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SUMMARY

A. A. Ostapenko. The Increase of Ecological Safety of Paper and Cardboar
Production from Auxiliary Raw Materials. A qualification scientific work as a
manuscript.

A thesis for obtainin@ scientific degree o Candidate of Engineering Sciences
on "The Ecological Safety" (21.06.0) specialty- "lIgor Sikorsky Kyiv Polytechnic
Institute” National Technical University of Ukrairgg the Ministry of Education and
Science MES) of Ukraine, Kiv, 2018.

The thesis is devoted to the improvement of the technological process
obtaining paper and cardboard from auxiliary raw materials through the use
amphoteric polymer resins (A, which will helpto reduce the amount of solid waste,
to reduce water consumption andb increase physical and mechanidakttors of
cardboardand paper products.

The literature data on the use of waste paper and chemical auxiliaries used in
production of paper and cardboard are analyzed. It is determined thabbiems of
the influence of chemical auxiliaries, in particular APR on the auxiliary properties

auxiliary fibers, on the physicochemical processes taking place with the participation
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APR, the processes of water absorption and the fibleling on the mesh of the paper
machine, are insufficiently elucidated and reqthesfurther research.

The characteristics of the fibers of auxiliary fibrous semifinished products ar
APR, used for the production of paper and cardboard, are determined.

It is defined that the process of water absorption of auxiliary fibrous semifinishe
products consists of three stages: rapid water absorption, slow water absorption anc
stage of reaching the saturation limit. It is determined that fibrous-fassfied
products with increasing capacity for water absorption are arranged in the followin
sequence: waste paper of MB-3 grade- waste paper of M3B-2 grade- waste paper
of MS-6B-3 grade- waste paper of MSB-2 grade.

Increasing the water absorption of fibers @k the energy costs of their
grinding, improves fibrillation of fibers and reduces the formation of a-dnaened
fraction in the fiber suspension.

To a large extent, the effectiveness of APR is determined by the content
azetidine groups that provideellulose macromoleculewith cationic charge and
substantially increase their reactivity with cellulose macromolecules. That is, tl
flocculating ability of these polymers, and their abilby chemical binthg with
cellulose fibers, depends on the caoitef azetidine groups. Despitewide range of
these reagents on the market, there is detailed comparison of their characteristics,
andthe content of azetidine groups in the studied rasineknown. Therefore, in order
to select the most effectiveagents, wéaveconducted a study on the content of these
functional groups in resins of variotgpesusing the methods of 1H and 13C NMR
spectroscopy.

It is shown that the use of 1H NMR spectra is useful only for qualitativ
assessment of APR azetidigroups and it is expedient to use 13C NMR spectroscop
to studyng the structural and functional features of resin macromolecules. Using 1:
NMR spectroscopy, the relative content of azetidine groups in APR various types v
calculated and the mechanisrhinteraction of APR with cellulose macromolecules of
auxiliary fibrous intermediates was studied. The regularities of the influence of AF

azetidine groups on the physical and mechanical properties of paper and candyeard
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determined, taking into acant various conditions for the formation of paper and
cardboard. It is shown that, depending on the APR type, the content of these gro
from theoretically possible varies within a wide range from 7% to 8l%was

determinedhat Ultrarez 200 with azeline content of 76% is the most effective APR
among the reagents to achieve the quality indicators of cardboard and paper product

The influence of amphoteric polymer resins on the process of forming paper &
cardboard from auxiliary raw materials isdited, depending on the degree of mass anc
temperature grinding. One of the main factors for increasing the productivity
papermaking machines is the intensification of the process of dewatering of the p
during the formation of the paper web. It is wincthat the use of the investigated APR
allows to increase the dewatering rate of the pulp-By42imeswith the low reagent
costs and a high degree of grinding of the fiber suspension. Comparative studieg shc
that the use of APR at low temperatureakes it possible to increase the rate of
dehydration without spending additional funds to increase the temperature of the puly

The influence of APR on the level of tray waters contamination and the weig
holdingon the grid was studied with the aim oflueing the volumes of liquid waste in
the production of paper and cardboard using recycled materials.

It was shown that the use of APR reduces the turbiditythe tray water
depending on their costs and on the type of these reagents in the fiber smspen
composition.

It is determined that an increase in the content of azetidine groups in APR
optimal costs contributes to a significant increase in the fiber content on the grid on
PRM up to 98.1% using poor quality raw materials, which reducesdbef the initial
fiber material by reducing the volume of solid waste.

Taking into account that APR are cationic polymers that efficiently interact witl
cellulose fibers and other negatively charged particles in a mass composition,
effectiveness of RR as a flocculants is shown in the lightening of production tray
waters with a turbidity of 2900 mg/drand 9540 mg/drrat different APR use.

It is shown that the effectiveness of tray waters lightening in the production

paper and paperboard from rel@et materials, which contain a significant amount of
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fibrous materials, increases with the use of APR. It is determined that the rational usi
Ultrarez 200- 5 mg/dni ensures the efficiency of lightening of tray water on the level
of 64%.

The results onincreasing the effectiveness of the mass content on th
papermaking machine grid to reduce the intensity of pollution of the tray waters and
reduce the volume of solid waste can be considered positive only if the produ
obtained meet the existing qitalstandards. Therefore, the influence of APR on the
physical and mechanical properties of corrugated paper and cardboard for flat layer
corrugated cardboard from waste paper of various grades was studied.

It is determined that the relative content aizetidine groups in the
macromolecules of the APR studied increases the physeahanical characteristics of
paper and cardboard made from recycled materials. It was found that Ultrarez 200 v
azetidine content of 76% is the most effective among thgergs studied to achieve the
maximum quality of corrugating paper. As a result of the optimization by the method
weight convolution, a compromise area of the process for manufactucmigugating
paper was obtained. The physical and mechanical pgrepesfthe corrugated paper
made froma waste paper of MSB-2 grade by technological parameters at the
optimum point have the following valuesurst strength 444 kPa;resistance t@aper
planarcompressiorafter laboratory corrugation371 N resistace to edge compression
of corrugating paper sample2.38 kN/m; tensileproperties-10 kKN/m; surface water
intake according to Cobt80 - 17 g/nf, corresponding to requirements of the standarc
for thecorrugating paper of 8 grade.

It is determined thahehigh efficiency of APR use is achievddringthe growth
of fine-fiber fraction inwastepaper, cardboard quality indicators are increased by 21
26%. This indicates the possibility of a partial (up to 30%) replacement in the fibrol
composition of moreraluable waste paper of M&B-2 grade fotthefine-grained waste
paper of MS8B-3 grade, which will allow reducing the cost of production of this
cardboard type.

The confirmationfor the formation of chemical bonds due to the transformatior

of azetidinic groups with the formation of covalent chemical bonds with
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macromolecules of cellulose resulted in the interaction of APR with methyloliniur
compounds. To assess the degree of transformation of APR azetidine groups in
interaction with methylolumn orgamicellulose compoundsy 13C NMR spectroscopy
method there werased substances similar in functionality to cellulose.

It was determined that durinifpe dehydration of large amount of water in the
APR-fiber recycling system, intermolecular hydrogen bongs farmed, and when a
critical amount of water reaches the system, new covalenttgtheibonds are formed
between the functional groups of the components as model systems and ampho
polymer resin systemscellulose.

It is shown that the complete rewal of water in the model systems of
amphoteric polymer resins cellulose leads to the polymerization of APR and the
etherification of functional groups of the resin with functional groups of auxiliary fibers
which suggests the possibility of increasipigysical and mechanical properties of paper
and cardboard from auxiliary raw materials and reducing the amount of fiber in tr
waters.

It is shown that APR with a high content of azetidine groups ensure the formati
of interfiber bonds during the dryingrocess, which ensure high physical and
mechanical properties of the productswhsdetermined that the use of APR Ultrasez
200 and Ultasize 200 binary system ensuhesreduction in cost of cardboard from
waste paper of MSB-2 grade by 3272UAH per tonne due to the replacement of
primary raw materials, an increase in the fiber content on the mesh, which leads
decreamg liquid waste and reducing the costs of flocculants for sludge dewatering.

Key words. azetidine group, amphoteric polymer redimbidity, waste paper,

keeping degreadehydration rate.
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By.. = 16000- 0,288 = 4608 rpn
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L OR sty dzj dg ¢ dzOH Ols d 3]

E; = 5720 - -25 =406 785,95 rpH/pik

(100 —62,1)
4 Iz &30 tc dz’ L OstcOlsd ME dzOH OF Is! :

E; = (959445000 + 18630000 + 8280 000) — (2? 750938+ 148 005+
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5 -1%%%%5? +0,0177%-0,2163x% + 0,9376% + 0,6441x + 0.9988
4 3| 3 1—2,(1)00%? +0,0257% - 0,3325x% + 1,5615% - 0,1085x + 0.997
4 -1(31,%()51:,)3% +0,0393% - 0,4096% + 1,5983% + 0,5049x + 0.9993
c ig,gggm? +0,089X - 0,827X + 2,9706% - 0,9152x + 0.9989
1 géogg;b? -0,0916X + 0,903X - 4,0163% + 8,4138x + 0.9981
5 250825 -0,0808x + 0,7852X - 3,4214% + 7,0489x + 0.9979
4 3| 3 10402%074% -0,0072%X + 0,044X - 0,0893% + 0,5184x + 0.9988
4 géogégi -0,0691xX + 0,5912X - 2,135% + 3,827x + 0.9975
. 0,0025x - 0,0597X + 0,4908X - 1,6507X + 2,7703x + 0.9981

18,99
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St5d W
10 ‘ e
[dMBéxn t ' o daV dzdzW ¢ t5te
| u

1 |1,5748% - 23,626x + 417,19 0,9962

2 [1,8616X%-29,173x + 418,54 0,9901

4. 4| 3 | -0,1896% + 5,0875% - 41,267x + 416 0,9997
4 |-0,2212% + 6,29% - 53,545x + 416 0,9998

5 [-0,3021X + 7,75% - 62,092x + 416 0,9999

1 |-0,0473X + 3,9837% - 49,378x + 483,2 0,9995

2 10,8581X - 8,2488X - 18,535x + 483,2 0,9994

4. 5| 3 |0,2385x% + 0,6187X - 46,292x + 483,2 0,9995
4 |0,53%X-2,63X - 45,46x + 483,2 0,9997

5 [1,2267X-11,335¥ - 33,837x + 483,2 0,9998

1 |0,0623% + 4,4387% - 72,177x + 536,1 0,9997

2 [1,1767X - 8,635X - 62,987x + 536,1 0,9998

4. 5| 3 |1,6746X%-15,322X - 46,603x + 536,1 0,9962
4 |0,361X% + 3,2712% - 101,04x + 536,1 0,9996

5 [-1,6335x + 31,264% - 183,04x + 536,1 0,9988

1 |-2,7121X + 48,935% - 263,17x + 602,3 0,9989

2 [-2,934X + 52,504x% - 277,92x + 602,3 0,9985

4. 5| 3 | -29985%+56,853% - 289,17x + 602,3 0,9956
4 | -3,3462X + 58,652% - 299,57x + 602,3 0,9989

5 [-3,9373%X + 67,686% - 333,77x + 602,3 0,9991

1 | -0,0025x% + 0,0654x - 0,5782% + 2,1786x + 95,037 | 0,9978

2 | -0,0016X + 0,0423% - 0,4077% + 1,7411x + 94,965 | 0,9918

4. 6| 3 |-0,0022X+ 0,0498%-0,3917X + 1,3681x + 94,989 0,9979
4 |-0,001% + 0,0256X - 0,2279% + 0,9%75x + 95,009 0,9969

5 [-0,0001X + 0,0091X - 0,1256% + 0,6839x + 94,988 0,9944

0,0014X - 0,0768X + 1,408% - 11,376X + 41,09x +
1 0,9991
290,19
) -2%8015? +0,0135% + 0,3628X - 6,134X + 30,74x + 0.9993
4 3

4 6| 3 géooo%i- 0,02% + 0,362%° - 4,1271% + 22,188x + 0.9994
4 10’558022? - 0,0038% + 0,0313X - 0,1077% + 0,2094x + 0.9989

5 %gggéi - 0,0026x + 0,0223X - 0,0853% + 0,1768x + 0.9831

4 7] 1 géoocﬁgi -0,0768% + 1,408% - 11,376X + 41,09x + 0.9962
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1 O Sstsg W'
tdmiz j : dzls
¢ | dg ' o dg" dadz? Ctsts d
Is ! R2
5 -2%,8015)? + 0,0135% + 0,3628X - 6,134 + 30,74x + 0.9959
i
3 0,0007X - 0,02¥¢ + 0,3627X - 4,1271X + 22,188x + 0.9956
290,12
4 -0,0009% + 0,0236X% - 0,2’ + 0,5978x% + 0,0807x + 0.9999
5,4998
5 -Z%gzocizi + 0,5144% - 4,4858% + 14,407% - 5,5743x + 0.9981
1 [-0,0013X + 0,1473% - 2,5879X + 14,701x + 229,44 0,9894
2 10,0033%X + 0,0056% - 1,1454X + 9,7402X + 22 0,9974
4 . 7| 3 10,0133%-0,22295% + 0,5801% + 4,7745x + 229,92 0,9974
4 10,0108X - 0,1895X% + 0,6129% + 3,5161x + 229,71 0,9904
5 |0,0123%-0,2368X + 1,2053% + 0,034x + 229,68 0,9587
1 |-0,0012X + 0,0342X - 0,3633X + 1,6925x + 4,2967 0,9922
2 |-0,0014X + 0,0383%X - 0,3771X + 1,6135x + 4,2806 0,9969
48 3 |-0,004% + 0,2291X - 3,6855% + 21,718x + 290,16 0,9994
' -0,0181X + 0,466X - 4,1261X + 13,285% - 2,0247x +
4 0,9912
289.49
5 [-0,0014X + 0,0383% - 0,3771X + 1,6135x + 4,2806 0,9811
-0,0002% + 0,00%* - 0,043%X + 0,1218% + 0,1038x +
1 | eae 0,9997
) -10502%02& +0,0042% - 0,0374X + 0,1119% + 0,0802x + 0.9998
4 8l 3 -10502210735 +0,008x% - 0,0731X + 0,2515% - 0,1301x + 0.9956
4 i%gggli +0,0034% - 0,0322%X + 0,1104x% - 0,0187x + 0.9992
: _2%’801%7)? +0,1732% - 1,5742% + 5,6718% - 5,0243x + 0.9981
1 |-0,0013X+ 0,1473X - 2,5879% + 14,701x + 229,44 0,9894
P 2 | 0,0033x% + 0,0056X - 1,1454% + 9,7402x + 229,82 0,9985
' 3 |0,0133X - 0,2229% + 0,5801X + 4,745x + 229,92 0,9974
4 10,0108X -0,1895x% + 0,6129% + 3,5161x + 229,71 0,9904
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1 Oc sS4 W'
t Mkl y dz t * o dav dzdzv Ctstej dz
s R2
c -0,0053% + 0,1411X - 1,312X + 4,7572X - 3,7455X 1 0,9992
230,03
. .1% 2195649 + 0,4147X - 3,8791X + 13,254% + 0,5641x 0.9995
, _1% g19615>§ + 0,4695X - 4,7462% + 18,706% - 12,199x - 0,9863
. ol 3 _l%golggi + 0,2292% - 2,8731X + 13,711% - 11,527x 1 0.9671
. .1%, g%?)? + 0,1635X - 2,1495% + 10,637% - 9,7836x 1 0.9355
c .1%, gc?lai + 0,1431% - 1,6472% + 7,6927% - 7,3526x - 0,9518
| | 0,0014% - 0,048% + 0,6075% - 3,4621X + 7,3091% + | go0g
3,5921x + 250 ’
, | 0,0005% - 0,0221X + 0,3593% - 2,4814% + 6,2457% # g on
1,898X + 250 ’
4 1d 3 |00052%+0,1338%-1,1738% + 3,5383% + 1.3127x H ( go-,
249,84
. 50’7%%%3)? + 0,0068% - 0,0594% + 0,191X - 0,0655X | 0.9877
- 205 801657>? +0,1732% - 1,5742% + 5,6718% - 5,0243x 1 0.9871
L | -8E-05¢ +0,0021% - 00158X + 0,0161% + 0,2248x 4 0,9962
1,4045
, ;21E;1%54)g + 0,0005X - 0,0034% - 0,0099% + 0,1894x 0,9989
4 1 03 12E05¢ + 0,0002% - 0,0144% + 0,1458x + 1,4122 0,9872
4 | -7E-05¥ - 0,0012X - 0,0002% + 0,0794x + 1,4146 0,9838
8E-05X - 0,002X" + 0,0203X - 0,0838x% + 0,1489x +
5 11,4033 09900
X .1%21956& +0,4147X - 3,8791X + 13,254X + 0,5641x + 0.9952
A 11 o .1%219615? + 0,4695X - 4,7462X + 18,706X - 12,199x + 0,9863
3 -0,0063% + 0,2292% - 2,8731% + 13,711% - 11527x + 0.9671

186,18
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(OXe stsg W' 1
t dmk|y dz t ' o dzg¥ dadaw Ctstej dz
Is ! R2
4 '1%2%‘22’? + 0,1635% - 2,1495x + 10,637X - 9,7836x + 0.9622
5 _1%5(5)%416)? +0,1431X - 1,6472% + 7,6927% - 7,3526x + 0.9518
—0,(5006)? + 0,0141% - 0,1157X + 0,3021X + 0,3113x
1 43,7781 0,9896
5 éo%%%%ei + 0,0144% - 0,1272X + 0,4081X - 0,0364x + 0.9996
4 11 3 éoéoloz%a? + 0,0129% - 0,127X + 0,486% - 0,3351x + 0.9952
4 éofgggsi + 0,0068% - 0,0594X + 0,191X - 0,0655x + 0.9771
. ?:47%?5%’ + 0,0014% - 0,0164X + 0,0692% - 0,039x + 0.9870
1 ]0,0009% - 0,0132% + 0,0047% + 0,567x + 3,0046 0,995
2 10,001X-0,0182% + 0,057X + 0,3627x + 2,9964 0,9984
4 11 3 5060121%5)? + 0,0135% - 0,1259x% + 0,4433x - 0,2038x + 0.9919
4 |0,0013%-0,0283% + 0,1732% - 0,1336x + 2,9939 0,9971
5 [0,0012X-0,0276X + 0,1954x - 0,2852x + 3,0327 0,9838
-6E-05x° + 0,0017% - 0,0168X + 0,0542% + 0,0394x H
1 | 563 0,9898
5 -192E;1(S)95x5 + 0,0024% - 0,0208% + 0,0648% + 0,009x + 0.9991
4 137 3 -10,2(31%%& + 0,0026X - 0,0232X + 0,0774% - 0,0263x + 0.9995
4 -182E;107%x5 + 0,0022% - 0,0195X + 0,0641X% - 0,0357x + 0.9992
: -142E;1%%x5 + 0,0003% - 0,0045x% + 0,0218% - 0,0141x + 0.9946
1 |0,0526X-1,0478% + 5,338X + 4,2478x + 160,55 0,9979
2 10,0393%-0,8333% + 4,611X + 2,6165x + 160,5 0,9973
3 | 0,0601X-1,1684xX + 5,9848% - 0,1596x + 160,05 0,9998
4 .17 -0,0182x% + 0,5117% - 5,0788xX + 19,852% - 18,08x +
4 | 18056 0,9856
. -0,0087X + 0,2215X - 1,9547X + 6,6398% - 4,6795X 0.9988

+ 159,96
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64 stsj W
[Cffr]IZ)Ile ['SdZWdZdZW Ctstc ] dz
o R2
. .1% 815%3? +0,5117% - 5,0788% + 19,852% - 18,08x + 0.9853
, ;oéoggli + 0,0045% - 0,0467% + 0,1511% + 0,2625x 0.9992
s 14 3 5060121055)% +0,0135x% - 0,1259x + 0,4433% - 0,2038x + 0.9919
A éob%(l%zi +0,0053% - 0,0612X + 0,282% - 0,2494x + 0.9991
5 |0,0004X-0,0095% +0,0617% - 0,0997X" + 0,0288X +| gg9,

3,0036
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[ SHOBC

3ATBEP/IKYIO

TexuiuHMiA AUpEKTOP

AKTR0/5/25

BUPOOHMUTBA | BUNPOGYBAHHS J0CTiTHO-NPOMHUCJIOBOT mapTii

nanepy st roq)pyBaHHsi

Mu, o Hukue migmucanucs, Bix TOB «IloHiHKIBChKa KapTOHHO-TIAIEPOBa
(Gabpuka» ronmoBHui TexHoior Makyxa B.B., Bix HamionanpHOro TexHiuHOIo
yHiBepcuTeTy Vipainu «KWIBCBKUH MONITEXHIYHUHA [HCTUTYT» K.X.H., npodecop
bapbam B.A. i acmipant Octanenxko A.A., Bin ATWHCTUTYT IIAIIEPY»
3aBiflyBad Tajy3eBUM BIUILIOM METPOJIOTil, TEeXHOJOrii Ta cTaHaapTu3auil
Aicrosa O.I'., ckianu Lei akrt npo te, mo 14 gucronana 2013 p. Ha niANpUEMCTBI
Ha narnepopobHiii mamrunai Nel Oyino mpoBegeHO pPOOOTY IO BUIOTOBIEHHIO
JOCIITHO-TIPOMHCIIOBUX TApTiil mamepy Juis roq)pyBaHHﬂ 3 BHKOPUCTAHHSM
xiMigHO-J0TTOMIXKHUX pedoBuH (X/P).

Mera poGOTH: TiITBEPUKEHHS Pe3yJIbTaTiB J1a00paTOpHUX JOCIiIKEHb 3
oTpuMaHHst i3 Makynatypu mapkn MC-5b-2 3paskiB  mamepy s rodpyBaHHS
Macoro 140 /M’ 3 mokasHukami, 1o Bianosigarors TOCT 7377-89.

B saxocri XJIP BHKOpUCTOBYBAIHM IOJiaMiHIIOTiaMiJeNiXIOPTiPUHOBY

CMOJTY Ta aJIKIJIKETEeH JUMep.
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XJIP 3a TEXHOIOTIYHOIO CXeMOI0 BUPOOHMIITBA Halepy s rodppyBaHHs Ha
nanepopodHiii mammui Nel BBOAMIM 3a HACTYIHOIO CXEMOW:  aM(OTepHY
nonimepHy cmony (AIIC) Vibrpapes 200 BBoxmiu B Gak MOCTIHHOTO piBHA yepes
porametp, a aumep ainkinkereny (AKJI) Viprpacaiiz 200 — BBoqunu y HamipHumii

MacoIpoBIJ nepesi copTyBaikolo M-200 3 BuTpartamu, HaBeJleHUMH y Tabuui 1.

Tabnuus 1 — Butpatn XiMiuHO-I0MOMDKHUX pEYOBHH

No Butpartu XJIP, xr/t Howmepa
» PYJIOHIB
3/m VYastpacaiiz 200 VYnerpapes 200
1 - - 152-156
2 2 ) 157-161
3 2 - 162-166
4 2 6 167-171
Tpusanicte BMpPOOHMITBA MOCITIAHO-IIPOMHCIOBOT TapTii namepy — 24

roauHu. 3pasku nanepy BiGMpanuCh 3 PYIOHIB INCIs MO310BXKHBO-PI3aIEHOTO
BepcraTy. Binbupanus 3paskis 31ilCHIOBAIOCH 3 KOXKHOTO PyJIoHy 1o 10 apkyuis
sriggo JICTY EN ISO 186:2008. BixiGpani 3pasku mamepy juisi rodpyBamHs
nepenaHo y  BunpoOysanbHuit  LEeHTp IENIONO3H, [anepy Ta  KapTOHY
AT «(IHCTUTYT ITAITEPY», sikuii akpeauToBanuii HalioHa bHIM arenTcTBOM 3
akpenutauii Ykpainu (arectar npo axpenuranio Ne2T601 six 28.01.2013p.).
Ilican wapisyBanHs 3paskiB mamepy Ta iX BUTPUMKH 3a CTAaHJAPTHUX YMOB
NPOBEICHO  BUNPOOyBaHHs — (i3MKO-MEXaHIYHMX [OKA3HUKIB Tmamepy s
ropyBaHHs, Pe3yJIbTAaTH SIKUX HaBeJIeHO B TaOIuIi 2.

[lin wac BUpOONEHHA JOCTIIHO-IPOMMCIOBOI mapTii  mamepy Ui
roppysanHs 3 BUKopucTaHHSM XJ[P Gyi0 BU3HAYEHO KaJaMyTHICTb ITiICITKOBOI

BOJHM Ta YaC 3HEBOAHEHHS MacCH, Pe3yJIbTaTU IKUX HABEJIEHO B Ta6HI/ILIi 3.
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Tabmuus 2 - Pizuko-MexaHiuHi MOKa3HUKH ranepy s roppyBaHHs 3 BUKOPHCTAHHAM pizHuX BUTpaT X/[P

191

‘ 7 Omnip ‘ Minnicts nin | [Tosepxuesa
| - -
B LE, wF - T, miaowmHAOMY | Omip TopueBoMy qac | BOMpHiCTH
A CTHCHEHHIO CTHCHEHHIO pO3TATYBAaHHS |  BOJM, T,
Ne ORI ro()poBaHOro rodposatoro | B MmammuHOMY | Ko006630B
BapiaHTy . VibTpape3 TIPOHABTHOBAEELO, 3paska mamnepy, | 3paska nanepy, HanpsMi, cepeiHbOMY
’ AK 200 ¥l H kHM kH/m 10 JIBOM
[ 3a ILHPHHOIO ‘ Gokam
: _ | spaskal5wmm | }
\ 1 - - 354 305 | 1,40 8,5 ; 150
| |
2 2 2 400 353 1 1,89 100 | 15
o B
3 2 1 4 425 365 2,04 10,0
|
[ 4 | 2 6 410 362 2,12 11,0 10 ]
|
B TOCT 7377 ans nanepy ‘ :
R ' - He mene 370 He menme 350 He menwe 1,5 | He menme 9,0 30-70

s rodpysants mapku b-0

* .
- IUMep aNKiJKeTeHy

l

Tabnuus 3 - XapakTepUCTUKU 3HEBOJHEHHS BOJIOKHHUCTOT MacH Bijl BUTPAT

aM(pOTEepHUX TTOTIMEPHHUX CMOJI

No Butpatu X/IP, kr/T KanamyTHicTb, Yac

- - M/ M 3HEBOIHEHHS
3/m VYuprpacaii3 VnbTpapes e T

200 200 ’

1 - - 590 86

2 2 2 340 62

3 2 4 280 45

4 2 6 275 40
BucHoBku

1 Buxopucranns OGinapuoi cuctemu AIIC no3Bosse miaBHIIMTH (BizuKo-
MexaHiYHi IOKa3sHUKM 3pas3KiB mamepy JuUist rodpyBaHbs, sKi BiIIOBIiJAIOTH
sumoram I'OCT 7377-85 mnst mapku b-0.

2 3BacrocyBanHs BkazaHMX XJP y KoMmo3wuii MakyjgaTypHOi Mach
[IPU3BOAUTEL JO IOKpalleHHs MpOIecy 3HEeBOAHEHHS IAlepoBOi MacHh Ha CiTI
nanepopobnoi mMamuHu Ha 25-51 %, crpuse yTpuMaHHIO IpiGHOro BOJOKHA B
pericTpoBiii BoMi, Bele MO 3HMKEHHS BUTpAaT Ha I OYMIIEHHS, 3a pPaxyHOK
3MEHIIICHHsT YaCTKH 3aBUCIIMX PEYOBUH Yy 3BOPOTHIM Bomi B 1,7-2,2 pasw,
MOKpallye eKOJIOriuHe HaBaHTAXXCHHS HABKOJHUIIHBOIO CEPEJIOBMINA i CaHiTapHO-

MiKpOOIOJIOTIYHHH cTaH BOJHOI CHCTEMHU BUPOOHUIITBA.

AT «JHCTUTVT
TTAITEPY »

TOB «IloHiukiBCchKA
KapTOHHO-TIAIIepoOBa

HarionanpHu# TeXHIYHUN
yHiBepcuteT Vipainu «KITI»

pabpuxa» AOTIEHT
lop#pBHUI/rexHOIOr — BapGawm B.A 3aBimyBad BiIiny
—Maxyxa B.B— /// AHT Vi

2

// e\ Aicrosa O.I.

Y,

" 4# Ocranenxo A.A.
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