cmamee: [Jama nocmynneHusi 26 anpens 2019 2.; 0ama npuHamus K neyamu 5 dekabps
2019 a.; dama oHnauH-pasmeweHuss 30 Oekabpsi 2019 e.

Ana yumupoeaHusi: Camoxsanos H.M., BuHorpagos B.B., 3bikoBa HKO.A. OppekTMBHOCTL OUUCTKM U TUAa-

paBnuyeckoe COnpoTUBNEHNE CTPYMHO-OUNbTPAaLMOHHOMO nbineynosutensa // Msgecmus 8y3os. lNpuknadHas
xumus u buomexroroeausi. 2019. T. 9, Ne 4. C. 759-767. https://doi.org/10.21285/2227-2925-2019-9-4-759-767

Cleaning efficiency and hydraulic resistance

of the jet filter dust collector

Nikolay M. Samokhvalov, Vladimir V. Vinogradov, Yulia A. Zykova

Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: The current study is aimed at the development of a methodology for calculating hydraulic resistance

and the efficiency of cleaning dusty gases with a jet filter dust collector based on experimental data. This dust
collector is applied in cleaning dusty gas streams of high concentration by means of a two-stage procedure. At the
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first stage, in order to minimise dust load, dust particles are deposited under the action of inertial forces arising
from the sharp deceleration of a stream. At the second stage, a highly effective purification of the flow is
ensured at the level of 98—99 % or more due to the filtering process through the bulk granular layer. Experi-
mental studies of hydraulic resistance and cleaning efficiency of the jet and filter parts of the dust collector
affected by jet velocity, nozzle design and its distance to the hopper, dust particle size and density, dust con-
tent of the gas flow, as well as dust properties, were carried out. The most significant influence on the
increase in hydraulic resistance and the cleaning efficiency of the jet part was established to be exerted by the
high-pressure head of the jet, the convergence angle of the nozzle and the shape of the air channel. The
optimal limits of the jet velocity, the dimensions of the structural elements of the dust collector are determined,
ensuring the efficiency of cleaning the dust and gas stream in the jet part by at least 80 %. Methods were
developed for calculating the hydraulic resistance of the jet part of the dust collector based on the coefficients
of local resistance, reducer, exhaust and air channel, depending on the density of the gas being cleaned and
the average flow rate in the air channel. The hydraulic resistance of the granular filtering partition when clean,
as well as during the accumulation of dust sediment, was determined. Based on the law of particle accumula-
tion by a uniform filter as applied to granular layers, a method was developed for calculating the surface and
thickness of the filter layer and the duration of the inter-regeneration cycle of the filter.

Keywords: dust collector, jet cleaning, filtration, efficiency, hydraulic resistance
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BBEOEHUE

Bo MHOrMXx NpOMBbIWAEHHbLIX XUMUKO-TEXHO-
NOrMYecKMx npoueccax, TakmMx Kak cyLlka Cbhinyunx u
NOPOLLKOOBPa3HbIX MaTepuanoB B «KUMSLLEM» UMK
«OHTaHMpytoLLEM» Croe, KaTanuTuyeckne npouec-
Cbl B annapatax C MCeBOOOXKWKEHHBIM CIOeM,
MHEBMOTPAHCMOPT MbINIEBUAHBLIX MaTepuarnosB 1 apy-
rve, obpasyloTc ra3oBble MOTOKM C BbICOKOW KOH-
LeHTpauuen gucnepcHolx cuctem. [na Takmx noto-
KOB MCMOMb3yeTCs MHOrocTyneHyaras oyucTka. Ya-
e BCero Kaxgas ctagus npoTekaeT B OTAENbHOM
annapaTe. Ha nepBoi ctagMn npoucxoauT npenga-
puTenbHas o4yucTKa, Ans KOTOPOW MNPUMEHSATCH
cenapaTtopbl, annapaTtbl WHEPLWOHHOro ocaxie-
HUS UNU UMKNOHbLI. Ha BTOopon cTtagum o4ncTKa
NpoucxoguT B annapaTtax C BbICOKOW adhdeKkTuB-
HOCTBIO, HO, Kak Mpasumo, u ¢ fbonee BbICOKMMM
3KOHOMUYeckumun  3atpatamu [1-5].  Annapathl
nepBoOn CTYMEeHW rPOMO3AKM U MMEKT HU3KYI ad-
eKkTMBHOCTL ouncTkM, B npegenax 40-50 %.
LINKNOHbI MMeEIT BbICOKOE rMApaBnnyeckoe Co-
NpoTMBIMEHNE, MMOX0 yNaBnMBalT YacTulbl pas-
Mepom MeHee 20-30 MKM N ManoadEKTUBHbI
nNpu HU3KOWM 3anblneHHocTn [6—8]. ABTopamn Hac-
ToAWwen crtatbM paspaboTtaH CTpyMHO-GUNb-
TpauuoHHbIM nbineynosutens (C®I), koTopbin
coBMellaeT [aBe CcTagum — npeaBapuTenbHyo
OUYUCTKY 3@ CYeT CTPYWMHO-UHEPLIMOHHOIo ocaxie-
HUSA N 3PPEKTUBHYIO OYMCTKY 3a cyeT unbTpoBa-

! Buprep M.WU., Banbgbepr A.KO, Markos B.U.,
Mapea B.1O., PycaHoB A.A., Ypbax U.N. CnpaBou-
HWK MO Mbine- n 3onoynaenueaHuio. M.: QHepro-
aTtomusgart, 1983. 312 c.
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HWS B 3epHuUcToMm cnoe [9, 10].

OpHako 9 PEeKTUBHOCTb OYUCTKN NPOMbILL-
NEHHbIX ra3oB OT MblNX M TMapaBNUYecKkoe Cco-
NPOTUBMEHNE B CTPYAHO-PUNMbTPALUOHHOM Mbl-
neynosuTene HeAoOCTaTOYHO WU3YyYeHbl, HET Me-
TOAOB pacyeTa 3TUX MokasaTeneh u pasmepos
annapara, KoTopble MO3BONUNIM Obl NPOEKTMPO-
BaTb NPOMbILLMIEHHbIE BApUaHThI.

SKCMNMEPUMEHTAJIbHAA YACTb

[Ona oueHkn BO3MOXHOCTEWN nblrieynaBnu-
BaHUA CTPYMHO-(PUNbTPALUOHHBIM annapaTtom
ucnonb3oBanacb 9KCNepuMeHTarbHasi YCTaHOB-
Ka, cxema KOoTopou npeacrasneHa Ha puc. 1.

YcTaHoBKka cCOCTOUT M3 nblneynosutens 1,
KOTOPbIN BKMOYaeT CTPYMHYH YacTb 2, 3epHu-
CTbl pUNbTPYOWKMIA cron 3 1 nelrieocaguTenb-
HbI OyHkep 4. [Ond M3MepeHns 3anbifIEHHOCTU
OYMLLEHHOro MOTOKA MPUMEHSANCHA METO[ BHEeL-
Hen punbTpaumMm C¢ UCnonbL3oBaHWEM acnupaTo-
pa 5 gna otbopa npob Bo3gyxa vyepes punbTpo-
BalnbHbIN NaTpoH 6. 3anbineHne BO3dyxa, No-
cTynawLlero Ha O4YUCTKY, OCYLLeCTBMSANOCb C
nomMoLlubto gosaTtopa 7. Pacxopn Bo3sgyxa usMme-
psanca potameTpom 8. [Mapasnuyeckoe conpo-
TUBMEHNE U3MEPSANOoCb MUKpoMaHoMeTpoM 9 Tuna
MMH-240. Bosgyx nogasancs komnpeccopom 10.
ODDHEKTUBHOCTL  OYUCTKM  CTPYWHOW 4acTbio
onpegensnacb NO Macce YroBMEHHOW NbiNu B
OyHKepe annaparta. [Ans uccnegoBaHU UCMONb-
30BannCb MOTOKW, 3anblfieHHbIE LEeMEHTOM,
OpOONeHbIM NeckoM n Mykon. OpakLMOHHbIA CO-
CTaB MNblNM onpegensancsa ¢ NOMOLbIO UMNaKTopa
HUNOT as.
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Puc. 1. Cxema 3kcrniepumeHmarsnbHOU ycmaHo8KuU
Fig. 1. Experimental installation
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Puc. 2. Cxema cmpyiiHoU Yacmu nbisieysiogumerisi:
1 — KOHgby30p; 2 — omeo0d; 3 — aapokaHas; 4 — nbineocadumesibHbIlU 6YHKep
Fig. 2. Scheme of the jet part of the dust collector:
1 - confuser; 2 — tap; 3 — aerocalanal; 4 — dust bin
OBCYXIOEHUE PE3YJIbTATOB YMHY MMOPaBNMYECKOro COMPOTUBIEHUS NPU ABUXKe-

WccnepoBaHusa rmgpaBnvyeckoro conpoTuene-
HUA U 3O(PEKTUBHOCTU OYUCTKU TOMbKO CTPYMHOWM
YacTbio NbineynoBuTenst (0e3 3arpyskn unbTpyto-
LLero criosi), NO3BOMMIN YCTAHOBUTb 3aBUCUMOCTb
3TUX NoKasaTernen OT CKOPOCTU CTPYM Ha BbIxode U3
conrna, pasMepoB U KOHCTPYKTUBHBLIX OCOBEHHOCTEN
MbINIeynoBUTENS, CBONCTB NbINN.

YcTaHOBMNEHO, YTO OCHOBHOE BMUSIHWE Ha BENK-

HAM «4YMNCTOrO» BO3QyXa OKa3biBAOT CKOPOCTHOW
Hamnop CTpyu, yron CXOAUMOCTY conna d., 1 dopma
aspokaHarna (puc. 2).

CKOpOCTHOI Hamnop 3aBUCUT OT pacxoja BO3-
Jyxa 1 BbIXOAHOro guvameTpa conna d.. YBenuye-
HMEe CKOPOCTU CTPYM Ha BbIXode U3 conna npuBo-
OUT K POCTY rnapaBriMyeckoro COnpoTUBMEHMUS
(kpmBas 1 puc. 3).
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Puc. 3. l'udpaenuyeckoe conpomuesieHue cmpyliHO-gbusibMpayUOHHO20 NblIeys1I08UMEIsi:
1 - conpomuesieHue cmpyUiHOU Yacmu rnpu «4UcMmMoM» rMoMmokKe;
2 — conpomuersieHue cmpytiHOU Yacmu npu 3anbisIeHHOM [TOMOoKe;
3 - o6buwee conpomueneHue ¢ y4emom husibMpyrouLe20 csosi

Fig. 3. Hydraulic resistance of jet filtering dust collector:
1 - “clean” flow resistance; 2 — dusty flow resistance;
3 - total resistance taking into account the filter layer

VccnepoBaHue BNuSHUA pacctosiHus { mex-
Ay CpesoM conna u BxogoMm B ByHKkep nmokasano,
4YTO MpubnmxkeHne conna kK OyHkepy ymeHbliaeT
BXOHOE CeYeHue aspoKaHana u yCroxHseT pas-
BOpPOT MOTOKa, YTO NMPMBOAMT K POCTY COMPOTUB-
nexHus. Yganenuwe conna ot OyHkepa yMeHbLuaeT
CuUny uMHepuum CTpyn, pasmbiBaeT ee, YTO OTpu-
uaTenbHO cKasblBaeTcs Ha 3(peKTUBHOCTM Oca-
XOeHus nbinv. Ha ocHoBe 3TOro pekoMeHayeTcs
paccTosiHne Mexay connoM M OyHKepoM MpUHU-
MaTb paBHbIM OT 2 A0 5 OMaMeTpoB BXOAHOrO
0TBepCTUsi B OyHKep d,. Mpu o4ncTKe 3anblneHHo-
ro NOTOKa TONbKO CTPYWHOW YacTbio ruapasnuye-
CKOe COMpoTUBMEHMe Bo3pacTaeT Mo CpaBHEHUIO
C «4YMCTbIM» NMOTOKOM, NMPUYEM C POCTOM CKOPOCTM

3TO pasnuuue ysenuumsaeTcs (KpuBas 2 puc. 3).
Mpv ncnonb3oBaHUN HUNBLTPYIOLLIETO CIost K CONpo-
TUBIEHUIO CTPYNHOWN YacTn fobaBnseTcs conpoTuB-
neHve 3epHNCTON Neperopoaku (kpueas 3 puc. 3).

Bbicokas adhdeKTMBHOCTbL OYNCTKM B CTPYMN-
HO-(PUNbTPaLMOHHOM MblfieynoBuTene onpege-
nsgetca ycnoBusiMn uUNbLTPOBaHUA U XapakTe-
puctukamu 3epHuctoro cnos. OgHako ocTaTou-
Has 3anbiNIeHHOCTb O4YULAaeMoro noToka 3aBu-
CUT OT 3MPPEKTUBHOCTU OCaAXOEHUA nNbINU B
CTPYMHOW YacTu annapaTa. XapakTepHble n3me-
HeHns 3PdEKTMBHOCTU OYUCTKU MOSTyHeHbl npu
oyncTke BO3Ayxa, 3anblIeHHOro ApobreHbIM
neckoMm ¢ meguaHHbiM pasmepom vactuy, 30 MkM
(pwuc. 4).

, % — =
1, 70 /,_,.--‘.—— 2
90

80 P = 1

e

) ”

60 /
/p’

10

20 30 w,m/c

Puc. 4. 3¢hhekmueHoCcmMb 0HUCMKU cCMPYUHO-(hUusIbMPayUOHHO20 MNbisieysiosumens:
1 - aghghekmueHocmb cmpytiHol Yacmu; 2 — obwas aghghekmueHOCMb 0YUCMKU

Fig. 4. Cleaning efficiency of jet filter dust collector:
1 - jet efficiency; 2 — overall cleaning efficiency
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OdbhEKTMBHOCTL CTPYMHOM YacTu 3aBUCUT OT pas-
Mepa, NAOTHOCTU M APYrMX CBOWCTB MblfA, paccTost-
HWS comra 4O BXOAHOro oTBepcTus ByHKkepa, KOHyC-
HOCTW Kopnyca u Apyrux (OaKkTopoB, HO OCHOBHOE
BMUSIHWE Ha HEe OKa3bIBAET CKOPOCTb CTPYW.

OdPeKTNBHOCTL OYNCTKM BO3dyxa OT MY4YHON
MbIK C pasmMepamm Yactuy, meHee 63 MKM npu CKo-
pPOCTM noTOKa Ha Bbixoge mM3 conna 19 m/c cocTas-
nsana ot 70 po 81 %. C yBennyeHuem CKOpOCTM
cTpyy go 27 m/c aghdeKkTMBHOCTL Bospocna o 91.
McnbiTaHnsa NpoBoAMNMCH C UCMONb30BaHWEM comna
avameTpom 5,6 MM, pacctosiHie ero o OyHkepa —
21 MM, AMaMeTp BXOOHOrO OTBepcTus OyHkepa —
13,8 Mm. Ounctka BO3gyxa OT My4YHOW MbifM C pas-
MepoM yacTuy, 6ornee 80 MKM Mpu CKOPOCTU CTpyU
27 m/c no3sonuna goctnyb 3EKTUBHOCTN OYUCTKM
CTpyviHOW YacTbto 6onee 93 % [10].

HecmoTtps Ha noBbiweHne 3ddeKTMBHOCTM
WMHEPLMOHHOTO OCaXOEHUsI OT CKOPOCTU CTpyw, pa-
6oTa MbineynoBuTens Mnpu BbICOKUX CKOPOCTAX He-
uenecoobpasHa. Huskass ckopoCTb CTpyun He MO3BO-
nseT cosgatb HEoBXoOVMMYH Cuiy WHepumMn AOns
MEMKMX YacTuy, NbiK, a BbICOKasi CKOPOCTb MpUBO-
OVT K BUXpeobpa3oBaHMIO NOTOKa Npu ero pa3Bopo-
Te nepeq GYHKEPOM W MOBBLILLEHHOMY YHOCY MbINK,
13-3a Yero aPeKTMBHOCTb OYMNCTKN MPaKTUYECKN He
pacteT (kpuBas 1 pwuc. 4). Takon xe addekT
HabnogaeTcs Npu NpUbNXKeHUN conna K byHkepy n
YMEHbLLEHUM Yyrra CXOAUMOCTU KOHYCa Kopnyca.

YacTuubl Nbinm ¢ 6onbLIen NAOTHOCTLIO Nydlle
OTAENATCA OT NOTOKa, @ YMEHbLUEHWE X pasmepa
npuBoamnT K obpatHoMy adpcbexTy. Tak, npu ynaenu-
BaHWM LEMeHTa C MeAuaHHbIM pasMepoM Mblan
15 MKM M MAOTHOCTbIO 2900 Kr/m® 3 peKTUBHOCTb
ocaxaeHusl Oblria NpakTUYECK TaKoW e, Kak 1 ans
Neco4Hon Mbiny ¢ paamepom yactuy, 40 MKM 1 nNnoT-
HOCTbI0 1550 Kr/M”.

Ha ocHoBe BbIMOMHEHHBIX WMCCNeaOBaHWUA pe-
KOMeHOYeTCS Npu NPOEKTUPOBaHWU MNbINEyNoOBUTENS
CKOPOCTb CTPYM Ha BbIXOAe M3 comnna w, NpYH1MaTh
B npegenax 25-30 m/c, 4To NO3BONMUT obecneynTb
adppekTnBHOCTL ouncTkM Ha yposHe 80 % n HeBbl-
COKOe rvapasnuyeckoe conpoTtusneHne. KoHycHOCTb
Kkopriyca npegnaraetcs npuHMMaTtb paBHou 60°.
OnvHy conna ansa crabunusaumm cy>kaemoro noToka
pekomMeHayeTcs NpuHUMaTh B pasmepe 4-5 guamer-
POB BXOOHOrO CeYeHus conna’.

Ana pacyeTa rMopaBnMYecKoro COMNpoTUBIIE-
HUSI CTPYMHOWM 4acTu MbIfeyNoBUTENS €e KOHCTPYK-
UMIO NPUHUMIMANbHO MOXHO MNpeAcTaBuTb Kak Co-
CTOSILLYIO U3 M3BECTHbIX 3MIEMEHTOB — KOHJOY30pa,
OTBOAA M aspokaHamna (CM. puc. 2), KoTopble SBMs-
I0TCA MECTHbIMW COMPOTUBNEHUAMKU. Torga comnpo-
TUBMEHNE CTPYWHOW YacTu Onsg HesarnblIeHHOro no-
TOKa MOXHO oOnpegenuTb Ha OCHOBE YpaBHEHUS
Belicbaxa kak cymmy JOrien CKOPOCTHOro Hamnopa B

> penbuunk U.E. CnpaBoOYHMK MO rnMapaBrMyeECKUM
conpotueneruam; nog pea. M.O. LrenHbepra. 3-e
n3a., nepepab. u gon. M.: MawwmHocTpoeHue, 1992.
672 c.

9TUX 3NneMeHTax nbl1eynoBuTend 3:

sz Q(JJ2 Q(JJ2
APcszomp 22C +(ams 2 20 +§ome a2a,

roe Ceongs Comes {a — KOIMMPULMUEHTbI MECTHOro
COMpPOTMBIEHNST KOHAY30pa, OTBOAA M aspoKaHa-
na COOTBETCTBEHHO; p, — MMOTHOCTb rasa; w, —
CpeaHsia CKOPOCTb NOTOKa B aspoKaHare.

KoadbduumeHT MEeCTHOro ConpoTMBIEHUS
KOHpy3opa MOXHO BblpasuTb Crneaylolen 3aBu-
CUMOCTbLIO :

(KOH(I‘) = K1 . (BH.C ;

roe ki — koadbdumumeHt cmardeHns; fg, . — Koad-
PULUNEHT MECTHOTO COMPOTMBIIEHUSA 3a CYET W3-
MEHEHUsA CeYeHUn conna Ha BXO4E W BbiXOoAe, Kak
OT BHE3AMHOTO CY>KEHUS.

KoadhpmumneHT cmaryeHmss npyu anvHe conna
fonble OByX OMAMETPOB BbIXOLHOIO OTBEPCTUS
MOXHO onpefennTb B 3aBUCMMOCTU OT Yrra CXo-
OMMOCTU dg NO Tabnuue’. KoadhduumneHt I, ¢
onpegensieTca Ha OCHOBe KpuTepust Re n CooTHO-
eHnsa ceyveHunm F Ha Bxoge U F, Ha BbiIxoge U3
conna* [11].

KoadpduumeHT MecTHOro conpoTmBrieHne oT-
BoAa (ome, KOTOPLIA XapakTepusyeT noTepto
Hamopa NOTOKa NpW pas3BOpOTE CTpyu rasa oT
OyHKepa K aspokaHamny, MOXHO OnpeaenuTb Kak
npousBedeHne OBYX KOMMOHEHTOB (opme = AB* [11].
KoMnoHeHT A y4nTbiBaeT yron passopoTta, a KoM-
NOHEHT B — paguyc pa3BopoTa noToka, nocrtyna-
olero B as’pokaHan. Yron pasBopoTa MoToka
MOXHO MpuHATL paBHbIM 180°, a paguyc passo-
poTa — paBHbIM LUMPUMHE MOTOKa Ha BXxode B
aspokaHarn.

KoadpdpuumeHT MecTHoro conpoTuBneHus
Ons  aspokaHana peKoOMeHAYyeTCs pPacCyUTbl-
BaTb Kak BHe3anHoe pacluMpeHue, npu KOTOPOM
{, = f(Re, S,/ S). CedeHne S, onpepensieTca Kak
ceyeHMe Ha BXofe B ajpokaHan, a ceyeHue S
COOTBETCTBYET CEYEHU0 LMNUHOPUYECKON YacTu
annapata. C uenbio ydeta BRMSHUA NblAn COMNpO-
TUBrieHUe CTpyrMHOM yactu AP, npu ouyncTtke 3a-
NbINIEHHOrO rasa Ans NPUHATOW CKOPOCTU CTpyw
Ha Bbixoge u3 conna B npegenax 25-30 m/c
Heobxogumo yeBenuumTb B 1,25 pasa.

CpaBHeHME ONbITHBIX U PaCYETHbIX 3HAYEHUI
rMOpaBriMyeCcKoro COMPOTMBIIEHUS ANSA 3KCnepwu-
MeHTarnbHOM MOogenn CTPYWHOro MnblfieynoBuUTens
nokasano yOoOBIETBOPUTENIbHYKD CXOOUMOCTb B
npegenax + 30 %.

* KacaTkuH A.l. OCHOBHble MpoLiecchl 1 annapatsi
XUMUYECKON TEXHONMOIUN: y4ebHMK Ans By30B; 14-e
n3g.. crep. M.: AnbsiHe, 2008. 750 c.

* Nasnos K.®., PomaHkos M.I"., HockoB ®.®. Mpu-
Mepbl U 3aJa4n No Kypcy NpoLLeccoB U annapaToB
XUMU4eckon TexHornorun: ydyeb. nocobue ons By-
30B. M.: AnbsHc, 2006. 575 c.
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Ta6bnuua 1
3HayeHus1 koaghgpuyueHma k;
Table 1
Coefficient k, values
Oox” 10 20 30 40 60
k4 0,42 0,23 0,19 0,16 0,18

'MapaBnuyeckoe ConpoTMBIIEHME 3€PHUCTO-
ro crnosi nogvvHsieTcs 3akoHy [dapcu u cknagbl-
BaeTCHd M3 CONpPOTUBMEHUS PUNBTPYIOLLEN Nepe-
ropoakn APy, 1 npupocTta COMNpoTUBIEHNS 3a
CYeT HakonneHHoro ocagka nbinn AP, [12, 13]:

AP, = APy, + AP,

Onsa pacuyeta conpoTuBneHuss UNbTPYIO-
Len neperopoakn MOXHO WCMOMb30BaTb 3aBu-
CMMOCTW, NONYYEHHbIE MPUMEHUTENBHO K LLepo-
XoBaTtblM 3epHam [14]:

APy, = (11,9-Wo"° %" p,%%-H) / &,°,
nnn ansa 3epeH c FJ'Iaﬂ,KOVI NOBEPXHOCTbHO:
APy, = (1,89-Wo" - u® - 4 p,2° Hy /&,°,

roe W, — ckopocTb chunbTpoBaHus, M/c; u — Ou-
Hamu4yeckas BA3KOCTb rasa, lla'c; f — yaenbHas
NOBEPXHOCTb 3EpPEH, m3/m>: p- — NNOTHOCTb ra-
3a, Kr/M3; H — TtonwwmHa cunbTpytoLwero cnos, M;
& — pona ceobogHoro obbema 3epHUCTOro
cnos, m3/me.

[nsa yyeta ocTaToyHOro CONpoTMBIIEHUS MO-
cne pereHepaumm Npu WUCMOMb30BaHUM Henpe-
PbIBHOW pereHepaumnmn unbTpytoLLero crnos pac-
YyeTHoe ruapasnuyeckoe cornpoTtusnerve AP,
Heobxoammo yeBenununtb Ha 20—-30 %.

[Ona pacyeTta conpoTUBNEHUs ocagka npwu
NbineynaBnMBaHUM B 3€PHUCTbIX  UnNbTpax
npeanoxeHa cnegyowas 3aBMcMmMocTb [15]:

AP, = [Knc ’ WO2 (Zex_ Zocm) : T] ’ 802:

raoe K. — k03hULMEHT CONpPOTMBMNEHNS MbISIEBOIO
crnos, ¢ ; T — NpoAOImKUTENBLHOCTL MeXpereHepa-
LUMOHHOMO UMKna unbTpoBaHus; Zg — BXOAHas
3anbINeHHOCTb, KI/M>; Zoem — OCTaTOYHasA 3anblfeH-
HOCTb, Kr/m®.

K., onpeoenseTr M3MeHeHMe CONpOTMBIEHMS
ocajgka 3a CYeT HaKoMneHus MbiNeBoro ocagka B
e[VHMLEe obbeMa 3a eauHULY BPEMEHU U 3aBUCUT
OT CBOWMCTB MbIfIM N ra3oBoOro notoka. Npun Hakon-
JNIeHUU MbifN B 3€PHUCTOM Crl0e NPOUCXOOUT U3-
MeHeHne [JonuM ero cBobogHoro obbema. 3To
NPMBOAUT K YCUIEHWUIO TypOYNeHTHOCTU noToka
BHYTPU KaHarnoB UNbTPYOLLEN Neperopoakn u
OHOBPEMEHHO K YCUIMEHWIO BTOPUYHOIO YyHOCa
neinv. B atom cnyyae npu pacyete rmagpasnuye-
CKOro COMpOTUBIIEHUS cnefyeT yyuTbiBaTb 3TU
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M3MEeHEeHVs, MeTOAMKa ero pacyeTta npeacraBrneHa
B pabote [15].

Obwee rmapaBnuyeckoe  COMPOTUBIEHNE
COl1 paccunTtbiBaeTCs C y4eTOM COMPOTUBMEHUN
CTPYMHOW 1 OUNBTPYHIOLLIEN YaCTW NO YPaBHEHWIO:

AP =AP; + APy, + APy .

[Ona oueHkn adhpekTUBHOCTM yraBnmMBaHUs
Nbiv N UNBTPYIOLIMM CNOEM Ha OCHOBE 3akoHa
yNaBnuBaHWs 4acTul, OOHOPOAHbIM  hUnbTPOM
npegnaraeTcsi 3aBUCUMOCTb

n=1-exp{-n K"}, (1)

roe 17, — 9eKTMBHOCTL 3axBaTa YacTuL, 3epHamu
unbTpytowero cnos; K, — nokasaternb BTOPUYHO-
ro yHoca nbinu.

OhphekTnBHOCTL 3axBaTa paccuMTbIBaETCs No
3aBUCKUMOCTM:

7, =2,3K, - H*% /W, .

KoadhdpmumeHT  adbdpekTMBHOCTM  3axBaTa
npearioXeHo onpeaensite no opmyrne [16]

K, = 17850 6% (1= £) | (Pun - 0*)],

roe 0 — MeAMaHHbIA pa3Mep MbINEBbIX YacTul, M;
Pun — HaCbINHAA NAOTHOCTb MbIfN, KI'/M3; d; — ona-
MeTp 3epeH hunbTpyloLLero Mmatepuana, m.

TOMNLWMHY 3epHUCTOrO CMNosi B 3aBUCMMOCTU OT
adppekTMBHOCTN ounCTKM B npegenax ot 90 o
100 % npepgnaraetca B COOTBETCTBUMM C pabo-
Tow [14] paccunTbiBaTh NO 3aBUCUMOCTMU:

H=0,0152[(7—90)/(1— )] +0,05  (2)

Mokaszatenb BTOPUYHOIO YHOCa paccHuUTbiBa-
€TCA No ypaBHEHUIO

Ko=1-K (T/ Twp)"",

rae K, — koadhduupeHTta yHoca nbinu; | — npogdorn-
XUTENbHOCTb MEeXpereHepaLoHHOrO LiMkna dunb-
TpoBaHus, C; [, — BpeMsi npebbiBaHNSA 3anblneH-
HOro NoToKa B 3epHUCTOM CIloe, C.

[Ona pacdeta KoapduumeHTa yHoca npenno-
XeHa criegyrowasa 3aBMcMmocTb [16]:

K, =B/(6 - ppn - t9a,) ,

roe B — OnbITHbIN KO3MPULMEHT (ONa Heno-
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ABWXHOrO crost B = 3,6-10° MZ/KF); tga, — TaHreHc
yrrna ecTeCTBEHHOro OTKOCa Mbifv, XapakTepu-
3YIOLLEro ChiMy4YecTb Mblnu.

Bpems npebbiBaHMs BbipaxaeTcsi 3aBUCUMO-
CTblO OT TOMWWHBLI 3€PHUCTOrO CrOsi U CKOPOCTYU
3anbIfIEHHOro MNOTOKa B €ro KaHanax:

Tnp = Hgo/ W, (3)

|_|p0D,OJ'I)KVITeJ'IbHOCTb MexpereHepaunoHHOro
UnKna (*)VIJ'IprOBaHVIﬂ npuHMMaeTcAa 13 COOTHO-
LUEHWA:

=Tl K, (4)

rae Ky — chakTtop cTaumoHapHOCTM, 3Ha4YeHne KoTo-
poro npuHumaeTcsa He meHee 0,0002.

PacueT TOnWWHbLI M NOBEPXHOCTM (PUNbTPY-
IOLLLEro Crnosi BbIMOMHSAETCA Mo crneaylwen MeTo-
avike. [na 3agaHHOW 3a(pHEKTUBHOCTN OYUCTKM NO
ypaBHeHuo (2) onpegenseTcs TOMWMHA 3epHU-
ctoro crnos. N3 ypaBHeHus (1), onpeaensoLuero
3h(PeKTUBHOCTb OYUCTKM B 3EPHUCTOM Croe, pac-
cunTbiBaeTcd ckopocTb dunbtpoBaHns W,. [lo
3aBMcMMocTK (3) HaxoguTca Bpemsi npebbiBaHMSA
3anbIfIEHHOro MOToKa B 3epHUCTOM croe. [puHu-
MaeTCs 3HaveHme pakTopa CTauuoHapHOCTUM Ha

15-20 % 6onble pekomeHayemoro Ky n no cop-
Myne (4) paccuuTbiBaeTcs NPOAOSIKUTENBHOCTb
MeXpereHepaumnoHHOro Lukna unbTpoBaHus T.
|/|CI'IOJ'Ib3yF| 3ajaHHYy0 Npoun3BOAUTENTbHOCTb MO
ouvaemomy rasy Q, m°/c, onpegensieTca Benu-
YMHA MOBEPXHOCTM (PUMBLTPOBAHUS 3EPHUCTOrO
cnos no ypasHeHuto F = Q / W,.

3AKINIOYEHUE

BbinonHeHbl 1ccnegoBaHWst OYUCTKM  3anbl-
NEeHHbIX ra3oB CTPYWHO-OUMLTPALMOHHBIM Mblie-
ynosuTtenem. OnpedeneHbl 3Ha4YeHUs CKOPOCTU
CTPyV Ha cpese conna U KOHCTPYKTMBHbIE pasMe-
pbl 3MEMEHTOB MbINEYnoBUTENs, KOTopble obecne-
YnBalT 3PPEKTUBHOCTb OYUCTKN B CTPYMHOW 4a-
ctn He meHee 80 %, a o6y 3PPEKTUBHOCTL
nblneynosuTensd — Ha ypoBHe 98-99 % u 6Gonee.
MpeonoxeHbl MeToAdbl pacyeTa rMapaBnnyecKkoro
COMPOTMBIIEHMS MblfleyNnoBUTENS, yYnTbiBatoLne
COMpOTUBIIEHNE CTPYMHOMW YacTu, GunbTpyowen
neperopogkM M npupocTa COMNPOTMBIIEHUS Npwu
HakonneHun Nbinu B 3epHMCTOM crnoe. Paspabo-
TaHa meToauka pacuyeta apHeKTUBHOCTU OYUCTKU
3E€PHUCTbIM CrNoeM, KoTopas No3BonseT onpeae-
NUTb  TOMNWMHY UNBLTPYIOLWEN MNeperopoaku,
CKOpPOCTb, MOBEPXHOCTb W MPOJOIIKUTENBHOCTb
MeXpereHepaunoHHOro Lmkna unbTpoBaHus.
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Light-scattering study of silver nanocomposites
based on hydrophilic nitrogen-containing
heterocyclic copolymers

© Anastasiya A. Ivanova
A.E. Favorsky Irkutsk Institute of Chemistry SB RAS, Irkutsk, Russian Federation

Abstract: A light scattering study was performed on new silver-containing polymer nanocomposites based on
water-soluble copolymers of 1-vinyl-1,2,4-triazole having sodium salt of vinylsulphonic acid of various compo-
sitions. The formation of nanocomposites was carried out using chemical reduction of silver ions by sodium
borohydride in a copolymer- containing aqueous medium. According to the dynamic light scattering data, a
decrease in the average sizes of metal-polymer coils in water-salt solutions of nanocomposites is explained in
terms of an increase in the content of sulphonate groups in the stabilising polymer matrix. The electrophoretic
light scattering with phase analysis of synthesised nanocomposites reveals the zeta potential ({) to vary
from -35.0 to -75.3 mV with an increased sulphonate unit proportion in the stabilising polymer matrix, indicat-
ing an increase in the stability of the colloidal system. The functional composition of the stabilising polymer
matrix is established to provide a significant effect on the hydrodynamic dimensions of polymer nanocompo-
sites in an aqueous medium.
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UccnepoBaHne HAHOKOMMNO3UTOB cepebpa

Ha OCHOBe rmapoduUnbHbLIX a3oTcoAepKaLlmnx
reTepoLUKIINYEeCKUX conorimmMmepoB
MeToAaMu cBeTopaccesHUs

A.A. UBaHOBa
UpkyTckmin nHeTuTyT Xxumun nm. A.E. ®asopckoro CO PAH, r. MpkyTck, Poccuiickaa ®egepaums

Pe3rome: Memodamu ceemopaccesiHusi uccriedosaHbl HO8ble MoNuUMepHbIe cepebpocodepkaujie HaHOKOMIOo3uU-
mbl Ha OCHoBe 800opacmeopuMbIX cornonumepos 1-euHurn-1,2,4-mpuasona ¢ Hampuegol COMbK 8UHUICYTbGO-
HOB0U KUCToMbI pasfiu4Ho20 cocmasa. @opMuUpo8aHUe HaHOKOMITIO3UMO8 OCyLWecmensiiiu MemoooM XUMUYECKO-
20 8occmaHoerieHusi UoHo8 cepebpa b6opaudpudom Hampusi 8 800HOU cpede 8 rpucymemeuu coronumepos. o
OaHHbIM OUHaMUYEeCKO20 C8emopaccesiHUsl C yeesiudeHUeM cooepxxaHusi CyrbgbOHamHbIX 2pyrn 8 cmabunuaupy-
rowel nonumepHoU mampuuye Habrirodaemcsi yMeHblWEHUE CPedHUX PasMepPo8 Memarssio-rosiuMepHbIX KilybKoe-
8B800HO-CO/IE8bIX pacmeopax HaHOKOMIo3umos. ViccriedogaHusi CUHMEe3Upo8aHHbIX HaHOKOMIO3UMmos8 Memooom-
3r1eKMPOghopPemu4ecKoe0 c8emopaccesiHusi C aHanu3oM ¢hba3 roKasbiearom, 4mo ¢ yeesuvyeHuem 0omu cyrbgho-
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HamHbIX 38eHbe8 8 cocmase cmabunuaupyrouwel nonuMepHol Mampuubl eenuduHa A3ema-romeHyuana ()
usmeHsiemcsi om -35,0 0o -75,3 MB, 4ymo yKa3bleaem Ha rnoeblleHue cmaburibHoCMU KO/noudHoOU cucmembl.
YcmaHoeneHo, Ymo ¢byHKUUOHalbHbIU cocmag cmabunusupyrowel noumepHol Mampuubl OKasbieaem cyuie-
CMBeHHOe @rusiHue Ha 2uOpPOdUHaMUYeCKUEe pasmepbi MNOUMEPHbLIX HAHOKOMITO3UMOo8 8 800HOU cpede.

Knroyeenle croea: ronuMepHblie HaHOKOMIIO3umal, HaHoYacmuubsl cepebpa, 1-euHun-1,2,4-mpuasosn, Hampue-
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INTRODUCTION tion of scattered light operating temperature
Obtaining organic-inorganic nanocomposites equal to 173°.
based on functional polymers appears to be a The initial reagents for the synthesis of nano-
promising direction. In the processes of nanoparti- composites consisted of CP grade substances of
cle formation, a stabilising matrix is necessary, NH4OH, AgNO; and NaBHj,, as well as copolymers
since the presence of various functional groups of VT with Na-VSA of various compositions, ob-
allows further modification [1-3], opening up promis- tained under conditions of radical initiation of azo-
ing new avenues for utilising target composites [4—6]. bisisobutyronitrile (AIBN) at a temperature of 60 °C
Due to the possibility of using different ap- in DMSO [21].
proaches to stabilise nanoparticles [7—9], account- Synthesis of copolymers. The radical copo-
ing for the ability of the stabilising polymer matrix lymerisation of VT and Na-VSA proceeded in
to interact with nanoparticles in order to avoid their DMSO at various initial monomer ratios under
agglomeration is of a great importance [10]. The the influence of AIBN in argon-containing sealed
copolymers of 1-vinyl-1,2,4-triazole are acknowl- ampoules at 60 °C for 8 hours. Further, the reac-
edged to be effective stabilisers of metal nanopar- tion mixture was dialysed against distilled water for
ticles [11-20]. 72 hours through a 5 KDa membrane (MFPI,
This paper presents the results of the synthe- Cellu Sep H1). Subsequently, the composite was
sis and property study of new silver-containing isolated by lyophilisation. As the result, white
nanocomposites based on copolymers of 1-vinyl- nanocomposite powders were obtained with a
1,2,4-triazole (VT) with the sodium salt of vinyl- yield of 82—-89 %.
sulphonic acid (Na-VSA). Synthesis of nanocomposites. A solution of
0.5 mmol AgNOj3 in 1 mL of 25% NH,OH was add-
EXPERIMENTAL PART ed to 1.0 g (10 mmol) of a copolymer dissolved in
The silver content was determined using an 15 mL of double-distilled water followed by inten-
AA-6200 atomic absorption spectrometer (Shi- sively stirring for 30 min at 20 °C. Then, 1 mmol of
madzu, Japan) in flame atomisation mode. The NaBH, was gradually added with the stirring con-
solution of 0.1 M NaNO; with 0.1 mg/mL nano- tinued for 8 hours. Then the reaction mixture was
composite concentration was applied to determine dialysed for 48 hours. Subsequently, the compo-
the hydrodynamic particle radius and zeta potential site was isolated by lyophilisation. The synthesis
(€) of the studied samples by means of the dynam- resulted in dark-brown powders of nanocompo-
ic light scattering (DLS) and electrophoretic light sites with a yield of 65-70 %.
scattering with phase analysis (PALS) methods,
respectively, using a Zetasiser Nano-ZS photon RESULTS AND DISCUSSION
particle analyser (Malvern Instruments, UK). The The reaction of VT and Na-VSA radical copol-
measurements were carried out in thermostated ymerisation proceeded in accordance with the
cuvettes with an of 25 °C and an angle of detec scheme [21]
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Hydrodynamic radii Ry, distribution of the scattering particles
for the nanocomposite and the initial copolymer (a);
Relationship between zeta-potential (1) and the hydrodynamic radii Ry,
of scattering particles (2) of nanocomposites and content
of Na-VSA in the original copolymer (b)

Tucmoepamma pacnpedesieHusi No 2udpoduHamuyeckum paduycam Ry,
pacceuegaroujux Yacmuy, 0151 HAaHOKOMIIo3uma u ucxoGHo20 conosnumepa (a);
3asucumocmsb d3ema-nomeHyuana (1) u 2uépoduHamuyveckux paduycoe R,
pacceuearowux Yacmuy, (2) HaHokomrno3sumoe om codepxxaHusi Na-BCK e ucxodHom cononumepe (b)

The histograms provided in the figure are
characterised by a monomodal particle size dis-
tribution with a maximum corresponding to the
effective hydrodynamic radius of the scattering
particles. A noticeable increase is indicated in
the hydrodynamic radius of complex nanocom-
posite particles presented by an ensemble of
silver nanoparticles in a coil of copolymer mac-
romolecules, as compared to the initial copoly-
mer macromolecules (from 163 nm in the initial
copolymer to 676 nm in the based nanocompo-
site). This is possibly due to the formation of co-
ordinated cross-linked complex particles under
the action of multiple cooperative forces of in-
termolecular interaction, with metallic silver na-
noparticles acting as coordinating cross-linking
agent. As a result of this interaction, relatively
large macromolecular coils are formed.

With an increase in the proportion of Na-VSA in
the stabilising copolymer, a decrease in the
average sizes of metal-polymer coils is observed,
indicating the formation of more compact struc-
tures. The functional composition effect of the
stabilising matrix on the hydrodynamic dimen-
sions of polymer nanocomposites is associated

with the action of salt groups: sulphonate frag-
ments in the ionised state cause the appearance
of a negative charge on polymer macromole-
cules further immobilised on the positively
charged surface of silver metal nanoparticles,
leading to a denser coagulation of macromolecu-
lar coils.

Studies of synthesised nanocomposites by
electrophoretic light scattering with phase analy-
sis identified the zeta potential (¢) ranging from
-35.0 to -75.3 mV with an increase in the pro-
portion of sulphonate units in the stabilising pol-
ymer matrix, indicating an increase in the stabil-
ity of the colloidal system.

CONCLUSION

A light scattering study was carried out on
new stable polymer nanocomposites with silver
nanoparticles based on 1-vinyl-1,2,4-triazole and
the sodium salt of vinylsulphonic acid copoly-
mers. The functional composition of the stabilis-
ing polymer matrix was established to cause a
significant effect on the hydrodynamic dimen-
sions of polymer nanocomposites in an aqueous
medium.
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NMepeatepucpunkauma noaconHe4YHOro macna
B cpefe cy0- n CBEpPXKPUTUYECKOro AMMeTuUrnikapooHara

© H.IN. TuryHueBa, E.C. ®omuHa, C.H. EBcTachbeB

MPKYTCKUIA HaLMOHanbHbIA NccneoBaTenbCKU TEXHUYECKNA YHUBEPCUTET,
r. pkyTck, Poccuiickasa ®enepaumns

Pe3rome: Pazpabomka akosioaudecku be3zonacHbix crnocobos rosyyeHuss buodusenbHO20 moruga u oceoe-
HUEe HOBbIX 80306HOBMSIEMbIX UCIMOYHUKO8 3HEepauu Ha Ce200HSAWHUU OeHb S18M15110MCs akmyarbHbiMU 3ada-
yamu. Llenb pabombi — ouyeHKa 8/1UsiHUS MPo0osmKkumesnbHoCmu U memmnepamypbl 06pabomku rnoo0coHeYHo-
20 macna 8 cpede cyb- u ceepxkpumu4eckoeo dumemusikapboHama Ha 8bIX00 U cocmas Memusiosbix 3¢hu-
pos KapboHOoBbIX Kuc/iom. OKcriepuMeHm 8bIfIOSIHEH 8 asmokrase rnepuoduyeckoeo muna 8 uHmepsarse
memnepamyp 150-325 °C, mornbHoe coomHoweHue macrsio : OumemurnkapboHam = 1:9. Xumudeckuli co-
cmae npodykmos repeamepuchukayuu uccriedoeaH memodom X-MC. lNoka3aHo, 4mo 8 CybKpumu4eckKux
ycnosusix 8 uHmepearne 150-225 °C nepeamepucbukayusi macesn rnpakmu4ecku He rpoucxodum. YeesnudeHue
8bIxoda mMemusiosbix agupos Habnwdaemcs npu memrnepamypax ebiwe 225 °C ¢ makcumymom (90,6 %
macc.) 8 ceepxkpumuyeckol obnacmu ripu 280 °C. Npu obpabomke 8 cybKpumu4YecKux ycrio8usix 8 mevyeHue
9 MuH 8bix00 Memuriosbix aghupos He npesbiuaem 80 % macc. [pu amom 8 cocmase rnpPodykmos nepeame-
pucbukayuu Hapsdy ¢ MemusosbiMu aghupamu ObHapyXeHbl MOHO- U Quanuyepudbl XXUPHbBIX KUCIOm, Mema-
Hof, 2nuyepuH U npodyKmbl e2o npespauieHull, cooepxxaHue KomopbiX C N08bILEHUEM meMrepamypbl CHU-
x)aemcs. [Npodykm nepeamepughukayuu Macsa 8 C8epXKpUMUYEeCKUX ycrosusix rpedcmassieH o cocmasy
memunosbiMu aghupamu KapboHosbix Kucriom. CodepxaHue npumecel He 6onee 1 %. BnusHue npodormku-
mesnbHocmu 06pabomku Ha 8bIX00 Memusiosbix 3¢hupos Haubosiee 8bIPaXXeHO 8 CybKpPUMUYECKUX yCrl08USIX
npouecca. B ceepxkpumudeckux ycrnosusix 6onee 80 % mpuanuuyepudos macna npespawjaemcsi 8 Memursio-
8ble aghupbl KapbOHOBbIX KUC/Iom 8 medeHue 3—-5 MuH obpabomku. Ha ocHogaHuUU rposedeHHbIX uccredosa-
Huli obocHosaH 8bIbop memrepamypHbIX ycri08ul npouecca nepeamepuchukayuu macrna 8 cpede dumemuJi-
KapboHama u nony4yeHb! GornonHUMerbHble ceedeHusi 0 cocmase npodyKmos.

Knroyeenie cnosa: dumemurnikapboHam, cyb- u c8epxXKpUmMuUYecKue ycrogus, nepeamepuchukayus, noo-
COJTHEYHOE Macsio, Memusiogble 3ghupbl KapbOHO8bLIX KUCIom, 6U0dU3ETbHOE MOMNIU8o

Uugpopmayuss o cmamse: [Jama nocmynneHus 15 anpensa 2019 e.; dama npuHamus Kk nedamu 25 Hos16psi
2019 e.; dama oHnaliH-pa3meuwieHus 30 dekabps 2019 e.
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mMacna B cpefe cyb- u CBEpXKpUTUYecKoro aumeTtunkapboHata // Mseecmus ey3os. [puknadHas xumusi u
6uomexHonoaus. 2019. T. 9, N 4. C. 773-778. https://doi.org/10.21285/2227-2925-2019-9-4-773-778

Transesterification of sunflower oil
in a sub- and supercritical dimethyl carbonate medium

Nadezhda P. Tiguntceva, Elena S. Fomina, Sergej N. Evstaf'ev
Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: At present, the development of environmentally friendly methods for producing biodiesel and the
development of new renewable energy sources appears to be an urgent task. The present article reports on a
study aimed at assessing the effect of the duration and temperature of sunflower oil processing in sub- and
supercritical dimethyl carbonate media on the yield and composition of methyl esters of carboxylic acids. The
experiment was carried out using a batch type autoclave in the temperature range of 150-325 °C and an
oil : dimethyl carbonate molar ratio equal to 1:9. The chemical composition of transesterification products
was studied using the GC-MS method. Under subcritical conditions in the range of 150-225 °C, no transesteri-
fication of oils practically is detected. An increase in the yield of methyl esters is observed at temperatures
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above 225 °C with a maximum value of 90.6 % mass identified in the supercritical region at 280 °C. When
processed under subcritical conditions for 9 min, the yield of methyl esters does not exceed 80 % of the mass.
Along with methyl esters, transesterification products were represented by mono- and diglycerides of fatty
acids, methanol, glycerine and the products of glycerine transformations. The content of these products de-
creased under an increase in temperature. The transesterification product of oil under supercritical conditions
is represented by the composition of methyl esters of carboxylic acids. The content of impurities is not more
than 1 %. The effect of the treatment duration on the yield of methyl esters is shown to be most pronounced in
the subcritical conditions of the process. Under supercritical conditions, more than 80 % of the oil triglycerides
are converted to carboxylic acid methyl esters within 3—5 minutes of treatment. Based on the conducted stud-
ies, the choice of temperature conditions for the transesterification of oil in dimethyl carbonate medium was
substantiated and additional information on the composition of the products was obtained.

Keywords: dimethyl carbonate, sub- and supercritical conditions, transesterification, sunflower oil, methyl
esters of carboxylic acids, biodiesel
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BBEOEHUE

BpeaHoe BO3OencTBME Ha 3KOMOMMI0 UCMOSb-
30BaHHOrO He@TSHOrO [AM3enbHOro TOMnuBa W
coKkpalleHve 3anacoB HedTu crnocobcTBoBanu
pa3paboTke cnocoboB nony4yeHus BuoamaenbHoOro
TONMMBA U3 pacTUTENbHbIX Macen: B HacTosilee
BpeMsi achmpbl pancoBoro Macna MCrnonb3yTcs B
KayecTtBe Tonnuea B EBpone, a adupbl nanbMoBo-
ro macna — B Manansum [1, 2].

BbuogusensHoe TONMMBO O6GBLIYMHO MNoONy4YarT
nyTemMm nepearepudmrkaLmm 13 nanbLMoBOro, COeBO-
ro n pancosoro macen [3—-6] U XMBOTHbIX XW-
poB [7]. TpaQuUMOHHBLIA cnocob ero MnonyyYeHus
npeacTaBnseT cobor MHOrocTagumnHbIA NpoLecc,
BKIIOYAKOLWMIA NepeaTepucmkaumio  Tpurnuuepu-
OOB Macna MeTaHOMOM B NPUCYTCTBMU LLLEMOYHOTO
KaTtanusaTtopa, (pakuMOHMPOBAHME MOMYyYEHHbIX
NPOAYKTOB M 04nNCTKY. K OCHOBHbIM HegocTaTkam
3TOro npouecca OTHOCAT ero NPOAOIPKUTENBbHOCTb,
CNOXHOCTb OYUCTKM NpoAyKTa, BbiCOKkMe TpeboBa-
HUSA K COCTaBY CbIpbsi, TOKCUMHOCTb MeTaHona u
NPOAYKTOB OYMCTKN.

MpoBeneHne nepeatepucmkaumm B cpene
CBEPXKPUTMYECKOTO MeTaHona 6e3 kartanusaro-
pa [8, 9] u ¢ katanusaTopom [10] no3Bonuno cy-
LLIECTBEHHO COKPaTWUTb MPOAOIPKUTENBHOCTL MPO-
Luecca n cHM3UTb TpeboBaHUs K COcTaBy macen, B
YaCTHOCTU, MO COAEpPXaHUK BOAbl U CBOOOAHBLIX
KapOOHOBbIX KMCNOT. Hepoctatkamy ocCTaBanvcb
TOKCMYHOCTb MEeTaHomMa U NpoBeAeHMEe peakuun B
ycnoBusx BbiCOkux Temnepatyp (350—400 °C). B
Lensax NoBbILWEHMST 3KONTOMMYHOCTM npoLiecca npo-
n3BoACTBa BMECTO MeTaHomna Obino npeanoxeHo
ucnonb3oBaTb 3taHon [11-15] n gumeTtunkapbo-
HaT npu atMoccepHoM pAasneHuun [16,17] n B
cBepxkputnyeckux ycrnosusx [18—21]. bbino noka-
3aHO, 4TO nepeatepudumkauna anmeTunkapboHa-
TOM MMeEeT MNpakTU4eCKMe nepcnekTuBbl, NOCKOMb-
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Ky OumeTunkapboHaT SBMSeTCs 3KONOrM4eckn Yu-
CTbIM peareHTOM U UMeeT BbICOKYD MeTUNunpyto-
Ly cnocobHocTb. lNMpoluecc NpoTeKaeT C BbICOKON
CKOPOCTbO, @ MONTydeHHoe GMOTONNMBO MO psgy
XapakTepucTuK NpeBoCcxoauT TpaguumoHHoe Guo-
ansenbHoe Tonnmeo. O4Hako Ans WMPOKOro npak-
TMYECKOro BHeApeHus TpebyrTcs OONOMHUTENb-
Hble MccnefoBaHUs, Tak Kak HedOCTaTOYHO cBe-
OeHun 0 MexaHusme nepeatepudumkaLmm, a Takke
O cocTaBe NPOAYKTOB B 3aBUCUMOCTU OT YCITIOBUN
npolecca, B YaCTHOCTX, Marno uU3yyeHa nepeaTte-
pudurkauma aMMeTunkapboHaTtom B CyOKpuUTU4e-
CKMX YCIOBUSX.

Llenb HacTosiwen paboTbl — OaTb CpaBHU-
TerNbHYI0 OLEHKY BNUSHUA NPOAOIKUTENBHOCTU Y
TemnepaTypbl 06paboTkn NOACONHEYHOro Macra B
cpepe cyb- n CBEpPXKPUTUYECKOro AuMeTunkapbo-
HaTa Ha BbIXO4 W COCTaB MEeTUOBbIX 3(pMpoB Kap-
BGOHOBBIX KUCHOT.

OKCMNEPUMEHTAIbHAA YACTb

Pabota BbiNnonHeHa ¢ HepadWHMPOBAHHLIM
NOACOSIHEYHbIM MacrioM, NPUOOpPEeTeHHbIM B TOp-
roBon cetu. B kayecTBe mMeTUnMpyloLLero pearex-
Ta UCnonb3oBaH AumeTunkapooHaT. Kputnyeckue
napameTpbl gumeTtunkapboHaTa [16]: TemnepaTy-
pa — 274,9 °C; paBneHue — 4,63 Mrla.

MepeaTtepudmkaumo Mmacna npoBogunn B aB-
ToknaBe 06beEMOM 8 CM”, M3rOTOBMEHHOM U3 He-
pXXaBelLen cTanu, B WHTepBane Temneparyp
150-325 °C n npogosmKMTENBHOCTU M30TEpMUYE-
ckon Bblaepxkn oT 3 go 13 muH. CkopocTb Harpe-
Ba aBTOKIaBa [0 3a4aHHOW TemnepaTtypbl COCTaB-
nana 20 rpag/MuH, CKOPOCTb OXNaXaeHusa —
50 rpag/mMuH. MonbHOE COOTHOLLEHWE Maco : oun-
mMeTunkapboHat =1 : 9.

KonnyectBeHHOE coaepaHue AuMETUIKap-
©oHaTta, cBOOOOHbIX N METUNNPOBAHHBLIX KapboHO-
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BbIX KMCMOT B MPOAYKTax nepeatepudmkauum onpe-
aenanun metogoM NX-MC Ha xpomatorpade 7820 A
C CemneKTVBHbIM MacC-CMEKTPOMETPUYECKUM OeTek-
Topom HP 5975 dmpmbl «Agilent Technologies».
OHeprusa noHmsaumm — 70 aB. Temnepartypa: cena-
patopa — 280 °C, unoHHoro wuctouHmka — 230 °C.
KesapueBas kornoHka 30000%0,25 mm co cTaumoHap-
Hon dhasont (95 % aumeTun-5 % audpeHnnnonucu-
nokcaH). Ycnoeusi aHanusa: 3 MMH W30TEPMbI Npu
45 °C c nocneaywowmm nogbLeMoM TemnepaTypbl 40
180 °C co ckopocTbio 25 rpag/MyMH 1 3atem — Ao
230 °C co cKkopocTbio 4 rpag/MvH C BbIOEPXKKON B
TeueHne 20 muH npu 230 °C. NoeHTudmkauuo Kom-
MOHEHTOB OCYLLECTBIIANM C UCMOfb30BaHWeM Gunb-
nmotekn macc-cnektpoB «NIST11». B kadectBe
BHYTPEHHEro CTaHgapTa WCMonb3oBanv aueToHUT-
pwvn.

KucnoTtHoe n admpHoe yncna macrna onpege-
nsanu no FOCT 52110-2003 n NOCT 5478-90 coot-
BETCTBEHHO.

OBCYXOEHUE PE3YJIIbTATOB

VMicxogHoe Macrno xapakTepu3yeTcs OTHOCU-
TENbHO BbICOKUM COAEpXXaHWeM CBODOAHBIX Kapbo-
HOBbIX KMCIOT. KUCNOTHOE 4Mcno macna B nepecye-
Te Ha onevHoByH KucrnoTy coctasuno 0,86 % macc.
B wux coctaBe B npeoGnagatolnx KonmyecTBax
MPUCYTCTBYIOT TaKMe HEHacbILLEHHbIE KUCMOTbI, Kak
OonenHoBasi, NMHOMeBas M nuHoneHoBsad. Ha ponto
HaCbILLEHHbIX KUCMOT, NpeAcTaBneHHbIX NanbMUTy-
HOBOW W CTEapuHO-BOW KMCNOTamMu, MNPUXOAMTCA
okono 11 %. Beicokoe cogepxaHve TpUrnuuepvuaos
kmucnot (34 = 97,8 % macc.) B KOMMfekce co CBO-
604HBIMM KapOOHOBLIMK KMcoTamu obecrnevnBaeT
OOCTaTOYHO BBLICOKUIA BbIXO4 METUMNOBbLIX 3UPOB

100

Bbixog meTnnoBsbix achmnpos, % macc.

npu 00paboTke macna AMmeTunkapboHaToMm.

CornacHo MomnyYeHHbIM AaHHbIM, BbIXO4 Me-
TUNOBbLIX 3(UPOB MOBLILIAETCS C YBENIMYEHUEM
TemnepaTypbl U NPOAOIPKUTENBHOCTM 06paboTKK.

B cybGkputnyeckux ycnoBsuax B UHTepBane
Temnepatyp 150-225 °C npouecc nepeatepudu-
Kauumm macrna npakTudecks He npoTtekaeT. Bbixoa
MeTunoBbix adumpoB He npesbiwaeT 1,5 % (puc. 1).
Mpu nocneaytolem NOBbILEHUN TeMNepaTypbl OH
pe3ko Bo3pacTaeT, gocturas 60,5 % macc. npwu
260 °C obpaboTke B TeueHue 9 muH. NMpn yBenu-
YEHUN MPOAOIPKUTENBHOCTM A0 13 MUH BbIXO4
acupos coctaBun 70,6 %. MakcMmanbHbIN BbIXO4
MeTunoBbix acpmpoB — 90,6 % macc., 6bin nonyveH
npu NpoAoIHKUTENbHOCTM 00paboTkm 9 MuH B
cBepxkputndeckux ycrosusax npu 280 °C. B aTux
ycnosusx 92,3 % Tpurnvuepvaos Macna npespa-
TUNOCb B MeETWUMOBble 3upbl KMCMOT. Vcnonb3o-
BaHWe TemnepaTypbl obpaboTtkn 6Gonee 300 °C
HexenaTenbHO, Tak Kak BblXog 3(hMpoB CHWXaeT-
Cs1, BEPOSATHO, M3-3a UX HN3KOW TEPMOCTOMKOCTMU.

BnusHne npogormkuTensHocTn obpaboTkn Ha
BbIXO, METMIIOBbLIX 3MPOB Hambonee BbIpaXEHO B
cybkpuTUYeckmx ycnosusix (puc. 2). Tak, npu 260 °C
Npy NOBbILLEHNM MPOOOIMKUTENBHOCTN 06paboTkM C
3 00 9 MUH BbIXO METUNOBbLIX 3COMPOB YBENUYUIICA
npakTuyeckn Ha 60 %, B To BpeMs kak npu 280 °C —
nmwb Ha 12 %. CnepyeT OTMETUTb, YTO npoLecc
nepeatepudmkaumm macrna B CBEPXKPUTUYHECKNX
YCNOBUSIX NMpOTEKaeT ¢ BorbLUent CKOPOCTbIO, MOCKO-
nbky npy 280 °C B TeyeHne 3 muH okoro 80 % cBo-
60aHbIX kKAapPOOHOBBLIX KUCIOT U TPUIMULIEPUOOB Mac-
na npeBpaLLaloTca B METUMOBbIE 3¢hmphbl, B TO Bpe-
M$1 KaK B CyOKpUTUYecknx ycrnoBusix npu 260 °C — He
6onee 1,5 %.

250 300 350

Temnepatypa, °C

Puc. 1. 3asucumocmb ebixo0a MemuJsio8bIx 3¢hupoe
om memnepamypbi nepeamepugukayuu (MPodosmKumesbHocms 9 MUH)

Fig. 1. Methyl esters yield versus transesterification temperature (duration 9 min)
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Fig. 2. Methyl esters yield versus duration of treatment

OCHOBHbIMW  KOMMOHEHTaMKU MpogykTa ne-
peaTepucmkauum macna, nofnyyYeHHoro B cpefe
CBEPXKpUTMYECKOro aumeTunkapboHata npwu
280 °C (9 MuH), ABRAOTCA MeTUrNoBble 3dUpPbI
HacblweHHbIX (Cg—C1g) M HEHACLILWEHHBIX KUCMOT
(C16—Cq). Ha ponto nocnegHux, NnpeacTaBreHHbIX
athnpamn NanbMMTONENHOBOW, ONEUHOBOW, FIUHO-
neBOM W 3MKO3aQMEHOBOW KUCIOT, MNpUXoguTcs
84 % ot obwero cogepxaHusa acgpupoB. JOMUHU-
pyowmnm sasnsetcsa metunoneat (65 % oTH.). Co-
OepXaHne npumecew, NpPeacTaBlieHHbIX B OCHOB-
HOM ankaHamu, He npesblwaeTt 1 %. MuuepuH-
kapboHaT, uuTpamanoBasi KUCNoTa M rmmokcarnsb,
obpasoBaHMe KOTOpPbLIX nNpegnonarawT npu
CBEPXKPUTUYECKON nepeaTepudukaunm gume-
TunkapboHatom [16], He oBHapyXeHbl, YTO CBU-
OeTenbcTByeT 0 HEOBXOAUMOCTU OOMNOSHUTENb-
HbIX UCcnegoBaHU MexaHu3ama npouecca nepe-
aTepudcpmkaumm macen B cpege gumetunkapbo-
HaTa.

OTnuumTensHom OCOBEHHOCTLIO MPOAYKTOB
nepeatepudpuUKaLnm NoACoNIHEYHOro Macna B cyo-
KPETMYECKNX YCMOBUSAX SBMSIETCS NPUCYTCTBUE B
MX COCTaBe MOHO- U OUrMULEPUOOB XUPHbBIX KUC-

noT, MeTaHona, rauuepuHa u MNpoOAYyKTOB €ro
npespalwieHun (rnuympona, 1-metokcunponaH-
avona, 1,3-gumeTokcu-2-nponadona, 2-nponeHusn-
okcumeTunokcupaHa u gp.). C nosbieHWeM TeM-
nepatypbl 06paboTkM Ux cogepkaHne CHMXaeTcs.

BbiBOObl

B pesynbTate npoBeAeHHOro nccnefoBaHus:

— noATBepXAeHa BO3MOXHOCTb MpoBedeHUs
nepeatepudukaumm NOACOMHEYHOro Macna B
cpene cyb- 1 CBEPXKPUTMYECKOrO AMMETMIKapbo-
HaTa 6e3 UCcnonb3oBaHWsA KaTanuM3aTtopoB C Momny-
YEeHMEM BbICOKOrO BbIXO4a METUNOBbIX 3(MPOoB
KapOOHOBbIX KACIOT;

— YCTaAHOBMNEHO, 4TO nepeaTepudukayns
Macna gumeTtunkapboHaToM npoTekaeT B UHTEp-
Bane Temnepatyp 225-280 °C;

— NoKas3aHo, 4YTO B COCTaBe MNpPOOYKTOB Cy6-
KpUTUYECKOWN nepeatepudukaunm Hapsay ¢ MeTu-
NoBbIMK 3UpamMmn MPUCYTCTBYIOT MOHO- W AUrMU-
uepuapl XUPHbIX KUCIMOT, MEeTaHomn, rMuuepuH u
NpoayKTbl ero npespalleHuin. CoaepxaHue npu-
Mecen B MNpPOOYKTE CBEPXKPUTMYECKOM nepeaTe-
pudmrkaumm He npesbiwaeT 1 %.
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