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SYNTHESIZING NITRILE-CONTAINING
GLYCONITRILE (CO) POLYMERS

Abstract. The article presents the results of studying the production of new nitrile-containing monomers by
acylation of unsaturated N- and NN’ - a-aminoacetonitrile chlorides (meta) acrylic acids using acrylamide. The
initial unsaturated N- and NN’ - g-aminoacetonitriles were synthesized by interaction of glycolic acid nitrile
(glyconitrile) with amines of various classes. The ability of new monomers to radical (co)polymerization was
studied, namely, the possibility of producing polyacrylamides based on NN’ nitrile derivatives of (meta) acrylamide
and vinyl ester (N - acetonitrile) monoetholamine (VEEAN) with acrylamide in bulk in the presence of radical
initiators and organic solvents with formation of carbochain polymers. The formation of nitrile-containing
polyacryamides is confirmed by the data of the clemental analysis, viscometry, IR spectroscopy. Viscometric data
[1] = 0.10 - 0.29 dl/g of polymers indicate low reactivity of the synthesized nitrile acrylamides compared to
acrylamide that is associated with the steric effect of the chain length. The synthesized copolymers were studied as
modifiers of urea-formaldehyde binders (UFB) used to strengthen unstable rocks. The samples strengthened with
UFB solutions without a modifier showed low strength indices for 62 and 77 % concentrations, respectively, while
introduction of nitrile-containing copolymers in the amount of 1-5 % wt. improved strength characteristics of the
samples by 1.2-1.8 times. The good strength results for mine rocks are explained by the increased flexibility and
elasticity of the urea-formaldehyde binder chains with new functional groups responsible for the resin adhesion to the
rock.

Keywords:a-aminoacetonitriles, glycolic acid nitrile (glyconitrile), monoethanolamine vinyl ester, acrylamide,
polyacrylamide, N, N'- acrylamide nitrile derivatives, copolymers, urea-formaldehyde binder modifiers.

Introduction

Recently the scientific and practical interest in the directed synthesis of nitrile-containing
polyfunctional polymers has been steadily growing. This is caused by a wide range of useful properties of
these (co)polymers that can be further used as promising flocculants, coagulants, polyelectrolytes,
modifiers for urea binders, semi-synthetic soil structures. Great prospects in this direction are opened by
studying the interaction of glyconitrile with various compounds cuased by its extremely high reactivity
and associated with it rich possibility of obtaining a wide variety of organic compounds. Among the
variety of compounds synthesized from glyconitrile, the most interesting are its N- and N,N’-g-amino
derivatives, which is associated with the ease of their preparation, the possibility of chemical
transformations and their practical significance. Many of them can be proposed as polyfunctional
monomers for polymerization or polycondensation, which will allow obtaining new types of interesting
polymers both in practical and in scientific terms.

Nitrile-containing polyfunctional polymers described in the article were obtained by joint radical
(co)polymerization of monomers of nitrile derivatives N,N’- (meta) acrylamide that were synthesized by
acylation of unsaturated N- and N,N’- a-aminoacetonitriles (meta) acrylic acids, acrylates.
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The obtained (co)polymers based on derivatives of glycolic acid nitrile are assigned to carbochain
polymers of linear structure with long side groups. New nitrile-containing (co)polymers are characterized
by a low molecular weight and a significant number of functional groups capable of further
transformations and predetermining various fields of their application [1-2].

Experimental Part

Synthesizing o-aminoacetonitriles (I-VI)

Aminoacetonitrile NH;CH,CN (I). 16 ml of the 70% aqueous glyconitrile solution (0.2 mol) are added
dropwise to 13.6 ml of the 23% aqueous ammonia solution (0.2 mol) with cooling at the temperature of 0-
5 °C so that the temperature of the reaction mixture does not exceed 10 °C. After that, the synthesis
temperature is raised to the room temperature and held within 1.5 hours. 20 ml of concentrated HCI (0.2
mol) are added to the reaction mixture. The mixture containing aminoacetonitrile in the form of
hydrochloric acid salt is evaporated. HCI-NH,-CH,-CN crystals are washed with ester and dried.

N-methylaminoacetonitrile CH;NHCH,CN (1l). The synthesis is carried out analogously to (I) with 2
moles of amine. At the end of the synthesis, the reaction mixture is saturated with sodium sulfate and
extracted repeatedly with diethyl ester. The solvent is distilled off, the residue is subjected to vacuum
distillation.

N-allylaminoacetonitrile CH,=CH-CH,-NH-CH,CN (IIl). To 22.8 ml of the 50 % aqueous solution of
allylamine (0.2 mol) there are added dropwise 16 ml of the 70 % aqueous solution of glyconitrile (0.2
mol) while the reaction mixture is cooled to 5 °C. Upon completion of adding the glyconitrile solution, the
mixture is heated to 35 °C and kept at this temperature within 2 hours. The separated oil layer of
aminonitrile is separated from the aqueous solution using a separatory funnel. An additional amount of
aminonitrile is extracted from the aqueous layer with diethyl ester. The ester extract and the organic layer
are mixed, dried over anhydrous sodium sulfate, diethyl ester is distilled off, the residue is subjected to
vacuum fractional distillation.

Vinyl ester of (-N-acetonitrile)-ethanolamine CH,=CH-O-CH,CH,NH-CH,CN (1V).The synthesis is
carried out similarly to (IIT) with 0.2 moles of amine at 35-40 °C.

N-benzylaminoacetonitrile CsHsCH,NHCH,CN (V-VI). The synthesis is carried out similarlyto (III)
with 0.2 moles of amine at 35-40 °C (Table 1).

Table 1 - Synthesizing o — aminoacetonitrile - RHNCH,CN

Compounds R Yield, % Thoi,’C dze n30

T H 80 T.165-166 } }

1T CH; 65 45/0.4 0.9300 1.4199
11T CH,=CH—CH, 78 85-88/0.4 0.9281 1.4486
v CH,=CH—CH— 90 91-93/0.4 1.0060 1.4691

—0—CH,—CH,

\ CsHsCH, 90 130-133/0.4 1.0460 1.5388
VI CsHs 50 145/1 - -

Synthesizing N,N'-derivatives of glycolic acid nitrile (VII-XI)

N.N'-substituted acrylamides: a) a mixture of 200 ml of benzene (diethyl ester or acetone), 7 g of dry
K,CO; and 0.2 mol of a-aminoacetonitrile is cooled to 8-10 °C, a solution of 0.2 mol of acrylic acid
chloride is added dropwise in 60 ml of benzene (diethyl ester or acetone) at such a rate that the
temperature of the reaction mixture does not exceed 10 °C. After 45 minutes, another 7 g of dry K,COsare
added and stirred within 1 hour at 10 °C, then 1 hour at the room temperature. The inorganic precipitate is
filtered off, washed twice with 60 ml of hot benzene (dicthyl ester or acetone). The solvent is distilled off,
the residue containing nitrile-substituted acrylamide is subjected to fractional vacuum distillation in the
presence of the copper chip polymerization inhibitor (Table 2).

b) In the aqueous medium synthesizing N N'-substituted acrylamides is carried out according to the
following procedure: an equimolar amount of acrylic acid chloride in benzene and the 50 % aqueous
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NaOH solution are added from two dropping funnels to the reaction mixture of a-aminoacetonitriles
obtained by the above procedure II-VI with vigorous stirring and cooling (-5 °C). Then the reaction
mixture is kept within 1 hour at the room temperature. The final product is extracted with benzene, the
solvent is distilled off, nitrile-substituted acrylamide is subjected to vacuum distillation. Their
characteristics are given in Table 2.

Table 2 —Characteristics of N.N'-substituted acrylamides

Compound No. R R’ Yield, g Theit> °C; 0,4 MPa
VII CH; H 15.0 (54) 115-118
VIII CH; CH; 19.0 (75) 117-120
VIII CH; CH; 20.3 (80)* 117-120
IX CH,=CH-O-CH,CH, H 19.0 (62) 140-142
X CH,=CH-O-CH,CH, CH; 30.6 (90) 147-149
XI CH,=CH-O-CH,CH, CH; 28.0 (85)* 147-149

*-in the aqueous medium

Homopolymer of N,N'-derivatives of acrylamide (XII)

_{'_rﬂl— CH —J—

|
O0=C-N@®)CH; CN

The synthesis is carried out by radical polymerization in bulk or in dimethylformamide (DMF) in the
presence of radical initiators: dinitrile azobisisobutyric acid (DAA) or benzoyl peroxide in the amount of
0.5-1 % of the total weight of the monomer at 70 % within 6-10 hours, in argon atmosphere. The
copolymers obtained are reprecipitated from solutions in dioxane, acetone, dimethylformamide (DMF),
water or methanol and dried at the room temperature in a vacuum oven to the constant weight.

(-N-acetonitrile) ethanolamine vinyl ester copolymers (XIII)

—[—CH — CH;}—{ CH,— CH—J—
- [ n | m
NCCH,NHCH , CH,0 R

a) with alkyl acrylates (R = -OR ', where R'-CH;-; C,H;-; C;Hy-) are obtained in bulk in the presence
of 0.5 % DAA at various ratios of monomers, the synthesis temperature is 70 °C, and the duration is 6
hours. The copolymers are reprecipitated according to procedure (1);

b) with acrylamide:
F
{ R—C—NH, }

is obtained by copolymerization of components in DMF, in the presence of DAA in the amount of 0.5 %
of the monomer weight at the temperature of 70 °C within 6 hours, the ratio of the starting reagents is
equimolar. The copolymers are reprecipitated according to procedure (1).

Urea-formaldehyde binders UFB modifications (XIV-XYV). Synthesized copolymer (XII) was
diluted with water-dioxane (2:1) to the 50 % concentration, the specific gravity of the solution was 1.078
g/em’, and copolymer (XIII) was diluted to the 70 % concentration with the specific gravity of 1.073
g/em’.

Resultsanddiscussion

The subject of our studies were copolymers and polymers of nitrile derivatives of N, N’(meta)
acrylamide with acrylamide that were studied as new modifiers for urea binders used to strengthen
unstable rocks, semi-synthetic soil structures, foaming agents in flotation concentration of sulfide copper
ores.
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Unsaturated N- and N,N’- a-aminoacetonitriles were used as starting monomers for synthesizing the
above polymers. The synthesis of a-aminoacetonitriles is based on the reaction of glycolic acid nitrile
(glyconitrile) interaction with amines of various classes according to the scheme:

RR’NH + HOCH,CN — RR’'NCH,CN + H,0,

where R and R’ are alkyl, aryl, alkenyl, heterocycle.

The specific structure of glyconitrile, namely, the close proximity of OH and CN - groups determines
the features of its interaction with primary and secondary amines. The synthesis of glyconitrile with
amines was studied at the equimolar ratio of the starting reagents, various temperatures, durations,
solvents, and the concentration of the starting reagents. The optimum process parameters were found (40-
60 °C, 1-2 hours, amine concentration 50-100 %, glyconitrile concentration 50-70 %, water). Above 60 °C
side reactions begin to occur with participation of C=N and NH - groups of products of imines or resins
formation. In organic solvents the yield of final products is significantly reduced.

Their structure is confirmed by the data of the elemental analysis, IR and NMR spectra. IR spectra of
aminonitriles are characterized by the presence of a number of absorption bands, groups: 2250 - 2240 cm’'
- C=N; 3400 - 3320 cm™ — NH; 1640 cm™ — CH,= CH- .

The new N,N° derivatives of acrylamide were synthesized by acylation of unsaturated R-o-
aminoacetonitriles obtained by the above procedure with (meta) acrylic acid chlorides:

RNHCH:CN + CH: = CR1 -COCL— CH2=CR2-C-NCH2CN D
Il
O R

where R = H, - NH-CH,CH,OCH=CH,; R’ = H, - CH;.

The physical-and-chemical constants of the obtained N,N’-derivatives of acrylamide are presented in
Table 2. Their composition and structure were confirmed by the elemental analysis, IR and NMR spectra.

The IR spectra of these compounds contain absorption bands in the region of 2300 cm™ (nitrile
group), 16501680 cm™ (amide group), 1800-1860 cm™ (vinyl group). The NMR spectra show absorption
bands of methylene protons of the — CH,CN group (region 4.26-4.67 ppm) and vinyl protons at 5.9-6.9
ppm and 5.25-6.03 ppm.

We investigated the possibility of producing polymers based on N, N’- nitrile derivatives of (meta)
acrylamide and vinyl ester (N - acetonitrile) - monoetholamine (VEEAN) with acryamide with formation
of carbochain polymers of the following structure:

- copolymers of N,N’- nitrile derivatives (meta) of acrylamide with acrylamide:

Foth

NC—G2—HN—C =0 o_c:—NH2
H H

()

- copolymer of vinyl ester (N-acetonitrile)-ethanolamine with acrylamide

Ptk

HsG—0Q O=—=C—NH,
H

)
NC——C —HN——=CH,
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The viscometric data ] = 0.10 - 0.29 dl/g of polymers indicate low reactivity of the synthesized
nitriacryamides compared to acrylamide that is associated with the steric effect of the long chain and the
nature of the R; substituent. For the obtained polymers, an anomalous dependence of viscosity on solution
concentration is observed, which is associated with the presence of ionogenic groups in the composition. It
allows attributing them to polyelectrolytes.

The synthesized copolymers were investigated as modifiers for urea binders (UFB) used to strengthen
unstable rocks.

Modification was carried out by combining aqueous solutions of UFB with the copolymers taken in
the amount of 1-5 % of the UFB weight. It was noted that copolymers combine well with UFB and do not
stratify over time. The presence of active functional groups (CO =, C=EN, NH2, -C-O, CONH,) in the
modifiers contributed to increasing the adhesive ability.

In order to establish the modifying effect of the copolymers based on synthesized (co)polymers for
compressive strength, the mixtures with a hardener, oxalic acid, and with a filler, ground mine rock,
represented by medium strength mudstone, were compiled. The resin to rock ratio was 1: 6, the mixture
was loaded into molds and pressed at 10 atm within 3 minutes. Testing the strengthened samples for
compressive strength was carried out after 7 and 21 days of storage in the air at 15 °C. The results of
testing the rock samples reinforced with modified solutions of UFB depending on the concentration of
resin and modifier are presented in Table 3.

Table 3 - The use of polymers based on copolymers of nitrile derivatives
of N.N’(meta) acrylamide with acrylamide as bindersfor mine rocks

. Concentration. Modifier Compression s.trength of the samples, kp/cm’
No. Modifier Y S Storage time days
0 concentration % > o1

UFB without a modifier 77 0 18.4 31.1

XIV | (N-acetonitrile)-ethanolamine 77 1 26.9 41.0
vinyl ester copolymer with 77 3 - 38.2
acrylamide 77 35 - 396

62 5 19.8 26.9

XV | Methylacetonitrile acrylamide 77 - - 53.8
copolymer with acrylamide 77 3 - 56.6

77 5 - 56.6

62 5 - 262

From the data of Table 3 it follows that the samples strengthened with UFB solutions without a
modifier have low strength indicators for 62 and 77 % concentration, respectively. The introduction of
nitrile-containing copolymers in the amount of 1-5 % wt. increases the strengthened samples strength by
1.2-1.8 times in comparison with the samples strengthened with unmodified UFB. It has been shown that
with decreasing the concentration of UFB in the binder, the samples strength decreases. Increasing the
modifier concentration from 1 to 5 % wt. does not lead to a substantial increase in strength properties.

Conclusions

Thus, as a result of studies performed, by the acylation reaction of N- and N,N’- a- aminoacetonitrile
chlorides of (meta)acrylic acids with acrylamide, new monomers of (meta)acrylamide were obtained and
characterized. The initial unsaturated N- and N,N’- o- aminoacetonitriles were synthesized by the
interaction of glycolic acid nitrile (glyconitrile) with amines of various classes. The ability of new
monomers to radical (co)polymerization in bulk and in organic solvents with formation of nitrile-
containing polyacrylamides has been shown.

According to the results of laboratory tests, the synthesized copolymers have shown that they are
good binders for mine rocks, providing relatively high mechanical strength compared to unmodified
binders. The strengthening effect of modifiers is caused by increasing the flexibility and elasticity of urea-
formaldehyde binder chains (UFB) with the advent of new functional groups CO =; C=EN; CONH2; C-O-C
that are responsible for the resin adhesion to the rock.

— 5 ——



ISSN 2224-5286 6. 2019

K.B. Paxumbep mnosa’, I.A. Mycradguna®, A.T. TakuGaesa’,
H.B. Ky1akos®, A. P. Hckakos', O.I. Hazaposa'

"KaparaHp! MEMJICKETTiK TEXHUKAIBIK yHHBepcHTeTi, Kaparammsr, KazakcTan;
2 KIIIC «KAZ-OPTIMUM», Kaparaumer, Kazakcras;
*TroMeHb MEMIIEKETTiK YHHBEpCHTETI, TroMenb, Pecei

HUTPUI KYPAM/IbI T'THKOHUTPUI CO NOJUMEPJEPIHIH CUHTE3I

Annoramusa. Makamaga N - u NN’ - o - aMHHOAUCTOHUTPHIACPAI XJIOPAHTHAPHATCPMCH (MCTA) AKPHI
KbIIIKBIIIAPFIMCH, AKPIIIAMHITICH ALMIIICY YKOJIBIMEH ’KaHA HUTPHI 6ap MOHOMEPIICPAL Ay Ikl 3€PTTCY HOTIDKENIEPl
kenripinred. bacramkel kyrmereH N - xxore NN’ - o - AMHHOAUCTOHHUTPIUIACY OPTYPJIl KIACTHI AaMHHICPMCH
TJIMKOJIb KBIIKBUTHL (TTHKOHHUTPHI) HUTPHITIHIH 63apa OPCKSTTECYIMCH CHHTS3ACHTCH. JKaHA MOHOMCEPICpPIiH
pamuKaIIbI (CO)MOMMEPIICYTe KAaOLTeTTimr 3epTTeani, atan aiitkaraa NN’ — HUTPHJI TYBIHABI (MCTA) aKPHIAMHU
meH BuUHHT 3pupi (N — ameroHmTpmia) MmouodtomamMuH (BODAH) Herisimae pagukamgsl OacTaMamIbLIApABIH
KATBICYBIMCH KOHE KapOOIICTITI ITOJMMEPIIEP TY3IICTIH OPTaHMKAIBIK EPITKINITEPAC aKPHIAMHUIIICH MOTHAKPHIAMHT
ainy MyMKiemiri seprrenmi. Kypambmaa Hutpun 0ap TOMHAKPHIAMHATEPIIH TY3UIyl 3JCMEHTTIK Tanaay,
puckozmmerpmsi, MK — cmekrpockommst mepekrepimMeH pacramrad. [f] = 0,10 - 0,29 an/r mosmmvepnepaix
BHCKOBMMETPISUIBIK  JCPEKTEPl  CHHTE3NCIATCH  HUTPWIAKPHIAMHUITCPAIH  AKPHIAMHUAINICH — CANBICTHIPFAHIA
PeaKIMUIBIK KaOIMETIHIH TOMEHIITIH KepceTeli, Oya Ti30EK Y3bIHABIFBIHBIH CTCPHIbII oCepiMEH OaMIaHBICTHL
CuHTE3IEITeH COMOJMMEPIEP TYPAKCHI3 Tay JKBIHBICTAPBHIH HBIFANTY VIONH MAaiJaTaHbUIATBIH MOUYCBHHO-
(dopmanpaeruari OaitmanbcThIprbim  (M®C) moampukaropmap pertiHme 3eprrenzal. Momuduraropcss MOC
epiTiHziciMeH OckiTinreH yirinep 62 skoHe 77% KOHICHTPAIMAFa apHAJFAH TOMEH OCPIKTIK KOPCETKIINTEpPiH
kepcetti, 1-5% camMak Menmepinaec HUTPHUI Oap COMOTMMCEPIICPIl CHII3Y. yariaepaiH Ocpikririn 1,2-1,8 ecere
skakcaprTThl. IllaxTamblk SKBIHBICTAD VINIH OCPIKTIK KOpCETKImTepi OOMBIHINA XAKCHI HOTIDKCICP INAMBIPIBIH
SKBIHBICKA AT C3ISICHIHA KAy alThl KaHA ()Y HKIHMOHAIIBIK TONTAapMECH HECCIHIP(HOPMATbACTHATI OAHIAHBICTHIPY b
TI30CKTEPIHIH HKEMILTITT MCH UKEMILTITIHIH apTybIMEH TYCIHAIPLIC .

Tyiiin cesaep: o —aMHHOAUETOHUTPUIACP, TIUKOIh KBIIIKBIIBIHBIH HUTPHIIL (TTHKOHUTPHT), MOHO3TAHOJIAMHH
BuHUI 3(Qupi, akpwrammn, monuakpmiaamMua, N, N' — HHTPHI TYBIHABI aKPHIAMHAA, CONOJIMMEPICP, MOYCBHH-
(opManpAeTHATI OAHTAHBICTBHIPFBIIITAPABIH MOAM(DHUKATOPIAPEL
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CHUHTE3 HUTPUWICOJEP KAIIIUX (CO) HOJUMEPOB I''INKOHUTPUJIA

AnHoTtamusi. B crarbe mpuBEnEHBI PE3yNBTATHI MCCICIOBAHUM IIOJMYUCHHS HOBBIX HHTPHICOACPKAIINX
MOHOMCPOB MYTCM ALHIMPOBAHAA HENpeACTbHBIX N- # N,N' - o0 — aMHHOAIICTOHUTPHIIOB XJIOPAHTHAPHAAMHE (MCTA)
AKpPUJIOBBIX KHCJOT, akpuwnammiaoMm. Hcxomasle wempenempHble N- w NN’ - o — aMHHOAICTOHHUTPHIBI
CHHTE3HPOBAHBI B3AHMOACHCTBHEM HUTPHJIA TIMKOJNCBON KUACTOTHI (IMMHKOHUTPIIIA) C AMHHAMHE PA3IHYHOTO KIAcca.
H3zyueHa criocoOHOCTh HOBBIX MOHOMEPOB K PAAHKATGHOH (CO)MOIMMEPH3AIIY, 3 HMCHHO BO3MOKHOCTD Oy YCHHUS
MOJMAKPUIAMHUIOB Ha OcHOBE N,N' — HHTPHIIIPOM3BOAHBIX (META) aKpWiIaMHIa W BHHHIOBOTO 3pmpa (N —
areTOHUTPII) MOHO3TONIaMuHA (BODAH) ¢ akpmiaMuaoM B Macce B IMPUCYTCTBHH PAJUKAIBHBIX HHHIHATOPOB H
OPTAHHYICCKHX PACTBOPHUTCILIX ¢ OOPA30OBAHHEM KAPOOUCHHBIX HOMHMCEPOB. OOpas0oBAaHHC HHUTPHICOACPIKALINX
MOHAKPHAMHUIOB MHOATBEPKACHO MAAHHBIMH 3ICMECHTHOTO aHamm3a, Bu3kosuMmerpuu, MK — cmekrpockommu.
Buckozumerpuueckne mansabie [1] = 0,10 — 0,29 /T mOMMMEPOB CBHACTCIBCTBYIOT O HCBBICOKOHW PCAKITMOHHON
CHOCOOHOCTH CHHTC3MPOBAHHBIX HUTPHJIAKPIIAMHIOB MO CPABHCHUIO C AKPHUIIAMHAOM, UTO CBSI3AHO C CTCPHUCCKUM
BAMSHHCM IHHBI nenw. CHHTE3MPOBAHHBIC COMOJUMEPHI OBUIM HCCICIOBAHBI B KAa4eCTBE MOAH(DHUKATOPOB
MOYEBHHO-(opMansaeTuaAHbIX cBa3yromuXx (M®C), HCHOIB3yEMBIX U YKPEIIICHHS HEY CTOIYUBBIX TOPHBIX TIOPOI.
O06pasmeL, yrperuieHHbIC pacTeopamMu MOC 6¢3 Moau(HkaTopa, MOKA3ATH HH3KHC MPOYHOCTHBIC MOKA3ATCIH I 62
" 77% KOHIOCHTPALMH COOTBCTCTBCHHO, BBCACHHC K¢ HUTPHIICOACPKAIMUX COMOTUMEPOB B kommiuecTee 1-5% Bec.
VAYYIIWIA TPOYHOCTHBIC XApPAKTEPHCTHKH 00pasnoB B 1,2-1.8 pasza. Xopomme pe3yiabTaThl MO IPOYHOCTHBIM
MOKA3aTe/sIM I IMAXTHBIX [OPOJ  OOBACHACTCA YBCIMUYCHWEM THOKOCTH M JJACTHYHOCTH — LETCH
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MOYCBHHO(DOPMANBICTHAHBIX CBA3YIOIMUX HOBBIMH (D)YHKIHOHAJIBHBIMH TPYIIAMH, OTBETCTBCHHBIX 3a AATC3HIO
CMOJTBI K IOPOJE.

Kirouernie ¢/10Ba; ¢ — AMAHOALCTOHUTPIUIBL, HUTPHIIT TJIMKOJICBON KUCITOTH (TIMKOHATPHIT), BHHHJIOBBIH 3()Hp
MOHO3TAHOJAMHHA, AKPHJIAMHA, NoaHAKpmiamMux, N,N' — HATPHIMPOWU3BOIHBIC AKPHIAMHIA, COTOHMCPBL
MOTH(HKATOPBI MOYCBHH-(POPMAJIHICTHAHBIX CBA3YFOIINX.
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