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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 N,N’ - a-aminoacetonitrile chlorides (meta) acrylic acids using acrylamide. The
initial unsaturated N- and NN’ - o-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 N,N' 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 elemental analysis, viscometry, IR spectroscopy. Viscometric data
[M] = 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’-a-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.

— 4y ——
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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 a-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 (II). 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 (11l). 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 (IV).The synthesis is
carried out similarly to (III) with 0.2 moles of amine at 35-40 °C.

N-benzylaminoacetonitrile CsHsCHNHCH,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, % Thoit,’C dz° n3?

I H 80 The165-166 - -

11 CH; 65 45/0.4 0.9300 1.4199
111 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

—O—CH,—CH,

\% C¢HsCH, 90 130-133/0.4 1.0460 1.5388
VI C¢Hs 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 (diethyl 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 o-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 Thoi» °C; 0,4 MPa
VI CH, H 15.0 (54) 115-118
VI CH; CH; 19.0 (75) 117-120
VI CH; CH; 20.3 (80)* 117-120
IX CH,=CH-O-CH,CH, H 19.0 (62) 140-142
X CH,=CH-0O-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)

~TT TT —

0 =C—N(R) 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—]—
- | n | m
NCCH,NHCH , CH,0 R

a) with alkyl acrylates (R = -OR ', where R’-CH;-; C,Hs-; C4Hy-) 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:
P
{ 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-XV). 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.

—— Y4 ——
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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,O0,

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:

RINHCH:CN + CH: = CR1 -COCL— CH:=CR2-C-NCH:CN D
1
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:

Ffo

NC—C —HN—C—O O—C—NH2
H

)

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

Ptk

HL—0 O=—=C——NH,
H

H,
NC——C —HN——CH,
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The viscometric data [f] = 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 o C Storage time days
0 concentration % > 21

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 5 - 39.6

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 - 26.2

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=N; CONH2; C-O-C
that are responsible for the resin adhesion to the rock.

— 46 ——
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HUTPUI K¥YPAM/IbI IVIMKOHUTPHUJI CO MOJIMMEPJIEPTHIH CUHTE3I

Annoranusi. Makamana N - u NN’ - o - aMHHOAETOHHTPWIAEPI XJIOPaHTHIPUATEPMEH (MeTa) akpui
KBIIIKBUIIAapBIMEH, aKpHJIaMUATICH allMIIICy KOJIBIMEH JKaHa HUTPWII Oap MOHOMEPJIEPAI ally bl 3epTTeY HATHXKeIepi
kenripiared. bacrankel kyrnereH N - sxone NN’ - o - aMHHOAQILETOHUTPHIIIEP SPTYpJi KJIACThl aMHUHIEPMEH
TJIMKOJIb KBIIKBUTEl (TIMKOHUTPWI) HUTPWIIHIH ©3apa opeKeTTecyiMeH CHHTe3nenreH. JKaHa MOHOMEpIepIiH
panuKkanasl (co)momuMepIieyre KaOneTTiiri 3eprrenyi, atam aitkagaa N,N' — HUTPWI TYBIHABI (MeTa) aKpIIaMET
med BuHHI >pupi (N — ameroHutpmin) MmonodtomamuH (BDDAH) Herisimme pamgukanmsl OacTamMammbriapAbIH
KaTBICYBIMEH KOHE KapOOIeNT] MoJIMMepIIep TY3UIETIH OpraHUKaIbIK ePITKIIITepAe aKpUIaAMHIICH MOTHAKPUIAMHET
any MyMKinairi 3eprrengi. KypambiHga Hutpua Oap TONMAKpWIAMHATEPIIH TY3UIyl OSJEMEHTTIK Tajjuay,
Buckosumerpust, MK — cmekrpockomus pepektepimer pacrairad. [] = 0,10 - 0,29 mn/r noamMepiepai
BUCKO3UMETPUAIIBIK ,uepeKTepi CHUHTE31CJIICH Hl/ITpI/IJIaKpl/IJIaMI/II[TepI[iH AKpHUWIaMUIIICH CaJIbICTBIpFaHia
peaKUMsUIBIK KaOUIeTIHIH TOMEHJITH KepceTeli, Oyl Ti30eK Y3bIHIBIFBIHBIH CTEPHJIbII oCepIMEH OalIaHBICTHI.
CuHTE3ZIeNreH  CONOJIMMEpIIep TYPaKChl3 Tay JKbIHBICTApBIH HBIFANTy YLIIH MaiilalaHbUIaTBIH MOYEBHHO-
tdopmanpaerunti Oaitmansicthiprpin (M®C) momudukatopiap peringe 3eprrenai. Moandukaropess M®PC
epiTimiciMeH OekituireH yirizep 62 jxoHe 77% KOHIEHTpauusfa apHAFaH TOMEH OEpiKTIK KepCeTKIITepiH
KepcerTi, 1-5% canMak MemmiepiHae HATPWI Oap cOMOJIMMEpINepAl eHTidy. yirinepain Oepikririn 1,2-1,8 ecere
kakcapTThl. IllaxTamblK >KBIHBICTap YIIIH OEpIKTIK KepceTKimTepi OOWBIHIIA KAKCHl HOTIKENEep IMarbIpIIbIH
JKBIHBICKA a/I'€3MSCHIHA JKAaYalThl )KaHa (YHKIMOHAIIBIK TONTAPMEH HECETTHOp(hOPMaNbICTHATI OaliTaHbICTRIPYIIBI
TI30eKTepiHIH MKEM/IUIIrT MEH MKeMIUTITIHIH apTybIMEH TYCIHIIpLIe/].

TyiiiH ce3mep: o —aMHHOALETOHUTPWIACP, [NIUKOJIb KbIIIKBIIBIHBIH HUTPUII (ITTMKOHUTPHUIT), MOHOITAaHOJIAMUH
BUHMI 3¢wupi, akpwiamug, nonuakpuiaamun, N, N' — HUTPHI TYBIHABI aKpUIAMHJ, CONOJUMEPIEP, MOYEBHH-
(hopmanbaeruaTi 6GalnaHbICTHIPFBILITAPABIH MOAU(UKATOPIIAPHL.

K.B. Paxumbepsnnosa’, I'.A. MyCTa(bmlaz, A.T. Taku6aea’,
N.B. Ky.naKOB3, A. P. Mckakos', O.'. Hazaposa'

'KaparaHauHCKuil Tocy1apcTBeHHbII TeXHHUecKnil yHuBepentet, Kaparanaa, Kasaxcran;
*TOO «KAZ-OPTIMUMpy, Kaparauna, Kasaxcran;
TrOMeHCKHii rOCY1apCTBEHHBIH YHUBEpcHTET, TIoMeHb, Poccust

CUHTE3 HUTPUJICOJAEPXKAIIIUX (CO) NIOJUMEPOB I''ITUKOHUTPUJIA

AHHoTanusl. B cratbe mnpuBeneHBl pe3yNbTaThl HCCIEAOBAHMM IOTY4YEHHS HOBBIX HHUTPHICOIEpPIKAIIUX
MOHOMEPOB MyTeM alrInpoBanus HenpeAaeabHbIX N- 1 N,N' - 0 — aMUHOalEeTOHUTPUIIOB XJIOpaHTUApUIaMu (MeTa)
AaKpPWIOBBIX KHCIIOT, akpuiamugoM. HMcxomuele HenpepenbHble N- m NN - o — aMHHOANETOHUTPHIIBI
CHUHTE3UPOBAHbI B3aMOJICHCTBIEM HUTPHIIA TIIMKOJIEBOH KUCIIOTHI (ITIMKOHUTPWIIA) C aMHHAMH Pa3IMuHOro Kiacca.
N3yyena ciocoOHOCTH HOBBIX MOHOMEPOB K paJIMKaJIbHOM (CO)IMOTMMEpH3alii, 8 UMEHHO BO3MOXKHOCTB HOJTyYSHHUS
MOMMAKPWIAMUAIOB Ha ocHOBe N,N' — HUTPHINPOM3BONHBIX (MeTa) akpmiamuga W BHHWIOBOro »dumpa (N —
aneToHUTpIi) MoHodTONaMuHa (BODAH) ¢ akpuimamMunoM B Macce B MPUCYTCTBUU PAaTUKAIBHBIX HHUIIHATOPOB U
OpPTaHMYECKHX PACTBOPUTENSAX C 0Opa3oBaHHMEM KapOOIEHBIX MmonuMepoB. OOpa3oBaHWE HHUTPHICOAEPIKAIINX
MOJMAaKPUAMHUIOB TOATBEPKICHO JAHHBIMH JJIEMEHTHOIO aHanwu3a, BHu3Kosumerpuu, MK — crnekrpockonuu.
Bucko3zumerpudeckue panubie [1] = 0,10 — 0,29 /T moauMepoB CBHIETENBCTBYIOT O HEBBICOKOH pEaKIMOHHON
CHOCOOHOCTH CHHTE3MPOBAHHBIX HUTPHIAKPIIAMUIOB MO CPABHEHUIO C aKPUIIAMUIOM, YTO CBSI3aHO C CTEPHUECKUM
BIIMAHUEM JJIMHBI I1ICIIN. CHHTeSHpOBaHHbIe COITIOJIMMEPDBIL 6I)IJ'II/I HUCCJICAOBAHbI B Ka4ye€CTBEC MO[[I/I(i)l/IKaTOpOB
MOYEBHHO-(popMabIeruaHbIX cBsazyromux (M®C), nCnonb3yeMbIX Uil YKPEIUIEHHs HEYCTONYMBBIX TOPHBIX TOPOI.
O06pasiisl, ykperuieHHbIe pacTtBopamMu M®DC 6e3 MmoaudukaTopa, moka3aid HU3KHE MPOYHOCTHBIC MTOKa3aTesu i 62
n 77% KOHIEHTpPAILMK COOTBETCTBEHHO, BBEACHHE K€ HUTPUIICOJEPIKAIIMX COMOJIMMEPOB B KonndecTBe 1-5% Bec.
YIIyUYIIWIN TIPOYHOCTHBIE XapaKTEepUCTUKH oOpa3uoB B 1,2-1,8 pasa. Xopomme pe3ynbTaThl MO IMPOYHOCTHBIM
MOKaszaTelsiM Ul INAXTHBIX IOPOA  OOBSACHAETCS YBEJIMYEHHEM T'MOKOCTM M 3JacTHYHOCTH  Lemed
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MOUYEBHHO(OPMAITBICTUAHBIX CBS3YIOIINX HOBBIMH (D)YHKIMOHAJIHHBIMH TPYIIIAMH, OTBETCTBEHHBIX 3a aATE3UI0
CMOJIBI K TIOpOJIE.

KiroueBsble ci10Ba: o — aMAHOALIETOHUTPIIIBL, HUTPHIT TIIUKOJICBON KUCIOTHI (TTTUKOHUTPIT ), BAHUIIOBEIHA 3(Up
MOHO3TaHOJAMUHA, aKpwiIaMua, nonmuakpwiamun, N,N' — HUTPHWINPOU3BOIHBIE AaKpWIAMUIA, COIOIUMEPHI,
MO (PUKATOPBI MOUYEBUH-(DOPMAITBICTHHBIX CBS3YHOIIHUX.
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