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Table 3
Statistics and calculation of the parameters of objects and subjects of education in the Russian Federation
Subsidy for | Number Num- Savings Savings Supole-ment
Years/ | 1school- | ofschool- | Number ber of Number | Num-ber | ASS costs | AESS costs with Alé;SS in scho-ol toI;epacher’s
Op- children children of city cit of rural | of rural (million (million (million with AESS salary at
tions | (thousand | (thousand | schools y schools AESS rubles) rubles) (million y
AESS rubles) AESS (rub.)
rubles) people) rubles)
2010 112.0 13374.2 19904 1659 31728 2644 12908.0 35662.1 67655.5 15.724 31120
2011 108.0 13655.7 19505 3284 30623 5196 25440.0 70493.7 135224.2 15.946 30641
2012 104.0 14570.8 19106 4876 29518 7656 37596.0 104495.0 | 211599.0 16.885 31470
2013 99.9 15485.9 18707 6435 28413 10023 49376.0 137665.8 | 292930.1 17.798 32146
2014 100.8 15626.7 18308 7961 27308 12299 60779.9 170006.3 | 379277.7 18.721 32734
2015 101.7 15767.5 17909 9453 26203 14483 71807.9 201516.5 | 471758.6 19.709 33326
2016 99.9 16260.2 17510 10912 | 25098 16574 82459.8 232196.2 | 567776.1 20.657 33737
2017 98.0 16752.9 17111 12338 | 23992 18574 92735.6 262045.4 | 669217.8 21.649 34109
2018 99.5 16682.5 17058 13760 | 23743 20552 102935.7 | 291758.4 | 756595.2 22.051 34486
2019 101.0 16612.1 17004 | 15177 | 23494 22510 113060.2 | 3213352 | 846254.8 22.455 34858
2020 105.0 16752.9 16908 | 16586 | 23072 22650 117707.2 | 345406.0 | 935660.1 23.847 36546
2021 109.0 16893.7 16812 | 16812 | 22650 22650 118385.4 | 349200.7 | 998040.7 25.291 38257

systems-detectors, depending on the number of places

in the school).

In this case, we will obtain the following additional
production plans for each of the 85 PPP enterprises in the
regions [11, 17] from 2009 (from the moment of putting
into production and production of complexes) to 2021:

1. For 12 years, 16812 SAESS complexes (from 1659
to 1409 per year) must be produced and installed for ur-
ban schools, and 22650 SAESS complexes (from 2644
to 140 per year) for rural schools, i.e. 464 complexes at
each of the 85 PPP enterprises in the regions (from 51 to
18 per year), which, with 247 working days a year, will be
from 1 complex per week to 1 complex per two weeks.
Therefore, we will clarify the cost of the corresponding
“average specifications” for urban and rural schools.

For a city school, the average cost will be 16.79 million
rubles. with the following specification:

— 12 “Shukhov” vortex wind-electric generators with
vortex generators — sources of atmospheric water —
12.0 million rubles;

— 40 sets of 4 UNISORB hydropanels — 1.3 million
rubles;

— 100 solar batteries — 1.5 million rubles;

— 20 inverter detectors — 0.57 million rubles;

— 20 charge detector controllers with rechargeable bat-
teries — 0.27 million rubles;

— 10 HCHG devices — 1.15 million rubles;

— 10 domestic multi-split systems-detectors — 0.9 mil-
lion rubles.

For a rural school, the average cost will be 2.955 mil-
lion rubles. with the following specification:

1 “Shukhov” vortex wind-clectric generator with

a vortex generator — sources of atmospheric water —

1.0 million rubles;

— 4 sets of 2 UNISORB hydropanels — 0.48 million
rubles;

— 10 solar batteries — 0.2 million rubles;

— Sinverter detectors — (.25 million rubles;

— 5 charge detector controllers with rechargeable bat-
teries — 0.1 million rubles;

— 5 HCHG devices — 0.575 million rubles;

— 5 domestic multi-split systems-detectors — 0.45 mil-
lion rubles.

2. The total annual volume for each regional PPP
enterprise will be from 51 to 18 SAESS worth from 35.6
to 23.4 billion rubles. per year (Table 3), and the total
production of SAESS complexes for 39,462 schools over
12 years will amount to 349.2 billion rubles.

3. The specification, installation, commissioning and
ongoing maintenance of AESS in 39,462 schools over
12 years in 85 subjects will require 69.84 billion rubles,
and the average annual volume of branches / sites of one
PPP enterprise will be 68.47 million rubles. Consequently,
the additional staffing for one head PPP enterprise in
the region, similarly assuming that SAESS is considered
a high-tech product in accordance with the Decree of
the Government of the Russian Federation [34], will be
71 specialists (342.4 million rubles / 4.8 million rubles).
rub.). At the same time, the additional number of its
branches / sites, whose design and installation activities
are also considered high-tech, will average 15 specialists
(69.84 million rubles / 4.8 million rubles), i.e. 1 staff unit,
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on average, per one branch / site in the constituent entity
of the Russian Federation.

Thus, the total number of high-tech jobs in 85 con-
stituent entities of the Russian Federation will increase
by 7310 units and, taking into account the production
of complexes for 10.0 million individual houses in the
regions of Russia, will amount to 118574 [11].

Taking into account that the «speed of production
and implementation» of AESS is from 4333 to 1409 com-
plexes per year, and the average savings in budget funds
for “pedagogical services per student” will be 54.2%, the
calculation of the “economic efficiency” of the autono-
mization of engineering systems was carried out Russian
schools (Table 3).

Adding to the annual costs, the cost of building
a swimming pool and two tennis courts in each school,
with the use of air support structures and automatic
control of their functioning in the amount of 3.0 million
rubles, we get the total amount of such modernization in
the amount of 467.59 billion rubles.

Thus, if, as a result of a systematic approach to alterna-
tive energy, the Government of the Russian Federation
would adopt a Decree on the deployment of autonomous
engineering systems in schools, as well as on support for
the production of domestic innovations in wind energy, in
the generation of drinking water from the atmosphere, the
production of “budget” hydropanels and solar batteries
in 2009, then by 2021 almost all Russian schools would
have been transferred to a decentralized resource sup-
ply of electricity, heat and water, by saving budget funds
for education, and from 2022, fully paying back almost
500 billion rubles costs, get annual budget savings in the
same amount! At the same time, every year in schools,
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after the introduction of SAESS, each teacher could in-
crease the salary by 31,000 rubles. per month, and from
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per month due to saved budget funds (Table 3).

CONCLUSION

An analysis of the directions and rates of development
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Thus, mass alternative energy in Russia is really pos-
sible and effective with the help of nanotechnologies in
engineering systems not only in individual residential
buildings, but also in school buildings.
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O npyumeHeHUN «NPUPOAONOJAO06HBIX HAHOTEXHONOTNIAY
B HXXE@HEPHbIX CCTeMaX 3AaHNIN rOPOACKUNX N CeNIbCKUX LLUKON

Banepui BnagumupoBuy benosepos* (°), Bnagumup BanepbeBuu benosepos
[loHcKoM rocyfapCTBEHHbIV TeXHUYeCcKnii yHnsepcuteT, Poctos-Ha-[loHy, Poccua

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: safeting@mail.ru

AHHOTALUA: BBegeHue. B nocneHee Bpems 60/bluoe BHUMaHWE B NyONMKaLUMAX YUEHbIX U CMELManCTOB YAENAETCA «Mpupo-
J0MoA06HBIM TEXHOOTMSAIMY» B BOMPOCAX MCMOJIb30BaHNA Tak Ha3biBaeMbix B3 — BO306HOBNSIEMbIX MICTOUHUKOB SHEPTUN (CONHLA,
BETpPa, Tenna). Mpun 3Tom 3apy6exkHbIi GU3HEC, HECMOTPSA Ha TO, UTO YKa3aHHbIE MCTOUYHMKU ABNAIOTCA HA3KO KOHLIEHTPUPOBAHHbBIMM
1 CE30HHbIMM, aKTVBHO BKNaAbiBaeT MHBECTULMN B UX pa3Butre. B Poccnn 3tn npoueccol pa3BmBaloTca MeasieHHO, B CBA3M C Yem
Ha OCHOBE CUCTEMHOTO aHanun3a NpPefCTaB/seTCs akTyalbHbiIM 060CHOBATb NPaBWUIIbHbIV BEKTOP NprMeHeHus BU3. B ctatbe
NPUYBOAATCA AOKa3aTeNlbCTBa HECOCTOATENBHOCTA MHEHUIA O HEJOCTAaTOYHOCTM aCCUMUIISILMOHHOTO NoTeHuUmana bruocdepbl ans
KOMMeHcaLmn X03ANCTBEHHON AeATeNIbHOCTM YenoBeyecTsa. B cBA3M ¢ yem 1 BO3HMKAIOT HayYHO-TEXHUYECKME 1 COLMANbHO-IKOHO-
MUYecKre Npobembl B «PEUHXMHUPUHTE TeXHOCdEepbI» U B CTPYKTYpPE CUCTEM K3HeobecneueHus obLLecTBa, B TOM Yncsie Ha 06b-
eKTax obpa3oBaHus. MeTogbl, Mogenu n cpeacTBa. 111 pelleHuns yKka3aHHbIX HayYHO-TEXHUYECKUX 1 COLIMaJIbHO-IKOHOMMYECKUX
3aflay, Mo aHaNor1u ¢ HAMBYAYaNbHBIMY XXUbIMU JOMaMW, NPeANoXeHO NCMOJb30BaTh «NPUPoA0Nof006Hble HAHOTEXHOMOM
B WHXKEHEePHbIX CMCTeMaXx LUKOJ, a AN1A OLLEeHKM — METOA, PeTPONpPOrHo3a pe3ybTaToB BHeAPEHUA OTeYeCTBEHHbIX NHHOBaLUN, AnA
PEVNHXNHUPUHIA 0OBEKTOB 06Pa30BaHUs, KOTOPbIN fOKa3an CBOK afeKBAaTHOCTb NPy peLleHny NpobsieM NoXKapHOM 1 SKONoru-
yeckoi 6e30MacHOCTY B «TeXHOChepax pernoHoB» KOra Poccru. Pe3ynbratbl n 06¢cyxaeHue. [peactaBneHbl pesynbTaTbl CMHTE3a
N <BUPTYaNbHOIO BHEAPEHMA» aBTOHOMHbIX VIHXEHEPHbIX CUCTEM 3AaHUN KOS, MO3BONALWMX OCYLLEeCTBUTb AeLeHTpann3ayunio
3NEKTPO-, BOJO- U TEMIOCHAOXKEHNSA, MyTeM reHepaLuy pecypcoB (BOZbl, TEMJA 1 3NEKTPO3HEPrun) ¢ NomMoLbo «LLlyXoBCKUX BETpO-
3/1eKTPO-YCTaHOBOK», COBMELLIEHHbIX C BUXPEBOW CUCTEMOW 13BJIeUEHMS Bllark U3 BO3yXa, C X Ay6nMpoBaHUEM riaponaHensimm
1 CONHeYHbIMY GaTapesmu. PacueTbl MoKasanu, 4To NOCTaHOBKA Ha NMPOV3BOACTBO YKa3aHHbIX OTEUECTBEHHbIX MIHHOBALIUIA 1 «PeuH-
MKUHUPVIHM» C UX MOMOLLbIO MHMXEHEPHbIX cUcTem B NouTn 40 ThicAYaX POCCUNCKIMX LWKON NO3BOINT OCYLLECTBUTb aBTOHOMM3aL IO
1 KaueCTBEHHOE 3/1eKTPO-, BOAO- 1 TenjocHabxeHre, KoTopble obecneyat nx 6e3onacHoe GpyHKLMOHMPOBaHNE B COOTBETCTBUN
¢ FOCT. bonee Toro, nocne BHeApeHNs aBTOHOMHOW VHXXEHEPHOW CUCTEMbI B LUKOJIE, 3 CUET eXKErofHou 3KOHOMUY GIOIXKETHbIX
cybcuaunii Ha «neparornyeckme yCryriy, NosiBAAETCA BO3MOXKHOCTb YBEMUNTb EXXEMECAUHYIO 3apaboTHYIO NiaTy KaxaoMy neparory
LIKOMbI NoYTK Ha 30-35 TbicAY pybneil. 3aknouyeHue. [TpoBefeHHble NCCNEN0BAHUS NOATBEPXKAAIOT BbICOKYIO 3G HEKTUBHOCTD
ABTOHOMHbIX UHXXEHEPHbIX CUCTEM AJISA LLIKOJI, KOTOPbIE Y>Ke OblN NMoyUYeHbl HAMU NPY CUHTE3e aBTOHOMHbIX MHXEHEePHbIX CUCTEM
VHAVBUIYaNbHBIX XKUJTbIX JOMOB, TEM CaMbIM OIHO3HAYHO onpeaenss mecto BV u B CTpyKType crcTeM pecypcocHabKeHus ropo-
[IOB, Y OCOOEHHO B CENIbCKMX HAaCENIEHHbIX MYHKTaX.

KJTIOMEBDIE CJIOBA: npupoaonofo6Hble HAHOTEXHOMOMMY, AeLieHTPaNnm3aumsa pecypcocHabXeHuns WKos, 6e30MnacHoOCTb, aBTo-
HOMHas VHXXeHepHas CUCTEMA, HAleXKHOCTb, MOXKaPHO-3HEPreTUYEeCKNli Bped, KauecTBO PecypCcoB, BO30OHOBNAEMbIe MCTOUHNKN
3Heprun (BM13).

ANnAa UMUTUPOBAHWA: benosepos B.B., benosepos Bn.B. O nprmeHeHNN «<Npupogonofo6HbIX HAHOTEXHOMOMUIA» B UHXKEHEPHbIX
cucTeMax 34aHuIN FOPOACKUX U CeNbCKUX WKon // HaHoTexHonorum B ctpouTenbcTee. 2022. T. 14, N2 3. C. 217-226. https://doi.
org/10.15828/2075-8545-2022-14-3-217-226. - EDN: CFVFYA

BBEJIEHUE «npupodonododuvie mexnoaouw» — 045 0003HaAUeHUs
NPUHYUNUANBHO HOBbIX MemM0008 U CPpedCcme 2eHepayuu

BOTC‘IGCTBCHHHX IMyOJIMKAITASIX TEPMUH «IIPUPOIO- U nompebaenus IHepeuu no 0opasuy jicueoll npupoosls
MMOA00HBIE TEXHOJIOIMU» Hadalu IPUMEHSTh I10- «npupodonododnas mexnocghepa» — 015 ONUCAHUS ee
cnequne 15 et [1-8], a B 2016 rony wir.-xkopp. PAH Ko- H08020 00AUKA, COCMOAUE20 8 80CCMAHOBACHUI ecme-
Babuyk M. B. nan um cremyotiyio «pactmmbpoBKy» [9]: CMBEHHO020 CAMOCO2AACOBAHH020 pecypcoobopoma, Komo-
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pblil 0oadiceH Obimb CO30aH KOHBEP2eHMHbIMU HAHO-, OUO-,
UHMOPMAUUOHHBIMU, KOCHUMUBHBIMU U COUUOYMAHUMAP -
Hotmu mexuonoeusmu (HBUKC-mexnonoeusmu)».

B cenTsa6pe 2018 roga Ha hopyme B Count mpe3umaeHT
PAH akanemuxk CepreeB C.M. TIpeJIOXUT 3aMEHUTD
TEPMUH «IIPUPOIOIIOTOOHBIC TEXHOJIOTUN» Ha TIOHSITHE
«PEUHXUHUPUHT [IPUPOLIBI», 4TO, [10 MHEHHUIO aBTOPOB,
TaKKe HEe COOTBETCTBYET CYIITHOCTH agallTUBHOTO TIPH-
POIIOITOIB30BaHNS B paMKaX KO3BOJIIOIINY TeXHOCHEPHI
¢ 6uocdepoii [10, 11].

Bormpekn KnotckoMy IIpoOTOKOJTY, a TaKKe APYTUM
«HEHAayYHBIM JOKYMEHTaM» 10 3KOJIOTUYECKOI 6e30-
TMACHOCTH ¥ IIPUPOIOITOTH30BAHNIO, aBTOPHI COTJIACHEI
¢ koHuenuuei npodeccopa Koknna A.B., kotopslit
IOKA3aJl, 9TO «...8KAa0 X035UCMBEHHOU desimeabHoCmu
4en08eKa 0cmaemcs HeCyu,eCmeeHHbIM N0 OMHOUEHUIO
K SHepeemu4ecKkomy nomeHyuany ouocghepot, Hakonuguieli
€20 3a MUAAUAPObL e I80NHUUL», A «CHOCOOHOCb CO-
NPOMUBASAMBCS BO3MYUICHUSIM CO CIMOPOHbL XO3AUCHECHHOU
dessmenvHOCMU Yen08eKa no macce u SHepeul, 8pemMeHu
€60€20 CIMAHOBACHUS U PA3BUMUSL NPesbliidem Ux é Mua-
auonst paz» [12, 13].

[ToaToMy pedb TOKHA UATH HE O «PEUHXXIMHUPUHTE
TIPUPOOBI», UTO «UEJIOBEUCCTBY HE IO CHITY», 4 O PeHH-
xuHupuHTe TexHocdepsl (ITPOC, kotempHbIx 1 TOLI,
TpaHCIIOPTa, OOBEKTOB IMPOMBIIIICHHOCTH, MHKCHEP-
HBIX CHCTEM 3IaHUI M COOPYXKEHUI U T.1I.), YbU TEXHO-
JIOTHH «BBIKUTAIOT KUCIOPOI» U3 aTMOCGHEDPHI U CO3IAI0T
TOKCUYIHEIC BBIOPOCHI (Ta30B, TTBUTH, XKIUIKUX 1 TBEPIBIX
OTXOIIOB M T.II.) B OKPY:KAIOIIYIO Cpedy, IIOpoXKmast I1o-
JKapHO-3HEPTreTUYECKUii Bpex [5, 6].

Kak yXe oTMedanoch paHee, B COBPEMEHHBIX KO-
HOMMYECKUX TCOPUIX W MOICISIX MCITONB3YIOTCS, KaK

MIPABUIIO, TIOHSTHS «OJar» (ITyOJIMYHbIC, KOJUICKTUBHBIC
1 9acCTHBIE) 0e3 yJueTa TUajeKTHIeCKOro eAMHCTBA C X
IIPOTUBOIIOJIOKHOCTBIO — BpeaoM (IIyOJIMIHBIM, KOJI-
JICKTUBHBIM 1 YaCTHBIM), UTO HE COOTBETCTBYET IIPO-
HACXOISAIINM B TIPUPOJIE MPOoIeccaM M, CIeIOBaTeIbHO,
JleJlaeT HealleKBaTHBIMU JII0Oble TEXHUKO-9KOHOMUYE-
CKME OIICHKH «peUHXWHUPHUHTA TeXHOC(HEPhI», B T.4.
C TIOMOIIILI0 MHHOBALIMIA 1 HaHOTeXHoJoTHiA [6, 11, 14].

EnnHCTBEHHO IIpHeMIIEMBIM CTIOCOOOM PEIICHUS Ta-
KUX 3a7a49, Ha HaIll B3IJISI, SIBJISICTCST METOM PETPOIIPOT-
Ho3a 0e30ITacHOM XU3HeAeITeIbHOCTU [15], KoTophlit
ce0sT 3apeKOMEHIOBAJI TIPY COLIMATEHO-9KOHOMMYECKOM
OLIEHKE «BUPTYaJIbHOTO BHEIPEHUSI» IELIEHTPATN30BaH-
HBIX aBTOHOMHBIX MHXXECHEPHBIX CUCTEM B MHIUBUIYAIb-
HBIX JXWJIBIX IOMaX, ¥ eT0 MPUHIINITHAIBHOS OTIUINE
3aKITI0YACTCS B BEKTOPE MPOTHO3a, KOTOPHII YCTpeMIIS-
eTCS U3 «TEKYIIEeTO» B «IIPOIILIOe», M eTo (pa30Boe Ipo-
CTPAHCTBO CTPOMTCS HE Ha «BOOOPaKAEMBIX TaHHBIX»,
JNUCIIEPCUSI KOTOPBIX BEJIMKA, a HA «MCTOPUUYECKUX»,
T.€. Ha CTAaTUCTUYECKU TOCTOBEPHBIX COOBITUSIX B TIPO-
IIIJIOM, KOTOPBIE YCTAaHOBJICHBI 9KCTIEpTaMM 1 3a(pUKCH-
POBaHBI JOKYMEHTAJIBHO, T.€. Ha JAHHBIX C IIPAKTHICCKU
«HyJeBou nucniepcueii» [11, 15].

METO/JIbI, MOJEJW Y CPEJICTBA

B Hacrosmiee Bpems1, Kak 3TO CIIEAYeT U3 CTaTUCTH-
YeCcKOro aHaam3a, BeimoHeHHoro HMY BIID, uncnen-
HOCTB JIeTe IIKOJIBHOTO Bo3pacTta (ot 7-mu 10 18 1eT),
obOyuaromuxcs B 16,8 Tbic. Topoackux u B 22,6 cejib-
cKuX 11KoJax (tab.1), coctaBisieT 0Kojio 16,9 MiIH ues.
(puc. 1). I[pu aTOM B MIpoLIeccax ux OOYICHUST 3aHSITHI
0K0J10 1,2 MiH yuurtenei (puc. 2) [16].

OB5PA30BAHUE

1.0 1eic. yen.
Accucrentypa-
CTaXMPOBKA

55.8 ThiC. yen.
Opgunatypa

87.8 thic. ven.
Acnupautypa

4049.3 tuic. yen.
bakanaepwmar,
cneyuanurer,

mMarucTpatypa

31.9

MIJIH Yen.

OBLLEE
OBPA30BAHME

7442.2 tuic. uen.
JlowkonsHoe
obpazosanue’

16893.7 teic. ven.
HauanbHoe, ocHoBHOE
u cpeguee obuee
obpazosauue

CPEOHEE
MMPO®ECCAOHAJTEHOE
OBPA30BAHME

2759,8 ThIC. Wen.
MNMopgroToeka
Ccrneunan1cTos
CPeaHero 3seHa

576,5 ThiC. 4en.
Moarotoeka
KBanudUUUPOBaHHBIX
paboTymx 1 cnyxauwmx

Puc. 1. YncaeHHOCTD yYAIIMXCS ¥ CTYAEHTOB IO BHIAM 00yJeHHs
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Tabauya 1
KosinuecTBo 00eKTOB 00pa3oBaHus
O0beKTbI 00pa30BAHKS 2001 2006 2011 2018 2019 2020 2021
Bcero 68 804 63174 50793 41958 41 349 40 823 40 346
I'ocynapcTBeHHbIE, B T.49.: 68 169 62 448 50128 41103 40 498 39 966 39 462
B ropogax u I[1I'T 22 694 4321 19 505 17 111 17 004 16 907 16 812
B CEJIbCKOI MECTHOCTHU 45 475 40 705 30 623 23992 23494 23059 22 650
HAYAJILHOE, OCHOBHOE W CPEJIHEE OBLLEE OGPA30BAHUE — Bcero- 43 2400 mapa WG- -1
VYyurens N
@ 8 YuCAEHHOCTB, THIC. YeN. m 0OGpazosauue, % E Bozpacr, % & \
1087.3 Buicwee - 87.0 Do 35 ner - 23.1

CPEJIHEE NIPO®ECCHOHANILHOE OBPA30BAHNE
Npenopasarenu

55 net u crapwe - 26.0

B pacuete Ha 1 obyuaiouieroca, Teic. py6.

JOWKOMLHOE
05PA30BAHHE

B2 Boapacr, %
No 35 ner— 22.2

8 Yucnennocrs, Twc. wen. L] O6pazosanue, %
142.2 Buicwee — 95.9

MacTepa npoH3BOACTBEHHOT0 06GYYeHus

60 net u crapwe — 21.6

o) 135

E Boapacr, %
fo 35 ner - 20.7

8 YuCNeHHOCTD, THC. Yen. m O6pazosanue, %
22.8 Bucwee — 50.4

60 ner u crapwe - 20.8

‘ﬁ""nmu

109

Puc. 2. YncaeHHOCTD NIEJaroroB u 3aTpaT Ha y4yalieroca no sujaam Oﬁy‘leHl’lﬂ

CucreMHbIl aHaN3 (DYHKIITMOHUPOBAHUS 00BEK-
TOB 00pa30BaHUs, B YaCTHOCTH, MHKEHEPHBIX CHCTEM
3MaHUH IIKOJI ¥ BCIIOMOTaTeIbHBIX COOPYKEHUIT (CTIop-
TUBHBIX IUTOMIAN0K, IIKOJIBHBIX CTAIUOHOB U T.II.), TI0-
3BOJIUJI BBISIBUTB TTPOLIECCHI «ITPEBPAIEHUS TTOTPEOIIs-
€MbIX OJ1ar» (2JIEKTPOIHEPTHHM, BOJIbI, Ta3a, TeIjia U T.J1.)
«B KOJIJICKTUBHBIN Bpem» (ITOKapHO-3HEPTeTHICCKUIA,
9KOJIOTUICCKHI 1 T.1I.) C TIOMOIIBIO DJIEKTPUICCKUX,
Ta30BBIX U APYTUX IPUOOPOB, UCITOIb3YEMBbIX IIPU 00e-
crieueHUN 00ydeHUsI. CyIIeCTBEHHBIM TP 3TOM SIBJISI-
eTCs TOT (paKT, UTO KAYeCTBO IEHTPAIN30BAHHO MOTPEO-
JIIeMBIX 00pa30BaTeIbHBIMI 00BEKTAMH PECYPCOB (BOIEI,
3JIEKTPO3HEPTHUH, TeIlIa, Ta3a), 0COOCHHO B CEILCKOM
MECTHOCTH, He COOTBETCTBYIOT roCyJapCTBEHHbIM CTAH-
JapTaM, a B CPABHEHUM ¢ ABTOHOMHbIMH CUCTEMaMM —
Ha nopaaKku xyxe [17].

AMEpHUKaHCKIE YICHBIC IIPUIILTHA K BHIBOAY, YTO yCTa-
HOBKAa Ha KpBIIIaX IIIKOJI COTHEUHBIX OaTapeil MOKeT
obecreynTsb 10 75% HeoOX0IUMOI 9JIEKTPOIHEPIUU, YEM
MOKHO COKPATUTBb BEIOPOCHI OT 00BEKTOB 00pa30BaHMS
Ha 28%, T.K. B 9TOM CJIydae LIKOJIbl MOXHO OTKJIIOYUTh
OT IICHTPAJIM30BaHHOTO 3JIEKTPOCHAOXKEHMS TETITIOBBIMI
3JIEKTPOCTAHLISIMHU, PAOOTAFOIIMU Ha YIJIC Y TIPUPOTHOM
rase, BEIOPOCHI OT KOTOPBIX 3arpsa3HsIoT atMochepy| 18].

Tak, mo manHeIM MuHsHepro CIIA, mMKo0JbI
¢ 12-1eTHHM 00y4eHrEM TPATAT 0oJiee 6 MIp/I. TOJLI. B IO
HAa 3JIEKTPOIHEPIHI0, U 5TO — BTOPAsI MO BEJIUUMHE CTaThs
pacxomoB mocJe 3apaboTHOM TIaTs [19].

B Hareii ctpane, ycpeaHssl «perMOHaIbHYIO HEpaB-
HOMEPHOCTB» OILJIAThI TPYya IpeToaaBartesicii, KoTopas
BXOIMT B TEKYIIHE 3aTPaThl, «CTOMMOCTbH TT€Jarornye-
CKOM yCITYTH Ha OTHOTO yYaIllerocs» B CPEIHEH IIKOJIE
B rox (puc. 2) cocrasistier 109,0 TrIC. pyo. [16].

[Tpu 3TOM CpeTHMIA TIPOLICHT 3aTPaT IT0 COMCPKAHMIO
IIKOJIBI Ha 445 MeCT, UTO MO HAIIM pacueTaM SIBJISIETCS
ONTUMAJIbHBIM (Tab. 2), coctaBiseT 55,1% ot rocymap-
CTBCHHBIX CYOCHINIA, M Ha KaXXIOTO yJalllerocs Ipu-
xonutcst 54,2% «CTOMMOCTH IEeAarOrnYeCcKoi yCayr»
[20—-22].

12 ampens 2022 roga nenyrtathl «EnnHoit Poccnm»
BHecIM B ['ocomyMy 3aKOHOTIPOEKT, KOTOPBII MCKITIOIUT
TepMUH «00pa3oBaTeIbHAs YCIyTa» M3 3aKOHOMATEIb-
CTBa, T.K. GOPMYJIMPOBKA «yCiyra B cepe 00pa3oBaHUsI»
JMCKPETUTUPYET MUCCHIO Tiefarora. «Cuumaio, umo cama
KOHUenyust 00pazo8anusi KaK ycayeu oumudo4Ha u He coom-
eemcmeyem HauuUM HayUOHANbHbIM MPaouyusm. Yaumens
He ycayey okasvieaem. OH yuacmeyem 6 popmMuposanuu
AUMHOCIMU YYEHUKO08, 8AUsem HA UX MUPOBO33peHUe, CU-
cmemy yeHHocmell, 8324151008. Dmu 832150bl GYePaAuIHULL
WKONbHUK UAU CMYOeHm NPOHOCSM 3ameM Hepe3 8CH C80H
JICU3Hb», — HATTCAJ CeKpeTaphb reHcoBeTa « Emuroit Poc-
cun» Aunpeii Typuak [23].

IMoTpeb6oBanock moutu 30 neT, YTOOBI MOHSITH
BpeI «3apYOCKHBIX PHIHOYHBIX TCOPUiT 00pa30BaHMSI»
1 BEPHYTHCS K TIeIarOrnIecKOMY HACICINIO OTede-
CTBeHHBIX yueHbIX Jlecradra I1.71. 1 Makapenko A.C.,
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Tabauuya 2
Pa3mep HOPpMATHBHBIX 3aTPAT HA CojiepKaHne 00bEKTOB 00pa30BaHUs
3arpaTsl HA COlepKAHHE IIKOJIBI, (ThIC. pYO.
Ne, O0bekT c Pﬁ?M?M 3/nnara, L P ( PYo.)
nn. | obpasopamms | O oMM | . py6. | DKemaya- Tex. i B % Ha B %
ThIC. PyO. TAMs peMoHT | 1 yuyenmka | 1 ydyeHumka | K cyocuaum
C-IletepOypr:
89 925,0 30,3%
1 | mxoma (825+109) 53087,0 | 33040,9 3797,1 33,05 (33.05/109) 40,9%
Ha 825 mecT
C-IletepOypr:
22 890,0 69,2%
2 | mKomna (210+109) 7052,7 13036,9 2800,4 75,42 (75.42/109) 69,2%
Ha 210 mecT
HoBocubupck:
87 200,0 39,3%
3 | mxoma (800 109) 53362,0 | 30350,1 3487,9 42,87 (39.3/109) 38,8%
Ha 800 mecT

Puc. 3. IlnaBarebHblii 0acceiid (a) u TeHHUCHbIH KopT (0) 13 BOC

B OCHOBE KOTOPOTO JICXKUT YIeHUE O eINHCTBE (hU3H-
YeCKOTO M IYXOBHOTO pa3BUTHUS JIUIHOCTHA. OHU pac-
cMaTpUBaIu (U3NUIECKUE YIIPasKHEHNUS KaK CPEICTBO
HE TOJIbKO (DM3UIECKOTO, HO M MHTEJUICKTYaIbHOTO,
HPaBCTBEHHOTO U 3CTETUYCCKOTO Pa3BUTHS UeTIOBEKa,
MOTYePKUBAsT IIPU 3TOM BaXKHOCTh Pa3yMHOTO COYC-
TaHUS, B3AaHMOBJIHSAHHS YMCTBEHHOTO H (pM3MIECKOTO
BocnuTaHud [24, 25].

«Heobxo0umo, — ucan Jlecradt I1.1., — umo6ot ym-
cmeeHHoe U usureckoe 0CRUMAHUE WAL NAPAAIEAbHO,
UHa4e Mbl HapYUUM NPABUAbHBLI X00 Pa38umus 8 mex op-
2anax, Komopwle ocmaunymes 6e3 ynpaxcHenus». Tak xe,
kak 1 CeuenoB .M., Jlecracdt I1.[1 yTBepsKImai, 4To JBH-
2KeHus M (pu3nYecKue ynpaxKHeHUs SBJSIOTCS CPeCTBOM
Pa3BUTHUSA NO3HABATEIbHBIX BO3MOXKHOCTEH MKOJIbHUKOB,
B CBSI3U C YeM HEOOXOMUMBI «CUCHMEMAMU4ecKue ynpaic-
HeHuUsl 8 npoyecce NPOCMbIX U CAONCHBIX Uep, NAABAHUSL,
beea Ha KOHbKAX U HA AbIXCAX, 8 NOX00AX, HA IKCKYPCUSAX
u 6 edunobopcmeax», a Maxkapeako A.C. cunTai, 9To
¥ YPOKU TPpyIa TAKKE BXOIST B 3TOT ITepedcHb. MHBIMI
CJIOBaMM, He00XO0IMMa MUKJINIECKAask CMEHA eCTeCTBEHHBIX
1 TYMAHUTAPHBIX NPEIMETOB CO CIIOPTUBHBIMH JUCIAILIH-
HaMH (C BOJIeII00JI10M, 0acKeTO0I0M, TCHHIUCOM, OOPHOOIt
U T.1.) M ypoKamu Tpyaa [24, 25].

Puc. 4. 3nanune mKoJIbI IO THIIOBOMY MPOEKTY 65-426/1
Ha 960 yyammxcs

YuuThIBasI, YTO TAKOE TAPMOHUYECKOE PA3BUTHUE YIa-
LIMXCSI TPEOYET TOMOIHUTEIBHBIX MHKEHEPHBIX COOPYXKe-
HMIA ¥ 3HAYUTEIbHBIX MATePUAIbHBIX 3aTpaT, HAIIPUMED,
Ha YCTPOICTBO IUIaBaTeJIbHOTO 0acceiiHa U TEHHUCHOTO
KopTa (puc. 3), KaK BapHaHT, C IOMOIIBIO BO3IyX0OIIOp-
HbIX coopyxkeHul (BOC) BKIIOYNM B UTOTOBYIO OLICHKY
95¢hGEKTUBHOCTU PEUMHKUHUPUHTA OOBEKTOB CPEIHE-
ro o0pa3oBaHUs CTOMMOCTh X BO3BEACHMS B pa3Mepe
3,0 MutH py0. WIS OMHOM IIKOJIEI, T.¢. 118,4 Mipm pyO.
Ha 39 462 rocynapcTBeHHbIE ILKOJIbI [26].
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ITo anasorum ¢ UHAUBUAYAIbHBIMU ToMaMu [17]
paccunTaeM aBTOHOMHYIO IYOJIMPOBAHHYIO CUCTEMY
3JICKTPO-, TEIIIO-, BOMOCHAOXKEeHMS IIKOJIBI Ha 450 MecT,
KOTOpasi MEHbIIIE TUIIOBBIX «COBETCKUX LIKOJI» (puc. 4)
M TI0 TIPOEKTY (pucC. 5) MMeeT CIeAYIoIIre TapaMeTphl
[27]:

OTONUTEILHBIN ce30H — 168 nHei,

SHepro3aTpaTel Ha otorueHue — 325 090 Br
(xxan/gac),

SHepro3aTpaThl Ha BeHTUAgnuio — 217 710 Br
(xxan/gac),

SHEPro3aTpaTel Ha Topsiuce BOTOCHAOXKEHHUE —
71 640 BT (kxaj/yac),

pacyeTHOe TTOTpedIeHne 3IIeKTposHeprur — 112 kBT,

XOJIOMHOE BomocHaOX)eHue — 9.04 Ky6. M B cyTKU
(1,4 muTpa B ceK.).

Ecnu nmpumenuts «lllyxoBckue BeTporeHepaToOphl»
MaKcuMajbpHO# MomHocT! (7 KBT) BMecTo portopa
B «CaMapCKIX BUXPEBBIX pOXHUKaAX» |28, 29], KOTOpbIe
Pa3MeCTHTh 1O TIEPUMETPY Ha KPOBIIE IITKOJIHI (pHC. 5B)
B KomuecTBe 12 yCTaHOBOK, CTOMMOCTHIO 110 1,0 MJTH pyo.
Kaxnasi, TO TOoJIy4YuM TpeOyeMblii 00beM BOTOCHAOKEHMS

i

=

it

(( 1'1.1"1_1" (!

T

g

AL

Wfi..ttj,« 1'

I R
T

o

ﬂmk 1

f

H

=

Puc. 5. IlnanupoBKa KpoBim KOs Ha 450 mect ¢ BBY (), ruaponanessivu (~wmw)

¥ COJTHEYHBbIMH OaTapessMy (mmmm )
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Ka4yeCTBEHHO X0JIOAHOM Boaoii (9,6 Ky0. M. B CYTKH)
¥ Ka4eCTBEHHOI! 3JIeKTpO3Heprueil B pasmepe 84 KBT.

Heobxomnmyio «1o6aBKy» B 33 KBT K moTpebisiemoit
3JICKTPO3HEPTUH U IyOJIMPOBAaHME 3JICKTPO- 1 BOMOCHA0-
JKeHWMSI (IT0 aHAJIOTUY ¢ MHANBUIYATbHBIMU SKVJIBIMA 10~
MaMU) CJIeAyeT OCYIIECTBUTH C TTOMOIIBI0 OTEYECTBEH-
HBIX COTHEYHBIX Oatapeil (Hampumep, SilaSolar 330Bt
PERC 5BB B xomuectse 100 1mT., 0011I€iI CTOMMOCTBIO
1,5 mutH py0.) 1 Tuaporadeneit (Harpumep, YHUCOPB
B KosmmaecTse 40 1mIT., 00111ei CTomMOoCThIO 1,3 MITH pyo.),
KOTOPBIC PACIIOIOKMUTH Ha KPHIIIIE IIIKOJIBI, a B CTOJIOBOIA,
B KOPHUIOPAX M B XOJUTAaX dTaXKe yCTaHOBUTH aTMOC(hep-
HBIC TeHepaToOpsI Bombl (Hampumep, T-88 «Coro3» B KO-
mraectse 10 1mIT., 061IIel cTOoMMOCTEIO 1,2 MITH pyo.) [28].

Takum oOpa3zoM, TIpeIBapuUTeIbHAS OLICHKA CIITHOB-
pPEMEHHBIX 3aTpaT Ha 000pyIOBaHME TSI OMHOM IITKOJTBI
TAKOI IyOJIMPOBAHHONI CUCTEMBI COCTAaBUT — 16,0 MIIH
py6. M ocTaeTcst OoLIeHUTh 00BEMBI U CPOKU (PIMHAHCH -
pOBaHUSA TIpeyIaracMOli aBTOHOMM3AIIUY 1 €€ BKJIaga
B CYIIECTBYIOIIYIO TCHEPAITNIO U TOCTABKY 2JICKTPOIHEP-
THUM, BOIOBI M TeIIa 00BEKTaM 00pa30BaHUs, a TAKXKE
CITOCO0 peanm3aliuy IIpeayiaracMon ITeleHTPaIN3aIlin
pecypcocHa0KeHUS IIKOJI.

Ecnu paccMaTpuBaTh TOJIBKO TOPOICKHNE OOBEKTHI
00pa3oBaHMs, KOTOPBIX Ha CETOMHSAIIHUI 1eHb — 16 812,
TO JJISl YCTAHOBKH B HUX TaKNX AaBTOHOMHBIX HHIKEHep-
HBIX CHCTeM oOecrieueHMs pecypcamu mkoua (AW CII)
norpedyercs 268,9 mupa pyo. B sTom ciayduae momyaum
cJIemyToIIre 00BEMBI PECYPCOB, TIPOM3BEACHHBIX C T10-
MOIIIbIO HAHOTEXHOJIOTUH B IITKOJIAX B TCUCHHUE TOA:

BOJIOCHAOKEHHE MUTHEBOI BOIOM — 56 MIIpI JIUTPOB
i 55,5 MuH Ky0. M;

BOJOCHAOKeHHe Topsuei Bomoit — 703 MITH TUTPOB
wm 0,7 MIH Ky0. M;

3JIeKTpocHAOKeHne — 687,3 MIIH KBT/4;

TemwnocHadxkenne — 289,9 toic. Ikan (3a oTonurens-
HbIIA ce30H B 6 MecsiteB — 0,0342¢ 6+ 50 = 10,26).

JIns ocHaImeHHs ocTANIBHBIX 22 650 ceabCKuX MKOJI,
KOTOpEIe, KaK IPaBUJIO, UMEIOT Ha TTOPSIIOK MEHBIIIE
¥ YMCIICHHOCTD YUYAIINXCS, M 3aHUMaeMbIe TTIOMIAIN,
¥ IOTpeOJICHUE PECYypPCOB, MOTPedyeTes IIPUMEPHO elle
22,35 mapna pyo., 1 CyMMapHBI 00beM ITPON3BEICHHBIX
AWCIII pecypcoB B roji COCTaBHT:

BOJIOCHAOKEHHE MUThEeBO BOIOM —5,6 MIIpAI IUTPOB
WIN 5,6 MJIH Ky0. M;

BOIOCHAOKeHHe Topsdeii Bomoii — 70,3 MITH TUTPOB
wm 0,1 MaH Ky0. M;

3JIeKTPOCHAOKeHne — 68,7 MIIH KBT/4;

TemiocHa0xkenne — 29,0 Teic. ['Kau.

DKOHOMMUIO OIOKETHBIX 3aTpaT Ha COICPIKaHME 31a-
HUIA U COOPYXKEHUI POCCUNCKUX KO MOXHO OLIEHUTh
B pa3mepe 54,2% cpeaHeil «CTOMMOCTH IeJaroru4ecKoi
YCIIyTH Ha KaXKIOTO YIaIIeTOCs»:

109 000 py6.+ 16 893 700 yu.« 0,542 = 998,046 mapa
pyo. B rom.

IMepeuncamM TOCTOMHCTBA TAKOTO TIOIXO0IA TS yda-
IIMXCS ITKOJI W HAIleTO TOCyIapcTBa, IMTOCTPOCHHOTO
C YIETOM IIPOLIECCOB CAaMOOPTaHN3AIINN:

BO-TICPBBIX, YYalIuecs M MeIaroru 00ecreInBaroTCsT
0e3 repedoeB KaueCTBEHHOI 3J1eKTPO3Heprueii, oTomie-
HHMEM, XOJIOHOW W ropsdeil BOJOi, a MKOJbI IKOHOMSAT
HA OILIATE 32 Hee;

BO-BTODBIX, YYAIIHECS U MeJATOrH PeabHO yIaCTBYIOT
B pellleHnH Mpo0JIeMbl «PeHIKHHAPHHTA TeXHOChepsl» C TT0-
MOIIIBIO «ITPUPOIOTIONOOHBIX HAHOTEXHOIOTHIT» , 3KOHOMSI
OIOKETHBIE CPENCTBA HA OILIATE 32 IJIEKTPOIHEPTHIO, BOLY
H TeII0, KOTOPHIC CIIeAyeT HAIIPAaBUTh Ha aMOPTHU3ALINIO
000pYIOBaHMS 1 €TO TeKyIIee OOCITy:KBaHIE, BKITFOUAsT
ANCII (50%), a octanbhblie (50%) — Ha yBe/MYeHue 3a-
PaGOTHOI IIATHI MPENOIABATEISIM,

B-TPEThHX, TOCYAAPCTBO 00eCeYMBAET POCT T0JIH AJTb-
TEePHATHBHOI SHEPreTHKH B 00IIeM 0ajiance, CTUMYITIPYET
IIPOM3BOICTBO COJTHCUHBIX OaTapeit M ruapomaHeicit,
BETPOTEHEPATOPOB, AIlIapaToB IeHEPAIIUH MUTHEBOM
BOIBI W IPYTUX IIpuoopoB, Bxomamux B AMCII, gyem
yBeJIMUMBaeT BHyTPeHHHUIt BaioBblii npoaykT (BBII) u ko-
JINYECTBO BHICOKOTEXHOJIOTHYHBIX PAOOYHX MECT.

YTo Xe MeIIaeT peaan3allii TAKOTo IToaxoaa’?

Bo-T1epBBIX, OTCYTCTBHE CUCTEMHOTO TIOIXOA K aJTh-
TePHATUBHOI SHEPreTUKE, O YeM CBUICTEIBCTBYIOT IIPH-
BelICHHBIC HAMU JaHHBIC 00 OIMMOOYHOM BEKTOpPE €¢
pa3BuTHsI, «mposoxeHHoM B 2009 romy» IIpaBuTesb-
ctBoM P® [30].

Bo-BTOpEIX, OTCYTCTBHE TOCYIAPCTBEHHOM ITOMICPK-
KU B IIOCTAHOBKE Ha IIPOU3BOACTBO OTEYECTBCHHBIX MH-
HOBALIMIA ¥ B BETPOHEPIeTUKE, 1 B TCHEPALINY ITUTHEBOM
BOJIBI, I B TPOM3BOICTBE «OIOIKETHBIX» THAPOTIaHeNel,
1 B BBIITYCKE COJTHEUHBIX OaTapeii.

B-TpeThux, 1 3TO ITaBHOE, — B OTCYTCTBHUY ITOJIATHYUC-
CKOI1 BOJI ¥ COOTBETCTBYIOIICH HOPMATUBHO-TIPABOBOM
0a3bl MO «HAMpPaBJICHUIO OM3HECa B HYXKHOE PYCI0» IS
obecnieyeHus1 6J1aroCOCTOSIHUS 1 0€30MaCHOM XKU3HEAes -
TEILHOCTU HAPOIIa, a He Ha ITOBBIIICHIE TI0KapOB3PHIBOO-
TTACHOCTH OT «0e3MyMHOI1 Ta3u(UKAIIIN ceIa» M HU3KOTO
KauyecTBa 3JIEKTPO-, BOIO-, TETIOCHAOKEHUST SKIJIOTO CEK-
TOpa, JOMOXO3SICTB 1 0OBEKTOB 00pa30BaHMUsI, 0COOCHHO
B CEJILCKOM MECTHOCTH, TIPU «CBEPXITPUOBLISAX» PECYPCO-
JTOOBIBAIOIIVX M PeCypCcOCHaOKaIOIMX KoMITanwmii [17, 31].

g perponiporrosa BHeapenus AV CII B poccuii-
CKUX ITKOJIaX TIPEACTaBUM BHIOOPKY HEOOXOMMMEBIX TTapa-
METPOB U3 CTATUCTUUYECKNX nccaenoBanuii HNY BIIID
[32] 1 paccunTaeM HeOOXOTUMEBIE TTapaMETPHI PEHHKI -
HUpPHUHTA poccriickux ko ¢ 2009 roza 1mo Hacrosiiee
BpeMms (Ta0. 3), T.e. ¢ MOMEHTA TIPUHSTHS OIITMOOYHOTO
pemenus [pasutennctBa PO [15, 30].

711 omipeneNieHUsI «CKOPOCTH» pa3BepThIBAHUS TIPE/I-
JlaraeMOi aBTOHOMU3AIMHU IIKOJI, B T.4. OIIPEIACICHMUS
¢uHaHCUpOBaHMS TTpPon3BoacTBa 1 MoHTaxka AV CIII
B PeTMOHAX, UCIIOJIb3yeM «MOJIEIIb OpTaHU3aIun 85 pe-
TMOHAIBHBIX TIPEIIIPUITHN TOCYTapCTBEHHO-YaCTHO-
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Tabauuya 3
CTaTHCTHKA M pacyeT NapaMeTpoB 00bEKTOB H Cy0bEeKTOB 00pa3oBanus B Poccuiickoii @enepamyuu
BKo-
LT Yucnen- | Koa-so | Kou-Bo 3arpatbl HOMMS Hiig
Tonwi/ JMsl HA Kon-Bo | Koxa-Bo 3arpatbl | DKOHOMHS K 3/m1are
HOCTh ropo- ropoa- na BOC B 1 mKoJie
ITapa- |1 yyennka CeJIbCKHX | CeJIbCKHX Ha AUCIII | ¢ AUCIIT yuuTens
yyammxcst CKHX CKHMX (MaH ¢ AUCIII
MeETpbI (TBIC. HIKOJT ANCII (MuH py0.) | (MuH pyo.) ¢ AUCIII
(ThIC. yeN.) | WKOJ AUCIIT pyo.) (MH
pyo) 6 (py6.)
pyo0.)
2010 112,0 13374,2 19 904 1659 31728 2644 12 908,0 35662,1 67 655,5 15,724 31120
2011 108,0 13 655,7 19 505 3284 30 623 5196 25440,0 70493,7 135224,2 15,946 30 641
2012 104,0 14 570,8 19 106 4876 29 518 7656 37 596,0 104 495,0 | 211599,0 16,885 31470
2013 99,9 15485,9 18 707 6435 28 413 10023 49 376,0 137 665,8 | 292 930,1 17,798 32 146
2014 100,8 15626,7 18 308 7961 27 308 12299 60779,9 170 006,3 | 379277,7 18,721 32734
2015 101,7 15767,5 17 909 9453 26203 14 483 71807,9 201 516,5 | 471758,6 19,709 33326
2016 99,9 16 260,2 17 510 10912 25098 16 574 82459.8 232196,2 | 567 776,1 20,657 33737
2017 98,0 16 752,9 17 111 12 338 23992 18 574 92735,6 262045,4 | 669217,8 | 21,649 34 109
2018 99,5 16 682,5 17 058 13760 23743 20 552 102935,7 | 291758,4 | 756595,2 | 22,051 34 486
2019 101,0 16612,1 17 004 15177 23494 22510 113060,2 | 321335,2 | 846254,8 | 22,455 34 858
2020 105,0 16 752,9 16 908 16 586 23072 22 650 117 707,2 | 345406,0 | 935660,1 23,847 36 546
2021 109,0 16 893,7 16 812 16 812 22 650 22 650 118 385,4 | 349200,7 | 998 040,7 | 25,291 38257

ro naptHepcTBa» ('YI1) mo BEITyCKy 000pyIOBaHUS

AWNCIII, ¢ nepenayeit ero B TOPOACKNE N palflOHHBIE

dmwmaner/yaactku nipennpustast Y1 oo coopku

1 MOHTaxa «crenuduumpoBanubix AUCII», cocTo-

amux [11, 17, 33]:

—  m3 «IIlyX0oBCKMX BeTPO-3JIEKTPO-TEHEPATOPOB» C BUX-
PEBBIMM TeHEpaTOpaMM — UCTOYHUKAMU aTMochep-
HOIi BOIBI;

— wm3 tugponaneneit <YHUCOPDB»;

— W3 COJTHEYHBIX OaTapeif;

— W3 UHBEPTOPOB-CUCTINKOB-N3BEIIATEIICH;

— W3 KOHTPOJUICPOB 3apsiga-n3BeniaTeieii ¢ aKKyMy-
JISTOPHBIMU OaTapesiMu;

— W3 anmapaToB TeHepalliy XOJIOMHOM 1 TOpSTIeii BOIBI
n3 Bo3myxa (I'XI'B);

— W3 OTEYCCTBEHHBIX MYJIBTH-CIUIUT-CUCTEM-M3BEIIa-
TEJICH.

Dumanber/ygacTtku Tex ke 85 npenmpusatuii [UI1,
pacIroylaralolIuxcs B Topomax M pailOHHBIX IIEHTpax
PETMOHOB, 00ECTICIMBAIOT Pa3pabOTKYy IIPOCKTOB «ITPH-
BSI3KM» YK€ CITeHM(UITNPOBAHHBIX K KOHKPETHOM IITKO-
e AMCI (CAUCII — ¢ KOHKPEeTHBIM KOJTUIECTBOM
ruaporaneseit u anmapatoB 'XI'B, ¢ «lllyxoBckumu»
BETPO-3JICKTPO-TeHEePaTOPAMM, COBMEIIICHHBIMU C BUX-
PEBBIMH TeHEepaTOpPaMU — UCTOTYHUKAMU aTMOC(hepHOit
BOIBI, M C KOHKPETHBIMH KOJTUYECTBAMM COJTHEUHBIX
TaHeJleil ¢ MHBEpTOpaMM-M3BEIIATeISIMI 1 KOHTPOJI-
JIepaMU-U3BeIIaTeIIMU 3apsiga ¢ aKKyMYJISITOpaMU,
a TaKKe ¢ 0TeYeCTBEHHBIMU MYJIBTH-CIUINT-CUCTEMaMU -
W3BEIIATEIISIMU, B 3aBUCIMOCTH OT YHCJIa MECT B IITKOJIE).

B aTOM cilydae MoJyduM CIIEOyIOLIMe JOIMOJIHU-
TeJIbHbIE IIPOU3BOACTBEHHbIE IIAHBI IS KAaXKIO0ro U3
85 npennpusatnii Y1 B permonax [11, 17] ¢ 2009 rona
(c MOMEHTA ITOCTAHOBKM Ha IPOMU3BOICTBO U BBIITYCKa
KoMILTeKcoB) 110 2021 rom:

1. 3a 12 j1eT M1t TOPOICKMX IIKOJI HEOOXOIUMO TTPO-
MU3BeCcTU U ycTaHoBuUTh 16 812 kommiekcos CAVCII
(ot 1659 o 1409 B rom), a ISt CEAbCKUX LIKOJI —
22 650 xkomuiekcoB CAMCIL (ot 2644 no 140 B roxn),
T.e. 110 464 KoMIUIEKCa Ha KaXIOM U3 85 mpeanpusaTrii
I'4I1 B permonax (ot 51 mo 18 B rom), uro mpu 247 pa-
0OYMX IHIX B FOAY COCTaBUT OT | KOMILIEKCA B HEAEITIO
10 1 komrutekca B ABe Henenu. [109ToMy YyTOYHUM CTO-
MMOCTb COOTBETCTBYIOIINX «yCPEIHEHHBIX CIIeLIM(UKa-
LIMi» [JI1 FOPOACKUX U CETbCKMX IIKOJI.

15t TOPOACKOM LIKOJBI CPEAHSS CTOUMOCTD CO-
ctaBuT 16,79 MiH. py6. nipu ciaeayooliein cueuudu-
Kaluu:

— 12 «lllyXOBCKUX» BUXPEBBIX BETPO-3JIEKTPO-TeHEepa-
TOPOB C BUXPEBLIMY I'eHEpATOPaMU — UCTOUHMKAMM
atMocdepHoii Boasl — 12,0 MitH pyo0.;

— 40 KOMIIJIEKTOB U3 4-X TuapomnaHenel
«YHUCOPB» — 1,3 MitH pyo0.;

— 100 comHeuHBIX OaTapeit — 1,5 MITH pyo.;

— 20 uaBepTopoB-m3Bemareneii — 0,57 MirH pyo.;

— 20 KOHTpPOJUIEPOB-U3BELIATEICH 3apsiaa ¢ aKKyMy-
JISTOpHBIMU OaTtapesmu — 0,27 MITH pyoO.;

— 10 armapatoB I'XI'B — 1,15 mutH pyo0.;

— 10 oTeyeCTBEHHBIX MYJIbTH-CILIMT-CUCTEM-U3BEIA-
teqeit — 0,9 MiH pyo.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (3):
217-226

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPOBJIEMbI MPUMEHEHUA HAHOMATEPUAJIOB U HAHOTEXHOJ1IOMW B CTPOUTE/IbCTBE

15T ceTbCKOIA IIIKOJIBI CPETHSISI CTOMMOCTD COCTaBUT
2,955 MutH py0. TIpU cIemyroIeii criennpUKaIm;

— 1 «lllyxoBcKuii» BUXpEBO BETPO-3JIEKTPO-TeHE-
paTop ¢ BUXPEBBIM TeHEPaTOPOM — MCTOUYHUKAMHU
atMocdepHoit Boasl — 1,0 MJTH pyoO.;

— 4 xomrmiekTa U3 2-x rugponaneneit «YHUCOPB» —
0,48 MiH pyoO.;

— 10 comHeyHbIX OaTapeit — 0,2 MITH pyo.;

— S wunBepTtopoB-u3Bemareneit — 0,25 MiH pyo.;

— 5 KOHTpOJUTepOB-U3BEIIATEICH 3apsIna ¢ aKKyMYJIsi-
TOpHBIMHU Oatapesmu — 0,1 MiTH pyo.;

— SanmaparoB 'XI'B — 0,575 miH pyo0.;

— 5 OTe4eCTBEHHBIX MYJIbTH-CIUINT-CUCTEM-M3BEIIa-
teneit — 0,45 MaH pyo.

2. ITOTOBBII TOOOBO# 00BEM I KaXKIOTO PEeTH-
oHanbHoro npeanpustust 'YIl cocraBut ot 51 mo
18 CAUCII cromMocThio oT 35,6 10 23,4 mapx pyo.
B roj (tad. 3), a 001Ut 00BEM ITPOM3BOICTBA KOM-
mwiekcoB CAMCI msg 39 462 ko 3a 12 j1ieT coCTaBUT
349,2 mapna pyo.

3. Ha cnenudukanmio, MOHTaX, HAJTAAKy W TEKy-
mee oocanyxuBanne AUCII B 39 462 mkosax 3a 12 et
B 85 cyobekTax rmotpedyetcst 69,84 mupa pyo., v cpexHmii
roioBOii 00beM (GIIHAIOB/YIACTKOB OTHOTO IIPEATIPH-
atust [YI1 coctaBut 68,47 M py6. Takum o6paszom,
TOTIOJTHUTEIbHAS IITaTHASI YMCIICHHOCTD IIepCOHAIA IS
onHoro royioHoro npeanpusitug A1 B pernone, anano-
ryHo nosarast, 4to CAVCIII cuntaeTcst BEICOKOTEXHO-
JIOTUIHOI TIPOAYKIIE B COOTBETCTBUH ¢ Pacrmopsike-
aueM I[1paButensctBa PO [34], cocrasut 71 cnenuaamcT
(342,4 mutH py0./4,8 MiTH py0.). [Ipr 3TOM AOMOJIHHTETb-
Hasl YMCJIEHHOCTDh ero (UINaIoB/y4acTKOB, IIPOCKTHO-
MOHTAaXXHas IeSITeIbHOCTh KOTOPBIX TAKXKE CUMTACTCS
BBICOKOTEXHOJIOTUIHOI, COCTABHT, B cpenHeM, 15 cnemu-
ammncroB (69,84 miiH py6./4,8 MiH py6.), T.e. 1o 1 1Tar-
HOI eIWHUIIC, B CPEIHEM, Ha ONWH (PUIHa/yIacToK
B cyonekTe Poccuiickoit Mepepanmn.

Taxum 06pa3oM, 00IIee KOJIMIeCTBO BEICOKOTEXHO-
JIOTUYHBIX padounx mMecT B 85 cyobekTax Poccuiickoit
Denepanmn yBeauunted Ha 7310 eqUHALL M, ¢ yIETOM
BBITTYyCKa KOMILUTEKCOB It 10,0 MITH MHAWBUAYaTBHBIX
IoMOB B perroHax Poccum, cocrasur 118 574 [11].

[IpuHMMas BO BHUMAHUE, YTO «CKOPOCTh MPOU3-
BoncTea u BHenpenusi» AUCIII cocrasasier ot 4333 o
1409 KoMIJIEKCOB B rOJI, a CPEIHSIS SKOHOMUS OIOIKET-
HBIX CPEIICTB Ha «ITeAarorundecKue yCIyT Ha KakIoro
y4dauierocs» coctaBut 54,2%, ObLI BBINOJHEH pacyeT
«OKOHOMMYECKOMN 3(D(DEKTUBHOCTI» aBTOHOMM3AIINH
WHXECHEPHBIX CUCTEM POCCUICKNX IIKOJ (TaoI. 3).

H00aBIsis B eXXeTOMHBIC 3aTPaThl CTOMMOCTD BO3BeIe-
HUS B KaXXIO¥ IIKOJIe TIIaBaTeIbHOTO OacceifHa 1 IBYX
TEHHUCHBIX KOPTOB C TIPUMEHEHNEM BO3TYXOOIIOPHBIX
COOPYKEHUI ¥ aBTOMATUKH YIIpaBIeHUS X PYHKIIAO-
HUpOBaHUEM B pa3Mepe 3,0 MIIH pyoO., MOJIyIHM OOIIYI0
CYMMY TaKoii MoJepHH3aImuH B pa3mepe 467,59 mupa pyo.

Takum 0Opa3om, eci 0bI B pe3yIbTaTe CUCTEMHOTO
ITOIX0a K aJbTepHATUBHOU sHepreTuke IIpaBuTenb-
cTB0 P® npunsiio 661 [locTaHoBIeHNE O pa3BePTHIBAHUN
ABTOHOMHBIM MH)KEHEPHBIX CHCTEM B IIKOJIAX, a TaKXKe
0 IMOAJEPXKKE B IOCTAHOBKE Ha IIPOMU3BOACTBO OTEYE-
CTBEHHBIX MHHOBALIMII B BETPOIHEPIETUKE, B reHepa-
LMY MUThEBOM BOIBI U3 aTMOCHEPHI, IIPOU3BOACTBE
«OIOJIKETHBIX» TUAPONAaHEsIeil U COJTHEUHBIX OaTapeit
B 2009 roxy, To K 2021 romay IIpakKTUIECKU BCe POCCHIICKHE
IIKOJIbI ObLTH OBI MepeBeIeHbl HA JIEIeHTPATN30BAHHOE
pecypcocHa0KeHne 3JeKTPOIHEPrHeii, TeNIoM U BOJO
3a CYET YKOHOMUM OIOMKETHBIX CPEACTB Ha 0Opa30oBa-
Hue, a ¢ 2022 rona, MoJHOCTbIO OKynHB oyt 500 Mupx
pyo0. 3aTpaT, MOIIH OBI MOJYYHTD €KErOTHYI0 SKOHOMHIO
0I0/KETHBIX CPENICTB B TAKOM ke pa3mepe! [1pu saTom
KaX1plii Tox B mKoJax nociie Baeapenns CAMCIII kax-
JIOMY YYHTEJNI0 MOXHO OBLIO Obl YBEJUYHTDh 3apPIIATY
Ha 31 Tbic. py0. B Mecs, a ¢ 2021 roga Takasi Hag0aBKa
nJocturia ob1 38,0 TeIc. py0Jieii B MecsIl 3a CYeT COKOHOM-
JIEHHBIX OI0/KETHBIX cpeAcTB (Ta0. 3).

3AK/IIOYEHUE

AHam3 HaIIpaBJICHUA 1 TEMIIOB Pa3BUTHS B MUPE,
«TaK Ha3bIBAEMBIX BO3OOHOBISIEMBIX HICTOYHUKOB SHEP-
TUW», TT0Ka3aJjl, YTO YKa3aHHBIC YCTAHOBKU, SIBIISISICH
HEeCTaOWIHLHBIMH, HI3KO KOHIICHTPUPOBAaHHBIMU U TTe-
PUOOMYIECKUMU UCTOYHNKAMU, MOTYT MCIIOJIh30BAaThCS
B MHIVBUIYATbHBIX KIJIBIX TOMaX 1 IIIKOJIaX B KAYECTBE
aBTOHOMHBIX MHXKeHepHBIX cucteM (AMC) 31eKTpo-,
BOIO- M TeIIocHAOXeHUs. [Toka3aHO, YTO OTEUECTBEH-
HbIC MHHOBAIIUM ¥ HAHOTEXHOJIOTUM B MHXKCHEPHBIX
cHCcTeMax 3TaHU 00BEKTOB 00pa30BaHMsI, B YACTHOCTH,
nHTerpanug «IIyXoBcKoil» 1 BUXPEBOI BETPOYCTAHO-
BOK, TUApOTNaHeIel M COTHEUHBIX OaTapeil ITO3BOJISTIOT
co3math 1 TupaxkupoBatb AVC 11T KO 3a CYEeT KO-
HOMMU OIOIKETHBIX aCCUTHOBAHUI Ha 0Opa3oBaHUE,
TIOIHSIB TIPY 3TOM 3apabOTHYIO TIJIaTy KaxkKIOoTo Iiearora
MOYTH Ha 38 ThICSY pyOJIeit B MeCsIIl.

CylIiecTBeHHBIM TIPU 3TOM SIBIIETCS TOT (DaKT, 4TO
3a cuet myosmpoBaHus AMC mMoryT o0ecneunTs 3JIeK-
TPO3Hepruei, BOIO U TeIIOM BCe TOPOJACKHE U CeJIbCKhe
rocyaapcTBeHHbIE IMKOJIbI C TTapaMeTpaM1 KadyecTBa,
HaIIeKHOCTH M 0€30ITaCHOCTH, KOTOPBIe HAa HECKOJIBKO
TTOPSIIKOB TIPEBBIIIAIOT CYIIECTBYIONINE IIEHTPAT30BaH-
HBIE CUCTEMBI PECYPCOCHAOKCHMSI TOPOIOB 1 HACEJICH-
HBIX ITyHKTOB, 0JaroAapsi 4eMy MOTYT CO3/1aTh MOXKapo-
B3PbIBO-0€30NaCHBIE YCJIOBUS B MIKOJAX IS YIAMIHXCS
H meaaroroB He xyxe, 4eM 0,999999, kak 310 TpedyeT
roCyJapCcTBeHHbIi cTannapr [35].

Takum o6pa3zoM, MaccoBas ajJlbTepHATUBHAS SHepre-
THKa B Poccun neiicTBUTEIbHO BO3MOKHA M BBICOKOI(-
(heKTMBHA C MOMOIIBIO OTE€YECTBEHHBIX HAHOTEXHOJIOTHI
B MHXKEHEPHbIX CHCTEMaX He TOJbKO HHINMBUAYAJbHBIX
JKIJIBIX IOMOB, HO U B IKOJIAX.
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ABSTRACT: Introduction. Shotcrete lining is the most economical and quite fully mechanized in production among all the known
varieties of concrete linings. The construction practice of hydraulic structures has accumulated numerous examples of the use of
a wide variety of building materials in lining — from stone to modern films made of synthetic resins. Despite the very active efforts to
find more suitable materials, concrete lining will remain the main one for a long time. Accordingly, concrete lining requires further
improvements, increasing durability and reducing cost. Methods and materials. The studies were carried out by the comparison
method of laboratory tests of shotcrete with nanostructured surfactants additives. In the form of nanostructured additives, SCL
(sulfite-cellulose liquor), NAR (neutralized air-retaining resin), cotton soap and bitumen were used in various consistency. The tests
were conducted on strength properties, shrinkage, tension deformation, adhesion strength and water permeability. Structural
changes in the properties were studied by electron-microscopic analysis. Results and discussion. It is established that the optimal
proportion of SCL additive to the shotcrete gauged water, under the spraying condition, is 0.5% by the cement weight. NAR addi-
tive is not observed. When cotton soap additive with gauged water are added into the shotcrete, the water content in the placed
shotcrete increases as the amount of the additive added increases, the optimal cement content in the shotcrete is observed when
0.3% cotton soap additive by the cement weight is added. The “rebound” decreases when the additive proportion grows. The 0.3% SCL
additive by cement weight added in 1:4 dry mixture shotcrete increases its compression strength by 16%, bending strength by 1%
and tension strength by 20%. Conclusion. All nanostructured surfactant additives increase the shotcrete shrinkage. The shotcrete
with SCL additive shows the smallest increase in the shrinkage, and the largest — with bitumen emulsion. The additives used in
shotcrete significantly increase its tension deformability, and in a wide range reduce the values of the shotcrete instantaneous
elasticity modulus, i.e. enhance its plastic properties. The surfactants and bitumen emulsion reduce the adhesion strength between
shotcrete and reinforcement, however, it remains at a higher level than that of conventional concretes.
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INTRODUCTION

Most irrigation systems in Kazakhstan do not have
anti-filtration lining on the channels. This is one
of the main reasons for the very low efficiency of systems,
as well as resalinization and waterlogging of suspended
land [1].

Further development of agriculture in the Kazakh-
stan requires radical change in the prevailing views on
the irrigation channels lining. The dwindling land re-
serve for new irrigation and the ever-increasing need

for capital costs of reclaiming old irrigation land will
sooner or later require a transition to fully lined sys-
tems. Therefore, there is already a very serious need for
extensive scientific and industrial research of all kinds
of materials and structures, methods of work and design
of machines to install linings [2].

The construction practice of hydraulic structures in
various countries has already accumulated numerous ex-
amples of the use of a wide variety of building materials in
the lining- from stone to modern films made of synthetic
resins. However, despite the very active efforts to find
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more suitable materials, concrete lining will remain the
main one for a long time. Accordingly, concrete lining
requires further improvement, increasing durability and
reducing cost [1-5].

Shotcrete lining is the most economical and quite fully
mechanized in production among all the known varieties
of concrete linings [6].

In Kazakhstan and Central Asia, there are almost no
shotcrete linings, there are only small areas, although
in some foreign countries, for example, in the USA and
China, they have been used for a long time and are being
re-built [7, 8].

Due to the simplicity, construction mechanization and
great economy compared to monolithic and prefabricated
linings made of ordinary concrete, shotcrete linings will
take a proper place in irrigation construction.

METHODS AND MATERIALS

Research [9—12] determined the optimal parameters
for the shotcrete work production. In experiments, the
angle between material flow direction and the land to be
treated was 90 degrees with the distance from the nozzle
to the panel 90—110 cm. In the experiments, we used sand
taken from the Syrdarya riverbed, with the volume weight
of 1.44 kg/1, a specific gravity of 2.7 kg/I and voidness of
46.5%, Portland cement grade 400 of Zhambyl Cement
Plant and water from State utility enterprise on the right
of economic management “Taraz Su”.

By applying shotcrete to special panels at an angle of
90 degrees to their surface, shotcrete plates were made,
which were cut into figures of certain sizes at the hori-
zontal position of the panel. This facilitated the samples
production and improved their quality.

We took cubes sized 3%X3%3 cm to test shotcrete com-
pression strength, and prisms 3X3%24 cm in size were
used to test the bending properties. We prepared prisms
3Xx3X8 cm in size, which were placed in normal-type
briquettes and the “rounding-off shoulders” were filled
with cement-water paste made of fine-ground cement.
During the tension test, there were cases of “rounding-
off shoulders” shearing, so we designed special dies from
roofing iron with wooden plungers and the workshops
machined them.

The proportions of sand and cement to prepare dry
mixture were taken by weight. The composition of the
shotcrete was determined by the specific method [10,
11]. Experimental samples were tested after storing them
in wet sand for 7, 28, 60, 90, 180, 360, 720 days. At least
three twin samples were tested at each stage. The strength
properties of shotcrete (kg/cm?) without additives at
28-days are given in Table 1.

At 18-months, shotcrete had the following strength
(% of 28-days): by 1:2 composition of the dry mixture —
116, by 1:3 and 1:4 — approximately 100, by 1:5 — 106 (in
compression), by 1:4 — 184 and 1:5 — 164 (in bending).
In later stages, the strength increases significantly during
bending and slightly during compression. At 24-months,
the compressed shotcrete has the following strength (% of
28-days): by 1:3 composition of the dry mixture — ap-
proximately 100 and by 1:5 — 174 accordingly.

The ratios of bending strengths to compressive
strengths, average for various periods of storage, increase
with a decrease in the fat content of the dry mixture from
0.32 for a composition of 1:2 to 0.42 for a composition
of 1:6. Average ratios of tensile strength to compressive
strength increase from 0.13 for 1:2 dry mixture to 0.29 for
1:6 dry mixture.

In addition to sufficient compressive, bending and ten-
sile strength, water permeability is of great importance for
the lining material. Shotcrete with an undamaged struc-
ture has a high water permeability [15]. When lining was
installed at channels K-18, K-20 in the Maktaral district
of the Turkestan region, shotcrete with 1:5 dry mixture
composition mixed with cement grade 400 and Zhetysay
sand (lining thickness 5—7 cm) at 28-days stage withstood
a pressure of 6—8 atm (Fig. 1).

Shrinkage was determined on prism shaped samples
sized 5%X5x%50 cm using a designed and manufactured
saddle-type indicator tensometer. The relative shrinkage
values (ex107°) for shotcrete at 14 and 28-days are as fol-
lows (Table 2).

To determine the effect of water evaporation from
the sample on its shrinkage, some samples were coated
with paraffin. Dry mixture composition 1:4. Shrinkage
was measured on a 5X5%50 cm sample. The paraffined
sample shrank for 2 days gradually, due to contraction:
then the shrinkage stopped, amounting to 9.4 u. During

Table 1
The strength properties of shotcrete (kg/cm?)
Dry mix composition
Type of test il P
1:2 1:3 1:4 1:5 1:6
Compression 281 230 179 150 100
Bending 105 73 72 62 40
Tensile 38 32 27 32 19
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Fig. 1. Pilot sites of irrigation channel lining installation using shotcrete in the south of Kazakhstan

Table 2
Relative shrinkage values of shotcrete
Shotcr‘e.te 14-days 28-days
composition
1:3 36.0 57.0
1:4 35.0 53.5

this time, the non-paraffined sample shrank to 49.6 u,
i.e. 5.3 times more, and it continued, reaching 467.2 u
by 90 days stage, of which 383.2 or 82%, were in the first
30 days. It is clear from the experiments how important
it is to avoid water evaporation from the shotcrete during
the setting process in order to reduce shrinkage. To create
a vapor-proof film on a shotcrete surface, heavy highly
polymerized Kyzylorda and Aktyubinsk oils can be used
in this process.

The disadvantages of cement material, from the point
of view of its use for channel lining, are 1) excessive stiff-
ness and brittleness, which increase over time, and 2) suf-
ficiently large temperature-shrinkage deformation. The
first disadvantage does not allow to built thin concrete lin-
ing (5—7 cm), as it would be highly susceptible to destruc-
tion even with minor base deformations (subsidence and
suffosion process). Therefore, monolithic concrete lining
is usually 10—15 cm thick and are often reinforced with
iron. The second disadvantage leads to the need to disturb
the coating by cutting temperature-shrinkage seams, and
this worsens coating operational performance and com-
plicates construction work. In this regard, it is desirable to
increase the deformative properties and creep of cement
material, in particular shotcrete [11—14].

The influence of nanostructured surfactants on the
shotcrete creep was revealed when we add SCL (sulfite-
cellulose liquor), NAR (neutralized air-retaining resin)
and cotton soap into gauged water. Bitumen substance
has high plastic properties under certain conditions. It can
transmit these properties to the input materials. Bitumen
substance was added into the shotcrete as bitumen solu-
tion in kerosene and bitumen emulsion.

The effect of appending organic surfactants should
affect the wetting ability of the gauged water and the me-

chanical properties of the shotcrete [16]. The influence
of organic surfactants on the wetting ability of gauged
water with the additive was determined by measuring the
capillary suction of solutions. To determine the capil-
lary suction of distilled water with and without additives,
a simple device is made consisting of four tubes with a di-
ameter of 3.2, 1.2, 0.5 and 0.3 mm, fixed on a measuring
scale with the ends of the tubes extending beyond the
scale by 20 mm. The tubes were immersed in the liquid.
To measure the capillary suction, the average of three
experiments was taken.

RESULTS

SCL was added in the amount of 0.5, 1 and 1.5%,
NAR — 0.05, 0.1 and 0.15, cotton soap — 0.1, 0.3 and
0.5%. As a result, it was found that SCL increases the
wetting ability of water, and the more additives the higher
wetting ability is. NAR causes a slight increase, and cotton
soap significantly reduces it.

To find out the effect of additives on the shotcrete
spraying process, a set of experiments was carried out, the
results obtained are given below. In experiments, a 1:4 dry
mix shotcrete with various amounts of SCL, NAR and
cotton soap was used. To make the research, the group
of scientists took 10 kg of dry mixture and defined the
composition of the shotcrete applied to the panel and its
weight. According to the spraying conditions, the optimal
amount of SCL additive is 0.5% by the cement weight.
With such an amount of additive, shotcrete contains
a minimum amount of water, a maximum amount of
cement and has the smallest “rebound”.

The optimum addition of NAR is not observed. As
it increases from 0.05 to 0.1% of the cement weight, the
water content in the cast-in-place shotcrete increases from
12.4 to 13.1%, cement content increases from 29.5 to 30.9,
and the shotcrete weight changes from 4.3 to 5.3 kg, i.c.
the “rebound” decreases.

When cotton soap mixed with gauged water is added to
the shotcrete and as its amount increases, the water con-
tent in the shotcrete inhances. It is noted that the optimal
amount of cement in shotcrete is by the addition of 0.3%
cotton soap by cement weight, or 0.57% by water weight.
The weight of the cast-in-place shotcrete increases from
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4.38 kg with 0.1% cotton soap from the cement weight to
5.88 kg with 0.5% addition, i.e.the “rebound” decreases.

In order to determine the effect of surfactant additives
on strength properties, 5X5X%5 c¢cm cubes, 5X5%31 cm
prisms, and normal-type briquettes were made. Beams
sized 5x5%50 cm were tested for shrinkage. Also beams
of the same dimentions with the released reinforcement
ends d = 10 mm were tested for deformation ability under
the condition of a slowly increasing static tensile load. The
shotcrete creep was examined under the constant static
load. The rings with a diameter of 20 cm and a thickness
of 5 cm were tested for water permeability (Fig. 2).

The ideal proportion of additives in concrete and ordi-
nary mortar was established during laboratory and indus-
trial experiments: SCL is about 0.25%, NAR is 0.03 %,
and cotton soap is 0.1% by the cement weight.

To try shotcrete strength out, three twin samples
were used. The tests were carried out at 28, 90, 180 and
270 days of samples storage in wet sand. 1:4 dry mixture
composition. The results are shown in the Table 3.

The SCL in the amount of 0.3% by the cement weight
increases the compressive strength on the average of 16%,
bending strength by 1%, and tensile strength by 20%.
Shotcrete compressive strength increased on the average

of 16%, the bending and tensile strengths decreased in
comparison with the shotcrete corresponding strengths
without additives when SCL 0.5% by cement weight was
added. The average compressive and tensile strengths
remained approximately at the same level as the shotcrete
corresponding strengths without additives, and the bend-
ing strength increased by 20% when SCL 1% by weight
of cement was added.

Based on the experiment results, it can be concluded
that SCL increases the shotcrete strength properties al-
most at the same limits as in ordinary cement mortars
and concretes, so SCL in the amount of 0.3% by the ce-
ment weight can be recommended to use to increase the
shotcrete strength in structures.

NAR and cotton soap reduced the shotcrete strength
properties, and the more they are added the greater the
strength decreases. The proportion of additives used in
experiments showed that cotton soap reduces the com-
pressive and tensile strength to a greater extent than NAR.
And only shotcrete bending strength was higher with cot-
ton soap added than with added NAR. This is explained
by the fact that surface-active additives of hydrophobic
type, adsorbed on the surface of concrete components,
form films of water-solublecalcium soaps and therefore

Fig. 2. Shotcrete samples

Table 3
Results of the shotcrete strength test
Quantity Water/ Strength limits of samples in kg/cm? at the 24-hour period
Type of shotcrete of additive, Cement compression bending tensile
% by cement in
weight shotcrete 28 90 180 | 270 28 90 180 | 270 28 90 180 | 270
Without additive — 0.52 259 | 218 | 259 — 94 85 142 - 34 33 37.9 -
0.3 0.43 317 | 270 | 301 — 108 — 125 - 38 38 50.8 —
With additives 0.5 0.28 293 | 328 | 247 | 377 83 83 [ 132.5| 136 23 31 35.6 | 47.9
SCL 1.0 0.47 255 190 | 301 | 471 103 128 | 139 128 31 32 | 41.3 -
NAR 0.03 0.37 183 | 260 | 165 | 293 74 83 78 131 26 24 36.8 | 38.5
0.06 0.58 147 | 265 | 273 - 65 85 69 - 22 25 324 —
0.12 0.74 131 142 | 195 — 55 62 — - 12 27 25.2 -
Cotton Soap 0.1 0.71 166 | 156 | 138 | 182 65 76 97 55 20 19 31.8 —
0.2 0.93 176 | 243 | 181.5|192.5| 92 65 125 45 12 14.7 | 16.8 | 18.1
0.6 0.61 134 | 163 | 231 | 278 75 60 88.5 65 18 14 | 27.0 —
Bitumen emulsion* 0.25 0.6 137 174 180 | 263 77 60 87 96 20 — 27.6 -
0.5 - 91 - 154 — 27 - 57 - 10 - 14.2 -

* The bitumen content is given as a percentage by the shotcrete weight
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reduce the rate of hydration and hydrolysis of clinker min-
erals and, consequently, the increase in the strength over
time. The plasticizing effect is based on air entrainment,
which occurs in the concrete mixing process, but it does
not occur during pneumatic spraying process, so there is
no plasticizing effect [17].

The deformability of shotcrete containing various ad-
ditives of different proportions was determined under the
influence of permanent step load.

The experiment shows that the speed of load applica-
tion is approximately constant, so the task to define the
comparative deformability indicators of shotcrete with
additives can be considered fully completed.

The prism shaped samples at the 28-days sized
5x5x%50 cm were tested during the experiment. Deforma-
tion was measured by indicator tensometer. Deformation
reports were taken at stress intervals of 2 kg/cm?. Three
twin samples were tested, and the number of loading
and unloading cycles ranged from 4 to 15. Two samples
were destroyed and one was left to be tested again at the
3-months. Aside the deformation reliance on the stress,
there were also determined the number of plastic defor-
mations at certain stress levels (sometimes close to Rp),
maximum extensibility, and tensile strength limits.

The figures show the deformation reliance graph
Al= f(op), based on the experiment results, where almost
all traffic curves of the second loading cycle are taken for
the samples that showed most logical change (out of three
twin samples) in deformation reliance. Shotcrete creep
was determined based on measurements of 28.5 cm.

Fig. 3 shows deformation reliance on the stress for
shotcrete with different proportions of SCL and NAR ad-
ditives, as well as control curves for shotcrete without ad-
ditives. All kinds of samples were made from cement dry
mixtures and sand in a ratio of 1:4. The graphs show that
SCL additive greatly increase the shotcrete deformation
ability under certain load; the more additive added, the
more sharply the deformability increases, and this fact is
observed in an overall increase of the shotcrete with SCL
additive strength properties. SCL increased the specific
deformability, and consequently reduced the value of the
instantaneous and long-term deformation modulus and
thereby enhanced the plastic deformations as well. This
is also indicated by a significant length reduction of the
initial straight-line portion on the graphs.

The influence of additives on the maximum tensile
strength of 28.5 cm of the prism section is characterized
by the following data (1:4 dry mix composition, Table 4).

Graphs of shotcrete deformability with NAR additive
show that NAR even more sharply than SCL increased
the deformation ability of the shotcrete, however, this is
already observed at a time when strength properties de-
creased substantially. NAR slightly changes the nature of
the deformation curves: they approach the straight lines
and the curve 8 changes the curvature sign.

Cotton soap increases the deformability of the shot-
crete more significantly than SCL and NAR, but it is par-
ticularly marked under a higher ultimate tensile strength
decrease compared to the shotcrete with the NAR addi-
tion (Fig. 4a).

Tensile stress kg/em?

8 10 12 14 16

18

Length increment, m

% 18

14

0

Fig. 3. Graph of shotcrete deformation reliance on load and additive A/ = f(apD): 1 and 5 without additive, A/ = 0.3—
0.86;2—0,% SCL, Al=0.4—0.62; 3 —0.5% SCL, Al=0.5—-1.2; 4 — 1.0% SCL, A/=0.6—1.5; 6 — 0.03% NAR;

7—0.06% NAR; 8 — 0.12% NAR (for NAR A/ = 1.0)
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Table 4
Effect of additives on the ultimate tensile strength value
Quantity of the | Ultimate tensile Maximum
additive, % strength, kg/cm? | elongation, p
Without additive 28 22
SCL
0.3 34.6 21
0.5 27.9 2627
1.0 20 33
NAR
0.03 20 42
0.06 19 46—47
0.12 14 20
Cotton Soap
0.1 20.4 35
0.2 16.1 32
0.6 11 22
Bitumen
0.25 16 8
0.5 11 18

Bitumen was added into the shotcrete with gauged
water as an emulsion in 0.25 and 0.5% proportions (Fig.
4b). Curve 2 corresponds to the deformation of the sam-
ples added 0.25% additive; with a few additives, the dif-
ference in elongation indicators compared to shotcrete
without additive is not significant. The 0.5% additive
increased significantly the shotcrete deformability, as
is the case with NAR additive. Curve 3 has already a

clearer inverse curvature, which logically should indicate
the decrease in the plastic component of deformation
as the stress increases. Bitumen additive dramatically
reduced the tensile strength and even the ultimate tensile
strength, although the specific tensile strength remained
approximately the same.

For a more prominent comparison of the tensile
strength (at 28-days), depending on its composition
and additives, the values of the total increment of the
samples length u are given below based on the accepted
measurement when the samples reach the tension of 5 and
10 kg/cm? (with additives, the dry mixture composition
is 1:4, Table 5).

SCL increases the deformability under static load by
2-2.5 times, NAR — by 2,5—4 times, cotton soap — by
3—5 times, bitumen — by about 2 times.

The shotcrete deformability was determined from 4 to
15 cycles of alternate loading and unloading.

Fig. 5 show the deformation reliance graph of the test
of 1:4 dry mix shotcrete without additives at 5 loading
cycles. The curves of different cycles are almost parallel
(parallelism of tangentsat points of equal loads), although,
with an increase in the number of cycles, they would have
to straighten out due to a process similar to “hardening”.
When the load is reset for the next loading cycle, the in-
dicator arrow does not return to its initial position, but
always shows a longer length, a sample by a value a’, a”
and etc. As the number of loading cycles increases, the
values of a, being as a residual deformation, decrease and
are practically reduced to zero. The absolute values of a
depend, apparently, on the material of the samples, the
stage, and the present tension.

Tensile stress kg/cm?

1 1 1 1 1

0 2 4 6 8 10 12

14 16 18 20 2 0 2 4 6 8 10 12

Length increment, m

Fig. 4 (a, b). Graph of shotcrete deformation reliance on load and additive A/ = f(apD): a — cotton soap additive, %;
1 — without additive, A/=0.3—0.86;2 — 0.1, A/=1.5;3—0.2, A/=1.7;4 — 0.6, Al = 2.15; b — bitumen additive, %;
1 — without additive, A/ =0.3—0.85;2 — 0.25, A/=10.3—0.86; 3 — 0.5, A/=10.74
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Table 5
Comparison of shotcrete tensile strength
Dry mix
composition and 5 kg/cm? 10 kg/cm?
additive percentage
Without additive

1:2 0.2 0.4
1:3 0.7 2.0
1:4 1.8 5.0

SCL
0.3 2.1 5.0
0.5 2.7 6.7
1.0 5.0 11.5

NAR

0.03 5.0 10.0
0.06 5.2 10.2
0.12 8.0 13.4

Cotton Soap
0.1 8.8 16.2
0.2 10.0 18.6
0.6 10.6 21.0
Bitumen

0.25 2.0 5.3

0.5 5.6 9.5

Thus, the reliance curve Al = f(ap) sums up the elastic
and plastic deformation components during the forward
course (tension increase), and the second branch of the
curve corresponding to the tension relief, on the contrary,

differentiates them. In experiments, the rate of increase
and decrease of the load is quite high; we can assume
that the plastic component of deformationis restored. As
the number of loading and unloading cycles increases,
the angle of the graph inclination (lines 1, 2 and 3) to
the abscissa axis decreases, and the value of the elastic
modulus decreases along with the integrity violation of
the shotcrete structural constructions.

This phenomenon is observed in all the tests we have
performed with a large number of loading and unload-
ing cycles. During 1:4 dry mixture sample test with the
0.06% NAR additive, the instantaneous elastic modulus
found according to the graph of the second cycle was
285 000 kg/cm?, and according to the graph of the 15" cy-
cle — 259 000 kg/cm?.

During the experiments to identify the shotcrete
shrinkage, we were interested, firstly, in its shrinkage
deformations, since shotcrete differ significantly from
ordinary concretes and mortars in the placing method and
water consumption, and, secondly, in the effect of surfac-
tants additives and bitumen on the shotcrete shrinkage.

Shrinkage was determined on prism shaped samples
sized 5x5x%31 cm and 5%X5%50 cm using special devices.
A set of control measurements showed that the relative
shrinkage obtained on samples of different lengths dif-
fer very little. Shrinkage of the samples was observed
for 2—3 months. According to the shrinkage graphs of
shotcrete samples without additives and with the initial
1:3 and 1:4 dry mixtures compositions as well as with
0.3 and 0.5% SCL additives (by the cement weight), it
can be concluded that the first three compositions have

e NN N W
(o] [== T o N

—
N

Tensile stress kg/cm

Length increment, m

16 20 24 28

Fig. 5. Curves of shotcrete deformation reliance on load Al = f(ap) at 5 load cycles
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Fig. 6. Graphs of shotcrete shrinkage reliance on time g = f(t): a — SCL additive, %; 1 and 2 — without additive
(mixture 1:4); 3 — 0.3, mixture 1:4; 4 — 0.5, mixtures 1:4; b — NAR additive (mixture 1:4), %; 1 — without additive;
2—0.03;3—-0.06; 4 — 0.12; ¢ — cotton soap additive (1 — 0.1%, 2 — 0.2, 3 — 0.6) and bitumen (4 — 0.25%, 5 — 0.5);

mixture 1:4

approximately the same shrinkage rate, and the fourth
composition has a slightly higher one (Fig. 6a). This is due
to the high cement content in the fourth composition, as
well as the acceleration of cement hydration as a result of
the SCL peptizing effect and the accelerating processes
of diffuse water absorption by cement.

Shotcrete with NAR additive (1:4 dry mixture com-
position) has higher shrinkage than shotcrete without
additive. According to the curves position (Fig. 6b), it can
be seen that the cement content has a greater influence on
the shrinkage rate than water, so the compositions with
higher cement content correspond to curves of greater
shrinkage rate.

Shotcrete with soapstock soap additive and bitumen
has a slightly lower shrinkage rate in the first 15 days of
testing, and in the subsequent days it has a higher one.
(Fig. 6¢) By the end of the month, the shotcrete with
bitumen has the greatest shrinkage. To compare, the rela-
tive shrinkage values for all shotcrete compositions are
given below (for shotcrete with 1:4 additives) at 14 and
28-days. The additives used in the first month increase
the shotcrete shrinkage, the highest indicators were found
in shotcrete with bitumen (Table 6).

Table 6
Relative shrinkage rates
Dry mixture Relative s
o . t x10
composition and shrinkage at 28-davs
additive percentage 14 days Y
Without additive

1:4 35.0 53.5
1:3 36.0 57.0

SCL
0.3 39.0 55.0
0.5 48.0 63.7

NAR
0.03 49.0 59.5
0.06 44.0 58.5
0.12 36.0 55.0

Cotton Soap
0.1 44.0 62.5
0.2 234 55.0
0.6 35.0 60.3
Bitumen

0.25 40.0 68.0
0.5 37.0 66.0
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The adhesion strength between concrete and rein-
forcement is the most important factor that ensures their
joint and reliable operation in constructions. It is caused
by three main causes: friction and shear resistance. Nu-
merical value of adhesion strength is determined empiri-
cally, and its shear resistance (R, and 7, ) is expressed
by the adhesion strength (kg/cm?) assigned to the total
outside surface of the reinforcement Experiments have
shown that 7, for concrete ranges from 25 to 40 kg/cm?,
and for shotcrete it is slightly higher — 38—62 kg/cm?[18].

DISCUSSION

In our experiments, we tried to trace the effect of
additives on the shotcrete adhesion strength. Adhe-
sion strength was determined by pulling out 10—12 mm
long reinforcing rods from prism shaped samples with
the cross- section of 50x50 mm and the length of 15—
17 cm. The length of restraint of the reinforcement end
was 10—12 cm. The adhesion strength between shotcrete
and reinforcement has the same cohesion as the strength
properties. SCL additive increased significantly the ad-
hesion strenth (almost in twice), and all other additives
lowered it (Table 7).

However, by the 3-months, the SCL additive did not
increase the shotcrete adhesion strength, while in shot-
crete without additives and with hydrophobic additives,
adhesion strength increase is observed. In some cases,
the adhesion strength between concrete and reinforce-

ment reaches 200% of the 28-days adhesive strength. By
the 3-months, all shotcrete compositions got the adhe-
sion strength 7_,, close to one 7, for ordinary concretes
or even higher. Thus, it can be noted that the adhesion
strength 7 between shotcrete with additives (SCL, NAR,
cotton soap, bitumen in proportions close to ours) and
reinforcement is at a very satisfactory level, and therefore
the minimum embedment length of the reinforcement
can be calculated according to the principles that apply
in ordinary concrete, i.e.

RExd

> ,
4Tad

where / — is the minimum required embedment length
of the reinforcement; R " — is the standard resistance of
the reinforcement.

To compensate for shrinkage deformations, the creep
of the shotcrete under static load is of great importance
[19—27]. Sample shrinkage deformations at 1-month,
taken for testing from wet sand, were larger than the creep
in a certain period of time: this became clear after testing
9 sets of samples (shotcrete without additives, as well as
with SCL and NAR).

Starting from the 10" set, where the samples made
from dry mixture of cement and sand 1:4 with 0.6% cot-
ton soap additive (by the cement weight) were used, the
deformations shown by the sample under the influence
of the tension load were divided into shrinkage and creep
by subtracting from them the shrinkage values obtained

Table 7
Adhesion strength between shotcrete and reinforcement indicators
Additive Dry mixture Shear strength (kg/cm?) at the particular time
proportions, % composition 1 month 3 months 6 months
1:2 34 53 52
Without additive 1:3 29 48 41
1:4 26 41 47
SCL
0.3 1:3 46 43 41
0.3 1:4 44 — —
0.5 — 40 37 36
1.0 — 25 — 40
NAR
0.03 — 23 46 46
0.06 — 21 34 52
0.12 — 17 22 31
Cotton Soap
0.1 — 12 24 —
0.2 — 15 31 23
0.6 — 10 20 26
Bitumen
0.25 — 19 25 18
0.5 — 16 — —
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Table &
Shotcrete creep indicators

on an undisturbed twin sample. It has been established
that the intensity and measure of shotcrete creep depend
on the level of the sample tension state: the closer the
acting load is to the ultimate strength, the more intense
the creep is.

Due to the shrinkage effect, the shotcrete creep is
not observed by direct measurements at low loads —
0.2+ 0.3Rp. As the load increased over O.SRp, almost all
tested shotcrete compositions showed creep deformation,
which was recorded directly by tensometer. However,
this process was fading; after 4—6 hours, the shrinkage
again exceeded the creep and tensometer began to show
shortening of the samples.

A sample made from dry mixture 1:4 with 0.5% SCL
additive was tested for creep effect. Regardless of the ten-
sion acting on it, the total deformations (creep, shrinkage)
were permanently negative, i.e. the sample was shortened,
and the shortening of 11 cm base fluctuated within the
following limits (Table 8).

An increase of the tensile load on the shotcrete reduces
its shrinkage deformations: this occurs due to the rise

in the creep intensity and as a result of the creep efforts
increase resisting shrinkage deformations. Table 9 shows
the nature of the elastic deformation increment of the

0, kg/cm’ Shortening, p shotcrete during a stepping, highly dispersed in time load
16 12-9.5 increment. . .

The experiment, the results of which are summa-

23 7.8-7.3 rized in the Table 9, was carried out as follows. When

25 3.3-3.0 the sample was being effected by a continuous load, up

to 6.4 kg/cm?, we took the tensometer readings, then af-

28 2.0-1.4 ter 21 hours the load was completely removed, the ten-

32 1.9-1.2 someter arrow was set to zero point, and after that, the

sample was affected by the load again, up to 9 kg/cm?. The

33 1.8-0.8 sample elongation was 15.2 and 14.5 u, respectively. After
37 1.7-0.6 48 hours, we repeated the same process again.

40 0—0 Data from tables and graphs (given only for one set of

shotcrete samples) showed that in the general case, the

relience Al = f(ap) is curvilinear, and the curvature of the
graphs is of the same direction (sign) as in the tests of
shotcrete under continuous static loading.

Water permeability tests were performed on disk sam-
ples with a diameter of 200 mm and a height of 50 mm
(three samples per point at the 28-days). The pressure
increased by 1 atm. after 4 hours. Samples were cut from
50 mm thick shotcrete slabs using a die and plunger. The
test results are given below (Table 10).

The effect of appending of nanostructured surfactants
does not reduce the shotcrete water permeability, even
the samples with 1% SCL additive by cement weight can
withstand the 6 atm pressure. If SCL additives increase
the shotcrete compression capacity and keep it at the level
of its compressive capacity without additives, they also
cannot reduce the water permeability.

Electron-microscopic analysis of shotcrete with
nanostructured additives of surfactants has shown that
the strength properties, shrinkage, tensile deformability
and water permeability have significantly improved in-
dicators compared to ordinary concrete and confirm the
results of the experimental work. The microstructure of

Table 9
Increment nature of shotcrete elastic deformations
S . Number of hours Sample elongation at the base of 110 mm, p
L B before the load is
2
strength, kg/cm applied Right tensometer Left tensometer Average
6.4 14.3 13.2 13.75
9.0 21 15.2 14.5 14.85
10.0 48 16.0 15.4 15.70
11.2 48 17.0 16.0 16.50
12.4 48 17.6 16.9 17.25
13.6 240 18.9 17.7 18.30
15.2 120 19.1 18.9 19.00
16.0 144 20.7 20.1 20.40
17.0 24 21.0 22.1 21.55
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Table 10
Test results of shotcrete water permeability
Additive Dry mix Pressure
proportion, % composition sustained by
’ samples, atm
Without additive 1:4 6
1:2 6
SCL
0.3 1:3 6
0.3 1:4 6
1.0 6
NAR
0.03 * 6
0.06 * 6
Cotton Soap
0.2 * 6

* Samples burst when the pressure increased

the samples was examined on the JEOL JSM7500 scan-
ning electron microscope with an X-ray spectral analysis
attachment (Fig. 7).

CONCLUSION

Based on the results of the study, the following conclu-
sions can be drawn:

1. Nanostructured additives of surfactants have differ-
ent effects on the water wetting ability and the shotcrete
strength: SCL and NAR additives increase them, while
NAR does it slightly. Cotton soap additive significantly
reduces the water wetting ability and, probably, therefore
reduces the shotcrete strength in case if gauged water is
mixed with it.

2. The optimal proportion of SCL additive to the shot-
crete gauged water, under the spraying condition, is 0.5%
by the cement weight. The optimum of NAR additive
is not observed When cotton soap additive with gauged
water are added into the shotcrete, the water content in
the placed shotcrete increases as the amount of the addi-
tive added increases, the optimal cement content in the
shotcrete is observed when 0.3% cotton soap additive by
the cement weight is added. The “rebound” decreases
when the additive proportion grows.

3. The 0.3% SCL additive by cement weight added
in 1:4 dry mixture shotcrete increases its compression
strength by 16%, bending strength by 1% and tension
strength by 20% (compared to the corresponding shot-
crete strengths without additives).

Fig. 7. Microstructure of shotcrete samples: a — with SCL additive; b — with NAR additive; ¢ — with cotton soap

additive; d — with bitumen additive
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4.The 0.5% and 1% SCL, 0.06 NAR, and 0.12%, cot-
ton soap additives taken by 0.1, 0.2 and 0.6% by cement
weight, bitumen in the form of an emulsion 0.25 and 0.5%
by shotcrete weight (from 1:4 dry mixture) reduce the shot-
crete compression, bending and tension strengths com-
pared to the corresponding strengths of it without additives.

5. All nanostructured surfactant additives increase
the shotcrete shrinkage. The shotcrete with SCL addi-
tive shows the smallest increase in the shrinkage, and the
largest — with bitumen emulsion.

6. The nanostructured surfactant additives used in
the shotcrete (by the 28-days) significantly increase its
tension deformability.

7. The nanostructured surfactant additives in a wide
range reduce the values of the shotcrete instantaneous
elasticity modulus, i.e. enhance its plastic properties.

8. The surfactants and bitumen emulsion reduce the
tension strength between shotcrete and reinforcement
(except for SCL), however, it remains at a higher level
than that of ordinary concrete.

REFERENCES

1. Jakiyayev B.D., Moldamuratov Z.N., Bayaliyeva G.M., Ussenbayev B.U., Yeskermessov Z.E. Study of local
erosion and development of effective structures of transverse bank protection structures. Periodicals of Engineering and
Natural Sciences (PEN). 2021. 9(3): 457. Available from: https://doi.org/10.21533/pen.v9i3.2191

2. Sennikov M.N., Omarova G.E., Moldamuratov Z.N. Study of the development of soil in the formation of
channels hydraulic and static stability of cross-sectional shapes. World Applied Sciences Journal. 2014. 30(1): 99—104.
Available from: https://doi.org/10.5829/idosi.wasj.2014.30.01.14008

3. Hammer A.L., Thewes M., Galler R. Empirical forecasting model to determine the strength development of
shotcrete. Geomechanik Und Tunnelbau. 2019. 12(6): 730—738. Available from: https://doi.org/10.1002/geot.201900054

4. Cakiroglu M.A., Kaplan A.N., Siizen A.A. Experimental and DBN-Based neural network extraction of radiation
attenuation coefficient of dry mixture shotcrete produced using different additives. Radiation Physics and Chemistry.
2021. 188. Available from: https://doi.org/10.1016/j.radphyschem.2021.109636

5. Kloft H., Krauss H.W., Hack N., Herrmann E., Neudecker S., Varady P.A., Lowke D. Influence of process
parameters on the interlayer bond strength of concrete elements additive manufactured by Shotcrete 3D Printing
(SC3DP). Cement and Concrete Research. 2020. 134. Available from: https://doi.org/10.1016/j.cemconres.2020.106078

6. Armengaud J., Casaux-Ginestet G., Cyr., Husson B., Jolin M. Characterization of fresh dry-mix shotcrete
and correlation to rebound. Construction and Building Materials. 2017. 135: 225—232. Available from: https://doi.
org/10.1016/j.conbuildmat.2016.12.220

7. Bekbasarov 1., Nikitenko M., Shanshabayev N., Atenov Y., Moldamuratov Z. Tapered-prismatic pile: driving
energy consumption and bearing capacity. News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciences. 2021. 6(450): 53—63. Available from: https://doi.org/10.32014/2021.2518-170X.119

8. Wang J., Niu D., Wang Y., Wang B. Durability performance of brine-exposed shotcrete in salt lake environ-
ment. Construction and Building Materials. 2018. 188: 520—536. Available from: https://doi.org/10.1016/j.conbuild-
mat.2018.08.139

9. Shen Y., Wang Y., Yang Y., Sun Q., Luo T., Zhang H. Influence of surface roughness and hydrophilicity on
bonding strength of concrete-rock interface. Construction and Building Materials. 2019. 213: 156—166. Available from:
https://doi.org/10.1016/j.conbuildmat.2019.04.078

10. Watanabe T., Hosomi M., Yuno K. Hashimoto C. Quality evaluation of shotcrete by acoustic emission. Construc-
tion and Building Materials. 2010. 24(12): 2358—2362. Available from: https://doi.org/10.1016/j.conbuildmat.2010.05.007

11. Wang J., Niu D., He H. Frost durability and stress—strain relationship of lining shotcrete in cold environment.
Construction and Building Materials. 2019. 198: 58—69. Available from: https://doi.org/10.1016/j.conbuildmat.2018.11.264

12. Chen L., Ma G. Liu G., Liu Z. Effect of pumping and spraying processes on the rheological properties and
air content of wet-mix shotcrete with various admixtures. Construction and Building Materials. 2019. 225: 311—-323.
Auvailable from: https://doi.org/10.1016/j.conbuildmat.2019.07.104

13. Armengaud J., Cyr M., Casaux-Ginestet G. Husson B. Durability of dry-mix shotcrete using supplementary
cementitious materials. Construction and Building Materials. 2018. 190: 1—12. Available from: https://doi.org/10.1016/j.
conbuildmat.2018.09.107

14. Cui S., Liu P., Cui E., Su J., Huang B. Experimental study on mechanical property and pore structure of
concrete for shotcrete use in a hot-dry environment of high geothermal tunnels. Construction and Building Materials.
2018. 173: 124—135. Available from: https://doi.org/10.1016/j.conbuildmat.2018.03.191

http://nanobuild.ru 238 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.21533/pen.v9i3.2191
https://doi.org/10.5829/idosi.wasj.2014.30.01.14008
https://doi.org/10.1002/geot.201900054
https://doi.org/10.1016/j.radphyschem.2021.109636
https://doi.org/10.1016/j.cemconres.2020.106078
https://doi.org/10.1016/j.conbuildmat.2016.12.220
https://doi.org/10.1016/j.conbuildmat.2016.12.220
https://doi.org/10.32014/2021.2518-170X.119
https://doi.org/10.1016/j.conbuildmat.2018.08.139
https://doi.org/10.1016/j.conbuildmat.2018.08.139
https://doi.org/10.1016/j.conbuildmat.2019.04.078
https://doi.org/10.1016/j.conbuildmat.2010.05.007
https://doi.org/10.1016/j.conbuildmat.2018.11.264
https://doi.org/10.1016/j.conbuildmat.2019.07.104
https://doi.org/10.1016/j.conbuildmat.2018.09.107
https://doi.org/10.1016/j.conbuildmat.2018.09.107
https://doi.org/10.1016/j.conbuildmat.2018.03.191

Nanotechnologies in construction 2022; 14 (3): U/
HaHoTexHonorum B cTponTenbcTBe 227-240 NanObL" |

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

15. Khooshechin M., Tanzadeh J. Experimental and mechanical performance of shotcrete made with nanoma-
terials and fiber reinforcement. Construction and Building Materials. 2018. 165: 199—205. Available from: https://doi.
org/10.1016/j.conbuildmat.2017.12.199

16. Trujillo P.B., Jolin M., Massicotte B., Bissonnette B. Bond strength of reinforcing bars encased with shot-
crete. Construction and Building Materials. 2018. 169: 678—688. Available from: https://doi.org/10.1016/j.conbuild-
mat.2018.02.218

17. Liu P., Cui S., Li Z., Xu X., Guo C. Influence of surrounding rock temperature on mechanical property and
pore structure of concrete for shotcrete use in a hot-dry environment of high-temperature geothermal tunnel. Construc-
tion and Building Materials. 2019. 207: 329—337. Available from: https://doi.org/10.1016/j.conbuildmat.2019.02.125

18. Kaufmann J., Loser R., Winnefeld F., Leemann A. Sulfate resistance testing of shotcrete — Sample preparation
in the field and under laboratory conditions. Construction and Building Materials. 2021. 276. Available from: https://
doi.org/10.1016/j.conbuildmat.2020.122233

19. Pan G., Li P., Chen L., Liu G. A study of the effect of rheological properties of fresh concrete on shotcrete-
rebound based on different additive components. Construction and Building Materials. 2019. 224: 1069—1080. Available
from: https://doi.org/10.1016/j.conbuildmat.2019.07.060

20. Duarte G., Bravo M., de Brito J., Nobre J. Mechanical performance of shotcrete produced with recycled
coarse aggregates from concrete. Construction and Building Materials. 2019. 210: 696—708. Available from: https://doi.
org/10.1016/j.conbuildmat.2019.03.156

21. Liu G., Zhao J., Zhang Z., Wang C., & Xu Q. Mechanical properties and microstructure of shotcrete under
high temperature. Applied Sciences (Switzerland). MDPI. 2021. Available from: https://doi.org/10.3390/app11199043

22. Zhu C., Zhou N., Guo Y., Li M., & Cheng Q. Effect of doped glass fibers on tensile and shear strengths and
microstructure of the modified shotcrete material: An experimental study and a simplified 2D model. Minerals. 2021.
11(10). Available from: https://doi.org/10.3390/min11101053

23. Liu M., Liu D., Qiao P., & Sun L. Characterization of microstructural damage evolution of freeze-thawed
shotcrete by an integrative micro-CT and nanoindentation statistical approach. Cement and Concrete Composites. 2021.
117. Available from: https://doi.org/10.1016/j.cemconcomp.2020.103909

24. Wang Y., Shi C., Ma Y., Xiao Y., & Liu Y. Accelerators for shotcrete — Chemical composition and their effects
on hydration, microstructure and properties of cement-based materials. Construction and Building Materials. Elsevier
Ltd. 2021. https://doi.org/10.1016/j.conbuildmat.2021.122557

25.XuY.,HeT., MaX., & Yang R. The research on mechanism of C—S—H nanocrystal improving early propertics
of shotcrete at low temperature by thermodynamic modeling. Construction and Building Materials. 2022. 325. Available
from: https://doi.org/10.1016/j.conbuildmat.2022.126738

26. Shang Y., Guo Y., Zhang W., Zhao W., & Tan Y. Influence of new compound admixture on shotcrete perfor-
mance. Journal Wuhan University of Technology, Materials Science Edition. 2017. 32(6): 1392—1396. Available from:
https://doi.org/10.1007/s11595-017-1758-8

27. Zaki Saaid I. Application of ultra cellulose fiber for the enhancement of the durability and shrinkage of cement
pastes exposed to normal and aggressive curing conditions. Nanotechnologies in Construction. 2015. (7)4: 121—142.
Available from: https://doi.org/10.15828/2075-8545-2015-7-4-121-142

INFORMATION ABOUT THE AUTHORS

Zhangazy N. Moldamuratov - PhD, Associate Professor, Head of Construction and Production of Materials Department, M.Kh. Dulaty
Taraz Regional University, Taraz, Kazakhstan, zhanga_m_n@mail.ru, https://orcid.org/0000-0002-4573-1179

Altaiy A. Iglikov - Master's degree, senior lecturer of Construction and Production of Materials Department, M.Kh. Dulaty Taraz
Regional University, Taraz, Kazakhstan, altaiy_1976@mail.ru, https://orcid.org/0000-0003-0134-6989

Mikhail N. Sennikov - Dr. Sci (Eng.), Professor of Water Resources Department, M.Kh. Dulaty Taraz Regional University, Taraz, Ka-
zakhstan, sennikov_50@mail.ru, https://orcid.org/0000-0003-4944-2128

Elmira B. Madaliyeva - PhD, Associate Professor of Department of Ecology, M.Kh. Dulaty Taraz Regional University, Taraz, Kazakh-
stan, elmirabegali@mail.ru, https://orcid.org/0000-0003-4053-8801

Maira T. Turalina - PhD, Associate Professor of Department of Ecology, M.Kh. Dulaty Taraz Regional University, Taraz, Kazakhstan,
turalina.maira@mail.ru, https://orcid.org/0000-0002-1613-4770

http://nanobuild.ru 239 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.1016/j.conbuildmat.2017.12.199
https://doi.org/10.1016/j.conbuildmat.2017.12.199
https://doi.org/10.1016/j.conbuildmat.2018.02.218
https://doi.org/10.1016/j.conbuildmat.2018.02.218
https://doi.org/10.1016/j.conbuildmat.2019.02.125
https://doi.org/10.1016/j.conbuildmat.2020.122233
https://doi.org/10.1016/j.conbuildmat.2020.122233
https://doi.org/10.1016/j.conbuildmat.2019.07.060
https://doi.org/10.1016/j.conbuildmat.2019.03.156
https://doi.org/10.1016/j.conbuildmat.2019.03.156
https://doi.org/10.3390/app11199043
https://doi.org/10.3390/min11101053
https://doi.org/10.1016/j.cemconcomp.2020.103909
https://doi.org/10.1016/j.conbuildmat.2021.122557
https://doi.org/10.1016/j.conbuildmat.2022.126738
https://doi.org/10.1007/s11595-017-1758-8

Nanotechnologies in construction 2022; 14 (3):
HaHoTexHONorum B cTpouTtenbCcTBe 227-240

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

CONTRIBUTION OF THE AUTHORS

Moldamuratov Zh.N. - scientific leadership; research concept; methodology development; scientific text editing; final results.
Iglikov A.A. - preparation of prototypes, writing an article, scientific editing of the text.

Sennikov M.N. - writing an article, scientific editing of text, identifying dependencies.

Madaliyeva E.B. - experimental work carrying out; experimental data processing; material accumulation.

Turalina M.T. - experimental work carrying out; experimental data processing; material accumulation.

The authors declare no conflicts of interests.

The article was submitted 28.05.2022; approved after reviewing 10.06.2022; accepted for publication 14.06.2022.

http://nanobuild.ru 240 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (3):
227-240

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

TEXHOJIOMMU MPOU3BOACTBA CTPOUTE/IbHbIX MATEPUAJIOB Y U3JENTNN

HayuHan cTaTba
YK 691.58.691.587
https://doi.org/10.15828/2075-8545-2022-14-3-227-240

CCBY 4.0

TopKkpeT-6eTOH c go6aBKamMmu anAa o6nNNLOBKN
OpoCUTEeNbHbIX KaHaNOB

Kanrasbl Hypxanosnu Mongamyparos* (2}, Antaiibl AMaHkynosuy rnukos (), Muxann Hukonaesny CeHHMKoOB (2,

Snbmupa berannesHa Mapanuesa (), Manpa TypanuesHa TypanuHa
HAO «Tapa3ckuin pervoHanbHbiln yH1BepcuTeT umeHn M.X. lynaTtu», Tapas, KasaxctaH

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: zhanga_m_n@mail.ru

AHHOTALUA: BBepeHue. /13 Bcex 13BECTHBIX Pa3HOBUAHOCTEN GETOHHbBIX 06MLOBOK Hambonee SKOHOMUYHOW 1 JOCTAaTOUHO MOJTHO
MeXaHV3VPOBaHHOW B U3rOTOBNIEHUN ABMSIETCA TOPKPETHas 06nmLoBKa. CTpouTenbHas NpakTuKa rMapoTEXHUYECKUX COOPYXKEHUI
HaKoMwWia MHOrOUMCIIEHHbIE MPUMEPDI MCMOJIb30BaHUS B OG/IMLIOBKAX CaMble Pa3JiIMuHble CTPOUTENbHbIE MaTepUarbl — OT KaMHs 4O
COBPEMEHHbIX MIIEHOK U3 CUHTETUYECKIMX CMOJT. HeCMOTpPS Ha OUYeHb aKTUBHbIE MOUCKM 6oMee NOAXOAALMX MaTepUanoB, 6ETOHHbIE
06/MLOBKY elle HaJoNrO OCTaHYTCA OCHOBHbBIMU. DTO TpebyeT faNibHEeNLMX YCOBEPLUEHCTBOBAHUIA X, MOBbILIEHWS AONTOBEYHOCTH
1 CHUKeHWA cToumocTu. MeTogbl n maTtepuanbl. ViccneioBoBaHWs NPOBOANINCE METOLOM CPaBHEHNA abopaToPHbIX UCMbITAHUIA
TOPKpPeT-6€TOHa C HAHOCTPYKTYPUPOBaHHbIMU A06aBKaMM NMOBEPXHOCTHO-aKTUBHbIX BELLEeCTB. B B1ue HaHOCTPYKTYPUPOBAHHbIX
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BBEJIEHUWE

BOJIBH.[I/IHCTBO OpPOCHUTEIBbHBIX crcTeM Kazaxcrana
HEe UMeeT aHTUDWIBTPAIIMOHHBIX OHCXKI Ha KaHa-
JTaX. DTO OJHA U3 OCHOBHBIX IPUUYNH OYCHb HU3KUX
KIIJI cucrem, a Takke BTOPUUYHOTO 3aCOJICHUS U 3a00-
JIAaUMBaHMS MOJIBEIIEHHBIX K HUM 3eMeb [1].

38.,[[&‘11/1 NAJTBbHEUIIETO TTOabeMa CEJIbCKOIO XO351CTBA
B KazaxcraHe 06YCJ'IaBI[I/IBaIOT KOPEHHOC M3MCHCHUEC
CJIOKMBIIMXCSA B3TJISAA0B Ha O6J'II/ILIOBKy OPOCHUTEIIbHBIX
KaHaJIOB. COKpaH.IaIOH_II/ISCH PE3CPBLI 3EMEJIb IJIs1 HOBOI'O
OpOIICHMA 1 BCC BO3pAaCTAOIIME HY>XKIbI B KAITUTAJIbHBIX
3aTpaTtax Ha MEJINOpalnio 3€M€CJIb CTAapOro OpoIcHMA
PaHO MJIX MMO3OHO HOTpe6YIOT Iepexoaga K IOJIHOCTbIO
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o0nuoBaHHbIM cucteMaM. [loaTomy yxke ceituac Ha-
3pesia caMasi cepbe3Hast HCOOXOIMMOCTD B IITMPOKOI MO-
CTaHOBKE HAYYHBIX 1 IIPOM3BOACTBEHHBIX MCCIICTOBAHIIA
BCEBO3MOXHBIX MAaTEePHAJIOB M KOHCTPYKIIMI, METOIOB
TIPOM3BOACTBA PA0OT U MIPOCKTUPOBAHUS MAIIINH TSI
co3IaHus 00IUIIOBOK [2].

CrpoutenbHas MPAKTUKA TUAPOTEXHUICCKUX CO-
OPYXEHMI pa3IMYHBIX CTPaH yK¢ HAKOIMJIa MHOTO-
YHCJICHHBIC TIPUMEPHI UCITOJIh30BAaHUS B OOJIMIIOBKAX
CaMBIX Pa3IMYHBIX CTPOUTEIHLHBIX MATEPHUAJIOB - OT KaM-
HST 10 COBPEMEHHBIX ITUICHOK M3 CUHTETUIECKIX CMOJT.
OnHako, HECMOTPSI Ha OYeHb aKTUBHEIC TTIOMCKH OoJIee
MOAXOISIINX MaTepUaAIOB, OETOHHBIE OOJIMIIOBKHU €11
HAIIOJITO OCTAHYTCSI OCHOBHBIMU. DTO TpeOYyeT maabHel-
IIMX YCOBEPIICHCTBOBAHWI NX, TIOBBIIIICHUSI JOJTOBEY -
HOCTHU U CHUKEHUSI cTOUMOCTH [1—5].

M3 Bcex u3BECTHBIX pa3HOBUIHOCTEN OETOHHBIX 00-
JIMIIOBOK HaM0oJIee S KOHOMUYHON M JOCTATOYHO TIOJTHO
MEXaHN3UPOBAHHOI B M3TOTOBJICHUH SIBIISIETCS TOPKPET-
Hast 00JM1I0BKa [6].

B Kazaxcrane u llenTpanbHO#t A3un 00JIUIIOBOK
13 TOpPKpeTa MPaKTUISCKHN HET, €CTh TOJIBKO HEOOIb-
e YIACTKH, XOTS B HEKOTOPBIX 3apy0esKHBIX CTpaHax,
HanpuMep, B CIIIA n Kurae, oHM yke TaBHO 9KCITTya-
TUPYIOTCSI U BHOBB BO3BOIATCH [7, 8].

B cBsI31 ¢ TIPOCTOTOM, MEXaHM3UPOBAHHOCTBIO BO3-
BeICHUS W OOJIbIIICHt SKOHOMUIHOCTBIO TT0 CPAaBHEHUTO
C MOHOJIMTHBIMH U COOPHBIMU OOJITUIIOBKAMHU 13 OOBIU-
HOTO 0€TOHA TOPKPETHbIE OOJUIIOBKY HAWAYT 3aKOHHOE
MECTO B UPPUTAIIMOHHOM CTPOUTEIIHCTBE.

METO/bI 1 MATEPUAJIBI

HccnemoBarusivu [9—12] ompenesicHbI OITUMATbHBIC
TTapaMeTpHI IIPOM3BOICTBA TOPKPETHBIX padoT. B ombiTax
YTOJI MEXXITy HalpaBJICHHEM MaTepUATbHOTO ITOTOKA M 00-
pabaTbIBaeMoil TOBEPXHOCTHIO paBHsICS 90 Tpamycam
¢ paccTogHreM oT coria 1o muTa 90—110 cm. B ombITax
HCTIONTB30BAJIN TIECOK, B3SITHIN Ha peke ChIpmaphsi, 00b-
€MHBIM BecoM 1,44 KT/, yIeTbHBIM BECOM 2,7 KT/7 U ITy-
CTOTHOCTHIO 46,5%, noptiaanaieMeHT Mapku 400 XKam-
OBIJICKOTO IIEMEHTHOTO 3aBofa 1 Bomy u3 «Tapa3-Cy».

HanecenuneM TopkpeTa Ha CIIeIIaTbHBIC IITATHI IO
yraoMm 90 rpamycoB K MX ITOBEPXHOCTH M3TOTaBINBAIN

TOPKPETHBIC TUIMTHI, KOTOPBIE Pa3pe3aliyd IIPU TOPU30H-
TaJIbHOM ITOJIOXKECHUH IIUTa Ha (PUTYPHI OTIPEIeICHHBIX
pa3MepoB. DTUM 00JIETYaIOCh M3TOTOBIICHIE 00pa3IoB
1 TIOBBIIIAJIOCH UX KA4eCTBO.

J71T TpOYHOCTHBIX UCITBITAHMI TOPKpEeTa Ha CKaThe
Opanu KyOuKM ¢ TpaHsaIMu 3X3X3 cMm, Ha U3rnd — Oa-
JIOUKH pa3mepoM 3xX3%X24 cm. 'oToBuaM 0aJl0uKM pas-
Mepamu 3X3X8 cM, KOTOpBIE YKIIAABIBAIU B POPMBI TS
BOCbMEPOK HOPMAJILHOTO TUIIA U «3aIIEYNKI» 3aJIMBAJIN
LIEMEHTHBIM TECTOM Ha TOHKOITOMOJIEHOM IieMeHTe. [1pu
HUCIIBITAHNY Ha pa3pbIB OBIBAJIM CIyJYal cpe3a «3arnie-
YUKOB», [IO3TOMY MBI 3aIIPOSKTUPOBAJIN, a MACTEPCKIE
M3TOTOBWJIN CIIEIIMATbHBIC IITAMITHI U3 KPOBEIBHOTO
KeJiesa ¢ IepeBSIHHBIMY TUTYHKEPaMU.

J0o31poBKY MecKa 1 IeMeHTa IJIsT IIPUTOTOBICHUS
cyxoii cMecu Opanu 1o Becy. CocTaB TOPKpeTa oIpee-
s o Metonuke [10, 11]. McibITaHUS ONBITHBIX 00-
pAa31I0B IIPOM3BOAIIN TOCIIE XPAaHEHUS UX BO BIAXKHOM
recke Ha npotspkenunu 7, 28, 60, 90, 180, 360, 720 nHeii.
B xaxxmom Bo3pacTe UCITBITBIBAIN HE MEHEe TpeX 00-
pasioB-01m3HeoB. [IpoYHOCTHBIEC CBOMCTBA TOPKPETa
(xr/cm?) 6e3 mo0aBOK B Bo3pacte 28 mHeil MPUBOASTCS
B Tab. 1.

B Bo3pacTe 18 MecsIieB TOPKpeT UMeEIT CICAYIONIYIO
MPOYHOCTh (% OT 28-IHEBHOI): COCTaB CyX0Oil cMecH
1:2 — 116, 1:3 u 1:4 — npumepno 100, 1:5 — 106 (ripu
cxxatun), 1:4 — 184 u 1:5 — 164 (ipu usruée). C Bo3-
pacToM IMPOYHOCTH 3HAUNUTEIBHO YBEINIUBACTCS TIPU
n3rube M He3HAUMTEIbHO — TIPH CcKaThi. B Bo3pacte
24 MecsIIa IpU CKaTUM Y TOPKpeTa OTMeUeHa TaKas
MPOYHOCTD (% OT 28-IHEBHOI): [JIsI COCTaBa CyXOil CMe-
cu 1:3 — mpumepHo 100 m 1:5 — 174,

CpenHue I pa3INIHBIX CPOKOB XpaHEHUST OTHO-
IIeHMS ITPOIHOCTEH TIPU M3TUOE K TPOTHOCTSIM TP
CXXKaTUM BO3PACTaIOT MPHU CHIKCHUN XUPHOCTH CYXOU
cmecu ot 0,32 (st cocraBa 1:2) mo 0,42 (mst coctaBa
1:6). CpenHuie OTHOILIEHUsI IIPOYHOCTE IIPU pa3phiBe
K IIPOYHOCTSIM TIpH cxKaThu Bo3pacTatoT oT 0,13 (misa
coctaBa cyxoit cmecu 1:2) no 0,29 (myst coctasa 1:6).

s 00IMIIOBOYHOTO MaTeprajia, KpoMe TOCTaTOU-
HOM IMMPOYHOCTH TP CKATUM, M3TUOE U pa3phiBe, O0JTb-
[I0¢ 3HAYCHIE MMEET BOTOHEIIPOHNIIAeMOCTh. TOpKpeT
C HEHapyLIeHHON CTPYKTYypoOii 00J1aJaeT BICOKOI BO-
JIIOHETIpoHMLIaeMOCThIO [15]. I1pu 00aMIIOBKE KaHAJIOB

Tabauya 1
IIpouHocTHbIE CBOiiCTBA TOPKpeTa (Kr/cM?)
Cocras cyxoii cmecu
Bua ucnpirannsa

1:2 1:3 1:4 1:5 1:6
Cxatme 281 230 179 150 100
W3ru6 105 73 72 62 40
PasprniB 38 32 27 32 19
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Puc. 1. OnbITHBIE YYaCTKH TOPKPETHOI 00 TMIIOBKH OPOCHTEJIBHBIX KaHAIOB Ha 1ore Kazaxcrana

K-18, K-20 B MakrapanbckoM paiioHe TypKecTaHCKOM
00J1aCTU TOPKPET-cOocTaBa cyxoi cMecu 1:5 Ha LieMeHTe
Mapk# 400 1 sKeThICAaliCKOM TIecKe (TOJIIIINHA OOJTUIIOBKI
5—7 ¢cM) B 28-CyTOYHOM BO3pacTe BBIACPXKAII TaBICHUE
6—8 at™. (puc. 1).

Ycanky omnpenesiid Ha odpasliax B BUAC IIPU3M
pa3MepaMu 5X5%X50 ¢cM ¢ TOMOIIBIO CITPOEKTUPOBAH-
HOTO U U3TOTOBJIEHHOTO MHAUKATOPHOTO TEH30METpa
cemenbHOTO THTA. OTHOCHUTETBHBIC TTOKA3aTeIN YCAIKHA
(ex107°) s Topkpeta B Bo3pacte 14 u 28 nHeil ceayio-
mwe (Tabim. 2).

Tabauuya 2
OTHocuTeNbHbIE TOKA3aTeJH YCaJAKH TOPKpPeTa
CocraB Topkpera 14 cyrok 28 cyTok
1:3 36,0 57,0
1:4 35,0 53,5

st BBISICHEHUS BIUSHUS UCITApEHUS BOIBI U3 00-
pasiia Ha ero ycajaky 4yacTb oOpa3loB MOKpbIBAIU Ia-
padurOM. CocTaB cyxoif cmecH 1:4. Ycanky 3aMepsuin
Ha obpasie pasmepaMu 5x5%50 cm. [TapapuHupoBaH-
HBII 00pa3ell ycaxkmBaJIcs B TCUCHHE 2 CYTOK, OUYCBUIHO,
BCJICCTBHE KOHTPAKIINH, 3aTEM ycalKa IIpeKpaTuiiach,
cocraBuB 9,4 u. HemmapacdmHrnpoBaHHBIM 00pa3er mat
3a 9TO BpeMs ycaaky 49,6 u, 1.e. B 5,3 pa3sa OoJblie,
¥ OHAa MPOAOJEKaIach, TOCTUTHYB K 90-THEBHOMY BO3-
pacty 467,2 u, npuyem 383,2 u3 Hux win 82% mpuxoau-
mmch Ha iepBbie 30 mHeit. M3 ombITOB SICHO, KaK BaxKHO
IUIST YMEHBIICHHS YCAIKK UCKITIOUNTh MCTIapeHUE BOMIBI
M3 TOPKpETa B IIporiecce TBepacHMS. 111 co3maHms T1a-
POBOIOHETIPOHUIIAEMOI! INIEHKN Ha TOPKPETHOM 00T -
IIOBKE MOXKHO HUCTIOJIb30BaTh TSIKEIJIBIC BHICOKOITOTME-
pUBYIOIIeCs KbI3bUTOPIMHCKIE 1 aKTIOOMHCKIE HE(DTH.

K HemocTraTKaM IIeMEHTHBIX MaTepHaJIOB C TOUKHU
3peHUsS IPUMEHEHUS UX IIJIST OOJIMIIOBOK KaHAJIOB OTHO-
CSTCSI MIX Upe3MepHast JKeCTKOCTh M XPYIIKOCTh, PACTYIIHE
CO BpeMEHEM, M IOCTATOYHO OOJIBIINE TeMITepaTypHO-
ycamouHble gecpopManui. [1epBeIif M3 3TUX HEAOCTATKOB
He JIOITycKaeT BO3BeAeHUS TOHKUX (5—7 cM) 0OJUIIOBOK
13 0eToHA, TaK KaK OHHU JTaKe TIPY He3HAUNTETbHBIX JIe-

dopmanmsax ocHoBaHMIA (TIpocamok n cy(G(PO3MOHHBIX
IIPOIIECCOB) OKA3aJINCh ObI B CHJTLHOI CTETICHU TTOIBEP-
JKEHHBIMH pa3pyIeHn0. [103ToMy OOIUIIOBKI 3 MOHO-
JIMTHOTO 0€TOHA MMEIOT OOBIYHO TOMmMHUHY 10—15 cM
1 9acTO apMHUPYIOTCS Kelle30M. Bropoif HegocTaToK
MIPUBOINT K HEOOXOAUMOCTH HAPYIIATh CIUIONIHOCTh
ITOKPBITUI pa3pe3oM TeMIIepaTypHO-yCaIOUHBIMU IIIBa-
MM, a 3TO YXYIIIAET NX 3KCIUTyaTallMOHHBIC TTOKA3aTe TN
1 YCIIOXKHSIET CTPOUTENBbHBIC paboThl. B ¢BSI3M ¢ 3TUM
JKeJIaTeIFHO OBLIO OBl YBEIMUUTH Ae(POPMATUBHEIC CBOI-
CTBa 1 TI0JI3y4eCTh IIEMEHTHBIX MaTepHUAIOB, B YaCTHO-
ctH, TopkpeTa [11—14].

BimsaME HAHOCTPYKTYPHUPOBAHHBIX ITOBEPXHOCTHO-
AKTUBHBIX T00ABOK Ha TOJI3yYeCTh TOPKPETa BBISICHSI-
JIoch BBeAeHMeM B Bomy 3aTBopeHust CCB (cynmbphutHO-
crmupToBoit 6apabl), CHB (cMoibl HeiiTpaIm30BaHHOM
BO3IYXOBOBJIEKAIOIIEH ) 1 XJIOITKOBOTO MbLJIa. BEICOKMMI
IIACTHYCCKUMU CBOMCTBAMU B OTIPEICICHHBIX YCIIOBUSIX
00J1amaroT OUTYMHEBIE BemecTBa. OHM MOTYT IepeaaBaTh
5TU CBOICTBA MaTeprajaM, IoJiyJdacMbIM ITIPH X BBEIC-
HHUU. B TOpKpeT OMTyMHEIC BellleCTBa BBOAMINCH B BUIC
pacTBopa OMTyMa B KEpOCHHE 1 OMTYMHOM SMYIbCHM.

BBenmeHme opraHMIeCKIX IMTOBEPXHOCTHO-aKTUBHBIX
BEIIIECTB JOJIKHO KaK-TO OTPaKaThCs Ha CMAaYMBaOIIIei
CITOCOOHOCTH BOIBI 3aTBOPCHMUS U BIIUSITh HA MEXaHIIe-
CKHMe cBoiicTBa TOpkpeTa [16]. Biusinue opranndeckmnx
ITOBEPXHOCTHO-AKTUBHBIX BEIIESCTB HA CMAaYMBAIOLIYIO
CITOCOOHOCTH BOIHI C TOOABKOI OIIPEeIsIIIOCh U3Mepe-
HUEeM KalWIISIPHOTO IToacoca pacTBOpoB. s ompe-
IeJIeHUs KaIMJLISIPHOTO TT0ACoca JUCTIIINPOBAaHHOMN
BOIBI O3 T00ABOK U ¢ Pa3HBIM KOJIMYCCTBOM T00aBOK
M3TOTOBJICH IIPOCTOM IIPUOOP, COCTOSIIINIA M3 YEThIPEX
Tpydouek muamerpom 3,2; 1,2; 0,5 u 0,3 MM, 3aKpericH-
HBIX Ha MEPHOU IITKaJIe ¢ BEIXOAOM KOHIIOB TPYOOUEeK
3a mKanxy Ha 20 MMm. TpyOouKHy TOrpyKaanuch B KU -
KocTb. [1pu orpenereHny KanDIIPHOTO TTI0ACOca Opaim
CcpemHee TpeX OIBITOB.

PE3YJIbTATBI

CCB BBoaunu B kommyectse 0,5, 1 u 1,5%, CHB —
0,05, 0,1 m 0,15, xmonkosoe Mbi1o — 0,1, 0,3 1 0,5%.
B pesynbrate BeIsIBIICHO, 94TO0 CCH yBemmumBaeT cMadm-
BAIOILLYIO CITOCOOHOCTh BOJbI, M TEM OOJIbIIIE, YeEM 0O0JIb-
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mre no6aBka, CHB BBI3BEIBaeT HEOOIBIIIOE YBEINICHHE,
a XJIOITKOBOE MBIJIO 3HAYNUTEILHO CHIDKACT €e.

s BBISICHEHUSI BJIUSTHUS JOOABOK Ha MPOIecC Ha-
OpBI3TMBAaHUS TOPKPETA OCYIIECTBIICHA CEPHS OITBITOB,
pe3yJIbTaThl KOTOPHIX TIPUBEICHBI HIDKE. B ombITax mc-
TOJIb30BaJIM TOPKPET-COCTaB Cyxoif cMecHu 1:4 ¢ pas-
JIMUHOM 10o3upoBKoit nobaBok CCh, CHB u xjonkoBoro
MbIa. 1 mccaemoBaHuii Opanu mmo 10 KT cyxoii cMecrn
¥ OIIPEACIISIIN COCTaB HAHECEHHOTO Ha IIUT TOPKpeTa
" ero Bec. M3 ycaoBuit HAOpBI3TUBAHUS ONITUMAIbHAS
nob6aska CCBh — 0,5% or Beca nemenra. [1pn Takoii no-
0aBKe TOPKPET COACPKUT MUHUMAIHLHOE KOJTMIECTBO
BOIBI, MAKCUMAJIBHOE — IIEMEHTA I IMECT HAaUMEHBIITNI
«OTCKOK».

Onrumyma nooasku CHB He Habmomaetcs. [1o mepe
yBenanueHus ee ot 0,05 mo 0,1% ot Beca LieMeHTa CO-
IepKaHNe BOIBI B YIIOKEHHOM TOPKPETE TTOBBIIIACTCS
ot 12,4 no 13,1%, uemenra — ot 29,5 no 30,9 u Bec Top-
Kpeta — ¢ 4,3 10 5,3 KT, T.¢. «OTCKOK» YMEHBIIIACTCS.

[1pu BBemeHNM B TOPKPET TO0OABKU XJIOITKOBOTO MbLITA
C BOJIOI 3aTBOPEHMS TI0 Mepe YBEIIMUCHNS e€ KOIMISCTBa
colepKaHNe BOIBI B TOPKpeTe yBeanmumnBaeTcs. OnTu-
MaJIbHOE KOJIMIECTBO IIEMEHTa B HEM OTMEYAeTCs TP
no6aBke 0,3% XJI0IKOBOIO MbljIa OT Beca LIEMEHTAa, W1
0,57% ot Beca Bonbl. Comep:kaHue YIOXKEHHOIO TOPKPE-

Puc. 2. O6pa3npl TOpKpeT-6eTOHA

Ta Bo3pacraer ¢ 4,38 kr rpu gobaske 0,1% XI0ITKOBOTO
MbIJIa OT Beca 1emMeHTa 10 5,88 xr rnmpu mobaske 0,5%,
T.€. «OTCKOK» YMEHbIIIAEeTCSI.

C 1IenbIo OIpeAe/ICHUS BIMSTHUAST J00aBOK TTOBEPX-
HOCTHO-aKTHBHBIX BEIIECCTB HAa IIPOYHOCTHEIC CBOMCTBA
M3TOTaBIMBAIN KyOUKM 5X5X5 cM, 6amouku 5X5%31 cm,
BOCBMEPKM HOpMabHOTO ThIa. bamouku 5X5x50 cm
HUCTIBITBIBAIM Ha yCanaKy, 0aJIOUKM TaKUX Xe pa3MepoB
C BBITYIIEHHBIMHU KOHIIaMu apMatypbl d = 10 MM —
Ha 1eOpMHUPYEMOCTh MO ACHCTBUEM MEIJICHHO BO3-
pacTarIeil cTaTUIeCKO pacTITUBAIOIICH Harpy3Ku
1 TIOJI3y9eCTh TOPKPETa IIPH PACTSIKECHUM IO TTOCTOSTH-
HOI CTaTUIEeCKOI HaTrpy3Koii, KoJbla muaMeTpoM 20 cM,
TOJIIIMHOM 5 CM — Ha BOIOIIPOHUIIAEMOCTb (pHC. 2).

OnrtuMmaiabHble TO3MPOBKU T00aBOK B OCTOHEI
1 OOBIYHBIC PACTBOPHI YCTAHOBJICHHI B JJaOOPAaTOPHBIX
1 TIPOM3BOICTBEHHBIX ombITax: Wit CCh — mpumepHO
0,25, CHB — 0,03 u jurss mbizta — 0,1% ot Beca 1iemeHTa.

ITpu ncrpITaHWiT TOPKpeTa Ha TIPOYHOCTD MCTIONh-
30BaJIu 110 TpU 00pa3na-omm3Hela. McrblTaHus mpoBo-
i B 28, 90, 180 u 270-cyTouHOM BO3pacTe XpaHECHUS
00pa31I0B BO BIaKHOM Itecke. CocTaB cyxoii cMecH 1:4.
Pe3ynbraThl mpuBeAcHH! B Ta0. 3.

Jo6aska CCB B xommuectse 0,3% oT Beca 1ieMeHTa
MOBBIILIAET IPOYHOCTD IIPU CKATUU B CpefHeM Ha 16,

Liaed BY. .

Tabauya 3
Pe3y.]'leaTbl HCHBITAHUA TOPKPETA HA MPOYHOCTDH
Ko1-8o Tpenenst mPoYHOCTH 0GPA3IOB B KI/CM? B BO3PACTE CYTOK
Buz Topkpera BV B/I cKartue u3rud paspsiB
% oT Beca | B TOPKpeTe
LeMEeHTa 28 90 180 | 270 28 90 180 | 270 28 90 180 | 270
be3 no6asku - 0,52 259 | 218 | 259 - 94 85 142 - 34 33 37,9 -
C no6aBkamu 0,3 0,43 317 | 270 | 301 - 108 - 125 - 38 38 50,8 -
CChb 0,5 0,28 293 | 328 | 247 | 377 83 83 [ 132,5] 136 23 31 35,6 | 47,9
1,0 0,47 255 190 | 301 471 103 128 139 128 31 32 41,3 -
CHB 0,03 0,37 183 | 260 165 | 293 74 83 78 131 26 24 36,8 | 38,5
0,06 0,58 147 | 265 | 273 | — | 65 | 85 | 69 | — | 22 | 25 | 324 | —
0,12 0,74 131 142 195 - 55 62 - - 12 27 25,2 -
XJTOTIKOBOTO MbIJIa 0,1 0,71 166 | 156 138 182 65 76 97 55 20 19 31,8 —
0,2 0,93 176 | 243 | 181.5]192,5| 92 65 125 45 12 14,7 | 16,8 | 18,1
0,6 0,61 134 163 | 231 278 75 60 88,5 65 18 14 27,0 -
BurymHoii 0,25 0,6 137 | 174 | 180 | 263 | 77 | 60 | 87 | 96 | 20 | — |276 | —
IMYIbCUN* 0,5 - 91 - 154 - 27 - 57 - 10 - 14,2 -
* ComepXaHue GUTYMa IaHo B TIPOLIEHTAX OT BeCa TOPKpeTa
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npu n3rude — Ha 1 u ipu paspeise — Ha 20%. I1pu BBe-
nenun B Topkpet 0,5% CCB ot Beca eMeHTa mpoy-
HOCTb IIPY CKATUM YBeJIMYMIACh B cpeaHeM Ha 16%,
TIpY U3rUoe U pa3pbiBe CHU3UIIACH ITO CPaBHEHMIO C CO-
OTBETCTBYIOIIMMM ITPOYHOCTSIMU TOPKpeTa 0e3 T00aBKH.
ITpu BBegennu 1% CCB ot Beca 1ieMeHTa CpeIHIE T10-
Ka3aTeJIM MPOYHOCTH TIPH CKATUH U Pa3phIBe OCTAINCH
TIPUMEPHO Ha YPOBHE COOTBETCTBYIOIINX ITPOYHOCTEH
TopKpeTa 0e3 1o0aBKU, a IIpU U3TUOE ITPOYHOCTH T10-
BeIcHITach Ha 20%.

ITo pe3ymbraTam OITBITOB MOXHO CIENIATH BBIBOM, UYTO
CCB moBHIIIIaeT IPOYHOCTHBIC CBOMCTBA TOPKpETa IIPH-
MEpHO B TeX Xe MpeesiaX, YTO M B OOBIYHBIX IIEMEHTHBIX
pacTBOpax M O€TOHAX, IIO3TOMY JOOABKH €ro B KOJIMYE-
ctBe 0,3% oT Beca LieMeHTa MOTYT ObITh PEKOMEHI0Ba -
HBI K IPUMEHEHUIO C IIEIbI0 TTOBBIIICHUS IIPOYHOCTHU
TOPKpeTa B KOHCTPYKIIHSIX.

Jo6aBku CHB 1 XJIOITKOBOTO MbIIa CHUZKAIW ITPOY-
HOCTHBIC CBOVICTBA TOPKPETA, IIPUIEM C YBEIMICHUEM
MIpOILIeHTa T00ABKMU 3aKOHOMEPHO CHMKAJach IIPOY-
HOCTb. [IpUHSATEIE B OMBITaX NTO3UPOBKU TOOABOK TO-
Ka3aj, 9YTO MBUIO TIOHIKAET IIPOTHOCTD P CKATHH
W pacTssKeHUU B 0onbleit crerienn, yemM CHB, 1 Tonb-
KO TIpY MCITBITAHUY HA M3THO Y TOPKpETa ¢ T00aBKOI
MbIIa TIPOYHOCTH ObLJIa BhINIE, yeM y TopkpeTa ¢ CHB.
DTO OOBSICHICTCA TEM, YTO TIOBEPXHOCTHO-aKTUBHBIC
IT00aBKU TUAPO(POOU3YIONIETO TUTIA, aACOPOUpPYSICh
Ha TTOBEPXHOCTSIX COCTABIISIONINX OETOHA, 00pa3yioT
TUICHKU BOIOHEPACTBOPMMBIX KAJTbLIMEBBIX MBLI 1 TI0-
TOMY MOHMKAIOT CKOPOCTh TUAPATAIIUN W TUAPOIM3a
KJIMHKEPHBIX MIHEPAJIOB U, CJIEA0BATEeIEHO, TIPHUpAIIIe-
HIE TIPOYHOCTH BO BpeMeHU. OCHOBA MX TIACTU(DUITN-
PYIOILIETO AEHCTBUSI COCTOUT B BO3IyXOBOBJIEKAHUM, T10-
SIBJISTIOITIICMCS TIPU TIepeMEITMBaHNN OETOHHBIX CMECei,
HO TIpY ITHEBMAaTIECKOM HaOPBI3TUBAHIH 3TOT ITPOIIECC
HE TIPOMCXOINT, TTIO3TOMY HET U TIACTU(DUIINPYIOIIETO
apdexra [17].

HedopMupyeMoCTh TOpKpeTa ¢ pa3IMIHBIMU J0OAB-
KaMU TIpA pa3HBIX X TO3UPOBKAX OIPEIeIISIIach IO
JIEICTBAEM HEIIPEPBIBHOM U CTYIIEHYATOM CTATUYECKOU
Harpy3oK.

B mpoBeneHHBIX OITBITaX CKOPOCTH IIPIITOXKEHUS Ha-
TPy3KH IIPUMEPHO TTOCTOSTHHA, TTO3TOMY 3a7ada OIIpesie-
JICHWSI CPaBHUTEIBHBIX TTOKa3aTesIeit 1ehopMIpyeMOCTH
TOPKpeTa ¢ T00aBKaAaMM MOXKET CUMTATHCS TIOJTHOCTHIO
BBITIOJTHEHHOM.

W cripITaHns TPOBOIMIIMCEH Ha TIpU3Max 5X5X50 cm
B Bo3pacTe 28 cyTok. JlechopMariiio 3aMepsiIi MHIUKA-
TOPHBIMHU TeH30MeTpaMu. OTueThl neopmalunii opaau
yepe3 MHTEPBajlbl HAIIPSDKEHUI B 2 KT/cM?. M CITIbIThIBAIN
1o Tpu obpasua-0au3Hela, MpUuieM KOJMYECTBO LIMKIIOB
3arpy3Ku M pas3rpy3Ku Kojiebasoch ot 4 1o 15. /IBa 06-
pasiia JOBOIWJIM IO pa3pyIIeHUs, a OOUH OCTaBIISIIIN
IJIST TIOBTOPHBIX MCITBITAHUI B TPEXMECSIIHOM BO3pac-
te. Kpome 3aBucumMocTy medpopmalinii OT HalIpsoKeHU

OIIpeIesIsUT ¥ HaKOIUICHUE TIIACTUICCKUX Acdopma-
LIV IIpY OTIpeAe/ICHHBIX YPOBHSIX HAIPSDKeHUI (MHOTIA
OIM3KHX K Rp), MIPEICTHHYIO PACTSKMMOCTD U IIPEICIThI
IIPOYHOCTH TIPU PACTSKCHUM.

Ha pucynkax mpuBoasTcs rpaduuecKie 3aBUCHMO-
ctu Al = ﬂop), MOCTPOEHHEBIE M0 Pe3yIbTaTaM OIBITOB,
TIpUYEM TTOUYTH BO BCeX TparKax B3SITH KPUBBIC BTOPOTO
LIMKJIA 3aTPY>KEeHUSI, 71T 00pa31IoB, TTOKa3aBIINX HAaN0o-
JIee 3aKOHOMepHOE (M3 Tpex 00pa3IioB-0JIM3HEIIOB) 13-
MEHEHUe 3TOi 3aBUCUMOCTH. OTIpeneIeHIe IMOI3yIeCTH
MIPOU3BOAMIIN Ha 6a3e 3aMepoB 28,5 cMm.

Ha pwuc. 3 mpuBogsITcs 3aBUCUMOCTH Ae(POPMUPY-
€MOCTH OT HAIIPSTLKeHUH IIJISI TOPKPETa ¢ pa3sImIHBIM
conepxannem nobaskn CCh 1 CHB, a Takke rmomentie-
HBI KOHTPOJIbHBIC KPUBBIC IUIST TOPKpeTa 0e3 100aBOK.
Bce cepun 06pa3iioB IPUTOTOBICHBI M3 CYXUX CMECEH
IIEeMEHTA 1 Tlecka B cooTHomneHun 1:4. I'pacduku mmoka-
36IBalOT, 4TO 100aBK1 CCDH B 60OJIBIIOI CTETIEHN TOBHI-
aioT Ae(hOPMUPYEMOCTb TOPKPETa IO Harpy3KOIi; 9eM
OoutbIre MOOABKM, TEM pe3de TTOBBIIIACTCS NehOpPMUPY-
€MOCTb, 1 3TOT (paKT HAOIIOHACTCS P OOIIEM TTOBBI-
IIEHUX TTPOYHOCTHBIX CBOMCTB TOPKpETa ¢ J00aBKaMM
CCB. CCB moBpIcuIia yaeabHyI0 1e(OpMUPYEMOCTD
1, CJIeIOBaTeIbHO, CHU3WIA 3HAUCHIE MOIYJICH MTHO-
BEHHOU U IJIUTEIbHOM aedopMaluii, T.e. MOBBICUIA
1 Twtactdeckue nedopmarnm. O6 3TOM CBUIETEIBCTBY-
€T TaKKe 3HAYNTEIbHOE YMEHBIIICHNE ITMHBI HAaYaTbHbBIX
MIPSIMOTMHETHBIX YIACTKOB Ha TpaduKax.

Bnusane mo6aBoOK Ha 3HAUCHUE TpeAeabHOM pac-
TSDKAMOCTH 28,5 CM yJacTKa MPU3MBI XapaKTepu3yeT
cJIemyroIe TaHHbIe (CocTaB CyXoit cmecH 1:4, Taor. 4).

I'pacdmkm mecopMIpyeMOCTH TOPKpeTa C JoOaBKaMu
CHB nokassiBaiot, utro CHB eme pesue, yuem CCB no-
BBICUJIO IIe(hOPMATUBHEIC CITOCOOHOCTH TOPKpETa, OIHA-
KO 3TO HabIromaeTcs ye Ha (hoHe TOBOJIBHO 3aMETHOTO
IMOHIDKEHUS TIPOYHOCTHHIX cBoiicTB. CHB Heckompko
MEHSET XapaKTep KPUBBIX IeopMallnii: OHU TIpHUOJII-
JKaloTCS K TIPSIMBIM, ¥ KpUBast 8§ MEHSICT 3HaK KPUBU3HBL.

Mpziio 6ostee 3HaunTeNbHO, yeM CCh 1 CHB, 1toBBI-
maeT 1e(opMUPYEeMOCTh TOPKPETA, HO 3TO MPOSIBIIIETCS
IIpu 00JIee BBICOKOM CHIKCHUH IMIPOYHOCTH U TIpEeIeiTh-
HOI pacTSKUMOCTH TI0 CPaBHEHMIO C TOPKPETOM TIpH
nmobaske CHB (puc. 4a).

BuTtym BBOIMIICS B TOPKPET C BOOOI 3aTBOPCHUS
B BuJe aMysibcun B Kommuectse 0,25 u 0,5 % (puc. 40).
KpuBasg 2 cooTBeTcTBYeT nedopmannu odopas3mnoB
¢ 0,25% no6aBKoii; Ipu Maioi 100aBKe pa3HKIIA B I10-
KazaTelsIX YIJIMHEHMS TT0 CPaBHEHUIO C TOPKPETOM 0e3
1ob6aBoK Masio cymectBeHHa. Jobaska 0,5% 3Hauyn-
TEJIFHO TTOBBICHIIA Ae(POPMUPYEMOCTh TOPKpeTa (Kak
u B ciydae nobaBku CHB), kpuBas 3 mMeet yxe 0oiee
YETKYI0 0OpaTHYIO KpUBU3HY, UTO JIOTUYECKU TOJKHO
CBHIIETEIIECTBOBATh O CHIDKCHUH TUTACTUIECKOM COCTaB-
JISTIOIIE TehopMaIIii IO Mepe TTOBHITIICHMST HaIIpsIKe-
Huii. JlobaBku OUTYyMa pe3KO CHU3MJIM IIPOYHOCTD ITPU
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Puc. 3. Ipaduk 3aBucumocTn nedopmanuii TOpKpeTa oT HArpy3Kku u 106aBku Al = f{(c

: 1 1 56e3 nobaBku, Al =

0,3-0,86;2 —0, % CCB, A/=0,4-0,62; 3 —0,5% CCb, A/l=0,5-1,2;4—1,0% CCb, Al=0,6—1,5; 6 — 0,03%
CHB; 7—-0,06% CHB; 8 — 0,12% CHB (u1a CHB A/ = 1,0)

Tabauya 4
BimstHne 100aBOK Ha 3HAYEHHE MpeIeIbHOI
PACTSKAMOCTH
KoanyecTBo IIpenen npouno- IIpenensHoe
n00aBku, % CTH, Kr/cM? yAIMHEHUE, [L
bes nobaBku 28 22
CCh
0,3 34,6 21
0,5 27,9 2627
1,0 20 33
CHB
0,03 20 42
0,06 19 46—47
0,12 14 20
Mpbuio
0,1 20,4 35
0,2 16,1 32
0,6 11 22
butym
0,25 16 8
0,5 11 18

PaCTSKEHUH U IaKe TIPEIeTbHYIO PACTSDKUMOCTb, XOTST
yIeNbHAasl PacTSKMMOCTD OCTajlach MMPUMEPHO Ha TOM
XK€ YPOBHE.

Jyist Goee pebeHOTO CpaBHEHUSI PACTSIKMUMOCTH
TopKpeTa (B 28-CYyTOYHOM BO3pacTe) B 3aBUCHUMOCTH
OT €ro COCTaBa 1 100aBOK HVKE MPUBOIATCS 3HAYCHUST
CYMMapHBIX TTpUpANIeHUI JJIMHBI 00pa3IoB U Ha TIPU-

HATOI 6a3e 3aMepOB IPH TOCTIKCHUH 00pa3IiaMy Ha-
npspkeHuii B 5 u 10 kr/cm? (rpu o6aBKaxX COCTaB CyXOi
cmecu 1:4, Ta6m. 5).

CCBb yBenmumBaeT 1eOpMUPYEMOCTh IIPA CTATH-
YeCKOM NIPUJIOXKEHUM Harpy3ku B 2—2,5 pa3a, CHB —
B 2,5—4, XJIOITKOBOE MBUIO — B 3—5, OUTYM — IIPUMEPHO
B 2 pasa.

Omnpenenerne neopMUPYEMOCTH TOPKPETA OCY-
IIECTBIISIOCH OT 4 10 15 IIMKIIOB TTOTIIEPEMEHHOTO 3a-
TPY>KCHUS W CHSITUST HATPY3KH.

Ha puc. 5 marorcs rpadpuiaeckre 3aBUCIMOCTH MCITHI-
TaHMSI TOPKPETa M3 CYXOI cMecH cocTapa 1:4 6e3 1o6aBoK
IIpH 5 MUKJIax 3arpykeHus. KpuBbie pa3HBIX ITUKIOB
ITOYTH TapaJyIeJIbHBI (TTapauIeIbHOCTh KacaTeIbHBIX
B TOUKAX PaBHBIX HATPYKCHUIA), XOTSI IPUHIINITHATD-
HO C YBSJIMUCHUEM YKCJIa IUKJIOB OHU JOJIKHBI OBLIH
OBI BHITIPSIMITSITECST BCIICACTBUE TIPOTEKAHMS TIPOIICC-
ca, aHAJIOTMYHOIO «HakKjeny». [1pu cOpoce Harpy3ku
0YePEIHOTO IIMKJIA 3aTPY:KeHUS CTpejika MHINKaTopa
HE BO3BpalllacTCs B HAYAJbHYIO TTO3UIINIO, a TIOKA3bI-
BaeT Bceraa OOJBIIYIO ITMHY 00pa3iia Ha BeJIWIUHY a
a”n 1.10. 1o Mepe yBeITMUICHMST KOJIMYECTBA IIUKJIOB 3a-
TPYKEeHUS 3HAUCHUS d, SIBJISTIOIICTOCS OCTAaTOYHOM e-
dopmarnmeii, yMeHBIIAIOTCS M IIPAKTUICCKU CBOMSITCS
K HYJTI0. AOCOIIOTHBIC 3HAUYCHUS @ 3aBUCST, BUINMO,
OT MaTepHajaoB 00pa3IloB, BO3pacTa 1 MeiCTBYIOIINX
HATIIPSKEHUA.

Taxkum o6pa3oM, KprBast 3aBUCUMOCTH Al = j(op) pu
IIPSIMOM Xoz1e (BO3pacTaHWM HATIPSKCHMI) CYMMUPYET
VIIPYTVIO U ITTACTHYCCKYIO COCTaBIISIIONINE Ae(hOpMAIINH,
a BTOpast BETBb KPUBOIf, COOTBETCTBYIOIIIAsI COPOCY Ha-
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Puc. 4. I'paduk 3aBucumoctn nedopmanuii TOpKpeTa oT HArpy3Ku u 100aBku Al = f{(c

: a — 100aBKa MbLIO, %;

1 — 6e3 go6asku, Al=0,3-0,86;2—0,1,A/=1,5;3-0,2,Al=1,7;4—0,6, A/=2,15; 6 — nobaBka butyma, %;
1 — 6e3 mob6aBku, Al =0,3—-0,85; 2 — 0,25, A/=0,3-0,86;3 — 0,5, Al=10,74

Tabauya 5
CpaBHeHHE paCTSZKMMOCTH TOPKpeTa

Cocras cyxoii cMecn 5 kr/cm? 10 kr/cm?
H TPOLIEHT 100aBKH
bes nobasku

1:2 0,2 0.4

1:3 0,7 2,0

1:4 1,8 550
CCBb

0.3 2,1 5,0

0.5 2,7 6,7

1.0 5,0 11,5
CHB

0,03 5,0 10,0

0,06 5,2 10,2

0’12 8’0 13,4
Mpsuio

0,1 8,8 16,2

0.2 10,0 18,6

0.6 10,6 21,0
butym

0,25 2,0 5,3

0.5 5,6 9,5

MPsDKeHUH, Ha0060poT, nuddepeHIpyeT ux. B ombiTax
CKOPOCTH BO3paCTaHUs U cOpoca HArpy3KH TOCTATOYHO
BEJIMKU, MOXHO CUMTATh, YTO TJIACTUYECKAS] COCTAB-
nstotnas aedopmannu BocctaHaBiuBaetcs. [1o mepe
YBEJTMUEHUST KOJIMIECTBA IIUKIIOB 3arPy3KH U pasrpy3Ku
yTOJI HaKJIoHA Tpaduka (iuauA 1, 2 1 3) K ocu abcimce

YMEHBIIIAETCS, a 3HAUCHNE MOAYJIS YIIPYTOCTH TafgacT
BMECTE ¢ HapyIICHUEM IIEJIOCTHOCTH CTPYKTYPHBIX T10-
CTPOCHMUIT TOPKpETA.

DTO SIBIICHUE HAOIIOZACTCS TIPU BCEX MCITBITAHU-
SIX, TIPOACTAHHBIX HAMM TIPU OOJIBIIIOM KOJIWYECTBE
IIMKJIOB 3arpy3KU U pa3rpy3ku. McmplTanne obpasia
u3 cyxoit cMmecu 1:4 ipu mo6aske 0,06% CHB momyb
MTHOBEHHOU YIIpyrocTu, HailIeHHbIH 110 TpauKy BTO-
poro nukia, pasHsuics 285 000 kr/cm?, a 1o rpaduky
15-ro — 259 000.

[Ipu TOCTaHOBKE OIBITOB II0 BBISIBJICHUIO YCAIKHU
TOpPKpeTa Hac MHTEPECOBAJIN, BO-TICPBBIX, €TO yCamoU-
HBIe neopMaIIny, TaK KaK TOPKPET CHIIBHO OTJINJIACTCS
OT OOBIYHBIX OETOHOB U PACTBOPOB ITO0 METOMY YKJIAIKK
M pacxomaM BOIBI, U, BO-BTOPHIX, BIUSHUE HA YCAOKY
TOPKpeTa T00aBOK MOBEPXHOCTHO-aKTUBHBIX BEIIECTB
u OuTyma.

Ycanky onpenesiin Ha odopasiiax B BUOC IIPU3M
pa3MmepaMu 5X5X%X31 cM 1 5X5X50 ¢cM ¢ TOMOIIBIO CIie-
UATBHEBIX TTprciocooneHuit. Ceprust KOHTPOJIBHBIX
3aMepOB TT0Ka3ajia, YTO OTHOCUTEIbHBIC YCAIKH, T10-
JIygaeMble Ha 00pa3max pa3HOU IIMHBI, TIPAKTHICCKI
MaJio pa3InJarTcs. 3a ycaaKoil 00pa3ioB HaOIIOmaIn
B TeueHne 2—3 mecsueB. [1o rpadpukam ycagku o6pasiion
13 TOpKpeTa 6e3 100aBOK IPH COCTaBE MCXOMHBIX CYXUX
cmeceii 1:3 m 1:4, a takke ¢ no6aBkamu CCB B xonmmye-
ctBe 0,3 1 0,5% (0T Beca 1ieMeHTa) MOXKHO CY/IMTb, YTO
TIepBEIC TP COCTaBa 00JIaMAl0T IIPUMEPHO OMMHAKOBOMA,
a YCTBEPTHIII — HECKOJIBKO 00JIce BRICOKON MHTCHCHUB-
HOCTBIO ycaaKu (puc. 6a). DTO 0OBSICHSIETCS GOJIbLINM
comep:kaHNUEM IIeMEHTa B YETBEPTOM COCTaBe, a TaKXKe
YCKOpPEHHUEM THIpaTallii IIeMEHTA B pe3yJIbTaTe TeITH-
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Puc. 5. KpuBbie 3aBucumocTH AedopMamnui TOPKPeTa OT HArpy3Ku Al = f(op) NP 5 MUKJIAX HATPY3KH

supytomero aeiicteuss CCh n ycKopsrommxcst mpoiiec-
coB MM HY3HOTO MOTIOMICHUS BOIBI IIEMEHTOM.

Topkpert ¢ nod6askamu CHB (cocTaB cyxoit cMmecn
1:4) obnamaeT GoNbIIEH ycagKoil, 94eM TOPKpPET Oe3 Io-
6aBku. [1o pacrnoioxeHnIo KpUBbIX (pUC. 60) MOXHO
CYIMTH O TOM, YTO Ha MHTEHCUBHOCTh yCAIKU KOJIM-
YeCTBO IIeMCHTA OKAa3bIBaeT OOJbINCe BIUSIHUEC, YeM
BOJIa, IIO3TOMY COCTaBaM C OOJIBIITMMHM COICPKAHUSIMU
IeMEHTa COOTBETCTBYIOT KPUBBIC OOJIBIICIT MHTCHCHUB-
HOCTH YCaIKH.

TopxkpeT ¢ mo6aBKaMM COAINICTOYHOTO MbLJIa U OUTY-
Ma B TIepBEIe 15 CYTOK UCITBITAHUI 00J1aIaeT HECKOIBKO
MEHBIIIeH THTEHCUBHOCTBIO YCANIKH, a B TTOCIICIYIOLITIE —
Oosblieii (puc. 68). K KoHIy Mecsilia TOPKPET ¢ OUTYMOM
MMeeT HanOOJIBIIIYIO ycanky. s cpaBHeHUS HITKE TTpHU-
BOISATCSI OTHOCHUTEJIbHBIC TTOKA3aTeIN YCAIKU TSI BCEX
COCTaBOB TOPKpeTa (VI TOpKpeTa ¢ Jod0aBKamu 1:4) B BO3-
pacte 14 u 28 nHeit. Bce mpuMeHeHHBIE T0OABKU B TIEp-
BBII MeCSIII YBEIMIMBAIOT YCAIKy TOPKPeTa, HAaMOOIIBIIIIE
I0KAa3aTeJIN BISIBUIUCH Y TOPKPeTa ¢ OUTyMOoM (Tabi1. 6).

Cuta crieTieHUs apMaTyphI ¢ OETOHOM - BasKHEHTITIIA
(bakTop, OOECITCUMBATOIIIIT X COBMECTHYIO 1 HATIECKHYIO
paboTy B KOHCTpYKIUsAX. OHa 00yCIIOBIMBACTCS TPEMsI
OCHOBHBIMM MIPUIMHAMHU: TPECHUEM, COTIPOTUBICHUEM
cpe3y U cKajabiBaHMeM. YncaeHHas BeTMUMHA ee OIIpe-
NIEJIICTCS OIBITHBIM ITyTEM, a COIIPOTUBJICHUE CIBUTY
(R, M T, ) BHIDAXAETCA Yepe3 CUITY CLETIeHuUsI (Kr/em?),
OTHECEHHYIO K CyMMapHOI Hapy>KHOI IIOBEpXHOCTH ap-
Matypsl. OTBITAMU YCTAHOBJICHO, YTO 7, U OOBIKHO-
BEHHBIX OETOHOB KoJiebercst ot 25 1o 40 kr/cMm?, a st
TOPKpeTa OHA HECKOJIbKO Bhille — 38—62 kr/cm?[18].

OBCYXJIEHUNE

B onbITax MbI TipeciienoBaiu 1eb MPOCIeIUTh BIM-
sTHHEe M00aBOK, BBOIMMBIX B TOPKPET, HA €TO CIICTIIe-
HUe ¢ apMarypoii. CleIieHre OpenessuIii BhIIepri-
BaHUeM 10— 12 MIJITIMETPOBBIX apMAaTYPHBIX CTEPsKHEH
n3 npusM cedeHmeM 50X50 MM n gauHOM 15—17 cM.
JnHa 3ameMIIeHIs] apMaTypHOTO KOHIIA COCTaBIIsIa
10—12 cm. CuerieHre TOpKpeTa ¢ apMaTypoit HaXOIUTCst
B TOI XK€ CBSI3M, YTO M MIPOIHOCTHHIC cBoiicTBa. CCh
CIJIBHO TIOBEICHJIA CIIETUICHNE (TIOYTH B IBa pasa), a BCe
OCTaJIbHBIC TOOABKY TTOHU3WIN eTo (Tab. 7).

OnHako K 3-Mecssanomy cpoky CCBh He pana mipu-
pallleHNS CUJIBI CIIETUICHUSI, B TO BpeMs KaK y TOpKpeTa
0e3 100aBoOK U ¢ Jo0aBKaMu THIPOGOOHBIX BEILIECTB Ha-
OromaeTcs mpupaleHne ee. B oTmeIbHbIX cTydasix crya
CLIETUICHUSI TOpKpeTa ¢ apMatypoit gocturaeT 200% cuibl
CIeTIeHUs B Bo3pacte 28 cyTok. K 3-MecssTuHOMY BO3-
pacty Bce COCTaBBI TOPKPETA TTOMyYMIIN 7, , OJIU3KOC K 7,
IIJIsT OOBIYHBIX 0€TOHOB, WK OoJiee BbIcOKOoe. Takum 00-
PasoM, MOXHO OTMETHTb, YTO 7, apPMATYPhl C TOPKPETOM
¢ nobaBkamu (CCh, CHB, MbI1a, 6MTYyMa B TIPOTTOPLINSIX,
OJIM3KUMX K HAIIIMM ) HAXOIUTCS Ha BIIOJTHE YIOBIICTBOPH-
TEJIBHOM YPOBHE, a TTO3TOMY MIHMMAJTbHAST [UTIHA 3a1eT-
K1 apMaTyPHBIX KOHIIOB MOXET IIPUHUMATHCS COTITACHO
MIPUHIIATIAM, IeHCTBYIOINM B OOBITHOM OCTOHE, T.C.

R%-d
l Ea—,
4rcu

rae / — HauMeHBIIIask HeoOXommmMasl JUTMHA 3aIeIKH;
R — HOpMaTHBHOE CONMPOTUBJIEHNE aPMATyPBI.
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Puc. 6. Tpadmku 3aBMCUMOCTH YCaT0YHBIX Jie)OPMAIHIA TOPKPETA OT BpeMeH! g = f(t): a— no6aska CCB, %,;
1 u 2 — 6e3 nobasku (cmecu 1:4); 3 — 0,3, cmech 1:4; 4 — 0,5, cmecsh 1:4; 6 — nobaBka CHB (cmech 1:4), %;
1 — 6e3 mobdasku; 2 — 0,03; 3 — 0,06; 4 — 0,12; B — mo6aska mbuia (1 —0,1%, 2 — 0,2, 3 — 0,6) u buryma

(4—-0,25%,5—0,5); cmech 1:4.

Tabauya 6
OTHOCHTE/IbHbIE IOKA3aTeIH YCAAKH
C . OTHOCHTEJIb- t X103
0CTaB CyXOii CMeCH y
e Has ycagka B BO3pacre
14 cyrok 28 cyTok
bes3 nobaBku
1:4 35,0 53,5
1:3 36,0 57,0
CChb
0,3 39,0 55,0
0,5 48,0 63,7
CHB
0,03 49.0 59,5
0,06 44,0 58,5
0,12 36,0 55,0
Mpruio
0,1 44,0 62,5
0.2 23.4 55,0
0,6 35,0 60,3
butym
0,25 40,0 68,0
0,5 37,0 66,0

s KoMIIeHCcaIluy yCagouHbBIX aedopmMalinii 60J1b-
IIoe 3HAYCHNE MMEET IT0JI3y9eCTh TOPKpeTa IO Ieii-
CTBHEM CTaTUUECKOM Harpy3ku [19—27]. YcamouHsie
nmedopMal 00pa3IoB B MECSTTHOM BO3PacCTe, B3ATHIX
IIJIST ICITBITAHWI M3 BIIAXKHOTO TIeCKa, 3a OIpeIeIcH-
HBIIA TIPOMEXKYTOK BPEeMEHU 0Ka3aJIMCh OOJIBIINMU, IeM
IIOJI3yYeCTh: 3TO CTAJIO ICHBIM ITOCJIe UCTIBITAaHUS 9 ce-
puit 06pa3oB (TOpKpeT 6e3 mobaBoK, a Takke ¢ CCh
u CHB).

Hauwnnas ¢ 10-i1 cepun, T.e. ¢ 00pa3ioB, U3TOTOB-
JICHHBIX U3 CYXOM CMECH IIeMEHTa C IeCcKoM 1:4 mpu
npob6aBke 0,6% XJIOIKOBOTO MbLjIa (OT Beca LIEMEHTa),
nedopMalin, ToKa3bIBaeéMble 00pa3IIoM MO IeHCTBUEM
pacTsTUBaOIIeit HATPy3KU, pa3ae/IsUINCh Ha yCaTOUHbBIC
1 TI0JI3yYeCTh BEIYMTAHNEM M3 HUX ITOKa3aHUI YCalKH,
ITOJIy9acMbIX Ha HeHapYyIIeHHOM 00pa3iie-0an3HelIe.
YcTaHOBIIEHO, YTO MHTCHCUBHOCTD U MEpa MOJI3YyIeCTH
TOPKPETA 3aBUCST OT YPOBHS HATIPSTKEHHOTO COCTOSTHIS
o0pa31ia: yeM OJIrKe IeHCTBYOIIAst Harpy3Ka K IIpeneity
IMPOYHOCTH, TeM UHTCHCUBHEE TT0JI3YIECTh.

I1pu HeBBICOKMX HAaTrpy3Kax — O,2+0,3Rp —BCIe-
CTBUE TIPOSIBJICHUS YCAIKHU ITOJI3y4eCTh TOPKPETa He-
ITOCPEICTBEHHBIMU 3aMepaMu He oTMedaeTcst. C yBeu-
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Tabauya 7
IToka3aTeu cuen/ieHns TOPKpPeTa ¢ apMaTypoi
KomuecTBo 106aBKu . Conporupiienne caury (kr/cm’?) B Bo3pacte
% ’| Cocras cyxoii cMecH
@ 1 mecs 3 mecsma 6 Mecsuen

1:2 34 53 52
bes nobaBku 1:3 29 48 41
1:4 26 41 47

CChb
0,3 1:3 46 43 41
0,3 1:4 44 - -
0,5 - 40 37 36
1,0 — 25 — 40

CHB
0,03 — 23 46 46
0,06 — 21 34 52
0,12 - 17 22 31

Mpbiio
0,1 - 12 24 -
0,2 — 15 31 23
0,6 - 10 20 26

butym

0,25 - 19 25 18
0,5 — 16 — —

YyeHMeM Harpy3Ku 3a O,SRp IIOYTH y BCEX UCIBITAHHBIX  YUIMHEHWE 00pa3lla paBHSIIOCh COOTBETCTBEHHO 15,2

COCTaBOB TOPKpeTa Habonazach necopmamusd mom3y- — u 14,5 u. Yepes 48 yacoB Bce TOBTOPSITIOCE.

gecTH, (PUKCHUpyeMast HeITOCPEACTBEHHO TEH30METPaMM. JanAabie TabaUIl U TpadMKOB (IIPUBEICHBI TOJIBKO

OmHaKO 3TOT MPOIECC HOCWIT 3aTyXaloIIii XapakTep;  IJISI OMHOI cepry TOPKpeTa) IMoKa3al, 9TO B OOIIEeM

yepe3 4—6 4acoB ycanKa BHOBb IIPEBBIILANA MOJI3y4eCTb,  CIIydae 3aBUCUMOCTb Al = j(op) KPUBOJIMHEITHA, TIPUYEM

¥ TEH30METPhl HAUMHAJIN ITOKa3bIBaTh YKOPOUCHNE 00-  KPUBHM3HA TpaMKOB TOTO K¢ HAIIpaBICHUS (3HaKa), 9YTO

pasIoB. 1 B VCTILITAHUSIX TOPKPETA TIPU HETIPEPHIBHOM CTaTUYE-
O06pa3zelr, TPUTOTOBJICHHBIN M3 CYX0il CMECH COCTaBa  CKOM 3arpy:KeHUH.

1:4 ¢ 0,5% no6askoiit CCh, ucrblTaH Ha I10J13y4eCTh. HcrpITanns BOZOIIPOHUIIAEMOCTH IIPOBOIVIIA Ha 00-

He3zaBucumo oT HanpsoKeHWH, IEMCTBYIOIINX B HEM,  pasmax-auckax guamerpoM 200 MM, BeicoToit 50 MM (110

cyMMapHbIe nedopManuu (TTOI3y4ecTh, ycaaka) ObUTM  TpU 0Opasiia Ha TOUKY B Bo3pacte 28 mHeir). JlaBmeHne

TMOCTOSTHHO OTPUIIATeIbHBIMU, T.€. 00pa3ell yKopaul-  TOBBIIIAIOCh Ha 1 aTM. uepe3 4 yaca. OOpasiibl Hape3a-

BaJics, IpUYeM ykopodyeHue Ha 6aze 11 cMm Kojebanoch

B CJIeAyIOIIMX Tipeaenax (Taoam. §8). Tabauya 8

IloBeienue paCTHTI/IBaIO]lICfI Harpyskum Ha TOPKpET IToka3aTean MOJI3y4€CTH TOPKpETa
CHIMZKACT €Tro yCaaO4YHBbIC ,I[e(bOpMaHI/II/IZ 9TO MPOUCXOIUT

BCJIEACTBUE TTOBBILIEHUS UHTEHCUBHOCTU TTOJI3Y4ECTHA 0, Kr/cm* Ykopouenue, p
U B pE3yJIbTaTe BO3PACTAHUSI YCUIIMIA, COITPOTUBIISIO- 16 12-9.5
muxcs redpopManmsaM ycanku. B Tabi. 9 mokasaH xapak-

Tep NPUPALIEHUS YIIPYTUX AedopMalnii TOpKpeTa mpu 23 7,8=7,3
CTYIIEHYaTOM CUJIBHO PacCpPefOTOYEHHOM BO BPEMEHU 25 3,3-3,0
MPUPALLEHUN HATPY30K.

OmnBIT, pe3yibTaThl KOTOPOTO CBENEHBI B Ta0M. 9, 28 2,0—1,4
TPOBOAMIICS ciienytomumM odpazoM. OOpa3zelr moryJant 32 1,9-1,2
HEPBHYIO CTYIEHb HAarpy3Ku, M0 6,4 KT/CM?, TIpU 3TOM
Opau OTCUeT 1Mo TeH30MeTpaM, 3aTeM uepes 21 yac Ha- 33 1,8-0,8
rpy3Kka CHUMaJIaChb MOJHOCTBIO, CTPEJIKY TEH30METpa 37 1,7-0,6
TMEepPeBOAUIN Ha HYJEBOE NEJIEHUE, U TTOCe ITOTO 00- 40 0—0
pasell ToJiyJajl HOBYIO CTYIIEHb 3arpy3Ku, 10 9 Kr/cM2.
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Tabauuya 9

XapakTep npupameHus ynpyrux aegopmanuii Topkpera

Paccrarusaiomee KomuecTBo yacos VimHeHune oopasna Ha 6aze 110 mm, p
HanpspKeHne JI0 NPUJIOKEHUS
B oGpasue, Kr/cm? HATPY3KH IIpaBslii TeH30MeETP JleBblii TEH30METP Cpennee
6,4 14,3 13,2 13,75
9,0 21 15,2 14,5 14,85
10,0 48 16,0 15,4 15,70
11,2 48 17,0 16,0 16,50
12,4 48 17,6 16,9 17,25
13,6 240 18,9 17,7 18,30
15,2 120 19,1 18,9 19,00
16,0 144 20,7 20,1 20,40
17,0 24 21,0 22,1 21,55
JIV U3 TUIUT TOPKpeTa TOIMMWHON 50 MM mpu TTOMOIIN Tabauya 10
IITaMIIa U TUIyHXXepa. Hike matoTcst pe3yabTaTel c-  Pe3yibTaThl HCIIBITAHKS TOPKPETA
mbITaHuii (Tabm. 10). HA BOJONMPOHUIIAEMOCTh
BBeneHMe HAHOCTPYKTYPHPOBAHHBIX IIOBEPXHOCTHO-
aKTUBHBIX J100ABOK HE CHIKAET BOJOHEIIPOHUILIAEMOCTH KoIm4ecTno CocTas cyxoii Jasnenue,
TOpKpeTa, naxe o0pasiibl ¢ tobaBkoii 1% CCB or Beca n00aBKu, % CMecH BBLIEP2KAHHOE
LIeMEHTa BBIIEPKUBAIOT faBiaeHue 6 atMm. Ecim nobaBku o0pasuamu, aT™
CCBb moBHIIIAIOT IMIPOYHOCTH TOPKPETa Ha CXKaThe WA Be3 106aBKu 1:4 6
COXPaHSIOT e¢ Ha YPOBHE IIPOYHOCTH Ha CKaTHE eTo 0e3 12 6
M00aBOK, CHU3UTh BOTOHEIIPOHNUIIAEMOCTb OHI TaKKe
HE MOTYT. CChb
DIeKTPOHHO-MUKPOCKOTTNIECKUI aHaN3 TOp- 0,3 1:3 6
KpeT-0eTOHA ¢ HAHOCTPYKTYPUPOBAHHBIMU 100aBKAa- 0,3 1:4 6
MU TTOBEPXHOCTHO-AKTUBHBIX BEIIECTB ITOKA3aJl, YTO 1,0 6
TIIPOYHOCTHBIC CBOIMCTBA, ycanka, 1eopMUpPyeMOCThb CHB
TIpUA PaCcTSKCHUM W BOTOHCIIPOHUIIAEMOCTh MMEIOT 0.03 " 6
3HAYUTEIBHO YIIyUIICHHBIC TI0KA3aTe TN 0 CPAaBHEHUIO 0’ 06 . 6
C OOBIYHBIM OCTOHOM ¥ MIOATBEPIKIAIOT Pe3yJIbTaThl 9KC- ’
TepUMEHTAIBHBIX paboT. McciaemoBaHsSI MUKPOCTPYK- MBbLUIO
TypBI 00pa3IOB OBLUIM MPOBEICHBI HA CKAHUPYIOIIEM 0,1 * 1*
aJIeKTpoHHOM MUKpockorre JEOL JSM7500 ¢ mpucraB- 0,2 * 6

KO PeHTIeHOCIIEKTPaIbHOTO aHanm3a (puc. 7).
3AKJIIOYEHUE

ITo pesynpTaTaM BBIITOJHEHHOTO MCCIEIOBAHUS
MOXXHO CHENIaTh CJICIYIOIINE BEIBOIBI:

1. HanocTpyKTypupoBaHHbIE 1OOABKM ITOBEPXHOCT-
HO-aKTUBHBIX BEIIIECTB ITO-pa3HOMY BIMSIOT Ha CMavH-
BAIOIIYIO CITIOCOOHOCTh BOIBI M IIPOYHOCTH TOPKpETa:
CCb n CHB yBemmuuBatot ux, npnuem CHB — He3Ha-
YUTEJTBHO, XJIOITKOBOE MBIJIO 3HAUNTEIIFHO YMEHBIIIACT
CMAaYMBAIOIIYIO CITOCOOHOCTH BOIEI U, BEPOSITHO, TTO3TO-
MY CHIDKAeT IIPOYHOCTh TOPKPETa IIPH BBEICHUH B HETO
C BOIIOI 3aTBOPEHUSI.

2. OntumanbHo 1o6aBkoii CCB B TOpKpeT ¢ Bojoii
3aTBOPCHUS TIPU YCIIOBUM HAOPBI3TUBAHUS SIBISICTCS
0,5% ot Beca uemenTa. Onrumyma go6asku CHB He Ha-

* [1py MOBBILLICHUY AaBJICHUS JIOMTHYIM 00Pa3LIbl

6mogaetcst. [1py BBeIEeHUH B TOPKPET XJIOMTKOBOTO MBITA
C BOIOI 3aTBOPEHMS COAEPKAHUE BOIBI B YIIOXKEHHOM
TOPKPETE 10 MEPE YBEIMIEHUST KOJTUIECTBA BBOIUMOIA
I00aBKM YBEIMINBAETCS, ONTUMAIBHOE COIEPKAHNE
LIeMeHTa B TOpKpeTe Habmonaetcs ipu BBeaeHun 0,3%
XJIOITKOBOTO MBLTA OT Beca LIEMEHTA, «OTCKOK» YMEHBIIIa-
eTCsI TIPY YBETMIEHNH KOJTMUECTBA BBOIUMOM JOOABK.

3. ITpu BBenenuu 0,3% CCB ot Beca LieMeHTa B TOp-
KPET-COCTaB CYXOi cMecH 1:4 MOoBBIIIaeTCsI IIPOYHOCTD
ero npu cxartuu Ha 16%, npu u3rude Ha 1% u npu pas-
peiBe Ha 20% (110 CpPaBHEHUIO C COOTBETCTBYIOIITUMU
MIPOYHOCTSMY TOPKpETa 6e3 T00aBKM).

4. Jo6asku CCB B kommmuectse 0,51 1%, CHB 0,06
1 0,12%, xsonkosoro mbiia 0,1, 0,2 1 0,6% ot Beca Lie-
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Puc. 7. MukpocTpyKkTypa 00pa3ioB TopkpeT-0eTona: a — ¢ 1o6aBkoit CCh; 6 — ¢ no6aBkoit CHB; B — ¢ no6aBKkoii

XJIOTIKOTO MbLJIa; T — ¢ 100aBKOI OUTyMa

MeHTa, butyMa B Buae amyibcuu 0,25 u 0,5% ot Beca
TOpKpeTa (U3 cyxoil cMecH 1:4) CHIDKAIOT IIPOYHOCTh
TIPY C3KaTUM, M3TUOE W pa3phIBe IO CPABHEHUIO C COOT-
BETCTBYIOIIIMMU IIPOYHOCTSIMU €T0 0e3 M00aBOK.

5. Bce HaHOCTPYKTYpUpOBaHHbIE TOOABKM MOBEPX-
HOCTHO-aKTUBHBIX BEIIECTB IMOBBIIIAIOT YCAIKy TOPKpPE-
Ta. HammeHpIee moseimeHne ee gaet Topkpet ¢ CCB,
a HauOoJblIee — ¢ OUTYMHOM 9MYJIbCUEHA.

6. HaHocTpyKTypupOBaHHbIE ITOBEPXHOCTHO-aK-
TUBHBIC TOOABKH B TOPKPeET (K 28-THEBHOMY BO3pacTy)

CIINCOK NCTOYHUKOB

3HAUYMTEILHO TTOBBIIIAIOT €T0 Ae(POPMUPYEMOCTh TIPH
PACTSKCHUM.

7. HaHOoCTpyKTypupOBaHHbBIE 1OOABKU MOBEPXHOCT-
HO-aKTUBHBIX BEIIIECTB B IMMPOKUX IIpeIeIax MTOHKAIOT
3HAYCHUS MOMYJICHf MTHOBEHHOM YIIPYTOCTH TOPKpPETa,
T.¢. TIOBBIIIAIOT €TO IJIaCTUICCKIE CBOMCTBA.

8. [ToBepXHOCTHO-aKTUBHBIC BEIICCTBA 1 OMTYMHBIC
SMYJIbCUN TTIOHIZKAIOT CHJTY CLICTICHHS apMaTypHI C TOP-
kpeToM (3a uckmoueHrneM CCB), omHaKo oHa ocTaeTcs
Ha 6oJiee BEICOKOM YPOBHE, YeM Y OOBIIHBIX OCTOHOB.
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ABSTRACT: Introduction. Polyvinyl chloride (PVC) is the world's leading synthetic polymer in industrial use. Products based on
PVC have firmly taken on the world market, and currently there is no highly developed country that is able to avoid its production
and consumption. The high demand for thermoplastics is primarily due to its unique properties such as durability, resistance to
climatic conditions, low flammability, good barrier properties, economy, environmental friendliness and versatility. The complex
of technological and service properties of soft PVC, in addition to other additives, is mainly provided by plasticizers, the content of
which can reach 50% or more. It is the efficiency of the plasticizing that has a decisive impact on the characteristics in the resulting
materials and products. One of the most widely used classes of compounds in the plasticization of PVC are phthalic acid esters, in
particular, dibutyl phthalate (DBP), di-(2-ethylhexyl)-phthalate (dioctyl phthalate, DOP), diisononyl phthalate (DINP) and diisodecyl
phthalate (DIDP). Phthalates have found the greatest use as plasticizers due to their properties: good compatibility with PVC, low
migration from plastic compound, minimal interaction with the polymer at room temperature, good frost resistance, high electrical
insulating properties, availability, manufacturability and low cost. Methods and materials. The paper presents methods for the
obtaining of novel symmetrical and asymmetric phthalate plasticizers: dibenzoxyethyl phthalates, benzylbenzoxyethyl phthalates,
phenoxyethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl phthalates — by catalytic esterification of phthalic anhydride with
oxyethylated phenylcarbinols, phenols and 2-ethylhexanols. The conditions for the synthesis of target products with the maximum
yield were selected. The physicochemical properties of the obtained compounds were studied. The obtained experimental data were
used to identify promising novel plasticizers of the phthalate type by cluster analysis. Cluster analysis for decision making is the most
effective, as it is designed to combine some samples into classes (clusters) in such a way that the most similar in properties get into
one cluster, but at the same time, samples of different clusters differ from each other as much as possible. Clustering carried out in
the program Statistica 10. Results and discussion. According to the data obtained, it is found that benzylbenzoxyethyl phthalates
and ethoxyoctylbenzoxyethyl phthalates have the best characteristics in terms of plasticizing ability. We study the influence of the
selected plasticizers on the physical and mechanical characteristics of PVC compositions The effectiveness of compounds in the
PVC composition is evaluated in terms of “elongation stress” and “breaking stress” The test results of the samples are compared with
the indicators of PVC compounds containing DBP. Conclusion. The use of the developed additives contributes to the production
of PVC compounds with improved physical and mechanical characteristics.

KEYWORDS: cluster analysis, full bond method, elongation stress, ethoxylated alcohols, phthalic acid, PVC compound, polyvinyl
chloride plasticizer, breaking stress, degree of oxyethylation, ethoxylated alcohol phthalates, esterification.
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INTRODUCTION its basis, both rigidly filled and plasticized materials and

products are obtained, which are widely used in various

Polyvinyl chloride (PVC) is of great economic and
strategic importance and occupies one of the leading
positions in terms of production and consumption among
synthetic polymers produced by the world industry. On

branches of agriculture, in the cable, construction, light
and food industries, in mechanical engineering, automo-
tive, medicine and in everyday life. The prevalence and
general use of this particular polymer is explained by its
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reasonable cost, good physical, mechanical, technological
and service properties, and wide processing possibilities.
Due to the unprecedented ability of PVC to modify, there
is a wide range of possibilities for introducing additives of
various functional purposes into the polymer: plasticizers,
stabilizers, fillers, etc., with the help of which the proper-
ties and characteristics of the resulting PVC products are
regulated according to the requirements of manufactur-
ers. The choice of the type and dosage of chemical addi-
tives is determined by the conditions for processing the
polymer composition and the necessary set of properties
of polymeric materials, depending on their area of ap-
plication [1-9].

Among a wide range of products that convert PVC
compositions, plasticizers are dominant. Esters of phthal-
ic, sebacic, adipic, maleic and other organic acids are
mainly used as PVC plasticizers. Phthalates (orthoph-
thalic acid esters) are the largest chemical group of PVC
plasticizers, most of which are general purpose. The use
of phthalic acid esters as PVC plasticizers in the produc-
tion of materials for wire and cable insulation, sticky tape,
artificial leather, upholstery, linoleum, injection molded
shoes, wallpaper, toys, general purpose films, etc. due to
their availability, manufacturability, high compatibility
with PVC, low migration from plastic compound and
low cost. In addition, they have good electrical insulat-
ing properties, frost, heat and light resistance [10—14].
However, the ever-increasing competition in the market
of polymeric materials and the expanding fields of appli-
cation of PVC composites, the growing requirements for
the quality of PVC products and the stringent conditions
for their certification are the reason for the search for new
highly effective plasticizers, including those that impart
specific properties to PVC products. Thus, expanding the
range of plasticizers is an urgent task.

In connection with the foregoing, we have carried out
the synthesis and studied the properties of new symmetri-
cal and asymmetric phthalate plasticizers: dibenzoxyethyl
phthalates, benzylbenzoxyethyl phthalates, phenoxy-
ethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl
phthalates — carried out a cluster analysis of the obtained

experimental data in order to identify samples with high
physical and chemical parameters, and also investigated
the effect of plasticizers on physical and mechanical prop-
erties of PVC compounds.

METHODS AND MATERIALS

Synthesis and study of the properties of ethoxylated
alcohols

In order to study the possibility of using compounds
of phenols, phenylcarbinols and 2-ethylhexanols to ob-
tain new plasticizers of the ester type, we synthesized
ethoxylated alcohols (Fig. 1). The reaction of hydroxy-
ethylation of alcohols is well studied and carried out on
an industrial scale [15—17]. The oxyethylation of alco-
hols was carried out according to well-known methods
by their reaction with ethylene oxide at a temperature
of (110—180)°C, passing gaseous ethylene oxide through
the reaction mass. The reaction of alcohols with ethylene
oxide begins almost immediately and is accompanied
by the release of heat. The ethylene oxide feed rate was
controlled so that the unreacted oxide condensed in
the reflux condenser and flowed back into the reactor
without flooding. After the addition of ethylene oxide,
the reaction mixture was heated for another (1—1.5) h
and then cooled to room temperature. Sodium hydroxide
was used as a catalyst [18].

The characteristics of the obtained products are given
in Table 1.

In appearance, ethoxylated alcohols are colorless oily
liquids soluble in water. The composition of the products
obtained in the process of oxyethylation depends on the
molar ratio of alcohol and ethylene oxide taken for the
reaction: with an increase in the content of ethylene oxide
in the reaction mass, the density, refractive index and
molecular weight of ethoxylated alcohols increase.

The synthesized ethoxylated alcohols were subse-
quently used to obtain new phthalates of ethoxylated
alcohols proposed as ester plasticizers for polyvinyl
chloride.

» CsH{(OCH,CH))nOH,
(1)

+ C6H5 OH
+CgHCH,0H
nCH,CH, ¢HsCHy
N/
O +CgH;0H

» C4HCH,(OCH,CH)nOH ,
2

> CgH;{OCH,CH,)nOH .
€D

Fig. 1. Scheme for the synthesis of ethoxylated alcohols
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Table 1
Physico-chemical properties of ethoxylated alcohols
n | | ko | o | caleulted | Ve %
Ethoxylated phenols (1)
1.0 1.1007 1.5314 789 142 138 89.0
1.5 1.1071 1.5387 683 164 160 86.6
1.9 1.1111 1.5434 619 181 178 90.1
2.4 1.1158 1.5501 552 203 200 87.4
3.2 1.1251 1.5599 469 239 235 88.9
FEthoxylated phenylcarbinols (2)
1.0 1.0717 1.5195 727 154 152 89.2
1.5 1.0739 1.5235 633 177 174 89.5
1.9 1.0755 1.5264 577 194 192 88.9
2.3 1.0771 1.5290 528 212 210 90.2
3.0 1.0797 1.5329 459 244 240 89.3
Ethoxylated 2-ethylhexanols (3)
1.5 0.9141 1.4325 568 197 196 93.2
2.0 0.9240 1.4490 510 220 218 92.8
2.2 0.9278 1.4538 488 230 227 91.3
2.4 0.9309 1.4580 471 238 236 93.4
3.0 0.9382 1.4696 422 265 262 91.4

Synthesis and study of the properties of symmetrical
and asymmetric phthalate plasticizers

Ester plasticizers are obtained by the reaction of
esterification of carboxylic acids or their anhydrides
with alcohols in the presence of catalysts at an elevated
temperature with simultaneous distillation of reaction
water in the form of an azeotrope to shift the reaction
equilibrium towards the formation of an ester. It should
be noted that sulfuric acid, benzene- and p-toluene-
sulfonic acids serve as traditional industrial catalysts
for the esterification reaction, but they have a number
of significant drawbacks inherent in acid catalysts: low
selectivity due to the acceleration of side reactions; the
need to neutralize the catalyst; the need to wash the
ether — raw; the need to treat a significant amount of
wastewater [19—24]. These shortcomings are devoid
of more environmentally friendly amphoteric catalysts
based on organic compounds of elements of variable va-
lency. These include compounds of aluminum, titanium
and tin [16, 17, 24—26].

Therefore, the process of obtaining new symmetrical
and asymmetric phthalate plasticizers: dibenzoxyethyl
phthalates, benzylbenzoxyethyl phthalates, phenoxy-
ethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl

phthalates — was carried out by esterification of phthalic
anhydride using the obtained ethoxylated alcohols using
tetrabutoxytitanium as a catalyst, since it makes it pos-
sible to exclude the stages of catalyst neutralization and
ester washing (Fig. 2). The reaction was carried out until
complete isolation of the reaction water. At the end of the
reaction, tetrabutoxytitanium was hydrolyzed with water,
and the esterified product was filtered off to remove the
resulting titanium dioxide.

The synthesized esters, which are transparent or
slightly colored oily liquids soluble in organic solvents,
were obtained with a yield of over 80%. The main proper-
ties of the products are given in Table 2.

The physicochemical parameters of the proposed
plasticizers (Table 2) were analyzed according to GOST
8728-88 “Plasticizers. Specifications™.

RESULTS AND DISCUSSION

The data obtained (Table 2) confirmed the compli-
ance of the main indicators of ester plasticizers with the
requirements of the current State standards, as well as the
good quality of the synthesized products. An analysis of
the experimental data showed that for all the plasticizers
presented, the same trend is observed — with an increase
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Fig. 2. The process of obtaining ester plasticizers

in the degree of hydroxyethylation, the density of esters
increases, and the refractive index decreases.

At the next stage, it was decided to pay special at-
tention to the issues of clustering ester plasticizers and
identifying those that have optimal characteristics that
are not inferior to industrial plasticizers.

The first step towards the implementation of the clus-
ter analysis algorithm is the formalization of the values
of Table. 2. As a formalization tool, the mathematical
expectation was used as the main numerical characteristic
of statistical data, the calculated indicators are presented
in Table 3.

At the second step of processing the experimental
data, the full coupling method was used to directly dis-
tribute the samples into clusters. The full connection
method consists in using the concept of “metrics” or
the distance between the formalized comparative char-
acteristics of plasticizers in n-dimensional space, which
makes it possible to assess the distance of objects relative
to each other and at the same time determine which of

them form groups that are similar in their properties
[27-29].

The software package Statistica 10 was used as the
software for performing the calculations of the second
stage of the analysis. A graphic image of the union ob-
tained using the cluster union tree — dendrogram, is
shown in Fig. 3.

As can be seen, two clusters of plasticizers are formed
from the dendrogram: sample No. 5 and No. 7 belongs to
the cluster with high properties, and samples No. 6 and
No. 4 belong to the cluster with average properties. Thus,
cluster analysis made it possible to form a breakdown into
homogeneous groups (clusters) from n objects character-
ized by k features. The analysis of the obtained results
showed the following ranking of the proposed plasticizers
according to their quality characteristics: ether contain-
ing aromatic radical and ether containing alkylated and
aromatic radicals > ethoxylated esters containing two
aromatic radicals. Thus, the most pronounced effects on
the above indicators are manifested when using benzyl-
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Table 2
Comparative characteristics of the proposed and industrial plasticizers
n ax, n?) m?nfliir, nflflf:r, WABEIIRS M(:rllzcsl;lar (l)\flljslsag;czﬁ)n- lTlaSh Yield, %
mgKOH/g | mgKOH /g mass found calculated stances (100°C, | point, °C
6 hours), %
Dibenzoxyethyl phthalates (4)
1.0 1.1423 1.5152 0.20 256 437 434 0.115 202 84.1
1.5 1.1447 1.5128 0.15 233 480 478 0.130 204 85.1
1.9 1.1454 1.5123 0.20 217 516 514 0.151 207 85.6
2.3 1.1474 1.5108 0.15 203 553 550 0.150 210 85.3
3.0 1.1489 1.5093 0.10 183 612 610 0.200 210 84.7
Benzylbenzoxyethyl phthalates (5)
1.0 1.1330 1.5195 0.10 286 392 390 0.112 195 83.8
1.5 1.1339 1.5169 0.10 270 415 412 0.114 197 84.7
1.9 1.1361 1.5161 0.10 259 432 430 0.122 196 85.3
2.3 1.1382 1.5156 0.11 249 450 447 0.120 197 85.0
3.0 1.1396 1.5136 0.12 233 480 478 0.130 199 84.9
Phenoxyethylbenzoxyethyl phthalates* (6)
1.0 1.1279 1.5157 0.10 265 422 420 0.112 199 87.0
1.5 1.1304 1.5153 0.10 252 445 442 0.120 200 85.6
1.9 1.1339 1.5138 0.20 242 463 460 0.115 203 86.4
2.3 1.1346 1.5127 0.20 234 479 477 0.120 202 89.1
3.0 1.1372 1.5120 0.10 219 511 508 0.170 203 87.1
Ethoxyoctylbenzoxyethyl phthalates** (7)
1.0 1.1291 1.5102 0.10 233 481 478 0.130 202 87.7
1.5 1.1320 1.5093 0.10 223 503 500 0.150 202 86.3
1.9 1.1349 1.5088 0.18 215 520 518 0.142 204 87.1
2.3 1.1358 1.5081 0.20 208 538 535 0.135 209 89.8
3.0 1.1384 1.5065 0.20 197 569 566 0.160 208 87.9
Dibutyl phthalate
00 | L0 | L | 0.07 401 279 278 0300 163 | -
Dioctyl phthalate
0.0 00938220_ 114588;)0_ 0.07 287 397 390 0.100 205 —

Note: * degree of oxyethylation of phenol = 1.0; ** degree of hydroxyethylation of 2-ethylhexanol = 1.5

benzoxyethyl phthalates and ethoxyoctylbenzoxyethyl
phthalates.

In order to study the effect of the selected plasticizers
(I1, III) on the properties of the polymer composition,
PVC compounds were obtained at the next stage. An in-
dustrial composition was used as a control sample (I). The
composition of PVC samples is given in Table 4.

Comparison of indicators of physical and mechanical
properties of the obtained composites based on PVC with
the addition of plasticizers are shown in Fig. 4.

The study of the physical and mechanical characteris-
tics of plasticized PVC compositions showed an improve-
ment in the following indicators: elongation stress and
breaking stress.
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Table 3
Formalized comparative characteristics of the proposed plasticizers
Name of indicator Plasticizer
“) &) (6)* ()=

d», 1.14566 1.13616 1.13280 1.13404
n* 1.51208 1.15634 1.51390 1.50858
Acid number, mgKOH/g 0.160 0.106 0.140 0.156
Ester number, mgKOH/g 218.4 259.4 242.4 215.2
Molecular weight, found 519.6 433.8 464.0 522.2
Molecular weight, calculated 517.2 431.4 461.4 519.4
Mass fraction of volatile substances (100°C, 6 hours), % 0.1492 0.1196 0.1274 0.1380
Flash point, °C 206.6 196.8 201.4 205.0
Yield, % 84.96 84.74 87.04 87.76

Note: * degree of oxyethylation of phenol = 1.0; ** degree of hydroxyethylation of 2-ethylhexanol = 1.5

5 —ﬁ

o -

b1

g 4

= 7 Fig. 3. Results of cluster analysis of the compara-

= tive characteristics of the proposed plasticizers:

: ] 4 — dibenzoxyethyl phthalates, 5 — benzylben-

ﬁ i zoxyethyl phthalates, 6 — phenoxyethylbenzoxy-

g 6 ethyl phthalates, 7 — ethoxyoctylbenzoxyethyl

s phthalates

o
0 20 40 60 80 100 120 14
Comb. distance
Table 4
Data on the composition of PVC compositions
Structure of composition, mass parts
Component
I 11 I

PVC 100 100 100
Dibutyl phthalate 50 - —
Benzylbenzoxyethyl phthalates — 50 —
Ethoxyoctylbenzoxyethyl phthalates — — 50
Barium stearate 1.5 1.5 1.5
Calcium stearate 1.5 1.5 1.5
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Fig. 4. The effect of plasticizers on the stress during elongation (a) and breaking stress (b) of PVC-based compositions:
1-PVC+1;2—-—PVC+1I;3—-PVC+I1II

CONCLUSION

As a result of the conducted research, the following

conclusions can be drawn:

zeev. SPb.: Scientific foundations and technologies, 2009: 608.

ew additives proposed as plasticizers for polyvinyl chlo-
ride were obtained and their properties were studied;
based on the analysis of physical and chemical char-
acteristics, a comparative evaluation of the properties
of the proposed new plasticizers by cluster analysis
methods was carried out and it was found that sample
No. 5 and No.7 has high characteristics comparable
to those of an industrial plasticizer;

physical and mechanical properties of PVC composi-
tions (elongation stress and breaking stress) depend on

REFERENCES
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Thus, according to the test results, the compounds

obtained have a sufficiently high efficiency as PVC plas-
ticizers and are recommended for extensive testing.
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MonyuyeHune HOBbIX ,06aBOK
ANA NONINBUHWUAXJIOPUAHDIX KOMMO3WLINNA
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AHHOTALA: BeepeHue. MonvsuHunxnopug (MBX) nuaupyeTt B MMPOBOM NOTPEONEHUN CPEAN CUHTETUYECKMX MONIMIMEPOB,
BbIMyCKaeMbIX MPOMbILLIIEHHOCTbIO. M3enna Ha ero 0OCHOBe MPOYHO 3aBOeBaIvi MUPOBOW PbIHOK, M CErOfiHA HN OfjHa BbICOKOPa3-
BUTaA CTpaHa He MOXeET No3BONTb cebe 0TKa3aTbCA OT ero MPOM3BOACTBA 1 MOTpebneHus. Bbicokaa BocTpe6boBaHHOCTb TEPMO-
nnacTa, npexzje Bcero, 06bACHAETCA €ro YHUKanbHbIMU CBOMCTBAMU, TaKMMI KakK: [JOSITOBEYHOCTb, CTOMKOCTb K KIMMATUYeCKUM
YCIIOBUAM, HM3Kaa BOCMIaMeHAEMOCTb, Xopolune 6apbepHble CBONCTBA, SKOHOMUYHOCTb, SKONIOTMYHOCTb U YHUBEPCASIbHOCTb.
Komnnekc TeXHONOrMyecKrx n SKCrlyaTauMoHHbIX CBONCTB MArkomy MBX, nomymo npounx 4o6aBok, B OCHOBHOM obecneynBaloT
nnacTMPrKaTopbl, COAEPKaHre KOTOPbIX MOXKET AocTuratb 50% u BbiLe. IMeHHO 3$pdeKTMBHOCTb NNacTMGMLMPYIOLLEro AecTBNA
OKa3blBaeT peLuatllee BAVAHME Ha XapaKTEPUCTMKM NOyYaeMblX MaTepranos 1 nsgenunin. OguH n3 Hanbonee WMPOKO Npu-
MeHsAeMbIX KNaccoB coefuHeHunid npu nnactudurkaumm MBX — cnoxHble 3¢prpbl GTaneBomn KNCNOTbl, B YaCTHOCTU, ANbyTUNdTanat
(OBD), an-(2-sTunrekcun)-dranat (guoktundtanat, JOD), aunsoHoHundTanat (QUHO) n gumnsopeuundTanat (AUOD). Otanatel
HaLwn Hanbornbluee NPYIMEHeHMe B KauecTBe MiacTMdrkaTtopos bnarogapa CBOVM CBOMCTBaM: Xopoluei coBmecTmocTu ¢ MBX,
HU3KOW MUrpaLMmn 13 MiacTrKaTta, MUHUManbHOMY B3aMOAECTBUIO C MONMMEPOM NPU KOMHATHOW TemrnepaType, XopoLuen Mo-
PO30CTONKOCTU, BBICOKUM SN1€KTPOM30IMPYIOWMM CBONCTBAM, AOCTYMHOCTH, TEXHONOTMYHOCTU U HU3KOW cToumocTu. MeTtopbl
n maTepumanbl. B paboTe nprBeaeHbl METOLbI MOMYYEHVA HOBbIX CUMMETPUYHBIX Y HECUMMETPUYHbIX GpTanaTHbiX nnactndukarto-
pOB: ANGEH30KCMITUNPTaNaToB, 6eH3MN6EH30KCMITUNPTaNaToB, GEHOKCMITUNOEH3OKCUITUNDTANATOB, STOKCUOKTNOEH30KCH-
3TUNPTaNaToB — KaTaNMTUYECKoN 3TeprdrKaLmel $pTaneBoro aHrMapuaa OKCMITUANPOBaHHbIMU GpeHunKapbuHonamu, GeHonamu
U 2-3TUnrekcaHonamm. NMogo6paHbl YCIIOBUA CYHTE3a LieNIeBbIX NMPOAYKTOB C MakKCMMalibHbIM BbIXOAOM. VI3yueHbl dU3nKo-xummnyeckre
CBOWCTBA NOJTyYeHHbIX COeAMHEeHWIA. [1onyyeHHble SKCneprMeHTanbHble AaHHbIE NCMONb30BaHbl 418 BbIABNEHUA NEPCNeKTUBHbBIX
HOBbIX MNACTUPMKATOPOB HTaNaTHOrO THMa METOLOM KacTePHOro aHanmsa. KnacTepHblii aHanu3 gna peleHna AaHHoW 3agaun
Hanbonee 3pdeKTMBEH, T.K. NpefHa3HaYeH AnA 06 beAnHEeHNA HeKOTOPbIX 06Pa3LI0B B KNacchl (KnacTepbl) Takum 06pa3om, 4Tobbl B
OfVH KnacTtep nonanv MakCMmasbHO CXOXIe MO CBONCTBaM, HO MPU 3TOM 06pa3Lbl pa3HbIX KacTePOB MaKCMabHO OT/IMYANNCh
Apyr oT gpyra. Knactepusauunsa npoBegeHa B nporpamme Statistica 10. Pesynbratbl u 06cyaeHue. 1o nonyyeHHbIM JaHHbIM YCTa-
HOBJIEHO, YTO GEH3MNBEH30KCUITUNGTaNATbI U STOKCMOKTUNGEH30KCUITUNGTanaThl 061aAaoT HaUyYLLVIMI XapaKTePUCTKaMM Mo
nnacTmeuumpyoLLein cocobHocTr. M3yyeHo BnuaHMe BbiIOpaHHbIX MNacTUGUKATOPOB Ha GU3NKO-MeXaHNYecKmne XxapakTepucTmkm
MBX-komno3nymnin. 3bPeKTMBHOCTL coeanHeHni B MBX-KOMMNO3nLUM OLLEHEHa MO MoKa3aTenAM «HamnpaXeHne nNpu yaIuHEHUN»
U «pa3pyluaiolee HanpsxeHne». PesynbtaTbl UCNbITaHW 06pa3LoB cpaBHeHbI C Nokasatenamu MNBX-nnacTtnkaTtos, cogepalymnx
JBO. 3akntoueHune. Vicnonb3oBaHue pa3paboTaHHbIX J06aBOK CMOCOOCTBYET nosiyyeHuto MBX-KomnayHAOB C ynyyllueHHbIMI
bU3NKO-MeXaHNYECKNMU XapaKTePUCTUKaMK.
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Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PA3PABOTKA HOBbIX IMOJIMMEPHbIX MATEPUAJIOB

BBEJEHUE

HOJ‘[I/IBI/IHI/U[XJ‘IO]:)I/I,I[ (ITBX) mMeeT BaskHOE HAPOITHO-
XO3SMCTBEHHOE U CTPAaTerMyecKoe 3HaUeHue 1 3a-
HUMAaET OAHO U3 JIUIAUPYIOIIMX MECT MO 0ObeMaM Mpo-
W3BOJACTBA U MOTPEOJICHUSI CPeIU CUHTETUYECKUX MO~
JINMEPOB, BBIMTYCKAEMbIX MUPOBOI TPOMBIILIEHHOCTHIO.
Ha ero ocHoBe mosyyaloT Kak XeCTKO HaloJHEHHBbIE,
TaK M IIaCTUGUIIMPOBAHHBIC MAaTepHATbl U U3ICIIHSI,
MMeEIOIINE IIIMPOKOE MPUMEHEHUE B Pa3IMUHBIX OTpaC-
JISIX CEeJIbCKOTO XO3S1CTBA, B KAOEIbHOM, CTPOUTEILHOM,
JIETKOM 1 TTUI1I€BO MPOMBIIILIEHHOCTH, B MAIIMHOCTPO-
€HUU, aBTOMOOWJIECTPOCHUM, MEIULIMHE U B ObITY. Pac-
MPOCTPAHEHHOCTb U BCeoOl1iee NCTO0JIb30BaHNE UMEHHO
3TOT0 MOJMMepa OOBSICHSIETCS €ro MPUEMIIEMOI CTOMMO-
CTBIO, XOPOIINMHU (PU3NKO-MEXaHTICCKUMU, TEXHOJIO-
TMYECKMMU U DKCIUTyaTallMOHHBIMU XapaKTepUCTUKAMU
W LIMPOKMMU BO3MOXKHOCTSIMU TlepepaboTku. B cBa3u
¢ O6ecniperieneHTHBIMU criocooHocTsiMu [1BX kK Mmonudu-
LIMPOBAHMIO UMEETCS LIMPOKUIA CIIEKTP BO3MOXHOCTEN
JIJISI BHEAPEHUS B OJIMMEP 100AaBOK Pa3IUYHOTO (hyHK-
LIMOHAJILHOTO Ha3HAYEHUS: TIacTU(PUKATOPOB, CTAOU-
JIN3aTOPOB, HAMIOJIHUTEJIEH U AP., C TOMOIIBIO KOTOPBIX
OCYLIECTBJISIETCS] PETYJIUPOBAHUE CBOMCTB U XapakTe-
puctuk mnonydaeMbix [1BX-u3nenuii mo tpeboBaHUSIM
npousBoauTeneii. BoIOOp BUaa U 103MPOBKU XMMUKA-
TOB-I100aBOK OTIpENE/ISIETCSl YCIOBUSIMU TTepepadOTKU
MOJMMEPHOI KOMIO3ULIMKA U HEOOXOIUMbBIM KOMILIEK-
COM CBOWCTB MOJUMEPHBIX MATEPUAJIOB B 3aBUCUMOCTH
OT 00J1acT ux rpuMeHeHud [1-9].

Cpenn IIIPOKOTO aCCOPTUMEHTA IIPOMYKTOB, TIpe-
obpasyomux I1BX-koMmo3nimm, miacTu@uKaTophl
SIBJISIIOTCSl JOMUHUPYIOIIUMU. B KauecTBe miactTugu-
kaTopoB IIBX B 0OCHOBHOM HCIOJB3YIOTCS CIOXKHBIE
3bupHl (pTaNeBOI, CeOAITMTHOBON, aMUITMHOBOM, MaJICH -
HOBOM 1 IPyTUX OpraHmIecKuX KNcioT. dranarel (a3¢pu-
pbl OpTO(TATIEBOM KHUCIOTHI) SABJISIIOTCSI CAMOU KPYITHOM
XUMUYECKOU rpyInoi miacTudukaTopoB MOJUBUHUIX-
JIopua, OOJIBITMHCTBO U3 KOTOPHIX O0IIETO Ha3HAYEHUS.
I[IpumeHeHMe CIOXHBIX 3(UPOB (PTaNEeBON KUCIOTHI
B KauecTBe 1iactudukaropon [1BX nmpu monyuyeHun

MaTepUAaIOB IUTS U30JISIIIMY IIPOBOIOB M Kabeseit, ICHTHI
JINTIKOI, MCKYCCTBEHHOM KOXM, OOMBOYHBIX MaTepHa-
JIOB, JIMHOJIEyMa, JIMTOU MO/ JaBIeHueM 00yBU, 000€B,
WTPYIIEK, IUIEHOK OOIIero Ha3HAYCHUS M T.JI. OOBSICHSI-
eTCS X JOCTYITHOCTBIO, TEXHOJOTMIHOCTBIO, BHICOKOM
coBMmectuMocTblo ¢ [1BX, HU3KO# Murpauuein u3 mia-
CTUKAaTa M HU3KOi cTonMocThIo. K ToMy ke oHI 00J1ama-
0T XOPOIIIMMH 3JIEKTPOM3OJISIIIMOHHBIMU CBOMCTBAMU,
MOPO30-, TETUIO- ¥ CBETOCTOMKOCTHIO [10—14]. OgHako
Bce 0oJiee YBeJIMUMBAIOLIASICS KOHKYPEHILIMS PbIHKA IO~
JIMMEPHBIX MaTePUAJIOB U PaCIIMPSIONINECs 00J1acTr
npuMeHeHus: [1BX-komMmo3uToB, pactyiiue TpeboBa-
HuUs K KauecTBy [1BX-u3nenuii 1 xXecTkue yCaoBUSI UX
cepTu(UKALINK SIBIISIOTCS IIPUIMHON IMOMCKa HOBBIX
BBICOKO2(h(hEeKTUBHBIX IJIaCTU(UKATOPOB, B TOM JHC-
e u npuparommx usgeausm n3 [NBX creuunduyeckue
cBoiicTBa. TakmM 00pa3oM, pacIIMpeHne aCCOPTUMEHTA
IUTACTU(UKATOPOB SIBJISICTCS aKTyaJTbHOM 3a1adueii.

B cBs131 ¢ BEITIIEU3I0KEHHBIM, HAMU OCYIIIECTBICH
CUHTE3 M M3YYCHBI CBOMCTBA HOBBIX CHMMETPHIHBIX
1 HECUMMETPUYHBIX (PTaJaTHBIX IUIACTH(PUKATOPOB:
JINOEH30KCUATII(PTAIATOB, OEH3MIOEH30KCUATUII(hTA-
J1aTOB, (PEHOKCHATUIOCH30KCUATII(PTATIATOB, 3TOKCH-
OKTHJIOCH30KCUATIWI(TATIATOB —IIPOBEICH KIIACTCPHBIN
aHaJIN3 TOJTYICHHBIX 9KCIIEpUMEHTATBHBIX TAaHHBIX C IIe-
JIBIO BRISIBJICHUSI 00pa3II0B ¢ BEICOKUMHU (DU3MKO-XUMH-
YECKMMU TTOKA3aTeIIIMH, a TAKXKE MCCIICIOBAHO BIVSHIE
IIACTU(MUKATOPOB Ha (DM3NKO-MEXaHNIEeCKIE CBOICTBA
I[1BX-komMnayHI0B.

METO/AbI 1 MATEPHAJIBI

CuHTe3 1 HCCIe0BaHNe CBOCTB
OKCHMITHJIMPOBAHHBIX CIIUPTOB

C 1eapio MccIeqoBaHUS BO3MOXKHOCTH HMCIOIb-
30BaHUS COCOUHEHUN (heHOJIOB, (PeHMIKApOMHOIIOB
1 2-3TUITEKCAHOJIOB IUIST TTOJTYYCHUS] HOBBIX TIJIACTH -
pUKaTOPOB CI0XKHOA(PUPHOTO TUIIA HAMHU CUHTE3UPO-
BaHbl OKCUATWIMPOBAHHbIE cIUPTHI (puc. 1). Peakuus
OKCHUATUJINPOBAHUS CITUPTOB XOPOIIIO M3y4eHAa U OCY-

» CsH{(OCH,CH))nOH,
(1)

+ C6H5 OH
+CgHCH,0H
nCH,CH, ¢HsCHy
N/
O +CgH;0H

» C4HCH,(OCH,CH)nOH ,
2

> CgH;{OCH,CH,)nOH .
€D

Puc. 1. Cxema cHTe3a OKCHITHIMPOBAHHBIX CITUPTOB
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IIeCTBJIeHA B IMPOMBINIUIEHHOM MaciuTaoe [15—17]. Ok- CHHTEe3UpOBaHHBIE OKCUATMIIMPOBAHHBIE CITUPTHI
CUATUJIMPOBAHUE CITMPTOB MPOBOIWIIM 1O OOIIEU3BECT- B JAaJibHEHIIIEM ObLIM MCIOJb30BaHbI IS TTIOJTYYEHUS
HBIM METOIMKAM PeaKIINei MX ¢ OKCHIOM STWJICHA IIPM  HOBBIX (PTAATOB OKCUATUIMPOBAHHBIX CITMPTOB, IIPE-
temrepatype (110—180)°C, mpormyckast ra3000pa3HbIii  JIOKCHHBIX B KAUECTBE CI0XKHOA(DUPHBIX TIaCTU(IKA-
OKCHUII 3TUJICHA Yepe3 peakKIIMOHHYIO Maccy. Peakiimss  TOPOB MOJMBUHUIXIOPHIA.

CITMPTOB C OKMCHIO ATHJICHA HAYMHACTCS IIPAKTUUECKH

cpasy ¥ COIPOBOKIaeTcs BhimeaeHeM Teria. CKOpoCTh Cunre3 1 HCCIeI0BAHNHE CBOMCTB CHMMETPHIHBIX
TIoaYy OKCHIA 3TUJICHA PETYIMPOBAIN TAKIM 00pa3oM, H HeCHMMETPHYHBIX (DTAATHBIX ILIACTH(UKATOPOB
YTOOBI HE BCTYMUBIINI B PEaKIINIO OKCHI KOHICHCHUPO-

BaJICSI B 0OpaTHOM XOJIOMMJIBHUKE U CTEKAI O0OpaTHO B pe- Ci1oxxHO3(UPHBIE TIACTU(PUKATOPHI TOJTYIAIOT Pe-

akTop 0e3 3axyeobBaHMs. [1ocime mogaun OKMCH 3TWIeHa  aKIueil 3TeprndUKany KapOOHOBBIX KHUCIOT MJIHN UX
PEaKIIMOHHYIO CMeCh HarpeBaim eie (1—1,5) 4 m 3ateM  aHTHIPUIOB CITMPTAMU B IPUCYTCTBUH KaTaIM3aTOPOB

OXJTAXKIAJT IO KOMHATHOI TeMIiepaTyphl. B KauecTBe Ka-  IIpW MOBBIIMIEHHOM TeMIIEpaType ¢ OMHOBPEMEHHOM
TaJM3aTopa MPUMEHSITA TUAPOKCHUI HaTpus [ 18]. OTTOHKOU peaKIIMOHHOU BOABI B BUIIE a3¢0TpOMa IS
XapaKTeprCTHUKA ITOTyYeHHBIX ITPOAYKTOB IIPUBEACHA  CMEIIEHMS PaBHOBECHS peaKIIMd B CTOPOHY 00pa3o-
B TabOM. 1. BaHUs cJIoXKHOTO dupa. HeobxonuMo OTMETUTD, UYTO
[To BHeIIHEMY BUAY OKCHATWINPOBAHHEIC CITUP-  TPAOULIMOHHBIMU IIPOMBIIIUICHHBIMU KaTaJInu3aTOpaMu

ThI NMIPECOCTABIAIOT co0o11 OeclBETHBIC MACJISTHUCThIC pe€akimnmn STCpI/I(I)I/IKaL[I/II/I CJIy2KaT CEpHasda KMNCJIO0Ta, OeH-
KNAKOCTHU, paCTBOPUMBIC B BOJE. CocraB IOJIYy4CHHbIX 30JI- 1 }’l—TOJ'IYOJ'ICYJ'[b(.JpOKI/ICJ'[OTBI, HO OHM MMCIOT PO
B MMPOLECCC OKCUITUIIMPOBAHUA MTPOAYKTOB 3aBUCUT CYIICCTBEHHbIX HEAOCTATKOB, MPUCYHINX KNUCIOTHBIM
OT MOJIbHOT'O COOTHOIIECHMA B3ATHIX IJIA peaKIIK CITupTa KaTajin3aTopaM: HEBBICOKYIO CCJICKTUBHOCTD, O6YCJ'[OB—

M OKCHJIa STWJICHA: C YBEJIMUYCHUEM COIEPKaHUS B peak-  JICHHYIO YCKOpPeHUEM TTOOOUHBIX PeakInii; HeoOX0ar-
LIMOHHOM Macce OKCUIa STUJICHA TUTIOTHOCTD, TToKa3ateJlb ~ MOCTb HEHTpaM3aluy KaTain3aTopa; HeoOXoMMMOCTh
MPEJIOMJICHUS U MOJICKYJISIpDHAsI Macca OKCUATWIMPO-  OTMBIBKHM 3Upa — ChIpIla; HEOOXOAMMOCTh OUUCTKU
BaHHBIX CITUPTOB BO3PACTAIOT. 3HAYMTEJILHOTO KOJIMYECTBA CTOUHBIX BOI [ 19—24]. DTHx
Tabauya 1
Du3KUKO-XMMIYECKHEe CBOMCTBA OKCHITHJIMPOBAHHBIX CIMPTOB

n a>, n?, 9. 4., mr KOH/r | M. M., HaiiieHo | M. M., BBIYHCJIEHO Beixoa, %

OxcusmunupogarHtsvie geronnt (1)

1,0 1,1007 1,5314 789 142 138 89,0

1,5 1,1071 1,5387 683 164 160 86,6

1,9 I,1111 1,5434 619 181 178 90,1

2,4 1,1158 1,5501 552 203 200 87,4

3,2 1,1251 1,5599 469 239 235 88,9

OxcusmuauposarHwle QeHUIKapouHosl (2)

1,0 1,0717 1,5195 727 154 152 89,2

1,5 1,0739 1,5235 633 177 174 89,5

1,9 1,0755 1,5264 577 194 192 88,9

2,3 1,0771 1,5290 528 212 210 90,2

3,0 1,0797 1,5329 459 244 240 89,3

Okcusmunupogartsle 2-3muneekcanonst (3)

1,5 0,9141 1,4325 568 197 196 93,2

2,0 0,9240 1,4490 510 220 218 92,8

2,2 0,9278 1,4538 488 230 227 91,3

2,4 0,9309 1,4580 471 238 236 93,4

3,0 0,9382 1,4696 422 265 262 91,4
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OO(CH,CH,OInCH,CgHs
o + 2 CgHCH)(OCH,CHynOH_ = | ’
7 - H0
c 2 N
\ COO(CH)CH,0)nCHyCgHs
/0 - @
COO(CH,CH,0ICHCgH;
\\0 + CHSCHy(OCH,CHnOH _ =~
S +
COOH
00(C HzCHzO)IICHZ CeHs
+ CsHsCHyOH |
- H;0 - g
: AN
COOCH,C¢H;
)
OO(CH,CH,0)nCHyCgH;
+ CyHo(OCH),CH)nOH (& |
- H,0 - :
2 S
COO(CH,CHOnCgHj
(6)
OO(CH,CH,0)InCHyCgHjg
+ CH(OCH,CH,)nOH &
- H,0 .
: AN
COO(CH,CH,0)nCsHy;
@)

Puc. 2. IIponecc noxydeHus cioKHO3(GUPHBIX IIACTH(HUKATOPOB

HEI0CTaTKOB JIMIIICHBI 00JIce SKOJIOTMYHBIC aM(DOTepHBIC
KaTaJn3aTophl Ha OCHOBE OPTAaHMICCKUX COCTMHECHUI
3JIEMEHTOB TIEpEeMEHHOM BaJIeHTHOCTH. K HUM OTHO-
CATCS COeAMHEHMS aTIOMUHMS, TUTaHAa 1 oJoBa [16, 17,
24-26].

[TosToMy mIporecc MOMyIeHST HOBBIX CUMMETPUI-
HBIX M HECUMMETPUYHBIX (DTATaTHBIX IIaCTA(PUKATOPOB:
IMOEH30KCUATUII(PTANATOB, OEH3MJIOCH30KCUATUI(PTA-
JIaTOB, (PEHOKCHATUIOCH30KCUATUII(PTAIATOB, 3TOKCH-
OKTHJIOCH30KCUATUI(DTATIATOB — OCYIICCTBIISIIIN 3TePHU-
(uxamnueit ¢prageBoro aHTUAPUAA C UCIIOIH30BaHNUEM
TIOJTYYCHHBIX OKCUATWIMPOBAHHBIX CITMPTOB C IIpUME-
HEHMEM B KaueCTBE KaTaJn3aTopa TeTPaOyTOKCUTUTAHA,
TIOCKOJIBKY OH TT03BOJISICT MCKITIOYUTD CTaauN HEUTpa-
JIN3alNU KaTaJanu3aTopa M OTMBIBKU 3(HUPOB (puC. 2).
Peakiimio Besi 10 MOJTHOTO BEIIEIICHUS PeaKIIMOHHOM
Bombl. [1o OKOHYAHNM peaKIIny TeTPaOyTOKCUTUTAH TH-
IPOJIM30BAJIA BOIOI 1 3Tepr(PUKAT OTPUIBTPOBBIBAIN
IUIST yIaJIeHUsI 00pa30BaBIIerocsl TMOKCHUIA TUTaHA.

CuHTe3npOBaHHBIC 3(PUPHI, IPEACTABIISIONINE COOOM
TIPO3pavyHbIC WM CJIeTKa OKPAIIeHHBIC MACISTHUCTBIC
KUIKOCTH, pACTBOPMUMBIC B OPTAHMICCKUX PACTBOPH-

TeJISIX, TOJIydeHbI ¢ BbixomoM Bhile 80%. OcHOBHBIE
CBOICTBA IIPOMYKTOB IIPUBEICHEI B TA0I. 2.

DPU3NKO-XUMHIECKIE TTOKa3aTeId TIPEITOKECHHBIX
IUTacTU(UKATOPOB (Tabia. 2) aHATU3NUPOBAIIM COTJIaC-
Ho 'OCT 8728-88 «Ilnactudukatopsl. TexHnyeckue
VCIIOBUST».

PE3YJBbTATBI 1 OBCYKIEHUE

IMoxyyeHHBIC TaHHBIC (TA0J. 2) TOATBEPIIN CO-
OTBETCTBME OCHOBHBIX ITOKa3aTeael CI0XKHOI(PUPHBIX
IacCTU(UKATOPOB TpeOOBAHUSIM AEHMCTBYIOIINX TOCY-
JIapCTBEHHBIX CTAHIAPTOB, a TAKXKE XOpolllee KaueCTBO
CUHTE3MPOBAHHBIX TTPOAYKTOB. AHAJINU3 DKCIIEPUMEH -
TaJIbHBIX JAHHBIX ITOKA3aJI, YTO JIJTSI BCEX MpeacTaBIeH-
HBIX IUTACTU(PUKATOPOB HAOTI0JAETCI OMMHAKOBAs TEH-
JIEHIIVS: C BO3pacTaHUEM CTEIIEHN OKCUSTUIINPOBAHUS
IUIOTHOCTD CJIOXHBIX 3(PUPOB YBEITMUUBAETCH, a TTOKAa-
3aTesIb ITPEJTIOMIICHUST CHIKAETCS.

Ha cnenylomieM sTare penieHo yAeJIUTh 0coboe
BHUMaHMeE BOIIpOcaM KJIaCTEPpU3aLNU CIOXKHOIDUP-
HBIX TUIACTU(UKATOPOB U BBISBIICHUIO M3 HUX TEX, YTO
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Tabauuya 2
CpaBHHUTeIbHbIE XapaKTePUCTHKH NPe/I0KEHHBIX U MPOMBIILIEHHbIX IIACTH(PUKATOPOB
|| | kol | KO/ | mineno | surwmcremo | 100°C, omey, ¢ | et "C | B8 %
Jubenzoxcusmungpmanamot (4)
1,0 1,1423 1,5152 0,20 256 437 434 0,115 202 84,1
1,5 1,1447 | 1,5128 0,15 233 480 478 0,130 204 85,1
1,9 1,1454 | 1,5123 0,20 217 516 514 0,151 207 85,6
2,3 1,1474 | 1,5108 0,15 203 553 550 0,150 210 85,3
3,0 1,1489 | 1,5093 0,10 183 612 610 0,200 210 84,7
bensunbenzoxcusmunrgpmanamot (5)
1,0 1,1330 | 1,5195 0,10 286 392 390 0,112 195 83,8
1,5 1,1339 | 1,5169 0,10 270 415 412 0,114 197 84,7
1,9 1,1361 1,5161 0,10 259 432 430 0,122 196 85,3
2,3 1,1382 | 1,5156 0,11 249 450 447 0,120 197 85,0
3,0 1,1396 | 1,5136 0,12 233 480 478 0,130 199 84,9
Denokcusmunbenzoxcusmuipmanamor® (6)
1,0 1,1279 | 1,5157 0,10 265 422 420 0,112 199 87,0
1,5 1,1304 | 1,5153 0,10 252 445 442 0,120 200 85,6
1,9 1,1339 | 1,5138 0,20 242 463 460 0,115 203 86,4
2,3 1,1346 | 1,5127 0,20 234 479 477 0,120 202 89,1
3,0 1,1372 | 1,5120 0,10 219 508 0,170 203 87,1
Imokcuoxmunbenszoxcusmurpmanamot** (7)
1,0 1,1291 1,5102 0,10 233 478 0,130 202 87,7
1,5 1,1320 | 1,5093 0,10 223 503 500 0,150 202 86,3
1,9 1,1349 | 1,5088 0,18 215 520 518 0,142 204 87,1
2,3 1,1358 1,5081 0,20 208 538 535 0,135 209 89,8
3,0 1,1384 | 1,5065 0,20 197 569 566 0,160 208 87,9
Jubymunpmanam
00 | om0 | iamo | 007 | 401 279 278 0,300 163 | -
Juokmungpmanam
0,0 0(’)’998520_ li‘,‘fg;)()_ 0,07 287 397 390 0,100 205 —

TMpumeuaHue: * cTerneHb OKCUATUIMPOBaHUs heHona = 1,0; ** creneHb OKCUBTUIMPOBAHUS 2-3TUreKcaHota = 1,5

HMMEIOT ONITUMAJTbHBIE XapaKTEPUCTUKU, HE YCTYTAIOIIUe
MTPOMBITIJIEHHBIM IJIaCTH(GUKATOpaM.

[lepBbIM AaromM K peajn3alluy ajJropuTMa Kia-
CTepHOTO aHaJIM3a SBIIAETCST (hopMaTu3alrst 3HAUSHU I
(Tabm. 2). B xauecTBe MHCTpYMEeHTa (popMaTn3aIini
MPUMEHWIN MaTeMaTHIeCcKoe OKUIaHNe KaK OCHOBHYIO
YUCJIOBYIO XapaKTePUCTUKY CTATUCTUUECKUX TAHHBIX,
paccuyuTaHHBIEe TTOKA3aTeJIN TIPEICTaBICHBI B Ta0I. 3.

Ha BTopowMm 1mare o6pab0oTKu 3KCIIEpUMEHTAIbHBIX
JMAHHBIX TTPMMEHIUTA METOJ TIOJTHOM CBSI3M TS HETIOCPEI-
CTBEHHOTO pacIIpenesIeHIs 00pa3lioB Ha KitacTepsl. Merton
TIOJTHOM CBSI3M 3aKITIOYACTCS B MCIIOJIb30BAHNH TTOHSITHS
«METPHKI» WM PACCTOSTHYS MEXIY (hOpMaTM30BaHHBIMI
CPaBHUTEIILHBIMY XapaKTePUCTUKAMU IIACTA(PHIKATOPOB
B N-MEPHOM IIPOCTPAHCTBE, UYTO TAeT BOBMOXKHOCTH OIIe-
HUTh YHAJIECHHOCTb OOBEKTOB IPYT OTHOCUTEIHHO ApyTa
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Tabauuya 3
®opmaM30BaHHbIE CPABHUTEJIbHBIE XAPAKTEPUCTHKH MPEIJIOKEHHBIX MIACTUHUKATOPOB
HanmveHnoBanue noxkasareJst Db ey
4) 5 (6)* (N

dx, 1,14566 1,13616 1,13280 1,13404
n* 1,51208 1,15634 1,51390 1,50858
K. 4., mr KOH/r 0,160 0,106 0,140 0,156
9. 4., mr KOH/r 218,4 259,4 242.4 215,2
M. M., HalieHO 519,6 433,8 464,0 522,2
M. M., BBIYUCJIEHO 517,2 431,4 461,4 519,4
M. 1. neT-x B-B (100°C, 6 yac), % 0,1492 0,1196 0,1274 0,1380
T,.C 206,6 196,8 201,4 205,0
Brixon, % 84,96 84,74 87,04 87,76

[Mpumeuanue: * crenieHb OKCUITUIIMPOBaHUS peHoma = 1,0; ** cTeneHb OKCUATIIIMPOBAHUS 2-3TWIITeKcanona = 1,5

¥ B TO K¢ BpeMsI yCTAaHOBUTH, KaKMe M3 HUX 00pa3yioT
IPYIIIbI, CXOXKKE II0 CBOUM CBolicTBaM [27—29].

B xagecTBe TIpOrpaMMHOTO 00ECITCUCHUS I BBI-
TIOJITHEHUS pacuyeToOB BTOPOTO 3Talla aHa/IM3a UCITOJIb-
30BaH IporpaMMHBI TTakeT Statistica 10. I'padpuueckoe
n300pakeHe 00beAMHEHHUS, TIOJYICHHOE C TIOMOIIBIO

1

EBKIHI0BO PacCcTOAHHE
(=)
|
ﬂ

T T T T T T 1

0 20 40 60 80 100 120 140
PaccTosiHHe 00B €.

Puc. 3. Pe3yabpTaThl KJIACTEPHOT0 aHAIM3A CPABHUTEIh-
HBIX XaPaKTEPUCTHK MpeI0KEeHHbIX IIACTH(PUKATOPOB:
4 — nOeH30KCUITUIDTANIATHI, 5 — OCH3UTIOCH30KCH -
srwidTranaaTel, 6 — GeHOKCUITHIOEH30KCUITUADTAIA-
Thl, 7 — OTOKCUOKTUJIOCH30KCUATUII(DTATIATHI

JnepeBa 00beAMHEHUs] KJIacTepOB — JIEHAPOTrpaMMBbl,
MIpeACTaBICHO Ha puc. 3.

Kak BumHO, U3 neHApoTrpaMMbl 00pa3oBaHbl 1Ba
KJIacTepa ITacTU(UKATOPOB: K KJIACTEPY C BHICOKU-
MU TTOKa3aTeJIIMHU CBOMCTB OTHOCSTCS 00pa3mel N 5
n Ne 7, a K KJIaCTepy CO CPEIHUMU ITOKa3aTeIISIMU
cBOMCTB — o6pa3ubl Ne 6 u Ne 4. Takum obOpasom,
KJIaCTEPHBI aHaJIUM3 TTO3BOJIMJI M3 N 0OBEKTOB, XapaK-
TepU3yeMBIX k TIpU3HaKaM#, chOpMUPOBATh Pa3OUBKY
Ha OMHOPOIHBIC TPYIIIIHI (KJIacTephl). AHAIN3 TTOTyYeH-
HBIX Pe3yJIbTaTOB MOKa3aJj Cleaylollee paHXXUPOBaHUE
npeajiaraeMbix IJIacTU(PUKATOPOB MO KaueCTBEHHBIM
XapaKTePUCTUKAM: OKCHUATUINPOBAHHBIN 3(up, co-
Jnepxkaliuii apoMaTUuecKuii paavkan, U OKCUDTUIIU -
POBaHHBIN >(UpP, comepKaIIN aTKUINPOBAHHBINA
1 apOMATUICCKUI pagrKajbl, > OKCUATIIMPOBAHHBIC
ahupsbl, coaepxKaliie 1Ba apoMaTUIYeCKUX paauKana.
Takum obOpa3zom, HanbOoIee BhIpaKEHHbBIC ACHCTBUS
MO BbIlIEYKa3aHHBIM ITOKa3aTeJsIM MPOSBIISIOTCS
MpY UCMOJIb30BaHUN OEH3UIOEH30KCUATUI(TATIATOB
1 9TOKCUOKTUIOEH30KCUATUI(PTAIATOB.

C 1enpio N3yYeHUS BIMSTHUASI BHIOPAHHBIX TIJIACTH-
duxatopos (II, I1I) Ha cBolicTBA MOJUMEPHOI KOMIO-
3ULIMU Ha cJIeaylolleM aTane obuin noaydyeHsl [1BX-
IUTacTUKATHL. B KauecTBe KOHTpOIbHOTO o6pasia (I)
HCITOTb30BaHa TIPOMBIIIITICHHAsT KoMmo3uiinst. CocTaB
ob6pasuos [1BX-mracTukaToB nmpuBeneH B Ta01. 4.

CpaBHeHMe MoKa3aTtelieil (hM3NKO-MeXaHNIeCKIX
CBOICTB IOJIyY€HHBIX KOMITO3UTOB Ha ocHoBe [1BX ¢ no-
OaBJIeHUEM IIACTU(MUKATOPOB IIPEACTABICHO Ha puC. 4.

HccnenoBaHne (pU3MKO-MEXaHUUYECKUX XapaKTepu-
cTuK mnactTuduuupoBaHHbIX [1BX-Kommno3uimii moka-
3aJ10 yJIydllleHUe CeIyIoIIuX MoKa3areseil: HanmpskeHue
Mpy YUIMHEHUH U pa3pyliialoliee HalpsKeHue.
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Tabauuya 4
Jlannbie mo coctaBy I1BX-kKomMno3ummii
CocTaB KOMNO3MIMH, MAC. Y.
Komnonent
| 11 111
IIBX 100 100 100
JAunbyTungranar 50 — —
bensunbeH3zokcua TG TATATHL - 50 -
DTOKCUOKTUIOEH30KCUATUI(DTAIAThI — — 50
Creapar 6apust 1,5 1,5 1,5
Creapat KajabLus 1,5 1,5 1,5
a 140 - b 350 -
N—
5 120 A a 300 -
= o z
£ % 100 - S =250 -
v g
= o 80 2 <200
T o g =
€ g =
XS 60 - 2. & 150 -
& 5 &
40 - S g s
= o
= 20 =50 -
=8
0 0 T T
1 2 3 1 2 3

Puc. 4. Biusnane miacTuuKaTopoB HA HANPsDKEeHNe NpH YIUIMHEHN! (a) H pa3pymianinee HanpsekeHne (0) KOMIO3Hu-
mmii Ha ochose IIBX: 1 — TIBX + I; 2 — IBX + 1I; 3 — TIBX + 111

SAKTIOYEHHUE (BBIBO/IbI)

B pesynbpTaTe IpoBeIeHHBIX UCCICIOBAHWIT MOKHO

CHeNaTh CICTYIOIINE BEIBOIBI:

— TIOJTyYeHBI HOBBIC MOOABKU, TIPEIIOKCHHBIC B Kaue-
CTBE IUTACTU(OUKATOPOB TTOJIMBUHWIXJIOPUAA, U U3Y-
YeHBI X CBOIMCTBA;

— Ha OCHOBAaHWM aHaIn3a (UNKO-XUMUUIECKUX Xa-
paKTepUCTUK TIPOBeJIcHA CpaBHUTEIbHAST OlleHKa
CBOMCTB MPeIIOKEHHBIX HOBBIX TIACTU(UKATOPOB
MeTOJaMM KJIACTEpHOTO aHaJin3a U YCTAaHOBJIEHO,
yTo 00pa3usl Ne 5 u Ne 7 o61a1ai0T BEICOKMMHU Xa-
PAKTEPUCTUKAMU, COTTOCTABMMBIMU C TTOKA3aTEIIMU
TIPOMBIIIIJIEHHOTO TIIacTU(UKATOPA;

— (dusnko-mexanmueckue coiictsa I1BX-kommosummii
(HampspKeHMe TIpY YIJTMHSHUH U pa3pyIarolnee Ha-

MIPSTKEHIIE) 3aBUCST OT IIPUPOMIBI (DTAIATHBIX TIACTH-
GUKaTOPOB: TIPU UCITOIBb30BAHNHU TTPEITOKCHHBIX
1acTu(uKaTopoB HUcciaenyemble mokaszareaun [TBX-
KOMITO3UIINH TIPEBOCXOIAT 6a30BYI0 KOMITO3UIINIO;
IIpUpoIa CITMPTOBOI YaCTH paguKaia B IUIACTUDN-
KaTope 1 (PU3UKO-MeXaHNIECKIE CBOMCTBA TIJIACTH -
KAaTOB CBSI3aHbI (DYHKIIMOHATBLHO B3aMMOCBSI3bIO,
YTO MO3BOJISICT CIIPOrHO3UPOBaTh cBolicTBa [1BX-
KOMIIO3WIII B 3aBUCUMOCTHU OT CTPOCHUS TIpHMe-
HSIEMBIX (PTaIaTOB.

Takum 06pa3om, o pe3yabTaTaM UCITBITAHMIA ITOJTY-

YeHHBIC COCTMHEHMS 00JIaTaloT TOCTATOYHO BBICOKOM
5 GEKTUBHOCTHIO KaK THIACTU(PUKATOPHI ITOJTUBUHIIIX-
JIopraa M peKOMEHIYIOTCS I ITUPOKUX UCITBITAHUA.
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

Compliance requirements of publication ethics in the preparation and publication of the journal Science Editor
and Publisher apply to all members of the publishing process, i.e., authors, editors, reviewers, and the publisher of
the journal. The editorial board monitors compliance with the ethics requirements based on the manuals prepared
by international specialized organizations, associations and publishers, as well as the Association of Science Editors
and Publishers. The main standards relied on by the journal «<Nanotechnologies in construction» are those developed
by the Committee on Publication Ethics (Committee on Publication Ethics) in the United Kingdom, by the publisher
Elsevier (Netherlands), and other non-Russian editorial associations and information systems, as well as the declara-
tion of «Ethical Principles of Scientific Publications», adopted by the Association of Science Editors and Publishers
(Russia).

The responsibility of the authors of material for the journal «<Nanotechnologies in construction»

1. The author submits materials for review, which have not been previously published. If the article is based on
previously published material which are not academic articles or based on materials presented on the Internet, the
author should notify the editorial staff of the journal.

2.The author does not submit the same article to different journals for review.

3. All co-authors consent to the submission of their articles to the journal.

4.The author should inform the editorial staff about a potential conflict of interest. In the case of the absence of
any competing interests the author should claim that by writing «Author declare the absence of any competing in-
terests» in the paper.

5.The author takes the necessary steps to ensure the correctness of citations in the submitted article.

6. The list of authors included only individuals who have made significant contributions to the research.

7.The author correctly cites his or her previous work as to avoid self-plagerism in the manuscript and the artificial
increase of volume of publications (salami-slicing).

8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

2.The editors of the journal can check the materials with anti-plagiarism system «Antiplagiat» detecting borrowed
fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

1. The reviewer evaluates his or her own availability before the examination of the manuscript and accepts materi-
als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal «<Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b [MTABHOrO PefakTopa, YieHbl pefaKLUNOHHON KOMMeruun, aBtTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpy HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa JaHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CNoCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyUMBLINIA YOeauTenbHOe CBUAETENbCTBO HaPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KeHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX y>Ke COBEPLUEHHOIO W NOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

Pepakuuen )XypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COOHOLLEHUAM O 3/10ynoTpebieHnaAxX
(HapyLweHusx) n, ecnv MHGOPMaLMA NOATBEPKAAETCA, MPUHVMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHnii (Ha-
pyweHuin). Ecnun 310 TpebyeTcsi B COOTBETCTBMM C 3aKOHOAATENIbCTBOM, MaTepuasbl NepefatTcs B COOTBETCTBYOLIME
rocyfapCTBEHHbIE OpraHbl.

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.

http://nanobuild.ru 253 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (3):

HaHoTexHonorum B cTponTenbcTee 254-258 NanObL" ]

AUTHOR GUIDELINES

Admission of articles

The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons Attribution 4.0 International (CC-BY 4.0); agree to publish full texts (parts or metadata) of the paper in free
access in Internet at the official website of the edition (www.nanobuild.ru), citation systems (data bases). All that
authors indicate in the cover letter. More details about the license Creative Commons Attribution 4.0 International
(CC-BY 4.0) are available here https://creativecommons.org/licenses/by/4.0/.

When submitting articles to the journal, it is presumed that:
« the work has not been previously published in any other journal;
 thearticle is not under consideration in any other journal;
- all co-authors consent to the publication of the article;
. thereis implicit or explicit consent of the organization in which the study was conducted.

Information about the conflict of interest
The article should exclude any actual or potential conflict of interest. If there is no conflict of interest, you should
write that «the author declares no conflict of interest.»

When submitting a manuscript to the journal, authors should ensure that the content of the paper corre-
sponds the topic of the journal; the structure and the format of the paper meet the editorial requirements; all citations
are properly formatted and the source of tables and figures are shown (unless otherwise indicated, it is assumed that
the tables and figures created by the author).

Basic the sections of the journal:
- construction material science;
+ the study of the properties of nanomaterials;
- theresults of the specialists’and scientists’ researches;
« manufacturing technology for building materials and products;
- international scientific and technical cooperation;
« overview of inventions in the field of nanotechnology;
- development of new materials;
- rational use of natural sources;
- efficient use of recycled resources;
+ the application of nanotechnology and nanomaterials;
« system solutions for technological problems;
- inrelated sectors;
- forums, exhibitions, conferences and events in the area of construction and nanoindustry.

These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
tals of nanotechnologies; technological principles of nanostructures creation (liquid melts, sol and gel synthesis).
The topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original article, review article, editorial, discussion paper, individual bibliography, edi-
torial notes, book reviews, article reviews, etc.

http://nanobuild.ru 254 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (3): '
HaHoTexHonorum B cTponTenbcTBe 254-258 NanObL" ]

The structure of the paper
IN ENGLISH

NAME OF THE SECTION (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In English)
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place of employment of each author, city, country (In English)
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*Corresponding author: e-mail: XXXXXXXXXX

ORCID author:
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Abstract: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In English):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In English)
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For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko I.V. Nanostructured
foam ceramics for building purposes: production technology and applications. Nanotechnologies in Construc-
tion. 2021; 13(4): 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021
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« METHODS AND MATERIALS

« RESULTS

- DISCUSSION
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Information about the author (authors) (In English)

— first name, last name (full);
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- authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.
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Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.
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quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).
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The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
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of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.
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to and during the review process of its data log, as this may lead to a productive discussion and a large number of
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Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
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Crpykrypa cratbu (B coorBercTtBuum ¢ FOCT P 7.0.7-2021)
HA AHITTUNCKOM A3bIKE

HA3BAHWE PYBPUKWN U PA3LENA XKYPHAJA (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
paper reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue ctatbu (In English)

Umsa OtuectBoO (Npu Hannuum) @®amunusa asropa (-os) (In English)
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0pedHU3ayUOHHO-NPAsosouU (opmsl opuduydeckozo nuya: ®FbYH, ®I6OY BO, [1AO, AO um.n.)

* Corresponding author: e-mail: XXXXXxxxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLManbl — https://orcid.org/Xxxx-XxXX-XXXX-XXxx

Abstract: He3aBMCKMbIN OT CTaTbW MCTOYHUK MHPOPMALLMK, KOTOPbIV MO3BOMSIET YYEHbIM 1 CMELMANNCTaM caenaTb
BbIBO[ O KauecTBe U COAepKaHuM CTaTby (pe3tome A0MXKHbI ObiTb MHPOPMALIMOHHbBIMM, OPUTMHAMBbHBIMM, COAEPKATb
HOBW3HY, OCHOBHbIE pe3ynbTaTbl UCCNefoBaHUI, CTPYKTypupoBaHHbiMy Mo IMRAD (Introduction, Methods and Mate-
rials, Results, Discussion, Conclusion), KoMnakTHbIMY — yKnagpiBaTbcs B 200-250 ¢10B) (Ha aHIIMNCKOM AI3bIKe):

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion...

Keywords: (In English)

Acknowledgments: (npu Hannunu) (In English)

For citation: (In English)

lMpumep.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko L.V. Nanostruc-
tured foam ceramics for building purposes. Nanotechnologies in Construction. 2021;13(4):213-221. https://doi.
org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021
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Uma OtuectBo (Npu Hanuunn) @amunua aBTopa (-0B) (Ha PyCcCKOM A3bIKe)

06s3aTesIbHOE YKa3aHue MecTa paboTbl KaXaoro aBTopa, ropop, CTpaHa (Ha pycCKOM A3blKe)

(HaumeHogaHue opzaHu3zayuu (yupexoeHus), 20e pabomaem usu y4umcs asmop ykassigaemcs 6e3 0603Ha4yeHus
0p2adHU3ayUOHHO-NPAsosoU (hopmebl topuduydeckozo nuya: OFbYH, ®F6OY BO, MAO, AO u m. n.)

* ABTOp, OTBETCTBEHHDIV 33 MEPENUCKY: e-Mail: XXXXXXXXXX

ORCID aBTOpa (-0B):
Oamunua n nHnLmnanbl — https://orcid.org/xxxx-xXxxX-XXXX-Xxxx

AHHoTauusA (unv Pestome): He3aBMCUMbIY OT CTaTbW MCTOUYHMK MHPOPMALLMM, KOTOPbI NMO3BOJIAET YUEHbIM U Crie-
UManuncTam cenatb BbIBOA O KauecTBe M CoAepKaHUM CTaTby (pe3tome AOMKHbI 6biTb MHGOPMALMOHHBIMU, OPUTU-
HaNbHbIMU, COAEPKaTb HOBU3HY, OCHOBHbIE pe3ynbTaTbl UCCeA0BaHUN, CTPYKTypupoBaHHbiMK no IMRAD (BBegeHme,
METOAbl U MaTepuarsbl, pe3ynbTaTbhl, OOCY>KAeHMe, 3aKiioueHne (BbIBOAbI)), KOMMAKTHbIMW — YKnaabiBaTbcs B 200—
250 cnoB) (Ha pycCKOM fA3bIKe):

AHHoTauus (unv Pesome): BBegeHue... Metoabl u maTepuanbl... Pesynbrartbl... O6¢cyKaeHue... 3aknioueHme
(BbIBOAPDI)...

KnioueBble cnoBa: (Ha pycCKoMm fA3bike)

http://nanobuild.ru 256 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (3): '
HaHoTexHonorum B cTponTenbcTBe 254-258 NanObL" ]

BnaropapHocTu: (Npy HanMumm) (Ha PyCCKOM A3bIKe)
Ona umTupoBaHuA: (Ha PyCCKOM A3bIKE)

lpumep.

Ona yntuposaHua: CunnuuH [.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENIbHOrO Ha3HauyeHus // HaHoTtexHonorum B ctpoutenbctee. 2021.T. 13,
Ne 4. C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© aBTOpbl, 2021

CraTtbs (Ha pycCKOM si3blKe, 06beM — 3—6 TbIC. CJIOB):
- BBepgeHune

- MeTopgbl 1 maTepuanbl

+ Pesynbrartbi

+ O6¢cyKpaeHue

- 3aKknoueHune (BbiBoAbl)

CnnCcoK NCTOYHUNKOB (Ha A3blKe OpPUTHana CTaTbl — PYCCKOM W aHTIIMNCKOM)

Undopmauus 06 aBTope (-ax) (Ha pycckom A3bike)

- GaMmnnA NMs 0TYECTBO aBTopa (MOMHOCTbIO);

— y4yeHoe 3BaHue;

— yUeHasi CTerneHb;

— HaMMeHOBaHUe opraHn3auun (yupexxkaeHus), ee nogpasaeneHns, rae pabotaeT unm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NpPaBoBol Gpopmbl topuagnueckoro nuua: GroyYH, ®re0y BO, MAO, AO u T. n.);

— agpec opraHusauuu (yupexzaeHus), ee nogpasgeneHus, rage paboTaeT Uy yumnTcs aBTop (ropog v cTpaHa);

— 3MIeKTPOHHbIN agpec aBTopa (e-mail); — oTKpbITbI naeHTUdKKaTop yueHoro (Open Researcher and Contributor
ID — ORCID) (npwn Hannunn).

OneKTPOHHbIN afpec aBTopa NpuBoAAT 6e3 cyioBa “e-mail’, nocne anekTpoHHOro agpeca Touky He ctaBAt. ORCID
npuBoaAT B popme 3NeKTPOHHOTO aapeca B cetu «/HTepHeT». B koHue ORCID Touky He cTaBaT. HaumeHoBaHue opra-
HU3auum (yupexxgeHus), ee agpec, anekTpoHHbIn agpec n ORCID aBTopa oTaenaAT apyr OT gpyra 3anAaTbIMu.

Pefakuua n3gaHmna MoOXeT pacluMpuTb JOMONIHUTENbHbIE CBefleHNs 00 aBTOPe: yKa3aTb ero JOJIKHOCTb, MOYETHble
3BaHWsA, YNIEHCTBO B OPraHmM3aLmsx v T. .

lMpumep.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWs
3KOHOMUMYecKoro dakynbreTa CaHKT-IeTepbyprckoro rocynapCcTBeHHOrO yHMBepcnTeTa, r. CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Bknag aBTOpPOB (Ha pyCcCKOM A3bIKe):

— pamunus HUUKManbl aBTopa;

— B KpaTKoW GpopmMe OnmCbIBAETCA NIMYHbIN BKNAaZ aBTOPa B HanucaHume cTatbu (nged, cbop matepmana, obpaboTka
MaTepwuana, HarnMcaHue CTaTbl, HAy4YHOE pefaKTMPOBaHVEe TEKCTA, BCe aBTOPbI CAeNanu SKBMBANIEHTHbI BKNag (paB-
HbI1 BKNag) B MOATOTOBKY Nybnukauum u T. g.).

lMpumep.

Mopo3soBa M.C. - HayYHOe PYKOBOACTBO; KOHLIENUUA NCCNef0BaHNSA; pa3BUTE METOLONOMMY; yYacTue B pas-
paboTKe yuebHbIX MPOrpamm 1 UX peanu3aunm; HanvcaHue NCXOLHOro TEKCTA; UTOrOBbIE BbIBOADI.

BbokoBa E.B. - yuacTue B pa3paboTke yueOHbIX MPOrpamMm 1 Nx peannsauuu; oopaboTka TeKCTa; UTOrOBbIE Bbl-
BOAb.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNNKTa UHTEpPECoB.

CraTtbs nocTtynuna B pegakuuio XX.XX.202X; ogobpeHa nocne peueHsnpoBaHna XX.XX.202X; nprHaATa K nybnrka-
uum XX.XX.202X.
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMIXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMauma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNWSA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcur paboTbl B OnybnnKOBaHHOM 34eCb BUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1O 1 BO BpPeMs NpoLiecca pacCMOTPEHNUA ee AaHHbIM KYPHANOM, TakK KaK 3TO MOXeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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