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The transport problem of the market squares regeneration in the historic towns and cities of Galicia

Section 1. Architecture

Kaplinska Mariana,
Lviv Polytechnic National University
PhD Student, Institute of Architecture

Department of Architectural and Artistic Heritage Restoration

E-mail: mkaplinska@gmail.com

The transport problem of the market squares regeneration
in the historic towns and cities of Galicia

Abstract: The transport problem of the market squares regeneration in the historic towns of Galicia is examined in
the paper as it’s the problem that arises in the earliest stages of the designing their architectural and urban environment.
The development of transport systems is one of the most important urban factors and must be taken into account
and adjusted for the purpose of the towns and cities architectural and urban heritage preservation.

Keywords: transport, market squares, historic towns and cities, Galicia, regeneration, heritage, pedestrian zone.

The towns of Galicia differ in terms of population, ter-
ritory, levels of economic and cultural development, the
place and role in the settlement system and consequently
of the level of transport systems organization in general,
that is reflected in the structure of the administrative-
territorial system: administrative significance of the city
and its transport capabilities are naturally interdependent.
There are 152 urban settlements on the territory of Iva-
no-Frankivsk, Lviv and Ternopil regions (148 within of
the historic region of Galicia). The list of historical settle-
ments include 112 ones, the market squares constituting
the object of our study are identified in more than 90 of
them. According to administrative significance the 10 of
studied objects belong to the cities of regional importance
(3 of them — regional centers), SO — of district impor-
tance (23 of them — district centers), 35 — urban villages
(including 3 — district centers).

Obviously, first of all the directly linked to the mar-
ket squares motor transport must be considered: avail-
able in all the cities and towns public transport (local
and external); individual transport (mainly automobile
and cycling); and available in few cities public electric
transport (trams and trolleybuses).

The local public transport works mainly in the dis-
trict centers with the population of 10-20000 people,
sometimes less: Berezhany, Brody Buchach, Gorodenka,
Dolyna, Zbarazh, Zolochiv, Nadvirna Rohatyn, Chortkiv;
and in the cities of regional significance with population
more than 50000 people: Drohobych, Ivano-Frankivsk,
Kalush, Kolomyia, Lviv, Ternopil. In the largest of the

studied cities trolley buses (Ivano-Frankivsk, Lviv, Ter-
nopil) and trams work. Nowadays trams work only in
Lviv (one of the routes is crossing the market square
along its southern side). Although there was a suburban
narrow gauge railway in Kpolomyia, which connected it
with the villages of Rungury and Kovalivka and crossed
the town market square. It was dismantled in 1967. The
plan to build the tram system in Ivano-Frankivsk (Stan-
islav till 1962) was destroyed by the WWI. According
to the scheme, one of the tram routes had to cross the
market square of Ivano-Frankivsk along its western side.

However, there is no their own public transport in most
cities, and the function of internal communication is inte-
grated into the external transport system. This is facilitated
by the road network formed in such a way that roads of the
state and local importance pass usually through downtowns
crossing almost the all studied market squares.

Following international routes pass through the
Ukrainian part of Galicia: E-40 (the longest European
route, which is the part of No.3 international transport
corridor (it crosses Mostyska, SudovaVyshnia, Horodok,
Lvivin one branch and Krakovets, Yavoriv, Ivano-Frank-
ove, Lviv — in another, and then goes through Kulykiv,
Busk, Olesko, Brody); E-50 (the part of which coin-
cides with No.5 international transport corridor; crosses
Skole, Stryi, Zhydachiv, Khodoriv, Rohatyn, Berezhany,
Kozova, Ternopil); E 372 (Rava Ruska, Zhovkva, Ku-
likov, Lviv); E-85 (Ternopil, Mykulyntsi, Terebovlya,
Kopychyntsi, Chortkiv, Tovste, Zalishchyky). These
routes along with the routes of national (H-09, H-10,
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H-13, H-18), regional (P-15, P-20, P-24, P-39, P-40)
and territorial importance (T-0904, T-0906, T-0910,
T-1404, T-1418, T-1425 and others) pass through more
than a half of the market squares in question. It was
determined in general that 8 ones among the studied
market squares are crossed by international highway,
13 — by routs of national, 8 — of regional, 19 — of
territorial importance; the rest are the roads oflocal im-
portance, which in any case are the main transport ar-
teries of the settlements. Thus in 34 cases the roads of
national importance with the commensurate vehicle load
(bulky trucks and buses on the condition of simultane-
ous absence of bypass roads or their poor state) cross
the market squares, suggested in this study as the objects
urban heritage, that leads along with other factors to their
destruction. There is no road only at the site of the lost
market square in Sokal. In some cities pedestrian zones
are arranged at the historic market squares, e.g. in Iva-
no-Frankivsk since 2012. Car traffic is withdrawn from
the Lviv Market Square, but tram routes still work here,
their tracks run along its southern side. They consider
the possibility of placing pedestrian zones at the market
squares in Berezhany and Zhovkva. Several ineffective
for the time attempts to ban cars from entering the ter-
ritory of the market square were made in Drohobych.

The three main arguments are to be given in favor
of pedestrian zones arrangement in the historic market
squares areas: the argument of heritage preservation,
ecological one and the argument of urban public space
comfort (both physical and psychological).

Although the roads played an important role in city
founding and shaping and have been passing through
their market squares from ancient times, but the nature
and intensity of contemporary traffic and requirements
for planimetric parameters for highways conflict with
the requirements and the priority of valuable, histori-
cally formed planning structure of the Galician towns
and cities preservation. This problem appears most
clearly in the downtowns, in which most of the historic
buildings are lost, while the urban structures are gener-
ally preserved, as the radical reconstructions and expan-
sions of the red lines, envisaged in the Master Plans of
the 70-ies, in many towns have not been implemented.
The historic streets are usually narrow, and their irregu-
lar configuration with numerous bends are valuable and
should be protected. The preserved for today historic
buildings capture the streets width from 7 meters and on
average of 12—13 meters. This length is not sufficient for
the proper functioning of roads of the state importance
[1, 61], but allows to organize driveways or streets of lo-

cal significance, although it is not always possible in this
case to comply with all town planning restrictions. The
compliance with the historic red lines is a fundamental
objective for the protection of built heritage, and if the
requirements for roads are contradictious to it and they
cannot be weakened, such roads should be made out-
side the valuable historic architectural and urban envi-
ronment. This requires the construction or repairing of
bypass routes to remove transit transport from the cities
and towns.

The associated with road traffic harmful emissions
as well as vibration are causing the destruction of his-
toric buildings, while most of architectural and urban
heritage in the historic cities and towns of Galicia still
remain insufficiently studied and unappreciated. Despite
all the benefits, automobile transport belongs to one of
the main factors of pollution (except the exhaust gases,
the toxic road effluents and noise pollution should also
mentioned) that affects the human health and lifespan.

The current state of transport systems in the region
leads to the problem of social injustice, when different
categories of people are unequal in use of urban space.
Much attention is been payed to this aspect of the trans-
port problem in recent decades: the imbalance in public
and private road transport (difficult access to goods, ser-
vices, work, participation in public life); the threat to hu-
man health and life (pedestrian confinement, especially
for women, children, people with disabilities, which has
negative consequences for the physical, intellectual and
emotional development); the improper use of the city
territory (the exclusion the majority of pedestrians from
urban space for the minority of drivers), etc [2; 3].

These transport problems are inherent to urban
spaces in general, but their relevance is been intensified
[4, 4] in case of historic market squares that are firstly
the historic citywide public centers and secondly the
comprehensive objects of cultural heritage. Therefore,
the presence of vehicular traffic in the market squares
hinders the full use of the potential of their historic ar-
chitectural and urban environment. However not all the
objects have equally favorable conditions for pedestrian
zones arranging. That depends on the state of their pres-
ervation, the planning structure features, administrative
significance of a town or a city and the degree of its ur-
banization, the nature of its terrain etc. Considering the
listed factors, the following groups of cities and towns for
the possibility of pedestrian zones arranging in the terri-
tory of their historical market squares may be identified:

« The ones in which transport is excluded or un-
der the removal from their market squares spaces. Two
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categories of objects can be distinguished in this group.
The first includes already shaped, well-preserved mar-
ket squares in the cities of regional importance (Lviv,
Ivano-Frankivsk, Drohobych) or in which Historic and
Cultural Reserves are organized (Berezhany, Zhovkva).
The second includes historic market squares, which, giv-
en the state of their destruction, have lost the sense of a
square and therefore the need for transport links (e. g.
Sokal, Zaliztsi).

« The ones in which the reorganizing of traffic is
enough to arrange the pedestrian zones. This cities and
towns have mainly developed street network, formed
and well-preserved market squares without any roads of
the state importance in these spaces (e. g. Busk, Halych,
Hlyniany, Zhydachiv, Zbarazh, Zboriv, Kalush, Kozova,
Kolomyia, Mykolayiv, Mykulyntsi, Novyi Yarychiv, Ro-
zhnyativ, Sambir, Skole, Sudova Vyshnia, Staryi Sambir,

Stryi, Turka). That causes the traffic is not too difficult to
redistribute into local streets outside the historic market
squares.

« The ones in which the arrangement of pedestrian
zones requires complete their road networks with new
streets and to build bypass roads. The most difficult situa-
tion arises in the cities, which are crossed by the routes of
the state importance, especially international roads. The
problem of transit transport in their central parts cannot
be solved at the expense of residential streets, so there is
certainly urgent problem of constructing bypass roads.
Most of these objects do not have local public trans-
port. In terms of heritage preservation, the most acute
problem is the placement of bypass roads for such cities
and towns as Belz, Bolekhiv, Buchach, Ivano-Frankove,
Komarno, Kulykiv, Pidhaitsi, Pomoryany, Rudky, Skala
Podilska, Skalat, Stara Sil, Khodoriv, Schyrets.
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ITpobaema 06Pa3OBaHIIST U YTHAM3ALIME OTXOAOB AO-
CTHIAQ [IAQHETapHOro MacmTaba. B paitonax pasmernenyis
[IOAMTOHOB 1 CBAAOK OTXOAOB IIPOU3BOACTBA H ITOTpebae-
HUST OOHAPY)KUBAETCSI CAOYKHBIF XapaKTep 3arpsi3HEHHsI
Pa3AMYHBIX KOMIIOHEHTOB OKPY>KaroIeit cpeapt [2; 5], ato
00YCAOBAEHO C OAHOI CTOPOHBI HAAMMHEM B HX COCTaBe
PA3AMYHBIX TOKCHYECKUX BEIeCTB, a C APyTOH — POCTOM
00bpeMOB 06pasoBaHust 0TX0A0B. Tak, o AauHbIM Pocripu-
POAHAA30PA, exeroaHo B Poccru 06pasyercs mopsiaka 35—
40 MAH. TOHH TBEPABIX OBITOBBIX OTXOAOB, U IIPAKTHYECKH
BeCh 9TOT 06’beM pasMelraeTcst Ha moarronax THO, caHku-
OHHPOBAHHbIX M He CAaHKIJIOHUPOBAHHbIX CBAAKAX, X TOAD-
K0 4-5% yTuamsupyetcst uabiMu criocobamu [3]. Beero
1o AaHHbIM PocniprpopHaa3opa, K HacTosIeMy BpeMeHH
HAKOIAEHO >90 MApA. T. TBEPABIX OTXOAOB. I Ipu aTOM Hau-
6oAee pacIIpOCTPaHEHHBIM CIIOCOOOM YTHAM3ALIUK OTXO-
AOB CAY>KUT ACTIOHHPOBaHKe UX Ha CrIelMaAM3UPOBaHHbBIX
obpexrax — roauronax TBO, oa KOTOpbIe 0TIy KAAROTCS
OIpOMHbIE TePPUTOPHH, ©KETOAHO AASI Pa3MeIeH sl HOBBIX
MIOAMT'OHOB OTYY>KAQIOT OKOAO 1 TBIC. Ia TIOA€3HBIX 3eMEAb,
BKAIOYAsI CeAbCKOXO3SIICTBEHHBIE YTOABSI, YTO OeCCIIOpHO
SIBASIETCSI AOTIOAHUTEABHOM IIPOOAEMOT B KOMITACKCE PYHK-
uroHMpoBanus noauronos TBO [6].

B 2011 r. Ha TeppuTopun MoCKOBCKOIT 00AaCTHU A€TI-
crBoBaa 41 noauron TBO, orBevaromuit TpeboBaHMIM
IPHIPOAOOXPAHHOTO 3aKOHOAATEABCTBA, OOl IAOIA-
AbIO 689 ThIC. ra. MHOTHE M3 KOTOPBIX Pa3MeIJalOT OTXO-
ABI HEAOITy CTUMBIX KAACCOB OIIACHOCTH. Pazmepp1 0CHOB-
HBIX ACHICTBYIOIINX B MOCKOBCKOM 00AACTH IIOAUTOHOB
BappupyroT oT 50 A0 200 ra, a MOITHOCTh HAKOTIAEHHBIX

IIpuHuMas BO BHUMaHHE 9KOAOTHYECKYIO OTTACHOCTh
noauronos TBO caeayer ocoberto ormeruts MOCKOB-
CKMI1 PEIrHOH, Ha TEPPUTOPUH KOTOPOTO HAXOAUTCS OKO-
A0 40 AeHCTBYIOIIMX IIOAUTOHOB, CPEAN KOTOPBIX KPYTI-
HeNIIHM SIBASIeTCS HOAMTOH « CaAapbeBO>, OH 3aHHUMaeT
MAOIAAD PaBHYIO 59 ra, BRICOTA IIOAMTOHA AOCTHUTAeT
80 mMeTpoB, k 2007 I. pa3Mep HAKOIIAEHHBIX OTXOAOB CO-
CTaBMA 1S MAH. T. TBEPABIX OTXOAOB.

HaxoaHTCs IIOAUTOH B HEIIOCPEACTBEHHOM 6AM30-
CTH C HaCeAeHHBIMHU ITyHKTaMU — AepeBHell Caaapbe-
Bo (B 30 M, MockoBcKuit ceabckuit okpyr) 1 Hukoao-
XaBaHCKUM KAapOHIeM. B 6Arkafmmx okpecTHOCTSIX
noaurona (B papguyce 2 KM) PacHOAOXKEH MOCEAOK
MocpenTren (8 1750 M  BocTOKY), AepeBHs AyAKHHO
M KOAAEKTHBHBIEe Capbl pabpuxu «KpacHsiit okTs0pb >,
(B 2050 M CeBePO—BOCTOKy) A-Pymsuneso (8 1700 m
k cesepy) u A.Kaprmasoso (1650 m).K noaurony npu-
MbIKatoT ¢/x yropbss AO3T I13 «Kommynapka» n AO3T
«MockoBckmit>».

YuuTriBas omacHocTh noanronos TBO, caeayer oT-
METHTb CAAOYIO H3y4eHHOCTb UX 9KOAOTHIECKOTO CO-
CTOSIHMSI, 0COOEHHO B OTHOIIEHHHU ITOKPBIBAIOIHX I10-
YBOTPYHTOB, YTO IIPEAOIIPEAEAHAO BHIOOP TEMBI AQHHOI
paboThL

MsyyeHne moYBOrpyHTOB IIPOBOAUAOCDH TIO CACAYIO-
UM TTOKa3aTeAsIM: ¢pU3HYecKkre CBOMCTBA, arpOXUMH-
YyecKas XapaKTepPUCTHKA, COAepKaHMe 3arps3HSIOIIX
BEIEeCTB (TM, HepTelpOAYKTHI, HAB) , buoaoruyeckas
XapakTepuCcTUKa (pepMeHTaTHBHAS aKTHBHOCTD — B Aa-
OOpaTOPHBIX YCAOBUSIX M <AbIXaHUE ITOYBBI»> — B I1O-

OTXOAOB COCTaBALAECT 120 MAH.T. 1 HPOAOA)K&ET HNHTEH- AE€BbBIX YCAOBI/U[X).
CHBHO YBEAMYMBATHCS [1].
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Y4uTBIBasE CAOXKHOCTD peAbeda IIOAUTOHA, OHOAO-
ruyeckas aKTMBHOCTb €ro IOYBOI'PYHTOB M3ydYaAach
IO TpeM dAeMeHTaM peAbeda — IIOAHOXKHE CKAOHA,
CKAOH, BepIIMHA CKAOHA.

ITouBorpyHT mOAMIOHa XapaKTepU3yeTCsl MCKAIO-
YUTEABHO BBICOKOM MAOTHOCTHIO. Beanunna o6bemMHOM
Macchl cocTaBuAa 1,68 r/cm? aast Bepxrero 10-Tu cM cAost
u 1,84 r/cm® aast caos 0-50 om.

ArpoxuMuyecKkasi XapaKTepUCTHKA B IJeAOM Xapak-
TepHa AAs 30HaABHBIX AIT mous. Copepsxkanue rymyca
1,49%, pH_, 5,2, obmenHbIe P,O.nK O (mr/xr) coot-
BercrBeHHO 80,4 1 32.

AaHHas TeppUTOpUSA XapaKTepHU3yeTCs 3HAUUTEAb-
HBIM COAEpKaHMEeM 3arpsA3HSIONIMX BelleCTB, CPeAH
KOTOPBIX TsDKEeAble MeTaAAbl, HepTermpoaykTsi, ITAB
(1,37 Mr/xr), 9TO OTparkaeT SKOAOTHIECKYIO O6CTAaHOBKY
usydaemoro peruoHa. [loauron pacroaoxen Ha paccro-
stanu 1,4 kM ot KueBckoro mocce 1 B 3 KM K I0ro-3amasy
or MKAA, B 8,5 KM K 3amapy OT IIOAUTOHA HAaXOAUTCS
aspomnopTa «BHYyKkoBO>.

Oco0y10 OMacHOCTb IIPEACTABASIET BBICOKAs KOH-

LIeHTpaLs «MeTaAA0B cMepTu» — Pb u Cd. Hx co-
Aep KaHHe [IPeBBIMIAET AOITYCTHMBII yPOBEHD B 2 1 H0Aee
pas. Boime (8 3 pasa) snauenus [TAK u copepxanme Zn
-MeTaaAa 1 xaacca omacHocTH. CopepkaHue HedTenpo-
AykToB Bbicokoe (1150 mr/kr) u npesbimaeTt 60aee, 4em
3-X — 4-X KpPaTHBIN AOIIYCTUMbIA YPOBEHb.

AASI XapaKTepHCTUKY OHOAOTHYECKOI KOMIIOHEHTHI,
KOTOpast HAMOOAee AAeKBATHO OTPAXKAET IKOAOTHIECKOE
COCTOSIHHE TepPUTOPUH, B IOYBOI'PYHTAX IIOAMIOHA IIPO-
BOAHAOCH OIpeAeAeHHe ITOKa3aTeAell aKTUBHOCTH O61o-
AOTMYECKHX ITPOLIeCCOB, TAKUX KaK, OTIPeAEACHHUE IieA-
AIOAO30Pa3pyIIAoIeil CIOCOOHOCTH [4] U «AbIXaHHS>
nmoyBbl. I TocaepAHMIT TOKa3aTeAb ONIPEAEASACS B AMHAMU-
Ke IT0 Ce30HaM roAQ.

Omuccuro CO, onpeaeAsiAv METOAOM TUTPOBAHHMS,
KOTOPBIIl OCHOBAH Ha OITPEACAEHUN KOAMYECTBA IIOTAO-
I[eHHOM YTA€KMCAOTBI I[€AOYBIO, 32 OIIPEAEACHHDIH ITe-
PHOA BpeMeHH.

PesyabTaThl OmpepeAeHHs OHOAOIMYECKOH aKTHB-
HOCTH II0YB B A€THE — OCEHHUM IIePHOA IPEACTaBACHBI
B Tabaune 1.

Tabnuua 1. — MIHTeHCMBHOCTL BblaeneHns CO, No4BOrpyHTamm noamMroHa
TBO, B neTHe — oceHHui nepuog, mr CO,/m? vac

Ilosrop- | Bripeaenne CO,, (ur CO,/m* uac) T noussy,° C BaaxxaocTp mouBbL, %
Bapuanr
HOCTD Aeto Ocenp Aeto Ocenp Aeto Ocenp
1 68,0 +/-2,4 79,4 +/-7,2
2 63,6 +/-2 70 +/-2,2
II 19-21 1 8
OAHONE 3 65,1+/-0,5 67 +/-52 7 + 7 50
Cp. 65,6 72,2
1 84,9 +/-5,2 63,8 +/-1,6
79,4 +/-0,3 65,4 +/-0,0
CxaoH 3 747 +/-5 67+/-16 19-21 15 7,6 4,9
Cp. 79,7 65,4
1 110,5 +/-1,8 51,6 +/-4,7
116 +/-7,3 55+/-1,3
B 19-21 1 1
cpiHHa 3 99,6 +/-9,1 62,3+/-6 7 6,5 33 60
Cp. 108,7 56,3

Nurencusnocts Boipeaenus CO, KoAebAeTCs 1o ce-
30HaM ropa ot 56 A0 109 Mr CO_/m* 9ac u cymecTBeHHO
3aBHCHT OT PSIAQ 9KOAOTHYECKHUX (paKTOPOB, CPEAU KO-
TOPBIX 9A€MEHTHI peAbeda, IIOTOAHBIE YCAOBHSI, COCTaB
PaCTHTEABHOCTH.

B AeTHUI nmeprop oHa MaKCHMaAbHA B BepXHeH 4a-
cru moanrona 109 mr CO,/M? 4ac, a B oceHHUI epHOA
HAa060pOT — B 3TOM YACTU MOAUTOHA OHA MUHUMAABHA
u cocraBaser S6 Mr CO,/m” gac, yro mpuMepHO B 2 pasa
HIDKe I10 CPABHEHHUIO C HIOABCKIM IIEPHOAOM, YTO MOXKET
OBITH 00YCAOBAEHO YBSIAAHUEM PACTEHHI X OCAAOACHHEM
OMOXMMUYECKHX IPOLIECCOB.

B ocennuit meproa y HOAHOXKHS CKAOHA U €TO CPeA-
Hel yacTu AuHamuKa BbiaeaeHus CO, Hocmaa 6oaee
CTAQKEHHBIN XapakTep. Tak Kak TeMItepaTypHbIil $aKTOp
npuMepHO 0AMHAKOBSI (14-15° C), TO BOSMOXHO HMe-
OI[HeCs] PAa3ANYUS 0OYCAOBACHBI PA3BAUYHBIM COCTABOM
PaCTUTEABHOM KOMITOHEHTBI.

AHaAOTHYHA ABIXaTEABHOM AKTHBHOCTH ITOYBBI U IjeA-
AIOAO30Pa3pyIIAOIIAs CIIOCOOHOCTD. DTOT IOKA3aTEAD
KoAebAeTcst B ipepesax 7,8% — 14,8% u 3aBucur ot no-
AOKEHHUS Ha CKAOHe. MHUHHMaAbHAs IIeAAIOAO30PA3PY-
LIAIOIAs CIIOCOOHOCTh OTMeYeHa y IIOAHOXMSI CKAOHA
noaurosa (MomHoCTh oysorpynTa 0-50 cM), uTO 06-
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YCAOBAEHO KpaiiHe BBICOKOM ITAOTHOCTbIO, KOTOpasl CO-
craBaser 1,84 r/cm>.

MaxkcrmaabHasi GHOAOTHYECKasl aKTHBHOCTD 3aHK-
CHpOBaHa B 00pasLiax, OTOOPAHHBIX C BEpPIINHBI CKAOHA
(14,8% ), 4TO, BO3MOXHO, 00yCcAOBAEHO HOA€€e OIITHMAAD-
HBIM PeKUMOM adparuy. OUABTpAIjMOHHAS CLIOCOOHOCTD
MOYBOTPYHTA 3TOM YacTU IIOAMIOHA B 4 pa3a BbIllIe, 4eM
y 06pa3u013 MOYOrPyHTA MOAHOXKHS MOITHOCTBI0 0-50 cM.

B mieAoM 5xe OMOAOTHYECKAsI AKTHBHOCTb HCCAEAYe-
MBIX IOYBOTPYHTOB B 1,5-3 HIDKe KOHTPOABHOM ACPHO-
BO-TIOA30AUCTOM ITOYBHI.

Taxkum 06pa3oM 6MOAOrHYECKasi AKTUBHOCTD HaH-
boaee ap€KBATHO OTPa’KaeT BAMSHHE Pa3AMYHBIX 9KO-
AOTHYeCKUX PAKTOPOB OOYCAOBAUBAIOLIUX COCTOSHHUE
no4BOrpyHTOB noaurosa THO.

Lienntono3opaspyLiatoLasi crnoco6HOCTb NoYBbI,%
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Applied Semantic search with Microsoft SQL Server 2012

Abstract: For more deep analyze SQL Server used for not structural texts.
Keywords: semantic search, ontology, a natural language query

Semantic search tries to improve search by
understanding the contextual meaning of the terms
and tries to provide the most accurate answer from a
given document repository. The technologies behind
semantic search are mostly used to access unstructured
data. There are several techniques to implement semantic
search [4]. One type of structured data are ontologies.
An ontology formally describes available concepts in
a specific domain. One possibility to query structured
data is conceptual graph matching [S]. In this method
each query and the data are represented as trees of
concepts (ontologies). The search engine compares the
query with each tree in the database and finds the best
matching tree [6].

Feature Selection

Select the Developer features to install.

Microsoft SQL Server 2012

Microsoft SQL Server 2012 in the current version
supports only unigrams. A unigram is a single word,
whereas n-grams are word combinations (also known
as term and phrase extraction respectively). The server
creates two internal indexes for semantic search columns
or file tables. The tag index uses a variation of the TF-IDF
(term frequency — inverse document frequency) [4]
algorithm to determine the importance of the keywords.

1.Install Microsoft SQL Server

During the “Select Feature” step of the Microsoft
SQL Server installation we only have to enable the fea-
ture “Full-Text and Semantic Extractions for Search” in
the “Database Engine Services” group.

rlﬁ SQL Server 2012 Setug =

Feature description:

Setup Support Rules Features:

Installation Type Instance Features

Product Key Database Engine Services
| License Terms [C] SQL Server Replication

| »

Includes the Search engine that supports
Full-Text Extraction for fast text search as
well as Sernantic Extraction for key phrases

| {likely tags) and similarity search ocn content
S Full-Text and Semantic EBxtractions for Search stored in SQL Server.

[ Data Quality Services
[7] Analysis Services
Installation Rules [7] Reporting Services - Native

|| Feature Selection

m

Figure 1: Enable semantic search

After completing all steps we should be able to con-
nect to the database engine using the Microsoft Manage-
ment Studio.

2. Install additional filter packs

The default installation of Microsoft SQL Server
only supports the most important file formats. For ex-
ample, the newer Microsoft Word format “docx” is not

supported by default. To use more file formats, we need
to install filter packs which add support for additional
file types

After installing the filter packs we have to execute
some SQL queries to enable them on the server. The
following queries force the server to update the internal
filter list.
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QLQueryl.sql - AIZAT-NMK.master {Aizat-NMK"Aizat (53))* - Microsoft SQL Server Management Studio (AAMWHMCTpaTOP)

dain  Mpaeka Bra 3anpoc  MpoekT  OTnagka  Cepeuc  OkHO  Cnpasea

™| ﬂ|_:1_C03,ﬂaTbsanpoc [y 1o ‘iffgm| & =3 (3

9o -2-0 &b
'|| ? Bononmte B Omnagka O SG = §||Sﬂ ‘““g|@;_;j

ioay | |master

EEATENE DOLEKTOE
wve~ W w7 (2] 45
= m AIZAT-MK (SQL Server 11,0,2100 - Ajzat-N

[l Basbl AaHHBIX
[l BesonacHoCTE

Coe) SIUSE master; EXEC sp_fulltext_service @action='load_os_resources’, (@value=1;
EXEC sp_fulltext_service 'update_languages':
EXEC sp_fulltext_service 'restart_all_ fdhosts';

EXEC sp_help_fulltext system_components 'filter'

CEIEFT # EDMM e Full4awt camantdcs Tanauama cdatictics Astshaca

3. Install a Semantic Language Database database is called Semantic Language Database and is
As noted in the introductory chapter, semantic  not installed by default.
search is based on statistical analysis. The database en- To use semantic search on a text column of a regular
gine uses a database with statistical base data to classify  table, we have to create a new table with a primary key
the keywords found in the indexed documents. This  (column ID) and a text column:

SQLQueryl.sql - AIZA. Aizat-MEAizat (5300 ¢
CREATE DATABASE MyDE
USE MyDatabase
-]CREATE TABLE MyTable
( ID inmt NOT NULL, Mame varchar(58), Text varchar(max),
CONSTRAINT PK_MyTable PRIMARY KEY (ID ASC) )
The next step is to create a semantic search index  can be retrieved with this query: SELECT * FROM sys.
for the text column. It is important to use the correct  fulltext semantic_languages
language code which corresponds to the language of The following query creates an index for the “Text”

the indexed text. The installed and available languages ~ column in the previously created table:

SOLGueryl.sql - AIZA . Aizat-NK\Aizat (S30* = N
SELECT * FROM sys.fulltext semantic_languages

CREATE FULLTEXT CATALOG MyTableCatalog WITH ACCENT_SENSITIVITY = ON
go
—| CREATE FULLTEXT INDEX ON MyTable
( Text Language 1833 Statistical Semantics )
KEY INDEX PK_MyTable ON MyTableCatalog
WITH STOPLIST = SYSTEM

Semantic Search on File Tables system we have create a new file stream enabled table
To use semantic search directly on files in the file  also known as file tables:

For e sa- sz oazsencaea ) I

—ICREATE DATABASE MyDatabase ON PRIMARY ( NA DatabaseDB, FILENAME = 'C:‘\MyDatabase\MyDatabaseDB.mdf' ),
FILEGROUP MyDatabaseFS CONTAINS FILESTREAM( MyFSDatabaseFS, FILENAME = 'C:\MyDatabase\MyDatabaseFS')
LOG ON ( MAME = MyFSDatabasel0G, FILENAME = 'C:\MyDatabase\MyDatabaselLOG.ld

After the database has been created, we have to  we can “transform” the table into a file table with the
enable non-transactional access at the databaseleveland  following query:

deryt sl - ATZA. ot ik STREETEgTT——— |

ALTER DATABASE MyDatabase SET FILESTREAM (MNon_Transacted_Access = FULL, Directory_name = N'MyDatabase')
USE MyDatabase CREATE TABLE MyFileTable AS FILETABLE WITH (FileTable Directory = N'MyFiles')

The files in the file table can be accessed via a If the share is accessible we have successfully created
Windows Samba share at the following location: anew file table. Using the following query you can see a
\\<MACHINENAME>\<SQLINSTANCENA list of all files in the file table:
ME>\MyDatabase\MyFiles SELECT * FROM dbo.MyFileTable
SELECT * FROM dbo.MyFileTable ;I
w0% - 4| | i
[ Pesynerare: | e Eooﬁmewnl
stieam_id | fe_stieam | name | path_lacatar | parent_.. [ file_type | cached_fie_size | creation_tme last_write_time |ast_aceess_time
1| 9B74ESE. : 0DOCF1T..  Tepmunbldoc.doc O«FETE1743CERT..  NULL doc 4515328 201405-21 13, 2001402-2619:31... 20140531 12:08.58.6363453 +06
12 | EDTTFC.. | MDOCFIT . Whgpopmarika-4.docrosenil.doc  OFEECFOFSE7DE..  MULL doc 4515328 2014053113, 201402261931 2014-05-31 13:33:09.1320974 +08
| 3 | EF107FCF. 0xDOCF11 C__si__k uHocTp.doc 0xFD2C4033DA1 NULL doc 1072640 2014-05-31 13 2014-02-26 15:31 2014-05-31 13:33:09. 2100575 +06
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Find key phrases in a document (semantickeyphrasetable)

Using a semantic search index it is possible to retrieve all indexed keywords and their score:

Fuor File.sgl - AIZAT-M.. {Aizat-MK\Aizak (5270 _

SELECT * FROM semantickeyphrasetable(MyFileTable, *) ORDER BY score DESC
0%~ 4

1 Pesynetarel | 3 CoofiueHis

column_id | document_key | keyphraze | 2COME I
| BF107FCF-95ES-E311-9883-90004EA34408  wana 1

EF107FCF-95EE-E3171-9283- 90004EA924CE  Sawka 07200226
EF107FCF-95EB-E311-9283-90004EA924CE  concreting 06482522

|m|-\l|m|m|h|m|m|_‘

2 EF107FCF-95EB-E311-9203-90004EA924CE  wep 0,97378EE
3 EF107FCF-95ER-E317-9283-90004EA924C8  wHocTp 07837697
3 9B74EEEE-S2ES-E311-9883-90004EA384C6  Teprunel 07638381
2 EF107FCF-95EE-E3171-9283-90004EA924C8  aku 07533711
2 EF107FCF-95ER-E211-9283-90004EA924C8  =at 07473648
2

2

Using a SQL join we can add the document name in the result:

For File.sql - AIZAT-N.. {Aizat-MKYAjzat (52)) = _

SELECT * FROM dbo.MyFileTable
-] SELECT name, document_key, keyphrase, score FROM semantickeyphrasetable(MyFileTable, *
INNER JOIM MyFileTable ON stream id = document_key ORDER BY name, score DESC

o - 4
] Pesyneratel | 0 Cooﬁu.lerMﬂI

name I document_key keyphrase score I
'I_ Wrepoprarika-d. docroseiil doc | BD107FCF-95E8-E311-9883-90004EA948406  can 05425657
2_ WHeoprarura-4. docHoserl . doc B0 107FCF-35E8-E311-9883-30004E4344C06  Tambip 05238146
3_ HHupopraaTura-4. docHosedt] . doc | BD107FCF-95E8-E311-9883-90004EA344C8  wana 05195129
4_ Wroprarika-4. docHoeeiil . doc BD107FFCF-35E8-E311-9883-90004EA944CE  Gearu 051186594
5_ WHeoprarika-4. docHoseril . doc B0 107FFCF-35E8-E311-9883-90004E494406  Ger 05071914
B_ Wrpopraarika-d. docHoseiil . doc  BD107FCF-95E8-E311-9883-50004EA944CE  anrefipa 05085572
?_ WHpopraarika-4. docHoeemil . doc BD107FCF-35E8-E311-98383-90004E4944C6  reomeTpua 05022383
8_ WHeopraarika-4.docHosedil . doc  BD107FCF-95E8-E311-9883-50004EA944CE | ypaeHeHWe ns012182
9_ Whtopraarika-d. docHoseiil . doc BD107FCF-95E8-E311-9883-90004EA944CE  reomerpuueckoe 04905783
LI Wropraariea-4. docHoseil . doc BD107FCF-95E8-E311-9883-90004E4304C6  cummMeTpua 04778332

Find similar or related documents (semanticsimilaritytable)

With the procedure semanticsimilaritytable (“6D107FCF-9SE8-E311-9883-90004EA9A4C6” in
we can retrieve a list of similar documents for a given  the listing below) specifies for which document or row
document. The third parameter of the procedure the related documents should be searched.

—| SELECT stream_ID, Name, Score FROM semanticsimilaritytable(MyFileTable, *, '6D187FCF-95E3-E311-9883-982984EA0L4C6")
INNER JOIN MyFileTable ON stream_ID = matched_document_key ORDER BY score DESC
wos - 4| |
] Pesynerates | 3 CoofueHua
stream_|D | M ame I Scare
1 |: 9B74EGEE-92E8-E311-9883-00004EAG44CE | TepMuHeLdoc.dac 1

2 EF107FCF-95E8-E311-9353-30004E4354C6 o s kwHocTpodoc 003476033

Installing and using Microsoft SQL Server the ability to search for whole sentences and the server
2012 semantic search is simple. There are only three  should return texts with similar passages and similarity
types of queries possible and their usage is easy to  scores. However because the simple installation
comprehend. Semantic search is only a small extension  and usage it may be a nice addition for simple usage
to full-text search. To really deliver great value we need  scenarios.

References:
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KopnopaTtuBHoe o6nako YpO PAH

Paboma svinosnena npu punarcosoii noddepucku npozpammot Ipesuduyma YpO PAH Ne 15-7-1-19.

AHHOTaI.II/I}I: B crarpe O6CY)KAaeTC5{ PAA BOIIPOCOB, CBA3AHHBIX C Pa3AMYHBIMHU aACIIEKTAMU CI)YHKLII/IOHI/IPOBaHI/Iﬂ

koproparusHoro o6aaka YpO PAH. Cpeart HUX MOXXHO BBIAGAUTD TaKKe BOIIPOCHI, KaK IIPEATIOCHIAKH CO3AAHMS

06AaKa, a TaK ke ero anraparHasi i IporpaMMHas cocraBasomue. Ocoboe BHUMaHUE B CTaTbe YAEACHO OOAQYHBIM

CE€pBHCaM KaK HHCTPYMEHTAM IIOAAEPIKKH Hay‘IHO-I/ICCAEAOBaTeAbCKOﬁ AE€ATEAPHOCTH HHCTUTYTOB YPO PAH.

KaroueBbie cA0Ba: KOPHOPaTI/IBHoe O6AaKO, CPEACTBO ITOAAEPIKKH HAYIHbBIX I/ICCAeAOBaHI/Iﬁ, BHPTYaAbHbBIE CEP-

Bepa, 0OAAYHbIE CEPBHCHL

BBeaenue

HSTHE «00AAKO>» U «O0OAAIHBIE CEPBUCHI»> CAYXKAT AAS

B Hacrosimee BpeMsi HHGOPMAL[HOHHBIE TEXHOAO-  O0O3HAYEHHUS IIOAXOAQ, IIPH KOTOPOM BbIYHCAUTEAbHBIE

MM IIOBCEMECTHO MEPEXOAAT Ha KAYeCTBEHHO HOBBIM  MOIIHOCTH, PECYPChI AAS XPAaHEHUS AAHHBIX U IIPHAO-

yPOBeHb HCIIOAb30BaHH — Ha 0OAauHbIe CepBUCHL [T0-  SKeHMS IPeAOCTABASIIOTCS Yepe3 CeThb MepPeAaur AAHHBIX
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U He TIPUBSI3BIBAIOTCS K AOKAABHOMY KOMIIbIOTEpY. Baa-
FOAAPSI 9TOMY, [IOAB30BATEAH, UCIIOAB3YSI OTHOCHTEABHO
pocThie pabodne CTAHIMH, IIOAYYAIOT BO3MOXHOCTD
paboTaTh C BBIMUCAUTEABHBIMU M HHPOPMAIIOHHBIMH
CHCTeMaMu OOABIION MOLHOCTH, IIPUYEM IIOAb30BATEAIO
He TpebyeTCst HUKAKUX OCOOBIX 3HAHMUIT 06 HHPPACTPYK-
Type 00AaKa MAM HAaBBIKOB YIIPABAEHHS 3TOM 00AAIHOM
TE€XHOAOTHEMN.

ITapapurMa 06Aa4IHBIX CEPBHCOB IIPEATIOAATAET Oe3-
OTIACHBIN BUPTYAABHBIM AOCTYII K PAa3AMYHBIM MAATOP-
MaM u iporpammaM (cepBrcaM) Yepes ceTb IO HePBOMY
TpebOBaHMUIO U B Hy>KHOM 00beMe. Takum ob6paszom, uH-
popMaIMOHHbIE PeCyPCHI H YCAYTH OTAEAEHBI OT QH3Ude-
CKOJ KOMIIbIOTEPHOM HHPPACTPYKTYPBbL, 2 00beM IIPeAo-
CTaBASIEMbIX CEPBUCOB OIIPEAEASeTCSI SKOHOMHIECKIMU,
a He TeXHMYeCKUMH OTPAaHUYEHHSIMU. DTO MO3BOASIET
AOCTHYb 3HAYUTEABHOM 9KOHOMUH 33 CIT MAKCUMAABHO
3¢ PeKTUBHOTO UCTIOAb30BAHMS BHIYMCAUTEABHBIX MOIII-
HOCTeH, CyIIleCTBEHHOTO COKPAIeHHs PACXOAOB Ha IIPH-
obpeTeHMe 1 II0AAEPIKKY AIIAPATHOTO U IPOrPAMMHOTO
obecreveH s, MACIITAONPYEMOCTU PECYPCOB, IOBBILIE-
HUS OTKA30yCTONYUBOCTH M HAAKHOCTHU XPAHEHHS AQH-
HbIX, CTAHAAPTH3ALIUK PaOOTHI II0OAb30BATEAET.

1. IIpepniocpiaku co3panmst o6aaka YpO PAH

Ypaabckoe otpesenve PAH ob6beausier 6oaee
40 Hay4HBIX OPraHH3ALHUil, B KOTOPBIX TPYASITCS CBBIIIE
S THICSIY COTPYAHHKOB, 3aHUMAIOIIUXCSI HAYYHOMN U HC-
CAEAOBATEABbCKOH AesTeAbHOCTBIO. B coctaB YpO PAH
BXOASIT 7 Hay4HbIX LleHTpoB B Exarepun6bypre, Apxan-
reabcke, Komu, Openbypre, ITepmu, Yamypruu u Heas-
6uncke. [Ipu takoit pacnpepeaeHHoi cTpykType YpO
PAH Ba>xHYI0 pOAb UTPaeT KOMMYHUKAIIMOHHAS CPEAQ,
KOTOpasi IIO3BOASIET B3aHMOAENCTBOBATh HHCTUTYTAM
MexAy coboit. 3a mocaeprre 10 AeT ObIA BHIITOAHEH 6OAB-
o 06beM paboT 110 IIOCTPOEHUIO U PAZBUTHIO CETH
nepepaun AaHHBIX. K 2012 roay cers YpO PAH nmeaa
XOPOIIIO PasBUTYIO HHPPACTPYKTYPY, COCTOSIIYIO U3 OII-
TUYeCKUX KAHAAOB, KOTOPBIE CBS3BIBAAN HHCTUTYTH YpO
PAH B ropoae Exatepunbypre B eAHHYI0 KOPIIOPATHB-
HYIO CeTb, MAPIIPYTH3aTOPOB, KOMMYTAaTOPOB U CepBe-
pos [ 1]. BoAbImoe KoAMYecTBO MOAB30OBaTEACTH U3 UHCTH-
TyToB YpO PAH 06ycA0BHAO BBICOKYIO MOTPEOHOCTD
B TAKUX CEPBHCAX KAK AEKTPOHHAsI 04T, BeD-CaMTHI,
CAY>KOBI AOMEHHBIX IM€H, IIPOKCH CepBepa, YIIPAaBACHHEe
KOMIIBIOTEPAMH ¥ YIeTHBIMU 3AITHCSIMH II0OAb30BaTEAEH,
pe3epBHOe KOIMPOBAHIE AAHHBIX U IIp. AAst obecrede-
HUSL 9THX IOTPeOHOCTEN! Ha [IeHTPAABHOM y3Ae ceTu YpO
PAH B crofikax 6b1A0 pasMeleHO H0ABIIOe KOAUYECTBO
usmaeckux cepsepos. Takoit TOAXOA IIO3BOASIA yCITeI-
HO pelaTh 3aAA4HU 110 IPEAOCTABACHHUIO TeACKOMMYHH-

KAIJHOHHBIX CEPBHCOB Ha IPOTSDKEHUU HECKOABKHX A€T,
HO HMeA CACAYIOIe HeAOCTaTKH:

« Paspocmasicsa cepsepHas HHPpacTPyKTypa. ITO
IPUBEAO K M3AUIIHE!N CAOXXHOCTHU II0 AAMUHHCTPUPO-
BAHMUIO U OOCAY>XHBAHHIO CEPBEPOB, IIOCKOABKY KaXKABIIT
cepBep ObIA IIOABEPIKEH BHIXOAY U3 CTPOSI CBOMX KOMIIO-
HEHTOB (YKeCTKUe AMCKH, IAATHL, BEHTHASTOPDI, IPOLjec-
COPBIHT. A.).

« IloBrimenHass Harpyska Ha HMHQPACTPYKTYpy
THKII. 310 mposiBHAOCH B BO3POCIIEM ITOTPeOAeHUH
9AeKTPOIHEPIUH H, KaK CAEACTBHE, BO3POCIIel Harpys-
Ke Ha HCTOYHHKH Oecriepeboiinoro muranus. Hexsarka
CBOOOAHBIX MECT B CTOMKAX TOTPeHOBAAA YCTAHOBKH HO-
BBIX CTOEK B CEPBEpPHOI1 1 0Aee KOMITAKTHOTO U3 pa3Me-
meHns. Bce 9TO pHBEAO K MOBBIIIEHUIO TEMIIEPATYPhI
BHYTPH CepBEpPHOTO IOMeIeHHUs. AASI pellleHUs 3aAAUH
II0 OTBOAY TeIlAd IIOTPe6OBAAACH YCTAHOBKA AOTIOAHU-
TEAbHBIX KOHAUIIIOHEPOB.

« HepocrarouHsiil ypoBeHb MacIITAOHPYEeMOCTHL.
B cAyyae HeXBAaTKH aNmapaTHBIX PeCypCcoB UMEIOIUX-
cs1 QUBMYECKHX CEPBEPOB AAS pelIeHHs TEKYIUX 3aAad
IO IIPEAOCTAaBACHHIO TeAEKOMMYHUKAIJMOHHBIX CEPBHU-
COB IIPUXOAMAOCH AMOO MEHSITb CEpPBEp LIEAMKOM, A0
IPOBOAHTB €70 AMMAPATHYI0 MOAePHU3ALHIO (A06aBAATD
O3V, mensrs HDD u nip. ). 3a4acTyio IPUXOAUAOCH yCTa-
HABAMBATb U HACTPAHBATh HOBBII CepBep.

« Bricoxast cTOUMOCTb OOecIeueH st OTKa30yCTOM-
9UBOCTH. AAsI 0OecIiedeH sl OTKA30yCTOMYUBOCTH Tpe-
60BaAOCH HaAMYVE B 3aIIace Pe3ePBHbBIX CEPBEPOB 1 KOM-
TIAEKTYIOIIHMX K HUM AASI OTIePaTHBHOM 3aMEHBI B CAyYae
BBIXOAQ UX M3 CTPOsL. DTO IIOBAEKAO 3a COOOI CyIIieCTBeH-
Hble pUHAHCOBBIE 3aTPATHL.

« HepocraTounsiit yposens 6e3omacHoctu. Orpa-
HUYeHHOE KOAMYeCTBO (U3MIECKUX CEPBEPOB BBIHYKAQA-
AO pa3MeIaTh Ha OAHOM (QU3HIECKOM CepBepe HeCKOAD-
KO cepBHCOB (MOYTOBbIE, MPOKCH U TIp.). Barom opHOTO
CepBHCa MPUBOAMA K AUCKPEAUTAIIUH OCTAABHBIX CEPBU-
COB, pabOTAOLIIX Ha TOM JKe CepBepe.

ITepBBIM IIaroM AASE MUHMMH3AIIMHU BBIIIEIEPedrC-
A€HHBIX HEAOCTaTKOB CTAAO IIPMMeHeHHe BUPTYaAU3a-
MK Ha 0a3e OAHOIIPOLIECCOPHOTO cepBepa U becraar-
Horo mpoaykTa VMWare ESXi. Takoe pemenue BbISBHAO
CAEAYIOIIFe AOCTOMHCTBA: KOHCOAMAQIIUS CEPBHUCOB, KO-
TOpasi IpHBeAa K 60Aee 3 PeKTUBHOMY HCIIOAB30OBAHUIO
aNmapaTHRIX PecypcoB GH3MIECKOTO CepBepa; MACIITa-
6upyemMocTb (AAS AOGABAEHHS HOBOTO CEPBUCA CO3AAET-
Cs1 HOBBII BUPTYAABHbIN CepBEP, AUOO BBIAEASIIOTCS AO-
TIOAHUTEAbHbIE PECYPCBI AASL CYLIECTBYIOMIETO CEpPBepa);
OCTAaHOBACH POCT KOAMYECTBA PU3MIECKHX CEPBEPOB.
ITpu 5TOM IPOSIBUAUCD CACAYIOIYE OT PAHUYEHHS:
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 OTCYTCTBUE KAACTEPHOI PeaAU3AIIMH He II03BOAU-
AO YCTPAHHUTb IPOHAEMY OCTAHOBKU HECKOABKHX BUPTY-
AABHBIX CEpBEPOB IIPU BBIXOAE M3 CTPOSI OAHOTO pU3Hde-
CKOTO cepBepa;

¢ BO3MOXXHOCTH MACIITAOHPYeMOCTH OBIAU OTPAHH-
YeHBI BCAEACTBHE HEAOCTATOYHBIX 00beMOB aIllaPaTHBIX
PecypcoB OAHOTO PpU3HUIECKOTO CepBepa.

AAS yCTpaHeHHUS [IepeYnCAEHHBIX HEAOCTATKOB OBIAO
IPHHSATO pellleHre O Pa3BePTHIBAHUHY CIIEIIUAAUHPOBAH-
HOTO IIPOrPaMMHO-AIIIAPATHOTO KOMIIAEKCA AASI CO3AQ-
HUS BUPTYaAbHOH CpeAbl, KOTOPasi CTAHET OCHOBOM KO-
noparuBHoro obaaka YpO PAH.

C ar0i1 IeAbIo 6bIA pa3paboTaH IPOEKT, HA OCHOBE
KOTOpOro B 2012 roay 6b1AM IIPOBEAEHBI PabOTBHI 110 pas-
BepPTHIBAHUIO, HACTPOIKE U TECTUPOBAHHIO IIPOTPaMM-
HO-aIIIIAPATHOTO KOMITAEKCA Ha 6ase OAeiiA-cepBepoOB,
MOAAEPIKHMBAIOIINX KAACTEPH3ALILIO.

2. AnmaparHasi H IPOrpaMMHasi peaAn3anusi 06-
aaka YpO PAH

2.1 Annapammnas wacmo

B xauecTBe 6a3bl AAS TOCTPOEHHSI KOPIIOPATUBHOTO
o6aaka YpO PAH 6s1a0 Beiopano maccu HP BLc3000,
KOTOpOe IPEAHA3HAYEHO AASl ODeCIIeueHHs eAUHOM
nAAT$OPMBI pasMeleHUst PU3UIeCKUX OAeHA-CEpPBEpOB.
Takast KOHCTPYKUKSI 0becrednBaeT OOLIYI0 CHCTeMY IIH-
TaHMS, OXAQKACHHUS, A TAKXKE CeTEBOE B3AMMOAEHNCTBHE
KOMITOHEHTOB KOMIIA€KCA BHYTpH IIaccu. AaHHOe pelle-
HYe 00YCAOBACHO BO3MOXKHOCTBIO IIPOCTOTO YBEAHIEHHSI
B CAy4ae HEOOXOAMMOCTH BBIYMCAUTEABHBIX MOLIHOCTE
6e3 M3MeHeHUS] AOTHIECKO CTPYKTyp5I obaaka. Ha Ha-
JaABHOM 9TaIle B KaueCTBe IIMAOTHOIO IIPOeKTa B IIac-
cu 6b1A0 ycTaHOBAeHO 3 Oaefip-cepBepa HP BL460c
Gen8 ¢ AByMs1 6-TH SIA€pHBIMH TIpoLieccopamu u 64 I'6
OIlepaTUBHOM IMaMSATU Ha KAKAOM. JTU QUIHUYECKHe
cepBepa CTAaAM CAY>XUTb B KadeCTBe BbIYUCAUTEABHOM
AATGOPMBI AASI pa3MellleHHsI BUPTYaAbHBIX CepPBepOB
B paMKax IIOCTPOEHHUs] KOpPIoparuBHoOro obaaka YpO
PAH. B pasbHeilmeMm, 9Ta KOHUrypanusi ObiAa pac-
mupeHa A0 4 OAeliA-CepBepOB € OOMUM KOAMYECTBOM
oneparusHoi namsatu 640 I'6. ITpu aTom AaHHAsT KOH-
urypans 00AaAaeT IIOTEHIIHAAOM PACIIHPEHHs Ob1ITe-
ro o6pema orneparuBHO mamst A0 3 T6 u koandecTBa
OAeiA-cepBepOB AO 8.

B kagyecTBe 00Ieil AUCKOBOI CUCTEMBI, AASI pa3Me-
IeHHUs BbICOKOAOCTYTIHBIX BUPTYaAbHbIX Mamut (BM)
U XpaHEeHHsSI BCeX AAHHBIX KOPIIOPAaTUBHOrO obaaka YpO
PAH ucnioab3yercs cucreMa XpaHeHHUS AQHHBIX (CXA)
EVA P6350. Aoctyn xk CXA Ha ckopoctu Ao 8 T'our/c
OCYILIeCTBASIETCS C TOMOLIBIO BCTpOeHHbIX opToB Fibre
Channel. Mznagaapno 06bem CXA cocraBasia 15 T6, ko-

TOPBIIL B IOCAEACTBHE ObIA paciuupeH A0 23,4 T6 3a cuer
MTOAKATOUEHHSI AOTIOAHHTEABHOM AUCKOBOI ITOAKH.

AAst obecriedeHUs HeIPEPHIBHOM PabOTHI IPOrpaMM-
HO-aIIAPaTHOTO KOMIIAEKCA B CAyYasiX KPaTKOBpPEMeH-
HOTO OTKAIOYEHHS JAEKTPOIHMTAHHSA IIO OCHOBHOMY
U pe3epBHOMY KaHAAAM B €rO COCTaB BKAIOUEHA CHCTeMa
becrepe6OHOrO 9AEKTPOIUTAHUSL

CB3b IpOrpaMMHO-aIIapaTHOTO KOMIIAEKCA C ce-
tbi0 YpO PAH ocymecrBasietcst Ha ckopoctu a0 416/ ¢
¢ ucroab3oBanueM nmporoxkosa LACP

AAst obecriedeHns XpaHeHHs pe3ePBHBIX KON KaK
BHPTYAaAbHbIX MAIIUH IJeAUKOM, TaK U OTAEABHBIX KOM-
IIOHEHTOB, PACIIOAOKEHHBIX B 00AAKe CEPBEPOB, UCIIOAD-
ayercst CXA EMC DataDomain 620 o6mum o6eMom
3,2 T6. Bcrpoennas B ary CXA anmapaTHast $yHKIHSI
AEAYTIAMKAIIMH AQHHBIX [I03BOASIET COKPATHTb 00beM Xpa-
HUAMIIA HEOOXOAUMBII AASI 3AIUTHI APXUBHBIX AQHHBIX
B 10-30 pas.

2.2 IIpozpammuasn uacmeo

B xagecTBe OCHOBBI AASI BUPTYAAU3ALIMU ObIAQ BbI-
OpaHa cHCTeMa BUPTYAaAM3AalMM HA OCHOBE THIIEPBHU-
3opa Microsoft Hyper-V. Microsoft Hyper-V Bxopur
B COCTaB OII€PALMOHHON CHCTEMBI Windows Server
2012 R2 1 mo3BOASIeT 3aIyCTUTh HA OAHOM PH3HNYECKOM
cepBepe HeCKOABKO BUPTYaAbHbIX CEpPBEPOB, Ha KAXKAOM
U3 KOTOPBIX OyAeT QpyHKIIMOHHPOBATH CBOSI OIEPALIU-
OHHasl CUCTeMa M Pa3AMYHbIe IPHAOXKeHHUs. B oTanune
ot npoaykroB Virtual Server nau Virtual PC, Microsoft
Hyper-V o6ecreunBaer BUPTyaAU3ALIMIO HA AMIIAPATHOM
YPOBHE C HCIIOAb30BaHHEM TeXHOAOTHI BUPTYaAH3aIIHH,
BCTPOEHHBIX BO BCe COBpeMeHHbIe IpoIieccopsl. Takum
o6pazom, Hyper-V obecreurBaeT BBICOKYIO IIPOUBOAU-
TEAPHOCTD, IPAaKTUYECKU PABHYIO IIPOU3BOAUTEABHOCTH
OAHOM OIIEPALMOHHOM CUCTEMBI, pa60Tanme171 Ha BbIAe-
AEHHOM cepBepe.

Omneparnmonnas cucrema Microsoft Windows Server
2012R2 6p1aa YCTaHOBAEHA Ha KaXKAOM 6AeI7IA-cepBepe,
IIOCAE Yero Bce cepBepa ObIAM 0ObeAUHEHbI B KAACTEP.
AaHHas TeXHOAOTHS IIO3BOANAQ YBEAUYUTD OTKA30yCTOM-
YUBOCTDb CUCTEMBI U TIOBBICUTD AOCTYIIHOCTb CEPBHCOB
u cay>k6. Kaacrepusanust ceppepoB — OCHOBOIIOAATAIO-
IMI1 9AeMEHT COBPEMEHHOTO BUPTYaAHM30BaHHOTO LjeH-
Tpa o6paborku pannbix (LIOA). Kaacrepusanus obe-
CIIeYUBAET BBICOKYIO AOCTYIIHOCTb OOAQYHBIX CEPBHCOB
AQXXe B CAyJae BBIXOAQ U3 CTPOSI OAHOTO MAM HECKOABKHX
6aeiip-cepBepoB. KaacTepusanust 103BOASIET BBIIIOAHUTD
aBTOMaTHYeCKyIo Murpanio BM c HepaboTocrocobHsIx
OAefiA-cepBepOB Ha paboune OAelA-cepBepa, a TaKxKe
obecreunBaeT yAOOHOE AAMUHUCTPUPOBAHIE BO BpeMs
IIAQHOBBIX IIPOCTOEB, TO3BOASII IIepeHOCUTbh BM Mexxay
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Y3AaMH IlepeA OTKAIOYEHHEM HAU YCTAaHOBKOH MCIIPaB-
AEHUU Ha Y3ABIL.

B xavecTBe cHCTeMBl YIpaBAGHHUS BHPTYaAbHOM
cepBepHOM MHPPACTPYKTYPOH HCIOAB3yeTCs System
Center Virtual Machine Manager 2012R2, xotopasi mo-
3BOASIET HACTPAUBATh U KOHTPOAUPOBATD Y3ABI BUPTY-
AABHBIX MAIIMH, CeThb U PECYPChl XPAaHEHHU C IIEABIO CO3-
AQHIS 1 pa3BepThIBaHus BM 1 cAy>6 B KOpIopaTuBHOM
obaaxe YpO PAH. BupryaasHast nuHppacTpykTypa co-
CTOMT M3 BBIYMCAUTEABHBIX M CETEBBIX PECYPCOB, a TAKKe
PecypcoB XpaHEeHHsL.

B xauecTBe cHCTEMBI MOHHMTOPHHIA aIIAPaTHOMN
U IIPOrPaMMHON HHPPACTPYKTYPBI 00AAKA HCIIOAB3YETCSI
System Center Operations Manager 2012R2, xoTopast siB-
ASIETCS IPOTPAMMOH AASI yTIpaBACHHS M MOHUTOpHHTa M T-
CepPBHCOB, IIPUAOXKEHHI M CEpPBEPOB B TeTEPOTeHHOM CpeAe
Ha 6ase oneparmonssix cucreM Windows, UNIX u Linux.

3. KopnoparuBHoe 06AaKO KaK CPEeACTBO IIOA-
AEPIKKH HAyYHO-HCCACAOBATEAbCKOH AESITEABHOCTH
YpO PAH

Oynxiuonupyromee nop yrnpasaeareM THKITYpO
PAH xopnoparusHOe 06AaxKo, MIPEAOCTABASIET CAGAYIO-
IIFIe CEPBHUCHI, KOTOPbIE B 3HAYUTEABHOM CTEIIeHU CTUMY-
AUPYIOT HAy49HYIO AesITeABHOCTD HHCTHTYTOB YpO PAH:

1. CepBucel o co3panuio BM u ynpaBaeHuIo HMH.

2. Web-cepBuchL

3. ITouroBble CepBHUCEHL

4. CepBHUCHI OpPraHU3AIIH BUACOKOH(EPEHITHIL.

S. PesepBHOE KONMPOBaHKE AAHHBIX, Pa3MeIeHHBIX
B 00Aaxke.

6. CepBHUCBHI BUPTYaAH3AIIY IPUAOKEHHUH.

Cepsucs! mo co3panuo BM u ynpaBaeHUIo HMH 110-
3poasior uHCTUTyTaM YpO PAH mpu nmomomu nopra-
Aa camoobcayxusanus System Center App Controller
CaMOCTOSITEABHO CO3AABATh COOCTBEHHBIE BUPTYaAbHbBIE
cepBepa U3 MAOAOHOB Ha 6a3e OIEPALMOHHBIX CHCTEM
Windows Server 2012, Windows Server 2012 R2, Linux
CentOS 6, Linux Ubuntu 14, ycTaHaBAuBaTb Ha HHX
Hay4HOe [IPOrpPaMMHOe ObecCIIedeH e, II0A HY XKABL KO-
TOPOTrO BHIOMPATh KOHPUIYPALHUIO U TEXHUYECKHE Xa-
PAKTEpPUCTUKH BUPTYaAbHbIX CepBepoB (KOAMYECTBO
nporeccopHsIx saep, 06veM O3Y, o6veM HDD u . A

Web-cepBuCHI II03BOASIIOT pa3MeljaTh KaK B OTKPbI-
ThII1, TAK U B OTPAHIYEHHBII AOCTYII Web-CaiiThI HayqHO
HarpaBAeHHOCTHU. K HUM MOXXHO OTHECTH CaiThI IPOBO-
anmbix uHCTUTYTaMu YpO PAH Hay4HBIX KOHpepeH-
ITHi, Ha KOTOPBIX OCYIIECTBASICTCS PEeTUCTPAITHS YyIacT-
HHKOB, pa3MellaeTcss HHPOPMAIHsl OPTaHU3AIIMOHHOTO
XapaKTepa, a TAKKe Iy OAUKYIOTCS HaydHbIE PEe3YABTATHI,
IPeACTaBACHHbBIE Ha KOHpepeHIHH. Taxke ¢ HCIIOAB30-

BaHMeM web-cepBHCOB B CEeTH HHTEPHET PasMeIfaloTCsI
CafTBl ”HCTUTYTOB. DTH CAHUTHI TPEAOCTABASIIOT HHPOP-
MAIIHIO, KaK O CAMHX MHCTUTYTAX, TaK U O IIPOBOAUMBIX
B HUX HCCAeAOBaHMAX. JacTo Ha caiTax myOAUKYIOTCS
Pe3yABTaThl HCCAEAOBAHUIL, YTO CIIOCOOCTBYeT OOMeHy
3HAHMAMH, 2, CAGAOBATEABHO, CTUMYAMPYeT Hay4HBIN
nporecc. HeAab3st He OTMeTHUTD U TO, YTO CYIECTBYIO-
Iye CaiThl SIAEKTPOHHBIX OHOAHOTeK HHCTUTYTOB YpO
PAH mipea0CTaBASIIOT B 9AeKTPOHHOM BUAE MaTEPHAAB,
HeOOXOAVMBIE HAyYHBIM COTPYAHHKAM B paboTe Hap UX
uccaepoBarusiMu. Kpome toro, cBou web-caitTsr nmeror
MHOTHE CIIeIIMaAM3HPOBAHHbIE HAyYHbIE SKyPHAABI HH-
cruryroB YpO PAH. Haanune 3AeKTpOHHBIX BepCHi
JKYPHAAOB HE TOABKO CIIOCOOCTBYET IOBBIIIEHUIO KOAH-
4eCTBa HAyYHbIX ITyOAMKALHI, HO U SIBASIETCSI HEOOXOANM
YCAOBHEM AASI BKAIOUEHHS XXypHaAa B criucok BAK.

ITouyToBBIE CEPBUCHI AAIOT BO3MOXXHOCTD Pa3MeIaTh
Ha CIIeIJHAABHBIX CepBepax ITOYTOBBIE SAIUKU COTPYA-
rukoB YpO PAH, uro o6ecrieunBaeT BBICOKHUIT ypPOBEHD
KOHQUAECHIIUAABHOCTH M 3aIJUTHI OT HECAHKIJUOHUPO-
BaHHOTO AOCTYIIA CO CTOPOHBI TPEThUX AMIL]. B caydae
0OMeHa IMOYTOBBIMHU COOOIIEHISIMHU, COAEPIKAIINME Ha-
ydHbIe HAPAOOTKHU H He ITOAAEKAIIMMY Pa3rAAlIeHHIO,
MEeXAY COTPYAHUKAaMHU HHCTHTYTOB C UCIIOAb30BAaHHEM
HOYTOBBIX AUKOB cepBepoB YpO PAH, atu coobmennst
He [IOKHAQIOT IpeaeaoB obaaka YpO PAH, 4ro obecre-
YUBaeT BHICOKUH YPOBEHD 3allIUIeHHOCTH AAHHBIX.

CepBuc opraHu3sanuy BUACOKOHpEPEHITHI1, CO3AAH-
HbI Ha 0ase Lync Server 2013, mo3BoAsieT IpOBOAUTD
Hay4yHble KOHpepeHInHn 6e3 HeOOXOAMMOCTH OTpBIBA
YYaCTHHKOB KOH(EPEHI[UH OT CBOUX HAYYHBIX HCCAE-
AOBaHHUH. A UMEHHO, YJaCTHUKU KOHPEpPEeHIIUU MOT'yT
OCTaBaThCSI HA CBOMX pabodnX MecTax, a BCsl HHPOpMa-
ITH1, BKAIOYASI QyAUO- ¥ BUAEOIIOTOKH C 3aCEAAHHI, TIPH-
HIMAaeTCsl yJaCTHUKaMH yepes ceTb VIHTepHeT. B aTom
CAy4ae 9KOHOMUTCSI KaK BpeMsi, TaK M CPEACTBA, OOBIMHO
pacxopyeMble Ha OIAATY OUAETOB, OIAATY IIPOXXUBAHKS
BTroCTHHHIE U T. A. KpoMe Toro, HcroAb3oBaHMe eAnHOM
KOMMYHHKAIJHOHHOH cucTeMbl Lync Server 2013, moaso-
AsIeT y4eHHBIM OOMEHHUBAThCSI HAyYHOM HHPOpMALHeHt
APYT C APYTOM B PeXXHMe PEaAbHOTO BpeMeHH, HCIIOAb3YS
TaK{e BUABI KOMMYHHUKAIMI KaK MTHOBEHHbIE CO00Ie-
HUSI, BUACO- U TOAOCOBASI CBSI3b, OOIHIT AOCTYII K pabo-
yeMy CTOAY, lepeAaada $paiiAoB U IIp.

PesepBHOe KONMMpOBaHHME AAHHBIX, Pa3MeIleHHBIX
B 00AaKe, SIBASIETCS KpaliHe BaKHBIM CEPBUCOM, ObecIe-
YMBAIOIIUM HAAEKHOE XpaHeHHe HAayYHbBIX Pe3yAbTaTOB
MHOTHX yd4eHbIX. HaAmume aToro cepBmca IO3BOAS-
eT B CAy4ae COOsI HAU B CAy4ae OIMHMOOYHBIX ACHCTBHI
C AQHHDBIMH CO CTOPOHbI TOAb30BaTeAs! (Harpumep, cAy-

16



Corporate cloud of UBr RAS

YaitHOTO YAAAEHHS BXKHDIX PE3YABTATOB) BOCCTAHOBUTD
yTepsiIHHbIe AQHHBIE M3 Pe3ePBHBIX KO, XPaHAMUXCS
Ha CIIELUAAUZHPOBAHHOM OOOPYAOBAHUH IIPOAOAXKH-
TEeAbHbIH IIEPHOA BPEMeHH.

Hcnoab3oBaHye TEXHOAOTMH BUPTYaAM3AIMHU IIPHAO-
»xeHu# RemoteApp nossoAnao pasmemars B obAake AU-
LIeH3HOHHbIE IPOrPAMMHBIE IIPOAYKTHI, Takue kak Word,
Excel, Visio u ip. 6e3 nx HeIoCpeACTBEHHON YCTaHOBKH
Ha KOMIIbIOTepax IoAb3oBareAeit. I Ipu aToM coTpypHNKH
uHCcTUTYyTOB YpO PAH MOT'YT YyAQA€HHO ITOAB30BATHCS
3THMH ITPOAYKTAMU AASI HATIMCAHUS HAyYHbIX CTaTe! MAU
IIPOrpaMM, HaXOASCh, HAIpUMeP, B KOMAHAUPOBKAX, TeM
CaMbIM, He NpephIBasi CBOEH HayYHOM AeSITeAbHOCTH.

3akAroueHne

OmnBIT HCTIOAB30BAHUSI KOPIIOPATHBHOTO 06Aaka YpO
PAH B TeyeHuUe TpeX AeT IPOAEMOHCTPHPOBAA BHICOKYIO
BOCTPeOOBAHHOCTD IIPEAOCTABASIEMBIX MM CEPBHCOB.
K HacTostmeMy MOMeHTY BUpTyaAbHas Cpead, Ha 6ase Ko-
TOPOI1 CO3AAHO 00AAKO, cOCTOUT U3 HoAaee eM 90 BUPTY-
AABHBIX CEPBEPOB, A AKTUBHBIMU [IOAB30BATEASIMH 00AQY-
HBIX CepBHCOB siBAsieTcst 6oaee 1000 corpyarukos YpO
PAH. Takoe KOAMYeCTBO CepBEpPOB H IPEAOCTABASIEMbIX
CepBUCOB OBIAO HEBO3MOXKHO €3 IIPOrpaMMHO-AIIIIAPaT-
HOTO KOMIIAEKCa, 06eCreqnBaoimero ¢yHKINOHUPOBa-
HHe KOpropaTuBHOro obaaka YpO PAH.

Cnucok AMTEepaTyphI:

1. Kopnoparusroe o6aako YpO PAH/M. A. Xoxaos, A. M. I'puropses//Tp. XIX Bcepocc. Hay4.-MeTOA. KOHO.
Teaemaruxa-2012, Caukr ITrep6ypr, 25-28 urons 2012/ CI16 Hary. nccaep. yH-T MHGOPM. TEXHOAOT UL, MEXaHUKU
u ontuky; 'oc. HUM undopm. TexHororuit u reaekoMmmyHukanuit «Mudopmaruka». — M., 2012. T. 1, cexir. A.
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In comparison theory Euler’s theorem (TE) has the
form a; = l(mod Wl) , where, in the general case, the
composite whole integer 7> 1, base @, and m are
coprime, i.e. (ak,M) =land u=¢ (M) — Euler func-
tion. y is the number of numbers a, less ;chan m . If
there is the canonical decomposition m = Hp,f" , then

k=1

u= H (p,f‘k_l'(pk - 1)), where p, — here and further
k=1

primes p€P. y — even number. For instance,
@(20)=p=8,a,=7,7°=1+288240-20 [1-3]. A
special case of the TE, when m = p , is Fermat’s Little
Theorem a”' = l(mod P) . A generalization of Euler’s
theorem and Fermat’s theorem was given in articles Dru-
zhinin [4, 5] in the form of a theorem FED:

If (ak,m) =1, 0<n <y, then forany a, necessary
and sufficient comparison

al™" =d, (modm), (1)

where d, are from comparison a;d, =1(modm).

Proof. Let 7 =1.Then a}”' =d, (modm).By mul-
tiplying  the
af' =a,-d (modm) . There is the hypothesis
a, -d, =1(mod m). Therefore aj' =1(mod m),and we
get the TE. In the case of 7 = 2, we multiply comparison
al'” =d, (modm) by a; and again obtain TE. The
theorem is proved.

One consequence of TE is Fermat’s Little Theorem,
which is necessary and sufficient in correct the formula-
tion.

comparison by @, we get

If for any 2 <gq, < (S - 1) a comparison is made
a = l(mod S) , it is a necessary and sufficient condi-
tion that § been a prime number. In the symbolism of
Fermat’s Little Theorem in our edition looks like
Va, 2<a,<(s-1) a'=1(mods)=seP. (2)

The requirement — forany 2 <a, <(s—1) — create
sufficiency of Fermat’s little theorem. When there was
not it, then there is a composite pseudo-primes S and
the numbers of Carmichael C, satisfying the compari-
sons: a ' =1(modS) on one ground a and
a“"' =1(mod C) forall bases @, are coprime to C . For
example, S =341 =11-31 included in this comparison
only for base @ =2 and for the base @ =3 deduction is
notequalto«1».Carmichaelnumber C =561=3-11-17
enters the fomula Fermat’s little theorem on all bases 4,
except d = {3k;l 1k;17k}.

Thus, the pseudo-primes and Carmichael numbers
should be considered from the point of view of TE, but
not Fermat’s little theorem. In this case, there are no con-
tradictions.

When calculating matrix FED deductions theorem
of FED we will use the full system of residues in the form
of remainder of the division 0 < d, < m — 2, and the last
remainder (7 —1) is replaced by the residue of «—1».
Calculate d, in the example m =20, =8, a="7.Solu-
tion of comparing 7-d, = l(modZO) gives d, =3.
Wherein 77 =3+41177-20,i.e. FED generalization is
performed.
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To calculate d,, or more strictly d,, (m;ak), ,wein-
troduce an coefficient s, by
a"=s,(modm), which gives the equation
s,-d, =1(modm). Sets {a,}.,{s,} and {d,} consist

of y number less than 7 and coprime to 7, but are ar-

interim rule

ranged in a different order. They always have a «1» and
(m - 1) . (m - 1) replaced in the matrix deductions for
{Sn } and {dn } to «—1».In the considered higher in ex-
ample a, {1;3;7;9;11;13;17;19} . If in (1) n=0, we
obtain the TE, i.e. d, =1. Next, we will consider the

ligaments (Sn |d,,) , among which there are two trivial

(1|1) and (—1| - 1) . The number of non-trivial ligaments
without permutations s, and d,, is all (( u/ 2) - 1) .
There are recurrent comparisons facilitating calculation
of ligaments: S, ra=s, (mod m) and
d,-a,=d,_,(modm) . Table Ne 1 is a matrix deduc-
tions for m = 20

We single out the following properties of the matrix
ligaments. 1. In the ligaments numbers can be permuted,
and both numbers include only one ligament. 2. The left
column (a1 = 1) and the firstline 7 =0 (in TE) consist
of unit ligaments (1|1) .

Table Ne 1. - Ligaments (s,|d, ) for m=20. k — numbers the base & .

k 1 2 3 4 ; S 6 7 8
NI 3 7 0o 1 1l 13 17 19
0 (1) (1) (1) (¢ () (1) (1) (1)
Loy | em | ) 9 | 37) | (73) | (-1-1)
2 (1) (99) (99) (v () (99) (99) (1)
3 (11) (713) (317) (99) & (1apr)y | (17p3) | (37) | (-1-1)
4 (1) (1) (1) () (1) (1) (1)
S (11) (37) (713) (919) (typr) | (13p7) | (A7n3) | (-1-1)
6 (11) (909) (919) () (99) (909) (1)
7 (1) (73) (317) (90) ¢ () |o(7p3) | (1317) | (=1-1)

3.In the matrix, there is one central row with
n=p= ( u/ 2) , which consists of ligaments (1|1) or
(—1| - 1) .Forlarge m these lines, consisting only of the
ligament (1|1) or (—1]— 1) maybe a few. We will call
them as central. Often, as in this example, the entire cen-
tral line consists of ligaments (1|1) .IntableNe 1, B =4
, and this line is selected. It is the horizontal axis of sym-
metry for each column sz, =dj ;, and 55, =dg,; .
4. There is such a modification TE a** = (i)l(mod m)
The sign (i) indicates that one of the sign is realized.
5.1fdy (a,) =1 thatd, (a,)=d,.,(a,),0<n<(B-1).
If dy(a)=-1, that d,(a)+d,,, (a)=m,
0<n<(B—1). 6. Thereis a vertical axis separating col-
umns f=4/2 and (ﬁ+1)=(/.l+2)/2 . Table
Ne 1 itis the columns @, =9 and a, =11. The vertical axis
of symmetry highlighted dotted line. 7. For the even lines

n there is the mirror image ligaments about a vertical axis.
If n is odd, then there is the anti-mirror reflection.

d2t (aﬁfk ) = d2t (aﬁ+1+k )-dzm (aﬁfk ) + d2z+1 (aﬁ+1+k) =m.

u-n _

8. Always comparison is performed (m—l)

u-1
=(-1)" (mod m) 9. {(a(a” - 1) /(a- l)) - Zdn}fm.
n=0
10. In line with n =1, all d, are different and run
through a value from «1» to «—1»,i.e. (m—1).

Thus, for the construction of the residues matrix for
theorem FED is sufficient to know only the upper left
block of the matrix: the columns 2 <k < B and rows
1<n<p.

From the perspective of our theorem it is clear the
origin of the pseudo-primes and Carmichael numbers.
The pseudo-prime number is composite number of S,
satisfying Fermat's little theorem on one base. Explain
why with §=341=1131 the 2" =1(mod341) .
This is not surprising, since ¢ =10-30=300 and
20 =2% =4, (341;2) (mod 341). Thus dyg, (341;2) = 1.
For other bases, for example, @ = 3 Fermat’s Little The-
orem is not fair, 3** = 56(mod341).

As for the number of Carmichael C =561=3-11-17,
then its 4 =2-10-16 =320 . According to the above
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algorithm, we calculated the matrix of ligaments
320 x 320 for this number and found four central lines

of (1|1) for n=0,80,160,240 , consisting only of the
ligaments (1|1) . Therefore a*'=a""=4""=
=d,, (561;a)(mod561) =1(mod 561). The next num-
ber Carmichael C =1105=5-13-17 has p=768.

Matrix deductions has the 16 central lines from (1|1) ,i.e.
a,f“ = (mod 1 105) . Because a}1<104 = a:8'23 =
= l(modl 105) . The same is true for other numbers Car-

michael. Our approach allows us to generate a new num-

ber C and indicates their infinite amount. This odd
number C, composed of at least three multipliers, and
have the form C =4k +1.

The result of the FED’s theorem are new formulas for
primes. If p =8k +1, then there is the congruence

47 = (6k+1)(mod (8k +1)). (3)
If p =28k —1, there is the congruence
441 El(mod(Sk—l)). (4)

Comparisons (3, 4) is a modification of Fermat’s
little theorem on the necessary features.
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Investigation of the work of the storeyshaped gating system

Abstract: The results of theoretical and experimental study of tiered gating system. A method for calculating
the velocity and flow rate in each feeder and the entire system based on the number of concurrent feeders and their
position adjustment form. This was accomplished through the use of the Bernoulli equation to sections of streams
with different costs without any additional conditions. It take into account three types ofhead losses: friction in length,
in the local resistance to change and pressure. Changes in pressure occur in the flow dividing portion or branch of
the main fluid stream. The decision is the method of successive approximations given the speed ratio to the resultant
calculation. A good agreement between the calculated and experimental data is presented.

Keywords: collektor, feeder, head, resistance coeflicient, expence coeflicient, stream speed, concumption of
liquid.
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Bozomazkos Axexceit Bacurvesuy, acnupanm
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UccnepoBaHue paboTbl APYCHOM JIMTHUKOBOW CUCTEMDbI

AnnoTanms: ITpeacTaBAeHBI pe3yAbTaThI TEOPETUYECKOTO M 9KCIIEPUMEHTAABHOTO HCCAEAOBAHHUS SPYCHOM AUT-
HHKOBOM cucteMsl [IpearoskeHa MeToAMKa pacyeTa CKOPOCTeH U PACXOAOB KHAKOCTHU B KXKAOM ITHTaTeAe U BO BCeH
CHCTeMe B 3aBUCHMOCTH OT KOAUYECTBA OAHOBPEMEHHO PabOTAIONUX MUTATEAEH U UX PACIIOAOKEHHSI 10 BBICOTE
¢$opMBL ITO YAAAOCDH CAGAATD 33 CUET IPUMEHEHHs ypaBHeHUs bepHyAAr K ceueHMAM TOTOKA C pa3HbIMH PACXOAAMHU
6e30 BCSIKUX AOTIOAHUTEABHBIX YCAOBUIL. YIUTBIBAIOTCS TPU BHAQ IIOTEPD HATIOpPA: HA TPEHHUE 110 AAMHE, B MECTHBIX
CONPOTHBAEHHAX U Ha H3MeHeHHe Haropa. MaMeHeHue Halopa IPOUCXOAUT IPU AGACHUH TIOTOKA MAM OTBETBACHHU
YaCTHU IIOTOKA M3 KOAAEKTOPA B IIUTATeAb. PellieHre BeACTCSI METOAOM ITOCAEAOBATEABHBIX IIPUOAKEHHI 3aAAHHOTO
OTHOIIEHHUS CKOPOCTeH K IIOAyYaloIeMycs B pe3yAbTare pacyeTa. [loayueHo xopoliee COOTBETCTBUE TEOPETHIECKIX
Y OTIBITHBIX AQHHBIX.

KarouyeBbie cAOBa: KOAAGKTOP, IIUTATEAD, HATIOP, KO9QPUITUEHT CONPOTUBACHI, KO3PPUITMEHT PACXOAQ, CKO-
POCTb ITOTOKA, PACXOA KUAKOCTH.

BBeAeHHe AVTHUKOBBIEC CUCTEMBbI (AC) PaSHI/II.Ia MEXAY paCi€THbIMU
Panee 6p1an HCCACAOBAHBI L—o6pa3Ha51, Pa3BETBAEH- U OIIBITHBIMH 3HAYCHUAMU CKOpOCTefI, PAaCcXOAOB M HAIIO-
Has, KOM6I/IHI/IPOBaHHaﬂ, KPeCTOBI/IHtHaH 1 KOAbII€BasA POB COCTaBASIAA HECKOADKO IIPOLJEHTOB. 10 YAHUBHTEADBHO,
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TaK KaK MCIIOAB30BAaAM B pacyeTax ypaBHeHHe bepHyaan
(YB) AAs IOTOKA € TIepeMeHHbIM PacxopoM (M Maccoit).
XOTS OHO BBIBEAEHO AASL IIOTOKA )KUAKOCTH C ITOCTOSTHHBIM
pacxopoM (Maccoit) — MpH OTCYTCTBUH Pa3AQyH MOTOKA
no rurateasm [ 1, 205 ]. U ero ucnoapzoBanue npu pac-
geTax AC ¢ U3MEHSIOIIMCS OT MAaKCUMAABHOTO AO HYAS
PACXOAOM XKHAKOCTH TIO AAMHE KOAAEKTOPa (IMAAKOYAO-
BUTeAS]) meopemusecku He 00Ka3aHo. B mepedncaeHHbIx
AC nuTaTeAn pacroAaraloTCcs B OAHOM TOPHU30HTAABHOM
IIAOCKOCTH, 2 THAPABAMYECKUI HAIIOp B CHCTeMe OAMH
U TOT Xe AAS Bcex nuTaTeAeit. IoaTomy npeacTaBasiercs
11eAeCOOOPA3HBIM IKCIIEPHMEHTAABHO U PACIETAME HCCAE-
AOBaTb TaKylo cAokHYI0 AC, Kak SpycHas, IpH pa3Mene-
HHY [IUTaTeAell Ha PasHbIX yPOBHSX (Spycax) mo BbICOTe
¢$opMbl, Ha KKAOM SIpyCce MMeeTCsl HECKOABKO ITUTaTeAeH,
a HaIOPbI )KUAKOCTH B ITUTATEASIX Pa3HbIE.

MeTOAHMKa HCCA€AOBAHHI

SpycHas autHuxosas cucteme (AC) mokasana
Ha pucyHke. CucreMa COCTOMT M3 YallH-CTOSKA,

rOPHU30HTAABHOTO KOAAEKTOPA, BEPTUKAABHOTO KOAAEK-
TOpa U MUTaTeAel. AuaMeTp YallHi-CTOsIKa paBeH 175 M.
Yposens sxupkocTn H — paccTosiHMe IO BepTHKAAU
oT ceueHMs 1—1 B yame-CTOsKe AO IIPOAOABHOM OCH TO-
PH30HTAABHOTO KOAAEKTOPA — MOAAEP>KUBAACA ITOCTO-
SIHHBIM ITyTeM HeIIPepPhIBHOIO AOAMBAHMS BOADI B Yallly
U CAMBA ee M3AMIIeK Yepe3 CIIeIIMAAbHYIO IeAb B vale:
H =0,4530 m. JKuaKOCTDb BBIAMBAeTCS CBEPXY U3 IIUTA-
TeAeit B popmy. B ceuennsax koarexropa 2-2 u 3-3 ycra-
HOBAEHBI AASl U3MEPEHHs Hallopa Mbe30MeTpPhl — CTe-
KASIHHBIE TPyOouku AauHOM S00 MM M BHYyTpeHHUM
AavameTpoMm 4,5 MM. Bpems rcTedeHms )HUAKOCTH U3 KaXK-
Aoro rmuTateAst coctaBasiao S0-250 ¢ — B 3aBUCHMOCTH
OT KOAMYECTBA OAHOBPeMEeHHO pPabOTAIOMNX IUTATEAEH,
a BeC BBIAMBIIEHNCSI U3 TIUTATEAS] BOABI — OKOAO 9 KI. DTH
BpeMeHHbIe 1 BeCOBbIe OTPaHUYeHNUS 00eCIIeYNAN OTKAO-
HeHMe OT CpepHero 3HaveHust ckopoctu +0,005 m/c,
He 6oAee. Pacxop KHAKOCTH U3 KQXKAOTO IIUTATEAS OTIpe-
AeAsACs He MeHee 6 pas.

7
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/7 6 (i 6
76‘
H\:B %
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/7 -Z i 3 2
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h 74‘ —il— 7 Z
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7 V4
VE—— — o1Vl
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9 0
Il E——x——51 1V
9l sl 'w
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PuyHok 1. JInTHMKoBaga cuctema

OcHoBHast YacTb
CHavaAa mpousBeAeM pacyeT UCTeYeHHS SKUAKOCTH
TOABKO M3 OAHOrO muTareAs I. CocraBum ypaBHeHue
Bepuyaau (YB) aas cevenmit 1-1u 13-13:
2 2
L T N AN ¢))
T2 T2
rAe P, u p; — AaBAaeHus B cedenmsx 1-1u 13-13, H/m?
(paBHbI aTMOC(l)epHOMy AQBACHUIO: D, = P =D, ) ;00—
k09 PHIIMEHT HePAaBHOMEPHOCTH PACIIPEASACHII CKOPO-
cTU TO ceveHuto MoToka (koadpdunuent Kopuoauca);
npunumaem @ =L1 [1, 108]; ¢ — yckopenue cBo60p-
Horo mapeHws; g€ =9,81 m/c% v, u v;; — cxopocrtu Me-
Taara B cevennsx 1-1 u 13-13,m/c (BcaeacTBre 60ABIION

PasHOCTH MAOIAAEH YAIIN-CTOSIKA S| B ceuennu 1-1 unum-
Tateast S, B cedenun 13-13 MoxxHO mpuusTh ¥, =0 );
Y — YACABHBIN BeC XXUAKOTO MeTaaaa, H/m%; hy_; — no-
TepU HaIopa IPU ABIDKEHMU >XHAKOCTH OT CeYeHMs
1-1 po cevenms 13-13, M. OTv HoTepu Haropa

l : h 2
h1713 = C« +>‘d_K O‘;}_a"i' C374 +>‘d_ a;’_4+
x b4 x g (2)
1] v L] v
+ +A—|a—L+|(, + A= a2,
C477 dK 2g Cn dn zg
rae G, Gyy Gy ¥ G, — KOIPPUIMEHTHI MECTHBIX CO-

IPOTHUBACHHI BXOAQ METAAAQ M3 YAIIH-CTOSKA B KOAAEK-
TOp, IIOBOPOTa U3 cedeHus 3—3 B ceuyeHue 4—4, moBopora
u3 cedyeHNs 44 B cedeHre 7—7 M MOBOPOTA U3 KOAAEKTO-
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paBrmrareas I; v;, v, 1 v, — CKOPOCTH YKHAKOCTH B Cede-
HUSIX 3-3, 44 1 7-7 KOAAEKTOPA, M/C; V, = V3 =V, =V,;
[, — AAMHA KOAAEKTOpA Ha YYaCTKe OT YalIU-CTOSIKA
AO BEPTHUKAABHO PACIIOAOXKEHHOTO KOAAEKTOPa, M; d. u
d, — ruppaBANYeCKIe AUAMETPbI KOAAEKTOPA U ITUTATe-
asl,M; A — xoaddunment noreps Ha TpeHue; b — pac-
CTOSIHUE TI0 BepTUKAAH OT OCU FOPH30HTAABHOI'O KOAAEK-
Topa A0 ocu murareas I, M; | — paccrosuue
[0 TOPU30HTAAM OT OCH BEPTHUKAABHOIO KOAAEKTOPA
A0 ocu tutareas I, M; [, — pauHa nurareas, M. Pacxoa,
B AC mpu cAuBe CBEPXY OIIpPeAeAsieTCs] CKOPOCThIO Me-
TaAAa V,; B BBIXOAHOM ceueHuu 13-13 murareas [ umao-
IAABIO S, ero momepevHoro cedeHus: Q =v,,5,.

OcraabHBIE CKOPOCTH >KHUAKOCTH B KaHasax AC
oIpeAeAsieM U3 ypaBHeHHs Hepa3pbIBHOCTH IIOTOKA:

Q=S =vS, =vS. =75 =75, (3)

rae S. — IAOLaAb CeYeHUS] KOAAEKTOpa, M* Brripasum
BCe CKOPOCTH MeTaAAa B (2) uepes CKOPOCTb V,3, HCTIOAD-
3ysl ypaBHEHUe Hepa3pbIBHOCTHU MoToka (3):

2
)
h s =a—2x
1-13(13) 2¢
I +h+1 s Y I ()
x[gH—K L [S—] G AL

BoipakeHue B KBAAPATHBIX CKOOKaX 0003HAYUM KaK
Cio1313) — 9TO KOIPPUIMEHT CONPOTUBAEHHSI CUCTEMBI
ot ceuenus I1-1 ao cedenus 13-13, MpuUBEACHHBIM K CKO-
POCTH XHMAKOCTH B cedyeHnu 13-13:

I +h+1
41713(13) = [CK + )‘Kd—+ C3,4 + <477

K

S 2
O
l . (5)

HC, A
G, )
Temneps (1) MoxHO 3anmcaTh Tak:
H+h:avfs(l—FCl_w(ls))/Zg. (6)

A K03QPUIIUEHT PacXoAd CHUCTEMbI OT CedeHHs
I-1 po ceuenns 13-13, npuBeACHHBIN K CKOPOCTH V3,

~112
Hy_y303) = (1 + C1—13(13)> . (7)
CxopocTtp

/2
Vis = K303 f(H_{—h) (8)

Pacxop QO HaxoauM 110 Bbipakenuto (3). AAuHa Kax-
asoro murateast [, =0,0495 M, pamnHa KOAAEKTOpA
Ha Y4aCTKe OT CTOSIKA AO BEPTHKAABHOTO KOAAEKTOPA
l.=0,1225 m. h=0,1290 m, [ =0,1240 m. Auamerp mu-
tateass d,=0,00903 M, Amamerp KoAAeKkTOpa

. =d,=..=d,=0,01603 m. [Ipurnmaem, Kax u B pa-
6orax [2, 3], uTo KO3dPHIMEHT MOTEPh HA TPeHHE
A =0,03. Koadpunuenr ¢, — 310 K03 PUILHIEHT MeCT-
HOT'O CONIPOTHMBAEHHS BXOAQ U3 COCYAQ OOABIIOTO AMa-
MeTpa B TpyOy. [Ipy HeCKpyrAeHHOM BXOAHOM KPOMKe
Tpy6b1 KO PpPuLment ¢, = 0,3 [4]. Kooppuiment mect-
HOT'O COIIPOTHBACHHS MOBOPOTA Ha 90° B KOAAEKTOpPe
u3 cevernus 3—3 B cedenne 4—4 (6e3 M3MeHeHH MAOTIA-
Aeit ceueHHIt TOTOKA AO U MOcAe TIoBopoTa) ¢;_, = 0,885
[5]. s =G5 =Gy =Gy = (o = 0,885, Koapury-
eHT MeCTHOTO CONPOTHUBAEHHUs MOBOPOoTa Ha 90° 13 KOoA-
AEKTOpaA B IIUTATEAb (c U3MeHeHHEeM ITAOIaAel CeueHU
A0 U mocae moBopoTa) ¢, = 0,334 [S].

PesyabTatb! pacueTos mo cootHomenusm (S), (7),
(8) u (3): Gsas = 0777659, 55 = 0,750025
v, =2,416520 M/c, Q =Q,, =154,758954-10 ° m’/c.

PacueTs! ucreveHns sxuakocTu u3 nutareaei [I-VI
IPOU3BOAUM aHAAOTHUYHO CO CACAYIOIUMH IIOIIPABKAMHU.
[pu pa6ote nutateaeit [1l uau [V B Boipakenuu (8) Bme-
cro “H-+h” ponxno 6b1Tb “H —h”, pAast IuTaTeseit V
u VI — “H —2h”.Y nurareaeit I-IV koa$ urpeHTHI cO-
IIPOTHUBAEHHH U PACXOAQ OAMHAKOBBIE. AAs muTaTesert V

2
sn]
2l 4

nau VI k0apPHuIMeHT CONpOTUBACHUSA

1 +2h+1
C1717(17) = CI—IS)IS) = Cx +>\d—

K

+Gs+ Csn]

!
(A
GtA

n

Pe3yAbTaTHI PACYeTOB U 9KCTIEPUMEHTOB (B 3HaMeHa-

_Q-Q

TeAe) IIPUBEAEHDI B Taba. 1. Q' ==—-2.100, %. Kak

3
BHAHO 13 TabA. 1, TeopeTryeckre 3HAUYEHUS PACXOAOB
IIPEBBINIAIOT OIBITHBIE Bcero Ha 0,2-1,4%.

Tabnvua 1. — XapakTepuUcTuku TMTHUKOBOW CUCTEMbI NMPY paboTe 0QHOro NUTaTens

ITokasareaun PaboTaromue nuTaTeAn
I 111 \%
¢ 0,778 0,778 0,802
0,750 0,750 0,745
v e 2417 1,803 1,389
2,40 1,80 1,37
Q,CM3/C 154,79 115,47 M
. 153,70 115,28 87,74
0 ,% 0,7 0,2 1,4
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Haiipem pacxop Metasra 8 AC npu paboTe murare-
Aeit I u II. CocraBum YB aas cevennit 1-1 u 13—13 nu-
Tareas I (v, =v, =v,):

I +h ;
H+h=[§K+A “; +<34]a2v_3+
KZ 4 2 (9)
Il v L, v
+[d7(7)+)\d_,<]a£+[<n+)\d_n+l]a2_§’

U AAsT cederntt 1—1 u 1414 nurareas 11:
I +h :

H+h:[§K+A x —|—C34]04V—3—|—
d 2¢

K

(10)

1| v I v
+[§fg(8) +/\d—]a§+[§n +>\d—+1]a2—z,

K n

rAe CZ,m) — KO3 PHIMEHT compoTHBACHHS (He MecT-
HOTO) HAa AGAEHHE TOTOKA B KOAAEKTOPE B CedeHHH
4-4 Mexpy cedeHUAMU 7—7 U 8—8, IPUBEACHHBIMN K CKO-
POCTH MeTaAAd B Ce4eHUU 7—7; CL;(S) — K09$PuIueHT
conpoTuBAenus (He MeCTHOTO) Ha AeAeHHe MOTOKA
B KOAAEGKTOpe B cedyeHHUH 4-4 MeXAy CeYeHUsIMHU
7-7 1 8—8, mpUBeAEHHBIN K CKOPOCTH )KUAKOCTHU B Cede-
HUY 8—8. OTH KO3 PUITMEHTHI OIPeACAseM II0 CAEAYIO-
meMy cooTHoIeHwuit [6, 277 ]:

=1 (v, ) 1 (19, (11)
rae ¢ — K09 PUIMEHT, 3aBUCSIIHI OT CKPYTAEHHS KPO-
MOK MeCTa AGACHHS ITOTOKA; V — CKOPOCTD XMAKOCTH
AO AEAEHHIS TOTOKA, M/ C; ¥, — CKOPOCTb SKHAKOCTH B OA-
HOM M3 KQHAAOB ITIOCA€ AeAeHHS TOTOKA, M/ c. [Tpu 60Ab-
oM papuyce ckpyraenus ¢ = 0,3, mpu HyaeBoM papuyce
ckpyraennst ¢ =1,5; aast Hamet AC ¢ =1,5. Kax BupHO,

K03 PUIIMEHTHI Cf_7(7> u Cf_s(s) 3aBUCST OT OTHOIIEHUN
ckopocreit v, /v, u V4 / v,, KOTOpble HEHU3BECTHBL.

IIpu pabore murareaenn I u II vi;=v,, v, =v,,
v,S.=2v,S , v, /v,=S§_125, =0,5 — o210 1 ecTb OTHO-
dopmyre (11).
Cf,ﬂ” = Cf,s(s) =5,5. YpaBHeHHe Hepa3phIBHOCTH IIOTOKA

menve V,/v B Ompeaeasiem:

MIMEeT BUA:
Q=vS,=vS, =vS =S, =25,  (12)
28, S,
Torpa v, =v,=v, = Vi Ve = Vs IToacTaBus

9T COTHOIIEHHUS B BhIpakeHue (9), HOAydaeM TaKyo 3a-
BHCHMOCTb AASI [IOTEPh HALIOPA MEXKAY CEeUYeHUSIMH
1-1wn 13-13, NpUBeACHHBIX K CKOPOCTH V,; W YIUThIBA-
IOI[UX PabOTy 0OOMX IIUTaTEAeI:

z[g+Ah+h+g4HEi]+

d S
. o . (13)
I

(A
G, ]

n

_

1-13(13) —
28 1(s
+[<Z7(7> A ][—S"

K K

BoipajkeHue B KBaAPaTHBIX CKOOKax — 3TO KO PpPu-
IIMeHT COMPOTUBAEHUS CHCTEMBI ( 3,5 OT CedeHHs
I1-1 ao ceyennsa 13-13, NpUBeACHHBIN K CKOPOCTH V)3
¥ YIUTBIBAIOWUiT paboTy oboux rurareaeit. Koadpurm-
eHT pacxopa AC ot cedenus 1-1 a0 cedenns 13-13, mpu-
BeACHHbII K CKOPOCTH V,; , HAXOAMM IO BbipakeHuto (7),
CKOpOCTb V;; — 10 (8), pacxop KHAKOCTH B CedeHnH
13-13 — 1o (3), pacxoa B cucreme Q = 2Q,; . Peayabra-
THI PacYeTOB M SKCIIePUMEHTaAbHble (B 3HAMeHaTeAe)
AQHHbIE IPUBEAEHBI B TA0A. 2.

Tabnuua 2. — XapakTepUcTUKM IMTHUKOBOM CUCTEMBI

Paboraromue nuraTeAu
Hoxasarenn 1,11 1,111 L,V 111, V 1-I11 LULIV | 1,10,V
sy 1,743 1,216 1,114 2,949 1,412 1,316
s 0,604 0,672 0,688 0,503 0,644 0,657
v 1,946 2,164 2,216 1,621 2,074 2,117
" 1,94 2,12 2,27 1,73 2,11 2,03
0. 124,63 138,59 141,92 103,81 132,82 135,57
124,24 135,77 145,38 110,79 135,13 130,01
o} 0,3 2,1 2,4 -6,3 -1,7 4,3
41—14(14) 1,743 2,949
Hy_ya01) 0,604 0,503
1,946 1,946
Via e 277
1,94 1,94
124,63 103,81
O, 124.24 109.51
0 0,3 -52
$iisas) 1,742 1,336 2,824 4,202 2,550
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Hisas) 0,604 0,654 0,511 0,438 0,531
Vis 1452 1573 1,229 1,054 1,276
1,47 1,64 1,26 1,12 1,27
0 92,99 100,74 78,71 67,50 81,72
. 94,14 105,03 80,69 71,73 81,33
o} -1,2 -4,1 -2,5 -5,9 0,5
C1—16(16) 4,202
Hiis16) 0,438
Vig %
1,09
67,50
Q16 ﬁ
o =33
Crnan 2,369 1,650 11,23
[T 0,545 0,614 0,286
v, 1,016 1146 0,533
1,07 1,22 0,56
0 65,07 73,39 34,13
7 68,53 78,13 35,86
’ -5,0 -6,1 -4,8
249,20 231,58 206,99 174,13 286,33 267,82 251,42
248,48 229,91 213,91 183,16 300,99 276,67 247,20
* 0,3 0,7 -3,2 -4,9 4,9 -3,2 1,7
Tabnuua 3. — XapakTepucTmku MUTHUKOBO CUCTEMBI
oxasaream Paboraromue nuraTeAu
1-IV -V 1-VI 1, IV 1,111, V, VI 1-111, V
$inas) 3,281 3,303 3,303 1,426 1,351 2,974
s, 0,483 0,482 0,482 0,642 0,652 0,502
Vi, 1,557 1,553 1,553 2,069 2,101 1616
1,62 1,59 1,61 2,12 2,08 1,60
0, 9971 99,46 99,46 132,50 134,55 103,49
103,75 101,83 103,11 135,77 133,20 102,47
o -39 23 -3,5 24 1,0 1,0
s 3,281 3,303 3,303 2,974
TR 0,483 0,482 0,482 0,502
. 1,557 1,553 1,553 1,616
1,64 1,61 1,64 1,58
0 99,71 99,46 99,46 103,49
” 105,03 103,11 105,03 101,19
o -5,1 -3,5 -5,3 2,3
isas) 6,528 6,275 6,275 4,016 2,927 3,028
Hisas) 0,364 0,371 0,371 0,446 0,505 0,498
v 0,876 0,891 0,891 1,073 1,213 1,198
» 0,91 0,94 0,95 1,14 1,23 1,25
Oss 26,10 57,06 57,06 68,72 77,68 76,72
58,27 60,20 60,84 73,01 78,77 80,05
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Q* -3,7 =52 -6,2 -5,9 -1,4 -4,2
$rrene 6,528 6,275 6,275 4,016
i 1616 0,364 0,371 0,371 0,446
Vi 0,876 0,891 0,891 1,073
0,88 0,90 0,94 1,12
Q16 56,10 57,06 57,06 68,72
56,36 57,64 60,20 71,73
0 0,5 -1,0 -52 472
41—17(17) 26,52 611,9
.u1717(17) 0,191 0,040
0,355 0,075
V17 - -
oo oo oo 0,38 0,08
22,73 4,83
O,
24,34 518
o ~6,6 -6,3
0 311,62 313,04 313,04 269,94 257,69 288,50
323,40 322,78 329,18 280,51 260,65 288,89
o -3,6 -3,0 -4.9 -3,8 -1,1 -0,1

Yro06s! HatiTi pacxop MeTassa B AC mpu pabore mu-
tareaeit I, II u III, Hy>xHO cocTaBuTh Yb AAs ceuenmit
1-1u13-13,1-1u 14-14, 1-1 u 15-1S. Ilonaruo, uro
Vo =Vg, Vi3 =V, Vs =V, YD aad cevennit 1-1 u 13-
13 nurareas I:

2
H+h_[§K+/\ ] L +[¢“ i]av—“r
d | 2g

! v I vy
o A A +1
+[C“(”+ dK] 2¢ [<+ d +] 2g’

n

(14)

Aast cedenuit 1-1 u 14—14 murareas I1:

2 2
S PO LS LS UC G A
d | 2g d | 2g
(15)
) v l V2
femtpfont o

U AAst cedennst 1—-1 u 15-15 murtateas I11:

l : h :
H—h=|( +\=*|a=2 +[§;’5(5)+)\—]a;—5+
g

d d

K K

I
+ FA—
{C59(9) P o

(16)

2 l 2
LG AL+ o
GHAg+1fadt

0
rae Gy 44 — KOadduIHeHT conpoTuBsenus (He MecT-

K n

HOTO) Ha AEACHHE IIOTOKAa B KOAAEKTODE B CedeHHH
3-3 Mexxay ceyeHusMU 4—4 u S-S, IpUBEASHHDIH K CKO-
pOCTH MeTaAAa B cedeHUH 4—4; Cf,S(S, — Koo ¢ puIueHT
COnpOTHBAEHHS (HE MECTHOTO) Ha AEACHHE ITOTOKA B Ce-
9eHnH 3-3 MeXAY cedeHuAMU 4—4 u S-S, npuBeAeHHBIA
K CKOPOCTH XMAKOCTH B Ce€4eHHH 5—3.

YpaBHeHHe Hepa3pPHIBHOCTHU OTOKA IIPU paboTe Tpex
IUTaTeAel IMeeT BHA:

Q=v,S . =v,S, =v,S,+v.S = (17)
=5, +v.,8, + 7S, = (v, + v, +v,5)S,.
AomycTum, 4To CKOPOCTb XHUAKOCTH B nuTaTeae 111
COCTaBASIeT X OT CKOPOCTH B ruTareae I: v;; = x-v,;. Tor-
Aa us (17) moaydaem:
Q=vS,=,+v,+v,)S, = (18)
= +v;+xv,)S, =v,2+x)S, = Vlasnp(la)’

rAe S5 =(2+x)S, — mpuBeAeHHAs K CKOPOCTH V5
TAOWIAAb UTaTeAelt (AAS TPeX pabOoTaloIKX MHTaTeA ).
Hy>xHo 3apaTbcs Beanuunoit X . [Ipeanoaoxim, 94To
npu pabore Tpex murareaent x =0,6 , T.e. v;; =0,6v,.
Toraa Snp(13) =12,65,, Q=v,5 =2,6v,S,, v,S, =2v.S5,,
ﬁ o 2v,S,
v,S, B 2,6v,,S,
orHomenwue V,/v B 3apucumoctu (11). Haxopmm, uto
Gy = 3189999 . Anasormumo: viS, =v,S, =0,6v,,S,
VS_SK _0,6v,,S,
v,S, B 2,6v,,S,
Homenue V,/v B ypaBHennu (11). Ompepeasem:
(7 55 =20,277778.
Ucnoarzosas  (12), (13) u (14), wumeem:
_ VSpay _ (24%)S, v 24%)S, Spais
3 S =3 S - 7 S =Vis S )

K K K K

2+x
rae S,u5 = TS — IpPHUBEACHHAs] K CKOPOCTH Vs

)

, Vv, vy =2/2,6=0,769231 — 3TO M eCTb

L Ve /v, =0,6/2,6=0,230769 — 510 OT-

n

TIAOM[AAD TTHTaTeAeH. S5 = 4,3333335,. OueBnaHO, 4TO
v, =2v,8,/S,, v =S, /S, . Teneps (14), (15) u (16)

MOJ>XHO 3aITiuCaThb TaK:
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LS | h)(2s, |
PN A ]
V123 CK dk [ SK 4374(4) d;c S;c
H+h=a-+ ,
2g+¢’ FPNLE 1% N
4-7(7) dK SK n dn
L )(Swon | h)(2s, |
AN G A+
v 124 CK dK [ SK C374(4) dK SK
H+h=a-* ,
2g+¢’ PPN L% N
4-8(8) d,c SK n dn
L \(Sin) |
C+A_K np(15) +
‘l/z " d S
—h=as « x
28 htl s, I
[CS 5(5)+)\ dK +<59(9)][S_:] +<n+)\d_’;+1

BoipakeHus1 B KBAAPATHBIX CKOOKAX — 9TO K0P PUIu-
€HTBI COLIPOTUBAEHHI COOTBETCTBEHHO () 1513, Ci_1414) ¥
Ci_15015) - BCe 3HaUEHNST BXOASIIIUX B 9TU (OPMYABI BEAUIHH
usBecTHbL. OmpepeasieM: (33 = G100 = 2818063,
<1715(15) =3,677917 ’ 133) = Maciaga) = 0,511774 )
o505 =0,462353 . Tlo  (8) maxopauM, uTO
vy, =v, =1,648895 wm/c (ara caywas H+h),

v;; =1,111474 m/c (ans H—h ). OTHOmeHuUe ckopocTeit
x=v;/v,;=0,674072. A mb13apaBaaucs x =0,6. Aera-
€M CAeAyIolee HpH6AM>KeHHe — x=0,674072, moBTO-
psieM pacuet u moAydaem: X = 0,716144 . ITytem TOA00-
HBIX NpHOAMKeHMI mpu 3apanHoM X =0,758131
Haxoamum: X =0,7581312 . Ha aToM pacyeT BeAUYHHBI X
MOXKHO 3aKOHYHTD, TaK KaK IIOAYYUBIIeeCs 3HaYeHUe OT-
AMYaeTcs oT 3apaHHOrO Beero Ha 0,0000002 . ITpuauMa-
eM V5 =0,758131v,, . [IpuBeAeHHbIE TIAOIAAM ITUTATE-
aeit: S, 5 =S4, =2,758131S, , S, 5 =3,638067S,,
= (e = 2,948538 , Ciisas) = 2,824456
=0,503248 , =0,511346

C1713(13)

H_i3a3) = Hiciaqa) Hy_15015)

v, =v, =1,621424 m/c, v, =1,229252 m/c, Q, =Q,, =

=103,839324-10 °m3/c, Q,; =78,723831-10 ° m3/c. Pac-
x0A B cucteme Q =2Q,, +Q,; =286,402479-10° m3/c.
Yro6s1 paccunrars AC ¢ nutareasmu -1V, Hy>xHO
cocraButh Yb aas cevennii 1-1u 13-13, 1-1 u 14-14,
1-1u15-1S,1-1n16-16. Aasiurareseit [u II VD ysxe
3ammcanbl — 3710 Boipaxkenus (14) u (15). Aas muTare-
s 1T HysxHO B popmyae (16) 3ameHuTb (5 o) Ha (1 g,
Bce xapakrepucruku nutateaeit I u IV OAI/IHaKOBbI, Kak
u I u 1. Omare 3apaeMcs oTHOmEHUEM X = V5 / V5. Tor-
Aa pacxop B cucteMe Q= =Q2v,+2v,)S, =
=Q2v,+2-x-v,)S, =2v,,(1+ x)S 1/135,,},<l3 , rae
S5 = 2(1+X)S, — nmpuBepeHHAsI K CKOPOCTH V5 TIAO-
IAADb IUTATEAEH ( AASIYETBIpEX pa60Ta10me rmTaTeAeﬁ).

F) 0 0 o _
ITonaTHo, uTO C477(7) = §4—8(8) = C5—9(9) = Cs—lo(lo) =55.

[Mpurmmaem x = 0,6 . Toraa S,,5 =3,25,, Q=v,5, =
v,S 2v,.S
=32v,S,, v.S.=2v,S, =B oy fy, =
13%n ) 4 13 ) VSSK 3,2V135n ) 4 3
=2/3,2=0,625— aT0 OTHOIIEHHE V,/V B 3aBUCUMOCTH
(11). HaxopuM, uTO C§_4(4) =4,06. AnaroruvHo:
L,2v,.S
VSSK :2V158n = 2'0’6V138n ’ et = bd y Vs /Vs =
VS, 3,2v,S, V.S
—=1,2/3,2=0,375, (0, =8,611111, v, =——22=
2(1+x)S, 14 x)S, S, :
=7, ( s ) 775 ( 5 ) =, §i15>’ rae
2(1 +x)
Sup1s) = T, O — TIPMBEACHHAS K CKOPOCTH V5 TIAO-

=5,333333S, . OueBUAHO, 4TO
vs=2v,S,/S, . IlocTymas B cooTBert-

I[aAb IIUTATEAEN. Snp(ls)
v, =2v,S,/S,,
CTBUH C BBIIIEU3AOKEHHDBIM, IPOM3BOAUM pacyeT U OIIpe-
AeageM: x =0,581941,
HPUOAVDKEHHIT HAXOAUM, 4TO X = 0,562669 . Pe3yabraTsI

MeToAOM ITOCAEAOBATEABHBIX

PacyeToB M 9KCIIEPUMEHTOB — B TabA. 3.

Yro6s! HaiiTu pacxos Metaasa B AC mpu pabore mu-
tareaet [-V, Hy>xHO cocTaButb Yb aast cedenmit 1-1u 13—
13,1-1u14-14,1-1u15-15,1-1u16-16,1-1u 17-17.
Ho aas cevenmit 1-1 n 13-13, 1-1 u 14-14 VB yxe 3a-
nucanbl — 310 Boipaxerus (14) u (15). Oanaxo popmy-
Ay (16) aas murareaeit I11 uau [V HCIIOAB3OBaTh HeAb3S.
Ipu pabote nurareaeit I-IV B cedeHnu S-S5 nmponcxoaut
AeAeHre ITOToka MexxAy cueHusiMu 9-9 u 10-10. A pas
nuTaresel -V mpoucxopAT OTBeTBAEHHMS ITOTOKA B ceye-
Hus 9-9 u 10-10 1 MpOXOA YaCTU MOTOKA M3 CeYeHHS
5-5 B ceuenue 6-6. Yb aas mutareaeit 111, IV u V 3anu-
LTyTCsA  TakK (Vs =Yy Vo=V, Vis= Vi, Vis =V,
V13 = VIS = 1/17 )

N h| v
H—h:[CK—I-A ] [C”m—i-)\d—]ai—l—
J 9 (19)

d d

K n

+[ ome +/\l] N [<+>\l +1
2 2¢°

l v h)| v:
H-h=|( 4+ = |la=>+|C . +A—|a—=+
{C“ dx] 28 [Q " dk] 2
20)
l v l v (
e (A a s,
[ 5— 10(10) d Cn dn 2g
1 h| v
= CK+>\d_K]a_3+ C§75(5)+)\d_1< O‘i"'
+1¢ Al av—§+ ¢ L av—lzl+ (21)
5-6(6) dK 611 d« 2g
2
M L
d, 28

oms

3aech (s o)
(He MeCTHOI‘O) Ha OTBETBACHHUE YaCTH ITOTOKA N3 KOAACK-

— KO3QPUIMEHT CONPOTHBACHII

Topa B nuraTteab III ¢ BoxopHBIM cedenmem 15-1S5;
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ome

(5-1000) — KOIQPUIIMEHT CONPOTUBACHMS (e mecTHOTO)
Ha OTBeTBAEHHE YaCTHU ITOTOKA U3 KOAAEKTOpA B IIHTA-
Teab IV ¢ BorxopHBIM cedenneM 16-16; (s ¢4 — KO9d-
duruent conpotuBAenus (He MECTHOrO) Ha MPOXOA
KUAKOCTH B KOAAEKTOpe U3 CedeHUs S-S B ceueHHe
6—6 IIpU OTBETBACHUU YacTH IOTOKA B muTaTean III
u IV. Koa$purpeHTsI CONpOTHBACHUI, 06YCAOBAEHHBIX
OTAEAEHHEM IIOTOKA U3 KOAAEKTOPA B IIMTATEAD, OyAeM
IIOACYUTHIBATH IO POPMYAAM AASL TPOHHKOB [7, 112~
115]. Koa¢duimeHT CONPOTHBACHHS Ha IIPOXOA B KOA-
AeKTOpe IPH OTBETBACHHH JACTH ITIOTOKA B IIUTATEAD

¢ nP=O,4(1—vﬂp/vK)2/(vnp/v,()z, (22)
a K0ap QUIMEHT COPOTHBACHHUS Ha OTBETBACHHE YaCTH
IIOTOKA B IIUTATEAD

Coe =140 ) (10 )s (23)
rae V, U V,, — CKOPOCTH METaAAQ B KOAAGKTOPE AO U ITO-
CA€ OTBETBAEHHs YaCTH [IOTOKA B [TUTATEAD, M/C; V, —
CKOPOCTb KMAKOCTH B ITUTaTeAe, M/C; T — KO3 Puiu-
eHT. AAs Hamrero caydasnpu S, /S, =0,317 © =0,15 [8].
Koadurment €, moaydaercsi IpUBEACHHBIM K CKOPO-
CTH IIPOXOASIIEro MOTOKA V,,, a §,,, — K CKOPOCTH
B nutatese V,. Kak BuAHO, Koo puruentst G, u G,,,
3aBUCAT OT HEM3BECTHBIX OTHONICHHI CKOPOCTeH V,, / V,
uv,/v.

ITpunumaem, uto x =v;; /vy, a y =v,,/v;;. Toraa
pacxop B cucteme Q =v,S, = (2v;; +2v; +v,,)S, =, 1ae
Sipan = (2+2x+y)S, — mpuBeseHHast K CKOPOCTH Vi,
TAOIIAAD TUTaTeAet (AAS ISTH PAGOTAOIUX MUTATeAT).

Q=v,24+2x+y)S, = h(Z—I—Zx + y)S,1 = V55,05 * TA€
X

242x+y
Spis) =———S, — IIPUBEAEHHAsI K CKOPOCTH ¥
MAOIIIAAD [IUTaTEeACH. Q=v,;2+2x+y)S, =
% 24+2x+

=024 2%+ 9)S, =18, 07 TAC Sy = —— LS,
— [IpUBEeAEHHASI K CKOPOCTH V,, TAOLIAAD IIUTaTeACH.

omarao, 9t0 () ;) = (4 g =55 . IIpurumaenm
x=0,6, a y=0,3.  Torpa Sopaz) =355,
S s = 5,8333338,, S,,17, = 11,666667S, .

v,S 2v,..S
v,S =2v.S, Ltr=—Un = 4 |y =2/35=
4%k 13%n 2 V3SK 3,5V138n ) 4 3

=0,571429 — 3TO oTHOmEHHUE V,/V B 3aBUCUMOCTH

(11). Haxoaum, uTO CLW =4,562493 . AHaAOrMYHO:
vS,  L5v.S,
E a 3’5V135n ’
=0,428571, (} .5, = 6,944458
Pacxoa B cevennu S-S v.S, = 1,5v,,5, . Pacxop B ceue-

S, 0,6v.S
HHUN 9_9 VQSK = V15Sn = O>6V13Sn . TOFAa Vg_SK = IVASV’,
ﬁ_% V5O, ’5V13 n

) =0,4 __ 570 u ect oTHOMmeHHE V,/V, B3aBH-
5 >
cumoctu (23). Haxopum: (g5 = 6,4 .

vsS, =1,5v,S, , vy lv,=1,5/3,5=

Pacxop B cevenuu 5-5 v;S, =1,5v,,S, . Pacxop B ceue-
HAM  6-6 VeS, = V1,5, = 0,375, .
veS, 0,3v.S, v, 0,3
v.S. L5v,S, v, 15

OrHoleHue

=0,2 —oro0 v,,/v, B3aBucH-

moctu (22). Onpepensiem: (5 g = 6,4 .
Aas

UATATEAS I11:

VsS, :(2x+y)v135n :h(zxﬂ/)sn, Vs =Vis _2x+y§_n.
X K
Aasammrateaa V:v.S, = (2x+y)v135,, = ﬁ(Zx—i—y)Sn,
Y
2x+yS, S,
Vs = V17—S_; s — Vi :VWS_

Teneps Yb aast murareaedt 111 u V MmoxHO 3anmcars
TaK:

d S

K K K

I \(Suas | h
CK+)‘_K][ﬂ] +[C§—s(s)+/\d_]x

2 2 :
Hoh=alif 2025 | e 3 LIS
2g X SK d;c SK
1
+( +A2+1
G, 4
1)(S. ) h
K np(17)
corbffen]ofen )
v (2x4yS ) h+1
H—Zh:az—zx p }’S_: + C576(6)+)\d_’(+<-6—11(11) X
’ I
x| = +Cn+)\d—”+1

BoipaskeHUSI B KBAAPATHBIX CKOOKax — 3TO KO pPu-
LIUEHTBl COIPOTHBACHUII COOTBETCTBEHHO (55 H
Ci1707) - Bce 3HaYeHMS BXOASIIUX B pOPMYABI AASI pacHe-
Ta pabOTHI [SITH IIUTaTeAeN BeAUIHH n3BecTHbL Ompepe-
CHa(la) = CH4(14) =3,663478 ,
41717(17) =26,623606 , Hisa3) =

My _1505) = Hi_i6016) = 0,342952 ,

AsIeM:
Cioe) = 7,502256 ,

= 104 = 0,463068 |
Iyay =0,190265.  Tlo  (8) mHaxopamm,  4TO
v, =7, =1491969 m/c  (ana caywas  H+h),
Vs =V, =0,824439 (angs H—h), a v,, =0,354838 m/c
(anrs H—2h). OTHOmeHnuns CKOpOCTeit:
x=v/v,;,=0,552585, y=wv,/v,=0,237832 . A mnI
3apaBaanch X = 0,6 u y = 0,3. AeaaeM caepyrolee npu-
bamkenue: x = 0,552585, y = 0,237832, moBTopsieM pac-
deT u mmoaydaeM — X =0,533327, y =0,197795. B paas-
HelIleM TaK M He IIOAyYaeM COADKEHHS 3aAaHHOTO

CHs(ls) =

U PACCYHTAHHOTO 3HAYEeHWIl OTHOLIEHWS Y =V, /V;.
Haob6oport, y =v,,/v;; — 0. YauBureapHo He 3T0, a TO,
YTO B 9KCIIEPUMEHTe U3 IIUTaTeAs] V BOAA AeFICTBUTEABHO
He TedeT, T.e. V; = 0. XoTs ypoBeHb 5KUAKOCTH B JaIlle-
CTOsIKe B ceueHHH 1 -1 Bbllle TOPU30HTAABHOM OCH ITMTa-
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Investigation of the work of the storeyshaped gating system

Teass V Ha 195 mm. To ectp Hanop H pacxoayercs Ha 11o-
TepH Ha TPeHHe, B MeCTHBIX COIIPOTHBACHMX, Ha AeACHHE
HAIopa, M ero yXe He XBaTaeT AAS ITOAbeMa KUAKOCTH
po urareas V (mpu pabore nurareaeit [-V).

Anst pacuera AC u3 6-tu murareaeit (I-VI) myscso
B ¢opmyae (21) zamenutsp (g ;) Ha Cg,”m) . ITo-
OpexHeMy X =V, /v;,a y =V, /v;;. Toraa pacxoa B cu-
cTeme Q=S =Q2v;+2v;+2v,)S, =
=@v;+2-xv,+2:y-9,,)8, = 2v (L4 x4+ )8, = 55,05
rae S5 = 2(1+x+y)S, — npuBeseHHas K CKOPOCTH
Q= 2V13(1+x+y)5n =

, 14+x+
= 2715<1+x+ J’)Sn = VisSup1s)) TAE Syps) = ZT}}SH

— HPI/IBeAeHHaH K CKOPOCTI/I VlS ITAOIIIAAD MMATATEACH.
v

Q=2v,(1+x+y)S, = Zl(l +x +y>sn = V17Snp(17) » TA€
y

Vi3 TIAOIIAAb  IIUTaTeAeH.

S Itxtyg

TAOIIAAD IIHUTATEAEH.

wp(17) = 2 n — MPHUBEAEHHAasI K CKOPOCTH Vy;

IousTHO, 9TO CZ—W) = Cffs(s) = 4271101) = 42712(12) =55,
[Mpurnmaem x=0,6,a y=0,3. Toraa S,,; =3,85,,
S =6,333333S,, S,,;,) =12,666667S, .

S 2v,,S

v,S, =2v,,5,, e ’

v,S,  3,8v;S,

np(15) 17)

v,/v,=2/3,8=0,526316 — 310 OTHOmEHNE V,/V B 3a-
sucumocty (11). Haxoaum, uro Cf,m) =5,109996 . Ana-
v.S,  L8v.S,
v,S, B 3,8v,.S,
v, /v, =1,8/3,8=0,473684, (!, = 5956795,

Pacxop B cevenuu 5-5 v;S, =1,8v,,S, . Pacxop B ceue-

V.S 0,6v,.S
aun 9-9 v,S, =v,,S, = 0,6v,,S, . Toraa Q—S" = ﬁ, a
ﬁ _ % VS K ’81/13 n

=0,333333 — 270 M ecTb OTHOIIEHUE V,/V,
v
S b

B 3aBucumoctu (23). Haxoaum:

AOTHYHO ompepeasieM: ViS, =1,8v,S ,

ey = 9,150018 .

5-9(9)

Pacxop B cevenun 5-5 v;S, =1,8v,,S, . Pacxop B ceue-
Huu 6-6  v.S . =2v.S, =0,6v,S, .
VsS, _ 0,6v,,S, vy 0,6
VSSK a a

Bucumoctu (22). Onpepeasiem: (5 =1,6.

Anst

v

= Z(X—I—y)ism Vs =Vis
X

OrHowmeHue

=0,333333 —oro v, /v, B3a-
L8v,S, v, 1,8

murateas 1II:  vS = Z(x +y )vlaSn =
2(x+y)s,
S .

K

Aas  murareas 'V VS, = Z(x + )/)vlsSn =
_ v 2(x+7)S, s
- 2(x+ )’)fsn, Vs =V, Tg; Ve = v, = 21’17 S_K

Teneps Yb aas nutareaeit III u V moxHO 3ammcarb
TaK:

d S

K K

2 2
2(x+y) Sn ome l Sn
X TS_] +[ 59(9)+)‘d_][s_] +

K K K

LS, ) h
st ot

K

o

H-h=a-=+
g

I
+¢, AL +1
GFAS

n

L )(Suan | h
o e e

K

K

2 2
h)(2S,
+[<56(6)+)\d_][ S ] +

K K

2(x+y)S,

y x

H-2h=a-Z|x
4

- O

2
S l
+[<§H+Ad—][—"] A

K n

ITocTymas xak 06br4HO, Haxopamm: Xx = 0,522475,
y=0,222523 . 3apaBaauch x =0,6 u y=0,3. Aesaem
cAepyrolee HpH6AH>KeHHe: x =0,522475, y =0,222523,
x =0,493093 ,
y =0,178727 . B pAaAbHeli1IeM, KaK U I pabOTe muTaTe-

IIOBTOpPsIEM PaCY€T H IIOAYyYae€M —

Aeit I-V, Tak 1 He oAy YaeM COAVDKEHIS 33AQHHOTO U pac-
CYUTAHHOTO 3HAYEeHUII OTHOIIEHUsS ¥ =V, / ¥, KOTopoe
crpemutca x 0.

Pe3yAbTaThl HCCACAOBAHHI H HX 00CYy>KACHHE

Kax BupHO 13 TabA. 1-3, pasHHIla MeXAY 9KCIIepH-
MEHTAAbHBIMM U PACYETHBIMH Pe3yAbTaTaMH U3MeHseT-
cst oT +1,4% a0 —6,2%, mpudeM B GOABIIMHCTBE CAyYaeB
OTIBITHBIE AAHHBIE Bbille TeopeTuyecknx. Ho oramums
HEBEAMKHU U KaKUe-TO BBIBOABI AEAATHh CAOXKHO. B 1ieaom
MOYXHO CYMTATh, YTO IIOAYYEHO XOpOIlee COOTBETCTBHE
OTIBITHBIX U PAaCYeTHBIX AaHHBIX. M ypaBHenue Bepnya-
AV, BBIBEACHHOE AASI YACTHOTO CAyYasi — AAS CHCTEMBI
C OAHHM IIMTaTeAeM, PabOTaeT i B ANTHUKOBOM CHCTEME
C KOAUYECTBOM IIUTATEeAeH, OOABIINM OAHOTO, IIPH Pac-
MIOAOXKeHUH ITUTAaTeAeH Ha PasHBIX YPOBHSIX IIO BHICOTE
$opmbL

M3-3a TaKMX MaABIX OTAUYIHI BOZHUKAET MBICAD O T10-
POYHOM KpYyTe, KOTAQ B PacieTax MCIIOAb3YIOTCS AAHHBIE,
IIOAYYEHHBIE B CBOMX XKe OIIbITaX. AeHCTBUTEABHO, KO-
QUILIMEHT CONPOTHUBACHUS Ha MOBOPOT B KOAAEKTOPE
Ha 90° 1 U3 KOAAEKTOpa B IIMTAaTeAb M MI3MeHeHHe ITAOIIa-
A€l CE4eHHH IIOTOKA AO U IIOCA€ IIOBOPOTA HAaXOAHACS
ans aroir ke AC. OpHaKO IOPOYHOrO Kpyra HeT.
Bo-nepBrIx, B akcIiepuMeHTaxX 110 OIPEACACHHIO 9TOTO
KoadPUIIeHTa NpU pabome moibko 00H020 NUMArMeAs
(e 6BIAO AGACHHMS MOTOKA) UCIIOAB30BAAACh He HOBAS,
a M3BECTHAs 3aBHCUMOCTb — YypaBHeHHe Bepryaam.
Bo-BTOpBIX, AASL OTIpEAeAeHHS YKa3aHHOTO KO3 PUIH-
eHTa IPOBOAMAKCH He3aBUCUMble OTBITHI [ S |. 11 — raas-
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Section 5. Mechanics

HOe — K09 PHIIMEHThI COPOTHUBACHUM B IMAPaBAMKe
pacyeTy He IOAAAIOTCS, A OIIPEACASIOTCS 9KCIIepUMEeH-
TaAbHO. TOABKO COITPOTHBAEHHE PE3KOTO PacIIupeHHs
IIOTOKA, 2 TAK)Ke — C HEKOTOPhIMH AOIYIIEHUSAMHU — CO-
IIPOTUBAEHHE PE3KOTO CY)XEHHS M CONPOTHBAEHHE I10-
Bopora Ha 90° 6e3 M3MeHEHMs IAOLIAAEH CeYeHUI
AO M IIOCA€ NTOBOPOTA IMOACYUTHIBAIOTCS TEOPETHIECKH.
A HaIlIY TAQBHbIE CONIPOTHBAEHMS — IOBOPOT B KOAAEK-
Tope Ha 90° ¥ MOBOPOT U3 KOAAEKTOpA B IUTATEAD C M3-
MEHEHMEM ITAOIIAAEH CEYEHUM AO U IIOCAE ITIOBOPOTA —
Kaxk
u k09 duirenT noteps Ha Tperre A . Koapduimentsr

OIIPEAEASIIOTCSI  TOABKO  OIIBITHBIM  ITyTEM.
COIPOTHBAEHHUIT HAa AGACHHE IIOTOKA, IOACIUTHIBaEMbIe
o (11), u Ha TPOXOA ¥ HA OTBETBAGHME YaCTH MOTOKa,
ompepeasiemsie o (22) u (23), Toxe MOAy4eHBI yTeM
06paboTku pe3yAbTaToB ONBITOB |6, 7]. Pas ruppasan-
Ka — PacYeTHO-IKCIIepUMEHTAABHASI HAayKa, TO, KaK ObI
9TOTO HU XOTEAOCH, IIPUAETCSI HCIIOAB30BATh B TEOPETH-
YECKUX UCCAEAOBAHMSX OTIBITHBIE AAHHDIE.

HesaBucnmo 0T KoAMYeCTBa PAaOOTAIOMIMX TUTATEAEN
ypaBHeHMe BepHYAAU BBITAIAUT OAUHAKOBO — 9TO BbI-
paxenue (1). Mau Mmoxno 3amucath YB AAs cedenus
1-1 u aro60ro cevenust AC, HAM ABYX AIOOBIX CEYeHUT],
XOTSI PaCXOABI JKHAKOCTH B 9THX CEYEHUSIX MOTYT OTAH-
9aThCs BO MHOTO pas. To ecTb MBI UcnoAb3yem ypasHerue
Bepryaau drs cewenuii nomoxa ¢ pasHoimu pacxodamu u,
KAK 9TO HHU YAUBHTEABHO, 9KCIIEPHMEHTbI IIOATBEPXKAQIOT
AQHHOE, Ka3aA0Ch 651, abcypaHOe pomymenue. M 3a cuer

aToro craa Bo3MoxHbIM pacueT AC. beso Bcsxux pomoa-

n
HHUTEeAbHbIX IpUHIUIOB. Toabko oueBupnOe: O =2 0, )
i=1

rae O, — pacxop XKUAKOCTH B i -ToM nuTaTeAe. B arobom
CeueHUN TUAPABAUYECKO CUCTeMBI AeticTBYeT H B BHAe
CYyMMBI CKOPOCTHOI'O U Mbe30METPHIECKOTO HAaIlOPOB
U IOTeph Haropa.

B pacueTax yuuTHIBAIOTCSI, KpOME 2-X OOBIYHBIX I'U-
APaBAMYECKHX ITIOTePb — Ha TPEHHe 10 AAUHE U B MeCT-
HbIX CONPOTHBAEHUSAX, — IIOTEPH Ha U3MEHEHHUe HaIlopa,
HOACUHTHIBaeMble o cooTHomenuam (11), (22) u (23).
BosmoxHOCTD cymMMHpOBaHMA NOTEPh Ha M3MEHEeHHe
HaIopa C MOTepsMHU Ha TPeHHe 10 AAMHE U B MECTHBIX
COIIPOTHBAEHHSX TeOopeTHdecku He obocHoBaHa. Oa-
HaKO ITOKA He IIOAYYeHO 9KCIePHMEHTAAbHBIX AQHHBIX,
IIPOTHBOPEYALTNX AAHHOMY AOITYI€HUIO.

3akAroueHne

TaxuM 06pa3oM, BIiepBble TEOPETHIECKH U IKCIIe-
PUMEHTAABHO HCCAEAOBAHA SIPYCHAsI AUTHHKOBASI CUCTe-
Ma C OIpeAeAeHHeM CKOPOCTel M PacXOAOB KUAKOCTH
B KQ)KAOM ITUTaTeAe U BO Bceil cucreme. IIpu pacuére Ta-
KHX CUCTeM C U3MEHSIOMUMCS PACXOAOM KUAKOCTH HC-
IIOAB30BAAY ypaBHeHHe BepHyAAH, XOTS OHO B THAPaBAU-
Ke BBIBEACHO TEOPEeTHYeCKH U ITPOBEPEHO MPAKTUYECKU
AASI TTOTOKA XXMAKOCTH C IIOCTOSTHHBIM PAaCXOAOM, TO €CTb
AASL AUTHHKOBOM CHCTeMbI C OAHMM IuTareseM. Iloay-
YeHO XOpolllee COOTBETCTBHE OIBITHBIX M pacyeTHbIX
AaHHbIX. [Ipu paboTe IATH HAH IIeCTH IIUTATEAEH BOAQ
U3 BEPXHUX (IATOTO MAM IIATOTO MAM IIECTOTO) IIUTATe-
Aell He TedeT U 10 pacyeTy, U B 9KCIIepUMeHTe, XOTs yPo-
BEHDb BOADI B yalie Ha 215 MM Bblllle IIeHTPOB OTBEPCTHUI
9TUX ITUTATEAEH.
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of the 2nd kind. Calculation and experimental results of rheological modeling are compared.
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Local residual microstresses of the 2** kind occur in
polycrystalline metal during thermodynamic and de-
formation processes of high intensity which is caused
by interaction of grains. Residual stresses of the 2
kind include also the stresses inside a separate grain due
to its mosaic structure as a result of interaction between
separate blocks. These stresses are a consequence of het-
erogeneous physical properties of a polycrystal, and also
of restricted conditions of deformation of a single grain
and properties anisotropy inside it [1].

When processed mechanically, items undergo chang-
es of mechanical properties and metal structure of their
surface layers under the pressure of a cutting tool and
because ofthe heat released during cutting. Phase and
structural transformations during mechanical tooling are
possible only in metals with metastable structure. Re-
sidual stresses during mechanical processing can reach
560 MPa [2].

To analyze the influence of structural and phase
factor, initial conditions should be formulated. Let the
primary (obtained prior to processing) structure of a
surface layer of an item be of the same volume and have
density p . Under thermal and deformation impact in the
process of cutting, the layer with the depth of A =R - R,
has undergone gradient structural and phase transforma-
tions resulting in a new structure with density p, after
cooling. Obviously, if the density p, exceeds th einitial
p,value, the specific volume of the material decreases.
Then, after cooling, the size of the item R, will reduce
to R, and that will cause residual stresses. According to
Hooke’s law, tangential stresses on item’s surface are de-

fined by the following formula [3]:

GD:EM( _&j’ (1)
P>

Where E, — Young’smodulus of the material, MPa.

Volumetric conten of martensitic phase {  according
to the diffusion less model of phase transformations fol-
lows the formula [S]:

Cu =1—eXp{l//1T +y,Cty, 0, + 5: +v/4}, (2)
(o3

wherey/ , W/, Y/, ,W,,,¥/, areinvariables characterizing a
certain material under machining (composition of alloy-
ing elements, conditions of recrystallization, etc.);

T — temperature in the area ofstructural state analysis;

C — percentage of carbon;

o, o —average and equivalent stress in the area of
cutting, MPa.

According to the results of scientific works by prof.
Ramesh and prof. Khan conducted in Georgia Institute
of Technology (the USA), the correlations of influence of
stresses and deformations on the process of the austenit-
ic and martensitic-pearlite transformation were defined.
Thus, it is proved that, while processing bearing steel
AISIS$2100 1, austenite transformations occur already at
the temperature T, =550 °C instead of the normal value
of phase transformations T, =732 °C. This happens be-
cause of high density of deformations under conditions
of adiabatic shearing. Analogous phenomena are char-
acteristic of processing high-alloy steels and composites
based on titanium, nickel, tungsten and molybdenum.
In return, processing of high and medium carbon steels
during duothermal mechanism of chipping formation
completely annihilates this mechanism and has no sig-
nificant influence on formation of residual deformations
of the 2nd kind.

Therefore, having simulated strained, deformed and
thermodynamic state of the cutting area and obtaining
empirical coefficientsY/ , W/, W, ,W/,,,W, [1], it is pos-
sible to carry out rheological modeling of residual stress-
es of the 2nd kind in DeformHT2 (HT3) environment.
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Section 5. Mechanics

Area of phase transformations
analysis when V=300 nv/min

Fig. 1 Example of rheological modeling picture of
austenitic and martensitic transformations in Deform
HT-2 system

For instance, in machining of bearing rings made
fromAISI 52100 steelthe coefficients for Meggi formula
(2) are used:

£, =1-exp{0.016T ~0.0012235, —0.0010303 - 5.18}

In this case, the “white layer” is considered to have
primary structure with basic hardness of 6SHRC and
constitute not less than 68% of phase volume of the ma-
terial. The other volume (less than 32%) is filled with
pearlitic or bainitic structural phase with the basic hard-
ness of about 30HRC. Under the surface of the white
layer there is an area of metal with reduced corrosion
resistance. This area contains mostly ferrite and carbide
phase, but with reduced content of carbon, chrome and
other carbide generating elements. Along with white lay-
er formation, there occurs the system of internal stresses
which leads to layer fracturing and chipping of its sepa-
rate particles when the detail is exploited.

Experimental research byprof. Han [ 1] revealed the
following results:

Table 1. — Results of experimental findings of the “white layer” formation
after edge cutting machining of steel bearing ring AIS1 52100

Cutting pace . Depth of the “white Microhardness of the
(m/min) Cutting force, (H) | Actual force, (H) layer’, mkm “white layer’, GPa
100 350 425 4.0 9.0
300 300 400 5.5 10.0

As there sult of rheo logical modeling of astepin lathe
processing of bearing ring made from AISI 52100 material
using variative cutting modes (V:100 ...300 m/min;
$=0.1 mm; t=0.5 mm; n=1200 min™") with the tool (ma-
terial — VK, front rake— y=5°; back angle- a=8°) in
Deform 2D system, chromograms of volumetric phase
state of the material are obtained (1).

Residual stresses of the 2nd kind obtained through
phase transformations are calculated by the formula (1).
Since results of rheological modeling allow to determine
only the percentage of martensitic phase { , it can be
conditionally assumed that the rest of the volume is filled

Volume raction - Martensite

1

Cutting pace V=100 mvmin **°

with pearlitic phase, i.e. { = 100%- {, . Besides, the aver-
age value of density p,, formed due to the influence of
thermodynamic and force factors of cutting of a pro-
cessed surface with a polyphase structure, is equivalent
to densities of different phases p.in compliance with their
percentage {, i. e:

. (D+p,,-1100-C (1
100-p
Where o y (1) is avalueofresidualstressofthe 2ndkin-

datthedepth! [mkm] oftheiroccurrenceontheprocessed-
surface.

7

Velume fraction - Martensibe

1

Cutting pace V=300 m/min 09

Fig. 2. Chromogramsofvolumetric phase state of the material obtained through rheological
modeling of a step in lathe processing of a bearing ring made fromShKh15 material with variative
cutting modes (a)-V=100 m/min; (b) — V=300 m/min) in Deform HT-2 system
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a0

with the basic hardness of 65HRC and
constitutes not Less than 68% of the
phase volume of the material

The depth of the "white layer” which
has primary martensitic structure

[-E]

%2 DEFORM 20

= Experiment [acc to the data by prof. Khan -
Gorgia Technological University {the USAJ]

100 m/min

Cuiting pace

Fig. 3. Comparison of calculation and experimental results of rheological modeling of a
step in lathe processing of a bearing ring made from ShKh15 material with using variative
cutting modes (a)-V=100 m/min; (b) — V=300 m/min) in Deform HT-2

As we can see, the results of the rheological model-
ing completely correlate with data of the experimental
research conducted by prof. Khan [1] — fig. 3.

Formula (1)shows that, if a newly created structure
of the material with the respective phase content has
larger specific volume, and thus, lower density p_in com-

120

g 8 B

-
-

Residual stresses of the Ind land, MPa

0 1 2 3 4

parison with the density of the main material of this item
p,, residual tensile stresses will occur on the processed
surface layer.

According to the results of theological modeling (fig.
2.), residual stresses of the 2nd kind, defined by the for-
mula (3), are presented in the chart (fig. 4).

5 L ? L] 9 10

The depth of siresses of the Ind kind, mkm
e VE100m/min o V=300m/min

Fig. 4. Graphical dependences of residual stresses of the 2" kind on cutting pace; the stresses are obtained as
a result of rheological modeling of a step in lathe processing of a bearing ring made from AlSI 52100 material

Therefore, it is observed that, when steels and metal
composites are in metastable state of austenite, highly
dispersive structurewhichconsists of the initial pearlitic
and bainitic phase and newly formedmartensitic do-
mains is created [4]. The exemplar simulation of rheo-
logical modeling of a step in lathe processing of a detail
made from AISI 52100 material shows that a microcrys-
talline structure is formed in the process of its thermo-
dynamicloading in a newly created phase. This structure

consists of disoriented fragments of the initial phase and
martensitic domains. Different capacity for martensitic
restructuring of lattices in structurally unstable metal
composites based on nickel, tungsten, titanium, etc. de-
pends not only on the cutting area of temperature from
the point of a martensitic transformation, but also on the
degree of the deformation oflattices during the transfor-
mation. For the composites like NiTi, Ni-Al, etc. this de-
gree of lattice deformation is approximately 10-119% [4].
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Abstract: Ganoderma lucidum is a fungus which has been widely used through the centuries for the general
promotion of health and longevity in Asian countries. G. lucidum contains a wide variety of bioactive constituents. It
has been known to have numerous pharmacological effects including immunomodulating, anti-inflammatory, anti-
cancer, anti-diabetic, anti-oxidative effects.
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Ganoderma lucidum — npoayueHT OMOIOrMYeCckn aKTUBHbIX BELLLECTB

AnnoTtanus: Hacrosimuit 0630p mocssineH AekapcrseHHOMy rpuby Ganoderma lucidum, koTopslit Ha poTsDKe-

HHH BEKOB HCIIOAb30BAACA B CTpaHaXx Aszun AAST YKPEIIAEHUS 3AOPOBbBS, TaK KaK OH SABASIETCA 60raThIM HCTOYHUKOM

PA3ANYHBIX OMOAOTHYECKU AKTHBHBIX IIPUPOAHBIX COEAMHEHMUIT. DTOT Iprb 00AaAAeT IIeHHBIMH papMAKOAOTUYECKUMHU

CBOFICTBAMU — UMMYHOMOAYAUPYIOIIHMH, IIPOTHBOBOCIIAAUTEABHBIMH, IIPOTHBOOITYXOAEBBIMHU, AaHTHANAOeTHYeCKH-

MH, aHTUOKCHAQHTHbIMH.

Keywords: Ganoderma lucidum, 6rosorudecku akTUBHbIE COeAUHEHSI, paPMAKOAOTHYECKIe CBOFCTBA

CoBpeMeHHbBIE  TEXHOAOTHH  KYABTHBHPOBAHIHS
AEKAPCTBEHHBIXTPUOOB 6a3HPYIOTCSHA PYHAAMEHTAABHBIX
3HAHMSX 00 UX OMOAOTMYECKHX CBOFICTBAX, YTO ITO3BOASI-
eT KOHTPOAMPOBATh HanbOAee BaKHbIE QYHKIUU IPHO-
HOTO OpPraHM3Ma M O0eCIIeYHTb MOAyYeHHe IAOAOBBIX
TeA, OHOMACCHI MHIIEAMSI M IPOAYKTBI MeTaboAM3Ma
JKEAATEABHOTO KayecTBa B HEOOXOAMMOM KOAMYECTBeE.
MaxpOoMHUITeThI pacCMaTPUBAIOTCS CETOAHS He TOABKO KaK
LIEHHDIH MHUIEBOM IIPOAYKT, HO U KaK BaXKHBIN MCTOYHMK
TIOAYYEeHHs TPUPOAHBIX PaPMAKOAOTHIECKHX BEIleCTB OH-
KOCTaTHYHOM, aHTUBUPYCHOH, UMMYHOMOAEANPYIOLIEL,
AHTHCKAEPOTHYECKOI, TOHU3UPYIOmIel 1 Ap. AeficTBs [ 1,
31-62; 2, 450]. Takoil MpPOKMIA CIIEKTP AeKAPCTBEHHDIX
CBOYICTB I'pHOOB 00YCAOBAEH HAAMYHEM B HX COCTaBe Ou-
OAOTHYECKH aKTUBHBIX KOMITOHeHTOB. OcOOeHHast pOAb
CPEAM HHX IIPUHAAAEKHT BEICOKOMOACKYASIPHBIM YTACBO-
AaM U MEAQHHHAM, KOTOPbIE SBASIIOTCSI OCHOBOH IIEAOTO
PsiAd AEKApCTBEHHBIX U A€4eOHO-IPOPHAAKTHIECKHX
IpernapaToB C AaHTHOKCHAAHTHBIM, AaHTUKAHI[epOTreHHbIM
U IMMYHOMOHEAEOAUPYIOIIHM ASHCTBUEM.

OAHHMH U3 ITePCIIeKTUBHBIX MPOAYLIEHTOB OHOAO-
TUYEeCKH AKTHBHBIX BEIIeCTB SIBASIETCS 0a3MAMAABHBIM
makpomutier Ganoderma lucidum (Curtis) P. Karst.
(TpyToBuK AaxupoBanHSbI1). G. lucidum pacter Ha Aepe-
Bbsix U3 popoB Quercus L., Acer L., Alnus Mill,, Betula L.,
Castanea Mill., FagusL., FraxinusL., PopulusL.,
Carpinus L., unoraa Ha Larix L., Picea A. Dietr., Pinus L.,
BBI3bIBAsI OEAYI0O HEaKTHBHYIO THHAb KOPPO3UOHHOTO
tumna. G. lucidum BcrpedaeTcst rAaBHBIM 00pa3soM Ha Tep-
puropuu CeBepHoit AMepuxu u Appuku. Ha reppu-
topun crpan CHI' pacnpocTpaneH B I0KHBIX paliOHaX,
a umenHo, Ha Kaskase u B Cpepneit Asun [ 3, 282].

MHOTOBEKOBOI ITOAOXKUTEABHbIH OIIBIT ACIEHHUS AJO-
Aefl C UCIIOAB30BaHMEM rprboB popa Ganoderma B cTpa-
Hax IOro-BocTouno#t A3uu cTaA CTUMYAOM pa3BUTHS
COBpEeMeHHBIX HayYHBIX HCCAEAOBAHHI B 9TOM HAIpaBAe-
Hun. OpuIasbHO BcecTopoHHee usydenue Ganoderma
spp- 6p180 Havaro B Kurae B 1970 1. [4, 63-67]. Cospe-

MEeHHbIe AAHHbIe IIPOBEeAECHHbIX MHOTOYHCACHHBIX 9KCIIe-
PHMEHTOB Ha >KUBOTHBIX M KAMHUYECKUX HAOAIOACHUM
IIOATBEPAHMAY YHHKAAbHbIE Ae4eOHO-IIPOPHAAKTHIECKHE
cBorictBa G. lucidum. TepaneBrrudyeckasi akTUBHOCTD BU-
A0B G. lucidum o6ycaoBA€Ha HaAMYHEM B 9THX Ipudax
PA3ANYHBIX OMOAOTMYECKHM AKTHUBHBIX KOMIIOHEHTOB.
ITo paHHBIM BCCAEAOBATEAEH B IIAOAOBBIX TEAAX, BEreTa-
THBHOM MHIIEAMH U CIIOPaX rpuba yCTaHOBAEHO Ooaee
400 XxMMHUYECKMX KOMIIOHEHTOB C $apMaKOAOIMIECKOM
AKTHBHOCTBIO — ITOAMCAXAPHADI, TPUTEPIIEHOHADI, IIPO-
TEUHBI/ IENITUADL, AMUHOKHUCAOTBI, HYKA€O3HABL, AAKAAO-
HADI, CTEPOHUABI, SKUPHbIE KCAOTBI, 9H3UMBI 1 MHKPOJAe-
MeHTHI (MarHuit, KaAbLIUil, [IMHK, MAPTaHell, )KeAE30, MEAD,
repmanuit u Ap. [ S, 797-802; 6,251; 7, 39; 8, 15-32; 9,
1985-2001; 10, 71-72].

113 A0A0OBBIX Tea, criop v Mutteanst G. lucidum 6s1a0
BbipeAeHO Ooaee 100 TunoB moancaxapupos. Mx 6uo-
AOTHYECKOe AEFICTBHE OOYCAOBAEHO IIPHUHAAAEXKHO-
CTBIO K Pa3HBIM KAACCaM ITOAMCaXapuAOB: [3-1-3, f-1-
6-D-rarokaHaM, reTeporAlOKaHaM U TAMKOIIPOTEHUHAM
HexoTopbiMu yueHbIMU yCTaHOBAEHA ITPOTHBOOITYXO-
AeBasi 1 IMMYHOCTHMYAUPYIOIas aKTHBHOCTD ITOAUCA-
xapuaoB G. lucidum [11, 164-165; 12, 22]. Vmetotcs
CBEAGHHUS O CUABHOH IPOTHUBOOITYXOAEBON aKTHUBHOCTHU
reTepo-f3-D-rAI0KaHOB, BBIACACHHBIX U3 IIAOAOBBIX TEA
¥ MuLleAns rpuba [2, 450].

ITokasaHo, 4To rarokanbl (ranoaepan A, B, C, D) npo-
SIBASIFOT THIIOTAUKEMUYECKOE U THUITOAHUIIEAMMHYECKOe
aeiictBue [6,251]. YcraHoBAeHa 9 PEKTHBHOCTD HCIIOAD-
30BaHHS TAMKOIIPOTEHHOB KYABTYPAABHOM XKHAKOCTH G.
lucidum mipy TOAOBOKPY>KEHUSIX, @ BOAHBIX 9KCTPAKTOB
CIOp — TIpM MHOTOHMH U 6oaesnu Baruepa [2, 450].
Ilo AaHHBIM HEKOTOPBIX HCCACAOBATEAEH BOAHbBIE 9KC-
tpakTs! G. lucidum Taioke criocoOHBI MHIHOMPOBATH POCT
¢ubpOCapKOMBI MbIIIIET, PACIPOCTPAHEH e METACTA3 PaKa
Aerkux u A0 100% — pocr Capxomsr 180 [13,235-246; 7,
39]. MccaeaoBanms, IPOBEACHHbIE Ha SKUBOTHDIX U AOASIX
IIOKA3aAH IelaTOINPOTEKTOPHYIO AKTHBHOCTD ITOAHCAXa-
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PHAHOI pPAKITMHU M TPUTEPIIEHOUAOB, BHIACACHHBIX U3 G.
lucidum [7, 39]. YcTaHOBACHO TakXe CTUMyAMPOBaHHE
I'yMOPAABHOTO U KAGTOYHOT'O IMMYHHTETA IIPOTEOTAIOKA-
HOB, BbIAGACHHBIX U3 IIAOAOBBIX TeA IpHOa [14,289-290].

3HAYMTEABHBIN HHTEPEC BHI3BIBACT OTKPHITHE peliell-
TOpoB B-D-raroxaHa Ha IIOBEPXHOCTU HEABIX KPOBSIHBIX
KAETOK (AeHKOLIUTOB, MOHOLIUTOB, MAKPO)Aros, AUMPO-
LIMTOB) y )KMBOTHBIX U Atopeit. [Ilupokoe cTuMyAnpyto-
mee aeficTBue B-D-ratoxanos G. lucidum nocpeactsom
TPAHCAYKIIUH PeIelITOPOB KAETOYHON ITOBEPXHOCTH
B IMMYHHOJI CHICTEMe BA€YeT 32 COOOI, [I0 MHEHHUIO MHO-
I'UX UCCAEAOBATEAEH, 0CBOOOKAEHUE ITUTOKUHOB U AMM-
PoxuHOB (KACTOUHBIX MeAuaTopoB, Takux kak IL-1,IL-2,
IL-4,1L-6), unrepdepona u TNF (omyxoaeBbiit HeKpo3-
daxrop) [8, 15-32; 2, 450; 15, 221-250; 14, 289-290;
16, 62]. Kak pe3yAbrat, yAy4IIatoTCsl IMMYHHbIE [I0Ka3a-
TEeAH, @ IMEHHO, YCUAUBaeTCs QYHKIU T-KAeTOK U CHH-
Te3 AaHTUTEA. DTH MEXaHH3MbI TAK)Ke aKTUBUPYIOT IPOTH-
BOBOCITAAMTEABHOE, IIPOTUBOOITYXOAEBOE, AHTHPAKOBOE
¥ aHTUMHUKpOOHOe Aeticteue G. lucidum [17,701-724].

T'anopepossie kucaots Mf, B 1 ranopepmoBast kucao-
ta T-O yrueTaroT cunTe3 X0AeCTepuHa. B KxAMHIYe KO
[IPaKTHKEe YCTAHOBAEHA CIIOCOOHOCTD TPUTEPIIEHOBO
raHopepoBoit kucaotsl G. lucidum ymeHsIIaTh ypoBeHb
TPHUTAULIEPHAOB M AMIIOIIPOTEUAOB HU3KOH IMAOTHOCTH
B TIAA3Me KPOBHU AIoAeH Ha 68—74%, akTHBHO yrHeTaThb
CHHTe3 XoAecTepuHa. [aHoAepoBas KHcAOTa S 110 AQHHBIM
HEKOTOPBIX YYEHbIX BBI3BIBAET AHTUKOAT YASIIMOHHBIN 3¢-
$exT [18,103-110;8,15-32]. I'anoaeposbie kucaoTe R
u S, BbIAGACHHbIE U3 MUIIEAHS, U TAHOCIIOPOBAs KUCAOTA
A, uzoauposanHas u3 crop G. lucidum, umeror aHTHTE-
IIATOTOKCHUYECKYIO U TeaTONPOTEKTOPHYIO aKTUBHOCTH.

BrrBAeHO Takke IIPOTUBOTHIIEPTOHUYECKOE ACHCTBUE
ranopeposbix kucaoT B, D, F, H, K, S, Y. Aag ranomunuaa
u Tputeprenoupos G. lucidum in vitro xapakrepeH mm-
POKMII CIIEKTP AHTHOAKTePHAABHON AKTUBHOCTH IIPOTUB
IPAMIIOAOXKUTEABHBIX, [PAMOTPHULIATEABHBIX OAKTEPHIL,
Helicobacter pylori u Bupyca nMmyHoOAepHIHTA.

B cocrase G. lucidum oTmedaroT HaAmdHe OKOAO
20 creponaoB pasHo# cTpykTypbl. Kak mpaBuao, onn
IPEACTABACHBI 9PrOCTEPOAAMU M XOAECTEPOAAMH, KO-
TOpBbIe U3BECTHBI CBOUMHU AHTHCKACPOTUYECKUMU U AHU-
IHAOPEAYIIUPYIOIUMH CBOHMCTBaMH. B coBpeMeHHO,
IPeNMYIeCTBEHHO BOCTOYHOM MEAHMIIUHE, HCIIOAB3YIOT
pasHble Ipemaparst u3 rpubos popa Ganoderma, dame
Bcero — G. lucidum, 8 popme HHBEKLIUI, KAIICYA, TPa-
HYA U Ta6AeTOK (TIOPOIIKOB U3 AOAOBDIX TEA, MULIEAHS,
CTIOp), HAMMMTKOB, HACTOEK, Yasi, CUpomna (3KCTPaKTOB
13 IAOAOBBIX TeA, MutieArsi). Hau6oaee momyaspHbivMu
SIBASTIOTCSI KAIICYABI C ITOPOIIKOM ITAOAOBBIX TeA. OAHaKO,
IIePCIIeKTUBHBIM CYUTAETCS TAYOUHHOE KYABTUBUPOBA-
HUe IPHO0B, KOTOPOE IIO3BOASIET ITOAYIUTD IKOAOTHYE-
CKHU YUCTO€ ChIpbe — CYOCTAHIIMIO C 3aAAHHBIMU CBOM-
CTBaMH U B 60Aee KOPOTKHE CPOKH.

TaxuM 06pa3doM, HUHTEHCHUBHbIE HCCAEAOBAHMUS I1O-
CAEAHUX ACCSTHAETHI IIPHBEAU K BBISIBACHHIO OHOAOTH-
YeCKM aKTUBHBIX MeTaboauToB G. lucidum, obaaparommx
AHTHOAKTEPUAABHOM, IPOTUBOTPUOKOBO U IIPOTHBOBHU-
PYCHOM aKTUBHOCTBHIO, & TAK)KE OKA3BIBAIOIIUX TUITOAUITH-
AeMUYeCKOe, UMMYHOCTHMYAHpPYIOIiee IIPOTUBOOITYXO-
AeBOe€ U Ap. AeficTBUe. B pe3yapraTe Ob1AU paspaboTaHsl
MHOTOYHCAEHHBIE 3aIIaTEHTOBAHHbBIE POPMYABI OHOAO-
THYeCKH AKTHBHBIX AOOABOK, Yasi U TOHU3HPYIOLIUX Ha-
IIMTKOB HA OCHOBE IIAOAOBBIX TeA IpHba.
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CpaBHeHVIe Pa3JIN4HbLIX TUNMOB CUHTETUNYEeCKUxX cy6ypeTpaanblx
nerTesb Ang ne4eHmd CtpeccoBoro Hegep>xaHmd MOo4un y XXeHLUnH

Annoranus: [TyreM HCIOAb30BaHMA Pa3AMYHBIX TUIIOB CAMHTOBBIX OTIEPALIUH AASI A€I€HHS CTPECCOBOIO HeAep-

JKQHMSI MOYH Y JKEHIIMH ITOKA3aHA BHICOKAsl 9P PEeKTUBHOCTD U 0€30IIACHOCTD ITHX BMEIIATEABCTB B OTAAACHHOI

IIEPCIIEKTUBE.

KaroueBbie cAoBa: HEAEPIKaHNE MOYH, CAMTHI, OTAQA€HHbIE PE3YAPTATBL.

BBepenune

YacroTa HeAep>KaHUSI MOYH B K€HCKOM ITOITYASIITHU
coctaBasteT oT 12,8% p0 81,9% [ 1,230-234; 2, 133-138;
3, 32-36]. Aannoe 3a60AeBaHUe OKA3bIBAET BHIPAXKEH-
HOe HeTaTUBHOE BAMSHHUE Ha Pa3AMYHBIE aCIIeKTBI Kaye-
CTBA JKU3HU: COIMAAbHbIE, PU3HMIECKUE, IICHXOAOTHYe-
cKue, MPOdeCCHOHAABHBIE U CEKCYaAbHblE CTOPOHBI |4,
974; 5,619-621].

B HacTosimee BpeMs Beaylllee MeCTO B AeYEHUH
CTpeccOBBbIX pOPM HeACP>KAHUSI MOYH Y SKeHIUH 3aHH-
MAIOT CAMHTOBbIE OII€PAIMU C UCIIOAb30BAHHEM CHHTe-
THYeCKHX IeTeAb [ 6, S—11;7,55-58; 8,218-238]. Xors
MHPOBAsi AUTEPATYPA COAEPXKHUT AOCTATOYHO OOABILIOE
KOAMYECTBO paboT 1o usydeHuo 3¢ PpeKTUBHOCTH U be3-
OIIACHOCTH 9TUX METOAUK, OTMeYaeTcst AeQUIIUT UCCAe-
AOBAHHII IO OIIeHKEe OTAAACHHBIX Pe3yABTATOB CAMHIO-
BBIX omepanuil. boaee TOro, mpakTH4eCKH OTCYTCTBYIOT
HCCAEAOBAHUSI [I0 CPABHEHHIO PA3AMYHBIX TUIIOB CAUHTIO-
BBIX OII€PAIIUFi, BHIIOAHEHHbIX B OAHOM II€HTpe, ITO OTAA-
AeHHBIM pe3yAbTaTaM. [lepeuncaenHble paKkTOpPHI OIpe-
AEAHAY AKTYaABHOCTbD HAIIETO HCCACAOBAHUSL.

MarepHaAbI H METOADI

CAMHrOBbIe OIlepallUH BBIIOAHEHBI y 698 >KeH-
IUH CO CTPECCOBBIM HeAep>KaHHEeM MOYH B BO3pacTe
oT 42 A0 68 aeT (MEAI/IaHa — 54 roAa) B 41 ypoaoruye-
CKOM OTAEA€HUH TOPOACKOM KAMHUYECKON OOABHHUIIBI
um. C.IL. borkuua r. Mockssi ¢ 2004 mo 2014 rr. Mc-
IIOAB30BaHBI 4 THIIA CAMHTOBBIX omeparmii: TVT —
B 167 (23,9%) caygasx, TVT-O (Gynecare) — B 359
(51,4%), TVT-O (Monarch) — B 105 (15,0%), Mmunu-
camnrosas cuctema TVT Secur — B 67 (9,6%). Aas

OlIeHKH Ka4eCTBa XM3HH UCIIOAb30BaHbI aHKeThl Urogen-
ital Distress Inventory-6 (UDI-6) u Incontinence Impact
Questionnaire-7 (IIQ-7). O6beKTHBHYIO OLIeHKY Pe3yAb-
TATOB A€UEHHS IIPOBOAMAH C TOMOIIIBIO KAIIAEBO IIPOOBI
u 1-gacoBoro Pad-tecra. ITpu aTOM pe3yabraT AeueHHs
PacIieHUBaAU KaK 3P PeKTHBHBIN IIPHU OTCYTCTBUH MOA-
TEeKAHHsI MOYH 10 AQHHBIM OOOUX TeCTOB — KAIlAEBO
npo6s1 1 Pad-TecTa. Pe3yabTaTsl AeUeH s OLIeHUBAAH Ye-
pes 1, 6, 12 MecsinieB mocae oneparum, B AAAbHeHIIeM —
1 pa3 B rop. CpoKH II0OCAEOTIEPAIIMOHHOTO HAOAIOACHUS
MaIfMEeHTOK COCTaBASIAM OT 12 A0 108 MmecsiieB (MeAI/Ia-
Ha — 55 MecsIieB).

Crarucrudeckasi 06paboTKa pe3yAbTaTOB BBIIOA-
HeHa C IIOMOINbIO IporpaMmbl «Statistica v. 17.0>»
(«StatSoft», USA). ITokaszaTeAn KauecTBa KU3HHU IIPEA-
CTaBAEHBI B BUAE MEAUAHBI, YACTOTDI OCAOKHEHHH U pe-
3YABTATOB AMATHOCTUYECKHX TECTOB — aOCOAIOTHOTO
sHavseHus (n) u oTHOcuTeAbHOMN YacToTh (%). CpaBHe-
HI€ TUIIOB OIepPaIiHii IO Pa3AMYHBIM IIPU3HAKAM ITPO-
BOAMAHM C IIOMOIIBIO KPHUTEPHS X’, OLIEHKY AMHAMUKY
IIOKa3aTeAel KadecTBa )KU3HU — MeTopa Buakokcona.
Pazamdne MexAy cpaBHHBaeMbIMH ITOKAa3aTeAsIMU CYH-
TAAU AOCTOBEPHbIM ITPH YPOBHE CTATHCTHIECKOH 3HAYH-
mocru (p) < 0,08.

PesyAbTaThl HCCACAOBAHMS

Pa3AuyHbBIe BUABI TO3AHUX OCAOXKHEHHUH OBIAM OT-
meueHbl B 9,3% (65/698) cayuaes. Ilpu cpaBHeHHH
YKa3aHHbIX TUIIOB CAUHTOBBIX OINeEpaIuil 10 4acToTe
TIO3AHHX OCAOXKHEHUHN AOCTOBEPHBIX PA3AUYHUI He BbI-
asaeno (p=0,391). CTpykTypa AQHHBIX OCAOXKHEHHIA
npuBeAeHa B TabAue 1.

Tabnuua 1. — MNo3aHre nocneonepaunoHHbIe OCIOXHEHNS

n (%) ocAoxHeHmIt
Bup ocaoxHeHns TVT-O TVT-O TVT
TVT
Gynecare | Monarch Secur
1 2 3 4 S
IIpoTpy3ust cCeTK¥ BO BAATaAWIIE 1(0,6%) 2 (0,6%) 1(1,0%) 1(1,5%)
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1 2 3 4 S
il;il/)[};?:;zfaAbHaﬂ obcTpykuus, moTpeboBaBIIast pacce- 2 (1,2%) 2 (0,6%) 1 (1,0%) 0
PeriuAmB CTpeccoBOro HeAep>KaHUS MOYH 6(3,6%) 12 (3,3%) 5(4,8%) | 2(3,0%)
VmnepatusHOe Hepepkanue Mouu de novo 2(1,2%) | 4(1,1%) 2(1,9%) 0
I'mriepakTHBHBIN MOY€EBOI Iy3bIphb de novo 1(0,6%) 4(1,1%) 1(1,0%) 1(1,5%)
Aucrapeysus 2(1,2%) | 5(1,4%) 0 1(1,5%)
XpoHudeckuit 60AeBOI CHHAPOM 2(1,2%) 3(0,8%) 1(1,0%) 1(1,5%)
Uroro 16 (9,6%) | 32(8,9%) | 11(10,5%) | 6(9,0%)

OreHKa COCTOSHUS MAIIMEHTOK C HOMOIIIBIO OTIPOCHH-
xoB UDI-6 n I1Q-7 nokasasa CAGAYIOIIYIO 3aKOHOMEPHOCTb
AVHAMHKH ITOKa3aTeAeH KadeCTBa SKH3HH: HaCTYIIMAO AO-
CTOBEpHOE yAyIIIeHHe COCTOSIHHS B TeUeHHe ITePBBIX 6 Me-
CAIeB MOCAE OIIePAIlUH, A B AAAbHEHIIIEM OHO OCTaBaAOChH

CTaOHABHO HA AOCTHTHYTOM YPOBHSI 6€3 YXYALIEHHS Ha [IPO-
TSDKEHUH BCero Tepropa HabAropenwit. ITo cremern i xapax-
Tepy U3MeHEHHIT [TOKa3aTeAel Ka4eCTBa XU3HH AOCTOBEp-
HBIX Pa3AMYMM MEXAY CPAaBHUBAae€MbIMH TUIIAMH OIlepaLiii
IO AAHHBIM 06e1X aHKeTax He 06HapyxeHo (Taba. 2).

Tabnuua 2. — lInHamuka meguaHbl nokasaTteniei cneunanbHbiX aHKeT

TVT-O TVT-O TVT o
Toxazarean VT Gynecare | Monarch Secur P
Anxkera UDI-6, 6aaa

AoonepannoHHbIH 12,8 13,2 12,9 13,0 0,581

Yepes 1 mMec. mocae onepanuu 4,3 4,5 4,2 4,4 0,534
P <0,001 <0,001 <0,001 <0,001

Yepes 6 Mec. TOCAE OTIepaLiuU 1,1 1,2 1,0 1,1 0,526
P <0,001 <0,001 <0,001 <0,001

Yepes 12 mec. nocae onepanuu 0,9 1,0 0,8 0,9 0,518
P 0,556 0,561 0,544 0,558

Yepes >12 Mec. mocae onepanuu 1,0 1,0 0,9 0,8 0,521
P 0,624 0,760 0,598 0,601

Amnkera I1Q-7, 6aaa

AoornepalnoHHbIN 17,8 18,1 18,0 17,9 0,597

Yepes 1 Mec. mocae onepanuu 4,8 4,9 5,0 4,7 0,541
j3 <0,001 <0,001 <0,001 <0,001

Yepes 6 Mec. OocAe ONlepariu 1,2 1,3 1,3 1,1 0,530
P <0,001 <0,001 <0,001 <0,001

Yepes 12 Mec. ocae onepanuu 1,1 1,2 1,2 1,2 0,523
j3 0,585 0,596 0,594 0,590

Yepes >12 Mec. mocae onepanuu 1,2 1,1 1,3 1,1 0,522
j3 0,584 0,580 0,591 0,587

p’ — o xpuTepuio Brakokcona;
p" — 1o xpurepuio X*.

KamaeBas npo6a u Pad-tect npumeHeHsI mocae ore-
parum npu Mearase SS MecsreB. P PeKTUBHOCTD AeUe-
Hust (OTCYTCTBHE TIOATEKAHHS MOYH) TIO AQHHBIM 3THX
TECTOB B O0LIefl IPyIIIe MAHeHTOB cocTaBuAa 92,7%
(647/698). Tlpu cpaBHeHUM YKa3aHHBIX TUTIOB CAUHIO-
BBIX OIlepanjuil M0 AAHHOMY KPUTEPHIO CTAaTHCTHIECKH
3HAYMMbIX PA3AMYMIt He YCTaHOBAEHO (Taba. 2).

TakuMm 06pasoM, IO AQHHBIM CyOBEKTUBHBIX 1 00'B-
eKTUBHBIX METOAOB MCCAEAOBAHUSA AOKA3aHO, YTO He3a-
BHCHMO OT THMIIa CAMHTOBBIX OIepaljuil yKa3aHHAs Ma-
AOWHBA3WBHASl METOAUKA IO3BOASET Ha INPOTHKEHHH
AAHUTEABHOTO IIOCAEOIIePAIJIOHHOTO IIepHoAa obecrie-
YUTb YAOBAETBOPHUTEAbHYIO PpYHKIIUIO YACP>KaHHM MOYU
[IPY MUHUMAABHBIX IIPOSIBAEHHSIX IOOOYHBIX 9P PeKTOB
A€YeHHS.
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Tabnuua 3. — Pe3ynbTaThl KawwneBon Npobbl n Pad-Tecta

n (%) ocAoxHeHH#
IToxa3areap TVT TVT-O TVT-O TVT P
Gynecare Monarch Secur
OrpurjareAbHbI TECT 154 (92,2%) | 335(93,3%) 96 (91,4%) 62 (92,5%) 0,496
IToAOKUTEABHBIH TECT 13 (7,8%) 24 (6,7%) 9 (8,6%) 5(7,53%) 0,413
3akaroueHnne OIIePATHBHOTO ACYEeHUS He 3aBUCHUT OT THUIIA CAUHTOBOM

Ha ocHOBe MHOTOAETHHX HAOAIOACHUI, KPYIIHOM BBI-
OOpKH IAIIMEHTOB U UCIIOAb30BAHUS PA3AMYHbBIX BapHU-
AQHTOB CAMHIOBBIX OIIEPALIUI AASL A€YEHUS CTPECCOBOTO
HeAepKaHUs MOYH Y >KeHIIMH II0Ka3aHa BbICOKas 3¢-
$eKTUBHOCTD U 6€30IIACHOCTD ITUX BMEIIATEABCTB B OT-
AaAeHHOI nepcrekTuse. [Ipy aTOM 6bIA TOATBEPXKAEH

omnepanuu. VIcXoAs U3 9TOro, BBIOOP BAPHAHTA CAMHIO-
BOJ OIIEPALIMH [[EAECOOOPA3HO OCYIeCTBASTH, TAABHbIM
06pa3oM, Ha OCHOBe OmbITa (IIPEATIOYTEHHS) XUPYPra
H CTOMMOCTH IIPOLIEAY PBL
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Routine and emergency switching to artificial
circulation in coronary artery bypass surgery

Abstract: Aln the National Institute of Cardiovascular Surgery named after M. M. Amosov NAMS in the period
from 2009 to 2013 was performed 3958 operations with isolated coronary artery bypass surgery. Patients were di-
vided into 2 groups. In the first group included 82 (2,1%) patients who had required emergency switch to artificial
circulation. Patients of the first group were included in to the 3848 cases since they began operation on a beating
heart. The second group of 110 patients had the routine switch to artificial circulation.

Keywords: coronary artery bypass surgery, routine and emergency switch to AC.
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Currently coronary artery bypass grafting surgery is a
highly effective treatment of coronary artery disease [1].
In surgical practice widely used CABG surgery on a beat-
ing heart without CPB (cardiopulmonary bypass) with
complete revascularization in patients with many vascu-
lar lesions of the coronary arteries using devices required
exposure and stabilize the heart. In a number of hospi-
tals without revascularization CPB has taken a leading
role in the surgical treatment of patients with coronary
artery disease. The proportion of such interventions for
all operations bypass surgery is 20-22%, Europe — 50%
in Japan — 60% [9]. In some hospitals, this figure exceeds
90% [10]. Recently, however, a significant portion of pa-
tients with iscemic heart disease, entering the hospital for
surgery, are elderly with existing long-term angina with
marked disturbances of myocardial contractile function,
symptoms of circulatory failure, suffering severe concomi-
tant diseases, and require re-revascularization [7]. These
features increase the risk of surgery, significantly increases
the likelihood of postoperative complications [8]. Accord-
ing to Justin D. Blasberg mortality in isolated CABG using
CPB and without CPB, men and women was: 1.8% with-
out CPB,1.3% with CPB- among men and 1.3% without
CPB and 4,1% using CPB -among women [ 11].According
to the data of NISSH named after M. M. Amos mortal-
ity in isolated coronary artery bypass grafting in 2013 was
0.4%. T. A. Vassiliades et al. obtained good results in more
than 90% of patients undergoing CABG surgery, to con-
tinue needed transition to CPB due to hemodynamic col-
lapse, while some researchers have found high mortality
and a large number of complications in this population [2;
3]. Patients switched to emergency AC definitely have a
higher mortality rate and a large number of complications
than patients with planned CPB surgery on a beating heart
[4; 5;6].

Materials and methods. In the National Institute
of Cardiovascular Surgery named after M. M. Amosova
NAMS, in the period from 2009 to 2013 year were per-
formed 3958 surgeries of CABG. Patients were devi-
ded into 2 groups. In the group I of the beating heart,
which included 3848 patients, were 82 (2,1%) patients,
whom began the surgery on a beating heart, but had to
proceed to the emergency CPB. Group II-110 patients,
the were operated using planned CPB.

In the group I which included patients who need-
ed emergency conversion to CPB was 48 men (58%),
34 women (42%), patients younger 65 years 39 (47%),
over 65-43 (53%). In the group of the the routine switch
were 89 men (80%), 21 women (20%), patients younger
65 years 83 (76%), over 65 years-27 (24%).

According to the coronary- ventriculography in the
group I LMCA (left main coronary artery) trunk stenosis
> 70% was observed in 22 (26.8%), three-vessel lesions
60 (73.2%). The group Il LMCA trunk stenosis > 70%
in 24 (22%) patients, three-vessel lesions in 86 (78%).

Exertional stenocardia and reststenocardia in the
group I was observed in 50 (61%) patients in group Il in
83 (75.5%) patients.

Diabetes in the group I was sick: type I -1 (1,2%)
patient, type II-5 (6.1%) patients; and group II to type
-3 (2,7%) patients, type 1I-16 (14.5%) patients.

Some of the patients already had some intervention
on the heart (coronary artery bypass grafting in history,
stenting).In group I, patients who needed emergency
conversion to CPB, coronary bypass surgery were 4
(4.8%) patients in group I1-2 (1, 8%) patients.Coronary
stenting: group I-3 (3.7%) patients in group 11-8 (7.3%)
patients.

The increased size of the heart, EDV data (EDV>
180 ml.) observed: group I -0 (0%) in group II-16
(14.5%) patients.

Reduced ejection fraction (EF <35%) took place: in
the group I-3 (3.7%) patients in group I1-0 (0%) patients.

The causes of the immediate transition to AC were:
51 (62%) unstable hemodynamics (irreversible reduc-
tion of the systolic blood pressure below 80 mm Hg.),
12 (14.7%) intraoperative arrhythmias (volley ven-
tricular tachycardia, ventricular fibrillation), 2 bleed-
ing (2.5%), 17 (20,1%) ECG changes (ST segment
elevation).

The reasons for the planned transition to AC were:
55 (50%) ACS, 13 (12%) preoperative ECG changes
with intact troponins, 17 (15.5%) sub-occlusion without
clinics, 6 (5.4%) preoperative arrhythmias, 19 (17.1%)
reduced ejection fraction.

In the group I were patients: 37 (45%) with stable
angina, 27 (33%) with unstable and 18 (22%) without
angina. In the group Il were patients: 55 (50%) patients
with ACS,30 (27%) with stable angina, 25 (23%) with-
out angina.

I n the group 131 patients (38%) had myocardial in-
farction, lack 51 (62%). The presence of myocardial in-
farction on ECG in the group II was observed in 70 pa-
tients (64%).

Among of comorbidity the significant part were: hy-
pertension 21 (25%) in the group 1,44 patients (40%)
in the group II; diabetes had 7 (8.5%) patients in the
group I, 26 (23%) patients in the group II; acute cere-
brovascular accident in the group I had 5 (6%) patients
and 10 (9%) patients in the group IL.
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Results. The causes of the immediate transition
to AC were: 51 (62%) unstable hemodynamics (irre-
versible reduction of the systolic blood pressure below
80 mm Hg.), 12 (14.7%) intraoperative arrhythmias
(volley ventricular tachycardia, ventricular fibrillation),
2 bleeding (2.5%), 17 (20,1%) ECG changes (ST seg-
ment elevation).

The reasons for the planned transition to AC were:
55 (50%) ACS, 13 (12%) preoperative ECG changes
with intact troponins, 17 (15.5%) sub-occlusion without
clinics, 6 (5.4%) preoperative arrhythmias, 19 (17.1%)
reduced ejection fraction.

Postoperative mortality in the group I- 6 people died,
equaling 7.3% in the group II — 2 patients, equaling
1.8%. Significant impact to the postoperative mortality
was preoperative status of patients. All patients who died
were in 3-4 FC in NYHA.

Among of all 3958 operations with isolated coronary
bypass surgery performed in the period from 2009 to
2013 heart weakness I-II degree ranged from 3-6% of
patients. Duration of mechanical ventilation ranged from
6 to 8 hours.

Among all 3958 surgeries with isolated coronary
artery bypass grafting performed in the period from
2009 to 2013 died 25 patients, representing (0.6%) of
the operated. In the group, which performed CABG on
abeating heart with the planned AC (110 patients) mor-

tality was 2 (1.8%) patients, and 82 patients in the group
who started on a beating heart, but switched to CPB,
6 deaths (7.3%). In the group planned AC 2 patients
died, the cause of death was a stroke, and other acute
cardiovascular weakness. In the group of emergency AC
4-patients died from transmural myocardial infarction of
the left ventricle (4 patients were taken with ACS and in-
creased troponins), one had hemorrhagic stroke and one
more- multiorgan failure. Inotropic support for more
than 24 hours in the postoperative period in the group
planned AC was observed in 24 patients (21.8%) and in
the group of emergency AC in 43 patients (52.4%). Pa-
tients discharged an average of 10-11 days after surgery
without clinical complications.

Conclusions

1. Operation bypass surgery on a beating heart can
be a safe method of implementation of interventions
for almost all categories of patients requiring surgical
correction of coronary heart disease and can be used in
97% of cases.

2. 'The planned transition to CPB gets better results
compared to the emergency, it requires careful analysis
and identification of criteria for selecting patients who
required transfer to CPB.

3. Main reasons of emegent conversion to CPB:
hemodynamic instability during surgery, coronary
anatomy, changes ECG.
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CoBpeMeHHbIe Noaxoabl K CHUKEHUIO nepuHaTasibHOMN
3a0601€BaeMOCTU U CMEPTHOCTU NPU UHPEKLMOHHbIX
3a0oneBaHUsX NJ0Aa U HOBOPOXAEHHOIO

AHHOTaI.[I/IH: B cTaTpe IIPEACTAaBAE€H aHAAM3 IIPUYIHH HEPI/IHaTaAbHOﬁ 3a60A€BaEMOCTHU U CMEPTHOCTH B YCAOBHIX

00AaCTHOTO IIEPUHATAABHOTO IIeHTpa YkpauHbl OmpeaeseHa pOAb MH(EKIJMOHHBIX 3200AeBaHMIT [TAOAQ U HOBOPO3K-

AEHHOTO Ha COBPEeMEeHHOM JTalle, ITPeAAOXKEHBI METOABI IPOPHAAKTHKH U A€UeHHS BHY TPUYTPOOHDIX HH(EKIHIL.

KaAroueBbie cAoBa: HH(l)EKHI/IOHHbIe 3aboAeBaHM ITIAOAQ, IIEpHUHATaAbHAs 3a60A€BaeMOCTb U CMEPTHOCTb, HMMY-

HOKOPPEeKIHU.

B TeyeHre MHOTHX A€T YCHAHS aKyIIepOB-THHEKOAO-
rOB M HEOHATOAOTOB HAIIPABAECHBI HA ITOUCK ITyTeH CHHU-
JKeHUS IIePUHATAABHOM 3200A€BaEMOCTHU 1 CMEPTHOCTH,
YAyUIIEeHHS Ka4eCTBa MEAMLIMHCKOM IOMOIII [6,27-29].

B cucreme 3ppaBooxpaneHys YKpauHbl IPHCTaAbHOE
BHUMaHUE YAEASIeTCS IIOBBIIIEHUIO 3P PEeKTUBHOCTH IIPO-
$HAAKTUYECKUX MEPOTIPHUATU, HAIIPABACHHBIX HA CHH-
JKeHHe IIePUHATAABHO 3200A€BaeMOCTH U CMEPTHOCTH,
0COOEeHHO B rpyIie HepeMeHHbIX C 3a00AeBaHIIMU OaK-
TePHAABHOH M BUPYCHOM STHOAOTUH, KOTOpPbIE HEPEAKO
YXYAIIAIOT TeYeHHe FeCTAlJMOHHOTO IIEPHOAQ, BbI3BIBAIOT
HMHQEKIIMOHHO-BOCIIAAUTEABHBIE 3a00AEBaHNUS Y ITAOAQ
1 HOBOpOXKAeHHoro [3,15-16; 7,1163-1170].

Ha ceroapnammmii AeHb OIpeaeAeHa POAb YCAOB-
HO-IIATOTEHHBIX BO30YAUTeAel, GakTepuil U BHPYCOB
B reHes3e IpeXAeBpeMeHHbIX POAOB, AUCTPecCa IAOAQ,
BHYTPHYTPOOHBIX THEBMOHHUIT, CEPAEIHO-COCYAUCTBIX
PacCTPONCTB, IOBPEXAECHHMI II€IEHH U HEPBHOM CUCTe-
MBI y HOBOPOXAeHHBIX [ 8,230-237; 9,21-39]. Boisaaena
CBSI3b MEXKAY Pa3BUTHEM BHY TPHYTPOOHOIO HHPUIIUPO-

BaHMA U HapyIleHHeM MIMMYHHUTEeTa MaTepH, IAOAAQ M HO-
BopoxaenHoro [1,110-113; 3,16-18; 5,25-29].

ITosiBA€HHE B IOCAGAHHE TOABI OObeKTHBHBIX METO-
AOB OIIPEAEAEHHS COCTOSHUSA MAOAQ TIO3BOASIET CBOEB-
peMeHHO AMaTHOCTHPOBATh MHOTHE HACAGACTBEHHbIE 3a-
60AeBaHMS, TEMOAUTHYECKYIO OOAE3HB, AUCTPECC ITAOAQ,
OAHAKO BHYTPHYTPOOHOE HHPUIIMPOBAHHUE [TAOAQ MOX-
HO TOABKO IIPEATIOAAraTh 10 KOCBEHHbIM IPU3HAKAM IIPU
o6cAaepOBaHUM GepeMeHHHBIX [6,236-250].

CospaHue mepHHATAABHBIX IJEHTPOB B YKpPauHe II0-
3BOAMAO CBOEBPEMEHHO OKa3bIBATh [IOMOLb OHepeMeHHbIM
TPYIIIIBbI pUCKa (anTeHaraAbHas OXpaHa TIAOAQ), PpOXeHu-
1am (I/IHTPaHaTaAbHaSI OXpaHa MAOAQ) M HOBOPOXXACHHbIM
(mocTHaTaABHOE AeUeHHE). IleprHaTaAbHBIN LIEHTP ITPEA-
CTaBAsieT BakKHellIllee 3BeHO IOBbIIIEeHNs KadeCTBa aKy-
IIE€PCKOM U HEOHATAAOTMI€CKOM IIOMOIIIH, IIO3BOASIOIUI
HCIIOAb30BaTh HOBEMIIINE AOCTIDKEHHS COBPEMEeHHOM Hay-
KM, pa3pabarsiBaTh 9 PpeKTHBHbIE AHATHOCTHYECKHE U Te-
pareBTUYeCKHE METOABL, CIIOCOOCTBYIONIIE CHIDKEHHIO T1e-
PHHATaABHO¥ 3200A€BaeMOCTH U CMEPTHOCTH [4,42-47].
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ITeAbro pabOTHI SBUAOCH AHAAM3 IIPUYHH II€PHHA-
TAABHOM 3200A€BAEMOCTH M CMEPTHOCTH B YCAOBHSIX
COBpPEMEHHOTO [TEPHHATAABHOTIO LIeHTpa U paspaborka
3¢ PeKTUBHBIX METOAOB UX CHIDKEHHUSL.

MarepnaApl ¥ MeTOABL. AASI AOCTIDKEHUS ITOCTAaB-
AGHHOM IjeAU ObIA IPOBEAEH aHAAM3 PaboThI XapbKOB-
CKOTO 06AACTHOTO TepHHATAAbHOTO LeHTpa (YkpauHa)
3a TpHU ropa (2012—2014) , OTIPEAEAEHBI BeAyIlie IpuU-
YMHBI TIEPUHATAABHON 3a00A€BA€EMOCTU U CMEPTHOCTH,
HOAPOOHO U3y4eHBI ITHOAOTHYeCKHe PAKTOPHI HHPEK-
[JMOHHO-BOCIIAAMTEABHBIX 3200A€BAHMIT IIAOAQ U HOBO-
poskaerHoro. O6caepoBano 150 6epeMeHHBIX B CpOKe
oT 22 A0 40 HepeAb ¢ MPU3HAKAMU MAaTE€PHHCKO-ITAOAO-
BOU MHQEKINU II0 AAHHBIM AA0OPATOPHBIX M HHCTPY-
MEHTAAbHBIX METOAOB MCCA€AOBAaHUA. B 3aBucnmMocTu
OT HCIIOAB3yE€MOI'0 METOAQ ACUEHHUS ¥ IPOPUAAKTUKY UH-
PEKIIMOHHO-BOCIIAAUTEABHBIX 3200A€BaHUIT HOBOPOXK-
AEHHBIX OepeMeHHbIe OBIAU Pa3A€ACHBI Ha 2 TIOATPYIIIIBL.
B nepsyto rpyniry Boman 95 »eHIMH, KOTOPBIM IIpHMe-
HSIAFICh OOIe[IPHHSIThIE METOABI A€4€HUSI BHY TPHYTPOO-
HOM MH(EKIIUH C UCTTOAb30BaHHEM AaHTHOAKTePUAABHBIX
[IpenaparoB, MPOTHBOIPUOKOBBIX CpeACTB. Bropyro
rpyIITy cOCTaBUAM 5SS GepeMeHHBIX, ¥ KOTOPBIX KOM-
[IAEKC Ae4eOHO-TIPOPHUAAKTHIECKUX MEPOIIPHSITHIL AO-
MOAHMTEABHO BKAIOYAA MIMMYHOKOPPEKIIHIO IIperapaToM
BaabTpekc (o 1 1 1 pas B AeHb S AHEIl)  MECTHYIO 030-
HOTEPAITHIO B BUAC ©KeAHEBHBIX BATHHAABHBIX TAMIIOHBI
C 030HMPOBAHHbIM PU3MOAOIMIECKHM PACTBOPOM B Te-
gyeHue S AHel. AAS ITOAydeHHS 030HMPOBAHHOTO PH3HO-
AOTHYECKOT'O PaCcTBOPA IMPOITYCKAAN 030HOKHCAOPOAHYIO
cmech yepes paakoH 0,9% puanororuueckoro pacTsopa
(200 M) B Teuerne 10—15 MHH C TOMOIIBIO CepUIHOTO
armmapata «O30H YM-80>, BoiryckaembiM MIHCTHTYTOM
o3oHOTepanuu U MeaobopyaoBanus (r. Xappkos) [2,5—
8]. KourpoabHyto rpymnmy cocrasuau 30 6epeMeHHbIX
¢ U3HOAOTHYECKHM TedeHeM OepeMeHHOCTH 0e3 Ipu-
3HAKOB MHQUITMPOBAHUA.

BceM 6epeMeHHBIM IIPOBOAMAOCH IIOAHOE KAUHUKO-
Aab60paTOpHOE 1 YABTPAa3BYKOBOE 06CAeAOBaHUE, baKTe-
PHOCKOIUYECKOe U OAKTEPHOAOTHIECKOTO HCCAEAOBAHIE
COAEPYKIMOTO BAATAAUIA, AHATHOCTHKA 320 0A€BAHHI ITe-
peaaromuxcs noAoBbM myTeM MeTopoM TTLP. Msyuyenue
ummyHHOrO ctaryca (T- u B-aumdponuros, NK-kaetok)
IIPOBOAMAOCH C TIOMOIIbIO PEAKI[UH HeIpsSMOI IIOBepPX-
HOCTHOM UMMYHOQAIOOPECLIEHIIMH C UCTIOAb30BAaHUEM
MAT «x ¢enorunuyeckum mapkepam (CA3+, CA4+,
CA8+, CA16+) xommanuu «Cop6ent—ATA>» (Poc-
cus1). Ummynoperyastopusiit uaaexc (MPU) ompeae-
AsIAM Kak cooTHomeHue T-xeanepos u T-cynpeccopos.
OmnpepaeAeHre IUPKYAHPYOIIIX HIMMYHHBIX KOMIIAGKCOB

OCYIIECTBASIAM METOAOM CIieKTpodoToMeTpuH B 3,5%
pactBope 13T Yposens ummynoraobyaunos G, A, M
B CBIBOPOTKE KPOBH, a TakxKe copepxanus sIgG i sIgA
B BATHHAABHOM CeKpeTe OIPeAEAS AN METOAOM ITPOCTOM
paauasbHOM HMMYHOANGPy3uu mo Manchini. Coaep-
xanue pakropa Hekposa omyxoaeit (TNF) u unrepaeit-
xuHoB (IL-1,1L-6,IL-10) B CBIBOPOTKE KPOBH OIIpeAe-
ASIAOCH TBEPAO(PAZHBIM HMMYHOPEPMEHTHBIM METOAOM
¢ momompio Habopa pearentoB ProCon. IToayuenHbre
Ppe3yABTaThI 00pabOTaHBI METOAAMH BAPHALIOHHOM CTa-
THCTHKH C HCIIOAB30BaHHEM ITporpaMmsl “Statistica 6.0”

PesyabTarhl B HX 00Cy)KAeHHe. B pesyabrare mpo-
BEACHHOIO aHAAM3a PAOOTHI IEPUHATAABHOTO II€HTPa
OBIAO BBIIBAEHO, YTO €KEeropAHO B oTaeAeHmsx XOKIIL]
HAXOAUAOCH Ha AedeHnH 6019+364 marueHTKY, U3 KOTO-
prIxX 62,7£5,2% COCTaBHAU SKUTEABHHUITBI XapPbKOBCKOM
obaacTu. CpepHee KOAMYECTBO IIPUHSATHIX POAOB B TOA
aocruraso 3021+49, 13 HUX HOpMaAbHbIE POABI COCTaBHU-
Am 58,9+3,4%, npesxaeBpeMeHHbIe PoAb (A0 37 HeaeAb
recTarym) He npespimasn 10-12%. Bricokuit npoueHT
Kecapesbix cedenuit (26,312,9%) no-BupAuMOMYy 06Y-
caoBaeH Bbicokoit kouuerTpanueit B XOKIIL] 6epemen-
HBIX C TSDKEAOH aKyIIepCKOH U 9KCTPAareHUTaAbHOM I1aTo-
aorueit. Cpear HOBOPOXKACHHbIX YFCAO HEAOHONIEHHbIX
coctaBuAO 319128 aereit, u3 HuX Maccom Ao 2500-
10,1£1,3%, a0 1500-1,8%0,5%, oo 1000 r — 0,6%0,3%
BTOA. B cocTostHMM acPuKCcHY pa3AMIHOM CTeNeHH TsDKe-
CTH pOAUAOCD 6,9%1,1%, npoBeAeHHE peaHUMAIIMOHHBIX
MEpPOIPHSITUI HOBPOXAEHHBIM €KETOAHO KOAe6aAOCH
o1 6 A0 10%. YpoBeHb 3a60A€BaeMOCTH HOBOPOXKAEHHBIX
KoAebaacs B mpeperax 180-185%o. B crpyxrype 3a60-
AeBaeMocTH rpeobaapara achuxcus (37,7+4,6%), uepe-
OpaAbHAs HITEMUST (11,1+2,4%), CUHAPOM AbIXaTE€AbHBIX
paccrpoticts (8,6+1,5%), sxearyxa (5,310,9%), BHyTpH-
yTpobubie undexuuu (3,5+0,5%). PanHAsS HeOHaTaAD-
Hasl CMEPTHOCTD KoAebaaach oT 6,4 A0 7,7%0, B OCHOB-
HOM y HeAOHOIIeHHbIX AeTeil (72,416,9% ). OcHOBHBIMU
IPUYHHAMU HEOHATAABHOM CMEPTHOCTH OBIAM BHY TPHY-
Tpo6HbIe uHeKIMHU (BPOXKACHHbIE THEBMOHHH), BPOK-
A€HHBbIE TIOPOKH Pa3BUTHUS, aCPUKCHA. AHTEHATaAbHAS
rubeAb IAOAA KoAebaracs ot 14,8%o0 A0 20,4%o0, mpeob-
Aapas B cpoke recranmu Ao 34 Heaeab. Ilepunaraspnas
CMepTHOCTD cocTaBHAa 24,5%2,2%0. CoraacHO maToAo-
rOaHaTOMUYECKOMY 3aKAIOUEHHIO B 67% cAy4aeB OCHOB-
HBIMU IIPUYUHAMH II€PUHATAABHOIN CMEPTHOCTH OBIAM 3a-
00AeBaHUS MATEPH, B CBSI3H C YeM Pe3ePBOM YAYUIIEHIUS
IIPOTHO3a U CHIDKEHU S [TePUHATAABHBIX IIOTEPD SIBASETCS
IIOAHOLIEHHOE 00CAeAOBaHME OepeMeHHbIX IPYIIIIbI BbI-
COKOT'0 PHCKA C IPE€HATaAbHON AMaTHOCTHUKOM U A€YEHU-
eM MHQEKIIMOHHBIX TOPAKEHHI BHYTPHYTPOOHO.

45



Section 6. Medical science

AHaAm3 BarnHaAbHOM MUKPOPAOpPEL Y 150 6epemen-
HBIX C TIOAO3PEHHEM Ha BHYTPUYTpOOHOE MHPUIIUPO-
BaHIHe IMAOAQ BbisiBHA Staphylococcus aureus — y 82
(54,7%) 6epemennbix, Streptococcus agalactus —
y 58 (38,6%), Enterococcus, Corinobacteriaceae,
Escherichia coli. Candida albicans o6xapysxeHa y 74
(49,3%) 6epemennbrx, Gardnerella vaginalis — y 49
(32,7%), Herpesvirus simplex — y 21 (14%) Chlamidia
trahomatis — y 17 (11,3%), Micoplasma hominis —
y 12 (8%), Ureaplasma urealyticam — y 11 (7,3%),
Cytomegalovirus — y 9 (6%) sxenmun. Y 105 (70%)
GepeMeHHBIX OBIAU BbISIBACHBI ACCOLUALIMU MUKPOOP-
raHn3MoB. ITocae mpoBeAeHHOI KOMIIAGKCHOM Tepanuu
06CceMeHEeHHOCTD ITOAOBBIX ITyTell MUKPOOPTaHH3MAMH
BoisBAeHa ¥ 15 (10%) GepeMeHHbIX, B OTAMYUE OT pe-
3yABTAaTOB TPAAULIMOHHOTO Aeyenus — 46 (30,7%).

HmmyHOAOTHYECKOE  OOCAeAOBaHHE OepeMeH-
HBIX C BHyTPHYTPOOHBIM HHPUIIMPOBAHIEM IIOKA32A0
CHIDKEHHe OTHOCHTEABHOTO KOAUYECTBa AUMQOIIUTOB
(25,9£1,7%) no cpasuenuto ¢ koutpoaem (31,8+1,7%)
(p<0,0S). Copepxanue T-aumdonutos (CD3+) y undu-
IIMPOBAHBIX 6epeMeHHBIX COCTaBHAO 53,4+2,3%, aoocTo-
BEPHO OTAUYASACh OT KOHTPOABHOM IPYIIIIbI (66,2+1,8%)
(p<0,05). OTHOCUTeAbHOE KOAMHECTBO T-XeArepos
(CD4+) y 6epemeHHDBIX ¢ MHPEKLMAMU OKa3aAach
B1,5 pasa HmXe B cCpaBHEHMH C KOHTPOAEM (p<0,05).
IlepepacmpepeseHHe PEryASITOPHBIX CYOIOIYASILIUI
T-AMM¢OLIMTOB BBI3BIBAAO AOCTOBEPHOE CHIDKEHUE
WPH y uHPUIIMPOBAHHBIX OepeMEeHHBIX B CPAaBHEHUH
co 3poposeimu — 1,21£0,06 u 1,75+0,09 cooTsert-
CTBEHHO (p<0,05). CaeayeT OTMETHTD, YTO OTHOCH-
TeabHOE copepxkanue B-aumdonuros (CD19+) y Ge-
PeMEeHHbBIX C MaTepHUHCKO-TIAOAOBBIMH HHQEKITUAMU
AOCTOBEPHO He OTAUYAAOCH OT KOHTPOABHBIX ITOKa3aTe-
Aent (p>0,05). BoraBAeHO CHIDKeHMEe a6 COAIOTHOTO KOAH-
gecTBa CD16+KA€TOK y HHPUIIMPOBAHHBIX OepeMeHHbIX
(0,12£0,01-10°/A) 1O CpaBHEHHIO C IPYTIION KOHTPOAS
(0,18+0,01-10°/a) (p < 0,05). ITpu u3yueHnm AOKaAbHO-
rO IMMYHHTETA y GepeMeHHbIX C HHPEKIISMU BbISIBACHO
noBbIIIeHHe KoHeHTpanun sIgG B 2,2 pasa, a sigM —
B 1,6 pa3a B cpaBHEHHHU C KOHTPOABHBIMH ITOKA3aTEASIMH.

ITocae mpoBeAeHHOTO KOMIIAGKCHOTO A€UEHHSI OTMe-
4aAOCh AOCTOBEPHO€ YBeAUYeHHE O0Iero KOAMIecTBa
AUMPOLUTOB (T—AI/IM(I)OLII/ITOB —Ha 29%, T-xeanepos —
Ha 32%) (p<0,05). Kpome TOro, 66140 OTMEYEHO AOCTO-
BepHOe IIOBBIIIeHNe A0COAIOTHOTO urcAa T-cympeccopos
u NK-kaeTok, uro BeizBaso nossimenue MIPH cpasre-
HHIO C HaYaAbHBIMH AAHHBIMU Ha 29% (p<0,05). B rymo-
PaABHOM HMMYHHUTETe OBIAO OTMEYEHO CHIDKEHHE YPOB-
Heit [TMK nIgG Ha 31% 1 22% cOOTBETCTBEHHO, a TakKe

nosbiIIeHHe copepxanus IgA Ha 38% mocae okoHYaHUSA
KOMIIA€KCHOTO A€UeHUSI (p<0,05).

Wzyuenne NUTOKMHOBOTO CTaTyca y HHQHUIM-
POBAaHHBIX OepeMeHHbIX IPOAEMOHCTPHUPOBAAO YBe-
Anvenue copepxkanust IL-1 (67,45,8 nr/ma), IL-6
(51,6 + 4,4 ir/MA), CHIKeHME COAEPYKaHHS IIUTOKH-
nos IL-10 (5,9 + 1,1 nr/ma), moabem yposus TNF
(58,243,9 nir/MA) B CpaBHEHMH C KOHTPOAbHBIMH 10-
Ka3aTeAsIMH (p<0,05). TpapunoHHas Tepamust AOCTO-
BEpPHO He BAMSIAQ Ha LIUTOKUHOBbI 06MmeH: IL-1, IL-6
M3MeHsAAUCh HepocToBepHO (p>0,05), B TO Bpems Kak
ITpOBeAeHHe KOMIIAGKCHOM Tepanuy MpUBeAo K HOpMa-
ausanuu mokasareaet IL-1, IL-6 u IL-10, a rakske TNF
(35,7+2,8 ir/ma). Ipy anaAu3e U3MEHEHHUI AOKAABHOTO
MMMYHHTETA II0CA€ KOMIIAEKCHOTO Ae4eHHUs oOpaiaer
Ha ce6st BHUMaHHe HopMaAu3anus sIgA u sigM y 87,3%
GepeMeHHbIX B OTAMYHE OT PE3YAbTATOB TPAAULIOHHOTO
sevenus (44,2%). BoiBAeHHbIe H3MEHEHUS TOATBEPK-
AQIOT AOCTATOYHO 3$PeKTUBHOE AEHCTBHE MMYHOKO-
peKTopa BaAbTpeKCa B COUYeTAHMU C MECTHBIM IIpHMe-
HEHHEM O30HA Ha OOIUI U AOKAABHBIA MMMYHHHTET
y HHPUIMPOBaHHbBIX OepeMeHHbIX. CAeAyeT OTMETHTS,
9TO OCAOKHEHHI UAU MTOOOUHBIX PEAKIIUI CO CTOPOHBI
MaTepu U MAOAQ, CBA3aHHBIX C IPOBEAEHHOM Tepanuex,
He BBISIBAEHO.

AaapHeilnee HAOAIOAEHHE 32 TeUeHHEM OepeMeHHO-
CTH y KEHIIJUH, IIOAYYaBUIMX TPAAULIMOHHYIO T€PAIUIO
[IPOAEMOHCTPHPOBAAO YTPO3y IpephiBaHus y 85 bepe-
meHHbIX (89,5%), IPU3HAKY TIAALIEHTAPHOMN AUCYHK-
nun — y 61 (64,2%), npeaxaamncuio — y 42 (44,2%),
3apepKKy pocra maopa — y 32 (33,7%), HecBoeBpeMeH-
HOE M3AUTHE OKOAOTIAOAHBIX Bop — Y 38 (40%), mpe-
KAEBpeMeHHBIMI poaamu — v 22 (23,2%), uto umeno
OTpHUIjaTeAbHOE BAMSHME Ha IepHHATAaAbHbIE ITOKa3a-
TEAU U HCXOA poaoB. MH$uIupoBaHHbIe OepeMeHHbIe,
MTOAYYaBIIVe KOMIIAEKCHYIO T€PaIHIO, OTMEYaAU YIPO3y
HepOHamuBaHuA B 20% cAydaeB, NMAAII@HTAPHYIO AWC-
¢yuxuuro — 18,2%, mpeaxaamncuro — 16,3%, C3PIT —
12,6%, mpexpaeBpeMeHHOe H3AMTHE OKOAOIAOAHBIX
BopA — 14,5%, npexaeBpemennsie poabl — B 10,9% Ha-
OAIOACHUIL

AHaAM3HPYS YACTOTY IEPUHATAABHOM 3200A€BaeMO-
CTH M CMEPTHOCTH y UHQHI[IPOBAHHBIX OepeMeHHBIX,
[IOAYYABIIHX TPAAUIIOHHOE AedeHHe, B 23,29% 6blaa BbI-
sSIBA€HA BHYTPUYTPOOHas THeBMOHMS, B 33,7% — acuk-
cus HoBopoxkaeHHOTO. Ilocae xoMnAekcHOM Tepanmuu
[IPU3HAKOB BHYTPUYTPOOHOr0 HHPUIIUPOBAHMS He BbI-
SIBA€HO, aCPUKCHS AUarHOCTHpOBaHa y 7,3%.

Takum 06pa3oM, IMOKa3aTeAU IePUHATAABHOMN 3200-
AeBaeMOCTH Y MALJUEHTOK C ypPOTeHUTaAbHOM HHeKIein
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AOCTOBEPHO HIDKE [TOCAE IPHMEHEeHHSI HIMMYHOKOPEeKTO-
POB B COYETAaHHUU C MECTHO! O30HOTEpAIKelt, 9T0 00b-
SCHSETCS yAydllleHHeM IIUTOKMHOBOTO 6aAaHca, ob1ero
U AOKQABHOTO IMMYHHTETA.

BoiBoabr: 1. K Hanboaee 9acThIM epHHATAABHBIM
OCAOXHEHHSIM y HHYHUIJIPOBAHHBIX OepeMeHHbIX OTHO-
CATCSL HeAOHAIIMBAHYE OepeMeHHOCTH, IIPeXAeBpeMeH-
HOE M3AHTHE BOA, [IAAIIeHTapHAasI AUCPYHKI[HSI, BHY TPH-
yTpobHOe HHPHUIIPOBAHE, ACPHKCHS HOBOPOXKAEHHBIX.

2. YporenutaabHOe HHQUIIMPOBAHKE TPUBOAUT K Ha-
PyILIEHUSIM 06IIero 1 AOKAAPHOTO HIMMyHHTETa OepeMeH-
HOI1, IUTOKMHOBOMY AMCOAAQHCY, YTO OTPULIATEABHO
BAUSET Ha IIepUHATAAbHbIE TOKA3aTeAN.

3. OpPeKTUBHBIM METOAOM ACYEHHS U ITPOPUAAKTH-
KH TIepUHATAABHBIX OCAOXKHEHHMI SIBASETCS IPOBEACHUE
MMMYHOKOPEKI[MH HHQHUIUPOBAHHBIM OepeMeHHBIM
B COYETAaHMH C MECTHbIM ITPUMEHEHHEM MEeANITMHCKOTO
O30Ha.
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New mechanical regularity in the two-body problem and the
explanation of the experimental results PLANC, BICEP2, the
phenomenon of superfluidity and other questions of physics

Abstract: It is established, that in the problem of two bodies (environments) exist, till now not known in the

science, the general mechanical laws of fundamental interdisciplinary character similar for all mikro-, macro-and the

mega-worlds. They change existing representations about physical interaction. It is shown that the new laws decode

known and anomalous phenomena.

Keywords: Problem of two bodies, the Big Bang, Cosmic inflation, cosmic microwave background radiation,

“B-mode” of waves, cryogenic temperature, superfluidity.
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HoBble mMexaHn4eckmne 3aKOHOMEpPHOCTU B 3aa4e ABYX Ten
M o00bsiCHEeHne umu pesynbraTtoB 3kcnepumeHToB PLANC, BICEP2,
SIBJIEHUSl CBEPXTEKY4Y4eCTU U APYrnx BOnpocoB puanku

AHHOTaI.II/IH: YCTaHOBAeHO, 4TO B 3apa4€ ABYX TEA (CPEA,) CymeCTBYIOT, AO CHUXIIOP HE N3BECTHDBIC B HAYKE, O6H.II/Ie

MEXaHNYECKHE 3aKOHOMEPHOCTH (l)YHAaMEHTaAbHOI‘O MEKAHUCIUIIAMHAPHOI'O XapaKTepa, HOAO6HIJI€ AAST BCEX MUKDPO-,

MaKpO- 1 M€ra-MHUpPOB. OHU U3MEHSIOT CyI€CTBYIOIINE IPEACTABACHMA O (1)H3I/I‘IeCKOM BBaHMOAeﬁCTBHH. HoxaaaHo,

4YTO HOBbI€ 3aKOHOMEPHOCTH paCI.HI/I(l)POBI)IBaIOT HU3BECTHBIC 1 aHOMAABHDBIC ABACH .

KaroueBbie caoBa: 3apaua AByx Tea, boabmmoit B3peiB, KocMuueckass HHPASINS, pEAMKTOBOE U3Ay4YeHHe, “B-Mopa”

BOAH, KpHOT€HHAas TEMIIEPATYPA, CBEPXTEKYIECTb.

Beeaenne. B HacTosmee Bpems HayuHOe MUPOBO33pe-
HHe O MPOMCXOXKACHUH U PyHKIIMOHUpOBaHMU Bceaen-
HOM AU KOCMOAOTHYECKHUE IIPEACTABAHUS B OCHOBHOM
OO'BSICHSIIOTCSI HA OCHOBE Pe3yABTATOB MATEMATHIECKIX
MOA€EA€HT M3 TeOpeTHIeCcKOi GpU3UKU. DTy 00AACTD HAYKH,
II0-APYTOMY;, ellle Ha3bIBaloT BoAbIIO HayKol, BepOATHO,
9TOOBI IOAYEPKHYTH IIPUHAAAEIKHOCTD €€ K TEOPUH TH-
norerudeckoro boavmoro B3priBa. OAHAKO, IOCACAHHE
AOATOXXAQHHbIE HTOTOBbIE AAHHbIE dKCIlepuMeHTOB EBpo-
refickoi kocMudeckort ooceparopuu PLANC, nmpussan-
HbIe AOKa3aTh IPAaBOMEPHOCTb TEOPETUYECKHX ITPEATIOCHI-
AOK ITPMHATBIX HA OCHOBE Takux Mopeaer k 02.02.2015 r.,
He OATBepAMAH | 1 ] mpeAckasaHue IpeaAaraeMplx TeOpuit
u3 TeopeTndeckoit pusuku. [Toaromy pesyasrarsr obcep-
BaTopur PLANC HaroMHMHAIOT 3aTpyAHEHHS], IPHBEAIIIIEe
K HICTOPUYECKHM IIepecCMOTpaM HayYHbIX TAPAAUTM.

B pAaHHO paboTe IIpUBeACHBI HOBbIE GU3HUIECKIE 3a-
KOHOMEPHOCTH M3 HOBOM ITOCTAaHOBKHU 3aAaYM ABYX TeA
(cpea) c TOUKM 3peHHs OOIUX 32KOHOB MEXAaHUIECKOTO
ABIDKEHHS M B3auMopericTBus. OHH 110 HOBOMY 06'bsic-
HSIIOT OCHOBHbIE IIPOOAEMbI B $yHAAMEHTAABHBIX BOIIPO-
cax QU3UKH, KACAIOIIMXCS, B TOM YHCAE U 9KCIIEPUMEHTOB
Ha obcepBaropunt PLANC u papuoreaeckone BICEP2.
A TaioKe Ha AaTOMHOM YPOBHE OOBSCHSIOT MHKPOCKOIIU-
JecKHe CTOPOHbI IBAGHUH CBEPXTeKy4eCTH, CBePXIIPOBO-
AUMOCTH, CBEPXTENAONIPOBOAHOCTH U PacIIMQPOBBIBAIOT
PSIA SIBACHHI CYMTAIOIMXCSI aHOMAABHBIMH. O O'bsICHeHUS
0asHpYIOTCS Ha Pe3yABTATAX, BHITEKAIONIUX U3 HOBOTO
IIOAXOAQ K 3apaue ABYX TeA, KOTOpPbIe IIOATBEPKAAIOTCS
akcrepuMenTasbHO. HeobxoanMbie GOPMYABL AAS TIO-
AydeHuUs IrpadUKOB IPHBEACHDI B IIPEABIAyIIeil paboTe
aBTOpa [2].
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1. O 3HaYeHHH COBMECTHOIO aHAAM3a AAHHBIX
PLANC u BICEP2

HasepHo, 0AHNM 13 CaMbIX BOXKHbIX COOBITHI IIOCACA-
Hero BpeMeHH B QpU3uKe, Ad U B HAYYHOM MUPOBO33PEHUH
BOOOIIE, MOXXHO CYUTATh UTOTY COBMECTHOIO aHAAM3A
AaHHBIX KocMudeckort obcepBaropur PLANC Ha Touke
Aarpanxa 2 ¥ Ha3eMHOT'0 9KCIIepUMEHTa PAAUOTEAECKO-
mma Ha Oxxaom I[oaroce 3eman BICEP2 u maccuBa Kexka.
Bor BbIcKa3bIBaHUSA ABYX TAQBHBIX CIIEIJHAAMCTOB HHCTPY-
menToB PLANC mmocae COBMECTHOTO aHAaAM3a C AAHHBI-
mu BICEP2, npuseaennsie B o63ope [1]:

Peno ManpAOAe3H, TAQBHBIN HCCAEAOBATEAb MHCTPY-
meHTa LFI Ha «Ilaanke> n3 Yuusepcurera Oeppapsl
B Mtaanun: — “XoTst Mbl He HamAM yOeAUTEABHBIX AO-
Ka3aTeAbCTB CUTHAAQ IIEPBUYHBIX I'PAaBUTAIIMOHHBIX BOAH
CPeAU AYYIINX U3 AOCTYIIHBIX Ha CETOAHS HAOAIOAEHHI
MOASIPU3ALIMK PEAMKTOBOTO M3Ay4YeHHs, 9TO COBCEM
He OTMeHsIeT HHPASIIMIO .

«OTa coBMecTHasl paboTa IOKa3aAa, 4TO OOHapy-
JKeHHe TepBUYHBIX B-Mop yke He Takoe yBepeHHOe,
KOTAQ MBI YAQASIeM M3AyYeHHe FAAAKTUIeCKOH ITbIAY, —
rosopur JKan-Ay Ilbroxe, rAaBHBII HCCAEAOBATEAD UH-
crpymenta HFI ciytanka «Ilaanka» u3 MucruTyTta
acrpousuku B Opce, Opannmsa. — K coxasernro, Mbr
He CMOTAHU ITOATBEPAMTD, YTO 3TOT CUI'HAA — OTIEeYaTOK
KocMuyeckor nHpasaumn>. Ho uTo kacaeTcs mpusHakoB
MHQASIIMOHHOIO IEPHOAQ, BOIIPOC OCTAETCS OTKPBITHIM.

dakTHyeckH, AAS AAHHOTO BPEMEHH Pe3yABTAThI 9KC-
nepumenTa PLANC cTaBsAT AQBHO 0XXHMAAEMYIO TOUKY
B XPOHOAOTUH COOBITHUI CBSI3aHHBIX C OTYETAMU IKCIIEPH-
mentoB PEAVMIKT 1, COBE, WMAP, BICEP2 u maccusa
Kexa. BpiBoabI, cAeAyIOIIUE U3 STUX PE3YABTATOB, HIMEIOT
60ABILIOE 3HAYEHIE, HE TOABKO AASI KOAAEKTHBA ABTOPOB
B COTHHU HCCAEAOBATEAeH M CaMOI HayKH, HO, U AASL ee
¢unanCcupoBanus. Beab ysxe moTpadeHo u maaHUpPYIOTCS
BBIAEACHHS CTOABKUX CPEACTB U BpeMeHH, KOTOPbIe, BO3-
MOXHO HY>KHO OYA€T IIepecMOTPETb.

KoneuHo, pe3yAbTaThl COBMECTHOTO aHAAM3a
3TUX KCIIEPUMEHTOB MOXXHO MHTePIPEeTHPOBATh I10-
pasHomy. Hampumep, B Ayxe — MbI He cpaeMcs, Ipo-
AOAXKAaeM HCKaThb AO TeX IIOp, IIOKA He HalAeM TO, 4TO
Hy>kHO! Ho, ecAr HCTOAKOBAaTh UTOTOBbIE PE3YAbTATHI
obcepsatopun PLANC kak ecTb, U €CAH, IPHHIJHII
Oxxama, KOTOpBIM B HMCTOPHUU HAYKH IPUMEHSACS
B TAaKHUX CAyYasix — BCe ellle B CHA€, TO Ha HaCTOsIee
BpeMs BbIBOA OAMH: — NepBUYHOM B-MoabI HeT, caepo-
BaT€AbHO, HET BCErO TOTO, Yer0 XOTEAH AOKa3aTh. DTO
AQeT OCHOBaHHUE CYUTATh, YTO COGAMHEHHEe IIPUIHHHO-
CA€ACTBEHHOH HUTHIO IMIIOTETUYECKON CUHI'YASIPHOM
TOYKU 14 MAPA. A€THEl AABHOCTH, C QXYPHOH PpopMoit

KoAebanmit (B BuAe B-MOABI) KOCMIYECKOTO ¢$oHa B Ha-
crosiiee BpeMs, He cOCTOSIA0Ch. O6 9TOM IpeAyIpex-
aaau C. Xoxusr u I @. P. Oaauc eme 1973 roay, koraa
AOKa3bIBAAU He COCTOATEAbHOCTh Teopuu boabmoro
B3pbIBa. ABTOP AQHHOI PabOThI [IOAAraeT, YTO Ha pOHe
ordera PLANC cTaHOBHTCSI HEOOXOAUMBIM KPUTHYE-
CKH IIepeCMOTpeTh BCe, YTO KACaeTCs OCHOBAHUS TeO-
puu Boasmoro B3psiBa, HAYHUHAS, XOTSI ObI C HHTEpPIIpe-
raguu oTKpbITUs A. Ilensunaca u P. Buabcona B 1965 r.
[3,82-87]. Tak uTo e, Ha CAMOM A€A€ MOXEeT 03HAYaTh
TO, 4TO OHK 06HAPY) AN} CAEAYeT OTMETHTB, YTO ITHM
aBTOp BOBCE He OTBEpraeT psiA ABACHHUI, HUMEIOIUX
9KCIIepUMEHTAAbHOE IIOATBEPXKAEHHE, a H3AaraeT CBoe
IpeACTaBACHHE O BO3MOXKHOCTH MX HHOM MHTepIIpeTa-
ITMH, TPOMCXOXKACHUS, IPUHAAASKHOCTHU U CBOMCTBAX,
0 KOTOPBIX OYAET CKa3aHO II0 XOAY U3AOXKEHHS.

B cBasu c atum B Heoxaaccuueckoit Eaunoit Teopun
aBTOpa [2] 6p1a IpeACTaBAEH HOBBIH ITOAXOA K HHTepIpe-
TaLMU CAMOTO SIBACHUS T'PABUTAIIUH U ABIDKEHHUIO TIOA ee
aerictBueM. C TOYKM 3peHHMs HOBOTO ITOAXOAQ, MHOTHE
BOITPOCHI ITOAYYAIOT COBCEM ApyTHe 06bsicHeHus. Uro
NIOPA3UTEABHO — PSIA SBACHHI, CIUTAIOMUXCS B CyIIe-
CTByIOIel PpU3NKe aHOMAABHBIMH, IIPY HOBOM ITIOAXOAE
OKA3bIBAIOTCS 3aKOHOMEePHBIMH. O HEKOTOPBIX M3 9THX
HOBBIX 3aKOHOMEPHOCTET OYAET U3AOKEHO AdAee.

2. O HOBOM IIOAXOAE K 3aAa4Y€ ABYX TeA H OCHOBA-
Huax koHnennnn Heokaaccnueckoit EAnHOM Teopun

Hanmomuuym, uyto B Heokaaccuueckoit EanHolt Teo-
pur ABa pU3NIECKUX 00BEKTA MOT'YT B3AaHMOAECTBOBATH
He TOABKO LIeHTPAAbHO Kak 1o Teopun HpioToHa, a akc-
IIEeHTPUYHO C OAHOBPEMEHHbIM AeHICTBUEM IPUTSDKeHUS
U OTTaAKMBaHUA. Taxoke, IPH yCTAHOBUBIINXCS YTAOBBIX
ABIDKEHHSX IepeMellleHrne MAaAOTO TeAd (M.T.) oTHOCH-
TEABHO BPAIIAIOLIETOCS CPepUIeCKOro HOABIIOrO TeAd
(6.1.) OCYIIECTBASIETCS [IO0 TPAeKTOPHHU B BUAE 9BOAbBEH-
b1 kpyTa (puc. 1). (B Boipaskennsx R, Wn, W, ... u3 [2]
COAEPIKATCS MHOXKHTEAU +/Sin’a+cos’d, KOTOpble Mbl
OITyCTHAHM AASI KPATKOCTH M3AOXKEHHS).

IIpeamoaaraeTcs, 4TO U3BECTHOE IIeHTPAAbHOE ITPH-
TsbkeHHe HploToHa mpy yCTaHOBUBIIMXCS YTAOBBIX ABHU-
SKEHMAX SIBASIETCSI BTOPHYHBIM KOCBEHHbIM 3 PeKTOM.
OTO IPEATIOAOXKEHHE ABTOPA OCHOBAHO Ha TOM, YTO IjeH-
TPaAbHOE HaITpaBAEHHeE, Kak ITI0OKAa3aHO B IIPeAbIAyIIeH pa-
6ore [2], BBIPAXKAETCS YePe3 YTAOBYI0 KOOPAMHATY HAU
QYHKIIMIO 9KCLIEHTPUYHOTO B3auMopercTaus Kss.

Caeayromeit upeein B Heoxaaccuueckont Epunoit
TEOPUU SBASIETCS IIPEATIOAOXKEHHE aBTOpPa O TOM, YTO
AASl YCTAaHOBUBIIETOCS IPOTeKaHMs SBACHUM IIPUPOABI
BO BCEX MUKPO-, MAKpO- M Mera-MHUpPax AOAXKEH CylIe-
CTBOBATh OAMH H TOT K€, KAYeCTBEHHO eAMHbIH (I10A06-
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HbeI) MEXaHHN3M BSaHMOAeﬁCTBHﬂ, AHAAOTHUYHBIN 3apQde
ABYX T€A B MEXAaHHUKE, OTAPI‘IaIOLL[HfICﬂ TOABKO MacCHiTa-
6OM. HOQTOMY HY>XHO OTOBOPHTD, UTO IIOA ITOHATHEM
LEHTPAAPHOTO MAN 60ABIIOrO TeAQ MBI MOYXKEM TIoApas-
YMEBATD KaK Bpalllaromieecs He6eCHO€ TEAO, TAK U SIAPO
aroma. PaBHO Kak u II0A ITIOHATHEM MAaAOT'O T€EAQA — IIAQ-

HETY B IIAAHETAPHOM CUCTEME MAU IAEKTPOH, CBA3aHHBIN
¢ IApoM. EAVHUYHBII papAryC OOABIIOTO M TOYEYHBIH Xa-
PaKTep MaAOTO T€AA B TEOPETUYECKON MOACAU ITPEATIOAA-
raeT BO3MOXHOCTb IIPUMeHEHHUS MACIITAOHOTO [IEPEX0AA
U3 OTMCAHHS XapaKTePUCTHK OAHOTO SBAEHHS K OIHUCa-
HUIO IIOAOOHOTO eMy, HO APYTOrO.

R JKCUEHTPHMYHOE B3aMMOOEHRCTEHE

L
i

.
[ i L2

—_—
m

=
i

OpAMHATa PAcCTOAHKMA M.T.(E eg.pagmnyca 0.1

=

abcuMcca paccToAHKA MT.(B 20 paguyca b.T)

Puc. 1

rae: W W, — HOpMaAbHbIe U TAHTEeHI[HAAbHbIE yCKOperus, R — nenTpasbHOe paccTosnue, a — paamnyc 6.1, A B —

PACCTOSIHHE OT M. T. AO IOBEPXHOCTHU Cepbl IO KAcaTeAbHOH (AAMHA Pa3BOPAIUBAEMON AYTH BbIYEPIUBAIOIIEN KPUBYIO
9BOABBeHTHI Kpyra), OB _— aamna papmyc Bexropa, OA — papuyc 60ABIIOro TeAa.

ITocKOABKY peub HMAET O MAaCIITaOHOM IlepexoAe,
TO BBEAGHHE BCAKUX AMHMI] M3MepeHHs pacCMaTpHBa-
eTcs Kak BTopocreneHHbIM. [ToaaraeTcs, yTo cambiM Bax-
HbBIM B 9THUX KO3 QPUIIMEHTaX ABASIOTCS 3HAYSHUS CAMUX
K09 PUIIMEHTOB, a He AOTIOAHHTEAbHbIE MHOXHTEAH,
yKa3bIBaIOIIHe N — MOPSIAOK AASI 3HAYEHHIT BRIOPaHHBIX
€AMHHI] U3MEPeHUsl.

KuneMaTuka OOBIMHO MHTEPIPETHPYETCS] KaK Ieo-
MeTpusi BO BpeMeHH UAU MeXaHHKa 6e3 cuabl. Ho B kuHe-
MaTHKe OIPEeACASIOTCS YCKOPeHHs, 2 OHM, KaK U3BeCTHO,
IpONOPIMOHAABHBI cHAe. I lepecMoTpa xKe MOHATHSA yCKO-
peHus, Kak B CAy4ae IepeMejeHus U CKOPOCTH, B TEOPHU
OTHOCHUTEABHOCTH HeT. YCKOpPeHHs YYacCTBYIOT B ypaBHe-
HHUM SHEPIUH, KOTOpas MOAYYAeTCs U3 MPHHIMIIA Hau-
MEHbIIEro ACHCTBHS, B IPEATIOAOKEHHH, YTO ABMDKEHHUS
B IIPHPOAE OIHKCHIBAIOTCS TOABKO IIepeTeKaHHeM MEeXAY

TIOTEHIIMAABHON U KUHETHIECKOH dHepTHAMHU Ha OCHOBe
3aKOHA COXPaHEeHHs IOAHOH SHeprur. MexAy TeM, B AaH-
HOI1 paboTe MPUYMHOM B3aMMOAEHCTBUS PaCCMATPUBAIOT-
Cs1 He TIpeKpaljaoljeecs BpalljeH e OOABIIOrO TeA H M0-
pO’KAaeMble 3TUM OTHOCHTEAbHBIE BOAHBI YCKOPEHUH,
KOTOPBIE IIPECACAYIOT MAaAO€ T€AO, HEIIPEPBIBHO ITOAIIH-
TBIBasI ero B ABIOKeHHH. O61mast yHKIHS B3aUMOAEHCTBUS
Kss B Heoxaaccuyeckoit EArHOI Teopun siBAsIeTCS Bpala-
TEAbHO MHBAPHAHTHOMN OTHOCUTEAbHO HuX. OHa BhIpaXa-
eTCs OTHOIIIEHHEM 3THX YCKOPEHHI 1 IMeeT 0O paIrjaeMblit
XapakTep B 3aBUCHMOCTH OT PACCTOSHUS AO LIeHTpa.

OaHOJT U3 0COOEHHOCTE T HOBOTO IIOAXOAQ SIBASIETCSI
y4eT SKCI|eHTPHYHOCTH B3aUMOACHCTBHS, IIO3BOASIOIIHI
YCTPaHHUTD, CAMYIO TPYAHYIO IIPOOAEMY TEOPHII TSAroTe-
HHS — CHHTYASIPHOCTD B HadaAe KOOPAMHAT, 3aMEeHUB ee
KaCITaMH.
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OTa popMyAa B 0bIIIeM CAydae HMeeT KOMIIAEKCHBIe
KOPHH, 1 U3 Hee CAeAYeT, YTO U3BeCTHbIe pU3MIecKHe I10-
CTOSIHHBIE OITUCHIBAIOIME 3aKOHBI COXPAaHEHH Ha CAMOM
A€A€ MOTYT OBITh KOHCTAHTAMH AMIIb B YACTHOM CAyYae
[2]. Aast uccaepoBanms Kss, npumensieTcs He UHTErpu-
pOBaHIe KaK OOBIYHO, 2 HOBAsI KOHILIEIIINS U3yIeHsI
NoBeAeHUs QYHKIIUN — u3BAedeHHe u3 kopHs. [loro-
My, uTo Kss, ssBAsieTcs cTeneHHON QpyHKIIMEN MOTyIe
HMeTh U KOMIIAEKCHBIE KOPHH, 2 00paTHOM apudpmeTn-
9eCKOH omnepanuei AAS BO3BEACHHS B I — CTEIeHb SB-
ASIeTCA TIPOIeAyPa U3BACUEHHUS U3 KOPHA N — CTEIeHM.

3. HoBbIe 3aKOHOMEpPHOCTH H MEXaHH3M IIpeBpa-
IIeHNs] 9HEPTHH HeNMPEePhIBHOTO BpallleHHs B AMC-
KpeTHbIe CHTHAAbI HAH BOSHHKHOBEHHEe “KBaHTa

o 3aKOHOMEpPHOCTHU B 00AACTH AEHCTBHUTEABHBIX
3HAYEHUN YCKOPEHHU:

IIpu HOBOM MOAXOAE K 3apaUe ABYX T€A OTIMChIBAETCS
SIBA€HHE TeOPEeTHYeCKH II0A0OHOE Ha TUIIOTeTHYECKYIO
Kocmuaeckyro HHPASIINIO, TPU3BAHHYIO CIIACTH TEOPUIO
boapmoro B3priBa. OpHAKO, 3TO SIBAGHHME OKA3bIBAETCS
IPUCYIIUM He TOABKO PeAUKTOBOM BceAeHHOI, a BcakuM
HeIpephIBHO BPAIAIOLIUMCS 1 B HACTOsIIIee BpeMsi 00b-
exTam. [Ipuyem, Bo Bcex MUKPO-, MAKpO- U Mera-MUpax.

1. 3aKOHOMepPHOCTb BOSHUKHOBEHUS “MH(ASIIH-
OHHOTO” (YCKOPEHHOTO) ABI)KEHHUS IIPH PaBHOMEPHOM
BpAILleHUH L[[EHTPAABHOT'O TeAQ:

EcAu paccMarpuBaTh B HOBOM IIOAXOAE 3HAdYeHHE
CKOPOCTH M. T. II0 ME€Pe YAAACHUS OT Cephl AASI OAMHA-
KOBBIX NIpUpAIeHuil yTaa a (MAM 4TO TO ke, BpeMeHH),
TO €CTb I[P PABHOMEPHOM BpAI[eHHH TO, Ha PACCTOSHUH
R B6Ansm nentpa opburaspnas ckopocts V, =V /R
yBeamuuBaercs yckopenHo [2] (puc. 2). 3arem, nocae
IIPEOAOAEHHSI HEKOTOPOU KPUTHIECKOM OTMETKH YCKO-
peHre CaMOIPOU3BOABHO YMEHBIIAETCsl, H CKOPOCTb
ACUMITTOTHYECKU CTPEMHTCS K HEKOTOPOMY IIOCTOSIHHO-
My 3HaueHHI0. [IpHpOAHAst peaAu3alfys 9TOro SIBACHUS
Ha rmpuMepe BpaieHuns BeTBeil CIIUPAABHBIX TAAAKTHK
OKa3aAach HeOOBSICHUMOM ¢ Touku 3peHus: Kemaepo-
HbproroHoBckoit Mexanuku. ITpidnHa caMOIIPOM3BOAD-
HOTO YMEHbIIEHUSI CKOPOCTH KPOETCsI B IIOCTEIIEHHOM
ACHMIITOTHYECKOM YMeHbIIEHUH BAUSHUS BpaIlleHUs
C yBeAUYeHHEM PACCTOSIHUS. DTO CBOMCTBO XapPaKTEPHO
AASI PEaABHOTO IIPOCTPAHCTBA B OTAMYHE OT OBICTPOAEH-
crBust HptoTona. OTMeTnM, 9TO Takast “UHPASIUST UMe-
eT IIPOUCXOXKAEHHE He B3PBIBHOTO XapaKTepa, a yCTAHO-
BUBILETOCS BPALleHHS.

OpbuTaneHanA CKOPOCTE BETEEA CIMPANEHON FANaKTHKHW

=
fus]

=
[a7]

=
Fa

£
(]

opbuTaneHanA ckopocTe (BezpazmepHan)

O

O

1 2 3

4 5 5 iR

UEHTRANEHOE PACCTOAHME B 8O, paguyca BT

Puc. 2

B TE€OpHHU Boapmoro B3pbIBa BO3HMKHOBEHHNE HH-
q)ASII_II/IOHHOI'O YCKOPEHHS CBA3BIBAETCA C (PaBOBI)IMI/I
IIEpEeXOAAMHU BEIIECTBA, a IIOCACAYIOIEE TOPMOXKEHNE
C 3aMEAACHHEM ABIDKEHMS ITPH OXAAKACHHUH. OAHaKO,
9TO INPOTHUBOPEYUT M3HAYAADHOMY IIOCTYAATY O IIPEA-
BAapHUTEAPHOM CXKATHU BCelt MaT€pHH U IIPOCTPaHCTBA
B CHHI'YASIDHYIO TOUYKY, BHE KOTOPOfI HHYETO HE AOA’KHO
OBIAO OCTAThCA. HOCKOAI)KY, CBA3aHHOCTbD q)aSOBbIX nepe-
XOAOB N OCO6eHHO OXAKAEHHS Ta3a IpU paClIMpEeHNN
H 3aMEAACHH CKOPOCTH €€ MOAEKYA, BCE 9TO q)I/ISI/I‘IeCKI/Ie
CBOMCTBa IIpUCynmyre He r’MIOTETUIECKHU ITyCTOMY (BHe

CUHI'YASIPHOM TO‘IKI/I) , A PEAABHOMY IIPUPOAHOMY IIPO-
cTpaHcTBy. To ecTh, ecau caepoBaTh Teopuu boabmioro
B3pbIBa TO, Y runoTeTHdeckor Kocmuueckoit uHGASIIINI
He AOAKHO OBITb IIPUYHHBL AASL TIOCAEAYIOIIETO CaMO-
IIPOM3BOABHOTO 3aMeAAeHMS ABIDKeHMd. Ta ke camas
INPOTHBOPEUUBOCTb OTHOCUTCA U K Aee 0 MyAbTHBepce,
TAe Tpe6yeTc5{ HaAWYME CTALMOHAPHOIO IIOAS BHE CUHI'Y-
ASIPHOH TOYKHU.

2. 3aKOHOMEpHOCTD IIpeBpalljeHUs] PABHOMEPHOTO
BpallleHus LIEHTPAAbHOIO Te€AA B AMCKPETHbIE (KBaHTo-
Bble) ITyAbCALIAHN:
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3aAech BriepBbIe (AA}I aBTopa) TEOPeTHIECKH YCTAHOB-
AeHO PyHAAMEHTAAbHOE IPUPOAHOE SBACHHE — MeXa-
HU3M IIPeBpalleHHs HeIPEPhIBHOTO B3aMMOAEHCTBUS
B AUCKPETHOE, (‘ITO HEe AAHO HAaHKOM) , XapaKTepHOe
AASI BCEX MUKPO-, MAaKpO- U Mera-MupoB. [ [puunnoi auc-
KPeTHU3ALUH SBASIETCS] HeM30€)KHOCTh BOZHHUKHOBEHHS
CKOABXXEHHS TOYEK OTpPe3Ka [[EHTPAABHOTO M KaCaTeAb-
HOTO PACCTOSIHUSI B3AaHMOAEHCTBUSI MEXKAY M.T. U 0.T.
MareMaTH4ecKu OHO OOBbSICHSAETCS He BO3MOYXKHOCTBIO
BBIPAXKEHMS UPPAJMOHAABHOIO 3HAY€HUS PACCTOSHUS
B KOHeyHOM BHAe. CAeACTBHE 9TOr0 — BpeMeHHas Io-

P4 89rpaa.

Tepsi KOHEYHOM OOIIefl MepHI AAUHBI U BOSHHKHOBEHIUE
BCIIAECKA TOYEK U CPEAbI B3aUMOAEHCTBUSA MEXKAY M. T.
u 0.T., HAU CTOPOHAMU IIPSIMOYTOABHOTO TPEYTOABHUKA
OAnBn (puc. 1). ITpu Ka>KAOM BO3HUKHOBEHHH Uppa-
ITMOHAABHOM AAMHBI IIPOUCXOAUT CABUT IO paze Mex-
AY PaBHOAEHMCTBYIOIIMMHU YCKOPEHHUH B I[eHTPAAbHOM
U YTAOBOM HAITPAaBA€HUU M BCIIAECK B AMHUHU KPHBOM
TpaekTopun. Hanboaburee 3HaueHHe $pa30BOro CABUTA
cootBercTByeT Makcumymy Kss (puc. 3). Ha opaunare
6e3pasmepHble 3HaueHsI Kss 9KBHBaAeHTHbIE eAVHUIIAM
abcoatoTHo Temmneparypst Keabsun (K).

0.45 | ,
{rpag.)

[fu
[

DA3O0BEIA COBKWM

0.4

0.35

0.3

0.25

0.2

015

0.1

0.05

a 2 4 A

] ]
8 10 12 14 R

LEHTpaneHEIR paguyc (B eg. paguyca b.1)

Puc. 3

OKa3aA0Ch, YTO MUKH ITUX AMIIAUTYA B HAaIIPaBA€HHU-
SIX yTAOBOTO H IJeHTPAABHOTO B3aUMOAEHCTBHS COOTBET-
CTBYIOT 3HA4EHHAM IPUMepHO a = 89°u a = 99°, koTopbie
006pasyroT AUCKpeTHOe “KBaHTOBOE OKHO . OTHOCHTeAD-
HOe PacIIOAOKeHHEe 1 BEAMYHHA 9TOTO IPOMEXYTKA SIB-
AsieTcs pyHAAMEHTAABHOM, TaK KaK COXPAHSETCS AASI BCEX
HIOAOOHBIX CAyYaeB U TOABKO IIPU PAaBHOMEPHOM Bpallle-
Huu. [TosiBAeHYe MPpALIOHAABHBIX 3HAYEHHII B ITPOIIeC-
Ce M3MeHeHHs PaCCTOSIHUS IIPUBOAUT K BOSHUKHOBEHHUIO
COOTBETCTBYIOIIUX UM Pa3AMYHBIX BCIIAECKOB, KOTOPBIE
CBSI3aHBI C pacIpeAeAeHHeM IIPOCTDIX YHCEA B HATYPaAb-
HOM psiA€, a TOTOMY He HMEIOIIHX KaKyI0-An00 ITpeACKa-
3yeMyI0 3aKOHOMEPHOCTb.

EcrecTBEHHO IPEATIOAOXKUTD, YTO B IIPOMEXKYTKE
“KBaHTOBOTO OKHA~ AOAK€H HAXOAUTbCS M HCTHHHBIH

aKCTpeMyM usAydenus. Ecau cuurars, 4T0 OH AOCTHIA-
eTCs B CePeAMHe 9TOr0 IMPOMEXYTKA TO, IIOAYYUM
a=94 rpaayca. AAS ABIDKEHHS M.T. IO OKPY>KHOCTH
A=V /v;v=1/T;T =27/ w; rae: \- AAuHa BOAHBI, V-
YACTOTA, W- YTAOBASI CKOPOCTD, V- AUHEHHAsI CKOPOCTb,
T — nepuop obpamenus. HaiipeM 3HaueHNs 9aCTOTHI v
Yl AAVIHBI BOAHBI A M.T. Ha PaAUyCe TBEPAOTO TEAQ, TAE
w=V/R,R— paccrosuue a0 nentpa. Ecan npumernm
(GOpPMyABI 3BOABBEHTbI KpyTra
V =ac;R=a(l+a?)"?;

o w=0o/(A+a2) v =a/27(1+a?)V?

ITpu paBHOMEPHOM ABWIKEHHH 110 Kpyry AV =1 uan
A=27m(1+a?)?/

AAVHY BOAHBI HAfAEM AASL YTAQ U3 “KBAHTOBOTO OKHA
a =94°, Toraa A=7.3584. D10 ecTp He3pasmMepHOE 3HAYE-
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HUe AAHHBI BOAHBI, 0OHapysxxeHHOe ApHo IleHznacom
1 Po6eprom Buabconom [ 3, 85] B 1965 r. (Hobeaesckas
npemus). M3 aToro caeayet, 4To 3HadeHue \=7.3584 s1B-
AsteTcst 6e3pasMepHOR $YHAAMEHTAABHON PpUIHIECKON
ITocTosAHHOM AAMHBI BOAHBI AASl BCEX PaBHOMEPHO
BpaIIAIOIIUXCS MCTOYHMKOB dHepruu Bo Bceaennon,
a He TOABKO PEAMKTOBOTO n3AydeHus. O BO3MOXXHOCTH
HMHOTO IPOUCXOXAEHHUS U TeMmeparypsl 2.73 K, npu-
IIHUCHIBAEMOM 9TOMY U3AYIEHHUIO CKa3aHO AdAee II0 XOAY
9TOM paboTHL.

B cAydae MUKpOMHpA 9TH KOA€OAHHSI TOPOXKAAIOT
BOAHOBOe u3AydeHue. Ha 60AbIIOM paccTOSHUY OT LieH-
TPa OHO MUKPOBOAHOBOE, IOTOMY 4TO aMIIAMTYAQ KOAe-
GaHMI1 9TOrO U3AYYEHHUS ACUMITOTUYECKH YMEHbIIAETCS
II0 Mepe YAAAeHH OT Hee, HO HUKOTAQ He HCYe3aeT MOA-
HocTbi0. KoAebaHIe He MOXKeT 3aTyXaTh IIOAHOCTBHIO, TAK
KaK YTAOBOJ CABHUT 110 $ase, TO eCTb “KBAHTOBOE€ OKHO'
HEeYCTPaHUMO, IIOKa IJeHTPaAbHOE TeAO Bpamjaercs. Te-
OpeTHYeCKU 3TO cAepyeT, u3 rpaduka Kss u us Toro,
4TO B BBIPAXKEHHAX YCKOPEHUM COAEPIKATCS MHOXHUTEAN
\/sin%a+cos>a, KOTOpBIE MBI OITYCTHAH B [ 2] AAS KpaTKO-
cTu usaoxenus. Ms-3a Haanuus capura 1o ¢ase MexAy
YCKOPEHMSIMU IIPUTSDKEHHS X OTTAAKHBAHS UX KOMOH-
HAIlMK MTOPOXKAAIOT AUCKPETHbIE ITyAbCAlIUH, KOTOpbIe
HeIPepBIBHO IOAIIUTHIBAIOT YAAASIONTYIOCS OT LIeHTpPa
BOAHY B3aUMOAEHCTBUAL.

ITo o3HavaeT, 4TO puanyeckas BeAmdrHa Ilocro-
SIHHOM TrpaBUTAlMM G Ha CaMOM AeAe SIBASIETCSI aCHUM-
NTOTHYECKON BEAMYMHOM, BOAHOBOM ITPUPOABL IToa-
TBEP>KAEHHE 9TOTO — TeMa 3aCeAAHHUs B AOHAOHCKOM
Kopoaesckom obmecrse 27-28.02.2014 r. [4]. Oxc-
IepUMEHTATOPbl, BOOPY>KUBIIHECS CAMBIMU COBpEMEeH-
HBIMHU ACTEKTOPaMH HaXOASTCA B pacTepssHHOCTH. OHHU
He MOTYT IIOHSTh — IIOYeMy He YAAeTCS YAYUIIUTD TOU-
HOCTb onpepeseHHs 3HadeHHs [[ocTosHHOM rpaBUTaluK
AO TpebyeMoOro B HacTOsIIee BpeMsl YPOBHSL. JHaYeHUe
[TocTOSIHHOM IpaBUTALIUE OY€HDb IPYOO OIpeAeAeHHas
¢$usmdecKkass KOHCTAHTA K MAAO OTAMYACTCS OT 3HAUCHIS
Haripennoro eme Kasenpumom B 1798 1.

“I'paBUTAIIMOHHAS TOCTOSIHHASI — 9TO OAHA U3 TeX PU-
3MYEeCKUX BEAUYNH, KOTOPbIE MBI [POCTO OOSI3aHBI 3HATS -
rosoput Tsppu Kunn (Terry Quinn) u3 MesxayHapoa-
noro Biopo Mep u Becos (BIPM) B Sévres (®panmms),
PYKOBOAUTEAD IPYTIITH y4€HBIX, KOTOpPbIE 3aHUMAAKCH HO-
BEMIINMH PaCYETaMH 9TOH QU3NYECKON BEAMYHHBL “ITO
AdXXe KaK-TO HEAOBKO , — IIPOAOAXKAET OH,— YTO Y HaC
ectb pyHAAMeHTaAbHAs PU3MIeCcKas KOHCTAHTa, TOYHOe
3Ha4YeHHe KOTOPOM AO CHX IIOp He BbIICHEHO .

+  3aKOHOMEpPHOCTH B 06AACTH KOMIIAEKCHBIX 3Ha-
YEHMH YCKOPEHMIM.

O6AaCTh KOMITAEKCHBIX 3HAYEHUI B3aUMOAEHCTBHS
HaynHaercs, koraa Kss < 0 (puc. 3), uan IIPOEKIIHA pac-
CTOSIHMA Ha 9KBaTOPHAABHYIO ITAOCKOCTb Bpaljalomencs
cpeprr R < 1.4142. DTO IPUBOAUT K TOMY, 4TO B BBIpa-
sxeHuH Kss yckopeHts oT IpUTSDKeHUs U OTTAAKUBAHUS
Mensttorcst Mectamu. Qyrxius Kss umeeT cBoicTBO 00-
paleHus B 3aBUCUMOCTH OT TOTO, TA€ HAXOAUTCS HCCACAY-
eMasi TOYKa, B 00AACTH ACMCTBUTEABHBIX HAM KOMITAEKC-
HbIx ynceA. O60CHOBaHHUE ITOTO BBITEKAET U3 TOXKAECTBA
Ofiaepa, 4TO IIOKA3AHO B IIPEAbIAYLIeil paboTe aBTOpA.

O65I4HO, AAST OTIHCAHTS GU3UIECKUX IPOLIECCOB BbI-
OHPAOTCSI TAAAKHE YHCAOBBIE IIOASI 6€3 0COOEHHOCTEN.
Oanako, B Heokaaccuueckoit Teopuu IOKa3aHO, YTO
MHOTHe peaAbHble PU3HMYECKUe IBACHUS MOTYT OIHCBHI-
BaTbCS1 U OOBSICHATHCS IIPU MIOMOIIY ITOAETT, COAEPIKALIUX
pasAMYHBIE 0COOEHHOCTH, HAIIPUMeP, B BUAE KACIIOB HAH
APYTOro XapakTepa.

3. 3aKOHOMEepPHOCTH B3aHMOAEHCTBHS ABYX TeA
IpH KPHOTeHHOM TeMIeparype

3aKOHOMEpPHOCTH aTOMHOIO YPOBHS M3 PHCYH-
Ka 4 MOKa3pIBaIOT, HA CKOABKO, BbICOKAa MH(OPMATHB-
HOCTb Kss, 11 BeposITHO, AOOABSIT HOBOE IIOHUMAHHE, KaK
HHU CTPaHHO, OAHOBPEMEHHO AASl HECKOABKHUX SIBACHUH,
U3AOXKEHHDIX B 9KCIIEPUMEHTE MEXAYHApPOAHOTO KOA-
AeKTHBA HccAepoBaTeAell papnoreseckora BICEP2 [S],
o cBepxrekydecTu xxupxoro reams I1. A. Kanuupr [6],
U APYTHX.

ABTOp AQHHOT PabOTBI CYUTALT, YTO CYIIECTBYET AaHA-
AOTHS 3aKOHOMEPHOCTEH B 9THX SBAEHHUSAX, KaK U IpeA-
noaaraa IT. A. Karmna. Ha oppuare — 6e3pasmepHsie
3HayeHus: Kss B 9KBUBaACHTHBIX EAUHHIIAX A0COAIOTHOMN
temneparypst Keavsun (K). 3axon B3anmopeiicrus Kss
3aBHCUT OT KPUTHYECKOTO 3HaYeHHS LIeHTPAABHOTO pa-
anyca. Ecan ono menbme yem 1.4142.., Kss onuceiBaer
9HEPTHIO B KpUTHIecKoil obaactu. [Tpu aToM mpoekuuu
kpuBoii Kss Ha paAHaAbHYIO M YTAOBYIO OCH, IIPUMYT 00-
PaTHBINA BUA. DTO CBSI3aHO C YHCTO PUIUIECKHM CBOH-
CTBOM CMeHbI IPUTSDKEHHUS Ha OCeBOe OTTaAKMBaHUe. AAs
aHaAM3a IoBeAeHus KpuBoi Kss ucroapsyem MeTop ceye-
HUI npsMbiMu AuHMAMH — L1, L2, L3 kak HomMorpamm.

ITpu ABwxennu BHYTpH paccrosuus R=1.4142 pac-
IpeAeAeHHe S9HEPIHHU BRIPasKaeTCsl KaclaMu. 3AeCh IIpo-
I1eCC MOXKHO XapaKTepHU30BaTh IIOBEAGHHEM CeKyllei
L1, mpoxopsieit yepes Touky R=2 Ha abciucce, coot-
BETCTBYIOLIEN IIEPBOM OKCTPEMAAU, SKBHBAACHTHOH
TOYKe paBHOBECHs Ha NepeceuyeHHH IPOeKIUi KpUBOH
B3aUMOAEHCTBUS, yraoBoro — Kss /an PaAHRAABHOTO —
Kss/R. Cexymas L1 nepecexaer OpAMHATY B TOUKe a6-
COAIOTHOM TeMIIepaTyphl AASL AAHHOTO Tporjecca. AAs
MAAOTO TOYEYHOTO BellleCTBA 3TO 3HadeHHe paBHO 4 K,
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Section 7. Mechanics

4TO SBASIETCS TeMIIepaTypOM HavaAa MCIIApeHMS SKHA-
Koro reaus. Temneparypa paBHOBeCHs B3aUMOAEHCTBHSA
6. 7. u M. T. paBHa 1.38 K nau ITocrostnroi Boaprmana
Y HAXOAMTCS Ha OPAMHATE TOUKHU IlepecedeH s yTAOBOTO
M PAAMAABHOTO COCTABASIFOIIUX. JTO ellje pa3 II0Ka3bIBa-
eT, uto Heokaaccuyeckas Eaunas Teopus aBTopa BepHa.
A mapaaaeapbHas cexymedt papHoBecus L1, cexymas L2,
IPOXOASIAs Yepe3 3HaveHue abcuuccet R=1.4142 ..., co-
OTBETCTBYeT HYAIO PAaAAABHBIX B3aUMOACHCTBHI U IIepe-
CeKaeT OpPAMHATY Ha ypoBHe Temmeparypsl — 2.73 K.

B aToM cAydae, He HyABBIME OCTAIOTCSI TOABKO YTAOBBIE
ABIDKEHHS] MAAOTO TeA, KOTOPbIe MOTAU ObI TOPOXKAATH
TOABKO 3aBUXpeHHs. ECAM BCIIOMHMM BbIIIeCKa3aHHYIO
OTOBOPKY O ITOAOOUH SIBACHUI B MUKPO- M MAKPO- MU-
Pax, TO MOXKHO IIOAAraTh, YTO 9TO U €CTb TaK Ha3bIBae-
Masi “B-MopQ” BOAH B3aMOAEHCTBUS, 3apUKCUPOBAHHAS
B akcriepuMmenTe BICEP2. Tak kxak, npu 2.73 K Ha apy-
rom koHrie L2 “E-Mopa” MAM papriaAbHASI COCTaBASIIOIAST
IepeceKaer abCIUCCY, COOTBETCTBYIOLIYIO HYAIO TEMIIe-
PaTypbI U 9HEPTUH B3AUMOAECHCTBIISL

KPMOMEHHLIE CBOMCTBA B 3AOAYE OBYY TEMN
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Puc. 4

ITo MHeHHIO aBTOPA AAHHOM PabOTbI, IKCIIEPHMEHTA-
topbl u3 BICEP2 morau 3a¢ukcrpoBaTh IMEHHO TaKHe
3aBHXPEHIUS BOAH CPEABI, HO, OHH IIOPOXAQIOTCS Bpallje-
HueM camoit 3eMan. To ecTp, HCTOYHUK “psiOK” OBIA Y HUX
II0A HOTaMH BO BpPeMsI 9KCIIEPHMEHTa, a He 14 MApA. AeT
Hazaa,. [ToayueHHOe 3paech 3HaUeHME HEHYAEBOI TeMIIe-
parypsr 2.73 K 1 HaAudHe TOABKO YTAOBBIX ABYDKEHHI
SIBASIETCSI ApT'yMeHTOM TOro, uTo “psiobr” BICEP2 6b1aa
He peankToBas. Kak ussectHo, akcnepumenTtaropos Bl-
CEP2 crabHO yAUBHAO, 4TO “B-MOAQ” IPOSIBASIAACH CHAB-
Hee, YeM OXXHMAAAOCH U MM He IPHUIIAOCH YTPYXKAATbCS
BoipeAeHrEeM ee u3 “E-moppr”. ITo — apyromy u ObITh
He MOTAO, IIOCKOABKY B AQHHOM CAydYae, KaK ITOKA3aHO,
“E-mopQa” 6blaa TeopeTHdecky paBHa HyA. IToromy-To

aTy “psibp” HEOXKMAQHHO AerKO U 06Hapysxuan. Kax Bua-
HO 3 rpaduka Takas BOAHA HanOoAee OIyTHMa BOAU-
34 OCH BpaIeHust 3eMAY, B MaAO#t meAn Heba B 1 %, rae
u 6b1Aa 0OHapyKeHa “psibp” koarekTrBoM BICEP2. ITo-
3TOMY, MOXKHO CKa3aTh — 9KCIIepUMEHTAaAbHbIE AAHHbIE
BICEP2 noarsepxaaroT Heokaaccuueckyio Teopuro aB-
TOpa AQHHOH paboTsL. C APYroft CTOPOHbI, O4€BHAHO, YTO
BICEP2, Haxoasch BHYTpHU MoMeX 3eMHOM aTMOCepbl,
He MOXET IIOAYYHUTh 60Aee AOCTOBEpHbIE AAHHBIE, YeM
PLANC B Touke Aarpamxa 2.

Teneps mepetiaeM k cexymert L3. Ona nepecexaer
OpAMHATY Ha oTMeTKe puMepHo 2.17 K, mpu xoTopoit
B 1930 r. Buasem Xenppuk Keesom o6HApyxuA HaAudme
¢$asoBoro mepexopa B XUAKOM reanu. HipkHUI KoHerl
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L3 mpu aTOM Iepecekaer abCLICCy BMeCTe C IPOeKInert
Kss/a Ha yrAoBoe HarpaBAeHuUe, KOTOPAst TAKKE OKA3bIBa-
eTcsI paBHOM HyAI0. [13 aTOro caeayer, 4To mpy Tako# TeM-
Ieparype siApa MOTYT COAMDKATBCSI TOYTH BIIAOTHYIO, TaK
KaK yTAOBOT'O B3aUMOAeHcTBUS HeT. EcAu panee MbICAGHHO
IPOAOAXKUTD L3, B HIDKHIOIO IIOAYTIAOCKOCTD, TO HE TPYAHO
AOTAAATBCS], UTO OHA AOAXKHA IIEPECEKaThCs C IIPOAOAXKE-
nHueM Kss/R. OaHako, 310 IIPOAOAKEHHE AOAKHO UMETD
OTPHIIATEABHBIH 3HAK, YTO AASI 9HEPIUH TPebyeT MosiCHe-
Huil. B HipkHeit noaymaockocru kpussie Kss/a u Kss/R
IpeTepIIeBaloT obpaeHie. ITO MOXXET O3HAYATh TO, YTO
BaTOM cAy4ae Kss/R MeHsier cBoe HarpaBaeHe ACFICTBISE
BMECTO ITONIePEYHOro K OCH BPAIleHHs, Ha POAOABHOE el
[2]. To ecTb, ciaOBOE TOAE SIAPA YKUAKOTO TeAHS], AOAKHO
CTaTh IPOAOATOBATHIM. BO3HMKaeT BO3MOXKHOCTD IOCTY-
[IATEABHOTO ABIDKEHHSI CBOOOAHBIX 9AEKTPOHOB, TaK KaK
y aTOMOB 0e3 6OKOBBIX CHAOBBIX IIOA€H IIPOIIAAAIOT COIIPO-
THUBA€HIIS], 9KPAHHPYIOLINE UX ABIKEHIS, 4eM MOXHO 00'b-
SICHUTD SIBACHHE CBEPXIIPOBOAMMOCTH, OTKphITOe Xerke
Kamepannr-Onnec u apdexra MericHepa.

Ecan paaee mpubamkars cexyiyo L3 k Hagaay koop-
AMHAT, OCTaBASIS ee mapasseAbHbIM k L1 n L2, 9To cooTsert-
CTBYeT IIOHIDKEHHIO TeMIepaTypbl Hioke 2.17K, To, oceas
cocrasastomast Kss/R yBeanuanrest. Ho IIPY 3TOM IOSIBHT-
cst u He HyAeBast Kss/a. ITo omsiTy pokasareabcrsa [wmo-
Te3b! PHMaHa B IIpeABIAy el pabOTe, MOKHO ITOAAraTh, 4TO
ee obparjeHue yxxe PHBEAET K CIIPAABHOMY BPAIEHUIO
BAOAD OCH BHYTPH LIIAMHAPUIECKOTO 00’beMa C PAAHyCOM
sapaaromMa. To ecTb SAPO aTOMa ITpeBpamjaeTcs B HEYTO II0-
AOOHOE IIYPYITy C TOPYALIMMI HAPY’KY U BPALIAFOIMICSE
BUHTOBBIMU OCSIMU. DTUM MOXXHO OOBSICHUTD CBEPXTEKY-
9ecTb KHAKOTO reauns, oTkpbiTyro IT. A. Karmnjeii B 1938 1.
JKuAKHiT reAnit ¢ TAKMMU QTOMAMU U “IITHEKOBBIME 9 PeK-
TaMH~ MO>KeT IIPOHHKATD B IIEAU C Pa3MEPOM CBOETO SIAPa
U AQKe CAMOIIPOM3BOABHO ITOA3TH BBEPX ITO CTEHKE He3a-
IIOAHEHHOTO COCYAQ U HE3aMETHO BTEKATh B Hee 0OPATHO.
Ho on He nepeHoCHT Tenao, Tak Kak Kss /a=0. B BemecTBe
¢ Takumu aromamy, ¢ Kss/a=0, moryT 6e3 CONPOTUBAEHUS
ABUTATbCSI 9AEKTPUIECKHE 3apsIAbL a He HyAeBoM Kss/a
MM JKe KOHBEKIIeH ITePeHOCHTHCS TeTIAO. DTHUM Ha aTOM-
HOM YPOBHE MO>KHO OOBSICHUTD SIBACHHE CBEPXTEIAOIIPO-
BOAHOCTH, OTKpbITOe Keesomom.

Kaskercs, 3 BbIIIECKA3aHHOIO MOXKHO 3aKAKOYUTH,
4TO CBEPXTEKydeCTh, 3TO He TOABKO IOTepPsl BA3KOCTU
XKHUAKOCTH, Kak obbsicusiercs 1. A. Kanuneit u “Bropsim
3BykoM”~ A. A. Aanpay. A npro6peTeHne UMEHHO HOBBIX
CBOMCTB aTOMaMH 33 CYET HU3KOM TeMITepaTyphl U ITOSIB-
A€HVe HeM3BECTHBIX AO CHUX ITOP CUAOBBIX ITOAEH HX SAEP.
ITockoAbKy M3 OTEpH BHY TPEHHETO TPEHUS MAKPO SKHUA-
KOCTH HUKAK He CAEAyeT HEOOXOAUMOCTH 00sI3aTeABHO-

IO IOSBACHUS BHEIIHEro CaMOIIPOM3BOABHOTO TeYeHUs
SKHAKOTO IeAUsI BBEPX 10 CTeHKe He3aIllOAHEHHOTO COCy-
AQ, TIPHYEM TaK, YTOOBI COCYA He OTIOP OXKHSIACSL.

Aansee, BepHeMCs B BEpXHIOIO ITOAYTIAOCKOCTD, TA€
Kss/a u Kss/R nepecexarorcs. Ecau BHyTpH 06beMa
XKMAKOTO IeArs], Haxopsmerocs npu Temmneparype 1.38 K,
TO €CTb B PAaBHOBECHH, BAPYT BOSHHUKHET CKa4OK TeMIIepa-
TYPBI BBEPX, TO, €T0 IIOBEACHHE MOXKET OBITb ABOSIKIM —
OypASIINM UAK POHTAHUPYIOIIUM. JTO CAEAYET U3 TOTO,
gro KpuBble Bbire 1.38 K pacxoasrcs u onuceiBaror co-
CTOSIHMS, TA€ OYAET AOMUHUPOBATD TO HAU APYTO€ B3AUMO-
AetictBre. DPPeKT OypAsILero 1 OHTAHUPYIOLIETO TeAUS
HaOAIOAQAM aHTAMICKIE GU3HKH MOHAOBCKOI AabOparo-
pru AaseH 1 ApkoHc. IT0, kak oTMedaet 1. A. Kamma,
3aMHTEPECOBAAO €r0, YTO U IIPUBEAO, B KOHEYHOM CyerTe,
K OTKPBITHIO CBEPXTEKY4eCTH TeAH.

Taxoke MOXHO AQTh OOBSICHEHHE CAYYAl0, OTMEYeH-
HoMmy I1. A. Kamuiie#t o ToM, 4TO IpY P OTEKaHUH TeAUS
C HEKOTOPOI CKOPOCTBIO OH IIepeXOAUT B HOPMaAbHOE
COCTOSIHHE, TO €CTb TepsIeT CBOIO CBepXTeKydecTb. ITpea-
IIOAATAeTCs, YTO MPHU TAaKOM IPOTEKAHUU T'eAUs IIPOUC-
XOAST CyIleCTBeHHbBIE IIOCTYIIaTeAbHbIE ABYDKEHIS TaK-
e M CAMHX SIA€P 5KUAKOTO FeAHs. DTO MOXET IIPUBECTH
K M3MEHEHHUIO TeMIIePaTypHOIO IMO3UITMOHHPOBAHUS
9AEKTPOHOB OTHOCHTEABHO HUX. DACKTPOHBI IIOAYJAT
KaK{e-TO HOBble COCTABASIONME CKOPOCTeH, CAeAOBa-
TeABHO, TIOSIBUTCS TIOAOKUTEAbHOE 3HaYeHHe YCKope-
HUMH, YTO U CTIOHTAHHO IIePEeBOAUT OIMCAHUE CHCTEeMbI
B BEPXHIOIO IIOAYTIAOCKOCTD AAsl Kss (pHc. 4). Bupumo,
HETIOHSTHBIM 3AeCh OBIAO TO, YTO IIPH ITOM TEMITEPATypa
MOTAQ OCTaBaThcs Ha oTMeTKe Hmke 2.17 K, 1o ecTb B 06-
AACTH CBepXTeKy4uecTH. AeAO B TOM, UTO B 9TOM CAydae
ChITPAAM KAIOYEBYIO POAb HE TeMIIepaTypa, a paAUyChl
BbICOTHI HIDKHUX dacTeil Kss/R u Kss/a mepecexaemsie
L3, xoropsre oxasbiBaauch 6oabure yveM R=1. To ects
IPOIeCC CIIOHTAHHO BBIXOAUA U3 30HBI CBEPXTEKY4eCcTU
U3-3a TOTO, YTO IACKTPOHbI YAAASAUCH OT LIEHTpPa AApPa
3a KpUTHYECKOe 3HaUYeHHe paAryca. DTUM YCTaHABAMBA-
eTCsl CyleCTBOBaHKe AOTIOAHUTEABHOTO, He TEMIIePaTyp-
HOT0, 3¢ peKTa KPUTHIECKOTO PACCTOSHUS MEXAY SAPOM
U 9AEKTPOHAMHU AASL BOSHUKHOBEHMS CBEPXTEKY4eCTH.
W3roxeHne HCCACAOBAHUH, KACAIONIMXCS APYTHX SIBAe-
HUPT HAMEYAIOTCS B CAEAYIOLIUX paboTax.

Kak caeayeT U3 AoaHHOI pabOTBI, B OTAMYHE U BOIIpe-
KU TeOpeTH4eCKOl PU3nKe OKa3aAOCh BO3SMOXKHBIM Ae-
TAABHO OO'BSICHUTD IIPUPOAHBIE SIBACHUS KK FAAAKTHYe-
CKOTO, TAK X MUKPOCKOIIMYECKOTI0 MACIITAha Ha AaTOMHOM
YPOBHE, C TOUKH 3peHHUS OOIIMX MEXaHIIEeCKHX 3aKOHOB
ABYDKEHUS U B3AMOACHUCTBHS ABYX TEA (cpeA) , MAH, TIPO-
CTO TEOPEeTHYeCKON MEXaHUKH 1 OMIIMPUKHU.
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3akarouenne: 1. Kaxxercs, MOXHO AO6aBUTDH K BbI-
ckaspiBanuio I. Aertbuuna: “IIpupoasa mpocra B cBo-
HX 3aKOHAX, HO HEU3MePHMO Oorara u pasHooOpa3Ha
B HX IPUAOXKEHHUSIX ) CAOBO — II0 IOAO6uI0. 2. Besikast
HeIpepbIBHO U PAaBHOMEPHO Bpaljaromasics ¢pusnde-
CKasl CHCTeMa He MU30AHMPOBAHA, TAK KaK CyIeCTBYeT

CBSI3b HE OrPAHMYEHHOIO B IPOCTPAHCTBE IlepeTe-
KaHUS 9HEPTUU MEXAY e€e ABH)KeHHEM Ha MAOCKOCTHU
1 BAOADb OCHU BpaljeHHs. 3. YCTaHOBAEHBI AO CUX IIOp He
U3BECTHbIE CUABI U SIBA€HHS IIPUPOADL, OIIHChIBaeMble
Kacrnamu u noBepaenuem Gpyukuun Kss (cuast u addex-
o1 Kacumosa).
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Preparation of modified carbonic adsorbent
for purification of cottonseed oil

Abstract: The novel carbonic adsorbents have been obtained by thermic pyrolysis of initial and preliminarily
treated the Angren brown coal by Na,CO, solution and their physico and adsorption properties have been studied.
It was determined that effective carbonic adsorbents with the greatest porosity and size of pores were obtained at
pyrolysis temperature S00°C. It was shown that cottonseed oil bleach (clean) with carbonic adsorbent treated by
thermal at 500°C without Na,CO, addition, the oil acid number reduced from 0,55 to 0,23 mg KOH/g, coloration
from 15,2 to 10,7red figures at 0,02 dark blue ones. Moreover, use of initial adsorbent thermo treated at 500°C with-
out Na, CO of addition carbonic adsorbent, the oil acid number reduced from 0,55 to 0,11 mg KOH/g, coloration
from 15 2 to 7,5 red figures at 0,00 dark blue ones, and at that, the largest yield of bleached oil reached up to 97,4%.

Keywords: adsorbent, coal, carbonic adsorbent, pyrolysis, modification, cottonseed oil, coloration, acid number.

Introduction. Last decade in Uzbekistan the
tendency to production of refined vegetable oil, in
particularly cottonseed oil with low coloration and
long-term preservation them have been increased.
In world practice the adsorption refining (bleach)
of vegetable oil have already had wide spread
occurrence, i. e. obtained at this product does not only
meet consumer demand, but also it allows to remove
oxidation product out of the oils, including free radical
and other carcinogenic impurities.

Producers compel to collect not only optimal regime
of oil bleach as well as to use more effective adsorbents in
the processes.

Comparative analysis have shown that some ad-
sorbents possess high activity, the best hydrodynamic
behaviors during the filtration, low oil absorption, low
moisture content (up to 10%) which provide long-term
period work of filter and high sorption ability [1].

Activated carbons, i.e carbonic adsorbents ad-
sorb various organic substances out of oil based on their
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specificity properties. They are used widely in fat-and-
oil industry as adsorbents.

Carbonic adsorbents are highly porous carbonic ma-
terials obtained by high-temperature processing without
air admission (pyrolysis) of different wood species, turf,
and coal got from vegetable and animal objects (sawdust,
wood chippings and etc.), rich in carburets [2].

However, thermal pyrolysis of coal is not always
available to obtain highly porous and selective carbonic
adsorbents that in the first place combined with compo-
nent composition of raw material and regimes of high-
temperature processing.

Adsorptive capacity of activated carbonic adsorbents
depends from increase of surface contact due to porosity.
Specific surface of the active carbonic adsorbents makes
usually 400-900 m*/g, and their adsorption properties
to a considerable extent depend from structure of coal,
porosity value and division them on sizes. Coal structure
renders appreciable influence on adsorption speed and
determines form of isotherm and numbers of adsorbed
molecules with different sizes. Active carbonic adsor-
bents depending on dominant size pores symbolically
can be divided into three groups: macro porous, finely
porous, and mixed porous. Macropores’ amounts are ap-
preciated in a range10~* mm, and their specific surface is
0.5-2 m?/g. Radius of transition pores is in a range 1.6—
107-2-10"" mm, and its specific surface is 20-70 m?/g,
mean radius of pores makes less 1.6-10"mm, but its spe-
cific surface is higher 100 m?/g. Macropores and tran-
sition pores play role as transport link and adsorptive
capacity generally defined by microporous structure of
active adsorbents [3].

The active carbonic adsorbents with various struc-
ture (porosity), different adsorption properties and
function are obtained depending on type of raw material,
regime of pyrolysis, activators and activation method.
Vital importance for their preparation is selection of
raw material, mode it preparation, pyrolysis tempera-
ture, method of carbonized raw activation: gas-vapor,
activation by pyrolysis, carbonization with additive of
chemical active inorganic substances and mixed activa-
tion including those or others ones [2].

In consideration of importance of chemisorptions
processes at bleach of cottonseed we selected one from
the bottom of the method of modified carbonic adsor-
bents from local coals.

Material and method. The Angren coals grade of
2BSC (brown, slab, coarse) and for check experiment
grade of BAC (birch activated carbon) (made in Russia)
were the object of our studies. The refined cottonseed

oil with acid number 0.55 mg KOH/g and 15.2 red and
2.1 dark blue figures at 35 yellow one were used for bleach
process. Coloration of the oil was defined at Lovibonde
color measure [4], and acid number by titration [S].

Results and discussion. It is necessary to note that
for adsorption refining of cottonseed, used adsorbents
must have highly porosity, selectivity and hydropho-
bic property (wetting angle of adsorbent by water “a”
should been more 90°). The Angren coal is hydrophile
and water-wet due to the presence of carboxyl and hy-
droxyl groups in it. Therefore, the coal is not required
to use for cottonseed oil bleach. It is necessary to attach
coal hydrophobic properties, for example, by thermic
pyrolysis. During the pyrolysis process, carboxyl and
hydroxyl groups have decomposed that lead to hydro-
phobization its organic mass. In this study we presented
researches on influence of pyrolysis temperature on the
physico-chemical properties of the Angren coal.

Sifted and ground Angren coal with size 2-5 mm was
subjected to thermic pyrolysis without air admission at
temperature 300, 500 and 700 °C on the laboratory fa-
cility. The experiments were conducted in the follow-
ing way: air-dried sample with weight 50 g was filled in
the reactor representing cylindricity capacity made of
heat-resistant material which is blind-ended-work piece.
Subsequent the reactor with sample was heated until
predetermined temperature without air permission.
Porosity determination on acetone was conducted con-
formity according to techniques [6]. Preliminary dried
until reaching a constant mass active coal was filled in
weighted graduated cylinder with volume 100 ml (diam-
eter 25 mm). The filling process was performanced up to
100 ml mark with portion at 15-20 g, which densified by
shaking cylinder after filling each portion. The cylinder
with coal weighted at accuracy up to 0,01 g and filled by
acetone till constant level one above coal. After 30 min.
abundance of acetone was poured off. Then the cylinder
with coal was weighted.

The coal porosity on acetone x (in volume.%) calcu-

lated by formula [6]:
_(G,.-G )10 (G -G )
pv P

Where G, - weight of cylinder with coal before
soaking by acetone, g;

G.. — weight of cylinder with coal after soaking by
acetone, g;

p — density of acetone at temperature of experience,
g/cm?;

V =100 cm?® — volume of active coal.

58



Preparation of modified carbonic adsorbent for purification of cottonseed oil

In order to compare check as well as active coal grade
of BAC with its certain porosity was defined after ther-

mic pyrolysis at 300, 500, 700 °C. The results summa-
rized in Table 1.

Table 1. — Effect of activation temperature on porosity of active carbonic adsorbents

Ne Coal grade Temperature, °C Porosity on acetone,%
1 2 BSC (The Angren coal) initial 33,1
2 Activated coal grade of BAC ¥ (check) initial 36,1
3 2 BSC (The Angren coal) 300 44,4
4 Activated coal grade of BAC ¥ (check) 300 46,7
5 2 BSC (The Angren coal) 500 48,4
6 Activated coal grade of BAC ¥ (check) 500 49,4
7 2 BSC (The Angren coal) 700 52,6
8 Activated coal grade of BAC ¥ (check) 700 5S,7

From given data (Table 1) shown that porosity
on acetone of the Angren coal grade of 2 BSC makes
44,4% at 300°C, 48,4% at 500 °C, and 52,6% 700°C.
It can be seen that pyrolysis of the Angren coal is
enough at 500 °C without air permission. Moreover,
the coal adsorbent obtained based on thermic pyroly-
sis (500 °C) of the Angren coal has porosity at level
active coal grade of BAC. However, necessary to note

that when the thermic pyrolysis of the Angren coal at
700 °C, gas removed into atmosphere, i. e. they too
pollute environmental.

In order to define the most effective carbonic
adsorbent, comparative bleach of cottonseed oil was
carried out with use them in quantity 2% with the mass
of oil. The results cottonseed oil bleach presented in
Table 2.

Table2. — Indexes of bleached (refined) cottosedd oil obtained by carbonic adsorbents

Coloration of oil at
Pyrolysis tem- Yield Acidnum- | 3Syellowin 13,5 cm
Ne Name of coal perature, bleached ber of oil, cuvette layer
oC oil,% mg KOH/g | red fig- dark blue
ures figures
Initial data of refined cottonseed oil 0.55 15.2 2.1
1 2 BSC (The Angren coal) initial 92.5 0.41 13.3 1.9
e e initial 93.9 035 | 15 | 17
3 2 BSC (The Angren coal) 300 94.4 0.31 12.6 1.4
4 Activated coal grade of BAC ¥ 300 95.1 0.30 11.0 Lo
(check)
5 2 BSC (The Angren coal) 500 96.6 0.23 10.7 0.2
6 Activated coal grade of BAC ¥ 500 96.9 022, 9.5 0
(check)

Table 2 presentes that adsorbents obtained by ther-
mic pyrolysis of the Angren coal for bleaching power do
not make well-known coal grade of BAC (check). Then
the most optimal results reached on thermal activated
(500 °C) Angren coal grade of 2 BSC.

Known processes [2] of carbonization with addition
of chemical active inorganic substances allow to get modi-
fied carbonic adsorbents, directed action. In the bleached
oil content residues of gossypol, chlorophyll, and their de-
rivatives as well as products of oxidation, decomposition
and others. In order to remove the residues out of oil, must
use rational adsorbents with high chemisorptions ability.

That’s why, modification of carbonic adsorbents to re-
fine vegetable oils is necessary stages at them production.

To increase specific surface with adsorption activity
and chemisorptions ability of active coals in raw mate-
rial subjected to pyrolysis, activating additives such as
ZnCl,, CaCL, K,CO,, Na,CO,,K SO, and others usu-
ally introduce duration bleach process. In case second-
ary treatment conducted them by rare gas or steam to
remove volatile and resin substances.

Based on the above cited additives we selected K, SO N
Na,CO, CaCl, for modification carbonic adsorbents ob-
tained from the Angren coal grade of 2 BSC.
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The coal treated with 10% solution selected additives
for 2 hours. After 2 hours the coal dried in oven at 105°C
until full dry. Then the dried coal fed in reactor for py-

rolysis. The pyrolysis conducted at S00 °C. The results of
pyrolysis are given in Table 3.

Table 3. — Change porosity and radiuses of carbonic adsorbents’
micropores depending on type of modified additives

Ne Coal grade Type of additives for coal I;zreczcs)lrtl)er’;)n micropores radius, mm
1. | 2 BSC (The Angren coal) K,SO, 52.8 1,41.107
2. | 2 BSC (The Angren coal) Na,CO, 55.9 1,55-10”7
3. | 2BSC (The Angren coal) CaCl, 48.8 1,23.107
4. | 2 BSC (The Angren coal) Without additives (check) 48,4 1,18.1077

As seen from Table 3, the pyrolysis of coal, treated
by additives allows to increase porosity and size of
carbonic adsorbents micropores. The optimal results
were reached when the use Na,CO,, which could be
explained partial release of CO, in the processes of coal
treatment and pyrolysis.

When use of the modified carbonic adsorbents,
bleach of refined cottonseed oil was carried out, results
summarized in Table 4.

Table 4 presents the results of cottonseed oil bleach
with use coal adsorbent modified by Na,CO, where re-
sults are better than when use carbonic adsorbent ob-
tained conventional pyrolysis method.

Table 4. — Comparative results of cottonseed oil bleach obtained by conventional and offered methods

. Yeild of Acid number, Coloration of oil at 35 yellow in
Ne Type of cottonseed oil bleached ofl. % KOH/ 13,5 cm cuvette layer
cachied ol 1 M & | red figures | dark blue figures
1. | Initial oil - 0.55 15.2 2.1
Bleached oil with use 2 BSC (check) 96.6 0.23 10.7 0.02
Bleached oil with use of carbonic
> adsorbent modified Na,CO, 7.4 0.11 7 0.0

It was determined that when bleach of cottonseed
oil with use offered adsorbent observed decreasing acid
number until 0,1 1mg KOH/g, and coloration — 8.3 red
figure is absent. Moreover, when use carbonic adsorbent
obtained conventional pyrolysis method, acid number
decreased until 0,23 mg KOH/g, and coloration up to
10.7 red figure is 0.02 dark blue.

Conclusion. Thus, the novel carbonic adsorbents
obtained by thermic pyrolysis of initial and preliminar-
ily treated the Angren brown coal by Na,CO, solution
and their physico and adsorption properties have been
studied. It was determined that the effective carbonic

adsorbents with largest values of porosity and micro-
pore were obtained at pyrolysis temperature S00°C. It
was shown that cottonseed oil bleach with use of initial
thermo treated at 500 °C without Na,CO, addition of
carbonic adsorbent, the oil acid number reduced from
0,55 t0 0,23 mg KOH/g, coloration from 15,2 to 10,7red
figures at 0,02 dark blue ones. Moreover, use of initial ad-
sorbent thermo treated at 500°C without Na CO, of ad-
dition carbonic adsorbent, the oil acid number reduced
from 0,5S to 0,11 mg KOH/g, coloration from 15,2 to
7,5 red figures at 0,00 dark blue ones, and at that, the
largest yield of bleached oil reached up to 97,4%.
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BbIHOC XJ1IOM4YaTHUKOM OCHOBHOM NUTaTEJIbHbIX
anemMmeHToB n KoadpdunumeHT ncnonb3osaHna pocoopa
n3 ocPOpPHbIX U CZIOXKHbBIX YO,00peHui

AHHOTaI.[PI}I: B CTaTb€ PaCCMaTPHUBAETCA U3YIEHNE BPIHOCA XAOIMYaTHUKOM OCHOBHOM ITUTATEABHBIX 9AEMEHTOB

U K09 PUIIMEHT HCIIOAB30BaHIS GocPopa i3 POCPOPHBIX U CAOXKHBIX YAOOPEHHIL.
KAroueBbIe CAOBa: XAOITYATHHK, TAKbIPHO-AYTOBbIE IIOYBBI, $OCHOPHBIE B CAOXKHDIE yAOOpeHus, $pocdaThl aM-

MOHHMA U AuaMMOHHM$ocPara.

AASL yAydIIeHHS yCAOBHI TUTAHUS PACTEHHI He0bX0-
AUIMO 3HAaHHe He TOABKO COCTAB IIOUBbI COACPIKAHNUS B HeH
AOCTYIIHBIX ITUTATEAbHBIX BEIlleCTB, HO M MOTPeOHOCTH
XAOITYATHHKA B 9A€MEHTaX MUHepaAbHOTO muTaHus. Oa-
HOJ U3 XapaKTePUCTHUK IIOTPeOHOCTH PACTEHHI B ITHTA-
HHH SIBASIETCS] yYeT BBIHOCA TUTATEAbHBIX BEIleCTB.

O61mmit BbIHOC a30Ta U $Ocopa XAOITIATHUKOM 3a-
BHICHT OT MHOTUX paKTOPOB, OCHOBHBIMU M3 KOTOPBIX 5IB-
ASIeTCs: cTelleHb 06ecreyeHHOCTH I10YB [TUTAaTeAbHbIMU
aAeMEeHTaMH, OUOAOTHYIECKHE 0COOEHHOCTH OTAEABHBIX
KYABTYP U HIX COCTaB, CBOMCTBA Pa3AMYHBIX BUAOB H $OP-
MBI yAOOpeHHil, 06paboTKa IIOYBBL, BHICOTA YPOKASL BEC
BEreTaTUBHOM MACCHI M IIPOIIEHT COAEP>KAHUS IIUTATEAD-
HBIX 9AEMEHTOB B pacTeHusx [ 1-5].

AAST TOHKOBOAOKHHCTBIX COPTOB XAOITYaTHHKA II0-
AOOHBIX CBEACHHI B YCAOBHSIX TAKbIPHO-AYTOBBIX II0YB
CypxaHAQPBUHCKOI 00AaCTH He nMeeTCsL. B cBsi3u ¢ aTumM
HAaMH ITPOBEACHBI IIOAEBOM OIIBIT ITO OIPEACACHHIO BbI-
HOCa OCHOBHBIX OAEMEHTOB ITMTAHMS XAOIMYATHUKOM
13 GpOCPOPHBIX U CAOXKHBIX YAOOPEHHUIL.

YdeT BBIHOCA IPOBOAMAM B ILITU BAPHAHTAX OIIBITA:
xouTpoab N 227,1 K 100 kr/ra (®on); ®ou+150 kr/ra

(cynmepdocdar npocroit); on+150 kr/ra (ABoiHO¥ Cy-
nepdocdar); don+150xr/ra (ammopoc); don+150kr/ra
(anammodoc).

ITouBa ONBITHOIO yYacTKa TAKbIPHO-AYTOBAs, 110 Me-
XaHMYECKOMY COCTaBY TsDKEAOCYTAMHHUCTAs MAAOTyMYC-
Hasl, IMeeT IJeAOYHYIO PeaKI[UI0 BOAHOM CyCIIeH3HH.

ITo copepkaHMIO TOABMIKHBIX 9IAEMEHTOB ITMTaHH
B caoe 0—30 cM ITOUYBBI OTHOCSITCA K HU3KO ObecriedeH-
HbiM: N HUTpaTHbIi 6,46 Mr/KT IOABIXHOTO pocdopa
18 Mr/Xr mouBbIL.

AAs pelieHNs ITOCTAaBAEHHBIX 3aAa4 B IIEPUOA BereTa-
LMK XAOITYATHHKA [IPOBOAMAM BECOBOM y4eT GHOMACChI
HaA3eMHbIX OPraHOB XAOIIKOBOrO KycTa. OIpeAeAsiAu ux
CBIPYIO ¥ CYXYIO MacCCy, XUMHYeCKHI1 COCTAB U IIPOU3BOAH-
AU pacyeT KOAMYeCTBO YCBOSIEMbIX TUTaTeAbHbIX BEIIeCTB.

CaepyeT OTMETHTD UTO, TEMIT HAKOIACHUS CyXOH
MAaCChl XAOITYATHHUKA Ha ITPOTSDKEHHM €ro SKU3HU B 3Ha-
YUTEAPHON MepPe 3aBHCHUT OT YCAOBUH BHEIIHEH CPEADBI
U B YaCTHOCTH OT 06eCIIe4eHHOCTH SAeMEeHTaMH ITUTa-
HHS. \aHHbIe HAKOIIAGHHUS CYXOM MacChl B IEPHOA BeTe-
TAIMU XAOITYATHUKA IIPUBEACHBI B TabAuIe 1.

Tabnvua 1. — BansHue GocdOopHBIX 1 CNOXHbIX yA0OPEHNI HA HaKOMNIEHME

CYXO0M MacCChl xJionyaTHuKa (rpaMmm Ha O4HO pacTeHune)

ITpu 3—4* B 6y- B xoniie Bereraruu
Ne Bapu- B se-
BapuanTs! onbita HACTOSIIIUX | TOHU3A- Bereratus- | Xaomokx- | B ueaom
AHTOB TEeHHe
AVICTbEB LIMIO HbIe OPTaHU I[pIpel] | pacTeHHH
1 A3oT+KaAui-GoH 0,66 4,8 41,7 72,5 60,0 132,5
don+ -
2 Omtcynepgocar npo 0,70 60 | 449 87,0 68,4 155,4
cToM
3 | Somtasoinoi - cymep- )| o 63 | 437 93,4 67,8 161,2
docdar
4 ®ou+Ammodoc 0,86 7,1 50,6 104,1 87,4 191,5
S ®on+pnammodoc 0,90 7,9 51,0 107,2 88,2 195,4

W3 npuBeAeHHBIX AQHHDBIX BHAHO, YTO IIpHMeHeHue
$OCHOPHBIX M CAOXKHBIX YAOOPEHHIT He3aBUCHMO OT X
$opM, OKazaAu MOAOKHTEAbHOE BAMSHUE Ha YBeAUdeHUe
Beca CyXOM MacChl BeIeTaTUBHbIX H PEIIPOAYKTHBHBIX Opra-
HOB XAommdaTHHKA. [ Ipudem, aetictBue Gpocdopa pasandHbIx
$opM GOCPOPHDIX 1 CAOKHBIX yAOOpeHHIT H0Aee eTKO Ipo-
SIBUAOCD B IIEPUOADI IIBETEHHUS U CO3PEBAHMS XAOITYATHUKA,

CaepoBaTeAbHO, HaHOOAbBIIIEe BAMSHHE Ha YBeAUYe-
HHe Beca CyXOH MacChl XAOITYaTHHKA OTMEYEeHO HaMHU
IIpyY BHECEHHH aMM0O$0oca U AMaMMO(Oca, TI0 CPaBHEHHUIO
C BApMAHTAMHU, TAe OBIAM BHECEHBI Cyniep$ocar mpocToit
u cyneppocdar ABOHHOI.

Haunmenpmuii Bec cyxoit MacChl XAOITYaTHHKA OTMe-
4eH IIPU BHECEHUH TOABKO a30THO-KAAMIHBIX YAOOpe-
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HuM. Pe3yAbTaThl HalllMX HCCAGAOBAHMIA, IPU BEACHHbIE
B TabAuIle 2 IMOKA3aAH, YTO IPHMEHEHHE Pa3AHMIHBIX
popM $OCPOPHBIX U CAOKHBIX YAOOPEHHIA, HE3aBUCHMO
OT uX $OPM BO BCE CPOKHU B3SITUSI PACTUTEABHBIX 0Opas-
IJ0B, OKa3aAH TOAOKUTEAbHOE BAUSHHS Ha TOCTYTIACHHE
IIMTaTEeAbHBIX BEI[eCTB B PaCTeHNUs, 10 CPAaBHEHHUIO C BHe-
CeHMeM a30THO-KAAUMHBIX yAOOpeHHIL.

Caepyer oTMeTHUTD, 4TO B pa3y 3—4 HACTOSIINX AU-
CTbeB XAOIYATHUKA B CyXOH Macce pacTeHHU IO CO-
Aep>KaHHMIO 0611ero asora u $ocPopa Ha BCeX BApUAH-
Tax, yAOOPEHHbIX pa3AnIHbIMU pOopMaMU pOCHOPHBIX
U CAOKHBIX YAOOpeHMIT GOABIION Pa3HULIBI He HAOAIO-
Aanoch. CAeAOBATEABHO HE3HAYUTEABHO® YBEAHYEHUE
copepsKaHus 00mmero asora U pocPopa HabAIOAAAOCDH
Ha BapHMaHTaX, rAe ObIAU BHEeCEHBI aMMOPOC U AUAM-
Modoc.

C HacrynaenueM a3l OyTaHM3ALMH U L{BETEHUS
PA3HMIIA TI0 COAEPKAHHIO a30Ta U pocdopa MpOsIBUAACH
6oAee 3aMeTHO. B 9111 CpOKHM BBICOKIIE ITOKA3ATEAH IO CO-
AEPYKaHMHIO B PACTEHMSIX a30Ta U pocdopa OblAM Ha BapH-
aHTax, rae ObIAM BHeCeHbI aMMO$OC U AnaMMopoc. ITO
OOBSICHSIETCS TeM, YTO 3TH GOPMbI YAOOPEHMIT MeHbIIIe
IIOTAOIAIOTCS IIOYBOM, OTHOCHUTEABHO OOAee AAUTEAD-
HOe BpeMsI HAXOASITCS B AOCTYIIHOM AASI pacTeHU# Gopme
VL AylIle IMH YCBauBaIOTCsL. B KOHIje BereTariy Han6oAb-
IIee CoAepKaHKe a30Ta U ocOopa HAKATTAUBAETCS B XAOII-
Ke-ChIpIie. DTO MPOHUCXOAUT 3a CYET OTTOKA IIUTATEABHBIX
9AEMEHTOB U3 BereTaTUBHbIX OPIaHOB B PEIIPOAYKTHBHBIE.

IToacueTa BBIHOCA OCHOBHBIX 9A€MEHTOB ITHTAHUS
C YPOXKasIMHM XAOITYATHHUKA UMeeT OOABIIOe 3HAYeHMe
AASL pa3paboOTKU HayIHO-OOOCHABAHHON CHCTEMBI YAO-
OpeHuit 1 pa3paboOTKU HOPMATUBOB MUHEPAABHBIX YAO-
OpeHuit T0A TOHKOBOAOKHHCTBII XAOITYATHHK.

Tabnuua 2. — BnusHue pasnnyHbix GopmM GocdOpPHbIX U COXHbLIX yA0OPEeHMIN Ha coaepkaHune a3oTa
1 pocdopa B pacTeHmsx xaonyaTHmMka no pasam ero pa3smtus (B % Ha Cyxoe BeLLecTBO)

No Tpu 3-4* B xown1e Bererarnun

Bup ompeae- B 6yTonu- | Bise- BereTa-
Bapu- | BapuanTs! ombiTa ) HACTOSIIUX XAOIIOK-

ACHMIA 3aLUI0 TeHue THUBHbBIE

aHTOB AVICTHEB CBIpel]
OpraHbl

| Asor+anuii-po asor 3,520 2,782 2,320 1,237 2,070

docdhop 0,500 0,790 0,690 0,285 0,450

) don+cynepdocdar a3oT 3,582 2,880 2,500 1,355 2,104

MPOCTON docdop 0,535 0,870 0,700 0,306 0,635

3 DoH+ABOIHO cyTIep- a3oT 3,586 2,975 2,540 1,598 2,105

docdar dochop 0,570 0,990 0,780 0,345 0,617

a3or 3,730 3,280 2,840 1,548 2,131

4 | @ou+Ammogoc bocdop 0,650 0,980 0,860 0,412 0,645

5 Don+narodoc a3oT 3,750 3,725 2,860 1,557 2,054

A bocop 0,670 0,960 0,896 0,379 0,637

OcHOBbIBasICH Ha BBINIE H3AOXKEHHBIX AAHHBIX I10 CO-
Aep>XaHuu a3oTa U $ocopa B BereTaTUBHBIX U Penpo-
AYKTHBHBIX OPTaHAX XAOITYATHHUKA HAMU OBIA OIIPEACACH
BBIHOC Ha 1 TOHHY XAOTKa-ChIpIia a30Ta u pocdopa. ITo-
Ay4eHHBIe HAMH AQHHbIE 10 IOTPeOACHUIO XAOITYATHH-
KOM a30Ta ¥ $0ocPopa, O TAKKe [I0 PACXOAY Ha 00pasoBa-
HHE OAHO TOHHBI TOBAPHOH IIPOAYKIJHH XAOTIKA-CBIPIIa,
IpeACTaBACHHBIE B TabAMIle 3 IOKA3BIBAIOT, YTO BBIHOC

azoTa 1 ¢pocPopa XAOIYATHUKOM KOAOAETCS B 3aBUCH-
MOCTH OT YPOBHS yPO>Kasl.

CaoxHbIE YAOOPEHHUS TaKHe KaK aMMOpOC U AHAM-
MO}OC CIIOCOOCTBYIOT 0OOTAIeHHIO IOYBBI [TOABIDKHBIM
pocpopam u 6oAee HHTEHCHBHOMY €rO IOTAOIIEHHIO
PaCTEeHMSIMI XAOITYATHUKA, COAEHCTBYIOT OOABILIEMY BbI-

HoCcy pocdopa yposkaem.

Tabnuua 3. — BnusaHue ¢opmM GocdOpHbIX 1 CNOXHbIX YA0OpeHU Ha BLIHOC a3oTa U pocdopa X10MnYaTHUKOM

Ne Ba T'opoBast HOpMa MuHepaAbHBIX | BriHeceHo Ha 1 ToHHY Koaddurment
] yAoOpeHwuii, kr/ra XAOIIKA-ChIPIIA, KT HCIIOAB30BaHUS
puaH- BapuanTs! onbiTa
OB N PO KO $ocdopa us yao-
,0, 5 asora docdopa 6penn, %
1 A3soTr+xaruit-oH 227,1 - 100 52,0 11,9 0,0
Qon+
2 Ortcynepgocgar 227,1 150 100 60,0 15,9 15,0
poCTOi
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3 omtasoitnoit cynep- | )5 | g 100 | 61,1 15,6 15,0
docdar

4 ®on+Ammodoc 227,1 150 100 66,7 18,8 23,9

S ®ou+pnammodoc 227,1 150 100 67,3 19,0 25,0

CaepyeT OTMETHUTD, YTO TOHKOBOAOKHHUCTDIN XAOITYAT-
HUK copTa Tepmes-31 B cpepHEeM 3a TPH FOAQ BBIHEC U3 TIO-
4BbI HA KOHTPOABHOM BapuanTe 11,9 kr pocdopa, Toraa kak
Ha yA0OpeHHbIX pOCPOPOM BAPHUAHTAX ITU IIOKAZATEAU BO3-
pocau Ao 15,6-19,0 kt, uto Ha 3,7-7,1 Kkr 60AbILIIE 11O CpaB-
HeHHIO ¢ KoHTpoAeM. I Ipu aToM 6oabImit BEIHOC Pocdopa
HabOAIOAAeTCS TaM, TAe OBIAM BHECEHBI aMMO(OC U AMAMMO-
¢oc. CaepoBaTeABHO HA STHX BAPUAHTAX COOTBETCTBEHHO
BO3pacTaeT U KOAQPUIMEHT HCIIOAB30BAHIS YAOOPEHHIL.

CEeHUH IIPOCTOro U ABOoIHOro cynepdocdara. IIpu arom
CHIDKAETCS U KO3 PUITUEHT UCIIOAb30BAHUS POCPOPHBIX
YAOOpEHHI, 9TO OOBSICHIETCS OOABIIIM ITOTAOIEHUEM
¢$ocdopa MouBoIi 10 CPABHEHHIO C AMMOPOCOM U AUAM-
MOQOCOM.

IToAydeHHBIE AQHHbIE TI0 IOTPEOACHUIO [IHTATEAD-
HBIX BEIeCTB XAOIMYAaTHUKOM MOXXHO HCIIOAB30BaTbhCS
IIpH KOPPEKTHPOBKE HOPMBI MUHEPAABHBIX YAOOpeHuiT
IIOA TIAAHUPYEMBIN YPO’Kail TOHKOBOAOKHHUCTBIX COPTOB

Hanmenpimuii BBIHOC a30Ta U pocdopa U3 u3ydae-  XAOMYATHHKA.
MbIX popM GOoCcPOPHBIX YAOOPEHHUIT OTMEYeH IIPH BHe-
Cnucok AuTeparyphbi:
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006 upeHTUPUKaLUN UCTOYHUKOB HEePTAHbIX 3arpA3HEHUN

AnnoTanus: B crarbe paccMaTpHBAIOTCS METOABI MACHTUPUKALIMY HePTAHBIX 3arPA3HEHUIN B BOAHOM cpepe

B pa3AMYHBIX CTPAHAX. HPOI/ISBOAI/ITCH AHAANU3 AOCTOMHCTB X HEAOCTATKOB Pa3ANIHBIX METOAOB.

KaroueBblie cAOBa: pa3auB HedTH, UACHTHPUKALHSL, 0a3a AQHHDIX.

ITpobaema MAeHTHHUKALN HCTOYHHKOB HEPTSIHOTO
3arpsI3HEHUS] MOPCKUX BOA BO3HHKAQ B cepeauHe 20-To
BeKa, KOTAA Pe3KO BO3POC 06beM MOPCKHUX [IEPEBO30K Chl-
poit HepTu 1 HePpTermpoAyKTOB. K BO3MOSKHBIM HICTOYHHKAM
HeTSIHOTO 3arpsi3HeHHs BOAHBIX O0BEKTOB OTHOCSTCS:

e Pa3AMBBI IPU TPY30BBIX OIEpaIMsax B IMOPTax
Y Ha TepMUHAAAX;

e Pa3AMBHI IIPU aBapHUAX HePpTEHAAMBHBIX CYAOB
(TaHKepOB);

«  CcOpoC HedpTeCOAEPIKAIIUX BOA IIPEATIPHUSTUSIMH;

e BBIHOC HeTENPOAYKTOB IIOBEPXHOCTHBIM CTO-
KOM U peKaMHu;

«  cOpOC C CyAOB IPOMBIBOYHBIX BOA M 6aAAACTA;

«  CcOPOC C CyAOB HEOUHI[EHHDIX AbSIABHBIX BOA;

«  cOpOC € CYAOB IIPOAYKTOB CeMapariii TOMAUBA
H MaCAQ;

«  aBapuM Ha HeTEIPOMDICAAX M HA MOPCKHUX CO-
OPY’>KEHUSIX, SIBASIFOIUXCSI OOBEKTaMH 00yCTporicTBa
MOPCKUX MECTOPOXKAEHHUI yTACBOAOPOAOB;

+  eCTeCTBeHHOE IIPOCAYMBAHIE HePTH U3 HEAD.

ITpu obHapy>xeHHH 3arpsi3HEHHsT HeTHIO BOAHOTO
00’beKTa IIPOM3BOAUTCS PACCACAOBAHHE IKOAOTUYECKO-
IO IPaBOHAPYIIEHNUS, IPEAYCMATPUBAIOIEe CACAYIOIIHe
OCHOBHbIe TarbI (6AOKH):

Baok 1 YcraHOBAGHHE HA OCHOBAaHHHU Pe3yAbTATOB XUMHIYECKOTO aHAAM3a AU MHBIX HHCTPYMEHTAABHBIX Me-
TOAOB $aKTa 3arpsizHeHUs] HePThIO BOAHOTO 00'beKTa

baok 2 M aeHTHQUKALNS HCTOYHNKA 3arpsI3HEHUS

baok 3 HHucTpyMeHTaABHAS M/ VAU PacyeTHAsI OLIEHKA KOAUYECTBA He(TH, OMABIIE B BOAHBIM 00BEKT
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OTH 9TaIIBI BASIIOTCS OOIIEIIPHHATHIMY B IpakTHKe Takux cTpaH, kak CIIA, Kanaaa, crpans EC, Snonus npo-
IleAypaMH YCTaHOBACHHMS HCTOYHHKA 3arpsI3HEHHS], BBIIBACHHS BUHOBHHKA 3arPSI3HEHHSI BOAHBIX 00eKTOB He(TDIO
U OIIeHKH KOAMYeCTBA HepTH B BOAHOMOOBEKTe.

YkaszaHHbIe IIPOIieAyPbI HAIIPABAEHBI Ha ObecIiedeHre HAAA@KAIUX AOKA3ATEABCTB C IIEABIO IIPeAbSBACHHUS ITpe-
TEH3HI1 U NCKOB BUHOBHUKY 3arps3HeHHs! (HAPYIUTEAIO), eTOPECAEAOBAHNS II0 CyAY, BO3MeI|eHHs BpEA 1 3aTPar,
IIOHECeHHBIX IIPU AMKBUAAIMH 3aT PS3HEHHS BOAHOTO 00BbeKTa.

ITocae 06Hapy>KeHUS 3arpsI3HEHUS BOAHOTO 00beKTa HepThIO HACHTHPHUKAILIHS eTOBO3MOXKHBIX ICTOYHHKOB BKAIO-
JaeT:

— ¢uKcupoBaHUe ToUeK 0T6opa Mpob HedTH Ha BOAHOM 0ObeKTe;

— or6op npob He$pTH Ha BOAHOM 0OBEKTe U U3 PEAIIOAATAEMbIX UCTOYHHUKOB;

— TIpOBeAeHHE AA6OPATOPHOTO aHaAN3a (AHAAHM3OB);

— CpaBHEHHE Pe3yAbTATOB AHAAM30B AAS TPOO HePTH, OTOOPAHHBIX U3 BOAHOTO 0OBEKTa, M AAS TIPOO U3 ITpeA-
IIOAATaeMBIX HCTOYHHKOB 3ar PA3HEHHSL.

OTan pUKCHPOBAHHUS TOUEK 0TOOPa MPpob HedTel Ha BOAHOM 00beKTe HEOOXOAUMAASI COOTHECEHHUS Pe3yABTATOB
aHAAM3a C MeCTOM O0TOOpa Ipob.

OTamn npo600TbOpa AOAKEH 0becIednBaTh MOAyYEHHe TPEACTABUTEABHOMN MPOObI HePTH B KOAUIECTBE, AOCTA-
TOYHOM AAS MAGHTHUKALIH.

OT60p OTHOCHTEABHO TOACTBIX IIACHOK HeTH ¢ 6OpTa CyAHA IPOU3BOAUTCS IIPOCTBIMK CPEACTBaMH (Harpu-
mep, B CIITA — npo600T60pHHK «Pefik>, CKOHCTPYHPOBaHHbII O TIPUHIUITY «I'PabAeii> — yCTPOMCTBO U3 8-Mu
Te(AOHOBBIX [IOAOC, 3aKPEIIACHHBIX Ha TOAOBKe, 0aHKa HAM Yepriak; B Poccnn — TepAOHOBas IIAACTHHA Ha LIecTe).
OT60p papAy>XKHBIX TOHKHX ITA€HOKHePTH TpebyeT MpHUMeHeHHs CIIeIIMAABHOTO IPO00TOOPHIKA, 06eCIIeYHBaIOIero
poctatounoe koandecTso Heu aast [2KX uan ['X/MC anasusa (cadok c TOHKOI TeAOHOBOI CETKOI).

OT60p mpob ¢ BO3AYIIHBIX CYAOB IIPOM3BOAHTCS C UCIIOAB30BAHUEM CIIEITMAABHBIXCAOXKHBIX YCTPOFICTB, HAIIPMeD,
Bo Opanuun — c6pacsiBaeMblil KoHTefiHep (U 9TOM KOHTelHep [lepeA IPUMEHeHHeM OYHIeH, 3arledaTeH | I0-
MeYeH, ¥ IIPOXOAUT POBEPKY AOAXKHOCTHBIM AMLIOM aAMUHHUCTpanuy Mep 1 Becos ®pannumn); B CIIIA — st0 npu-
60p, B OCHOBE KOTOPOI'O A€KUT MCIIOAb30BaHNe I0BEPXHOCTHO-akTHBHOTO Bemectsa ([IAB), cobuparomero HedTh
BIIEHTpe IIATHA, TA€ OHA AACOPOUPYeTCsl Ha CTEKASIHHYIO BaTy.

Memoduxu udenmuduxayuu ucmo4HuKos

Ha sTane sabopaTopHOro aHaAM3a U CpaBHEHHs P06 HePTH, OTOOPAHHBIX U3 PA3AMBA, C 00Pa3I}aMH U3 IIPEAIIO-
AaraeMbIX HCTOYHHKOB HeQTSIHOTO 3arpsI3HEHHS HCIIOAB3YIOTCS Pa3AUYHbIe H3UKO-XUMUYECKHe HHCTPYMEHTAAbHbIe
METOABI U UX codeTaHs1. Hivke IpeAcTaBACHDI CBEACHHS 00 UCIIOAb3YeMBbIX pU3UKO-XUMHIECKHX HUHCTPYMEHTAAbHBIX
MeTOAAX MACHTUPHUKAIIMI HCTOYHUKA HePTIHOTO 3arpsI3HEHUS B Pa3AUYHBIX CTPaHAX:

Tabnvua 1. icnonb3yemele MeToabl MAEHTUOUKALNM MCTOYHUKOB HEPTAHOIO pasnvBea B OTAENbHbLIX CTpaHax
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1 |Hudpakpacuas cnekrpodoromerpus (MKC) 0,944 Ad Ad HeT HeT Ad
2 | DayopecnentHas ciekrpockomus (PC) 0,911 | mer Ad HeT HeT Ad
3 |Huskoremmneparypnas alomunectenus (77 oK) HeT HeT HeT HeT Ad
4 |TazoBas xpomaTorpadus
— [T A-aetexTopom (HabuMBHAS KOAOHKA) Ad HeT HeT HeT HeT
— cIIMA-aeTexTopom (KaHI/IAAﬂPHaﬂ At Ad Ad Ad Ad
KOAOHKA)
— cIIOA-perexTopoM (cepocopepamue) 0,911 Al A Al A Ad

66



The Identification oil’s pollutions sources

S | BpicokoadPpexTruBHAS KUAKOCTHAS XPO-
HeT HeT HeT HeT Ad
marorpadus (BXKX)
6 |Teap-nponnkaromast xpomarorpaduu (I'TIX
P fHasixp pacmu ( ) HeT Aas HeT HeT HeT
C AeTeKTHpOBaHUeM 10 Y moraoueHuo
7 | Aacopbrmonnas xpomarorpadus (AX) HeT Al HeT HeT HeT
8 | ATOMHO-abCcOpOIMOHHAS CIIEKTPOCKOIINS
HeT Ad HeT HeT HeT
(AAC)
9 |Xpomaro-macc-cnexrpomerpus (IX+MC) HeT Ad Ad Ad Ad
10 | Xpomaro-macc-criekrpomerpust (IX+MC) c yue-
HeT HeT HeT Ad HeT
TOM 3¢ deKTa BBIBEeTPUBAHUS
11 | AomoAHUTEAbHbIE IIPOIIEAY PbI HACH-
TUQUKALUU:
— 0asa paHHBIX Hedrel HeT Ad HeT Ad HeT
— KAAacCHUKAIIMOHHAS CUCTeMa HepTel HeT HeT HeT Ad HeT

Ipumeuanus:
! coBMecTHOE ncrioab3oBanue MeTopoB UKC, ®C,
I'’X uperTudukanum oo 0,999;

> pyuHas 06paboTKa pe3yAbTaTOB;
KOMIIBIOTEPHAst 00pabOoTKa Pe3yAbTaTOB;

cuctema Nordtest;

3
4
> HCIIOAB3YETCS AASL TSDKEABIX HeTell:
HCIIOAB3YeTCSI AASL ACTKHX HedTeil M CBETABIX
HepTenpOAyKTOB.

IIpuBeaeHHbIE METOABI XapPAKTEPUSYIOTCS CAEAYIO-
UM 06pasoM:

« undpakpacnas cnekrpockonus (MKC) — 06-
pabotka UK criextpos (mpoBepeHue 6a3sucHbIX AMHHIA,
pacyeT ONTHYECKUX MAOTHOCTEH U UX COOTHOTIEHM)
IPOUBBOAUTCS. KOMIBIOTEPOM (B HEKOTOPBIX CAyYasix
[IPeAAAraeTCsl UCIIOAB30BaATh IPUOOPHI € IpeobpasoBa-
unem Oyppe — Oyppe MK-ciekrpoMeTps), XOTs B 110~
AABASIIOII[eM OOABIIMHCTBE CAYYaeB AASI HACHTHPUKALIUH
HCTOYHMKA HePTSHOTO 3arpsi3HEHHsI ObIBaeT AOCTATOYHO
obsraroro MK criekrpodoromerpa ¢ AByXAy4eBOil CXe-
MOW;

« dayopecuenTnas crnekrpockonus (OC) — aas
HMASHTHUPHKAITMY UCIIOAB3YeTCsl S IMapaMeTpoB, a CpaB-
HeHHe CIIeKTPOB PpAyOpPeCIIeHIIUN ABYX AaHAAU3HUPYEMBIX
P06 IIPOUZBOAUTCS IIPU IIOMOIIY KOMIIBIOTEPA;

e HHM3KOTEMIIEpaTypHas AIOMHHECIEHIHS HC-
IIOAB3YeT Te e PpHU3NIecKrue OCHOBHL, 4To U MeTop PC,
HO 3aIIHCh CIIEKTPOB ocymecTBAsIOT rpu 77 °K. Amma-
paTypHOE yCAOXKHEHHe MeTOAa (MCIOAb30BaHUe HH3-
KOTEeMIIepaTypHOil TEXHHKH) KOMIIEHCUpyeTcsl 6oaee
AOCTOBEPHBIMH Pe3yAbTaTaMH. 3aIHCh CIIEKTPOB IPO-
n3BoAAT B obaactu 280-700 um. Mcrmoab3oBaHMe 3TOTO
METOAQ PEKOMEHAYETCS AAS TSDKEABIX HeTell U Macea;

« rasoxupkocrHas xpomarorpadus (IDKX), npu
KOTOPOM IIPUMEHSAIOTCA KaK IIAAMEHHO-NOHHU3ALMOHHBIN
(TINA), Tak u naamenHno-dporomerpudeckuit (ITOA)

AETEKTOPBI AASL OTIPEACACHHS AAKAHOB, H30IIPEHOHAOB
U CepOCOAEpP>KAIIMX OPraHUYEeCKUX COeAMHEeHUH;

 BBICOKO3(PEKTUBHAS KUAKOCTHASL XpPOMATOTpa-
dus (BXXX). MeTop MO3BOASIET TPOM3BOAUTD HE TOAb-
KO MAGHTH(HKAITMIO UCTOYHHKA 3aTrps3HEHNUs, HO U Aa-
BaTh MPUOAVKEHHYIO OLHKY (C TOYHOCTBIO AO CYTOK)
BpeMeHHU KOHTAKTa HeTH C BOAOL;

« reap-nipoHukaromas xpomarorpadus (I'TIX) c ae-
TEKTHPOBAHHEM IIO YABTPapUOAETOBOMY ITOTAOIIECHHIO.
Metoa HanboAee 2 PeKTHBEH AASI AaHAAM3A TSDKEABIX ChI-
phIX HedTell 1 Macea;

« apcop6bumonnas xpomarorpadus (AX). meTop pe-
KOMEHAYeTCSI HCIIOAb30BaTh, €CAU ITPEATIOAArAETCs, YTO
Pa3AUT AerKuil OeH3UH;

« aromHO-abcopbumonnas cnekrpockonus (AAC)
II03BOASIET OIIPEAEASITD B HCCAEAyeMOM OOpasiie mpe-
5KA€ BCEro COACp)KAHHe MeTaAAOB. B HeTsax MeTaaAb
HAXOASTCSI B BUAE MUKPOIIPHMeECeH, a YyBCTBHTEAD-
HOCTb METOAOB 9AGMEHTHOTO aHAAM3a BeChbMa BBICOKA
(or 0,001 A0 0,3 1/MAH.), TaK YTO MOAyYAEMbIE pe-
3yABTaTBI OKA3BIBAIOTCS BechbMa HHPopMaTuBHbIME. Ca-
MOe BBICOKOE COAEPIKaHue B HepTsix Habaropaercs Aast Ni
U V, IO9TOMY HUASHTUPUKAIIHS IPOUZBOAUTCS IO COOT-
momenno Ni/V;

« xpomato-macc-criekrpomerpust ([X+MC). Me-
TOA PAKTHIECKH COUeTaeT B cebe ABa: XpoMarorpapu-
yeckoe paspesenre (PpaKLmOHUpOBaHUe ) IPO6DBI HedTH
C IIOCA@AYIOIIUM MacC-CIEeKTPOMEeTPUIeCKHM HCCACAOBA-
HUEM OTASABHBIX QPaKITHIL

« MeToa 06A2A€T BBICOKOM 4yBCTBUTEABHOCTBIO;
06paboTKa Pe3yABTaTOB MACC- XPOMATOIPAMM IIPOU3BO-
AWTCS C IOMOIIbIO KOMITBIOTEPA;

« (10) xpomaro-macc-cnexrpomerpus (IX+MC)
cydeToM 3¢ peKTa BhIBEeTPHBAHMS, IPH KOTOPOH Pe3yAb-
TaThl AHAAM3A HCCAEAYIOTCS C UCTIOAB30BAaHHEM CIIeI[H-
AABHOI AMarpaMMbl. MeTop obecriedunBaeT AOCTOBep-
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HOCTb IIPU H3MEHEHHSX B XapaKTepPUCTHKAX HePTH,
KOTOpbIe POUCXOAST MOCAe pa3AuBa (BbIBETpHBaHUE)
C COXpaHeHHeM BO3MOXKHOCTH MACHTUPHKAITMH HepTH
0oAee yeM uepes Top MOCAe HePTSHOTO PA3AHBA.

OKCIIepPTHO IMPUHATO CYMTATh, YTO BEPOSTHOCTb
IPaBUABHOM MAeHTUPUKanuu cocTaBaseT: Aad IKC —
0,944; ans1 ©C — 0,911; aas IDKX — 0,911. ITpu no-
CACAOBATEAPHOM IPHMEHEHHH HEeCKOABKHUX METOAOB
AAS MACHTUQUKALIMK KaKAOH apbl Ipo6 (3arpsisHenue
1 po6a M3 MOTEHIMAABHOTO HCTOYHUKA) AOCTOBEp-
HOCTb UAEHTHPUKALIUHM MOXKET AOCTHIaTh 99,9mpolieHTa.

ITocmpoenue cucmem udenmuduxayuu 6 3apyoex-
Hotl npakmuxe

3aKAIOYEHHUS 10 YACTHBIM CAYYasiM OOHAPY KeHHBIX
3arpsI3HeHUH, CACAAHHbIE HA OCHOBAHUH HCIIOAb30BAHHUS
YKa3aHHBIX METOAOB QaHAAM3d, MOT'YT CUUTATHCS AOCTO-
BEPHBIM U UMEIOIUMH IOPUAMYECKYIO CHAY IIPH YCAOBUH
HAAAEXKAIIero BBITOAHEHHS M 0PpOPMAEHHS BCeX IPO-
ueayp uaenTudukanuu (0T60p Mpob, ynakoska, Map-
KHpOBaHHE, 0POPMACHHE aKTOB, XpaHEHHS U IlepeAada
B AAOOpaTOpHH, AKKPEAUTALIHS AADOPATOPHIL II0 COOT-
BETCTBYIOIINM BHAAM PaboT, opopMAEHHE IPOTOKOAOB
MAEHTUPUKALIUHU U T. n.). IIpu sToM BaxkHOe 3HaueHHe
HMeeT 3aKOHOAATEeAbHOE M HOPMAaTHBHO-METOAMIECKOe
3aKpeIAeHHUe IIPOLIEAYP HACHTHPUKALINY, AADOpATOpHast
0a3a K METPOAOTHIECKOEe ObecIIedeHHe, a TAKKE ACHCTBY-
IOIIHe B TOM MAM MHOM CTpaHe aAMHHUCTPATUBHO-Opra-
HM3AIIMOHHbIE CTPYKTYPbI, CAOXKHBIIASICS IPABOIIPHMe-
HUTEAbHAS M CyAeOHAs IPAKTHKA.

OO61mMM MpU3HAKOM BCeX M3BECTHBIX METOAUK HACH-
THPHKALIUH SBASIETCS CPaBHEHHE AHAAUTUYECKHIX XapaK-
TePUCTHK 00pasiia HePpTH, B3SITOTO U3 3arpsIBHEHHOTO
BOAHOTO 00'beKTa, M 00pasiia 13 IMPEeAIOAAraeMOro UC-
Tounuka. Pusndeckoe HaAmIKe Broporo obpasua (us

MCTOYHMKA) YaCTO SBASETCS KPUTUIECKHM AASL MOP-
CKHX YCAOBHI1 C MHT€HCUBHBIM CyAOXOACTBOM, TaK KaK 3a-
TPSI3HEHUS] MOT'YT OCTATOYHO AOATO MHI'PHPOBATh U IIPH

3TOM OBICTPO IEPEHOCUTHCS HA 3HAYUTEABHBIE PACCTO-
SIHYS, Q TIOAy4YeHre 0Opaslja U3 UCTOYHUKA MOXeET OKa-
3aTbCsl paKTHIECKH U/ HAH IOPUAUYECKH HEBO3MOXKHBIM.

B cBsi3u ¢ 9TUM HapsIAy C «IPSIMOI>»> UACHTHPUKA-
LUer B MEXXAYHAPOAHON MOPCKOM IIPAKTUKE IIPUMEHS-
eTCsl MACHTHQHKAIMS Ha OCHOBE 3apaHee ITOAYYEeHHbIX
AHAAMTHYECKUX XaPAKTEPUCTHK (TaK HAa3bIBAEMBIX <« OT-
TIeYaTKOB TIAABIIEB> ) HedTel, KOTOPpBIe 00PaIIAIOTCs HAK
MOTYT OOPAILATHCSI B OIIPEACACHHOM MOPCKOM PailoHe.
3abAaroBpeMeHHOE ITOAYYeHHe «OTIIEYATKOB ITAABLIEB>
M3BECTHO ITOA TepMuHOM “0il fingerprinting”, a cama mpo-
IleAypa CpaBHEHHS

«OTIIEYATKOB ITAADIIEB> 3aTPSI3HEHHS C U3BECTHBIMU
«OTIevyaTKaMu» — Kak “oilidentification”.

Mcnoab3oBaHHe TAKOTO IMPHHIIMIA MIPEAIIOAATAET
CO3AAQHHE CHCTeMbI HACHTHPHKAIINH, KOTOPasl, KaK MHU-
HUMYM, BKAIOYA€T CACAYIOIIe KOMITOHEHTHI:

6a3y AQHHBIX «OTIIEYATKOB [IAABLIEB>, COAEPIKALIYIO
CpaBHHMbI€ II0 COCTaBY AAHHBIX XapaKTePHCTHKU Hed-
Tel;

 OPraHMU3ALHOHHYIO CUCTEMY, IIOAAEPKHUBAIOIIYIO
BEAEHHE U IIOMTOAHEHME 6a3bl AAHHBIX;

¢ COOCTBEHHO METOAUKY HACHTHPHKALINH;

* OpPraHHU3ALHIO (kOMITaHMIO HAM Aa60paTopH10),
IPU3HABAEMYIO KOMIIETEHTHOM AASI IPOBEACHHUS «AAK-
THAOCKOIIMYEeCKOM > dKCIIEPTHU3bI;

+ OPraHH3ALUOHHYIO CHCTEMY PaCCAEAOBAHHS 00-
CTOSITEABCTB 3aTPSI3HEHNS, OIIPEACACHUE ee NCTOYHHUKA
Y BAHOBHUKA.

Kpurnueckum aseMeHTOM TaKON CUCTEMBI SIBASIET-
cs1 obecriedeHre METPOAOTHYECKOTO EAMHCTBA U aHa-
AUTHYECKOTO KA4eCTBO XapPaKTEPHCTHK («oTmevarkos
TAABIIEB> ), TOAYYaeMbIX B pasHOe BpeMsi 1, BO3MOXKHO,
B Pa3HBIX MECTaX.

K Hacrostmemy BpeMeHH H3BecTeH psip 0a3 AQHHBIX
AHAAUTHYECKUX XapaKTePUCTUK HedTei (Kanaaa, Hop-
Berus, EBpomnefickoe coobmectso u pHAAPYI‘I/IX).

CnHCcoK AHTepaTypbI:
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Abstract: Systematic approach is proposed to implement the process of creating aggregated information and
telecommunication (IT) systems to the requirements of the customer for minimizing labor costs and optimizing
resource utilization of IT systems, while ensuring the quality of their functioning. Dynamic integration of
heterogeneous sets of multimedia and information component of IT systems in accordance with their functional
scaling is providing. The problem is solved on a “single solution” for a wide range of aggregated multimedia functions
for different types of end users.

Keywords: multimedia, information and telecommunication (IT) system.

Mapuues Baadumup Propukosuu,
OO0 HMI] “Ungopmamuka pucka”
K. M.H, 2eHepALbHbLIL OupeKmop
E-mail: vladimir@marichev.ru

Mapuues Huxorati Bradumuposuu

000 «QyndamenmarvHble UHHOBAUUOHHDLE MEXHOLOZUU>,
Mockea. npozpammucm

E-mail: nikolay@marichev.ru

CoBpeMeHHble TEXHONI0MMU NOCTPOEeHNSA UHPOPMaALLMOHHO-
TeNIeKOMMYHUKaALNOHHbIX CUCTEM

AnnoTtanus: [IpepsaraeTcs Ha OCHOBE CHCT@MHOTO IIOAXOAQ PE€AAM30BaTh IIPOIECCh CO3AAHMS arperupOBaHHbIX
MHPOPMALMOHHO-TeAeKoMMyHHUKaoHHbIX (T cucreM mop Tpe6oBanms 3akazurka U MUHUMHU3ALUU TPYAO3a-
TpAaT U OIITUMHU3UPOBATD HCIoAb3oBaHue pecypcos T cucrem mpu obecnedernn kadecTBa HX GpyHKI[IOHUPOBAHMSI.
ObecneynBaercs AMHAMIYECKAst HHTETPALHsl PA3HOPOAHBIX HA60POB MYABTUMEAUIMHBIX U HHPOPMAIHOHHBIX KOM-
noneHT MIT cucreM B cOOTBETCTBHU C TPeOOBAHMAMU HX QYHKI[HOHAABHOTO MACIITAOMPOBaHMs. 3aAaua pelreHa
TI0 IPUHIUITY «EAUHOE pelleHHe> AAS MHUPOKOTO CIEKTP arperipOBaHHBIX MyABTHMEAUNHBIX QYHKIIMOHAAOB AASI
Pa3HOTHIIHBIX KOHEYHBIX IIOAb30BATEALH.

KaroueBbie CAOBa: MyAbTHMEANA, HHPOPMAI[MOHHO-TeAekoMmyHuKaruonHas (UT) cucrema.

Pa3paboTaHHbII POrPaMMHbII KOMIIAEKC IIPEAO-
CTaBASIET BO3MOXXHOCTH peaAU3allMU KOMIIAEKCHBIX
MHTeTPHPOBAaHHBIX MyAbTHMEAMIHBIX (BHUAEO, H306pa-
JKEHHS, TOAOC, Pa3HOOOpa3HbIe AAHHBIE 1 00pabOTINKU
COBBITHIL) YCAYT, COBpeMEHHBIX HHPOPMALJOHHO-aHa-
AUTHYECKHMX 1 HHYOPMAIIMOHHO-YIPABASIONIMX CUCTEM
Ha OCHOBE MHTEePHET AOCTYIIa K BUpTyaAbHbIM HMHOp-
MaIlMOHHO- TeAeKOMMYHHUKAITHOHHBIM PecypcaM U PpyHK-
ITHOHAABHBIM IPUAOXKEHHUSAM II0 TeXHOAOTHAM «EeAUHOe
OKHO> U «TOHKHI KAUEHT > .

Cxema, mo peaAusanuu HHOQPOPMAIIMHHO-TEAe-
xommynukanuonusx (UT) ycayr Ha 6ase mporpamm-

Horo armmaparHoro kommaekca (ITAK) npeacraBaena
Ha puc. 1.

ITAK obecneunBaer peasnsaniio CepBepHbIX Y3A0B
3aAQHHOTO KOMIIAEKCHOTO QYHKIMOHAAR (110 TEXHOAO-
MM «EAMHOE PelleHHe> ) U KAUEHTCKUX IIPUAOXKEHHUI
(MO TeXHOAOTMH «<TOHKHMI KAMEHT> ) IIPU yIpaBAe-
HUM 1 00paboTke IP MyABTHMEAUHBIX IOTOKOB, CO-
OBITHIL/3aIIPOCOB U 06beKTHBIX AaHHBIX. CpepcTBaMu
MacCIITaOUPOBAHHS PEAAM3YIOTCS], KAK TePPUTOPHUAAD-
HO-pacIpeAeAeHHbIe PelleHUs] OIIePaTOPCKOTO KAAC-
Ca, TaK M AOKAAbHbIE PellIeHUs AASL OTACABHBIX OH3HeC

CTPYKTYP.
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BHewHue
> i HHpopmayuoHHo- TenekoMmyHukalyuoHHs1e Cucmemsi lNpobnemHo-
u Cepsucs! OPUEHTUPOBaHHbIE
ArpervpoBaHHble N WT Mpoueccei
WHpopmaumoHHo- PacnpepnenexnHasa Cucrema KSM::::::J?LO
TenekoMMyHUKaLMOHHbIe MHoroypoBHeBas YHudmumpoBaHHbIX :
(UT) CepBuchl ) Mynbmcepﬁrcuan MynbTUMeANIAHBIX
ANA pa3HbIX KaTeropun TenekoMyHUKaLlMOHHas :
, IP CeTh CepBepHbIX Y3nos \
KOHe4YHbIX Nonb3oBaTenen W Mpo6nemHo-
Texunonorug ,EquHoe Pewenue '3
) 3¥,0pneHTMpOBaHHbIe
TexHonorua , ToHKUA KnueHT” = O6bekTbI
BretuHue WHdopmaumoHHoro
\ / MHghopmMauuoHHO- TenekommyHuUKayuoHHsie Cucmems! obecrneyeHus
u Cepsucsl

Puc. 1. Cxema, no peannsaunu MHGOPMaLMHHO-TENEKOMMYHUKALMOHHBIX (UT) yenyr

IIpu aTom Ha KaxxaoM 13 CepBepHBIX Y3A0B Cpea-
CTBaMHU KOMIIAGKCHOM 3alfUThl MHPOPMALUU peaH-
30BaHa ABTOPH3UPOBAHHOE IIOAKAIOYEHHME BHENIHHMX
KAMEHTOB C TIOAHOM ayTeHTHUKaIMel IIOAKAIOYeHHUH,
KaK Ha CepBepHOM, Tak M Ha KAMEHTCKOM 4acTsX, 3alju-
Ta nlepeAadr MHPOPMALIUH U AOCTYIA K PYyHKIIMOHAAAM
U MyABTHMEAUHBIM AQHHbIM.

DyHKIIMOHAABHBIE BOBMOXKHOCTH CEPBEPHOTO y3Aa
HMEIOT MacIITabupyeMble HHTEPPEHCH PA3HOCTOPOHHETO
B3aUMOAEHCTBUS C IIUPOKKUM CIIeKTPOM CHCTeM BHEIITHEro
OKPY>KeHHUs C UCIIOAb30BAHUEM Pa3AMYHbIX IIPOTOKOAOB,
B YaCTHOCTH C TeAeOHHER ceTell 0OIIero MOAb30BaHHS.
CxeMa paboTbI C MyABTUMEAHITHBIMU TOTOKAMH ITO3BOASI-
eT PeaAM30BbIBaTh TEXHOAOTHIO <« EAUHOTO OKHA> ITPH pa-
00Te C pa3AMYHBIMH UCTOYHUKAMHI TOAOCOBOTO TPAaQHKa,
B YaCTHOCTH OPTaHU30BBIBATb KOHPEPEHIMHU C HEOTPaHHU-
YeHHBIM YHCAOM YYaCTHHKOB HCIOAB3YIONIUX Pa3HOPOA-
Hble ycTpoiicTBa (MOGHABHDIE U GUKCUPOBAHHBIE AHAAO-
roBble U 1 poBble TeAepOHbI, pauuy, ycrporicrsa IP/SIP
Teaedonum). Yaurtsisas, uto B [TAK BCTPOEHbI BO3MOX-
HOCTH KOHQUI'YPUPOBAHHS AASl PEAAU3ALUM PA3AUYHbIX
QYHKI[IOHAAOB 10 OTPAOOTKE COOBITHII OT PA3AHUYHBIX
BHEIIHUX KAMEHTOB, 00paboTKe IIOCTYIAMINX AAHHBIX
1 GOpMUPOBaHNSI TPeOYeMbIX AQHHBIX AAST CHCTEM BHEIII-
HETO OKPY’KEHUsI, YIIPABACHIS U IIPe0OPa30BaHIs BUACO
U TOAOCOBBIX IIOTOKOB, aAQNITUBHOM CHCTEMHOM HHTe-
rpaliy ¥ MOCTPOEHHs reorpapuiecku pacrpeseAeHHbIX
CHCTeM, 3Ta MAATPOPMA UCTIOAB3YETCS AASI CO3AAHMS Pa3-
AMYHBIX CHCTEM IO TEXHOAOTUH «<EAMHOE pelleHHe>.
BriepBbie pe3yabTaTh paboThl On6AMKOBaHbI B [ 15 2].

MopyabrocTb peasnsanun ITAK u, B yacTHOCTH, pea-
AM3AIIUH MyABTUMEAUFTHOTO M KAHAAOOOPA3YIOLIero ypoB-
Hei1 06eCIIeYnBaET IPOCTOTY U ACLIEBU3HY MOACPHHU3ALIIH
IIPY BKAIOUEHHUH B PeIIeHHs 110 KOHKpeTHbIM CepBepHbIM
Y3AaM HOBBIX TEXHOAOTHF 0OPAbOTKY/MAPIIPY TU3ALIUH

MYABTHMEAMIHBIX IOTOKOB, TIOCTPOEHHS TeAeKOMMYHHKA-
nuonHbIX ceTeit NGN/FGN u OpraHM3aI[MH COBMECTHOMN
PabOTBI C CeTSIMU IPEABIAYIIINX TOKOAEHHIL.

IpedepeHuny npu UCIIOAB30BAHUH Pa3pPaAOOTKHU:

« B03MOXXHOCTb AMHAMHYECKOTO KOHCTPYHPOBa-
HISI HA OAHOM U TOM 5Xe 000PyAOBaHHU U 6a30BOM IIPO-
rpaMMHOM 0beCIedeHUH Pa3HOTHITHBIX BBICOKOTEXHOAO-
THYHBIX CEPBEPHBIX Y3A0B, 00€CIIEUNBAIOIINX pelIeHHe
PA3HOPOAHBIX 3aAa4 3aKa3YMKA IT0 PEAAU3AIIIY MYABTH-
MeAUHHBIX QYHKITUOHAAOB.

«  Ausepcuduxanus cospanusa T cuctem, apan-
TalUs U Pa3BUTHE arperupoBaHHbIX U MpouabHbIX T
CHCTEM IOA KPUTEPUH UX IJeHOBOM M OpraHU3al[MOHHO-
TeXHHYeCKOH IIPUBAEKATEABHOCTHU AAS 3aKA3UHKOB.

« CoxpaieHue cpoKoB U Ceb0eCTOUMOCTH paspa-
6orku T cucrem, yrpexaaromasi MOAepHU3ALIS U pac-
IIMpeHHe X BO3MOXKHOCTeH Ha OCHOBE TeHAEHIIUH PhIH-
ka T cuctem u ycayr, nossaenus Hosbix T cpeacTs
M TEXHOAOTHI1. YMeHbIleHre Ce6eCTOUMOCTH IIPU COIIPO-
BOYKAEHUH U OOCAY>KMBAHUY CHCTEM.

«  YMeHblIIeHHe pecypca U HeOOXOAUMOI KBaAH-
$uKauu pa3paboTINKOB IIPH BHIIIOAHEHHUH KOHTPAKTOB,
yMeHbIIIeHHe PUCKOB TeKy4eCTH KaApOB U popc-Maskopa
TP CO3AQHMU U COITPOBOKAEHHHU CUCTEM.

IToTeniaapHbIe OTpebUTEAN PA3PAbOTKHU:

« Kpymnsble cucTreMHbIe HHTETpaTOPBHI, BeAyIiue
MHUPOBbIe TPOU3BOAUTEAN BBIYHMCAUTEABHBIX CHCTEM
U [IPOIPAMMHOTO O0eCIIedeHuUs], CPEACTB HHPOPMATH3A-
ITMM 1 MYABTHCEPBUCHBIX TEAEKOMMYHHKAITHI.

«  PaspaboTunky u OCTABIGUKHU IIPOPUABHBIX CH-
CTeM KOMIIAEKCHOM MHPOPMATH3ALUH, KOPIIOPATUBHBIX
UT cucreMm, cucTeM KOMIIAEKCHOTO BHAE€OHAOAIOACHNS,
OIIePATHBHOTO pearupOBaHUsA U AMCIeTYepU3alluH, CH-
CTeM KOMIIAGKCHOTO MOHUTOPHUHTA, TEACMETPUH U TeAe-
CHIHAAM3AILIUH, CATYal[MOHHOTO YIPaBACHUS.
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Catalytic ammonia oxidation to nitrogen (I) oxide
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Catalytic ammonia oxidation to nitrogen (1) oxide

Abstract: The process of synthesis of nitrous oxide by low-temperature catalytical oxidation of NH has
been investigated for organic synthesis. The investigation has been carried out by the stage separation approach with
NH oxidation occurring in several reaction zones, which characterized by different catalytic conditions. The selectivity
for N,O was 92-92,5% at the ammonia conversion of 98-99.5% in the optimal temperature range

Keywords: Mn-Bi-Ce-Cu-O catalyst; ammonia oxidation; nitrous oxide, technological parameters, pilot testing.
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The process of low-temperature catalytical oxidation
of NH has been investigated for production of N,O for
organic synthesis. The investigation has been carried out
by the stage separation approach with NH oxidation
occurring in several reaction zones, which characterized
by different catalytic conditions.

Introduction. In the recent years, nitrous oxide
has become used as a mild oxidizer for partial oxidation
of hydrocarbons, for example oxidation of benzene to
phenol. That is why, the process for direct ammonia
oxidation is of interest to numerous researchers [ 1-4].
For these applications the substantial attention is focused
on the improvement of the N, O production technology.
Nitrogen (I) oxide is produced for medical purposes
by thermal decomposition of ammoniac saltpeter. The
hazards of the existing methodology of the thermal
decomposition of ammonia nitrate involve the possibility
of explosion of ammonia nitrate at heating and speeding
up of the side reactions with increasing temperature.

The catalytic oxidation of ammonia to N,O at
low temperatures (200-400°C) is a promising and
more economically efficient technique. The catalytic
oxidation of ammonia by technical oxygen to N,O has
been investigated by N.I. Il'chenko [4]. N, and N, O are
formed during low temperatures ammonia oxidation in
reactions 4NH, +30, =2 N, + 6H,0 and 2NH, + 20,
=N,0 +3H,0.

In the course of these reactions the formation of
unstable intermediate particles (OH, ONH,, ONH,,
NH,,N,NH etc.)isalso possible in parallel and sequential
stages. In the present work we study different steps of the
ammonia oxidation process and determine the influence
of each step on the product yield. For this purpose, the
ammonia oxidation reaction steps are carried out in
separate reaction spaces, each having a different catalyst.
To some extent, this approach avoids parallel reactions
that may occur within a single reaction space and that
are responsible for nitrogen unbounding. The influence
of various technological parameters and various catalysts
[5] on the ammonia oxidation process and production of
nitrogen (I) oxide can be investigated as well.

Experimental. The measurements have been carried
outin areactor with two spatially separated catalysts. This
allowed us to investigate individual stages of ammonia
oxidation and the influence of various stages on the
product yield as well as to avoid the parallel reactions
that can occur in same reaction space and result in
unbounding of nitrogen. The influence of technological
parameters on the process of ammonia oxidation to
N, O is studied for a variety of catalysts.

The catalysts for ammonia oxidation were
prepared from oxides of Mn, Bi, Cu and Ce as well
as from nitrates of these metals by sol-gel method.
Before ammonia oxidation the catalysts were heated
to 200°C for two hours at the presence of an oxygen
tflow. A layer of catalyst 2 was stacked on the quartz
grid of the reactor. A layer of broken quartz glass with
particle sizes from 3 to 4 mm was located above the
catalyst layer. A layer of catalyst 1 was stacked on top of
the broken quartz glass layer. The design of the device
allowed us to vary the distance between the catalysts
up to 55 mm. The experiments show that in the system
containing two separate catalyst layers, the N, O yield
can be sharply increased by 7 to 15% depending on
the separation distance between layers. However, the
some negative phenomena were observed in parallel
with increase of the yield. If the catalyst 1 begins to
work in an autonomous thermal mode, the ammonia
oxidation process takes place solely on catalyst 1, and
the temperature of this catalyst sharply increases. As
a result the temperature of catalyst 2 decreases below
the ignition temperature and catalyst 2 stops working. If
the catalyst 2 is heated externally, then catalyst 2 switch
on and dominates in the catalysis. As a result catalyst
2 uncontrollably heats up and catalyst 1 stops working
as soon as its temperature decreases below the ignition
temperature.

In order to eliminate the mutual influence of the
catalysts and provide the more stable working conditions
a series of experiments have been carried out in a quartz
reactor (d = 20 mm). The design of reactor allowed us
to increase the distance between the catalysts up to
90 mm. In this way, the temperature of one of catalysts
was fixed in the range 200-225 °C, while the temperature
of the other catalyst was slowly changed. The outlet
nitrous gases were tested for the content of N,O by gas
chromatography method.

Results and Discussions. A low-temperature
oxidation of ammonia exhibits several unusual feature. At
low temperatures the reaction mainly proceeds to N, and
N, O, while at high temperatures NO is produced much
more efficiently. Formation of unstable intermediate
products, such as O, OH, ONH,, NH,, N, NH, HNO
etc., is also possible at low temperatures. The dependence
of the N, O yield on the temperature differences between
the two catalysts was studied.

The data were obtained with Mn-Bi-Cu-Ce-O
as catalyst 1 and manganese (II) oxide promoted by
palladium [3] as catalyst 2. The study shows the maximum
yield at AT=0. The date temperature dependences of the
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nitrogen (I) oxide yield at various gas flow rate show
that at optimum temperatures and low concentrations
of ammonia in the gas mixture the N2O yield can reach
98-99%.

At high ammonia concentration the N, O yield can
be decreased considerably. The N,O yield reaches 80-
82% for a given catalyst at the linear gas flow rate v =
0.005 m/s and NH3 concentration of 10%. Under these
conditions an optimal temperature of the process is in
the range 210-270°C. The N, O yield reaches 98-99% at
optimal temperature and 4.14% ammonia concentration
in gas mixture. It is necessary to note that the competing
side reactions leading to the formation of nitrogen do not
take place at the optimal temperature. At temperatures
below 200 °C the reaction rate is decreased considerably
and NH, remains in the gas mixture even after passing
through the catalyst.

The transformation of NH, to nitrogen (1) oxide
at various temperatures and the linear gas flow rate v
= 0.015 m/s and the temperature dependence of the
degree of transformation of NH, to N,O and the yield
of the higher oxides of nitrogen were studied. The data
indicate that an optimal temperature of transformation
of NH, to N,O at the ammonia concentration of 10%
can be found in the range 340-480°C, while at the
ammonia concentration of 7.7% it is situated in the
range 330-370°C. With the ammonia concentration
4.4% the degree of transformation of NH3 into N, O is
very close to 98-99% at temperatures above 340 °C. For
the ammonia concentrations 10%, 7.7% and 4.4% the
parallel side reactions occur at temperatures above 250,
290 and 330°C, accordingly.

Comparison of the N, O yields at various levels of
ammonia specific loading on the catalyst and at various
NH, concentrations gives the following results. With the
specific ammonia loading on the catalyst 11.76 kg/m*
and NH, concentration of 7.7%, the N2O yields 75%
at 280°C that avoids formation of the higher nitrogen
oxides. The same yield was obtained at the specific
ammonia loading on the catalyst 11.4033 kg/m> At
the 10% NH3 concentration in gas mixture and the
specific ammonia loading on the catalyst 15.27 kg/m?,
the N, O yield at 280 °C was 57%. Thus, at the ammonia
concentration of 10% the N, O yield is lower than at the
ammonia concentration of 7.7%. Moreover, the higher
nitrogen oxides can be formed at 280°C and NH,

concentration of 10%. A pure nitrogen (I) oxide without
the higher oxides is formed at the NH3 concentration of
10% only if temperature is decreased to 250°C. However,
at this temperature the degree of NH3 transformation is
40% and the N, O yield is only 7.9 kg/m?. At the NH, a
concentration in the initial gas mixture equal 4.4% and
the specificloading on the catalyst equal 6.7 kg/m2, N,O
yield is as low as at the NH3 concentration of 7.7%. The
concentration of NH3 in gas mixture is a more valuable
parameter in the oxidation process than the catalyst
specific loading.

An increase of catalyst specific loading at the
ammonia concentration of 10% results in a sharp decrease
in the degree of transformation of NH, into N, O. The
N, O outlet sharply decreases as well. For example, the
growth of catalyst specific loading by factor of S increases
the N, O yield only by factor of 2.45. At the same time
with the ammonia concentration of 7.5% a factor of 5
growth of the catalyst specific loading increases the
N, O yield in 4.44 times. With a further decrease of the
ammonia concentration to 4.1-4.4%, the N, O yield is
increased 5.2 times at 5.3 times growth of the catalyst
specific loading. With a simultaneous decrease of the
ammonia concentration and increase of the catalyst
specific loading, the N, O yield is increased as well. The
temperature interval within which the N, O yield is near
98-99% is reduced. For example, if the gas flow rate is
0.005 m/s and ammonia concentration in gas mixture
is 7.6%, the width of the favorable temperature interval
is about 140 °C. If the gas flow rate is increased to 0.025
m/s, the width of the favorable temperature interval
decreases to 60 °C.

Conclusions. The results of the investigation of the
low-temperature NH3 oxidation process using two
catalysts located in separate reaction zones allows us to
control and optimize the yield of N,O. The proposed
design of the reaction chamber provides the increase of
the N, O yield by 7-15% under autothermally conditions
of NH, oxidation. The degree of NH, oxidation into
N20O is increased without any detectable nitrogen
unbounding. The results of the investigation of the
ammonia oxidation process using several catalysts
and a variety of gas mixture flow rates, temperatures
and catalyst specific loadings show that under optimal
conditions a practically complete transformation of
ammonia into N, O is possible.
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AnHoTanus: PaccMOTpeHO 3BOAIOIIMOHHOE pa3BuTHe reorpadudeckux undpopmaruonnbix cucrem (FVIC) B Pe-

Cl'Iy6AI/IKe 1 KOHLECIIITHUA CUCTEMbBI BBICOTHOI'O obecrieyeHus Ha TEPPUTOPHHU IOsxno0ro ckaona Boasmoro Kaskasa

(Tabasa).

KaroueBbie cAOBa: reoAe3nIeCKas BbICOTA, HOPMAaAbHAS BbICOTA, I€OAC3NIECKHE H3MEPEHIA.

BBeaenne. AGCOAIOTHASI BBICOTA BCEX TOYEK B IIPO-
crparcrse crpad CHI' npunmnMmarorcs ot yposss baa-
THUICKOTO MOPSI, ABASIICh COCTaBHOM M HEOTHEMAEMOM
9aCTBIO pellleHust 06mux 3apad reopesun. Ha coBpemen-
HOM 9Tare Pa3BUTHUS reorpadpuueckoil HayKH yCTaHOB-
A€HBI CBSI3U MEXAY HUBEAMPHBIMH CeTsiMU Pecirybanku
co crpanamu CHI, BXOASIIITIX B €AUHYIO CETb HUBEAH-
posanus Esporst (UELN), yuactre koToporo Tpebyer
OIIpeAeA€HHsT OIITUMAABHBIX BHICOT B O0IIe3eMHOI CH-
cTeme.

W3sydyenueMm AQHHOTO HaNpaBA€HUS B 3aBUCUMOCTHU
OT [IOCTAaHOBKH 3aAQYM 3aHUMAAKCD KaK 3apyOeKHbIe, TaK
u Azep0aiipKaHCKHe HCCAEAOBATEAH, KOTOPbIe B CBOUX
TPYAAX YACAUAH AOCTQTOYHOI'O BHUMAHHMS B OCBeleHHH
pesyabraToB uccaepoBanuil. Tak, Anrumnnesoii IO. O,
Aymut XK. A. [1] npoBeaer MopdomeTpraeckuii aHaAU3

peabeda ¢ ucnoapzosanneM I'IC — TexHoAOrmit mpu
OLleHKe peKpeallnOHHOT0 II0TeHIIHaAd. 3aropyabko B. A.,
Xamapus B. 1. u pp. [2] ocBeTnam MopdomeTprdeckuit
nmoaxop peabepa cpeactBamu ['MIC. Xpomossim B. B.
[3] TUC npumeHSANCD B TeOMOPPOAOTHYECKHX HCCAE-
AOBAHHSX, B ONPEACACHUH TOYHOM KPMBU3HbBI 36 MHOMN
IIOBEPXHOCTH IIPH BbIIBAEHHU OBPKHO — OAAOYHOM
CeTU TepPUTOPUHU.

B Asepbariipxane npumenenuem ['VIC- Texroaormit
rAy60Ko 3aHuMaroTCs akap. Mextues A. I11. [4], kotopsrit
pH oreHKe KoAebanust yposrs Kacrmiickoro mops npu-
merna ['VIC. Ya.-kopp. HAHA Hemaitaossm A. 1. [S]
paspaboraHa nHGOPMALHMOHHAS CHCTeMa IO4B Asep-
6aitpxana. Axap. Mamepossiv 11 [6] — eamHas cu-
CTeMa KOOPAMHAT U AP. ABTOpP NOAYEPKHBAET, YTO I'e0-
Ae3UsI SIBASIETCST HAYKOM BaYKHOM OTPACAH B 0becIiedeHIH
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Pa3BHUTHUS AUCIUIIAMH O 3eMAe, OCHOBHBIMU KOTOPOTO
SIBASIFOTCSL:

— 3a$HMKCHPOBaHUE KOOPAMHATHBIX CUCTeM Ha 3eM-
HOW TIOBEPXHOCTHU AASI OTIPEAGACHHOTO ITePHUO0AA B Pac-
IPOCTPaHEeHHUe ero IO BCeH TEPPUTOPHUH CTPAHBI;

— pa3paboTKa CBsI3el MeXAY Te0Ae3UIeCKOM CHCTe-
MO KOOPAMHAT (KC) u dpyHaaMeHTaAbHBIMY KOOPAH-
HaTHBIMM CHCTEMaMHU;

— nsydeHre GOpMbI 3eMAH 1 BHEITHETO I'PaBUTAIIH-
OHHOTO ITOAS;

— pa3paboTKa OCHOB reOAe3HH IIPH KAPTUPOBAHUH
TepPUTOPHHU CTPAHBI;

— reope3ndeckoe obecredeHre MOPCKUX H BO3AYII-
HBIX HaBUTALIU;

— IeoAe3MYeCKH MOHUTOPHHT I'eOAUHAMHIYECKUX
IIPOLIECCOB Pa3AUYHOMN BEANYMHBI;

Co3paHHAS Ha OCHOBE KAACCHYECKHX TEXHOAOIHMH
TocyasapcrBennas I'eopesndeckas CeTp He sIBASETCS OA-
HOPOAHOM II0 CBOEH AOCTOBEPHOCTH, A€ IIPOUCXOAST
HapyIlIeHIe II0CAEAOBATEABHOCTHU pa3MelleHus 00bek-
TOB, YTO CIIOCOOCTBYET YCOBEPIIEHCTBOBAHUIO AQHHOM
IpoOAEMBI.

AASL COCTaBAGHHUS KapT 9KCIO3HUIIUH CKAOHOB BBI-
AEASIFOTCSI ABA OCHOBHBIX METOAA: KAACCHYECKUM U CO-
BpeMeHHbIN1 ¢ npuMmeHeHneM I'MC — TexHOAOTHIL
Kaaccuueckmii MeTOA COCTaBAGHHS KapT 9KCIIO3HIIUI
CKAOHOB XapaKTepusyeTrcs 6oAee TPYAOEMKOH, TpeOy-
IOIITell AOCTATOYHO ITPOAOAKUTEABHOTO BPEMEHHU U IIPU
9TOM OIIePUPYs HCKAXKEHHBIMH AAHHBIMU. COBpEeMeHHBII
MEeTOA COCTaBAEHHS KapT 9KCIIO3UIIUI CKAOHOB C IIpHMe-
nenreMm ['VIC- TexHOAOTHIT IBASIETCS OOAEE AETAABHOM,
rA€ CTPOHTCS LPPOBast MOAEADb peabeda. [aybokwmit aHa-
A3 TEXHIYECKHX CPEACTB MOPPOMETPUIECKOTO AaHAAH3A
peabeda ycraHoBuaa, uro 'MC — uHTeHCHBHO pa3Bu-

BaeTcs nMest 6eCCIIOPHYIO IePCIIEKTUBY U BO3BMOXXHOCTH.
OAHHM CAOBOM SIBASIETCS] HAyYHBIM HaITpaBACHUEM OyAy-
mero obmecTBa.

B Hammx MccA€AOBAHHUSAX NPOHM3BEAEHA IOIIBITKA
npumeHeHns Moppomerpudeckort [MC — rexnoaornit
Ha IIpyMepe TabaauHCKOTO parioHa, ABASIOLIENCA TOPHOM
TePPUTOPHEN C koaebanueM BoicoT oT 600 A0 3200 M.

ITpu copetictsum nporpammer Arc GIS Ha ocno-
Be TOIOrpapuuecKoil KPyMHOMACIITAOHOM KapTel 1:
100000 mpon3sBeAeHO CKaHUPOBAHUE UCTOYHUKA U €TI0
IIepeHOC Ha KOMIIBIOTep; NMPUYPOUYNBAHNE HCTOYHUKA
K KOOPAMHATHO CHCTeMe, 00pabOTKa MATEPUAAOB UL T. A.

BhisiBAEHO Ha OCHOBE CTaTHCTHYECKHMX AAHHBIX, YTO
10)KHBIN CKAOH Boapmoro Kaskasa nmeer KoAnuecTBo
Na6c.-82749, B mpouenrax 11,80%; Hapacraromee Ko-
angectBo XN — 469344 vaun 66,91%; maomaab abc.
—2376,9S5 xB.xM nau 11,99%; Hapacraromas mAOIaAb
28 —11231,06 xB.xM nau 56,66%; cpeAHsis AOIIAAD Scp.
- 0,029 kB.XM 1 rycTOTa CKAOHOB — 4,17 CKA./KB.KM.

BbIBOABI 1 peKOMEHAAITHH.

1. OKCHo3UIMsA CKAOHOB OKA3bIBAeT HEITOCPEACTBEH-
HO aKTHUBHOE BAMSHUE Ha IIOAYYeHHEe PAAMAIIMOHHOM
9HepruH, KOAMYEeCTBA aTMOCPEPHBIX OCAAKOB, IIPeIIIT-
CTBOBAHHIO IIPOABIDKEHHIO BO3AYIIHBIX MAcC, Ha KO-
QUITMeHT CTOKA TAABIX TOBEPXHOCTHBIX BOA U Pa3BUTHIO
9PO3HOHHBIX IIPOLIECCOB U OBPAKHO-0AAOYHOM CETH.
Yro B CBOIO O4epeAb YCYTyOAsieT 9KOAOTUYECKYIO CUTY-
aIMIo, HApAIUBasl €T0 HANIPSDKEHHOCTD, @ TAKKe YCAOX-
HSeT Pa3BUTHE CEAbCKOTO XO3SHCTBA.

B mamem cayuae IOxxubiit ckaon boapmoro Kaska-
3a SIBASIETCSI HarboAee OAArOIPHSATHOM, T. K. BCKPITHE
OT CHEXXHOTO IIOKPOBA 3AeCh IIPOMCXOAUT Ha paHHEM
3TaIle HACTYIACHHS BECHBI U PEAKO ITPOSBASIFOTCS AMHA-
MHYeCKHe BHEITHHE IPOIIeCCHL.
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OuncTKa CTOYHbIX BOA, raJfibBaHN4€CKOro
npomn3sogctea oT MOHOB KoOanbTa

AHHOT&].H/ISI: B crarpe paccMaTpHUBaETCA HPO6A6Ma OYHCTKH 1 YTHAN3AINH OTPa6OTaHHbIX KOHIEHTPHUPOBAHHbBIX

9AEKTPOAUTOB KO6aAbTI/IpOBaHI/Iﬂ. HPI/IBOAI/ITCSI TEXHOAOTHYIECKAS CXEMA OUYMCTKH SAEKTPOAUTOB OT HOHOB KO6aAbTa

C IIeABIO AOBEAEHHS KOHIIEHTPAIlMi HOHOB kobaAbTa AO HAKK, &

KaroueBbIe CAOBa: raAbBAaHUYECKOE IIPOM3BOACTBO, 9JACKTPOAMT, OUHNCTKA, SAEKTPOXI/IMI/I‘IECKI/Iﬁ METOA, I/IOHOO6-

MEHHbDIE IIPOLIECCHI, TEeXHOAOTHUYECKUH Iponecc.

JKuaKuME 0TXO0AAMU MAIIIMHOCTPOUTEABHBIX IIPOU3-
BOACTB SIBASIFOTCS] Pa3AHYHbIE II0 COCTABY CTOYHBIE BOADI
raAbBAHHYECKHX [}eX0B. B 0CHOBHOM — 3TO KOHIJeHTPH-
POBaHHBIE IAEKTPOAHUTHI, COACPIKAII[HTE COAH TSDKEABIX Me-
TAAAOB, KICAOTHO-I[€AOYHbIE CTOKH U IIPOMBIBHbIE BOABI
IOCA€ HaHEeCeHUs IIOKPBITUH.

B 0TpabOTaHHBIX AEKTPOAUTAX HAPSIAY C MOHAMHU
TSDKEABIX METAAAOB COAEPYKATCSI Pa3AMYHbIE AOOABKH.
OT0 6AEKCO0Opa3OBaTeAH, BHIPABHIBATEAHN 1 KOMIIOHEH-
Tbl, TIOAAEPKHBAIOI[e KUCAOTHOCTh Ha HEOOXOAUMOM
yposHe. HexoTopsie pacTBOpPHI 110 CBOEI IIPHPOAE COAEP-

KT HE3HAYNTEABHOE KOAMYECTBO HOHOB TSDKEABIX METAA-
AOB, HATIPHIMep, IleAOYHbIE [IHHKCOACPIKAIIe ( 10-15r/ A)
VAU KHCABIE PTOPHACOAEPIKAILIIE SAEKTPOAUTHI KOOAAD-
tuposanust (10-12 /). TeXHOAOTHS YTHAUBAIUH THHKA
3 TAKUX 9AeKTPOAUTOB m3BecTHa | 1, 10-15]. Crioco6mr
IIepepabOTKU KHUCABIX PTOPCOAEPIKALHX SAEKTPOAUTOB
KOOAABTHPOBAHIS C BO3BPATOM COAEH B TEXHOAOTHYECKHUIT
IIMKA AO CHX ITOP IIPAKTHYECKH He IIPUMEHSIOTCSL.

B cBsi3u ¢ aTHM paspaboTKa COBpeMEHHOMN MAAOOT-
XOAHO¥ TEXHOAOTHH ITepepad OTKHU KOHIIEHTPUPOBAHHBIX
CTOYHBIX BOA SIBASIETCSI aKTYaAbHOI.
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IJeAbio MPOBEAEHHOM HCCAEAOBATEABCKON PabOTHI
SIBASIAOCh HAHTH HanboAee 3pPeKTHBHBII C1Iocob yTH-
AV3ALUYA KOHIIEHTPHPOBAHHBIX KOOAABTCOAEPIKAIINX
CTOYHBIX BOA [2,212-243].

AAsL 9TOTO OBIAY TOCTABAEHBI CACAYIOLINE 3aAAUH:

— OIIPEAEAUTD COCTAB CTOYHBIX BOA;

— CO3AAaTh TeXHOAOTUYECKHUH IPOL[eCC 3aMKHYTO-
TO ITMKAQ C YYeTOM IIPUMEeHEHH KOMITOHEHTOB OTXOAOB
B Ka4eCTBEe TOTOBOT'O IIPOAYKTA.

AAsi TepepabOTKH IIOCTYIIAAU CTOYHBIE BOABI C CO-
Aep>KaHHeM HOHOB Kobaabra He Ooaee 8 r/A. Ha mep-
BOM 9TaIle MPOBOAUAU IAEKTPOXHMUYECKYIO OUUCTKY
[3, 153-168] aax IIOAYYeHMS B Ka4eCTBe KOHEYHOIO

IIPOAYKTA ITOPOIIKA KOOAABTa, AMOO OCaAKa HA IIOBEPX-
HOCTH KaTOAHOM IIOAAOXKH. Pe3yAbTaThl MpuBeAeHbI
B Tabaure 1.

U3 TabAMIIBI BUAHO, YTO MAKCHMAaAbHAsl CTEIEHb
OYHCTKU 3THM CIIOCOOOM HEBEAMKa M cocTaBAsieT 23%
IpU BpeMeHH OCaXAeHUS 20 MUH M IIAOTHOCTH TOKA
2,5 A/AM*YAQAOCD OYHMCTHUTD CTOYHBIE BOABI AO KOHIIEH-
tparuu 2,04 r/A HOHOB K0OaAbTa. AaHHASI KOHIIEHTPALIS
He cootsetcTByet ypoBHio ITAK . =0,1 Mr/AuTeM 6oaee
HAKP'X' = 0,01 Mr/A. B cBs13u ¢ 9THM IPOBOAMAH UX AO-
OYHCTKY METOAOM 9KCTPAKIIUH CTeapaTOM HaTpPHA C I0-
CAEAYIOLIUM pa3AeAeHHeM 9KCTpareHTa M HFOHOB KOOaAbTa
B pacTBOpe cepHoit kucaoTsl ipu pH 4,3 (Tabanma 2).

Tabnuua 1. — Pe3ynbTaTtbl 3/1EKTPOXUMNYECKON OHUCTKN

K C 2+
onnenrpanus Co, r/a pH i, A/am? Crenenp 091CTKH, %
AO IIOCAE ‘
2,64 2,04 6,2 25 23

W3 moAydeHHBIX pe3yAbTaTOB BUAHO, UTO IIPH yBe-
AVYEHHH KOAUYECTBA CTeapaTa HATPHUS YBEANYUBACTCS
CTereHb OYMCTKU. MIcrioAp30BaHMe CTeapaTa HaTPHs B Ka-
JeCcTBe 9KCTPAreHTa MO3BOAUAO CYIIeCTBEHHO CHU3UTD
KOHIIEHTPALIMIO KOOAABTA B CTOYHBIX BOAAX.

Boicokas crenenb ounctku (93%) AocTuraetcs npu
pacxoae pearenta (C, H, COONa = 150 r/a). Opna-
KO H B 9TOM cay4ae He pocturaercsa [TAK . Konnen-
TpPALysi HOHOB KOOAABTA B CTOYHBIX BOAAX COCTABASIET
0,1 r/A. Curyanus Take OCAOKHSIETCSI 0Opa3oBaHHEM
OOABIIOrO KOANYECTBA, CAOXKHO OTXKMMAEMOTI'O CTeapara
xobaavTa [4,78-197].

B cBsi3u ¢ 9TUM OBIAO PElIEHO HCIIOAB30BaTh KOH-
genrpauumio C_H, COONa=3 I'/ A C TIOCAEAYIOLIEN AO-

OYHCTKO ITyTeM HOHOOOMeHHO ¢puabTpanun. CpeaHsis
93¢ PeKTUBHOCTb OYUCTKU Ha IIEPBON CTAAUU AOCTHTAQ
97%. Konnenrparus Co** B OUMII[EHHBIX CTOYHBIX BOAAX
cocraBuaa S0 u 11 Mr/A Aast Hepa3baBAeHHBIX U pa3bas-
A€HHBIX CTOKOB COOTBETCTBEHHO.

[lpu mpoBeAeHMH HMOHOOOMEHHON OYMCTKU |[S,
523-607] B oaun oTan yposens ITAK _ aast koGaabTa
He pocturaercs. [Ipu BKAroUeHUH B CHCTeMY AOOYUCTKH
ITOCAEAOBATEABHO ABYX KATHOHUTHBIX KOAOHOK [6, 83—
208] 0Ka3aA0Ch, 4TO CpeAHss 9P PEKTHBHOCTD OUMCTKU
Ha BTOPOM CTaAUM AOCTHTAA 99% 1 KOHLIeHTpaIus Co?*
cocrauaa 0,2 u 0,1 Mr/A AAsT Hepa36aBAEHHOTO H pas-
0aBAEHHOTO B ABa Pa3apacTBOPOB COOTBETCTBEHHO, T. €.
aocrurayT yposenb [TAK _ xobaapra.

Tabnuua 2. — PesynbTatbl 4OOYNCTKN CTOYHbBIX BOO, METOAOM 3KCTPaKLMN

KounenTpanus Co*, r/a

Macca C_H,, COONa, r/A

Crenenp ouncTiu,%

Ao ouncTku

ITocae ouncrku

2,25 0,44 50 80
2,25 0,29 100 82
2,25 0,15 150 93

Ha ocHOBaHHU ITOAYYeHHbIX pe3yABTATOB ObIAA pa3-
paboTaHa TEXHOAOTHYECKAs CXeMa OYUCTKU KOOAABTCO-
AepKaIUX CTOYHBIX BOA AO HAKK_ s ( PHUCYHOK 1)..

KobaabTcopepskaiue CTOKH ITOCAe BAaHHBI KOOAAD-
THPOBAHMS, AByX BAaHH YAQBAMBAHMS Y BAaHHBI IIPOMBIB-
KU HaKAIIAUBAIOTCS B pe3epByape. Aasee OHU IIPOXOAST
9AEKTPOXHMHUYECKYIO0 OYHCTKY B dAeKkTpoausepe. C Ka-
TOAOB YAQASIETCSI IIOAYYEHHBIH METAAA U OTIPABASIETCS
Ha IepepaboTKy. DAEKTPOAUT IepeKauynBaeTCsl B pe-
aKTop, TAe OH pa3baBasieTcs. AaAee IIPOUCXOAUT IIPO-
I1eCC OYHUCTKU METOAOM 9KCTPAKIIUHU CTEAPATOM HaTPHSL.

ObepHEeHHBIT 10 KOOAABTY pacTBOP 00e3BOXXHUBAETCS
Ha AeHTOYHOM BaKyyM-HABTPE, HAKAIIAUBAETCS B HAKO-
IIUTEABHOM eMKOCTH U OTIIPABASIETCS Ha IIepepaboTKy.
OcBeTAeHHas1 9acTh IIepeMelaeTCsl HA HOHOOOMEHHYI0
AOOYHCTKY B KATHOHOBBIX HOHOOOMeHHHKaX. OQuHIeH-
Hasi BOAQ COpachIBaeTCst B BOAHBIN 00BEKT KyABTYPHO —
OBITOBOTO Ha3HAYEHHUSI.

ITpepAOXKeHHASI TEXHOAOTHYECKAast CXeMa OYMCTKU
TIOBBOASIET AOBECTH KOHLIEHTPALIMIO HOHOB KObGaAbTa |7,
44-81] B CTOYHBIX BOAAX AO YPpOBHs HAKK_ ¥ TEM CaMbIM
CHHU3UTb HETAaTHBHOE BO3ACHICTBHE HA OKPY>KAIOLIYIO CPEAY.
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PucyHok 1. — TexHonormnyeckasi cxema npoL,ecca 04MCTKN KoBanbTCoAepXXaLlmX CTOYHbIX BOA,
1 — HakonuTenbHas eMKOCTb, 2 — peakTop, 3 — aNeKTpoNn3ep, 4 — NeHTOYHbIN PUNbLTP, 5 — MOHOOOMEHHKMK
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Additive technologies in engine-building

Abstract: Additive technologies (AF — Additive Manufacturing), or technologies of layer-by-layer synthesis is
one of the most dynamically developing directions of “digital” production. The principle is that the product is created
by means of layer-by-layer addition of material in various ways, for example, building up or evaporating of metal
powder, liquid polymer, composite material. This concept is necessary to add the traditional methods of production
based on removal of primary material (for example: milling, turning, planning, grinding). Piston engines are one of
most constructionally and technologically difficult complexes. The elements of these complexes forming the power
cylinder capacity are cylinder bushing, cylinder heads. Pistons work in the extreme conditions which don’t have
analogs in other mechanisms. The cylinder bushing and cylinder head are the characteristic elements of the engine
which should have the demanded properties on various surfaces for providing the declared functional characteristics
of the mechanism, and such properties are to be given by means of AF technologies.

Key words: Additive technologies, 3D printing technologies, AF technologies, the cylinder bushing, centrifugal
molding, cast iron, foundry steel, heat insulators, running-in antifriction coatings, cylinder heads.
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Introduction. Additive technologies are the
technological concepts, actively developed from the
second half of the XX century. Additivity (from Latin
additivus — added) is the type of the relations between
something whole and its parts, when properties of the
whole are completely defined by properties of parts.
Additive technology (AF — Additive Manufacturing),
or layer-by-layer synthesis technology, is one of the most
dynamically developing direction of “digital” production
[1, 2]. The principle is that the product is created by
means of layer-by-layer addition of material in various
ways, for example, building up or evaporating of metal
powder, liquid polymer, composite material. This
concept is aimed to the addition of traditional production
methods, based on removal of primary material (milling,
turning, drilling, planning, grinding).

In domestic technological science the principles
of an additivizm began to develop in the 80s of the
last century. However at that time it was supposed to
create machines entirely (by methods of layer-by-layer
synthesis), for example piston engines [3,4]. It appeared
that at the technological level of that time and nowadays,
and in the short term, realization of the similar concept is
premature if at all possible and expedient. Additive
technology, in its modern representation, is the SLA
technology (from English-Stereolithography Apparatus),

or stereolithograph. In AF technologies various metal-
powder compositions on the basis of nickel, cobalt,
aluminum and the titan at “cultivation” of three-
dimensional models are widely used. Work pieces of
compression moulds and original details of a difficult
configuration which are difficult for receiving by means
of molding or machining “are grown up” from metal
powders. For small-scale and experimental production it
often becomes to be economically advantageous “to
print” a small lot of parts on 3D-printer than to produce
foundry or die tooling. Besides, the 3D printing
technologies allow to reduce a technological chain
considerably, reveal all errors of the project at an early
stage and get a full-fledged prototype of a product for
carrying out of tests and research works [5]. Now the
main direction in machine-building AF technologies is
the development of one of the most important stages
of production — work preparation of work-pieces
manufacture (production of foundry and die tooling,
foundry models, tools). However, more attention
starts to be paid to creation of separate car elements,
having non-uniform functional properties diversely or
on various surfaces and it becomes an important and
actual scientific and technical task which is resolved by
methods of additive technologies.
Application of AF technologies.

<

/.

|

Figure 1. Position of the cylinder bushing in the block
1 — basic boutique; 2 — cylinder bushing; 3 — block of cylinders; 4 — ring
fillers; 5 — heat-absorbing surface; 6 — heat-release surface
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Conventional engine is one of the most widespread and
thus structurally and technologically difficult mechanisms.
The elements of these mechanisms forming the volume
of the working cylinder are cylinder bushings, cylinder
heads, pistons-work in the extreme conditions which don’t
have analogs in other mechanisms. Their work depends on
many factors: materials, sizes of details, temperatures and
pressure ofaworking body, conditions of aheat transferand
heat exchange and some others. Such variety of the factors
effecting on characteristics of engine cooperation creates
certain difficulties in identification of the most important
ones which action is most effectively shown in these or
those conditions.

Cylinder bushing is a specific element of the
engine which, for providing of the declared functional
mechanism characteristics, has to have the demanded
properties on various surfaces. The scheme of position of
the cylinder bushing installed in an engine block case is
given in fig. 1.

The demanded physicomechanical properties of
surfaces of the cylinder plug are the following:

a) the surface S, is a directing one for the movement of
the piston and it is subjected to intensive friction and wear.
It also takes up high pressure and temperature of a working
body (gas) and, therefore, has to have small frictional
coefficient, high wear resistance (and consequently —
hardness), durability and thermal stability;

b) the surface 6 is intensively washed by the
cooling system heat carrier (water or special liquids)
for providing the heat sink, but thus a frequent factor is
formation of the corrosion destruction centers; and
the bushing vibration, owing to recurrence of working

6 1 2

process and relaying of the piston, promotes formation
of cavitation damage centers, first of all in places of an
exit to a surface of nonmetallic inclusions (graphite, at
production of the plug from cast iron) [6];

c) the body of the cylinder bushing 2 provides a heat
transmission from gas and friction forces to the refrigerant
agent and the bushing body has to have considerable
thermal resistance to a heat transfer for the purpose
of increase of intra cylinder process power efliciency.

The most widespread constructional materials for
cylinder bushings of high-speed and medium-speed
diesels are gray castirons of the SCh 21 + SCh 32 brands
(SSS4832-95) or castirons of special chemistry modified
by nickel, chrome, tungsten. And, if the listed iron carbon
alloys generally meet the requirements of point a), in this
case they are suited to the points b) and c) a little. For
point b) steel, mainly foundry, can suit well and such
principle of production of bimetallic cylinder bushings,
developed in Murmansk state technical university
together with the Ukrainian colleagues, is known [ 7]. But
point c remains. Heat conduction coefficient of steel and
castiron are close to S0 W/ (m deg.) so under the terms of
a heat transfer the iron-steel wall of the cylinder bushing
has no advantages before the iron one. So here it is that
a wall of the cylinder bushing should be multilayered:
an external layer is from steel, an intermediate layer is
from heat insulator and an inside layer is from modified
or bearing cast iron. In this case the scheme of cylinder
bushing production by method of centrifugal molding
will have a form, fig. 2. At first in a mold 1, an internal
surface of which is covered with fire-resistant structure,
steel of the chosen brand is filled in.

Fig. 2. Scheme of bushing work piece centrifugal molding
1 — mold; 2 — casting; 3 — supporting structure; 4 — mechanical
transmission; 5 — electric drive motor; 6 — trough
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Afterthebeginningof crystallization the heatinsulator
2 with alayer about 0,3 + 0,4 mm, for example zirconium
dioxide — ZrO2 is applied on an internal surface (heat-
conduction coefhicient 2 + 3 W/m deg.). Heat insulator
can be applied by means of laser (SLA technology),
plasma coating or a bulk way. The following stage: at
sufficient temperature of steel crystallization, cast iron
of the accepted brand and thickness of a layer, which isn’t
exceeding necessary and sufficient allowance for the
subsequent operations mechanical, the thermal and
finishing machining, is filled in a mold.

Increase of the overall thermal resistance of a cylinder
bushing wall to a heat transmission to the cooling
system will lead to increase of a temperature pressure (a
difference of temperatures between heat-absorbing and
heat-release bushing walls) at the expense of increase in
temperature of the heat-absorbing wall at permanent
temperature of the heat-release wall. We will consider
structure of internal engine heat balance,

Q -Q+Q+Q+Q,

where Q — available heat which is equivalent to the
heat added to the cylinder with fuel; Q, — indicated
heat which is equivalent to indicated work of gases in
the cylinder; Q — heat which is cleared away from the
cylinder with the discharge gases; Q_— heat which is
cleared away to the cooling system; Q, — heat, generally
lost because of incompleteness of fuel combustion.

The increase in temperature of heat-absorbing
wall at the increased temperature pressure is possible
only at the expense of increase in temperature of
gas in the cylinder. The increase in gas temperature
leads to increase of its heat content (enthalpy) that
raises gas working capacity due to pressure buildup in
the cylinder. Therefore the increase in indicated
work and, as a result, increase in indicated efficiency,
n. = Q/Q,, takes place. The increase in indicated
efficiency causes increase of effective efliciency at the
permanent level of engine intrinsic losses. The balance
remains constant due to decrease of heat losses in
the cylinder because of degree reduction of fuel
combustion incompleteness. It is a consequence of intra
cylinder process temperature increase. It is a positive
effect of the proposed constructional solutions and their
additive technological realization.

Here it should be noted that the last stage of
this AF technology is an application of a running-
in antifrictional composite polymer-graphite-metal
covering (for example: ftoroplast-graphite-copper-tin)
also by means of a laser or plasma dusting. This layer is
necessary for the correct position of piston rings during

the period of breaking-in (80-100 hours) then it is
worn, but its particles remain in blanket micro hollows.
The conducted researches [8] showed efficiency of this
approach for providing of the demanded functional
engine characteristics.

By means of AF technologies other elements of
engines, such as cylinder heads, which under the terms of
operation also should have different physicomechanical
and thermo-physical properties on surfaces — durability,
heat resistance, rigidity on the fire bottom, can be made
(cast iron and steel). It is necessary in connection with
the increased level of ICE speeding up on the average
effective pressure, when, for supplying of gas joint density,
at the socket “block case — cylinder head”, absence of fire
bottom deformations is required. Head body isn’t subject
to influence of pressure forces and high temperature of
a working body. Therefore as material of the body it is
desirable to have such material which can be casted in
metal forms (with in-house system of wire-sand cores)
at the maximum approximation ingoing size to the sizes
of aready detail, and, perhaps, with absence of necessity
of tooling on some surfaces. Thus material of the head
body has to be well processed on all other surfaces (for
example — aluminum alloys). Besides such combination
of materials will allow to improve heat removal from the
fire bottom, from multiperforated injecting nozzles as
well, which are subject to nozzle hole coking at excessive
admissible temperatures. Such constructional variants of
cylinder heads were successfully approved several times
[9; 10].

Conclusion. Having analyzed the directions of
modern additive technologies we came to a conclusion
that:

— layer-by-layer difficult
constructional elements at a stage of technological

production  of

preparation of production (foundry models,
prototypes of die and foundry tooling, models of
the difficult combined tools) is rather well mastered,
considerably reduces time of preproduction and
restrains its temper only because of high cost of the
demanded equipment;

— transition to layer-by-layer formation of finished
products due to necessity of giving to them various
physicomechanical or heat-transfer properties in
different directions or on different surfaces. It depends
on a functional purpose of a product and becomes
an important and actual scientific-and-technological
task which decision will fully promote increasing of a
technological level and competitiveness of domestic
motor power.
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Options of discrete capacity in postharvest technology of cereals

Abstract: questions of the movement of grain material in various parts of discrete capacity are considered. The
design is also presented and calculation of its outlet is made. Its durability and rigidity is checked.
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MapameTpbl AUCKPETHON €MKOCTU B TEXHOJIOINM
nocsieyoopo4yHoi o6paboTKu 3ePHOBbIX KYJILTYpP

AHHOTanMsA: PacCMaTPUBAIOTCS BOIIPOCHI ABH)KEHHUS 3€PHOBOTO MATePHAAA B PA3AMYHBIX YACTSAX AMCKPETHON
eMKoCTH. Taioke IpeacTaBAeHa KOHCTPYKITHS U IPOM3BEACH pacueT ee BBITyCKHOTo oTBepcTus. IIposepena ero mpou-
HOCTD U XKeCTKOCTb.

KaroueBble cAOBa: ceMeHa, AUCKPETHAsI eMKOCTb, 3epHOBAs CMeCh, ABIDKEHHe, CBOMCTBA, 3aTBOP.

CymecTByromye criocobbl yOOPKU 3ePHOBBIX KOAO-  MX MAIIMHHO-TEXHOAOTHYECKHe KOMIIAEKCHI ITepeMelra-
COBBIX M 3¢pHOOOOOBBIX KYABTYP, 2 TAKKE PEAAU3YIONHe  IOT yPOXKai 3epHA B @MKOCTSIX PA3AUYHON KOHCTPYKIJHU
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KaK CBIIYYyI0 AUCKPETHYIO MAcCy: P yOOpKe ero KoM-
GaitHOM, IIpHU 3arpy3Ke B TPAHCIIOPTHbIE CPEACTBA, IIPU
neperpyske 3epHONOrPY3YMKaMH M 3€pPHOMETATeAIMU
u T. A. [Torpysouno-pasrpysousble paboThl B IpoLjec-
ce yOOPKH CeMsIH 3ePHOBBIX KOAOCOBBIX U 3€pHO6000-
BBIX KYABTYP TPYAOEMKHU U 3HAYUTEABHO YBEAUYUBAIOT
3arpaTsl BpeMeHH Ha y6opky B meaoM. O6ycAOBAEHO
3TO TeM, 9TO KaXKAO€ OTACAPHOE 3€PHO IepeMelaeTcs
II0 OTHOIIEHHIO K 00IIIell TPAHCIIOPTUPYeMOI Macce ce-
MSTH Ha KOXKAOM 9TaIle IIOIPY304HO-PA3TPy304HBIX paboT
OT yOOPKHU AO IOCeBa.

Hamu 6b14a IpepAO’KEHa MOAEAD COBEpIIEHHO HO-
BOTO TEXHOAOTHYECKOTO KOMIIAEKCA, IMO3BOASIOIIETO
3HAYUTEABHO CHUBUTD TPYAOEMKOCTb PabOT U 9HEpro-
eMKOCTb Iporecca pasrpysku [ 1, 12-13] [3,364-365].
B xagecTBe yOOPOUHOTO CPEACTBA AASL AAHHOI TEXHO-
AOTHH MOXHO NPUMEHSTD IPEAAOKEHHOE YCTPOUCTBO
[2].B CAy4ae yOOPKH KyKypy3bl Ha 3¢PHO B TEXHOAOTH-
9eCKHUH P OIIeCC BKAIOYAETCS TPEXBAABIIOBAs MOAOTHAKA
[6,285-289].

PaccmoTpyM BO3MOXKHBIE CAyYau ABMDKEHHS YaCTHI]
KOMIIOHEHTOB CMECHU B Pa3AMYHBIX 30HAX AUCKPETHOM
€MKOCTH.

Paccaoenns 3epHOBOM CMeCH, ABIXKYIIIEHCS B AUC-
KPETHO eMKOCTH, TPEAHA3HAYEHHOM AASI AF0OOTO BHAQ
HCTedeHUs, He GYAET B TOM CAyYae, eCAU YaCTHUIIBI CMECH
OYAYT epeMemaThCsi B AOOM CedeHUU eMKOCTH C OAU-
HAKOBBIMHU CKOPOCTSIMH, IIPEOAOAEBAS 32 OAHO U TO XK€
BpeMs ITyTh. DTO BO3MOXKHO B TOM CAy4ae, eCAH PH3H-
KO-MeXaHUYeCKHe CBOMCTBA KOMITOHEHTOB CMECH OAH-
HaKOBbIE.

OaHaKO Ha IMPAKTHUKE AASI COCTABACHHMS CMeceH HC-
IIOAB3YIOTCSI KOMITOHEHTBI C Pa3AUYHbIMU PU3NKO-MeXa-
HIYeCKUMH CBOVCTBAMHU, KOTOpPbIe 00yCAABAUBAIOT pac-
CAO€HHEe CMeCcel Ha KOMIIOHEHTHI ¥ TeM CaMbIM IIPUBOAST
K HEOAHOPOAHOM Macce CMeCH ITPH €€ BHIXOAE M3 BBITYCK-
HOTO OTBepCTHs OyHKepa.

1. ABI/I}KEHI/IC YaCTHIbI KOMIIOHEHTA CMECH I10 IIOBEPX-

HOCTHU «IIOAITUTHIBAIOIe>»> BOPOHKU: G — cHAa TsDe-
CTH YacTHULBl; R — cHAa HOPMAaABHOTO AaBAeHMs; F1 —

CHAQ TPEHU; FV — CHAAQ BsI3KOI'O COIIPOTHUBAECHUL.

Haquo ABMDKECHHUA 4YaCTHUL, KOMIIOHEHTOB CMECI/I) Ha-

anMep, YaCTHULbI «IN>> ITO ITAOCKOCTHU M COHPI/IKOCHO-

BEHU KOHTaKTI/IPyIOH.II/IX YaCTHIl, BO3MOXXHO HPI/I BbI-

g >1gy , rae ¥ —

BHYTPEHHEI'O TPEHI/ISI Me)KAY OTACABPHBIMH YaCTHULIAMH.
J

IIOAHEHHHN YCAOBHI Yroa

2. ABI>KeHIe YaCTHUIIbI KOMIIOHEHTA CMECH B BepXHeM
CAO€ «IIOATIMTBIBAIOIEl > BOPOHKHU: P, — CHAQ AABAe-
HUSI YaCTHUI], PACIIOAOKEHHBIX B CAOE BbIIIIe HCCACAYEMOI
YaCTHULDL; ¢, — CHAA AABACHIS YaCTHUI], PACIIOAOKEHHbIX
B CAOe HIDKe HMcCAepAyeMolt yacTunpl. Kak moxassiBaer
OIIBIT 9KCIIAYATaIlNHY, CPA3y >Ke IOCAe HAYAAA HCTeUCHHS
CBIITYYero TeAa U3 BBITYCKHOTO OTBEPCTHUS HACTYIAeT
paspbIXA€HUE BEPXHETO CAOSI <IIOATIHTHIBAIOMIEI > BO-
POHKH ¢ 00pa30BaHUEM «3a30POB>» MEXAY YaCTHULIAMU
9TOTO CAOSI, TO €CTb HAPYLIAeTCSI MEXKAY HIMU KOHTAKT.
B pesyabTaTe cuabl g, U p, HCIE3AOT, YTO IPUBOANT pe-
IMIeHNe AAHHOTO CAydas K CAYYAO ABIDKCHHS YaCTHUIIBI
KOMIIOHEHTA CMECH II0 ITOBEPXHOCTH <«IIOAIUTBIBAIO-
e > BOPOHKHU. 3GHAYHT, AQHHBIN CAy4Yall aHAAOTHYEH
nepBOMY ITPH YCAOBMH, 4TO P, =0u g, = 0.

3. ABU>KeHHe YaCTHUIIbl KOMIIOHEHTA CMECH 110 IPaHuy-
HOM MOBEPXHOCTH MOTOKa: P — mpoexnus va oce OX
CHABI PAcIiOpa OT ACHCTBYS BBIIEPACIIOAOXKEHHOM YaCTH-
11bI 2 Ha yacTHiy 1; Fmp — CHMAA TPEHUS YaCTHIIBI 10 Ipa-
HUYHOM [IOBEPXHOCTH; & — YTOA HAKAOHA AMHUH I'PaHHUI{bI
30HbI HCTEYEHHUS C 3ACTOMHOM 30HOHN BEPTUKAAH.
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AAs1 9TOTO CAyYasi, €CAU OTCYTCTBYeT CAMOTOPMOXKe-
HYe YacTHUILIb] Ha rpanutie noroka (8 > ¢, ), Ha paccMa-
TPUBAEMOM Yy4aCTKe XapaKTep HM3MeHeHMS CKOPOCTH
U IlepeMeleHHs aHAAOTHYeH IIepBOMY CAYYaIo.

PazpaboTaHHast AUCKpeTHAsI eMKOCTb IIPEACTABASIET
co60it MeTaAAMdeCKHit KBaApaTHBIH 6ynkep 1 (pucyHOK
1) c KOHMYECKUM AHHIIEM 2. YTOA HAKAOHA AHHIIA K TO-
PU3OHTY a = 42°. B HroKHel YacTH AHUIIA OYHKepa yCTa-
HOBAEH HAaKAOHHBIH 3aTBOP 3. 3aTBOP IPH OTKPHIBAHUI
nepeMeljaeTcs 10 HAIPaBASIONIMM 4 BBepX IO HAKAOH-
HOM CTOPOHE AHUIIIA ITPY IIOMOIIU ABYTIA€YEro phrdara S,
KOTOPBIH IIOBOPAYMBAETCS BOKPYT HEIIOABIDKHOM OCH 6.
IIpaBbiit KOHeI] HIDKHEro phlyara MMeeT I1a3, B KOTOpOM
B IIPOAOABHOM HaIpaBAEHMHU IlepeMelaeTcss COCAUHH-

TeAbHbBIN ITaAeny (Ha PHUCYHKE HE HOKaBaH).
a a

al i O ————
‘ \\l
\ 2

§'/ \ =D
I

6

1 — 6yHKep; 2 — KOHHYECKOe AHHMINe OyHKepa; 3 —
3aTBOP; 4 — HAIpaBASIONIUE 3aTBOPA; S — ABYIIACUHI
pbryar; 6 — oCb IapHHUpa pbryara

PuncyHok 1 — Cxema KOHCTPYKLMM KOHTeHepa-
ynakoBku ¢ GOKOBOW pasrpy3Kor 1 cxema HakilIoHHOro
3aTBOpa C pPblHaXHbIM MEXaHM3MOM OTKPbITUS
1 3aKpPbITUS

MosKHO IPUHATD, YTO AASI TOPOXA K APYTHX MEAKO3Ep-
HUCTBIX CBITYYHMX MATEPHAAOB PasrpysKa OyHKepa IIpouc-
XOAUT HOPMAABHBIM ITyTeM (PUCYHOK 1, a), p1 KOTOpoM
ABIDKETCSI CTOAD MaTepHaAa, HAXOASIIUICS IIOA BBIXOAHBIM
OTBepCTHEM, M B BEPXHel 4acTU cToAba 06pasyeTcs Bo-
poHKa. B aToM cayyae paBAeHMe CHITYy4HMX MaTepHaAOB
Ha 3aTBOPBI 3aBUCUT OT 5KECTKOCTH KOHCTPYKIIUM 3aTBOPa
U IIpoljecca 3aroAHeHus 6yHkepa. [Toatomy TouHOE OmIpe-
AeAeHHUe AABAEHH Ha 3aTBOP SBASETCS CAOXKHOM 3apadel.

AaBAeHUEe Ha HAKAOHHBIN 3aTBOP OIpeAeAseTCs
o popmyae

P=5,6K, -g-p-R(cosza +m-sin2a)
TAE KO — K093 PUIINEHT, 3aBUCAIIUN OT CTEIIeHU OIIO-
POKHeHUsI OyHKepa;

p — IAOTHOCTb MaTepPHAAQ, KI/M?;

R — ruppaBamyeckuit paprycC BBITyCKHOTO OTBEp-
CTHS, M;

m— KOS(I)(I)HHPICHT ITOABIDKHOCTH HACBIITHOT'O I'py3a.
PasMepm BBIITYCKHOTO OTBEPCTH (PI/ICYHOK 2) a=

200 MM, a paccTOsIHHE MEXAY YrOAKaMH [, = 224 M.

E X AAANRNNN T ANALLALAANANNANNNNY)

L \I\ 7 777777 ///////’7{\\/
1) o2/ 4 4

1 — creHKka AHMIA OYHKEPa; 2 — YIOAOK; 3 — 3aTBOD;
4 — HanpapAsOmas onopa

PucyHok 2 — Cxema o519 onpegeneHns Harpysku,
[eiCTBYIOLLEN Ha 3aTBOP

ITo cipaBo4HbIM AHHBIM [4, 262 ] mAOTHOCTB TOpoXxa
pasHa p = 830 kr/m’, koadpdurnmenT Tpenus f, = tgp =
tg27°=0,5095, rae ¢ = 27° —yroa eCTeCTBEHHOI'O OTKOCA
B IIOKOE.

Hmeem

R=S,/L,,

rae S, — IAOIIAAD BBITYCKHOTO OTBEPCTHS, M;

L,, — mepuMeTp BBIITYCKHOTO OTBEPCTHUS, M.

B Hamewm caydae SQ) =a’u L,,=4a,Toraa

R=a’/4a=0,25a=0,25-0,2=0,05m

COraacHO MCCAEAOBAHUAM

m=1+2f—2f, 1+ f}
m=1+2-0,5095—2-0,5095+/1+0,5095> = 0,376
ITpu AOCTATOYHO YaCTOM ONOPOXKHEHHH OyHKepa

MO’XHO NPUHATS 3HaYeHue Koadpduuunenta K = 3. Ompe-
AeAsieM
P=5,6-3-9,81-830- 0,05(cos2 42" +0,376sin’ 42“) =

=492911a

Cuaa, AeiicTByIOIIas Ha 3aTBOP
E =S -P
rae S — pabodas maomaab 3aTBOpa, M>.
S _=a’=0,2’=0,04m"
Toraa
F,=0,04-4929=197H

Kpome aTo¥ cHABI, Ha 3aTBOP IIPH €r0 OTKPbIBAHUH
OYAeT AeHICTBOBATb IPOAOABHAS CHAQ, BBI3bIBAEMAs, B OC-
HOBHOM, CHAAQMH TPEHHMS 3aTBOPA O HAIIPABASIOIIUE U CH-
AaMU TPEHH 3epHa ropoXa O 3aTBOP.

CymMapHas cuAa, 3aTpayeHHas Ha OTKPbIBaHUE 3a-
TBopa (0CO6eHHO B HaYaAbHbIIL IEPHOA ), OTIPEAEASeTCs
KaK

E,=kf,+f)E
rae k — xoapduipent 3amaca;

J» — KO3 PULIMEHT TPeHHs 3aTBOPA O HAIIPABASIO-
mue;

J7 — K03 PUIIHEHT TPEeHUS TOPOXA O 3aATBOP.

ITpuHNMaeM MakCHMMaAbHbIE 3HAYEHHUS ITApaMeTPOB
f =0,25,f =035, k = 1,15, Toraa
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F, =1,15(0,25+0,35)-197 =136 H
3aTBOp Ha PUCYHKe 2 NPHOAIDKEHHO MOXHO pac-
CMaTpHBaTh KaK HAAKY, ASKAIIYI0 Ha ABYX OIopax. baa-
Ka Harpy>keHa PaBHOMEPHO PaCIIPEACACHHOM HaIrpy3KOn
HMHTEHCHUBHOCTBIO M €MKOCTBIO an'

A v

QIIIEIARETNEREEAY

"
T

™
8"
>

Xr

PucyHok 3 — Pac4yeTHasa cxema 3aTBopa
KoncrpykrusHo npusumaem [ = 210 mm.
q=F /1=197/210=0,94 H / mm
C y4eToM CHMMETPHYHOCTH OAAKM M HATPY3KH OT-
HOCUTeAbHO orop A u B
R, =R, =0,5q/ =0,5-0,94-210=98,5H
Wsrubaromumit MomenT nipy 3Havennn x, = 0,51 (npu
x, =0ux =Imoment M =0)
M=R, l—q—lz:%,s-@— 0,94-210°
2 8 2
3arBOp paboTaeT Ha CAOXKHOE CONPOTUBACHHE: H3-
rub 1 pacTsDKeHHe. YCAOBHe TPOYHOCTH MMeeT BUA

=5161HMmM

Mm[lx
0., =0,+0,="2+—_<[c]
SS WZ

rae S, — IAOLIAAb OTIACHOTO CEeYEHHUS 3aTBOPa, MM?;
W, — MOMEHT COIPOTHUBAEHHUS CEYEHIS], MM ;
[0] — aomyckaemoe Hanpsxenue, MITa.
OmacHoe ceueHre 3aTBOpPa — IPSMOYTOABHUK C ITa-
pamerpamu bx& =210x3 MM. OTcropa IAOIAAL CEYEHHS

S,=b-8=210-3=630Mm"
MowmeHT nHepIH

bs® 210-3° .
=—= =472,5MM
727, 12
MOMeHT COHPOTI/IBAEHI/UI
bs* 210-3°
W, = " =315mm’

3aTBOp BhIMOAHEH U3 cTaAu CT3, AAS KOTOPOH MOX-
HO npuHATh [0] = 140 MITa [S, 142].

Ormpepeasiem

o, = 136 51614 6MITa
630 315
0., =16,6 MIla< [o] =140MIIa

YcaoBue MpOYHOCTH BHIITOAHEHO.

AAs 3aTBOpa pacyeT Ha )KeCTKOCTb 00sI3aTeAeH, TaK
KaK GOABILION IIPOTH6 3aTBOpPa U, 0COOEHHO, OOABLION
YTOA IIOBOPOTA Y OIIOP IIPUBOASIT K YBEAUYEHUIO YCUAUS
OTKpbIBaHHs 3aTBOPa (MepeKoC B HAMPABASIONINX).

ITporu6 B Touke C (mocpeaune nporub6a)

5q-1*
Ye=
384F-y,
rae E=2-10° MIla — moAyAb yHpyrocTH;
Ormpepeasiem
+0,94-210"
.= >0,9 0 =0,25mm

©384:2:10°-472,5
Yroa mosopota B Touke B
ql’ 0,94-210°

= : =0,004 pad =~ 0,22°
24E-y, 24-2-10°-472,5

gD:

ITporu6 u yroa nmosopora mMaasl. CAepAOBaTeABHO,
MO>KHO CKa3aTb, YTO IPOYHOCTb U XKECTKOCTH 3aTBOPA
obecrieyeHsl.
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Abstract: The new design of the drum with long tusks — rod drum, which overcomes the shortcomings
shpagatoulovitelya and which is much more reliable serial Kolkova-slatted drum used for cleaning raw cotton from
small litter. Studies have shown that Semifinished reels catch extraneous soft contaminants and provide a more
effective cleaning of raw cotton than serial Kolkova-slatted drums. In this paper we consider a mathematical model
of movement of foreign impurities soft along the chopping drum during cleaning of raw cotton from small litter.
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MoaenuposaHue ABUXEHUA MOCTOPOHHUX MANKUX NpUMecen BAOJb
KOoJiKa 6apa6a|-|a B npouecce O4YNCTKU XJ1oMnKa ChbipLua OT MEeJIKOro copa

Annortanms: PazpaboTana HOBast KOHCTPYKIMs 6apabaHa ¢ AAMHHBIME KOAKAaMU — IPYTKOBBII 6apabaH, B KOTO-

POMYCTPpaHEHDI HEAOCTATKH IITIAraTOYAOBUTEAS 1 KOTOprfI 3HAYUTCADHO HaAC)KHEEe CeprIHOFO KOAKOBO-IIAQHYATOI'O

6apa6aHa, IIPUMEHSIEMOTO AASL OYHCTKH XAOIIKA-ChIpIia OT MEAKOI'O COpa. I/ICCACAOBaHI/ISI IIOKa3aAH, 9TO IIPYTKOBbBIE

6apabaHbl yAABAMBAIOT IIOCTOPOHHHUE MSATKHE IPUMECH 1 00eCIIednBaioT 60Aee 9P PeKTHBHYIO OYUCTKY XAOIIKA-ChIp-

113, YeM CepHUITHbIe KOAKOBO-IIAAHYAThIe bapabaHsl. B aT0i paboTe paccMOTpeHa MaTeMaTHIECKHI MOAEAD ABIKEHHS

IIOCTOPOHHMX MSTKHX IIPUMeceil BAOAb KOAKA 6apabaHa B IpoIjecce OYMCTKHU XAOIIKA CHIPIIA OT MEAKOTO COpa.

KaroueBblie cA0Ba: 6apabaH, XAOIIOK-ChIPeL], IIPOLIECC, OYHUCTKA, MOAEAD, HITH, TKAHH, POPMYAQ, KOAKA, CHHYC.

B cocraBe IOCTOPOHHUX COPHBIX IPUMeECEH, IOAAL-
KAIUX K YAQAEHHIO M3 XAOIIKA ChIPLja KPOME OpraHude-
CKUX U TBEPABIX COPHBIX IIPHMeCEN HAXOASTCS MATKHe
npumecu (OOpBIBKM TKaHeil, BEPEBOK OT XAOTKOBBIX
(apTyKOB, MOAM3THAEHOBBIX IAKETOB U MEIIKOB). Pa3-
paboraHa HOBasi KOHCTPYKIHs 6apabaHa ¢ AAMHHBIMU
KOAKaMH — IIPYTKOBbII 6apabaH, KOTOPBII IpeAHA3Ha-
YeH AA YAQBAMBAHHS MATKUX pumecei [1].

B npouecce 04MCTKY MSITKHe IPUMECH MOTYT UMEThb
TPaeKTOPHH ABIDKEHIST, OTANYAIOLIHECS OT AETYUYeK XAOII-
Ka cplpija. HexoTopble U3 HUX MOT'YT COBEpIINTD ABIDKE-
HUe B CTOPOHY LieHTpa 6apabaHa U B 3aBUCUMOCTH OT UX

AAMHbBI HAKPYYHBAIOTCSI HA KOAKH Y MX OCHOBAHUSI BOAU3H
HOBepXHOCTH bapabaHa. B cBsi3u c 9TM MOAeAUpYeM ITpo-
I1eCcC BBIACAEHHUS M3 COCTaBa XAOIKA-ChIPIa MATKHX IIPH-
Mecell YAAMHEHHOM (OpMbI, KOTOpble paccMaTpUBaeM
B BUAE HUTH KOHEYHOM AAMHBI CKOAB3SILEH 110 IIOBEPXHO-
CTH KOAKA B HaIlpaBAeHHe LieHTpa 6apabana. ITpu aTom
HUTDb COBMECTHO ¢ 6apabaHOM OAHOBPEMEHHO COBepIIaeT
BpalllaTeAbHOE ABIDKEHHE C YTAOBOM CKOPOCTBIO @ .
YCcTaHOBUM Ha9aA0 KOOPAMHAT B IleHTpe bapabaHa,
u HarpaBuM och 0y cHu3y BBepx, och 0X mepmeHAMKY-
aspHo k Heidt (puc. 1). [TycTs B MomenT ¢ = 0 mpoucxoput
3aXBaT HUTU KOHEYHOH AAMHBI KOAKOM OapabaHa B TOUKe
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M, c noasipubivMu koopausatamu (R, o, ). ITpu t >0,
B pe3yAbTare IPOTACKUBAHUS KOAKOM HUTb COBMECTHO
c bapabanoM nepemernaercs Ha yroa @t . [Top aeiictBreM
[IOTOKA BO3AYXa BO3HUKAIOT CUABI HATSDKEHUSI HUTU U OHA
HAYMHAET [IePeMeIaTbCsI BAOAb KOAKA B CTOPOHY LIeHTpa

6apabana. [Toaaraem, 4T0 HUTH OrHOAET UAMHAPHUYE-
CKYIO IIOBEPXHOCTD KOAKA papgrycoM R, c yraom o6xBara
¢,. B pe3yabrare mpOTaCKMUBAHUSI HUTU KOAKOM HA KOH-
11aX HUTH BO3HUKAIOT HATSDKEHVSL, CBS3aHHbIE MEXAY CO-
6oit 1o popmyae Ditaepa.

Puc. 1. Cxema OBMXEHUSI OANHOYHOW HUTW NO NOBEPXHOCTU KOJIKa

IIpeAIOAOKMM, 9TO KOHII HUTU IIepeMEIaloTCs
BAOADb Ayt M M| mo sakony M B =R w,(t).IIpuatom
orubaroas MOBEPXHOCTh KOAKA YaCTb HUTH BAOAD Hee
COBepILIAET ABIKeHHMe 110 3akony M M = s(t). Aasyaep-
KQHS HUTH Ha IOBEPXHOCTH KOAKA BO3HUKAET CHAQ Ha-
Tspkenust 1, koropast 6yaer pasa T'=T,+T,,rae T, u
T, - HaTspKeHUs B OrM6ALOLIell TOBEPXHOCTH KOAKA BETBSIX
HHTH, CBSI3aHHBIE MEXAYy CO00# $popmyaoit Jitaepa
T, =T, exp(f¢,). IHTeHCUBHOCTD HOPMAABHOTO YCHAHS
Ha [I0BEPXHOCTHU KOAKA BBIYHCASIETCSI ITO pOPMYAE:

q=T/R,
me T=T,exp(f$) (0<$<4,).

CyMMapHOe HOPMAaAbHOE YCHAUSI OIIPEACASIeTCS
C IOMOIIIBIO HHTErpaAd

b
N =R, [qdp=T([exp(f¢,)-11/ f (1)

IIpunrMas ABIDKYINYIOCS HUTh MaTePHUAABHOM TOY-
KOM C MacCOH M U COTAACHO PHC. 1 COCTaBUM ypaBHeHHe
ABIDKEHUS 9TOM TOYKU:

ms = (T, +T,)cosO — f,Nsign(s)—m(R, —s)o>  (2)
3A€Ch f,- KOO PHUIMEHT TPEHHS MEKAY HUTBIO U [IOBEPX-
HOCTBIO KOAKA IIPU €€ ABIDKEHHU BAOAb KOAKQ, QYHKITHS
sign(z) yauTbIBaeT 3HAK CKOPOCTHU H OTIPEAEASIETCS CAe-
Aytomum o6pasom: sign(z) =1 npu z>0, sign(z)=-1
npu z<0 u —1<sign(z)<1 npu z=0, O — yroa mexay

HaMpaBAEHUEM CHAbI HATsKeHuUs U koakoM (puc. 1), ko-
TOPBII OIIPEAEASIETCSI U3 TEOPEMbBI CHHYCOB
R—s R
sinf[®, () +0] ~ sin®
U3 aroro ypasHenus Haxopaum 0 = 6(t)
R, sin.(t)
R,—s—R sinw.(t)

)

0 =arctg

rae . = ot —o,(t)

ITopcrasasis Bbipaskenus T, Nu 0 B (2), moayuum
A PepeHIIaAbHOE YPaBHEHHE BTOPOTO MOPSIAKA AAS
OIpeAeAeHHs [IepeMeleH ST HUTH BAOAb KOAKA

T[R,—s—R, sinw.(t)] 3
JIR, —s—R sine.(t) + R sin’ @.(1)

T f,sign(s)
f

YpasreHue (3) BASIeTCS HeAMHENHBIM HEe TOABKO OT-

ms =

(3)
[exp(f@,)—1]-m(R, —s)®’

HOCHUTEABHO IiepeMeleHus S(t), Ho u3-3a HaAMYMs $yHK-
uuu $ign(s) OHO HEAUHEHHO TaKXKe OTHOCHTEABHO IIPO-
u3BoAHOM § (V=$ cxopoctu). [Ipy u3BecTHOM 3HaYEHUN
T,, 3apaHHOMY 3aKOHY O, (f) ¥ HyA€BbIX HAYAABHBIX YCAO-
Busix 5(0) =3$(0) =0 ero MO>KHO HHTETPHPOBATH YUCAEH-
HO, MCIIOAB3YI0 MeToA mpumnachiBanus [1]. CoraacHo
3TOMy MeTOAy pelieHue ypasHeHus (3) moaydaem moa-
tanHO. CHavYaAa yCTAHOBHM YCAOBHS HAYaAQ ABYDKEHIS
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MaTepHaAbHOM TOYKH B HAIIPaBAEHHH LieHTpa bapabaHa,
KOTOpPO€ NPUHUMAEM [TOAOKUTEABHBIM €CAH CKOPOCTb
$>0 npu t > 0. YuursiBas 3HaK sign(s)u obosHavas me-
pememenue depes s,(f), ypasaenue (3) samucbiBaem
B BUAE
T[R,—s,—R,sinw.(t)]

\/[RO —s,— R sinw.(t)]" + R; sin” w.(t)

Tf
_171[exp(f¢0)— 1]-m(R, —s,)o’

Aast BoimoaHeHus ycaosus S, > 0 caepyer TpeboBars
5,(0)>0. ITpurumas ®,(0)=0 us ypasuenus (3) moay-

ms, =

(4)

qaeM
T
5(0)=— l—i[exp(f(bo)—l] -Rw’ >0
m\  f
U3 9TOr0 HEpaBEeHCTBA CACAYET

2
T>T, = mR @

1—{;[exp<f¢o>—u

Ecam craa HartspKkeHUsS T; YVAOBAETBOPSIET YCAOBHIO

(5)

(4), To MaTepraAbHAS TOUKA COBEPIIAET ABIKEHHE B CTO-
pOHY LleHTpa 6apabaHa.

AaAee pacCMOTPHM IIePBBIIL ITAII ABIDKEHIS B UHTEP-
BaAe BpeMmenu 0 <t <t ,rae t, BpeMs 3aBepIIeHNUs 1ePBO-
ro 9Tamna, onpepesieMoe u3 ycaosus S, (t,) = 0. 3naueHue
t, BBIYHCASIETCS IIO XOAY YMCA€HHOTO MHTErPUPOBAHMS
ypaBHenus (4) ¢ HyAeBbIMU HA9aAbHBIMU YCAOBUSIMH.

Bropoit aTan ABIXEHHSI PAaCCMATPHBAETCS AASL MO-
MEeHTOB BpeMeHH f >, rae mpunumaercs $ <0, u o6o-
3Hauas mepemelnenue uepes $,(t), ypasuenue (3) aas
9TOrO JTAIA 3aIIUCHIBAEM B BUAE
T[R,—s,— R, sinw.(t)]

ms, = L

© J[R —s,— R sinw. ()] + R sin’ o.(t)

(6)
+T17ﬁ[exp(f¢o)—1]—m(Ro —s,)o’

Txp/MRo 0*

PeaAnsauI/m 9TOI'0 3Tarla BO3MOXXHO ITpU YCAOBHH,

€CAU BBITIOAHSIETCSI HEPABEHCTBO S, (t,)<0, Te.

. T[R,—s,— R, sinw.(t,)]

5= . 2 2 . 2 +
m\/[R0 —s,— R sinw.(t,)]' + R; sin” w.(t,)

7
+Tl—f1[eXP(f¢o)—1]—(Ro —5,)0" <0 7
mf

3aech s, =5,(f,) - mepeMenieHre MaTEPUAABHOI TOY-
Ke B MOMEHT 3aBepIIeHHs IePBOTO JTala.

Ecan ycaoBue BbIoAHSeTCS, TO ypaBHeHue (6) uH-
TerpupyeTCs IPU CACAYIONIMX HAYaABHBIX YCAOBMIX:
s,(t,) =5y, 5,(t,)=0. JTan 3aBepmaercs B MOMEHT Bpe-
MeHHU t =f, >, TAe CHOBa CKOPOCTb TOUKH OOpaIaeTcst
B HYAD, T. €. 5,(t,)=0.

Ecan ycaoBue (7) He BBIOAHSIETCS, T. €. yCKOPEHUe
TOYKH YAOBAETBOPsieT HepaBeHCTBY $,(t,) 20, To npu
{ 2t HacTymaeT OTHOCHTEABHBI! IIOKOH, TA€ CHABI HATSI-
JKEHUSI, TPEHNUS U [IEHTPOOeXKHas CHAQ OYAY T HAXOAUTHCS
B COCTOSIHMH YCAOBHOTO paBHOBecws1. Takum o6pasom,
IPOAOAXKAsL STOT IPOIECC MOXKHO HAMTHU 3aKOH ABIKe-
HHS TOYKH B IPOM3BOABHOM MOMEHTE BpeMeHH.

YucAaeHHbIe pacyeTsl OBIAU IIPOBEAECHBI AASI CAYUAs,
KOTAQ (O = O, ¥ IPHHSATHI CACAYIOIIHE HCXOAHBIE AQHHbIE:
R =03m, f=f=0.3, ¢, = . Pesyabrarsl pacueToB
IIPeACTaBAECHBI AASI ABYX 3HAUEHHI CKOPOCTH @ > (@, , TIPU
3TOM COOAIOAAAOCDH YCAOBHE O — @), = CONSE .

Ha puc. 2. mokasanbl rpaduKy 3aBUCHMOCTH IIpe-
ACABHOI CHABI HaTsDKeHHs (OTHECEHHOM K BEAMYHHE
MR ®" ) oT KoapPuIMenTa Tperus [ MpU Pa3AUTHBIX
3HAYEeHMsIX BTOpOro koadpduuuenta rpenus f,. Bupno,
9TO [IPY MAABIX 3HAYEHUSX Koddpduupenta [ BausHUE
9THX KO3 PUITUEHTOB HA BEAUYHHY IIPEACABHOM CHABI
HATsDKEHHS PA3AMYHBIE U C POCTOM €ro 3HAYEeHHS BAMS-
HHe IPaKTHIeCKH He3HAYUTEABHO.

Puc. 2. 3aBucnMoCTr NpuBeaEHHON NPeaebHOM CUJSTbl HATSKEHNUS Txp /mR(,co2 oT koapduumeHTa TpeHnsa f ans
pasnyHbIX 3Ha4YeHW koadduumenTa f,: 1-f,=0,1,2—f =0,2, 3— f,=0,3, 4—f, =0,4, 5— f, =0,5.
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Ha puc. 3—4 npeacraBAeHbI KpUBbIe 3aBUCUMOCTHU
nepementenust S = s(t) (KPI/IBbIe — a)u CKOpOCTH
v=3(t) HUTH OT BpEMEHH AAS PA3AUYHDIX 3HAYEHHIX
YTAOBBIX CKOPOCTeil (0, @, U CHABI HaTsDKeHus 1. B pac-
veraxnpunsro: f = f, =0,3, a =7, m=0,lz, R, =0,3m
, PacueTsl MpOBOAMAKCH AAS TAKHX 3HAUYEHUH CHABI Ha-

TsoKeHus 1

) IIp¥ KOTOPOM CKOPOCTb HUTH BTOPHIHO

MEHSAA CBOM 3HAK. JHAYeHHe OTOH CHABI PaBHO
T,=0,184H npu o = 40c™" (06/m), @, =20c™" (06/Mm),
T,=0,264H npu @ = 50c, w, =30c".

AHaAU3 KPUBBIX ITOKa3bIBAET, YTO OTHOCHUTEAbHBIN
IIOKO¥ HUTH NPOHU30UAET ITPH MAABIX 3HAYEHHUSIX CHUABI

HaTsDKCHUA ’I; H C POCTOM €ro BEAMYMHDI HUTb MOXET

COBEpIINTD ABIDKEHHE B 06paTHOM HanpaBaeHuu. [Ipu-
4YeM B 3aBUCHMOCTH OT 3HAYEHMS HATSDKeHUS 1, MOXeT
PeaAn30BaThCS IIEPUOANYECKOE ABIDKEHHE HUTH C 06pa-
30BaHUEM 30H OTHOCUTEABHOTO ITIOKOS, YTO UMEEeT MECTO
IIPH ABIDKEHUH C CYXUM TPEHHEM ITOA BO3AEHCTBUEM II0-
CTOSIHHOM BHeIIHel cHAbL B paHHOM mpumepe pacuera
PacCMOTpPEeH CAy4ail, KOTAQ HUTh HAYMHAET COBEPIIHTb
TIOAHBII [IUKA ABIDKEHUSI BAOAD KOAKA. YBEAUYEHHE YTAO-
BOI CKOpPOCTH OapabaHa U KOAKA IIPU COXPAHEHUH 3Ha-
yenus pasHoctu @ —0,, =20c” (06/M) npUBOAUT K po-
CTy 3HAYEeHMS] KPUTHIECKOTO 3HAYEHHSI CHABI HATSDKEHIS
T,, v ckopoCTH epeMeIeH s HUTH, YTO SBASETCS CACA-
CTBHEM POCTA BEAUYHHBI [IEHTPOOEXKHOM CHABL

T =1,2.T, =0,0288H

a) 6)
S() () v(I)we)
m.
1_
15 o8]
10 0.6
0.4
5_
0.2
a 001 0 003 0 f(ce) U o.M 0.02 0.03 0.04 [(cex)
T, =7,68T, =0,184H
a) 6)
$(D)0wa) v(Diwe)
m_
m_
m-
200 2]
150 10
100
- o 0.01
: : : : -10-
o 0.1 0.02 0.03 0.0 f{cex)

Puc. 3. 3aBncumocTn nepemellenns pparmenta s = s(t)(mm) (kpmsble- a) u ckopoctn v =s(t)(m/c) (kpusbie —
6) oT BpemeHu t(cex)npu @ =40c", ®,, =20c"' 1 paznuuHbix 3HaueHunii HaTskenna T, (H)
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T =1,2.T, =0,045H
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Puc. 4. 3aBncumocTy nepemelleHns pparmenta s = s(t)(mm) (kpmsble — a) n ckopoctn v =5(t)(m/¢)
(kpuBble — 6) oT BpemeHnu t(cex) npu @ =50c” (06/MUH), o, = 30c™" (06/MUH) U Pa3ANYHBIX 3HAYEHUI
Hatsxenns T, (H).
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Monitoring of the electric power quality
characteristics in the low-voltage power grids

Abstract: The present article considers the issues of electric power quality, particularly unbalance of voltage
and current, as well as additional losses in the low-voltage power grids. It describes the methods of measurement of
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the electric power quality characteristics. For the purposes of monitoring of the separate electric power system it is

suggested to use domestic devices of measurement of the electric power quality characteristics. The example of

calculation of additional losses of electric power in the low-voltage grids is provided

Keywords: power grid, measuring device, methods of measurement, electric power quality characteristics,

unbalance of current and voltage, additional losses.

Energy industry being one of the main economic sec-
tors of the Republic has been developing at a growing
rate for the years of independence and it not only satisfies
the needs of the State in electric power, but it also allows
to provide electric power export.

Mostly the efficiency of utilization of electric pow-
er is determined by means of creation of such consump-
tion conditions which allow to provide the required qual-
ity of electric power and minimum production losses.

Delivery of electric power to the consumers is per-
formed by the enterprises of territorial power grids via
power transmission lines 0.4-110 kV of Voltage and
237.1 ths.km in length.

Development of this section until the year 2020 is es-
tablished in accordance with the Decree of the President
of the Republic of Uzbekistan dd. March 4, 2015 No.
UP-4707 “On the Program of measures on provision of
structural transformations, modernization and diversifi-
cation of production for the years 2015-2019”.

Widespread industrial domestic use of electrotech-
nics and devices with nonlinear current-voltage char-

Za_ IA-I‘-'{

acteristics results in unbalanced operation modes of
three-phase four-pass power grids 0.38 kV which can be
explained by the fact of non-simultaneous change of the
load curves and non-uniform distribution of the single-
phase consumers by phases.

Numerous changes in transformer substation
TP-10-6/0.4 kV have shown that power grids (PF) —
0.38 kV operate in unbalanced mode with violation of
permissible values of the electric power quality charac-
teristics (EPQC) on balance [2].

It is peculiar for the unbalanced modes of PF 3.8 kV
that two EPQC are violated simultaneously: [3]:

« the value of modules of the phase-to-
neutral voltage changes on the clamps of power-
consuming unit (PCU) and on the clamps of the
feeding mains transformer secondary winding because
of the voltage occurrence (fig. 1):

« nonlinear loads and unbalanced modes create
harmonics multiple of three in the phase current
and voltage [2; 3], which represent zero-phase sequence
from the configuration of symmetrical components.

.U.

2 )
Ey
/4 - w
U L
oD =
g t-g-¥

Fig.1. Voltage and current of the tree-phase four-pass system

The main sources of the voltage unbalance on the
negative-phase sequence in the three-phase power supply
grids are: arc steelmaking furnaces, induction furnaces,
electroslag reﬁning furnaces, alternative current traction

substations (27 kV), asymmetrically controlled convert-
ers, welding units. Some typical values of the voltage
unbalance factor on the negative-phase sequence (K, )
created by such PCU are given in the Table 1.

Table 1. — Power-consuming units, creating voltage unbalance

Type of the power-consuming unit U kv K, %
1 2 3
220 1.3
DSP-100 3s 45
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1 2 3

110 1.4

DSP-40 33 4.0
Single-phase electrothermal units 10 18
Alternative current traction substation 110 4.6
. . 6 1.4
Rolling mill 1700 10 50
Welding units 0.4 1-§

Normal and maximum permissible values of the volt-
age unbalance factor on the negative-phase sequence K, |
according to the State Standard GOST 13109-97 for the
grids of all nominal voltages amount correspondingly
+2 and £4%. As you can see in the Table, K, for many
power-consuming units is either close to these values or
significantly exceeds them.

Unbalance of the three-phase voltage system leads to
occurrence of the negative-sequence currents I, , and in
the four-wire grids — zero-sequence currents [ .

L, currents cause additional heating of the rotating
machines, creating negative rotational moment, decrease
rotary speed of the rotors of asynchronous motor (AM)
and performance of the mechanisms geared by them. De-
crease of the rotary speed, i. e. increase of the AM slip, is
followed by the increased reactive power consumption
and, subsequently voltage decrease.

When the voltage unbalance amounts 2%, service life
of asynchronous motors decreases by 10.8% because of
additional losses of active power, service life of synchro-
nous motors decreases by 16.2%, of transformers — by
4%, of capacitors — by 20% [4]. To prevent additional
heating it is required to reduce load applied on the motor
(torque on the shaft).

According to IEC 892nominal load on the motor is
allowed atk, ; <1%. When negative-phase sequence fac-
tor amounts 2% the load applied on the motor shall be
reduced to 96%, when this factor amounts 3% — the
load shall be reduced to 90%, when 4% — to 83% and
to 76% when the factor amounts 5%. These figures are
considered as true ones provided that the motor operates
at constant load, i. e. in steady temperature mode.

Review of the electric power quality characteristics
(EPQQC) is performed with a use of special measuring de-
vices — analyzers of power quality at the time intervals from
24 hours (minimum value) to 7 days (recommended value).
Instantaneous values of the linear (phase-to-neutral) volt-
age in the point of common coupling of the electric power
consumers are the input data for calculations.

Domestic special measuring device “MALIKA” [5]
is developed at the Chair “Electric Power Stations, Grids

and Systems” of the Abu Rayhan Beruniy Tashkent State
Technical University (TashSTU). This device is designed
for recording of additional process losses and execution
of measurement of EPQC in power grids 220-380 V
of voltage. This device is applied in the process of power
quality analysis and evaluation with a use of static meth-
ods including the case when list of characteristics is lim-
ited in accordance with requirements of GOST [2].
Analog part provides connection of three phases of
alternative current simultaneously; connection diagram
and general view of the device are shown in the figure 2.3.

ABCHN
Uccnegyemblia
notpeburens
LUKHBI 0,4 KB alslcn
Iepzae U Iepeelr

Fig. 3. General view of the “MALIKA” device
Received analog signal is transformed into digital one
which calculates information on the basis of symmetrical
components method. As far as is known symmetrical
system of voltage can be described by three equations
[4,6,7]:
U, =Umsin(wt+y,);
U, =Umsin(wt +y,—-120°) (1)
U.=Umsin(wt+y, —240°)
where ¥ —initial phase of voltage U,.
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According to the symmetrical components method
any unbalanced three-phase system can be resolved into
three symmetrical components: positive phase-sequence,
negative phase-sequence and zero phase-sequence which
can be described by three vector systems.

1, . .
U, :E(U“ +a-U,+a"-U,);

UAE=§(0A+£-Uﬁ+aIQ); (3)

Uwzam+q+m)

j120° j-240° j240° -120°

where a=¢"" =™ a’ =™ =¢
Analog expressions can be also written for the

unbalanced system of currents
. 1,. . .
I, =5(IA +a-d,+a’1,);
. 1,. . .
IA(2)=5(1A+a2-IB+a-IC); (3)
. 1,. . .
L, :5(1A +1,+1);

Evaluation of unbalance of currents or voltages in the
three-phase grids is performed with a help of unbalance
factor of currents or voltages. Determination of the
unbalance factor k2 as correlation of effective value of
the negative phase-sequence current or voltage IZ, Uz,
effective to the effective value of the positive phase-
sequence current or voltage I, U , of the main frequency

of the three phase system of currents or voltages [4].
Unbalance factor of voltages and currents is equal:

k :E-IOO%,kZ,:I—Z-IOO% (4)
U I

2U
1 1

The employees of TashSTU have performed
measurements in the substation TP No. 399 of the Steam-
Electric-Turbine Plant Zangiatinskiy TPES in the power
grids 0.38 kV with domestic and amenitiesloads (fig. 4,5).
The curve of change of the negative phase-sequence and
zero phase-sequence factors is shown in the Fig. 6; it is
possible to decrease negative and zero phase-sequence
factors of currents from 0.3 to 0.04 by means of the loads
leveling by phases in the evening peak hours.

Power loss factor in grids determined by the currents
unbalance when values of the negative phase-sequence
and zero phase-sequence
K,;=K, =0.3 and when phase and neutral wires have

factors of currents

R
equal cross-sections E" =4[8]:

R
K, =1+K, +K; -| =~ |=1+0,3"+0.3"-4=1,45

i. e. excessive power losses under unbalanced load are by
45% higher than under balanced load.

Itis necessary to note that normative losses of electric
power established for the power grids amount — 10%.

Electric power losses in the power grids 0.38 kV equal
10% are determined for the low-voltage grids under the
load by formula:

AW =0.1'W, kWh

where W, — consumed power with domestic and
amenities load.

Power losses factor at K, =K, =0,04:

K, =1+K. +K’ -(%} =1+0.04" +4-0.04> =1,008.
1

Therefore, when the negative phase-sequence and
zero phase-sequence factors of currents decrease from
0.3 to 0.04, the power loss increase factor decreases from
1.45 to 1.008.

During the calculation period from August 27 to 28,
2015, the following amount of electric power had passed
through the feeder [9]:

Wa =195 kW'h — active electric power,

On the basis of these data we can find the
following values:

AW, =0.1.195=19.5 kW-h

Excessive losses during the day:

oW

a excessive

=(W, —AWa)-(l— KPH]_
KPK
kBru

1.
= (195—19.5)*(1—%) =59.9

Total cost of active electric power lost due to the
currents unbalance at the feeder 3 of TP No. 399:

C e =OW_ . x Costof 1 kW /h of electric
power = 66787,38 kW/h x 155 soms = 9286 soms

Asyou can see from the given calculations, excessive
losses in case of the currents unbalance at the feeder
3 of TP No. 399 during 1 day result in additional costs
amounting 9286 (nine thousand two hundred and
eighty six) soms, during 1 month amounts 278 595 (two
hundred and seventy eight thousand five hundred and
ninety five) soms, and during 1 year amounts 3389 571
(three million three hundred and eighty nine thousand
five hundred and seventy one) soms.

Consequently, unbalance of currents and voltages in
the 0.38 kV grid can be eliminated with a help of
organizational actions: replacement of the transformers
with a connection pattern Y/ YN andY/ ZN, rearrangement
of the single-phase electric power consumers, etc.

To eliminate unbalance of the currents and voltages in
the 0.38 kV grid it is also required to use balancing
devices.
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Fig. 6. Daily schedule of change of the unbalance factors of negative
phase-sequence and zero phase-sequence currents

Essential condition of the effective power quality ~ power with consideration of its quality, which is required
control is utilization of the suggested domestic device  for periodic (summer, winter) and constant measuring.
which implements the algorithm of payment for electric
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Oxidative-dehydrogenation of n-amil and izo-amil alcohols on
the catalysts of alloys and hydrides alloys Zr with V, Mo, Fe

Abstract: Catalytic systems on the base of alloys and hydrides alloys with Zr, V, Mo, Fe were obtained
and investigated and developed the high activity, selectivity in reaction of partial oxidation amil-alcohols. It was
established, that conditions of O,+H -pretreatment change both the surface composition and chemical states of
active components of catalyst, and observed lowering temperature threshold of reaction.
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OkucnurtenbHoOe gernapupoBaHue H-aMUJI0BOIro
M N30aMUJIOBOIro CNUPTOB HA KaTaJIMTU4ECKUX CUCTEMAX
cnnaeoB Zr CV, Mo U Fe u ux rmppuaax

AnnoTanms: [ToAyueHbI 1 HcCAeAOBaHbBI KATAAU3ATOPBI HA OCHOBE CIIAABOB M THAPHAOB C11AaBoB Zr ¢ V, Mo u Fe

B p€aKIIMH OKHMCACHH aMHUAOBDBIX CITMPTOB, IIPOABHUBIINE BbICOKYI0 aKTUBHOCTD 1 CEACKTUBHOCTD B ITIOAYYE€HHNH AADb-

aerupoB. [Tokaszano, 4To ycaoBus OZ+H2 — 06paboTKY, IPUBOASIIHE K U3MEHEHHUIO KaK [IOBEPXHOCTHOTO CAOSI, TaK

H BAA€HTHOT'O COCTOSHMS aKTHUBHBIX KOMIIOHEHTOB KAaTaAN3aTOPOB, CHOCO6CTBYIOT YBEANYCHHIO BPIXOAOB II€AEBBIX

IMPOAYKTOB U CHIDKEHHIO TEMIIEPATYPHOIO MOPOra peaKIfum.

KaroueBbie cAOBa: KaTaAU3aTOPbI, CIIAABbL, THAPHUADL CITAABOB, AADAETHADBIL, AaMHAOBBIE-CIINPTDI, AKTHBHbIE KOM-

IIOHEHTbI KaTaAM3aTOPOB, TeMIlepaTypa peakluu

OxucaeHne aanaTruyeckux CIUPTOB B COOTBET-
CTByIOIUe KApOOHHUABHbIE COEAUHEHHUSI OCTAETCS BeCh-
Ma aKTyaABHOM IIPOOAEMOT, IIPEACTABASIIONEH HHTEPEC
C IIeAbIO TTOAYYEHHS BaXKHEHIIUX IMOAYTIPOAYKTOB OpTa-
HHYECKOTO CHHTe3a.

ITpomecchl OKHMCAGHUS ITPOBOASITCS, B OCHOBHOM,
Ha OKCHUAHBIX KaTaAM3aTOPaX IIPH BHICOKHX TeMIIEPaTy-
Pax, a Taxke Ha MOAMPUITMPOBAHHBIX IIEOAUTAX PA3AUY-
HBIX KPUCTAAAMYECKHX CTPYKTYP, HO He HCCAEAOBAAUCDH
BOBCE Ha CIIAQBHBIX M THAPUAHBIX KATAAUTHIECKUX CHCTe-
Max. B HacTosimjeit paboTe MPOBOAMAKCH HCCACAOBAHHS
YCAOBUH ITPOBEACHHS PEAKI[MH MAPITHAABHOTO OKHCAe-
HHsI QMHAOBOTO M H30aMHUAOBOTO CIIMPTOB Ha CIIAABHBIX
U THAPUAHDIX CHCTEMAX, COACPIKAIIIX IIepeXOAHbIe Me-
TaAAbl Zr, V, Mo, Fe.

IlpeABapUTEABHYIO OKHCAUTEABHYIO OOPaboOTKy
HMHTEPMETAAAMAOB, CIIAABOB M THAPHMAOB CIIAABOB Zr,
¢V, Mo, Fe pa3anyHbIX COCTaBOB IPOBOAMAH Harpepa-
HueM Ha Bospyxe nipu T 773-973 K B Teyenue 1-4 4a-
COB, @ BOCCTAHOBUTEABHYIO — B TOKe Bopopoaa mpu T
773-873 K B Teuenne 1-2 u. MccaepOBaHMe KaTaAUTH-
9eCKOM aKTHMBHOCTHU ITOAYYEHHBIX CHCTEM ITPOBOAMAU
B MMITyAbCHOM pesxuMe. IIpoBopnacs xpomaTorpadu-
9eCKUM aHAAM3 IPOAYKTOB PEaKIfMH C IpUMeHEeHHeM
AETEKTOpa 110 TEPMOIPOBOAHOCTH, PEHTIeHO(Pa30BbI
anaaus (POA), perncTpupoBaAKCh CIIEKTPBI 3AEKTPO-
marnuTtHoro pesonanca (OITP), onmpeaeAsrach yaeAbHast
nosepxHoCcTb 06pasyos (BIT).

BbI1AO yCTaHOBAEHO, YTO 06pPabOTKA B BaKyyMe, B TOKE
reAusi, BOAOPOAA He NPUBOAMAA K M3MEHEHUIO aKTHBHO-
cru. Tlocae okucAuTEABHON OOPabOTKU BO3AYXOM IpH
773-973 K B Teyenue 1-44 akTHBHOCTb KaTaAM3aTOPOB

YBEAUHBAAACH, A TIOCAE BOCCTAHOBUTEABHON 0OPabOTKH
BTOKe BOAOPoAa (873 K, 1 9ac) — 3HauMTeABHO BO3pacTasa.

AAst icCAeAOBaHUSI OBIAY BHIOPAHBI [TEPBUYHBII AMU-
aospit cupt — C.H  OH (tm 137,8 °C) u n3oamuao-
i1 crmpt — i-C H  OH (tm 132,0°C).

Peaxiiuio mapIinaAbHOTO OKUCAEHUSI CIIMPTOB IIPOBO-
AUAY B AnanazoHe temnepatyp 453-553 K nmpu cooTro-
1eHuH cIi: Bo3p=1+2. B Taba. 1 BbIOpaHbI OnITHMAABHBIE
PEe3YABTATHI IIPOBOAUMBIX HCCAEAOBAHHIL.

V3menenust AKTUBHOCTHU KaTaAM3aTOPOB
ZrV, ,uZrV , H, nocae O,-06paborku, Kak MoKasasu

PUBHKO-XUMUYECKIe HCCAEAOBAHHSI, CBSI3aHbI C TAY0O-
KUMU $pa30BbIMH U3MEHEHUSMHU B IIOBEPXHOCTHOM CAOe.
CocraB MOBepXHOCTH XapaKTePU30BAACS AaTOMHbIM COOT-
HomrenueM V/Zr. C yBeAnueHrEeM COACPIKAHHS BAHAAMS
BO3pACTaeT ‘cerperanusi. BaHAAMS U KATAAUTHIECKAsI aK-
TUBHOCTD. [Tepriop pa3spaboTKu KaTaAUTHIECKOF aKTHB-
HOCTH y THAPHAQ criaaBa ZrV  H,  mporexaer 6ricTpee,
4eM y CIIAaBa ZrVOyZZ, XOTSI AaTOMHBIE COOTHOIIeHus V/Zr
Y THAPHAQ U CTIAQBA OTAHUYAIOTCS HE3HAYUTEABHO.

B TabA. 2 mpeACTaBAE€HDBI Pe3yABTATHI II0 OKHCAH-
TEAPHOMY AETMAPHMPOBAHMIO HM30-aMHAOBOTO CIIHUpPTa
Ha KaTaAuTHYeCKuX cucreMax ZrV0,22 u ZrV0,22H2,3.
ITocae BOCCTaHOBHTEABHOM 00PabOTKY B TOKE BOAOPOAQA
(873 K, 1 9ac) akTUBHOCTb KaTAAM3aTOPOB 3HAYUTEABHO
BO3PACTaAd U CABUT'AAACH B 00AACTDh OOAee HU3KUX TeM-
neparyp peakrmu Ha 100-150 K.

EcAu npu oxucAeHMM aMHAOBOTO CIIMPTA PeaKIfus
IPOTeKaeT, B OCHOBHOM, B CTOPOHY ACTUAPATAIMH, TO B
CAy4ae U30aMHAOBOTO CITMPTA IIPe0OAAAAIOIIHM SIBASIET-

Csl HalpaBA€HHE PEeAKI[UH B CTOPOHY AeTHAPHPOBAHUS
(puc.1).
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Tabnuua 1. — BansHme ycnoBuin 06paboTku Ha KaTaMTUYECKYO akTUBHOCTb CrijilaBa

ZrV, ,, v rnapuna cnnasa ZrVO,ZZHz,3 B peakLMm OKNCIIEHUS H-aMUJTIOBOIro cnupTa
Ne VcaoBus 06- o’rII‘z;a Borxop HPI;’AYKTOB)%HMOA' 5 K:;I:e_P " | Ceaexrtus.
paborxn o e 0, | avermn aaep. 30BaA. aaep. o 3/: 110 2AbA.%
AADBA,. AADA. K-Ta )

1 | ZrV, _ ucxoa 523 | 10,5 7,1 _ _ 1,4 19,0 -
Bosayx, 483 - 14,0 39,2 - - 532 73,7
873K,2u 523 CA 18,2 46,0 1,2 - 65,5 70,2

3 | Bosayx, 483 - 11,4 40,5 - - 51,9 78,1
873K, 44 523 — 17,7 51,0 1,3 CA 68,7 74,0

4 | Bopopoa, 483 - 11,8 44,5 - - 56,3 79,0
873,14 523 - 14,7 53,7 - - 68,5 78,4

1 | Tuapup
7V H.. 523 81 20,3 - - 0,9 29,3 -

2 | Bosayx, 483 - 14,2 52,0 - - 66,2 78,5
873K,2u4 523 — 15,0 62,6 0,7 — 78,3 80,0

3 | Bosayx, 483 - 15,1 56,0 - - 71,1 78,7
873K, 44 523 - 16,0 64,3 - - 80,3 80,1

4 | Boaopoa, 483 - 11,9 61,1 - - 72,0 84,9
873, 1y 523 _ 13,9 68,6 1,0 _ 83,5 82,1

Tabnuua 2. — BnusiHue ycnosuii 06paboTkn Ha KaTannTUYeCcKyto akTUBHOCTbL cnnasa ZrV0,22
n rugpupa cnnaea ZrV0,22H2,3 B peakLmn OKUCNEHNS U30-aMUIOBOrO cnnpTa

Verosis o6- T-pa Brixoa npopykTOB, % MOA. Konsep. CereKTHE.

Ne OIIbITA, Baaep. | M3oBaa. | Baaep. cnup-

paboTku CO aMHAEHBI 10 aABA.%
K 2 AADBA, AADA., K-Ta Ta,%

1 ZrV,  _, CXOA 523 10,3 12,6 1,2 - 2,9 27,0 0,4
Bosayx, 483 - 15,3 48,4 - - 63,7 76,0
873K,24 523 - 16,0 62,2 - - 76,2 81,1

3 Bosayx, 483 - 13,7 53,1 - - 69,0 76,8
873K, 4 523 - 154 63,3 - - 80,3 78,7

4 | Bopopop, 483 - 11,1 62,4 - - 73,5 84,9
873,14 523 - 14,0 72,8 - 1,0 87,8 82,9

1 Z@P H’;I 523 | 85 14,7 2,4 - 2,0 27,6 0,8

2 | Bosayx, 483 - 13,1 51,3 - - 64,3 79,8
873K,2u 523 - 13,5 63,6 - - 77,1 82,5

3 Bosayx, 483 - 14,3 57,7 - - 72,0 80,2
873K, 44 523 - 14,8 69,1 - - 84,0 82,3

4 | Boaopoa, 483 - 11,0 66,6 - - 77,6 86,9
873,14 523 - 15,1 74,2 - 1,3 90,6 81,9

Ha puc. 2 mpeacTaBAeHO H3MeHEHHE KaTaAUTHIECKOH

AKTMBHOCTH KaTaAu3aTopos ZrMo, u ZrMo,H . ot ycao-

27708

BUI1 00PaOOTKY B pEAKIIIN OKUCAEHIS H-AMHAOBOTO CIIUPTA.
KonBepcus H-aMuaoBoro crmpra cocraBuaa 57,2%
nocae O,+H -06paboTku mpu Temmeparype peakiuu
483 K na criaae ZrMo, 1 68,6% — naruapupe ZrMo,H
(pm 88,0% CeAeKTUBHOCTH MO H-BaAEPUAHOBOMY aAbAE-

ruay; CO,-1,0%; amuaensr — 11,0%) (puc. 1). Takoe

BO3pACTaHMe AKTHBHOCTU y Tuapupa ZrMo H o BbI-
3BaHO HEe TOABKO H3MEHEHUSIMH B COCTaBe IIOBepX-
HOCTHOTO CAOSI U BBIXOAOM BAHAAUS HA IIOBEPXHOCTD,
HO U U3MEHEHHUSIMHU B BAAEHTHOM COCTOSIHUM aKTUBHOTO
KOMIIOHEHTA CIIAQBa U TUAPHUAQ, U TOSIBACHHEM BaHAAUS
Ha [TOBEPXHOCTH KaTaAM3aTOPa B IPOMEXKYTOYHOM CTe-
neru oxucaenus: V (V) =V (I11). Kak nokasaau ¢pusu-
Ko-xummdeckue uccaepoanus (POA, POIC), oxucan-
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TEAbPHO-BOCCTAHOBHUTCAbHAA o6pa6 OTKa KaCa€TCA TOAbBKO
IIOBEPXHOCTHOTO CAOS I'MAPHAQ U CIIAABA, A obbeMHas
CTPYKTYpPa KaTAAU3ATOPA OCTAETCA 6e3 usmeHeHus. B pe-
3YAPTATE NCCACAOBAHM PEAKI MU ITAPITMAABHOTO OKHCAE-

o, %

100
80

60

40

204

453

483

523

HHSI H30aMHAOBOI'O CITUPTA Ha THMAPUAHOM KaTaAU3aTope
ZrMoZHO,8 OCHOBHBIM IIPOAYKTOM peaKijiu ObIA H30Ba-
A€PHAHOBBIM AAbACTHA (c BEIXOAOM 60,4% IpU CEAeKTHB-
HocTH 88,0%, 4TO BUAHO U3 pUC. 1).

)

553

583 T.K

Puc. 1. MNpeBspaLlleHrs n30amunaoBoro CnmpTa Ha Katanntunyeckoi cucteme ZrV, ,H, . nocne O,+H,—o6paboTku

1 — KOHBEpPCHSI ©I30aMHUAOBOTIO CIIMPTA, 2 — BHIXOA H30AMHAOBOTO AABAETHAQ,
3 — BbIX0A amMHACHOB, 4 — Bbix0p CO,, S — BBIXOA H30aMHAOBOY KUCAOTDI

o, %
80T o.B
| o/’s"ﬂ-:d_-—-@:::
60t /
i 6
40t |
| \* Karajans
ao \I
20 /a—t \\\,'
& pQ\\ \l
0, NHy
0O 1 2 3 4 5 6 7 8 tu

Puc. 2. Katanutnyeckas akTMBHOCTb KaTasim3aTopa Ha OCcHoBe crnasa ZrMo, v rugpara
cnnasa ZrMo,H, ,0T ycnoeuit 06paboTkm B peakuum OKUCIEHUS H-aMUI0BOro CnvpTa

a, % Bec — crertenb npeppamenus cnupTa npu T 483 K, a —mocae O,-06pabotku, 6 — mocae H,-06paboTky, B — B kaTaause.

VccaepOBaHMS peakijyl MApPIIMAABHOTO OKHCACHUS
AMUAOBBIX M H30aMHAOBBIX CIIMPTOB OBIAM IIPOBEAEHDI
TaKoKe Ha KaTaAUTHYeCKOH crucTeMe V-Fe, rae B KauecTBe
THAPHAOOOPA3yIOmerocs: KOMIIOHEHTA CIIAABA OBIA BbI-
6pan Banaauit. [TpuroroBaeHHbIe 06pasiibl criaaBos V-Fe
u VFeO, , CTIOCOGHDI OBIAM TTIOTAOTI[ATh OTHOCHTEABHO HOAB-
IIIVie KOAMYEeCTBa BOAOPOAR, 00pasysi IIPH 9TOM AOCTATOYHO

yeroiausbie ruapuabt VEe | \H - u VFeH & Aassmerimue
HICCAGAOBAHUS TTOKA3AAH, YTO HAHMOOABIIYIO aKTUBHOCTD
¥ CEAKTUBHOCTD M3 HUX POSIBIAA KaTAAMTHYECKasI CHCTe-
Ma VFeO, 12H0,7. BrIxop aAbAETHAOB ITOCAE 02—H2-06pa60TKI/I
pesKo BO3pacTaA, U IpU TemIleparype peakuuu 453—
523 K cocraBasia yxe 65,8-71,3% npu 96% ceaeKTUBHO-

CTH ITO AaAbBACTUAAM. HaH6OAbHIyIO AKTHUBHOCTD ITPOSIBHA
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KaTaAM3aTop VFe(mHO’7 IIPYU OKHUCAMTEABHOM AETUAPH-
POBaHMHM U30AMUAOBOTO CIUPTa (BHIXOA M30aMHAEHOB
1 CO, — He3HaYUTeABHBIH, YTO CBHACTEABCTBYET O TOM,
YTO HAIPABAEHHE PEAKINK HOAbIIIE IIPOTEKAET B CTOPOHY
AETHAPHPOBAHIIS], 4€M B CTOPOHY ACTHAPATALIHNL

PenTrenodasoBblil aHAAM3 UCXOAHOTO Obpasla ru-
apupa VFe H  rmokasaa, 4To moBepXHOCTb obpasiia
opsodasua. ITocae O,-06paborku (873 K, 2 1) o6pasusr
THAPHAQ HAYMHAIOT IIPOSIBASITH (peppPOMArHUTHBIE CBOM-
cTBa. DTO CBUAETEABCTBYET O CEAEKTHBHOM Cerperaruu
BAHAAWS HA [IOBEPXHOCTb U HAKOMAEHHHU (a3bl )KeAe3a
B [IOAOKAAMHHOM cAo0e. Bo3pacTanune akTuBHOCTH Kara-
Amsaropa mocae H -06paboTku cBssaHO ¢ MosBACHHEM
B [IOBEPXHOCTHOM cA0e noHOB V u Fe B mpomesxyTouHOM
CTEeleHN OKHUCAEHUS.

briao ycraHOBACGHO, UTO KaTAAUTHYECKHE CUCTEMBI
Ha OCHOBE CIIAABOB U THAPHAOB CIIAABOB, COA€pIKalIKe
Z1, V, Mo u Fe, nposBASIIOT BHICOKYIO aKTUBHOCTD U Ce-
AGKTHBHOCTDb B P€aKIIMHU OKUCAUTEABHOTO AETHAPHPO-
BaHM: H-aMHUAOBBIX U M30aMHAOBBIX CIIMPTOB. YCAOBHS
O,+H,-06paboTku 9 PeKTUBHO BAUSIOT Ha OBBIIIEHHE
AKTUBHOCTH U CEAEKTUBHOCTU KATAAUTHYECKHUX CHCTEM,
OAHAKO, THAPHUAHBIE KATAAM3aTOPBI IIPOSIBASIIOT OOABIIYIO
KaTaAUTHYECKYIO aKTUBHOCTD YeM CIIAABHbIE, YTO CBsI3a-
HO C [TOSIBAGHHEM B IOBEPXHOCTHOM CAO€ aKTUBHbIX KOM-
ITOHEHTOB KaTaAM3aToOPa (V, Mo, Fe) B IPOMEXYTOYHOM
crerneHu okucAeHusL. [Tpu 9ToM HabAIOAQETCSI CHIDKEH e
TeMIIepaTypPHOro IOPOra peakluu OKUCACHUS CITUPTOB
C,H, OH na 100-150 K, 4T0 cOOTBETCTBEHHO, IPHUBO-
AWT K CHIDKEHHUIO 9HepreTHYeCKUX 3aTpart.
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New growth-stimulating drugs containing N, SE

Abstract: Carried out the synthesis of new phosphorus-containing compounds based on ketones of piperidinol
and selenanol groups under the Abramov’s reaction conditions. a-oxyphosphanates has been characterized with the
60-84% yield. The use of a-oxyphosphanate in the preparation of cucumber seeds for sowing improves germination
energy and showed growth stimulating activity with the phases of the formation of the 1st leaf.

Keywords: oxyphosphanate, N, Se-containing heterocyclic ketones, the Abramov’s reaction, phytohormones.
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HoBblie N, Se-coaepxawme poCcTCTUMYNNpYIOLWLME npenaparhbl

Annpotanms: OcymecTBACH CHHTE3 HOBBIX pOCHOpPCOAEPIKAIINX COEAUHEHHI Ha OCHOBE KeTOHOB ITHIIEPUAMHO-
BOT'O M CEACHAHOBOTO PSIAOB B YCAOBHSIX peakiuu A6pamosa. C Bbixopamu 60—84% BBIA€ACHBI i OXapaKTepHU30BaAHBI
a-oxkcupocdonatsl. [Ipumenenne a-okcupocPOHATOB B IOATOTOBKE CEMSH OTYPIIOB K IIOCEBY ITOBBIIIAET IHEPTHIO
MPOPACTAHUS M IIOAEBYIO BCXOXECTDb M IMPOSIBUAM POCTCTUMYAHPYIONIYIO aKTUBHOCTD C $pa3bl pOpMUpOBaHHA 1-TO
HACTOSIIETO AKCTA.

KaroueBsre caoBa: okcupochonarsy, N, Se-copeprxaiine reTeporuKAMYIecKre KeTOHBI, peakijist AOpaMoBa,
$UTOrOpMOHBIL.

Boapmoe npakTuyeckoe 3HaueHue POCPOPOPraHU-  AACTU AAAbHEHIIEro pa3BUTHS, PACIIUPEHUS U U3y YeHH
9eCKUX COEAVHEHHI CTUMYAUPOBAAO UCCACAOBAHHUS B 00-  paHee M3BECTHBIX PEAKIIUil, CTPOCHUS U PeaKIIMOHHOM
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CIIOCOOHOCTH — OPraHUYeCKUX IMPOU3BOAHBIX Gpocdo-
Pa U, B YaCTHOCTH, 9PHPOB A-OKCHPOCHOHOBBIX KUCAOT.
3amocaepHee BpeMs [IOAYIEHO HOABIIOE KOAMYECTBO Pas-
AUYHBIX 9HPOB A-OKCHPOCPOHOBBIX KUCAOT, H3BECTHBIX
CBOUMH IJeHHBIMH TEXHUYECKUMH U GU3HOAOT I CKUMU
cBoiicTBaMu. HaAn4mne B TaKUX COEAUHEHMSIX HECKOAD-
KHX PeaKIJHOHHOCIIOCOOHBIX IIeHTPOB IIPEAOIIPEACASIET
0oAbIIMEe CHHTETHYECKHE BO3MOXXHOCTH U HHTEPECHbIe
6uoArormyeckre coiicTna [ 1-6].

C 1eAbIO yCTaHOBAGHHUSI HEKOTOPBIX 3aKOHOMEPHO-
CTell B3aMMOCBSI3H «CTPYKTYpPa-aKTHBHOCTb> B PSIAY
HOBBIX OKCH{OcPoHaTOB (N, O, S, Se)-cerpmamHX
IIeCTUYACHHBIX HACBIIIEHHBIX TeTePOLMKANYECKUX
KeTOHOB OCYIIeCTBAEH CHHTe3 a-OKCMPOCPOHATOB
Ha ocHoBe 1-MeTnanunepupun-4-ona (1). B kauectse

O
O
I OR
+ HP< !
OR
|
CH,
1 2-7

Lleaesble TpopyKTb! (8—13) MOAyHEHBI ¢ BHIXOAOM
65-89%. Boaee BBICOKHE BBIXOABI IIOAYYEHBI C AIMETHA-
docdurom (2), menee HU3KME — C AUAAKHAPOCHHUTAMH
CO CMeNIaHHbIMH 3aMECTHTEASMH, MEeTHUATIPOIHAPOC-
durom (4) n npormabytradpocdutom (S), BBIXOA OK-
cudocPoHaToB cocTaBasieT 67 U 65% COOTBETCTBEHHO.
OTMeyeHOo, YTO CpeAr TAAOHACOAEPIKAITHX AHAAKUAPOC-
dutoB (6,7) 6orce PeaKIMOHHOCIIOCOOHDBIM SBASETCS
au- (B-xaopatua)ocdur (6), Brixop a- okcupocponara
(12) cocraBasier 87%. B cayuae npuMeHeHus B KadecTBe
docdopuanpyromero arenra au (f-6pomatna)pocpura
(7), a- oxcudocponar (13) moayden c 72% BHIXOAOM.

MICXOAHBIX AMAAKUAPOCHUTOB GbIAM B3SATHI AUMETHA- (2),
auaTHA- (3), MeTHAporma- (4), mponuabyTua- (S), Al
(B-6pomarua) pocdurst (7).

ITpu KoHAeHCayK murepuAuH-4-oHa (1) ¢ Bbimeyka-
3aHHBIMH AUAAKIAPOCHUTAMH B IPUCYTCTBHU KATAAUTH-
JeCKUX KOAMYECTB CBEKETIPUTOTOBACHHbIX PACTBOPOB aA-
KOTOASITOB HATPHUSI TOAYYEH PSIA HOBBIX dl-OKCHPOCPOHATOB
(8-13). Peakijum mpoTeKaOT B CPeAE CEPHOTO HAH Tie-
TPOAEHHOr0 3$pHpa B IPUCYTCTBUU AAKOTOASITOB HATPUS,
¢ BoIpeAeHHeM TerAd. OXAQKAEHHEM TeMIIepaTypa II0A-
AeprxuBaeTcs B peaeAax 25-35°C, 0co6eHHO B cAydae AU
(B-xaoparun)- (6) u au (B-6pomarua)- (7)-pocduros.
B nmocaepHHX cAy4asx HeOOXOAMMO 9 PEKTHBHOE OXAK-
ACHHE AASI TIOAACPKAHHUS TeMIIepaTyphl peaKIMOHHOMN
cMecu B pepesax 30-35°C.

(I)I OR
oo pl !
“OR
RONa
_—
|
CH,
8-13

ToHkocAOIHAsE XpoMaTorpadusi Ha OKHCH AAIO-
MHUHHS II0Ka3aAd HMHAHMBHAYAABHOCTb BBIA@ACHHBIX
a-oxcudocponaros (8-13).

B cnexrpax UK nmoayuennbix coepnnenuit (8—13)
HMEIOTCA IIOAOCBHI MOrAoleHus B obaactu 3300-
3340 cm-1 (OH), 1225-1240 cm' (P=0), 1045-
1060 cm! (P-O-C).

B aaapHelmeM c 1jeApI0 CHHTE32a HOBBIX 0—OKCH-
¢$0cPOHATOB reTepOLUKANIECKOTO PSIAQ, COACPIKAIIUX
B reTepOLIHKAE aTOM Se OBIA OCYIeCTBAEH CHHTE3 COAU-
nenwuit (15-17) Ha ocHOBe ceaeHan-4-oHa (14) u Aume-
hA- (2), AmaTHa- (3) 1 Au- (B-xa0patua) pocduros (6).

i
Q HO._ P(OR),
i
+ HPRO), —>
X
14 2,3,6 15-17
14, 2, 15- X=Se;
14, 3, 16- X=Se
14, 6, 17- X=Se,
Peakijui  reTepolUKAMYECKOro KeToHa (14)  HbBIX KOAMYECTB peareHTOB NPU KOMHATHOI TeMIepa-

u anasxuadgocdutos (2, 3, 6) IPOBOAMAHM B cpepe
AUSTHAOBOTO d}Hpa IPH IepeMeITHBaHUH SKBUMOASID-

Type B TedeHHe 3—4 4 ¢ A0DaBA€HHEM KaTAAUTHIECKUX
KOAMYECTB COOTBETCTBYIOIEro aAKOroadTa HaTpus. Ilpu
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aTOM C BbIxOAAMH 62—88% BBIAEACHBI 1 OXapaKTepH30Ba-
Hbl a-okcupocPonars (15-17), KOTOpble IPEACTABASIOT
co60i1 beAble KPUCTAAAMYECKYE BELIeCTBA, PACTBOPHUMBIE
B BOAE U B OOABIIMHCTBE OPTaHUYECKUX PACTBOPUTEASIX.

H3BecTHO, 4TO AAS 3aIIUTHI PACTEHH U COXPaHEHHUs
YPOKasi HEOOXOAUMO ITPOBOAUTD KOMIIAEKC 3AIUTHBIX
MEepOTIPHATHUH, TA€ OCHOBHBIMU SIBASIFOTCS] XUMUYECKHe
CPEACTBa, HO, CyAsl IO OTPOMHBIM IIOTEPSM ypoOXKas,
HEeOOXOAVMBI COBPEMEHHbIE IIOAXOABI K PElLIeHHIO ITOM
npo6aeMbl. OAMH 13 BO3MOXKHBIX ITyTeH AOCTIDKEHHS
3TOM 1]eAU COCTOUT B HAKOIAEHMH PyHAAMEHTAABHBIX
3HAHMI B 9TOM HampasAeHud [ 5,7-9].

HexoTopbsie n3 cuHTe3MpOBaHHBIX HaMu pocPopco-
AepXKaIux Mpou3BoAHBIX N, Se-coaepKamux KeTOHOB
ITPOXOAMAHU UCTIBITAHUS POCTOCTUMYAUPYIOIEH aKTHB-
HOCTH B TeIIAMYHOM X03sticTBe Hayunoro njenrpa «Ar-
pobuoAornuecKye i MpUKAAAHBIE HCCAeAOBaHmsT> KI'Y
uM. KopxwiT Ara:

1. 1-merna-4-puMeTOKCHPOCPOPUATIMIIEPUANH-4-
o (8);

2. 4-pumeroxcupocpopuacesenan-4-oa (15);

HccaepoBaHa 3aBUCHMOCTD POCTperyAHpYIOIieit
AKTHBHOCTH A-OKCHU(POCPOHATOB reTepOIMKANYECKOTrO
pasa (8) u (15) oT ux cocTaBa u cTpykTypbl McnbiTanus

POCTOCTUMYAUPYIOIIeHl aKTUBHOCTHU BbIII€yKa3aHHbIX
00pa3IioB IPOBOAHMAKCH Ha THOPHAAX OT'YpLIOB «MeaeH
F1>, «Kaaynra F1» u «Myastucrap F1>.

PaboTa mpoBOAHAACH B AADOPATOPHBIX U IIPOH3BOA-
CTBEHHBIX YCAOBHSAX, KOHIIEHTPALUSIMU pabodero pac-
tBopa 0,001% 1 0,005% coorsercTByIOmMUX $OCPOHATOB.
CxeMa ombITa BKAIOYAAA CACAYIOIIUE STAIIBL: IPEATIOCeB-
Hasi 06paboTKa CEMEHHOTO MATePUAAA BBINIEYKA3AHHBI-
Mu 06pasramu OKCUPOCPOHATOB B COOTBETCTBYIOLIUX
KOHIJeHTPALIUSX, OLleHKa MOPPOMETPHIECKHX 1 GroMe-
TPUYECKHX IT0Ka3aTeAeH pacTeHui. KoHTpoAeM cAy>xuAn
BAPUAHTBHI, B KOTOPbIX CeMeHa THOPHAOB OrypLioB «Me-
aeH F1>», «Kaaynra F1» u «Myabrucrap F1>, npea-
BapUTEABHO 3aMaYMBAAKCh B BOAe (KOHTPOAb — BOAR).

B xoae BCIIbITAaHUH YIUTHIBAAOCH BAMSIHUE UCIIBITYE-
mbix Bemects (8) u (15) Ha AMHAMHUKY MOSIBAGHHS BCXO-
AOB Y POCT pacTeHUI (Ta6AHua). IlepBbie 11BETHI OSBU-
Auch Ha 8—10 aeHb ITOCAe BBICAAKH, A TIOAHOE I[BeTeHHe
HACTYMHUAO Ha 9-13 AeHb.

Yepes 29 AHelt oCAe IIOCEBa CeMSIH, Paccaa rHOpu-
AOB OI'yPILIOB ObIAQ HICIIBITAHA B IPOM3BOACTBEHHBIX YCAO-
BHSIX TETIAMYHOTO X03s1cTBa Ha rpyHTe. [lepBbre 1iBeTs
MOSIBUAUCH Ha 8—10 AeHb MOCAE BBICAAKH, a IIOAHOE IIBe-
TeHHe HaCTYNHUAO Ha 9-13 AeHb.

Tabnuua — NpenBapuTenbHble pe3ynbTaTbl GEeHONOrMYecKnx HabNIoaAEHN BANSHUS
coeanHeHuin (8) u (15) Ha pocT 1 pa3BuTre TMMOPULOB OrypLIOB

Pa3Burne pacreHus
IToa- . . . . Hauaao
ITepsrie 1-pt | 2-p1it 3-mit 4-p1i1 Bricapka
T'ubpup O6paborano Hble BeTe-
BCXOABI, AUCT, | AWCT, | AWCT, | AWCT, | BcCyOcCTpaT,
BCXOABI, HUS,
CYTOK cyTox CYTOK | CYTOK | CYTOK | CYTOK CYTOK cyTox
Meaen F1 | xoHTpOAD 2 4 8 13 18 22 29 37
8-0,001% 2 4 7 11 15 19 29 34
8-0,005% 2 4 7 11 15 19 29 34
15-0,001% 2 4 8 13 18 22 29 37
15-0,005% 2 4 8 12 17 20 29 35
Kaaynra F1 | xoHTpOAB 3 S 10 14 20 23 29 39
8-0,001% 3 4 8 12 17 20 29 35
8-0,005% 3 4 8 12 17 20 29 35
15-0,001% 3 S 10 14 20 23 29 39
15-0,005% 3 S 9 13 19 22 29 38
MyAbTH- | KOHTPOAD 3 S 9 14 19 22 29 38
crap F1 8-0,001% 3 4 8 13 17 19 29 35
8-0,005% 3 4 8 13 17 19 29 35
15-0,001% 3 S 9 14 19 22 29 38
15-0,005% 3 S 9 13 18 21 29 37

Ilpenapar 1-meTHA-4-pAuMeTOKCUPOCPOpUATIHIIEPU
AuH-4-0A (8) IPOSIBASIET AKTUBHOCTD B 00eHx pabounx
koHneHTparuax 0,001% u 0,005% c daspl BCXopOB.
Y rubpupos Kaaynra F1 u Myasrucrap F1 B AanHO#

BapHAI[UN BCXOABI TOSIBASAKMCh Ha AeHb paHblle, YyeM
B KOHTPOABHOM BapuaHTe. HacTrymaenue caepayrommx
¢a3 passuTya Ha 1-3 AHS paHblIIe 10 CPAaBHEHHIO C KOH-
TPOAEM OBIAO OTMEYEHO Y BCEX THOPHAOB.
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Camyro BBICOKYIO aKTHBHOCTDb IIPOSIBHA IIperapar
1-MeTHA-4-pAuMeToKCHPOCPopHA-TUepUANH-4-0A (8).
PacreHust orypuos, ceMeHa KOTOPbIX Ob1AK 0OpaboTa-
HBI AQHHBIM IIPeIIapaToM, HAYWHAAH I[BEeTeHHEe PaHbIIe
Ha 3-4 ans (8%).

Ilpenmapatr 4-pumeTokcupocPopuacereHaH-4-0A
(1S) mposiBASIA aKTMBHOCTb AMIIb B KOHIJEHTPALJUH
0,005%, coxpamas mepruoA A0 HadaAa IIBeTeHMs pacTe-
Huit oryproB Ha 1-2 cyTok (5%).

Takum o06pa3oM, B pesyAbraTe IIepBUYHBIX
buoArormyeckux uctbiTaHuil N, Se-coAepIKAIIMX ITHAPO-

docdonaros (8) u (15) ycTaHOBAEHO, UTO HAUOGOABIITYIO

AKTUBHOCTb HA POCT U Pa3BUTHE TUOPHAOB OT'YPLIOB IIPO-
SBASIET IIperapar MUIepUARHOBOTO PsAA.

BrimensaoskeHHbIe KpaTKUe ITOKa3aTeAH TIOATBEPK-
AQIOT L}eAeCOOOPa3HOCTb Pa3pabOTKU HOBBIX KOHKYPEHT-
HOCITIOCOOHBIX OTEYeCTBEHHBIX IIPEIAPaTOB AASL HYXA
CEeAbCKOTO XO03SICTBa Ha 0OCHOBe pocPopcoaeprKaIux
IIPOU3BOAHBIX KETOHOB IreTepOLuKAIecKoro psaa. Ipu-
BeAeHHbIe Pe3yAbTaThl HCCAGAOBAHUI KOPPEAUPYIOTCS
C AAAbHEHIIMM POCTOM M Pa3BUTHEM KYABTYP, YTO CBUAE-
TEABCTBYeT O I[JeAeCOOOPAZHOCTH IIPOBEACHNUS AAAbHETI-
IIMX HCCAGAOBAHUH 110 IIPUMEHEeHN s HOBBIX COeAMHeHMI
B KaueCTBe PeryAsTOPOB pOCTa PaCTeHUIL.
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Study physic-chemical characteristic polymer applicable in bore solution

Abstract: In article are brought results of the study physic-chemical characteristic new copolymers synthesized
on base departure to chemical industry and local raw materials resource. Using the modern methods of the analysis
are shown polyelectroliting nature water solution copolymers, as well as are shown possibility of the using designed
polymer for stabilization bore solution.

Keywords: polymer, sand, ground, water solution polymer, filtering, water recoil, sediment, tixotroping, viscosity,
density.
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Study physic-chemical characteristic polymer applicable in bore solution

Searching for and exploring the oilfields and gas in
Republic Uzbekistan on new area and growing of the
depths of the boring definition objective need in im-
provement composition bore solution. Herewith used
bore to syringe liquid must possess certain rheological,
physic-chemical and technological characteristic de-
pending on geological construction of the cut of the bore
hole and mineralization opened by her plasting of water
steadfast to influence aggressive fluids [ 1]. The nature ap-
plicable polymer renders On applied characteristic bore
solution enormous influence.

As is well known [2], amongst enormous amount
known natural and synthetic polymer only a few pos-
sess the ability open in water. For water solution poly-
mer characteristic of presence in chain macromolecule
gidrofilings of the functional groups (the gidroxil, car-
boxyl, amides, sulfur and others.). The degree dissocia-
tion water solution polyelectrolyte is connected with ion
power of the solution. The form changes with change
last macromolecule polyelectrolyte. Consequently, must
be changed and their working, for instance, coagulation,
flocculation characteristic and to distend. Increase the
number of the kinetic units in solution as a result dis-
sociation and change the form macromolecules polymer
brings its gidrodinamicals characteristic about change.
Consequently, viscosity and density of the bore solution
must be such to with other technological factor and ac-
ceptance possible was provide sufficient antipressing on
passable layers, but in ditto time she must not noticeably
worsen the condition of the work chisel and field-perfor-
mance dates productive horizon. Other word, in each
concrete event must be chosen best values to viscosity
and density of the bore solution. Density also is one of
the main factors, providing stability wall bore holes.

In this aspect was of interest study physic-chemical
characteristic designed by us on base departure water so-
lutions polymers, which as we seem, can find broad using
in prospect in preparation bore solution, especially firm
to influence aggressive fluids.

As object of the studies were applying copolymers
departure of the processes delintation grain cotton plant
with GIPAN, as well as some waste chemical enterprise
our republics such as - lignin, lignosulfonat and oth-
ers product to reactions copolymerization departure
of the processes delintation grains cotton plant with
GIPAN presents itself very viscous not hue or painted
in amber color of the liquids, with specific scent, their
physic-chemical features are completely identified.

The most wide-spread method is a determination to
viscosity solution polymer. At study of viscosity power-

tully diluted solution was discovered that many polymers,
as from a certain “critical concentration” show the deflec-
tion brought viscosity from linear dependency. Usually in
these cases extremums appear on crooked, reasons, which
origin is concluded in electrostatics repulsive of the same
name charged fragment macromolecules. In diluted solu-
tion copolymer ionized nearly completely, but because of
relatively small quantity free carboxyl’s groups in its com-
position effect to ionizing not is too expressed. The study
to dependencies to viscosity and pH from concentration
solution copolymers and natural polymer has shown that
with growing of the concentrations copolymera in solu-
tion importance pH changes small (tabl.1). Several more
concentration are reflected on importance’s pH lignin and
lignosulfonat that probably, is connected with different
methods of their reception. The nature of the change to
dependencies to viscosity from concentration in solution
typed out to be alike. However sharp structuring in solu-
tion copolymera with akrylonitrilings fragment occurs in
the field of greater concentrations that is caused, probably,
difference in function composition and value of the mo-
lecular masses polymer.

Electronic-microscopic studies is installed that for
solution resent prepare copolymer typical convolute
type of the structure in the manner of formless unit,
changing depending on concentrations copolymer, sys-
tem in this case ishomogeneous. Since time (for S hours)
in system occurs the orientation, particularly in concen-
trated solution. Under the most further keeping of the
solution (after 24 hours), appears the second type of the
structure - an fibriling over molecularing formation, due
to that homogeneous system becomes microgeterogen.
Probably, globulin types of the structure explanatory the
small degree electrolytic dissociation functional groups
and low their gidrotation. The aging copolymers and
their solution are connected with to lather amides of the
groups that can be confirmed by increase pH water solu-
tion with reduction of the concentrations.

Due to lather amides of the group in circuit macro-
molecules copolymer appear the new functional groups,
degree dissociation which in over and over again more,
than amides of the groups. Because of electrostatics
repulsive of the same name charged groups COO" -
macromolecules are rectified. Herewith the happy
circumstances for arising the relationships between mac-
romolecules that intensifies their mutual orientation and
brings about shaping fibrils. Herewith, was installed that
heating renders on process of the structuring in solution
copolymers such influence, either as keeping. So, at half
hours heating under 60°C 10%- resent prepare solution
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copolymera exists such speedup fibril formed, as at keep-
ing of the solution. The study change to viscosity and
pH solution copolymers depending on concentrations

has shown that they possess the fible acid a reaction, in-
creasing with increasing of the contents copolymer in
solution.

Table 1. — Change to specific viscosity and pH solution polymer depending on concentrations copolymer

Ne | Concentration solution polymer, % P oliymer. hgrtun ; hgnosulli)hon.at
pH | Viscosityn | pH | Viscosityn pH Viscosity n

1 0,005 6,0 0,10 7,1 - - -

2 0,010 6,0 0,12 7,1 - - -

3 0,05 6,1 0,14 7,1 - - -

4 0,10 6,1 0,16 7,2 0,1 0,11 0,08

S 0,5 6,2 0,20 7,2 0,11 0,12 0,09

6 1,0 6,4 0,22 7,4 0,12 0,12 0,1

Beside water solution copolymer relative viscos-
ity powerfully grows with increase the concentrations,
anomaly to viscosity exists already in the field of pow-
erfully diluted solution moreover for copolymera she
denominated violent, than for lignin and lignosulfonat.
The anomaly to viscosity copolymer, even powerfully
diluted solution is conditioned presence in them over
molecularing of the structures. Electronic-microscopic
study lignin and lignosulfonat has shown that they are
microgeterogen and consist of varied unit macromol-
ecule — a globule and fibril. They united in units of the
different forms, changing depending on concentrations
of the solution natural polymer. In concentrated solution
exist the clot to different density, with transition from
high concentration of the happy circumstances to low
for glue formed. The most further diluting brings about
destruction gluing.

At keeping solution copolymers occurs sequenc-
ing a fibril structured element. For products 24-sentry
of hydrolysis on electronic photomicrography of the
solution, are seen filament, consisting of fibril. The ap-
pearance such fibrous structures (rectifying bunch mac-
romolecule), probably, is conditioned by further hydro-
lysis amides groups in alkaline ambience, about than was
spoken above.

In the course of study was installed that interaction
designed by us water solution copolymer with dispersing
particle depends on many factor: concentrations copoly-
mer and mineral suspending, presences electrolyte, tem-
perature, salting and others amongst mineral suspend-
ing systematically and in detail studied soil and ground
suspending, to convey from Navbakhor, Rishtan, Chust
locality. So, influence designed by us copolymer in analo-
gy with polyakrylamid (PAA) has shown that polymeric
preparations enter in interaction with soil particle in con-
sequence of which in suspending appears structure. pH
soil suspending in whiteness of these polymer does not

change that probably, is connected with buffer influence
of ground on change the concentrations hydrogen ion in
mixture.

The relative value of the volume setting soil suspend-
ing under influence synthesized us copolymers changes
equally. However, in the event of industrial polymer PAA
soil suspending more. Increase the volume setting with
growing of the contents considered polymer changes not
simbating at the speed of filtering. The last gets through
minimum at concentrations of the polymer, equal 0,05%
can be connected with that that under small concentra-
tion copolymer not all particles aggregation, remained
particles occlude the times and hereunder decreases
the velocity of the passing to liquids through layer set-
ting. When all particles are bound, destruction brings
about increasing of the velocities to filtering the fluid
phase. As to designed water solution polymer, that here
with increase the concentrations of the polymer and vol-
ume setting and velocity to filtering increase. Probably,
this copolymer better sorption the soil particle. This is
conditioned that that under influence polyelectrolyte,
first, can occur peptization soil particles, and, conse-
quently, occlusion of the times more small particle,
secondly, filming to surfaces of the particles by poly-
mer. Hereupon the happy circumstances for slide of the
particles friend for friend and arising the thick packing,
holding up passing of the fluid phase through layer set-
ting. However if occurred peptization, volume, setting
must was continuously decrease, dispersion ambience
was turbid, but this does not exist.

Noted in experience reduction to specific viscosity
filtrate ground in contrast with source solution lignin and
lignosulfonat validates the second suggestion — occurs
to envelop surfaces of the soil particles polymer. Granu-
lometricaling composition of ground influences upon
process of the splicing microagregats. The most friable
precipitation form on background of the calcium chlo-
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ride of the particle of ground of the different sizes in wit-
ness of copolymer.

The Method sedimentation analysis was studied in-
fluence synthesized us copolymer on dispersing differ-
ent mineral suspending. The experiences conducted
with 0,2% suspending, which in 24 hours after prepara-
tion added the solutions copolymer in corresponding to
dosage. The influence studied in kinetics through S, 10,
1S and etc minutes. It is revealed that degree dispersing
change under influence copolymer and the other values,
connected with size of the particles suspending. The bal-
ance is fixed already after S minute contacts suspending
with polymer. Regardless of type of the mineral system
radius the best likely particles it increases that is indicative
of aggregation particles dispersing phases under influence
of the polymeric additive. Aggregating dispersing of the
phase occurs within optimum dosage of the polymer. The

most further increasing to concentrations copolymer pro-
motes increase dispersing and, accordingly, reduction of
the value of the best likely radius of the particles that can
be due to disintegration unit under influence polyelectro-
lyte and stabilization of the particles suspending.

Thereby, structuring in mineral suspending under in-
fluence copolymer is found in complex dependency from
concentration copolymer. The results of the studies phys-
ic-chemical characteristic new copolymers, as well as
their influence upon shaping firm to influence aggressive
fluids unit have shown that designed by us copolymers in
significant measure create the happy circumstances for
provision of stability wall bore holes. They are revealed
main applied, physic-chemical and rheological charac-
teristic bore solution. The practical application of the
development can, will solve many economic and tech-
nological problems to branches.

References:

1. BulatovA.L, Magazov R.R., Shaman S.A. The Influence of the factors characteristic bore solution and their types
onvelocity of the boring // Sb. scientific works of the research centre OO O “Kubanigazprom — Krasnodar, 2001.

S.92-103.

2. Ryazanov AV. The encyclopedia bore solutions. — M; Depths, 2002. — 641 s.

Djandullaeva Munavara Saparbaevna,
Tashkent chemical-technological institute,

the senior researcher-investigator, the competitor of the department

“Technology of inorganic substances”
E-mail: djandullaeva@mail.ru.

Kabulova Lola Baltamuratovna,

Tashkent chemical-technological institute,

the investigator, the competitor of the department
“Technology of inorganic substances”

Atakuziev Temirjan Azim ugli,

Tashkent chemical-technological institute,

the doctor of technical sciences, professor, the department of
“Technology of inorganic substances”

Silicate brick on resource-saving technologies

Abstract: In this paper the technology of manufacture of silicate brick with use of steelmaking slag as a binder,
and a filler has been offered. It has been investigated physical -chemical and physical — mechanical properties of
silicate brick on the basis of siliceous slag binder with an additive of firm waste of soda manufacture (FWSI).
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CuvnukaTHbIN KUpPNUY No pecypcocOeperalowiein TeXHONormmu

AHHOTaI[PI}I: B crarpe IPEAAOXKEHA TEXHOAOTHA CHAUKATHOTO KUPIINYA C HNCIIOAB30BAHHEM CTAACIIAABHABHOI'O
IIAaKa B Ka9€CTBE KaK BSDKYIIEro, TaK U 3alIOAHUTEAS. I/ICCAEAOBaHO (PI/ISI/IKO-XI/IMI/I‘-IQCKI/IQ u (l)I/ISI/IKO-MeXaHI/I‘{eCKI/Ie
CBOMCTBA CHAHUKATHOTO KHpHH9a HAa OCHOBE€ KPEMHE3EMHCTO-IIIAAKOBOT'O BSDKYIIEro C AO6aBKOfI TBEPADBIX OTXOAOB

coposoro npoussoacrsa (TOCIT).

KaroueBbie cAOBa: CTaA€TIAABHABHBIH IIAQK, CHUAVKATHBIN KHUpIIHY, TBepAbeI OTXOA COAOBOI'O ITPOHU3BOACTBA

(TOCII), mpo4HOCTD, KBApLEBbIil MECOK.

B crarpe mokasaHa BO3MOXHOCTb ITOAYYeHMs 6e3 U3-
BECTU CHAMKATHOTO KHPITNYA Ha CTAACTIAABUABHOM BSI-
xymeM. B cocTaB Takoro BspKyIero BXOAAT, % IO Macce:
oTx0AbI Bexabapckoro MeTasAypriugeckoro KOMOMHa-
Ta — CTAAETIAABUABHBIN MAAK 47-49,5, TOHKOMOAOTHIN
KBapLeBbI necok SO M aKTHBHU3ATOP B BHAE OTXOAOB
copoBoro mpousBopcTBa 0,5-3 (AI/ICTI/IAAePHaH SKHA-
xoctb ¢ copepskannem CaCl, u NaCl). ITocae nepepa-
OOTKH IIAAK MMeeT CAeAYIOLUI XUMUIECKHI COCTaB,%:
Ca0-30-35; Si0,-25-30; MgO - 10-12; MnO - 4-6;
Al,0,-10-12; Fe,0,-10-15; P,0.-0,1-0,7.

KpemHesemucTo-mmaakoBoe BsDKyIee TI'OTOBUAU
COBMECTHBIM HM3MeAbYEHHEM B AAOOpPATOPHOM LIApo-
BOM MEAbHHIIe BBICYIIEHHOTO InAaka u rmecka ¢ TOCII

A0 yaeabHol oBepxaocTr 3000-3500 cm?/1. I3 kpem-
HEe3eMHCTO-IIAAKOBOTO BSDKYIIEro IMOCAe YBAQXKHEHUS
peccoBaAr 6aA0uKy pasMepoM 3x3x3 CM IIPHU yAEABHOM
AaBaernn 20 MITa. QopmoBoYHast BAQXKHOCTD KpeMHe3e-
MHUCTO-IIAAKOBOTO BSDKYIIEro cocTaBasiaa 11-19%. O6-
pasiibl HMeAr YeTKue rpanu u pebpa. ITocae popmoBku
06pasLbl IOABEPIaACh THAPOTEPMAABHOM 06paboT-
Ke-3aI[APUBAHUIO B AADOpaTOpHOM aBTOKAaBe. OAHUM
U3 OCHOBHbBIX AOCTOMHCTB KPEMHEe3eMHUCTO-IAAKOBOTO
BSDKYIIIETO SIBASIETCS 3aMeHA B HUX M3BECTH MIAAKOM.

PesyAbTaThl HCIIPITAHUI MEXaHHMYECKUX CBOMCTB BS-
JKYIIMX U3 TOHKOMOAOTBIX CTAA€MAABHABHBIX IMIAAKOB
U KBapLIEeBbIX IECKOB Pa3AMYHOTO KOAUYECTBA ITPHBEAE-
HbI B Tabaute 1.

Tabnuua 1. — MexaHnyeckasi NPO4YHOCTb 06pa3LoB

c K Bospacr 0bpasios
OCTaB CMeCH IIAAK+ OAMYECTBO BC;AI)I ] 28 90 130 360
IIeCOK II0 Macce 3aTBOpeHHs, %
ITpounocTts npu cxaruu, MIla
1:0 19 28 41 S2 53 60
1:1 12 48 59 68 68 82
1:3 11 34 37 38 40 49

W3 Tabanmpr 1 BUAHO, 9TO CpepHHE IIPOOBI CMecH
IIAAKa U 1Tecka 1:1 mposiBuAM cebst KAk aKTUBHbIE BSDKY-
II]1Ie aBTOKAABHOTO TBepAeHwsL. [IpouHOCTD pu CXKaThH
Yy 3arapeHHBIX 06Pa3Ij0B, HCIBITAHHBIX Yepe3 CyTKH, Ha-
xoaaTca B mpepesax 28 MITa B recre, 48 MlIla B pactBope
1:1 u 34 MIla B pacTBope 1:3.

XapakTepHO, YTO CAMYIO HU3KYIO IIPOYHOCTb UMEIOT
006pasIpl B TECTe U YTO AOOABAEHHE K TOHKOMOAOTOMY
IIAAKYy TOHKOMOAOTOTO IIeCKA IOBBINIAET IIPOYHOCTb.
MakcuMaAbHas HIPOYHOCTb COOTBETCTBYET COCTABY pac-
TBOpa 1:1 (48 MITa).

Y 06pas1ioB aBTOKAABHOTO TBEPAEHUSL, UCIIBITAHHBIE
Jyepes rop XpaHeHus Ha BO3AyXe, HApacTaHHe IPOYHOCTH
coctaBoB 1:0; 1:1; 1:3 cocraBasteT coorBeTcTBeHHO 200,
190 1 144% 1o cpaBHEHHIO C IIPOYHOCTHIO 0OPABIIOB UC-
IIBITAHHBIX B BO3pacTe 7 CyTOK.

KpeMHeseMuCcTO-IIAAKOBOE BSDKyIee B KOAUYECTBE
50%, cmemuBaAu ¢ 25% 6apxaHHBIM IeCKOM 1 25% IAa-
KOBBIM yKpyIHUTeAeM pazmepoM 0,6—-5 M.

M3 moAroToOBAEHHOM MacChl C BAAXKHOCTBIO 11-19%
npeccoBaHueM ¢popmoBaau npu pAaBaennu 20 Mlla cu-
AMKaTHbIe 00pasipl pasmepamu 3X3X3 oM, 4x4x4 cm,
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15x15x1S cmu 20%20x20 cm. OTGOpMOBaHHbIE CHAMKAT-
Hble 00pa3Iibl IIOABEPIaAU THAPOTEPMAABHOI 06paboT-
Ke B AabopaTopHOM aBTOKAaBe mpu AaBaenuu 0,8 MIa

110 pexxumy 2+6+2. ITocae ruppoTepMasbHOI 06pabOTKH
00pa3LIbI IOABEPIaAVCH PUBNKO-XUMHUYECKUM U PH3UKO-
MeXaHHU4eCKUM UCCAAOBAHHM (Taba. 2).

Tabnuua 2. — Prnanko-mMexaHnyeckme CBONCTBA CUIMKaTHBIX 06pa3L0B HA OCHOBE
KPEMHE3EMUCTO-LLIAKOBOIO BAXYLLErO Pa3MePOM 4x4x4 cMm.

Cocras cyeci,% IIpeaea mpodHOCTD IpH
Bopo- cxatun, MITa
Moposo
KpemHesemucro-maakoBoe Yxpymn- IOTAOIIe- y
H/n 0 . bap- AO aBTO- | IIOCA€ aBTO- |  CTOM-
BsDKYyIIEee, % HEHHBIN . HIUe,
Mnax. AMCTHAREpHaZ | mAQKOBBIIT XaHHBIA % KAQBUPO- | KAQBHPOBAa- | KOCTb
mecox,% BaHUsA HUS
necok 1:1 SKHAKOCTD,% ecox,%
BapxaHHbII ecOK YPreHYCKOro MECTOPOXKAECHHUS
1 49,5 0,5 25 2§ 5,4 0,37 30 69
2 49,0 1,0 25 25 6,0 0,39 31 70
3 48,0 2,0 25 25 5,7 0,42 35 72
4 47,0 3,0 25 25 4,7 0,32 30 60
Bapxaussiit mecok MyiHaAKCKOTO MECTOPOXKAEHUS
N 49,5 0,5 25 25 6,2 0,40 33 70
6 49,0 1,0 25 25 6,3 0,42 34 73
7 48,0 2,0 25 2§ 5,7 0,44 38 75
8 47,0 3,0 25 25 4,5 0,30 30 67
Bapxannsiii mecok Hykycckoro MecToposkAeHus
9 49,5 0,5 25 25 5,5 0,44 31 70
10 49,0 1,0 25 25 5,9 0,36 35 68
11 48,0 2,0 25 25 6,7 0,41 38 74
12 47,0 3,0 25 25 4,9 0,33 34 65

BBeaeHHe KpeMHE3eMHCTOTO-IIIAAKOBOTO BSDKYILIETO
B KoAndecTBe A0 S0% B cOCTaB CHAUKATHOM Macchl obecre-
YHBAeT MOAyYeHHe CHAMKATHBIX 0OPasIL[OB C IPOYHOCTHIO
35-38 MIla (opueHTHpOBOYHas MapKa Kuprda 100—
150), MOpPO30OCTONKOCTb KOTOPBIX COCTABASIET 75 IIUKAOB.

OKCIIepHMeHTHI TI0KA3aAH, YTO coaepxkanue 45%
MOAOTOTO IIecKa B cocTaBe 1:1 ¢ yAeAbHO# ITOBEpPXHO-
ctpio 3500 cM?/T B cMecH B 3aBUCUMOCTH OT KOAMYECTBa
YKPYIIHEHHOTO IIAAKOBOTO IIeCKa IMOKAa3bIBAIOT, 4TO 00-
PasIibl M3 KOMIIO3UIIMOHHOTO COCTaBA CHAUKATHOTO KUP-
IIM9a MMEIOT BBICOKHE IIPOYHOCTHbIE ITOKA3ATEAH TIOCAE
aBTOKAABHOM 06pabOTKHU 1 HIU3KOE BOAOIIOTAOLIEHHE.

CaepyeT mopdepkHyTh, 4TO Bexabapckue mmaaku
00AAAQIOT 4aCTO HepaBHOMEPHBIM H3MeHEHHEeM 00b-
eMa, IPHBOASIIIUM B [IPOLjecce ABTOKAABHOM 00paboTku

K PacTpeCKHMBaHUIO U BCITYYUBAHHIO 06pa3LioB. Beepenue
AUCTHUAAEPHOM XXHAKOCTU YHHYTOXXHMAO BCITyYHBAaHHUE
9THX IIAAKOB U B HECKOABKO Pa3 IIOBBICHAO IIPOYHOCTD
06pasnos (Taba. 3).

AHaAUBHPYS TIOAyYeHHbIE Pe3yAbTATHI U XUMHIECKHe
COCTaBbI IIAAKOB B IIEPBOM IIPEAIOAOXKEHUHU YCTAaHOBU-
AH, 3aBUCHMOCTD HEPAaBHOMEPHOTO U3MeHeHHs 00beMa
IIAAKA OT KOAMYECTBEHHOTO CoAep>KaHus B HUX MgO
u FeO. Ilpu ucnoassoBanuu B 061mem koandecrse 50%
IIAAKA OHA YMEHbIIAeTCs B 2 pasa.

Hamu 65140 ycTaHOBAEHO, YTO U3MeHeHUe ohbeMa
MOXXHO YMEHbIIHUTD ¥ 3HAYUTEABHO YAYYLIUTD MeXaHH-
JeCKre CBOMCTBA 3alIapeHHBIX 00Pa3I[OB BBEACHUEM AFIC-
THAAEPHOM )KUAKOCTH C KOHIIeHTpanueit 2% CaCl2 B CO-
CTaB IIAAKOBOT'O BSDKYIIETO.

Tabnuua 3. — BnmsiHve KoHUEHTpauum AUCTUNEPHOM XUAKOCTM Ha CBOMCTBA 3anapeHHbIX
006pa3uoB (C pa3mepom KyOnkoB 4x4X4 cM) N3 KPEMHE3EMUCTO-LLISTAKOBOIO BSAXYLLEro

KoanuecTBo A06aBKM AUCTHAAEPHOM KUAKOCTH, %
Bes po6aBku | 0,25 | 05 1,0 L5 20 | 25 | 30
ITpeaeA mpoYHOCTH IPU CKaTUU 06pasios, MITa
22 | 35 54 74 | 8 | 79 | 6 | 60
XapakrepucTuka 00pasijoB IIOCAE aBTOKAABHOM 00paboTKu
O6pasusl mmo- Tpemunpr Tpemunnr | Tpemunnr | Tpemunnr | Tpemunnr | Tpemunsr | TpemuHsr
KPBITBI CETBIO | B HeOOABPIIOM | He OOHa- | He OOHa- | He OOHa- | He OOHa- | He oOHa- | He OOHa-
TpeuuH KOAMYECTBE PY>KEHbI PY>KEHbI PY>KEHbI PY>KEHbI PY>KEHbI PY>KEHbI
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IToAy4eHHBIe pe3yABTaTHI IPOBEPSAUCH M HA GOABLINX
obpastax pasmepom 15X15X1S cm u 20%20%20 cm. Tpe-
IIVHBI ¥ BCITYYUBAHHU [IOCAE ABTOKAABHOM OOPabOTKH
He OOHapy>KeHO, 0OPA3LIbI XKe Ha BSDKYIIHX 0e3 AOOABKH
AVICTUAAEPHOM SKUAKOCTH OBIAM IIOKPBITHI CETKOMN TPELHH.

IIpoBepeHHDbIe OKCIIEPHMEHTHI AAIOT OCHOBAHHE
YTBEPXKAATb, YTO AMCTHUAAEPHAS KHAKOCTD SIBASETCSI
CPeACTBOM 6OPBOBI C SIBACHUAMH M3MeHeHUs: obbeMa
CTaA€IAABHABHBIX IAAKOB. KpoMe Toro pAucruasepHas
JKHAKOCTB 00€CIIeYnBaeT POCT IPOYHOCTH 0OPA3IIOB.

CaeAyeT OTMETHTD, YTO U3-32 OTCYTCTBUS H3BECTH
B IIAAKOBO-KBapI}€BOM BSDKYIIIEM MOXXHO IIOAYYHTD CH-
AUKATHBIA KAPIIHY [0 O€CCHAOCHOM TEXHOAOTUH. DTO
YIpOIaeT M COKpaIjaeT TeXHOAOTHYECKHI IpoIecc
Ha 2-3 4. M HCKAIOYaeT HEOOXOAUMOCTb CTPOUTEAD-
CTBO CHAOCOB. M3roroBAeHHe CHAMKATHOrO KHpIIHYa
Ha OCHOBE MOAOTOTO CTAAEIIAABHABHOIO IIIAAKA U TIe-
CKa, MO3BOASIET TaKXKe CHSATH AAaBAEHHE B aBTOKAABE
40 0,2-0,6 MIla 1 coxpaTUTb BpeMs aBTOKAABHPOBa-
HMA AO 6 9acoB.
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ATMmocdepocToinkocTb noptTnaHauemeHToB ¢ 20 n 30%
TybPuToBbIMM LOGABKAMMN 000X)KEHHbIX npu 600 °C

Annoranus: VsyyeH cCTOMKOCTb HOPTAQHALIEMEHTA B PA3AMYHBIX YCAOBHUSAX BO3AYITHOTO TBepAeHus mpu 20-40%

A03upoBKH Ty PuTa. TypPrUTOBBII MOPTAAHAIIEMEHT U ITYLIIIOAAHOBbII IIOPTAAHALIEMeHT IIpu 40% A06aBKY TyPpduTa

HAaYMHAIOT IIPOSABASITD TEHACHIIHIO K C6POC3.M IIPOYHOCTH IIO3XKE, YEM ITIOPTAAHALIEMEHTDL.

Ty¢$uToBbIe MyLIII0AAHOBbIE TOPTAAHALIEMEHTBHI BEAYT Ce0s1 B AaTMOCEPHDIX YCAOBHSIX TaKoKe KAK CTOMKHI B 9THUX

YCAOBHSIX TAMEXK IIOPTAAHALIEMEHT, IIO3TOMY OH MOXKET OBITH NCTIOAB30BAH B HAaA3€EMHOM CTPOHUTEADCTBE.

KaroueBbie cAOBa: IOPTAAHAIIEMEHT, ITYL[IJOAAHOBBIN IOPTAAHALIEMEHT, TyQPUT, PU3UKO-MEXaHUIECKUe CBOM-

CTBA, aKTUBHOCTb, TBEPACHHUE, IPOYHOCTb.

OAHHM U3 OCHOBHBIX TpebOOBaHUE IIPeABSIBASEMBIX
K IleMeHTaM IIpeAHa3HAYeHHBIX AAS ICTIOAb30BAHUS B HAA-
3eMHBIX COOPY>KEeHHSX U B 30HAX [TePEeMEHHOTO YPOBH], 5B~
ASIeTCS1 aTMOCEPOCTOMKOCTD, T. €. AOCTATOYHASI AOATOBEY-
HOCTbD ITPU TBEPACHUH Ha BO3AyXe U IIPH YaCTBIX H Pe3KHX
CMEHAaX TeMITePaTyPHOTO X BAAKHOCTHOTO PEKHMA CPEABL.

MHoOroAeTHHMIT OIIBIT UCCAGAOBAHUI M ITPHMeHEeHHUs
Ha IIPAaKTHKE Pa3AMYHBIX IIeMEHTOB IT0Ka3aA, YTO HAHAYY-
IIFe Pe3YAbTAThl B YKa3aHHBIX YCAOBHUSIX AQIOT IIOPTAAHA-
IleMeHTBHI 6e3 aKTUBHBIX MUHEPAABHBIX AODABOK.

BBeaeHUe B MOPTAAQHAIIEMEHT BAAroeMKHX KpeM-
HEe3eMHCTBIX IIOPOA THIIA TPEIIEAOB U OIIOK IPUBOAUT
K YXYALIEHHIO aTMOC(EpPOCTONKOCTH 0COOEHHO MOpPO-
30cTOMKOCTH IleMeHTOB. [loaTomy B HacTosImee Bpe-
M ITyIIIJOAQHOBbIE TIOPTAQHALIEMEHTBI AASL 9THX IjeAei
He IIPUMeHSIOTCsL. MeXAy TeM paboThI AaDOpaTOpUH XH-
muH ciAnkaToB AH PY3 1mokaspIBatoT, 4TO TaK¥e BBIBOABI
B OTHOIIEHUH BCEX ITYI[IJOAQHOBBIX IIOPTAQHALIEMEHTOB
HEAOCTATOYHO 0OOCHOBAHBL

B yacTHOCTH, H3yYeHHEe BO3AYXOCTOMKOCTHU TAHEX-
MOPTAAHAIIEMEHTA [1] moxasaao, 4To OH pAaBaA cbpocsr
IIPU BO3AYILIHOM TBEPAEHUH TOABKO 1pu 70% pobaBKax
rauexa. ITopTaanpniemenT ¢ 40% rameska nMeA Herpe-
PHUBHBIN POCT IPOYHOCTH IIPH TBEPAEHHH Ha BO3AyXe
B TedeHue 10 AeT. B oTHOmeEHNN MOPO3a TAHEXIIOPT-
AaHALIeMeHT ¢ 30% A00aBKOM rAMeXKa BeaeT cebs Tak-
e, Kak U MmopTAaHAIleMeHT. FIcXoAs 3 aTHX AQHHBIX,
M. C. KaHI11enOoAbCKUI peKOMEHAYeT TAMEeXKITOPTAAHA-
memeHT ¢ 30% ramexka Kak AASI IOABOAHOTO, TaK U AAS
HAA3EMHOTO CTPOHUTeAbCTBA. OCHOBHOM IPHYMHOM TaKoO-
IO CBOEOOPA3HOIO IIOBEAECHHSI TAUEXKITOPTAAHALIEMEHTA
[0 CPaBHEHMIO C TPENeAbHBIMH ITOPTAAHALIEMEHTAMU
SIBASIETCS, KaK YKa3bIBaeT aBTOP, 3HAUUTEABHO MEHbIIe
KOAMYECTBA KOAAOUAAABHBIX IIPOAYKTOB B CTPYKType
TBEPAEBIIETO TAMEXIIOPTAAHAILIEMEHTA.

B Hacrosmee BpeMs NpuMeHSIOTCS FAM@XU AHIpeH-
CKOTO MeCTOPOXXAEHHUS. AKTUBHOCTD IIOPOA, COCTaBASIeT
35-70 Mr/r. DTH rAMEXXH CIUTAIOTCS KOHAUIIMOHHBIMY,
TAMEXXH C aKTMBHOCTBIO HIDKe 35 — HEKOHAUIIMOHHbI-
MH. DTO IIPOUCXOAUT B PE3yAbTATE IOA3EMHBIX IT0XKAPOB
OCaAOYHbIE TIOPOABI HAAYTOABHOM M KAOAUHOBOM CBUT
IOPBI IOABEPTAAKCh OOXKHUTY C 06pa3oOBaHMEM TOPeAbIX
IIOPOA, TaK Ha3bIBaeMBIX rAuexeil. CrereHb 060XOKeH-
HOCTH I1eCYaHO-TAMHHUCTBIX TIOPOA HUDKHEH YacTH 0PI
HeopnHakoBa. OHa 3aBHCHAA OT OAM3OCTH K OYary II0-
’apa, BO3MOXXHOCTH AOCTYIIa BO3AYXa, TPeIIMHOBATOCTH
nopoa ¥ Apyrux npuduH. HanboAabireit akTHBHOCTBIO
00AaAQIOT TAMEXH, OOOXCOKEHHbIe IIPH TeMIlepaType
700-800 °C. Bepxnas yacTb paspesa IOPCKON TOAIH
He 00030OKeHa 1 He 00AaAaeT TMAPaBAMYECKOH aKTHBHO-
creio [1].

ITosToMy mpu 0oT6Ope KOHAHMIJIOHHOTO TAHEXa
HeOOXOAMMA TIIATEABHbIN KOHTPOAD, TOTAQ €Ille AOATHE
TOABI MOXKHO OYAET IIOAB30BaThCS 9TUM KapbepoM. Fme-
eTCsl IPUPOCT 3aIlacoB 3a CYeT Pa3BeAKH IPHAATAIOIIIX
IIAOIIIAACH ITO AAHHBIM « XHUMI'€OAHEYAA>.

ITpeasaraemprit  TyPpPUTOBBIA IMOPTAAHALIEMEHT
10 CBOEH MPUPOAE 3HAYUTEABHO BbIIIe [0 AKTHBHOCTHU
TAUE@XITOPTAAHALIEMEHTA, TaK KaK OOOMOKEHHBIH IpH
600 °C Ty¢durt 1o noraomeHuro usBecT 3—4 pasa Bblie
TAMEXa.

BosayxocroiikocTs TyGPpuTOBOrO mopraanaue-
MeHTa. OCHOBHBIMU BHEIIHBIMH PaKTOPaMH, ACHCTBY-
IOIMMU Ha 1]eMEHT B BO3AYIIHBIX YCAOBHSX, SBASETCS
BBICBIXaHHeE U KapOOHU3AIMH. BO3AyX0CTOMKOCTD BSDKY-
IIero ¥ OIPeAeAsSeTCs TeM, KaKoe BAMAHHE 9TH PaKTOPbI
OKa3bIBAIOT HA CTPYKTYPY IIeMEHTHOTO KaMH.

B 11eMeHTax, coaepKaIHMX OOABIIOe KOAUYECTBO Ie-
Ae0OPa3HBIX IPOAYKTOB, B YACTHOCTH B M3BECTKOBO-ITYTI-
ITOAQHOBBIX L]eMeHTaX, COBMECTHOE AHCTBHE BhIChIXaHUS
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U KapOOHU3ALNY IPUBOAUT K HAPYIIEHUIO CBSI3aHHOCTH
I1eMeHTHOT'O KaMHsl, K BOSHUKHOBEHMIO TPeIlHH, a B KO-
HEYHOM HTOTe Pa3pyIIeHHIO [eMeHTa.

B orBepaeBmemM TypPUTOBOM IOPTAAHAIIEMEHTE,
ITOMHUMO KOAAOUAAABHBIX, UIMEETCS 3HAUUTEABHOE KOAHM-
9eCTBO KPUCTAAANYECKUX IIPOAYKTOB, TAABHBIM 00pa3oM
THAPOAAFOMIHATOB KAABLIHS CO3AQOIINX KAK OBI XKeCTKHUIT
kapkac. [ToaToMmy npu TBeppeHHU Ty$PHUTOBOrO IMOPT-
AQHAIIEMEHTa Ha BO3AyXe POAb YKa3aHHBIX PaKTOpPOB
HECKOABKO HHasl, YeM AASI U3BECTKOBO-ITYLII[OAQHOBBIX
nemeHTOB. HepocTaTok BAaru B cpeae, TA€ IPOUCXOAUT
TBepAeHHe IleMeHTa, MOXKeT IIPOSBUTHCS B ABYX HaIlpaB-
AeHuAX: 1) IpeKpaljeHrue XUMHUYeCKHX IPOIeCCOB I'-
ApaTaljuy LIeMeHTHbIX MHHEPAaAOB U B3aUMOAEHCTBUSA
AOBABOK C M3BeCTHIO; 2) UCrapeHue HeCBA3aHHOM BOABI
U BBICBIXaHHE HOBOOOPa30BaHHIL.

Poasb atux npornjeccos pazanyeH. OueBUAHO, 4TO ma-
AeHMe IPOYHOCTU MOXKET UMETb MECTO TOABKO B P€3yAb-
Tare BTOporo u3 Hux. IIpekpamenue nau zamepaseHne
THAPATaLiU MOKET SBUTHCS AMIIDb MPUYMHOM HU3KHUX
ab6COAIOTHBIX 3HAYEHHUI MEXaHIYECKOH IIPOYHOCTH, T. €.
CTaOMAM3ALMY €€ HA HU3KOM YPOBHE.

Kak mokasaAu crieniaAbHO IMOCTaBA€HHBIE OTIBITHI,
COPOCHI IPOYHOCTH BCEX [}eMEHTOB—IIOPTAAHALIEMEHTA,
Ty$PHUTOBOrO MOPTAAHALIEMEHTA—HMEIOT MECTO TOABKO
B TOM CAy4ae, KOTAa yAaAsieTcs cbie 80% HecBsI3aHHOM
BOABI, T. €. IIPU OUYeHb TAYOOKOM BBICHIXaHUH, KOTOPOe
IO-BUAMMOMY, COIIPOBOXKAQETCS Pa3phIBOM MeX3epHO-
BBIX KOHTaKTOB. AOOUTHCS TAKOTO BBICHIXAHHUS YAAAOCH
B CyXOM IIPOCTPAHCTBE B 9KCUKATOPe HaA KOHIIeHTPUPO-
BaHHOM CEPHOM KMCAOTOM AASI MAABIX IIOPUCTHIX 6arouex

eol- re/em2

50

40

coctasa 1:3,5 pazmepom 1x1x3 cm. O6braHOE yAaAeHe
HECBSI3aHHON BOABI, KOTOpOe BO3MOXXHO Ha BO3AyXe,
B npepeArax S0-60% He TOABKO He IPUBOAMAO K ITaAe-
HUIO IIPOYHOCTH, @ HA0O0POT, AQXKe CIIOCOOCTBOBAAO ee
YBEAMUYEHHIO KaK AASI TIOPTAAHAIIEMEHTA, TaK U AASL HC-
IIBITAHHBIX TY(PYTOBBIX IOPTAAHALIEMEHTOB.

Bropo#t nporjecc, mpoTekaromuil Ha BO3AyxXe —
KapOOHM3aIHsT CBOOOAHON H3BECTH M KAMHKEPHBIX
MHHEPAAOB, B HaYaAbHbIE CPOKH, KOTAA IIEMEHTBI ele
COXPAHSIOT 3HAYUTEABHOE KOAMYECTBO BAArH, CO-
IIPOBOXAQETCS CYIeCTBEHHBIM POCTOM IPOYHOCTH.
Ha puc. 1, 2 npuBeaeHbI CpaBHUTEABHBIE AAHHbIE 1O HC-
IBITAaHUSIM [IPECCOBAHHBIX MAABIX GAAOYEK COCTABOB
1:3,5 pasmepom 1X1X3 cM, TBEpPAEBIIUX BO BAAXXHOM
npocrpanctse 6e3 CO, u B cyXom mpocTpancTse 6e3
CO, (map KOHIIeHTPHPOBAHHOM HZSO4) B cpepe ¢ 53%-
HOY OTHOCUTEABHOH BAXKHOCTDIO 6e3 CO, u Ha BO3-
Ayxe. Kak BHAHO, IPOYHOCTD BCEX I[eMEHTOB Ha BO3AY-
Xe 3HAUMTEeAbHO BBIIIE, YeM IPOCTpaHCTBe ¢ 53%-HoM
OTHOCHTEABHOMN BAQXKHOCTBIO, XOTSI YCAOBUS AASL HIC-
[apeHMs BAATY B 00OHX CpeAax IPUMEPHO OAUHAKOBbI
M OTAMYAIOTCS 3TH CPEABI TOABKO TeM, UTO Ha BO3AyXe
BBICBIXQHUIO COITyTCTBYIOT KapOOHU3ALIVISL

KpuBble TBepaeHHsI ITOCAE TPeX MeCsLeB AAS Tyd-
(UTOBBIX MOPTAAHALIEMEHTOB, OCOOEHHO B IIPHUCYTCTBHU
Ty$dura, IprOOpeTaeT CKAIKOOOPA3HBIN XAPAKTEP, XOTSI
AHAAMB3DI TOKA3BIBAIOT, TO KoAm4ecTBO CO, B leMeHTax
YBEAHMUBAETCS] CACAOBATEABHO, KAPOOHH3AIHSI KAK I10-
AOXKHTEABHBIN PaKTOp yiKe cebst ncueprrara. CoBMeCTHO,
C BBICBIXaHUEM OHA IIPUBOAHT K HAPYIIIEHHIO HOPMAABHOM
CTPYKTYPBI LIeMEHTHOTO KaMHSI U TAASHHUIO IIPOYHOCTH.

30

Puc. 1. Mpegen npo4yHOCTM NopTnaHaueMeHTa npu n3rnbe B 3aBUCUMOCTU
OT ycnoBuii TBepaeHns (6anoykm paamepom 1x1x3 cm, coctasa 1:3,5)

1-BnaxHoe npocTtpaHcTeo 6e3 CO,; 2-cyxoe; 3—nonycyxoe 6e3 CO,; 4-Bo3ayx
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Puc. 2. Npegen npo4yHocT TyOPUTOBOro NopTaaHALEMEHTA NPU N3rnde B 3aBMCUMOCTH
OT yCnoBuin TBepaeHus (banoykn pasamepom 1x1x3 cm, coctaBa 1:3,5).

1-BnaxHoe npocTpaHcTeo 6e3 CO,; 2-cyxoe; 3—nonycyxoe 6e3 CO,; 4-Bo3ayx.

CymecTBeHHO! pasHHIBI B TOBEACHUH PAa3AUIHbBIX
I[eMEHTOB B yKa3aHHbIX OIBITAX He HAOAI0AAAOCH. Mox-
HO OBIAO TOABKO KOHCTATHPOBATb, YTO TYPPHUTOBBIE
ITYIIIJOAQHOBBIE TIOPTAAHAIIEMEHTbI, HAYMHAIOT IIPO-
SIBASITb TEHAEHIIUIO K COPOCaM IPOYHOCTH IIO3XKe, YeM
HOPTAAHAIIEMEHTHI.

Pe3yAbTaThI HCIIBITAHUH TEX XK IIeMEHTOB B ITAACTHY-
HbIX pacTBopax 1:3 (TabA.) mokasaau, 4To B Goree MAOT-
HBIX 00pasIax, KAKUMHU SBASIIOTCS 6aroux, 4x4x16 cm
10 CPaBHEHHUIO C IPECCOBAHHBIMH 0AAOYKAMU COCTABA

1:3,5 pasmepamu 1x1x3 cM 1 HU Y OAHOT'O U3 HUX HE CHH-
3MAOCDH IPOYHOCTD IIPU TBEPACHUH HA BO3AyXe B TeIeHUE
AByx AeT. Hamporus, K 9TOMy CpOKy IIPOYHOCTD BO3-
pOcAa IO OTHOLIEHHIO K HCXOAHOTO ITOPTAAHALIEMEHTA
B 2—4 pasa, AAS TYPPHUTOBOTO IIOPTAAHALIEMEHTA B ABa
pasa.

Takum 06pa3oM MAOTHOCTD 1IeMEHTHOTO KaMHSI Me-
€T HCKAIOYUTEABHO OOABIIOE 3HAYEHUE AASI COXPAHHOCTH
IleMeHTa Ha BO3AyXe.

Tabnuua 1. — MPOYHOCTb LEMEHTOB Ha BO3AyXe

Ne ombI- | Cocras 1iemMeHTa, % ITpeaea mpounoctu npu oxatuu, MIIa
Ta 1111 Tydour 7 CyT. 28 cyT. 3 mec. 6 mec. 9 mec. 12 mec. | 24 mec.
1 100 - 90 140 118 170 135 - 190
la 100 - 100 190 135 120 - 175 -
2 70 30 75 150 145 150 150 - 160
2a 70 30 100 175 185 140 - 160 -
3 60 40 85 95 90 105 95 - 18

CyMMupys BCe OIIBITHI IO M3y9eHUIO CTOMKOCTH Ty -
¢uTOBOrO MOpPTAAHALIEMEHTA ¥ TYPPUTOBOTO ITYIIIOAA-
HOBOTI'O 1L]eMEHTa B Pa3AMYHBIX YCAOBHUSAX BO3AYIIHOIO
TBEPAECHUS, MOXKHO KOHCTaTHPOBaTh, 4To mpu 20-40%
AO3MPOBKH TyPpPuTa TyGPUTOBBIN IOPTAAHALIEMEHT,

TyGPHUTOBDIN ITyL[IIOAAHOBBIN IIOPTAAHAIIEMEHT, BeAeT
cebs1 B aTMOCQePHBIX YCAOBHSIX TAKOKe KaK TAHEX IOPT-
AQHAIIEMEHT, ITO9TOMY OH MOXXET OBITb HMCIIOAb30BAaH
B HAA3EMHOM CTPOHMTEAbCTBE.
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Technology of extracting demulsifiers for nonionic oil-water dispersions

Abstract: In this article reviewed the scientific and practical experience of laboratory synthesis of non-ionic
demulsifiers to the synthesis of individual functional compounds. As well as local synthesis of ampholytic demulsifiers,

which, thanks to the strong ionic interactions with mineral ions solution “brine” in the dispersed oil-gas-condensate
system can effectively desalt hydrocarbons from local refineries.

Keywords: Demulsifier, oil and gas condensate

The process of dehydration and desalting of crude
oil, gas condensate (GC), oil and gas mixtures are par-
ticularly relevant, as mined in our country these raw ma-
terials have a high content of water and dissolved salts.

The salt content in oils often reaches 2000-3000
mg/I and in some cases it reaches 0.4%, which cause a
lot of of severe complications on their processing. Dur-
ing processing of such crudes above mentioned salts are
deposited mainly in the hot process plant equipment.
Salts dissolved in water released during the evaporation
of water [1,216]. Since the process takes place largely on
the heating surface or on nearness of the portion, crystal-
lized salt adheres to these surfaces, settling on it in the
form of a solid cake. Sometimes these salt crusts are brak-
ing off flow of oil extracted and deposited in a subsequent
apparatus. Corrosion i.e. refinery equipment corrosion
during processing salty oils causes the release of free
hydrochloric acid in the hydrolysis of certain chlorides.

At the processing plant, saline oil and gas condensate
from Kokdumalak oil-fields forming residual products,
because the chloride content of 10.0 g/1, which results

in an increase in the ash content of tar upto 1.5%. Pro-
cessing of petroleum into oil increases its ash content of
more than 0.3%. In these cases, fuel oils and tars are not
suitable for the production of not only any of the final
products, but even as a fuel, since the salts cause clogging
of nozzles, chimneys: form deposits on the surface of the
heating elements causing corrosion [2, 143]. Therefore,
the for processing oils with high salt content it is nec-
essary to refuse receipt of these combustion products,
which is directed to the production of bitumen, which
reduces the range of production of fuel products.

A stable emulsion of saline water leads to the pres-
ence of high-molecular hydrocarbon gas condensate
and oil and gas mixtures of compounds able to form
dispersed systems to be demulsified with demulsifiers
[3,119].

Oil with high content of water entering the AVT
violates technological mode of work; increased
pressure in the apparatus is reducing its performance,
as well as an additional amount of heat is consumed on
its preparation.

Table 1. — The content of the disperse phase related to Kokdumalak Gas and Qil refinery

. . Volume of gas Contents % (mass. Density in

The composition of dispersed phase condensate,gml from mixtur(e mass) 20°C, g;’ cm?®
Aggregates in aqueous hydrocarbon dispersions: 27,67 2,812 0,8483
including:

— water 18,534 2,22 1,105

— volatile organic impurities (upto 125°C) 6,2929 0,545 0,723

— dry remainder (mineral salts, resin, etc.). - 0,0466 -
Finely dispersed water 12,787 1,532
Combined water 2,145 0,257

The data in Table 2 shows that gas condensate from
Kokdumalak oilfields contains quite a considerable
amount of finely dispersed (1.532%) and combined
(0.257%) water, indicating its inability to dewatering

to the desired degree by conventional mechanical
methods. The chemical composition separated from the
condensate water from Mubarekneftegaz UDP oilfields
is shown in Tables 3 and 4.
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Table 2. — The content of the mineralized water in gas condenstaes

0 Pres- Pres- Temp. . ‘Water content in The content of chloride Mineral-
" . Oil den- R L
TS sure in sure of sity, product, % volume salts mg/dm ization of
from | plume | kg/ plume ", Sum- . free water,
wells | kg/cm? o Co kg/m Related mary In emulsion | Sum-mary mg/dm?
1 24 30 69 868 24,7 24,7 19230,4 19230,4 77855,9
2 15 30 48 877 3,5 3,5 2799,6 2799,6 79989,9
3 N/A N/A 40 883 37,1 37,1 31527,8 31527,8 84980,5
4 25 N/A 61 910 27,7 88 22380,5 73630,8 849922
S 40 50 70 884 38,2 38,2 35708,8 35708,8 93478,5
* OP test sample; N/A-undefined
These tables shows a fairly high content of salty water mixtures in oil and gas condensates.
Table 3. — The chemical composition of calcium chloride salt in salty water containing oils
. jgzgfgf pH CopepskaHye HOHOB, Mr/ AM® Total mg/
I 'es 2+ 2+ - - 2- 3
TS. TS, ¢/cm’ TS Na*+K Ca Mg Cl HCO; SO, dm
Kokdumalak oil field
1 1,085 6,05 22919,7 4937,9 899,8 46257,2 103,7 528,4 75646,7
2 1,062 6,10 | 26984,5 4623,2 8427 51568,7 85,4 859,8 84964,3
3 1,064 6,00 | 264144 5462,9 995,9 52820,3 85,4 590,8 86869,7
4 1,67 6,00 27136,3 6010 1095,6 55266,8 79,3 494,7 90082,7
S 1,071 6,20 28626,1 6549,1 1192,9 587629 115,9 518,8 957685,7

* TS — Test Sample

This shows that slightly acidic environment dissolved
in number of backup ions 7,5-9,6 g/1 of brine water.
Therefore, the preparation of brine water emulsified oil
in the tanks of their pre-treatment in the fields of UDP

“Mubarekneftegaz” uses various foreign-made chemicals,

including emulsion breakers (Table 1). For the basic
process of the preparation of oil and gas condensate at
the Kokdumalak oil fileld uses imported demulsifier —
“K-1” produced in China.

Table 4. — The use of surface active substances in various technologies in the oilfields of UDP “Mubarekneftegaz”

. Consump- | Price mln. Amount,
0
N Description of SAS Type tion®, ton/y | UZS/ton mln UZS Areas of use
. In preparation
L. Importe'd demulsi- «<K-1» 232,0 3951 916,68 stations of oil and
fier (China)
gas condensate
Corrosion inhibitor Do In the production
< - .
2. (Russia) dikor-4543» 561,7 3191 1792,35 and processing
plants
Scale inhibitor Dodiscal and Oil dehydration sta-
> (Germany) «VI-2870 K» 1400 2447 342,580 tions
4 Dehyc'lrate adjuster DEG 1600,0 1363 2181,280 Prehmlnar‘y gas
(Russia) preparation
5. | Foam forming Anajon SAS 27,0 1184 31,986 For ﬁreiiilﬁlsng in oil
6 Corrosion inhibitor Danox- 2489 thFe Ojvlzrlll}; l:rlltcllngas
| (Italy) AF-200 ' &
condensate

* — Statistics of 2005y, now increased for 1.5 times
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“K-1”is dissolved in the solvent in the secondary raw
oil and gas condensate mixtures in any proportions and
the solution is pumped into pipelines after a separator-
dehydrators stations dehydration process.

At the stage of pre-storage tanks, before sending
gas condensate for recycling from the fields there are
problems related to the presence of crystallized and
dispersed water [4, 222].

In such cases, a hydrated water from the brine dis-
persion and gas mixture should be in dehydrated in
prior separators (SP-1), where its content therein is
reduced to 3.5-5.5%, as well as the presence of crys-
tallized water. This dispersion of the water-oil-gas
emulsion is destroyed, stratified and can interlocked
with a solution of an effective demulsifier. Thus its

concentration in the oil does not exceed 100 gr/ton
and does not affect the quality of the oil obtained
from them.

For dehydration used raw gas condensate from Kok-
dumalak oilfield. The data of the water content in the
test sample Kokdumalak gas condensate is upto 4.5%,
which is subjected to demulsification process.

On this basis, demulsification process of different
crude oils, the most interesting solution to the prob-
lem is, in our opinion, is the selection of demulsifiers and
choosing their right application. It is necessary, that it
should be taken into consideration the Kokdumalak
oilfields characteristics. Which requires the creation of
technology of nonionic demulsifiers water-oil emulsion
dispersions based on local raw materials.

Table 5. — Structure and properties of demulsifiers for the selection to
demulsification water and gas condensate dispersions

Optimal Emul-sion
Conventional demulsifiers, on Pm ’?ion concen- Demul-
from which semi- SAS formula and avg. mol/weight const P ’ tration sifica-tion
s emulsion. )
products it’s made (water/oil | grade,%
gr/ton _ .
dispersions)
«OP-7+10» R‘@*O CrHLOWH
(geksomer e esterification (C2H40)7 90 8590 %
ethyl with alcylphenols) where R-C.H,  avg. mol. weight up 7
to 1000

«Proxanol» eth.ylene and H(C,H, O).n- (CH,O) H, 70-80 9,0-10 38
propene bloc oligomer avg. mol. weight up to 1800
«Proxamin> block oligo- H (C,H,0), N(CH,)),N (C3H5 0)
mers of ethylene oxide and | H where n and m=17-20, avg. mol. 40-80 6,5-7,0 92
propylene with ethylene weight up to 2000
«Reagent demulsifier> a
mixture of polyethylene R@O (C:H40)H
glycol ethers of 80-90 7,5-8,0 85
alkylphenols where: n=30-36 and R-C ,H

avg. mol. weight up to 1400
«Hercules>- H-R-COO- (C,H,0), where:
esters oligomers R-C H,, and n-20-2S avg. mol. 30-40 6,5-7,0 93
aminocarbonium acids weight up to 2000-2200
«Dissolvans>- R (C,H,0O) -N (CH,)n- (CH,O) H
co.ndensates.of pr.op).rlene where: R—CsH.17 and n=7-8 and 40-45 6,0-65 94
oligomers with diamins avg. mol. weight up to 2600
and spirts

As seen from the table above, all varieties of
demulsifiers are nonionic surfactants; esters inventories
oligomers of ethylene and propylene with alcohols,
amines and organic acids. They are characterized by good
solubility of both water and in oils with simultaneous
formation of their complex ions mixtures of compounds

capable of dissociation and salinity complex in medium
water-oil-gas dispersions and causes blocking of water
droplets.

To select the conditions of use of demulsifiers was
prepared model 10% emulsion, aqueous dispersion of
a mixture of oil and gas condensate oil and condensate
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flowing into the tank. The content of chloride salts in the
emulsion was 5.94 g/dm3. Samples of the emulsion with
demulsifier additives in a concentration of 6.8 mg/kg
were analyzed for the contents of water and salt after
the thermal settling after 1, 2 and 3 hours. At this stage,
it was determined the optimal residence time of oil in
thermotank, which turned out to be 3 hours, and found
that each demulsifier has its head start. For example, a
sample of the emulsion with a demulsifier “Dissolvan”
already after 1 hour a residual water content of 0.18%
and with time the amount of water remaining almost
unchanged. The other two samples is the gradual
separation of water and 3 hours they are almost entirely
absent. Further studies were to determine the optimal
concentration of the reactants and achieving a minimum
water content and residual salts in the oil. The demulsifier
was injected at a concentration of 10; thirty; 50; 60 and
80 gr/ton. The laboratory results showed:

« All demulsifiers have a fairly high degree of
desalination to 91-92%;

95
94

93
92
91
90
89
88

87

91

88

26 0 - “Dissolvan”
¢ -“0OP7+10”

85 (13 oy, |
m- “Proxamin

84 ‘_ “GDE-I”

83

The degree of desalting%

. the greatest degree of demineralization (91%)
when administered minimum-amount of a (1 mg/kg)
has demulsifier “Proxomin”;

« dependence of the residual content of chloride salts
on the concentration of the demulsifier is an extreme
character;

« with increasing concentrations of the demulsifier
(up to a certain amount) increases the degree of removal
of chlorides;

« operating range of demulsifiers “SS-7-10” and
“Proxamin” is 1-3 mg/kg, “Dissolvan” is 1-5 mg/kg of
oil.

To carry out pilot tests of demulsifier “OP 7-10” was
recommended:

« to set the initial reagent consumption of 50 g/m,
as at this concentration it exhibits the greatest degree of
demineralization;

« in the case of stable quality desalted crude oil in the
future to reduce the flow rate to 30 g/tonne of oil.

86

|
3| 0 SIO 70

Demulsifier concenration, gr/ton

Fig.1.— The dependence of the degree of desalting concentration of demulsifier

A combination of laboratory synthesis of non-ionic
demulsifiers to the synthesis of individual functional
compounds (dimethyl sulfate, monochloroacetic acid,
hydroxy acid, etc.) can solve the problem of the local syn-
thesis of ampholytic, emulsion breakers, which, thanks to
the strong ionic interactions with mineral ions solution
“brine” in the dispersed oil and gas condensate the sys-
tem can effectively desalted hydrocarbons. The choice of
high quality demulsifier that meets the requirements of the

above demulsification emulsions of oil and gas conden-
sate produced in various technological cycles, is a neces-
sary requirement prior preparation of hydrocarbons for
transport. Development and introduction of technologies
of such demulsifiers is realizeable in enterprises of UDP
“Mubarekneftegaz.” It is therefore recommended technol-
ogy for producing nonionic demulsifiers for aqueous dis-
persions can be made from oil-based chemical raw materi-
als and wastes produced in domestic companies.
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Physic-chemical characteristics of polymers on the
basis N- replaced acrylamides of natural ox acids

Abstract: Studying the influence of pH and the temperature of the environment to viscosity of water solutions,
swelling kinetics and collapse of cross-linked polymers and copolymer on the basis of natural ox acids there are
founded the presence of pH and heat-sensitive qualities. It is revealed that the existence of polymers as a form
of amides and as well as carboxyl groups leads to the appearance of a unique quality of having a little interval of

temperature of two critical mixed temperatures.

Keywords: PAA-N-MLA — Acrylamide N is methylene of laced acid, PAA-N-MGA — Acrylamide N is
methylene of glekilev acid, PAA-N-MLA and PAA-N-MGA are dissolved in water, methanol, ethanol, DMFA,
DMCO and some other polar dissolvent. They are not dissolved in ether, benzol, and hydrocarbon.

It is known that physic —chemical characteristics of
solutions of polyelectrolytes particularly differ with their
peculiarities from non electrolyte polymer. Presence
of ionized groups have an effect on viscosity by ionizing

a)

C1f2

macromolecular repulsive forces between charged groups
of the same name lead to considerable change conformation
of molecules in solution. The consequence of it is deflection
of the rectilinear dependence. nYA/ C=f(C).

6)

0O 01 02 03 0405 0 0.1 0.2 03 0.4 0.5
T]YAIC16 L 1 1 1 ! 1 04 Ch‘lm 0,12 I 1 L L L 1 1 | 1
] 0.101 0.3
12 4 0.3 : .3
4 2 ! n)’.n-"C 0.08 ] . C/rlw:‘
8193 / -02 0.061 - 0.2
41 1 101 3’31_ ) 0.1
0 R ———————7——— 0 0 T T 0
0 0.1 0.2 0 005 01 015 02 025
C.rian C,rlan

In the first picture, it is shown dependence of
given viscosity of water solutions PAA-N-MMA and
PAA-N-MGA from polymer concentration.

Dependence of given viscosity of water solutions
PAA-N-MMA (a) and PAA-N-MGA (b) from polymer
concentration.

118



Physic-chemical characteristics of polymers on the basis N- replaced acrylamides of natural ox acids

As it is seen from pictures, when water solutions
PAA-N-MMA and PAA-N-MGA are mixed, the viscos-
ity of solutions strongly increased.(pic.1)Such anomaly
dependence is typical for polyelectrolyte; itis explained
through well-known effect of polyelectrolyte’s swelling.
Since PAA-N-MLA and PAA-N-MGA are polyelectro-
lyte and when their water solutions are mixed straighten-
ing of ionization of carboxyl groups of macromolecular
happens, which causes swelling of polymer chains.

Equation of Fuoss was used for processing the fol-
lowing viscosity measurement of water solutions PAA-
N-MMA and PAA-N-MGA.[1].

c_1. B
n, A A

In coordination with this equation occurs straighten-
ing of dependence curve of the given viscosity of solu-
tions of polymers from concentration, which is typical
for polyelectrolyte. Ionized polyelectrolyte’ existence
strongly effects on viscosity of concentrated solutions,
where sharply occur intermolecular interactions, it also
effects well on mixed solutions where repulsion forces
which appear as a result of polymer ionization, lead to
significant growth of viscosity because of polyelectrolyte
swelling macromolecules. The consequence is deflection
of straight-line dependence. nya/C=f(C).

The viscosity of gomopolymer solutions AA-N-MLA
was studied in water solutions. In the picture 1 there is
given dependence nya/C from C. It shows that the de-

a)
MaiC .25 -
0,2
0,15
0,17
0,05
0

0,6
C%
For describing molecular mass polymers there was in-

0 0,2 0.4

vestigated their characteristic viscosity in solutions 0,001

a)

pendence has anomaly character as for water solutions
of typical polymer polyelectrolyte.

Expansion of target viscosity water solution poly —
AA-N-MLA under mixture is conditioned additional
disassociation of carboxyl groups that forces electro sta-
tistical repulsion of affectionate links. As far as mixing
there is increased effective supply of macromolecules
and it leads to extra swelling of macromolecules.

The swelling can be removed by putting some neu-
tral low molecular electrolyte in excess supply into the
solution, while it is being mixed salt concentration is in-
creased the viscosity of polymer is decreased and under
potassium chloride concentration 0,5 M the dependence
assumes a straight —line character.

It is known that acidifying of the polymer solutions
with acid functional groups makes ionization complex.

By selection there was established that under little
concentration HCI in the solutions of PAA-N-MLA
and PAA-N-MGA “anomaly” of viscosity disappears. In
0,001 molar solution HCI dependence nya/C from C for
water solutions PAA-N-MLA and PAA-N-MGA repre-
sents straight-line dependence which is typical for poly-
mer and not for electrolytes. The absence of anomalous
motion curve ionization is conditioned by suppression
of carboxyl groups in acid medium.

The dependence of the viscosity solutions of PAA-
N-MLA (a) and PAA-N-MGA (b) from concentration
of polymer 0,001m in the solutions HCL

6)
Nya/C
0,156
0.1 /
0,05
Og 005 01 015 02 025
C, %

m in the solution of polymer initiation AA-N-MMA of
concentration (3a), monomer (3b) and PH medium (3c).

6) c)

[n] (n] [n]
0.3 05 - 0.4-
0,4 - 0.3
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There were received analogical results on measuring
viscosity for poly AA-N-MTI'A. As it is seen in the pic-
tures, viscosity characteristics of polymers decrease by
increasing initiator concentration according to change
of polymerization under different PH medium.

There was examined water solution viscosity of
copolymers AA-N-MLA with N.N -PEAA of different
basis under different temperature; for exploring thermo
sensitive characteristics of copolymers. For heat increase
the viscosity of solutions increases which is typical for a
system with low critical temperature mix.(HKTC). Be-
sides, viscosity of solutions of copolymers containing 80
mol %N,N-DEAA is less than in copolymer containing
50 mole % N,N-DEAA the reason of observing effect is
as follows, with decreasing temperature dissolubility of
copolymers grows (this quality is typical for a system
with (HKTC) its macromolecule straightens and viscos-
ity medium increases. However, with a 20 mole% N,N
— DEAA content, viscosity of solution within increase
of temperature grows, that what is typical for a system
of critical heat shift.

Consequently, little substance content dielectryla-
mid does not allow copolymer to demonstrate low heat
thermo sensitive qualities.

Asitis seen from shown data on potentiometer titra-
tion of water solutions PAA-N-MLA and PAA-N-MGA
with solutions Na OH..

There is observed a noticeable jump, testifying the
existence of acid groups in the compound of polymers.

Calculations which are made on the basis of curve po-
tentiometric titration showed that significance of equiva-
lent of functional groups are equal to theoretical calculation,
which practically corresponds with molecular mass unit of
polymer and serves as additional evidence in identification
of polymer’s structure. According to determination acidity
oftitration in equation coordination’s of Hnederson-Hassel-
bah, it is visible that importance pK polymers grow with the
increase of the matter a, which is typical for polyelectrolytes
considering that, the importance of pK grows by increas-
ing a, and equation of Henderson-Hasselbah in the target
system will have the following form [2] :

PK, =pH—lgL+ApK(a),
-«

Where ApK (a)-contribution of different energy in
alteration of free enthalpy of polyelectrolytes association
reaction, for instance: electro statistical, conformational,
solvational, and others.

As it seen in picture 3.1.4 curved potentiometric
titration of solutions PAA-N-MMA and PAA-N-MGA
in coordination’s pK a=f(a) several ones differ from one
another; for PAA-N-MLA and PAA-N-MGA curve mo-
tion has a straight-line character, therefore on the basis
of the chart of dependence experienced matters from a

under extrapolation into pK,=pH —lgi Matters
pK received by extrapolation matter pK on Zero matter
a, for PAA-N-MMA equals to 4,0 for PAA-N-NGK
equals to 3.8In that way, polyelectrolyte quality of water
solutions PAA-N-MLA and PAA-N-MGA are identi-
fied, on the basis of research of hydrodynamic charac-
teristics. And on the basis of the following pothenmet-
ric titration of water dissolvement PAA-N-MLA and
PAA-N-MGA are estimated the matters pKa which
equals to 4.0 and 3.8.

Experimental part

a) Synthesis of monomers

Acrylamide N is methylene of laced acid. 7.1g (0,1
mol) acrylamide, 3g (0.1 mol) formalin, 9g (0.1 mol)
milk acid and 0.003g (0.002 mol) hydroxinon were
put in flask with a mixer. Substance was mixed under
temperature 333K during 3 hours. Target product was
cleaned from unreacted components with consistent ex-
traction of tetrachloride carbon chloroform. Monomer
represents red yellow, viscose liquid with specific smell.
Output of the production included 70%.

b) Synthesis of polymers

Polymerization of received monomers were tested
in water dissolvement in glass ampules. After filling am-
pules with necessary amount of initial reagents, the am-
pules were decontaminated in vacuum till the residual
pressure 10, were unsolded and polymerized in thermo-
stat under temperature 333K. Monomer concentration
consisted of 5%, and initiator concentration 1%.

In the capacity of initiator there were utilized dini-
trile acid received polymers were distinguished besieg-
inginisopropyl alcohol and dried in vacuum in executor
until permanent mass.
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Biostability of used lubricating oils for high-
speed engines with spark ignition

Abstract: The article presents the investigation results of the biological stability of the waste and regenerated

lubricating oil Mysella-40, designed for high-speed engines with spark ignition. Biocides were prepared to protect

the oil from microbial destruction. It was found that the use of biocides in the recommended concentration has no

negative effect on the basic performance of the lubricating oil.

Keywords: biodegradation, biocide, waste oil, lubricating oils.

Introduction

lubricating oils of special purpose become unfit for
use after a certain period of operation, which leads to
the formation of a huge amount of waste oils, thereby
creating an ecological threat to the environment.

The problem of the permanent collection of huge
amounts of waste oils creates a need for research to
develop cleaning methods for reuse in new areas.

It is known that lubricating oil Mysella-40 and its
analogs (Mysella LA-40, Mysella LA-15W40, Mysella
MA-40) are widely used in modern power plant, meeting
environmental requirements, as it is established for a new
generation of stationary engines, which limit emissions
in nitrogen oxides.

Similar to all lubricants, after several months of
operation, Mysella-40 loses its operational properties,
ages and requires replacement.

At the Institute of Chemistry of Additives of ANAS,
a technological scheme of regeneration of waste oil
Mysella-40 is developed, resulting in production of
regenerated lubricating oil Mysella-40 with a number
of high-quality indicators. Lubricant composition
Mysella-40 with a number of high-performance
properties was created on the basis of this oil with use of
additives for various functional purposes [1, 144].

During storage and transport in harsh environments,
used lubricating oils cause formation of toxic substances
due infection by microorganisms. In this regard, it is
important to study biological stability of waste oils
for high-speed engines with additives of different
functional purposes along with the development of their
regeneration.

One of the reasons for lubricant ageing is its defeat
by microorganisms. Numerous studies indicate that the
most effective method of protecting lubricants against
microbial destruction is a chemical method, i.e. the use
of chemicals - biocides [2, 164].

Solving the problem of microbial destruction of
waste lubricating oils is one of the urgent problems of
modern microbiology and petrochemicals [3].

Purpose of the study

Study the biological stability of used, waste and
recovered samples of lubricating oil Mysella-40 and
their protection with the use of antimicrobial additives
of various composition and structure.

Materials and methods

The studies were conducted with spent lubricating
oil Mysella-40 (2000-6000 hours) in conditions of
forced infection by bacteria and fungi. Biological stability
of oil was determined by the test methods for resistance
to bacteria [4] and fungi [S].

The essence of the method is the exposure of the
specimens infected with a spore suspension of fungi
and bacteria in an aqueous solution of mineral salts in
optimal conditions for their development (temperature
2942 ° C, humidity 90%) and with an additional source of
mineral and organic food. A mixture of bacterial cultures
of Pseudomonas aeruginosa, Mucobacterium lacticum
and fungal cultures of Aspergillus niger, Penicillium
chrysogenum, Penicillium cyclopium was used for the
test. Cultures of fungi and bacteria were obtained from the
Institute of Biochemistry and Physiology of the Academy
of Sciences of Azerbaijan and were supported by periodic
reseeding and cultivation immediately before testing.

121



Section 11. Chemistry

20-30sm3 of culture medium (meat-peptone agar
for bacteria, wort agar for fungi) were placed in sterile
Petri dishes and allowed to cool. The suspension of
fungal spores or bacteria, prepared in accordance
with GOST 9.048 -75, was applied to the surface of
the cooled environment with the spray, preventing the
merge of droplets. Three Smm and 10 mm deep wells
were drilled in the culture medium, where the test
pieces were poured (pure oil and the oil containing
a biocide) for 1 mm below the environment. The
cups were placed in a desiccator, filled with water in
the bottom. Desiccator was installed in thermostat at
temperature of 29+2° C.

Biostability of investigated oils was determined by
the diameter of microbial growth inhibition, measured
in millimeters on the third day for bacteria and seventh
day for mushrooms.

Results and discussion

As a result, microbiological tests showed that all
investigated oils: batches of trade, used for 2000-6000
hours and regenerated lubricating oil Mysella-40 - are
not biological stable, and are completely affected by
microorganisms on the second day - bacteria and fungi
(Figure 1).

Organic compounds containing the structure nitro-
ethene group are the most effective amongall synthesized
and previously studied biocides for oil. These substances
are prepared by condensing aromatic or furil aldehyde
with nitromethane according to known methods [6,
308-309]. Aryl- and furil-nitroethenes are crystalline
substances with low specific smell, readily soluble in
organic solvents. The derived compounds were added
to oil samples Musella-40 at a concentration of 0.25%.
8-hydroxyquinoline was used a reference biocide.

The test results of samples of biological stability of the lubricating oil Mysella-40

Name of Sample Biocide in 0.25% Diameter of the inhibition of microbial growth, sm

concentration Mixture of bacteria Mixture of fungi

Lubricating oil Mysell-40 w/o biocide + +
aril-nitroethene 2.5 -
furil-nitroethen 1.8 —

Used lubricating oil w/o biocide + +
aril-nitroethene 4.0 -
furil-nitroethen 1.5 -

Regenerated lubricating oil w/o biocide + +
aril-nitroethene 3.5 -
furil-nitroethen 1.5 -

8-hydroxinolin (reference) + Slow growth

Legend: «+> continuous growth of microorganisms; «—>» No growth of microorganisms

The tests found that both aryl- and furil-nitroethene
exhibit high antimicrobial properties in all the samples of
lubricating oil Mysella-40 at a concentration of 0.25% and
provide complete long lasting protection from destruction
by bacteria and fungi. These biocides prevent destruction
of lubricant for period of 3 months by providing a high
fungicidal activity (no fungal growth is observed in Petri
dishes even in forced infection conditions).

Effect of adding biocide in the concentration of
0.25% on anticorrosion and antioxidant properties

Bacteri

steel plates C-1 and C-2 (GOST 3778) in accordance
with GOST 20502, it was established that the corrosive
properties of lubricating oils were preserved when
introducing 0.25% biocide (or aryl-nitroethene furil-
nitroethene): corrosion was 5-10g/m>

Testing of antioxidant properties was conducted for
30and 40 hours in accordance with GOST 11063. While
determining the induction period of sedimentation, the
amount of resulting precipitate was 0,42-0,5 % , which
suggests that the studied biocides do not adversely
impact the antioxidant properties of the oil.
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Fungi

Fig 1. Samples of oils after exposure to microorganisms

Fungi

Fig. 2. Oil samples after exposure to microorganisms with a biocide nitroethene

Fungi
Fig.3. Oil samples after exposure to microorganisms with a biocide furil-nitroethene

Summary and conclusions

1. Waste lubricating oil Mysella-40 and its regener-
ated samples are subject to microorganism attack during
storage and do not have biostability property.

2. Their protection with the use of biocides is in-
vestigated (aryl- or furil-nitroethene). Full protection

against microbial destruction is achieved by introduc-
tion of oil 0.25% biocide. This allows to create new
biologically stable compostions of lubricating oil My-
sella-40.

3. Biocides in recommended concentrations do not
impair main operational properties of the lubricating oil.
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Reliability-oriented design of thermoelectric cooling devices

Abstract: This paper studies the design route of high reliability thermoelectric cooling devices. The influence of
different combinations of original thermoelectric materials at the same and different efficiency thereof is analyzed.
Keywords: reliability, thermoelectric devices, efficiency, temperature, failure rate.

Thermoelectric devices (TED) compared to other
cooling devices have smaller dimensions, easy control and
performance, higher reliability due to the absence of moving
parts, pumped liquids or gases. Toughening of requirements
to operating conditions resulted in reliability degradation.
Building reliable systems from the components with ulti-
mate reliability is a fundamental design problem, in par-
ticular, the approaches aimed at improving the reliability of
heat-loaded elements with TED, are relevant.

When designing TED the following is usually speci-
fied: cooling capacity; heat-absorbing junction temper-
ature; selection of such product designs and operating
mode that would satisfy the requirements for dimensions
and weight, power consumption, operating current val-
ue, reliability indices.

Typical operating modes of TED are the following:
Q> B> Ao

Although design at maximum cooling capacity Q..
ensures minimum number of thermocouples 7, its use is
associated with high power consumption, which leads to
an increase in heat flow at TED’s heat-removing junc-
tions, increase in surface area of the heat-sink, increase in
size and weight of the device, increase in operating cur-
rent value I, decrease in coeflicient of performance E
and increase in failure rate.

Design of TED at the maximum coefficient of per-
formance E,__ allows minimizing power consumption,
butleads to an increase in the number of thermocouples
n and, as a consequence, to increase in failure rate A.

Design of TED at lowest failure rate A, ensures

minimum value of failure rate A, but at the same time it
leads to an increase in the number of thermocouples #,
i.e. weight and cost of the TED, as well as a slight in-
crease in energy consumption.

This inconsistency suggests that there are intermediate
operating modes other than typical, which can take into
account the interference and importance of each factor
towards the growth of TED reliability indices.

The aim of this paper is to increase the reliability in-
dices of thermoelectric devices by examining the influ-
ence of the efficiency of thermoelectric materials and
their combinations on reliability.

The paper [ 1] studies the influence of thermoelectric
efficiency of original materials in TED on reliability in-
dices for various temperature changes AT and operating
conditions. The growth of thermoelectric efficiency Zu
of original materials leads to an increase in maximum
temperature difference AT and, therefore, decrease in
relative temperature difference ©, increase in cooling
capacity value by one thermocouple, allowing to reduce
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the number of thermocouples 7. All of this leads to a
reduction in the failure rate A and increase in the prob-
ability of failure-free operation P. A )/

A

Ay

from the total temperature difference AT of the single-
stage TED for modes Q. —1and 4, -2 at T = 300K,

% =10. The area between characteristic modes Q
6.000

Fig. 1 shows the dependence of K = value

0max

and A, is the area where intermediate modes are lo-
cated.

Dependency analysis shows that the increase in the
thermoelectric efficiency of original materials in the
module by one percent can reduce the failure rate in
mode Q,,. :at AT =40K by 2.6%; at AT = SOK by 2.9%;
at AT = 60K by 4.3%; in mode 4, : at AT = 40K by

4.2%; at AT = SOK by 4.3%; at AT = 60K by 5.0%.

K
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Fig. 1. Dependence of K = AZ/A value from the total temperature difference AT for modes Q,
Z

—1and 4,

0max

~2at T=300K; Q=2.0W; /¢=10

Improving TED reliability is inextricably connected
with improving the quality of original thermoelectric
materials and, first of all, their efficiency. As international
practice has shown, currently it is not possible to improve
substantially the efficiency of thermoelectric materials
[2-4].

At the same time, for the same efficiency of the
original materials the following combinations of averaged

parameters can be selected: Seebeck coefficient e and
electric conductivity coefficient o, allowing to improve
reliability indices [S].

We shall consider possible (obtained experimentally)
combinations of the parameters of original thermoelectric
materials in the module at T = 300K; Z,, =2.4.10° 1/K;

% =10; AT =0, shown in the table with a view to their
possible use for building a high reliability TED.

Table 1. — Possible combinations of original thermoelectric materials

(:,' & x .103’ - 4 2
Possible combina- ’ ’ B TV e o-10°, y=e ol S K

. MKB Cm
tion number & /CM cm-K B% o Bm

1 250 550 14.3 0.344 0.310

2 210 800 14.7 0.353 0.318

3 200 900 15.0 0.360 0.325

4 180 1200 16.2 0.390 0.351

S 165 1500 17.0 0.410 0.370

The use of € and & as basic significant parameters
of thermoelectric provides
sufficient information about cooling capabilities of the
modules assembled based on them. A model

materials

of interconnection between TED’s basic characteristics
and reliability indices and the parameters of the original

material € and & and the temperature of heat-absorbing
junction T is proposed and considered.

We shall consider calculations of the basic parameters
of a single-stage TED and reliability indices for different

operating modes Q.5 (%j ; (%j 5 Ain

126



Reliability-oriented design of thermoelectric cooling devices

with the following source data: heat load, Q,= 2.0 W;
heat-removing junction temperature T = 300K;
temperature difference AT = 0K; 20K; 40K; 60K;
averaged thermoelectric efficiency Z,, = 2.4-10° 1/K;

% =10; A4,= 3-10°1/h and assembled from various
original materials (possible combinations of parameters
(1-5) according to the table).

Analysis of calculation results showed the possibility
of reducing the failure rate A for the combination (5)
compared with the conventional (3) by 10-11% and up
to 15% compared with combination (1) at the same
efficiency of original materials in a predetermined
temperature range at a predetermined thermocouple

length-to-area ratio % (Fig. 2). The use of possible

combinations (1,2) is inappropriate, as this increases the
failure rate A and decreases the probability of failure-free
operation P.

Studies have shown that with increase in temperature
difference AT in the single-stage TED:

o therelative value of the failure rate A% increases
for all operating modes;

« the absolute value of the failure rate 4 for mode
E_. and A, increases both for combination (3) and
for combination (5);

« thevalue of the failure rate A in combination (5),
compared with (3) decreases for any operating mode at
a predetermined temperature difference AT.
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Fig. 2. Dependence of the relative failure rate value % of a single-stage TED from temperature
0

difference AT for operating modes I — mode Q

omax

and II — mode &%j for various possible
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Fig. 3. Dependence of the relative value 7% of the single-stage TED from the combination of the original material

i=4-5at T = 300K; Q0 =2.0W; % = 10 for various temperature differences AT and operating modes
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Fig. 3 shows the dependence of the relative failure

rate value A=A, 9% from possible combination of the

original matérial parameters (1-S) for various
temperature differences AT and operating mode.

Inner area bounded by the curves AT =0K and AT
= 60K (Fig. 3) makes it possible to reduce the failure
rate for possible combinations (4, 5) compared with
conventional one (3) for any mode and temperature
difference within the range.

These calculations allow us to choose possible
combination of the original material parameters
with increased electrical conductivity to increase

cooling capacity by one thermocouple or to reduce
the number of thermocouples, failure rate and increase
the probability of failure-free operation. The economic
feasibility of the use of original materials with increased
electrical conductivity in the design of TED is not only
to increase reliability, but also to significantly reduce the
cost of TED.

Based on LabView package a computer-aided design
subsystem was developed for designing high reliability
thermoelectric coolers using the proposed approach
to combining different combinations of original
thermoelectric materials at a different and the same
efficiency.
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